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ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʘʟʤʝʨ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʝʛʦ ʩʚʦʡʩʪʚʘ (ʪ.ʥ. ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ). ʆʪʣʠʯʠʝ ʩʚʦʡʩʪʚ ʤʘʣʳʭ ʯʘʩʪʠʮ ʦʪ ʩʚʦʡʩʪʚ 

ʤʘʩʩʠʚʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʫʞʝ ʜʘʚʥʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʦʯʝʥʴ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ. ʇʦʨʦʰʢʠ ʠʟ ʤʘʣʳʭ ʯʘʩʪʠʮ ʨʘʙʦʪʘʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝʩʨʘʚʥʝʥʥʦ ʣʫʯʰʝ, ʯʝʤ ʤʘʩʩʠʚʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʪʝʭ ʞʝ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʚʝʜʝʥʠʝ ʤʘʣʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚʥʫʪʨʴ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʜʘʸʪ ʵʪʠʤ 

ʤʘʪʝʨʠʘʣʘʤ ʫʥʠʢʘʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʠʟ-ʟʘ ʯʝʛʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. ʆʙʠʣʠʝ ʚʦʟʤʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ 

ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʤʘʣʳʭ ʯʘʩʪʠʮʘʭ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʦʩʴ 

ʚ ʮʝʣʦʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʪʘʚʰʝʝ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʬʠʟʠʢʦʡ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ 

ʘʪʦʤʥʦʡ ʬʠʟʠʢʦʡ. 

ʆʜʥʠʤ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʨʘʟʤʝʨʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʤʘʣʳʭ ʯʘʩʪʠʮʘʭ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʚ ʥʠʭ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ, ʟʘʧʨʝʱʸʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʷʪʝʨʥʘʷ ʩʠʤʤʝʪʨʠʷ ʦʙʥʘʨʫʞʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʫ ʚʩʝʭ 

ɻʎʂ ʤʝʪʘʣʣʦʚ.  

ʂʨʠʩʪʘʣʣʳ ʩ ʧʷʪʝʨʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʚ ʥʠʭ 

ʥʘʨʫʰʝʥ ʜʘʣʴʥʠʭ ʧʦʨʷʜʦʢ; ʠʤʝʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ; 

ʟʘʧʨʝʱʝʥʦ ʪʨʘʥʩʣʷʮʠʦʥʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ; ʯʝʪʢʦ ʚʳʨʘʞʝʥʘ ʪʝʢʩʪʫʨʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʥʠʟʦʪʨʦʧʠʷ ʩʚʦʡʩʪʚ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʦʢʨʳʪʠʷ, ʧʣʝʥʢʠ ʠ ʧʦʨʦʰʢʠ ʠʟ 

ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʩʪʨʦʝʥʠʷ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʧʝʥʪʘʛʦʥʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʢʨʠʩʪʘʣʣʦʚ, 

ʧʦʢʨʳʪʠʡ, ʧʣʝʥʦʢ ʠ ʧʦʨʦʰʢʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʠʭ, ʩʝʡʯʘʩ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʪʝʦʨʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʥʘʥʦʯʘʩʪʠʮʝ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʦʪʣʠʯʥʳʤʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ 

ʯʘʩʪʠʮʳ. ʈʘʩʩʯʠʪʘʪʴ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʪʘʢʘʷ 

ʨʝʣʘʢʩʘʮʠʷ ʚʦʟʤʦʞʥʘ.  
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ɿʘʜʘʯʠ ʨʘʙʦʪʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʚ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʦʙʦʩʥʦʚʘʪʴ ʠ ʚʳʙʨʘʪʴ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ; 

¶ ʨʘʩʩʯʠʪʘʪʴ ʵʥʝʨʛʠ ʁʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʯʘʩʪʠʮ rʩʦ ʩʣʦʝʤ, ʦʙʣʘʜʘʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʦʪʣʠʯʥʳʤʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʯʘʩʪʠʮʳ; 

¶ ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʣʦʯʢʠ (ʪʦʣʱʠʥʘ, ʧʘʨʘʤʝʪʨ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ), ʧʨʠ  

ʢʦʪʦʨʳʭ ʨʝʣʘʢʩʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘʥʦʯʘʩʪʠʮʳ ʚʦʟʤʦʞʥʘ; 

¶ ʨʘʩʩʯʠʪʘʪʴ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮʳ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʩʧʦʩʦʙʝʥ ʫʤʝʥʴʰʠʪʴ ʵʥʝʨʛʠʶ ʯʘʩʪʠʮʳ 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥ ʩʣʝʜʫʶʱʠʡ ʥʦʚʳʡ ʨʝʟʫʣʴʪʘʪ: ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦ 

ʧʦʥʠʞʝʥʠʝ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

 

ʇʫʙʣʠʢʘʮʠʠ. ʃ.ʄ. ɼʦʨʦʛʠʥ, ɸ.ʃ. ʂʦʣʝʩʥʠʢʦʚʘ, ɸ.ɽ. ʈʦʤʘʥʦʚ, ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʝʚ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ (ʥʘʧʨʘʚʣʝʥʦ ʚ ʇʠʩʴʤʘ ʚ ɾʫʨʥʘʣ 

ʊʝʭʥʠʯʝʩʢʦʡ ʌʠʟʠʢʠ).  

