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ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 
ɺʳʭʦʜʠʪ 12 ʨʘʟ ʚ ʛʦʜ. 
ʋʯʨʝʜʠʪʝʣʴ ʞʫʨʥʘʣʘ: ʉʦʢʦʣʦʚʘ ʄ.ɺ. 
ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ: ʄʝʥʴʰʘʢʦʚ ɸ.ʀ. 
ɸʜʨʝʩ ʠʟʜʘʪʝʣʷ ʠ ʨʝʜʘʢʮʠʠ: 620137, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʫʣ. 
ɸʢʘʜʝʤʠʯʝʩʢʘʷ, ʜ. 11, ʢʦʨʧ. ɸ, ʦʬ. 4. 
ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ: editors@research-journal.org 
ʉʘʡʪ: www.research-journal.org 
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ɼʘʪʘ ʚʳʭʦʜʘ 17.08.2021 
ʎʝʥʘ: ʙʝʩʧʣʘʪʥʦ. 
 
 
 
 
 
 

 
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: ʕʃ ˉ ʌʉ 77 - 80772. 

 
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);  

ʃʘʨʠʦʥʦʚ ʄ.ɺ., ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ï ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. 

ʊʠʤʠʨʷʟʝʚʘ (ʄʦʩʢʚʘ, 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 ʄʝʜʠʮʠʥʩʢʘʷ ɸʢʘʜʝʤʠʷ (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);  

ɹʣʝʡʭ ʅ.ʆ. ʜ-ʨ ʠʩʪ. ʥʘʫʢ, ʉʝʚʝʨʦ-ʆʩʝʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʃ. ʍʝʪʘʛʫʨʦʚʘ (ɺʣʘʜʠʢʘʚʢʘʟ, 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 ʫʥʠʚʝʨʩʠʪʝʪ ʚ ʛ. ʇʷʪʠʛʦʨʩʢʝ (ʇʷʪʠʛʦʨʩʢ, ʈʦʩʩʠʷ);  

ʄʝʱʝʨʷʢʦʚʘ 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:  

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);  

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

ʋʨʘʢʦʚ ɸ.ʃ., ʜ-ʨ ʤʝʜ. ʥʘʫʢ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʄʝʜʠʮʠʥʩʢʘʷ ɸʢʘʜʝʤʠʷ (ʀʞʝʚʩʢ, ʈʦʩʩʠʷ). 
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ɸʥʥʦʪʘʮʠʷ 

ʊʝʦʨʠʷ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. ʅʝʣʠʥʝʡʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʷʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʅʘʠʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩ ʤʘʣʦʡ ʥʝʣʠʥʝʡʥʦʩʪʴʶ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʨʠʯʝʤ ʜʦ ʩʠʭ ʧʦʨ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ, 

ʙʣʠʟʢʠʭ ʢ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʦʩʮʠʣʣʷʪʦʨʫ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʙʣʠʟʢʦʡ ʢ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʦʩʮʠʣʣʷʪʦʨʫ ʩʠʩʪʝʤʳ, ʦʙʘ ʫʨʘʚʥʝʥʠʷ ʢʦʪʦʨʦʡ 

ʩʦʜʝʨʞʘʪ ʥʝʣʠʥʝʡʥʳʝ ʯʣʝʥʳ. ʇʨʠʚʦʜʷʪʩʷ ʷʚʥʦ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʧʦʩʣʝʜʦʚʘʥʠʷ ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ, ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʠʟʫʯʝʥʠʷ. 
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Abstract 

The theory of nonlinear oscillations is one of the most important components of modern science. Nonlinear oscillation is a 

term usually applied to oscillatory phenomena that occur in nonlinear dynamical systems. The most accessible for research are 

oscillatory systems with low nonlinearity, for which various asymptotic methods have been developed. Moreover, the study of 

nonlinear systems close to a harmonic oscillator is still of particular interest. The current study assesses the possibility of studying 

a system close to harmonic oscillators by via approximate point mapping, both equations of which contain nonlinear terms. The 

article provides explicitly defined functions of the sequence of a point map, in the construction of which asymptotic methods are 

used, as well as the results of their analysis. 

Keywords: nonlinear oscillatory system, phase space, synchronization, harmonic oscillator, small parameter, asymptotic 

research methods, point mapping method. 

ʊʝʦʨʠʷ ʢʦʣʝʙʘʥʠʡ ʟʘʥʠʤʘʝʪʩʷ ʠʟʫʯʝʥʠʝʤ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɸ ʧʦʩʢʦʣʴʢʫ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦʝ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ, ʠʟʫʯʝʥʠʝ ʚʩʷʢʦʡ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʪʨʝʙʫʝʪ ʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ [1], [2], ʯʪʦ ʪʝʦʨʠʷ ʢʦʣʝʙʘʥʠʡ ʟʘʥʠʤʘʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝʤ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʘʥʘʣʠʟʝ 

ʤʦʜʝʣʝʡ, ʪʝʦʨʠʷ ʢʦʣʝʙʘʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ. ʇʨʠʯʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʠʛʨʘʝʪ ʜʚʦʷʢʫʶ ʨʦʣʴ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʵʪʦ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩ ʜʨʫʛʦʡ ï ʤʦʜʝʣʴ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʨʘʟʣʠʯʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʷʚʣʝʥʠʷ. ɸ ʧʨʠʥʠʤʘʝʤʳʝ 

ʠʜʝʘʣʠʟʘʮʠʠ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ  

[2, ʉ. 9-10]. ʊʦ ʝʩʪʴ ʭʘʨʘʢʪʝʨ ʠʜʝʘʣʠʟʘʮʠʡ, ʜʦʧʫʩʪʠʤʳʭ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʚ 

ʮʝʣʦʤ ʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʚʦʡʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʦʪ ʪʦʛʦ, ʦʪʚʝʪʳ ʥʘ ʢʘʢʠʝ ʚʦʧʨʦʩʳ ʞʝʣʘʪʝʣʴʥʦ 

ʧʦʣʫʯʠʪʴ [1, ʉ. 16]. ʀ ʜʦʧʫʩʪʠʤʦʩʪʴ ʪʦʡ ʠʣʠ ʠʥʦʡ ʠʜʝʘʣʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʫ ʠʣʠ ʠʥʫʶ ʟʘʜʘʯʫ [1, ʉ. 17]. ʊʦʣʴʢʦ ʩʦʚʧʘʜʝʥʠʝ ʠʣʠ ʥʝʩʦʚʧʘʜʝʥʠʝ ʩʚʦʡʩʪʚ, ʧʦʣʫʯʘʝʤʳʭ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʠ ʩʚʦʡʩʪʚ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʢʘʢʠʭ-ʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʪʝʦʨʠʷ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘʰʣʘ ʩʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʤʝʭʘʥʠʢʝ, ʬʠʟʠʢʝ ʪʝʭʥʠʢʝ, ʥʦ ʠ ʪʘʢʠʭ ʤʝʥʝʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʥʘʫʢʘʭ, ʢʘʢ ʭʠʤʠʷ, ʙʠʦʣʦʛʠʷ, 

ʵʢʦʥʦʤʠʢʘ ʠ ʜʨ. [1]. 

ʂ ʩʦʞʘʣʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʯʘʩʪʦ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʠʭ ʫʧʨʦʱʝʥʠʷ, ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʤʠ 

ʜʦʩʪʫʧʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ.. 

ʀʟʚʝʩʪʥʦ [1], [3], ʯʪʦ ʪʝʦʨʠʷ ʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʦ, ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʣʠʥʝʡʥʳʝ ʩʭʝʤʳ, ʥʝ ʫʯʠʪʳʚʘʶʱʠʝ ʩʦʙʩʪʚʝʥʥʦ 

ʥʝʣʠʥʝʡʥʦʩʪʴ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ, ʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ 
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ʦʰʠʙʢʘʤ [2, ʉ. 13]. ʊʦ ʝʩʪʴ ʪʨʝʙʫʝʪʩʷ ʥʝʧʨʝʤʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʠʩʪʝʤʫ ʢʘʢ ʥʝʣʠʥʝʡʥʫʶ [1, ʉ. 28]. ʇʨʠʯʝʤ ʚ ʨʘʤʢʠ 

ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʢʘʢ ʧʨʘʚʠʣʦ ʥʝ ʫʢʣʘʜʳʚʘʶʪʩʷ ʪʝ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ [1, ʉ. 10]. 

ʀʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʙʦʣʝʝ ʩʣʦʞʥʦʡ, ʯʝʤ ʠʟʫʯʝʥʠʝ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ, ʧʦʪʦʤʫ ʯʪʦ 

ʵʪʦ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʠʟʫʯʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʠʜʝʘʣʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪʩʷ ʧʦʣʥʦʝ (ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ) ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʪ.ʝ. ʥʘʭʦʞʜʝʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʩʣʠ 

ʠ ʥʝ ʣʶʙʳʭ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʪʦ ʫʞ ʪʦʯʥʦ ʢʦʣʝʙʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʭ ʢ ʣʠʥʝʡʥʳʤ [2]. ɼʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʤʠ 

ʢ ʣʠʥʝʡʥʳʤ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʢʦʣʝʙʘʥʠʷ, ʫʨʘʚʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʥʝʢʦʪʦʨʳʡ 

ʧʘʨʘʤʝʪʨ, ʚʭʦʜʷʱʠʡ ʚ ʥʠʭ ʪʘʢ, ʯʪʦ ʝʩʣʠ ʦʥ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ, ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʣʠʥʝʡʥʦʡ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʧʨʠʥʠʤʘʝʪ ʤʘʣʳʝ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʟʥʘʯʝʥʠʷ (ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʘʢʠʝ, ʢʘʢ ʤʝʪʦʜ ʚʦʟʤʫʱʝʥʠʡ [2, ʉ. 13], 

ʤʝʪʦʜ ɺʘʥ-ʜʝʨ-ʇʦʣʷ (ʠʣʠ çʤʝʪʦʜ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʘʤʧʣʠʪʫʜè) [1, ʉ. 653], [2, ʉ. 371] ʠ ʪ.ʜ. ʇʨʠʤʝʥʝʥʠʝ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʫʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ. ʆʜʥʘʢʦ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʚʦʡʩʪʚʦ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ï ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʠ 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʧʨʠʙʣʠʞʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʠʩʩʣʝʜʫʝʪʩʷ ʩʠʩʪʝʤʘ, ʙʣʠʟʢʘʷ ʢ 

ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʦʩʮʠʣʣʷʪʦʨʫ [1, ʉ. 378]. ɺ ʤʝʪʦʜʠʢʝ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ [4], [6], [7], 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʠ ʤʝʪʦʜʘ ʪʦʯʝʯʥʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ [8]. ʉʦʙʩʪʚʝʥʥʦ, ʚʦʧʨʦʩ ʦ ʧʨʠʤʝʥʝʥʠʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʩʪʘʚʠʣʩʷ ʫʞʝ ʜʘʚʥʦ [8, ʉ. 205-210]. ʄʝʪʦʜ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʨʘʥʝʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʩʷ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ [4], [5], [7]. ʀʩʩʣʝʜʫʝʤʘʷ ʥʠʞʝ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʪʫ ʦʩʦʙʝʥʥʦʩʪʴ, ʯʪʦ 

ʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝ ʧʦʣʫʯʝʥʘ ʠʟ ʫʨʘʚʥʝʥʠʷ ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, ʪʦ ʝʩʪʴ ʥʝʣʠʥʝʡʥʳʝ ʯʣʝʥʳ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʙʦʠʭ ʫʨʘʚʥʝʥʠʷʭ ʩʠʩʪʝʤʳ. ɺʦʦʙʱʝ ʤʝʪʦʜ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʢʦ ʤʥʦʛʠʤ 

ʧʨʦʙʣʝʤʘʤ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʥʠʡ [1], ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʪʨʫʢʪʫʨʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʧʦʨʦʞʜʘʝʤʦʛʦ ʝʡ ʥʘ ʩʝʢʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ [8, ʉ. 187-188]. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʳʙʦʨ 

ʩʧʦʩʦʙʘ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʚʦʧʨʦʩ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʫ ʩʠʩʪʝʤʳ p2 -ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʷʩʥʝʥ ʯʝʨʝʟ ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʘ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʫ ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ T , ʧʦʨʦʞʜʘʝʤʦʛʦ ʬʘʟʦʚʳʤʠ ʪʨʘʝʢʪʦʨʠʷʤʠ ʩʠʩʪʝʤʳ ʥʘ ʩʝʢʫʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ pp 2)]2/(t[t=  (ʠʣʠ ʦʪʦʙʨʘʞʝʥʠʝ ʩʜʚʠʛʘ p2T  ʜʣʷ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ). ɸ ʧʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ 

ʙʣʠʟʢʦʡ ʢ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʦʩʮʠʣʣʷʪʦʨʫ, ʪʦ ʪʦʯʝʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ T  ʝʩʪʴ ʙʣʠʟʢʦʝ ʢ ʪʦʞʜʝʩʪʚʝʥʥʦʤʫ ʪʦʯʝʯʥʦʝ 

ʦʪʦʙʨʘʞʝʥʠʝ [8, ʉ. 210-223]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʤʝʩʪʦ ʦʪʦʙʨʘʞʝʥʠʷ T  ʚʚʦʜʠʪʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʪʦʙʨʘʞʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 
2m  (ʛʜʝ m - ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ) ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʪʦʙʨʘʞʝʥʠʝ ʩʜʚʠʛʘ p2T  ʜʣʷ 

