
 

 

 

 

 

 

 

 

ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ 

XVII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

 

ʉʘʨʘʪʦʚ, 

13ï15 ʩʝʥʪʷʙʨʷ 2022ʛ. 
  



ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ. ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

 

ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ 

ʠʤ. ɺ. ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

 

ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 

 

 

 

 

 

 

çʅɸʅʆʕʃɽʂʊʈʆʅʀʂɸ, 

ʅɸʅʆʌʆʊʆʅʀʂɸ 

ʀ ʅɽʃʀʅɽʁʅɸʗ ʌʀɿʀʂɸè 
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çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè: ʪʝʟ. ʜʦʢʣ. 
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ɺ ʩʙʦʨʥʠʢʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ XVII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè. ʈʘʙʦʪʳ ʫʯʘʩʪʥʠʢʦʚ ʩʚʷʟʘʥʳ ʩ ʩʦ-

ʟʜʘʥʠʝʤ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ, ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʦʥʦʥ-

ʥʳʭ, ʤʘʛʥʦʥʥʳʭ ʠ ʧʣʘʟʤʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʘʥʘʣʠʟʘ ʠʭ ʩʚʦʡʩʪʚ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʨʝʜʘʤʠ, ʠʟʫʯʝʥʠʝʤ ʩʣʦʞʥʳʭ, ʭʘʦʪʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʬʠʟʠʦʣʦ-

ʛʠʠ, ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʨʘʜʠʦʬʠʟʠʢʝ ʠ ʵʣʝʢʪʨʦʥʠʢʝ. 

ɼʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʚ 

ʦʙʣʘʩʪʠ ʨʘʜʠʦʬʠʟʠʢʠ, ʵʣʝʢʪʨʦʥʠʢʠ, ʦʧʪʠʢʠ, ʬʠʟʠʢʠ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ, ʘʢʫʩʪʦʵʣʝʢʪʨʦʥʠʢʠ. 
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ʢʘʥʜʠʜʘʪ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ ɼ.ɺ. ʌʘʪʝʝʚ (ʦʪʚ. ʨʝʜʘʢʪʦʨ) 

ʢʘʥʜʠʜʘʪ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ ɸ.ɸ. ʊʝʧʣʳʭ (ʦʪʚ. ʩʝʢʨʝʪʘʨʴ) 

 

 

ʈʝʮʝʥʟʝʥʪʳ: 

 

ʜʦʢʪʦʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ ɹ.ɼ. ɿʘʡʮʝʚ (ʉʌ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ) 

ʜʦʢʪʦʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ ɺ.ʀ. ʇʦʥʦʤʘʨʝʥʢʦ (ʉʌ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ) 

ʢʘʥʜʠʜʘʪ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ ʖ.ɺ. ʍʠʚʠʥʮʝʚ (ʉʌ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ) 

 

 

 

ʂʦʥʬʝʨʝʥʮʠʷ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 
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ɺ ʧʘʤʷʪʴ ʦ ɽʚʛʝʥʠʠ ʇʝʪʨʦʚʠʯʝ ʉʝʣʝʟʥʸʚʝé 

 

17 ʩʝʥʪʷʙʨʷ 2021 ʛ. ʦʪ ʥʘʩ ʫʰʸʣ ɽʚʛʝʥʠʡ ʇʝʪʨʦʚʠʯ 

ʉʝʣʝʟʥʸʚ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʉʘʨʘʪʦʚʩʢʦʛʦ ʬʠʣʠ-

ʘʣʘ ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. 

ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ ʢʘʬʝʜʨʦʡ.  

ʉ 2012 ʛʦʜʘ ɽʚʛʝʥʠʡ ʇʝʪʨʦʚʠʯ ʙʳʣ ʨʫʢʦʚʦʜʠʪʝ-

ʣʝʤ ʠ ʚʜʦʭʥʦʚʠʪʝʣʝʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ 

ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ 

ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè, ʠ ʠʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʫʩʠ-

ʣʠʷʤ ʢʦʥʬʝʨʝʥʮʠʷ ʝʞʝʛʦʜʥʦ ʦʙʲʝʜʠʥʷʝʪ ʨʦʩʩʠʡ-

ʩʢʠʭ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʩʪʝʥʘʭ ʉʘʨʘʪʦʚʩʢʦʛʦ ʬʠ-

ʣʠʘʣʘ ʀʈʕ.   

ɽʚʛʝʥʠʡ ʇʝʪʨʦʚʠʯ ʙʳʣ ʚʳʜʘʶʱʠʤʩʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʪʦʨʦʤ, ʩʧʝʮʠʘʣʠʩʪʦʤ ʧʦ ʘʥʘʣʦʛʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʦʪʣʠʯʥʦ ʨʘʟʙʠʨʘʚʰʠʤʩʷ ʚ 

ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʠ ʨʘʜʠʦʪʝʭʥʠʢʝ.  

ɺ 2022 ʛʦʜʫ ʥʘʰʘ ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ 

ʬʠʟʠʢʘè ʧʦʩʚʷʱʝʥʘ ʧʘʤʷʪʠ ɽʚʛʝʥʠʷ ʇʝʪʨʦʚʠʯʘ ʉʝʣʝʟʥʸʚʘ. 

  



ʇʦʯʝʪʥʳʡ ʧʨʝʜʩʝʜʘʪʝʣʴ ʢʦʥʬʝʨʝʥʮʠʠ 

ʖ.ɺ. ɻʫʣʷʝʚ, ʘʢʘʜ. ʈɸʅ, ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉ.ɸ. ʅʠʢʠʪʦʚ, ʘʢʘʜ. ʈɸʅ, ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

 

ɿʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ ʢʦʥʬʝʨʝʥʮʠʠ 

ʖ.ɸ. ʌʠʣʠʤʦʥʦʚ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ 

ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʈʦʩʩʠʷ 

 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ 

ʉ.ɸ.ʅʠʢʠʪʦʚ, ʘʢʘʜ. ʈɸʅ, ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ 

ɹʝʟʨʫʯʢʦ ɹ.ʇ. ï ʉʌ ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ɺʝʥʠʛ ʉ.ɹ. ï ʉɻʋ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ɼʤʠʪʨʠʝʚ ɸ.ʉ. ï ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɿʘʡʮʝʚ ɹ.ɼ. ï ʉʌ ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ʂʦʨʦʥʦʚʩʢʠʡ ɸ.ɸ. ï ʉɻʋ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ʂʫʟʥʝʮʦʚ ɸ.ʇ. ï ʉʌ ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ʂʫʧʮʦʚ ʇ.ɺ. ï ʉʌ ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ʄʝʣʴʥʠʢʦʚ ʃ.ɸ. ï ʉɻʊʋ ʠʤ. ʖ.ɸ. ɻʘʛʘʨʠʥʘ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ʇʦʧʦʚ ɺ.ɺ. ï ʉʌ ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ʇʨʦʭʦʨʦʚ ʄ.ɼ. ï ʉʌ ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ʉʝʨʛʝʝʚ ɺ.ɸ. ï ʋʌ ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʋʣʴʷʥʦʚʩʢ, ʈʦʩʩʠʷ  

ʉʤʠʨʥʦʚ ɺ.ʄ. ï ʌʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʌʨʷʟʠʥʦ, ʈʦʩʩʠʷ 

ʉʪʘʣʴʤʘʭʦʚ ɸ.ɺ. ï ʉɻʋ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ʋʰʘʢʦʚ ʅ.ʄ. ï ʉʌ ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ʐʘʨʘʝʚʩʢʠʡ ʖ.ʇ. ï ʉɻʋ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ʗʬʘʨʦʚ ʈ.ʂ. ï ʉʌ ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 
 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     6 

ʇʃɽʅɸʈʅʓɽ ʃɽʂʎʀʀ 

 
ʉʫʭʦʚ ʉ. ɺ. (ʩ.ʥ.ʩ, ʋʌʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ) çʆʧʪʠʯʝʩʢʠʝ ʩʠʣʳ ʚ ʥʘʥʦʬʦʪʦʥʠʢʝè. 

ʋʩʪʠʥʦʚ ɸ.ɹ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʃʕʊʀ) çɺʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʤʘʛʥʦʥʠʢʝ ʠ ʨʘʜʠʦʬʦʪʦʥʠʢʝ: ʬʠʟʠʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝè. 

ʄʠʟʝʚʘ ʀ.ɸ. (ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ) çʇʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ ʢʦʣʝʙʘʥʠʡ ʢʨʦʚʦʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ 

ʧʦ ʜʘʥʥʳʤ ʦʧʪʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʠʟʤʝʨʝʥʠʡè. 

ɻʣʫʭʦʚʩʢʦʡ ɽ.ɻ. (ʢ.ʬ.-ʤ.ʥ., ʉɻʋ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ) çʄʝʪʦʜ ʃʝʥʛʤʶʨʘ ï ʢʣʶʯʝʚʦʡ ʤʝ-

ʪʦʜ ʥʘʥʦʘʨʭʠʪʝʢʪʦʥʠʢʠè  

ʇʝʪʨʦʚ ɸ.ʉ. (ʄʌʊʀ) çʆʧʝʨʘʪʦʨʥʳʡ ʧʦʜʭʦʜ ʢ ʫʨʘʚʥʝʥʠʷʤ ʵʣʝʢʪʨʦʥʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠè 

ʄʦʨʦʟʦʚ ʖ.ɸ. (ʉʌʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ) çʅʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚ ʨʝʟʦʥʘʪʦʨʝ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʜʠʩʢʦʚʦʛʦ ʣʘʟʝʨʘè 

ʂʦʩʪʳʣʝʚ ʄ. (ʋʥʠʚʝʨʩʠʪʝʪ ɿʘʧʘʜʥʦʡ ɸʚʩʪʨʘʣʠʠ, ʇʝʨʪ, ɸʚʩʪʨʘʣʠʷ) çʄʘʛʥʦʥʥʳʡ ʨʝʟʝʨʚʫʘʨʥʳʡ 

ʢʦʤʧʴʶʪʝʨè 

ʉʘʜʦʚʥʠʢʦʚ ɸ. ɺ. (ʉɻʋ, ʉʘʨʘʪʦʚ) çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭ-

ʤʝʨʥʳʭ ʠ ʤʝʘʥʜʨʦʚʳʭ ʤʘʛʥʦʥʥʳʭ ʩʪʨʫʢʪʫʨè 

ɺʳʩʦʮʢʠʡ ʉ.ʃ. (ʉʌʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ)   çʉʝʥʩʦʨʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʠʧʦʣʴʥʦ-ʦʙʤʝʥʥʳʭ ʠ ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ ʚʦʣʥè  



7                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽɾʀʄʆɺ ɺɿɸʀʄʅʆʁ ʉʀʅʍʈʆʅʀɿɸʎʀʀ ɼɺʋʍ 

ɻʀʈʆʊʈʆʅʆɺ, ʉɺʗɿɸʅʅʓʍ ʉ ɿɸɼɽʈɾʂʆʁ 

ʃ.ɸ. ɸʙʣʘʝʚʘ1, ɸ.ɹ. ɸʜʠʣʦʚʘ1,2, ʅ.ʄ. ʈʳʩʢʠʥ1,2 

1ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
2ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ. ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

E-mail: AdilovaAB@gmail.com 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʚʝʨʭʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʤʦʱʥʦʩʪʠ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʥʝʩʢʦʣʴʢʠʭ ʤʦʱʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠʚʣʝʢʘʝʪ 

ʠʥʪʝʨʝʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʟʘʠʤʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʚʷʟʘʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ [1,2].  

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʜʚʫʭ ʛʠʨʦʪʨʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʜʝʨʞʢʦʡ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ 

ʛʝʥʝʨʘʪʦʨʳ ʠʜʝʥʪʠʯʥʳʤʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʙʦʣʴʰʦʡ ʨʘʩʩʪʨʦʡʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘ-

ʩʪʦʪ. 
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  (1) 

ɿʜʝʩʴ D ð ʙʝʟʨʘʟʤʝʨʥʘʷ ʨʘʩʩʪʨʦʡʢʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, b  ð ʧʘʨʘʤʝʪʨ ʥʝ-

ʠʟʦʭʨʦʥʥʦʩʪʠ, in outP Pr=  ð ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝ-

ʥʠʝʤ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʝʡ, ( )0 2t Qt w=  ð ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ, 

( )0 2d dt Qt w=  ð ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ dt , Q ð ʜʦʙʨʦʪʥʦʩʪʴ ʨʝʟʦʥʘʪʦʨʘ, 

sI  ð ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ʪʦʢʘ, ( )1,2AF  ð ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʚʦʩʧʨʠʠʤʯʠ-

ʚʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʡʪʠ, ʨʝʰʘʷ ʠʟʚʝʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʦʨʠʠ 

ʛʠʨʦʪʨʦʥʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ɺʏ) ʧʦʣʷ. 

 

  
 

ʈʠʩ. 1. ʆʙʣʘʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ,D r ʧʨʠ 15.0m= , 0.534HD = , 

0.05sI = , 0.2y= p(ʘ) ʠ 08y= p(ʙ). ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʳ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʝʞʠʤʦʚ, ʢʦʛʜʘ ʦʜʠʥ ʛʠʨʦʪʨʦʥ ʧʦʜʘʚʣʷʝʪ ʢʦʣʝʙʘʥʠʷ ʜʨʫʛʦʛʦ. 

ɺ ʨʘʙʦʪʝ [3] ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʤʘʣʦʛʦ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʦʡ ʢʚʘʟʠʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ 

mailto:AdilovaAB@gmail.com


                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     8 

ʜʚʫʭ ʛʠʨʦʪʨʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʜʝʨʞʢʦʡ ʥʘ ʧʨʠʤʝʨʝ ʛʠʨʦʪʨʦʥʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʛʘʫʩʩʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ɺʏ ʧʦʣʷ ʚ ʨʝʞʠʤʝ ʞʝʩʪʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʧʨʠʙʣʠʞʝʥʠʠ, 

ʢʦʛʜʘ ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʨʝʤʝʥʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ, 

ʨʝʟʫʣʴʪʘʪʳ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʠʝʡ, ʨʘʟʚʠʪʦʡ ʚ 

ʨʘʙʦʪʝ [4]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

XPPAUT [5]. ʅʘ ʨʠʩ. 1 ʧʦʩʪʨʦʝʥʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʥʭʨʦʥʥʳʭ ʨʝʞʠʤʦʚ. ʆʙ-

ʣʘʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʢʦʪʦʨʫʶ ʦʛʨʘʥʠʯʠʚʘʶʪ ʣʠʥʠʠ ʩʝʜʣʦʫʟʣʦʚʦʡ ʙʠʬʫʨʢʘʮʠʠ, ʟʘ-

ʢʨʘʰʝʥʘ ʮʚʝʪʦʤ. ɺ ʨʝʞʠʤʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʘʤʧʣʠʪʫʜʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʛʠʨʦʪʨʦ-

ʥʦʚ ʙʣʠʟʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʨʝʞʠʤʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʝʨʚʳʡ ʛʠʨʦʪʨʦʥ ʧʦ-

ʜʘʚʣʷʝʪ ʚʪʦʨʦʡ ʠ ʥʘʦʙʦʨʦʪ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʤʧʣʠʪʫʜʳ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʕʪʠ 

ʨʝʞʠʤʳ ʫʩʪʦʡʯʠʚʳ ʥʠʞʝ ʧʫʥʢʪʠʨʥʳʭ ʣʠʥʠʡ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 1. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʦʤʠʥʠʨʫʝʪ ʠʥʝʨ-

ʮʠʦʥʥʘʷ ʩʚʷʟʴ, ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʘ ʢʘʢ ʩʠʥʬʘʟʥʘʷ, ʪʘʢ ʠ ʧʨʦʪʠʚʦʬʘʟʥʘʷ ʩʠʥʭʨʦʥʠ-

ʟʘʮʠʷ [4]. ɺʠʜʥʦ, ʯʪʦ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʜʠʩʩʠ-

ʧʘʪʠʚʥʦʡ ʩʚʷʟʠ (ʩʤ. ʨʠʩ. 1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʫʯʘʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʩʚʷʟʠ ʥʝʙʣʘʛʦ-

ʧʨʠʷʪʝʥ ʜʣʷ ʚʟʘʠʤʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʚʫʭ ʛʠʨʦʪʨʦʥʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʙʳʩʪʨʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʩʠʥʬʘʟʥʦʡ ʠ ʧʨʦʪʠʚʦʬʘʟʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ [6]. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʘʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʙʠʬʫʨʢʘʮʠʦʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ XPPAUTO [5]. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-

72-00109. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Benford J., Sze H., Woo W., Smith R.R., Harteneck B. // Phys. Rev. Lett. 1989. Vol. 62, No. 8. P. 

969-971. 

2. Hendricks K.J., Adler R., Noggle R.C. // J. Appl. Phys. 1990. Vol. 68, No. 2. P. 820-825. 

3. Adilova A.B., Ryskin N.M. // Electronics 2022. Vol. 11, No. P. 811-814. 

4. Adilova A.B., Balakin M.I., Gerasimova S.A., Ryskin N.M. // Chaos. 2021. Vol. 31, No. 11. 

113103. 

5. http://www.math.pitt.edu/~bard/xpp/xpp.html 

6. Adilova, A.B.; Ryskin, N.M. // Radiophys. Quantum Electron. 2021, 63, 703-715. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɾʀɼʂʀʍ ʉʈɽɼ ʉ ʇʆʄʆʑʔʖ  

ʌʈɸʂʊɸʃʔʅʆʁ ɸʅʊɽʅʅʓ ʅɸ ʆʉʅʆɺɽ ɻɽʆʄɽʊʈʀʀ  

çʊʈɽʋɻʆʃʔʅʀʂ ʉɽʈʇʀʅʉʂʆɻʆè 

ʅ.ɸ. ɸʛʝʡʢʠʥ1, ɸ.ʉ. ʌʠʦʥʦʚ1, ɸ.ɺ. ʉʤʠʨʥʦʚ1 

1ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʫʣ. ʄʦʭʦʚʘʷ, 11, ʢ.7, 125009, ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ. 

E-mail: ageykin_niki@mail.ru 

 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʘʥʪʝʥʥ ʥʘ ʦʩʥʦʚʝ ʬʨʘʢʪʘʣʦʚ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦʜʠʘʧʘʟʦʥ-

ʥʦʩʪʴ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʴ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯ-

ʥʳʝ ʪʦʧʦʣʦʛʠʠ ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʝ ʢʘʢ ʧʠʨʘʤʠʜʘ ʉʝʨʧʠʥʩʢʦʛʦ [1,2], ʢʨʠ-

ʚʘʷ ʂʦʭʘ [3] ʠ ʪ.ʜ. ʐʠʨʦʢʦʧʦʣʦʩʥʳʝ ʘʥʪʝʥʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʤʝʪʦʜʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʠʥ-

ʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʘʥ-

ʪʝʥʥ rʉɺʏ ʜʠʘʧʘʟʦʥʘ [4] ʠ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʬʨʘʢʪʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʥʘ 

ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʠ çʪʨʝʫʛʦʣʴʥʠʢ ʉʝʨʧʠʥʩʢʦʛʦè 3-ʝʡ ʠʪʝʨʘʮʠʠ [5]. ɼʣʠʥʘ ʚʥʝʰʥʠʭ 

ʨʸʙʝʨ ʘʥʪʝʥʥʳ 30 ʤʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʰʪʘʙʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʪʝʨʘʮʠʷʤʠ 2. ʀʟ-

ʛʦʪʘʚʣʠʚʘʣʠ ʘʥʪʝʥʥʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʬʦʪʦʧʦʣʠʤʝʨʥʦʤ 3D ʧʨʠʥʪʝʨʝ 

Anycubic Photon S ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʧʦʣʠʤʝʨʥʦʡ ʩʤʦʣʳ CRAFTSMAN RESIN 

ʙʳʣ ʥʘʧʝʯʘʪʘʥ ʰʘʙʣʦʥ ʜʣʷ ʩʙʦʨʢʠ ʬʨʘʢʪʘʣʴʥʦʡ ʘʥʪʝʥʥʳ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 

1(ʘ). ʕʣʝʤʝʥʪʳ ʘʥʪʝʥʥʳ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʠʟ ʦʪʦʞʞʸʥʥʦʡ ʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪ-

ʨʦʤ 0.7 ʤʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʳ. ɼʘʣʝʝ ʦʪʨʝʟʢʠ ʧʨʦʚʦʣʦʢʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʘ-

ʥʘʚʢʠ ʰʘʙʣʦʥʘ ʠ ʧʨʠʧʘʠʚʘʣʠʩʴ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (ʨʠʩʫʥʦʢ 1.ʙ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʬʨʘʢʪʘʣʴʥʳʝ ʘʥʪʝʥʥʳ 1-ʦʡ, 2-ʦʡ ʠ 3-ʝʡ ʠʪʝʨʘʮʠʡ. 

ʊʘʢʞʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

COMSOL MULTIPHYSICS. ʄʘʪʝʨʠʘʣ ʘʥʪʝʥʥʳ ʟʘʜʘʚʘʣʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʜʠ. ʇʨʦ-

ʩʪʨʘʥʩʪʚʦ, ʦʢʨʫʞʘʶʱʝʝ ʘʥʪʝʥʥʫ, ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʩʬʝʨʫ ʨʘʜʠʫʩʦʤ 10Åɚ ʩ ʫʩʣʦ-

ʚʠʷʤʠ ʠʜʝʘʣʴʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʥʘ ʚʥʝʰʥʠʭ ʛʨʘʥʠʮʘʭ ʩʬʝʨʳ. 

ʘ) ʙ) 

ʈʠʩ.1. ʘ) ʐʘʙʣʦʥ ʠʟ ʬʦʪʦʧʦʣʠʤʝʨʥʦʡ ʩʤʦʣʳ ʜʣʷ ʩʙʦʨʢʠ ʬʨʘʢʪʘʣʴʥʦʡ ʘʥʪʝʥʥʳ; ʙ) ʀʟʛʦʪʦʚ-

ʣʝʥʥʘʷ ʬʨʘʢʪʘʣʴʥʘʷ ʘʥʪʝʥʥʘ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʠ çʪʨʝʫʛʦʣʴʥʠʢ ʉʝʨʧʠʥʩʢʦʛʦè 3ʝʡ ʠʪʝʨʘʮʠʠ 

ʠʟ ʦʪʦʞʞʸʥʥʦʡ ʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ. 

 

ʀʩʩʣʝʜʦʚʘʣʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝ-

ʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʪʨʝʪʴʝʡ ʠʪʝʨʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 40 ɻɻʮ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʝʧʪʘʥʝ (Ů=1.,97 ʥʘ ʯʘʩʪʦʪʝ 10 ɻɻʮ), ʵʪʘʥʦʣʝ (Ů=8.9 ʥʘ ʯʘʩʪʦʪʝ 10 ɻɻʮ) 

ʠ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʝʢʪʦʨʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʮʝʧʝʡ 

(VNA) Anritsu, ʪʨʘʢʪ ʂ ʪʠʧʘ ʩ ʚʦʣʥʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 50 ʆʤ. 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     10 

 
ʈʠʩ.2.ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ S11 ʬʨʘʢʪʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 1-40 ɻɻʮ: ʘ) ʚ 

ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʙ) ʚ ʛʝʧʪʘʥʝ; ʚ) ʚ ʵʪʘʥʦʣʝ; ʛ) ʚ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʨʘʢʪʘʣʴʥʳʭ ʘʥʪʝʥʥ, ʀʟʛʦʪʦʚ-

ʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʬʨʘʢʪʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʠ çʪʨʝ-

ʫʛʦʣʴʥʠʢ ʉʝʨʧʠʥʩʢʦʛʦè ʉɺʏ ʜʠʘʧʘʟʦʥʘ. ʇʦʣʫʯʝʥʘ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʬʨʘʢʪʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʪʨʝʪʴʝʡ ʠʪʝʨʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 1é40 

ɻɻʮ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʝʧʪʘʥʝ, ʵʪʘʥʦʣʝ ʠ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ɻʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ ʠ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠ-

ʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʛʨʘʥʪ ʄʂ-1587.2022.4). 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʉʆʂʆʕʅʊʈʆʇʀʁʅʆɻʆ ʉʇʃɸɺɸ AlCrFeCoNiCu 

ʄ.ʇ. ɸʣʸʰʠʥ, ɼ.ʅ. ɹʫʭʘʨʦʚ, ʉ.ʄ. ɸʨʘʢʝʣʷʥ 
ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ɻ. ʠ ʅ.ɻ. ʉʪʦʣʝʪʦʚʳʭ 

E-mail: maksss08.09@mail.ru 

 

ɺʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʩʧʣʘʚʳ (ɺʕʉ) ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʫ-

ʩʣʦʚʝʥʥʳʤʠ ʨʘʟʤʝʨʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʧʨʦʷʚʣʷʶʱʠʤʠʩʷ ʚʩʣʝʜʩʪʚʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ɺʕʉ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʝʥʜʨʠʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ [1]. 

ʊʘʢ ʥʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥ ʦʙʨʘʟʝʮ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ ʣʠʪʦʛʦ ʩʧʣʘʚʘ 

AlCrFeCoNiCu, ʵʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʦ ʜʝʥʜʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ [2]. ʅʘ ʨʠʩ. 1ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢ-

ʪʫʨʘ ʜʝʥʜʨʠʪʘ ʩ ʚʩʪʘʚʢʘʤʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʦʛʨʘʤʤ,r ʘ ʥʘ ʨʠʩ. 1 ʙ ï ʩʭʝʤʘ ʨʘʩʰʠʬ-

ʨʦʚʢʠ. ɺ ʨʘʩʤʘʪʨʠʚʘʝʤʳʭ ʜʝʥʜʨʠʪʘʭ (ʨʠʩ.1ʘ) ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʥʘʥʦʦʙʲʝʢʪʳ ʨʘʟʣʠʯ-

ʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ: ʢʫʙʦʠʜʥʳʭ (ʩ ʨʘʟʤʝʨʦʤ 0.3-1.0 ʤʢʤ), ʧʣʘʩʪʠʥʯʘʪʳʭ (B, D) 

(ʜʣʠʥʦʡ 500-600 ʥʤ) ʠ ʩʬʝʨʠʯʝʩʢʠʭ çʩʪʨʦʯʝʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭè (A,C) (ʩ ʨʘʟʤʝ-

ʨʘʤʠ 10-30 ʥʤ). ʅʘ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʝ ʥʘʨ̫ʜʫ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʨʝʬʣʝʢʩʘʤʠ ʥʘʙʣʶ-

ʜʘʣʠʩʴ ʷʨʢʠʝ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʨʝʬʣʝʢʩʳ, ʘ ʪʘʢʞʝ ʜʠʬʬʫʟʥʦʝ ʨʘʩʩʝʷʥʠʝ ʚ ʚʠʜʝ ʪʷ-

ʞʝʡ ʠ ʩʘʪʝʣʣʠʪʦʚ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʚʙʣʠʟʠ ʥʠʭ, ʪʝʤ ʩʘʤʳʤ ʜʦʢʘʟʳʚʘʷ ʥʘʣʠ-

ʯʠʝ ʚ ʧʣʘʩʪʠʥʘʭ ʘʪʦʤʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩʢʦʧʣʝʥʠʡ ʚ ʚʠʜʝ ʩʣʦʝʚ, ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥʘʤ ɺʠʜʤʘʰʪʝʪʪʘ. 

 

 
ʈʠʩ. 1. (ʘ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʜʝʥʜʨʠʜʘ ʠ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘ: (B, D) -  ʧʣʘʩʪʠʥʯʘʪʳʝ, (A,C) ï  

ʩʬʝʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ (ʙ) ʉʭʝʤʘ ʨʘʩʰʠʬʨʦʚʢʠ 

 

ʅʘ ʨʠʩ.1ʘ ʚʳʜʝʣʝʥʳ ʪʝʤʥʳʝ ʦʜʥʦʨʦʜʥʳʝ ʦʙʣʘʩʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʦʩʥʳʝ ʥʘ-

ʥʦʯʘʩʪʠʮʳ (D). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʦʛʘʱʝʥʥʘ Cu ʜʦ 

85 ʘʪ. %, Ni ʠ Al ʜʦ 5 ʘʪ. %, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʦʩʪʘʣʴʥʳʝ ʪʨʠ ʵʣʝʤʝʥʪ ï Fe, Co, Cr ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʤʝʥʝʝ 5 ʘʪ. %. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʨʷʜʦʤ ʙʦʣʝʝ ʩʚʝʪʣʳʝ 

ʦʙʣʘʩʪʠ (B) ʦʙʦʛʘʱʝʥʳ Cr ʜʦ 43 ʘʪ. %, Fe ʜʦ 30 ʘʪ. % ʠ Co (ʜʦ 20 ʘʪ. % ʠ ʚʢʣʶʯʘʶʪ 

ʥʝ ʙʦʣʝʝ 5 ʠ 2 ʘʪ. % Ni ʠ Al, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʩʫʪʩʪʚʠʠ Cu [2]. 

ʅʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʥʜʨʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʭʨʥʦʩʪʠ ɺʕʉ ʦʢʘʟʳ-

ʚʘʶʪ ʪ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʵʥʪʘʣʴʧʠʷ ʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʨʘʩ-

ʧʣʘʚʘ[3]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴ-

ʪʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʦʝ ʠʩʩʩʣʝʜʦʚʘʥʠʝ ʫʜʦʙʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʧʧʘʨʘʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     12 

ʜʝʥʜʨʠʪʘ ʣʠʪʦʛʦ ʩʧʣʘʚʘ ʧʨʠʤʝʥʠʤʘ ʤʦʜʝʣʴ ʜʠʬʬʫʟʠʦʥʥʦ-ʦʛʨʘʥʠʯʝʥʥʦʡ ʘʛʨʝʛʘʮʠʠ 

(DLA), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʘʢʪʦʨʳ ʯʝʨʝʟ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠ-

ʣʠʧʘʥʠʷ ʠʟ (0;1), ʦʧʨʝʜʝʣʷʝʤʫʶ ʥʘ ʦʩʥʦʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʨʘʩʧʣʘʚʘ [4]. 

ɺ ʨʘʤʢʘʭ ʫʢʘʟʘʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʫʨʢʪʫʨʳ 

ʜʝʥʜʨʠʪʦʚ ɺʕʉ. ʊʘʢ ʥʘ ʨʠʩ 2. ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʜʝʥʜʨʠʪʦʚ ʜʣʷ ʦʙʣʘʩʪʝʡ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ Cu ʚ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʣʠʧʘʥʠʷ, ʨʘʚʥʦʡ 0.5. ʊʘʢʘʷ ʝʝ ʚʝʣʠʯʠʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʜʝʥʜʨʠʪʦʚ. 

 

 
 

ʈʠʩ. 2. DLA ʤʦʜʝʣʴ: ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʚʠʜʳ ʯʘʩʪʠʮ.  

 

ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʚʦʠʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʠʤʘ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʝʥʜʨʠʪʥʳʭ ʦʙʲ-

ʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʕʉ. 
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ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ CdSe/ZnS (ʂʊ) ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʦʣʥʝʯʥʳʭ ʙʘ-

ʪʘʨʝʡ [1]. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʦʥʢʠʭ ʩʣʦʝʚ ʂʊ (ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʝʜʠʥʠʯ-

ʥʳʭ ʩʣʦʷʭ ʠʣʠ ʤʦʥʦʩʣʦʷʭ) ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ 

ʠʭ ʚ ʩʣʦʝ ʠ ʩʧʣʦʰʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 

ɾʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ (ɾʂ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʧʨʠʟʥʘʢʠ ʢʨʠʩʪʘʣʣʘ (ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ) ʠ, ʚʤʝʩʪʝ ʩ ʪʝʤ, 

ʷʚʣʷʶʪʩʷ ʞʠʜʢʦʩʪʴʶ [2]. ʇʨʠ ʚʘʨʠʘʮʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʤʦʣʝʢʫʣʳ ɾʂ ʩʧʦʩʦʙʥʳ ʤʝʥʷʪʴ ʩʚʦʶ ʦʨʠʝʥʪʘʮʠʶ ʠ 

ʥʘʭʦʜʠʪʴ ʥʦʚʳʝ ʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʜʚʘ ʬʘʢʪʦʨʘ: 

ʦʩʦʙʝʥʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣ ɾʂ ʠ ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʚʩʪʨʦʝʥʥʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. ɼʣʷ ʪʝʨʤʦʪʨʦʧʥʳʭ ɾʂ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʤʝʥʫ ʬʘʟʦʚʳʭ ʩʦ-

ʩʪʦʷʥʠʡ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣ. 

ɺʢʣʶʯʝʥʠʝ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʳ ʂʊ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʫʧʦ-

ʨʷʜʦʯʝʥʥʦʩʪʴʶ ʂʊ ʚ 1D-, 2D- ʠʣʠ 3D-ʩʪʨʫʢʪʫʨʘʭ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʤʦʣʝʢʫʣʳ ɾʂ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʧʨʘʚʣʷʪʴ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ 

ʧʣʘʚʘʶʱʝʤ ʤʦʥʦʩʣʦʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʬʘʟ ʠʟ ʨʘʩʪʚʦʨʘ 

ʂʊ, ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ï ʤʦʥʦʩʣʦʝ ʃʝʥʛʤʶʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʙ-

ʬʘʟʳ ʧʣʘʚʘʶʱʠʭ ʤʦʥʦʩʣʦʝʚ ʩʤʝʩʝʡ ʂʊ:ɾʂ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ. ʄʝʪʦʜʘʤʠ 

ɸʉʄ ʠ ʉʊʄ ʠʩʩʣʝʜʦʚʘʥ ʨʝʣʴʝʬ ʤʦʥʦʩʣʦʝʚ ʂʊ:ɾʂ, ʧʝʨʝʥʝʩʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦʜ ʤʘʣʳʤ ʫʛʣʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʳ (ʤʝʪʦʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʣʠʬʪʘ ï ʃʝʥʛʤʶʨʘ-ʐʝʬʬʝʨʘ). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʄʉ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ (ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ) ʦʪ ʧʣʦʱʘʜʠ, ʟʘʥʠʤʘʝʤʦʡ ʤʦʥʦ-

ʩʣʦʝʤ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʬʘʟʦʚʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʥʝ ʪʦʣʴʢʦ ʚ ʤʦʥʦʩʣʦʷʭ 

ʃʝʥʛʤʶʨʘ, ʥʦ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʜʚʫʤʝʨʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʂʊ, ʩʬʦʨʤʠ-

ʨʦʚʘʥʥʳʭ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʞʠʜʢʦʩʪʴ-ʛʘʟ [3]. 

ʅʘ ʠʟʦʪʝʨʤʘʭ ʩʞʘʪʠʷ ʤʦʥʦʩʣʦʷ ʩʤʝʩʠ ɾʂ ʠ ʂʊ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 

ʧʣʘʪʦ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 5 ʤʅ/ʤ ï ʫʯʘʩʪʢʘ ʧʝʨʝʩʪʨʦʡʢʠ ʤʦʥʦ-

ʩʣʦʷ ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣ ʚ ʪʨʝʭʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʥʦʡ ʜʦʣʠ 

ʂʊ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʧʣʦʪʴ ʜʦ 41 ᴈ ʧʣʘʪʦ ʧʦʩʪʝ-

ʧʝʥʥʦ ʠʩʯʝʟʘʣʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʄʉ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʥʦʩ ʤʦʥʦʩʣʦʝʚ ʩʤʝʩʝʡ ʂʊ:ɾʂ ʥʘ 

ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ ʤʝʪʦʜ ʃʝʥʛʤʶʨʘ-ʐʝʬʬʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʛʠʜʨʦʬʠʣʴʥʘʷ ʧʦʜʣʦʞʢʘ 
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                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     14 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ ʧʦʜʥʠʤʘʝʪʩʷ ʠʟ ʚʦʜʳ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʠʙʦʣʝʝ 

ʦʜʥʦʨʦʜʥʳʝ ʧʣʝʥʢʠ ʥʘ ʨʘʙʦʯʝʡ (ʚʝʨʭʥʝʡ ʚ ʤʦʤʝʥʪ ʧʝʨʝʥʦʩʘ) ʩʪʦʨʦʥʝ ʧʦʜʣʦʞʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʠʘʮʠʷ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʂʊ: ɾʂ ʚ ʩʤʝʩʠ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʙʬʘʟʳ ʠ ʩʧʦʩʦʙ ʧʝʨʝʥʦʩʘ ʤʦʥʦʩʣʦʝʚ, ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʄʉ 

ʥʘ ʚʦʜʥʦʡ ʩʫʙʬʘʟʝ ʠ ʧʦʣʫʯʠʪʴ ʧʣʝʥʢʠ ʥʘ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʝ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʫʧʘʢʦʚʢʠ ʠ ʩʧʣʦʰʥʦʩʪʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 21-73-20057) ʠ ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʪʘʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ 

ʩʨʝʜʳ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʥʝ ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʫ ʦʙʳʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ. ʉʨʝʜʠ ʤʝ-

ʪʘʤʘʪʝʨʠʘʣʦʚ ʦʩʦʙʳʡ ʢʣʘʩʩ ʩʦʩʪʘʚʣʷʶʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, çʣʝʚʳʝè ʩʨʝʜʳ, ʫ ʢʦʪʦʨʳʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ Ů ʠ ʤʘʛʥʠʪʥʘʷ ɛ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʝ ʟʥʘʯʝʥʠʷ [1]. ɺ ʣʝʚʦʡ ʩʨʝʜʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʙʨʘʪʥʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʚʦʣʥʘ (ʕʄɺ), ʚʝʢʪʦʨʘ ʬʘʟʦʚʦʡ ʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʝʡ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʣʝʚʳʝ ʩʨʝʜʳ, ʫʧʨʘʚʣʷʝʤʳʝ 

ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʠʟ ʤʘʪʨʠʮʳ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʛʦ (ɛ -ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ) ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, ʬʝʨʨʦ- ʠʣʠ ʘʥ-

ʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘ, ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʪʦʥʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʚʦʣʦ-

ʯʝʢ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ Ůeff [2, 3]. ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ 

ʨʘʙʦʪ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ (ʌʄ) ʤʝʪʘʤʘʪʝʨʠʘʣ ʩʦ ʩʚʦʡ-

ʩʪʚʘʤʠ ʣʝʚʦʡ ʩʨʝʜʳ, ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [2], ʛʜʝ ʚ ʌʄ ʩʨʝʜʫ ʙʳʣʘ ʚʥʝʜʨʝʥʘ ʧʝʨʠʦʜʠ-

ʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ ʪʦʥʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʚʦʣʦʯʝʢ, ʦʢʨʫʞʝʥʥʳʭ ʠʟʦʣʷʪʦʨʘʤʠ. 

ɿʜʝʩʴ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ Ůeff ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʠʦʜʠ-

ʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʨʠʮʳ. ʆʜʥʘʢʦ, 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɼʍ) ʦʙʨʘʪʥʳʭ ʕʄɺ ʚ 

ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʌʄ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ MaxLLG, ʨʘʩʯʝʪ ɼʍ 

ʕʄɺ ʠ ʩʨʘʚʥʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. 

ɺ [4] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥ-ʥʳʭ 

ʩʨʝʜ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʩʦʯʝʪʘʥʠʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʢ ʫʨʘʚʥʝʥʠʷʤ ʄʘʢʩʚʝʣʣʘ, ʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʃʘʥʜʘʫ-ʃʠʬʰʠʮʘ-ɻʠʣʙʝʨʪʘ ʜʣʷ ʨʘʩʯʸʪʘ ʚʝʣʠʯʠʥʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛ-

ʥʠʯʝʥʥʦʩʪʠ ὓᴆ ʚ ʦʙʨʘʟʮʝ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʣʸʛ ʚ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʧʘʢʝʪʘ MaxLLG, ʢʦʪʦʨʳʡ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʘʣʝʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʘ ʕʄɺ ʚ ʌʄ ʤʝ-

ʪʘʤʘʪʝʨʠʘʣʝ. 

ʉʝʪʢʘ ʩʪʨʫʢʪʫʨʳ ʧʦʩʪʨʦʝʥʘ ʚʨʫʯʥʫʶ ʩ ʧʦʤʦʱʴʶ FreeCad (ʈʠʩ.1a), ʛʜʝ ʨʘʟʤʝʨʳ 

ʟʘʜʘʶʪʩʷ ʚ ʧʠʢʩʝʣʷʭ (px). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ (ʷʯʝʝʢ) ʦʧʨʝʜʝʣʷʝʪ 

ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ, ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʤʝʨʳ ʷʯʝʝʢ ʧʦ ʢʘʞʜʦʤʫ ʠʟ 

ʪʨʸʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʟʘʜʘʥʠʷ ʦʙʨʘʟʮʫ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. ʊʘʢ 

ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʜʣʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʌʄ ʤʝʪʘʤʘʪʝʨʠʘʣʘ, ʪʦ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦ ʚʩʝʤ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʷʚʣʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ. ɺʦʟ-

ʙʫʞʜʝʥʠʝ ʩʨʝʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ ʩʝ-

ʯʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʩʝʨʝʜʠʥʝ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʠ OY. ʇʨʦʩʪʨʘʥʩʪʚʦ, ʦʪʜʝʣʷ-

ʶʱʝʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʨʞʥʠ ʦʪ ʌʄ ʤʘʪʨʠʮʳ, ʟʘʧʦʣʥʝʥʦ ʚʘʢʫʫʤʦʤ. 
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ʅʘ ʨʠʩ.1b-c ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʩʧʝʢʪʨʦʚ ʕʄɺ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ 

ʌʄ ʩʨʝʜʳ (ʈʠʩ.1b) ʠ ʌʄ ʤʝʪʘʤʘʪʝʨʠʘʣʘ (ʈʠʩ.1c). ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʟʜʝʩʴ ʞʝ ʧʨʠʚʝ-

ʜʝʥʳ ɼʍ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [2]. ɺʠʜʥʦ, ʯʪʦ ʚ ʦʜʥʦʨʦʜʥʦʤ ʬʝʨ-

ʨʠʪʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʷʤʳʝ ʤʝʜʣʝʥʥʘʷ ʠ ʙʳʩʪʨʘʷ ʕʄɺ. ʋ ʤʝʜʣʝʥʥʦʡ ʕʄɺ ʯʘʩʪʦʪʘ 

ʦʪʩʝʯʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʧʨʝʜʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʌʄ ʨʝʟʦʥʘʥʩʘ Ὢ. ʇʨʠ 
ʥʘʣʠʯʠʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʈʠʩ.1c) ʧʦʷʚʣʷʝʪʩʷ ʤʝʜʣʝʥʥʘʷ ʦʙʨʘʪʥʘʷ ʕʄɺ ʚ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ æf å 1.2 ɻɻʮ, ʛʜʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʷʚʣʷ-

ʶʪʩʷ ʜʚʘʞʜʳ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. ʆʙʝ ʤʝʜʣʝʥʥʳʝ (ʧʨʷʤʘʷ ʠ ʦʙʨʘʪʥʘʷ) ʕʄɺ ʦʙʣʘʜʘʶʪ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦʪʘʤʠ ʦʪʩʝʯʢʠ, ʘ ʥʘ ʠʭ ɼʍ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʨʳʚʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʙʨʝʛʛʦʚʩʢʠʤʠ ʨʝʟʦʥʘʥʩʘʤʠ. ɼʍ ʤʝʜʣʝʥʥʳʭ ʕʄɺ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʢʘʯʝʩʪʚʝʥʥʦ ʩʭʦʞʠ ʩ ʯʠʩʣʝʥʥʳʤʠ ʢʨʠʚʳʤʠ, ʥʦ ʥʝ ʩʦʜʝʨʞʘʪ ʙʨʝʛʛʦʚʩʢʠʭ 

ʨʝʟʦʥʘʥʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ MaxLLG ʜʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʌʄ ʤʝʪʘʤʘʪʝʨʠʘʣʘ. 

 

 (a) 

ʈʠʩ. 1. (a) ð ʀʟʦʙʨʘʞʝʥʠʝ 3D ʤʦʜʝʣʠ ʌʄ ʤʝʪʘʤʘʪʝʨʠʘʣʘ. (b-c) - ɼʍ ʤʝʜʣʝʥʥʳʭ ʠ ʙʳʩʪʨʦʡ 

ʕʄɺ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʙʝʟʛʨʘʥʠʯʥʦʤ ʧʦʧʝʨʝʯʥʦ ʥʘʤʘʛʥʠʯʝʥʥʦʤ ʦʜʥʦʨʦʜʥʦʤ ʬʝʨʨʠʪʝ (b) ʠ 

ʌʄ ʤʝʪʘʤʘʪʝʨʠʘʣʝ (c). ʉʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ɼʍ ʕʄɺ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʜʣʷ H0=238.74 ʢɸ/ʤ, 

4ˊM0=0.178 T,Ůr=13,r1 = 150 ʤʢʤ, r2 = 300 ʤʢʤ, a = 2 ʤʤ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ (ʧʨʦʝʢʪ ̄  

19-79-20121). 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ (ʕʄɺ) ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʠ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʨʠʢʣʘʜʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʠ-

ʙʦʨʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʕʄɺ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ [1-4]. ɺʩʣʝʜ-

ʩʪʚʠʝ ʵʪʦʛʦ ʧʦʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʕʄɺ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʡ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ 

(FDTD). ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʂ. ʁʠ ʚ 1966 ʛʦʜʫ [5] ʠ ʜʦ ʩʠʭ ʧʦʨ ʫʣʫʯʰʘ-

ʝʪʩʷ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʥʫʞʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʉʫʱʝʩʪʚʫʶʪ ʢʘʢ ʢʦʤʤʝʨʯʝʩʢʠʝ, ʪʘʢ 

ʠ ʩʚʦʙʦʜʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯ-

ʥʳʝ ʦʧʮʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʠ ʚʳʯʠʩʣʝʥʠʷ FDTD. ʊʘʢʠʝ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʝ ʧʘʢʝʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘ ʙʦʣʴʰʠʭ ʨʘʟʥʦʩʪʥʳʭ ʩʝʪʢʘʭ ʩ ʪʨʝʙʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ. ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʤʝʪʦʜʘ FDTD ʷʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʩʝʪʦʢ 

ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʥʘ ʧʦʣʰʘʛʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʰʠʙʢʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʠʩʢʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʚʦʣʥʦʚʦʜ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʯʠʩ-

ʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʕʄɺ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ OpenEMS [6], 

ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʤʝʪʦʜ FDTD, ʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ OpenEMS ʠʩʧʦʣʴʟʦ-

ʚʘʣʩʷ ʩʢʨʠʧʪʦʚʳʡ ʷʟʳʢ Octave. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳ ʧʨʷʤʦʫʛʦʣʴʥʦʤʫ 

ʚʦʣʥʦʚʦʜʫ WR-90 ʩʝʯʝʥʠʝʤ 22,86Ĭ10,16 ʤʤ2 ʠ ʜʣʠʥʦʡ 300 ʤʤ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 7 

õ 13 ɻɻʮ. ɺ ʩʝʨʝʜʠʥʫ ʚʦʣʥʦʚʦʜʘ ʧʦʤʝʱʘʝʪʩʷ ʤʘʪʝʨʠʘʣ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʠʡ 

ʩʝʯʝʥʠʝ ʚʦʣʥʦʚʦʜʘ ʠ ʠʤʝʶʱʠʡ ʜʣʠʥʫ 30 ʤʤ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʠ Ů.  

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʘʚʥʦʤʝʨʥʘʷ ʩʝʪʢʘ ʩ ʰʘʛʦʤ h ʦʪ 1 ʤʤ ʜʦ 

0,2 ʤʤ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʯʘ-

ʩʪʦʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʰʘʛʘʭ ʩʝʪʢʠ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʩ Ů = 2,5. ʅʘ ʨʠʩʫʥʢʝ 1 ʩʣʝʚʘ ʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʰʘʛʘ ʩʝʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʤʠʥʠʤʫʤʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʪʨʘʞʝʥʠʷ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ OpenEMS ʩ 

CST Studio. ɺ CST Studio ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ Time Doman Solver, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (FIT). ʄʝʪʦʜ FIT, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ɺʝʡʣʘʥʜʦʤ [7] ʚ 1977 ʛ., ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʦʙʱʝʥʠʝ ʤʝʪʦʜʘ FDTD. ɺ CST 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     18 

Studio ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʩʝʪʢʠ ʩ ʫʯʝʪʦʤ ʛʝʦ-

ʤʝʪʨʠʠ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʨʫʯʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʢʨʝʪʠ-

ʟʘʮʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʤʠʥʠʤʫʤʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ. ʅʘ ʨʠ-

ʩʫʥʢʝ 1 ʩʧʨʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ OpenEMS ʠ SCT 

Studio. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʤʘʪʝʨʠʘʣʘ (Ů = 2,5): ʩʣʝʚʘ ï ʨʝʟʫʣʴ-

ʪʘʪʳ OpenEMS ʧʨʠ h ʦʪ 1 ʤʤ ʜʦ 0,2 ʤʤ; ʩʧʨʘʚʘ ï ʩʨʘʚʥʝʥʠʝ OpenEMS ʧʨʠ h = 0,2 ʤʤ ʠ SCT 

Studio ʩ ʥʘʩʪʨʦʡʢʦʡ ʩʝʪʢʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʤʝʱʝʥʠʷ ʤʠʥʠʤʫʤʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ 

ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴ-

ʥʳʡ ʰʘʛ h ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʤ 

ʩʤʝʱʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʝ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʰʘʛʘ ʩʝʪʢʠ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦ-

ʤʝʪʨʠʠ ʚʦʟʨʘʩʪʘʝʪ, ʦʜʥʘʢʦ ʚʦʟʨʘʩʪʘʝʪ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʊʘʙʣʠʮʘ 1 ï ʏʘʩʪʦʪʳ ʤʠʥʠʤʫʤʦʚ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʠ ʠʭ ʘʙʩʦʣʶʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

Ů 
ʅʦʤʝʨ ʤʠ-

ʥʠʤʫʤʘ 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝ-

ʥʠʝ f, ɻɻʮ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝ-

ʥʠʝ f, ɻɻʮ 

ʆʪʢʣʦʥʝʥʠʝ f, 

ɻɻʮ 

ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʰʘʛ, ʤʤ 

2,5 
1 7,56 7,74 0,18 

0,6 
2 10,46 10,73 0,27 

5 

1 7,21 7,33 0,12 

0,5 2 9,25 9,46 0,21 

3 11,35 11,56 0,21 

10 

1 8,16 8,34 0,18 

0,4 
2 9,54 9,75 0,21 

3 11,30 11,59 0,29 

4 12,56 12,72 0,16 
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ʕʣʝʢʪʨʦʧʣʘʟʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʤ-

ʧʣʘʥʪʘʪʦʚ. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʵʣʝʢʪʨʦʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ 

ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʧʦʢʨʳʪʠʡ ʧʦʨʦʰʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʘʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʚʥʫʪʨʠʢʦʩʪʥʦʡ ʯʘʩʪʠ 

ʠʤʧʣʘʥʪʘʪʘ ʠʩʧʦʣʴʟʫʶʪ ʪʠʪʘʥ [1]. ɹʠʦʩʦʚʤʝʩʪʠʤʦʝ ʧʣʘʟʤʝʥʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʪʠʪʘʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʦʩʪʝʦʠʥʪʝʛʨʘʮʠʶ, ʪʦ ʝʩʪʴ ʧʨʦʨʘʩʪʘʥʠʷ ʢʦʩʪʥʦʡ 

ʪʢʘʥʠ ʚ ʠʤʧʣʘʥʪʘʪ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʬʠʙʨʦʟʥʦʡ ʧʨʦʩʣʦʡʢʠ, ʧʨʠ ʵʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤ-

ʧʣʘʥʪʘʪʘ ʧʨʠʦʙʨʝʪʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʤʦʨʬʦʣʦʛʠʶ ʠ ʫʣʫʯʰʝʥʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʘ ʩʣʝʜʫʶʱʠʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʚʦʟʜʫʰʥʦ-ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʪʨʘʚʣʝʥʠʝ ʠ ʦʢʩʠʜʠʨʦ-

ʚʘʥʠʝ ʥʝ ʧʨʠʜʘʝʪ ʠʤʧʣʘʥʪʘʪʫ ʙʠʦʘʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʥʘ ʠʤʧʣʘʥʪʘʪ ʙʠʦʘʢʪʠʚʥʳʭ ʧʦʢʨʳʪʠʡ, ʘ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʧʦ-

ʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝ-

ʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʧʦʢʨʳʪʠʡ [2, 3]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʦʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʚʣʠʷʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ Ag-ɻɸ ʧʦʨʦʰʢʘ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʧʣʘʟʤʝʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʜʛʦʪʦʚʣʝʥʦ 6 ʦʙʨʘʟʮʦʚ ʠʟ 

ʪʠʪʘʥʘ ʤʘʨʢʠ ɺʊ1-00 (ɻʆʉʊ 19807-74) ʨʘʟʤʝʨʘʤʠ 25ʭ10ʭ4ʤʤ. ʊʠʪʘʥʦʚʳʝ ʧʣʘʩʪʠʥʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʘʙʨʘʟʠʚʥʦ-ʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʝ ʥʘ ʘʧʧʘʨʘʪʝ çʏʘʡʢʘ-20è ʧʦʨʦʰʢʦʤ 

ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ɹʝʣʵʢʪ ˉ 25 (ʊʋ 9391-094-45814830-2003), ʜʠʩʧʝʨʩʥʦʩʪʴʶ 200-

300 ʤʢʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ ʜʘʚʣʝʥʠʠ 4Ñ0,5 ʄʇʘ ʆʯʠʩʪʢʘ ʦʙʨʘʟʮʦʚ ʦʪ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʇɸɺ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʳ çʋɿʋʄʀ-2è (ʆʆʆ çʊʈʀʄɸè, ʉʘʨʘʪʦʚ). ʆʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʩʝʨʝʙʨʦ-ʟʘʤʝʱʝʥʥʳʤ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʦʤ 

(Ag-ɻɸ) ʧʦʢʨʳʪʠʝʤ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʵʣʝʢʪʨʦʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 

ʋʇʅ-28 (ʆʆʆ ʅʇʆ çʈɽʄʇʃɸɿʄɸè, ʄʦʩʢʚʘ). ʅʘʧʳʣʝʥʠʝ Ag-ɻɸ ʧʨʦʭʦʜʠʣʦ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʘʭ: ʩʠʣʘ ʪʦʢʘ ʵʣʝʢʪʨʦʧʣʘʟʤʝʥʥʦʡ ʜʫʛʠ - 350ɸ; ʥʘʧʨʷʞʝʥʠʝ ʵʣʝʢ-

ʪʨʦʧʣʘʟʤʝʥʥʦʡ ʜʫʛʠ - 30ɺ; ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʣʘʟʤʦʪʨʦʥʘ ʜʦ ʦʙʨʘʟʮʦʚ -150 ʤʤ; ʜʠʩ-

ʧʝʨʩʥʦʩʪʴ ʧʦʨʦʰʢʘ Ag-ɻɸ - 40, 70, 90 ʤʢʤ. 

ʀʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3ʄ (ɸʆ çʃʆʄʆè, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). ʅʘʛʨʫʟʢʘ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʟʘʜʘʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʛʨʫʟʦʚ ʩ ʤʘʩʩʦʡ 

50 ʛ. ʅʘʛʨʫʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 10 ʩ ʠ ʜʝʡʩʪʚʦʚʘʣʦ ʥʘ ʠʟʤʝʨʷʝʤʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ 15 ʩ. ʀʟʤʝʨʝʥʠʷ ʪʚʸʨʜʦʩʪʠ ʚʳʧʦʣʥʝʥʳ ʧʦ ʤʝʪʦʜʫ ɹʨʠʥʝʣʣʶ 
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(ɻʆʉʊ ʈ ʀʉʆ 6507-1: 2007). ʀʟʤʝʨʝʥʠʝ ʧʦʚʪʦʨʷʣʠ 5 ʨʘʟ ʠ ʚʳʚʦʜʠʣʠ ʩʨʝʜʥʝʝ ʟʥʘ-

ʯʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʩʧʝʨʩʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʈʝʞʠʤ 1 2 3 4 5 ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦ 

ɹʨʠʥʝʣʣʶ, HB 

ȹ = 90 ʤʢʤ 188 186 187 185 188 187 

ȹ = 70 ʤʢʤ 192 191 192 191 193 192 

ȹ = 40 ʤʢʤ 305 303 306 309 308 301 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, 

ʯʪʦ ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʦʨʦʰʢʘ 

Ag-ɻɸ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʊʘʢ, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʧʦʜ-

ʚʝʨʛʥʫʪʳʭ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ ʜʠʩʧʝʨʩʥʦʩʪʠ 40 ʤʢʤ, ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʪʚʝʨʜʦʩʪʴ, ʩʨʝʜʠ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʦʡ 301 ʅɺ ʧʦ ɹʨʠʥʝʣʣʶ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʢʨʳʪʠʝ Ag-ɻɸ, ʥʘʥʝʩʝʥʥʦʛʦ ʧʨʠ ʨʘʟ-

ʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʦʨʦʰʢʘ ȹ = 40-90 ʤʢʤ. 
 

   
ʘ ʙ ʚ 

ʈʠʩ.1. ʇʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʧʦʨʦʰʢʘ Ag-ɻɸ ʧʨʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ɼ = 90 ʤʢʤ (ʘ), ɼ = 70 ʤʢʤ (ʙ), 

ɼ = 40 ʤʢʤ (ʧʦʣʝ ʟʨʝʥʠʷ 510ʤʢʤ) 

ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʦʨʦʰʢʘ 90 ʠ 40 

ʤʢʤ ʥʘʧʳʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ, ʧʦʢʨʳʪʠʝ ʧʣʦʪʥʦʝ, ʫʯʘʩʪʢʠ ʪʠʪʘʥʦʚʦʡ 

ʧʦʜʣʦʞʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʤʝʪʥʳ, ʧʨʠ ʵʪʦʤ ʦʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 48-

49%. ʊʘʢʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʤʝʜʠʮʠʥ-

ʩʢʦʛʦ ʠʤʧʣʘʥʪʘʪʘ ʪʝʤ ʩʘʤʳʤ ʫʣʫʯʰʘʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʦʢʨʳʪʠʷ. 
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ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʭʘʦʩ - ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʩ ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʠʧʦʚ ʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʪ.ʢ. ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʛʨʫʙʦʩʪʠ [1]. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝ-

ʤʝʥʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʭʘʦʩ ʙʳʣ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʘʙʩʪʨʘʢʮʠʝʡ, ʥʦ ʙʳʣʠ ʧʨʝʜʣʦ-

ʞʝʥʳ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʭʘʦʩʘ [2-3]. ɺ ʨʘʙʦʪʘʭ [4-5] 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʮʝʣʦʝ ʩʝʤʝʡʩʪʚʦ ʤʦʜʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʭʘʦʩ ʨʦʞ-

ʜʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʬʫʨʢʘʮʠʠ, ʘʩʩʦʮʠʠʨʫʶʱʝʡʩʷ ʩ ʢʘʪʘʩʪʨʦʬʦʡ ʛʦʣʫʙʦʛʦ ʥʝʙʘ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʧʨʠ ʘʥʘʣʠʟʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʥʘ ʛʠʧʝʨʙʦʣʠʯʥʦʩʪʴ. 

ʇʨʦʚʝʨʢʫ ʥʘ ʛʠʧʝʨʙʦʣʠʯʥʦʩʪʴ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʘ ʫʛʣʦʚ ʢʦʚʘ-

ʨʠʘʥʪʥʳʭ ʚʝʢʪʦʨʦʚ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʚʨʝʤʝʥʥʦʤʫ 

ʨʷʜʫ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʣʠ ʚ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʧʝʨʙʦʣʠʯʥʦʩʪʠ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʭʘʨʘʢʪʝʨʥʫʶ ʬʦʨʤʫ ʦʪʦʙʨʘʞʝʥʠʷ ʬʘʟ ʦʩʮʠʣʣʷʪʦʨʘ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʳ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʬʘʟ ʜʣʷ ʩʠʩʪʝʤʳ ʩ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤ 

ʭʘʦʩʦʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺ ʨʘʙʦʪʘʭ [4-5] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʘʙʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʚʦʟ-

ʤʦʞʝʥ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʭʘʦʩ ʠʣʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠ-

ʬʫʨʢʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʘʪʘʩʪʨʦʬʦʡ ʛʦʣʫʙʦʛʦ ʥʝʙʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤ ʦʜʥʫ ʠʟ ʵʪʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ 

ʭʘʦʩ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʪʘʩʪʨʦʬʳ ʛʦʣʫʙʦʛʦ ʥʝʙʘ: 

ὼ ‫ώ ρ ὼ ώ ὼ ώ ὼ ςὼώ ώ ὼ ‐ὼώ, 

ώ ‫ὼ ρ ὼ ώ ὼ ώ ὼ ςὼώ ώ ώ,  (1) 

ὼ ‫ώ ρ ὼ ώ ‘ ὼ ώ ὼ ςὼώ ώ ὼ ‐ὼ, 

ώ ‫ὼ ρ ὼ ώ ‘ ὼ ώ ὼ ςὼώ ώ ώ, 

ʛʜʝ x1, y1, x2, y2 ï ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʤʥʠʤʦʡ ʠ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʡ ʯʘʩʪʷʤʠ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ a1 = x1+iy1, a2 = x2+iy2. ɺ ʨʘʙʦʪʝ [6] ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʤʦʜʝʣʠ, Ů ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʧʦʜʩʠ-

ʩʪʝʤ, ɤ0 ï ʦʩʥʦʚʥʘʷ ʯʘʩʪʦʪʘ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʠ ʧʘʨʘʤʝʪʨ Õ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʧʝʨʝʭʦʜ 

ʯʝʨʝʟ ʙʠʬʫʨʢʘʮʠʶ ʢʘʪʘʩʪʨʦʬʳ ʛʦʣʫʙʦʛʦ ʥʝʙʘ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʤʦʜʝʣʠ (1) ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ 

ʬʘʟ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʝʨʙʦʣʠʯʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʳʭ ʨʝʞʠʤʦʚ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝ-



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     22 

ʪʦʜ ʦʪʦʙʨʘʞʝʥʠʷ ʬʘʟ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʤʳ ʨʝʰʘʝʤ ʩʠ-

ʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ, ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʩʯʠʪʘʥ-

ʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʜʝʣʘʝʤ ʧʨʦʚʝʨʢʫ ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ S. 

ʇʦʚʝʨʭʥʦʩʪʴ ʟʘʜʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: x2
2+y2

2 = C, ʛʜʝ C ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʘʷ 3. 

ʉʤʝʥʘ ʟʥʘʢʘ S ʛʦʚʦʨʠʪ ʦ ʧʝʨʝʩʝʯʝʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʧʣʦʩʢʦʩʪʴʶ. ɿʘʪʝʤ ʜʣʷ ʧʦʩʣʝʜʥʝʡ 

ʪʦʯʢʠ ʤʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʕʥʦ ʜʝʣʘʝʤ ʦʜʠʥ ʰʘʛ ʥʘʟʘʜ ʨʦʚʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ S. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ x1, y1 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ S. ɼʣʷ ʜʘʥʥʳʭ ʪʦ-

ʯʝʢ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʘʟʫ ʢʘʢ ʫʛʦʣ ʚʝʢʪʦʨʘ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʧʦ ʬʦʨ-

ʤʫʣʝ: 

 = arctg(y1/x1).     (2) 

ʆʪʦʙʨʘʟʠʚ ʟʘʚʠʩʠʤʦʩʪʴ (n, n+1), ʧʦʣʫʯʠʤ ʜʠʘʛʨʘʤʤʳ ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʠʟ-

ʤʝʥʝʥʠʝ ʬʘʟʳ. ʅʘ ʨʠʩ.1 ʢʨʘʩʥʳʤʠ ʨʦʤʙʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʦʙʨʘʞʝʥʠʷ ʬʘʟ ʜʣʷ ʛʠ-

ʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʭʘʦʩʘ. ɼʘʥʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʡ ʦʪʦʙʨʘʞʝʥʠʶ ɹʝʨʥʫʣʣʠ. 
 

 
ʈʠʩ. 1 ɼʠʘʛʨʘʤʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʬʘʟ ʜʣʷ ʩʝʢʫʱʝʡ ʧʣʦʩʢʦʩʪʠ ʇʫʘʥʢʘʨʝ, ʟʘʜʘʥʥʦʡ ʢʦʥʩʪʘʥʪʦʡ ʉ 

=3, ʧʨʠ Ů = 0.5, ɤ0 = 6, Õ=3.15. ʂʨʘʩʥʳʝ ʨʦʤʙʳ ï ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠ-

ʩʪʝʤʳ (1), ʩʠʥʠʝ ʢʨʝʩʪʠʢʠ ï ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ Multisim. 
 

