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ʉ. ɻ. ɸʢʩʝʥʦʚ, ʈ. ʄ. ʗʧʧʘʨʦʚ, ɽ. ɺ. ʇʦʧʦʚʠʯ  
ʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ 

 

ʅɽʂʆʊʆʈʓɽ ʂʆʅʉʊʈʋʂʊʀɺʅʓɽ ʈɽʐɽʅʀʗ  

ɼʃʗ ʇʆɺʓʐɽʅʀʗ ʅɸɼɪɾʅʆʉʊʀ ɺʅʋʊʈɽʅʅʀʍ 

ʇʈʆʊʀɺʆʇʆɾɸʈʅʓʍ ɺʆɼʆʇʈʆɺʆɼʆɺ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ 

ʚʦʜʦʧʨʦʚʦʜʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʚʦʜʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʩʠʩʪʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; ʚʥʫʪʨʝʥʥʠʡ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʡ ʚʦʜʦʧʨʦʚʦʜ; 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ; ʚʠʜʳ; ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ; ʥʝʜʦʩʪʘʪʢʠ; ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ; 

ʥʘʜʝʞʥʦʩʪʴ. 

 

S. G. Aksenov, R. M. Yapparov, E. V. Popovich 

 

SOME DESIGN SOLUTIONS TO INCREASE THE RELIABILITY  

OF INTERNAL FIRE PIPES  

 
The article discusses existing systems of internal fire-fighting water supply systems. Their 

design features, technical characteristics and operating principles are analyzed. Based on the results 

obtained, new design solutions were proposed aimed at improving the technology of functioning of 

the internal fire-fighting water supply system, and the use of new materials to ensure the reliability 

of fire-fighting systems was justified. 

Keywords: fire safety; internal fire water supply; classification; kinds; constructive decisions; 

flaws; increasing efficiency; reliability. 
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ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʫʙ, ʢʣʘʧʘʥʦʚ ʠ ʥʘʩʦʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʪʫʰʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʤʘʣʳʭ ʦʯʘʛʦʚ ʚʦʟʛʦʨʘʥʠʷ ʚ ʟʜʘʥʠʷʭ, ʩʦʦʨʫʞʝʥʠʷʭ, 

ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ ʠʣʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ [1]. ʕʪʘ ʩʠʩʪʝʤʘ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʙʦʨʴʙʝ ʩ ʧʦʞʘʨʘʤʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʚʦʟʛʦʨʘʥʠʷ ʜʦ ʧʨʠʙʳʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʦʞʘʨʥʳʭ 

ʙʨʠʛʘʜ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʫʱʝʨʙ ʠ ʧʦʪʝʨʠ. 

ʇʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ɺʇɺ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʭʨʘʥʷʝʤʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʪʫʰʝʥʠʷ 

ʧʦʞʘʨʦʚ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʦʙʫʯʠʪʴ 

ʜʝʞʫʨʥʳʡ ʧʝʨʩʦʥʘʣ ʜʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʣʠʢʚʠʜʘʮʠʠ ʦʯʘʛʦʚ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʩʨʝʜʩʪʚ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʫʩʠʣʠʷʤʠ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʛʥʷ ʜʦ ʧʨʠʙʳʪʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʞʘʨʥʦʛʦ 

ʦʪʨʷʜʘ. ɺʥʫʪʨʝʥʥʝʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ 

ʦʙʝ̡ʢʪʘʭ ʯʘʱʝ, ʯʝʤ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʦ ʜʦʢʘʟʘʣʦ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʧʨʘʢʪʠʢʝ. ʀʤʝʥʥʦ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʪʫʰʝʥʠʷ 

ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʦʞʘʨʘ ʥʝʦʙʭʦʜʠʤʦ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʭʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ. 

ʆʙʱʝʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ɺʇɺ ʥʘ ʩʧʝʮʠʘʣʴʥʳʡ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ [2]. 

ʇʨʠ ʵʪʦʤ ʩʧʝʮʠʘʣʴʥʳʡ ð ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʚ 

ʚʳʩʦʪʥʳʭ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ, ʘ ʪʘʢʞʝ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʩʢʣʘʜʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢ ʢʘʢ ʦʥ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʠ ʪʦʣʴʢʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʚʦʜʦʧʨʦʚʦʜʘ. ʊʘʢʦʡ ʪʠʧ ɺʇɺ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʩʦʩʪʦʠʪ ʠʟ ʩʪʘʣʴʥʳʭ ʪʨʫʙ, ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙ 

ʟʘʧʨʝʱʝʥʦ ʥʦʨʤʘʪʠʚʥʳʤʠ ʘʢʪʘʤʠ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʥʝʜʦʧʫʩʪʠʤʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʪʨʫʙ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ɺʇɺ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢ ʧʦʪʦʤʫ, ʯʪʦ ʦʥ ʦʙʳʯʥʦ 

ʩʦʚʤʝʱʝʥ ʩ ʧʠʪʴʝʚʳʤ ʠʣʠ ʧʨʦʤʳʰʣʝʥʥʳʤ ʚʦʜʦʩʥʘʙʞʝʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʥʘʱʝʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ [3]. 

ʆʙʳʯʥʦ ʝʛʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ, ʦʨʛʘʥʠʟʘʮʠʷʭ ʠʣʠ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ 

ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʚʠʜʘ: 

1. ɺʇɺ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʢ ʦʙʱʝʤʫ ʚʦʜʦʧʨʦʚʦʜʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʙʳʪʦʚʳʭ ʥʫʞʜ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʵʢʦʥʦʤʠʪ ʩʨʝʜʩʪʚʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʜʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ, ʪʘʢ ʠ ʜʣʷ 

ʧʦʚʩʝʜʥʝʚʥʳʭ ʥʫʞʜ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʠʪʴʷ ʠʣʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ.  

ʈʘʟʚʦʜʢʘ ʪʨʫʙ ɺʇɺ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʧʦ ʚʩʝʤʫ ʟʜʘʥʠʶ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʜʦʩʪʫʧ ʢ ʚʦʜʝ ʚ ʣʶʙʦʡ ʪʦʯʢʝ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʚ ʙʦʣʴʰʠʭ ʟʜʘʥʠʷʭ, ʪʘʢʠʭ 

ʢʘʢ ʦʬʠʩʥʳʝ ʮʝʥʪʨʳ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʤʝʱʝʥʠʷ, ʛʜʝ ʧʦʞʘʨʳ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʚ ʣʶʙʦʤ ʤʝʩʪʝ. ɺʇɺ ʪʘʢʞʝ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, 

ʛʜʝ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʠ ʵʬʬʝʢʪʠʚʥʦ ʪʫʰʠʪʴ ʧʦʞʘʨʳ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʜʨʫʛʠʝ ʧʦʤʝʱʝʥʠʷ [4]. 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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2. ʆʪʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ɺʇɺ ʥʝ ʩʦʝʜʠʥʝʥʘ ʩ ʦʙʱʠʤ ʚʦʜʦʧʨʦʚʦʜʦʤ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʪʦʣʴʢʦ ʜʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʚʳʩʦʪʝ ʟʜʘʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʚʦʜʝ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʧʦʞʘʨʘ. ɺʦʜʘ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ ʠ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʙʳʪʦʚʳʭ ʥʫʞʜ. 

ɺʇɺ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝ ʪʦʣʴʢʦ ʩʭʝʤʘʤʠ, ʥʦ ʠ ʩʧʦʩʦʙʘʤʠ 

ʨʘʟʚʦʜʢʠ ʚʥʫʪʨʠ ʟʜʘʥʠʷ. ʊʘʢ, ɺʇɺ ʧʦʜʨʘʟʜʝʣʷʶʪ: 

1. ʊʫʧʠʢʦʚʘʷ (ʢʦʥʮʝʚʘʷ) ʩʭʝʤʘ ð ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʧʦʜʘʶʱʘʷ ʠ ʦʙʨʘʪʥʘʷ 

ʪʨʫʙʘ ʚʳʭʦʜʷʪ ʠʟ ʦʜʥʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ. ʇʨʠʤʝʥʠʤʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ 

ʪʘʢʠʭ ʟʜʘʥʠʡ, ʛʜʝ ʧʣʦʱʘʜʴ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝ ʙʦʣʴʰʝ ʜʚʝʥʘʜʮʘʪʠ 

ʧʦʞʘʨʥʳʭ ʢʨʘʥʦʚ.  

2. ʋʥʠʚʝʨʩʘʣʴʥʘʷ (ʢʦʣʴʮʝʚʘʷ) ʩʭʝʤʘ ð ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʦʛʥʝʪʫʰʘʱʝʝ 

ʚʝʱʝʩʪʚʦ ʧʦʜʘʝʪʩʷ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ, ʧʦʵʪʦʤʫ ʜʘʞʝ ʝʩʣʠ ʦʜʠʥ ʠʟ ʫʯʘʩʪʢʦʚ 

ʧʝʨʝʩʪʘʥʝʪ ʨʘʙʦʪʘʪʴ, ʦʩʪʘʣʴʥʳʝ ʦʩʪʘʥʫʪʩʷ ʚ ʩʪʨʦʶ. ʊʘʢ ʞʝ ʝʝ ʫʜʦʙʥʦ 

ʨʝʤʦʥʪʠʨʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʜʝʣʠʪʴ ʧʦʚʨʝʞʜʸʥʥʦʝ ʤʝʩʪʦ ʦʪ 

ʦʙʱʝʡ ʩʠʩʪʝʤʳ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʧʨʘʢʪʠʯʥʘ ʠ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ 

ʦʙʲʝʢʪʦʚ, ʚʝʜʴ ʧʣʦʱʘʜʴ ʟʜʘʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʩʫʱʝʩʪʚʝʥʥʘ. 

3. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ï ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʪʫʧʠʢʦʚʘʷ ʠ ʢʦʣʴʮʝʚʘʷ ʩʠʩʪʝʤʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ ʚʦʜʳ ʠʟ 

ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ʉʭʝʤʳ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 
 

 
ʈʠʩ. 1. ʉʭʝʤʳ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʚʳʰʘʶʪ 

ʫʨʦʚʝʥʴ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʘʭ, ʪʘʢʠʝ ɺʇɺ ʠʤʝʶʪ ʨʷʜ 

ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʠʭ ʨʘʙʦʪʝ (ʨʠʩ. 2). 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʨʷʜ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ 

ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʮʝʣʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ɺʇɺ: 

1. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤ ʚʥʝʜʨʠʪʴ ʚ 

ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʧʥʝʚʤʦʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʘʢʢʫʤʫʣʷʪʦʨ, ʘ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʘʨʘ ʫʩʪʘʥʦʚʠʪʴ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ. 

2. ʋʩʪʘʥʦʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʣʴʪʨ rʛʨʫʙʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

ʚʦʟʣʝ ʣʶʙʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʚʦʜʦʡ. ʌʠʣʴʪʨʳ ʧʦʤʦʛʘʶʪ ʦʯʠʩʪʠʪʴ ʚʦʜʫ ʦʪ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ, ʧʝʩʢʘ, ʨʞʘʚʯʠʥʳ ʠ ʪ. ʜ., ʵʪʦ ʪʘʢʞʝ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʠʰʝʥʠʶ ʚʦʜʳ ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

3. ʀʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣ r ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʜʸʞʥʦʩʪʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʩʠʩʪʝʤ, ʪʦʣʴʢʦ ʪʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʦʣʴʢʦ ʪʨʫʙʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʤʝʜʥʳʝ ʪʨʫʙʳ ʠʣʠ ʯʪʦ-ʪʦ ʧʦʜʦʙʥʦʝ. 

4. ʅʘ ʪʨʫʙʳ, ʩʜʝʣʘʥʥʳʝ ʠʟ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʯʫʛʫʥʘ ʥʘʥʦʩʠʪʴ ʥʘ ʠʭ 

ʚʥʫʪʨʝʥʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʡ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʥʝ ʧʦʜʜʘʸʪʩʷ ʢʦʨʨʦʟʠʠ 

(ʥʘʧʨʠʤʝʨ, ʮʠʥʢ ʠʣʠ ʘʣʶʤʠʥʠʡ), ʠʣʠ ʢʨʘʩʠʪʴ ʠʭ, ʠ ʪʝʤ ʩʘʤʳʤ ʠʩʢʣʶʯʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʥʘʨʦʩʪʦʚ ʠ ʦʪʣʦʞʝʥʠʡ. 

5. ʇʨʠʤʝʥʷʪʴ ʚʥʝʰʥʶ  ʁ ʠʟʦʣʷʮʠ,ʁ ʥʘʧʨʠʤʝʨ, ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ 

ʧʦʣʠʵʪʠʣʝʥʦʚʫ  ʁ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʫ  ʁ ʠʟʦʣʷʮʠ.ʁ ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʙʣʘʛʦʜʘʨʷ 

ʤʥʦʛʦʩʣʦʡʥʦʤʫ ʧʦʢʨʳʪʠʶ, ʪʨʫʙʳ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʙʣʫʞʜʘʶʱʠʭ 

ʪʦʢʦʚ, ʘ ʟʥʘʯʠʪ, ʧʦʚʳʰʘʝʪʩʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʥʦʩʫ ʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ. 

 
 

ʈʠʩ. 2. ʅʝʜʦʩʪʘʪʢʠ ɺʇɺ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ 

 

 

  



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʅʝʩʦʤʥʝʥʥʦ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɺʇɺ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʫʩʪʨʦʡʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ, ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʧʦʚʳʰʝʥʥʦʝ 

ʚʥʠʤʘʥʠʝ ʦʙʫʯʝʥʠʶ ʠ ʚʦʩʧʠʪʘʥʠʶ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 
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V. G. Bukina, I. V. Bagazhkov 
 

FEATURES OF THE PRODUCTION OF FIREMAN'S HELMETS  

AND HELMETS  
 

The features of the production of a fire helmet, the selection and selection of materials, the 

shape of the headdress are considered. The trend in the choice of polymer material for their production 

is analyzed. 

                                                 
 É ɹʫʢʠʥʘ ɺ. ɻ., ɹʘʛʘʞʢʦʚ ʀ. ɺ., 2024 

https://вдпо.рф/enc/vnutrenniy-protivopozharnyy-vodoprovod/
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ʇʦʞʘʨʥʘʷ ʢʘʩʢʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʠʤʘ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʟʘʱʠʪʳ 

ʛʦʣʦʚʳ, ʰʝʠ ʠ ʣʠʮʘ ʧʦʞʘʨʥʦʛʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʪʫʰʝʥʠʶ ʧʦʞʘʨʘ ʠ 

ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ (ʏʉ). ʆʥʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʵʣʝʤʝʥʪʘʤ ʟʘʱʠʪʳ ʧʦʞʘʨʥʦʛʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ 

ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʞʘʨʦʚ [1, 2]. 

ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʵʪʦʛʦ ʛʦʣʦʚʥʦʛʦ ʫʙʦʨʘ ʥʘʯʠʥʘʝʪʩʷ ʩ 1750-ʭ ʛʦʜʦʚ. 

ʇʝʨʚʳʝ ʢʘʩʢʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʚʦ ʌʨʘʥʮʠʠ ʠʟ ʧʦʣʦʪʝʥ ʠ ʢʦʞʠ ʩ ʰʠʨʦʢʠʤʠ 

ʣʘʪʫʥʥʳʤʠ ʢʦʟʳʨʴʢʘʤʠ.  

 

 
 

ʈʠʩʫʥʦʢ. ʆʙʨʘʟʮʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʞʘʨʥʳʭ ʢʘʩʦʢ 
 

 

ʅʘʯʠʥʘʷ ʩ 1820 ʛʦʜʘ ʧʦʞʘʨʥʳʝ ʢʘʩʢʠ ʬʨʘʥʮʫʟʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩʪʘʣʠ 

ʧʨʠʤʝʥʷʪʴ ʚ ɽʚʨʦʧʝ. ʕʚʦʣʶʮʠʷ ʧʦʞʘʨʥʳʭ ʢʘʩʦʢ ʧʨʦʜʦʣʞʘʣʘʩʴ ʠ ʚ ʥʘʯʘʣʝ ʍʍ 

ʚʝʢʘ ʧʦʷʚʠʣʠʩʴ ʤʝʜʥʳʝ ʠ ʙʨʦʥʟʦʚʳʝ ʢʘʩʢʠ ʩ ʛʨʝʙʥʝʤ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ 

(ʨʠʩʫʥʦʢ). ʇʦʤʠʤʦ ʜʝʢʦʨʘʪʠʚʥʦʡ ʬʦʨʤʳ, ʛʨʝʙʝʥʴ ʚʳʧʦʣʥʷʣ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ï ʩʧʘʩʘʣ ʦʪ ʫʜʘʨʘ ʧʘʜʘʶʱʝʛʦ ʧʨʝʜʤʝʪʘ, ʦʪʚʦʜʷ ʩʠʣʫ ʫʜʘʨʘ 

ʩʢʦʣʴʞʝʥʠʝʤ. ʀʟʛʦʪʦʚʣʷʣʠ ʠ ʧʦʩʪʘʚʣʷʣʠ ʧʦʞʘʨʥʳʝ ʢʘʩʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʤʘʩʪʝʨʩʢʠʝ ʠ ʧʦʞʘʨʥʳʝ ʜʝʧʦ. ʄʘʪʝʨʠʘʣ ʙʳʣ ʨʘʟʣʠʯʝʥ: ʚʦʣʦʚʴʷ ʢʦʞʘ, ʧʦʢʨʳʪʘʷ 

ʣʘʢʦʤ, ʞʝʣʝʟʦ, ʘʣʶʤʠʥʠʡ. 

ɺ ʈʦʩʩʠʠ, ʵʨʘ ʩʦʚʝʪʩʢʠʭ ʧʦʞʘʨʥʳʭ ʢʘʩʦʢ ʠʟ ʞʝʣʝʟʘ ʟʘʢʦʥʯʠʣʘʩʴ ʚ 

1973 ʛʦʜʫ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʦʣʠʤʝʨʳ. ʇʝʨʚʳʡ ʧʣʘʩʪʠʢʦʚʳʡ 

ʰʣʝʤ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʧʦʣʠʢʘʨʙʦʥʘʪʘ, ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʩʣʦʞʥʳʡ ʧʦʣʠʵʬʠʨ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ ʠ ʜʚʫʭʘʪʦʤʥʦʛʦ ʩʧʠʨʪʘ. 

ʍʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʬʦʩʛʝʥʠʨʦʚʘʥʠʷ ʙʠʩʬʝʥʦʣʘ ɸ ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʘʣʢʘʥʦʚ 

(ʦʙʳʯʥʦ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ CH2Cl2) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʨʝʘʢʮʠʝʡ ʣʠʙʦ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ ʚ 

ʨʘʩʪʚʦʨʝ, ʣʠʙʦ ʤʝʞʬʘʟʥʦʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ: 
 

 

https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BC%D0%B5%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%BA%D0%BE%D0%BD%D0%B4%D0%B5%D0%BD%D1%81%D0%B0%D1%86%D0%B8%D1%8F


ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʄʘʪʝʨʠʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ 

(250ï500 ʢɼʞ/ʤ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʭʨʫʧʢʦʩʪʠ ʧʨʠ ʫʜʘʨʝ ʠ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʨʠʤʝʥʷʣʠ ʘʨʤʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʩʪʝʢʣʦʚʦʣʦʢʥʦʤ. ɹʦʣʴʰʠʤ ʧʣʶʩʦʤ 

ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʝ ʠʟ ʥʝʛʦ ʧʨʦʟʨʘʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʆʜʥʘʢʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʦʚʳʭ ʧʦʣʠʤʝʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʣʫʯʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʦʞʘʨʥʳʭ ʢʘʩʦʢ, ʩʢʦʨʦ ʧʦʷʚʠʣʩʷ ʚʟʘʤʝʥ ʧʦʣʠʩʪʠʨʦʣʫ. ABS-ʧʣʘʩʪʠʢ ʚ ʚʠʜʝ 

ʫʜʘʨʦʧʨʦʯʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʡ ʩʤʦʣʳ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʘ 

ʘʢʨʠʣʦʥʠʪʨʠʣʘ ʩ ʙʫʪʘʜʠʝʥʦʤ ʠ ʩʪʠʨʦʣʦʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʦʚʳʰʝʥʥʫʶ 

ʧʨʦʯʥʦʩʪʴ ʢ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʝ ʠ ʩʪʦʡʢʦʩʪʴ ʢ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 

ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʧʦʣʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ (C8H8)xĿ(C4H6)yĿ(C3H3N)z). 

ʊʘʢ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʧʫʩʦʚ ʢʘʩʦʢ ʠ ʰʣʝʤʦʚ ʧʦʞʘʨʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ABS-

ʧʣʘʩʪʠʢ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʷʤ ʠʟ 

ʊʘʡʚʘʥʷ, ʂʦʨʝʠ ʠ ʗʧʦʥʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʦʢʦʣʦ 74 % ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ABS-

ʧʣʘʩʪʠʢʘ, ʚ ʈʦʩʩʠʠ ʧʦʣʠʤʝʨʥʫʶ ʧʨʦʜʫʢʮʠʶ ʧʨʦʠʟʚʦʜʠʪ ʊʘʪʘʨʩʪʘʥ ʇɸʆ 

çʅʠʞʥʝʢʘʤʩʢʥʝʬʪʝʭʠʤè ʠ ʊʫʣʴʩʢʘʷ ʦʙʣʘʩʪʴ ʆɸʆ çʇʣʘʩʪʠʢè. 

ɺʦ ʤʥʦʛʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʷʭ ʢʘʩʦʢ ʧʦʞʘʨʥʦʛʦ ʧʨʦʜʦʣʞʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʢʘʨʙʦʥʘʪ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢ. ʋʣʫʯʰʝʥʠʝʤ ʝʛʦ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʷʚʣʷʝʪʩʷ ʘʨʤʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ ʣʘʚʩʘʥʦʚʳʤ ʚʦʣʦʢʥʦʤ, - ʧʦʣʫʯʘʝʤ ʧʦʚʳʰʝʥʥʫʶ 

ʩʪʦʡʢʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʫʜʘʨʘʤ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʰʣʝʤʳ ʧʦʞʘʨʥʳʭ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʜʶʨʦʧʣʘʩʪʘ, ʫʩʠʣʝʥʥʦʛʦ ʘʨʘʤʠʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. ɼʶʨʦʧʣʘʩʪ 

ï ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʚʠʜ ʧʣʘʩʪʠʢʘ, ʢʦʪʦʨʳʡ ʤʝʥʴʰʝ ʧʦʜʚʝʨʞʝʥ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʥʘʛʨʫʟʢʘʤ, ʯʝʤ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ɺʥʝʰʥʝ ʦʯʝʥʴ ʥʘʧʦʤʠʥʘʝʪ 

ʢʝʨʘʤʠʢʫ. ʍʠʤʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʩʠʥʪʝʪʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ 

ʩʳʨʴʷ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʬʝʥʦʣ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜ. ʅʘʟʚʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʭʦʜʷʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʛʜʝ ʠʭ ʦʙʲʝʜʠʥʷʶʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʚʣʝʥʠʷ. 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʙʨʘʣʘ ʚ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʦʣʠʩʫʣʴʬʦʥ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ. 

ʇʦʣʠʩʫʣʴʬʦʥ ʩʦʩʪʦʠʪ ʠʟ ʧʘʨʘʩʚʷʟʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʫʣʴʬʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʵʬʠʨʥʳʭ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʠʥʪʝʟ ʧʦʣʠʩʫʣʴʬʦʥʘ ʚʢʣʶʯʘʣ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ 

ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʜʠʘʨʠʣʦʚʦʛʦ ʵʬʠʨʘ ʙʠʩ (ʩʫʣʴʬʦʥʠʣʭʣʦʨʠʜʦʤ) 

ʙʝʥʟʦʣʘ. ɺ ʨʝʘʢʮʠʷʭ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ, ʪʘʢʦʡ 

ʢʘʢ ʭʣʦʨʠʜ ʞʝʣʝʟʘ ʠʣʠ ʧʝʥʪʘʭʣʦʨʠʜ ʩʫʨʴʤʳ: 

 

n O(C6H5)2 + n SO2Cl2 Ÿ {[O(C6H4)2]SO2} n + 2n HCl 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʠʩʫʣʴʬʦʥ ʧʦʣʫʯʘʶʪ ʨʝʘʢʮʠʝʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ 

ʜʠʬʝʥʦʢʩʠʜʘ ʠ ʙʠʩ(4-ʭʣʦʨʬʝʥʠʣ)ʩʫʣʴʬʦʥʘ. ʉʫʣʴʬʦʥʦʚʘʷ ʛʨʫʧʧʘ ʘʢʪʠʚʠʨʫʝʪ 

ʭʣʦʨʠʜʥʳʝ ʛʨʫʧʧʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʤʝʱʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʳʡ ʜʠʬʝʥʦʢʩʠʜ 

ʧʦʣʫʯʘʶʪ ʠʟ ʜʠʬʝʥʦʣʘ ʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ [4]. ʂʦʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʚʦʜʘ 

ʫʜʘʣʷʝʪʩʷ ʘʟʝʦʪʨʦʧʥʦʡ ʜʠʩʪʠʣʣʷʮʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʫʦʣʘ ʠʣʠ 

ʭʣʦʨʙʝʥʟʦʣʘ). ʇʦʣʠʤʝʨʠʟʘʮʠʶ ʧʨʦʚʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130ï160ÁC ʚ ʠʥʝʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʧʦʣʷʨʥʦʤ ʘʧʨʦʪʦʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʥʘʧʨʠʤʝʨ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ, 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦʛʦ ʧʦʣʠʵʬʠʨʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʜʘʣʝʥʠʝʤ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ: 

 

 

 

 

ʇʦʣʠʩʫʣʴʬʦʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʣʘʩʪʤʘʩʩ. ʆʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʵʢʩʪʨʫʟʠʠ ʠʣʠ ʛʦʨʷʯʝʛʦ 

ʬʦʨʤʦʚʘʥʠʷ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʜʘʞʝ ʪʘʢʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʩʣʦʞʥʦʝ ʠʟʜʝʣʠʝ, ʢʘʢ ʰʣʝʤ ʧʦʞʘʨʥʦʛʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʡ ʬʦʨʤʦʡ ʠ ʤʘʪʝʨʠʘʣʦʤ, 

ʥʦ ʠ ʨʘʩʰʠʨʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ: ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʛʦʚʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʤʦʜʫʣʷʤʠ ʦʩʚʝʱʝʥʠʷ, ʧʨʠʙʦʨʘʤʠ ʬʦʪʦ ʠ ʚʠʜʝʦ ʬʠʢʩʘʮʠʠ. 
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The paper considers such type of fire hazardous emergency situation in the work of electrical 

installations as overheating of contacts and contact connections, analyzes the main existing methods 

of prevention of fires caused by this fault, considers the advantages and disadvantages of each 

method. 

Keywords: contacts; contact connections; thermal control; thermal indicators; thermal 

imagers. 

 

 

ʆʜʥʦʡ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʯʠʥ ʧʦʞʘʨʦʚ ʦʪ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʛʨʝʚ ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʪʝʧʣʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠʭ ʢʦʥʪʨʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʠʭ ʧʝʨʝʭʦʜʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʦʡ ʩʠʣʳ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʢʦʥʪʘʢʪʳ. 

                                                 
 É ɺʘʩʠʥ ʇ. ɸ., ʅʘʟʘʨʦʚ ɸ. ɸ., ʈʷʙʠʢʦʚ ɸ. ʀ., 2024 
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ʇʝʨʝʭʦʜʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʧʦʩʦʙʥʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʤʝʥʷʪʴʩʷ ʧʦ 

ʨʷʜʫ ʧʨʠʯʠʥ: ʦʩʣʘʙʣʝʥʠʷ ʢʦʥʪʘʢʪʘ, ʦʢʠʩʣʝʥʠʷ ʠ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʘ ʚ ʤʝʩʪʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʪ.ʜ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʙʦʣʴʰʠʭ ʧʝʨʝʭʦʜʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ 

ʤʝʩʪʝ ʧʨʠʤʳʢʘʥʠʷ, ʢʦʥʪʘʢʪʳ ʥʘʯʠʥʘʶʪ ʥʘʛʨʝʚʘʪʴʩʷ.  

ʇʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʭʫʜʰʝʥʠʷ ʢʦʥʪʘʢʪʘ ʠʣʠ 

ʧʝʨʝʛʨʫʟʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʩʧʣʘʤʝʥʝʥʠʶ ʠʟʦʣʷʮʠʠ ʢʘʙʝʣʝʡ ʠʣʠ ʠʥʳʭ 

ʣʝʛʢʦʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ 

ʢʦʥʪʘʢʪʘʤ ʠʣʠ ʢʦʥʪʘʢʪʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ. ʇʦʵʪʦʤʫ ʚʦ ʠʟʙʝʞʘʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʪʘʢʦʛʦ ʨʦʜʘ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʨʝʞʠʤʦʚ, ʩʣʝʜʫʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʥʘʣʠʯʠʝ 

ʯʨʝʟʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʢʦʥʪʘʢʪʦʚ (ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ) ʚʳʰʝ ʜʦʧʫʩʪʠʤʳʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʧʫʪʸʤ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʠʭ ʩʦʩʪʦʷʥʠʷ. ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʝʚʘ ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ, ʥʘʧʨʠʤʝʨ, 

ʚ ʈɼ 34.45-51.300-97 [1] ʠ ʩʪʘʥʜʘʨʪʘʭ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʠʟʜʝʣʠʷ. 

ɼʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʦʜʦʙʥʳʭ ʪʠʧʦʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʝʧʣʦʚʦʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪ ʪʨʠ ʤʝʪʦʜʘ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʥʪʘʢʪʦʚ ʠ 

ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ: ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ, 

ʪʝʨʤʦʠʥʜʠʢʘʪʦʨʥʳʡ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɻʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ɻɸʉ), ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʥʥʝʛʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʜʝʬʝʢʪʦʚ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʛʦʨʘʥʠʷʤ ʠ ʧʦʞʘʨʘʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʩʪʫʧʘʶʪ 

ʪʝʨʤʦʘʢʪʠʚʠʨʫʝʤʳʝ ʛʘʟʦʚʳʜʝʣʷʶʱʠʝ ʥʘʢʣʝʡʢʠ, ʠʟ ʢʦʪʦʨʳʭ ʧʨʠ ʥʘʛʨʝʚʝ ʚʳʰʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʜʝʣʷʝʪʩʷ ʩʠʛʥʘʣʴʥʳʡ ʛʘʟ, ʫʣʘʚʣʠʚʘʝʤʳʡ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʛʘʟʦʚʳʤ ʜʘʪʯʠʢʦʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʪʯʠʢ ʧʝʨʝʜʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʧʫʣʴʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠʸʤ ʪʨʝʚʦʞʥʳʭ ʠʟʚʝʱʝʥʠʡ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʧʝʨʝʛʨʝʚʦʚ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ɻɸʉ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɻɸʉ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʦʧʫʩʢʘʪʴ ʤʦʤʝʥʪ ʘʚʘʨʠʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʨʘʙʦʪʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʚ 

ʩʣʫʯʘʝ ʧʝʨʝʛʨʝʚʘ ʥʘ ʧʫʣʴʪ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ʪʨʝʚʦʛʠ. ʋʩʪʘʥʦʚʢʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʚ ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʱʠʪʘʭ (ʚʚʦʜʥʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʛʣʘʚʥʦʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʪ.ʧ.) 

[2]. 

ɽʱʝ ʦʜʥʠʤ ʤʝʪʦʜʦʤ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʠʟʠʦʥʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ, ʪʨʝʙʦʚʘʥʠʷ, ʢ ʧʨʦʚʝʜʝʥʠʶ ʢʦʪʦʨʦʡ, ʧʨʠʚʝʜʝʥʳ ʚ [1],  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʝʧʣʦʚʠʟʦʨʘ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʚʠʜʝʦʢʘʤʝʨʦʡ, ʦʥ ʪʘʢʞʝ 

ʦʭʚʘʪʳʚʘʝʪ ʚʩʶ ʧʘʥʦʨʘʤʫ ʦʙʲʝʢʪʘ, ʚʳʚʦʜʠʪ ʥʘ ʩʚʦʡ ʵʢʨʘʥ ʠ ʬʠʢʩʠʨʫʝʪ ʚ ʧʘʤʷʪʠ 

ʚʝʩʴ ʩʧʝʢʪʨ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʷ ʠʭ ʚ ʪʝʨʤʦʛʨʘʤʤʫ (ʢʘʨʪʠʥʢʫ 

ʪʝʤʧʝʨʘʪʫʨ), ʛʜʝ ʢʘʞʜʳʡ ʦʪʪʝʥʦʢ ʮʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

[2]. 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʅʘʛʨʝʚ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʘʢʪʦʚ, 

ʥʦ ʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʨʦʪʝʢʘʶʱʝʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʝʪʦʜʦʣʦʛʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʷʤʦʝ ʚʳʷʚʣʝʥʠʝ ʢʦʥʪʘʢʪʦʚ (ʢʦʥʪʘʢʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ), ʠʤʝʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʚʳʰʝ ʧʨʝʜʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʩʯʸʪʘ ʪʝʭ, ʢʦʪʦʨʳʝ ʥʘ ʤʦʤʝʥʪ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʠʞʝ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ, ʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʢʘ 

ʥʘʛʨʫʟʢʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. 

ʅʝʦʩʧʦʨʠʤʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʙʝʟʦʧʘʩʥʦʩʪʴ (ʙʝʩʢʦʥʪʘʢʪʥʳʡ 

ʤʝʪʦʜ), ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʩʝʪʠ. ʊʘʢʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ, ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʪʝʧʝʥʴ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʥʝ ʪʦʣʴʢʦ ʦʪʢʨʳʪʳʭ ʯʘʩʪʝʡ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ (ʢʦʥʪʘʢʪʦʚ), ʥʦ ʠ ʩʦʩʪʦʷʥʠʝ ʨʦʟʝʪʦʢ, ʚʳʢʣʶʯʘʪʝʣʝʡ ʠʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʦʢ, ʢʦʪʦʨʳʝ ʟʘʢʨʳʪʳ ʢʦʨʧʫʩʘʤʠ. ʊʘʢʞʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʘʢʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʪ ʠ ʦʪʜʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʙʦʣʝʝ 

ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈɼ 153-34.0-20.363-99 çʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʤʝʪʦʜʠʢʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ɺʃè [3], 

ʥʝʦʙʭʦʜʠʤʘ ʥʘʛʨʫʟʢʘ ʥʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʤʝʥʝʝ 70 %, ʠ ʥʝ ʤʝʥʝʝ 1 ʯʘʩʘ 

ʨʘʙʦʪʳ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʚʠʟʦʨʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʸʤʢʠʤ, ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʘʢʪʘ (ʢʦʥʪʘʢʪʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʦʤʝʥʪ ʠʟʤʝʨʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1], 

ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʛʦʜ, ʜʦ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʪʨʠ 

ʛʦʜʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʚʝʨʷʝʤʦʡ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ 

ʦʪ ʤʦʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦ ʧʝʨʝʭʦʜʘ 

ʠʭ ʚ ʘʚʘʨʠʡʥʳʡ ʨʝʞʠʤ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ, ʯʝʤ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʨʦʢ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦ [1]. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʚʳʩʪʫʧʘʝʪ ʢʦʥʪʨʦʣʴ 

ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʘʢʪʦʚ (ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʨʤʦʠʥʜʠʢʘʪʦʨʦʚ. 

ʊʝʨʤʦʠʥʜʠʢʘʪʦʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʥʪʘʢʪʦʚ ʠ 

ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʝʨʝʛʨʝʚ. 

ʊʝʨʤʦʠʥʜʠʢʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʴʥʫʶ ʥʘʢʣʝʡʢʫ ʠʣʠ ʢʨʘʩʢʫ, 

ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʶʪ ʦʢʨʘʩʢʫ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʪʠʧʘ ʠʥʜʠʢʘʪʦʨʦʚ: ʦʙʨʘʪʠʤʳʝ ï ʤʝʥʷʶʱʠʝ ʮʚʝʪ ʚ ʥʘʛʨʝʪʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʠ ʚʦʟʚʨʘʱʘʶʱʠʝ ʠʩʭʦʜʥʳʡ ʮʚʝʪ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʥʝʦʙʨʘʪʠʤʳʝ ï 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʤʝʥʷʶʱʠʝ ʮʚʝʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʭʨʘʥʷʶʱʠʝ 

ʝʛʦ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ 

ʥʝʦʙʨʘʪʠʤʳʝ ʠʥʜʠʢʘʪʦʨʳ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʝʨʝʛʨʝʚ 

ʧʨʦʠʩʭʦʜʠʣ, ʜʘʞʝ, ʝʩʣʠ ʥʘ ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʚʳʭʦʜʠʪ ʟʘ 

ʧʨʝʜʝʣʴʥʳʡ ʜʠʘʧʘʟʦʥ [1]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʠʥʜʠʢʘʪʦʨʥʳʝ ʪʝʨʤʦʥʘʢʣʝʡʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʫ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʥʦ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʥʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʢʣʦʥʥʳʭ 

ʢ ʧʝʨʝʛʨʝʚʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʚ ʩʠʩʪʝʤʝ ʜʝʡʩʪʚʫʶʱʝʡ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʦʤʧʘʥʠʠ, 

ʧʨʠʤʝʥʷʶʱʠʝ ʪʝʨʤʦʠʥʜʠʢʘʪʦʨʥʳʡ ʢʦʥʪʨʦʣʴ, ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʣʦʢʘʣʴʥʳʤʠ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʘʢʪʘʤʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʉʊʆ ʇɸʆ 

çʈʦʩʩʝʪʠè 34.01-12-002-2022, ʉʊʆ ɸʆ çʆʕʂè 76561356-29-004-2022, ʉʊʆ 

ʀʅʊʀ ʄ.130.1-2023, ʉʊʆ ʇɸʆ çʈʫʩɻʠʜʨʦè 02.02.146-2023 [4]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʶʪʩʷ: ʥʝʧʨʝʨʳʚʥʳʡ 

ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʧʨʠ 

ʵʪʦʤ ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʦʮʝʥʢʠ ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦ [1]; ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʠʥʜʠʢʘʪʦʨʦʚ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ; ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ 

ʦʧʝʨʘʪʠʚʥʳʤ ʠʣʠ ʦʧʝʨʘʪʠʚʥʦ-ʨʝʤʦʥʪʥʳʤ ʧʝʨʩʦʥʘʣʦʤ ʧʨʠ ʰʪʘʪʥʦʤ ʦʩʤʦʪʨʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʢʦʥʪʘʢʪʦʚ (ʢʦʥʪʘʢʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ) ʧʫʪʸʤ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʥʜʠʢʘʪʦʨʘ [5]. 

ɺʳʚʦʜʳ 

1. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ. 

2. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʨʦʬʠʣʘʢʪʠʢʫ ʧʦʞʘʨʦʚ ʦʪ ʧʝʨʝʛʨʝʚʘ ʢʦʥʪʘʢʪʦʚ ʠʣʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: 

ʪʝʧʣʦʚʠʟʦʨʳ, ʪʝʨʤʦʠʥʜʠʢʘʪʦʨʥʳʝ ʥʘʢʣʝʡʢʠ, ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

3. ɿʘ ʧʦʩʣʝʜʥʠʝ 3 ʛʦʜʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʣʦʢʘʣʴʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʢʦʥʪʨʦʣʶ ʩʦʩʪʦʷʥʠʷ 

ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʧʣʦʚʠʟʦʨʦʚ ʠ ʪʝʨʤʦʠʥʜʠʢʘʪʦʨʥʳʭ ʥʘʢʣʝʝʢ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʘʟʨʘʙʦʪʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ ʤʝʨ ʧʨʘʚʦʚʦʛʦ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ, 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ, ʩʦʮʠʘʣʴʥʦʛʦ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʧʨʦʬʠʣʘʢʪʠʢʫ ʧʦʞʘʨʦʚ. ʅʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʚʨʝʤʝʥʥʫʶ ʞʠʟʥʴ ʙʝʟ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʪʥʳʭ, ʨʘʟʣʠʯʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʩʢʣʘʜʩʢʠʭ 

ʧʦʤʝʱʝʥʠʡ, ʪʦʨʛʦʚʳʭ ʠ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ. ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ 

                                                 
  É ɺʦʨʦʙʴʝʚ ʀ. ʉ., ʃʝʞʥʸʚ ɸ. ʀ., 2024 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʠ ʭʠʤʠʠ ʧʦʟʚʦʣʷʶʪ ʨʘʟʚʠʚʘʪʴʩʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ. ʀʟ ʛʦʜʘ ʚ ʛʦʜ ʨʘʩʪʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʥʦʩʦʩʪʘʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʨʘʩʰʠʨʷʝʪʩʷ ʠʭ 

ʘʩʩʦʨʪʠʤʝʥʪ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʣʠʥʝʡʢʘ. ʉ ʨʦʩʪʦʤ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʝʥʷʶʪʩʷ ʠ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʥʘʜʣʝʞʘʱʝʤ ʦʙʝʩʧʝʯʝʥʠʠ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʨʠʩʢ ʧʨʠʯʠʥʝʥʠʷ 

ʫʱʝʨʙʘ ʧʨʠ ʚʦʟʛʦʨʘʥʠʷʭ ʠ ʧʦʞʘʨʘʭ. ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 22 ʠʶʣʷ 2008 ʛ. 

çʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ˉ 123-ʌɿ 

ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢ ʦʙʲʝʢʪʘʤ ʟʘʱʠʪʳ (ʧʨʦʜʫʢʮʠʠ), ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʟʜʘʥʠʷʤ 

ʠ ʩʦʦʨʫʞʝʥʠʷʤ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʘʤ, ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ 

ʠ ʧʨʦʜʫʢʮʠʠ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ.   ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ɻʆʉʊ, ʉʅʠʇ, ʠʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ [1]. ɺ ʦʙʝʩʧʝʯʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʧʨʠʢʘʟʦʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ ʤʝʪʨʦʣʦʛʠʠ ʦʪ 14 ʠʶʣʷ 2020 ʛ. ˉ 1190 

ʫʪʚʝʨʞʜʝʥ ʧʝʨʝʯʝʥʴ ʩʪʘʥʜʘʨʪʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʩʪʘʥʜʘʨʪʳ ʥʘ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ɻʆʉʊ 

ʈ 59137-2020 ʅʘʮʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺʩʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʚ ʈʦʩʩʠʠ ʠ ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ, 

ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʠ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉ ʫʯʝʪʦʤ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʧʨʦʩʳ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʠ, ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʳʤʠ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ [2, 3, 4]. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ 

ʷʚʣʷʝʪʩʷ ʙʝʪʦʥ ʠʟ-ʟʘ ʝʛʦ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ ð ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʦʛʥʝʩʪʦʡʢʦʩʪʠ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʙʝʪʦʥ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʝʱʝʩʪʚ, ʢʘʞʜʳʡ ʝʛʦ ʦʪʜʝʣʴʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʧʣʘʚʠʪʩʷ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʦ ʚ ʮʝʣʦʤ, ʙʝʪʦʥ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʪʝʨʤʦʩʪʦʡʢʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʩʧʳʪʳʚʘʪʴ ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʛʨʫʟʢʠ.  ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʙʝʪʦʥ. ʏʘʱʝ ʚʩʝʛʦ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʙʝʪʦʥʥʳʭ ʧʘʥʝʣʝʡ. ʊʘʢʠʝ ʧʘʥʝʣʠ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ, ʚʥʫʪʨʠ 

ʧʘʥʝʣʠ ʟʘʧʝʯʘʪʳʚʘʝʪʩʷ ʧʦʣʠʩʪʠʨʦʣʴʥʘʷ ʠʣʠ ʧʦʣʠʫʨʝʪʘʥʦʚʘʷ ʠʟʦʣʷʮʠʷ. ɹʦʣʴʰʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʪʘʢʞʝ ʩʥʠʩʢʘʣ ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ. ɿʘ ʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʢʘʯʝʩʪʚʫ, 

ʙʝʪʦʥ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʂ ʧʨʠʤʝʨʫ, ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ ʪʦʣʱʠʥʦʡ 150 ʤʤ ʦʙʣʘʜʘʝʪ 

ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ 2,5 ʯ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [5]. 

ɼʦʩʪʘʪʦʯʥʦ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʛʣʝʙʝʪʦʥ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʦʣʴʥʦʛʦ ʰʣʘʢʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ ʦʙʳʯʥʦʤʫ ʙʝʪʦʥʫ. ʊʘʢʦʝ 

ʩʦʯʝʪʘʥʠʝ ʧʨʠʜʘʝʪ ʤʘʪʝʨʠʘʣʫ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʜʝʣʘʷ ʝʛʦ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ, 

ʧʨʦʯʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ [6]. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʧʦʣʫʯʠʣ ʛʘʟʦʙʝʪʦʥ. ʕʪʦ 

ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʷʯʝʠʩʪʳʭ ʙʝʪʦʥʦʚ (ʥʘʨʷʜʫ ʩ ʧʝʥʦʙʝʪʦʥʦʤ ʠ ʛʘʟʦʧʝʥʦʙʝʪʦʥʦʤ), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʢʘʤʝʥʴ ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʩʬʝʨʠʯʝʩʢʠʤʠ ʧʦʨʘʤʠ ʜʠʘʤʝʪʨʦʤ 1ï3 ʤʤ. ʆʩʥʦʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʘʟʦʙʝʪʦʥʘ ʷʚʣʷʶʪʩʷ ʮʝʤʝʥʪ, ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʠ ʘʣʶʤʠʥʠʝʚʘʷ 

ʧʫʜʨʘ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʣʝʥʠʝ ʛʠʧʩʘ ʠ ʠʟʚʝʩʪʠ. ʉʶʜʘ ʞʝ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʟʦʣʘ ʠ ʰʣʘʢʠ. ɻʘʟʦʙʝʪʦʥ ʷʚʣʷʝʪʩʷ 

ʥʝʛʦʨʶʯʠʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʪʘʢ ʢʘʢ ʩʦʩʪʦʠʪ ʠʟ ʤʠʥʝʨʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ [7]. 

ɽʱʝ ʦʜʥʠʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʨʦʠʪʝʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʝʪʩʷ ʧʝʥʦʙʣʦʢ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʧʝʩʢʘ ʠ ʚʦʜʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʧʦʞʘʨʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ 

[8]. 

ʇʦʤʠʤʦ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʷʚʣʷʶʱʠʝʩʷ ʥʝʛʦʨʶʯʠʤʠ, ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʠʣʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɼʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʜʦʙʘʚʣʝʥʠʠ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ï ʥʝ 

ʙʦʣʝʝ ʥʝ ʙʦʣʝʝ 5ï10 % ʦʪ ʤʘʩʩʳ ʩʚʦʡʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʥʷʝʪʩʷ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴ, ʠʟ ʥʝʛʦʨʶʯʠʭ ʦʥʠ ʧʝʨʝʭʦʜʷʪ ʚ ʢʘʪʝʛʦʨʠʶ 

ʪʨʫʜʥʦʩʛʦʨʘʝʤʳʭ [9]. ʅʘʧʨʠʤʝʨ, ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʣʝʛʢʦʛʦ ʙʝʪʦʥʘ, ʢʦʪʦʨʳʡ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʷʚʣʷʝʪʩʷ ʧʦʣʠʩʪʠʨʦʣʙʝʪʦʥ. 

ʕʪʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, 

ʤʠʥʝʨʘʣʴʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ (ʧʝʩʦʢ), ʧʦʨʠʩʪʳʡ ʟʘʧʦʣʥʠʪʝʣʴ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ 

ʚʳʩʪʫʧʘʶʪ ʛʨʘʥʫʣʳ ʚʩʧʝʥʝʥʥʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ (ʙʦʣʝʝ ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ 

çʧʝʥʦʧʣʘʩʪè), ʘ ʪʘʢʞʝ ʚʦʟʜʫʭʦʚʦʚʣʝʢʘʶʱʠʝ ʜʦʙʘʚʢʠ. ʇʨʠ ʵʪʦʤ, ʧʦʣʠʩʪʠʨʦʣ, 

ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʧʦʣʠʩʪʠʨʦʣʙʝʪʦʥʘ, ʦʙʣʝʛʯʘʝʪ ʢʦʥʩʪʨʫʢʮʠʶ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʷʚʣʷʝʪʩʷ ʛʦʨʶʯʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʚ ʮʝʣʦʤ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ 

ʧʦʞʘʨʦʦʧʘʩʥʳʤ. ɺʳʜʝʨʞʠʚʘʥʠʝ ʧʨʠ t 100ï110 Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚ ʦʙʲʝʤʝ ʚ 3ï5 ʨʘʟ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʢʩʠʥʦʚ [10,11]. 

ɿʘʩʣʫʞʠʚʘʶʱʠʤ ʚʥʠʤʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʝʪʩʷ ʘʨʙʦʣʠʪ 

ʠʣʠ ʜʨʝʚʦʙʝʪʦʥ. ʕʪʦ ʣʝʛʢʠʡ ʙʝʪʦʥ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʥʦʛʦ ʚʷʞʫʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʧʦʣʥʠʪʝʣʝʡ ʠ ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ. ɸʨʙʦʣʠʪ ʦʪʥʦʩʠʪʩʷ ʢ 

ʛʦʨʶʯʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʧʨʠ ʵʪʦʤ, ʧʦ ʩʪʝʧʝʥʠ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ 

ʘʨʙʦʣʠʪ ʷʚʣʷʝʪʩʷ ʤʘʣʦʦʧʘʩʥʳʤ ʤʘʪʝʨʠʘʣʦʤ [12]. 

  



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  
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ʇʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʤʝʥʴʰʝʝ ʚʥʠʤʘʥʠʝ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʦ ʫʜʝʣʷʪʴʩʷ ʧʨʠʤʝʥʝʥʠʶ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʵʢʦʚʘʪʘ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʣʶʣʦʟʥʳʡ ʫʪʝʧʣʠʪʝʣʴ. ʕʢʦʚʘʪʘ ʩʦʟʜʘʝʪʩʷ ʠʟ 

ʤʘʢʫʣʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʚ ʠʩʭʦʜʥʦʤ ʚʠʜʝ ʷʚʣʷʝʪʩʷ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʝʤʳʤ 

ʤʘʪʝʨʠʘʣʦʤ.  ʇʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴ ʪʘʢʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩʥʠʞʘʝʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢ ʮʝʣʣʶʣʦʟʥʦʤʫ ʥʘʧʦʣʥʠʪʝʣʶ ʘʥʪʠʧʠʨʝʥʦʚ - 

ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʦʛʥʝʩʪʦʡʢʦʩʪʠ. ʇʦʩʣʝ ʧʨʦʧʠʪʢʠ 

ʵʢʦʚʘʪʳ ʘʥʪʠʩʝʧʪʠʢʦʤ (ʥʘʧʨʠʤʝʨ, ʙʫʨʳ) ʠ ʘʥʪʠʧʠʨʝʥʦʤ (ʪʝʪʨʘʙʦʨʘʪ ʥʘʪʨʠʷ) 

ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ [13].   

ɽʱʝ ʦʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʷʚʣʷʝʪʩʷ ʙʘʟʘʣʴʪʦʚʘʷ, ʠʣʠ ʢʘʤʝʥʥʘʷ ʚʘʪʘ. ʆʥʘ 

ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʤʠʥʝʨʘʣʴʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʨʝʩʩʦʚʘʥʥʫʶ 

ʧʣʠʪʢʫ ʠʟ ʧʝʨʝʧʣʝʪʝʥʥʳʭ ʚʦʣʦʢʦʥ, ʦʩʥʦʚʦʡ ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ 

ʠʟʚʝʨʞʝʥʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʟʘʣʴʪ. ɹʘʟʘʣʴʪʦʚʘʷ 

ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ ʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʛʦʨʝʥʠʶ. ʄʘʪʝʨʠʘʣ ʠʤʝʝʪ ʚʳʩʦʢʠʝ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫʩʪʦʡʯʠʚ ʢ 

ʜʝʬʦʨʤʘʮʠʷʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʄʘʪʝʨʠʘʣʳ ʜʘʥʥʦʡ 

ʛʨʫʧʧʳ ʥʝ ʚʳʜʝʣʷʶʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʂʘʤʝʥʥʘʷ ʚʘʪʘ ï ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʦʣʦʢʥʘ ʢʘʤʝʥʥʦʡ ʚʘʪʳ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʠʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 1000 ÁC, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʤʘʪʝʨʠʘʣ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʣʘʤʝʥʠ [14, 15]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩ ʫʯʝʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʟʜʘʥʠʷ 

ʠʣʠ ʧʦʤʝʱʝʥʠʷ.   

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩ ʫʯʝʪʦʤ 

ʪʨʝʙʦʚʘʥʠʡ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʞʠʟʥʠ 

ʠ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ.  
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ʢʦʥʬʣʠʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʛʘʥʠʟʘʮʠʷ ʪʫʰʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ; ʟʘʱʠʪʘ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ; 

ʩʧʘʩʘʪʝʣʴʥʳʝ ʚʦʠʥʩʢʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ; ʚʦʝʥʥʳʡ ʢʦʥʬʣʠʢʪ; ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʪʝʭʥʠʢʘ. 
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ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

20 

 

ʇʨʠʨʦʜʥʳʝ ʧʦʞʘʨʳ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʦʧʘʩʥʳʤ ʜʣʷ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ 

ʥʘʩʝʣʝʥʠʷ ʩʪʠʭʠʡʥʳʤ ʙʝʜʩʪʚʠʝʤ. ʆʥʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ. ʅʘʧʨʠʤʝʨ, ʚ 2010 ʛʦʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʝʩʥʳʭ ʠ ʪʦʨʬʷʥʳʭ ʧʦʞʘʨʦʚ 

ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʛʠʙʣʠ 15 ʯʝʣʦʚʝʢ, ʧʦʣʫʯʠʣʠ ʪʷʞʝʣʳʡ ʚʨʝʜ ʟʜʦʨʦʚʴʶ 

ʠʣʠ ʚʨʝʜ ʩʨʝʜʥʝʡ ʪʷʞʝʩʪʠ 18 ʯʝʣʦʚʝʢ, ʣʠʰʠʣʠʩʴ ʢʨʦʚʘ 247 ʯʝʣʦʚʝʢ. [1]  

ʇʨʠ ʪʫʰʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʪʨʝʙʫʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ 

ʟʥʘʯʠʪʝʣʴʥʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʳʭ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʧʦ ʤʝʨʝ 

ʠʟʤʝʥʝʥʠʷ ʦʙʩʪʘʥʦʚʢʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʩʠʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʧʘʩʘʪʝʣʴʥʳʭ ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʄʏʉ ʈʦʩʩʠʠ (ʉɺʌ 

ʄʏʉ ʈʦʩʩʠʠ), ʧʨʠʚʣʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʞʠʟʥʝʥʥʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ. 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʩʚʦʜʥʳʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʩʦʩʪʘʚ ʠ ʦʩʥʘʱʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʪʦʷʱʠʭ ʟʘʜʘʯ.  

ɼʣʷ ʧʨʦʜʝʣʳʚʘʥʠʷ ʦʧʦʨʥʳʭ ʠ ʟʘʛʨʘʜʠʪʝʣʴʥʳʭ ʧʦʣʦʩ ʠʟ ʩʦʩʪʘʚʘ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʉɺʌ ʄʏʉ ʈʦʩʩʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʚʣʝʯʝʥʳ: 

- ʠʥʞʝʥʝʨʥʘʷ ʤʘʰʠʥʘ ʨʘʟʛʨʘʞʜʝʥʠʷ (ʦʜʠʥ ʀʄʈ ʩʧʦʩʦʙʝʥ ʟʘ 10 ʯʘʩʦʚ 

ʨʘʙʦʪʳ ʫʩʪʨʦʠʪʴ ʟʘʛʨʘʜʠʪʝʣʴʥʫʶ ʧʦʣʦʩʫ ʰʠʨʠʥʦʡ 20ï30 ʤ, ʜʣʠʥʦʡ 800 ʤ); 

- ʙʫʣʴʜʦʟʝʨ (1 ʙʫʣʴʜʦʟʝʨ ʩʧʦʩʦʙʝʥ ʟʘ 10 ʯʘʩʦʚ ʨʘʙʦʪʳ ʫʩʪʨʦʠʪʴ 

ʟʘʛʨʘʜʠʪʝʣʴʥʫʶ ʧʦʣʦʩʫ ʰʠʨʠʥʦʡ 20ï30 ʤ, ʜʣʠʥʦʡ 900 ʤ. ɺ ʩʤʝʰʘʥʥʦʤ ʣʝʩʫ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʦʩʥʳ ʜʠʘʤʝʪʨʦʤ 15ï20 ʩʤ);  

- ʵʢʩʢʘʚʘʪʦʨ (1 ʵʢʩʢʘʚʘʪʦʨ ʩʧʦʩʦʙʝʥ ʟʘ 10 ʯʘʩʦʚ ʨʘʙʦʪʳ ʚʳʢʦʧʘʪʴ ʪʨʘʥʰʝʶ 

ʦʙʲʝʤʦʤ 24 080 ʤ3); 

- ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʟʘʛʨʘʜʠʪʝʣʴʥʳʭ ʧʦʣʦʩ 

ʚʟʨʳʚʥʳʤ ʩʧʦʩʦʙʦʤ (ʛʨʫʧʧʘ ʠʟ ʯʝʪʳʨʝʭ ʚʟʨʳʚʥʠʢʦʚ ʟʘ ʦʜʠʥ ʯʘʩ ʨʘʙʦʪʳ ʤʦʞʝʪ 

ʧʨʦʜʝʣʘʪʴ 200-300 ʤ ʧʦʣʦʩʳ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ 

ʚʟʨʳʚʘʥʠʷ). 

ɼʣʷ ʪʫʰʝʥʠʷ ʥʠʟʦʚʳʭ ʧʦʞʘʨʦʚ ʟʘʭʣʝʩʪʳʚʘʥʠʝʤ ʢʨʦʤʢʠ ʠ ʟʘʙʨʘʩʳʚʘʥʠʝʤ 

ʨʳʭʣʳʤ ʛʨʫʥʪʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʣʝʯʝʥ ʣʠʯʥʳʡ ʩʦʩʪʘʚ ʩ ʰʘʥʮʝʚʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ. ɻʨʫʧʧʘ ʠʟ 5 ʯʝʣʦʚʝʢ ʟʘ 40 ʤʠʥ ʤʦʞʝʪ ʧʦʛʘʩʠʪʴ ʟʘʭʣʝʩʪʳʚʘʥʠʝʤ 

ʢʨʦʤʢʫ ʧʦʞʘʨʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ ʦʜʥʦʛʦ ʢʠʣʦʤʝʪʨʘ. ʇʨʠ ʟʘʙʨʘʩʳʚʘʥʠʠ 

ʢʨʦʤʢʠ ʧʦʞʘʨʘ ʨʳʭʣʳʤ ʛʨʫʥʪʦʤ, ʦʜʠʥ ʯʝʣʦʚʝʢ ʟʘ ʦʜʠʥ ʯʘʩ ʤʦʞʝʪ ʧʦʛʘʩʠʪʴ 70 

ʤʝʪʨʦʚ ʢʨʦʤʢʠ ʧʦʞʘʨʘ. 

ɼʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ ʚʦʜʦʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ: 

ʘʚʪʦʮʠʩʪʝʨʥʘ ʧʦʞʘʨʥʘʷ ɸʎ-3-40 (ʂʘʤɸɿ-4326); 

ʘʚʪʦʤʦʙʠʣʴ-ʮʠʩʪʝʨʥʘ ɸʎʇʊ-5,0 (ɿʠʃ-130); 

ʤʘʰʠʥʘ ʧʦʣʠʚʦʤʦʝʯʥʘʷ ʇʄ-130 (ɿʠʃ-130); 

ʘʚʪʦʨʘʟʣʠʚʦʯʥʘʷ ʩʪʘʥʮʠʷ ɸʈʉ-14ʂ (ʂʘʤɸɿ-43114). 

ɸʚʪʦʤʦʙʠʣʴ-ʮʠʩʪʝʨʥʘ ɸʎʇʊ-5,0 ʥʘ ʙʘʟʝ ɿʠʃ-130 ʩʧʦʩʦʙʝʥ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʦʣʠʚ ʤʝʩʪʥʦʩʪʠ ʦʜʥʦʡ ʟʘʧʨʘʚʢʦʡ (5 000 ʣ) ʜʦ 54 ʤ2. ʇʄ-130 ʚʟʚʦʜʘ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʠʤʝʝʪ ʝʤʢʦʩʪʴ ʜʣʷ ʚʦʜʳ 3 800 ʣ., ʩʧʦʩʦʙʥʘ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʣʠʚ ʦʜʥʦʡ ʟʘʧʨʘʚʢʦʡ ʜʦ 60 ʤ2). 

  



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

 

21 

 

ʊʘʢʠʝ ʩʧʦʩʦʙʳ ʪʫʰʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʧʨʠʛʦʜʥʳ, ʢʦʛʜʘ 

ʧʦʨʘʞʘʶʱʠʝ ʬʘʢʪʦʨʳ ï ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘʜʳʤʣʝʥʠʝ, ʦʛʨʘʥʠʯʝʥʠʝ 

ʚʠʜʠʤʦʩʪʠ, ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, 

ʧʦʥʠʞʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ.  

ʇʨʠ ʚʦʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʘʭ ʟʘʜʘʯʘ ʧʦ ʪʫʰʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʥʝ 

ʦʪʤʝʥʷʝʪʩʷ ʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ. ʊʘʢʪʠʢʘ ʪʫʰʝʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʧʦʞʘʨʦʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʉɺʌ ʄʏʉ ʈʦʩʩʠʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʜʦʣʞʥʘ 

ʦʪʣʠʯʘʪʴʩʷ. ʂ ʟʘʱʠʪʝ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʧʦʨʘʞʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʜʦʙʘʚʣʷʝʪʩʷ ʧʦʨʘʞʝʥʠʝ ʚʟʨʳʚʥʦʡ ʚʦʣʥʦʡ, ʦʩʢʦʣʢʘʤʠ ʠ ʦʙʣʦʤʢʘʤʠ 

ʨʘʟʣʝʪʘʶʱʠʭʩʷ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʠ 

ʩʦʭʨʘʥʝʥʠʷ ʞʠʟʥʠ, ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʪʝʭʥʠʢʫ.  

ʂ ʧʨʠʤʝʨʫ ʪʘʢʦʡ ʪʝʭʥʠʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʡ ʤʦʙʠʣʴʥʳʡ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʩʘʤʦʭʦʜʥʳʡ ʣʘʬʝʪʥʳʡ ʩʪʚʦʣ (ʉʃʉ-100) ʥʘ ʙʘʟʝ ʪʘʥʢʘ ʊ-55 

ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʉʦʡʢʘè (ʨʠʩʫʥʦʢ).  
 

 

ʈʠʩʫʥʦʢ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ 

ʩʘʤʦʭʦʜʥʳʡ ʣʘʬʝʪʥʳʡ ʩʪʚʦʣ 

(ʉʃʉ-100) çʉʦʡʢʘè 

 

 

çʉʦʡʢʘè ʩʦʩʪʦʠʪ ʠʟ ʩʘʤʦʭʦʜʥʦʛʦ ʣʘʬʝʪʥʦʛʦ ʩʪʚʦʣʘ ʠ ʧʨʠʮʝʧʥʦʡ ʝʤʢʦʩʪʠ ʩ 

ʚʦʜʦʡ ʠ ʧʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʘʯʠ ʚʦʜʳ ʧʦ 100-

ʤʝʪʨʦʚʦʡ ʨʫʢʘʚʥʦʡ ʣʠʥʠʠ. ʊʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʧʦʜʘʯʝ 

ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ: ʨʘʩʭʦʜ ʚʦʜʳ ʜʦ 100 ʣʠʪ/ʩʝʢ (ʚʦʜʷʥʘʷ ʥʘʩʘʜʢʘ) ʠ ʦʪ 60 ʜʦ 

100 ʣʠʪ/ʩʝʢ (ʧʝʥʥʘʷ ʥʘʩʘʜʢʘ). ɼʘʣʴʥʦʩʪʴ ʩʧʣʦʰʥʦʡ ʚʦʜʷʥʦʡ ʩʪʨʫʠ 100 ʤʝʪʨʦʚ, 

ʧʝʥʥʦʡ ʜʦ 70 ʤʝʪʨʦʚ. çʉʦʡʢʘè ʦʙʦʨʫʜʦʚʘʥʘ ʩʠʩʪʝʤʦʡ ʬʦʨʩʫʥʦʢ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʦʜʷʥʦʡ ʟʘʚʝʩʳ ʚʦʢʨʫʛ ʤʘʰʠʥʳ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʨʘʙʦʪʝ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʞʘʨʘ. ʂ ʪʦʤʫ ʞʝ ʪʦʣʱʠʥʘ ʙʨʦʥʠ ʠ ʪʘʢ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʞʘʨʘ ʥʘ ʵʢʠʧʘʞ. 

ʏʠʩʣʝʥʥʦʩʪʴ ʵʢʠʧʘʞʘ ʥʝ ʙʦʣʴʰʘʷ ð 2 ʯʝʣʦʚʝʢʘ. ʉʢʦʨʦʩʪʴ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ 

ʨʘʟʚʠʪʴ çʉʦʡʢʘè ʜʦʩʪʠʛʘʝʪ 50 ʢʤ/ʯ. 

  



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʂʘʢ ʫʞʝ ʚʳʰʝ ʫʧʦʤʠʥʘʣʦʩʴ ʙʨʦʥʷ ʥʘ çʉʦʡʢʝè ʦʩʪʘʣʘʩʴ. ʇʦʤʠʤʦ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʥʘ ʩʧʘʩʝʪ ʵʢʠʧʘʞ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ, ʦʩʢʦʣʢʦʚ ʠ ʦʙʣʦʤʢʦʚ ʨʘʟʣʝʪʘʶʱʠʭʩʷ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʉʘʤʦʭʦʜʥʳʡ ʣʘʬʝʪʥʳʡ ʩʪʚʦʣ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʧʦ ʪʫʰʝʥʠʶ ʧʦʞʘʨʦʚ 

ʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦ ʟʘʨʘʞʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʥʘ ʩʢʣʘʜʘʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʟʘʜʳʤʣʝʥʠʷ ʠ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ 

ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʠʤʠ ʷʜʦʚʠʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʋʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʠ 

ʨʘʙʦʪʦʡ ʩʪʚʦʣʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʯʘ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

(ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ, ʨʘʜʠʘʮʠʦʥʥʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ) ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦ, ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʚ ʨʘʜʠʫʩʝ ʜʦ 2 ʢʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʠʪ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʉɺʌ ʄʏʉ ʈʦʩʩʠʠ, ʧʦʚʳʩʠʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʦʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʚ ʨʘʟʳ ʧʦʚʳʩʠʪ 

ʟʘʱʠʱʝʥʥʦʩʪʴ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʦʭʨʘʥʝʥʠʶ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʣʴʥʝʡʰʠʭ ʜʝʡʩʪʚʠʡ ʧʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ. 
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ON THE ISSUE OF SAFETY AT MARINE INDUSTRIAL FACILITIES  

 
Offshore platforms are located at a great distance from land, which makes it difficult for the 

fire services to intervene promptly, therefore, their own fire extinguishing equipment and an 

independent fire protection system play a key role in ensuring safety. 

Keywords: offshore platforms; safety; emergency; evacuation. 

 

 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʨʩʢʦʛʦ 

ʙʘʟʠʨʦʚʘʥʠʷ (ʧʣʘʪʬʦʨʤ) ʜʣʷ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʤʘʪʝʨʠʢʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʚʦʟʨʘʩʪʘʶʱʝʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʵʢʦʥʦʤʠʢʠ ʚ 

ʵʪʦʤ ʩʳʨʴʝ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ.  ʇʨʠ ʚʩʝʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʩʝ ʤʦʨʩʢʠʝ 

ʧʣʘʪʬʦʨʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʚʠʜʘ: ʧʣʘʚʫʯʠʝ (ʧʝʨʝʜʚʠʞʥʳʝ) ʠ 

ʩʪʘʮʠʦʥʘʨʥʳʝ. ɿʘʜʘʯʝʡ ʧʝʨʝʜʚʠʞʥʳʭ ʧʣʘʪʬʦʨʤ ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʝʜʢʘ, 

ʙʫʨʝʥʠʝ ʠ ʜʦʙʳʯʘ.  

ʅʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʣʘʪʬʦʨʤʘʭ (ʄʉʇ) ʧʦʤʠʤʦ ʬʫʥʢʮʠʡ ʙʫʨʝʥʠʷ ʠ ʜʦʙʳʯʠ, 

ʪʘʢʞʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʳʨʴʷ. 

ɺ ʦʩʦʙʳʡ ʚʠʜ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʦʨʩʢʠʝ ʣʝʜʦʩʪʦʡʢʠʝ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʧʣʘʪʬʦʨʤʳ (ʄʃʉʇ), ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʩʣʦʞʥʦʡ ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʘʨʢʪʠʯʝʩʢʦʤ ʰʝʣʴʬʝ.  

ɺʳʩʦʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʥʘ ʄʉʇ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʧʦʪʝʨʴ ʧʨʠ 

ʧʦʞʘʨʝ. ʕʚʘʢʫʘʮʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʶʜʝʡ ʚ ʫʩʣʦʚʠʷʭ ʦʛʥʷ ʠ ʜʳʤʘ ʤʦʞʝʪ 

ʙʳʪʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʇʨʠ ʵʪʦʤ ʵʚʘʢʫʘʮʠʷ ʩ ʧʣʘʪʬʦʨʤʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʦʪʢʨʳʪʦʤ ʤʦʨʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʅʘʭʦʞʜʝʥʠʝ ʙʣʠʞʘʡʰʝʡ 

ʩʫʰʠ ʤʦʞʝʪ ʟʘʥʷʪʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʥʘ ʩʘʤʦʡ ʧʣʘʪʬʦʨʤʝ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʧʫʪʝʡ 

                                                 
  É ɻʫʙʘʡʜʫʣʣʠʥ ʀ. ʅ., ɸʢʩʝʥʦʚ ʉ. ɻ., ɻʫʙʘʡʜʫʣʣʠʥʘ ʀ. ʅ., 2024 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʠ ʩʠʩʪʝʤ ʜʳʤʦʫʜʘʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. 

ʕʚʘʢʫʘʮʠʷ ʧʝʨʩʦʥʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʘʚʘʨʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʘʩʥʦʩʪʴ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʧʘʥʠʢʠ, ʦʛʥʷ, ʜʳʤʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʵʚʘʢʫʘʮʠʠ ʤʦʛʫʪ 

ʧʨʦʠʟʦʡʪʠ ʪʨʘʚʤʳ, ʧʦʪʝʨʠ ʠ ʜʘʞʝ ʛʠʙʝʣʴ ʨʘʙʦʪʥʠʢʦʚ. 

ɺʳʩʦʢʘʷ ʚʟʨʳʚʦʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ ʤʦʨʩʢʠʭ ʧʣʘʪʬʦʨʤ ʦʙʫʩʣʦʚʣʝʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʠʭ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ ʠ ʘʛʨʝʛʘʪʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ ʩʦʟʜʘʝʪ ʚʳʩʦʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʄʉʇ ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʠ ʩʥʠʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʥʘʧʨʠʤʝʨ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʤʝʨʳ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ [2]. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʄʉʇ, ʜʣʷ ʯʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ, ʘʚʘʨʠʡʥʦʛʦ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʄʉʇ 

ʫʯʠʪʳʚʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ. ʇʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʚʳʙʨʦʩʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʨʩʢʫʶ ʩʨʝʜʫ. ʇʦʩʪʨʦʡʢʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʄʉʇ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. ʆʜʥʘʢʦ, ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʤʫ ʩʨʦʢʫ 

ʩʣʫʞʙʳ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʣʛʦʩʨʦʯʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤʠ. 

ɸʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʥʘ ʚʟʨʳʚʦʧʦʞʘʨʦʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ, ʚʢʣʶʯʘʷ 

ʦʙʲʝʢʪʳ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʙʳʯʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ 

ʪʠʧʦʚʳʭ ʬʘʟ [3]: 

1. ɿʘʨʦʞʜʝʥʠʝ. ɼʘʥʥʘʷ ʬʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʫʛʨʦʟʳ ʠʣʠ ʩʙʦʷ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʙʣʝʤʘ 

ʤʦʞʝʪ ʙʳʪʴ ʝʱʝ ʥʝ ʟʘʤʝʯʝʥʘ ʠʣʠ ʥʝ ʨʘʩʧʦʟʥʘʥʘ, ʥʦ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ. 

2. ʀʥʠʮʠʠʨʦʚʘʥʠʝ. ɺ ʵʪʦʡ ʬʘʟʝ ʧʨʦʙʣʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʦʯʝʚʠʜʥʦʡ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʘ ʧʝʨʩʦʥʘʣʦʤ ʠʣʠ ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʀʥʠʮʠʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʪʝʭʥʠʯʝʩʢʠʝ ʩʙʦʠ, ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ, ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ ʠ ʜʨʫʛʠʝ ʘʥʦʤʘʣʠʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʰʠʙʢʠ 

ʧʝʨʩʦʥʘʣʘ ʤʦʛʫʪ ʠʤʝʪʴ ʩʝʨʴʝʟʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠʭ ʜʦʧʫʱʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʙʲʝʢʪʘʭ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʝʨʝʛʘʶʪ ʧʝʨʩʦʥʘʣ ʦ 

ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤʘʭ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʜʜʝʨʞʢʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʦʤʦʛʫʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ. 

3. ʂʫʣʴʤʠʥʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ. ɼʘʥʥʳʡ ʵʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʨʘʩʪʘʶʱʠʤ 

ʫʩʠʣʝʥʠʝʤ ʧʨʦʙʣʝʤʳ, ʢʫʣʴʤʠʥʘʮʠʝʡ ʩʦʙʳʪʠʡ ʠ ʜʦʩʪʠʞʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʢʨʠʟʠʩʘ. ɺ ʵʪʦʡ ʬʘʟʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ 

ʘʚʘʨʠʠ ʟʘ ʧʨʝʜʝʣʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʠʣʠ ʩʠʩʪʝʤʳ. ʇʨʦʠʩʭʦʜʠʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʚʘʨʠʠ ʥʘ ʩʤʝʞʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ.  

ʅʘ ʵʪʘʧʝ ʢʫʣʴʤʠʥʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʧʨʝʚʳʰʘʶʪ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʦʨʤʳ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʝʜʚʝʩʪʥʠʢʦʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʘʚʘʨʠʠ. 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʇʨʦʮʝʩʩ ʢʫʣʴʤʠʥʘʮʠʠ ʯʘʩʪʦ ʦʙʣʘʜʘʝʪ ʮʝʧʥʳʤ ʭʘʨʘʢʪʝʨʦʤ, ʛʜʝ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ 

ʜʝʡʩʪʚʠʷ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʩʦʙʳʪʠʷ ʫʩʠʣʠʚʘʶʪʩʷ ʧʦʩʣʝʜʫʶʱʠʤʠ ʵʬʬʝʢʪʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʚʦʚʣʝʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ ʠʣʠ ʪʦʢʩʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʥʠʤʘʥʠʝ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʩʦʙʳʪʠʡ ʧʦʩʣʝ ʥʘʯʘʣʘ ʘʚʘʨʠʠ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʫʨʦʚʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʚʘʨʠʠ ʥʘ ʩʤʝʞʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ, ʦʮʝʥʠʪʴ 

ʩʣʦʞʥʦʩʪʴ ʘʚʘʨʠʠ ʠ ʭʘʨʘʢʪʝʨ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

[4]. 

ɺ ʪʝʯʝʥʠʠ ʧʝʨʚʳʭ ʤʠʥʫʪ ʧʦʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʠ ʥʘ ʫʯʘʩʪʢʝ ʚʳʙʨʦʩʦʚ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʦʞʘʨʳ ʠʣʠ ʚʟʨʳʚʳ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʧʝʨʩʦʥʘʣʘ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʠʥʪʝʥʩʠʚʥʳʝ ʧʣʘʤʷ ʠ 

ʪʦʢʩʠʯʥʳʝ ʚʳʙʨʦʩʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʘʚʤʘʤ ʠ ʛʠʙʝʣʠ ʨʘʙʦʪʥʠʢʦʚ. ɽʩʣʠ ʦʛʦʥʴ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ ʦʜʥʦʡ ʯʘʩʪʠ ʧʣʘʪʬʦʨʤʳ ʥʘ ʜʨʫʛʫʶ ʠʣʠ ʧʨʦʠʩʭʦʜʠʪ 

ʵʩʢʘʣʘʮʠʷ ʜʨʫʛʠʭ ʦʧʘʩʥʳʭ ʩʦʙʳʪʠʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʦʪʝʨʷʤ ʩʨʝʜʠ ʧʝʨʩʦʥʘʣʘ [5, 6].  

4. ɿʘʪʫʭʘʥʠʝ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴʩʷ ʙʣʘʛʦʜʘʨʷ 

ʧʨʝʜʧʨʠʥʷʪʳʤ ʤʝʨʘʤ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʧʨʠʯʠʥ ʘʚʘʨʠʠ, ʵʚʘʢʫʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, 

ʪʫʰʝʥʠʶ ʧʦʞʘʨʦʚ ʠ ʜʨʫʛʠʤ ʜʝʡʩʪʚʠʷʤ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʢʦʥʪʨʦʣʷ.  

ɺ ʧʨʦʮʝʩʩʝ ʟʘʪʫʭʘʥʠʷ ʘʚʘʨʠʠ ʧʨʠʥʠʤʘʶʪʩʷ ʤʝʨʳ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʘʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʣʦʢʘʣʠʟʘʮʠʠ ʫʪʝʯʝʢ, ʠ ʦʛʨʘʥʠʯʝʥʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. ɺ ʵʪʦʡ ʬʘʟʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʜʝʡʩʪʚʠʷ ʧʦ 

ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʦʨʤʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ. ɺ ʜʘʥʥʦʡ ʬʘʟʝ ʧʨʦʚʦʜʷʪʩʷ ʪʘʢʠʝ ʤʝʨʳ, ʢʘʢ ʪʫʰʝʥʠʝ 

ʧʦʞʘʨʦʚ, ʦʩʪʘʥʦʚʢʘ ʫʪʝʯʝʢ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ, ʵʚʘʢʫʘʮʠʷ ʧʝʨʩʦʥʘʣʘ, ʘ ʪʘʢʞʝ 

ʨʝʘʙʠʣʠʪʘʮʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʲʝʢʪʘ [5, 7]. 

ɾʠʟʥʝʦʙʝʩʧʝʯʝʥʠʝ ʠ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʲʝʢʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʘ. ʅʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʵʚʘʢʫʘʮʠʠ ʠ 

ʩʧʘʩʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʣʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʘʚʘʨʠʡʥʦʛʦ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʠ ʫʯʠʪʳʚʘʣʘ ʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʩʦʩʝʜʥʠʭ 

ʦʙʲʝʢʪʦʚ ʠ ʧʦʙʝʨʝʞʴʷ, ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʠʜʳ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ, 

ʥʘʣʠʯʠʝ ʚʦʜʥʦʛʦ ʠʣʠ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʦʚ ʠ ʪʠʧʘ ʦʙʲʝʢʪʘ 

(ʧʣʘʪʬʦʨʤʳ). 
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E. Yu. Dasheev, Zh. F. Gesse, D. G. Snegirev, T. V. Frolova   

 

QUESTION OF APPLICATION OF COMPOSITIONS BASED ON ORGANIC 

COMPOUNDS TO REDUCE THE FIRE DANGER OF WOOD  

 
The possibilities of using compositions based on organic compounds to reduce the fire danger 

of wood are considered. It is noted that this question requires further theoretical study and 

experimental research. 

Keywords: wood; wood materials; fire danger. 

 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʜʨʝʚʝʩʠʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʘ ʦʙʦʩʥʦʚʘʥʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʨʝʚʝʩʠʥʳ, ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [1]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʭʚʦʡʥʳʭ (ʩʦʩʥʘ) ʠ ʣʠʩʪʚʝʥʥʳʭ (ʙʝʨʝʟʘ) ʧʦʨʦʜ 

ʜʨʝʚʝʩʠʥʳ ʩʧʦʩʦʙʥʳ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʟʘʧʘʩʦʤ ʧʨʦʯʥʦʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

80 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʙʦʣʝʝ. ʅʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʠʩʭʦʜʠʪ, ʦʜʥʘʢʦ, ʵʪʦ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʛʨʦʟʦʡ ʨʘʟʨʫʰʝʥʠʷ. 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʨʝʚʝʩʠʥʘ, ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʦʪʣʠʯʘʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʴʶ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʨʝʚʝʩʠʥʘ 

ʷʚʣʷʝʪʩʷ ʛʦʨʶʯʠʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʵʪʦ, ʦʪʯʘʩʪʠ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʝ ʧʦʚʩʝʤʝʩʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʳʭʦʜʘ ʠʟ 

ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [2], ʜʚʘ ʬʝʜʝʨʘʣʴʥʳʭ ʦʨʛʘʥʘ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ (ʄʠʥʩʪʨʦʡ ʈʦʩʩʠʠ ʠ ʄʏʉ ʈʦʩʩʠʠ) ʦʙʲʝʜʠʥʠʣʠ ʩʚʦʠ 

ʫʩʠʣʠʷ ʚ ʚʦʧʨʦʩʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʝʚʝʩʠʥʳ ʠ ʜʨʝʚʝʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʫʪʚʝʨʜʠʚ ʇʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ (ʜʦʨʦʞʥʫʶ ʢʘʨʪʫ) ʧʦ ʨʘʟʚʠʪʠʶ 

ʜʝʨʝʚʷʥʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʥʘ ʧʝʨʠʦʜ ʜʦ 2024 ʛ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʨʦʩʣʘ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʥʦʚʳʭ ʠ ʠʥʠʮʠʘʪʠʚʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʠ 

ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʫʯʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʨʝʚʝʩʠʥʳ ʠ ʪ.ʜ. 

ʊʘʢ, ʥʘʫʯʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ eLIBRARY.RU ʩʪʘʣʠ ʧʦʧʦʣʥʷʪʴ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʜʦʨʦʞʥʫʶ ʢʘʨʪʫ ʧʫʙʣʠʢʘʮʠʠ, ʥʘʧʨʠʤʝʨ [3]. 

