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ɼʘʪʘ ʚʳʭʦʜʘ 17.08.2020 

ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 11.08.2020 
ʊʠʨʘʞ 200 ʵʢʟ. 
ʎʝʥʘ: ʙʝʩʧʣʘʪʥʦ. 

ɿʘʢʘʟ 295118. 
ʆʪʧʝʯʘʪʘʥʦ ʩ ʛʦʪʦʚʦʛʦ ʦʨʠʛʠʥʘʣ-ʤʘʢʝʪʘ. 
ʆʪʧʝʯʘʪʘʥʦ ʚ ʪʠʧʦʛʨʘʬʠʠ "ɸ-ʧʨʠʥʪ". 

620049, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʧʝʨ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʜ. 1. 

 
ɾʫʨʥʘʣ ʠʤʝʝʪ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʪʘʪʴʠ ʤʦʞʥʦ ʯʠʪʘʪʴ, ʟʘʛʨʫʞʘʪʴ, ʢʦʧʠʨʦʚʘʪʴ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ, ʧʝʯʘʪʘʪʴ ʠ ʩʩʳʣʘʪʴʩʷ ʥʘ ʠʭ ʧʦʣʥʳʝ ʪʝʢʩʪʳ ʩ ʫʢʘʟʘʥʠʝʤ ʘʚʪʦʨʩʪʚʘ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʊʠʧ ʣʠʮʝʥʟʠʠ CC ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʞʫʨʥʘʣʦʤ: Attribution 4.0 International (CC BY 4.0). ɸʢʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦʙ ʠʥʜʝʢʩʘʮʠʠ ʞʫʨʥʘʣʘ ʚ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʙʘʟʘʭ ʜʘʥʥʳʭ https://research-journal.org/indexing/. 
ʅʦʤʝʨ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʌʝʜʝʨʘʣʴʥʦʡ ʉʣʫʞʙʝ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʩʚʷʟʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʩʩʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ: ʇʀ  ̄ʌʉ 77 ï 51217. 

 
ʏʣʝʥʳ ʨʝʜʢʦʣʣʝʛʠʠ: 

ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʈʘʩʪʷʛʘʝʚ ɸ.ɺ. ʜ-ʨ ʬʠʣʦʣ. ʥʘʫʢ, ʄʦʩʢʦʚʩʢʠʡ ɻʦʨʦʜʩʢʦʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʉʣʦʞʝʥʠʢʠʥʘ ʖ.ɺ. ʜ-ʨ ʬʠʣʦʣ. ʥʘʫʢ, ʄʦʩʢʦʚʩʢʠʡ ɻʦʨʦʜʩʢʦʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʐʪʨʝʢʝʨ ʅ.ʖ. ʢ.ʬʠʣʦʣ.ʥ., ʂʘʣʫʞʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ (ʂʘʣʫʛʘ, ʈʦʩʩʠʷ);  

ɺʝʨʙʠʮʢʘʷ ʆ.ʄ. ʢ.ʬʠʣʦʣ.ʥ., ʀʨʢʫʪʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ).  

 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʇʘʯʫʨʠʥ ɻ.ɺ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ);  

ʌʝʜʦʨʦʚʘ ɽ.ɸ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.,ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ); 

ɻʝʨʘʩʠʤʦʚʘ ʃ.ɻ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʤ. ʀ.ɺ. ʊʘʥʘʥʘʝʚʘ (ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ);  

ʂʫʨʘʩʦʚ ɺ.ʉ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ); 

ʆʩʴʢʠʥ ʉ.ɺ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ).  

 
ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʂʫʣʠʢʦʚʩʢʘʷ ʀ.ʕ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ);  

ʉʘʡʢʠʥʘ ɽ.ɻ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ.ʀ. ɻʝʨʮʝʥʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ);  

ʃʫʢʴʷʥʦʚʘ ʄ.ʀ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ (ʋʣʴʷʥʦʚʩʢ, ʈʦʩʩʠʷ);  

ʍʦʜʘʢʦʚʘ ʅ.ʇ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʧʨʦʬ., ʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ).  

 
ʇʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʈʦʟʝʥʦʚʘ ʄ.ʀ. ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʀʚʢʦʚ ʅ.ʅ. ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ, ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʦʙʨʘʟʦʚʘʥʠʷ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʂʘʤʝʥʩʢʘʷ ɺ.ɻ. ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ, ʢ. ʙʠʦʣ. ʥʘʫʢ, ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ (ɽʣʝʮ, ʈʦʩʩʠʷ).  

 
ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʐʘʤʦʣʠʥ ʄ.ɺ. ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ɻʣʝʟʝʨ ɸ.ʄ. ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʅʘʫʯʥʳʡ ʎʝʥʪʨ ʎʅʀʀʯʝʨʤʝʪ ʠʤ. ʀ.ʇ. ɹʘʨʜʠʥʘ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʉʚʠʩʪʫʥʦʚ ʖ.ɸ. ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ). 

 
ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʋʤʳʚʘʢʠʥ ɺ.ʄ. ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ, ʢ.ʪʝʭʥ.ʥ. ʧʨʦʬ., ɺʦʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʞʝʥʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ);  

ɹʨʳʣʝʚ ɺ.ɸ. ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ, ʧʨʦʬ., ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʦʮʠʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ);  

ʆʛʫʨʝʝʚʘ ɻ.ʅ. ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ, ʧʨʦʬ., ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ).  

 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ɹʫʣʘʥʳʡ ʖ.ʇ. ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ (ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ);  

ɸʥʠʢʠʥ ɺ.ɺ., ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ.ʏʝʨʥʳʰʝʚʩʢʦʛʦ (ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ);  

ɽʩʴʢʦʚ ɽ.ʂ. ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʟʘʦʯʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɹʘʣʘʰʠʭʘ, ʈʦʩʩʠʷ);  

ʐʝʫʜʞʝʥ ɸ.ʍ. ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ);  

ʃʘʨʠʦʥʦʚ ʄ.ɺ. ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ (ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ).  

mailto:editors@research-journal.org
http://www.research-journal.org/


 

 

ɸʨʭʠʪʝʢʪʫʨʘ:  

ʗʥʢʦʚʩʢʘʷ ʖ.ʉ. ʜ-ʨ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʦʬ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ).  

  

ɺʝʪʝʨʠʥʘʨʥʳʝ ʥʘʫʢʠ:  

ɸʣʠʝʚ ɸ.ʉ. ʜ-ʨ ʚʝʪʝʨʠʥʘʨ. ʥʘʫʢ, ʧʨʦʬ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ); 

ʊʘʪʘʨʥʠʢʦʚʘ ʅ.ɸ. ʜ-ʨ ʚʝʪʝʨʠʥʘʨ. ʥʘʫʢ, ʧʨʦʬ., ʇʝʨʤʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɼ.ʅ. ʇʨʷʥʠʰʥʠʢʦʚʘ 

(ʇʝʨʤʴ, ʈʦʩʩʠʷ).  

 
ʄʝʜʠʮʠʥʩʢʠʝ ʥʘʫʢʠ:  

ʅʠʢʦʣʴʩʢʠʡ ɺ.ʀ. ʜ-ʨ ʤʝʜ. ʥʘʫʢ, ʧʨʦʬ., ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʇʝʥʟʘ, ʈʦʩʩʠʷ);  

ʋʨʘʢʦʚ ɸ.ʃ. ʜ-ʨ ʤʝʜ. ʥʘʫʢ, ʀʞʝʚʩʢʘʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʄʜʠʮʠʥʩʢʘʷ ɸʢʘʜʝʤʠʠʷ (ʀʞʝʚʩʢ, ʈʦʩʩʠʷ).  

 

ʀʩʪʦʨʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʄʝʝʨʦʚʠʯ ʄ.ɻ. ʜ-ʨ ʠʩʪ. ʥʘʫʢ, ʢ.ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʦʬ., ʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ); 

ɹʘʢʫʣʠʥ ɺ.ʀ. ʜ-ʨ ʠʩʪ. ʥʘʫʢ, ʧʨʦʬ., ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʠʨʦʚ, ʈʦʩʩʠʷ);  

ɹʝʨʜʠʥʩʢʠʭ ɺ.ɸ. ʜ-ʨ ʠʩʪ. ʥʘʫʢ, ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʠʨʦʚ, ʈʦʩʩʠʷ);  

ʃʸʚʦʯʢʠʥʘ ʅ.ɸ. ʢ.ʠʩʪ.ʥʘʫʢ, ʢ.ʵʢʦʥ.ʥ. ʆʤɻʋ ʠʤ. ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ (ʆʤʩʢ, ʈʦʩʩʠʷ).  

 
ʂʫʣʴʪʫʨʦʣʦʛʠʷ:  

ʂʫʮʝʥʢʦʚ ʇ.ɸ. ʜ-ʨ ʢʫʣʴʪʫʨʦʣʦʛʠʠ, ʢ.ʠʩʢʫʩʩʪʚʦʚʝʜʝʥʠʷ, ʀʥʩʪʠʪʫʪ ʚʦʩʪʦʢʦʚʝʜʝʥʠʷ ʈɸʅ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ).  

 
ʀʩʢʫʩʩʪʚʦʚʝʜʝʥʠʝ:  

ʂʫʮʝʥʢʦʚ ʇ.ɸ. ʜ-ʨ ʢʫʣʴʪʫʨʦʣʦʛʠʠ, ʢ.ʠʩʢʫʩʩʪʚʦʚʝʜʝʥʠʷ,ʀʥʩʪʠʪʫʪ ʚʦʩʪʦʢʦʚʝʜʝʥʠʷ ʈɸʅ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ).  

 
ʌʠʣʦʩʦʬʩʢʠʝ ʥʘʫʢʠ:  

ʇʝʪʨʦʚ ʄ.ɸ. ʜ-ʨ ʬʠʣʦʩ. ʥʘʫʢ, ʀʥʩʪʠʪʫʪʘ ʬʠʣʦʩʦʬʠʠ ʈɸʅ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ɹʝʩʩʦʥʦʚ ɸ.ɺ. ʜ-ʨ ʬʠʣʦʩ. ʥʘʫʢ, ʧʨʦʬ., ʀʥʩʪʠʪʫʪ ʬʠʣʦʩʦʬʠʠ ʠ ʧʨʘʚʘ ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ);  

ʎʳʛʘʥʢʦʚ ʇ.ɸ. ʜ-ʨ ʬʠʣʦʩ. ʥʘʫʢ., ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʃʦʡʢʦ ʆ.ʊ. ʜ-ʨ ʬʠʣʦʩ ʥʘʫʢ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʊʦʤʩʢ, ʈʦʩʩʠʷ).  

 
ʖʨʠʜʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʂʦʩʪʝʥʢʦ ʈ.ɺ. ʜ-ʨ ʶʨʠʜ. ʥʘʫʢ, ʧʨʦʬ., ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ);  

ʄʘʟʫʨʝʥʢʦ ɸ.ʇ. ʜ-ʨ ʶʨʠʜ. ʥʘʫʢ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪʚ ʛ. ʇʷʪʠʛʦʨʩʢʝ (ʇʷʪʠʛʦʨʩʢ, ʈʦʩʩʠʷ);  

ʄʝʝɦʨʷʢʦʚʘ ʆ.ʄ. ʜ-ʨ ʶʨʠʜ. ʥʘʫʢ, ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʠ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ɽʨʛʘʰʝʚ ɽ.ʈ. ʜ-ʨ ʶʨʠʜ. ʥʘʫʢ, ʧʨʦʬ., ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʶʨʠʜʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ).  

 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʥʘʫʢʠ:  

ɺʘʞʦʚ ɺ.ʄ. ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ., ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʄ. ʐʫʢʰʠʥʘ (ɹʠʡʩʢ, ʈʦʩʩʠʷ);  

ʈʘʢʦʚ ɸ.ʖ. ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʘʛʨʘʨʥʳʡ ʮʝʥʪʨ (ʄʠʭʘʡʣʦʚʩʢ, ʈʦʩʩʠʷ);  

ʂʦʤʣʘʮʢʠʡ ɺ.ʀ. ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ., ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ);  

ʅʠʢʠʪʠʥ ɺ.ɺ. ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ɹʝʣʛʦʨʦʜʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ);  

ʅʘʫʤʢʠʥ ɺ.ʇ. ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ., ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ.  

 
ʉʦʮʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ɿʘʤʘʨʘʝʚʘ ɿ.ʇ. ʜ-ʨ ʩʦʮʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʇʝʨʤʴ, ʈʦʩʩʠʷ);  

ʉʦʣʦʜʦʚʘ ɻ.ʉ. ʜ-ʨ ʩʦʮʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʀʥʩʪʠʪʫʪ ʬʠʣʦʩʦʬʠʠ ʠ ʧʨʘʚʘ ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ);  

ʂʦʨʘʙʣʝʚʘ ɻ.ɹ. ʜ-ʨ ʩʦʮʠʦʣ. ʥʘʫʢ, ʋʨʘʣʴʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ (ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ).  

 

ʍʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ɸʙʜʠʝʚ ʂ.ɾ. ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʧʨʦʬ., ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɸʣʤʘ-ɸʪʳ, ʂʘʟʘʭʩʪʘʥ);  

ʄʝʣʴʜʝʰʦʚ ɸ. ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɸʣʤʘ-ɸʪʳ, ʂʘʟʘʭʩʪʘʥ);  

ʉʢʘʯʠʣʦʚʘ ʉ.ʗ. ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʅʘʫʯʥʳʡ ʎʝʥʪʨ ʇʦ ɹʝʟʦʧʘʩʥʦʩʪʠ ɹʠʦʣʦʛʠʯʝʩʢʠ ɸʢʪʠʚʥʳʭ ɺʝʱʝʩʪʚ (ʂʫʧʘʚʥʘ ʉʪʘʨʘʷ, ʈʦʩʩʠʷ).  

 

ʅʘʫʢʠ ʦ ɿʝʤʣʝ:  

ɻʦʨʷʠʥʦʚ ʇ.ʄ. ʜ-ʨ ʛʝʦʣ.-ʤʠʥʝʨʘʣ. ʥʘʫʢ, ʧʨʦʬ, ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʦʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ).  

  

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ɹʫʨʜʘ ɸ.ɻ. ʜ-ʨ ʵʢʦʥ. ʥʘʫ, ʧʨʦʬ., ʂʫʙʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʛʨʘʨʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ);  

ʃʸʚʦʯʢʠʥʘ ʅ.ɸ. ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʢ.ʠʩʪ.ʥ., ʆʤɻʋ ʠʤ. ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ (ʆʤʩʢ, ʈʦʩʩʠʷ);  

ʃʘʤʦʪʪʢʝ ʄ.ʅ. ʢ.ʵʢʦʥ.ʥ., ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʠʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ);  

ɸʢʙʫʣʘʝʚ ʅ. ʢ.ʵʢʦʥ.ʥ., ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ);  

ʂʫʣʠʝʚ ʆ. ʢ.ʵʢʦʥ.ʥ., ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ). 

 
ʇʦʣʠʪʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ɿʘʚʝʨʰʠʥʩʢʠʡ ʂ.ʌ. ʜ-ʨ ʧʦʣʠʪ. ʥʘʫʢ, ʧʨʦʬ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ).  

 
ʌʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʊʨʠʥʝʝʚʘ ʆ.ɺ. ʢ.ʬʘʨʤ.ʥ., ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ);  

ʂʘʡʰʝʚʘ ʅ.ʐ. ʜ-ʨ ʬʘʨʤ. ʥʘʫʢ, ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ);  

ɽʨʦʬʝʝʚʘ ʃ.ʅ. ʜ-ʨ ʬʘʨʤ. ʥʘʫʢ, ʧʨʦʬ., ʂʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʫʨʩ, ʈʦʩʩʠʷ);  

ʇʘʧʘʥʦʚ ʉ.ʀ. ʜ-ʨ ʬʘʨʤ. ʥʘʫʢ, ʄʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʇʣʦʚʜʠʚ, ɹʦʣʛʘʨʠʷ);  

ʇʝʪʢʦʚʘ ɽ.ɻ. ʜ-ʨ ʬʘʨʤ. ʥʘʫʢ, ʄʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʇʣʦʚʜʠʚ, ɹʦʣʛʘʨʠʷ);  
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ɺʃʀʗʅʀɽ ʅɽʈɸɺʅʆʄɽʈʅʆʉʊʀ ʅɽʁʊʈʆʅʅʆɻʆ ʇʆʊʆʂɸ ʅɸ ɻɸɹɸʈʀʊʓ ʈɽɸʂʊʆʈʅʆʁ ʋʉʊɸʅʆɺʂʀ 

ʊʀʇɸ çʈʀʊʄè ................................................................................................................................................................. 20 

ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ / ENGINEERING  

ʂʫʟʥʝʮʦʚ ʆ. ʅ., ɸʚʝʨʴʷʥʦʚ ɼ.ɸ., ɿʫʝʚ ɸ.ʀ., ɹʫʣʘʪʦʚ ʈ.ɺ., ɹʫʨʤʝʡʩʪʝʨ ʄ.ɺ., ɸʥʪʘʥʝʥʢʦʚ ɸ.ɸ.  
ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʇʈʆʇʋʉʂʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ʄɽɾʉʀʉʊɽʄʅʆʁ ʉɺʗɿʀ ʅɸ 

ʋʉʊʆʁʏʀɺʆʉʊʔ ʕʅɽʈɻʆʆɹʒɽɼʀʅɽʅʀʗ............................................................................................................. 29 

ɸʡʶʙ ʌ., ɻʘʨʷʝʚ ʅ.ɸ.  
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ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʄʀʂʈʆɹʀɸʃʔʅʓʍ ʌɽʈʄɽʅʊʆɺ ɺ ʆʊʈɸʉʃʗʍ 
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ʐʝʨʰʥʝʚʘ ʇ.ʉ., ʊʠʤʦʰʝʥʢʦʚʘ ʀ.ɸ., ʄʦʩʢʚʠʯʝʚʘ ɽ.ɺ.  
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Abstract 

The article looks into the practical aspects of developing a system of face identification and verification in a videostream. 
The practical part of this paper is made up of the pilot surveillance system capable of videostream face recognition, and the 

possibilities of scaling and putting it in operation quickly. For its implementation, advanced (so-termed "state of the art") 

machine-learning algorithms were used; and for the creation of the necessary pilot framework, the authors used containerization 

and data storage tools capable of scaling and grid computing. 

Keywords: recognition, surveillance, videostream, convolutional neural net. 