ɼʣʷ ʤʦʜʝʣʠ (1) ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘ-

ʢʝʪʝ MultiSim. ɺ ʜʘʥʥʦʤ ʧʘʢʝʪʝ ʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʳ 

ʠ ʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ, ʪʘʢʞʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʜʘʥʥʳʝ ʚ ʬʘʡʣ. ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʜʣʷ ʬʘʟʳ ʛʝʥʝʨʘʪʦʨʘ. ʆʜʥʘʢʦ ʝʩʪʴ 

ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʳʤ ʦʪ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʂ ʪʘʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʯʠʩ-

ʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʥʢʘʨʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ 

ʕʥʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʦʯʢʠ ʪʦʯʥʦ ʥʘ ʟʘʜʘʥʥʦʡ ʥʘʤʠ ʧʣʦʩʢʦʩʪʠ. ʇʨʠʤʝʥʠʪʴ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʄʳ ʤʦʞʝʤ ʦʪʩʣʝʜʠʪʴ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʛʜʝ ʪʨʘʝʢʪʦʨʠʷ ʧʝʨʝʩʝʢʣʘ ʟʘʜʘʥʥʫʶ ʧʣʦʩʢʦʩʪʴ ʠ ʨʘʩʩʯʠʪʘʪʴ ʬʘʟʫ 

ʜʣʷ ʪʦʯʢʠ ʧʝʨʝʜ ʠʣʠ ʧʦʩʣʝ ʟʘʜʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʷʚʠʪʩʷ ʥʝʢʦʪʦ-

ʨʳʡ ʨʘʟʙʨʦʩ ʪʦʯʝʢ ʚ ʦʪʦʙʨʘʞʝʥʠʠ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʪʘʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʡ ʰʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʨʝʤʝʥʥʦʛʦ 

ʨʷʜʘ. ɺʦ-ʚʪʦʨʳʭ, ʦʧʝʨʘʮʠʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ ʦʙʣʘʜʘʶʪ ʥʝʥʫʣʝʚʳʤ ʩʤʝʱʝʥʠʝʤ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʠ ʪʨʘʝʢʪʦʨʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʦʪʦʙʨʘ-

ʞʝʥʠʶ ʬʘʟ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 



23                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʰʘʛʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʊʘʢʞʝ ʤʳ ʩʤʦʜʝʣʠʨʦʚʘʣʠ ʩʠʪʫʘʮʠʶ, 

ʢʦʛʜʘ ʚ ʥʘʰʝʡ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝʥʫʣʝʚʦʝ ʩʤʝʱʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ.  

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʦʙʨʘʞʝʥʠʷ ʬʘʟ, ʛʜʝ ʩʠʥʠʤʠ ʢʨʝʩʪʠʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʦʪʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʦʙʨʘʙʦʪʘʥʥʳʤ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʭʝʤʦʪʝʭʥʠ-

ʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʙʳʣʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʩʭʝʤʘ ʩ ʠʜʝʘʣʴʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʫʩʠʣʠʪʝʣʷʤʠ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚ-

ʣʷʣʠ ʩʦʙʦʡ ʯʝʪʳʨʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝ-

ʤʝʥʥʦʡ, ʜʣʠʥʥʦʡ 220000 ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʩ ʰʘʛʦʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 10-4. ʍʦʨʦʰʦ 

ʚʠʜʥʦ, ʯʪʦ ʪʦʯʢʠ ʦʪʦʙʨʘʞʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʜʝ-

ʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚ ʩʠʩʪʝʤʝ ʥʘʣʠʯʠʝ ʛʠʧʝʨʙʦ-

ʣʠʯʝʩʢʦʛʦ ʭʘʦʩʘ. 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʝʘʣʴʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫʩʠʣʠʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʥʝʥʫʣʝʚʦʝ ʩʤʝ-

ʱʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʦʪʦʙʨʘʞʝʥʠʡ ʬʘʟ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 21-12-00121. 
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ɻʣʘʫʢʦʥʠʪ - ʤʠʥʝʨʘʣ ʛʨʫʧʧʳ ʛʠʜʨʦʩʣʶʜ ʧʦʜʢʣʘʩʩʘ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ, ʰʠ-

ʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʳʡ ʩʦʩʪʘʚ, ʩʦ-

ʩʪʦʷʱʠʡ ʠʟ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʞʝʣʝʟʘ, ʢʨʝʤʥʝʟʝʤʘ ʠ oʢʩʠʜa ʢʘ-

ʣʠʷ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ 20 ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʛʣʘʫʢʦʥʠʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ 

ʫʩʣʦʚʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ [1]:  

(ʂ,ʢʦʣʠʯʝʩʪʚʦ Na,Ca)(Fe3+,ʦʩʥʦʚʥrʭ Al,Mg,Fe2+)2[(Al,Si)Si3O10](ʪʦʤʫ OH)2Ț n H2O 

ʧʦʯʪʠ ɻʣʘʫʢʦʥʠʪ ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʣ̫ʨʥʦʡ ʥʘʠʙʦʣʝʝ ʦʧʨʝʜʝʣ̫ʝʤʫʁ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤʫ ʢʣʘʩʩʫ ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʠʥʝʨʘʣʦʚ, 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʜʥʦʪʠʧʥʳʭ ʜʚʫʭʣʫʯʝʚʦʤ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʜʦʣʝʝ ʩʣʦʝʚ, ʢʦʪʦʨʳʝ ʞʁʥrʡ ʨʘʟʜʝʣʷʶʪʩʷ 

ʧʨʦʮʝʩʩʦʚ ʤʝʞʩʣʦʝʚʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ ʜʚʫʭʣʫʯʝʚʦʤ ʨʘʟʥʳʭ ʜʦʚʦʜʠʣʠ ʚʠʜʦʚ - ʠʟ ʢʘʪʠʦʥʦʚ ʂ+, ʧʦʛʣʦɦʘʁɦʠʭ ʤʦʣʝʢʫʣ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ ʠʣʠ ʦʙ-

ʤʝʥʥʳʭ ʢʦʪʦʨʦʝ ʢʘʪʠʦʥʦʚ [2]. 

ʉʦʨʙʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʛʣʘʫʢʦʥʠʪʦʚ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʩʦʨʙʮʠʦʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʷʭ ʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʥʘ ʩʫʰʝ ʠ ʚʦʜʦʝʤʦʚ, ʧʦ-

ʩʢʦʣʴʢʫ ʚ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʧʦʨʘʤʠ 2-70 ʥʤ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʘʷ ʢʘʧʠʣʣʷʨʥʘʷ 

ʢʦʥʜʝʥʩʘʮʠʷ, ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʝʥʪʘ, ʯʪʦ ʭʘʨʘʢ-

ʪʝʨʥʦ ʠ ʜʣʷ ʛʣʘʫʢʦʥʠʪʘ ɹʝʣʦʦʟʝʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ [3]. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʬʪʷʥʳʭ ʩʦʨʙʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʪʘʢʘʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʢ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ [3]. 

ɼʣʷ ʧʨʦ̫ʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʚʝɦʝʩʪʚʦ ʩʦʨʙʝʥʪʘʥʘ ʦʩʥʦʚʝ ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʣʘʫʢʦ-

ʥʠʪʘ ɹʝʣʦʦʟʝʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʪʘʙʣʠʮʘ ʥʘʧʦʣʥʠʣʠ ʩʪʘʢʘʥ ʧʨʦʚʦʜʠʣʠʩɹ ʚʦʜʦʡ, 

ʩʨʝʜr ʚʟʚʝʩʠʣʠ 6 ʛʨʘʤʤ ʧʨʦʮʝʩʩ ʛʣʘʫʢʦʥʠʪʘ ʠ ʠʩʭʦʜʥʦʝ ʧʦʛʨʫʟʠʣʠ ʚ ʝʤʢʦʩʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʥrʭ ʚʦʜʦʡ, ʧʣʦʩʢʠʤʠ ʚʳʜʝʨʞʠʚʘʣʠ ʩʦʨʙʝʥʪ 

ʥʘ ʪʦʯʥʦʩʪɹ ʧʨʦʪʷʞʝʥʠʠ 60 ʦʪʥʦhʝʥʠʠ ʤʠʥʫʪ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʝʛʦ ʟʘʤʝɦʝʥʠ̫ ʠʟʚʣʝʢʣʠ ʛʣʘʫʢʦʥʠʪ ʩ ʛʦʩʪ ʧʦʤʦʱʴʶ 

ʤʦʣʝʢʫʣ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ, ʠʩʧʦʣɹʟʫʝʪʩ̫ ʧʨʦʠʟʚʝʣʠ ʛʦʩʪ ʚʟʚʝʰʠʚʘʥʠʝ. 

ɼʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ (W) ʩʣʝʜʫʝʪ ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʨʘʜʫʠʨʦʚʦʯʥrʡ ʛʣʘʫʢʦʥʠʪʘ (ʪʝʤʧʝʨʘʪʫʨ-

ʥʘʷ ʟʥʘʯʠʪʝʣɹʥʦʡ ʤʦʜʠʬʠʢʘʮʠʷ) ʨʝʟʫʣɹʪʘʪʘʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʫ, ʩʦʨʙʮʠʦʥʥʫʁ ʨʝʢʦʤʝʥʜʦʚʘʥʥʫʶ ʩʦʜʝʨʞʘʥʠʝ ɻʆʉʊ 33627-2015.  

ὡ ϽρππϷ; 

ʛʜʝ m1 - ʬʨʘʢʮʠ̫ ʤʘʩʩʘ ʛʣʘʫʢʦʥʠʪʘ, ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʛʣʦʪʠʚʰʝʛʦ ʦʜʥʦʡ ʚʦʜʫ;  

m - ʤʘʩʩʘ ʘʜʩʦʨʙʮʠʦʥʥrʭ ʩʫʭʦʛʦ ʙʦʣɹ ʦhʡ ʛʣʘʫʢʦʥʠʪʘ. 

ʩʦʨʙʮʠʦʥʥʫʁ ʈʝʟʫʣʴʪʘʪʳ ʪʨʝʭ ʩʦʩʪʘʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʜʥʘʢʦ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ ʩʨʝʜʥʠʝ ʨʝhʘ̫ ʚʳʯʠʩʣʝʥʥʳʝ ʩʦʨʙʝʥʪʘ ʟʥʘʯʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʦʣɹ ʪʘʙʣʠʮʝ 1. 
ʚʝʣʠʯʠʥʘ ʊʘʙʣʠʮʘ 1 

 ʈʝʟʫʣʴʪʘʪʳ ʦʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʚʥʦʚʝʩʥʦʡ ʜʘʥʥʳʭ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʬʨʘʢʮʠ̫ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ 

t, 

ʤʠʥ 

5 10 15 20 30 40 50 60 

W,% 0,70 0,77 0,77 0,78 0,79 0,79 0,79 0,80 

W,% 0,78 0,78 0,78 0,79 0,81 0,80 0,81 0,81 
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W,% 0,80 0,79 0,79 0,80 0,81 0,81 0,82 0,81 

Wʩʨ,

% 

0,76Ñ0,0

4 

0,78Ñ0,0

5 

0,78Ñ0,0

3 

0,79Ñ0,0

4 

0,80Ñ0,0

5 

0,80Ñ0,0

4 

0,81Ñ0,0

4 

0,81Ñ0,0

5 

ʇʦ ʧʦʨr ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʚʝʣʠʯʠʥʘ ʨʘʩʯʝʪʥʳʭ ʨʠʩʫʥʦʢ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʞʝʪ ʛʨʘʬʠʢ 

 ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʧʨʝʜʝʣɹʥʘ̫ ʦʙʦʛʘʱʝʥʥʦʛʦ ʤʦʣɹ ʛʣʘʫʢʦʥʠʪʘ ʦʪ ʚʨʝʤʝʥʠ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 - ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʣʘʫʢʦʥʠʪʘ 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

(23 Ñ 4) Áʉ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʦʙʦʛʘʱʝʥʥʳʤ ʛʣʘʫʢʦʥʠʪʦʤ ʥʘʙʦʣʶʜʘ-

ʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ, ʜʘʣʝʝ ʵʪʘ ʚʝʣʠʯʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʘʩʴ. ʇʨʝʜʝʣʴʥʦʝ 

ʥʘʩʳʱʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʛʣʘʫʢʦʥʠʪʘ ʚʦʜʦʡ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʧʫʩʪʷ 35 

ʤʠʥʫʪ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ. ʇʦ ʧʨʦʰʝʩʪʚʠʠ 40 ʤʠʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʚʦʜʦʧʦʛʣʦʱʝʥʠʠ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ 

ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʣʘʫʢʦʥʠʪʘ ʩʦʩʪʘʚʠʣʦ (81 Ñ 5) %. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ɹʝʣʦʦʟʝʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʦʩʩʠʠ ʧʦ ʜʦʙʳʯʝ ʧʨʠʨʦʜʥʦʛʦ ʘʣʶʤʦʩʠʣʠʢʘʪʘ ï ʛʣʘʫʢʦ-

ʥʠʪʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩ̫ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʢʪʠʚʥrʝ ʚʳʩʦʢʠʤʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʨʘʤʢʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ 

ʩʦʩʪʘʚʣ̫ ʪʁ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʭʘʥʠʟʤʘ ʥʘʭʦʜʠʪʩ̫ ʩʦʨʙʮʠʠ ʧʘʨʘʣʣʝʣɹʥrʭ ʨʘʟʣʠʯʘʶʪ ʘʜʩʦʨʙʮʠʶ, ʧʨʠʙʦʨʝ ʘʙʩʦʨʙʮʠʶ, 

ʧʨʦʪ̫ʞʝʥʠʠ ʭʝʤʦʩʦʨʙʮʠʶ ʠ ʢʘʧʠʣʷʨʥʫʶ ʩʦʨʙʮʠ̫ ʢʦʥʜʝʥʩʘʮʠʶ. ʚʦʜʦʧʦʛʣʦɦʝʥʠ̫ ɻʣʘʫʢʦʥʠʪ ʙʣʦʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ 

ʜʦʚʦʜʠʣʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʣʁʙʦʡ ʩʚʦʡʩʪʚʘʤʠ ʠ  ʨʝʘʢʮʠʷʤʠ ʩʦʨʙʮʠʠ ʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʤʝʥʘ, ʨʝʟʢʫʶ ʧʨʝʜʚʘʨʠʪʝʣɹʥʦ ʛʨʘʥʠʮʫ ʪʘʙʣʝʪʢʫ ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʩʨʝʜʥʠʡ ʧʨʦʚʝʩʪʠ ʥʝ naoh ʫʜʘʝʪʩʷ. ʩʧʝʢʪʨʘ ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʙʦʨʝ ʱʝʣʦʯʥʳʭ ʦʙʤʝʥʥʳʭ ʩʦʟʜʘʝʪ ʢʘʪʠʦʥʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʘʫʢʦʥʠʪʝ ʦʙʳʯʥʦ ʚrʭʦʜ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1,5 ʜʦ 13 ʧʣʦʩʢʠʤʠ ʤʛ-ʵʢʚ/100 ʛ. 

ʇʨʦʷʚʣʝʥʠʝ ʟʥʘʯʝʥʠ̫ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʣʫʯʘʣʠ ʠʦʥʦʦʙʤʝʥʥʦʡ ʝʤʢʦʩʪʠ ʩʦʩʪʘʚ ʛʣʘʫʢʦʥʠʪʦʤ ʟʘʥ̫ʪr ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʣʝʜʫʶʱʠʤʠ ʢɻʚʠʚʘʣʝʥʪʥʦʡ ʬʘʢʪʦʨʘʤʠ [1]: 

-ʩʤʝʩʝʡ ʥʘʣʠʯʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʘ̫ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʨʷʜʘ ʚ ʩʪʨʫʢʪʫʨʥʦʡ 

ʠʥʪʝʨʚʘʣʝ ʷʯʝʡʢʝ ʟʥʘʯʝʥʠ̫ ʛʣʘʫʢʦʥʠʪʘ, ʧʦʷʚʣʷʶʱʝʛʦʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣɹʥʦ ʟʘʤʝʱʝʥʠʷ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʦʛʦ 

ʙʝʣʦʦʟʝʨʩʢʦʝ ʢʨʝʤʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʨʝʭʚʘʣʝʥʪʥʳʤ ʘʣʶʤʠʥʠʝʤ ʠʣʠ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥ ʜʚʫʭʚʘʣʝʥʪʥʳʤ ʚʩʝʭ ʤʘʛʥʠʝʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʡ ʚʦʜʥʫʁ ʨʝʰʸʪʢʝ ʧʨʦʮʝʥʪʥʦʡ ʤʠʥʝʨʘʣʘ; 

- ʥʘʣʠʯʠʝʤ ʥʘ ʚʘʥʘʜʠʡ ʙʦʢʦʚʳʭ ʛʠʜʨʦʬʦʙʥrʡ ʛʨʘʥʷʭ ʢʨʠʩʪʘʣʣʦʚ ʙʝʣʦʦʟʝʨʩʢʦʝ ʛʣʘʫʢʦʥʠʪʘ ʚʝʩɹ OH-ʛʨʫʧʧ, ʧʨʠʢʨʝʧʣʸʥ-

ʥʳʭ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʘʪʦʤʘʤ ʥɻʝʨʛʠ̫ʤ ʢʨʝʤʥʠʷ, ʢʘʪʠʦʥ ʠʟʣʫʯʝʥʠ̫ ʚʦʜʦʨʦʜʘ ʩʦʝʜʠʥʝʥʠʡ ʢʦʪʦʨʳʭ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʦʣʦʞʝʥʠʝ ʫʩʣʦʚʠʷʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʫʨʘʣɹʩʢʠʡ ʦʙʤʝʥʥʫʶ ʦʧʪʠʯʝʩʢʫʁ ʨʝʘʢʮʠʶ. 

ʨʘʩʯʝʪʦʚ ʄʠʥʝʨʘʣ ʩʫʱʝʩʪʚʫʝʪ ʚ ʟʘʚʠʩʠʪ ʚʠʜʝ ʠʩʧʦʣɹʟʫ̫ ʤʘʣʝʥʴʢʠʭ, ʦʢʨʫʛʣʝʥʥʳʭ ʜʣʠʥr ʞʝʣʪʦ-ʟʝʣʝʥʦʚʘʪʳʭ 

ʤʝʭʘʥʠʟʤʘ ʟʝʨʝʥ, ʪʚʝʨʜʦʩʪʴ ʝʛʦ ʧʦ ʧʦʚʝʨʭʥʦʩʪʥrʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʦʪʥʦʩʠʪʝʣɹʥrʭ ʰʢʘʣʝ ʩʦʩʪʘʚʣʷʝʪ 2ï3; ʨʘʙʦʪr ʧʣʦʪʥʦʩʪʴ ʠʥʬʝʢʮʠʠ 2,2ï2,8 

ʛ/ʩʤ3 [2]. 

 
ʈʠʩ. 1 - ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʉʪʨʫʢʪʫʨʘ ʛʣʘʫʢʦʥʠʪʘ 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʫhʥrʭ ʘʜʩʦʨʙʮʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤrʭ ʛʣʘʫʢʦʥʠʪʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʚʫʭʣʫʯʝʚʦʡ ʧʨʦʥʠʢʥʦʚʝʥʠʠ 

ʚʝʩɹ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʚrʜʝʨʞʠʚʘʣʠ ʩʚʦʙʦʜʥʳʝ ʘʪʦʤʥrʝ ʧʦʣʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʢʘʟʘʪʝʣʠ ʩʪʨʫʢʪʫʨʳ, 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠʤʝʶʱʠʝʩʷ ʫ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘʭ ʤʠʥʝʨʘʣʘ, ʧʨʠ ʧʨʠʚʦʣʞʩʢʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʨʝʟʫʣɹʪʘʪr ʩʦʨʙʮʠʠ 

ʯʘɦʝ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʠʟ ʚʝɦʝʩʪʚʘ ʨʘʩʪʚʦʨʦʚ ʥɻʝʨʛʠ̫ʤ ɻ ʣʝʢʪʨʦʣʠʪʦʚ [1]. 

ʈʝʟʫʣʴʪʘʪʠʚʥʦ ʛʣʘʫʢʦʥʠʪ ʞʝʣʪʦʚʘʪʦʛʦ ʩʦʨʙʠʨʫʝʪ ʠ ʣʝʞʠʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʕʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʦʯʠʩʪʢʠ ʚʦʜ ʦʪ ʬʝʥʦʣʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʣʘʫʢʦ-

ʥʠʪʘ ɹʦʥʜʘʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʚʳʩʠʣʘ 80% [3]. ɻʣʘʫʢʦʥʠʪ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ 
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27                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʘʢ ʩʦʨʙʝʥʪ ʘʙʘʜʟʝʭʩʢʦʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʧʨʠʙʦʨʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʢʘʢ ʚʦʜʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʦʙʲʝʢʪʳ, 

ʪʘʢ ʠ ʝʤʢʦʩʪɹ ʧʦʯʚʫ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʫhʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʪʠʯʝʩʢʘ̫ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʨʙʝʥʪ ʩʦʨʙʮʠʦʥʥʳʭ 

ʦʩʪʘʚhʘ̫ʩ̫ ʩʚʦʡʩʪʚ ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʣʘʫʢʦʥʠʪʘ ɹʝʣʦʦʟʝʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʝʢʦʪʦʨʳʤ ʩʠʩʪʝʤʦʡ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ: ʢʝʨʦʩʠʥʫ, ʤʘʩʣʫ ʠ ʙʝʥʟʠʥʫ. 

ʅʝʬʪʝʝʤʢʦʩʪʴ ʛʣʘʫʢʦʥʠʪʘ (ɸ, %) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

ὃ
ὖ ὖ

ὖ
 

ʛʜʝ ʈʪ ï ʤʘʩʩʘ ʩʦʨʙʝʥʪʘ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʥʝʬʪʴ, ʛ;   

ʈʦ ï ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʩʦʨʙʝʥʪʘ, ʛ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʥʝʬʪʝʝʤʢʦʩʪʠ ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʣʘʫʢʦʥʠʪʘ ʦʪ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩ. 2 - ʂʠʥʝʪʠʢʘ ʥʝʬʪʝʝʤʢʦʩʪʠ ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʣʘʫʢʦʥʠʪʘ ʜʣʷ ʤʘʩʣʘ, ʙʝʥʟʠʥʘ ʠ ʢʝʨʦʩʠʥʘ 

 

ʉʦʨʙʝʥʪʦʤ ʩʣʫʞʠʪ ʦʙʦʛʘʱʝʥʥʳʡ ʛʣʘʫʢʦʥʠʪ ʪʝʨʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʧʨʠ 190  ↔ʉ. ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʥʝʬʪʝʧʦʛʣʦʱʝʥʠʷ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ, ʥʝʬʪʝ-

ʧʦʛʣʦʱʝʥʠʝ ʤʘʩʣʘ, ʙʝʥʟʠʥʘ ʠ ʢʝʨʦʩʠʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʚ ʧʝʨʚʳʝ 10 ʤʠ-

ʥʫʪ ʢʦʥʪʘʢʪʘ. ʇʨʠʯʝʤ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʣʦʱʝʥʠʝ ʧʦʯʪʠ 90% ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

ɿʘʪʝʤ ʧʨʠ ʢʦʥʪʘʢʪʝ ʛʣʘʫʢʦʥʠʪʘ ʩ ʩʦʨʙʘʪʦʤ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ ʚʠʜʥʦ, ʯʪʦ ʥʝʬʪʝʧʦ-

ʛʣʦʱʝʥʠʝ ʙʝʥʟʠʥʘ ʚ ʩʨʝʜʥʝʤ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ (0,61Ñ0,03); ʘ ʥʝʬʪʝʧʦʛʣʦʱʝʥʠʝ 

ʤʘʩʣʘ (0,92Ñ0,03); ʢʝʨʦʩʠʥʘ (0,94Ñ0,01). 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʏʝʨʥʦʛʦʨʦʚʘ ɸ. ɽ., ʉʫʭʘʨʝʚ ʖ. ʀ., ɹʘʛʨʠʥʦʚʮʝʚʘ ɽ. ʆ. // ʀʟʚʝʩʪʠʷ ʏʝʣʷʙʠʥʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʮʝʥʪʨʘ. 2020. ɺʳʧ. 1. ʉ. 72. 

2. ɼʠʩʪʘʥʦʚ, ʋ. ɻ. ɻʣʘʫʢʦʥʠʪʳ // ʇʨʠʨʦʜʥʳʝ ʩʦʨʙʝʥʪʳ ʉʉʉʈ; ʄ.: 1990. ïʉ. 132-146. 

3. ɺʠʛʜʦʨʦʚʠʯ ɺ. ʀ., ʎʳʛʘʥʢʦʚʘ ʃ. ɽ., ɸʢʫʣʦʚ ɸ. ʀ. // ʉʦʨʙʮʠʦʥʥʳʝ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ. 2011.  ʪ. 11. ˉ 5. ʉ. 678. 

  



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     28 

ʆʇʈɽɼɽʃɽʅʀɽ ʉʆʈɹʎʀʆʅʅʆʁ ɽʄʂʆʉʊʀ ɻʀɼʈʆʌʆɹʅʆɻʆ  

ʉʆʈɹɽʅʊɸ ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ ɺʆɼʓ 

ɽ.ɸ. ɹʘʡʢʠʥʘ, ʉ.ɹ. ɺʝʥʠʛ, ɺ.ɻ. ʉʝʨʞʘʥʪʦʚ,  

ɻ.ʅ. ʅʘʫʤʦʚʘ, ɽ.ʀ. ʉʝʣʠʬʦʥʦʚʘ 
ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ  

E-mail: selif-ei@yandex.ru 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʩʦʨʙʝʥʪʘ, ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʭʠʤʠʯʝʩʢʠʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʣʘʫʢʦʥʠʪʘ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩ-

ʣʦʪʦʡ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ʆʧʨʝʜʝʣʝʥʳ ʥʝʬʪʝʧʦʛʣʦʱʝʥʠʝ ʙʝʥʟʠʥʘ, ʢʝʨʦʩʠʥʘ ʠ 

ʤʘʩʣʘ ʪʦʣʱʠʥʦʡ ʩʣʦʷ: 1; 3; 5 ʤʤ (ʨʠʩʫʥʦʢ 1, 2). 

 

 
ʈʠʩ. 1 ï ɿʥʘʯʝʥʠʷ ʥʝʬʪʝʧʦʛʣʦʱʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʦʙʨʘʟʮʦʚ ʛʣʘ-

ʫʢʦʥʠʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʩʣʦʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ: ʙʝʥʟʠʥʘ ʠ ʢʝʨʦʩʠʥʘ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʝʬʪʝʧʦʛʣʦʱʝʥʠʝ 

ʙʝʥʟʠʥʘ ʧʨʝʚʳʰʘʝʪ ʥʝʬʪʝʧʦʛʣʦʱʝʥʠʝ ʢʝʨʦʩʠʥʘ ʧʦʯʪʠ ʚ 1,3 ï 1,5 ʨʘʟ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʠʟʤʝʨʠʤʦ ʩ ʤʘʩʣʦʧʦʛʣʦʱʝʥʠʝʤ. 

 
ʈʠʩ. 2 ï ɿʥʘʯʝʥʠʷ ʤʘʩʣʦʧʦʛʣʦʱʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ                                    

ʦʙʨʘʟʮʦʚ ʛʣʘʫʢʦʥʠʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʩʣʦʷ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ 

 

ɺʨʝʤʷ ʢʦʥʪʘʢʪʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʦʨʙʝʥʪʦʤ ï 1 ʯʘʩ. 

mailto:selif-ei@yandex.ru


29                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

 

 

˒
 
ϽρππϷ, 

ʛʜʝ:  

Pt ï ʚʝʩ ʩʦʨʙʝʥʪʘ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ 

ʥʝʬʪʝʧʨʦʜʫʢʪ, ʛ; 

P0 ς ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʝʩ ʩʦʨʙʝʥʪʘ, ʛ. 
 

ʈʠʩ. 3. ʌʦʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʣʘʫ-

ʢʦʥʠʪʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʩʣʦʡ ʙʝʥʟʠʥʘ ʰʠʨʠʥʦʡ 

5 ʤʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝ-

ʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʠʟ ʚʦʜʳ (ɽ) 

 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ, ʧʨʠ ʪʦʣʱʠʥʝ ʥʝʬʪʷ-

ʥʦʛʦ ʠ ʤʘʩʣʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 5 ʤʤ (ʨʠʩʫʥʦʢ 3, 4, 5).  

 

 
ʈʠʩ. 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʥʝʬʪʝʧʦʛʣʦʱʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʩʦʨʙʮʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʪʝʘʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʦʙʨʘʟʮʦʚ ʛʣʘʫʢʦʥʠʪʘ ʧʨʠ ʪʦʣʱʠʥʝ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ         5 ʤʤ 

 
ʈʠʩ. 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʣʦʧʦʛʣʦʱʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʩʦʨʙʮʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʪʝʘʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʦʙʨʘʟʮʦʚ ʛʣʘʫʢʦʥʠʪʘ ʧʨʠ ʪʦʣʱʠʥʝ ʤʘʩʣʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ         5 ʤʤ 

 

ʀʟʚʣʝʯʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʤʘʩʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʩʦʩʪʘʚʠʣʘ ʫ ʙʝʥʟʠʥʘ 

ʜʦ (72Ñ5) %, ʫ ʢʝʨʦʩʠʥʘ ʜʦ (61Ñ8) % ʠ ʫ ʤʘʩʣʘ ʜʦ (83Ñ3) %, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥ-

ʜʦʚʘʪʴ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ ʧʨʠ ʨʘʟʣʠʚʘʭ 

ʤʘʩʣʘ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʦʚ. 
  



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     30 

ʉʊʈɸʅʅʓɽ ʅɽʍɸʆʊʀʏɽʉʂʀɽ ɸʊʊʈɸʂʊʆʈʓ ɺ  

ʉʃɸɹʆɼʀʉʉʀʇɸʊʀɺʅʆʄ ʆʊʆɹʈɸɾɽʅʀʀ ʕʅʆ 

ɺ.ɺ. ɹʘʣʘʝʚʘ, ɸ.ɺ. ʉʘʚʠʥ 
ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 

E-mail: vkonda2000@mail.ru 

 

ʀʟʚʝʩʪʥʦ [1,2], ʯʪʦ ʧʨʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴ-

ʥʫʶ ʩʠʩʪʝʤʫ ʦʜʥʠʤ ʠʟ ʪʠʧʠʯʥʳʭ ʨʝʞʠʤʦʚ ʷʚʣʷʝʪʩʷ ʩʪʨʘʥʥʳʡ ʥʝʭʘʦʪʠʯʝʩʢʠʡ ʘʪ-

ʪʨʘʢʪʦʨ (ʉʅɸ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʦʙʲʝʢʪ ʩʪʨʘʥʥʦʡ (ʬʨʘʢʪʘʣʦʧʦʜʦʙʥʦʡ) ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʦʡ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʪʘʢʠʝ ʘʪ-

ʪʨʘʢʪʦʨʳ ʚʝʩʴʤʘ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ. ʆʜʥʘʢʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘ-

ʙʦʪ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʟʚʝʩʪʥʦ [3-

5], ʯʪʦ ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤ ʩʦ ʩʣʘʙʦʡ ʜʠʩʩʠʧʘʮʠʝʡ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷ-

ʟʘʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʪʪʨʘʢ-

ʪʦʨʦʚ, ʥʦ ʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʠ ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠ-

ʤʦʚ. ɺʦʧʨʦʩ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʉʅɸ ʚ ʩʠʩʪʝʤʘʭ ʩʦ ʩʣʘʙʦʡ ʜʠʩʩʠʧʘʮʠʝʡ ʙʳʣ ʨʘʥʝʝ ʟʘ-

ʪʨʦʥʫʪ ʚ ʨʘʙʦʪʝ [6], ʦʜʥʘʢʦ ʚ ʥʝʡ ʥʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʉʅɸ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʉʅɸ ʚ ʩʣʘʙʦʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʧʨʠʤʝʨʝ ʢʣʘʩ-

ʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ï ʦʪʦʙʨʘʞʝʥʠʷ ʕʥʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʠʟʫ-

ʯʝʥʳ ʜʠʥʘʤʠʢʘ ʉʅɸ ʠ ʵʚʦʣʶʮʠ ̫ʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʝʣʠʯʠʥʳ ʧʘʨʘ-

ʤʝʪʨʘ ʜʠʩʩʠʧʘʮʠʠ. ʊʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʠ ʩʚʦʡʩʪʚ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʉʅɸ ʚ ʩʣʘʙʦʜʠʩʩʠʧʘʪʠʚʥʦʤ ʧʨʝʜʝʣʝ. ʀʩʩʣʝʜʫʝʤʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 

ʠʤʝʝʪ ʚʠʜ: 

 

 Ø  ρ   ÁØ ɀ ρ ɀ ÖÙ  צÃÏÓ ςʌʃ
 Ù   Ø

ʃ  ʃ  ʖ        ÍÏÄ ρ
 

 

ʆʩʥʦʚʥʫʶ ʧʨʦʙʣʝʤʫ ʧʨʠ ʯʠʩʣʝʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʉʅɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʙʦʨ 

ʢʨʠʪʝʨʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʪʣʠʯʠʪʴ ʉʅɸ ʦʪ ʩʣʦʞʥʦʛʦ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 

ʅʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʤʝʪʦʜʘ ʣʦʢʘʣʠʟʘʮʠʠ ʉʅɸ: ʥʘ ʦʩʥʦʚʝ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʃʷʧʫ-

ʥʦʚʘ [2]. ɺʪʦʨʦʡ ʤʝʪʦʜ ʧʦʢʘʟʘʣ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʉʅɸ 

ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʝʞʠʤʘ ʜʣʷ ʉʅɸ ʠ ʜʣʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝ-

ʩʢʦʛʦ ʘʪʪʨʘʢʪʦʨʘ ʢʘʢ ʜʣʠʥʳ ʫʯʘʩʪʢʦʚ ʪʨʘʝʢʪʦʨʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʣʷ ʥʝʫʩʪʦʡʯʠʚʦ-

ʩʪʝʡ ʧʨʠʭʦʜʠʪ ʚ ʥʫʣʴ. ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʃʷʧʫʥʦʚʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ, ʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʜʠʥʘʤʠʢʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢ ʩʣʘʙʦʜʠʩʩʠ-

ʧʘʪʠʚʥʦʤʫ ʧʨʝʜʝʣʫ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʜʠʩʩʠʧʘʮʠʠ ʦʙʣʘʩʪʠ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ, ʟʘʥʷʪʳʝ ʉʅɸ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʣʠʩʴ, ʘ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʉʅɸ ʠ ʭʘʦʪʠʯʝʩʢʠʭ ʘʪʪʨʘʢʪʦʨʦʚ (ʨʠʩ. 1, ʙ) 

ʩʪʘʥʦʚʠʣʠʩʴ ʙʦʣʝʝ ʧʦʭʦʞʠʤʠ. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

mailto:vkonda2000@mail.ru
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ʜʠʩʩʠʧʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʉʅɸ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʃʷʧʫʥʦʚʘ, ʩʦʩʪʘʚʠʣʦ ɜ = 1.997. 

 

  
                               (ʘ)                                                                 (ʙ) 

ʈʠʩ. 1. (ʘ) ʂʘʨʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʉʅɸ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʕʥʦ ʤʝʪʦʜʦʤ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʃʷʧʫʥʦʚʘ. ʎʚʝʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʢʨʘʩʥʳʡ ï 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʟʝʣʸʥʳʡ ï ʉʅɸ, ʩʝʨʳʡ ï ʭʘʦʩ, ʯʸʨʥʳʡ ï çʨʘʟʙʝʛʘʥʠʝè. (ʙ) 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʫʯʘʩʪʢʦʚ ʪʨʘʝʢʪʦʨʠʠ F+ ʦʪ ʜʣʠʥʳ ʫʯʘʩʪʢʦʚ 

ʪʨʘʝʢʪʦʨʠʠ M ʜʣʷ ʘʪʪʨʘʢʪʦʨʦʚ ʚ ʦʪʦʙʨʘʞʝʥʠʠ ʕʥʦ. ʎʚʝʪʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʩʠʥʠʡ ï 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ, ʟʝʣʸʥʳʡ ï ʉʅɸ, ʢʨʘʩʥʳʡ ï ʭʘʦʩ.  

ʇʘʨʘʤʝʪʨ ʜʠʩʩʠʧʘʮʠʠ ʜʣʷ (ʘ) ʠ (ʙ) ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ v = 1.997. 
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ɸʢʫʩʪʦʦʧʪʠʯʝʩʢʦʝ (ɸʆ) ʫʩʪʨʦʡʩʪʚʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʜʚʦʡʥʳʤ ʌʫʨʴʝ-ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʩʦʩʪʦʠʪ ʠʟ ʘʢʫʩʪʠʯʝʩʢʦʡ ʠ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤ [1,2]. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [3], ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʠʟʫʘʣʠʟʘ-

ʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʡ ʧʣʦʩʢʦʩʪʠ ɸʆ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʣʠʥʟʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʪʦʪ ʧʘʨʘʤʝʪʨ. 

ʇʨʦʚʝʜʸʤ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʠ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʛʣʘʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ɸʆ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɻʣʘʚʥʦʡ 

ʧʣʦʩʢʦʩʪʴʶ ɸʆ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʯʠʪʘʝʤ ʧʣʦʩʢʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʠ ʦʩʴʶ ʘʢʫʩʪʠʯʝʩʢʦʡ ʣʠʥʟʳ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʪʷʞʸʥʥʦʛʦ ʚ 

ʛʣʘʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ɸʆ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ɹʨʵʛʛʘ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʭʦʜʷʱʠʡʩʷ ʚ ʵʪʦʡ ʧʣʦʩʢʦ-

ʩʪʠ ʩʚʝʪʦʚʦʡ ʧʫʯʦʢ. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʥʝ-

ʩʫʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʢʫʩʪʠʯʝʩʢʦʤ ʧʦʣʝ ʦʪ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʦʛʦ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʣʠʥʟʳ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʈʠʩ.1. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ 

 

ɿʜʝʩʴ L ï ʘʧʝʨʪʫʨʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʣʠʥʟʳ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʜʣʠʥʝ ɸʆ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ, ȿ ï ʜʣʠʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. ʉʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʘʢʫʩʪʠʯʝʩʢʘʷ ʣʠʥʟʘ ʬʦʨʤʠʨʫʝʪ ʢʚʘʟʠʧʣʦʩʢʫʶ ʫʧʨʫʛʫʶ ʚʦʣʥʫ. 

ʊʦʛʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ ʈʝʣʝʷ, ʨʘʟʨʝʰʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦ 

ʫʛʣʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

ʕ ̈̃ ,      (1) 
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ʛʜʝ vʟʚ ï ʩʢʦʨʦʩʪʴ ʫʧʨʫʛʦʡ ʚʦʣʥʳ ʚ ʩʨʝʜʝ ɸʆ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, f ï ʯʘʩʪʦʪʘ ʵʪʦʡ 

ʚʦʣʥʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʨʝʰʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʠʤ ʘʧʝʨʪʫʨʫ ʜʠʬʨʘʛʠʨʦ-

ʚʘʥʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ. ʀʟ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʣʫʯʝʡ ʧʘʜʘʶʱʝʛʦ ʥʘ ʘʢʫʩʪʦʦʧʪʠʯʝ-

ʩʢʫʶ ʷʯʝʡʢʫ ʢʣʠʥʦʚʠʜʥʦʛʦ ʧʫʯʢʘ ʣʠʰʴ ʜʣʷ ʦʜʥʦʛʦ ʣʫʯʘ ʩʪʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦ-

ʚʠʝ ɹʨʵʛʛʘ. ʕʪʦʪ ʣʫʯ ʧʨʦʭʦʜʠʪ ʚ ʬʦʪʦʫʧʨʫʛʦʡ ʩʨʝʜʝ ʧʫʪʴ AB ʠ ʧʘʜʘʝʪ ʥʘ ʬʨʦʥʪ ʫʧʨʫ-

ʛʦʡ ʚʦʣʥʳ ʧʦʜ ʫʛʣʦʤ ɗɹ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

ÓÉÎ—ˎ ̒̃

̈̃
 ,     (2) 

ʛʜʝ ɚʩʚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʩʚʝʪʘ ʚ ɸʆ ʩʨʝʜʝ, ɚ0 ï ʜʣʠʥʘ ʚʦʣʥʳ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ, n ï 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʟ ʘʥʘʣʠʟʘ ʩʭʝʤʳ ɸʆ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʧʝʨʪʫʨʘ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ X ʨʘʚʥʘ 

ὢ ὃὄ ÓÉÎς—ˎ .     (3) 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʜʣʠʥʘ ʧʫʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʫʧʨʫʛʦʡ ʚʦʣʥʦʡ ʩʚʝʪʦʚʦʛʦ 

ʣʫʯʘ AB ʧʨʠ ʜʣʠʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ L ʨʘʚʥʘ 

ὃὄ
ˎ
 .      (4) 

ʇʨʝʦʙʨʘʟʫʝʤ ʬʦʨʤʫʣʫ (3) ʩ ʫʯʸʪʦʤ (2) ʠ (4): 

ὢ
 ˎ

ˎ ̈̃
 .     (5) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦ ʢʨʠʪʝʨʠʶ ʈʝʣʝʷ ʙʫ-

ʜʝʪ ʨʘʚʥʦ 

• ̒̃

 

̈̃ .     (6) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʳ (1) ʠ (6) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ʠ ʧʨʠ ʩʪʨʦʛʦʤ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ɸʆ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɹʨʵʛʛʘ 

ʨʘʟʨʝʰʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʠ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤ ʫʩʪʨʦʡʩʪʚʘ ʚ ʛʣʘʚ-

ʥʦʡ ʧʣʦʩʢʦʩʪʠ ɸʆ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʚʧʘʜʘʶʪ ʠ ʫʣʫʯʰʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʫʣʴ-

ʪʨʘʟʚʫʢʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʝʸ ʚʝʣʠʯʠʥʝ. 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ (1D ʠ 

2D ʤʘʛʥʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʄʂ)) ʚ ʚʠʜʝ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ - 

ʙʠʢʦʤʧʦʥʝʥʪʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ: Co/Py [1], YIG/Py [2, 3], YIG/Co [3], 

Py/Fe [4] ʠ ʜʨ. ʀʥʪʝʨʝʩ ʢ ʪʘʢʠʤ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʦʙʫʩʣʦʚʣʝʥ 

ʚʣʠʷʥʠʝʤ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʩʧʝʢʪʨ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʄʂ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝ-

ʥʠʝʤ ʫ ʥʠʭ ʥʦʚʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʤʠ ʥʝ ʦʙʣʘʜʘʶʪ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʙʠʢʦʤʧʦʥʝʥʪʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ ʩʦʟʜʘʶʪʩʷ ʥʘ ʦʩ-

ʥʦʚʝ ʤʘʛʥʠʪʥʦʡ çʤʘʪʨʠʮʳè ʠʟ ʦʜʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 2D ʨʝʰʝʪʢʠ ʠʟ ʜʨʫ-

ʛʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʤʘʛʥʠʪʥʫʶ ʤʘʪʨʠʮʫ ʜʚʫʤʷ ʩʧʦ-

ʩʦʙʘʤʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʘʛʥʠʪʥʘʷ ʤʘʪʨʠʮʘ ʩʦʜʝʨʞʠʪ 2D ʨʝʰʝʪʢʫ ʦʪʚʝʨʩʪʠʡ, ʚ ʢʦ-

ʪʦʨʳʭ ʨʘʟʤʝʱʘʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʜʠʩʢʠ ʥʘʥʦʤʝʪʨʦʚʳʭ ʨʘʟʤʝʨʦʚ [1]. ɺʦ ʚʪʦʨʦʤ ʩʣʫ-

ʯʘʝ 2D ʨʝʰʝʪʢʘ ʣʠʙʦ ʠʟ ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʚʘʜʨʘʪʥʦʡ/ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ 

ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ [2], ʣʠʙʦ ʠʟ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʜʠʩʢʦʚ [3] ʨʘʟʤʝʱʘʝʪʩʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʳ ʠʟ ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (ɾʀɻ). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʳ ʠ ʪʦʧʦʣʦʛʠʠ ʤʘʛʥʠʪʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʚ ʩʧʝʢʪʨʝ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ʉɺ), ʙʝʛʫʱʠʭ ʚ ʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ, ʥʘʙʣʶʜʘʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʙʨʝʛʛʦʚʩʢʠʝ ʨʝʟʦʥʘʥʩʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʪʨʘʞʝʥʠʝʤ ʙʝʛʫʱʠʭ ʉɺ ʦʪ ʧʝʨʠʦ-

ʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʠ ʯʘʩʪʦʪʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʝʟʦʥʘʥʩ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʠʭ ʤʘʛʥʠʪʥʳʭ ʚʢʣʶʯʝʥʠʡ [2,3]. ʇʨʠ ʵʪʦʤ ʧʦʛʣʦʱʝʥʠʝ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʜʣʷ ʙʝʛʫʱʠʭ ʉɺ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʷʱʝʡ ʧʝʨʠʦʜ ʩʪʨʫʢ-

ʪʫʨʳ. ʄʝʪʘʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʪʘʢʠʭ ʙʝʛʫʱʠʭ ʉɺ ʷʚʣʷʝʪʩʷ ʧʦʛʣʦʱʘʶʱʝʡ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʝʪʘʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʪʨʝʭʚʦʣʥʦʚʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʩʧʠʥ-ʚʦʣʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʚ ʙʠʢʦʤʧʦʥʝʥʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ, ʫ ʢʦʪʦʨʦʡ ʜʚʘ ʤʘʛʥʠʪʥʳʭ ʤʘ-

ʪʝʨʠʘʣʘ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʦ ʦʪʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (YIG/Py). ʂʘʢ 

ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʜʦʢʣʘʜʝ, ʚ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰ-

ʥʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʨʦʪʢʦʚʦʣʥʦ-

ʚʳʭ ʉɺ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʣʠʙʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʘʛʥʠʪʦʩʪʘʪʠ-

ʯʝʩʢʦʡ ʉɺ (ʇʄʉɺ), ʙʝʛʫʱʝʡ ʚ ɾʀɻ-ʤʘʪʨʠʮʝ, ʠ ʩʪʦʷʯʠʤʠ ʉɺ ʚ ʜʠʩʢʘʭ ʠʟ ʤʝʪʘʣʣʠ-

ʯʝʩʢʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ (ʧʝʨʤʘʣʣʦʷ), ʣʠʙʦ ʪʦʣʴʢʦ ʩʪʦʷʯʠʤʠ ʉɺ ʚ ʧʝʨʤʘʣʣʦʝʚʳʭ 

ʜʠʩʢʘʭ. ɽʩʣʠ ʚ ɾʀɻ-ʤʘʪʨʠʮʝ ʚʦʟʙʫʞʜʘʝʪʩʷ ʇʄʉɺ, ʦʙʣʘʜʘʶʱʘ ̫ʥʝʚʟʘʠʤʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʢʨʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʝʥʠʷ 

ʥʝʚʟʘʠʤʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʠʥ-ʚʦʣʥʦʚʦʛʦ ʨʝʟʦʥʘʥʩʘ. 

ɹʠʢʦʤʧʦʥʝʥʪʥʘʷ ʤʘʛʥʠʪʥʘʷ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʴ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ɾʀɻ-ʚʦʣʥʦ-

ʚʦʜʘ, ʥʘ ʦʜʥʦʡ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʛʥʠʪʥʳʝ 
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35                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʚʢʣʶʯʝʥʠʷ ʚ ʚʠʜʝ 2D ʨʝʰʝʪʢʠ ʠʟ ʧʝʨʤʘʣʣʦʝʚʳʭ ʜʠʩʢʦʚ ʜʠʘʤʝʪʨʦʤ 50 ʤʢʤ, ʚʳʩʦʪʦʡ 

210 ʥʤ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ 104 ɻʩ, ʧʝʨʠʦʜʦʤ 100 ʤʢʤ, ʟʘʥʠʤʘʶʱʠʭ 

ʧʣʦʱʘʜʴ 4ʭ4 ʤʤ2. ɾʀɻ-ʚʦʣʥʦʚʦʜ ʜʣʠʥʦʡ 15 ʤʤ ʠ ʰʠʨʠʥʦʡ 4 ʤʤ ʚʳʧʦʣʥʝʥ ʠʟ 

ʧʣʝʥʢʠ ɾʀɻ ʪʦʣʱʠʥʦʡ 10 ʤʢʤ ʠ ʩ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ 1750 ɻʩ. ɿʘʢʦʨʦ-

ʯʝʥʥʳʝ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʰʠʨʠʥʦʡ 50 ʤʢʤ ʥʘʭʦ-

ʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 7 ʤʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʧʨʠʝʤʘ 

ʇʄʉɺ. 

ʅʘ ʈʠʩ.1ʘ ʧʦʢʘʟʘʥ rʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɸʏʍ) ʩʧʠʥ-ʚʦʣ-

ʥʦʚʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʙʠʢʦʤʧʦʥʝʥʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ, ʠʟ-

ʤʝʨʝʥʥʳʝ ʧʨʠ ʪʘʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ0, ʧʨʠ ʢʦʪʦʨʦʡ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʠʝ ʪʨʝʭʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ɾʀɻ-ʚʦʣʥʦʚʦʜʝ ʟʘʧʨʝʱʝʥʳ, ʘ ʜʣʷ ʤʦʜ ʩʪʦʷʯʠʭ 

ʉɺ ʚ ʧʝʨʤʘʣʣʦʝʚʳʭ ʜʠʩʢʘʭ ʨʘʟʨʝʰʝʥʳ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʅ0=1400 ʕ ʚ ʩʧʝʢʪʨʝ ʙʝʛʫ-

ʱʝʡ ʇʄʉɺ ʥʘʭʦʜʷʪʩʷ ʜʚʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ 

f2=6.224 ɻɻʮ ʠ f4=6.258 ɻɻʮ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʦʷʯʠʤ ʤʦʜʘʤ ʧʝʨʤʘʣʣʦʝʚʳʭ ʜʠʩ-

ʢʦʚ. ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ (ʅ0=-1400 ʕ) 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʝ ʪʦʣʴʢʦ ʫʨʦʚʥʷ ʦʩʣʘʙʣʝʥʠʷ ʩʠʛʥʘʣʘ, ʥʦ ʠ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʇʄʉɺ. ʊʝʧʝʨʴ ʪʦʣʴʢʦ ʦʜʥʘ ʧʦʣʦʩʘ ʧʦʛʣʦ-

ʱʝʥʠʷ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ f3=6.243 ɻɻʮ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʝ ʇʄʉɺ. ʂʘʢ ʧʦ-

ʢʘʟʘʥʦ ʥʘ ʈʠʩ.1ʙ, ʥʘ ʯʘʩʪʦʪʝ f3/2 ʧʨʠ ʅ0=-1400 ʕ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʚʦʟ-

ʙʫʞʜʝʥʠʝ ʉɺ, ʘ ʧʨʠ ʅ0=1400 ʕ ʪʘʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. 

 

 
 

(ʘ) (ʙ) 

ʈʠʩ. 1. (ʘ) ɸʏʍ ʤʘʛʥʠʪʥʦʡ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʦʜʥʦʨʦʜʥʦʡ ʧʣʝʥʢʠ ɾʀɻ 

(ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ), ʠʟʤʝʨʝʥʥʳʝ ʚ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ; (ʙ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʄʘʥʜʝʣʴʰʪʘʤ-ɹʨʠʣʣʶʵʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʥʘ ʯʘʩʪʦʪʝ f3/2 ʜʣʷ ʅ0=-1400 ʕ (ʣʝʚʘʷ ʢʘʨʪʘ) ʠ ʜʣʷ ʅ0=1400 ʕ (ʧʨʘʚʘʷ ʢʘʨʪʘ). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 19-79-

20121). 
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ʈɸɿʈɸɹʆʊʂɸ ʊɽʃɽʄɽɼʀʎʀʅʉʂʆɻʆ ʇʈʆɻʈɸʄʄʅʆɻʆ  

ʂʆʄʇʃɽʂʉɸ ɼʃʗɼɽʊɽʂʊʀʈʆɺɸʅʀʗ ʋʈʆɺʅʗ ʉɸʍɸʈɸ ɺ ʂʈʆɺʀ 
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ɼ.ʖ. ɹʫʜʥʠʢ1, ʖ.ʄ. ʀʰʙʫʣʘʪʦʚ1,2,3, ɸ.ʉ. ʂʘʨʘʚʘʝʚ1,2,3 

1ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
2ʆʪʜʝʣ ʧʨʦʜʚʠʞʝʥʠʷ ʥʦʚʳʭ ʢʘʨʜʠʦʣʦʛʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʅʀʀ 

ʢʘʨʜʠʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ ʉʘʨʘʪʦʚʩʢʠʡ ɻʄʋ ʠʤ. ɺ.ʀ. ʈʘʟʫʤʦʚʩʢʦʛʦ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ 
3ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ. ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
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ʇʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʩʘʭʘʨʘ ʚ ʢʨʦʚʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚ ʥʘʰʝ ʚʨʝʤʷ [1][2]. ʀʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ, ʩʪʨʘʜʘʶʱʠʭ ʜʠʘʙʝʪʦʤ, ʚʦʟʨʦʩʣʦ ʩ 108 ʤʠʣʣʠʦʥʦʚ ʚ 1980 

ʛʦʜʫ ʜʦ 422 ʤʠʣʣʠʦʥʦʚ ʚ 2014 ʛʦʜʫ [3]. ʂ ʪʦʤʫ ʞʝ ʚ 2016 ʛʦʜʫ 1,6 ʤʠʣʣʠʦʥʘ ʩʣʫʯʘʝʚ 

ʩʤʝʨʪʝʡ ʙʳʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʟʚʘʥʳ ʜʠʘʙʝʪʦʤ. ɽʱʝ 2,2 ʤʠʣʣʠʦʥʘ ʩʣʫʯʘʝʚ ʩʤʝʨ-

ʪʝʡ ʚ 2012 ʛʦʜʫ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ. ʇʦ ʤʥʝ-

ʥʠʶ ʘʥʘʣʠʪʠʢʦʚ, ʧʨʝʞʜʝʚʨʝʤʝʥʥʘʷ ʩʤʝʨʪʥʦʩʪʴ ʦʪ ʜʠʘʙʝʪʘ ʚʦʟʨʦʩʣʘ ʥʘ 5% ʟʘ ʧʝʨʠʦʜ 

ʩ 2000 ʧʦ 2016 ʛʦʜ. ʂ ʪʦʤʫ ʞʝ, ʧʦ ʜʘʥʥʳʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʬʝʜʝʨʘʮʠʠ ʜʠʘʙʝʪʘ, ʚ 

2021 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʙʦʣʴʥʳʭ ʜʠʘʙʝʪʦʚ ʚ ʤʠʨʝ ʜʦʩʪʠʛʣʦ 537 ʤʣʥ. ʯʝʣʦʚʝʢ. 

ʉʠʪʫʘʮʠʷ ʫʩʫʛʫʙʣʷʝʪʩʷ ʚ ʈʦʩʩʠʠ ʪʝʤ, ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ 

ʨʳʥʢʝ ʛʣʶʢʦʤʝʪʨʳ, ʚʢʣʶʯʘʷ ʦʜʦʙʨʝʥʥʳʝ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʛʣʶʢʦ-

ʤʝʪʨʳ çAccu-Checkè, ʠʤʝʶʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʢʘʥʘʣ ʜʣʷ ʦʪʧʨʘʚʢʠ ʠ ʩʙʦʨʘ 

ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ.ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʳʥʢʝ ʛʣʶʢʦʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʝʣʝ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʢʘʥʘʣ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʣʠʯʘʶʪʩʷ ʣʠʙʦ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʦʡ ʩʪʦ-

ʠʤʦʩʪʴʶ ʩʘʤʦʛʦ ʧʨʠʙʦʨʘ ʠʣʠ ʝʛʦ ʨʘʩʭʦʜʥʠʢʦʚ, ʣʠʙʦ ʦʥʠ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʠʭ ʥʝ 

ʨʝʢʦʤʝʥʜʫʶʪ ʚʨʘʯʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʥʠʟʢʫʶ ʪʦʯʥʦʩʪʴ, ʣʠʙʦ 

ʧʨʠʙʦʨʳ ʚʳʩʦʢʦʪʦʯʥʳʝ, ʥʦ ʠʩʧʦʣʴʟʫʶʪ ʩʚʦʶ ʩʢʨʳʪʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʥʝʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʨʝʰʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʝ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʝ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʘʥʘʣʠʟʘ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʯʠʪʳʚʘʥʠʝ ʧʦʢʘʟʘʥʠʡ ʛʣʶʢʦʤʝʪʨʦʚ ʫ ʧʘʮʠʝʥʪʦʚ, ʥʘʢʦʧʣʝʥʠʝ ʚ 

ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ ʫʜʘʣʸʥʥʦʤ ʤʝʜʠʮʠʥʩʢʦʤ ʩʝʨʚʝʨʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʛʥʦʟʘ ʩʦʩʪʦʷ-

ʥʠʷ ʜʘʥʥʦʛʦ ʧʘʮʠʝʥʪʘ ʠ ʜʠʥʘʤʠʢʠ ʧʘʪʦʣʦʛʠʡ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʜʭʦʜ ʤʝʜʠʮʠʥʳ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ, ʢʦʛʜʘ ʚʨʘʯ ʠʩʢʣʶʯʘʝʪʩʷ, ʠ ʩʥʠʞʘʝʪ 

ʥʘʛʨʫʟʢʫ ʥʘ ʚʨʘʯʝʡ ʧʝʨʚʠʯʥʦʛʦ ʟʚʝʥʘ. 

ʈʝʘʣʠʟʦʚʘʪʴ ʪʘʢʦʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʢʘʥʘʣ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ Android-

ʩʤʘʨʪʬʦʥʘ ʧʫʪʸʤ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʜʝʪʝʢ-

ʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʠʷ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʩʤʘʨʪʬʦ-

ʥʦʤ ʵʢʨʘʥʘ ʛʣʶʢʦʤʝʪʨʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʧʦʢʘʟʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʢʦʨ-

ʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʪʧʨʘʚʢʝ ʟʥʘʯʝʥʠʡ ʥʘ ʫʜʘʣʝʥʥʳʡ ʩʝʨʚʝʨ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʢʦʣʣʝʛʘʤʠ ʠʟ ʅʀʀ ʂʘʨʜʠʦʣʦʛʠʠ ʉɻʄʋ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʘʥʘʣʠʪʠ-

ʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʀʉ-ʂʘʨʜʠʦ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʡ ʩʠ-

ʩʪʝʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʛʣʶʢʦʤʝʪʨʘ çAccu-ChekActiveè ʧʦʩʨʝʜʩʪʚʦʤ ʝʛʦ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩʤʘʨʪʬʦʥʦʤ ʥʘ ʙʘʟʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android. 



37                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʝʤʠʩʝʛʤʝʥʪʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʚ ʛʣʶʢʦʤʝʪʨʝ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 1). ɸʣʛʦ-

ʨʠʪʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʧʝʮʠʘʣʴʥʫʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʝ-

ʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʮʠʬʨʳ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʦʙʨʘʟʘʤ ʧʷʪʝʥ, ʘ ʪʘʢʞʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʵʪʘʣʦʥʥʳʭ ʦʙʨʘʟʦʚ. 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʷʚʣʷʣʩʷ ʧʦʜʙʦʨ ʵʪʘʣʦʥʥʳʭ ʦʙʨʘʟʦʚ, ʦʪ 

ʢʦʪʦʨʳʭ ʩʠʣʴʥʦ ʟʘʚʠʩʝʣʘ ʠʪʦʛʦʚʘʷ ʢʦʨʨʝʣʷʮʠʷ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠ 

ʩʨʘʚʥʝʥʳ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʵʪʘʣʦʥʥʳʭ ʦʙʨʘʟʦʚ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫ ʩʝʤʠʩʠʛʤʝʥʪ-

ʥʳʭ ʮʠʬʨ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʥʘ ʦʜʠʥ ʩʝʛʤʝʥʪ, ʚʦʟʥʠʢʘʝʪ ʩʠʣʴʥʘʷ ʢʦʨʨʝʣʷ-

ʮʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʫʭʫʜʰʠʪʴ ʜʝʪʝʢʮʠʶ ʧʨʠ ʥʝʫʜʘʯʥʦʡ ʬʦʪʦʛʨʘʬʠʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʩʤʘʨʪʬʦʥʦʚ ʩ ʤʝʪʦʜʘʤʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʫʨʦʚʥʷ ʩʘʭʘʨʘ ʚ ʢʨʦʚʠ ʧʦ ʬʦʪʦʛʨʘʬʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ 

ʩ ʫʜʘʣʸʥʥʳʤ ʤʝʜʠʮʠʥʩʢʠʤ ʩʝʨʚʝʨʦʤ ʠʟ ʅʀʀ ʂʘʨʜʠʦʣʦʛʠʠ ʉɻʄʋ ʜʣʷ ʩʙʦʨʘ ʜʘʥ-

ʥʳʭ ʦ ʧʘʮʠʝʥʪʘʭ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʠʢʣʘʜʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚ ʨʝ-

ʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʧʦʢʘʟʘʥʠʷ ʛʣʶʢʦʤʝʪʨʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʚʝʨʦʷʪ-

ʥʦʩʪʴʶ ʙʦʣʝʝ 69% ʩ ʧʦʤʦʱʴʶ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʪʣʠʯʘ-

ʝʪʩʷ ʥʠʟʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʧʦʜʭʦ-

ʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʣʝʛʢʦʚʝʩʥʳʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʙʦʪʫ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʤʘʣʦʤʦʱ-

ʥʦʤ ʧʨʦʮʝʩʩʦʨʝ ʩʤʘʨʪʬʦʥʘ.  
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ɺ ʵʧʦʭʫ ʚʟʨʳʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʭʨʘ-

ʥʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʨʘʩʪʝʪ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ. ɻʣʦʙʘʣʴʥʳʡ ʦʙʲʝʤ 

ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʦʙʠʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʚʠʜʝʦʫʩʪʨʦʡʩʪʚʘʤʠ ʚʳ-

ʩʦʢʦʡ ʯʝʪʢʦʩʪʠ, ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʚʢʣʶʯʘʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

(ʀʀ) ʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʳ, ʫʜʚʘʠʚʘʝʪʩʷ ʢʘʞʜʳʝ 2 ʛʦʜʘ [1]. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʭʚʘʪʳʚʘʶʱʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʨʝ-

ʰʝʥʠʷʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʧʝʨʝʜʘʯʠ, ʭʨʘʥʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʂʘʢ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʪʘʢ ʠ ʚ ʬʦʪʦʥʠʢʝ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʨʦʛʨʝʩʩ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʤʥʦʛʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʭʨʘʥʝʥʠʷ 

(ʟʘʢʦʥ ʄʫʨʘ) [2] ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʦʧʪʠʯʝ-

ʩʢʠʭ ʚʦʣʦʢʦʥ (ʟʘʢʦʥ ʂʝʢʘ) [3]. ʉʝʛʦʜʥʷ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, 

ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʠʟ-ʟʘ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʞʝ ʜʦʩʪʠʛʣʠ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠʥʪʝʛʨʘʮʠʠ ʠ 

ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, ʯʪʦ ʜʘʝʪ ʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ ʭʨʘʥʝʥʠʠ ʜʘʥʥʳʭ. ʆʥʠ ʪʘʢʞʝ 

ʠʤʝʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʣʦʛʠʢʫ ʥʘ ʦʩʥʦʚʝ ʪʨʘʥʟʠʩʪʦʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʚʦʩʭʦʜʷʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʨʝʜʣʘʛʘʶʪ çʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶè ʛʠʙʢʦʩʪʴ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ çʧʝʨʝ-ʧʦʜʢʣʶʯʝʥʠʷè ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʬʦʪʦʥʥʳʭ ʩʠʩʪʝʤ ʪʨʝʙʫ-

ʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʠʨʫʝʤʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ [4]. 