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ʄʘʛʠʩʪʝʨʩʢʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, 

ʦʙʱʠʭ ʚʳʚʦʜʦʚ, ʧʨʠʣʦʞʝʥʠʡ ʠ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ. ʆʙʲʝʤ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 38 

ʩʪʨʘʥʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ 15 ʨʠʩʫʥʢʦʚ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʤʘʣʳʭ ʯʘʩʪʠʮ ʩ 

ʘʢʮʝʥʪʦʤ ʚʥʠʤʘʥʠʷ ʥʘ  ʯʘʩʪʠʮr ʩ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ. ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ 

ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʢʦʥʪʠʥʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ (ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ) ʥʘʥʦʯʘʩʪʠʮʳ 

(ʇʅʏ). ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʩʯʸʪ ʫʧʨʫʛʠʭ ʧʦʣʝʡ ʠ ʵʥʝʨʛʠʠ ʇʅʏ ʩ ʦʙʦʣʦʯʢʦʡ 

(ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ  ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ ʇʅʏ ʨʘʚʥʳ). ʆʧʨʝʜʝʣʝʥ ʧʦʨʦʛʦʚʳʡ ʨʘʜʠʫʩ ʇʅʏ. ɺ 

ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥ ʦʙʱʠʡ ʩʣʫʯʘʡ ʨʘʟʥʳʭ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ 

ʇʅʏ. 
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ɻʣʘʚʘ 1. ʄʘʣʳʝ ʯʘʩʪʠʮʳ ʠ ʯʘʩʪʠʮʳ ʩ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ  

(ʦʙʟʦʨ) 

  

ʄʘʣʳʝ ʯʘʩʪʠʮʳ.  ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʝʛʦ ʩʚʦʡʩʪʚʘ. ʇʦʯʪʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʩʠʩʪʝʤʳ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʝʥʠʷ ʥʘʯʠʥʘʶʪ ʟʘʤʝʪʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʪʴʩʷ. ʇʦʜʦʙʥʳʝ 

ʘʥʦʤʘʣʠʠ ʚ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʨʘʟʤʝʨʥʳʤ ʵʬʬʝʢʪʦʤ. 

ʆʩʦʙʝʥʥʦ ʦʱʫʪʠʤʦ ʨʘʟʤʝʨʥʳʝ ʵʬʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʪʦʥʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʸʥʢʘʭ, 

ʢʣʘʩʪʝʨʘʭ ʠ ʤʘʣʳʭ ʯʘʩʪʠʮʘʭ. 

ʂʣʘʩʪʝʨ ï ʵʪʦ ʘʛʨʝʛʘʮʠʷ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʘʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʘʪʦʤʦʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʳʩʷʯ ʘʪʦʤʦʚ. ʂʣʘʩʪʝʨ ʧʦ ʩʚʦʠʤ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʟʘʥʠʤʘʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʤʦʥʦʤʝʨʦʤ, ʘʪʦʤʦʤ (ʠʣʠ ʤʦʣʝʢʫʣʦʡ) ʠ 

ʤʘʣʦʡ ʯʘʩʪʠʮʝʡ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ 10
6
..10

7
 ʘʪʦʤʦʚ. ʍʦʪʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʘʢʪʠʢʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʥʷʪʠʝ çʤʘʣʘʷ ʯʘʩʪʠʮʘè ʪʘʢʞʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʛʨʝʛʘʮʠʷʤ 

ʠʟ ʤʝʥʝʝ 10
6
 ʘʪʦʤʦʚ, ʧʦʵʪʦʤʫ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʵʪʠ ʪʝʨʤʠʥʳ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳ. 

ʈʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ ʚ ʤʘʣʳʭ ʯʘʩʪʠʮʘʭ (ʢʣʘʩʪʝʨʘʭ) ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʥʘʣʠʯʠʷ 

ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ, ʟʘʧʨʝʱʸʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʝʥʪʘʛʦʥʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ (ʩʠʤʤʝʪʨʠʷ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ) ʚ ʤʘʣʳʭ ʯʘʩʪʠʮʘʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ. ʆʩʥʦʚʥʳʝ 

ʦʪʣʠʯʠʷ: 

1. ɺ ʢʚʘʟʠʢʨʠʩʪʘʣʣʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʜʘʣʴʥʠʡ ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʧʦʨʷʜʦʢ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ ʧʦʨʷʜʢʘ ʣʦʢʘʣʴʥʦ ʚ ʣʶʙʦʡ ʯʘʩʪʠ ʢʚʘʟʠʢʨʠʩʪʘʣʣʘ. ɺ ʤʘʣʳʭ 

ʯʘʩʪʠʮʘʭ, ʥʘʧʨʦʪʠʚ, ʜʘʣʴʥʠʡ ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʧʦʨʷʜʦʢ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ ʚʥʫʪʨʠ ʤʘʣʦʡ 

ʯʘʩʪʠʮʳ ʣʦʢʘʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʦʙʣʘʩʪʝʡ, ʠʤʝʶʱʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʨʘʥʩʣʷʮʠʦʥʥʫʶ ʩʠʤʤʝʪʨʠʶ. 

2. ʂʚʘʟʠʢʨʠʩʪʘʣʣ ʦʙʨʘʟʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ ʘʪʦʤʦʚ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʩʦʨʪʦʚ, ʘ ʤʘʣʘʷ 

ʯʘʩʪʠʮʘ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʘʪʦʤʦʚ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

3. ʏʝʨʝʟ ʢʘʞʜʫʶ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʢʚʘʟʠʢʨʠʩʪʘʣʣʘ ʧʨʦʭʦʜʠʪ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʧʷʪʦʛʦ 

ʧʦʨʷʜʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʘʣʘʷ ʯʘʩʪʠʮʘ ʠʤʝʝʪ ʦʜʥʫ ʠʣʠ ʰʝʩʪʴ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ ʧʷʪʦʛʦ 

ʧʦʨʷʜʢʘ. 