ʩʠʩʪʝʤʳ ʠ ʠʤʝʝʪ ʷʚʥʦ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʧʦʩʣʝʜʦʚʘʥʠʷ. ʊʦ ʝʩʪʴ ʟʘʜʘʯʘ ʦʪʳʩʢʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʩʚʦʜʠʪʩʷ ʢ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʟʘʜʘʯʝ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ  
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ʛʜʝ 10 <<<m  - ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫ ʩʠʩʪʝʤʳ (1) p2 -

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ, ʧʦʜʦʙʥʦ [4], [5, ʉ. 5-6], ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʟʘʤʝʥʦʡ 

 

,tcosbtsinay,tsinbtcosax +-=+=  (2) 

 

ʧʨʠʚʦʜʷʱʝʡ (1) ʢ ʚʠʜʫ ʩʠʩʪʝʤʳ ʜʣʷ çʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʘʤʧʣʠʪʫʜè [1, ʉ. 653-655] 
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ʦʪʢʫʜʘ ʢʘʢ ʚ [4], [5, ʉ.5-6], ʫʯʠʪʳʚʘʷ, ʯʪʦ )0(x)0(a = , )0(y)0(b = , )2(x)2(a pp= , )2(y)2(b pp= , ʧʦʣʫʯʘʝʤ 

ʪʦʯʝʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ T
~

 

 

],y))yx(x[2xx~ 0
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ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (110) ǐ ʏʘʩʪʴ 1 ǐ ɸʚʛʫʩʪ 

 

8 
 

].2/A)yx(yx[2yy~ 2
0

2
0000 +++--= xmp  (5) 

 

ɿʜʝʩʴ )0(xx0= , )0(yy0 = , )2(xx~ p= , )2(yy~ p= . ʆʪʦʙʨʘʞʝʥʠʝ T
~

 ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʣʝʥʦʚ ʧʦʨʷʜʢʘ 
2m  

ʧʨʠʙʣʠʞʘʝʪ ʪʦʯʝʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ T , ʧʦʨʦʞʜʘʝʤʦʝ ʪʨʘʝʢʪʦʨʠʝʡ ʩʠʩʪʝʤʳ (1) ʥʘ ʩʝʢʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ [9]. ɸ 
ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ ʩʠʩʪʝʤʳ (1) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʧʦʜʚʠʞʥʳʝ ʪʦʯʢʠ ʪʘʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ. 

ʋʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ *yyy~*,xxx~ 00 ====  ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ (4)ï(5) ʜʘʶʪ 

ʩʦʦʪʥʦʰʝʥʠʷ 

 

)),(2/()A(y)),(2/()A(x 22*22* xrrxrx +-=+=  (6) 

 

ʛʜʝ 0)y()x( 2*2* >+=r  ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ 

 

.4/A][ 222 =+rxr  (7) 

 

ʊʦ ʝʩʪʴ ʬʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ (6) ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ T
~

 ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʢʪʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʨʥʝʡ 0>r  ʫ (7). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (7), ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʦʨʝʥʴ 0>r  ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ x. ʇʨʠʯʝʤ ʧʨʠ 
+¤­||x  0+­r . ʊ.ʝ. ʨʝʟʦʥʘʥʩʥʘʷ ʢʨʠʚʘʷ ʷʚʣʷʝʪʩʷ ʨʘʟʦʤʢʥʫʪʦʡ ʜʣʷ ʣʶʙʦʛʦ A (ʨʠʩʫʥʦʢ 1). ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ὴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0=x , ʧʨʠʯʝʤ 
3 2 4/A)0( =r . 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ T
~

 ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʚʦʧʨʦʩʘʤʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ [10] 

 

)()())4-(1-(zP(z) 2222 rxmpmpr -+=  (8) 

 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʝʜʠʥʠʯʥʦʤʫ ʢʨʫʛʫ 1|z| ¢ . ʇʘʨʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ ʧʦʣʠʥʦʤʘ P(z) (8) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ |||| rx¢ , ʢʦʨʥʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʤʠ ʧʨʠ |||| rx> . ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʛʨʘʥʠʮʘ 
wN , ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʭʦʜʫ ʧʘʨʳ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ʜʚʫʭ ʧʦʣʫʧʨʷʤʳʭ 

 

rx °= )0( >r  (9) 

 

ʍʘʨʘʢʪʝʨ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ (6) ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʠʬʫʨʢʘʮʠʷʤʠ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʣʦʚʠʷ 1|z| =, ʪ.ʝ. ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢʦʨʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʯʝʨʝʟ ʦʜʥʦ 

ʠʟ ʟʥʘʯʝʥʠʡ: 1z=  (ʛʨʘʥʠʮʘ 
+N ), 1z -=  (ʛʨʘʥʠʮʘ 

-N ), ʘ ʪʘʢʞʝ ʧʘʨʳ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʝʡ ʯʝʨʝʟ 

ʟʥʘʯʝʥʠʷ fi
2,1 ez °= (ʛʨʘʥʠʮʘ fN ).  

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʛʨʘʥʠʮʝ 
+N  )1z( =  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʘʚʥʝʥʠʝ 

 

03 22 =+xr  (10) 

 

ʢʦʪʦʨʦʤʫ ʦʪʚʝʯʘʝʪ ʝʜʠʥʩʪʚʝʥʥʘʷ ʪʦʯʢʘ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʠʤʝʥʥʦ 0==rx . 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (110) ǐ ʏʘʩʪʴ 1 ǐ ɸʚʛʫʩʪ 
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ʈʠʩ.1 ï ɺʠʜ ʨʝʟʦʥʘʥʩʥʳʭ ʢʨʠʚʳʭ 

 

ɸʥʘʣʦʛʠʯʥʦ, ʛʨʘʥʠʮʝ 
-N  )1z( -=  ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 0̧m , ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʘʚʥʝʥʠʝ 

 

0)3()(4-1 222 =++ rxmpmpr  (11) 

 

ʧʦʵʪʦʤʫ ʝʛʦ ʢʘʥʦʥʠʯʝʩʢʠʡ ʚʠʜ ʦʧʨʝʜʝʣʷʝʪ ʢʨʠʚʫʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʵʣʣʠʧʩʦʤ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ 

0=x  )3/(2 mpr=  ʠ ʛʣʘʚʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ )3/(3 mp ʧʦ x ʠ )3/(1 mp ʧʦ ὴ, ʮʝʣʠʢʦʤ ʣʝʞʘʱʠʤ ʚ ʦʙʣʘʩʪʠ 

|||| rx¢ . 

ɻʨʘʥʠʮʝ fN  ʦʪʚʝʯʘʝʪ ʫʨʘʚʥʝʥʠʝ 

 

1)()(4)4-(1 2222 =-+ rxmpmpr  |||| rx>  (12) 

 

ʋʨʘʚʥʝʥʠʝ fN  ʝʩʪʴ ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʩʘ, ʪ.ʝ. ʵʪʘ ʛʨʘʥʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʫʩʢʠ ʵʣʣʠʧʩʘ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ 0=x  

)3/(1 mpr=  ʠ ʛʣʘʚʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ )3/(3 mp ʧʦ x ʠ )3/(1 mp ʧʦ ὴ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʙʣʘʩʪʠ |||| rx> . 

ɻʨʘʥʠʮʳ fw N,N,N -
 ʩʪʳʢʫʶʪʩʷ ʚ ʪʦʯʢʘʭ ʩ )2/(1 mpr= , ʘ ʛʨʘʥʠʮʳ fw N,N  ʝʱʝ ʠ ʧʨʠ 0==rx .  

ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ fN,N,N -+
 (10)ï(12) ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʢʘʨʪʠʥʫ D-

ʨʘʟʙʠʝʥʠʷ ʧʨʠ ʤʘʣʳʭ m. ɻʨʘʥʠʮʳ D-ʨʘʟʙʠʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʰʪʨʠʭʦʚʢʦʡ ʚ ʩʪʦʨʦʥʫ ʚʳʭʦʜʘ ʢʦʨʥʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʟ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ. ɺ ʩʣʫʯʘʝ ʙʠʬʫʨʢʘʮʠʠ ʢʦʨʥʝʡ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ ʠʤʝʝʤ 

ʦʜʥʦʢʨʘʪʥʫʶ ʰʪʨʠʭʦʚʢʫ, ʚ ʩʣʫʯʘʝ ʙʠʬʫʨʢʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʝʡ ï ʜʚʦʡʥʫʶ ʰʪʨʠʭʦʚʢʫ. ʇʨʠ ʵʪʦʤ 

ʦʙʣʘʩʪʴ D=0 ʝʩʪʴ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʚ ʩʣʫʯʘʝ D=1 ʦʜʠʥ ʠʟ ʢʦʨʥʝʡ ʠʤʝʝʪ ʤʦʜʫʣʴ, ʙʦʣʴʰʠʡ ʝʜʠʥʠʮʳ, ʚ ʩʣʫʯʘʝ D=2 

ï ʠʤʝʝʪʩʷ ʜʚʘ ʪʘʢʠʭ ʢʦʨʥʷ). 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (110) ǐ ʏʘʩʪʴ 1 ǐ ɸʚʛʫʩʪ 
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ʈʠʩ. 2 ï ʇʨʠʤʝʨʥʳʡ ʚʠʜ ʛʨʘʥʠʮ D-ʨʘʟʙʠʝʥʠʷ 

 

ɽʩʣʠ ʙʫʜʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʛʨʘʥʠʮ fN,N,N -+
 ʦʪ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ 

ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʠ ʣʶʙʦʤ ʢʦʥʝʯʥʦʤ, ʭʦʪʷ ʠ ʤʘʣʦʤ m, ʥʦ ʚʩʝ ʙʦʣʝʝ ʨʘʩʰʠʨʷʝʪʩʷ ʧʨʠ 

0+­m . ɺʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ ʪʦʯʝʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ T
~

 ʩ ʥʝʢʦʪʦʨʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ A=const ʠ ʨʘʟʣʠʯʥʳʭ x (ʘ ʟʥʘʯʠʪ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, p2 -ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʩ ʪʝʤ ʠʣʠ ʠʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ) ʨʝʰʘʝʪʩʷ ʥʘʣʦʞʝʥʠʝʤ ʢʘʨʪʠʥʳ ʧʦʚʝʜʝʥʠʷ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʠ x, ὴ ʧʨʠ ʟʘʜʘʥʥʦʤ m ʥʘ ʧʣʦʩʢʦʩʪʴ ʩ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ ʧʨʠ ʟʘʜʘʥʥʦʤ A (ʩʤ. ʨʠʩʫʥʦʢ 3).  

ʇʦʤʠʤʦ ʵʪʦʛʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ, ʚ ʩʣʫʯʘʝ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʠʤʝʝʪ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʦʪʦʙʨʘʞʝʥʠʷ T
~

 ʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠʪʷʞʝʥʠʷ, ʨʘʩʰʠʨʷʶʱʫʶʩʷ ʧʨʠ 0+­m . ʋʩʪʦʡʯʠʚʦʩʪʴ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [11]. 

 

 
ʈʠʩ. 3 ï ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʢʨʠʚʳʭ ʠ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ 6/1=mp  

 

ɺʳʙʝʨʝʤ ʧʨʦʩʪʝʡʰʫʶ ʬʫʥʢʮʠʶ ʃʷʧʫʥʦʚʘ 

 

2
0

2
000 yx)y,x(V +=  (13) 

 

ʇʝʨʚʘʷ ʨʘʟʥʦʩʪʴ (13) ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʤ ʩʝʯʝʥʠʠ 000 V)y,x(V =  ( 1V0² ) ʚ ʩʠʣʫ (4) ï(5) ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʫʩʣʦʚʠʶ 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (110) ǐ ʏʘʩʪʴ 1 ǐ ɸʚʛʫʩʪ 
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++++-=-= )yx(()yx({4)y,x(V)y~,x~(V)y,x(V 2
0

2
0

222
0

2
00000 xmpmpD

),V(V
~

4))}yx(Ay2/Ax24/A)yx( 0
2
0

2
000

222
0

2
0 Dmpx ²++-+++  

(14) 

 

ʛʜʝ 

 

|]|V)A1(V[V)V(V
~

0
2

000 xmpmpmpD -+-=  (15) 

 

ʇʨʠ ʣʶʙʦʤ ʢʦʥʝʯʥʦʤ, ʭʦʪʷ ʠ ʤʘʣʦʤ, ʟʥʘʯʝʥʠʠ m ʦʧʨʝʜʝʣʷʶʱʠʤ ʯʣʝʥʦʤ 0)y,x(V 00 >D  ʧʨʠ +¤­0V  ʷʚʣʷʝʪʩʷ 

3
0Vmp  (15). ʊʦ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʝʨʚʦʡ ʨʘʟʥʦʩʪʠ )y,x(V 00D  ʥʘ ʩʝʯʝʥʠʠ 000 V)y,x(V =  ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 0V : ʩʦʛʣʘʩʥʦ (15), 0)y,x(V 00 >D , ʝʩʣʠ }V,1max{V ʦʵ0² , ʛʜʝ 

 

2/]||A)(4)A1(A1[V 22
ʕ0 xmpmpmp ++++=  (16) 

 

ɸ ʟʥʘʯʠʪ, ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʚ ʧʨʠʙʣʠʞʝʥʥʦʡ ʤʦʜʝʣʠ ʫʩʪʦʡʯʠʚʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʤʝʪʦʜ ʧʨʠʙʣʠʞʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʧʨʠʤʝʥʝʥʥʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʫ ʩʠʩʪʝʤʳ, ʙʣʠʟʢʦʡ ʢ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʦʩʮʠʣʣʷʪʦʨʫ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ. ʊʦ ʝʩʪʴ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪʩʷ ʠʤʝʪʴ ʭʦʪʷ ʙʳ ʥʝʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʝʧʝʥʠ 

