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                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     6 

ʈɸɿʈɸɹʆʊʂɸ ʄʀʅʀɸʊʖʈʅʆʁ ʃɹɺ W-ɼʀɸʇɸɿʆʅɸ ʉ ɿʉ ʊʀʇɸ 

ʉɼɺʆɽʅʅɸʗ ɻʈɽɹɽʅʂɸ ʀ ʃɽʅʊʆʏʅʓʄ ʕʃɽʂʊʈʆʅʅʓʄ ʇʋʏʂʆʄ 

ʆ.ʈ. ɸʙʨʘʤʦʚ 1, ʈ.ɸ. ʊʦʨʛʘʰʦʚ 1,2, ɺ.ʅ. ʊʠʪʦʚ 1,2  
1ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 

2ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
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ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʦʩʚʦʝʥʠʷ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʠ ʩʫʙ-

ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʷʚʣʷʝʪʩʷ ʣʘʤʧʘ ʙʝʛʫʱʝʡ ʚʦʣʥʳ (ʃɹɺ). ʊʘ-

ʢʦʡ ʫʩʠʣʠʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʘʢ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʪʘʢ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥ-

ʪʦʤ ʃɹɺ ʷʚʣʷʝʪʩʷ ʟʘʤʝʜʣʷʶʱʘʷ ʩʠʩʪʝʤʘ (ɿʉ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʠʥ-

ʭʨʦʥʠʟʤ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʠ ʟʘʤʝʜʣʝʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ. ʆʜʥʦʡ 

ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ɿʉ ʚ ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʠ ʩʫʙʤʠʣʣʠ-

ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʷʚʣʷʝʪʩʷ ɿʉ ʪʠʧʘ ʩʜʚʦʝʥʥʘʷ ʛʨʝʙʝʥʢʘ, ʚ ʢʦʪʦʨʦʡ 

ʚʦʟʤʦʞʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʣʝʥʪʦʯʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ [1-6]. ʉʭʝʤʘ ʟʘʤʝʜ-

ʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʪʠʧʘ ʩʜʚʦʝʥʥʦʡ ʛʨʝʙʝʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʤʠʥʠʘʪʶʨʥʦʡ ʃɹɺ W-

ʜʠʘʧʘʟʦʥʘ ʩ ɿʉ ʪʠʧʘ ʩʜʚʦʝʥʥʦʡ ʛʨʝʙʝʥʢʠ ʠ ʣʝʥʪʦʯʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʨʦʝʢʪ ʃɹɺ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [6]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʰʠʨʠʥʘ 

ɿʉ ʙʳʣʘ ʫʤʝʥʴʰʝʥʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʠʥʭʨʦʥʠʟʤʘ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʧʫʯʢʘ 14.5 ʢɺ 

ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 90 ʜʦ 100 ɻɻʮ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ɿʉ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʟʘʤʝʜʣʷʶʱʝʡ ʩʠʩʪʝʤʳ 

ʪʠʧʘ ʩʜʚʦʝʥʥʦʡ ʛʨʝʙʝʥʢʠ. 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ, ʤʤ 

ʇʝʨʠʦʜ, p 0.95 

ʐʠʨʠʥʘ ʚʦʣʥʦʚʦʜʘ, b 1.85 

ʐʠʨʠʥʘ ʣʘʤʝʣʠ, s 0.25 

ɺʳʩʦʪʘ ʣʘʤʝʣʠ, l 0.78 

ɺʳʩʦʪʘ ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ, 2ʘ 0.3 

ʈʘʟʤʝʨʳ ʧʫʯʢʘ, wb Ĭ hb 0.5Ĭ0.15 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʟʘʤʝʜʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʚʤʝ-

ʩʪʝ ʩ ʛʝʦʤʝʪʨʠʝʡ ʧʫʯʢʘ 
 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʤʝʜʣʷʶ-

ʱʝʡ ʩʠʩʪʝʤʳ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ɿʉ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʰʠʨʦʢʦʧʦʣʦʩ-

ʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘ +1 ʧʨʷʤʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʘʨʤʦʥʠʢʝ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ 

ʦʪ 14.5 ʜʦ 15 ʢɺ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʚʷʟʠ ʨʘʙʦʯʝʡ ʛʘʨʤʦʥʠʢʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 

ʩʚʳʰʝ 1 ʆʤ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 90-100 ɻɻʮ. ʊʘʢʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥ-

ʩʪʨʫʢʮʠʷ ʩʠʩʪʝʤʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʉɺʏ-ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʨʘʞʝʥʠʷ 

ʧʦ ʫʨʦʚʥʶ ʤʝʥʝʝ ï20 ʜɹ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʝʜ-

ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ɿʉ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʤʝʜʠ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 
72.0 10s= ³ʉʤ/ʤ. ʇʨʠ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 90-100 ɻɻʮ ʩʦʩʪʘʚʠʣʠ 0.05-0.06 ʜɹ/ʧʝʨʠʦʜ. 
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7                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦ-ʚʦʣʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʃɹɺ ʩ ʣʝʥʪʦʯʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʦʜ-

ʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʃɹɺ, ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʛʦ 

PIC-ʤʝʪʦʜʘ. ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʪʦʢ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 100 ʤɸ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 133 ɸ/ʩʤ2. ɼʣʠʥʘ ʩʠʩʪʝʤʳ 

ʩʦʩʪʘʚʠʣʘ 70 ʧʝʨʠʦʜʦʚ. ʌʦʢʫʩʠʨʦʚʢʘ ʧʫʯʢʘ ʚ ʪʨʝʭʤʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʦʩʫʱʝʩʪʚʣʷ-

ʣʘʩʴ ʦʜʥʦʨʦʜʥʳʤ ʧʨʦʜʦʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚʝʣʠʯʠʥʦʡ 0.7 ʊʣ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 14.7-14.9 ʢɺ ʧʨʠ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 10 ʤɺʪ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʫʩʠʣʠʪʝʣʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 28 ʜɹ, ʘ ʧʦʣʦʩʘ ʫʩʠʣʝʥʠʷ ʧʦ ʫʨʦʚʥʶ ï3 ʜɹ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

10 ɻɻʮ. ʅʘ ʨʠʩ. 2ʘ ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ 

ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 14.7 ʢɺ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʣʠʥʝʡʥʳʝ ʨʝʞʠʤʳ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ. ʅʘ ʨʠʩ.2ʙ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʚʭʦʜʥʦʡ ʥʘ ʯʘ-

ʩʪʦʪʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 90 ɻɻʮ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʧʫʯʢʘ 14.8 ʢɺ. ʄʦʱʥʦʩʪʴ ʚ ʨʝ-

ʞʠʤʝ ʥʘʩʳʱʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 65 ɺʪ ʧʨʠ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʦʢʦʣʦ 0.3 ɺʪ. ɺ ʣʠʥʝʡ-

ʥʦʤ ʠ ʥʝʣʠʥʝʡʥʦʤ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʣʥʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʧʫʯʢʘ 

ʙʝʟ ʦʩʝʜʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʉ.  

 

 
ʘ         ʙ 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʚʦʣʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʃɹɺ:  

(ʘ) ï ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 10 ʤɺʪ ʠ ʨʘʟ-

ʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ, (ʙ) ï ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʚʭʦʜʥʦʡ ʥʘ ʯʘʩʪʦʪʝ 

90 ɻɻʮ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 14.8 ʢɺ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʛʨʘʥʪ  ̄22-49-02017). 
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ʇʈʆʍʆɾɼɽʅʀɽ ʉʇʀʅʆɺʓʍ ɺʆʃʅ ɺ ɼɺʋʍʉʃʆʁʅʓʍ ɺʆʃʅʆɺʆ-

ɼɸʍ ʉ ʄɸɻʅʀʊʅʓʄʀ ʅɽʆɼʅʆʈʆɼʅʆʉʊʗʄʀ ɺ ʈɽɾʀʄɽ ʆɼʅʆ-

ʅɸʇʈɸɺʃɽʅʅʆɻʆ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ 

ʖ.ɺ. ɸʣʝʢʩʘʥʜʨʦʚʘ, ɸ.ɺ. ʉʘʜʦʚʥʠʢʦʚ, ɽ.ʅ. ɹʝʛʠʥʠʥ 
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ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʠʢʨʦʤʘʛʥʠʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʥʳʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʠʩʪʝʤ, ʟʘʥʠ-

ʤʘʷ ʥʝʢʦʪʦʨʦʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʪʝʦʨʠʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

(ʫʩʣʦʚʥʦ ʵʪʦʪ ʤʝʪʦʜ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʯʠʩʣʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ).  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʤʠʢʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʠʥ-ʚʦʣʥʦʚʳʭ 

ʚʦʟʙʫʞʜʝʥʠʡ ʚ ʤʘʛʥʠʪʥʳʭ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʚ ʩʚʦʙʦʜʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ MuMax3 [1], ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʝʰʝ-

ʥʠʝ ʟʘʜʘʯʠ ʦ ʨʘʩʩʝʷʥʠʠ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ʉɺ) ʥʘ ʤʘʛʥʠʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʬʦʨ-

ʤʠʨʫʝʤʳʭ ʥʝʦʜʥʦʨʦʜʥʳʤ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʅʘ ʨʠʩ. 1 ʩʭʝʤʘʪʠʯʝʩʢʠ 

ʧʨʠʚʝʜʝʥʘ ʜʚʫʭʩʣʦʡʥʘʷ ʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ ʜʚʫʭ ʩʣʦʝʚ ʞʝʣʝʟʦ-ʠʪʪʨʠ-

ʝʚʦʛʦ ʛʨʘʥʘʪʘ (ɾʀɻ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʦʣʱʠʥ ʩʣʦʝʚ d1=6.9 ɛm, 

d2=8.9 ɛm ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʷʤʠ ʥʘʩʳʱʝʥʠʷ Ms1=72 kA/m ʠ Ms2=138 kA/m ʢʘʞ-

ʜʦʛʦ ʩʣʦʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʚʫʭʩʣʦʡʥʳʡ ʤʠʢʨʦʚʦʣʥʦʚʦʜ ʧʦʤʝʱʝʥ ʚʦ ʚʥʝʰʥʝʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ By=B0=67 mT ʥʘʧʨʘʚʣʝʥʦ ʚʜʦʣʴ ʦʩʠ ʫ, ʚ ʩʪʨʫʢʪʫʨʝ ʙʫʜʝʪ ʨʘʩʧʨʦ-

ʩʪʨʘʥʠʪʴʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ (ʇʄʉɺ) [2]. ʀʩʪʦʯʥʠʢ, 

ʚʦʟʙʫʞʜʝʥʠʷ ʉɺ ʚ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ w ʠ ʧʦ 

ʚʩʝʡ ʪʦʣʱʠʥʝ ʩʪʨʫʢʪʫʨʳ, ʨʘʟʤʝʨʘʤʠ 10 ɛm Ĭ Ly Ĭ Lz. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʤʘʛʥʠʪʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʧʦ 

ʮʝʥʪʨʫ ʦʩʠ ʭ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʠʥʦʡ L ʠ ʛʣʫʙʠʥʦʡ B. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʚʠʜʘ By=B0+ B ï çʚʘʣè ʠ By=B0- B ï çʜʦʣʠʥʘè. ʅʘ ʨʠʩ. 1 (ʙ), (ʚ) ʧʨʦʜʝʤʦʥʩʪʨʠ-

ʨʦʚʘʥʳ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʚʳʭʦʜʥʦʡ ʘʥʪʝʥʥʳ Pout ʜʣʷ ʜʚʫʭ 

ʪʠʧʦʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ çʚʘʣè ʠ çʜʦʣʠʥʘè. ʀʟ ʥʠʭ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʪʠʧʘ çʜʦʣʠʥʘè ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʜʣʷ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʠ ʪʠʧʘ çʚʘʣè ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʆʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʨʝʞʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʉɺ ʚ ʧʦʧʝʨʝʯʥʦ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʤʠʢʨʦʚʦʣʥʦʚʦʜʘʭ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʩʣʦʡʥʳʭ ʧʣʝʥʦʢ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʧʠʥʦʚʳʭ ʜʠʦʜʦʚ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʥʝʚʟʘʠʤʥʦʤ 

ʨʝʞʠʤʝ ʨʘʩʧʨʘʚʣʝʥʠʷ ʉɺ, ʧʨʠ ʵʪʦʤ ʚ ʦʪʣʠʯʠʠ ʦʪ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʚʟʘʠʤʥʳʡ ʨʝʞʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʩʠʩʪʝʤʳ 

ʜʚʫʭʩʣʦʡʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʦʜʦʚ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʜʠʩʩʠʧʘʮʠʠ 

ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʦʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʤʝʪʘʣʣʝ. 



9                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

(ʘ) 

 
(ʙ) 

 

(ʚ) 

 

ʈʠʩ. 1. (ʘ) ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʝʯʝʥʠʷ (ʚ ʧʣʦʩʢʦʩʪʠ (x, z) ʚʦʣʥʦʚʦʜʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʜʚʫʭ ʧʣʝʥʦʢ ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ ʩ ʨʘʟʣʠʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ. 

(ʙ), (ʚ) ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ:  

1 ï B= - 8 mT ʧʦʣʝ ʪʠʧʘ çʜʦʣʠʥʘè, 2 ï ʦʜʥʦʨʦʜʥʦʝ ʧʦʣʝ, 3 ï B=8 mT ʧʦʣʝ ʪʠʧʘ çʚʘʣè. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʚ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ˉ23-79-30027. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɼʀʕʃɽʂʊʈʀʏɽʉʂʆʁ ʇʈʆʅʀʎɸɽʄʆʉʊʀ  

ɾʀɼʂʀʍ ɼʀʕʃɽʂʊʈʀʂʆɺ ɺ X-ɼʀɸʇɸɿʆʅɽ ʏɸʉʊʆʊ 

ɸ.ɸ. ɸʥʜʨʝʝʚ, ɽ.ɸ. ʈʷʙʦʚ, ɹ.ɺ. ʉʝʨʛʝʝʚʘ, ɺ.ʅ. ɻʫʩʷʪʥʠʢʦʚ 
ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 

E-mail: andreev25304@mail.ru 
 

ʀʟʫʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ, ʪ.ʝ. ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ 

ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ, 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʥʘʫʯʥʦʝ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʘʶʱʠʝ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʭʥʠʢʝ ʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʟʘ-

ʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [1], ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʷʪʩʷ ʩʝʛʦʜʥʷ [2-9]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʣʥʦʚʦʜʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ (ʨʠʩ. 1) ʜʣʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʞʠʜʢʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʚ X-ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʦʡʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʚʦʣʥʦʚʦʜʥʦʛʦ ʪʨʦʡʥʠʢʘ ʠ ʩʪʫʧʝʥʯʘʪʦʛʦ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʦʜʥʠʤ ʠʟ ʢʦʣʣʠʥʝʘʨʥʳʭ ʧʣʝʯ ʪʨʦʡʥʠʢʘ. ʀʩ-

ʪʦʯʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʚ H-ʧʣʝʯʝ (ʧʦʨʪ 1). ʏʝʨʝʟ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʰʠʨʦʢʦʡ ʩʪʝʥʢʝ ʚʦʣʥʦʚʦʜʘ 

ʧʨʦʭʦʜʠʪ ʩʠʣʠʢʦʥʦʚʘʷ ʪʨʫʙʢʘ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʘʷ ʞʠʜʢʠʤ ʜʠʵʣʝʢʪʨʠʢʦʤ 

(ʨʠʩ. 1, ʘ).  

 
ʈʠʩ. 1. 3D-ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʣʥʦʚʦʜʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ: ʘ) ʢʦʥʩʪʨʫʢʮʠʷ ʚ ʦʙʱʝʤ ʚʠʜʝ; 

ʙ) ʙʝʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

 

ʇʨʦʚʝʜʝʥ rʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ S-ʧʘʨʘʤʝʪʨʦʚ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦ-

ʨʦʤ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ (NaCl) ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʠʤ 

ʪʨʫʙʢʫ [10-13]. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ OpenEMS [14-18] ʧʨʦʚʝ-

ʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ S-ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘ-

ʯʝʥʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ S31-ʧʘʨʘʤʝʪʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟ-

ʤʝʨʝʥʠʡ. ɺʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʝʱʝ-

ʩʪʚʘ ʚ ʪʨʫʙʢʝ, ʤʠʥʠʤʫʤʳ ʩʤʝʱʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (ʨʠʩ. 2, ʘ). 

ʅʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʤʠʥʠʤʫʤʦʚ 

mailto:konstantin-m92@yandex.ru


11                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ (ʨʠʩ. 2, ʙ), ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʧʦ-

ʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʡ ʩʦʣʠ. 

 

 
ʈʠʩ. 2. S31-ʧʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ: ʘ) ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ; ʙ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝ-

ʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʚʦʣʥʦʚʦʜʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʤʘʣʦʤ ʠʟʤʝʥʝʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʞʠʜʢʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ.  
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                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     12 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɼʀʅɸʄʀʂʀ ʃʀʅɽʁʅʆ ʉɺʗɿɸʅʅʓʍ  

ʆʉʎʀʃʃʗʊʆʈʆɺ ʅɸ ʆʉʅʆɺɽ ʌʆʈʄɸʃʀɿʄɸ ʍʆɼɾʂʀʅɸ-ʍɸʂʉʃʀ 

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʀʉʂʋʉʉʊɺɽʅʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ʕ.ʈ. ɹʘʛʘʫʪʜʠʥʦʚʘ1, ʇ.ɺ. ʂʫʧʮʦʚ1,2, ʅ.ɺ. ʉʪʘʥʢʝʚʠʯ1 
1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ. 
2ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

E-mail: bagautdinovaer@mail.ru 
 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ ʣʠʥʝʡʥʦ ʩʚʷʟʘʥ-

ʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɺ ʨʘʤʢʘʭ ʥʘʰʝʛʦ 

ʧʨʝʜʳʜʫʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [1] ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʫʨʘʚʥʝʥʠʷʤʠ 

ʪʠʧʘ ʍʦʜʞʢʠʥʘ-ʍʘʢʩʣʠ. ʕʪʠ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʧʨʦʮʝʩʩʳ ʠʦʥʥʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʘ ʯʝʨʝʟ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʚ ʤʝʤʙʨʘʥʘʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ, ʚʢʣʶʯʘʷ 

ʥʝʡʨʦʥʳ, ʢʘʨʜʠʦʤʠʦʮʠʪʳ, ʙʝʪʘ-ʢʣʝʪʢʠ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʜʨʫʛʠʝ [2,3]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʠʭ ʩʝʪʝʡ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʝʜʠʮʠʥʳ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʬʠ-

ʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɼʠʥʘʤʠʢʘ ʣʠʥʝʡʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʦʧʠʩʘʥʘ ʤʦʜʝʣʴʶ ʐʝʨʤʘʥʘ-ʈʠʥʮʝʣʷ [4], 

ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʬʦʨʤʘʣʠʟʤʝ ʍʦʜʞʢʠʥʘ-ʍʘʢʩʣʠ ʠ ʠʤʝʝʪ ʚʠʜ: 

†ὠ Ὅ ὠ В Ὅ ὠȟὲ ὍὠȟὛ, 

 †ὲ  „ὲ ὠ ὲ ,    (1) 
     †Ὓ  Ὓ ὠ Ὓ. 

ʛʜʝ ὠ ʦʧʠʩʳʚʘʝʪ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, ὲ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʣʠʷ, ʘ Ὓ ï ʢʦʥ-
ʮʝʥʪʨʘʮʠʷ ʢʘʣʴʮʠʷ. ʌʫʥʢʮʠʠ  

                                          Ὅ ὠ  Ὣ ά ὠ ὠ ὠ ,   (2)                                                                          

 Ὅ ὠȟὲ  Ὣὲὠ  ὠ , (3)                                                                                  

 Ὅὠȟὲ ὫὛὠ  ὠ . (4)              

ʦʧʨʝʜʝʣʷʶʪ ʪʨʠ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʢʣʝʪʢʠ, ʙʳʩʪʨʳʡ ʪʦʢ, ʩʦ-

ʟʜʘʚʘʝʤʳʡ ʢʘʥʘʣʘʤʠ ʢʘʣʴʮʠʷ ʠ ʢʘʣʠʷ ʠ ʤʝʜʣʝʥʥʳʡ ʦʪ ʠʦʥʦʚ ʢʘʣʠʷ. ʋʨʘʚʥʝʥʠʝ 

ʜʣʷ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʢʘʣʠʷ ʩ ʥʝʤʦʥʦʪʦʥʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʦʡ Ὅὑ2(ὠ), ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 Ὅ ὠ  Ὣ ὴ ὠ ὠ  ὠ ȟ  (5)                                                                           

ʌʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʦʪʢʨʳʪʠʝ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʦʜʝʣʠ, 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

 ‫ ὠ ρ Ὡὼὴ ȟ   ‫ άȟὲȟὛȢ                      (6) 

ʆʜʥʘʢʦ, ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʦʪʢʨʳʪʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʦʥʥʦʛʦ ʢʘʥʘʣʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʤʦʥʦʪʦʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ: 

           ὴ Ὡὼὴ Ὡὼὴ , (7)       

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʫʯʠʪʳʚʘʶʱʝʝ ʪʦʢ ʯʝʨʝʟ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʢʘʥʘʣ 

ʢʘʣʠʷ ʩ ʥʝʤʦʥʦʪʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʚʚʦʜʠʪ ʙʠʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʩʠʩʪʝʤʫ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʜʝʬʝʢʪʘʤʠ ʢʦʤʤʫ-

ʥʠʢʘʮʠʠ ʚ ʩʝʪʠ ʢʣʝʪʦʢ. 



13                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ ð ʦʨʠʛʠ-

ʥʘʣʴʥʦʡ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʘʣʠʝʚʳʤ ʢʘʥʘʣʦʤ ʙʳʣʘ ʚʚʝ-

ʜʝʥʘ ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠʦʥʦʚ ʤʝʞʜʫ 

ʢʣʝʪʢʘʤʠ: 

                                     Ὅὧὠ В Ὣȟ ὠ ὠ .                                          (8) 

ʛʜʝ Ὣȟ - ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʚʷʟʠ (ʩʠʣʘ ʩʚʷʟʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ.  

ʀʟʤʝʥʝʥʠʝ ʩʠʣʳ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʦʩʮʠʣʣʷʪʦʨʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʘʤ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʝʞʠʤʘʤʠ ʩʤʝʰʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɼʘʞʝ ʧʨʠ ʥʠʟʢʦʡ ʩʠʣʝ 

ʩʚʷʟʠ ʦʜʠʥ ʦʩʮʠʣʣʷʪʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʘ ʜʨʫʛʦʡ ð 

ʢʨʫʧʥʦʘʤʧʣʠʪʫʜʥʳʝ ʚʩʧʣʝʩʢʠ. ʕʪʘ ʜʠʥʘʤʠʢʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʢ ʚ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ, ʪʘʢ ʠ ʚ ʥʝʡʨʦʩʝʪʝʚʦʤ ʦʪʦʙʨʘʞʝʥʠʠ (ʈʠʩ. 1). ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʭ ʧʣʘʥʠʨʫʝʪʩʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦ-

ʜʝʣʠ, ʪʘʢʠʭ ʢʘʢ ʥʝʣʠʥʝʡʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʩʮʠʣʣʷʪʦʨʘʤʠ ʠ ʟʘʜʝʨʞʢʘ 

ʩʚʷʟʠ, ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʝʞʠʤʘʤʠ ʜʠʥʘʤʠʢʠ. 

 

  
ʈʠʩ. 1. ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʜʣʷ gK2=0.12, Vp=-49.5, ɗp=1.0, VS=-36, gcV = 0.001.  

(ʘ) ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. (b) ʅʝʡʨʦʩʝʪʝʚʦʝ ʦʪʦʙʨʘʞʝʥʠʝ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ 20-71-10048-ʇ. 
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ʉʧʠʥʦʚʳʝ ʚʦʣʥʳ (ʉɺ) ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʙʫʜʫʱʠʭ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʟʘʪʫʭʘʥʠʝ ɻʠʣʴʙʝʨʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʀʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʉɺ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʢʘʢ 

ʜʣʷ ʘʥʘʣʦʛʦʚʦʡ, ʪʘʢ ʠ ʜʣʷ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. [1] 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʣʘʪʝʨʘʣʴʥʦ ʩʚʷʟʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠʟ ʞʝʣʝʟʦ-ʠʪʪʨʠʝ-

ʚʦʛʦ ʛʨʘʥʘʪʘ (Y3Fe5O12, ɾʀɻ) ʥʘ ʦʩʥʦʚʝ ʩʧʣʦʰʥʳʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʧʣʥyʦʢ 

(ʌʇ) ʠ ʌʇ ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʢʘʥʘʚʦʢ ï ʤʘʛʥʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʄʂ), ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʥʘʥʝʩʝʥʘ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ.  

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʚʷʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʧʝʨʝ-

ʢʘʯʢʘ ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ [2, 3]. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʧʝʨʝʢʘʯʢʠ ʤʦʱʥʦʩʪʠ ʦʪ ʰʠʨʠʥʳ ʟʘ-

ʟʦʨʘ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ d. ʂʘʢ ʜʣʷ ʦʙʨʘʪʥʳʭ ʦʙʲʸʤʥʳʭ (ʆʆʄʉɺ, ʘ), ʪʘʢ ʠ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ (ʇʄʉɺ, ʙ) ʟʘʚʠʩʠʤʦʩʪʴ ( )dL  ʷʚʣʷʝʪʩʷ 

ʥʝʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ. ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʜʣʠʥʘ ʧʝʨʝʢʘʯʢʠ ʧʨʷʤʦʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʘ ʰʠʨʠʥʝ ʚʦʣʥʦʚʦʜʦʚ w. 

 

   

(ʘ)     (ʙ) 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʧʝʨʝʢʘʯʢʠ ʤʦʱʥʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ d ʧʨʠ 

ʨʘʟʥʦʡ ʰʠʨʠʥʝ ʚʦʣʥʦʚʦʜʦʚ w ʜʣʷ (ʘ) ʆʆʄʉɺ, (ʙ) ʇʄʉɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʩʩʣʝʜʫ-

ʝʤʳʝ ʩʚʷʟʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʯʘʩʪʦʪʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʟʦʥ ʥʝʧʨʦʧʫʩʢʘʥʠʷ ʩʠʛʥʘʣʘ ʚ 

ʤʘʛʥʦʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʜʝʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʤʘʛʥʦʥʥʦʡ ʩʝʪʠ.  

  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 

23-79-30027). 
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ʋʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʜʚʫʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʛʨʘʬʝʥʘ, ʪʘʢʠʝ ʢʘʢ ʥʫʣʝʚʘʷ ʰʠ-

ʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʣʠʥʝʡʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ [1], 

ʜʝʣʘʶʪ ʛʨʘʬʝʥ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʥʘ ʨʦʣʴ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʜʣʷ ʊɻʮ 

ʣʘʟʝʨʦʚ [2]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʷʤʦʡ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ ʛʨʘʬʝʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʘ [3]. ɺ ʨʘʙʦʪʝ [4] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʜʠʬʬʫʟʠʦʥʥʦʡ ʥʘʢʘʯʢʠ ʛʨʘʬʝʥʘ, ʧʦ-

ʚʳʰʘʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʢʘʯʢʠ ʛʨʘʬʝʥʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [5], ʙʦʣʝʝ ʯʝʤ 

ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ. ʇʨʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʥʘʢʘʯʢʝ ʠʥʚʝʨʩʠʷ ʚ ʛʨʘʬʝʥʝ ʩʦʟʜʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʠ ʟʘʭʚʘʪʘ ʚ ʛʨʘʬʝʥ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ 

ʧʦʜʣʦʞʢʠ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʩʦʟʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʟʫʯʝʥʘ ʜʠʬʬʫʟʠʦʥʥʘʷ ʥʘʢʘʯʢʘ ʵʢʨʘʥʠ-

ʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ. ʀʩʩʣʝʜʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʚʩʪʘʚʢʝ (ʘ) ʥʘ ʨʠʩʫʥʢʝ. ɻʨʘʬʝʥ, ʧʦʤʝʱʝʥʥʳʡ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ ʧʦʜʣʦʞʢʫ 

ʪʦʣʱʠʥʦʡ d, ʵʢʨʘʥʠʨʦʚʘʥ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʟʘʪʚʦʨʦʤ. ʀʟʣʫʯʝʥʠʝ ʥʘʢʘʯʢʠ ʥʦʨ-

ʤʘʣʴʥʦ ʧʘʜʘʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʧʨʷʤʦʡ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʝ ʯʝʨʝʟ 

ʛʨʘʬʝʥ ʟʘʭʚʘʪ ʚ ʥʝʛʦ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 2.3 % [5], ʤʦʱʥʦʩʪʴ ʥʘʢʘʯʢʠ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʧʦʜʣʦʞʢʝ ʛʨʘʬʝʥʘ, ʛʝʥʝʨʠʨʫʷ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ. ʌʦʪʦʚʦʟ-

ʙʫʞʜʝʥʥʳʝ ʚ ʧʦʜʣʦʞʢʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʜʠʬʬʫʥʜʠʨʫʶʪ ʢ ʛʨʘʬʝʥʫ ʠ ʟʘʭʚʘʪʳʚʘ-

ʶʪʩʷ ʚ ʥʝʛʦ, ʩʦʟʜʘʚʘʷ ʚ ʛʨʘʬʝʥʝ ʠʥʚʝʨʩʥʦʝ ʧʦ ʵʥʝʨʛʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʳʭ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʦʜʣʦʞʢʝ ʠ ʛʨʘ-

ʬʝʥʝ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʘʤʙʠʧʦʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʠ ʟʘʭʚʘʪʘ ʚ ʛʨʘʬʝʥ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʙʝʩʢʦʥʝʯʥʦʡ 

ʩʢʦʨʦʩʪʠ ʟʘʭʚʘʪʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʥʘ ʛʨʘʥʠʮʝ ʩ ʛʨʘʬʝʥʦʤ ʠ ʦʪʩʫʪʩʪʚʠʶ ʧʦʪʦʢʘ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ ʧʦʜʣʦʞʢʠ. ɺ ʩʪʨʫʢʪʫʨʝ ʩ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʦʢʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʤʝʪʘʣʣ ʜʦʩʪʠʛʘʝʪʩʷ ʠʟʦ-

ʣʠʨʫʶʱʠʤ ʩʣʦʝʤ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʤʝʪʘʣʣʦʤ. ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʦʣ-

ʱʠʥʘ ʠʟʦʣʠʨʫʶʱʝʛʦ ʩʣʦʷ ʩʯʠʪʘʝʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ.  

ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ: ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʜʣʦʞʢʠ 
se= 12.9 (GaAs), a ï ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ 1 ʤʢʤ-1, Da ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʙʠʧʦʣʷʨ-

ʥʦʡ ʜʠʬʬʫʟʠʠ 20 ʩʤ2/ʩ, tgr ï ʚʨʝʤʷ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʛʨʘʬʝʥʝ 5 ʧʩ, 

tR ï ʚʨʝʤʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʧʦʜʣʦʞʢʝ 5 ʥʩ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʳʭ ʚ ʛʨʘʬʝʥʝ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʥʘʢʘʯʢʠ ʛʨʘ-

ʬʝʥʘ.  
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ʂʨʠʚʘʷ 1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʥ-

ʮʝʥʪʨʘʮʠʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʛʨʘ-

ʬʝʥʝ 
grn  ʜʣʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʥʘʢʘʯʢʠ 

ʚ ʩʪʨʫʢʪʫʨʝ ʩ ʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʧʦʜ-

ʣʦʞʢʦʡ, ʘ ʢʨʠʚʦʡ 2 ʧʦʢʘʟʘʥʘ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʛʨʘʬʝʥʝ 

ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʥʘʢʘʯʢʝ ʛʨʘʬʝʥʘ 

ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʟ ʵʢʨʘʥʘ, ʨʘʩʩʤʦʪʨʝʥ-

ʥʦʡ ʚ [5] ʠ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʥʦʡ 

ʥʘ ʚʩʪʘʚʢʝ (ʙ) ʥʘ ʨʠʩʫʥʢʝ. ʇʨʠ ʪʦʣ-

ʱʠʥʘʭ ʧʦʜʣʦʞʢʠ, ʤʝʥʴʰʠʭ ʜʣʠʥʳ 

ʧʦʛʣʦʱʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʘʜʘʶʱʝʡ 

ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʚʝʣʠʯʠʥʦʡ 1/a ʪʦʣʴʢʦ ʯʘʩʪʴ ʤʦʱʥʦ-

ʩʪʠ ʥʘʢʘʯʢʠ ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʧʦʜ-

ʣʦʞʢʝ ʛʨʘʬʝʥʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʛʨʘʬʝʥʝ ʤʘʣʘ. ʇʨʠ 

ʪʦʣʱʠʥʝ ʧʦʜʣʦʞʢʠ ʧʦʨʷʜʢʘ 1/a ʤʦʱʥʦʩʪʴ ʥʘʢʘʯʢʠ ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʱʘʝʪʩʷ ʚ 

ʧʦʜʣʦʞʢʝ, ʠ ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʛʨʘʬʝʥʝ ʜʦʩʪʠʛʘʝʪ ʩʚʦ-

ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʛʨʘʬʝʥʝ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʟ ʵʢʨʘʥʘ ʤʦʥʦʪʦʥʥʦ 

ʫʙʳʚʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʧʦʜʣʦʞʢʝ. ɼʣʷ ʩʪʨʫʢʪʫʨʳ ʩ ʵʢʨʘʥʠʨʦʚʘʥ-

ʥʦʡ ʧʦʜʣʦʞʢʦʡ ʧʨʠ ʪʦʣʱʠʥʘʭ ʧʦʜʣʦʞʢʠ ʙʦʣʴʰʠʭ 1/a ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʙʳʚʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʧʦʜʣʦʞʢʝ ʠ ʚʳʭʦ-

ʜʠʪ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʫʨʦʚʝʥʴ. ɺ ʩʪʨʫʢʪʫʨʝ ʩ ʵʢʨʘʥʦʤ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ, ʩʛʝʥʝʨʠ-

ʨʦʚʘʥʥʳʝ ʥʘʢʘʯʢʦʡ, ʜʠʬʬʫʥʜʠʨʫʶʪ ʚʙʣʠʟʠ ʦʙʣʫʯʘʝʤʦʛʦ ʢʨʘʷ ʧʦʜʣʦʞʢʠ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʷ, ʩʨʘʚʥʠʤʳʝ ʩ ʜʣʠʥʦʡ ʜʠʬʬʫʟʠʠ ʚ ʧʦʜʣʦʞʢʝ 
a a RL Dt= . ʇʨʠ ʫʚʝʣʠʯʝ-

ʥʠʠ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ ʜʦ ʟʥʘʯʝʥʠʡ ʙʦʣʴʰʠʭ 
aL  ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯ-

ʥʳʭ ʧʘʨ ʚ ʛʨʘʬʝʥʝ ʚʳʭʦʜʠʪ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʫʨʦʚʝʥʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʥʘʢʘʯʢʝ ʛʨʘʬʝʥʘ ʥʘ ʵʢʨʘ-

ʥʠʨʦʚʘʥʥʦʡ ʧʦʜʣʦʞʢʝ ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʨʠ ʪʦʣʱʠʥʘʭ 

ʧʦʜʣʦʞʢʠ, ʙʦʣʴʰʠʭ ʜʣʠʥ rʜʠʬʬʫʟʠʠ ʚ ʧʦʜʣʦʞʢʝ, ʙʣʠʟʢʘ ʢ ʩʚʦʝʤʫ ʤʘʢʩʠʤʘʣʴ-

ʥʦʤʫ ʟʥʘʯʝʥʠʶ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʥʘʢʘʯʢʠ ʛʨʘʬʝʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʟ ʵʢʨʘʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 24-22-00114).  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. K. S. Novoselov, et al. // Nature. 2012. Vol. 490. P. 192. 

2. V. Ya. Aleshkin, A. A. Dubinov, V. Ryzhii // JETP Lett. 2009. Vol. 89. P. 63. 

3. R. R. Nair, et al. // Science. 2008. Vol. 320.P. 1308. 

4. A. R. Davoyan, et al. // Appl. Phys. Lett. 2013. Vol. 103. P. 251102. 

5. M. Y. Morozov, et al. // Appl. Phys. Lett. 2015. Vol. 106. P. 061105. 

 
 

ʈʠʩ.1. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʛʨʘʬʝʥʝ ʦʪ ʪʦʣ-

ʱʠʥʳ ʧʦʜʣʦʞʢʠ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʥʘʢʘʯʢʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩ ɻʢʨʘʥʠʨʦʚʘʥʥʦʡ ʧʦʜʣʦʞʢʦʡ (ʢʨʠʚʘʷ 1), ʩʭʝʤʘʪʠʯʝʩʢʠ 

ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʚʩʪʘʚʢʝ (ʘ), ʠ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʥʘʢʘʯʢʝ 

ʛʨʘʬʝʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʟ ʵʢʨʘʥʘ (ʢʨʠʚʘʷ 2), ʩʭʝʤʘʪʠʯʝʩʢʠ 

ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʚʩʪʘʚʢʝ (ʙ). 



17                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʇʈʆʊɽʂɸʅʀʗ ʊʆʂɸ ɺ ʇʃɽʅʂɸʍ 

 ʇɽʈʌʆʈʀʈʆɺɸʅʅʆɻʆ ɻʈɸʌɽʅɸ, ʌʋʅʂʎʀʆʅɸʃʀɿʀʈʆɺɸʅʅʆɻʆ 

ʂɸʈɹʆʅʀʃʔʅʓʄʀ ʀ ʂɸʈɹʆʂʉʀʃʔʅʓʄʀ ɻʈʋʇʇɸʄʀ 

ʇ.ɺ. ɹʘʨʢʦʚ1, ʄ.ʄ. ʉʣʝʧʯʝʥʢʦʚ1, ʆ.ɽ. ɻʣʫʭʦʚʘ1 
1ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ɻ. 

ʏʝʨʥʳʰʝʚʩʢʦʛʦ, ʉʘʨʘʪʦʚ 

e-mail: barkovssu@mail.ru 

 

ɻʨʘʬʝʥ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ [1]. ʉ ʤʦʤʝʥʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʬʝʥʘ ɻʝʡ-

ʤʦʤ ʠ ʅʦʚʦʩʝʣʦʚʳʤ [2] ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʱʝʣʠ ʚ ʛʨʘʬʝʥʦʚʦʡ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. ɹʝʩʱʝʣʝʚʘʷ ʧʨʠʨʦʜʘ ʛʨʘʬʝʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʘʚʣʷʪʴ ʪʦʢʦʤ ʚ ʢʘʥʘʣʝ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ. ʆʜʥʠʤ ʠʟ ʵʬ-

ʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʚʨʘʱʝʥʠʷ ʛʨʘʬʝʥʘ ʠʟ ʧʦʣʫʤʝʪʘʣʣʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʷʚ-

ʣʷʝʪʩʷ ʧʨʦʙʠʚʘʥʠʝ ʤʘʩʩʠʚʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʘʥʦʦʪʚʝʨʩʪʠʡ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʝʛʦ ʣʠʩʪʘʭ. ʇʦʣʫʯʘʝʤʳʝ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ (ʇɻ). ʊʝʦʨʝʪʠʯʝʩʢʠ ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʤʝʨ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʤʦʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʧʫʪʝʤ ʚʘ-

ʨʴʠʨʦʚʘʥʠʷ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʠʤʝʥʥʦ ʰʠʨʠʥʳ ʰʝʡʢʠ (ʢʨʘʪʯʘʡ-

ʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʥʘʥʦʦʪʚʝʨʩʪʠʷʤʠ), ʬʦʨʤʳ ʠ ʜʠʘʤʝʪʨʘ ʥʘʥʦʦʪ-

ʚʝʨʩʪʠʷ, ʘ ʪʘʢʞʝ ʦʨʠʝʥʪʘʮʠʠ ʩʝʪʢʠ (ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘʥʦʦʪʚʝʨʩʪʠʡ ʚʜʦʣʴ ʥʘʧʨʘʚ-

ʣʝʥʠʷ çʟʠʛʟʘʛè ʠʣʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʢʨʝʩʣʦè) [3]. ɺ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʦ ʩʠʥʪʝʟʫ ʛʨʘʬʝʥʘ ʠ ʝʛʦ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʚʢʣʶʯʘʷ ʇɻ, ʯʘʩʪʦ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʩʠ ʚ ʚʠʜʝ ʢʠʩʣʦʨʦʜ-ʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ [4,5]. ɼʣʷ ʨʘʙʦʪʳ 

ʥʘʥʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʇɻ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʧʨʠ ʨʘʩ-

ʯʝʪʝ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʪʦʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦ-

ʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʢʠʩʣʦʨʦʜ-ʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ï ʛʠʜʨʦʢʩʠʣʴʥʳʭ (ʉʆʆʅ) ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ (ʉ=ʆ), ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʪʨʘʥʩ-

ʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʇɻ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʧʣʝʥʢʘ ʇɻ ʩ ʧʦʯʪʠ ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ 

ʜʠʘʤʝʪʨʦʤ 1.2 ʥʤ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʳʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʩʦʝʜʠʥʝ-

ʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʵʪʘʧʥʦ ʥʘ ʘʪʦʤʳ ʧʦ ʢʨʘʷʤ ʥʘʥʦʦʪ-

ʚʝʨʩʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [6].        