ɼʘʣʝʝ ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʘʢʠʝ ʤʘʣʳʝ ʯʘʩʪʠʮʳ (ʢʣʘʩʪʝʨʳ) ï ʥʘʥʦʯʘʩʪʠʮʘʤʠ. ʆʜʥʦ 

ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʦʝ ʩʚʦʡʩʪʚʦ ʥʘʥʦʯʘʩʪʠʮ ï ʪʦ, ʯʪʦ ʠʭ ʬʦʨʤʘ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʩʩʠʚʥʳʤ ʦʙʨʘʟʮʘʤ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ. ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʜʣʷ ʵʪʦʛʦ ï 

ʧʨʠʨʦʜʘ ʩʠʣ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʢʦʪʦʨʳʝ ʜʦʤʠʥʠʨʫʶʪ ʥʘ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʥʦʯʘʩʪʠʮʳ ʠʤʝʶʪ ʩʚʦʡʩʪʚʘ ʦʪʣʠʯʥʳʝ ʦʪ ʤʦʣʝʢʫʣ ʠʣʠ ʤʘʩʩʠʚʥʳʭ 

ʦʙʨʘʟʮʦʚ (ʈʠʩ. 1.). 

ʀʤʝʷ ʨʘʟʤʝʨ 1-100 ʥʤ, ʦʥʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʨʷʜ ʠʜʝʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʙʣʠʟʢʘ ̫

ʢ ʠʜʝʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴ, ʘʢʪʠʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʘʞʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʠ ʜʠʩʢʨʝʪʥʳʝ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʩʦʙʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ. 

ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ, 

ʜʘʪʯʠʢʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. 

ɺ ʥʘʥʦʤʠʨʝ ʬʦʨʤʘ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʘ. ʇʦʪʦʤʫ ʯʪʦ ʵʥʝʨʛʠʷ ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʦʢʘʟʳʚʘʝʪ ʤʥʦʛʦ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ-ʢʦʥʬʠʛʫʨʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʟʥʳʤ 

ʩʪʨʫʢʪʫʨʘʤ. ʄʘʣʝʥʴʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʣʫʯʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʝʨʝʭʦʜʘ ʚ ʯʘʩʪʠʮʝ ʢ ʜʨʫʛʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

 

 

ʈʠʩ. 1. ʅʘʛʣʷʜʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ (ʠʟ Yacaman et al. [1]). 

 

ɻʣʘʚʥʳʝ ʪʠʧʳ ʯʘʩʪʠʮ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʥʘʥʦʤʝʪʨʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʝʨʚʳʝ 

ʬʘʢʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʧʝʥʪʘʛʦʥʘʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ (ʇʅʏ) ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʝʨʝʜʠʥʝ 60-ʭ ʛʦʜʦʚ (ʚʝʱʝʩʪʚʦ ï Au [2-6]). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʇʅʏ ʧʦʣʫʯʝʥʳ 
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ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ɻʎʂ ʤʝʪʘʣʣʦʚ [7-14], ʘ ʪʘʢʞʝ ʜʣʷ Ge, Si [15-17] ʠ ʨʷʜʘ ʜʨʫʛʠʭ 

ʚʝʱʝʩʪʚ [18-21]. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʝ ʠ ʠʥʪʝʨʝʩʥʳʝ ʬʦʨʤʳ ʚ ʥʘʥʦʤʝʪʨʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ 2. 

 

ʈʠʩ 2. ɻʣʘʚʥʳʝ ʪʠʧʳ ʥʘʙʣʶʜʘʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ: (ʘ) fcc ʢʫʙʦʢʪʘʵʜʨ, (b) 

ʠʢʦʩʘʵʜʨ, (c) ʦʙʳʢʥʦʚʝʥʥʳʡ ʜʝʢʘʵʜʨ, (d) ʟʚʝʟʜʦʦʙʨʘʟʥʳʡ ʜʝʢʘʵʜʨ, (e) 

ʜʝʢʘʵʜʨ ʄʘʨʢʩʘ,  (f) ʢʨʫʛʣʳʡ ʜʝʢʘʵʜʨ (ʠʟ Yacaman et al. [1]). 

 

ʀʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʫʙʦʢʪʘʵʜʨ, ʠʢʦʩʘʵʜʨ, ʦʙʳʢʥʦʚʝʥʥʳʡ ʜʝʢʘʵʜʨ, ʟʚʝʟʜʦʦʙʨʘʟʥʳʡ 

ʜʝʢʘʵʜʨ, ʦʙʨʝʟʘʥʥʳʡ ʜʝʢʘʵʜʨ ʄʘʨʢʩʘ ʠ ʢʨʫʛʣʘʷ ʧʝʥʪʘʛʦʥʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʘʩʪʠʮʳ ʩ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ rʠʟ 20 ʪʝʪʨʘʵʜʨʦʚ. 

ɼʝʢʘʵʜʨʠʯʝʩʢʘʷ ʠ ʠʢʦʩʘʵʜʨʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨ.r ʆʩʥʦʚʥʳʝ (ʙʘʟʦʚʳʝ) ʪʠʧʳ ʛʘʙʠʪʫʩʘ 

ʤʘʣʳʭ ʯʘʩʪʠʮ ʩ ʦʩʷʤʠ ʩʠʤʤʝʪʨʠʠ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʈʠʩ.3. 

  

a) b) 

ʈʠʩ. 3. ʆʩʥʦʚʥʳʝ ʬʦʨʤʳ ʧʝʥʪʘʛʦʥʘʣʴʥʳʭ ʯʘʩʪʠʮ: a) ʜʝʢʘʵʜʨ, b) ʠʢʦʩʘʵʜʨ [23]. 
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ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʜʝʢʘʵʜʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ (ʈʠʩ. 3. (ʘ)), ʚʦ-ʚʪʦʨʳʭ, ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʝ ʤʘʣʳʝ 

ʯʘʩʪʠʮʳ (ʀʄʏ) (ʈʠʩ. 3. (b)). ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʝʢʘʵʜʨʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʷʚʣʷʶʪʩʷ 

ʠʩʭʦʜʥʦʡ ʬʦʨʤʦʡ ʜʣʷ ʀʄʏ. ɼʣʷ ʚʝʱʝʩʪʚ ʩ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʥʘʨʫʞʝʥʳ 

ʪʘʢʞʝ ʤʘʣʳʝ ʯʘʩʪʠʮʳ, ʦʙʣʘʜʘʶʱʠʝ ʛʘʙʠʪʫʩʦʤ ʧʝʥʪʘʛʦʥʘʣʴʥʦʛʦ ʜʦʜʝʢʘʵʜʨʘ [23]. 

ʀʢʦʩʘʵʜʨʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʥʘʡʜʝʥʘ ʚ ʯʘʩʪʠʮʘʭ ʜʠʘʧʘʟʦʥʘ ʦʪ 1 ʜʦ 100 ʥʤ. ʕʪʦʪ ʪʠʧ 

ʯʘʩʪʠʮ ʧʦʣʫʯʝʥ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʚʳʨʘʱʠʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʧʘʨʦʚʦʝ 

ʦʩʘʞʜʝʥʠʝ, ʢʦʣʣʦʠʜʥʳʡ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʆʙʳʯʥʦ ʨʘʟʤʝʨ ʇʅʏ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʘʥʛʩʪʨʝʤ. ʊʘʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʦʚʝʨʰʝʥʥʳʤʠ, ʪ.ʝ. ʩʦʜʝʨʞʘʪʴ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ, ʧʨʠ ʙʦʣʴʰʝʤ ʨʘʟʤʝʨʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʥʘʥʦʯʘʩʪʠʮ ʥʘʨʫʰʘʝʪʩʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʇʅʏ ʤʦʛʫʪ ʠʤʝʪʴ ʜʠʘʤʝʪʨ ʩʚʳʰʝ 1000 ¡ [24,25]. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʥʦʯʘʩʪʠʮ. ʇʝʨʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ï ʦʧʠʩʘʥʠʝ ʚ ʨʘʤʢʘʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʦʪʝʥʮʠʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ, ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʠʥʠʤʫʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʟʘʜʘʥʥʦʛʦ 

ʯʠʩʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ [26] ʜʣʷ ʢʣʘʩʪʝʨʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʣʦʩʴ ʧʘʨʥʳʤ ʮʝʥʪʨʘʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ, ʤʝʪʦʜʳ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ [27], ʠ ʤʝʪʦʜ ʪʨʝʭʯʘʩʪʠʯʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [28]. ɺ ʨʘʙʦʪʝ [29] ʧʨʠ ʧʦʤʦʱʠ ʤʥʦʛʦʯʘʩʪʠʯʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʪʦʜʦʤ 

ʩʠʤʫʣʷʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʙʳʣʦ ʧʦʢʘʟʘʥʘ ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʦʩʪʘ 

ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʧʨʠ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʣʷ Ag, Cu, Au, Pd ʠ 

Pt ʚ [30] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʷʩʥʠʣʘʩʴ 

ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ, 

ʜʝʢʘʵʜʨʠʯʝʩʢʦʡ ʥʘ ʩʨʝʜʥʠʭ, ʠ ʦʙʨʝʟʘʥʥʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ï ʥʘ ʙʦʣʴʰʠʭ (ʨʘʩʯʝʪ ʚʸʣʩʷ ʜʦ 

ʨʘʟʤʝʨʦʚ ʦʢʦʣʦ 40000ºN ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ [31] ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʯʘʩʪʠʮ B6O ʩ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʆʙʱʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʘʣʳʭ ʜʝʢʘʵʜʨʠʯʝʩʢʠʭ ʠ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʚʨʘʱʝʥʠʶ ʠʭ ʚ 

ʟʘʨʦʜʳʰʠ ʦʙʳʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ [32]. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʦʩʦʙʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ 7 ʘʪʦʤʥʳʡ ʜʝʢʘʵʜʨ ʠ 13 ʠ 55 ʘʪʦʤʥʳʝ ʠʢʦʩʘʵʜʨʳ. 

ʆʜʥʘʢʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʦʪʝʥʮʠʘʣʳ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʠʤʝʥʠʤʳ ʪʦʣʴʢʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ ʠ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʯʝʥʴ ʪʨʫʜʥʦ ʚ ʨʘʤʢʘʭ 
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ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠʩʩʣʝʜʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʤʘʣʳʝ ʯʘʩʪʠʮʳ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʘʪʦʤʦʚ. 

ɼʨʫʛʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʣʳʭ ʯʘʩʪʠʮ ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʘʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʱʝʩʪʚʘ. ʂ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪʥʦʩʷʪʩʷ ʫʧʨʫʛʠʝ ʤʦʜʫʣʠ, 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ, ʵʥʝʨʛʠʷ ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮ. ɺ ʨʘʤʢʘʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʫʧʨʫʛʠʭ ʧʦʣʝʡ, ʩʚʷʟʘʥʥʘʷ ʩ ʫʩʪʨʘʥʝʥʠʝʤ ʜʝʬʠʮʠʪʘ 

ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ. 
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ɻʣʘʚʘ 2. ʇʝʥʪʘʛʦʥʘʣʴʥʳʝ ʠʢʦʩʘʵʜʨʠʯʩʝʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ, ʫʧʨʫʛʠʝ ʧʦʣʷ, ʵʥʝʨʛʠʷ. 