ɼʣʷ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʦʡ ʢʦʤʤʫʪʘʮʠʠ ʠʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʙʝʟ ʜʚʠʞʫʱʠʭʩʷ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʪʨʝʙʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʜʭʦʜʷʱʠʝ ʨʝʛʫʣʠʨʫ-

ʝʤʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʠʥʪʝʛʨʘʮʠʷ ʬʘʟʦʠʟʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʌʀʄ), ʦʩʦʙʝʥʥʦ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʩʧʣʘʚʦʚ, ʩ ʥʘʥʦʬʦʪʦʥʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʧʨʝʜ-

ʣʘʛʘʝʪ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʦʙʝʱʘʶʱʠʡ ʧʫʪʴ ʢ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʤ ʦʧʪʠʯʝʩʢʠʤ ʬʫʥʢ-

ʮʠʷʤ [5]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʌʀʄ, ʢʦʪʦʨʦʝ ʧʦʟ-

ʚʦʣʷʝʪ ʥʘʜʝʞʥʦ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ ʧʝʨʝʢʣʶʯʘʪʴ ʠʭ ʦʧʪʠʯʝʩʢʠʝ / ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʪʝʯʝʥʠʝ ʤʠʣʣʠʘʨʜʦʚ ʮʠʢʣʦʚ ʧʝʨʝʢʣʶʯʝʥʠʷ. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠ-

ʚʣʝʢʘʶʪ ʚʩʸ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ ʩʣʝ-

ʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʦʧʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ [6]. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʭʘʣʴʢʦʛʝʥʠʜʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʦʪʜʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦ-

ʷʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʪʘʢʠʝ ʢʘʢ ʪʝʧʣʦʝʤʢʦʩʪʴ 
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ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ, ɻ ʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴ ʠ ʪ. ʜ.). ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʧʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, 

ʦʙʳʯʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ [7]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʌʀʄ [8] ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʥʘʥʝʩʝʥʥʦʡ ʪʦʥʢʦʡ (50 ʥʤ) ʧʣʝʥʢʦʡ ʌʀʄ [9]. ʇʦ-

ʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʫʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʧʘ-

ʤʷʪʴ, ʦʧʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ, ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʝ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʠʭ ʤʘʩ-

ʩʠʚʳ, ʙʠʦʧʦʜʦʙʥʳʝ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ [10, 11]. ʇʦʩʢʦʣʴʢʫ ʩʦʦʪʥʦʰʝ-

ʥʠʝ ʬʘʟ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʶʪʩʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ) [12, 13], ʧʨʠʚʝʜʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦ-

ʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʩʝʭ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʩʦʩʪʦʷʥʠʡ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʯʝʨʝʟ ʫʜʝʣʴʥʫʶ ʧʨʦʚʦ-

ʜʠʤʦʩʪʴ ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ) [14]. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʌʅʀʎ çʂʨʠ-

ʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè. 
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ʉʠʩʪʝʤʳ ʥʘʥʦʢʣʘʩʪʝʨʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟ ʟʦʣʦʪʳʭ (Au) ʥʘʥʦʯʘʩʪʠʮ, ʥʘʭʦ-

ʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʥʫʞʜ 

ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʣʦʛʠʠ, ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʧʪʦʬʦʪʦʥʠʢʠ [1]. 

 ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʦʙʨʘʟʮʳ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ.1ʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʪʝʨʤʦʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘ ʩʪʝʢʣʷʥʥʫʶ ʧʦʜʣʦʞʢʫ ʧʨʠ ʝʝ ʤʥʦʛʦʢʨʘʪʥʦʤ 

ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʫʯʢʦʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʩʘʞʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟ ʢʦʣʣʦʠʜ-

ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜʢʘ 100 ʥʤ [2]. ʀʩ-

ʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʚʳʧʦʣʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʈʕʄ Quanta 200 3D ʠ ʟʦʥʜʦʚʦʡ 

ʥʘʥʦʣʘʙʦʨʘʪʦʨʠʠ Integra-Aura, ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪ 50 

ʥʤ ʜʦ 1 ʤʢʤ ʩ ʪʦʧʦʣʦʛʠʝʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʱʝʡ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʢʘʥʠʨʦʚʘʥʠʡ 

ʧʦʜʣʦʞʢʠ.  ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʩʣʝʜʩʪʚʠʠ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ: ʥʘʛʨʝʚʘʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʨʘʩʪʚʦʨʘ ʠ ʜʠʬʬʫʟʠʠ ʜʠʩ-

ʧʝʨʩʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʃʘʟʝʨʥʳʡ ʥʘʛʨʝʚ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʷʟʢʦʩʪʠ ʚ ʦʙʣʘ-

ʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʦʷʚʣʝʥʠʶ ʪʝʯʝʥʠʷ ʚ ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʵʪʫ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʦʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʝʨʤʦʜʠʬʬʫʟʠʝʡ ʯʘʩʪʠʮ ʥʘ ʧʦʜʣʦʞʢʫ. ɺ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʛʦʨʝʥʠʝ ʛʣʠʮʝʨʠʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʥʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʨʠʤʝʨʥʦ 

ʢʘʢ 1500ʉ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ï D=1.07*10-8 ʤ2/c. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʥʘ ʧʦʜʣʦʞʢʝ ʧʨʠʤʝʥʠʤʘ ʤʦʜʝʣʴ DLA [3], ʨʝʘʣʠʟʦ-

ʚʘʥʥʘʷ ʤʝʪʦʜʦʤ ʢʣʝʪʦʯʥʦʛʦ ʘʚʪʦʤʘʪʘ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʙʣʫʞʜʘʥʠʷʤʠ ʯʘʩʪʠʮ ʩ ʚʝʣʠ-

ʯʠʥʘʤʠ 1 ʦʪʥ.ʝʜ. ʩ ʝʜʠʥʠʯʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʢʨʝʩʪ-

ʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʢʨʝʩʪʥʦʩʪʴ ʬʦʥ ʅʝʡʤʘʥʘ [4]. ɺʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷ-

ʞʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʧʘʨʘʤʝʪʨʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʠʣʠʧʘʥʠʷ (s), ʢʦʪʦʨʳʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ (ů): s=ů=M(1ïTʦʪʥ)[5], ʛʜʝ M=Lh/k ï ʥʦʨʤʠʨʦʚʦʯʥʳʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ (Lh ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ, k ï ʢʨʠʚʠʟʥʘ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ), 

Tʦʪʥ=ʊ/Tk, T=1500C, Tk=2900ʉ  ï ʪʝʢʫʱʘʷ ʠ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɺ ʜʠʩʢʨʝʪʥʦʤ ʚʠʜʝ Lh=1 ʠ ʜʣʷ ʦʢʨʝʩʪʥʦʩʪʠ ʬʦʥ ʅʝʡʤʘʥʘ k=9. ʊʦʛʜʘ 

s=0.054. ɼʣʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʠʩ. 1ʙ ʠʟʦʙʨʘʞʝʥʘ ʤʦʜʝʣʴ ʩʪʫʢʪʫʨʳ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʧʣʝʥʢʠ Au. ɽʝ ʭʘʫʩʜʦʨʬʦʚʘ ʨʘʟʤʝʨʥʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ boxcounting[6], 

ʩʦʩʪʘʚʠʣʘ ʚʝʣʠʯʠʥʫ 0.833 

 
ʈʠʩ. 1. (ʘ) ʆʙʨʘʟʝʮ Au ʥʘʥʦʢʣʘʩʪʝʨʦʚ. (ʙ) DLA ʤʦʜʝʣʴ 



41                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʈʘʜʠʫʩ ʥʘʥʦʢʣʘʩʪʝʨʘ ʩʦʩʪʘʚʠʣ ʚʝʣʠʯʠʥʫ 40 ʦʪʥ. ʝʜ. ʠʣʠ ʚ ʩʣʫʯʘʝ ʤʘʩʰʪʘʙʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʨʘʚʥʦʛʦ 10 ʥʤ ï 400 ʥʤ. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ-

ʧʘʜʘʝʪ ʚʦ ʤʥʦʞʝʩʪʚʦ ʠʟʤʝʨʝʥʳʭ ʨʘʟʤʝʨʦʚ ʥʘʥʦʦʙʲʝʢʪʦʚ. ʈʘʟʥʠʮʘ ʭʘʫʩʦʨʬʦʚʳʭ ʨʘʟ-

ʤʝʨʥʦʩʪʝʡ ʤʦʜʝʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 0,01. 

ʉʨʘʚʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʠʭ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʚʧʘʜʝʥʠʠ ʥʘ ʫʨʦʚʥʝ ʨʘʟʤʝʨʥʦʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦ-

ʞʝʥʥʘʷ ʤʦʜʝʣʴ ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʦ ʦʪʦʙʨʘʞʘʝʪ ʩʪʫʨʢʪʫʨʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʆʨʛʘʥʠʟʘʮʠʠ ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʟʘʙʦʣʝʚʘʥʠʷ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ (ʉʉʉ) ʷʚʣʷʶʪʩʷ ʚʝʜʫʱʝʡ ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʚʦ 

ʚʩʝʤ ʤʠʨʝ [1]. ɸʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ ʠ ʠʰʝʤʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ ʩʝʨʜʮʘ ʷʚʣʷʪʁʩʷ 

ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʉʉʉ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʠʡʩʢʦʛʦ 

ʢʘʨʜʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ [2], ʪʦʣʴʢʦ 40-50% ʣʶʜʝʡ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʠʰʝʤʠʯʝ-

ʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ, ʟʥʘʶʪ ʦ ʩʚʦʝʤ ʜʠʘʛʥʦʟʝ ʠ ʧʦʣʫʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʣʝʯʝ-

ʥʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʝʨʚʳʝ ʩʠʤʧʪʦʤʳ ʤʘʣʦʟʘʤʝʪʥʳ, ʧʦʯʪʠ ʚ 50% ʩʣʫʯʘʝʚ 

ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʚʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ. 

ɺ ʨʘʙʦʪʝ [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ ʠ ʨʘʟʚʠʪʠʝ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨ-

ʪʝʥʟʠʠ ʧʨʠʚʦʜʷʪ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʠʥʜʝʢʩʘ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦ-

ʮʝʥʪ ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ RR-ʠʥʪʝʨʚʘʣʦʛʨʘʤʤʳ ʠ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʤ r(S-ʠʥ-

ʜʝʢʩ). S-ʠʥʜʝʢʩ ʪʘʢ ʞʝ ʧʦʢʘʟʘʣ ʧʨʠʢʣʘʜʥʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠ ʢʦʥʪʨʦʣʝ ʪʝʨʘʧʠʠ ʘʨʪʝ-

ʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ ʠ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ [4], ʦʜʥʘʢʦ, ʧʣʘʥʦʤʝʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ S-ʠʥʜʝʢʩʘ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʦʜʘ ʚʚʝʜʝʥʠʷ ʬʘʟʳ ʥʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘ-

ʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ (ʕʂɻ) ʩ ʟʘʜʘʥʥʦʡ ʬʘ-

ʟʦʡ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ, ʪ.ʝ. ʩ ʘʧʨʠʦʨʥʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʦʡ ʩʠʛʥʘʣʘ RR-

ʠʥʪʝʨʚʘʣʦʛʨʘʤʤʳ. 

ʄʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [5] ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙ rʯʘʩʪʦʪʥʘ ̫ʤʦʜʫʣʷʮʠ ̫ʦʩʥʦʚʥʦʛʦ ʨʠʪʤʘ ʩʝʨʜʮʘ ʦʙʣʘʜʘʣʘ ʟʘ-

ʜʘʥʥʦʡ ʬʘʟʦʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʪʨʝʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ:  

 
ὼὸ ‌ὼὸ ς“Ὢ Ὧ ÓÉÎ•ὸ ώὸ

ώὸ ‌ώὸ ς“Ὢ Ὧ ÓÉÎ•ὸ ὼὸȟ

       ᾀὸ В ‌ᶰ ȟȟȟȟ ЎὸÅØÐ
Ў

ᾀ ᾀ

   (1) 

ʛʜʝ Ὢέ ï ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʩʦʢʨʘʱʝʥʠʡ ʩʝʨʜʮʘ, km ï ʧʝʨʝʜʘʪʦʯʥʳʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ, • ὸ- ʟʘʜʘʥʥʘʷ ʬʘʟʘ ʩʠʛʥʘʣʘ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ, ‌ ρ ὼς ώς, ‍ - 

ʫʧʨʘʚʣʷʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʦʡ ʨʷʜ (ʨʠʩ.1(ʘ)) ʠ ʩʧʝʢʪʨʳ (ʨʠʩ.1(b)) ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʣʫʯʘʷ ʣʠʥʝʡʥʦ ʥʘʨʘʩʪʘʶʱʝʡ ʒ Ô, ʩʦʦʪ-
ʚʝʪʩʚʫʶʱʝʡ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʩʠʛʥʘʣʫ ʩ ʯʘʩʪʦʪʦʡ 0.1 ɻʮ, ʠ ʩʣʫʯʘʷ ʬʘʟʳ, ʚʳʜʝʣʝʥʥʦʡ 



43                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʠʟ ʨʝʘʣʴʥʦʡ RR-ʠʥʪʝʨʚʘʣʦʛʨʘʤʤʳ. ɺʨʝʤʝʥʥʦʡ ʨʷʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʬʦʨʤʳ ʤʦʜʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʬʦʨʤʝ ʨʝʘʣʴʥʦʡ ʕʂɻ. ʅʘ ʩʧʝʢʪʨʘʭ ʤʦʱʥʦ-

ʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʘʪʝʣʣʠʪʥʳʝ ʛʘʨʤʦʥʠʢʠ ʧʨʠ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ ʩʦʢʨʘʱʝʥʠʷ 

ʩʝʨʜʮʘ, ʢʦʪʦʨʳʝ ʛʦʚʦʨʷʪ ʦ ʥʘʣʠʯʠʠ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʯʘʩʪʦʪʦʡ ʦʢʦʣʦ 0.1 ɻʮ. 

ʅʘ ʨʠʩʫʥʢʝ 1(ʩ) ʩʦʧʦʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʩʠʛʥʘʣʘ sin(• ὸ) ʠ RR-

ʠʥʪʝʨʚʘʣʦʛʨʘʤʤʳ, ʦʮʝʥʝʥʥʦʡ ʧʦ ʤʦʜʝʣʴʥʦʤʫ ʩʠʛʥʘʣʫ ʕʂɻ. ʉʠʛʥʘʣʳ ʜʝʤʦʥʩʪʨʠ-

ʨʫʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʝ-

ʪʦʜʦʚ ʚʚʝʜʝʥʠʷ ʬʘʟ ʢʦʣʝʙʘʥʠʡ 0.1 ɻʮ ʨʠʪʤʦʚ ʩʠʛʥʘʣʦʚ RR-ʠʥʪʝʨʚʘʣʦʛʨʘʤʤʳ. 

 

 
ʈʠʩ. 1. (a) ɺʨʝʤʝʥʥʦʡ ʨʷʜ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʴʶ. (b) ʆʮʝʥʢʘ ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʝʡ↑ ʩʠʛʥʘʣʦʚ. ʉʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥ ʩʧʝʢʪʨ 

ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʬʘʟʳ 0.1 ɻʮ-ʢʦʣʝʙʘʥʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ. ʇʫʥʢʪʠʨʥʦʡ 

ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʬʘʟʳ 0.1 ɻʮ-ʢʦʣʝʙʘʥʠʡ ʩʠʛʥʘʣʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦ-

ʚʝʢʘ. (c) ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʯʘʩʪʦʪʥʳʭ ʤʦʜʫʣʷʮʠʡ. ʉʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʘ ʯʘʩʪʦʪʥʘʷ 

ʤʦʜʫʣʷʮʠʷ ʩʠʛʥʘʣʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʚʳʜʝʣʝʥʥʘʷ ʠʟ ʩʠʛʥʘʣʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʘ ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷ-

ʮʠʷ ʩʠʛʥʘʣʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʡ ʬʘʟʳ.  
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ʋʩʪʨʦʡʩʪʚʘ ʥʘ ʚʦʣʥʘʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ (ɺʇɿ) ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ (ʆɼʇ) ï ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʩʧʦʩʦʙʥʳʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʰʠʨʦ-

ʢʠʡ ʢʨʫʛ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʉɺʏ ʜʠʘʧʘʟʦʥʝ, ʚʢʣʶʯʘʷ ʝʛʦ ʢʦʨʦʪʢʦʚʦʣʥʦ-

ʚʫʶ ʯʘʩʪʴ [1-4]. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚ ʥʘ ɺʇɿ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʚʦʧʨʦʩʳ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʪʦʥʢʦʧʣʝʥʦʯʥʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ (ʊʇʉ) 

ʩ ʆɼʇ. 

ʊʇʉ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʠʤʝʝʪ ʚʠʜ ʧʣʘʥʘʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 

1) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʧʠʪʘʢʩʠʘʣʴʥʫʶ ʧʣʝʥʢʫ 1 ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʆɼʇ [5-15], 

ʚʳʨʘʱʝʥʥʫʶ ʥʘ ʧʦʣʫʠʟʦʣʠʨʫʶʱʝʡ ʧʦʜʣʦʞʢʝ 2. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ ʚ ʧʣʝʥʢʝ 

ʚʳʙʠʨʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʪʦʣʱʠʥʦʡ ʧʣʝʥʢʠ d ʜʣʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘ-

ʮʠʦʥʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ (ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʥʥʦʚʩʢʠʭ ʜʦʤʝʥʦʚ).  

 
ʈʠʩ. 1.  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʩʦʟʜʘʶʪʩʷ ʢʘʪʦʜʥʳʡ ʠ ʘʥʦʜʥʳʡ ʦʤʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ 3 

(ʆʂ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʝʞʜʫ ʥʠʤʠ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʵʣʝʤʝʥʪʳ ʩʚʷʟʠ ʊʇʉ ʩ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʦʜʠʥʘʢʦʚʳʭ ʧʦʣʦʩʢʦʚʳʭ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʩ ʙʘʨʴʝʨʦʤ ʐʦʪʪʢʠ 4 (ɹʐ). ʄʝʞʜʫ ʦʤʠʯʝʩʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ 

ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʩʪʘʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ, ʩʦʟʜʘʶʱʝʝ 

ʚ ʧʣʝʥʢʝ ʩʠʣʴʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʪʦʛʦ ʧʦʣʷ E0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʘʩʪʢʫ ʆɼʇ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʜʨʝʡʬʦ-

ʚʦʡ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ v(E) ʠ ʚʳʟʳʚʘʝʪ ʜʨʝʡʬ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʝʥʢʝ. ɺʭʦʜʥʦʡ ʠ 

ʚʳʭʦʜʥʦʡ ʵʣʝʤʝʥʪʳ ʩʚʷʟʠ ʩʣʫʞʘʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʩʠʛʥʘʣʦʚ ʚ ɺʇɿ ʠ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɺʇɿ ʚ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ. ʀʭ ʚʘʞ-
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ʥʳʤ ʩʚʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʴ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʧʨʠ ʨʘ-

ʙʦʪʝ ʚ ʤʥʦʛʦʯʘʩʪʦʪʥʦʤ ʨʝʞʠʤʝ. ɿʘʟʦʨʳ ʤʝʞʜʫ ʆʂ ʠ ʙʘʨʴʝʨʘʤʠ ʐʦʪʪʢʠ ʚʳʙʠʨʘʣʠʩʴ 

ʨʘʚʥʳʤʠ l2 = 2,5 ʤʢʤ, ʘ ʰʠʨʠʥʘ ʩʘʤʠʭ ɹʐ l1 = 1,5 ʤʢʤ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʙʦʨʘ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʦʣʦʪʳʭ ʢʦʥʪʘʢʪʥʳʭ 

ʧʣʦʱʘʜʦʢ ʧʦʢʨʳʚʘʝʪʩʷ ʪʦʥʢʦʡ (~0,3 ʤʢʤ) ʧʣʝʥʢʦʡ ʜʚʫʦʢʠʩʠ ʢʨʝʤʥʠʷ. ʊʦʣʱʠʥʘ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʧʦʣʦʩʢʦʚʳʭ ʙʘʨʴʝʨʦʚ ʐʦʪʪʢʠ ʨʘʚʥʘ 0,3 ʤʢʤ, ʥʘ ʢʦʥʪʘʢʪʥʳʭ 

ʧʣʦʱʘʜʢʘʭ ɹʐ ʠ ʦʤʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʦʥʘ ʫʚʝʣʠʯʝʥʘ ʜʦ 1 ʤʢʤ, ʯʪʦ ʚ 2-3 ʨʘʟʘ ʧʨʝ-

ʚʳʰʘʝʪ ʪʦʣʱʠʥʫ ʩʢʠʥ-ʩʣʦʷ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʫʩʪʨʦʡʩʪʚ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʩʪʨʦʡʩʪʚʘ: ʘʧʝʨʪʫʨʘ ï 290 

ʤʢʤ, ʜʣʠʥʘ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ï 60 ʤʢʤ, ʟʘʟʦʨ ʤʝʞʜʫ ʆʂ ʠ ɹʐ ï2,5 ʤʢʤ, ʰʠʨʠʥʘ 

ɹʐ ï 1,5 ʤʢʤ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ï 1,4 ʤʢʤ; ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʥʦʨʦʚ ʚ ʧʣʝʥʢʝ ï 5Ā1014 

ʩʤ-3; ʧʦʜʚʠʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʝʥʢʝ ʚ ʩʣʘʙʦʤ ʧʦʣʝ ï 6000 ʩʤ2/(ɺĀʩ); ʧʨʦʙʠʚʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ɹʐ ï > 12 ɺ; ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʯʘʩʪʢʘ ʢʘʪʦʜ-ʘʥʦʜ ï 2·2,5 ʢʆʤ; ʪʦʢ ʘʥʦʜʘ 

ï 7·8 ʤɸ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʊʇʉ ʥʘ ʦʩʥʦʚʝ n-GaAs, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʫʩʪʨʦʡ-

ʩʪʚʘʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʉɺʏ ʜʠʘʧʘʟʦʥʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 20-

07-00603 ɸ). 
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ʆʎɽʅʆʏʅʓʁ ʈɸʉʏɽʊ ʇʆɻʃʆʑɽʅʅʆʁ ʕʅɽʈɻʀʀ ɺ ʍʆɼɽ  

ʃɸɿɽʈ-ʉʊʀʄʋʃʀʈʆɺɸʅʅʆʁ ʄɽʊɸʃʃ-ʀʅɼʋʎʀʈʆɺɸʅʅʆʁ  

ʂʈʀʉʊɸʃʃʀɿɸʎʀʀ ɸʄʆʈʌʅʆɻʆ ʂʈɽʄʅʀʗ 
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ɸ.ʄ. ʇʘʚʣʦʚ1, ʀ.ʆ. ʂʦʞʝʚʥʠʢʦʚ1 
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2ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʥʘ ʣʝʛʢʦʧʣʘʚʢʠʭ ʧʦʜʣʦʞʢʘʭ [1]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʦʜʣʦʞʝʢ (ʩʪʝʢʣʷʥʥʳʭ ʠʣʠ ʧʣʘʩʪʠʢʦʚʳʭ) ʠʤʝʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘ: ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ 

ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʥʦʩʠʤʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʅʘʰʝʡ ʛʨʫʧʧʦʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʣʝʥʦʢ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ ʥʘ ʩʪʝʢʣʷʥʥʳʭ 

[2] ʠ ʧʦʣʠʠʤʠʜʥʳʭ [3] ʧʦʜʣʦʞʢʘʭ. ɺ ʵʪʦʤ ʧʦʜʭʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʣʦʢʦʥʥʳʡ ʣʘʟʝʨ 

ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1064 ʥʤ ʠ ʪʦʥʢʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ ʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʠ-

ʟʫʝʤʦʡ ʧʣʝʥʢʠ a-Si ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ. ʇʨʠʤʝʥʝʥʠʝ Al ʠʣʠ Ni ʚ ʢʘ-

ʯʝʩʪʚʝ ʤʝʪʘʣʣʘ ʜʣʷ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʨʘʟʦʚʘ-

ʥʠʷ c-Si ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʘ ʤʝʪʘʣʣ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʩʪʦʡ ʩʪʘʪʠʯʝʩʢʠʡ ʩʣʫʯʘʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʘ 

ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʦʛʣʦʱʘʶʱʠʤ ʩʣʦʝʤ ʠ ʧʣʝʥʢʦʡ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ. ɺ ʢʘ-

ʯʝʩʪʚʝ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ ʙʳʣ ʚʳʙʨʘʥ ʘʣʶʤʠʥʠʡ ʪʦʣʱʠʥʦʡ 300 ʥʤ; ʪʦʣʱʠʥʘ 

ʧʣʝʥʢʠ a-Si ʩʦʩʪʘʚʣʷʣʘ 1000 ʥʤ. ɼʠʘʤʝʪʨ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʨʦ-

ʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩʦʩʪʘʚʣʷʝʪ 20 ʤʠʢʨʦʤʝʪʨʦʚ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʨʘʟʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ: ʵʥʝʨʛʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 10, 20 ʠ 30 ʤʢɼʞ; ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʘʟʝʨʘ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 25 

ʜʦ 300 ʤʤ/ʩ. ʋʯʠʪʳʚʘʷ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [5], 

ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʤʘ-

ʪʝʨʠʘʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ ʜʣʷ Si ʠ Al ʠ ʧʘʨʘʤʝʪʨʳ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ 

ʣʘʟʝʨʘ ʠ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʛʣʦʱʝʥʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʘʣʶʤʠʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 1 (ʘ), ʜʣʷ ʢʨʝʤʥʠʷ ï ʥʘ ʨʠʩʫʥʢʝ 1 (ʙ). ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʱ-

ʥʦʩʪʷʭ ʠ ʥʘ ʩʢʦʨʦʩʪʷʭ 25-200 ʤʤ/ʩ ʧʨʦʠʟʦʰʣʦ ʧʦʣʥʦʝ ʠʩʧʘʨʝʥʠʝ ʘʣʶʤʠʥʠʷ. ʊʦʣʴʢʦ 

ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʵʥʝʨʛʠʷ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʢɼʞ, ʘ ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʙʳʣʘ 250 ʤʤ/ʩ, ʠʩʧʘʨʝʥʠʝ ʘʣʶʤʠʥʠʷ ʧʨʦʠʟʦʰʣʦ ʥʝ ʧʦʣʥʦʩʪʴʶ. 

ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʧʦʛʣʦʱʝʥʥʦʡ ʘʣʶʤʠʥʠʝʤ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʧʝʨʝʜʘʪʴʩʷ ʢʨʝʤ-

ʥʠʶ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʫʧʨʦʱʝʥʠʝʤ ʜʣʷ ʨʘʩʯʸʪʘ ʠ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʩʪʘʚʰʘʷʩʷ ʧʦ-

ʩʣʝ ʠʩʧʘʨʝʥʠʷ ʘʣʶʤʠʥʠʷ ʵʥʝʨʛʠʷ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʜʘʝʪʩʷ ʢʨʝʤʥʠʶ. 



47                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

 
ʈʠʩ. 1. (ʘ) ʇʦʛʣʦʱʝʥʥʘʷ ʘʣʶʤʠʥʠʝʤ ʵʥʝʨʛʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ. 

(ʙ) ʇʦʛʣʦʱʝʥʥʘʷ ʢʨʝʤʥʠʝʤ ʵʥʝʨʛʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ. 

 

ʇʦ ʨʠʩʫʥʢʫ 1 (ʙ) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʢʨʝʤʥʠʷ. ɼʣʷ ʧʨʦʩʪʝʡʰʝʛʦ ʩʣʫʯʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʨʝʤʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʨʘʩ-

ʧʣʘʚʣʝʥʠʝ, ʧʦʵʪʦʤʫ, ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 1 (ʙ), ʧʨʠ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ 10 ʤʢɼʞ ʠ ʩʢʦ-

ʨʦʩʪʠ 200 ʤʤ/ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʣʘ. ʊʘʢʞʝ ʥʝʦʧʪʠʤʘʣʴʥʳʤʠ ʙʫʜʫʪ ʨʝ-

ʞʠʤʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʢʨʝʤʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʧʦʪʝʨʷ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤʠ ʨʝʞʠʤʘʤʠ ʦʙʨʘʙʦʪʢʠ 

ʙʫʜʫʪ ʨʝʞʠʤʳ ʩ ʵʥʝʨʛʠʝʡ ʦʙʣʫʯʝʥʠʷ 10 ʤʢɼʞ ʠ 150 ʤʤ/ʩ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʝʪʦʜʦʤ ʢʦʤʙʠʥʘ-

ʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʢʨʝʤʥʠʷ, ʢʨʠʩʪʘʣʣʠʟʦʚʘʥ-

ʥʳʭ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʩʯʝʪʫ ʫʩʣʦʚʠʷʭ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʧʠʢʘ ʢʨʝʤʥʠʷ: 

ʧʦʣʦʞʝʥʠʝ ʧʠʢʘ, ʰʠʨʠʥʘ ʥʘ ʧʦʣʫʚʳʩʦʪʝ ʠ ʧʣʦʱʘʜʴ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʤ ʙʣʠʞʝ ʧʠʢ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢ ʟʥʘʯʝʥʠʶ 520 ʩʤ-1, ʪʝʤ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʠʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚ ʦʙʨʘʟʮʝ. ʇʣʦʱʘʜʴ ʧʠʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʣʠʯʝʩʪʚʫ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʢʨʝʤ-

ʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʷ, ʘ ʰʠʨʠʥʘ ʧʠʢʘ ʥʘ ʝʛʦ ʧʦʣʫʚʳʩʦʪʝ ʦʪʚʝʯʘʝʪ ʟʘ ʫʧʦʨʷʜʦʯʝʥ-

ʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ (ʯʝʤ ʰʠʨʠʥʘ ʤʝʥʴʰʝ, ʪʝʤ ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʘ ʩʪʨʫʢʪʫʨʘ). 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʴ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʧʘʨʘʤʝʪʨʦʚ ʧʠʢʘ 

ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʘ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʩ ʢʨʫʧʥʳʤʠ ʢʨʠʩʪʘʣʣʠʪʘʤʠ ʠ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʨʠʩʪʘʣʣʠʟʦ-

ʚʘʥʥʦʛʦ ʢʨʝʤʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ ʩʢʦʨʦʩʪʷʭ 100 ï 150 ʤʤ/ʩ. ʇʨʠ ʩʢʦ-

ʨʦʩʪʷʭ 25-50 ʤʤ/ʩ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʠʩʧʘʨʝʥʠʝ ʢʨʝʤʥʠʷ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʘ-

ʜʝʥʠʠ ʧʣʦʱʘʜʠ ʧʠʢʘ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʢʨʝʤʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʘʤʦʨ-

ʬʠʟʘʮʠʷ ʢʨʝʤʥʠʝʚʦʡ ʧʣʸʥʢʠ ʠʟ-ʟʘ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʛʦ ʥʘʛʨʝʚʘ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʵʪʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʩʣʫʞʠʪ ʫʰʠʨʝʥʠʝ ʧʠʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ʅʘ ʩʢʦʨʦʩʪʠ 

200 ʤʤ/ʩ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʠʢʘ ʛʦʚʦʨʠʪ ʦ ʥʘʯʘʣʴʥʦʡ ʩʪʘ-

ʜʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʟʥʦʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʦʙʲʸʤʝ 

ʧʣʸʥʢʠ. 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     48 

 
ʈʠʩ. 2. (ʘ) ʇʦʣʦʞʝʥʠʝ ʧʠʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʘ. 

(ʙ) ʐʠʨʠʥʘ ʧʠʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʘ. 

(ʚ) ʇʣʦʱʘʜʴ ʧʠʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʠ 100-150 ʤʤ/ʩ ʧʨʠ ʵʥʝʨʛʠʠ 10 ʤʢɼʞ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʢʨʝʤʥʠʡ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠ-

ʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʧʣʸʥʦʢ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʦʯʥʦʛʦ ʨʘʩ-

ʯʸʪʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ20-07-

00929). 
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ʕʬʬʝʢʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ʉɺ) ʚ ʤʘʛʥʠʪʥʳʭ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʭ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʠʭ ʦʩ-

ʥʦʚʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [1-4]. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʉɺ ʚ ʚʠʜʝ ʢʨʝʩʪʘ ʠʟ ʜʚʫʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʝʨʨʠʪʦʚʳʭ ʚʦʣʥʦʚʦʜʦʚ ʤʦ-

ʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʤʘʛʥʠʪʥʳʝ ʩʝʥʩʦʨʳ [5]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʥʪʝʨʬʝʨʝʥ-

ʮʠʠ ʦʙʨʘʪʥʦʡ ʦʙʲʝʤʥʦʡ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʚʦʣʥʳ (ʆʆʄʉɺ), ʚʩʪʨʝʯʥʦ ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʶʱʝʡʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩ ʜʚʫʤʷ ʦʙʤʝʥʥʦ-ʩʚʷʟʘʥʥʳʤʠ ʩʣʦʷʤʠ ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘ-

ʥʘʪʘ (ɾʀɻ). ʉʣʦʠ ʠʤʝʶʪ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʯʪʦ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ʧʦʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʅ ʥʘʙʣʶʜʘʪʴ ʜʚʝ ʯʘ-

ʩʪʦʪʥʳʝ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʆʆʄʉɺ, ʧʨʠ ʵʪʦʤ ʚ ʚʝʨʭʥʝʡ ʧʦ ʯʘʩʪʦʪʝ ʦʙʣʘʩʪʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʆʆʄʉɺ ʩ ʦʙʤʝʥʥʳʤʠ 

ʤʦʜʘʤʠ ʜʚʫʭʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʚʠʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʯʘʩʪʦʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ɸ(f) ʧʦʪʝʨʴ ʆʆʄʉɺ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʫʟʢʦʧʦʣʦʩʥʳʭ çʧʨʦʚʘʣʦʚè. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʚʝ ʚʦʟʙʫʞʜʘʶ-

ʱʠʝ ʆʆʄʉɺ ʘʥʪʝʥʥʳ, ʘ ʪʨʝʪʴʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʤʝʞʜʫ ʥʠʤʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ V, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʚʦʣʥ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʠʛʥʘʣʘ ŭV ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ŭH ʧʨʦʠʩʭʦʜʷʪ, ʝʩʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʢʠ ʬʘʟʳ ʠ ʘʤʧʣʠʪʫʜʳ ʦʜ-

ʥʦʡ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ ʚʙʣʠʟʠ ʯʘʩʪʦʪʳ çʧʨʦʚʘʣʘè ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʝʩʪʨʫʢ-

ʪʠʚʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

S=ŭV/ŭH, ʧʨʠʙʣʠʞʘʶʱʫʶʩʷ ʢ Så267 ʜɹ/ʕ ʚ ʦʢʨʝʩʪʥʦʩʪʠ Ñ 0,1 ʕ, ʦʪ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʣʷ 

H. ʊʘʢʘʷ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤ-

ʧʘʢʪʥʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʪʘʢʞʝ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʚʩʪʨʝʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʧʣʝʥʢʝ ʞʝ-

ʣʝʟʦʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ ʚʦʣʥ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ɸ(f) ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʦʥʘʥʩʥʳʝ çʧʨʦʚʘʣʳè. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʦʛʠʯʥʦʡ ʚʳʰʝ-

ʦʧʠʩʘʥʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʙʣʠʟʠ ʯʘʩʪʦʪ ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ ʨʝʟʦʥʘʥʩʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʥʦʡ ʘʥʪʝʥʥʝ ʢ ʠʟʤʝʥʝʥʠʶ 

ʚʝʣʠʯʠʥʳ ʧʦʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʙʦʣʝʝ 250 dB/Oe. ʆʙʥʘʨʫʞʝʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʝʟʝʥ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʘʪʯʠʢʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʠ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨ-

ʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʬʦʥʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ʈʌʌʀ 

ˉ20-07-00973). 
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                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     50 

ʀɿʄɽʈɽʅʀɽ ʊɽʇʃʆɺʆɻʆ ʉʆʇʈʆʊʀɺʃɽʅʀʗ ʄʀʂʈʆɺʆʃʅʆɺʆʁ 
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E-mail: a.gavrikoff@gmail.com 

 

ʄʠʢʨʦʚʦʣʥʦʚʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ ʫʩʠʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʙʦʣʴʰʦʡ ʨʘʩʩʝʠʚʘʝʤʦʡ ʤʦʱʥʦʩʪʴʶ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʪʥʦʤʫ ʧʝʨʝʛʨʝʚʫ 

ʢʨʠʩʪʘʣʣʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʣʠʷʪʴ ʥʘ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʘʨʘʤʝʪ-

ʨʦʤ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʝʧʣʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ 

ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ çʧʝʨʝʭʦʜ-ʢʦʨʧʫʩè. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʤʠʢ-

ʨʦʩʭʝʤʫ ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʋʄ-1015, ʠʟʛʦʪʦʚʣʝʥʥʫʶ çɸʆ çʅʇʇ çʇʫʣʴʩʘʨè. ɺ 

ʩʦʩʪʘʚ ʤʠʢʨʦʩʭʝʤʳ ʚʭʦʜʷʪ ʯʝʪʳʨʝ ʢʨʝʤʥʠʝʚʳʭ ʢʨʠʩʪʘʣʣʘ, ʚ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦ-

ʚʘʥʳ ʤʦʱʥʳʝ ʙʠʧʦʣʷʨʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ. ɺʳʭʦʜʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʤʦʱʥʦʩʪʴ ʫʩʠʣʠ-

ʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 700 W, ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ï 1,5 GHz. ʂʨʠʩʪʘʣʣʳ ʤʦʥ-

ʪʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʝ ʢʦʨʧʫʩʘ ʧʘʡʢʦʡ ʵʚʪʝʢʪʠʢʦʡ çʟʦʣʦʪʦ-ʢʨʝʤʥʠʡè. 

ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʩʪʘʥʜʘʨʪʦʤ [1], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʛʦ, ʧʦʛʨʝʰ-

ʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 12%. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʝʨʝʭʦʜʥʳʤʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʪʨʘʥʟʠʩʪʦʨʘ ʠʟ ʨʝʞʠʤʘ ʨʘʟʦʛʨʝʚʘ ʚ ʨʝ-

ʞʠʤ ʠʟʤʝʨʝʥʠʷ, ʚʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʁʫʩʪʘʥʦʚʢʠ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʛʨʝʶʱʠʭ ʠʤʧʫʣʴʩʦʚ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʚ 3ī5 ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʪʝʧʣʦʚʫʶ ʧʦʩʪʦʷʥʥʫʶ 

çʧʝʨʝʭʦʜ-ʢʦʨʧʫʩè Űʧʢ. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙʦʚ ʠʟʤʝʨʝʥʠʷ Űʧʢ ʚ ʩʪʘʥʜʘʨʪʝ ʥʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʠʟʤʝʨʝʥʠʝ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ ʘʥʘʣʠʟʦʤ. ɼʣʷ 

ʵʪʦʛʦ ʯʝʨʝʟ ʦʙʲʝʢʪ ʠʟʤʝʨʝʥʠʷ ʧʨʦʧʫʩʢʘʶʪ ʠʤʧʫʣʴʩʳ ʛʨʝʶʱʝʛʦ ʪʦʢʘ ʩ ʜʣʠʪʝʣʴʥʦ-

ʩʪʴʶ, ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʘ ʚ ʧʘʫʟʘʭ ʤʝʞʜʫ ʥʠʤʠ ʠʟ-

ʤʝʨʷʶʪ ʊʏʇ. ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʚʳʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ (ʧʦʣʦʛʠʝ ʫʯʘʩʪʢʠ ʠ ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤ-

ʧʦʥʝʥʪʘʤ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʦʧʪʠ-

ʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʨʝʶʱʠʭ ʠʤʧʫʣʴʩʦʚ Űʠʤʧ ʩʦʩʪʘʚʠʣʘ 6.9 ms. ɿʥʘʯʝʥʠʝ ʪʝʧʣʦ-

ʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ çʧʝʨʝʭʦʜ-ʢʦʨʧʫʩè RTjc ʧʨʠ ʪʘʢʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ ʉɺʏ-ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʋʄ-1015 ʧʦʣʫʯʠʣʦʩʴ ʨʘʚʥʳʤ 0.324 K/W. 

ʉʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʫʧʦʤʷʥʫʪʳʭ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʤʦʜʫʣʷʮʠʦʥ-

ʥʳʡ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʥʘʛʨʝʚ ʦʙʲʝʢʪʘ ʠʤʧʫʣʴʩʘʤʠ ʛʨʝʶʱʝʛʦ ʪʦʢʘ, ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ [2].  ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦ-

ʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ çʧʝʨʝʭʦʜ-ʢʦʨʧʫʩè RTjc ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʪʝʧʣʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ ReZT ʦʪ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʛʨʝʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ReZT(f). ɸʥʘʣʠʟ 

ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʚʳʯʠʩʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ (dReZT/df)-1 ʦʪ ʪʝʧʣʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ ZT. ʅʘ 
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51                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʨʠʩ. 1 ʚ ʚʝʨʭʥʝʤ ʦʢʥʝ ʧʦʢʘʟʘʥʘ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ReZT(f), ʚ ʥʠʞʥʝʤ ʦʢʥʝ ï ʨʝ-

ʟʫʣʴʪʘʪ ʝʝ ʦʙʨʘʙʦʪʢʠ. 

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ RTjc ʉɺʏ-ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʋʄ-1015 ʤʦʜʫʣʷʮʠʦʥʥʳʤ ʤʝʪʦ-

ʜʦʤ 

ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʘʙʩʮʠʩʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ 

ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ çʧʝʨʝʭʦʜ-ʢʦʨʧʫʩè RTjc. ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʟʥʘʯʝ-

ʥʠʝ RTjc, ʧʨʦʷʚʣʷʝʤʦʝ ʥʘ ʯʘʩʪʦʪʝ ʤʦʜʫʣʷʮʠʠ 0.631 Hz, ʧʦʣʫʯʠʣʦʩʴ ʨʘʚʥʳʤ 

0.320 K/W. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʠʣʠ-

ʪʝʣʷ ʤʦʱʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʫʣʷʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʠ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ, ʚ 

ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʨʝʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʠ 

ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʊʏʇ ʢ ʤʦʤʝʥʪʫ ʦʢʦʥʯʘʥʠʷ ʛʨʝʶʱʠʭ ʠʤʧʫʣʴʩʦʚ, ʧʦʣʫʯʠʣʠʩʴ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ. 
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ʊʝʭʥʦʣʦʛʠʷ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ (ʃɹ) ʩʧʦʩʦʙʥʘ ʨʝʘʣʠʟʦʚʘʪʴ ʥʦʚʳʝ ʧʨʠʥʮʠʧʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʙʦʨʦʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ, ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ 

ʥʘ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮʘʭ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

[1-4]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʦʚʤʝʩʪʠʤʳ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʃɹ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳʤ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʨʦʚʦ-

ʜʷʱʠʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʣʦʝʚ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʢ ʚʝʱʝʩʪʚʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʚʝʱʝʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʚʦʜʷʱʠʤ ʠ ʘʤʬʠʬʠʣʴʥʳʤ. ʄʝʪʦʜʳ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʘʤʬʠʬʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝ-

ʨʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʪʘʙʠʣʴʥʳʭ ʠ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʣʝʥʛʤʶʨʦʚ-

ʩʢʠʭ ʩʣʦʝʚ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʠʜʘʥʠʠ ʠʤ ʜʠʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣ ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʤʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʢ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ ʝʛʦ ʚ ʃɹ-ʪʝʭʥʦʣʦʛʠʠ. 

ɺ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʩʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʤʦʞʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʧʦ 

ʫʥʠʢʘʣʴʥʦʤʫ ʧʫʪʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʚʝʱʝʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣ ʥʝʢʦʪʦʨʳʭ ʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ, 

ʘ ʪʘʢʞʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʛʠʜʨʦʬʦʙʥʳʤʠ ʠʣʠ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʙʦʪʳ ʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʠʜʘʥʠʷ ʘʤʬʠʬʠʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘʤ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʘʤ, ʨʷʜʫ ʢʨʘʩʠʪʝʣʝʡ, ʘʨʦʤʘʪʠ-

ʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʠ ʘʚʪʦʢʦʤʧʣʝʢʩʘʤ. ʊʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦ-

ʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʫ ʪʠʧʠʯʥʳʭ ʘʤʬʠʬʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ï ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʩʦʣʝʡ, 

ʞʠʨʥʳʭ ʵʬʠʨʦʚ, ʞʠʨʥʳʭ ʩʧʠʨʪʦʚ, ʬʦʩʬʦʣʠʧʠʜʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʙʳʣʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʜʣʷ ʧʦʣʠʘʥʠʣʠʥʘ. ɹʳʣ ʩʠʥʪʝʟʠ-

ʨʦʚʘʥ ʧʦʣʠʤʝʨ (ʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʵʤʝʨʘʣʴʜʠʥʘ), ʧʦʜʦʙʨʘʥ ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʝʚ 

ʃʝʥʛʤʶʨʘ. ʀʩʩʣʝʜʦʚʘʥʳ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʃʝʥʛʤʶʨʘ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʩʣʦʝʚ (ʯʪʦ ʦʧʨʝʜʝʣʷʣʦ ʠʭ ʪʦʣʱʠʥʫ), ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʩʪʝʢʣʷʥʥʳʝ ʧʦʜ-

ʣʦʞʢʠ ʩ ʩʠʩʪʝʤʦʡ ʚʩʪʨʝʯʥʦ-ʰʪʳʨʝʚʳʭ ʵʣʝʢʪʨʦʜʦʚ. ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ 

ʠʟ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʧʦ ʢʘʧʣʷʤ ʥʘʥʦʩʠʣʠ ʥʘ ʘʥʘʣʦʛʠʯʥʫʶ ʵʣʝʢʪʨʦʜʥʫʶ ʩʠʩʪʝʤʫ. 

ʆʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʘ, 

ʠʤʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʦʜʥʦʨʦʜʥʫʶ ʪʦʣʱʠʥʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʥʛʤʶʨʦʚʩʢʠʤʠ 

ʧʣʝʥʢʘʤʠ. ʇʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʘʩʯʝʪʘ ʠʭ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʧʦʣʠʘʥʠʣʠʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
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53                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʪʦʣʱʠʥʳ. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨ ʩʦ ʩʣʦʷʤʠ ʧʦʣʠʘʥʠʣʠʥʘ 

ʙʳʣʘ ʥʘ 9-10 ʧʦʨʷʜʢʦʚ ʙʦʣʴʰʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʯʠʩʪʦʡ ʧʦʜʣʦʞʢʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʫʤʝʥʴʰʘʣʦʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ, ʯʪʦ ʙʳʣʦ ʦʞʠʜʘʝʤʦ. 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʠʟʣʫʯʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʠ ʫ ʥʠʭ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʠ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʠʭ ʩʚʦʡʩʪʚʘ ʚ ʮʝʣʦʤ ʥʝ ʙʫʜʫʪ ʩʢʘ-

ʟʳʚʘʪʴʩʷ ʥʘ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʨʘʙʦʪʘʥʳ ʵʣʝʤʝʥʪʳ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ï ʧʨʦʚʦ-

ʜʷʱʠʭ ʩʣʦʝʚ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʩʵʥʜʚʠʯ-ʩʪʨʫʢʪʫʨ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 21-73-20057) ʠ ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʇʈʆɺʆɼʗʑʀɽ ʇʃɪʅʂʀ ʃɽʅɻʄʖʈɸ-ɹʃʆɼɾɽʊʊ ɼʃʗ  

ʄʀʂʈʆ- ʀ ʅɸʅʆʕʃɽʂʊʈʆʅʀʂʀ. 2. ʇʃɽʅʂʀ ʅɸ ʆʉʅʆɺɽ  

ʋɻʃɽʈʆɼʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 
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ɸ.ɾ.ʂ. ɸʣʴ-ɸʣʚʘʥʠ, ʊ.ʗ. ʂʘʨʘʪʳʰʦʚʘ, ɽ.ɻ. ɻʣʫʭʦʚʩʢʦʡ 
ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 

E-mail: maks.gavrikov.96gmail.com 

 

ʋʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ), ʦʨʛʘʥʠʟʦ-

ʚʘʥʥʳʝ ʚ ʧʣʝʥʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʬʦ-

ʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ [1-2]. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʘʢ ʬʦʨʤʠʨʦʚʘʪʴ ʤʦʥʦʤʦʣʝʢʫ-

ʣʷʨʥʳʝ ʧʣʝʥʢʠ ʩ ʢʦʥʪʨʦʣʝʤ ʧʣʦʪʥʦʩʪʠ ʤʦʣʝʢʫʣ ʚ ʩʣʦʝ ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʛʦ ʚʝʱʝ-

ʩʪʚʘ, ʪʘʢ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʭ ʧʝʨʝʥʦʩ ʥʘ ʣʶʙʳʝ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ [3]. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʥʛʤʶʨʦʚʩʢʠʭ 

ʤʦʥʦʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʥʦʩʣʦʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʜʥʦʨʦʜ-

ʥʦʩʪʠ ʬʦʨʤʠʨʫʝʤʳʭ ʤʦʥʦʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʢ ʨʘʩʪʚʦʨʘʤ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʷʪʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ (ʜʦ 10 %) ʨʘʩʪʚʦʨʘ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʇɸɺ), ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʘʧʨʦʙʠʨʦʚʘʥʘ ʘʨʘʭʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʄʦʥʦʩʣʦʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝ-

ʥʴʶ ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʥʦʡ ʩʫʙʬʘʟʳ, ʧʝʨʝʥʦʩʠʣʠʩʴ ʥʘ ʪʚʝʨʜʳʝ ʧʦʜ-

ʣʦʞʢʠ ʚ ʨʘʟʣʠʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʈʝʣʴʝʬ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦ-

ʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʦʜʦʤ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪ-

ʨʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʇɸɺ ʢ ʠʩʭʦʜʥʦʤʫ ʨʘʩ-

ʪʚʦʨʫ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʦʟʚʦʣʷʝʪ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʤʦʥʦʩʣʦʷ ʧʨʠ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʪʘʢ ʠ ʩʦʭʨʘʥʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ ʝʛʦ ʮʝʣʦʩʪ-

ʥʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ ʩʣʦʷ ʋʅʊ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʠ ʜʦʙʠʚʘʪʴʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʦʢʨʳʪʠʷ ʧʣʝʥʢʦʡ ʋʅʊ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 

ʇʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʧʣʘʥʘʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʚʪʨʝʯʥʦ-

ʰʪʳʨʝʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʟʘʟʦʨʦʤ ʤʝʞʜʫ ʜʦʨʦʞʢʘʤʠ ʵʣʝʢʪʨʦʜʦʚ 300 ʤʢʤ. ʅʘ ʨʠʩʫʥʢʝ 

1 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʤʦʥʦʩʣʦʡ ʥʘ ʦʩʥʦʚʝ ʋʅʊ ʠʤʝʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʩʪʨʫʢʪʫʨʳ ʥʘ 6 ʧʦʨʷʜʢʦʚ ʚʳʰʝ, ʯʝʤ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʜʣʦʞʢʠ ʙʝʟ ʧʣʝʥʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʣʝʥʢʠ 

ʋʅʊ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʚʦʜʷʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʩʵʥʜʚʠʯ-ʩʪʨʫʢʪʫʨʘʭ. ʇʨʠ ʵʪʦʤ ʜʦʙʘʚʣʝ-

ʥʠʝ ʇɸɺ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦ-

ʪʨʫʙʦʢ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʩʣʦʷ ʋʅʊ. 
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ʘ)       b) 

 

ʈʠʩ. 1. ɺʦʣʴʪʘʤʧʝʨʥʳʝ (ʯʝʨʥʘʷ ʣʠʥʠʷ) ʠ ʚʦʣʴʪʦʤʥʳʝ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʟʘʚʠʩʠʤʦʩʪʠ:  

ʜʣʷ ʧʦʜʣʦʞʢʠ ʙʝʟ ʧʣʝʥʢʠ (ʘ) ʠ ʩ ʧʣʝʥʢʦʡ (b) ʋʅʊ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 21-73-20057) ʠ ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʄʠʥʠʘʪʶʨʠʟʘʮʠʷ ʠ ʫʧʣʦʪʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ ʠʤʝʶʪ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʦʜʦʣʝʪʴ ʚ ʨʘʤʢʘʭ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʛʦʩʧʦʜʩʪʚʫʶʱʝʡ ʧʘʨʘʜʠʛʤʳ, ʚ ʢʦʪʦʨʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʣʦʞʝʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ (ʢʘʢ ʙʘʟʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ) ʠ ʪʚʝʨʜʦ-ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣ (ʦʧʪʠʤʘʣʴʥʦ ï ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠʣʠ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʜʝʬʝʢʪʦʚ). ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʦʞʠʜʘʝʤʳʝ ʥʦʚʳʝ ʧʦʜʭʦʜʳ (ʦʨʠʝʥʪʘʮʠʷ ʥʘ 

ʩʧʠʥʪʨʦʥʠʢʫ, ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʘʤʦʩʙʦʨʢʫ ʠ ʪ.ʧ.) ʷʚʣʷʝʪʩʷ ʧʦ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ï ʝʜʠʥʠʯʥʳʤʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ 

ʚʦʧʣʦʱʝʥʠʷʤʠ, ʠ ʧʦʢʘ ʜʘʣʝʢʠ ʦʪ ʚʥʝʜʨʝʥʠʷ ʚ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʄʝʪʦʜ ʃʝʥʛʤʶʨʘ ï ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʚʦʜʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʦʩʦʤ ʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʝʢ, ï ʚʩʸ 

ʯʘʱʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʥʦʚʦʡ ʧʘʨʘ-

ʜʠʛʤʳ [1], ʚ ʢʦʪʦʨʦʡ çʩʙʦʨʦʯʥʳʤʠ ʝʜʠʥʠʮʘʤʠè ʚʳʩʪʫʧʘʶʪ ʥʝ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ, ʘ 

ʤʦʣʝʢʫʣʳ (ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʛʨʫʧʧʳ ʘʪʦʤʦʚ ʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʚʥʫʪ-

ʨʝʥʥʝʡ ʩʚʷʟʴʶ). ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʚʦʟʤʦʞʝʥ ʢʦʥʪʨʦʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʚ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʘʥʩʘʤʙʣʠ [2], ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʣʝʢʫʣ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ [3], ʩʙʦʨʢʠ, ʧʝʨʝʥʦʩʘ, ʘ ʪʘʢʞʝ ʤʦʜʠʬʠʢʘʮʠʷ ʠʭ ʥʘ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʝ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʦʩʪʦʙʨʘʙʦʪʢʠ. 

ʄʝʪʦʜʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠ ʠʟʫʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʣʝʢʫʣ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʚ ʤʝʪʦʜʝ ʃʝʥʛʤʶʨʘ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʙʫ-

ʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʬʫʥʢʮʠʦʥʘʣ ʙʫʜʫʱʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ ʠ ʫʩʪʨʦʡʩʪʚ. ɺ 

ʯʠʩʣʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ï ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʨʬʠʨʠʥʦʚ ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ [4], ʧʨʝʜʩʪʘʚʠ-

ʪʝʣʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʨʬʠʨʠʥʦʚ ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʝ ʤʦʥʦ- ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʠʩʪʝʤʳ ï ʢʦʚʘʣʝʥʪʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣ-ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, COF ʠ MOF). ʇʨʦʚʦʜʷʱʠʝ ʧʦʣʠʤʝʨʳ ʠ ʫʛʣʝʨʦʜ-

ʥʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʚʦʜʷʱʠʭ 

ʩʣʦʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʭʝʤ. ʊʠʧʠʯʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠ-

ʩʪʝʤ ï ʥʘʥʦʧʦʨʠʩʪʳʝ ʩʠʩʪʝʤʳ, ʤʝʤʙʨʘʥʳ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʪʘ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʥʘʥʦʩʠʥʪʝʟ, ʵʣʝʤʝʥʪʳ ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ, ʥʘʢʦʧʠʪʝʣʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʵʥʝʨʛʠʠ (ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ, ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ). 

ʇʨʠʚʣʝʯʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʠʪʴ ʠʩʢʣʶʯʠʪʴ ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʠ ʚʩʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ. ʇʨʠ ʵʪʦʤ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʫʪʝʯ-

ʢʘʤʠ ʪʫʥʥʝʣʴʥʦ-ʪʦʥʢʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʪʝʨʷʝʪ ʘʢʪʫʘʣʴ-

ʥʦʩʪʴ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʵʣʝʢ-

ʪʨʦʥʳ ʟʘʥʠʤʘʣʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʩʢʘʧʣʠʚʘʣʠʩʴ ʚ 0D-ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ, 
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ʬʦʨʤʠʨʦʚʘʣʠ 1D-ʰʥʫʨʳ, ʛʜʝ ʙʳʣʠ ʙʳ ʨʘʟʚʠʣʢʠ, ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʧʝʨʝʧʘʜʳ ʚʳ-

ʩʦʪ ʠ ʪ.ʧ.). ɼʣʷ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʪʠʧʠʯʥʦ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʫʩʪʦʡ-

ʯʠʚʳʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʦʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʝʨʝʢʣʶʯʘʪʴʩʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʭʝʤ ʚʧʦʣʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʊʄ). ʀ ʟʜʝʩʴ 

ʫʞʝ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʫ ʤʥʦʛʠʭ ʛʨʫʧʧ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʥʘ ʵʪʦʤ 

ʤʝʪʦʜʝ (ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʢʠ ʣʘʙʦʨʘʪʦʨʠʠ IBM ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ Leo Gross [5]). 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʩʪʝʢʘʶʱʠʭ ʩ ʦʩʪʨʠʷ ʟʦʥʜʘ ʉʊʄ ʚ ʥʝʢʦʪʦʨʳʭ 

ʤʦʣʝʢʫʣʘʭ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʢʣʶʯʝʥʠʝ ʠʟ ʦʜʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʚ 

ʜʨʫʛʫʶ, ʥʦ ʠ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ï ʩ ʨʘʟʨʳʚʦʤ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʡ ʩʚʷ-

ʟʝʡ, ʧʝʨʝʩʪʨʦʡʢʦʡ ʮʠʢʣʦʚ, ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʜʨ. 

ɽʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʭʝʤʳ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʰʝʥʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ï ʵʪʦ ʧʨʦʙʣʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʯʠʧʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʠʢʨʦʩʭʝʤ ʵʪʦʪ ʚʦʧʨʦʩ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʪʨʠʚʠʘʣʴ-

ʥʦʡ ʧʝʨʝʜʘʯʝʡ ʪʝʧʣʘ ʦʪ ʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʢ ʤʝʥʝʝ ʥʘʛʨʝʪʳʤ ʫʯʘʩʪʢʘʤ, ʠ ʪʝʧʣʦʧʨʦʚʦ-

ʜʦʤ ʚʳʩʪʫʧʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʘʤʘ ʧʦʜʣʦʞʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʩʬʦʨʤʠʨʦʚʘʥʘ ʩʭʝʤʘ. ɺ ʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʩʭʝʤʘʭ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʜʚʝ ʥʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʚʳʜʝʣʝʥʠʝ 

ʪʝʧʣʘ ʚ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠ-

ʢʦʚʳʭ. ɸ ʢʨʦʤʝ ʪʦʛʦ, ʥʘʥʦʧʦʨʠʩʪʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʭʝʤ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʜʣʷ çʧʨʦʢʘʯʠʚʘʥʠʷè ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʙʳʪʦʯʥʦʝ 

ʪʝʧʣʦ ʤʦʞʥʦ ʙʫʜʝʪ ʚʳʚʦʜʠʪʴ ʢʘʢ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʝʨʝʥʦʩʘ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʤʘʩʩʦʧʝʨʝ-

ʥʦʩʘ. 

ʅʝʙʦʣʴʰʦʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ 

ʪʝʭʥʠʯʝʩʢʠ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 

ʃʝʥʛʤʶʨʘ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʤʝʪʴ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, 

ʩʧʝʮʠʬʠʢʫ ʨʘʙʦʪʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 
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ʆʉʊɸʊʆʏʅɸʗ ɼʀʌʌʋɿʀʗ ɺ ʉʀʉʊɽʄɽ - ɻɽʅɽʈɸʊʆʈɽ  

çʉʊʆʍɸʉʊʀʏɽʉʂʆʁ ʇɸʋʊʀʅʓè ʇʈʀ ɺɺɽɼɽʅʀʀ ʄɸʃʆʁ  

ʅɽʃʀʅɽʁʅʆʁ ɼʀʉʉʀʇɸʎʀʀ 

ɸ.ɺ. ɻʦʣʦʢʦʣʝʥʦʚ*, ɼ.ɺ. ʉʘʚʠʥ 
ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʮʠʣʣʷʪʦʨ ɺʘʥ ʜʝʨ ʇʦʣʷ ʧʦʜ ʠʤʧʫʣʴʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 
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ʢʦʪʦʨʳʡ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ɔ ʠ ɛ ʤʦʞʥʦ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʣʠʥʝʡʥʳʡ ʦʩʮʠʣʣʷʪʦʨ ʩ ʤʘʣʳʤ ʜʠʩʩʠʧʘʪʠʚʥʳʤ ʚʦʟʤʫʱʝʥʠʝʤ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴ-

ʥʦʛʦ ʪʠʧʘ, ʤʦʞʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʝʥʦʤʝʥʳ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ. 

ʊʘʢ, ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤ ʧʨʝʜʝʣʝ ʧʨʠ F(x) = ɚcos x ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ çʩʪʦʭʘʩʪʠʯʝʩʢʫʶ 

ʧʘʫʪʠʥʫè [1], ʧʦ ʢʘʥʘʣʘʤ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ ʜʠʬʬʫʟʠʷ 

ʪʦʯʝʢ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʘ ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʘʥʩʘʤʙʣʷ ʩʠʩʪʝʤ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦ-

ʚʠʷʤʠ ʠʟ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʣʠʥʝʡʥʦ ʨʘʩʪʸʪ ʩʦ ʚʨʝʤʝʥʝʤ [2]. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ, ʩʦʭʨʘʥʷʶʱʠʭ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ï çʦʩʪʘʪʦʯʥʦʡ ʜʠʬʬʫʟʠʠè ï ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ 

ʩʠʩʪʝʤʫ ʤʘʣʦʡ ʜʠʩʩʠʧʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʘʞʝʪʩʷ ʨʘʟʫʤʥʳʤ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʘʥʩʘʤʙʣʷ ʪʦʯʝʢ ʦʪ 

ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʦʩʪʘʪʦʯʥʦʡ ʜʠʬʬʫʟʠʠ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ. 

ɼʣʷ ʦʪʙʦʨʘ ʪʨʘʝʢʪʦʨʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʦʩʪʘʪʦʯʥʫʶ ʜʠʬʬʫʟʠʶ, ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʣʷʧʫʥʦʚʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪ ʜʣʠʥʳ ʪʨʘʝʢʪʦʨʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʪʝʨʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦ-

ʠʟʚʝʩʪʠ ʨʘʟʜʝʣʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʨʝʛʫʣʷʨʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʢ ʘʪ-

ʪʨʘʢʪʦʨʫ, ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʦʩʪʘʪʦʯʥʫʶ ʜʠʬʬʫʟʠʶ ʚ ʦʙʣʘʩʪʷʭ ʬʘʟʦʚʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʧʘʫʪʠʥʝ ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤ ʩʣʫʯʘʝ. ʅʘ 

ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʦʙʨʘʥʥʳʤ ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʝʨʚʦʛʦ (ʨʠʩ. 1ʘ) ʠ ʚʪʦʨʦʛʦ (ʨʠʩ. 1ʙ) ʪʠʧʦʚ. 

 
ʈʠʩ. 1 ʌʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ. ʘ) ʊʨʘʝʢʪʦʨʠʠ, ʩʭʦʜʷʱʠʝʩʷ ʢ ʘʪʪʨʘʢʪʦʨʘʤ ʙ) ʪʨʘʝʢʪʦʨʠʠ, ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʱʠʝ ʦʩʪʘʪʦʯʥʫʶ ʜʠʬʬʫʟʠʶ. ɔ=0.00001, Õ=0.00001, ɚ=1.2. 

 ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʘʥʩʘʤʙʣʷ ʩʠʩʪʝʤ 

ʩ ʦʩʪʘʪʦʯʥʦʡ ʜʠʬʬʫʟʠʝʡ ʦʪ ʚʨʝʤʝʥʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʷʭ: 

(1) 

ʘ) ʙ) 



59                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

 
ʈʠʩ.2 ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʦʪ ʚʨʝʤʝʥʠ. ʘ) ï ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʩʣʫʯʘʡ ʙ) ï ʩʣʘʙʦʜʠʩ-

ʩʠʧʘʪʠʚʥʳʡ ʩʣʫʯʘʡ ʚ ʣʠʥʝʡʥʦʤ ʤʘʩʰʪʘʙʝ ʚ) ï ʩʣʘʙʦʜʠʩʩʠʧʘʪʠʚʥʳʡ ʩʣʫʯʘʡ ʚ ʜʚʦʡʥʦʤ ʣʦʛʘ-

ʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ. ʘ) ɔ=0, Õ=0, ɚ=1.2 ʙ, ʚ) ɔ=0.00001, Õ=0.00001, ɚ=1.2. 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʜʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʩʣʫʯʘʷ ʣʠʥʝʡʥʦʛʦ ʥʝʦʛʨʘʥʠʯʝʥ-

ʥʦʛʦ ʨʦʩʪʘ ʵʥʝʨʛʠʠ (ʨʠʩ. 2ʘ) ʚ ʩʣʘʙʦʜʠʩʩʠʧʘʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʵʥʝʨʛʠʷ ʘʥʩʘʤʙʣʷ ʨʘʩʪʸʪ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʸʥ-

ʥʦʛʦ ï ʜʦʩʪʘʪʦʯʥʦ ʥʝʙʦʣʴʰʦʛʦ ï ʚʨʝʤʝʥʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʚʳʭʦʜʠʪ ʥʘ ʥʘʩʳʱʝʥʠʝ (ʨʠʩ. 

2 ʙ, ʚ). ʈʦʩʪ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʚʘʣʫ 

ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʪʘʪʦʯʥʘʷ 

ʜʠʬʬʫʟʠʷ, ʘ ʥʘʩʳʱʝʥʠʝ ï ʚʳʭʦʜʫ ʥʘ ʘʪʪʨʘʢʪʦʨ. ɺ ʜʚʦʡ-

ʥʦʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʥʘ ʛʨʘʬʠʢʘʭ ʵʥʝʨʛʠʡ 

ʟʘʤʝʪʥʳ ʣʠʥʝʡʥʳʝ ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʘʧʧʨʦʢ-

ʩʠʤʠʨʫʶʪʩʷ ʧʨʷʤʦʡ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʫʛʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪ ʧʘʨʘʤʝʪʨʘ ʥʝʣʠʥʝʡ-

ʥʦʡ ʜʠʩʩʠʧʘʮʠʠ ʠ ʦʪ ʩʨʝʜʥʝʡ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʘʥ-

ʩʘʤʙʣʷ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤʫ ʩʣʫ-

ʯʘʶ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ, ʘ ʩ ʨʦʩʪʦʤ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʝʸ ʟʥʘʯʝʥʠʠ 

ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ʈʘʟʤʝʨ ʦʙʣʘʩʪʠ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʘʢʠʤ 

ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʩʤʳʩʣʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʙ-

ʣʘʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʜʠʬʬʫʟʠʠ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʧʨʠ 

ʚʳʙʦʨʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩ ʙʦʣʴʰʝʡ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɿʘʩʣʘʚʩʢʠʡ ɻ.ʄ. ʌʠʟʠʢʘ ʭʘʦʩʘ ʚ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤʘʭ. ʄ., ʀʞʝʚʩʢ: ʀʂʀ, 2004. 

2. Daly M.V. and Heffernan D.M. // J. Phys. A: Math. Gen. 1995 28 p. 2515-2528. 

  

ʈʠʩ.3 ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʥʝʨʛʠʠ ʦʪ ʚʨʝʤʝʥʠ ʚ ʩʣʘʙʦ-

ʜʠʩʩʠʧʘʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚ ʜʚʦʡ-

ʥʦʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩ-

ʰʪʘʙʝ ʜʣʷ ʘʥʩʘʤʙʣʝʡ ʩ ʨʘʟʣʠʯ-

ʥʦʡ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʠ ʘʧ-

ʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʧʨʷʤʳʝ. 

ɔ=0.00001, Õ=0.00001, ɚ=1.2. 

 

ʚ) ʘ) ʙ) 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     60 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʄɽʄɹʈɸʅʆʇʆɼʆɹʅʆʁ ʌʆʉʌʆʃʀʇʀɼʅʆʁ  

ʃɹ-ʉʊʈʋʂʊʋʈʓ ʉʆ ɺʉʊʈʆɽʅʅʓʄʀ ʄʆʃɽʂʋʃɸʄʀ ʌɽʈʄɽʅʊɸ 

ɻʃʖʂʆɿʆʆʂʉʀɼɸɿʓ 

ʀ.ɸ. ɻʦʨʙʘʯʝʚ1, ɸ.ɺ. ʉʤʠʨʥʦʚ1, ɺ.ɺ. ʂʦʣʝʩʦʚ1 
1ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

E-mail: iliyagor36@gmail.com 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʝʥʩʦʨʦʚ ʛʣʶʢʦʟʳ ʥʝ ʪʝʨʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʩʝʥʩʦʨʘ ʧʨʝʜʝʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ [1]. ʌʝʨʤʝʥʪʘʪʠʚʥʳʝ ʙʠʦ-

ʩʝʥʩʦʨʳ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʝʤ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʶʪ ʨʝʢʦʨʜʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢ ʮʝʣʝʚʳʤ ʤʦʣʝʢʫʣʘʤ ʘʥʘʣʠʪʘ. 

ʇʨʠ ʠʭ ʩʦʟʜʘʥʠʠ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʬʝʨʤʝʥʪʘ ʥʘ 

ʧʦʜʣʦʞʢʝ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʟʘʜʘʯ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ, ʢʦʪʦʨʘʷ ʧʦʟʚʦ-

ʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʝʤʙʨʘʥʦʧʦʜʦʙʥʫʶ ʬʦʩʬʦʣʠʧʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦ ʚʩʪʨʦʝʥ-

ʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʬʝʨʤʝʥʪʘ ʧʦʢʨʳʪʫʶ ʩʚʝʨʭʫ ʤʦʥʦʩʣʦʝʤ, ʚʳʧʦʣʥʷʶʱʠʤ ʟʘʱʠʪ-

ʥʫʶ ʬʫʥʢʮʠʶ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʩʝʥʩʦʨʥʦʛʦ ʩʣʦʷ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʩʣʦʷ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʢʨʳʚʘʶʱʝʛʦ ʬʝʨʤʝʥʪ [2]. ɺʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝʤ 

ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʬʝʨʤʝʥʪʘ ʚ ʧʣʝʥʢʝ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ, ʯʝʛʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʦʟʜʘʥʠʷ ʩʤʝʰʘʥʥʦʡ ʧʣʝʥʢʠ ʥʘ 

ʦʩʥʦʚʝ ʤʦʥʦʩʣʦʷ ʤʦʣʝʢʫʣ ʇɸɺ ʨʘʟʥʦʛʦ ʪʠʧʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʛʣʶʢʦʟʦʦʢ-

ʩʠʜʘʟʳ ʚ ʩʤʝʰʘʥʥʦʤ ʤʦʥʦʩʣʦʝ, ʩʦʜʝʨʞʘʱʝʤ ʬʦʩʬʦʣʠʧʠʜʥʳʝ ʤʦʣʝʢʫʣʳ (1,2-ʜʠ-

ʧʘʣʴʤʠʪʦʠʣ-sn-ʛʣʠʮʝʨʦ-3-ʬʦʩʬʦʵʪʘʥʦʣʘʤʠʥ - ɼʇʇɽ) ʠ ʤʦʣʝʢʫʣʳ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩ-

ʣʦʪʳ ʢʠʩʣʦʪʳ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʠʟʦʪʝʨʤʳ ʩʞʘʪʠʷ ʤʦʥʦʩʣʦʝʚ ɼʇʇɽ, ʉʪʝʘʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (ʉʊʈ) ʠ ʩʤʝʰʘʥʥʦʛʦ ʤʦʥʦʩʣʦʷ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ɼʇʇɽ:ʉʊʈ 

1:1, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʩʫʙʬʘʟʝ ʧʨʠ ʥʘʣʠʯʠʠ ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʤʦʣʝ-

ʢʫʣ ʬʝʨʤʝʥʪʘ ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥ-

ʥʳʭ ʤʦʥʦʩʣʦʝʚ, ʢʘʢ ʤʦʜʫʣʴ ʩʞʘʪʠʷ (k), ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʥʘ ʤʦʣʝʢʫʣʫ ʚ ʢʦʥʜʝʥʩʠ-

ʨʦʚʘʥʥʦʡ ʬʘʟʝ (A0). 

 
ʊʘʙʣʠʮʘ 1 ï ʩʚʦʡʩʪʚʘ ʤʦʥʦʩʣʦʝʚ ɼʇʇɽ, ʉʪʨ ʠ ɼʇʇɽ:ʉʪʨ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ 

ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʤʦʣʝʢʫʣ ʬʝʨʤʝʥʪʘ 

 ɼʇʇɽ ʉʪʨ ɼʇʇɽ:ʉʪʨ 

ɻʆ- ɻʆ+ ɻʆ- ɻʆ+ ɻʆ- ɻʆ+ 

k, ʤʅ/ʤ 133.1 87.4 99.9 86.6 338.9 73.3 

A0, ¡
2 37.5 34.4  21.1 32.7 23.8 27.9 

ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨʝ 

ʧʦʢʘʟʘʪʝʣʴ ʤʦʜʫʣʴ ʩʞʘʪʠʷ ʤʦʥʦʩʣʦʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣ 

ʬʝʨʤʝʥʪʘ, ʧʨʠʥʠʤʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʠʤʝ-

ʥʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʩʣʦʷ. 
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ʈʠʩ. 1. (ʘ) ʀʟʦʪʝʨʤʳ ʩʞʘʪʠʷ ʤʦʥʦʩʣʦʝʚ ɼʇʇɽ ʠ ʉʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʘ), ɼʇʇɽ (ʙ) ʠ ʩʪʝʘ-

ʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʚ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʩʫʙʬʘʟʝ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʠ ʧʨʠ ʥʘʣʠʠ ʤʦʣʝʢʫʣ ʬʝʨ-

ʤʝʥʪʘ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʩʪʨʘʠʚʘʥʠʝʤ ʤʦʣʝʢʫʣ ʬʝʨʤʝʥʪʘ ʚ ʤʦʥʦʩʣʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʝʛʦ ʨʘʟʨʳʭʣʝʥʠʶ. ʇʨʠ ʧʨʝʚʘʣʠʨʦʚʘʥʠʠ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʤʦʜʫʣʷ ʩʞʘʪʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʚʳʰʝʥʠʠ 

ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʧʣʝʥʢʠ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʠ ɻʆ ʤʦ-

ʥʦʩʣʦʝʤ ɼʇʇɽ ʦʪ ʤʦʥʦʩʣʦʷ ʉʊʈ ʷʚʣʷʝʪʩʷ ʩʪʷʛʠʚʘʶʱʝʝ ʜʝʡʩʪʚʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ ʤʦ-

ʣʝʢʫʣʘʤʠ ɻʆ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʥʦʩʣʦʝʤ. ʆʥʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ 

ʧʣʦʱʘʜʠ, ʟʘʥʠʤʘʝʤʦʡ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ɼʇʇɽ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʤʦʥʦʩʣʦʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʀʈʕ ʠʤ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ ʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, 

ʛʨʘʥʪ ˉ 20-57-18012. 
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ʋʇʈɸɺʃʗɽʄʓɽ ʃɸɿɽʈʅʓʄ ʀɿʃʋʏɽʅʀɽʄ ʌɸʅʆ ʈɽɿʆʅɸʅʉʓ ɺ  

ʅɽʈɽɻʋʃʗʈʅʓʍ ʄɸɻʅʀʊʅʓʍ ʄʀʂʈʆʉʊʈʋʂʊʋʈɸʍ 

ɸ.ɸ. ɻʨʘʯʝʚ1, ɽ.ʅ. ɹʝʛʠʥʠʥ1, ʉ.ɽ. ʐʝʰʫʢʦʚʘ1, ɸ.ɺ. ʉʘʜʦʚʥʠʢʦʚ1 

1ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʘʯʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠʣʠ ʩʧʠʥʘ ʵʣʝʢʪʨʦʥʘ ʚʤʝʩʪʦ ʧʝ-

ʨʝʥʦʩʘ ʟʘʨʷʜʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʨʝʮʝʩʩʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʧʠʥʦʚ - ʩʧʠʥʦʚʳʭ ʚʦʣʥ 

(ʉɺ) ʠʣʠ ʤʘʛʥʦʥʦʚ [1], ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪ ʤʠʢʨʦʤʝʪʨʘ ʜʦ ʜʝ-

ʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ ʚ ʛʠʛʘʛʝʨʮʦʚʦʤ ʠ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʉʨʝʜʠ ʤʝʪʦ-

ʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘʤʠ ʤʘʛʥʦʥʦʚ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʤʝʪʦʜʳ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʝʚʘ [2], ʠʟʤʝʥʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

[3] ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ [4]. 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʪʠʧʘ ʌʘʥʦ ʚ ʥʝʨʝ-

ʛʫʣʷʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ (ʩʤ. ʨʠʩ. 1), ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʚʦʣʥʦʚʦʜʳ ʠʟ 

ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ, ʰʠʨʠʥʦʡ 200 ʤʢʤ. ʄʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʩʠʩʪʝʤʘ ʨʝʟʦʥʘʪʦʨʦʚ ʰʠʨʠʥʦʡ 200 ʤʢʤ ʠ ʜʣʠʥʦʡ 500 ʤʢʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʝʟʦ-

ʥʘʪʦʨʘʤʠ ʠ ʚʦʣʥʦʚʦʜʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 50 ʤʢʤ. ʉ ʧʦʤʦʱʴʶ ʤʠʢʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ ʯʘʩʪʦʪʥʦʝ ʩʤʝʱʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʧʠʢʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʩʠʩʪʝʤʫ ʨʝʟʦʥʘʪʦʨʦʚ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ˉ 20-79-

10191). 
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ʊɽʆʈɽʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʋʉʊʆʁʏʀɺʆʉʊʀ ʂʆʃɽɹɸʅʀʁ  

ʈɸɹʆʏɽʁ ʄʆɼʓ ɺ ʄʅʆɻʆʄʆɼʆɺʆʄ ɻʀʈʆʊʈʆʅɽ 

ʅ.ɺ. ɻʨʠʛʦʨʴʝʚʘ1,2, ʅ.ʄ. ʈʳʩʢʠʥ1,2 
1ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 

2ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ. ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
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ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʛʠʨʦʪʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʵʣʝʢ-

ʪʨʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʳʡ ʥʘʛʨʝʚ ʧʣʘʟʤʳ ʚ ʫʩʪʘʥʦʚʢʘʭ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ 

ʩʠʥʪʝʟʘ (ʋʊʉ) [1]. ɼʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪʩʷ ʛʠʨʦʪʨʦʥʳ ʩʦ ʩʚʝʨʭʨʘʟʤʝʨʥʳʤ ʨʝʟʦ-

ʥʘʪʦʨʦʤ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʛʝʥʝʨʘʮʠʠ ʩ ʤʦʱʥʦʩʪʴʶ ʠ ʯʘʩʪʦʪʦʡ 

ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ 1.5-2.0 ʄɺʪ ʠ 140-170 

ɻɻʮ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʠ ʙʦʣʴʰʠʭ 

ʤʦʱʥʦʩʪʝʡ ʚ ʛʠʨʦʪʨʦʥʝ ʧʝʨʝʭʦʜʷʪ ʢ ʨʘʙʦʪʝ ʥʘ ʤʦʜʘʭ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ʆʜ-

ʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʜʝʢʩʘ ʨʘʙʦʯʝʡ ʤʦʜʳ ʩʛʫʱʘʝʪʩʷ ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʤʦʜ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʧʦʣʦʩʫ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʙʫʞʜʝʥʠʶ 

ʧʘʨʘʟʠʪʥʳʭ ʤʦʜ ʩ ʩʦʩʝʜʥʠʤʠ ʘʟʠʤʫʪʘʣʴʥʳʤʠ ʠʥʜʝʢʩʘʤʠ ʠ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʛʠʨʦʪʨʦʥʦʚ [2,3]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʡ ʤʥʦʛʦʤʦʜʦʚʦʡ ʪʝʦʨʠʠ ʛʠʨʦ-

ʪʨʦʥʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ɺʏ-ʧʦʣʷ [1,3]. ʆʛʨʘʥʠʯʠʤʩʷ ʩʣʫ-

ʯʘʝʤ ʵʢʚʠʜʠʩʪʘʥʪʥʦʛʦ ʩʧʝʢʪʨʘ ʤʦʜ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʧʫʯʢʦʤ ʥʘ ʦʩʥʦʚʥʦʡ ʮʠʢ-

ʣʦʪʨʦʥʥʦʡ ʛʘʨʤʦʥʠʢʝ. ɺ ʩʣʫʯʘʝ ʵʢʚʠʜʠʩʪʘʥʪʥʦʛʦ ʩʧʝʢʪʨʘ ʤʦʜ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʨʘʜʠ-

ʘʣʴʥʳʤʠ ʠʥʜʝʢʩʘʤʠ, ʘʟʠʤʫʪʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʠ ʯʘʩʪʦʪʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʦʪʥʦʰʝ-
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sm  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʘʩʪʦʪʳ ʠ ʘʟʠʤʫʪʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʤʦʜ, 0s=  ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʨʘʙʦʯʝʡ (ʮʝʥʪʨʘʣʴʥʦʡ) ʤʦʜʝ, 1, 2,s=° °  ð ʢ ʧʘʨʘʟʠʪʥʳʤ ʤʦʜʘʤ-ʩʘʪʝʣʣʠ-

ʪʘʤ 

ɺ ʨʘʙʦʪʝ [2] ʙʳʣʘ ʨʘʟʚʠʪʘ ʧʨʠʙʣʠʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʨʘʙʦʯʝʡ ʤʦʜʳ. ɽʩʣʠ ʧʦʣʘʛʘʪʴ ʘʤʧʣʠʪʫʜʳ ʩʘʪʝʣʣʠʪʦʚ ʤʘ-

ʣʳʤʠ, ʤʦʞʥʦ ʣʠʥʝʘʨʠʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ 

ʚʦʟʤʫʱʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʚʪʦʢʦ-

ʣʝʙʘʥʠʡ ʮʝʥʪʨʘʣʴʥʦʡ ʤʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨ ʩʘʪʝʣʣʠʪʦʚ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ (1). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʤʦʜʝʣʠ ʛʠʨʦʪʨʦʥʘ ʩ ʛʘʫʩʩʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ɺʏ 

ʧʦʣʷ. ɺʳʙʝʨʝʤ ʧʘʨʘʤʝʪʨ ʧʣʦʪʥʦʩʪʠ ʩʧʝʢʪʨʘ ʤʦʜ 
0 0.2D = , ʘ ʧʘʨʘʤʝʪʨ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʜʣʠʥʳ ʨʝʟʦʥʘʪʦʨʘ 15m= , ʯʪʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʠʨʦʪʨʦʥʫ ʩ ʨʘʙʦʯʝʡ ʤʦʜʦʡ 

ʊɽ28,12 [3]. ɿʜʝʩʴ 
2

0 02 ,-

^D = b Dw w v c^ ^b =  ð ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʩʢʦ-

ʨʦʩʪʴ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʨʘʩʩʪʨʦʡʢʘ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 
HD  ï ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʪʦʢ ʧʫʯʢʘ 

0I

, ʢʦʪʦʨʳʝ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʞʠʤʦʚ ʢʦʣʝʙʘʥʠʡ ʚ ʛʠʨʦʪʨʦʥʝ. 

ʇʦʜʨʦʙʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʥʘʡʪʠ, 

ʥʘʧʨʠʤʝʨ, ʚ [3]. 
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                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     64 

 

 
ʈʠʩ. 1. ɿʦʥʘ ʛʝʥʝʨʘʮʠʠ ʛʠʨʦʪʨʦʥʘ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʧʨʠ 15m= . 1 ï ʛʨʘʥʠʮʘ ʤʷʛʢʦʛʦ ʚʦʟʙʫʞ-

ʜʝʥʠʷ, 2 ï ʞʝʩʪʢʦʛʦ. ʐʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ð ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʜ ʩ s=Ñ1, 

ʧʫʥʢʪʠʨ ð s=Ñ2, ʢʨʫʞʢʠ ð ʜʘʥʥʳʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʝʨʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ ʦʙ-

ʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʤʦʜʳ.  

ʉʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʤʷʛʢʦʛʦ ʠ ʞʝʩʪʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʦʜ-

ʥʦʤʦʜʦʚʦʡ ʤʦʜʝʣʠ ʛʠʨʦʪʨʦʥʘ (ʢʨʠʚʳʝ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʐʪʨʠʭʦʚʳʤʠ ʣʠʥʠ-

ʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʛʨʘʥʠʮʳ ʚʦʟʙʫʞʜʝʥʠʷ ʧʘʨʘʟʠʪʥʳʭ ʤʦʜ, ʙʣʠʞʘʡʰʠʭ ʢ ʦʩʥʦʚʥʦʡ (

1s=°), ʧʫʥʢʪʠʨʦʤ ð ʩʣʝʜʫʶʱʝʡ ʧʘʨʳ ʤʦʜ (2s=°). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʯʘʷ ʤʦʜʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʚ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʘʷ ʥʘ ʨʠʩʫʥʢʝ ʟʘʢʨʘʰʝʥʘ ʩʝ-

ʨʳʤ. ʋʯʝʪ ʧʘʨʘʟʠʪʥʳʭ ʤʦʜ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʥʦʤʝʨʘʤʠ (3s=° ʠ ʪ.ʜ.) ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʦʥʳ ʫʩʪʦʡʯʠʚʦʡʩʪʠ. ɻʨʘʥʠʮʳ ʚʦʟʙʫʞʜʝ-

ʥʠʷ ʜʣʷ ʵʪʠʭ ʤʦʜ ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʦʢʦʚ ʠ ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʦʢʘʟʘʥʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʤʦʜʦʚʦʡ ʪʝʦʨʠʠ ʛʠʨʦʪʨʦʥʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʢʨʫʞ-

ʢʘʤʠ. ʊʘʢʞʝ ʦʥʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ [3,4]. 

 

ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ ˉ 22-22-00603. 
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ɺʃʀʗʅʀɽ ʃɸɿɽʈʅʆɻʆ ʅɸɻʈɽɺɸ ʅɸ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ  

ʉʇʀʅʆɺʓʍ ɺʆʃʅ ɺ ʉʊʈʋʂʊʋʈɽ ʉ ʅɸʈʋʐɽʅʀɽʄ  

ʊʈɸʅʉʃʗʎʀʆʅʅʆʁ ʉʀʄʄɽʊʈʀʀ 

ɺ.ɸ. ɻʫʙʘʥʦʚ1, ɸ.ɺ. ʉʘʜʦʚʥʠʢʦʚ1 
1ʃʘʙʦʨʘʪʦʨʠʷ çʄʘʛʥʠʪʥʳʝ ʄʝʪʘʤʘʪʝʨʠʘʣʳè, ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 

 

ʉʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʤʘʛʥʦʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ [1]. ʈʘʩʰʠʨʝʥʠʝ ʢʦʤʧʣʝʤʝʥ-

ʪʘʨʥʦʡ ʙʘʟʳ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʉʦʯʣʝʥʷʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʜʣʷ ʜʘʥʥʳʭ ʪʠʧʦʚ ʧʨʠʣʦʞʝʥʠʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʠ [2,3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ʉɺ) ʚ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ çʧʦʜʢʦʚʘè. ʅʘʛʨʝʚ ʣʘʟʝʨʦʤ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʦʙʣʘʩʪʠ ʩʢʨʫʛʣʝʥʳ ʚʦʣʥʦʚʦʜʘ. ʉʦʟʜʘʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝ-

ʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʚʦʣʥʳ (ʇʄʉɺ), ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʝ ʧʨʠʢʣʘ-

ʜʳʚʘʣʦʩʴ ʚʜʦʣʴ ʦʩʠ x, ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʦʙʨʘʪʥʦ ʦʙʲʝʤʥʦʡ ʤʘʛʥʠʪʦʩʪʘ-

ʪʠʯʝʩʢʦʡ ʚʦʣʥʳ (ʆʆʄʉɺ), ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʝ ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʚʜʦʣʴ ʦʩʠ y. 

ɹʫʜʫʪ ʧʦʢʘʟʘʥʳ ʨʝʞʠʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʧʠʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʩʣʫʯʘʝ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʉɺ ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ ʠ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʣʘʟʝʨʥʦʛʦ 

ʥʘʛʨʝʚʘ ʢ ʩʪʨʫʢʪʫʨʝ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʥʘʨʫʰʝʥʠʝ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 

ˉ 20-79-10191). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸɺʀʉʀʄʆʉʊʀ ʇʆʃʆʉ ʅɽʇʈʆʇʋʉʂɸʅʀʗ 

ʉʇʀʅ-ɺʆʃʅʆɺʆɻʆ ʉʀɻʅɸʃɸ ʆʊ ʀɿʄɽʅɽʅʀʗ ʇɸʈɸʄɽʊʈʆɺ  

ʄɽɸʅɼʈʆɺʆʁ ʉʊʈʋʂʊʋʈʓ ʀɿ ʇɽʈʄɸʃʃʆʗ 

ʖ.ɸ. ɻʫʙʘʥʦʚʘ1, ɺ.ɸ. ɻʫʙʘʥʦʚ1, ʅ. ʅʦʛʠʥʦʚʘ2, ɸ.ɺ. ʉʘʜʦʚʥʠʢʦʚ1 
1ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
2ʅʦʨʬʦʣʢʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

E-mail: yulya29022095@gmail.com 

 

ɺ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʳʤʠ ʢʦʥʮʝʧʮʠʷʤʠ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥ-

ʥʳʭ ʥʘ ʤʘʛʥʦʥʥʳʭ ʦʙʥʘʨʫʞʝʥʠʷʭ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʭʦʜ ʦʪ ʜʚʫʤʝʨ-

ʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʤʘʛʥʦʥʥʳʭ ʩʝʪʝʡ ʢ ʪʨʝʭʤʝʨʥʦʡ [1]. ɺ ʵʣʝʢʪʨʦʥʠʢʝ ʪʨʝʭʤʝʨʥʳʝ 

ʩʭʝʤʳ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʚʦʜʘ ʜʞʦʫʣʝʚʘ ʪʝʧʣʘ ʦʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʚʳʟʦʚʦʤ. ʄʘʛʥʦʥʠʢʘ ʯʘʩʪʦ ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʡ ʩʠʛʥʘʣ, ʟʘʢʦʜʠʨʦʚʘʥʥʳʡ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʬʘʟʝ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ʉɺ), ʧʨʠ ʵʪʦʤ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʠʥʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʘ ʠʥ-

ʬʦʨʤʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʉɺ [2]. ʇʨʠ ʪʘʢʦʤ ʧʦʜ-

ʭʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʨʷʜ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ 

ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʠ ʤʠʢʨʦʩʭʝʤʘʤʠ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤʘʷ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʜʦ ʥʘʥʦʤʝʪʨʦ-

ʚʳʭ ʨʘʟʤʝʨʦʚ [3]. 

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥ ʩʝʛʤʝʥʪ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 3D ʤʘʛʥʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʦʧʝ-

ʨʝʯʥʦʤ ʩʝʯʝʥʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʘʥʜʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʘʨʘ-

ʤʝʪʨʘʤʠ: ʧʝʨʠʦʜ ʤʦʜʫʣʷʮʠʠ L = 740 ʥʤ, ʚʳʩʦʪʘ ʥʘʙʣʶʜʘʝʤʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ m1 = 50 ʥʤ, ʚʳʩʦʪʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ m2 = 50 ʥʤ, ʪʦʣ-

ʱʠʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ m3 = 50 ʥʤ, ʚʳʩʦʪʘ ʧʝʨʝʧʘʜʘ p = 120 ʥʤ. ɺʥʝʰʥʝʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʚʜʦʣʴ ʦʩʠ z. 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʘʥʜʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʄʘʢʩʚʝʣʣʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ COMSOL 

Multiphysics. ʊʘʢʞʝ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʳʭ ʯʘ-

ʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʄʘʥʜʝʣʴʰʪʘʤʤ-ɹʨʠʣ-

ʣʶʵʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʄɹʉ) ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ɺ ʨʘʙʦʪʝ 



67                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʠʩʩʣʝʜʦʚʘʥʦ ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʨʝʱʸʥʥʳʤʠ ʟʦʥʘʤʠ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʘʥʜʨʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘ-

ʯʝʩʪʚʝ ʧʦʛʣʦʱʘʶʱʝʡ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʠ ʠ/ʠʣʠ ʬʠʣʴʪʨʘ ʥʘ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣ-

ʥʘʭ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ˉ20-79-10191). 
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ʉɺʆʁʉʊɺɸ ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ ʇʆʃʀɺʀʅʀʃʆɺʓʁ  

ʉʇʀʈʊ ïʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓɽ ʇʆʃʀɸʅʀʃʀʅʆʄ  

ʄʅʆɻʆʉʊɽʅʅʓɽ ʋɻʃɽʈʆɼʅʓɽ ʅɸʅʆʊʈʋɹʂʀ  

ʉ.ɺ. ɺʘʩʠʥ1, ɺ.ɸ. ʉʝʨʛʝʝʚ1,2, ʄ.ʉ. ɽʬʠʤʦʚ2 
1ʋʣʴʷʥʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

2ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

E-mail: svasin@ulireran.ru 

 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (CNT) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

[1,2]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʣʠʘʥʠʣʠʥ (PANI) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ, ʙʣʘʛʦʜʘʨʷ ʧʨʦ-

ʩʪʦʪʝ ʝʛʦ ʩʠʥʪʝʟʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʫʪʝʤ ʠʟ-

ʤʝʥʝʥʠʷ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʢʠʩʣʝʥʠʷ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. ʉʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ CNT ʠ 

PANI ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ CNT ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ PANI ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʰʠʨʦʢʠʤ ʚʦʟʤʦʞʥʳʤ ʩʧʝʢʪʨʦʤ ʧʨʠʤʝʥʝʥʝʥʠʷ [3]. 

ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʩʧʝʰʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PANI, 

ʷʚʣʷʶʪʩʷ ʝʛʦ ʧʣʦʭʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʥʳʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʢʦʤʧʦʟʠʪʦʚ PANI ʩ ʧʦʣʠʤʝʨʘʤʠ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʙʣʘʜʘʶ-

ʱʠʤʠ ʣʫʯʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘ, ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʣʝʥʢʠ ʧʦʣʠʤʝʨʥʦʛʦ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ (PVA) ï ʤʥʦʛʦʩʪʝʥʥʳʝ CNT (MWCNT) ï 

PANI. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʇɺʉ ʤʘʨʢʠ 16/1 ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦ-

ʣʠʘʥʠʣʠʥʦʤ ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (PANI/MWCNT) ʪʦʨʛʦʚʦʡ 

ʤʘʨʢʠ çʊʘʫʥʠʪè, ʧʨʦʠʟʚʦʜʩʪʚʘ NanoTechCenter LTD. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʛʦʪʦʚʠʣʘʩʴ 

ʚʦʜʥʘʷ ʩʫʩʧʝʥʟʠʷ PANI/MWCNT ʧʫʪʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70Áʉ. ɿʘʪʝʤ ʚ ʩʫʩʧʝʥʟʠʶ ʜʦʙʘʚʣʷʣʦʩʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ PVA ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʦʜʦʣʞʘʣʦʩʴ ʜʦ ʧʦʣʥʦʛʦ ʝʛʦ ʨʘʩ-

ʪʚʦʨʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ ʩ ʨʘʟʣʠʯʥʳʤ ʤʘʩʩʦʚʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ PVA ʠ PANI/MWCNT ʨʘʟʣʠʚʘʣʠ ʚ ʯʘʰʢʠ ʇʝʪʨʠ ʠ ʩʫʰʠʣʠ ʧʨʠ ʢʦʤ-

ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʣʝʥʢʠ 

ʠʤʝʣʠ ʪʦʣʱʠʥʫ 30-40 ʤʢʤ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝ-

ʨʝʥʠʡ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʠ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʦʨʬʦʣʦʛʠʠ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (SEM). ɼʣʷ ʦʧ-

ʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʦʤ ʚʳʪʷʛʠʚʘʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ (dip coating) ʠʟʛʦʪʘʚʣʠʚʘ-

ʣʠʩʴ ʧʦʣʠʤʝʨʥʳʝ ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ 1 ʤʢʤ ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ. 

ʅʘ ʨʠʩ. 1, ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ SEM ʩʥʠʤʦʢ ʢʦʤʧʦʟʠʪʥʦʡ 

ʧʣʝʥʢʠ ʩ 50% ʩʦʜʝʨʞʘʥʠʝʤ PANI/MWCNT. ɺʠʜʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʢʠ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʟʝʨʥʘ PANI/MWCNT ʨʘʚʥʦʤʝʨʥʦ ʚʩʪʨʦʝʥʥʳʝ ʚ ʤʘʪʨʠʮʫ PVA. ʂʘʢ ʠ ʦʪ-

ʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, PANI ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷʭ, ʨʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. 
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ʅʘ ʨʠʩ. 1, ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʣʝʥʦʢ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

PVA/PANI/MWCNT ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ PANI/MWCNT. ɺʠʜʥʦ, ʯʪʦ ʚ ʠʩ-

ʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʣʝʥʦʢ ʠʤʝʶʪ ʷʚʥʦ ʚʳʨʘ-

ʞʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ï ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ T ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ. 

ʅʘ ʨʠʩ. 1, c ʧʦʢʘʟʘʥʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ ʢʦʤʧʦʟʠʪʦʚ 

PVA/PANI/MWCNT ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ PANI/MWCNT ʠ ʧʣʝʥʢʠ ʯʠʩʪʦʛʦ 

PVA. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ PANI/MWCNT ʜʦ 50% ʧʨʦʚʦʜʠ-

ʤʦʩʪʴ ʧʣʝʥʦʢ ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʥʘ 4 ʧʦʨʷʜʢʘ. 

 

 

 

 
ʈʠʩ. 1. (ʘ) ʉʥʠʤʦʢ SEM ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʡ ʧʣʝʥʢʠ PAV/PANI/MWCNT  

ʩ 50% ʩʦʜʝʨʞʘʥʠʝʤ PANI/MWCNT.  

(b) ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ PAV/PANI/MWCNT. 

(c) ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ PAV/PANI/MWCNT. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜ-

ʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʦʤʝʨ ʧʨʦʝʢʪʘ ˉ 19-42-730011. 
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ʉʙʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʨʘʤʢʘʭ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʢʫʜʘ ʚʦʰʣʠ 41 ʜʦʥʦʰʝʥʥʳʭ ʠ ʥʝʜʦʥʦʰʝʥʥʳʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʩʦ ʩʨʦ-

ʢʦʤ ʛʝʩʪʘʮʠʠ ʙʦʣʝʝ 34 ʥʝʜʝʣʴ. ɺʩʝ ʥʦʚʦʨʦʞʜʝʥʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʛʨʫʧʧʳ I ʠ 

II ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʨʦʢʦʤ ʛʝʩʪʘʮʠʠ 38 ï 41 ʠ 34 ï 36 ʥʝʜʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʠʞʝ, ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʦʮʝʥʢʠ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʡ 

ʛʨʫʧʧʳ. 

ʂʘʞʜʳʡ ʨʝʙʝʥʦʢ ʠʟ ʛʨʫʧʧʳ I ʜʚʘʞʜʳ ʧʨʦʰʸʣ ʧʨʦʮʝʜʫʨʫ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝ ʤʝʥʝʝ 

12 ʢʘʥʘʣʦʚ ʕʕɻ ʯʝʨʝʟ 8 ʯʘʩʦʚ ʠ ʥʘ 10 ʩʫʪʢʠ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ. ʅʦʚʦʨʦʞʜʝʥʥʳʝ ʠʟ 

ʛʨʫʧʧʳ II ʧʨʦʭʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʪʦʣʴʢʦ ʥʘ 10 ʩʫʪʢʠ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʙʝʥʦʢ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʢʨʦʚʘʪʢʝ ʠʣʠ ʚ ʢʫʚʝʟʝ (ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʦʢʘ ʛʝʩʪʘʮʠʠ ʠ ʚʝʩʘ). ʇʨʦʮʝʜʫʨʘ ʷʚʣʷʝʪʩʷ ʥʝʠʥʚʘʟʠʚʥʦʡ ʠ ʙʝʟʙʦʣʝʟ-

ʥʝʥʥʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʠ 

ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʣʘʩʩʠʯʝʩʢʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʚʝʡʚʣʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʅɺʇ), 

ʧʦʟʚʦʣʷʶʱʝʝ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ ʤʦʱʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪʥʳʭ ʠʥʪʝʨʚʘʣʘʭ c ʭʦʨʦʰʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [1-3]. ʅʝʧʨʝʨʳʚʥʦʝ 

ʚʝʡʚʣʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ Wi (f, t) ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʩʠʛʥʘʣʘ ʕʕɻ ʥʘ ʦʩ-

ʥʦʚʝ ʤʘʪʝʨʠʥʩʢʦʛʦ ʚʝʡʚʣʝʪʘ ʄʦʨʣʝ ʩ ʧʘʨʘʤʝʪʨʦʤ ɋ0 = 2ˊ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥ-

ʥʦʡ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ ɋ0, ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ ʅɺʇ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ ʌʫʨʴʝ-ʩʧʝʢʪʨʘ f, ɻʮ, [4]. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦ-

ʝʥʠʷ ʢʘʨʪ ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʫʩʨʝʜʥʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʥʦʤ ʦʢʥʝ ȹt = 5 ʩʝʢʫʥʜ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʢʘʨʪʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʝʤʷ-ʯʘʩʪʦʪʘ, ʛʜʝ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦ-

ʞʝʥʦ ʚʨʝʤʷ, ʷʚʣʷʶʱʝʝʩʷ ʜʠʩʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʩ ʰʘʛʦʤ ȹt, ʘ ʧʦ 

ʦʩʠ ʦʨʜʠʥʘʪ ïʯʘʩʪʦʪʘ, f, ɻʮ. ʎʚʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ ʥʘʙʣʶʜʘʝʤʦʡ ʵʥʝʨʛʠʠ 

ʅɺʇ. ʅʘ ʚʝʨʭʥʠʭ ʧʘʥʝʣʷʭ ʨʠʩʫʥʢʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʪʠʧʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʢʘʥʘʣʦʚ 

ʕʕɻ ʧʦ ʦʜʥʦʤʫ ʠʟ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʠʟ ʛʨʫʧʧʳ I ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʛʨʫʧʧʳ II, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʥʠʞʥʠʭ ʛʨʘʬʠʢʘʭ ʨʠʩʫʥʦʢ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʭʝʤʳ ʩʦʩʪʦʷʥʠʷ ʨʝʙʝʥʢʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʪʥʦʡ 

ʦʮʝʥʢʠ ʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʨʦʣʷ ʏʉʉ. ʉʭʝʤʘ 

ʩʦʩʪʦʷʥʠʷ ʥʘʧʦʤʠʥʘʝʪ ʩʪʘʥʜʘʨʪʥʫʶ ʛʠʧʥʦʛʨʘʤʤʫ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʜʣʷ ʚʟʨʦʩʣʳʭ ʧʘ-

ʮʠʝʥʪʦʚ ʧʨʠ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʩʦʩʪʦʷʥʠʷʤ ʩʧʦʢʦʡʥʦʛʦ ʩʥʘ ï ʜʳʭʘʥʠʝ ʟʘʤʝʜʣʝʥʦ, ʛʣʘʟʘ ʟʘʢʨʳʪʳ. ɼʘʣʝʝ, 

ʧʦʣʦʯʢʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ï ʵʪʦ ʩʦʩʪʦʷʥʠʷ ʜʨʝʤʦʪʳ, ʧʦʢʦʷ. ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ï ɻ ʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʘʢʪʠʚʥʦʝ ʙʦʜʨʩʪʚʦʚʘʥʠʝ.  
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ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʫʩʨʝʜʥʝʥʥʦʡ ʵʥʝʨʛʠʠ W(f, t) ʅɺʇ ʧʦ ʚʨʝʤʝʥʥʳʤ ʦʢʥʘʤ ȹt ʨʘʚʥʳʤ 

30 ʩʝʢʫʥʜʘʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ (awake/NREM/REM) ʧʦ ʪʨʝʤ ʨʘʟʣʠʯʥʳʤ 

ʢʘʥʘʣʘʤ ʕʕɻ ʆ2, ʉ4, Fp2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʨʠ ʧʝʨʚʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʫ 

ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ N 7 ʠʟ ʛʨʫʧʧʳ I. 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʕʕɻ ʛʨʫʧʧʳ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʝʡʚʣʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʜʘʥ-

ʥʦʡ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ ʧʨʠ ʩʤʝʥʝ ʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʩʦʥ ʠ ʙʦʜʨʩʪʚʦʚʘ-

ʥʠʝ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʚʳʷʚʣʝʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʘʣʴʬʘ-ʘʢʪʠʚʥʦ-

ʩʪʠ, ʥʘʙʣʶʜʘʪʴ ʢʦʪʦʨʫʶ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʘ ʅɺʇ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯ-
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʫ ʧʘʮʠʝʥʪʦʚ ʧʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʦʨʪʦʜʦʥʪʠ-

ʯʝʩʢʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚ ʚ ʭʦʜʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʩʪʦʛʦ ʢʦʛʥʠʪʠʚʥʦʛʦ ʪʝʩʪʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 5 ʠʩʧʳʪʫʝʤʳʭ, ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʭ ʤʫʞʯʠʥʘʭ ʚ 

ʚʦʟʨʘʩʪʝ 19 ï 25 ʣʝʪ. ʋ ʢʘʞʜʦʛʦ ʜʦʙʨʦʚʦʣʴʮʘ ʧʦʚʝʨʭʥʦʩʪʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ʧʦʤʦʱʴʶ ʕʕɻ-ʜʘʪʯʠʢʦʚ ʠ ʩʦʙʠʨʘʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʨʝʛʠʩʪʨʘʪʦʨʘ ʕʥʮʝʬʘʣʘʥ-ʕʕɻʈ-19/26 (ʆʆʆ çʄʝʜʠʢʦʤ ʄʊɼè, ʈʦʩʩʠʷ). ʆʙ-

ʱʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʘʚʠʣʘ 35 ʤʠʥʫʪ. ʂʘʞʜʳʡ ʠʩʧʳ-

ʪʫʝʤʳʡ ʧʨʦʰʝʣ ʜʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʚʘ ʨʘʟʘ ʚ ʨʘʟʥʳʝ ʜʥʠ ʜʦ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʡ 

ʢʦʨʨʝʢʮʠʠ ʠ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʥʝʝ.  

ʉʝʡʯʘʩ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʜʣʷ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʝʡʚʣʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ ʩʢʝʣʝʪʦʥʦʚ [1] ʠ ʤʝʪʦʜ ʯʘʩʪʦʪʥʳʭ ʧʘʪʪʝʨʥʦʚ [2, 3]. 

ʆʙʘ ʵʪʠʭ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʘʥʘʣʠʟʝ ʩʠʛ-

ʥʘʣʦʚ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʪʦʥʢʠʭ ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʝʛʠʩʪʨʘ-

ʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʕʕɻ ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝʧʨʝʨʳʚʥʦʝ ʚʝʡʚʣʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʅɺʇ) ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʙʘ-

ʟʠʩʘʤʠ [4]. 

ɼʣʷ ʚʩʝʭ ʢʘʥʘʣʦʚ ʕʕɻ ʧʦ ʚʩʝʤ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʘʤ ȹfi  ʚʦ ʚʨʝʤʝʥʥʦʤ ʦʢʥʝ 

5 ʩʝʢʫʥʜ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʦʣʠʯʝʩʪʚʦ ʧʘʪʪʝʨʥʦʚ N, ʚʦʟʥʠʢʰʠʭ ʚ ʜʘʥʥʦʤ ʦʢʥʝ, ʠ 

ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ T ɻ ʪʠʭ ʧʘʪʪʝʨʥʦʚ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʧʘʪʪʝʨʥʦʚ ʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʞʠʟʥʠ ʜʣʷ ʦʙʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʳʪʫʝʤʳʤ ˉ1, ʪ.ʝ. ʜʦ ʠ ʧʦʩʣʝ ʦʨʪʦʜʦʥʪʠʯʝ-

ʩʢʦʡ ʢʦʨʨʝʢʮʠʠ.  

ɼʘʣʝʝ ʦʮʝʥʠʚʘʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʧʘʪʪʝʨʥʦʚ p(N) ʠ 

ʚʨʝʤʝʥʠ ʠʭ ʞʠʟʥʠ p(T).   

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʢʘʥʘʣʘ O2 ʜʣʷ ʦʙʦʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʣʠʟʢʠ ʜʨʫʛ ʜʨʫʛʫ, ʧʨʠ ʵʪʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʢʦʣʠʯʝʩʪʚʘ ʧʘʪʪʝʨʥʦʚ ʜʣʷ ʢʘʥʘʣʘ O1 ʜʣʷ ʦʙʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʝʩʴʤʘ ʩʠʣʴʥʦ ʦʪʣʠ-

ʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  
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ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʧʘʪʪʝʨʥʦʚ N ʠ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʘʪʪʝʨʥʦʚ T ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʯʘʩʪʦʪ ȹf5 = [9:0; 12:0] ɻʮ ʜʣʷ ʢʘʥʘʣʘ O2 ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʳʪʫʝʤʳʤ ˉ3. 

 

ɹʳʣʠ ʚʚʝʜʝʥʳ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʩʭʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʚ ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʘʭ ʧʨʠ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʘʮʠʝʥʪʘ: 

ʇʨʠ ʵʪʦʤ ʯʝʤ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʢʨʠʪʝʨʠʠ, ʪʝʤ ʤʝʥʴʰʝ ʚʣʠʷʥʠʷ ʦʢʘʟʳ-

ʚʘʝʪ ʦʨʪʦʜʦʥʪʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʜʘʥʥʦʤ ʢʘʥʘʣʝ 

ʕʕɻ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʚʳʜʝʣʠʣʠ ʜʚʝ ʛʨʫʧʧʳ ʢʘʥʘʣʦʚ:  

ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ (8) ʠ (9) ʥʝ ʧʨʝʚʳʰʘʝʪ 0.013 ʠ 0.0025 (ʢʘʥʘʣʳ: 

O2, P4, C4, F4, T6, T3, F7, Pz, Fz) - ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʦʟʛʘ,  

ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʝʚ (8) ʠ (9) ʥʝ ʧʨʝʚʳʰʘʝʪ 0.013 ʠ 0.0025 (ʢʘʥʘʣʳ: 

O1, C3, F3, Fp1, Fp2, T5, T4, Cz) - ʜʣʷ ʥʠʭ ʦʨʪʦʜʦʥʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʪʠʭ ʢʘʥʘʣʘʭ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤʳ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʮʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʣʝʯʝʥʠʷ ʦʨʪʦʜʦʥʠʪʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠ-

ʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ 

ʫʯʝʥʳʭ (ʧʨʦʝʢʪ ʄʂ-2206.2021.1.2). 
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ʏɸʉʊʆʊʅʓɽ ʇɸʊʊɽʈʅʓ ɺ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ  

ɻʆʃʆɺʅʆɻʆ ʄʆɿɻɸ: ʇɽʈʉʇɽʂʊʀɺʓ ɸɺʊʆʄɸʊʀʏɽʉʂʆʁ  

ʈɸɿʄɽʊʂʀ ʇʆʃʀʉʆʄʅʆɻʈɸʌʀʏɽʉʂʀʍ ɿɸʇʀʉɽʁ 

ʄ.ʆ. ɾʫʨʘʚʣʸʚ1,2, ɸ.ɽ. ʈʫʥʥʦʚʘ1,2, ɸ.ʈ. ʂʠʩʝʣʝʚ1, ʂ.ʉ. ʉʘʤʘʪʦʚʘ1 
1ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ɺ.ʀ. ʈʘʟʫʤʦʚʩʢʦʛʦ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ 
2ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
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ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʚʥʝʜʨʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʥʘ 

ʧʘʮʠʝʥʪʦʚ. ʇʦ ʩʝʡ ʜʝʥʴ ʘʥʘʣʠʟ ʩʦʤʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʪʩʷ ʚʨʫʯʥʫʶ ʚʨʘ-

ʯʦʤ-ʩʦʤʥʦʣʦʛʦʤ. ʆʜʥʘʢʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʵʨʛʦʥʦʤʠʯ-

ʥʦʩʪʴ ʘʥʘʣʠʟʘ, ʩʦʢʨʘʪʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʪʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʥʘ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʛʦ ʤʝʪʦʜʘ 

ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʥʳʭ ʧʘʪʪʝʨʥʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʛʥʘʣʘʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ ʩʥʘ ʚʦ ʚʨʝʤʷ ʥʦʯʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳ-

ʷʚʣʷʪʴ ʪʦʥʢʠʝ ʨʘʟʣʠʯʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʛʥʘʣʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʫʜʘʸʪʩʷ ʚʳʷʚʠʪʴ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʯʘʩʪʦʪʥʳʭ ʧʘʪʪʝʨʥʦʚ ʙʳʣʘ ʘʧʨʦʙʠʨʦʚʘʥʘ 

ʥʘ ʧʷʪʠ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʧʠʩʷʭ ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʭ ʠʩʧʳʪʫʝʤʳʭ, ʜʣʷ ʢʘʞ-

ʜʦʡ ʟʘʧʠʩʠ ʠʤʝʣʘʩʴ ʛʠʧʥʦʛʨʘʤʤʘ ʩ ʨʘʟʤʝʪʢʦʡ ʩʪʘʜʠʡ ʩʥʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʚʨʘʯʦʤ ʩʦʤʥʦʣʦʛʦʤ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ 

ʚʝʡʚʣʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (CWT) [1,2]:  

ὡ ίȟὸ Ѝί᷿ ὼὸ‪ᶻ Ὠὸ
Ð

Ð
 (1) 

ʛʜʝ x(t) ï ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʩʠʛʥʘʣ, s - ʤʘʩʰʪʘʙ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʰʠʨʠʥʫ 

ʚʝʡʚʣʝʪʘ, "*" ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʷʞʝʥʠʝ, ʘ )(,0
tsty - ʙʘʟʠʩ ʚʝʡʚʣʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʥʦʡ ʬʫʥʢʮʠʠ.  

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʦʡ ʬʫʥʢʮʠʠ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʡʚʣʝʪ ʄʦʨʣʝ [1] 

‪ ȟὸ Ὢ“ Ὡ Ὡ Ⱦ  (2) 

ʛʜʝ w0 - ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚʝʡʚʣʝʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʚʷʟʴ ʤʝʞʜʫ 

ʚʨʝʤʝʥʥʳʤ ʤʘʩʰʪʘʙʦʤ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (s) ʠ ʯʘʩʪʦʪʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ (f), ʛʜʝ f = 1/s.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʚʝʡʚʣʝʪʥʳʡ ʙʘʟʠʩ ʄʦʨʣʝ, ʤʳ ʤʦʞʝʤ ʧʝʨʝʡʪʠ ʧʨʠ 

ʨʘʩʯʸʪʝ CWT ʢ ʧʨʠʚʳʯʥʦʤʫ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʩʠʛʥʘʣʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʝʡʚʣʝʪʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʯʘ-

ʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʘʟʚʸʨʪʢʠ ʟʘʰʫʤʣʸʥʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʜʦʩʪʘʪʦʯ-

ʥʘʷ ʙʳʩʪʨʦʪʘ ʯʠʩʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ CWT ʧʦʟʚʦʣʷʝʪ ʯʸʪʢʦ ʠ ʙʝʟ-
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ʦʰʠʙʦʯʥʦ ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʥʘ ʜʦʤʠʥʠʨʫʶʱʠʭ, ʤʘʢʩʠʤʘʣʴʥʳʭ ʯʘʩʪʦʪʥʳʭ ʢʦʤ-

ʧʦʥʝʥʪʘʭ ʚ ʩʠʛʥʘʣʝ. ʆʜʥʘʢʦ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʦʪʨʝʪʴ ʜʠʥʘʤʠʢʫ ʥʘ ʩʦʧʫʪ-

ʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʚʳʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʪ-

ʪʝʨʥʦʚ ʘʢʪʠʚʥʦʩʪʠ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʥʘ ʠʩʭʦʜʥʳʭ 

ʩʣʦʞʥʳʭ ʩʠʛʥʘʣʘʭ.  

ɺ ʨʘʤʢʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ CWT ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʮʝʥʢʠ ʪʘʢʠʭ ʩʦʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʢʝʣʝʪʦʥʥʳʡ ʤʝʪʦʜ CWT [2, 3]. 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʚʳʜʝʣʝʥʠʠ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʣʦ-

ʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʚ ʤʛʥʦʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʅɺʇ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. ʄʛʥʦʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʅɺʇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪ-

ʥʦʰʝʥʠʝʤ: 

ὉὪȟὸ ȿὡ Ὢȟὸ ȿ. (3) 

ʇʨʦʚʦʜʷ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʯʘʩʪʦʪʳ fj
n, ʧʦʣʫʯʘʝʤ ʥʘʙʦʨ ʢʦʣʝ-

ʙʘʪʝʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ Pr ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʛʜʝ r ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʷʚ-

ʣʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ. ʇʨʠ ʵʪʦʤ, ʢʘʞʜʳʡ ʯʘʩʪʦʪʥʳʡ ʧʘʪʪʝʨʥ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʠ ʝʛʦ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʥʦʡ, ʥʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʵʥʝʨʛʠʠ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʝʡʚʣʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʵʪʦʪ ʯʘʩʪʦʪʥʳʡ ʧʘʪ-

ʪʝʨʥ ʟʘ ʚʨʝʤʷ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ.  

 ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʯʘʩʪʦʪʥʳʭ 

ʧʘʪʪʝʨʥʦʚ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʪʘʜʠʡ ʩʥʘ ʥʝ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʤʝʪʢʫ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʤ ʫʨʦʚʥʝ. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʨʠʪʝʨʠʝʚ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʯʘʩʪʦʪʥʳʭ ʧʘʪʪʝʨʥʦʚ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʘʭ ʕʕɻ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʟʤʝʪʢʠ ʩʪʘʜʠʡ ʩʥʘ ʜʦ ʪʘʢʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʜʘʥʥʫʶ 

ʤʝʪʦʜʠʢʫ ʚʦʟʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʮʝʣʷʭ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʦʪʥʳʭ ʧʘʪʪʝʨʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʘʥ-

ʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʩʪʘʜʠʡ ʩʥʘ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʘʟʤʝʪʢʠ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʯʝʩʢʠʭ 

ʟʘʧʠʩʝʡ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ No 

SSMU2021-005. 
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ʇʈʀʄɽʅɽʅʀɽ ɺɽʁɺʃɽʊʅʆɻʆ ɸʅɸʃʀɿɸ ɼʃʗ ɼʀɸɻʅʆʉʊʀʂʀ  

ʉʀʅɼʈʆʄɸ ʆɹʉʊʈʋʂʊʀɺʅʆɻʆ ɸʇʅʆʕ ɺʆ ʉʅɽ 
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ʤʝʜʠʮʠʥʳ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʥʘʨʫʰʝʥʠʡ ʩʥʘ [1-

5]. ʊʘʢʦʡ ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʨʘʥʥʷʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʣʝʯʝ-

ʥʠʝ ʵʪʠʭ ʨʘʩʩʪʨʦʡʩʪʚ ʫ ʧʘʮʠʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ 

ʢ ʪʘʢʠʤ ʨʘʩʩʪʨʦʡʩʪʚʘʤ [3, 4], ʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʧʘʮʠ-

ʝʥʪʦʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʨʫʰʝʥʠʡ ʩʥʘ ʷʚʣʷʝʪʩʷ ʧʦ-

ʣʠʩʦʤʥʦʛʨʘʬʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʟʘʧʠʩʴ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʠ, ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʶ, 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʶ ʠ ʤʦʥʠʪʦʨʠʥʛ ʜʳʭʘʥʠʷ ʚʦ ʚʨʝʤʷ ʩʥʘ [5]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʙʠʦʤʘʨʢʝʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ ʤʦʟʛʘ ʚʦ ʚʨʝʤʷ ʩʥʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʜʨʦʤʦʤ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʘʧʥʦʵ ʚʦ ʩʥʝ. 

ʉʠʥʜʨʦʤ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʘʧʥʦʵ ï ʵʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʥʘʨʫʰʝʥʠʝ ʩʥʘ, ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ ʠʣʠ ʯʘʩʪʠʯʥʘʷ ʦʙʩʪʨʫʢʮʠʷ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ, ʚʳʟʚʘʥʥʘʷ 

ʨʘʩʩʣʘʙʣʝʥʠʝʤ ʤʳʰʮ ʛʣʦʪʢʠ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʭʨʘʧʦʤ ʠ ʫʜʫʰʴʝʤ, ʚʳʟʳʚʘʝʪ ʯʘ-

ʩʪʳʝ ʧʨʦʙʫʞʜʝʥʠʷ, ʥʘʨʫʰʝʥʠʝ ʩʥʘ, ʯʨʝʟʤʝʨʥʫʶ ʜʥʝʚʥʫʶ ʩʦʥʣʠʚʦʩʪʴ ʠ ʩʚʷʟʘʥʥʳʝ ʩ 

ʵʪʠʤ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ. [6] 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʯʝʩʢʠʭ 

ʟʘʧʠʩʝʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʮʝʥʢʦʡ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʘʥʘ-

ʣʘʤʠ ʕʕɻ ʚʦ ʚʨʝʤʷ ʥʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʟʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ɼʣʷ 

ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʘʥʘʣʘʤʠ ʜʘʥʥʳʭ ʕʕɻ ʙʳʣ ʠʩ-

ʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʡʚʣʝʪ-ʙʠʢʦʛʝʨʝʥʪʥʦʩʪʠ [7, 8].  

ʈʝʛʠʩʪʨʘʮʠʷ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʧʷʪʠ ʫʩʣʦʚʥʦ 

ʟʜʦʨʦʚʳʭ ʧʘʮʠʝʥʪʦʚ ʠ ʧʷʪʠ ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʘʧʥʦʵ, ʧʨʠ 

ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʘʮʠʝʥʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦ ʜʚʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʠʩʦʤʥʦʛʨʘ-

ʬʠʠ ʚ ʨʘʟʥʳʝ ʜʥʠ. ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʧʠʩʝʡ ʩʦʤʥʦʣʦʛ ʧʦʩʪʨʦʠʣ ʛʠʧʥʦ-

ʛʨʘʤʤʫ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʩʪʘʜʠʡ ʩʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʛʠʧʥʦʛʨʘʤʤʳ ʩʨʘʚʥʠʚʘʣʠ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ, ʝʩʪʴ ʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʥʘ ʫ ʫʩʣʦʚʥʦ 

ʟʜʦʨʦʚʳʭ ʧʘʮʠʝʥʪʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʘʧʥʦʵ, ʪʘʢʠʭ ʨʘʟʣʠ-

ʯʠʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

ɼʘʣʝʝ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʚʝʡʚʣʝʪ-ʙʠʢʦʛʝʨʝʥʪʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦ-

ʥʠʟʘʮʠʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʟʘʧʠʩʝʡ ʕʕɻ ʜʣʷ ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʭ 

ʩʫʙʲʝʢʪʦʚ ʠ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʘʧʥʦʵ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʚʳʯʠʩʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʕʕɻ, ʟʘʪʝʤ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʥʦʛʦ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʦʚ ʦʮʝ-

ʥʠʚʘʝʪʩʷ ʚʝʡʚʣʝʪ-ʙʠʢʦʛʝʨʝʥʮʠʷ.  ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʨʘʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʬʫʥʢʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʝʡʚʣʝʪ ʄʦʨʣʝ.  

ɹʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʘ-

ʥʘʣʘʤʠ ʕʕɻ (O1, O2, C3, C4, Fp1, Fp2) ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʚʩʝʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʙʝʟ 

ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʩʥʘ, ʧʦʣʫʯʠʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 15 ʫʥʠʢʘʣʴʥʳʭ ʧʘʨ ʢʘʥʘʣʦʚ. ɼʣʷ 

mailto:zhuravlevmo@gmail.com


77                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʢʘʞʜʦʡ ʧʘʨʳ ʢʘʥʘʣʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʪʝʧʝʥʠ ʩʠʥ-

ʭʨʦʥʠʟʘʮʠʠ ʜʣʷ ʩʝʤʠ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ, ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʡʨʦ-

ʙʠʦʣʦʛʠʠ [9]: ȹf1[0,5ï4,5] ɻʮ, ȹf2[4-8] ɻʮ, ȹf3[8-12] ɻʮ, ȹf4[12-14] ɻʮ, ȹf5[12-20] ɻʮ, 

ȹf6[20-30] ɻʮ ʠ ȹf7[30-40] ɻʮ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ʦʙʩʪʨʫʢʪʠʚ-

ʥʦʛʦ ʘʧʥʦʵ ʚʦ ʩʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʣʝʚʳʤ ʠ 

ʧʨʘʚʳʤ ʧʦʣʫʰʘʨʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʤʠ 

ʧʘʮʠʝʥʪʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʨʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘ-

ʮʠʠ ʤʝʞʜʫ ʣʝʚʳʤ ʠ ʧʨʘʚʳʤ ʧʦʣʫʰʘʨʠʷʤʠ ʜʣʷ ʦʙʝʠʭ ʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ ʫʤʝʥʴʰʘʶʪʩʷ 

ʠ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʦʨʷʜʢʘ ȹf6[20-30] ɻʮ ʠ ȹf7[30-40] ɻʮ.  