 ʆ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʦʛʥʝʟʘʱʠʪʳ ʜʨʝʚʝʩʠʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʤʘʣʦ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʘʢʘʜʝʤʠʠ [4ï6]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ [7], 

ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʚʷʟʳʚʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʝʚʝʩʠʥʳ ʠ ʚʝʱʝʩʪʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʛʥʝʟʘʱʠʪʳ ʜʨʝʚʝʩʠʥʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ 

ʜʨʝʚʝʩʠʥʳ. 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʅʘ ʧʨʘʚʦʚʦʤ ʫʨʦʚʥʝ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʢʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ [8]. ʆʙʱʠʝ ʚʦʧʨʦʩʳ 

ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʜʨʝʚʝʩʠʥʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [9ï10]. ʇʦʜʯʝʨʢʥʫʪʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʦʜʥʠʭ ʩʚʦʡʩʪʚ ʜʨʝʚʝʩʠʥʳ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʩʦʭʨʘʥʝʥʠʝ ʠʣʠ ʫʣʫʯʰʝʥʠʝ ʜʨʫʛʠʭ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ 

ʥʘ ʝʝ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʥʝ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʦʜʥʦʟʥʘʯʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʦ 

ʩʪʝʧʝʥʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ [11]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ [12] ʦʧʠʩʘʥ ʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʤʦʜʠʬʠʢʘʮʠʠ ʜʨʝʚʝʩʠʥʳ 

ʩʦʩʪʘʚʘʤʠ: ʢʦʤʧʣʝʢʩʥʦʝ ʦʛʥʝʟʘʱʠʪʥʦʝ ʠ ʙʠʦʮʠʜʥʦʝ ʩʨʝʜʩʪʚʦ ʥʘ ʦʩʥʦʚʝ 

ʬʦʩʬʦʨʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʤʧʣʝʢʩʥʳʭ ʙʠʦʮʠʜʦʚ 

ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʙʠʦʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ (1), ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ 

ʬʦʩʬʦʨʥʳʭ ʢʠʩʣʦʪ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (2). ɸʚʪʦʨʳ ʦʪʤʝʪʠʣʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʦʛʥʝʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʩʪʘʚʘ 1, ʯʪʦ ʩʚʷʟʘʣʠ 

ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ ʩʠʩʪʝʤʫ ʧʝʥʪʘʵʨʠʪʨʠʪʘ ʠ ʧʦʣʠʬʦʩʬʘʪʘ 

ʘʤʤʦʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ 

ʦʛʥʝʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʦʙʨʘʟʫʝʪʩʷ ʪʝʨʤʦʨʘʩʰʠʨʷʶʱʠʡʩʷ ʩʣʦʡ, ʟʘʤʝʜʣʷʶʱʠʡ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʨʝʚʝʩʠʥʳ. 

ɺ ʨʘʙʦʪʝ [13] ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʜʨʝʚʝʩʠʥʳ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚʦʜʥʳʝ 20 % ʨʘʩʪʚʦʨʳ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ: ʪʨʠʭʣʦʨʵʪʠʣʬʦʩʬʘʪ, ʪʨʠʭʣʦʨʧʨʦʧʠʣʬʦʩʬʘʪ, ʜʠʤʝʪʠʣʬʦʩʬʠʪ, 

ʜʠʵʪʠʣʬʦʩʬʠʪ, ʜʠʙʫʪʠʣʬʦʩʬʠʪ, ʜʠʬʝʥʠʣʬʦʩʬʠʪ, ʜʠʧʨʦʧʠʣʬʦʩʬʠʪ, 

ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʪʨʠʬʦʩʬʘʟʝʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʩʦʩʪʘʚʳ 

ʫʚʝʣʠʯʠʚʘʶʪ ʦʛʥʝʟʘʱʠʱʝʥʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ. ʅʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 20 % ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʠʤʝʪʠʣʬʦʩʬʠʪʘ ʠ 

ʜʠʵʪʠʣʬʦʩʬʠʪʘ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʜʨʝʚʝʩʠʥʳ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ 

ʬʦʩʬʦʨʙʦʨʩʦʜʝʨʞʘʱʝʛʦ ʦʣʠʛʦʤʝʨʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 0õ100 % [14]. ʉʧʦʩʦʙ 

ʤʦʜʠʬʠʢʘʮʠʠ ʜʨʝʚʝʩʠʥʳ ʦʩʥʦʚʘʥ ʥʘ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʭ ʜʘʥʥʳʭ [15]. ɸʚʪʦʨʘʤʠ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʬʦʩʬʦʨʙʦʨʩʦʜʝʨʞʘʱʝʛʦ 

ʦʣʠʛʦʤʝʨʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʠʩʣʦʨʦʜʥʦʛʦ ʠʥʜʝʢʩʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʙʦʣʝʝ, ʯʝʤ ʚ 

2,2 ʨʘʟʘ. 

ɸʚʪʦʨʳ [16, 17] ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʜʨʝʚʝʩʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʭʣʦʨʩʦʜʝʨʞʘʱʝʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ: ʪʨʠʵʪʘʥʦʣʘʤʠʥʦʚʫʶ ʩʦʣʴ 

ʩʫʣʴʬʠʨʦʚʘʥʥʦʛʦ ʩʦʚʪʦʣʘ-10. ʇʨʦʧʠʪʢʫ ʦʙʨʘʟʮʦʚ ʜʨʝʚʝʩʠʥʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ 

ʚʘʥʥʘʭ, ʩʦʜʝʨʞʘʱʠʭ 20õ50 % ʪʨʠʵʪʘʥʦʣʘʤʠʥʦʚʦʡ ʩʦʣʠ ʩʫʣʴʬʠʨʦʚʘʥʥʦʛʦ 

ʩʦʚʪʦʣʘ-10 ʠ 10õ40 % ʧʦʣʠʩʘʭʘʨʠʜʘ, ʚʚʦʜʠʤʦʛʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʦʛʦ 

ʵʬʬʝʢʪʘ ʠʟ-ʟʘ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʨʫʜʥʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʪʨʠʵʪʘʥʦʣʘʤʠʥʦʚʦʡ ʩʦʣʠ ʩʫʣʴʬʠʨʦʚʘʥʥʦʛʦ ʩʦʚʪʦʣʘ-10 ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʛʦʨʶʯʝʩʪʠ ʜʨʝʚʝʩʠʥʳ. ʇʨʠ ʵʪʦʤ ʥʘʭʦʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʚ ʟʝʤʣʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 5ï7 ʤʝʩʷʮʝʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʢʠʩʣʦʨʦʜʥʦʛʦ ʠʥʜʝʢʩʘ. 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

 

29 

 

 ɺ ʨʘʙʦʪʘʭ [18, 19] ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʜʨʝʚʝʩʠʥʳ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ [20] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʦʜʫʢʪʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʢʦʨʳ ʙʝʨʝʟʳ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʇʦʢʨʦʚʩʢʦʡ ɽ. ʅ. [21] ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʩʵʥʜʚʠʯʝʚʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʛʥʝ- ʠ 

ʙʠʦʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ ʩ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʥʘʥʦʜʠʩʧʝʨʩʥʳʤ 

ʢʨʝʤʥʝʟʝʤʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʥʠʪʨʠʣʦʪʨʠʤʝʪʠʣʬʦʩʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʝʛʦ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ð ʤʦʥʦʘʤʤʦʥʠʡʬʦʩʬʘʪ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʘʢʞʝ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜ (ʤʘʛʥʦʬʣʦʢ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʜʨʝʚʝʩʠʥʳ 

ʥʘʥʦʜʠʩʧʝʨʩʥʳʤ ʟʦʣʝʤ ʢʨʝʤʥʝʟʝʤʘ, ʤʘʛʥʦʬʣʦʢʦʤ ʠ ʠʭ ʩʤʝʩʴʶ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʝʝ ʦʛʥʝʟʘʱʠʱʝʥʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʢʨʳʪʠʷ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʦʪʠʚ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʛʥʝʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʨʝʚʝʩʠʥʳ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʦʢʘʟʘʣʩʷ ʠ 

ʧʦʨʷʜʦʢ ʥʘʥʝʩʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʢʨʳʪʠʷ. ʃʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʚʪʦʨʘʤ [21] 

ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ, ʢʦʛʜʘ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʦʥʝʥʪ ʩʦʩʪʘʚʣʷʣ ʚʥʫʪʨʝʥʥʠʡ 

ʩʣʦʡ ʧʦʢʨʳʪʠʷ. ɺ ʮʝʣʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʦ 

ʧʦʢʨʳʪʠʝ ʩʦʩʪʘʚʘ ʥʠʪʨʠʣʦʪʨʠʤʝʪʠʣʬʦʩʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 40 % + (ʤʘʛʥʦʬʣʦʢ + 

SiO2, 20 %). 

ɸʚʪʦʨʘʤʠ [22] ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʛʥʝʙʠʦʟʘʱʠʪʥʦʛʦ ʧʨʦʧʠʪʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʜʣʷ ʜʨʝʚʝʩʠʥʳ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʨ- ʠ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʭʠʤʠʯʝʩʢʫʶ ʤʦʜʠʬʠʢʘʮʠʶ 

ʝʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʦʣʠʛʦʦʨʛʘʥʦʩʠʣʦʢʩʘʥʳ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ, ʧʦʣʠʵʪʠʣʛʠʜʨʠʜʩʠʣʦʢʩʘʥ, ʷʚʣʷʝʪʩʷ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ ʠ ʩʧʦʩʦʙʝʥ ʚʩʪʫʧʘʪʴ ʚ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʦʡ ʠ ʜʨʝʚʝʩʠʥʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʩʬʦʨʠʩʪʘ ̫ ʢʠʩʣʦʪʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ 

ʩʤʝʰʝʥʠʠ ʧʦʣʠʵʪʠʣʛʠʜʨʠʜʩʠʣʦʢʩʘʥʘ ʩ ʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʦʡ, ʢʘʢ ʚ ʤʘʩʩʝ, ʪʘʢ ʠ 

ʚ ʩʨʝʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʦʙʨʘʟʫʶʪʩʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪ ʩʚʦʙʦʜʥʳʭ 

ʤʦʣʝʢʫʣ ʤʦʥʦʤʝʨʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʨʘʩʪʚʦʨʝ ʛʝʢʩʘʥʘ  5 %. ʀʟ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘʠʣʫʯʰʠʤ ʦʛʥʝʟʘʱʠʪʥʳʤ 

ʵʬʬʝʢʪʦʤ ʦʙʣʘʜʘʝʪ ʨʝʮʝʧʪʫʨʘ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʳ ʠ 

ʧʦʣʠʵʪʠʣʛʠʜʨʠʜʩʠʣʦʢʩʘʥʘ. 

ɺ ʨʘʙʦʪʝ [23] ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʜʨʝʚʝʩʠʥʳ, 

ʧʦʚʝʨʭʥʦʩʪʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʵʬʠʨʘʤʠ 

ʢʠʩʣʦʪ ʬʦʩʬʦʨʘ (ʜʠʤʝʪʠʣʬʦʩʬʠʪ, ʜʠʵʪʠʣʬʦʩʬʠʪ, ʜʠʧʨʦʧʠʣʬʦʩʬʠʪ, 

ʜʠʙʫʪʠʣʬʦʩʬʠʪ, ʜʠʬʝʥʠʣʬʦʩʬʠʪ, ʇʌɸ-1, ʇʌɸ-2, ʇʌɸ-201) ʠ ʵʬʠʨʘʤʠ 

ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ (ʧʦʣʠʬʝʥʠʣʤʝʪʠʣʩʠʣʦʢʩʘʥ ʠ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʩʝʭ ʨʘʩʪʚʦʨʦʚ ʚ ʚʦʜʝ ʩʦʩʪʘʚʣʷʣʘ 20 %. ʂʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

30 

 

ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʚʠʜʝ 20 % ʨʘʩʪʚʦʨʦʚ ʚ ʘʮʝʪʦʥʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʦ ʧʦʪʝʨʝ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʦʪʤʝʯʝʥʦ 

ʥʘʣʠʯʠʝ ʦʛʥʝʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʅʘʤʠ ʚ ʨʘʙʦʪʝ [24] ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ 

ʪʘʢʦʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʘʢ ʪʝʪʨʘʵʪʠʣʦʚʳʡ ʵʬʠʨ 

ʦʨʪʦʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ (ʉ2ʅ5ʆ)4Si. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʜʨʝʚʝʩʠʥʳ ʩʦʩʪʘʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʦʨʪʦʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʩʧʦʩʦʙʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ 

ʜʨʝʚʝʩʠʥʳ. ʊʘʢʦʡ ʚʳʚʦʜ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʠʥʜʝʢʩʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ. 

ʀʟʣʦʞʝʥʥʦʝ ʚʳʰʝ, ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʩʨʝʜʩʪʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʠ 

ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʦʩʥʦʚʘʥʦ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ. ʆʜʥʘʢʦ, ʦʪʢʨʳʪʳʤ 

ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʨʝʜʩʪʚʝ ʜʣʷ ʦʛʥʝʟʘʱʠʪʳ ʜʨʝʚʝʩʠʥʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʦʛʥʝʟʘʱʠʪʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʚ ʥʝʢʦʪʦʨʦʤ ʠʥʪʝʨʚʘʣʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ) ʥʘ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ ʠ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʠ ʢʦʥʜʝʥʩʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʍʠʤʠʟʤ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʘʭ [25, 26]. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʚʦʧʨʦʩ ʦ 

ʧʨʠʤʝʥʝʥʠʠ ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 
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THE METHOD OF VISUALIZING THE POLARIZATION PHENOMENON 

ON LABORATORY AND PRACTICAL WORKING IN PHYSICS  

 
The method of visualizing the polarization phenomenon on laboratory and practical working 

in optical physics is discussed. The authorôs algorithm for thus method is applied of the 

personification education of students. 

Keyworld:  polarization phenomena; virtual laboratory and practical working; personification 

education. 

 

 

ʗʚʣʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʦʙʲʝʢʪʦʚ 

ʪʝʭʥʦʩʬʝʨʳ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʧʨʠʤʝʨʘʤʠ ʫʢʘʟʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʩʢʨʳʪʳʭ ʦʙʲʝʢʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʭʠʤʠʯʝʩʢʠʝ, ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ, ʦʨʫʞʠʝ [2]; ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

(ʘʥʪʠʙʣʠʢʦʚʳʝ) ʦʯʢʠ ʜʣʷ ʚʦʜʠʪʝʣʝʡ; ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʬʠʣʴʪʨʳ ʜʣʷ ʬʦʪʦ- ʠ 

ʚʠʜʝʦʘʧʧʘʨʘʪʫʨʳ; ʚʳʩʦʪʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʣʠʜʘʨʳ; ʘʧʧʘʨʘʪʫʨʘ ʜʣʷ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʪ.ʜ.  

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʦʯʢʠ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʦʩʣʝʧʣʷʶʱʠʡ ʵʬʬʝʢʪ 

ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʚʝʪʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʯʝʪʢʦʩʪʴ 

ʚʠʜʠʤʦʩʪʠ ʜʦʨʦʛʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʬʠʣʴʪʨʳ ʩʪʘʚʷʪʩʷ ʥʘ ʬʦʪʦ- ʠ ʚʠʜʝʦʘʧʧʘʨʘʪʫʨʫ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʲʝʤʢʠ ʠʣʠ ʧʦʠʩʢʘ ʦʙʲʝʢʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʚʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʤʘʩʣʷʥʳʭ ʠ ʥʝʬʪʷʥʳʭ ʧʷʪʝʥ [3, 4]. ɺ ʩʣʫʯʘʝ ʧʦʠʩʢʘ 

ʪʝʧʣʦʛʦ ʦʙʲʝʢʪʘ (ʪʦʥʫʱʝʛʦ ʯʝʣʦʚʝʢʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʦʣʷʨʠʟʘʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʩʦʣʥʝʯʥʳʝ ʙʣʠʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʙʲʝʢʪʘ. 

ɺʳʩʦʪʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʣʠʜʘʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʘʪʤʦʩʬʝʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʘʵʨʦʟʦʣʴʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ ʚʩʣʝʜʩʪʚʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ ʠʣʠ 

ʢʨʫʧʥʳʭ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ. [5, 6] 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʬʠʣʴʪʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʧʧʘʨʘʪʫʨʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ 

ʜʣʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʦʚ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʠʨʦʜʝ, ʥʦ ʠ ʚ 

ʜʦʨʦʞʥʳʭ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʪʫʥʥʝʣʷʭ, ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [7]. 

ʇʦʣʷʨʠʟʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʩʚʷʟʠ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʘʩʪʨʦʥʦʤʠʠ, ʙʠʦʣʦʛʠʠ, 

ʘʩʪʨʦʬʠʟʠʢʝ, ʤʝʜʠʮʠʥʝ, ʭʠʤʠʠ ʠ ʬʠʟʠʢʝ. 

ʉ ʧʦʟʠʮʠʡ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʠʟʫʯʝʥʠʝ ʷʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʜʛʦʪʦʚʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʞʝʥʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʩʬʝʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
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ɺ ʮʝʣʷʭ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʥʘʛʣʷʜʥʦʡ ʜʝʤʦʥʩʪʨʘʮʠʠ ʷʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʜʣʷ ʮʠʢʣʘ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ 

ʚʦʣʥʦʚʦʡ ʦʧʪʠʢʝ ʨʘʟʨʘʙʦʪʘʥʘ ʚʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ çʀʩʩʣʝʜʦʚʘʥʠʝ 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʧʨʠ ʩʣʘʙʦʤ ʧʦʛʣʦʱʝʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷè [1]. 

ʅʘ ʨʠʩ. 1 ʠ 2 ʧʦʢʘʟʘʥʘ ʩʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʚ ʨʘʙʦʪʝ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ. 

ʉʚʝʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʧʦʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʣʦʤʣʝʥʠʷ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʦʙʫʯʘʶʱʠʝʩʷ ʤʦʛʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ: 

- ʠʟʤʝʥʷʪʴ ʫʛʦʣ, ʧʦʜ ʢʦʪʦʨʳʤ ʩʚʝʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʘ; 

- ʚʳʙʨʘʪʴ ʧʦʣʷʨʠʟʘʮʠʶ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʝʩʪʝʩʪʚʝʥʥʫʶ ʠʣʠ ʣʠʥʝʡʥʫʶ; 

- ʧʦʚʦʨʘʯʠʚʘʪʴ ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʫʯʘʶʱʠʤʩʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʯʪʦ ʦʪʨʘʞʝʥʥʳʡ ʣʫʯ 

ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʧʦʣʷʨʠʟʦʚʘʥ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʘʜʝʥʠʷ ʣʫʯʘ, ʝʩʣʠ ʧʘʜʘʶʱʝʡ ʣʫʯ ʥʘʧʨʘʚʣʝʥ ʧʦʜ ʫʛʣʦʤ ɹʨʶʩʪʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʘ [8]. 

ɽʩʣʠ ʧʘʜʘʶʱʠʡ ʣʫʯ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ, ʪʦ 

ʦʪʨʘʞʝʥʥʳʡ ʣʫʯ ʠʩʯʝʟʥʝʪ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʀʣʣʶʩʪʨʘʮʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ çʀʩʩʣʝʜʦʚʘʥʠʝ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ  

ʧʨʠ ʩʣʘʙʦʤ ʧʦʛʣʦʱʝʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷè ʧʨʠ ʧʘʜʝʥʠʠ ʩʚʝʪʘ, 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʣʫʯʘ, ʧʦʜ ʫʛʣʦʤ ɹʨʶʩʪʝʨʘ 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʘʤʧʝʨʤʝʪʨʘ ʩʥʠʤʘʶʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʚ ʩʣʫʯʘʷʭ: ʘ) ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ, 

ʙ) ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ, ʚ) ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʦʙʫʯʘʶʱʠʝʩʷ 

ʥʘʭʦʜʷʪ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʚʝʪʘ. ʇʦ ʛʨʘʬʠʢʫ 

ʦʧʨʝʜʝʣʷʶʪ ʫʛʦʣ ɹʨʶʩʪʝʨʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ.  

ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʙʦʨʦʤ ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʢʨʠʩʪʘʣʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ 

ʨʘʙʦʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʷʚʣʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʶ ʠ 

ʧʝʨʩʦʥʠʬʠʢʘʮʠʶ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʣʘʙʦʨʘʪʦʨʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ ʨʘʟʜʝʣʫ çɺʦʣʥʦʚʘʷ ʦʧʪʠʢʘè. 
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3ʆʆʆ çʅʇʆ ʆʂʉʀʇɸʅè 

 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʀɽ ʆɻʅɽɿɸʑʀʊʅʓʍ ʇʆʂʈʓɺɸʃ  

ɼʃʗ ʃʀʂɺʀɼɸʎʀʀ ɻʆʈɽʅʀʗ ʄʆɼɽʃʔʅʆɻʆ ʆʏɸɻɸ ʂʃɸʉʉɸ çɺè 
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʚʘʣ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, 

ʚ ʫʩʣʦʚʠʷʭ ʪʫʰʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʦʯʘʛʘ ʢʣʘʩʩʘ çɺè. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʛʘʰʝʥʠʷ 

ʧʣʘʤʝʥʠ ʃɺɾ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʦʩʪʘʚʝ ʧʦʢʨʳʚʘʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʛʥʝʟʘʱʠʪʥʳʝ ʧʦʢʨʳʚʘʣʘ; ʘʩʪʨʘʣʝʥʳ; ʜʝʢʩʪʨʠʥ; 

ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʘʷʩʷ ʞʠʜʢʦʩʪʴ. 
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I. A. Zelinskaya, M. V. Tyudesheva, M. V. Suyasova, I. V. Zemskov 
 

MODIFICATION OF FIRE -PROOF BLANKETS TO ELIMINATE  

THE BURNING OF A MODEL BURNING CLASS ñBò  

 
The results of experimental studies of the performance characteristics of fire-retardant 

blankets modified with carbon nanostructures under extinguishing conditions of a model class ñBò 

fire are presented. The main mechanisms for extinguishing the flame of flammable liquids under 

conditions of changes in the characteristics of materials in the composition of the bedspreads have 

been determined. 

Keywords: fire-retardant blankets; astralens; dextrin; flammable liquid. 

 

 

ʆʛʥʝʟʘʱʠʪʥʳʝ ʧʦʢʨʳʚʘʣʘ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ 

ʦʙʨʘʱʝʥʠʝʤ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʜʨʫʛʠʭ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʆʥʠ 

ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʧʝʨʚʠʯʥʳʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʧʨʠ ʣʦʢʘʣʴʥʳʭ ʨʦʟʣʠʚʘʭ 

ʃɺɾ ʠ ɻɾ, ʚʦʟʛʦʨʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʥʳ ʣʦʢʘʣʠʟʦʚʘʪʴ ʧʦʞʘʨ ʥʘ ʝʛʦ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦʢʨʳʚʘʣ ʷʚʣʷʶʪʩʷ ʠʭ ʧʨʦʩʪʦʪʘ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʮʝʥʘ. ʆʜʥʘʢʦ ʧʨʠ ʚʩʝʭ ʩʚʦʠʭ ʜʦʩʪʦʠʥʩʪʚʘʭ 

ʦʥʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʞʠʛʘʥʠʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʤʘʩʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʚʘʣ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ 

ʟʘʱʠʪʳ ʥʘ ʦʙʲʝʢʪʘʭ ʩ ʦʙʨʘʱʝʥʠʝʤ ʃɺɾ ʠ ɻɾ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʠʬʠʢʘʪʦʨʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʨʘʟʤʝʨʥʳʝ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʦʞʘʨʦʪʫʰʝʥʠʠ, ʦʛʥʝʟʘʱʠʪʝ, 

ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʦʝʚʦʡ ʦʜʝʞʜʳ ʧʦʞʘʨʥʦʛʦ ʠ 

ʪ. ʜ. [1, 2]. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʦʜʨʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʚʘʣ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʅʘ ʢʘʬʝʜʨʝ çʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚè ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʚ ʩʦʩʪʘʚʝ 

ʤʦʜʝʣʴʥʦʛʦ ʦʯʘʛʘ ʧʦʞʘʨʘ ʢʣʘʩʩʘ çɺè, ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʤʘʩʩʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʳʛʦʨʘʥʠʷ ʞʠʜʢʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʦʥʚʝʢʮʠʦʥʥʦʡ ʟʦʥʝ ʛʦʨʝʥʠʷ ʠ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʞʠʜʢʦʩʪʠ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʉʭʝʤʘ (ʘ) ʠ ʬʦʪʦʛʨʘʬʠʷ (ʙ) ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ: 

1 ð ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʛʥʝʟʘʱʠʪʥʦʝ ʧʦʢʨʳʚʘʣʦ;  

2 ð ʝʤʢʦʩʪʴ ʩ ʛʦʨʶʯʝʡ ʞʠʜʢʦʩʪʴʶ; 3 ð ʚʝʩʳ; 4, 5 ð ʪʝʨʤʦʧʘʨʳ 1 ʠ 2;  

6 ð ʨʝʛʠʩʪʨʘʪʦʨʳ ʪʝʤʧʝʨʘʪʫʨʳ 

 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʤʝʞʜʫ ʦʯʘʛʦʤ ʠ 

ʦʛʥʝʟʘʱʠʪʥʳʤ ʧʦʢʨʳʚʘʣʦʤ ʠʤʝʣʩʷ ʟʘʟʦʨ (ʦʢʦʣʦ 5 ʤʤ) ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʛʘʰʝʥʠʷ 

ʧʣʘʤʝʥʠ ʧʦ ʧʨʠʯʠʥʝ ʧʦʣʥʦʛʦ ʙʣʦʢʠʨʦʚʘʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʟʦʥʫ 

ʛʦʨʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʧʦʥʝʥʪʳ 

ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʚʘʣ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʆʆʆ çʅʇʆ ʆʢʩʠʧʘʥè 

(ʛ. ʄʦʩʢʚʘ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ð 

ʘʩʪʨʘʣʝʥʘʤʠ [4] ʠ ʜʝʢʩʪʨʠʥʦʤ Fe@C60(ʉ6ʅ9NO)n [5].  

ʅʘ ʠʩʧʳʪʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʟʘʱʠʪʥʳʝ ʧʨʦʢʨʳʚʘʣʘ ʜʚʫʭ 

ʦʙʨʘʟʮʦʚ. ɺ ʩʦʩʪʘʚ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʚʘʣ ʚʭʦʜʠʣʠ: ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʥʝʪʢʘʥʳʡ ʤʘʪʝʨʠʘʣ ʠʟ ʰʪʘʧʝʣʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ 

(ʦʢʩʠʧʘʥ), ʢʨʝʤʥʦʟʸʤ, ʩʪʝʢʣʦʪʢʘʥʥʳʝ ʠ ʙʘʟʘʣʴʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʩʠʣʠʢʦʥʦʚʦʡ 

ʧʨʦʧʠʪʢʦʡ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚʦʛʦ ʦʯʘʛʘ ʧʦʞʘʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʜʝʣʴʥʳʡ ʦʯʘʛ 

ʢʣʘʩʩʘ çɺè ð ʛʝʧʪʘʥ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʷʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʶʯʝʡ 

ʞʠʜʢʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʤʝʥʠ, ʘ ʪʘʢʞʝ ʤʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʳʛʦʨʘʥʠʷ ʛʝʧʪʘʥʘ. 

ɿʘʪʝʤ, ʧʨʠ ʚʦʩʧʣʘʤʝʥʝʥʠʠ ʧʘʨʦʚ ʛʦʨʶʯʝʡ ʞʠʜʢʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʪʫʰʝʥʠʝ 

ʦʯʘʛʘ ʧʫʪʸʤ ʥʘʢʨʳʪʠʷ ʧʦʣʦʪʥʦʤ ʦʛʥʝʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʚʘʣʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʝ ʤʝʥʝʝ 2-ʭ ʠʩʧʳʪʘʥʠʡ [3]. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ (ʨʠʩ. 2), ʯʪʦ ʤʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʳʛʦʨʘʥʠʷ ʃɺɾ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʚʘʣ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʚʘʣʘ, ʠ ʛʘʰʝʥʠʝ ʧʣʘʤʝʥʠ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦ 

ʧʨʠʯʠʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʪʦʢʘ ʢʠʩʣʦʨʦʜʘ ʚ ʟʦʥʫ ʛʦʨʝʥʠʷ. 

 

 
ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʩʣʦʷ ʧʦʢʨʳʚʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ 

ʊʘʙʣʠʮʘ. ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʜʣʷ ʦʛʥʝʪʫʰʘʱʠʭ ʧʦʢʨʳʚʘʣ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

Astr ʅʝʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʘʩʪʨʘʣʝʥʳ 

Astr600 ɸʩʪʨʘʣʝʥʳ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʧʨʠ 600ÁC 

Dec ɼʝʢʩʪʨʠʥ Fe@C60(ʉ6ʅ9NO)n 

Contr ʂʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ 

 

ɼʣʷ ʦʙʨʘʟʮʘ çAstr600è ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʪʫʰʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣ ʨʝʟʢʠʡ 

ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʢʨʳʚʘʣʘ, ʘ ʟʘʪʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʠʞʘʣʘʩʴ 

ʥʠʞʝ 400 ÁC, ʜʘʣʝʝ ʥʘʙʣʶʜʘʣʦʩʴ ʛʘʰʝʥʠʝ ʧʣʘʤʝʥʠ ʚ ʪʝʯʝʥʠʝ 30 ʩ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʨʘʟʮʘ çDecè ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʪʫʰʝʥʠʷ ʥʝ ʧʦʜʥʠʤʘʣʘʩʴ ʚʳʰʝ 610 ÁC, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʣʦ ʝʝ ʩʥʠʞʝʥʠʝ ʥʠʞʝ 

400 ÁC ʠ ʧʨʦʠʩʭʦʜʠʣʦ ʛʘʰʝʥʠʝ ʧʣʘʤʝʥʠ. 

ɺ ʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʢʨʳʚʘʣ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ çAstrè, ʥʘʙʣʶʜʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 104 ÁC ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʦʙʨʘʟʮʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʚʘʣ ʩ ʦʙʨʘʟʮʘʤʠ çAstr600è ʠ 

çDecè, ʧʦʤʠʤʦ ʦʙʱʝʠʟʚʝʩʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʟʦʣʷʮʠʠ ʟʦʥʳ ʛʦʨʝʥʠʷ ʦʪ ʢʠʩʣʦʨʦʜʘ, 
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ʟʘʜʝʡʩʪʚʦʚʘʥ ʤʝʭʘʥʠʟʤ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥʚʝʢʮʠʦʥʥʦʡ ʟʦʥʳ ʛʦʨʝʥʠʷ ʟʘ ʩʯʝʪ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʪʚʦʜʘ ʯʝʨʝʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʢʨʳʚʘʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʚʘʣ ʧʨʠ ʪʫʰʝʥʠʠ ʣʦʢʘʣʴʥʳʭ ʚʦʟʛʦʨʘʥʠʡ 

ʃɺɾ ʠ ɻɾ. 
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ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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The article discusses the main activities of the enterprise, and also analyzes the requirements 

for storing fuels and lubricants. 

Keywords: activity; oil; flammability; liquid hydrocarbons. 
 

 

ɺ ʈʦʩʩʠʠ ʥʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʜʦʙʳʪʳʝ ʠ ʧʝʨʝʨʘʙʦʪʘʥʥʳʝ, ʭʨʘʥʷʪʩʷ ʠ 

ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʥʳʭ ʧʘʨʢʘʭ. ʇʦʞʘʨʥʘʷ 

ʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʦʯʝʥʴ ʚʳʩʦʢʘ, ʠʟ-ʟʘ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʠ ʛʦʨʶʯʝʩʪʠ 

ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʛʦʜ ʦʪ ʛʦʜʘ ʚʦʟʥʠʢʘʶʱʠʤʠ 

ʩʝʨʴʝʟʥʳʤʠ ʯʨʝʟʚʳʯʘʡʥʳʤʠ ʧʨʦʠʩʰʝʩʪʚʠʷʤʠ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʘʛʦʨʘʥʠʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʪʨʝʙʫʝʪʩʷ ʦʩʦʙʳʡ ʧʦʜʭʦʜ ʢ ʪʫʰʝʥʠʶ ʠ ʣʠʢʚʠʜʘʮʠʠ ʦʯʘʛʘ, 

ʧʦʩʢʦʣʴʢʫ ʛʦʨʷʱʘʷ ʥʝʬʪʴ ʵʪʦ ʙʦʣʴʰʘʷ ʫʛʨʦʟʘ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɻʦʨʝʥʠʝ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴ ʚʟʨʳʚʦʤ, 

ʛʦʨʷʱʠʤʠ ʬʦʥʪʘʥʘʤʠ, ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʠ ʦʛʨʦʤʥʳʤ ʪʝʧʣʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʨʝʟʝʨʚʫʘʨʥʳʡ ʧʘʨʢ ɹʘʣʘʢʦʚʩʢʦʡ 

ʥʝʬʪʝʙʘʟʳ ʇɸʆ çʉʘʨʘʪʦʚʥʝʬʪʝʧʨʦʜʫʢʪè, ʛʜʝ ʭʨʘʥʷʪʩʷ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʝʩʷ 

ʞʠʜʢʦʩʪʠ ʙʝʥʟʠʥ ʠ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. ɹʝʥʟʠʥʳ, ʙʝʩʮʚʝʪʥʳʝ ʞʠʜʢʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʤʝʩʠ ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʨʠ ʛʦʨʝʥʠʠ ʧʨʦʛʨʝʚʘʶʪʩʷ 

ʚ ʛʣʫʙʠʥʫ, ʦʙʨʘʟʫʷ ʚʦʟʨʘʩʪʘʶʱʠʡ ʛʦʤʦʪʝʨʤʠʯʝʩʢʠʡ ʩʣʦʡ. ʉʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ 

ʧʨʦʛʨʝʪʦʛʦ ʩʣʦʷ 0,7 ʤ/ʯ; ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʛʨʝʪʦʛʦ ʩʣʦʷ 80ï100 Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʤʝʥʠ 1200 Áʉ. ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ - ʧʨʦʟʨʘʯʥʘʷ ʠ ʙʦʣʝʝ ʚʷʟʢʘʷ, ʯʝʤ ʙʝʥʟʠʥ, 

ʞʠʜʢʦʩʪʴ ʞʝʣʪʦʛʦ ʠʣʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʉ ʧʣʦʪʥʦʩʪʴʶ 0,8ï0,83 ʢʛ/ʤ3 

[1, 2]. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʠʤʫʱʝʩʪʚʝʥʥʳʭ 

ʮʝʥʥʦʩʪʝʡ ʥʝʬʪʝʙʘʟʘ ʇɸʆ çʉʘʨʘʪʦʚʥʝʬʪʝʧʨʦʜʫʢʪ ʦʩʥʘʱʝʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ ʜʣʷ ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʦʞʘʨʝ, ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ 

ʣʶʜʝʡ. ʆʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ ʧʨʝʜʧʨʠʷʪʠʷ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʭʦʜʠʪ 

ʦʙʫʯʝʥʠʝ ʤʝʨʘʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʩʨʦʢʘʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʧʨʝʜʧʨʠʷʪʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʫʪʚʝʨʞʜʝʥʳ ʩʪʨʦʛʠʝ ʧʨʘʚʠʣʘ ʭʨʘʥʝʥʠʷ 

ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʚʝʱʝʩʪʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ 

ʦʧʘʩʥʳʭ. ʇʨʠ ʠʩʧʘʨʝʥʠʠ ʦʥʠ ʦʙʨʘʟʫʶʪ ʚʟʨʳʚʦʦʧʘʩʥʳʝ ʩʤʝʩʠ ʩ ʚʦʟʜʫʭʦʤ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʟʨʳʚʘʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʣʠʚʘʤ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʂ 

ʦʩʥʦʚʥʳʤ ʧʨʠʯʠʥʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʥʘ ʩʢʣʘʜʘʭ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʚʟʨʳʚ 

ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʨʝʟʝʨʚʫʘʨʝ, ʢʦʪʦʨʳʡ ʥʝ ʟʘʧʦʣʥʝʥ ʞʠʜʢʦʩʪʴʶ, ʥʘʨʫʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʙʨʝʞʥʦʝ 

ʦʙʨʘʱʝʥʠʝ ʩ ʦʛʥʝʤ ʠ ʙʳʪʦʚʳʤʠ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʤʠ, ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʠ ʧʝʨʝʛʨʝʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʩʪʦʯʥʠʢʘʤʠ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ð ʦʪʢʨʳʪʳʡ ʦʛʦʥʴ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʛʘʟʦʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪ ʠʣʠ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʧʨʘʚʠʣ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; ʠʩʢʨʳ 

ʠʣʠ ʙʨʳʟʛʠ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦ- ʠ 

ʛʘʟʦʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʝʟʢʝ ʤʝʪʘʣʣʦʚ; ʠʩʢʨʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʪʨʝʥʠʠ ʠʣʠ ʫʜʘʨʘʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʜʨʫʛ ʦ ʜʨʫʛʘ; ʠʩʢʨʳ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʧʨʠ ʪʨʝʥʠʠ ʘʣʶʤʠʥʠʷ ʦ ʨʞʘʚʦʝ ʞʝʣʝʟʦ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʜʞʠʛʘʪʴ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʛʦʨʶʯʠʝ ʩʤʝʩʠ; ʩʘʤʦʚʦʟʛʦʨʘʥʠʝ ʧʠʨʦʬʦʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʩʪʝʥʢʘʭ ʨʝʟʝʨʚʫʘʨʦʚ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʢʣʘʜʘ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʦʚʘʥʠʷ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʥʘʣʠʯʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʟʘʧʘʩʦʤ ʚʦʜʳ. ʇʣʘʥʠʨʦʚʢʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠ ʩʦʙʣʶʜʘʪʴ ʨʘʟʨʳʚʳ ʤʝʞʜʫ ʟʜʘʥʠʷʤʠ. 

ʊʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʧʦʜʲʝʟʜʥʳʝ ʧʫʪʠ ʜʣʷ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ. ʉʢʣʘʜ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʛʨʘʞʜʝʥʠʷ ʠʟ ʥʝʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʙʳʪʴ ʭʦʨʦʰʦ 

ʦʩʥʘʱʝʥ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ - ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʣʝʥʪʘʤʠ. ʇʦʜʲʝʟʜʥʳʝ ʧʫʪʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ ʦʯʠʱʘʪʴʩʷ ʦʪ ʩʥʝʛʘ, ʣʴʜʘ. ʅʘ ʧʦʣʫ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʥʝʩʝʥʘ ʤʘʨʢʠʨʦʚʢʘ, ʦʙʦʟʥʘʯʘʶʱʘʷ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ 

ʦʛʥʝʪʫʰʠʪʝʣʝʡ, ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʱʘʷ ʥʘ ʧʨʦʭʦʜʳ ʠ ʘʚʘʨʠʡʥʳʝ 

ʚʳʭʦʜʳ. ʅʘ ʚʠʜʥʳʭ ʤʝʩʪʘʭ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʧʣʘʢʘʪʳ ʩ ʧʨʘʚʠʣʘʤʠ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʢʣʘʜʦʚ ʟʘʧʨʝʱʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʪʢʨʳʪʦʛʦ ʦʛʥʷ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʩʝʢʘʶʱʠʭ ʠʩʢʨʳ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʝʣʝʥʦ ʩʦʩʪʦʷʥʠʶ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ. ʉʦʛʣʘʩʥʦ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʥʦʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʚ ʤʝʩʪʘʭ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʟʘʧʨʝʱʝʥʦ:  

- ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʩʧʨʘʚʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʧʨʠʙʦʨʘʤʠ, ʘ 

ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ, ʨʝʟʝʨʚʫʘʨʦʚ ʠ ʧʨʦʯʝʛʦ ʩ ʜʝʬʝʢʪʘʤʠ, 

ʪʨʝʱʠʥʘʤʠ ʠ ʪ.ʧ.; ʚʳʩʘʞʠʚʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʦʛʨʘʞʜʘʶʱʠʭ ʥʘʩʳʧʷʭ; 

ʧʝʨʝʧʦʣʥʝʥʠʝ ʨʝʟʝʨʚʫʘʨʦʚ ʥʝʬʪʴʶ; ʦʪʙʦʨ ʧʨʦʙ ʠʟ ʮʠʩʪʝʨʥ ʚ ʧʨʦʮʝʩʩʝ ʩʣʠʚʘ ʠʣʠ 

ʥʘʣʠʚʘ ʥʝʬʪʠ; ʩʣʠʚ ʠʣʠ ʥʘʣʠʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʦ ʚʨʝʤʷ ʛʨʦʟʦʚʳʭ ʷʚʣʝʥʠʡ. 

ʉʦʙʣʶʜʝʥʠʝ ʥʠʞʝ ʧʨʠʚʝʜʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʥʦʨʤ, ʜʣʷ ʩʢʣʘʜʦʚ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʞʥʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

- ʥʘʟʥʘʯʘʝʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʣʠʮʦ ʟʘ ʧʦʞʘʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʢʣʘʜʘ, 

ʦʙʳʯʥʦ ʵʪʦ ʥʘʯʘʣʴʥʠʢ ʩʢʣʘʜʩʢʦʛʦ ʧʦʤʝʱʝʥʠʷ; ʪʨʝʙʦʚʘʥʠʷ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʩʢʣʘʜʦʚ ʟʘʧʨʝʱʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʢʨʳʪʦʛʦ ʦʛʥʷ ʥʘ ʚʩʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩʢʣʘʜʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; ʚʲʝʟʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ 

ʨʘʟʨʝʰʝʥ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʠʩʢʨʦʛʘʩʠʪʝʣʝʡ; ʨʘʟʣʠʚ ʞʠʜʢʦʩʪʝʡ ʥʘ ʩʢʣʘʜʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʝʜʨʘ, ʘ ʪʘʨʘ ʠ ʫʢʫʧʦʨʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʜʦʣʞʥʳ ʭʨʘʥʠʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʢʣʘʜʝ; ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʢʣʘʜʘ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʣʠ ʜʨʫʛʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʩʨʝʜʩʪʚʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʪʫʰʝʥʠʷ ʦʛʥʷ; 

ʟʘʧʨʝʱʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʣʘ ʨʘʟʣʠʯʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ ʠ ʤʫʩʦʨʦʤ; ʧʦʞʘʨʥʳʝ 

ʥʦʨʤʳ ʠ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʩʢʣʘʜʦʚ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʝʜʧʠʩʳʚʘʶʪ 

ʨʝʛʫʣʷʨʥʫʶ ʧʨʦʚʝʨʢʫ ʩʦʩʪʦʷʥʠʷ ʜʳʭʘʪʝʣʴʥʳʭ ʢʣʘʧʘʥʦʚ ʝʤʢʦʩʪʝʡ; ʚ ʩʣʫʯʘʝ 

ʧʦʞʘʨʘ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʣʠʮʦ ʧʦ ʦʭʨʘʥʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʠʟʫʝʪ 

ʪʫʰʝʥʠʝ ʟʘʢʨʳʪʦʛʦ ʠʣʠ ʧʦʜʟʝʤʥʦʛʦ ʩʢʣʘʜʘ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʠʨʫʝʪ ʩʦʪʨʫʜʥʠʢʦʚ 

ʄʏʉ; ʇʇɹ ʨʝʢʦʤʝʥʜʫʝʪ ʫʩʪʘʥʦʚʢʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʥʘ 

ʩʢʣʘʜʝ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʤʝʱʝʥʠʷ 

ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʢʣʘʩʩ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ, ʘ ʚʳʙʦʨ ʩʠʩʪʝʤʳ 

ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʠʧʝ ʠ ʢʘʪʝʛʦʨʠʠ ʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʷ; ʦʩʥʦʚʥʳʤ 
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ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ ʩʢʣʘʜʦʚ ʪʘʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʝ 

ʭʨʘʥʝʥʠʝ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʢʣʶʯʘʶʱʝʝ ʫʜʘʨʳ ʙʦʯʝʢ ʜʨʫʛ ʦ 

ʜʨʫʛʘ.  

ʉʢʣʘʜʳ ʩ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʨʘʚʢʘ ʪʝʭʥʠʢʠ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ 

ʚʦʟʛʦʨʘʥʠʡ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʥʝʦʩʪʦʨʦʞʥʦʝ ʦʙʨʘʱʝʥʠʝ ʩ ʦʛʥʝʤ, ʥʝʠʩʧʨʘʚʥʦʩʪʴ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʘʤʦʚʦʟʛʦʨʘʥʠʝ ʚʝʱʝʩʪʚ ʧʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ ʧʨʘʚʠʣ 

ʭʨʘʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʠʯʠʥ ʧʦʞʘʨʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʩ ʣʝʛʢʠʤʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʚʘʞʥʳ ʧʨʘʚʠʣʴʥʳʝ 

ʩʧʦʩʦʙʳ ʭʨʘʥʝʥʠʷ, ʦʩʪʦʨʦʞʥʦʩʪʴ ʧʨʠ ʣʶʙʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʪʦʯʥʠʢʦʚ ʦʛʥʷ 

ʚʦʟʣʝ ʥʠʭ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʠ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʧʠʩʘʥʳ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʘʭ, ʧʨʘʚʠʣʘʭ ʠ ʜʨʫʛʠʭ 

ʜʦʢʫʤʝʥʪʘʭ.  
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OPTIMISATION OF FLAM E RETARDANT FORMULAT IONS  

FOR THE TREATMENT OF  SURFACE TREATMENT  

OF COMBUSTIBLE MATER IALS  
 

The paper analyses the formulations of fire retardant compositions based on liquid glass. 

Liquid glass, in combination with additional components, has unique properties that allow to 

significantly increase the fire resistance of wood surfaces. An example of fire retardant coating 

compositions and its effect on the fire resistance of pine wood is given. 

Keywords: fire resistance; fire retardant; liquid glass; trisodium phosphate; intercalated 
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ʆʙʝʩʧʝʯʝʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʦʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʢʘʥʠ, 

ʜʨʝʚʝʩʠʥʘ, ʤʝʪʘʣʣʳ) ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʧʣʘʤʝʥʠ [1, 2]. ʅʝʢʦʪʦʨʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʧʦʞʘʨʝ ʧʦʣʥʦʩʪʴʶ ʩʛʦʨʘʶʪ ð ʵʪʦ 

ʛʦʨʶʯʠʝ ʚʝʱʝʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʜʨʝʚʝʩʠʥʘ, ʧʦʣʠʤʝʨʳ), ʘ ʥʝʛʦʨʶʯʠʝ, 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ð ʦʙʨʫʰʠʚʘʶʪʩʷ, ʪʝʨʷʷ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʯʝʨʝʟ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʦʞʘʨʘ [3, 4]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ 

ʠ ʩʨʝʜʩʪʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ, ʠ ʙʦʨʴʙʳ ʩ ʥʠʤʠ. ɺʘʞʥʦ ʚʝʩʪʠ ʧʦʩʪʦʷʥʥʫʶ ʨʘʙʦʪʫ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʥʳʭ ʫʩʪʦʡʯʠʚʦ ʚʳʜʝʨʞʠʚʘʪʴ 

ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʛʥʷ. ʊʦʣʴʢʦ ʪʘʢ ʤʦʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʟʘʱʠʪʫ ʣʶʜʝʡ ʠ ʩʦʭʨʘʥʝʥʠʝ ʠʤʫʱʝʩʪʚʘ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʞʘʨʘ. 

ʇʦʞʘʨʳ ʝʞʝʛʦʜʥʦ ʥʘʥʦʩʷʪ ʦʛʨʦʤʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʫʙʳʪʢʠ ʯʝʣʦʚʝʯʝʩʢʦʤʫ 

ʦʙʱʝʩʪʚʫ, ʥʦ, ʯʪʦ ʛʦʨʘʟʜʦ ʩʪʨʘʰʥʝʝ, ʦʥʠ ʥʘʥʦʩʷʪ ʚʨʝʜ ʟʜʦʨʦʚʴʶ ʠ ʫʥʦʩʷʪ ʞʠʟʥʠ 

ʣʶʜʝʡ. ʂ ʪʦʤʫ ʞʝ, ʪʦʢʩʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠ ʥʝʧʦʣʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ, ʚʳʜʝʣʷʶʱʠʝʩʷ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʚʦ ʚʨʝʤʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʛʦʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʛʨʦʟʫ.  

ʇʦʵʪʦʤʫ ʣʶʙʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʦʚ ʘʢʪʫʘʣʴʥʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʤʦʛʘʶʪ ʠʟʙʝʞʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʞʝʨʪʚ ʠ ʫʚʝʯʠʡ, ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʦʛʥʝʟʘʱʠʪʥʳʤʠ ʢʦʤʧʦʟʠʪʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ ʢʦʥʮʝʧʮʠʠ ʦʛʥʝʟʘʱʠʪʳ, 

ʩʫʪʴʶ ʢʦʪʦʨʦʡ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʤʦʟʘʪʫʭʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʬʦʨʤʠʨʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʛʢʦ ʥʘʥʦʩʠʤʳʤʠ 

ʦʛʥʝʩʪʦʡʢʠʤʠ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ.  

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʦʛʥʝʟʘʱʠʪʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʘʤʦʟʘʪʫʭʘʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʘʤʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ 

ʢʦʥʮʝʧʮʠʷ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʣʝʛʢʦ ʥʘʥʦʩʠʤʳʭ 

ʦʛʥʝʩʪʦʡʢʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪ.ʥ. ʠʥʪʫʤʝʩʮʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʀʥʪʫʤʝʩʮʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ð ʵʪʦ ʦʩʦʙʘʷ ʛʨʫʧʧʘ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʫʜʠʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʩʧʫʯʠʚʘʪʴʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʆʛʥʝʟʘʱʠʪʥʳʝ 

ʚʩʧʫʯʠʚʘʶʱʠʝʩʷ ʢʦʤʧʦʟʠʮʠʠ ʜʝʡʩʪʚʫʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ ʧʦʢʨʳʪʠʡ, ʫʚʝʣʠʯʠʚʘʷ ʚʨʝʤʷ ʥʘʛʨʝʚʘ 

ʛʦʨʶʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʧʫʯʝʥʥʦʝ 

ʧʦʢʨʳʪʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢʠʩʣʦʨʦʜʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʶʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʛʦ ʚʦʟʛʦʨʘʥʠʶ. 

ʊʝʨʤʦʨʘʩʰʠʨʷʶʱʠʝʩʷ ʧʦʢʨʳʪʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʜʝʨʞʘʪ, ʧʦʤʠʤʦ 

ʚʩʧʫʯʠʚʘʶʱʝʡʩʷ ʦʩʥʦʚʳ, ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʩʚʷʟʫʶʱʠʝ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʚʣʠʷʪʴ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʮʝʧʪʫʨʳ ʦʛʥʝʩʪʦʡʢʠʭ 

ʢʦʤʧʦʟʠʮʠʡ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʦʙʨʘʟʫʝʪ ʧʝʥʠʩʪʦʝ ʧʦʢʨʳʪʠʝ, 

ʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ 

ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʦʟʠʮʠʡ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʧʦʨʦʰʢʦʚ-ʥʘʧʦʣʥʠʪʝʣʝʡ ʩ 

ʨʘʟʣʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʦʙʘʚʦʢ ʪʨʠʥʘʪʨʠʡʬʦʩʬʘʪʘ ʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʠʪʘ ʥʘ ʦʛʥʝʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʧʦʣʥʠʪʝʣʠ: 

ʘʣʶʤʠʥʠʡ ʚ ʧʦʨʦʰʢʝ, ʪʨʠʥʘʪʨʠʡʬʦʩʬʘʪ ʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʡ ʛʨʘʬʠʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʪʝʨʤʦʨʘʩʰʠʨʷʶʱʠʭʩʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʞʠʜʢʦʝ ʩʪʝʢʣʦ. 

ɾʠʜʢʦʝ ʩʪʝʢʣʦ, ʢʘʢ ʩʚʷʟʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʦʛʥʝʟʘʱʠʪʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʢʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʠʤʝʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʥʝ 

ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʩ ʩʠʣʠʢʘʪʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʥʘʪʨʠʡ, ʢʘʣʠʡ ʠ ʣʠʪʠʡ. ʉʦʩʪʘʚ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʝ ʩʪʝʢʣʦ 

ʬʦʨʤʠʨʫʝʪ ʧʝʥʠʩʪʦʝ ʧʦʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʦʙʘʚʢʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʡ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ 

ʧʦʨʦʰʢʦʚʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʧʦʨʦʰʢʝ, ʪʨʠʥʘʪʨʠʡʬʦʩʬʘʪʘ ʠ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʧʨʦʜʫʢʪʳ ʩ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ.  

ʕʪʘ ʫʥʠʢʘʣʴʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠʜʝʘʣʴʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʨʝʮʝʧʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʝʞʥʫʶ ʦʛʥʝʟʘʱʠʪʫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʦʨʶʯʠʭ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʤʘʪʝʨʠʘʣʦʚ. ʂʘʞʜʳʡ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʦʨʶʯʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʠ ʧʦʤʦʛʘʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʠʣʠ ʩʥʠʟʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚʚʝʜʝʥʠʝ ʧʦʨʦʰʢʦʚ-ʥʘʧʦʣʥʠʪʝʣʝʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ 

ʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʤʧʦʟʠʮʠʠ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʩ ʜʦʙʘʚʢʘʤʠ ʧʦʨʦʰʢʦʚ - ʥʘʧʦʣʥʠʪʝʣʝʡ ʦʙʣʘʜʘʶʪ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʧʝʮʠʘʣʴʥʘʷ ʢʦʤʧʦʟʠʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 100 ʛ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʠ 10 ʛ 

ʘʣʶʤʠʥʠʷ ʚ ʧʦʨʦʰʢʦʚʦʡ ʬʦʨʤʝ. ʕʪʘ ʙʘʟʦʚʘʷ ʩʤʝʩʴ (ɹʉ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʞʠʜʢʦʡ 

ʬʘʟʦʡ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʦʩʦʙʳʭ ʩʚʦʡʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʘʥʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠʥʘʪʨʠʡʬʦʩʬʘʪ ʠ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʡ ʛʨʘʬʠʪ.  

ʊʨʠʥʘʪʨʠʡʬʦʩʬʘʪ (ʊʅʌ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ 

ʙʝʣʦʛʦ, ʞʝʣʪʦʛʦ ʠʣʠ ʢʨʝʤʦʚʦʛʦ ʮʚʝʪʘ, ʦʙʣʘʜʘʶʱʠʡ ʱʝʣʦʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʷʚʣʷʶʱʠʡʩʷ ʧʦʞʘʨʦ-ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʳʤ ʚʝʱʝʩʪʚʦʤ. ʆʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ 

ʦʛʥʝʟʘʱʠʪʥʘʷ ʜʦʙʘʚʢʘ, ʵʬʬʝʢʪʠʚʥʳʡ ʘʥʪʠʧʠʨʝʥ, ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʛʥʝʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʡ ʛʨʘʬʠʪ (ʀɻ) ð ʵʪʦ ʧʨʦʜʫʢʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʛʨʘʬʠʪʘ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʤʝʩʠ ʢʠʩʣʦʪ: 50%-ʥʦʡ ʩʝʨʥʦʡ ʠ 40%-ʥʦʡ 

ʘʟʦʪʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 Áʉ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʦʜʥʦʡ ʧʨʦʤʳʚʢʦʡ ʠ ʩʫʰʢʦʡ. ʀɻ 

ʦʙʣʘʜʘʝʪ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʦʪ 0,1 ʜʦ 1,0 ʤʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʛʥʝʩʪʦʡʢʦʩʪʠ. 

ʇʨʠ ʚʩʧʫʯʠʚʘʥʠʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʦʞʘʨʝ ʦʙʨʘʟʫʝʪʩʷ ʧʝʥʠʩʪʳʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. 

  



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  
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ʆʙʨʘʟʮʳ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ çʆʊʇè (ʨʠʩ.1). 

ʀʜʝʷ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʧʨʦʙʘ ʥʘʯʠʥʘʝʪ ʛʦʨʝʪʴ ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩ ʧʨʦʜʫʢʪʘʤʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʦʤ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ɼʠʘʧʘʟʦʥ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 25 ʜʦ 600 ÁC. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʦʩʥʦʚʘʷ ʜʨʝʚʝʩʠʥʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʛʦʨʶʯʝʛʦ ʤʘʪʝʨʠʘʣʘ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʦʩʥʦʚʘʷ ʜʨʝʚʝʩʠʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʩʦʩʥʦʚʦʡ 

ʜʨʝʚʝʩʠʥʳ, ʦʙʨʘʙʦʪʘʥʥʦʡ ɹʉ + ʊʅʌ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 2). 

 
ʈʠʩ. 1.  ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʠ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ  

ʠ ʤʘʪʝʨʠʘʣʦʚ çʆʊʇè 
 

 
 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ  

ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʪʨʠʥʘʪʨʠʡʬʦʩʬʘʪʘ ʚ ʦʛʥʝʟʘʱʠʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʙʨʘʟʮʘʤʠ ʩʦʩʥʦʚʦʡ ʜʨʝʚʝʩʠʥʳ, 

ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʩʤʝʩʴʶ ɹʉ + ʊʅʌ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʊʅʌ ʩʦʩʪʘʚʣʷʝʪ 2 %.  

ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʥʝ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʦʙ ʩʦʩʥʦʚʦʡ 

ʜʨʝʚʝʩʠʥʳ, ʦʙʨʘʙʦʪʘʥʥʳʭ ɹʉ + ʊʅʌ + ʀɻ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʚ ʦʛʥʝʟʘʱʠʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

 

 

ɺʳʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʢʨʳʪʠʝ 

ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʦʤ ʦʛʥʝʟʘʱʠʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ɹʉ + 2,0 % ʤʘʩʩ. ʊʅʌ 

+ 1,0 % ʤʘʩʩ. ʀɻ ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʪʝʩʪʦʚʦʛʦ 

ʦʙʨʘʟʮʘ ʩʦʩʥʦʚʦʡ ʜʨʝʚʝʩʠʥʳ. 

ʂʦʤʧʦʟʠʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ, 

ʧʨʦʩʪʦʪʦʡ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ɼʘʥʥʦʝ ʦʛʥʝʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʚ ʤʝʩʪʘʭ ʤʘʩʩʦʚʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʣʶʜʝʡ, ʚ ʜʝʪʩʢʠʭ, ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʋɼʂ 614.841.4:004.9 
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ɺ. ʉ. ʂʠʩʝʣʝʚʘ, ʖ. ɸ. ɺʦʡʪʠʯʫʢ, ɸ. ɺ. ʀʚʘʥʦʚ  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ  

ʠʤ. ɻʝʨʦʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʛʝʥʝʨʘʣʘ ʘʨʤʠʠ ɽ. ʅ. ɿʠʥʠʯʝʚʘ 
 

ʆɹʆʉʅʆɺɸʅʀɽ ʇʈʀʄɽʅɽʅʀʗ ʇɸʈɸʄɽʊʈʆɺ  

ɿɸʑʀʊʅʓʍ ʕʂʈɸʅʆɺ ʉʀʉʊɽʄ ʇʈʆʊʀɺʆʇʆɾɸʈʅʆʁ ɿɸʑʀʊʓ 

ʅɸ ʆɹʒɽʂʊɸʍ ʉ ʆɹʈɸʑɽʅʀɽʄ ʅɽʌʊɽʇʈʆɼʋʂʊʆɺ  
 

ɼʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʞʘʨʘ ʚ ʩʨʝʜʝ çPyroSimè ʥʘ ʪʠʧʦʚʦʤ ʦʙʲʝʢʪʝ ʩ ʦʙʨʘʱʝʥʠʝʤ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ, ʩʥʠʟʠʪʴ ʨʠʩʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ ʥʘ ʩʦʩʝʜʥʠʝ ʦʙʲʝʢʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: PyroSim; ʠʥʪʝʛʨʘʣʴʥʘʷ ʧʦʣʝʚʘʷ ʤʦʜʝʣʴ; ʦʧʘʩʥʳʝ ʬʘʢʪʦʨʳ ʧʦʞʘʨʘ; 

ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ; ʥʝʬʪʝʧʨʦʜʫʢʪʳ. 

 

V. S. Kiseleva, Yu. A. Voitichuk, A. V. Ivanov 

 

JUSTIFICATION OF THE APPLICATION OF THE PARAMETERS  

OF PROTECTIVE SCREENS OF FIRE PROTECTION SYSTEMS  

AT FACILITIES WITH THE CIRCULATION  

OF PETROLEUM PRODUCTS 

 
The substantiation of the parameters of protective screens is given based on the results of 

modeling the dynamics of fire hazards in the çPyroSimè environment at a typical facility with the 

circulation of petroleum products. It is concluded that protective screens can reduce heat flow, reduce 

the risk of fire spreading to neighboring facilities. 

Keywords: PyroSim; integrated field model; fire hazards; thermal protection; petroleum 

products. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʞʘʨʘ 

ʥʘ ʦʙʲʝʢʪʘʭ ʭʨʘʥʝʥʠʷ ʅʇ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʨʝʛʨʘʜ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʨʝʛʨʘʜ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʩʪʝʥʳ, ʧʝʨʝʢʨʳʪʠʷ, ʧʝʨʝʛʦʨʦʜʢʠ, ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʠʥʞʝʥʝʨʥʳʝ ʨʝʰʝʥʠʷ (ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʟʘʥʘʚʝʩʳ, ʰʪʦʨʳ, ʚʦʜʷʥʳʝ 

ʟʘʚʝʩʳ), ʘ ʪʘʢʞʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʵʢʨʘʥʳ [1]. 

ʇʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʵʢʨʘʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʩʨʝʜʩʪʚʘ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ 

ʙʘʨʴʝʨʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʦʛʥʷ, ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʧʨʦʜʫʢʪʦʚ 

ʛʦʨʝʥʠʷ ʧʨʠ ʧʦʞʘʨʝ ʚ ʪʝʯʝʥʠʝ ʥʦʨʤʠʨʫʝʤʦʛʦ ʚʨʝʤʝʥʠ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʪʝʧʣʦʚʫʶ ʟʘʱʠʪʫ ʧʨʠ ʧʦʞʘʨʘʭ ʢʘʢ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʪʘʢ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

  
                                                 
  É ʂʠʩʝʣʝʚʘ ɺ. ʉ., ɺʦʡʪʠʯʫʢ ʖ. ɸ., ʀʚʘʥʦʚ ɸ. ɺ., 2024 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

50 

 

ʅʘ ʦʙʲʝʢʪʘʭ ʩ ʦʙʨʘʱʝʥʠʝʤ ʅʇ ʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ ʧʨʠʤʝʥʷʶʪʩʷ: 

- ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʨʠ ʪʫʰʝʥʠʠ 

ʛʘʟʦʚʳʭ ʠ ʥʝʬʪʷʥʳʭ ʬʦʥʪʘʥʦʚ; 

- ʜʣʷ ʟʘʱʠʪʳ ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ 

ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ; 

- ʥʘ ʦʙʲʝʢʪʘʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ; 

- ʚ ʟʜʘʥʠʷʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʠ ʘʚʪʦʚʦʢʟʘʣʦʚ; 

- ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʱʠʪʥʳʭ ʢʦʨʠʜʦʨʦʚ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʘʩʩʦʚʦʡ 

ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ.   

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʥʘ ʦʙʲʝʢʪʘʭ 

ʭʨʘʥʝʥʠʷ ʅʇ.  

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʠʥʪʝʨʬʝʡʩʝ çPyroSimè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çFire Dynamic Simulator (FDS)è [2], ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʆʌʇ ʩ ʫʯʝʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʥʘ ʦʙʲʝʢʪʝ 

ʩ ʦʙʨʘʱʝʥʠʝʤ ʅʇ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʫʯʘʩʪʦʢ ʩʣʠʚʦ-ʥʘʣʠʚʥʘʷ ʵʩʪʘʢʘʜʳ 

ʩ ʯʝʪʳʨʴʤʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʮʠʩʪʝʨʥʘʤʠ ʩ ʅʇ. ʄʦʜʝʣʠʨʦʚʘʣʠʩʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʪʦʢʠ ʚ ʧʨʝʜʝʣʘʭ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʧʦʞʘʨʝ-ʧʨʦʣʠʚʝ 

ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʦʜʥʦʡ ʸʤʢʦʩʪʠ ʦʙʲʸʤʦʤ 81 ʤ3. ɿʦʥʘ ʘʚʘʨʠʡʥʦʛʦ ʨʦʟʣʠʚʘ 

ʪʦʧʣʠʚʘ ʦʛʨʘʥʠʯʠʚʘʣʘʩʴ ʦʪʙʦʨʪʦʚʢʦʡ ʚʦʢʨʫʛ ʩʣʠʚʦ-ʥʘʣʠʚʥʦʡ ʵʩʪʘʢʘʜʳ. 

ʋʯʠʪʳʚʘʣʘʩʴ ʨʘʙʦʪʘ ʩʠʩʪʝʤ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ ʸʤʢʦʩʪʝʡ.  ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ 

ʟʘʜʘʚʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 5 ʜʦ 30 ʤ/ʩ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 101,3 ʢʇʘ. 

ʄʦʜʝʣʠʨʦʚʘʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʤʝʞʜʫ ʝʤʢʦʩʪʷʤʠ ʅʇ. ʄʦʜʝʣʴ 

ʩʣʠʚʦ-ʥʘʣʠʚʥʦʡ ʵʩʪʘʢʘʜʳ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ çPyroSimè ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1.  

 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʩʣʠʚʦ-ʥʘʣʠʚʥʦʡ ʵʩʪʘʢʘʜʳ 

  



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

 

51 

 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʚʳʧʦʣʥʝʥ ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ, 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʪʘʣʠ (ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʨʠʤʝʥʷʝʤʳʡ ʤʘʪʝʨʠʘʣ), ʘ ʪʘʢʞʝ 

ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʷʞʫʱʝʛʦ, ʩʦʜʝʨʞʘʱʝʛʦ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ (ʋʅʉ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,01ï0,02 ʤʘʩʩ. % [3].  

ɺ ʢʘʯʝʩʪʚʝ ʘʚʘʨʠʡʥʦ-ʨʘʟʣʠʚʰʠʭʩʷ ʪʦʧʣʠʚ ʚʳʙʨʘʥ ʙʝʥʟʠʥ ɸʀ-95 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʦ ʨʘʟʚʠʪʠʝ ʆʌʇ ʧʨʠ ʧʦʞʘʨʝ-ʧʨʦʣʠʚʝ ʪʦʧʣʠʚʘ, ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ. 

 

ʈʠʩ. 2. ʈʘʟʚʠʪʠʝ ʆʌʇ ʧʨʠ ʧʦʞʘʨʝ-ʧʨʦʣʠʚʝ ʪʦʧʣʠʚʘ (ʩʠʤʫʣʷʮʠʷ ʚ ʩʨʝʜʝ çPyroSimè) 

ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʞʘʨʘ ʚ 

ʩʨʝʜʝ çPyroSimè ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʥʘʠʙʦʣʴʰʝʝ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʚʥʝ ʛʦʨʷʱʝʡ 

ʮʠʩʪʝʨʥʳ (ʪʘʙʣʠʮʘ). 
 

ʊʘʙʣʠʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʊʦʧʣʠʚʦ ʊʦʣʱʠʥʘ 

ʟʘʱʠʪʥʦʛʦ 

ʵʢʨʘʥʘ, ʤ 

ɺʳʩʦʪʘ 

ʟʘʱʠʪʥʦʛʦ 

ʵʢʨʘʥʘ, ʤ 

ɺʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ max t, ʩʝʢ 

ʉʪʘʣʴ ʂʦʤʧʦʟʠʪ 

ɹʝʥʟʠʥ  

(ɸʀ-95) 

0,01 4 8 20 

0,01 3,5 8 20 

0,01 3 8 20 

0,01 2,5 9 21 

0,01 2 11 24 

0,01 1,5 8 22 

0,005 4 8 20 

0,005 3,5 8 20 

0,005 3 8 20 

0,005 2,5 8 20 

0,005 2 10 14 

0,005 1,5 7 10 
 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

52 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚʤʝʩʪʦ ʩʪʘʣʠ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʪʦʣʱʠʥʫ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ ʩʚʳʰʝ 

ʯʝʤ ʚ 2 ʨʘʟʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʤʦʙʠʣʴʥʳʝ ʠ ʤʝʥʝʝ ʨʝʩʫʨʩʦʝʤʢʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ ʠʟ ʢʦʤʧʦʟʠʪʘ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘʩʪʫʧʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʡ: ʜʣʷ ʙʝʥʟʠʥʘ ʩ ʪʦʣʱʠʥʦʡ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ 0,01 ʤ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ 

ʠʟ ʢʦʤʧʦʟʠʪʘ ʩ ʫʢʘʟʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, 

ʩʥʠʟʠʪʴ ʨʠʩʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ ʥʘ ʩʦʩʝʜʥʠʝ ʦʙʲʝʢʪʳ ʧʨʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʙʠʦʦʙʨʘʩʪʘʥʠʷ ʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʙʝʪʦʥʘ ʧʨʝʜʣʞʝʥʦ ʚʚʦʜʠʪʴ ʚ 

ʮʝʤʝʥʪʥʫʶ ʩʤʝʩʴ ʩʪʝʘʨʘʪ ʢʘʣʴʮʠʷ, ʥʠʪʨʘʪ ʢʘʣʠʷ ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʮʠʥʢʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʢʘʞʜʦʛʦ ʚʝʱʝʩʪʚʘ 0,5 ʤʘʩʩ. %. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʜʦʙʘʚʢʘ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ, 

ʩʥʠʞʘʝʪ ʧʦʨʠʩʪʦʩʪʴ ʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʪʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʢʦʨʨʦʟʠʷ ʙʝʪʦʥʘ; ʬʫʥʛʠʮʠʜʥʘʷ ʜʦʙʘʚʢʘ; ʙʠʦʮʠʜʥʘʷ ʜʦʙʘʚʢʘ; 
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V. S. Konovalova, E. S. Promzeleva, K. B. Strokin, A. A. Galtsev 

 

THE EFFECT OF A COMBINED ADDITIVE TO PREVENT CONCRETE 

BIOCORROSION ON THE PHYSICO -MECHANICAL PROPERTIES  

OF CEMENT STONE  
 

To prevent biofouling and biodegradation of concrete, it is proposed to introduce calcium 

stearate, potassium nitrate and zinc oxide nanoparticles into the cement mixture in an amount of 

0.5 wt. % of each substance. The developed combined additive increases strength, reduces porosity 

and water absorption, and increases the density of cement stone. 

Keywords: biocorrosion of concrete; fungicidal additive; biocidal additive; concrete strength; 

concrete porosity; concrete water absorption; concrete density. 

 

ɹʝʪʦʥ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʙʠʦʦʙʨʘʩʪʘʥʠʶ [1ï5]. 

ɹʘʢʪʝʨʠʠ ʠ ʛʨʠʙʢʠ ʚ ʧʨʦʮʝʩʩʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʜʝʣʷʶʪ ʚʝʱʝʩʪʚʘ, 

ʚʩʪʫʧʘʶʱʠʝ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ [3, 6, 7]. ʇʦʩʪʝʧʝʥʥʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʨʦʥʠʢʘʶʪ ʚʩʝ ʛʣʫʙʞʝ ʚ ʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʘ, ʚʳʟʳʚʘʷ 

ʜʘʣʴʥʝʡʰʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʝʛʦ ʨʘʟʨʫʰʝʥʠʶ [8ï11]. 

ʇʦʩʨʝʜʩʪʚʦʤ ʚʚʝʜʝʥʠʷ ʚ ʙʝʪʦʥ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʦʙʘʚʦʢ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ 

ʤʦʞʥʦ ʫʣʫʯʰʘʪʴ ʝʛʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [12ï15] ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ ʜʝʩʪʨʫʢʮʠʶ [16ï18].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʙʨʘʟʮʘʭ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʤʘʨʢʠ ʎɽʄ I 42,5 ʅ ʩ ɺ/ʎ=0,3.  

ɺ ʮʝʤʝʥʪʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ ʩʪʝʘʨʘʪ ʢʘʣʴʮʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʤʥʦʡ 

ʛʠʜʨʦʬʦʙʠʟʘʮʠʠ, ʥʠʪʨʘʪ ʢʘʣʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʠ ʥʘʥʦʯʘʩʪʠʮʳ 

                                                 
  É ʂʦʥʦʚʘʣʦʚʘ ɺ. ʉ, ʇʨʦʤʟʝʣʝʚʘ ɽ. ʉ., ʉʪʨʦʢʠʥ ʂ. ɹ., ɻʘʣʴʮʝʚ ɸ. ɸ., 2024 
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ʦʢʩʠʜʘ ʮʠʥʢʘ, ʧʨʦʷʚʣʷʶʱʠʝ ʬʫʥʛʠʮʠʜʥʳʝ ʩʚʦʡʩʪʚʘ. ʀʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʦʙʨʘʟʮʳ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʠʤʝʣʠ ʬʦʨʤʫ ʢʫʙʦʚ ʩ ʛʨʘʥʴʶ 10 ʩʤ. ʇʦʩʣʝ ʥʘʙʦʨʘ ʦʙʨʘʟʮʘʤʠ 

ʧʨʦʯʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 28 ʩʫʪʦʢ ʥʘ ʚʦʟʜʫʭʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ 65ï70 % 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Ñ2 Áʉ ʧʦʚʝʨʭʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʟʘʨʘʞʘʣʠ ʩʫʩʧʝʥʟʠʷʤʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ Aspergillus niger van Tieghem ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʨʠʙʢʦʚʦʡ 

ʢʦʨʨʦʟʠʠ. ʇʦʩʢʦʣʴʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʜʦʙʘʚʢʦʡ ʨʘʟʚʠʪʠʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʥʘ ʥʠʭ ʙʳʣʘ ʧʝʨʝʥʝʩʝʥʘ ʙʠʦʧʣʝʥʢʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʳʯʥʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 

6 ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʧʦʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ. ʇʦʨʠʩʪʦʩʪʴ, ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʠ ʧʣʦʪʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʘʤ ʠʟ ɻʆʉʊ 12730.4-2020 çɹʝʪʦʥʳ. ʄʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʨʠʩʪʦʩʪʠè, ɻʆʉʊ 12730.3-2020 çɹʝʪʦʥʳ. ʄʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷè, ɻʆʉʊ 12730.1-2020 çɹʝʪʦʥʳ. ʄʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠè. 

ɺʚʝʜʝʥʥʘʷ ʜʦʙʘʚʢʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩ 

ʜʦʙʘʚʢʦʡ ʚʳʰʝ ʠ ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʪʦʛʜʘ ʢʘʢ ʧʨʦʯʥʦʩʪʴ ʦʙʳʯʥʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩʥʠʞʘʝʪʩʷ 

ʥʘ 14 %. 

 

 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ  

ʧʦʩʣʝ 6 ʤʝʩʷʮʝʚ  

ʛʨʠʙʢʦʚʦʡ ʢʦʨʨʦʟʠʠ 

 

 

ʆʙʨʘʟʮʳ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʜʦʙʘʚʢʦʡ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ 

(ʨʠʩ. 2), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʩʣʝʜʩʪʚʠʝ ʚʚʝʜʝʥʠʷ ʩʪʝʘʨʘʪʘ ʢʘʣʴʮʠʷ [19]. ʇʣʦʪʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ ʧʨʠ ʛʨʠʙʢʦʚʦʡ ʢʦʨʨʦʟʠʠ ʫʤʝʥʴʰʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʯʪʦ ʤʦʞʝʪ 

ʦʙʲʷʩʥʷʪʴʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʤʘʩʩʳ ʤʠʮʝʣʠʷ ʚ ʧʦʨʘʭ, ʯʪʦ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪ 

ʤʘʩʩʦʚʳʝ ʧʦʪʝʨʠ ʦʙʨʘʟʮʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʛʨʠʙʢʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ɹʦʣʝʝ ʧʣʦʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʜʦʙʘʚʢʦʡ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʶ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ (ʨʠʩ. 3 ʠ 

ʨʠʩ. 4). ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʣʝʩʥʝʚʝʣʳʭ ʛʨʠʙʢʦʚ ʚ ʦʙʳʯʥʦʤ ʮʝʤʝʥʪʥʦʤ ʢʘʤʥʝ 

ʧʦʨʠʩʪʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 31 %, ʘ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ð ʥʘ 43 %. ʆʙʨʘʟʮʳ ʩ 

ʜʦʙʘʚʢʦʡ ʩʦʭʨʘʥʠʣʠ ʩʚʦʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

 

 
 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʧʦʩʣʝ 6 ʤʝʩʷʮʝʚ ʛʨʠʙʢʦʚʦʡ ʢʦʨʨʦʟʠʠ 
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ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ  

ʧʦʩʣʝ 6 ʤʝʩʷʮʝʚ ʛʨʠʙʢʦʚʦʡ ʢʦʨʨʦʟʠʠ 

 

 

ʆʩʥʦʚʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʜʝʡʩʪʚʠʷ ʜʦʙʘʚʢʠ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ 

ʚ ʥʝʡ ʩʪʝʘʨʘʪʘ ʢʘʣʴʮʠʷ, ʢʦʪʦʨʳʡ ʯʘʩʪʠʯʥʦ ʢʦʣʴʤʘʪʠʨʫʝʪ ʧʦʨʳ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ 

ʠ ʜʝʣʘʝʪ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʛʠʜʨʦʬʦʙʥʦʡ [20], ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʟʘʪʨʫʜʥʷʝʪʩʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʨʘʟʚʠʪʠʝ 

ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [21]. ʅʠʪʨʘʪ ʢʘʣʠʷ ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʮʠʥʢʘ ʥʦʩʷʪ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʙʠʦʦʙʨʘʩʪʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʘʷ ʜʦʙʘʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʙʝʪʦʥ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʋɼɸʈʅʆʁ ɺʗɿʂʆʉʊʀ ʇʆʃʀʃɸʄʀɼɸ  

ʀ ɸʈʄʀʈʆɺɸʅʅʓʍ ɼɽʊɸʃɽʁ ʅɸ ɽɻʆ ʆʉʅʆɺɽ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʣʘʤʠʜʘ. ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʧʠʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʠ ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʦʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ. 

ʄʘʢʩʠʤʘʣʴʥʫʶ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʠʤʝʶʪ ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʝʯʘʪʠ ʥʘ 3D-ʧʨʠʥʪʝʨʝ 

ʨʘʩʧʦʣʘʛʘʷ ʧʦʩʣʦʡʥʦʝ ʥʘʧʣʘʚʣʝʥʠʝ ʚʜʦʣʴ ʦʙʨʘʟʮʘ, ʧʨʠʯʝʤ ʭʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʘʨʤʠʨʦʚʘʥʠʠ ʧʣʘʩʪʠʢʘ ʧʦʣʠʤʝʨʥʳʤʠ ʩʚʷʟʫʶʱʠʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʩʪʠʢ; 3D-ʧʝʯʘʪʴ; ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ; ʧʦʣʠʣʘʤʠʜ; ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ 

ʤʘʪʝʨʠʘʣ; ʘʨʤʠʨʦʚʘʥʥʳʡ ʧʣʘʩʪʠʢ. 
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INVESTIGATION OF THE IMPACT STRENGTH OF POLYAMIDE  

AND REINFORCED PARTS BASED ON IT 

 
The article discusses approaches to evaluating the mechanical properties of polyamide-based 

samples. To strengthen the materials, impregnation of materials with different filling densities of 

materials with epoxy resin and polyvinyl acetate is proposed. The results of a study of the impact 

strength of the obtained composites on impact strength are presented. The samples obtained by 

printing on a 3D printer have the maximum impact strength by placing a layer-by-layer deposition 

along the sample, and a characteristic feature is observed when reinforcing plastic with polymer 

binders. 

Keywords: plastic; 3D printing; impact strength; polyamide; composite material; reinforced 

plastic. 
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ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʇʦʣʠʤʝʨʥʳʝ ʜʝʪʘʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʟʘ ʩʯʝʪ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʣʫʯʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʝ ʢʘʢ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ, ʣʠʪʴʝ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʜʝʣʘʶʪ 

3D-ʧʝʯʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʠ ʨʝʥʪʘʙʝʣʴʥʦʡ [1]. 

ɼʘʥʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ 3D-

ʧʝʯʘʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ PLA-ʧʣʘʩʪʠʢʘ (ʧʦʣʠʣʘʢʪʠʜ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ [2]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʙʳʣʠ ʥʘʧʝʯʘʪʘʥʳ ʦʙʨʘʟʮʳ ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʘ=b=5 ʤʤ, l=50 ʤʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʵʢʩʧʝʨʠʤʝʥʪ 

ʧʦʚʪʦʨʷʣʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʩʧʝʯʘʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ  

3D-ʧʨʠʥʪʝʨʝ ð ʵʪʦ ʨʦʤʙʠʯʝʩʢʦʝ ʥʘʩʣʦʝʥʠʝ PLA-ʧʣʘʩʪʠʢʘ çʚʜʦʣʴè ʦʙʨʘʟʮʘ 

çʧʦʧʝʨʝʢè, ʧʨʠʯʝʤ ʟʘʧʦʣʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʦʪ 30 ʜʦ 90 % (ʨʠʩ. 1).  
 

  
ʧʦʧʝʨʝʯʥʦʝ  ʧʨʦʜʦʣʴʥʦʝ  

 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʧʣʘʚʣʝʥʠʷ 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ, ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ ʦʙʣʘʜʘʝʪ ʦʙʨʘʟʝʮ 

ʩʦ 100%-ʤ ʟʘʧʦʣʥʝʥʠʝʤ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʝʥʴʰʝʛʦ ʟʘʧʦʣʥʝʥʠʷ ʦʪ 30 ʜʦ 70 % 

ʧʣʘʩʪʠʢʦʤ ʦʙʨʘʟʮʘ, ʪʦ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʠʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʤʠ ʩ ʥʝʙʦʣʴʰʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʦʡ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʧʨʦʮʝʥʪʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ, ʥʦ ʵʪʦ 

ʦʞʠʜʘʝʤʦ. ʉʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʫʩʪʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʠʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʥʦʤʝʨʦʚ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʚ ʧʣʘʩʪʠʢʝ, ʨʘʟʦʨʚʘʪʴ ʢʦʪʦʨʳʝ 

ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʧʨʠ ʥʘʣʠʯʠʠ ʧʫʩʪʦʪ ï ʜʦ 30 %. ʄʝʪʦʜʦʤ ʐʘʨʧʠ ʦʮʝʥʠʣʠ 

ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʠ 80 % ʟʘʧʦʣʥʷʝʤʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.  

ʆʩʦʙʝʥʥʦʩʪʴ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠʥʠʮʠʠʨʦʚʘʥʘ ʥʘ ʩʣʫʯʘʡʥʳʭ ʜʝʬʝʢʪʘʭ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʦʙʨʘʟʮʘ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ 3D-ʧʝʯʘʪʠ. ʍʨʫʧʢʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʝʱʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʨʝʜʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. 

ɸʥʘʣʠʟ ʦʧʠʩʘʥʠʷ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʚʳʷʚʣʝʥʥʦʛʦ ʥʘ ʧʨʘʢʪʠʢʝ, ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʟʦʥʘ ʪʝʢʫʯʝʩʪʠ PLA-ʧʣʘʩʪʠʢʘ ʩʣʠʰʢʦʤ ʤʘʣʘ ʠ ʦʛʨʘʥʠʯʝʥʘ, ʪ.ʝ. 

