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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʅɸʋʏʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ 
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ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ II ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʀʅʅʆɺɸʎʀʆʅʅʓɽ ʅɸʋʏʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗè, ʩʦʩʪʦʷʚʰʝʡʩʷ 

20 ʩʝʥʪʷʙʨʷ 2023 ʛ. ʚ ʛ. ʇʝʥʟʘ. ɺ ʩʙʦʨʥʠʢʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, 

ʤʘʛʠʩʪʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʮʠʪʘʪ, ʠʤʝʥ, ʥʘʟʚʘʥʠʡ ʠ ʠʥʳʭ ʩʚʝʜʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʝʩʫʪ ʘʚʪʦʨʳ 

ʧʫʙʣʠʢʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʣʥʳʝ ʪʝʢʩʪʳ ʩʪʘʪʝʡ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʨʘʟʤʝʱʝʥʳ ʚ ʅʘʫʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 
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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
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INCREASING THE STABILITY OF WELL WELLS IN CLAY RODS THROUGH THE APPLICATION OF 
WAVE TECHNOLOGIES OF COLGGING 

 
Alali Ahmad Mahmoud 

 
Abstract: The instability of the walls of an oil well is a serious problem that can lead to failures and delays in 
the drilling process of a well. This process is typical for geologically complex areas where rocks are subject to 
cracks, stresses and deformations. 
In addition to delays in drilling schedules, wellbore instability can also lead to collapses that can damage drill-
ing equipment and cancel planned operations. Therefore, the development of drilling methods that allow solv-
ing this problem is extremely important. 
Our goal ends with creating a scientific basis for improving the stability of the walls of wells using wave clogging. 
Keywords: Drilling, wells, wave mechanics, wave technologies of clogging, drilling mud, hydrodynamic clogging. 

 
ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʩʪʝʥʢʘʭ ʩʢʚʘʞʠʥ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʚ ʛʣʠʥʠʩʪʳʭ ʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦ-

ʨʦʜʘʭ, ʘ ʪʘʢʞʝ ʚ ʟʦʥʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ.  
ʇʨʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʷʪ ʥʝʫʧʨʫʛʠʝ (ʦʩʪʘʪʦʯʥʳʝ) ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦ-

ʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʣʠʙʦ ʚ ʦʙʨʫʰʝʥʠʷʭ ʩʪʝʥʦʢ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʚʝʨʥ ʧʨʠ ʭʨʫʧʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʛʦʨʥʳʭ 
ʧʦʨʦʜ, ʣʠʙʦ ʚ ʩʫʞʝʥʠʠ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʪʨʘʪʝ ʚʨʝʤʝʥʠ, ʘ ʠʥʦʛʜʘ ʠ ʢ ʧʦʪʝʨʝ ʯʘʩʪʠ ʠʣʠ ʜʘʞʝ ʚʩʝʡ ʩʢʚʘʞʠ-
ʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʛʣʘʚʥʦʡ ʟʘʙʦʪʦʡ ʠʥʞʝʥʝʨʘ-ʙʫʨʦʚʠʢʘ ʦʩʪʘʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʙʨʫʰʝʥʠʷ ʠʣʠ 
ʦʙʨʫʰʝʥʠʷ ʩʢʚʘʞʠʥʳ. [1,2]  

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥ ʷʚʣʷʶʪʩʷ ʥʝʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʘʷ ʪʝʭʥʦ-
ʣʦʛʠʷ ʙʫʨʝʥʠʷ, ʥʝʥʘʜʝʞʥʘʷ ʘʨʤʘʪʫʨʘ ʢʨʝʧʣʝʥʠʷ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ, ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʘʨʝʚʰʠʭ ʤʝʪʦʜʦʚ 
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ʙʫʨʝʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 
ʥʝʦʙʭʦʜʠʤʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʝʥʠʷ, ʘʨʤʘʪʫʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ. ɹʫʨʦʚʦʡ 
ʨʘʩʪʚʦʨ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ, ʠ ʣʶʙʦʡ 
ʜʝʬʝʢʪ ʚ ʥʝʤ ʧʨʠʚʦʜʠʪ ʢʦ ʤʥʦʛʠʤ ʦʩʣʦʞʥʝʥʠʷʤ ʧʨʠ ʙʫʨʝʥʠʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʝʛʦ ʚʨʘʱʝʥʠʠ ʥʘ ʩʪʝʥʢʫ ʩʢʚʘ-
ʞʠʥʳ ʩʦʟʜʘʝʪʩʷ ʜʘʚʣʝʥʠʝ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʝʝ ʦʙʨʫʰʝʥʠʝ.[1,2]  

ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʠ ʩʪʘʪʴ ʥʝʩʧʦʩʦʙ-
ʥʳʤ ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʟʘʜʘʯʫ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʫʨʝʥʠʠ ʩʣʦʝʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, 
ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʦʷʤ, ʚʳʟʳʚʘʶʱʠʤ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙʣʝʤ ʧʨʠ ʙʫʨʝʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ 
ʢ ʢ ʨʘʟʙʫʭʘʥʠʶ ʦʪʚʝʨʩʪʠʡ ʠ ʦʙʨʫʰʝʥʠʶ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ, ʫʤʝʥʴʰʝʥʠʶ ʠʣʠ ʨʘʩʰʠʨʝʥʠʶ ʜʠʘʤʝʪʨʘ 
ʩʢʚʘʞʠʥʳ, ʠ ʚʩʝ ʵʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʙʫʨʝʥʠʷ.  

ʇʨʠ ʮʠʨʢʫʣʷʮʠʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚʥʫʪʨʠ ʩʢʚʘʞʠʥʳ ʚ ʧʦʨʳ ʠ ʪʨʝʱʠʥʳ ʧʦʨʦʜʳ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ 
ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʚʟʚʝʰʝʥʥʳʝ ʚ ʙʫʨʦʚʦʤ ʨʘʩʪʚʦʨʝ (ʢʦʣʣʦʠʜʥʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʨʘʩʪʚʦʨʳ), ʧʨʦʥʠʢʘʶʪ ʚ 
ʬʠʣʴʪʨʳ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʜʨʝʥʘʞʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʪʢʣʘʜʳʚʘʶʪ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʠʭ 
ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʜʳ ʠʣʠ ʛʘʟʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ 
ʥʘʟʳʚʘʝʪʩʷ ʂʦʣʴʤʘʪʮʝʡ ʨʠʩʫʥʦʢ (1). [4,7] 

ʇʨʠʥʮʠʧ ʚʦʣʥʦʚʦʛʦ ʤʝʪʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʙʫ-
ʨʦʚʦʤ ʨʘʩʪʚʦʨʝ, ʠ ʚʳʪʘʣʢʠʚʘʥʠʷ ʠʭ ʢ ʩʪʝʥʢʘʤ ʩʢʚʘʞʠʥʳ, ʯʪʦ ʦʙʨʘʟʫʝʪ ʩʣʦʡ ʢʦʣʴʤʘʪʘʮʠʠ, ʩʥʠʞʘʶʱʠʡ 
ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʠʩʪʝʥʦʯʥʦʛʦ ʩʣʦʷ ʩʢʚʘʞʠʥʳ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʧʘʜʘʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝ-
ʛʝʨʤʝʪʠʯʥʳʭ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. ʞʠʜʢʦʩʪʠ ʚ ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʠʭ ʥʘʙʫʭʘʥʠʝ, ʘ 
ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʪʝʨʶ ʮʠʨʢʫʣʷʮʠʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠʣʠ ʧʦʪʝʨʶ ʢʦʤʧʦʥʝʥʪʦʚ ʞʠʜʢʦʩʪʠ ɹʫʨʝ-
ʥʠʝ. [3,4,5]  

ʌʠʣʴʪʨʘʮʠʦʥʥʘʷ ʢʦʨʢʘ ʦʙʨʘʟʫʝʪʩʷ, ʢʦʛʜʘ ʥʝʨʘʩʪʚʦʨʠʤʘʷ ʪʚʝʨʜʘʷ ʯʘʩʪʴ ʞʠʜʢʦʡ ʩʫʩʧʝʥʟʠʠ ʦʩʝʜʘ-
ʝʪ ʥʘ ʧʨʦʥʠʮʘʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩʫʩʧʝʥʟʠʠ ʩ ʵʪʠʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɺʦʪ ʢʘʢ 
ʬʦʨʤʠʨʫʝʪʩʷ ʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʢʦʨʢʘ: ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʢʦʛʜʘ ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʢʦʨʢʘ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʥʠʮʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʘʪʝʨʠʘʣ ʩʥʘʯʘʣʘ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʬʠʣʴʪʨ ʠ ʧʦʟʚʦʣʷʝʪ ʞʠʜʢʠʤ 
ʯʘʩʪʷʤ (ʬʠʣʴʪʨʘʮʠʷ) ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʝʝ, ʘ ʥʝʨʘʩʪʚʦʨʠʤʫʶ ʪʚʝʨʜʫʶ ʯʘʩʪʴ ʟʘʜʝʨʞʠʚʘʝʪ ʚ ʬʠʣʴʪʨʝ. 
ʬʦʨʤʘ ʪʦʨʪʘ. ʉʦ ʚʨʝʤʝʥʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʥʠʮʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠ-
ʯʝʩʪʚʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʢʦʨʢʠ, ʠʟ-ʟʘ ʯʝʛʦ ʞʠʜʢʦʩʪʴ ʧʨʦʥʠʢʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʣʠ ʚʦʦʙʱʝ ʥʝ ʧʨʦʥʠʢʘʝʪ. 
ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʪʘʢʠʤʠ ʧʨʦʥʠʮʘʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʟʝʤʥʳʝ ʧʦʨʠʩʪʳʝ ʦʙʨʘʟʦ-
ʚʘʥʠʷ, ʘ ʞʠʜʢʦʡ ʩʫʩʧʝʥʟʠʝʡ ï ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʢʦʨʢʠ. 
ʕʪʘ ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʢʦʨʢʘ ʦʪʣʦʞʠʪʩʷ ʥʘ ʧʦʨʠʩʪʦʡ ʧʦʨʦʜʝ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʂ 
ʩʯʘʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ ʮʠʨʢʫʣʷʮʠʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʢʦʨʢʘ ʥʝ ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ 
ʙʝʩʢʦʥʝʯʥʦ; ɺʩʝʛʜʘ ʝʩʪʴ ʪʦʯʢʘ ʨʘʚʥʦʚʝʩʠʷ.  

ʎʠʨʢʫʣʠʨʫʶʱʘʷ ʞʠʜʢʦʩʪʴ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʩʤʝʱʘʪʴ ʠ ʚʳʪʝʩʥʷʪʴ ʯʘʩʪʠʮʳ ʠʟ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ 
ʢʦʨʢʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʨʘʚʥʦʚʝʩʠʝ. ɺ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʪʦʣʱʠʥʘ ʬʠʣʴʪʨʘʮʠ-
ʦʥʥʦʡ ʢʦʨʢʠ ʥʝ ʙʫʜʝʪ ʥʠ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʥʠ ʫʤʝʥʴʰʘʪʴʩʷ; ʂʦʛʜʘ ʦʜʥʠ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʦʩʝʜʘʶʪ ʥʘ 
ʩʪʝʥʢʘʭ ʧʦʨʠʩʪʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʜʨʫʛʠʝ ʚʳʪʝʩʥʷʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʜʚʠʛʘ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʞʠʜʢʦʩʪʠ.  

ʉʪʨʫʢʪʫʨʘ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʢʦʨʢʠ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʜʣʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʥʝʬʪʷʥʦʡ ʦʩʥʦʚʝ, 
ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʜʣʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʚʦʜʥʦʡ ʦʩʥʦʚʝ. ɼʣʷ ʙʫʨʦʚʦʛʦ ʨʘʩ-
ʪʚʦʨʘ ʥʘ ʥʝʬʪʷʥʦʡ ʦʩʥʦʚʝ, ʧʦʤʠʤʦ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ, ʚ ʧʦʨʘʭ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʢʦʨʢʠ 
ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʢʘʧʣʠ ʚʦʜʳ ʚ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʝ ʥʝʬʪʠ. 

ʅʦ ʝʩʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʚʳʰʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʝ-
ʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʚʳʪʘʣʢʠʚʘʥʠʷ ʢʘʧʝʣʴ ʚʦʜʳ ʯʝʨʝʟ ʧʦʨʳ, ʢʘʧʣʠ ʚʦʜʳ ʙʫʜʫʪ ʚʳʪʘʣʢʠʚʘʪʴʩʷ ʯʝʨʝʟ ʧʦʨʳ 
ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʢʦʨʢʠ, ʦʩʪʘʚʣʷʷ ʪʦʣʴʢʦ ʪʚʝʨʜʳʡ ʩʣʦʡ.  

ʌʠʣʴʪʨʦʚʘʣʴʥʘʷ ʢʦʨʢʘ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʫʪʝʯʢʫ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʩʪ, ʘ ʪʘʢʞʝ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʢʦʨʢʘ ʧʦ-
ʤʦʛʘʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʪʝʨʶ ʮʠʨʢʫʣʷʮʠʠ ʠ ʧʦʚʨʝʞʜʝʥʠʝ ʧʣʘʩʪʘ ʠʟ-ʟʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʚʳʱʝʣʘʯʠʚʘ-
ʥʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʚ ʧʦʨʦʜʫ-ʢʦʣʣʝʢʪʦʨ.  
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ʇʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥʳ ʞʝʣʘʪʝʣʴʥʳ ʪʦʥʢʠʝ ʢʦʨʢʠ ʩ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʏʝʤ ʪʦʣʱʝ ʦʙʨʘʟʦ-
ʚʘʚʰʘʷʩʷ ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʢʦʨʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʙʫʨʠʣʴʥʘʷ ʪʨʫʙʘ ʟʘʢʣʠʥʠʪ ʧʨʠ ʢʦʥ-
ʪʘʢʪʝ ʩ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʢʦʨʢʦʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʍʦʨʦʰʘʷ ʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʢʦʨʢʘ ʪʘʢʞʝ ʜʦʣʞʥʘ ʠʤʝʪʴ 
ʦʯʝʥʴ ʥʠʟʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ; ʇʨʦʥʠʮʘʝʤʘʷ ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʢʦʨʢʘ ʧʦʟʚʦʣʠʪ ʬʠʣʴʪʨʘʤ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ 
ʠ ʯʘʩʪʠʮʘʤ ʤʠʛʨʠʨʦʚʘʪʴ ʚ ʧʦʨʠʩʪʳʡ ʧʣʘʩʪ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʚʨʝʞʜʘʷ ʝʛʦ. 