ʅʘʰʘ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʛʨʫʧʧ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʚ ʇɻ ʩ ʧʦʟʠʮʠʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʘʣʘ ʚ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʤʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) ʯʠʩʪʦʛʦ ʇɻ ʠ ʇɻ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢ-

ʪʨʦʥʦʚ: ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʟʠʛʟʘʛè ʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʢʨʝʩʣʦè ʛʝʢʩʘʛʦʥʘʣʴ-

ʥʦʡ ʨʝʰʝʪʢʠ ʛʨʘʬʝʥʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʪʦʢʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 

1. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘ ɺɸʍ ʯʠʩʪʦʛʦ ʇɻ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʯʘʩʪʢʠ ʩ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (ʆɼʉ) ʜʣʷ ʦʙʦʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ. ʕʬʬʝʢʪ ʧʦʷʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʫʯʘʩʪʢʦʚ 
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ʆɼʉ ʥʘ ɺɸʍ ʙʳʣ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥ ʚ ʨʘʙʦʪʘʭ Nguen et. al. [7] ʜʣʷ ʩʪʨʫʢʪʫʨ ʇɻ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʡ ʧʝʨʝʭʦʜ. ʇʦ ʤʥʝʥʠʶ   ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʥ 

ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʙʝʩʧʦʨʷʜʢʘ ʚ ʚʠʜʝ ʱʝʣʝʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʇɻ ʠ ʦʙʲ-

ʷʩʥʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʵʚʘʥʝʩʮʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʦʜʥʦʡ ʠʟ ʟʦʥ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ (ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʠʣʠ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ), ʥʘ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʝʨʝʭʦ-

ʜʠʪʴ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʠʟ ʜʨʫʛʦʡ ʟʦʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʩʣʫʯʘʷ 

ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʟʠʛʟʘʛè ʵʪʠ ʫʯʘʩʪʢʠ ʚʳʨʘʞʝʥʳ ʙʦʣʝʝ 

ʷʚʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʪʨʘʥʩʧʦʨʪʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʢʨʝʩʣʦè, ʯʪʦ ʦʙʲ-

ʷʩʥʷʝʪʩʷ ʨʘʟʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʰʠʨʠʥʳ ʰʝʡʢʠ ʚ ʫʢʘʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʘ, 

ʟʥʘʯʠʪ, ʠ ʨʘʟʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʙʣʘʩʪʠ ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʨʘʩʯʝʪʘʭ ʢʚʘʥʪʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʢʨʝʩʣʦè ʦʥʘ ʥʘ 0.25 ʥʤ ʙʦʣʴʰʝ, ʯʝʤ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʟʠʛʟʘʛè. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [8], ʨʝʰʝʪʢʫ 

ʇɻ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʝʪʴ ʩ ʤʥʦʞʝʩʪʚʦʤ ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʣʝʥʪ. ʀʟ-

ʚʝʩʪʥʦ, ʯʪʦ ʥʘʥʦʣʝʥʪʳ ʩ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʢʨʘʷ çʟʠʛʟʘʛè ʠ çʢʨʝʩʣʦè ʩʠʣʴʥʦ ʨʘʟ-

ʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʥʦʣʝʥʪʳ çʟʠʛʟʘʛè 

ʠʤʝʝʪ ʧʠʢ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʢʣʘʜʦʤ ʣʦʢʘʣʠ-

ʟʠʨʦʚʘʥʥʳʭ ʢʨʘʝʚʳʭ ʩʦʩʪʦʷʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʥʦʣʝʥʪʳ çʢʨʝʩʣʦè ʥʘ ʫʨʦʚʥʝ 

ʌʝʨʤʠ ʦʙʣʘʜʘʶʪ ʥʫʣʝʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʩʦʩʪʦʷʥʠʡ [9]. ʆʪʤʝʯʝʥʥʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʪʦʧʦʣʦʛʠʷʤʠ çʟʠʛʟʘʛè ʠ çʢʨʝʩʣʦè ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʛʨʘʬʝʥʘ ʧʨʠ-

ʚʦʜʷʪ ʠ ʢ ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʱʝʣʠ ʯʠʩʪʦʛʦ ʇɻ ʚ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

(ʚ ʥʘʧʨʘʚʣʝʥʠʠ çʢʨʝʩʣʦè ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 2.5, ʚ ʥʘʧʨʘʚʣʝʥʠʠ çʟʠʛʟʘʛè ï 1.5). ʈʝ-

ʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ COOH ʠ C=O ʛʨʫʧʧ ʥʘ ʪʦʢʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɻ ʜʦʚʦʣʴʥʦ 

ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʇɻ 

ʛʨʫʧʧʘʤʠ COOH ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʵʬʬʝʢʪʘ ʆɼʉ ʥʘ ɺɸʍ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʳʩʪʫʧʘ ʜʦ ʚʧʘʜʠʥʳ ʧʨʦʬʠʣʷ ʪʦʢʘ. ɺ ʩʣʫʯʘʝ 

ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʟʠʛʟʘʛè ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ 0.6 ʤʢɸ (ʜʣʷ 

ʯʠʩʪʦʛʦ ʇɻ - 0.4 ʤʢɸ), ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʢʨʝʩʣʦè ï 0.8 ʤʢɸ (ʜʣʷ ʯʠʩʪʦʛʦ ɻʅʉ 

- 0.2 ʤʢɸ). ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʇɻ ʛʨʫʧʧʘʤʠ C=O ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʵʬ-

ʬʝʢʪʘ ʆɼʉ. ɹʦʣʝʝ ʪʦʛʦ, ʫʯʘʩʪʦʢ ʩ ʆɼʉ ʤʘʣʦʡ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʧʦʷʚʣʷʝʪʩʷ ʥʘ ɺɸʍ 

ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ ʧʦʨʷʜʢʘ 1 ɺ ʜʣʷ ʪʦʢʦʧʝʨʝʥʦʩʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ çʢʨʝʩʣʦè ʠ ʧʦʨʷʜʢʘ 1.5 ɺ ï 1.6 ɺ ʜʣʷ ʪʦʢʦʧʝʨʝʥʦʩʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

çʟʠʛʟʘʛè. ɼʣʷ ʇɻ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ C=O ʛʨʫʧʧʘʤʠ ʫʯʘʩʪʦʢ ʆɼʉ ʬʦʨʤʠ-

ʨʫʶʪʩʷ ʧʨʠ ʤʝʥʴʰʠʭ ʥʘʧʨʷʞʝʥʠʷʭ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʢʦʧʝʨʝʥʦʩʘ 

çʢʨʝʩʣʦè (0.5 ɺ ï0.8 ɺ). ʄʘʣʘ ʠ ʚʝʣʠʯʠʥʘ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʳʩʪʫʧʘ ʜʦ ʚʧʘʜʠʥʳ ʜʣʷ 

ʵʪʦʛʦ ʩʣʫʯʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʆʥʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0.3 ʤʢɸ ʜʣʷ ʦʙʦʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʪʦʢʦʧʝʨʝʥʦʩʘ.  ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʪʦʢʦʚʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʇɻ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ C=O ʛʨʫʧʧʘʤʠ, ʙʣʠʟʢʠ ʧʦ ʩʚʦʝʤʫ ʚʠʜʫ 

ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʯʠʩʪʦʛʦ ʇɻ.  

ɸʥʘʣʠʟʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʪʦʛʦ, ʩʦʜʝʨʞʠʪ ʣʠ ʇɻ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʠʣʠ ʥʝʪ, ʥʘ ɺɸʍ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʫʯʘʩʪʦʢ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʥʘʧʨʷ-

ʞʝʥʠʡ ʩʤʝʱʝʥʠʷ 1.3 - 1.6 ɺ. ʕʪʦʪ ʞʝ ʫʯʘʩʪʦʢ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʥʘ ɺɸʍ ʇɻ, ʧʦʢʘ-

ʟʘʥʥʳʭ ʥʘ ʨʠʩ. 1, ʥʦ ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ.  ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʛʨʘʬʝʥʦʚʦʡ ʨʝʰʝʪʢʝ ʦʪʚʝʨʩʪʠʷ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʫʯʘʩʪʦʢ ʆɼʉ ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ ʤʝʥʴʰʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʩʤʝʱʝʥʠʷ, ʘ ʧʨʠʩʫʪʩʪʚʠʝ 



19                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʟʚʦʣʷʝʪ ʫʩʠʣʠʚʘʪʴ ʵʪʦʪ ʵʬʬʝʢʪ, ʠʣʠ ʦʩʣʘʙʣʷʪʴ ʝʛʦ. ɺʳ-

ʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ɺɸʍ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʫʥʥʝʣʴʥʳʭ ʜʠʦʜʦʚ ʠʣʠ ʜʠʦʜʦʚ ɻʘʥʥʘ ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʦʢ ʯʠʩʪʦʛʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʇɻ.  

 

  
     ʘ)                                                                    ʙ) 

ʈʠʩ. 1 ï ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ ʯʠʩʪʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʇɻ ʜʣʷ 

ʩʣʫʯʘʝʚ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ çʟʠʛʟʘʛè (ʘ) ʠ çʢʨʝʩʣʦè (ʙ) ʛʝʢʩʘʛʦʥʘʣʴ-

ʥʦʡ ʨʝʰʝʪʢʠ ʛʨʘʬʝʥʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-72-01122. 
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ʌʘʟʦʠʟʤʝʥʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ (ʌʀʄ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘ-

ʜʘʶʱʠʝ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʘʙʠʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ (ʘʤʦʨʬʥʦʝ ʠ ʦʜʥʦ 

ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ) [1, 2]. ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ 

ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʠ ʙʳʩʪʨʦ ʧʝʨʝʢʣʶʯʘʪʴʩʷ 

ʤʝʞʜʫ ʵʪʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʯʝʨʝʟ ʥʘʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ [1]. 

ʂʦʥʮʝʧʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʌʀʄ ʚ ʢʘʯʝʩʪʚʝ ʣʦʛʠʯʝʩʢʠʭ ç1è 

ʠ ç0è ʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʙʳʣʠ ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ ʜʣʷ ʭʨʘ-

ʥʝʥʠʷ ʜʘʥʥʳʭ [3, 4]. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʘ-

ʪʝʨʠʘʣʳ ʣʠʥʠʠ ʅ. ʗʤʘʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʧʣʘʚʳ ʪʝʣʣʫʨʠʜʦʚ GeTe-Sb2Te3 [5]. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʝʣ ʩʧʣʘʚ Ge2Sb2Te5 (GST) ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʢʣʶ-

ʯʝʥʠʷ ʬʘʟʳ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʊʝʣʣʫʨʠʜ ʛʝʨʤʘʥʠʷ GeTe ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʘʣʴ-

ʪʝʨʥʘʪʠʚʫ GST ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʘ ʨʘʙʦʪʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ [6]. 

ʅʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʮʝʩʩʘʭ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝ-

ʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʬʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʘʢʪʠʚ-

ʥʳʭ ʷʯʝʝʢ ʌʀʄ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʭ ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʧʨʠ ʦʪʣʘʜʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʦʩʪʦʡ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʦʛʨʝʚʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚ-

ʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ [7]. ɼʣʷ ʦʮʝʥʢʠ ʢʠʥʝʪʠʢʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʥʘ ʧʨʦʪʷ-

ʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʧʨʠʤʝʥʷʣʩʷ ʬʦʨʤʘʣʠʟʤ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʂʦʣʤʦʛʦʨʦʚʘ ð

ɼʞʦʥʩʦʥʘ ð ʄʵʣʘ ð ɸʚʨʘʤʠ (ʂɼʄɸ) [8, 9]. ʆʙʳʯʥʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ 

ʤʝʭʘʥʠʟʤ rʥʫʢʣʝʘʮʠʠ (ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ) ʠ ʨʦʩʪʘ: ʩʥʘʯʘʣʘ ʦʙʨʘʟʫʶʪʩʷ ʥʝ-

ʙʦʣʴʰʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʟʘʨʦʜʳʰʠ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʩʪʫʪ. ʆʙʨʘʟʦʚʘ-

ʥʠʝ ʟʘʨʦʜʳʰʝʡ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ/ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʠ/ʠʣʠ ʚ ʦʙʲ-

ʝʤʝ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʫʜʦʙʥʝʝ ʦʮʝʥʠʚʘʪʴ ʜʦʣʶ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʦʡ ʬʘʟʳ ʠ ʟʘʪʝʤ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʢʠʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʪʝʨʠʘʣʘ 

(ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʥʫʢʣʝʘʮʠʠ ʠʣʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ). 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʬʘʟʦʠʟʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ GeTe ʠ Ge2Sb2Te5 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʦʬʠʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʙʳʣ ʙʣʠʟʦʢ ʢ ʨʘʚʥʦʤʝʨ-

ʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ (çtop hatè), ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʨʘʥʝʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [10]. ʀʟʤʝʥʝʥʠʝ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʮʝʥʢʘ ʜʦʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 
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21                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʣʝʥʢʠ. ʀʟʤʝʨʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʦʪʨʘʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ 

ʦʮʝʥʢʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʝʛʦ ʜʠʥʘʤʠʢʝ ʚʦʟʤʦʞʥʦ ʪʦʯʥʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʜʦʣʶ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʥʦʚʦʡ ʬʘʟʳ ʠ ʧʨʦʛʨʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [1, 11]. ʅʘ 

ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʘ ʂɼʄɸ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʩʪʦʷʥʥʳʝ ɸʚʨʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʩʣʝʜʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ [12]. ʊʝʣʣʫʨʠʜ 

ʛʝʨʤʘʥʠʷ GeTe ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʟʘʨʦʜʳ-

ʰʝʦʙʨʘʟʦʚʘʥʠʝ. ʉʧʣʘʚ GST ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ɸʚʨʘʤʠ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ ʧʨʠ ʧʨʝʦʙʣʘʜʘʥʠʠ ʚ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ. 

 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌɻɹʋ 

çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʚ ʯʘʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʜʦ-

ʛʦʚʦʨʘ ˉ 075-15-2023-324 ʚ ʯʘʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. 
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ʉʝʛʦʜʥʷ ʤʘʪʝʨʠʘʣʳ ʠʟ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʘʣʤʘʟʘ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʵʣʝ-

ʤʝʥʪʥʦʡ ʙʘʟʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʩʝʥ-

ʩʦʨʦʚ [1].  ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʫʜʦʙʥʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ 

ʣʦʢʘʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʘʣʤʘʟʘ ʚ ʩʣʫʯʘʝ ʜʚʠʞʫʱʝʛʦʩʷ 

ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ [2].  

 ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʥʦʡ ʩʭʝʤʳ ʥʘ ʦʙʨʘʟʮʳ ʜʦ ʠʭ ʨʝʘʣʴ-

ʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠʤʝʥʠʤ ʘʧʧʘʨʘʪ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʣʘʩʪʝʡ ʛʨʘʬʠ-

ʪʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʜʠʬʬʫʟʠʦʥʥʳʭ ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ.   

ʊʘʢʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʩʨʝʜʝ MATLAB  ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚ 

ʨʘʤʢʘʭ ʢʣʝʪʦʯʥʦʛʦ ʘʚʪʦʤʘʪʘ ʩ ʦʢʨʝʩʪʥʦʩʪʴʶ ʅʝʡʤʘʥʘ [4], ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʝʨʝ-

ʭʦʜ ʷʯʝʝʢ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʟ ʢʣʘʩʩʘ ʩʚʦʙʦʜʥʳʭ ʚ ʢʣʘʩʩ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʭ. 

ʆʩʥʦʚʥʦʡ ʧʘʨʘʤʝʪʨ ʤʦʜʝʣʠ ï ʚʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ (ʨ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚ-

ʣʷʣʘ ʩʦʙʦʡ ʧʘʨʘʤʝʪʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʚʷʟʴ ʤʦʜʝʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʩʭʝʤʳ ʩʠʥʪʝʟʘ.  

ʕʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʮʝʥʠʚʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (T) ̫ ʯʝʡʢʠ ʨʘʩ-

ʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʢʘʢ p~T/S (S ï ʧʣʦʱʘʜʴ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ) ʠ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʧʫʯʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (v). ɺʝʣʠʯʠʥʘ ʵʪʦʡ ʩʢʦʨʦʩʪʠ 

ʦʧʨʝʜʝʣʷʣʘ ʥʘ ʥʘʯʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʛʨʘʬʪʠʟʘ-

ʮʠʠ ʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ: ʝʩʣʠ v ʧʦʣʘʛʘʣʦʩʴ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ (vc), ʪʦ ʥʘʯʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʛʨʘʬʠʪʠʟʘʮʠʠ ʟʘʜʘʚʘʣʘʩʴ ʩʚʷʟʥʦʡ ʥʝʧʨʝʨʳʚ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠʥʘʯʝ ï ʚʳʙʠʨʘʣʘʩʴ ʥʝʩʚʷʟʥʘʷ ʩʠʩʪʝʤʘ ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʦʙʣʘʩʪʝʡ. 

ʅʘ ʨʠʩ. 1ʘ,ʙ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ  ʨʘʩ-

ʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʫʯʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ (ʨʠʩ 1ʙ) ʰʠʨʠʥʘ ʦʙʣʘʩʪʠ ʛʨʘʬʠʪʠʟʘʮʠʠ ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘʷ 

ʥʘ ʚʩʝʤ ʩʚʦʝʤ ʧʨʦʪʷʞʝʥʠʠ. 

ʅʘ ʨʠʩ.1ʚ ʠʟʦʙʨʘʞʝʥʘ ʤʦʜʝʣʴ ʦʙʣʘʩʪʠ ʛʨʘʬʠʪʠʟʘʮʠʠ ʩ ʧʦʜʦʙʣʦʩʪʷʤʠ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ: ʚ ʮʝʥʪʨʝ ï ʙʦʣʴʰʘʷ, ʥʘ ʧʝʨʠʬʝʨʠʠ ï ʤʝʥʴʰʘʷ. ɼʣʷ ʪʘ-

ʢʦʛʦ ʩʣʫʯʘʷ ʦʙʣʘʩʪʴ ʛʨʘʬʠʪʠʟʘʮʠʠ ʦʙʣʘʜʘʣʘ ʥʝʦʜʠʥʘʢʦʚʦʡ ʰʠʨʠʥʦʡ: ʙʦʣʴʰʝʡ ʚ 

ʮʝʥʪʨʝ ʠ ʤʝʥʴʰʝʡ ʥʘ ʧʝʨʠʬʝʨʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

 



23                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

 
ʈʠʩ. 1.  ʄʦʜʝʣʠ ʦʙʣʘʩʪʠ ʛʨʘʬʠʪʠʟʘʮʠʠ ʧʨʠ p=0.5, vc=34 ʤʢʤ/c, T=500: ʥʝʩʚʷʟʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠ 

v=100 ʤʢʤ/c (ʘ), ʩʚʷʟʥʘ ʦʙʣʘʩʪʴ ʧʨʠ v=20 ʤʢʤ/c (ʙ), ʩʣʫʯʘʡ ʦʙʣʘʩʪʠ ʩ ʚʘʨʴʠʨʫʶʱʝʡʩʷ p: p=0.6 

ʚ ʮʝʥʪʨʝ (100<Y<300 ʦʪʥ. ʝʜ.), ʚ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ p=0.5. 

 

ʄʦʜʝʣʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ [2], ʧʦʣʫʯʝʥʥʳʤʠ 

ʣʘʟʝʨʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʦʮʝʥʠʚʘʣʘʩʴ ʨʘʟʥʠʮʘ ʬʨʘʢʪʘʣʴʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ boxcounting [5]. ʕʪʘ ʨʘʟʥʠʮʘ ʙʳʣʘ ʥʝ ʚʝʣʠʢʘ, ʥʝ ʙʦʣʝʝ 10%, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʛʨʘʬʠʪʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʩʚʷʟʴ ʤʦʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʭʝʤʳ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʘ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʙʨʘʟʮʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʣʘʟʝʨ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ FZUN-2024-0018. 
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ʆʙʨʘʟʮʳ ʠʟ ʤʠʢʨʦʪʨʫʙʦʢ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝ-

ʨʠʘʣʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦ-

ʥʠʢʠ ʠ ʬʦʪʦʥʠʢʠ. ʊʘʢʦʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠ-

ʯʠʶ ʫ ʥʠʭ ʫʥʠʢʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [1]. 

ʇʨʦʩʪʳʤ ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʩʪʨʫʢʪʫʨ ʤʠʢʨʦʩʚʠʪʢʦʚ ʷʚʣʷʝʪʩʷ ʣʘʟʝʨ-

ʥʳʡ ʩʠʥʪʝʟ ʧʦʨʠʩʪʦʡ ʧʣʝʥʢʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʥʘ ʩʪʝʢʣʷʥʥʫʶ ʧʦʜʣʦʞʢʠ ʩ ʜʦʧʠ-

ʨʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʩʢʨʫʯʠʚʘʥʠʝʤ ʩʚʠʪʢʦʚ ʟʘ ʩʯʝʪ 

ʧʦʰʘʛʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʣʝʟʚʠʷ ʥʘ ʦʙʨʘʟʝʮ [2].  

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʤʠʢʨʦʪʨʫʙʦʢ ʦʙʣʘʜʘʣʠ ʥʝ ʩʠʣʴʥʦ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʜʝʥʜ-

ʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʬʨʘʢʪʘʣʴʥʳʤʠ ʨʘʟʤʝʨʥʦʩʪʷʤʠ ʧʦʨʷʜʢʘ 1.75. ʆʮʝʥʢʘ ʬʨʘʢ-

ʪʘʣʴʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʩʨʝʜʝ MATLAB  ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʨʘʟ-

ʮʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ boxcounting [3].  

ɼʣʷ ʦʮʝʥʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ, ʜʦ ʧʨʦʚʝʜʝ-

ʥʠʷ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʩʚʠʪʢʦʚ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʜʠʬʬʫʟʠʦʥʥʦ-ʦʛʨʘʥʠʯʝʥʥʦʡ ʘʛʨʝʛʘʮʠʠ 

(DLA) [4]. ɺʳʙʦʨ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʦʚ-

ʧʘʜʝʥʠʝʤ ʤʦʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʩʭʦʜʩʪʚʦʤ ʬʨʘʢʪʘʣʴʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ. 

 ʄʦʜʝʣʴ DLA ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʩʨʝʜʝ MATLAB  ʢʘʢ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦ-

ʮʝʩʩ ʩʣʫʯʘʡʥʦʛʦ ʙʣʫʞʜʘʥʠʷ ʤʦʜʝʣʴʥʦʡ ʯʘʩʪʠʮʳ ʧʦ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʥʘʣʦ-

ʞʝʥʥʦʡ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʦʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʛʨʝʛʘʮʠʝʡ ʩ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦ-

ʩʪʴʶ ʩ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʘʥʝʝ ʩʪʨʫʢʪʫʨʦʡ ʚ ʨʘʤʢʘʭ ʢʣʝʪʦʯʥʦʛʦ ʘʚʪʦʤʘʪʘ ʩ 

ʦʢʨʝʩʪʥʦʩʪʴʶ ʅʝʡʤʘʥʘ [5]. ʆʩʥʦʚʥʦʡ ʧʘʨʘʤʝʪʨ ʤʦʜʝʣʠ ï ʚʝʨʦʷʪʥʦʩʪʴ ʘʛʨʝʛʘʮʠʠ 

(ʨ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʧʘʨʘʤʝʪʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʩʪʝʧʝʥʴ ʨʘʟʚʝʪʚʣʝʥʠʷ 

ʤʦʜʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʟʘʜʘʶʱʠʡ ʠʤʠʪʘʮʠʦʥʥʫʶ ʩʚʷʟʴ ʤʦʜʝʣʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʭʝʤʳ ʩʠʥʪʝʟʘ. ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʣʘʩʴ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ, ʢʘʢ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠ-

ʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ) ʦʙʨʘʟʮʘ.  

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ (ʨʠʩ.1ʘ) ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʣʦʪʳʭ ʥʘʥʦʯʘʩʪʠʮ 

(ʩ)(ʨʠʩ.1ʙ, ʨʠʩ.1ʚ) ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. ʇʝʨʝʭʦʜ ʢ ʘʙʩʦʣʶʪʥʳʤ ʝʜʠʥʠʮʘʤ 

ʧʦʟʚʦʣʠʣ ʩʨʘʚʥʠʪʴ ʜʣʠʥʳ ʤʦʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝ-

ʨʠʤʝʥʪʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʠʩ. 1ʙ, ʚ ʩʣʫʯʘʝ ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʧʦ-

ʨʷʜʢʘ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʤʠʢʨʦʩʚʠʪʢʘ (10 ʤʢʤ), ʧʦʣʫʯʠʤ ʘʙʩʦʣʶʪʥʳʝ ʜʣʠʥʳ ʤʦ-

ʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʠʝ 2,5 ʤʤ,  ʯʪʦ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʩʨʝʜʥʠʤ ʦʮʝʥ-

ʢʘʭ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 
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ʈʠʩ. 1.  ʉʠʩʪʝʤʘ ʤʠʢʨʦʩʚʠʪʢʦʚ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ (ʘ), DLA ʤʦʜʝʣʠ: ʬʠʛʫʨʳ 1, 2 

ʧʦʣʫʯʝʥʳ ʧʨʠ p=0.3, ʬʠʛʫʨʘ 3 ʧʨʠ p=0.6, ʬʠʛʫʨʘ 4 ʧʨʠ p=0.8, ʧʨʠ ʩ=20% (ʘ), ʩ=70%(ʚ). ʉʠ-

ʥʠʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʳ ʤʦʜʝʣʴʥʳʝ ʯʘʩʪʠʮʳ ʠʟ ʟʦʣʦʪʘ. 

 

ʊʘʢʞʝ, ʤʦʜʝʣʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʦʮʝʥʢʠ ʨʘʟʥʠʮʳ ʬʨʘʢʪʘʣʴʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ. ʊʘʢ, ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ 

ʤʦʜʝʣʠ (ʨʠʩ.1ʘ,ʙ) ʩʦʩʪʘʚʠʣʘ ʚʝʣʠʯʠʥʫ 1.79. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠ ʩʦʩʪʘʚʠʣʘ ʚʝʣʠʯʠʥʫ ʥʝ ʙʦʣʝʝ 3%, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʦʩʪʘ-

ʪʦʯʥʦ ʭʦʨʦʰʫʶ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʦʝ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʙ-

ʨʘʟʮʦʚ ʤʠʢʨʦʩʚʠʪʢʦʚ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-29-10016. 
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ʉʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʘ ʯʝʣʦʚʝʢʘ (ʉʉʉ) ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʚʥʝʰʥʠʤ ʬʘʢ-

ʪʦʨʘʤ ʠ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ [1]. ʊʘʢʘʷ 

ʨʘʙʦʪʘ ʩʝʨʜʮʘ ʯʝʣʦʚʝʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʝʡ ʢʨʦʚʦʦʙʨʘʱʝ-

ʥʠʷ [1]. ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʙʦʪʳ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʘʥʘʣʠʟʠʨʫʶʪ ʚʘʨʠʘʙʝʣʴ-

ʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ɺʉʈ) [2]. ɼʣʷ ʘʥʘʣʠʟʘ ɺʉʈ ʧʨʠʤʝʥʷʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝ-

ʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ, ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘ-

ʣʠʟ [2]. ʈʝʞʝ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ɺʉʈ [3-5], ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ [6, 7] ʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʪʫʨʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ [8-16]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʥʜʝʢʩʦʚ ʥʝʩʪʘʮʠʦʥʘʨ-

ʥʦʩʪʠ ɺʉʈ ʜʣʷ ʩʢʨʠʥʠʥʛʘ ʪʠʧʘ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʠ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʢʨʦ-

ʚʦʦʙʨʘʱʝʥʠʷ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʠʩʧʳʪʫʝʤʳʭ: 10 ʟʜʦʨʦʚʳʭ ʜʦʙ-

ʨʦʚʦʣʴʮʝʚ ʙʝʟ ʧʘʪʦʣʦʛʠʠ ʢʦʥʪʫʨʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (33 

Ñ 5 ʣʝʪ); 63 ʧʘʮʠʝʥʪʘ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ ʚ ʧʦʣʦʞʝʥʠʠ ʣʝʞʘ; 63 ʧʘʮʠ-

ʝʥʪʘ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ ʚ ʧʦʣʦʞʝʥʠʠ ʩʪʦʷ (47 Ñ 8 ʣʝʪ); 10 ʧʘʮʠʝʥʪʦʚ ʩ 

ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ (59 Ñ 17 ʣʝʪ); 3 ʧʘʮʠʝʥʪʘ ʩ ʜʝʛʝʥʝʨʘ-

ʪʠʚʥʳʤ ʧʦʨʘʞʝʥʠʝʤ ʩʝʨʜʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʝʨʘʮʠʠ ʧʦ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʩʝʨʜʮʘ (59 

Ñ 17 ʣʝʪ). 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RR-ʠʥ-

ʪʝʨʚʘʣʦʚ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʯʝʪʳʨʝ ʧʦʢʘʟʘʪʝʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ɺʉʈ: ʩʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RR-ʠʥʪʝʨʚʘʣʦʚ (s) [2]; ʚʨʝʤʷ ʜʦ 
ʧʝʨʚʦʛʦ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

RR-ʠʥʪʝʨʚʘʣʦʚ (CC0) [2]; ʢʨʠʪʝʨʠʡ c2 ʨʘʟʣʠʯʠʷ ʦʜʥʦʤʝʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RR-ʠʥʪʝʨʚʘʣʦʚ [17]; ɽʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ RR-ʠʥʪʝʨʚʘʣʦʚ (d) 

[17]. ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʟʣʠʯʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʳʙʦʨʦʢ ʛʨʫʧʧ ʠʩʧʳʪʫʝʤʳʭ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ U-ʪʝʩʪʘ ʄʘʥʥʘïʋʠʪʥʠ [18]. 

ʅʘ ʨʠʩʫʥʢʝ 1(ʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʘʥʜʘʨʪ-

ʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ s ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʠʩʧʳʪʫʝʤʳʭ. ɿʜʦʨʦʚʳʝ ʜʦʙʨʦʚʦʣʴʮʳ, ʥʝ 

ʠʤʝʶʱʠʝ ʥʘʨʫʰʝʥʠʡ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, 

ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ s - 0.06(0.05;0.08) ʩ. ʋ 

ʙʦʣʴʥʳʭ ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ, ʠʤʝʶʱʠʭ ʜʠʩʬʫʥʢʮʠʶ ʢʦʥ-

ʪʫʨʦʚ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʦʡ ʨʝʛʫʣʷʮʠʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦ-

ʥʝʥʠʷ s - 0.05(0.03;0.06) ʩ. ɹʦʣʴʥʳʝ ʩ ʜʝʥʝʨʚʠʨʦʚʘʥʥʳʤ ʩʝʨʜʮʝʤ ʧʦʣʥʦʩʪʴʶ ʣʠ-

ʰʝʥʳ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʦʡ ʨʝʛʫʣʷʮʠʠ, ʧʦʵʪʦʤʫ ʫ ʥʠʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʘʤʳʝ 

ʥʠʟʢʠʝ ʠʟ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʛʨʫʧʧ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ s - 
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0.03(0.02;0.04) ʩ. ʀʩʧʦʣʴʟʫʷ U-ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ-ʋʠʪʥʠ, ʚ ʭʦʜʝ ʫʜʘʣʦʩʴ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʟʥʘʯʠʤʦ ʦʪʣʠʯʠʪʴ ʚʳʙʦʨʢʠ ʟʥʘʯʝʥʠʡ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ s ʛʨʫʧʧʳ 

ʧʘʮʠʝʥʪʦʚ ʩ ʜʝʥʝʨʚʠʨʦʚʘʥʥʳʤ ʩʝʨʜʮʝʤ ʦʪ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ ʩ ʫʨʦʚʥʝʤ 

ʟʥʘʯʠʤʦʩʪʠ p < 0.05. 

ʅʘ ʨʠʩʫʥʢʝ 1(ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ 

ʜʦ ʧʝʨʚʦʛʦ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ RR-ʠʥʪʝʨʚʘʣʦʚ (CC0). ɿʥʘʯʝʥʠʝ CC0 ʜʣʷ ʚʳʙʦʨʢʠ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ ʩʦ-

ʩʪʘʚʣʷʝʪ 2.0(1.8;4.3) ʩ. ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʜʝʥʝʨʚʠʨʦʚʘʥʥʳʤ ʩʝʨʜʮʝʤ ʘʚʪʦʢʦʨʨʝʣʷʮʠ-

ʦʥʥʘʷ ʬʫʥʢʮʠʷ ʙʳʩʪʨʝʝ ʚʩʝʛʦ ʩʥʠʞʘʝʪʩʷ ʜʦ ʥʫʣʷ ï 0.5(0.5;6.9) ʩ. ʈʝʟʫʣʴʪʘʪ ʩʦʛʣʘ-

ʩʫʝʪʩʷ ʩ ʨʘʙʦʪʦʡ ʘʚʪʦʨʦʚ [12], ʢʦʪʦʨʳʝ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ çʥʘʨʫʰʝʥʠʝ ʙʘʨʦ-

ʨʝʬʣʝʢʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʠʥʝʘʨʠʟʘʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘè. ʅʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʦ ʘʚ-

ʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʥʠʞʘʝʪʩʷ ʜʦ ʥʫʣʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨ-

ʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ï 4.4(3.3;15.0) ʩ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʘʮʠʦʥʘʨ-

ʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RR-ʠʥʪʝʨʚʘʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝ-

ʥʠʷ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʦʡ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. ʀʩʧʦʣʴʟʫʷ U-ʢʨʠʪʝʨʠʡ 

ʄʘʥʥʘ-ʋʠʪʥʠ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʫʜʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʦʪʣʠʯʠʪʴ ʚʳʙʦʨʢʠ 

ʟʥʘʯʝʥʠʡ CC0 ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ ʦʪ ʧʘʮʠʝʥʪʦʚ ʩ ʪʨʘʥʩʧʣʘʥʪʘʮʠʝʡ ʩʝʨʜʮʘ ʠ 

ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʩ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ p < 0.01. 

ʅʘ ʨʠʩʫʥʢʝ 1(c) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʨʠʪʝʨʠʷ 

c2 ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RR-ʠʥʪʝʨʚʘʣʦʚ. ɿʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ c2 ʜʣʷ ʚʳʙʦʨʢʠ 
ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ ʩʦʩʪʘʚʣʷʝʪ 33.8(21.4;39.6). ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝ-

ʨʠʷ c2 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʘʮʠʝʥʪʳ ʩ ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ï 

49.8(32.2;64.2). ʈʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʙʦʪʦʡ ʘʚʪʦʨʦʚ [19] ʦ ʪʦʤ, ʯʪʦ ʫ ʧʘʮʠ-

ʝʥʪʦʚ ʩ ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʘʷ ʜʠʥʘʤʠ-

ʯʝʩʢʘʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RR-ʠʥʪʝʨʚʘʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝ-

ʥʠʷ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʦʡ ʨʝʛʫʣʷʮʠʠ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ c2 ʜʝʤʦʥʩʪʨʠ-
ʨʫʶʪ ʧʘʮʠʝʥʪʳ ʩ ʜʝʥʝʨʚʘʮʠʝʡ ʩʝʨʜʮʘ ï 6.5(3.8;11.2). ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʫʜʘ-

ʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʠʪʴ ʚʳʙʦʨʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ c2 ʛʨʫʧʧ 
ʙʦʣʴʥʳʭ ʩ ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʠ ʙʦʣʴʥʳʭ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ 

ʛʠʧʝʨʪʝʥʟʠʝʡ ʚ ʧʦʣʦʞʝʥʠʷʭ ʩʪʦʷ ʠ ʣʝʞʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ U-ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-

ʋʠʪʥʠ ʩ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ p < 0.05.  

ʅʘ ʨʠʩʫʥʢʝ 1(d) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ d ʜʣʷ ʢʘʞ-

ʜʦʡ ʛʨʫʧʧʳ ʠʩʧʳʪʫʝʤʳʭ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ d ʜʣʷ ʚʳʙʦʨʢʠ ʟʜʦʨʦʚʳʭ ʜʦʙ-

ʨʦʚʦʣʴʮʝʚ ʩʦʩʪʘʚʣʷʝʪ 0.0056(0.0046;0.0001). ɿʜʦʨʦʚʳʝ ʜʦʙʨʦʚʦʣʴʮʳ ʠʤʝʶʪ ʩʘ-

ʤʦʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ d, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ɺʉʈ ʠ ʩʠʣʴ-

ʥʫʶ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RR-ʠʥʪʝʨʚʘʣʦʚ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝ-

ʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ d ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʘʮʠʝʥʪʳ ʩ ʜʝʥʝʨʚʠʨʦʚʘʥʥʳʤ ʩʝʨʜʮʝʤ 

0.0004(0.0002;0.0006) ʠ ʧʘʮʠʝʥʪʳ ʩ ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ 

0.0004(0.0002;0.0006). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʘʮʠʝʥʪʳ ʩ ʪʨʘʥʩʧʣʘʥʪʘ-

ʮʠʝʡ ʩʝʨʜʮʘ ʠ ʧʘʮʠʝʥʪʳ ʩ ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʠʤʝʶʪ ʥʠʟ-

ʢʫʶ ɺʉʈ ʠ ʚʳʩʦʢʫʶ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RR-

ʠʥʪʝʨʚʘʣʦʚ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʫʜʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʦʪʣʠʯʠʪʴ ʚʳʙʦʨʢʠ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ d ʠʟ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ ʦʪ 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     28 

ʧʘʮʠʝʥʪʦʚ ʩ ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʠ ʦʪ ʧʘʮʠʝʥʪʦʚ ʩ ʪʨʘʥʩ-

ʧʣʘʥʪʘʮʠʝʡ ʩʝʨʜʮʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ U-ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ ʩ ʫʨʦʚʥʝʤ ʟʥʘ-

ʯʠʤʦʩʪʠ p < 0.01. 

 

  
ʈʠʩ. 1. (ʘ) ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ɺʉʈ: (ʘ) ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RR-ʠʥʪʝʨʚʘʣʦʚ s; (ʙ) ʚʨʝʤʷ ʜʦ ʧʝʨʚʦʛʦ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RR-ʠʥʪʝʨʚʘʣʦʚ ʉʉ0; (ʚ) ʢʨʠʪʝʨʠʡ c2 ʨʘʟʣʠʯʠʷ ʦʜʥʦʤʝʨ-
ʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RR-ʠʥʪʝʨʚʘʣʦʚ; (ʛ) ɽʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʚʝʢʪʦʨʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ RR-ʠʥʪʝʨʚʘʣʦʚ d. ʕʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʳʙʦʨʢʠ: I ï ʧʘʮʠʝʥʪʳ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʩʝʨʜʮʘ; II ï ʟʜʦʨʦʚʳʝ ʜʦʙʨʦ-

ʚʦʣʴʮʳ; III ï ʧʘʮʠʝʥʪʳ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ ʚ ʧʦʣʦʞʝʥʠʠ ʣʝʞʘ; IV ï ʧʘʮʠʝʥʪʳ ʩ ʘʨ-

ʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ ʚ ʧʦʣʦʞʝʥʠʠ ʩʪʦʷ; V ï ʧʘʮʠʝʥʪʳ ʩ ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʩʪʴʶ. ɼʣʷ ʜʠʘʛʨʘʤʤ ʨʘʟʤʘʭʦʚ ʛʨʘʥʠʮʳ ʙʣʦʢʦʚ ʠ ʣʠʥʠʷ ʚʥʫʪʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʚʦʤʫ, 

ʪʨʝʪʴʝʤʫ ʢʚʘʨʪʠʣʷʤ ʠ ʤʝʜʠʘʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; ʫʩʳ ʜʠʘʛʨʘʤʤʳ ʦʪʤʝʯʘʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʧʦ ʚʳʙʦʨʢʝ. ɿʚʝʟʜʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ p-ʫʨʦʚʥʶ ʟʥʘʯʠʤʦʩʪʠ ʤʝʞ-

ʛʨʫʧʧʦʚʳʭ ʨʘʟʣʠʯʠʡ, ʦʮʝʥʝʥʥʦʤʫ ʩ ʧʦʤʦʱʴʶ U-ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ: ** p < 0.01; * p < 

0.05. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʩʨʘʚ-

ʥʠʚʘʝʤʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʨʘʟʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʙʘ-

ʨʦʨʝʬʣʝʢʪʦʨʥʦʤ ʢʦʥʪʨʦʣʝ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. ʉ ʧʦʤʦʱʴʶ ʚʳʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʜʣʷ 

ʩʢʨʠʥʠʥʛʘ ʪʠʧʘ ʜʠʩʬʫʥʢʮʠʠ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ʋʜʘʣʦʩʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʚʳʙʦʨʢʠ ʠʩʧʳʪʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ U-

ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʨʠʥʠʥʛʘ ʪʠʧʘ ʜʠʩʬʫʥʢʮʠʠ ʚʝ-

ʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 

ɺʉʈ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʅʌ N 23-12-00241 
 



29                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. S.K. Subramanian, V.K. Sharma, V. Arunachalam, R.Rajendran, A. Gaur // Front. Physiol. 2019. 

V. 10. N. 1043. 

2. Task Force of the European Society of Cardiology the North American Society of Pacing Elec-

trophysiology Heart rate variability: standards of measurement, physiological interpretation and 

clinical use. Circulation. 1996. V. 93. N. 5, P. 1043-1065. 

3. A.L. Goldberger // Lancet. 1996. V. 347. N. 9011. P. 1312ï1314. 1996. 

4. A. Porta, M. Di Rienzo, N. Wessel, J. Kurths // Philos. Trans. A Math. Phys. Eng. Sci. 2009. V. 

367. N. 1892. P. 1215ï1218.  

5. A. Voss, S. Schulz, R. Schroeder, M. Baumert, P. Caminal // Philos. Trans. A Math. Phys. Eng. 

Sci. 2009.V. 367. N. 1892. P. 277ï296. 

6. Y.M. Ishbulatov, A.S. Karavaev, A.R. Kiselev, V.I. Ponomarenko, and M.D. Prokhorov // Third 

Annual Symposium Optics and Biophotonics. 2016. V. 9917. P. 99173N. 

7. Y.M. Ishbulatov, A.S. Karavaev, V.I. Ponomarenko, B.P. Bezruchko, M.D. Prokhorov // Bulletin 

of the Russian Academy of Sciences: Physics. 2016. V. 90. N. 2. P. 180-185. 

8. ɸ.ʉ. ʂʘʨʘʚʘʝʚ, ɸ.ɽ. ʈʫʥʥʦʚʘ, ɽ.ʀ. ɹʦʨʦʚʢʦʚʘ, ʖ.ʄ. ʀʰʙʫʣʘʪʦʚ, B.C. ʍʦʨʝʚ, ɸ.ʈ. ʂʠʩʝʣʝʚ, 

ʄ.ʆ. ɾʫʨʘʚʣʝʚ, ɺ.ʀ. ʇʦʥʦʤʘʨʝʥʢʦ, ʄ.ɼ. ʇʨʦʭʦʨʦʚ, ɹ.ʇ. ɹʝʟʨʫʯʢʦ, ɸ.ɸ. ʂʦʨʦʥʦʚʩʢʠʡ // ʉʘ-

ʨʘʪʦʚʩʢʠʡ ʥʘʫʯʥʦ-ʤʝʜʠʮʠʥʩʢʠʡ ʞʫʨʥʘʣ. 2016. V. 4. P. 541. 

9. A.S. Karavaev, V.V. Skazkina, Y.M. Ishbulatov, E.I. Borovkova // Cybernetics and Physics. 2019. 

V. 8. N. 3. P. 128-131. 

10. M.D. Prokhorov, E.I. Borovkova, A.N. Hramkov, E.S. Dubinkina, V.I. Ponomarenko, Yu.M. 

Ishbulatov, A.V. Kurbako, A.S. Karavaev //Applied Sciences. 2023. V. 14. P. 8390. 

11. E.I. Borovkova, A.N. Hramkov, E.S. Dubinkina, V.I. Ponomarenko, B.P. Bezruchko, Y.M. Ishbu-

latov, A.V. Kurbako, A.S. Karavaev, M.D. Prokhorov // The European Physical Journal. Special 

Topics. 2023. V. 5. P. 625. 

12. ʆ.ʉ. ʇʘʥʠʥʘ, ɸ.ʈ. ʂʠʩʝʣʝʚ, ɽ.ʀ. ɹʦʨʦʚʢʦʚʘ, ʖ.ɺ. ʏʝʨʥʝʥʢʦʚ, ɺ.ɺ. ʉʢʘʟʢʠʥʘ, ɺ.ʀ. ɻʨʠʜʥʝʚ, 

ɽ.ʅ. ʄʫʨʝʝʚʘ, ɸ.ʉ. ʂʘʨʘʚʘʝʚ // ʈʦʩʩʠʡʩʢʠʡ ʚʝʩʪʥʠʢ ʧʝʨʠʥʘʪʦʣʦʛʠʠ ʠ ʧʝʜʠʘʪʨʠʠ. 2018. ʊ. 

63. N. 4. ʉ. 52-57. 

13. E.I. Borovkova, M.D. Prokhorov, A.R. Kiselev, A.N. Hramkov, S.A. Mironov, M.V. Agaltsov, V.I. 

Ponomarenko, A.S. Karavaev, O.M. Drapkina, T. Penzel // Frontiers in Network Physiology. 

2022. V. 2. P. 942700. 

14. A.S. Karavaev, V.V. Skazkina, E.I. Borovkova, M.D. Prokhorov, A.N. Hramkov, V.I. Ponoma-

renko, A.E. Runnova, V.I. Gridnev, A.R. Kiselev, T. Penzel. // Frontiers in Neuroscience. 2022. V. 

15. P. 791510. 

15. V.I. Ponomarenko, A.S. Karavaev, M.D. Prokhorov, E.I. Borovkova, A.N. Hramkov, T. Penzel, 

A.R. Kiselev // Chaos. 2021. ʊ. 31. V 7. P. 073105. 

16. A.S. Karavaev, M.D. Prokhorov, V.I. Ponomarenko, A.R. Kiselev, V.I. Gridnev, E.I. Ruban, B.P. 

Bezruchko // Chaos. 2009. V. 19, P. 033112. 

17. T. Dikanev, D. Smirnov, R. Wennberg, J.L. Pe-rez Velazquez, B. Bezruchko // Clinical Neuro-

physiology. 2005. V. 116. N. 8. P. 1796-1807. 

18. H.B. Mann, D.R. Whitney // Annals of Mathematical Statistics. 1947. V. 18. N. 1. P. 50-60.  

19. L.E.V. Silva, C.A.A. Silva et al. // Applied Physiology. 2017. V. 123. N. 2. P. 344-351.  

  



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     30 

ɼɺʋʍʉʃʆʁʅʓɽ ɸʅʊʀʆʊʈɸɾɸʖʑʀɽ ʅɸʅʆʇʆʂʈʓʊʀʗ ɼʃʗ 

ʉʊɽʂʃʗʅʅʓʍ ʇʃɸʉʊʀʅ ʅɸ ʆʉʅʆɺɽ ʆʂʉʀɼʆɺ ʂʈɽʄʅʀʗ ʀ 

ʎʀʅʂɸ  

ʄ.ʖ. ɺʘʩʠʣʴʢʦʚ1,2, ʉ.ʉ. ɺʦʣʯʢʦʚ1,3, ʅ.ʄ. ʋʰʘʢʦʚ1,2 
1ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

2ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
3ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻʘʛʘʨʠʥʘ ʖ.ɸ. 