ɺʚʝʜʝʥʠʝ  

ʂʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʢ ʨʝʞʠʤʥʳʤ ʦʙʲʝʢʪʘʤ, ʩʨʝʜʩʪʚʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʝʩʫʨʩʘʤ ʠ ʠʥʬʦʨʤʘʮʠʠ ï ʚʘʞʥʝʡʰʘʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʜʘʯʘ. ʉ ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʇʦʷʚʠʚʰʠʝʩʷ ʚ ʩʝʨʝʜʠʥʝ 60-ʭ ʛʦʜʦʚ, ʧʝʨʚʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʢʘʥʝʨʳ ʦʪʧʝʯʘʪʢʦʚ 

ʧʘʣʴʮʝʚ; ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʠʭ ʚʚʝʜʝʥʠʝʤ ʥʘʯʘʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦ ʛʝʦʤʝʪʨʠʠ ʣʘʜʦʥʠ, ʧʦʯʝʨʢʫ, 

ʪʝʨʤʦʛʨʘʤʤʝ ʣʠʮʘ [1].  
ʉʝʡʯʘʩ ʞʝ ʧʦʧʫʣʷʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʣʦʩʘ ʢʘʢ ʩʨʝʜʩʪʚʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʣʠʯʥʦʩʪʠ, 

ʟʘʯʘʩʪʫʶ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʙʘʥʢʦʚʩʢʦʡ ʩʬʝʨʝ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʘʚʪʦʨʠʟʘʮʠʠ ʧʨʠ ʪʝʣʝʬʦʥʥʦʤ ʟʚʦʥʢʝ ʚ ʙʘʥʢ. 

ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʢʦʤʙʠʥʘʮʠʠ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʪʝʤʙʨ, ʪʦʥ, ʠʥʪʦʥʘʮʠʷ.  

ʇʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʟʚʦʣʠʣ ʚʳʚʝʩʪʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʘ 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ deep learning ʤʦʜʝʣʝʡ ʧʦʤʦʛʣʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʯʥʦʩʪʠ 

ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʥʘʣʠʟʘ ʛʦʣʦʩʘ, ʪʘʢ ʠ ʣʠʮʘ, ʧʦʟʚʦʣʷʷ ʨʘʟʚʦʨʘʯʠʚʘʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʩ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʨʝʩʫʨʩʦʚ 

[2].  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ ʤʝʩʪʘʭ ʤʘʩʩʦʚʦʛʦ ʩʢʦʧʣʝʥʠʷ ʣʶʜʝʡ ʧʨʦʙʣʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʣʠʮ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʯʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ.  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʢʘ ʥʝ ʧʦ ʩʪʘʪʠʯʝʩʢʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ, ʥʦ ʚ 

ʚʠʜʝʦʧʦʪʦʢʝ, ʛʜʝ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʣʶʜʝʡ ʠ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʜʘʣʝʢʠʤ ʦʪ ʠʜʝʘʣʘ. ʇʦʜʦʙʥʳʝ 

ʩʠʩʪʝʤʳ ʫʞʝ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʢʦʥʪʨʦʣʝ ʢʘʨʘʥʪʠʥʥʦʛʦ ʨʝʞʠʤʘ ʚ ʂʠʪʘʝ [3]. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʜʝʣʘʥʥʦʡ 
ʨʘʙʦʪʳ ʩʪʘʣ ʧʨʦʪʦʪʠʧ ʧʦʣʥʦʮʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʮ ʥʘ ʦʩʥʦʚʝ ʚʠʜʝʦ, ʛʦʪʦʚʳʡ ʢ ʚʚʝʜʝʥʠʶ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʠ ʩʦʚʤʝʩʪʠʤʳʡ ʩ ʧʦʧʫʣʷʨʥʳʤʠ ʩʝʨʚʝʨʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ResNET. ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʩʠʣʫ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʯʠʥ:  

Å ɼʘʥʥʘʷ ʩʝʪʴ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʣʠʮ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ 
ʨʘʟʜʝʣʝ  

Å ʆʙʠʣʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʝʢʪʘʭ  

https://doi.org/10.23670/IRJ.2020.96.6.001
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Å ʃʝʛʢʦ ʨʝʘʣʠʟʫʝʤʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʚ ʩʠʣʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʩʪʨʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʥʬʦʨʤʘʮʠʠ 
ʧʨʦʧʫʩʢʘʪʴ ʥʝʢʦʪʦʨʳʝ ʩʣʦʠ  

Å ResNET ʠʤʝʝʪ ʨʝʘʣʠʟʘʮʠʶ ʥʘ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʬʨʝʡʤʚʦʨʢʘʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ - TensorFlow, 
PyTorch ʠ Caffe  

ResNET ʚʚʦʜʠʪ ʧʦʥʷʪʠʝ ʙʳʩʪʨʳʭ ʩʦʝʜʠʥʝʥʠʡ [4] - ʩʧʦʩʦʙʘ ʧʨʦʧʫʩʢʘ ʩʣʦʸʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʙʦʨʦʪʴʩʷ 

ʩ ʧʨʦʙʣʝʤʦʡ ʟʘʪʫʭʘʶʱʝʛʦ ʛʨʘʜʠʝʥʪʘ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʧʫʩʢʠ ʦʜʥʦʛʦ, ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʩʣʦʸʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʜʣʷ ʧʨʦʧʫʩʢʘ ʧʨʠʤʝʥʷʶʪ ʚ ʚʘʨʠʘʮʠʠ ʜʘʥʥʦʡ ʩʝʪʠ ʧʦʜ ʥʘʟʚʘʥʠʝʤ HighwayNet.  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʝʨʩʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ResNet-50. 

ʅʘʣʠʯʠʝ ʙʳʩʪʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʩʣʦʝʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ResNet-50 ʠ ʚʩʸ ʩʝʤʝʡʩʪʚʦ ResNet ʚ ʮʝʣʦʤ ʭʦʨʦʰʦ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʢ ʪʦʯʥʦʩʪʠ, ʪʘʢ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [5], [6].  
ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʣʠʮʘ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʩʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʝʨʝʚʝʜʝʥʥʦʤ ʚ ʯʝʨʥʦ-ʙʝʣʳʡ 

ʬʦʨʤʘʪ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠʤʝʥʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʚʤʝʩʪʝ ʩ ʤʝʪʦʜʦʤ HOG (Histogram of Oriented Gradients) [7]. 

ɸʣʛʦʨʠʪʤ ʩʪʨʦʠʪ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʩʝʪʴ ʠʟ ʷʯʝʝʢ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ 

ʛʨʘʜʠʝʥʪ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʞʜʫ ʷʯʝʡʢʘʤʠ (ʦʪ ʙʦʣʝʝ ʪʝʤʥʳʭ ʢ ʙʦʣʝʝ ʩʚʝʪʣʳʤ). 

ʇʫʪʝʤ ʚʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤ ʧʳʪʘʝʪʩʷ ʜʦʩʪʠʯʴ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʙʣʘʩʪʝʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʯʪʦʙʳ ʥʝʙʦʣʴʰʠʝ 

ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʘʟʳʚʘʣʠ ʤʝʥʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʥʘʯʝʥʠʝ ʛʨʘʜʠʝʥʪʘ. ʇʦʪʦʤ ʧʦʣʫʯʝʥʥʳʝ ʢʘʨʪʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ, ʪʝʤ ʩʘʤʳʤ ʧʦʣʫʯʘʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʣʠʮʘ ʥʘ ʢʘʜʨʝ. ɺ ʧʨʠʣʦʞʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʙʠʥʘʮʠʷ ʠʟ 5 ʧʝʨʝʪʨʝʥʠʨʦʚʘʥʥʳʭ HOG-ʬʠʣʴʪʨʦʚ [8], [9], ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʜʣʷ ʨʘʟʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʣʠʮʘ: ʩʧʝʨʝʜʠ, 

ʩʣʝʚʘ, ʩʧʨʘʚʘ, ʘ ʪʘʢʞʝ ʩʧʝʨʝʜʠ ʩ ʧʦʚʦʨʦʪʦʤ ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʣʠʮʘ ʩ ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʦʚ, 

ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʪʦʯʥʦʩʪʴ ʢʦʜʠʨʦʚʦʢ, ʧʦʜʘʶʱʠʭʩʷ ʥʘ ʚʭʦʜ ʥʝʡʨʦʩʝʪʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ShapePredictor-68 Landmarks ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʧʦʣʦʞʝʥʠʷ ʣʠʮʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʩʘʤʙʣʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʜʝʨʝʚʴʝʚ 

ʨʝʰʝʥʠʡ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ, ʥʘʨʷʜʫ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʟʠʮʠʠ ʣʠʮʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʩʘʤʙʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʜʦʩʪʘʪʦʯʥʦ "ʩʣʘʙʳʭ" ʤʦʜʝʣʝʡ, ʧʨʠ 

ʫʩʨʝʜʥʝʥʠʠ ʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʜʘʶʪ ʚʝʩʴʤʘ ʪʦʯʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʠ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [10]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʣʠʮʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʜʣʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʠʷ ʣʠʯʥʦʩʪʠ ʧʦ 

ʠʟʦʙʨʘʞʝʥʠʶ, ʵʪʦʪ ʚʦʧʨʦʩ ʦʩʚʝʱʘʝʪʩʷ ʚ ʩʪʘʪʴʝ [6], ʛʜʝ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ VGGFace2 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʨʘʟʣʠʯʘʝʪʩʷ ʪʦʯʥʦʩʪʴ 

ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʧʦʣʦʞʝʥʠʠ ʣʠʮʘ ʚ ʢʘʜʨʝ: ʧʨʦʬʠʣʴ, ʘʥʬʘʩ ʠ 3/4.  

ɺʝʩʴ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʰʘʛʦʚ:  

Å ʀʥʠʮʠʘʣʠʟʘʮʠʷ  

Å ɿʘʛʨʫʟʢʘ ʜʘʥʥʳʭ  

Å ʇʦʜʛʦʪʦʚʢʘ ʢ ʦʙʨʘʙʦʪʢʝ  

Å ʆʙʨʘʙʦʪʢʘ  

Å ʇʦʢʘʟ ʨʝʟʫʣʴʪʘʪʦʚ  

Å ɿʘʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ  

ʅʘ ʨʠʩʫʥʢʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʠʞʝ, ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʦʙʦʟʥʘʯʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʘʤʠ: ʙʝʣʳʡ, ʦʨʘʥʞʝʚʳʡ, ʟʝʣʝʥʳʡ, 

ʬʠʦʣʝʪʦʚʳʡ, ʞʝʣʪʳʡ, ʩʝʨʳʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʟʘʧʫʩʢʘ ʧʨʠʣʦʞʝʥʠʷ ʠʟ ʢʦʤʘʥʜʥʦʡ 
ʩʪʨʦʢʠ ʠ ʧʝʨʚʠʯʥʘʷ ʟʘʛʨʫʟʢʘ ʜʘʥʥʳʭ ʠ ʩʘʤ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʠʷ 

ʣʠʮ, ʘ ʥʘ ʨʠʩʫʥʢʝ 3 ï ʘʣʛʦʨʠʪʤ ʠʭ ʚʳʜʝʣʝʥʠʷ ʠʟ ʚʠʜʝʦ.  

  



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (98) ǐ ʏʘʩʪʴ 1 ǐɸʚʛʫʩʪ 
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ʈʠʩ. 1 ï ʀʥʠʮʠʘʣʠʟʘʮʠʷ, ʟʘʛʨʫʟʢʘ ʜʘʥʥʳʭ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʦʙʨʘʙʦʪʢʝ 

  

 

ʈʠʩ. 2 ï ʇʨʦʮʝʩʩ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (98) ǐ ʏʘʩʪʴ 1 ǐɸʚʛʫʩʪ 
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ʈʠʩ. 3 ï ʀʥʠʮʠʘʣʠʟʘʮʠʷ, ʟʘʛʨʫʟʢʘ ʜʘʥʥʳʭ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʦʙʨʘʙʦʪʢʝ 

  
ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚʦʛʦ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

  

ʊʘʙʣʠʮʘ 1 ï ʉʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʟʘʧʠʩʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

 ɺʠʜʝʦʟʘʧʠʩʴ 1, ʢʘʜʨ/ʩ ɺʠʜʝʦʟʘʧʠʩʴ 2, ʢʘʜʨ/ʩ 

ʋʩʪʨʦʡʩʪʚʦ 1 11.74 10.31 

ʋʩʪʨʦʡʩʪʚʦ 2 9.33 8.394 

 

ʇʨʠʣʦʞʝʥʠʝ ʙʳʣʦ ʟʘʧʫʱʝʥʦ ʥʘ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʋʩʪʨʦʡʩʪʚʦ 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʥʦʫʪʙʫʢ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʧʨʦʮʝʩʩʦʨ: Intel Core i5-7267U, 3.1 ɻɻʮ, ʜʚʫʭʲʷʜʝʨʥʳʡ, ʢʵʰ 4 
ʤʝʛʘʙʘʡʪʘ; ʚʠʜʝʦʢʘʨʪʘ: Intel Iris Plus Graphics 650; ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ: 8 ʛʠʛʘʙʘʡʪ LPDDR3 ʩ ʯʘʩʪʦʪʦʡ 2.13 ʄɻʮ. 

ʋʩʪʨʦʡʩʪʚʦ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʢʦʤʧʴʶʪʝʨ: ʧʨʦʮʝʩʩʦʨ: Intel Core i7-8700B, 3.2 ɻɻʮ, ʰʝʩʪʠʷʜʝʨʥʳʡ, 

ʢʵʰ 12 ʤʝʛʘʙʘʡʪ; ʚʠʜʝʦʢʘʨʪʘ: Intel UHD Graphics 630;  

ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ: 32 ʛʠʛʘʙʘʡʪʘ DDR4 ʩ ʯʘʩʪʦʪʦʡ 2.6 ʄɻʮ.  

ɺʠʜʝʦʟʘʧʠʩʴ 1 ʜʣʠʪʩʷ 1 ʤʠʥʫʪʫ 20 ʩʝʢʫʥʜ, ʩʦʜʝʨʞʠʪ 2356 ʢʘʜʨʦʚ ʠ ʠʤʝʝʪ ʨʘʟʨʝʰʝʥʠʝ 800 Ĭ 600 ɺʠʜʝʦʟʘʧʠʩʴ 2 

ʜʣʠʪʩʷ 44 ʩʝʢʫʥʜʳ, ʩʦʜʝʨʞʠʪ 1321 ʢʘʜʨ ʠ ʠʤʝʝʪ ʨʘʟʨʝʰʝʥʠʝ 800 Ĭ 600.  

ʄʘʪʨʠʮʘ ʥʝʪʦʯʥʦʩʪʝʡ (ʨʠʩʫʥʦʢ 4), ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 1000 ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ VGGFace2 ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 90% ʠʟʦʙʨʘʞʝʥʠʡ ʩʦʜʝʨʞʘʪ ʣʠʮʘ, ʘ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ - ʥʝʪ.  



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (98) ǐ ʏʘʩʪʴ 1 ǐɸʚʛʫʩʪ 
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 0,9871 0,9702 0,9898 0,9898 1 0,99 0,9898 1 0,9801 0,96116 1 

0,98  1 2 3 4 5 6 7 8 9 10 

0,98 1 98 0 0 0 1 0 0 1 0 0 

0,98 2 0 98 0 0 0 0 0 1 1 0 

0,98 3 1 0 98 0 0 0 0 0 1 0 

0,99 4 0 0 0 99 0 0 0 0 1 0 

0,99 5 0 0 0 0 99 0 0 0 1 0 

0,98 6 1 1 0 0 0 98 0 0 0 0 

1 7 0 0 0 0 0 0 100 0 0 0 

0,99 8 1 0 0 0 0 0 0 99 0 0 

0,99 9 0 0 0 0 0 1 0 0 99 0 

0,99 10 0 0 1 0 0 0 0 0 0 99 

ʈʠʩ. 4 ï ʄʘʪʨʠʮʘ ʥʝʪʦʯʥʦʩʪʝʡ 

  

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʪʦʯʥʦʩʪʴ - 0,987000; ʧʦʣʥʦʪʘ - 0,9871357; F-ʤʝʨʘ - 0,987067. ʈʝʟʫʣʴʪʘʪ 

ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ:  

Å ʊʦʯʥʦʩʪʴ - ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʩʪʠʥʥʦ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʣʘʩʩʫ ʢ ʨʘʟʤʝʨʫ ʚʩʝʡ ʚʳʙʦʨʢʠ  

Å ʇʦʣʥʦʪʘ ʩʠʩʪʝʤʳ - ʜʦʣʷ ʥʘʡʜʝʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʢʣʘʩʩʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʭ 
ʠʟʦʙʨʘʞʝʥʠʡ ʵʪʦʛʦ ʢʣʘʩʩʘ ʚ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ  

 

ɿʘʢʣʶʯʝʥʠʝ  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣ ʩʜʝʣʘʥ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɹʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʣʥʦʮʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʣʝʞʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʮ ʚ ʚʠʜʝʦʧʦʪʦʢʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʧʨʘʢʪʠʢ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʠʣʦʞʝʥʠʡ. ʇʦʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ 

ʟʘʜʘʯʫ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʧʦʪʝʥʮʠʘʣʦʤ ʢ ʙʳʩʪʨʦʤʫ ʨʘʟʚʝʨʪʳʚʘʥʠʶ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʩʪʝʤ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ.  
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Abstract 

The problem of independence of random events is one of the most important and insufficiently studied in probability theory. 

The importance of the problem is caused by the mass application of the assumption of independence of factors in practical 

provisions. The article shows formulas for calculating the conditional probabilities of a sum, the product of events and the 

opposite event. Two necessary and sufficient conditions for the independence of events have been determined. The obtained 

results can be used in intelligent decision-making systems. 

Keyword:  event, conditional probability, product, sum of events, independence criterion, factor, equality, statement. 

ɺʚʝʜʝʥʠʝ 

ʄʥʦʛʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʥʘʙʣʶʜʝʥʠʡ, ʠʩʧʳʪʘʥʠʡ, ʦʧʳʪʦʚ, ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʚ ʩʠʩʪʝʤʘʭ ʜʠʘʛʥʦʩʪʠʢʠ ʛʦʚʦʨʷʪ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʷʚʣʝʥʠʷ ʦʜʥʦʛʦ ʚʠʜʘ ʜʝʬʝʢʪʦʚ ʠʟʜʝʣʠʡ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ, ʧʨʠ ʚʳʧʫʩʢʝ ʧʨʦʜʫʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʧʦʥʷʪʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʬʘʢʪʦʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʪ.ʜ. ʇʨʠʯʠʥʦʡ ʯʘʩʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʧʨʦʱʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʚʠʩʠʤʳʤʠ ʩʦʙʳʪʠʷʤʠ. ʇʦʥʷʪʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʩʦʙʳʪʠʡ ʥʦʩʠʪ ʬʠʣʦʩʦʬʩʢʠ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ [5]. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʫʙʲʝʢʪʠʚʥʳʡ ʠ ʦʙʲʝʢʪʠʚʥʳʡ 

ʧʦʜʭʦʜʳ ʢ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ [3]. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [7, ʉ. 463], ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʥʘʫʯʥʦʤ ʤʠʨʦʚʦʟʟʨʝʥʠʠ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʫʩʣʦʚʥʳʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʦʙʳʪʠʡ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʥʦʚ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʟʘʜʘʯʠ:  
1) ʥʘʭʦʞʜʝʥʠʝ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʩʫʤʤʳ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʩʦʙʳʪʠʷ; 

2) ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʦʙʳʪʠʡ. 

ʕʪʠ ʜʚʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʶʪ ʮʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ [4, ʉ. 132], ʧʦʥʷʪʠʝ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚ ʧʦʣʘʛʘʣ, ʯʪʦ ʠʜʝʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʚ ʩʪʘʪʠʩʪʠʢʝ [10]. ɺ ʩʪʘʪʴʝ [9] ʦʧʠʩʘʥ ʩʧʦʩʦʙ 

ʧʦʩʪʨʦʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʝʨ ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʣʦʚʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʤʝʨ, ʦʪʥʦʩʷʱʠʭʩʷ ʢʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʥʘʙʣʶʜʘʝʤʳʭ ʩʦʙʳʪʠʡ. 

ʋʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʦʙʳʪʠʷ  ʧʨʠ ʥʘʣʠʯʠʠ B  ʥʘʟʳʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ , ʚʳʯʠʩʣʝʥʥʘʷ ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʩʦʙʳʪʠʝ B  ʧʨʦʠʟʦʰʣʦ. ʇʨʠʥʷʪʦ ʦʙʦʟʥʘʯʝʥʠʝ . 

ʇʨʠʚʝʜʝʤ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʡ, ʜʘʥʥʦʝ ʚ [1], [2], [4]. ʉʦʙʳʪʠʝ  ʥʘʟʳʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ B, ʝʩʣʠ 

ʝʛʦ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʧʨʦʠʟʦʰʣʦ ʩʦʙʳʪʠʝ  ʠʣʠ ʥʝʪ, ʪ.ʝ. ( ) ()P A B P A= . ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

( ) ()P A B P A¸ , ʩʦʙʳʪʠʝ  ʟʘʚʠʩʠʪ ʦʪ B. ʉʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʜʦʢʘʞʝʤ 

ʢʨʠʪʝʨʠʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʣʦʞʥʳʭ ʩʦʙʳʪʠʡ. 

A A

( )BAP /

A

B

A
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ʊʝʦʨʝʤʳ ʦʙ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʷʭ 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʫʩʣʦʚʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ, ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʫʩʣʦʚʥʳʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʩʫʤʤʳ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʩʦʙʳʪʠʷ. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ 

ʩʦʦʪʥʦʰʝʥʠʡ (1)-(8) ʬʦʨʤʫʣʳ (1)-(5), (7) ʦʪʨʘʞʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, (6) ʠ (8) ʥʝ ʥʘʰʣʠ ʜʦʣʞʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. 

ʊʝʦʨʝʤʘ 1. ɼʣʷ ʣʶʙʳʭ ʩʦʙʳʪʠʡ A, B , C  ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

 

( )
( )
()

() ( )
()

P AB P A P B A
P A B

P B P B

Ö
= =  (1) 

 

( ) ( )1P A B P A B= -  (2) 

 

( )
() ( )
()

P A P B A
P A B

P B

Ö
=  (3) 

 

(ʜʣʷ ʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ) (4) 

 

 (ʜʣʷ ʥʝʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ) (5) 

 

( ) ( ) ( )P A B C P A C P B ACÖ = Ö  (6) 

 

( )
() ( )
( )

P C P AB C
P C AB

P AB

Ö
=  (7) 

 

( )
( )
( )

P CA B
P C AB

P A B
=  (8) 

 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʉʦʦʪʥʦʰʝʥʠʷ 1 ʠ 2 ʦʯʝʚʠʜʥʳ; ʩʦʦʪʥʦʰʝʥʠʝ 3 ʩʣʝʜʫʝʪ ʠʟ 1; ʩʦʦʪʥʦʰʝʥʠʝ 7 ʚʳʪʝʢʘʝʪ ʠʟ 1, 8 ï ʠʟ 6. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʦʦʪʥʦʰʝʥʠʷ 6 ʚʳʪʝʢʘʝʪ ʠʟ ʩʣʝʜʫʶʱʝʡ ʮʝʧʦʯʢʠ ʨʘʚʝʥʩʪʚ: 

( )
( )
()

( ) ( )
()

() ( ) ( )
()

P ABC P AC P B AC P C P A C P B AC
P A B C

P C P C P C

Ö Ö Ö
Ö = = = =( ) ( )P A C P B ACÖ . 

ɼʦʢʘʞʝʤ ʩʦʦʪʥʦʰʝʥʠʷ 4 ʠ 5. ʀʤʝʝʤ: 

ɼʣʷ ʥʝʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ: 

. 

ʋʪʚʝʨʞʜʝʥʠʷ 4, 5 ʜʦʢʘʟʘʥʳ. 

 

ʅʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ɼʨʫʛʘʷ ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʦʙʳʪʠʡ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʳʝ ʩʦʙʳʪʠʷ ɸ ʠ ɺ ʥʝ ʠʤʝʶʪ ʧʦʧʘʨʥʦ ʦʙʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʪ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʙʳʪʠʡ [4]. 
ʊʝʦʨʝʤʘ 2. ʇʝʨʚʦʝ ʥʝʦʙʭʦʜʠʤʦʝ ʠ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʜʚʫʭ ʩʦʙʳʪʠʡ. 

ʇʫʩʪʴ 1 2A A A= + ; 1 2A A VÖ = (ʥʝʚʦʟʤʦʞʥʦʝ ʩʦʙʳʪʠʝ), 

1 2 2 1 2 1 2 1 2 1 21
, , , , , , , , , , .A V A V B B B B B V B V B V C AB V A C A C B C B C¸ ¸ = + Ö = ¸ ¸ = ¸ ¸ ¸ ¸ ¸

 ʇʫʩʪʴ () ( )1 2P A P A¸  ʠ () ( )1 2P B P B¸ . 

ʊʦʛʜʘ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʦʙʳʪʠʡ A  ʠ B  ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʣʠʙʦ ʩʦʙʳʪʠʝ A  ʥʝ ʟʘʚʠʩʝʣʦ ʦʪ 1B  ʠ 

2B , ʣʠʙʦ ʩʦʙʳʪʠʝ B  ʥʝ ʟʘʚʠʩʝʣʦ ʦʪ ʩʦʙʳʪʠʡ 1A  ʠ 2A . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ A  ʥʝ ʟʘʚʠʩʠʪ ʦʪ 1B  ʠ 2B . 

( ) ( ) ( ) ( )P A B C P A C P B C P AB C+ = + -

( ) ( ) ( )P A B C P A C P B C+ = +

( )
( )( )
( )

( )
( )

( ) ( ) ( )
( )

P A B C P AC BC ABC P AC P BC P ABC
P A B C

P C P C P C

+ Ö + - + -
+ = = = =

( ) ( ) ( ) ( ) ( ) ( )
( )

( ) ( ) ( ).
P C P A C P C P B C P C P AB C

P A C P B C P AB C
P C

Ö + Ö - Ö
= = + -

( )
( )( )
( )

( )
( )

( ) ( ) ( ) ( )
( )

P A B C P A C B C P C P A C P C P B C
P A B C

P C P C P C

+ Ö Ö + Ö Ö + Ö
+ = = = =( ) ( )P A C P B C= +
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ʅʘʡʜʝʤ ( ) ( )( ) ( ) ( ) ( )1 2 1 2 1 2P A B P A B B P A B A B P AB P ABÖ = Ö + = Ö + Ö = + = 

() ( ) () ( ) () ( ) ( ) () () ( ) () ()1 2 1 2 1 2 .P A P B A P A P B A P A P B A P B A P A P B P B P A P B= Ö + Ö = + = Ö + = Öè ø è øê ú ê ú  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ( ) () ()P A B P A P BÖ = Ö . ɸ ʵʪʦ ʠ ʦʟʥʘʯʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʩʦʙʳʪʠʡ A  ʠ B . 

ɼʦʢʘʞʝʤ ʫʪʚʝʨʞʜʝʥʠʝ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ. ʇʫʩʪʴ A  ʠ B  - ʥʝʟʘʚʠʩʠʤʳʝ ʩʦʙʳʪʠʷ. ʅʘʡʜʝʤ 

( ) ( )( )( ) () ( )( ) () ( )( )

() () () ( ) ( ) () ( ) () ( ) ( )

1 2 1 2 1 2 1 2

1 1 1 2 2 1 2 1 2 2 .

P A B P A A B B P A P A P B P B

P A P B P A P B P A P B P A P B P A P B

Ö = + Ö + = + Ö + =

Ö + Ö + Ö + Ö + Ö
 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

( ) () ( ) ( ) ( )

() ( ) () ( ) ( ) ( ) ( ) ( )
1 1 2 1 2 1 2 2

1 1 1 2 1 2 1 2 2 2 2 .

P A B P A P B B A P A P B B A

P A P B A P A P B A P A P B A P A P B A

Ö = Ö + + Ö + =

= Ö + Ö + Ö + Ö
ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʠʤʝʝʤ ʨʘʚʝʥʩʪʚʦ: 

() ( ) () ( ) ( ) ( ) ( ) ( )

() () () ( ) ( ) () ( ) ( )
1 1 1 1 2 1 2 1 2 2 2 2

1 1 1 2 2 1 2 2 .

P A P B A P A P B A P A P B A P A P B A

P A P B P A P B P A P B P A P B

Ö + Ö + Ö + Ö =

= Ö + Ö + Ö + Ö
ʇʨʝʦʙʨʘʟʫʝʤ ʧʦʩʣʝʜʥʝʝ 

ʨʘʚʝʥʩʪʚʦ ʢ ʚʠʜʫ: 

() ( ) ( ) () ( )( ) ( ) ( ) ( ) () ( )( )1 1 1 2 1 1 2 2 1 2 2 2 1 2 .P A P B A P B A P B P B P A P B A P B A P B P B+ - + =- + - +è ø è øê ú ê ú 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ: 

 

() ( ) () ( ) () ( )1 1 2 2P A P B A P B P A P B P B A- = -è ø è øê ú ê ú (9) 

 
ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʘʝʤ ʨʘʚʝʥʩʪʚʦ: 

 

() ( ) () ( ) () ( )1 1 2 2P B P A B P A P B P A P A B- = -è ø è øê ú ê ú (10) 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ( ) ()1 0P B A P B- ¸ ʠ ( ) ()1 0P A B P A- ¸. ʇʦʣʫʯʘʝʤ 

 

()
( )

() ( )
( ) ()

1 2

2 1

P A P B P B A

P A P B A P B

-
=

-
 (11) 

 

()
( )

() ( )
( ) ()

1 2

2 1

P B P A P A B

P B P A B P A

-
=

-
 (12) 

 

ʇʨʝʜʩʪʘʚʠʤ A  ʚ ʚʠʜʝ 1 2A A A= + , ʪʦʛʜʘ ʨʘʚʝʥʩʪʚʦ (12) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

 

()
( )

() ( ) ( ) ( )
( ) ( ) () ( )

1 1 2 1 2 2 2

2 2 1 2 1 1 2

P B P A P A P A B P A B

P B P A B P A B P A P A

+ - -
=

+ - -
 (13) 

 

ɺʳʨʘʟʠʤ ()1P A  ʠʟ (11) ʠ, ʧʦʜʩʪʘʚʠʚ ʚ ʧʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ, ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʤ 

()
( )

( ) ( ) ( ) ( ) () ( )

( ) ( ) ( ) ( ) () ( )
2 1 2 2 11

2 2 1 2 1 1

P A P B A P B A P A B P B P B AP B

P B P A P B A P B A P A B P B P B A

- + -
=-

- + -

è ø è øê ú ê ú

è ø è øê ú ê ú
. 

ɸʥʘʣʦʛʠʯʥʦ, ʚʳʨʘʟʠʤ ( )2P A  ʠʟ (11) ʠ, ʧʦʜʩʪʘʚʠʚ ʚ (13), ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʫʜʝʤ ʠʤʝʪʴ 

()
( )

() ( ) ( ) ( ) () ( )

() ( ) ( ) ( ) () ( )
1 2 1 2 21

2 1 2 1 1 2

P A P B A P B A P A B P B P B AP B

P B P A P B A P B A P A B P B P B A

- + -
=-

- + -

è ø è øê ú ê ú

è ø è øê ú ê ú
. 

ʇʦʣʦʞʠʤ ( ) ( )2 1a P B A P B A= - , () ( )1b P B P B A= - , () ( )2c P B P B A= - , ()1d P A= , ( )2e P A= , 

( )2k P A B= , ( )m P A B= . 

ʊʦʛʜʘ, ʩʨʘʚʥʠʚʘʷ ʧʨʘʚʳʝ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ 
()
( )

1

2

P B

P B
, ʧʦʣʫʯʠʤ 
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ea kb da kc

ea mb da mc

- + +
=

- + +
. 

ʆʪʩʶʜʘ: 
2 2

ea d eamc kdba kbma ea d eakc mbda mbkc- - + + =- - + +. 

ʇʨʝʦʙʨʘʟʫʝʤ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ: 

( ) ( )ce k m bd m k- = -, ʠʣʠ ( )( ) 0k m ce bd- + =. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʣʠʙʦ 1) k m= , ʣʠʙʦ 2) 0ce bd+ =. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʤ, ʯʪʦ ( ) ( )2 1P A B P A B= , ʥʦ ʵʪʦ ʠ ʦʟʥʘʯʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ A  ʦʪ 1B  ʠ 2B . ɼʣʷ ʚʪʦʨʦʛʦ 

ʩʣʫʯʘʷ ʠʤʝʝʤ: 

() ( ) ( ) () ( ) ()1 2 2 1 0P B P B A P A P B P B A P A- Ö + - Ö =è ø è øê ú ê ú , 

ʪʦ ʝʩʪʴ ( ) ( ) () () () ( )2 1 1 2P A P B A P B P A P B P B A- = -è ø è øê ú ê ú. 

ʆʪʩʶʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʚʝʥʩʪʚʘ (9) ʧʦʣʫʯʘʝʤ, ʯʪʦ () ( )1 2P A P A= . ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʣʦʚʠʶ. 

ɽʩʣʠ ( ) ()1P B A P B= , ʪʦ ʪʦʛʜʘ ʠʟ ʫʩʣʦʚʠʷ ( ) ()P A B P A=  ʩʣʝʜʫʝʪ, ʯʪʦ ( ) ( )2 2P A B P A= , ʪ.ʝ. B  ʟʘʚʠʩʠʪ 

ʦʪ 1A  ʠ 2A . ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ( ) ()1P A B P A= . ʅʝʟʘʚʠʩʠʤʦʩʪʴ B  ʦʪ 1A  ʠ 2A  ʜʦʢʘʟʳʚʘʝʪʩʷ 

ʪʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ. 

ʊʝʦʨʝʤʘ 2 ʜʦʢʘʟʘʥʘ. 

ʊʝʦʨʝʤʘ 3. ɺʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦʝ ʠ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʜʚʫʭ ʩʦʙʳʪʠʡ. 

ʇʫʩʪʴ 1 2A A A= + ; 1 2A A VÖ = (ʥʝʚʦʟʤʦʞʥʦʝ ʩʦʙʳʪʠʝ), 

1 2 1 2 1 2 1 2 1 1, , , , , , , ,A V A V B B B B B V B V B V C AB V A B¸ ¸ = + Ö = ¸ ¸ = ¸ ¸2 1 1 2 2 2, ,A B A B A B¸ ¸ ¸  ʠ 

() ( )1 2P B P B¸  ʠʣʠ () ( )1 2P A P A¸ . 

ʊʦʛʜʘ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ A  ʠ B  ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 1A  ʠ 2A  ʙʳʣʠ ʥʝʟʘʚʠʩʠʤʳ ʦʪ 1B  ʠ 2B . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ 1A , 2A  ʥʝ ʟʘʚʠʩʷʪ ʦʪ 1B  ʠ 2B . ɼʦʢʘʞʝʤ, ʯʪʦ ʪʦʛʜʘ A  ʥʝ ʟʘʚʠʩʠʪ ʦʪ B . 

ʅʘʡʜʝʤ ( ) ( )( )( ) ( )1 2 1 2 1 1 1 2 2 1 2 2P A B P A A B B P A B A B A B A BÖ = + + = + + + = 

( ) ( ) ( ) ( ) () () () ( )1 1 1 2 2 1 2 2 1 1 1 2P A B P A B P A B P A B P A P B P A P B= + + + = Ö + Ö + 

( ) () ( ) ( ) () () ( )2 1 2 2 1 1 2P A P B P A P B P A P B P B+ Ö + Ö = + +è øê ú 

( ) () ( ) ( ) () ( ) ()2 1 2 2 2P A P B P B P A P B P A P B+ + = Ö + Ö =è øê ú  

() () ( ) () ()1 2P B P A P A P B P A= + = Öè øê ú . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ( ) () ()P A B P A P BÖ = Ö , ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʩʦʙʳʪʠʡ A  ʠ B . 

ɼʦʢʘʞʝʤ ʫʪʚʝʨʞʜʝʥʠʝ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ. ʇʫʩʪʴ A  ʠ B  - ʥʝʟʘʚʠʩʠʤʳʝ ʩʦʙʳʪʠʷ. ɼʦʢʘʞʝʤ, ʥʘʧʨʠʤʝʨ, ʯʪʦ 1A  ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ 1B  ʠ 2B . 

ʇʦʩʢʦʣʴʢʫ ʣʶʙʦʝ ʩʦʙʳʪʠʝ 1A  ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʥʝʢʦʪʦʨʦʛʦ ʬʘʢʪʦʨʘ G, ʪʦ ʵʪʦ ʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ 

ʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʬʘʢʪʦʨʦʚ 1G  ʠ 2G  ʪʘʢʠʭ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʜʝʡʩʪʚʠʷ 1G  ʠ 2G  ʝʩʪʴ ʩʦʙʳʪʠʷ 3A  ʠ 4A , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʪʘʢʠʝ, ʯʪʦ 1 3 4 3 3 4A A A A A A= + = + , ( ) ( )3 4P A P A= . ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʝʡʩʪʚʠʷ 1G  ʠ 2G  ʥʝʟʘʚʠʩʠʤʳʤʠ, ʘ 

ʧʦʵʪʦʤʫ ʩʦʙʳʪʠʷ 3A  ʠ 4A  ʪʘʢʞʝ ʙʫʜʫʪ ʥʝʟʘʚʠʩʠʤʳ. 