ɼʘʣʝʝ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʢʘʥʘʣʦʚ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʘʥʘʣʘʤʠ ʕʕɻ, ʧʘʮʠ-

ʝʥʪʳ ʩ ʩʠʥʜʨʦʤʦʤ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʘʧʥʦʵ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʝʥʠʝ 

ʤʝʞʧʦʣʫʰʘʨʥʦʡ ʩʚʷʟʠ, ʥʦ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ 

ʚʥʫʪʨʠ ʧʦʣʫʰʘʨʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʩʥʘ 

ʚʳʷʚʣʷʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʘʧʥʦʵ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʥʘ ʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʚʳʙʦʨʢʘʭ ʧʦʟʚʦʣʷʪ ʫʪʦʯʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʦ-

ʟʜʘʪʴ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ñʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪ-

ʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʘʨʢʝʨʦʚ ʥʘʨʫʰʝʥʠʡ ʜʳʭʘʥʠʷ ʚʦ ʚʨʝʤʷ ʩʥʘ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʧʘʪʦʣʦʛʠʠò, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʤ ʟʘʜʘʥʠʝʤ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ ʥʘ 2022-2024 ʛʦʜʳ. 
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ʠʤʝʥʠ ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
2ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ʈʘʟʫʤʦʚʩʢʦʛʦ 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʤʦʟʛʘ ʚ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʠʚʣʝʢʘʝʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1, 2]. ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʤʦʟʛʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʪʫ ʤʦʟʛʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ ʵʥʮʝʬʘ-

ʣʦʛʨʘʤʤʳ (ʕʕɻ, ʄʕɻ), ʬʄʈʊ ʠ ʢʦʤʧʴʶʪʝʨʥʫʶ ʪʦʤʦʛʨʘʬʠʶ [3]. ʂʘʞʜʳʡ ʤʝʪʦʜ 

ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʵʣʝʢ-

ʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʷ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʝ ʠʥʚʘʟʠʚʥʘʷ. ʅʦ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʨʠ-

ʤʝʥʠʪʴ ʤʝʪʦʜ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʤʦʟʛʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦ-

ʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʩ ʜʘʥʥʳʤʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. ɺ ʧʨʠʥʮʠʧʝ, ʝʩʪʴ ʜʚʝ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ, ʧʨʠʤʝ-

ʥʠʤʳʭ ʢ ʜʘʥʥʳʤ ʦ ʤʦʟʛʝ: ʯʘʩʪʦʪʥʳʝ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ. ʏʘʩʪʦʪʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʧʦ ʯʘʩʪʦʪʘʤ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ʨʘʟʣʠʯ-

ʥʳʭ ʪʠʧʦʚ) ʠ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʨʝʢʫʨ-

ʨʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʕʪʦʪ ʤʝʪʦʜ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ, ʪʘ-

ʢʠʭ ʢʘʢ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠʣʠ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʕʕɻ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʝʢʫʨ-

ʨʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʕʕɻ ʣʶʜʝʡ, ʩʪʨʘʜʘʶʱʠʭ ʤʠʛʨʝ-

ʥʴʶ ʩ ʢʦʛʥʠʪʠʚʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʇʦʣʫʯʝʥʥʳʡ ʨʷʜ ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʚ-

ʤʝʩʪʥʦʛʦ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʢʘʥʘʣʦʚ ʠ ʩʨʘʚ-

ʥʝʥʠʷ ʠʭ ʟʥʘʯʝʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʚʨʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʵʪʦʤ ʢʘʥʘʣʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʚʠʞʝʥʠʡ ʣʠʙʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʘʩʪʦʪʘ ʵʥʮʝʬʘʣʦ-

ʛʨʘʤʤʳ ʩʠʛʥʘʣʘ, ʣʠʙʦ ʬʦʨʤʠʨʫʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʧʘʪʪʝʨʥ. ɺ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʩʣʫʯʘʝʚ 

ʜʠʥʘʤʠʢʘ ʵʥʮʝʬʘʣʦʛʨʘʤʤʳ ʚ ʪʘʢʦʤ ʢʘʥʘʣʝ ʙʦʣʝʝ ʚʘʞʥʘ, ʯʝʤ ʚ ʢʘʥʘʣʘʭ, ʛʜʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʚʦʟʚʨʘʪʦʚ ʥʝ ʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʦʡ ʟʘʧʠʩʴʶ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ ʦʙ ʠʩʧʳʪʫʝʤʳʭ ʙʫʜʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʶʜʝʡ, ʩʪʨʘʜʘʶʱʠʭ ʭʨʦʥʠʯʝʩʢʦʡ ʤʠʛʨʝʥʴʶ ʩ ʢʦʛʥʠʪʠʚʥʦʡ ʥʘʛʨʫʟ-

ʢʦʡ. ʂʦʛʥʠʪʠʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʛʥʝʪʝʥʘ ʫ ʣʠʮ, ʩʪʨʘʜʘʶʱʠʭ ʭʨʦʥʠʯʝʩʢʠʤʠ ʛʦʣʦʚ-

ʥʳʤʠ ʙʦʣʷʤʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʦʟʛʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʣʠʮ ʩ ʭʨʦʥʠʯʝʩʢʦʡ ʤʠʛʨʝʥʴʶ ʩ ʢʦʛʥʠʪʠʚʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʕʪʘ ʨʘʙʦʪʘ ʚʘʞʥʘ ʜʣʷ ʧʨʦ-

ʜʚʠʞʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʤʦʟʛ-ʢʦʤʧʴʶʪʝʨ [4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʙʨʘ-

ʙʦʪʢʠ ʜʘʥʥʳʭ ʵʥʮʝʬʘʣʦʛʨʘʬʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʙʳ-

ʪʠʷʤʠ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦ-
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79                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠʩʧʳʪʫʝʤʳʭ ʚʦ ʚʨʝʤʷ ʩʝʨʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʩʪʦʚ. ʄʥʦʛʦʢʘ-

ʥʘʣʴʥʫʶ ʕʕɻ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 250 ɻʮ ʦʪ ʵʣʝʢʪʨʦʜʦʚ P = 

19 ʩ ʜʚʫʤʷ ʨʝʬʝʨʝʥʪʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʣʦʞʝ-

ʥʠʷʭ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ 10ï20. ɼʣʷ ʫʩʠʣʝʥʠʷ ʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʕʕɻ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬ-ʨʝʛʠʩʪʨʘʪʦʨ çʕʥʮʝ-

ʬʘʣʘʥ-ʕʕɻʈ-19/26è (ʊʘʛʘʥʨʦʛ, ʈʌ) ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʢʘʥʘʣʘʤʠ ʕʕɻ ʠ ʜʚʫʭʢʥʦʧʦʯʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʚʚʦʜʘ (ʜʞʦʡʩʪʠʢʦʤ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷ-

ʣʘʩʴ ʦʨʠʛʠʥʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʧʦʜʘʚʣʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʕʕɻ. ʕʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʯʝʩʢʠʤʠ ʥʦʨʤʘʤʠ ʠ 

ʦʜʦʙʨʝʥʳ ʣʦʢʘʣʴʥʳʤ ʢʦʤʠʪʝʪʦʤ ʧʦ ʵʪʠʢʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʛ. ʉʘʨʘʪʦʚʘ. ʀʩʧʳʪʫʝʤʳʤʠ ʙʳʣʠ 23 ʯʝ-

ʣʦʚʝʢʘ, ʩʪʨʘʜʘʶʱʠʭ ʭʨʦʥʠʯʝʩʢʠʤʠ ʤʠʛʨʝʥʷʤʠ, ʚʩʝ ʠʩʧʳʪʫʝʤʳʝ ʜʘʣʠ ʠʥʬʦʨʤʠʨʦ-

ʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ ʧʝʨʝʜ ʫʯʘʩʪʠʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʩʦʚ-

ʤʝʩʪʥʳʤ ʨʝʢʫʨʨʝʥʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʥʝ ʠʤʝʶʪ ʙʦʣʴʰʠʭ ʨʘʟʣʠʯʠʡ ʜʣʷ ʩʣʦʞʥʳʭ ʠ 

ʧʨʦʩʪʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʆʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʤʦʟʛʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝ-

ʩʪʦʚ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʧʦʩʪʨʦʝʥʘ ʤʦʟʛʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʪʨʘʞʘʶʱʘʷ ʟʥʘ-

ʯʠʤʦʩʪʴ ʩʚʷʟʝʡ ʤʝʞʜʫ ʟʘʧʠʩʷʤʠ. ʊʘʢʞʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ 

ʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪʳ ʩʦʚʤʝʩʪʥʳʭ ʧʦʚʪʦʨʝʥʠʡ ʧʨʦʩʪʳʭ ʩʪʠʤʫʣʦʚ ʢ ʩʣʦʞʥʳʤ. ɼʣʷ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʤʠʛʨʝʥʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʷʟʝʡ ʨʘʟʣʠʯʘʝʪʩʷ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦ-

ʣʷʶʪ ʚʳʷʚʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʳʪʫʝʤʳʭ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜ-

ʩʪʚʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʘʟ-

ʨʘʙʦʪʢʘ ʠʥʪʝʨʬʝʡʩʦʚ ʤʦʟʛ-ʢʦʤʧʴʶʪʝʨ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʫʪ ʠʥʪʝʨʝʩʥʳ ʠ ʧʦʣʝʟʥʳ ʫʯʝʥʳʤ, ʧʨʦʚʦʜʷʱʠʤ ʤʝʞʜʠʩ-

ʮʠʧʣʠʥʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʝʨʝʜʥʝʤ ʢʨʘʝ ʬʠʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ, ʥʝʡʨʦʬʠʟʠʦʣʦ-

ʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝ-

ʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʧʨʦʝʢʪ ˉ FSRR-2020-0003). 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Karavaev, A. S., et al. // Chaos: An Interdisciplinary Journal of Nonlinear Science. 2018. V. 28. 

ˉ. 8. p. 081102. 

2. Hramov A. E. et al. // Chaos: An Interdisciplinary Journal of Nonlinear Science. 2019. V. 29. ˉ. 

9. p. 093110. 

3. Baillet S., et al. // IEEE Signal processing magazine. 2001. V. 18. ˉ. 6. p. 14-30. 

4. Wolpaw J. R. et al. // Clinical neurophysiology. 2002. V. 113. ˉ. 6. p. 767-791. 

  



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     80 

ɺʂʃɸɼ ɼɺʋʅɸʇʈɸɺʃɽʅʅʆɻʆ ʂɸʈɼʀʆʈɽʉʇʀʈɸʊʆʈʅʆɻʆ  

ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɺ ʅɽʃʀʅɽʁʅʋʖ ɼʀʅɸʄʀʂʋ  
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ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
2ʈʝʛʠʦʥʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʨʠ ʗʨʦʩʣʘʚʩʢʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ʇ.ɻ. ɼʝʤʠʜʦʚʘ 
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ʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ" ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ 
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ʉʝʨʜʮʝ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ ʩʦʢʨʘʱʘʝʪʩʷ ʥʝʨʝʛʫʣʷʨʥʦ, ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʨʳ 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʠʣʠ ʩʪʘʨʰʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʃʷʧʫʥʦʚʘ, ʷʚʣʷʶʪʩʷ ʨʘʥʥʠʤʠ ʤʘʨʢʝʨʘʤʠ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠ-

ʩʪʝʤʳ [1]. ʆʜʥʘʢʦ ʧʨʠʨʦʜʘ ʠ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʦʩʪʘʶʪʩʷ 

ʧʨʝʜʤʝʪʘʤʠ ʩʧʦʨʦʚ. [2]. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘ ʥʝʨʝʛʫ-

ʣʷʨʥʦʩʪʠ: ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʦʩ ʚ ʜʠʥʘʤʠʢʝ ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʥʦʤʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʰʫʤʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʴ ʜʳʭʘʥʠʷ ʠ ʢʘʨʜʠʦʨʝʩʧʠʨʘʪʦʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʜʘʥʥʳʭ ʛʠʧʦʪʝʟ ʦʛʨʘʥʠʯʝʥʥʘ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶ ʠ ʩʣʦʞʥʦʩʪʴʶ ʩʠʩʪʝʤʳ, ʘ 

ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʨʠʩʢʦʤ ʜʣʷ ʟʜʦʨʦʚʴʷ ʜʦʙʨʦʚʦʣʴʮʝʚ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʦʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʘʥʘʣʠʟʦʤ 

ʩʠʛʥʘʣʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ɺ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʣʩʷ ʚʢʣʘʜ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ ʚ 

ʜʠʥʘʤʠʢʫ ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʥʦʤʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʠ ʰʫʤʦʚ ʮʝʥʪʨʘʣʴ-

ʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʘ ʬʘʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʚ ʤʦʜʝʣʠ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ɼʳʭʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʚ ʨʝʜʫʮʠʨʦʚʘʥʥʦʤ ʚʠʜʝ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʠʣʦ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʜʘʥʥʦʛʦ 

ʬʘʢʪʦʨʘ. ʕʪʦʤʫ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʠ ʨʝ-

ʩʧʠʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤ. ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʢʪʠʚʥʳʡ ʢʦʤʧʴʶʪʝʨʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʚʚʝʜʝʥʘ ʙʣʦʢʘʜʘ ʘʚʪʦʥʦʤʥʦʡ ʨʝʛʫʣʷʮʠʠ ʜʳʭʘ-

ʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʣʘ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʩʪʨʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʜʳʭʘʥʠʷ ʠ 

ʥʘʨʫʰʠʣʘ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʝ ʢʘʨʜʠʦʨʝʩʧʠʨʘʪʦʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʀʟʤʝʥʝʥʠʷ ʚ 

ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʦʡ ʤʝʨ ʩʣʦʞʥʦʩʪʠ, ʩʪʘʨʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʃʷʧʫʥʦʚʘ [3] ʠ ʢʦʨ-

ʨʝʣʷʮʠʦʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʩʠʛʥʘʣʦʚ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʣʦʢʘʜʘ ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʨʠʪʤʘ 

ʩʝʨʜʮʘ, ʩʥʠʞʝʥʠʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʶ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 
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ʜʘʚʣʝʥʠʷ. ɹʣʦʢʘʜʘ ʪʘʢʞʝ ʩʥʠʟʠʣʘ ʚʣʠʷʥʠʝ ʰʫʤʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ 

ʘʚʪʦʥʦʤʥʫʶ ʨʝʛʫʣʷʮʠʶ [4]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʝ 

ʢʘʨʜʠʦʨʝʩʧʠʨʘʪʦʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʜʠʥʘʤʠʢʝ ʩʝʨ-

ʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʙʣʦʢʘʜʘ ʨʝʛʫʣʷʮʠʠ ʜʳʭʘʥʠʷ ʥʝ ʚʳ-

ʟʚʘʣʘ ʠʟʤʝʥʝʥʠʷ ʦʮʝʥʦʢ ʩʪʘʨʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʃʷʧʫʥʦʚʘ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʨʘʟʤʝʨ-

ʥʦʩʪʠ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʥʠʞʝʩʣʝʜʫʶʱʘʷ ʛʠ-

ʧʦʪʝʟʘ. 

ʇʨʝʜʳʜʫʱʝʝ ʤʦʜʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʘʥʦʚʠʣʦ, ʯʪʦ ʦʮʝʥʢʠ ʤʝʨ ʩʣʦʞʥʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʩʣʝ ʙʣʦʢʘʜʳ ʘʚʪʦʥʦʤʥʦʡ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʰʫʤʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʦʪʢʣʶʯʝʥʠʝʤ ʨʝʛʫʣʷʮʠʠ ʜʳʭʘʥʠʷ ʜʘʥʥʳʝ ʵʬʬʝʢʪʳ ʩʣʫʯʠʣʠʩʴ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʠ ʩʢʦʤʧʝʥʩʠʨʦʚʘʣʠ ʩʚʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʮʝʥʢʠ ʤʝʨ ʩʣʦʞʥʦʩʪʠ [5]. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʛʨʘʥʪ No. 

21-71-30011 (ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ) ʠ 

ʇʨʦʝʢʪʘ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ, ʛʨʘʥʪ No. 075-15-2019-1885 (ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ). 
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ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʘʥʪʠʙʠʦʪʠʢʦʨʝʟʠʩʪʝʥʪʥʦ-

ʩʪʠ ʙʘʢʪʝʨʠʡ ʠ ʧʦʷʚʣʝʥʠʶ ʘʥʪʠʙʠʦʪʠʢʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ, 

ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ 

ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʥʜʘʨʪ-

ʥʳʝ, ʫʩʧʝʰʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʪʘʢʠʝ ʢʘʢ: ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ, 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ, ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʝ, ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʝ, ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ ʞʠʜʢʦʩʪ-

ʥʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʠ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʶ, ʠʥʚʝʨʩʠʦʥʥʫʶ ʚʦʣʴʪʘʤʧʝʨʦ-

ʤʝʪʨʠʶ, ʵʣʝʢʪʨʦʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ɻ ʣʝʢʪʨʦʜʘʤʠ [1; 

2], ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ [3], ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʵʣʝʢʪʨʦʬʦʨʝʟ) 

[4], ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ [5]. ʅʝʤʘʣʦʚʘʞʥʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʘʥʪʠʙʠʦʪʠʢʦʚ ʷʚʣʷ-

ʶʪʩʷ ʙʠʦʩʝʥʩʦʨʥʳʝ ʤʝʪʦʜʳ. ɹʠʦʩʝʥʩʦʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡ-

ʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʙʥʘʨʫʞʠʚʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ (ʙʠʦʨʝʮʝʧʪʦʨ), 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʩ ʬʠʟʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ [6]. ʀʟʚʝʩʪʥʳʝ ʙʠʦʩʝʥʩʦʨʥʳʝ ʩʠ-

ʩʪʝʤʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʘʛʝʥʪ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʨʝʮʝʧʪʦʨʘ: ʬʝʨʤʝʥʪʳ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʙʘʢʪʝʨʠʦʬʘʛʠ, ɼʅʂ, ʘʥʪʠʪʝʣʘ, ʪʢʘʥʠ, ʦʨ-

ʛʘʥʝʣʣʳ ʠ ʭʝʤʦʨʝʮʝʧʪʦʨʳ ʠ ʜʨ. ʊʘʢʞʝ ʙʠʦʩʝʥʩʦʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʧʘ ʜʘʪʯʠʢʦʚ: ʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ, 

ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʝʥʩʦʨʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʘʥʪʠʙʠʦʪʠʢʦʚ ʷʚʣʷʶʪʩʷ ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʜʘʪʯʠʢʠ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʙʘʢʪʝʨʠʠ. ʄʠʢ-

ʨʦʦʨʛʘʥʠʟʤʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʘʥʪʠʙʠʦʪʠʢʫ, ʚ ʢʦʤ-

ʧʣʝʢʩʝ ʩ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤ ʜʘʪʯʠʢʦʤ, ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʨʦʩʪʳʝ, ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳʝ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʩʝʥʩʦʨʳ. 

ɺʣʠʷʥʠʝ ʧʦʣʠʤʠʢʩʠʥʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʫʩʧʝʥʟʠʠ 

ʢʣʝʪʦʢ Escherichia coli ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [7]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʠʢʩʠʥʘ 25 Õʛ/ʤʣ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʥʝ ʟʘʚʠʩʝʣʠ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʘʥʪʠʙʠʦʪʠʢʘ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ ʥʘ ʤʠʢʨʦʙʥʳʝ ʢʣʝʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ʱʝʣʝʚʦʡ ʚʦʣʥʳ ʚ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʧʦʢʘʟʘʥʳ ʚ ʨʘʙʦʪʝ [8]. 

ʄʠʢʨʦʙʥʘʷ ʩʝʥʩʦʨʥʘʷ ʪʝʩʪ-ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʩ ʧʦʧʝʨʝʯʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʟʢʠʭ/ʦʩʪʘʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʢʘʥʘʤʠʮʠʥʘ ʚ ʞʠʜʢʦʩʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [9]. ɺ 
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83                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʘʪʯʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʙʥʳʝ ʢʣʝʪʢʠ, ʧʨʦʷʚʣʷʶ-

ʱʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʘʥʘʤʠʮʠʥʫ. ɸʥʘʣʠʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ ʩʣʫʞʠʣʠ ʟʥʘʯʝʥʠʷ 

ʨʝʘʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʨʝʟʦʥʘʪʦʨʘ ʜʦ ʠ ʧʦʩʣʝ ʚʥʝʩʝ-

ʥʠʷ ʢʘʥʘʤʠʮʠʥʘ ʚ ʩʫʩʧʝʥʟʠʶ ʩ ʙʘʢʪʝʨʠʷʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʢʘʥʘʤʠʮʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 1.0 Õg/mL. ʇʦʢʘʟʘʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʙʥʦʡ ʪʝʩʪ-

ʩʠʩʪʝʤʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʢ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʢʘʥʘʤʠʮʠʥʘ ʚ ʚʦʜʝ. 

ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʢʪʥʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʨʝʟʦʥʘʪʦʨʘ ʩ ʧʦʧʝ-

ʨʝʯʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʘʥʪʠʙʠʦʪʠʢʦʚ ʥʘ ʧʨʠʤʝʨʝ ʭʣʦ-

ʨʘʤʬʝʥʠʢʦʣʘ (ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.5 ï 15 ʤʢʛ/ʤʣ) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʚʨʝ-

ʤʝʥʠ ʘʥʘʣʠʟʘ 4 ʤʠʥ [10]. ɺ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʢʪʝʨʠʘʣʴ-

ʥʳʝ ʢʣʝʪʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʘʥʪʠʙʠʦʪʠʢʫ. ɸʥʘʣʠʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ 

ʩʣʫʞʠʣʦ ʠʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʨʝʟʦʥʘʪʦʨʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʘʥʪʠʙʠʦʪʠʢʘ ʢ ʩʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ. ʋʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ 

ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʡ ʬʘʟʦʚʦ-ʢʦʥʪʨʘʩʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʠʢʨʦʙʠʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʩʧʦʩʦʙ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʚʦʩʧʨʦʠʟ-

ʚʦʜʠʤʦʩʪʴ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʦʤʧʘʢʪʥʳʡ ʙʠʦʘʥʘʣʠʟʘʪʦʨ ʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ çʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭè ʠ ʚ ʧʝʨʝʜʚʠʞʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʨʝʟʦʥʘ-

ʪʦʨʘ ʩ ʧʦʧʝʨʝʯʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʤʠʢʨʦʙʥʳʭ ʢʣʝʪʦʢ, ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠ-

ʙʠʦʪʠʢʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ, ʧʨʦʝʢʪ ˉ 22-29-00587. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ. [1] ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʢʨʝʤʥʠʝʚʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʧʣʘʟʤʦ-

ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʇʍʊ). [2] ʄʝʪʦʜ ʇʍʊ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʫʜʘʣʝʥʠʷ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʘʪʦʤʘʨʥʳʭ ʩʣʦʸʚ ʢʨʝʤʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦ-

ʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʦʜʣʦʞʢʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʤ ʪʨʘʚʣʝʥʠʠ. [3-4] ʀʤʝʥʥʦ ʧʦ-

ʵʪʦʤʫ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʣʘʩʪʠʥ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

[5-6] ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʨʝʞʠʤʦʚ ʧʨʝʜʨʦʩʪʦʚʦʛʦ ʧʨʦʬʠʣʠʨʦ-

ʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʝʢ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤ ʪʨʘʚʣʝʥʠʝʤ ʚʦ ʬʪʦ-

ʨʠʜʥʦʡ ʧʣʘʟʤʝ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ 

ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʝʤʢʦʩʪʥʦʡ ʧʣʘʟʤʳ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʳʭ ʧʣʘʩʪʠʥ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚʣʠ-

ʷʥʠʝ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ɽʉʇ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ ʥʘ ʚʳʩʦʪʫ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʪʝʥʢʠ ʩʪʨʫʢʪʫʨ ʧʨʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʘʭ: ʤʦʱʥʦʩʪʴ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʳ 

Wʀʉʇ ï 300 ɺʪ, ʤʦʱʥʦʩʪʴ ʝʤʢʦʩʪʥʦʡ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʳ WEʉʇ ï 15-75 ɺʪ, ʤʦʱʥʦʩʪʴ 

ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ Uʩʤ ï 5 ɺ, ʧʦʪʦʢ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ NSF6 ï 10 ʩʤ
3/ʤʠʥ, 

ʧʦʪʦʢ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ (ʘʨʛʦʥʘ) NAr ï 60 ʩʤ
3/ʤʠʥ , ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ T ï 25 ʦʉ, 

ʜʘʚʣʝʥʠʝ ʚ ʨʝʘʢʪʦʨʝ P ï 10 ʇʘ, ʚʨʝʤʷ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ t ï 30 ʩʝʢ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪ-

ʨʘʞʘʶʱʠʝ ʚʣʠʷʥʠʝ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ɽʉʇ ʥʘ ʪʦʣʱʠʥʫ ʚʳʪʨʘʚʣʝʥʥʦʛʦ ʩʣʦʷ 

ʢʨʝʤʥʠʷ, h ʝʨʦʭʦʚʘʪʦʩʪʴ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʪʝʥʢʠ ʩʪʨʫʢʪʫʨ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ɽʉʇ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʦʢʘ ʟʘʨʷʞʝʥ-

ʥʳʭ ʯʘʩʪʠʮ ʢ ʧʦʜʣʦʞʢʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʝʘʢ-

ʪʠʚʥʦʤʫ ʠʦʥʥʦʤʫ ʪʨʘʚʣʝʥʠʶ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʈʀʊ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʬʠʟʠʯʝ-

ʩʢʦʛʦ ʨʘʩʧʳʣʝʥʠ ̫ʤʘʪʝʨʠʘʣʘ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚʳʪʨʘʚʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ɽʉʇ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʤʦʱ-

ʥʦʩʪʠ ɽʉʇ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʪʝʥʢʠ ʩʪʨʫʢʪʫʨʳ ʚʩʣʝʜ-

ʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʦʮʝʩʩʘ.  
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ʈʠʩ 1. (ʘ) ɿʘʚʠʩʠʤʦʩʪ ɹʚʳʩʦʪʳ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚʳʪʨʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʢʨʝʤʥʠʷ ʦʪ ʤʦʱʥʦʩʪʠ 

ʝʤʢʦʩʪʥʦʡ ʧʣʘʟʤʳ. (ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʚʳʪʨʘʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪ ʤʦʱʥʦʩʪʠ ʝʤʢʦʩʪʥʦʡ 

ʧʣʘʟʤʳ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʬʦʥʜʘ ʈʅʌ ˉ 20-69-46076 "ʄʦʥʦʣʠʪ-

ʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ɸ3ɺ5 ʥʘ ʢʨʝʤʥʠʠ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʥʘʥʦʬʦʪʦʥʠʢʠ". 
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ɺ ʨʘʙʦʪʝ [1] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʨʝʩʪʦʦʙʨʘʟʥʳʡ ʩʠʤʤʝʪʨʠʯʥʳʡ ʧʦʣʦʩʦʚʦʡ 

ʬʠʣʴʪʨ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʩʚʦʡʩʪʚʘ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʏʉʇ) ʩ ʕʄ 

ʩʚʦʡʩʪʚʘʤʠ. ɽʤʢʦʩʪʥʳʝ ʏʉʇ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʦ ʧʣʘʥʘʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʚʠʜʝ 

ʪʦʥʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʝ. ʂʦʣʴʮʝʚʳʝ ʠ ʢʨʝʩʪʦʦʙʨʘʟʥʳʝ ʨʝʟʠʩʪʠʚʥʳʝ ʥʘʢʣʘʜʢʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʣʘʥʘʨʥʳʭ ʏʉʇ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʚʳʧʦʣ-

ʥʝʥʳ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ 

[2] ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʢʨʝʩʪʦʦʙʨʘʟʥʦʛʦ ʬʠʣʴʪʨʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʧʨʠʜʘ-

ʥʠʠ ʘʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʝʛʦ ʬʦʨʤʳ. ʌʨʘʛʤʝʥʪ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʏʉʇ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 1, ʬʠʣʴʪʨʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʤʝʜʥʦʡ ʬʦʣʴʛʠ ʪʦʣʱʠʥʦʡ 50 ʤʢʤ, ʝʛʦ ʕʄ ʩʚʦʡ-

ʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʧʷʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ (a ʠ b), ʧʝ-

ʨʠʦʜʘ ʩʪʨʫʢʪʫʨʳ (d), ʪʦʣʱʠʥʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʦʣʴʛʠ (t) ʠ ʩʤʝʱʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʱʝʣʠ (s). 

 
ʈʠʩ. 1. (ʘ) ʌʨʘʛʤʝʥʪ ʠʩʩʣʝʜʫʝʤʦʡ ʏʉʇ. (b) ʈʘʟʤʝʨʳ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʬʠʣʴʪʨʘ. 

ɸʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʬʠʣʴʪʨʘ ʧʨʠʚʝʣʘ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʘ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʝ ʨʝʟʦʥʘʥʩʘ ʌʘʥʦ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʝʨʝʜʘʯʠ ʥʘ ʯʘʩʪʦʪʝ 96 ɻɻʮ, ʧʨʝʚʳʰʘʶʱʝʡ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ 90 ɻɻʮ. ʈʝʟʦʥʘʥʩ 

ʌʘʥʦ ʦʙʳʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʧʦ ʥʝʣʠʥʝʡʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʣʠʥʠʠ ʩʧʝʢʪʨʘ ʧʨʦʧʫʩ-

ʢʘʥʠʷ ʚ ʢʘʢʦʤ-ʪʦ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʩʤʝʱʝʥʥʦʤ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ. ʆʙ-

ʣʘʩʪʠ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʝʪ 

ʨʝʟʦʥʘʥʩ ʌʘʥʦ, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ, ʩʚʝʨʭʢʦʤʧʘʢʪʥʳʝ 

ʘʥʪʝʥʥʳ ʠ ʣʘʟʝʨʳ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʘʥʘʣʦʛʦʚʘ ̫ʩʭʝʤʘ ʢʨʝʩʪʦʦʙʨʘʟʥʦʛʦ 

ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ ʜʣʷ ʧʦʣʫʯʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ ʚ [2] ʯʘʩʪʦʪʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʨʝʟʦʥʘʥʩʦʤ ʌʘʥʦ. ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʘ 
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ʌʘʥʦ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʮʝʧʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʦʜʥʦʛʦ ʪʠʧʘ [3]. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʬʠʣʴʪʨʘ, ʠʩʧʦʣʴʟʫʶʱʘ ̫

ʜʚʝ ʨʘʟʣʠʯʥʳʭ ʢʘʪʫʰʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 2. 

  
ʈʠʩ. 2. ɸʥʘʣʦʛʦʚʘʷ ʩʭʝʤʘ ʬʠʣʴʪʨʘ ʩ ʨʝʟʦʥʘʥʩʦʤ ʌʘʥʦ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ɼʣʷ ʜʘʥʥʦʡ ʩʭʝʤʳ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʠ 

ʧʦʣʫʯʝʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʦʥʪʫʨʦʚ ʚ ʬʠʣʴʪʨʝ 

N, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ 

MATLAB ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ɻɻʮ ʜʦ 160 ɻɻʮ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʙʳʣ 

ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʘʤ: 

Ὕ ρ                                           (1) 

ὤ ὔ                                              (2) 

ὤ ὔ                                              (3) 

ʛʜʝ T ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ, Z1 ʠ Z2 ï ʚʭʦʜʥʦʝ ʠ ʚʳʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, R 

ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ, L1 ʠ L2 ï ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʢʘʪʫʰʝʢ, R1 ʠ R2 ï ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʢʘʪʫʰʝʢ, C ï ʸʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ, N ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʫʨʦʚ ʚ ʩʭʝʤʝ. 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ ʨʘʟʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʮʝʧʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʫʨʦʚ N 

 

ʏʘʩʪʦʪʘ ʦʙʳʯʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʩʦʩʪʘʚʣʷʝʪ f0 å 91,685 ɻɻʮ, ʯʘʩʪʦʪʘ ʨʝʟʦʥʘʥʩʘ 

ʌʘʥʦ ï fF å 100,72 ɻɻʮ. ʇʨʠ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʦʥʪʫʨʦʚ N = 2 ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʫʶ ʢʨʫʪʠʟʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʥʘ 
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ʯʘʩʪʦʪʝ ʦʩʥʦʚʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʥʘ ʯʘ-

ʩʪʦʪʝ ʨʝʟʦʥʘʥʩʘ ʌʘʥʦ. ʅʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʫʨʦʚ N ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ 

ʤʘʢʩʠʤʫʤʘ ʨʝʟʦʥʘʥʩʘ ʌʘʥʦ ʜʦ ʟʥʘʯʝʥʠʷ T å 0 ʜɹ ʧʨʠ N = 2000. ʊʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝ-

ʥʠʠ ʧʘʨʘʤʝʪʨʘ N ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʪʠʟʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʫʞʝ ʧʨʠ N = 

2000 ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ ʦʙʦʠʭ ʤʘʢʩʠʤʫʤʦʚ ʚ ʤʦʥʦʪʦʥʥʫʶ ʣʠʥʠʶ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʝʩʪʦʦʙʨʘʟʥʦʛʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʣʦʩʦ-

ʚʦʛʦ ʬʠʣʴʪʨʘ ʧʨʠ ʫʩʣʦʚʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʥʸʤ ʨʝʟʦʥʘʥʩʘ ʌʘʥʦ. ʈʘʟʨʘʙʦʪʘʥʘ ʘʥʘ-

ʣʦʛʦʚʘʷ ʩʭʝʤʘ ʬʠʣʴʪʨʘ ʩ ʨʝʟʦʥʘʥʩʦʤ ʌʘʥʦ. ʇʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʯʘʩʪʦʪ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ. ʈʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʫʨʦʚ ʚ ʩʭʝʤʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴ-

ʰʝʥʠʶ ʢʨʫʪʠʟʥʳ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʨʝʟʦʥʘʥʩʘ 

ʌʘʥʦ. 
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ʇʨʦʟʨʘʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʩʪʘʚʣʷʶʪ ʦʩʦʙʫʶ ʛʨʫʧʧʫ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 

ʇʨʦʟʨʘʯʥʦʩʪʴ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʜʠʘʬʘʥʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʦʤ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʦʝ ʠʟʤʝʨʷʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʧʫʩʢʘʪʴ ʩʚʝʪ ʙʝʟ ʨʘʩ-

ʩʝʷʥʠʷ. ʄʥʦʛʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʨʦʟʨʘʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʘ ʥʝʨʝʜʢʦ ʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʠ ʬʠʟʠ-

ʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ [1]. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣ-

ʣʦʚ, ʥʦʚʫʶ ʥʠʰʫ ʜʣʷ ʧʨʦʟʨʘʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʤʦʛʣʠ ʟʘʥʷʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʨʦʩʪ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠ ʟʘ-

ʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʘʟʳʚʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ, ʯʪʦ ʩʫʞʘʝʪ ʚʦʟʤʦʞʥʳʝ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʳʨʘʱʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʨʘʟʤʝʨ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʦʧʨʝʜʝʣʷʝ-

ʤʳʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʩʣʦʚʠʷʤʠ ʠ ʧʨʠʤʝʥʷʝʤʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʦʣʫʯʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʯʠʥʳ ʟʘʜʘʣʠ ʪʨʝʥʜ ʧʦʠʩʢʘ ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʜʠʥ ʠʟ ʥʠʭ ï ʧʨʦʟʨʘʯʥʘʷ ʢʝʨʘʤʠʢʘ ï ʥʘʭʦʜʠʪ 

ʚʩʸ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. ʂʝʨʘʤʠʢʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʥʘʜ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ, ʪʘʢʠʝ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʣʝʛʢʦ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʬʦʨʤʳ ʠ ʣʫʯʰʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ [2]. 

ʇʨʦʟʨʘʯʥʘʷ (ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ) ʢʝʨʘʤʠʢʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʘʪʘ, ʣʝʛʠʨʦ-

ʚʘʥʥʘʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (Re), ʠ ʦʩʦʙʝʥʥʦ ʢʝʨʘʤʠʢʘ Y3Al5O12 (YAG) ʠ 

Lu3Al5O12 (LuAG), ʥʘʭʦʜʠʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʣʘʟʝʨʥʦʡ ʪʝʭʥʠʢʝ ʦʧ-

ʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʩʚʝʨʭʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ. ɼʣʷ ʘʣʶʤʦʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ ʭʘʨʘʢʪʝʨʥʘ 

ʢʫʙʠʯʝʩʢʘʷ ʩʠʥʛʦʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʧʨʦʟʨʘʯʥʫʶ ʢʝʨʘʤʠʢʫ [3]. ɸʢʪʠʚʥʳʝ 

ʣʘʟʝʨʥʳʝ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʧʨʦʟʨʘʯʥʦʡ ʢʝʨʘʤʠʢʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ) ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ Re, ʧʦʚʳʰʝʥʥʳʡ ʧʦʨʦʛ ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʫʱʝʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜ-

ʭʦʜʳ ʢ ʫʣʫʯʰʝʥʠʶ ʩʚʦʡʩʪʚ ʘʢʪʠʚʥʳʭ ʣʘʟʝʨʥʳʭ ʩʨʝʜ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʣʫʯʝʥʠʝ ʟʘʜʘʥ-

ʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʚ ʦʙʲ-

ʝʤʝ ʢʝʨʘʤʠʢʠ. ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʘʢʪʠʚʥʳʝ ʩʨʝʜʳ ʠʩʧʳʪʳ-

ʚʘʶʪ ʩʠʣʴʥʳʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ 
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                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     90 

ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, ʪʝʧʣʦʚʳʤ ʟʘ-

ʩʝʣʝʥʠʝʤ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʣʘʟʝʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʜʨ. ʉʥʠʟʠʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʥʝʦʜ-

ʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʳʙʦʨʦʤ ʤʘʪʝʨʠʘʣʘ ʘʢ-

ʪʠʚʥʦʡ ʩʨʝʜʳ. ʅʦʚʠʟʥʘ ʧʨʠʚʝʜʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʨʘʚʥʠʚʘʥʠʠ ʦʙʲʝʤ-

ʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ ʚʥʫʪʨʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʜʠʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ. 

ʅʘ ʦʩʥʦʚʝ ʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ YAG ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʛʣʦʪʠʪʝʣʠ ʧʘ-

ʨʘʟʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʚ ʩʣʫʯʘʝ ʣʝʛʠʨʦʚʘʥʠʷ Cr3+ ʠʣʠ Sm3+) [4] ʠ ʢʘʢ ʥʘʩʳʱʘʶʱʠʝʩʷ 

ʧʦʛʣʦʪʠʪʝʣʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʤʦʜʫʣʷʮʠʠ ʜʦʙʨʦʪʥʦʩʪʠ (ʚ ʩʣʫʯʘʝ ʣʝʛʠʨʦʚʘ-

ʥʠʷ Cr4+) [5]. ʄʘʪʨʠʮʘ YAG ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ Cr4+ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0,1 ʜʦ 10 ʘʪ. %, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʣʘʟʝʨʥʳʭ ʠʤ-

ʧʫʣʴʩʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʨʦʤʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʠʤʧʫʣʴʩʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ [6]. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʠ ʯʠʩʣʝʥ-

ʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʩʩʠʚʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ [7]. ʆʜ-

ʥʘʢʦ ʢʝʨʘʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʣʠʪʝʣʴʥʦ-

ʩʪʴʶ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʥʘʩʳʱʘʶʱʝʛʦʩʷ 

ʧʦʛʣʦʪʠʪʝʣʷ ʩ ʰʘʛʦʤ 0,01 ʘʪ. %. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʌʅʀʎ çʂʨʠ-

ʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ. 
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ʊʦʥʢʦʧʣʝʥʦʯʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʣʦʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ [1]. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚ-

ʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʥʦʡ 

ʙʘʟʳ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʝ-

ʪʘʣʣʦʦʢʩʠʜʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʫʩʪʨʦʡʩʪʚ ʛʘʟʦʚʦʡ ʩʝʥ-

ʩʦʨʠʢʠ [2]. ɼʠʦʢʩʠʜ ʦʣʦʚʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ 

ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ, ʚʚʠʜʫ ʝʛʦ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʛʘ-

ʟʘʤ [3]. ʆʜʥʘʢʦ, ʜʣʷ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʣʦʸʚ SnO2 ʭʘʨʘʢʪʝʨʥʘ ʧʨʦʙʣʝʤʘ 

ʥʠʟʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [4], ʢʦʪʦʨʘʷ ʤʦ-

ʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʥʝʩʪʠʭʝʦʤʝʪʨʠʯʥʦʩʪʴʶ ʩʦʩʪʘʚʘ ʵʪʠʭ ʩʣʦʸʚ. ʆʪʞʠʛ ʚ ʢʦʥʪʨʦʣʠ-

ʨʫʝʤʦʡ ʘʪʤʦʩʬʝʨʝ ̫ ʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʦʦʢʩʠʜʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʛʘʟʘʤ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤ [5]. 

ʉʣʦʠ ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʤʠʰʝʥʠ SnO2 ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʩʤʝʱʝʥʠʝʤ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʚʘʢʫʫʤʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ORION-40T (Korea Vac-Tec Co 

Ltd) ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʦʣʠʨʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʳ Al2O3 ʨʘʟʤʝʨʦʤ 5³10 mm. ʆʪʞʠʛ ʦʩʘʞʜʸʥʥʳʭ ʩʣʦʸʚ SnO2 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʵʣʝʢʪʨʦʧʝʯʠ SNOL 0,2/1250 ʩ ʪʨʫʙʯʘʪʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʢʘʤʝʨʦʡ ʚ 

ʧʦʪʦʢʝ ʢʠʩʣʦʨʦʜʘ ʩ ʨʘʩʭʦʜʦʤ 100 sccm ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. 

ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʦʸʚ ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ ʧʨʦʚʦʜʠ-

ʣʠʩʴ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 300ʦʉ. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʣʦʸʚ ʦʪ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʨʦʚʦʜʠʤʦʩʪʴ ʩʣʦʝʚ ʥʘ ʚʦʟʜʫʭʝ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300ʦʉ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 3 ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ (ʨʠʩ. 1ʘ). ɺʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʵʪʦ ʩ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ SnO2 ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ 

ʚ ʦʙʲʸʤʝ ʟʸʨʝʥ. ʆʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 300 Áʉ ʧʨʠʚʦʜʠʣ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʣʦyʚ. ʅʘ ʛʨʘʬʠʢʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʘ. 

ʉʥʠʞʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʸʥʦʢ ʥʘ ʫʯʘʩʪʢʝ I, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʤʝʞʟʝʨʝʥʥʳʭ ʙʘʨʴʝʨʦʚ ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʘʤʦʨʬʥʦʛʦ ʩʣʦʷ ʚ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ II  ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʟʚʘʥʦ ʘʛʛʣʦʤʝʨʘʮʠʝʡ ʟʝʨʝʥ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʫʥʪʠʨʫʶʱʠʭ ʤʝʞʟʝʨʝʥʥʳʭ 

ʢʘʥʘʣʦʚ. ʅʘ ʫʯʘʩʪʢʝ III  ʚʥʦʚʴ ʥʘʙʣʶʜʘʝʪʩʷ  ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʦʪʦʨʦʝ 

ʩʚʷʟʘʥʦ ʩ ʣʠʢʚʠʜʘʮʠʝʡ ʜʦʥʦʨʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʚ ʦʙʲʝʤʝ ʟʝʨʥʘ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʣʦʸʚ SnO2 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʘ) ʠ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ (ʙ) 

 

ɼʦ ʦʪʞʠʛʘ ʧʣʝʥʢʠ ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ ʥʝ ʧʨʦʷʚʣʷʣʠ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʧʘʨʘʤ 

ʵʪʘʥʦʣʘ, ʘ ʦʪʞʠʛ ʦʙʨʘʟʮʦʚ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 ʦʉ ʧʨʠʚʦʜʠʣ ʢ 

ʧʦʷʚʣʝʥʠʶ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣ ʠʭ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʘʢ ʥʘ 

ʚʦʟʜʫʭʝ, ʪʘʢ ʠ ʚ ʧʘʨʘʭ ʵʪʘʥʦʣʘ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪʦʞʞʝʥʥʳʭ ʩʣʦʸʚ SnO2 ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʵʪʘʥʦʣʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʯʪʦ ʚʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ 

ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʣʝʥʦʢ ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ ʠ ʧʦʚʳʩʠʪʴ 

ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʝʥʩʦʨʦʚ ʛʘʟʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʢ ʧʘʨʘʤ ʵʪʘʥʦʣʘ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯ-

ʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-07-00602. 
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ʉʨʝʜʠ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʭʝʤʦʨʝʟʠʩʪʠʚʥʳʝ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʳʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ SnO2 

[1,2]. ʆʜʥʘʢʦ, ʢʦʤʧʦʟʠʪʥʳʝ ʤʝʪʘʣʣʦʦʢʩʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʟʘʯʘʩʪʫʶ ʧʨʦʷʚʣʷʶʪ ʣʫʯ-

ʰʠʝ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʝʤ ʯʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʜʦʙʘʚʦʢ ʦʪʢʨʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʥʩʦʨʦʚ [3,4]. 

ʂʦʤʧʦʟʠʪʥʳʝ ʧʣʝʥʦʯʥʳʝ ʦʙʨʘʟʮʳ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ. ʀʟʦ-

ʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʣʩʷ ʜʦ 60 ᴈ ʩʤʝʰʠʚʘʣʩʷ ʩ ʠʟʤʝʣʴʯʸʥ-

ʥʳʤʠ ʧʦʨʦʰʢʘʤʠ ʜʚʫʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʦʣʦʚʘ (II) ʠ ʦʢʩʠʜʘ ʤʝʜʠ (II). ʇʦʣʫʯʝʥʠʝ ʢʦʤ-

ʧʦʟʠʪʥʳʭ ʦʙʨʘʟʮʦʚ CuO:SnO2 ʩ ʟʘʜʘʥʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʧʨʠʤʝʩʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʫʪʸʤ ʩʤʝʰʠʚʘʥʠʷ ʟʦʣʝʡ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʧʦʨʮʠʷʭ. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʛʝʣʷ ʥʘ ʧʦʜ-

ʣʦʞʢʫ Al2O3 ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʩʣʦʠ CuO:SnO2 

ʦʪʞʠʛʘʣʠʩʴ ʧʨʠ 500 ÁC ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ. ʇʦʩʣʝ ʦʪʞʠʛʘ ʧʦʚʝʨʭ 

ʩʣʦʸʚ CuO:SnO2 ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʦʥʪʘʢʪʥʘʷ ʩʠʩʪʝʤʘ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘ-

ʨʝʥʠʷ ʭʨʦʤʘ. ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʬʦʨ-

ʤʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 300 Áʉ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʝʜʠ ʚ ʢʦʤʧʦ-

ʟʠʪʥʳʭ ʦʙʨʘʟʮʘʭ CuO:SnO2 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʚʦʟʜʫʭʝ 

(ʨʠʩʫʥʦʢ 1 ʘ). ʅʘʠʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʘʨʘʤ ʵʪʘʥʦʣʘ ʧʨʦʷʚʣʷʣʠ ʦʙʨʘʟʮʳ 

SnO2 ʩ ʜʦʙʘʚʢʦʡ 2% CuO (ʨʠʩʫʥʦʢ 1 ʙ). 

 
ό͊ύ 

 

 
ό͋ύ 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʘ) ʠ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʙ) ʩʣʦʸʚ CuO:SnO2 ʢ ʧʘʨʘʤ 

ʵʪʘʥʦʣʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʤʝʜʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 (ʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ 

ʯʠʩʪʦʛʦ ʦʙʨʘʟʮʘ SnO2, ʠ ʦʙʨʘʟʮʘ ʩ ʜʦʙʘʚʢʦʡ 2% CuO. 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     94 

 
ό͊ύ 

  
ό͋ύ 

ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʘ) ʠ ʜʨʝʡʬʘ ʙʘʟʦʚʦʡ ʣʠʥʠʠ (ʙ) ʦʙʨʘʟʮʦʚ 

SnO2 ʠ SnO2+2%CuO 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ G ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ ʪʠʧʘ ɸʨʨʝʥʠʫʩʘ [5]: 
aE

k TG A e
-
Ö= Ö  

(1) 

ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦʛʦ 

SnO2 ʥʘʙʣʶʜʘʝʪʩʷ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 250 ᴈ. ɺʝʨʦʷʪʥʦ, 
ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʨʤʦʘʢʪʠʚʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʝʩʦʨʙʮʠʠ ʢʠʩʣʦʨʦʜʘ ʩ ʵʥʝʨʛʠʝʡ 

0.2aE =  ʵɺ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘ-

ʨʷʜʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʦʙʨʘʟʮʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 250 ᴈ ʩʢʦʨʦʩʪʴ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦ-

ʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʝʛʦ ʜʝ-

ʩʦʨʙʮʠʠ, ʦʙʲʝʤʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚʙʣʠʟʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʢʠʩ-

ʣʦʨʦʜʘ ʚ ʘʪʦʤʘʨʥʦʡ ʬʦʨʤʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʣʦʷ. ʕʥʝʨ-

ʛʠʷ ʘʢʪʠʚʘʮʠʠ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʮʝʥʠʚʘʝʪʩʷ 0.4aE =-  ɻ ɺ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʙʘʚʢʘ 2% CuO ʧʦʟʚʦʣʠʣʘ ʥʘ ʧʦʨʷʜʦʢ ʫʤʝʥʴʰʠʪʴ ʜʨʝʡʬ ʙʘʟʦʚʦʡ 

ʣʠʥʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʦʤʧʦʟʠʪʥʳʭ ʦʙʨʘʟʮʦʚ CuO:SnO2 ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘ-

ʧʘʟʦʥʝ (ʨʠʩʫʥʦʢ 2 ʙ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʣʦʧʦʜʚʠʞʥʳʭ ʘʩ-

ʩʦʮʠʘʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʢʩʠʜʘ ʤʝʜʠ ʩ ʦʙʲʝʤʥʳʤʠ ʜʦʥʦʨʘʤʠ ʚ ʜʠʦʢʩʠʜʝ ʦʣʦʚʘ, ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚʘʢʘʥʩʠʠ ʢʠʩʣʦʨʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ 2% ʜʦʙʘʚʢʠ ʤʝʜʠ ʚ ʦʙʨʘʟʝʮ ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʨʝʡʬ ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʦʟʠʪʥʳʭ ʦʙʨʘʟʮʦʚ CuO:SnO2 ʢ ʧʘʨʘʤ 

ʵʪʘʥʦʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯ-

ʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-07-00602. 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ɺʃʀʗʅʀɽ ɼʆɹɸɺʆʂ CuO ʀ ZnO ʅɸ ʆʊʂʃʀʂ ʉɽʅʉʆʈʆɺ ɻɸɿɸ ʅɸ 

ʆʉʅʆɺɽ ʉʃʆɪɺ SnO2 ʂ ʇɸʈɸʄ ʕʊɸʅʆʃɸ 
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ʊʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ ʘʜʩʦʨʙʮʠʷ ʯʘʩʪʠʮ ʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʦʢʩʠʜ-

ʥʳʭ ʧʣʸʥʦʢ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʝʥ-

ʩʦʨʦʚ ʛʘʟʦʚ [1,2]. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ̫ ʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ. ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʢ ʨʘʟʣʠʯ-

ʥʳʤ ʛʘʟʘʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʚʝʣʠʯʝ-

ʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠʦʥʦʩʦʨʙʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʩʣʦʷ ʠ ʘʢʪʠʚʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʦʙʤʝʥʘ ʟʘʨʷʜʦʤ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʦʙʲʝʤʦʤ 

ʟʝʨʥʘ [3]. ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʠʩʪʝʤʘʭ ʦʙʥʘʨʫʞʝʥʠʷ ʪʦʢʩʠʯʥʳʭ 

ʠ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʛʘʟʦʚ, ʧʦʵʪʦʤʫ ʫʚʝʣʠʯʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʝʥʩʦʨʦʚ ʛʘʟʘ ʷʚʣʷ-

ʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʦʢ ʚ ʦʙ-

ʨʘʟʮʳ ʥʘ ʦʩʥʦʚʝ SnO2 ʚʣʠʷʝʪ ʥʘ ʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʧʘʨʘʤʝʪʨʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʝʥʩʦʨʦʚ ʛʘʟʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚʨʝʤʝʥʝʤ ʦʪʢʣʠʢʘ. 

ɻʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʣʝʥʢʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʟʦʣʴ-ʛʝʣʴ 

[4]. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪʢʣʠʢʘ ʩʣʦʸʚ ZnO:SnO2 ʠ CuO:SnO2 ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʙʘʚʦʢ ʮʠʥʢʘ ʠ 

ʤʝʜʠ ʢ ʧʘʨʘʤ ʵʪʘʥʦʣʘ.  

 
   (ʘ) 

 
(ʙ) 

ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʣʦʸʚ CuO:SnO2/ZnO:SnO2 ʢ 30% ʧʘ-

ʨʘʤ ʵʪʘʥʦʣʘ (ʘ) ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʧʘʨʘʤ ʵʪʘʥʦʣʘ (ʙ) 

 

ʆʪʢʣʠʢ ʩʝʥʩʦʨʘ S ʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʟʦʚʳʭ ʧʨʦʙ ʦʧʨʝʜʝʣʷʣʩ ̫ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʩʝʥʩʦʨʘ:  

0

0

G

GG
S

-
= , (1) 
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ʛʜʝ G ï ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʣʸʥʦʢ ʚ ʧʘʨʘʭ ʧʨʦʙʳ; G0 ï ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʣʸʥʦʢ ʥʘ 

ʚʦʟʜʫʭʝ. 

ʅʘʠʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʘʨʘʤ ʵʪʘʥʦʣʘ ʧʨʦʷʚʣʷʣʠ ʧʣʸʥʢʠ ʥʘ ʦʩʥʦʚʝ 

SnO2+6%ZnO ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 250-300ᴈ ʩ ʣʦʢʘʣʴʥʳʤ ʤʘʢʩʠʤʫʤʦʤ 

ʧʨʠ 250 ᴈ. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʢʣʠʢʘ (ʨʠʩ. 1 ʙ) ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 
ʩʣʦʝʚ ZnO:SnO2 ʠ CuO:SnO2 ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 300 ᴈ. ɼʦʙʘʚʢʠ 
ʦʢʩʠʜʘ ʤʝʜʠ ʠ ʮʠʥʢʘ ʫʚʝʣʠʯʠʚʘʣʠ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ ʧʘʨʦʚ ʵʪʘʥʦʣʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʧʣʸ-

ʥʦʢ ʥʘ ʧʘʨʳ ʵʪʘʥʦʣʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʦʢʩʠʜʘ ʤʝʜʠ ʠ ʮʠʥʢʘ. ɺʨʝʤʷ ʦʪʢʣʠʢʘ 

ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʢʘʢ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʩ ʤʦʤʝʥʪʘ ʥʘʧʫʩʢʘ ʛʘʟʦʚʦʡ ʧʨʦʙʳ, ʟʘ ʢʦ-

ʪʦʨʳʡ ʠʟʤʝʥʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʣʦʷ ʜʦʩʪʠʛʘʣʦ 90% ʦʪ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʟʥʘʯʝʥʠʷ 

[5]. 

 
(ʘ) 

 
(ʙ) 

ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʧʣʝʥʦʢ ʢ 30% ʧʘʨʘʤ ʵʪʘʥʦʣʘ (ʘ) ʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʥʘ ʧʘʨʳ ʵʪʘʥʦʣʘ ʧʨʠ 250 ᴈ (ʙ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʢʘ ʦʢʩʠʜʘ ʤʝʜʠ ʠ ʮʠʥʢʘ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʚʝʣʠʯʠʥʫ ʦʪʢʣʠʢʘ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʝʥʩʦʨʦʚ ʛʘʟʘ ʥʘ ʦʩʥʦʚʝ ʩʣʦʸʚ 

ZnO:SnO2 ʠ CuO:SnO2 ʢ ʧʘʨʘʤ ʵʪʘʥʦʣʘ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʥʘ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʛʘʟʦʚʳʭ ʧʨʦʙ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 150-300 ʦʉ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯ-

ʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-07-00602. 
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ʈʘʟʚʠʪʠʝ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʩʚʷʟʘʥʦ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦ-

ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʥʘʥʦʫʩʪʨʦʡʩʪʚʘʭ. ʂ 

ʪʘʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʦʪʥʦʩʷʪʩʷ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʬʫʣʣʝʨʝʥʳ, ʛʨʘʬʝʥ (ʠ ʝʛʦ ʘʣ-

ʣʦʪʦʨʦʧʳ) ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ ʩʪʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʩ ʤʦʤʝʥʪʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʵʤʠʩʩʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ 

ʥʘʥʦʩʪʨʫʢʪʫʨ. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʦʪʝʥʮʠ-

ʘʣʝ AIREBO (reactive empirical bond order), ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ, ʫʧʨʫʛʠʭ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [1,2]. 

ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʥ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʫʢʪʫʨ[3]. 

ʇʦʢʘʟʘʥʦ [1,3], ʯʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ AIREBO ʬʠʟʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʠʩʳʚʘʝʪ ʧʦ-

ʪʝʥʮʠʘʣ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ[4,5], ʚ ʢʦʪʦ-

ʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʩʪʦ ʧʦʪʝʥʮʠʘʣʘ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ ʧʦʪʝʥʮʠʘʣ ʄʦʨʩʘ. ʆʜʥʘʢʦ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʤʝ-

ʪʦʜʘ AIREBO ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʄʦʨʩʘ ʩʥʘʯʘʣʘ ʠʩ-

ʧʦʣʴʟʫʷ ʧʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʘ ʃʝʥʥʦʨʜʘ-ɼʞʦʥʩʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʨʘʙʦʪʘ [6], ʚ ʢʦʪʦʨʦʡ ʧʦʜʦʙʨʘʥʳ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʘ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʠʩʳʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʠʦʥʦʤ ʢʘʣʠʷ ʠ ʫʛʣʝʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʜʥʘʢʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʤʦʜʝʨ-

ʥʠʟʠʨʦʚʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʃʝʥʥʦʨʜʘ-ɼʞʦʥʩʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʪʦʯʥʦʩʪʴ 

ʨʘʩʯʝʪʘ ʜʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ʧʦʪʝʥʮʠʘʣʘ REBO, ʧʦʵʪʦʤʫ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʜ-

ʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ.  

ʈʝʟʫʣʴʪʘʪ ʚʳʙʦʨʘ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʚ ʨʘʤʢʘʭ ʤʦʣʝ-

ʢʫʣʷʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ 

AIREBO ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʛ-

ʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʘʪʦʤʘʤʠ ʢʘʣʠʷ. 
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ɿʘʜʘʯʘ ʦʩʚʦʝʥʠʷ ʩʫʙʪʝʨʘʛʝʨʮʝʚʦʛʦ ʜʠʘʧʘʟʦʥʘ (0.1-0.3 ʊɻʮ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ [1]. ʀʩʪʦʯʥʠʢʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʫʙ-ʊɻʮ ʜʠʘ-

ʧʘʟʦʥʘ ʤʦʛʫʪ ʥʘʡʪʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʢʦʩʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ 

ʩʫʙ-ʊɻʮ ʜʠʘʧʘʟʦʥʝ ʫʨʦʚʥʠ ʤʦʱʥʦʩʪʠ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ɺʘʪʪ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠ-

ʙʦʨʳ ʚʘʢʫʫʤʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʉʨʝʜʠ ʥʠʭ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʘʤʧʳ 

ʙʝʛʫʱʝʡ ʚʦʣʥʳ (ʃɹɺ), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʫʩʠʣʠʚʘʝʤʳʭ ʯʘʩʪʦʪ. ʇʦ-

ʩʢʦʣʴʢʫ ʩ ʫʢʦʨʦʯʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʠʚʣʝʢʣʠ ʚʥʠʤʘʥʠʝ ʧʨʠʙʦʨʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʤʠ ʟʘʤʝʜʣʷʶʱʠʤʠ ʩʠʩʪʝ-

ʤʘʤʠ (ɿʉ), ʚ ʢʦʪʦʨʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʣʝʥʪʦʯʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʧʫʯʢʘʤʠ [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ɿʉ ʣʝʩʪʥʠʯʥʦʛʦ ʪʠʧʘ ʜʣʷ ʃɹɺ ʜʠʘ-

ʧʘʟʦʥʘ 0.2 ʊɻʮ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

ʉOMSOL Multiphysics [3]. ʉʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ 0.3 ʤʤ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʚʦʣʥʦʚʦʜ ʩʝ-

ʯʝʥʠʝʤ 0.8 ʤʤ Ĭ1.0 ʤʤ. ɺ ʧʣʘʩʪʠʥʘʭ ʚʳʨʝʟʘʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʨʷ-

ʤʦʫʛʦʣʴʥʳʝ ʱʝʣʠ ʩʝʯʝʥʠʝʤ 0.6 ʤʤ Ĭ 0.05 ʤʤ, ʧʝʨʠʦʜ ʨʘʚʝʥ 0.1 ʤʤ. ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ 0.3 ʤʤ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ɿʉ ʧʨʠʚʝ-

ʜʝʥʦ ʥʘ ʨʠʩ. 1. 

ʅʘ ʨʠʩ. 2(ʘ) ʧʨʠʚʝʜʝʥʳ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿʉ. ɺʠʜʥʦ, ʯʪʦ ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ 190ï247 ɻɻʮ. ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʜʚʫʭ ʤʦʜ ð ʩʠʥʬʘʟʥʦʡ ʠ ʧʨʦʪʠʚʦʬʘʟʥʦʡ. 

ʅʘ ʨʠʩ. 2(ʙ) ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʤʝʜʣʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ. 

ʆʙʨʘʪʥʘʷ ï1-ʷ ʛʘʨʤʦʥʠʢʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʟʘʤʝʜʣʝʥʠʝʤ. ʅʘ ʧʨʷʤʦʡ ʛʘʨʤʦʥʠʢʝ 

ʦʙʣʘʩʪʴ ʟʘʤʝʜʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʨʠʝʤʣʝʤʳʝ ʟʥʘʯʝʥʠʷ ʨʘʙʦʯʠʭ 

ʥʘʧʨʷʞʝʥʠʡ (10-20 ʢɺ) ʣʝʞʘʪ ʚʙʣʠʟʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʷʟʠ (ʨʠʩ. 2(ʚ)), ʢʦʪʦʨʳʝ ʧʦ-

ʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʩʠʥʬʘʟʥʦʡ ʤʦʜʳ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʚʷʟʠ ʧʨʠʥʠʤʘʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

(~100 ʆʤ), ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʧʨʦʪʠʚʦʬʘʟʥʦʡ ʤʦʜʳ ʦʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʤʝʜʣʷʶʱʝʡ 

ʩʠʩʪʝʤʳ ʣʘʤʧʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʩʫʙʪʝʨʘʛʝʨʮʝʚʦʛʦ ʜʠʘʧʦʟʘʥʘ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʘʢʝʪʝ ʉOMSOL Multiphysics. ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳ-

ʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʨʘ-

ʙʦʯʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʷʟʠ ʚ ʮʝʥʪʨʝ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ (ʦʢʦʣʦ 0.22 ʊɻʮ). 
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   ʘ     ʙ 

ʈʠʩʫʥʦʢ 1. ɼʠʩʧʝʨʩʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʘ) ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʤʝʜʣʝʥʠʷ ʦʪ 

ʯʘʩʪʦʪʳ (ʙ) 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-12-00181. 
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ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʟʣʠʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴ-

ʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʊʦʯʥʳʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟ-

ʙʝʛʘʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʦʙʳʪʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʝʡ ʚ ʦʨʛʘʥʠʟʤʝ, ʧʦ-

ʣʦʤʢʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. ʇʨʦʙʣʝʤʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ [2,3] 

ʟʘʯʘʩʪʫʶ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʝ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ 

ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʫʯʝʥʳʤʠ C. Bandt ʠ B. Pompe [4], ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʨʘʩʯʝʪʝ ʵʥʪʨʦʧʠʠ ʧʝʨʝʩʪʘʥʦʚʦʢ. ʇʦʩʣʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʤʝʪʦʜ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ [5-7]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝ [8] ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʨʘʟ-

ʥʦʡ ʧʨʠʨʦʜʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʭʘʦʪʠʯʝʩʢʦʡ ʧʨʠ-

ʨʦʜʳ ʩ ʜʠʩʢʨʝʪʥʳʤ ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʚʨʝʤʝʥʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʰʫʤʘ ʨʘʟʥʦʡ ʘʤʧʣʠ-

ʪʫʜʳ, ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʨʷʜʢʘ ʧʘʪʪʝʨʥʘ ʧʝʨʝʩʪʘʥʦʚʢʠ ʥʘ ʢʦ-

ʣʠʯʝʩʪʚʦ ʟʘʧʨʝʱʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʘʪ-

ʪʝʨʥʦʚ ʧʝʨʝʩʪʘʥʦʚʢʠ ʜʣʷ ʨʘʟʣʠʯʝʥʠʷ ʰʫʤʦʚʦʡ ʠ ʭʘʦʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʠʩʩʣʝ-

ʜʫʝʤʦʡ ʚʨʝʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩ ʜʠʩʢʨʝʪʥʳʤ ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʚʨʝʤʝ-

ʥʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʦʛʠʩʪʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠ ʩʠʩʪʝʤʘ ʃʦʨʝʥʮʘ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʭʘʦʪʠʯʝʩʢʠʡ ʨʝʞʠʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʨʝ-

ʤʝʥʥʳʝ ʨʷʜʳ ʩ ʜʠʩʢʨʝʪʥʳʤ ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʚʨʝʤʝʥʝʤ ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʪʝʤ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʙʦʨ ʟʘʧʨʝʱʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ʠʜʝʪ ʤʝʜʣʝʥʥʝʝ, ʧʨʠ 

ʵʪʦʤ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 

ɼʘʣʝʝ ʚ ʩʠʩʪʝʤʫ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʚʨʝʤʝʥʝʤ ʘʜʜʠʪʠʚʥʦ ʜʦʙʘʚʣʷʣʩʷ ʰʫʤ ʨʘʟʥʦʡ 

ʘʤʧʣʠʪʫʜʳ: ʦʪ ʰʫʤʘ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʘʤʧʣʠʪʫʜʳ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʜʦ ʰʫʤʘ ʚ 10-6 

ʨʘʟ ʤʝʥʴʰʝ ʘʤʧʣʠʪʫʜʳ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ ʩ ʛʨʘʥʠʯʥʳʤʠ 

ʧʦʨʷʜʢʘʤʠ ʘʤʧʣʠʪʫʜʳ ʰʫʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʚʳʷʚ-

ʣʝʥʦ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʨʷʜʢʠ ʧʘʪʪʝʨʥʘ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʰʫʤ ʤʝʥʴʰʝʡ ʘʤ-

ʧʣʠʪʫʜʳ. 

ʊʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʟʘʥʠʤʘʝʪ ʘʥʘʣʠʟ ʧʨʠ ʨʘʟʥʳʭ ʧʦʨʷʜ-

ʢʘʭ ʧʘʪʪʝʨʥʘ. ʊʝʩʪʦʚʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʪʘʥʮʠʷ ʙʳʣʘ ʦʩʥʦʚʘ ʥʘ ʧʨʦʮʝʩʩʦʨʝ IntelÈ 

CoreÊ i7-11800H ʠ 16 ɻʙ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʣʠʥʳ ʚʨʝ-

ʤʝʥʥʦʛʦ ʚ 105 ʪʦʯʝʢ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʷʜʢʘ ʧʘʪʪʝʨʥʘ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩ 4 ʜʦ 8 ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ ʩ 0.924 ʩ. ʜʦ 488.912 ʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠ-

ʤʘʣʴʥʳʤ ʧʦ ʚʨʝʤʝʥʥʳʤ ʟʘʪʨʘʪʘʤ ʧʦʨʷʜʢʦʤ ʧʘʪʪʝʨʥʘ ʷʚʣʷʝʪʩʷ ʧʦʨʷʜʦʢ n=6, ʧʦʟʚʦ-

ʣʷʶʱʠʡ ʟʘ ~9 ʩʝʢʫʥʜ ʚʳʷʚʣʷʪʴ ʰʫʤ ʩ ʘʤʧʣʠʪʫʜʦʡ ʚʧʣʦʪʴ ʜʦ 10-6 ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʤ-

ʧʣʠʪʫʜʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 
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ʈʠʩʫʥʦʢ 1. ʍʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ (ʩʠʩʪʝʤʘ ʃʦʨʝʥʮʘ): ʘ - ʠʩʩʣʝʜʫʝʤʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʩ ʘʤ-

ʧʣʠʪʫʜʦʡ ʰʫʤʘ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝʡ ʘʤʧʣʠʪʫʜʳ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ; b - ʠʩʩʣʝʜʫʝʤʳʡ ʚʨʝʤʝʥʥʦʡ 

ʨʷʜ ʩ ʘʤʧʣʠʪʫʜʦʡ ʰʫʤʘ ʚ 10-4 ʨʘʟʘ ʤʝʥʴʰʝ ʘʤʧʣʠʪʫʜʳ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ;  ʥʠʞʝ - ʛʨʘʬʠʢʠ c,d, 

ʵʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʨʝʱʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ʧʝʨʝʩʪʘʥʦʚʦʢ P ʦʪ ʜʣʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ (ʜʚʦʡʥʘʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʰʢʘʣʘ), ʛʜʝ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʨʘʟʣʠʯ-

ʥʳʝ ʧʦʨʷʜʢʠ ʧʘʪʪʝʨʥʦʚ n: 1 - n=5; 2 - n=6; 3 - n=7. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Faust O., Bairy M.G. Nonlinear analysis of physiological signals: A review // Journal of 

Mechanics in Medicine and Biology. 2012. Vol. 12, ˉ 4. 

2. Richards W.G. Spectral analysis // Nature. 1970. Vol. 225, ˉ 5232. P. 569. 

3. Nagarajan P. et al. Autocorrelation analysis of financial botnet traffic // ICISSP 2018 - 

Proceedings of the 4th International Conference on Information Systems Security and Privacy. 

2018. Vol. 2018-Janua, ˉ November. P. 599ï606. 

4. Bandt C., Pompe B. Permutation Entropy: A Natural Complexity Measure for Time Series // 

Physical Review Letters. 2002. Vol. 88, ˉ 17. P. 4. 

5. Zunino L. et al. Forbidden patterns, permutation entropy and stock market inefficiency // Physica 

A: Statistical Mechanics and its Applications. Elsevier B.V., 2009. Vol. 388, ˉ 14. P. 2854ï

2864. 

6. Zanin M. et al. Permutation entropy and its main biomedical and econophysics applications: A 

review // Entropy. 2012. Vol. 14, ˉ 8. P. 1553ï1577. 

7. Makarkin, S. A., Starodubov, A. V. and Kalinin, Y. A., ñApplication of permutation entropy 

method in the analysis of chaotic, noisy, and chaotic noisy series,ò Tech. Phys. 2017, Vol. 62, ˉ 

11, pp. 1714ï1719, doi: 10.1134/S1063784217110202 

8. Korneevets M., Starodubov A., Pavlov A. On application of the forbidden permutations patterns 

methods for time series analysis. SPIE-Intl Soc Optical Eng, 2022. P. 45. 

  



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     102 

ʈɽʂʆʅʉʊʈʋʂʎʀʗ ʋʈɸɺʅɽʅʀʁ ʅɽɸɺʊʆʅʆʄʅʆʁ ʉʀʉʊɽʄʓ  

ʌɸɿʆɺʆʁ ɸɺʊʆʇʆɼʉʊʈʆʁʂʀ ʏɸʉʊʆʊʓ ʀʅʊɽɻʈʀʈʆɺɸʅʅʓʍ ʇʆ 

ɺʈɽʄɽʅʀ ʇʆ ʉʂɸʃʗʈʅʆʄʋ ɺʈɽʄɽʅʅʆʄʋ ʈʗɼʋ 
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ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʨʘʚʥʝ-

ʥʠʡ ʧʦ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ, ʦʯʝʥʴ ʚʝʣʠʢʠ [1]. ʉ ʨʘʟʚʠʪʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʟʘʜʘʯʘʤ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʥʝʡʨʦʥʦʚ, ʪʘʢ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʷʤʦʤʫ ʠʟʤʝʨʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ 

ʥʦʩʷʪ ʪʨʘʚʤʠʨʫʶʱʠʡ ʜʣʷ ʢʣʝʪʢʠ ʭʘʨʘʢʪʝʨ, ʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ, ʢ ʢʘʢʦʤʫ ʪʠʧʫ ʧʨʠ-

ʥʘʜʣʝʞʠʪ ʪʘ ʠʣʠ ʠʥʘʷ ʢʣʝʪʢʘ ʥʘ ʦʩʥʦʚʝ ʩʥʷʪʦʛʦ ʩ ʥʝʸ ʩʠʛʥʘʣʘ, ʚʘʞʥʘ. ʆʜʥʘʢʦ ʧʨʦ-

ʛʨʝʩʩ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝ ʦʯʝʥʴ ʚʝʣʠʢ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʮʝʣʳʤ 

ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʛʣʘʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʤʦʜʝʣʝʡ ʠ ʰʫʤʳ, ʠ ʧʦʤʝʭʠ 

ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʥʠ ʜʣʷ ʦʜʥʦʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʥʝʡʨʦʥʦʚ: ʍʦʜʞʢʠʥʘ-ʍʘʢʩʣʠ [2], ʌʠʪʮ ʍʴʶ-ʅʘʛʫʤʦ [3,4], ʍʠʥʜʤʘʨʰ-ʈʦʫʟ [5], 

ʄʦʨʨʠʩ-ʃʝʢʘʨʘ [6] ʥʝ ʫʜʘʣʦʩʴ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ ʢʣʝʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʝʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʠʤʝʝʪ 

ʮʝʣʴʶ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʌɸʇʏ ʩ ʧʦʣʦʩʦ-

ʚʳʤ ʬʠʣʴʪʨʦʤ ʜʣʷ ʮʝʣʝʡ ʝʸ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʚʨʝʤʝʥ-

ʥʳʤ ʨʷʜʘʤ ʨʝʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ. ʏʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʦʩʫʱʝʩʪʚʣʸʥ ʧʝʨʝʭʦʜ ʦʪ ʠʩʭʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [7, 8], ʢ ʫʨʘʚ-

ʥʝʥʠʷʤ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʧʦ ʚʨʝʤʝʥʠ, ʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʙʫʜʝʤ ʘʧʧʨʦʢʩʠʤʠ-

ʨʦʚʘʪʴ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʧʦʣʠʥʦʤʦʤ ʩʪʝʧʝʥʠ P, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʣʷ 

ʩʠʩʪʝʤ ʜʨʫʛʦʛʦ ʪʠʧʘ ʚ ʨʘʙʦʪʝ [9]. 

ɼʠʥʘʤʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʨʘʙʦʪʝ ʬʘʟʦʫʧʨʘʚʣʷʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ Iext(t) ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ‰ άέὨ ς“ȟώȟᾀ: 

ώȟ  ᾀ

‐‐ ‎ Ὅ ὸ ‐ ‐ ᾀ ρ ‐ὧέί ‰ώȢ
(1) 

ɺ ʪʝʨʤʠʥʘʭ ʩʠʩʪʝʤʳ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ‰ ï ʪʝʢʫʱʘʷ ʨʘʟʥʦʩʪʴ 

ʬʘʟ ʧʦʜʩʪʨʘʠʚʘʝʤʦʛʦ ʠ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ‎ ï ʥʘʯʘʣʴʥʘʷ ʯʘʩʪʦʪʥʘʷ ʨʘʩʩʪʨʦʡʢʘ, 
‐ȟ‐ï ʧʘʨʘʤʝʪʨʳ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʬʠʣʴʪʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʞʠʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 1. ɺʠʜʥʦ, ʯʪʦ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʜʣʷ ʚʩʝʭ ʪʨʸʭ ʪʠʧʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʦʮʝʥʢʠ 

Ŭ1 ʦʢʘʟʳʚʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʪʦʯʥʳʤʠ: ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 

2%, ʧʨʠʯʸʤ ʜʣʷ ʠʤʧʫʣʴʩʥʳʭ ʨʝʞʠʤʦʚ ʪʘʢʦʡ ʪʦʯʥʦʩʪʠ ʫʜʘʸʪʩʷ ʜʦʙʠʪʴʩʷ ʫʞʝ ʧʨʠ 
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103                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

K=3 ï ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʛʘʨʤʦʥʠʢ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʪʦʯʥʝʥʠʶ ʦʮʝʥʦʢ. 

ɼʣʷ ʚʦʟʙʫʜʠʤʦʛʦ ʨʝʞʠʤʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʦʮʝʥʦʢ Ŭ1 ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʠ ʩʦ-

ʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 4%, ʧʨʠ ʵʪʦʤ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

K=5. 

 ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ‌ ʠ ‌  ʦʪ 

ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ K. ʊʨʠ ʢʨʠʚʳʝ, ʧʦʤʝʯʝʥʥʳʝ ʢʘʢ O 

(O_G ʜʣʷ ʛʘʫʩʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, O_H ʜʣʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ O_S ʜʣʷ ʧʨʷʤʦ-

ʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ), ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʨʝʞʠʤʫ, ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʥʠʭ ʦʙʦ-

ʟʥʘʯʝʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʣʠʥʠʝʡ OTrue. ɼʚʝ ʢʨʠʚʳʝ, ʧʦʤʝʯʝʥʥʳʝ ʢʘʢ S (S_G ʜʣʷ ʛʘʫʩʩʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ, S_S ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ), ʦʪʥʦʩʷʪʩʷ ʢ ʚʦʟʙʫʜʠʤʦʤʫ ʨʝʞʠʤʫ, ʜʣʷ ʥʠʭ ʠʩʪʠʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ STrue . ɺʝʣʠʯʠʥʘ ‌ ʜʣʷ ʫʜʦʙʩʪʚʘ ʜʘʥʘ ʫʤʥʦʞʝʥʥʦʶ ʥʘ 103. 
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ʄʝʪʘʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤ ʢʣʘʩʩʦʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʘ ʪʘʢʞʝ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʧʨʠʢʣʘʜʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʤ ʧʦʣʝʤ, ʚʢʣʶʯʘʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʘʥʪʝʥʥʳ, ʥʦʚʳʝ ʪʠʧʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʝʥ-

ʩʦʨʦʚ, ʣʠʥʟʳ ʩ ʩʫʙʚʦʣʥʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, çʥʝʚʠʜʠʤʳʝè ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘ-

ʟʦʥʝ ʯʘʩʪʦʪ ʦʙʲʝʢʪʳ ʪ.ʜ. [1-2]. ɹʣʘʛʦʜʘʨʷ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʩʦʟʜʘʥʠʶ ʜʘʥʥʳʝ ʩʪʨʫʢ-

ʪʫʨʳ ʧʨʠʦʙʨʝʪʘʶʪ ʫʥʠʢʘʣʴʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ, ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʝ, 

ʠ ʠʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʄʝʪʘʤʘʪʝʨʠʘʣʳ ʦʙʣʘ-

ʜʘʶʪ ʥʝʦʙʳʯʥʳʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʪʩʫʪʩʪʚʫʶʱʠʤʠ ʫ ʧʨʠʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʥʠ ʬʦʨʤʦʡ, ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʦʤ ʩʪʨʫʢ-

ʪʫʨʳ [3, 4]. 

ɺ ʧʨʠʨʦʜʝ 2-ʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʆʜʥʘʢʦ, ʝʩʣʠ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫ-

ʯʝʥʠʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʜʣʠʥʳ ʩʪʨʫʢʪʫʨʳ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʪʦ ʪʘʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 2-ʤʝʨʥʦʡ. ʏʪʦʙʳ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ 2-ʤʝʨʥʦʡ ʚ ʉɺʏ ʜʠʘʧʘ-

ʟʦʥʝ 8 õ 12 ɻɻʮ, ʜʣʷ ʝʝ ʩʦʟʜʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʦʡ ʪʦʣʱʠʥʦʡ ʧʨʠʤʝʨʥʦ 

10-40 ʤʢʤ. 

ɺ ʨʘʙʦʪʝ [5] ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʘʪʯʠʢʘ 

ʥʘ ʦʩʥʦʚʝ ʨʝʟʦʥʘʪʦʨʘ ʬʦʨʤʳ çʦʤʝʛʘè ʚ 3-ʩʤ ʜʠʘʧʘʟʦʥʝ. ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʥʢʦʧʣʝʥʦʯ-

ʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ ʘʚʪʦʨʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʢʘʨ-

ʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʠʭ ʩʪʨʫʢʪʫʨʫ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʘʛʥʝʪʠʪʘ [6,7]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʧʦʣʫʯʠʪʴ ʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʝʝ ʩʚʦʡʩʪʚʘ. 

ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ OpenSCAD ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʬʦʨʤʳ çʦʤʝʛʘè ʠ ʥʘ ʬʨʝ-

ʟʝʨʥʦ-ʛʨʘʚʠʨʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ CNC 3018 Pro (ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ) ʠʟʛʦʪʦʚʣʝʥʘ 2-

ʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ. 

ɺ ʧʨʦʛʨʘʤʤʝ Altium Designer ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʬʦʨʤʳ çʦʤʝʛʘè ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 

w = 0,8 ʤʤ, g = 0,6 ʤʤ, r = 1,6 ʤʤ, (Hline) = 12 ʤʤ, ʨʘʟʤʝʨ ʧʦʜʣʦʞʢʠ 22,86Ĭ10,16 ʤʤ2 

(ʨʠʩ. 1). ʉ ʧʦʤʦʱʴʶ ʰʝʣʢʦʛʨʘʬʠʠ ʤʦʜʝʣʴ ʧʝʨʝʥʝʩʝʥʘ ʥʘ ʪʝʢʩʪʦʣʠʪ ʩ ʤʝʜʥʳʤ ʩʣʦʝʤ 

ʪʦʣʱʠʥʦʡ 18 ʤʢʤ ʠ ʧʨʦʪʨʘʚʣʝʥʘ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ. 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ [5] 

ʅʘ ʛʨʘʬʠʢʘʭ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘ-

ʥʠʷ ʜʣʷ 2-ʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʤ (ʨʠʩ. 2ʘ) ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ 
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(ʨʠʩ. 2ʙ) ʩʧʦʩʦʙʘʤʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʝʭʦʜʳ ʚ ʜʠʘʧʘʟʦʥʝ 10 õ 11 ɻɻʮ. ʆʙʱʠʡ ʭʘ-

ʨʘʢʪʝʨ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʭʦʞ ʠ ʘʥʘʣʦʛʠʯʝʥ ʨʝʟʫʣʴʪʘʪʫ ʨʘʙʦʪʳ [5]. 

  
ʘ)     ʙ) 

ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʩʪʨʫʢʪʫʨ 

ʈʘʟʨʘʙʦʪʘʥʳ ʠʥʩʪʨʫʢʮʠʷ ʠ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʆpenEMS. ɺ ʧʨʦʛʨʘʤʤʝ ʧʦʩʪʨʦʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ, ʠʜʝʥʪʠʯʥʳʝ 

2-ʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʜʝʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʥʘ ʬʨʝʟʝʨʥʦ-ʛʨʘʚʠʨʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ 

CNC 3018 Pro, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʚ 3-ʩʤ 

ʜʠʘʧʘʟʦʥʝ. 

ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 3-ʩʤ ʜʠʘʧʘʟʦʥʝ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʜʣʦʞʢʠ ʤʠʥʠʤʫʤʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘ-

ʩʪʦʪ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʩʪʨʫʢʪʫʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʜʠʵʣʝʢʪʨʠʢʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʜʚʠʛ ʤʠʥʠʤʫʤʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙ-

ʣʘʩʪʴ; ʧʨʠʯʝʤ, ʤʠʥʠʤʫʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʩʠʣʴʥʝʝ. ɼʘʥʥʘʷ ʨʘ-

ʙʦʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʚ ʉʘʨʘʪʦʚʩʢʦʤ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʝ [8-12]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ˉ 20-07-

00603 ɸ). 
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ʈʘʥʝʝ ʤʳ ʧʨʝʜʣʦʞʠʣʠ [1,2] ʤʦʜʠʬʠʢʘʮʠʶ ʘʚʪʦʥʦʤʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʩ ʙʠʬʫʨ-

ʢʘʮʠʝʡ Ăʚʣʠʧʘʥʠʷñ ʧʨʝʜʝʣʴʥʳʭ ʮʠʢʣʦʚ ʚ ʧʝʪʣʠ ʩʝʧʘʨʘʪʨʠʩ ʩʝʜʣʘ. ʇʝʨʝʤʝʥʥʳʝ 

ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʢʦʤʧʣʝʢʩʥʳʝ, ʪʘʢʞʝ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ ʥʦʚʦʝ ʩʣʘʛʘʝʤʦʝ. ɺ ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʛʠʧʝʨ-

ʙʦʣʠʯʝʩʢʠʤ ʘʪʪʨʘʢʪʦʨʦʤ: ʪʨʘʝʢʪʦʨʠʷ ʧʦʪʦʢʦʚʦʡ ʩʠʩʪʝʤʳ ʧʨʠʙʣʠʞʘʝʪʩʷ ʠ ʫʜʘʣʷ-

ʝʪʩʷ ʦʪ ʩʝʜʣʘ, ʧʨʠ ʵʪʦʤ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʩʝʜʣʘ ʘʨʛʫʤʝʥʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʨʘʩʪʷʛʠʚʘʶʪʩʷ ʚ ʮʝʣʦʝ ʯʠʩʣʦ ʨʘʟ ʠʟ-ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʘʛʘʝʤʦʛʦ. ɺ ʩʧʝ-

ʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʤ ʩʝʯʝʥʠʠ ʇʫʘʥʢʘʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʡʩʪʚʫʝʪ ʦʪʦʙʨʘʞʝ-

ʥʠʝ ɹʝʨʥʫʣʣʠ, ʧʨʠ ʩʠʣʴʥʦʤ ʩʞʘʪʠʠ ʧʦ ʦʩʪʘʣʴʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʘʪʪʨʘʢʪʦʨʫ ʪʠʧʘ ʉʤʝʡʣʘ-ɺʠʣʴʷʤʩʘ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʜʨʫʛʠʝ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʝʣʴʥʳʝ 

ʮʠʢʣʳ ʤʦʛʫʪ Ăʚʣʠʧʘʪʴñ ʚ ʧʝʪʣʠ ʩʝʧʘʨʘʪʨʠʩ ð ʵʪʦ ʤʦʜʝʣʴ ʃʦʨʝʥʮʘ ʠ ʝʸ ʚʘʨʠʘʥʪ ʩ 

ʘʥʘʣʦʛʠʯʥʦʡ ʜʠʥʘʤʠʢʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʦʜʝʣʴ ʦʩʮʠʣʣʷʪʦʨʘ ð ʩʠʩʪʝʤʘ 

ʐʠʤʠʮʫ-ʄʦʨʠʦʢʘ. ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤ ʃʦʨʝʥʮʘ 

ʠ ʐʠʤʠʮʫ-ʄʦʨʠʦʢʘ [3]. ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʢʦʤʧʣʝʢʩʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʩʠʩʪʝʤʳ ʐʠ-

ʤʠʮʫ-ʄʦʨʠʦʢʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʣʘʛʘʝʤʳʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʘʨʛʫʤʝʥʪʘ ʢʦʤʧʣʝʢʩʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: 
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     (1) 

ʛʜʝ iy+x=z  ʠ iv+u=w  ð ʢʦʤʧʣʝʢʩʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, q ð ʚʝʱʝʩʪʚʝʥʥʘʷ ʧʝʨʝ-

ʤʝʥʥʘʷ, Ŭ ʠ ɚ ð ʧʘʨʘʤʝʪʨʳ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʐʠʤʠʮʫ-ʄʦʨʠʦʢʘ, Ů ð ʥʦʚʳʡ 

ʧʘʨʘʤʝʪʨ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʢ ʩʝʜʣʦʚʦʤʫ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʚ 

ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʘʨʛʫʤʝʥʪ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʤʝʥʥʦʡ z ʩʪʘʥʦʚʠʪʩʷ ʙʣʠʟʦʢ ʢ ʫʪʨʦ-

ʝʥʥʦʤʫ ʘʨʛʫʤʝʥʪʫ w ʠʟ-ʟʘ ʩʣʘʛʘʝʤʦʛʦ 3Ůw.  ʄʳ ʩʪʨʦʠʤ ʯʠʩʣʝʥʥʦ ʦʪʦʙʨʘʞʝʥʠʝ ʇʫ-

ʘʥʢʘʨʝ ʩ ʩʝʢʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ || 1
2
=z , ʚ ʢʦʪʦʨʦʤ ʘʨʛʫʤʝʥʪ ʧʝʨʝʤʝʥʥʳʭ ʧʦʜʚʝʨʛʘ-

ʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ, ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʩʭʦʞʝʤʫ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ɹʝʨʥʫʣʣʠ, ʘ ʠʟ-ʟʘ 

ʩʠʣʴʥʦʛʦ ʩʞʘʪʠʷ ʧʦ ʦʩʪʘʣʴʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʥʘʙʣʶʜʘʝʪʩʷ ʘʪʪʨʘʢʪʦʨ ʪʠʧʘ ʉʤʝʡʣʘ-

ɺʠʣʴʷʤʩʘ ʩ ʬʘʢʪʦʨʦʤ ʨʘʩʪʷʞʝʥʠʷ 3. 

ɻʠʧʝʨʙʦʣʠʯʥʦʩʪʴ ʘʪʪʨʘʢʪʦʨʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʨʦʚʝʨʝʥʦ ʩʚʦʡʩʪʚʦ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʩʪʠ ʤʥʦʛʦʦʙʨʘʟʠʡ ʘʪʪʨʘʢʪʦʨʘ. ʅʘ 

ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʦʝʢʮʠʠ ʘʪʪʨʘʢʪʦʨʘ ʧʦʪʦʢʦʚʦʡ ʩʠʩʪʝʤʳ ʠ ʦʪʦʙʨʘ-

ʞʝʥʠʷ ʇʫʘʥʢʘʨʝ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 0.7=Ŭ , 0.98695=ɚ , 0.1=Ů . ʇʦʢʘʟʘʪʝʣʠ 

ʃʷʧʫʥʦʚʘ ʘʪʪʨʘʢʪʦʨʘ ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ ʩʦʩʪʘʚʠʣʠ 

{ }17.89911.9951.412ln31.048 ---º ,,,=ȿ . 
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ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʧʝʨʝʤʝʥʥʦʡ z. (ʙ) ʧʨʦʝʢʮʠʷ ʘʪʪʨʘʢʪʦʨʘ ʧʦʪʦʢʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʝʢʮʠʠ ʥʘ 
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ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʶʪ ʩʝʪʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ, ʠʟʤʝʥʷʶ-

ʱʠʤʠʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩʚʷʟʷʤʠ [1]. ʊʘʢʠʝ ʘʜʘʧʪʠʚʥʳʝ ʩʝʪʠ, ʪʦʧʦʣʦʛʠʷ ʩʚʷʟʝʡ ʚ ʢʦʪʦ-

ʨʳʭ ʤʦʞʝʪ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʷʟʝʡ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʫʶ ʜʠʥʘ-

ʤʠʢʫ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ. ɼʣʷ ʘʜʘʧʪʠʚʥʳʭ ʩʝʪʝʡ ʭʘʨʘʢʪʝʨʥʳ 

ʪʘʢʠʝ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ, ʢʘʢ ʢʣʘʩʪʝʨʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ [2]. ʇʨʦʮʝʩʩʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʠʤʝʨʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʚ ʜʚʫʭʩʣʦʡʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʩʝʪʷʭ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʜʘʚʥʦ ʚ ʨʘʙʦʪʘʭ 

[3-5]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʬʬʝʢʪ rʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ, 

ʚʢʣʶʯʘʷ ʭʠʤʝʨʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʚʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥ rʚ ʪʨʝʭʩʣʦʡ-

ʥr ʭ ʩʝʪ̫ʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ʩ ʘʜʘʧʪʠʚʥʳʤʠ ʩʚʷʟʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʫʟʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʪʨʝʭʩʣʦʡʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʜʝʥʪʠʯʥʳʝ ʙʠʩʪʘʙʠʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʛʝʥʝʨʘ-

ʪʦʨʳ ʩ ʟʘʧʘʟʜʳʚʘʶʱʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʠ ʚʟʘʠʤʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʣʦʷʤʠ ʩʝʪʠ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʦʚ ʚ ʩʝʪʠ ʜʦʩʪʠʛʘʣʘʩʴ ʟʘ ʩʯʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʙʠʩʪʘʙʠʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʠʟʤʝʥʝʥʠʷ ʪʦʧʦʣʦʛʠʠ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʣʦʷʤʠ ʩʝʪʠ. ʅʘʧʨʠʤʝʨ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʠʣʴʥʦʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥ-

ʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʩʝʪʠ ʭʠʤʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʧʠʨʫʝʪʩʷ ʠʟ ʩʣʦʷ ʚ ʩʣʦʡ ʟʘ ʩʯʝʪ 

ʷʚʣʝʥʠʷ ʚʳʥʫʞʜʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʇʨʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʩʝʪʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʢʘʢ ʷʚʣʝʥʠʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʭʠʤʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʘʢ ʠ ʨʘʟ-

ʨʫʰʝʥʠʝ ʭʠʤʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʙʠʩʪʘ-

ʙʠʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-

22-00150, https://rscf.ru/project/22-22-00150/. 
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ɻʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ (ɻʕɹ) - ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʤʝʞʜʫ ʢʨʦʚʝ-

ʥʦʩʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʦʡ, ʚʳʧʦʣʥʷʶʱʠʡ ʬʫʥʢʮʠʶ ʚʳʩʦ-

ʢʦʩʝʣʝʢʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ, ʧʨʦʧʫʩʢʘʷ ʠʟ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ ʚ ʤʦʟʛ ʧʠʪʘʪʝʣʴʥʳʝ, 

ʙʠʦʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʟʘʱʠʱʘ ̫ʥʝʨʚʥʫʶ ʪʢʘʥʴ ʦʪ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʢʨʦʚʠ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʪʦʢʩʠʥʦʚ [1]. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʪʢʨʳʪʠʷ ɻʕɹ 

ʧʫʪʝʤ ʩʪʠʤʫʣʷʮʠʠ ʟʚʫʢʦʤ [2] ʠ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ [3]. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʚʳ-

ʷʚʣʝʥʠʷ ʬʘʢʪʘ ʦʪʢʨʳʪʠʷ ɻʕɹ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʵʪʦ ʦʪʢʨʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʜʠʘʛʥʦʩʪʠʢʠ ʜʠʩʬʫʥʢʮʠʠ ɻʕɹ ʢʘʢ ʨʘʥʥʝʛʦ ʙʠʦʤʘʨʢʝʨʘ 

ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʜʝʤʝʥʮʠʠ, ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ ʠ ʘʪʨʦʬʠʠ ʤʦʟʛʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʢʨʦʩʩ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ [4, 5] ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʦʚ ʦʪʢʨʳʪʠʷ ɻʕɹ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ ɻ ʣʝʢʪʨʦ-

ʵʥʮʝʬʘʣʦʛʨʘʤʤ (ʕʕɻ). ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ, ʢʘʢ ʩʧʦʥʪʘʥʥʦ ʦʪʢʨʳʪʠʷ ɻʕɹ ʚʦ ʩʥʝ, 

ʪʘʢ ʠ ʩʣʫʯʘʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʪʢʨʳʪʠʷ ɻʕɹ. ʇʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞ-

ʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʙʦʪʳ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʝʨ ʢʨʦʩʩ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ ʕʕɻ ʢʨʳʩ ʚ ʪʨʝʭ ʩʦʩʪʦʷʥʠʷʭ (ʩʦʥ, ʙʦʜʨ-

ʩʪʚʦʚʘʥʠʝ ʠ ʧʦʩʣʝ ʘʫʜʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ) ʦʪ ʜʣʠʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʷʜʘ, ʘ ʪʘʢʞʝ 

ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ. ʊʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ 

ʕʕɻ ʩʠʛʥʘʣʦʚ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʪʝ ʠ ʠʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʚ ʤʦʟʛʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙ-

ʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʫʧʨʘʚʣʷʝʤʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʪʝʨʘʧʠʷ ʧʘʪʦʣʦʛʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ 

(ʄʂ-2723.2021.4). 
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ɺ ʨʘʙʦʪʝ [1, 2] ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ [3], ʢʦʛʝʨʝʥʪʥʦʛʦ [4] ʠ ʢʨʦʩʩ ʨʝʢʫʨ-

ʨʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ [5] ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʦʚ ʦʪʢʨʳʪʠʷ ʛʝʤʘʪʦ-

ʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ (ɻʕɹ) ʧʦ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤ ʢʨʳʩ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʦʟʜʘʥ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʫʧʨʘʚʣʷʝʤʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʦʢʥʘ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʪʝʨʘʧʠʷ ʧʘ-

ʪʦʣʦʛʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʦʮʝʥʢʠ ʤʦʤʝʥʪʦʚ ʦʪʢʨʳʪʠʷ ɻʕɹ ʩʧʦʩʦʙʥʦ ʟʘʜʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʚʨʝʤʷ ʪʝʨʘʧʝʚʪʠʯʝ-

ʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʤʦʤʝʥ-

ʪʦʚ ʦʪʢʨʳʪʠʷ ɻʕɹ ʨʘʙʦʪʘʝʪ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ ʇʂ (ʥʦʫʪʙʫʢ, ʣʠʙʦ ʧʨʦ-

ʤʳʰʣʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ), ʣʦʛʠʢʘ ʘʧʧʘʨʘʪ-

ʥʦʡ ʯʘʩʪʠ ï ʫʧʨʘʚʣʝʥʠʝ ʚʢʣʶʯʝʥʠʝʤ ʣʘʟʝʨʘ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʰʧʨʠʮʘ ʜʣʷ ʚʚʦʜʘ ʧʨʝʧʘʨʘʪʘ, ʠʣʠ ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʦʚʝʱʝʥʠʷ, ʠʣʠ ʤʝʭʘʥʠʟʤʘ 

ʜʣʷ ʙʳʩʪʨʦʡ ʚʳʜʘʯʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. ʈʘʟʨʘʙʦʪʘʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʪʝʨ-

ʬʝʡʩ ʩ ʣʦʛʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʙʦʨʘ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ. ɺ ʭʦʜʝ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦ-

ʚʘʥʳ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʩʦʟʜʘʥʥʦʛʦ ʘʧʧʘ-

ʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚʣʝʥʦ ʚʨʝʤʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʤʦʤʝʥʪʦʚ ʦʪʢʨʳʪʠʷ ɻʕɹ, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʝʩʷʪʠ ʩʝʢʫʥʜ, ʜʠʩʧʝʨʩʠʷ ʥʘ 

ʫʨʦʚʥʝ 0.5 ʩʝʢ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʝʨʘ-

ʧʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚʳʟʳʚʘʶʱʠʭ ʦʩʪʨʳʝ ʠ ʭʨʦʥʠʯʝʩʢʠʝ ʦʪʢʨʳʪʠʷ 

ɻʕɹ. 
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ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʠʟʫʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ [1] ʠ ʧʨʠ ʜʚʠʛʘ-

ʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [2]. ʆʜʥʘʢʦ ʧʘʪʦʣʦʛʠʯʝʩʢʘʷ ʯʨʝʟʤʝʨʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʤʦʞʝʪ 

ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʨʷʜʘ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʵʩʩʝʥʮʠʘʣʴʥʳʡ 

(ʠʜʠʦʧʘʪʠʯʝʩʢʠʡ) ʪʨʝʤʦʨ [3], ʵʧʠʣʝʧʩʠʷ [4] ʠʣʠ ʙʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ [5]. ʆʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʪʝʨʘʧʠʠ ʧʦʜʦʙʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʷ ʥʝʡʨʦʥʦʚ ʛʦ-

ʣʦʚʥʦʛʦ ʤʦʟʛʘ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. 

ɺ ʨʘʙʦʪʝ [6] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʝʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʠʜʝʥ-

ʪʠʯʥʳʭ ʥʝʡʨʦʧʦʜʦʙʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ʩʦ ʩʣʫʯʘʡʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʩʚʷʟʝʡ. ʄʝʪʦʜ ʦʩ-

ʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ. ʈʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʘ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʩʝʪʝʡ ʠʟ ʦʩʮʠʣʣʷʪʦʨʦʚ ʌʠʪʮʍʴʶ-ʅʘʛʫʤʦ ʩ ʘʜʜʠʪʠʚʥʦʡ ʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʷʟʷʤʠ.  

ʅʘʤʠ ʤʝʪʦʜ ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʜʝʥʪʠʯʥʳʭ ʩʚʷʟʘʥʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ [6] ʚʧʝʨ-

ʚʳʝ ʨʝʘʣʠʟʦʚʘʥ ʚ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʛʨʫ-

ʙʦʩʪʴ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʤ ʥʝʚʦʟ-

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʘʥʘʣʦʛʦʚʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠ 

ʥʝʠʟʙʝʞʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʰʫʤʳ, ʥʝ ʚʩʝ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʘʜʝʢʚʘʪʥʦ ʫʯʝʩʪʴ ʧʨʠ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʠ. ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʪʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ 10 ʠʜʝʥʪʠʯʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʛʝʥʝ-

ʨʘʪʦʨʦʚ ʪʠʧʘ ʌʠʪʮʍʴʶ-ʅʘʛʫʤʦ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʥʝʡʨʦʧʦʜʦʙʥʫʶ ʜʠʥʘʤʠʢʫ. 

ʉʚʷʟʠ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʘʤʠ ʩʝʪʠ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ LabView, ʠʩʧʦʣʴʟʫʷ ʧʦʜʭʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [7]. 

ʄʘʪʨʠʮʘ ʩʚʷʟʝʡ ʛʝʥʝʨʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʩʚʷʟʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʘʢ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʚʩʝʭ 10 ʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʩʝʪʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʌʠʪʮʍʴʶ-ʅʘʛʫʤʦ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʘʜʜʠʪʠʚʥʦʡ ʩʚʷʟʴʶ. ɺʥʝʰʥʝʝ ʫʧʨʘʚʣʷ-

ʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚʳʟʳʚʘʶʱʝʝ ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʶ ʛʝʥʝʨʘʪʦʨʦʚ, ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ 

ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ, ʪʘʢʞʝ ʢʘʢ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʜʝʩʠʥʭʨʦʥʠʟʘ-

ʮʠʷ ʩʝʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʫʧʨʘʚʣʷʶʱʠʤ ʩʠʛʥʘ-

ʣʦʤ, ʠʤʝʶʱʠʤ ʚʠʜ: u=-covɟnxm, ʛʜʝ cov ð ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʛʝʥʝʨʘʪʦʨʘʤʠ ʩʝʪʠ, ɟ ð ʧʣʦʪʥʦʩʪʴ ʤʘʪʨʠʮʳ ʩʚʷʟʠ, n ð ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʝʪʠ, xm ð ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʩʝʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩʝʪʠ. ʊʘ-

ʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʥʘʤ ʵʬʬʝʢʪʠʚʥʦ ʜʝʩʠʥʭʨʦʥʠʟʦʚʘʪʴ ʚʩʝ ʛʝʥʝʨʘʪʦʨʳ. ʇʨʠ ʦʪ-

ʢʣʶʯʝʥʠʠ ʚʥʝʰʥʝʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʛʝʥʝʨʘʪʦʨʳ ʚʥʦʚʴ ʚʦʟʚʨʘʱʘʣʠʩʴ ʚ ʨʝ-

ʞʠʤ ʧʦʣʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʩʝʪʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʌʠʪʮʍʴʶ-ʅʘʛʫʤʦ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʷʟʴʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʥʝʰʥʠʡ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ, ʚʳʟʳʚʘʶʱʠʡ ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʶ ʛʝʥʝʨʘʪʦʨʦʚ, ʙʳʣ 
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ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ, ʥʦ ʙʳʣ ʨʘʟʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʝʪʠ: 

ui=covɟn(xi-xm), ʛʜʝ i ð ʥʦʤʝʨ ʛʝʥʝʨʘʪʦʨʘ, ʘ xi ð ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ i-ʛʦ ʛʝʥʝʨʘ-

ʪʦʨʘ, ʥʘ ʢʦʪʦʨʦʝ ʧʦʜʘʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ui. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʪʘʢʠʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʜʝʩʠʥʭʨʦʥʠʟʦʚʘʪʴ ʠʩʩʣʝʜʫʝʤʫʶ ʩʝʪʴ 

ʜʠʬʬʫʟʠʦʥʥʦ ʩʚʷʟʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʪʠʧʘ ʌʠʪʮʍʴʶ-ʅʘʛʫʤʦ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʳ, ʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʥʦʩʠʤʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ, ʚʳʟʚʘʥʥʳʭ ʧʘʪʦʣʦʛʠ-

ʯʝʩʢʠʤʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʥʝʡʨʦʥʦʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-

22-00150, https://rscf.ru/project/22-22-00150/. 
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ʉʠʛʥʘʣʳ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʠʠ (ʌʇɻ) ʠ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʠ (ʕʂɻ) ʷʚʣʷʶʪʩʷ 

ʧʨʦʩʪʳʤʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʠʥʚʘʟʠʚʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʥʬʦʨʤʘ-

ʪʠʚʥʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ (ʉʉʉ). ɸʥʘʣʠʟ ʥʠʟʢʦʯʘʩʪʦʪ-

ʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʌʇɻ ʠ ʕʂɻ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʧʦʜʩʠʩʪʝʤ ʥʝʨʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʉʉʉ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʘʝʪ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʯʝʣʦʚʝʢʘ [1-2]. 

ɺ [3] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠʥʜʝʢʩ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 0.1 ɻʮ-ʢʦʣʝʙʘʥʠʡ ʚ ʩʠʩʪʝ-

ʤʘʭ ʨʝʛʫʣʷʮʠʠ ʉʉʉ ð ʩʫʤʤʘʨʥʳʡ ʧʨʦʮʝʥʪ ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ S, ʢʦʪʦʨʳʡ ʧʦ-

ʢʘʟʘʣ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʉʉʉ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʜʠ-

ʘʛʥʦʩʪʠʯʝʩʢʠʭ ʮʝʣʝʡ [4-5]. ʈʘʩʯʝʪ S ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʠʛʥʘʣʘʤ ʌʇɻ ʠ ʢʘʨʜʠʦʠʥʪʝʨ-

ʚʘʣʦʛʨʘʤʤʳ (ʂʀɻ), ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʕʂɻ. ʆʜʥʘʢʦ, ʩʠʛʥʘʣ ʌʇɻ ʥʝʩʝʪ ʚ ʩʝʙʝ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʝʨʜʝʯ-

ʥʳʤʠ ʩʦʢʨʘʱʝʥʠʷʤʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʂʀɻ ʠʟ 

ʌʇɻ. ɺ [6] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʂʀɻ ʠʟ ʌʇɻ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ S ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʜʠʥ-

ʩʪʚʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʌʇɻ. 

ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 4 ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʂʀɻ ʠʟ ʌʇɻ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝ-

ʤʝʥʠ. ʄʝʪʦʜʳ 1 ʠ 2 ʠʟʤʝʨʷʶʪ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʝʨʜʝʯʥʳʤʠ ʩʦʢʨʘʱʝ-

ʥʠʷʤʠ, ʢʘʢ ʚʨʝʤʷ ʤʝʞʜʫ ʤʘʢʩʠʤʫʤʘʤʠ ʠ ʤʠʥʠʤʫʤʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʠʛʥʘʣʘ 

ʌʇɻ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʚ ʫʟʢʦʧʦʣʦʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (0.8-1.8 ɻʮ). ʄʝʪʦʜʳ 3 ʠ 4 ʦʧʨʝ-

ʜʝʣʷʶʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʝʨʜʝʯʥʳʤʠ ʩʦʢʨʘʱʝʥʠʷʤʠ, ʢʘʢ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʤʘʢʩʠ-

ʤʫʤʘʤʠ ʠʣʠ ʤʠʥʠʤʫʤʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʠʛʥʘʣʘ ʌʇɻ ʧʦʩʣʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ (0.6-6.0 ɻʮ) ʚ ʩʦʩʝʜʥʠʭ ʦʢʥʘʭ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʦʜʠʥ ʢʘʨʜʠʦʮʠʢʣ (ʮʠʢʣ 

ʦʜʥʦʛʦ ʩʝʨʜʝʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ). ʆʢʥʦ ʦʜʥʦʛʦ ʢʘʨʜʠʦʮʠʢʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ʩʠʛʥʘʣʘ ʌʇɻ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʚ ʫʟʢʦʧʦʣʦʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (0.8-1.8 ɻʮ), ʢʘʢ 

ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʠʥʠʤʫʤʘʤʠ ʜʣʷ ʤʝʪʦʜ 3 ʠ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʤʘʢʩʠʤʫʤʘʤʠ ʜʣʷ ʤʝʪʦʜʘ 4. 

ʆʧʪʠʤʘʣʴʥʳʝ ʧʦʣʦʩʳ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʌʇɻ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʂʀɻ ʦʧʨʝʜʝ-

ʣʷʣʠʩʴ ʧʨʠ ʧʝʨʝʙʦʨʝ ʯʘʩʪʦʪ ʩʨʝʟʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʬʘʟʦʚʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ (ʂʌʂ) ʤʝʞʜʫ ʤʛʥʦʚʝʥʥʳʤʠ ʬʘʟʘʤʠ ʚ ʥʠʟʢʦ-

ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 0.05-0.15 ɻʮ ʩʠʛʥʘʣʦʚ ʂʀɻ, ʧʦʣʫʯʝʥʥʦʛʦ ʵʪʘʣʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʠʟ ʕʂɻ ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʜʥʠʤ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟ ʌʇɻ, ʧʨʠʤʝʪ ʟʥʘʯʝʥʠʷ 

ʙʦʣʴʰʝ 0.95. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʦʚ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʘʚʥʝʥʠʷ ʦʮʝ-

ʥʦʢ S, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʥʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ 
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ʌʇɻ ʠ ʕʂɻ ʠ ʧʦ ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʩʠʛʥʘʣʫ ʌʇɻ ʜʣʷ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ ʠ ʧʘʮʠ-

ʝʥʪʦʚ ʩ COVID-19, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʤ ʣʝʯʝʥʠʠ ʙʝʟ ʢʠʩʣʦʨʦʜʥʦʡ ʧʦʜ-

ʜʝʨʞʢʠ ʠ ʙʝʟ ʚʳʷʚʣʝʥʥʳʭ ʧʘʪʦʣʦʛʠʡ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʤʝʪʦʜ 4 ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʜʣʷ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ, ʘ ʤʝʪʦʜ 2 ï 

ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ COVID-19. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ ʩʠʛʥʘʣʦʚ 

ʕʂɻ ʠ ʌʇɻ ʧʨʠ ʦʮʝʥʢʠ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʮʝʥʪʘ ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ S ʢ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʶ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʌʇɻ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ, 

ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʝʛʦ ʩʪʦʠʤʦʩʪʴ. ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦ-

ʜʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ ʩ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʚ ʩʫʪʦʯʥʳʭ ʨʝʛʠʩʪʨʘʪʦʨʘʭ, ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʩʫʪʦʯʥʳʡ ʤʦʥʠʪʦ-

ʨʠʥʛ ʠʥʜʝʢʩʘ S, ʯʪʦ ʫʚʝʣʠʯʠʪ ʪʦʯʥʦʩʪʴ ʝʛʦ ʦʮʝʥʢʠ ʠ ʧʦʟʚʦʣʠʪ ʩ ʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷ 

ʉʉʉ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʦʚ ʈʌʌʀ, ʛʨʘʥʪʳ ˉ 

20-02-00702 ʠ ˉ20-38-90067. 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʯʘʩʪʦʪʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʠʤʧʫʣʴ-

ʩʦʚ(ʏʄʀ) ʚ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʘʭ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʧʠʩʘʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (ʇʇ) ʩ ʧʣʘʚʥʦ ʚʦʟʨʘʩʪʘʶʱʠʤ ʧʝʨʠʦʜʦʤ. ɻʝʦʤʝʪʨʠʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʚʦʣʦʢʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʇʇ ʦʪ 

ʜʣʠʥʳ ʚ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʩʚʝʪʦʚʦʜʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [1]: 

() ()( )0 1 cos 2 /i in z n m z zpè ø= - Lê ú     (3) 

ʛʜʝ 
0n  ï ʩʨʝʜʥʠʡ ʇʇ ʚʦʣʦʢʥʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʝʰʝʪʢʠ, m ï ʛʣʫʙʠʥʘ ʤʦʜʫʣʷ-

ʮʠʠ ʇʇ ʨʝʰʝʪʢʠ, 
iL ï ʧʝʨʠʦʜ ʨʝʰʝʪʢʠ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʦʤʝʪʨʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʳ. 

 
ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɼʠʥʘʤʠʢʘ ʚʨʝʤʝʥʥʦʡ ʦʛʠʙʘʶʱʝʡ ɺʇ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ ʘʤʧʣʠʪʫʜʳ 

ʦʛʠʙʘʶʱʝʡ ʚʠʜʘ ʅʋʐ [2, 3]: 

() ()
22 3

22 3

2 3
0

2 6
R

Az zA A A
i iR A A

z

b b
t

t t t

å õµµ µ µ
- + + - =æ ö

æ öµ µ µ µ
ç ÷

   (4) 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʨʦʬʠʣʴ ʜʠʩʧʝʨʩʠʠ ʚʠʜʘ [4] ʠ ʥʘʯʘʣʴʥʳʡ ʠʤʧʫʣʴʩ: 

()2 20 0 20exp 2z zb b a bè ø=- -ê ú      (5) 

2

0 0 0(0, ) sech( / )exp( )A P it t t at=      (6) 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʧʨʦʬʠʣʠ ʜʠʩʧʝʨʩʠʠ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ (ʚʩʪʘʚʢʘ) 

ʚ ʩʚʝʪʦʚʦʜʝ ʩ ʠʟʤʝʥʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʧʨʝ-

ʨʳʚʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʜʠʩʧʝʨʩʠʠ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʝ-

ʨʠʦʜʘ ʨʝʰʝʪʢʠ ʠ ʧʘʨʘʤʝʪʨʘ ʦʪʩʪʨʦʡʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʝ-

ʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʛʦ ʠʟ ʩʝʛʤʝʥʪʦʚ ʩʚʝʪʦʚʦʜʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʟʘʧʠʩʳʚʘʝʤʳʭ ʨʝʰʝʪʦʢ ʇʇ ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʩʚʝʪʦʚʦʜʘ ʥʘ N ʵʣʝʤʝʥʪʦʚ ʦʜʠʥʘʢʦʚʦʛʦ 

ʨʘʟʤʝʨʘ - 5, 10 ʠ 20 ʨʝʰʝʪʦʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩ. 3 ʧʨʦʬʠʣʠ ʠʤʧʫʣʴʩʦʚ ʜʣʷ: ʥʘʯʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 
11

0 10t -=  c, ʤʦʱ-

ʥʦʩʪʠ 
3

0 7.7 10P = Ö  ɺʪ, ʯʠʨʧʘ 
23

0 10a=  ʩ-2; ɼɻʉ () 23

2 0 5 10b -º- Ö  ʩ2/ʤ, 

() 35

3 0 3.6 10b -º- Ö  ʩ3/ʤ, ʧʘʨʘʤʝʪʨʘ ʥʝʣʠʥʝʡʥʦʩʪʠ 310R -=  (ɺʪĀʤ)-1, 0.19L=  ʤ, 
155 10Rt
-º Ö  c ï ʚʨʝʤʝʥʠ ʥʝʣʠʥʝʡʥʦʛʦ ʦʪʢʣʠʢʘ. 
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ʈʠʩ. 2. ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʩ-

ʧʝʨʩʠʠ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʦʪ 

ʜʣʠʥʳ z ʜʣʷ ʚʦʣʦʢʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ (Ā) 5, ( ) 

10 ʠ () 20 ʨʝʰʝʪʦʢ. 

 
ʈʠʩ. 3. ɺʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʠʤʧʫʣʴʩʦʚ ʧʦʩʣʝ 

ʩʞʘʪʠʷ ʧʨʠ ( ) 45;1 10ʪ -= Ö  ï (1, 2); ʚʨʝʟʢʘ ï 

ʠʩʭʦʜʥʳʡ ʠʤʧʫʣʴʩ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 3 ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝ-

ʥʠʷʭ ʜʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʜʠʩʧʝʨʩʠʠ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʤʧʨʝʩʩʠʷ ʨʝʘʣʠ-

ʟʫʝʪʩʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʦʚʦʜʘ (ʦʨʘʥʞʝʚʘʷ ʢʨʠʚʘʷ) ʧʨʠ ʛʣʫʙʠʥʝ ʤʦʜʫʣʷʮʠʠ 45 10m -º Ö . 

ɼʣʷ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥ ʤʦʜʫʣʷʮʠʠ m ʩʫʙʧʠʢʦʩʝʢʫʥʜʥʳʡ ʠʤʧʫʣʴʩ ʩ ʤʝʛʘ-

ʚʘʪʪʥʦʡ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʜʣʠʥʝ ʩʚʝʪʦʚʦʜʘ ʤʝʥʝʝ 20 ʩʤ, ʧʨʠ 

ʵʪʦʤ ʝʛʦ ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʚ 100 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦ-

ʥʘʯʘʣʴʥʦʡ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʛʣʫʙʠʥʳ ʤʦʜʫʣʷʮʠʠ ʚʢʣʘʜ ʪʨʝʪʴʝʡ ʜʠʩʧʝʨʩʠʠ ʩʪʘʥʦ-

ʚʠʪʩʷ ʙʦʣʴʰʠʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʦʛʠʙʘʶʱʝʡ ʠʤʧʫʣʴʩʘ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴ-

ʩʪʚʘʭ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʦʷʚʣʝʥʠʝ ʤʥʦʛʦʠʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʘ (ʩʠʥʷʷ ʢʨʠ-

ʚʘʷ). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ̄  19-

42-730013 ʠ ʤʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ, ʩʪʠʧʝʥʜʠʷ ʧʨʝʟʠʜʝʥʪʘ ʈʌ, 

ʧʨʦʝʢʪ ʉʇ-4058.2021.5. 
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153 (2021). 
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ʋʉʀʃɽʅʀɽ ʀ ʂʆʄʇʈɽʉʉʀʗ ʏɸʉʊʆʊʅʆ ʄʆɼʋʃʀʈʆɺɸʅʅʓʍ  

ʀʄʇʋʃʔʉʆɺ ɺ ɸʂʊʀɺʅʆʄ ʅɽʆɼʅʆʈʆɼʅʆʄ ʉɺɽʊʆɺʆɼɽ 

ʀ.ʆ. ɿʦʣʦʪʦʚʩʢʠʡ1, ɺ.ɸ. ʃʘʧʠʥ1, ɼ.ʀ. ʉʝʤʝʥʮʦʚ1 
1ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʠʤ. ʉ.ʇ. ʂʘʧʠʮʳ. 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʫʩʠʣʝʥʠʷ ʠ ʚʨʝʤʝʥʥʦʡ ʢʦʤʧʨʝʩʩʠʠ ʯʘ-

ʩʪʦʪʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʘʢʪʠʚʥʦʤ ʩʚʝʪʦʚʦʜʝ ʩ ʧʨʦʬʠʣʝʤ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʩʧʝʨʩʠʠ ʦʪ ʜʣʠʥʳ ʧʦʜʦʙʨʘʥʥʳʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴ-

ʥʳʝ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʠʤʧʫʣʴʩʦʚ ʩ ʟʘʜʘʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʯʠʨʧʦʤ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʩʠ-

ʣʝʥʠʠ ʩʚʝʪʦʚʦʜʘ. 

ɼʠʥʘʤʠʢʘ ʚʨʝʤʝʥʥʦʡ ʦʛʠʙʘʶʱʝʡ ɺʇ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ ʘʤʧʣʠʪʫʜʳ 

ʦʛʠʙʘʶʱʝʡ ʚʠʜʘ ʅʋʐ [1, 2]: 

() 2
22

22

d zA A
i iR A A gA

z t

µ µ
- + =

µ µ
    (7) 

ʛʜʝ / gt zt= - v  ï ʚʨʝʤʷ ʚ ʙʝʛʫʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ( )2 2

2d d db w=  ï ʧʘ-

ʨʘʤʝʪʨ ʜʠʩʧʝʨʩʠʠ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, R ï ʧʘʨʘʤʝʪʨ ʥʝʣʠʥʝʡʥʦʩʪʠ, g  ï ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʫʩʠʣʝʥʠʷ (ʧʦʪʝʨʴ) ʚ ʚʦʣʦʢʥʝ.  

ʇʨʠ ʵʪʦʤ ʚ ʨʘʙʦʪʝ ʚʳʙʠʨʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʩʧʝʨʩʠʠ ʚʠʜʘ [3]: 

() ( )( )0 20

2 20 0 0

0

exp exp 2 1 2
d

d z d g z g z
g

aè ø
=- - - +é ù

ê ú
   (8) 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ: ʜʠʥʘʤʠʢʘ ɼɻʉ(1, a) ʠ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ(2, a), ʧʨʦʬʠʣʠ 

ʠʤʧʫʣʴʩʘ ʥʘ ʚʭʦʜʝ (1, b), ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʫʤʘ ʤʦʜʫʣʷ ʜʠʩʧʝʨʩʠʠ (2, b), ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʩʚʝʪʦʚʦʜʘ (3, b) ʜʣʠʥʦʡ 
01.5L z= , ʛʜʝ 

0z  ï ʪʦʯʢʘ ʤʘʢʩʠʤʫʤʘ ʤʦʜʫʣʷ ʜʠʩʧʝʨʩʠʠ. ɺ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʯʘʩʪʦʪʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʠʤʧʫʣʴʩ ʚʠʜʘ: 
2

0 0 0(0, ) sech( / )exp( )A P it t t at=      (9) 

ʇʨʠʚʝʜʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

(1) ʤʝʪʦʜʦʤ SSF [1, 4]. ʇʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʘ: ʥʘʯʘʣʴʥʘʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ 
11

0 10t -= c, ʤʦʱʥʦʩʪʴ 
0 0.01P= ɺʪ, ʯʠʨʧ 

24

0 10a=  ʩ-2; ʠ ʩʚʝʪʦʚʦʜʘ: 

ɼɻʉ 
27

2 10d -=-  ʩ2/ʤ, ʧʘʨʘʤʝʪʨ ʥʝʣʠʥʝʡʥʦʩʪʠ 310R -=  (ɺʪĀʤ)-1, ʫʩʠʣʝʥʠʷ: 

0 0.1g =  ʤ-1. 

ɺʠʜʥʦ, ʢʘʢ ʧʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʧʦ ʫʯʘʩʪʢʫ ʚʦʣʦʢʥʘ ʩ ʚʦʟʨʘʩʪʘ-

ʶʱʝʡ ʧʦ ʤʦʜʫʣʶ ʜʠʩʧʝʨʩʠʝʡ ʠ ʧʦʩʪʦʷʥʥʳʤ ʫʩʠʣʝʥʠʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʯʘʣʝ ʝʛʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʝʥʥʦʝ ʩʞʘʪʠʝ, ʧʨʠ, ʟʥʘʯʠʪʝʣʴʥʦʤ (ʙʦʣʝʝ ʯʝʤ ʚ 100 ʨʘʟ) ʫʩʠʣʝ-

ʥʠʠ. ɿʘʪʝʤ ʥʘ ʫʯʘʩʪʢʝ ʩ ʫʙʳʚʘʶʱʝʡ ʧʦ ʤʦʜʫʣʶ ɼɻʉ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʩʞʘʪʠʝ ʠʤ-

ʧʫʣʴʩʘ. ʇʨʠ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʙʦ-

ʣʝʝ ʯʝʤ ʥʘ 5 ʧʦʨʷʜʢʦʚ. 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     118 

 

 
ʈʠʩ. 1. (ʘ) ɼʠʥʘʤʠʢʘ ɼɻʉ (1) ʠ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ(2). 

(b) ɺʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʠʤʧʫʣʴʩʘ ʥʘ ʚʭʦʜʝ (1), ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʫʤʘ ʤʦʜʫʣʷ ʜʠʩʧʝʨʩʠʠ (2), ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʩʚʝʪʦʚʦʜʘ (3). 

(ʩ) ʃʠʥʠʠ ʫʨʦʚʥʷ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠʤʧʫʣʴʩʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʩʚʝʪʦʚʦʜʝ (3). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 19-

42-730013. 
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ɼɽʃʀʊɽʃʔ ʄʆʑʅʆʉʊʀ, ʋʇʈɸɺʃʗɽʄʓʁ ʉʇʀʅʆɺʓʄ ʊʆʂʆʄ 

ʅ.ɼ. ʃʦʙʘʥʦʚ1, ʆ.ɺ. ʄʘʪʚʝʝʚ1, ʄ.ɸ. ʄʦʨʦʟʦʚʘ1,2 

1ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
2ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 
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ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ 

ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʢ ʢʚʘʥʪʦʚʦʡ. ʆʜʥʠʤ ʠʟ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʨʘʟʜʝʣʦʚ 

ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʝʪʩʷ ʤʘʛʥʦʥʠʢʘ [1,2], ʠʟʫʯʘʶʱʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʧʠ-

ʥʦʚʳʭ ʚʦʣʥ ʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʊʘʢʞʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʠʨʘʝʪ ʧʦʧʫʣʷʨ-

ʥʦʩʪʴ ʩʧʠʥʪʨʦʥʠʢʘ [3], ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʤʘʛʥʦʥʠʢʠ, ʚ ʩʧʠʥʪʨʦ-

ʥʠʢʝ ʧʝʨʝʥʦʩ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ [4]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʘ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʘʛʥʦʥ-

ʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʄʂ-1 ʠ ʄʂ-2), ʨʘʟʜʝʣʝʥʥʳʭ ʩʣʦʝʤ ʥʦʨʤʘʣʴʥʦʛʦ ʤʝʪʘʣʣʘ (ʥʘʧʨʠ-

ʤʝʨ, ʧʣʘʪʠʥʳ) (ʈʠʩ.1). ʄʘʛʥʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʧʣʝʥ-

ʢʘʤʠ ʩ ʧʝʨʠʦʜʘʤʠ 
1,2L  ʠ ʪʦʣʱʠʥʘʤʠ 

1,2a . ʉʪʨʫʢʪʫʨʘ ʧʦʤʝʱʝʥʘ ʚʦ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪ-

ʥʦʝ ʧʦʣʝ 
0

H , ʥʘʧʨʘʚʣʝʥʥʦʝ ʢʘʩʘʪʝʣʴʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʩʪʨʫʢʪʫʨʳ,  ʧʨʠ ʵʪʦʤ ʚ ʄʂ-1 ʠ 

ʄʂ-2 ʚʜʦʣʴ ʦʩʠ y ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʧʠʥʦʚʘʷ ʚʦʣʥʘ. ʉʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜʥʦʡ 

ʧʦʨʪ - ʧʦʨʪ 1, ʦʩʪʘʣʴʥʳʝ ʪʨʠ ʧʦʨʪʘ ʷʚʣʷʶʪʩʷ ʚʳʭʦʜʥʳʤʠ. 

 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ. 

 

ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʢ ʩʣʦʶ ʥʦʨʤʘʣʴʥʦʝ ʤʝʪʘʣʣʘ ʚ ʥʝʤ ʪʝʯʝʪ  ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʣʦʪʥʦʩʪʴʶ 
c

J . ɿʘ ʩʯʝʪ ʩʧʠʥʦʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʵʣʝʢʪʨʦʥʳ ʩ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʧʠʥʦʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

ʩ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʧʠʥʦʚ ʧʝʨʝʭʦʜʷʪ ʢ ʛʨʘʥʠʮʝ ʅʄ|ʄʂ-1, ʘ ʩ ʜʨʫʛʠʤ ʥʘʧʨʘʚʣʝ-

ʥʠʝʤ ʩʧʠʥʦʚ ʢ ʛʨʘʥʠʮʝ ʅʄ|ʄʂ-2, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z ʪʝʯʝʪ ʩʧʠ-

ʥʦʚʳʡ ʪʦʢ ʧʣʦʪʥʦʩʪʴʶ 
s

J . ɺ ʨʝʟʫʣʴʪʘʪʝ, ʟʘ ʩʯʸʪ ʧʝʨʝʜʘʯʠ ʩʧʠʥʦʚʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦ-

ʤʝʥʪʘ ʥʘ ʛʨʘʥʠʮʘʭ ʩʣʦʸʚ [5], ʠʤʝʝʪ ʤʝʩʪʦ ʫʩʠʣʝʥʠʝ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ ʚ ʦʜʥʦʤ ʄʂ 

(ʝʩʣʠ ʩʧʠʥʳ ʚ ʅʄ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʛʥʠʪʥʳʤ ʤʦ-

ʤʝʥʪʘʤ ʚ ʄʂ) ʠ ʦʩʣʘʙʣʝʥʠʝ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ ʚ ʜʨʫʛʦʤ ʄʂ (ʩʧʠʥʳ ʚ ʅʄ ʩʦʥʘʧʨʘʚ-

ʣʝʥʳ ʩ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʚ ʄʂ). ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ 

ʤʦʱʥʦʩʪʴʶ ʩʠʛʥʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʦʨʪ ʩʚʷʟʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩ 
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ʧʦʤʦʱʴʶ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ ʚ ʘʢʪʠʚʥʦʡ ʧʨʦʩʣʦʡʢʝ.  ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʠ ʧʦʣʷʨʥʦʩʪʠ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ ʚ ʥʦʨʤʘʣʴʥʦʤ ʤʝʪʘʣʣʝ ʥʘ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ ʚʳʭʦʜʥʳʤʠ ʧʦʨʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʧʨʦʩʣʦʡʢʠ ʨʘʩʰʠʨʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʘʟʝ ʤʘʛʥʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʚ ʉɺʏ-ʵʣʝʢʪʨʦʥʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʜʝʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʛʨʘʥʪ  ̄19-79-20121). 
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ʋʩʢʦʨʝʥʠʝ ʌʝʨʤʠ [1] ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʥʝʣʠ-

ʥʝʡʥʦʡ ʥʘʫʢʝ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʭʘʦʪʠʯʝʩʢʠʭ ʙʠʣʴʷʨʜʘʭ ʩʠʩʪʝʤʘʭ ʩ ʦʩ-

ʮʠʣʣʠʨʫʶʱʠʤʠ ʛʨʘʥʠʮʘʤʠ.  ɹʠʣʴʷʨʜʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʙʠʣʴʷʨʜʥʦʛʦ ʩʪʦʣʘ, ʢʦ-

ʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʦʣʴʥʫʶ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʫʶ ʛʨʘʥʠʮʫ, ʠ ʯʘʩʪʠʮʳ, ʢʦ-

ʪʦʨʘʷ ʤʦʞʝʪ ʫʧʨʫʛʦ ʦʪʩʢʘʢʠʚʘʪʴ ʦʪ ʛʨʘʥʠʮ. ʆʜʥʘʢʦ ʝʩʣʠ ʙʠʣʴʷʨʜ ʦʙʣʘʜʘʝʪ ʤʘʣʦʡ 

ʢʨʠʚʠʟʥʦʡ ʛʨʘʥʠʮ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʣʘʙʳʝ ʢʦʣʝʙʘʥʠʷ, ʪʦ ʚ ʪʘʢʦʤ ʙʠʣʴʷʨʜʝ ʯʘʩʪʠʮʳ 

ʤʦʛʫʪ ʟʘʤʝʜʣʷʪʴʩʷ ʝʩʣʠ ʠʭ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʠʞʝ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘ-

ʯʝʥʠʷ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚʧʝʨʚʳʝ ʚ ʙʠʣʴʷʨʜʝ ʪʠʧʘ ʩʪʘʜʠʦʥ [2], ʦʜʥʘʢʦ 

ʝʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʪʘʢ ʠ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ. 