ʝʛʦ ʪʦʯʥʦʩʪʠ ʠ ʧʨʝʜʝʣʘʭ ʧʨʠʤʝʥʠʤʦʩʪʠ, ʘ ʠʤʝʥʥʦ: ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʦʣʞʥʦ ʦʢʘʟʘʪʴʩʷ ʙʣʠʟʢʠʤ ʢ ʝʛʦ 

ʪʦʯʥʦʤʫ ʨʝʰʝʥʠʶ. ɸ ʟʥʘʯʠʪ, ʪʨʝʙʫʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʘ ʧʨʠʙʣʠʞʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʢʘʢ, ʩʦʙʩʪʚʝʥʥʦ, ʠ 

ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʣʶʙʳʭ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [2, C. 451-520], [8, C. 213-218], [12, C. 35-51]. ɺʦʧʨʦʩ ʦʙ 

ʦʙʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʘ ʧʨʠʙʣʠʞʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʢʘʢ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ  

[5, ʉ. 81ï88], [13]. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʮʝʥʢʘ ʪʨʝʙʫʝʤʦʡ ʤʘʣʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʥʫʶ ʠ ʥʝʙʣʘʛʦʜʘʨʥʫʶ ʟʘʜʘʯʫ [8, ʉ. 207], ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʦʮʝʥʢʠ ʩʣʠʰʢʦʤ ʛʨʫʙʳ ʠ ʥʝ ʜʘʶʪ 

ʦʩʥʦʚʘʥʠʡ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ. ʉʢʘʞʝʤ, ʚ [8, C. 205-206] ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʡ ʦʜʥʘʢʦ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʞʝ 

ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ [8, ʉ. 207-210], ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʥʮʠʧʝ ʩʞʠʤʘʶʱʠʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ, 

ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʘʭ [5, ʉ. 123ï135], ʦʮʝʥʠʪʴ ʟʥʘʯʝʥʠʷ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʠʤʳ ʥʘ ʧʨʘʢʪʠʢʝ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ʌʦʨʤʫʣʠʨʫʶʪʩʷ ʣʦʢʘʣʴʥʳʡ ʚʘʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ (ʃɺʇ), ʪʝʦʨʝʤʘ ʦ ʥʝʦʙʭʦʜʠʤʦʤ ʠ ʜʦʩʪʘʪʦʯʥʦʤ ʫʩʣʦʚʠʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ V-ʬʫʥʢʮʠʠ, ʪʝʦʨʝʤʘ ʦ ʚʦʣʥʝ ʠ ʪʨʘʝʢʪʦʨʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʷʤʘʷ ʠ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ ʚ ʥʦʚʦʡ 

ʧʦʩʪʘʥʦʚʢʝ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʩʫʪʴ ʤʝʪʦʜʘ V-ʬʫʥʢʮʠʠ. ʀʟ ʤʝʪʦʜʘ V-ʬʫʥʢʮʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ 

ʦʙʲʝʢʪʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʪʨʘʝʢʪʦʨʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʊʨʘʝʢʪʦʨʥʦʝ ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʘ ʚʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʅʘ ʙʘʟʝ ʤʝʪʦʜʘ V-ʬʫʥʢʮʠʠ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʥʘʣʦʛʠʷ ʧʦʣʫʯʘʝʪ ʥʦʚʦʝ ʧʨʦʜʦʣʞʝʥʠʝ. 

ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ),( txV  ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʜʚʠʞʝʥʠʠ ʦʙʲʝʢʪʘ (ʯʘʩʪʠʮʳ). ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ V-ʬʫʥʢʮʠʠ 

ʜʣʷ ʩʣʫʯʘʷ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʘʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ, ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ, ʚʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ, ʪʨʘʝʢʪʦʨʥʦʝ ʜʚʠʞʝʥʠʝ, ʦʧʪʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʥʘʣʦʛʠʷ. 
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Abstract 

The current study formulates the local variational principle (LVP), the theorem on the necessary and sufficient condition for 

the existence of a V-function, the wave and trajectory theorem, examines the direct and inverse problems of dynamics in a new 

formulation, which are the essence of the V-function method. The V-function method indicates that the wave motion of an object 

is inextricably linked with its trajectory motion. The trajectory motion of an object is described by a system of ordinary 

differential equations, and the wave motion is modeled by a second-order partial differential equation.  On the basis of the V-

function method, the optical-mechanical analogy receives a new continuation. It is shown that in the physical sense, the wave 

amplitude ὠὼȟὸis determined by an action that manifests itself in the movement of an object (particle). It is established that the 

energy levels obtained using the V-function method for the case of rectilinear uniform motion of a quantum object completely 

coincide with the classical Schrodinger results for a harmonic oscillator. 

Keywords: variational principle, wave function, wave motion, trajectory motion, optical-mechanical analogy. 

ɺʚʝʜʝʥʠʝ 

ɼʘʥʥrʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʜʦʣʞʝʥʠʷ ʏʝʪʘʝʚʩʢʦʡ ʪʨʘʜʠʮʠʠ. ʅ.ɻ.ʏʝʪʘʝʚ ʚʚʝʣ ʧʦʩʪʫʣʘʪ 

ʫʩʪʦʡʯʠʚʦʩʪʠ [1], ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʢʦʥʮʝʧʮʠʠ ʚʦʟʤʫʱʝʥʥʦʛʦ-ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʃʷʧʫʥʦʚʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʚʦʟʤʫʱʝʥʥʦʛʦ-ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʞʝ ʪʝʦʨʠʶ ʫʧʨʘʚʣʝʥʠʷ, ʚʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ʤʝʭʘʥʠʢʠ. ɿʜʝʩʴ ʥʝʚʦʟʤʫʱʝʥʥʦʝ ʜʚʠʞʝʥʠʝ, 

ʠ ʚʦʟʤʫʱʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʠʤʝʶʪ ʧʨʠʨʦʜʫ ʪʨʘʝʢʪʦʨʠʠ, ʯʪʦ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʵʪʦʤʫ, ʠʩʭʦʜʷ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʦʚ, ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʥʘʣʦʛʠʷ ʧʨʦʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʦʧʪʠʢʠ [2]. ʅ.ɻ.ʏʝʪʘʝʚ ʞʝ ʧʨʦʚʝʣ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʫʶ ʘʥʘʣʦʛʠʶ ʥʘ ʫʨʦʚʥʝ ʚʦʣʥʦʚʦʡ ʦʧʪʠʢʠ, ʧʨʠʥʠʤʘʷ, ʯʪʦ ʚʩʝʛʜʘ 

ʠʤʝʶʪʩʷ ʥʝʫʯʪʝʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠ ʦʥʠ ʧʨʠʚʦʜʷʪ ʢ ʚʦʣʥʦʚʦʤʫ ʜʚʠʞʝʥʠʶ. 

 

ʄʝʪʦʜ V-ʬʫʥʢʮʠʠ 

ʉʫʪʴ ʤʝʪʦʜʘ V-ʬʫʥʢʮʠʠ ʩʦʩʪʦʠʪ ʚ ʠʟʥʘʯʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʳʭ ʠʟʤʝʨʝʥʠʡ 

ʨʝʘʣʴʥʦʩʪʠ. ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʥʘ ʙʘʟʝ ʢʦʥʮʝʧʮʠʠ ʧʨʦʮʝʩʩʘ-ʩʦʩʪʦʷʥʠʷ [3]. ʆʧʠʨʘʷʩʴ ʥʘ ʢʦʥʮʝʧʮʠʶ 

ʧʨʦʮʝʩʩʘ-ʩʦʩʪʦʷʥʠʷ, ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʣʦʢʘʣʴʥʳʡ ʚʘʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ (ʃɺʇ) ʩ ʙʘʟʦʚʳʤʠ ʪʝʦʨʝʤʘʤʠ, ʙʳʣʘ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʦʚʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ [4], [6], [10]. 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʃɺʇ: 

ʀʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʙʳʩʪʨʦʪʘ ʠʟʤʝʥʝʥʠʷ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ V(x,t) ʧʨʠʥʠʤʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ 
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ʛʜʝ d(.) - ʦʧʝʨʘʮʠʷ ʠʟʦʭʨʦʥʥʦʡ ʚʘʨʠʘʮʠʠ; ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʝʩʪʴ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʘʷ, ʦʜʥʦʟʥʘʯʥʘʷ, ʢʦʥʝʯʥʘʷ V-

ʬʫʥʢʮʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʨʘʚʥʝʥʠʶ: 
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f x( )  ð n-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʪʨʘʝʢʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ: 

 

" ( )x f x=  (3) 

 

ʛʜʝ x - n-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʬʘʟʦʚʳʭ ʢʦʦʨʜʠʥʘʪ. 

ʊʝʦʨʝʤʘ ʦ ʥʝʦʙʭʦʜʠʤʦʤ ʠ ʜʦʩʪʘʪʦʯʥʦʤ ʫʩʣʦʚʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ V-ʬʫʥʢʮʠʠ: 

ʊʝʦʨʝʤʘ I. ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ V-ʬʫʥʢʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ 

ʫʩʣʦʚʠʶ: 
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ʛʜʝ () () ()D D. . . ,= +d
d

dt
t - ʦʧʝʨʘʮʠʷ ʧʦʣʥʦʡ ʚʘʨʠʘʮʠʠ. 

ʇʨʠʚʝʜʝʤ ʪʘʢʞʝ ʪʝʦʨʝʤʫ ʦ ʚʦʣʥʝ ʠ ʪʨʘʝʢʪʦʨʠʠ: 

ʊʝʦʨʝʤʘ II . ɼʚʠʞʝʥʠʝ ʦʙʲʝʢʪʘ (3) ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ, ʯʪʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʝʢʪʦʨ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʩʦʥʘʧʨʘʚʣʝʥ ʩ ʛʨʘʜʠʝʥʪʦʤ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʪ.ʝ.  
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ɼʘʥʥʘʷ ʪʝʦʨʝʤʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦʣʥʘ ʫʧʨʘʚʣʷʝʪ ʜʚʠʞʝʥʠʝʤ ʦʙʲʝʢʪʘ, ʪ.ʝ. ʦʥʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʦʥʮʝʧʮʠʝʡ ʚʦʣʥʘ-ʧʠʣʦʪ 

ʃʫʠ ʜʝ ɹʨʦʡʣʷ, ʚʳʜʚʠʥʫʪʳʡ ʠʤ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʜʫʘʣʠʟʤʘ [9]. 

ʅʘ ʙʘʟʝ ʤʝʪʦʜʘ V-ʬʫʥʢʮʠʠ ʧʨʷʤʫʶ ʟʘʜʘʯʫ ʜʠʥʘʤʠʢʠ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ɿʘʜʘʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ (3).  

ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʚʦʣʥʦʚʫʶ ʬʫʥʢʮʠʶ V(x,t), ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʨʘʚʥʝʥʠʶ (2).  

ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (2) ʚʳʪʝʢʘʶʪ ʠʟ ʫʩʣʦʚʠʡ ʩʚʷʟʘʥʥʦʩʪʠ ʚʦʣʥʳ ʩ ʪʨʘʝʢʪʦʨʠʝʡ ʠ ʪʝʦʨʝʤ 

I ʠ II . 
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ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʜʠʥʘʤʠʢʠ ʥʘ ʙʘʟʝ ʤʝʪʦʜʘ V-ʬʫʥʢʮʠʠ ʩʪʘʚʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ɼʣʷ ʟʘʜʘʥʥʦʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ V(x,t), ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʨʘʚʥʝʥʠʶ (2), ʢʦʪʦʨʫʶ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 
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ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʪʨʘʝʢʪʦʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ (3). 

ʇʨʠ ʟʘʜʘʥʥʦʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʠʟ (5) ʩʨʘʟʫ ʩʣʝʜʫʝʪ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ: 
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ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ ʜʣʷ ʩʣʫʯʘʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʦʙʲʝʢʪʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ (3) ʠ (2) ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 
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ɽʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (12) ʚ ʫʨʘʚʥʝʥʠʝ (13) ʤʳ ʧʦʣʫʯʠʤ ʢʣʘʩʩʠʯʝʩʢʦʝ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ: 
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ʜʣʷ ʢʦʪʦʨʦʛʦ ʫʩʣʦʚʠʷ (6)-(7) ʦʩʪʘʶʪʩʷ ʪʘʢʠʤʠ ʞʝ, ʘ (8)-(9) ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 
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ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (14) ʩ ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (6),(7),(15) ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ )()(),( xttxV yj=  
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(16) 

 

ʊʦʛʜʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (14) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ɺʳʨʘʟʠʤ ʢʦʥʩʪʘʥʪʳ ʚ (17) ʯʝʨʝʟ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (6), (7), (15), ʪ.ʝ. 
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ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ  
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ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʚ (17), ʙʫʜʝʤ ʠʤʝʪʴ: 
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(19) 

 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʪʦʛʜʘ ʠʟ (19) ʧʦʣʫʯʠʤ V-ʬʫʥʢʮʠʶ 

ʚ ʪʘʢʦʤ ʚʠʜʝ: 
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ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʤʝʪʦʜʘ V-ʬʫʥʢʮʠʠ, ʨʝʰʝʥʠʝ (20) ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ: 
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ʇʦʩʪʦʷʥʥʘʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (22) ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʧʦʵʪʦʤʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʫʩʣʦʚʠʶ (21), ʬʘʟʘ 

ʜʦʣʞʥʘ ʧʨʠʥʠʤʘʪʴ ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ  
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, ʪʦ ʨʘʚʝʥʩʪʚʦ (23) ʧʨʠʥʠʤʘʝʪ ʚʠʜ:  
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ʇʨʦʜʦʣʞʝʥʠʝ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʥʘʣʦʛʠʠ 

ʈʘʩʩʤʦʪʨʠʤ ʩʚʦʙʦʜʥʦʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮʳ ʩʦ ʩʢʦʨʦʩʪʴʶ "x=J. ʊʨʘʝʢʪʦʨʥʦʤʫ ʜʚʠʞʝʥʠʶ ʯʘʩʪʠʮʳ, 
ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ (14) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ. 