E-mail: vasilk.mikhail@yandex.ru, nmu@bk.ru 

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʩʪʝʢʣʷʥʥʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʟʘʱʠʪʳ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. ɸʥ-

ʪʠʦʪʨʘʞʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʳʭ ʩʪʝʢʣʷʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ (ʧʨʦʩʚʝʪʣʝʥʠʷ) ʠ 

ʘʜʝʢʚʘʪʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʧʨʦʩʚʝʪʣʷʶʱʠʭ ʧʦʢʨʳʪʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦʨʠʩʪʦʡ 

ʧʣʝʥʢʠ. ʀʟʚʝʩʪʥʳ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʧʦʨʠʩʪʦʛʦ SiO2 ʩʦ ʩʚʝʨʭʥʠʟ-

ʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʜʚʫʭʩʣʦʡʥʳʝ ʘʥʪʠʦʪʨʘʞʘʶʱʠʝ ʧʦʢʨʳʪʠʷ ʩ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ, ʚʳʩʦʢʦʧʨʦʧʫʩʢʘʶʱʠʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʮʘʨʘʧʠʥʘʤ ʩʚʦʡ-

ʩʪʚʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʩʪʳʤ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ [1,2]. ʅʠʞʥʠʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚ-

ʣʷʣ ʩʦʙʦʡ ʩʤʝʩʴ ʥʘʥʦʯʘʩʪʠʮ ʢʨʝʤʥʠʷ ʠ ʣʠʥʝʡʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʣʠʤʝʨʦʚ (çSiO2 

NPs-LPè), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʦʩʥʦʚʘʥʠʝʤ/ʢʠʩʣʦ-

ʪʦʡ ʪʝʪʨʘʵʪʠʣʦʨʪʦʩʠʣʠʢʘʪʘ (çTEOSè), ʪʦʛʜʘ ʢʘʢ ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʩʤʝʩʴ ʧʦʣʳʭ ʥʘʥʦʯʘʩʪʠʮ ʢʨʝʤʥʠʷ ʠ ʣʠʥʝʡʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʣʠʤʝʨʦʚ (çHSiO2 

NPs-LPè) [2]. ɺ ʨʘʙʦʪʝ [3] ʩʨʘʚʥʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʪʨʝʭʩʣʦʡʥʳʭ ʤʝʟʦʧʦ-

ʨʠʩʪʳʭ ʢʨʝʤʥʠʝʚʳʭ ʧʦʢʨʳʪʠʡ ʩ ʛʨʘʜʫʠʨʦʚʘʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʩʘʤʦʩʙʦʨʢʠ, ʚʳʟʚʘʥʥʦʡ ʠʩʧʘʨʝʥʠʝʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʘʤʠ ʠʟʫʯʝʥʠʷ ʷʚʣʷʣʠʩʴ ʢʦʤʧʦʟʠʪʥʳʝ ʜʚʫʭʩʣʦʡʥʳʝ 

ʜʚʫʭʩʪʦʨʦʥʥʠʝ ʥʘʥʦʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ SiO2, ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʦʛʦ ʦʢʩʠʜʦʤ ʮʠʥʢʘ ZnO, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʝʜʤʝʪʥʳʭ ʩʪʝʢʦʣ 

(75ʭ25ʭ1,1 ʤʤ, ApexLab, ʈʌ) ʤʝʪʦʜʦʤ ʚʳʪʷʛʠʚʘʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ (ʨʠʩ. 1, ʘ). ʇʝʨ-

ʚʦʥʘʯʘʣʴʥʦ ʥʘ ʩʪʝʢʣʘ ʥʘʥʦʩʠʣʩʷ ʩʣʦʡ SiO2 ʩ ʚʘʨʴʠʨʫʝʤʦʡ ʪʦʣʱʠʥʦʡ <d1> (ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʚʳʪʷʛʠʚʘʥʠʷ 110-168 ʤʤ/ʤʠʥ) ʠʟ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʟʦʣʷ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʤʝʰʝʥʠʝʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ, ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪ-

ʥʦʰʝʥʠʠ 12,2:30:2:1. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ SiO2 ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʦʜʣʦʞʢʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ 500Ñ5ʦʉ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥ, ʟʘʪʝʤ ʥʘʥʦʩʠʣʩʷ ʚʪʦʨʦʡ ʩʣʦʡ ʧʦʢʨʳʪʠʷ SiO2+ZnO ʪʦʣʱʠʥʦʡ <d2> ʠʟ ʟʦʣʷ ʩ 

ʩʦʩʪʘʚʦʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʚʳʰʝʫʢʘʟʘʥʥʦʤʫ, ʩ ʜʦʙʘʚʢʦʡ ʘʮʝʪʘʪʘ ʮʠʥʢʘ 

Zn(CH3COO)2*2H2O ʚ ʢʦʣʠʯʝʩʪʚʝ 0,076 ʤʦʣʴ.% ʩ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʦʪʞʠʛʦʤ ʚ ʪʝ-

ʯʝʥʠʝ 60 ʤʠʥ. ʋʩʣʦʚʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʟʦʣʝʡ ʠ ʥʘʥʝʩʝʥʠʷ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [4]. 
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ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʩʪʝʢʣʷʥʥʳʭ ʧʣʘʩʪʠʥ ʩ 

ʥʘʥʝʩʸʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʦʧʠʩʘʥʥʦʡ ʥʠʞʝ ʩʭʝʤʝ. ʉʚʝʪʦʚʦʡ ʧʫ-

ʯʦʢ ʦʪ ʣʘʤʧʳ Ocean Optics DH ð 2000 ð BAL ʯʝʨʝʟ ʩʚʝʪʦʚʦʜ (ʦʧʪʦʚʦʣʦʢʥʦ 

Ocean Optics P-100-2-UV-VIS) ʠ ʢʦʣʣʠʤʘʪʦʨ ʧʘʜʘʝʪ ʧʦʜ ʟʘʜʘʥʥʳʤ ʫʛʣʦʤ ʥʘ ʦʙ-

ʨʘʟʝʮ. ʆʙʨʘʟʝʮ ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘ ʧʣʦʱʘʜʢʝ ʛʦʥʠʦʤʝʪʨʘ Standa 068979. ʆʪʨʘʞʝʥ-

ʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ ʯʝʨʝʟ ʢʦʣʣʠʤʘʪʦʨ OceanOptics 74 DA ʠ ʦʧʪʦʚʦʣʦʢʥʦ ʧʦʧʘʜʘʣ ʥʘ 

ʚʭʦʜ ʩʧʝʢʪʨʦʤʝʪʨʘ OceanOptics QE 65000. 

ʅʘ ʨʠʩʫʥʢʝ 1,ʙ ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʦʜʥʦʩʣʦʡʥʦʛʦ ʧʦʢʨʳʪʠʷ SiO2 ʠ ʜʚʫʭʩʣʦʡʥʦʛʦ ʧʦʢʨʳ-

ʪʠʷ SiO2 & SiO2@ZnO ʥʘ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʥʝʩʝʥʠʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʣʦʷ SiO2@ZnO ʫʚʝʣʠʯʠʚʘʝʪ ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ ʧʨʦ-

ʩʚʝʪʣʝʥʠʝ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʳ ʥʘ ~1,5 % ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 

400-1000 ʥʤ. 

  
ʈʠʩ.1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʚʫʭʩʣʦʡʥʦʡ ʜʚʫʩʪʦʨʦʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʧʦʢʨʳʪʠʡ ʥʘ 

ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ (ʘ). 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʦʜʥʦʩʣʦʡʥʦʛʦ ʧʦʢʨʳʪʠʷ SiO2 

(ʢʨʠʚʘʷ 1) ʠ ʜʚʫʭʩʣʦʡʥʦʛʦ ʧʦʢʨʳʪʠʷ SiO2& SiO2@ZnO (ʢʨʠʚʘʷ 2) ʥʘ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ. 

ɿʘ ʥʫʣʝʚʦʡ ʫʨʦʚʝʥʴ ʧʨʠʥʷʪʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʯʠʩʪʦʡ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘ-

ʩʪʠʥʳ (ʙ) 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ çʉʝʥʩʦʨ-2è. 
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ʇʈʀʄɽʅɽʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʆʁ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ ɼʃʗ ɼʀɸ-

ɻʅʆʉʊʀʂʀ ʅɸʇʈɸɺʃɽʅʅʆʁ ʉɺʗɿʀ ʄɽɾɼʋ ʆʉʎʀʃʃʗʊʆʈɸʄʀ 

ɺɸʅ ɼɽʈ ʇʆʃʗ ɺ ʇʈʀʉʋʊʉʊɺʀʀ ʀɿʄɽʈʀʊɽʃʔʅʓʍ ʐʋʄʆɺ 

A.ʄ. ɺʘʭʣʘʝʚʘ1, ʖ.ʄ. ʀʰʙʫʣʘʪʦʚ2, ɸ.ʉ. ʂʘʨʘʚʘʝʚ2, ɺ.ʀ. ʇʦʥʦʤʘʨʝʥʢʦ2 
1ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
2ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ 

ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
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ɼʠʘʛʥʦʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʚʷʟʝʡ - ʤʝʪʦʜ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ, ʧʨʠʤʝʥʷ-

ʶʱʠʡʩʷ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʯʝʣʦʚʝʢʘ [1] ʠ 

ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʚʳʷʚʣʝʥʠʷ 

ʦʯʘʛʦʚ ʵʧʠʣʝʧʩʠʠ. ʆʜʥʘʢʦ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ, ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʨʠʨʦʜʘ ʙʠʦʩʠʛʥʘ-

ʣʦʚ ʠ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʲʷʚʣʷʝʪ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʤʝʪʦʜʘʤ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʚʷʟʝʡ [2], ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʢ 

ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʰʫʤʘʤ ʠ ʰʫʤʘʤ ʚ 

ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʩʚʷʟʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʦʜʦʚ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʚʚʝʜʝʥʠʷ ʬʘʟ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʢ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʠ ʨʘ-

ʙʦʪʝ ʩ ʢʦʨʦʪʢʠʤʠ, ʜʦ 6 ʧʝʨʠʦʜʦʚ, ʟʘʰʫʤʣʝʥʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ ʙʳʣʘ ʚʳ-

ʙʨʘʥʘ ʩʠʩʪʝʤʘ ʜʚʫʭ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦ ʩʚʷʟʘʥʥʳʭ ʦʩʮʠʣʣʷʪʦʨʘ ʚʘʥ ʜʝʨ ʇʦʣʷ (1): 

 ‘ ρ ὼ ρ πȢυῳὼ π

 ‘ ρ ώ ρ πȢυῳώ Ὡώ ὼ π
,        (1) 

 

ʛʜʝ ‘=2 ð ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʦʩʪʠ, ῳ ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʥʘʷ ʨʘʩ-

ʩʪʨʦʡʢʘ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʙʫʯʘʶʱʝʡ ʙʘʟʳ ʜʘʥʥʳʭ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʠʟʤʝʥʷʣʩʷ ʦʪ -1 ʜʦ 1.5 ʩ ʰʘʛʦʤ 0.001, Ὡ ð ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʝʨʮʠʦʥʥʳʡ ʩʚʷʟʠ, ʠʟ-

ʤʝʥʷʣʩʷ ʦʪ 0 ʜʦ 0.5 ʩ ʰʘʛʦʤ 0.001. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ, ʧʨʠ ʢʦ-

ʪʦʨʳʭ ʨʝʞʠʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʦʩʮʠʣʣʷʪʦʨʘʤʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɼʣʷ ʨʝʰʝ-

ʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʕʡʣʝʨʘ ʩ ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 1/250, ʟʘʪʝʤ 

ʩʠʛʥʘʣ ʧʝʨʝʚʳʙʠʨʘʣʩʷ ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 10 ɻʮ. ʇʝʨʠʦʜʳ ʩʠʛʥʘʣʦʚ ʧʨʠ 

ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʥʷʣʠʩʴ ʦʪ 5 ʜʦ 12 ʩ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʠʟʤʝ-

ʨʠʪʝʣʴʥʦʛʦ ʰʫʤʘ ʥʘ ʨʘʙʦʪʫ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʝʣʳʡ 

ʰʫʤ. ʋʨʦʚʝʥʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʰʫʤʘ ʦʮʝʥʠʚʘʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʧʝʨʩʠʠ ʩʠʛ-

ʥʘʣʘ. 

ɹʳʣʘ ʚʳʙʨʘʥʘ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʚʝʨʪʦʯʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʘʷ ʧʨʦ-

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʯʝʤ ʧʦʣʥʦʩʚʷʟʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ. 



33                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʊʘʢʞʝ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ [3]. 

ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʩʚʷʟʠ ʩ ʧʦʤʦʱʴʶ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʘ) ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (b) ʦʪ ʜʣʠʥʳ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʩʚʷʟʠ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʩ) ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (d) ʦʪ ʫʨʦʚʥʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʰʫʤʘ. ʏʝʨʥʳʝ 

ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪʫ ʩʠʣʳ ʩʚʷʟʠ ʚ ʜʠʘʧʘʟʦʥʝ 0ï0.15, ʩʝʨʳʝ ʩʧʣʦʰ-

ʥʳʝ ð 0.15ï0.3, ʩʝʨʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ð 0.3ï0.5.  

 

ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʩʚʷʟʠ ʧʦ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ, ʯʝʤ ʢʦʨʨʝʣʷʮʠ-

ʦʥʥʳʡ ʘʥʘʣʠʟ, ʚ ʢʘʞʜʦʤ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʠʣʳ ʩʚʷʟʠ 

(ʨʠʩ.1, a-b). ʊʘʢʞʝ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʴʰʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʰʫʤʘʤ, ʯʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʨʠʩ.1, ʩ-d).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʛʨʘʥʪ ˉ 
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ʆʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ [1,2] ï ʨʘʟʨʘʙʦʪʢʘ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [3,4] ʥʘ ʦʩʥʦʚʝ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ. ʊʘʢʦʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ (ʇʂʃ) ʩ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʘʤʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ (CaCO3) 

ʤʦʜʠʬʠʢʘʮʠʠ ʚʘʪʝʨʠʪ [5ï7], ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʦʙʣʘʜʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʟʘʛʨʫʟʢʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚ ʧʦʨʳ [8]. 

ʈʘʟʨʘʙʦʪʘʥʳ ʜʚʝ ʤʝʪʦʜʠʢʠ ʚʳʨʘʱʠʚʘʥʠʷ ʥʘ ʚʦʣʦʢʥʘʭ ʇʂʃ ʤʠʢʨʦʯʘʩʪʠʮ 

CaCO3 ʩ ʚʢʣʶʯʸʥʥʳʤʠ (ʠ ʙʝʟ) ʚ ʠʭ ʩʦʩʪʘʚ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʘʛʥʝʪʠʪʘ [9ï11], ʘ 

ʪʘʢʞʝ ʧʨʦʚʝʜʸʥ ʨʘʩʯʝʪ ʠ ʘʥʘʣʠʟ ʨʘʟʤʝʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʙʨʘʟʮʘʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ 

(Na2CO3) ʠ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ (CaCl2), ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʠʢʨʦʯʘʩʪʠʮ 

CaCO3 ʥʘ ʨʘʟʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʚʦʣʦʢʦʥ ʚ ʉɺʏ ʜʠʘʧʘʟʦʥʝ ʠ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ [12ï14]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʭʦʜʥʳʭ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ ʠ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʨʦʮʝʩʩ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʣʦʢʦʥ ʇʂʃ ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ ʚʘʪʝʨʠʪʘ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʶ ʚʦʣʦʢʦʥ ʇʂʃ ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ CaCO3 ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʘʣʛʦʨʠʪʤʫ ʨʘʙʦʪʳ [15]. ʆʙʨʘʟʝʮ ʚʦʣʦʢʦʥ ʧʦʤʝʱʘʣʠ ʚ ʧʨʦʙʠʨʢʫ ʩ 1 ʤʣ ʨʘʩʪʚʦʨʘ 

CaCl2, ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ, ʟʘʪʝʤ ʧʨʠ ʋɿ 

ʦʙʨʘʙʦʪʢʝ ʚʚʦʜʠʣʠ 1 ʤʣ ʨʘʩʪʚʦʨʘ Na2CO3, ʧʦʜʚʝʨʛʘʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʫʣʴʪʨʘʟʚʫʢʘ 

ʝʱʝ 1 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʳʤʘʣʠ ʠʟ ʚʘʥʥʳ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʙʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʤʳʚʘʣʠ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʚ 

ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʦʤʝʱʘʣʠ ʚ ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ ʧʨʠ 40Áʉ. ʇʨʦʮʝʩʩ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʧʨʦʚʦʜʠʣʠ ʪʨʠ ʨʘʟʘ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʥʷʣʠ ʦʪ 0,25 ʜʦ 1 

ʤʦʣʷ, ʘ ʚʨʝʤʷ ʋɿ ʦʙʨʘʙʦʪʢʠ ï ʦʪ 30 ʜʦ 90 ʩʝʢʫʥʜ.  

ʄʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʙʘʟʝ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Mira II LMU ʬʠʨʤʳ çTESCANè ʚ ʨʝʞʠʤʝ 

ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʙʨʘʟʮʳ ʥʘʧʳʣʷʣʠ 

ʟʦʣʦʪʦʝ ʧʦʢʨʳʪʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Image J. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʚ ʢʘʞʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʮʠʢʣʝ (ʊʎ) ʘʥʘʣʠʟʫ ʧʦʜʚʝʨʛʘʣʠ 500 ʤʠʢʨʦʯʘʩʪʠʮ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 



35                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʊʘʙʣʠʮʘ. ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʤʠʢʨʦʯʘʩʪʠʮ ʚʘʪʝʨʠʪʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʚʦʣʦʢʥʘʭ ʇʂʃ 

Ultrasonic treatment time (sec) / 
o˿ncentration of salt solutions (M) 

30 sec 60 sec 90 sec 

лΣнр ˸ мΣн ҕ лΣп ҡƳ мΣн ҕ лΣп ҡƳ лΣт ҕ лΣн ҡƳ 

лΣр ˸ лΣу ҕ лΣр ҡƳ мΣм ҕ лΣо ҡƳ мΣо ҕ лΣо ҡƳ 

лΣтр ˸ лΣу ҕ лΣп ҡƳ мΣм ҕ лΣс ҡƳ лΣр ҕ лΣм ҡƳ 

м ˸ лΣт ҕ лΣо ҡƳ лΣу ҕ лΣп ҡƳ лΣт ҕ лΣн ҡƳ 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ 

ʠ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5 ʄ ʠ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ 60 ʠ 90 

ʩʝʢʫʥʜ, ʦʙʣʘʜʘʶʪ ʙʣʴʰʝʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʯʝʤ ʧʨʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʥʪʝʟʘ. 

ʇʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʚʳʩʦʢʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʢʘʣʴʮʠʪʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʢʘʧʩʫʣʷʮʠʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ 

ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʛʨʫʟʢʠ ʢʘʧʩʫʣʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʬʣʶʠʜʥʦʛʦ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʧʦ-

ʨʠʩʪʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʘʢʪʠʚʥʦ ʧʨʦʚʦ-

ʜʷʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʪʨʠʜʮʘʪʠ ʣʝʪ [1-4]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʦ-

ʩʪʠʛʥʫʪʳ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʫʩʧʝʭʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʚʩʧʝʥʠʚʘʥʠʷ, ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʩʳʱʝʥʥʳʭ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤʠ ʬʣʶʠʜʥʳʤʠ (ʉʂʌ) ʘʛʝʥʪʘʤʠ 

(ʚ ʦʩʥʦʚʥʦʤ ʜʚʫʦʢʠʩʴʶ ʫʛʣʝʨʦʜʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʦʙʣʘʩʪʠ ʉʂʌ ʩʠʥʪʝʟʘ ʚʳʩʦ-

ʢʦʧʦʨʠʩʪʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʣʦʞʠʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʜʦʢʩʘʣʴʥʘʷ 

ʩʠʪʫʘʮʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʪʩʪʘʚʘʥʠʝʤ ʫʨʦʚʥʷ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʨʝ-

ʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʥʪʝʟʠʨʫʝ-

ʤʳʭ ʩʨʝʜʘʭ ʥʘ ʤʠʢʨʦ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʷ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝ-

ʰʝʥʠʷ ʧʦʜʦʙʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʚʥʝʜʨʝʥʠʝ ʚʦ ʚʩʧʝʥʝʥʥʳʝ ʩʣʫʯʘʡʥʦ-ʥʝ-

ʦʜʥʦʨʦʜʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ ʜʦʙʘ-

ʚʦʢ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ çʣʘʟʝʨʥʳʡ ʢʨʘʩʠʪʝʣʴ ï ʥʘʥʦʯʘʩʪʠʮʳè ʩ ʮʝʣʴʶ ʨʘʩʰʠ-

ʨʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʟʘ ʩʯʝʪ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘʥʦʬʦ-

ʪʦʥʠʢʠ ʠ ʤʝʪʦʜʦʚ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʚʦʣʶʮʠʷ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʨʠʮ, ʥʘʩʳʱʝʥʥʳʭ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʤʠ ʘʛʝʥʪʘʤʠ (ʨʦʜʘʤʠʥ 6ɾ + ʥʘʥʦʯʘ-

ʩʪʠʮʳ ʘʥʘʪʘʟʘ TiO2) ʚ ʧʨʦʮʝʩʩʝ ʉʂʌ ʩʠʥʪʝʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʀʩʩʣʝʜʫʶʪʩʷ ʥʝʣʠʥʝʡʥʦ-ʦʧ-

ʪʠʯʝʩʢʠʝ ʠ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʳʭ ʧʝʥ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʢʘʥʘʣʦʚ ʇʣʘʪʦ-ɻʠʙʙʩʘ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʦʚ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘ-

ʮʠʠ ʠ ʢʚʘʟʠʚʦʣʥʦʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʨʠʮ (ʨʠʩ. 1) ʩ ʨʦʩʪʦʤ ʚ ʦʪʢʨʳʪʳʭ ʠ ʟʘʢʨʳʪʳʭ ʦʙʲʝʤʘʭ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʷʜʢʘ 8-9 ʄʇʘ ʠ 320 ʂ ʩ ʥʝʣʠʥʝʡʥʳʤ ʭʘʨʘʢʪʝ-

ʨʦʤ ʩʙʨʦʩʘ ʜʘʚʣʝʥʠʷ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʟʘʤʝʜʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʩʙʨʦʩʘ ʩ 0.02 ʄʇʘ/ʩ 

ʜʦ 0.0015 ʄʇʘ/ʩ.  

ʕʚʦʣʶʮʠʷ ʤʘʪʨʠʮʳ ʚ ʧʨʦʮʝʩʩʝ ʉʂʌ ʚʩʧʝʥʠʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʣʘʩʴ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʝʝ ʦʙʲʝʤʘ 

ʧʨʠ ʟʦʥʜʠʨʦʚʘʥʠʠ ʣʘʟʝʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʣʦʩʝ ʧʦʛʣʦʱʝʥʠʷ ʠʩ-

ʧʦʣɹʟʫʝʤʦʛʦ ʬʣʫʦʨʦʬʦʨʘ ʩ ʧʦʤʦʱʴʶ ʚʥʝʜʨʝʥʥʦʛʦ ʚ ʨʝʘʢʪʦʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʧʪʦʚʦʣʦʢʦʥʥʦʤ ʧʘʪʯ-ʢʦʨʜʝ ʠ ʩʧʝʢʪʨʦʤʝʪʨʝ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʦʩʪʦʤ ʦʙʲʝʤʘ ʧʝʥʳ ʠ ʨʦʩʪʦʤ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʫʧʦʤʷʥʫʪʦʛʦ 



37                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʚʳʰʝ ʢʚʘʟʠʚʦʣʥʦʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʜʦʙʥʳʭ ʩʨʝ-

ʜʘʭ.  

ʅʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʠ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʤʢʘʭ 

ʚʦʟʙʫʞʜʝʥʠʷ ʵʬʬʝʢʪʘ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ ʚ 

ʩʫʞʝʥʠʠ ʩʧʝʢʪʨʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʢʘʯʢʠ. ʋʩʪʘ-

ʥʦʚʣʝʥʳ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʬʣʫʦ-

ʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʧʝʥ ʩ ʨʘʟʚʠʪʦʡ ʩʝʪʴʶ ʢʘʥʘʣʦʚ ʇʣʘʪʦ-ɻʠʙʙʩʘ ʠ ʩ ʠʭ ʦʪ-

ʩʫʪʩʪʚʠʝʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʩʨʝʜʥʝʡ ʜʣʠʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʥʘʢʘʯʠʚʘʝʤʦʡ ʩʨʝʜʝ ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʤʘʩʰʪʘ-

ʙʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʧʦʣʷ ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʘʢʪʘʤʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʜʣʠʥʦʡ ʩʪʠʤʫʣʠʨʦʚʘʥ-

ʥʦʡ ʵʤʠʩʩʠʠ).   

ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʡ ʚ ʥʘʥʦʬʦʪʦʥʠʢʝ ʠ ʙʠʦʤʝ-

ʜʠʮʠʥʝ ʠ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʠʟʣʫʯʝʥʠʷ ʚʥʫʪʨʠ ʙʠʦʦʙʲʝʢʪʘ ʠ 

ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʩʠʪʝʣʷ ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ.   

 

 
ʈʠʩ. 1. (ʘ) ʌʦʪʦʛʨʘʬʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʡ ʬʣʫʦʨʝʩʮʠʨʫʶʱʝʡ ʧʝʥʳ, (b) ʄʘʢʨʦʬʦʪʦʛʨʘ-

ʬʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʥʘʣʦʚ ʚ ʧʦʣʠʤʝʨʥʦʡ ʧʝʥʝ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ çʉʝʥʩʦʨ-2è.  
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ʉɺʗɿɸʅʅʓɽ ʉʇʀʅʆɺʓɽ ɺʆʃʅʓ ɺ ʅɽʈɽɻʋʃʗʈʅʓʍ ʄɸɻʅʆʅʅʓʍ 

ʉʊʈʋʂʊʋʈɸʍ ʅɸ ʆʉʅʆɺɽ ʃɸʊɽʈɸʃʔʅʓʍ ɾʀɻ 

 ʄʀʂʈʆɺʆʃʅʆɺʆɼʆɺ ʊʈɸʇɽʎʀɽɺʀɼʅʆʁ ʌʆʈʄʓ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʤʘʛʥʦʥʠʢʠ [1-2], ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʠʟʫʯʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠʣʠ ʩʧʠʥʘ ʵʣʝʢʪʨʦʥʘ ʚʤʝʩʪʦ ʟʘʨʷʜʘ, ʦʪ-

ʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ʉɺ) ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʙʦʪʢʠ, ʧʝʨʝʜʘʯʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʢʘ-

ʯʝʩʪʚʝ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʥʝʨʝʛʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʥʘʧʨʠʤʝʨ, 

ʚʦʣʥʦʚʦʜʳ ʩ ʧʝʨʝʤʝʥʥʦʡ ʰʠʨʠʥʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʧʣʝʥʢʠ ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘ-

ʥʘʪʘ (ɾʀɻ) [3-4], ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʢʦʨʜʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʟʘʪʫʭʘʥʠʷ 

ʩʧʠʥʦʚʳʭ ʚʦʣʥ, ʜʘʞʝ ʧʨʠ ʥʘʥʦʤʝʪʨʦʚʳʭ ʪʦʣʱʠʥʘʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ ʜʚʫʭ ʣʘʪʝʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʪʨʘʧʝʮʠʝʚʠʜʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʦʜʦʚ ʩ ʟʘʟʦʨʦʤ d ʤʝʞʜʫ ʥʠʤʠ (ʩʤ. ʨʠʩ. 1). ʀʩ-

ʩʣʝʜʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʚʳʧʦʣʥʝʥʘ ʠʟ ɾʀɻ ʪʦʣʱʠʥʦʡ ρπ ̍ ̋,̍ ʜʣʠʥʦʡ ὒ  χ ̍ .̍ 

ʐʠʨʠʥʘ ύ υππ ̍ ̋,̍ ύ ςυπ ̍ ̋,̍ ʰʠʨʠʥʘ ʟʘʟʦʨʘ Ὠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 20 ʜʦ 

80 ʤʢʤ. 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʠʩʪʝʤʳ ʣʘʪʝʨʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʦʜʦʚ. 

 
ʄʠʢʨʦʤʘʛʥʠʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʘʢʝʪʝ MuMax3 [5], ʛʜʝ 

ʩʪʨʫʢʪʫʨʘ ʨʘʟʙʠʚʘʣʘʩʴ ʥʘ ʩʝʪʢʫ, ʚ ʫʟʣʘʭ ʢʦʪʦʨʦʡ ʯʠʩʣʝʥʥʦ ʨʝʰʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ 

ʃʘʥʜʘʫ-ʃʠʬʰʠʮʘ ʩ ʟʘʪʫʭʘʥʠʝʤ ɻʠʣʴʙʝʨʪʘ [6-7]. ɺ ʤʠʢʨʦʤʘʛʥʠʪʥʦʤ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʠ ʩʦʟʜʘʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ 

ʚʦʣʥʳ (ʇʄʉɺ), ʧʨʠ ʢʦʪʦʨʦʤ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ Ὄ ʧʨʠʣʘʛʘʣʦʩʴ ʚʜʦʣʴ ὕώ. 
ɺʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ὄ  ʩʦʩʪʘʚʣʷʣʘ 1200 ʕ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʪʨʠ ʧʦʨʪʘ: ὖ ð ʚʭʦʜʥʦʡ, ʥʘ ʢʦʪʦʨʦʤ ʚʦʟ-

ʙʫʞʜʘʣʩʷ ʉɺʏ ʩʠʛʥʘʣ, ʠ ὖ ʠ ὖ ð ʧʨʠʝʤʥʠʢʠ ʩʧʠʥʦʚʳʭ ʚʦʣʥ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʦʪʨʘʞʝʥʠʡ ʦʪ ʛʨʘʥʠʮ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʧʦʛʣʦʱʘʶʱʠʝ ʩʣʦʠ ʩ ʵʢʩ-

ʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʪʫʭʘʥʠʷ ‌ [8-9], ʦʪʤʝʯʝʥʥʳʝ ʟʘ-

ʰʪʨʠʭʦʚʘʥʥʦʡ ʦʙʣʘʩʪʴʶ ʥʘ ʨʠʩʫʥʢʝ 1.  

mailto:garaninfedorwork@mail.ru


39                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘ-

ʟʦʨʘ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪʚʝʪʚʠʪʝʩʴ ʉɺʏ 

ʩʠʛʥʘʣʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʥ-

ʮʠʧʘʭ ʤʘʛʥʦʥʠʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝ-

ʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʧʨʦʝʢʪ ˉ FSRR-2023-0008). 
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ʉʀʉʊɽʄɸ ɼɽʄʋʃʔʊʀʇʃɽʂʉʆʈɸ ʅɸ ʆʉʅʆɺɽ ʉʇʀʅʆɺʓʍ 

ɺʆʃʅ ʇʈʀ ʀʍ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʀ ɺ ʃɸʊɽʈɸʃʔʅʆʁ ʉʊʈʋʂʊʋʈɽ 
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ʈʘʟʚʠʪʠʝ ʤʘʛʥʦʥʠʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʬʠʟʠʢʝ 

ʤʘʛʥʝʪʠʟʤʘ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʩʪʦʷʥʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʠʩ-

ʢʦʤ ʧʨʠʤʝʥʝʥʠʷ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ʉɺ) ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʢʦʤʧʣʝʢʩʥʳʝ ʤʦʜʫʣʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʛʝʥʝʨʘʮʠʶ, ʧʝʨʝʜʘʯʫ ʠ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ ʚ ʨʘʤʢʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʡ ʩʨʝʜʳ ï ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦ- ʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ. ʅʘ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ, ʥʘʟʳʚʘʝʤʦʛʦ çʤʘʛʥʦʥʥʦʡ 

ʣʦʛʠʢʦʡè ʦʢʘʟʳʚʘʝʪʩʷ ʚʘʞʥʳʤ ʠ ʩʦʟʜʘʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʚʥʫʪʨʠ 

ʤʘʛʥʦʥʥʳʭ ʩʝʪʝʡ, ʧʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ 

ʠ ʧʦʜʭʦʜʦʚ ʢ ʟʘʧʠʩʠ ʩʠʛʥʘʣʘ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʪʦʣʴʢʦ ʥʘʯʠʪʘʶʪ ʧʦʷʚʣʷʪʴʩʷ 

[1,2]. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɺ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʠ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʢʘʢ ʩ 

ʧʦʤʦʱʴʶ ʘʤʧʣʠʪʫʜʳ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʬʘʟʳ ʉɺ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʜʘʸʪ ʧʝʨʩʧʝʢʪʠʚʫ 

ʢ ʩʦʟʜʘʥʠʶ ʩʣʦʞʥʦʡ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʩʠʩʪʝʤʳ ʢʦʥʚʝʨʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʤʘʛʥʦʥʥʳʝ ʠ ʦʙʨʘʪʥʦ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʵʪʦʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʉɺ, ʢʘʢ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟ-

ʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ ʪʘʢʪʦʚʳʝ ʯʘʩʪʦʪʳ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʝʸ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʜʨʝʡʬʦ-

ʚʳʭ ʪʦʢʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ [3].   

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʣʘʪʝʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʯʝʪʳʨʸʭ ʨʝʟʦʥʘʪʦʨʦʚ, ʢʘʢ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 1 ʚ 4. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʪ ʚʢʣʶ-

ʯʠʪʴ ʠʩʩʣʝʜʫʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʦʙʣʘʩʪʴ çʤʘʛʥʦʥʥʦʡ ʣʦʛʠʢʠè. ʆʩʥʦʚʦʡ ʜʣʷ ʪʘʢʦʡ 

ʤʝʪʦʜʠʢʠ ʧʦʩʣʫʞʘʪ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʚʳʰʝ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʪ-

ʚʝʪʚʣʝʥʠʶ ʠ ʨʘʟʚʦʨʦʪʫ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʚ ʠʩʧʦʣʴʟʫʝ-

ʤʦʡ ʩʪʨʫʢʪʫʨʝ. ʋʧʨʘʚʣʷʷ ʯʘʩʪʦʪʦʡ ʧʦʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ, ʢʘʢ ʘʤʧʣʠʪʫʜʫ ʉɺ, ʪʘʢ ʠ ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ [1]. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʧʦʣʦʩʢʠ 

ʰʠʨʠʥʦʡ ʚ 500 ʤʢʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʨʘʟʤʝʱʝʥʳ ʯʝʪʳʨʝ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʪʦʨʘ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʧʣʝʥʢʠ ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (ɾʀɻ) ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʛʘʣʣʠʡ ï ʛʘʜʦʣʣʠʥʠʝ-

ʚʦʛʦ ʛʨʘʥʘʪʘ. ʊʦʣʱʠʥʘ ʩʣʦʷ ɾʀɻ ʩʦʩʪʘʚʣʷʝʪ 10 ʤʢʤ, ʘ ʟʘʟʦʨ ʤʝʞʜʫ ʤʠʢʨʦʚʦʣʥʦ-

ʚʦʜʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 50 ʤʢʤ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ ʚʳʙʨʘʥʘ ʠʟ ʫʩʣʦʚʠʷ ʨʝʘʣʠ-

ʟʘʮʠʠ ʨʝʞʠʤʘ ʤʥʦʛʦʤʦʜʦʚʦʡ ʩʚʷʟʠ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʜʚʫʤʷ ʨʝʟʦʥʘʪʦʨʘʤʠ d ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʯʠʩʣʘ 

ʰʘʙʣʦʥʦʚ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʦ ʪʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ ʚʳʙʠʨʘʶʪʩʷ ʜʣʠʥʥʳ ʧʣʝʯ 

ʨʝʟʦʥʘʪʦʨʦʚ ï R1 ʠ R2 ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ x ʠ y, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʚʩʝʤʫ 



41                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʧʨʦʩʪʨʘʥʩʪʚʫ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʝʪʩʷ ʦʜʥʦʨʦʜʥʦʝ ʩʪʘʪʠʯʝʩʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

H, ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʜʦʣʴ ʦʩʠ x ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʛ-

ʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ. ʅʘ ʢʦʥʮʘʭ ʢʘʞʜʦʡ ʧʦʣʦʩʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʘʥʪʝʥʥʳ P1 

ï P4.  ɸʥʪʝʥʥʳ ï ʚʳʭʦʜʳ P2, P3, P4 ʨʘʩʧʦʣʦʞʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʷ ʩʚʦʝʤʫ ʧʦʨʷʜʢʫ, 

ʥʘ ʧʨʘʚʦʤ ʢʦʥʮʝ ʧʝʨʚʦʛʦ ʚʦʣʥʦʚʦʜʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʢʦʥʮʘʭ ʚʪʦʨʦʛʦ. ʆʥʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʥʷʪʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʭʦʜʷʱʝʡ ʚʦʣʥʳ. ɸʥʪʝʥʥʘ P1 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʣʝʚʦʤ ʢʦʥʮʝ ʧʝʨʚʦʛʦ ʚʦʣʥʦʚʦʜʘ. [1] 
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ʈʠʩ 1 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʨʘʩʧʨʦʩʪʨʘʥʷ-

ʶʱʠʭʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʯʝʪʳʨʸʭ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ. 

 

ʇʨʦʚʝʜʝʥʦ ʤʠʢʨʦʤʘʛʥʠʪʥʦʝʥ ʤʦʜʝʣʠʨʦʚʥʠʝ ʩʧʠʥʦʚʳʭ ʚʦʣʥ, ʧʨʦʜʝʤʦʥʩʪʨʠ-

ʨʦʚʘʥʘ ʬʘʟʦʚʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʤʘʛʥʦʥʥʳʤʠ ʚʦʣʥʦʚʦ-

ʜʘʤʠ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʧʦʣʴʥʳʤ ʧʦʣʷʤ ʢʘʢ ʚ 

ʧʣʦʩʢʦʩʪʠ, ʪʘʢ ʠ ʚʥʝ ʧʣʦʩʢʦʩʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ, ʚʣʠʷʥʠʝ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 20-79-10191. 
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ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʧʦʜʘʚʣʝʥʠʷ ʦʪʨʘʞʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ. ʇʦʤʠʤʦ ʨʘʟʣʠʯ-

ʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʧʦʢʨʳʪʠʡ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʚ 

ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʝʜʣʦʞʝʥʳ ʧʦʛʣʦʱʘʶʱʠʝ ʧʦʢʨʳʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ [1-3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʦʪʨʘʞʝʥʠʷ (ʚ ʫʟʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ) ʩʚʝʪʦ-

ʚʦʡ ʚʦʣʥʳ ʦʪ ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʤʝʪʘʣʣ, ʬʦʪʦʥʥʳʡ ʢʨʠʩʪʘʣʣ ʚ ʦʙʣʘʩʪʠ 

ʬʦʪʦʥʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ) ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʩ ʜʚʫʤʝʨʥʳʤ ʤʘʩʩʠʚʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘ-

ʥʦʯʘʩʪʠʮ (ʅʏ) (ʨʠʩ. 1).  

 

 
ʈʠʩ. 1. ʅʘʥʦʢʦʤʧʦʟʠʪʥʦʝ ʧʦʢʨʳʪʠʝ ʩ ʜʚʫʤʝʨʥʳʤ ʤʘʩʩʠʚʦʤ ʅʏ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʧʣʝʥʢʠ (a) ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʙ). ʅʘʥʦʯʘʩʪʠʮʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʩʝʨʝ-

ʙʨʘ, ʧʣʝʥʢʘ ʧʦʢʨʳʪʠʷ ï ʠʟ ʇʄʄɸ (PMMA). 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʥʦʩʣʦʡ ʩʝʨʝʙʨʷʥʳʭ ʅʏ ʜʠʘʤʝʪʨʦʤ 20 ʥʤ ʠ ʤʝʞʯʘʩʪʠʯʥʳʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʥʤ, ʨʘʟʤʝʱʝʥʥʳʡ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʝʥʢʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ (ʨʠʩ. 2(ʘ) ʠ ʨʠʩ. 2(ʙ)) ʠʣʠ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 2(ʚ) 

ʠ ʨʠʩ. 2(ʛ)), ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʧʘʜʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʅʏ. ʇʨʠ ʵʪʦʤ ʚʥʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙ-

ʣʘʩʪʠ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʤʘʩʩʠʚ ʅʏ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ. ɼʣʠʥʘ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʠʭʦʜʠʪʩʷ ʤʘʢʩʠʤʫʤ ʧʦ-

ʛʣʦʱʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʦʤ ʧʣʝʥʢʠ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʦʤ ʠ ʬʦʨʤʦʡ ʥʘ-

ʥʦʯʘʩʪʠʮ [4,5]. ʇʨʠʤʝʥʝʥʠʝ ʅʏ ʥʝʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦ-

ʚʘʪʴ ʨʘʙʦʯʫʶ ʯʘʩʪʦʪʫ ʧʦʛʣʦʪʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʛʣʦʪʠʪʝʣʴ ʩ ʦʪʣʠʯʘʶ-

ʱʠʤʠʩʷ ʨʘʙʦʯʠʤʠ ʯʘʩʪʦʪʘʤʠ ʜʣʷ ʨʘʟʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʬ-

ʬʝʢʪ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʤʦʞʝʪ ʪʘʢ ʞʝ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ ʯʘʩʪʦʪ ʚ ʠʥ-

ʪʝʨʚʘʣʝ ʦʪ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʜʦ ʪʝʨʘʛʝʨʮʝʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʧʝʢʪʨʘ. 
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43                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʬʠʣʴ-

ʪʨʦʚ, ʧʦʣʷʨʠʟʘʪʦʨʦʚ, ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʪʦ-

ʥʠʢʠ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ. 