ʇʦ ʫʩʣʦʚʠʶ, 1B  ʩʦʚʤʝʩʪʥʦ ʩ 1A , ʘ ʧʦʵʪʦʤʫ ʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ L  ʠ G, ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤʠ 

ʩʦʙʳʪʠʷʤʠ, ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʚʤʝʩʪʝ. ʅʦ ʪʦʛʜʘ L  ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʬʘʢʪʦʨʘʤʠ 1G  ʠ 2G , ʘ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ 1B  ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʙʳʪʠʷʤʠ 1 3A A=  ʠ 1 3 4A A A¡¡= . ɸʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 2B  

ʩʦʚʤʝʩʪʥʦ ʩ 3A  ʠ 3 4A A . 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʫʩʣʦʚʠʶ () ( )1 2P B P B¸ , ʠ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ () ()1 1P A P A¡ ¡¡¸ . 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʧʦʩʢʦʣʴʢʫ ( ) ( )3 4P A P A= , ʪʦ () ( )1 3P A P A¡= () ( ) ( ) ( ) ( )
2

1 3 3 3 31P A P A P A P A P A¡¡= - Ö = -è ø è øê ú ê ú
. 

ʇʦʵʪʦʤʫ ʝʩʣʠ () ()1 1P A P A¡ ¡¡= , ʪʦ ( ) ( ) ( )
2

3 3 3P A P A P A= -è øê ú, ʘ ʵʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

( )3 0P A = , ʘ ʵʪʦʛʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ, ʪʘʢ ʢʘʢ ʪʦʛʜʘ ( )4 0P A =  ʠ ()1 0P A = , ʪ.ʝ. 1A V=  - ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʣʦʚʠʶ. 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʳ ʦʢʘʟʳʚʘʝʤʩʷ ʚ ʨʘʤʢʘʭ ʧʨʝʜʳʜʫʱʝʡ ʪʝʦʨʝʤʳ. ɸ ʠʤʝʥʥʦ: B  ʥʝ ʟʘʚʠʩʠʪ ʦʪ 1A . ʂʨʦʤʝ ʪʦʛʦ, 
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1 2 1 2 1 1 1, , ,B B B B B V A A A¡ ¡¡= + Ö = = +
 
ʛʜʝ 1 3A A¡= , 1 3 4A A A¡¡= Ö, ʠ 1 1A A V¡ ¡¡Ö =, 1B  ʠ 2B  ʩʦʚʤʝʩʪʥʳ ʩ 1A¡ ʠ 1A¡¡, ʪ.ʝ. 

ʝʩʣʠ 1C BA= , ʪʦ 1A C¡̧ , 1A C¡¡̧ , 1B C¸ , 2B Ç; ʢʨʦʤʝ ʪʦʛʦ () ()1 1P A P A¡ ¡¡¸  ʠ () ( )1 2P B P B¸ . 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 1A  ʥʝ ʟʘʚʠʩʠʪ ʦʪ 1B  ʠ 2B . ʉʦʚʝʨʰʝʥʥʦ ʘʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʳʚʘʝʤ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 2A  ʦʪ 1B  ʠ 2B . 

ʊʝʦʨʝʤʘ 3 ʜʦʢʘʟʘʥʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʙʳʪʠʡ ʩʪʨʦʷʪʩʷ ɹʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ ʜʦʚʝʨʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʨʝʰʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʨʨʝʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʝ 

ʜʦʢʘʟʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʪʝʦʨʝʤ. ʉʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʦʞʥʳʭ ʩʦʙʳʪʠʡ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ ʥʘ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʝʛʦ ʟʜʦʨʦʚʴʝ, ʩʦ ʩʪʦʨʦʥʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ: 

ʘʪʤʦʩʬʝʨʥʦʛʦ (ʧʘʨʥʠʢʦʚʦʛʦ) ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ, ʩʦʜʝʨʞʘʱʠʝ ɼʅʂ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʦʤʦʩʦʤ, ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʣʝʞʘʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʀʂ 

ʦʙʣʘʩʪʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʘ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʷʜʝʨʥʦʡ ɼʅʂ ʩʦʚʧʘʜʘʝʪ ʩ 

ʯʘʩʪʦʪʦʡ ʜʚʫʢʨʘʪʥʦ ʚʳʨʦʞʜʝʥʥʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʧʘʨʥʠʢʦʚʦʛʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʀʂ ʩʧʝʢʪʨʝ ʠʟʣʫʯʝʥʠʷ. 

ʊʘʢʦʝ ʞʝ ʩʦʚʧʘʜʝʥʠʝ (ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ) ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʝʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʦʛʣʦʱʘʝʤʦʡ ʚʩʝʤʠ ʷʜʝʨʥʳʤʠ ɼʅʂ ʯʝʣʦʚʝʢʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʜʠʧʦʣʴʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘʚʩʝʭʷʜʝʨʥʳʭɼʅʂ ʯʝʣʦʚʝʢʘ.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʥʠʢʦʚʳʡ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʚʣʠʷʝʪ ʥʘ 

ʯʝʣʦʚʝʢʘ. ʕʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ "ʧʘʨʥʠʢʦʚʦʤʫ ʵʬʬʝʢʪʫ" ʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʝʪʦʢ ʢʦʞʠ. ʀʟ-ʟʘ ʙʣʠʟʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ, ʧʘʜʘʶʱʠʭ ʥʘ ʯʝʣʦʚʝʢʘ ʟʘ ʩʯʝʪ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ 

ʠ ʠʟʣʫʯʘʝʤʳʭ ʝʛʦ ʛʝʥʦʤʦʤ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʯʘʩʪʦʪʝ, ʚʦʟʤʦʞʝʥ ʨʝʟʦʥʘʥʩ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚʣʠʷʥʠʝ ʥʘ ʛʝʥʝʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʝʛʦ ʟʜʦʨʦʚʴʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʥʠʢʦʚʳʡ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ, ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ, ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, 

ʛʝʥʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. 
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Abstract 

This paper suggests a model that can be used to calculate the impact that atmospheric (greenhouse) carbon dioxide has on 

human genetic activity, and consequently, on their health. Constituent parts of the human cells which contain DNA demonstrate 

various resonating frequencies, including those of the IR spectrum; it depends on the structural level of chromosome organisation. 

It turned out that this resonating frequency of the absorbance spectrum, for example, for the nuclear DNA, concurs with the 

frequency of the twice degenerate deformation vibrations of the greenhouse carbon dioxide in the IR radiated spectrum. Likewise, 

concurrence (in the order of values) could be seen at the complying powers of its optical radiation and is absorbed by all the 

human nuclear DNAs. In this latter case, the numerical value was calculated through dipole approximation, taking into account 

all human nuclear DNAs. Thus, the greenhouse carbon dioxide affects human. This impact occurs due to the "greenhouse effect" 

and can occur through the membranes of some particular skin cells. Due to the proximity of the optical powers getting to the 
human because of the greenhouse effect and the powers radiated by their genome at the same frequency resonance is possible 

which, consequently, makes possible the impact upon human genetic activity and health. 

Keywords: greenhouse carbon dioxide, greenhouse effect, absorbance spectrum, radiated power, genetic activity. 

ɺʚʝʜʝʥʠʝ 

ʕʢʦʣʦʛʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʙʝʩʧʦʢʦʠʪ ʤʥʦʛʠʭ ʣʶʜʝʡ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʥʘ ʟʜʦʨʦʚʴʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʥʦʤ ʯʝʣʦʚʝʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʘʩʣʝʜʩʪʚʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʝʛʦ ʢʣʝʪʢʝ. ɻʝʥʦʤ ʥʘʭʦʜʠʪʩʷ ʚ 

ʤʦʣʝʢʫʣʘʭ ɼʅʂ ʚ ʷʜʨʝ ʠ ʤʠʪʦʭʦʥʜʨʠʷʭ ʢʣʝʪʢʠ, ʠ ʧʦʵʪʦʤʫ ɼʅʂ ʥʘʟʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʷʜʝʨʥʦʡ ʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ. ʋ ʵʪʠʭ ʤʦʣʝʢʫʣ ʨʘʟʥʳʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ, ʠ ʧʦʵʪʦʤʫ ʦʥʠ ʠʤʝʶʪ ʨʘʟʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ 

[1, ʉ. 5], ʥʘ ʢʦʪʦʨʳʝ ʨʝʘʛʠʨʫʝʪ ʛʝʥʦʤ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʦʪʘ 830 ʩʤï1 ʜʣʷ ʷʜʝʨʥʦʡ ɼʅʂ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʠʟ 

ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʣʝʞʘʱʘʷ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) ʦʙʣʘʩʪʠ, ʩʦʚʧʘʜʘʝʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʩ ʯʘʩʪʦʪʦʡ 

ʦʜʥʦʛʦ ʠʟ ʤʘʢʩʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ɼʅʂ [2, ʉ. 158]. 
ʊʘʢʦʝ ʞʝ ʩʦʚʧʘʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʯʘʩʪʦʪʳ ʝʝ ʧʝʨʚʦʛʦ ʦʙʝʨʪʦʥʘ 1660 ʩʤ-1 ʠ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ 1061 ʩʤ-1

 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʦʤʘ ʜʘʚʥʦ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. 

ʕʪʦʤʫ ʧʦʩʚʷʱʝʥʘ, ʥʘʧʨʠʤʝʨ, ʤʦʥʦʛʨʘʬʠʷ çɺʦʣʥʦʚʘʷ ʛʝʥʝʪʠʢʘè ʘʢʘʜʝʤʠʢʘ ɻʘʨʷʝʚʘ ʇ.ʇ. ɺ ʥʝʡ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʝʨʚʦʡ 

ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʨʘʙʦʪʝ, ʛʦʚʦʨʠʪʩʷ ʦ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʤ ʜʫʘʣʠʟʤʝ ʛʝʥʦʤʘ, ʥʘ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʣʘʛʦʪʚʦʨʥʦ 

ʚʣʠʷʪʴ, ʠʩʧʦʣʴʟʫʷ ʚʥʝʰʥʠʝ ʠʩʪʦʯʥʠʢʠ ʦʧʪʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ, ʚ ʪ.ʯ., ʣʘʟʝʨʳ ʚ ʙʣʠʞʥʝʡ ʀʂ, ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ.  



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (98) ǐ ʏʘʩʪʴ 1 ǐɸʚʛʫʩʪ 
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ɽʩʪʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʩʫʱʝʩʪʚʫʶʪ ʣʠ ʢʘʢʠʝ-ʥʠʙʫʜʴ ʥʘʪʫʨʘʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ ʠʥʬʨʘʢʨʘʩʥʳʝ ʠʩʪʦʯʥʠʢʠ (ʚ 

ʦʪʣʠʯʠʠ ʦʪ ʨʘʙʦʪ ʘʢʘʜʝʤʠʢʘ ɻʘʨʷʝʚʘ ʇ.ʇ.) ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ (ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ, ʯʝʤ ʪʦʪ, ʦ 

ʢʦʪʦʨʦʤ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʷʜʝʨʥʳʭ ɼʅʂ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʘʤʦʛʦ 

ʯʝʣʦʚʝʢʘ, ʝʛʦ ʟʜʦʨʦʚʴʝ. ʇʦʜ ʵʪʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʛʝʥʦʤʘ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʧʘʜʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʝʛʦ ʯʘʩʪʦʪʦʡ ʧʦʛʣʦʱʝʥʠʷ (ʠʟʣʫʯʝʥʠʷ), ʘ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʧʦʨʦʛʘ ʘʢʪʠʚʘʮʠʠ, ʪʦ ʝʩʪʴ, ʚ ʩʣʫʯʘʝ 

ʨʝʟʦʥʘʥʩʘ: ʥʘʩʪʨʦʡʢʠ ʧʨʠʝʤʥʠʢʘ ʥʘ ʯʘʩʪʦʪʫ.  

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʷʜʝʨʥʦʡ ɼʅʂ ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʝʜʥʝʡ ʀʂ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ (ʠʩʧʫʩʢʘʥʠʷ) ʧʘʨʥʠʢʦʚʳʭ (ʘʪʤʦʩʬʝʨʥʳʭ) ʛʘʟʦʚ ɿʝʤʣʠ. ʄʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʨʤʠʥʳ 

çʧʘʨʥʠʢʦʚʳʡ ʛʘʟè (ʇɻ) ʠ çʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪè (ʇʕ), ʭʦʪʷ ʦʥʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʧʨʦʠʩʭʦʜʷʱʠʤ 
ʚ ʘʪʤʦʩʬʝʨʝ [3, ʉ. 84], ʫʧʦʪʨʝʙʣʷʷ ʠʭ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʀʂ ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʫʯʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʛʘʟʘʤʠ ʧʦʛʣʦʱʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʨʘʜʠʘʮʠʠ ɿʝʤʣʠ. 

ɼʘʣʝʝ, ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʇɻ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

(ʠʩʧʫʩʢʘʥʠʷ) ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʥʘʤʠ ʦʧʪʠʯʝʩʢʦʤ ʀʂ ʜʠʘʧʘʟʦʥʝ: ʘʪʤʦʩʬʝʨʥʳʝ ʧʘʨʳ ʚʦʜʳ, ʦʟʦʥ ʠ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʜʘʣʝʝ çɼʋè). ʋ ʧʝʨʚʳʭ ʜʚʫʭ ʇɻ ʘʢʪʠʚʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʥʘʭʦʜʷʪʩʷ ʜʘʣʝʢʦ ʦʪ 

ʠʥʪʝʨʝʩʫʶʱʝʡ ʥʘʩ ʦʙʣʘʩʪʠ 830 ʩʤï1. ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʧʘʨʥʠʢʦʚʳʡ ɼʋ. ʍʦʪʷ ʝʛʦ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚ ʪʨʦʧʦʩʬʝʨʝ ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ 0,03% [4, ʉ. 20], ʦʜʥʘʢʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʵʨʘ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʩʣʦʡ 

ʪʨʦʧʦʩʬʝʨʳ (ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 8 ʢʤ ʠ ʬʠʛʫʨʠʨʫʝʪ ʧʦʜ ʵʢʩʧʦʥʝʥʪʦʡ). ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʵʪʫ ʤʦʣʝʢʫʣʫ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ.  

ʄʦʣʝʢʫʣʘ ɼʋ ʦʪʥʦʩʠʪʩʷʢ ʣʠʥʝʡʥʳʤ ʤʦʣʝʢʫʣʘʤ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ hD¤ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʘ ʦʙʣʘʜʘʝʪ 

ʮʝʥʪʨʦʤ ʩʠʤʤʝʪʨʠʠ. ɸʢʪʠʚʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʩʨʝʜʥʝʡ ʀʂ ʦʙʣʘʩʪʠ (ʩʤ. ʪʘʙʣʠʮʫ 1). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʜʥʦʡ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡʧʦʣʦʩʝ ʥʘʭʦʜʷʪʩʷ ʩʦʪʥʠ ʚʨʘʱʘʪʝʣʴʥʳʭ, ʪʦ ʝʩʪʴ, ʤʳʠʤʝʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶʢʦʣʝʙʘʪʝʣʴʥʦ-
ʚʨʘʱʘʪʝʣʴʥʫʶʧʦʣʦʩʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ J (ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ: -1, 0, +1) 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ʥʠʞʥʝʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʚʝʨʭʥʠʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʤʝʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʪʚʠ P, Q ʠ R ʩ 

ʩʠʤʤʝʪʨʠʝʡ 

ɽu ʠ ɸu. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʠ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʦʣʦʩʘʤ: ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢ ʥʘʧʨʘʚʣʝʥ ʜʠʧʦʣʴʥʳʡ 

ʤʦʤʝʥʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʤʦʣʝʢʫʣʳ.  

 

ʊʘʙʣʠʮʘ 1 ï ɸʢʪʠʚʥʳʝ ʯʘʩʪʦʪʳ ʦʩʥʦʚʥʳʭ ʤʦʜ ɼʋ ʚ ʀʂ ʧʦʛʣʦʱʝʥʠʠ 

ʆʩʥʦʚʥʳʝ ʤʦʜʳ ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʩʤï1 
ʇʘʨʘʣʣʝʣʴʥʳʝ (1) ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʧʦʣʦʩʳ (2) 
ʊʠʧ ʩʠʤʤʝʪʨʠʠ 

v2 (010) 667 P, Q, R (2) ɽu 

v3 (001) 2350 P, R (1) ɸu 

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʘʨʥʠʢʦʚʦʛʦ ɼʋ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʯʝʣʦʚʝʢʘ ʚʩʣʝʜʩʪʚʠʝ ʇʕ ʥʘ ʧʦʣʦʩʝ ʜʚʫʢʨʘʪʥʦ ʚʳʨʦʞʜʝʥʥʦʛʦ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ (010) 667 ʩʤï1, ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚʩʝʤʠ ʝʛʦ ʷʜʝʨʥʳʤʠ ɼʅʂ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʘ 
ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʵʪʠʭ ʤʦʱʥʦʩʪʝʡ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʦʮʝʥʢʦʡ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʦʤʘ ʠ ʟʜʦʨʦʚʴʝ 

ʯʝʣʦʚʝʢʘ. 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʷʜʝʨʥʳʭ ɼʅʂ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ (ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʯʝʣʦʚʝʢʘ, 

ʧʨʠʤʝʨʥʦ, 2 ʤ2), ʝʜʠʥʠʮʫ ʯʘʩʪʦʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠ ʝʜʠʥʠʮʫ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʜʠʧʦʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

[5, ʉ. 90] ʧʦ ʠʟʚʝʩʪʥʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʜʠʧʦʣʷ ʩ ʫʯʝʪʦʤ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ (ʚʪʦʨʘʷ ʩʪʝʧʝʥʴ) 

ʤʦʣʝʢʫʣʳ ɼʅʂ, ʨʘʚʥʳʤ 1015 ɼʙ [6, ʉ. 88 ], ʘ ʪʘʢʞʝ ʝʝ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ (ʯʝʪʚʝʨʪʘʷ ʩʪʝʧʝʥʴ). ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ 

ʚʩʝʭ ʷʜʝʨʥʳʭ ɼʅʂ ʯʝʣʦʚʝʢʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʠʭ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʢʣʝʪʢʝ ʠ ʚʩʝʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʘʨʥʠʢʦʚʦʛʦ ɼʋ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʚ ʝʛʦ ʤʦʜʝʣʴʥʦʤ ʩʧʝʢʪʨʝ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʘʣʴʥʦʛʦ 

ʩʧʝʢʪʨʘ ʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦ ʤʦʜʝʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʠʟ ʨʘʙʦʪʳ [7, ʉ. 31, 38, 85]. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ: ʥʘ ʯʘʩʪʦʪʝ 
ʧʘʨʥʠʢʦʚʦʛʦ ɼʋ ʠ ʷʜʝʨʥʦʡ ɼʅʂ; ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʠʟʣʫʯʝʥʠʝ 

ʜʣʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ (ʩʤ., ʥʘʧʨʠʤʝʨ, [8, ʉ. 3]). ʂʨʦʤʝ ʪʦʛʦ, ʢʦʩʚʝʥʥʦ ʦʮʝʥʠʚʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʘʤʦʯʫʚʩʪʚʠʝ 

(ʟʜʦʨʦʚʴʝ) ʯʝʣʦʚʝʢʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʙʣʠʟʠ ʤʝʩʪ, ʙʦʛʘʪʳʭ ʦʟʦʥʦʤ [9]: ʨʝʢʠ, ʣʝʩʘ, ʤʦʨʷ; ʯʝʣʦʚʝʢ ʭʦʨʦʰʦ ʩʝʙʷ ʯʫʚʩʪʚʫʝʪ. 