ʨʘʜʠʫʩ ʧʣʘʩʪʠʯʥʦʡ ʟʦʥʳ ʧʨʠ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ 

ʪʨʝʱʠʥʳ. 
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ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚʳʙʨʘʥʘ ʤʝʪʦʜʠʢʘ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʝʝʚʳʤʠ ʩʦʩʪʘʚʘʤʠ: ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʦʤ ʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʮʝʩʩ ʩʦʩʪʦʷʣ ʚ ʧʨʦʧʠʪʢʝ ʨʘʩʧʝʯʘʪʘʥʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ (ʨʠʩ. 2). 
ɺʩʝ ʧʨʠʤʝʥʷʝʤʳʝ ʥʘʧʦʣʥʠʪʝʣʠ ʧʦʢʘʟʘʣʠ ʥʝʢʦʪʦʨʦʝ ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝʤ ʧʨʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ ʦʜʠʥʘʢʦʚʳʡ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʙʨʘʟʮʳ ʩ ʨʘʟʣʠʯʥʦʡ ʜʦʣʝʡ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚ ʧʣʘʩʪʠʢʝ, 

ʧʦʣʫʯʝʥʥʦʤ ʟʘ ʩʯʝʪ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʘʥʘʣʠʟʝ ʚʦʟʤʦʞʥʳʭ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʜʣʷ PLA-

ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ ʩ ʦʪʚʝʨʜʠʪʝʣʝʤ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʫʜʘʨʦʧʨʦʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ. ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦʣʠʤʘʪʨʠʯʥʳʡ 

ʩʦʩʪʘʚ, ʛʜʝ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ çPLA-ʧʣʘʩʪʠʢ: ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘè 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 70õ80 : 30õ20. 
 

ʕʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ ʩ ʦʪʚʝʨʜʠʪʝʣʝʤ 

      

 30 %                         50 %                           70%   

      

 

ʇʦʣʠʚʠʥʠʣʘʮʝʪʘʪ   

       

30 %                          50 %                           70%   

       

 

 

ʈʠʩ. 2. ʄʘʢʨʦʩʪʨʫʢʪʫʨʳ (Ĭ 24) ʧʨʦʧʠʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʦ ʠʩʧʳʪʘʥʠʷ ʠ ʧʦʩʣʝ 
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ʆʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ ʩʦʩʪʘʚʘʭ 
ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʦʪʢʫʜʘ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʩʪʝʢʣʦʪʢʘʥʠ (ʦʙʚʦʨʘʯʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʚ ʩʪʝʢʣʦʪʢʘʥʴ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʥʘʨʫʞʠ) 
ʩʦʚʤʝʩʪʥʦ ʩ ʵʧʦʢʩʠʜʠʘʥʦʚʳʤ ʩʦʩʪʘʚʦʤ ʩʧʦʩʦʙʥʦ ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 
ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʦʪ ʧʨʦʮʝʥʪʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 
ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʦʙʨʘʟʮʦʚ 

  

ɼʦʙʘʚʣʝʥʠʝ ʚ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨʥʦʛʦ ʦʙʨʘʟʮʘ ʩʚʷʟʫʶʱʠʭ ʧʦʣʠʤʝʨʥʦʡ 
ʦʩʥʦʚʳ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʨʦʯʥʝʥʠʶ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 
ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʘ ʚ ʧʦʣʠʣʘʤʠʜ ʧʨʦʠʩʭʦʜʠʪ ʦʙʚʦʣʘʢʠʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦʡ 
ʤʘʪʨʠʮʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʦʜʩʪʚʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʦʩʢʦʣʴʢʫ 
ʚʟʚʝʰʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʢʘʢ ʜʦ ʚʚʝʜʝʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʘ ʪʘʢ ʠ ʧʦʩʣʝ, 
ʧʦʣʫʯʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʦʪ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʇɺɸ (ʨʠʩ. 4).  

 

 

ʈʠʩ. 5. ɸʥʘʣʠʟ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʦʪ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʘ  
ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ 
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ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʠʣʘʤʠʜ ʩ 70 % ʟʘʧʦʣʥʝʥʠʝʤ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ, ʦʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣ ʧʣʘʩʪʠʢ ʩ 30 % 

ʟʘʧʦʣʥʝʥʠʝʤ ʠ ʧʨʦʧʠʪʘʥʥʳʡ ʇɺɸ, ʧʦʩʢʦʣʴʢʫ ʨʘʙʦʪʫ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʢʦʨʨʝʢʪʠʨʫʝʪ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʦʙʨʘʟʮʘ ʩ ʧʦʜʦʙʥʳʤ ʧʦʣʠʣʘʤʠʜʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ, ʥʦ ʙʝʟ ʤʦʜʠʬʠʢʘʪʦʨʘ. ʇʨʠ 

ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʚʚʝʜʝʥʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʤʘʩʩʦʚʦʡ 

ʜʦʣʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʘʚʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ (ʨʠʩ. 6).  

 

ʈʠʩ. 6. ɸʥʘʣʠʟ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʦʪ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ  

ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ 

 

 

ʉʣʝʜʫʝʪ, ʯʪʦ ʯʨʝʟʤʝʨʥʦʝ ʚʚʝʜʝʥʠʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʦʭʨʫʧʯʘʝʪ ʤʘʪʝʨʠʘʣ, 

ʪ.ʝ., ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʘʪʝʨʠʘʣ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʯʥʳʤ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥ 

ʪʚʝʨʜʳʡ.  

ʈʦʩʪ ʜʦʣʠ ʤʦʜʠʬʠʢʘʪʦʨʘ ʚ PLA-ʧʣʘʩʪʠʢʝ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʦʩʪ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʛʣʦʱʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ [3, 4]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʜʘʨʥʫʶ 

ʚʷʟʢʦʩʪʴ, ʘ ʪʘʢʞʝ ʜʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʘ, ʥʦ ʵʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʊʶʤʢʠʥʘ ɽ.ɸ., ʂʨʦʧʦʪʦʚʘ ʅ.ɸ. ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3D ʧʝʯʘʪʠ ʜʣʷ 

ʨʝʤʦʥʪʘ ʢʫʟʦʚʘ ʤʘʣʦʛʘʙʘʨʠʪʥʦʡ ʪʝʭʥʠʢʠ ʣʝʛʢʦʛʦ ʢʣʘʩʩʘ ʠ ɹʇʃɸ // ʂʘʨʙʳʰʝʚʩʢʠʝ 

ʯʪʝʥʠʷ. ʅʘʰʝ ʜʝʣʦ ʧʨʘʚʦʝ-ʧʦʙʝʜʘ ʙʫʜʝʪ ʟʘ ʥʘʤʠ! [ʊʝʢʩʪ]: ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ / ʧʦʜ ʦʙʱ. ʈʝʜ. ɻʨʦʰʝʚʦʡ ʃ.ʀ. ʚ 6 

ʪ., ʊ.1. ʊʶʤʝʥʴ: ʊɺɺʀʂʋ, 2023. ʉ. 323 ï 329. 

2. ɻʆʉʊ ʈ 57948-2017 ʂʦʤʧʦʟʠʪʳ ʧʦʣʠʤʝʨʥʳʝ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʘʨʥʦʡ 

ʚʷʟʢʦʩʪʠ ʦʙʨʘʟʮʦʚ ʙʝʟ ʥʘʜʨʝʟʘ. 
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PROBLEMATIC ISSUES OF CHEMICAL FINISHING OF TEXTILES IN 

THE PROCESS OF ITS FIRE PROTECTION 
 

Most textile materials that have not undergone flame retardant treatment are flammable and 
combustible. The paper presents the results of a study related to the use of Pyrovatex CP flame 
retardant applied to linen fabric in order to give it flame retardant properties. The amount of 
formaldehyde released at the stage of thermofixation of the drug and the residual formaldehyde 
content on the tissue after washing were determined. 

Keywords: textile fire protection, combustibility, flame retardant, flammability, heat 
treatment, formaldehyde. 
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ɺʚʝʜʝʥʠʝ  

ʊʝʢʩʪʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʳʩʦʢʫʶ ʦʧʘʩʥʦʩʪʴ ʚʦ ʚʨʝʤʷ 

ʧʦʞʘʨʦʚ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʠʭ ʨʘʟʚʠʪʠʠ, ʧʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʦʛʥʝʟʘʱʠʱʝʥʥʳʭ ʪʢʘʥʝʡ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʠʤʝʶʪ 

ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʠʝ ʪʝʢʩʪʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʢʦʨʘʪʠʚʥʳʭ ʪʢʘʥʝʡ ʠ ʪʢʘʥʝʡ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʥʘʥʝʩʝʥʠʷ, ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ ʨʘʩʪʚʦʨʘʤʠ ʘʥʪʠʧʠʨʝʥʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜ 

ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʪʜʝʣʢʦʡ ʧʦʥʠʤʘʶʪ ʦʙʨʘʙʦʪʢʫ ʪʢʘʥʝʡ ʩʦʩʪʘʚʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʣʠʯʥʳʭ ʘʥʪʠʧʠʨʝʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʣʘʤʝʥʠ ʧʨʠ 

ʟʘʞʠʛʘʥʠʠ ʧʦʣʦʪʥʘ ʠʣʠ ʠʟʜʝʣʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʪʠʧʠʨʝʥʦʚ ʠʩʧʦʣʴʟʫʶʪ ʬʦʩʬʘʪʳ, 

ʙʦʨʘʪʳ, ʩʫʣʴʬʘʪʳ, ʩʦʣʠ ʪʠʪʘʥʘ ʠ ʩʫʨʴʤʳ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʠ ʛʘʣʦʠʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ [1, 2].  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʪʝʢʩʪʠʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, 

ʥʘʯʠʥʘʷ ʦʪ ʙʳʪʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʧʨʦʰʝʜʰʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ, ʷʚʣʷʶʪʩʷ 

ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʝʤʳʤʠ ʠ ʛʦʨʶʯʠʤʠ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʣʴʥʷʥʦʛʦ ʧʦʣʦʪʥʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʘʥʪʠʧʠʨʝʥʦʤ ʇʠʨʦʚʘʪʝʢʩ ʎʇ, ʠ ʘʥʘʣʠʟ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʪʢʘʥʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʩʪʦʷʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

- ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʠʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ;  

- ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʬʦʨʤʘʣʴʜʝʛʠʜʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʦʧʠʪʘʥʥʦʛʦ ʨʘʩʪʚʦʨʦʤ ʇʠʨʦʚʘʪʝʢʩʘ ʎʇ ʦʙʨʘʟʮʘ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʘ ʛʦʪʦʚʦʡ ʪʢʘʥʠ ʧʦʩʣʝ ʝʝ ʧʨʦʤʳʚʢʠ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʛʦʨʶʯʝʩʪʴ ʪʝʢʩʪʠʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʝʧʘʨʘʪʳ ï ʘʥʪʠʧʠʨʝʥʳ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʧʨʠʥʮʠʧʘʭ: ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʚʝʱʝʩʪʚʘ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʥʝʛʦʨʶʯʠʭ ʛʘʟʦʚ; ʧʨʝʧʘʨʘʪ ʦʙʨʘʟʫʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʥʝʛʦʨʶʯʠʡ ʨʘʩʧʣʘʚ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʢʦʥʪʘʢʪ ʤʘʪʝʨʠʘʣʘ ʩ ʢʠʩʣʦʨʦʜʦʤ 

ʚʦʟʜʫʭʘ; ʚʦʟʤʦʞʥʘ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʚʦʣʦʢʥʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʨʘʩʪʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʣʦʢʥʦʦʙʨʘʟʫʶʱʝʛʦ ʧʦʣʠʤʝʨʘ ʢ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ, ʘʥʪʠʧʠʨʝʥʳ ʥʝ ʜʦʣʞʥʳ ʚʳʜʝʣʷʪʴ 

ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʨʠ ʛʦʨʝʥʠʠ ʠ ʫʭʫʜʰʘʪʴ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1,2].  

  



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʄʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʘʥʪʠʧʠʨʝʥʦʚ ʥʘ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [3]:  

1) ʵʥʜʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʘʷ 

ʜʝʩʪʨʫʢʮʠʷ ʘʥʪʠʧʠʨʝʥʘ ʠ ʚʦʣʦʢʥʘ: ʥʘ ʨʘʩʱʝʧʣʝʥʠʝ ʘʥʪʠʧʠʨʝʥʘ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʚʦʣʦʢʥʘ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ çʠʟrʤʘʝʪʩʷè 

ʠʟ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ; 

2) ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʛʦʨʶʯʠʭ ʛʘʟʦʚ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʧʨʠ ʪʝʨʤʦʣʠʟʝ 

ʚʦʣʦʢʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʣʦʢʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ;  

3) ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʧʣʘʚʘ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʘʥʪʠʧʠʨʝʥʘ ʚ ʞʠʜʢʫʶ ʬʘʟʫ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʦʩʪʫʧ ʢʠʩʣʦʨʦʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʨʶʯʠʭ ʛʘʟʦʚ, ʪʝʤ ʩʘʤʳʤ, 

ʦʩʣʦʞʥʝʥʳ;  

4) ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʘʥʪʠʧʠʨʝʥ ʦʙʨʘʟʫʝʪ ʛʘʟ, 

ʧʦʛʣʦʱʘʶʱʠʡ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʛʘʟʳ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʛʦʨʝʥʠʝ; 

5) ʜʝʛʠʜʨʘʪʘʮʠʷ, ʧʨʦʪʝʢʘʶʱʘʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʝʛʠʜʨʘʪʠʨʫʶʱʝʛʦ 

ʘʥʪʠʧʠʨʝʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʮʝʩʩ ʪʝʨʤʦʣʠʟʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʛʦʨʶʯʠʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ. 

ʆʙʨʘʱʘʷʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʪʝʭʥʦʣʦʛʠʠ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʪʜʝʣʢʠ 

ʪʝʢʩʪʠʣʷ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ. ʇʨʦʮʝʩʩʳ ʧʨʠʜʘʥʠʷ ʪʝʢʩʪʠʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʦʮʝʩʩʘʤ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʪʜʝʣʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʵʪʘʧʝ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʦʪʜʝʣʢʠ 

ʪʢʘʥʝʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪʜʝʣʢʠ ʚ ʤʘʩʰʪʘʙʘʭ 

ʧʨʝʜʧʨʠʷʪʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʥʝʧʨʝʨʳʚʥʦʡ ʩʭʝʤʝ: 

1) ʘʧʧʨʝʪʠʨʦʚʘʥʠʝ - ʧʨʦʧʠʪʢʘ ʪʝʢʩʪʠʣʴʥʦʛʦ ʧʦʣʦʪʥʘ ʨʘʩʪʚʦʨʦʤ 

ʦʪʜʝʣʦʯʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʨʘʩʪʚʦʨʦʤ ʘʥʪʠʧʠʨʝʥʘ ʠ ʦʪʞʠʤ ʦʪ 

ʠʟʙʳʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ; 

2) ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʩʫʰʢʘ ʪʢʘʥʠ ʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ; 

3) ʜʦʩʫʰʠʚʘʥʠʝ ʠʣʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ ʢʦʥʚʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 100ï160 ʦʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʥʪʠʧʠʨʝʥʘ ʠ ʪʢʘʥʠ, ʥʘ ʢʦʪʦʨʫʶ ʦʥ ʥʘʥʦʩʠʪʩʷ; 

4) ʧʨʦʤʳʚʢʘ ʪʢʘʥʠ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʧʨʝʧʘʨʘʪʘ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʤʳʚʢʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ; 

5) ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʩʫʰʢʘ ʪʢʘʥʠ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʛʥʝʟʘʱʠʪʥʘʷ ʦʪʜʝʣʢʘ ʦʙʣʘʜʘʣʘ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʜʝʡʩʪʚʠʶ ʩʚʝʪʦʧʦʛʦʜʳ ʠ 

ʚʳʜʝʨʞʠʚʘʣʘ ʤʥʦʛʦʢʨʘʪʥʳʝ ʩʪʠʨʢʠ, ʘʥʪʠʧʠʨʝʥ ʜʦʣʞʝʥ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʚ ʚʦʣʦʢʥʝ 

ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʩ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʧʦʣʠʤʝʨʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʩʦʩʪʘʚʳ ʘʧʧʨʝʪʦʚ ʚʚʦʜʷʪ ʩʰʠʚʘʶʱʠʝ 

ʘʛʝʥʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʦʪʜʝʣʦʯʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʥʘ ʨʳʥʢʝ ʦʩʪʘʶʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʬʦʨʤʘʣʴʜʝʛʠʜʩʦʜʝʨʞʘʱʠʝ, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ çʩʰʠʚʢʫè 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʠʣʠ çʧʨʠʰʠʚʢʫè ʢ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʚʦʣʦʢʥʘ ʤʦʣʝʢʫʣ ʠʣʠ ʯʘʩʪʠʮ 

ʨʘʟʣʠʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʘʥʪʠʧʠʨʝʥʦʚ. ɼʣʷ ʢʦʚʘʣʝʥʪʥʦʡ ʬʠʢʩʘʮʠʠ 

ʤʦʣʝʢʫʣ ʘʥʪʠʧʠʨʝʥʘ ʚʦʣʦʢʥʦʤ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʤʝʪʠʣʦʣʴʥʳʝ ʛʨʫʧʧʳ, ʠʣʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʘʙʦʯʠʝ ʨʘʩʪʚʦʨʳ 

ʤʝʣʘʤʠʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʩʤʦʣ. ɼʘʣʝʝ ʧʨʦʚʦʜʷʪ ʩʫʰʢʫ ʧʨʦʧʠʪʘʥʥʦʡ ʪʢʘʥʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60ï100 Áʉ ʠ/ʠʣʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʚ ʪʝʯʝʥʠʝ 2ï3 ʤʠʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 160ï170 Áʉ [1,2]. ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʠʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʘʥʪʠʧʠʨʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ 

ʬʦʨʤʘʣʴʜʝʛʠʜʩʦʜʝʨʞʘʱʝʛʦ ʧʨʝʧʘʨʘʪʘ, ʢʦʪʦʨʳʡ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ 

ʩʧʦʩʦʙʝʥ ʚʳʜʝʣʷʪʴ ʩʚʦʙʦʜʥʳʡ ʬʦʨʤʘʣʴʜʝʛʠʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. 

 

ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʪʝʢʩʪʠʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʩʚʦʡʩʪʚ 

ʥʝʛʦʨʶʯʝʩʪʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʝʧʘʨʘʪ ʇʠʨʦʚʘʪʝʢʩ ʎʇ, ʬʦʨʤʫʣʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ [4].  

 

 

 

ɼʘʥʥʳʡ ʘʥʪʠʧʠʨʝʥ, ʢʘʢ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʡ ʧʨʝʧʘʨʘʪ ʟʘʤʝʜʣʷʝʪ ʪʝʨʤʦʣʠʟ 

ʤʘʪʝʨʠʘʣʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʠ ʚʦʩʧʣʘʤʝʥʝʥʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ ʧʨʝʧʘʨʘʪ ʦʙʨʘʟʫʝʪ ʪʨʫʜʥʦ ʚʦʩʧʣʘʤʝʥʷʝʤʳʡ ʩʣʦʡ ʨʘʩʧʣʘʚʘ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʥʝʛʦʨʶʯʠʭ ʛʘʟʦʚ. ʉʣʝʜʩʪʚʠʝʤ ʫʢʘʟʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʦʨʶʯʠʭ ʛʘʟʦʚ ʠ ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʛʦʨʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʛʘʩʘʥʠʶ 

ʧʣʘʤʝʥʠ [4]. 

ʅʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣʳ ʘʥʪʠʧʠʨʝʥʘ ʤʝʪʠʣʦʣʴʥʦʡ ʛʨʫʧʧʳ ð ʉʅ2ʆʅ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʇʠʨʦʚʘʪʝʢʩ 

ʎʇ ʩʧʦʩʦʙʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ (ʙʝʟ ʚʚʝʜʝʥʠʷ ʚ ʘʧʧʨʝʪ çʩʰʠʚʘʶʱʠʭè ʘʛʝʥʪʦʚ) 

ʢʦʚʘʣʝʥʪʥʦ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʮʝʣʣʶʣʦʟʥʳʤ ʚʦʣʦʢʥʦʤ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʨʘʟʣʘʛʘʪʴʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʇʠʨʦʚʘʪʝʢʩ ð  

300 ʛ/ʣ, ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ ʉʅ3ʉʆʆʅ (10%-ʥʘʷ) ð 5 ʤʣ/ʣ. ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

ʚʚʦʜʠʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʫʩʢʦʨʷʶʱʝʛʦ ʧʨʦʮʝʩʩ çʧʨʠʰʠʚʢʠè ʤʦʣʝʢʫʣ 

ʧʨʝʧʘʨʘʪʘ ʢ ʛʠʜʨʦʢʩʠʣʴʥʳʤ (-ʆʅ) ʛʨʫʧʧʘʤ ʮʝʣʣʶʣʦʟʳ.  

ʊʝʭʥʦʣʦʛʠʷ ʬʠʢʩʘʮʠʠ ʧʨʝʧʘʨʘʪʘ ʥʘ ʮʝʣʣʶʣʦʟʝ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʊʢʘʥʴ ʧʨʦʧʠʪʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʘʥʪʠʧʠʨʝʥʘ, ʦʪʞʠʤʘʣʠ ʜʦ ʧʨʠʚʝʩʘ 100 %, 

ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50ï70 ʦʉ, ʪʝʨʤʦʦʙʨʘʙʘʪʳʚʘʣʠ ʧʨʠ 150 ʦʉ ʚ ʪʝʯʝʥʠʝ 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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3 ʤʠʥ, ʧʨʦʤʳʚʘʣʠ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʩ ʚʦʣʦʢʥʦʤ ʧʨʝʧʘʨʘʪʘ 

ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʚʳʩʫʰʠʚʘʣʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʮʝʥʠʚʘʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʦʮʝʥʢʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʢʘʥʠ ʢ ʜʝʡʩʪʚʠʶ ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ ʚ ʢʘʯʝʩʪʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ. ʀʩʧʳʪʘʥʠʷ ʥʘ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ 

ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʢʘʥʝʡ ʜʣʷ ʩʧʝʮʠʘʣʴʥʦʡ ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʳ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨ çʦʛʥʝʩʪʦʡʢʦʩʪʴè ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ [5], ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʪʢʘʥʷʤ ʜʣʷ ʩʧʝʮʦʜʝʞʜʳ. ɼʣʷ ʪʢʘʥʝʡ ʠʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠʟ 

ʣʴʥʷʥʳʭ ʚʦʣʦʢʦʥ, ʧʨʦʰʝʜʰʠʭ ʦʛʥʝʟʘʱʠʪʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʦʛʥʝʩʪʦʡʢʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ [6], 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʦʛʥʝʩʪʦʡʢʦʩʪʠ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʠ ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʙʝʟ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʜʣʷ ʪʢʘʥʝʡ ʩ ʥʘʥʝʩʝʥʥʦʡ 

ʦʛʥʝʟʘʱʠʪʦʡ ʥʘ ʦʩʥʦʚʝ ʇʠʨʦʚʘʪʝʢʩʘ ʎʇ. ʆʙʨʘʟʮʳ ʠʩʧʳʪʳʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʈʌ [7], ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʠ ʪʢʘʥʝʡ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ 

ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ ʛʦʨʝʣʢʠ ʧʦʜ ʫʛʣʦʤ 90Á ʢ 

ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʨʘʟʮʫ ʫ ʪʢʘʥʠ ʙʝʟ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʣʦʩʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʛʦʨʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 48 ʩ, ʘ ʪʘʢʞʝ ʧʨʦʛʦʨʘʥʠʝ ʜʦ ʢʨʦʤʢʠ. ʆʙʨʘʟʝʮ 

ʙʝʟ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʳʣ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʝʤʳʡ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ ʛʦʨʝʣʢʠ ʧʦʜ ʫʛʣʦʤ 60Á ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʨʘʟʮʫ ʚ ʪʝʯʝʥʠʝ 15 

ʩ ʦʙʨʘʟʝʮ ʩ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʇʠʨʦʚʘʪʝʢʩʦʤ ʎʇ ʥʝ ʧʦʢʘʟʘʣ ʚʨʝʤʝʥʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ, ʧʨʦʛʦʨʘʥʠʷ ʜʦ ʢʨʦʤʢʠ, ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʦʙʨʘʟʮʘ, 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʩʧʳʰʢʠ. ɼʣʠʥʘ ʦʙʫʛʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʜʣʷ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ 

122 ʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʝʮ ʩ ʦʛʥʝʟʘʱʠʪʥʦʡ ʧʨʦʧʠʪʢʦʡ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʪʨʫʜʥʦʚʦʩʧʣʘʤʝʥʷʝʤʳʡ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʇʠʨʦʚʘʪʝʢʩ ʎʇ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʪ ʩʚʦʠ ʬʫʥʢʮʠʠ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʧʨʦʚʝʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʬʦʨʤʘʣʴʜʝʛʠʜʘ, 

ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʦʧʠʪʘʥʥʦʛʦ ʨʘʩʪʚʦʨʦʤ ʇʠʨʦʚʘʪʝʢʩʘ ʎʇ 

ʦʙʨʘʟʮʘ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʟʚʘʥʘ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʘʭ ʩʫʰʢʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʪʢʘʥʠ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʪʝʨʤʠʯʝʩʢʦʛʦ ʰʢʘʬʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʘʨʴʠʨʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʪ 50 ʜʦ 150 ʦʉ), ʥʘʙʣʶʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ, ʨʘʟʜʨʘʞʘʶʱʝʛʦ ʩʣʠʟʠʩʪʳʝ ʛʣʘʟ ʠ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ ʨʘʙʦʯʫʶ 

ʟʦʥʫ ʬʦʨʤʘʣʴʜʝʛʠʜʘ. 

  



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʦʩʥʦʚʘʥʳ ʥʘ ʝʛʦ ʚʳʩʦʢʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʭ ʩʚʦʡʩʪʚʘʭ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʠ ʚ ʩʣʫʯʘʝ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʬʦʨʤʘʣʴʜʝʛʠʜʘ. ʄʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʨʘʩʪʚʦʨʘ ʘʮʝʪʠʣʘʮʝʪʦʥʦʚʦʡ ʩʤʝʩʪʠ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʧʦ ʤʝʪʦʜʠʢʝ [8], ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʬʦʨʤʘʣʴʜʝʛʠʜʘ, ʚʩʪʫʧʠʚʰʝʛʦ ʩ ʥʠʤ ʚ ʨʝʘʢʮʠʶ. 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʭʝʤʝ [9]:  
 

 

 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʠʤʝʝʪ ʞʝʣʪʦʚʘʪʦʝ ʦʢʨʘʰʠʚʘʥʠʝ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʆʙʨʘʟʝʮ ʧʨʦʧʠʪʘʥʥʦʡ ʨʘʩʪʚʦʨʦʤ ʘʥʪʠʧʠʨʝʥʘ ʪʢʘʥʠ ʧʦʤʝʱʘʣʠ ʚ 

ʧʨʦʙʠʨʢʫ, ʟʘʢʨʳʚʘʣʠ ʧʨʦʙʢʦʡ ʩ ʛʘʟʦʦʪʚʦʜʥʦʡ ʪʨʫʙʢʦʡ, ʢʦʥʝʮ ʢʦʪʦʨʦʡ ʧʦʤʝʱʘʣʠ 

ʚ ʟʘʢʨʳʪʫʶ ʝʤʢʦʩʪʴ ʩ ʚʦʜʦʡ. ʉʦʙʨʘʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʩ ʦʙʨʘʟʮʦʤ ʪʢʘʥʠ ʥʘʛʨʝʚʘʣʠ 

ʚ ʪʝʨʤʠʯʝʩʢʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 ʦʉ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

çʣʝʪʷʱʠʡè ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʬʦʨʤʘʣʴʜʝʛʠʜ ʨʘʩʪʚʦʨʷʣʩʷ ʚ ʚʦʜʝ. ɼʘʣʝʝ ʚ ʝʤʢʦʩʪʴ 

ʩ ʚʦʜʦʡ ʜʦʙʘʚʣʷʣʠ ʘʮʝʪʠʣʘʮʝʪʦʥʦʚʫʶ ʩʤʝʩʴ, ʩ ʢʦʪʦʨʦʡ ʚʳʜʝʣʠʚʰʠʡʩʷ 

ʬʦʨʤʘʣʴʜʝʛʠʜ ʚʩʪʫʧʘʣ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʩʭʝʤʝ ʨʝʘʢʮʠʠ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʘʮʝʪʠʣʘʮʝʪʦʥʦʚʦʡ ʩʤʝʩʪʠ 

ʨʘʩʪʚʦʨ ʢʦʣʦʨʠʤʝʪʨʠʨʦʚʘʣʠ ʥʘ ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʝ ʌʕʂ-56ʤ ʧʨʠ ʜʣʠʥʝ 

ʚʦʣʥʳ  412 ʥʤ.   

ʇʦ ʧʦʩʪʨʦʝʥʥʦʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, ʟʘʢʨʝʧʣʝʥʥʦʡ 

ʥʘʮʠʦʥʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʈʌ [10], ʢʘʣʠʙʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ, ʦʧʨʝʜʝʣʠʣʠ, 

ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʠʣʘ 3000 ʤʛ/ʣ.  

ɼʘʣʝʝ ʧʦ ʬʦʨʤʫʣʝ (1) [10] ʥʘʭʦʜʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʬʦʨʤʘʣʴʜʝʛʠʜʘ (ʤʛ/ʢʛ), 

ʚʳʜʝʣʷʶʱʝʝʩʷ ʩ ʪʢʘʥʠ ʚ ʧʨʦʮʝʩʩʝ ʬʠʢʩʘʮʠʠ ʇʠʨʦʚʘʪʝʢʩʘ ʎʇ: 

 

                                        WF  
ⱬ Ͻ 

□
                                                                                                (1) 

 

ʛʜʝ ɟ ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʨʘʩʪʚʦʨʝ, (ʤʛ/ʣ), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʘʣʠʙʨʦʚʦʯʥʳʤ ʛʨʘʬʠʢʦʤ; m ð ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ, (ʛ). 

  



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

 

69 

 

ʈʘʩʯʸʪʥʳʤ ʧʫʪʝʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 120000 ʤʛ/ʢʛ (ʤʛ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʘ ʢʛ ʪʢʘʥʠ) ʠʣʠ 120000 ʤʢʛ/ʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʘ ʪʢʘʥʠ ʥʘ ʵʪʘʧʝ ʪʝʨʤʦʬʠʢʩʘʮʠʠ ʘʥʪʠʧʠʨʝʥʘ 

ʇʠʨʦʚʘʪʝʢʩ ʎʇ ʚ 120 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʪʢʘʥʝʡ 

ʢʦʩʪʶʤʥʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ (ʩʦʜʝʨʞʘʥʠʝ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 

1000 ʤʢʛ/ʛ).  

ʇʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʦʡ ʪʢʘʥʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʧʨʦʤʳʚʢʫ ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʘ ʛʦʪʦʚʦʡ ʪʢʘʥʠ. ɼʣʷ ʵʪʦʛʦ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʘ ʪʢʘʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɻʆʉʊ ISO 14184-1-2014: ʠʟ ʧʨʦʙʳ ʚʳʨʝʟʘʣʠ ʜʚʘ ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚ ʚʠʜʝ 

ʤʝʣʢʠʭ ʢʫʩʦʯʢʦʚ ʠ ʚʟʚʝʰʠʚʘʣʠ 1 ʛ ʪʘʢʠʭ ʢʫʩʦʯʢʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10 ʤʛ. 

ʇʦʤʝʱʘʣʠ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʚ ʢʦʣʙʳ ʝʤʢʦʩʪʴʶ 250 ʤʣ ʩ ʧʨʦʙʢʦʡ ʠ ʜʦʙʘʚʣʷʣʠ 

100 ʤʣ ʚʦʜʳ. ɿʘʢʫʧʦʨʝʥʥʳʝ ʢʦʣʙʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ, ʥʘʛʨʝʪʦʡ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 40 Áʉ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʚ 

ʜʨʫʛʫʶ ʢʦʣʙʫ. ɼʘʣʝʝ ʚ ʧʨʦʙʠʨʢʫ ʥʘʣʠʚʘʣʠ 5 ʤʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ. ʇʦ 5 ʤʣ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʦʪʣʠʚʘʣʠ ʚ ʜʨʫʛʠʝ ʧʨʦʙʠʨʢʠ. ɺ ʢʘʞʜʫʶ ʧʨʦʙʠʨʢʫ ʜʦʙʘʚʣʷʣʠ ʧʦ 

5 ʤʣ ʨʝʘʢʪʠʚʘ ʘʮʝʪʠʣʘʮʝʪʦʥʘ ʠ ʚʩʪʨʷʭʠʚʘʣʠ. ʇʨʦʙʠʨʢʠ ʚʳʜʝʨʞʠʚʘʣʠ ʩʥʘʯʘʣʘ ʚ 

ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 Áʉ ʚ ʪʝʯʝʥʠʝ 30  ʤʠʥ,  ʟʘʪʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʜʦʙʘʚʣʷʣʠ 5 ʤʣ ʨʘʩʪʚʦʨʘ 

ʨʝʘʢʪʠʚʘ ʘʮʝʪʠʣʘʮʝʪʦʥʘ ʚ 5 ʤʣ ʚʦʜʳ, ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʵʪʫ ʩʤʝʩʴ ʘʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʠʩʧʦʣʴʟʫʷ ʝʝ ʢʘʢ çʭʦʣʦʩʪʦʡè ʨʘʩʪʚʦʨ. ɼʘʣʝʝ 

ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʚ 10 ʥʤ ʧʦʛʣʦʱʘʶʱʝʡ 

ʷʯʝʡʢʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 412 ʥʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʜʦʡ.  

ʈʘʩʯʝʪ ʩʦʜʝʨʞʘʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʘ ʛʦʪʦʚʦʡ ʪʢʘʥʠ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʬʦʨʤʫʣʝ (1). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʪʢʘʥʠ ʩʦʩʪʘʚʣʷʝʪ 930 ʤʢʛ/ʛ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʥʜʘʨʪʘ ʕʢʦ-ʊʝʢʩ 100 (Oeko-

TexÈ Standard 100), ʚ ʢʦʪʦʨʦʤ ʦʙʦʟʥʘʯʝʥʦ, ʯʪʦ ʜʣʷ ʠʟʜʝʣʠʡ ʢʦʩʪʶʤʥʦʛʦ 

ʘʩʩʦʨʪʠʤʝʥʪʘ ʩʦʜʝʨʞʘʥʠʝ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʷ 

1000 ʤʢʛ/ʛ. 

 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

1. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʧʘʨʘʪʘ ʇʠʨʦʚʘʪʝʢʩ ʎʇ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʪʢʘʥʷʤ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʜʘʝʪ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ð ʦʙʨʘʟʝʮ ʩ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʪʜʝʣʢʦʡ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʪʨʫʜʥʦʚʦʩʧʣʘʤʝʥʷʝʤʳʡ.  

2. ʌʦʨʤʘʣʴʜʝʛʠʜ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʦʢʨʫʞʘʶʱʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ ʧʨʝʧʘʨʘʪʘ ʥʘ ʪʢʘʥʠ, ʤʦʞʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʨʘʙʦʪʥʠʢʦʚ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʦʪʜʝʣʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʪʝʢʩʪʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʯʪʦ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʘʥʪʠʧʠʨʝʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ.  



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

70 

 

3. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʙʝʩʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʘʥʪʠʧʠʨʠʨʫʶʱʠʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʧʨʦʧʠʪʢʠ ʪʢʘʥʝʡ.  

4. ɺʦʟʤʦʞʥʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʪʝʢʩʪʠʣʴʥʦʛʦ ʧʦʣʦʪʥʘ ʧʨʠ 

ʥʘʥʝʩʝʥʠʠ ʥʘ ʥʝʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ 

ʘʥʪʠʧʠʨʝʥʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʦʩʥʦʚʘʥʘ ʚ ʨʘʙʦʪʘʭ [11, 12]. 

ɺ ʫʢʘʟʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʢʘʬʝʜʨʝ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ (ʚ ʩʦʩʪʘʚʝ ʋʅʂ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʜʟʦʨè) 

ʀʇʉɸ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ [13, 14], ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʠʷ ʥʘ ʪʢʘʥʷʭ ʚʩʧʫʯʠʚʘʶʱʠʭʩʷ 

ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ. ɺ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʟʘʱʠʪʳ ʟʜʘʥʠʡ ʦʪ ʨʘʟʨʫʰʝʥʠʡ ʧʨʠ ʚʟʨʳʚʝ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʛʢʦʩʙʨʘʩʳʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʧʠʩʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʷʤ, ʠʭ 
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ʚʟʨʳʚʝ. 
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ANTI -EXPLOSION PROTECTION OF BUILDINGS  BY USING  

AN EASILY REMOVABLE STRUCTURES  

 
The article considers the problem of protecting buildings and from explosion damage by using 

easily removable structures. The requirements for structures, their features, the principle of operation 

are described, and a schedule for changing the pressure in the room during an explosion is provided. 

Keywords: easily ejectable structures; deflagration explosion; glazed opening; overpressure; 

blind glazing; explosion resistance. 
 

 

                                                 
  É ʂʫʢʣʠʥʘ ʉ. ɸ, ʃʫʢʴʷʥʦʚʘ ʀ. ʕ., 2024 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ɺ ɻʆʉʊʝ ʈ 56288-2014 çʂʦʥʩʪʨʫʢʮʠʠ ʦʢʦʥʥʳʝ ʩ ʣʝʛʢʦʩʙʨʘʩʳʚʘʝʤʳʤʠ 

ʩʪʝʢʣʦʧʘʢʝʪʘʤʠ ʜʣʷ ʟʜʘʥʠʡè ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʣʝʛʢʦʩʙʨʘʩʳʚʘʝʤʳʭ (ʚʳʰʠʙʥʳʭ) 

ʢʦʥʩʪʨʫʢʮʠʡ (ʃʉʂ) ð ʵʪʦ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ, ʩʧʦʩʦʙʥʳʝ 

ʦʩʚʦʙʦʞʜʘʪʴ ʩʙʨʘʩʳʚʘʝʤʳʝ ʧʨʦʝʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʦʢ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ 

ʜʝʬʣʘʛʨʘʮʠʦʥʥʦʛʦ ʚʟʨʳʚʘ. ʉʦʛʣʘʩʥʦ ʈʫʢʦʚʦʜʩʪʚʫ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ çʄʝʪʦʜʳ 

ʦʮʝʥʢʠ ʨʠʩʢʘ ʘʚʘʨʠʡ ʥʘ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ, ʥʝʬʪʝʛʘʟʦʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè, 

ʜʝʬʣʘʛʨʘʮʠʦʥʥʳʡ ʚʟʨʳʚ ð ʵʪʦ ʚʟʨʳʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʛʨʝʚ ʠ ʚʦʩʧʣʘʤʝʥʝʥʠʝ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ (ɺɺ) ʧʨʦʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʫʟʠʠ 

ʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʧʨʠ ʵʪʦʤ ʬʨʦʥʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʬʨʦʥʪ ʧʣʘʤʝʥʠ ʩ ʜʦʟʚʫʢʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ. 

ʃʉʂ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʟʨʳʚʝ ʟʜʘʥʠʷ ʠʣʠ 

ʩʦʦʨʫʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʩʫʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʜʦ ʙʝʟʦʧʘʩʥʳʭ ʟʥʘʯʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ 

ʦʙʲʝʢʪʘʭ ʢʘʪʝʛʦʨʠʡ ɸ ʠ ɹ. ɼʦʧʫʩʪʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʟʨʳʚʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʦʤʝʱʝʥʠʷʭ ʢʘʪʝʛʦʨʠʡ ɺ, ɻ ʠ ɼ, ʘ ʪʘʢʞʝ ʚ ʟʜʘʥʠʷʭ ʠ 

ʩʦʦʨʫʞʝʥʠʷʭ, ʥʝ ʠʤʝʶʱʠʭ ʢʘʪʝʛʦʨʠʡ. 

 

 

ʈʠʩ. 1. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ  

ʦʪ ʚʨʝʤʝʥʠ ʚ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʚʟʨʳʚʝ:  

1 ð ʙʝʟ ʣʝʛʢʦʩʙʨʘʩʳʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ,  

2 ð ʩ ʣʝʛʢʦʩʙʨʘʩʳʚʘʝʤʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ 

 

 

ʀʤʝʶʪʩʷ ʜʚʘ ʪʠʧʘ ʃʉʂ: 

- ʂʨʦʚʝʣʴʥʳʝ. 

- ʅʘʩʪʝʥʥʳʝ (ʦʢʥʘ, ʜʚʫʩʪʚʦʨʯʘʪʳʝ ʜʚʝʨʠ, ʚʦʨʦʪʘ, ʣʝʛʢʠʝ ʥʘʚʝʩʥʳʝ ʧʘʥʝʣʠ, 

ʦʩʪʝʢʣʝʥʥʳʝ ʧʨʦʝʤʳ). 

ʆʩʪʝʢʣʝʥʥʳʝ ʧʨʦʝʤʳ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ. ɸʨʤʠʨʦʚʘʥʥʦʝ 

ʩʪʝʢʣʦ, ʩʪʝʢʣʦʧʘʢʝʪʳ, ʩʪʘʣʠʥʠʪ ʠ ʧʦʣʠʢʘʨʙʦʥʘʪ ʥʝ ʚʭʦʜʷʪ ʚ ʩʧʠʩʦʢ ʃʉʂ. 

ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʟʨʳʚʘ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʠ ʧʣʦʱʘʜʠ ʩʪʝʢʣʘ. ʆʢʦʥʥʦʝ 

ʩʪʝʢʣʦ ʚ ʢʘʯʝʩʪʚʝ ʃʉʂ, ʜʦʣʞʥʦ ʠʤʝʪʴ ʪʦʣʱʠʥʫ ʥʝ ʤʝʥʝʝ 3; 4 ʠ 5 ʤʤ ʠ ʧʣʦʱʘʜʴ 

ʥʝ ʤʝʥʝʝ 0,8; 1,0 ʠ 1,5 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʧʣʦʱʘʜʴ ʩʪʝʢʣʘ ʤʝʥʴʰʝ 

ʝʛʦ ʪʦʣʱʠʥʳ, ʜʘʚʣʝʥʠʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. ʂʨʦʚʝʣʴʥʳʝ ʃʉʂ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʤ, 

ʛʜʝ ʚ ʟʜʘʥʠʠ ʥʝʪ ʣʝʛʢʠʭ ʥʘʚʝʩʥʳʭ ʧʘʥʝʣʝʡ ʠʣʠ ʦʢʦʥʥʳʭ ʧʨʦʝʤʦʚ, ʠʣʠ ʪʘʤ, ʛʜʝ ʠʭ 

ʧʣʦʱʘʜʴ ʥʝʜʦʩʪʘʪʦʯʥʘ. 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  
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ɽʩʣʠ ʧʣʦʱʘʜʴ ʦʩʪʝʢʣʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʘ, ʧʦʟʚʦʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʩʪʘʣʠ, ʘʣʶʤʠʥʠʷ, ʘʩʙʝʩʪʦʮʝʤʝʥʪʥʳʭ ʧʣʠʪ 

(ʰʠʬʝʨʘ), ʫʪʝʧʣʠʪʝʣʴ ʠ ʣʝʛʢʠʝ ʤʘʪʝʨʠʘʣʳ (ʢ ʧʨʠʤʝʨʫ, ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʣʠʩʪʦʚ), ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʶʪʩʷ ʠʣʠ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ 

ʜʘʚʣʝʥʠʠ ʚ ʧʦʤʝʱʝʥʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʃʉʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ: 

- ʂʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʪʝʢʣʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʨʫʰʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʩʣʫʯʘʝ ʚʟʨʳʚʘ. ɺ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʩʣʦʡ ʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3 ʜʦ 6 ʤʤ; 

- ʃʝʛʢʠʝ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʦʢʦʥʥʳʝ ʙʣʦʢʠ). ʀʤʝʶʪ 

ʧʨʠʤʝʥʝʥʠʝ ʪʘʤ, ʛʜʝ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʦʜʥʦʩʣʦʡʥʦʛʦ ʩʪʝʢʣʘ. 

ʊʘʢʞʝ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʃʉʂ: 

- ʈʘʟʨʫʰʘʶʱʠʝʩʷ (ʛʣʫʭʠʝ ʦʢʥʘ, ʦʢʦʥʥʳʝ ʩʪʚʦʨʢʠ ʚʥʫʪʨʴ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʫʭʦʛʦ ʦʩʪʝʢʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ LSC, ʟʘʧʦʣʥʝʥʥʦʛʦ 

ʥʝʙʴʶʱʠʤʩʷ ʩʪʝʢʣʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ ʠ ʢʦʤʬʦʨʪʥʫʶ 

ʵʢʩʧʣʫʘʪʘʮʠʶ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ, ʦʪʚʝʯʘʶʱʝʝ ʪʨʝʙʦʚʘʥʠʷʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʩʚʝʱʝʥʠʷ ʠ ʠʟʦʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʶʱʝʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʧʦʷʚʠʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʝʥʥʝʛʦ ʘʚʘʨʠʡʥʦʛʦ ʚʟʨʳʚʘ. ʏʪʦʙʳ ʧʦʚʣʠʷʪʴ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʢʨʳʚʘʥʠʷ ʛʣʫʭʦʛʦ ʦʩʪʝʢʣʝʥʠʷ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥʘʨʥʦʝ ʦʩʪʝʢʣʝʥʠʝ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʨʘʟʤʝʨʳ ʠʣʠ ʤʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʦʢʦʥʥʦʛʦ 

ʦʩʪʝʢʣʝʥʠʷ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʘʩʯʝʪʘʤʠ, ʫʯʠʪʳʚʘʶʱʠʤʠ ʚʣʠʷʥʠʝ ʚʝʪʨʦʚʦʡ 

ʥʘʛʨʫʟʢʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʣʫʭʦʛʦ ʦʩʪʝʢʣʝʥʠʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʦʛʦ, ʯʪʦ ʦʩʢʦʣʢʠ ʨʘʟʙʠʪʦʛʦ ʩʪʝʢʣʘ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʘʚʤʘʤ ʣʶʜʝʡ, 

ʦʢʘʟʘʚʰʠʤʩʷ ʚʙʣʠʟʠ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʚʟʨʳʚʦʦʧʘʩʥʦʛʦ ʧʦʤʝʱʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʩʧʦʣʦʞʝʥ ʟʘʩʪʝʢʣʝʥʥʳʡ ʦʢʦʥʥʳʡ ʧʨʦʝʤ. 

- ɺʨʘʱʘʶʱʠʝʩʷ (ʜʚʝʨʠ, ʚʦʨʦʪʘ ʠ ʦʢʦʥʥʳʝ ʩʪʚʦʨʢʠ ʥʘʨʫʞʫ, ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ 

ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʦʙʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ (ʚʝʨʭʥʠʝ ʠʣʠ ʥʠʞʥʠʝ) ʧʝʪʣʠ ʜʣʷ ʦʪʢʨʳʚʘʥʠʷ 

ʠ ʟʘʢʨʳʚʘʥʠʷ ʦʢʦʥʥʳʭ ʩʪʚʦʨʦʢ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʭʦʨʦʰʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʥʝʰʥʠʭ ʜʚʝʨʝʡ ʠʣʠ ʚʦʨʦʪ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʷʭ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʊʘʢʞʝ ʦʥʠ ʥʝ ʜʦʣʞʥʳ ʧʦʜʜʘʚʘʪʴʩʷ ʜʝʡʩʪʚʠʷʤ ʚʝʪʨʦʚʦʡ 

ʥʘʛʨʫʟʢʠ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʨʘʱʘʶʱʠʝʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʛʦʜʥʝʝ ʨʝʰʝʥʠʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʦʪʢʨʳʪʠʝ ʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʧʫʪʝʤ 

ʝʛʦ ʩʤʝʱʝʥʠʷ. ʂʦʥʩʪʨʫʢʮʠʠ ʤʦʛʫʪ ʨʘʟʤʝʱʘʪʴʩʷ ʚ ʩʪʝʥʘʭ (ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʷʭ) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʘʩʪʠʢʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʦʚʳʰʘʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʢʨʳʚʘʥʠʷ ʃʉʂ, ʥʦ ʠ ʝʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʩʢʨʳʚʘʝʤʳʭ ʩʪʚʦʨʦʢ ʦʢʦʥʥʳʭ ʧʝʨʝʧʣʝʪʦʚ. 

- ʉʙʨʘʩʳʚʘʝʤʳʝ (ʩʪʝʥʦʚʳʝ ʧʘʥʝʣʠ ʠ ʦʙʣʝʛʯʝʥʥʳʝ ʧʣʠʪʳ ʧʦʢʨʳʪʠʡ). 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʇʦʤʠʤʦ ʦʢʦʥʥʳʭ ʙʣʦʢʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʥʦʚʘʥʠʡ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʩʪʝʥʦʚʳʝ ʧʘʥʝʣʠ ʠ ʣʝʛʢʠʝ ʧʦʢʨʳʪʠʷ ʚʦ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʟʦʥʘʭ. 

ʉʙʨʘʩʳʚʘʝʤʳʝ ʃʉʂ ʥʝ ʜʦʣʞʥʳ ʦʪʢʨʳʚʘʪʴʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ. 

ʆʢʦʥʥʳʝ ʙʣʦʢʠ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʠ ʨʘʟʨʫʰʘʶʱʠʤʠʩʷ ʃʉʂ ʚʳʛʣʷʜʷʪ ʪʘʢ ʞʝ, ʢʘʢ 

ʠ ʦʙʳʯʥʳʝ ʦʢʥʘ. ʆʩʥʦʚʥʦʝ ʠʭ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʩʤʝʱʘʝʤʦʛʦ ʠʣʠ 

ʧʦʚʦʨʦʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʨʘʤʳ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʩʪʚʦʨʢʘ 

çʦʩʚʦʙʦʞʜʘʝʪè ʦʢʦʥʥʳʡ ʧʨʦʝʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʕʪʦ ʜʘʚʣʝʥʠʝ 

ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʛʦʨʘʥʠʷ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʚʳʪʘʣʢʠʚʘʝʪ ʩʪʚʦʨʢʫ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʨʫʞʫ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʥʘʯʝʥʠʷ ʙʦʣʝʝ 0,7 ʢʇʘ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ 

ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʜʝʡʩʪʚʠʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʦʛʦ ʜʨʫʛʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʣʠ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. 

ɺʦ ʠʟʙʝʞʘʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʃʉʂ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ 

ʟʘʧʦʨʥʳʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʝ ʟʘʧʠʨʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʪʢʨʳʚʘʥʠʝ ʧʦʚʦʨʦʪʥʦʡ ʩʪʚʦʨʢʠ ʠʣʠ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʚʳʪʝʩʥʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘʨʫʞʫ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚ ʧʦʤʝʱʝʥʠʠ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ πȟχ ̋˜́. ʆʜʥʘʢʦ, ʝʩʣʠ ʜʘʚʣʝʥʠʝ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʩʪʚʦʨʢʘ ʧʦʟʚʦʣʷʝʪ ʦʪʢʨʳʪʴ ʧʨʦʝʤ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩ ʧʦʚʦʨʦʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʪʨʝʙʫʝʤʳʡ ʫʛʦʣ 

ʦʪʢʨʳʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ωπЈ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ ʥʝ ʩʨʘʙʦʪʘʝʪ. 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ σπ ʜʦ τυ ᴈ ʜʦʣʞʥʘ ʙʳʪʴ 

ʛʘʨʘʥʪʠʨʦʚʘʥʘ ʙʝʟʦʪʢʘʟʥʘʷ ʨʘʙʦʪʘ ʜʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʊʘʢʞʝ ʚʘʞʥʦ ʨʝʛʫʣʷʨʥʦ 

ʧʨʦʚʝʨʷʪʴ ʚʩʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʟʘʧʦʨʥʫʶ ʯʘʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʢʘʢ ʩʪʚʦʨʢʘ ʤʦʞʝʪ ʩʣʫʯʘʡʥʦ ʚʳʧʘʩʪʴ. 

ʃʉʂ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ɺʩʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʩʳʨʴʝ 

ʩʝʨʪʠʬʠʮʠʨʫʶʪʩʷ ʠʣʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ. ʅʘ ʩʘʤʠ ʫʟʣʳ ʃʉʂ ʪʨʝʙʫʝʪʩʷ ʧʘʩʧʦʨʪ ʩ 

ʦʪʤʝʪʢʦʡ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ. 

ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

- ɿʘʧʦʣʥʝʥʠʝ (ʦʢʦʥʥʦʝ ʩʪʝʢʣʦ, ʛʣʫʭʠʝ ʟʘʧʦʣʥʝʥʠʷ ʠ ʩʪʝʢʣʦʧʘʢʝʪʳ). 

- ʂʘʨʢʘʩʳ ʠʟʜʝʣʠʡ. 

- ʋʟʣʳ ʃʉʂ (ʫʜʝʨʞʠʚʘʝʪ ʚ ʮʝʣʦʤ ʢʦʥʩʪʨʫʢʮʠʶ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ). 

- ʆʧʦʨʥʳʝ ʧʦʜʢʣʘʜʢʠ (ʩʣʫʞʘʪ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠ ʚʦʩʧʨʠʷʪʠʷ ʚʝʩʘ ʠʟʜʝʣʠʷ). 

- ʄʦʥʪʘʞʥʳʝ ʫʟʣʳ (ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʪʝʧʣʝʥʠʝ ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ ʠʟʜʝʣʠʝʤ ʠ 

ʧʨʦʝʤʦʤ ʠ ʥʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʩʤʝʱʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ). 

- ɺʥʫʪʨʝʥʥʷʷ ʠ ʚʥʝʰʥʷʷ ʦʪʜʝʣʢʘ (ʩʣʫʞʠʪ ʜʣʷ ʦʪʚʦʜʘ ʚʣʘʛʠ ʩ ʚʥʝʰʥʝʡ 

ʩʪʦʨʦʥʳ ʠ ʚ ʜʝʢʦʨʘʪʠʚʥʳʭ ʮʝʣʷʭ, ʥʝ ʤʝʰʘʝʪ ʩʤʝʱʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ). 

ʇʣʦʱʘʜʴ ʃʉʂ ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʯʝʪʦʤ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʥʦʡ 

ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ. ɿʘ ʥʝʠʤʝʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ 

ʧʣʦʱʘʜʴ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʥʝ ʤʝʥʝʝ πȟπυ ̍  ʥʘ ρȟπ ̍  ʦʙʲʝʤʘ ʧʦʤʝʱʝʥʠʷ 

ʢʘʪʝʛʦʨʠʠ ɸ ʠ ʥʝ ʤʝʥʝʝ 0,03 ʤ2 ʪʘʢʦʛʦ ʞʝ ʦʙʲʝʤʘ ʧʦʤʝʱʝʥʠʷ ʢʘʪʝʛʦʨʠʠ ɹ. 
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ɺ ʏʈɽɿɺʓʏɸʁʅʓʍ ʉʀʊʋɸʎʀʗʍ 
 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʢʦʥʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ ʩʦ 

ʚʟʚʝʰʝʥʥʳʤ ʩʣʦʝʤ ʠʦʥʠʪʘ. ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʦʥʥʳʡ ʦʙʤʝʥ; ʘʧʧʘʨʘʪ ʩʦ ʚʟʚʝʰʝʥʥʳʤ ʩʣʦʝʤ ʠʦʥʠʪʘ. 
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APPLICATION OF ION EXCHANGE METHODS  

FOR WATER PURIFICATION IN EMERGENCY SITUATIONS  
 

The work is devoted to the study of ion exchange processes in a conical apparatus with a 

suspended ionite layer. The promise of using the ion exchange process for water purification in 

emergency situations has been shown. 

Keywords: ion exchange; apparatus with a suspended ionite layer. 

 

 

ɹʝʩʧʝʨʝʙʦʡʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ, ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ, 

ʬʦʨʤʠʨʦʚʘʥʠʡ ʄʏʉ ʠ ʜʨʫʛʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚʦʜʦʡ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ 

ʨʝʢʦʤʝʥʜʫʝʤʳʤ ʥʦʨʤʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʚʦʜʦʡ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʜʥʦʛʦ 

ʯʝʣʦʚʝʢʘ 2,5 ʣ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʩʫʪʢʠ, ʤʝʜʠʮʠʥʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ð 50 ʣ/ʯʝʣ. ʚ 

ʩʫʪʢʠ, ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʡ ʩʘʥʦʙʨʘʙʦʪʢʠ ʣʶʜʝʡ ð 45 ʣ/ʯʝʣ. [1]. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʚʝʜʝʥʠʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʠʦʥʘʤʠ ʤʝʞʜʫ ʪʚʝʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (ʠʦʥʠʪʦʤ) ʠ ʨʘʩʪʚʦʨʦʤ 

ʵʣʝʢʪʨʦʣʠʪʘ [2]. ʉʧʦʩʦʙʥʦʩʪʴ ʠʦʥʠʪʦʚ ʢ ʠʦʥʥʦʤʫ ʦʙʤʝʥʫ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ 

ʩʪʨʦʝʥʠʝʤ. ʀʦʥʠʪ ʩʦʩʪʦʠʪ ʠʟ ʪʚʝʨʜʦʡ ʦʩʥʦʚʳ (ʤʘʪʨʠʮʳ), ʚ ʢʦʪʦʨʫʶ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʩʧʦʩʦʙʦʤ ʚʥʝʩʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʝ ʦʙʤʝʥʠʚʘʪʴ ʩʚʦʠ ʠʦʥʳ ʥʘ 

ʠʦʥʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʚʦʜʳ ʪʦʢʩʠʯʥʳʝ ʠʦʥʳ, ʘ ʠʦʥʠʪʦʤ ʦʪʜʘʶʪʩʷ ʚʦʜʝ ʥʝʪʦʢʩʠʯʥʳʝ ʠʦʥʳ. 

ʇʨʦʮʝʩʩ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʮʠʢʣʠʯʝʩʢʠʡ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʝʥʝʨʘʮʠʠ ʠʦʥʠʪ ʚʥʦʚʴ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʥʝ ʚʦʟʤʦʞʥʦ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂ ʪʘʢʦʤʫ 

ʠʦʥʦʦʙʤʝʥʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʦʪʥʦʩʠʪʩʷ ʦʜʥʦʩʝʢʮʠʦʥʥʳʡ ʘʧʧʘʨʘʪ ʩʦ 

ʚʟʚʝʰʝʥʥʳʤ ʩʣʦʝʤ ʠʦʥʠʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʚʟʚʝʰʝʥʥʦʛʦ ʩʣʦʷ 

ʠʦʥʠʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʤʘʩʩʦʦʪʜʘʯʠ ʤʝʞʜʫ ʠʦʥʠʪʦʤ ʠ 

ʨʘʩʪʚʦʨʘʤʠ. ʊʘʢʞʝ ʚʘʞʥʦ ʫʤʝʥʴʰʘʪʴ ʧʨʦʜʦʣʴʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠʦʥʠʪʘ ʠ 

ʨʘʩʪʚʦʨʘ ʩ ʧʦʤʦʱʴʶ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʪʘʨʝʣʢʘʤʠ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʘʧʧʘʨʘʪʦʚ ʢʦʥʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʂ ʜʦʩʪʦʠʥʩʪʚʫ ʘʧʧʘʨʘʪʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ ʚʦʜʳ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʮʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʦʥʦʦʙʤʝʥʥʦʡ ʦʯʠʩʪʢʠ ʨʘʩʪʚʦʨʦʚ 

ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʚ ʠʦʥʦʦʙʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ (ʨʠʩ. 1). 

 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  
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ʈʠʩ. 1. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ  

ʩ ʦʜʥʦʩʝʢʮʠʦʥʥʳʤ ʘʧʧʘʨʘʪʦʤ  

ʩʦ ʚʟʚʝʰʝʥʥʳʤ ʩʣʦʝʤ ʠʦʥʠʪʘ:  

1 ð ʠʦʥʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ,  

2 ð ʝʤʢʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ,  

3 ð ʨʦʪʘʤʝʪʨ, 4 ð ʥʘʩʦʩ,  

5ï6 ð ʚʝʥʪʠʣʠ 

 

 

ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʘʧʧʘʨʘʪ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩʦ 

ʚʟʚʝʰʝʥʥʳʤ ʩʣʦʝʤ ʢʘʪʠʦʥʠʪʘ 1. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʘʧʧʘʨʘʪ ʟʘʛʨʫʞʘʝʪʩʷ ʥʘʙʫʭʰʠʡ ʟʝʨʥʠʩʪʳʡ ʢʘʪʠʦʥʠʪ. ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʠʟ 

ʝʤʢʦʩʪʠ 2 ʧʦʜʘʝʪʩʷ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʘʧʧʘʨʘʪʘ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ 4. ʅʝʦʙʭʦʜʠʤʳʡ 

ʨʘʩʭʦʜ ʨʘʩʪʚʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʚʝʥʪʠʣʷ 6 ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ 

ʨʦʪʘʤʝʪʨʫ 3. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩʥʘʯʘʣʘ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʚʦʜʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʨʝʰʝʪʢʫ, ʘ ʟʘʪʝʤ ʯʝʨʝʟ ʚʟʚʝʰʝʥʥʳʡ ʩʣʦʡ 

ʢʘʪʠʦʥʠʪʘ, ʛʜʝ ʦʯʠʱʘʝʪʩʷ ʦʪ ʠʦʥʦʚ ʮʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʆʯʠʱʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʫʜʘʣʷʣʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪ. 

ɸʧʧʘʨʘʪ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʣʠʩʪʦʚʦʛʦ ʦʨʛʩʪʝʢʣʘ. ʆʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʨʘʙʦʪʳ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ. ɼʣʷ ʦʧʳʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨʳ ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʠ ʩʫʣʴʬʦʢʠʩʣʦʪʥʳʡ 

ʢʘʪʠʦʥʠʪ ʂʋ-2-8. 

 
ʊʘʙʣʠʮʘ. ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʩʦ ʚʟʚʝʰʝʥʥʳʤ ʩʣʦʝʤ ʠʦʥʠʪʘ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʇʦʢʘʟʘʪʝʣʴ 

ɺʳʩʦʪʘ ʘʧʧʘʨʘʪʘ, ʤ 0,3 

ɼʠʘʤʝʪʨ ʚʦʜʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʨʝʰʝʪʢʠ, ʤ 0,06 

ʋʛʦʣ ʨʘʩʢʨʳʪʠʷ ʢʦʥʫʩʥʦʩʪʠ, ʛʨʘʜ 14 

ʆʙʲʝʤ ʝʜʠʥʦʚʨʝʤʝʥʥʦʡ ʟʘʛʨʫʟʢʠ ʢʘʪʠʦʥʠʪʘ, ʤʣ  100 

ɺʳʩʦʪʘ ʚʟʚʝʰʝʥʥʦʛʦ ʩʣʦʷ ʠʦʥʠʪʘ ʚ ʘʧʧʘʨʘʪʝ, ʩʤ 4 

ʈʘʩʭʦʜ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ, ʤ3/ʩ (6 ï 13) 10-6 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ, ʢʛ-ʵʢʚ/ʤ3 0,1 

ʀʦʥʦʦʙʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʂʋ-2-8 (Na) 
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ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʘʧʧʘʨʘʪʘ ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ 

ʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʨʘʚʥʦʡ 610 ʥʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ U-2001 

(Hitachi, ʗʧʦʥʠʷ). ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʘ 3 %. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʩʪʨʦʠʣʠʩʴ ʚʳʭʦʜʥʳʝ ʢʨʠʚʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʧʨʦʪʝʢʘʥʠʝ 

ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2, ʥʘ 

ʢʦʪʦʨʦʤ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʫʢʘʟʘʥʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ Ű, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï 

ʙʝʟʨʘʟʤʝʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ N(Ű) = C(Ű)/ Cʚʭ.  

ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʭʦʜ 

ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʟʘʤʝʪʥʦ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ. 

ɺʳʭʦʜʥʳʝ ʢʨʠʚʳʝ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠʤʝʶʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʠʜ. ɺ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ 

ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʩʢʦʢ ʠʦʥʦʚ ʤʝʜʠ (II), 

ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʨʝʤʷ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʣʦʷ ʠʦʥʠʪʘ. ɿʘʪʝʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ. ʅʘʢʣʦʥ ʚʳʭʦʜʥʳʭ 

ʢʨʠʚʳʭ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʦʙʤʝʥ ʠʦʥʦʚ ʤʝʞʜʫ ʬʘʟʘʤʠ ʚʣʠʷʝʪ ʢʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʘ. 

ʇʨʦʮʝʩʩ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʘʧʧʘʨʘʪʘ, ʨʘʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʦʯʠʩʪʢʫ. ʀʟ ʘʥʘʣʠʟʘ 

ʚʳʭʦʜʥʳʭ ʢʨʠʚʳʭ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʤʝʥʥʘʷ 

ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʠʪʘ ʂʋ-2-8 (Na-ʬʦʨʤʘ) ʧʦ ʠʦʥʘʤ ʤʝʜʠ (II) ʩʦʩʪʘʚʣʷʝʪ 1,83 ʢʛ-

ʵʢʚ/ʤ3. 

 

 

ʈʠʩ. 2. ɺʳʭʦʜʥʳʝ ʢʨʠʚʳʝ  

ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʜʠ  

ʥʘ ʢʘʪʠʦʥʠʪʝ ʂʋ-2-8: 

ʉʚʭ = 0,1 ʢʛ-ʵʢʚ/ʤ3;  

1 ð Q = 13,6Ā10-5 ʤ3/ʩ;  

2 ð Q = 6Ā10-5 ʤ3/ʩ 

 

 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʜʠ ʥʘ 

ʩʫʣʴʬʦʢʠʩʣʦʪʥʦʤ ʢʘʪʠʦʥʠʪʝ ʂʋ-2-8 (Na-ʬʦʨʤʳ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʭʦʜ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʚʦʜʳ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ ʢ ʯʠʩʪʦʡ ʚʦʜʝ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. ɼʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʩ ʠʦʥʦʦʙʤʝʥʥʳʤ ʩʣʦʝʤ ʧʣʘʥʠʨʫʝʪʩʷ 
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ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ 

ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʝʝ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-671). 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʤʥʦʛʦʝ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʨʝʩʥʫʶ ʦʙʣʘʩʪʴ 
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ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʞʘʨ; ʙʝʟʦʧʘʩʥʦʩʪʴ; ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ; 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʪʝʭʥʦʣʦʛʠʷ; ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 

 

A.  R. Lukashenko, S. A. Onichenko 

 

THE USE OF NANOTECHNOLOGY IN THE PRODUCTION  

OF MATERIALS FOR FIRE SAFETY  

 
In the article, we will look at many things that represent an interesting area of research and 

development, combining modern technologies and the desire to improve security. 

Keywords: fire; safety; fire safety; nanotechnology; modern materials; technology; 

environment. 
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ʅʘʥʦʪʝʭʥʦʣʦʛʠʷ ð ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʱʝʩʪʚʘ ʥʘ ʘʪʦʤʥʦʤ, 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʣʷʭ. 

ʄʘʪʝʨʠʘʣʳ, ʩʦʟʜʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʥʘʟʳʚʘʶʪʩʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘʤʠ ʠ ʩʦʩʪʦʷʪ ʠʟ ʧʣʘʩʪʠʢʦʚʦʡ ʤʘʪʨʠʮʳ ʠ ʙʦʣʝʝ ʪʚʝʨʜʳʭ ʠ 

ʜʦʣʛʦʚʝʯʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ. ɺʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʶʪʩʷ ʠʭ 

ʧʦʚʳʰʝʥʥʘʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʤʝʜʣʷʪʴ ʛʦʨʝʥʠʝ ʧʨʠ ʥʠʟʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʥʘʧʦʣʥʠʪʝʣʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʫʧʨʦʱʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʧʝʨʝʨʘʙʦʪʢʫ.   

ʊʝʤʘ çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ð ʫʚʣʝʢʘʪʝʣʴʥʘʷ ʩʬʝʨʘ ʠʟʫʯʝʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʦʢ, ʩʦʯʝʪʘʶʱʘʷ ʚ ʩʝʙʝ ʥʳʥʝʰʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʚʝʥʠʝ ʧʦʚʳʩʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ.  

ʅʘʥʦʤʘʪʝʨʠʘʣʳ ʚ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʝ: ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʩʝʚʦʟʤʦʞʥʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʠ ʛʨʘʬʝʥ, ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʚʳʰʝʥʠʝ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ: ʠʟʫʯʝʥʠʝ ʪʦʛʦ, ʢʘʢ 

ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʥʝʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʠ ʪʝʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʦʪʜʝʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʝʨʝʚʦ, 

ʪʝʢʩʪʠʣʴ, ʧʣʘʩʪʤʘʩʩʘ ʠ ʤʝʪʘʣʣ. 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʥʘʭʦʜʢʠ ʠ ʫʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʦʚ: ʦʙʩʫʞʜʝʥʠʝ 

ʫʧʦʪʨʝʙʣʝʥʠʷ ʥʘʥʦʩʝʥʩʦʨʦʚ ʜʣʷ ʨʘʥʥʝʛʦ ʥʘʭʦʜʢʠ ʧʦʞʘʨʘ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʠ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʚ 

ʩʠʩʪʝʤʳ ʧʘʩʩʠʚʥʦʡ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ [1]. 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʦʯʠʱʝʥʥʳʝ ʦʛʥʝʟʘʱʠʪʥʳʝ ʨʝʰʝʥʠʷ: ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʢʠ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʢʘʢʠʝ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ, ʦʜʥʘʢʦ ʠ ʦʙʣʘʜʘʶʪ ʥʝʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

ɺʳʟʦʚʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ: ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʦʙʣʝʤ, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣ̫ ʩʥʘʙʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʝʱʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʨʠʤʝʨʳ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ: ʀʟʫʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ 

ʚʩʝʚʦʟʤʦʞʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 

ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ, ʘʚʠʘʮʠʷ ʠ ʜʨʫʛʠʝ, ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤ. ʅʝʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʚʢʣʶʯʘʶʪ: 

ʅʘʥʦʢʦʤʧʦʟʠʪʳ ʤʘʪʝʨʠʘʣʦʚ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʦʛʥʝʩʪʦʡʢʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʠʣʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʝʣʘʝʪ ʠʭ 

ʙʦʣʝʝ ʦʛʥʝʩʪʦʡʢʠʤʠ. 

ʉʝʥʩʦʨʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ: ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʩʝʥʩʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʧʘʩʥʳʝ 

ʫʨʦʚʥʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʛʘʟʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʦ ʧʦʞʘʨʝ. 

ʅʘʥʦʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ: ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʪʚʦʜʫ ʪʝʧʣʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʛʥʷ [2]. 

ʅʘʥʦʢʘʧʩʫʣʳ ʩ ʦʛʥʝʪʫʰʘʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ: ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʢʘʧʩʫʣʳ ʩ ʦʛʥʝʪʫʰʘʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʦʝʥʳ 

ʚ ʤʘʪʝʨʠʘʣʳ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʞʘʨʘ, ʧʦʤʦʛʘʷ ʝʛʦ ʪʫʰʠʪʴ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʠ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʣʶʜʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʦʨʠʪʝʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʩʦʙʳʪʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʩ ʬʫʥʢʮʠʷʤʠ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʛʠʙʢʦʛʦ 

ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʝʛʦʜʥʷ ʥʘ ʙʘʟʝ ʨʦʙʦʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʫʰʝʥʠʷ 

ʧʦʞʘʨʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʘʩʧʳʣʷʝʤʘʷ ʚʦʜʘ ʦʙʨʘʟʫʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʫʟʳʨʴʢʘʭ ʧʘʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ (ʦʪ ʥʠʟʢʠʭ ʜʦ ʚʳʩʦʢʠʭ), ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ (ʦʪ 100 ʜʦ 400 ʤʢʤ). ʆʩʦʙʝʥʥʦʩʪʴ ʵʪʠʭ 

ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʩ ʚʦʜʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʦ ʤʥʦʛʦ ʨʘʟ [3]. 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ʩʦʭʨʘʥʥʦʩʪʠ ʚ ʟʜʘʥʠʷʭ ʠ ʧʦʤʝʱʝʥʠʷʭ, ʛʜʝ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ 

ʨʠʩʢ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʞʘʨʘ. ʕʪʠ ʩʠʩʪʝʤʳ ʜʝʡʩʪʚʫʶʪ ʜʣʷ ʦʩʥʦʚʘʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʦʚʳʭ ʢʘʢ ʜʘʪʯʠʢʠ ʜʳʤʘ ʠ ʪʝʧʣʘ, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʧʦʢʘʟʳʚʘʥʠʷ ʜʳʤʘ, ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠʣʠ ʧʣʘʤʝʥʠ.  

ʂʦʛʜʘ ʢʦʥʮʝʧʮʠʷ ʧʦʢʘʟʳʚʘʝʪ ʩʚʦʡʩʪʚʘ ʧʦʞʘʨʘ, ʦʥʘ ʘʚʪʦʤʘʪʦʤ ʘʢʪʠʚʠʟʠʨʫʝʪ 

ʩʠʛʥʘʣʠʟʘʮʠʶ ʠ ʫʚʝʜʦʤʣʷʝʪ ʦʪʨʘʩʣʴ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʜʨʫʛʠʝ ʩʨʦʯʥʳʝ 

ʩʣʫʞʙʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦʚʨʝʤʷ ʦʪʚʝʯʘʪʴ ʥʘ ʫʛʨʦʟʫ ʧʦʞʘʨʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʦʟʤʦʞʥʳʡ ʫʱʝʨʙ ʠ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʣʶʜʝʡ. 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʥʘʥʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʙʘʚʣʝʥʳ ʢ ʧʦʣʠʤʝʨʘʤ ʠʣʠ ʜʨʫʛʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʠʭ 

ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʠ ʩʥʠʟʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʭ ʟʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʜʝʞʜʳ ʠ ʜʨʫʛʠʭ ʪʦʚʘʨʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʦʛʥʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʣʝʛʢʠʝ ʠ 

ʧʨʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʨʝʜʩʪʚ 

ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʳ ʜʣʷ ʧʦʞʘʨʥʳʭ ʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʧʦʞʘʨʘʤʠ. ʅʘʧʨʠʤʝʨ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʜʨʫʛʠʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ 

ʟʘʱʠʪʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʦʪ ʧʦʞʘʨʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ. 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʥʦʧʨʦʝʢʪʦʚ, 

ʪʨʝʙʫʶʱʠʭ ʜʦʨʘʙʦʪʦʢ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʫʞʝ 

ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ. 

ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʥʘʥʦʜʦʩʪʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʘʙʦʪʝ ʥʘʜʟʦʨʥʳʭ ʦʨʛʘʥʦʚ ʄʏʉ ʈʦʩʩʠʠ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʜʘʪʯʠʢʘ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʛʘʟʦʚ. 

ɼʣʷ ʩʪʨʫʢʪʫʨ ʄʏʉ ʈʦʩʩʠʠ ʜʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, 

ʧʦʩʢʦʣʴʢʫ ʜʘʪʯʠʢ ʠʥʪʝʥʩʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʦʥʘʭ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ ʠ 

ʘʚʘʨʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʦʧʘʩʥʦʩʪʠ. 

ʅʘʙʣʶʜʘʪʝʣʴʥʳʡ ʩʦʚʝʪ çʈʦʩʥʘʥʦè ʦʜʦʙʨʠʣ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʜʘʪʯʠʢʦʚ, ʛʦʩʢʦʨʧʦʨʘʮʠʷ çʈʦʩʥʘʥʦè ʠʥʚʝʩʪʠʨʦʚʘʣʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

ʆʩʦʙʘʷ ʫʥʠʢʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʣʦʝʚ ʧʨʠ ʧʦʪʦʯʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʠʝʤʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʷʜʨʦ ʜʘʪʯʠʢʘ. 

ʉʦʟʜʘʥʥʳʡ ʧʨʦʝʢʪ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʧʨʦʛʨʘʤʤʫ ʧʦ ʩʦʟʜʘʥʠʶ ʩʨʘʟʫ ʪʨʝʭ 

ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʧʦʨʪʘʪʠʚʥʳʝ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʳ, 

ʩʧʦʩʦʙʥʳʝ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʘʣʠʯʠʝ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʛʘʟʦʚ. ʊʘʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʫʛʦʣʴʥʦʡ, 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʛʘʟʦʚʦʡ, ʘ ʪʘʢʞʝ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʤ ʭʦʟʷʡʩʪʚʝ ʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʣʝʛʯʝʥʠʶ ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ʥʘʜʟʦʨʥʳʝ ʦʨʛʘʥʳ 

ʄʏʉ ʈʦʩʩʠʠ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʥʘʜʣʝʞʘʱʝʛʦ ʫʨʦʚʥʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ [4].  
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ʆʎɽʅʂɸ ʉʆʉʊʆʗʅʀʗ ɸʊʄʆʉʌɽʈʅʆɻʆ ɺʆɿɼʋʍɸ ɺ ʈɸʁʆʅɽ 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʫʛʘʨʥʳʤ ʛʘʟʦʤ, ʚʳʜʝʣʷʝʤʳʤ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʚ ʨʘʡʦʥʝ ʜʝʪʩʢʦʡ ʠʛʨʦʚʦʡ 

ʧʣʦʱʘʜʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ (ʧʦ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʟʜʫʭʘ ʫʛʘʨʥʳʤ 

ʛʘʟʦʤ) ʚ ʨʘʡʦʥʝ ʜʝʪʩʢʦʡ ʠʛʨʦʚʦʡ ʧʣʦʱʘʜʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦ ʫʣ. ʆʛʥʝʙʦʨʮʝʚ ʚ ʛ. ʀʚʘʥʦʚʦ, 

ʥʝ ʙʣʘʛʦʧʨʠʷʪʥʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ; ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ; ʫʛʘʨʥʳʡ ʛʘʟ. 
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ASSESSMENT OF THE CONDITION OF ATMOSPHERIC AIR IN THE 

AREA OF THE HIGHWAY ON ST. OGNEBORTSEV IVANOVO  
 
The article presents the results of a study of the degree of atmospheric air pollution by carbon 

monoxide emitted by motor vehicles in the area of a children's playground. It is shown that the 

environmental situation (air pollution with carbon monoxide) in the area of the children's playground 

located on the street Ognebortsev in Ivanovo, not favorable.  

Keywords: air pollution; road transport; carbon monoxide. 

 

 

ʆʩʥʦʚʥʦʡ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʷʪʩʷ ʛʦʨʦʜʘ. 

ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʥʝʦʙʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳ.  
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ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

84 

 

ɺ 21 ʚʝʢʝ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʤʝʛʘʧʦʣʠʩʦʚ ʷʚʣʷʝʪʩʷ 

ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʢʘʢ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʦʨʦʜʘ. ʆʢʦʣʦ 80 % ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʚʪʦʤʦʙʠʣʠ. ɸʚʪʦʤʦʙʠʣʴʥʳʡ 

ʪʨʘʥʩʧʦʨʪ ʟʘʛʨʷʟʥʷʝʪ ʘʪʤʦʩʬʝʨʫ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ, ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʠ ʜʨʫʛʠʤʠ ʪʦʢʩʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ [1, 2].  

ɽʞʝʛʦʜʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ. ʅʘʠʙʦʣʴʰʝʝ ʩʢʦʧʣʝʥʠʝ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʧʝʨʝʢʨʝʩʪʢʘʭ, ʪ.ʢ. ʠʤʝʥʥʦ ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʘʩʩʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʛʦʥʦʚ ʠ ʪʦʨʤʦʞʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʙʨʦʩ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ.  

ɺʩʝ ʵʪʠ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪɹʩ̫  ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ 

ʧʨʠʚʦʜʠʪɹ ʢ ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʤʘ.  

ʀʚʘʥʦʚʦ ʥʝ ʚʭʦʜʠʪ ʚ ʩʧʠʩʦʢ ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ ʩ ʠʥʜʝʢʩʦʤ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʳ (ʀɿɸ) ʙʦʣʝʝ 14 (ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ), ʘ ʪʘʢʞʝ ʚ ʧʝʨʝʯʝʥʴ 

ʛʦʨʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʣʫʯʘʠ ʚʳʩʦʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʝʚʳʰʘʣʠ 10 ʇɼʂ. ʉʠʪʫʘʮʠʶ ʩ ʚʳʙʨʦʩʦʤ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʀʚʘʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʢʘʢ ʩʪʘʙʠʣʴʥʫʶ. 

ɿʘ ʧʝʨʠʦʜ 2022 ʛʦʜʘ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʝʙʦʣʴʰʦʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ 

ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʦʜʝ ʀʚʘʥʦʚʦ, ʚʥʦʩʷʪ 

ʧʝʨʝʜʚʠʞʥʳʝ ʠʩʪʦʯʥʠʢʠ (ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 

ʪʨʘʥʩʧʦʨʪ) [3ï5]. 

ɺ ʩʚʷʟʠ ʩ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʦʚ ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ, 

ʢʦʛʜʘ ʠʛʨʦʚʳʝ ʧʣʦʱʘʜʢʠ ʜʣʷ ʜʝʪʝʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʜʦʨʦʛ. ʅʝʩʦʤʥʝʥʥʦ, 

ʵʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʥʠʭ ʣʶʜʝʡ, 

ʦʩʦʙʝʥʥʦ ʜʝʪʝʡ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʜʘʥʥʳʭ 

ʣʦʢʘʮʠʷʭ ʚʳʭʣʦʧʥʳʤʠ ʘʚʪʦʤʦʙʠʣʴʥʳʤʠ ʛʘʟʘʤʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ 

ʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʚ ʨʘʡʦʥʝ ʜʝʪʩʢʦʡ ʠʛʨʦʚʦʡ ʧʣʦʱʘʜʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʫʣ. 

ʆʛʥʝʙʦʨʮʝʚ ʛ. ʀʚʘʥʦʚʦ. 

ʉʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘ ʫʯʘʩʪʢʝ ʜʦʨʦʛʠ ʧʦ ʫʣʠʮʝ 

ʆʛʥʝʙʦʨʮʝʚ ʛ. ʀʚʘʥʦʚʦ (ʨʠʩʫʥʦʢ). ɿʜʝʩʴ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʦʝʟʞʠʤʠ ʯʘʩʪʷʤʠ 

ʨʘʩʧʦʣʦʞʝʥʘ ʜʝʪʩʢʘʷ ʠʛʨʦʚʘʷ ʧʣʦʱʘʜʢʘ.  

ʀʛʨʦʚʫʶ ʧʣʦʱʘʜʢʫ ʧʦʩʝʱʘʝʪ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʨʦʜʠʪʝʣʝʡ ʩ ʜʝʪʴʤʠ, ʢʘʢ ʚ 

ʙʫʜʥʠʝ ʜʥʠ, ʪʘʢ ʠ ʚ ʚʳʭʦʜʥʳʝ. ɽʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʙʣʠʟʠ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʭʘ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ ʘʚʪʦʤʦʙʠʣʝʡ.  

ʉʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʂʩʦ), ʚʳʜʝʣʷʝʤʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʧʦ ʤʝʪʦʜʠʢʝ 

ʌʝʜʦʨʦʚʦʡ ɸ. ʀ. ʠ ʅʠʢʦʣʴʩʢʦʡ ɸ. ʅ. [6].  