 

 
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʩʪʨʫʢʪʫʨ çʤʘʩʩʠʚ ʥʘʥʦʯʘʩʪʠʮ / 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʣʝʥʢʘ / ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʦʜʣʦʞʢʘè (ʘ), (ʙ) ʠ çʤʘʩʩʠʚ ʥʘʥʦʯʘʩʪʠʮ / ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʧʣʝʥʢʘ / ʬʦʪʦʥʥʳʡ ʢʨʠʩʪʘʣʣè (ʚ), (ʛ). ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʘ ʦʪʨʘʞʘ-

ʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ (ʙ) ʠ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʛ) ʙʝʟ ʢʦʤʧʦʟʠʪ-

ʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʅʘ ʧʘʥʝʣʷʭ (a) ʠ (ʚ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʘʥʦʯʘ-

ʩʪʠʮ (ʨʘʩʩʪʦʷʥʠʷ z ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʠʣʠ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ). ɻʨʘʬʠʢʠ (ʙ) ʠ (ʛ) ʧʦ-

ʣʫʯʝʥʳ ʜʣʷ z = 200 ʥʤ. ɼʠʘʤʝʪʨ ʅʏ 20 ʥʤ, ʤʝʞʯʘʩʪʠʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 70 ʥʤ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʈʌ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʋʣɻʋ ˉ FEUF-2023-0003). 
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ʅʆɺɸʗ ʄɽʊʆɼʀʂɸ ɼɽʊɽʂʊʀʈʆɺɸʅʀʗ ʉɽʈɼɽʏʅʆɻʆ ʈʀʊʄɸ ɺ 

ʉʀʃʔʅʆ ɿɸʐʋʄʃɽʅʅʓʍ ʉʀɻʅɸʃɸʍ ʕʂɻ ʀ ʌʇɻ 

ʄ.ʆ. ɾʫʨʘʚʣʸʚ 1,2, ɸ.ɽ. ʈʫʥʥʦʚʘ 1, ɸ.ʈ. ʂʠʩʝʣʝʚ 1, ʆ.ʄ. ɼʨʘʧʢʠʥʘ 1 
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ʮʠʥʳ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 
2 ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ɻ. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ 

ʩʤʝʨʪʝʡ, ʚʳʟʚʘʥʥʳʭ ʭʨʦʥʠʯʝʩʢʠʤʠ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

(ʉʉɿ). ʉʉɿ ï ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʦʨʘʞʘʶʱʠʝ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ ʠ ʩʝʨʜʮʝ. ʉʉɿ, 

ʧʦʨʘʞʘʶʱʠʝ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ, ʠʟʚʝʩʪʥʳ ʢʘʢ ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʠʰʝʤʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ ʩʝʨʜʮʘ. ʂ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʩʝʨʜʮʝʤ, ʦʪʥʦ-

ʩʷʪʩʷ ʩʝʨʜʝʯʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ, ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ, ʨʝʚʤʘʪʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ 

ʩʝʨʜʮʘ, ʠʥʩʫʣʴʪ, ʩʝʨʜʝʯʥʳʡ ʧʨʠʩʪʫʧ ʠ ʘʨʠʪʤʠʠ. ʅʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʝʨ-

ʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠ ʥʝʤʝʜʣʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʘʨʠʪʤʠʡ ʚ ʩʝʨʜʮʝʙʠʝʥʠʠ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥ-

ʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʥʦʛʠʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʞʥʦ ʣʫʯʰʝ ʜʠʘ-

ʛʥʦʩʪʠʨʦʚʘʪʴ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠ-

ʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ (ʕʂɻ) [1, 2]. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʩʝʛʦʜʥʷ ʤʦʥʠʪʦʨʠʥʛ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠ-

ʩʪʝʤʳ (ʉʉʉ) ʷʚʣʷʝʪʩʷ ʮʝʣʦʩʪʥʦʡ ʧʘʨʘʜʠʛʤʦʡ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʥʪʨʦʣʷ ʠ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʩʥʦʚʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʦʮʝʥʢʠ ʉʉʉ, ʦʩʪʘʶʪʩʷ ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ) 

ʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ɺʉʈ), ʦʪʨʘʞʘʶʱʠʤʠ ʨʝʛʫʣʷʮʠʶ ʚʝʛʝʪʘʪʠʚ-

ʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʙʱʝʝ ʩʘʤʦʯʫʚʩʪʚʠʝ. ʏʉʉ ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨ-

ʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʚ ʤʠʥʫʪʫ, ʘ ɺʉʈ ʫʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʝʨʜʝʯʥʳʤʠ ʩʦʢʨʘʱʝʥʠʷʤʠ ʠʣʠ ʠʥʪʝʨʚʘʣʘʤʠ ʤʝʞʜʫ ʩʝʨʜʝʯ-

ʥʳʤʠ ʩʦʢʨʘʱʝʥʠʷʤʠ. ʉʝʛʦʜʥʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʘʥʘʣʠʟʘ ʏʉʉ ʷʚʣʷʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʩʰʝʡ ʪʦʯʢʠ R ʚ QRS - ʢʦʤʧʣʝʢʩʝ ʥʘ ʵʣʝʢʪʨʦ-

ʢʘʨʜʠʦʛʨʘʤʤʝ (ʕʂɻ). ɼʘʥʥʳʡ ʤʝʪʦʜ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʝʱʸ ʚ 1985 

ʛʦʜʫ [3, 4], ʭʦʨʦʰ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʚʦʝʡ ʧʨʦʩʪʦʪʦʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘ-

ʮʠʠ ʜʘʞʝ ʥʘ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠʤʝʥʝʥʠʝ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ 

ʟʘʪʨʫʜʥʝʥʦ ʚ ʩʣʫʯʘʷʭ ʘʨʠʪʤʠʠ, ʢʦʛʜʘ R-ʟʫʙʝʮ ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʠʟʤʝʥʷʷ ʩʚʦʶ ʚʳ-

ʨʘʞʝʥʥʦʩʪʴ ʠ ʬʦʨʤʫ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ ʩʝʨʜʝʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ. ʈʘʟʚʠʪʠʝ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʦʣʝʝ 

ʵʣʝʛʘʥʪʥʦʛʦ ʠ ʢʦʨʨʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʫʞʝ ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʭ ʟʘʜʘʯ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʜʥʘ ʠʟ ʥʝʜʘʚʥʦ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ [5 ï 8] ʤʦʞʝʪ ʧʦʟ-

ʚʦʣʠʪʴ ʚʝʩʴʤʘ ʠʟʷʱʥʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚʝʜʝʥʠʷ ɺʉʈ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʜʝʪʝʢʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʘʢ 

ʦʮʝʥʢʘ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʝʡʚʣʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

mailto:zhuravlevmo@gmail.com


45                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ɺʳʜʝʣʝʥʠʝ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʤʝʪʦʜʠʢʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʢ ʩʠʛʥʘʣʘʤ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ ʠʣʠ ʬʦʪʦʧʣʝʪʠʟʤʦ-

ʛʨʘʤʤʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦ-

ʢʘʨʜʠʦʛʨʘʤʤʘʭ ʠ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʤʘʭ (ʩʪʘʥʜʘʨʪʥʘʷ ʟʘʧʠʩʴ ʥʘ ʙʝʟʳʤʷʥʥʦʤ 

ʧʘʣʴʮʝ ʣʝʚʦʡ ʨʫʢʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʩʠʛʥʘʣ), ʟʘʧʠʩʘʥʥʳʭ ʫ 40 ʟʜʦʨʦʚʳʭ ʜʦʙ-

ʨʦʚʦʣʴʮʝʚ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʚʳʜʝʣʝʥʠʷ 

ʨʠʪʤʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠʟ ʘʥʘʣʠʟʘ ʬʦʨʤʳ R ï ʧʠʢʦʚ, ʧʦʢʘʟʘʚʰʝʝ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʨʷʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʭʦʨʦʰʫʶ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ, ʥʝ ʧʨʝʚʳʰʘʶʱʫʶ 3.41%. ʀʩʢʘʞʝʥʠʷ 

ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʟʘʰʫʤʣʝʥʥʦʩʪʴ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʜʝʪʝʢʮʠʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʥʝ ʪʨʝʙʫʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠʣʠ ʠʟʤʝʥʝʥʠʡ ʚ ʠʩʧʦʣʥʷʝʤʦʤ ʘʣʛʦʨʠʪʤʝ, ʯʪʦ ʧʨʦʜʝʤʦʥ-

ʩʪʨʠʨʦʚʘʥʦ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ PPG. ʇʨʝʜʣʦʞʝʥ-

ʥʳʡ ʤʝʪʦʜ ʧʨʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʦʙʨʝʪʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʠʪʤʝ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝ-

ʥʠʡ ʩ ʙʦʣʴʰʦʡ ʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʧʨʦʝʢʪ 24-24-00333). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ɺ ʕʃɽʂʊʈʀʏɽʉʂʆʁ 

 ɸʂʊʀɺʅʆʉʊʀ ɻʆʃʆɺʅʆɻʆ ʄʆɿɻɸ ʇʈʀ ʉʀʅɼʈʆʄɽ 

 ʆɹʉʊʈʋʂʊʀɺʅʆɻʆ ɸʇʅʆʕ ʉʅɸ 

ʄ.ʆ. ɾʫʨʘʚʣʸʚ 1,2, ɸ.ɽ. ʈʫʥʥʦʚʘ 1,3, ɸ.ʈ. ʂʠʩʝʣʝʚ 1, ʄ.ɸ. ʉʠʤʦʥʷʥ 3, 

ʆ.ʄ. ɼʨʘʧʢʠʥʘ 1 

1ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʪʝʨʘʧʠʠ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠ-

ʮʠʥʳ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 
2ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ɻ. 

ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
3ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ʈʘʟʫʤʦʚʩʢʦʛʦ ʄʠʥ-

ʟʜʨʘʚʘ ʈʦʩʩʠʠ. 
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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 ʣʝ-

ʯʝʥʠʝ ʵʪʠʭ ʨʘʩʩʪʨʦʡʩʪʚ ʫ ʧʘʮʠʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʠʚʦ-

ʜʷʱʠʝ ʢ ʪʘʢʠʤ ʨʘʩʩʪʨʦʡʩʪʚʘʤ [3, 4], ʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʨʫʰʝʥʠʡ 

ʩʥʘ ʷʚʣʷʝʪʩʷ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʟʘʧʠʩʴ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʠ, 

ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʶ, ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʶ ʠ ʤʦʥʠʪʦʨʠʥʛ ʜʳʭʘʥʠʷ ʚʦ ʚʨʝʤʷ ʩʥʘ 

[5]. 

ʉʠʥʜʨʦʤ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʘʧʥʦʵ ʚʦ ʚʨʝʤʷ ʩʥʘ (ʉʆɸʉ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦ-

ʚʪʦʨʷʶʱʠʤʠʩʷ ʵʧʠʟʦʜʘʤʠ ʧʦʣʥʦʡ (ʘʧʥʦʵ) ʠ ʯʘʩʪʠʯʥʦʡ (ʛʠʧʦʧʥʦʵ) ʦʙʩʪʨʫʢʮʠʠ 

ʚʝʨʭʥʠʭ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʤʝʞʘʶʱʝʡʩʷ ʛʠʧʦʢʩʝʤʠʠ, ʚʝ-

ʛʝʪʘʪʠʚʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩʥʘ ʩʦ ʩʥʠʞʝʥʠʝʤ ʚʨʝʤʝʥʠ ʛʣʫʙʦʢʦʛʦ 

ʩʥʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʜʥʝʚʥʦʡ ʩʦʥʣʠʚʦʩʪʴʶ [1]. ʇʨʠʤʝʨʥʦ 34% ʠ 17% ʤʫʞʯʠʥ ʠ 

ʞʝʥʱʠʥ (ʩʪʘʨʰʝ 18 ʣʝʪ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ ʉʆɸʉ [2, 

3]. 

ʉʝʛʦʜʥʷ ʥʘ ʙʘʟʝ ʚʠʟʫʘʣʠʟʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʣʦʚʥʦʡ 

ʤʦʟʛ ʧʘʮʠʝʥʪʦʚ ʩ ʉʆɸʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ ʩʝʨʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʥʘʨʫʰʝʥʠʝʤ ʮʝʣʦʩʪʥʦʩʪʠ ʙʝʣʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʦʢʦʝ [4, 5]. ʇʘʮʠʝʥʪʳ 

ʩ ʉʆɸʉ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʩʪʦʡʯʠʚʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʢʦʨʨʝʣʷʪʦʚ ʥʘ ʵʣʝʢʪʨʦʵʮʝʬʘʣʦʛʨʘʤʤʘʭ (ʕʕɻ) [6].  

ʇʨʦʩʪʦʡ ʘʥʘʣʠʟ ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʕʕɻ ʤʦʞʝʪ ʜʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʠʟʥʘʢʘʭ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʜʠʥʘʤʠʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʚr ʷʚʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʙʠʦʤʘʨʢʝʨʳ ʉʆɸʉ, ʦʜʥʘʢʦ, ʜʣʷ ʧʨʠʮʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʤʝʞ-

ʥʝʡʨʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʉʆɸʉ ʠ ʜʨʫʛʠʭ ʥʘʨʫʰʝʥʠʷʭ ʩʥʘ ʧʦʣʝʟʥʳʤ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʟʦʥ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʥʘ 

ʦʩʥʦʚʝ ʨʝʛʠʩʪʨʘʮʠʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʕʕɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʠʛʥʘʣʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘ-

ʧʠʩʝʡ, 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 
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47                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʡʚʣʝʪ-ʙʠʢʦʛʝʨʝʥʪʥʦʩʪʠ [7, 

8].  

ʈʝʛʠʩʪʨʘʮʠʷ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʧʷʪʥʘʜʮʘʪʠ 

ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʭ ʧʘʮʠʝʥʪʦʚ ʠ ʜʝʩʷʪʠ ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ 

ʘʧʥʦʵ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʘʮʠʝʥʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦ ʜʚʝ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʠ ʚ ʨʘʟʥʳʝ ʜʥʠ. ɼʘʣʝʝ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʚʝʡʚʣʝʪ-ʙʠʢʦʛʝʨʝʥʪʥʦ-

ʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ 

ʟʘʧʠʩʝʡ ʕʕɻ ʜʣʷ ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʭ ʩʫʙʲʝʢʪʦʚ ʠ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ʦʙ-

ʩʪʨʫʢʪʠʚʥʦʛʦ ʘʧʥʦʵ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʯʠʩʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʕʕɻ, ʟʘʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʚʟʘʠʤʥʦʛʦ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʡʚʣʝʪ-ʙʠʢʦʛʝʨʝʥʮʠʷ. 

ɹʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʠ ʢʘʥʘʣʦʚ ʕʕɻ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʚʩʝʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ 

ʩʪʘʜʠʠ ʩʥʘ. ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʢʘʥʘʣʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʣʷ ʩʝʤʠ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ, ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʥʝʡʨʦʙʠʦʣʦʛʠʠ [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. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʘʮʠʝʥʪʦʚ 

ʩ ʩʠʥʜʨʦʤʦʤ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʘʧʥʦʵ ʚʦ ʩʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʩʠʥʭʨʦ-

ʥʠʟʘʮʠʠ ʤʝʞʜʫ ʣʝʚʳʤ ʠ ʧʨʘʚʳʤ ʧʦʣʫʰʘʨʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʤʠ ʧʘʮʠʝʥʪʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʨʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝʥʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʣʝʚʳʤ ʠ ʧʨʘʚʳʤ ʧʦʣʫʰʘʨʠʷʤʠ ʜʣʷ 

ʦʙʝʠʭ ʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ ʫʤʝʥʴʰʘʶʪʩʷ ʠ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʦ-

ʨʷʜʢʘ ȹf6[20-30] ɻʮ ʠ ȹf7[30-40] ɻʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟ-

ʚʦʣʷʝʪ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʩʥʘ ʚʳʷʚʣʷʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ʦʙʩʪʨʫʢ-

ʪʠʚʥʦʛʦ ʘʧʥʦʵ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ çʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪ-

ʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʘʨʢʝʨʦʚ ʥʘʨʫʰʝʥʠʡ ʜʳʭʘʥʠʷ ʚʦ ʩʥʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʬʦʨʤʘʤʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʧʘʪʦʣʦʛʠʠè, ʚʳʧʦʣʥʷʝʤʦʡ ʚ ʌɻɹʋ çʅʄʀʎ 

ʊʇʄè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʟʘʜʘʥʠʝʤ ʄʠʥ-

ʟʜʨʘʚʘ ʈʦʩʩʠʠ ʥʘ 2022-2024 ʛʛ. 
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ʈʷʜ ʧʘʪʦʣʦʛʠʡ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʜʠʩʬʫʥʢʮʠʝʡ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ 

ʟʚʝʥʘ ʩʠʩʪʝʤʳ ʘʚʪʦʥʦʤʥʦʡ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ [1]. 

ʉ ʧʦʟʠʮʠʠ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʩʠʤʧʘʪʠʯʝʩʢʘʷ ʨʝʛʫʣʷʮʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʛʝ-

ʥʝʨʘʪʦʨʦʤ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʟʘʧʘʟʜʳʚʘʶʱʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ [2, 3], ʢʦʪʦʨʳʡ ʜʝ-

ʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ 0.1 ɻʮ ʫ ʯʝʣʦʚʝʢʘ 

ʠ 0.4 ɻʮ ʫ ʢʨʳʩ: 

 () () ( ) ( )( )( )M t th ,M t M t M te a b t g t=- + - + -                                (1) 

ʛʜʝ M ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʩʦʦʪʚʝʪʩʚʫʶʱʘʷ ʩʨʝʜʥʝʤʫ ʘʨʪʝʨʠʘʣʴʥʦʤʫ 

ʜʘʚʣʝʥʠʶ, Ű = 0.74 ʩʝʢʫʥʜʳ ï ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʚ ʧʝʪʣʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʠʥʝʨ-

ʮʠʦʥʥʦʩʪʴ Ů = 2; Ŭ = -6, ɓ = 1.5, ɔ = 0.03 - ʧʘʨʘʤʝʪʨʳ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ. ʇʝʨʝ-

ʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʣʘʜʘʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʠ ʠʭ ʥʝʧʨʷʤʘʷ 

ʦʮʝʥʢʘ ʤʝʪʦʜʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʤʝʜʠ-

ʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʨʘ-

ʙʦʪʝ [4], ʥʘʤʠ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʥʝʣʠ-

ʥʝʡʥʦʩʪʠ. ʋʨʘʚʥʝʥʠʝ ʨʝʰʘʣʦʩʴ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ ʩ ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 0.001 

ʩʝʢʫʥʜʳ ʟʘʪʝʤ ʧʝʨʝʚʳʙʠʨʘʣʦʩʴ ʩ ʯʘʩʪʦʪʦʡ ʚʳʙʦʨʢʠ 250 ɻʮ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʝʜʣʦʞʝʥ-

ʥʦʛʦ ʨʘʥʝʝ ʤʝʪʦʜʘ [5], ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʦʝʮʠʨʦʚʘʥʠʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʤʦʜʝʣʠ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ [ () () ( ) ( )tgte ¡-¡+¡-+¡ tMtMtMtM "" ; ], ʛʜʝ e¡, t¡, 

g¡ - ʧʨʦʙʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ Ů, Ű, ɔ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʩʷ ʧʨʷʤʦʡ ʧʝʨʝʙʦʨ ʜʘʥ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ ʜʣʠʥʳ ʣʦʤʘʥʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷ-

ʶʱʝʡ ʪʦʯʢʠ ʧʨʦʝʢʮʠʠ. ɺ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʙʥʳʭ ʠ ʠʩʪʠʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ, ʧʨʦʝʢʮʠʷ ʧʨʠʦʙʨʝʪʘʣʘ ʚʠʜ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ, ʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʣʦʤʘ-

ʥʥʦʡ ʩʪʘʥʦʚʠʣʘʩʴ ʤʠʥʠʤʘʣʴʥʦʡ. ɿʘʪʝʤ ʥʝʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʚʠʜʘ () ( )xxy ba ¡¡= th  

ʧʦʜʛʦʥʷʣʘʩʴ ʢ ʧʦʣʫʯʝʥʥʦʡ ʧʨʦʝʢʮʠʠ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʩ ʮʝʣʴʶ 

ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ Ŭ ʠ ɓ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʘʧʨʦʙʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʙʳʣʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚ-

ʥʝʥʠʷ (1), ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʰʫʤʦʚ ʠ ʰʫʤʦʚ, ʜʦʙʘʚʣʝʥ-

ʥʳʭ ʚ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ. ɹʳʣ ʫʩʪʘʥʦʚʣʝʥ ʘʣʛʦʨʠʪʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ï ʬʠʣʴʪʨʘʮʠʷ ʛʨʝʙʝʥʯʘʪʳʤ ʬʠʣʴʪʨʦʤ, ʩ ʧʦʣʦʩʘʤʠ ʧʨʦʧʫʩʢʘʥʠʷ 0.38-0.42 

ɻʮ ʠ 0.118-0.122 ɻʮ, ʩʦʭʨʘʥʷʶʱʠʤ ʧʝʨʚʫʶ ʠ ʪʨʝʪʴʶ ʛʘʨʤʦʥʠʢʠ. ɺ ʦʪʩʫʪʩʪʚʠʠ 

ʰʫʤʦʚ, ʜʦʙʘʚʣʝʥʥʳʭ ʚ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ, ʤʝʪʦʜ ʦʢʘʟʘʣʩʷ ʫʷʟʚʠʤʳʤ ʜʣʷ ʠʟʤʝ-

ʨʠʪʝʣʴʥʳʭ ʰʫʤʦʚ, ʦʜʥʘʢʦ ʜʦʙʘʚʣʝʥʠʝ ʰʫʤʦʚ ʚ ʜʠʥʘʤʠʢʫ ʦʙʦʛʘʪʠʣʦ ʜʠʥʘʤʠʢʫ 



49                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʩʠʩʪʝʤʳ ʠ ʫʚʝʣʠʯʠʣʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʦʜʘ ʢ ʰʫʤʘʤ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

ʆʰʠʙʢʘ ʦʮʝʥʢʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ Ű ʥʝ ʧʨʝʚʳʰʘʣʘ 5% ʧʨʠ ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʭ ʰʫʤʘʭ ʜʦ 5% ʠ ʰʫʤʘʭ ʚ ʜʠʥʘʤʠʢʝ ʜʦ 50%. ʋʨʦʚʝʥʴ ʰʫʤʘ ʦʮʝʥʠʚʘʣʩʷ 

ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʰʫʤʘ ʢ ʜʠʩʧʝʨʩʠʠ ʥʝ ʟʘʰʫʤʣʸʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠ ʵʪʦʤ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʫʯʘʩʪʢʘʤ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʪʨʠ 

ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʨʷʜʫ. 

ɿʘʪʝʤ ʤʝʪʦʜ ʧʨʠʤʝʥʷʣʩʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ ʘʨʪʝʨʠ-

ʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʨʳʩʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʢʘʪʝʪʝʨʦʤ ʚ ʙʝʜʨʝʥʥʦʡ ʘʨʪʝʨʠʠ. 

ʇʨʦʪʦʢʦʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʣ ʧʨʦʪʦʢʦʣʫ ʦʙʨʘʙʦʪʢʠ ʤʦʜʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʤʳ ʠʩʢʣʶʯʠʣʠ ʠʟ ʘʥʘ-

ʣʠʟʘ ʫʯʘʩʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʥʠʟʢʦʡ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ. ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʨʝʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʩʠʛʥʘʣʘʤ. ʆʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʢʘʟʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳʤʠ, ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ʦʮʝʥʦʢ eĔ 

= 0.13, tĔ= 1.18, gĔ = 0.02, aĔ = -2.86, bĔ= 0.80. ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ 

ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʷʪʴʩʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʦʪʨʘʞʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʦʙʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩʠʣʴʥʦ 

ʣʦʢʘʣʠʟʦʚʘʥ ʠ ʥʦʩʠʪ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʷʚʣʝ-

ʥʠʡ ʤʠʢʨʦʧʣʘʟʤʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚ pïn-ʧʝʨʝʭʦʜʘʭ ʷʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʥʳʡ ʭʘʨʘʢʪʝʨ 

ʣʘʚʠʥʥʦʛʦ ʪʦʢʘ. ɼʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʠ ʧʘʫʟ ʤʝʞʜʫ ʥʠʤʠ ʩʣʫʯʘʡʥʳ. ʄʠʢʨʦ-

ʧʣʘʟʤʝʥʥʳʡ ʧʨʦʙʦʡ  ʧʨʦʠʩʭʦʜʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ,  ʚ ʦʙʣʘʩʪʷʭ  ʧʨʦʪʷʞʝʥʥʳʭ  ʜʝʬʝʢ-

ʪʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ  ʘʢʪʠʚʥʫʶ  ʦʙʣʘʩʪʴ,  ʠ  ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ  ʩʚʝʯʝʥʠʝʤ (ʣʶʤʠ-

ʥʝʩʮʝʥʮʠʝʡ). ʂ ʜʝʬʝʢʪʘʤ ʦʪʥʦʩʷʪʩʷ ʚʘʢʘʥʩʠʠ, ʜʠʩʣʦʢʘʮʠʠ, ʚʢʣʶʯʝʥʠʷ ʚʪʦʨʦʡ 

ʬʘʟʳ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ, ʥʘʣʠʯʠʝ ʘʤʬʦ-

ʪʝʨʥʳʭ ʧʨʠʤʝʩʝʡ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʨʝʞʠʤʝ ʧʨʦʙʦʷ, ʦʙʥʘʨʫʞʝʥʘ 

ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʘʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯ-

ʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʪʨʘʥʟʠʩʪʦʨʘʭ 

[1], ʩʚʝʪʦʜʠʦʜʘʭ [2, 3], ʬʦʪʦʜʠʦʜʘʭ [4]. 

ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʘ-

ʨʘʤʝʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʢʨʠʩʪʘʣʣʘ ʬʦʪʦʜʠʦʜʘ ʚ ʨʝʞʠʤʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʙʦʷ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʬʦʪʦ- ʠ ʚʠʜʝʦʬʠʢʩʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ 

ʢʨʠʩʪʘʣʣʦʚ ʬʦʪʦʜʠʦʜʦʚ ʚ ʨʝʞʠʤʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʙʦʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

1. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

 

ɼʣʷ ʦʮʝʥʢʠ ʘʤʧʣʠʪʫʜ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʤʠʢʨʦʧʣʘʟʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʬʠʣʴʪʨʳ ʩʝ-

ʨʠʠ LVF Ocean Optics, ʛʨʘʥʠʯʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʢʦʪʦʨʳʭ ʣʠʥʝʡʥʦ ʠʟʤʝʥʷʝʪʩʷ 
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51                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʬʠʣʴʪʨʘ. ɼʣʷ ʧʝʨʝʩʪʨʦʡʢʠ ʬʠʣʴʪʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʰʘʛʦʚʳʡ 

ʜʚʠʛʘʪʝʣʴ ʩʦʚʤʝʩʪʥʦ ʩ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʠʤ ʚʠʥʪʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʬʦʪʦʜʠʦʜʳ 

ʌɼ-256, ʌɼ-24ʂ ʠ PDB-C156. ʇʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʙʣʦʢʘ 

ʟʘʜʘʥʠʷ ʨʝʞʠʤʘ ʬʦʪʦʜʠʦʜʳ ʧʦʜʘʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʦʝ ʦʙʨʘʪʥʦʝ ʩʤʝʱʝʥʠʝ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʟʥʘʯʝʥʠʡ ʦʪ 0 ʜʦ 300 ɺ. ʅʘʧʨʷʞʝʥʠʝ ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ ʧʦʷʚʣʝʥʠʷ ʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʚʠʜʝʦʢʘʤʝʨʦʡ ʣʦʢʘʣʴʥʳʭ ʧʨʦʙʦʝʚ ʩʪʨʫʢʪʫʨʳ (ʩʚʝʪʷʱʠʭʩʷ ʪʦʯʝʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ 

ʧʨʦʙʦʝʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʪʦʜʠʦʜʦʚ (ʨʠʩ. 2). ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʘʣʛʦʨʠʪʤʘ 

[5] ʚʳʜʝʣʝʥʳ ʣʦʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ, ʦʪʤʝʯʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤʳ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʠʢʨʦʧʣʘʟʤ ʥʘʭʦʜʷʪʩʷ ʚ 

ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ. 

 

   
ʘ ʙ ʚ 

ʈʠʩ. 2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʨʦʙʦʝʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʢʨʠ-

ʩʪʘʣʣʦʚ ʬʦʪʦʜʠʦʜʦʚ ʌɼ-24ʂ (ʘ), PDB-C156 (ʙ), ʌɼ-256 (ʚ). 

 

ɺ ʜʦʢʣʘʜʝ ʦʧʠʩʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʮʝʥʢʠ ʠʟʣʫʯʝʥʠʷ ʣʦ-

ʢʘʣʴʥʳʭ ʧʨʦʙʦʝʚ, ʧʨʦʠʟʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʘʧʨʦʙʘʮʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʦʙʨʘʟʮʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʘ ʦʩʥʦʚʥʘʷ ʦʙʣʘʩʪʴ ʧʨʦʙʦʷ, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʨʘʝʚʦʡ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʌɼ-256), ʣʠʙʦ ʚ 

ʙʣʠʟʢʦʡ ʢ ʦʭʨʘʥʥʦʤʫ ʢʦʣʴʮʫ ʦʙʣʘʩʪʠ (ʌɼ-24ʂ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʋʌʀʈʕ ʠʤ. ɺ.ɸ. ʂʦ-

ʪʝʣʴʥʠʢʦʚʘ ʈɸʅ. 
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ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʪʫʨʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʧʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʘʪʦʣʦʛʠʡ ʩʝʨ-

ʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ [1-3], ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʨʝʩʩʘ [4,5], ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʟʛʘ 

[6], ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʘʜʠʡ ʩʥʘ [7,8], ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʦʮʝʩʩʝ ʟʜʦ-

ʨʦʚʦʛʦ ʩʪʘʨʝʥʠʷ [9]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʟʥʦʩʪʝʡ ʤʛʥʦʚʝʥʥʳʭ ʬʘʟ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʦʥʪʫʨʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʩʠʛʥʘʣʦʚ RR-ʠʥ-

ʪʝʨʚʘʣʦʚ ʠ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʤʳ 112 ʟʜʦʨʦʚʳʭ ʠʩʧʳʪʫʝʤʳʭ, 63 ʯʝʣʦʚʝʢ ʩ ʚʧʝʨ-

ʚʳʝ ʚʳʷʚʣʝʥʥʦʡ ʛʠʧʝʨʪʦʥʠʝʡ [8] ʠ 120 ʯʝʣʦʚʝʢ, ʧʝʨʝʥʝʩʰʠʭ ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ 

[10]. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʯʝʪʳ-

ʨʝʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʨʘʟʥʦʩʪʝʡ ʤʛʥʦʚʝʥʥʳʭ ʬʘʟ: ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʥʦʩʪʠ ʤʛʥʦʚʝʥʥʳʭ ʬʘʟ LF-ʢʦʣʝʙʘʥʠʡ 

ʚʳʯʠʩʣʷʣʠʩʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʥʜʝʢʩʳ: ʩʫʤʤʘʨʥʳʡ ʧʨʦʮʝʥʪ ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠ-

ʟʘʮʠʠ S [11]; ʢʦʵʬʬʠʮʠʝʥʪ ʬʘʟʦʚʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ɟ [12]; ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝ-

ʥʠʝ ʬʘʟʦʚʦʛʦ ʰʫʤʘ ʨʘʟʥʦʩʪʠ ʬʘʟ s; ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʞʠʥʠ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʷ ʩʚʝʨʥʫʪʦʡ ʨʘʟʥʦʩʪʠ ʤʛʥʦʚʝʥʥʳʭ ʬʘʟ G [13]. ɼʣʷ ʚʩʝʭ ʪʨʝʭ ʛʨʫʧʧ ʠʩʧʳ-

ʪʫʝʤʳʭ ʙʳʣʠ ʧʦʧʘʨʥʦ ʦʮʝʥʝʥʳ ʤʝʞʛʨʫʧʧʦʚʳʝ ʨʘʟʣʠʯʠʷ ʩ ʧʦʤʦʱʴʶ T- ʢʨʠʪʝʨʠʷ 

ʉʪʴʶʜʝʥʪʘ [14] ʠ U- ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʥʪʠ [15]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʟʥʦʩʪʝʡ ʤʛʥʦʚʝʥʥʳʭ ʬʘʟ LF-ʢʦʣʝʙʘʥʠʡ ʢʦʥʪʫʨʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ 

ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʜʣʷ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʛʨʫʧʧ. ʇʨʦʮʝʥʪ ʬʘʟʦʚʦʡ ʩʠʥ-

ʭʨʦʥʠʟʘʮʠʠ ʩʨʝʜʠ ʠʩʧʳʪʫʝʤʳʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 13.06% ʜʦ 92.77%. ʇʦʧʘʨʥʦʝ ʩʨʘʚ-

ʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ U-ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ ʠ T-ʢʨʠʪʝʨʠʷ ʉʪʴ-

ʶʜʝʥʪʘ (ʨʠʩ. 1a) ʚʳʷʚʠʣʦ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʟʜʦʨʦʚʳʤʠ ʜʦʙʨʦʚʦʣʴʮʘʤʠ 

ʠ ʧʘʮʠʝʥʪʘʤʠ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ ʠʣʠ ʠʥʬʘʨʢʪʦʤ ʤʠʦʢʘʨʜʘ, ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫ ʟʜʦʨʦʚʳʭ. ʂʦʵʬʬʠʮʠʝʥʪ ʬʘʟʦʚʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚʘʨʴ-

ʠʨʫʝʪʩʷ ʦʪ 0.01 ʜʦ 0.86, ʠ ʝʛʦ ʟʥʘʯʝʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʠʥʬʘʨʢʪʦʤ ʤʠʦʢʘʨʜʘ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ (ʨʠʩ. 1b). ʋʨʦʚʝʥʴ ʬʘʟʦʚʦʛʦ 

ʰʫʤʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0.06 ʜʦ 0.18, ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ (ʨʠʩ. 1c). ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʞʠʥʠ ʚʘʨʴʠ-

ʨʫʝʪʩʷ ʦʪ 0.09 ʜʦ 0.79, ʧʨʠ ʵʪʦʤ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʠʥʬʘʨʢʪʦʤ ʤʠʦʢʘʨʜʘ ʟʥʘʯʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʛʨʫʧʧ (ʨʠʩ. 1d). 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦ-

ʷʥʠʷ ʧʘʮʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʟʥʦ-

ʩʪʝʡ ʤʛʥʦʚʝʥʥʳʭ ʬʘʟ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʥʪʫʨʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷ-

ʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦ-
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ʷʥʠʷ ʩʫʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʥʦʩʪʝʡ ʤʛʥʦʚʝʥʥʳʭ ʬʘʟ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʙʠʦʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ ʌʇɻ ʠ RR-ʠʥʪʝʨʚʘʣʦʚ. ʇʨʦʚʝ-

ʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ ʠ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʦʨʛʘ-

ʥʦʚ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʚʢʣʶʯʘʷ ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ ʠ ʘʨʪʝʨʠʘʣʴʥʫʶ ʛʠ-

ʧʝʨʪʝʥʟʠʶ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʥʜʝʢʩʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦ-

ʣʝʚʘʥʠʡ ʦʨʛʘʥʦʚ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʦʚ ʜʣʷ ʚʩʝʭ ʠʩʧʳʪʫʝʤʳʭ: (a) S; (b) ɟ; (c) s; (d) G. I ï 

ʟʜʦʨʦʚʳʝ; II ï ʛʠʧʝʨʪʦʥʠʢʠ; III  ï ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ. ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ: ñ*ò ï p <0.01 ʜʣʷ T-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ; ñÁò ï p <0.01 ʜʣʷ U-ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-

ʋʠʪʥʠ. 
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ʕʃɽʄɽʅʊʓ ʉʆʈɹʎʀʆʅʅʆʁ ʉɽʅʉʆʈʀʂʀ ʅɸ ʆʉʅʆɺɽ 

 ɻʈɸʌɽʅʆʇʆɼʆɹʅʆʁ ʇʃɽʅʂʀ 
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ɻʨʘʬʝʥ, ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʥʘʩʪʦʷʱʝʛʦ, ʪʘʢ ʠ ʙʫʜʫʱʝʛʦ [1,2]. 

ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʬʝʥʘ ʚ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ ʚʢʣʶʯʘʶʪ ʩʦʟʜʘʥʠʝ 

ʪʨʘʥʟʠʩʪʦʨʦʚ, ʩʚʝʪʦʜʠʦʜʦʚ, ʛʠʙʢʠʭ ʜʠʩʧʣʝʝʚ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʝʥʩʦʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ [3]. ɽʛʦ ʚʳʩʦʢʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʥʠʟʢʦʝ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʚʳʩʦʢʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʝʣʘʶʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ. ɻʘʟʦʚʳʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʛʨʘʬʝʥʘ ʦʪʣʠʯʘʶʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʢʦʤʧʘʢʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʦʛʨʝʚʘ [4]. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʬʝʥʘ ʚ 

ʛʘʟʦʚʦʡ ʩʝʥʩʦʨʠʢʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʛʘ-

ʟʘʤ, ʙʳʩʪʨʳʡ ʦʪʢʣʠʢ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʦʩʪʦʪʫ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ [5]. ʂʨʦʤʝ ʪʦʛʦ, ʛʨʘʬʝʥ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʦʚ ʠ ʧʦʚʳʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ ʩʝʥʩʦʨʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʜʘʞʝ ʦʯʝʥʴ ʤʘʣʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘ-

ʟʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʆʜʥʘʢʦ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʝ, ʩʦʚʤʝʩʪʠʤʘʷ ʩʦ ʩʪʘʥ-

ʜʘʨʪʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʥʝʜʝʬʝʢʪʥʦʛʦ ʛʨʘʬʝʥʘ ʥʘ ʙʦʣʴʰʦʡ 

ʧʣʦʱʘʜʠ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʦʡ, ʧʦʵʪʦʤʫ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ʚ ʜʘʥ-

ʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʦ-

ʧʦʜʦʙʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʝʪʦʜʘʤʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ, ʜʣʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʵʣʝʤʝʥʪʘ ʩʦʨʙʮʠʦʥʥʦʛʦ ʜʘʪʯʠʢʘ ʛʘʟʦʚ.  

ɻʨʘʬʝʥʦʧʦʜʦʙʥʘʷ ʧʣʝʥʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʧʦʜʣʦʞʢʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʤʝʪʦ-

ʜʦʤ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʣʘʟʤʝʥʥʦʤ ʨʘʟʨʷʜʝ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʨʘʟʨʷʜ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʝʙʷ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʫʶ ʧʣʘʟʤʫ ʠ 

ʝʤʢʦʩʪʥʫʶ ʩʚʷʟʘʥʥʫʶ ʧʣʘʟʤʫ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʜʝʬʝʢʪʥʦʡ ʛʨʘʬʝʥʦʧʦʜʦʙʥʦʡ 

ʧʣʝʥʢʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʛʨʘ-

ʬʝʥʦʧʦʜʦʙʥʦʡ ʧʣʝʥʢʠ ʤʝʪʦʜʦʤ ʜʚʫʭʵʪʘʧʥʦʛʦ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʝʡ ʧʣʘʟʤʝ ʠ ʬʪʦʨʠʜʥʦʡ ʧʣʘʟʤʝ. ʌʪʦʨʠʜʩʦʜʝʨʞʘʱʘʷ ʧʣʘʟʤʘ 

ʫʜʘʣʷʣʘ ʢʨʝʤʥʠʝʚʳʡ ʢʦʤʧʦʥʝʥʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʢʠʩʣʦʨʦʜ ʩʦʜʝʨʞʘʱʘʷ ʧʣʘʟʤʘ ʫʜʘʣʷʣʘ ʫʛʣʝʨʦʜʥʫʶ ʢʦʤʧʦʥʝʥʪʫ. ʇʨʦʚʦʜʷ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʡ ʮʠʢʣ ʪʨʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʫʜʘʣʷʣʠʩʴ 

ʜʝʬʝʢʪʥʳʝ ʩʣʦʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ɸʉʄ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ 

ʨʝʞʠʤʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʪʝʢʘʥʠʝ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʜʝʬʝʢʪʥʳʭ ʩʣʦʝʚ ʧʦʜʣʦʞʢʘ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʦʙʨʘʙʘʪʳʚʘʣʘʩʴ ʚʦ ʬʪʦʨʩʦʜʝʨʞʘʱʝʡ ʧʣʘʟʤʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʨʘʬʝʥʦʧʦʜʦʙʥʦʡ ʧʣʝʥʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʢ-

ʩʘʬʪʦʨʠʜ ʩʝʨʳ, ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʢʩʠʜ ʘʟʦʪʘ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʦʜʣʦʞʢʘ 4H-SiC ʜʠʘʤʝʪ-
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ʨʦʤ 100 ʤʤ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʛʨʘʬʝʥʦʧʦʜʦʙʥʦʡ ʧʣʝʥʢʠ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʤʘ-

ʢʝʪ ʩʦʨʙʮʠʦʥʥʦʛʦ ʩʝʥʩʦʨʘ ʛʘʟʦʚ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʘʤʤʠʘʢʫ, 

ʫʛʘʨʥʦʤʫ ʛʘʟʫ ʠ ʤʝʪʘʥʫ. 
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ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʧʣʘʟʤʦʭʠʤʠʯʝ-

ʩʢʦʝ ʪʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʝʤ-

ʥʠʝʚʳʭ ʤʝʪʘʩʪʨʫʢʪʫʨ [1-3]. ʄʝʪʦʜ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦ-

ʩʪʠʯʴ ʦʯʝʥʴ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʢʨʝʤʥʠʝʚʳʭ ʤʝʪʘʩʪʨʫʢʪʫʨ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ ʠʭ ʬʦʨʤʳ [4,5]. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʝʤʥʠʝʚʳʭ ʤʝ-

ʪʘʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʳʤ ʠ ʵʬʬʝʢ-

ʪʠʚʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʥʘʥʦʩʪʨʫʢʪʫʨ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦ-

ʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ [6]. ʂʨʦʤʝ ʪʦʛʦ, ʢʨʝʤʥʠʝʚʳʝ ʤʝʪʘʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝ-

ʪʦʜʦʤ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ, ʠʤʝʶʪ ʦʛʨʦʤʥʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʯʝʥʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ [7]. ɺʩʝ ʵʪʠ ʜʦʩʪʦʠʥʩʪʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʢʨʝʤʥʠʝʚʳʭ ʤʝʪʘʩʪʨʫʢʪʫʨ [8].  

ʎʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʨʝʞʠʤʦʚ 

ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʝʢ ʧʣʘʟʤʦʭʠ-

ʤʠʯʝʩʢʠʤ ʪʨʘʚʣʝʥʠʝʤ ʚʦ ʬʪʦʨʠʜʥʦʡ ʧʣʘʟʤʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʪʦʢʘ ʬʪʦʨʩʦʜʝʨʞʘ-

ʱʝʛʦ ʛʘʟʘ ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩ ʟʘʜʘʥ-

ʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʣʘʟʤʘ ʛʝʢʩʘʬʪʦʨʠʜʘ ʩʝʨʳ (SF6) ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʣʠʷʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʚʳʩʦʪʳ ʠ 

ʫʛʣʘ ʥʘʢʣʦʥʘ ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʠ ʪʨʘʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʚʨʝʤʝʥʠ ʧʣʘʟ-

ʤʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʦʪ ʧʦʪʦʢʘ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ. ʄʦʨʬʦʣʦʛʠʷ 

ʩʪʨʫʢʪʫʨ ʠʟʫʯʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʪʦʢʘ ʛʘʟʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʦʟʨʘʩʪʘʶʪ ʣʠʥʝʡʥʦ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʣʘʩʪʠʥʳ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ 

ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ. ʇʦʪʦʢ ʛʘʟʘ ʠ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝ-

ʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ ʪʨʘʚʣʝʥʠʠ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʜʦ-

ʩʪʠʯʴ ʞʝʣʘʝʤʦʡ ʬʦʨʤʳ ʩʪʨʫʢʪʫʨ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʧʦʪʦʢʘ ʛʘʟʘ ʠ ʚʨʝʤʝʥʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ. 

ʄʘʩʢʠʨʫʶʱʝʝ ʧʦʢʨʳʪʠʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʩʪʨʫʢʪʫʨ ʬʦʨʤʠʨʦʚʘʣʦʩʴ 

ʤʝʜʦʪʦ ʧʦʪʠʯʝʩʢʦʡ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʦʡʢʦʛʦ ʢ ʧʣʘʟʤʝ ʬʦʪʦ-

ʨʝʟʠʩʪʘ SPR-220. ʇʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʤʘʩʢʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʝ 

ʪʨʘʚʣʝʥʠʝ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʬʪʦʨʠʜʥʦʡ ʧʣʘʟʤʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʩʤʝʩʴʶ ʛʘʟʦʚ ʛʝʢʩʘʬʪʦʨʠʜʘ ʠ ʘʨʛʦʥʘ (ʨʠʩ. 1). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʨʘʟʨʷʜʘ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʠ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
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ʫʧʨʘʚʣʷʪʴ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʤʝʪʘʩʪʨʫʢʪʫʨ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʘʩʪʨʫʢʪʫʨʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʭ ʤʝʪʦ-

ʜʘʤʠ ʘʪʦʤʥʦʡ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ [9]. ʀʟ ʟʘʚʠʩʠ-

ʤʦʩʪʝʡ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʧʣʘʟʤʝʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʦʙ-

ʨʘʙʦʪʢʠ ʩʨʝʜʥʷʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [10]. ʉʦ 

ʚʨʝʤʝʥʝʤ ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʤʝʪʘʩʪʨʫʢʪʫʨ ʦʪ ʚʨʝʤʝʥʠ ʦʙ-

ʨʘʟʫʝʪʩʷ ʫʯʘʩʪʦʢ ʥʘʩʳʱʝʥʠʷ, ʟʥʘʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʦʩʪʘʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ, ʦʜʥʘʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠ-

ʥʠʤʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʟʚʦ-

ʣʠʣʠ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝ-

ʥʠʷ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʤʝʪʘʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʘʭ. 

 

 

 

ʈʠʩ. 1. ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʧʨʦʬʠʣʣʦʛʨʘʤʤʘ ʧʦʣʫʯʝʥʥʦʡ ʢʨʝʤʥʠʝʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʝʪʦ-

ʜʦʤ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ. 
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ʉʫʙʪʝʨʘʛʝʨʮʝʚʳʡ (ʩʫʙ-ʊɻʮ) ʜʠʘʧʘʟʦʥ ʦʭʚʘʪʳʚʘʝʪ ʯʘʩʪʦʪʳ ʦʪ 100 ɻɻʮ ʜʦ 300 

ɻɻʮ (ʚʦʣʥʳ ʜʣʠʥʦʡ ʦʪ 3 ʤʤ ʜʦ 1 ʤʤ). ʆʩʚʦʝʥʠʝ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʤʝʝʪ ʙʦʣʴʰʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [1-2], ʚ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʦʙʣʘʩʪʝʡ ʷʚʣʷʶʪʩʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ [2]. ɺ ʩʫʙ-ʊɻʮ ʜʠʘ-

ʧʘʟʦʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, 

ʩʧʦʩʦʙʥʳʝ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 100 ɻʙʠʪ/ʩ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʣʝʩʪʥʠʯʥʳʭ ʟʘʤʝʜʣʷʶʱʠʭ ʩʠʩʪʝʤ (ɿʉ) ʜʣʷ ʣʘʤʧʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ (ʃɹɺ) 

ʩʫʙ-ʊɻʮ ʜʠʘʧʘʟʦʥʘ. ʃʝʩʪʥʠʯʥʘʷ ɿʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʤʝʱʸʥʥʫʶ ʚ ʚʦʣʥʦʚʦʜ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʫ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʨʝʟʘʥʥʳʤʠ ʚ ʥʝʡ ʱʝʣʷʤʠ [3,4]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʜʚʫʤʷ ʣʝʥʪʦʯʥʳʤʠ ʵʣʝʢ-

ʪʨʦʥʥʳʤʠ ʧʫʯʢʘʤʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠʩʷ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʦʪ ʧʣʘʩʪʠʥʳ. ɺ ʧʨʦ-

ʩʪʝʡʰʝʤ ʚʘʨʠʘʥʪʝ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʣʥʦʚʦʜ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʦʩʥʦʚ-

ʥʘʷ ʛʘʨʤʦʥʠʢʘ ɿʉ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ ʠ ʦʙʣʘʜʘʝʪ ʩʠʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ, ʯʪʦ ʟʘʪʨʫʜ-

ʥʷʝʪ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʫʩʠʣʠʪʝʣʴʥʳʭ ʃɹɺ. ʇʨʝʜʩʪʘʚʣʷʶʪ ʠʥ-

ʪʝʨʝʩ ʤʦʜʠʬʠʢʘʮʠʠ ʣʝʩʪʥʠʯʥʦʡ ɿʉ, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʦʪʘ ʦʪʩʝʯʢʠ ʚʦʣʥʦʚʦʜʘ 
cf  ʧʨʝ-

ʚʳʰʘʝʪ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʱʝʣʠ ( )2s sf c w= , ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ, ʢʦʛʜʘ ʚʦʣʥʦʚʦʜ ʥʘʛʨʫʞʝʥ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʧʘʟʘʤʠ (ʨʠʩ. 1). 

ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʦʩʥʦʚʥʘʷ ʛʘʨʤʦʥʠʢʘ ʦʙʣʘʜʘʝʪ ʘʥʦʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ +1-ʘʷ ʛʘʨʤʦʥʠʢʘ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ, ʠ ʥʘ ʥʝʡ ʚʦʟʤʦʞʝʥ ʩʠʥʭʨʦʥʠʟʤ 

ʧʫʯʢʘ ʩ ʚʦʣʥʦʡ ʚ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʫʩʠ-

ʣʝʥʠʷ ʚ ʃɹɺ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʣʝʩʪʥʠʯʥʦʡ ɿʉ ʚ ʚʦʣʥʦʚʦʜʝ ʩ ʧʘʟʘʤʠ W-

ʜʠʘʧʘʟʦʥʘ. ʅʘ ʨʠʩ. 2ʘ ʧʨʠʚʝʜʝʥʘ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʦʩʥʦʚʥʦʡ ʤʦʜʳ, ʨʘʟ-

ʨʘʙʦʪʘʥʥʦʡ ɿʉ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ COMSOL Multiphysics. ʈʘʟ-

ʤʝʨʳ ʧʘʟʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʯʘʩʪʦʪʘ ʦʪʩʝʯʢʠ ʚʦʣʥʦʚʦʜʘ 

ʧʨʝʚʳʰʘʣʘ ʯʘʩʪʦʪʫ ʱʝʣʝʚʦʛʦ ʨʝʟʦʥʘʥʩʘ (90.85sf º  ɻɻʮ) ʠ ʧʨʠʥʠʤʘʣʘ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ (110.8cf =  ɻɻʮ). ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʜʣʝʥʠʷ ʚ ʜʠʘʧʘ-

ʟʦʥʝ 95-110 ɻɻʮ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 4.2ï4.5 (ʩʤ. ʨʠʩ. 

2ʙ). ʅʘ ʨʘʩʩʪʦʷʥʠʷʭ ʧʦʨʷʜʢʘ 0.1 ʤʤ ʦʪ ʧʣʘʩʪʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʚʷʟʠ, ʫʩʨʝʜʥʝʥ-

ʥʦʝ ʧʦ ʩʝʯʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ 0.1 ʤʤ Ĭ 1.0 ʤʤ, ʚ ʨʘʙʦʯʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 1ï2 ʆʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʚʦʣʥʳ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ.  

mailto:unikzena759@gmail.com
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ʈʠʩ. 1. ʉʭʝʤʘ ʣʝʩʪʥʠʯʥʦʡ ɿʉ ʚ ʚʦʣʥʦʚʦʜʝ ʩ ʧʘʟʘʤʠ (ʘ) ʠ ʚʠʜ ʚʭʦʜʥʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʦʩʫʱʝʩʪʚ-

ʣʷʶʱʝʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

 

          
ʘ      ʙ 

ʈʠʩ. 2. ɼʠʩʧʝʨʩʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʦʩʥʦʚʥʦʡ ʤʦʜʳ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɿʉ (ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘ-

ʤʝʜʣʝʥʠʷ ʥʘ +1-ʡ ʛʘʨʤʦʥʠʢʝ (ʙ). 

 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʨʘʞʝʥʠʡ ʚ ʣʝʩʪʥʠʯʥʦʡ ɿʉ ʚ ʚʦʣʥʦʚʦʜʝ ʩ ʧʘʟʘʤʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ (ʩʤ. ʨʠʩ. 1ʙ). ʉʦʛʣʘʩʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ, ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʳʭ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʳʝ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ ɿʉ 

ʚʳʩʪʫʧʘʝʪ ʥʘ ʦʜʠʥ ʧʝʨʠʦʜ. ʈʘʟʤʝʨʳ ʩʠʩʪʝʤʳ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠʩʴ ʩ 

ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʭʦʨʦʰʝʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 98-99 ɻɻʮ. ʈʘʩ-

ʯʸʪʳ S-ʧʘʨʘʤʝʪʨʦʚ ʚ COMSOL ʜʣʷ ɿʉ, ʩʦʩʪʦʷʱʝʡ ʠʟ 40 ʧʝʨʠʦʜʦʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 95-105 ɻɻʮ ʧʦʪʝʨʠ ʥʘ ʦʪʨʘʞʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ ï10 ʜɹ. ʇʨʠ ʵʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ï5 ʜɹ, ʪ.ʝ. ʟʘʪʫʭʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 

0.05 ʜɹ ʥʘ ʧʝʨʠʦʜ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-12-00181. 
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ɺ ʉʘʨʘʪʦʚʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨ-

ʩʠʪʝʪʝ ʠʤʝʥʠ ʅ.ɻ ʏʝʨʥʳʰʝʚʩʢʦʛʦ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ 

ʥʝʪʢʘʥʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ 

ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʚʦʣʦʢʥʘ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ [1-10]. ɼʘʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʧʨʠʤʝʥʠʤ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ 

ʠʤʧʣʘʥʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʝʛʝʥʝʨʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ, ʘ 

ʪʘʢʞʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʨʝʜʩʪʚʦʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʆʜʥʘʢʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʟʘʛʨʫʟʢʝ ʚʝʱʝʩʪʚ ʩʨʝʜʠ ʪʨʝʭ ʙʝʟʚʦʜʥʳʭ ʘʣʣʦʪʨʦʧʥʳʭ ʤʦ-

ʜʠʬʠʢʘʮʠʡ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʦʙʣʘʜʘʝʪ ʪʦʣʴʢʦ ʚʘʪʝʨʠʪ. ʄʠʢʨʦʯʘʩʪʠʮʳ ʧʦʜʦʙ-

ʥʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʦ ʥʝʩʪʘʙʠʣʴʥʳ ʠ ʩʦ ʚʨʝʤʝʥʝʤ ʧʝʨʝʢʨʠ-

ʩʪʘʣʣʠʟʦʚʳʚʘʶʪʩʷ ʚ ʢʘʣʴʮʠʪ, ʪʝʨʷʷ ʧʦʨʠʩʪʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʚʳʩʚʦʙʦʞʜʘʷ ʟʘʛʨʫ-

ʞʝʥʥʦʝ ʚʝʱʝʩʪʚʦ [11-18]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥ-

ʥʳʭ ʥʘ ʚʦʣʦʢʥʘʭ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ ʤʠʢʨʦʯʘʩʪʠʮ ʚʘʪʝʨʠʪʘ ʚ ʢʘʣʴʮʠʪ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. ɼʚʘ 

ʦʜʠʥʘʢʦʚʳʭ ʬʨʘʛʤʝʥʪʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʝ [3] ʤʝʪʦʜʦʤ ʦʙ-

ʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʧʦʤʝʱʘʣʠʩʴ ʚ ʧʨʦʙʠʨʢʠ ʩ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʂʘʞʜʳʝ ʪʨʠ 

ʯʘʩʘ ʬʨʘʛʤʝʥʪʳ ʠʟʚʣʝʢʘʣʠʩʴ ʠʟ ʚʦʜʳ ʠ ʧʨʦʩʫʰʠʚʘʣʠʩʴ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʩʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʝʨʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʚʪʦʨʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʜʦʣʞʘʣʩʷ 24 

ʯʘʩʘ, ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʘʪʝʨʠʪʘ ʚ ʢʘʣʴʮʠʪ. 
 

0

20

40

60

80

100

0 3 6 9 12 15 18 21 24˨
ͦ
͡
Ύ
 
;
͊
ͫ
ͭ
͙
ͼ
 
͍
͊
ͭ
͔
ͪ
͙
ͭ
͊
Σ
 
҈

ˤ͔ͪͣΎ Ή͔͙͔ͫͨͪͣͤͭ͊͟Σ ;

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ (ʩʠʥʷʷ ʣʠʥʠʷ) ʠ ʤʘʩʩʦʚʳʭ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʜʦʣʝʡ ʤʠʢʨʦ-

ʯʘʩʪʠʮ ʚʘʪʝʨʠʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʢʨʦʯʘʩʪʠʮ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ. 
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ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʜʦʣʷ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʩʣʝ ʧʦʜʩʯʝʪʘ ʯʠʩʣʘ ʤʠʢʨʦʯʘ-

ʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ (ʚʘʪʝʨʠʪʘ) ʠ ʢʫʙʠʯʝʩʢʦʡ (ʢʘʣʴʮʠʪʘ), ʩʦʦʪʥʦʰʝʥʠʷ ʚʳ-

ʨʘʞʘʣʠʩʴ ʚ ʧʨʦʮʝʥʪʘʭ. ɸʥʘʣʠʟ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʠʢʨʦʯʘʩʪʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʡ 

ʤʘʩʩʳ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ. ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦ-

ʚʳʭ ʠ ʢʦʣʠʯʝʩʪʚʥʥʳʭ ʜʦʣʝʡ ʚʘʪʝʨʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʆʧʨʝʜʝʣʝʥʦ ʚʨʝʤʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʢʨʦʯʘʩʪʠʮ ʚʘʪʝʨʠʪʘ ʥʘ ʚʦʣʦʢʥʘʭ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʟʘʜʘʯʫ ʦʙ ʫʧʨʘʚʣʷʝʤʦʤ ʜʚʠʞʝʥʠʠ ʨʦʣ-

ʣʝʨ ʨʝʡʩʝʨʘ ʧʦ ʧʣʦʩʢʦʩʪʠ. ʈʦʣʣʝʨ ʨʝʡʩʝʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ (ʩ ʧʦʤʦʱʴʶ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ) ʧʣʘʪʬʦʨʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʚʦ-

ʙʦʜʥʦ ʚʨʘʱʘʪʴʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (3D ʤʦ-

ʜʝʣʴ ʠ ʬʦʪʦ ʥʘʪʫʨʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1). ʅʘ ʢʘʞʜʦʡ ʧʣʘʪʬʦʨʤʝ 

ʥʘʭʦʜʠʪʩʷ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʘʷ ʢʦʣʝʩʥʘʷ ʧʘʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʢʦʣʝʩ, ʣʝʞʘ-

ʱʠʭ ʥʘ ʦʜʥʦʡ ʦʩʠ ʠ ʚʨʘʱʘʶʱʠʭʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩ ʩ ʧʣʦʩʢʦʩʪʴʶ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʥʝʧʨʦ-

ʩʢʘʣʴʟʳʚʘʥʠʷ (ʥʝʛʦʣʦʥʦʤʥʘʷ ʩʚʷʟʴ) ʠ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ. ʇʨʦʜʚʠʞʝ-

ʥʠʝ ʨʦʣʣʝʨ ʨʝʡʩʝʨʘ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʬʦʨʤ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʫʛʦʣ ʤʝʞʜʫ ʧʣʘʪʬʦʨʤʘʤʠ (ʫʧʨʘʚ-

ʣʷʶʱʘʷ ʬʫʥʢʮʠʷ) ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ.  

 

 
(ʘ) 

 
(b) 

 

ʈʠʩ. 1. (ʘ) 3D ʤʦʜʝʣʴ ʠ (b) ʬʦʪʦ ʥʘʪʫʨʥʦʛʦ ʦʙʨʘʟʮʘ ʨʦʣʣʝʨ ʨʝʡʩʝʨʘ 

 

ɺ ʨʘʙʦʪʝ [1] ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʩʝ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠʚʝʜʝʥʥʦʡ ʩʠʩʪʝʤʳ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʷʪʩʷ ʢ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʤ ʨʝʰʝʥʠʷʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʪʨʘʝʢʪʦʨʠʠ ʨʦʣʣʝʨ ʨʝʡʩʝʨʘ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʘʩʩʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ. ʆʧʨʝʜʝʣʝʥʳ ʪʠʧʳ 

ʚʦʟʤʦʞʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʨʦ-

ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʧʨʷʤʦʡ ʠ ʦʢʨʫʞʥʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴ-

ʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʦʙʨʘʟʮʘ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 1, ʘ ʪʘʢʞʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ [2, 3] ʜʣʷ ʜʚʠʞʝ-

ʥʠʷ ʚʜʦʣʴ ʧʨʷʤʦʡ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʩʨʘʚʥʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʨʦʜʚʠʞʝʥʠʷ ʨʦʣʣʝʨ ʨʝʡʩʝʨʘ, 

ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʣʘʩʴ ʧʨʦʪʦʪʠʧʦʤ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ. ʊʠ-

ʧʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʡ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ ʧʨʦʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʦʢʨʫʞʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.  



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     64 

 

 
 

ʈʠʩ. 2. (ʘ) ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ) ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

(ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʜʚʠʞʝʥʠʷ ʨʦʣʣʝʨ ʨʝʡʩʝʨʘ ʚʜʦʣʴ ʦʢʨʫʞʥʦʩʪʠ: (a) ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, 

(b) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (FEWS-2024-0007). 
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2 ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
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ʄʥʦʛʠʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ, ʜʝ-

ʤʦʥʩʪʨʠʨʫʶʪ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʜʠʥ ʦʙʲʝʢʪ, ʚʭʦʜʷʱʠʡ ʚ 

ʩʠʩʪʝʤʫ, ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʜʨʫʛʦʡ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ, ʥʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʘʩʪʦʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʤʝʥʷʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘ-

ʜʠʦʩʚʷʟʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʘʟʦʚʘʷ 

ʘʚʪʦʧʦʜʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ [1]. ʉʠʩʪʝʤʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʨʝʛʫʣʷʮʠʠ ʞʠʚʳʭ ʦʨ-

ʛʘʥʠʟʤʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪ ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ 

[2]. ɺ ʪʘʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʩʣʦʞʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʩʠʩʪʝʤʝ. ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ 

ʧʦʜʩʪʨʦʡʢʠ ʠʟʚʝʩʪʥʳ ʚ ʥʝʡʨʦʙʠʦʣʦʛʠʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʘʜʘʧʪʘʮʠʠ ʨʝʘʢʮʠʠ 

ʩʢʦʨʦʩʪʝʡ ʥʝʡʨʦʥʦʚ [3]. ʇʦʜʩʪʨʦʡʢʘ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʧʨʠʥʮʠʧʦʤ ʚ ʥʝʨʚʥʦʡ ʩʠ-

ʩʪʝʤʝ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘ-

ʧʘʟʦʥʝ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ. ʊʘʢʦʛʦ ʨʦʜʘ ʧʦʜʩʪʨʦʡʢʫ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʘʜʘʧʪʘʮʠʝʡ ʩʠʩʪʝʤʳ ʥʘ ʚʥʝʰʥʠʝ ʩʪʠʤʫʣʳ, ʘ ʩʘʤʫ ʩʠʩʪʝʤʫ ʦʙʣʘʜʘʶʱʝʡ 

ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʚʥʫʪʨʝʥʥʠʭ 

ʩʚʦʡʩʪʚ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʪʘʢʦʛʦ ʨʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʩʪʝʤʳ 

ʦʪ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʩʠʩʪʝʤʝ ʩʣʦʞʥʦʡ 

ʜʠʥʘʤʠʢʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʥʝʡʨʦʥʘ ï ʤʦʜʝʣʴ ʌʠʪʮʍʴʶ-ʅʘʛʫʤʦ [4], ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʚʥʝʰ-

ʥʠʤ ʩʠʛʥʘʣʦʤ [5]. ʀʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ ʧʝʨʝʤʝʥʥʘʷ y ï ʧʦʪʝʥʮʠʘʣ ʤʝʤʙʨʘʥʳ ʢʣʝʪʢʠ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʨʝʦʙʨʘʟʫʝʤ ʩʠʩʪʝʤʫ (1) ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ: 

 

(2) 

 
ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʜʚʫʤʝʨʥʦʝ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʨʠ ʵʪʦʤ 4 ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘ-

ʤʝʪʨʘ. ʇʘʨʘʤʝʪʨ Ů ʦʧʨʝʜʝʣʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʢʘʞʜʦʡ ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʝʛʦ ʟʥʘʯʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʜʣʷ ʥʝʡʨʦʥʥʳʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʦ ʙʳʩʪʨʦ-ʤʝʜʣʝʥʥʘʷ ʜʠʥʘʤʠʢʘ. ɺ ʥʘʰʠʭ ʯʠʩ-

ʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʟʘʬʠʢʩʠʨʫʝʤ ʝʛʦ ʪʘʢ: Ů=0.01. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʠʩʪʝʤʫ ʌʠʪʮʍʴʶ-

ʅʘʛʫʤʦ ʚ ʨʝʞʠʤʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʦʷʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʠ ʛʝʥʝʨʘʮʠʠ ʩʧʘʡ-



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     66 

ʢʦʚ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠʟʦʢʣʠʥ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚ-

ʥʝʥʠʡ (1) ʧʨʠ I=0, ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʙʦʨʳ ʧʘʨʘʤʝʪʨʦʚ: ʘ) ʫʩʪʦʡ-

ʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʘ=1, b=1, e=0,01; ʙ) ʢʦʛʜʘ ʚ ʩʠʩʪʝʤʝ ʪʨʠ ʩʦʩʪʦ-

ʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ - ʙʠʩʪʘʙʠʣʴʥʦʩʪʴ, ʜʚʘ ʩʪʘʙʠʣʴʥʳʭ ʠ ʦʜʥʦ ʥʝʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʘ=0, b=2, e=0,01; ʛ) ʘ=0, b=0,5, e=0,01 - ʥʝʫʩʪʦʡʯʠʚʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʠ ʠʤʝʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʢʘʨʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. ʅʘ ʨʠ-

ʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʪʳ ʩʠʩʪʝʤʳ (2) ʜʣʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʘ=0, b=0,5, 

e=0,01 ʠ ʟʥʘʯʝʥʠʠ k=10. ʂʦʵʬʬʠʮʠʝʥʪ k ʦʪʚʝʯʘʝʪ ʟʘ ʘʜʘʧʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʇʨʠ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ k (k=10) ʩʪʨʫʢʪʫʨʘ ʙʠʬʫʨʢʘʮʠʠ ʜʦʙʘʚʣʝʥʠʷ 

ʧʝʨʠʦʜʘ ʠ ʨʘʟʚʠʪʝʝ ʭʘʦʩʘ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ, ʜʦʙʘʚʣʝʥʠʝ ʧʝʨʠʦʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ, ʯʘʩʪʦʪʘ ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʜʣʷ p>1 

ʨʘʟʚʠʚʘʝʪʩʷ ʩʣʦʞʥʘʷ ʜʠʥʘʤʠʢʘ). 

  

 
ʈʠʩ. 1. a) ʂʘʨʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʠʩʪʝʤʳ (2) ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (p, A) ʧʨʠ: a=0; 

b=0,5; Ů=0,01.  b), ʩ) ʝʝ ʫʚʝʣʠʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ. 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʘʥʩʘʤʙʣʝʡ ʦʪʦʙʨʘʞʝʥʠʡ 

ʂʠʘʣʚʦ [1-7] ï ʧʨʦʩʪʝʡʰʠʭ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʦʚ. ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʦʪʦʙʨʘʞʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 
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ʄʳ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʚ ʧʦʚʝʜʝʥʠʠ ʜʚʫʭ 

ʠ ʪʨʝʭ ʩʚʷʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʯʘʩʪʦʪʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʠ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘ-

ʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʘ ʩʠʪʫʘʮʠʷ ʣʠʥʝʡʥʦʡ (ʵʣʝʢʪʨʠʯʝʩʢʦʡ) ʩʚʷʟʠ ʥʝʡʨʦʥʦʚ. ʆʩʥʦʚ-

ʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʙʳʣ ʤʝʪʦʜ ʢʘʨʪ ʣʷʧʫʥʦʚʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚ ʨʘʤʢʘʭ ʢʦʪʦ-

ʨʦʛʦ ʧʣʦʩʢʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʨʘʟʥʳʝ ʮʚʝʪʘ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʨʝ-

ʞʠʤʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ ʩʧʝʢʪʨʫ ʧʦʢʘʟʘʪʝʣʝʡ ʃʷʧʫʥʦʚʘ. ɼʚʘ ʩʚʷʟʘʥʥʳʭ ʦʪʦʙʨʘ-

ʞʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʈ, ʨʝʞʠʤʦʚ ʜʚʫʭ-

ʯʘʩʪʦʪʥʦʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʠ 2ʊ ʠ ʪʨʝʭʯʘʩʪʦʪʥʦʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʠ 3ʊ, ʚʦʟ-

ʥʠʢʘʶʱʝʡ ʠʟ ʜʚʫʭʯʘʩʪʦʪʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʷʛʢʦʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʙʠʬʫʨʢʘ-

ʮʠʠ ʍʦʧʬʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʪʨʝʭʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʚʩʪʨʦʝʥʘ ʩʠʩʪʝʤʘ ʨʝʟʦ-

ʥʘʥʩʥʳʭ ʷʟʳʢʦʚ ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʨʝʞʠʤʦʚ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʣʠʥʠʷʤʠ ʩʝʜʣʦ-ʫʟʣʦʚʳʭ 

ʙʠʬʫʨʢʘʮʠʡ ʠʥʚʘʨʠʘʥʪʥʳʭ ʢʨʠʚʳʭ. ɺʥʫʪʨʠ ʷʟʳʢʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʙʠʬʫʨʢʘʮʠʠ 

ʫʜʚʦʝʥʠʷ ʵʪʠʭ ʢʨʠʚʳʭ. ɺʦʟʤʦʞʝʥ ʪʘʢʞʝ ʭʘʦʩ ʉ ʠ ʛʠʧʝʨʭʘʦʩ ʅ. ʃʷʧʫʥʦʚʩʢʘʷ ʢʘʨʪʘ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. 

 

 
 ʈʠʩ. 1. ʃʷʧʫʥʦʚʩʢʘʷ ʢʘʨʪʘ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʥʝʡʨʦʥʦʚ. 

 

ɼʣʷ ʪʨʝʭ ʩʚʷʟʘʥʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʯʝʪʳʨʝʭʯʘʩʪʦʪʥʘʷ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴ 4ʊ ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʷʟʳʢʦʚ ʪʨʝʭʯʘʩʪʦʪʥʳʭ ʨʝʞʠʤʦʚ, 
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ʨʠʩ.2. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʶʪʩʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʙʠʬʫʨʢʘʮʠʠ ʍʦʧʬʘ ʠ 

ʩʝʜʣʦ-ʫʟʣʦʚʳʝ ʙʠʬʫʨʢʘʮʠʠ ʪʦʨʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ.  

 

 
ʈʠʩ. 2. ʃʷʧʫʥʦʚʩʢʘʷ ʢʘʨʪʘ ʪʨʝʭ ʩʚʷʟʘʥʥʳʭ ʥʝʡʨʦʥʦʚ ʠ ʝʝ ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ. 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʰʫʤʘ ʥʘ ʤʥʦʛʦʯʘʩʪʦʪʥʳʝ ʨʝʞʠʤʳ. ʇʨʠ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʰʫʤʘ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ çʰʫʤʦʚʳʝ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝè ʨʝʞʠʤʳ ʨʘʟ-

ʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩʦʭʨʘʥʷʶʪʩʷ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʩʧʝʢʪʨ ʣʷʧʫʥʦʚʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ 

ʙʣʠʟʢʠʤʠ ʢ ʥʫʣʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʉ ʨʦʩʪʦʤ ʫʨʦʚʥʷ ʰʫʤʘ ʤʥʦ-

ʛʦʯʘʩʪʦʪʥʳʝ ʨʝʞʠʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʨʫʰʘʶʪʩʷ. ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʩʤʝʱʝ-

ʥʠʷ ʷʟʳʢʦʚ ʨʝʟʦʥʘʥʩʥʳʭ ʜʚʫʭ- ʠ ʪʨʝʭʯʘʩʪʦʪʥʳʭ ʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠ ʥʘʣʠʯʠʠ ʰʫʤʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʟʣʦʞʝʥʥʳʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʜʨʫʛʠʭ ʦʪʦʙʨʘʞʝʥʠʡ ʨʘʟʤʝʨʥʦʩʪʠ ʯʝʪʳʨʝ ʠ ʚʳʰʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢ-

ʪʨʦʥʠʢʠ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. Chialvo D.R. // Chaos, Solitons & Fractals. 1995. V. 5. No. 3-4. P. 461-479. 

2. Wang F., Cao H. // Communications in Nonlinear Science and Numerical Simulation. 2018. V. 

56. P. 481-489. 

3. Stankevich N.V. et al. // Chaos, Solitons & Fractals. 2023. V. 172. P. 113565. 

4. Bashkirtseva I. et al. // Communications in Nonlinear Science and Numerical Simulation. 2023. 

V. 116. P. 106867. 

5. Pilarczyk P., Signerska-Rynkowska J., Graff G. // Chaos. 2023. V. 33. No. 4. P. 043110. 

6. Yang Y. et al. //Advances in Neural NetworksïISNN 2020. P. 61-63. 

7. Muni S.S., Fatoyinbo H.O., Ghosh I. // International Journal of Bifurcation and Chaos. 2022. V. 

32. No. 9. P. 2230020.  
  



69                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅɽʁʈʆʄʆʈʌʅʆʁ ɼʀʅɸʄʀʂʆʁ ʇʈʀ ʇʆʄʆʑʀ 

ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ʇ. ɺ. ʂʫʧʮʦʚ1 

1ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ. 

E-mail: kupav@mail.ru 
 

ʄʳ ʦʙʩʫʜʠʤ ʥʝʡʨʦʩʝʪʝʚʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʜʝʣʠʨʫʝʪ ʩʠʩʪʝʤʫ, 

ʦʧʠʩʳʚʘʶʱʫʶ ʧʦʚʝʜʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʥʝʡʨʦʥʘ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʘ 

ʍʦʜʞʢʠʥʘ-ʍʘʢʩʣʠ. ɹʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʟʜʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʚʝʢʪʦʨʥʦʛʦ ʠ ʩʢʘʣʷʨʥʦʛʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʢʘʢ ʪʘʢʘʷ ʤʦʜʝʣʴ ʤʦ-

ʞʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʝʞʠʤʳ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʥʝ ʧʨʝʜʲʷʚʣʝʥʥʳʝ ʝʡ ʚ ʭʦʜʝ ʦʙʫ-

ʯʝʥʠʷ, ʙʫʜʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʧʦʚʝʜʝʥʠʝ ʩʚʷʟʘʥʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʤʦ-

ʜʝʣʠʨʫʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ. 
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ʈɸʉʇʆɿʅɸɺɸʅʀɽ ʇɸʊʊɽʈʅʆɺ ʅɸ ʀɿʆɹʈɸɾɽʅʀʗʍ 

ʉ ʇʆʄʆʑʔʖ ʉʇɸʁʂʆɺʆʁ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ 

ʉ ʄɸʃʓʄ ʂʆʃʀʏɽʉʊɺʆʄ ʅɽʁʈʆʅʆɺ 

ɸ.ɺ. ʂʫʨʙʘʢʦ1,2, ɼ.ʄ. ɽʞʦʚ1, ʄ.ɼ. ʇʨʦʭʦʨʦʚ1,2, ɺ.ʀ. ʇʦʥʦʤʘʨʝʥʢʦ1,2 
1 ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
2 ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʥʝʡʨʦʥ-

ʥʳʭ ʩʝʪʝʡ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ: ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʠ 

ʜʨʫʛʠʭ [1].  

ʅʘʠʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ʬʠ-

ʟʠʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʧʘʡʢʦʚʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʠʩ-

ʧʦʣʴʟʫʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠ ʨʝʘʣʠʩʪʠʯʥʳʝ ʤʦʜʝʣʠ ʥʝʡʨʦʥʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ 

ʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ, ʢʘʢ ʨʝʰʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʩ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʥʝʡʨʦʥʦʚ ʚ 

ʩʝʪʠ, ʪʘʢ ʠ ʠʟʫʯʘʪʴ ʨʘʙʦʪʫ ʤʦʟʛʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʦ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [2, 3]. 

ʉʝʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʯʘʩʪʦ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʩʣʝʜʫʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘ-

ʟʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ. 

Cʧʘʡʢʦʚʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʙʳʣʘ ʦʙʫʯʝʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʚʳʙʦʨʢʝ, ʩʦ-

ʩʪʦʷʱʝʡ ʠʟ 6000 ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʤʝʨʦʤ 3*3 ʧʠʢʩʝʣʷ (4500 ʠʟʦʙʨʘʞʝʥʠʡ ð ʦʙʫ-

ʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʠ 1500 ʠʟʦʙʨʘʞʝʥʠʡ ð ʪʝʩʪʦʚʘʷ ʚʳʙʦʨʢʘ). ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʜʚʝ 

ʛʨʫʧʧʳ ʰʘʙʣʦʥʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʣʠʥʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʂ ʠʟʦʙʨʘʞʝʥʠʷʤ ʜʦʙʘʚʣʷ-

ʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʡ ʰʫʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʙʝʣʳʡ ʧʠʢʩʝʣʴ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʦʪ 0.0 

ʜʦ 0.2, ʘ ʯʝʨʥʳʡ ʧʠʢʩʝʣʴ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʦʪ 0.8 ʜʦ 1.0. ʇʨʠʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ ʦʙʫʯʘʶʱʝʡ ʠ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʦʢ. 



71                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ʉʧʘʡʢʦʚʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʦʩʪʦʷʣʘ ʠʟ ʦʜʥʦʛʦ ʩʣʦʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 6 Leaky 

Integrate-and-Fire (LIF) ʥʝʡʨʦʥʦʚ [4]. ʉʝʪʴ ʠʤʝʣʘ 9 ʚʭʦʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 9 

ʧʠʢʩʝʣʷʤ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʩʚʷʟʘʥ ʩ ʢʘʞʜʳʤ ʥʝʡʨʦʥʦʤ ʩʝʪʠ. 

ɺʝʩʘ ʩʚʷʟʝʡ ʚ ʩʝʪʠ ʧʨʠʥʠʤʘʣʠ ʟʥʘʯʝʥʠʷ ʦʪ 0.0 ʜʦ 1.0. ʅʘʯʘʣʴʥʳʝ ʚʝʩʘ ʩʚʷʟʝʡ ʚ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʝʨʝʜ ʦʙʫʯʝʥʠʝʤ ʟʘʜʘʚʘʣʠʩʴ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʦʪ 

0.0 ʜʦ 1.0. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʙʳʣʘ ʦʙʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ spike-tim-

ing-dependent synaptic plasticity (STDP) [5], ʪʦ ʝʩʪʴ ʩʠʣʘ ʩʚʷʟʠ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʡ ʥʝʡʨʦʥ ʛʝʥʝʨʠʨʫʝʪ ʩʧʘʡʢ ʧʦʩʣʝ ʛʝʥʝʨʘ-

ʮʠʠ ʩʧʘʡʢʘ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʤ ʥʝʡʨʦʥʝ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʠʣʘ ʩʚʷʟʠ ʫʤʝʥʴ-

ʰʘʝʪʩʷ, ʝʩʣʠ ʩʧʘʡʢ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʥʝʡʨʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʟʞʝ ʩʧʘʡʢʘ ʚ ʧʦʩʪ-

ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʥʝʡʨʦʥʝ. ʇʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: A+ = 0.01, A- = -0.02, Ű+ = 20 ʤʩ, Ű- = 20 ʤʩ (ʧʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ ʠʤʝʶʪ ʩʤʳʩʣ, 

ʘʥʘʣʦʛʠʯʥʳʡ [5]). 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ k-ʩʨʝʜʥʠʭ, 

ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʣ 6-ʤʝʨʥʳʡ ʚʝʢʪʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʠʩʣʘ ʩʧʘʡ-

ʢʦʚ ʚ ʩʝʪʠ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʧʦʢʘʟʘ ʠʟʦʙʨʘʞʝʥʠʷ. ɻʠʩʪʦʛʨʘʤʤʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʦʙʨʘʞʝʥʠʷʤ ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ɻʠʩʪʦʛʨʘʤʤʳ ʥʝʡʨʦʥʥʳʭ ʩʧʘʡʢʦʚ ʧʨʠ ʧʨʝʜʲʷʚʣʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʪ-

ʪʝʨʥʘʤʠ. 

 

ʇʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʘʡʢʦʚʦʡ ʥʝʡʨʦʥ-

ʥʦʡ ʩʝʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʘʣʦʛʦ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ, ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʧʘʡʢʦʚʘʷ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʦʢʘʟʘʣʘ ʪʦʯʥʦʩʪʴ 99% ʥʘ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʠ 97% ʥʘ ʪʝʩʪʦʚʦʤ 

ʥʘʙʦʨʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 23-
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʥʘ ʜʚʫ-

ʤʝʨʥʦʝ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʪʝʯʝʥʠʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ. 

ɼʚʠʞʝʥʠʝ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ [1]: 

 
ʆʙʳʯʥʦ ʚ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʥʘʯʘʣʴʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʚʳʙʠʨʘʶʪ ʨʘʚʥʳʤ 

ʥʫʣʶ, ʩʯʠʪʘʷ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʰʝʥʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʦʜʥʦʨʦʜʥʦʝ ʥʘʯʘʣʴʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʤʦ-

ʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʦʷʚʣʝʥʠʶ ʥʝʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-

ʉʪʦʢʩʘ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝ-

ʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [2]. ɺʚʝʜʝʤ ʬʫʥʢʮʠʶ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦ-

ʩʪʠ: 

 
ʇʨʠʤʝʥʷʷ ʦʧʝʨʘʮʠʶ ʨʦʪʦʨʘ ʢ ʬʫʥʢʮʠʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ ʜʣʷ 

ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ  

. 

ʉ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʘ ʨʠʩ. 1 (ʩʣʝʚʘ), ʨʝʰʝʥʠʝ ʫʨʘʚ-

ʥʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʝ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ ʦʧʝʨʘ-

ʪʦʨʘ ʃʘʧʣʘʩʘ [3]. ʇʦʩʪʨʦʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ʥʝʩʞʠ-

ʤʘʝʤʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʟʘʜʘʚʘʪʴ ʥʝʥʫʣʝʚʫʶ ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʚ ʩʠʩʪʝʤʝ, ʜʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʤʠʥʠʤʠʟʘʮʠʠ. ʈʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩ. 1 (ʩʧʨʘʚʘ). 

  
ʈʠʩ.1. ʉʣʝʚʘ - ʛʝʦʤʝʪʨʠʷ ʦʙʣʘʩʪʠ. ʉʧʨʘʚʘ ï ʥʝʦʜʥʦʨʦʜʥʦʝ ʥʘʯʘʣʴʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ 

ʜʣʷ ʢʚʘʜʨʘʪʥʦʡ ʢʘʚʝʨʥʳ. 

 

ʇʦʩʪʨʦʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ (ʘ ʪʘʢʞʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘ-

ʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʠ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʧʨʠ 
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ʨʘʟʥʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ. ʅʘ ʨʠʩ. 2 ʠ 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

ʩʣʝʚʘ ï ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʨʝʰʝʥʠʷ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʷ, ʩʧʨʘʚʘ ï ʜʣʷ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ. 

 

  
ʈʠʩ. 2. ʋʩʪʘʥʦʚʠʚʰʠʝʩʷ ʪʝʯʝʥʠʷ ʚ ʧʣʦʩʢʦʡ ʢʚʘʜʨʘʪʥʦʡ ʢʘʚʝʨʥʝ ʧʨʠ Re=100, 

ʩʣʝʚʘ - ʦʜʥʦʨʦʜʥʦʝ ʥʘʯʘʣʴʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ, ʩʧʨʘʚʘ ï ʥʝʦʜʥʦʨʦʜʥʦʝ ʥʘʯʘʣʴʥʦʝ ʧʦʣʝ. 

 

  
ʈʠʩ. 2. ʋʩʪʘʥʦʚʠʚʰʠʝʩʷ ʪʝʯʝʥʠʷ ʚ ʧʣʦʩʢʦʡ ʢʚʘʜʨʘʪʥʦʡ ʢʘʚʝʨʥʝ ʧʨʠ Re=1000, 

ʩʣʝʚʘ - ʦʜʥʦʨʦʜʥʦʝ ʥʘʯʘʣʴʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ, ʩʧʨʘʚʘ ï ʥʝʦʜʥʦʨʦʜʥʦʝ ʥʘʯʘʣʴʥʦʝ ʧʦʣʝ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ (ʨʠʩ. 2 ʠ 3), ʯʪʦ ʨʘʟʣʠʯ-

ʥʳʝ ʥʘʯʘʣʴʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʤʦʛʫʪ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʩʪʘʮʠʦʥʘʨ-

ʥʳʤ ʪʝʯʝʥʠʷʤ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ (ʜʦ 1500). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (FEWS-2024-0007). 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠ-

ʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʪʘʢʦʡ ʨʦʩʪ ʦʙʫʩʣʦʚʣʝʥ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʥʦ ʠ ʧʦʪʨʝʙʥʦʩʪʴʶ ʨʳʥʢʘ ʚ ʨʝʘʣʴʥʳʭ ʧʨʠʢʣʘʜ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʧʦʩʢʦʣʴʢʫ ʚʩʸ ʩʣʦʞʥʝʝ ʫʤʝʥʴʰʘʪʴ ʨʘʟʤʝʨʳ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦ-

ʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ʆʜʥʦʡ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʠʝ ʦʙʣʘʩʪʠ, 

ʢʘʢ ʩʧʠʥʪʨʦʥʠʢʘ [1] ʠ ʤʘʛʥʦʥʠʢʘ [2]. ɺ ʩʧʠʥʪʨʦʥʠʢʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʝʨʝʜʘʯʘ ʩʠʛ-

ʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʩʧʠʥʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦ-

ʥʠʢʠ, ʛʜʝ ʚ ʦʩʥʦʚʝ ʣʝʞʠʪ ʟʘʨʷʜ. ʄʘʛʥʦʥʠʢʘ ʞʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʝʦ-

ʨʠʶ ʦ ʪʦʤ, ʯʪʦ ʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʮʝʩʩʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʙʝʛʫʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʧʠʥʦʚʳʝ ʚʦʣʥʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʘʛʥʦʥʥʳʭ ʢʨʠʩʪʘʣ-

ʣʦʚ ʩ ʧʨʦʩʣʦʡʢʦʡ ʠʟ ʥʦʨʤʘʣʴʥʦʛʦ ʤʝʪʘʣʣʘ. ʄʘʛʥʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʧʣʝʥʢʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʦʜʫʣʷʮʠʝʡ ʪʦʣʱʠʥʳ ʚ ʚʠʜʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʘʥʘʚʦʢ. ʅʦʨʤʘʣʴʥʳʡ ʤʝʪʘʣʣ ï ʵʪʦ ʤʝʪʘʣʣ ʩ ʙʦʣʴʰʦʡ ʩʧʠʥ-ʦʨ-

ʙʠʪʘʣʴʥʦʡ ʩʚʷʟʴʶ. ʂ ʩʪʨʫʢʪʫʨʝ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʧʦʣʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʣʦʷʭ ʚʦʟʙʫʞʜʘʣʠʩʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʝ 

ʚʦʣʥʳ. ʂ ʥʦʨʤʘʣʴʥʦʤʫ ʤʝʪʘʣʣʫ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ, ʯʪʦʙʳ ʧʨʦʥʘʙʣʶ-

ʜʘʪʴ ʚʣʠʷʥʠʝ ʩʧʠʥʦʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ [3, 4]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʧʠʥʦʚʳʡ ʵʬʬʝʢʪ 

ʍʦʣʣʘ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʪʦʤʫ, ʯʪʦ ʩʧʠʥʳ çʚʚʝʨʭè ʙʫʜʫʪ ʫ ʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʤʘʛʥʦʥʥʳʡ ʢʨʠʩʪʘʣʣ/ʥʦʨʤʘʣʴʥʳʡ ʤʝʪʘʣʣ, ʩʧʠʥʳ çʚʥʠʟè ʫ ʜʨʫʛʦʛʦ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʩʧʠʥʦʚʳʡ ʪʦʢ. ɿʘ ʩʯʝʪ ʪʘʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʦʩʣʘʙʣʝʥʠʝ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ ʥʘ ʦʜʥʦʤ ʠʥʪʝʨʬʝʡʩʝ ʠ ʫʩʠʣʝʥʠʝ ʥʘ 

ʜʨʫʛʦʤ. ʀʥʪʝʨʝʩʥʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ (ʟʘʜʘʥʦ ʧʘʨʘʤʝʪ-

ʨʦʤ †) ʥʘ ʟʘʧʨʝʱʝʥʥʳʝ ʟʦʥʳ ʚ ʪʘʢʦʛʦ ʨʦʜʘ ʩʪʨʫʢʪʫʨʝ. 

 

 
ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʦʪ Im(k) ʧʨʠ † = 0 (ʯʝʨʥʳʝ ʢʨʠʚʳʝ), † = 0.4 GHz (ʩʠʥʠʝ 

ʢʨʠʚʳʝ), † = 0.5 GHz (ʢʨʘʩʥʳʝ ʢʨʠʚʳʝ). 
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ʅʘ ʈʠʩ. 1 ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʦʪ ʤʥʠʤʦʛʦ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʚ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦ ʩʜʚʠʛʦʤ ʥʘ ʧʝʨʠʦʜ ʦʜʥʦʛʦ ʤʘʛʥʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʨʫʛʦʛʦ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ †. ʇʦ-
ʢʘʟʘʥʦ, ʯʪʦ ʤʦʞʥʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ ʜʦʙʠʪʴʩʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʝ-

ʱʝʥʥʳʭ ʟʦʥ G-1 ʠ G-3, ʧʨʠʯʝʤ ʟʦʥʘ G-2 ʧʨʦʧʘʜʘʝʪ. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʣʦʩʳ ʥʝʧʨʦʧʫʩʢʘʥʠʷ G-1 ʠ G-3 ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʛʣʫʙʠʥʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʧʠ-

ʥʦʚʦʛʦ ʪʦʢʘ, ʪʦ ʝʩʪʴ ʨʘʩʪʝʪ ʟʘʪʫʭʘʥʠʷ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ. ɺʠʜʥʦ, ʯʪʦ ʟʘʧʨʝʱʝʥ-

ʥʘʷ ʟʦʥʘ G-1 ʩʜʚʠʛʘʝʪʩʷ ʚʥʠʟ ʧʦ ʯʘʩʪʦʪʘʤ, ʘ ʟʦʥʘ G-3 ʩʜʚʠʛʘʝʪʩʷ ʚʚʝʨʭ ʧʦ ʯʘʩʪʦ-

ʪʘʤ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʪʦʣʴʢʦ ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʘʛʥʦʥʠʢʠ ʠ ʜʦʧʦʣʥʠʪʴ ʠʭ ʵʣʝʤʝʥʪʘʤʠ ʠʟ 

ʩʧʠʥʪʨʦʥʠʢʠ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʵʬʬʝʢʪʠʚʥʝʝ ʫʧʨʘʚʣʷʪʴ ʟʘʧʨʝ-

ʱʝʥʥʳʤʠ ʟʦʥʘʤʠ ʠ ʫʣʫʯʰʠʪʴ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʉɺʏ-ʬʠʣʴʪʨʦʚ. 