ʇʨʠ ʙʫʨʝʥʠʠ ʠ ʚʩʢʨʳʪʠʠ ʧʣʘʩʪʦʚ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʧʨʦʮʝʩʩ ʢʦʣʴʤʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʧʨʦʠʟ-
ʚʦʣʴʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʤʝʨʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘ-
ʩʪʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʜʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʘʨʴʝʨ ʤʝʞʜʫ ʜʘʣʴʥʝʡʰʠʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ 
ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʩʪʳ, ʘ ʢʨʦʤʝ ʪʦʛʦ, ʭʦʨʦʰʝʝ ʢʦʜʠʨʦʚʘʥʠʝ ʩʥʠʞʘʝʪ ʧʣʦʪʥʦʩʪʴ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, 
ʫʤʝʥʴʰʘʝʪ ʧʣʘʩʪʠʯʝʩʢʦʝ ʚʦʨʦʥʢʦʦʙʨʘʟʦʚʘʥʠʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ, ʷʚʣʷʝʪʩʷ 
ʜʦʣʛʦʚʝʯʥʳʤ. ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. [3,4,5,7] 

 

 
ʉʡʪ. 1. ʈʩʧʯʞʪʪ ʣʧʤʵʥʙʫʙʯʡʡ ʨʩʡ ʚʬʩʞʦʡʡ 

 
ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʢʦʣʣʠʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʩʪʝʧʝʥʴ ʩʥʠʞʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 70 ʜʦ 99%.ʊʘʢʘʷ ʢʦʣʣʠʤʘʮʠʷ ʧʨʦʩʪʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ 
ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ʚʩʝʭ ʩʢʚʘʞʠʥʘʭ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʙʫʨʝʥʠʷ.  

ʄʝʪʦʜʘʤʠ ʚʳʧʦʣʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʙʣʦʢʠʨʦʚʢʠ ʷʚʣʷʶʪʩʷ ʩʪʨʫʡʥʳʡ, ʮʝʥʪʨʦʙʝʞʥʳʡ, ʚʠʭ-
ʨʝʚʦʡ ʠ ʚʦʣʥʦʚʦʡ ʤʝʪʦʜʳ.[4,6]  

ʉʫʪʴ ʩʪʨʫʡʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʩʪʨʫʡʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʙʫʨʦʚʦʛʦ 
ʨʘʩʪʚʦʨʘ ʥʘ ʩʪʝʥʢʫ ʩʪʨʫʠ ʩʢʚʘʞʠʥʳ. ʄʝʪʦʜ ʚʠʭʨʝʚʦʛʦ ʟʘʢʫʧʦʨʠʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ ʜʚʫʭ ʩʙʣʠʞʘʶʱʠʭʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʪʨʫʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜ ʫʛʣʦʤ ʢ   ʩʪʝʥʢʝ ʩʢʚʘʞʠʥʳ, 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʠʭʨʝʡ ʥʘ ʩʪʝʥʢʝ ʩʢʚʘʞʠʥʳ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʠʭ ʤʝ-
ʪʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʘʙʨʘʟʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʫʡ ʠ ʠʭ ʚʠʭʨʝʚʦʝ ʨʘʟʤʳʚʘʥʠʝ ʧʦʨʦʜ ʩʦ 
ʩʣʘʙʳʤ ʮʝʤʝʥʪʦʤ.  

ʎʝʥʪʨʦʙʝʞʥʦ-ʚʠʭʨʝʚʦʡ ʩʧʦʩʦʙ ʢʦʣʴʤʘʪʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʧʦʪʦʢʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 
ʟʦʥʝ ʢʦʣʴʤʘʪʘʮʠʠ, ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʧʦ ʧʝʨʠʤʝʪʨʫ ʟʘʙʦʷ ʩʢʚʘʞʠʥʳ, ʠ ʩʦʟʜʘʝʪʩʷ ʩʪʨʫʝʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ 
ʧʦʧʝʨʝʯʥʦ ʩʪʝʥʢʝ ʩʢʚʘʞʠʥʳ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʙʦʣʝʝ ʧʣʦʪʥʳʝ ʯʘʩʪʠ ʨʘʩʪʚʦ-
ʨʘ ʚʤʝʩʪʝ ʩ ʢʫʩʢʘʤʠ ʧʨʦʙʫʨʝʥʥʦʡ ʧʦʨʦʜʳ ʧʨʠʞʠʤʘʶʪʩʷ ʢ ʩʪʝʥʢʝ ʩʢʚʘʞʠʥʳ ʠ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʧʦʨʦʜʦʡ. 
ʕʪʦʪ ʤʝʪʦʜ ʥʝʧʨʠʤʝʥʠʤ ʜʣʷ ʧʦʨʦʜ ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ.  

ɺ ʚʦʣʥʦʚʦʤ ʧʦʣʝ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ ʪʘʢʞʝ ʜʠʩʧʝʨʛʠʨʫ-
ʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʝʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʠ ʚ ʢʘʥʘʣʳ ʤʦʩʪʠʢʦʚʦʛʦ ʘʛʝʥʪʘ ʟʘ 
ʩʯʝʪ ʘʢʫʩʪʠʯʝʩʢʦʡ ʢʦʘʛʫʣʷʮʠʠ ʤʦʣʝʢʫʣ ʤʦʩʪʠʢʦʚʦʛʦ ʘʛʝʥʪʘ ʨʠʩʫʥʦʢ (2). 
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ʉʡʪ. 2. (ʙ) ð ʃʧʦʪʫʩʬʣʯʡʸ ʛʧʤʦʧʛʧʜʧ ʝʧʤʧʫʙ ʣʧʤʵʥʙʫʙʫʧʩʙ: 1- ʦʙʪʧʪʦʧ-ʣʧʥʨʩʞʪʪʧʩʦʙʸ ʫʩʬʚʙ; 2- 

ʚʬʩʧʛʧʞ ʝʧʤʧʫʧ; 3- ʛʧʤʦʧʛʧʢ ʜʞʦʞʩʙʫʧʩ 
(ʚ) ð ʪʮʞʥʙ ʨʩʧʯʞʪʪʙ ʛʧʤʦʧʛʧʢ ʣʧʤʵʥʙʫʙʯʡʡ 

 
ʊʦ ʝʩʪʴ ʚʦʣʥʦʚʳʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʞʝ ʚ ʧʣʘʩʪʘʭ ʩʦ ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʴʶ, ʪʘʢʠʭ ʢʘʢ ʩʣʘʥʮʳ, ʠ ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʩʧʝʰʥʳʤʠ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʦ-
ʤʦʛʣʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʦʙʣʝʤʳ, ʚʳʟʚʘʥʥʳʝ ʩʣʦʷʤʠ ʛʣʠʥʳ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚʦ ʚʨʝʤʷ ʙʫʨʝʥʠʷ. [3,4,5,6,7] 
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ǲǣǩ 400,61/,3 

ǧǰǰǪǤǣǭǡǟǬǧǤ ǰǫǤǯǱǤǪǻǬǭǢǭ 
ǱǯǟǡǫǟǱǧǦǫǟ ǟǬǱǯǟǵǧǱǭǡǺǴ ǷǟǴǱ 
ǣǭǬǠǟǰǰǟ 

ǮǿȊȄȈȖȒȉ ǬȇȉȍȊǿȈ ǬȇȉȍȊǿȄȁȇȖ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʛʝʦʪʝʭʥʦʣʦʛʠʡ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚ  

ǠǿȆǿȏȍȁǿ ǤȉǿȑȄȏȇȌǿ ǡȊǿȃȇȋȇȏȍȁȌǿ 
ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʜʠʟʘʡʥʘ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʌɻɹʆʋ ɺʆ çɼʦʥʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʤʝʨʪʝʣʴʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʘʥʪʨʘʮʠʪʦ-
ʚʳʭ ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʃʫʛʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ɼʦʥʙʘʩʩʘ. ʇʨʠʚʝʜʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʨʦ-
ʮʝʥʪʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʧʨʦʬʝʩʩʠʡ ʧʦʜʟʝʤʥʳʭ ʨʘʙʦʯʠʭ, ʧʦʛʠʙʰʠʭ ʧʨʠ ʠʩʧʦʣʥʝʥʠʠ ʩʚʦʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-
ʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʠ ʧʨʠʯʠʥ, ʦʪʥʝʩʝʥʥʳʭ ʢ ʦʩʥʦʚʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʦʙʳʪʠʡ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʦʜʭʦʜʘ ʢ ʚʦʧʨʦʩʘʤ 
ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʥʪʨʘʮʠʪʦʚʳʝ ʰʘʭʪʳ, ɼʦʥʙʘʩʩ, ʃʫʛʘʥʩʢʠʡ ʨʝʛʠʦʥ, ʪʨʘʚʤʘʪʠʟʤ, ʩʤʝʨʪʝʣʴʥʳʡ, ʧʨʦ-
ʬʝʩʩʠʠ, ʧʨʠʯʠʥʳ. 
 

RESEARCH OF FATAL INJURIES IN ANTHRACITE MINES OF DONBASS 
 

Paleychuk Nikolai Nikolaevich,  
Bazarova Ekaterina Vladimirovna 

 
Abstract: The article presents the results of studies of fatal injuries at anthracite coal mining enterprises in the 
Lugansk region of Donbass. The distributions by percentage of professions of underground workers who died 
in the performance of their professional duties and the reasons identified as the main ones as a result of the 
investigation of these events are given. The areas in which it is necessary to improve the approach to security 
issues are analyzed. 
Key words: anthracite mines, Donbass, Lugansk region, injuries, fatal, professions, causes. 

 
ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ ʢʘʢ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʤʠ ʥʘʧʨʘʚʣʝʥʠ-
ʷʤʠ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʧʦʞʘʨʥʦʡ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʪʨʘʚʤʘʪʠʟʤʘ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ ʢʘʢ ʫʛʦʣʴʥʘʷ, ʤʝʪʘʣʣʫʨʛʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʨʘʚʤʘʪʠʟʤ ʦʩʪʘʸʪ-
ʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ɺ ʪʦʤ ʯʠʩʣʝ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʪʷʞʸʣʦʤʫ, ʛʨʫʧʧʦʚʦʤʫ ʠ ʩʤʝʨʪʝʣʴʥʦʤʫ 
ʪʨʘʚʤʘʪʠʟʤʫ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʘʚʘʨʠʡ, ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦ-
ʣʝʚʘʥʠʡ ʩ ʤʘʨʪʘ 2022 ʛʦʜʘ ʚ ʥʦʨʤʘʪʠʚʥʦʤ ʧʦʨʷʜʢʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʨʦʮʝʜʫʨʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʬʝʩʩʠ-
ʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʚʳʩʪʫʧʘʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ-
ʥʳʝ ʦʧʘʩʥʦʩʪʠ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ, ʤʘʪʝʨʠʘʣʳ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ 
ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʪʘʥʦʚʣʝ-
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ʥʠʝ ʧʨʠʯʠʥ ʪʨʘʚʤ ʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ ʦʧʘʩʥʦʩʪʠ 
(ʦʧʘʩʥʦʩʪʷʤʠ), ʦʧʘʩʥʳʤʠ ʠ ʚʨʝʜʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʤʠʤʦ ʥʝʟʘʚʠʩʠʤʳʭ 
ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʝʱʸ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʧʨʦʮʝʜʫʨʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʦʛʦ ʨʠʩʢʘ ʠ ʝʸ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʯʠʥ ʪʨʘʚʤʘʪʠʟʤʘ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ 
ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʵʪʠʭ ʧʨʠʯʠʥ ʠ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʠʩʢʘ. ʆʩʦʙʫʶ ʚʘʞ-
ʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʚʠʣʴʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʠʯʠʥ ʠ ʚʠʜʦʚ ʩʦʙʳʪʠʡ ʧʨʠ ʘʥʘʣʠʟʝ ʩʤʝʨʪʝʣʴʥʦʛʦ 
ʪʨʘʚʤʘʪʠʟʤʘ, ʢʦʪʦʨʳʡ ʚ ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ. ɺ 
ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʩʪʫʧʘʶʪ ʰʘʭʪʳ ʃʫʛʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʠʤʝʥʥʦ ʦʙʲ-
ʝʜʠʥʝʥʠʷ "ɸʥʪʨʘʮʠʪ", ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï ʥʝʜʝʡʩʪʚʫʶʱʝʛʦ. ʉʤʝʨʪʝʣʴʥʳʝ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ, ʧʨʦ-
ʠʟʦʰʝʜʰʠʝ ʥʘ ʰʘʭʪʘʭ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘ ʧʝʨʠʦʜ 1988-2020 ʛʛ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʤʝʨʪʝʣʴʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʧʦ ʧʨʦʬʝʩʩʠʷʤ ʥʘ ʘʥʪʨʘʮʠʪʦʚʳʭ ʰʘʭʪʘʭ ʃʫʛʘʥʩʢʦʛʦ 
ʨʝʛʠʦʥʘ ɼʦʥʙʘʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. 