ʇʫʩʪʴ ʚ (20) 
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ʛʜʝ h - ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ. ʊʦʛʜʘ ʠʟ (22) ʩ ʫʯʝʪʦʤ (23) ʠ (24) ʩʣʝʜʫʝʪ ʧʨʘʚʠʣʦ ʢʚʘʥʪʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʪʘʢʦʝ ʞʝ ʢʘʢ ʫ 

ʐʨʝʜʠʥʛʝʨʘ ʚ ʩʣʫʯʘʝ ʧʣʘʥʢʦʚʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʠʟ ʨʘʚʝʥʩʪʚʘ (11) ʩ ʫʯʝʪʦʤ (20),(25) ʧʦʣʫʯʘʝʤ 
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ʆʪʩʶʜʘ ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʨʥʦʩʪʠ ʜʝʡʩʪʚʠʷ [ ][ / ][ ]ʢʛʤʩʤ ʩʣʝʜʫʝʪ, ʯʪʦ 

 

k m-=1
 (27) 
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ʛʜʝ m - ʤʘʩʩʘ ʯʘʩʪʠʮʳ. ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʪʘʢʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʚʦʣʥʦʡ ʠ 

ʯʘʩʪʠʮʝʡ 
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ʇʝʨʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (28) ʧʦʢʘʟʳʚʘʝʪ ʨʘʚʝʥʩʪʚʦ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ ʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʘʝʪʩʷ ʫʩʣʦʚʠʝ ʢʚʘʥʪʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠ ʧʨʠ ʵʪʦʤ ʠʟ ʚʪʦʨʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚ (28) ʩʣʝʜʫʝʪ, ʯʪʦ 

ʵʥʝʨʛʠʷ ʧʝʨʝʥʦʩʠʪʩʷ ʯʘʩʪʠʮʝʡ. ʀʩʭʦʜʷ ʠʟ ʪʨʝʪʴʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚ (28), ʠʤʧʫʣʴʩ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʥʫ ʚʦʣʥʳ, ʯʪʦ 

ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʦʡ ʃʫʠ ʜʝ ɹʨʦʡʣʷ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʚʦʣʥʘ ),( txV  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʚʦʡʩʪʚʘ ʜʝʡʩʪʚʠʷ, ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ ʚ ʜʚʠʞʝʥʠʠ ʯʘʩʪʠʮʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʣʥʘ ʩʚʦʠʤ ʫʟʣʦʤ ʩʚʷʟʘʥʘ ʩ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʯʘʩʪʠʮʳ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʝʜʸʪ ʝʸ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʠ 

ʯʘʩʪʠʮʘ (ʪʨʘʝʢʪʦʨʠʷ) ʧʦʨʦʞʜʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʫʶʩʷ ʩ ʥʝʡ ʚʦʣʥʫ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʯʪʦ, ʝʩʣʠ 

ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ (V-ʬʫʥʢʮʠʷ ) ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ([ ][ / ][ ]ʢʛʤʩʤ), ʪʦ ʢʚʘʥʪʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʦʙʲʝʢʪʘ (ʯʘʩʪʠʮʳ) 

ʜʣʷ ʩʣʫʯʘʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʘʢʦʤʫ ʞʝ ʧʨʘʚʠʣʫ, ʯʪʦ ʠ ʫ ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ [11].  
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ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʫʥʥʝʣʴʥʦ-ʵʤʠʩʩʠʦʥʥʳʭ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʣʦʠʜʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 

CdSe, PbS, InSb ʠ ʤʦʜʝʣʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʧʨʝʜʝʣʝʥʳ ʚʘʞʥʝʡʰʠʝ ʧʘʨʘʤʝʪʨʳ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ï 

ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʵʥʝʨʛʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ, 

ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʢʚʘʥʪʦʚʦ-ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ (ʨʘʟʤʝʨ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ). ʉʦʧʦʩʪʘʚʣʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʣʷ ʦʙʲʸʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʭʦʨʦʰʝʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʢʘʢ ʦ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʠ ʩʚʦʡʩʪʚ ʦʙʲʸʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʚʘʥʪʦʚʳʤ ʪʦʯʢʘʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʠ ʧʨʦʜʦʣʞʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʘ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. 
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Abstract 

Based on the studies of the tunnel-emission volt-ampere characteristics of colloidal quantum dots CdSe, PbS, InSb and the 

single-electron transport model, the article determines the most important parameters of quantum dots such as the effective mass 

of the electron, the permittivity, the energy of the potential tunneling barrier, the linear size of the quantum-limited resonant 

electron motion (the size of the quantum dot). A comparison of the obtained parameters of quantum dots with similar ones for 

bulk semiconductors shows their good correspondence, which may indicate both the validity of the obtained parameters and the 

possibility of using models and properties of bulk semiconductors in relation to quantum dots. Based on the data obtained and 

with the continuation of the research, it is possible to create a method along with a software and hardware complex for industrial 

control of the main parameters of quantum dots. 

Keywords: Materials science, semiconductor parametry, semiconductor structure, nanomaterial, nanostructure, 

nanoparticle, quantum dot, scanning probe microscopy, current-voltage characteristic, tunneling, tunnel emission, nanocapacitor 

recharge. 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʛʦ ʣʝʞʘʪ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨ [1]. ɼʣʷ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʧʨʠʤʝʥʝʥʠʡ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩʪʘʥʦʚʣʝʥʠʷ, ʠʤʝʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʤʝʨʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʠ ʵʬʬʝʢʪʘʤʠ [2], [3], [4]. ʌʘʢʪʠʯʝʩʢʠ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʥʘ ʩʝʛʦʜʥʷ ʤʝʪʦʜʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ 

ʩʢʘʥʠʨʫʶʱʘʷ ʟʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ [5], [6]. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ 

ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʘʪʠʩʪʠʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʥʘʧʨʠʤʝʨ, ʧʦʣʦʞʝʥʠʝ 

ʧʝʨʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʠ ʠʥʞʝʢʮʠʠ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʝ, ʚʝʣʠʯʠʥʘʭ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʚʨʝʤʝʥʥ·ʤ ʧʘʨʘʤʝʪʨʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [7], [8], [9]. 

ʇʘʨʘʤʝʪʨʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ (ʂʊ) ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʡ. ɺ 

ʩʠʣʫ ʨʘʟʤʝʨʥʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʧʝʮʠʬʠʢʠ ʂʊ, ʠʭ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʦʛʦ, ʯʪʦ ʠʟʚʝʩʪʥʦ ʜʣʷ ʦʙʲʸʤʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʢʘʢ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɼʝʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʧʦ ʜʘʥʥʳʤ ʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʤʘʣʦʯʠʩʣʝʥʥʳ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʪʫʥʥʝʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʊʄ) ʨʷʜʘ 

ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ï ʩʝʣʝʥʠʜʘ ʢʜʤʠʷ (CdSe), ʩʫʣʴʬʠʜʘ ʩʚʠʥʮʘ (PbS), ʘʥʪʠʤʦʥʠʜʘ ʠʥʜʠʷ (InSb). ʂʊ- CdSe ʠ PbS ʠʤʝʣʠ 

ʦʙʦʣʦʯʢʫ CdS ʪʦʣʱʠʥʦʡ ~(1ï2)ʥʤ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ, ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢ ʢʚʘʥʪʦʚʳʤ ʪʦʯʢʘʤ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨ, ʥʘʡʪʠ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʠ 

ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʴʥʳʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʚʦʡʩʪʚ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʠʭ ʦʙʲʸʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 
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ʉʢʘʥʠʨʫʶʱʠʝ ʟʦʥʜʦʚʳʝ ʤʠʢʨʦʩʢʦʧʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʉʊʄ-ʤʝʪʦʜ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʣʫʯʠʣ ʩʚʦʸ ʨʘʟʚʠʪʠʝ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʷ ʠʤʝʪʴ 

ʘʪʦʤʘʨʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ ʚʘʢʫʫʤʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ, ʯʝʤʫ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʨʘʙʦʪ, 

ʥʘʧʨʠʤʝʨ, [10], [11] (ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʢʦʣʦ 100 ʧʫʙʣʠʢʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʢʘʥʠʨʫʶʱʠʝ ʟʦʥʜʦʚʳʝ 

ʤʠʢʨʦʩʢʦʧʳ). 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʩʢʘʥʠʨʫʶʱʠʡ ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʩʢʦʧ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʩʨʝʜʩʪʚʦ ʢʦʥʪʨʦʣʷ ʚ ʤʝʪʨʦʣʦʛʠʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨ [12]. ɺ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ, ʢʦʪʦʨʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ 

ʥʘ ʨʝʘʣʴʥʳʝ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ) ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʡ.  

ʅʘʤʠ ʨʘʩʩʤʦʪʨʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʙʝʟʚʘʢʫʫʤʥʳʡ ʚʘʨʠʘʥʪ ʩ ʮʝʣʴʶ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ, ʚʦʟʤʦʞʥʦ, ʰʠʨʦʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʨʘʢʪʠʢʠ ʚʘʞʥʳ ʠʟʤʝʨʝʥʠʷ ʂʊ ʚ ʠʭ ʨʝʘʣʴʥʦʤ ʜʣʷ ʧʨʠʙʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʟʥʘʪʴ ʫʩʣʦʚʠʷ ʢʦʥʩʝʨʚʘʮʠʠ ʩʚʦʡʩʪʚ ʚ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ, ʚʦʟʤʦʞʥʦ, ʦʪʙʦʨʘ ʧʘʨʪʠʡ ʂʊ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʠʭ ʩʦʩʪʦʷʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʨʝʜʝ ʠʩʧʦʣʥʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ. 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʊʄ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʘʢʫʫʤʥʳʭ ʫʩʣʦʚʠʡ ʵʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. ʅʦ ʛʣʘʚʥʦʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʳ, ʵʪʦʪ ʚʦʧʨʦʩ ʜʣʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥ. ʇʝʨʝʥʝʩʝʥʠʝ ʞʝ ʟʥʘʥʠʡ ʠ ʤʦʜʝʣʝʡ, ʠʟʚʝʩʪʥʳʭ ʜʣʷ 

ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨ, ʥʘ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʚ ʧʨʠʥʮʠʧʝ ʥʝʚʝʨʥʦ. ʏʘʩʪʠʮʘ ʩ ʨʘʟʤʝʨʦʤ ʩʚʦʝʡ ʛʨʘʥʠ ʚ ʥʝʩʢʦʣʴʢʦ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʯʫʞʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ ʪʘʢ ʞʝ, ʢʘʢ ʙʦʣʴʰʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʨʘʥʠ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʘʪʦʤʘʨʥʦ (ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʦ) ʟʘʱʠʱʝʥʳ ʜʝʩʦʨʙʝʥʪʦʤ.  

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʩʩʣʝʜʫʶʪʩʷ ʷʚʣʝʥʠʷ ʵʤʠʩʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʂʊ ʚ ʥʘʥʦʟʘʟʦʨ ʠ ʠʭ ʠʥʞʝʢʮʠʠ ʚ ʂʊ ʠʟ ʥʝʛʦ. ʇʨʦʮʝʩʩ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʵʣʝʢʪʨʦʥʥʦ, ʪʦ ʝʩʪʴ ʵʣʝʢʪʨʦʥʳ ʧʨʦʣʝʪʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ. ʇʨʠ ʵʪʦʤ 

ʵʣʝʢʪʨʦʥ ʥʘʭʦʜʠʪ ʩʝʙʝ ʦʧʪʠʤʘʣʴʥʳʡ çʧʫʪʴè, ʩʦʟʜʘʚʘʷ ʪʦʢ ʚ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ, ʘ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʘʤʠ 

ʩʦʙʦʡ ʦʪʚʝʪʷʪ ʥʘ ʚʦʧʨʦʩ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʠ ʘʧʧʘʨʘʪʫʨʳ. 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʚʳʯʠʩʣʷʝʤʳʭ ʨʝʰʝʥʠʝʤ 

ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂʦʣʣʦʠʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʅʀʀ ʧʨʠʢʣʘʜʥʦʡ ʘʢʫʩʪʠʢʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [13], 

[14]. ʂʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʂʊ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ 

Fluorolog (Horiba) ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Cary 5000 (Varian). ʈʘʟʤʝʨʳ ʥʘʥʦʯʘʩʪʠʮ ʠʟʤʝʨʷʣʠʩʴ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ MalvernZetasizer ʠ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʊɽʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ Libra-120. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʦʥʦʩʣʦʷʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʤʝʪʦʜʘʤʠ ʢʘʧʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʫ ʠ ʩʫʰʢʠ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʥʦʡ ʩʫʙʬʘʟʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʠ ʧʝʨʝʥʦʩʘ ʝʛʦ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ɺɸʍ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʉɿʄ 

SOLVERNano.  

ʇʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ɺɸʍ ʦʪʜʝʣʴʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʦʚʦʜʠʣʦʩʴ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʚ ʨʝʞʠʤʝ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʠ ʘʥʘʣʠʟʘ ʉʊʄ-ʦʙʨʘʟʘ (3D-ʪʦʧʦʛʨʘʤʤʳ) ʧʦʚʝʨʭʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʧʣʘʪʠʥʦʚʦ-ʠʨʠʜʠʝʚʳʡ 

ʟʦʥʜ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʠʪʴ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʢʦʥʯʠʢʘ ʟʦʥʜʘ 

ʧʦʨʷʜʢʘ 10 nm. 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʉʊʄ-ʦʙʨʘʟʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʢʨʦ-ʦʙʨʘʟʮʘ ʥʘ ʥʸʤ ʚʳʙʠʨʘʣʦʩʴ ʥʝ ʤʝʥʝʝ 10 ʪʦʯʝʢ ʜʣʷ 

ʩʥʷʪʠʷ ɺɸʍ. ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠʟʤʝʨʷʣʠʩʴ ʥʝ ʤʝʥʝʝ 15 ɺɸʍ ʥʘ ʪʦʯʢʫ. ʇʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʦʪʙʠʨʘʣʠʩʴ ʪʦʯʢʠ ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠʩʴ ʫʩʨʝʜʥʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ɺɸʍ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ [5], [15]. 

ɸʥʘʣʠʟ ɺɸʍ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ ʚ ʨʘʟʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Excel ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʩʪʨʦʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (LnI~ 

LnV),(LnI ~ V),(LnI ~ 1/V), ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ [16], [17]. ɺɸʍ ʧʨʠ ʪʨʘʥʩʧʦʨʪʝ ʵʣʝʢʪʨʦʥʦʚ 

ʥʘ ʪʦʤ ʠʣʠ ʠʥʦʤ ʝʸ ʫʯʘʩʪʢʝ ʣʠʤʠʪʠʨʫʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʦʮʝʩʩʦʚ ï ʧʝʨʝʟʘʨʷʜʢʦʡ ʥʘʥʦʢʦʥʜʝʥʩʘʪʦʨʘ, ʵʤʠʩʩʠʝʡ ʵʣʝʢʪʨʦʥʘ 

ʠʟ ʂʊ ʠʣʠ ʟʦʥʜʘ, ʠʥʞʝʢʮʠʝʡ ʠ ʧʨʦʣʸʪʦʤ ʵʣʝʢʪʨʦʥʘ ʚ ʂʊ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʵʤʠʩʩʠʦʥʥʦ-

ʠʥʞʝʢʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʪʦʢʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʟʜʘʥʠʷ ʥʝʥʫʣʝʚʦʛʦ ʥʘʥʦʟʘʟʦʨʘ d0 ʟʦʥʜ-ʦʙʨʘʟʝʮ, 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʤʘʥʠʧʫʣʷʮʠʷʤʠ ʧʦʣʦʞʝʥʠʷ ʟʦʥʜʘ ʠ ʟʘʜʘʥʠʝʤ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

ʂʦʥʪʨʦʣʴ ʚʝʣʠʯʠʥ ʟʘʟʦʨʘ d0 ʧʨʦʚʦʜʠʣʩʷ ʧʦ ɺɸʍ ʵʤʠʩʩʠʠ ʠʟ ʟʦʥʜʘ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʢʥʠʛʝ [18] ʠ ʥʘʰʠʭ ʨʘʙʦʪʘʭ 

[7], [16], [19]. ʀʟʤʝʨʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʟʘʟʦʨʦʚ ʯʝʪʳʨʸʭ ʚʘʨʠʘʥʪʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1ʜʦ 10 ʥʤ. 

ɺʩʝ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʚʘʨʠʘʥʪʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʘʟʦʨʘ (1ï2) ʥʤ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʩʯʸʪʘʭ ʧʨʠʥʷʪʦ ʟʥʘʯʝʥʠʝ 

d0~ 1.5 ʥʤ. ʄʝʪʦʜ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʙʣʶʜʝʥʠʝ ʪʫʥʥʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʤʠʩʩʠʦʥʥʳʭ ʧʨʠ ʙʦʣʴʰʠʭ ʟʘʟʦʨʘʭ. 

ʕʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ ʠʟʤʝʨʷʝʤʳʭ ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʟʘʤʢʥʫʪʳʡ ʯʝʨʝʟ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʢʦʥʪʫʨ, 

ʩʦʜʝʨʞʘʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʝ ʥʘʥʦʢʦʥʜʝʥʩʘʪʦʨʳ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʠ ʟʘʟʦʨʘ ʟʦʥʜ-ʦʙʨʘʟʝʮ. ʀʩʩʣʝʜʫʝʤʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ɺɸʍ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʚʠʜʝ ʵʤʠʩʩʠʠ, ʠʥʞʝʢʮʠʠ, ʧʨʦʣʸʪʘ ʵʣʝʢʪʨʦʥʘ, 

ʧʝʨʝʟʘʨʷʜʢʠ ʥʘʥʦʢʦʥʜʝʥʩʘʪʦʨʘ (ʉ~10-19 ʌ). ɺʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʪʦʢ ʠ ʚʨʝʤʷ ʪʨʘʥʩʧʦʨʪʘ 

Q~It. ʄʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ~10-8 ɸ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ~1 ɺ. ʆʮʝʥʢʘ ʚʨʝʤʝʥʠ ʧʨʦʣʸʪʘ ʵʣʝʢʪʨʦʥʘ 

ʩ ʤʠʥʠʤʘʣʴʥʦʡ (ʪʝʧʣʦʚʦʡ) ʩʢʦʨʦʩʪʴʶ ʚ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʜʠʩʪʘʥʮʠʠ ʜʘʸʪ ʚʝʣʠʯʠʥʳ t<10-12 ʩ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʧʝʨʝʟʘʨʷʜʢʠ ʥʘʥʦʢʦʥʜʝʥʩʘʪʦʨʘ t~(3e)-1RC~(V/I)C<5Ŀ10-11 ʩ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʮʝʧʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ 

ʝʜʠʥʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʪʦ ʝʩʪʴ ʪʨʘʥʩʧʦʨʪ ʧʨʦʠʩʭʦʜʠʪ ʧʦʵʣʝʢʪʨʦʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʢʚʘʥʪʦʚʘʷ ʪʦʯʢʘ ʷʚʣʷʝʪʩʷ ʛʣʫʙʦʢʦʡ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʦʡ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʝʧʷʪʩʪʚʫʷ ʟʘ ʩʯʸʪ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʘʥʩʧʦʨʪʫ ʙʦʣʝʝ ʦʜʥʦʛʦ ʠʟ 
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ʥʠʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʳʤ ʤʝʪʦʜʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʢʘʢ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ 

(ʧʦʵʣʝʢʪʨʦʥʥʦʛʦ) ʧʨʦʮʝʩʩʘ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʜʘʥʥʳʝ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʆʙʦʟʥʘʯʝʥʠʝ InSb* ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʨʝʥʠʷʤ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ï 363 ʂ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 
ʅʘ ʫʯʘʩʪʢʝ ʥʘʧʨʷʞʝʥʠʷ V ʜʦ 200 ʤɺ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʦʣʷʨʥʦʩʪʠ çʧʣʶʩè ʥʘ ʦʙʨʘʟʮʝ ɺɸʍ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (ʥʝ ʭʫʞʝ 0.995) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʬʦʨʤʫʣʝ I~R-1Vm. ʇʨʠ ʵʪʦʤ m=1Ñ0,05. ʅʘʡʜʝʥʥʳʝ ʠʟ 

ɺɸʍ ʩʨʝʜʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʟʥʘʯʝʥʠʷ R ʙʳʣʠ ʚ ʧʨʝʜʝʣʘʭ (0,08ï0,13) Gɋ. ʇʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ɺɸʍ ʠ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʢʦʥʜʝʥʩʘʪʦʨʘ ʟʦʥʜ-ʦʙʨʘʟʝʮ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʦʡ ʦʙʣʘʩʪʠ ɺɸʍ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʮʝʩʩ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʡ ʧʝʨʝʟʘʨʷʜʢʠ ʥʘʥʦʢʦʥʜʝʥʩʘʪʦʨʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ɺɸʍ ʠ ʬʦʨʤʫʣʝ I ~q(CQR)-1 ʟʥʘʯʝʥʠʷ 

ʸʤʢʦʩʪʠ ʥʘʥʦʢʦʥʜʝʥʩʘʪʦʨʘ C0 ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ï (4ï6)10-19F, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʝʣʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʝʣʠʯʠʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʧʘʨʘʤʝʪʨʳ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʠʡ (ʣʠʤʠʪʠʨʫʶʱʠʡ) ʚʢʣʘʜ ʚ 

ʧʨʦʮʝʩʩ ʪʦʢʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʥʘʧʨʷʞʝʥʠʷ ʚʥʦʩʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʡ ʩ ʩʘʤʦʡ ʢʚʘʥʪʦʚʦʡ 

ʪʦʯʢʦʡ ʥʘʥʦʢʦʥʜʝʥʩʘʪʦʨ ʟʘʟʦʨʘ d0 ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ ʂʊ. ʇʦ ʠʟʤʝʨʝʥʠʷʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʟʘʟʦʨʘ d0 ʥʘʡʜʝʥʥʳʝ ʧʦ ɺɸʍ ʟʥʘʯʝʥʠʷ ʸʤʢʦʩʪʠ, ʢʘʢ ʠ ʜʦʣʞʥʦ ʙʳʪʴ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʘʣʠʩʴ. 

ʈʘʩʯʸʪ ʧʦʣʷ ʧʦ ʫʨʘʚʥʝʥʠʶ ʇʫʘʩʩʦʥʘ ʚ ʤʦʜʝʣʠ ʪʦʯʢʘ-ʧʣʦʩʢʦʩʪʴ ʜʘʸʪ ʝʛʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʧʦ ʨʘʜʠʫʩʫ ʦʢʨʫʞʥʦʩʪʠ ʦʪ ʮʝʥʪʨʘ ʚ ʧʨʦʝʢʮʠʠ ʪʦʯʢʠ ʪʘʢ, ʯʪʦ ʝʸ ʜʠʘʤʝʪʨ d1 ~ (2,7Ŀ2)d0. ɪʤʢʦʩʪʴ ʟʘʟʦʨʘ d0 ï C0~ 

Ů0d0(d1/d0)2~3Ŀ10-19d0. ʊʦʛʜʘ, ʧʦ ʟʥʘʯʝʥʠʶ C0~(4ï6)10-19F ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʟʘʟʦʨʘ ï d0 ~ (1,3 ï 2) ʥʤ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʠ ʥʘʥʦʢʦʥʜʝʥʩʘʪʦʨʘ ʩ ʟʘʟʦʨʦʤ ʟʦʥʜ-ʦʙʨʘʟʝʮ ʧʨʦʚʝʨʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʘʣʠʟʘ ɺɸʍ ʵʤʠʩʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʟʦʥʜʘ (ʧʦʣʷʨʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ï ʤʠʥʫʩ ʥʘ ʟʦʥʜʝ). ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʩʨʘʚʥʠʚʘʪʴ 

ʤʝʭʘʥʠʟʤʳ ʵʤʠʩʩʠʠ ʠ ʦʧʨʝʜʝʣʷʪʴ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʠʥʠʤʘʣʴʥʫʶ ï ʜʣʷ ʥʘʯʘʣʘ ʵʤʠʩʩʠʠ. ʗʚʣʝʥʠʷ ʵʤʠʩʩʠʠ 

ʠʟ ʤʝʪʘʣʣʦʚ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ [17], [18]. ɺɸʍ ʜʣʷ ʥʝʸ ʭʦʨʦʰʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʬʦʨʤʫʣʦʡ ʌʘʫʣʝʨʘ-ʅʦʨʜʛʝʡʤʘ. ɼʣʷ 

ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʠ ʚʘʨʠʘʥʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ɺɸʍ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʌʘʫʣʝʨʘ-ʅʦʨʜʛʝʡʤʘ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ d0 ʜʣʷ ʯʝʪʳʨʸʭ ʛʨʫʧʧ ʠʟʤʝʨʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ ï ʦʪ 0 ʜʦ 10 ʥʤ. ɹʳʣʦ ʥʘʡʜʝʥʦ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ (ʥʘʯʘʣʘ ʵʤʠʩʩʠʠ ʚ ʟʘʟʦʨ) ï 1ï2 ʥʤ. 

ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʦʣʷʨʥʦʩʪʠ çʤʠʥʫʩè ʥʘ ʦʙʨʘʟʮʝ ʚ ʠʥʪʝʨʚʘʣʝ ʚʝʣʠʯʠʥ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 0,2 ʜʦ 0,5 ɺ ɺɸʍ ʭʦʨʦʰʦ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʴʶ I~Dexp(-BT1/V), (ʨʠʩ. 1), ʢʦʪʦʨʘʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʨʦʚʥʝʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ [18]. ʆ ʪʫʥʥʝʣʴʥʦʤ ʤʝʭʘʥʠʟʤʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʘʢʞʝ ʠ 

ʩʣʘʙʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ɺT1 (ʛʨʘʬʠʢʠ 1 ʠ 3 ʥʘ ʨʠʩ. 1). ʉʨʘʚʥʝʥʠʝ ʩ ʨʘʩʯʸʪʥʦʡ ʬʦʨʤʫʣʦʡ ʜʣʷ 

ʵʤʠʩʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʩ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʨʦʚʥʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ BT1~ 

8ˊɣ3/2(2m)1/2(qhE)-1F(E,ɣ), ʛʜʝ: E ï ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ɣ ï ʚʝʣʠʯʠʥʳ ʙʘʨʴʝʨʘ 

ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʵʤʠʩʩʠʠ, F(E,ɣ) ï ʧʦʧʨʘʚʦʯʥʘʷ ʪʘʙʫʣʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ʅʦʨʜʛʝʡʤʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʚʝʣʠʯʠʥʝ (ʦʪ 

0 ʜʦ 1) ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʟʘ ʩʯʸʪ ʩʠʣ ʠʟʦʙʨʘʞʝʥʠʷ (ʵʬʬʝʢʪ ʐʦʪʪʢʠ) ï ʧʨʠ ʚʝʣʠʯʠʥʘʭ ʧʦʣʷ ʤʝʥʝʝ (ʥʘʰ 

ʩʣʫʯʘʡ) 106ɺ/ʩʤ F~1 [19]. ʇʨʠ ʵʪʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʩʧʝʮʠʬʠʢʘ ʵʤʠʩʩʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʳʨʘʞʝʥʘ ʚ ʧʘʨʘʤʝʪʨʝ D, 

ʢʦʪʦʨʳʡ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ E. ʇʦʣʘʛʘʷ, ʢʘʢ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʠʥʠʤʘʝʪʩʷ [7], [18], E ~ V/d0, ʧʦʣʫʯʠʪʩʷ ʜʣʷ ʧʘʨʘʤʝʪʨʘ BT1: 

 

BT1 ~ 3,5d0(m/m0)1/2 ɣ3/2 (1) 

 

ʛʜʝ: d0ï ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ ʦʙʨʘʟʮʦʤ ʚ ʨʘʟʤʝʨʥʦʩʪʠ [ʥʤ], ɣï [ʵɺ]. 