 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʈʠʩʫʥʦʢ. ʂʘʨʪʘ ʫʯʘʩʪʢʘ ʜʦʨʦʛʠ ʧʦ ʫʣʠʮʝ ʆʛʥʝʙʦʨʮʝʚ ʩ ʨʘʩʧʦʣʦʞʝʥʥʦʡ  

ʤʝʞʜʫ ʧʨʦʝʟʞʠʤʠ ʯʘʩʪʷʤʠ ʜʝʪʩʢʦʡ ʠʛʨʦʚʦʡ ʧʣʦʱʘʜʢʦʡ 

 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (ʇɼʂ) ʚʳʙʨʦʩʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʦ 

ʦʢʩʠʜʫ ʫʛʣʝʨʦʜʘ ʨʘʚʥʘ 5 ʤʛ/ʤ3. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʜʦʨʦʛʝ ʦʧʨʝʜʝʣʷʣʠ ʚ ʧʝʨʠʦʜ ʩ 11 

(ʩʫʙʙʦʪʘ) ʧʦ 12 (ʚʦʩʢʨʝʩʝʥʴʝ) ʥʦʷʙʨʷ 2023 ʛʦʜʘ ʚ 15:05 ʠ 15:30 ʧʦ ʤʩʢ. ɺʳʭʦʜʥʳʝ 

ʜʥʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʤʠ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʵʪʦ ʚʨʝʤʷ ʥʘ 

ʠʛʨʦʚʦʡ ʜʝʪʩʢʦʡ ʧʣʦʱʘʜʢʝ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʝʪʠʪʝʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ 

 

ˉ 

ʧ/ʧ 
ʊʠʧ ʘʚʪʦʤʦʙʠʣʷ 

ʂʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʜʘʥʥʦʛʦ ʪʠʧʘ,  

ʧʨʦʝʟʞʘʶʱʠʭ ʥʘ ʟʘʜʘʥʥʦʤ ʫʯʘʩʪʢʝ  

ʟʘ 60 ʤʠʥ 

11 ʥʦʷʙʨʷ 2023 ʛʦʜʘ 12 ʥʦʷʙʨʷ 2023 ʛʦʜʘ 

1 ʃʝʛʢʠʡ ʛʨʫʟʦʚʦʡ 0 0 

2 ʉʨʝʜʥʠʡ ʛʨʫʟʦʚʦʡ  18 12 

3 ʊʷʞʝʣʳʡ ʛʨʫʟʦʚʦʡ (ʜʠʟʝʣʴʥʳʡ) 0 6 

4 ɸʚʪʦʙʫʩ 0 0 

5 ʃʝʛʢʦʚʦʡ 306 372 

6 ʀʪʦʛʦ 324 390 

7 
ʂʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

(ʂʩʦ), ʤʛ/ʤ3 
13,3 13,2 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʫ ʇɼʂ ʚʳʙʨʦʩʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʦ ʦʢʩʠʜʫ 

ʫʛʣʝʨʦʜʘ ʧʨʝʚʳʰʝʥʘ ʚ 2,7 ʨʘʟʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ (ʧʦ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʟʜʫʭʘ ʫʛʘʨʥʳʤ ʛʘʟʦʤ) ʚ ʨʘʡʦʥʝ 

ʜʝʪʩʢʦʡ ʠʛʨʦʚʦʡ ʧʣʦʱʘʜʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦ ʫʣ. ʆʛʥʝʙʦʨʮʝʚ ʚ ʛ. ʀʚʘʥʦʚʦ, ʥʝ 

ʙʣʘʛʦʧʨʠʷʪʥʘ. 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

86 

 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʥʘ ʣʶʜʝʡ, ʧʨʝʙʳʚʘʶʱʠʭ ʥʘ ʠʛʨʦʚʦʡ ʧʣʦʱʘʜʢʝ, ʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʨʦʜʠʪʝʣʷʤ ʦʛʨʘʥʠʯʠʪʴ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʜʝʪʝʡ ʥʘ ʜʘʥʥʦʡ ʠʛʨʦʚʦʡ 

ʧʣʦʱʘʜʢʝ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʜʘʥʥʦʡ 

ʧʣʦʱʘʜʢʠ, ʧʨʦʚʝʩʪʠ ʧʣʦʪʥʫʶ ʚʳʩʘʜʢʫ ʧʦ ʝʝ ʧʝʨʠʤʝʪʨʫ ʢʫʩʪʘʨʥʠʢʦʚ ʠ ʜʝʨʝʚʴʝʚ. 
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ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

 

87 

 

ʇʨʦʚʝʜʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʝʡ ʭʠʨʘʣʴʥʦʛʦ ʙʠʬʝʥʠʣʘ ʠ ʘʭʠʨʘʣʴʥʦʛʦ ʬʝʥʠʣʙʝʥʟʦʘʪʘ, 

ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ ʧʣʝʥʢʠ ʠʤʝʶʪ 

ʩʪʨʫʢʪʫʨʫ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʦʩʘʞʜʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʵʪʠʭ ʤʦʥʦʤʝʨʦʚ. ʇʣʝʥʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʙʠʬʝʥʠʣ, ʦʙʨʘʟʫʶʪ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʬʘʟʳ, 

ʠ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʠʝ ʧʣʝʥʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʦʧʦʣʠʤʝʨʳ; ʬʝʥʠʣʙʝʥʟʦʘʪʳ; ʙʠʬʝʥʠʣʳ; 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʬʘʟʳ; ʋʌ ʧʦʣʠʤʝʨʠʟʘʮʠʷ; ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ; ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʷ; 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ. 

 

T. V. Pashkova, A. I. Alexandrov 

 

ON THE POSSIBILITY OF USING FILMS OF LIQUID CRYSTAL 

COPOLYMERS BASED ON SOME PHENYLBENZOATES  

AND BIPHENYLS AS ELEMENTS OF PYROELECTRIC SENSORS  

 
Spectral and electronographic studies of thin films based on mixtures of chiral biphenyl and 

achiral phenyl benzoate polymerized by ultraviolet radiation have been carried out. It has been 

established that these films have the structure of films obtained by deposition based on liquid crystal 

copolymers based on these monomers. Films containing biphenyl form ferroelectric phases, and may 

have pyroelectric properties. Therefore, such films can be used as active elements of pyroelectric 

sensors.  

Keywords: liquid crystal copolymers, phenylbenzoates, biphenyls, ferroelectric phases, UV 

polymerization, spectral analysis, electronography, pyroelectric sensors.  

 

 

ɺʚʝʜʝʥʠʝ 

ʆʙʝʩʧʝʯʝʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ ʙʝʟʫʩʣʦʚʥʦ ʪʨʝʙʫʝʪ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ ʧʨʠʙʦʨʦʚ, 

ʩʠʛʥʘʣʠʟʠʨʫʶʱʠʭ ʦ ʧʨʝʚʳʰʝʥʠʠ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʤʝʱʝʥʠʠ [1ï5]. 

ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʠʤʝʥʷʶʪ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʜʘʪʯʠʢʠ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʥʘ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʦʤ ʵʬʬʝʢʪʝ.  

ʏʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʠʨʦʜʘʪʯʠʢʘ ʷʚʣʷʝʪʩʷ ʧʣʘʩʪʠʥʘ ʠʟ 

ʧʠʨʦʵʣʝʢʪʨʠʢʘ ʩ ʜʚʫʤʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʦʙʢʣʘʜʢʘʤʠ. ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʳʥʝ 

ʧʠʨʦʜʘʪʯʠʢʘʭ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʧʣʘʩʪʠʥ ʧʨʠʤʝʥʷʶʪ ʧʠʨʦʘʢʪʠʚʥʳʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʝʨʘʤʠʢʠ ʥʘʧʨʠʤʝʨ, ʙʘʨʠʡ-ʩʪʨʦʥʮʠʝʚʳʡ ʪʠʪʘʥʘʪ BaStTiO3, 

ʪʘʥʪʘʣʘʪ ʣʠʪʠʷ LiTaO3 ʠ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ. ɺʩʝ ʦʥʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, 

ʷʚʣʷʶʪʩʷ ʭʨʫʧʢʠʤʠ ʞʝʩʪʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʪʨʫʜʥʦ ʧʦʣʫʯʘʪʴ 

ʩʪʨʫʢʪʫʨʳ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʣʷʪʴ ʜʝʪʘʣʠ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ [3]. ʇʦʵʪʦʤʫ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʶʪ ʧʠʨʦʘʢʪʠʚʥʳʝ 

ʧʦʣʠʤʝʨʥʳʝ ʧʣʝʥʢʠ, ʢʦʪʦʨʳʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʝʨʘʤʠʢ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ, 

ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʚʣʘʛʝ, ʭʠʤʠʯʝʩʢʫʶ ʠʥʝʨʪʥʦʩʪʴ, ʛʠʙʢʦʩʪʴ [6]. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʠʨʦʫʩʪʨʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʝʢʦʪʦʨʳʭ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʭʠʨʘʣʴʥʦʛʦ ʬʝʥʠʣʙʝʥʟʦʘʪʘ ʠ ʭʠʨʘʣʴʥʦʛʦ ʙʠʬʝʥʠʣʘ, 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʧʦʩʢʦʣʴʢʫ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʙʦʢʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʭʠʨʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

[7, 10]. ɺʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʞʠʜʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʠʨʦʵʣʝʤʝʥʪʦʚ ʦʙʩʫʞʜʘʝʪʩʷ ʝʱʝ ʩ 

1984 ʛʦʜʘ, ʦʜʥʘʢʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʩʦʟʜʘʥʠʝʤ ʜʠʩʧʣʝʝʚ [11, 12]. 
. 
ʄʝʪʦʜʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʦʢ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʭʠʨʘʣʴʥʳʭ ʙʝʥʟʦʘʪʦʚ ʠ ʭʠʨʘʣʴʥʳʭ ʙʠʬʝʥʠʣʦʚ ʠ 

ʛʨʝʙʥʝʦʙʨʘʟʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʵʪʠʭ 

ʤʦʥʦʤʝʨʦʚ, ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʠʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (CPL0, CPL25, 

CPL50 ʠ CPL75, (ʮʠʬʨʳ ʫʢʘʟʳʚʘʶʪ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʨʘʣʴʥʦʛʦ 

ʙʠʬʝʥʠʣʘ ʚ ʩʦʧʦʣʠʤʝʨʝ)). ʍʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʤʦʥʦʤʝʨʦʚ ʩʣʝʜʫʶʱʠʝ: 
 

ʌʝʥʠʣʙʝʥʟʦʘʪ - ʉ6ʅ13ïʆïʉ6ʅ4ïʆï(ʉʆ) ïʉ6ʅ4ïʆïʉ6ʅ12ïʆï(ʉʆ) ïʉʅ=ʉʅ2; 
 

ɹʠʬʝʥʠʣ - ʉ6ʅ13ïʆïʉ6ʅ4ïʉ6ʅ4ïʆï(ʉʆ) ï(ʉʅ2)2ïʉ(ʉʅ3) ïʉʅ2ïʆï(ʉʆ) ï

ʉʅ=ʉʅ2 

 

ʇʣʝʥʢʠ ʤʦʥʦʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʦʚ ʬʦʨʤʠʨʦʚʘʣʠ ʥʘ ʢʚʘʨʮʝʚʳʭ ʧʦʜʣʦʞʢʘʭ 

ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʙʝʥʟʦʣʝ. ʇʦʣʠʤʝʨʠʟʘʮʠʶ ʧʣʝʥʦʢ ʤʦʥʦʤʝʨʦʚ 

ʧʨʦʚʦʜʠʣʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ (ʋʌ) ʦʙʣʫʯʝʥʠʝʤ (ʠʟʣʫʯʝʥʠʝ ʨʪʫʪʥʦʡ ʣʘʤʧʳ) ʚ 

ʪʝʯʝʥʠʝ 45 ʤʠʥʫʪ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʧʣʝʥʦʢ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ-56. 

ʕʣʝʢʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

ʕʄɺ 100ʃ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 50 ʢɺ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʪʨʫʢʪʫʨʘ ʩʦʧʦʣʠʤʝʨʦʚ  ʨʘʥʝʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʪʠʧʳ ʚʦʟʥʠʢʘʶʱʠʭ 

ʬʘʟ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ [7, 8]. ʉʭʝʤʳ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʠʤʝʶʪ ʚʠʜ: 
 

CPL00:  SmF*- 122oC-SmC*-181 oC-I; CPL25:  SmF*- 45oC-SmC*-152 oC-I; 
 

CPL50:  SmF*- 75oC-SmC*-170 oC-I; CP L75:  SmF*- 115oC-SmC*-170 oC-I. 
 

ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʧʦʣʠʤʝʨʘʭ ʦʙʨʘʟʫʶʪʩʷ ʩʤʝʢʪʠʯʝʩʢʠʝ ʬʘʟʳ ʩ 

ʧʦʣʷʨʥʳʤʠ ʩʣʦʷʤʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʣʝʥʢʠ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ 

ʥʘʩʣʝʜʫʶʪ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʤʥʦʡ ʬʘʟʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʠʤʠ ʞʝ ʩʚʦʡʩʪʚʘʤʠ 

ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʠ ʧʣʝʥʢʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʠʨʦʘʢʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʪʦʥʢʦʤ ʩʣʦʝ, 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʘʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʦʧʦʣʠʤʝʨʦʚ 

ʜʦʢʘʟʘʣʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʝʥʦʢ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʭʠʨʘʣʴʥʳʭ ʬʘʟ [13].  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤʠ ʣʫʯʘʤʠ 

ʤʦʥʦʤʝʨʥʳʭ ʧʣʝʥʦʢ ʢʨʘʩʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ [14]. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʣʝʥʢʠ ʥʘ 

ʦʩʥʦʚʝ ʩʤʝʩʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʥʦʤʝʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʠʨʘʣʴʥʦʛʦ ʙʠʬʝʥʠʣʘ 

25, 50 ʠ 75 % ʧʦʣʠʤʝʨʠʟʦʚʘʣʠ ʋʌ ʣʫʯʘʤʠ. ʇʦʷʚʣʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 390 ʥʤ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʦʙʣʫʯʝʥʥʦʡ ʧʣʝʥʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʧʝʢʪʨʦʤ ʤʦʥʦʤʝʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ  ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʣʝʥʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ, ʨʠʩ. 1ʘ. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʥʘ 

ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʦʚ ʠ ʋʬ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʤʦʥʦʤʝʨʦʚ  ʧʦʢʘʟʘʣʠ ʠʭ 

ʩʦʚʧʘʜʝʥʠʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʛʨʝʙʥʝʦʙʨʘʟʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ  

ʦʜʠʥʘʢʦʚʦʛʦ ʩʪʨʦʝʥʠʷ, ʨʠʩ. 1ʙ, ʚ. 
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ʚ 
ʈʠʩ 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ:  

ʘ ð ʤʦʥʦʤʝʨʦʚ, ʙ ð ʩʦʧʦʣʠʤʝʨʦʚ, ʚ ð ʋʌ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʤʦʥʦʤʝʨʦʚ.  

ɿʜʝʩʴ 1 ð CPL0, 2 ð CPL25, 3 ð CPL50, 4 ð CPL75 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʕʣʝʢʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʋʌ 

ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʤʦʥʦʤʝʨʥʳʭ ʧʣʝʥʦʢ ʯʠʩʪʦʛʦ ʙʠʬʝʥʠʣʘ ʠ ʩʤʝʩʠ ʙʠʬʝʥʠʣʘ ʠ 

ʬʝʥʠʣʙʝʥʟʦʘʪʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 75:25, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʦʢ ʦʜʠʥʘʢʦʚʘ 

(ʦʜʠʥʘʢʦʚʳ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʙʣʠʮʘ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʫ 

ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ. 

 
ʊʘʙʣʠʮʘ. ʉʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʣʝʥʦʢ 

  
 N 

 

CPL0 CPL75 

ʇʦʣʠʤʝʨʥʘʷ  ʋʬ 

ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʘʷ 

ʇʦʣʠʤʝʨʥʘʷ  ʋʬ 

ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʘʷ 

d,

¡ 

1 4,57 4,56 4,43 4,42 

2 3,31 3,34 3,33 3,33 

ɿʜʝʩʴ Dd = 0,03 ¡ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ:  

- ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʝʡ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʬʝʥʠʣʙʝʥʟʦʘʪʦʚ ʠ ʙʠʬʝʥʠʣʦʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ; 

- ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʝʢʪʨʳ ʋʌ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʠ ʧʣʝʥʦʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʦʩʘʞʜʝʥʠʝʤ ʩʦʧʦʣʠʤʝʨʦʚ ʠʟ ʨʘʩʪʚʦʨʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ; 

- ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʦʚ ʠ ʋʌ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ 

ʦʜʠʥʘʢʦʚʘ; 

- ʧʦʩʢʦʣʴʢʫ ʧʣʝʥʢʠ ʩʦʧʦʣʠʤʝʨʦʚ ʦʙʣʘʜʘʶʪ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʧʦʜʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʠ ʫ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤʠ ʣʫʯʘʤʠ ʧʣʝʥʦʢ. 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ 

ʠ ʘʨʛʦʥʘ ʥʘ ʪʦʧʦʣʦʛʠʶ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʣʝʥʢʠ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ 

(ʇɺɼʌ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ, ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʘ ʠ ʨʦʩʪʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ; ʇɺɼʌ; ʧʣʘʟʤʘ; ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ 

ʧʦʣʠʤʝʨʦʚ; ʰʝʨʦʭʦʚʘʪʦʩʪʴ; ʩʤʘʯʠʚʘʝʤʦʩʪʴ. 

 

A. S. Pospelov, I. I. Sazhin, T. G. Shikova, S. A. Smirnov 

 

MODIFICATION OF POLYVINYLIDENE FLUORIDE FILMS  

IN A DC GLOW DISCHARGE  
 

The results of a study of the effect of oxygen and argon plasma treatment on the topology, 

chemical composition and wettability of polyvinylidene fluoride (PVDF) films are presented. It is 

shown that plasma exposure leads to the formation of oxygen-containing functional groups, double 

bonds, polymer degradation and an increase in surface roughness. 

Keywords: polyvinylidene fluoride; PVDF; plasma; polymer modification; roughness; 

wettability. 
 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʧʦʞʘʨʥʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʬʪʦʨʧʦʣʠʤʝʨʳ. ʆʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʨʘʩʪʚʦʨʠʪʝʣʷʤ, ʢʠʩʣʦʪʘʤ ʠ ʦʩʥʦʚʘʥʠʷʤ 

ʠ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʨʷʜʫ ʩ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʤ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʦʤ (ʪʝʬʣʦʥʦʤ) ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʭʦʜʠʪ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ. 

ʇɺɼʌ ð ʬʪʦʨʧʦʣʠʤʝʨ, ʦʙʣʘʜʘʶʱʠʡ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ 

ʩʚʦʡʩʪʚ: ʭʦʨʦʰʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʭʦʨʦʰʘʷ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʩʪʴ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʣʝʥʢʠ ʇɺɼʌ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ: ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ ʠ ʵʣʝʢʪʨʦʥʠʢʝ ð ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʧʣʝʥʢʠ, ʧʣʝʥʦʯʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʳʭ, ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʤʦʪʦʯʥʳʭ 

ʢʘʙʝʣʝʡ, ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʧʴʝʟʦ- ʠ ʧʠʨʦʵʣʝʤʝʥʪʦʚ, ʚ ʩʝʥʩʦʨʥʳʭ 

ʧʝʨʝʢʣʶʯʘʪʝʣʷʭ, ʤʠʢʨʦʬʦʥʘʭ ʠ ʪ.ʜ.; ʚ ʭʠʤʠʯʝʩʢʠʭ ʠ ʷʜʝʨʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ 

ʧʣʝʥʢʘ ʇɺɼʌ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʠʩʪʳʭ ʪʨʝʢʦʚʳʭ ʬʠʣʴʪʨʦʚ ʜʣʷ 

ʬʠʣʴʪʨʘʮʠʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʦʪ ʯʘʩʪʠʮ ʤʠʢʨʦʧʨʠʤʝʩʝʡ; ʚ ʤʝʜʠʮʠʥʝ ʠ 

ʬʘʨʤʘʮʝʚʪʠʢʝ - ʫʧʘʢʦʚʢʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʨʠʩʪʳʝ ʤʠʢʨʦʬʠʣʴʪʨʳ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʝʤʙʨʘʥʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʧʦʨ ʜʣʷ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʜʨ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʭʦʨʦʰʫʶ 

ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʨʘʟʣʠʯʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ ʠʣʠ ʚʳʩʦʢʫʶ 

ʘʜʛʝʟʠʶ ʢ ʥʘʥʦʩʠʤʳʤ ʧʦʢʨʳʪʠʷʤ, ʥʘʧʨʠʤʝʨ, ʧʨʦʚʦʜʷʱʠʤ ʧʣʝʥʢʘʤ. ʆʜʥʠʤ ʠʟ 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʫʩʣʦʞʥʠʪʴ ʠʣʠ ʩʫʟʠʪʴ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʧʣʝʥʦʢ 

ʇɺɼʌ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʛʠʜʨʦʬʦʙʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʚʳʩʠʪʴ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʧʦʣʠʤʝʨʘ ʤʦʞʥʦ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʢʪʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʙʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʚʦʜʳ ʠ ʠʤʝʶʪ ʩʙʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ, 

ʧʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʣʝʥʢʠ ʇɺɼʌ. 

 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʝʥʢʫ ʇɺɼʌ ʪʦʣʱʠʥʦʡ 

30Ñ1 ʤʢʤ ʧʨʦʠʟʚʦʜʩʪʚʘ SolefÑ 11010 Solvay, ʐʘʥʭʘʡ, ʂʠʪʘʡ. ʆʙʨʘʙʦʪʢʫ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʘʨʛʦʥʝ ʠ ʢʠʩʣʦʨʦʜʝ 

[1]. ʇʣʝʥʢʠ ʧʦʣʠʤʝʨʦʚ ʨʘʟʤʝʨʦʤ 1,5³9,4 ʩʤ ʨʘʟʤʝʱʘʣʠ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʧʦ 

ʦʙʨʘʟʫʶʱʝʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʷʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʜʠʘʤʝʪʨʦʤ 3 ʩʤ ʚ 

ʟʦʥʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʪʦʣʙʘ ʨʘʟʨʷʜʘ. ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʩʦʩʪʘʚʣʷʣʦ 100 ʇʘ, ʣʠʥʝʡʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ ð 30 ʩʤ/ʩ, ʪʦʢ ʨʘʟʨʷʜʘ ï 50, 80, 110ʤɸ, ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ð 

5ï10 ʤʠʥ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʣʠʤʝʨʘ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʌʫʨʴʝïʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʅʇɺʆ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʬʠʨʤʳ çNicoletè ʪʠʧʘ çAvatar-360è. ʊʦʧʦʣʦʛʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʧʨʠʙʦʨʝ 

SOLVER P47-PRO ʚ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ. ʂʨʘʝʚʳʝ ʫʛʣʳ ʩʤʘʯʠʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʪʦʛʨʘʬʠʷʤ 

ʢʘʧʝʣʴ ʩʜʝʣʘʥʥʳʭ ʮʠʬʨʦʚʦʡ HD-ʢʘʤʝʨʦʡ. ʀʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ CAUW 120D (CAS, ʖʞʥʘʷ ʂʦʨʝʷ). 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʇɺɼʌ ʷʚʣʷʝʪʩʷ ʘʤʦʨʬʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʠʤʝʨʦʤ. ɽʛʦ ʤʦʣʝʢʫʣʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʛʣʝʨʦʜʥʳʝ ʮʝʧʠ, ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʢʦʪʦʨʳʭ ʧʦʧʝʨʝʤʝʥʥʦ 

ʧʨʠʩʦʝʜʠʥʝʥʳ ʧʦ ʜʚʘ ʘʪʦʤʘ ʬʪʦʨʘ ʠ ʚʦʜʦʨʦʜʘ (-ʉʅ2-ʉF2-)n. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʬʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʯʝʪʳʨʝʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʠʟ 

ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ Ŭ ʠ ɓ ʬʘʟʳ [2]. ɸʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʬʦʨʤʝ ʩʬʝʨʦʣʠʪʦʚ (ʨʠʩ. 2ʘ), ʘ ʥʘ ʀʂ ʩʧʝʢʪʨʘʭ ʅʇɺʆ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʢʦʣʝʙʘʥʠʷʤ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ (Ŭ- ʠ ɓ - ʬʦʨʤʳ) (ʨʠʩ. 1ʘ). 
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ʈʠʩ. 1. ʀʂ ʩʧʝʢʪʨ ʅʇɺʆ ʧʣʝʥʢʠ ʇɺɼʌ 

ʘ) ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʡ ʧʣʝʥʢʠ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, 

ʙ) ʩʧʝʢʪʨʳ ʧʣʝʥʦʢ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʧʣʘʟʤʝ (ʜʘʚʣʝʥʠʝ ʛʘʟʘ 100 ʇʘ,  

ʪʦʢ ʨʘʟʨʷʜʘ 110 ʤɸ, ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 10 ʤʠʥ) 
 

 

ʇʣʘʟʤʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ɸʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʅʇɺʆ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʦʙʣʘʩʪʠ 1780ï1550 ʩʤ-1 (ʨʠʩ. 1, ʙ). ʈʦʩʪ ʧʦʛʣʦʱʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ ʉ=ʆ ʚ ʨʘʟʣʠʯʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠ 

ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʉ=ʉ. ʆʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʳʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʩʧʝʢʪʨʘ, ʯʝʤ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʣʠʤʝʨ ʧʣʘʟʤʳ ʢʠʩʣʦʨʦʜʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʘʨʛʦʥʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʩʚʷʟʝʡ -ʉ-ʉ- ʚ 

ʮʝʧʦʯʢʝ ʧʦʣʠʤʝʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ 

ʉ=ʉ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1700ï1600 ʩʤ-1. ɺʤʝʩʪʝ 

ʩ ʪʝʤ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʠʥʝʨʪʥʦʤ ʛʘʟʝ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ ʠʣʠ 

ʜʝʩʦʨʙʮʠʠ ʵʪʠʭ ʧʨʠʤʝʩʝʡ ʩʦ ʩʪʝʥʦʢ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ ʚʦʟʤʦʞʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʧʦ ʤʝʩʪʫ ʨʘʟʨʳʚʘ ʩʚʷʟʝʡ, ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʉ=ʆ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʥʦ ʠ ʢ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʦʚ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʉʢʦʨʦʩʪʴ ʫʙʳʣʠ ʤʘʩʩʳ ʚʳʰʝ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʦʢʘ ʨʘʟʨʷʜʘ. 

 
  



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  
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ʊʘʙʣʠʮʘ. ʉʢʦʨʦʩʪʴ ʪʨʘʚʣʝʥʠʷ ʧʣʝʥʦʢ ʇɺɼʌ 

 

ʋʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʉʢʦʨʦʩʪʴ ʪʨʘʚʣʝʥʠʷ, ʛĿʩʤ-2Ŀʩ-1 

ʇʣʘʟʤʘ O2, 100 ʇʘ, 50 ʤɸ, 310Ñ5K 1,37Ŀ10-7 

ʇʣʘʟʤʘ Ar, 100 ʇʘ, 50 ʤɸ, 306Ñ3K 2,44Ŀ10-8 

ʇʣʘʟʤʘ O2, 100 ʇʘ, 80 ʤɸ, 315Ñ5K 3,73Ŀ10-7 

ʇʣʘʟʤʘ Ar, 100 ʇʘ, 80 ʤɸ, 309Ñ3K 2,05Ŀ10-7 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʚ ʧʣʘʟʤʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʨʦʩʪʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ʨʠʩ.2). ɺʦʟʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ 

ʢʠʩʣʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʬʝʨʦʣʠʪʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʣʠʤʝʨʘ, 

ʠ ʥʘ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷʭ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʣʝʥʢʠ ʤʳ ʠʭ ʥʝ ʥʘʙʣʶʜʘʝʤ. 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʷʝʪʩʷ ʦʪ ~ 30 ʥʤ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ  

ʜʦ ~ 38 ʥʤ ʫ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʚ ʧʣʘʟʤʝ. ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʪʦʧʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʣʝʥʦʢ ʚ 

ʧʣʘʟʤʝ, ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʣʠʤʝʨʦʚ. ʂʨʘʝʚʦʡ ʫʛʦʣ 

ʩʤʘʯʠʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 88Ñ1 ʛʨʘʜʫʩʦʚ ʜʦ 44Ñ2 ʠ 58Ñ1 ʛʨʘʜʫʩʦʚ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ ʠ ʘʨʛʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
 

   
ʘ) 

 
 

 
ʙ) 

ʈʠʩ. 2. ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ ʇɺɼʌ (ʪʦʧʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ,  

ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʬʘʟʦʚʦʤ ʢʦʥʪʨʘʩʪʝ, 3D ʠʟʦʙʨʘʞʝʥʠʝ) 

ʘ) ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ; ʙ) ʦʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ,  

ʜʘʚʣʝʥʠʝ ʛʘʟʘ 100 ʇʘ, ʪʦʢ ʨʘʟʨʷʜʘ110 ʤɸ, ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 5 ʤʠʥ 
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ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʙʦʪʢʘ ʧʣʝʥʦʢ ʇɺɼʌ ʚ ʧʣʘʟʤʝ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚ ʢʠʩʣʦʨʦʜʝ ʠ ʘʨʛʦʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʦʧʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʚ 

ʠʪʦʛʝ ʧʦʚʳʰʘʝʪ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʝʝ 

ʩʤʘʯʠʚʘʝʤʦʩʪʴ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ ʇɺɼʌ ʤʝʪʦʜʦʤ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʥʝʩʪʠ ʪʦʥʢʠʝ ʧʨʦʟʨʘʯʥʳʝ ʧʨʦʚʦʜʷʱʠʝ 

ʧʣʝʥʢʠ ITO ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʘʪʯʠʢʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʰʠʬʨ ʥʘʫʯʥʦʡ ʪʝʤʳ 

FSFN-2022-0007). 
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ɸ. ɸ. ʈʷʙʠʢʦʚ1, ʉ. ɺ. ʅʘʪʘʨʝʝʚ1,2  
1ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
2ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ  

 

ʀʆʅʆʆɹʄɽʅʅɸʗ ʉʆʈɹʎʀʗ ʀʆʅʆɺ ʄɽɼʀ  

ʇʈʀ ʅɽʉʊɸʎʀʆʅɸʈʅʆʄ ʈɽɾʀʄɽ ʈɸɹʆʊʓ  

ɸʇʇɸʈɸʊɸ ʅɽʇʈɽʈʓɺʅʆɻʆ ɼɽʁʉʊɺʀʗ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʝʭʦʜʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʧʨʠ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʜʠ ʥʘ ʩʫʣʴʬʦʢʠʩʣʦʪʥʦʤ ʢʘʪʠʦʥʠʪʝ ʂʋ-2-8. 

ʇʨʠʚʝʜʝʥʳ ʦʧʠʩʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʧʨʠʥʮʠʧ ʝʝ ʨʘʙʦʪʳ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʠ ʧʝʨʝʭʦʜʥʦʤ 

ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ. ʉʥʷʪʳ ʚʳʭʦʜʥʳʝ ʢʨʠʚʳʝ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʠʩʘʪʴ 

ʨʝʘʣʴʥʳʡ ʠʦʥʦʦʙʤʝʥʥʳʡ ʧʨʦʮʝʩʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʦʥʥʳʡ ʦʙʤʝʥ; ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ; ʝʤʢʦʩʪʥʦʡ ʘʧʧʘʨʘʪ ʩ ʤʝʰʘʣʢʦʡ. 
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A. A. Ryabikov, S. V. Natareev 
 

ION EXCHANGE SORPTION OF COPPER IONS  

IN THE NON -STATIONARY MODE OF OPERATION  

OF THE CONTINUOUS-ACTING APPARATUS  
 

The paper considers the transient modes of operation of a continuous-acting apparatus during 

ion exchange sorption of copper ions on sulfonic acid cationite KU-2-8. The description of the 

laboratory installation and the principle of its operation are given. During the experimental studies, 

the patterns of ion exchange in the transient mode of operation were revealed. The output curves have 

been removed. The data obtained are necessary for the development of an analytical mathematical 

model that allows us to describe the real ion exchange process. 

Keywords: ion exchange; transient process; capacitive device with a stirrer. 

 

 

ɺʦʜʦʩʥʘʙʞʝʥʠʝ ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʨ 

(ʟʘʙʦʨ ʚʦʜʳ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʝʝ ʦʯʠʩʪʢʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʠ 

ʧʦʩʣʝʜʫʶʱʘʷ ʧʦʜʘʯʘ), ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʜʦʡ ʥʘʩʝʣʝʥʠʝ, 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʄʏʉ ʠ ʜʨʫʛʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʠʥʞʝʥʝʨʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʯʠʱʘʪʴ 

ʚʦʜʫ ʜʦ ʟʘʜʘʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. 

ʀʦʥʥʳʡ ʦʙʤʝʥ ð ʵʪʦ ʛʝʪʝʨʦʛʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩ ʫʯʘʩʪʠʝʤ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ ʠʦʥʦʚ. ʆʜʥʦʡ ʠʟ ʬʘʟ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʠʦʥʠʪ [1]. ɺ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʵʢʚʠʚʘʣʝʥʪʥʦʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʦʚ ʤʝʞʜʫ ʨʘʩʪʚʦʨʦʤ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʠʦʥʠʪʘ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʥʘʠʚʳʩʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʘʧʧʘʨʘʪʫʨʥʳʤ ʦʬʦʨʤʣʝʥʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʷʚʣʷʶʪʩʷ ʘʧʧʘʨʘʪʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ, ʥʝʠʟʤʝʥʥʦʤ ʚʦ ʚʨʝʤʝʥʠ ʨʝʞʠʤʝ. ʆʜʥʘʢʦ, ʚ ʭʦʜʝ 

ʨʘʙʦʪʳ ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʩʭʦʜʘ ʦʯʠʱʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʜʚʦʡʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʠʦʥʠʪʦʤ ʠ ʨʘʩʪʚʦʨʦʤ ʠ ʚ 

ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʩʣʫʯʘʷʭ [2], ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʪʢʣʦʥʝʥʠʶ ʦʪ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ ʠʟʤʝʥʝʥʠʶ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʜʦ 

ʥʦʚʳʭ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʟʥʘʯʝʥʠʡ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʙʦʪʳ ʠʦʥʦʦʙʤʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʩʳʨʴʷ, 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦʛʦ ʧʦʣʫʯʝʥʠʷ ʚʦʜʳ 

ʟʘʜʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ. 

  



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

98 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʜʠ ʚ ʝʤʢʦʩʪʥʦʤ ʘʧʧʘʨʘʪʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ 

ʩʫʣʴʬʦʢʠʩʣʦʪʥʦʤ ʢʘʪʠʦʥʠʪʝ ʂʋ-2-8. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʧʧʘʨʘʪʘ: 

1 ð ʝʤʢʦʩʪʥʦʡ ʘʧʧʘʨʘʪ ʩ ʤʝʰʘʣʢʦʡ; 

2 ð ʝʤʢʦʩʪʴ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ;  

3 ð ʝʤʢʦʩʪʴ ʜʣʷ ʦʯʠʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ; 

4 ð ʙʫʥʢʝʨ ʜʣʷ ʦʪʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ 

ʢʘʪʠʦʥʠʪʘ;  

5 ð ʝʤʢʦʩʪʴ ʜʣʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʢʘʪʠʦʥʠʪʘ; 6, 7 ð ʜʦʟʘʪʦʨʳ;  

8 ð ʨʦʪʘʤʝʪʨ; 9 ð ʥʘʩʦʩ; 

10, 11 ð ʚʝʥʪʠʣʠ 

 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʚ ʝʤʢʦʩʪʥʦʡ ʘʧʧʘʨʘʪ 1 ʟʘʣʠʚʘʣʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ, ʟʘʩʳʧʘʣʠ 100 ʤʣ ʦʪʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʢʘʪʠʦʥʠʪʘ ʠ 

ʚʢʣʶʯʘʣʠ ʤʝʰʘʣʢʫ. ɿʘʪʝʤ ʚ ʘʧʧʘʨʘʪ ʧʦʜʘʚʘʣʠ ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʠʟ ʝʤʢʦʩʪʠ 2 ʩ 

ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ 9 ʠ ʦʪʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʢʘʪʠʦʥʠʪ ʠʟ ʙʫʥʢʝʨʘ 4 ʩ ʧʦʤʦʱʴʶ 

ʜʦʟʘʪʦʨʘ 6. ʅʝʦʙʭʦʜʠʤʳʡ ʨʘʩʭʦʜ ʨʘʩʪʚʦʨʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʨʦʪʘʤʝʪʨʫ 8. ɺ 

ʧʨʦʮʝʩʩʝ ʩʦʨʙʮʠʠ ʢʘʪʠʦʥʠʪ ʥʘʩʳʱʘʣʩʷ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʦʪʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʜʦʟʘʪʦʨʘ 7 ʚ ʝʤʢʦʩʪʴ 5 ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʛʝʥʝʨʘʮʠʠ. ʆʯʠʱʝʥʥʳʡ ʦʪ ʠʦʥʦʚ 

ʤʝʜʠ ʨʘʩʪʚʦʨ ʫʜʘʣʷʣʩʷ ʠʟ ʘʧʧʘʨʘʪʘ 1 ʚ ʝʤʢʦʩʪʴ 3. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʠʤʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʚ ʘʧʧʘʨʘʪʝ ʚ 

ʥʘʯʘʣʴʥʳʡ  ʤʦʤʝʥʪ  ʚʨʝʤʝʥʠ ʉ0 = 0 ʢʛ-ʵʢʚ/ʤ3; ʢʦʥʮʝʥʪʨʘʮʠʷ  ʦʯʠʱʘʝʤʦʛʦ  

ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ Cʚʭ =0,1, 0,05 ʠ 0,01 ʢʛ-ʵʢʚ/ʤ3; ʦʙʲʝʤ ʩʦʨʙʝʥʪʘ ʚ ʘʧʧʘʨʘʪʝ 

Vʪ = 1Ā10
-4 ʤ3; ʦʙʲʝʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʘʧʧʘʨʘʪʝ Vʞ = 9Ā10

-4 ʤ3; ʨʘʩʭʦʜ 

ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʚ ʘʧʧʘʨʘʪ Qʞ = 1,3Ā10
-5 ʠ 1Ā10-5 ʤ3/ʩ; ʨʘʩʭʦʜ ʢʘʪʠʦʥʠʪʘ ʚ 

ʘʧʧʘʨʘʪ Qʢ =1,4Ā10
-6 ʤ3/ʩ ʠ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ Ű = 2500 ʩ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ 

ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʨʘʩʪʚʦʨʘ, ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʝʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ U-2001 (Hitachi, ʗʧʦʥʠʷ) ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ, ʨʘʚʥʦʡ 610 ʥʤ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʘ 3 %. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʩʪʨʦʠʣʠʩʴ ʚʳʭʦʜʥʳʝ ʢʨʠʚʳʝ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʭʦʜ 

ʧʨʦʪʝʢʘʥʠʷ ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

 

99 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2 ʠ 3, ʥʘ 

ʢʦʪʦʨʳʭ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʫʢʘʟʘʥʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ Ű, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ð 

ʙʝʟʨʘʟʤʝʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ N(Ű) = C(Ű)/Cʚʭ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʠʩʫʥʢʦʚ, ʥʘ ʬʦʨʤʫ ʚʳʭʦʜʥʳʭ ʢʨʠʚʳʭ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʢʘʢ ʨʘʩʭʦʜ ʞʠʜʢʦʡ 

ʬʘʟʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʅʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʘʧʧʘʨʘʪ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʦʝ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʚʥʫʪʨʠ ʘʧʧʘʨʘʪʘ ʚʩʣʝʜʩʪʚʠʝ ʜʠʬʬʫʟʠʠ 

ʠʦʥʦʚ ʩʦʨʙʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʢʘʪʠʦʥʠʪʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʨʘʩʭʦʜʘ ʦʯʠʱʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʚʭʦʜʝ ʚ ʘʧʧʘʨʘʪ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʥʘ ʚʳʭʦʜʝ 

ʠʟ ʘʧʧʘʨʘʪʘ.  

 

 
 

 

ʈʠʩ. 2. ɺʳʭʦʜʥʳʝ ʢʨʠʚʳʝ ʠʦʥʦʦʙʤʝʥʥʦʡ 

ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʜʠ ʥʘ ʢʘʪʠʦʥʠʪʝ:  

Qʨ = 1Ā10-5 ʤ3/ʩ; Vʞ = 9Ā10-4 ʤ3;  

Vʪ = 1Ā10-4 ʤ3; ʉ0 = 0;  

ʉʚʭ, ʢʛ-ʵʢʚ/ʤ3: 1 ï 0,1; 2 ï 0,05; 3 ï 0,01 

 

ʈʠʩ. 3. ɺʳʭʦʜʥʳʝ ʢʨʠʚʳʝ ʠʦʥʦʦʙʤʝʥʥʦʡ 

ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʜʠ ʥʘ ʢʘʪʠʦʥʠʪʝ:  

Qʨ = 1,3Ā10-5 ʤ3/ʩ; Vʞ = 9Ā10-4 ʤ3;  

Vʪ = 1Ā10-4 ʤ3; ʉ0 = 0;  

ʉʚʭ, ʢʛ-ʵʢʚ/ʤ3: 1 ï 0,1; 2 ï 0,05; 3 ï 0,01 
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʳ 

ʧʝʨʝʭʦʜʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʧʨʠ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʜʠ ʥʘ 

ʩʫʣʴʬʦʢʠʩʣʦʪʥʦʤ ʢʘʪʠʦʥʠʪʝ ʂʋ-2-8 ʚ ʝʤʢʦʩʪʥʦʤ ʘʧʧʘʨʘʪʝ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʜʝʡʩʪʚʠʷ. ʀʟ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʚʳʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʦʢʘʟʳʚʘʝʪ ʨʘʩʭʦʜ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʦʯʠʩʪʢʫ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʠ 

ʚʳʭʦʜʘ ʘʧʧʘʨʘʪʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ 

ʧʦʩʣʝʜʫʶʱʘʷ ʧʨʦʚʝʨʢʘ ʩʭʦʜʠʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʩʯʝʪʦʚ. 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-671). 
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ʇʃɸʑ-ʅɸʂʀɼʂɸ ʉ ʃʖʄʀʅʆʌʆʈʅʓʄ ʇʆʂʈʓʊʀɽʄ  

ʂɸʂ ʉʀɻʅɸʃʔʅʆɽ ʉʈɽɼʉʊɺʆ ɺʀɿʋɸʃʀɿɸʎʀʀ:  

ʆɹʃɸʉʊʔ ʇʈʀʄɽʅɽʅʀʗ ʀ ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 
 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʩʠʛʥʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʧʣʘʱ-

ʥʘʢʠʜʢʠ, ʢʦʪʦʨʘʷ ʟʘʱʠʱʘʝʪ ʦʪ ʧʣʦʭʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʤ ʩʣʫʞʙʘʤ 

ʦʧʝʨʘʪʠʚʥʝʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ; ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʚʝʪʘ ʦʪʨʘʞʘʶʱʝʛʦ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʜʣʦʞʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʛʥʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ; ʚʠʟʫʘʣʠʟʘʮʠʷ; ʣʶʤʠʥʦʬʦʨʳ; ʧʦʠʩʢʦʚʦ-

ʩʧʘʩʘʪʝʣʴʥʳʝ ʨʘʙʦʪʳ.  

 

D. A. Tarasova, A. L. Nikiforov, I. A. Legkova  

 

COAPE-CAPE WITH LUMINOPHOR COATING  

AS A SIGNAL VISUALIZATION MEANS: FIELD OF APPLICATION  

AND EVALUATION OF EFFECTIVENESS  

 
The article presents the development of a dual-use signaling device - a raincoat, which protects 

from bad weather conditions, hypothermia and allows you to visualize the location of a person, which 

helps search and rescue services to carry out their activities more quickly; The radiation efficiency 

was assessed depending on the color of the reflective metallized coating of the substrate. 

Keywords: signaling device; visualization; phosphors; search and rescue operations. 
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ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ɽʞʝʛʦʜʥʦ ʥʘ ʧʦʠʩʢʠ ʣʶʜʝʡ, ʧʦʧʘʚʰʠʭ ʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʫʶ ʩʠʪʫʘʮʠʶ, 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʣ ʠ ʩʨʝʜʩʪʚ. ʂ ʢʘʪʝʛʦʨʠʷʤ ʣʠʮ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʧʦʜʦʙʥʳʝ ʩʠʪʫʘʮʠʠ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʦʭʦʪʥʠʢʠ, ʨʳʙʦʣʦʚʳ, 

ʛʨʠʙʥʠʢʠ, ʪʫʨʠʩʪʳ-ʧʦʭʦʜʥʠʢʠ, ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʠ, ʣʶʙʠʪʝʣʠ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʪʫʨʠʟʤʘ. ʇʨʠʤʝʥʝʥʠʝ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ 

ʘʧʧʘʨʘʪʳ, ʜʣʷ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʦʙʭʦʜʠʪʩʷ ʢʨʘʡʥʝ ʜʦʨʦʛʦ, ʧʦʵʪʦʤʫ 

ʠʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʩʦʤʥʝʥʠʝʤ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʧʦʩʪʨʘʜʘʚʰʝʛʦ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʦʠʩʢʘ, ʘ ʪʘʢʞʝ 

ʩʥʠʟʠʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ. 

ɿʘʯʘʩʪʫʶ ʣʶʜʠ ʧʨʝʥʝʙʨʝʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʛʥʘʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʚʦʝʛʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ 

ʛʨʘʞʜʘʥ. ʊʘʢʞʝ ʥʝʜʦʩʪʘʪʢʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʛʥʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ 

ʜʦʨʦʛʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ.  

ʉʫʱʝʩʪʚʫʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ, ʛʜʝ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ ʩʠʛʥʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ʧʨʠʚʝʣʦ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʣʶʜʝʡ, ʧʦʧʘʚʰʠʭ ʚ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʫʶ ʩʠʪʫʘʮʠʶ [1], ʥʘʧʨʠʤʝʨ, ʚ ʠʶʣʝ 2023 ʛʦʜʘ  

62-ʣʝʪʥʠʡ ʞʠʪʝʣʴ ʜʝʨʝʚʥʠ ʀʚʘʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʫʰʝʣ ʚ ʣʝʩ ʟʘ ʛʨʠʙʘʤʠ ʠ ʥʝ 

ʚʝʨʥʫʣʩʷ. ʉʦʪʦʚʘʷ ʩʚʷʟʴ ʚ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ. ʇʦʠʩʢʦʚʦ-

ʩʧʘʩʘʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʦʩʣʦʞʥʷʣʘʩʴ ʧʣʦʭʠʤʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʘ ʠʤʝʥʥʦ: 

ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʜʦʞʜʴ, ʛʨʦʟʘ. ʉʧʘʩʘʪʝʣʠ ʥʘʰʣʠ ʪʝʣʦ ʧʦʩʪʨʘʜʘʚʰʝʛʦ ʯʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʧʦʩʣʝ ʧʨʦʧʘʞʠ.  

ʊʘʢʞʝ ʚ ʜʝʢʘʙʨʝ 2023 ʛʦʜʘ 18-ʣʝʪʥʠʡ ʞʠʪʝʣʴ ɺʣʘʜʠʤʠʨʘ ʫʰʝʣ ʚ ʣʝʩ 

ʧʦʛʫʣʷʪʴ ʠ ʥʝ ʚʝʨʥʫʣʩʷ. ɽʛʦ ʧʦʠʩʢʠ ʧʨʦʜʦʣʞʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 3 ʜʥʝʡ, ʯʪʦ 

ʦʩʣʦʞʥʷʣʦʩʴ ʦʩʘʜʢʘʤʠ ʚ ʚʠʜʝ ʩʥʝʛʘ. ʅʘ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʫʶ ʦʧʝʨʘʮʠʶ ʙʳʣʦ 

ʧʨʠʚʣʝʯʝʥʦ ʙʦʣʝʝ 100 ʩʧʘʩʘʪʝʣʝʡ. ʇʦʩʪʨʘʜʘʚʰʠʡ ʙʳʣ ʥʘʡʜʝʥ ʩ ʦʙʤʦʨʦʞʝʥʠʝʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʛʥʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʯʝʣʦʚʝʢʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʤ ʩʣʫʞʙʘʤ ʦʧʝʨʘʪʠʚʥʝʝ ʥʘʭʦʜʠʪʴ 

ʧʦʩʪʨʘʜʘʚʰʠʭ ʣʶʜʝʡ ʠ ʦʢʘʟʳʚʘʪʴ ʠʤ ʧʦʤʦʱʴ. ʆʜʥʘʢʦ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʩʧʦʩʦʙʳ ʧʦʜʘʯʠ ʩʠʛʥʘʣʘ ʙʝʜʩʪʚʠʷ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ [2], ʧʦʵʪʦʤʫ ʘʚʪʦʨʘʤʠ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʣʘʱ-ʥʘʢʠʜʢʘ ʚ ʚʠʜʝ ʧʦʥʯʦ ʩ ʣʶʤʠʥʦʬʦʨʥʳʤ ʧʦʢʨʳʪʠʝʤ.  

ʂ ʝʝ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʷʤ ʦʪʥʦʩʠʪʩʷ:  

- ʟʘʱʠʪʘ ʦʪ ʧʣʦʭʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ (ʜʦʞʜʴ, ʩʥʝʛ, ʚʝʪʝʨ ʠ ʜʨ.); 

- ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ (ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʪʝʧʣʦ); 

- ʚʠʟʫʘʣʠʟʘʮʠʷ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ. 

ʂʦʩʚʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʧʣʘʱ-ʥʘʢʠʜʢʠ ʷʚʣʷʶʪʩʷ: ʩʠʛʥʘʣʴʥʳʡ ʞʠʣʝʪ, 

ʩʠʛʥʘʣʴʥʳʝ ʨʘʢʝʪʳ ʠ ʬʘʢʝʣʳ, ʪʝʨʤʦʦʜʝʷʣʦ, ʧʣʘʱ-ʧʘʣʘʪʢʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʜʝʣʠʷ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʣʘʱ-ʥʘʢʠʜʢʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʙʦʣʴʰʦʡ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ, ʘ ʠʤʝʥʥʦ: ʦʭʦʪʥʠʢʠ, ʨʳʙʦʣʦʚʳ, 

ʛʨʠʙʥʠʢʠ, ʪʫʨʠʩʪʳ-ʧʦʭʦʜʥʠʢʠ, ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʠ, ʣʶʙʠʪʝʣʠ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʪʫʨʠʟʤʘ. ʊʘʢʞʝ ʟʘ ʩʯʝʪ ʣʶʤʠʥʦʬʦʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟʜʝʣʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʚʠʟʫʘʣʠʟʘʮʠʶ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʤ 

ʩʣʫʞʙʘʤ ʵʬʬʝʢʪʠʚʥʝʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ-ʥʦʩʠʪʝʣʷ ʧʣʘʱ-ʥʘʢʠʜʢʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʪʘʥʜʘʨʪʥʦʝ ʪʝʨʤʦʦʜʝʷʣʦ, ʪʝʢʩʪʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʠʤʝʨʥʳʝ ʧʣʝʥʢʠ [3, 4]. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʣʦʞʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʧʦʣʠʤʝʨʥʳʝ ʩʦʩʪʘʚʳ, ʚ 

ʢʦʪʦʨʳʝ ʙʫʜʝʪ ʚʚʦʜʠʪʴʩʷ ʣʶʤʠʥʦʬʦʨ [5].  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʚʝʪʘ ʦʪʨʘʞʘʶʱʝʛʦ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʜʣʦʞʢʠ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʝʨʤʦʦʜʝʷʣʦ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʧʦʣʠʵʬʠʨʥʫʶ 

ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʫʶ ʧʣʝʥʢʫ, ʦʜʥʘ ʩʪʦʨʦʥʘ ʢʦʪʦʨʦʡ ʠʤʝʣʘ ʩʝʨʝʙʨʠʩʪʳʡ ʮʚʝʪ, ʘ 

ʜʨʫʛʘʷ ï ʟʦʣʦʪʠʩʪʳʡ. ʃʶʤʠʥʦʬʦʨʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘʥʦʩʠʣʦʩʴ ʥʘ ʢʘʞʜʫʶ ʠʟ 

ʩʪʦʨʦʥ. ʆʮʝʥʠʚʘʣʘʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʣʠʩʴ çʟʘʩʚʝʪʢʝè ʦʪ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ 

ʤʦʱʥʦʩʪʴʶ 200 ɺʪ ʩ ʨʘʩʩʪʦʷʥʠʷ 1 ʤʝʪʨ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ [6]. ʇʦʩʣʝ ʵʪʦʛʦ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ 

ʩʦʟʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʧʨʠʙʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʦʪʦʨʝʟʠʩʪʦʨ [7, 8]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʣʠʙʨʦʚʢʦʡ ʧʦʢʘʟʘʥʠʷ 

ʧʨʠʙʦʨʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʣʝʩʚʝʯʝʥʠʷ ʣʶʤʠʥʦʬʦʨʘ ʩ 

ʫʯʝʪʦʤ ʮʚʝʪʘ ʦʪʨʘʞʘʶʱʝʛʦ ʧʦʢʨʳʪʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʦʩʣʝʩʚʝʯʝʥʠʷ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠʟʤʝʨʷʣʘʩʴ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ (ʚ % ʦʪ 

ʥʘʯʘʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʣʦʩʴ ʟʘ 100 %).  

 

 
 

ʈʠʩ. 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʘ  

ʦʪ ʚʨʝʤʝʥʠ ʧʦʩʣʝʩʚʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ-ʧʦʜʣʦʞʢʠ 

 

ɺ ʭʦʜʝ ʥʘʙʣʶʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ 

ʧʦʢʨʳʪʠʝ, ʥʘʥʝʩʝʥʥʦʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʨʤʦʦʜʝʷʣʘ, ʠʤʝʶʱʫʶ ʩʝʨʝʙʨʠʩʪʳʡ 

ʮʚʝʪ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ʦʙʲʝʢʪʘ ʧʦʠʩʢʘ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʱʝʩʪʚ, ʥʝ ʪʨʝʙʫʶʱʠʭ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ʙʘʪʘʨʝʡ, ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ), 

ʪʦ ʝʩʪʴ ʣʶʤʠʥʦʬʦʨʦʚ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʚʝʪʘ 

ʦʪʨʘʞʘʶʱʝʛʦ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʜʣʦʞʢʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʩʝʨʝʙʨʠʩʪʘʷ ʩʪʦʨʦʥʘ. 
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ʠʥʪʝʨʝʩʦʚ ʈʦʩʩʠʠ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʄʏʉ ʈʦʩʩʠʠ ʚ ʩʠʩʪʝʤʝ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ɸʨʢʪʠʢʝ, ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʥʳʤʠ 

ʚʝʜʦʤʩʪʚʘʤʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʨʢʪʠʢʘ; ʨʝʩʫʨʩʳ; ʦʩʚʦʝʥʠʝ; ʥʘʮʠʦʥʘʣʴʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; 

ɸʨʢʪʠʯʝʩʢʘʷ ʟʦʥʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ; ʄʏʉ ʈʦʩʩʠʠ. 

 

A. A. Tretyakov, V. V. Papyrin, A. A. Tsoi 

 

RESEARCH ON THE DEVELOPMENT AND INTEGRATED SECURITY  

OF THE ARCTIC ZONE IN THE STRUCTURE OF THE MINISTRY  

OF EMERGENCY SITUATIONS OF RUSSIA  
 

The article considers approaches to assessing the current state of the Arctic zone and the 

prospects for its further sustainable and integrated development, ways and methods of implementing 

tasks aimed at the process of its formation, taking into account Russia's strategic interests in this 

region. The article analyzes the activities of the Ministry of Emergency Situations of Russia in the 

system of ensuring national security in the Arctic, the specifics of its interaction with other agencies 

to improve the system of monitoring and forecasting of natural and man-made emergencies.  

Keywords: Arctic; resources; development; national security; Arctic zone of the Russian 

Federation; Ministry of Emergency Situations of Russia. 

 

 

                                                 
  É ʊʨʝʪʴʷʢʦʚ ɸ. ɸ., ʇʘʧʳʨʠʥ ɺ. ɺ., ʎʦʡ ɸ. ɸ., 2024 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

 

105 

 

ɺ ʨʘʤʢʘʭ ʦʙʦʩʪʨʝʥʠʷ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʙʦʨʴʙʳ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ, 

ʚʥʦʚʴ ʦʙʦʩʪʨʷʝʪʩʷ ʠʥʪʝʨʝʩ ʢ ɸʨʢʪʠʢʝ ʠ ʘʨʢʪʠʯʝʩʢʦʤʫ ʨʝʛʠʦʥʫ ʢʘʢ ʪʘʢʦʚʦʤʫ. 

ʀʥʪʝʨʝʩ ʵʪʦʪ ʦʙʦʩʥʦʚʘʥ ʧʦ ʤʥʦʛʠʤ ʧʨʠʯʠʥʘʤ. ɸʨʢʪʠʢʘ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʛʘʪʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʚʠʜʘʤʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʉʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, 

ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʘ ʪʘʢʞʝ ʤʦʨʩʢʠʝ ʧʫʪʠ ð ʚʩʝ ʵʪʦ ʧʨʠʚʣʝʢʘʝʪ 

ʚʥʠʤʘʥʠʝ ʢʘʢ ʨʦʩʩʠʡʩʢʠʭ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ ʢʦʤʧʘʥʠʡ [1]. ʇʦʣʷʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʚʥʦ ʧʝʨʝʰʣʠ ʠʟ ʩʬʝʨʳ ʥʘʫʢʠ ʚ ʩʬʝʨʫ ʵʢʦʥʦʤʠʢʠ, ʘ ʵʪʦ ʧʨʠʚʝʣʦ 

ʢ ʦʞʝʩʪʦʯʝʥʥʦʤʫ ʧʦʣʠʪʠʯʝʩʢʦʤʫ ʩʧʦʨʫ ʤʝʞʜʫ ʘʨʢʪʠʯʝʩʢʠʤʠ ʛʦʩʫʜʘʨʩʪʚʘʤʠ. 

ʕʪʦʤʫ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʩʦʭʨʘʥʷʝʪʩʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʦʯʝʨʪʘʥʠʷʭ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʦʥ ʩʪʨʘʥ 

ʨʝʛʠʦʥʘ. 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʚ ʵʪʦʡ ʩʬʝʨʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ɸʨʢʪʠʢʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʦʣʴʥʦ ʠʣʠ ʥʝʚʦʣʴʥʦ ʚʦʟʥʠʢʘʶʪ ʩʧʦʨʥʳʝ 

ʚʦʧʨʦʩʳ. ɸ ʠʭ ʮʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʘ: ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʥʘʭʦʜʠʪʩʷ 

ʜʦ ʯʝʪʚʝʨʪʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʠʨʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ.  

ɺ ʦʪʥʦʰʝʥʠʠ ʦʩʚʦʝʥʠʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʈʦʩʩʠʷ ʣʠʜʠʨʫʝʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʧʳʪʘ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʪʘʷʥʠʷ 

ʣʴʜʦʚ ʚ ɸʨʢʪʠʢʝ ʦʪʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʨʩʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ. ʈʦʩʩʠʷ ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʘʨʢʪʠʯʝʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʘʧʨʘʚʣʷʷ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʜʦʙʳʯʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ.  

ʅʦ ʨʦʩʪ ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʪʦʤ ʭʨʫʧʢʦʤ ʨʝʛʠʦʥʝ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ (ʏʉ) ʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ɺ ʵʪʦʤ 

ʩʤʳʩʣʝ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʧʘʩʘʪʝʣʴʥʳʝ ʩʣʫʞʙʳ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʠ ʄʏʉ 

ʈʦʩʩʠʠ [2]. ʇʦʵʪʦʤʫ, ʚ ʯʠʩʣʝ ʚʘʞʥʳʭ ʜʣʷ ʈʦʩʩʠʠ ʟʘʜʘʯ ʚ ɸʨʢʪʠʢʝ ð ʨʘʟʚʠʪʠʝ 

ʩʬʝʨʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʏʉ. ʈʦʩʩʠʷ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ ʥʘʜ 

ʚʳʷʚʣʝʥʠʝʤ ʠ ʘʥʘʣʠʟʦʤ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʚʳʨʘʙʦʪʢʦʡ ʩʧʦʩʦʙʦʚ ʠʭ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʝʨ 

ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʏʉ ʠ ʧʦʞʘʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ 

ʦʩʚʦʝʥʠʷ ɸʨʢʪʠʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʄʏʉ 

ʈʦʩʩʠʠ ʬʦʨʤʠʨʫʝʪ ʚ ʨʝʛʠʦʥʝ ʩʠʩʪʝʤʫ ʢʦʤʧʣʝʢʩʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʨʷʜʫ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ, 

ʧʦʪɻʘʧʥʦ ʨʘʟʚʠʚʘʷ ʛʨʫʧʧʠʨʦʚʢʫ ʩʠʣ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ. ɼʣʷ ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʥʳ ʚ ʦʩʥʦʚʥʦʤ ʪʝʭʥʦʛʝʥʥʳʝ ʏʉ: 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʚʘʨʠʠ, ʥʘʨʫʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʦʤʤʫʥʘʣʴʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ʅʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ ʯʘʱʝ 

ʬʠʢʩʠʨʫʝʤ ʧʨʦʠʩʰʝʩʪʚʠʷ ʩ ʪʫʨʠʩʪʘʤʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʠʜʦʚ. ʕʪʦ ʣʳʞʥʳʝ ʠ 

ʚʝʟʜʝʭʦʜʥʳʝ ʧʝʨʝʭʦʜʳ, ʧʦʣʝʪʳ ʥʘ ʚʦʟʜʫʰʥʳʭ ʰʘʨʘʭ, ʧʘʨʘʰʶʪʥʳʝ ʧʨʳʞʢʠ ʥʘ 

ʉʝʚʝʨʥʳʡ ʧʦʣʶʩ, ʧʣʘʚʘʥʠʷ ʧʦ ʉʝʚʝʨʥʦʤʫ ʤʦʨʩʢʦʤʫ ʧʫʪʠ (ʉʄʇ) [3].  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʙʦʪʘ ʄʏʉ ʈʦʩʩʠʠ ʚ ɸʨʢʪʠʢʝ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʛʨʘʬʠʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ 

ʨʝʛʠʦʥʘ. ɺʦ-ʧʝʨʚʳʭ, ʚʝʜʝʥʠʝ ʦʧʝʨʘʮʠʡ ʚ ɸʨʢʪʠʢʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʃʝʜʦʚʳʝ ʧʣʘʪʬʦʨʤʳ, ʩʠʣʴʥʳʝ ʤʦʨʦʟʳ, ʦʪʩʫʪʩʪʚʠʝ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʩʚʝʪʦʚʦʛʦ ʜʥʷ ð ʚʩʝ ʵʪʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʪʨʝʙʫʝʪ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʩʥʘʨʷʞʝʥʠʷ [4]. ʂʨʦʤʝ ʪʦʛʦ, ʰʪʘʪʥʳʝ ʩʨʝʜʩʪʚʘ 

ʩʚʷʟʠ ʠ ʥʘʚʠʛʘʮʠʠ ʤʦʛʫʪ ʥʝ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ ʧʦʣʷʨʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ ʠ ʣʝʜʦʩʪʘʚʘ, ʧʦʵʪʦʤʫ ʩʧʘʩʘʪʝʣʷʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʪʴ ʛʦʪʦʚʳʤʠ ʢ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʠʤʝʪʴ ʥʘʚʳʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ. 

ʉʦʟʜʘʚʘʝʤʳʝ ʄʏʉ ʈʦʩʩʠʠ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʣʝʢʩʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʣʳ ʠ 

ʩʨʝʜʩʪʚʘ, ʦʩʥʘʱʝʥʥʳʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚ 

ʘʨʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ, ʩʧʦʩʦʙʥʳ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ, ʟʘʱʠʪʠʪʴ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʦʙʲʝʢʪʳ, ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʩʪʨʘʜʘʚʰʝʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʩʪʨʘʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʠ ʦʩʚʦʝʥʠʷ ʘʨʢʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʰʝʣʴʬʘ ʠ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ, ʠʥʳʭ ʢʨʫʧʥʳʭ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ɸʨʢʪʠʢʝ [5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʄʏʉ ʈʦʩʩʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʬʝʜʝʨʘʣʴʥʳʤʠ 

ʦʨʛʘʥʘʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʧʨʦʚʦʜʠʪ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʏʉ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɸɿʈʌ). ʇʦʚʳʰʝʥʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʦʙʝʩʧʝʯʝʥʠʶ ʠʭ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʩʦʟʜʘʥʠʶ ʙʘʥʢʘ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ, ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ, 

ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʤʢʘʭ 

ʩʦʟʜʘʥʠʷ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʝʪʠ ʥʘʟʝʤʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʘ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʚ ɸʨʢʪʠʢʝ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʩʚʷʟʠ, ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʚʦʟʤʦʞʥʳʝ ʏʉ ʚ ɸʨʢʪʠʢʝ [6]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ɸɿʈʌ ʄʏʉ ʈʦʩʩʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʪʝʩʥʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʢʨʫʧʥʝʡʰʠʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʨʝʘʣʠʟʫʶʱʠʤʠ ʚ ɸʨʢʪʠʢʝ ʨʷʜ 

ʢʨʫʧʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʚʦʝʥʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ 

ʰʝʣʴʬʝ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ, ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʥʦʚʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ. 

ɺ ʯʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ ʚ ʘʢʚʘʪʦʨʠʷʭ 

ɸʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʈʦʩʛʠʜʨʦʤʝʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʝʛʫʣʷʨʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ ʠ ʚʳʧʫʩʢ ʧʨʦʛʥʦʟʦʚ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʡ ʦ ʩʠʣʴʥʳʭ ʚʝʪʨʘʭ, ʰʪʦʨʤʘʭ ʠ 

ʜʨʫʛʠʭ ʦʧʘʩʥʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ. ʆʩʥʦʚʦʡ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʣʫʞʠʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʥʘʙʣʶʜʘʪʝʣʴʥʘʷ ʩʝʪʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 240 ʩʪʘʥʮʠʡ. ɸʚʠʘʮʠʷ ʄʏʉ ʈʦʩʩʠʠ ʚʝʜʸʪ 

ʧʘʪʨʫʣʠʨʦʚʘʥʠʝ ʣʝʩʦʚ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ [7]. 

ɼʣʷ ʦʢʘʟʘʥʠʷ ʵʢʩʪʨʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʄʠʥʟʜʨʘʚʦʤ ʈʦʩʩʠʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʙʲʝʢʪʦʚ ɸɿʈʌ ʩʦʟʜʘʥʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʮʝʥʪʨʳ ʤʝʜʠʮʠʥʳ 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  
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ʢʘʪʘʩʪʨʦʬ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʳʤʠ ʩʠʣʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʧʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ. ɺ ʨʝʛʠʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʚ ʫʯʝʙʥʳʭ 

ʮʝʥʪʨʘʭ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʦʜʛʦʪʦʚʢʘ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʥʘʩʝʣʝʥʠʷ ʧʨʠʸʤʘʤ 

ʦʢʘʟʘʥʠʷ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʩ ʫʯʸʪʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ (ʪʨʘʚʤ) ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʘ ɸʨʢʪʠʢʠ.  

ɸʨʢʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʮʝʥʪʨʳ (ɸʂɸʉʎ) 

ʩʦʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʫ ʢʦʤʧʣʝʢʩʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ, 

ʪʝʨʨʠʪʦʨʠʡ ʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʜʣʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ 

ɸɿʈʌ ʦʪ ʫʛʨʦʟ ʏʉ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨ [8]. ɼʚʘ ʜʝʩʷʪʢʘ ʥʦʚʳʭ 

ʘʨʢʪʠʯʝʩʢʠʭ ɸʂɸʉʎ ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʚʙʣʠʟʠ ʢʨʫʧʥʳʭ ʜʦʙʳʯʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ɿʘʧʦʣʷʨʴʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ 6 ɸʂɸʉʎ ʚ ɸʨʭʘʥʛʝʣʴʩʢʝ, ʄʫʨʤʘʥʩʢʝ, ɺʦʨʢʫʪʝ, ʅʘʨʴʷʥ-ʄʘʨʝ, 

ɼʫʜʠʥʢʝ ʠ ʗʢʫʪʩʢʝ. ʉʝʪʴ ʩʧʘʩʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʦʙʝʩʧʝʯʠʪ ʧʨʠʢʨʳʪʠʝ ʉʄʇ, ʘ 

ʪʘʢʞʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ɸɿʈʌ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷʤʠ (ɸʉʌ), 

ʫʩʠʣʝʥʥʳʤʠ ʟʚʝʥʴʷʤʠ ʘʨʢʪʠʯʝʩʢʦʡ ʘʚʠʘʮʠʠ ʄʏʉ ʈʦʩʩʠʠ [9]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʄʏʉ ʈʦʩʩʠʠ ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʨʝʚʠʟʠʷ ʚʩʝʭ 

ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ɽʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʏʉ (ʈʉʏʉ), ʥʘʭʦʜʷʱʠʭʩʷ ʚ ɸɿʈʌ [10]. ʆʙʱʘʷ 

ʛʨʫʧʧʠʨʦʚʢʘ ʈʉʏʉ ʚ ɸʨʢʪʠʢʝ ʧʨʝʚʳʰʘʝʪ 35 ʪʳʩ. ʯʝʣʦʚʝʢ, ʥʘ ʠʭ ʚʦʦʨʫʞʝʥʠʠ ï 

ʦʢʦʣʦ 5 ʪʳʩ. ʝʜʠʥʠʮ ʪʝʭʥʠʢʠ, ʚʢʣʶʯʘʷ ʧʣʘʚʩʨʝʜʩʪʚʘ ʠ ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʠʘʩʠʩʪʝʤʳ. 

ʕʪʦ ʚ ʦʩʥʦʚʥʦʤ ʬʝʜʝʨʘʣʴʥʳʝ, ʩʫʙʲʝʢʪʦʚʳʝ ʠ ʚʝʜʦʤʩʪʚʝʥʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ. 

ʉʧʘʩʘʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʥʳʤʠ ɸʉʌ. 

ɺ ʫʩʣʦʚʠʷʭ ʦʪʜʘʣʝʥʥʦʩʪʴ, ʩʫʨʦʚʳʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʤʘʩʰʪʘʙ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʏʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ 

ʠ ʧʦʚʳʩʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ, ʪʨʝʙʫʝʪʩʷ 

ʨʘʟʚʠʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʮʝʥʪʨʳ [11]. ʊʘʢ, ʄʏʉ ʈʦʩʩʠʠ 

ʧʣʘʥʠʨʫʝʪ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʫʟʣʦʚʳʭ 

ʪʦʯʢʘʭ ʨʝʛʠʦʥʘ: ʉʘʙʝʪʪʘ, ɼʠʢʩʦʥ, ʊʠʢʩʠ ʠ ʇʝʚʝʢ. ɺ ʠʭ ʩʦʩʪʘʚ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚʩʢʣʦʯʠʪʴ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʮʝʥʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʷʭ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʚʝʜʦʤʩʪʚʘ, ʘʨʢʪʠʯʝʩʢʠʝ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʠ ʘʚʠʘʮʠʦʥʥʳʝ ʟʚʝʥʴʷ ʄʏʉ ʈʦʩʩʠʠ.  

ɺ ʨʘʤʢʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʘʢʚʘʪʦʨʠʠ ʉʄʇ ʄʏʉ ʈʦʩʩʠʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʈʦʩʘʪʦʤʦʤ ʧʨʦʨʘʙʘʪʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʨʪʦʣʝʪʥʳʭ 

ʧʣʦʱʘʜʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʦʚ ʜʣʷ ʧʦʩʘʜʢʠ ʠ 

ʜʦʟʘʧʨʘʚʢʠ ʚʝʨʪʦʣʝʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʱʝʥʠʷ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʄʏʉ ʈʦʩʩʠʠ ʧʨʝʜʣʘʛʘʝʪ ʨʘʟʤʝʱʘʪʴ ʜʦʛʦʚʦʨʥʳʝ 

ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʚʝʜʦʤʩʪʚʘ ʜʣʷ 

ʧʨʠʢʨʳʪʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ɸɿʈʌ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʏʉ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ 

ʟʚʝʥʦʤ ʚ ʩʠʩʪʝʤʝ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ 
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ʌʝʜʝʨʘʮʠʠ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ. ʕʪʦ ʩʣʘʞʝʥʥʘʷ, ʤʦʙʠʣʴʥʘʷ, ʭʦʨʦʰʦ 

ʦʩʥʘʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʛʦʪʦʚʘʷ ʚʳʧʦʣʥʠʪʴ ʣʶʙʳʝ ʟʘʜʘʯʠ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʝʝ 

ʬʫʥʢʮʠʡ ʠ ʧʦʣʥʦʤʦʯʠʡ, ʠʤʝʶʱʘʷ ʦʛʨʦʤʥʳʡ ʢʦʤʧʝʪʝʥʪʥʳʡ ʠ ʨʝʩʫʨʩʥʳʡ 

ʧʦʪʝʥʮʠʘʣ. 
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POLYVINYLIDENE FLUORIDE AS A PROMISING MATERIAL  

FOR THE DEVELOPMENTOF PYROELECTRIC SENSORS  
 

The structural features of the structure of polyvinylidene fluoride and their relationship with 

the pyroelectric properties of this material are considered. The advantages of film polymer materials 

for constructing pyroelectric sensors are shown. The possibility of using atomic force microscopy to 

determine the polarization parameters of thin films of polyvinylidene fluoride has been demonstrated. 

Keywords: pyroelectric effect; electretes; polymer films; atomic force microscopy. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʣʘʤʝʥʠ ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʰʠʨʦʢʠʤ ʧʦʣʝʤ ʟʨʝʥʠʷ ʠ 

ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʪʝʧʣʦʚʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʘʪʯʠʢʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʣʘʤʝʥʠ ʜʣʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʪʫʭʘʥʠʷ ʧʣʘʤʝʥʠ ʚ ʧʝʯʘʭ ʠ ʛʘʟʦʚʳʭ ʛʦʨʝʣʢʘʭ. ɺʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʩʝʥʩʦʨʦʚ ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʢ ʭʘʨʘʢʪʝʨʥʦʤʫ 

ʤʝʨʮʘʥʠʶ ʧʣʘʤʝʥʠ ʚ ʜʠʘʧʘʟʦʥʝ 8ï10 ɻʮ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʪʦʯʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʠʩʪʦʯʥʠʢʦʚ ʧʣʘʤʝʥʠ ʚ ʪʨʦʡʥʳʭ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʠʩʪʝʤʘʭ ʦʙʥʘʨʫʞʝʥʠʷ.  

ɺ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʟʘʣʦʞʝʥ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʠʨʦʵʣʝʢʪʠʯʝʩʪʚʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʣʶʙʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʤʘʪʝʨʠʘʣʝ, ʩʦʜʝʨʞʘʱʝʤ ʩʧʦʥʪʘʥʥʫʶ ʠʣʠ ʟʘʤʦʨʦʞʝʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, 

ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʠʧʦʣʝʡ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ (ʇɺɼʌ). ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʢʝʨʘʤʠʯʝʩʢʠʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤ, ʥʘʧʨʠʤʝʨ PZT 

(ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ Pb(Zr,Ti)O3). ʄʘʣʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʧʦʣʠʤʝʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦ 

ʥʘʧʨʷʞʝʥʠʶ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ [1]. 

ʇɺɼʌ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʘʤʦʨʬʥʦʡ ʬʘʟ [2]. ʄʦʣʝʢʫʣʷʨʥʳʝ ʝʜʠʥʠʮʳ ʚ ʩʪʨʫʢʪʫʨʝ 

ʇɺɼʌ ʠʤʝʶʪ ʩʫʤʤʘʨʥʳʝ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʦʪ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʬʪʦʨʘ 

ʜʦ ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʦʜʦʨʦʜʘ (ʨʠʩ. 1ʘ). ɽʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʜʠʧʦʣʠ ʚʩʝʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚʳʩʪʨʦʠʪʴ ʚʜʦʣʴ ʜʚʦʡʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʦʩʠ 

(ʨʠʩ. 1ʙ) ʦʙʨʘʟʝʮ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʩʧʦʩʦʙʝʥ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʠ. 

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ 

ʇɺɼʌ (ʘ) ʠ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʟʚʝʥʴʝʚ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʙ) 

ʘ)                               ʙ) 

 
  

ʀʟʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʇɺɼʌ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʧʷʪʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʦʨʬʦʚ, ʪ.ʝ. Ŭ, ɓ, ɔ, ŭ ʠ Ů ʬʘʟ, ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [3].  

 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  
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ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ 

ʇɺɼʌ (ʨʠʩ. 2) ʧʦʢʘʟʘʣʠ, ʯʪʦ Ŭ- ʠ ɓ-

ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʠʟ-ʟʘ ʠʭ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ: Ŭ-ʬʘʟʘ 

ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ 

ʪʠʧʘ ʪʨʘʥʩ-ʛʦʰ (TGTG), ʚ ʢʦʪʦʨʦʡ 

ʘʪʦʤʳ F ʠ H ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʦʦʯʝʨʝʜʥʦ ʥʘ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ ʮʝʧʠ, 

ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦʡ 

ʬʘʟʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ɓ-ʬʘʟʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʘʤʳʡ ʚʳʩʦʢʠʡ 

ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ 

ʷʯʝʡʢʫ ʩ ʩʘʤʳʤ ʚʳʩʦʢʠʤ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 

 
ʈʠʩ. 2. ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ  

ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʬʘʟ ʇɺɼʌ 

 

ʂʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʇɺɼʌ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʦʪ 35 % ʜʦ 70 % [4]. ʇʣʝʥʢʠ 

ʇɺɼʌ ʚ ʦʩʥʦʚʥʦʤ ʩʢʨʫʯʠʚʘʶʪʩʷ ʚ ʜʚʫʭʦʩʥʦʤ ʠʣʠ ʦʜʥʦʦʩʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʣʠ 

ʨʘʩʪʷʛʠʚʘʶʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʣʠ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʙʨʘʟʮʦʚ 

ʩ Ŭ-ʬʘʟʦʡ ʦʙʨʘʟʫʝʪʩʷ ʤʘʪʝʨʠʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ɓ-ʬʘʟʫ, 

ʧʦʩʢʦʣʴʢʫ ʤʦʣʝʢʫʣʷʨʥʳʝ ʮʝʧʠ ɓ ʬʦʨʤʳ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʝ, ʯʝʤ ʫ Ŭ ʬʦʨʤʳ. 

ʉʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʝʨʚʠʯʥʳʤ ʠ ʚʪʦʨʠʯʥʳʤ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʪʚʦʤ. ʇʝʨʚʠʯʥʦʝ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʠʯʥʦʝ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʚʳʟʚʘʥʥʦʛʦ 

ʪʝʧʣʦʚʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʦʙʨʘʟʮʘ. ʇʝʨʚʠʯʥʦʝ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʚ ʇɺɼʌ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 70 % ʦʪ ʦʙʱʝʛʦ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ. 

ʇʠʨʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʚ ʇɺɼʌ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʠ 

ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ [5].  

ʇʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʧʦʣʷʨʠʟʘʮʠʠ P ʤʘʪʝʨʠʘʣʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ  
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ʍʦʪʷ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʇɺɼʌ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ, 

ʧʣʦʪʥʦʩʪʴ ʜʠʧʦʣʝʡ ʚʳʩʦʢʘ ʠ ʜʦʩʪʠʛʘʝʪ 1,9Ŀ1022 ʩʤ-3. ʀʟʤʝʨʝʥʥʘʷ ʦʩʪʘʪʦʯʥʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʫ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʯʪʠ ʠʜʝʘʣʴʥʦʝ ʜʠʧʦʣʴʥʦʝ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʇɺɼʌ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 50 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʇɺɼʌ  

(25Ŀ10-6 ʂʣ/ʤ2 ʂ) ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ [6].  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʪʝʥʟʦʨʘʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʜʣʷ ʪʦʥʢʠʭ 

ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʲʝʟʦʦʪʢʣʠʢʘ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ [7]. 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʴʝʟʦʦʪʢʣʠʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ. ʊʠʧʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʪʘʢʠʭ ʢʨʠʚʳʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. 

 

  

ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʝʩʢʠʝ ʛʨʘʬʠʢʠ, 

ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʧʦʣʷʨʠʟʘʮʠʝʡ (P), 

ʜʝʬʦʨʤʘʮʠʝʡ (S)  

ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (E) 

 
 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʠ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʧʣʝʥʦʢ ʇɺɼʌ ʙʳʣ ʧʨʠʤʝʥʝʥ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ Solver-47PRO (ʤʝʪʦʜ 

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʴʝʟʦʦʪʢʣʠʢʘ (ʉʄʇ)). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʚʦʜʷʱʠʝ ʟʦʥʜʳ 

ʩʨʝʜʥʝʡ ʞʝʩʪʢʦʩʪʠ ʜʣʷ ʧʦʣʫʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʘʨʢʠ NSG01 ʩ ʧʦʢʨʳʪʠʝʤ 

ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʢʘʥʪʠʣʝʚʝʨʘ ʜʘʥʥʳʭ ʟʦʥʜʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1,45 ʅ/ʤ ʜʦ 15,1 ʅ/ʤ ʧʨʠ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ 150 ʢɻʮ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʪʘʢʠʭ ʟʦʥʜʦʚ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʦʙʨʘʟʮʦʤ ʩʜʚʠʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʢʨʠʚʳʭ ʧʴʝʟʦʦʪʢʣʠʢʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʩʤʝʱʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʡ ʤʘʢʩʠʤʫʤ ʥʘ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʇɺɼʌ ʥʘʭʦʜʠʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 600 ʜʦ 640 ʢɻʮ. 
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ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

 

113 

 

    
ʘ) ʙ) 

 

ʈʠʩ. 4. ɸʤʧʣʠʪʫʜʥʳʝ ʢʨʠʚʳʝ ʉʄʇ ʩʧʝʢʪʨʦʩʢʦʧʠʠ:  

ʘ ï ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ, ʙ ï ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʧʣʝʥʢʘ ʇɺɼʌ 

 

 
ʂʨʠʚʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ 
ʩʤʝʱʝʥʠʷ. ʈʘʟʚʝʨʪʢʘ ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘʯʠʥʘʣʘʩʴ ʩ -10 ɺ (ʣʝʚʳʡ ʢʨʘʡ 
ʛʨʘʬʠʢʘ), ʠʟʤʝʨʷʣʘʩʴ ʧʝʨʚʘʷ ʢʨʠʚʘʷ (ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʣʝʚʝʝ), ʟʘʪʝʤ ʧʦ ʜʦʩʪʠʞʝʥʠʠ 
ʥʘʧʨʷʞʝʥʠʷ +10 ɺ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʝʨʪʢʠ ʠʟʤʝʥʷʣʦʩʴ, ʠ ʠʟʤʝʨʷʣʘʩʴ ʚʪʦʨʘʷ 
ʢʨʠʚʘʷ (ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʩʧʨʘʚʘ). ʂʘʢ ʠ ʚ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʠʟʤʝʨʝʥʠʷ 
ʢʨʠʚʳʭ ʛʠʩʪʝʨʝʟʠʩʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ, ʧʦ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ 
ʢʦʣʝʙʘʥʠʡ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʝʥʴ 
ʣʦʢʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʧʦ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʳ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ð ʧʦʣʷʨʠʟʘʮʠʷ. ɸʥʘʣʠʟ ʣʦʢʘʣʴʥʳʭ ʢʨʠʚʳʭ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʟʚʦʣʷʝʪ 
ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʙʦʣʴʰʠʭ ʜʦʤʝʥʦʚ 
ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ (ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ, ʥʘʧʨʷʞʝʥʠʝ ʥʫʢʣʝʘʮʠʠ, ʫʨʦʚʥʠ 
ʥʘʩʳʱʝʥʠʷ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʦʩʪʘʪʦʯʥʫʶ 
ʧʦʣʷʨʠʟʘʮʠʶ), ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 
ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʇɺɼʌ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 
ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ 
ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-671). 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊʃɽʖʑɽɻʆ ʈɸɿʈʗɼɸ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ 

ɼʃʗ ʋʃʋʏʐɽʅʀʗ ɻʀɼʈʆʌʆɹʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ ʧʘʨʦ- ʠ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʝʤʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʳ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʤʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʚʝʣʠʯʠʥʫ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ 

ʧʣʝʥʦʢ. ʇʨʝʜʣʦʞʝʥʳ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ.  
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The article discusses the theoretical foundations of the processes of vapor and water 

permeability of membrane materials used, including in the manufacture of protective clothing. 