ʈʘʥʝʝ [3] ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩʠʩʪʝʤʫ ʊʝʥʥʠʩʦʥʘ - ʃʠʙʝʨʤʘʥʘ ï ʃʠʭʪʝʥʙʝʨʛʘ ʩ ʦʩ-

ʮʠʣʣʠʨʫʶʱʠʤʠ ʛʨʘʥʠʮʘʤʠ. ʉʠʩʪʝʤʘ ʦʧʠʩʳʚʘʝʪʩʷ ʯʝʪʳʨʝʭʤʝʨʥʳʤ ʦʪʦʙʨʘʞʝʥʠʝʤ 

ʠ ʚ ʥʝʤ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʜʘʥʥʳʡ ʵʬʬʝʢʪ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʷ, 

ʧʫʪʝʤ ʧʨʠʙʣʠʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ: 

 

 

(1) 

 

 

 

 ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʯʢʝ n-

ʛʦ ʩʦʫʜʘʨʝʥʠʷ;   ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʩʦʫʜʘʨʝʥʠʷ;  ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʩʢʦ-

ʨʦʩʪʴ ʯʘʩʪʠʮʳ;   ï ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ; A ï ʙʝʟʨʘʟʤʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʝʥ-

ʢʘʤʠ; B ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʩʪʝʥʢʠ; C ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʛʦʬʨʠʨʦʚʢʠ ʩʪʝʥʢʠ; 

 

ɽʩʣʠ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʧʦ ʘʥʩʘʤʙʣʶ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʚʳ-

ʙʨʘʥʥʳʤʠ ʚ ʭʘʦʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʢʦʨʦʩʪʠ ʦʪ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ ʧʨʠ ʤʘʣʦʡ ʘʤʧʣʠ-

ʪʫʜʝ ʢʦʣʝʙʘʥʠʡ (ʨʠʩ. 1), ʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʙʠʣʴʷʨʜʥʦʛʦ ʜʝʤʦʥʘ ʄʘʢʩʚʝʣʣʘ. ʀ 

ʦʥ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʦʛʦ, ʯʪʦʙʳ ʙʳʣʦ ʚ ʨʘʙʦʪʝ [3]. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʝʩʪʴ ʜʚʝ ʧʨʝʜʝʣʴ-

ʥʦʡ ʩʢʦʨʦʩʪʠ, ʥʘ ʨʠʩ. 1 ʦʜʥʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 0.12, ʚʪʦʨʘʷ ʥʫʣʝʚʘʷ. ʂ ʥʝʥʫʣʝʚʦʡ ʧʨʝ-

ʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʪʨʝʤʷʪʩʷ ʯʘʩʪʠʮʳ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʛʨʘʥʠʯʥʦʡ, ʥʦ ʩʦ-

ʚʩʝʤ ʤʝʜʣʝʥʥʳʝ ʘʥʩʘʤʙʣʠ ʯʘʩʪʠʮ ʩʪʨʝʤʷʪʩʷ ʢ ʥʫʣʝʚʦʡ ʧʨʝʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ɽʩʣʠ 

ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʳʰʝ ʛʨʘʥʠʯʥʦʡ, ʪʦ ʯʘʩʪʠʮʳ ʫʩʢʦʨʷʶʪʩʷ.  



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     122 

 
 

 

 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʷʢʦʙʠʘʥʘ ʠ ʩʪʘʨʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʃʷʧʫʥʦʚʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʠ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ 

ʜʠʥʘʤʠʢʠ. ʆʙʩʫʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʙʳʣʠ ʚ ʨʘʙʦʪʘʭ ʧʦ ʩʤʝʰʝʥ-

ʥʦʡ ʜʠʥʘʤʠʢʝ [4]. ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʣʘʩʪʷʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʫʜʠʚʠ-

ʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʷʢʦʙʠʘʥʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʭʘʦʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʤʦʛʫʪ ʧʦ-

ʷʚʣʷʪʴʩʷ ʧʦʣʸʪʳ ʃʝʚʠ [5], ʢʦʛʜʘ ʚ ʙʠʣʴʷʨʜʝ ʫʜʘʨ ʧʨʦʠʩʭʦʜʠʪ ʧʦʯʪʠ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ 

ʠ ʩʣʝʜʫʶʱʠʡ ʫʜʘʨ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ʀʟ-ʟʘ ʵʪʦʛʦ 

ʧʨʦʠʟʚʦʜʥʳʝ ʦʯʝʥʴ ʚʝʣʠʢʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʨʘʩʩʯʠʪʘʪʴ ʷʢʦʙʠʘʥ. ʊʘʢʞʝ 

ʚ ʧʨʠʙʣʠʞʝʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʪʪʨʘʢʪʦʨʳ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ, ʠʟ-ʟʘ ʯʝʛʦ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʝʜʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʧʦʷʚʣʷʶʪʩʷ ʫʩʢʦʨʷʶʱʠʝʩʷ ʪʨʘʝʢʪʦʨʠʠ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ 

ʠʟ ʨʘʙʦʪʳ [3] ʷʚʣʷʝʪʩʷ ʚʦʟʤʫʱʝʥʠʝʤ ʧʨʠʙʣʠʞʝʥʥʦʡ ʩʠʩʪʝʤʳ (1), ʪʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʚʦʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʨʝʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. 
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ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʭʘʦʪʠʯʝʩʢʦʡ ʢʦʤʤʫʥʠʢʘʮʠʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʣʫʙʦʢʠʡ 

ʠʥʪʝʨʝʩ ʩ ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ [1]. ʍʘʦʪʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʙʣʘʜʘʝʪ ʨʷ-

ʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ: 1. ʧʝʨʝʜʘʯʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ; 2. 

ʭʘʦʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʡ ʢ ʰʫʤʘʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʩʠʛʥʘʣʦʤ; 3. ʟʘʱʠʱʝʥʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʜʣʷ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠʥʬʦʨ-

ʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʠʥʘʤʠʢʫ ʭʘʦʪʠʯʝʩʢʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʢʘʞʝʪʩʷ, ʢʦʤʤʫʥʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʛʠʧʝʨʙʦʣʠʯʝ-

ʩʢʦʛʦ ʭʘʦʩʘ, ʪʘʢ ʢʘʢ ʌʫʨʴʝ ʦʙʨʘʟ ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ ʥʝ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʰʫʤʘ [2]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʙʘʟʝ ɻʝʥʝʨʘʪʦʨʘ ʂʫʟʥʝʮʦʚʘ ʧʦʢʘʟʘʣʦ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʩʠʛʥʘʣʘ ʢ ʰʫʤʘʤ, ʦʜʥʘʢʦ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʠʩʪʝʤʫ ʤʘʣʳʭ ʨʘʩʩʪʨʦʝʢ ʧʘʨʘʤʝʪ-

ʨʦʚ ʠ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ, ʢʘʯʝʩʪʚʦ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʙʳʩʪʨʦ ʧʘʜʘʝʪ. 

ɽʱʸ ʦʜʥʦ ʠʥʪʝʨʝʩʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʧʝ-

ʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʪʨʘʥʥʦʛʦ ʥʝʭʘʦʪʠʯʝʩʢʦʛʦ ʘʪʪʨʘʢʪʦʨʘ (ʉʅɸ).  ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʉʅɸ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʠʩʪʝʤʘʭ ʩ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʨʝʛʫʣʷʨʥʦʡ ʠ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʦʡ [3]. ʆʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʨʘʢ-

ʪʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʭʦʪʷ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʚ ʩʤʳʩʣʝ 

ʃʷʧʫʥʦʚʘ. ʅʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʥʘʟʘʜ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʜʘʥʥʳʡ ʘʪʪʨʘʢʪʦʨ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʪʘʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʘʢ ʦʪʦʙʨʘʞʝʥʠʝ ʠ ʤʦʞʝʪ ʧʦʷʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʳ-

ʨʦʞʜʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʥʝ-

ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘʭ ʉʅɸ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʜʘʞʝ ʤʦʞʝʪ ʧʦʷʚʣʷʪʴʩʷ ʚ ʧʦʪʦʢʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʥʘʙʣʶʜʘʪʴ ʉʅɸ 

ʥʘ ʧʨʘʢʪʠʢʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʛʝʥʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʷʟʘʥ-

ʥʳʝ ʥʝʘʚʪʦʥʦʤʥʳʝ ʦʩʮʠʣʣʷʪʦʨʳ ɺʘʥ-ʜʝʨ-ʇʦʣʷ ʩ ʚʥʝʰʥʠʤ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ [4]: 

 

 

 

(1) 

 

 

 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʉʅɸ ʥʘ ʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʦʤ ʩʝʯʝʥʠʠ ʚ ʰʠʨʦ-

ʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ (ʨʠʩ. 1ʘ). ʌʫʨʴʝ ʦʙʨʘʟ ʪʘʢʦʛʦ ʘʪʪʨʘʢʪʦʨʘ ʧʦʭʦʞ ʥʘ ʰʫ-

ʤʦʚʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʣʶʩʦʤ ʜʣʷ ʩʢʨʳʪʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (ʨʠʩ. 1ʙ). ɺ ʩʠʩʪʝʤʝ 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     124 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʝʪʳʨʝ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʃʷʧʫʥʦʚʘ, ʩʘʤʳʡ ʤʘʣʳʡ ʠʟ ʢʦʪʦ-

ʨʳʭ ʥʝʢʦʨʨʝʢʪʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ. ʆʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʦʩʪʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʃʷʧʫʥʦʚʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ, ʧʦʤʠʤʦ 

ʉʅɸ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʭʘʦʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʨʝʛʫʣʷʨʥʳʝ ʨʝʞʠʤʳ. 

 

 
ʈʠʩ. 1. (ʘ) ʉʪʨʦʙʦʩʢʦʧʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ A=13, T=6, Ů=0.6,  

w=(ã5-1)/2 ï ʟʦʣʦʪʦʝ ʩʝʯʝʥʠʝ. (b) ʌʫʨʴʝ ʦʙʨʘʟ ʘʪʪʨʘʢʪʦʨʘ. 
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ʇʆʃʋʏɽʅʀɽ ʊʆʅʂʆʇʃɽʅʆʏʅʓʍ ʇʈʆʉɺɽʊʃʗʖʑʀʍ ʇʆʂʈʓʊʀʁ 

ʅɸ ʆʉʅʆɺɽ ʄɽɿʆʇʆʈʀʉʊʆɻʆ ʆʂʉʀɼɸ ʂʈɽʄʅʀʗ ɺ  

ʇʈʀʉʋʊʉʊɺʀʀ ɸʎɽʊɸʊʆɺ ʄɽɼʀ ʀ ʎʀʅʂɸ ɿʆʃʔ-ɻɽʃʔ ʄɽʊʆɼʆʄ  

ʅ.ɸ. ʄʘʣʦʬʝʝʚʘ1,2, ʀ.ʅ. ʄʠʭʘʡʣʦʚ1, ʆ.ɽ. ɻʝʨʘʥʯʝʚʘ3,  

ʀ.ɼ. ʂʦʩʦʙʫʜʩʢʠʡ1,2, ʅ.ʄ. ʋʰʘʢʦʚ1 
1ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

2ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʖ.ɸ. ɻʘʛʘʨʠʥʘ 
3ɸʆ çʉʘʨʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʪʝʢʣʘè 
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ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʯʝʩʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʥʘ 

ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʨʠʤʝʩʷʤʠ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʛʦ, 

ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ, ʫʥʠʢʘʣʴ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  ʉʚʷʟʘʥʥʳʤʠ ʩ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʢ-

ʩʠʜʦʚ: ʦʢʩʠʜ ʤʝʜʠ (II)ïʫʟʢʦʟʦʥʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ (p-ʪʠʧʘ ʩ ʫʟʢʦʡ h ʠʨʠʥʦʡ ʟʘʧʨʝ-

ʱʝʥʥʦʡ ʟʦʥʳ 1,2 ɻ ɺ), ʘ ʦʢʩʠʜ ʮʠʥʢʘ ï ʰʠʨʦʢʦʟʦʥʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ (nïʪʠʧʘ, ʰʠ-

ʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 3.37 ʵɺ)[1]. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʙʦʣʴʰʠʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, ʩʚʝʪʦʜʠʦʜʦʚ, ʧʨʦʟʨʘʯʥʳʭ ʢʦʥʪʘʢʪʦʚ, ʵʣʝʤʝʥʪʦʚ 

ʩʦʣʥʝʯʥʳʭ ʷʯʝʝʢ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʪʦʥʢʦʧʣʝʥʦʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʧʪʦʵʣʝʢ-

ʪʨʦʥʠʢʠ [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʘʮʝʪʘʪʦʚ d-

ʤʝʪʘʣʣʦʚ, ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʧʣʝʥʢʠ ʠ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘ-

ʯʝʩʪʚʝ ʧʨʦʩʚʝʪʣʷʶʱʠʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʩʪʝʢʣʘ. 

ʀʩʭʦʜʥʳʤ ʚʝʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʝʪʨʘʵʪʦʢʩʠʣʘʥ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʦʩʥʦʚʥʦʛʦ ʚʝ-

ʱʝʩʪʚʘ - 98.9%, ʦʩ.ʯ.). ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 96% ʨʘʩʪʚʦʨ ʵʪʠʣʦ-

ʚʦʛʦ ʩʧʠʨʪʘ, ʢʘʪʘʣʠʟʘʪʦʨ ʛʠʜʨʦʣʠʟʘ - ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʦʩʥʦʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ï 99.8%). ɺ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʟʦʣʝʡ ʩ ʮʠʥʢʦʤ ʠ ʤʝʜʴʶ ʧʝʨʝʜ ʜʦʙʘʚʣʝʥʠʝʤ 

ʊʕʆʉ ʜʦʙʘʚʣʷʝʪʩʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʮʝʪʘʪʦʚ ʤʝʜʠ ʠ ʮʠʥʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʦʣʠ ʥʘʥʦ-

ʩʷʪʩʷ ʥʘ ʩʪʝʢʣʘ ʤʝʪʦʜʦʤ ʘʜʩʦʨʙʮʠʠ ʠʟ ʨʘʩʪʚʦʨʘ (dip-coating) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ (23Ñ10 ʉ). ʉʢʦʨʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 105 ʠ 160 ʤʤ/ʤʠʥ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʩʪʝʢʣʘ ʩ ʧʦʢʨʳʪʠʝʤ (ʧʨʠ ʊ= 230Ñ 10) ʠ ʧʦʜʚʝʨʛʘʣʠ ʪʝʨʤʦʦʙ-

ʨʘʙʦʪʢʝ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500ÜʉÑ5Üʉ[3]. 

ɹʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʣʝʜʫʶʱʠʭ ʦʙʨʘʟʮʦʚ ʩʪʝʢʣʦ ʙʝʟ ʧʦʢʨʳʪʠʷ, ʩʪʝʢʣʦ + SiO2, 

ʩʪʝʢʣʦ + Cuʆ@SiO2, ʩʪʝʢʣʦ + Znʆ@SiO2 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʘ ʦʪ ʥʘʥʝʩʝʥʠʷ ʧʦ-

ʢʨʳʪʠʷ.  ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩʫʥʦʢ 1) ʚʠʜʥʦ, ʯʪʦ ʥʘʥʝʩʝʥʠʝ ʧʣʝʥʦʢ SiO2 ʠ Cuʆ@SiO2 ʥʘ 

ʩʪʝʢʣʦ ʚʳʟʳʚʘʝʪ ʧʨʦʩʚʝʪʣʷʶʱʠʡ ʵʬʬʝʢʪ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 480-600 ʥʤ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩʦ ʩʪʝʢʣʦʤ ʙʝʟ ʧʦʢʨʳʪʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʤʝʜʠ ʩ 6 ʜʦ 10 

% (ʤʘʩʩ.), ʩʪʝʧʝʥʴ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 500 - 780 ʥʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʥʘ 2,5%. 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʥʘʥʝʩʝʥʠʝ ʧʣʝʥʦʢ SiO2 ʠ Znʆ@SiO2 ʥʘ ʩʪʝʢʣʦ ʠʤʝʝʪ 

ʧʨʦʩʚʝʪʣʷʶʱʠʡ ʵʬʬʝʢʪ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 500-700 ʥʤ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʩʚʝʪʣʷʶʱʠʡ ʵʬʬʝʢʪ ʫ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʦʚ ʩ ʥʘʥʦʯʘʩʪʠ-

ʮʘʤʠ ʮʠʥʢʘ ʙʦʣʴʰʝ. ʋʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʮʠʥʢʘ ʦʪ  6 ʜʦ 10 % (ʤʘʩʩ.), 

mailto:konstantin-m92@yandex.ru
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2 - 3 %. 
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ʈʠʩ. 1. - ʀʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘ-

ʥʠʷ ʜʣʷ ʩʪʝʢʣʘ ʩʠʩʪʝʤʳ Cuʆ@SiO2. 

1 ï ʩʪʝʢʣʦ ʩ ʧʦʢʨʳʪʠʝʤ Cuʆ@SiO2 (c(Cu) = 

6%, 105 ʤʤ/ʤʠʥ), 2 - ʩʪʝʢʣʦ ʩ ʧʦʢʨʳʪʠʝʤ 

Cuʆ@SiO2 (c(Cu) = 6%, 160 ʤʤ/ʤʠʥ), 3 - 

ʩʪʝʢʣʦ ʩ ʧʦʢʨʳʪʠʝʤ Cuʆ@SiO2 (c(Cu) = 10%, 

105 ʤʤ/ʤʠʥ), 4 - ʩʪʝʢʣʦ ʩ ʧʦʢʨʳʪʠʝʤ 

Cuʆ@SiO2 (c(Cu) = 10%, 160 ʤʤ/ʤʠʥ), 5 ï  

ʩʪʝʢʣʦ ʩ ʧʦʢʨʳʪʠʝʤ SiO2, 6 ï ʯʠʩʪʦʝ ʩʪʝʢʣʦ. 

ʈʠʩ. 2 - ʀʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘ-

ʥʠʷ ʜʣʷ ʩʪʝʢʣʘ ʩʠʩʪʝʤʳ Znʆ@SiO2 

1 ï ʩʪʝʢʣʦ ʩ ʧʦʢʨʳʪʠʝʤ Znʆ@SiO2 (c(Zn) = 

6%, 105 ʤʤ/ʤʠʥ), 2 - ʩʪʝʢʣʦ ʩ ʧʦʢʨʳʪʠʝʤ 

Znʆ@SiO2 (c(Zn) = 6%, 160 ʤʤ/ʤʠʥ), 3 - 

ʩʪʝʢʣʦ ʩ ʧʦʢʨʳʪʠʝʤ Znʆ@SiO2 (c(Zn) = 

10%, 105 ʤʤ/ʤʠʥ), 4 - ʩʪʝʢʣʦ ʩ ʧʦʢʨʳʪʠʝʤ 

Znʆ@SiO2 (c(Zn) = 10%, 160 ʤʤ/ʤʠʥ), 5 ï  

ʩʪʝʢʣʦ ʩ ʧʦʢʨʳʪʠʝʤ SiO2, 6 ï ʯʠʩʪʦʝ ʩʪʝʢʣʦ.  
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ʉʠʥʪʝʟ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʮʠʥʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 
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ʉʇɽʂʊʈɸʃʔʅʆɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʆʇʊʀʏɽʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ  

ʉ ʇɽʈʀʆɼʀʏɽʉʂʀʄʀ ʇʆɺɽʈʍʅʆʉʊʅʓʄʀ ʅɸʅʆʉʊʈʋʂʊʋʈɸʄʀ  

ʇʆʈʀʉʊʆɻʆ ɸʅʆɼʅʆɻʆ ʆʂʉʀɼɸ ɸʃʖʄʀʅʀʗ 
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1ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
2ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʠʥʩʪʠʪʫʪʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ  

ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
3ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻʘʛʘʨʠʥʘ ʖ.ɸ. 

E-mail: mal-log@mail.ru 

ʅʘʥʦʧʦʨʠʩʪʳʡ ʘʥʦʜʥʳʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ (ʅʇɸʆɸ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥ-

ʪʝʨʝʩ ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠʟ-ʟʘ ʝʛʦ ʨʝʥʪʘʙʝʣʴʥʳʭ ʠ ʣʝʛʢʦ ʨʘʩʰʠʨʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [1], ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʝʛʦ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ [2,3]. ʌʦʪʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʅʇɸʆɸ ʜʝʣʘʶʪ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳʤ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠ-

ʣʦʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʙʠʦʟʦʥʜʠʨʦʚʘʥʠʝ [4,5]. ʀʟʚʝʩʪʥʳ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʘʚʪʦʨʳ 

ʦʧʠʩʳʚʘʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʬʦʪʦʥʥʳʭ ʩʪʦʧ-ʟʦʥ ʜʣʷ ʩʚʝʪʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ 

ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʩʷʤ ʧʦʨ [6], ʘ ʪʘʢʞʝ ʦʧʠʩʘʥ 

ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʦʪʨʘʞʘʪʝʣʝʡ (ʈɹʆ) ʥʘ ʦʩʥʦʚʝ 

ʅʇɸʆɸ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦʚʝʨʭʥʦʩʪʠ [7,8]. ʈɹʆ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝ-

ʣʦʤʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʰʝʪʦʢ ʤʦ-

ʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ (ʧʦʨʳ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʜʠʘʤʝʪʨʘ) ʠʣʠ ʚʥʫʪʨʠʧʦʨʦʚʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ (ʧʦʨʳ ʩ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʜʠʘʤʝʪʨʘ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʬʦʪʦʥʥʳʭ ʩʪʦʧʟʦʥ(ʧʦ-

ʣʦʩ) ʜʣʷ ʩʚʝʪʘ, ʧʘʜʘʶʱʝʛʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʣʠʙʦ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ (ʧʝʨʚʳʡ ʩʣʫ-

ʯʘʡ), ʣʠʙʦ ʧʘʨʘʣʣʝʣʴʥʦʤ ʦʩʷʤ ʧʦʨ (ʚʪʦʨʦʡ ʩʣʫʯʘʡ).  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʘʥʦʜʠʨʦʚʘʥʠʷ ʤʝʤʙʨʘʥ 

(ʩ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ) ʥʘ ʧʨʦʧʫʩʢʘʶʱʠʝ ʩʧʦ-

ʩʦʙʥʦʩʪʠ  ʠ ʜʠʬʨʘʢʮʠʶ (ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʧʠʢʘʤʠ ɹʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ), ʘ ʪʘʢʞʝ 

ʚʣʠʷʥʠʝ ʥʘʧʳʣʝʥʠʷ ʩʣʦʷ ʦʢʩʠʜʘ ʮʠʥʢʘ ʥʘ ʦʪʨʘʞʝʥʠʝ ʠ ʜʠʬʨʘʢʮʠʶ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫ 

ʦʙʨʘʟʮʦʚ, ʩʦʟʜʘʥʥʳʭ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʘʥʦʜʠʨʦʚʘʥʠʷ 30ɺ ʯʪʦ ʷʚʣʷʣʦʩʴ ʠʭ ʦʪʣʠʯʠ-

ʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʪ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʪʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝ-

ʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʘʥʦʜʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʜʣʠʥʥʫ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʦʡ 

ʥʘʙʣʶʜʘʣʩʷ ʧʠʢ ʙʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ.  

ʊʘʢ ʞʝ ʜʣʷ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʨʘʩʯʠʪʘʥʳ ʧʝʨʠʦʜʳ ʨʝʰʸʪʦʢ ʥʘ ʦʩʥʦʚʝ 

ʫʩʣʦʚʠʷ ɹʨʝʛʛʘ-ɺʫʣʴʬʘ: 

2sin

BP
l

q
=                                                   (1) 

ʛʜʝ, ɚB ï ʜʦʤʠʥʠʨʫʶʱʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʙʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ, ɗ - ʫʛʦʣ ɹʨʵʛʛʘ. 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     128 

 
ʈʠʩ.1. - ʉʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʦʙ-

ʨʘʟʮʦʚ ʇɸʆɸ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʘʥʦʜʠʨʦʚʘʥʠʷ 30 ʠ 60 ɺ. 

ɼʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 60ɺ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʚʣʠʷʥʠ ̫ʥʘ ʩʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ʤʦʜʠʬʠʢʘʮʠʠ ʦʢʩʠʜʦʤ ʮʠʥʢʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʦʢʩʠʜʘ ʮʠʥʢʘ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʫʛʣʘ ʧʘʜʝʥʠʷ 

ʩʚʝʪʘ ʦʪ ʥʦʨʤʘʣʠ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʦʪʨʘʞʝʥʠʷ ʠ ʪʘʢ ʞʝ ʦʥʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘ ʧʠʢʘʭ ʙʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷʷ ʜʣʠʥʫ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʦʥ 

ʥʘʙʣʶʜʘʣʩʷ ʥʘ ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʥʳ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʙʫ-

ʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʈɹʆ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʰʝʪʢʘʭ, ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʝ ʚʝʢʪʦʨʳ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʅʇɸʆɸ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʦʩʷʤ ʧʦʨ. 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡʩʧʠʩʦʢ 

1. Lee W. The anodization of aluminum for nanotechnology applications // JOM. 2010. V.62. P. 57ï

63. 

2. Santos A, Kumeria T, Losic D. Nanoporous anodic aluminum oxide for chemical sensing and 

biosensors // TrAC Trends Anal Chem. 2013. V.44. P. 25ï38. 

3. Pallar®s J, Marsal LF, Ferr®-Borrull J, Santos A, Formentin P. Quasi-ordered P3HT nanopillar-

nanocap structures with controlled size // Mater Lett. 2010. V.64. P. 371ï374. 

4. Macias G, Hern§ndez-Egu²a LP, Ferr®-Borrull J, Pallares J, Marsal LF. Goldcoated ordered 

nanoporous anodic alumina bilayers for future label-free interferometric biosensors // ACS Appl 

Mater Interfaces. 2013. V.5. P. 8093ï8098. 

5. Kumeria T, Rahman MM, Santos A, Ferr®-Borrull J, Marsal LF, Losic D. Structural and optical 

nanoengineering of nanoporous anodic alumina rugate filters for real-time and label-free 

biosensing applications //Anal Chem. 2014. V.86. P. 1837ï1844. 

6. Maksymov I, Ferr®-Borrull J, Pallar¯s J, Marsal LF. Photonic stop bands in quasi-random 

nanoporous anodic alumina structures //Photonics Nanostructures - Fundam Appl. 2012. V.10. P. 

459ï462. 

7. Rahman MM, Marsal LF, Pallar¯s J, Ferr®-Borrull J. Tuning the photonic stop bands of 

nanoporous anodic alumina-based distributed Bragg reflectors by pore widening // ACS Appl 

Mater Interfaces. 2013. V.5. P. 13375ï13381. 

8. Sulka GD, Hnida K. Distributed Bragg reflector based on porous anodic alumina fabricated by 

pulse anodization // Nanotechnology. 2012. V.23. P.075303 

  



129                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʇɽʈɽʉʊʈʆʁʂɸ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ɿɸʊʋʍɸʅʀʗ ʉʃɸɹʆʁ ʄʆɼʓ 

ɺ ɻʈɸʌɽʅʆɺʆʁ ʉʊʈʋʂʊʋʈɽ 

ʉ ɸʉʀʄʄɽʊʈʀʏʅʆʁ ʕʃɽʄɽʅʊɸʈʅʆʁ ʗʏɽʁʂʆʁ 

ɸ.ɸ. ʄʘʨʪʳʰʠʢʠʥ1, ɽ.ʅ. ɹʝʛʠʥʠʥ1, ʕ.ɻ. ʃʦʢʢ2, ɸ.ɺ. ʉʘʜʦʚʥʠʢʦʚ1 
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ʅʦʚʳʡ ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʧʝʨʝʜʘʯʝ ʠ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʦʩʥʦʚʘʥ-

ʥʳʡ ʥʘ ʤʘʛʥʦʥʥʳʭ ʧʨʠʥʮʠʧʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʩ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʄʘʛʥʦʥʳ ï ʢʚʘʥʪʳ ʩʧʠʥ-ʚʦʣʥʦʚʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʢʦʪʦʨʳʝ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ, ʢʘʢ ʢʦʣʣʝʢʪʠʚʥʫʶ ʧʨʝʮʝʩʩʠʶ ʩʧʠʥʦʚ ʵʣʝʢʪʨʦʥʦʚ. ʇʝʨʝʜʘʯʘ ʝʜʠ-

ʥʠʮʳ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʢʦʜʠʨʦʚʘʥʥʦʡ ʚ ʬʘʟʝ ʠʣʠ ʘʤʧʣʠʪʫʜʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚ-

ʣʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʥʦʩʘ ʫʛʣʦʚʳʭ ʤʦʤʝʥʪʦʚ ʩʧʠʥʦʚ ʦʙʨʘʟʫʶʱʠʭ ʩʧʠʥʦʚʫʶ 

ʚʦʣʥʫ. ʕʥʝʨʛʠʷ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʛʣʘ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʣʷ, ʯʪʦ ʚʳʨʘʞʝʥʦ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʚʠʜʝ ʜʠʩ-

ʧʝʨʩʠʠ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ [1]. ɸʥʠʟʦʪʨʦʧʥʘʷ ʜʠʩʧʝʨʩʠʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠ-

ʨʦʚʘʥʠʶ ʥʝʜʠʬʨʘʛʠʨʫʶʱʠʭ ʢʘʫʩʪʠʯʝʩʢʠʭ ʧʫʯʢʦʚ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʘʥʦ-

ʤʘʣʴʥʦʤʫ ʩʧʠʥʦʚʦʤʫ ʦʪʨʘʞʝʥʠʶ, ʧʨʝʣʦʤʣʝʥʠʶ ʠ ʜʠʬʨʘʢʮʠʠ [2]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʨʘʟʚʠ-

ʪʠʶ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥʘʭ, ʠ ʤʥʦʛʠʝ ʮʝʣʠ ʫʞʝ 

ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʨʝʘʣʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʠʭ ʚʝʥʪʠʣʝʡ, ʬʠʣʴʪʨʦʚ, ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ, ʠ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ [3]. ɺ ʪʦʞʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ ʨʝʢʦʥʬʠ-

ʛʫʨʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʧʠʥ-ʚʦʣʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʨʘʟʣʠʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʣʠ ʙʳ ʧʦʟ-

ʚʦʣʠʪʴ ʚʳʧʦʣʥʷʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫ-

ʨʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʚʦʣʥʦʚʦʜʦʚ. ʉʪʨʦʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʤʘʛ-

ʥʦʥʥʳʭ ʩʭʝʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʨʘʟʚʝʪʚʠʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʊ-ʦʙʨʘʟʥʦʛʦ ʚʦʣʥʦʚʝʜʫʱʝʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʡ ʬʦʢʫʩʠʨʦʚʢʠ ʩʧʠʥʦ-

ʚʳʭ ʚʦʣʥ. 

ʉʪʨʫʢʪʫʨʘ, ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1ʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ɾʀɻ [Y3Fe2(FeO4)3 (111)] ʪʦʣʱʠʥʦʡ d = 10 ʤʢʤ ʩ ʥʘʤʘʛ-

ʥʠʯʝʥʥʦʩʪʴʶ 4ˊMs = 1750 ɻ, ʚʳʨʘʱʝʥʥʦʡ ʵʧʠʪʘʢʩʠʘʣʴʥʦ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠʟ ʛʘʣʣʠʡ-

ʛʘʜʦʣʠʥʠʝʚʦʛʦ ʛʨʘʥʘʪʘ [GGG, Gd3Ga5O12 (111)]. T-ʦʙʨʘʟʥʘʷ ʚʦʣʥʦʚʝʜʫʱʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʚʫʭ ʩʝʢʮʠʡ S1 ʠ S2 ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ. 

ɺʭʦʜʥʘʷ ʩʝʢʮʠʷ S1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʧʝʨʝʯʥʦ ʦʛʨʘʥʠʯʝʥʥʳʡ ʚʦʣʥʦʚʝʜʫʱʠʡ ʢʘ-

ʥʘʣ ʰʠʨʠʥʦʡ w1 = 500 ʤʢʤ. ʐʠʨʠʥʘ ʩʝʢʮʠʠ S2 ʩʦʩʪʘʚʣʷʣʘ w2 = 3000 ʤʢʤ. ʅʘ ʚʭʦʜʝ 

ʩʝʢʮʠʠ S1 ʫʩʪʘʥʦʚʣʝʥʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʘʷ ʘʥʪʝʥʥʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʘ (ʨʠʩ. 1ʘ). 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʣʝʥʢʠ ʧʘʨʘʣʣʝʣʴʥʦ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ 

ʘʥʪʝʥʥʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1000 ʤʢʤ ʦʪ ʧʝʨʝʭʦʜʘ ʠʟ ʩʝʢʮʠʠ S1 ʚ ʩʝʢʮʠʶ S2 ʥʘʥʝʩʝʥ ʤʝ-

ʪʘʣʣʠʟʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʰʠʨʠʥʦʡ 200 ʤʢʤ.  
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ʈʠʩ. 1. (ʘ) ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ (ʘ). ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ 

ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʘʭ P1 ʠ P2 ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʩʠ x (+) ʠ ʧʨʦʪʠʚ (-).  

 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʙʨʠʣʣʶʵʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɹʈʉ) ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʯʝʨʝʟ ʦʙʣʘʩʪʴ ʚ ʊ-ʦʙʨʘʟʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩ ʤʝʪʘʣʣʠʟʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ, ʛʝʥʝʨʠʨʫʝ-

ʤʳʡ ʦʜʥʦʯʘʩʪʦʪʥʳʤ ʣʘʟʝʨʦʤ (Spectra Physics Excelsior EXLSR-532-200-CDRH), ʬʦ-

ʢʫʩʠʨʦʚʘʣʩʷ ʚ ʧʷʪʥʦ ʜʠʘʤʝʪʨʦʤ 25 ʤʢʤ ʠ ʤʦʱʥʦʩʪʴʶ 1 ʤɺʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ. ʉɺʏ-ʩʠʛʥʘʣ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʦʚ Anritsu MG3692C ʧʦʜʘʚʘʣʩʷ 

ʥʘ ʚʭʦʜʥʫʶ ʤʠʢʨʦʧʦʣʦʩʢʦʚʫʶ ʘʥʪʝʥʥʫ ʰʠʨʠʥʦʡ 30 ʤʢʤ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʤʘʛʥʠʪʦ-

ʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘʤʘʛʥʠʯʠʚʘʣʘʩʴ ʚ 

ʜʚʫʭ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʫʩʣʦʚʠʡ ʚʦʟʙʫʞʜʝʥʠʷ ʦʙ-

ʨʘʪʥʦ-ʦʙʲʝʤʥʳʭ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ: ʧʦʣʦʞʠʪʝʣʴʥʦʤ ï ʧʦ ʦʩʠ x ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤ ï ʧʦ ʦʩʠ -x. ɺʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʣʘ H0 = 1200 ʕ.  

ʉʧʠʥ-ʚʦʣʥʦʚʦʡ ʩʠʛʥʘʣ ʚʦʟʙʫʞʜʝʥʥʳʡ ʥʘ ʘʥʪʝʥʥʝ P0 ʜʦʩʪʠʛʘʷ ʦʙʣʘʩʪʠ ʩʦʝʜʠ-

ʥʝʥʠʷ ʩʝʢʮʠʡ S1 ʠ S2 ʜʠʬʨʘʛʠʨʫʝʪ ʬʦʨʤʠʨʫʷ ʢʘʫʩʪʠʢʦ-ʧʦʜʦʙʥʳʝ ʧʫʯʢʠ ʤʘʛʥʠʪʦʩʪʘ-

ʪʠʯʝʩʢʠʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩ-

ʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ɹʈʉ ʚ ʦʙʣʘʩʪʷʭ P1 ʠ P2 (ʨʠʩ. 1ʘ.) ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʢʚʘʟʠʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʧʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛ-

ʥʘʣʘ ʙʳʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ IBLS(x,y) ʚ 

ʦʧʪʠʯʝʩʢʠ-ʟʦʥʜʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ. ɼʘʣʝʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ IBLS ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʭʦʜʥʦʡ ʯʘʩʪʦʪʳ ʤʘʛʥʠʪʦ-

ʩʪʘʪʠʯʝʩʢʠʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ.  

ʅʘ ʨʠʩʫʥʢʝ 1b ʧʦʢʘʟʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʚ ʦʙʣʘʩʪʷʭ 

P1 ʠ P2. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʫʜʘʸʪʩʷ ʫʧʨʘʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʤʦʱʥʦʩʪʴʶ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʥʘ ʚʳʭʦʜʝ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 20-79-10191. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Damon R.W., J. Eschbach // J. Phys. Chem. Solids, 1961. 

2. ʕ. ɻ. ʃʦʢʢ // ʋʌʅ. 2008. ɺʳʧ. 51. ˉ 4. ʉʪʨ. 375. 

3. Barman A. et. al. // J. Phys.: Condens. Matter. 2021. V. 33. P. 413001. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɼʃʀʅ ʉɽʂʎʀʁ ʉʊʋʇɽʅʏɸʊʆɻʆ  

ʈɽɿʆʅɸʊʆʈɸ ʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʉɺʗɿɸʅʅʓʍ ʂʆʃɽɹɸʅʀʁ ɺ 

ɻʀʈʆʊʈʆʅɽ 

ɸ.ɻ. ʈʦʞʥʝʚ1,2, ʄ.ʄ. ʄʝʣʴʥʠʢʦʚʘ1,3, ʅ.ʄ. ʈʳʩʢʠʥ1,2 
1ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

2ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
3ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈɸʅ 

E-mail: mafachu@mail.ru 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʦʟʜʘʥʠʝ ʤʦʱʥʳʭ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʠ ʧʝʨʝʩʪʨʘʠʚʘʝ-

ʤʳʭ ʧʦ ʯʘʩʪʦʪʝ ʛʠʨʦʪʨʦʥʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʠ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʷʚʣʷ-

ʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʝʨʝʩʪʨʦʡʢʠ 

ʯʘʩʪʦʪʳ ʠ ʩʪʘʙʠʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʨʘʙʦʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʛʠʨʦʪʨʦʥʘ, ʪʘʢʠʤʠ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʘʥʦʜʥʦʝ ʠ ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷ-

ʞʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʚʣʝʢʣʠ ʚʥʠʤʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ, ʦʩʥʦʚʘʥ-

ʥʳʝ ʥʘ ʚʥʝʩʝʥʠʠ ʥʝʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʛʠʨʦʪʨʦʥʦʚ: ʧʨʦʬʠʣʠʨʦʚʘ-

ʥʠʝ ʨʝʟʦʥʘʪʦʨʦʚ ʠ ʚʳʭʦʜʥʳʭ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʥʝ-

ʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʜʠʘʬʨʘʛʤ, ʩʢʘʯʢʦʚ ʩʝʯʝʥʠʷ ʠ ʪ.ʜ. [1]. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʘ ʩʚʷʟʘʥʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʩ 

ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʤʦʜ [2,3]. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʥʘ ʧʨʘʢʪʠʢʝ 

ʠʤʝʝʪ ʩʝʨʴʝʟʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ: ʪʨʝʙʫʝʤʳʡ ʜʦʧʫʩʢ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʨʘʜʠʫʩʦʚ (

0.3 3RD - ʤʢʤ) ʧʨʝʚʳʰʘʝʪ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ [4-6]. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ 

[6], ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʜʠʫʩʦʚ ʚʦʣʥʦʚʦʜʦʚ ʤʦʞʝʪ ʥʘʨʫʰʠʪʴ ʫʩʣʦ-

ʚʠʝ ʨʝʟʦʥʘʥʩʘ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʩʚʷʟʠ ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʤʦʜ.  

ʉʚʷʟʘʥʥʳʝ ʤʦʜʳ ʚ ʩʪʫʧʝʥʯʘʪʦʤ ʨʝʟʦʥʘʪʦʨʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʘʥʝʝ ʚ ʩʣʫʯʘʝ, ʢʦ-

ʛʜʘ ʜʣʠʥʳ ʦʙʝʠʭ ʯʘʩʪʝʡ ʨʝʟʦʥʘʪʦʨʘ ʧʨʝʜʧʦʣʘʛʘʣʠʩʴ ʨʘʚʥʳʤʠ [4-6]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩ ʙʣʠʟʢʠʤʠ, ʥʦ ʥʝʨʘʚ-

ʥʳʤʠ ʜʣʠʥʘʤʠ ʩʝʢʮʠʡ ʨʝʟʦʥʘʪʦʨʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʝʟʦʥʘʪʦʨʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʛʠʨʦʪʨʦʥ ʥʘ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʝ ʛʠʨʦʯʘ-

ʩʪʦʪʳ ʜʠʘʧʘʟʦʥʘ 0.4 ʊɻʮ ʩ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʤ ʨʝʟʦʥʘʪʦʨʦʤ ʩ ʨʘʜʠʫʩʘʤʠ 

1
2.150R=  ʤʤ ʠ 

2
2.974R =  ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʨʘʜʠʫ-

ʩʦʚ ʚ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʫʶʪʩʷ ʩʚʷʟʘʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʜ TE83p-TE85q (ʛʜʝ p ʠ q ï ʥʦʤʝʨʘ 

ʧʨʦʜʦʣʴʥʳʭ ʤʦʜ). ʀʩʩʣʝʜʦʚʘʣʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʜʣʠʥʘ ʣʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʠʤʝʣʘ ʬʠʢ-

ʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 
1

16.0L =  ʤʤ, ʘ ʜʣʠʥʘ ʧʨʘʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 
2

L  ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ 

ʧʨʝʜʝʣʘʭ 14.0 21.0-  ʤʤ 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʯʘʩʪʦʪ (ʘ) ʠ ʜʦʙʨʦʪʥʦʩʪʝʡ (ʙ) ʢʦʤ-

ʧʣʝʢʩʥʳʭ ʤʦʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʪʦʨʦʛʦ ʚʦʣʥʦʚʦʜʘ 
2

L  (ʛʨʘʬʠʢʠ ɺʠʥʘ ʜʣʷ 

ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ TE83p-TE85q). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1(ʘ), ʵʬʬʝʢʪʠʚʥʘʷ ʩʚʷʟʴ ʨʘʟ-

ʣʠʯʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʤʦʜ q ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥʳ ʨʝʟʦʥʘʪʦʨʘ 
2

L . 

ʆʜʥʘʢʦ, ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʟʥʘʯʝʥʠʝ 
2

L  ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢ-

ʪʠʚʥʫʶ ʩʚʷʟʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʜʦʣʴʥʳʭ ʤʦʜ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ, ʯʪʦ 

ʨʝʘʣʠʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 
2

16.2L =  ʤʤ. ʇʝʨʝʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʮʠʠ ʚ ʵʪʦʤ 

mailto:mafachu@mail.ru
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ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪ ʧʦʨʷʜʢʘ 2 ɻɻʮ (ʨʠʩ. 1(ʘ)). ʆʪʤʝʪʠʤ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʟʦʥʘʪʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ 

0.1LD  ʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʨʦʪʨʦʥ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʨʝʟʦʥʘʪʦʨʦʤ ʩ ʩʝʢʮʠʷʤʠ ʥʝ-

ʨʘʚʥʦʡ ʜʣʠʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
 

 
ʈʠʩ. 1. ɻʨʘʬʠʢʠ ɺʠʥʘ: ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ (a) ʠ ʜʦʙʨʦʪʥʦʩʪʠ (ʙ) ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʦʣʴʥʳʭ 

ʤʦʜ q ʦʪ ʜʣʠʥʳ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʝʟʦʥʘʪʦʨʘ L2. ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʨʠʩ. (ʘ) ʦʙʦʟʥʘʯʝʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʮʠʘʣʴʥʳʤ ʯʘʩʪʦʪʘʤ ʢʘʞʜʦʛʦ ʠʟ ʨʝʟʦʥʘʪʦʨʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ ˉ ç22-22-00603è. 
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ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʉʋɹʌɸɿʓ ʅɸ ʌʆʈʄʀʈʆɺɸʅʀɽ  

ʄʆʅʆʉʃʆɽɺ ɸʉʀʀʄʄɽʊʈʀʏʅʆ ɿɸʄɽʑɽʅʅʆɻʆ ʇʆʈʌʀʈʀʅɸ 

ɺ.ʅ. ʄʠʨʦʥʶʢ1, ɸ.ɾ.ʂ. ɸʣʴ ɸʣʚʘʥʠ1, ʄ.ɺ. ɻʘʚʨʠʢʦʚ1,  

ʊ.ʗ. ʂʘʨʘʪʳʰʦʚʘ, ɻ.ɺ. ʊʨʫʰʢʦʚ, ɽ.ɻ. ɻʣʫʭʦʚʩʢʦʡ1 
1ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

E-mail: bestblogger@yandex.ru 

ɿʘ ʩʯʝʪ ʨʘʟʚʠʪʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʨʬʠʨʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʧʨʦ-

ʷʚʣʷʪʴ ˊ- -́çʩʪʵʢʠʥʛè ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʘʛʨʝʛʘ-

ʮʠʠ, ʢʘʢ ʨʘʩʪʚʦʨʘʭ, ʪʘʢ ʠ ʩʦʩʪʘʚʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʢʘʭ [1,2]. ʇʨʠ 

ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʠʟʤʝʥʷʝʪ 

ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʝ ʧʦʨʬʠʨʠʥʘ. 

ɺ ʘʙʩʦʣʶʪʥʦʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʬʘʟʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʣʘʚʘʶʱʠʭ ʤʦʥʦʩʣʦʝʚ (ʄʉ) ʚ ʪʝʭʥʦʣʦʛʠʠ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ (ʃɹ) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʦʜʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʙʬʘʟʳ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʧʣʘʚʘʶʱʠʭ ʄʉ, ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ.  ɺ ʥʘʰʠʭ ʨʘʥ-

ʥʠʭ ʨʘʙʦʪʘʭ (ʚ ʯʘʩʪʥʦʩʪʠ ʚ [3]) ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʙʬʘʟʳ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʤʦʥʦʩʣʦʝʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ, ʧʨʠ-

ʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʝʥʢʠ ʃɹ ʥʘ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʝ. ɸʚʪʦʨʘʤʠ [4] 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʪʝʪʨʘʩʫʣʴʬʦʥʘʪʦʬʝ-

ʥʠʣʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 20 ʜʦ 80 ÁC ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʧʦʨʬʠʨʠʥʘ. ʅʘʛʨʝʚ ʩʫʙʬʘʟʳ ʩ 23 ʜʦ 43 ÁC ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠ-

ʯʝʥʠʶ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʄʉ ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ 4-n-ʦʢʪʠʣ-4'-ʮʠʘʥʦʙʠʬʝʥʠʣ, 

ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʣʝʢʫʣ ʚ 13 ʨʘʟ ʠ ʧʦʷʚʣʝʥʠʶ 

ʨʘʥʥʝʛʦ ʧʝʨʝʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ [5]. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʙʬʘʟʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʄʉ ʘʩʠʤ-

ʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʦʨʬʠʨʠʘ ï 5-(4 ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-10,15,20-

ʪʨʠʩ (4-n-ʤʝʪʠʣʦʢʩʠʬʝʥʠʣ) ʧʦʨʬʠʨʠʥʘ (ʇʇ), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʛʦʪʦʚʠʣʩʷ ʨʘʩʪʚʦʨ 

ʚ ʭʣʦʨʦʬʦʨʤʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10-4 ʄ. 

ʄʉ ʇʇ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʚʘʥʥʝ KSV NIMA 2002 KN. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄʉ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʙʬʘʟʳ ʚʥʦʩʠʣʠ ʨʘʩʪʚʦʨ ʧʦʨʬʠʨʠʥʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 25, 50, 75, 

100 ʤʢʣ ʠ ʧʦʩʣʝ ʠʩʧʘʨʝʥʠʷ ʭʣʦʨʦʬʦʨʤʘ, ʩʞʠʤʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʙʘʨʴʝʨʦʚ 

15 ʤʤ/ʤʠʥ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʙʬʘʟʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʄʉ 

ʇʇ ʚ ʢʘʯʝʩʪʚʝ ʘʣʠʢʚʦʪʳ ʙʳʣ ʚʳʙʨʘʥ ʦʙʲʝʤ 75 ʤʢʣ. ʊʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ʩʫʙʬʘʟʳ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1; 10; 20; 30; 40 ÁC.  

ʄʝʪʦʜʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ (ʃʝʥʛʤʶʨʘ-ʐʝʬʬʝʨʘ) ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʝʨʝ-

ʥʦʩ ʥʘ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ ʢʨʝʤʥʠʷ. ʈʝʣʴʝʬ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʫʩʪʘʥʦʚʢʝ SOLVER NANO (AFM NT-MDT). ʉʢʘʥʠʨʦʚʘ-

ʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ, ʟʦʥʜʘʤʠ ʩʝʨʠʠ HA-HRA/W2C ʩ ʨʝʟʦ-

ʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ 230 ʢɻʮ ʠ ʨʘʜʠʫʩʦʤ ʟʘʢʨʫʛʣʝʥʠʷ 35 ʥʤ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʟʘʧʠʩʠ 

ʩʢʘʥʘ 0,4 ɻʮ. 

ʀʟʦʪʝʨʤʳ ʩʞʘʪʠʷ ʠʤʝʣʠ ʪʠʧʠʯʥʳʝ ʦʙʱʠʝ ʯʝʨʪʳ: ʦʥʠ ʥʝ ʠʤʝʣʠ ʢʦʣʣʘʧʩʘ ʠ 

ʩʜʚʠʛʘʣʠʩʴ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʧʣʦʱʘʜʝʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʚʝʱʝʩʪʚʘ, ʦʩʘ-

ʞʜʝʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʯʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʥʦʘʛʨʝʛʘʪʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʙʬʘʟʳ ʦʪ 1 ʜʦ 40 ÁC ʧʣʦʱʘʜʴ 
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ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 14,5 %, ʘ ʤʦʜʫʣʴ ʩʞʘʪʠʷ ʄʉ ʫʤʝʥʴʰʘʣʩʷ ʥʘ 

53,8 %. 

ʅʘ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷʭ ʄʉ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʙʬʘʟʳ 1 ʠ 10 ÁC, 

ʥʘʥʦʦʙʲʝʢʪʳ ʠʤʝʣʠ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ. ʇʨʠ 20 ÁC ʧʣʝʥʢʘ ʠʤʝʣʘ ʥʘʠʙʦʣʴʰʫʶ 

ʩʧʣʦʰʥʦʩʪʴ, ʘ ʝʝ ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʣʘ 10 ʥʤ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʙʬʘʟʳ 30 

ʠ 40 ÁC ʥʘʥʦʦʙʲʝʢʪʳ ʧʨʠʦʙʨʝʪʘʣʠ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʘ ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 14 % . ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ 

ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʇʇ ʚ ʄʉ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠ ʩʨʝʜʥʝʡ ʪʦʣ-

ʱʠʥʳ ʧʣʝʥʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʦʨʛʘʥʠ-

ʟʘʮʠʝʡ ʤʦʣʝʢʫʣ ʧʦʨʬʠʨʠʥʘ ʥʘ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʝ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʫʙʬʘʟʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʥʦʩʣʦʝʚ ʇʇ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 21-73-20057) ʠ ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Mironyuk V.N., Al-Alwani A.J.K., Begletsova N.N. et al. // J. Phys.: Conf. Ser. 2086 012195 

2. Harvey P.D. // In: The porphyrin handbook / Eds.: K.M. Kadish, K.M. Smith, R. Guilard. Elsevier 

Sciense, USA, 2003. V. 18. P. 63ï250. 

3. Gorbachev I.A., Goryacheva I.Yu., Brezesinski G., Gluhovskoy E.G. // Progress in Biomedical 

Optics and Imaging - Proc. SPIE 9917, 99171J. 

4. Ion R.M, Grigorescu K. et al. // Porphyrins aggregation induced by temperature, radiation field 

and light. Romanian Reports in Physics, 53(3-8), 281-292. 

5. Begletsova N.N., Mironyuk V.N., Santer S. et al. // J. Phys.: Conf. Ser. 2020 1697 012112;  

  



135                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʆʊɼɽʃɽʅʅʓɽ ʆʊ ʈʆʉʊʆɺʆʁ ʇʆɼʃʆɾʂʀ ʉʆʃʅɽʏʅʓɽ  

ʕʃɽʄɽʅʊʓ ʅɸ ʆʉʅʆɺɽ GaAs/AlGaAs ʉ ʋʃʋʏʐɽʅʅʓʄʀ  

ʄɸʉʉʆɻɸɹɸʈʀʊʅʓʄʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄʀ 

ɸ.ʉ. ɻʦʣʪʘʝʚ1, ɸ.ɸ. ɺʦʨʦʙʴʝʚ1, ɸ.ʄ. ʄʦʞʘʨʦʚ1, ɸ.ɺ. ʇʘʚʣʦʚ1,  

ɼ.ʄ. ʄʠʪʠʥ1,2, ɺ.ɺ. ʌʝʜʦʨʦʚ1,2, ʖ.ʉ. ɹʝʨʜʥʠʢʦʚ1, ʀ.ʉ. ʄʫʭʠʥ1,2 
1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ɸʢʘʜʝʤʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʈɸʅ 
2ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

E-mail: mitindm@mail.ru 

 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʨʝʜʲʷʚʣʷʝʪ ʥʦʚʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʣʥʝʯʥʳʤ ʵʣʝʤʝʥʪʘʤ (ʉʕ) ʚ ʧʣʘʥʝ ʠʭ ʵʣʘʩʪʠʯʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʪʦʥʢʠʝ ʩʣʦʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ɸ3ɺ5 ʦʙʣʘʜʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʠʙʢʠʭ ʉʕ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʥʦ-

ʩʠʤʫʶ ʵʣʝʢʪʨʦʥʠʢʫ, ʧʦʨʪʘʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʠ ʘʚʪʦʥʦʤ-

ʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ [1]. ʇʨʠ ʵʪʦʤ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʟʦʥ-

ʥʦʛʦ GaAs ʦʙʣʘʜʘʶʪ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʦʜ-

ʥʦʧʝʨʝʭʦʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [2].  ʈʝʢʦʨʜʥʳʝ ʟʥʘʯʝʥʠʷ ʂʇɼ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʤʝʥʥʦ ʜʣʷ ʦʪʨʳʚʥʳʭ ʛʠʙʢʠʭ ʉʕ ʥʘ ʦʩʥʦʚʝ GaAs, ʦʪʜʝʣʝʥʥʳʭ ʦʪ ʨʦʩʪʦʚʦʡ ʧʦʜ-

ʣʦʞʢʠ [3]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪ rʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʕ ʥʘ ʦʩʥʦʚʝ ʦʪʨʳʚʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

GaAs/AlGaAs ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʫʯʢʦʚʦʡ ʵʧʠʪʘʢʩʠʠ (ʄʇʕ). ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝ-

ʨʠʘʣʘ ʞʝʨʪʚʝʥʥʦʛʦ ʩʣʦʷ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʦʪ ʨʦʩʪʦʚʦʡ ʧʦʜʣʦʞʢʠ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ InAlP. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʟʨʘʯʥʦʛʦ ʛʠʙʢʦʛʦ ʥʦʩʠʪʝʣʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦ-

ʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ). 

ʅʘ ʨʠʩʫʥʢʝ 1 (ʘ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʦʟʜʘʥʥʦʛʦ ʛʠʙʢʦʛʦ 

ʦʪʨʳʚʥʦʛʦ ʉʕ ʩ Cr/Au ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʢʦʡ ʥʘ ʥʦʩʠʪʝʣʝ ʠʟ ʇʄʄɸ ʧʣʦʱʘʜʴʶ 0,3 ʩʤ2.  

ʅʘ ʨʠʩʫʥʢʝ 1 (ʙ) ʠ 3 (ʚ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) 

ʉʕ ʜʦ ʠ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʪ ʨʦʩʪʦʚʦʡ ʧʦʜʣʦʞʢʠ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʪʘʥ-

ʜʘʨʪʥʳʤ ʩʦʣʥʝʯʥʦʤ ʩʧʝʢʪʨʦʤ AM1.5G ʠ ʩʧʝʢʪʨʳ ʚʥʝʰʥʝʡ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʉʕ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦ ʦʪʜʝʣʝʥʠʷ ʉʕ ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ, ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 0.95 ɺ, 17.7 

ʤɸ/cʤ2 ʠ 70%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʇɼ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʠʣ 11%. ʇʦʩʣʝ ʦʪʜʝ-

ʣʝʥʠʷ ʉʕ ʦʪ ʨʦʩʪʦʚʦʡ ʧʦʜʣʦʞʢʠ ʦʪʤʝʯʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʜʦ ʚʝʣʠʯʠʥ 9.5 ʤɸ/ʩʤ2, 

0.85 ɺ ʠ 40% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʇɼ ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʠʣ 3.5%. ʇʨʠʯʠʥʘ ʫʭʫʜʰʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʕ ʩʚʷʟʘʥʘ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʩʣʦʷ ʰʠʨʦʢʦʟʦʥʥʦʛʦ ʦʢʥʘ, ʯʪʦ ʜʝʤʦʥʩʪʨʠ-

ʨʫʝʪ ʩʧʝʢʪʨ ʚʥʝʰʥʝʡ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʉʕ: ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʘʣ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʠʥʝ-ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 
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ʈʠʩ.1. (ʘ) ʦʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʠʙʢʦʛʦ ʦʪʨʳʚʥʦʛʦ ʉʕ ʥʘ ʧʦʣʠʤʝʨʥʦʤ ʥʦʩʠʪʝʣʝ, (ʙ) 

ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʩʧʝʢʪʨʝ AM1.5G, (ʩ) ʩʧʝʢʪʨ ʚʥʝʰʥʝʡ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʜʣʷ ʧʣʘʥʘʨʥʦʛʦ ʠ ʦʪʨʳʚʥʦʛʦ ʉʕ. 

 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʧʨʠʚʝʜʝʥʥʘʷ ʢ ʚʝʩʫ ʚʩʝʛʦ ʵʣʝʤʝʥʪʘ) ʦʪʨʳʚ-

ʥʦʛʦ ʉʕ ʥʘ ʧʦʜʣʦʞʢʝ-ʥʦʩʠʪʝʣʝ ʠʟ ʇʄʄɸ ʪʦʣʱʠʥʦʡ 20 ʤʢʤ ʩʦʩʪʘʚʠʣʘ 778 ɺʪ/ʢʛ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʥʦʩʠʪʝʣʴ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ ʪʦʡ ʞʝ ʪʦʣʱʠʥʳ, 

ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ ʫʨʦʚʥʝ 461 ɺʪ/ʢʛ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴ-

ʟʫʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʥʦʩʠʪʝʣʠ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʩʪʘ 

ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʂʇɼ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʣʦʝʚ ʦʪʨʳʚʥʦʛʦ GaAs ʉʕ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʂʇɼ. ʄʝʪʦʜʦʤ ʄʇʕ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʉʕ ʥʘ ʦʩʥʦʚʝ GaAs 

ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ AlGaAs ʠ InAlP. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦ-

ʣʠʤʝʨʥʳʭ ʥʦʩʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʉʕ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʧʨʠ-

ʚʝʜʝʥʥʦʡ ʢ ʚʝʩʫ ʚʩʝʛʦ ʵʣʝʤʝʥʪʘ. 

 

ʄʠʪʠʥ ɼ.ʄ. ʙʣʘʛʦʜʘʨʠʪ ʉʦʚʝʪ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ ʟʘ ʧʦʜʜʝʨʞʢʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʵʧʠʪʘʢʩʠ-

ʘʣʴʥʦʛʦ ʦʪʨʳʚʘ (ʄʂ-3031.2021.1.2). 
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ɻɸɿʆʏʋɺʉʊɺʀʊɽʃʔʅʓɽ ʉɺʆʁʉʊɺɸ ʉʊʈʋʂʊʋʈ ʅɸ ʆʉʅʆɺɽ  

ʇʆʈʀʉʊʆɻʆ ʆʂʉʀɼɸ ɸʃʖʄʀʅʀʗ, ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆɻʆ  

ʅɸʅʆʏɸʉʊʀʎɸʄʀ ʉɽʈɽɹʈɸ 

ʀ.ʅ. ʄʠʭʘʡʣʦʚ1,2, ʄ.ʖ. ɺʘʩʠʣʴʢʦʚ1-3, ʅ.ʄ. ʋʰʘʢʦʚ1,3, ɼ.ɸ. ʄʘʣʴʮʝʚ1, 

ʅ.ɸ. ʄʘʣʦʬʝʝʚʘ2 
1ʉʌ ʀʈʕ ʈɸʅ ʠʤʝʥʠ ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ, 

2ʉɻʊʋ ʠʤʝʥʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘ, 
3ʅʀʋ ʉɻʋ ʠʤʝʥʠ ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, 

ʇʦʨʠʩʪʳʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ (ʇʆɸ) ʠʤʝʝʪ ʥʘʥʦʨʘʟʤʝʨʥʫʶ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ-

ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʟʘʠʤʦʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ ʧʦʨ. 

ʉʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʦʡ ʜʠʩʧʝʨʩʠʝʡ ʨʘʟʤʝʨʦʚ ʧʦʨ ʧʦ ʜʠʘʤʝʪʨʫ 

[1], ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ [2], ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʪʝʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʦʩʦʙʝʥʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

[3], ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʬʘʢʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ [4].  

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʪʘʙʠʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʤʝʤʙʨʘʥ ʇʆɸ, ʘ ʪʘʢʞʝ ʢ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʚ ʛʘʟʦʚʦʡ ʩʝʥʩʦʨʠʢʝ ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʛʘʟʦʩʝʣʝʢʪʠʚʥʳʭ ʤʝʤʙʨʘʥ [5, 6]. 

ʄʝʪʦʜʦʤ ʜʚʫʭʵʪʘʧʥʦʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʦʜʠʨʦʚʘʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʤʘʩ-

ʩʠʚ ʧʣʝʥʦʢ ʇʆɸ. ɺʧʦʩʣʝʜʩʪʚʠʠ, ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘ ʠʭ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʙʳʣ ʥʘʥʝʩʝʥ ʩʣʦʡ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʩʝʨʝʙʨʘ. ʋʩʪʘʥʦʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʠʥʪʝʟʘ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʷʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. 

ʇʨʦʠʟʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ 

ʘʪʤʦʩʬʝʨʝ ʧʘʨʦʚ NH3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʤʤʠʘʢʘ ʥʘ ʢʦʤʧʦʟʠʪ 

ʇʆɸ+Ag ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ 

ʦʙʣʘʩʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 14 ʥʘʥʦʤʝʪʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʟʜʫʭʘ. ɺʝʣʠʯʠʥʘ ʩʜʚʠʛʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʧʦʩʣʝ 10 ʤʠʥʫʪ ʚʳ-

ʜʝʨʞʢʠ ʦʙʨʘʟʮʘ ʇʆɸ+Ag ʚ ʘʪʤʦʩʬʝʨʝ ʩ ʛʘʟʦʤ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʵʪʦ 

ʚʨʝʤʷ, ʢʘʢ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ (ʨʠʩ. 

1). 