ʇʦʵʪʦʤʫ ʚʙʣʠʟʠ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʰʠʨʦʢʠʭ ʤʝʩʪ ʨʝʢʠ ɺʫʦʢʩʘ (ʧʨʠʤʝʨʥʦ ʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʢʤ) 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ (ʊɻ) ʪʝʤʧʝʨʘʪʫʨ [10, ʉ. 1]. ʆʥ ʩʚʷʟʘʥ ʩ ʇʕ 

ʦʩʥʦʚʥʳʭ ʧʘʨʥʠʢʦʚʳʭ (ʘʪʤʦʩʬʝʨʥʳʭ) ʛʘʟʦʚ: ʧʘʨʘʤʠ ʚʦʜʳ, ɼʋ ʠ ʦʟʦʥʦʤ. ʇʨʠ ʵʪʦʤ, ʫʯʠʪʳʚʘʣʩʷ ʊɻ ʨʝʢʠ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʜʥʝʚʥʳʤ ʠ ʥʦʯʥʳʤ ʙʨʠʟʦʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʫ 2. ɺ ʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʞʝ ʯʘʩʪʦʪʘ (F) ʠʟʣʫʯʝʥʠʷ ʧʘʨʥʠʢʦʚʦʛʦ ɼʋ ʚʩʣʝʜʩʪʚʠʝ ʧʦʛʣʦʱʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ [7, ʉ. 85] ʠ ʯʘʩʪʦʪʘ ʷʜʝʨʥʦʡ ɼʅʂ ʧʦ ʤʦʜʝʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ [1, ʉ. 9]. ʇʦʛʨʝʰʥʦʩʪʴ ʯʘʩʪʦʪʳ (æF) 

ʷʜʝʨʥʦʡ ɼʅʂ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʛʨʝʰʥʦʩʪʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 5% [11]. ɺ ʪʘʙʣʠʮʝ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ (æʈ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ (P) ʧʘʨʥʠʢʦʚʦʛʦ ɼʋ ʠ ʤʦʱʥʦʩʪʴ, ʠʟʣʫʯʘʝʤʘʷ ʚʩʝʤʠ ʷʜʝʨʥʳʤʠ ɼʅʂ 

ʯʝʣʦʚʝʢʘ.  



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (98) ǐ ʏʘʩʪʴ 1 ǐɸʚʛʫʩʪ 

 

18 
 

ʊʘʙʣʠʮʘ 2 ï ʏʘʩʪʦʪʳ ʠ ʤʦʱʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ (ʠʟʣʫʯʝʥʠʷ) ʜʣʷ ʧʘʨʥʠʢʦʚʦʛʦ ɼʋ ʠ ʚʩʝʭ ʷʜʝʨʥʳʭ ɼʅʂ ʯʝʣʦʚʝʢʘ 

 

 F, ʩʤï1 æF, ʩʤï1 P, ʚʪ/(ʤ2ʩʤï1ʩʪ) 
æP, 

ʚʪ/(ʤ2ʩʤï1ʩʪ) 

ʇʘʨʥʠʢʦʚʳʡ ɼʋ 
 

ʗʜʝʨʥʳʝ ɼʅʂ 
ʯʝʣʦʚʝʢʘ 

 

667 
 

830 
 

144 
 

42 
 

0.30 
 

0.16 
(310K) 

0.10 
 

0.03 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ (ʩʤ. ʪʘʙʣʠʮʫ 2) ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʘʩʪʦʪʳ ʜʣʷ 

ʧʘʨʥʠʢʦʚʦʛʦ ɼʋ ʠ ʷʜʝʨʥʳʭ ɼʅʂ ʯʝʣʦʚʝʢʘ ʩʦʚʧʘʜʘʶʪ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʪʠʯʝʩʢʠʝ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

(ʧʦʛʣʦʱʝʥʠʷ) ʩʦʚʧʘʜʘʶʪ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ. ʆʥʠ ʦʢʘʟʘʣʠʩʴ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ ʙʦʣʴʰʝ, ʯʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʧʣʦʚʳʝ ʤʦʱʥʦʩʪʠ (ʩʤ.ʚʳʰʝ) ʠʟʣʫʯʝʥʠʷ ʯʝʣʦʚʝʢʘ.  

 ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʪʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ. 

ʇʦʩʢʦʣʴʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʊɻ ʪʝʤʧʝʨʘʪʫʨ (ʩʤ.ʚʳʰʝ) ʦʢʘʟʘʣʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ ʊɻ, ʩʚʷʟʘʥʥʦʛʦ ʩʦ ʩʪʦʣʢʥʦʚʝʥʠʝʤ 

ʪʝʧʣʦʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʬʨʦʥʪʦʚ ʘʪʤʦʩʬʝʨʳ, ʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʇʕ ʥʘ ʯʝʣʦʚʝʢʘ. ʇʨʠʯʝʤ, 

ʦʧʪʠʯʝʩʢʠʝ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʧʘʨʦʚ ʚʦʜʳ [12, ʉ. 51] ʠ ʦʟʦʥʘ [13], ʩʦʚʧʘʜʘʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʧʝʨʚʳʤ 
ʦʙʝʨʪʦʥʦʤ ʷʜʝʨʥʦʡ ɼʅʂ ʠ ʦʩʥʦʚʥʳʤ ʪʦʥʦʤ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ (ʩʤ. ʚʳʰʝ), ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ ʠ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ 

ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ɼʋ. ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ, ʚʣʠʷʷ ʥʘ ʛʝʥʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʧʘʨʥʠʢʦʚʳʝ 

ʛʘʟʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʢʘʟʳʚʘʶʪ ʥʘ ʥʝʛʦ ʙʣʘʛʦʪʚʦʨʥʦʝ ʚʣʠʷʥʠʝ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʣʴ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʘʨʥʠʢʦʚʦʛʦ ɼʋ ʥʘ ʯʝʣʦʚʝʢʘ: 

1. ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʚ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ, ʜʦʩʪʠʛʘʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʥʘʛʨʝʚʘʝʪ ʝʝ, 

ʧʨʠʤʝʨʥʦ, ʜʦ 290 ʂ. 

2. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ,ɿʝʤʣʷ ʠʟʣʫʯʘʝʪ ʪʝʧʣʦ ʚ ʘʪʤʦʩʬʝʨʫ ʚʩʨʝʜʥʝʡ ʠ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʀʂ ʦʙʣʘʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʣʦʩʳ (010) ʘʪʤʦʩʬʝʨʥʦʛʦ ɼʋ. 
3. ʇʘʨʥʠʢʦʚʳʡ ɼʋ, ʧʦʛʣʦʱʘʷ ʧʦʣʫʯʝʥʥʦʝ ʦʪ ɿʝʤʣʠ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʣʦʩʳ (010), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʠʟʣʫʯʘʶʪ ʝʛʦ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʥʘ ɿʝʤʣʶ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʯʝʣʦʚʝʢʘ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ:  

1. ʈʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʷʜʝʨʥʳʭ ɼʅʂ ʯʝʣʦʚʝʢʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ ʠʟʣʫʯʝʥʠʷ (010) 

ʧʘʨʥʠʢʦʚʦʛʦ ɼʋ.  

2. ʄʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ (ʧʦʛʣʦʱʝʥʠʷ) ʧʘʨʥʠʢʦʚʳʤ ɼʋ ʠ ʚʩʝʤʠ ʷʜʝʨʥʳʤʠ ɼʅʂ ʯʝʣʦʚʝʢʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʯʘʩʪʦʪʘʭ (ʩʤ.ʧ. 1) ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʚʧʘʜʘʶʪ (ʜʦ ʧʝʨʚʦʛʦ ʟʥʘʢʘ ʧʦʩʣʝ ʟʘʧʷʪʦʡ) ʠ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ 

ʚʝʣʠʯʠʥʳ ʙʦʣʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʧʣʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʯʝʣʦʚʝʢʘ. 

3. ʀʩʭʦʜʷ ʠʟ ʚʳʚʦʜʦʚ ʚ ʧʫʥʢʪʘʭ 1 ʠ 2, ʪʦ ʝʩʪʴ, ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ (ʧʦʛʣʦʱʝʥʠʷ) ʥʘ 

ʦʜʥʦʡ ʯʘʩʪʦʪʝ ʤʦʞʝʪ ʥʘʩʪʫʧʠʪʴ ʨʝʟʦʥʘʥʩ (ʥʘʩʪʨʦʡʢʘ ʧʨʠʝʤʥʠʢʘ), ʪʦ ʝʩʪʴ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʝʥʦʤ.  

4. ʕʪʦ ʚʦʟʜʝʡʩʪʚʠʝ(ʩʤ.ʧ.3) ʧʨʦʠʩʭʦʜʠʪʠʟ-ʟʘʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ (ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʘʨʥʠʢʦʚʳʭ ʧʘʨʦʚ ʚʦʜʳ ʠ 

ʦʟʦʥʘ) ʚʩʣʝʜʩʪʚʠʝʠʟʣʫʯʝʥʠʷʧʘʨʥʠʢʦʚʳʤ ɼʋ ʧʦʛʣʦʱʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʨʘʜʠʘʮʠʠ ɿʝʤʣʠ.ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʙʣʘʛʦʪʚʦʨʥʦʝ 
ʚʣʠʷʥʠʝ (ʩʤ.ʚʳʰʝ) ʥʘʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʝʪʦʢ ʢʦʞʠ [1, ʉ. 11]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ-ʟʘ ʙʣʠʟʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ, ʧʘʜʘʶʱʠʭ ʥʘ ʯʝʣʦʚʝʢʘ ʠʟ-ʟʘ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ ʠ 

ʠʟʣʫʯʘʝʤʳʭ ʛʝʥʦʤʦʤ ʯʝʣʦʚʝʢʘ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʯʘʩʪʦʪʝ, ʚʦʟʤʦʞʝʥ ʨʝʟʦʥʘʥʩ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʙʣʘʛʦʪʚʦʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʟʜʦʨʦʚʴʝ. 

 

ʂʦʥʬʣʠʢʪ ʠʥʪʝʨʝʩʦʚ 
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ɸʥʥʦʪʘʮʠʷ 

ʍʦʪʷ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʫʣʫʯʰʝʥʠʶ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʗʕʋ ʧʨʦʚʦʜʷʪʩʷ ʝʱʝ ʩ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʤʦʤʝʥʪʘʭ ʦʥʘ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʥʝʜʦʨʘʙʦʪʘʥʥʦʡ ʠ ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʪʨʝʙʫʶʪ ʠʟʫʯʝʥʠʷ. ʇʦʩʪʦʷʥʥʦ ʚʩʪʘʝʪ 

ʚʦʧʨʦʩ ʠ ʧʦʜʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʦʙʦʣʦʯʝʢ ʪʚʵʣ, ʊɺʉ, ʚʳʙʦʨ ʪʦʧʣʠʚʘ ʠ ʪʠʧʘ ʨʝʘʢʪʦʨʘ. ʇʦʜʙʦʨ ʚʘʨʠʘʥʪʦʚ 

ʚʩʝʛʜʘ ʩʠʪʫʘʪʠʚʥʳʡ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʥʘʟʥʘʯʝʥʠʝ ʫʩʪʘʥʦʚʢʠ, ʤʝʩʪʘ ʠ ʩʧʦʩʦʙʘ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʩʪʦʠʪ 

ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʨʘʟʣʠʯʥʳʭ ʪʦʧʣʠʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʘ.ʟ) ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʗʇʇʋ ʧʨʠ 

ʩʪʦʧʨʦʮʝʥʪʥʦʡ ʤʦʱʥʦʩʪʠ, ʝʸ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ. ʅʘʭʦʞʜʝʥʠʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʮʝʥʘ-ʢʘʯʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʜʘʯʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʗʕʋ, ʈʀʊʄ, ʥʝʡʪʨʦʥʥʳʡ ʧʦʪʦʢ, ʤʘʪʝʨʠʘʣʳ ʘ.ʟ. 

THE INFLUENCE OF NON -UNIFORMITY OF THE NEUTRON FLUX ON THE SIZE  

OF THE "RHYTHM" TYPE REACTOR PLANT  
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Abstract 

Although the work on research, improvement and design of the nuclear power plant has been carried out since the middle of 

the last century, in some points it still remains incomplete and many aspects require further studying. There is always a question 

of selecting the necessary materials for pipelines, fuel-element cladding, fuel assemblies, and the problem of which fuel and 

reactor type to choose. The selection of options always depends on the situation, the purpose of the installation, the location and 
the method of operation. Another important problem is the influence of the composition of various fuels and materials of the 

reactor core on the long-term operation of the nuclear steam generating plant at the full reactor power raising.  Its economic 

benefit in comparison with other compositions should also be taken into consideration. It is necessary to find a balanced price-

quality option. 

Keywords: nuclear power plant, RHYTHM, neutron flux, reactor core materials. 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

(ʈʋ) ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ, ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʜʘʥʥʘʷ ʩʪʘʪʴʷ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʪʝʧʣʦʚʦʛʦ 

ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʘ.ʟ. ʩ ʥʘʭʦʞʜʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ ʢʘʤʧʘʥʠʠ ʘ.ʟ. ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʛʘʙʘʨʠʪʦʚ ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʨʠʤʝʨʝ ʗʕʋ ʈʀʊʄ - 200. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʄʘʪʝʨʠʘʣʳ ʘ.ʟ. 

ɺ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʦʙʦʣʦʯʢʠ ʪʚʵʣʦʚ. ʆʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʙʣʫʯʝʥʠʷ, ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʘ 

ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʘʪʝʨʠʘʣʘ ʪʦʧʣʠʚʘ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘ ʚʩʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʣʦʯʢʠ ʪʚʵʣʦʚ 

ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʛʝʨʤʝʪʠʯʥʦʩʪʴ. ʉʥʘʨʫʞʠ ʥʘ ʦʙʦʣʦʯʢʫ ʜʝʡʩʪʚʫʝʪ ʜʘʚʣʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʯʝʨʝʟ 

ʦʙʦʣʦʯʢʫ ʧʝʨʝʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ. ʅʘ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʚʵʣ ʥʘʛʨʫʟʢʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ, ʚʳʟʳʚʘʷ 

ʥʝʨʘʚʥʦʤʝʨʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʠ ʠʩʢʨʠʚʣʝʥʠʝ ʪʚʵʣʦʚ. ʆʧʘʩʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʦʙʦʣʦʯʢʠ ʪʚʵʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʫʩʫʛʫʙʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴʩʷ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʤʝʜʣʝʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʝʘʢʪʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʈʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʙʦʣʦʯʢʘʭ ʪʚʵʣʦʚ ʚʦʜʦ-ʚʦʜʷʥʳʭ ʨʝʘʢʪʦʨʦʚ ʨʘʚʥʘ 350-400ᴈ, ʚ ʨʝʘʢʪʦʨʘʭ ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 
ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 500-700ᴈ. ʇʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʘʪʝʨʠʘʣ ʦʙʦʣʦʯʢʠ ʪʚʵʣ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ, ʩ ʦʜʥʦʡ 
ʩʪʦʨʦʥʦʡ, ʩ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʩ ʜʨʫʛʦʡ ï ʩ ʪʦʧʣʠʚʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʢʦʨʨʦʟʠʶ 

ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʪʚʝʨʜʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʊʘʢʞʝ ʪʨʝʙʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʙʦʣʦʯʝʢ ʪʚʵʣ, ʢʦʪʦʨʳʝ ʩʣʘʙʦ 

ʧʦʛʣʦʱʘʶʪ ʪʝʧʣʦʚʳʝ ʥʝʡʪʨʦʥʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʤʝʥʴʰʝʝ ʦʙʦʛʘʱʝʥʠʝ ʪʦʧʣʠʚʘ.  

ʈʘʩʩʤʦʪʨʝʚ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʦʙʦʣʦʯʝʢ ʪʚʵʣʦʚ, ʢ ʠʭ ʤʘʪʝʨʠʘʣʫ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʪʘʢʠʝ, ʢʘʢ: 
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1) ʭʦʨʦʰʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ï ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʥʠʟʢʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʤʘʣʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; 

2) ʭʦʨʦʰʠʝ ʷʜʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ï ʤʠʥʠʤʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʥʝʡʪʨʦʥʦʚ; 

3) ʚʳʩʦʢʘʷ ʞʘʨʦʧʨʦʯʥʦʩʪʴ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ï ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʜʝʪʘʣʝʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʡʪʨʦʥʥʦʛʦ ʠ ʜʨʫʛʠʭ ʠʟʣʫʯʝʥʠʡ; 

4) ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʠ ʵʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ; 

5) ʭʦʨʦʰʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʙʝʟ ʧʨʦʙʣʝʤ ʨʘʙʦʪʘʪʴ ʩ ʤʝʪʘʣʣʦʤ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʝʘʢʪʦʨʘʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʚʵʣʦʚ ʠ ʊɺʉ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʦʣʫʯʠʣʠ ʮʠʨʢʦʥʠʝʚʳʝ 

ʩʧʣʘʚʳ ʪʠʧʘ ʮʠʨʢʘʣʦʡ, ʢʦʪʦʨʳʡ ʠ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ɺ ʩʧʣʘʚʘʭ ʮʠʨʢʘʣʦʡ ʩʦʯʝʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʭʦʨʦʰʝʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʚʦʜʝ ʧʨʠ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. 

ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʮʠʨʢʦʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʙʣʠʟʢʘ ʢ ʩʪʦʡʢʦʩʪʠ ʯʠʩʪʦʛʦ ʮʠʨʢʦʥʠʷ. ɺʳʧʣʘʚʢʘ ʩʧʣʘʚʦʚ ʮʠʨʢʘʣʦʡ-2 ʠ 

ʮʠʨʢʘʣʦʡ-4 ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʝʰʝʚʦʤ ʩʧʦʩʦʙʝ, ʙʣʘʛʦʜʘʨʷ ʚʚʝʜʝʥʠʶ ʚ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʦʣʦʚʘ, ʩʧʦʩʦʙʥʦʛʦ 

ʙʣʦʢʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʝ ʥʘʠʙʦʣʝʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʥʘʧʨʠʤʝʨ, ʘʟʦʪʘ. ʊʘʢʞʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʣʘʚʳ ʮʠʨʢʦʥʠʷ ʩ 

ʥʠʦʙʠʝʤ. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʠʷ 

ʄʘʨʢʘ ʩʧʣʘʚʘ ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

 Sn Nb Fe Cr Ni 

ʎʠʨʢʘʣʦʡ-2 1,2-1,7 - 0,07-0,2 0,05-0,15 0,03-0,08 

ʎʠʨʢʘʣʦʡ-4 1,2-1,7 - 0,12-0,18 0,05-0,15 0,007 

Zr-1% Nb - 0,9-1,1 - - - 

Zr-2,5 Nb - 2,4-2,7 0,1 - 0,1 

 

ʉʧʣʘʚ ʮʠʨʢʘʣʦʡ-2, ʠʤʝʶʱʠʡ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʥʠʢʝʣʴ, ʙʦʣʝʝ ʩʢʣʦʥʝʥ ʢ ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʶ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʛʣʘʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʙʦʣʦʯʝʢ ʪʚʵʣʦʚ ʠʟ ʵʪʦʛʦ ʩʧʣʘʚʘ ʥʘ ʥʝʢʦʪʦʨʳʭ ʨʝʘʢʪʦʨʘ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ 

ʧʨʠʚʝʣʘ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʮʠʨʢʘʣʦʡ-2 ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʧʣʘʚʘ ʮʠʨʢʘʣʦʡ-4, ʚ ʢʦʪʦʨʦʤ 

ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʫʝʪ ʥʠʢʝʣʴ. ʀʩʭʦʜʷ ʠʟ ʪʝʤʘʪʠʢʠ ʟʘʜʘʥʠʷ ʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʘʯʝʩʪʚ, ʚ ʨʘʙʦʪʝ ʙʳʣ ʚʟʷʪ ʠ ʨʘʩʩʤʦʪʨʝʥ 

ʩʧʣʘʚ ʮʠʨʢʘʣʦʡ-4, ʢʘʢ ʦʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ ʜʣʷ ʪʚʵʣʦʚ ʠ ʤʘʪʨʠʮʳ. 
 

ʊʦʧʣʠʚʦ 

ʗʜʝʨʥʦʝ ʪʦʧʣʠʚʦ ʧʨʠʤʝʥʷʶʪ ʚ ʚʠʜʝ ʢʝʨʘʤʠʢʠ ʠʣʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʤʝʩʠ. ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʷʜʝʨʥʦʝ ʛʦʨʶʯʝʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ ʠʟ ʥʝʜʝʣʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʝʥʳ ʜʠʩʧʝʨʩʥʳʝ ʪʦʧʣʠʚʥʳʝ 

ʯʘʩʪʠʮʳ. ʂʘʞʜʘʷ ʯʘʩʪʠʮʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʢʨʦʪʚʵʣ ʨʘʟʤʝʨʦʤ ʜʦ 500 ʤʢʤ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʨʠʮʳ ʪʝʤʧʝʨʘʪʫʨʳ ʯʘʩʪʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʠ, ʧʦʵʪʦʤʫ ʨʘʩʧʫʭʘʥʠʝ, ʪʦ ʝʩʪʴ ʧʦʷʚʣʝʥʠʝ ʚ 

ʫʨʘʥʝ ʧʫʟʳʨʴʢʦʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ, ʪʦʧʣʠʚʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʩʜʝʨʞʠʚʘʝʪʩʷ ʤʘʪʨʠʮʝʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʫʶʪ ʘʣʶʤʠʥʠʡ, ʮʠʨʢʦʥʠʡ ʠ ʥʝʨʞʘʚʝʶʱʠʝ ʩʪʘʣʠ.  

ʂʝʨʘʤʠʯʝʩʢʦʝ ʪʦʧʣʠʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʫʛʣʝʨʦʜʦʤ ʠ ʜʨʫʛʠʤʠ 

ʥʝʤʝʪʘʣʣʘʤʠ. ʂʝʨʘʤʠʯʝʩʢʦʝ ʪʦʧʣʠʚʦ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʠ ʭʦʨʦʰʠʝ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʅʘʠʣʫʯʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʜʚʫʦʢʠʩʴ ʫʨʘʥʘ 5/, ʢʦʪʦʨʘʷ ʠ ʙʳʣʘ ʚʟʷʪʘ ʟʘ ʦʩʥʦʚʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʆʥʘ ʠʤʝʝʪ 
ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʥʘ ʠ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʘ. ɼʚʫʦʢʠʩʴ ʫʨʘʥʘ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʘʢʠʤʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ, ʢʘʢ ʚʦʜʘ, ʧʘʨ, ʥʘʪʨʠʡ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʛʝʣʠʡ, ʘ ʪʘʢʞʝ ʩ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʴʶ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʚʫʦʢʠʩʠ 

ʫʨʘʥʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʠʟʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ. ɼʚʫʦʢʠʩʴ ʫʨʘʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʨʝʘʢʪʦʨʘʭ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʪʘʙʣʝʪʦʢ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʧʨʝʩʩʦʚʘʥʠʝ ʩʤʝʩʠ 

ʧʦʨʦʰʢʘ ʜʚʫʦʢʠʩʠ ʫʨʘʥʘ ʩʦ ʩʚʷʟʫʶʱʝʤ ʚʝʱʝʩʪʚʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʩʧʝʢʘʥʠʝʤ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʝ çMARSè, ʥʘʧʠʩʘʥʥʦʡ ʚ ʩʪʝʥʘʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʨʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɿʘ ʦʩʥʦʚʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣʘ ʚʟʷʪʘ ʈʋ ʈʀʊʄ-200 ʩ ʝʸ 

ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʦʛʨʘʤʤʘ çMARSè ʥʘʧʠʩʘʥʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʩʫʜʦʚʦʛʦ ʚʦʜʦ-ʚʦʜʷʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ ʚ ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʦʙʦʛʘʱʝʥʥʳʤ ʷʜʝʨʥʳʡ ʛʦʨʶʯʠʤ.  
ɿʘʜʘʯʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʛʘʙʘʨʠʪʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʚʳʩʦʪʳ ʠ 

ʜʠʘʤʝʪʨʘ), ʜʠʘʤʝʪʨʘ ʪʚʵʣ, ʨʘʟʤʝʨʦʚ ʠ ʯʠʩʣʘ ʢʘʩʩʝʪ. 

ɸʣʛʦʨʠʪʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʦʚ ʩʦʩʪʘʚʣʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʤʴ 

ʚʘʨʠʘʥʪʦʚ ʟʘʜʘʯ. ɺʦ ʚʩʝʭ ʟʘʜʘʯʘʭ ʦʙʱʠʤ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ, ʢʘʤʧʘʥʠʠ, ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʟʦʥʳ ʜʣʷ ʚʦʜʦ-ʚʦʜʷʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠʣʠ ʤʘʩʩʦʚʦʛʦ ʧʘʨʦʩʦʜʝʨʞʘʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʜʣʷ ʚʦʜʦ-

ʚʦʜʷʥʦʛʦ ʨʝʘʢʪʦʨʘ ʢʠʧʝʥʠʷ.  

ʇʨʠ ʨʘʩʯʝʪʝ ʧʦ ʠʩʭʦʜʥʳʤ ʚʝʣʠʯʠʥʘʤ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʘʚʣʝʥʠʝ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ, ʝʩʣʠ ʦʥʦ ʥʝ ʙʳʣʦ ʟʘʜʘʥʦ. ɼʘʚʣʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʠʷ 

ʢʠʧʝʥʠʷ ʧʨʠ 20% - ʥʦʡ ʧʝʨʝʛʨʫʟʢʝ ʧʦ ʤʦʱʥʦʩʪʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʯʝʨʝʟ 

ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʥʘ 15%. ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʬʦʨʤʳ ʢʘʩʩʝʪʳ, 

ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʨʘʟʜʝʣʘ ʠ ʪ.ʜ.  
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩ ʪʠʧʦʤ ʨʝʘʢʪʦʨʘ ɺɺʈɼ ʠ 

ʰʝʩʪʠʛʨʘʥʥʳʤ ʪʠʧʦʤ ʢʘʩʩʝʪʳ: 
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ʊʘʙʣʠʮʘ 2 ï ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʯʝʪʘ 

 
ɿʘʟʦʨ ʤʝʞʜʫ 

ʢʘʩʩʝʪʘʤʠ, ȹʤʢ, [ʤʤ] 

ʆʪʥʦʰʝʥʠʝ 

ʚʳʩʦʪʳ ʘ.ʟ. ʢ ʝʝ 

ʜʠʘʤʝʪʨʫ 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ 

ʚʳʛʦʨʘʥʠʝ, ȹq, [ʛ/ʩʤ3] 

ʉʢʦʨʦʩʪʴ ʊʅ ʥʘ ʚʭʦʜʝ 

ʚ ʘ.ʟ., Wɺʍ, [ʤ/ʩ] 

ɿʥʘʯʝʥʠʝ 5,0 0,92 0,75 2,0 

 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʘ.ʟ. ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʟʘʛʨʫʞʘʝʤʳʭ ʜʝʣʷʱʠʭʩʷ ʥʫʢʣʠʜʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʨʘʩʯʝʪʘ ʜʣʷ ʚʦʜʦ-ʚʦʜʷʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ (ɺɺʈɼ) ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʦʙʣʘʜʘʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʝʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʤʦʱʥʦʩʪʝʡ. ʀʟʙʳʪʦʯʥʘʷ ʨʝʘʢʪʠʚʥʦʩʪʴ 

ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ (ʗʈ) ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʡ ʢʘʤʧʘʥʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʚʳʭʦʜʘ ʠʟ 

ʧʦʣʥʦʡ ʡʦʜʥʦʡ ʷʤʳ. ʉʪʦʣʴ ʚʳʩʦʢʘ ʨʝʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʛʦʨʘʶʱʠʭ ʧʦʛʣʦʪʠʪʝʣʝʡ ʠ 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʨʝʰʝʪʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʘ.ʟ. ʧʨʦʛʨʘʤʤʘ çMARSè ʠʩʧʦʣʴʟʫʝʪ 
ʨʝʟʫʣʴʪʘʪʳ ʥʘʯʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ. 

 

ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʘ.ʟ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ ʈʋ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ, ʥʘʟʳʚʘʝʪʩʷ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ. 

ʄʦʱʥʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ ʜʝʣʝʥʠʡ ʷʜʝʨ ʪʦʧʣʠʚʘ ʚ ʘ.ʟ. ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ. ʇʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ 

ʥʝʡʪʨʦʥʦʚ ʌ ʥʘʟʳʚʘʝʪʩʷ ʧʫʩʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʚʩʝʤʠ ʥʝʡʪʨʦʥʘʤʠ n ʚ ʦʙʲʝʤʝ 1 ʤ3 ʟʘ 1 ʩ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʝʡʪʨʦʥʘ v ʤ/ʩ: 

 

ˡ ÎÖ (1) 

 

ʇʣʦʪʥʦʩʪʴ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ɼʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʙʝʟ ʦʪʨʘʞʘʪʝʣʷ ʨʘʜʠʫʩʦʤ R ʠ ʚʳʩʦʪʦʡ H ʧʣʦʪʥʦʩʪʴ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚʳʩʯʠʪʳʚʘʝʪʩʷ, ʢʘʢ: 
 

ˡÒ ˡ*
Ȣ

ÃÏÓ , ʤ-2ʩ-1 (2) 

 

ʛʜʝ r ʠ z ï ʢʦʦʨʜʠʥʘʪʳ ʦʪ ʮʝʥʪʨʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʦ ʝʝ ʨʘʜʠʫʩʫ ʠ ʚʳʩʦʪʝ; ʌ0 ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʝʡʪʨʦʥʥʦʛʦ 

ʧʦʪʦʢʘ ʚ ʮʝʥʪʨʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʠ J0- ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ.  

ʊʘʢʞʝ ʬʦʨʤʫʣʘ (2) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

 

ˡ ËËˡ  (3) 

 

ʛʜʝ kR =2.405J0(r/R); kH=cos(ˊz/H) ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦ ʨʘʜʠʫʩʫ ʠ ʧʦ ʚʳʩʦʪʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ʊʘʢʞʝ 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʘʭʦʜʷʪʩʷ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʧʦ ʦʜʥʦʡ ʠʟ 

ʢʦʦʨʜʠʥʘʪ ʢ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʪʦʡ ʞʝ ʢʦʦʨʜʠʥʘʪʳ: 

 

Ë
ˡ

ˡ̒ ̑

 (4) 

 

Ë
ˡ

ˡ̒ ̑

 (5) 

 

ʆʥ ʧʦʢʘʟʳʚʘʝʪ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʙʦʣʴʰʝ ʩʨʝʜʥʝʛʦ ʝʸ 

ʟʥʘʯʝʥʠʷ ʧʦ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ. 
ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ: 

 

ˡ̒̑
᷿ ˡ

  (6) 

 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ kR ʠ kH ʥʘʟʳʚʘʝʪʩʷ ʦʙʲʝʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʧʦ ʦʙʲʝʤʫ ʘʢʪʠʚʥʦʡ ʟʦʥʳ: 

 

Ë ËË   (7) 

 
ɽʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʧʦ ʨʘʜʠʫʩʫ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʚ ʪʚʵʣʘʭ ʮʝʥʪʨʘʣʴʥʳʭ ʊɺʉ ʫʜʝʣʴʥʦʝ ʦʙʲʸʤʥʦʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ, ʯʝʤ ʚ ʪʚʵʣʘʭ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʊɺʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʦʢʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʥʝʜʦʛʨʫʞʝʥʥʳʭ ʊɺʉ ʠ ʪʚʵʣʦʚ, ʘ 

ʥʝʜʦʚʳʨʘʙʦʪʢʘ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʦʙʦʨʘʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʧʦʪʝʨʝʡ ʚ ʚʳʨʘʙʦʪʢʝ ʵʥʝʨʛʠʠ.  

ɼʠʘʧʘʟʦʥʳ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʩʫʜʦʚʳʭ ʗʕʋ ʜʘʚʥʦ 

ʥʘʡʜʝʥʳ. ɼʣʷ ʨʘʜʠʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 1.5 ʜʦ 2,3, ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦ ʚʳʩʦʪʝ ï 1.3 ʜʦ 1,7, 

ʘ ʜʣʷ ʦʙʲʝʤʥʦʛʦ, ʦʪ 2,0 ʜʦ 3,06. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ 

ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʛʘʙʘʨʠʪʳ ʘʢʪʠʚʥʦʡ ʟʦʥʘ. 
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ʊʘʙʣʠʮʘ 3 ï ɺʘʨʠʘʥʪʳ ʧʘʨʘʤʝʪʨʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ 

 kH kR kV 

ɺʘʨʠʘʥʪ ˉ1 1.5 1.3 2.0 

ɺʘʨʠʘʥʪ ˉ2 1.6 1.5 2.4 

ɺʘʨʠʘʥʪ ˉ3 1.7 1.8 3.0 

 

ʀʟʤʝʥʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʟʘʱʠʪʳ (ʉʋɿ).  

ʉʋɿ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʝʥʩʘʮʠʶ ʤʝʜʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʳʛʦʨʘʥʠʝʤ, ʧʦʜʜʝʨʞʘʥʠʝ 

ʤʦʱʥʦʩʪʠ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʭʦʜʘ ʩ ʦʜʥʦʛʦ ʨʝʞʠʤʘ ʤʦʱʥʦʩʪʠ ʥʘ ʜʨʫʛʦʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʪʫʭʘʥʠʷ 

ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ ʧʨʠ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʦ ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʢʪʦʨʦʤ ʩ ʧʦʤʦʱʴʶ 

ʩʪʝʨʞʥʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʩʪʘʣʠ ʩ ʧʨʠʤʝʩʷʤʠ ʤʘʪʝʨʠʘʣʦʚ-ʧʦʛʣʦʪʠʪʝʣʝʡ (ʙʦʨ, ʛʘʬʥʠʡ, ʢʘʜʤʠʡ). ʈʝʛʫʣʠʨʦʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʫʧʨʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ. ʅʘʣʠʯʠʝ ʦʪʨʘʞʘʪʝʣʝʡ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʧʦʟʚʦʣʷʝʪ 

ʦʪʨʘʟʠʪʴ ʯʘʩʪʴ ʥʝʡʪʨʦʥʦʚ ʦʙʨʘʪʥʦ ʚ ʘ.ʟ. 
ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʝʧʝʥʥʦ ʚʳʛʦʨʘʶʱʠʭ ʜʦʙʘʚʦʢ ʧʦʛʣʦʪʠʪʝʣʷ. ʇʦʛʣʦʪʠʪʝʣʴ 

ʨʘʚʥʦʤʝʨʥʦ ʧʦʤʝʱʘʝʪʩʷ ʚ ʪʦʧʣʠʚʥʳʭ ʙʣʦʢʘʭ, ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʥʘʯʘʣʴʥʦʛʦ ʟʘʧʘʩʘ 

ʨʝʘʢʪʠʚʥʦʩʪʠ, ʛʜʝ ʜʦʙʘʚʢʘ, ʚʳʛʦʨʘʷ, ʢʦʤʧʝʥʩʠʨʫʝʪ ʥʘʯʘʣʴʥʳʡ ʟʘʧʘʩ ʨʝʘʢʪʠʚʥʦʩʪʠ. 

ʇʦʛʣʦʱʘʶʱʠʝ ʩʪʝʨʞʥʠ ʭʦʪʴ ʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʪʠʧ ʦʨʛʘʥʦʚ 

ʫʧʨʘʚʣʝʥʠʷ. ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʥʘʰʣʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʨʝʰʝʪʢʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʥʘʙʦʨ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʣʠʩʪʦʚ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʩʢʨʝʧʣʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʢʨʝʧʣʝʥʠʷʤʠ ʚ ʝʜʠʥʳʡ ʧʘʢʝʪ. ʇʦʜʲʝʤ ʠ ʦʧʫʩʢʘʥʠʝ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʨʝʰʝʪʢʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ, ʪʷʛʠ, 

ʩʦʝʜʠʥʷʶʱʝʡ ʨʝʰʝʪʢʫ ʩ ʝʝ ʧʨʠʚʦʜʦʤ, ʨʘʟʤʝʱʘʝʤʳʤ ʯʘʱʝ ʚʩʝʛʦ ʥʘ ʢʨʳʰʢʝ ʗʈ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʚʳʛʦʨʘʥʠʷ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʚʳʛʦʨʘʶʱʠʭ ʧʦʛʣʦʪʠʪʝʣʝʡ ʠ 

ʟʘʤʝʜʣʠʪʝʣʷ ʧʦ ʨʘʜʠʫʩʫ ʠ ʦʙʲʝʤʫ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. 