 

 
ʉʡʪ. 1. ɽʡʙʜʩʙʥʥʙ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʪʥʞʩʫʞʤʵʦʧʜʧ ʫʩʙʛʥʙʫʡʠʥʙ ʨʧ ʨʩʧʭʞʪʪʡʸʥ 

 
ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʨʪʝʣʴʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʧʦ ʧʨʦʬʝʩʩʠʷʤ (ʨʠʩ. 1) ʫʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʨʘʚʤʦʦʧʘʩʥʦʡ ʧʨʦʬʝʩʩʠʝʡ ʷʚʣʷʝʪʩʷ ɻʈʆɿ ï ʚʩʝʛʦ ʟʘ ʠʩʪʦʨʠʶ ʧʨʝʜʧʨʠʷʪʠʷ ʙʳ-
ʣʦ ʩʤʝʨʪʝʣʴʥʦ ʪʨʘʚʤʠʨʦʚʘʥʦ 60 ʯʝʣʦʚʝʢ ʜʘʥʥʦʡ ʧʨʦʬʝʩʩʠʠ (ʙʦʣʝʝ 33 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʤʝʨ-
ʪʝʣʴʥʦ ʪʨʘʚʤʠʨʦʚʘʥʥʳʭ), ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ï ʛʦʨʥʦʨʘʙʦʯʠʡ ʧʦʜʟʝʤʥʳʡ, ï ʠʭ ʙʳʣʦ ʪʨʘʚʤʠʨʦʚʘʥʦ 30 
ʯʝʣʦʚʝʢ (ʙʦʣʝʝ 16 %), ʨʦʚʥʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʯʝʤ ɻʈʆɿ. ʂʦʣʠʯʝʩʪʚʦ ʩʤʝʨʪʝʣʴʥʦ ʪʨʘʚʤʠʨʦʚʘʥ-
ʥʳʭ ʧʨʦʭʦʜʯʠʢʦʚ ï 25 (ʧʨʘʢʪʠʯʝʩʢʠ 14 %). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʪʨʘʜʘʣʠ 14 ʵʣʝʢʪʨʦʩʣʝʩʘʨʝʡ (ʦʢʦʣʦ 
8 %), 12 ʤʘʰʠʥʠʩʪʦʚ ʛʦʨʥʳʭ ʚʳʝʤʦʯʥʳʭ ʤʘʰʠʥ (6,7 %), 7 ʢʨʝʧʠʣʴʱʠʢʦʚ (3,91 %), 6 ʤʘʰʠʥʠʩʪʦʚ 
ʵʣʝʢʪʨʦʚʦʟʘ (3,35 %), 6 ʤʘʰʠʥʠʩʪʦʚ ʧʦʜʟʝʤʥʳʭ ʫʩʪʘʥʦʚʦʢ (3,35 %), 4 ʛʦʨʥʳʭ ʤʘʩʪʝʨʘ (2,23 %), 3 
ʧʦʤʦʱʥʠʢʘ ʥʘʯʘʣʴʥʠʢʘ ʫʯʘʩʪʢʘ (1,68 %), 3 ʤʝʭʘʥʠʢʘ (1,68 %), 2 ʟʘʤʝʩʪʠʪʝʣʷ ʥʘʯʘʣʴʥʠʢʘ ʫʯʘʩʪʢʘ 
(1,12 %), 2 ʤʘʩʪʝʨʘ ʚʟʨʳʚʥʠʢʘ (1,12 %) ʠ 2 ʩʣʝʩʘʨʷ (1,12 %). ʊʘʢʞʝ ʩʤʝʨʪʝʣʴʥʳʝ ʪʨʘʚʤʳ ʧʦʣʫʯʠʣʠ 
ʧʦʩʘʜʯʠʢ (0,56 %), ʥʘʯʘʣʴʥʠʢ ʫʯʘʩʪʢʘ (0,56 %) ʠ ʙʨʠʛʘʜʠʨ (0,56 %). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʠʯʠʥ ʩʤʝʨʪʝʣʴʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʘʥʪʨʘʮʠʪʦ-
ʚʳʭ ʰʘʭʪʘʭ ʃʫʛʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ɼʦʥʙʘʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

ʅʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʩʨʝʜʠ ʧʨʠʯʠʥ ʩʤʝʨʪʝʣʴʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘʭʦʜʠʪʩʷ ʦʙʨʫʰʝʥʠʝ ʧʦʨʦʜ, ʝʛʦ ʜʦʣʷ 
ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 34 %. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʜʝʡʩʪʚʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʙʦʣʝʝ 15 % ʠ ʧʦʨʘʞʝʥʠʝ ʵʣʝʢ-

0,00

5,00

10,00

15,00

20,00

25,00

30,00

35,00

˨ͦ͡Ύ ͫͯ͡;͔͍͊Σ ҈

˽ͪͦͺ͔͙ͫͫΎ ό͒ͦ͗ͤͦͫͭ͡Έύ

˾Ύ͒м

1234567891011121314151617

1 ɻʈʆɿ

2 ɻʈʇ

3 ʇʨʦʭʦʜʯʠʢ

4 ʕʣ. ʩʣʝʩʘʨʴ

5 ʄɻɺʄ

6 ʂʨʝʧʠʣʴʱʠʢ

7 ʄʘʰ-ʪ ʵʣ-ʚʦʟʘ

8 ʄʇʋ

9 ɻʦʨʥʳʡ ʤʘʩʪʝʨ

10 ʇʦʤ. ʥʘʯ. ʫʯ.

11 ʄʝʭʘʥʠʢ

12 ʉʣʝʩʘʨʴ

13 ʄʘʩʪʝʨ-ʚʟʨʳʚʥʠʢ

14 ɿʘʤ. ʥʘʯ. ʫʯ.

15 ʇʦʩʘʜʯʠʢ

16 ʅʘʯ. ʫʯ.

17 ɹʨʠʛʘʜʠʨ
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II ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʫʯʘʝʚ. ɿʘʪʝʤ ʩʨʝʜʠ ʧʨʠʯʠʥ ʩʤʝʨʪʝʣʴʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ 
ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦʜʟʝʤʥʳʡ ʪʨʘʥʩʧʦʨʪ ʩ ʙʦʣʝʝ ʯʝʤ 12 %, ʦʙʩʣʫʞʠʚʘʥʠʝ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʷʚʠʣʦʩʴ 
ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʝʣʴʥʦʛʦ ʪʨʘʚʤʠʨʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 6 %. ʆʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʯʠʥ ʧʦʛʠʙʣʦ ʙʦʣʝʝ 5 % 
ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʤʝʨʪʝʣʴʥʦ ʪʨʘʚʤʠʨʦʚʘʥʥʳʭ. ɻʠʙʝʣʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʨʳʚʘ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠ-
ʯʝʩʢʠ 4 %. ʇʘʜʝʥʠʝ ʧʦʩʣʫʞʠʣʦ ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʝʣʴʥʳʭ ʪʨʘʚʤ ʜʣʷ ʙʦʣʝʝ ʯʝʤ ʪʨʸʭ ʧʨʦʮʝʥʪʦʚ ʧʦʩʪʨʘ-
ʜʘʚʰʠʭ, ʘ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʨʦʠʩʰʝʩʪʚʠʝ ʜʣʷ 1,27 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʦʩʪʨʘʜʘʚʰʠʭ. ɺ ʢʘʯʝʩʪʚʝ 
ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʳ ʜʣʷ 1,27 % ʧʦʩʪʨʘʜʘʚʰʠʭ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʘʜʝʥʠʝ ʧʨʝʜʤʝʪʦʚ ʠ ʩʧʦʣʟʘʥʠʷ ʛʦʨʥʦʡ 
ʤʘʩʩʳ. ʇʦ 0,63 % ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʤʝʨʪʝʣʴʥʳʭ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʩʬʠʢʩʠʶ, ʧʦʞʘʨ ʠ 
ʨʘʟʜʘʚʣʠʚʘʥʠʝ.  

 

 
ʉʡʪ. 2. ɽʡʙʜʩʙʥʥʙ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʪʥʞʩʫʞʤʵʦʧʜʧ ʫʩʙʛʥʙʫʡʠʥʙ ʨʧ ʧʪʦʧʛʦʴʥ ʬʪʫʙʦʧʛʤʞʦʦʴʥ 

ʨʩʡʰʡʦʙʥ 
 
ɼʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ ʩʤʝʨʪʝʣʴʥʳʭ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʜʠ-

ʥʝʥʠʷ ʫʛʦʣʴʥʳʭ ʰʘʭʪ ʭʦʨʦʰʦ ʣʦʞʠʪʩʷ ʥʘ ʦʙʱʝʨʦʩʩʠʡʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʚʠʜʘʤ ʩʦʙʳʪʠʡ [1-3]. ʋʯʠʪʳ-
ʚʘʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʨʘʚʤʦʦʧʘʩʥʦʡ ʧʨʦʬʝʩʩʠʝʡ ʷʚʣʷʝʪʩʷ ɻʈʆɿ, ʘ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʤʝʨʪʝʣʴʥʳʭ 
ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʧʨʦʠʟʦʰʣʦ ʧʦ ʧʨʠʯʠʥʝ ʦʙʨʫʰʝʥʠʡ ʧʦʨʦʜ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦ-
ʜʠʤʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʦʜʭʦʜʠʪʴ ʢ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʟʨʘʙʦ-
ʪʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʧʘʩʧʦʨʪʦʚ ʚʳʝʤʢʠ ʫʛʣʷ, ʢʨʝʧʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʨʦʚʣʝʡ ʚ ʦʯʠʩʪʥʦʤ ʟʘʙʦʝ, ʘ ʪʘʢʞʝ 
ʟʘʙʦʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥ-
ʪʘʮʠʠ ʚʳʝʤʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʜʦʩʪʦʚʝʨʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ 
ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʫʯʘʩʪʢʫ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚ ʩʠʣʫ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠ-
ʚʦʩʪʠ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʨʘʤʢʘʭ ʜʘʞʝ ʦʜʥʦʛʦ ʚʳʝʤʦʯʥʦʛʦ ʫʯʘʩʪʢʘ [4]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦ-
ʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ, ʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ï ʧʨʘʚʠʣʴʥʦ-
ʩʪʠ ʧʦʜʙʦʨʘ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʨʦʚʣʝʡ ʠ ʛʦʨʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʩʧʦʩʦʙʦʚ ʠ ʩʨʝʜʩʪʚ ʦʭʨʘʥʳ ʚʳʨʘʙʦʪʦʢ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʫʛʣʝʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, ʩʦʩʪʘʚʣʷʝʤʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʤʝʶʱʠʭʩʷ ʛʝʦ-
ʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʧʫʪʸʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʛʥʦʟʥʳʭ 
ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʩʝʪʢʦʡ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴ-
ʥʦʡ ʤʝʨʝ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʮʝʥʘʨʠʝʚ ʧʦʚʝʜʝʥʠʠ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ, ʠ, ʪʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ï ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʨʘʟʜʝʣʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʜʝʥʠʷ ʨʘʙʦʪ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚʳʝʤʦʯʥʦʛʦ ʫʯʘʩʪʢʘ.  
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ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʬʝʩʩʠʠ ɻʈʆɿ ï ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-
ʪʝʭʥʠʯʝʩʢʦʝ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʜʘʧʪʘʮʠʠ ʧʨʠʸʤʦʚ ʠ ʤʝʪʦʜʦʚ ʚʝʜʝʥʠʷ ʨʘʙʦʪ ʢ ʦʩʦʙʦ ʦʧʘʩʥʳʤ 
ʫʩʣʦʚʠʷʤ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʯʘʩʪʠ ʦʯʠʩʪʥʦʡ ʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʚʳʨʘʙʦʪʦʢ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʴʰʝʝ 
ʯʠʩʣʦ ʦʙʨʫʰʝʥʠʡ ʧʦʨʦʜ. 
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NANOSENSORS. TYPES AND DEBUGGING OF NANOSENSORS 

 
Koval Denis Igorevich 

 
Abstract: This article discusses various types of nanosensors, ways to debug them and tools. 
Keywords: nanosensors, nanosensor debugging, types, advantages of debugging tools. 

 
ɻʛʞʝʞʦʡʞ 
ʅʘʥʦʩʝʥʩʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʚʝʨʦʷʪʥʦ ʤʘʣʝʥʴʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ 

ʠʟʤʝʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ 
ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʩʬʝʨʝ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʙ-
ʣʘʩʪʝʡ, ʚʢʣʶʯʘʷ ʤʝʜʠʮʠʥʫ, ʵʣʝʢʪʨʦʥʠʢʫ, ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

ʅʘʥʦʩʝʥʩʦʨʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʝʛʦ-
ʜʥʷ. ʆʥʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʤʝʜʠʮʠʥʘ, ʵʥʝʨʛʝʪʠʢʘ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ 
ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʅʦ, ʧʨʝʞʜʝ ʯʝʤ ʥʘʥʦʩʝʥʩʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʜʨʝʥʳ ʚ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʦʥʠ 
ʜʦʣʞʥʳ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʠ ʧʨʦʚʝʨʝʥʳ ʥʘ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ[1]. 

 
ʋʡʨʴ ʦʙʦʧʪʞʦʪʧʩʧʛ 
ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʥʘʥʦʩʝʥʩʦʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʠʟʤʝʨʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʜʠʥ ʠʟ ʥʠʭ - ʵʪʦ ʙʠʦʩʝʥʩʦʨʳ. ɹʠʦʩʝʥʩʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤ-
ʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʬʝʨʤʝʥʪʳ ʠʣʠ ʘʥʪʠʪʝʣʘ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʣʝʢʫʣ ʠʣʠ ʧʨʦʮʝʩʩʦʚ ʚ 
ʦʨʛʘʥʠʟʤʝ. ʆʥʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʙʦʣʝʟʥʝʡ ʠʣʠ 
ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ. 

ɽʱʝ ʦʜʠʥ ʪʠʧ ʥʘʥʦʩʝʥʩʦʨʦʚ - ʵʪʦ ʦʧʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʝʪʘ ʠ 
ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʆʧʪʠʯʝʩʢʠʝ ʥʘʥʦʩʝʥʩʦʨʳ ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠʟʤʝ-
ʥʝʥʠʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʧʨʝʣʦʤʣʝʥʠʷ ʠʣʠ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝ-
ʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʕʪʦʪ ʪʠʧ ʥʘʥʦʩʝʥʩʦʨʦʚ ʥʘʭʦʜʠʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʥʘʣʠʟʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʤʦ-
ʥʠʪʦʨʠʥʛʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ɽʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʪʠʧ ʥʘʥʦʩʝʥʩʦʨʦʚ - ʵʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ. ʆʥʠ ʠʟʤʝʨʷʶʪ ʵʣʝʢʪʨʠʯʝ-
ʩʢʠʝ ʩʠʛʥʘʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ʕʣʝʢʪʨʦ-
ʭʠʤʠʯʝʩʢʠʝ ʥʘʥʦʩʝʥʩʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʤʦʥʠʪʦʨʠʥʛʝ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʜʘʞʝ ʚ ʙʠʦʤʝʜʠʮʠʥʝ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʩʝʥʩʦʨʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʦʪʣʘʜʢʘ ʠ ʢʘʣʠʙʨʦʚʢʘ. 
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ʆʪʣʘʜʢʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʧʨʘʚʠʣʴʥʫʶ ʨʘʙʦʪʫ ʥʘʥʦʩʝʥʩʦʨʘ ʠ ʢʦʨʨʝʢʪʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʣʫʯʘʝ-
ʤʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʵʪʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʦʙʨʘʟʮʳ ʩʦ ʟʘʨʘʥʝʝ 
ʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʆʪʣʘʜʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʰʘʛʠ, ʢʘʢ ʧʨʦʚʝʨʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʚʷʟʠ, 
ʦʧʨʝʜʝʣʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʫʩʪʨʘʥʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʦʤʝʭ. 