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 

23-29-00759). 
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ʄʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʷʚʣʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʩʦ-

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʘʪʪʨʘʢʪʦʨʦʚ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʩʠʩʪʝʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʤʫʣʴʪʠʩʪʘʙʠʣʴ-

ʥʦʩʪʴ [1]. ʂʨʘʡʥʝ ʥʝʦʙʳʯʥʳʤ ʢʣʘʩʩʦʤ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʩ ʙʝʩʢʦʥʝʯʥʳʤ 

ʯʠʩʣʦʤ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʘʪʪʨʘʢʪʦʨʦʚ. ɺ ʨʷʜʝ ʨʘʙʦʪ (ʥʘʧʨʠʤʝʨ [2-3]) ʨʘʟʜʝʣʷʶʪ 

ʪʘʢʦʛʦ ʚʠʜʘ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦ ʩʯʝʪʥʳʤ ʤʥʦʞʝ-

ʩʪʚʦʤ ʘʪʪʨʘʢʪʦʨʦʚ ʠ ʩ ʥʝʩʯʝʪʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʘʪʪʨʘʢʪʦʨʦʚ. ʄʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴ 

ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʝʪ ʚ ʩʠʩʪʝʤʘʭ ʩ ʙʝʩʢʦʥʝʯʥʳʤ ʩʯʝʪʥʳʤ ʯʠʩʣʦʤ ʘʪʪʨʘʢʪʦʨʦʚ, ʢʦʛʜʘ 

ʝʩʪʴ ʙʝʩʢʦʥʝʯʥʦʝ ʩʯʝʪʥʦʝ ʯʠʩʣʦ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʠʣʠ ʢʦʛʜʘ ʜʠʥʘʤʠʢʘ ʟʘ-

ʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʪʘʢʠʭ ʩʣʫʯʠʷʭ ʧʨʠ ʧʣʘʚʥʦʤ ʠʟʤʝʥʝʥʠʠ ʥʘʯʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʡ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʢʘʩʢʘʜʳ ʙʠʬʫʨʢʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʙʝʩʢʦʥʝʯʥʦʝ ʥʝʩʯʝʪʥʦʝ ʤʥʦʞʝʩʪʚʦ ʘʪʪʨʘʢʪʦʨʦʚ [3-5].  

ɺ ʨʘʙʦʪʝ [6] ʚʳʜʝʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʣʘʩʩ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʩʠʩʪʝʤ, ʚ 

ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʜʠʩʩʠʧʘʪʠʚʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦ ʩʚʷʟʘʥʥʦʝ ʩ ʢʦʥ-

ʩʝʨʚʘʪʠʚʥʦʡ ï ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʩʠʩʪʝʤʦʡ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʢʣʘʩʩ ʩʠʩʪʝʤ ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ: ʢʚʘʟʠʧʝʨʠʦʜʠ-

ʯʝʩʢʠʝ ʪʦʨʳ, ʩʪʨʘʥʥʳʝ ʥʝʭʘʦʪʠʯʝʩʢʠʝ ʘʪʪʨʘʢʪʦʨʳ ʠ ʭʘʦʩ ʢʘʢ ʩ ʦʜʥʠʤ, ʪʘʢ ʠ ʜʚʫʤʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʃʷʧʫʥʦʚʘ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [6] ʧʦʢʘʟʘʥʘ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ ʘʪʪʨʘʢʪʦʨʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, 

ʢ ʚʦʟʤʫʱʝʥʠʶ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʩʦ ʩʪʦʨʦʥʳ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [7]: 

 
 

 
ʛʜʝ:  ὲ+1ὼ =   ὲ ίὭὲ(‌ὲ +  2‎)  2‎ό,  ὲ+1ώ =   ὲ ὧέί(‌ὲ +  2‎)  2ό, ‎ =  ὅ ίὭὲ •ὲ, ό = ὄ 

ίὭὲ ʕὲ. ɼʘʥʥʦʝ ʯʝʪʳʨʝʭʤʝʨʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ ʜʚʫʭ ʜʚʫʤʝʨʥʳʭ 

ʧʦʜʩʠʩʪʝʤ: (1) ï ʢʦʥʩʝʨʚʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʜʠʩʩʠʧʘʪʠʚʥʫʶ ʩʠ-

ʩʪʝʤʫ (2). ʉʠʩʪʝʤʘ (1) ʤʦʞʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʢʘʢ ʭʘʦʩ, ʪʘʢ ʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝ-

ʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʉʠʩʪʝʤʘ (1)-(2) ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʢʣʘʩʩʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ [6], ʦʜʥʘʢʦ ʚ ʥʝʡ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʘʪʪʨʘʢʪʦʨʦʚ (ʨʠʩ. 1). 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʩʪʘʨʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʃʷ-

ʧʫʥʦʚʘ ʧʦʜʩʠʩʪʝʤʳ (2) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ‌0 =  0.05+0.05k, ʛʜʝ k=0..21. ʅʘ ʛʨʘʬʠʢʝ 
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ʚʠʜʥʳ ʦʙʣʘʩʪʠ ʢʦʣʝʙʘʥʠʡ ʩʪʘʨʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʢʦʪʦʨʳʝ ʧʣʦʪʥʦ ʟʘʧʦʣʥʷʶʪ ʥʝ-

ʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ ʥʘ ʛʨʘʬʠʢʝ, ʠ ʛʣʘʜʢʠʝ ʦʙʣʘʩʪʠ. ʂʦʣʝʙʘʥʠʷ ʩʪʘʨʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʙʣʠʟʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚʝʜʫʱʝʡ ʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʝ ʘʪʪʨʘʢʪʦʨʳ ʚ ʚʝʜʦʤʦʡ ʩʠʩʪʝʤʝ. ɺ ʦʙʣʘʩʪʠ ʧʣʘʚʥʦʛʦ ʠʟʤʝ-

ʥʝʥʠʷ ʩʪʘʨʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʃʷʧʫʥʦʚʘ ʘʪʪʨʘʢʪʦʨʳ ʪʘʢʞʝ ʨʘʟʥʳʝ (ʪ.ʢ. ʧʦʢʘʟʘʪʝʣʴ 

ʤʝʥʷʝʪʩʷ), ʥʦ ʙʣʠʟʢʠʝ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʘʪʪʨʘʢʪʦʨʘʤʠ d. ɽʩʣʠ ʚʳʙʨʘʪʴ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ‌0 ʠ ‌0 + Ů ʚ ʦʙʣʘʩʪʠ ʛʣʘʜʢʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʩʪʘʨʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘ-

ʟʘʣ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ d ʦʪ Ů ʣʠʥʝʡʥʘʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʢʘʞʜʦʝ 

ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ ʚʝʜʦʤʦʡ ʩʠʩʪʝʤʳ ʚ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ ʚʝʜʫʱʝʡ ʩʠʩʪʝʤʳ ʚʦʟʥʠ-

ʢʘʝʪ ʩʚʦʡ ʘʪʪʨʘʢʪʦʨ. 
 

       
ʈʠʩ. 1. (ʘ) ʀʥʚʘʨʠʘʥʪʥʳʝ ʢʨʠʚʳʝ ʧʦʜʩʠʩʪʝʤʳ (1); (ʙ) ʘʪʪʨʘʢʪʦʨʳ ʚ ʧʦʜʩʠʩʪʝʤʝ (2);  

ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ὃ = 2, ὄ =  0.003, ὅ = 0.05 ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʕ0 =  0,  0 =  0.1, •0 =  0.0, 

‌0 =  0.05+0.05k, ʛʜʝ k= 0..21. ʎʚʝʪʘ ʥʘ (ʘ) ʠ (ʙ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ. 

 

  
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʩʪʘʨʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʃʷʧʫʥʦʚʘ ʧʦʜʩʠʩʪʝʤʳ (2) ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ‌0 ʧʦʜʩʠʩʪʝʤʳ (1) ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ὃ = 2, ὄ =  0.003, ὅ = 0.05 ʠ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʕ0 =  0,  0 =  0.1  ʠ •0 =  0.0. 
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1ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ. 

2ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
3 ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻʘʛʘʨʠʥʘ ʖ.ɸ. 
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ʅʘʥʦʧʦʨʠʩʪʳʡ ʘʥʦʜʥʳʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ (ʅʇɸʆɸ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠʟ-ʟʘ ʝʛʦ ʨʝʥʪʘʙʝʣʴʥʳʭ ʠ ʣʝʛʢʦ ʨʘʩʰʠʨʷʝʤʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ [1], ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʝʛʦ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ [2,3]. 

ʌʦʪʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʅʇɸʆɸ ʜʝʣʘʶʪ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳʤ ʜʣʷ ʦʧ-

ʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ [4]. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ ʫʜʝʣʷʝʪʩʷ ʩʦ-

ʟʜʘʥʠʶ ʢʦʤʧʦʟʠʪʥʳʭ ʤʝʤʙʨʘʥ ʅʇɸʆɸ ʚ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʤʙʨʘʥ ʅʇɸʆɸ [5] ʀʟʚʝʩʪʥʳ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʘʚʪʦʨʳ ʦʧʠʩʳ-

ʚʘʣʠ 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 (ʚʜʦʣʴ ʦʩʝʡ ʧʦʨ) [7]. ʈɹʆ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦʢʘ-

ʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʨʝʰʝʪʦʢ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

(ʧʦʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʜʠʘʤʝʪʨʘ) ʠʣʠ ʚʥʫʪʨʠʧʦʨʦʚʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

(ʧʦʨʳ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʜʠʘʤʝʪʨʘ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʬʦʪʦʥʥʳʭ ʩʪʦʧ-ʟʦʥ (ʧʦʣʦʩ) ʜʣʷ ʩʚʝʪʘ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʪʠ-

ʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʤʝʤ-

ʙʨʘʥʳ ʧʦʨʠʩʪʦʛʦ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʙʨʵʛʛʦʚ-

ʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʤʙʨʘʥʳ, 

ʦʪʤʝʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʙʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʦʤ ʦʩʷʤ ʧʦʨ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʘ ʙʦʣʝʝ ʚʳʛʦʜʥʘʷ ʤʝʪʦʜʠʢʘ ʟʘʧʦʣʥʝʥʴʷ ʧʦʨ.  

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʛʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ 

ʤʝʤʙʨʘʥ ʦʢʩʠʜʦʤ ʮʠʥʢʘ, ʥʘʥʝʩʸʥʥʳʤ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ (ʨʠʩ.1)  

ʠ ʟʦʣʴ ʛʝʣʴ ʤʝʪʦʜʦʤ (ʨʠʩ.2). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʠʜʥʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʦʢʩʠʜʦʤ ʮʠʥʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠ-

ʯʝʥʠʶ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʚʳʧʦʣʥʝʥʥʘʷ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʙʣʠʟʢʠʝ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʚʳʧʦʣʥʝʥʥʦʡ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥ-

ʥʦʛʦ ʥʘʧʳʣʝʥʠʷ.  
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ʘ) ʙ)  

ʈʠʩ 1.  ʉʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʘ 

ZnO/Al2O3ʜʣʷ ʨʘʟʥʳʭ ʫʛʣʦʚ ʘ)30o, ʙ)45o 

 

 
ʈʠʩ 2 ï ʉʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʥʘʥʦʢʦʤ-

ʧʦʟʠʪʘ ZnO/Al 2O3 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ çʉʝʥʩʦʨ-2è. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽɾʀʄʆɺ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʉʇʀʅʆɺʆʁ 

ɺʆʃʅʓ ɺ ʃɸʊɽʈɸʃʔʅʆ ʉɺʗɿɸʅʅʓʍ ɺʆʃʅʆɺʆɼɸʍ ʉ  

ʆʈʊʆɻʆʅɸʃʔʅʓʄ ʕʃɽʄɽʅʊʆʄ. 

ʄʘʩʣʠʡ ʈ.ɺ.1*, ʉʘʜʦʚʥʠʢʦʚ ɸ.ɺ.1 
1Saratov State University 

*romamaslij5@gmail.com 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʠʩʩʣʝʜʫʝʤ ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʣʘʟʝʨʦʤ, ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʝʨʝʜʘʯʠ ʩʧʠʥʦʚʦ-ʚʦʣʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʙʦʢʦʚʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ ʩʠʩʪʝʤʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʦ-

ʜʦʚ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʜʝʣʠʪʝʣʷ ʩʠʛʥʘʣʘ ʠ ʣʦʛʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʟʘʜʝʨʞʢʦʡ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʇʝʨʝʜʘʯʘ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠʣʠ ʩʧʠʥʘ ʵʣʝʢʪʨʦʥʘ ʚʤʝʩʪʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʠʥ-ʚʦʣʥʦʚʳʭ ʢʚʘʥʪʦʚ - ʤʘʛ-

ʥʦʥʦʚ - ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʦʙʨʘʙʦʪʢʝ, ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ 

ʩʠʛʥʘʣʦʚ, ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ʉɺ) ʚ ʤʠʢʨʦ-

ʚʦʣʥʦʚʦʤ ʠ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʠʥʳ ʚʦʟʙʫʞʜʘʝʤʳʭ ʇʆ 

ʢʦʣʝʙʣʶʪʩʷ ʦʪ ʩʦʪʝʥ ʤʠʢʨʦʥ ʜʦ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ ʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ: ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʪʠʧʘ ʠ ʚʝʣʠʯʠʥʳ ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʫʪʝʤ ʦʙ-

ʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʧʣʝʥʦʢ ʩ ʧʦʤʦʱʴʶ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʞʠʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʧʠʥʦʚʳʭ 

ʚʦʣʥ ʚ ʤʘʩʩʠʚʘʭ ʤʠʢʨʦʚʦʣʥʦʚʦʜʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʜʚʫʤʷ ʩʣʦʷʤʠ ʛʠʛʨʦʤʝʪʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ "ʫʟʦʨʦʚ", ʬʦʨ-

ʤʠʨʫʝʤʳʭ ʩʧʠʥ-ʚʦʣʥʦʚʳʤ ʩʠʛʥʘʣʦʤ ʧʨʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʩʠʩʪʝʤʝ ʧʨʦ-

ʜʦʣʴʥʦ-ʥʝʨʝʛʫʣʷʨʥʳʭ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʠʢʨʦʚʦʣʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʢʘʞʜʦʤ ʩʣʦʝ ʩʪʨʫʢʪʫʨʳ. 

ʄʠʢʨʦʤʘʛʥʠʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ [1] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʩʠʩʪʝʤʳ ʧʦʧʝ-

ʨʝʯʥʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʬʝʨʨʠʪʦʚʳʭ ʤʠʢʨʦʚʦʣʥ (ʨʠʩ. 1) [2-3] ʠʟ ʧʣʝʥʢʠ 

ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʛʘʣʣʠʡ-ʛʘʜʦʣʠʥʠʝ-

ʚʦʛʦ ʛʨʘʥʘʪʘ (GGG). ʉɺʏ-ʥʘʧʨʘʚʣʷʶʱʠʝ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʫʜʣʠʥʝʥʥʳʭ ʧʦʣʦʩ 

ʜʣʠʥʦʡ L = 6 ʤʤ, ʰʠʨʠʥʦʡ b = 300 ʤʢʤ ʠ ʪʦʣʱʠʥʦʡ c = 10 ʤʢʤ, ʦʙʨʘʟʫʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʚʦʣʥʦʚʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩ ʟʘʟʦʨʘʤʠ ʚ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠ ʦʜʥʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʥʘʜ ʥʠʤʠ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʤʫʣʷʞʘ ʩʦʩʪʘʚʣʷʣʘ 139 ɻʩ, ʘ ʚʝʣʠʯʠʥʘ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʜʦʣʴ ʦʩʠ y, ʩʦʩʪʘʚʣʷʣʘ 1200 ʕ. ʏʠʩ-

ʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʯʘʩʪʦʪʝ 5,2 ɻɻʮ. ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʧʠʥʦ-

ʚʳʭ ʚʦʣʥ. ʉʚʷʟʘʥʥʳʝ ʬʝʨʨʠʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʰʠʨʷʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʘ-

ʨʘʤʝʪʨʘ - ʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʨʦʚʦʣʥʦʚʳʤʠ ʚʦʣʥʘʤʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠʩʷ ʚ ʦʪ-

ʜʝʣʴʥʳʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʧʣʝʥʢʘʭ. 
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ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʰʝʪʢʠ ʉɺʏ-ʥʘʧʨʘʚʣʷʶʱʠʭ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: a ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʟʘʟʦʨ; c ï ʰʠʨʠʥʘ; L ï ʜʣʠʥʘ ʉɺʏïʜʠʦʜʦʚ; Pin ʠ 

Pout - ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʘʥʪʝʥʥʳ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʧʨʠʝʤʘ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʜʚʦʡʥʦʤʫ ʢʦʥʪʨʦʣʶ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ CB ʚ ʨʝʰʝʪʢʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʙʦʢʦʚʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴ-

ʥʦʛʦ ʪʠʧʦʚ ʩʚʷʟʠ.  

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ 

ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʚʦʣʥʦʚʦʜʦʚ.  

ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʳ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʬʠʣʷ ʧʫʯʢʘ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʦʷʚ-

ʣʝʥʠʠ ʵʬʬʝʢʪʦʚ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʜʠʧʦʣʴʥʦʡ ʩʚʷʟʠ ʠ ʥʝ-

ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʦʪ ʤʦʱʥʦʩʪʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʚ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ˉ20-79-10191. 
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ʋʄɽʅʔʐɽʅʀɽ ɿɸʊʋʍɸʅʀʗ ʇʆɺɽʈʍʅʆʉʊʅʆʁ ɺʆʃʅʓ ɺ 
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ʀ. ʄ. ʄʦʠʩʝʝʥʢʦ1, ɼ. ɺ. ʌʘʪʝʝʚ1,2 

1 ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ 

ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 
2 ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʫʩʠʣʠʪʝʣʝʡ, ʠʩʪʦʯʥʠʢʦʚ ʠ ʜʝʪʝʢʪʦʨʦʚ ʪʝʨʘʛʝʨ-

ʮʦʚʦʛʦ (ʊɻʮ) ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʬʦʪʦʥʠʢʠ [1-3]. ʇʦʤʠʤʦ ʛʨʘʬʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʠʥ-

ʚʝʨʩʥʦʡ ʥʘʩʝʣʝʥʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʠʥʪʝʨʝʩʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʊɻʮ-ʫʩʠʣʠ-

ʪʝʣʝʡ ʠ ʠʩʪʦʯʥʠʢʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. ɺʦʟʤʦʞʥʦʩʪʴ ʫʩʠʣʝʥʠʷ ʊɻʮ ʠʟʣʫʯʝʥʠʷ ʟʘ 

ʩʯʝʪ ʯʝʨʝʥʢʦʚʩʢʦʡ ʵʤʠʩʩʠʠ ʧʣʘʟʤʦʥʦʚ ʜʨʝʡʬʫʶʱʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʛʨʘʬʝʥʝ ʚ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʝ [4]. ʇʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʪʦʢ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ 

ʚ ʛʨʘʬʝʥʝ ʧʨʠʚʦʜʠʪ ʢ ʝʤʢʦʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʛʨʘʬʝʥʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʚ ʥʝʤ ʫʩʠʣʠʚʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʧʝʨʝʯʥʦ-ʵʣʝʢʪʨʠʯʝʩʢʠʭ (ʊɽ) 

ʚʦʣʥ [5, 6].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʜʠʩʧʝʨʩʠʷ ʠ ʟʘʪʫʭʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʟʤʝʥ-

ʥʦʡ ʚʦʣʥʳ ʚ ʛʨʘʬʝʥʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʧʨʦʠʟʚʦʣʴʥʦ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʚʦʣʥʳ. ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʩʣʦʡ ʛʨʘʬʝʥʘ 

ʦʢʨʫʞʝʥ ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʤʠ ʜʠʵʣʝʢʪʨʠʢʘʤʠ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʷʤʠ e1,2. ʃʠʩʪ ʛʨʘʬʝʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʣʦʢʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʦʡ 

ʚ ʨʘʤʢʘʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ʅʘʣʠʯʠʝ ʜʨʝʡʬʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʧʦʜ ʫʛʣʦʤ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʟʤʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʝʥʟʦʨʥʦʤʫ 

ʚʠʜʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʛʨʘʬʝʥʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʚʦʣʥʘ ʠʤʝʝʪ ʩʤʝʰʘʥ-

ʥʫʶ ʊʄ+ʊɽ ʧʦʣʷʨʠʟʘʮʠʶ. ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʪʘʢʠʭ ʚʦʣʥ ʚ ʩʣʫʯʘʝ 

ʧʨʦʠʟʚʦʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʘ ʚ ʛʨʘʬʝʥʝ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʚʩʝ ʵʣʝʤʝʥʪʳ ʪʝʥʟʦʨʘ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʛʨʘʬʝʥʘ („ȟ̄ ̅ ̆ὭȟὮ ὼȟᾀ) ʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘ-

ʧʠʩʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  

 

‐‫ „ πȟ       (1) 
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ʛʜʝ Ὧ ȟ ȟȾ̒‐‫ Ὧ  ï ʧʦʧʝʨʝʯ-

ʥʦʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, ,ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ‫ 

ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, Ὧ ï ʧʨʦʜʦʣʴʥʦʝ ʚʦʣʥʦ-

ʚʦʝ ʯʠʩʣʦ, ‐  ʠ ‘ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛ-

ʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʪʫ-

ʭʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʚʦʣʥʘ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʠ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʨʝʡʬʘ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʫʩʠʣʠʚʘʶʱʝʡʩʷ 

ʧʣʘʟʤʦʥʥʦʡ ʤʦʜʳ [7]), ʜʠʩʧʝʨʩʠʷ ʵʪʦʡ 

ʤʦʜʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1(a). ɿʘʪʫʭʘʥʠʝ ʪʘ-

ʢʦʡ ʤʦʜʳ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʫʛʣʘ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʨʝʡʬʘ ʥʦʩʠ-

ʪʝʣʝʡ ʠ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ʊʄ+ʊɽ 

ʚʦʣʥʳ (ʨʠʩ. 1(b)). ʋʤʝʥʴʰʝʥʠʝ ʟʘʪʫʭʘʥʠʷ 

ʧʨʠ ʢʦʩʦʤ ʜʨʝʡʬʝ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝ-

ʥʠʝʤ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ Vx0 

(ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ Vz0). ɺ ʩʣʫʯʘʝ ʜʨʝʡʬʘ ʥʦ-

ʩʠʪʝʣʝʡ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʚʦʣʥʦʚʦʤʫ 

ʚʝʢʪʦʨʫ, ʟʘʪʫʭʘʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʙʣʠ-

ʟʠʪʝʣʴʥʦ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʪʫʭʘ-

ʥʠʝʤ ʧʣʘʟʤʦʥʦʚ ʚ ʩʣʫʯʘʝ ʢʦʣʣʠʥʝʘʨʥʦʛʦ 

ʜʨʝʡʬʘ ʠ ʥʘʧʨʘʚʣʝʥʠ ̫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʣʘʟʤʦʥʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʈʅʌ, ʛʨʘʥʪ ˉ 22-19-00611. 
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ʈʠʩ. 1. (ʘ) ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ (ʙ) 
ʤʥʠʤʘʷ ʯʘʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʯʠʩʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʊʄ+ʊɽ ʚʦʣʥʳ 

ʚ ʛʨʘʬʝʥʝ ʚ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʨʝʡʬʘ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʦʡ ʚʦʣʥʳ. ʇʘʨʘ-

ʤʝʪʨʳ ʛʨʘʬʝʥʘ: ʵʥʝʨʛʠʷ ʌʝʨʤʠ 200 

ʤʕʚ, t = 0.5 ʧʩ, ʩʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʵʣʝʢ-

ʪʨʦʥʦʚ, ʩʦʥʘʧʨʘʚʣʝʥʥʘʷ ʩ ʚʦʣʥʦʚʳʤ 

ʚʝʢʪʦʨʦʤ 
2 2

0 0 0,x zV V V= -  ʛʜʝ 

0 F0.5V V= , ʛʜʝ VF ï ʩʢʦʨʦʩʪʴ ʌʝʨʤʠ ʚ 

ʛʨʘʬʝʥʝ. 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     84 

ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ɺʀʍʈɽɺʓʍ ʉʊʈʋʂʊʋʈ ʅɸ ɼɺʀɾɽʅʀɽ ʊɽʃɸ ʉ 

ʆʉʊʈʆʁ ʂʈʆʄʂʆʁ 

ʃ.ʅ. ʄʦʢʨʫʰʠʥʘ, ɽ.ɺ. ɺʝʪʯʘʥʠʥ 
ʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

E-mail: lmokrush@mail.ru 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣ, ʧʦʜʦʙʥʳʭ ʨʳʙʦʧʦʜʦʙʥʦʤʫ ʚʦʜʥʦʤʫ ʨʦʙʦʪʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [1], ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝ-

ʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʘ ʪʘʢʞʝ 

ʤʦʜʝʣʠ ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥ-

ʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʨʘʚ-

ʥʝʥʠʡ ʩ ʟʘʧʘʟʜʳʚʘʶʱʠʤ ʘʨʛʫʤʝʥʪʦʤ. 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʚʤʝʩʪʦ ʠʩʭʦʜʥʦʛʦ ʧʨʦʬʠʣʷ ʠʟ ʨʘʙʦʪʳ [1] ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʬʠʣʴ 

ɾʫʢʦʚʩʢʦʛʦ, ʟʘʜʘʥʥʦʛʦ ʢʦʥʬʦʨʤʥʳʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʚʠʜʘ 

 
(1) 

ʘ ʪʘʢʞʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ. ʇʨʠ ʪʘʢʦʤ ʜʚʠʞʝʥʠʠ 

ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʢʦʪʦʨʳʡ ʚ ʦʙʱʝʤ ʚʠʜʝ ʠʤʝʝʪ ʚʠʜ 

 
(2) 

ʛʜʝ u1, u2, ʖ ð ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʠ ʚʨʘʱʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʮʠʨ-

ʢʫʣʷʮʠʷ ɜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʂʫʪʪʳ-ʏʘʧʣʳʛʠʥʘ ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ. ʇʨʠ ʥʝʥʫʣʝʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʧʦ ʚʨʝʤʝʥʠ ʧʨʠ ʚʳ-

ʯʠʩʣʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠʟ ʠʥʪʝʛʨʘʣʘ ʂʦʰʠ-ʃʘʛʨʘʥʞʘ ʚʦʟʥʠʢʘʝʪ ʦʩʦʙʝʥʥʦʩʪʴ, ʩʚʷʟʘʥ-

ʥʘʷ ʩ ʪʝʤ, ʯʪʦ ʘʨʛʫʤʝʥʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʟʥʘʯʥʦʡ ʬʫʥʢʮʠʝʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʚʣʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʧʨʦʬʠʣʷ ʚʝʜʝʪ ʩʝʙʷ ʥʝʦʜʥʦʟʥʘʯʥʦ, ʪʦ ʝʩʪʴ 

ʠʤʝʝʪ ʨʘʟʨʳʚ. ɿʥʘʯʠʪ, ʪʘʢʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ. 

ɼʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [2] ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʯʠʪʳʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʚʦʡ ʧʝʣʝʥʳ, ʛʜʝ ʢʘʩʘʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʪʝʨʧʠʪ 

ʨʘʟʨʳʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʩʠʥʛʫʣʷʨʥʦʛʦ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ð 

ʫʨʘʚʥʝʥʠʷ ɹʠʨʢʛʦʬʘ-ʈʦʪʪʘ [3]: 

 
(3) 

ʀʥʪʝʛʨʘʣ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (3) ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʩʤʳʩʣʝ ʛʣʘʚʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3) ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ɽʝ ʤʦʞʥʦ ʝʱʝ ʫʧʨʦʩʪʠʪʴ, ʟʘʤʝʥʷʷ ʥʝʧʨʝʨʳʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʭʨʝʡ 

ʜʠʩʢʨʝʪʥʳʤ [4]. 

ɼʣʷ ʤʦʜʝʣʠ ʩ ʪʦʯʝʯʥʳʤ ʩʭʦʜʦʤ ʚʠʭʨʝʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʘʥʘʣʦʛʠʯʥʳʡ (2) 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʡ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʡ ʩʠʩʪʝʤʳ ʦʥ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 
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(4) 

ʛʜʝ ʚʠʭʨʠ ʜʦʙʘʚʣʷʶʪʩʷ ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʄʠʣʥʘ-ʊʦʤʩʦʥʘ [5]. 

ɿʥʘʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʩʠʣʳ ʠ ʤʦʤʝʥʪ ʩʠʣ ʧʦ ʬʦʨ-

ʤʫʣʘʤ ʉʝʜʦʚʘ [2] 

 

(5) 

 

 

(6) 

ʛʜʝ f1, f2, g ð ʬʫʥʢʮʠʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʦʨʜʠʥʘʪ ʚʠʭʨʝʡ, ʠʭ ʩʢʦʨʦʩʪʝʡ ʠ ʧʦʩʪʫʧʘ-

ʪʝʣʴʥʦʡ ʠ ʚʨʘʱʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩʠʣ ʠ ʤʦʤʝʥʪʘ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʷ ʩʦʚʤʝʩʪ-

ʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʦʬʠʣʷ ʠ ʚʠʭʨʝʡ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʨʘʩʯʝʪ ʜʚʠʞʝʥʠʷ ʪʦʯʝʯʥʳʭ ʚʠʭʨʝʡ ʚʝʜʝʪʩʷ ʚ ʁ-ʧʣʦʩʢʦʩʪʠ, ʛʜʝ ʧʨʦ-
ʬʠʣʴ ɾʫʢʦʚʩʢʦʛʦ ʩʯʠʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ ʢʨʫʛʦʤ, ʠ ʧʝʨʝʚʦʜʠʪʩʷ ʚ z-ʧʣʦʩʢʦʩʪʴ 

ʦʪʦʙʨʘʞʝʥʠʝʤ (1). 

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʚ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʧʨʦʤʝʞʫ-

ʪʦʢ ɝÔ πȢς ʜʦʙʘʚʣʷʣʩʷ ʥʦʚʳʡ ʪʦʯʝʯʥʳʡ ʚʠʭʨʴ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ Á
πȢχʁ Á, ʛʜʝ ʁ  ð ʢʦʦʨʜʠʥʘʪʘ ʧʦʩʣʝʜʥʝʛʦ ʚʠʭʨʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʚʳ-

ʯʠʩʣʷʝʤʦʡ ʠʟ ʫʩʣʦʚʠʷ ʂʫʪʪʳ-ʏʘʧʣʳʛʠʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʠʣʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ:  

a = 1.5, k = 2, ʁ = 0.2, K(t) = Ů ÓÉÎɱÔ, Ů = 20, ɱ ςʌ, x1 = x2 = ʃ = P1 = P2 = M = 0. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (FEWS-2024-0007). 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. Tallapragada, P., A Swimming Robot with an Internal Rotor As a Nonholonomic System // Proc. 

of the American Control Conf. (ACC, Chicago, Ill ., Jul 2015), pp. 657ï662 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     86 

2. ʉʝʜʦʚ ʃ.ʀ., ʇʣʦʩʢʠʝ ʟʘʜʘʯʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʘʵʨʦʜʠʥʘʤʠʢʠ // ʄʦʩʢʚʘ: ɻʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ ʪʝʭʥʠʢʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ. 1950. 

3. Saffman P. G. Vortex dynamics // Cambridge university press. 1995. 

4. Mason, R.~J., Fluid Locomotion and Trajectory Planning for Shape-Changing Robots // PhD 

Dissertation, California Institute of Technology, Pasadena, Calif., USA, 2003, 264 pp. 

5. Milne-Thomson L. M. Theoretical hydrodynamics // Courier Corporation, 2013. 

  



87                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ɺʃʀʗʅʀɽ ʊɽʇʃʆɺʓʍ ʈɽɾʀʄʆɺ ʅɸ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀɽ 

ʕʃɽʂʊʈʆʅʅʆ-ʆʇʊʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ ʃɹɺ ʉ ʈɸɼʀɸʎʀʆʅʅʓʄ 

ʆʍʃɸɾɼɽʅʀɽʄ ɺ ɼʀʅɸʄʀʏɽʉʂʆʄ ʈɽɾʀʄɽ ʈɸɹʆʊʓ 

ɽ.ʉ. ʄʦʣʷʢʦʚʘ1, ɼ.ʃ. ʐʘʣʘʰʦʚʘ1,2, ʄ.ɺ. ʈʘʭʤʘʪʫʣʠʥ1,2, ʀ.ʆ. ʏʠʛʫʨʦʚ1 
1ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çɸʣʤʘʟè. 

2ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻʘʛʘʨʠʥʘ ʖ. ɸ. 

E-mail: molykova@yandex.ru 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʘʤʧʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ (ʃɹɺ) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝ-

ʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʃɹɺ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʥʦ ʠ ʚʦʟʨʘʩʪʘʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʝ-

ʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤʫ ʫʨʦʚʥʶ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʠʟʜʝʣʠʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʜʣʷ 

ʠʟʜʝʣʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʦʜʠʥ ʩʧʦʩʦʙ ʦʭʣʘ-

ʞʜʝʥʠʷ ʩʧʫʪʥʠʢʘ ï ʠʟʣʫʯʝʥʠʝ ʪʝʧʣʘ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ [1]. 

ʃɹɺ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʨʝʜʳ. ɼʣʷ ʠʟʜʝʣʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʥʠʤʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʠʪʳ ʦʭʣʘʞʜʝʥʠʷ, ʥʘ ʢʦʪʦʨʫʶ 

ʫʩʪʘʥʦʚʣʝʥʘ ʃɹɺ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ ʃɹɺ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʘʷ ʧʝʨʠ-

ʦʜʠʯʝʩʢʘʷ ʬʦʢʫʩʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ (ʄʇʌʉ) [2,3]. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʝʧʣʦʚʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʦʙʨʘʪʠʤʳʤ, ʪʘʢ ʠ 

ʥʝʦʙʨʘʪʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʘʤʧʣʠʪʫʜʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢ-

ʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʕʆʉ) ʃɹɺ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʧʦʚʳʰʝʥʥʦʡ ʠ ʧʦʥʠʞʝʥ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʪʨʘʝʢʪʦ-

ʨʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ 

ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʕʆʉ ʃɹɺ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ (ʩ ʧʦʜʘʯʝʡ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ) ʚ 

ʥʦʨʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʧʨʦʛʨʘʤʤʝ SolidWorks Flow Simulation [4] ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ 

ʨʝʞʠʤʘ ʃɹɺ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʄʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʠʩʩʣʝʜʫʝʤʦʡ ʃɹɺ, ʨʘʚʥʘ -15 Áʉ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʚʥʘ 65 Áʉ. ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ-

ʜʘʶʪʩʷ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʘʜʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʃɹɺ. ʇʨʠ ʵʪʦʤ, ʧʨʠ ʨʘʩʯʝʪʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʘ ʚ ʃɹɺ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ ʫʯʠʪʳʚʘʝʪʩʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʨʘʜʠʘʪʦʨ ʢʦʣʣʝʢʪʦʨʘ ʨʘʚʥʘʷ 19,32 ɺʪ, ʧʨʠ 

ʦʩʚʝʱʝʥʠʠ ʝʛʦ ʉʦʣʥʮʝʤ ʚʝʨʪʠʢʘʣʴʥʦ ʩʚʝʨʭʫ ʚʥʠʟ. ʇʨʠ ʨʘʩʯʝʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʘ ʚ ʃɹɺ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʝʧʣʦʚʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʨʘʜʠʘʪʦʨ ʥʝ ʟʘʜʘʝʪʩʷ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʃɹɺ, ʧʦʩʪʨʦʝʥ-

ʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ SolidWorks. 
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                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     88 

 
ʈʠʩ. 1. 3D-ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʃɹɺ, ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ SolidWorks. 

 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʫʯʠʪʳʚʘʣʦʩʴ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʢʦʣʣʝʢʪʦʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʪʨʘʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʨʘʜʠʘʪʦʨʘ ʠ ʪʝʧʣʦʚʦʛʦ ʵʢʨʘʥʘ ʧʨʠ-

ʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ Ů = 0,8. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫ ʨʘ-

ʜʠʘʪʦʨʘ ʠ ʪʝʧʣʦʚʦʛʦ ʵʢʨʘʥʘ AS = 0,5. 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʦʚ ʃɹɺ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʨʘʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʄʇʌʉ. ʇʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʦ-

ʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʤʘʛʥʠʪ-

ʥʦʡ ʠʥʜʫʢʮʠʠ ʊʂʚ = 0,04%/Áʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʘʨʢʝ ʤʘʪʝʨʠʘʣʘ, 

ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʘ ʄʇʌʉ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʦʧʪʠʢʠ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʄʇʌʉ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʄʇʌʉ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘ ʫʨʦʚʝʥʴ ʪʦʢʦʧʨʦʭʦʞʜʝʥʠʷ. ʊʘʢ, ʥʘʠʙʦʣʝʝ ʥʝʙʣʘ-

ʛʦʧʨʠʷʪʥʦʡ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʄʇʌʉ ʠʩʩʣʝʜʫʝʤʦʡ ʃɹɺ ʦʢʘʟʘʣʘʩʴ ʨʘʙʦʪʘ 

ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʞʝʣʘʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʪʦʢʘ 

ʟʘʤʝʜʣʷʶʱʝʡ ʩʠʩʪʝʤʳ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʜʘʝʪ 

ʘʤʧʣʠʪʫʜʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ, ʚ 

ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ ʧʫʣʴʩʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ.  
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʩʦʙʝʥʥʦ ʥʘ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʫʨʦʚʥʝ, ʩʪʘʣʠ ʟʘʥʠʤʘʪʴ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʟʠʮʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ. ɺʦʟʥʠʢʣʘ ʥʦʚʘʷ ʦʙʣʘʩʪʴ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ð ʩʧʠʥʪʨʦʥʠʢʘ, ʙʣʘʛʦʜʘʨʷ ʚʘʞʥʳʤ ʥʘʫʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʠʤʝʶʱʠʤ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʥʘ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥ-

ʮʠʧʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʠʥʪʨʦʥʠʢʘ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘ-

ʩʪʴʶ ʵʣʝʢʪʨʦʥʠʢʠ, ʚ ʢʦʪʦʨʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʫʯʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʤʘʛʥʠʪ-

ʥʦʛʦ ʤʦʤʝʥʪʘ ʠʣʠ ʩʧʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʚ ʩʪʨʫʢʪʫʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʛ-

ʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʝʨʝʥʦʩ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʘʢʞʝ ʩ 

ʧʦʤʦʱʴʶ ʤʘʛʥʦʥʦʚ ʠʣʠ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʚ ʤʘʛʥʠʪʥʳʭ ʤʝʪʘʣʣʘʭ ʠ ʜʠʵʣʝʢʪʨʠʢʘʭ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʣʦ ʪʘʢʦʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʘʢ ʤʘʛʥʦʥʠʢʘ ð ʦʙʣʘʩʪʴ 

ʩʧʠʥʪʨʦʥʠʢʠ, ʠʟʫʯʘʶʱʘʷ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʚ ʤʘʛʥʠʪʥʳʭ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ [1-4]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʚ ʩʪʨʫʢʪʫʨʝ ʠʟ ʪʨʸʭ ʤʠʢʨʦʚʦʣʥʦʚʦʜʦʚ ʩ ʟʘʟʦʨʦʤ 

ʤʝʞʜʫ ʥʠʤʠ, ʧʨʠʯʝʤ ʚ ʟʘʟʦʨ ʧʦʤʝʱʘʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʨʝʟʦʥʘʪʦʨ. ɸ ʪʘʢʞʝ ʚʳ-

ʷʩʥʠʪʴ ʚʣʠʷʥʠʝ ʟʘʟʦʨʘ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʟ ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ 

(YIG) ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʛʘʣʣʠʡ-ʛʘʜʦʣʠʥʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (GGG). ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ɾʀɻ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʢʦʨʜʥʦ ʥʠʟʢʦʝ ʟʘʪʫʭʘʥʠʝ ʩʧʠʥʦ-

ʚʦʡ ʚʦʣʥʳ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʟ 

ʪʨʸʭ ʚʦʣʥʦʚʦʜʦʚ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʰʠʨʠʥʘ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢ-

ʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ a = 500 ʤʢʤ, ʜʣʠʥʥʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ɾʀɻ-ʨʝʟʦʥʘʪʦʨʘ b = 500 ʤʢʤ, 

ʜʣʠʥʥʘ ʙʦʢʦʚʳʭ ʤʠʢʨʦʚʦʣʥʦʚʦʜʦʚ ʩʦʩʪʘʚʣʷʝʪ c = 2750 ʤʢʤ, ʘ ʪʦʣʱʠʥʘ d = 10 

ʤʢʤ, ʦʙʱʘʷ ʜʣʠʥʘ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 6000 ʤʢʤ. ɺʝʣʠʯʠʥʘ ʟʘʟʦʨʘ g (ʦʙʦʟʥʘʯʝʥ 

Gap ʥʘ ʨʠʩ.1) ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 0, 15, 30 ʤʢʤ. ɺʝʣʠʯʠʥʘ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ H = 1200 ʕ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ (ʇʄʉɺ) ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʚʜʦʣʴ ʦʩʠ Oy. ɺʭʦʜʥʘʷ ʠ ʚʳʭʦʜʥʘʷ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʘʥʪʝʥʥʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʦʥʮʘʭ ʤʠʢʨʦʚʦʣʥʦʚʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʠ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʧʦʛʣʦʱʘʶʱʠʝ ʩʣʦʠ, ʦʪʤʝʯʝʥʥʳʝ çpmlè ʥʘ ʨʠʩ.1, 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʪʨʘʞʝʥʠʷ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ ʦʪ ʢʨʘʝʚ ʤʠʢʨʦʚʦʣʥʦʚʦʜʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʠ ʩʯʠʪʳʚʘʥʠʝ ʩʠʛʥʘʣʘ ʩ ʧʦ-

ʤʦʱʴʶ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʘʥʪʝʥʥ p_in, p_out1 ʠ p_out2. 
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ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʝ mumax3 [5]. ʕʪʦʪ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʧʘʢʝʪ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ ʚ ʩʪʨʫʢʪʫʨʘʭ. ɼʣʷ ʵʪʦʛʦ ʩʪʨʫʢʪʫʨʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʩʝʪʢʫ, ʚ ʢʘʞ-

ʜʦʤ ʫʟʣʝ ʢʦʪʦʨʦʡ ʨʝʰʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʃʘʥʜʘʫ-ʃʠʚʰʠʮʘ-ɻʠʣʙʝʨʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ (ɸʏʍ) ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ɸʏʍ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʩʠʛʥʘʣ ʧʦʜʘ-

ʚʘʣʩʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʘ ʚʭʦʜʥʫʶ ʘʥʪʝʥʥʫ ʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʚʳʭʦʜʥʦʡ ʘʥʪʝʥʥʝ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʢʨʦʤʘʛʥʠʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ MATLAB. ʉ ʧʦʤʦʱʴʶ ʜʚʫʤʝʨʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʩʪʨʦʠʣʠʩʴ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ɸʏʍ ʜʣʷ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦʡ ʥʘ ʨʠʩ. 1 ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 4.9-5.9 ɻɻʮ. ʉʠʥʝʡ ʣʠʥʠʝʡ (ʥʘ ʚʩʝʭ ʛʨʘʬʠʢʘʭ ʦʥʘ ʠʟʦʙʨʘʞʝʥʘ 

ʚʳʰʝ) ʥʘ ʚʩʝʭ ʛʨʘʬʠʢʘʭ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ɸʏʍ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʚʳʭʦʜʥʦʡ ʘʥ-

ʪʝʥʥʳ p_out1, ʜʣʷ ʟʘʟʦʨʦʚ Gap ʚ 0, 15 ʠ 30 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʘʩʥʦʡ ʣʠʥʠʝʡ  
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ʈʠʩ. 2. ʉʣʝʚʘ ï ɸʏʍ ʧʨʠ Gap = 0 ʤʢʤ, ʧʦ ʮʝʥʪʨʫ  ɸʏʍ ʧʨʠ Gap = 15ʤʢʤ, ʩʧʨʘʚʘ ɸʏʍ 

ʧʨʠ Gap = 30ʤʢʤ. ʉʠʥʠʤ ï ʜʘʥʥʳʝ ʩ ʘʥʪʝʥʥʳ p_out1, ʢʨʘʩʥʳʤ ï ʩ ʘʥʪʝʥʥʳ p_out2. 

 

ɸʏʍ ʩ ʚʳʭʦʜʥʦʡ ʘʥʪʝʥʥʳ p_out2. ʅʘ ʣʝʚʦʤ ʛʨʘʬʠʢʝ ʚʠʜʥʦ ʧʨʠ ʟʘʟʦʨʝ Gap = 0, 

ʯʪʦ ʚʝʣʠʯʠʥʘ ʘʤʧʣʠʪʫʜʳ ʥʘ ʨʘʟʥʳʭ ʚʳʭʦʜʥʳʭ ʘʥʪʝʥʥʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʚʧʘ-

ʜʘʶʪ ʠ ʠʤʝʶʪ ʦʙʱʠʝ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʣʠʰʴ ʧʦʩʣʝ 5.8 ɻɻʮ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ 

ʛʨʘʬʠʢʘʭ ʩ ʚʝʣʠʯʠʥʦʡ ʟʘʟʦʨʘ Gap = 15 ʠ 30 ʤʢʤ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʩʣʝʜʫʶʱʫʶ 

ʪʝʥʜʝʥʮʠʶ: ʥʘ ʯʘʩʪʦʪʝ ~5.35 ɻɻʮ ʠ ʜʘʣʝʝ ʚʝʣʠʯʠʥʘ ʘʤʧʣʠʪʫʜʳ ʩ ʦʙʦʠʭ ʚʳʭʦʜʥʳʭ 

ʘʥʪʝʥʥ ʥʘʯʠʥʘʝʪ ʚʩʸ ʙʦʣʝʝ ʩʦʚʧʘʜʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʟʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ ʚʦʣʥʦʚʦʜʘ ʩ ʦʪʚʝʪʚ-

ʣʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʧʣʸʥʢʠ ɾʀɻ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʙʫʞʜʘʶʪʩʷ ʇʄʉɺ. 