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʡʜʝʥʥʳʝ ʧʦ ɺɸʍ (ʨʠʩ. 1) ʫʩʨʝʜʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ɺT1med ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ. 

ʋʩʨʝʜʥʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ 10ï20 ʠʟʤʝʨʝʥʠʷʤ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ʥʝ ʧʨʝʚʳʰʘʣʠ Ñ30%. 

 
ʈʠʩ.1 ï ɺɸʍ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ln(I)ï1/V (çʤʠʥʫʩè ʥʘ ʦʙʨʘʟʮʝ): 

1 ï InSb* (363 K); 2 ï CdSe; 3 ï InSb; 4 ï PbS 
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ʊʘʙʣʠʮʘ 1 ï ʉʚʦʜʢʘ ʜʘʥʥʳʭ 

ʇʦʣʫʧʨʦʚ 
Eg, 

ʵɺ 
m/m0 ὑ/ὑ0 

d, 

ʥʤ 

BT1med, 

V 

m/m0 

ʵʢʩʧ 

BT2med 

1/V 

d,ʵʢʩʧ 

ʥʤ 

CdSe 1,74 0,13 9,5 2-4 0,43 0,13 5,5 3,8 

PbS 0,41 0,07 20* 4-5 0,35 0,06 6,0 4,0 

InSb 
0,18 0,02 18 4-5 

0,53 
0,04 

2,2 
4,2 

InSb* 0,51 2,3 

CdS* 2,40 0,20 8,9 1-2     

 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʟʘʚʠʩʠʤʦʩʪʠ (dI/dV)/(I/V) ʦʪ V, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ [21], 

[22], ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʦʙʨʘʟʮʦʚ. 

ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʜʣʷ ʩʣʫʯʘʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ, ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ ʚ ʫʟʢʦʟʦʥʥʦʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʘ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʚʝʣʠʯʠʥ ʪʫʥʥʝʣʴʥʦʛʦ ʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ, ʘʥʘʣʦʛʠʯʥʦʤ ʩʣʫʯʘʶ ʤʝʪʘʣʣʦʚ [21], [22]: dI ɟθs(ɭ)dɭ, ʛʜʝ: ɟsï ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ (dI/dV)/(I/V), ʢʦʪʦʨʫʶ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʪʫʥʥʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʩʦʩʪʦʷʥʠʡ ɟs ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ (dI/dV)/(I/V) ʦʪ V ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʚʫʤʷ ʦʩʪʨʳʤʠ ʧʠʢʘʤʠ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʥʫʣʷ. ʇʠʢ ʩʧʨʘʚʘ ʦʪ ʥʫʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʥʫ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʩʣʝʚʘ ï ʧʦʪʦʣʢʫ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ. ʅʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʫʨʦʚʥʷ 

ʌʝʨʤʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʠʢʘʤʠ ʨʘʚʥʦ ʰʠʨʠʥʝ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʩ ʜʦʙʘʚʢʘʤʠ ʥʘ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʙʨʘʟʮʝ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʝʜʥʝʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʠʩʘʥʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ n-GaAs [23]. 

ɺ ʩʣʫʯʘʝ ʢʚʘʥʪʦʚʦʨʘʟʤʝʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʯʘʩʪʠʮ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʠ ʪʨʝʙʫʝʪ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʆʜʥʘʢʦ, ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʧʠʩʘʥʥʘʷ ʢʘʨʪʠʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʊʘʢʠʝ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. ɼʣʷ ʥʠʭ ʥʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

BT1 (ʪʘʙʣ. 1) ʠ ʧʦ ʬʦʨʤʫʣʝ (1) ʨʘʩʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ m/m0. ʇʨʠ ʵʪʦʤ ʟʘ ʚʝʣʠʯʠʥʳ ɣ ʧʨʠʥʷʪʳ ʟʥʘʯʝʥʠʷ V ʧʠʢʦʚ, 

ʩʧʨʘʚʘ ʦʪ ʥʫʣʷ (ʨʠʩ. 2) ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʵʥʝʨʛʠʶ ʦʪ ʫʨʦʚʥʷ ʌʝʨʤʠ ʜʦ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʨʘʟʤʝʨʥʦʛʦ 

ʢʚʘʥʪʦʚʘʥʠʷ ʚ ʂʊ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʮʝʩʩ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʣʠʤʠʪʠʨʫʝʪʩʷ ʧʨʝʦʜʦʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʤ 

ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ, ʘ ʥʝ ʩʘʤʠʤ ʧʨʷʤʳʤ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝʤ (ʪʝʨʤʠʥ çʧʨʷʤʦʝ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝè ʧʨʠʤʝʥʸʥ ʚ 

ʨʘʙʦʪʝ [17]). ʊʘʢʦʡ ʨʘʩʯʸʪ ʧʨʠʚʸʣ ʢ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ m/m0~0.04, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʥʦ ʤʦʛʣʦ ʙʳ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʝʢ ʨʘʟʤʝʨʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚ ʥʠʭ ʵʣʝʢʪʨʦʥʘ ʤʦʞʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʢʚʘʥʪʦʚʳʝ ʩʚʦʡʩʪʚʘ. 

ʆʜʥʘʢʦ, ʚʦʟʤʦʞʝʥ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʦʙʲʷʩʥʝʥʠʷ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (110) ǐ ʏʘʩʪʴ 1 ǐ ɸʚʛʫʩʪ 
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ʈʠʩ. 2 ï ʇʨʠʤʝʨʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʪʫʥʥʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʦʚ:  

aï InSb; b ï CdSe 

 

ɺ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʝ, ʚ ʩʠʣʫ ʨʘʟʤʝʨʥʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʥʝʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʭ ʢʫʣʦʥʦʚʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʘʚʥʦʚʝʩʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʝʜʠʥʠʮʳ ʠʣʠ ʜʘʞʝ ï ʥʝ ʙʳʪʴ ʩʦʚʩʝʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʜʣʷ ʥʠʭ ʥʝ ʜʝʡʩʪʚʫʝʪ ʩʪʘʪʠʩʪʠʢʘ ʌʝʨʤʠ ʠ ʪʦʛʜʘ ʦʰʠʙʦʯʥʦ ʩʯʠʪʘʪʴ ʵʥʝʨʛʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ɣ ʦʪ ʫʨʦʚʥʷ 

ʌʝʨʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘ ʚʝʣʠʯʠʥʫ ɣ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʟʥʠʮʫ ʚʩʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘ ʨʠʩ. 2 ʠ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʥʘʯʝʥʠʷ m/m0 ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʠʭ ʚʝʣʠʯʠʥʘʤ 

ʜʣʷ ʦʙʲʸʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (ʪʘʙʣ. 1). 

ʕʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʦʪʨʘʞʘʶʱʝʝ ʝʛʦ ʟʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ. ɼʣʷ ʢʦʣʣʦʠʜʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʢʨʠʩʪʘʣʣʠʟʫʝʤʳʭ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤ ʩʠʥʪʝʟʦʤ ʚ 

ʨʘʚʥʦʚʝʩʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʵʪʦʡ ʩʚʷʟʠ. ʊʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ m/m0 (ʪʘʙʣ. 1) ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʦʙʲʸʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 

ʦ ʚʳʩʦʢʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʩʦʚʝʨʰʝʥʩʪʚʝ ʢʦʥʢʨʝʪʥʳʭ ʂʊ ʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʢ ʥʠʤ ʤʘʢʨʦ-ʤʦʜʝʣʠ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ɺɸʍ ʜʣʷ ʠʥʪʝʨʚʘʣʘ V>0,5 ɺ. ʂʨʠʚʳʝ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʬʦʨʤʫʣʦʡ I ~ exp(BT2V). 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ BT2 ʧʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ (ʛʨʘʬʠʢʠ 1 ʠ 2 ʥʘ ʨʠʩ. 3). ɺʩʸ ʵʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʤʝʭʘʥʠʟʤʘ ʧʨʷʤʦʛʦ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ ʢʘʢ ʙʘʨʴʝʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ 

(ʆʇɿ) ʧʝʨʝʭʦʜʘ ʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ [17], [24]: BT2 ~ 2́ [(4mὑ)/(9h2N)]1/2, ʛʜʝ N ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʨʷʜʘ ʚ ʆʇɿ, ʢʦʪʦʨʘʷ 

ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ d-3. ʊʦʛʜʘ, ʬʦʨʤʫʣʘ ʧʨʠʤʝʪ ʚʠʜ:  

 

BT2 ~ 0,63(m/m0)1/2(ὑ/ὑ0)1/2(d)3/2 (2) 

 

ɿʥʘʷ ʧʘʨʘʤʝʪʨ BT2 (ʠʟ ʨʠʩ. 3, ʚ ʪʘʙʣ. 1 ï ʫʩʨʝʜʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ BT2med), ʧʦ ʵʪʦʡ ʬʦʨʤʫʣʝ ʤʦʞʥʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ 

ʨʘʟʤʝʨʘ d ʢʦʥʢʨʝʪʥʦʡ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ (ʪʦʯʥʝʝ ï ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚ 

ʂʊ), ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʳʝ ʠʣʠ ʥʘʡʜʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ m/m0 ʠ ὑ/ὑ0 (ʪʘʙʣ 1). ʇʨʠ ʵʪʦʤ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʧʨʦʚʝʨʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʠʝ (ʩʭʦʜʠʤʦʩʪʴ) ʥʘʡʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʪʦʣʴʢʦ ʪʘʙʣʠʯʥʦʝ 

ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ PbS ï 170, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʦ ʜʣʷ ʂʊ ʵʪʦʛʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʟʥʘʯʝʥʠʝ 20 (ʚ ʪʘʙʣʠʮʝ ʧʦʤʝʯʝʥʦ ʢʘʢ 20*), ʠʟ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʝʸ ʨʘʟʤʝʨʘ 4 ʥʤ. ʅʘʙʣʶʜʘʝʤʘʷ ʨʘʟʥʠʮʘ 

ʚ ʚʝʣʠʯʠʥʘʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʦʙʦʣʦʯʢʠ, ʤʘʪʝʨʠʘʣ ʢʦʪʦʨʦʡ CdS 

ʠʤʝʝʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʝʝʩʷ ʟʥʘʯʝʥʠʝ ὑ/ὑ0 ʜʣʷ ʂʊ-PbS ʠ ï ʦʜʠʥʘʢʦʚʳʝ ʜʣʷ ʂʊ-CdSe (ʪʘʙʣ. 1) 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (110) ǐ ʏʘʩʪʴ 1 ǐ ɸʚʛʫʩʪ 
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ʈʠʩ. 3 ï ɺɸʍ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ln(I)ïV (çʤʠʥʫʩè ʥʘ ʦʙʨʘʟʮʝ): 

1 ï InSb* (363 ʂ); 2 ï InSb; 3 ʠ 4 ï CdSe ʠ PbS (ʩʦʚʧʘʣʠ) 

 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ɺɸʍ ʚ ʣʠʥʝʡʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʪʠʧʠʯʥʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʨʠ ʠʭ ʧʦʣʷʨʥʦʩʪʠ çʧʣʶʩè. ɺʠʜʥʦ, ʯʪʦ 

ɺɸʍ ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʚʠʜʝ ʧʨʦʚʘʣʘ ʠ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʪʦʢʘ ʚ ʥʠʭ ʜʣʷ ʦʙʨʘʟʮʦʚ ʂʊ PbS (1) ʠ ʂʊ InSb (3). ɼʣʷ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ ʵʪʦ ʧʨʦʷʚʣʝʥʠʝ ʧʦʜʦʙʥʦ ʢʫʣʦʥʦʚʩʢʦʡ 

ʱʝʣʠ ʥʘ ɺɸʍ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʢʫʣʦʥʦʚʩʢʦʡ ʙʣʦʢʘʜʝ ʚ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʝ [25], [26]. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 

ʫʩʣʦʚʠʝ V>VQcrit=q(n+1/2)/CQ, ʛʜʝ n ïʯʠʩʣʦ ʙʣʦʢʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʝ. ʇʨʠʥʷʚ ʬʦʨʤʫ ʂʊ ʢʘʢ ʰʘʨ, ʝʸ 

ʸʤʢʦʩʪʴ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʬʦʨʤʫʣʦʡ C ~ 2́ ὑd~ 0.5Ŀ10-19d(ὑ/ὑ0) ʠ ʧʦʣʫʯʠʪʴ ʨʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʂʊ-PbS ʠ ʂʊ-InSb:~(40-

50)Ŀ10-19 ʌ. ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʬʦʨʤʫʣʳ, ʟʥʘʯʝʥʠʝ ʸʤʢʦʩʪʠ ʜʣʷ ʂʊ ʠ ʟʘʟʦʨʘ (5Ŀ10-19 ʌ), ʧʘʨʘʤʝʪʨʳ d ʠ ὑ/ὑ0 (ʪʘʙʣ. 1, ʜʣʷ ʂʊ-

PbS ï 20) ʠ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ. 4), ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʚʝʣʠʯʠʥʳ ʯʠʩʣʘ ʙʣʦʢʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʝ: ʜʣʷ ʂʊ-PbS ï 1; ʠ ʂʊ-InSb ï 3. 