 
ʇʦ ʩʫʪʠ, ʥʘʥʦʩʝʥʩʦʨʳ - ʵʪʦ ʥʘʩʪʦʷʱʘʷ ʨʝʚʦʣʶʮʠʷ ʚ ʤʠʨʝ ʠʟʤʝʨʝʥʠʡ ʠ ʢʦʥʪʨʦʣʷ. ʀʭ ʤʘʣʳʡ ʨʘʟ-

ʤʝʨ ʠ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʝʣʘʶʪ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚ ʥʘʫʯʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʥʘʥʦʩʝʥʩʦʨʦʚ ʠ ʠʭ ʦʪʣʘʜʢʘ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʠʩʢʝ ʥʦ-
ʚʳʭ ʩʧʦʩʦʙʦʚ ʘʥʘʣʠʟʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ. [2] 

 
ʇʨʡʪʙʦʡʞ ʡʦʪʫʩʬʥʞʦʫʙ ʧʫʤʙʝʣʡ 
ʉʪʝʥʜ ʪʘʢʞʝ ʦʩʥʘʱʝʥ ʤʠʢʨʦʩʢʦʧʦʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʚʝʣʠʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʥʦʩʝʥʩʦʨʦʚ ʚ 

ʥʘʥʦ- ʠ ʤʠʢʨʦʤʘʩʰʪʘʙʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʩʪʨʫʢʪʫʨʫ ʥʘʥʦ-
ʩʝʥʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʪʝʥʜ ʦʙʦʨʫʜʦʚʘʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦ-
ʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʩʯʠʪʳʚʘʝʪ ʠ ʘʥʘʣʠʟʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʞʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʜʚʠʞʥʦʩʪʴ 
ʵʣʝʢʪʨʦʥʦʚ, ʫʨʦʚʝʥʴ ʰʫʤʘ, ʩʤʝʥʫ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʩʝʥʩʦʨʦʚ. [3] 

ʉʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘʥʦʩʝʥʩʦʨʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʞʜʳʡ 
ʠʟ ʢʦʪʦʨʳʭ ʠʛʨʘʝʪ ʩʚʦʶ ʫʥʠʢʘʣʴʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʢʣʶʯʘʶʪ: 

1. ʆʙʨʘʟʮʳ ʥʘʥʦʩʝʥʩʦʨʦʚ: ʩʪʝʥʜ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʳʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 
ʥʘʥʦʩʝʥʩʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʘʪʯʠʢʠ ʛʘʟʦʚ, ʙʠʦʩʝʥʩʦʨʳ ʠ ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ. 

2. ʂʘʤʝʨʘ ʠ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ: ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝ-
ʤʳʭ ʫʩʣʦʚʠʡ ʠʩʧʳʪʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ ʠ ʜʘʚʣʝʥʠʝ. ʂʘʤʝʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʦʣʷ-
ʮʠʶ ʦʙʨʘʟʮʦʚ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʨʝʛʫʣʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʠʩʧʳʪʘʥʠʷ. 

3. ʄʝʪʦʜʳ ʩʪʠʤʫʣʷʮʠʠ: ʩʪʝʥʜ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 
ʥʘʥʦʩʝʥʩʦʨʦʚ ʨʘʟʣʠʯʥʳʤʠ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʛʘʟʳ, ʞʠʜʢʦʩʪʠ ʠ ʩʚʝʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦ-
ʚʝʨʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘʥʦʩʝʥʩʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

4. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ: ʜʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 
ʧʨʠʙʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʬʦʪʦʜʝʪʝʢʪʦʨʳ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠ ʘʥʘ-
ʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʨʘʙʦʪʝ ʥʘʥʦʩʝʥʩʦʨʦʚ. 

 
ʈʩʞʡʥʬʲʞʪʫʛʙ ʡʪʨʧʤʵʠʧʛʙʦʡʸ ʪʫʞʦʝʙ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʥʜʘ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘʥʦʩʝʥʩʦʨʦʚ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 
1. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ: ʩʪʝʥʜ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʳʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʘʥʦʩʝʥ-

ʩʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʠ ʩʦʟʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʥʝʥʠʷ 
ʜʣʷ ʥʘʥʦʩʝʥʩʦʨʦʚ. 

2. ʂʦʥʪʨʦʣʠʨʫʝʤʳʝ ʫʩʣʦʚʠʷ: ʩʪʝʥʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʚ ʢʦʥ-
ʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʪʦʯʥʦ ʠʟʫʯʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʚʝʜʝʥʠʝ 
ʥʘʥʦʩʝʥʩʦʨʦʚ. 

3. ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʘʨʘʣ-
ʣʝʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʩʝʥʩʦʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

 
ʀʙʣʤʷʰʞʦʡʞ 
ʉʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘʥʦʩʝʥʩʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʥʘʥʦʩʝʥʩʦʨʦʚ. ʆʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʠʩʧʳʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 
ʥʘʥʦʩʝʥʩʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʫʩʣʦ-
ʚʠʡ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘʥʦʩʝʥʩʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʥʘʥʦ-
ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 
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ǢǿȂǿȏȇȌȍȁ ǧȁǿȌ ǡȊǿȃȇȋȇȏȍȁȇȖ 
ʘʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çɻʋʄʈʌ ʠʤʝʥʠ ʘʜʤʠʨʘʣʘ ʉ.ʆ. ʄʘʢʘʨʦʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʜʘʯʠ ʫʥʠʬʠʢʘʮʠʠ ʩʠʣʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʣʝʜʦʢʦʣʦʚ ʜʣʷ 
ʨʘʙʦʪʳ ʥʘ ʉʝʚʝʨʥʦʤ ʄʦʨʩʢʦʤ ʇʫʪʠ, ʚʢʣʶʯʘʷ ʩʠʣʦʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 
ʯʘʩʪʦʪʳ. ʇʦʜʛʦʪʦʚʣʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʫʥʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʫʷ 
ʨʦʩʩʠʡʩʢʫʶ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʫʜʦʚʦʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦ-
ʜʚʠʞʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ, ʣʝʜʦʢʦʣ. 
 
UNIFICATION OF ELECTRICAL EQUIPMENT OF ICEBREAKERS FOR OPERATION ON THE NORTHERN 

SEA ROUTE 
 

Gagarinov Ivan Vladimirovich 
 
Abstract: The analysis of the problem of unification of the power electrical equipment of icebreakers for op-
eration on the Northern Sea Route, including power semiconductor devices of frequency converters, is carried 
out. Proposals have been prepared for the unification of electrical equipment, including using the Russian el-
ement base. 
Key words: marine electric equipment, switchboard, electric propulsion, frequency converter, icebreaker. 

 
ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʳʤ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʤ ʧʣʘʥʘʤ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʣʝʜʫʶʱʠʭ ʣʝʜʦ-

ʢʦʣʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʉʝʚʝʨʥʦʛʦ ʄʦʨʩʢʦʛʦ ʇʫʪʠ [1]: 

- ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʘʪʦʤʥʳʝ ʣʝʜʦʢʦʣʳ ʧʨʦʝʢʪʘ 22220 ʤʦʱʥʦʩʪʴʶ 60 ʄɺʪ ʜʦ ʜʝʩʷʪʠ ʝʜʠʥʠʮ; 

- ʘʪʦʤʥʳʡ ʣʝʜʦʢʦʣ-ʣʠʜʝʨ ʧʨʦʝʢʪʘ 10510 ʤʦʱʥʦʩʪʴʶ 120 ʄɺʪ ʥʝ ʤʝʥʝʝ ʦʜʥʦʡ ʝʜʠʥʠʮʳ; 

- ʥʝʘʪʦʤʥʳʡ ʣʝʜʦʢʦʣ ʤʦʱʥʦʩʪʴʶ 40 ʄɺʪ ʯʝʪʳʨʝ ʝʜʠʥʠʮʳ. 
ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʚʣʦʞʝʥʠʷʤʠ ʠ ʜʣʠʪʝʣʴʥʳʤʠ ʩʨʦʢʘʤʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ, 

ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʥʠʤʘʝʪ çʦʙʦʩʥʦʚʘʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝ-
ʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡè ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʫʜʦʚ. ɺ ʪʝ-
ʢʫʱʠʭ ʫʩʣʦʚʠʷʭ ʩʪʦʠʪ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʦʛʨʘʥʠʯʝʥ-
ʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʨʝ-
ʰʠʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ. ɽʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʝ ʙʫʜʫʪ ʥʘʠʣʫʯ-
ʰʠʤ ʚʳʙʦʨʦʤ ʜʣʷ ʜʘʥʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʩʫʜʥʘ. 

ʊʠʧʦʚʦʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʣʝʜʦʢʦʣʦʚ ʩʣʝʜʫʶʱʠʡ:  
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- ʛʝʥʝʨʘʪʦʨʳ; 

- ʛʣʘʚʥʳʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ; 

- ʧʦʥʠʞʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ; 

- ʩʠʣʦʚʳʝ ʩʦʛʣʘʩʫʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ; 

- ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ; 

- ʛʨʝʙʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ. 
ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʫʥʠʬʠʢʘʮʠʠ ʟʘʜʘʯʘ ʩʪʦʠʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʣʫʯʰʠʡ ʚʳʙʦʨ (ʦʧʪʠʤʠʟʘʮʠʶ) ʵʣʝʢʪʨʦ-

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʜʘʥʥʦʡ ʮʝʣʝʚʦʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ. 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʦʚ ʧʨʦʝʢʪʦʚ 22220 ʠ 10510 ʚʦ ʤʥʦ-

ʛʦʤ ʫʞʝ ʫʥʠʬʠʮʠʨʦʚʘʥʦ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ [2, 3]. ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ ʣʝʜʦ-
ʢʦʣʘ ʣʠʜʝʨʘ ʧʨʦʝʢʪʘ 10510 ʧʦʣʫʯʝʥʘ ʢʘʢ ʙʳ ʫʜʚʦʝʥʠʝʤ ʪʘʢʦʚʦʡ ʫ ʧʨʦʝʢʪʘ 22220. 

ʆʩʥʦʚʥʦʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʧʨʦʝʢʪʘ 22220 ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʜʚʘ ʛʝʥʝ-
ʨʘʪʦʨʘ 36 ʄɺʪ, 10,5 ʢɺ, 50 ɻʮ ʠ ʛʣʘʚʥʳʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 10,5 ʢɺ, 50 ɻʮ, ʧʦʥʠʞʘʶʱʠʝ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 2,5 ʄɺɸ, 10,5/0,4 ʢɺ. ʇʦʥʠʞʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 6 ʄɺɸ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦ-
ʪʳ ʠ ʛʨʝʙʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ 20 ʄɺʪ ʬʦʨʤʠʨʫʶʪ ʛʨʝʙʥʦʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ. 

ʆʩʥʦʚʥʦʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʧʨʦʝʢʪʘ 10510 ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʫʜʚʦʝʥ-
ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʘʪʦʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʝʢʪʦʤ 22220, ʦʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʯʝʪʳʨʝʭ 36 ʄɺʪ. ʀʩ-
ʧʦʣʴʟʫʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʩʠʣʦʚʳʭ ʩʦʛʣʘʩʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 6 ʄɺɸ ʠ ʧʦʥʠʞʘʶʱʠʭ ʪʨʘʥʩ-
ʬʦʨʤʘʪʦʨʦʚ 2,5 ʄɺɸ, 10,5/0,4 ʢɺ. ʇʨʠ ʵʪʦʤ ʛʨʝʙʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠʤʝʶʪ ʤʦʱʥʦʩʪʴ ʧʦ 30 ʄɺʪ ʥʘ 
ʚʘʣ ʧʨʦʪʠʚ 20 ʄɺʪ ʫ ʧʨʦʝʢʪʘ 22220. ʊʫʪ ʫʥʠʬʠʢʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʫʟʣʦʚ 
ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʆʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʧʦ ʫʥʠʬʠʢʘʮʠʠ ʷʯʝʝʢ ʛʣʘʚʥʳʭ ʨʘʩʧʨʝʜʝʣʠ-
ʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

ʉʦʛʣʘʩʫʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʩʫʭʠʤʠ ʩ ʪʨʝʤʷ ʩʠʣʦʚʳʤʠ ʦʙʤʦʪʢʘʤʠ, ʦʜʥʦʡ ʧʝʨʚʠʯʥʦʡ 
ʠ ʜʚʫʤʷ ʚʪʦʨʠʯʥʳʤʠ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʦʝʢʪʦʚ 22220 ʠ 10510 
ʜʣʷ ʢʦʤʧʣʝʢʪʘʮʠʠ ʯʝʪʳʨʝʭ ʥʝʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʦʚ ʤʦʱʥʦʩʪʴʶ 40 ʄɺʪ. ʋʥʠʬʠʢʘʮʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʥʝ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʡ, ʪʘʢ ʢʘʢ ʦʥʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜ ʨʘʙʦʪʫ ʦʪ ʧʘʨʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʧʝʨʚʠʯ-
ʥʳʤ ʘʪʦʤʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʷʯʝʡʢʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ 
ʪʦʛʦ ʞʝ ʪʠʧʘ, ʯʪʦ ʠ ʥʘ ʦʜʥʦʤ ʠʟ ʜʘʥʥʳʭ ʣʝʜʦʢʦʣʦʚ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʥʠʞʘʶʱʠʝ ʠ ʩʦʛʣʘʩʫʶʱʠʝ ʪʨʘʥʩ-
ʬʦʨʤʘʪʦʨʳ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʫʟʣʳ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 

ɼʣʷ ʪʨʝʭʫʨʦʚʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩʨʝʜʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʘʚʪʦʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʩʠʣʦʚʫʶ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ ʢʦʤʧʘʥʠʠ çʇʨʦʪʦʥ-ʕʣʝʢʪʨʦʪʝʢʩè, ʧʨʝʞʜʝ ʚʩʝʛʦ 
IGBT ʩʠʣʦʚʳʝ ʢʣʶʯʠ (ʨʠʩ.1) ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʞʠʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɸ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʦʚʳʝ 
ʩʙʦʨʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝ (ʨʠʩ.2). 