ʋʯʠʪʳʚʘʷ ʠʟʣʦʞʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʊ-ʦʙʨʘʟʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʟʘʟʦʨʘ Gap ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ, 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʚʳʭʦʜʥʳʭ ʘʥʪʝʥʥ ʠ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ. 

ʅʘʣʠʯʠʝ ʧʦʜʦʙʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚʦʣʥʳ ʚ ʤʘʛʥʦʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʦʪʢʨʳʚʘʶʪ ʰʠʨʦ-

ʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʥʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʉɺʏ- ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʥʘ ʩʧʠʥʦʚʳʭ ʚʦʣʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʉɺʏ-

ʬʠʣʴʪʨʘʭ, ʜʣʷ ʠʥʚʝʨʩʠʠ ʯʘʩʪʦʪʳ, ʙʫʬʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʪ. ʜ. [6].  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʈʅʌ 20-79-10191. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʩʫʙ-ʊɻʮ ʠ ʊɻʮ [1] ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʠʥ-

ʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʠʭ ʦʛʨʦʤʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʙʝʩ-

ʧʨʦʚʦʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʚʦʣʥʳ ʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʥʝʤʝʪʘʣ-

ʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʢʨʳʪʳʭ ʦʙʲʝʢʪʦʚ. ʊɻʮ-ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 

ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʚʝʱʝʩʪʚ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʠ [1-3]. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʨʘʟʤʝʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ 

ʣʠʪʦʛʨʘʬʠʷ, ʛʣʫʙʦʢʦʝ ʨʝʘʢʪʠʚʥʦʝ ʠʦʥʥʦʝ ʪʨʘʚʣʝʥʠʝ, ʤʠʢʨʦʬʨʝʟʝʨʦʚʘʥʠʝ ʩ ʯʠʩ-

ʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʘʷ 3D-ʧʝʯʘʪʴ ʠ 3D-ʧʝʯʘʪʴ ʩ ʮʠʬʨʦʚʦʡ ʦʙʨʘ-

ʙʦʪʢʦʡ ʩʚʝʪʘ (DLP) ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʵʣʝʢ-

ʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ [4] ʜʣʷ ʧʨʠʙʦʨʦʚ ʚʘʢʫʫʤʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʩʫʙ-ʊɻʮ 

ʜʠʘʧʘʟʦʥʘ, ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ DLP 3D-ʧʝʯʘʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʪʘʣʣʠʟʘʮʠʠ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟʜʝʣʠʡ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ [5]. ɹʳʣʠ ʠʟʫ-

ʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʧʨʦʚʝ-

ʜʝʥʳ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʤʦʨʬʦʣʦʛʠʠ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʚʦʣʥʦʚʦʜʦʚ ʩʪʘʥʜʘʨʪʦʚ WR10 ʠ WR15, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦ-

ʥʘʭ W (70-110 ɻɻʮ) ʠ V (50-70 ɻɻʮ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʥʩʪʨʫʢʮʠʠ ʩʦʩʪʦʷʪ ʠʟ 

ʜʚʫʭ ʯʘʩʪʝʡ: ʥʠʞʥʝʡ ʯʘʩʪʠ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʧʘʟʦʤ ʠ ʚʝʨʭʥʝʡ ʥʘʢʣʘʜʢʠ, ʩʦʝʜʠ-

ʥʸʥʥʳʭ ʚʠʥʪʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ WR-15 ʠ WR-10 ʩ 

ʪʦʣʱʠʥʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ 3 ʤʢʤ. ɼʣʷ WR-15 ʧʦʪʝʨʠ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʩʦʩʪʘʚʠʣʠ 

ʦʢʦʣʦ -0.2 ʜɹ/ʩʤ, ʘ ʜʣʷ WR-10 ï ʤʝʥʝʝ -0.4 ʜɹ/ʩʤ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 75-110 ɻɻʮ.  

ɺ ʭʦʜʝ ʪʝʢʫʱʝʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʜʠʥʦʯʥʘʷ ʛʨʝʙʸʥʢʘ, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʘʷ ʜʣʷ ʨʘʙʦʪʳ ʚ W-ʜʠʘʧʘʟʦʥʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ: (ɸ) ʪʨʸʭʤʝʨʥʘʷ 

ʤʦʜʝʣʴ ʟʘʤʝʜʣʷʶʱʝʡ ʩʠʩʪʝʤʳ (ɿʉ), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘ-

ʩʪʦʪ W ʚ ʧʨʦʛʨʘʤʤʝ Autodesk Fusion 360; (ɹ) ʬʦʪʦʛʨʘʬʠʷ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʡ ɿʉ 

ʪʠʧʘ ʦʜʠʥʦʯʥʦʡ ʛʨʝʙʸʥʢʠ. ʄʘʢʝʪ ɿʉ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʥʠʞʥʝʡ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʳ ʠ ʚʝʨʭʥʝʡ ʢʨʳʰʢʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ ʤʘʛ-
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ʥʝʪʨʦʥʥʳʤ ʨʘʩʧʳʣʝʥʠʝʤ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ 41 ʣʘʤʝʣʠ ʠ ʩʦʛʣʘʩʫʶʱʠʭ ʩʝʢ-

ʮʠʡ, ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ 11 ʣʘʤʝʣʝʡ ʩ ʫʤʝʥʴʰʘʶʱʝʡʩʷ 

ʚʳʩʦʪʦʡ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʫʶʱʠʭ ʧʝʨʝʭʦʜʦʚ ʢ ʚʦʣʥʦʚʦʜʘʤ ʩʪʘʥʜʘʨʪʘ WR-10. ʀʟʛʦ-

ʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʛʨʝʙʸʥʢʠ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʯʪʦ ʧʦʢʘʟʘʣʦ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʥʝʝ 3%. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʪʦʪʠʧʠ-

ʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʚʢʣʶʯʘʶ-

ʱʘʷ DLP-3D-ʧʝʯʘʪʴ ʠ ʤʘʛʥʝʪʨʦʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ. ʈʘʥʝʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʷ-

ʤʳʝ ʚʦʣʥʦʚʦʜʥʳʝ ʩʝʢʮʠʠ WR10 ʠ WR15, ʢʦʪʦʨʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʧʫʩʢʘʥʠʷ. ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ɿʉ 

ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʯʴʠ ʢʦʤʧʦʥʝʥʪʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʉʕʄ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʭʦʣʦʜʥʳʝ ʠʟ-

ʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʜʠʥʦʯʥʦʡ ʛʨʝʙʸʥʢʠ. 

 
ʈʠʩ. 1. (A) ʊʨʸʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ɿʉ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ W. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ʦʜʠʥʦʯʥʦʡ ʛʨʝʙʸʥʢʠ: ʰʠʨʠʥʘ ʢʘʥʘʣʘ b = 1.9 ʤʤ, ʪʦʣʱʠʥʘ ʣʘʤʝʣʠ s = 0.162 ʤʤ, ʧʝʨʠʦʜ 

p = 0.513 ʤʤ, ʚʳʩʦʪʘ ʣʘʤʝʣʠ h = 0.9 ʤʤ, ʜʣʠʥʘ ʤʘʢʝʪʘ L = 50.49 ʤʤ. ʌʣʘʥʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ WR10 (2.54 ʤʤ ³ 1.27 ʤʤ).; (B) ʌʦʪʦ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ɿʉ ʪʠʧʘ ʦʜʠʥʦʯ-

ʥʦʡ ʛʨʝʙʸʥʢʠ, ʩʚʝʨʭʫ ʢʨʳʰʢʘ, ʩʥʠʟʫ ï ʦʩʥʦʚʘʥʠʝ ʟʘʤʝʜʣʷʶʱʝʡ ʩʠʩʪʝʤʳ. 
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ɼʦ ʩʠʭ ʧʦʨ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʧʘʭʦʚ ʦʩʪʘʚʘʣʦʩʴ ʥʝʜʦʩʪʫʧʥʳʤ ʜʣʷ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʧʦʩʢʦʣʴʢʫ ʤʳ ʝʱʝ ʥʝ ʟʥʘʝʤ, ʢʘʢ ʧʨʘʚʠʣʴʥʦ ʩʦʟʜʘʪʴ ʝʛʦ 

ʦʩʥʦʚʫ ʜʣʷ ʪʳʩʷʯ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʩʤʝʩʝʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ [1,2]. ʆʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʫ ʥʘʩ ʝʩʪʴ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʢʦ-

ʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʟʣʠʯʘʪʴ ʜʘʞʝ ʩʣʦʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [3,4], 

ʥʦ ʥʝ ʪʘʢ ʙʳʩʪʨʦ ʠ ʧʨʦʩʪʦ, ʢʘʢ ʵʪʦ ʜʝʣʘʶʪ ʣʶʜʠ [5]; ʥʘʧʨʠʤʝʨ, ʥʝʪ ʜʝʰʝʚʳʭ ʧʨʠ-

ʙʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʦʤʦʯʴ ʧʦʪʨʝʙʠʪʝʣʷʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʜʫʢʪʳ ʧʠʪʘ-

ʥʠʷ ʠ ʠʭ ʢʘʯʝʩʪʚʦ ʥʘ ʤʝʩʪʝ [6]. 

 
ʈʠʩ. 1. DFTïʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ SnO2, ʩʦʜʝʨʞʘʱʠʤ 10 ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʤʦʣʝʢʫʣʘʤʠ (ʘ) ʩʧʠʨʪʦʚ ï ʤʝʪʘʥʦʣʘ, ʵʪʘʥʦʣʘ, ʠʟʦʧʨʦʧʘʥʦʣʘ, ʙʫʪʘʥʦʣʘ ʠ 

(ʙ) ʢʝʪʦʥʦʚ - ʘʮʝʪʦʥʘ, ʮʠʢʣʦʧʝʥʪʘʥʦʥʘ, ʮʠʢʣʦʛʝʢʩʘʥʦʥʘ, 2-ʦʢʪʘʥʦʥʘ. 
 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʛʘʟʦʚʦʛʦ ʩʝʥ-

ʩʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʚʘʟʠ-2D SnO2 ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ (110). ɺ 

ʨʦʣʠ ʘʥʘʣʠʪʦʚ ʚʳʩʪʫʧʘʣʠ ʤʦʣʝʢʫʣʳ ʩʧʠʨʪʦʚ (ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʠʟʦʧʨʦʧʘʥʦʣ, ʙʫ-

ʪʘʥʦʣ) ʠ ʢʝʪʦʥʦʚ (ʘʮʝʪʦʥ, ʮʠʢʣʦʛʝʢʩʘʥʦʥ, ʮʠʢʣʦʧʝʥʪʘʥʦʥ, 2-ʦʢʪʘʥʦʥ). ʇʨʠ ʨʘʩ-

ʯʝʪʘʭ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ SnO2 ʧʦʢʨʳʚʘʣʘʩʴ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʚʩʝ-

ʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʦʟʜʫʭʝ. ʊʝʤ ʩʘʤʳʤ, ʨʝʘʣʠʟʦʚʳʚʘʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝ-

ʜʝʥʠʷ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʢʚʘʟʠ-2D SnO2 ʧʣʝʥʢʠ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ɺʧʝʨʚʳʝ ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʭʝʤʦʨʝʟʠʩʪʠʚʥʳʡ ʦʪʢʣʠʢ ʢʚʘʟʠ-2D SnO2 ʧʦʢʨʳʪʳʭ ʘʪʦʤʘʤʠ ʢʠʩʣʦ-

ʨʦʜʘ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʩʧʠʨʪʦʚ ʠ ʢʝʪʦʥʦʚ. 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     96 

ʆʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʠʩʳʚʘʣʦʩʴ ʚ ʨʘʤʢʘʭ ʬʫʥʢʮʠʦ-

ʥʘʣʘ GGA ʚ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ PBE (Perdew-Burke-Ernzerhof). ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʘʣʴ-

ʥʦʜʝʡʩʪʚʫʶʱʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ SnO2 ʩ ʘʥʘʣʠʪʘʤʠ ʠʩʧʦʣʴ-

ʟʦʚʘʣʘʩʴ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʧʦʧʨʘʚʢʘ ɻʨʠʤʤʘ (DFT-D). ʇʨʠʤʝʥʷʣʩʷ ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ DZP (ʜʚʦʡʥʘʷ ʟʝʪʘ-ʙʘʟʠʩ ʧʣʶʩ) ʩ ʵʥʝʨʛʠʝʡ ʦʪʩʝʯʢʠ 

600 Ry ʠ ʨʘʟʙʠʝʥʠʝʤ ʦʙʨʘʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʩʝʪʢʫ 5Ĭ5Ĭ1 ʧʦ ʤʝʪʦʜʫ ʄʦʥ-

ʭʦʨʩʪ-ʇʘʢʘ. ʇʦʠʩʢ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʦ ʚʩʝʭ ʨʘʩʯʝʪʘʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ FIRE (Fast Inertial Relaxation Engine) [7]. ʂʨʠʪʝʨʠʝʤ ʩʭʦʜʠ-

ʤʦʩʪʠ ʨʘʩʯʝʪʦʚ ʩʣʫʞʠʣʘ ʚʝʣʠʯʠʥʘ ʩʠʣʳ 0.04 ʵɺ/¡. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʘʪʦʤʘʤ ʩʫʧʝʨʲʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ ʧʘʨʮʠ-

ʘʣʴʥʳʭ ʟʘʨʷʜʦʚ ʧʦ ʄʘʣʣʠʢʝʥʫ. 

 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʌʝʨʤʠ (ʩʣʝʚʘ), ʵʥʝʨʛʠʠ ʩʚʷʟʠ (ʧʦʩʝʨʝʜʠʥʝ) ʠ ʭʝʤʦʨʝʟʠʩʪʠʚʥʦʡ ʨʝ-

ʘʢʮʠʠ (ʩʧʨʘʚʘ). 

 

ʇʦ ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʘʥʘʣʠʪʦʚ ʥʘ ʟʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʢʩʠʜʘ 

ʦʣʦʚʘ, ʚʢʣʶʯʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʱʝʣʴ ʠ ʫʨʦʚʝʥʴ ʌʝʨʤʠ; ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ ʧʝʨʝʪʝʢʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʘʨʷʜʘ ʘʥʘʣʠʪïʧʦʚʝʨʭʥʦʩʪʴ SnO2; ʚʳʷʚʣʝʥʳ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʢʩʠʜʘ ʦʣʦʚʘ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʘʥʘʣʠʪʦʚ; ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʭʝʤʦʨʝʟʠʩʪʠʚʥʦʛʦ ʦʪʢʣʠʢʘ ʦʢʩʠʜʘ ʦʣʦʚʘ ʢ 

ʘʥʘʣʠʪʘʤ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʘʥʥʳʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʳʩʦʢʦʯʫʚ-

ʩʪʚʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ çʵʣʝʢʪʨʦʥʥʳʡ ʥʦʩè, ʩʧʦʩʦʙʥʳʭ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʮʝʣʝʚʳʝ ʘʥʘʣʠʪʳ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʚʢʣʶʯʘʷ ʩʧʠʨʪʳ ʠ ʢʝ-

ʪʦʥʳ.  
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ʏʀʉʃɽʅʅʆɽ 3D ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ 

ʕʃɽʂʊʈʆʅʅʆɻʆ ʇʆʊʆʂɸ ɺ ɼɺʋʍʉʊʋʇɽʅʏɸʊʆʄ ʂʆʃʃɽʂʊʆʈɽ ʉ 

ʅɸʈʋʐɽʅʀɽʄ ɸʂʉʀɸʃʔʅʆʁ ʉʀʄʄɽʊʈʀʀ ɺ ʉʆʉʊɸɺɽ ʄʆʑʅʆʁ 

ʃɹɺ KU(K)-ɼʀɸʇɸɿʆʅɸ 

ʌ.ʇ. ʈʘʟʫʚʘʝʚ1,*, ʀ.ʇ. ʄʝʜʚʝʜʢʦʚ1, ʀ.ɸ. ʏʠʩʪʷʢʦʚ1,2,3 
1ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çɸʣʤʘʟè, ʛ. ʉʘʨʘʪʦʚ 

2ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. 

ʏʝʨʥʳʰʝʚʩʢʦʛʦ, ʛ. ʉʘʨʘʪʦʚ 
3ʉʘʨʘʪʦʚʩʢʠʡ ʬʠʣʠʘʣ ʀʈʕ ʈɸʅ ʠʤ. ʂʦʪʝʣʴʥʠʢʦʚʘ, ʛ. ʉʘʨʘʪʦʚ 

*RazuvaevFP@almaz-rpe.ru 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ (ʕʆʉ) ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʣʘʤʧ ʙʝʛʫʱʝʡ ʚʦʣʥʳ (ʃɹɺ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ, ʪ.ʢ. ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʚʫʤʝʨʥʳʝ ʤʦʜʝʣʠ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ 

ʦʧʠʩʳʚʘʶʪ ʨʝʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʃɹɺ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʵʣʝʤʝʥʪʦʚ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʂ ʪʦʤʫ ʞʝ ʪʨʸʭ-

ʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʪʠʧʳ ʕʆʉ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʥʝʜʦʩʪʫʧʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2D ʤʝʪʦʜʦʚ. [1-2] 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʦʝ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʤ ʢʦʣʣʝʢʪʦʨʝ ʩ ʥʘʨʫʰʝʥʠʝʤ ʘʢʩʠʘʣʴ-

ʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʩʦʩʪʘʚʝ ʤʦʱʥʦʡ ʃɹɺ Ku(K)-ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʩ ʚʳʭʦʜʥʦʡ ʤʦʱ-

ʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 750 ɺʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʨʩʢʦʡ 3D ʧʨʦʛʨʘʤʤʳ (3D ʧʨʦ-

ʛʨʘʤʤʘ) [3] ʠ CST Microwave Studio (CST) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʨʘʚʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘ-

ʪʦʚ. 

ɺ ʨʘʩʯʸʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʥʩʪʨʫʢʮʠʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʘʢʩʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ [4] 

ɺ ʦʩʥʦʚʝ ʘʚʪʦʨʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʣʝʞʠʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʇʫʘʩʩʦʥʘ ʤʝʪʦʜʦʤ 

çcloud in cellè ʠ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʆ ʤʦʜʝʣʠ ʚʪʦʨʠʯʥʦʡ ʵʤʠʩʩʠʠ ʧʦʜʨʦʙʥʦ 

ʥʘʧʠʩʘʥʦ ʚ ʩʣʝʜʫʶʱʝʡ ʩʪʘʪʴʝ [6] 

ʇʨʠ ʨʘʩʯʸʪʝ ʚ CST ʧʨʠʤʝʥʷʣʩʷ ʤʦʜʫʣʴ Particle Studio, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦ-

ʜʠʪʴ ʪʨʘʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʳ particle-in-

cell (PIC).  ɼʣʷ ʫʯʸʪʘ ʚʪʦʨʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʧʨʠʤʝʥʷʣʘʩʴ ʤʦʜʝʣʴ ʌʫʨ-

ʤʘʥʘ 

ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʢʦʣʣʝʢ-

ʪʦʨʘ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʧʦ 3D ʧʨʦʛʨʘʤʤʝ (ʘ) ʠ CST (ʙ) 

ʚ ʩʝʯʝʥʠʠ XZ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʙʝʟ ʫʯʸʪʘ ʚʪʦʨʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ. 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʵʣʝʢʪʨʦʜʘʭ ʢʦʣʣʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʶʪ 50% ʠ 25% 

ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʟʘʤʝʜʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 100% 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʦʩʝʜʘʝʪ ʚʦ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ.  

ɼʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʢʦʣʣʝʢʪʦʨʘ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʫʯʸʪʦʤ ʚʪʦ-

ʨʠʯʥʦʡ ʵʤʠʩʩʠʠ ʧʦ 3D ʧʨʦʛʨʘʤʤʝ ʠ CST (ʨʠʩ. 2. (ʘ-ʙ)). 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʢʦʣʣʝʢʪʦʨʘ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ 

3D ʧʨʦʛʨʘʤʤʝ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʦʦʩʝʜʘʥʠʷ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 49% 

ʪʦʢʘ ʦʩʝʣʦ ʥʘ ʧʝʨʚʫʶ ʩʪʫʧʝʥʴ, 50.5% ʥʘ ʚʪʦʨʫʶ. ʆʙʨʘʪʥʳʡ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʠʟ  
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ʈʠʩ. 2. ʉʪʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʢʦʣʣʝʢʪʦʨʘ ʩ ʚʪʦʨʠʯʥʦʡ ʵʤʠʩʩʠʝʡ  ʧʦ 3D ʧʨʦʛʨʘʤʤʝ ʠ CST  

ʢʦʣʣʝʢʪʦʨʘ ʩʦʩʪʘʚʠʣ ʤʝʥʝʝ 1%, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʧʨʘʢʪʠʢʠ ʟʥʘʯʝ-

ʥʠʝʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʨʘʩʯʸʪʘ ʥʝʘʢʩʠʣʴʥʦʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʧʦ ʘʚʪʦʨʩʢʦʡ 3D ʧʨʦʛʨʘʤʤʝ ʠ CST. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠ-

ʨʫʝʪʩʷ ʨʘʩʯʸʪ ʢʦʣʣʝʢʪʦʨʘ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦ CST, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʧ-

ʣʦʚʳʤ ʨʘʩʯʸʪʦʤ.  

ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʚʳʨʘʞʘʶʪ ʦʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢ.ʬ.-ʤ.ʥ. ɺ.ʀ. ʈʦʛʦʚʠʥʫ ʟʘ 

ʧʦʣʝʟʥʦʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ʃʘʟʝʨʳ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (ʃʉʕ) ð ʢʣʘʩʩ ʧʨʠʙʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʧʫʯʢʦʚ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʣʝʙʣʶʱʠʭʩʷ ʚ 

ʧʦʣʝ ʥʘʢʘʯʢʠ, ʩ ʥʝʟʘʤʝʜʣʝʥʥʳʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ (ʕʄ) ʚʦʣʥʘʤʠ [1]. ʇʨʠʥ-

ʮʠʧ ʨʘʙʦʪʳ ʃʉʕ ʦʩʥʦʚʘʥ ʥʘ ʚʳʥʫʞʜʝʥʥʦʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʨʘʩʧʘʜʝ ʧʦʣʷ 

ʥʘʢʘʯʢʠ ʥʘ ʕʄ ʩʠʛʥʘʣʴʥʫʶ ʚʦʣʥʫ (ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ) ʠ ʚʦʣʥʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʟʘʨʷʜʘ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʧʫʯʢʝ [2]. ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʢʘʯʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʕʄ ʚʦʣʥʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʧʦʧʫʪʥʘʷ ʩ ʵʣʝʢʪʨʦʥʘʤʠ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦ-

ʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʄʵɺ, ʪʦ ʨʘʩʩʝʷʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʦ ʚʩʪʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʣʝʞʠʪ ʚ ʪʝʨʘʛʝʨʮʝʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʪʨʸ-

ʭʚʦʣʥʦʚʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ: 

 s p iw =w -w, s p ik k k= -, (1) 

ʛʜʝ , ,s p iw  ʠ , ,s p ik  ð ʯʘʩʪʦʪʳ ʠ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ʩʠʛʥʘʣʴʥʦʡ ʚʦʣʥʳ, ʚʦʣʥʳ ʥʘʢʘʯʢʠ 

ʠ çʭʦʣʦʩʪʦʡè ʤʝʜʣʝʥʥʦʡ ʚʦʣʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʧʫʯʢʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʚʠʜ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʪʨʸʭʚʦʣʥʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [1], ʚ ʪʘʢʦʡ ʤʦʜʝʣʠ ʃʉʕ 

ʚʦʟʤʦʞʥʘ ʛʝʥʝʨʘʮʠʷ ʢʦʨʦʪʢʦʛʦ ʠʤʧʫʣʴʩʘ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ (ʉʀ), ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚ ʪʝʨʘʛʝʨʮʝʚʦʤ ʜʠʘʧʘʟʦʥʝ. 
 

                                     
ʈʠʩ. 1. ɼʠʩʧʝʨʩʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʨʸʭʚʦʣʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ 

ʃʉʕ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʤʦʜʝʣʴ-

ʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʛʝʥʝʨʘʮʠʠ ʠʤʧʫʣʴʩʘ ʉʀ ʚ ʃʉʕ ʩ ʧʦʧʫʪʥʦʡ ʕʄ ʥʘʢʘʯʢʦʡ. ɸʥʘʣʠʟ 

ʘʚʪʦʤʦʜʝʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʳ ʵʚʦʣʶʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠʤ-

ʧʫʣʴʩʘ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ.  

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʫʨʘʚʥʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʦʨʠʠ ʃʉʕ [2] 
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ʛʜʝ 
sa  ʠ pa  ð ʙʝʟʨʘʟʤʝʨʥʳʝ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʴʥʦʡ ʚʦʣʥʳ ʠ ʚʦʣʥʳ ʥʘʢʘʯʢʠ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ, q ð ʬʘʟʘ ʵʣʝʢʪʨʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ, I  ð 

ʘʤʧʣʠʪʫʜʘ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ ʩʛʨʫʧʧʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ, x ʠ t ð ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦ-

ʦʨʜʠʥʘʪʘ ʠ ʚʨʝʤʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, e ð ʧʘʨʘʤʝʪʨ ʠʩʪʦʱʝʥʠʷ ʥʘʢʘʯʢʠ. ɺ ʧʨʝʜʝʣʝ 

1e  ʩʠʩʪʝʤʘ (2) ʩʚʦʜʠʪʩʷ ʢ ʫʨʘʚʥʝʥʠʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʣʘʤʧʝ ʦʙʨʘʪʥʦʡ 

ʚʦʣʥʳ (ʃʆɺ), ʛʝʥʝʨʘʮʠʷ ʠʤʧʫʣʴʩʘ ʉʀ ʚ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʥʦʩʠʪ ʘʚʪʦʤʦʜʝʣʴʥʳʡ ʭʘ-

ʨʘʢʪʝʨ [3].  

ɼʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2) ʥʘʡʜʝʥʳ ʘʚʪʦʤʦʜʝʣʴʥʳʝ ʧʦʜʩʪʘʥʦʚʢʠ. ɸʚʪʦʤʦ-

ʜʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʠʛʥʘʣʴʥʦʡ ʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʤʧʫʣʴʩ ʩ ʦʩʮʠʣʣʠ-

ʨʫʶʱʠʤ ʭʚʦʩʪʦʤ, ʢʦʪʦʨʳʡ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ ʥʘʚʩʪʨʝʯʫ ʵʣʝʢʪʨʦʥʥʦʤʫ 

ʧʫʯʢʫ ʫʩʠʣʠʚʘʝʪʩʷ ʠ ʩʞʠʤʘʝʪʩʷ (ʩʤ. ʨʠʩ. 2 (ʘ)). ɸʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʘ ʨʘʩʪʸʪ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦ 
3 2t , ʘ ʰʠʨʠʥʘ ʩʦʢʨʘʱʘʝʪʩʷ ʢʘʢ 

1-t. ɺ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʫʨʘʚʥʝʥʠʡ (2) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʧʠʢʦʚʦʡ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʘ ʩʠʛʥʘʣʴʥʦʡ 

ʚʦʣʥʳ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ (ʩʤ. ʨʠʩ. 2 (ʙ)). ʇʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʝ-

ʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʠʟ ʩʣʫʯʘʡʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʬʦʨʤʠʨʫʝʪʩʷ 

ʠʤʧʫʣʴʩ, ʨʝʰʝʥʠʝ ʚʳʭʦʜʠʪ ʥʘ ʩʪʘʜʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʘʚʪʦʤʦʜʝʣʴʥʦʤʫ ʨʝʰʝ-

ʥʠʶ ʫʨʘʚʥʝʥʠʡ ʃʆɺ, ʢʦʛʜʘ ʘʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʘ ʨʘʩʪʝʪ ʣʠʥʝʡʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

t. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʨʘʥʥʠʭ ʚʨʝʤʝʥʘʭ ʵʬʬʝʢʪ ʠʩʪʦʱʝʥʠʷ ʥʘʢʘʯʢʠ ʜʦʩʪʘ-
ʪʦʯʥʦ ʩʣʘʙ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚʦʣʥʦʡ ʥʘʢʘʯʢʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ, 

ʠ ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʵʚʦʣʶʮʠʷ ʠʤʧʫʣʴʩʘ ʚʳʭʦʜʠʪ ʥʘ ʜʨʫ-

ʛʫʶ ʘʚʪʦʤʦʜʝʣʴʥʫʶ ʩʪʘʜʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʘʡʜʝʥʥʦʤʫ ʘʚʪʦʤʦʜʝʣʴʥʦʤʫ ʨʝ-

ʰʝʥʠʶ ʫʨʘʚʥʝʥʠʡ (2). ɼʦʩʪʠʛʘʷ ʛʨʘʥʠʮʳ, ʠʤʧʫʣʴʩ ʧʦʢʠʜʘʝʪ ʩʠʩʪʝʤʫ, ʯʪʦ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʩʪʘʜʠʠ ʥʘʩʳʱʝʥʠʷ ʥʘ ʨʠʩ. 2 (ʙ). 

          
ʘ      ʙ 

ʈʠʩ. 2. ʂʘʯʝʩʪʚʝʥʥʳʡ ʚʠʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʘʚʪʦ-

ʤʦʜʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʩʠʛʥʘʣʴʥʦʡ ʚʦʣʥʳ (ʘ) ʠ ʧʨʠʤʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʧʠʢʦʚʦʡ ʘʤʧʣʠʪʫʜʳ ʠʤ-

ʧʫʣʴʩʘ ʉʀ ʦʪ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ (ʙ). 
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ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʠ ʧʝʨʝʤʝʞʘʝʤʦʩʪʴ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʘʢʪʠʚʥʦ 

ʠʟʫʯʘʶʪʩʷ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [1] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʝ ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ ʚ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʝ ʯʝʣʦʚʝʢʘ. ʄʳ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʝ ʧʦʚʝʜʝʥʠʝ ʥʘ ʛʨʘʥʠʮʘʭ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ 

ʩʣʫʯʘʝ ʨʝʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʕʕɻ ʠ ʕʂɻ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʥʦʯʥʦʛʦ ʩʥʘ 

ʧʘʮʠʝʥʪʦʚ ʩ ʘʧʥʦʵ ʠ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ. ʅʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʢʘʢ ʨʝ-

ʞʠʤʳ ʩʠʥʭʨʦʥʥʦʡ ʠ ʘʩʠʥʭʨʦʥʥʦʡ ʜʠʥʘʤʠʢʘ ʩʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʷ ʥʦʯʥʳʭ ʟʘʧʠ-

ʩʝʡ, ʠ ʢʘʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʪʚʝʯʘʶʪ ʟʘ ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʧʦʚʝʜʝʥʠʷ, ʯʪʦ ʜʘʝʪ ʧʦ-

ʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʭʦʜʘ ʦʪ ʩʠʥʭʨʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢ ʘʩʠʥʭʨʦʥʥʦʤʫ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʜʭʦʜʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ [2]. 

ʈʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ 10 ʠʩʧʳʪʫʝʤʳʭ. ʇʨʦʪʦʢʦʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʜʦʙʨʝʥ 

ʵʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ. ʂʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʠʤʝʣ ʜʚʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʦʣʠ-

ʩʦʤʥʦʛʨʘʬʠʠ. ɺʩʝʤ ʧʘʮʠʝʥʪʘʤ ʚ ʧʝʨʚʫʶ ʥʦʯʴ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʘʨʪʝʨʠʘʣʴ-

ʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʧʫʣʴʩʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʦʮʝʥʠʚʘʣʦʩʴ ʢʘʢ ʨʘʟ-

ʥʦʩʪʴ ʩʠʩʪʦʣʠʯʝʩʢʦʛʦ ʠ ʜʠʘʩʪʦʣʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʡ, BPsys ï Pdia. ʇʦʣʠʩʦʤʥʦʛʨʘ-

ʬʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʦʯʥʳʭ ʧʨʠʩʪʫʧʦʚ ʘʧʥʦʵ (NAp) 

ʠ ʛʠʧʦʧʥʦʵ (NHyp), ʘ ʪʘʢʞʝ ʠʥʜʝʢʩʘ ʘʧʥʦʵ (AHI). ɺʩʝ ʫʯʘʩʪʥʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ï ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʝ ʜʦʙʨʦʚʦʣʴʮʳ ʩ ʥʦʨʤʘʣʴ-

ʥʳʤ ʩʥʦʤ ʙʝʟ ʧʘʪʦʣʦʛʠʡ ʠ ʧʘʮʠʝʥʪʳ ʩ ʥʦʯʥʳʤ ʘʧʥʦʵ ʩʥʘ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʦ 

ʦʧʠʩʘʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʵʪʠʭ ʛʨʫʧʧ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʯʠʩʣʝʥʥʦ ʦʮʝʥʠʚʘʣʠ ʚʩʶ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ, 

ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʩʥʘ. ɺ ʨʘʙʦʪʝ [3] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʢʘʥʘʣʘʤʠ ʕʕɻ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚ ʨʘʟʥʳʝ ʩʪʘʜʠʠ ʩʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʩʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʮʝʥʢʘ ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ 

ʙʳʣʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʨʷʜʘʭ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʣʠʰʴ 

ʧʨʠ ʧʦʣʥʦʡ ʟʘʧʠʩʠ ʥʦʯʥʦʛʦ ʩʥʘ.  

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʘʥʘʣʠʟʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʠ ʦʮʝʥʢʝ ʧʝ-

ʨʝʤʝʞʘʝʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʠʛʥʘʣʳ ʕʕɻ ʠ ʕʂɻ. ɼʣʷ ʩʠʛʥʘʣʘ ʕʕɻ ʨʘʩʩʤʘʪ-

ʨʠʚʘʣʘʩʴ ʯʘʩʪʦʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʩʥʦʚʥʦʤʫ ʨʠʪʤʫ ʩʝʨʜʮʘ. 

ʅʘ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ʦʮʝʥʠʚʘʣʘʩʴ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ ʕʕɻ ʠ ʕʂɻ ʩʠʛʥʘʣʘʤʠ. ɼʣʷ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʟʥʦʩʪʝʡ ʬʘʟ ʤʝʞʜʫ ʢʘʞʜʳʤ ʠʟ ʢʘʥʘʣʦʚ 

ʕʕɻ ʠ ʕʂɻ ʜʣʷ ʚʩʝʭ ʜʚʘʜʮʘʪʠ ʥʦʯʥʳʭ ʟʘʧʠʩʝʡ ʩʥʘ ʜʝʩʷʪʠ ʜʦʙʨʦʚʦʣʴʮʝʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʝʡ ʣʘʤʠʥʘʨʥʳʭ ʩʪʘʜʠʡ ʩʠʥʭʨʦʥʥʦʡ ʜʠʥʘ-

ʤʠʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʧʦʟʚʦ-
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ʣʷʝʪ ʚʚʝʩʪʠ ʤʛʥʦʚʝʥʥʫʶ ʨʘʟʥʦʩʪʴ ʬʘʟ ʩʠʛʥʘʣʦʚ ʕʕɻ ʠ ʕʂɻ ʩ ʧʦʤʦʱʴʶ ʥʝʧʨʝ-

ʨʳʚʥʦʛʦ ʚʝʡʚʣʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʯʘʩʪʦʪʝ ʩʝʨ-

ʜʝʯʥʦʛʦ ʨʠʪʤʘ.  
ʊʘʙʣʠʮʘ 1: ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʬʠʟʠʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʘ-

ʮʠʝʥʪʦʚ ʩ ʘʧʥʦʵ ʟʥʘʯʝʥʠʷ NAp ʠ NHyp, ʘ ʪʘʢʞʝ AHI ʧʨʠʚʦʜʷʪʩʷ ʜʣʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʥʦʯʝʡ  

ɿʜʦʨʦʚʳʝ 

ʫʯʘʩʪʥʠʢʠ 

ɺʦʟʨʘʩʪ, 

ʛʦʜʳ 
ʧʦʣ 

ʈʦʩʪ, 

ʩʤ 
ɺʝʩ, ʢʛ NAp NHyp AHI  BPsys BPdia 

1 51 ʄ 164 60 - - - 95 60 

2 22 ɾ 174 66 - - - 110 70 

3 41 ʄ 164 53 - - - 120 80 

4 26 ɾ 176 70 - - - 90 60 

5 33 ɾ 158 70 - - - 110 80 

ʇʘʮʠʝʥʪʳ 

ʩ ʘʧʥʦʵ 

         

6 48 ʄ 175 82 
331 36 56.5 

160 100 
312 45 50.5 

7 49 ɾ 158 73 
7 91 15.2 

140 90 
32 123 22.2 

8 41 ʄ 177 80 
6 44 10.1 

146 92 
99 104 29.7 

9 67 ɾ 167 88 
80 46 22.2 

160 104 
105 72 23.9 

10 47 ɾ 170 110 
76 214 40 

126 98 
976 222 41.7 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʧʝʨʝʤʝʞʘʶʱʝʡʩʷ ʜʠʥʘʤʠʢʠ 

ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʘʧʥʦʵ ʠ ʟʜʦʨʦʚʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʘʮʠʝʥʪʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʵʢʩʧʦʥʝʥʮʠʦʥʘʣʴʥʦʛʦ ʟʘ-

ʢʦʥʘ ʣʘʤʠʥʘʨʥʳʭ ʩʪʘʜʠʡ ʜʠʥʘʤʠʢʠ. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʫʣʴ-

ʩʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʝʣʠʯʠʥʘʤʠ ʥʘʢʣʦʥʘ ʟʘʢʦʥʘ, ʦʢʘʟʳ-

ʚʘʝʪʩʷ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʡ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʦʩʪʠʛʘʝʪ 0,8 ï 0,85. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥ-

ʥʦʝ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʜʠʥʘʤʠʢʫ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʤʝʥʷʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʠʟʤʝʥʷʷ ʜʣʠʪʝʣʴʥʦ-

ʩʪʠ ʣʘʤʠʥʘʨʥʳʭ ʬʘʟ ʩʠʥʭʨʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʤʝʞʜʫ ʕʂɻ ʠ ʕʕɻ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʧʝʨʝʤʝʞʘʶʱʝʡʩʷ ʜʠʥʘʤʠʢʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ 

ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʛʣʘʩʥʦ [4]. ʀʩʭʦʜʷ ʠʟ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ 
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ʩʦʦʙʨʘʞʝʥʠʡ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʥʦʤʥʳʡ ʛʝ-

ʥʝʨʘʪʦʨ ʠ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʝʜʫʱʝʡ ʩʠʩʪʝʤʳ ʥʘ ʯʘʩʪʦʪʝ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. 

ʕʕɻ ʘʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʝʜʦʤʦʡ ʩʠʩʪʝʤʦʡ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʧʦ-

ʩʪʨʦʝʥ ʨʠʩʫʥʦʢ 1, ʥʘ ʢʦʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʳ ʧʨʦʝʢʮʠʠ ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ (xEEG, 

yEEG) ʥʘ ʚʨʘʱʘʶʱʝʡʩʷ ʧʣʦʩʢʦʩʪʠ (X', Y') ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʕʕɻ ï 

ʕʂɻ ʚ ʤʦʤʝʥʪʳ ʣʘʤʠʥʘʨʥʳʭ ʬʘʟ ʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʚʩʧʣʝʩʢʦʚ. ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ 

ʧʨʠʚʝʜʝʥʦ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʪʠʧʘ ʧʦʚʝʜʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ: ʧʝʨ-

ʚʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 1, (ʚ), (ʛ), ʛʜʝ ʪʨʘʝʢʪʦʨʠʷ (ʕʕɻ, ʕʂɻ) ʦʭʚʘʪʳʚʘʝʪ 

ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚ ʤʦʤʝʥʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʚʩʧʣʝʩʢʘ. ɼʘʥʥʳʡ 

ʪʠʧ ʧʦʚʝʜʝʥʠʷ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ ʪʠʧʘ ʫʛʦʣʴʥʦʛʦ ʫʰʢʘ [5], 

ʛʜʝ ʪʨʘʝʢʪʦʨʠʷ (ʕʕɻ, ʕʂɻ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5, (ʙ), (ʜ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʥʘ-

ʤʠʢʝ ʣʘʤʠʥʘʨʥʳʭ ʩʪʘʜʠʡ, ʢʦʛʜʘ ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʥʝ ʦʭʚʘʪʳʚʘʝʪ ʥʘʯʘʣʦ ʢʦʦʨ-

ʜʠʥʘʪ. 

 
ʈʠʩʫʥʦʢ 1. (ʘ) ʈʘʟʥʦʩʪʴ ʬʘʟ, ʧʨʠʚʝʜʝʥʥʘʷ ʢ ʜʠʘʧʘʟʦʥʫ ʟʥʘʯʝʥʠʡ [-2ˊ; 2]́, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ 

ʢʘʥʘʣʦʚ ʆ1 ʠ ʕʂɻ, (ʙ), (ʚ), (ʛ), (ʜ) - ʘʥʘʣʠʟ ʜʚʠʞʝʥʠʷ ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʕʕɻ ʜʣʷ ʬʨʘʛ-

ʤʝʥʪʦʚ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʦʩʪʠ ʬʘʟ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʨʷʜʢʦʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ 

ʨʠʩʫʥʢʝ (ʘ). ʅʘ ʨʠʩʫʥʢʝ (ʘ) ʩʠʥʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʣʘʤʠʥʘʨʥʳʝ, ʨʦʟʦʚʳʤ ï ʪʫʨʙʫʣʝʥʪʥʳʝ 

ʩʪʘʜʠʠ ʬʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ. ʉʠʥʝʡ ʪʦʯʢʦʡ ʥʘ ʨʠʩʫʥʢʘʭ (ʙ) ï (ʜ) ʧʦʢʘʟʘʥ ʮʝʥʪʨ ʬʘʟʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ, (0; 0) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʟʜʨʘʚʘ ʈʌ 

çʈʘʟʨʘʙʦʪʢʘ ʧʦʨʪʘʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʜʠʩʪʘʥʮʠ-

ʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʬʫʥʢʮʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʪʝʩʪʘ ʩ 6-ʤʠʥʫʪʥʦʡ ʭʦʜʴʙʦʡ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʭʨʦʥʠʯʝʩʢʠʤʠ ʥʝʠʥʬʝʢʮʠ-
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ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ, ʥʦ ʤʘʣʦ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʣʝʯʝʥʠʷ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʘʮʠʝʥʪʘ [1]. ʆʩʦʙʝʥʥʦ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ 

ʚʘʞʥʘ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʣʝʯʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʠʩʢʦʤʬʦʨʪʦʤ ʠʣʠ ʙʦʣʝʚʳʤʠ ʦʱʫ-

ʱʝʥʠʷʤʠ. ʀʤʝʥʥʦ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʤ ʣʝʯʝʥʠʠ 

[2]. ʅʝʩʤʦʪʨʷ ʥʘ ʷʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʥʦʰʝʥʠʷ ʦʨʪʦʜʦʥʪʠ-

ʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʩʚʷʟʘʥʥʦʝ ʩʦ ʩʥʠʞʝʥʠʝʤ ʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʫʙʳ 

ʠ ʦʢʦʣʦʟʫʙʥʳʝ ʪʢʘʥʠ, ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʦʙ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʯʝ-

ʣʶʩʪʥʦ-ʣʠʮʝʚʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ ʪʢʘʥʝʡ ʜʣʷ ʙʳʩʪʨʦʡ ʧʝʨʝʩʪʨʦʡʢʠ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʫʩʢʦʨʝʥʠʠ ʢʦʨʨʝʢʮʠʠ [3]. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʝʜʧʨʠʥʷʪʘ 

ʧʦʧʳʪʢʘ ʨʘʩʰʠʨʠʪʴ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨ ʦʙʲʝʢʪʠʚʥʳʭ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʦʮʝʥʢʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩ-

ʩʘʤʠ ʧʘʮʠʝʥʪʦʚ. ɸ ʠʤʝʥʥʦ, ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʟʘʧʠʩʝʡ ʚ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʩʪʘʪʫʩʘ ʧʘʮʠʝʥʪʘ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʧʠʩʝʡ ʧʘʮʠʝʥʪʳ ʧʨʦʭʦʜʠʣʠ ʢʦʛʥʠ-

ʪʠʚʥʳʝ ʪʝʩʪʳ, ʪʘʢ ʢʘʢ ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʜʣʠʪʝʣʴ-

ʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʙʦʣʠ ʠ ʩʪʨʝʩʩʘ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ [4]. 