 

 
ʈʠʩ. 4 ï ɺɸʍ (çʧʣʶʩè ʥʘ ʦʙʨʘʟʮʝ): 

1 ï PbS; 2 ï CdSe; 3 ï InSb 

 

ɺʘʞʥʳʤ ʤʝʪʦʜʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʇʝʨʚʦʝ ʧʨʦʚʝʨʝʥʦ ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ɺɸʍ (ʙʦʣʝʝ 25), ʚʳʯʠʩʣʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ BT2 ʠ BT1 ʠ 

ʧʦʩʪʨʦʝʥʠʝʤ ʛʠʩʪʦʛʨʘʤʤ (ʨʠʩ. 5), ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʭ ʤʝʜʠʘʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʤʘʢʩʠʤʫʤʘ ʥʝ ʧʨʝʚʳʰʘʶʪ 

Ñ20%., ʘ ʜʣʷ 85% ʠʟʤʝʨʝʥʠʡ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ʥʝ ʧʨʝʚʳʰʘʶʪ Ñ10%. ʇʨʠ ʵʪʦʤ, ʫʨʦʚʝʥʴ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʙʨʦʩʦʤ ʨʘʟʤʝʨʦʚ ʂʊ ʠ ʟʘʟʦʨʘ. ʉʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʩʦʚʦʢʫʧʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (110) ǐ ʏʘʩʪʴ 1 ǐ ɸʚʛʫʩʪ 
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ʈʠʩ. 5 ï ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ BT1 ʠ BT2  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʢʘʥʠʨʫʶʱʠʡ ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʩʢʦʧ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʤʝʨʷʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʵʪʦʤ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʨʷʜ ʧʨʠʩʫʱʠʭ ʠʤ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʦʚʦʜʠʪʴ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʦʙʲʸʤʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʫʥʥʝʣʴʥʦ-ʵʤʠʩʩʠʦʥʥʳʭ ɺɸʍ ʢʦʣʣʦʠʜʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdSe, PbS, InSb ʠ ʤʦʜʝʣʠ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ (ʧʦʵʣʝʢʪʨʦʥʥʦʛʦ) ʪʨʘʥʩʧʦʨʪʘ ʦʧʨʝʜʝʣʝʥʳ ʚʘʞʥʝʡʰʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʂʊ ï ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ 

ʵʣʝʢʪʨʦʥʘ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʵʥʝʨʛʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ, ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ 

ʢʚʘʥʪʦʚʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ (ʢʘʢ ʨʘʟʤʝʨ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ). 

ʉʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʂʊ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʣʷ ʦʙʲʸʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ ʠʭ 

ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʢʘʢ ʦ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, 

ʪʘʢ ʠ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʥʠʭ ʤʦʜʝʣʝʡ ʠ ʩʚʦʡʩʪʚ ʦʙʲʸʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

ʀʟʤʝʨʝʥʠʷ ʥʘ ʚʳʙʨʘʥʥʳʭ ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʳ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʜʘʥʥʳʝ ʦʙ ʠʭ ʤʘʩʩʠʚʝ. ʇʦʣʫʯʝʥʥʳʝ, ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ, ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʜʥʦʪʠʧʥʳʭ 

ʠʟʤʝʨʝʥʠʡ (ʥʝ ʤʝʥʝʝ 25) ʧʦʢʘʟʳʚʘʶʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʠ ʨʘʟʙʨʦʩʘʤ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʟʘʩʦʨʸʥʥʦʩʪʴʶ çʧʣʦʭʠʤʠè ʂʊ ʥʝ ʙʦʣʝʝ 25%. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʘ ʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʨʝʘʣʴʥʳʭ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ) ʫʩʣʦʚʠʷʭ. 
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Abstract 
The article deals with topical issues of the development of an automated learning system for a school physics course using 

augmented reality technology. The scientific novelty lies in the development of a modified algorithm for the formation of an 

extended model of mastering educational material, which differs from the known ones in that it allows taking into account not 

only the hierarchical model of the educational material but also effectively building individual trajectories of studying the 

material when constructing the hypertext of the automated learning system. This software tool, which implements the proposed 

modified algorithm for forming an extended model of mastering educational material, is registered with the Federal Institute of 

Industrial Property [14]. 

Within the framework of the system, the study introduces a mobile application for a laboratory workshop using augmented 

reality technology. The main task of the mobile application is to create a virtual platform for conducting physical experiments in 

mechanics, which should help students better understand the educational material of the school curriculum and support their 

theoretical knowledge with practical skills.  

The obtained results are used in the automated learning system for a school physics course within the framework of the 

online educational platform experiment developed by the IT company "SETUP" LLC. 

Keywords: automated learning system, augmented reality technology, mobile application, research, model of learning 

material development. 

ɺʚʝʜʝʥʠʝ 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ, ʚʢʣʶʯʘʷ ʠ ʪʘʢʫʶ ʚʘʞʥʫʶ ʩʬʝʨʫ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠʥʷʪʳ ʪʘʢʠʝ ʚʘʞʥʳʝ 

ʜʦʢʫʤʝʥʪʳ, ʢʘʢ ʫʢʘʟ ʧʨʝʟʠʜʝʥʪʘ çʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʚ ʈʌ ʥʘ 2017-2030 ʛʦʜʳè ʠ ʧʨʦʛʨʘʤʤʘ 

ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʚ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʪʝʭʥʦʣʦʛʠʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʘ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ [1], [2]. ɿʥʘʯʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʦʙʫʯʝʥʠʠ ʫʯʘʱʠʭʩʷ ʚ ʦʩʥʦʚʥʦʡ ʠ ʩʨʝʜʥʝʡ ʰʢʦʣʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʟʘʢʦʥʝ çʆʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè [3]. 

ʀʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ ʚʘʞʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʘʢʦʡ ʟʘʜʘʯʠ, ʢʘʢ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤ (ɸʆʉ) ʜʣʷ ʚʩʝʭ ʵʪʘʧʦʚ ʦʙʫʯʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʨʝʜʥʝʡ ʰʢʦʣʳ. ɺʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʙʦʪʳ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʝʥʥʘʷ 
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ʤʦʜʝʣʴ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʧʦ ʰʢʦʣʴʥʦʤʫ ʢʫʨʩʫ ʬʠʟʠʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ɺʦʧʨʦʩʘʤ ʨʘʟʨʘʙʦʪʢʠ ɸʆʉ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʠʝ ʨʘʙʦʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʙʦʪʳ [5], [7], [9], ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ɸʆʉ ʷʚʣʷʝʪʩʷ ʪʦ, ʢʘʢ ʦʙʫʯʘʝʤʳʡ ʦʩʚʘʠʚʘʝʪ ʧʨʝʜʣʦʞʝʥʥʳʡ ʝʤʫ 

ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ. ɺ ʨʘʙʦʪʝ [9] ʦʧʠʩʘʥʘ ʦʜʥʘ ʠʟ ʤʦʜʝʣʝʡ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ ʦʜʥʠʤ ʠʟ ʝʝ ʥʝʜʦʩʪʘʪʢʦʚ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʫʨʦʚʥʷ, ʠ ʧʨʠ ʩʣʦʞʥʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʪʦ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʝʝ ʧʨʠʤʝʥʝʥʠʠ. ʂ ʪʦʤʫ ʞʝ ʫʢʘʟʘʥʥʘʷ ʤʦʜʝʣʴ 

ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʘ ʩ ʜʨʫʛʠʤʠ, ʥʘʧʨʠʤʝʨ, ʩ ʤʦʜʝʣʴʶ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʟ-ʟʘ ʯʝʛʦ ʚʦʟʥʠʢʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʣʦʢʘʣʴʥʳʤ ʚʦʧʨʦʩʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʫʢʘʟʘʥʥʘʷ ʤʦʜʝʣʴ [9] ʣʠʙʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʣʠʙʦ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ, ʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [10] ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ 

ʧʦ ʪʝʤʝ çʈʝʢʫʨʩʠʷ. ʌʘʡʣʳ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭè. 

ɺ ʨʘʙʦʪʝ [11] ʧʨʠʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʨʘʙʦʪʢʠ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ 

ʧʦ ʪʝʤʝ çʆʩʥʦʚʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ: ʩʦʙʳʪʠʷ, ʘʣʛʝʙʨʘ ʩʦʙʳʪʠʡ, ʚʝʨʦʷʪʥʦʩʪʴè. 

ɺ ʨʘʙʦʪʝ [12] ʤʦʜʝʣʴ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʩʦʜʝʨʞʘʥʠʷ, ʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʥʘʚʠʛʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʨʝʡʪʠʥʛʘ ʦʙʫʯʘʝʤʦʛʦ. 

ɺ ʨʘʙʦʪʝ [13] ʤʦʜʝʣʴ [9] ʬʠʛʫʨʠʨʫʝʪ ʚ ʦʙʟʦʨʝ ʢʘʢ çʄʦʜʝʣʴ ʉʦʣʦʚʦʚʘè. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʝʥʥʘʷ ʤʦʜʝʣʴ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʣʠʰʝʥʥʘʷ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ 

ʥʝʜʦʩʪʘʪʢʦʚ [14], [16], [18]. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʠʭ ʦʙʨʘʙʦʪʢʫ. 

ʈʘʩʰʠʨʝʥʥʘʷ ʤʦʜʝʣʴ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʫʯʠʪʳʚʘʪʴ 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʚʘʨʠʘʥʪʳ ʪʨʘʝʢʪʦʨʠʡ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʠʧʝʨʪʝʢʩʪʘ ɸʆʉ. 

ɺ ʩʦʩʪʘʚ ʵʪʦʡ ʤʦʜʝʣʠ ʚʭʦʜʷʪ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʤʘʪʨʠʮʳ ʫʨʦʚʥʝʡ, ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ ʠ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ 

ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʨʘʬ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʦʮʝʩʩ ʝʝ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʯʝʪʳʨʝ ʵʪʘʧʘ:  

1) ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʫʨʦʚʥʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ;  

2) ʦʙʨʘʙʦʪʢʘ ʤʘʪʨʠʮʳ ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 
ʚʠʜʝ ʩʧʠʩʢʘ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ;  

3) ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ;  

4) ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʕʪʘʧʳ 1 ʠ 3 ʥʦʩʷʪ ʥʝʬʦʨʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʄʘʪʨʠʮʳ 

ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ ὃ ʠ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ὄ ʷʚʣʷʶʪʩʷ ʢʚʘʜʨʘʪʥʳʤʠ c ʨʘʟʤʝʨ ʨʘʚʥʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ὲ:  
 

ὃὭȟὮȡὭ ρȢȢὲȟὮ ρȢȢὲȠὄὭȟὮȡ Ὥ ρȢȢὲȟὮ ρȢȢὲ. 
 

ʇʝʨʚʳʤ ʜʝʣʦʤ ʩʪʨʦʷʪʩʷ ʷʯʝʡʢʠ ʤʘʪʨʠʮ ʠ ʠʭ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʥʫʤʝʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʫʯʝʙʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʩʪʨʦʯʥʦ ʷʯʝʡʢʠ ʤʘʪʨʠʮ ʟʘʧʦʣʥʷʶʪʩʷ ʥʫʣʷʤʠ ʠ ʝʜʠʥʠʮʘʤʠ.  

ʇʨʠ ʟʘʧʦʣʥʝʥʠʠ ʷʯʝʝʢ ʤʘʪʨʠʮʳ ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʩʪʦʝ ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʦʯʝʨʝʜʥʦʩʪʠ 

ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʫʯʝʙʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɽʜʠʥʠʮʘ ʩʪʘʚʠʪʩʷ ʚ ʷʯʝʡʢʫ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʯʝʙʥʳʡ ʵʣʝʤʝʥʪ 

ʩ ʥʦʤʝʨʦʤ, ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʥʦʤʝʨʦʤ ʩʪʨʦʢʠ, ʜʦʣʞʝʥ ʠʟʫʯʘʪʴʩʷ ʧʦʩʣʝ ʫʯʝʙʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʥʦʤʝʨʦʤ, ʩʦʚʧʘʜʘʶʱʠʤ ʩ 

ʥʦʤʝʨʦʤ ʩʪʦʣʙʮʘ. ɺ ʠʥʦʤ ʩʣʫʯʘʝ ʚ ʷʯʝʡʢʫ ʟʘʧʠʩʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʥʦʣʴ. 

 

ὃὭȟὮ  
ρȟ̆ ̒̌̉ ̞̌̆̍̆̎̓ Ὥ ̘̠̉̈̔́̆̓̒ ̐̏̒̌̆ Ὦ

π ̃ ̐̑̏̓̉̃̎̏̍ ̘̒̌̔́̆
. 