ɿʘʤʝʥʘ ʘʤʤʠʘʢʘ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʝʪʫʯʠʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʥʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠʟʤʝʥʝʥʠʷʤ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʧʨʦʧʫʩʢʘʥʠʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʝʙʨʘ. ɼʘʥʥʳʡ 

ʬʘʢʪ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʘ ʇʆɸ+Ag ʚ ʫʩʪʨʦʡʩʪʚʘʭ 

ʢʦʥʪʨʦʣʷ ʫʪʝʯʝʢ ʠ ʫʣʘʚʣʠʚʘʥʠʷ ʘʤʤʠʘʢʘ ʚ ʭʠʤʠʯʝʩʢʦʡ ʠ ʧʠʱʝʚʦʡ ʦʪʨʘʩʣʷʭ.  
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ʆʩʥʦʚʥʳʤʠ ʧʘʩʩʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʶʪʩʷ ʨʝ-

ʟʠʩʪʦʨ, ʢʦʥʜʝʥʩʘʪʦʨ ʠ ʢʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ʚ 1971 ʛʦʜʫ ʃʝʦʥ ʏʫʘ, ʠʩ-

ʭʦʜʷ ʠʟ ʘʨʛʫʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ, ʧʨʝʜʩʢʘʟʘʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʯʝʪʚʝʨʪʦʛʦ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʦʛʦ ɻ ʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʦʥ ʥʘʟʚʘʣ ʤʝʤʨʠʩʪʦʨʦʤ (ʨʝʟʠʩʪʦʨʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʧʘ-

ʤʷʪɹʁ) [1]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʷ ʤʝʤʨʠʩʪʦʨʦʚ ʧʨʠʚʣʝʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠ ʁʦʪ ʫʩʪʨʦʡʩʪʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦ-

ʛʠʢʠ ʜʦ ɻ ʣʝʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʊʠʧʠʯʥʳʡ ʤʝʤʨʠʩʪʦʨ ʩʦʩʪʦʠʪ 

ʠʟ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ [2]. 

ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʢʣʶ-

ʯʝʥʠʷ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʸ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʷʜʝ ʠʥʞʝʥʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [3]. ʏʪʦʙʳ 

ʧʨʝʦʜʦʣʝʪʴ ʥʝʜʦʩʪʘʪʢʠ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʧʦʜʭʦʜʦʚ (ʥʘʧʨʠʤʝʨ, ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝ-

ʢʣʶʯʝʥʠʷ ʠ ʥʠʟʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ) ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʩʸ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʝʪ ʢʦʥʮʝʧʮʠ ̫ʤʝʤʨʠʩʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʬʘʟʦʠʟʤʝʥʷʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ h ʠʨʦʢʦ ʠʩʧʦʣʴʟʫʪʁʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʫʣʝʡ ɻ ʥʝʨʛʦʥʝʟʘʚʠʩʠ-

ʤʦʡ ʧʘʤʷʪʠ [4]. 

ʌʘʟʦʠʟʤʝʥʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ (ʌʀʄ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘ-

ʶʱʠʝ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʘʙʠʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ (ʘʤʦʨʬʥʦʝ ʠ ʦʜʥʦ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ), ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʥʳ. ɺ ʫʩʪʨʦʡʩʪʚʘʭ ʥʘ ʦʩʥʦʚʝ 

ʌʀʄ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʪʨʘʩʪ ʚ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʝʞʜʫ 

ʘʤʦʨʬʥʳʤ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ. ʕʪʦʪ ʢʦʥʪʨʘʩʪ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ 

ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʧʦʨʷʜʢʝ, ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʤʝʭʘʥʠʟʤʝ ʭʠʤʠʯʝʩʢʦʡ 

ʩʚʷʟʠ [5, 6]. ɹʳʩʪʨʳʡ ʠ ʦʙʨʘʪʠʤʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʪʦʷʥʠʷʤʠ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʭʦʨʦʰʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʨʘʥʪʠʨʫʶʪ ʩʢʦʨʦʩʪʴ ʠ ʚʨʝʤʷ ʨʘʙʦʪʳ, ʤʠʥʫʷ ʠʩʧʘʨʝʥʠʝ ʚ 

ʘʢʪʠʚʥʦʤ ʵʣʝʤʝʥʪʝ. ɺ ʫʩʪʨʦʡʩʪʚʘʭ ʌʀʄ ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʤʝʥʪʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʠʣʦʡ ʧʨʠʣʦʞʝʥʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʣʘʟʝʨ-

ʥʦʛʦ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘ. ʉʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʣʣʫʨʘ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 

ʚʨʝʤʝʥʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʩʝʢʫʥʜ ʠ ʜʘʞʝ ʩʫʙʥʘʥʦʩʝʢʫʥʜʳ ʚ ʷʯʝʡʢʘʭ 

ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ, ʘ ʨʘʟʤʝʨ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪ-

ʨʦʚ [7]. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʝʤʨʠʩʪʦʨʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʩʧʣʘʚʘ Ge2Sb2Te5 (GST) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠʟ ʵʣʝʢʪʨʦʜʘ, 

ʬʘʟʦʠʟʤʝʥʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʥʘʛʨʝʚʘʪʝʣʷ [8]. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚ-

ʣʷʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤʝʤʨʠʩʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʘʤʦʨʬʥʦʡ ʧʨʦʩʣʦʡʢʠ, ʪʦʣ-

ʱʠʥʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʘʤʧʣʠʪʫʜʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ [9]. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʝʤʨʠʩʪʦʨʘ ʚ ʥʝʤ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʩʣʦʠʩʪʘʷ 
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ʩʪʨʫʢʪʫʨʘ ʠʟ ʪʦʥʢʠʭ ʧʨʦʩʣʦʝʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʘʤʦʨʬʥʦʡ ʬʘʟʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʠʩʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝ ʧʦʟ-

ʚʦʣʷʝʪ ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʤʨʠʩʪʦʨʘ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ ʧʨʠ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʘʤʦʨʬʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʝʜʠʥʠʮʳ 

ʥʘʥʦʩʝʢʫʥʜ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʥʘʛʨʝʚʘʪʝʣʷ ʚʤʝ-

ʩʪʦ ʦʜʥʦʛʦ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʧʨʝʜʣʘʛʘʝʤʘʷ ʥʘʤʠ ʥʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʤʨʠ-

ʩʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʌʀʄ. 
 

 
ʈʠʩʫʥʦʢ 1 ï ʊʨʝʭʢʦʥʪʘʢʪʥʳʡ ʤʝʤʨʠʩʪʦʨ ʥʘ ʦʩʥʦʚʝ GST  

 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʤʨʠʩʪʦʨʘ ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1 ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʦʜʘʚʘʪʴ ʠʤʧʫʣʴʩʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʝʨʚʳʡ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ. ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ 1 ʠ ʨʦʩʪʫ ʘʤʦʨʬʥʦʡ ʦʙʣʘ-

ʩʪʠ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʚʘʪʴ ʠʤʧʫʣʴʩʳ ʪʦʢʘ ʥʘ ʚʪʦ-

ʨʦʡ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʣʴʬʨʘʤʦʚʦʛʦ 

ʥʘʛʨʝʚʘʪʝʣʷ 2 ʠ ʫʤʝʥʴʰʝʥʠʶ ʦʙʣʘʩʪʠ ʘʤʦʨʬʥʦʡ ʬʘʟʳ (ʵʪʦ ʫʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ ʧʫʥʢʪʠʨʦʤ). ʇʨʠ ʵʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʨʷʝʪʩʷ ʤʝʞʜʫ ʧʝʨʚʳʤ ʥʠʞʥʠʤ 

ʠ ʚʝʨʭʥʠʤ ʵʣʝʢʪʨʦʜʘʤʠ. ʅʘ ʛʨʘʬʠʢʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʋʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʜʦʣʴʰʝ, ʯʝʤ ʧʨʠ 

ʘʥʘʣʦʛʠʯʥʦʤ ʠʤʧʫʣʴʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ [8, 9]. ʇʨʠ ʵʪʦʤ 

ʘʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʩʦʩʪʘʚʣʷʣʘ ʚʩʝʛʦ 1,5 ʤɸ, ʘ ʪʨʝʙʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʠʤʧʫʣʴ-

ʩʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʚʘʪʪ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʱʝ ʙʦʣʝʝ 

ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʤʨʠʩʪʦʨʘ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷ-

ʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ COMSOL Multiphysics. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʠʩʘʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥ-

ʮʠʧʦʚ ʨʝʟʠʩʪʠʚʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʤʝʤʨʠʩʪʦʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʘ 

ʪʘʢʞʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʛʠʩʪʝʨʝʟʠʩʫ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ [10, 11]. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤ rʪʨʝʭʢʦʥʪʘʢʪʥʦʛʦ ʤʝʤʨʠʩʪʦʨʘ ʨʝ-

ʰʘʶʪʩʷ ʩʨʘʟʫ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʠʭ 



141                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʩʚʦʡʩʪʚ ʌʀʄ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʤʨʠʩʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʈʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦ-

ʜʝʣʴ ʤʦʞʥʦ ʚʢʣʶʯʠʪʴ ʚ ʩʪʘʥʜʘʨʪʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʩʭʝʤʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʦʧʠʩʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʪʘʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʘʢ ʤʦʜʫʣʠ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ ʩʚʝʨʭ-

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ [12-14]. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʌʅʀʎ çʂʨʠ-

ʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè. 
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ɻʨʘʬʝʥ ï ʜʚʫʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʥʫʣʝʚʦʡ h ʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʣʠʥʝʡ-

ʥʳʤ ʩʧʝʢʪʨʦʤ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ [1]. ʆʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʝ ʠʥʚʝʨʩʥʦʡ 

ʥʘʩʝʣʝʥʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʛʨʘʬʝʥʝ ʥʘ ʪʝʨʘʛʝʨʮʦʚʳʭ (ʊɻʮ) ʯʘʩʪʦʪʘʭ [2] ʧʨʠ-

ʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʧʝʨʚʳʭ ʢʦʥʮʝʧʮʠʡ ʊɻʮ ʣʘʟʝʨʦʚ [3] ʠ ʫʩʠʣʠʪʝʣʝʡ ʧʣʘʟʤʝʥʥʳʭ 

ʚʦʣʥ (ʧʣʘʟʤʦʥʦʚ) [4, 5] ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʟʤʦʥʦʚ ʚ ʞʝʣʦʙʢʦ-

ʚʳʭ ʚʦʣʥʦʚʦʜʘʭ ʠʟʫʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ [6, 7]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩ-

ʩʣʝʜʦʚʘʥʦ ʫʩʠʣʝʥʠʝ ʊɻʮ ʧʣʘʟʤʦʥʦʚ ʚ ʞʝʣʦʙ-

ʢʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʚʦʣʥʦʚʦʜʝ ʩ ʘʢʪʠʚʥʳʤ 

ʛʨʘʬʝʥʦʤ (ʩ ʠʥʚʝʨʩʥʳʤ ʧʦ ʵʥʝʨʛʠʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝʤ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ), ʩʭʝʤʘʪʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʈʠʩ. 1. ɻʨʘʬʝʥ ʥʘʥʝʩʝʥ ʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ ʩ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 
se ʠ ʪʦʣʱʠʥʦʡ d, ʧʦ-

ʤʝʱʝʥʥʫʶ ʚ ʞʝʣʦʙʢʦʚʳʡ ʚʦʣʥʦʚʦʜ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʰʠʨʠʥʦʡ L ʠ ʙʝʩʢʦʥʝʯ-

ʥʦʡ ʛʣʫʙʠʥʦʡ. ʌʘʢʪʠʯʝʩʢʠ, ʚʳʰʝ ʛʨʘʬʝʥʘ 

ʥʘʭʦʜʠʪʩʷ ʧʫʩʪʦʡ ( 1a =e ) ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʦ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʜʦʣʴʥʦ ʤʘʛʥʠʪʥʳʝ (longitudinal mag-

netic, LM) ʤʦʜʳ, ʫ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ( )zyx EEE ,,E
h

, ( )zx HH ,0,H
h

. ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝ-

ʥʠʝ ʜʣʷ LM ʤʦʜ ʊɻʮ ʧʣʘʟʤʦʥʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʝ: 

 

 

( )
( )

( )

()
()

2 gr2 2s a
s

2 22 2 2 2 0
s a

Ctg , 1x z

x z x z

c k k d i

c k k k k c

s we e
e w

wee w e w

å õ
Ö - - Ö - =-æ ö
ç ÷- - + -

  

 

ʛʜʝ ,xk  Lnkz Ö=p  (n ï ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳʝ ʤʦʜʳ ʧʦ ʦʩʠ z, 1=n ) ʠ w ï ʧʨʦʜʦʣʴʥʘʷ (ʚʜʦʣʴ ʦʩʠ x) ʠ ʧʦʧʝʨʝʯʥʘʷ (ʚʜʦʣʴ ʦʩʠ 

z) ʢʦʤʧʦʥʝʥʪʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʠ ʯʘʩʪʦʪʘ ʧʣʘʟʤʦʥʘ, ()wsgr  ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴ ʛʨʘʬʝʥʘ [4].  

ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ: 5s=e  (hBN), T = 300 K, t = 1 ps [8], 50F=E  meV, d = 10 mm. 

 
ʈʠʩ.1 ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 
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ʈʠʩ. 2. ʘ) ɼʠʩʧʝʨʩʠʷ LM ʤʦʜʳ ʧʣʘʟʤʦʥʦʚ ʚ ʞʝʣʦʙʢʦʚʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʚʦʣʥʦʚʦʜʝ ʩ ʘʢʪʠʚ-

ʥʳʤ ʛʨʘʬʝʥʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ ʰʠʨʠʥʳ ʚʦʣʥʦʚʦʜʘ L = 1 ɛm, 2 ɛm, and 5 ɛm, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʢʨʠʚʳʝ 1, 2, and 3; ʙ) ʠʥʢʨʝʤʝʥʪ ʫʩʠʣʝʥʠʷ LM ʤʦʜ ʧʣʘʟʤʦʥʦʚ ʧʦ ʤʦʱʥʦʩʪʠ ʜʣʷ 

ʪʝʭ ʞʝ ʰʠʨʠʥ ʞʝʣʦʙʢʦʚʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʯʪʦ ʠ ʥʘ ʧʘʥʝʣʠ ʘ. ʂʨʠʚʦʡ 4 ʥʘ ʧʘʥʝʣʷʭ ʘ ʠ ʙ ʧʦʢʘ-

ʟʘʥʳ ʜʠʩʧʝʨʩʠʷ ʠ ʠʥʢʨʝʤʝʥʪ ʫʩʠʣʝʥʠʷ TM ʤʦʜʳ ʧʣʘʟʤʦʥʦʚ ʚ ʙʝʩʢʦʥʝʯʥʦʤ ʣʠʩʪʝ ʛʨʘʬʝʥʘ ʩ 

ʪʳʣʦʚʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʟʘʪʚʦʨʦʤ. 

 

ɼʠʩʧʝʨʩʠʷ LM ʧʣʘʟʤʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 2ʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʰʠʨʠʥ ʞʝ-

ʣʦʙʢʦʚʦʛʦ ʚʦʣʥʦʚʦʜʘ L = 1 mm, 2 mm, ʠ 5 mm ï ʢʨʠʚʳʝ 1, 2, ʠ 3,ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʨʠʚʘʷ 4 ʩʦʦʪʚʝʪʩʪʚʫʝʪ TM ʤʦʜʝ ʧʣʘʟʤʦʥʦʚ ʚ ʙʝʩʢʦʥʝʯʥʦʤ ʣʠʩʪʝ ʛʨʘʬʝʥʘ ʩ ʪʳʣʦ-

ʚʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʟʘʪʚʦʨʦʤ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

( )0,,E yx EE
h

 ʠ ( )zH,0,0H
h

. ʇʨʠ ʤʘʣʳʭ ʰʠʨʠʥʘʭ ʞʝʣʦʙʢʦʚʦʛʦ ʚʦʣʥʦʚʦʜʘ ʤʦʞʥʦ ʚʠ-

ʜʝʪʴ ʦʪʩʝʯʢʫ LM ʤʦʜ, ʘ ʠʭ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ (ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʟ ʥʘʢʣʦʥʘ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʢʨʠʚʦʡ) ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘ ʈʠʩ. 2ʙ ʧʦʢʘʟʘʥ ʠʥʢʨʝʤʝʥʪ ʫʩʠʣʝʥʠʷ LM 

ʤʦʜ ʧʣʘʟʤʦʥʦʚ ʧʦ ʤʦʱʥʦʩʪʠ 
xkIm2-=a  ʜʣʷ ʪʝʭ ʞʝ ʰʠʨʠʥ ʞʝʣʦʙʢʦʚʦʛʦ ʚʦʣʥʦ-

ʚʦʜʘ, ʯʪʦ ʠ ʥʘ ʈʠʩ. 2ʘ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʥʘ ʥʠʟʢʠʭ ʊɻʮ ʯʘʩʪʦʪʘʭ ʠʥʢʨʝʤʝʥʪ ʫʩʠ-

ʣʝʥʠʷ LM ʤʦʜ ʚʦʟʨʘʩʪʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʟʘʤʝʜʣʝʥʠʷ ʊɻʮ ʧʣʘʟʤʦʥʦʚ ʚʙʣʠʟʠ ʯʘʩʪʦʪ ʦʪ-

ʩʝʯʢʠ LM ʤʦʜ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʫʩʠʣʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʷ ʧʣʘʟʤʦʥʘ ʩ ʘʢʪʠʚ-

ʥʳʤ ʛʨʘʬʝʥʦʤ. ɺʙʣʠʟʠ ʯʘʩʪʦʪʳ ʦʪʩʝʯʢʠ LM ʤʦʜ ʚʝʣʠʯʠʥʘ ʠʥʢʨʝʤʝʥʪʘ ʫʩʠʣʝʥʠʷ 

LM ʤʦʜ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ TM ʤʦʜ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʥʘ ʦʜʠʥʘ-

ʢʦʚʳʭ ʯʘʩʪʦʪʘʭ. 
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ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʬʝʥʘ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʦʙʰʠʨʥʳ ʠ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʦʟʜʘʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʢ ʪʨʘʥʟʠʩʪʦʨʳ, ʩʚʝ-

ʪʦʜʠʦʜʳ, ʛʠʙʢʠʝ ʜʠʩʧʣʝʠ, ʘ ʪʘʢʞʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ 

[1,2]. ɻʘʟʦʚʳʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, 

ʤʘʣʳʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʦʛʨʝʚʘ 

ʫʩʪʨʦʡʩʪʚʘ [3]. ʆʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʜʝʰʝʚʠʟʥʘ ʧʨʠʙʦʨʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʝʢʮʠʠ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʦʚ [4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʘʬʝʥʦʧʦʜʦʙʥʦʡ ʧʣʝʥʢʠ ʚ ʢʘʯʝ-

ʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʛʘʟʦʚʦʛʦ ʩʝʥʩʦʨʘ. ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ 

ʦʙʣʘʩʪʴ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʠʦʥʥʳʭ ʧʫʯʢʦʚ 

ʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴ-

ʟʦʚʘʣʘʩʴ ʧʦʜʣʦʞʢʘ ʠʟ SiC, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ ʙʳʣʘ ʫʣʫʯʰʝʥʘ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝ-

ʪʦʜʘʤʠ ʦʪʯʠʩʪʢʠ, ʰʣʠʬʦʚʢʠ ʠ ʧʦʣʠʨʦʚʢʠ. ʅʘʧʨʘʚʣʝʥʥʳʤ ʧʦʪʦʢʦʤ ʠʦʥʦʚ ʬʦʨʤʠʨʦ-

ʚʘʣʩʷ ʪʦʨʦʦʙʨʘʟʥʳʡ ʰʘʙʣʦʥ, ʬʦʨʤʘ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʘ ʙʳʣʘ ʦʙʝʩʧʝʯʠʪʴ ʨʦʩʪ ʢʦʥʫ-

ʩʦʦʙʨʘʟʥʳʭ ʦʩʪʨʠʡʥʳʭ ʩʪʨʫʢʪʫʨ. ɿʘʪʝʤ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʩʷ ʚ ʢʘʤʝʨʫ ʫʩʪʘʥʦʚʢʠ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ, ʛʜʝ ʩʥʘʯʘʣʘ ʫʜʘʣʷʣʠʩʴ ʠʦʥʳ ʛʘʣʠʷ, ʚʥʝʜʨʠʚʰʠʝʩʷ ʚ 

ʧʦʜʣʦʞʢʫ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʠʦʥʥʦʛʦ ʧʫʯʢʘ, ʘ ʟʘʪʝʤ ʚʦ ʬʪʦʨʠʜʥʦʡ 

ʧʣʘʟʤʝ ʫʜʘʣʷʣʠʩʴ ʘʪʦʤʳ Si ʠʟ ʨʝʰʝʪʢʠ SiC. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʝʥʦʧʦʜʦʙʥʦʡ 

ʧʣʝʥʢʠ ʩʦʟʜʘʥʠʝ ʛʘʟʦʚʦʛʦ ʩʝʥʩʦʨʘ ʟʘʚʝʨʰʘʣʦʩʴ ʫʩʪʘʥʦʚʢʦʡ ʚʝʨʭʥʝʡ ʢʨʳʰʢʠ 

ʫʩʪʨʦʡʩʪʚʘ ʠʟ SiC, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʣʘʩʴ ʩ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʪʦʜʦʤ ʘʥʦʜʥʦʡ 

ʩʚʘʨʢʠ. ɻʦʪʦʚʳʡ ʩʝʥʩʦʨ ʧʦʜʢʣʶʯʘʣʩʷ ʢ ʩʠʩʪʝʤʝ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦ-

ʝʢʪʘ ˉ20-69-46076. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ çʅʘʥʦʪʝʭʥʦʣʦʛʠʠè ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦ-

ʙʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʦʚ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ 

ʥʘʫʢʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [1]. ɺ ʢʘʯʝʩʪʚʝ ʫʟʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥ-

ʥʳʭ ʩʝʪʝʡ ʩʥʘʯʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʨʤʘʣʴʥʳʝ ʥʝʡʨʦʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʧʦʨʦʛʦʚʳʝ ʵʣʝʤʝʥʪʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʭʦʜ-ʚʳʭʦʜ. ʆʜʥʘʢʦ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʝ ʤʦʜʝʣʠ ʥʝʡʨʦ-

ʥʦʚ ʚ ʚʠʜʝ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [2]. ʇʦʩʪʨʦʝʥʥʳʝ ʠʟ ʪʘʢʠʭ ʥʝʡʨʦʧʦ-

ʜʦʙʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʥʘʟʳʚʘʝʤʳʝ ʩʧʘʡʢʦʚʳʤʠ ʠʣʠ ʠʤʧʫʣʴʩʥʳʤʠ 

ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ, ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ [3, 4]. 

ɺʥʝʰʥʷʷ ʩʪʠʤʫʣʷʮʠʷ ʥʝʡʨʦʥʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʠ 

ʯʘʩʪʦʪʳ ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʤʠ ʩʧʘʡʢʦʚ [5]. ʇʦʩʢʦʣʴʢʫ ʩʧʘʡʢʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ, ʧʦʜʘʚʘʝʤʦʝ ʥʘ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʚʥʝʰʥʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʧʦʩʦʙʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʪʠ [6]. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴ-

ʰʦʡ ʠʥʪʝʨʝʩ. ʉʧʘʡʢʦʚʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʥʝʝ ʜʣʷ ʦʮʝʥʢʠ ʘʤʧʣʠ-

ʪʫʜʳ ʚʥʝʰʥʝʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ [7]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ 

ʦʮʝʥʢʠ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʩʧʘʡʢʦʚʫʶ 

ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, 

ʅʘʤʠ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʧʘʡʢʦʚʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʥʝʡʨʦʧʦʜʦʙʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ʌʠʪʮʍʴʶïʅʘʛʫʤʦ, ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʳʭ 

ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 
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ʛʜʝ ( )iu t  ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ i-ʛʦ ʥʝʡʨʦʥʘ, 

1, ,i L=  ð ʥʦʤʝʨ ʦʩʮʠʣʣʷʪʦʨʘ, L ð ʢʦʣʠʯʝʩʪʚʦ ʦʩʮʠʣʣʷʪʦʨʦʚ, ( )iv t  ʦʪʚʝʯʘʝʪ ʟʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʦʷ ʤʝʤʙʨʘʥʳ, 
ie ð ʧʘʨʘʤʝʪʨ ʩʦʦʪʥʦʰʝʥʠʷ ʚʨʝʤʝʥ-

ʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ, 
ia  ð ʧʦʨʦʛʦʚʳʡ ʧʘ-

ʨʘʤʝʪʨ, ,i jk  ð ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʩʦ ʩʪʦʨʦʥʳ j-ʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʥʘ i-

ʡ, y(t) ð ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ. 

ɺʩʝ ʦʩʮʠʣʣʷʪʦʨʳ ʩʝʪʠ ʷʚʣʷʣʠʩʴ ʥʝʠʜʝʥʪʠʯʥʳʤʠ.  
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ʈʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ y(t) ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʩʧʘʡʢʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʩʝʪʠ ʟʘ ʚʳʙʨʘʥʥʦʝ ʚʨʝʤʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥ-

ʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ 50L=  ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʘʡʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʛʦ ʧʝʨʠʦʜʠʯʝ-

ʩʢʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢʘʷ ʩʝʪʴ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʩʧʘʡʢʦʚ ʧʨʠ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʘʨʘʤʝʪʨʘʭ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʵʪʦʤʫ ʚ ʨʘ-

ʙʦʪʝ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʰʘʣʘʩʴ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʘʤʧʣʠʪʫʜʳ ʚʥʝʰʥʝʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʳ ʨʘʩʩʪʨʘʠʚʘʣʠ 

ʦʩʮʠʣʣʷʪʦʨʳ ʩʝʪʠ ʧʦ ʧʘʨʘʤʝʪʨʫ 
ia, ʦʪʚʝʯʘʶʱʝʤʫ ʟʘ ʚʦʟʙʫʞʜʝʥʠʝ ʦʩʮʠʣʣʷʪʦʨʘ, ʘ 

ʜʣʷ ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ ʚʦʟʙʫʞʜʘʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʨʘʩʩʪʨʘʠʚʘʣʠ ʦʩʮʠʣʣʷʪʦʨʳ ʧʦ ʧʘʨʘ-

ʤʝʪʨʫ 
ie, ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʦʩʮʠʣʣʷ-

ʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʟʥʘʷ ʯʘʩʪʦʪʫ ʠʤʧʫʣʴʩ-

ʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʦʮʝʥʠʪʴ ʘʤʧʣʠʪʫʜʫ ʚʦʟʜʝʡʩʪʚʠʷ ʧʫʪʝʤ ʧʦʜ-

ʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʩʧʘʡʢʦʚ ʚ ʩʝʪʠ. ɼʣʷ ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʠʟʚʝʩʪʥʘ ʘʤʧʣʠʪʫʜʘ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʚʩʝʛʜʘ ʧʨʠʤʝʥʠʤ, ʧʦʩʢʦʣʴʢʫ ʩʝʪʴ 

ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʘʡʢʦʚ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ 

ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʠ ʧʨʦʪʝʩʪʠʨʦ-

ʚʘʥ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʢʦʣʠʯʝʩʪʚʘ ʩʧʘʡʢʦʚ ʚ ʜʚʫʭ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ 

ʦʩʮʠʣʣʷʪʦʨʘʭ ʩʝʪʠ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ 

ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʢʞʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʨʘʜʠʦʬʠʟʠ-

ʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʭʦʨʦʰʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʯʠʩʣʝʥʥʳʭ 

ʨʘʩʯʝʪʦʚ ʠ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʛʦ ʠʤʧʫʣʴʩʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʙʨʘ-

ʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʝʤ ʨʦʙʦʪʦʚ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-

22-00150, https://rscf.ru/project/22-22-00150/. 
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ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʤʠʩʩʠʦʥʥʦʛʦ ʪʦʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝ-

ʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʭ ʧʨʠʙʦʨʦʚ. ɼʣʷ ʩʣʫ-

ʯʘʷ ʪʝʨʤʦʵʤʠʩʩʠʦʥʥʳʭ ʢʘʪʦʜʦʚ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʣʘʤʧʘʭ ʙʝʛʫʱʝʡ ʚʦʣʥʳ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʢʦʨʦʩʪʴʶ 

ʠʩʧʘʨʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦ-ʧʦʨʠʩʪʦʛʦ ʢʘʪʦʜʘ [1]. ɸ ʜʣʷ 

ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʭ ʢʘʪʦʜʦʚ (ɸʕʂ) ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʦʢʘ ʟʘʚʠʩʠʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪ 

ʛʝʦʤʝʪʨʠʠ ʠʩʭʦʜʥʦʛʦ ʢʘʪʦʜʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʠʟʤʝʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʚ ʭʦʜʝ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ [2]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʯʘʩʪʠʯʥʦʤʫ ʠʣʠ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʵʤʠʩʩʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʠ ʠʟʤʝʥʝʥʠʶ ʛʝʦʤʝʪ-

ʨʠʠ ʢʘʪʦʜʘ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʤʠʩʩʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ɸʕʂ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʘ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʛʣʝʨʦʜʥʦʛʦ ʪʦʥʢʦʧʣʝʥʦʯʥʦʛʦ ʢʘʪʦʜʘ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ɸʕʂ ʥʘ ʩʪʝʢʣʷʥʥʳʝ ʧʦʜ-

ʣʦʞʢʠ ʚ ʉɺʏ ʧʣʘʟʤʝ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ ʙʳʣʠ ʦʩʘʞʜʝʥʳ ʫʛʣʝʨʦʜʥʳʝ ʧʣʝʥʢʠ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʚʝʱʝʩʪʚʘ ʧʘʨʦʚ ʵʪʘʥʦʣʘ ʧʨʠ ʜʘʚʣʝʥʠʷʭ 0.05-0.07 

ʇʘ. ʅʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʝ ʚ ʧʨʦʮʝʩʩʘʭ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ -300 ɺ ʠ +300 ɺ. ʀʩʩʣʝʜʦʚʘʥʠʷ ɸʕʂ ʧʨʦʚʦʜʠʣʠʩʴ ʚʳʩʦʢʦʚʘ-

ʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʝ ʋʉʋ-4 ʧʨʠ ʫʨʦʚʥʝ ʚʘʢʫʫʤʘ ʧʦʨʷʜʢʘ 10-6 ʇʘ. ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) ʠʟʤʝʨʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʭʘʨʘʢʪʝʨʠʦʛʨʘʬʘ çʕʨʙʠʡ-7176è ʚ 

ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ 10 ʤʢʩ. ʄʝʪʦʜʠʢʘ 

ʠʟʤʝʨʝʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʣʫʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʡ ɺɸʍ ʚ ʜʦʧʨʦʙʦʡʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʥʘʧʨʷʞʝʥʠʡ. ɼʘʣʝʝ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ɽ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ.  ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʘʚʪʦʵʤʠʩʩʠʦʥʥʦʛʦ ʪʦʢʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʠʟʤʝʨʷʣʘʩʴ ɺɸʍ, ʠ ʩʥʦʚʘ ʧʨʦʚʦʜʠʣʩʷ ʮʠʢʣ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʫʞʝ 

ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʟʥʘʯʝʥʠʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ɽ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʵʤʠʩʩʠʦʥʥʦʛʦ ʪʦʢʘ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ɽ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʠʟʤʝʨʷʝʤʦʡ ʩʪʨʫʢʪʫʨʝ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ɽ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʦʢʘ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ (ʬʠʛ. 1 ʨʠʩ. 1), ʧʨʠʣʦ-

ʞʝʥʠʝ ʙʦʣʴʰʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʪʦʢʦʚʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ (ʬʠʛ. 2 ʨʠʩ. 1), ʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ ɽ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝ-

ʥʠʝ ʧʨʦʙʦʝʚ ʚ ʠʟʤʝʨʷʝʤʦʡ ʩʪʨʫʢʪʫʨʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʵʤʠʩʩʠʦʥʥʦʛʦ ʪʦʢʘ (ʬʠʛ. 3 ʨʠʩ. 1). 

ɼʘʣʝʝ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʵʤʠʩʩʠʦʥʥʦʛʦ ʪʦʢʘ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ɽ ʩʥʠʤʘʣʠʩʴ ɺɸʍ, ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦʨʦʛ ʥʘʯʘʣʘ ʵʤʠʩʩʠʠ 

ɽʧʦʨ ʠ ʚʝʣʠʯʠʥʘ ʪʦʢʘ I, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ɽ=112 ɺ/ʤʢʤ (ʨʠʩ. 2). 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     148 

ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ɽ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʚ ʭʦʜʝ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʦʢʘ, ʚʳʭʦʜʷʱʝʝ ʚ ʩʪʘʙʠʣʴʥʫʶ ʦʙʣʘʩʪʴ, 

ʠ ʧʨʦʜʦʣʞʘʶʱʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴʩʷ ʧʦʩʣʝ ʥʝʩʪʘʙʠʣʴʥʦʩʪʝʡ ʚ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʧʨʠ ʚʳʩʦʢʠʭ ɽ. ʇʨʠ ʵʪʦʤ ɽʧʦʨ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʩʣʝ ʥʘʙʣʶʜʘʝʤʳʭ ʥʝʩʪʘʙʠʣʴʥʦʩʪʝʡ. 
 

  
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʦʥʥʦʛʦ ʪʦʢʘ ʦʪ 

ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ N ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʝ-

ʣʠʯʠʥʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ: 1 ï 88 

ɺ/ʤʢʤ, 2 ï 108 ɺ/ʤʢʤ, 3 ï 118 ɺ/ʤʢʤ 

ʈʠʩ. 2. ʇʦʨʦʛʦʚʦʝ ʧʦʣʝ ʥʘʯʘʣʘ ʵʤʠʩʩʠʠ (ʧ˩ʦʨ) 

ʠ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʡ ʪʦʢ (I), ʟʘʬʠʢʩʠʨʦʚʘʥ-

ʥʳʡ ʧʨʠ =˩112 ɺ/ʤʢʤ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ 

ɺɸʍ, ʠʟʤʝʨʝʥʥʳʭ ʧʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʣʝʡ 88-133 ɺ/ʤʢʤ 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʚ ʭʦʜʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʳʤʠ ʧʦʣʷʤʠ ʬʠʢʩʠʨʦʚʘʥ-

ʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʦʚʢʘ ʵʤʠʩʩʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʝʝ ʵʤʠʩʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

2.  ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʙʣʠʟʢʠʭ ʢ ʢʨʠʪʠʯʝʩʢʠʤ ʠʤʝʝʪ ʤʝʩʪʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʥʝʥʠʝʤ ʵʤʠʩ-

ʩʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʪʘʙʠʣʴʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʢʘʪʦʜʘ ʠ 

ʫʭʫʜʰʝʥʠʶ ʝʛʦ ʵʤʠʩʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʐʘʙʫʥʠʥʫ ʅ.ʆ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʦʙʨʘʟʮʦʚ, ʠ ʠʟʤʝʨʝʥʠʷʭ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʭ ɺɸʍ. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɼʶʙʫʘ ɹ.ʏ. ʉʦʚʨʝʤʝʥʥʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʢʘʪʦʜʳ // ʈʘʜʠʦʪʝʭʥʠʢʘ, 1999, ˉ4, ʩ.55-60. 

2. ʌʫʨʩʝʡ ɻ.ʅ. ɸʚʪʦʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ / ɻ.ʅ. ʌʫʨʩʝʡ. ð ʉʇʙ.: ʀʟʜʘʪʝʣʴʩʪʚʦ çʃʘʥʴè, 2012. 

ð 320 ʩ. 
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ʈɽɿʆʅɸʅʉʅʓɽ ʄɸʉʉ-ɼɽʊɽʂʊʆʈʓ ʉ ʋɺɽʃʀʏɽʅʅʆʁ  

ʊʆʏʅʆʉʊʔʖ ʅɸ ʆʉʅʆɺɽ ʆɼʀʅʆʏʅʓʍ ʋɻʃɽʈʆɼʅʓʍ  

ʅɸʅʆɺʀʉʂɽʈʆɺ, ʈɸɹʆʊɸʖʑʀʍ ʅɸ ɺʊʆʈʆʄ ʈɽɿʆʅɸʅʉɽ 

ʂ.ʅ. ʅʦʚʠʢʦʚʘ1,2, ʅ.ɸ. ʉʦʣʦʤʦʥʦʚ1,2, ʀ.ɺ. ʅʘʜʦʷʥ1-3, ɺ.ɸ. ʐʢʦʣʜʠʥ1-3, 

ʖ.ʉ. ɹʝʨʜʥʠʢʦʚ1, ɸ.ʄ. ʄʦʞʘʨʦʚ1, ʀ.ʉ. ʄʫʭʠʥ1,2 
1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ɸʢʘʜʝʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɾ. ʀ. ɸʣʬʸʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 
2ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

3ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ 

E-mail: novikova_k@spbau.ru 

 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʤʝʪʨʦ-

ʣʦʛʠʠ ʠ ʥʘʥʦʙʠʦʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʟʤʝʨʝʥʠʷ ʩʚʝʨʭʤʘʣʳʭ ʤʘʩʩ ʩ ʧʦʤʦ-

ʱʴʶ ʨʝʟʦʥʘʥʩʥʳʭ ʤʘʩʩ-ʜʝʪʝʢʪʦʨʦʚ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʘʥʦʨʝʟʦʥʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤ-

ʥʠʷ ʠʣʠ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ [1-2], ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ [3] ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ 

ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʮʝʜʫʨ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ, ʥʘʧʳʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʧʣʘʟʤʝʥʥʦʛʦ ʪʨʘʚ-

ʣʝʥʠʷ ʠ ʜʨ., ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʨʝʩʩ-ʜʠʘʛʥʦʩʪʠʢʠ [4]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʜʠʥʦʯʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʚʠʩʢʝʨʳ 

ʤʦʞʥʦ ʚʳʨʘʱʠʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

(ʉʕʄ) ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʫʜʦʙʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʨʝʩʩ 

ʘʥʘʣʠʟʘ ʤʘʩʩʳ. ʅʘʥʦʤʝʭʘʥʠʯʝʩʢʠʝ ʨʝʟʦʥʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘ-

ʥʦʚʠʩʢʝʨʦʚ ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠ-

ʷʤʠ ʜʦʙʨʦʪʥʦʩʪʠ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ (1ï 10 ʄɻʮ), ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʠʩʢʝʨʦʚ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʧʨʝʢʨʘʩʥʦ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʤʘʩʩ [5-7]. ʉʪʘʥʜʘʨʪʥʳʡ 

ʤʝʪʦʜ ʚʟʚʝʰʠʚʘʥʠʷ ʥʘʥʦʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʧʦʜʦʙʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʦʪʩʣʝʞʠʚʘʥʠʠ ʩʤʝʱʝʥʠʷ ʧʝʨʚʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʚʠʩʢʝʨʘ ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʤʘʩʩʳ ʥʘ ʝʛʦ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ [8-9], ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ (ɸʏʍ) ʩʠʩʪʝʤʳ ʧʨʠ ʵʪʦʤ ʠʩʩʣʝʜʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ 

ʪʘʢʞʝ ʚ ʉʕʄ. ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʚʟʚʝʰʠʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦ-

ʛʨʝʰʥʦʩʪʴʶ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ ʚʠʩʢʝʨʘ ʧʨʠ ʵʢʩ-

ʧʦʥʠʨʦʚʘʥʠʠ ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʟʘ-

ʧʠʩʠ ɸʏʍ.  

 

 
ʈʠʩ. 1. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ (a) ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʥʦʩʠʢʝʨʘ ʠ ʥʘʨʘʱʝʥʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʚʠʩʢʝʨʘ ʥʘ ʚʪʦʨʦʡ (b) ʠ ʧʝʨʚʦʡ (a) ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ ʜʦ ʠ ʧʦʩʣʝ ʜʦʙʘʚ-

ʣʝʥʠʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʚʟʚʝʰʠʚʘʥʠʷ ʥʘʥʦʦʙʲʝʢʪʦʚ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʧʝʨʝʪʷʞʢʠ ʚʪʦʨʦʛʦ ʨʝ-

ʟʦʥʘʥʩʘ ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʤʘʩʩʳ ʥʘ ʚʝʨʰʠʥʝ ʥʘʥʦʚʠʢʝʨʘ. ʇʦʣʦʞʝʥʠʝ 
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ʪʦʯʢʠ ʧʝʨʝʪʷʞʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ ʚʠʩʢʝʨʘ ʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ 

ʜʠʘʤʝʪʨʘ ʠ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʫʤʝʥʴʰʠʪʴ 

ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ (ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʫʯʠʪʴ ʧʘʨʫ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦ ʠ ʧʦʩʣʝ ʣʦʢʘʣʠ-

ʟʘʮʠʠ ʚʟʚʝʰʠʚʘʝʤʦʡ ʤʘʩʩʳ ʚʤʝʩʪʦ ʟʘʧʠʩʠ ʩʝʨʠʠ ʩʢʘʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ɸʏʍ). 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʧʦ ʩʜʚʠʛʫ ʧʝʨʚʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘ-

ʩʪʦʪʳ ʠ ʩʤʝʱʝʥʠʶ ʪʦʯʢʠ ʧʝʨʝʪʷʞʢʠ (ŭz) ʥʘ ʚʪʦʨʦʤ ʨʝʟʦʥʘʥʩʝ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʤʘʩʩʘ 

ʊ-ʦʙʨʘʟʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʥʘʨʘʱʝʥʥʦʡ ʥʘ ʚʝʨʰʠʥʝ ʚʠʩʢʝʨʘ ʧʦʜ ʧʫʯʢʦʤ ʉʕʄ 

(ʈʠʩ.1.ʘ). ʕʪʦ ʨʝʰʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʥʘ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ 

ʚʠʩʢʝʨʘ ʩʪʨʫʢʪʫʨʳ ʩ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʩ ʠʟʚʝʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ. 

ʆʙʲʝʤ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʘʩʩʘ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʦʧʨʝʜʝʣʝʥʳ ʧʦ 

ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʘʩʩʘ ʩʦʩʪʘʚʠʣʘ 6,6 ʬʛ. ʌʦʨʤʳ ʢʦʣʝʙʘʥʠʡ 

ʚʠʩʢʝʨʘ ʥʘ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ ʜʦ ʠ ʧʦʩʣʝ ʥʘʨʘʱʠʚʘʥʠʷ ʤʘʩʩʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1.b,c. ʄʘʩʩʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʩʜʚʠʛʫ ʪʦʯʢʠ ʧʝʨʝʪʷʞʢʠ, ʩʦʩʪʘ-

ʚʠʣʘ 5,4 ʬʛ, ʘ ʧʦ ʩʜʚʠʛʫ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ - 1,2 ʬʛ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʤʘʩʩʳ ʥʘ ʦʩʥʦʚʝ ʦʜʠʥʦʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʚʠʩʢʝʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʤʝʨʷʪʴ ʤʘʩʩʫ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ ʬʛ. ʀʩʩʣʝʜʦʚʘʥʳ ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʩʨʘʚ-

ʥʝʥʠʷ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʘ ʚʟʚʝʰʠʚʘʥʠʷ: ʧʦ ʩʜʚʠʛʫ ʧʝʨʚʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘ-

ʩʪʦʪʳ ʠ ʧʦ ʩʜʚʠʛʫ ʪʦʯʢʠ ʧʝʨʝʪʷʞʢʠ ʚʪʦʨʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʪʦʨʦʡ ʤʝʪʦʜ 

ʥʝ ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʢʣʶʯʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʛʝʦʤʝʪʨʠʠ ʚʠʩʢʝʨʘ ʠ ʚʣʠʷʥʠʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʜʨʝʡʬʘ ʯʘʩʪʦʪʳ ʥʘ ʪʦʯʥʦʩʪʴ ʚʟʚʝ-

ʰʠʚʘʥʠʷ. ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʧʦ ʩʜʚʠʛʫ ʪʦʯʢʠ ʧʝʨʝʪʷʞʢʠ ʧʦʢʘʟʘʣ ʙʦʣʴʰʫʶ 

ʪʦʯʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʩʩʳ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʝʟʠʜʝʥʪʩʢʦʛʦ ʛʨʘʥʪʘ ʄɼ-1862.2022.1.2. 
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ʉʆɿɼɸʅʀɽ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʃɸʅɸʈʅʓʍ ʄʀʂʈʆʉʊʈʋʂʊʋʈ ʀɿ 

ʄɽɼʅʆ-ʄʆʃʀɹɼɽʅʆɺʓʍ ʇʆʂʈʓʊʀʁ ʅɸ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀʍ 

ʇʆɼʃʆɾʂɸʍ ʉ ʇʆʄʆʑʔʖ ʀʄʇʋʃʔʉʅʆʁ ʃɸɿɽʈʅʆʁ ɸɹʃʗʎʀʀ 

ɼ.ɸ. ʅʦʞʢʠʥ1, ɸ.ɸ. ʉʝʨʜʦʙʠʥʮʝʚ1, ʀ.ʆ. ʂʦʞʝʚʥʠʢʦʚ1, ɺ.ɺ. ɻʘʣʫʰʢʘ1,2, 

ɸ.ʄ. ɿʘʭʘʨʝʚʠʯ1, ɸ.ɺ. ʉʪʘʨʦʜʫʙʦʚ1,2 
1ʌɻɹʆʋ ɺʆ "ʉɻʋ ʠʤ. ʅ. ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ", ʉʘʨʘʪʦʚ 

2ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ. ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʉʘʨʘʪʦʚ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʫ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʠʭ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʜʣʷ ʨʘʙʦʪʳ ʚ ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʠ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ, ʪʘʢʠʭ 

ʢʘʢ ʘʥʪʝʥʥʳ, ʚʦʣʥʦʚʦʜʳ, ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʠ ʪ.ʜ. [1], [2]. ʆʜʥʘʢʦ, ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ 

ʨʘʙʦʯʝʡ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʤʠʣʣʠʤʝʪʨʦʚʫʶ ʦʙʣʘʩʪʴ, ʨʘʟʤʝʨʳ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘ-

ʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʚ ʤʝʪʦʜʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʤʠʢʨʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʚʦʜʷʱʠʭ 

ʩʪʨʫʢʪʫʨ ʥʘ ʪʚʝʨʜʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ [3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ [4]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘ-

ʥʠʶ ʤʠʢʨʦʨʘʟʤʝʨʥʳʭ ʧʣʘʥʘʨʥʳʭ ʧʨʦʚʦʜʷʱʠʭ ʩʪʨʫʢʪʫʨ ʠʟ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ 

ʩʧʣʘʚʦʚ ʥʘ ʪʚʝʨʜʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʩʝʢʫʥʜʥʦʡ 

ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘ-

ʥʠʝ ʥʠʟʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦ-

ʧʨʦʚʦʜʥʦʩʪʠ [5], [6]. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʜ-

ʣʦʞʢʠ ʠʟ ʩʪʝʢʣʘ ʠ ʠʟ ʢʚʘʨʮʘ. ʇʦʢʨʳʪʠʝ ʠʟ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʩʧʣʘʚʘ ʥʘʥʦʩʠʣʦʩʴ 

ʧʫʪʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʤʝʜʥʦʡ ʠ ʤʦʣʠʙʜʝʥʦʚʦʡ ʤʠʰʝ-

ʥʝʡ [6], ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚ ʥʘʥʦʩʠʤʦʛʦ ʧʦʢʨʳʪʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʤʦʱʥʦʩʪʴʶ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʤʘʛʥʝʪʨʦʥʦʚ.  

ʈʘʥʝʝ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʪʨʫʢʪʫʨʳ ʠʟ ʤʝʜʥʦ-

ʤʦʣʠʙʜʝʥʦʚʳʭ ʩʧʣʘʚʦʚ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʜʛʝʟʠʦʥʥʦʛʦ ʧʦʜʩʣʦʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʘʜʛʝʟʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʣʘʟʝʨʥʦʡ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ ʦʥʘ ʥʝʜʦʩʪʘʪʦʯʥʘ, ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʬʦʨʤʠʨʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝ ʦʪʩʣʦʠʣʘʩʴ ʦʪ ʧʦʜʣʦʞʢʠ [5].  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ ʩ ʚʚʝʜʝʥʠʝʤ ʘʜʛʝʟʠʦʥʥʦʛʦ 

ʧʦʜʩʣʦʷ ʠʟ ʪʠʪʘʥʘ ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 50 ʥʤ ʤʝʞʜʫ ʪʦʥʢʦʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠʟ 

ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʩʧʣʘʚʘ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʦʡ. ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʣʘ-

ʟʝʨʥʦʡ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʧʦʢʨʳʪʠʡ ʩ ʘʜʛʝʟʠ-

ʦʥʥʳʤ ʧʦʜʩʣʦʝʤ ʙʳʣʠ ʩʦʟʜʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʪʠʧʘ ʩʪʨʫʢʪʫʨ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʪ-

ʪʝʨʥʦʚ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ 10, 20, 30, 40 ʠ 50 ʤʢʤ, ʜʣʠʥʘ ʢʦʪʦ-

ʨʳʭ ʩʦʩʪʘʚʣʷʣʘ 1 ʤʤ ʠ ʤʝʘʥʜʨʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʰʠʨʠʥʦʡ ʧʦʣʦʩʢʘ ï 50 ʤʢʤ, ʨʘʩʩʪʦ-

ʷʥʠʝʤ ʤʝʞʜʫ ʧʦʣʦʩʢʘʤʠ - 50 ʤʢʤ, ʧʝʨʠʦʜʦʤ ʩʪʨʫʢʪʫʨʳ ï 200 ʤʢʤ, ʰʠʨʠʥʦʡ ï 650 

ʤʢʤ. ɹʳʣʦ ʥʘʡʜʝʥʦ 2 ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʘ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ. ʇʝʨʚʳʡ ʨʝʞʠʤ - ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ï 4 ʥʩ, ʵʥʝʨʛʠʷ ʚ ʠʤʧʫʣʴʩʝ - 40 ʤʢɼʞ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ ï 

4, ʚʪʦʨʦʡ ʨʝʞʠʤ - ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ - 14 ʥʩ, ʵʥʝʨʛʠʷ ʚ ʠʤʧʫʣʴʩʝ - 160 ʤʢɼʞ, 
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ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ - 2. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠʟ ʧʦʣʦʩʦʢ ʨʘʟʥʦʡ ʰʠʨʠʥʳ, ʘʜʛʝʟʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʘʤʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʧʦʜʣʦʞʢʝ ʜʦʩʪʘʪʦʯʥʘ ʠʟ-ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʜʛʝʟʠʦʥʥʦʛʦ ʧʦʜ-

ʩʣʦʷ ʠʟ ʪʠʪʘʥʘ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ (ʈʠʩ. 1). ɼʣʷ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ 

ʤʝʘʥʜʨ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʘʜʛʝʟʠʷ ʟʘʤʝʪʥʦ ʫʣʫʯʰʘʣʘʩʴ. 
 

 
ʈʠʩ. 1 ʌʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ, ʩʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘ-

ʙʦʪʢʠ ʥʘʥʦʩʝʢʫʥʜʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ. ɸ ï ʧʝʨʚʳʡ ʨʝʞʠʤ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ, ɹ ï ʚʪʦ-

ʨʦʡ ʨʝʞʠʤ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʌʌʀ ˉ 20-57-12001. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. T. S. Rappaport, Y. Xing, G. R. MacCartney, A. F. Molisch, E. Mellios, and J. Zhang Overview 

of Millimeter Wave Communications for Fifth-Generation (5G) Wireless Networks-With a Focus 

on Propagation Models // IEEE Trans. Antennas Propag., vol. 65, no. 12, pp. 6213ï6230, 2017, 

doi: 10.1109/TAP.2017.2734243. 

2. T. S. Rappaport et al. Wireless communications and applications above 100 GHz: Opportunities 

and challenges for 6g and beyond // IEEE Access, vol. 7, pp. 78729ï78757, 2019, doi: 

10.1109/ACCESS.2019.2921522. 

3. A. Starodubov et al. Technological Approaches to the Microfabrication of Planar Slow-Wave 

Structures for Millimeter- and THz-Band Vacuum Electron Devices // in 2020 International 

Conference on Actual Problems of Electron Devices Engineering (APEDE), Sep. 2020, pp. 256ï

261, doi: 10.1109/APEDE48864.2020.9255610. 

4. N. M. Ryskin et al. Development of microfabricated planar slow-wave structures on dielectric 

substrates for miniaturized millimeter-band traveling-wave tubes // J. Vac. Sci. Technol. B, vol. 

39, no. 1, p. 013204, Jan. 2021, doi: 10.1116/6.0000716. 

5. D. A. Nozhkin et al. On the laser micromachining of thin copper-molybdenum alloy films // in 

Laser Physics, Photonic Technologies, and Molecular Modeling, Apr. 2022, p. 38, doi: 

10.1117/12.2634207. 

6. A. V. Starodubov et al. Magnetron co-sputtered ɛ m-thick MoïCu films as structural material with 

low heat extension for key parts of high-power millimeter-band vacuum microelectronic devices 

// J. Vac. Sci. Technol. B, vol. 40, no. 1, p. 014201, Jan. 2022, doi: 10.1116/6.0001552. 

  



153                       ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XVI I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʅɽɺɿɸʀʄʅʆɽ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ʉʇʀʅʆɺʓʍ ɺʆʃʅ  

ɺ ɼɺʋʉʃʆʁʅʆʁ ʉʀʉʊɽʄɽ ʃɸʊɽʈɸʃʔʅʓʍ ʄɸɻʅʀʊʅʓʍ  

ʄʀʂʈʆɺʆʃʅʆɺʆɼʆɺ 

ʉ.ɸ. ʆʜʠʥʮʦʚ1, ɽ.ʅ. ɹʝʛʠʥʠʥ1, ɸ.ɺ. ʉʘʜʦʚʥʠʢʦʚ1, ʕ.ɻ. ʃʦʢʢ2 
1ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
2ʌʨʷʟʠʥʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

E-mail: odinoff@gmail.com 

 

ʊʦʥʢʠʝ ʤʘʛʥʠʪʥʳʝ ʧʣʸʥʢʠ ʷʚʣʷʶʪʩʷ ʙʘʟʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʠʩʪʝʤ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚʚʠʜʫ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʠʣʠ ʭʨʘʥʝʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ [1]. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʚʢʣʶ-

ʯʘʶʪ ʚ ʩʝʙʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʘʨʠʘʮʠʠ ʩʠʩʪʝʤ ʦʜʠʥʦʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʣʝʥʦʢ, ʜʚʦʡ-

ʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʣʝʥʦʢ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʣʝʥʦʢ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʣʝʥʦʢ 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʣʦʝʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʠʥʦʚʳʭ 

ʚʦʣʥ (ʉɺ) ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ (ʌʄ) ʧʣʝʥʢʘʭ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʤʳʤʠ ʚ ʤʘʛʥʦʥʠʢʝ. ʊʘʢ 

ʢʘʢ ʜʣʠʥʘ ʉɺ ʢʦʨʦʯʝ, ʯʝʤ ʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʛʠʛʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘ-

ʩʪʦʪ, ʪʦ ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʣʫʯʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʤʘʛʥʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ [2]. 

  
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ S21 ʦʪ ʯʘʩʪʦʪʳ ʚ ʥʠʟʢʦʯʘ-

ʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʘ) ʠ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʙ) 

ɺ ʩʣʫʯʘʷʭ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʝʚʟʘʠʤʥʦʩʪʴ ʩʧʠʥʦʚʳʭ ʚʦʣʥ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʤʦ-

ʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʬʘʟʦʚʦʡ, ʘʤʧʣʠʪʫʜʥʦʡ ʠʣʠ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʉɺ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʦʟʤʦʞ-

ʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʢʦʤʤʫʥʠʢʘʮʠʷʭ. ʠ ʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ [3,4]. ʉʪʦʠʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʜʚʫʩʣʦʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʦʪʜʝʣʴʥʳʝ ʤʥʦʛʦʯʘʩʪʦʪʥʳʝ ʧʦʣʦʩʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʧʠʥʦʚʳʭ ʚʦʣʥ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʫʪʠ ʜʣʷ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʥʝʚʟʘʠʤʥʳʭ ʤʘʛʥʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ [5]. ʋʯʠʪʳʚʘʷ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ, ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʚʟʘʠʤʥʦʩʪʠ ʉɺ ʚ ʣʘʪʝʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ: 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷʤʠ ʨʝʞʠʤʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʉɺ. 
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ʀʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʬʝʨʨʠʤʘʛʥʠʪʥʫʶ ʜʚʫʭʩʣʦʡʥʫʶ ʬʝʨ-

ʨʠʪʦʚʫʶ ʧʣʝʥʢʫ ɾʀɻ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʣʝʥʢʠ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ɻɻɻ ʩʥʘʯʘʣʘ ʙʳʣ ʚʳ-

ʨʘʱʝʥ ʩʣʦʡ ʯʠʩʪʦʛʦ ɾʀɻ ʪʦʣʱʠʥʦʡ 7 ʤʢʤ ʩ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ 4ˊʄ1 

= 1738 ɻʩ (ɾʀɻ1), ʘ ʥʘ ʥʝʤ ð ʩʣʦʡ ɾʀɻ, ʣʝʛʠʨʦʚʘʥʥʳʡ ʛʘʣʣʠʝʤ ʠ ʣʘʥʪʘʥʦʤ, ʪʦʣ-

ʱʠʥʦʡ 9 ʤʢʤ ʩ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ 4ˊʄ2 = 904 ɻʩ (ɾʀɻ2). ɺʦʣʥʦʚʦʜ 

ʧʦʤʝʱʘʣʩʷ ʚ ʦʜʥʦʨʦʜʥʦʝ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ H0 = 670 ʕ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ 

ʚʜʦʣʴ ʦʩʠ y, ʧʨʠʯʸʤ ʠʤʝʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʷ ʥʘ 180 ʛʨʘʜʫ-

ʩʦʚ. ʐʠʨʠʥʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʘ w= 200 ʤʢʤ. ɼʣʠʥʘ ʚʦʣʥʦʚʦʜʘ L = 7 

ʤʤ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʝʨʝʜʘʯʠ S21, ʠʟʤʝʨʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ E8362C. 

ʇʨʠʚʝʜʝʥʥʘʷ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ) ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ 

ʜʚʫʭ ʟʦʥ ʧʨʦʭʦʞʜʝʥʠʷ ʜʣʷ ʜʚʫʩʣʦʡʥʦʛʦ ʤʘʛʥʦʥʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ 

(LF) (2.92ï3.01 ɻɻʮ) ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ (HF) (3.61ï4.0 ɻɻʮ) ʜʠʘʧʘʟʦʥʘʭ. ɺʠʜʥʦ, ʯʪʦ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʠʜʥʦ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʰʠ-

ʨʠʥʘ ʧʦʣʦʩ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʢ ʚ LF, ʪʘʢ ʠ ʚ HF ʦʙʣʘʩʪʷʭ. ɺʳʷʚʣʝʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʢʨʠʚʳʭ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝ-

ʥʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʫʩʣʦʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʜʚʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʩʧʠʥʦʚʳʭ ʚʦʣʥ. ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʧʠ-

ʥʦʚʳʭ ʚʦʣʥ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʘʭ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʥʳʝ 

ʩʜʚʠʛʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʪʢʨʳ-

ʚʘʶʪ ʥʦʚʳʝ ʧʫʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʚʟʘʠʤʥʳʭ ʤʘʛʥʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʶʪ ʥʝʣʠʥʝʡʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʠʥʦʚʳʭ ʚʦʣʥ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ˉ20-79-10191). 
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ʈʘʟʚʠʪʠʝ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝ-

ʤʘʭ, ʤʝʜʠʮʠʥʝ, ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʘʪʯʠʢʘʭ ʠ ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʨ. [1]ï[3]. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ [1] ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʢʦʧʨʦ-

ʚʦʜʷʱʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʛʠʙʢʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ. ʅʘʣʠʯʠʝ ʩʭʦʞʠʭ ʥʝʜʦ-

ʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʪʨʘʬʘʨʝʪʦʚ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʭʠʤʠʠ ʧʦʙʫʜʠʣʦ ʨʘʩʩʤʦʪʨʝʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ [2]ï[4]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʨʫʢ-

ʪʫʨ ʥʘ ʛʠʙʢʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ ʩ ʪʦʣʱʠʥʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ ʧʦʨʷʜʢʘ 5-7 

‘m (ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ, ʘʥʪʝʥʥʳ). ʃʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤ-

ʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʄʠʥʠʄʘʨʢʝʨʘ 2-20ɸ4 ʥʘ ʦʩʥʦʚʝ ʠʪʪʝʨʙʠʝ-

ʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɼʣʠʥʦʡ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 1.064 

Õm; ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ 8 ns; ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʦʪ 100 kHz; 

ʤʘʢʩʠʤʘʣʴʥʦʡ (100%) ʵʥʝʨʛʠʠ ʚ ʠʤʧʫʣʴʩʝ ʣʘʟʝʨʘ ï 96 ÕJ, ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ 1000 mm/s [2]ï[4]. ʈʘʥʝʝ, ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʧʣʘʥʘʨʥʳʭ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʥʘ ʧʦʣʠʠ-

ʤʠʜʥʦʡ ʧʦʜʣʦʞʢʝ ʩ ʪʦʣʱʠʥʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ ʧʦʨʷʜʢʘ 3 ‘m [5], ʥʦ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝ-

ʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʨʦʡʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʥʘ ʧʝʨʝʜʘʯʫ ʥʝʦʙʭʦ-

ʜʠʤʦ ʪʦʣʱʠʥʳ ʤʝʪʘʣʣʠʟʘʮʠʠ ʜʦ 5-7 ‘m. 

ɼʣʷ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ ʥʦʚʦʛʦ ʨʝʞʠʤʘ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʣʘʟʝʨʥʳʤ ʩʪʘʥʢʦʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʘʪʨʠʮʳ ʨʝ-

ʞʠʤʦʚ (ʨʠʩ.1, a). ʄʘʪʨʠʮʘ ʨʝʞʠʤʦʚ ï ʵʪʦ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʪʘʙʣʠʮʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʞʠʤʦʚ ʣʘʟʝʨʥʦʡ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʦ ʦʜʥʦʤʫ ʠʣʠ ʜʚʫʤ ʧʘʨʘʤʝʪ-

ʨʘʤ. ʀʟʤʝʥʷʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ (ʦʪ 

600 mm/s ʜʦ 1000 mm/s), ʧʣʦʪʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ (ʦʪ 100 ʜʦ 140 ʣʠʥʠʡ/ʤʤ) ʠ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ (4 ns, 8 ns ʠ 14 ns). ʈʝʞʠʤ ʘʙʣʷʮʠʠ ʩʯʠʪʘʝʪʩʷ ʵʬʬʝʢʪʠʚ-

ʥʳʤ, ʝʩʣʠ ʦʙʨʘʙʦʪʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʧʨʦʚʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʧʨʠ ʵʪʦʤ ʛʠʙʢʘʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʜʣʦʞʢʘ ʥʝ ʠʤʝʝʪ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʥʘʡʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʩ ʜʣʠ-

ʪʝʣʴʥʦʩʪʴʶ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 4 ns, 8 ns ʠ 14 ns. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ 
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ʈʠʩ. 1. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮ rʨʝʞʠʤʦʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 8 ns, 600-1000 mm/s 

(ʩʚʝʨʭʫ-ʚʥʠʟ), 100-140 ʣʠʥʠʡ/mm (ʩʣʝʚʘ-ʥʘʧʨʘʚʦ), 33 ‘J (55% ʦʪ ʤʘʢʩ. ʤʦʱ.), 2 ʧʨʦʭʦʜʘ. 

 

ʦʢʘʟʘʣʩʷ ʨʝʞʠʤ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 8 ns, ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ 800 mm/s, ʧʣʦʪʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʠʷ 120 lines/mm, ʠ ʵʥʝʨʛʠʝʡ ʚ 

ʠʤʧʫʣʴʩʝ 55% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʩʣʦʷ ʤʝʪʘʣʣʠʟʘʮʠʠ 

ʧʦʪʨʝʙʦʚʘʣʦʩʴ 2 ʧʦʚʪʦʨʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʨʝʞʠʤʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʠ ʘʥʪʝʥʥʳ ʥʘ 

ʛʠʙʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ ʜʣʷ ʨʘʙʦʪʳ ʚ ISM ʜʠʘʧʘʟʦʥʝ. ʉʣʝʜʫʶʱʠʤ ʰʘ-

ʛʦʤ ʩʪʘʥʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʤʘʢʝʪʦʚ ʛʠʙʢʠʭ 

ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʠ ʘʥʪʝʥʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʩʪʘʥʜʘʨʪʦʚ 5G ʠ 6G. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʅʌ ˉ 17-79-20243. 
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