ʇʨʠ ʟʘʥʝʩʝʥʠʠ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʛʨʘʤʤʫ çMARSè ʙʳʣʠ ʫʢʘʟʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 
- ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ: Nʈ=175 ʄɺʪ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʊʅ ʥʘ ʚʭʦʜʝ ʚ ʘ.ʟ.: tʚʭ=277 ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʊʅ ʥʘ ʚʳʭʦʜʝ ʠʟ ʘ.ʟ.: tʚʳʭ=313 ; 

- ʜʘʚʣʝʥʠʝ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ: P=15.7 ʄʇʘ; 

- ʪʦʣʱʠʥʘ ʰʝʩʪʠʛʨʘʥʥʦʛʦ ʢʦʞʫʭʘ ʢʘʩʩʝʪʳ (ʊɺʉ): ŭʢ=1,5 ʤʤ; 

- ʪʦʣʱʠʥʘ ʦʙʦʣʦʯʢʠ ʪʚʵʣ: ŭʦʙ=0,5 ʤʤ; 

- ʯʠʩʣʦ ʨʷʜʦʚ ʪʚʵʣ ʚ ʢʘʩʩʝʪʝ: Zʨ=4; 

- ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ʪʚʵʣ (ʮʠʨʢʘʣʦʡ):  

ɚʦʙ=17 ɺʪ/(ʤĿʂ); 

- ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʪʦʧʣʠʚʘ: ɚʪ=14 ɺʪ/(ʤĿʂ). 

ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʤʝʥʷʣʠʩʴ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 
ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ.  

ʆʧʨʝʜʝʣʠʤ ʯʠʩʣʦ ʪʚʵʣ ʚ ʢʘʩʩʝʪʝ: 

 

Ú̓̃ σÚ̑ σÚ̑ ρ  (8) 

 

ʏʠʩʣʦ ʨʷʜʦʚ ʪʚʵʣ ʚ ʢʘʩʩʝʪʝ ʟʘʜʘʥʦ ʢʘʢ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ Zʨ=4. ʆʪʩʶʜʘ ʯʠʩʣʦ ʪʚʵʣ ʚ ʢʘʩʩʝʪʝ ʙʫʜʝʪ zʪʚ=61. 
ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʜʠʘʤʝʪʨʘ ʪʚʵʣ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

Ä˟ ˏ ! ! τϽɿ̏̂ ɿ    (9) 

 

ɻʜʝ 

 

 ! ςϽɿ̏̂
Ͻ

   (10) 

 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʜʠʘʤʝʪʨʘ ʪʚʵʣʦʚ, ʚ ʢʦʪʦʨʦʤ Ñ ï ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʘ.ʟ., ɺʪ/ʤ2; 
VT ï ʦʙʲʝʤ ʪʦʧʣʠʚʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʤ3; Nʈ ï ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ. 

ʆʙʲʝʤ ʪʦʧʣʠʚʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

6 πȢπυσψ
Ў

   (11) 

 

ʊʘʢ ʢʘʢ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ Nʈ ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʚʳʛʦʨʘʥʠʝ ЎÑ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚ ʨʘʩʯʝʪʝ, 
ʪʦ ʚʝʣʠʯʠʥʘ ʦʙʲʝʤʘ ʪʦʧʣʠʚʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʪʦʣʴʢʦ ʦʪ ʠʟʤʝʥʝʥʠʷ ʦʩʪʘʚʰʠʭʩʷ ʚʝʣʠʯʠʥ, ʘ ʪʦʯʥʝʝ ʦʪ 

ʢʘʤʧʘʥʠʠ ʘʢʪʠʚʥʦ ʟʦʥʳ ʠ ʦʙʲʝʤʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʣʠʩʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʦʚ ʨʘʩʯʝʪʘ. ɿʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʨʘʩʯʝʪʝ ʚ ʧʨʦʛʨʘʤʤʝ çMARSè ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤ Ñ χπππππ ˏ Ⱦ̓̍ .  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʢʘʤʧʘʥʠʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, 

ʜʠʘʤʝʪʨ ʪʚʵʣʘ ʙʫʜʝʪ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ (ʨʠʩʫʥʢʠ 1). 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (98) ǐ ʏʘʩʪʴ 1 ǐɸʚʛʫʩʪ 

 

24 
 

 
ʈʠʩ.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʘʤʝʪʨʘ ʪʚʵʣ ʦʪ ʢʘʤʧʘʥʠʠ ʘ.ʟ. ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

 

ʊʘʢ ʢʘʢ ʛʘʙʘʨʠʪʳ ʊɺʉ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʦʚ ʪʚʵʣ, ʘ ʨʘʩʯʝʪ ʊɺʉ ʩʚʷʟʘʥ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʢʘʤʧʘʥʠʠ, ʠʭ ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʣʝʯʝʪ ʨʦʩʪ ʜʠʘʤʝʪʨʘ ʢʘʩʩʝʪ. ʋʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ 
ʢʘʩʩʝʪ ʠ ʪʚʝʣ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʫʪ ʢ ʠʟʤʝʥʝʥʠʶ ʛʘʙʘʨʠʪʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ: ʚʳʩʦʪʳ ʠ ʜʠʘʤʝʪʨʘ ʘ.ʟ. 

 

 
ʈʠʩ. 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʩʦʪʳ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʦʪ ʢʘʤʧʘʥʠʠ ʘ.ʟ. ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

 

ʊʘʢ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʚʳʩʦʪʳ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʢ ʝʸ ʜʠʘʤʝʪʨʫ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʜʠʘʤʝʪʨʘ ʘ.ʟ. ʙʫʜʫʪ ʘʥʘʣʦʛʠʯʥʳʤʠ. 

ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʝ ʛʘʙʘʨʠʪʦʚ ʘ.ʟ. ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʘʩʩʝʪ nʢʩ ʚʳʛʣʷʜʠʪ ʠʥʘʯʝ. ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʯʝʪʘ ʧʨʦʛʨʘʤʤʝ çMARSè ʪʨʝʙʫʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. ʕʪʦ ʧʦʩʪʦʷʥʩʪʚʦ ʥʝʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ.  
ʂʦʣʠʯʝʩʪʚʦ ʢʘʩʩʝʪ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

Î̋ ̒ πȟχψυ$̱ Ⱦ̝Æ̠  ̘   (12) 

 

ʛʜʝ Dɸɿ ï ʜʠʘʤʝʪʨ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, 

 

 

Æ̠̘ πȟχυÄ̋ ̒
Ў̍ ̋Ј  (13) 

 

ï ʧʣʦʱʘʜʴ ʰʝʩʪʠʛʨʘʥʥʦʡ ʷʯʝʡʢʠ ʘ.ʟ. ʀʟ ʬʦʨʤʫʣʳ (15) ʚʠʜʠʤ, ʯʪʦ ʧʣʦʱʘʜʴ ʢʘʩʩʝʪ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʡ ʚʝʣʠʯʠʥʦʡ ʦʪ 

ʜʠʘʤʝʪʨʘ ʢʘʩʩʝʪ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʜʠʘʤʝʪʨ ʢʘʩʩʝʪ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʘʤʧʘʥʠʠ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʥʦ ʧʘʨʘʤʝʪʨ ȹʤʢ=5 ʤʤ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʠ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʰʝʩʪʠʛʨʘʥʥʦʡ ʷʯʝʡʢʠ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʧʦ 

ʬʦʨʤʫʣʝ (12) ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ ʢʘʩʩʝʪ ʚ ʘ.ʟ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (98) ǐ ʏʘʩʪʴ 1 ǐɸʚʛʫʩʪ 
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ʈʠʩ. 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʢʘʩʩʝʪ ʘ.ʟ. ʦʪ ʢʘʤʧʘʥʠʠ ʘ.ʟ. ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

 

ʈʘʩʩʤʦʪʨʠ ʚʣʠʷʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʩʨʝʜʥʠʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. ʌʦʨʤʫʣʘ 

ʜʣʷ ʩʨʝʜʥʝʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ: 

 

Ñ
̑

́̈
   (14) 

 

ʛʜʝ Sʘʟ ï ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʛʨʝʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, Nʨ ï ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨ. 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʘ.ʟ. ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

3́̈ ʌÄ̓ (̃́ :̈̓ Î̃̋  ̒   (15) 

 

ʂʘʢ ʙʳʣʦ ʥʘʡʜʝʥʦ ʚʳʰʝ, ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʚʳʩʦʪʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʜʠʘʤʝʪʨʘ ʪʚʵʣ, ʯʠʩʣʦ ʢʘʩʩʝʪ ʘ.ʟ. ʙʫʜʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʯʠʩʣʦ ʪʚʵʣ ʚ ʢʘʩʩʝʪʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ - ʨʦʩʪ ʧʣʦʱʘʜʠ ʥʘʛʨʝʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʧʦ ʬʦʨʤʫʣʝ (14) ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. 

 

 
ʈʠʩ. 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʢʘʤʧʘʥʠʠ ʘ.ʟ. ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʧʦ 
ʚʳʩʦʪʝ ʠ ʨʘʜʠʫʩʫ, ʢʦʪʦʨʳʝ, ʧʦ ʫʩʣʦʚʠʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʍʦʪʷ ʠ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʠ ʫʤʝʥʴʰʘʶʪʩʷ, ʚʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʠʟ ʛʨʘʬʠʢʘ 

(ʨʠʩʫʥʦʢ 5). 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (98) ǐ ʏʘʩʪʴ 1 ǐɸʚʛʫʩʪ 
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ʈʠʩ.5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʢʘʤʧʘʥʠʠ ʘ.ʟ. ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

 

ʊʘʢʞʝ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʚʘ 

ʚ ʘ.ʟ. ʠ ʜʦʣʷ ʪʦʧʣʠʚʘ ʚ ʷʯʝʡʢʘʭ ʘ.ʟ. 

 

ʌʠʟʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʘ.ʟ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʟʘʛʨʫʟʢʫ ʛʦʨʶʯʝʛʦ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʜʣʷ ʟʥʘʯʝʥʠʡ 

ʢʘʤʧʘʥʠʠ. ɹʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʛʦʨʶʯʝʛʦ, U235 ʠ ʤʘʩʩʳ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʣʫʪʦʥʠʷ ʧʦʜ ʢʦʥʝʮ ʢʘʤʧʘʥʠʠ. 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʯʠʪʘʝʤ ʦʙʲʝʤ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʗʈ: 

 

6́̈ $́ (̈́  ̈ (16) 

 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʢʘʢ ʠ ʢʘʤʧʘʥʠʷ ʘ.ʟ., ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʜʠʘʤʝʪʨʘ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ʠ ʝʝ ʚʳʩʦʪʳ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʠʡ ʦʙʲʝʤ ʘ.ʟ. 

ʄʘʩʩʘ ʚʳʛʦʨʝʚʰʝʛʦ ʟʘ ʢʘʤʧʘʥʠʶ U235: 

 

Ў' .̑4ȾρψȢφ  (17) 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 18,6 ʄɺʪĿʯ/ʛ ïʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʛʦ ʧʨʠ ʩʛʦʨʘʥʠʠ 1 ʛʨʘʤʤʘ U235. ɿʥʘʯʝʥʠʝ ʚʳʛʦʨʘʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʢʘʤʧʘʥʠʠ ʘ.ʟ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʢʘʤʧʘʥʠʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʳʛʦʨʘʥʠʷ U235. 

ʅʘʡʜʝʤ ʤʘʩʩʫ ʛʦʨʶʯʝʛʦ ʥʘ ʥʘʯʘʣʦ ʢʘʤʧʘʥʠʠ: 

 

'̄ 6́ Ò̈̓̏Ò̐̄ʍ̄ (18) 

 

ʛʜʝ rʪʦʧ ï ʜʦʣʷ ʪʦʧʣʠʚʘ ʚ ʷʯʝʡʢʝ, rʛ ï ʛʦʨʶʯʝʛʦ ʚ ʪʦʧʣʠʚʥʦʡ ʢʦʧʦʟʠʮʠʠ, ɟʛʦʨ ï ʧʣʦʪʥʦʩʪʴ ʛʦʨʶʯʝʛʦ. ʀʟ ʚʩʝʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʩʯʝʪʝ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʣʠʰʴ ʦʙʲʝʤ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʛʦʨʶʯʝʛʦ. 

ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʤʘʩʩʘ ʚʳʛʦʨʘʥʠʷ U235 ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʢʘʤʧʘʥʠʠ, ʘ ʟʘʛʨʫʟʢʘ ʛʦʨʶʯʝʛʦ ʚʩʝʛʜʘ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʙʦʪʫ ʗʈ ʥʘ 100% ʧʦ ʟʘʜʘʥʥʦʡ ʢʘʤʧʘʥʠʠ ʘ.ʟ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʘʩʩʘ ʛʦʨʶʯʝʛʦ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʘʤʧʘʥʠʠ, ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠʩʭʦʜʷ ʦʪ ʤʘʩʩʳ ʚʳʛʦʨʘʥʠʷ U235. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (98) ǐ ʏʘʩʪʴ 1 ǐɸʚʛʫʩʪ 
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ʈʠʩ. 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʛʦʨʶʯʝʛʦ ʥʘ ʥʘʯʘʣʦ ʢʘʤʧʘʥʠʠ ʦʪ ʢʘʤʧʘʥʠʠ ʘ.ʟ. ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʭʦʪʴ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʤʘʩʩʳ ʛʦʨʶʯʝʛʦ ʗʈ ʟʘʚʠʩʠʪ ʦʪ ʢʘʤʧʘʥʠʠ, ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʤʘʩʩʫ ʟʘʛʨʫʟʢʠ ʛʦʨʶʯʝʛʦ. ʊʘʢ ʢʘʢ ʤʘʩʩʘ U235 ʥʘ 

ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʢʘʤʧʘʥʠʠ, ʤʘʩʩʘ ʧʣʫʪʦʥʠʷ ʥʘ ʢʦʥʝʮ ʢʘʤʧʘʥʠʠ ʞʝʩʪʢʦ ʟʘʚʠʩʠʤʳ ʦʪ ʤʘʩʩʳ ʛʦʨʶʯʝʛʦ, ʜʣʷ ʥʠʭ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʣʠʷʥʠʷ ʤʘʩʩʳ ʦʪ ʢʘʤʧʘʥʠʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʙʫʜʫʪ 

ʘʥʘʣʦʛʠʯʥʳʤʠ, ʢʘʢ ʠ ʜʣʷ ʛʦʨʶʯʝʛʦ. 

 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʘ.ʟ. ʠ ʝʞʝʛʦʜʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʂʘʢ ʤʳ ʚʠʜʠʤ, ʟʥʘʯʝʥʠʷ 

ʥʘʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʢʘʤʧʘʥʠʠ ʘʢʪʠʚʥʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʶʪʩʷ ʮʝʥʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʠ ʥʘ ʝʞʝʛʦʜʥʳʝ ʨʘʩʭʦʜʳ. ʅʘ ʮʝʥʫ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʗʈ ʚʣʠʷʶʪ ʢʘʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ, 

ʪʘʢ ʠ ʟʥʘʯʝʥʠʝ ʢʘʤʧʘʥʠʠ ʘ.ʟ., ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʴ ʘ.ʟ. 

 
ʊʘʙʣʠʮʘ 4 ï ɺʣʠʷʥʠʝ ʢʦʤʧʦʥʦʚʢʠ ʘ.ʟ. ʥʘ ʝʸ ʩʪʦʠʤʦʩʪʴ 

 

kv=2.0; 

kr=1,3 
(20 ʪʳʩ.ʯ.) 

kv=2.4; 

kr=1,5 
(20 ʪʳʩ.ʯ.) 

kv=3.0; 

kr=1,8 
(20 ʪʳʩ.ʯ.) 

kv=2.0; 

kr=1,3 
(25 ʪʳʩ.ʯ.) 

kv=2.4; 

kr=1,5 
(25 ʪʳʩ.ʯ.) 

kv=3.0; 

kr=1,8 
(25 ʪʳʩ.ʯ.) 

kv=2.0; 

kr=1,3 
(30 ʪʳʩ.ʯ.) 

kv=2.4; 

kr=1,5 
(30 ʪʳʩ.ʯ.) 

kv=3.0; 

kr=1,8 
(30 ʪʳʩ.ʯ.) 

ʄʘʟ, 

ʢʛ 
4672,39 5485,84 6697,93 5481,58 6454,745558 7910,80 6288,39 7424,81 9131,62 

ʉʠʟʛ, 

USD 
272,57 262,65 252,18 241,5 233,64 225,41 221,03 214,63 207,91 

Sʠʟʛ, 

USD 
1273553,4 1440857,45 1689085,44 1323802,26 1508086,75 1783174,35 1389923,56 1593587,91 1898555,16 

Sʪʦʧʣ, 

USD 
11891,19 12163,94 12572,61 14302,81 14595,87 15039,14 16763,06 17075,66 17550,51 

Sʘʟ, 

USD 
1285444,59 1453021,39 1701658,05 1338105,07 1522682,62 1798213,49 1406686,62 1610663,57 1916105,67 

 

ʅʝʤʥʦʛʦ ʠʥʘʯʝ ʦʙʩʪʦʷʪ ʜʝʣʘ ʩ ʝʞʝʛʦʜʥʳʤʠ ʨʘʩʭʦʜʘʤʠ. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚʩʝ ʪʘʢ ʞʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʘʤʧʘʥʠʷ ʘ.ʟ. ʨʘʩʭʦʜʳ ʩʥʠʞʘʶʪʩʷ. ʀʟ ʜʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʘʤʳʤ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʦʚʢʘ ʘ.ʟ. ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 
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ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ kv=2,0 ʠ ʢʘʤʧʘʥʠʝʡ ʊ=30000 ʯʘʩʦʚ. ʍʦʪʴ ʥʘʯʘʣʴʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʨʝʘʢʪʦʨʘ ʚʝʣʠʢʠ, 

ʦʥʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴʩʷ ʥʠʟʢʠʤʠ ʝʞʝʛʦʜʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʦʢʫʧʘʝʤʦʩʪʠ ʨʝʘʢʪʦʨʘ ʚ ʮʝʣʦʤ. 