 

ɺʩʝ ʷʯʝʡʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʤʘʪʨʠʮʳ ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ, ʟʘʧʦʣʥʷʶʪʩʷ ʝʜʠʥʠʮʘʤʠ. ʇʨʠ 

ʧʨʘʚʠʣʴʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʩʠʤʤʝʪʨʠʯʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʷʯʝʡʢʠ ʤʘʪʨʠʮʳ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʟʥʘʯʝʥʠʷ (ʝʩʣʠ ʚ ʦʜʥʦʡ ʠʟ ʥʠʭ ʩʪʦʠʪ ʝʜʠʥʠʮʘ, ʚ ʜʨʫʛʦʡ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʥʦʣʴ ʠ ʥʘʦʙʦʨʦʪ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʬʦʨʤʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʧʘʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ ʤʦʞʥʦ ʧʦʜʚʝʨʛʘʪʴ ʣʠʰʴ ʣʝʚʳʡ ʥʠʞʥʠʡ ʠʣʠ 

ʧʨʘʚʳʡ ʚʝʨʭʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ ʤʘʪʨʠʮʳ, ʟʘʧʦʣʥʷʷ ʦʩʪʘʚʰʫʶʩʷ ʝʝ ʯʘʩʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ 

ʩʚʦʡʩʪʚʘ ʘʥʪʠʩʠʤʤʝʪʨʠʠ.  

ɿʘʪʝʤ ʟʘʧʦʣʥʷʝʪʩʷ ʤʘʪʨʠʮʘ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʥʝʡ ʝʜʠʥʠʮʘ ʩʪʘʚʠʪʩʷ ʷʯʝʡʢʫ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ ʵʣʝʤʝʥʪʘ ʥʦʤʝʨ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʥʦʤʝʨʦʤ ʩʪʨʦʢʠ, ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʵʣʝʤʝʥʪʘ, ʥʦʤʝʨ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʥʦʤʝʨʦʤ ʩʪʦʣʙʮʘ. 

 

ὄὭȟὮ  
ρȟ̆ ̒̌̉ ̞̌̆̍̆̎̓ Ὥ ̘̌̏̄̉̆̒̋̉ ̠̒̃̈́̎ ̒ Ὦ

π ̃ ̐̑̏̓̉̃̎̏̍ ̘̒̌̔́̆
. 

 

ʉʦʩʪʘʚʣʷʪʴ ʤʘʪʨʠʮʫ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʣʫʯʰʝ ʚʩʝʛʦ ʦʧʠʨʘʷʩʴ ʥʘ ʤʘʪʨʠʮʫ ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ, ʠʩʢʣʶʯʘʷ 

ʝʜʠʥʠʮʳ ʠʟ ʪʝʭ ʷʯʝʝʢ, ʫ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 8 (110) ǐ ʏʘʩʪʴ 1 ǐ ɸʚʛʫʩʪ 

 

 30 

ʇʨʦʮʝʩʩ ʟʘʧʦʣʥʝʥʠʷ ʤʘʪʨʠʮ ʫʜʦʙʥʝʝ ʚʝʩʪʠ ʩ ʧʦʤʦʱʴʶ ʪʘʙʣʠʮʳ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʪʝʢʩʪʦʚ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚ ʵʪʦʡ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʥʳʭ. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʦʯʝʨʝʜʥʦʩʪʠ ʠ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʫʯʝʙʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ.  

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʤʘʪʨʠʮ ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ ʠ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʬʦʨʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʚʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʢʪʠʚʥʳʝ, ʥʦ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʚʢʫʩʳ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʘ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʝʩʷ ʫ ʥʝʛʦ ʧʨʠʚʳʯʢʠ, ʠʥʪʫʠʪʠʚʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʩʢʣʘʜ ʠ ʬʦʨʤʘ ʤʳʰʣʝʥʠʷ ʠ ʪ.ʜ. 

ʀʪʦʛʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʨʝʤʷ ʧʦʰʘʛʦʚʦʡ ʧʨʦʮʝʜʫʨʳ ʦʙʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʬʦʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʨʠʮʳ ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʷʪ ʩʫʤʤʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʢʘʞʜʦʡ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ:  

 

Ὓ  В ὃὭȟὮ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʢʦʣʦʥʢʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʩʧʨʘʚʘ ʦʪ ʤʘʪʨʠʮʳ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʫʢʘʟʳʚʘʶʪ 

ʠʪʦʛʦʚʳʝ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʠʩʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʫʯʝʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.  

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʚʦʩʧʨʠʷʪʠʷ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ  

 

ὋὠȟὉ  ὠȟὉ ȟὠ  ɲȟὉ Ṓὠ ὠ. 

 

ʕʪʦʪ ʛʨʘʬ ʩʪʨʦʠʪʩʷ ʧʦ ʤʘʪʨʠʮʝ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʫʶ ʩʯʠʪʘʶʪ ʝʛʦ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ 

ʤʘʪʨʠʮʝʡ ʩʤʝʞʥʦʩʪʠ. ʃʫʯʰʝ ʚʩʝʛʦ ʵʪʦ ʛʨʘʬ ʨʘʩʧʦʣʘʛʘʪʴ ʧʦʜ ʩʧʠʩʢʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʭʨʘʥʷʷ 

ʧʨʠ ʵʪʦʤ ʫʢʘʟʘʥʥʳʡ ʚ ʩʧʠʩʢʝ ʧʦʨʷʜʦʢ ʦʩʚʦʝʥʠʷ. ɼʫʛʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʛʨʘʬʘ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʦʪʦʙʨʘʞʘʶʪ ʦʧʦʨʥʳʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʫʯʝʙʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʘʣʝʝ ʙʫʜʝʪ 

ʧʨʠʚʝʜʝʥʦ ʝʝ ʦʧʠʩʘʥʠʝ ʧʦ ʫʯʝʙʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʨʘʟʜʝʣʘ çʄʝʭʘʥʠʢʘè ʠʟ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʬʠʟʠʢʠ. 

ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. 

1. ʉʪʘʪʠʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ 

1.1. ʈʘʚʥʦʚʝʩʠʝ ʪʝʣ. ʆʧʨʝʜʝʣʝʥʠʝ 

1.1.1. ʄʦʤʝʥʪ ʩʠʣʳ 

1.1.2. ʋʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʪʝʣ 

1.1.3. ɺʠʜʳ ʨʘʚʥʦʚʝʩʠʷ 

1.2. ɻʠʜʨʦʩʪʘʪʠʢʘ ʠ ʘʵʨʦʜʠʥʘʤʠʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ 

1.2.1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ.  

1.2.1.1. ɼʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʚ 

1.2.1.2. ɿʘʢʦʥ ʇʘʩʢʘʣʷ 

1.2.1.3. ʉʦʦʙʱʘʶʱʠʝʩʷ ʩʦʩʫʜʳ 

1.2.1.4. ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ 

1.2.2.  ɿʘʢʦʥ ɸʨʭʠʤʝʜʘ 

1.2.2.1. ʋʩʣʦʚʠʷ ʧʣʘʚʘʥʠʷ ʪʝʣ 

1.2.3. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʤʘʰʠʥʳ 

2. ʂʦʣʝʙʘʥʠʷ ʠ ʚʦʣʥʳ. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

2.1. ʄʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

2.2. ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

2.3. ʈʝʟʦʥʘʥʩ 

2.4. ɸʚʪʦʢʦʣʝʙʘʥʠʷ 

2.5. ʄʝʭʘʥʠʯʝʩʢʠʝ ʚʦʣʥʳ 

2.6. ɿʚʫʢʦʚʳʝ ʚʦʣʥʳ 

ɼʘʣʝʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠ ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʫʯʝʙʥʳʝ ʵʣʝʤʝʥʪʳ:  

1 - ʉʪʘʪʠʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ  

2 - ʈʘʚʥʦʚʝʩʠʝ ʪʝʣ. ʆʧʨʝʜʝʣʝʥʠʝ  

3 - ʄʦʤʝʥʪ ʩʠʣʳ 

4 - ʋʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʪʝʣ 

5 - ɺʠʜʳ ʨʘʚʥʦʚʝʩʠʷ 

6 - ɻʠʜʨʦʩʪʘʪʠʢʘ ʠ ʘʵʨʦʜʠʥʘʤʠʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ 

7 - ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

8 - ɼʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʚ 

9 - ɿʘʢʦʥ ʇʘʩʢʘʣʷ 

10 - ʉʦʦʙʱʘʶʱʠʝʩʷ ʩʦʩʫʜʳ 

11 - ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ 

12 - ɿʘʢʦʥ ɸʨʭʠʤʝʜʘ  

13 - ʋʩʣʦʚʠʷ ʧʣʘʚʘʥʠʷ ʪʝʣ  

14 - ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʤʘʰʠʥʳ  

15 - ʂʦʣʝʙʘʥʠʷ ʠ ʚʦʣʥʳ. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ  

16 - ʄʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ  
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17 - ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ  

18 - ʈʝʟʦʥʘʥʩ  

19 - ɸʚʪʦʢʦʣʝʙʘʥʠʷ  

20 - ʄʝʭʘʥʠʯʝʩʢʠʝ ʚʦʣʥʳ  

21 - ɿʚʫʢʦʚʳʝ ʚʦʣʥʳ 

ɿʘʪʝʤ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬ ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʥʫʤʝʨʘʮʠʠ ʠ ʠʭ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ (ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1), ʘ ʪʘʢʞʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʪʘʙʣʠʮʘ ʫʨʦʚʥʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʪʘʙʣʠʮʘ 1), ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʦʪʨʘʞʘʶʱʘʷ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʯʝʙʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠ ʤʘʪʨʠʮʘ ʦʪʥʦʰʝʥʠʡ 

ʦʯʝʨʝʜʥʦʩʪʠ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʤʝʩʪʝ ʩ ʧʨʦʩʯʠʪʘʥʥʦʡ ʠʪʦʛʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʟʫʯʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʪʘʙʣʠʮʘ 2). 

 

 
ʈʠʩ. 1 ï ɻʨʘʬ ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

ʊʘʙʣʠʮʘ 1 ï ʊʘʙʣʠʮʘ ʫʨʦʚʥʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʅʦʤʝʨ ʚʝʨʰʠʥʳ ʚ 

ʛʨʘʬʝ i 
ʋʨʦʚʝʥʴ 

ʅʦʤʝʨ ʚʝʨʰʠʥʳ, 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʫʨʦʚʝʥʴ 

1 1 - 

2 2 1 

3 3 2 

4 3 2 

5 3 2 

6 2 1 

7 3 6 

8 4 7 

9 4 7 

10 4 7 

11 4 7 

12 3 6 

13 4 12 

14 3 6 

15 1 - 

16 2 15 

17 2 15 

18 2 15 

19 2 15 

20 2 15 

21 2 15 

 

 

 

 

1 

2 3 4 5 

6 7 8 9  10  11 

 12  13 

 14 

 15  16  17  18  19  21  20 
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ʊʘʙʣʠʮʘ 2 ï ʊʘʙʣʠʮʘ ʦʪʥʦʰʝʥʠʡ ʦʯʝʨʝʜʥʦʩʪʠ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ 

i 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 ʉʫʤʤʘ 

1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

3 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 

4 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 

5 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 

6 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 

7 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 

8 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 8 

9 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 9 

10 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 10 

11 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 11 

12 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 12 

13 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 13 

14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 14 

15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 15 

16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 16 

17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 17 

18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 18 

19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 19 

20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 20 

21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 21 

 

ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʙʣʠʮʳ ʦʪʥʦʰʝʥʠʡ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ, (ʩʤ. 

ʪʘʙʣʠʮʫ 3) ʠ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʠʩʢʦʤʦʛʦ ʦʙʱʝʛʦ ʛʨʘʬʘ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 2), 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʝ, ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʪʨʘʝʢʪʦʨʠʡ 

ʝʛʦ ʠʟʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʠʧʝʨʪʝʢʩʪʘ. 

 

ʊʘʙʣʠʮʘ 3 ï ʊʘʙʣʠʮʘ ʦʪʥʦʰʝʥʠʡ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

11 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

12 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

13 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

14 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

15 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 

21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
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ʈʠʩ. 2 ï ʆʙʱʠʡ ʛʨʘʬ ʦʪʥʦʰʝʥʠʡ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʜʠʘʛʨʘʤʤʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 3, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ ʵʪʦʡ ʤʦʜʝʣʠ. ʅʘ ʷʟʳʢʝ C# ʚ ʩʨʝʜʝ Visual Studio 2019 Community ʙʳʣʘ ʥʘʧʠʩʘʥʘ 

ʧʨʦʛʨʘʤʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʵʪʦʪ ʘʣʛʦʨʠʪʤ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʛʠʧʝʨʪʝʢʩʪʘ ɸʆʉ. 

ʂʨʦʤʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʜʥʦʡ ʠʟ ʯʘʩʪʝʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ɸʆʉ 

ʧʦ ʢʫʨʩʫ ʬʠʟʠʢʠ, ʩʫʱʝʩʪʚʫʝʪ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, 

ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ ʚʝʜʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [19], [20], [21]. ɺ ʨʘʙʦʪʝ [20] ʜʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʦʣʥʝʥʥʦʡ, 

ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʩʤʝʰʘʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ: çɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (augmented reality, AR) ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʜʦʙʘʚʣʝʥʠʷ ʚ ʨʝʘʣʴʥʳʡ ʤʠʨ ʤʥʠʤʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʧʨʝʦʙʨʘʞʘʝʪ ʨʝʘʣʴʥʳʡ ʤʠʨ, ʘ ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ. ʅʘ ʩʪʳʢʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʚʦʟʥʠʢʘʝʪ ʩʤʝʰʘʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ [19]è. 
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ʈʠʩ. 3 ï ɼʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ 






























































































































































































































































































































