 

2.1. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ. ɼʠʩʢʣʠʥʘʮʠʷ ʄʘʨʢʩʘ-ʀʦʬʬʝ. 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʥʝʰʥʠʝ ʛʨʘʥʠ ʜʝʢʘʵʜʨʠʯʝʩʢʠʭ ʠ 

ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʶʪʩʷ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʪʠʧʘ (111) ɻʎʂ 

ʨʝʰʝʪʢʠ, ʯʪʦ ʜʣʷ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʜʝʣʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʚʠʥʫʪʴ ʚʝʩʴʤʘ ʧʨʦʩʪʫʶ ʠʜʝʶ ʦ ʩʪʨʫʢʪʫʨʝ ʇʅʏ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʝʢʘʵʜʨʠʯʝʩʢʘʷ ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʧʷʪʠ, ʘ ʠʢʦʩʘʵʜʨʠʯʝʩʢʘʷ ï ʠʟ ʜʚʘʜʮʘʪʠ 

ʩʣʘʙʦ ʠʩʢʘʞʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʆʪʜʝʣʴʥʳʡ 

ʪʝʪʨʘʵʜʨ ʷʚʣʷʝʪʩʷ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ɻʎʂ ʩʪʨʫʢʪʫʨʳ. ʊʝʪʨʘʵʜʨʳ ʩʪʳʢʫʶʪʩʷ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦ ʛʨʘʥʠʮʘʤ ʪʠʧʘ (111), ʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚʥʫʪʨʠ ʥʘʥʦʯʘʩʪʠʮʳ ʚ 

ʜʚʦʡʥʠʢʦʚʳʝ ʛʨʘʥʠʮʳ. ʀʟ-ʟʘ ʵʪʦʛʦ ʪʘʢʠʝ ʯʘʩʪʠʮʳ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʤʥʦʞʝʩʪʚʝʥʥʦ 

ʩʜʚʦʡʥʠʢʦʚʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (multiply-twinned particles). 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʨʝʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʦ 

ʧʨʘʚʠʣʴʥʳʤʠ ʪʝʪʨʘʵʜʨʘʤʠ ʩ ʜʣʠʥʦʡ ʨʝʙʨʘ l [33,34]. ʇʦʵʪʦʤʫ ʜʣʷ ʜʝʢʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ 

(ʈʠʩ. 3 (ʘ)) ʚʦʟʤʦʞʥʳ ʜʚʘ ʪʠʧʘ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʜʣʠʥʘʤʠ ʨʝʙʝʨ l1, l2, l3 ʚʭʦʜʷʱʠʭ ʚ ʥʝʸ 

ʪʝʪʨʘʵʜʨʦʚ: 

1) 22321 02.1
5

sin3, lllll Öº==
p

 (ʚ ʵʪʦʤ ʩʣʫʯʘʝ 31 ll < ) 

2) 22

2

132 05.1
5

3, llctglll Öº-==
p

 ( 31 ll > ) 

ɸʥʘʣʦʛʠʯʥʦ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʠʢʦʩʘʵʜʨʘ ʜʦ ʝʛʦ ʚʝʨʰʠʥʳ (ʈʠʩ. 3 (b)) ʤʝʥʴʰʝ 

ʜʣʠʥʳ ʨʝʙʨʘ l2, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ (12 05.1 ll Öº ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʢʣʘʜʢʝ 

ʧʨʘʚʠʣʴʥʳʭ ʪʝʪʨʘʵʜʨʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʜʝʢʘʵʜʨʘ ʠʣʠ ʠʢʦʩʘʵʜʨʘ ʚʦʟʥʠʢʘʝʪ ʜʝʬʠʮʠʪ ʪʝʣʝʩʥʦʛʦ 

ʫʛʣʘ ï ʥʝʟʘʧʦʣʥʝʥʥʘʷ ʚʝʱʝʩʪʚʦʤ ʱʝʣʴ (ʈʠʩ. 4). ɺ ʩʣʫʯʘʝ ʜʝʢʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ ʜʝʬʠʮʠʪ 

ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ Db  ʨʘʚʝʥ  

ppb 08.0
3

3
arcsin204 º-=D                                               (1) 

ʜʣʷ ʀʅʏ ï ʦʥ ʚ ʰʝʩʪʴ ʨʘʟ ʙʦʣʴʰʝ: 

pbb 49.06 º= DI .                                                          (2) 

 ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʘʢʪʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʥʝʥʠʝ ʵʪʦʛʦ ʜʝʬʠʮʠʪʘ, ʯʪʦ, 

ʦʜʥʘʢʦ, ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ. 
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ʈʠʩ. 4. ɼʝʬʠʮʠʪ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ 

ʠʟ ʧʨʘʚʠʣʴʥʳʭ ʪʝʪʨʘʵʜʨʦʚ: a) ʜʝʢʘʵʜʨ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʱʝʣʴʶ, b) 

ʠʢʦʩʘʵʜʨ ʩʦ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʱʝʣʠ (ʠʟ [22]). 

 

ɼʝʢʘʵʜʨʠʯʝʩʢʘʷ ʯʘʩʪʠʮʘ ʠʤʝʝʪ 7 ʚʝʨʰʠʥ, 15 ʨʝʙʝʨ ʠ 10 ʛʨʘʥʝʡ, ʦʜʥʫ ʦʩʴ ʧʷʪʦʛʦ 

ʧʦʨʷʜʢʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʝʡ ʟʝʨʢʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠ ʠ ʧʷʪʴ ʜʨʫʛʠʭ ʟʝʨʢʘʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʫ ʦʩʴ. 

ʇʨʠ ʧʦʣʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʘʪʦʤʥʳʭ ʩʣʦʸʚ ʚ ʜʝʢʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʝ ʝʸ ʩʪʨʫʢʪʫʨʘ 

ʩʪʘʥʦʚʠʪʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ, ʢʦʛʜʘ ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʪʘʢʠʭ çʤʘʛʠʯʝʩʢʠʭè ʯʘʩʪʠʮʘʭ 

)171510(
6

2 ++= nn
n

ND , ʛʜʝ n ï ʥʦʤʝʨ ʦʙʦʣʦʯʢʠ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʨʷʜ: 7, 29, 76, 158, 285 ʠ 

ʪ.ʜ. ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʝʢʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʝ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ɻʎʂ ʨʝʰʝʪʢʠ. 