 

 
ʉʡʪ. 1. ʊʡʤʧʛʴʞ ʨʧʤʬʨʩʧʛʧʝʦʡʣʧʛʴʞ IGBT ʣʧʥʨʙʦʡʡ çʈʩʧʫʧʦ-ʖʤʞʣʫʩʧʫʞʣʪè ʝʤʸ ʫʩʞʮʭʙʠʦʧʜʧ 

ʫʩʞʮʬʩʧʛʦʞʛʧʜʧ ʡʦʛʞʩʫʧʩʙ ʦʙʨʩʸʟʞʦʡʸ 
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ʉʡʪ. 2. ʊʡʤʧʛʙʸ ʪʚʧʩʣʙ ʍʅ-1844-3,3-1-ɻ-ʇʅ4 ʣʧʥʨʙʦʡʡ çʈʩʧʫʧʦ-ʖʤʞʣʫʩʧʫʞʣʪè 

ʝʤʸ ʫʩʞʮʭʙʠʦʧʜʧ ʫʩʞʮʬʩʧʛʦʞʛʧʜʧ ʡʦʛʞʩʫʧʩʙ ʦʙʨʩʸʟʞʦʡʸ 
 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʫʥʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʣʝʜʦʢʦʣʦʚ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʉʝʚʝʨ-

ʥʦʤ ʄʦʨʩʢʦʤ ʇʫʪʠ, ʜʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʫʥʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʠʣʦʚʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʇʣʘʥ ʨʘʟʚʠʪʠʷ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2035 ʛʦʜʘ, ʫʪʚʝʨʞʜʝʥ ʨʘʩʧʦʨʷʞʝʥʠʝʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 1 ʘʚʛʫʩʪʘ 2022 ʛ. N 2115-ʨ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð ʈʝʞʠʤ 
ʜʦʩʪʫʧʘ: http://static.government.ru/media/files/StA6ySKbBceANLRA6V2sF6wbOKSyxNzw.pdf (ʜʘʪʘ ʦʙʨʘ-
ʱʝʥʠʷ: 19.09.2023). 

2. ɺʝʨʰʠʥʠʥ ɺ.ʀ. ɸʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʛʨʝʙʥʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʘʪʦʤʥʦʛʦ 
ʣʝʜʦʢʦʣʘ ʧʨʦʝʢʪʘ 22220 / ɺ. ʀ. ɺʝʨʰʠʥʠʥ, ʉ. ɺ. ʄʘʭʦʥʠʥ, ɺ.ɸ. ʇʘʨʰʠʢʦʚ, ɺ.ɸ. ʍʦʤʷʢ // ʊʨʫʜʳ ʂʨʳʣʦʚ-
ʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ. ï 2017. ï ˉ 4(382). ï ʉ. 95-102. ï DOI 10.24937/2542-2324-
2017-4-382-95-102. ï EDN YMBWHP. 

3. ɺʦʨʦʥʮʦʚ, ɸ.ɻ. ʄʦʜʝʣʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ ʣʝʜʦʢʦʣʦʚ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʠ 
ʪʨʝʭʫʨʦʚʥʝʚʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ / ɸ. ɻ. ɺʦʨʦʥʮʦʚ, ʄ. ɺ. ʇʨʦʥʠʥ // ʀʟʚʝʩʪʠʷ ʉʇʙɻʕʊʋ çʃʕʊʀè. ï 
2022. ï ̄  9. ï ʉ. 80-90. ï DOI 10.32603/2071-8985-2022-15-9-80-90. ï EDN LUQNJQ. 
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ʋʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʜʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢè 

 

ɹʦʦʧʫʙʯʡʸ: ʠʟʫʯʝʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʛʝʥʝʨʘʮʠʠ, ʤʝʩʪʘ ʧʨʠʤʝʥʝʥʠʷ ʢʦʛʝʥʝʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʜʚʠ-
ʛʘʪʝʣʝʤ ʉʪʠʨʣʠʥʛʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʛʝʥʝʨʘʮʠʷ, ʜʚʠʛʘʪʝʣʴ ʉʪʠʨʣʠʥʛʘ, ʤʠʥʠ-ʊʕʉ, ʢʦʪʸʣ. 
 

USE OF COGENERATION UNITS WITH STIRLING ENGINE 
 

Petrovskaya Tatyana, 
Milyanenko Alexander, 

Mikshel Matvey 
 
Abstract: the principle of operation of cogeneration and the places of application of cogeneration plants with a 
Stirling engine have been studied. 
Key words: cogeneration, Stirling engine, mini-thermal power plant, boiler. 

 
ʂʦʛʝʥʝʨʘʮʠʷ ð ʧʨʦʮʝʩʩ ʩʦʚʤʝʩʪʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ.  
ʉʪʠʨʣʠʥʛ-ʢʦʛʝʥʝʨʘʮʠʷ ï ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʪʝʧʣʘ, ʥʘ ʦʩʥʦʚʝ ʜʚʠʛʘʪʝʣʝʡ ʉʪʠʨʣʠʥʛʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʵʥʝʨʛʠʷ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʫʞʜ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

 

 
ʉʡʪ. 1. ʈʩʡʥʞʩ ʣʧʜʞʦʞʩʙʯʡʧʦʦʧʢ ʬʪʫʙʦʧʛʣʡ ʊʫʡʩʤʡʦʜ 

 
ɺʠʜʳ ʧʨʠʤʝʥʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ ʚ ʤʘʣʦʡ ʵʥʝʨʛʝʪʠʢʝ: 
1. ʄʠʥʠ-ʊʕʉ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʪʪʝʜʞʘʭ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʮʝʥʳ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʧʦʩʪʦʷʥʥʦ 
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ʨʘʩʪʫʪ, ʠʟ-ʟʘ ʵʪʦʛʦ ʨʘʩʪʫʪ ʠ ʮʝʥʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʩ ʦʪʦʧʣʝʥʠʝʤ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦ-
ʙʣʝʤʫ ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ, ʉʐɸ, ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʨʘʟʨʘʙʦʪʘʣʠ ʢʦʛʝʥʝʨʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʜʚʠʛʘʪʝʣʷʤʠ 
ʉʪʠʨʣʠʥʛʘ ʠ ʥʘʯʘʣʠ ʠʭ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʢʦʤʧʘʥʠʠ Viessman ʠ Whisper Tech), ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʪʘʢʦʡ ʫ 
ʩʝʙʷ ʜʦʤʘ, ʚʣʘʜʝʣʝʮ ʩʤʦʞʝʪ ʦʪʘʧʣʠʚʘʪʴ ʞʠʣʴʸ, ʥʘʛʨʝʚʘʪʴ ʚʦʜʫ ʠ ʚʳʨʘʙʘʪʳʚʘʪʴ ʯʘʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ 
ʧʦʤʦʞʝʪ ʩʵʢʦʥʦʤʠʪʴ. ʊʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʟʘ ʩʯʝʪ ʪʚʝʨʜʦʪʦʧʣʠʚʥʦʛʦ ʠʣʠ ʛʘʟʦʚʦʛʦ ʢʦʪʣʘ [2]. 

 

 
ʉʡʪ. 2. ʃʧʜʞʦʞʩʙʯʡʧʦʦʙʸ ʬʪʫʙʦʧʛʣʙ ʪ ʜʙʠʧʛʴʥ ʣʧʫʤʧʥ 

 
2. ʄʥʦʛʦʪʦʧʣʠʚʥʳʝ ʢʦʪʣʳ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʉʪʠʨʣʠʥʛʘ. ʊʘʢʞʝ ʩʝʡʯʘʩ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʤʥʦʛʦʪʦʧ-

ʣʠʚʥʳʝ ʢʦʪʣʳ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ ʜʚʠʛʘʪʝʣʝʤ ʉʪʠʨʣʠʥʛʘ. ʋ ʥʠʭ ʝʩʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʠ-
ʛʘʪʝʣʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ: 

1. ʉʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 2ï3 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʦʪ ʦʙʱʝʡ ʩʝʪʠ, ʘ ʪʝʧʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʣʘʪʥʦʝ. 
2. ʇʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʝʩʫʨʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʷʤʦʛʦ ʮʠʢʣʘ ʢʦʛʝʥʝʨʘʮʠʦʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼɺʉ. 
3. ʇʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ ʩʦʜʝʨʞʘʥʠʝ ʉʆ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ ʛʘʟʘʭ ʚ 3 ʨʘʟʘ ʥʠʞʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ ʩʦʜʝʨʞʘʥʠʝ NO ʠ ʉH, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʘʤʳʤ ʞʝʩʪʢʠʤ ʤʠʨʦʚʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ [1]. 
3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʣʦʚ ʩ ʙʠʦʛʘʟʦʤ ʠʣʠ ʩʦʣʦʤʦʡ ʜʣʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ. ɽʱʸ ʜʚʠ-

ʛʘʪʝʣʠ ʉʪʠʨʣʠʥʛʘ ʤʦʞʥʦ ʩʦʚʤʝʩʪʠʪʴ ʩ ʢʦʪʣʦʤ ʥʘ ʙʠʦʛʘʟʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡ-
ʩʪʚʘʭ ʠ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʥʝʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʠʣʠ ʜʘʣʝʢʦ ʪʷʥʫʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʘʙʝʣʴ. 
ʄʦʞʥʦ ʪʘʢʞʝ ʩʦʚʤʝʩʪʠʪʴ ʩ ʢʦʪʣʦʤ ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʩʦʣʦʤʝ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʛʦʜ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 
ʛʥʠʝʪ ʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʦ ʩʦʣʦʤʳ, ʢʦʪʦʨʘʷ ʧʨʠ ʙʳʩʪʨʦʤ ʛʦʨʝʥʠʠ ʚʳʜʝʣʷʝʪ ʩʪʦʣʴʢʦ ʞʝ CO2, ʢʘʢ ʠ 
ʧʨʠ ʧʨʠʨʦʜʥʦʤ ʨʘʟʣʦʞʝʥʠʠ. 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʨʘʙʦʪʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ. ɺ 
ʞʘʨʢʠʭ ʩʪʨʘʥʘʭ, ʧʦ ʪʠʧʫ ʉʨʝʜʥʝʡ ɸʟʠʠ, ʛʜʝ ʤʥʦʛʦ ʩʦʣʥʮʘ, ʤʦʞʥʦ ʩʦʚʤʝʩʪʠʪʴ ʜʚʠʛʘʪʝʣʴ ʉʪʠʨʣʠʥʛʘ ʩ 
ʩʦʣʥʝʯʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʠʣʠ ʛʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢ-
ʪʦʚ ʠʣʠ ʬʝʨʤ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʜʘʣʝʢʦ ʦʪ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ. ʀ ʢ ʢʦʪʦʨʳʤ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠ ʜʦʨʦʛʦ 
ʧʨʦʣʦʞʠʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ɼʣʷ ʵʪʦʛʦ ʤʦʛʫʪ ʧʦʜʦʡʪʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʚʠʛʘʪʝʣʠ ʉʪʠʨʣʠʥʛʘ, ʪʘʢ ʢʘʢ ʚ ʥʠʭ ʭʚʘʪʠʪ ʪʝʤʧʝ-
ʨʘʪʫʨʳ ʥʘʛʨʝʚʘʪʝʣʷ ʚ ʨʘʡʦʥʝ 90ï100 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. ʅʦ ʜʣʷ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʫ ʥʠʭ ʚʳʪʝʩʥʠʪʝʣʴ 
ʜʦʣʞʝʥ ʙʳʪʴ ʚ 20 ʠ ʙʦʣʝʝ ʨʘʟ ʙʦʣʴʰʝ ʨʘʙʦʯʝʛʦ ʧʦʨʰʥʷ. ʊʘʢʞʝ ʚ ʥʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʙʦʣʴʰʝʡ 
ʛʝʨʤʝʪʠʟʘʮʠʠ ʜʚʠʛʘʪʝʣʷ ʥʝʦʜʠʤʦʚʳʝ ʤʘʛʥʠʪʳ ʜʣʷ ʩʚʷʟʠ ʚʳʪʝʩʥʠʪʝʣʷ ʩ ʨʘʙʦʯʠʤ ʧʦʨʰʥʝʤ. 

5. ɼʚʠʛʘʪʝʣʴ ʉʪʠʨʣʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʘʚʪʦʥʦʤʥʦʡ ʪʝʧʣʦʚʦʡ ʵʣʝʢ-
ʪʨʦʩʪʘʥʮʠʠ. ʉʝʡʯʘʩ ʠʜʫʪ ʨʘʟʨʘʙʦʪʢʠ ʜʚʠʛʘʪʝʣʝʡ ʉʪʠʨʣʠʥʛʘ, ʨʘʙʦʪʘʶʱʠʭ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʘʢʫʩʪʠʯʝʩʢʠʭ 
ʚʦʣʥ. ʊʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʚʠʛʘʪʝʣʷʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ [3]. 

6. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ ʩʦʚʤʝʩʪʥʦ ʩ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ. ʇʨʠ ʚʳʭʦʜʝ ʠʟ 
ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʛʘʟʳ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʦʣʦ 500ï600 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ, ʠ ʪʝʧʣʦʚʘʷ ʵʥʝʨ-
ʛʠʷ ʵʪʠʭ ʛʘʟʦʚ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʯʪʦ ʧʦʥʠʞʘʝʪ ʂʇɼ ʪʫʨʙʠʥʳ. ʅʦ ʝʩʣʠ ʧʦʩʣʝ ʪʫʨʙʠʥʳ ʧʦʩʪʘʚʠʪʴ ʜʚʠʛʘ-
ʪʝʣʴ ʉʪʠʨʣʠʥʛʘ, ʪʦ ʦʥ ʩʤʦʞʝʪ ʧʝʨʝʨʘʙʦʪʘʪʴ ʵʪʫ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦ-



26 ǧǬǬǭǡǟǵǧǭǬǬǺǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

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

ʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʩʪ ʫʩʪʘʥʦʚʢʠ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠ ʞʝʣʘʥʠʠ ʪʘʢʞʝ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ 
ʩʚʦʡ ʛʘʟʦʚʳʡ ʢʦʪʝʣ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʫʣʫʯʰʝʥʠʷʤ ʛʘʟʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʩʚʦʡ 
ʂʇɼ ʠ ʧʦ ʨʘʩʯʝʪʘʤ ʦʢʫʧʠʪʴʩʷ ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. 

7. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʘʛʨʦʣʝʩʦʚʦʜʩʪʚʝʥʥʦʛʦ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ. ɽʱʸ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠʤʝʥʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʪʝʨ-
ʨʠʪʦʨʠʘʣʴʥʦʛʦ ʘʛʨʦʣʝʩʦʚʦʜʩʪʚʝʥʥʦʛʦ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʊɸʃɹʕʂ). ɺ ʥʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʉʪʠʨʣʠʥʛ-ʢʦʛʝʥʝʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʙʨʦʤʠʩʪʦʣʠʪʠʝʚʳʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʢʦʪʝʣʴʥʘʷ, 
ʚʩʝ ʵʪʠ ʫʩʪʘʥʦʚʢʠ ʟʘʧʠʪʳʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʤʝʩʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʱʝʧʳ, ʘ ʜʳʤ ʠʟ ʢʦʪʣʘ ʠʜʸʪ ʥʘ ʧʨʦʩʫʰ-
ʢʫ ʱʝʧʳ. ɼʚʠʛʘʪʝʣʴ ʉʪʠʨʣʠʥʛʘ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʚʳʨʘʙʘʪʳʚʘʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʘ ʢʦʪʝʣʴʥʘʷ ʠ ʪʝʧʣʦʚʦʡ 
ʥʘʩʦʩ ʧʦʜʘʶʪ ʦʪʦʧʣʝʥʠʝ ʠ ʛʦʨʷʯʘʷ ʚʦʜʦʩʥʘʙʞʝʥʠʝ.  

 

 
ʉʡʪ. 3. ʇʚʲʡʢ ʛʡʝ ʶʦʞʩʜʞʫʡʰʞʪʣʧʢ ʪʡʪʫʞʥʴ ʋɹʄɺʖʃ 

 
ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʩʠʣʴʥʦ ʧʦʤʦʯʴ ʦʪʜʘʣʝʥʥʳʤ ʨʝʛʠʦʥʘʤ ʪʘʢʠʭ ʩʪʨʘʥ ʢʘʢ ʈʦʩʩʠʷ, ʂʘʥʘʜʘ, ʂʠ-

ʪʘʡ, ʛʜʝ ʝʩʪʴ ʟʘʧʘʩʳ ʜʨʝʚʝʩʠʥʳ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ, ʘ ʦʩʪʘʪʢʠ ʧʫʩʢʘʪʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʱʝʧʳ. ʂ ʪʘʢʠʤ ʥʝʙʦʣʴʰʠʤ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʞʥʦ ʥʝ ʚʝʩʪʠ ʮʝʥ-
ʪʨʘʣʴʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʦʪʦʧʣʝʥʠʝ, ʢʘʢ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ʊʘʢ ʢʘʢ ʪʘʢʦʡ ʥʘʩʝʣʸʥʥʳʡ ʧʫʥʢʪ ʤʦʞʝʪ 
ʚʩʝʤ ʩʝʙʷ ʦʙʝʩʧʝʯʠʪʴ, ʪʦʣʴʢʦ ʜʣʷ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʝʨʚʥʳʝ ʜʠʟʝʣʴʥʳʝ ʛʝ-
ʥʝʨʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʝʩʣʠ ʯʪʦ ʩʤʦʛʫʪ ʚʨʝʤʝʥʥʦ ʟʘʧʠʪʘʪʴ ʚʩʝ ʟʜʘʥʠʷ.   

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ ʚ ʢʦʛʝʥʝʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʤʠʥʠ-ʊʕʉ ð ʵʪʦ ʧʝʨʩʧʝʢ-
ʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ɼʘʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʤʦʛʫʪ ʧʦʤʦʯʴ ʩʵʢʦʥʦʤʠʪʴ ʯʘʩʪʴ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ ʜʘʪʴ ʥʝʜʦ-
ʨʦʛʦʝ ʪʝʧʣʦ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʥʘʩʝʣʸʥʥʳʤ ʧʫʥʢʪʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ, ʨʘʙʦʪʥʠ-
ʢʘʤ ʟʘʧʦʣʷʨʴʷ, ʙʫʨʦʚʳʤ ʫʩʪʘʥʦʚʢʘʤ. ʊʘʢʞʝ ʵʪʠ ʫʩʪʘʥʦʚʢʠ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʞʘʨʢʠʭ ʩʪʨʘʥʘʭ, ʤʘʣʦʥʘʩʝ-
ʣʝʥʥʳʭ ʩʪʨʘʥʘʭ, ʛʜʝ, ʥʘʧʨʠʤʝʨ ʥʝ ʚʳʛʦʜʥʦ ʧʨʦʣʦʞʠʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʢ ʬʝʨʤʘʤ, ʠ ʬʝʨʤʝʨʘʤ ʧʨʠʭʦ-
ʜʠʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʝʨʘʪʦʨʳ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

ʇʨʠ ʨʘʟʚʠʪʠʠ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʤʦʞʝʪ ʩʠʣʴʥʝʝ ʩʦʭʨʘʥʠʪʴ ʥʘʰʫ ʧʨʠʨʦʜʫ ʠ ʵʬʬʝʢ-
ʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʙʳʩʪʨʦ ʟʘʢʘʥʯʠʚʘʶʪʩʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʂʦʛʝʥʝʨʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʤʥʦʛʦʪʦʧʣʠʚʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʉʪʠʨʣʠʥʛʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝ-

ʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://ecoteco.ru/id119/.- ɼʘʪʘ ʜʦʩʪʫʧʘ: 18.09.2023 
2. ʂʦʛʝʥʝʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ. ʄʀʂʈʆʊʕʎ ʩʦ ʉʪʠʨʣʠʥʛʦʤ WHISPERGEN ɽU1-DE [ʕʣʝʢʪʨʦʥ-

ʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://domolov.ru/kogeneracionnaya-ustanovka-mikrotec-so-stirlingom-
whispergen-eu1-de.html -ɼʘʪʘ ʜʦʩʪʫʧʘ: 18.09.2023 

3. ʄʝʭʪʠʝʚ ɸʣʠ ɼʞʘʚʘʥʰʠʨʦʚʠʯ, ʖʛʘʡ ɺʷʯʝʩʣʘʚ ɺʠʢʪʦʨʦʚʠʯ, ɽʩʝʥʞʦʣʦʚ ʋʣʘʥ ʉʝʨʠʢʦʚʠʯ, ʂʘ-
ʣʠʘʩʢʘʨʦʚ ʅʫʨʙʦʣ ɹʘʣʪʘʙʘʝʚʠʯ ɼʚʠʛʘʪʝʣʴ ʩ ʚʥʝʰʥʠʤ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʪʳ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 
ʵʬʬʝʢʪʘ ʜʣʷ ʘʚʪʦʥʦʤʥʦʡ ʪʝʧʣʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ // ɺʝʩʪʥʠʢ ʖʋʨɻʋ. ʉʝʨʠʷ: ʕʥʝʨʛʝʪʠʢʘ. 2019. ˉ2. 
URL: https://cyberleninka.ru/article/n/dvigatel-s-vneshnim-podvodom-teploty-na-osnove-termoakusticheskogo-
effekta-dlya-avtonomnoy-teplovoy-elektrostantsii (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.09.2023).   

https://ecoteco.ru/id119/.-
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ǼǪǤǩǱǯǭǼǯǭǦǧǭǬǬǟǾ ǭǠǯǟǠǭǱǩǟ 
ǥǟǯǭǮǯǭǶǬǺǴ ǰǮǪǟǡǭǡ ǰ ǡǺǰǭǩǧǫ 
ǰǭǣǤǯǥǟǬǧǤǫ ǬǧǩǤǪǾ Ǭǟ ǮǯǧǫǤǯǤ 
ǤǪǭǶǬǺǴ ǮǟǦǭǡ ǣǧǰǩǭǡ ǱǲǯǠǧǬǺ 

ǢȍȊȒȀȄȁ ǡȞȖȄȐȊǿȁ ǬȇȉȍȊǿȄȁȇȖ 
ɸʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʈʳʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ʠʤ. ʇ.ɸ. ʉʦʣʦʚʴʝʚʘ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʨʜʶʢʦʚ ɸʥʪʦʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
ʌɻɹʆʋ ɺʆ çʈʳʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʠʤ. ʇ.ɸ. ʉʦʣʦʚʴʝʚʘ 
 

ɹʦʦʧʫʙʯʡʸ: ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ 
ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʨʝʟʢʠ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘ-
ʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʥʘ ʧʨʠʤʝʨʝ ʝʣʦʯʥʦʛʦ ʧʘʟʘ ʜʠʩʢʘ ʪʫʨʙʠʥʳ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪ-
ʨʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʝʣʦʯʥʦʤ ʧʘʟʝ ʜʠʩʢʘ ʪʫʨʙʠʥʳ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʩʪʦʷʥʠʶ ʧʦʚʝʨʭ-
ʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʞʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʧʨʠʤʝʥʷʝ-
ʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʠʩʢʦʚ ʪʫʨʙʠʥʳ ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʤʝʪʦʜʳ ʠʭ 
ʦʙʨʘʙʦʪʢʠ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 
ʚʦʟʤʦʞʥʦʩʪʠ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ ʤʝʪʦʜʦʤ ʵʣʝʢ-
ʪʨʦʵʨʦʟʠʦʥʥʦʡ ʨʝʟʢʠ, ʘ ʪʘʢʞʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭ-
ʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ. 
ʃʤ̫ʰʞʛʴʞ ʪʤʧʛʙ: ʞʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ ʠʥʢʦʥʝʣʴ, ʧʨʦʪʷʛʠʚʘʥʠʝ, 
ʰʣʠʬʦʚʘʥʠʝ, ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ. 
 

ELECTRICAL DISCHARGE MACHINING OF NICKEL-BASED HEAT-RESISTANT ALLOYS USING THE 
EXAMPLE OF DOVETAILS IN TURBINE DISKS 

 
Golubev Vyacheslav Nikolaevich 

 
Scientific adviser: Kordykov Anton Vladimirovich 

 
Abstract: ɽhe purpose of the study is to determine the possibility of finishing heat-resistant alloys with a high 
nickel content by the method of EDM cutting with the necessary parameters of the state of the surface layer, 
using the example of the dovetails of the turbine disk. The article discusses the main stresses in the dovetails 
of the turbine disk, as well as the requirements for the condition of the surface layer. The most popular nickel-
based heat-resistant alloys used for the manufacture of turbine disks of aircraft and ground-based gas turbine 
engines, methods of their processing and, as a consequence, machinability are considered. The scientific 
novelty of the work consists in determining the possibility of finishing heat-resistant alloys with a high nickel 
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content by the method of EDM cutting, as well as further technological justification of the formation of the sur-
face layer of these alloys. 
Key words: nickel-based heat-resistant alloys, Inconel, iron-drawing, grinding, electrical discharge machining, 
white layer. 

 
ɺʚʝʜʝʥʠʝ. 

ɺʘʞʥʳʤ ʠ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥ - ʥʘʜʝʞʥʦʩʪʴ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʨʘʟʨʫ-
ʰʝʥʠʷ ʜʝʪʘʣʝʡ (ʠʟʥʦʩʥʳʝ, ʢʦʥʪʘʢʪʥʳʝ, ʫʩʪʘʣʦʩʪʥʳʝ, ʢʦʨʨʦʟʠʦʥʥʳʝ, ʧʨʦʯʥʦʩʪʥʳʝ,) ʥʘʯʠʥʘʶʪʩʷ ʩ ʧʦ-
ʚʝʨʭʥʦʩʪʠ. ɼʠʩʢʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ð ʵʪʦ ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʚ ʛʘʟʦʪʫʨ-
ʙʠʥʥʦʤ ʜʚʠʛʘʪʝʣʝ ʠ ʪ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʢ ʥʠʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʠ ʠʟʛʦ-
ʪʦʚʣʝʥʠʠ, ʪ.ʢ. ʦʥʠ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʛʨʫʟʦʢ. ʈʘʟʨʫʰʝʥʠʝ ʜʠʩ-
ʢʘ, ʧʨʠʚʦʜʠʪ ʢ ʢʘʪʘʩʪʨʦʬʝ, ʪ.ʢ. ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʩʝʨʴʝʟʥʦʤʫ ʚʠʜʫ ʥʝʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, 
ʚʳʚʦʜʷʱʝʛʦ ʠʟ ʩʪʨʦʷ ʥʝ ʪʦʣʴʢʦ ʜʝʬʝʢʪʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʥʦ ʠ ʩʦʩʝʜʥʠʝ ʩʠʩʪʝʤʳ, ʠ ʘʛʨʝʛʘʪʳ ʩʘʤʦʣʝʪʘ. 
ɿʘʤʢʦʚʳʝ ʧʘʟʳ ʩ ʝʣʦʯʥʳʤ ʧʨʦʬʠʣʝʤ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʥʘʢʣʦʥʝʥʳ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʦʩʠ ʜʠʩʢʘ ʥʦ ʫ ʚʩʝʭ ʜʠʩʢʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 
ʟʫʙʴʝʚ ʝʣʦʯʥʦʛʦ ʧʘʟʘ (ʨʠʩ. 1). ʊʘʢ ʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʝʣʦʯʥʳʭ ʭʚʦʩʪʦʚʠʢʦʚ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥ ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʘʟʦʚ ʜʠʩʢʦʚ ʩ ʢʨʠʚʦʣʠʥʝʡʥʳʤ (ʢʨʫʛʦʚʳʤ) ʥʘʧʨʘʚʣʝʥʠʝʤ ʟʫʙʴʝʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʦʩ-
ʥʦʚʥʦʤ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʢʨʫʧʥʦ ʛʘʙʘʨʠʪʥʳʭ ʪʫʨʙʠʥʘʭ ʥʘʟʝʤʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [1]. 