ɺ ʢʘʯʝʩʪʚʝ ʩʘʤʠʭ ʪʝʩʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʚ ʦʙʣʘʩʪʠ ʥʝʡʨʦʥʘʫʢ 

ʟʘʜʘʯʠ ʥʘ ʩʯʝʪ, ʟʘʧʦʤʠʥʘʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥʠʤʘʥʠʷ, ʢ ʧʨʠʤʝʨʫ, ʪʘʙʣʠʮʳ 

ʐʫʣʴʪʝ [5]. ɺʩʝʛʦ ʚ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʦ ʯʝʪʳʨʝ ʨʘʟʥʳʭ ʪʝʩʪʘ, ʯʪʦʙʳ ʦʮʝ-

ʥʠʪʴ ʚʣʠʷʥʠʝ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢ-

ʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʧʨʦʚʦʜʠʣʩʷ ʪʨʠʞʜʳ. ʇʝʨʚʳʡ ʨʘʟ ʜʦ ʫʩʪʘ-

ʥʦʚʢʠ ʙʨʝʢʝʪ-ʩʠʩʪʝʤʳ ʠʣʠ ʵʣʘʡʥʝʨʦʚ. ɺʪʦʨʦʡ ʨʘʟ ʩʨʘʟʫ ʧʦʩʣʝ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ʊʨʝʪʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʩʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʩʣʝ 

ʚʪʦʨʦʛʦ ʠ ʧʨʠʟʚʘʥ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʦʟʥʠʢʰʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ ʠʟʤʝʥʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʕʕɻ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʘʚʥʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʈʝʢʫʨʨʝʥʪʥʳʡ ʘʥʘ-

ʣʠʟ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʳʤʠ ʠ ʭʘʦʪʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ 

ʠ ʩʨʘʚʥʠʚʘʪʴ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʥʦʨʤʠʨʦʚʢʘʤʠ, ʪʘʢ ʢʘʢ ʤʝʪʦʜ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʘ ʠ ʧʦʜʩʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ ʯʠʩʣʦ 

ʚʦʟʚʨʘʪʦʚ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʨʷʜʫ [6]. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʢʫʨʨʝʥʪʥʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʫʩʪʦʡʯʠʚʳʤʠ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʚ ʨʘʤʢʘʭ ʦʜ-

ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʣʠ ʪʝʩʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʜʘʞʝ ʩ ʤʘʣʳʤʠ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʤʠ ʚʳʙʦʨʢʘʤʠ ʜʘʥʥʳʭ [7]. 

ɼʣʷ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦ ʪʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʟʘʧʠʩʠ, ʛʜʝ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ 20 ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ὙὙὭ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʞʜʫ ʧʘʮʠʝʥʪʘʤʠ ʠ 
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ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʘʧʠʩʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʥʝʢʦʪʦ-

ʨʫʶ ʥʦʨʤʠʨʦʚʢʫ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʥʘʡʜʝʥʳ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

(ὔὙὙὭ), ʘ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʪʝ-
ʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ ʠ ʩʨʝʜʥʠʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʧʠʩʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʝʨʚʳʡ ʵʢʩ-

ʧʝʨʠʤʝʥʪ - ʜʦ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ - ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚ ʥʝʢʦʪʦʨʦʤ 

ʩʤʳʩʣʝ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʧʘʮʠʝʥʪʘ ʥʘ ʢʦʛʥʠʪʠʚʥʳʡ ʪʝʩʪ. ʇʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ 

ʙʳʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʠ ʦʪʣʠʯʘʪʴʩʷ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʛʨʫʧʧʳ. ʇʦʵʪʦʤʫ, ʢʨʦʤʝ 

ʥʦʨʤʠʨʦʚʢʠ ʥʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʪʦ-

ʨʫʶ ʥʦʨʤʠʨʦʚʢʫ ʥʘ ʩʨʝʜʥʠʡ ʨʝʢʫʨʨʝʥʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʧʝʨʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

(1ὔὔὙὙὭ).  
ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʜʚʦʣʴʥʦ 

ʟʘʤʝʪʥʘ. ɹʦʣʝʝ ʜʨʫʛʠʭ ʦʪʣʠʯʠʷ ʟʘʤʝʪʥʳ ʚ ʚʠʩʦʯʥʳʭ ʢʘʥʘʣʘʭ ʊ3, ʊ4, ʊ5, ʊ6. 

ʄʦʞʥʦ ʫʚʝʨʝʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ, ʠʩʧʦʣʴʟʫʷ ʣʦʢʘʣʴʥʳʝ ʟʘʧʠʩʠ ʢʘʥʘʣʦʚ ʊ5 ʠ ʊ6 ʚʦ 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʪʝʩʪʘ, ʤʦʞʥʦ ʦʪʣʠʯʘʪʴ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʤ ʩʜʝ-

ʣʘʣʠ ʦʧʝʨʘʮʠʶ ʧʦ ʫʩʪʘʥʦʚʢʝ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʩ ʪʝʯʝ-

ʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʩʠʣʦʡ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʙʨʦʩ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʚ ʜʘʥʥʳʭ ʢʘʥʘʣʘʭ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ, ʪʦ ʵʪʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʵʬʬʝʢʪʠʚ-

ʥʳʤ ʤʘʨʢʝʨʦʤ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʪʦ, ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʣʝʯʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʧʘ-

ʮʠʝʥʪʘ, ʯʪʦʙʳ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʣʝʯʝʥʠʝ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʦʨʤʠʨʦʚʢʘ ʧʦʢʘʟʳʚʘʝʪ ʠʥʪʝʨʝʩʥʳʡ ʪʨʝʥʜ, ʩʚʷ-

ʟʘʥʥʳʡ ʩ ʩʨʘʚʥʝʥʠʝʤ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʟʥʦʡ ʩʠʣʦʡ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʦ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ɽʩʣʠ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʵʣʘʡʥʝʨʘʤʠ ʥʘ 4 ʟʫʙʘ 

ʥʝʪ ʯʝʪʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʙʨʦʩʘ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ, ʪʦ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʙʨʝʢʝʪʘʤʠ ʪʝʥʜʝʥʮʠʠ ʦʯʝʚʠʜʥʳ - ʨʘʟʙʨʦʩ ʚʦ ʚʪʦ-

ʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʫʜʘ ʟʘʤʝʪʥʝʝ, ʯʝʤ ʜʣʷ ʪʨʝʪʴʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʵʣʘʡʥʝʨʘʤʠ ʥʘ 3 ʟʫʙʘ, ʥʘʦʙʦʨʦʪ, ʨʘʟʙʨʦʩ ʚʦʟʨʘʩʪʘʝʪ ʜʣʷ ʪʨʝʪʴʝʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʳʤ ʬʦʥʜʦʤ, ʧʨʦʝʢʪ No 23-72-01021. 
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ʌʠʣʴʪʨʳ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ (ʉɺʏ) ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʯʘ-

ʩʪʴʶ ʪʝʭʥʠʢʠ ʉɺʏ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʧʨʝʜʝ-

ʣʸʥʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟ ʦʙʱʝʛʦ ʩʧʝʢʪʨʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ɺʘʞʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʭ ʬʠʣʴʪʨʦʚ ʷʚʣʷʶʪʩʷ ʢʨʫʪʠʟʥʘ, ʫʨʦʚʝʥʴ 

ʟʘʪʫʭʘʥʠʷ, ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʧʦʪʝʨʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝ-

ʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʩʰʠʨʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʠʭ ʬʠʣʴʪʨʦʚ [1 ï 4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʧʦʜʚʠʞʥʦʡ ʜʠʘ-

ʬʨʘʛʤʦʡ. ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʨʘʟʤʝʨ ʦʪʚʝʨʩʪʠʡ g = 9 ʤʤ, ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʡ r = 22 ʤʤ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ů = 2,5 (ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʧʣʘʩʪʠʢʫ PETG), ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ ʨʘʙʦʪʝ [5]. ɺ ʩʝʨʝʜʠʥʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʦʙʘʚʣʝʥ ʜʝʬʝʢʪ ʬʦʨʤʳ çʙʘʙʦʯʢʘè, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʠʘ-

ʬʨʘʛʤʘ ʪʦʣʱʠʥʦʡ 1 ʤʤ ʠ ʰʠʨʠʥʦʡ w = 20 ʤʤ (ʨʠʩ. 1). ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ openEMS [6]. 

ʅʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʝʨʠ-

ʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳʩʦʪʳ h ʠ ʫʛʣʘʭ ʧʦʚʦʨʦʪʘ Ŭ ʜʠʘ-

ʬʨʘʛʤʳ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʝʬʝʢʪʘ ʬʦʨʤʳ çʙʘʙʦʯʢʘè ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʳʡ 

ʧʠʢ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʯʘʩʪʦʪʝ 7,8 ɻɻʮ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʠʘʬʨʘʛʤʳ ʚʳʩʪʦʡ h ʜʦ 

7 ʤʤ ʩ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ Ŭ = 0 ʛʨʘʜʫʩʦʚ ʨʝʟʦʥʘʥʩʥʳʡ ʧʠʢ ʥʝ ʩʤʝʱʘʝʪʩʷ. ɼʠʘʬʨʘʛʤʘ 

ʩ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ Ŭ = 90 ʛʨʘʜʫʩʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ h ʨʝʟʦʥʘʥʩʥʳʡ ʧʠʢ 

ʩʤʝʱʘʝʪʩʷ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʠʢʘ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʚʥʷʝʪʩʷ 0,45 ɻɻʮ ʧʨʠ ʜʠʘʬʨʘʛʤʝ ʚʳʩʦʪʦʡ h = 7 ʤʤ. 

 

 
ʈʠʩ. 1 ʂʦʥʬʠʛʫʨʘʮʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʜʝʬʝʢʪʦʤ ʠ ʜʠʘʬʨʘʛʤʦʡ 
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ʈʠʩ. 2 ʉʧʝʢʪʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʜʝʬʝʢʪʦʤ ʠ 

ʜʠʘʬʨʘʛʤʦʡ w = 20 ʤʤ ʠ ʫʛʣʝ ʧʦʚʦʨʦʪʘ Ŭ = 0 ʛʨʘʜʫʩʦʚ (a) ʠ Ŭ = 90 ʛʨʘʜʫʩʦʚ (b) ʧʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳʩʦʪʳ h 

 
ʈʠʩ. 3 ʉʧʝʢʪʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʜʝʬʝʢʪʦʤ ʠ 

ʜʠʘʬʨʘʛʤʦʡ w = 20 ʤʤ ʠ h = 5 ʤʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʧʦʚʦʨʦʪʘ Ŭ 
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ʉʦʟʜʘʥʠʝ ʤʦʱʥʳʭ ʉɺʏ ʫʩʠʣʠʪʝʣʝʡ ʩʠʛʥʘʣʦʚ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʤʠʣ-

ʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʳʩʦʢʦʪʦʯ-

ʥʳʭ ʢʦʛʝʨʝʥʪʥʳʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʝʜʫʪʩʷ ʘʢʪʫʘʣʴʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʭ ʛʠʨʦ-ʧʨʠʙʦʨʦʚ [1]  

ʠ ʧʨʠʙʦʨʦʚ ʆ-ʪʠʧʘ [2]. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʛʠʨʦ-ʧʨʠʙʦʨʦʚ ʷʚʣʷʝʪʩʷ ʨʝʣʷʪʠ-

ʚʠʩʪʩʢʠʝ ʨʘʙʦʯʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ  

ʠ ʙʦʣʴʰʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʧʨʠʙʦʨʘʭ ʆ-ʪʠʧʘ ʩʪʦʠʪ ʟʘʜʘʯʘ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʪʦʢʘ ʚ ʢʘʥʘʣʘʭ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʙʣʘʜʘʶʪ 

ʥʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʳʭʦʜʥʳʭ ʤʦʱʥʦʩʪʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʩʠʣʠʪʝʣʠ ʄ-

ʪʠʧʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʠ 8-ʤʤ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ, ʣʠʰʝʥʳ 

ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ-

ʨʷʜʢʘ 10 ï 100 ʢɺʪ ʧʨʠ ʤʘʣʳʭ ʛʘʙʘʨʠʪʘʭ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʣʶʙʦʛʦ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʦʛʦ ʧʨʠʙʦʨʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʣʠʯʠʝ 

ʚʘʢʫʫʤʥʦ-ʧʣʦʪʥʦʛʦ ʚʳʚʦʜʘ ʉɺʏ ʵʥʝʨʛʠʠ. ɺʳʚʦʜ ʵʥʝʨʛʠʠ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ  

ʠ ʠʤʝʪʴ ʚʳʩʦʢʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʯʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʜʠʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʜʠʩʢʦʚ ʜʣʷ ʦʢʦʥ ʚʳʚʦʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ɺʂ94-1, 

ʣʝʡʢʦ-ʩʘʧʬʠʨ, ʥʠʪʨʠʜ ʘʣʣʶʤʠʥʠʷ, ʦʢʩʠʜ ʙʝʨʠʣʣʠʷ, ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʥʠʪʨʠʜ ʙʦʨʘ 

(ʇʅɹ) ʠ CVD ʘʣʤʘʟ [3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩʝ-

ʯʝʥʠʝʤ 2,4x1,2 ʤʤ ʩ ʫʩʠʣʠʪʝʣʝʤ ʄ-ʪʠʧʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʜʨʝʡʬʘ W-ʜʠʘʧʘʟʦʥʘ. 

ʋʩʠʣʠʪʝʣʴ ʄ-ʪʠʧʘ ʠʤʝʝʪ ʜʚʫʭʩʪʫʧʝʥʯʘʪʫʶ ʨʝʟʦʥʘʪʦʨʥʫʶ ʩʠʩʪʝʤʫ ʠ ʨʘʙʦʪʘʝʪ ʥʘ 

ʦʙʨʘʪʥʦʡ ʚʦʣʥʝ. ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʵʥʝʨʛʠʷ ʉɺʏ-ʩʠʛʥʘʣʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʨʦʪʠʚ 

ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ. ʅʘʣʠʯʠʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʚʳʚʦʜʘ ʵʥʝʨʛʠʠ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʧʨʠʙʦʨʘ, ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ ʂʉɺʅ ʧʨʠʙʦʨʘ ʥʝ ʜʦʣʞʥʦ 

ʧʨʝʚʳʰʘʪʴ 1,5 ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ.  

ɿʘʜʘʯʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʩʦʛʣʘʩʦʚʘʥʠʝ ʙʘʥʦʯʥʦʛʦ ʦʢʥʘ 

ʩ ʚʦʣʥʦʚʦʜʦʤ 2,4ʭ1,2 ʤʤ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʟʦʥʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩ 

ʚʦʣʥʦʚʦʜʥʳʤ ʚʳʚʦʜʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʠʩʢʘ ʜʣʷ ʚʳʚʦʜʘ ʵʥʝʨʛʠʠ 

ʙʳʣ ʚʳʙʨʘʥ ʇʅɹ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʣʘʙʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʪʝʤʧʝ-

ʨʘʪʫʨʳ, ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʠ Ů <5, ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ tgŭ = 0,5 õ 3 (Ĭ 10-4) [3]. 

ʈʘʩʯʝʪʳ ʙʘʥʦʯʥʦʛʦ ʦʢʥʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ CST stu-

dio suite (ʈʠʩ. 1 (ʘ)). ʊʦʣʱʠʥʘ ʜʠʩʢʘ ʠʟ ʇʅɹ ʩʦʩʪʘʚʠʣʘ 0,2 ʤʤ ʧʨʠ ʜʠʘʤʝʪʨʝ 2,4 

ʤʤ. ɺ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʟʥʘʯʝʥʠʷ ʂʉɺʅ ʤʝʥʝʝ 1,15 ʚ ʧʦʣʦʩʝ 

ʯʘʩʪʦʪ ʦʪ 86,5 ʜʦ 108 ɻɻʮ (ʈʠʩ. 1 (b)). 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʨʝʟʦʥʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʱʝʣʴʶ ʚʳʚʦʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ ʨʝʟʦʥʘʪʦʨʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ (ʈʠʩ. 2 (ʘ)). 
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ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʟʦʥʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʚʦʣʥʦʚʦʜʦʤ 2,4ʭ1,2 ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ. ɿʥʘʯʝʥʠʝ ʂʉɺʅ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʥʝ ʧʨʝʚʳʩʠʣʦ 1,5 ʚ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ ʦʪ 96,5 ʜʦ 102 ɻɻʮ (ʈʠʩ. 2 (b)). 
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ʅʘʨʫʰʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʥʠʮʠʘʮʠʠ, ʧʨʦʣʦʥʛʘʮʠʠ ʠ ʩʫʧʨʝʩʩʠʠ ʩʥʘ ʪʝʩʥʦ ʩʚʷ-

ʟʘʥʳ ʩ ʦʙʱʠʤ ʬʠʟʠʯʝʩʢʠʤ ʠ ʧʩʠʭʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ [1]. 

ʕʕɻ-ʘʢʪʠʚʥʦʩʪʴ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʨʦ-

ʥʦʪʠʧʦʚ. ʋʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʪʨʝʥʥʠʝ ʪʠʧʳ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʩʧʝʢʪʨʘʣʴʥʫʶ ʤʦʱ-

ʥʦʩʪʴ ʕʕɻ-ʩʠʛʥʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (12-14 ɻʮ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʯʝʨ-

ʥʠʤʠ ʪʠʧʘʤʠ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʤʝʜʣʝʥʥʦʚʦʣʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ (1-5 

ɻʮ) ʙʦʣʴʰʝ ʫ ʫʪʨʝʥʥʠʭ ʪʠʧʦʚ (P = 0,06) [2].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʫʪʦʯʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʦʢʘʣʴʥʦʡ ʕʕɻ-ʘʢʪʠʚʥʦʩʪʠ ʚ 

5 ʟʦʥʘʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʫ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʨʦʥʦʪʠʧʘ, 

ʚ 20 ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ: ʦʪ 1 ʜʦ 40 ɻʮ. 

ʀʩʩʣʝʜʦʚʘʥʳ 103 ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʘ 27,6 Ñ 8,2 ʣʝʪ, ʠʟ ʥʠʭ 40 (38,83%) 

ʤʫʞʯʠʥ. ʂʨʠʪʝʨʠʷʤʠ ʚʢʣʶʯʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʣʠ: ʚʦʟʨʘʩʪ ʩʪʘʨʰʝ 18 ʣʝʪ, 

ʦʪʩʫʪʩʪʚʠʝ ʦʩʪʨʳʭ ʠ ʭʨʦʥʠʯʝʩʢʠʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʚ ʬʘʟʝ ʦʙʦʩʪʨʝʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʛʦʨʤʦʥʘʣʴʥʳʭ, ʜʠʩʵʣʝʢʪʨʦʣʠʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʠ ʥʘʨʫʰʝʥʠʡ ʮʠʨʢʘʜʥʳʭ ʨʠʪʤʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʚ ʘʥʘʤʥʝʟʝ ʧʨʠʝʤʘ ʧʩʠʭʦʪʨʦʧʥʳʭ ʠ 

ʠʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʩʦʥ.  

ʂʘʞʜʦʤʫ ʫʯʘʩʪʥʠʢʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʟʘʧʦʣʥʠʪʴ ʦʧʨʦʩʥʠʢ 

ʍʦʨʥʘ-ʆʩʪʙʝʨʛʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʨʦʥʦʪʠʧʘ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʚʫʢʨʘʪʥʘʷ ʟʘʧʠʩʴ 

ʥʦʯʥʦʡ ʧʦʣʠʩʦʤʥʦʛʨʘʤʤʳ (19 ʦʪʚʝʜʝʥʠʡ) ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʟʘʧʠʩʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ 

ʥʦʯʥʦʡ ʟʘʧʠʩʠ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʢʣʠʥʠʯʝʩʢʦʝ ʩʪʘʜʠʨʦʚʘʥʠʝ ʩʥʘ ʩʦʛʣʘʩʥʦ ʩʦʚʨʝ-

ʤʝʥʥʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ. 

ʀʟʫʯʝʥʠʝ ʥʦʯʥʦʡ ʕʕɻ ï ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ 5 ʟʦʥʘʭ: ʟʦʥʘ ˉ1 ï 

ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ, ʟʦʥʘ ˉ2 ï ʟʘʪʳʣʦʯʥʘʷ ʦʙʣʘʩʪʴ, ʟʦʥʘ ˉ3ï ʣʦʙʥʘʷ ʦʙʣʘʩʪʴ, 

ʟʦʥʘ ˉ4 ï ʦʙʣʘʩʪʴ ʣʝʚʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʟʦʥʘ ˉ5ïʦʙʣʘʩʪʴ ʧʨʘʚʦʛʦ ʧʦʣʫʰʘʨʠʷ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ, ʨʘʥʝʝ ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʢ ʦʙ-

ʨʘʙʦʪʢʝ ʜʣʠʪʝʣʴʥʳʭ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ [3]. ɺʩʷ ʚʨʝʤʝʥʥʘʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʠ ʨʘʟʙʠʚʘʣʘʩʴ ʥʘ ʚʨʝʤʝʥʥʳʝ ʦʢʥʘ ȹt = 5 ʩʝʢ., ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʚ ʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʦʢʥʝ ʦʮʝʥʠʚʘʣʠʩʴ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: (1) ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʘʪ-

ʪʝʨʥʦʚ N, (2) ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ T ʠ (3) ʩʨʝʜʥʝʡ 

ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ E. ʆʮʝʥʢʘ ʕʕɻ-ʘʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʡ ʟʦʥʳ ʧʨʦ-

ʠʟʚʦʜʠʣʘʩʴ ʚ 20 ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʦʪ 1 ʜʦ 40 ɻʮ ʩ ʰʘʛʦʤ 2 ɻʮ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 49 (47,57%) ʯʝʣʦʚʝʢ, ʦʪʥʦʩʠʚʰʠʭʩʷ ʢ 

çʨʠʪʤʠʢʘʤè, ʠ 54 çʘʨʠʪʤʠʢʘʤè (52,43%).  
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111                     ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ              

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʦʪʥʳʭ ʧʘʪʪʝʨʥʦʚ (ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ) 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤʠ ʛʨʫʧ-

ʧʘʤʠ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 4-6 ɻʮ.  

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʣʠʯʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ɺʳʷʚʣʝʥʳ ʩʫʱʝ-

ʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʜʣʷ ʟʦʥʳ 2 (ʟʘʪʳʣʦʯʥʳʝ ʢʘʥʘʣʳ) ʚ ʩʦʩʪʦʷʥʠʷʭ ʧʨʦʙʫʞʜʝʥʠʡ 

ʦʪʦ ʩʥʘ ʠ çʜʨʝʤʦʪʳè (ʩʪʘʜʠʠ N1) ʧʨʠ ʦʮʝʥʢʝ ʢʦʣʠʯʝʩʪʚʘ ʧʘʪʪʝʨʥʦʚ ʚ ʜʠʘʧʘʟʦʥʘʭ 

24 ï 34 ɻʮ. ʅʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ 30 ï 40 %. ʅʘ ʪʦʤ ʞʝ 

ʫʨʦʚʥʝ ʨʘʟʣʠʯʘʝʪʩʷ ʠ ʜʠʥʘʤʠʢʘ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ 

ʧʨʠ ʧʨʦʙʫʞʜʝʥʠʷʭ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʠʷ ʥʘ ʫʨʦʚʥʝ 40 ï 50 % ʜʣʷ ʩʦʩʪʦ-

ʷʥʠʷ ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʟʦʥʝ ʣʝʚʦʛʦ ʧʦʣʫʰʘʨʠʷ. 

ɸʥʘʣʠʟ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʘʪʪʝʨʥʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʣʠʯʠʷ ʜʣʷ ʟʦʥʳ 2 (ʟʘʪʳ-

ʣʦʯʥʘʷ ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ) ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ ʩʪʘʜʠʡ ʩʥʘ ʜʣʷ 

ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ 6 ï 8 ɻʮ, 10 ï 12 ɻʮ. ɼʣʷ ʧʦʩʣʝʜʥʝʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʤʘʢʩʠ-

ʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʨʘʟʣʠʯʠʡ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ N1 ʠ N3 ʩʪʘʜʠʡ ʩʥʘ. 

ɼʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʧʨʠ ʘʥʘʣʠʟʝ ʟʦʥʳ ˉ4 (ʣʝʚʦʝ ʧʦʣʫʰʘʨʠʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ). ɿʜʝʩʴ ʨʘʟʣʠʯʠʷ ʥʘʯʠ-

ʥʘʶʪ ʥʘʙʣʶʜʘʪʴʩʷ ʩ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ 8 ï 10 ɻʮ ʠ ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʦ ʚʩʝʤ ʩʪʘʜʠʷʤ 

ʩʥʘ ʚʧʣʦʪʴ ʜʦ 40 ɻʮ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ (ʚʳʰʝ 50%) ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʩʦʩʪʦʷʥʠʠ ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʠ REM ʩʪʘʜʠʠ 

ʩʥʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-72-10061 çʄʝʪʦʜʳ ʥʝʣʠʥʝʡ-

ʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʠ: ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ ʢ ʥʘʨʫ-

ʰʝʥʠʶ ʨʝʞʠʤʘ ʩʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʭʨʦʥʦʪʠʧʘʭè ʩ 2022 ʧʦ 2025 ʛʛ. 
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ɻʠʙʨʠʜʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʛʨʘʬʝʥʦʤ ʠ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦ-

ʪʨʫʙʢʘʤʠ (ʋʅʊ), ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘ-

ʪʫʨʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ [1]. ʆʙʲʝʜʠʥʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (1D ʥʘʥʦʪʨʫʙʢʠ ʠ 2D ʛʨʘʬʝʥʘ) ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʦʩʣʝʜʫʶ-

ʱʝʛʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦ-

ʣʝʥʠʷ [2]. ʉ ʧʦʟʠʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʛʨʘʬʝʥ-ʥʘʥʦʪʨʫʙʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʥʥʦ ʦʜʥʦ-

ʩʪʝʥʥʳʝ ʋʅʊ (ʆʋʅʊ), ʧʦʩʢʦʣʴʢʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʩʪʝʥʥʳʤʠ ʋʅʊ (ʄʋʅʊ) 

ʦʥʠ ʦʙʣʘʜʘʶʪ ʣʫʯʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʴʶ, ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʝʬʝʢʪʦʚ ʠ ʥʘʩʪʨʘʠʚʘʝʤʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʠʨʘʣʴʥʦʩʪʴʶ ʥʘʥʦʪʨʫʙʦʢ [3]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʛʨʘʬʝʥ-ʆʋʅʊ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦ-

ʧʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʥʦʪʨʫʙʢʠ ʠ ʛʨʘʬʝʥʘ, ʘ ʪʘʢʞʝ ʠʭ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘ-

ʮʠʠ ʚ ʩʦʩʪʘʚʝ ʛʠʙʨʠʜʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ in silico ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʙʨʠʜʥʳʭ ʧʣʝʥʦʢ ʛʨʘʬʝʥ-

ʆʋʅʊ ʨʘʟʣʠʯʥʦʡ ʪʦʧʦʣʦʛʠʠ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʪʦʤʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʚʳʰʝʥʘʟʚʘʥʥʳʭ 

ʧʣʝʥʦʢ.  

ʈʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦ-

ʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʩʠʣʴʥʦʡ ʩʚʷʟʠ DFTB ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʧʘʢʝʪʝ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ DFTB+ [4]. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʩʪʨʫʢʪʫʨʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʛʠʙʨʠʜʥʦʡ ʧʣʝʥʢʠ ʛʨʘʬʝʥ-ʆʋʅʊ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ 

ʪʠʧʦʤ ʆʋʅʊ ʠ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʆʋʅʊ ʠ ʛʨʘʬʝʥʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʩʫʧʝʨ-ʷʯʝʝʢ ʛʠʙʨʠʜʥʳʭ ʧʣʝʥʦʢ ʛʨʘʬʝʥ-ʆʋʅʊ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʆʋʅʊ ʩ ʠʥʜʝʢʩʘʤʠ ʭʠʨʘʣʴʥʦʩʪʠ (5,5), (6,0), (16,0), (12,6) ʠ ʙʠʩʣʦʡʥʳʡ ʛʨʘʬʝʥ ʩ 

ʪʠʧʘʤʠ ʫʧʘʢʦʚʢʠ ʩʣʦʝʚ ɸɸ ʠ ɸɺ. ʈʘʚʥʦʚʝʩʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʫʧʝʨ-ʷʯʝʝʢ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʛʠʙʨʠʜʥʳʭ ʧʣʝʥʦʢ ʛʨʘʬʝʥ-ʆʋʅʊ ʠʟʦʙʨʘ-

ʞʝʥʳ ʥʘ ʨʠʩ. 1. ʉʫʧʝʨ-ʷʯʝʡʢʘ ʧʝʨʚʦʛʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ  (V1) ʛʠʙʨʠʜʥʦʡ 

ʧʣʝʥʢʠ ʛʨʘʬʝʥ-ʆʋʅʊ (ʨʠʩ. 1, ʘ) ʦʙʨʘʟʦʚʘʥʘ ʙʠʩʣʦʡʥʳʤ ʛʨʘʬʝʥʦʤ ʩ ʪʠʧʦʤ ʫʧʘ-

ʢʦʚʢʠ ʩʣʦʝʚ ɸɸ ʠ ʆʋʅʊ (5,5), ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ñarmchairò ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʛʨʘʬʝʥʘ (ʚʜʦʣʴ ʦʩʠ Y). ʉʫʧʝʨ-ʷʯʝʡʢʘ ʚʪʦʨʦʛʦ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ (V2) ʦʙʨʘʟʦʚʘʥʘ ʙʠʩʣʦʡʥʳʤ ʛʨʘʬʝʥʦʤ ʩ ʪʠʧʦʤ ʫʧʘʢʦʚʢʠ 

ʩʣʦʝʚ ɸɸ ʠ ʆʋʅʊ (16,0), ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ñarmchairò ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʛʨʘʬʝʥʘ (ʨʠʩ. 1, ʙ). ʉʫʧʝʨ-ʷʯʝʡʢʘ ʪʨʝʪʴʝʛʦ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ (V3) ʦʙʨʘʟʦʚʘʥʘ ʙʠʩʣʦʡʥʳʤ ʛʨʘʬʝʥʦʤ ʩ ʪʠʧʦʤ ʫʧʘʢʦʚʢʠ 
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ʩʣʦʝʚ AB (ʩʤʝʱʝʥʠʝ ʩʣʦʝʚ ʚʜʦʣʴ ʦʩʠ Y ʥʘ ʚʝʣʠʯʠʥʫ 0.6 ¡) ʠ ʆʋʅʊ (12,6), ʢʦʪʦ-

ʨʘʷ ʨʘʩʧʦʣʘʛʘʩʴ ʧʦʜ ʥʠʤ (ʨʠʩ. 1, ʚ). ʉʫʧʝʨ-ʷʯʝʡʢʘ ʯʝʪʚʝʨʪʦʛʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ 

ʪʠʧʘ (V4) ʙʳʣʘ ʦʙʨʘʟʦʚʘʥʘ ʙʠʩʣʦʡʥʳʤ ʛʨʘʬʝʥʦʤ ʩ ʪʠʧʦʤ ʫʧʘʢʦʚʢʠ ʩʣʦʝʚ AB 

(ʩʤʝʱʝʥʠʝ ʩʣʦʝʚ ʚʜʦʣʴ ʦʩʠ Y ʥʘ ʚʝʣʠʯʠʥʫ 11.6 ¡) ʠ ʜʚʫʤʷ ʩʣʦʷʤʠ ʆʋʅʊ (6,0), 

ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ ʥʘ ʛʨʘʬʝʥʝ. ʇʨʠ ʵʪʦʤ ʚʝʨʭʥʠʡ ʩʣʦʡ ʆʋʅʊ ʧʦʚʝʨʥʫʪ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʠʞʥʝʛʦ ʥʘ ʫʛʦʣ 45  (ʨʠʩ. 1, ʛ). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤ ʛʨʘʬʝʥʘ ʠ 

ʆʋʅʊ ʚ ʩʦʩʪʘʚʝ ʩʫʧʝʨ-ʷʯʝʡʢʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3-3.3 ¡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ ʛʠʙʨʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥ-ʆʋʅʊ. 

 

 
 

 
 

 ʘ)                                     ʙ)                                       ʚ)                                    ʛ) 

ʈʠʩ. 1. ʈʘʚʥʦʚʝʩʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʫʧʝʨ-ʷʯʝʝʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʪʠ-

ʧʦʚ ʛʠʙʨʠʜʥʳʭ ʧʣʝʥʦʢ ʛʨʘʬʝʥ-ʆʋʅʊ: (ʘ) ʪʠʧ V1, (ʙ) ʪʠʧ V2, (ʚ) ʪʠʧ V3, (ʛ) ʪʠʧ V4. 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʛʠʙʨʠʜ-

ʥʳʭ ʧʣʝʥʦʢ ʛʨʘʬʝʥ-ʆʋʅʊ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʩʯʝʪʳ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (DOS). ʇʝʨʚʘʷ ʟʦʥʘ ɹʨʠʣʣʶʵʥʘ ʜʣʷ ʚʩʝʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʪʠʧʦʚ ʩʫʧʝʨ-ʷʯʝʝʢ ʛʠʙʨʠʜʦʚ ʛʨʘʬʝʥ-ʆʋʅʊ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʙʘʟʠʩʝ ʘʪʦʤʥʳʭ p-ʦʨʙʠʪʘʣʝʡ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʛʨʘʬʝʥ-(5,5) (ʨʠʩ. 2, ʘ) ʠ ʛʨʘʬʝʥ-(16,0) (ʨʠʩ. 2, ʙ) ʦʙʣʘʜʘʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʚ ʪʦʤ ʚʨʝʤʷ ʢʘʢ ʢʦʥʬʠʛʫʨʘʮʠʠ ʛʨʘʬʝʥ-(12,6) (ʨʠʩ. 2, ʚ) ʠ 

ʛʨʘʬʝʥ-(6,0) (ʨʠʩ. 2, ʛ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ ʤʝʞʜʫ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʦʡ ʠ ʟʦʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ.  

  
ʘ)                                                               ʙ) 



                                  çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè                     114 

 
ʚ)                                                               ʛ) 

ʈʠʩ. 2. ɿʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʛʠʙʨʠʜʥʳʭ ʧʣʝʥʦʢ 

ʛʨʘʬʝʥ-ʆʋʅʊ: (ʘ) ʪʠʧ V1, (ʙ) ʪʠʧ V2, (ʚ) ʪʠʧ V3, (ʛ) ʪʠʧ V4. 

 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʦʢ ʦʮʝʥʠʚʘʣʠʩʴ ʧʦ ʚʝ-

ʣʠʯʠʥʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʛʦ ʚ ʨʘʤʢʘʭ ʬʦʨʤʘʣʠʟʤʘ 

ʃʘʥʜʘʫʵʨʘ-ɹʫʪʪʠʢʝʨʘ [5]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʛʠʙʨʠʜʥʳʭ ʧʣʝʥʦʢ ʛʨʘʬʝʥ-ʆʋʅʊ ʭʘʨʘʢʪʝʨ-

ʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʧʝʨʝ-

ʥʦʩʘ: ʚʜʦʣʴ (ʦʩʴ ʍ) ʠʣʠ ʧʦʧʝʨʝʢ (ʦʩʴ Y) ʥʘʥʦʪʨʫʙʢʠ. ʅʘʠʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʧʝʨʝʥʦʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʦʧʦʣʦ-

ʛʠʯʝʩʢʠʡ ʪʠʧ V1.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ 

ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʛʨʘʬʝʥ-ʥʘʥʦʪʨʫʙʥʳʭ ʧʣʝʥʦʢ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʥʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ ʠ ʛʨʘʬʝʥʘ ʚ ʩʦʩʪʘʚʝ ʛʠʙʨʠʜʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ʧʨʦʝʢʪ ˉ24-79-10316). 
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ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʜʚʠʞʝʥʠʷ N ʪʦʯʝʯʥʳʭ ʚʠʭʨʝʡ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ 

ʪʦʯʝʯʥʦʛʦ ʚʠʭʨʷ ʚ ʙʝʩʢʦʥʝʯʥʦʡ ʧʦʣʦʩʝ ʚʳʩʦʪʳ [1] ʠ ʪʝʦʨʠʠ ʦʙʨʘʟʦʚ [2] ʠ ʠʤʝʶʪ 

ʚʠʜ 

 
ʛʜʝ (xi,yi) ï ʢʦʦʨʜʠʥʘʪʳ i-ʛʦ ʚʠʭʨʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ, ɻi ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ i-ʛʦ 

ʚʠʭʨʷ, ʘ ɝ(x,y), ɖ(x,y) ïʬʫʥʢʮʠʠ ʚʠʜʘ: 

 
ɼʣʷ ʩʣʫʯʘʷ ʚʠʭʨʝʡ ʨʘʚʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥ-

ʢʘʨʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʝʠʥʪʝʛʨʠʨʫʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʥʚʘʨʠʘʥʪʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʠʜʘ  

x1+x2=L, y1+y2=ˊ, 

ʛʜʝ L, ˊ ï ʨʘʟʤʝʨʳ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ.  

ɼʣʷ ʩʣʫʯʘʷ ʚʠʭʨʝʚʦʡ ʧʘʨʳ (ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʝʡ ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ ʠ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ) ʩ ʧʦʤʦʱʴʶ ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʥʝʠʥ-

ʪʝʛʨʠʨʫʝʤʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ʇʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʠʥʚʘʨʠʘʥʪ-

ʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ 

x1 ï x2=0, y1+ y2= ,́ ʠ x1 + x2=L, y1 ï y2=0. 

ɺ ʩʣʫʯʘʝ ʜʚʫʭ ʚʠʭʨʝʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʘʢʞʝ 

ʥʝʠʥʪʝʛʨʠʨʫʝʤʳ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʫʜʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʙʥʘʨʫʞʠʪʴ ʢʘʢʠʭ-

ʣʠʙʦ ʠʥʚʘʨʠʘʥʪʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (FEWS-2024-0007). 
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ʇʣʘʥʘʨʥʳʝ ʟʘʤʝʜʣʷʶʱʠʝ ʩʠʩʪʝʤʳ (ɿʉ) ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ ʦʙ-

ʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʟʘʤʝʜʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʤʠʥʠʘʪʶʨʥʳʭ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʚʘʢʫʫʤʥʳʭ ʛʝʥʝʨʘʪʦʨʘʭ ʠ ʫʩʠʣʠʪʝʣʷʭ 

ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʠ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʦʣʴʰʦʡ ʠʥʪʝ-

ʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʫʩʠʣʠʪʝʣʷʭ ʪʠʧʘ ʣʘʤʧʳ ʙʝʛʫʱʝʡ 

ʚʦʣʥʳ (ʃɹɺ) [1-3]. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ [3], ʚ ʤʠʣʣʠʤʝʪʨʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʥʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʭ ʚʳʭʦʜʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʆʜʥʠʤ ʠʟ ʩʧʦ-

ʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʙʦʨʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦ-

ʣʫʯʝʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ (ʕʇ) [4], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʦʣʥʳʡ ʪʦʢ ʧʫʯʢʘ 

ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʱʥʦʩʪʴ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘ ʘʜʝʢʚʘʪʥʦʤ 

ʫʨʦʚʥʝ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʘʨʥʦʡ ɿʉ ʚ ʚʠʜʝ 

ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʤʝʘʥʜʨʦʚ ʥʘ ʢʚʘʨʮʝʚʦʡ ʧʦʜʣʦʞʢʝ ʜʣʷ ʤʠʥʠʘʪʶʨʥʦʡ ʥʠʟʢʦʚʦʣʴʪ-

ʥʦʡ ʃɹɺ V-ʜʠʘʧʘʟʦʥʘ (50-70 ɻɻʮ) ʩ ʜʚʫʭʣʫʯʝʚʳʤ ʣʝʥʪʦʯʥʳʤ ʕʇ. ʉʭʝʤʘ ɿʉ ʧʨʠ-

ʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1ʘ. ɼʘʥʥʘʷ ɿʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩ ʩʦʙʦʡ ʜʚʝ ʩʚʷʟʘʥʥʳʝ ʣʠʥʠʠ ʧʝʨʝ-

ʜʘʯʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʤʦʜʘ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʝ, ʢʦʪʦʨʳʝ ʦʙ-

ʣʘʜʘʶʪ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʩʠʥʭʨʦ-

ʥʠʟʤʘ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʳ ʩʦʩʪʘʚʣʷʝʪ 4-10 ʢɺ, ʘ ʜʣʷ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ï 4-

17 ʢɺ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʇʨʠ ʵʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʚʷʟʠ ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʤʦʜʳ ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ ʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 3-24 ʆʤ ʜʣʷ ʜʚʫʭ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʕʇ ʨʘʟʤʝʨʘʤʠ 650Ĭ100 ʤʢʤ2, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ 75 ʤʢʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʘʥʜʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʕʇ ʙʦʣʝʝ ʚʳʛʦʜʥʦ ʠʤʝʥʥʦ ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʦʡ ɿʉ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʷʟʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʠʥʭʨʦʥʠʟʤʘ ʦʪ ʯʘʩʪʦʪʳ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ɿʉ ʚ ʚʠʜʝ ʦʜʠ-

ʥʦʯʥʦʛʦ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʤʝʘʥʜʨʘ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ [4]. 

ʇʨʦʚʝʜʝʥʦ ʪʨʝʭʤʝʨʥʦʝ PIC ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦ-ʚʦʣʥʦʚʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚ ʃɹɺ ʩ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ɿʉ ʚ ʚʠʜʝ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʤʝʘʥʜʨʦʚ. ʇʨʠ 

ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʧʦʣʥʳʡ ʪʦʢ ʕʇ ʩʦʩʪʘʚʣʷʝʪ 200 ʤɸ, ʘ ʥʘʧʨʷʞʝʥʠʝ ʩʦ-

ʩʪʘʚʣʷʝʪ 6 ʢɺ. ʇʦʣʥʘʷ ʜʣʠʥʘ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʠʣʘ 83 ʧʝʨʠʦʜʘ (~20 ʤʤ). ʇʨʠ ʚʭʦʜ-

ʥʦʡ ʤʦʱʥʦʩʪʠ 10 ʤɺʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ, ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʫʯʢʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 25 ʜɹ ʥʘ ʯʘʩʪʦʪʝ 

~61 ɻɻʮ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʢʘ-

ʟʘʣʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʚʙʣʠʟʠ 62 ɻɻʮ ʠ ʩʦʩʪʘʚ-

ʣʷʝʪ 49 ɺʪ ʧʨʠ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 0.5-0.7 ɺʪ. 
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ʈʠʩ. 1. (ʘ) ï ʩʭʝʤʘ ɿʉ ʚ ʚʠʜʝ ʩʚʷʟʘʥʥʳʭ ʤʝʘʥʜʨʦʚ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ ʩ ʫʩʪʨʦʡ-

ʩʪʚʘʤʠ ʩʦʛʣʘʩʦʚʘʥʠʷ, (ʙ) ï ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʩʠʥʭʨʦʥʠʟʤʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʷʟʠ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʳ ɿʉ ʦʪ ʯʘʩʪʦʪʳ. 
 

 
 ͊        ͋

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʚʦʣʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʃɹɺ:  

(ʘ) ï ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 10 ʤɺʪ,  

(ʙ) ï ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʯʘʩʪʦʪʝ 62 ɻɻʮ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜʥʫʶ 

ʤʦʱʥʦʩʪʴ ʃɹɺ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʣʫʯʝʚʦʡ ʃɹɺ ʩ ɿʉ ʚ 

ʚʠʜʝ ʦʜʠʥʦʯʥʦʛʦ ʤʝʘʥʜʨʘ (23 ɺʪ) ʥʘ ʪʝʭ ʞʝ ʯʘʩʪʦʪʘʭ ʧʨʠ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʥʘʧʨʷʞʝʥʠʷ ʧʫʯʢʘ ʠ ʘʥʘʣʦʛʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʜʚʫʭʣʫʯʝʚʦʡ ʃɹɺ ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʤʝʘʥʜʨʘ ʫʤʝʥʴʰʠʣʦʩʴ ʩʦ 125 ʜʦ 83, ʘ ʧʦʣʥʘʷ 

ʜʣʠʥʘ ʩʪʨʫʢʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ 2.25 ʩʤ ʜʦ 2 ʩʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʥʩʪʠʪʫʪʝ ʨʘʜʠʦ-

ʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ. 
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