ʀʅʏ ʠʤʝʝʪ 12 ʚʝʨʰʠʥ, 20 ʛʨʘʥʝʡ ʠ 30 ʨʝʙʝʨ, 6 ʦʩʝʡ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ, ʧʨʦʭʦʜʷʱʠʭ 

ʯʝʨʝʟ ʚʝʨʰʠʥʳ, ʜʝʩʷʪʴ ʦʩʝʡ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʮʝʥʪʨʳ ʛʨʘʥʝʡ, 15 

ʟʝʨʢʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʝʨʝʩʝʢʘʶʱʠʭ ʨʝʙʨʘ. ɺ ʨʘʤʢʘʭ 

ʦʙʦʣʦʯʝʯʥʦʡ ʤʦʜʝʣʠ çʤʘʛʠʯʝʩʢʠʝè ʢʣʘʩʪʝʨʳ ʩʦʜʝʨʞʘʪ )3111510(
3

1 23 +++= nnnNI  ʘʪʦʤʦʚ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʨʷʜ: 13, 55, 147, 309, 561 ʠ ʪ.ʜ. [15].  ʆʙʲyʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʀʅʏ ʜʦʚʦʣʴʥʦ 

ʥʠʟʢʘ  ʠ ʩʦʩʪʘʚʣʷʝʪ 69.0º  [35]. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ [27] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ 

ʀʅʏ ʚʝʩʴʤʘ ʫʧʣʦʪʥʝʥʘ: ʨʘʜʠʘʣʴʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʞʘʪʳ, ʘ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʀʅʏ, ʥʘʦʙʦʨʦʪ, ʨʘʩʪʷʥʫʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ 

ʩʚʦʡʩʪʚʘʤ ʠ ʩʪʨʫʢʪʫʨʝ ʜʝʢʘʵʜʨʠʯʝʩʢʠʭ ʠ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʥʘʙʣʶʜʝʥʠʶ ʚ ʥʠʭ 

ʜʝʬʝʢʪʦʚ ʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʀʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʩʪʨʫʢʪʫʨʳ 

ʪʘʢʠʭ ʯʘʩʪʠʮ, ʥʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʘʤʦʡ ʧʨʦʜʫʢʪʠʚʥʦʡ ʠʟ ʥʠʭ ʦʢʘʟʳʚʘʝʪʩʷ 

ʜʠʩʢʣʠʥʘʮʠʦʥʥʘʷ (ʈʠʩ. 5). ɼʣʷ ʜʝʢʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʣʠʥʦʚʫʶ ʜʠʩʢʣʠʥʘʮʠʶ ʤʦʱʥʦʩʪʴʶ 0272/ ¡º= A
Dbw . ʀʢʦʩʘʵʜʨʠʯʝʩʢʘʷ 

ʥʘʥʦʯʘʩʪʠʮʘ ʠʤʝʝʪ ʰʝʩʪʴ ʪʘʢʠʭ ʜʠʩʢʣʠʥʘʮʠʡ ʤʦʱʥʦʩʪʴʶ w ʧʨʦʭʦʜʷʱʠʭ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ.  

ɺ ʨʘʤʢʘʭ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʤʳ ʤʦʞʝʤ ʩʯʠʪʘʪʴ ʯʘʩʪʠʮʫ ʩʬʝʨʠʯʝʩʢʦʡ, ʥʦ ʚʝʩʪʠ 

ʨʘʩʯʝʪ ʩ ʪʘʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʬʝʢʪʦʚ ʚ ʩʠʩʪʝʤʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʠʜʝʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʦʡ ʤʦʜʝʣʠ ʪ. ʥ. ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ [36]. ʆʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢʣʠʥʘʮʠʶ ʦʩʦʙʦʛʦ ʪʠʧʘ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʧʦ ʦʙʲʝʤʫ 

ʩʬʝʨʳ. 

 
 

a) b) 

ʈʠʩ. 5. ɼʠʩʢʣʠʥʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ a) ʜʝʢʘʵʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ b) ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ 

ʯʘʩʪʠʮʳ [23]. w
C

 - ʤʦʱʥʦʩʪʴ ʜʠʩʢʣʠʥʘʮʠʠ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʠʠ ʜʠʩʢʣʠʥʘʮʠʠ 

ʄʘʨʢʩʘ-ʀʦʬʬʝ ʧʦ ʬʦʨʤʫʣʝ [36,22]: 

 0613.0
8
º=
p

b
c I ,   (3) 

ʛʜʝ Ib  - ʜʝʬʠʮʠʪ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ (2). 

 

2.1. ʋʧʨʫʛʠʝ ʧʦʣʷ ʠ ʵʥʝʨʛʠʷ ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ 

ɼʝʬʦʨʤʘʮʠʠ ʚ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ  ʯʘʩʪʠʮʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ, ʢʦʛʜʘ ʤʳ ʟʘʤʝʥʷʝʤ 

ʯʘʩʪʠʮʫ ʫʧʨʫʛʦʡ ʩʬʝʨʦʡ, ʠʤʝʶʱʝʡ ʪʦʪ ʞʝ ʥʝʜʦʩʪʘʶʱʠʡ ʦʙʲʝʤ (ʦʢʦʣʦ 12%), ʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʨʘʚʥʦʤʝʨʥʦ ʩʢʚʦʟʴ ʩʬʝʨʦʠʜ. ʕʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʛʣʦʚʦʤʫ ʫʩʨʝʜʥʝʥʠʶ 

ʜʝʬʦʨʤʘʮʠʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʪʦʥʢʠʭ ʨʘʜʠʘʣʴʥʳʭ ʢʦʥʫʩʦʚ, 