 

 
ʉʡʪ. 1. ɽʡʪʣ ʫʬʩʚʡʦʴ ɼʋɽ 

 
ʇʨʝʜʲʷʚʣʷʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʣʦʯʥʳʤ ʧʘʟʘʤ ʜʠʩʢʦʚ ʪʫʨʙʠʥʳ 
ʉʦʝʜʠʥʝʥʠʝ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ ʩ ʜʠʩʢʦʤ ï ʦʯʝʥʴ ʥʘʧʨʷʞʝʥʥʦʝ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʤʝʩʪʦ ʚ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ. 
ʅʘʧʨʷʞʝʥʠʷ (ʙʝʟ ʫʯʝʪʘ ʵʬʬʝʢʪʘ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ) ʚ ʟʫʙʮʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚʣʠʷʶʪ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʝʣʦʯʥʳʭ ʟʘʤʢʦʚ, ʯʝʤ ʦʩʥʦʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʝʣʝ ʭʚʦʩʪʦʚʠʢʘ ʣʦʧʘʪʢʠ ʠ ʚʳʩʪʫʧʦʚ ʜʠʩʢʘ. 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝʩʪʘʭ ʧʝʨʝʭʦʜʘ ʟʫʙʮʦʚ ʚ ʪʝʣʦ ʭʚʦʩʪʦʚʠʢʘ ʣʦʧʘʪʢʠ ʠ ʚʳʩʪʫʧʦʚ ʜʠʩʢʘ (ʨʠʩ. 
2), ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʥʘʛʨʫʞʝʥ-
ʥʦʩʪʴʶ ʭʚʦʩʪʦʚʠʢʘ ʣʦʧʘʪʢʠ. 
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ʉʡʪ. 2. ʊʮʞʥʙ ʞʤʧʰʦʧʜʧ ʠʙʥʣʙ ʤʧʨʙʫʣʡ 
 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʫʢʘʟʘʥʥʳʭ ʩʠʣ ʠ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʟʫʙʴʷ ʩʦʝʜʠʥʝʥʠʷ ʨʘʙʦʪʘʶʪ ʥʘ ʠʟʛʠʙ, ʩʨʝʟ 
ʠ ʩʤʷʪʠʝ, ʘ ʩʝʯʝʥʠʷ ʧʝʨʝʤʳʯʝʢ ʚʳʩʪʫʧʦʚ ʟʘʤʢʦʚʦʡ ʯʘʩʪʠ ʜʠʩʢʘ - ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 
ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʳʢʨʫʞʢʠ ʥʘ "ʝʣʢʝ" ʧʘʟʘ ʠ ʚʧʘʜʠʥʘ ʝʛʦ ʦʩʥʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝ-
ʥʠʡ, ʘ ʚʝʩʴ ʧʘʟ ʨʘʙʦʪʘʝʪ ʧʨʠ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺʩʝ ʵʪʦ ʷʚ-
ʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ ʩʦ ʚʨʝʤʝʥʝʤ ʚʳʚʦʜʷʪ ʜʠʩʢ 
ʠʟ ʩʪʨʦʷ [2]. 

ʅʘ ʨʠʩ 3 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʫʨʥʳʭ (ʩʣʝʚʘ) ʠ ʦʩʝʚʳʭ (ʩʧʨʘʚʘ) ʥʘʧʨʷʞʝʥʠʡ (ʄʇʘ) ʚʦ 
ʚʧʘʜʠʥʘʭ ʭʚʦʩʪʦʚʠʢʘ ʣʦʧʘʪʢʠ ʠʟ ʩʧʣʘʚʘ ʍʅ77ʊʖʈ ʧʨʠ 650Áʉ. ʐʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʯʘʣʫ 
ʨʘʙʦʪʳ 1-0 ʩʧʣʦʰʥʳʝ t=500 ʯ. ʅʝʩʣʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʝʡʩʪʚʫʶʪ ʚʦ ʚʧʘʜʠʥʝ 
ʧʝʨʚʦʛʦ ʨʘʙʦʯʝʛʦ ʟʫʙʘ ʭʚʦʩʪʦʚʠʢʘ (ʚ ʜʠʩʢʝ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʘ ʚʧʘʜʠʥʘ ʧʦʜ ʧʦʩʣʝʜʥʠʤ ʟʫʙʦʤ). Cʦ 
ʚʨʝʤʝʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʠʪʠʝ ʜʝʬʦʨʤʘʮʠʡ ʧʦʣʟʫʯʝʩʪʠ (ʟʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʜʝʬʦʨʤʘʮʠʡ ʯʝ-
ʨʝʟ 500 ʯ ʨʘʙʦʪʳ ʟʘʰʪʨʠʭʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3, ʮʠʬʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝ-
ʥʠʷ), ʭʦʪʷ ʥʦʤʠʥʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʯʝʥʠʠ ʚʧʘʜʠʥʳ ʧʝʨʚʦʛʦ ʟʫʙʘ ʩʦʩʪʘʚʣʷʶʪ ŭ=145 ʄʇʘ, ʯʪʦ ʩʦʦʪ-
ʚʝʪʩʪʚʫʝʪ ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ ʩʨʝʜʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʤʥʦʛʠʭ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʦʢ. ɼʝʬʦʨʤʘʮʠʠ ʧʦʣ-
ʟʫʯʝʩʪʠ ʧʨʠ ʵʪʦʤ ʧʨʦʥʠʢʘʶʪ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 0,05 ʤʤ (ʚ ʧʘʟʝ ʧʝʨʚʦʛʦ ʨʘʙʦʯʝʛʦ ʟʫʙʘ). ʊʘʢ ʢʘʢ ʟʦʥʳ ʧʣʘʩʪʠ-
ʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʥʝʚʝʣʠʢʠ, ʪʦ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʜʘʪʣʠʚʦʩʪʠ ʟʫʙʮʦʚ ʠ ʥʝ ʤʝʥʷʶʪ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʟʫʙʮʘʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʚ ʜʚʘ ʨʘʟʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝ-
ʩʪʚʝʥʥʳʤ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ [3]. 

 
ʉʡʪ. 3. ʖʨʷʩɹ ʦʙʨʩʸʟʞʦʡʢ ʛ ʞʤʧʰʦʧʥ ʮʛʧʪʫʧʛʡʣʞ ʤʧʨʙʫʣʡ 
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ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʝʪʘʣʝʡ ʪʠʧʘ ʣʦʧʘʪʦʢ ʠ ʜʠʩʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 
ʫʩʠʣʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʥʝʦʙʭʦ-
ʜʠʤʦ ʩʦʟʜʘʪʴ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ 
ʫʧʨʦʯʥʝʥʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʨʘʩʩʤʦʪʨʠʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʠʟ 
ʢʦʪʦʨʳʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʜʠʩʢʠ ʠ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥ, ʘ ʠʤʝʥʥʦ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ. 

 
ʆʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʠ ʩʚʦʡʩʪʚʘ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ. 

ʆʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʩʧʣʘʚʦʚ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶ-
ʱʠʭ ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʩʧʣʘʚʦʚ. ʂ ʪʘʢʠʤ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʠʪʘʥ 
ʠ ʘʣʶʤʠʥʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ 
ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʘʤ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ.  

 
ʋʙʚʤʡʯʙ 1 

ʌʤʬʰʱʞʦʡʞ ʪʛʧʢʪʫʛ ʦʡʣʞʤʞʛʴʮ ʟʙʩʧʨʩʧʰʦʴʮ ʪʨʤʙʛʧʛ ʠʙ ʪʰʞʫ ʝʧʚʙʛʤʞʦʡʸ 
ʨʧʣʙʠʙʦʦʴʮ ʶʤʞʥʞʦʫʧʛ 

ʃʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ɺʣʠʷʥʠʝ: 

Cr, Fe, Mo, W, Ta ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ 

Al, Ti ʇʦʚʳʰʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

Al, Cr, Ta ʇʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ. 

B, C, Zr ʇʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʢ ʧʦʣʟʫʯʝʩʪʠ. 

Hf ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ 
ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʢʠʩʣʝʥʠʝ 

 
ʆʙʨʘʙʦʪʢʘ ʨʝʟʘʥʠʝʤ ʠ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ 
ʊʨʘʜʠʮʠʦʥʥʦ ʞʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ ʪʘʢ ʞʝ, ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʚʠʜʳ ʤʝʪʘʣʣʦʚ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʟʘ-

ʥʠʝʤ. ʉʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʧʘʟʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʪʷʛʠʚʘʥʠʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʪʷʛʠʚʘʥʠʝ 
ʜʘʝʪ ʩʪʘʙʠʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʢʘʢ ʥʝʦʙʭʦʜʠʤʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʝʣʦʯ-
ʥʦʛʦ ʧʘʟʘ, ʪʘʢ ʠ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʮʠʢʣʠʯʝʩʢʦʡ ʨʘʙʦʪʳ 
ʜʠʩʢʘ ʪʫʨʙʠʥʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʛʨʫʟʦʢ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʳ ʩʜʚʠʛʦʚʘʷ ʜʝʬʦʨʤʘʮʠʷ ʠ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʟʝʨʥʦ ʩ ʤʥʦʞʝ-
ʩʪʚʦʤ ʧʦʣʦʩ ʩʢʦʣʴʞʝʥʠʷ ʧʦʩʣʝ ʧʨʦʪʷʛʠʚʘʥʠʷ Inconel 718 [4] 

 

 
ʉʡʪ. 4. ɽʞʭʧʩʥʙʯʡʡ ʥʙʫʞʩʡʙʤʙ ʨʧʪʤʞ ʨʩʧʫʸʜʡʛʙʦʡʸ 

 
ʇʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ Inconel 718 ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʦʙʨʘʟʫʶʱʠʡʩʷ 

ʥʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʩʪʦʠʪ ʠʟ ʥʘʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʲʷʩʥʷ-
ʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠ ʜʨʦʙʣʝʥʠʝʤ ʟʝʨʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝ-
ʬʦʨʤʘʮʠʡ. 
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ʐʣʠʬʦʚʘʥʠʝ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ. 
ʐʣʠʬʦʚʘʥʠʝ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ ðʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ 
ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (700ï1150Áʉ) [5].  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʛʣʫʙʠʥʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 
ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥʳ, ʘ ʪʘʢ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʝʣʦʯʥʳʭ ʧʘʟʦʚ ʚ ʜʠʩʢʘʭ ʪʫʨʙʠʥʳ 
(ʨʠʩ.5).  

 

 
ʉʡʪ. 5. ʊʮʞʥʙ ʝʛʬʮ ʨʞʩʞʮʧʝʦʧʜʧ ʨʩʧʭʡʤʵʦʧʜʧ ʱʤʡʭʧʛʙʦʡʸ ʜʩʞʚʞʱʣʧʛ ʤʙʚʡʩʡʦʫʦʧʜʧ ʬʨʤʧʫʦʞʦʡʸ 
ʚʙʦʝʙʟʦʴʮ ʨʧʤʧʣ ʫʬʩʚʡʦʦʴʮ ʤʧʨʙʫʧʣ: ʙ) ʪʮʞʥʙ ʱʤʡʭʧʛʙʦʡʸ; ʚ) ʣʧʥʨʧʦʧʛʣʙ ʪʨʞʯʡʙʤʵʦʧʜʧ ʪʫʙʦ-

ʣʙ ʪ ʐʈʌ ʝʤʸ ʛʴʨʧʤʦʞʦʡʸ ʝʙʦʦʧʢ ʧʨʞʩʙʯʡʡ. [6] 
 
ʆʮʝʥʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʢʘʟʘʣʘ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʠ ʘʣʤʘʟʥʳʭ 

ʩʫʧʝʨʘʙʨʘʟʠʚʥʳʭ ʠʟʜʝʣʠʡ, ʧʨʠ ʵʪʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʥʘʙʣʶʜʘʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 7,5 ʜʦ 11 ʤʢʤ 
(ʨʠʩ. 6) 

 
ʉʡʪ. 6. ʍʙʠʙ 1 ʯʞʤʧʪʫʦʧʪʫʵ ʨʧʛʞʩʮʦʧʪʫʡ ʠʙʜʧʫʧʛʣʡ: (ʙ) ʝʞʭʧʩʥʡʩʧʛʙʦʦʴʢ ʪʤʧʢ P1.6 ʡ (ʚ) ʝʞʭʧʩ-

ʥʡʩʧʛʙʦʦʴʢ ʪʤʧʢ P1.8 [7] 
 

ʕʣʝʢʪʨʦʵʨʦʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ. 
ʕʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ï ʤʝʪʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘ-

ʣʝʡ ʚ ʧʨʝʜʝʣʘʭ 1,5 ï 10 ʤʢʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʘʙʘʨʠʪʦʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʪʠʧʦʨʘʟʤʝʨʦʚ 
ʩʪʘʥʢʦʚ) ʠ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ Ra = 0,04 ï 0,08 ʤʢʤ (ʧʨʠ ʧʦʣʠʨʦʚʘʥʠʠ) ʨʘʟʣʠʯʥʳʭ 
ʧʦ ʩʣʦʞʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʦʙʨʘʙʦʪʘʪʴ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ʉʝʡʯʘʩ ʚ 
ʪʫʨʙʦʩʪʨʦʝʥʠʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʰʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʤʠ ʩʪʘʥʢʘʤʠ ʪʘʢʠʤʠ ʢʘʢ 
ʩʫʧʝʨ-ʜʨʝʣʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʪʚʝʨʩʪʠʡ ʦʭʣʘʞʜʝʥʠʷ ʨʘʙʦʯʠʭ ʠ ʩʦʧʣʦʚʳʭ ʣʦʧʘʪʢʘʭ ʪʫʨʙʠʥʳ.  



32 ǧǬǬǭǡǟǵǧǭǬǬǺǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

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

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʨʝʟʢʝ ʝʣʦʯʥʳʭ ʧʘʟʦʚ ʚ ʤʘʪʝʨʠʘʣʝ ɺʊ -20 [7], ʨʘ-
ʙʦʪʘ ʧʦʢʘʟʘʣʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝʤ ʤʠʢʨʦʰʣʠʬʦʚ ʫʩʪʘʥʦʚʣʝʥʦ: 

- ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ˉ 4 ʠʤʝʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩ ʦʧʣʘʚʣʝʥʥʳʤ ʩʣʦʝʤ ʤʘʢʩʠʤʘʣʴ-
ʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʦ 2,0 ʤʢʤ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʝʜʠʥʠʯʥʳʝ ʚʩʧʣʝʩʢʠ ʜʦ 3,0 ʤʢʤ (ʈʠʩ. 7 ʘ); 

- ʥʘ ʦʙʨʘʟʮʝ ˉ 5 ʠʤʝʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʫʯʘʩʪʢʠ ʩ ʦʧʣʘʚʣʝʥʥʳʤ ʩʣʦʝʤ ʜʦ 0,4 ʤʢʤ ʠ ʦʜʠʥ ʫʯʘ-
ʩʪʦʢ ʩ ʦʧʣʘʚʣʝʥʥʳʤ ʩʣʦʝʤ ʜʦ 1,8 ʤʢʤ (ʈʠʩ. 7 ʙ). 