Possible methods for improving the hydrophobic properties of synthetic polymer materials are 

analyzed. The influence of the design features of a plasma-chemical reactor on the contact angle of 

polypropylene films has been studied. The most optimal processing parameters have been proposed 

to ensure a significant increase in the hydrophobic characteristics of the surface. 

Keywords: hydrophobicity; membrane material; surface; polypropylene; plasma; glow 

discharge. 

 

 

ɿʘʱʠʪʥʘʷ ʦʜʝʞʜʘ ʧʦʞʘʨʥʦʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʟʘʱʠʪʳ ʧʦʞʘʨʥʦʛʦ ʦʪ 

ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ [1]. ʂʦʩʪʶʤ ʧʦʞʘʨʥʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʩʣʦʝʚ, ʢʦʪʦʨʳʝ ʟʘʱʠʱʘʶʪ ʪʝʣʦ ʧʦʞʘʨʥʦʛʦ ʦʪ ʘʛʨʝʩʩʠʚʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʚʦʜʳ, 

ʢʦʥʪʘʢʪʘ ʩ ʦʛʥʝʤ ʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʜ ʦʜʝʞʜʫ 

ʘʛʨʝʩʩʠʚʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʨʘʩʪʚʦʨʦʚ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ, ʚʦʜʳ ʟʘʱʠʪʥʳʡ ʚ 

ʩʦʩʪʘʚ ʢʦʩʪʶʤʘ ʦʙʷʟʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʩʣʦʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʠʢʨʦʧʦʨʠʩʪʳʡ ʤʝʤʙʨʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. ʊʘʢʦʡ ʤʘʪʝʨʠʘʣ 

ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʭʦʜʠʪʴ 

ʥʘʨʫʞʫ ʚʦʜʷʥʦʤʫ ʧʘʨʫ, ʬʦʨʤʠʨʫʷ çʤʠʢʨʦʢʣʠʤʘʪè ʤʝʞʜʫ ʢʦʞʝʡ ʠ ʪʢʘʥʴʶ. 
ʇʝʨʚʳʝ ʛʠʜʨʦʬʦʙʥʳʝ ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʤʝʤʙʨʘʥʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ  

ʚ 1970-ʭ ʛʦʜʘʭ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ 
ʠʟʛʦʪʦʚʣʝʥʠʶ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʦʡ ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʢʨʦʧʦʨʠʩʪʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʚʦʣʦʢʥʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʠʟ ʥʘʪʫʨʘʣʴʥʳʭ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 
ʚʦʣʦʢʦʥ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʫʨʘʣʴʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ 
ʟʘʥʠʤʘʶʪ ʦʩʥʦʚʥʦʡ ʨʳʥʦʢ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʜʝʞʜʳ 
ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʶ ʜʝʬʦʨʤʘʮʠʠ [2].  

ɻʠʜʨʦʬʦʙʥʳʝ ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʤʝʤʙʨʘʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʬʦʙʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʅʘ ʨʠʩ. 1 
ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 
ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʛʠʜʨʦʬʦʙʥʳʭ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʤʝʤʙʨʘʥ. ɺ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʘʭ 
ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʤʝʤʙʨʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʨʝʛʫʣʷʨʥʫʶ 
ʩʝʪʯʘʪʫʶ/ʛʫʙʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʨ 
ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʘʥʘʣʳ ʜʣʷ ʧʝʨʝʥʦʩʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ 
ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ 
ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [3].  
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ʈʠʩ. 1. ʄʝʭʘʥʠʟʤʳ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʘ) ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ (ʙ) 

ʛʠʜʨʦʬʦʙʥʳʭ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʤʝʤʙʨʘʥ  
 
 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʠʜʨʦʬʦʙʥʳʭ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʛʨʫʧʧ ʩ ʥʠʟʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ (ʪʘʢʠʝ ʢʘʢ, ïCF2, ïCF3 ʠ 

ïCH3). ʅʘʧʨʠʤʝʨ, ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʛʠʜʨʦʬʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï 

ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ (ʇʊʌʕ) [4] ʦʙʣʘʜʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ ʚʩʝʛʦ 19,1 

Ĭ103 ʅ/ʤ2, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʪʣʠʯʥʳʤ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɹʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʜʣʠʥʥʦʡ ʫʛʣʝʨʦʜïʚʦʜʦʨʦʜʥʦʡ ʮʝʧʠ ʠ ʥʠʟʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʬʦʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʤʙʨʘʥ ʤʦʞʝʪ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʣʠʩʪʠʨʦʣ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʣʦʭʘʷ ʙʘʨʴʝʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʷʥʦʤʫ ʧʘʨʫ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʨʦʚ ʜʨʫʛʠʭ ʪʠʧʦʚ, ʥʘʧʨʠʤʝʨ ʧʦʣʠʦʣʝʬʠʥʦʚʳʭ ʚʦʣʦʢʦʥ, ʧʦʣʫʯʘʝʤʳʭ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʥʘ ʫʣʫʯʰʝʥʠʝ ʠʭ ʛʠʜʨʦʬʦʙʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʣʝʛʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʛʝʥʪʦʚ, ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ.  

ɼʣʷ ʧʨʠʜʘʥʠʷ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ. ʇʨʷʤʦʝ ʛʘʟʦʚʦʝ ʬʪʦʨʠʨʦʚʘʥʠʝ [5] ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚʚʝʜʝʥʠʷ ʛʨʫʧʧʳ ʬʪʦʨʘ ʥʘ ʪʝʢʩʪʠʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʬʪʦʨʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ 

ʤʝʤʙʨʘʥ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʛʘʟʦʚʦʛʦ ʬʪʦʨʠʨʦʚʘʥʠʷ, ʩʣʦʞʝʥ ʠ ʩʚʷʟʘʥ ʩ ʚʦʟʤʦʞʥʳʤ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʨʫʛʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʩʦʟʜʘʥʠʷ ʤʝʤʙʨʘʥ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʛʠʜʨʦʬʦʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʦʤ ʧʦʛʨʫʞʝʥʠʷ ʚ 

ʨʘʩʪʚʦʨ ʠʣʠ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ [6]. ʅʘʧʨʠʤʝʨ, ʥʘʥʝʩʝʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʣʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʦʢʘʟʳʚʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʤʝʤʙʨʘʥ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʚʦʜʠʪ ʢ 
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ʫʤʝʥʴʰʝʥʠʶ ʩʝʯʝʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ 

ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩʯʠʪʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʧʦʢʨʳʪʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ [7]. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʬʪʦʨʠʨʦʚʘʥʠʷ ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʨʠʩʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʝʨʩʦʥʘʣ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʤʘʣʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʟʤʳ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʨʘʙʦʪʢʫ ʦʙʨʘʟʮʦʚ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʷʜʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚʦʟʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʨʫʣʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ 

ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ, 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʝʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ ʚ ʧʦʪʦʢʝ CF4. 

 

  
ʘ) ʙ) 

ʈʠʩ. 2. ʉʭʝʤʘ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʘ) ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ (ʙ): 
1 ð ʬʦʨʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ, 5 ð ʜʠʬʬʫʟʠʦʥʥʳʡ ʥʘʩʦʩ,  

2, 3, 7, 8, 10, 11 ð ʟʘʧʦʨʥʘʷ ʘʨʤʘʪʫʨʘ, 4, 6 ð ʜʘʪʯʠʢʠ ʪʝʨʤʦʧʘʨʥʳʭ ʚʘʢʫʫʤʤʝʪʨʦʚ,  
9 ð ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ U-ʦʙʨʘʟʥʳʡ ʚʘʢʫʫʤʤʝʪʨ,  

12 ð ʥʘʪʝʢʘʪʝʣʴ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ CF4, 13 ð ʢʘʧʠʣʣʷʨʥʳʡ ʨʘʩʭʦʜʦʤʝʨ,  
14 ð ʢʨʘʥ ʥʘʧʫʩʢʘ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ, 15 ð ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʨʝʘʢʪʦʨ 

 

  



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʌʪʦʨʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ ʩ ʧʣʘʥʘʨʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠ ʪʦʢʝ ʨʘʟʨʷʜʘ 20 ʤɸ ʠ 

ʜʘʚʣʝʥʠʠ 60 ʇʘ. ɼʘʚʣʝʥʠʝ ʚ ʨʘʟʨʷʜʝ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʧʫʪʝʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ 

ʧʦʪʦʢʘ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʦʩʘ. ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʢʘʪʦʜʦʤ ʠ ʘʥʦʜʦʤ ʩʦʩʪʘʚʣʷʣʦ 8 ʩʤ. ʈʘʩʭʦʜ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ 

(ʯʠʩʪʳʡ CF4) ʠʟʤʝʥʷʣʩʷ ʦʪ 10 ʜʦ 15 ʩʤ
3/ʩ. ʆʙʨʘʟʮʳ ʧʣʝʥʦʢ ʧʦʣʠʧʨʦʧʠʣʝʥʘ 

ʨʘʟʤʝʨʦʤ 1Ĭ8 ʩʤ ʪʦʣʱʠʥʦʡ 20 ʤʢʤ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʩʪʦʣʠʢʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʟʦʥʳ ʨʘʟʨʷʜʘ. ʉʠʩʪʝʤʘ ʚʚʦʜʘ ʛʘʟʘ ʙʳʣʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ 

ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʦʥʳ ʨʘʟʨʷʜʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ɺ 

ʚʘʨʠʘʥʪʝ ɸ ʤʝʞʜʫ ʤʝʩʪʦʤ ʚʚʦʜʘ ʛʘʟʘ ʠ ʦʙʨʘʟʮʘʤʠ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʟʦʥʘ ʨʘʟʨʷʜʘ. ɺ 

ʚʘʨʠʘʥʪʝ ɹ ʛʘʟ ʧʦʩʪʫʧʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʠ ʦʙʣʘʩʪʴʶ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ ʘʩʩʠʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʦʩʠ. 
ɻʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ 

ʠʟʤʝʨʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ (ʨʠʩ. 3). ʅʘʠʙʦʣʴʰʘʷ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʙʳʣʘ 
ʜʦʩʪʠʛʥʫʪʘ ʥʘ ʦʙʨʘʟʮʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʘʥʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ 
ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 45 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 
ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. 

 

     
ʘ) ʙ) 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʥʦʜʦʤ ʠ ʢʘʪʦʜʦʤ 

(ʘ) ʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʚʚʦʜʘ ʛʘʟʘ ʚʜʦʣʴ ʘʥʦʜʘ (ʙ): ʚʘʨʠʘʥʪ ʚʚʦʜʘ ʛʘʟ ɹ 

(1, 2), ʚʘʨʠʘʥʪ ʚʚʦʜʘ ʛʘʟʘ ɸ (3), ʧʦʪʦʢ CF4 10 ʩʤ3/ʩ (1, 3) ʠ 15 ʩʤ3/ʩ (2)  

 
 
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ 

ʬʪʦʨʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 
ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʟʦʥʝ ʨʘʟʨʷʜʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 
ʦʙʨʘʟʮʘ. ʇʨʠ ʚʳʙʦʨʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʩʣʝʜʫʝʪ 
ʨʘʩʧʦʣʘʛʘʪʴ ʦʙʨʘʟʝʮ ʚʥʝ ʟʦʥʳ ʢʘʪʦʜʥʳʭ ʦʙʣʘʩʪʝʡ ʨʘʟʨʷʜʘ (ʨʠʩ. 3ʘ), ʘ ʪʘʢʞʝ 
ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʘ ʛʘʟʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʚʙʣʠʟʠ ʘʥʦʜʘ (ʨʠʩ. 3ʙ), 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʯʪʦ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 
ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʠʟ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʠ ʫʚʝʣʠʯʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 
ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʢʘʣʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʦʩʪʫ ʛʠʜʨʦʬʦʙʥʦʛʦ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ 
ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʚ CF4 ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ 
ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. ʅʘʠʣʫʯʰʠʤʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 
ʦʙʣʘʜʘʶʪ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʜʘʯʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ ʤʝʞʜʫ 
ʟʦʥʦʡ ʨʘʟʨʷʜʘ ʠ ʦʙʨʘʟʮʦʤ. 
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ɺʳʩʦʢʘʷ ʩʝʨʥʠʩʪʦʩʪʴ ʠ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʜʦʙʳʚʘʝʤʦʡ ʥʝʬʪʠ ʫʩʠʣʠʚʘʝʪ 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʩʨʝʜ, ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʩʝʨʴʝʟʥʦʡ ʢʦʨʨʦʟʠʠ. ʂʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʨʝʟʝʨʚʫʘʨʦʚ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʚʘʣʠʨʫʶʱʝʡ ʧʨʠʯʠʥʦʡ ʦʪʢʘʟʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʢ ʦʩʪʘʥʦʚʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʫʱʝʨʙʫ, ʥʦ ʠ ʢ ʘʚʘʨʠʷʤ, ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʠʥʳʤʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʩʝʨʥʠʩʪʦʡ ʥʝʬʪʴʶ ʦʧʘʩʥʘ ʚʦ 
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ʚʟʨʳʚʦʧʦʞʘʨʥʦʤ ʦʪʥʦʰʝʥʠʠ. ʊʘʢ ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʝʤʢʦʩʪʝʡ ʧʠʨʦʬʦʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ ʠ ʩʝʨʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ 

ʚʦʟʜʫʭʘ ʩʧʦʩʦʙʥʳ ʩʘʤʦʥʘʛʨʝʚʘʪʴʩʷ ʠ ʩʘʤʦʚʦʩʧʣʘʤʝʥʷʪʴʩʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʧʘʨʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʙʦʨʦʤ ʠ 

ʦʙʦʙʱʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʧʦʞʘʨʘʭ ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʬʪʷʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʠʯʠʥʘʭ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʨʷʜʘ ʥʘʫʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʢʦʣʦ 13 % ʚʩʝʭ ʧʦʞʘʨʦʚ ʥʘ ʦʙʲʝʢʪʘʭ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʧʠʨʦʬʦʨʥʳʭ ʦʪʣʦʞʝʥʠʡ.  ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ 

ʥʘ ʪʝʤʫ ʙʦʨʴʙʳ ʩ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʢʦʨʨʦʟʠʝʡ ʠ ʧʠʨʦʬʦʨʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʨʳʥʦʢ ʥʝʬʪʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʨʳʥʢʦʤ ʥʘ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʘʨʝʥʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʘʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʙʦʣʝʝ ʜʝʰʝʚʦʡ ʥʝʬʪʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʚʠʜʫ ʙʦʣʝʝ ʥʠʟʢʦʡ ʮʝʥʳ ʥʘ ʥʝʝ.  

ʂʦʨʨʦʟʠʷ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʯʠʭ ʠʟʜʝʣʠʡ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʦʪ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ ʦʛʨʦʤʥʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ 

ʫʱʝʨʙ ʦʪ ʢʦʨʨʦʟʠʠ, ʚʢʣʶʯʘʷ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʠʥʳʝ ʟʘʪʨʘʪʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3 % ʚʥʫʪʨʝʥʥʝʛʦ ʚʘʣʦʚʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʂʨʦʤʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʥʝ ʩʪʦʠʪ 

ʟʘʙʳʚʘʪʴ ʠ ʦ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ 

ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʩʝʨʥʠʩʪʦʡ ʥʝʬʪʴʶ ʦʧʘʩʥʘ ʚʦ ʚʟʨʳʚʦʧʦʞʘʨʥʦʤ ʦʪʥʦʰʝʥʠʠ. 

ʉʧʦʩʦʙʳ ʟʘʱʠʪʳ ʩʪʘʣʠ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ 

ʢʦʨʨʦʟʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʨʦʬʦʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠʤʝʶʪʩʷ ʠ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ. ʆʜʥʘʢʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʣʠʙʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, 

ʣʠʙʦ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʜʣʷ ʟʘʱʠʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʨʦʬʦʨʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ.   

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʉʪ3ʩʧ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ [2]. ʉʢʦʨʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦʡ ʢʦʨʨʦʟʠʠ ʦʧʨʝʜʝʣʷʣʠ, ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʢ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʠ ʚʨʝʤʝʥʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ: 
 

ὑ
ά ά

ὛϽὸ
 (1) 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʩʪʘʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʝʟʞʠʨʠʚʘʥʠʶ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʙʨʘʟʠʚʥʦʡ ʙʫʤʘʛʠ. ʇʦʩʣʝ ʯʝʛʦ ʧʣʘʩʪʠʥʳ ʚʟʚʝʰʠʚʘʣʠʩʴ, 

ʨʘʟʤʝʱʘʣʠʩʴ ʚʥʫʪʨʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 1) ʠ ʵʢʩʧʦʥʠʨʦʚʘʣʠʩʴ ʚ 

ʪʝʯʝʥʠʝ 100 ʩʫʪʦʢ. ɺ ʫʩʪʘʥʦʚʢʝ ʙʳʣʠ ʩʳʤʠʪʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʧʘʨʦʚʦʟʜʫʰʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʝʟʝʨʚʫʘʨʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ. ʇʘʨʳ ʥʝʬʪʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

122 

 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʘʨʝʥʠʷ ʥʝʬʪʠ ʠʟ ʝʤʢʦʩʪʠ, ʨʘʟʤʝʱʝʥʥʦʡ ʚ 

ʫʩʪʘʥʦʚʢʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʜʦʚʦʜʠʣʘʩʴ ʜʦ 2 % ʦʙ. ʧʫʪʝʤ ʥʘʧʦʣʥʝʥʠʷ 

ʫʩʪʘʥʦʚʢʠ ʛʘʟʦʤ ʠʟ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ. 

 

 

1 ð ʢʦʨʧʫʩ,  

2 ð ʦʙʨʘʟʝʮ,  

3 ð ʝʤʢʦʩʪʴ  

ʜʣʷ ʥʝʬʪʠ,  

4 ð ʥʝʬʪʴ 

(ʥʝʬʪʝʧʨʦʜʫʢʪ)

,  

5 ð 

ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ 

ʪʨʫʙʢʘ,  

6 ð ʚʝʥʪʠʣʴ,  

7 ð ʠʩʪʦʯʥʠʢ 

ʩʝʨʦʚʦʜʦʨʦʜʘ 
 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʠʤʠʪʠʨʫʶʱʝʡ ʫʩʣʦʚʠʷ 

ʧʘʨʦʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

 

 

ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʳ ʠʟʚʣʝʢʘʣʠʩʴ ʠʟ ʫʩʪʘʥʦʚʢʠ 

ʠ ʚʟʚʝʰʠʚʘʣʠʩʴ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʨʨʦʟʠʠ. 

ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 2) ʦʧʨʝʜʝʣʷʣʠ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʢʦʨʨʦʟʠʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [3]. 

 

 

ʈʠʩ. 2. 

ɿʘʚʠʩʠʤʦʩʪʴ 

ʫʩʨʝʜʥʝʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ 

ʦʙʨʘʟʮʦʚ  

ʦʪ ʚʨʝʤʝʥʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ  

ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʝ 

 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ, 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

 

123 

 

ʦʧʨʝʜʝʣʠʣʠ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ (ʨʠʩ. 3) 

[4].  
 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ 

ʩʢʦʨʦʩʪʠ 

ʨʘʚʥʦʤʝʨʥʦʡ 

ʢʦʨʨʦʟʠʠ ʦʪ 

ʚʨʝʤʝʥʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 

 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʦ ʩʧʨʘʚʦʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʷ, ʩʳʤʠʪʠʨʦʚʘʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʧʦʢʨʳʪʠʡ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 1. 

 
ʊʘʙʣʠʮʘ 1. ʈʝʮʝʧʪʫʨʳ ʩʦʩʪʘʚʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʢʨʳʪʠʡ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ 
ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚʝ, ʤʘʩʩ. ʯ.: 

ʂ1 ʂ2 ʂ3 ʂ4 ʂ5 ʂ6 ʂ7 ʂ8 

ʇʦʣʠʤʦʯʝʚʠʥʘ çMaxi Gumè 100 100 100 100 100 100 100 100 

ɼʠʦʢʩʠʜ ʪʠʪʘʥʘ - 1 - - - - - - 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ - - 1 - - - - - 

ʉʤʝʩʴ 3 ʤʘʩʩ. ʯ. ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʫʛʣʷ ʠ 1 ʤʘʩʩ. ʯ. ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 
- - - 1 1* - - - 

ʐʫʥʛʠʪ - - - - - 1 - - 

ʉʤʝʩʴ 3 ʤʘʩʩ. ʯ. ʰʫʥʛʠʪʘ  

ʠ 1 ʤʘʩʩ. ʯ. ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 
- - - - - - 1 1* 

ʆʪʚʝʨʜʠʪʝʣʴ 26 26 26 26 26 26 26 26 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʈ-4 50 50 50 50 50 50 50 50 
*ʇʨʠʤʝʯʘʥʠʝ: ʚ ʢʦʤʧʦʟʠʪʘʭ ʂ5 ʠ ʂ8 ʚ ʦʪʣʠʯʠʝ ʦʪ ʂ4 ʠ ʂ7 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʘʧʦʣʥʠʪʝʣʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ. 

 

  



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

124 

 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʢʦʤʧʦʟʠʪʥʳʭ ʩʦʩʪʘʚʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦʣʠʤʦʯʝʚʠʥʫ. ɺ ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ ʧʨʠʤʝʥʷʣʠ ʧʦ 1 ʤʘʩʩʦʚʦʡ ʯʘʩʪʠ 

ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʠ ʰʫʥʛʠʪʘ ʢʘʢ ʦʪʜʝʣʴʥʦ, ʪʘʢ ʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʩʩʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ɺ ʩʦʩʪʘʚʘʭ ʂ5 ʠ ʂ8 ʩʤʝʩʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʣʘʩʴ ʩ ʮʝʣʴʶ ʚʥʝʜʨʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ ʧʦʨʳ ʘʜʩʦʨʙʝʥʪʘ (ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʫʛʣʷ ʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ). 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ ʢʦʤʧʦʟʠʮʠʠ ʂ5, ʧʦʣʫʯʝʥʥʦʝ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  
 

 

ʈʠʩ. 4. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ  

ʩʤʝʩʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ  

ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ (ɹɸʋ-ɸ)  

ʧʦʩʣʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

 

ɼʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ, ʧʦʢʨʳʪʳʝ 
ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʵʢʩʧʦʥʠʨʦʚʘʣʠʩʴ ʚ 
ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʚʠʟʫʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ ʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʡ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʦʡ 
ʩʨʝʜʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʷʚʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʚʩʝʭ 
ʢʦʤʧʦʟʠʮʠʡ. ʊʘʢ ʧʨʠ ʩʥʷʪʠʠ ʧʦʢʨʳʪʠʡ ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 
ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʢʘʢʠʭ-ʣʠʙʦ ʚʠʟʫʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ 
ʧʨʦʪʝʢʘʥʠʷ ʢʦʨʨʦʟʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʨʨʦʟʠʠ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ, 
ʧʦʢʨʳʪʳʭ ʢʦʤʧʦʟʠʪʥʳʤʠ ʩʦʩʪʘʚʘʤʠ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. 

 

 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ 
ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ 
ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ, 
ʧʦʢʨʳʪʳʭ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ 
ʤʘʪʝʨʠʘʣʘʤʠ,  
ʦʪ ʚʨʝʤʝʥʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ɿʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʚʩʝʭ 
ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʤʝʶʪ ʩʠʤʙʘʪʥʳʡ ʭʘʨʘʢʪʝʨ ʜʦ 60 ʜʥʷ ʧʨʦʚʝʜʝʥʠʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ 
ʟʥʘʯʝʥʠʡ ʥʘ 8ï19 ʩʫʪʢʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ. ʇʦʩʣʝ ʯʝʛʦ ʩʥʠʞʘʝʪʩʷ ʫ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 
ʜʦ 60 ʩʫʪʦʢ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʠʟʫʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʫʶ 
ʩʪʦʡʢʦʩʪʴ ʚʩʝʭ ʧʦʢʨʳʪʠʡ ʢ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 100 ʩʫʪʦʢ, ʭʘʨʘʢʪʝʨ 
ʢʨʠʚʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʩʣʝ 60 ʩʫʪʦʢ 
ʨʘʟʣʠʯʝʥ. ʊʘʢ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʦʩʪʘʚʘʤʠ ʂ1, ʂ2, ʂ3, 
ʂ6 ʠ ʂ8 ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʩʦʩʪʘʚʘʤʠ ʂ4, ʂ5 ʠ ʂ7 ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ. ʅʘʠʙʦʣʴʰʝʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʩʦʩʪʘʚʳ ʂ4 ʠ ʂ5. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ 
ʥʝʟʘʱʠʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʉʪ3ʩʧ ʚ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʥʝʬʪʠ ʧʨʠ 
ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ 2 ʦʙ. % ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ 100 ʩʫʪʢʠ 
ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 
ʩʦʩʪʘʚʦʚ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʦʪ 26 ʜʦ 70 ʨʘʟ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 
ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʢʦʤʧʦʟʠʮʠʷ ʂ4, ʠʤʝʶʱʘʷ ʚ ʢʘʯʝʩʪʚʝ 
ʥʘʧʦʣʥʠʪʝʣʷ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʤʝʩʴ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ.  

ʇʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʵʣʝʤʝʥʪʘʨʥʘʷ ʩʝʨʘ ʠʣʠ ʝʝ 
ʜʠʦʢʩʠʜ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 
ʧʣʝʥʢʘʭ ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 
ʤʠʢʨʦʩʢʦʧʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩʨʘʟʫ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʫʩʪʘʥʦʚʢʠ ʠ 
ʧʦʚʪʦʨʥʦ, ʯʝʨʝʟ 3 ʤʝʩʷʮʘ, ʚ ʪʝʯʝʥʠʠ ʢʦʪʦʨʳʭ ʧʣʝʥʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 
ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʚʘʢʫʫʤʥʦʤ ʧʦʩʪʫ. ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʢʘʭ 
ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2. ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʧʣʝʥʢʘʭ 

 

ʂʦʤʧʦʟʠʮʠʷ  

ʉʦʜʝʨʞʘʥʠʝ S  

ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ, 

ʤʘʩʩ. %  

ʉʦʜʝʨʞʘʥʠʝ S ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 

ʠ ʚʳʜʝʨʞʢʠ ʚ ʚʘʢʫʫʤʝ, ʤʘʩʩ. % 

ʂ1 24,9 26,1 

ʂ2 30,0 23,2 

ʂ3 20,6 24,2 

ʂ4 10,4 15,9 

ʂ5 42,4 10,0 

ʂ6 17,4 25,1 

ʂ7 27,9 22,5 

ʂ8 12,2 26,6 

 
ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʳʝ ʧʣʝʥʢʠ ʥʝ ʩʦʜʝʨʞʘʣʠ ʩʝʨʳ.  
ʉʝʨʘ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʧʣʝʥʢʘʭ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʷʚʣʷʣʘʩʴ ʧʨʦʜʫʢʪʦʤ 

ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʦʩʪʘʚʘʭ ʂ4 ʠ 
ʂ8, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚ ʩʦʩʪʘʚʝ ʂ5.  

ʅʘʠʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʧʨʝʪʝʨʧʝʣ ʦʙʨʘʟʝʮ, ʧʦʢʨʳʪʳʡ 
ʩʦʩʪʘʚʦʤ ʂ5 (ʨʠʩ. 6). ɺ ʥʝʤ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʫʤʝʥʴʰʠʣʦʩʴ ʩ 42,4 ʤʘʩʩ. % ʜʦ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  
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10,4 ʤʘʩʩ. %. ʆʙʲʷʩʥʠʪʴ ʦʙʥʘʨʫʞʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʢʪ ʤʦʞʥʦ 
ʦʢʠʩʣʝʥʠʝʤ ʩʝʨʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʨʘʭ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʜʠʦʢʩʠʜʦʤ ʪʠʪʘʥʘ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ SO2, ʢʦʪʦʨʳʡ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʚʘʢʫʫʤʥʦʤ ʧʦʩʪʫ 
ʦʪʢʘʯʠʚʘʣʩʷ ʥʘʩʦʩʦʤ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.   

 

  
ɸ) ɹ) 

 

ʈʠʩ. 6. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʣʸʥʢʠ ʠʟ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʂ5,  

ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʉʕʄ ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ (ɸ)  

ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʝʨʞʢʝ ʚ ʚʘʢʫʫʤʥʦʤ ʧʦʩʪʫ (ɹ) 

 

 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʢʦʤʧʦʟʠʮʠʡ ʂ3, ʂ4, ʂ6 ʠ ʂ8, 

ʝʛʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʧʨʦʮʝʩʩʦʤ ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʧʦʧʘʚʰʝʛʦ ʚ ʧʦʨʳ ʧʣʝʥʦʢ 

ʫʢʘʟʘʥʥʳʭ ʩʦʩʪʘʚʦʚ, ʜʦ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦʢʨʳʪʠʷ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʴʶ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ 

ʚʳʧʦʣʥʷʶʪ ʟʘʱʠʪʥʫʶ ʙʘʨʴʝʨʥʫʶ ʬʫʥʢʮʠʶ, ʨʘʟʜʝʣʷʷ ʟʘʱʠʱʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ 

ʩʦʜʝʨʞʘʱʝʝ ʩʝʨʦʚʦʜʦʨʦʜ ʧʘʨʦʚʦʟʜʫʰʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʝʟʝʨʚʫʘʨʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʢʨʳʪʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʦʙʨʘʙʦʪʘʥʥʫʶ ʫʣʴʪʨʘʟʚʫʢʦʤ ʩʤʝʩʴ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ, ʚʳʧʦʣʥʷʶʪ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʶ ʙʘʨʴʝʨʘ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʘʜʩʦʨʙʮʠʦʥʥʦ-ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʝʨʦʦʯʠʩʪʢʫ ʧʘʨʦʚ ʥʝʬʪʠ.  
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MODERN COMPOSITE MATERIALS USED IN THE OIL INDUSTRY  

FOR PROTECTION AGAINST HYDROGEN SULFIDE CORROSION  
 

Oil and petroleum product storage tanks are an integral part of the production process and are 

necessary to preserve the quality and quantity of stored materials or raw materials over a long period 

of time. However, one of the most dangerous factors to which tanks are exposed is corrosion. Despite 

the available experience of operation of oil equipment under conditions of aggressive environment, 

the issues of hydrogen sulfide corrosion and its control have not yet found a satisfactory solution. and 

need further study. This is explained by the complexity of corrosion phenomena occurring in the 
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environment containing hydrogen sulfide, and the difficulty of developing effective methods of 

anticorrosion protection in these conditions. 

Keywords: hydrogen sulfide corrosion; paintwork materials; polymer coatings; pyrophoric 

deposits; petroleum product storage tanks. 

 

 

ɼʣʷ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʦʨʨʦʟʠʷ ʷʚʣʷʝʪʩʷ ʦʛʨʦʤʥʦʡ ʧʨʦʙʣʝʤʦʡ, 

ʢʘʢ ʠ ʜʣʷ ʣʶʙʦʡ ʜʨʫʛʦʡ ʦʙʣʘʩʪʠ. ʊʠʧʦʚʳʝ ʦʙʲʝʢʪʳ ʚ ʥʝʬʪʝʛʘʟʦʚʦʤ ʢʦʤʧʣʝʢʩʝ 

(ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʳ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʟʘʚʦʜʳ) ʥʝʩʫʪ ʩʝʨʴʝʟʥʳʝ ʫʙʳʪʢʠ ʠʟ-ʟʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʨʨʦʟʠʠ. ʆʙʲʝʢʪʳ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʪʨʝʙʫʶʪ 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʠʭ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ 

ʨʘʙʦʪʳ. ʉʚʦʝʚʨʝʤʝʥʥʘʷ ʟʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʥʦ ʠ ʧʨʦʜʣʠʪʴ 

ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʲʝʢʪʦʚ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʨʠ ʜʦʙʳʯʝ, ʩʙʦʨʝ, ʧʦʜʛʦʪʦʚʢʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚʳʩʦʢʦʩʝʨʥʠʩʪʳʭ 

ʥʝʬʪʝʡ ʠ ʧʦʧʫʪʥʳʭ ʛʘʟʦʚ, ʢʦʛʜʘ ʚ ʜʦʙʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʩʦʜʝʨʞʠʪʩʷ 

ʩʝʨʦʚʦʜʦʨʦʜ ʠʣʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʝʨʳ, ʚʦʟʥʠʢʘʶʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʝʨʦʚʦʜʦʨʦʜ ð ʫʥʠʢʘʣʴʥʳʡ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʛʨʝʩʩʠʚʥʳʡ, 

ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʡ ʠ ʧʦʞʘʨʦʦʧʘʩʥʳʡ ʘʛʝʥʪ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪʨʫʙʦʧʨʦʚʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

ʉʝʨʦʚʦʜʦʨʦʜ ʚʳʟʳʚʘʝʪ ʩʠʣʴʥʫʶ ʢʦʨʨʦʟʠʶ ʞʝʣʝʟʘ ʠ ʩʪʘʣʠ, ʘ ʪʘʢʞʝ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʪʘʣʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʢʦʨʨʦʟʠʠ ʩʝʨʦʚʦʜʦʨʦʜ (ʪʦʯʥʝʝ, ʧʨʦʜʫʢʪʳ ʝʛʦ ʜʠʩʩʦʮʠʘʮʠʠ ʚ 

ʚʦʜʝ - ʠʦʥʳ ʚʦʜʦʨʦʜʘ ʠ ʛʠʜʨʦʩʫʣʴʬʠʜʘ) ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʦʮʝʩʩʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʤʝʪʘʣʣ ʠ ʜʝʣʘʶʪ ʝʛʦ ʭʨʫʧʢʠʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʚʦʜʦʨʦʜʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʤʝʪʘʣʣʘ ʠʣʠ 

ʩʫʣʴʬʠʜʥʦ-ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʤʝʪʘʣʣʘ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ [1]. 

ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʥʳʭ ʩʫʣʴʬʠʜʦʚ 

ʞʝʣʝʟʘ ʜʦʩʪʘʪʦʯʥʦ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʥʘ ʞʝʣʝʟʦ ʠʣʠ ʝʛʦ ʦʢʩʠʜʳ ʚ ʭʦʜʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʉʯʠʪʘʶʪ, ʯʪʦ ʪʦʣʱʠʥʘ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ, ʠʭ ʧʦʨʠʩʪʦʩʪʴ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʢʠʥʝʪʠʢʝ ʨʝʘʢʮʠʠ 

ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ. ɽʩʣʠ ʧʠʨʦʬʦʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʣʦʝʤ ʥʝʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ, ʠʭ ʛʦʨʝʥʠʝ 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʦʩʘʜʢʦʚ ʠ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʚʠʜʝ ʪʣʝʥʠʷ, ʚʳʜʝʣʝʥʠʷ ʜʳʤʘ, ʙʝʟ ʚʠʜʠʤʳʭ ʧʨʠʟʥʘʢʦʚ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʆʜʥʘʢʦ, 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʪʦʯʝʯʥʦʝ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʩʝʨʳ. ʇʦʵʪʦʤʫ ʧʠʨʦʬʦʨʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʷʚʣʷʷʩʴ ʪʨʫʜʥʦ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʞʠʛʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʫʶ 

ʧʦʞʘʨʦʚʟʨʳʚʦʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ [1].  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʝʨʦʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʨʝʜʘʭ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʚʳʩʦʢʠʤʠ 

ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 



ʈɸɿɼɽʃ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʆɾɸʈʅʆʁ,  

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  
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ʂʘʯʝʩʪʚʦ ʧʦʢʨʳʪʠʡ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʠʭ ʥʘʥʝʩʝʥʠʠ. ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʌ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 

ʠʤʧʦʨʪʥʳʝ, ʪʘʢ ʠ ʨʦʩʩʠʡʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ʇʨʠ ʵʪʦʤ ʧʦʢʨʳʪʠʷ ʜʣʷ ʟʘʱʠʪʳ 

ʨʝʟʝʨʚʫʘʨʦʚ ʦʪ ʢʦʨʨʦʟʠʠ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

ʥʝʦʙʭʦʜʠʤʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʚʳʩʦʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ, ʣʝʛʢʦʩʪʴ ʨʝʤʦʥʪʘ ʧʦʢʨʳʪʠʷ ʩ ʫʯʝʪʦʤ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʤʦʥʪʘʞʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʚ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ [2] ʜʣʷ ʟʘʱʠʪʳ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʟʝʨʚʫʘʨʦʚ ʦʪ ʢʦʨʨʦʟʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʵʧʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʧʦʢʨʳʪʠʷ 

ʠʟ ʧʦʣʠʫʨʝʪʘʥʘ. ɺ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʂʘʥʘʜʝ, ɻʝʨʤʘʥʠʠ, ʌʠʥʣʷʥʜʠʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʩʪʘʣʴʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʠʟʦʣʠʨʫʶʪʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʵʧʦʢʩʠʜʥʳʭ ʧʦʢʨʳʪʠʡ, ʚ 

ʈʦʩʩʠʠ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʦʡ ʠʟʦʣʷʮʠʠ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟ 

ʧʦʣʠʫʨʝʪʘʥʘ. 

ʇʦʣʠʫʨʝʪʘʥʦʚʳʝ ʵʤʘʣʠ (ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ), ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʚʥʳʭ (ʬʠʥʠʰʥʳʭ ʩʣʦʝʚ) ʚ ʩʠʩʪʝʤʘʭ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʝʨʚʫʘʨʦʚ. ʆʙʨʘʟʫʶʪ ʧʦʢʨʳʪʠʷ ʩ ʚʳʩʦʢʦʡ 

ʘʙʨʘʟʠʚʦʩʪʦʡʢʦʩʪʴʶ, ʭʦʨʦʰʠʤʠ ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘʪʤʦʩʬʝʨʦ- ʠ 

ʚʣʘʛʦʩʪʦʡʢʦʩʪʴʶ, ʩʪʦʡʢʦʩʪʴʶ ʢ ʜʝʡʩʪʚʠʶ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. ʇʦʣʠʫʨʝʪʘʥʦʚʳʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ ʢ 

ʤʝʪʘʣʣʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ [3]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʧʦʣʠʫʨʝʪʘʥʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢ ʜʝʡʩʪʚʠʶ ʱʝʣʦʯʝʡ, ʥʘʢʦʧʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ, ʨʝʟʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʦʢʫʤʝʥʪʝ [2] ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʈʌ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʟʘʱʠʪʳ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʝʨʚʫʘʨʦʚ ʠʩʧʦʣʴʟʫʝʪ 

ʧʦʢʨʳʪʠʷ ʠʟ ʧʦʣʠʫʨʝʪʘʥʘ, ʘʥʘʣʠʟ ʞʝ ʧʘʪʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ 

ʦʙʨʘʪʥʦʝ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʚʠʜʦʤ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʨʝʟʝʨʚʫʘʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʢʝʨʦʩʠʥʘ, ʙʝʥʟʠʥʘ ʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ), ʷʚʣʷʶʪʩʷ 

ʵʧʦʢʩʠʜʥʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʃʂʄ) [4]. 

ʕʧʦʢʩʠʜʥʳʝ ʃʂʄ ʦʙʣʘʜʘʶʪ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ 

ʧʨʠʤʝʥʝʥʠʷ, ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʜʛʝʟʠʠ, ʭʦʨʦʰʝʡ ʧʨʦʯʥʦʩʪʴʶ, ʤʘʣʦʡ 

ʫʩʘʜʢʦʡ, ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʴʶ, ʣʝʛʢʦʩʪʴʶ ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʥʝʧʣʦʭʠʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ.  

ɺ ʧʘʪʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʫʢʘʟʘʥʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʵʧʦʢʩʠʜʥʳʝ ʃʂʄ ʷʚʣʷʶʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʤʠ, ʙʘʟʦʚʳʡ 

ʢʦʤʧʦʥʝʥʪ ð ʵʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʣʠʤʝʨʳ ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʩʚʷʟʫʶʱʠʤʠ, ʠ ʦʪʚʝʨʜʠʪʝʣʠ [4].  

ʆʪʚʝʨʜʠʪʝʣʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ, ʥʝʦʙʭʦʜʠʤʳ, ʯʪʦʙʳ ʵʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ 

ʧʝʨʝʭʦʜʠʣʠ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʙʦʣʝʝ ʧʨʦʯʥʦʝ ʠ ʵʣʘʩʪʠʯʥʦʝ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʦʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʵʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʣʝʢʫʣʳ ʚ ʚʠʜʝ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʮʝʧʦʯʝʢ ʠʟ ʯʠʩʣʘ ʦʜʠʥʘʢʦʚʳʭ ʩʦʩʪʘʚʥʳʭ ʟʚʝʥʴʝʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʫ ʠʣʠ ʙʦʣʝʝ 

ʛʣʠʮʠʜʠʣʦʚʳʭ ʠʣʠ ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ. ʀʤʝʥʥʦ ʦʥʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʪʚʝʨʜʠʪʝʣʝʡ 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʯʥʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʧʦʣʠʤʝʨʦʚ [5]. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʵʧʦʢʩʠʜʥʳʭ ʧʦʢʨʳʪʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʦʪ 10 ʣʝʪ ʠ ʙʦʣʝʝ. 

ʊʘʢʦʡ ʩʨʦʢ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʜʚʫʤ 

ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʥʦ ʪʘʢʞʝ ʠ ʚʚʝʜʝʥʠʶ ʚ ʩʦʩʪʘʚ ʃʂʄ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ, 

ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ. ɼʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ 

ʧʦʢʨʳʪʠʷ ʜʦʚʦʣʴʥʦ ʭʨʫʧʢʠʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʠ ʩʣʘʙʦ ʩʦʧʨʦʪʠʚʣʷʶʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʧʦʵʪʦʤʫ ʜʦʙʘʚʢʠ ʥʠʚʝʣʠʨʫʶʪ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ, 

ʧʦʚʳʰʘʶʪ ʠʭ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʶʪ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ [5]. 

ʆʙʣʘʜʘʷ ʨʷʜʦʤ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ, ʵʧʦʢʩʠʜʥʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʠʤʝʶʪ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʢ ʢʦʪʦʨʳʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʥʦʩʷʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ 

ʵʣʘʩʪʠʯʥʦʩʪʴ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʩʥʠʞʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦʢʨʳʪʠʷ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʨʳʪʠʡ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʩʪʘʨʝʥʠʝ, 

ʚʦʟʥʠʢʘʶʪ ʚʳʩʦʢʠʝ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʦʭʨʫʧʯʠʚʘʥʠʶ ʠ ʦʪʩʣʘʠʚʘʥʠʶ ʃʂʇ [6]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʠʥʜʫʩʪʨʠʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʢʦʪʦʨʘʷ ʩʤʝʥʘ ʧʨʠʦʨʠʪʝʪʦʚ, ʢʦʪʦʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʦʚʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ɼʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʥʘ ʙʘʟʝ 

ʵʧʦʢʩʠʜʥʳʭ, ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʠ ʜʨʫʛʠʭ ʩʤʦʣ ʛʘʨʘʥʪʠʨʫʶʪ ʥʘʜʝʞʥʫʶ 

ʜʦʣʛʦʩʨʦʯʥʫʶ ʟʘʱʠʪʫ ʦʢʨʘʰʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʙʲʝʢʪʦʚ. ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ 

ʫʩʧʝʰʥʦʡ, ʥʘʜʝʞʥʦʡ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʝ ʥʘ ʩʨʦʢ ʙʦʣʝʝ ʯʝʤ 15 ʣʝʪ. ʆʜʥʘʢʦ 

ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʡ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʘʣʷʨʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʜʦʨʦʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [7]. 

ʉʝʛʦʜʥʷ ʪʨʝʙʫʶʪʩʷ ʩʠʩʪʝʤʳ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ, ʢʦʪʦʨʳʝ, ʧʦ-

ʧʨʝʞʥʝʤʫ ʛʘʨʘʥʪʠʨʫʷ ʥʘʜʝʞʥʫʶ ʜʦʣʛʦʩʨʦʯʥʫʶ ʟʘʱʠʪʫ ʠ ʚʳʩʦʢʠʝ ʜʝʢʦʨʘʪʠʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʤ 

ʫʩʣʦʚʠʷʤ: 

1. ʋʤʝʥʴʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚ ʭʦʜʝ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

2. ʋʤʝʥʴʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ. 

3. ʉʦʢʨʘʱʝʥʠʝ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʭʦʜʝ ʥʘʥʝʩʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʭʨʘʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʠ ʦʧʪʠʤʠʟʘʮʠʶ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʠ ʨʦʩʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʥʘʥʝʩʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩ ʜʨʫʛʦʡ. ʕʪʠ ʮʝʣʠ 

ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʢʘʢ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʫʞʝ ʠʤʝʶʱʠʭʩʷ. 
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ʈʘʙʦʪʳ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ ʃʂʄ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, 

ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʃʂʄ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂ ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʥʦʩʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʜʦʧʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʦʷʚʣʷʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠ ʠʤʝʶʪ 

ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [8]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʳʡ ʚʳʙʦʨ ʃʂʄ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ 

ʵʧʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʈʦʩʩʠʠ. ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʚ ʈʦʩʩʠʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʚʠʜʦʚ ʜʘʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʠʭ ʦʙʲʝʤʦʚ ʚʩʝ ʨʘʚʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʠ ʥʘ ʥʝʢʦʪʦʨʳʭ ʦʙʲʝʢʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ. 

ʃʂʄ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʦʪʣʠʯʥʦʛʦ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʆʥʠ ʧʦʩʪʦʷʥʥʦ ʤʦʜʝʨʥʠʟʠʨʫʶʪʩʷ, ʚʚʦʜʷʪʩʷ ʥʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʳʤ ʧʦʷʚʣʷʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʵʧʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʢʦʣʦ 

40 % ʃʂʄ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʵʧʦʢʩʠʜʥʳʭ, ʘ ʪʘʢʞʝ ʛʠʙʨʠʜʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ [5]. 

ʂʦʣʠʯʝʩʪʚʦ ʨʦʩʩʠʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʩ 

ʧʨʦʜʫʢʮʠʝʡ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʧʦʵʪʦʤʫ ʥʘ ʨʳʥʢʝ ʰʠʨʦʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʟʘʨʫʙʝʞʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. ʈʘʟʚʠʪʠʝ 

ʨʦʩʩʠʡʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʣʠʷʪʴ ʥʘ ʩʣʦʞʠʚʰʫʶʩʷ ʩʠʪʫʘʮʠʶ ʚ ʧʦʟʠʪʠʚʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ 

ʧʦʢʨʳʪʠʷ ʷʚʣʷʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʜʦʣʛʦʚʝʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ 

ʟʘʱʠʪʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʠ ʧʦʢʨʳʪʠʷ 

ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʧʦʚʳʰʝʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʫʣʫʯʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ, ʩʥʠʞʝʥʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʵʩʪʝʪʠʯʝʩʢʫʶ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ. ʍʦʪʷ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʵʪʠʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʪʘʢʠʝ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʠ ʧʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʟʘʱʠʪʳ ʦʪ 

ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʢʦʨʨʦʟʠʠ, ʧʨʝʦʙʣʘʜʘʶʪ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʙʣʘʩʪʠ. 
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FIRE AND ENVIRONMENTAL SAFETY OF WOODEN HOUSE 

CONSTRUCTION USING SIP PANELS AND CLT PANELS  

 
The article provides a comparative description of modern technologies of wooden construction 

using SIP panels and CLT panels in terms of fire and environmental safety. A prerequisite for fire 

safety is fire protection treatment and protection with non-flammable materials. To comply with 

environmental safety, it is necessary to use environmentally friendly materials. 

Keywords: SIP panels; CLT panels; fire safety of wooden house construction. 

 

 

ʄʠʥʩʪʨʦʡ ʠ ʄʏʉ ʈʦʩʩʠʠ 7 ʠʶʣʷ 2023 ʛʦʜʘ ʫʪʚʝʨʜʠʣʠ ʧʣʘʥ (ʜʦʨʦʞʥʫʶ 

ʢʘʨʪʫ) ʧʦ ʨʘʟʚʠʪʠʶ ʜʝʨʝʚʷʥʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʚ ʈʦʩʩʠʠ ʜʦ ʢʦʥʮʘ 2024 ʛʦʜʘ [1]. 

ɼʦʨʦʞʥʘʷ ʢʘʨʪʘ ʚʢʣʶʯʘʝʪ ʢʦʤʧʣʝʢʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʞʘʨʥʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ, 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʠʟ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʜʛʦʪʦʚʠʪʴ ʧʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ ʦʙʲʝʢʪʦʚ 

ð ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʞʠʣʳʭ ʟʜʘʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ, ʚ ʪ.ʯ. ʩ ʧʦʤʦʱʴʶ ʉʀʇ-ʧʘʥʝʣʝʡ 

ʠ CLT-ʧʘʥʝʣʝʡ.  

ʋʯʠʪʳʚʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʜʝʨʝʚʷʥʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ 

ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ð ʉʀʇ-ʧʘʥʝʣʝʡ ʠ CLT-ʧʘʥʝʣʝʡ, ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʠ 

ʥʝʜʦʩʪʘʪʢʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʉʀʇ-ʧʘʥʝʣʠ ʠʣʠ SIP (Structural Insulated Panel ð ʵʪʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ 

ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʘʥʝʣʠ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʣʠʜʝʨʦʚ ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʨʦʢʘʤ ʠʭ ʤʦʥʪʘʞʘ.  

 

 
ʈʠʩ. 1. ʉʀʇ-ʧʘʥʝʣʠ (ɸ) ʠ CLT-ʧʘʥʝʣʠ (ɹ) 

 

 

ɹʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʛʨʘʤʦʪʥʦʤʫ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʧʨʦʯʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʝʥ ʠ ʧʝʨʝʢʨʳʪʠʡ ʩ ʚʳʩʦʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʝʧʣʦʠʟʦʣʷʮʠʠ. 

 ʄʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʥʦ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʧʘʥʝʣʴ, 

ʠʤʝʶʱʫʶ ʚʠʜ ʙʨʠʢʝʪʘ (ʨʠʩ. 1ɸ). ɺ ʩʦʩʪʘʚ ʧʘʥʝʣʠ ʚʭʦʜʷʪ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʘ. ʕʪʦ ʚʥʝʰʥʷʷ ʟʘʱʠʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʟ ʆʉʇ (ʦʨʠʝʥʪʠʨʦʚʘʥʥʦ-

ʩʪʨʫʞʝʯʥʘʷ ʧʣʠʪʘ) ʠ ʚʥʫʪʨʝʥʥʠʡ ʥʘʧʦʣʥʠʪʝʣʴ ʚ ʚʠʜʝ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ.  

ʆʉʇ ï ʵʪʦ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʶʪ 

ʧʫʪʸʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʜʨʝʚʝʩʥʳʭ ʩʪʨʫʞʝʢ, ʩʤʝʰʘʥʥʳʭ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ 

ʩʤʦʣʘʤʠ ʠ ʜʨʫʛʠʤʠ ʜʦʙʘʚʢʘʤʠ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʩʪʘʣ ʧʦʧʫʣʷʨʥʳʤ ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʣʘʛʝ ʠ 

ʣʝʛʢʦʩʪʠ ʚ ʦʙʨʘʙʦʪʢʝ.  ʇʨʠ ʦʙʨʘʙʦʪʢʝ Oʉʇ-ʧʣʠʪʳ ʘʥʪʠʧʠʨʝʥʦʤ - ʭʠʤʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʦʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʚʦʟʛʦʨʘʥʠʶ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ 

ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʩʪʴ ʧʣʘʤʝʥʠ. ʊʘʢʘʷ ʧʨʦʧʠʪʢʘ ʩʦʚʝʨʰʝʥʥʦ 

ʙʝʟʦʧʘʩʥʘ ʜʣʷ ʣʶʜʝʡ ʠ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ. 

ʇʝʥʦʧʦʣʠʩʪʠʨʦʣ, ʧʨʠʤʝʥʷʝʤʳʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʞʝʩʪʢʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʷʪʴ ʧʘʥʝʣʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ. ʆʥ ʦʪʥʦʩʠʪʩʷ ʢ ʩʘʤʦʟʘʪʫʭʘʶʱʠʤ ʠ 

ʪʨʫʜʥʦʚʦʩʧʣʘʤʝʥʷʝʤʳʤ ʤʘʪʝʨʠʘʣʘʤ. ʆʙʳʯʥʦ ʚʨʝʤʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ 

ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʧʠʨʝʥʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 4 ʩʝʢʫʥʜʳ.   
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ʉʀʇ-ʧʘʥʝʣʠ ʩʢʣʝʠʚʘʶʪʩʷ ʧʦʜ ʧʨʝʩʩʦʤ ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʤʦʣ. 

ʉʪʘʥʜʘʨʪʥʦ ʪʦʣʱʠʥʘ ʚʩʝʡ ʧʘʥʝʣʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 60 ʜʦ 224 ʤʠʣʣʠʤʝʪʨʦʚ [5]. 

ʋʚʝʣʠʯʠʪʴ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʩʚʦʡʩʪʚʘ ʜʦʤʘ ʠʟ ʉʀʇ-ʧʘʥʝʣʝʡ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʞʥʦ ʟʘ ʩʯʝʪ: 

1) ʜʚʫʭʩʣʦʡʥʦʡ ʦʙʰʠʚʢʠ ʩʪʝʥ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʛʠʧʩʦʢʘʨʪʦʥʘ ʠ 

ʛʠʧʩʦʚʦʣʦʢʦʥʥʳʭ ʧʣʠʪ; 

2) ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʦʩʪʠʛʥʫʪʦʛʦ ʙʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʠʶ ʧʣʦʪʥʳʭ 

ʩʪʳʢʦʚ ʧʘʥʝʣʝʡ; 

3) ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʛʦʨʶʯʠʭ ʦʪʜʝʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

4) ʥʘʥʝʩʝʥʠʷ ʩʣʦʷ ʬʘʢʪʫʨʥʦʡ ʰʪʫʢʘʪʫʨʢʠ; 

5) ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʥʠʰʘʭ ʧʦʣʘ ʠ ʧʝʨʝʢʨʳʪʠʡ, 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʣʠʰʥʝʛʦ ʧʨʠʪʦʢʘ ʢʠʩʣʦʨʦʜʘ ʠ ʜʨ. 

ʉʪʦʠʤʦʩʪʴ ʚʦʟʚʝʜʝʥʠʷ ʉʀʇ-ʧʘʥʝʣʴʥʦʛʦ ʟʜʘʥʠʷ ʚ 1,5ï2 ʨʘʟʘ ʜʝʰʝʚʣʝ 

ʧʨʠʤʝʥʝʥʠʷ CLT-ʧʘʥʝʣʝʡ ʧʨʠ ʪʦʤ ʞʝ ʦʙʲʝʤʝ. 

CLT-ʧʘʥʝʣʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʦʙʨʝʟʥʦʡ ʜʨʝʚʝʩʠʥʳ ʭʚʦʡʥʳʭ ʧʦʨʦʜ 

(ʨʠʩ. 1ɹ), ʢʦʪʦʨʫʶ ʚr ʩʫʠhʚʘʶʪ ʚ ʢʘʤʝʨʘʭ ʜʦ 12 % ʚʣʘʞʥʦʩʪʠ. ɼʨʝʚʝʩʠʥʘ 

ʫʢʣʘʜʳʚʘʝʪʩʷ ʩʣʦʷʤʠ ʧʦʜ ʫʛʣʦʤ 90 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ (ʧʝʨʝʢʨʝʩʥʦ-

ʩʢʣʝʝʥʳʭ ʩʣʦʝʚ) ʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʢʣʝʠʚʘʝʪʩʷ ʚ ʝʜʠʥʳʡ ʤʘʩʩʠʚ ʩ ʧʦʤʦʱʴʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʢʣʝ̫.  

CLT ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʳʥʦʩʠʪ 

ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ, ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ, ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴʶ, 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʙʘʣʘʥʩʦʤ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ 

CLT-ʧʘʥʝʣʝʡ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʦʪʜʝʣʢʘ ʧʦʤʝʱʝʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ CLT-ʧʘʥʝʣʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʠʟ ʜʝʨʝʚʘ, ʪʦ ʦʥʠ çʜʳʰʘʪè, 

ʩʦʟʜʘʶʪ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʦʙʠʪʘʥʠʷ (ʟʠʤʦʡ ʪʝʧʣʦ, ʣʝʪʦʤ ʧʨʦʭʣʘʜʥʦ).  

ɺ ʵʪʦʤ CLT-ʧʘʥʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʉʀʇ-ʧʘʥʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʚʦʟʜʫʭʘ 

ʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚʦʚʥʫʪʨʴ ʧʦʤʝʱʝʥʠʷ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜ.r ʇʦ ʩʫʪʠ, ʜʦʤʘ ʠʟ 

ʉʀʇ-ʧʘʥʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʨʤʦʩ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʪʦʣʴʢʦ ʪʝʧʣʦ, ʥʦ ʠ 

ʜʫʰʥʦ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʧʨʠʥʫʜʠʪʝʣʴʥʘ ̫ʚʝʥʪʠʣʷʮʠʷ. 
 

 
ʈʠʩ. 2. ɸ ð ʟʜʘʥʠʝ ʠʟ ʉʀʇ-ʧʘʥʝʣʝʡ, ɹ ð ʟʜʘʥʠʝ ʠʟ ʉʃʊ-ʧʘʥʝʣʝʡ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

136 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʉʀʇ-ʧʘʥʝʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʩʪʨʦʷʪ ʧʦʢʘ ʪʦʣʴʢʦ 1ï2 ʵʪʘʞʥʳʝ 

ʜʦʤʘ (ʨʠʩ. 2ɸ), ʩ ʧʦʤʦʱʴʶ CLT-ʧʘʥʝʣʝʡ ʩʝʛʦʜʥʷ ʫʞʝ ʚʦʟʚʦʜʷʪ ʤʥʦʛʦʵʪʘʞʥʳʝ 

ʟʜʘʥʠʷ (ʨʠʩ. 2ɹ), ʦʬʠʩʳ, ʩʪʘʜʠʦʥʳ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ.  
ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʜʝʨʝʚʷʥʥʳʭ ʟʜʘʥʠʡ ʚ ʤʠʨʝ ʠʟ CLT-ʧʘʥʝʣʝʡ 

ʩʯʠʪʘʝʪʩʷ ʟʜʘʥʠʝ, ʧʦʩʪʨʦʝʥʥʦʝ ʚ ʅʦʨʚʝʞʩʢʦʤ ʛʦʨʦʜʝ ɹʨʫʤʫʥʜʜʘʣ. ɺʳʩʦʪʘ ʟʜʘʥʠʷ 
85 ʤ, ʢʦʣʠʯʝʩʪʚʦ ʵʪʘʞʝʡ ð 18, ʦʙʱʘʷ ʧʣʦʱʘʜʴ 11,3 ʪʳʩ. ʤ2. ɿʜʘʥʠʝ ʧʦʣʥʦʩʪʴʶ 
ʩʜʝʣʘʥʦ ʠʟ ʢʣʝʝʥʦʛʦ ʙʨʫʩʘ (ʢʦʣʦʥʥʳ, ʧʝʨʝʢʨʳʪʠʷ, ʣʝʩʪʥʠʮʳ ʠ ʪ.ʜ.). ɺ ʟʜʘʥʠʠ ʝʩʪʴ 
ʦʬʠʩʳ, ʘʧʘʨʪʘʤʝʥʪʳ, ʙʘʩʩʝʡʥ ʥʘ ʢʨʳʰʝ ʠ ʜʨ.  

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʪʘʢʞʝ ʧʦʷʚʠʣʠʩʴ ʤʥʦʛʦʵʪʘʞʥʳʝ ʜʦʤʘ, ʮʝʣʠʢʦʤ ʠ ʧʦʣʥʦʩʪʴʶ 
ʩʦʩʪʦʷʱʠʝ ʠʟ ʉLT-ʧʘʥʝʣʝʡ, ʪʦ ʝʩʪʴ ʠʟ ʭʚʦʡʥʦʛʦ ʜʝʨʝʚʘ [4]. ʊʘʢ ʚ ʢʦʥʮʝ 2022 ʛʦʜʘ 
ʚ ɺʦʣʦʛʦʜʩʢʦʤ ʛ. ʉʦʢʦʣʝ ʦʬʠʮʠʘʣʴʥʦ ʧʨʝʜʩʪʘʚʠʣʠ ʛʦʪʦʚʳʝ ʯʝʪʳʨʝʭʵʪʘʞʥʳʝ, 
ʧʦʣʥʦʩʪʴʶ ʜʝʨʝʚʷʥʥʳʝ ʜʦʤʘ ʠʟ CLT-ʧʘʥʝʣʝʡ. ɾʠʣʦʡ ʢʦʤʧʣʝʢʩ ʧʦʣʫʯʠʣ 
ʥʘʟʚʘʥʠʝ çʉʦʢʦʣʠʢʠè. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠʟ CLT-ʧʘʥʝʣʝʡ ʦʙʷʟʘʪʝʣʴʥʳʤ 
ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʦʙʱʝʛʦ ʠ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʪʨʝʙʦʚʘʥʠ ̫ ï 
ʚʳʧʦʣʥʝʥʠ ̫ʟʘʱʠʪʳ ʜʨʝʚʝʩʠʥʳ ʦʛʥʝʟʘʱʠʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ [3]. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ 
ʩʝʛʦʜʥʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʦʚʳʭ ʙʝʟ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʪ.ʝ. 
ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ.  

ʉʪʝʧʝʥʴ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʠ ʢʣʘʩʩ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ 
ʜʝʨʝʚʷʥʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʜʦʣʞʥʳ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʵʪʘʞʥʦʩʪʠ, ʧʣʦʱʘʜʠ ʵʪʘʞʘ ʧʦ ʉʇ 2.13130 
çʉʠʩʪʝʤʳ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ. ʆʙʝʩʧʝʯʝʥʠʝ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʦʙʲʝʢʪʦʚ 
ʟʘʱʠʪʳè [3] ʠ ʉʇ 4.13130 çʉʠʩʪʝʤʳ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ. ʆʛʨʘʥʠʯʝʥʠʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ ʥʘ ʦʙʲʝʢʪʘʭ ʟʘʱʠʪʳ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʤʥʦ-
ʧʣʘʥʠʨʦʚʦʯʥʳʤ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʨʝʰʝʥʠʷʤè (ʪʘʙʣ.) [2]. 

 
ʊʘʙʣʠʮʘ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ʇʦʢʘʟʘʪʝʣʠ ʉʀʇ-ʧʘʥʝʣʠ  CLT -ʧʘʥʝʣʠ ɼʝʨʝʚʦ 

1) ɻʨʫʧʧʘ 

ʛʦʨʶʯʝʩʪʠ 

ɻ3 ï ʥʦʨʤʘʣʴʥʦ-

ʛʦʨʶʯʠʝ 

ɻ2 ïʫʤʝʨʝʥʥʦ-

ʛʦʨʶʯʠʝ 

ɻ4 -

ʩʠʣʴʥʦʛʦʨʶʯʠʝ 

2) ɺʦʩʧʣʘʤʝ-

ʥʷʝʤʦʩʪʴ 

ɺ2 ï ʫʤʝʨʝʥʥʦ-

ʚʦʩʧʣʘʤʝʥʷʝʤʳʝ 

ɺ2 ï ʫʤʝʨʝʥʥʦ-

ʚʦʩʧʣʘʤʝʥʷʝʤʳʝ 

ɺ3 ï ʣʝʛʢʦ-

ʚʦʩʧʣʘʤʝʥʷʝʤʳʝ 

3) ʆʙʨʘʟʦʚʘʥʠʝ 

ʜʳʤʘ 

ɼ3 ï ʩ ʚʳʩʦʢʦʡ 

ʜʳʤʦʦʙʨʘʟʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ 

ɼ2 ï ʩ ʫʤʝʨʝʥʥʦʡ 

ʜʳʤʦʦʙʨʘʟʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ 

ɼ2 ï ʩ ʫʤʝʨʝʥʥʦʡ 

ʜʳʤʦʦʙʨʘʟʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ 

4) ʊʦʢʩʠʯʥʦʩʪʴ 
ʊ2 ï ʫʤʝʨʝʥʥʦ-

ʦʧʘʩʥʳʝ 

ʊ1 ï ʤʘʣʦ- 

ʦʧʘʩʥʳʝ 

ʊ3 ï ʚʳʩʦʢʦ- 

ʦʧʘʩʥʳʝ 
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CLT-ʧʘʥʝʣʠ ʠʤʝʶʪ ʢʣʘʩʩ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʂ1 

(ʤʘʣʦʧʦʞʘʨʦʦʧʘʩʥʳʝ), ʉʀʇ-ʧʘʥʝʣʠ ʠ ʜʝʨʝʚʦ ð ʢʣʘʩʩ ʂ3 (ʧʦʞʘʨʦʦʧʘʩʥʳʝ). 

ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘ ʩʪʘʜʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʆʉʇ-ʧʣʠʪʳ 

ʜʦʙʘʚʣʷʶʪ ʘʥʪʠʧʠʨʝʥʳ ð ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʦʟʛʦʨʘʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʉʀʇ-ʧʘʥʝʣʝʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʘʥʝʣʠ ʥʝ ʤʦʛʫʪ ʩʪʘʪʴ 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʞʘʨʘ.  

ɺʳʚʦʜ. ʅʦʚʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʝʨʝʚʷʥʥʦʛʦ ʜʦʤʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ 

ʧʦʤʦʱʴʶ ʉʀʇ-ʧʘʥʝʣʝʡ ʠ CLT-ʧʘʥʝʣʝʡ ʠʤʝʶʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ 

ʦʛʥʝʟʘʱʠʪʦʡ ʠ ʟʘʱʠʪʘ ʥʝʛʦʨʶʯʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʢʣʝʠʚʘʥʠʷ ʧʘʥʝʣʝʡ ʠ ʦʛʥʝʦʙʨʘʙʦʪʢʠ, ʥʦ ʠ ʜʣʷ 

ʚʥʫʪʨʝʥʥʝʡ ʦʪʜʝʣʢʠ ʧʦʤʝʱʝʥʠʡ, ʝʩʣʠ ʪʘʢʦʚʘʷ ʧʨʠʤʝʥʷʝʪʩʷ.  

ɺ ʮʝʣʦʤ, ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʞʠʣʳʭ ʜʦʤʦʚ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʧʨʠ 

ʫʩʣʦʚʠʠ ʩʦʙʣʶʜʝʥʠʷ ʚʩʝʭ ʦʙʷʟʘʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʚ ʈʌ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ, ʧʨʦʚʦʜʠʤʳʝ 

ʄʠʥʩʪʨʦʝʤ ʠ ʄʏʉ ʈʦʩʩʠʠ, ʙʝʟʫʩʣʦʚʥʦ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʝʨʝʚʷʥʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʚ ʈʦʩʩʠʠ, ʝʛʦ ʧʦʞʘʨʥʦʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ 

ʇʆɾɸʈʅʆʁ  ʆʇɸʉʅʆʉʊʀ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 
 

SECTION 2 

SCIENTIFIC METHODS FOR DETERMINING THE FIRE HAZARD  

OF SUBSTANCES AND MATERIALS PROPERTIES 
 

 

 

ʋɼʂ 614.841.415:621.31 
ɹʦʛʜʘʥʦʚ ʀ. ɸ., ʐʘʙʫʥʠʥ ʉ. ɸ., ʄʠʪʨʦʬʘʥʦʚ ɸ. ʉ., ʅʠʢʠʬʦʨʦʚ ɸ. ʃ. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʥʦʡ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʢʘʙʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

 

ʀ. ɸ. ɹʦʛʜʘʥʦʚ, ʉ. ɸ. ʐʘʙʫʥʠʥ, ɸ. ʉ. ʄʠʪʨʦʬʘʥʦʚ, ɸ. ʃ. ʅʠʢʠʬʦʨʦʚ  

ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 

ʆʎɽʅʂɸ ɺʃʀʗʅʀʗ ʊɽʈʄʀʏɽʉʂʆɻʆ ʉʊɸʈɽʅʀʗ 

ʇʆʃʀɺʀʅʀʃʍʃʆʈʀɼʅʆʁ ʀɿʆʃʗʎʀʀ ʕʃɽʂʊʈʆʂɸɹɽʃʔʅʓʍ 

ʀɿɼɽʃʀʁ ʅɸ ɺɽʈʆʗʊʅʆʉʊʔ ɺʆɿʅʀʂʅʆɺɽʅʀʗ  

ʂʆʈʆʊʂʆɻʆ ɿɸʄʓʂɸʅʀʗ 

 
ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʧʨʦʚʦʜʘ 

ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʥʦʡ ʠʟʦʣʷʮʠʝʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʫʩʢʦʨʝʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʨʠʚʘʥʠʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ʜʚʫʢʨʘʪʥʦʡ ʧʝʨʝʛʨʫʟʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʢʘʙʝʣʴʥʳʝ ʠʟʜʝʣʠʷ; ʫʩʢʦʨʝʥʥʦʝ ʩʦʩʪʘʨʠʚʘʥʠʝ; ʧʦʞʘʨʥʘʷ 

ʦʧʘʩʥʦʩʪʴ; ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʥʘʷ ʠʟʦʣʷʮʠʷ. 
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ASSESSMENT OF THE EFFECT OF THERMAL AGING  

OF POLYVINYL CHLORIDE INSULATION OF ELECTRICAL CABLE 

PRODUCTS ON THE LIKELIHOOD OF A SHORT CIRCUIT  

 
The article investigates the effect of the heating rate of a general industrial purpose wire with 

polyvinyl chloride insulation during accelerated thermal aging on the possibility of a short circuit 

when operating in double overload mode. 

Keywords: electrical cable products; accelerated aging; fire hazard; polyvinyl chloride 

insulation. 

 

 

ʅʘ ʧʦʞʘʨʘʭ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʧʦ ʧʨʠʯʠʥʝ ʥʝʠʩʧʨʘʚʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ, 

ʢʘʞʜʳʡ ʛʦʜ ʧʦʛʠʙʘʝʪ ʦʢʦʣʦ 2000 ʯʝʣʦʚʝʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʡʪʠ ʚʳʰʝʫʢʘʟʘʥʥʦʡ 

ʧʨʠʯʠʥʝ ʧʦʞʘʨʦʚ ʥʘ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʛʠʙʰʠʭ [1]. ʇʦʞʘʨʥʘʷ 

                                                 
  É ɹʦʛʜʘʥʦʚ ʀ. ɸ., ʐʘʙʫʥʠʥ ʉ. ɸ., ʄʠʪʨʦʬʘʥʦʚ ɸ. ʉ., ʅʠʢʠʬʦʨʦʚ ɸ. ʃ., 2024 



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  

ʇʆɾɸʈʅʆʁ ʆʇɸʉʅʆʉʊʀ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 

 

139 

 

ʦʧʘʩʥʦʩʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʦʢ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʠʪʝʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʚʦʜʢʠ ʤʦʛʫʪ ʩʪʘʪʴ 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʞʘʨʘ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʯʠʥ, ʚʢʣʶʯʘʷ ʧʝʨʝʛʨʫʟʢʫ ʩʝʪʠ, ʢʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ, ʥʝʧʨʘʚʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʚʦʜʦʚ, ʧʦʚʨʝʞʜʝʥʠʝ ʠʟʦʣʷʮʠʠ ʠ ʪ.ʜ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʦʞʘʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʘʤʠ, 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʛʨʫʟʢʘ ʩʝʪʠ. ʇʝʨʝʛʨʫʟʢʘ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʚ ʮʝʧʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʛʨʝʚʫ 

ʧʨʦʚʦʜʦʚ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʢ ʚʦʟʛʦʨʘʥʠʶ ʠʟʦʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ - ʝʱʝ ʦʜʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʧʨʠʯʠʥʘ ʧʦʞʘʨʦʚ. ʆʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʩʣʫʯʘʡʥʦʤ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʬʘʟʘʤʠ ʠʣʠ ʤʝʞʜʫ ʬʘʟʦʡ ʠ ʟʘʟʝʤʣʝʥʠʝʤ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʪʦʢʘ, ʥʘʛʨʝʚʘʥʠʶ ʠ ʚʦʩʧʣʘʤʝʥʝʥʠʶ ʧʨʦʚʦʜʦʚ, ʘ 

ʪʘʢʞʝ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʨʘʟʣʝʪʦʤ ʨʘʩʢʘʣʝʥʥʳʭ ʯʘʩʪʝʡ ʞʠʣʳ ʥʘ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ [2, 3]. 

ʅʝʧʨʘʚʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʚʦʜʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʧʦʞʘʨʘ. 

ʅʝʢʘʯʝʩʪʚʝʥʥʳʝ ʠʣʠ ʥʝʠʩʧʨʘʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʠʩʢʨʝʥʠʝ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʛʦʨʘʥʠʶ ʠʟʦʣʷʮʠʠ. ʇʦʚʨʝʞʜʝʥʠʝ ʠʟʦʣʷʮʠʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʩʝʨʴʝʟʥʦʡ ʫʛʨʦʟʦʡ. ʇʨʦʚʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʨʝʞʜʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʠʣʠ ʜʨʫʛʠʭ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʦʨʦʪʢʦʤʫ ʟʘʤʳʢʘʥʠʶ ʠ ʧʦʞʘʨʫ. 

ɽʩʣʠ ʧʨʦʙʣʝʤʫ ʥʝʧʨʘʚʠʣʴʥʦʡ ʧʨʦʝʢʪʠʨʦʚʢʠ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʦʢ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʫʪʝʤ ʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ 

ʫʪʚʝʨʞʜʝʥʥʳʤ ʥʦʨʤʘʤ, ʪʦ ʧʨʦʙʣʝʤʫ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ.  

ʉʪʘʨʝʥʠʝ ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʜʦʚ ð ʵʪʦ ʩʝʨʴʝʟʥʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʦʧʘʩʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʢʣʶʯʘʷ ʧʦʞʘʨʳ, ʢʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʜʘʨʳ [4]. ʀʟʦʣʷʮʠʷ ʧʨʦʚʦʜʦʚ ʩʣʫʞʠʪ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʥʪʘʢʪʘ ʧʨʦʚʦʜʦʚ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʠ ʜʨʫʛʠʤʠ ʧʨʦʚʦʜʘʤʠ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʆʜʥʘʢʦ, 

ʩʦ ʚʨʝʤʝʥʝʤ ʠʟʦʣʷʮʠʷ ʧʨʦʚʦʜʦʚ ʧʦʜʚʝʨʞʝʥʘ ʩʪʘʨʝʥʠʶ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʭʫʜʰʝʥʠʶ ʝʝ ʩʚʦʡʩʪʚ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ [5, 6]. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʜʦʚ ʚʢʣʶʯʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ), 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʠʟʛʠʙʳ, ʥʘʪʷʞʝʥʠʷ), ʭʠʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

(ʘʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ, ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ) ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ (ʧʝʨʝʛʨʫʟʢʘ 

ʩʝʪʠ, ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʜʦʚ ʦʥʘ ʤʦʞʝʪ 

ʧʦʪʝʨʷʪʴ ʩʚʦʠ ʠʟʥʘʯʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʪʘʪʴ ʭʨʫʧʢʦʡ, ʪʨʝʩʥʫʪʴ, ʠʣʠ ʜʘʞʝ 

ʦʙʫʛʣʠʪʴʩʷ [7, 8]. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʠ ʪʝʢʩʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ʀʟʦʣʷʮʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʞʝʩʪʢʦʡ, ʪʚʝʨʜʦʡ 

ʠʣʠ ʣʦʤʢʦʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʝ ʫʭʫʜʰʝʥʠʠ. ʊʘʢʞʝ ʥʘʣʠʯʠʝ ʪʨʝʱʠʥ, 

ʚʳʜʝʣʝʥʠʝ ʟʘʧʘʭʘ ʛʘʨʠ ʠʣʠ ʧʣʘʚʣʝʥʦʛʦ ʧʣʘʩʪʠʢʘ, ʧʦʚʳʰʝʥʥʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ 

ʧʨʠ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʦʙʣʝʤʳ ʩ ʠʟʦʣʷʮʠʝʡ 

ʧʨʦʚʦʜʦʚ. 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʘʥʘʣʠʟ ʚʣʠʷʥʠ ̫ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʢʘʙʝʣʴʥʦʛʦ 

ʠʟʜʝʣʠʷ ʩ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʥʦʡ ʠʟʦʣʷʮʠʝʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʫʩʢʦʨʝʥʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʨʠʚʘʥʠʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʚʦʜ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʐɺɺʇ 2ʭ0,75 ʤʤ2 (ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ èʂʘʣʫʞʩʢʠʡ ʢʘʙʝʣʴʥʳʡ 

ʟʘʚʦʜè). ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʫʩʢʦʨʝʥʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ 

ʩʦʩʪʘʨʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ʉ ʚ ʪʝʯʝʥʠʠ 8 ʯʘʩʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ: 5 ʉ/ʤʠʥ (ʜʘʣʝʝ ʦʙʨʘʟʝʮ ˉ 1) ʠ 20 ʉ/ʤʠʥ (ʜʘʣʝʝ ʦʙʨʘʟʝʮ 

 ̄2).  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʥʘ ʠʟʦʣʷʮʠʶ ʧʨʦʚʦʜʘ ʧʦʩʣʝ 

ʩʦʩʪʘʨʠʚʘʥʠʷ ʠʟʦʣʷʮʠʠ ʙʳʣʦ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʜʚʫʢʨʘʪʥʦʡ ʪʦʢʦʚʦʡ 

ʧʝʨʝʛʨʫʟʢʠ. ʅʘ ʨʠʩ. 1 ʠ 2 ʧʨʠʚʝʜʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ˉ 1 ʠ ˉ 2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʣʝ ʩʦʩʪʘʨʠʚʘʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʢʦʚʦʡ ʧʝʨʝʛʨʫʟʢʠ. 

 

 
 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʘ  

 ̄1 ʧʦʩʣʝ ʩʦʩʪʘʨʠʚʘʥʠʷ  

ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʢʦʚʦʡ ʧʝʨʝʛʨʫʟʢʠ 

ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʘ  

 ̄2 ʧʦʩʣʝ ʩʦʩʪʘʨʠʚʘʥʠʷ  

ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʢʦʚʦʡ ʧʝʨʝʛʨʫʟʢʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʢʦʚʦʡ ʧʝʨʝʛʨʫʟʢʠ ʥʘ ʦʙʨʘʟʝʮ ˉ 1 ʧʨʦʠʟʦʰʣʦ 

ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʥʘ 3 ʩʝʢʫʥʜʝ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʝʛʦ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ. 

ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʚ ʮʝʧʴ ʧʨʦʚʦʜʥʠʢʘ ˉ 2 ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʝ ʧʨʦʠʟʦʰʣʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʜʝʬʝʢʪʳ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʢʦʨʝʥʥʦʛʦ ʩʦʩʪʘʨʠʚʘʥʠʷ. ɼʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʧʦʚʪʦʨʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ 5 ʦʙʨʘʟʮʘʭ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  

ʇʆɾɸʈʅʆʁ ʆʇɸʉʅʆʉʊʀ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 
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ʆʙʲʷʩʥʠʪʴ ʪʘʢʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʚ ʚʥʝʰʥʠʡ ʚʠʜ 

ʦʙʨʘʟʮʦʚ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʀʟʦʣʷʮʠʷ ʦʙʨʘʟʮʘ ˉ 2 ʙʦʣʝʝ ʭʨʫʧʢʘʷ, 

ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʱʠʥ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝ ʧʨʦʠʟʦʰʣʦ ʩʙʣʠʞʝʥʠʷ 

ʪʦʢʦʚʝʜʫʱʠʭ ʞʠʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʠ ʦʩʪʘʣʠʩʴ ʧʨʦʤʝʞʫʪʢʠ 

ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʞʠʣʦʡ ʠ ʠʟʦʣʷʮʠʝʡ (ʣʠʙʦ ʜʨʫʛʦʡ ʞʠʣʦʡ). ɺʦʟʜʫʭ ʩ ʥʠʟʢʦʡ 

ʚʣʘʞʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʠʩʪʝʤʘ ʩʦʩʪʘʨʝʥʥʘʷ ʠʟʦʣʷʮʠʷ-ʚʦʟʜʫʭ ʠʤʝʝʪ ʥʠʟʢʫʶ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʀʟʦʣʷʮʠʷ ʦʙʨʘʟʮʘ ˉ 1 ʦʙʣʘʜʘʣʘ ʤʝʥʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʝʱʠʥ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʙʣʠʞʝʥʠʝ 

ʪʦʢʦʚʝʜʫʱʠʭ ʞʠʣ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʟʘʟʦʨʦʚ, ʯʪʦ ʠ ʧʨʠʚʝʣʦ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʙʣʶʜʝʥʠʷ ʥʠʟʢʦʛʦ ʪʝʤʧʘ ʥʘʛʨʝʚʘ (ʦʢʦʣʦ 5 ʉ/ʤʠʥ) ʠʟʦʣʷʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʫʩʢʦʨʝʥʥʦʛʦ ʩʦʩʪʘʨʠʚʘʥʠʷ ʢʘʙʝʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʣʠʷʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʢʘʙʝʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʥʦʡ ʠʟʦʣʷʮʠʠ. ʀʤʝʥʥʦ ʪʘʢʦʡ ʪʝʤʧ ʥʘʛʨʝʚʘ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʤ ʢ ʫʩʣʦʚʠʷʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  
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ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɼʃʗ ʆʎɽʅʂʀ 

ʇʆɾɸʈʆʆʇɸʉʅʓʍ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 

 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʤ ʤʝʪʦʜʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʩʚʦʡʩʪʚ 

ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʝʱʝʩʪʚ. ɺʘʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ, ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ. ʊʘʢʞʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʨʠʪʝʨʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚ ʧʦ ʩʪʝʧʝʥʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ, 

ʚʢʣʶʯʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ. ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʝ ʤʝʪʦʜ r

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʧʦʞʘʨʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ ʙʝʟʦʧʘʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. ɻʣʘʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʦʮʝʥʢʠ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʪʦʩʲʝʤʢʘ; ʛʦʨʝʥʠʝ; ʢʣʘʩʩʠʬʠʢʘʮʠʷ; ʠʩʢʨʘ; ʪʝʧʣʦ. 
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The article is devoted to natural science methods for determining the fire-hazardous properties 

of substances and materials. We consider in detail the physical and chemical characteristics of 

substances. The importance of analyzing the ignition temperature, heat of combustion, fire 

propagation velocity and other parameters to assess the risk of fire. We also describe various criteria 

for classifying substances according to the degree of fire danger, including the ability to ignite and 

spread fire. The use of natural scientific methods for determining fire hazard plays an important role 

in ensuring fire safety, classifying substances and materials, preventing fires and developing safe 

materials and technologies. The main idea is that the use of natural science methods to assess fire 

hazard significantly increases the effectiveness of fire classification and prevention. 