ʩʪʷʛʠʚʘʶʱʠʭ ʢʘʞʜʳʡ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʪʝʣʝʩʥʳʡ ʫʛʦʣ wd  ʚ ʮʝʥʪʨ ʠ ʟʘʧʦʣʥʷʶʱʠʤʠ 

ʨʘʚʥʦʤʝʨʥʦ ʚʝʩʴ ʦʙʲʝʤ. ɼʘʣʝʝ ʵʪʠ ʢʦʥʫʩʳ ʩʪʠʩʢʠʚʘʶʪʩʷ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ (ʩʦʭʨʘʥʷʷ 

ʧʨʝʞʥʶʶ ʜʣʠʥʫ) ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥʠ ʥʝ ʩʦʧʨʠʢʦʩʥʫʪʴʩʷ ʠ çʩʢʣʝʷʪʩʷè ʚʤʝʩʪʝ. ɺ ʧʨʝʜʝʣʝ 

0wd  ʩʦʙʩʪʚʝʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ (eigenstrain) ʨʘʚʥʦʤʝʨʥʘ ʧʦ ʦʙʲʝʤʫ ʩʬʝʨʳ ʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʦʪʥʦʰʝʥʠʷʤʠ [36] 
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cee ffqq == **        (4.a) 

0**** ==== rrrr eeee qfqf      (4.b) 

ʛʜʝ c- ʧʘʨʘʤʝʪʨ ʤʦʱʥʦʩʪʠ ʜʠʩʢʣʠʥʘʮʠʠ, ʦʧʠʩʘʥʥʳʡ ʚ (3); ( ),, fqr - ʩʬʝʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ ʩ ʥʘʯʘʣʦʤ ʚ ʮʝʥʪʨʝ ʯʘʩʪʠʮʳ. ʊʝʧʝʨʴ, ʢʦʛʜʘ ʤʳ ʦʩʚʦʙʦʞʜʘʝʤ ʩʠʩʪʝʤʫ ʦʪ ʚʥʝʰʥʠʭ 

ʩʠʣ, ʩʬʝʨʘ ʠʩʢʘʞʘʝʪʩʷ ʨʘʜʠʘʣʴʥʦ ʜʦ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʊʦʛʜʘ ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

r

ur
rr
µ

µ
=e        (5.a) 

cee ffqq +==
r

ur       (5.b) 

ʂʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʜʘʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʜʦʣʞʥʳ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ: 

0
2

=
--

+
µ

µ

rr

rrrr ffqq ssss
     (6) 

ʯʪʦ ʜʣʷ ʧʦʣʥʳʭ ʩʤʝʱʝʥʠʡ ru  ʜʘʸʪ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ 

2/ln
1

21

3

2
rCBrrrur ++ö

÷

õ
æ
ç

å

-

-
=

n

nc
,     (7) 

ʢʦʥʩʪʘʥʪʳ B ʠ ʉ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʩʤʝʱʝʥʠʷ ʚ 

ʮʝʥʪʨʝ: 

3

2
ln

1

21

3

2 c

n

nc
-ö

÷

õ
æ
ç

å

-

-
-= pRB      (8.a) 

0=C ,                              (8.b) 

ʛʜʝ pR - ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. 

ɺ ʠʪʦʛʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʦʚ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ [36] 

3

2
1ln

1

21

3

2 c

n

nc
e -

ù
ù

ú

ø

é
é

ê

è
+
ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å

-

-
=

p

rr
R

r
              (9.a) 

3
ln

1

21

3

2 c

n

nc
ee ffqq +

ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å

-

-
==

pR

r
    (9.b) 

ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å

-

+
=

p

rr
R

rG
ln

1

1

3

4

n

nc
s       (10.a) 

ù
ù

ú

ø

é
é

ê

è
+
ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å

-

+
==

2

1
ln

1

1

3

4

pR

rG

n

nc
ss ffqq     (10.b) 

ʀ, ʥʘʢʦʥʝʮ, ʤʦʞʥʦ ʥʘʡʪʠ ʫʧʨʫʛʫʶ ʵʥʝʨʛʠʶ ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ: 
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                                           3
2

*

)1(27

)1(8

2

1

2

1
p

V
ijij

V
ijij R

G
dVdVE

n

cnp
esesc

-

+
=-== ññ  (11) 
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ɻʣʘʚʘ 3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʸʚ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʧʝʥʪʘʛʦʥʘʣʴʥʳʭ 

ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮʘʭ (ʩʣʫʯʘʡ ʦʜʠʥʘʢʦʚʳʭ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ 

ʯʘʩʪʠʮʳ ʠ ʩʣʦʷ) 

 
3.1. ʄʦʜʝʣʴ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ ʩʦ ʩʣʦʝʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

 

ʈʠʩ. 6. ʆʩʥʦʚʥʳʝ ʚʝʣʠʯʠʥʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ 

ʦʜʥʦʤʦʜʫʣʴʥʦʡ ʟʘʜʘʯʝ ʦ ʩʣʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʯʘʩʪʠʮʝ ʩ 

ʜʠʩʢʣʠʥʘʮʠʝʡ (ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʯʘʩʪʠʮʝ): 

Rcore, Rshell ï ʨʘʜʠʫʩʳ ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ 

Ů* ï ʧʘʨʘʤʝʪʨ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ: 
,*

core

shellcore

a

aa -
=e

  

        ʛʜʝ acore ʠ ashell ï ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ, 

ɢ ï ʜʝʬʦʨʤʘʮʠʷ ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ, 

G, ɜ ïʤʦʜʫʣʴ ʩʜʚʠʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʯʘʩʪʠʮʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʠʥʷʪʳ ʦʙʦʟʥʘʯʝʥʠʷ ʨʠʩʫʥʢʘ 6 ʠ ʚʚʝʜʝʥ ʧʘʨʘʤʝʪʨ ʦʪʥʦʰʝʥʠʡ 

ʨʘʜʠʫʩʦʚ ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʯʘʩʪʠʮʳ:  

 
shell

core

R

R
t= . (12)  

ɿʘʧʠʰʝʤ ʵʥʝʨʛʠʶ ʧʦʢʨʳʪʦʡ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʯʘʩʪʠʮʳ CPE ʩ ʜʠʩʢʣʠʥʘʮʠʝʡ ʄʘʨʢʩʘ-

ʀʦʬʬʝ ʚ ʚʠʜʝ: 

 intEEEE misfitCP ++= c , (13)  

ʛʜʝ misfitE - ʵʥʝʨʛʠʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, cE - ʵʥʝʨʛʠʷ ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ ʠ intE - 

ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʜʚʫʭ ʜʝʬʝʢʪʦʚ. 