 

ʊʘʙʣʠʮʘ 5 ï ɺʣʠʷʥʠʝ ʢʦʤʧʦʥʦʚʢʠ ʘ.ʟ. ʥʘ ʝʞʝʛʦʜʥʳʝ ʟʘʪʨʘʪʳ 

 

kv=2.0; 
kr=1,3 

(20 
ʪʳʩ.ʯ.) 

kv=2.4; 
kr=1,5 

(20 ʪʳʩ.ʯ.) 

kv=3.0; 
kr=1,8 

(20 ʪʳʩ.ʯ.) 

kv=2.0; 
kr=1,3 

(25 ʪʳʩ.ʯ.) 

kv=2.4; 
kr=1,5 

(25 ʪʳʩ.ʯ.) 

kv=3.0; 
kr=1,8 

(25 ʪʳʩ.ʯ.) 

kv=2.0; 
kr=1,3 

(30 ʪʳʩ.ʯ.) 

kv=2.4; 
kr=1,5 

(30 ʪʳʩ.ʯ.) 

kv=3.0; 
kr=1,8 

(30 ʪʳʩ.ʯ.) 

Sʦʩʪʪʦʧʣ, 

USD 
5365,95 5621,68 6006,3 6279,23 6551,55 6966,02 7269,45 7557 7997,68 

Sʧʝʨ, 

USD 
934478,04 1097169,2 1339587,15 1096316,57 1290949,11 1582160,82 1257678,65 1484962,87 1826324,04 

Sʧʟ, 

USD 
590800 600200 614200 537200 544000 554400 499400 504400 512400 

Z, USD 986536,68 1106377,16 1284545,96 776778,45 878243,93 1029930,56 687566,63 782920,43 926010,63 

 

ʂʦʥʬʣʠʢʪ ʠʥʪʝʨʝʩʦʚ 

 ʅʝ ʫʢʘʟʘʥ. 
Conflict of Interest 

 None declared. 
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* ʂʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʡ ʘʚʪʦʨ (averianov_98[at]mail.ru) 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʞʩʠʩʪʝʤʥʦʡ ʩʚʷʟʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ʵʥʝʨʛʦʩʠʩʪʝʤ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʤʝʞʩʠʩʪʝʤʥʦʡ ʩʚʷʟʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʧʝʨʝʪʦʢʠ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʥʦʨʤʘʪʠʚʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ. ʆʧʳʪʳ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʪʨʸʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʞʩʠʩʪʝʤʥʳʭ 

ʩʚʷʟʝʡ, ʠʭ ʨʝʞʠʤʦʚ ʠ ʩʦʩʪʘʚʘ ʛʝʥʝʨʘʮʠʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʷ ʚ ʮʝʣʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʥʘʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʤʝʞʩʠʩʪʝʤʥʳʝ ʩʚʷʟʠ, ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʷ. 
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Abstract 

The article looks into the influence of interconnection transmission capacity on the dynamic stability of interconnected power 

utilities consisting of two energy grids. As part of the work on this paper, various alternatives of carrying out interconnection 

were developed and studied; for each of them, the maximum allowed active-power flows were defined, and electromechanical 
transients under reference incidents were analysed. Tests were conducted in three different operating conditions of power 

transmission. 

Driven by this research, a conclusion was made that transmission capacity of interconnections, their operating conditions, 

and generation make-up affect the dynamic stability of the interconnection in all. 

Keywords: dynamic stability, interconnection, transient phenomena of electric power system, transmission capacity, 

interconnected power utilities. 

ɺʚʝʜʝʥʠʝ 

ʊʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʠʥʠʡ ʠ ʵʥʝʨʛʦʩʠʩʪʝʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʦʡ ʪʝʤʦʡ, ʧʦ 

ʢʦʪʦʨʦʡ ʥʘʧʠʩʘʥʦ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʪʨʫʜʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʦʙʣʝʤʘʪʠʢʫ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ɺ.ɸ. ɺʝʥʠʢʦʚ ʚ ʢʥʠʛʝ [1]. ɺ ʜʘʥʥʦʡ ʢʥʠʛʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʩʷ ʪʝʦʨʠʷ ʧʦ ʠʟʫʯʘʝʤʦʤʫ ʚʦʧʨʦʩʫ, ʢʦʪʦʨʘʷ 

ʪʱʘʪʝʣʴʥʦ ʨʘʟʦʙʨʘʥʘ ʥʘ ʧʨʠʤʝʨʘʭ, ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʘʚʪʦʨʦʤ. ʆʧʠʨʘʷʩʴ ʥʘ ʤʘʪʝʨʠʘʣʳ ʵʪʦʡ ʢʥʠʛʠ, ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 
ʨʝʘʣʴʥʦʝ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʝ. 

ʀʟ ʥʘʠʙʦʣʝʝ ʩʚʝʞʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʫʙʣʠʢʘʮʠʠ [2], [3], [4]. 

ɺ ʩʪʘʪʴʝ ɺʠʣʣʠ ʕʩʪʨʘʨʜʘ [2] ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʟʘ 

ʩʯʸʪ ʚʥʝʜʨʝʥʠʷ ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʙʳʩʪʨʦ ʦʪʢʣʶʯʘʪʴ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ (ʂɿ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ 

ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝʥʠʷ ʂɿ ʥʘ ʫʩʣʦʚʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʦʮʝʥʠʚʘʣʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʦʪ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝʥʠʷ ʂɿ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʮʝʣʦʤ ʠʤʝʝʪ ʩʭʦʞʠʝ ʯʝʨʪʳ ʩ ʨʘʙʦʪʦʡ ɺʠʣʣʠ 

ʕʩʪʨʘʨʜʘ, ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʧʦʨ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʚʣʠʷʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʞʩʠʩʪʝʤʥʳʭ ʩʚʷʟʝʡ ʥʘ 

ʫʩʣʦʚʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʷ. ʉʪʦʠʪ ʪʘʢʞʝ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʠ ʦʪ ɺʠʣʣʠ ʕʩʪʨʘʨʜʘ, ʥʝ 

ʙʳʣʘ ʟʘʪʨʦʥʫʪʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʩʚʝʱʘʝʤʦʛʦ ʚʦʧʨʦʩʘ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (98) ǐ ʏʘʩʪʴ 1 ǐɸʚʛʫʩʪ 
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ʈʘʙʦʪʘ ʃʶ ʇʝʥʛʘ [3] ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʝʣʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʷʟʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʙʝʟ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ 

ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʚ ʧʝʨʝʜʘʯʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʪʩʫʪʩʪʚʠʝ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʚʳʧʨʷʤʣʝʥʠʷ ʠ ʫʛʣʘ ʛʘʩʠʪʝʣʷ ʠʥʚʝʨʪʦʨʘ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʜʘʞʝ ʧʨʠʚʦʜʠʪ ʢ ʣʘʚʠʥʝ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ 

ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʷʚʣʷʶʱʠʝʩʷ 

ʩʣʘʙʳʤʠ ʩʚʷʟʷʤʠ. 

ʇʨʦʙʣʝʤʘ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʪʷʞʸʥʥʳʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʩ ʙʦʣʴʰʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʩʚʝʱʘʝʪʩʷ ʚ ʩʪʘʪʴʝ ʂʩʶʞʵʥʛ ʏʘʷ [4]. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʤʧʘʢʪʥʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, 
ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʩʝʨʴʸʟʥʳʡ ʫʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʦʜʥʘʢʦ ʦʥ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʣʦʚʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ 

ʣʠʙʦ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ, ʣʠʙʦ ʧʨʦʚʦʜʠʣʠʩʴ ʙʝʟ ʫʯʸʪʘ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʞʩʠʩʪʝʤʥʳʭ ʩʚʷʟʝʡ 

ʢʨʫʧʥʳʭ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʞʩʠʩʪʝʤʥʦʡ ʩʚʷʟʠ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʆʜʥʦʡ ʠʟ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʵʥʝʨʛʦʩʠʩʪʝʤ ʠ ʩʦʟʜʘʥʠʝ 

ʢʨʫʧʥʳʭ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʡ [5], [6], [7]. 

ʆʙʲʝʜʠʥʝʥʠʝ ʵʥʝʨʛʦʩʠʩʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʤʝʞʩʠʩʪʝʤʥʳʝ ʩʚʷʟʠ. ʉ ʨʦʩʪʦʤ ʦʪʜʝʣʴʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ 
ʩʦʟʜʘʶʪʩʷ ʥʦʚʳʝ ʤʝʞʩʠʩʪʝʤʥʳʝ ʩʚʷʟʠ, ʫʩʠʣʠʚʘʶʪʩʷ ʫʞʝ ʧʦʩʪʨʦʝʥʥʳʝ, ʘ ʥʝʢʦʪʦʨʳʝ ʤʝʞʩʠʩʪʝʤʥʳʝ ʩʚʷʟʠ, ʨʘʥʝʝ 

ʦʪʥʦʩʠʚʰʠʝʩʷ ʢ ʩʠʣʴʥʳʤ, ʩʦ ʚʨʝʤʝʥʝʤ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʟʨʷʜ ʩʣʘʙʳʭ [7], [8]. 

ʋʩʣʦʞʥʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʩʦʟʜʘʥʠʝ ʤʝʞʩʠʩʪʝʤʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʠʭ ʦʙʲʝʜʠʥʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʙʣʝʤʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʥʘʨʫʰʝʥʠʝʤ ʫʩʣʦʚʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʤʝʞʩʠʩʪʝʤʥʦʡ ʩʚʷʟʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʷ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʤʝʞʩʠʩʪʝʤʥʘʷ ʩʚʷʟʴ ʥʘ ʧʨʠʤʝʨʝ ʦʙʲʝʜʠʥʷʶʱʠʭ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʈɼʋ ʠ ʂʫʙʘʥʩʢʦʛʦ ʇʄʕʉ. 

 

ʆʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʞʩʠʩʪʝʤʥʘʷ ʩʚʷʟʴ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ ʠ 
ʂʫʙʘʥʩʢʦʛʦ ʇʄʕʉ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʤʝʥʥʦ ʵʪʘ ʯʘʩʪʴ ʝʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ ʈʦʩʩʠʠ (ɽʕʉ ʈʦʩʩʠʠ), ʪʘʢ ʢʘʢ 

ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʂʨʳʤʘ ʠ ʂʫʙʘʥʩʢʦʛʦ ʇʄʕʉ ʩʚʷʟʳʚʘʝʪ ʢʨʳʤʩʢʠʡ ʵʥʝʨʛʦʤʦʩʪ, ʷʚʣʷʶʱʠʡʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʤʝʞʩʠʩʪʝʤʥʦʡ 

ʩʚʷʟʴʶ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʤʦʜʝʣʴ ʚʭʦʜʷʪ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʂʨʳʤʘ, ʂʫʙʘʥʩʢʦʛʦ ʇʄʕʉ ʠ ʈʦʩʪʦʚʩʢʦʛʦ ʇʄʕʉ. 

ɼʘʥʥʳʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʠʤʝʥʥʦ ʨʘʟʚʝʪʚʣʸʥʥʫʶ ʩʝʪʴ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʡ. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʸʤʢʦʩʪʠ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʣʠʥʠʠ 220 ʢɺ ʠ ʚʳʰʝ, ʥʘʛʨʫʟʢʠ ʥʘ ʰʠʥʘʭ ʥʠʟʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʅʅ) ʇʉ 220 ʠ 330 ʢɺ, ʠ ʪʦʣʴʢʦ ʪʝ ʣʠʥʠʠ 110 ʢɺ, ʯʝʨʝʟ 

ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʜʘʯʘ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ɼʘʥʥʦʝ ʜʦʧʫʱʝʥʠʝ ʥʝ ʩʠʣʴʥʦ ʧʦʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʸʪʘ, ʪʘʢ ʢʘʢ ʤʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʧʦ ʵʪʠʤ ʣʠʥʠʷʤ, ʙʫʜʝʪ ʫʯʪʝʥʘ ʚ ʥʘʛʨʫʟʢʝ ʥʘ ʅʅ ʰʠʥʘʭ ʇʉ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʟ-

ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʦʯʥʳʭ ʜʘʥʥʳʭ ʧʦ ʥʘʛʨʫʟʢʘʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʝʨʝʪʦʢʘʤ ʧʦ ʣʠʥʠʷʤ 110 ʢɺ ʠ ʥʠʞʝ ʚ ʦʙʝʠʭ ʩʠʩʪʝʤʘʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [9] ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʇʉ ʨʘʚʥʘ 0,6 ʦʪ ʦʙʱʝʡ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʜʘʥʥʦʡ ʇʉ. ʋ ʚʩʝʭ ʥʘʛʨʫʟʦʢ ʇʉ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʙʳʣ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 0,97. 
ʕʥʝʨʛʦʩʠʩʪʝʤʘ ʂʨʳʤʘ ʚʭʦʜʠʪ ʚ ʤʦʜʝʣʴ ʮʝʣʠʢʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʠʩʘʥʥʳʤʠ ʨʘʥʝʝ ʜʦʧʫʱʝʥʠʷʤʠ (ʩʤ. ʨʠʩʫʥʦʢ 1). 

ʉʚʷʟʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʂʨʳʤʘ ʩ ʵʥʝʨʛʦʩʠʩʪʝʤʦʡ ʋʢʨʘʠʥʳ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʣʠʥʠʠ, 

ʩʦʝʜʠʥʷʶʱʠʝ ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ ʠ ʋʢʨʘʠʥʳ ʨʘʟʦʨʚʘʥʳ, ʠ ʧʝʨʝʪʦʢ ʤʦʱʥʦʩʪʠ ʧʦ ʥʠʤ ʦʪʩʫʪʩʪʚʫʝʪ. 

 

https://ieeexplore.ieee.org/author/37270953800
https://ieeexplore.ieee.org/author/37847521300
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ʈʠʩ. 1 ï ʄʦʜʝʣʴ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ 

 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ, ʚʭʦʜʷʱʘʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʟʦʥʫ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʂʫʙʘʥʩʢʦʛʦ ʠ ʈʦʩʪʦʚʩʢʦʛʦ ʇʄʕʉ, ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʤʦʜʝʣʠ ʣʠʰʴ ʯʘʩʪʴʶ ʩʝʪʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʢʦʣʴʮʫ 500 ʢɺ ʇʉ çʊʘʤʘʥʴè ï ʇʉ çʈʦʩʪʦʚʩʢʘʷè ï ʈʦʩʪʦʚʩʢʘʷ 

ɸʕʉ ï ʇʉ çʊʠʭʦʨʝʮʢè ï ʉʪʘʚʨʦʧʦʣʴʩʢʘʷ ɻʈʕʉ ï ʇʉ çʎʝʥʪʨʘʣʴʥʘʷè (ʩʤ. ʨʠʩʫʥʦʢ 2). ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʠ 

ʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʫʟʣʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ɺʦʣʞʩʢʘʷ ɻʕʉ. ʕʪʦʪ ʚʳʙʦʨ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʫʟʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʠʥʷʪʴ ʢʨʫʧʥʫʶ ʵʣʝʢʪʨʦʩʪʘʥʮʠʶ ʩ ʤʘʥʸʚʨʝʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʨʝʘʣʴʥʦʩʪʠ ʤʦʛʣʠ ʙʳ 

ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʚʦ ʚʩʸʤ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʠ. ʊʘʢʞʝ ʙʘʣʘʥʩʠʨʫʶʱʠʡ ʫʟʝʣ ʜʦʣʞʝʥ ʙʳʣ ʙʳʪʴ 
ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʘʣʸʥ ʦʪ ʪʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʦʟʤʫʱʝʥʠʷ. ʕʪʦ ʫʩʣʦʚʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ, ʪʘʢ ʢʘʢ ʙʣʠʟʢʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʫʟʣʘ ʢ ʪʦʯʢʘʤ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʨʨʝʢʪʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʉ çʖʞʥʘʷè, ʇʉ çʌʨʦʣʦʚʩʢʘʷè ʠ ʇʉ çɺʦʣʛʘè ʚ ʤʦʜʝʣʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʵʪʦ ʥʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ, ʦʜʥʘʢʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʝʸ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ 

ʨʘʩʯʸʪʘ. 

ʀʥʬʦʨʤʘʮʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ (ʃʕʇ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʛʝʥʝʨʘʪʦʨʦʚ, 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʪ. ʜ.) ʙʳʣʘ ʚʟʷʪʘ ʠʟ [10], [11], [12], ʘ ʪʘʢʞʝ ʠʟ ʢʘʨʪʘ-ʩʭʝʤ ʩʝʪʝʡ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʈɼʋ ʠ 

ʆʕʉ ʖʛʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ [10], [12], [13]. ɺʩʝ ʛʝʥʝʨʘʪʦʨʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʨʭʧʝʨʝʭʦʜʥʦʡ 

ʤʦʜʝʣʴʶ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʭʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ [7]. 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʣʷ ʪʫʨʙʠʥʳ ʢʘʞʜʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʦʧʨʝʜʝʣʷʣʩʷ ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

[14]. ɺ ʤʦʜʝʣʠ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʠ ʩʠʩʪʝʤʥʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʜʣʷ ʛʝʥʝʨʘʪʦʨʦʚ, 
ʨʘʙʦʪʘʶʱʠʭ ʚ ʙʦʣʴʰʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʣʴʥʦʛʦ 

ʜʝʡʩʪʚʠʷ (ɸʈɺ ʉɼ) ʚ ʧʨʦʛʨʘʤʤʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ (ʇɺʂ) ETAP [15] ʙʳʣ ʧʨʠʤʝʥʸʥ ʦʩʦʙʳʡ ʚʠʜ ʚʦʟʙʫʜʠʪʝʣʷ 

çFixedè, ʢʦʪʦʨʳʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʚʦʜʘʭ ʛʝʥʝʨʘʪʦʨʘ ʥʝʠʟʤʝʥʥʳʤ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʵʢʚʠʚʘʣʝʥʪ ɸʈɺ ʉɼ. ɺʝʪʨʷʥʳʝ ʠ ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ 

ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ, ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʦʜʝʣʷʤʠ, ʟʘʣʦʞʝʥʥʳʤʠ ʚ ʇɺʂ ETAP. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʩʦʟʜʘʥʦ ʧʷʪʴ ʤʦʜʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʩʧʦʣʥʝʥʠʷʤʠ ʤʝʞʩʠʩʪʝʤʥʦʡ ʩʚʷʟʠ. ʆʜʥʘ 

ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʪʘʪʴʝ (ʩʤ. ʨʠʩʫʥʦʢ 3). 
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ʈʠʩ. 2 ï ʄʦʜʝʣʴ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʂʫʙʘʥʩʢʦʛʦ ʠ ʈʦʩʪʦʚʩʢʦʛʦ ʇʄʕʉ 

 

 
ʈʠʩ. 3 ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʨʘʩʯʸʪʦʚ 

 


































































































































































































































































































































