Keywords: photography; gorenje; classification; spark; heat. 

 

 

ʄʝʪʦʜʳ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʩʚʦʡʩʪʚ 

ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʫʯʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʧʦʚʝʜʝʥʠʷ 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʞʘʨʘ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ, ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ, ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʨʦʚ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ. ʅʘʧʨʠʤʝʨ, ʚʝʱʝʩʪʚʘ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ ʠʤʝʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ [1]. 

ʇʦʥʷʪʠʝ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʠʣʠ ʤʘʪʝʨʠʘʣʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʠʟ ʬʘʢʪʠʯʝʩʢʦʡ ʩʢʣʦʥʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʢ ʛʦʨʝʥʠʶ, ʥʦ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦ-

ʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʵʪʠ ʚʝʱʝʩʪʚʘ ʠ ʤʘʪʝʨʠʘʣʳ. 

ʇʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʠʭ ʢʘʢ: 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʦʩʧʣʘʤʝʥʝʥʠʶ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ, ʜʳʤʦʦʙʨʘʟʦʚʘʥʠʝ, 

ʪʦʢʩʠʯʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʢʨʘʱʝʥʠʷ ʛʦʨʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ 

ʩʪʝʧʝʥʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, 

ʪʘʢ ʢʘʢ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ, ʝʛʦ ʘʛʨʝʛʘʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʠʩʣʠʪʝʣʷ ʠ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʦʢ-

ʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ, ʦʪ ʫʩʣʦʚʠʡ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʠ ʪʝʧʣʦʦʪʚʦʜʘ [2]. 

ʇʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʚʝʱʝʩʪʚ ʥʝʣʴʟʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢʠʤ-ʪʦ ʦʜʥʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ. ʊʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʨʘʞʘʶʱʠʡ 

ʚʟʨʳʚʦʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ ʚʝʱʝʩʪʚ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ, ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʜʘʪʴ ʦʮʝʥʢʫ ʠʭ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ. 

 ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʧʘʩʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʠʣʠ ʤʘʪʝʨʠʘʣʘ, ʚʳʜʝʣʠʣʠ 

ʦʪʜʝʣʴʥʳʡ ʧʫʥʢʪ, ʢʣʘʩʩʠʬʠʢʘʮʠʶ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦ ʩʪʝʧʝʥʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ, ʭʨʘʥʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʱʝʩʪʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚ. ʕʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ, ʘ ʪʘʢʞʝ ʧʨʠʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʝʨʳ ʜʣʷ ʝʛʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʪʫʰʝʥʠʷ [3]. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ ʚʝʱʝʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʧʣʘʤʝʥʷʪʴʩʷ. ɺʝʱʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ 

ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʤʠʩʷ, ʦʛʥʝʩʪʦʡʢʠʤʠ ʠʣʠ ʥʝʛʦʨʶʯʠʤʠ. 

ʃʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʝʩʷ ʚʝʱʝʩʪʚʘ ʠʤʝʶʪ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʩʧʳʰʢʠ ʠ ʤʦʛʫʪ 

ʚʦʩʧʣʘʤʝʥʠʪʴʩʷ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʠʩʪʦʯʥʠʢʦʤ ʦʛʥʷ ʠʣʠ ʠʩʢʨʘʤʠ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ 

ʚʝʱʝʩʪʚ ʷʚʣʷʶʪʩʷ ʙʝʥʟʠʥ, ʩʧʠʨʪ, ʣʘʢʠ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ. ʆʛʥʝʩʪʦʡʢʠʝ ʚʝʱʝʩʪʚʘ 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʩʧʳʰʢʠ ʠ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʅʝʛʦʨʶʯʠʝ ʚʝʱʝʩʪʚʘ ʥʝ ʚʦʩʧʣʘʤʝʥʷʶʪʩʷ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠ ʥʝ ʚʳʟʳʚʘʶʪ ʧʦʞʘʨʦʚ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʝʱʝʩʪʚʘ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʦʛʦʥʴ. ɺʝʱʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ 

ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʤʠʩʷ, ʚʦʩʧʣʘʤʝʥʷʶʱʠʤʠʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʛʦʨʶʯʠʭ, 

ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʚ ʠʣʠ ʥʝʛʦʨʶʯʠʤʠ. ʃʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʝʩʷ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʛʦʨʝʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʦʛʦʥʴ ʥʘ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ. 

ʃʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʝʩʷ ʚʝʱʝʩʪʚʘ, ʚʳʜʝʣʷʶʱʠʝ ʪʦʢʩʠʯʥʳʝ ʛʘʟʳ, ʥʝ ʪʦʣʴʢʦ 

ʛʦʨʷʪ, ʥʦ ʠ ʚʳʜʝʣʷʶʪ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʅʝʛʦʨʶʯʠʝ ʚʝʱʝʩʪʚʘ 

ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʛʦʨʝʥʠʝ ʠ ʥʝ ʚʳʟʳʚʘʶʪ ʧʦʞʘʨʦʚ. 

ʇʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚ ʧʦ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʠʭ 

ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʫ. ɺʝʱʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʪʚʦʨʠʤʳʤʠ ʚ ʚʦʜʝ, ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ ʠʣʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ, ʦʙʨʘʟʫʷ 

ʛʦʨʶʯʠʝ ʨʘʩʪʚʦʨʳ. ʅʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ, ʥʦ ʥʝ 

ʦʙʨʘʟʫʶʪ ʛʦʨʶʯʠʭ ʨʘʩʪʚʦʨʦʚ. ʅʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʚʝʱʝʩʪʚʘ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ 

ʚʦʜʝ ʠ ʥʝ ʦʙʨʘʟʫʶʪ ʛʦʨʶʯʠʭ ʨʘʩʪʚʦʨʦʚ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʝʱʝʩʪʚ ʧʦ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠ 

ʭʨʘʥʝʥʠʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʤʳ ʤʦʞʝʤ 

ʧʨʠʤʝʥʠʪʴ ʥʘʫʯʥʳʝ ʤʝʪʦʜʳ, ʵʪʦ ʠʩʧʳʪʘʥʠʝ ʠʩʢʨʦʡ ʠ ʠʩʧʳʪʘʥʠʝʤ ʧʣʘʤʝʥʝʤ. 

ʀʩʧʳʪʘʥʠʝ ʧʣʘʤʝʥʝʤ ð ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʨʶʯʝʩʪʠ. ʆʥʦ ʦʩʥʦʚʘʥʦ ʥʘ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʚʝʱʝʩʪʚʘ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʚʝʱʝʩʪʚʦ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʧʣʘʤʝʥʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʧʦʩʣʝ 

ʯʝʛʦ ʥʘʙʣʶʜʘʶʪ, ʧʨʦʠʩʭʦʜʠʪ ʣʠ ʛʦʨʝʥʠʝ ʠʣʠ ʦʩʪʘʝʪʩʷ ʥʝʛʦʨʶʯʠʤ. ɽʩʣʠ ʚʝʱʝʩʪʚʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʦʨʝʥʠʝ, ʦʥʦ ʩʯʠʪʘʝʪʩʷ ʚʦʩʧʣʘʤʝʥʷʶʱʠʤʩʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʨʶʯʝʩʪʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʩʢʨʳ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʚʳʨʘʙʘʪʳʚʘʶʱʝʝ ʠʩʢʨʳ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʵʥʝʨʛʠʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. ʀʩʢʨʳ ʧʦʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠ 

ʥʘʙʣʶʜʘʶʪ, ʧʨʦʠʩʭʦʜʠʪ ʣʠ ʛʦʨʝʥʠʝ ʠʣʠ ʤʘʪʝʨʠʘʣ ʦʩʪʘʝʪʩʷ ʥʝʛʦʨʶʯʠʤ. ɽʩʣʠ 

ʤʘʪʝʨʠʘʣ ʚʳʟʳʚʘʝʪ ʛʦʨʝʥʠʝ, ʦʥ ʩʯʠʪʘʝʪʩʷ ʚʦʩʧʣʘʤʝʥʷʶʱʠʤʩʷ. 
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ʆʙʘ ʤʝʪʦʜʘ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʀʩʧʳʪʘʥʠʝ 

ʧʣʘʤʝʥʝʤ ð ʧʨʦʩʪʦʡ ʠ ʵʢʦʥʦʤʠʯʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʪʦʯʝʥ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʥʝʢʦʪʦʨʳʝ ʬʘʢʪʦʨʳ. ʄʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʩʢʨʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ, ʥʦ ʪʨʝʙʫʶʪ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʳʪʘ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ð ʵʪʦ ʣʠʰʴ ʦʜʠʥ ʠʟ 

ʘʩʧʝʢʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʠʣʠ ʤʘʪʝʨʠʘʣʘ. ɼʨʫʛʠʝ 

ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʪʦʢʩʠʯʥʦʩʪʴ, ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʪʘʢʞʝ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʦʮʝʥʢʝ ʨʠʩʢʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ [4].  

ɼʣʷ ʦʮʝʥʢʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʳʝ 

ʧʦʜʭʦʜʳ, ʥʦ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ. 

ʅʝʩʦʤʥʝʥʥʦ, ʧʦʞʘʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʠ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʣʶʜʝʡ, ʫʥʠʯʪʦʞʝʥʠʶ 

ʠʤʫʱʝʩʪʚʘ ʠ ʩʝʨʴʝʟʥʦʤʫ ʫʱʝʨʙʫ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʵʪʦ ʙʝʜʩʪʚʠʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʦʜʭʦʜʳ. 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʯʝʪʝ 

ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʣʠ 

ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ. ʕʪʦʪ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʫʯʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʣʴʝʬʘ, ʩʦʩʪʘʚʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʦʛʥʷ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʠʟʢʘʷ 

ʚʣʘʞʥʦʩʪʴ ʠ ʩʠʣʴʥʳʝ ʚʝʪʨʳ, ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʧʦʞʘʨʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʩʨʝʜʥʝʛʦʜʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʛʦʨʥʳʝ ʭʨʝʙʪʳ ʠ ʚʦʜʦʝʤʳ, ʪʘʢʞʝ 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦʞʘʨʦʚ. ʆʮʝʥʢʘ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ 

ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʙʘʨʴʝʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʦʛʨʘʥʠʯʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ. 

ʉʦʩʪʘʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ. ʅʝʢʦʪʦʨʳʝ 

ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʙʦʣʝʝ ʩʢʣʦʥʥʳ ʢ ʚʦʟʛʦʨʘʥʠʶ, ʘ ʩʫʭʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ 

ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʦʩʪʘʚ ʠ ʛʦʨʶʯʝʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʆʮʝʥʢʘ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʠ 

ʧʨʠʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʳ ʜʣʷ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. 

ɺ ʠʟʫʯʝʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʪʦ ʠʣʠ ʚʠʜʝʦ ʩʲʝʤʢʘ. 

ʌʦʪʦ ʠ ʚʠʜʝʦʩʲʝʤʢʘ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʥʘʙʣʶʜʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʛʦʨʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʤʝʥʠ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʛʥʷ ʠ ʠʟʤʝʥʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʌʦʪʦʛʨʘʬʠʠ ʠ 
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ʚʠʜʝʦʟʘʧʠʩʠ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʧʦʣʫʯʠʪʴ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʜʠʥʘʤʠʢʝ ʛʦʨʝʥʠʷ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ. 

ʆʜʥʘʢʦ ʬʦʪʦ ʠ ʚʠʜʝʦʩʲʝʤʢʘ ʠʤʝʶʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʥʝ 

ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʥʝ 

ʤʦʛʫʪ ʠʟʤʝʨʠʪʴ ʪʦʢʩʠʯʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʧʨʠ ʦʮʝʥʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʞʘʨʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʀʟʤʝʨʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʚʘʞʥʳʤ 

ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʫʛʘʨʥʳʡ ʛʘʟ, ʦʢʩʠʜʳ ʘʟʦʪʘ ʠ ʜʨʫʛʠʝ 

ʪʦʢʩʠʯʥʳʝ ʛʘʟʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʝʥʠʷ. ʀʟʤʝʨʝʥʠʝ 

ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʦʞʘʨʘʭ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠ ʠʥʞʝʥʝʨʘʤ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʠ ʜʳʤʦʫʜʘʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ. 

ʆʜʥʘʢʦ ʠʟʤʝʨʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʪʘʢʞʝ ʠʤʝʝʪ ʩʚʦʠ 

ʦʛʨʘʥʠʯʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʪʦʢʩʠʯʥʳʝ ʛʘʟʳ ʤʦʛʫʪ ʙʳʪʴ ʦʯʝʥʴ ʩʣʦʞʥʳʤʠ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ, ʪʨʝʙʫʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʪʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʟʤʝʨʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʘʩʥʳʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ. 

ʈʘʟʚʠʪʠʝ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʞʘʨʦʦʧʘʩʥʳʭ 

ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʣʘʩʪʠ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʳ ʪʦʯʥʳʝ ʠ ʥʘʜʝʞʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʘʩʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʢʘʢ ʦʛʦʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʞʠʟʥʠ ʠ ʠʤʫʱʝʩʪʚʫ. 

ɽʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʪʦʯʥʫʶ ʠ ʦʙʲʝʢʪʠʚʥʫʶ 

ʦʮʝʥʢʫ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʦʧʳʪʝ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʬʠʟʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ. 

ʈʘʟʚʠʪʠʝ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʭʨʘʥʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʕʪʠ ʤʝʪʦʜʳ ʪʘʢʞʝ ʧʦʤʦʛʘʶʪ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʞʘʨʳ, ʚʳʷʚʣʷʷ ʟʘʨʘʥʝʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʠʥʠʤʘʷ ʤʝʨʳ ʧʦ ʠʭ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ. ʈʘʟʚʠʪʠʝ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩ ʤʝʥʴʰʠʤ ʨʠʩʢʦʤ ʚʦʟʛʦʨʘʥʠʷ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʧʦʞʘʨ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʠʪʝʣʴʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ, ʥʘʧʨʠʤʝʨ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʝʱʝʩʪʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʟʚʦʣʷʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚʝʱʝʩʪʚʘ ʠ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʞʘʨʳ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʤʝʥʴʰʝʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʴʶ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʉɺʆʁʉʊɺ ʄɸʊɽʈʀɸʃʆɺ  

ʉ ʇʆʄʆʑʔʖ ʎɺɽʊʆʀɿʄɽʈɽʅʀʗ 
 

ʈʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ. 

ʌʠʢʩʘʮʠʷ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚ 

ʠ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʵʢʩʧʝʨʪʠʟʝ 

ʧʦʞʘʨʦʚ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʟʘʱʠʪʳ ʦʪ ʙʦʣʴʰʠʭ ʧʝʨʝʭʦʜʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʵʣʝʢʪʨʦʩʝʪʠ. ʇʨʝʜʣʦʞʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʘ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʚʝʪ; ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; RGB; ʢʦʣʦʨʠʤʝʪʨʠʷ. 
 

A. S. Gorbunov   
 

DETERMINATION OF MATERIAL PROPERTIES  

USING COLOR MEASUREMENT  
 

Various chemical and physical processes are accompanied by color changes. Fixing the color 

change allows you to assess the fire hazard, as well as the properties of substances and materials. The 

article presents the results of the application of this method in the examination of fires. The 
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application in protection systems against high transient resistances in the power grid is also 

considered. Promising directions of using the method in the field of quality control of flame retardant 

treatment of wooden structures are proposed.  

Keywords: color; fire safety; RGB; colorimetry. 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʯʘʩʪʦ ʠʟʤʝʥʷʝʪʩʷ ʮʚʝʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ. ʆʜʥʘʢʦ ʬʠʢʩʘʮʠʷ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʦʚ 

ʯʫʚʩʪʚ ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ.  

ʇʦʜ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʧʦʥʠʤʘʝʪʩʷ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʮʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ. ʉʫʪʴ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʠʢʩʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʩʚʝʪʘ ʩ 

ʧʦʤʦʱʴʶ ʪʨʝʭ ʛʨʫʧʧ ʬʦʪʦʜʠʦʜʦʚ ʩʦ ʩʚʝʪʦʬʠʣʴʪʨʘʤʠ. ʃʶʙʦʡ ʮʚʝʪ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʦʤʙʠʥʘʮʠʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʮʚʝʪʦʚ (ʢʨʘʩʥʳʡ, ʩʠʥʠʡ 

ʠ ʟʝʣʝʥʳʡ). ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʷ ʮʚʝʪʘ ʥʘʟʳʚʘʝʪʩʷ RGB. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʙʦʨʦʚ ʠʟʤʝʨʝʥʠʷ ʮʚʝʪʘ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶ 

ʤʦʜʫʣʴʥʳʝ ʜʘʪʯʠʢʠ ʮʚʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʠʟʤʝʨʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ. 

ʄʥʦʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʮʚʝʪʘ. ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, ʚ ʨʘʙʦʪʝ [1] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʡ 

ʮʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ.  

ʊʘʢʞʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʙʦʨ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ 

ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ (ʨʠʩ. 1) ʠ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 2). 
 

 
ʈʠʩ. 1. ʇʨʠʙʦʨ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʨʘʙʦʪʝ [1] 
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ʚ ʨʘʙʦʪʝ [1] 
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ɼʘʥʥʳʡ ʤʝʪʦʜ ʠ ʧʨʠʙʦʨ ʙʳʣ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥ ʧʨʠ ʵʢʩʧʝʨʪʠʟʝ 

ʧʦʞʘʨʦʚ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʯʘʛʘ ʧʦʞʘʨʘ. ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʛʨʝʪʳʭ ʜʝʪʘʣʝʡ (ʮʚʝʪʘ ʧʦʙʝʞʘʣʦʩʪʠ) ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ. ʇʨʠʙʦʨ ʠ ʤʝʪʦʜ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʜʨʫʛʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʮʚʝʪʘ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʨʘʙʦʪʝ [2] ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʪʯʠʢʘ ʮʚʝʪʘ ʚ ʩʠʩʪʝʤʝ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʘ ʧʦ ʧʨʠʯʠʥʝ ʘʚʘʨʠʡʥʦʛʦ ʧʦʞʘʨʦʦʧʘʩʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ï ʙʦʣʴʰʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʝ 

ʠʩʧʦʣʥʝʥʠʝ ʜʣʷ ʟʘʱʠʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʦʟʝʪʦʢ ʦʪ ʙʦʣʴʰʠʭ ʧʝʨʝʭʦʜʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʊʝʭʥʠʯʝʩʢʦʝ ʠʩʧʦʣʥʝʥʠʝ ʤʝʪʦʜʘ ʟʘʱʠʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʦʟʝʪʦʢ ʚ ʨʘʙʦʪʝ [2] 

 

 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʠ ʧʨʠʙʦʨ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚ ʧʦʨʪʘʪʠʚʥʳʭ 

ʩʠʩʪʝʤʘʭ ʟʘʱʠʪʳ ʢʦʥʢʨʝʪʥʳʭ ʨʦʟʝʪʦʢ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ ʜʣʷ ʟʘʱʠʪʳ ʵʣʝʤʝʥʪʦʚ 

ʵʣʝʢʪʨʦʩʝʪʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ 

ʘʚʪʦʤʘʪʠʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ 

ʠ ʧʨʠʙʦʨʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʮʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, 

ʮʚʝʪ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʘʥʝʩʝʥʥʦʛʦ ʦʛʥʝʟʘʱʠʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʧʨʠ 

ʪʘʢʦʤ ʞʝ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ (ʨʠʩ. 4 ʠ 5). ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʨʝʚʝʩʠʥʳ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʦʛʥʝʟʘʱʠʪʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʚ 

ʨʘʙʦʪʝ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ.  
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ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʜʨʝʚʝʩʠʥʳ ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʜʨʝʚʝʩʠʥʳ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʦʛʥʝʟʘʱʠʪʥʳʤ 

ʩʦʩʪʘʚʦʤ 
 

 

 

ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʢʦʣʦʨʠʤʝʪʨʠʠ ʚʦʟʤʦʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʘʢ ʚʦʟʜʫʰʥʦʡ, ʪʘʢ ʠ 

ʞʠʜʢʦʡ ʩʨʝʜʳ. ɺ ʨʘʙʦʪʝ [3] ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʥʝʡʥʦ-

ʢʦʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʨʦʚ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ 

ʛʦʨʝʥʠʷ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʧʨʠʙʦʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʣʘʩʩʘ ʚʝʱʝʩʪʚʘ ʧʦ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ 

ʠʥʜʠʢʘʪʦʨʥʳʭ ʪʨʫʙʦʢ ʧʨʠ ʧʦʢʘʯʠʚʘʥʠʠ 

ʛʘʟʘ ʯʝʨʝʟ ʧʨʠʙʦʨ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʮʚʝʪʘ 

ʧʦʟʚʦʣʷʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʤʘʣʝʡʰʠʝ 

ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʥʘ ʠʥʜʠʢʘʪʦʨʥʳʭ 

ʪʨʫʙʢʘʭ. ʇʦʜʦʙʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʨʝʘʢʮʠʠ. ʊʝʤ ʩʘʤʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʪʯʠʢʦʚ ʮʚʝʪʘ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ 

ʬʠʢʩʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ. 

 

ʈʠʩ. 6. ʉʭʝʤʘ ʧʨʠʙʦʨʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʣʘʩʩʘ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʛʦʨʝʥʠʷ 

ʣʠʥʝʡʥʦ-ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ  

ʚ ʨʘʙʦʪʝ [3] 

 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

152 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɻʦʨʙʫʥʦʚ, ɸ. ʉ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠ ʧʨʠʙʦʨʘ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʪʝʨʤʠʯʝʩʢʠʭ 
ʧʦʚʨʝʞʜʝʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʤʝʩʪʝ ʧʦʞʘʨʘ : ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ / ɻʦʨʙʫʥʦʚ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ, 2023. ï 187 ʩ. 

2. ɻʦʨʙʫʥʦʚ, ɸ. ʉ. ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ 
ʦʪ ʙʦʣʴʰʠʭ ʧʝʨʝʭʦʜʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʦʟʝʪʢʘʭ / ɸ. ʉ. ɻʦʨʙʫʥʦʚ, ɸ. 

ʀ. ɸʥʬʠʥʦʛʝʥʦʚ // ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʪʝʭʥʦʩʬʝʨʝ. ï 2023. ï ̄  3(11). 

ï ʉ. 29-34. 

3. ɻʦʨʙʫʥʦʚ, ɸ. ʉ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʘ ʚ ʵʢʩʧʝʨʪʠʟʝ ʧʦʞʘʨʦʚ / ɸ. ʉ. ɻʦʨʙʫʥʦʚ, ɸ. ʅ. ʉʣʝʧʦʚ, ʀ. ʅ. 

ʇʦʞʘʨʢʦʚʘ // ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʦʪ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ï 2021. ï ʉ. 616-619. 

 

 

 

ʋɼʂ 614.849 
˥͙͔ͦͪ͒ͤͦ͟ ˢΦ ˹ΦΣ ˾͔͙ͨͤ͟ ˢΦ ̑ΦΣ ˬ͔͍ͫͭͦ͊͟ ˿Φ ˥Φ ˻͔͙ͫͦ͋ͤͤͦͫͭ ͪ͊ͫ;͖ͭ͊ ͍ͦͨͪ͊͒·͍͔͙͊ͣͦͫͭ ͎ͨͪͦͤͦ͊͘ ̉ ˿͍ ͍͙͔͒ ͍ͨͦ͗͊ͪͦ 

 

ɸ. ʅ. ɻʦʨʜʠʝʥʢʦ, ɸ. ʖ. ʈʝʧʢʠʥ, ʉ. ɻ. ɾʝʩʪʢʦʚʘ  
ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦ ʧʨʦʙʣʝʤʘʤ ʛʨʘʞʜʘʥʩʢʦʡ 

ʦʙʦʨʦʥʳ ʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʄʏʉ ʈʦʩʩʠʠ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʉʏɪʊɸ ʆʇʈɸɺɼʓɺɸɽʄʆʉʊʀ ʇʈʆɻʅʆɿɸ ʏʉ  

ɺ ɺʀɼɽ ʇʆɾɸʈʆɺ 

 
ɺ ʩʪʘʪʴʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ ʧʨʦʛʥʦʟʘ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʚʠʜʝ ʧʦʞʘʨʦʚ. ɻʨʘʜʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ. ʆʮʝʥʢʘ 

ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʴ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ; ʦʮʝʥʢʘ ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ 

ʧʨʦʛʥʦʟʦʚ ʧʦʞʘʨʦʚ; ʣʘʥʜʰʘʬʪʥʳʝ ʧʦʞʘʨʳ. 
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FEATURES OF CALCULATING THE JUSTIFICATION  

OF THE FORECAST OF EMERGENCIES IN THE FORM OF FIRES  
 

The article formulates the forecasting and calculation of the justification of emergency 

situations in the form of fires. Gradation of wildfires. Assessment of the justification of forest fires.   

Keywords: justification of emergency situations; assessment of the justification of fire 

forecasts; landscape fires. 

 

 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʦʪʜʝʣʴʥʦ ʦʙʩʫʜʠʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ  

ʠ ʨʘʩʯʸʪ ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ ʧʨʦʛʥʦʟʘ ʏʉ ʚ ʚʠʜʝ ʧʦʞʘʨʦʚ.  
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ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʨʝʘʣʴʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ  

ʠ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ  

ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 5 ʜʥʝʡ, ʥʦ ʠ ʧʨʠ ʵʪʦʤ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʪʘʢʠʭ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 %. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʜʚʘ ʤʦʤʝʥʪʘ. 

ɺʦ-ʧʝʨʚʳʭ: ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 90 % ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʦʞʘʨʦʦʧʘʩʥʳʡ ʩʝʟʦʥ 

ʣʘʥʜʰʘʬʪʥʳʭ ʧʦʞʘʨʦʚ ʚʦʟʥʠʢʘʝʪ ʚ ʩʚʷʟʠ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ  ʠʣʠ ʠʟ-ʟʘ ʝʛʦ 

ʙʝʩʧʝʯʥʦʩʪʠ (ʥʝʧʦʪʫʰʝʥʥʘʷ ʩʠʛʘʨʝʪʘ, ʦʩʪʘʚʣʝʥʥʳʡ ʙʝʟ ʧʨʠʩʤʦʪʨʘ ʢʦʩʪʸʨ, 

ʥʝʧʨʘʚʠʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʠʨʦʪʝʭʥʠʢʠ, ʜʝʪʩʢʠʝ ʰʘʣʦʩʪʠ ʠ ʧʨʦʯʠʝ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ), ʪʘʢʠʝ ʧʦʞʘʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʣʝʢʫʪ ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ 

ʧʠʨʦʛʝʥʥʫʶ ʛʠʙʝʣʴ ʣʝʩʦʚ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʪʠʭʠʡʥʳʤ ʙʝʜʩʪʚʠʷʤ.  

ʇʫʥʢʪʦʤ 2.6.1. ʂʨʠʪʝʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʏʉ, ʫʪʚʝʨʞʜʸʥʥʳʝ ʧʨʠʢʘʟʦʤ 

ʄʏʉ ʈʦʩʩʠʠ ʦʪ 05.07.2021 ˉ 429 çʆʙ ʫʩʪʘʥʦʚʣʝʥʠʠ ʢʨʠʪʝʨʠʝʚ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘè (ʜʘʣʝʝ ʧʨʠʢʘʟ ˉ 

429), ʣʝʩʥʳʝ ʠ ʜʨʫʛʠʝ ʣʘʥʜʰʘʬʪʥʳʝ (ʧʨʠʨʦʜʥʳʝ) ʧʦʞʘʨʳ ʦʪʥʝʩʝʥʳ ʢ ʏʉ 

ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

ʇʨʠʨʦʜʥʳʝ ʣʝʩʥʳʝ ʠ ʜʨʫʛʠʝ ʣʘʥʜʰʘʬʪʥʳʝ ʧʦʞʘʨʳ ʠʤʝʶʪ ʛʨʘʜʘʮʠʶ 

(ʧʨʠʨʦʜʥʳʝ: ʥʠʟʦʚʳʝ, ʚʝʨʭʦʚʳʝ, ʪʫʥʜʨʦʚʳʝ ʠ ʪ.ʜ.). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʞʘʨ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥ ʥʘ ʧʣʦʱʘʜʠ 25 ʛʘ ʠ ʙʦʣʝʝ ʚ ʟʦʥʝ ʥʘʟʝʤʥʦʡ ʦʭʨʘʥʳ ʣʝʩʦʚ ʠ 200 ʛʘ 

ʚ ʟʦʥʝ ʘʚʠʘʮʠʦʥʥʦʡ ʦʭʨʘʥʳ ʣʝʩʦʚ, ʩ ʜʝʡʩʪʚʠʝʤ ʚ ʪʝʯʝʥʠʝ 3 ʠ ʙʦʣʝʝ ʩʫʪʦʢ ʩ ʤʦʤʝʥʪʘ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʢʦʛʜʘ ʨʝʰʝʥʠʝ ʦ ʧʨʠʦʩʪʘʥʦʚʣʝʥʠʠ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ ʥʝ ʧʨʠʥʠʤʘʣʦʩʴ 

ʚ ʪʝʯʝʥʠʝ 5 ʠ ʙʦʣʝʝ ʩʫʪʦʢ, ʚ ʧʨʝʜʝʣʘʭ 5-ʢʠʣʦʤʝʪʨʦʚʦʡ ʟʦʥʳ ʚʦʢʨʫʛ ʥʘʩʝʣʸʥʥʦʛʦ 

ʧʫʥʢʪʘ ʠʣʠ ʦʙʲʝʢʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʠʣʠ ʢ ʪʫʰʝʥʠʶ ʧʦʞʘʨʘ ʧʨʠʚʣʝʯʝʥʦ ʙʦʣʝʝ 

ʧʦʣʦʚʠʥʳ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʣʝʩʦʧʦʞʘʨʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʪʝʭʥʠʢʠ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢʦʡ ʣʝʩʥʦʡ ʠʣʠ ʣʘʥʜʰʘʬʪʥʳʡ (ʧʦʞʘʨ) ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʸʥ ʧʨʠ 

ʨʘʩʯʸʪʝ ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ [1]. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʨʠʨʦʜʥʦʛʦ 

(ʣʘʥʜʰʘʬʪʥʦʛʦ) ʧʦʞʘʨʘ, ʘ ʪʘʢʞʝ ʧʨʠʯʠʥʘ ʚʦʟʛʦʨʘʥʠʷ ʠʣʠ ʧʣʦʱʘʜʴ ʧʠʨʦʛʝʥʥʦʡ 

ʛʠʙʝʣʠ, ʚʳʛʦʨʘʝʤʦʛʦ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ: ʝʩʣʠ ʪʘʢʦʡ ʧʦʞʘʨ ʚʦʟʥʠʢ ʢʘʢ ʧʨʠʛʦʨʦʜʥʳʡ, 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʝʨʝʢʠʥʫʣʩʷ ʥʘ ʜʨʫʛʦʡ ʧʦ ʚʠʜʫ ʫʯʘʩʪʦʢ ʣʘʥʜʰʘʬʪʘ (ʥʘʧʨʠʤʝʨ, ʩ 

ʪʫʥʜʨʳ ʥʘ ʣʝʩʦʪʫʥʜʨʫ ʠʣʠ ʦʪ ʛʦʨʷʱʝʛʦ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʩʪʨʦʝʥʠʷ ʠʣʠ 

ʩʦʦʨʫʞʝʥʠʷ) ʠ ʪʘʢʠʝ ʩʦʙʳʪʠʷ, ʢʘʢ ʩʘʤ ʧʦ ʩʝʙʝ ʧʦʞʘʨ,  ʧʨʦʛʥʦʟʠʨʦʚʘʣʠʩʴ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʯʠʪʘʪʴ ʵʪʦ ʩʦʙʳʪʠʝ ʢʘʢ ʦʜʥʦʡ ʏʉ. 

ʆʮʝʥʢʘ ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʚ ʮʝʣʷʭ ʦʮʝʥʢʠ ʧʠʨʦʛʝʥʥʦʡ ʛʠʙʝʣʠ 

ʣʝʩʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʨʠʯʝʩʢʠʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʜʘʥʥʳʭ ʦ 

ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʦʚ ʚ ʵʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʜʝʣʝʥʠʝʤ ʠʣʠ 

ʧʨʠʨʦʜʥʦ-ʣʘʥʜʰʘʬʪʥʳʤ ʟʦʥʠʨʦʚʘʥʠʝʤ. 

ʊʘʢʘʷ ʦʮʝʥʢʘ ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ ʧʨʦʛʥʦʟʘ, ʚʢʣʶʯʘʶʱʘʷ ʠʤʠʪʘʮʠʦʥʥʦʝ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʠʨʦʛʝʥʥʦʡ ʛʠʙʝʣʠ ʣʝʩʦʚ, ʧʨʠʤʝʥʷʝʪʩʷ ʩ ʮʝʣʴʶ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʦ ʧʨʠʚʣʝʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʛʦ ʣʦʢʘʣʠʟʘʮʠʠ ʩʠʣ ʠ ʩʨʝʜʩʪʚ 

ʧʦʞʘʨʦʪʫʰʝʥʠʷ.  



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ɺʦ-ʚʪʦʨʳʭ: ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʧʨʠʨʦʜʥʳʤʠ (ʣʘʥʜʰʘʬʪʥʳʤʠ) ʧʦʞʘʨʳ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʥʳʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ (ʚʟʨʳʚʳ, ʭʠʤʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ, ʨʘʟʨʫʰʝʥʠʝ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠʣʠ ʙʳʪʦʚʳʭ ʛʘʟʦʚʳʭ ʙʘʣʣʦʥʦʚ, ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ ʠ ʪ.ʜ.) ʠ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʢʨʠʪʝʨʠʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʨʠʢʘʟʦʤ ˉ 429.  

ʇʦʩʢʦʣʴʢʫ ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʴ ʧʨʦʛʥʦʟʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ 

ʩʣʫʯʠʚʰʠʭʩʷ ʏʉ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʢʘʟʦʤ ˉ 429, ʭʦʪʴ 

ʙʳ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʡ ʧʦʞʘʨ, ʥʦ ʥʝ ʠʤʝʶʱʠʡ ʣʘʥʜʰʘʬʪʥʦʛʦ (ʧʨʠʨʦʜʥʦʛʦ) 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʠ ʨʘʩʯʝʪʝ 

ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ ʧʨʦʛʥʦʟʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʞʘʨʳ ʚ ʟʜʘʥʠʷʭ ʠ ʩʦʦʨʫʞʝʥʠʷʭ ʥʘʥʦʩʷʪ ʦʛʨʦʤʥʳʡ 

ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʠ ʚʩʝʛʜʘ ʥʘʨʫʰʘʶʪ ʫʩʣʦʚʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ, 

ʧʨʠʢʘʟ ˉ 429 ʥʝ ʩʦʜʝʨʞʠʪ ʪʘʢʠʭ ʢʨʠʪʝʨʠʝʚ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ çʧʦʞʘʨʳ  

ʚ ʟʜʘʥʠʷʭ ʠ ʩʦʦʨʫʞʝʥʠʷʭè.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʞʘʨʳ ʚ ʟʜʘʥʠʷʭ ʠ ʩʦʦʨʫʞʝʥʠʷʭ ʶʨʠʜʠʯʝʩʢʠ ʥʝ ʦʪʥʝʩʝʥʳ 

ʢ ʠʩʪʦʯʥʠʢʘʤ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʩʦʙʳʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʞʘʨʘʤʠ ʚ ʟʜʘʥʠʷʭ 

ʠ ʩʦʦʨʫʞʝʥʠʷʭ (ʜʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʧʦʩʪʨʘʜʘʚʰʠʭ ʛʨʘʞʜʘʥ, ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʧʦʪʝʨʴ ʠ ʥʘʨʫʰʝʥʠʷ ʫʩʣʦʚʠʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ), ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ 

ʢ ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʨʘʩʯʸʪʝ 

ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ ʧʨʦʛʥʦʟʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʩʫʪʩʪʚʠʷ ʟʥʘʯʝʥʠʷ ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ 

ʧʨʦʛʥʦʟʘ ʏʉ ʚ ʚʠʜʝ ʧʦʞʘʨʘ ʦʪ ʪʝʭʥʦʛʝʥʥʦʛʦ (ʘ ʨʘʚʥʦ, ʩʦʮʠʘʣʴʥʦʛʦ) ʠʩʪʦʯʥʠʢʘ ʏʉ 

(ʣʠʙʦ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʥʦʡ ʏʉ)  ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʦʙʲʝʢʪʠʚʥʳʤ, ʭʦʪʷ ʥʘ 

ʩʝʛʦʜʥʷ ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʪʘʢʠʤ ʧʦʜʭʦʜʦʤ, ʜʝʡʩʪʚʫʶʱʠʤ, ʠʩʭʦʜʷ ʠʟ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʨʘʚʦʚʦʛʦ ʘʢʪʘ ʄʏʉ ʈʦʩʩʠʠ. 

ʇʨʘʚʦʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʞʘʨʫ ʜʘʥʦ ʚ ʘʙʟ. 3 ʩʪ. 1 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 

21.12.1994 ˉ 69-ʌɿ çʆ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ʢʘʢ ʩʦʙʳʪʠʶ, ʧʨʠʯʠʥʷʶʱʝʤʫ 

ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ, ʚʨʝʜ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʛʨʘʞʜʘʥ, ʠʥʪʝʨʝʩʘʤ ʦʙʱʝʩʪʚʘ ʠ 

ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʙʟ. 1 ʩʪ. 1 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 21.12.1994 ˉ 68-

ʌɿ çʆ ʟʘʱʠʪʝ ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘè ʦʧʨʝʜʝʣʝʥʠʝ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥʜʠʢʘʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ: ʯʝʣʦʚʝʯʝʩʢʠʝ ʞʝʨʪʚʳ, ʫʱʝʨʙ ʟʜʦʨʦʚʴʶ 

ʣʶʜʝʡ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʦʪʝʨʠ ʠ ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʡ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ, ʩʣʝʜʫʷ ʥʦʨʤʘʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʚ 

ʵʪʦʡ ʯʘʩʪʠ ʤʝʞʜʫ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʝʡ ʠ ʧʦʞʘʨʦʤ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʟʥʘʢ 

ʨʘʚʝʥʩʪʚʘ, ʯʪʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʝʥʦ ʚ ʦʩʥʦʚʫ ʨʘʩʯʸʪʘ ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ 

ʧʨʦʛʥʦʟʘ ʧʦʞʘʨʦʚ, ʢʘʢ ʏʉ. ʀ ʜʣʷ ʵʪʦʛʦ ʩʦʚʩʝʤ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ çʘʜʨʝʩè 

ʛʦʨʷʱʝʛʦ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ï ʜʦʩʪʘʪʦʯʥʦ ʦʮʝʥʠʚʘʪʴ ʘʨʝʘʣ, ʛʜʝ ʨʠʩʢ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʞʘʨʘ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʙʳʪʦʚʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ ʚ ʧʦʞʘʨʦʦʧʘʩʥʳʡ ʩʝʟʦʥ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʧʨʦʪʝʢʘʥʠʝ ʧʦʞʘʨʘ ʥʘ ʦʙʲʝʢʪʝ, ʷʚʣʷʶʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
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ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢ ʙʳʩʪʨʦ ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʞʘʨ ʙʫʜʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʟʜʘʥʠʠ, ʩʦʦʨʫʞʝʥʠʠ ʠʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʝ, 

ʤʘʪʝʨʠʘʣʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʜʘʥʠʠ, ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʈʘʩʯʸʪ ʧʦʞʘʨʥʦʛʦ ʨʠʩʢʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ 

ʧʦʞʘʨʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʦʙʲʝʢʪʘʭ ʠ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ ʝʛʦ ʪʫʰʝʥʠʶ ʠ ɻ ʚʘʢʫʘʮʠʠ ʣʶʜʝʡ. ɺ ʵʪʠʭ ʮʝʣʷʭ ʧʨʠʢʘʟʦʤ ʄʏʉ 

ʈʦʩʩʠʠ ʦʪ 14.11.2022 ˉ 1140 ʫʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʠʢʘ çʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ 

ʚʝʣʠʯʠʥ ʧʦʞʘʨʥʦʛʦ ʨʠʩʢʘ ʚ ʟʜʘʥʠʷʭ, ʩʦʦʨʫʞʝʥʠʷʭ ʠ ʧʦʞʘʨʥʳʭ ʦʪʩʝʢʘʭ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠè,  ʚ ʢʦʪʦʨʦʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥ  ʧʦʜʭʦʜ ʢ ʧʨʦʚʝʜʝʥʠʶ ʨʘʩʯʸʪʘ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʦ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʞʘʨʘ [2].  

ɽʩʣʠ ʙʳʪʦʚʦʡ (ʪʝʭʥʦʛʝʥʥʳʡ) ʧʦʞʘʨ (ʢʨʠʪʝʨʠʠ (ʠʥʜʠʢʘʪʦʨʳ ʢʦʪʦʨʦʛʦ ʥʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʨʠʢʘʟʦʤ ˉ 429) ʧʨʠʚʸʣ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʏʉ, ʢʨʠʪʝʨʠʠ 

(ʠʥʜʠʢʘʪʦʨʳ) ʢʦʪʦʨʦʡ ʦʪʨʘʞʝʥʳ ʚ ʧʨʠʢʘʟʝ ˉ 429 (ʥʘʧʨʠʤʝʨ, ʚʟʨʳʚ ʠ (ʠʣʠ) 

ʦʙʨʫʰʝʥʠʝ ʚ ʟʜʘʥʠʷʭ ʠ ʩʦʦʨʫʞʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

(ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ) ʧʨʦʞʠʚʘʥʠʷ ʣʶʜʝʡ; ʚʟʨʳʚ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʛʦʨʷʱʝʤ ʞʠʣʦʤ 

ʧʦʤʝʱʝʥʠʠ ʚʟʨʳʚʯʘʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʪ.ʜ.), ʠ ʪʘʢʘʷ ʏʉ 

ʙʳʣʘ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʘ (ʥʘʧʨʠʤʝʨ: ʧʨʦʛʥʦʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʣʫʯʘʝʚ 

ʚʟʨʳʚʦʚ ʙʳʪʦʚʦʛʦ ʛʘʟʘ ʠ ʦʙʨʫʰʝʥʠʷ ʟʜʘʥʠʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʚ ʦʪʦʧʠʪʝʣʴʥʳʡ 

ʩʝʟʦʥ, ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ), ʪʦ ʫʯʸʪʫ ʧʨʠ ʨʘʩʯʸʪʝ ʦʧʨʘʚʜʳʚʘʝʤʦʩʪʠ ʧʨʦʛʥʦʟʘ ʧʦʜʣʝʞʠʪ 

ʏʉ, ʠʤʝʶʱʘʷ  ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʩ ʧʦʞʘʨʦʤ, ʥʦ ʢʨʠʪʝʨʠʠ ʢʦʪʦʨʦʡ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʨʠʢʘʟʦʤ ˉ 429. 
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THE USE OF GAS ANALYTICAL EQUIPMENT IN ENSURINF FIRE 

SAFETY OF OIL REFINERIES  

 
This article discusses aspects of the use of gas analytical equipment in ensuring fire safety of 

oil refineries. In particular, the most common models of these devices are described, as well as the 

main provisions of the çTechnical Regulations on fire safety requirementsè are considered. In 

addition, the main types of gas analysis equipment are considered. 

Keywords: fire safety; oil industry; gas analytical equipment; stationary device; oil refinery. 

 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʝʬʪʷʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʪʘʣʘ ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʈʦʩʩʪʘʪʘ, ʜʦʣʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʩʝʢʪʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ɺɺʇ ʈʦʩʩʠʠ ʚ I ʢʚʘʨʪʘʣʝ 

2023 ʛʦʜʘ ʩʦʩʪʘʚʠʣʘ 17 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ II  ʢʚʘʨʪʘʣʝ ʜʦʣʷ ʩʥʠʟʠʣʘʩʴ ʜʦ 16,0 %. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 30 ʢʨʫʧʥʳʭ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ ʠ ʝʱʝ 80 ʤʠʥʠ-ʅʇɿ. ɻʣʘʚʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʠʩʧʨʘʚʥʦʡ ʨʘʙʦʪʳ ʅʇɿ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʞʘʨʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʢʨʘʡʥʝ 

ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʦʙʲʝʢʪʳ ʜʦʙʳʯʠ, ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  

ʆʩʥʦʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʚ ʢʦʪʦʨʦʤ ʟʘʢʨʝʧʣʝʥʳ ʛʣʘʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ 

ʧʦʣʦʞʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ çʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʧʦʞʘʨʥʦʡ 
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ʙʝʟʦʧʘʩʥʦʩʪʠè. ʇʦʣʦʞʝʥʠʷ ʜʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʦʭʚʘʪʳʚʘʶʪ ʪʘʢʠʝ ʦʙʣʘʩʪʠ, ʢʘʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʨʝʤʦʥʪʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʦʙʲʝʢʪʦʚ. ʂ ʧʨʠʤʝʨʫ: 

1) ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʦʩʥʘʱʝʥ ʧʨʠʙʦʨʘʤʠ ʛʘʟʦʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʚʝʥʪʠʣʷʮʠʝʡ, ʚʳʧʦʣʥʝʥʥʦʡ ʠʟ ʥʝʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʟʘʤʝʥʷʪʴʩʷ ʥʘ ʝʩʪʝʩʪʚʝʥʥʫʶ ʚ ʥʝʨʘʙʦʯʝʝ ʚʨʝʤʷ; 

2) ʚʟʨʳʚʦʦʧʘʩʥʳʝ ʤʝʩʪʘ ʥʘ ʅʇɿ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʦʟʥʘʯʝʥʳ ʧʦʞʘʨʥʳʤ 

ʟʥʘʢʦʤ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʤʝʩʪʘ, ʦʪʚʝʜʝʥʥʳʝ ʜʣʷ ʢʫʨʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ; 

3) ʧʨʝʜʤʝʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʫʪʷʭ ʵʚʘʢʫʘʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ 

ʠʟ ʥʝ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

4) ʢ ʨʘʙʦʪʝ ʥʘ ʅʇɿ ʜʦʧʫʩʢʘʶʪʩʷ ʪʦʣʴʢʦ ʩʦʪʨʫʜʥʠʢʠ, ʧʨʦʰʝʜʰʠʝ ʦʙʫʯʝʥʠʝ 

ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ ʤʠʥʠʤʫʤʫ; 

5) ʦʙʲʝʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʝʥ ʥʘ ʟʦʥʳ, ʟʘ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʣʠʮʦ, ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʇɹ [1].  

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʩʪʨʦ ʦʧʦʚʝʩʪʠʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʅʇɿ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʣʠʯʠʝ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

1) ʥʘʣʠʯʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʦʞʘʨʥʳʭ ʦʧʦʚʝʱʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʠʛʥʘʣʠʟʘʮʠʠ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʷ; 

2) ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʠʝʤ ʩʠʛʥʘʣʦʚ ʦʪ ʨʫʯʥʳʭ ʦʧʦʚʝʱʘʶʱʠʭ ʧʨʠʙʦʨʦʚ; 

3) ʠʩʧʨʘʚʥʘʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʦʧʦʚʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ ʣʶʜʝʡ 

ʧʨʠ ʧʦʞʘʨʝ; 

4) ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʥʘʣʠʚʫ ʥʝʬʪʠ ʧʨʠ ʚʩʧʳʰʢʝ 

ʧʦʞʘʨʘ. 

ʅʝʬʪʝʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʚʳʨʘʙʦʪʢʦʡ 

ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʛʘʟʦʚ ʠ ʪʦʢʩʠʯʥʳʭ ʧʘʨʦʚ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʅʇɿ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʢʦʥʪʨʦʣʴ ʩʨʝʜʳ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʧʦʚʝʱʘʶʱʠʝ ʦ ʢʨʠʪʠʯʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ [4]. ʂʘʢ ʠ ʣʶʙʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʦʙʲʝʢʪʝ, ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʧʨʠʙʦʨʳ ʜʦʣʞʥʳ ʧʦʜʚʝʨʛʘʪʴʩʷ ʧʨʦʚʝʨʢʘʤ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʨʝʤʦʥʪʫ.  

ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ ï ʵʪʦ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʜʥʦʛʦ ʠʟʤʝʨʷʝʤʦʛʦ ʛʘʟʘ ʠʣʠ ʛʨʫʧʧʳ ʠʟʤʝʨʷʝʤʳʭ ʛʘʟʦʚ ʠ ʧʘʨʦʚ ʚ 

ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʦʙʣʘʩʪʠ. ʇʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʚʳʜʝʣʷʶʪ ʪʨʠ ʚʠʜʘ 

ʧʨʠʙʦʨʦʚ: ʩʪʘʮʠʦʥʘʨʥʳʝ; ʧʦʨʪʘʪʠʚʥʳʝ; ʧʝʨʝʥʦʩʥʳʝ [6]. 

ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʘʛʨʝʛʘʪʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʠ ʧʦʤʦʱʠ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʛʘʟʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ ʠ 

ʠʭ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ: 

1) ʠʟʤʝʨʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʘ; 

2) ʚʳʷʚʣʝʥʠʷ ʫʪʝʯʝʢ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ; 
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3) ʨʘʩʯʝʪ ʚʳʙʨʦʩʘ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ; 

4) ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ; 

5) ʨʘʩʯʝʪ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ [2]. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʦʜʝʣʠ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʥʘ ʦʙʲʝʢʪʘʭ ʅʂ. ʂ ʧʨʠʤʝʨʫ, ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʭ ʬʠʨʤ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʦʜʦʙʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʘʤʝʨʠʢʘʥʩʢʘʷ ʬʠʨʤʘ MSA Safety Incorporated, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʚ 1914 ʛʦʜʫ 

[5]. ɼʘʥʥʘʷ ʬʠʨʤʘ ʷʚʣʷʝʪʩʷ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʥʘ ʨʳʥʢʝ ʧʨʦʜʫʢʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ 

ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʜʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ: 

ALTAIR  4XR ð ɻ ʪʦ ʘʧʧʘʨʘʪ, ʢʦʪʦʨʳʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʟʘʤʝʨʳ 

ʯʝʪʳʨʝʭ ʚʝʱʝʩʪʚ (O2, H2S, CO, Ex). ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʦ ʫʜʦʙʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʨʫʢʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʨʦʨʝʟʠʥʝʥʥʳʡ ʢʦʨʧʫʩ ʠʩʢʣʶʯʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʚʳʩʢʘʣʴʟʳʚʘʥʠʷ. ʀʥʪʝʨʬʝʡʩ 

ʢʨʘʡʥʝ ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʘʝʪ ʢʨʘʡʥʝ ʙʳʩʪʨʦ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʙʦʣʴʰʦʤ ʧʦʜʩʚʝʯʠʚʘʝʤʦʤ ʜʠʩʧʣʝʝ, ʘ ʥʘʚʠʛʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʨʫʧʥʳʭ ʢʥʦʧʦʢ. ʄʘʩʩʘ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʩʦʩʪʘʚʣʷʝʪ 228 ʛ [3]. 

ALTAIR  ð ʵʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʦʢʩʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʠʣʠ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʣʘʩʪʠ ʨʘʙʦʯʝʡ ʟʦʥʳ. ʄʘʣʳʡ ʨʘʟʤʝʨ ʠ ʚʝʩ 

(125 ʛ) ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʜʦʙʩʪʚʫ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢ ʧʨʠʤʝʨʫ ʟʘʢʨʝʧʠʪʴ ʝʛʦ ʥʘ ʧʦʷʩʝ, 

ʩ ʧʦʤʦʱʴʶ ʟʘʞʠʤʘ ʚʠʜʘ çʢʨʦʢʦʜʠʣè. ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʧʦʩʦʙʥʦ ʨʘʙʦʪʘʪʴ ʙʝʟ 

ʧʦʜʟʘʨʷʜʢʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʣʝʪ. ʇʦ ʠʩʪʝʯʝʥʠʠ 

ʜʚʫʭ ʣʝʪ ʧʨʠʙʦʨ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʨʷʜʘ ʵʣʝʤʝʥʪʘ ʧʠʪʘʥʠʷ. 

ALTAIR  5X ð ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʝ ʟʘʤʝʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʦʨʶʯʠʭ, ʪʦʢʩʠʯʥʳʭ ʩʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɼʘʥʥʳʡ 

ʧʨʠʙʦʨ ʩʧʦʩʦʙʝʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʪʴ ʜʦ ʧʷʪʠ ʚʳʙʨʘʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɽʛʦ ʚʝʩ ʩʦʩʪʘʚʣʷʝʪ 453 ʛ. 

ʇʦʤʠʤʦ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ MSA Safety Incorporated 

ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʧʦʜʦʙʥʳʭ ʧʨʠʙʦʨʦʚ, ʘ ʠʤʝʥʥʦ 

ʌɻʋʇ ʉʇʆ çɸʥʘʣʠʪʧʨʠʙʦʨè [7]. ɼʘʥʥʳʡ ʟʘʚʦʜ ʙʳʣ ʦʩʥʦʚʘʥ ʚ 1960 ʛʦʜʫ ʚ 

ʉʤʦʣʝʥʩʢʝ. ɼʘʥʥʳʡ ʟʘʚʦʜ ʪʘʢʞʝ ʚʳʧʫʩʢʘʝʪ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʳ, ʘ ʠʤʝʥʥʦ: 

ɸʅʂɸʊ-64ʄ3 ð ʵʪʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʘʥʘʣʠʟʘʪʦʨ, ʟʘʱʠʱʘʶʱʠʡ 

ʨʘʙʦʪʥʠʢʦʚ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʦʨʶʯʠʭ ʠ ʪʦʢʩʠʯʥʳʭ 

ʚʝʱʝʩʪʚ. ʆʧʦʚʝʱʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʜʘʯʠ ʩʚʝʪʦʟʚʫʢʦʚʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʠʙʨʦʦʪʢʣʠʢʦʤ. ʆʜʥʦ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ 

ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʵʪʦ ʪʦ, ʯʪʦ ʦʥʦ ʦʙʣʘʜʘʝʪ ʟʘʱʠʪʦʡ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʳʣʠ ʠ 

ʚʣʘʛʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ 

ʝʞʝʤʝʩʷʯʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʢʘʞʜʦʤʫ ʚʝʱʝʩʪʚʫ ʟʘ ʤʝʩʷʮ, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʞʘʝʪ 

ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ. ɺʝʩ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ð 250 ʛ. 
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ɸʅʂɸʊ-7664ʄʠʢʨʦ ð ʵʪʦ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʧʨʠʙʦʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʦʩʥʘʱʝʥ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʚʟʨʳʚʦʟʘʱʠʪʳ, ʥʘʧʨʠʤʝʨ 

ʠʩʢʨʦʙʝʟʦʧʘʩʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʴʶ ʠ ʚʟʨʳʚʦʥʝʧʨʦʥʠʮʘʝʤʦʡ ʦʙʦʣʦʯʢʦʡ. 

ʄʘʩʩʘ ʫʩʪʨʦʡʩʪʚʘ ð 500 ʛ. 

ɼɸʂ ð ʵʪʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʝʥʦ ʚ ʦʜʥʦʤ ʙʣʦʢʝ. 

ɽʛʦ ʫʩʪʘʥʦʚʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ, ʘ ʠʤʝʥʥʦ ʜʘʪʯʠʢʦʤ ʚʥʠʟ. ɼʘʥʥʳʡ 

ʧʨʠʙʦʨ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʙʣʦʢʦʤ ʧʠʪʘʥʠʷ ɹʇʉ-21ʄ. ʄʘʩʩʘ 

ʢʦʨʧʫʩʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 4000 ʜʦ 6000 ʛ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʥʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʘʱʝʥ ʧʨʦʪʦʢʦʣʘʤʠ RS-485 ʠʣʠ HART ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʜʥʦ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ï ʵʪʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʪ -60 ʜʦ 

+90 ʉʦ) [8]. 

ʇʦʤʠʤʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʠʝ ʤʦʜʝʣʠ, ʢʘʢ 

ʉʊʄ-10, ʉʊʄ-30ʄ, ʄʫʣʴʪʠʛʘʟʩʝʥʩ, ʃʠʜʝʨ 04, ʀɻʄ-10, ʀɻʄ-12 ʠ ʀɻʄ-13. ɺʩʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʙʦʨʳ ʦʪʣʠʯʘʶʪʩʷ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʩʪʴʶ ʢʦʨʧʫʩʘ, ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʜʘʪʯʠʢʦʚ, 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ, ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʧʘʤʷʪʠ ʠ ʚʳʩʦʢʦʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ. ʉʬʝʨʘ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʙʦʪʫ ʩʦ 

ʚʟʨʳʚʦʦʧʘʩʥʳʤʠ, ʛʦʨʶʯʠʤʠ ʠ ʪʦʢʩʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʧʨʝʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʣʝʢʫʱʠʤ ʟʘ 

ʩʦʙʦʡ ʚʟʨʳʚʳ, ʚʦʟʛʦʨʘʥʠʷ ʠ ʦʪʨʘʚʣʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. ʀʤʝʥʥʦ ʧʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʷʟʘʪʝʣʴʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʚʩʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʦ ʠ ʝʛʦ ʨʘʙʦʪʥʠʢʦʚ.  
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INVESTIGATION OF A PULSED FIRE EXTINGUISHING DEVICE  

AS THE PRIMARY MEANS OF FIRE EXTINGUISHING  

IN PUBLIC SPACES 

 
The article considers one of the developing methods of extinguishing small fires, the pulse 

technique of multi-purpose protection. The analysis of the most wellïknown means of pulse action 

with an inhibitory substance, powder, as well as the introduction of a new substance into devices, 

highïmultiplicity foam, is presented. After analyzing them, we obtained a comparative characteristic 

of the substances used and their design.  
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ʀʟʚʝʩʪʥʳ ʧʦʨʦʰʢʦʚʳʝ ʤʠʥʠ-ʦʛʥʝʪʫʰʠʪʝʣʠ çʄʘʣʳèh ʠ çɻʥʦʤè [1, 2], 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʪʫʰʝʥʠʷ ʚʦʟʛʦʨʘʥʠʡ ʧʦʨʦʰʢʦʤ. ʅʝʜʦʩʪʘʪʢʠ ʵʪʠʭ ʤʠʥʠ-

ʦʛʥʝʪʫʰʠʪʝʣʝʡ: ʤʘʣʳʝ ʦʙʲʝʤ, ʜʘʣʴʥʦʩʪʴ ʨʘʩʧʳʣʘ ʧʦʨʦʰʢʘ ʠ ʧʣʦʱʘʜʴ ʪʫʰʝʥʠʷ 

ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʧʦʨʰʥʷ ʤʝʞʜʫ ʫʩʢʦʨʷʶʱʝʡ ʚʦʣʥʦʡ ʧʦʨʦʭʦʚʳʭ ʛʘʟʦʚ 

ʠ ʫʩʢʦʨʷʝʤʦʡ ʤʘʩʩʦʡ ʧʦʨʦʰʢʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʡ ʧʦʪʝʨʝ ʵʥʝʨʛʠʠ, ʤʘʣʦʡ 

ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʨʦʰʢʘ ʠ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʦʪʜʘʯʠ. ʄʘʩʩʘ ʚʳʰʠʙʥʦʛʦ 

ʟʘʨʷʜʘ ʚ ʤʠʥʠ-ʦʛʥʝʪʫʰʠʪʝʣʝ çʄʘʣʳèh ʩʦʩʪʘʚʣʷʝʪ 3Ñ0,5 ʛ, ʘ ʚ çɻʥʦʤʝè 1,25Ñ0,03 

ʛ. çʄʘʣʳèh ʨʘʩʧʳʣʷʝʪ ʤʘʩʩʫ ʦʛʥʝʪʫʰʘʱʝʛʦ ʧʦʨʦʰʢʘ ʄʦʧ = 280Ñ10 ʛ ʜʦ 5 ʤ, ʘ 

çɻʥʦʤè ʤʘʩʩʫ ʧʦʨʦʰʢʘ ʄʦʧ = 150Ñ1 ʛ ʜʦ 3,5 ʤ. ʀʭ ʧʣʦʱʘʜʴ ʪʫʰʝʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,41 ʤ2 ʤʦʜʝʣʴʥʦʛʦ ʦʯʘʛʘ ʧʦʞʘʨʘ ʢʣʘʩʩʘ ɺ. 

ʀʟʚʝʩʪʥʳʝ ʤʠʥʠ-ʦʛʥʝʪʫʰʠʪʝʣʠ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ [3, 4]. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʦʛʥʝʪʫʰʘʱʝʛʦ ʚʝʱʝʩʪʚʘ ʠʥʝʨʪʥʦʛʦ ʧʦʨʦʰʢʘ, ʢʦʪʦʨʳʡ ʩʦ ʚʨʝʤʝʥʝʤ ʠʤʝʝʪ 

ʩʚʦʡʩʪʚʘ ʩʣʝʞʠʚʘʪʴʩʷ ʧʨʠ ʭʨʘʥʝʥʠʠ ʦʛʥʝʪʫʰʠʪʝʣʷ, ʯʪʦ ʪʘʢʞʝ ʨʝʟʢʦ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʫʰʝʥʠʷ. 

ʀʤʝʶʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʛʥʝʪʫʰʠʪʝʣʠ ʥʝ ʨʝʰʘʶʪ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʥʝ ʩʧʦʩʦʙʥʳ ʨʝʰʠʪʴ ʟʘʜʘʯʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ [5], ʚ ʢʘʯʝʩʪʚʝ ʤʦʙʠʣʴʥʦʛʦ 

ʠ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʦʛʥʝʪʫʰʠʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʳʪʫ ʠʣʠ ʚ 

ʘʚʪʦʤʦʙʠʣʝ. ʕʬʬʝʢʪʠʚʥʳʝ ʦʛʥʝʪʫʰʠʪʝʣʠ ʪʷʞʝʣʳ, ʛʨʦʤʦʟʜʢʠ ʠ ʜʦʨʦʛʠ. 
 

 

 

ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

ʠʤʧʫʣʴʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʧʝʥʦʦʙʨʘʟʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ 

1 ð ʨʘʟʨʳʚʥʦʡ ʙʘʣʣʦʥ ʩ ʩʦʩʪʘʚʥʦʡ 

ʩʫʭʦʡ ʩʤʝʩʴʶ; 2 ð ʨʫʢʦʷʪʢʘ; 3 ð ʩʦʩʫʜ, 

ʜʣʷ ʩʞʘʪʦʛʦ ʛʘʟʘ, ʧʨʠʢʨʳʪʳʡ 

ʵʣʘʩʪʠʯʥʦʡ ʤʝʤʙʨʘʥʦʡ ð 4; 5ð 

ʜʨʦʩʩʝʣʴ, ʧʦʜʞʠʤʘʶʱʠʡ ʧʝʨʝʢʨʳʪʠʝ;  

6 ð ʪʦʥʢʦʝ ʢʘʣʠʙʨʦʚʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ;  

7 ð ʨʘʟʨʷʜʥʳʡ ʙʘʣʣʦʥ ʩ ʞʠʜʢʠʤ 

ʩʦʩʪʘʚʥʳʤ ʚʝʱʝʩʪʚʦʤ; 8 ð ʰʘʨʠʢʦʚʳʡ 

ʟʘʤʦʢ, ʜʣʷ ʧʦʜʞʘʪʠʷ ʩʦʩʫʜʘ ʢ ʤʝʤʙʨʘʥʝ;  

9 ð ʫʜʘʨʥʠʢ; 10 ð ʚʟʜʸʨʛʠʚʘʶʱʘʷ 

ʯʝʢʘ; 11 ð ʧʨʫʞʠʥʘ, ʧʦʜʞʘʪʘʷ ʢ ʯʝʢʝ 

ʫʜʘʨʥʠʢ. ʆʙʦʣʦʯʢʘ ʢʦʨʧʫʩʘ ʚʳʧʦʣʥʝʥʘ 

ʠʟ ʩʤʝʩʠ ʤʝʪʘʣʣʦʚ 

 

 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʠʟʦʙʨʝʪʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʥʠ-ʦʛʥʝʪʫʰʠʪʝʣ ɹʙʝʟ 

ʧʦʨʰʥʷ ʠ ʨʘʩʩʝʢʘʪʝʣʷ, ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʚʳʰʠʙʥʳʤ ʟʘʨʷʜʦʤ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʠʨʫʶʱʝʛʦ ʩʦʩʪʘʚʘ ʠʣʠ ʧʦʨʦʭʘ, ʧʦʚʳʰʝʥʥʳʤʠ ʦʙʲʝʤʦʤ ʠ ʧʣʦʱʘʜʴʶ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʪʫʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʜʝʨʞʠʚʘʶʱʝʡ ʨʫʯʢʦʡ ʩ ʘʤʦʨʪʠʟʠʨʫʶʱʝʡ ʦʙʦʣʦʯʢʦʡ, 

ʠʩʢʣʶʯʘʶʱʝʡ ʪʨʘʚʤʳ ʨʫʢʠ. ʊʝʭʥʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʟʘʷʚʣʷʝʤʦʡ ʧʦʣʝʟʥʦʡ 

ʤʦʜʝʣʠ, ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʧʝʥʦʦʙʨʘʟʫʶʱʝʛʦ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʛʦ ʪʫʰʝʥʠʷ ʜʣʷ ʯʝʣʦʚʝʢʘ ʧʨʠ ʨʘʟʨʳʚʝ ʙʘʣʣʦʥʘ. ʇʦʜʨʦʙʥʘʷ 

ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

ʅʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘʡʜʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʪʫʰʝʥʠʠ ʦʪʜʝʣʴʥʳʭ 

ʦʯʘʛʦʚ ʧʦʞʘʨʘ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʦʬʠʩʘʭ, ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʦʛʥʝʪʫʰʠʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʪʴ ʦʯʘʛʠ ʟʘʛʦʨʘʥʠʷ 

ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʦʙʲʝʤʥʦʛʦ ʧʝʥʦʦʙʨʘʟʫʶʱʝʛʦ ʩʣʦʷ. ʊʘʢʞʝ ʦʥ 

ʙʫʜʝʪ ʙʝʟʦʧʘʩʥʝʝ ʠ ʵʢʦʣʦʛʠʯʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʰʢʦʚʳʤ ʦʛʥʝʪʫʰʠʪʝʣʝʤ. 
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LARGE TRA NSIENT RESISTANCES IN THE CLAMP ELECTRICITY 

METER AS THE CAUSE OF A HOUSE FIRE 
 
The article presents the main results of the forensic fire and technical expertise, during the 

production of which the cause of the fire in the apartment of a residential building was established 

due to çbad contactè in the contact clamp çphase-loadè of the electric meter due to violation of the 

rules of its installation.  

Keywords: poor contact; large transient resistances; phase-load contact clamp; single-tariff 

active electric energy meter. 

 

 

ʆʧʨʝʜʝʣʝʥʠʝʤ ʩʫʜʝʙʥʦʡ ʢʦʣʣʝʛʠʠ ʧʦ ʛʨʘʞʜʘʥʩʢʠʤ ʜʝʣʘʤ ʀʚʘʥʦʚʩʢʦʛʦ 

ʦʙʣʘʩʪʥʦʛʦ ʩʫʜʘ ʚ ʀʚʘʥʦʚʩʢʫʶ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʫʶ ʘʢʘʜʝʤʠʶ ɻʇʉ ʄʏʉ 

ʈʦʩʩʠʠ ʙʳʣʘ ʥʘʟʥʘʯʝʥʘ ʩʫʜʝʙʥʘʷ ʵʢʩʧʝʨʪʠʟʘ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʦʙʩʪʦʷʪʝʣʴʩʪʚ 

ʧʦʞʘʨʘ ʚ ʦʜʥʦʵʪʘʞʥʦʤ ʞʠʣʦʤ ʜʦʤʝ.  

ɺ ʧʨʦʮʝʩʩʝ ʦʩʤʦʪʨʘ ʤʝʩʪʘ ʧʨʦʠʩʰʝʩʪʚʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʟʥʘʢʠ ʦʯʘʛʘ 

ʧʦʞʘʨʘ ʥʘ ʩʪʝʥʝ, ʩʧʨʘʚʘ ʦʪ ʚʭʦʜʘ ʥʘ ʢʫʭʥʶ, ʧʦʜ ʧʦʪʦʣʢʦʤ, ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʨʠʙʦʨʘ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʢʚʘʨʪʠʨʳ.  

ʇʨʠʟʥʘʢʠ ʦʯʘʛʘ ʧʦʞʘʨʘ ʧʨʦʷʚʠʣʠʩʴ ʦʙʨʫʰʝʥʠʝʤ ʰʪʫʢʘʪʫʨʢʠ ʠ 

ʛʠʧʩʦʢʘʨʪʦʥʥʦʛʦ ʣʠʩʪʘ (ɻʂʃ) ʩ ʣʦʢʘʣʴʥʳʤ ʦʙʫʛʣʠʚʘʥʠʝʤ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʪʦʣʢʘ ʠ ʩʪʝʥʳ, ʦʰʪʫʢʘʪʫʨʝʥʥʦʡ ʧʦ ʜʨʘʥʢʝ ʚ ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʠʢʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʜʥʦʡ ʠʟ ʚʝʨʰʠʥ ʚʥʠʟ, ʘ ʪʘʢʞʝ ʣʦʢʘʣʴʥʳʤ ʦʙʫʛʣʠʚʘʥʠʝʤ ʧʦʪʦʣʢʘ 

ʚ ʦʨʝʦʣʝ ʧʦʯʝʨʥʝʚʰʝʡ ʜʨʝʚʝʩʠʥʳ ʚ ʤʝʩʪʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʦʚ ʩ 

ʯʝʨʜʘʢʘ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʯʝʨʜʘʢʝ ʩʣʝʜʦʚ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʞʘʨʘ ʚ ʚʠʜʝ 

ʧʦʯʝʨʥʝʥʠʷ, ʟʘʢʦʧʯʝʥʠʷ, ʦʙʫʛʣʠʚʘʥʠʷ, ʧʨʦʛʘʨʦʚ ʠ ʦʙʨʫʰʝʥʠʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ 

ʙʳʣʦ. ʉʣʝʜʳ ʨʘʟʚʠʪʠʷ ʛʦʨʝʥʠʷ ʧʦ ʩʪʨʦʠʪʝʣʴʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʠ ʦʪʜʝʣʦʯʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ ʩʪʝʥ ʠ ʧʦʪʦʣʢʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʤʝʪʘʤ ʜʦʤʘʰʥʝʛʦ ʦʙʠʭʦʜʘ ʧʦʟʚʦʣʠʣʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʧʦ ɹ. ɺ. ʄʝʛʦʨʩʢʦʤʫ [1] ʢʘʢ ʧʨʠʟʥʘʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʛʦʨʝʥʠʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʪʫʭʘʶʱʠʭ ʧʦʨʘʞʝʥʠʡ ʠ ʩʣʝʜʦʚ, ʘ ʠʤʝʥʥʦ 

ʩʧʣʦʰʥʳʭ ʧʦʨʘʞʝʥʠʡ (ʨʘʟʨʫʰʝʥʠʡ) ʠ ʩʣʝʜʦʚ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʠ ʚ ʦʙʲʝʤʝ 

ʧʦʤʝʱʝʥʠʷ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʦʙʩʪʘʥʦʚʢʠ, ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʝʡ ʧʦʞʘʨʫ ʠ ʩʣʦʞʠʚʰʝʡʩʷ ʥʘ 

ʤʦʤʝʥʪ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʜʝʣʘ ʠ ʩʚʷʟʘʥʳ ʩ 

ʟʘʤʝʥʦʡ ʧʨʠʙʦʨʘ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʩʯʝʪʯʠʢʘ) ʩʧʝʮʠʘʣʠʩʪʦʤ ʠʟ ʆʆʆ 

çʕʥʝʨʛʦʩʙʳʪè ʠ ʩʦʦʙʱʝʥʠʝʤ ʦ ʧʦʞʘʨʝ ʯʝʨʝʟ ʜʚʘ ʜʥʷ ʧʦʩʣʝ ʝʛʦ ʫʩʪʘʥʦʚʢʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʤʦʤʝʥʪʘ ʫʩʪʘʥʦʚʢʠ ʧʨʠʙʦʨʘ ʫʯʝʪʘ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ 

ʚ ʢʚʘʨʪʠʨʝ ʥʠʢʦʛʦ ʥʝ ʥʘʭʦʜʠʣʦʩʴ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʙʳʣʘ ʦʪʢʣʶʯʝʥʘ. 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʦʩʤʦʪʨʝ ʦʯʘʛʦʚʦʡ ʟʦʥʳ ʚ ʧʦʞʘʨʥʦʤ ʤʫʩʦʨʝ ʧʦʜ ʤʝʩʪʦʤ 

ʢʨʝʧʣʝʥʠʷ ʩʯʝʪʯʠʢʘ ʢ ʩʪʝʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʩʪʘʪʢʠ ʤʦʥʪʘʞʥʦʡ ʧʝʯʘʪʥʦʡ 

ʧʣʘʪʳ ʩʯʝʪʯʠʢʘ. ʄʦʥʪʘʞʥʘʷ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʠʤʝʣʘ ʣʦʢʘʣʴʥʳʝ ʩʣʝʜʳ ʨʘʟʨʫʰʝʥʠʷ 

ʚ ʬʦʨʤʝ ʢʦʥʫʩʘ ʦʩʥʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʱʝʥʦ ʢ ʢʣʝʤʤʥʳʤ ʟʘʞʠʤʘʤ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘʜ ʢʦʥʪʘʢʪʥʳʤ ʟʘʞʠʤʦʤ 

çʬʘʟʘ-ʥʘʛʨʫʟʢʘè (ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ʆʩʪʘʪʢʠ ʤʦʥʪʘʞʥʦʡ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ,  

ʦʙʥʘʨʫʞʝʥʥʦʡ ʚ ʧʦʞʘʨʥʦʤ 

ʤʫʩʦʨʝ 

 

ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʠ ʩʦʩʪʦʷʥʠʝ ʤʦʥʪʘʞʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ, ʘ ʪʘʢʞʝ 

ʢʣʝʤʤʥʳʝ ʟʘʞʠʤʳ (ʩʦ ʩʣʝʜʘʤʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ) ʦʪʨʘʞʘʣʠ ʩʣʝʜʳ 

ʣʦʢʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʥʪʘʞʥʫʶ ʧʣʘʪʫ ʧʨʠʙʦʨʘ ʫʯʝʪʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʘʢʠʝ ʚʥʝʰʥʠʝ ʧʨʠʟʥʘʢʠ ʢʘʢ ʨʘʟʤʝʨ, ʬʦʨʤʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʪʚʝʨʩʪʠʷ ʧʦʟʚʦʣʠʣʠ ʝʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʧʣʘʪʫ ʦʜʥʦʬʘʟʥʦʛʦ, 

ʦʜʥʦʪʘʨʠʬʥʦʛʦ ʩʯʝʪʯʠʢʘ ʘʢʪʠʚʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʉɽ 101 çʕʥʝʨʛʦʤʝʨʘè 

ʩ ʪʠʧʦʤ ʢʦʨʧʫʩʘ R5.1 (ʨʠʩ. 2). ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘ ʢʦʥʪʘʢʪʥʦʤ ʟʘʞʠʤʝ ʩʯʝʪʯʠʢʘ çʬʘʟʘ-ʥʘʛʨʫʟʢʘè ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʩʣʝʜʳ 

ʦʧʣʘʚʣʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʩʪʘʪʢʦʚ ʚ ʢʣʝʤʤʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʚʙʣʠʟʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʨʦʚʦʜʦʚ.  

 

 

ʈʠʩ. 2. ʄʦʥʪʘʞʥʘʷ ʧʝʯʘʪʥʘʷ 

ʧʣʘʪʘ ʦʜʥʦʬʘʟʥʦʛʦ, 

ʦʜʥʦʪʘʨʠʬʥʦʛʦ ʩʯʝʪʯʠʢʘ 

ʘʢʪʠʚʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʉɽ 101 çʕʥʝʨʛʦʤʝʨʘè ʩ 

ʪʠʧʦʤ ʢʦʨʧʫʩʘ R5.1 
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ʍʘʨʘʢʪʝʨ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʣ 

ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʛʦʨʝʥʠʷ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ 

ʛʘʟʦʦʙʤʝʥʝ, ʧʨʠʩʫʱʠʡ ʥʝʙʦʣʴʰʠʤ ʟʘʤʢʥʫʪʳʤ ʧʦʤʝʱʝʥʠʷʤ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʠʪʩʷ ʩʛʦʨʝʚʰʘʷ ʢʚʘʨʪʠʨʘ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʛʦʨʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʠʩʪʦʯʥʠʢʦʚ ʩ ʥʝʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʟʘʞʠʛʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʪʣʝʶʱʠʝ ʪʘʙʘʯʥʳʝ 

ʠʟʜʝʣʠʷ, ʠʩʢʨʳ, ʨʘʩʢʘʣʝʥʥʳʝ ʢʘʧʣʠ ʤʝʪʘʣʣʘ, ʨʘʟʦʛʨʝʪʳʝ çʧʣʦʭʠʝ ʢʦʥʪʘʢʪʳè 

ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʠʭ ʧʝʨʝʭʦʜʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ɹʇʉ). 

ʍʘʨʘʢʪʝʨ ʠ ʩʦʩʪʦʷʥʠʝ ʤʦʥʪʘʞʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʠ ʢʣʝʤʤʥʳʝ ʟʘʞʠʤʳ ʩʦ 

ʩʣʝʜʘʤʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʨʘʞʘʶʪ ʩʣʝʜʳ ʣʦʢʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʥʪʘʞʥʫʶ ʧʣʘʪʫ ʧʨʠʙʦʨʘ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʅʘ ʢʦʥʪʘʢʪʘʭ 

ʩʯʝʪʯʠʢʘ ʬʘʟʘ ʠ ʥʦʣʴ ʦʪ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʬʘʟʘ ʠ ʥʦʣʴ ʢ ʥʘʛʨʫʟʢʝ ʠʤʝʶʪʩʷ 

ʩʣʝʜʳ ʦʧʣʘʚʣʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʚʦʜʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʩʪʘʪʢʦʚ ʚ 

ʢʣʝʤʤʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʚʙʣʠʟʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʨʦʚʦʜʦʚ. 

ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʥʘʰʣʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʘʥʢʨʘʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

(ʄʉʇ-2), ʛʜʝ ʦʪʯʝʪʣʠʚʦ ʚʠʜʝʥ ʢʦʥʯʠʢ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʘ ʚ ʢʦʥʪʘʢʪʥʦʤ 

ʟʘʞʠʤʝ çʛʝʥʝʨʘʪʦʨ-ʬʘʟʘè, ʪʦʛʜʘ ʢʘʢ ʚ ʩʦʩʝʜʥʝʤ ʢʦʥʪʘʢʪʥʦʤ ʟʘʞʠʤʝ çʬʘʟʘ-

ʥʘʛʨʫʟʢʘè, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ º 1 ʩʤ ʟʘʞʘʪʳʡ ʧʨʦʚʦʜ ʦʪʩʫʪʩʪʚʫʝʪ 

(ʨʠʩ. 3). ɹʦʣʝʝ ʪʦʛʦ, ʚ ʵʪʦʤ ʢʦʥʪʘʢʪʥʦʤ ʟʘʞʠʤʝ ʩ ʦʪʩʫʪʩʪʚʫʶʱʠʤ ʧʨʦʚʦʜʦʤ 

ʨʘʟʣʠʯʠʤʳ ʩʣʝʜʳ ʨʘʩʧʣʘʚʣʝʥʠʷ ʧʨʦʚʦʜʘ (ʨʠʩ. 4).  

ʈʘʩʧʣʘʚʣʝʥʠʝ ʧʨʦʚʦʜʘ ʚ ʦʜʥʦʤ ʠʟ ʢʦʥʪʘʢʪʥʳʭ ʟʘʞʠʤʦʚ ʧʨʠ ʠʭ ʩʦʭʨʘʥʝʥʠʠ 

ʚ ʜʨʫʛʠʭ ʢʦʥʪʘʢʪʥʳʭ ʟʘʞʠʤʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ çʧʣʦʭʦʤ ʢʦʥʪʘʢʪʝè ʚʩʣʝʜʩʪʚʠʝ 

ɹʇʉ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʧʣʘ ʧʦʞʘʨʘ ʫʯʠʪʳʚʘʷ ʙʣʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʢʦʥʪʘʢʪʥʳʭ ʟʘʞʠʤʦʚ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ. 
 

  
 

ʈʠʩ. 3. ʆʩʪʘʪʢʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʘ  

ʚ ʢʦʥʪʘʢʪʥʦʤ ʟʘʞʠʤʝ 

 

ʈʠʩ. 4. ʉʣʝʜʳ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʘ  

ʚ ʢʦʥʪʘʢʪʥʦʤ ʟʘʞʠʤʝ 
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ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʥʫʪʨʠʜʦʤʦʚʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʢʘʢʠʤ ʙʳ ʦʥʦ ʥʝ ʙʳʣʦ (ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʠʣʠ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ), ʥʝ ʤʦʛʣʦ ʧʦʚʣʠʷʪʴ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ çʧʣʦʭʦʛʦ ʢʦʥʪʘʢʪʘè 

ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ɹʇʉ ʚ ʢʣʝʤʤʥʦʤ ʟʘʞʠʤʝ ʩʯʝʪʯʠʢʘ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ɹʇʉ 

ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ (ʥʘʧʨʷʞʝʥʠʝ ʠ ʩʠʣʘ ʪʦʢʘ) ʥʝ 

ʤʝʥʷʶʪʩʷ ʠ ʥʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʩʨʘʙʘʪʳʚʘʥʠʝ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʩʝʪʠ.  