 

 
ʉʡʪ. 7 ʙ.                                  ʉʡʪ. 7 ʚ.[4] 

 
ɺʳʚʦʜʳ 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘ-
ʥʠʝʤ ʥʠʢʝʣʷ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʤʝʪʦʜ ʯʠʩʪʦʚʦʡ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʝʨ-
ʩʧʝʢʪʠʚʥʳʤ, ʠ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 
ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʈʘʙʦʪʳ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʜʫʪʩʷ. 
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ǯǟǰǶǤǱǬǭ-ǼǩǰǮǤǯǧǫǤǬǱǟǪǻǬǟǾ 
ǦǟǡǧǰǧǫǭǰǱǻ ǧǦǫǤǬǤǬǧǾ ǡǭ ǡǯǤǫǤǬǧ 
ǩǟǯǠǭǬǟǱǬǭǨ ǰǭǰǱǟǡǪǾǽǸǤǨ ǡ ǦǭǬǤ 
ǯǟǰǮǭǪǭǥǤǬǧǾ ǰǱǟǪǻǬǭǨ ǟǯǫǟǱǲǯǺ 

ǡǿȐȇȊțȄȁ ǟȊȄȉȐǿȌȃȏ ǟȌǿȑȍȊțȄȁȇȖ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ǩǿȀȚȗȄȁǿ ǽȊȇȞ ǩȍȌȐȑǿȌȑȇȌȍȁȌǿ 
ʤʘʛʠʩʪʨ ʪ.ʥ. 

ʋʆ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘè, ʛ. ɻʦʤʝʣʴ 
 

ɹʦʦʧʫʙʯʡʸ: ʉ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʚʠʪʠʷ ʢʘʨʙʦʥʠʟʘʮʠʠ (ʥʘ ʙʘʟʝ ʨʘʟʨʘ-
ʙʦʪʘʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʤʝʪʦʜʠʢ) ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʩʝʯʝʥʠʶ ʙʝʪʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ 
ʩʞʘʪʠʝ, ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʦ-ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦ-
ʩʪʘʚʣʷʶʱʝʡ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʜʣʷ ʙʝʪʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ 
ʩʞʘʪʠʝ, ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʧʦ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʘʨʙʦʥʠʟʘʮʠʷ ʙʝʪʦʥʘ, ʢʘʨʙʦʥʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ.  
 

COMPUTATIONAL AND EXPERIMENTAL DEPENDENCE TIME VARIATION OF CARBONATE 
COMPONENT IN STEEL REINFORCEMENT AREA 

 
Vasiljev Alexander Anatoljevich, 

Kabysheva Yuliya Konstantinovna 
 
Abstract: Taking into account the results of long-term studies of the develop-ment of carbonization (on the 
basis of developed own methods) over time and over the cross-section of concretes of different compressive 
strength classes, calculated and experimental dependencies of changes in carbonate composition over time in 
the area of location of steel reinforcement for concretes of different compressive strength classes, different 
grades of concrete mixtures by workability and operational conditions were obtained. 
Keywords: carbonization of concrete, carbonate component, operating conditions. 

 
ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʢʘʨʙʦʥʠʟʘʮʠʠ ʙʝʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ (ʧʦʢʘʟʘʪʝʣʷ ʂʉ), ʥʘ ʩʝʛʦʜʥʷ, ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʙʝʪʦʥʘ [1].  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʪʝʣʷ ʂʉ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʙʝʪʦʥ ʢʦʣʦʥʥ, ʵʢʩʧʣʫʘʪʠʨʦʚʘʚʰʠʭʩʷ ʜʣʠʪʝʣʴʥʳʝ ʩʨʦʢʠ ʚ ʨʘʟʣʠʯʥʳʭ 
ʚʦʟʜʫʰʥʳʭ ʩʨʝʜʘʭ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʣʴʥʦʡ (ʨʘʙʦʯʝʡ) ʘʨʤʘʪʫʨʳ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʣʘʩʪʠ ʟʥʘʯʝ-
ʥʠʡ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʂʉ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʙʝʪʦʥʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ 
ʩʞʘʪʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ [2]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʣʠ 
ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ: ʧʦʤʝʱʝʥʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ (ʉʍ), 
ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩ ʥʝʘʛʨʝʩʩʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʨʝʜʦʡ (ʆʇɿ) ʠ ʦʪʢʨʳ-
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II ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʪʦʡ ʘʪʤʦʩʬʝʨʳ (ɸ), ʟʦʥʳ ʩ ʦʙʳʯʥʦʡ (ʆ) ʠ ʫʩʢʦʨʝʥʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʝʡ (ʋ) [2]. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʝʪʦʥʘ ʢʦʣʦʥʥ: ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʫʪʝʤ ʚʳʩʚʝʨʣʠʚʘʥʠʷ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʨʦʙ ʮʝʤʝʥʪ-

ʥʦ-ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ ʙʝʪʦʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʂʉ, ʚʳʧʦʣʥʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ [3]. 
ʇʦʣʫʯʝʥʥʘʷ ʨʘʩʯʝʪʥʦ-ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ [4]: 
 

1 2ʚ
ʂʉ Ŭ Ŭ ,t= +                                                                (1)        

 
ʛʜʝ Ŭ1 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʯʘʣʴʥʫʶ ʢʘʨʙʦʥʠʟʘʮʠʶ, %; Ŭ2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʨʦʩʪʘ 

ʢʘʨʙʦʥʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ, %/ʣʝʪ1/2. 

ɼʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a1 

ʠ a2 ʜʣʷ ʙʝʪʦʥʦʚ ʢʣʘʩʩʦʚ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʉ12/15ïʉ30/37 [2]. ʇʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦ-
ʵʬʬʠʮʠʝʥʪʦʚ Ŭ1 ʠ Ŭ2 ʚʳʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʟʥʘʯʝʥʠʡ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʮʝʤʝʥʪʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʂʉʚ = f (ʎ, t) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 1. 

 
ʋʙʚʤʡʯʙ 1 

ɿʙʛʡʪʡʥʧʪʫʵ ʃʊʛ = f (ʏ, t) ʝʤʸ ʩʙʠʤʡʰʦʴʮ ʶʣʪʨʤʬʙʫʙʯʡʧʦʦʴʮ ʬʪʤʧʛʡʢ 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ɿʘʚʠʩʠʤʦʩʪʴ ʂʉʚ = f (ʎ, t) 

ʉʍ ʆ 0,0088ʎ 1,063 ( 0,0008ʎ 0,7932)t+ + - +  

ʉʍ ʋ 0,0088ʎ 1,058 ( 0,0010ʎ 1,364)t+ + - +  

ʆʇɿ ʆ 0,0088ʎ 1,058 ( 0,0010ʎ 0,5240)t+ + - +  

ʆʇɿ ʋ 0,0089ʎ 1,030 ( 0,0012ʎ 1,138)t+ + - +  

ɸ ʆ 0,0089ʎ 1,034 ( 0,0009ʎ 0,8730)t+ + - +  

ɸ ʋ 0,0088ʎ 1,065 ( 0,0011ʎ 1,199)t+ + - +  

 
ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ, ʟʥʘʯʝʥʠʷ ʂʉʚ (ʜʣʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʳʧʫʩʢʘʝʤʳʭ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ) ʧʦʣʫʯʘʣʠ ʩ ʫʯʝʪʦʤ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ 
ʮʝʤʝʥʪʘ (ʎʨ): ʜʣʷ ʞʝʩʪʢʠʭ ʩʤʝʩʝʡ ʤʘʨʦʢ ʧʦ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ɾ1 ʠ ɾ2 (ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 
çʎè), ʠ ʧʦʜʚʠʞʥʳʭ ʩʤʝʩʝʡ (ʇ1) ï ʜʣʷ ʟʥʘʯʝʥʠʡ çʎè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʦʩʘʜʢʠ ʢʦʥʫʩʘ 
(ʆʂ = 4 ʩʤ). 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʩ ʫʯʝʪʦʤ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʮʝʤʝʥʪʘ, ʚʳʚʝʜʝʥʳ ʨʘʩʯʝʪʥʦ-
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʂʉʚ = f (ʎʨ, t) ʜʣʷ ʢʣʘʩʩʦʚ ʙʝʪʦʥʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʉ12/15ïʉ50/60 
(ʩʤʝʩʝʡ ʤʘʨʦʢ ʧʦ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ʇ1, ɾ1 ʠ ɾ2) ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʛʥʦʟʥʳʝ ʨʘʩʯʝʪʥʦ-ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʂʉʚ = f (ʎʨ, t) 
ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʙʝʪʦʥʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʧʦʜʚʠʞʥʳʭ ʩʤʝʩʝʡ ʤʘʨʢʠ ʧʦ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝ-
ʤʦʩʪʠ ʇ1 ʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʂʉ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʙʝʪʦʥʦʚ ʤʝʪʦʜʘʤʠ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a1  ʠ a2 ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʦʪ ʛʘʨʘʥʪʠʨʦʚʘʥ-
ʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ ʜʣʷ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʧʦ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ.  

ʇʨʦʛʥʦʟʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʂʉ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʜʣʷ 
ʢʣʘʩʩʦʚ ʙʝʪʦʥʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʉ12/15ïʉ50/60 ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʤʘʨʢʠ ʧʦ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ʇ1 
ʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʢʘʨʙʦʥʘʪʥʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʩʥʦʚʥʳʭ (ʤʘʩʩʦʚʦ ʧʨʠʤʝʥʷʝʤʳʭ) ʙʝʪʦʥʦʚ, ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʮʝʤʝʥʪʘ, 
ʩʤʝʩʝʡ ʤʘʨʦʢ ʧʦ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ʇ1, ɾ1 ʠ ɾ2, ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʋʙʚʤʡʯʙ 2 
ʉʙʪʰʞʫʦʧ-ʁ ʣʪʨʞʩʡʥʞʦʫʙʤʵʦʴʞ ʠʙʛʡʪʡʥʧʪʫʡ ʃʊʛ = f (ʏʩ, t) ʝʤʸ ʣʤʙʪʪʧʛ ʚʞʫʧʦʙ ʨʧ ʨʩʧʰʦʧʪʫʡ ʦʙ 

ʪʟʙʫʡʞ ʊ12/15ðʊ50/60    ʨʧʝʛʡʟʦʴʮ ʪʥʞʪʞʢ ʥʙʩʣʡ ʨʧ ʬʝʧʚʧʬʣʤʙʝʴʛʙʞʥʧʪʫʡ ʈ1 

ʂʣʘʩʩ 
ʙʝʪʦʥʘ ʧʦ 
ʧʨʦʯʥʦʩʪʠ 
ʥʘ ʩʞʘʪʠʝ 

ɿʘʚʠʩʠʤʦʩʪʴ ʂʉɺ = f(ʎʨ, t) 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʉʍ ʆ ʉʍ ʋ ʆʇɿ ʆ ʆʇɿ ʋ ɸ ʆ ɸ ʋ 

ʉ12/15 2,94 0,623t+  2,93 1,15 t+  
2,93 0,311t+

 

2,93 0,882 t+

 
2,93 0,681t+  2,94 0,965t+  

ʉ16/20 3,48 0,573t+  3,48 1,09 t+  3,48 0,249 t+  3,48 0,808t+  3,48 0,626 t+  3,48 0,896 t+  

ʉ18/22,5 3,75 0,549 t+  3,74 1,06 t+  3,74 0,219 t+  3,74 0,772 t+  3,75 0,599 t+  3,75 0,863t+  

ʉ20/25 4,00 0,526 t+  4,00 1,03 t+  4,00 0,190 t+  4,00 0,737 t+  4,01 0,572 t+  4,00 0,832 t+  

ʉ22/27,5 4,27 0,502 t+  4,26 1,00 t+  4,26 0,160 t+  4,27 0,701t+  4,27 0,545t+  4,27 0,799 t+  

ʉ25/30 4,56 0,476 t+  4,55 0,967 t+  4,55 0,127 t+  4,56 0,661t+  4,57 0,516 t+  4,56 0,762 t+  

ʉ28/35 5,15 0,422 t+  5,14 0,900 t+  5,14 0,060 t+  5,16 0,581t+  5,16 0,455t+  5,15 0,689 t+  

ʉ30/37 5,37 0,401t+       

ʉ32/40       

ʉ35/45       

ʉ40/50       

ʉ45/55       

ʉ50/60       

 
ʋʙʚʤʡʯʙ 3 

ʉʙʪʰʞʫʦʧ-ʁ ʣʪʨʞʩʡʥʞʦʫʙʤʵʦʴʞ ʠʙʛʡʪʡʥʧʪʫʡ ʃʊʛ = f ( ,t) ʝʤʸ ʨʧʝʛʡʟʦʴʮ ʪʥʞʪʞʢ ʥʙʩʣʡ  

ʨʧ ʬʝʧʚʧʬʣʤʙʝʴʛʙʞʥʧʪʫʡ ʈ1 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ɿʘʚʠʩʠʤʦʩʪʴ ʂʉʚ = f( ) 

ʉʤʝʩʠ ʤʘʨʢʠ ʧʦ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ʇ1 

ʉʍ ʆ  

ʉʍ ʋ  

ʆʇɿ ʆ  

ʆʇɿ ʋ  

ɸ ʆ  

ɸ ʋ  

ʉʤʝʩʠ ʤʘʨʢʠ ʧʦ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ɾ1 

ʉʍ ʆ  

ʉʍ ʋ  

ʆʇɿ ʆ  

ʆʇɿ ʋ  

ɸ ʆ  

ɸ ʋ  

ʉʤʝʩʠ ʤʘʨʢʠ ʧʦ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ɾ2 

ʉʍ ʆ  

ʉʍ ʋ  








































































































































































































