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʛʦʨʝʥʠʷ ʚ ʢʚʘʨʪʠʨʝ ʷʚʠʣʩʷ çʧʣʦʭʦʡ ʢʦʥʪʘʢʪè ʚ ʢʦʥʪʘʢʪʥʦʤ ʟʘʞʠʤʝ çʬʘʟʘ-

ʥʘʛʨʫʟʢʘè ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ ʧʨʘʚʠʣ ʤʦʥʪʘʞʘ ʧʨʠʙʦʨʘ ʫʯʝʪʘ ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʦʚʦʜʦʚ ʧʦʩʣʝ ʠʭ ʧʦʜʩʦʝʜʠʥʝʥʠʷ ʢ ʢʦʥʪʘʢʪʥʳʤ ʟʘʞʠʤʘʤ ʠ ʟʘʢʨʳʪʠʷ 

ʧʣʘʩʪʤʘʩʩʦʚʦʡ ʢʨʳʰʢʦʡ, ʧʦʚʣʝʢʰʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʙʦʣʴʰʠʭ ʧʝʨʝʭʦʜʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʚʦʜʘ ʚ 

ʢʚʘʨʪʠʨʫ ʤʦʛʣʦ ʧʦʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ɹʇʉ, ʪʘʢ ʢʘʢ ʘʣʶʤʠʥʠʝʚʳʝ 

ʧʨʦʚʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ ʠ ʜʦʣʛʦʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʨʦʢʘ ʩʪʘʥʦʚʷʪʩʷ 

ʭʨʫʧʢʠʤʠ ʠ ʣʦʤʢʠʤʠ. 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʫʜʝʙʥʦʡ ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ, 

ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʫʩʪʨʦʡʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʢ ʧʨʠʯʠʥʘ ʧʦʞʘʨʘ ʚ ʢʚʘʨʪʠʨʝ ʞʠʣʦʛʦ ʜʦʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʮʝʩʩʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ; 

ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʫʩʪʨʦʡʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ; ʥʝʜʦʩʪʘʪʦʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ; ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʤʦʥʪʘʞʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ; 

ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ; ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʳʪʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ; ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ 

ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʳʙʦʨʘ ʘʧʧʘʨʘʪʦʚ ʟʘʱʠʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. 
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RECONSTRUCTION OF THE PROCESS OF OCCURRENCE  

AND DEVELOPMENT OF A FIRE ON THE EXAMPLE  

OF A SPECIFIC INCIDENT  

 
The article presents the main results of a forensic fire-technical examination, in the course of 

which a violation of the rules of installation and operation of electrical equipment was established as 

the cause of a fire in an apartment building apartment.  

Keywords: reconstruction of the process of the emergence and development of heat; violation 

of the rules of the device and operation of electrical equipment; defects in the design and manufacture 

of electrical equipment; violation of the rules of installation of electrical equipment; violation of the 

rules of technical operation of electrical equipment; violation of fire safety rules during the operation 

of household electrical appliances; violation of the rules of technical operation and selection of 

devices for protecting electrical networks. 

 

ʆʧʨʝʜʝʣʝʥʠʝʤ ʃʝʥʠʥʩʢʦʛʦ ʨʘʡʦʥʥʦʛʦ ʩʫʜʘ ʛ. ʀʚʘʥʦʚʦ ʚ ʀʚʘʥʦʚʩʢʫʶ 

ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʫʶ ʘʢʘʜʝʤʠʶ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ ʙʳʣʘ ʥʘʟʥʘʯʝʥʘ ʩʫʜʝʙʥʘʷ 

ʵʢʩʧʝʨʪʠʟʘ, ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

ʦʧʨʝʜʝʣʠʪʴ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʣʩʷ ʦʯʘʛ ʧʦʞʘʨʘ, ʠʤʝʚʰʝʛʦ ʤʝʩʪʦ 03 ʜʝʢʘʙʨʷ 2022 ʛʦʜʘ 

ʚ ʞʠʣʦʤ ʜʦʤʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʯʠʥʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ. 

18.09.2023 ʠ 23.10.2023 ʵʢʩʧʝʨʪʦʤ ʦʪ ʘʢʘʜʝʤʠʠ, ʚʤʝʩʪʝ ʩ ʦʙʫʯʘʝʤʳʤʠ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 40.05.03 çʉʫʜʝʙʥʘʷ ʵʢʩʧʝʨʪʠʟʘè ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʩʤʦʪʨ ʩʛʦʨʝʚʰʝʛʦ 

ʜʦʤʘ. 
 

ʇʨʠ ʦʩʤʦʪʨʝ ʤʝʩʪʘ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʞʘʨʦʤ, ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʦʛʥʷ ʚ ʯʘʩʪʠ ʜʦʤʘ 

ʦʪʚʝʪʯʠʢʘ. ʅʘ ʯʝʨʜʘʢʝ ʥʘʜ ʧʦʤʝʱʝʥʠʷʤʠ ʠʩʪʮʘ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠʟʥʘʢʠ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʦʨʝʥʠʷ ʚ ʚʠʜʝ ʦʙʫʛʣʠʚʘʥʠʷ ʩʪʨʦʧʠʣʴʥʳʭ ʥʦʛ, ʧʦʪʦʣʦʯʥʳʭ 

ʙʘʣʦʢ, ʧʦʜʢʦʩʘ ʠ ʦʙʨʝʰʝʪʢʠ ʫʤʝʥʴʰʘʶʱʝʛʦʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʦʤʝʱʝʥʠʡ 

ʯʘʩʪʠ ʜʦʤʘ ʦʪʚʝʪʯʠʢʘ ʠ ʦʙʨʘʟʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʪʫʭʘʶʱʠʝ ʧʦʨʘʞʝʥʠʷ ʠ 

ʩʣʝʜʳ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʥʘ ʦʜʥʦʨʦʜʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʵʣʝʤʝʥʪʘʭ, 

ʜʝʪʘʣʷʭ, ʧʨʝʜʤʝʪʘʭ ʧʦ ɹ. ɺ. ʄʝʛʦʨʩʢʦʤʫ [1]. 

ɺʳʷʚʣʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʦʨʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʨʘʟʚʠʪʠʠ ʧʦʞʘʨʘ ʦʪ ʧʦʤʝʱʝʥʠʡ ʦʪʚʝʪʯʠʢʘ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ, ʚ ʪ.ʯ. ʢ ʠʩʪʮʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʯʘʛʘ ʧʦʞʘʨʘ ʦʛʨʘʥʠʯʝʥʘ ʧʦʤʝʱʝʥʠʷʤʠ 20, 14, 

15, 16 ʠ 17 (ʨʠʩ. 1). 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʈʠʩ. 1. ʇʣʘʥ ʧʦʤʝʱʝʥʠʡ ʩʛʦʨʝʚʰʝʡ ʯʘʩʪʠ ʜʦʤʘ  

ʩʦ ʩʣʝʜʘʤʠ ʥʘʠʙʦʣʴʰʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ 

 

ʆʩʤʦʪʨʦʤ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʤʘ, ʧʨʝʜʤʝʪʦʚ ʚʝʱʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, 

ʧʦʪʦʣʦʯʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʦʛʥʷ 

ʧʦʞʘʨʘ ʧʨʝʪʝʨʧʝʣʠ ʧʦʤʝʱʝʥʠʷ 14 ʠ 15. ʇʦʤʝʱʝʥʠʝ 16 ʧʦʩʪʨʘʜʘʣʦ ʤʝʥʝʝ ʚʩʝʛʦ, 

17 ʠ 20 ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʝʝ. ʇʨʠ ʵʪʦʤ ʥʘʜ ʧʦʤʝʱʝʥʠʝʤ 15 ʦʪʩʫʪʩʪʚʫʝʪ 

ʧʝʨʝʢʨʳʪʠʝ ʠ ʢʨʳʰʘ.  

ʉʣʝʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʤʝʱʝʥʠʠ 15 ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. ʅʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʦʩʤʦʪʨʘ ʤʝʩʪʘ ʧʨʦʠʩʰʝʩʪʚʠʷ ʧʨʠ 

ʨʘʩʢʦʧʢʘʭ ʧʦʞʘʨʥʦʛʦ ʤʫʩʦʨʘ ʜʦ ʧʦʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʝʛʦ ʩʦʭʨʘʥʥʦʩʪʴ ʠ ʩʦʭʨʘʥʥʦʩʪʴ 

ʩʪʦʷʚʰʠʭ ʥʘ ʧʦʣʫ ʧʨʝʜʤʝʪʦʚ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʟʘʱʠʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʘʜʘʶʱʠʭ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦʞʘʨʘ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʤʝʙʝʣʠ ʠ ʧʨʝʜʤʝʪʦʚ ʦʙʠʭʦʜʘ. ʅʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʝ ʩʣʝʜʳ ʛʦʨʝʥʠʷ ʜʝʨʝʚʷʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʝʥʳ, ʨʘʟʜʝʣʷʶʱʝʡ ʧʦʤʝʱʝʥʠʷ 15 ʠ 14 (ʢʫʭʥʶ) 

ʫʩʠʣʠʚʘʶʱʠʝʩʷ ʢ ʜʚʝʨʥʦʤʫ ʧʨʦʝʤʫ. ɺ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ 

ʦʙʥʘʨʫʞʝʥ ʧʨʦʛʘʨ, ʩ ʧʨʠʟʥʘʢʘʤʠ ʨʘʟʚʠʪʠʷ ʛʦʨʝʥʠʷ ʠʟ ʧʦʤʝʱʝʥʠʷ 14 (ʢʫʭʥʠ) ʚ 

ʧʦʤʝʱʝʥʠʝ 15. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʯʘʛʘ ʧʦʞʘʨʘ ʢʘʢ ʤʝʩʪʘ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʦʨʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʛʨʘʥʠʮʘʭ ʧʦʤʝʱʝʥʠʷ 14 

(ʢʫʭʥʠ). ʇʨʠ ʵʪʦʤ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪ ʦʛʥʷ ʧʦʞʘʨʘ ʧʦʩʪʨʘʜʘʣʘ ʚʝʨʭʥʷʷ 

ʯʘʩʪʴ ʢʫʭʥʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʢʦʧʢʠ ʠ ʨʘʟʙʦʨ ʧʦʞʘʨʥʦʛʦ ʤʫʩʦʨʘ ʧʦʢʘʟʘʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʦʭʨʘʥʥʦʩʪʴ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʘ, ʪʘʢ ʠ ʧʨʝʜʤʝʪʦʚ, ʙʳʪʦʚʳʭ 

ʧʨʠʙʦʨʦʚ ʠ ʤʝʙʝʣʠ ʩʪʦʷʚʰʠʭ ʥʘ ʧʦʣʫ. 

ʆʩʤʦʪʨ ʧʦʪʦʣʦʯʥʦʡ ʙʘʣʢʠ ʠ ʜʦʩʦʢ ʧʝʨʝʢʨʳʪʠʷ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ 

ʥʘʠʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʥʫʪʨʠ, ʘ ʥʝ 

ʩʥʘʨʫʞʠ ʢʫʭʥʠ. ʇʦʪʦʣʦʯʥʘʷ ʙʘʣʢʘ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʩʝʪʢʫ ʫʛʣʷ ʩʥʠʟʫ ʠ 



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  

ʇʆɾɸʈʅʆʁ ʆʇɸʉʅʆʉʊʀ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 
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ʧʦʯʝʨʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʫʛʣʠʚʘʥʠʝʤ ʩʚʝʨʭʫ. ʊʦʯʥʦ ʪʘʢʦʡ 

ʞʝ ʭʘʨʘʢʪʝʨ ʧʦʚʨʝʞʜʝʥʠʡ ʦʪ ʦʛʥʷ ʧʦʞʘʨʘ ʩʦʭʨʘʥʠʣʠ ʥʘ ʩʝʙʝ ʜʦʩʢʠ ʧʝʨʝʢʨʳʪʠʷ. 

ɺʳʷʚʣʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʦʨʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʞʘʨʘ ʥʘ ʢʫʭʥʝ, ʘ ʥʝ ʥʘʜ ʥʝʡ, ʩ ʜʘʣʴʥʝʡʰʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʚ ʩʦʩʝʜʥʠʝ ʧʦʤʝʱʝʥʠʷ ʩ ʚʳʭʦʜʦʤ ʥʘ ʯʝʨʜʘʢ, ʥʝ ʨʘʟʜʝʣʝʥʥʳʤ ʢʘʢʠʤʠ-ʣʠʙʦ 

ʧʝʨʝʛʦʨʦʜʢʘʤʠ, ʠ ʦʭʚʘʪʦʤ ʧʣʘʤʝʥʝʤ ʚʩʝʛʦ ʯʝʨʜʘʯʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʥʘʜ ʯʘʩʪʴʶ 

ʜʦʤʘ ʦʪʚʝʪʯʠʢʘ. ɺʳʩʦʢʘʷ ʧʦʞʘʨʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʧʦʤʝʱʝʥʠʠ 15 ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʠʥʪʝʥʩʠʚʥʦʝ ʛʦʨʝʥʠʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʝʡʩʪʚʠʷʤʠ ʧʦʞʘʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦ 

ʚʩʢʨʳʪʠʶ, ʨʘʟʙʦʨʢʝ ʠ ʧʨʦʣʠʚʢʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʠʚʝʣʠ ʢ ʦʙʨʫʰʝʥʠʶ 

ʧʦʪʦʣʦʯʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ, ʵʣʝʤʝʥʪʦʚ ʩʪʨʦʧʠʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ ʢʨʦʚʣʠ. 

ʅʘ ʢʫʭʥʝ, ʧʨʠ ʚʭʦʜʝ ʚ ʥʝʝ ʯʝʨʝʟ ʪʘʤʙʫʨ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʩʪʨʘʜʘʣʘ 

ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʘʚʦʡ ʩʪʝʥʳ ʧʦ ʚʩʝʡ ʜʣʠʥʝ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʜʚʝʨʥʦʡ ʢʦʨʦʙʢʠ 

ʧʦʣʥʦʩʪʴʶ ʫʥʠʯʪʦʞʝʥʘ ʦʛʥʝʤ.  

ʇʨʠ ʚʭʦʜʝ ʥʘ ʢʫʭʥʶ ʠʟ ʧʦʤʝʱʝʥʠʷ 15 ʩʧʨʘʚʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʝʙʦʣʴʰʦʡ 

ʦʜʥʦʢʘʤʝʨʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʩʪʦʣʠʢʝ. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʨʧʫʩ 

ʭʦʣʦʜʠʣʴʥʠʢʘ ʧʦʩʪʨʘʜʘʣ ʦʪ ʦʛʥʷ ʨʘʚʥʦʤʝʨʥʦ ʠ ʥʝ ʥʝʩ ʷʚʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʦʨʝʥʠʷ, ʣʠʙʦ ʧʨʠʟʥʘʢʦʚ ʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ 

ʠʟʚʣʝʯʝʥʠʠ ʭʦʣʦʜʠʣʴʥʠʢʘ ʠʟ ʧʦʞʘʨʥʦʛʦ ʤʫʩʦʨʘ ʙʳʣ ʨʘʩʢʦʧʘʥ ʝʛʦ ʧʠʪʘʶʱʠʡ 

ʰʥʫʨ ʙʝʟ ʠʟʦʣʷʮʠʠ, ʥʦ ʩʦʭʨʘʥʠʚʰʠʡ ʩʚʦʶ ʮʝʣʦʩʪʥʦʩʪʴ ʩ ʚʠʣʢʦʡ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ 

ʣʦʢʘʣʴʥʳʭ ʦʧʣʘʚʣʝʥʠʡ ʠ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʆʜʥʘʢʦ, ʧʨʠ ʦʩʤʦʪʨʝ ʭʦʣʦʜʠʣʴʥʠʢʘ 

ʥʘ ʟʘʜʥʝʡ ʝʛʦ ʩʪʝʥʢʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʧʨʠʩʪʘʚʰʘʷ ʢʘʧʣʷ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ 

ʩʦ ʩʣʝʜʘʤʠ ʩʪʝʢʘʥʠʷ ʚʥʠʟ (ʨʠʩ. 2). 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʘʧʣʠ ʤʝʪʘʣʣʘ 

ʯʝʨʝʟ ʠʟʤʝʨʝʥʠʝ ʤʘʩʩʳ ʠ ʦʙʲʝʤʘ 

ʧʦʟʚʦʣʠʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʝʝ ʢʘʢ 

ʘʣʶʤʠʥʠʝʚʫʶ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʘʣʶʤʠʥʠʝʚʦʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʝʥʳ ʤʦʛʣʘ 

ʙʳʪʴ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʘ. ʍʘʨʘʢʪʝʨ 

ʦʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʘ ʠ ʧʨʠʩʪʘʚʘʥʠʷ ʧʨʠ 

ʧʘʜʝʥʠʠ ʢ ʟʘʜʥʝʡ ʯʘʩʪʠ ʩʪʘʣʴʥʦʛʦ ʢʦʨʧʫʩʘ 

ʭʦʣʦʜʠʣʴʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ 

ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʨʘʩʧʣʘʚʠʚʰʝʝ ʤʝʪʘʣʣ, ʘ ʥʝ ʪʝʧʣʦ ʧʦʞʘʨʘ. 

ʆʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ: 

ʜʦ ʠʣʠ ʚʦ ʚʨʝʤʷ ʧʦʞʘʨʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. 

 
 

ʈʠʩ. 2. ʂʘʧʣʷ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 

ʤʝʪʘʣʣʘ ʩʦ ʩʣʝʜʘʤʠ ʩʪʝʢʘʥʠʷ ʚʥʠʟ  

ʥʘ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʭʦʣʦʜʠʣʴʥʠʢʘ 

 

  



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ɺʳʷʚʣʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʦʨʝʥʠʷ ʦʪ ʧʨʘʚʦʡ ʩʪʝʥʳ ʢʫʭʥʠ 

ʚʚʝʨʭ ʠ ʚ ʩʪʦʨʦʥʳ, ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʱʠʝʩʷ ʚʚʝʨʭʫ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ, 

ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʚʩʣʝʜʩʪʚʠʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʢʘʧʣʷ ʤʝʪʘʣʣʘ ʥʘ ʟʘʜʥʝʡ ʩʪʝʥʢʝ 

ʭʦʣʦʜʠʣʴʥʠʢʘ ʩʧʨʘʚʘ ʦʪ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʦʙʲʷʩʥʝʥʠʷʤʠ 

ʦʪʚʝʪʯʠʢʘ ʧʝʨʚʦʡ ʦʙʥʘʨʫʞʠʚʰʝʡ ʧʦʞʘʨ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʦʪʚʝʪʯʠʢ ʧʦʷʩʥʷʝʪ: çéʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 00:30 ʷ ʫʩʣʳʰʘʣʘ 

ʭʣʦʧʦʢ ʚ ʢʫʭʥʝ, ʧʦʩʣʝ ʯʝʛʦ ʷ ʦʪʧʨʘʚʠʣʘʩʴ ʪʫʜʘ, ʧʨʠʜʷ ʥʘ ʢʫʭʥʶ ʷ ʦʙʥʘʨʫʞʠʣʘ 

ʧʦʞʘʨ, ʫʚʠʜʷ ʧʦʞʘʨ ʷ ʧʨʠʥʷʣʘʩʴ ʢ ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦʤʫ ʪʫʰʝʥʠʶ 

ʧʦʞʘʨʘéʧʦʥʷʚ, ʯʪʦ ʩʘʤʘ ʥʝ ʩʤʦʛʫ ʧʦʪʫʰʠʪ ʧʦʞʘʨ, ʷ ʧʦʙʝʞʘʣʘ ʚ ʢʦʤʥʘʪʫ, ʛʜʝ 

ʥʘʭʦʜʠʣʘʩʴ ʤʦʷ ʜʦʯʴ ʠ ʨʘʟʙʫʜʠʣʘ ʝʝéè (ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʝʨʢʠ ʧʦ ʬʘʢʪʫ 

ʧʦʞʘʨʘ). 
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ʈʠʩ. 3. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʮʝʩʩʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ 

 

  



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  

ʇʆɾɸʈʅʆʁ ʆʇɸʉʅʆʉʊʀ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʫʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʣʠʯʥʦʛʦ ʦʩʤʦʪʨʘ ʤʝʩʪʘ ʧʦʞʘʨʘ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʦʨʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʯʘʛʘ ʧʦʞʘʨʘ. ʆʯʘʛ 

ʧʦʞʘʨʘ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʢʫʭʥʝ, ʥʘ ʧʨʘʚʦʡ ʦʪ ʚʭʦʜʘ ʩʪʝʥʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʠʤʝʨʥʦ 

ʥʘʜ ʭʦʣʦʜʠʣʴʥʠʢʦʤ. ɼʘʣʝʝ ʛʦʨʝʥʠʝ ʨʘʟʚʠʚʘʣʦʩʴ ʚ ʧʨʠʪʦʣʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʝʥʳ ʤʝʞʜʫ ʢʫʭʥʝʡ ʠ ʧʦʤʝʱʝʥʠʝʤ 15. 

ʆʪʢʨʳʪʘʷ ʠʟ ʢʫʭʥʠ ʜʚʝʨʴ ʧʦʟʚʦʣʠʣʘ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʧʦʞʘʨʫ ʚ 

ʧʦʤʝʱʝʥʠʝ 15, ʘ ʠʟ ʥʝʛʦ ʚ 16 ʠ 17. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʧʦʞʘʨʘ ʚ 

ʧʦʤʝʱʝʥʠʷ 15, 16 ʠ 17 ʧʨʦʠʩʭʦʜʠʣʦ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʪʘʤʙʫʨ (ʧʦʤʝʱʝʥʠʝ 

20). ʀʟ ʧʦʤʝʱʝʥʠʷ 15, ʫʯʠʪʳʚʘʷ ʚʝʨʭʦʚʦʡ ʭʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ, ʝʛʦ ʧʣʘʤʷ 

ʧʝʨʝʙʨʦʩʠʣʦʩʴ ʥʘ ʯʝʨʜʘʢ ʠ ʩʪʘʣʦ ʨʘʟʚʠʚʘʪʴʩʷ, ʥʝ ʚʩʪʨʝʯʘʷ ʥʘ ʩʚʦʝʤ ʧʫʪʠ 

ʧʨʝʧʷʪʩʪʚʠʡ ʚ ʚʠʜʝ ʧʝʨʝʛʦʨʦʜʦʢ. ʉʭʝʤʘʪʠʯʥʦ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʧʦʞʘʨʘ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 3. ʗʟʳʢʘʤʠ ʧʣʘʤʝʥʠ ʫʩʣʦʚʥʦ ʦʪʤʝʯʝʥ ʦʯʘʛ ʧʦʞʘʨʘ. 

ʇʦʣʦʞʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʯʘʛʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ 

ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ ʧʨʠʯʘʩʪʥʦʩʪʴ ʢ ʤʝʭʘʥʠʟʤʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʧʦʞʘʨʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ, ʥʘʭʦʜʠʚʰʝʡʩʷ ʥʘ ʤʦʤʝʥʪ ʧʦʞʘʨʘ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ. 

ʂʘʢʠʭ-ʣʠʙʦ ʠʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʞʠʛʘʥʠʷ ʚ ʧʨʠʧʦʪʦʣʦʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʫʭʥʠ ʥʘ ʩʪʝʥʝ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʦʙʩʪʘʥʦʚʢʠ, ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʝʡ ʧʦʞʘʨʫ ʠ ʩʣʦʞʠʚʰʝʡʩʷ ʥʘ 

ʤʦʤʝʥʪ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ,  

-9 0ʉ [9] ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʦʧʣʝʥʠʷ ʞʠʣʠʱʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʘʟʦʚʦʝ 

ʦʪʦʧʣʝʥʠʝ ʚ ʯʘʩʪʠ ʜʦʤʘ ʦʪʚʝʪʯʠʢʘ ʙʳʣʦ ʜʝʤʦʥʪʠʨʦʚʘʥʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠʝʤʣʝʤʳʭ ʜʣʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʞʠʣʠʱʝ, ʙʳʣʦ 

ʚʦʟʤʦʞʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʦʙʦʛʨʝʚʘʪʝʣʝʡ, ʩʦʟʜʘʶʱʠʭ ʪʦʢʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʵʣʝʢʪʨʦʩʝʪʴ.  

ʍʘʨʘʢʪʝʨ ʠ ʩʦʩʪʦʷʥʠʝ ʢʘʧʣʠ ʤʝʪʘʣʣʘ ʥʘ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʭʦʣʦʜʠʣʴʥʠʢʘ ʩʧʨʘʚʘ 

ʦʪ ʚʭʦʜʘ ʥʘ ʢʫʭʥʶ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʚ ʩʝʪʠ. ʂʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʭʣʦʧʢʦʤ [3ï8]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʪʚʝʪʯʠʢ 

ʧʦʷʩʥʷʝʪ: çéʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 00:30 ʷ ʫʩʣʳʰʘʣʘ ʭʣʦʧʦʢ ʚ ʢʫʭʥʝ, ʧʦʩʣʝ ʯʝʛʦ ʷ 

ʦʪʧʨʘʚʠʣʘʩʴ ʪʫʜʘ, ʧʨʠʜʷ ʥʘ ʢʫʭʥʶ ʷ ʦʙʥʘʨʫʞʠʣʘ ʧʦʞʘʨéè (ʠʟ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʚʝʨʢʠ ʧʦ ʬʘʢʪʫ ʧʦʞʘʨʘ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ: ʜʦ ʠʣʠ ʚʦ ʚʨʝʤʷ ʧʦʞʘʨʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʂʘʢʠʝ-ʣʠʙʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʯʠʥʳ ʧʦʞʘʨʘ, ʪʘʢʠʝ ʢʘʢ ʟʘʧʘʭ 

ʛʦʨʝʣʦʡ ʠʟʦʣʷʮʠʠ, ʤʠʛʘʥʠʝ, ʟʘʪʫʭʘʥʠʝ, ʷʨʢʦʝ ʩʚʝʯʝʥʠʝ ʣʘʤʧ ʦʩʚʝʱʝʥʠʷ, 

ʩʥʠʞʝʥʠʝ ʦʙʦʨʦʪʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦʙ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʝʪʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʚ ʤʘʪʝʨʠʘʣʘʭ ʜʝʣʘ, ʥʝ ʦʪʨʘʟʠʣʠʩʴ. ʊʘʢʞʝ ʥʝ ʥʘʰʣʠ ʩʚʦʝʛʦ ʦʪʨʘʞʝʥʠʷ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʜʝʣʘ ʢʘʢʠʝ-ʣʠʙʦ ʧʨʠʟʥʘʢʠ ʧʦʜʞʦʛʘ, ʧʨʦʚʝʜʝʥʠʷ ʧʦʞʘʨʦʦʧʘʩʥʳʭ 

ʨʘʙʦʪ, ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ, ʥʝʦʩʪʦʨʦʞʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʦʛʥʝʤ, ʥʘʧʨʠʤʝʨ ʧʨʠ 

ʢʫʨʝʥʠʠ, ʦʩʚʝʱʝʥʠʠ, ʩʞʠʛʘʥʠʷ ʯʝʛʦ-ʣʠʙʦ ʠʣʠ ʜʝʪʩʢʦʡ ʰʘʣʦʩʪʠ. ʅʝ ʙʳʣʠ ʦʥʠ 

ʦʙʥʘʨʫʞʝʥʳ ʠ ʧʨʠ ʦʩʤʦʪʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʦʤ ʠʩʢʣʶʯʝʥʠʷ ʚʝʨʩʠʡ, ʚʳʷʚʣʝʥʘ ʧʨʠʯʠʥʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ, ʠʤʝʚʰʝʛʦ ʤʝʩʪʦ 03 ʜʝʢʘʙʨʷ 2022 ʛʦʜʘ ʚ ʞʠʣʦʤ ʜʦʤʝ - 
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ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʫʩʪʨʦʡʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʠʪʴ 

ʢʦʥʢʨʝʪʥʦʝ ʥʘʨʫʰʝʥʠʝ ʪʘʢʦʝ ʢʘʢ ʥʝʜʦʩʪʘʪʦʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʤʦʥʪʘʞʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʨʫʰʝʥʠʝ 

ʧʨʘʚʠʣ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʳʪʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ, 

ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʳʙʦʨʘ ʘʧʧʘʨʘʪʦʚ ʟʘʱʠʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʩʚʝʜʝʥʠʡ 

ʧʦʟʚʦʣʠʚʰʠʤ ʠʩʩʣʝʜʦʚʘʪ ɹʚʩʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ, ʚʢʣʶʯʘʷ ʘʧʧʘʨʘʪʳ ʟʘʱʠʪʳ. 
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THE EFFECT OF THE STEPS HEIGHT DIFFERENCE  

WITHIN  STAIRWELL FOR THE TIME OF EVACUATION  

 
This article discusses the issues of safe evacuation when moving up stairs in case of an 

emergency. On the example of an educational institution, an analysis of the safety factors of students 

during an emergency situation was carried out. 

Keywords: evacuation; safety; emergency; fire; stairs. 

 

ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʧʦʞʘʨʘ ʠʣʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʷ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʩʪʥʠʮ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʤʝʪʦʜʘ ʵʚʘʢʫʘʮʠʠ.  

ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʣʝʩʪʥʠʯʥʳʭ ʢʣʝʪʢʘʭ. ʂ ʧʨʠʤʝʨʫ, 

ʤʥʦʞʝʩʪʚʦ ʧʨʦʠʩʰʝʩʪʚʠʡ ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʣʶʜʠ ʥʝ ʤʦʛʫʪ ʦʪʯʝʪʣʠʚʦ 

ʚʠʜʝʪʴ ʠ ʦʱʫʱʘʪʴ ʛʨʘʥʴ ʩʪʫʧʝʥʠ ʧʨʠ ʵʚʘʢʫʘʮʠʠ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʧʫʩʢʘ ʯʝʣʦʚʝʢʘ ʧʦ ʩʪʫʧʝʥʷʤ ʟʘʤʝʜʣʷʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʤʫ ʩʢʦʧʣʝʥʠʶ 

ʣʶʜʝʡ ʠ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʪʨʘʛʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ. ʄʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʶʜʝʡ ʥʘ ʣʝʩʪʥʠʮʝ ʩʦʟʜʘʝʪʩʷ ʩʪʨʘʭ ʧʝʨʝʜ ʧʘʜʝʥʠʝʤ.  ʕʪʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʝʩʪʥʠʮ ʩ ʫʯʝʪʦʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʤʘʣʦʤʦʙʠʣʴʥʳʭ ʛʨʫʧʧ 

ʣʶʜʝʡ, ʚʝʜʴ ʯʝʤ ʢʨʫʯʝ ʣʝʩʪʥʠʮʘ, ʪʝʤ ʩʝʨʴʝʟʥʝʝ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ. ɺʩʣʝʜʩʪʚʠʝ 

ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʝʩʪʥʠʮʳ, ʢʦʛʜʘ ʨʘʟʤʝʨʳ ʩʪʫʧʝʥʝʡ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʯʝʣʦʚʝʢ ʥʦʨʤʘʣʴʥʦ ʤʦʛ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʦʥ ʙʫʜʝʪ ʚʳʥʫʞʜʝʥ 

ʧʨʠ ʩʧʫʩʢʝ ʜʝʣʘʪʴ ʥʝʫʜʦʙʥʳʝ ʜʚʠʞʝʥʠʷ, ʧʦʚʦʨʘʯʠʚʘʷ ʥʦʛʫ ʠʣʠ ʜʘʞʝ ʚʩʸ ʪʝʣʦ, ʯʪʦʙʳ 

ʥʘʡʪʠ ʦʧʦʨʫ ʥʘ ʩʪʫʧʝʥʴʢʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʝʙʘʥʠʶ ʧʨʠ ʩʧʫʩʢʝ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʫʪʦʤʣʷʝʤʦʩʪʴ. 

                                                 
  É ʂʫʚʰʠʥʦʚʘ ɸ. ɸ., ʂʫʧʨʠʥʘ ɸ. ʇ., 2024 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

174 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʨʘʥ ʤʠʨʘ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʦʝ 

ʠʟʣʘʛʘʝʪ ʧʨʦʧʦʨʮʠʠ ʩʪʫʧʝʥʠ: ʩʫʤʤʘ ʜʚʦʡʥʦʡ ʚʳʩʦʪʳ ʧʨʦʩʪʫʧʠ ʠ ʛʣʫʙʠʥʳ 

ʩʪʫʧʝʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʰʘʛʦʤ ʯʝʣʦʚʝʢʘ. ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʟʥʘʤʝʥʠʪʳʤ ʘʨʭʠʪʝʢʪʦʨʦʤ ʌ. ɹʣʦʥʜʝʣʝʤ ʚʦ ʌʨʘʥʮʠʠ. ʆʜʥʘʢʦ ʥʝ ʚʦ 

ʚʩʝʭ ʩʪʨʘʥʘʭ, ʥʘʧʨʠʤʝʨ, ʂʘʥʘʜʝ, ʠʟ-ʟʘ ʵʢʦʥʦʤʠʠ ʤʝʩʪʘ ʥʘ ʣʝʩʪʥʠʯʥʳʭ ʢʣʝʪʢʘʭ ʵʪʦ 

ʧʨʘʚʠʣʦ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ. 

ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʪʨʫʜʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʝ, ʤʦʞʥʦ 

ʥʘʡʪʠ ʧʨʘʚʠʣʦ ʌ. ɹʣʦʥʜʝʣʷ, ʢʦʪʦʨʦʝ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʨʘʟʤʝʨʥʦʩʪʴ ʩʪʫʧʝʥʝʡ ʥʘ 

ʣʝʩʪʥʠʮʝ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʣʠʥʝ ʰʘʛʘ ʯʝʣʦʚʝʢʘ. ʊʘʢ ʢʘʢ ʩʨʝʜʥʠʡ 

ʰʘʛ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 60 ʩʤ, ʪʦ ʚʦ ʚʨʝʤʷ ʧʦʜʲʝʤʘ ʧʦ ʣʝʩʪʥʠʮʝ ʰʘʛ ʜʦʣʞʝʥ 

ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʧʦʜʩʪʫʧʝʥʢʦʚ ʠ ʦʜʥʦʡ ʧʨʦʩʪʫʧʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʨʠ ʫʢʣʦʥʝ 

1:2 ʧʨʦʧʦʨʮʠʠ ʩʪʫʧʝʥʝʡ ʜʦʣʞʥʳ ʙʳʪʴ ʩʣʝʜʫʶʱʠʤʠ: ʧʦʜʩʪʫʧʝʥʴ ð 15 ʩʤ, 

ʧʨʦʩʪʫʧʴ ð 30 ʩʤ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʩʝ 

ʩʪʫʧʝʥʠ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʫʶ ʚʳʩʦʪʫ ʧʦʜʩʪʫʧʝʥʢʦʚ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ 

ʥʝʜʦʯʝʪʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʣʝʩʪʥʠʮ ʩ 18 ʩʪʫʧʝʥʷʤʠ, ʯʪʦʙʳ 

ʦʙʝʟʦʧʘʩʠʪʴ ʩʝʙʷ ʦʪ ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤ. ɽʩʣʠ ʦʜʥʘ ʠʟ ʩʪʫʧʝʥʝʡ ʠʤʝʝʪ 

ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʟʤʝʨʳ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʫʜʥʦʩʪʷʤ ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʳʩʪʨʦʛʦ ʩʧʫʩʢʘ ʠʣʠ ʧʦʜʲʝʤʘ. ɺʘʞʥʦ, ʯʪʦʙʳ ʢʘʞʜʘʷ ʩʪʫʧʝʥʴ 

ʠʤʝʣʘ ʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ, ʩ ʚʘʣʠʢʦʤ ʠʣʠ ʩʢʦʰʝʥʥʳʤ ʧʦʜʩʪʫʧʝʥʢʦʤ. ʀʥʘʯʝ 

ʣʝʩʪʥʠʮʘ ʩʪʘʥʝʪ ʥʝʫʜʦʙʥʦʡ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʣʶʜʠ ʙʫʜʫʪ ʟʘʜʝʚʘʪʴ 

ʧʦʜʩʪʫʧʝʥʦʢ ʩʚʦʠʤʠ ʥʦʛʘʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʩʪʥʠʮ, 

ʘʥʘʣʠʟ ʦ ʚʣʠʷʥʠʠ ʨʘʟʥʠʮʳ ʚʳʩʦʪʳ ʩʪʫʧʝʥʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʣʝʩʪʥʠʯʥʦʡ ʢʣʝʪʢʠ ʥʘ 

ʚʨʝʤʷ ʩʧʘʩʝʥʠʷ ʣʶʜʝʡ ʚʩʝ ʯʘʱʝ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʵʪʦ ʦʙʲʷʩʥʷʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ [1]. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʣʘʥ, ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʢʦʪʦʨʦʛʦ 

ʙʳʣʠ: ʠʟʫʯʝʥʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʣʝʩʪʥʠʮ, ʬʠʢʩʘʮʠʷ 

ʚʨʝʤʝʥʠ ʩʧʫʩʢʘ ʣʶʜʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʚʳʩʦʪʳ ʩʪʫʧʝʥʠ ʥʘ 

ʚʨʝʤʷ ʵʚʘʢʫʘʮʠʠ.  

ɼʣʷ ʦʮʝʥʢʠ ʠ ʩʨʘʚʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʝʩʪʥʠʮ, ʙʳʣʠ ʚʟʷʪʳ ʜʚʝ ʣʝʩʪʥʠʯʥʳʭ 

ʢʣʝʪʢʠ ʨʘʟʣʠʯʥʳʭ ʢʦʨʧʫʩʦʚ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʬʘʢʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʧʦ ʩʦʩʪʦʷʥʠʶ ʢʘʞʜʦʡ ʣʝʩʪʥʠʯʥʦʡ ʢʣʝʪʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  
 

ʊʘʙʣʠʮʘ 1. ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʣʝʩʪʥʠʮ ʢʦʨʧʫʩʦʚ ʫʥʠʚʝʨʩʠʪʝʪʘ 
 

ʇʘʨʘʤʝʪʨ ʌʘʢʪʠʯʝʩʢʠ ʉʇ 

118.13330.2022 

ʆʪʢʣʦʥʝʥʠʝ, 

% 

 1 2 1 2 

ʋʢʣʦʥ ʣʝʩʪʥʠʮʳ 32Ј 30Ј (20-26,7) Ј 19,85 12,4 

ʈʘʟʣʠʯʠʷ ʚ ʚʳʩʦʪʝ ʩʪʫʧʝʥʝʡ  

ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʘʨʰʘ 

7 ʩʤ 2 ʩʤ 5 ʤʤ 1300 300 

ʐʠʨʠʥʘ ʩʪʫʧʝʥʝʡ 33 ʩʤ 31 ʩʤ (25-26) ʩʤ 26,9 19,23 



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  

ʇʆɾɸʈʅʆʁ ʆʇɸʉʅʆʉʊʀ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 

 

175 

 

ʇʘʨʘʤʝʪʨ ʌʘʢʪʠʯʝʩʢʠ ʉʇ 

118.13330.2022 

ʆʪʢʣʦʥʝʥʠʝ, 

% 

 1 2 1 2 

ʐʠʨʠʥʘ ʣʝʩʪʥʠʯʥʦʛʦ ʤʘʨʰʘ  126 ʩʤ 167 

ʩʤ 

>135 ʩʤ 6,6 23,7 

ʐʠʨʠʥʘ ʣʝʩʪʥʠʯʥʳʭ 

ʧʣʦʱʘʜʦʢ 

137 ʩʤ 130 

ʩʤ 

120 ʩʤ 14,16 8,3 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʢʣʦʥʝʥʠʷ 

ʰʠʨʠʥʳ ʩʪʫʧʝʥʝʡ ʢ ʝʝ ʚʳʩʦʪʝ 

2ï2,3 2,2ï

2,3 

1,7ï2 15 15 

 

ʇʨʠ ʵʚʘʢʫʘʮʠʠ ʚʨʝʤʷ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʳʩʦʪʘ 

ʩʪʫʧʝʥʝʡ ʜʦʣʞʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʵʚʘʢʫʘʮʠʠ ʠʟ ʟʜʘʥʠʷ ʢ ʤʠʥʠʤʫʤʫ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠ ʵʪʦʤ 

ʙʳʩʪʨʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʚʳʭʦʜ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʡ ʚʳʩʦʪʳ ʩʪʫʧʝʥʝʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʡ ʮʝʣʠ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʜʝʨʞʢʠ ʠ ʦʙʣʝʛʯʘʝʪ ʙʳʩʪʨʫʶ ʵʚʘʢʫʘʮʠʶ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ, ʛʨʫʧʧʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

20 ʯʝʣʦʚʝʢ, ʚ ʧʨʝʜʝʣʘʭ ʣʝʩʪʥʠʯʥʦʡ ʢʣʝʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʣʶʜʩʢʦʛʦ 

ʧʦʪʦʢʘ ʙʳʣʠ ʚʟʷʪʳ: 

- ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ ʚ ʧʦʪʦʢʝ N, 
- ʧʣʦʪʥʦʩʪʴ D, 
- ʩʢʦʨʦʩʪʴ V, 
- ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ q. 

ʋʨʦʚʝʥʴ ʢʦʤʬʦʨʪʥʦʩʪʠ ʣʶʜʝʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʣʝʩʪʥʠʯʥʦʡ ʢʣʝʪʢʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʠʭ 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʵʚʘʢʫʘʮʠʠ. 

ʉʠʣʴʥʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʣʶʜʝʡ ʚ ʧʦʪʦʢʝ, ʤʝʥʷʷ ʝʛʦ ʦʪ ʩʚʦʙʦʜʥʦʛʦ, ʢʦʛʜʘ ʚʳʙʦʨ 

ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʘʤʦʛʦ ʯʝʣʦʚʝʢʘ, ʜʦ ʩʪʝʩʥʝʥʥʦʛʦ, 

ʢʦʪʦʨʦʝ ʚʝʜʝʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʯʝʣʦʚʝʢ ʥʘʯʠʥʘʝʪ ʠʩʧʳʪʳʚʘʪʴ ʬʠʟʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ ʣʶʜʝʡ.  

ʇʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʧʦʪʦʢʝ, ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʧʣʦʪʥʦʩʪʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚʩʝʛʦ ʧʦʪʦʢʘ. 

ɽʩʣʠ ʞʝ ʛʦʚʦʨʠʪʴ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʶʜʝʡ, ʪʦ ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ 

ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ: ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ, ʚʠʜʘ ʧʫʪʠ ʠ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʘʤʠʭ ʣʶʜʝʡ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣ. 2, ʢʦʪʦʨʳʝ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ ʚʳʩʦʪʘ 

ʩʪʫʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʪʝʤʧ ʜʚʠʞʝʥʠʷ ʣʶʜʝʡ ʧʨʠ ʵʚʘʢʫʘʮʠʠ. 
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ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ 

 
ʃʝʩʪʥʠʯʥʘʷ 

ʢʣʝʪʢʘ 

ɻʨʫʧʧʘ 

ʤʦʙʠʣʴʥʦʩʪʠ 

ʂʦʣʠʯʝʩʪʚʦ 

ʟʘʤʝʨʦʚ 

ʇʣʦʪʥʦʩʪʴ 

ʣʶʜʩʢʦʛʦ 

ʧʦʪʦʢʘ, 

ʤ2/ʤ2 

ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ 

ʧʦʪʦʢʘ 

ʣʶʜʝʡ, 

ʤ/ʤʠʥ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ 

ʣʶʜʝʡ, ʤ/ʤʠʥ 

ɺʨʝʤʷ 

ʜʚʠʞʝʥʠʷ, 

ʩʝʢ 

1 ʄ0  

5 

0,23 68 13,6 6 

2 ʄ0 0,17 95 9,5 4,5 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣ ʚʳʷʚʣʝʥ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʚʳʩʦʪʳ 

ʩʪʫʧʝʥʠ ʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʶʜʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ 

ʙʦʣʴʰʝ ʚʳʩʦʪʘ ʩʪʫʧʝʥʠ, ʪʝʤ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʵʚʘʢʫʘʮʠʷ. ʕʪʦ ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ ʚ ʚʳʩʦʪʝ ʩʪʫʧʝʥʝʡ ʩʦʟʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʜʠʩʢʦʤʬʦʨʪ ʧʨʠ ʩʧʫʩʢʝ ʠ ʧʦʜʲʝʤʝ, ʠ ʟʘʤʝʜʣʷʝʪ ʚʝʩʴ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʣʶʜʝʡ.  

ɼʘʣʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʥʘʩʢʦʣʴʢʦ ʨʘʟʥʠʮʘ ʚ ʚʳʩʦʪʝ ʩʪʫʧʝʥʝʡ ʤʦʞʝʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʚʘʢʫʘʮʠʠ. ʇʨʠ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝ ʚ ʚʳʩʦʪʝ ʩʪʫʧʝʥʝʡ, 

ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʥʘ ʜʨʫʛʫʶ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʘʚʤʠʨʦʚʘʥʠʶ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʳʩʦʪʫ 

ʩʪʫʧʝʥʠ ʪʘʢ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʩʧʫʩʢʝ.  

ɺʳʚʦʜ: 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʠʷ ʚʳʩʦʪʳ 

ʩʪʫʧʝʥʝʡ ʚʥʫʪʨʠ ʣʝʩʪʥʠʯʥʦʡ ʢʣʝʪʢʠ ʥʘ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʩʦʪʳ 

ʩʪʫʧʝʥʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʩʧʫʩʢʘ ʣʶʜʝʡ ʧʨʠ ʵʚʘʢʫʘʮʠʠ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʩʪʨʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʵʚʘʢʫʘʮʠʠ: 

1) ʇʨʠ ʚʳʙʦʨʝ ʩʪʫʧʝʥʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʚʳʩʦʪʝ ʩʪʫʧʝʥʝʡ ʙʳʣʘ 

ʦʧʪʠʤʘʣʴʥʦʡ. ɼʦʧʫʩʢʘʝʪʩʷ ʨʘʟʥʠʮʘ ʚ 5 ʤʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʙʦʜʥʦʝ 

ʜʚʠʞʝʥʠʝ ʣʶʜʝʡ ʧʦ ʣʝʩʪʥʠʮʝ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʵʚʘʢʫʘʮʠʠ.   

2) ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʪʫ ʩʪʫʧʝʥʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʫʯʠʪʳʚʘʷ ʵʨʛʦʥʦʤʠʯʝʩʢʠʝ 

ʧʨʠʥʮʠʧʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʣʶʜʝʡ.  

3) ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʫʶ ʧʨʦʚʝʨʢʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʣʝʩʪʥʠʮ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʩʪʫʧʝʥʝʡ, ʠʭ ʧʨʦʯʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɺ ʩʣʫʯʘʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʟʘʤʝʥʫ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʉʇ 118.13330.2022. ʉʚʦʜ ʧʨʘʚʠʣ. ʆʙʱʝʩʪʚʝʥʥʳʡ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://base.garant. ru/404976079/ 
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ʋɼʂ: 699.81 
ʂʫʣʠʢʦʚʘ ʂ. ɺ., ʇʦʧʦʚʘ ɽ. ɸ., ʂʘʧʠʟʦʚʘ ɸ. ʄ. ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʭ ʜʚʝʨʝʡ ʠ ʧʦʪʦʣʢʦʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʦʛʥʝʩʪʦʡʢʦʩʪʠ 

 

ʂ. ɺ. ʂʫʣʠʢʦʚʘ, ɽ. ɸ. ʇʦʧʦʚʘ, ɸ. ʄ. ʂʘʧʠʟʦʚʘ   
ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʅɸʃʀɿ ʉɺʆʁʉʊɺ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʓʍ ɼɺɽʈɽʁ ʀ ʇʆʊʆʃʂʆɺ  

ʉ ʎɽʃʔʖ ʆʇʈɽɼɽʃɽʅʀʗ ʀʍ ʆɻʅɽʉʊʆʁʂʆʉʊʀ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʧʦʪʦʣʢʦʚ ʠ ʜʚʝʨʝʡ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʠ ʢʘʯʝʩʪʚ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʛʣʘʚʥʳʤʠ ʠ ʩʘʤʳʤʠ ʦʧʘʩʥʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ 

ʧʨʠ ʧʦʞʘʨʝ ʷʚʣʷʶʪʩʷ ʠʤʝʥʥʦ ʜʚʝʨʠ ʠ ʧʦʪʦʣʢʠ. ʇʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʜʚʝʨʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʷʚʣʷʶʪʩʷ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʯʘʛʘ ʧʦʞʘʨʘ, ʥʝ ʪʦʣʴʢʦ ʵʚʘʢʫʘʮʠʦʥʥʳʤ ʚʳʭʦʜʦʤ, ʥʦ ʠ 

ʩʨʝʜʩʪʚʦʤ, ʩʧʦʩʦʙʥʳʤ ʧʨʝʢʨʘʪʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʞʘʨʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʠʤʝʥʥʦ ʥʘʪʷʞʥʳʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʧʦʪʦʣʢʠ. ʀʭ ʛʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ 

ʦʙʳʯʥʳʭ ʥʘʪʷʞʥʳʭ ʧʦʪʦʣʢʦʚ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʪʦʣʴʢʦ ʧʣʘʚʪ̫ʩʷ, ʦʪʢʨʳʪʦʝ ʧʣʘʤʷ ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪ.  ʊʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʥʘʪʷʞʥʳʭ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʧʦʪʦʣʢʦʚ ʠ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʜʚʝʨʝʡ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʧʦʞʘʨʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʥʘʪʷʞʥʳʝ ʧʦʪʦʣʢʠ; ʢʣʘʩʩʳ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ; 

ʛʦʨʶʯʝʩʪʴ; ʪʦʢʩʠʯʥʦʩʪʴ; ʜʳʤʦʦʙʨʘʟʦʚʘʥʠʝ; ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʜʚʝʨʠ; ʧʨʦʯʥʦʩʪʴ; 

ʦʛʥʝʫʧʦʨʥʦʩʪʴ. 
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ANALYSIS OF THE PROPERTIES OF FIREPROOF DOORS  

AND CEILINGS IN ORDER TO DETERMINE THEIR FIRE RESISTANCE  
 

The article discusses the features of fire-resistant ceilings and doors in order to identify their 

properties and qualities. As you know, doors and ceilings are the main and most dangerous for a 

person in case of fire. Fire doors, in turn, are, in the event of a fire, not only an evacuation exit, but 

also a means capable of stopping the spread of fire. In this article, we are considering stretch fire 

ceilings. Their main difference from conventional stretch ceilings is that they only melt, they do not 

support an open flame.  The main classes of stretch fire ceilings and fire doors are also given, their 

characteristics and behavior in case of fire. 

Keywords: fire-fighting stretch ceilings; fire hazard classes; flammability; toxicity; smoke 

formation; fire doors; strength; fire resistance. 

 

 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʛʥʝʩʪʦʡʢʠʭ ʥʘʪʷʞʥʳʭ ʧʦʪʦʣʢʘʭ ʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ 

ʜʚʝʨʷʭ ʥʘʟʨʝʣʘ ʜʘʚʥʦ. ʂʦʛʜʘ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʥʘʩʢʦʣʴʢʦ ʦʧʘʩʥʳʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʪʦʢʩʠʯʥʳʡ ʜʳʤ ʠ ʛʦʨʷʱʠʝ ʢʘʧʣʠ ʦʪ ʧʣʘʩʪʠʢʘ. ʆʙʳʯʥʘʷ ʇɺʍ-ʧʣʝʥʢʘ ʤʦʞʝʪ 

ʟʘʛʦʨʝʪʴʩʷ ʦʪ ʛʦʨʷʯʝʡ ʣʘʤʧʦʯʢʠ ʠʣʠ ʤʘʣʝʡʰʝʡ ʠʩʢʨʳ. ɼʝʨʝʚʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʝʪ ʟʘʛʦʨʝʪʴʩʷ ʦʪ ʠʩʢʨʳ, ʠʩʭʦʜʷʱʝʡ ʦʪ ʧʣʠʪʳ ʠʣʠ ʩʧʠʯʝʢ. ʆʛʦʥʴ ʤʦʞʝʪ 

ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʠ ʩʞʝʯʴ ʚʩʝ ʧʦʤʝʱʝʥʠʝ, ʧʝʨʝʢʠʥʫʚʰʠʩʴ ʥʘ ʤʝʙʝʣʴ, 

ʧʨʝʜʤʝʪʳ ʜʝʢʦʨʘ ʠ ʪʢʘʥʠ ʚʥʠʟʫ. 

                                                 
  É ʂʫʣʠʢʦʚʘ ʂ. ɺ., ʇʦʧʦʚʘ ɽ. ɸ., ʂʘʧʠʟʦʚʘ ɸ. ʄ., 2024 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʅʘʪʷʞʥʳʝ ʧʦʪʦʣʢʠ ʠʤʝʶʪ ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ, ʙʝʨʫʱʫʶ ʥʘʯʘʣʦ ʚ ʝʛʠʧʝʪʩʢʦʡ, 

ʛʨʝʯʝʩʢʦʡ ʠ ʨʠʤʩʢʦʡ ʘʥʪʠʯʥʦʩʪʠ. ʊʘʢʠʝ ʧʦʪʦʣʢʠ ʩʦʩʪʦʷʣʠ ʠʟ ʰʝʣʢʦʚʳʭ ʪʢʘʥʝʡ ʠ 

ʥʘʪʷʛʠʚʘʣʠʩʴ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʧʦʪʦʣʢʦʤ. ɸ ʢʦʛʜʘ ʪʢʘʥʴ ʧʨʦʚʠʩʘʣʘ, ʪʝʨʷʣʘ 

ʮʚʝʪ ʠʣʠ ʧʦʢʨʳʚʘʣʘʩʴ ʧʳʣʴʶ, ʥʘʪʷʛʠʚʘʣʠ ʥʦʚʫʶ. ʉʧʫʩʪʷ ʩʪʦʣʝʪʠʷ ʚ ʈʦʩʩʠʠ 

ʥʘʪʷʞʥʳʝ ʧʦʪʦʣʢʠ ʧʦʷʚʠʣʠʩʴ ʚ ʩʧʘʣʴʥʷʭ ʇʝʪʨʘ I ʚ ʢʦʥʮʝ XVIïʥʘʯʘʣʝ XVII ʚʝʢʘ. 

ɽʱʝ ʦʜʥʦ ʥʦʚʰʝʩʪʚʦ ʚ ʥʘʪʷʞʥʳʭ ʧʦʪʦʣʢʘʭ ʧʨʠʰʣʦ ʠʟ ɸʨʤʝʥʠʠ. ʕʪʦ ʙʳʣʦ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʪʦʣʢʘ. ɺ ɸʨʤʝʥʠʠ ʪʦʥʢʫʶ 

ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʫʶ ʪʢʘʥʴ ʩʤʘʯʠʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʤʝʣʘ ʠ ʥʘʪʷʛʠʚʘʣʠ ʥʘ ʟʘʨʘʥʝʝ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʢʘʨʢʘʩ. ɺ 1967 ʛʦʜʫ ʚ ʐʚʝʮʠʠ ʧʦʷʚʠʣʩʷ ʧʝʨʚʳʡ ʧʣʝʥʦʯʥʳʡ 

ʥʘʪʷʞʥʦʡ ʧʦʪʦʣʦʢ. ʀʭ ʠʜʝʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʦʟʨʦʜʠʪʴ ʪʝʭʥʦʣʦʛʠʶ 

ʥʘʪʷʞʥʳʭ ʧʦʪʦʣʢʦʚ. ɿʘʪʝʤ, ʚ 1980-ʭ ʛʦʜʘʭ, ʠʥʠʮʠʘʪʠʚʫ ʚʟʷʣʘ ʥʘ ʩʝʙʷ ʌʨʘʥʮʠʷ. 

ʆʥʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʝʥʢʠ ʇɺʍ ʜʣʷ ʥʘʪʷʞʥʳʭ 

ʧʦʪʦʣʢʦʚ. 

ʅʦ ʨʝʰʝʥʠʷ ʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʪʷʞʥʳʭ ʧʦʪʦʣʢʦʚ ʥʝ ʙʳʣʦ ʜʦ 2018 

ʛʦʜʘ. ɺ ʵʪʦʪ ʛʦʜ ʛʝʨʤʘʥʩʢʘʷ ʬʠʨʤʘ Teqtum ʦʪʢʨʳʣʘ ʥʦʚʫʶ ʣʘʙʦʨʘʪʦʨʠʶ, ʛʜʝ ʠ 

ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʬʦʨʤʫʣʘ ʥʝʛʦʨʶʯʝʛʦ ʧʦʣʦʪʥʘ ʇɺʍ, ʙʝʟ 

ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ð ʬʝʥʦʣʦʚ, ʢʘʜʤʠʷ, ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʦʚ. 

ʇʨʠ ʧʦʞʘʨʝ ʪʘʢʦʝ ʧʦʣʦʪʥʦ ʥʝ ʜʘʝʪ ʫʜʫʰʣʠʚʦʛʦ ʠ ʦʧʘʩʥʦʛʦ ʜʣʷ ʟʜʦʨʦʚʴʷ ʜʳʤʘ, ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʦʨʝʥʠʝ. ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ ʣʠʢʚʠʜʠʨʦʚʘʥʘ ʦʧʘʩʥʦʩʪʴ ʩʦ 

ʩʪʦʨʦʥʳ ʨʘʩʢʘʣʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʘʧʝʣʴ [1]. 

ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʜʚʝʨʝʡ ʙʝʨʝʪ ʩʚʦʠ ʠʩʪʦʢʠ ʚ 4 ʚʝʢʝ 

ʥʘʰʝʡ ʵʨʳ. ɼʣʷ ʟʘʱʠʪʳ ʥʦʯʣʝʛʘ ʜʨʝʚʥʠʝ ʧʦʩʝʣʝʥʮʳ ʟʘʢʨʳʚʘʣʠ ʞʠʣʠʱʝ 

ʢʘʤʥʷʤʠ, ʰʢʫʨʘʤʠ ʞʠʚʦʪʥʳʭ, ʚʝʪʢʘʤʠ ʜʝʨʝʚʴʝʚ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʧʝʨʚʳʝ ʧʨʦʪʦʪʠʧʳ ʟʘʱʠʪʥʳʭ ʜʚʝʨʝʡ. 

ʇʝʨʚʳʝ ʜʚʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʟʜʘʚʘʣʠʩʴ ʚ ɼʨʝʚʥʝʤ ɽʛʠʧʪʝ ʠ ʚʥʝʰʥʝ ʥʝ 

ʙʳʣʠ ʧʦʭʦʞʠ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʜʚʝʨʠ, ʦʩʪʝʢʣʝʥʥʳʝ ʠʣʠ ʛʣʫʭʠʝ. 

ʀʭ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʠʟ ʢʣʝʥʘ ʠ ʜʨʫʛʠʭ ʩʦʨʪʦʚ ʜʝʨʝʚʴʝʚ. ɺ ʩʨʝʜʥʠʝ ʚʝʢʘ ʧʦʷʚʠʣʠʩʴ 

ʤʘʩʩʠʚʥʳʝ ʜʚʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʞʝʣʝʟʘ ʠ ʙʨʦʥʟʳ. ɼʚʝʨʠ ʠʟ ʜʝʨʝʚʘ ʩʪʘʣʠ 

ʦʙʠʚʘʪʴʩʷ ʣʠʩʪʘʤʠ ʞʝʣʝʟʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʦʛʥʝʫʧʦʨʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ. 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʘ ʚ ʜʦʤʘʭ 17ï18 ʚʝʢʦʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʪʦʣʩʪʳʝ 

ʜʝʨʝʚʷʥʥʳʝ ʚʭʦʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʫʢʨʘʰʝʥʥʳʝ ʫʥʠʢʘʣʴʥʦʡ ʨʝʟʴʙʦʡ. ʊʦʛʜʘ ʞʝ 

ʚʧʝʨʚʳʝ ʩʪʘʣʠ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʜʝʨʝʚʷʥʥʳʝ ʦʩʪʝʢʣʝʥʥʳʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʜʚʝʨʠ. 

ʉʦʩʪʦʷʪʝʣʴʥʳʝ ʛʨʘʞʜʘʥʝ ʀʪʘʣʠʠ ʠ ʌʨʘʥʮʠʠ ʥʝ ʩʢʫʧʠʣʠʩʴ ʪʘʢʞʝ ʥʘ ʫʩʪʘʥʦʚʢʫ 

ʢʦʚʘʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʚʝʨʝʡ. 

ɺ 21 ʚʝʢʝ ʢʘʯʝʩʪʚʦ ʭʦʨʦʰʝʡ ʦʛʥʝʩʪʦʡʢʦʡ ʜʚʝʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪ 

ʥʝ ʪʦʣʱʠʥʘ ʠ ʥʘʣʠʯʠʝ ʠʟʳʩʢʘʥʥʦʡ ʨʝʟʴʙʳ, ʘ ʝʝ ʧʨʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʜʚʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʩʪʘʣʠ ʠ ʘʣʶʤʠʥʠʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʟʘʱʠʪʳ ʞʠʟʥʠ ʣʶʜʝʡ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʛʥʷ ʚ ʧʦʤʝʱʝʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʥʘʪʷʞʥʳʭ ʧʦʪʦʣʢʦʚ ʠ ʜʚʝʨʝʡ 

ʩʦʟʜʘʥʳ ʢʣʘʩʩʳ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɼʣʷ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʭ ʥʘʪʷʞʥʳʭ ʧʦʪʦʣʢʦʚ ʩʦʟʜʘʥʳ ʪʨʠ ʛʨʫʧʧʳ, ʛʜʝ 

ʟʥʘʯʝʥʠʝ ʂʄ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʢʘʢ ʧʦʚʝʜʝʪ ʩʝʙʷ ʤʘʪʝʨʠʘʣ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ 



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  

ʇʆɾɸʈʅʆʁ ʆʇɸʉʅʆʉʊʀ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 
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ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʣʘʤʝʥʠ. ʇʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘʪʷʞʥʳʭ ʧʦʪʦʣʢʦʚ ʦʪ ʧʨʦʚʝʨʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ð ʵʪʦ ʢʣʘʩʩʳ ʂʄ2 ʠʣʠ ʂʄ3, ʥʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʙʨʝʥʜʳ 

ʜʘʞʝ ʟʘʷʚʣʷʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʭ ʧʨʦʜʫʢʮʠʷ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʣʘʩʩʫ ʂʄ1. ʕʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʦʙʷʟʘʪʝʣʴʥʦ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʝʨʪʠʬʠʢʘʪʝ ð ʪʘʢʦʡ 

ʜʦʢʫʤʝʥʪ ʠʤʝʝʪʩʷ ʫ ʢʘʞʜʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ [2]. 

ʂʄ1 ð ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʙʝʟʦʧʘʩʥʳʡ ʤʘʪʝʨʠʘʣ, ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʞʘʨʘ ʦʥ 

ʧʦʜʜʘʝʪʩʷ ʭʫʞʝ ʚʩʝʛʦ. ʆʥ ʩʣʘʙʦʛʦʨʶʯ, ʤʘʣʦʚʦʩʧʣʘʤʝʥʠʤ ʠ ʠʤʝʝʪ ʩʨʝʜʥʶʶ 

ʜʳʤʦʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʊʦʢʩʠʯʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʛʦʨʝʥʠʝ ð ʩʣʘʙʳʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʘʢʦʡ ʢʣʘʩʩ ʧʨʠʩʚʦʝʥ ʢʨʘʡʥʝ 

ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʩʧʠʩʢʫ ʧʦʪʦʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʠʭ ʤʘʨʢʠʨʦʚʢʝ ʪʘʢʞʝ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ çʅʘʪʷʞʥʳʝ ʧʦʪʦʣʢʠ ʅɻ (ʥʝʛʦʨʶʯʠʝ)è. ʄʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʜʝʪʩʢʠʭ 

ʢʦʤʥʘʪʘʭ ʞʠʣʦʛʦ ʧʦʤʝʱʝʥʠʷ, ʙʦʣʴʥʠʮʘʭ, ʜʝʪʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ (ʩʘʜʘʭ ʠ 

ʰʢʦʣʘʭ). ʊʘʢʞʝ ʨʘʟʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʦʪʥʦ ʜʣʷ ʦʙʱʠʭ ʢʦʨʠʜʦʨʦʚ ʠ ʭʦʣʣʦʚ 

ʚ ʣʶʙʳʭ ʟʜʘʥʠʷʭ. 

ʇʦʪʦʣʢʠ ʢʣʘʩʩʘ ʂʄ2 ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʣʶʙʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʥʦ ʩʘʤʦ 

ʟʜʘʥʠʝ ʜʦʣʞʥʦ ʠʤʝʪʴ ʥʝ ʙʦʣʝʝ 17 ʵʪʘʞʝʡ. ʄʘʪʝʨʠʘʣ ʧʨʦʩʪʦ ʧʣʘʚʠʪʩʷ ʦʪ ʧʨʷʤʦʛʦ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʧʣʘʤʝʥʝʤ, ʩʨʘʟʫ ʥʘʯʠʥʘʷ ʚʳʜʝʣʷʪʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʳʤʘ. ʅʦ ʧʨʠ ʦʪʜʘʣʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʦʪʢʨʳʪʦʛʦ ʦʛʥʷ (ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠ ʣʝʪʷʱʠʝ 

ʠʩʢʨʳ) ʠʭ ʧʣʘʚʣʝʥʠʝ ʧʨʝʢʨʘʱʘʝʪʩʷ. ɽʩʣʠ ʥʘ ʪʘʢʠʝ ʧʦʪʦʣʢʠ ʚʦʟʜʝʡʩʪʚʫʝʪ ʧʨʦʩʪʦ 

ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʥʠ ʩʦʚʝʨʰʝʥʥʦ ʙʝʟʦʧʘʩʥʳ ð ʥʘ ʵʪʦʪ ʦʧʘʩʥʳʡ ʬʘʢʪʦʨ 

ʤʘʪʝʨʠʘʣ ʥʝ ʨʝʘʛʠʨʫʝʪ. ʅʘʪʷʞʥʳʝ ʧʦʪʦʣʢʠ ʢʣʘʩʩʘ ʂʄ2 ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ ð ʪʦʨʛʦʚʳʭ ʠ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ, ʦʬʠʩʦʚ, 

ʩʘʣʦʥʦʚ, ʨʘʟʣʠʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ. 

ɻʨʫʧʧʘ ʛʦʨʶʯʝʩʪʠ ʥʘʪʷʞʥʳʭ ʧʦʪʦʣʢʦʚ ʂʄ3 ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ 

ʚʳʩʦʢʦʝ ʜʳʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʚʦʩʧʣʘʤʝʥʷʶʪʩʷ, ʭʦʨʦʰʦ ʛʦʨʷʪ ʠ 

ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪ ʧʣʘʤʷ. ʇʦʪʦʣʢʠ ʢʣʘʩʩʘ ʂʄ3 ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʟʜʘʥʠʷʭ ʥʝ 

ʚʳʰʝ 9 ʵʪʘʞʝʡ [3]. 

ʅʠʟʢʦʧʨʦʙʥʦʝ ʧʦʣʦʪʥʦ (ʢʦʛʜʘ ʥʘʪʷʞʥʳʝ ʧʦʪʦʣʢʠ ʠʤʝʶʪ 

ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ ʂʄ4 ʠ ʪʝʤ ʙʦʣʝʝ ʂʄ5) ʣʝʛʢʦ ʟʘʛʦʨʘʝʪʩʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʳʩʪʨʝʡʰʝʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʦʞʘʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʥ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʥʘ ʵʪʘʞ 

ʚʳʰʝ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʵʪʦʤ ʜʳʤ ʚʝʩʴʤʘ ʪʦʢʩʠʯʝʥ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʜʘʞʝ ʢ 

ʛʠʙʝʣʠ ʣʶʜʝʡ. 

ʇʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʜʚʝʨʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʩʪʘʣʠ ʠʣʠ 

ʘʣʶʤʠʥʠʷ, ʘ ʪʘʢʞʝ ʜʨʝʚʝʩʠʥʳ ʣʠʙʦ ʟʘʢʘʣʝʥʥʦʛʦ ʩʪʝʢʣʘ. ʆʥʠ ʤʦʛʫʪ ʩʜʝʨʞʠʚʘʪʴ 

ʧʣʘʤʷ, ʜʳʤ, ʪʝʤʧʝʨʘʪʫʨʫ ʦʪ 15 ʤʠʥʫʪ ʜʦ ʧʦʣʫʪʦʨʘ ʯʘʩʦʚ. ʀʟʜʝʣʠʷ ʧʨʦʭʦʜʷʪ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʙʷʟʘʪʝʣʴʥʫʶ ʩʝʨʪʠʬʠʢʘʮʠʶ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʚ ʩʝʨʠʡʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʀʤ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʪʨʝʭ ʢʣʘʩʩʦʚ, ʦʙʦʟʥʘʯʘʝʤʳʡ 

ʣʘʪʠʥʩʢʠʤʠ ʙʫʢʚʘʤʠ EI (ʨʝʞʝ ð EIS), ʘ ʪʘʢʞʝ ʮʠʬʨʘʤʠ. ʈʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

E ð ʦʙʦʟʥʘʯʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʫʪ, ʢʦʪʦʨʦʝ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʦʣʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʩ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ; 

I ð ʭʘʨʘʢʪʝʨʠʟʫʝʪ (ʪʦʞʝ ʚ ʤʠʥʫʪʘʭ) ʩʧʦʩʦʙʥʦʩʪʴ ʩʜʝʨʞʠʚʘʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʚ ʩʤʝʞʥʳʝ ʧʦʤʝʱʝʥʠʷ. ʇʨʦʜʫʢʮʠʷ ʩ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

180 

 

ʤʘʨʢʠʨʦʚʢʦʡ ʜʦ EI 30 ʠʤʝʝʪ I ʢʣʘʩʩ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʙʳʯʥʦ ʚ 

ʞʠʣʳʭ ʟʜʘʥʠʷʭ. ɿʥʘʯʝʥʠʷ ʦʪ 30 ʜʦ 60 ʩʦʦʪʚʝʪʩʪʚʫʶʪ II ʢʣʘʩʩʫ (ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ, ʩʣʫʞʝʙʥʳʭ ʦʙʲʝʢʪʦʚ). ʀʥʜʝʢʩ EI ʦʪ 60 ʜʦ 90 ð ʵʪʦ III, ʩʘʤʳʡ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʛʥʝʩʪʦʡʢʦʩʪʠ; 

S ð ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʟʘʜʳʤʣʝʥʠʝ; 

ʂʘʞʜʘʷ ʧʨʦʪʠʚʦʧʦʞʘʨʥʘʷ ʧʨʝʛʨʘʜʘ ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ: 

ʇʝʨʚʳʡ ð EI 60 (ʩʪʘʣʴʥʳʝ, ʦʩʪʝʢʣʝʥʥʳʝ ʧʦʞʘʨʥʳʝ ʜʚʝʨʠ, ʚʦʨʦʪʘ, ʣʶʢʠ, 

ʰʪʦʨʳ, ʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʟʘʥʘʚʝʩʳ). 

ɺʪʦʨʦʡ ð EI 30 (ʩʪʘʣʴʥʳʝ, ʦʩʪʝʢʣʝʥʥʳʝ ʧʦʞʘʨʥʳʝ ʜʚʝʨʠ, ʚʦʨʦʪʘ, ʣʶʢʠ, 

ʰʪʦʨʳ, ʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʜʚʝʨʠ ʰʘʭʪ ʣʠʬʪʦʚ ʚ ʟʜʘʥʠʷʭ ʜʦ 30 ʤʝʪʨʦʚ ʚʳʩʦʪʦʡ). 

ʊʨʝʪʠʡ ð EI 15 (ʩʪʘʣʴʥʳʝ, ʦʩʪʝʢʣʝʥʥʳʝ ʧʦʞʘʨʥʳʝ ʜʚʝʨʠ, ʚʦʨʦʪʘ, ʣʶʯʢʠ, 

ʰʪʦʨʳ, ʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ). 

ʊʘʢʞʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʥʘʪʷʞʥʳʭ ʧʦʪʦʣʢʦʚ ʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʜʚʝʨʝʡ (ʪʘʙʣ.) [4, 5]. 

 
ʊʘʙʣʠʮʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʭ ʧʦʪʦʣʢʦʚ  

ʠ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʭ ʜʚʝʨʝʡ 

 
ʇʦʞʘʨʦʙʝʟʦʧʘʩʥʳʝ ʧʦʪʦʣʢʠ ʇʦʞʘʨʦʙʝʟʦʧʘʩʥʳʝ ʜʚʝʨʠ 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʆʪʨʠʮʘʪʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʆʪʨʠʮʘʪʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʉʦʦʪʚʝʪʩʪʚʠʝ 

ʩʦʚʨʝʤʝʥʥʳʤ ʥʦʨʤʘʤ 

ʧʦʞʘʨʥʦʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʅʝ ʩʦʜʝʨʞʠʪ ʠ ʥʝ 

ʚʳʜʝʣʷʝʪ ʣʝʪʫʯʠʝ 

ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʥʘʛʨʝʚʘ. 

ʅʝʛʦʨʶʯʠʝ ʧʦʪʦʣʢʠ 

ʫʤʝʥʴʰʘʶʪ ʚʳʩʦʪʫ 

ʧʦʤʝʱʝʥʠʡ. 

ʄʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ï 5 ʩʤ.  

ɸ ʩ ʤʦʥʪʘʞʦʤ 

ʚʩʪʨʦʝʥʥʳʭ ʠ 

ʧʦʜʚʝʩʥʳʭ 

ʩʚʝʪʠʣʴʥʠʢʦʚ  

ʜʦ 10ï15 ʩʤ. 

ɺʠʜ ʠʟʜʝʣʠʡ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʦʛʥʷ ʠ ʠʤʝʝʪ ʚʳʩʦʢʠʝ 

ʦʛʨʘʞʜʘʶʱʠʝ 

ʩʚʦʡʩʪʚʘ. ʆʩʥʦʚʥʘʷ 

ʬʫʥʢʮʠʷ ʟʘʱʠʪʳ 

ʜʦʩʪʠʛʘʝʪʩʷ 

ʥʝʛʦʨʶʯʠʤ 

ʥʘʧʦʣʥʠʪʝʣʝʤ. 

ʋʩʪʘʥʘʚʣʠʚʘʪʴ 

ʪʘʢʠʝ ʜʚʝʨʠ ʩʚʦʠʤʠ 

ʩʠʣʘʤʠ ð

ʢʘʪʝʛʦʨʠʯʝʩʢʠ 

ʟʘʧʨʝʱʝʥʦ. 

ʀʤʝʝʪ ʢʣʘʩʩ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʂʄ1, 

ʂʄ2 ʠ ʂʄ3. ʅʝ 

ʟʘʛʦʨʘʝʪʩʷ ʦʪ 

ʩʣʫʯʘʡʥʳʭ ʠʩʢʨ, 

ʢʠʧʷʱʝʛʦ ʤʘʩʣʘ. ʇʨʠ 

ʚʦʟʛʦʨʘʥʠʠ ʜʨʫʛʠʭ 

ʧʨʝʜʤʝʪʦʚ ʚ ʢʦʤʥʘʪʝ, 

ʪʣʝʝʪ, ʥʦ ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʦʨʝʥʠʝ. 

ɺʳʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʳʤʘ, ʥʝ 

ʧʣʘʚʠʪʩʷ. 

ʊʘʢʘʷ ʦʪʜʝʣʢʘ ʥʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʥʝʦʪʘʧʣʠʚʘʝʤʳʭ 

ʧʦʤʝʱʝʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ +10. 

ʆʪʣʠʯʘʶʪʩʷ 

ʭʦʨʦʰʠʤʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, 

ʧʨʠʝʤʣʝʤʳʤʠ 

ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʝʜʦʪʚʨʘʪʷʪ 

ʧʨʦʭʦʞʜʝʥʠʝ 

ʥʝʧʨʠʷʪʥʳʭ ʟʘʧʘʭʦʚ, 

ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ 

ʫʧʣʦʪʥʠʪʝʣʷʤ. 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ  
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ʇʦʞʘʨʦʙʝʟʦʧʘʩʥʳʝ ʧʦʪʦʣʢʠ ʇʦʞʘʨʦʙʝʟʦʧʘʩʥʳʝ ʜʚʝʨʠ 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʆʪʨʠʮʘʪʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʆʪʨʠʮʘʪʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʦʣʦʪʥʘ ʤʦʥʪʠʨʫʶʪʩʷ 

ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ, ʚ 

ʪʝʯʝʥʠʝ 1ï3 ʯʘʩʦʚ. 

ʇʨʠ ʰʠʨʠʥʝ 

ʧʦʤʝʱʝʥʠʷ ʙʦʣʝʝ 4,5 

ʤʝʪʨʦʚ, ʪʨʝʙʫʝʪʩʷ 

ʩʰʠʚʘʥʠʝ ʇɺʍ-

ʧʦʣʦʪʝʥ. ʊʘʢʘʷ 

ʦʪʜʝʣʢʘ ʤʝʥʝʝ 

ʧʨʦʯʥʘ, ʯʝʤ 

ʙʝʩʰʦʚʥʳʝ ʚʘʨʠʘʥʪʳ. 

ʀʤʝʶʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʚʠʜ. 

 

ʈʘʙʦʪʳ ʯʠʩʪʳʝ, 

ʦʪʩʫʪʩʪʚʫʶʪ ʛʨʷʟʴ, 

ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʫʩʦʨ ʠ 

ʧʳʣʴ.  

ʇʨʠ ʥʝʘʢʢʫʨʘʪʥʦʤ 

ʦʙʨʘʱʝʥʠʠ, 

ʚʦʟʜʝʡʩʪʚʠʠ ʦʩʪʨʳʤʠ 

ʧʨʝʜʤʝʪʘʤʠ, ʧʣʝʥʢʘ 

ʣʝʛʢʦ ʨʚʝʪʩʷ. 

ʄʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʜʦʤʘʭ ʠ 

ʦʬʠʩʘʭ, ʥʦ ʠ ʚ 

ʛʦʩʪʠʥʠʮʘʭ, 

ʩʧʦʨʪʠʚʥʳʭ 

ʦʙʲʝʢʪʘʭ, ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. 

 

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʦʞʥʳʝ, 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ 

ʨʝʰʝʥʠʷ, ʩʘʤʳʝ 

ʬʘʥʪʘʩʪʠʯʝʩʢʠʝ ʠʜʝʠ.  

 

ʃʝʛʢʦ ʜʦʩʪʫʧʥʳ ʥʘ 

ʨʳʥʢʘʭ/ʩʘʣʦʥʘʭ. 

 

ʇʨʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʠ 

ʘʣʶʤʠʥʠʝʚʳʡ ʧʨʦʬʠʣʴ 

ʚʳʜʝʨʞʠʚʘʶʪ ʜʦ 100 

ʣʠʪʨʦʚ ʚʦʜʳ ʥʘ 1 ʤ2 ʚ 

ʩʣʫʯʘʝ ʧʨʦʨʳʚʘ ʪʨʫʙ. 

ʇʦʩʣʝ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ ʵʩʪʝʪʠʯʥʳʡ 

ʚʥʝʰʥʠʡ ʚʠʜ ʧʦʪʦʣʢʘ 

ʣʝʛʢʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

 

  

ʉ ʪʘʢʦʡ ʦʪʜʝʣʢʦʡ 

ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʣʶʙʳʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʠʧʳ ʩʚʝʪʠʣʴʥʠʢʦʚ, 

LED ʠ ʥʝʦʥʦʚʦʡ 

ʧʦʜʩʚʝʪʢʠ. 

 

  

 

ʀʟ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʧʦʪʦʣʢʠ ʠ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʜʚʝʨʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʝʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ, ʯʪʦ ʜʘʸʪ ʠʤ ʥʘʠʙʦʣʴʰʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, 

ʠʤʝʥʥʦ ʚ ʩʬʝʨʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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Mbeyanje Augustino, N. N. Kuznetsova  

 

THERMAL EFFECTS ON VARIOUS MATERIALS  

AND INVESTIGATION OF SUCH EFFECTS  
 
The degree of thermal damage to the material is determined by two main parameters - 

temperature and heating duration. It is calculated through the measured value associated with the 

process of thermal destruction. 

Keywords: material; thermal damage; fire site inspection; focal signs; deformation; 

construction. 
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ʆʩʤʦʪʨ ʤʝʩʪʘ ʧʦʞʘʨʘ ð ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʧʦʩʣʝ ʯʨʝʟʚʳʯʘʡʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʧʦʞʘʨʦʤ. ʆʩʤʦʪʨ ʤʝʩʪʘ ʧʦʞʘʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʣʶʙʦʛʦ ʧʦʞʘʨʘ. ʊʘʢʞʝ ʢʘʢ ʠ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʣʶʙʦʛʦ 

ʧʨʝʩʪʫʧʣʝʥʠʷ ʩʣʝʜʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʳ ʣʶʙrʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʩ ʤʝʩʪʘ 

ʧʨʝʩʪʫʧʣʝʥʠʷ, ʪʘʢ ʠ ʤʝʩʪʦ ʧʦʞʘʨʘ ʜʣʷ ʠʥʩʧʝʢʪʦʨʘ ɻʇʉ ð ʛʣʘʚʥʝʡʰʠʡ ʠʩʪʦʯʥʠʢ 

ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʠʟʦʰʝʜʰʝʤ. ʊʦʛʜʘ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦʯʝʚʠʜʮʝʚ, 

ʜʦʢʫʤʝʥʪʳ ʧʦ ʟʘʚʝʜʸʥʥʦʤʫ ʨʘʩʩʣʝʜʦʚʘʥʠ ʁʠ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʤʦʛʫʪ ʥʝʩʪʠ ʫʞʝ 

ʠʩʢʘʞʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ [2]. ʊʘʢʞʝ ʦʧʳʪ, ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ ʩʧʝʮʠʘʣʠʩʪʘ 

ʠʤʝʶʪ ʥʝʦʮʝʥʠʤʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʦʩʤʦʪʨʝ ʤʝʩʪʘ ʧʦʞʘʨʘ. ɺ ʩʣʫʯʘʝ 

ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʦʛʦ, ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʦʩʤʦʪʨʘ ʜʝʡʩʪʚʠʷ ʧʦʩʣʝʜʫʶʱʠʝ ʧʦ ʨʘʩʩʣʝʜʦʚʘʥʠʶ ʧʦʞʘʨʘ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʙʝʩʩʤʳʩʣʝʥʥʳʤʠ. ʊʝʤ ʙʦʣʝʝ ʯʪʦ ʧʝʨʚʠʯʥʳʡ ʦʩʤʦʪʨ ʤʝʩʪʘ ʧʦʞʘʨʘ ʥʘʠʙʦʣʝʝ 

ʚʘʞʝʥ, ʥʝʚʦʟʤʦʞʥʦ ʟʘʤʦʨʦʟʠʪʴ ʠ ʦʩʪʘʚʠʪʴ ʝʛʦ ʜʣʷ ʧʦʚʪʦʨʥʳʭ ʦʩʤʦʪʨʦʚ. ʇʦʵʪʦʤʫ 

ʚʦʩʧʦʣʥʠʪʴ ʜʦʧʫʱʝʥʥʳʝ ʧʨʠ ʥʝʚʥʠʤʘʪʝʣʴʥʦʤ ʦʩʤʦʪʨʝ ʧʨʦʙʝʣʳ ʩ ʤʝʩʪʘ ʧʦʞʘʨʘ 

ʥʝʚʦʟʤʦʞʥʦ, ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʞʘʨʝ ʧʨʝʜʦʩʪʘʚʠʪʴ ʥʝ ʩʤʦʛʫʪ ʜʘʞʝ ʣʫʯʰʠʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʠ ʵʢʩʧʝʨʪʳ. 

ʇʦʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦ ʚʨʝʤʷ ʧʦʞʘʨʘ, 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʠ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ 

ʩʧʝʮʠʬʠʯʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɽʩʣʠ ʧʨʠ ʦʩʤʦʪʨʝ ʨʘʟʨʫʰʝʥʠʷ 

ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʠʟʫʘʣʴʥʦ, ʩʧʝʮʠʘʣʠʩʪʳ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ 

ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʫʪʚʝʨʞʜʸʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʈʘʟʤʝʨ 

ʚʝʣʠʯʠʥʳ ʨʘʟʨʫʰʝʥʠʡ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʪʝʨʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʩʩʯʠʪʳʚʘʶʪ 

ʠ ʦʙʲʷʩʥʷʶʪ ʢʘʢ çʉʪʝʧʝʥʴ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡè. ʆʥʘ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ 

ʥʘʧʨʷʤʫʶ ʩʣʦʚʝʩʥʦ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ʂ ʧʨʠʤʝʨʫ, 

çʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʣʢʠʭ ʪʨʝʱʠʥè ʠʣʠ 

çʩʠʣʴʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ʩ ʨʘʩʩʣʦʝʥʠʝʤ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷè. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ 

ʚʝʣʠʯʠʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ, ʧʦʣʫʯʘʝʤʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ. 

ʇʨʠʤʝʨʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʤʝʨʝʥʠʝ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʠʣʠ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʠ ʩʪʘʣʴʥʦʡ 

ʙʘʣʢʠ. 

ʉʪʝʧʝʥʴ ʧʦʨʘʞʝʥʠʷ ʦʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʛʣʘʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ - ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 

ʚʨʝʤʝʥʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʦʛʥʝʤ [1]. ʇʨʠʯʝʤ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʨʝʤʝʥʥʳʭ ʨʘʤʦʢ. ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ 

ʧʦʨʘʞʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨ rʥʘ ʜʨʝʚʝʩʠʥʫ ʧʝʨʚʳʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʠʟʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʪʝʤʥʝʥʠʝ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 110 0ʉ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 300 0ʉ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʘʢʪʠʚʥʦʝ 

ʪʣʝʥʠʝ ʜʨʝʚʝʩʠʥʳ; ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʝ ʫʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʦʣʦ 400 0ʉ. 

ʆʙʫʛʣʠʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ ʧʦʞʘʨʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ ʨʘʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʦʮʝʥʢʠ ʧʦʨʘʞʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʧʦʞʘʨʝ. 

ɼʘʞʝ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʫʛʣʷ ʩʧʝʮʠʘʣʠʩʪʳ ʜʝʣʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʚʦʜʳ. 

ʊʘʢ, ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʣʘʤʝʥʥʦʤ ʛʦʨʝʥʠʠ ʫʛʦʣʴ ʬʦʨʤʠʨʫʝʪʩʷ ʣʝʛʢʠʡ ʠ ʨʳʭʣʳʡ. 

ɽʩʣʠ ʦʥ ʙʦʣʝʝ ʧʣʦʪʥʳʡ ʠ ʪʷʞʝʣʳʡ, ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʩ ʦʩʪʘʚʰʝʤʩʷ ʠ 

ʦʧʨʝʜʝʣʷʝʤʳʤ ʚʠʟʫʘʣʴʥʦ ʨʠʩʫʥʢʦʤ ʛʦʜʦʚʳʭ ʢʦʣʝʮ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʪʣʝʥʠʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ ʧʨʦʮʝʩʩʝ ʧʠʨʦʣʠʟ. ɽʩʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ, ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʨʘʪʠʤʳʤ   

ʠʟʤʝʥʝʥʠʷʤ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʚʳʛʦʨʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʜʦ ʟʦʣʳ ʩʝʨʦʛʦ 

ʮʚʝʪʘ. ʉʧʝʮʠʘʣʠʩʪ ʪʘʢʞʝ ʧʳʪʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʨʦʜʫ ʚʳʛʦʨʘʥʠʷ, ʠʣʠ ʧʨʦʛʘʨʘ, 

ʛʜʝ ʚʦʟʤʦʞʥʦ ʥʘʭʦʜʠʪʩʷ ʦʯʘʛ ʧʦʞʘʨʘ ʠʣʠ ʩʣʝʜʳ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. ʅʝʚʠʜʠʤʳʝ 

ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʫʛʣʝʡ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ 

ʦʪ ʫʩʣʦʚʠʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʞʘʨʝ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʪʦ ʧʦʩʣʝʜʩʪʚʠʷ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʜʝʣʷʶʪ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: ʜʝʬʦʨʤʘʮʠʷ; 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʠʩʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ; ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚʣʝʢʫʱʠʝ 

ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ; ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʪʘʣʣʘ ʚ 

ʤʝʪʘʣʣʝ; ʨʘʩʧʣʘʚʣʝʥʠʝ; ʛʦʨʝʥʠʝ ʤʝʪʘʣʣʘ.  

ʋʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 0ʉ ʫ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʠʩʭʦʜʠʪ 

ʚʠʜʠʤʳʝ ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 500 0ʉ ʥʘʛʨʝʚʘ ʜʝʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʫʰʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʧʝʮʠʘʣʠʩʪ ʧʨʠ 

ʚʝʨʥʦʤ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ. ʄʝʪʘʣʣʳ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʢʘʢ ʧʨʘʚʠʣʦ 

ʚ ʩʪʦʨʦʥʫ ʥʘʠʙʦʣʴʰʝʛʦ ʥʘʛʨʝʚʘ [3]. 

ʇʦ ʪʦʤʫ ʤʝʩʪʫ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʛʜʝ ʧʨʦʠʟʦʰʣʘ ʥʘʠʙʦʣʴʰʘʷ 

ʜʝʬʦʨʤʘʮʠʷ, ʥʝʣʴʟʷ ʦʙʷʟʘʪʝʣʴʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʘʠʙʦʣʝʝ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʟʦʥʝ ʟʜʝʩʴ. ɽʩʣʠ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝʩʣʘ ʥʘʠʙʦʣʴʰʫʶ ʥʘʛʨʫʟʢʫ, ʠʣʠ ʚ 

ʥʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʠʟʛʠʙʘʶʱʠʡ ʵʣʝʤʝʥʪ. ʅʘʧʨʠʤʝʨ, ʩʠʣʴʥʦ 

ʠʟʦʛʥʫʪʘʷ ʩʪʘʣʴʥʘʷ ʙʘʣʢʘ (ʨʠʩ.1).  

 

 
 

ʈʠʩ. 1.  ɼʝʬʦʨʤʘʮʠʷ ʩʪʘʣʴʥʦʡ ʙʘʣʢʠ ʧʝʨʝʢʨʳʪʠʷ 

 

ʆʜʥʘʢʦ, ʝʩʣʠ ʩʪʘʣʴʥʳʝ ʙʘʣʢʠ ʧʝʨʝʢʨʳʪʠʷ ʠʤʝʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥ 

ʜʝʬʦʨʤʘʮʠʠ ʪʘʢʦʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʪʦ ʟʜʝʩʴ ʤʦʞʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʧʦ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʦʨʝʥʠʷ. 

 



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  

ʇʆɾɸʈʅʆʁ ʆʇɸʉʅʆʉʊʀ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 
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ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʦʨʝʥʠʷ 

 

ʈʠʩ. 2. ɺʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʡ ʦʜʥʦʪʠʧʥʳʭ ʩʪʘʣʴʥʳʭ ʙʘʣʦʢ ʧʝʨʝʢʨʳʪʠʷ 

 

 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʝʪ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚʝʣʠʯʠʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʦʪʥʦʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʘ ʢ ʚʝʣʠʯʠʥʝ 

ʫʯʘʩʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʛʠʙ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʦʯʘʛʘ ʧʦʞʘʨʘ ʧʦʣʝʟʥʘ ʠʥʬʦʨʤʘʮʠʷ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʊʘʢʞʝ ʩʧʝʮʠʘʣʠʩʪ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʬʠʢʩʘʮʠʶ ʚʳʩʦʪʳ ʠʟʣʦʤʘ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ: ʦʥʘ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʙʣʠʞʝ ʢ ʦʯʘʛʫ ʧʦʞʘʨʘ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʩʧʝʮʠʘʣʠʩʪʫ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʦʪ ʦʯʘʛʘ ʢ ʧʝʨʠʬʝʨʠʠ. ɺʘʞʥʳʤ ʦʯʘʛʦʚʳʤ ʧʨʠʟʥʘʢʦʤ 

ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʥʘʯʘʣʝ 

ʧʦʞʘʨʘ ʧʨʦʠʩʭʦʜʷʪ ʦʙʳʯʥʦ ʪʘʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜ ʘʢʪʠʚʥʳʤ ʚʣʠʷʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʦʢʘ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ ʦʯʘʛʘ. 

ʉʧʝʮʠʘʣʠʩʪʳ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʦʩʤʦʪʨʝ ʤʝʩʪʘ ʧʦʞʘʨʘ ʪʘʢʞʝ ʚʥʠʤʘʪʝʣʴʥʦ 

ʬʠʢʩʠʨʫʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ  

- ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʮʚʝʪʘ ʧʦʙʝʞʘʣʦʩʪʠè ʥʘ ʩʪʘʣʠ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʠ ʚʠʜʳ 

ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʟʘʚʠʩʪ̫ ʦʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʦʡ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʨʠʯʠʥʳ ʧʦʞʘʨʘ; 

- ʦʢʘʣʠʥʘ, ʝʝ ʪʦʣʱʠʥʘ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʆʥʘ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʪʨʝʭ 

ʩʣʦʝʚ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʦʚ ð ʚʫʩʪʠʪʘ (FeO), ʛʝʤʘʪʠʪʘ (Fe2O3) ʠ ʤʘʛʥʝʪʠʪʘ (Fe3O4). 

ʏʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʙʦʣʴʰʝ ʚ ʦʢʘʣʠʥʝ ʚʫʩʪʠʪʘ ʠ ʤʝʥʴʰʝ ʛʝʤʘʪʠʪʘ; 

- ʥʘʣʠʯʠʝ ʣʦʢʘʣʴʥʳʭ ʟʦʥ ʨʘʩʧʣʘʚʣʝʥʠʷ ʚ ʤʝʪʘʣʣʝ. ʂ ʧʨʠʤʝʨʫ, 

ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʧʨʦʪʦʢʦʣʝ ʤʝʩʪʘ ʨʘʩʧʣʘʚʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ (600-660 
0ʉ), ʙʨʦʥʟʳ (880-1040 0ʉ), ʤʝʜʠ (1083 0ʉ), ʩʪʘʣʠ (1300ï1400 0ʉ). 

ʈʘʩʧʣʘʚʣʝʥʠʷ ʥʘ ʧʦʞʘʨʝ ʜʦʚʦʣʴʥʦ ʨʝʜʢʠ ʜʣʷ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ. ɽʩʣʠ ʪʘʢʦʝ ʧʨʦʠʟʦʰʣʦ, ʦʙʷʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʬʠʢʩʘʮʠʷ ʩʘʤʦʛʦ ʬʘʢʪ 

ʠʭ ʥʘʣʠʯʠʷ ʚʘʞʝʥ, ʘ ʧʨʠʯʠʥʘ ʪʘʢʦʛʦ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʣʝʜʫʝʪʩʷ 

ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠ ʢʦʥʢʨʝʪʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ.  

  



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  
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ʇʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʤʝʩʪʘ ʧʦʞʘʨʘ ʚʘʞʥʝʡʰʠʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʚʝʨʥʦʝ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʯʘʛʘ (ʦʯʘʛʦʚ) ʧʦʞʘʨʘ. ʈʝʰʘʝʪʩʷ ʪʘʢʘʷ ʟʘʜʘʯʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʧʦʣʫʯʘʶʪ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʝʜʤʝʪʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʙʱʝʧʨʠʥʷʪʳʭ ʦʯʘʛʦʚʳʭ ʧʨʠʟʥʘʢʦʚ [2]. 

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʩʘʤʳʭ ʦʯʘʛʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʚʣʠʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʛʦʨʝʥʠʷ ʠ ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʛʦʨʝʥʠʷ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʚʦʟʛʦʨʘʥʠʷ. ʕʪʠ ʦʯʘʛʦʚʳʝ 

ʧʨʠʟʥʘʢʠ ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ ʤʦʛʫʪ ʠʩʯʝʟʥʫʪʴ ʚʦʦʙʱʝ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʪʱʘʪʝʣʴʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʩʣʝʜʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʠʭ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʦʩʤʦʪʨʝ.  
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ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆʊɺ  

ʇʆʈʆʐʂʆɺʓʍ ʆɻʅɽʊʋʐʀʊɽʃɽʁ 

 
ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʦʛʥʝʪʫʰʘʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʝʱʝʩʪʚ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʪʫʰʝʥʠʶ ʤʠʢʨʦʧʦʞʘʨʦʚ ʢʣʘʩʩʘ ɺ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙ 

ʦʩʥʘʱʝʥʠʠ ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ ʧʦʨʦʰʢʦʚʳʤʠ ʦʛʥʝʪʫʰʠʪʝʣʷʤʠ ʩ ʫʯʝʪʦʤ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʥʠʤʘʪʝʣʴʥʦ 

ʧʦʜʭʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʦʛʥʝʪʫʰʠʪʝʣʝʡ, ʫʯʠʪʳʚʘʷ ʠʭ ʚʝʩ, ʤʝʩʪʦ ʫʩʪʘʥʦʚʢʠ ʠ ʨʝʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʦʚ ʥʘ ʦʙʲʝʢʪʝ 

ʟʘʱʠʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; ʆʊɺ; ʪʫʰʘʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ; 

ʧʦʞʘʨʦʪʫʰʝʥʠʝ. 
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ANALYSIS OF THE EFFICIENCY OF POWDER FIRE EXTINGUISHERS  
 

The article analyzes the compliance of the normative extinguishing ability of substances with 

the results of experiments on extinguishing class B microfires. The question of equipping the object 

of protection with powder fire extinguishers taking into account their effectiveness is considered. It 

emphasizes the need for fire safety specialist to carefully consider the choice of fire extinguishers, 

taking into account their weight, place of installation and real efficiency, to improve the quality of 

fire prevention system at the protection object. 

Keywords: fire safety; OTV; extinguishing capacity; firefighting. 

 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʠʥ ʠʟ ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ, 

ʢʦʪʦʨʫʶ ʦʙʷʟʘʥ ʦʧʨʝʜʝʣʠʪʴ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʟʘʱʠʱʘʝʤʦʤ ʦʙʲʝʢʪʝ, ð ʵʪʦ ʧʝʨʝʥʦʩʥʳʝ ʦʛʥʝʪʫʰʠʪʝʣʠ ʩ ʧʦʨʦʰʢʦʚʳʤʠ 

ʦʛʥʝʪʫʰʘʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʆʊɺ). ʅʘʣʠʯʠʝ ʜʘʥʥʳʭ ʦʛʥʝʪʫʰʠʪʝʣʝʡ ʜʦʣʞʥʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ ʦʜʥʠʤ ʯʝʣʦʚʝʢʦʤ ʥʘ ʧʣʦʱʘʜʠ, 

ʫʢʘʟʘʥʥʦʡ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʦʛʥʝʪʫʰʠʪʝʣʷ. ɼʘʣʝʢʦ ʥʝ 

ʢʘʞʜʦʝ ʧʦʨʦʰʢʦʚʦʝ ʚʝʱʝʩʪʚʦ ʩʧʦʩʦʙʥʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʪʫʰʠʪʴ ʧʦʞʘʨ, ʜʘʞʝ ʝʩʣʠ 

ʦʥʦ ʩʦʟʜʘʝʪ ʧʣʦʪʥʦʝ ʦʙʣʘʢʦ ʧʳʣʠ. ʅʘʧʨʠʤʝʨ, ʧʣʦʪʥʦʝ ʦʙʣʘʢʦ ʠʥʝʨʪʥʦʡ ʧʳʣʠ 

ʤʦʣʦʪʦʛʦ ʠʟʚʝʩʪʥʷʢʘ ʥʝ ʩʧʨʘʚʠʪʴʩʷ ʩ ʟʘʜʘʯʝʡ ʧʦ ʪʫʰʝʥʠʶ ʧʦʞʘʨʘ, ʪʘʢ ʢʘʢ ʚ ʥʝʤ 

ʦʪʩʫʪʩʪʚʫʝʪ ʜʝʡʩʪʚʫʶʱʝʝ (ʠʥʛʠʙʠʨʫʶʱʝʝ) ʚʝʱʝʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʨʘ, 

ʘʤʤʦʥʠʷ, ʭʣʦʨʠʜʘ ʠʣʠ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʝʡʩʪʚʫʶʱʠʝ 

(ʠʥʛʠʙʠʨʫʶʱʠʝ) ʚʝʱʝʩʪʚʘ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʠ ʧʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʧʦʨʦʡ ʵʢʦʥʦʤʷʪ ʥʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ.  

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʘ ʥʦʨʤʘʪʠʚʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʨʦʰʢʦʚʳʭ 

ʦʛʥʝʪʫʰʠʪʝʣʝʡ, ʛʜʝ ʧʦʩʣʝʜʥʷʷ ʩʪʨʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ 

ʆʊɺ ʧʨʠ ʩʝʨʪʠʬʠʢʘʮʠʠ. 

 
ʊʘʙʣʠʮʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʆʊɺ  

ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʥʛʘ ʤʦʜʝʣʴʥʦʛʦ ʦʯʘʛʘ ʧʦʞʘʨʘ ʢʣʘʩʩʘ ɺ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʜʣʷ ʚʳʙʦʨʦʯʥʦʡ ʧʨʦʚʝʨʢʠ 

ʨʝʘʣʴʥʦʡ ʦʛʥʝʪʫʰʘʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʆʊɺ, ʧʨʦʚʝʨʷʝʤʦʛʦ ʩʦʛʣʘʩʥʦ ʨʝʛʣʘʤʝʥʪʫ 

ɻʆʉʊ ʈ 59641-2021.  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʧʨʦʚʝʨʢʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʨʦʰʢʦʚʳʭ ʦʛʥʝʪʫʰʠʪʝʣʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʧʨʦʱʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʘʚʥʠʚʘʶʪʩʷ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʘʣʴʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʠ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʨʦʰʢʦʚʳʭ ʦʛʥʝʪʫʰʘʱʠʭ ʩʨʝʜʩʪʚ. 

 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʆʊɺ 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʣʠʢʚʠʜʘʮʠʠ ʧʣʘʤʝʥʠ ʨʘʟʣʠʯʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ 

ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 1000 ʨʘʟ [1]. ɼʣʷ ʧʦʨʦʰʢʦʚʳʭ ʦʛʥʝʪʫʰʠʪʝʣʝʡ 

ʧʨʠʤʝʥʷʶʪ ʩʤʝʩʴ ʠʥʝʨʪʥʦʛʦ ʧʦʨʦʰʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʚ ʚʠʜʝ ʩʦʣʝʡ 

ʤʝʪʘʣʣʦʚ, ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʠ ʭʣʦʨʘ, ʢʦʪʦʨʳʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʟʳʚʘʶʪ 

ʘʢʪʠʚʥʳʤʠ ʜʦʙʘʚʢʘʤʠ. ɺ ʨʘʙʦʪʝ [2] ʠʩʩʣʝʜʦʚʘʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʘʢʦʛʦ ʪʠʧʘ ʠʥʛʠʙʠʪʦʨʦʚ ʠ ʠʭ ʩʤʝʩʝʡ ʚ ʤʦʜʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ (ʆʊɺ) ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʦʛʥʝʪʫʰʘʱʝʛʦ ʧʦʨʦʰʢʘ 

ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ʫʧʨʦʱʝʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʆʊɺ. ɹʳʣ 

ʧʨʠʤʝʥʝʥ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ 

ʠʤʧʫʣʴʩʥʦʛʦ ʚʧʨʳʩʢʘ ʧʦʨʦʰʢʘ ʚ ʤʠʢʨʦʧʦʞʘʨ ʢʣʘʩʩʘ ɺ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ 

ʛʦʨʝʥʠʷ ʦʢʦʣʦ 0,00636 ʤ2. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʜʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʠʢʨʦʧʦʞʘʨ ʨʘʜʠʫʩʦʤ ʧʨʠʤʝʨʥʦ 20 ʩʤ [3], ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʯʘʛ 

ʤʠʢʨʦʧʦʞʘʨʘ ʠʤʝʝʪ ʨʘʜʠʫʩ ʦʢʦʣʦ 4,5 ʩʤ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʫʩʪʘʥʦʚʢʘ ʟʘ 1.0Ñ0.01 

ʩʝʢʫʥʜʫ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʧʘʥʘ ʚʳʧʫʩʢʘʝʪ ʯʝʨʝʟ ʙʫʥʢʝʨ ʩ ʧʦʨʦʰʢʦʤ 

1 ʣʠʪʨ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘʷ ʦʙʣʘʢʦ ʩ ʧʦʨʦʰʢʦʤ ʦʙʱʝʡ ʤʘʩʩʦʡ ʦʪ 0,2 ʜʦ 1 ʛʨʘʤʤʘ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʦʧʣʘ ʦʪ 200 ʜʦ 1000 ʛʨ/ʤ3. ʅʘʧʨʠʤʝʨ, 

ʦʙʣʘʢʦ ʯʘʩʪʠʮ ʪʫʰʘʱʝʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʜʠʬʬʫʟʠʦʥʥʳʡ ʬʘʢʝʣ ʛʦʨʝʥʠʷ 

ʙʝʥʟʠʥʘ, ʠ ʤʝʥʝʝ ʯʝʤ ʟʘ ʩʝʢʫʥʜʫ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʧʦʛʘʩʘʥʠʝ. ʇʫʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʤʘʩʩʳ ʙʫʥʢʝʨʘ ʩ ʧʦʨʦʰʢʦʤ ʜʦ ʠ ʧʦʩʣʝ ʚʧʨʳʩʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʘ ʯʘʩʪʠʮ ʚ 

ʦʙʣʘʢʝ ʠ ʯʘʩʪʠʯʥʦ ʦʩʝʚʰʠʭ ʥʘ ʩʪʝʥʢʘʭ ʧʦʨʦʰʢʘ. ʕʪʦʪ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ Ansys CFX ʧʨʦʚʝʣʠ ʯʠʩʣʝʥʥʳʡ 

ʘʥʘʣʠʟ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʛʥʝʪʫʰʘʶʱʠʭ ʚʝʱʝʩʪʚ. ɺ ʤʦʜʝʣʠ, 

ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʩ ʤʘʩʩʦʚʳʤ ʨʘʩʭʦʜʦʤ 1.2 ʛ/ʩ ʠ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʩ ʨʘʩʭʦʜʦʤ 0,01 ʛ/ʩ 

ʚʳʭʦʜʷʪ ʠʟ ʚʳʧʫʩʢʥʦʛʦ ʩʦʧʣʘ ʥʘʜ ʤʠʢʨʦʧʦʞʘʨʦʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʜʠʘʤʝʪʨ 

ʯʘʩʪʠʮ ʠʟʤʝʥʷʣʩʷ. ʎʚʝʪ ʪʨʝʢʦʚ ʦʪʨʘʞʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ. ʅʘ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ 

ʦʙʣʘʢʦ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʜʚʠʞʝʪʩʷ ʰʠʨʦʢʦʡ ʩʪʨʫʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʨʫʧʥʳʝ 

ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʫʟʢʠʤ ʷʜʨʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʯʘʩʪʠʮʳ 

ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʟʦʥʫ ʦʯʘʛʘ ʤʠʢʨʦʧʦʞʘʨʘ. 
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ʈʠʩ. 1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʪʨʝʢʦʚ ʯʘʩʪʠʮ. 

ʉʣʝʚʘ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ 1 ʤʢʤ,  

ʩʧʨʘʚʘ 40 ʤʢʤ 

 

 

ʏʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʚʳʣʝʪʘʶʪ ʠʟ ʩʦʧʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 18 ʤ/c, ʥʦ ʧʨʠ 

ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʦʯʘʛʫ ʤʠʢʨʦʧʦʞʘʨʘ ʠʭ ʩʢʦʨʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʜʦ 2 ʤ/ʩ. ʅʘ ʨʠʩ. 2ʘ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʦʯʘʛʫ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ. 

ʄʝʣʢʠʝ ʯʘʩʪʠʮʳ, ʘʥʘʣʦʛʠʯʥʦ ʚʦʟʜʫʭʫ, ʪʝʨʷʶʪ ʩʢʦʨʦʩʪʴ ʙʳʩʪʨʝʝ, ʯʝʤ ʢʨʫʧʥʳʝ 

ʯʘʩʪʠʮʳ [4]. ʋ ʧʦʚʝʨʭʥʦʩʪʠ ʦʯʘʛʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠ ʚʦʟʜʫʭʘ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʘ ð ʦʢʦʣʦ 2 ʤ/ʩ. ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʙʦʣʝʝ 

ʭʘʦʪʠʯʥʦ, ʧʦʵʪʦʤʫ ʠʭ ʩʨʝʜʥʷʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʚʦʟʜʫʭʘ 

ʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ. 

ʄʠʢʨʦʧʦʞʘʨ ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʠʟ-ʟʘ ʩʚʦʝʡ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ. ʅʘ ʨʠʩ. 2ʙ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʥʘʜ ʦʯʘʛʦʤ ʤʠʢʨʦʧʦʞʘʨʘ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 25 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʦʧʣʘ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʯʘʛʘ ʤʠʢʨʦʧʦʞʘʨʘ, ʚ 

ʩʣʝʜʩʪʚʠʝ ʨʘʟʙʘʚʣʝʥʠʷ ʩʪʨʫʠ ʦʢʨʫʞʘʶʱʠʤ ʚʦʟʜʫʭʦʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʨʫʧʥʳʭ 

ʯʘʩʪʠʮ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ 25 ʨʘʟ, ʧʘʜʘʷ ʦʪ 12 ʜʦ 50 ʨʘʟ. ʋʯʠʪʳʚʘʷ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʧʨʠ ʨʘʩʭʦʜʝ ʯʘʩʪʠʮ 1 ʛ/ʩ ʠ ʚʦʟʜʫʭʘ 1 ʣ/ʩ ʤʘʩʩʦʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʨʦʰʢʘ ʥʘʜ ʦʯʘʛʦʤ ʩʦʩʪʘʚʠʪ ʧʨʠʤʝʨʥʦ 40 ʛ/ʤ3. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʫʰʝʥʠʷ 

ʤʠʢʨʦʧʦʞʘʨʘ ʢʣʘʩʩʘ ɺ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʆʊɺ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʀʥʝʨʪʥʦʝ ʚʝʱʝʩʪʚʦ ʚ ʚʠʜʝ ʠʟʚʝʩʪʥʷʢʘ ʠ ʩʤʝʩʠ ʠʟʚʝʩʪʥʷʢʘ ʩ ɾʂʉ ʠ ʇʌɸ. 
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ʈʠʩ. 2. ʘ) ɿʘʚʠʩʠʤʦʩʪ ɹʩʢʦʨʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʚʳʭʦʜʥʦʛʦ ʩʦʧʣʘ (ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʯʘʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 47 ʩʤ); 

ʙ) ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʥʘʜ ʦʯʘʛʦʤ ʤʠʢʨʦʧʦʞʘʨʘ  

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ nʦ ʥʘ ʚʳʭʦʜʝ  

ʠʟ ʩʦʧʣʘ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʯʘʩʪʠʮ 1 ʤʢʤ ʠ 40 ʤʢʤ). 

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʪʫʰʝʥʠʷ ʠʤʧʫʣʴʩʥʳʤ ʤʝʪʦʜʦʤ ʤʠʢʨʦʧʦʞʘʨʘ ʢʣʘʩʩʘ ɺ  

ʦʪ ʨʘʩʭʦʜʘ ʠ ʪʠʧʘ ʆʊɺ 

 

 

ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʠʟʚʝʩʪʥʷʢ ʥʝ ʧʨʦʭʦʜʠʪ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʢʘʢ ʧʣʘʤʝʛʘʩʠʪʝʣʴ, ʙʳʣʦ ʨʝʰʝʥʦ ʧʦʚʳʩʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʠʥʛʠʙʠʪʦʨʘ ʚ ʚʠʜʝ ʢʘʣʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʣʝʡ ɾʂʉ ʠ/ʠʣʠ ʧʦʣʠʬʦʩʬʘʪʘ ʘʤʤʦʥʠʷ 

(ʇʌɸ). ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʥʛʠʙʠʪʦʨʘ ʚ ʩʤʝʩʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 

ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʟʚʝʩʪʥʷʢ ʙʝʟ ʠʥʛʠʙʠʪʦʨʘ ʥʝ 

ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ, ʥʦ, ʝʩʣʠ ʜʦʙʘʚʠʪʴ ʢ ʥʝʤʫ 

ʠʥʛʠʙʠʪʦʨ, ʪʦ ʦʛʥʝʪʫʰʘʱʝʝ ʚʝʱʝʩʪʚʦ ʩ ʪʘʢʠʤ ʩʦʩʪʘʚʦʤ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʙʦʣʝʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ ʦʙʨʘʟʮʘʤ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʧʦʞʘʨʦʪʫʰʘʱʝʛʦ 

ʧʦʨʦʰʢʘ ʥʘ 20 % ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʛʥʝʪʫʰʘʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚʜʚʦʝ. 

  

a ʙ 
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ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʧʪʠʯʝʩʢʠʝ ʠ ʠʤʧʫʣʴʩʥʳʝ ʤʝʪʦʜʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʝʥʠʷ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʞʘʨʦʪʫʰʘʱʠʭ ʧʦʨʦʰʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦʜʘʚʣʷʪʴ ʧʦʞʘʨʳ ʢʣʘʩʩʘ 

ɺ. ɼʦʙʘʚʣʝʥʠʝ 10 % ʢʘʣʠʡʩʦʜʝʨʞʘʱʝʡ ʩʦʣʠ ʢ ʧʦʨʦʰʢʦʚʦʤʫ ʩʦʩʪʘʚʫ ʠʟʚʝʩʪʥʷʢʘ 

ʧʨʠʚʝʣʦ ʢ ʚʳʩʦʢʦʡ ʜʝʡʩʪʚʝʥʥʦʩʪʠ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ ʢʣʘʩʩʘ ɺ. ɼʣʷ ʧʦʣʥʦʛʦ 

ʪʫʰʝʥʠʷ ʧʣʘʤʝʥʠ ʧʦʪʨʝʙʫʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʨʦʰʢʘ ʚ ʚʦʟʜʫʭʝ ʤʝʥʝʝ 20 ʛ/ʤ3. 

ʄʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʦʰʢʘ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʪʫʰʝʥʠʷ 

ʤʠʢʨʦʧʦʞʘʨʘ ʢʣʘʩʩʘ ɺ, ʩʦʩʪʘʚʣʷʝʪ 0,461 ʛʨʘʤʤʘ (ʨʠʩ. 3), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʦʣʦ 18 ʛ/ʤ3 ʥʘʜ ʦʯʘʛʦʤ ʧʦʞʘʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʥʦʨʤʘʪʠʚʥʦʡ 

ʠ ʨʝʘʣʴʥʦʡ (ʣʘʙʦʨʘʪʦʨʥʦʡ) ʵʬʬʝʢʪʠʚʥʦʩʪʴ  ʁ ʧʦʨʦʰʢʦʚʳʭ ʦʛʥʝʪʫʰʘʱʠʭ 

ʩʦʩʪʘʚʦʚ. ʀʥʪʝʛʨʘʮʠʷ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʦʛʥʝʪʫʰʠʪʝʣʴ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʘʚʣʝʥʠʷ ʛʦʨʝʥʠʷ 

ʤʠʢʨʦʧʦʞʘʨʘ ʢʣʘʩʩʘ ɺ ʚʜʚʦʝ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʦʯʥʦʡ ʧʨʦʚʝʨʢʠ ʦʛʥʝʪʫʰʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ 

ʠʟ ʦʛʥʝʪʫʰʠʪʝʣʷ ʚʧʦʣʥʝ ʤʦʛʫʪ ʧʦʩʦʜʝʡʩʪʚʦʚʘʪʴ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʝʛʦ ʨʝʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʄʦʜʝʨʥʝʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʚʧʨʳʩʢʘ ʧʦʨʦʰʢʘ ʚ ʤʠʢʨʦʧʦʞʘʨ ʢʣʘʩʩʘ ɺ ʠʤʝʝʪ ʚ 

ʯʠʩʣʝ ʩʚʦʠʭ ʢʘʯʝʩʪʚ ʧʨʦʩʪʦʪʫ ʠ ʢʦʤʧʘʢʪʥʦʩʪ,ɹ ʠ ʪʨʝʙʫʝʪ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʛʥʝʪʫʰʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ, ʧʦʵʪʦʤʫ ʙʝʟ ʪʨʫʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ 

ʦʨʛʘʥʘʤʠ. ʕʪʦ ʧʦʤʦʞʝʪ ʠʩʢʣʶʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʫʣʫʯʰʠʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʦʛʥʝʪʫʰʘʱʠʭ ʧʦʨʦʰʢʦʚ, ʘ ʪʘʢʞʝ 

ʤʦʪʠʚʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 
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ʋɼʂ 614.849 
ʄʝʭʦʥʦʰʠʥʘ  ʄ. ʆ. ʄʝʪʦʜʠʢʘ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʦʚ 

 

ʄ. ʆ. ʄʝʭʦʥʦʰʠʥʘ  
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ  

ʠʤ. ɻʝʨʦʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʛʝʥʝʨʘʣʘ ʘʨʤʠʠ ɽ. ʅ. ɿʠʥʠʯʝʚʘ 
 

ʄɽʊʆɼʀʂɸ ʉʅʀɾɽʅʀʗ ʇʆɾɸʈʅʆʁ ʆʇɸʉʅʆʉʊʀ 

ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʆɹʒɽʂʊʆɺ ɺʆɼʆʈʆɼʅʆʁ ʕʅɽʈɻɽʊʀʂʀ  

ʅɸ ʆʉʅʆɺɽ ɸɼɸʇʊʀɺʅʆʁ ʊɽʍʅʆʃʆɻʀʀ  

ɻɸʈɸʅʊʀʈʆɺɸʅʅʆɻʆ ʇʈɽɼʆʊɺʈɸʑɽʅʀʗ ʇʆɾɸʈʆɺ 

 
ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʦʣʴʰʠʝ ʪʝʤʧʳ ʥʘʙʠʨʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ, ʩʧʦʩʦʙʥʦʡ ʚʳʷʚʣʷʪʴ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʦʞʘʨʦʦʧʘʩʥʫʶ ʩʠʪʫʘʮʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʨʦʜ; ʤʝʪʦʜʠʢʘ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ; ʧʦʞʘʨʥʘʷ 

ʦʧʘʩʥʦʩʪʴ; ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʠʩʢ. 

 

M. O. Mekhonoshina  
 

METHODOLOGY FOR REDUCING THE FIRE HAZARD  

OF HYDROGEN ENERGY PRODUCTION FACILITIES BASED  

ON ADAPTIVE TECHNOLOGY FOR GUARANTEED FIRE PREVENTION  

 
Hydrogen production is gaining momentum in the Russian Federation. In this regard, it is 

necessary to develop a technique capable of identifying a fire hazardous situation at an early stage. 

Keywords: hydrogen; fire hazard reduction technique; fire hazard; potential risk. 

 

 

ʄʝʪʦʜʠʢʘ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʘʥʥʝʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʛʦʨʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʩʠʩʪʝʤ ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ [1ï2]. 

ʆʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʛʦʨʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʳ, ʷʚʣʷʶʪʩʷ: 
1. ɼʝʪʝʢʮʠʷ ʜʳʤʘ ʠ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. ʋʩʪʘʥʦʚʢʘ ʘʚʪʦʥʦʤʥʳʭ 

ʜʳʤʦʚʳʭ ʠʟʚʝʱʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʩʨʘʟʫ ʞʝ ʦʙʥʘʨʫʞʠʪʴ ʚʦʟʛʦʨʘʥʠʝ ʠ 
ʘʢʪʠʚʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʵʚʘʢʫʘʮʠʠ. 

2. ʊʝʧʣʦʚʘʷ ʜʝʪʝʢʮʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʠʟʚʝʱʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ 
ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʦʥʝ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ 
ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʚʦʟʤʦʞʥʦʤ ʧʦʞʘʨʝ. 
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3. ɻʘʟʦʚʘʷ ʜʝʪʝʢʮʠʷ. ʋʩʪʘʥʦʚʢʘ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʦʙʥʘʨʫʞʠʚʘʪʴ ʫʪʝʯʢʫ ʚʦʜʦʨʦʜʘ ʠʣʠ ʜʨʫʛʠʭ ʛʦʨʶʯʠʭ ʛʘʟʦʚ, ʧʦʤʦʛʘʝʪ 
ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʞʘʨʘ. ʊʘʢʞʝ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʠʩʪʝʤʫ 
ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ. 

4. ɺʠʟʫʘʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʝ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʘʤʝʨ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʚ ʟʦʥʘʭ 
ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʚʦʟʛʦʨʘʥʠʝ ʠ 
ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʜʣʷ ʝʛʦ ʪʫʰʝʥʠʷ. 

5. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʞʘʨʦʪʫʰʝʥʠʝ. ʋʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʧʦʞʘʨʥʳʝ ʩʧʨʠʥʢʣʝʨʳ ʠʣʠ ʛʘʟʦʚʳʝ ʪʫʰʠʪʝʣʠ, 
ʧʦʤʦʛʘʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʛʥʷ ʠ ʙʳʩʪʨʦ ʧʦʪʫʰʠʪʴ ʝʛʦ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʥʠʞʝʥʠʶ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ 
ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ, ʥʦ ʠ 
ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʥʘ ʠʩʧʨʘʚʥʦʩʪʴ ʚʩʝʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 
ʩʨʝʜʩʪʚ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʨʘʙʦʪʝ ʩ ʩʠʩʪʝʤʦʡ ʠ ʧʨʦʚʝʜʝʥʠʝ 
ʪʨʝʥʠʨʦʚʦʢ ʧʦ ʵʚʘʢʫʘʮʠʠ ʚ ʩʣʫʯʘʝ ʧʦʞʘʨʘ. 

ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʛʦʨʘʥʠʡ ʥʘ 
ʦʙʲʝʢʪʘʭ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 
ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʞʘʨʦʚ [3ï5]. 

ʄʝʪʦʜʠʢʘ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ 
ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 
ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʤʝʨ: 

1. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʝʪʩʷ ʙʘʟʘ ʟʥʘʥʠʡ ʦʙ ʦʙʲʝʢʪʝ ʚʦʜʦʨʦʜʥʦʡ 
ʵʥʝʨʛʝʪʠʢʠ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 
ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

3. ɿʘʛʨʫʟʢʘ ʠʤʝʶʱʠʭʩʷ ʩʚʝʜʝʥʠʡ ʥʘ ʨʘʙʦʯʠʡ ʩʪʦʣ ʜʝʞʫʨʥʦʛʦ ʜʠʩʧʝʪʯʝʨʘ. 
4. ʆʧʨʦʩ ʜʘʪʯʠʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʤʝʱʝʥʠʠ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ. 
5. ʇʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʜʘʪʯʠʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʤʝʱʝʥʠʠ 

ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ. 
6. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ. 
7. ʆʪʥʝʩʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʢ ʢʘʪʝʛʦʨʠʷʤ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ. ɽʩʣʠ 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʪʝʛʦʨʠʷ çʅʠʟʢʘʷ ʧʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴè, ʪʦ ʤʦʥʠʪʦʨʠʥʛ ʦʙʲʝʢʪʘ 
ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʪʘʜʠʶ çʆʧʨʦʩ ʜʘʪʯʠʢʦʚè, ʩʯʠʪʘʝʪʩʷ ʯʪʦ ʦʙʲʝʢʪ 
ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʙʝʟʦʧʘʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɽʩʣʠ ʦʧʨʝʜʝʣʝʥʘ 
ʢʘʪʝʛʦʨʠʷ çʉʨʝʜʥʷʷ ʧʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴè, çɺʳʩʦʢʘʷ ʧʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴè, 
çʂʨʠʪʠʯʝʩʢʘʷ ʧʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴè, ʪʦ ʥʝʦʙʭʦʜʠʤ ʧʦʜʙʦʨ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ 
ʤʝʨʦʧʨʠʷʪʠʡ, ʩʧʦʩʦʙʥʳʭ ʩʥʠʟʠʪʴ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʪʩʫʪʩʪʚʠʝ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ. 

8. ʇʦʚʪʦʨʥʳʡ ʦʧʨʦʩ ʜʘʪʯʠʢʦʚ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʳʡ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ 
ʫʨʦʚʥʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ. 

9. ɺʳʚʦʜ ʜʘʥʥʳʭ ʥʘ ʨʘʙʦʯʠʡ ʩʪʦʣ ʜʝʞʫʨʥʦʛʦ ʜʠʩʧʝʪʯʝʨʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʲʝʢʪʘ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ. 
 

 
ʈʠʩʫʥʦʢ. ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʠʢʠ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ  

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

 

 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʪ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ. 
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ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ. 

 

PRACTICAL ASSESSMENT OF THE FIRE EXTINGUISHING POTENTIAL 
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The paper, the fire hazard of individual components of decontaminating substances that are in 

service with the Ministry of Emergency Situations of the Russian Federation is considered. A test 

was carried out on a class A model fire source, conclusions were drawn. 
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ɺ ʨʘʩʧʦʨʷʞʝʥʠʠ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʝ ɻʆ ʏʉ ʥʘʭʦʜʷʪʩʷ ʥʘ ʭʨʘʥʝʥʠʠ ʟʘʧʘʩʳ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ, 

ʜʝʛʘʟʠʨʫʶʱʠʭ ʠ ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʢʘʢ ʦʛʥʝʪʫʰʘʱʠʝ ʚʝʱʝʩʪʚʘ [1ï3]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʘʬʝʜʨʦʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʥʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʛʥʝʪʫʰʘʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ, ʜʝʛʘʟʠʨʫʶʱʠʭ ʠ ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʭ 

ʨʘʩʪʚʦʨʦʚ. ɿʘ ʦʩʥʦʚʫ ʙʳʣʠ ʚʟʷʪʳ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ [4] ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ. 
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ʊʘʙʣʠʮʘ. ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʪʫʰʝʥʠʷ 

 

ˉ ɺʝʱʝʩʪʚʦ ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, % ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

1 ʍʣʦʨʥʘʷ ʠʟʚʝʩʪʴ 10 % 10 % Ca(Cl)OCl 

2 ʍʣʦʨʘʤʠʥ 10 % 10 % NH Cl 

3 ʉʫʣʴʬʦʥʦʣ 0.03 % 0.03 % CnH2n+1C H NaO S 

4 ʂʠʩʣʦʪʘ ʣʠʤʦʥʥʘʷ 10 % 10 % C H O 

5 ɻʠʧʦʭʣʦʨʠʪ ʢʘʣʴʮʠʷ 10 % 10 % ʉa(ClO) 

 

ʈʘʟʤʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʯʘʛʘ ʧʦʞʘʨʘ ʢʣʘʩʩʘ ɸ (ʜʘʣʝʝ ʕʆʇ-ɸ): 

ʚʳʩʦʪʘ h = 70 ʤʤ, ʜʠʘʤʝʪʨ d = 200 ʤʤ (ʨʠʩ. 1). 

ɼʣʷ ʧʦʜʞʠʛʘ ʦʯʘʛʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʥʟʠʥ ɸʀ-95 ʤʘʩʩʦʡ 25 ʛ. ɺʳʜʝʨʞʠʚʘʣʠ 

ʚʨʝʤʷ ʩʚʦʙʦʜʥʦʛʦ ʛʦʨʝʥʠʷ ʦʯʘʛʘ 1 ʤʠʥʫʪʫ, ʟʘʪʝʤ ʧʦʜʘʚʘʣʠ ʪʦʥʢʦʨʘʩʧʳʣʝʥʥʫʶ 

ʩʪʨʫʶ ʚʝʱʝʩʪʚʘ (ʨʠʩ. 2). ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʪʫʰʝʥʠʷ ʚʳʞʠʜʘʣʠ 

3 ʤʠʥʫʪʳ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʦʚʪʦʨʥʦʛʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. 
 

   

ʈʠʩ. 1. ʕʆʇ-ɸ ʈʠʩ. 2. ʊʫʰʝʥʠʝ ʕʆʇ-ɸ  
 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʣʴʬʦʥʘʣʘ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʦʚʪʦʨʥʦʤʫ ʚʦʩʧʣʘʤʝʥʝʥʠʶ ʧʫʪʸʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʸʥʢʠ. ʆʩʪʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʪʨʝʙʫʶʪ ʧʨʦʚʝʨʢʠ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ, ʜʝʛʘʟʠʨʫʶʱʠʭ ʠ 

ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʪʨʝʙʫʶʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ 

ʪʫʰʠʪʴ ʦʯʘʛʠ ʧʦʞʘʨʦʚ ʢʣʘʩʩʦʚ ɸ. ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʧʫʙʣʠʢʘʮʠʷʭ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʨʘʩʪʚʦʨʳ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳ ʢʘʢ ʨʝʘʛʝʥʪʥʦʤʫ (ʥʘʥʦʢʦʤʧʦʥʝʥʪʳ), ʪʘʢ ʠ ʙʝʟʨʝʘʛʝʥʪʥʦʤʫ 

(ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʤʫ) ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ [5]. 
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Article is devoted to problems of heat flux density calculating, which transfers from fire flame 

to surrounding objects. A program was created for automation of mutual irradiation coefficients 

calculation for several types of flame models, resulting heat flux density and safety distance to 

surrounding objects calculation. 

Keywords: thermal radiation; calculating automation; mutual irradiation; flux density. 

 

 

ɺʚʝʜʝʥʠʝ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʙʲʝʢʪʘʭ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ 

ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʠ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʠʩʢʫ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʩ ʢʨʫʧʥʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʫʱʝʨʙʦʤ, ʧʦʪʝʨʷʤ ʩʳʨʴʷ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʧʦʨʯʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʤ ʩʝʨʴʝʟʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ [1]. 

ʇʨʦʪʝʢʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʧʦʞʘʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʬʘʢʝʣʦʚ ʧʣʘʤʝʥʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ. ɺ 

ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʘʶʱʠʡ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʡ ʣʫʯʠʩʪʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ ʥʘ ʦʢʨʫʞʘʶʱʠʝ ʦʙʲʝʢʪʳ.  

ɼʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʢʝʣʘ, ʝʛʦ ʨʘʟʤʝʨʳ, 

ʩʪʝʧʝʥʴ ʦʙʣʫʯʝʥʥʦʩʪʠ, ʤʘʪʝʨʠʘʣ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ [2]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ, 

ʪʨʝʙʫʶʱʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʦʨʠʠ ʪʝʧʣʦ- ʠ 

ʤʘʩʩʦʦʙʤʝʥʘ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʝʰʝʥʠʝ ʥʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʰʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦ ʠ ʟʘʥʠʤʘʝʪ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ ʩ 

ʦʢʨʫʞʘʶʱʠʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʛʝʦʤʝʪʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʣʫʯʠʩʪʦʛʦ ʧʦʪʦʢʘ ʚ 

ʯʘʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʟʘʠʤʥʦʡ ʦʙʣʫʯʝʥʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ, 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʦʠʩʢʘ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʩʪʝʧʝʥʠ 

ʯʝʨʥʦʪʳ ʚʝʱʝʩʪʚ ʜʣʷ ʪʠʧʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʧʦʞʘʨʝ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʠ:  

- ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʧʣʦʚʫʶ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʠ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 

ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʦʙʲʝʢʪʘʤʠ; 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʧʣʦʦʙʤʝʥʘ ʠ 

ʚʝʱʝʩʪʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʧʣʦʦʙʤʝʥʝ; 

- ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʣʫʯʝʥʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ. 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʠ ʧʨʦʛʨʘʤʤʘ 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʧʦʞʘʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʬʘʢʝʣʘ ʜʦ ʦʙʲʝʢʪʦʚ, ʝʛʦ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʩʚʦʡʩʪʚ ʩʨʝʜ ʠ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʧʣʦʦʙʤʝʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʧʣʦʦʙʤʝʥ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ ʩ 

ʦʢʨʫʞʘʶʱʠʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʧʦʞʘʨʘ. ʇʨʦʪʝʢʘʥʠʝ 

ʧʦʞʘʨʦʚ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʳʩʪʨʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦ ʟʥʘʯʝʥʠʷ 1200 Áʉ, ʜʘʣʴʥʝʡʰʝʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʚʳʛʦʨʘʥʠʷ ʧʦʞʘʨʥʦʡ ʥʘʛʨʫʟʢʠ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʩʪʘʮʠʦʥʘʨʥʳʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ 

ʧʦʞʘʨ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ, ʠ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʷʚʣʷʝʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʧʣʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ, ʩʦʩʪʘʚʣʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ [4]: 
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ʛʜʝ Ůʧʨ ð ʧʨʠʚʝʜʝʥʥʘʷ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʧʣʦʦʙʤʝʥʘ; 

tʬ ð ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ, Áʉ; tʜʦʧ ð ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ, 

Áʉ; Fi ð ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʥʦʡ ʦʙʣʫʯʝʥʥʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ ʷʚʣʷʶʪʩʷ 

ʩʣʫʯʘʠ, ʢʦʛʜʘ ʝʛʦ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʦʨʤʝ ʢʦʥʫʩʘ, ʮʠʣʠʥʜʨʘ 

ʠʣʠ ʧʣʦʩʢʠʤ (ʧʨʷʤʦʫʛʦʣʴʥʠʢ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʬʘʢʝʣʘ, ʝʛʦ ʨʘʟʤʝʨʦʚ ʠ 

ʫʜʘʣʝʥʥʦʩʪʠ ʩʪʝʧʝʥʴ ʦʙʣʫʯʝʥʥʦʩʪʠ ʦʢʨʫʞʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʪʴʩʷ. 
 

 

 

ʈʠʩ. 1. ʇʨʷʤʦʫʛʦʣʴʥʘʷ ʤʦʜʝʣʴ  

ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ 

ʈʠʩ. 2. ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  

ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ 



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  
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ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʬʘʢʝʣ ʧʣʘʤʝʥʠ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʨʘʟʤʝʨʘʤʠ ʩʪʦʨʦʥ A ʠ ɺ, (ʩʤ ʨʠʩ.1), ʢʦʵʬʬʠʮʠʝʥʪ Fi 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʶ [4]: 
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ʛʜʝ L ð ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ ʜʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʯʘʩʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ dF; a=A/2; b=B/2. 

 

ɼʣʷ ʚʪʦʨʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʬʘʢʝʣ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʘ ʚʳʩʦʪʦʡ 

H, ʨʘʜʠʫʩʦʤ R (ʩʤ. ʨʠʩ. 2) ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʥʦʡ ʦʙʣʫʯʝʥʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ [5]: 
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ʛʜʝ X ʠ Y ʥʘʭʦʜʷʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʷʤ: 
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ʊʨʝʪʠʡ ʩʣʫʯʘʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʢʝʣʫ ʧʣʘʤʝʥʠ ʚ ʬʦʨʤʝ ʢʦʥʫʩʘ ʚʳʩʦʪʦʡ H ʠ 

ʨʘʜʠʫʩʦʤ R. ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʣʫʯʝʥʥʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʷ [6]: 
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ʛʜʝ h0 ð ʚʳʩʦʪʘ ʥʘʯʘʣʘ ʫʯʘʩʪʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʠʟ 

ʫʩʣʦʚʠʷ ʬʘʢʪʦʨʘ ʚʠʜʠʤʦʩʪʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʲʝʢʪʘ; ʚʝʣʠʯʠʥʘ ʫʛʣʘ Ŭ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ (-ɔ\2) ʜʦ (ɔ/2), dF1,  

dF2 ð ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʣʦʱʘʜʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ ʠ ʦʙʲʝʢʪʘ, ʤ2 ;  

h ð ʚʳʩʦʪʘ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʠ dF2 ʜʦ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʠ dF1; H ð ʚʳʩʦʪʘ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ ʧʣʦʱʘʜʢʠ dF2 ʜʦ 

ʚʝʨʭʘ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ; L ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ dF1 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʠ dF2, ʤ; ɣ1 ʠ ɣ2 ð ʫʛʣʳ ʤʝʞʜʫ ʥʦʨʤʘʣʷʤʠ ʢ dF1, dF2 ʠ ʦʪʨʝʟʢʦʤ L, ʩʦʝʜʠʥʷʶʱʠʤ 

ʵʪʠ ʧʣʦʱʘʜʢʠ; Ŭ ð ʫʛʦʣ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ɸʆɺ ʤʝʞʜʫ ʧʨʦʝʢʮʠʷʤʠ 

ʥʦʨʤʘʣʝʡ ʢ ʧʣʦʱʘʜʢʘʤ dF1 ʠ dF2; ɓ ï ʫʛʦʣ ʢʦʥʫʩʘ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ. 
 

 

ʈʠʩ. 3. ʂʦʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  

ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ 

 

 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ (1)ï(4) ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ. ʈʘʙʦʯʝʝ ʦʢʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4. 
 

 
 

ʈʠʩ. 4. ʈʘʙʦʯʝʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ 

 



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  
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ɼʣʷ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʛʨʘʤʤʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʦʣʥʷʶʪʩʷ ʧʦʣʷ çɼʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘè, çʂʨʠʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴè, çʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳè. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠ ʨʫʯʥʦʝ ʚʥʝʩʝʥʠʝ ʫʢʘʟʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʨʠ ʚʳʙʦʨʝ ʩʪʨʦʢʠ çɼʨʫʛʦʝè. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ ʙʝʟʦʧʘʩʥʦʛʦ ʚ ʧʦʞʘʨʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ, 

ʝʛʦ ʨʘʟʤʝʨʦʚ, ʫʜʘʣʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʫʯʠʩʪʦʛʦ ʧʦʪʦʢʘ ʦʪ ʬʘʢʝʣʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ ʛʝʦʤʝʪʨʠʠ ʧʣʘʤʝʥʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʦʡ ʠ 

ʰʠʨʠʥʦʡ ʦʩʥʦʚʘʥʠʷ: H=B, 2R=A. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʭʦʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʘ ʜʣʷ ʩʣʫʯʘʝʚ çʇʨʷʤʦʫʛʦʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴè ʠ çʎʠʣʠʥʜʨè ʩʪʘʥʦʚʷʪʩʷ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ ʧʨʠ ʫʜʘʣʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʜʚʦʝʥʥʦʤʫ 

ʜʠʘʤʝʪʨʫ ʠ ʙʦʣʝʝ. ɸʥʘʣʦʛʠʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʤʦʜʝʣʠ çʂʦʥʫʩè, 

ʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ (ʚ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟ) ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʩʣʫʯʘʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʯʠʩʣʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʦ ʩ ʫʯʝʪʦʤ ʧʨʠʷʪʦʡ ʬʦʨʤʳ ʠʟʣʫʯʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʠ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʦʪ ʬʘʢʝʣʘ ʧʣʘʤʝʥʠ ʢ ʦʢʨʫʞʘʶʱʠʤ ʦʙʲʝʢʪʘʤ. 

ʅʘ ʝʸ ʦʩʥʦʚʝ ʚʦʟʤʦʞʥʘ ʦʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʳʭ ʚ 

ʧʦʞʘʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ. ɺ ʧʨʦʛʨʘʤʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʚʳʙʦʨ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʜʣʷ 

ʨʷʜʘ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʜʘʥʥʳʤʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Comsol ʧʦʢʘʟʘʣʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʯʘʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʧʝʨʝʯʥʷ ʤʘʪʝʨʠʘʣʦʚ, ʫʚʝʣʠʯʝʥʠʷ 

ʚʳʙʦʨʘ ʤʦʜʝʣʝʡ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʣʘʤʝʥʠ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ, 

ʚʘʨʠʘʥʪʦʚ ʠʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. 
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ʋʉʊɸʅʆɺʃɽʅʀɽ ʊʆʏʅʆʉʊʀ ʈɽɿʋʃʔʊɸʊʆɺ ʈɸʉʏɽʊʅʓʍ  

ʀ ʆʇʓʊʅʓʍ ʄɽʊʆɼʆɺ ʆʇʈɽɼɽʃɽʅʀʗ ʊɽʇʃʆʊʓ ʉɻʆʈɸʅʀʗ  

ɸʈʆʄɸʊʀʏɽʉʂʀʍ ʋɻʃɽɺʆɼʆʈʆɼʆɺ 
 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʜʝʩʷʪʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦ ʜʚʫʤ ʤʝʪʦʜʠʢʘʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʘʪʴ ʟʥʘʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ, 

ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʧʦ ʩʣʝʜʩʪʚʠʶ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ.  
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T. A. Mochalova,  A. V. Vlasova  

 

ESTABLISHING THE ACCURACY OF THE RESULTS OF CALCULATION 

AND EXPERIMENTAL METHODS FOR DETERMINING THE HEAT  

OF COMBUSTION AROMATIC HYDROCARBONS  

 
ʊhe article presents the results of calculating the lower calorific value of ten representatives 

of the class of aromatic hydrocarbons using two methods. It is shown that the most accurate 

calculation method for determining the lower calorific value of aromatic hydrocarbons, which allows 

one to obtain values closest to the experimental ones, is a calculation based on a consequence of 

Hessôs law. 

Keywords: lower calorific value; a consequence of G.G.ôs law Hess; formula D.I. Mendeleev; 

benzene; aromatic hydrocarbons. 
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ɼʣʷ ʦʮʝʥʢʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʚʝʱʝʩʪʚ ʠ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʞʘʨʥʦʡ ʥʘʛʨʫʟʢʠ 

ʚ ʧʦʤʝʱʝʥʠʠ, ʛʜʝ ʧʨʦʠʟʦʰʝʣ ʧʦʞʘʨ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ 

ʩʛʦʨʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝ ʚʩʝʛʜʘ ʚ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʥʝʡ 

[1].  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʚʝʱʝʩʪʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʮʝʩʩ ʩʣʦʞʥʳʡ ʠ ʜʣʠʪʝʣʴʥʳʡ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʶʪʩʷ ʨʘʩʯʝʪʥʳʝ 

ʤʝʪʦʜʳ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ [2, 3].  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʵʢʩʧʝʨʪʠʟ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʤʦʛʫʪ ʜʘʚʘʪʴ ʨʘʟʥʳʝ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʠʢʠ. ʈʘʥʝʝ 

ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʦʜʥʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʩʣʝʜʩʪʚʠʶ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ. ɼʣʷ ʜʚʫʭʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ ʨʘʩʯʝʪ 

ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʥʘʠʙʦʣʝʝ ʪʦʯʝʥ ʧʦ ʬʦʨʤʫʣʝ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ. ʊʘʢʞʝ ʥʘʤʠ 

ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʩʧʠʨʪʦʚ, ʚʦʩʧʦʣʥʷʶʱʠʝ ʜʘʥʥʳʝ, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [4].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ 

ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʦʜʥʦʷʜʝʨʥʳʭ ʘʨʝʥʦʚ. 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʣʝʢʘʨʩʪʚ ʠ ʢʨʘʩʠʪʝʣʝʡ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʘʩʪʤʘʩʩ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʈʘʩʯʝʪ ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʦʜʥʦʷʜʝʨʥʳʭ ʘʨʝʥʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʜʚʫʤ 

ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʠʢʘʤ: ʧʦ ʬʦʨʤʫʣʝ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ (1) ʠ ʧʦ ʩʣʝʜʩʪʚʠʶ ʠʟ ʟʘʢʦʥʘ 

ɻ. ɻ. ɻʝʩʩʘ (2) [2, 3]. 

 

)ww9(1,25)ww(9,108w1257w4,339Q WHSOHCʥ +ÖÖ--Ö-Ö+Ö= ,ʢɼʞ/ʢʛ   (1) 

 

ʛʜʝ  339.4; 1257; 108,9; 25,1; 9 ð ʧʦʩʪʦʷʥʥʳʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; 

ɤʉ, ɤʅ, ɤʆ, ɤS, ɤW ð ʤʘʩʩʦʚʳʝ ʧʨʦʮʝʥʪʳ ʫʛʣʝʨʦʜʘ, ʚʦʜʦʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ, ʩʝʨʳ ʠ 

ʚʣʘʛʠ ʚ ʛʦʨʶʯʝʤ ʚʝʱʝʩʪʚʝ, %. 
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ʅD )ʛʚ, ʢɼʞ/ʤʦʣʴ                 (2) 

 

ʛʜʝ ni ʠ nj ð ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ;                 

298

o

f
ʅD ð ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚ, ʢɼʞ/ʤʦʣʴ. 

 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʨʘʚʥʝʥʠʷ ʪʝʧʣʦʪ ʩʛʦʨʘʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʨʘʟʥʳʤ 

ʬʦʨʤʫʣʘʤ ʩʦ ʩʧʨʘʚʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ [1], ʚʩʝ ʚʝʣʠʯʠʥʳ ʧʝʨʝʚʦʜʠʣʠ ʠʟ 

ʢɼʞ/ʤʦʣʴ ʚ ʢɼʞ/ʢʛ ʧʦ ʬʦʨʤʫʣʝ (3): 

 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʄ

10Q
Q

3

ʥ'

ʥ

Ö
= , ʢɼʞ/ʢʛ               (3) 

 

ʛʜʝ  ʄ ð ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʢʛ/ʢʤʦʣʴ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʙʝʥʟʦʣʘ ʠ ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʛʦʤʦʣʦʛʦʚ 

ʧʦ ʬʦʨʤʫʣʘʤ (1) ʠ (2) ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʨʘʚʦʯʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ. ʅʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

 

ʅʘʟʚʘʥʠʝ 

ʚʝʱʝʩʪʚʘ 

╠̎  ʩʧʨʘʚʦʯʥʦʝ ╠̎  ʨʘʩʩʯʝʪʥʦʝ 

ʢɼʞ/ 

ʤʦʣʴ 
ʢɼʞ/ʢʛ 

ʇʦ 

ʬʦʨʤʫʣʝ 

(1) 

ʢɼʞ/ʢʛ 

ŭ,% 

ʇʦ 

ʬʦʨʤʫʣʝ 

(2) 

ʢɼʞ/ʤʦʣʴ 

ʇʦ 

ʬʦʨʤʫʣʝ 

(3) 

ʢɼʞ/ʢʛ 

ŭ,% 

ɹʝʥʟʦʣ 3169,4 40633,3 39266,09 3,4 3170,53 40647,8 0,04 

ʄʝʪʠʣʙʝʥʟʦʣ 3771,88 40998,7 39957,79 2,5 3773,36 41014,8 0,04 

ʕʪʠʣʙʝʥʟʦʣ 4386,9 41385,8 40441,98 2,3 4388,65 41402,35 0,04 

ʤ-ʂʩʠʣʦʣ 5608,9 52914,2 40441,98 23,6 4330,35 40852,36 22,8 

ʦ-ʂʩʠʣʦʣ 4376 41283 40441,98 2,0 4334,35 40890,09 0,95 

ʧ-ʂʩʠʣʦʣ 4375 41273,6 40441,98 2,0 4334,35 40890,09 0,93 

ʇʨʦʧʠʣʙʝʥʟʦʣ 4996,9 41640,8 40857 1,9 5002,21 41685,08 0,11 

ʀʟʦʧʨʦʧʠʣʙʝʥʟʦʣ 5608,9 46740,8 40857 12,6 4972,81 41440,08 11,3 

ɹʫʪʠʣʙʝʥʟʦʣ 5608,9 41857,5 41202,85 1,6 5616,17 42201,3 0,82 

ʇʝʥʪʠʣʙʝʥʟʦʣ 6581 44466,2 41410,36 6,9 6231,03 42101,55 5,32 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʙʝʥʟʦʣʘ ʠ ʝʛʦ ʛʦʤʦʣʦʛʦʚ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (2). 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1.  ʂʦʨʦʣʴʯʝʥʢʦ ɸ.ʗ., ʂʦʨʦʣʴʯʝʥʢʦ ɼ.ɸ. ʇʦʞʘʨʦʚʟʨʳʚʦʦʧʘʩʥʦʩʪʴ ʚʝʱʝʩʪʚ ʠ 
ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʨʝʜʩʪʚʘ ʠʭ ʪʫʰʝʥʠʷ. ʉʧʨʘʚʦʯʥʠʢ: ʚ 2-ʭ ʯ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï 

ʄ.: ɸʩʩ. çʇʦʞʥʘʫʢʘè, 2004. 

2.  ɼʝʤʠʜʦʚ ʇ.ɻ., ʐʘʥʜʳʙʘ ɺ.ɸ., ʑʝʣʦʚ ʇ.ʇ. ɻʦʨʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʛʦʨʶʯʠʭ 
ʚʝʱʝʩʪʚ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ï ʄ: ʍʠʤʠʷ, 1981. ï 272 ʩ. 

3.  ʇʝʨʝʣʴʤʘʥ ɺ.ʀ. ʂʨʘʪʢʠʡ ʩʧʨʘʚʦʯʥʠʢ ʭʠʤʠʢʘ. ï ʄ.: ʍʠʤʠʷ, 1964. ï 624 ʩ. 

4.  ɸʥʘʣʠʟ ʨʘʩʯʝʪʥʳʭ ʠ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ / ʊ. ɸ. ʄʦʯʘʣʦʚʘ, ɽ. ɺ. ɼʨʫʞʠʥʠʥʘ, ɸ. ɸ. ɸʥʪʦʥʦʚʘ, ɼ. ʉ. 

ɹʝʩʧʨʦʟʚʘʥʥʳʭ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ: ʉʙʦʨʥʠʢ 

ʤʘʪʝʨʠʘʣʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 370-ʡ 



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  

ʇʆɾɸʈʅʆʁ ʆʇɸʉʅʆʉʊʀ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 
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ʛʦʜʦʚʱʠʥʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ ʈʦʩʩʠʠ, ʀʚʘʥʦʚʦ, 11 ʜʝʢʘʙʨʷ 2019 ʛʦʜʘ. ï 

ʀʚʘʥʦʚʦ: ʌɻɹʆʋ ɺʆ ʀʇʉɸ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ, 2019. ï ʉ. 142-145. ï EDN BQCSYC. 

 

 

 

ʋɼʂ 541.1:541.128.097.3 
ʅʠʢʫʣʠʥ ɸ. ɹ., ɾʝʥʦʜʘʨʦʚ ʀ. ɻ., ʇʦʧʦʚ ʄ. ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʧʦʨʠʩʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʨʙʮʠʦʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʥʘ ʵʪʘʧʝ ʝʛʦ ʧʦʜʛʦʪʦʚʢʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

 

ɸ. ɹ. ʅʠʢʫʣʠʥ, ʀ. ɻ. ɾʝʥʦʜʘʨʦʚ, ʄ. ʅ. ʇʦʧʦʚ  

ɺʦʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ  

ʠʤʝʥʠ ʄʘʨʰʘʣʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʉ. ʂ. ʊʠʤʦʰʝʥʢʦ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀɿʄɽʅɽʅʀʗ ʆɹʒɽʄɸ  

ʇʆʈʀʉʊʆɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ ʉʆʈɹʎʀʆʅʅʆɻʆ ʅʆʉʀʊɽʃʗ  

ʅɸ ʕʊɸʇɽ ɽɻʆ ʇʆɼɻʆʊʆɺʂʀ ʅɸ ʕʌʌɽʂʊʀɺʅʆʉʊʔ 

ʂɸʊɸʃʀɿɸʊʆʈʆɺ ʆʂʀʉʃɽʅʀʗ ʄʆʅʆʆʂʉʀɼɸ ʋɻʃɽʈʆɼɸ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʦʢʠʩʣʝʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

(ʉʆ), ʤʝʪʦʜʠʢʘ ʝʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʘʧʠʣʣʷʨʥʦʛʦ ʚʧʠʪʳʚʘʥʠʷ ʩʦʨʙʮʠʦʥʥʳʤ 

ʥʦʩʠʪʝʣʝʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʪʝʧʝʥʴ ʝʸ ʘʛʨʝʛʘʮʠʠ ʠ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʘʟʳ ʥʘ ʦʢʩʠʜʝ ʘʣʶʤʠʥʠʷ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʣʣʘʜʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ. 
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INVESTIGATION OF CHANGES IN THE VOLUME  

OF THE POROUS SPACE OF THE SORPTION CARRIER  

AT THE STAGE OF ITS PREPARATION ON THE EFFECTIVENESS  

OF CARBON MONOXIDE OXIDATION CATALYSTS  

 
The article considers a low-temperature catalyst for the oxidation of carbon monoxide (CO), 

improves the method of its preparation, and evaluates the effectiveness of catalytic activity. The effect 

of the neutralization reaction on the efficiency of the palladium catalyst and the distribution of its 

dispersed phase on aluminum oxide on the efficiency of the catalyst, as well as the distribution of 

particles of the dispersed phase of the catalyst, the degree of its aggregation and the mass 

concentration of the catalytic phase on aluminum oxide are studied 
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distribution of the catalytic fractionʭ. 
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ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʈʘʙʦʪʘ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ, ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 

ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʜʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ: 

 

2CO + O2 Ÿ 2CO2  (ʢʘʪ. Pd) 

 

ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʟʝʨʝʥ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʂʘʪʘʣʠʟʘʪʦʨ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʚʠʜʝ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ ʚ 

ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʜʣʷ ʵʪʦʛʦ ʸʤʢʦʩʪʷʭ ʨʘʟʣʠʯʥʦʛʦ ʦʙʲʝʤʘ. 

ʉʢʦʨʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʛʘʟʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ ʫʛʘʨʥʳʡ 

ʛʘʟ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 17 ʩʤ/ʩ. 

ʇʨʠ ʪʘʢʦʡ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʦʤʳʚʘʝʪ ʧʦʨʠʩʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʥʝ ʧʦʧʘʜʘʷ ʚ ʩʘʤʫ ʤʘʢʨʦ- ʠ, ʪʝʤ ʙʦʣʝʝ, ʤʝʟʦ- ʠ ʤʠʢʨʦʧʦʨʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩʦʨʙʮʠʦʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʵʪʦʤʫ ʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʛʣʫʙʠʥʝ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʷʚʣʷʷʩʴ ʩʚʦʝʦʙʨʘʟʥʳʤ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʙʘʣʣʘʩʪʦʤ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤ ʩʪʦʠʤʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʵʪʦʤʫ ʦʧʪʠʤʠʟʘʮʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʝ ʧʦʨ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʆʜʥʠʤ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʧʦʧʘʜʘʥʠʝ ʚ 

ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠʦʥʦʚ ʧʘʣʣʘʜʠʷ, ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʧʨʦʧʠʪʳʚʘʥʠʝ ʞʠʜʢʦʩʪʴʶ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʷʶʱʝʡ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʞʠʜʢʦʩʪʠ 

ʙʳʣʘ ʚʟʷʪʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ. ʅʘʧʦʣʥʝʥʠʝ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʦʨʙʮʠʦʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʩʦʩʪʘʚʠʣʦ 40 %, 

60 % ʠ 80 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʚʧʠʪʳʚʘʥʠʷ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ. 

ʈʘʩʪʚʦʨʝʥʠʝ ʭʣʦʨʠʩʪʦʛʦ ʧʘʣʣʘʜʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ (pH 2 ï pH 3) ʧʨʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 353 ʂ. ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ 

ʬʨʘʢʮʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʨʦʧʠʪʳʚʘʝʪʩʷ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʩʪʦʛʦ ʧʘʣʣʘʜʠʷ, ʧʨʠ 

ʵʪʦʤ ʟʝʨʥʘ ʩʦʨʙʮʠʦʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʝʥʳ ʚ ʨʘʩʪʚʦʨ ʩʦʣʠ. 

ʉʢʣʘʜʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʧʘʜʘʥʠʷ ʠʦʥʦʚ ʧʘʣʣʘʜʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚ ʧʦʨʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩʦʨʙʝʥʪʘ: ʢʘʧʠʣʣʷʨʥʦʝ ʚʧʠʪʳʚʘʥʠʝ ʚ ʧʦʨʳ ʟʘ ʩʯʝʪ ʜʘʚʣʝʥʠʷ ʃʘʧʣʘʩʘ ʠ 

ʘʜʩʦʨʙʮʠʠ ʢʘʪʠʦʥʦʚ ʧʘʣʣʘʜʠʷ ʥʘ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ ʩʦʨʙʝʥʪʘ. 

ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ: 

 

AI 2O3 + 6H+ Ÿ 2AI3+ + 3H2O 

 

ʦʙʨʘʟʫʝʪʩʷ ʢʘʪʠʦʥ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʡ ʢʦʥʢʫʨʝʥʪʥʦ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʩ ʢʘʪʠʦʥʦʤ 

ʧʘʣʣʘʜʠʷ. ʇʨʠ ʵʪʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʨʦʜʩʪʚʘ ʢʘʪʠʦʥ ʘʣʶʤʠʥʠʷ 



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  

ʇʆɾɸʈʅʆʁ ʆʇɸʉʅʆʉʊʀ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 
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ʣʫʯʰʝ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʯʝʤ ʢʘʪʠʦʥ ʧʘʣʣʘʜʠʷ, 

ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʤʦʞʝʪ ʜʦʩʪʨʘʠʚʘʪʴ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʦʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʨʦʧʠʪʢʘ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʨʦʪʝʢʘʥʠʷ 

ʦʙʦʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʦʥʘʤʠ ʧʘʣʣʘʜʠʷ. 

ɼʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʥʘʭʦʜʷʱʘʷ ʚ ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘʙʩʦʨʙʠʨʫʝʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠʟ ʘʪʤʦʩʬʝʨʳ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʝʸ pH ʜʦ 5ï6 ʟʘ ʩʯʝʪ 

ʧʨʦʪʝʢʘʥʠʷ ʩʣʝʜʫʶʱʝʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʝʫʩʪʦʡʯʠʚʦʡ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ: 

 

CO2 + H2O ź H+ + HCO3 

 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʯʘʩʪʴ ʦʙʲʝʤʘ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 

ʦʢʘʟʳʚʘʝʪʩʷ, ʟʘʥʷʪʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʧʨʦʥʠʢʘʥʠʝ ʚ ʵʪʦʪ ʦʙʲʝʤ ʧʦʨ ʨʘʩʪʚʦʨʘ 

ʭʣʦʨʠʩʪʦʛʦ ʧʘʣʣʘʜʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ pH 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʨʘʩʪʚʦʨʝʥʥʦʛʦ ʭʣʦʨʠʩʪʦʛʦ 

ʧʘʣʣʘʜʠʷ ʥʘ ʛʨʘʥʠʮʝ ʩ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʩʪʦʛʦ ʧʘʣʣʘʜʠʷ. ɺ ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʭʣʦʨʠʩʪʳʡ ʧʘʣʣʘʜʠʡ ʙʫʜʝʪ ʚʳʧʘʜʘʪʴ ʚ ʦʩʘʜʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʙʫʜʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʪʴ, ʪʝʤ ʩʘʤʳʤ ʙʫʜʝʪ ʩʥʠʞʘʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʠʦʥʦʚ ʘʣʶʤʠʥʠʷ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ 

ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʘʜʩʦʨʙʮʠʷ ʠʦʥʦʚ ʧʘʣʣʘʜʠʷ ʥʘ ʘʢʪʠʚʥʳʝ 

ʮʝʥʪʨʳ ʩʦʨʙʝʥʪʘ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʪʨʠ ʦʙʨʘʟʮʘ ʢʘʪʘʣʠʟʘʪʦʨʘ: 

- 1 ʦʙʨʘʟʝʮ (40 % ʟʘʧʦʣʥʝʥʠʝ ʧʦʨ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ); 

- 2 ʦʙʨʘʟʝʮ (60 % ʟʘʧʦʣʥʝʥʠʝ ʧʦʨ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ); 

- 3 ʦʙʨʘʟʝʮ (80 % ʟʘʧʦʣʥʝʥʠʝ ʧʦʨ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1ï3. 

ʀʟ ʨʠʩ. 1ï3 ʚʠʜʥʦ, ʯʪʦ ʪʨʝʙʫʝʤʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʣʣʘʜʠʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦ ʫʛʘʨʥʦʤʫ ʛʘʟʫ (ʥʝ ʤʝʥʝʝ 90 %, 300 ʤʣ) ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚʦ ʚʩʝʭ 

ʦʙʨʘʟʮʘʭ. ʅʘʠʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣ ʦʙʨʘʟʝʮ ˉ 2 ʩ 60 % 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʧʠʪʢʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ˉ 1 ʠ ˉ 3 ʧʦ ʫʛʘʨʥʦʤʫ ʛʘʟʫ ʥʘʭʦʜʠʪʩʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ. 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ 

ʬʘʟʳ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʪʝʧʝʥʴ ʝʸ ʘʛʨʝʛʘʮʠʠ ʠ ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʘʟʳ ʥʘ ʦʢʩʠʜʝ ʘʣʶʤʠʥʠʷ. 
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ʈʠʩ. 1. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʙʨʘʟʝʮ ˉ 1,  

ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʦʣʥʝʥʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ  

ʥʘ 40 % (ʦʙʲʝʤ ʫʛʘʨʥʦʛʦ ʛʘʟʘ 100 ʤʣ). 

 

 
 

 
 

ʈʠʩ. 2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʙʨʘʟʝʮ ˉ 2,  

ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʦʣʥʝʥʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ  

ʥʘ 60 % (ʦʙʲʝʤ ʫʛʘʨʥʦʛʦ ʛʘʟʘ 100 ʤʣ) 

 

 

 

 
 

ʈʠʩ. 3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʙʨʘʟʝʮ ˉ 3,  

ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʦʣʥʝʥʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ  

ʥʘ 80 % (ʦʙʲʝʤ ʫʛʘʨʥʦʛʦ ʛʘʟʘ 100 ʤʣ) 
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ʈʠʩ. 4. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ  

ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʧʠʪʘʥʥʦʛʦ 40% ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʧʠʪʳʚʘʥʠʷ (ʦʙʨʘʟʝʮ ˉ 1) 

ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 1 

 
100Õm 

Pd LŬ1 

 
100Õm 

ʘ 

 
ʙ 

ʈʠʩ. 5. ʂʘʯʝʩʪʚʝʥʥʳʡ (ʘ) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ (ʙ) ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ  
ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʮʠʦʥʥʦʛʦ ʥʦʩʠʪʝʣʷ 

ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʧʠʪʢʠ 40% ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ  
ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʧʠʪʳʚʘʥʠʷ (ʫʚʝʣʠʯʝʥʠʝ 500 ʨʘʟ) 
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ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 3 

 
10Õm 

Pd LŬ1 

 
10Õm 

ʘ 

 
ʙ 

ʈʠʩ. 6. ʂʘʯʝʩʪʚʝʥʥʳʡ (ʘ) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ (ʙ) ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ,  
ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʮʠʦʥʥʦʛʦ ʥʦʩʠʪʝʣʷ 

ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʧʠʪʢʠ 40% ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ  
ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʧʠʪʳʚʘʥʠʷ (ʫʚʝʣʠʯʝʥʠʝ 5000 ʨʘʟ) 

 

ʀʟ ʨʠʩ. 5 ʠ 6 ʚʠʜʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʬʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʘ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ 

ʯʘʩʪʠʮ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʟʣʦʤʘʭ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʅʘ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʚʠʜʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʯʘʩʪʳʝ ʣʦʢʘʣʴʥʳʝ ʩʢʦʧʣʝʥʠʷ 

ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚ 500 ʨʘʟ ʘʥʘʣʠʟ 

ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ ʤʘʩʩʦʚʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ 2,5 %, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 5000 ʨʘʟ ð ʤʘʩʩʦʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ ʩʦʩʪʘʚʠʣʘ 2,3 %. 

ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʬʘʟʳ ʧʘʣʣʘʜʠʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ. 

ʀʟ ʨʠʩ. 7ï9 ʚʠʜʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʬʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʭʘʦʪʠʯʥʦ. ʉʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮ ʨʘʩʪʝʪ. ʅʘ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʚʠʜʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʯʘʩʪʳʝ ʣʦʢʘʣʴʥʳʝ ʩʢʦʧʣʝʥʠʷ 

ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ ˉ 1. 
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚ 500 ʨʘʟ ʘʥʘʣʠʟ 

ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ 

ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ 3,4 %, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 5000 ʨʘʟ ð 

ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ ʩʦʩʪʘʚʠʣʘ 2,1 %. 

ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʬʘʟʳ ʧʘʣʣʘʜʠʷ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʘʛʨʝʛʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʧʘʣʣʘʜʠʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʩʥʠʞʘʝʪʩʷ. 

ʕʪʠʤ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʵʪʦʛʦ ʦʙʨʘʟʮʘ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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ʜ ʝ 

 

ʈʠʩ. 7. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʘʣʣʘʜʠʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʧʠʪʘʥʥʦʛʦ 60% ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʧʠʪʳʚʘʥʠʷ (ʦʙʨʘʟʝʮ ˉ 2) 

  



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 4 

 
100Õm 

Al KŬ1 

 
100Õm 

O KŬ1 

 
100Õm 

Pd LŬ1 

 
100Õm 

ʘ 

 
ʙ 

ʈʠʩ. 8. ʂʘʯʝʩʪʚʝʥʥʳʡ (ʘ) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ (ʙ) ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ,  

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʮʠʦʥʥʦʛʦ 

ʥʦʩʠʪʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʧʠʪʢʠ 60% ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ  

ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʧʠʪʳʚʘʥʠʷ (ʫʚʝʣʠʯʝʥʠʝ 500 ʨʘʟ) 

  



ʈɸɿɼɽʃ 2. ɽʉʊɽʉʊɺɽʅʅʆʅɸʋʏʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ  

ʇʆɾɸʈʅʆʁ ʆʇɸʉʅʆʉʊʀ ʉɺʆʁʉʊɺ ɺɽʑɽʉʊɺ ʀ ʄɸʊɽʈʀɸʃʆɺ 

 

215 

 

ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 6 

 
10Õm 

ʘ 

 

 
ʙ 

 

Al KŬ1 

 
10Õm 

O KŬ1 

 
10Õm 

Pd LŬ1 

 
10Õm 

ʚ 
ʈʠʩ. 9. ʂʘʯʝʩʪʚʝʥʥʳʡ (ʘ) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ (ʙ) ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʚ) 

ʯʘʩʪʠʮ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʮʠʦʥʥʦʛʦ ʥʦʩʠʪʝʣʷ  

ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʧʠʪʢʠ 60% ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ  

ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʧʠʪʳʚʘʥʠʷ (ʫʚʝʣʠʯʝʥʠʝ 5000 ʨʘʟ) 



ɽʉʊɽʉʊɺɽʅʅʓɽ ʅɸʋʂʀ ʀ ʇʆɾɸʈʆɹɽɿʆʇɸʉʅʆʉʊʔ:  

ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʈʠʩ. 10. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʘʣʣʘʜʠʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʧʠʪʘʥʥʦʛʦ 80% ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ  

ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʧʠʪʳʚʘʥʠʷ (ʦʙʨʘʟʝʮ ˉ 3) 

 

 

ʀʟ ʨʠʩ. 10ï12 ʚʠʜʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʬʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʘ ʝʱʝ ʙʦʣʝʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ˉ 1 ʠ ˉ 2, 

ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮ ʝʱʝ ʙʦʣʴʰʝ ʨʘʩʪʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʣʦʞʥʳʭ ʢʣʘʩʪʝʨʦʚ ʘʛʨʝʛʘʪʦʚ ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ. 