 

3.2. ʋʧʨʫʛʠʝ ʧʦʣʷ ʠ ʵʥʝʨʛʠʷ ʜʚʫʭʩʣʦʡʥʦʡ ʯʘʩʪʠʮʳ ʩ ʜʠʩʢʣʠʥʘʮʠʝʡ ʄʘʨʢʩʘ-ʀʦʬʬʝ. 

3.2.1. ʋʧʨʫʛʠʝ ʧʦʣʷ ʠ ʵʥʝʨʛʠʷ ʜʚʫʭʩʣʦʡʥʦʡ ʯʘʩʪʠʮʳ  ʙʝʟ  ʜʠʩʢʣʠʥʘʮʠʠ. 

ʂʦʛʜʘ ʚ ʭʦʜʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠʣʠ ʜʠʬʬʫʟʠʠ ʚ ʦʙʦʣʦʯʢʝ ʯʘʩʪʠʮʳ ʤʝʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨ 

ʨʝʰʝʪʢʠ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʙʩʪʚʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʦʣʦʯʢʠ *e. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʙʩʪʚʝʥʥʳʝ ʩʤʝʱʝʥʠʷ ʚ ʯʘʩʪʠʮʝ: 

;0ĔĔ;0Ĕ
)1()1()1( === fq uuur                                                    (14.a) 

;0ĔĔ;Ĕ
)2()2(*)2( ==-= fqe uurur      (14.b) 
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ʠ ʫʧʨʫʛʠʝ ʩʤʝʱʝʥʠʷ ʟʘʜʘʸʤ ʚ ʚʠʜʝ: 

;0; )1()1()1( === fq uuArur      (15.a) 

;0; )2()2(

2

)2( ==+= fq uuCr
r

B
ur     (15.b) 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʧʨʫʛʠʭ ʧʦʣʝʡ 

(1) (2) ( )rr rr coreʧʨʠ r Rs s= =      (16.a) 

)(0)2(

shellrr Rrʧʨʠ==s      (16.b) 

ʠ ʜʣʷ ʧʦʣʥʳʭ ʩʤʝʱʝʥʠʡ 

(1) (1) (1) (2) (2) (2)Ĕ Ĕ ( )r r r r r r coreu u u u u u ʧʨʠ r R= + = = + =,   (17) 

ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʣʝʜʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

)1(3

)1)(21(2 3*

n

ne

-

--
-=

t
A      (18.a) 

33
*

)1(3

)1(
shellRtB

n

ne

-

+
=       (18.b) 

3
*

)1(3

)21(2
tC

n

ne

-

-
=       (18.c) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʧʨʫʛʠʝ ʧʦʣʷ: 

)1(3

)1)(21(2 3*
)1()1()1(

n

ne
eee ffqq

-

--
-===

t
rr    (19.a) 

öö
÷

õ
ææ
ç

å
+-+

-
-= nn

n

e
e 21)1(

)1(3

2
3

33*
)2(

r

Rt shell
rr    (19.b) 

öö
÷

õ
ææ
ç

å
-++

-
== nn

n

e
ee ffqq 42)1(

)1(3 3

33*
)2()2(

r

Rt shell    (19.c) 

)1(
)1(3

)1(4 3
*

)1()1()1( t
G

rr -
-

+
-===

n

ne
sss ffqq    (20.a) 

öö
÷

õ
ææ
ç

å
-

-

+
-= 1

)1(3

)1(4
3

3
3

*
)2(

r
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ʋʧʨʫʛʫʶ ʥɻʝʨʛʠʶ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ misfitE  ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ (ʧ.7) ʠʟ ʇ.1: 
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*2
(1) (1) (2) (2) (1) * 3 3 31 1 1 8 (1 )

(1 )
2 2 2 3(1 )

core shell core

misfit ij ij ij ij ij shell

V V V

G
E dV dV Tr dV R t t

p n e
s e s e s e

n

+
= + =- = -

-ñ ñ ñ , 

 (21) 

ʛʜʝ G  - ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮʳ ʠ ʩʣʦʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, n - ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮʳ ʠ ʩʣʦʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ.  

 

3.2.2. ʕʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ ʩ ʫʧʨʫʛʠʤ ʧʦʣʝʤ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ. 

ʀʤʝʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʧʦʣʷ  ʜʝʬʦʨʤʘʮʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ )2(),1(

ije ʠʟ 3.2.1 ʠ ʥʘʧʨʷʞʝʥʠʷ 

csij  ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ ʠʟ 2.2, ʥʘʭʦʜʠʤ ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʤ. ʇ.1): 

                                         333
*

int ln
)1(9

)1(16
ttR

G
E shell

n

ncpe

-

+
-=  (22) 

 

3.2.2. ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʥʦʡ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʯʘʩʪʠʮʳ ʩʦ 

ʩʣʦʝʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ. 

ʊʠʧʠʯʥʳʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʥʝʨʛʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ misfitE ʠ intE ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʈʠʩ 7. 

 

 

ʈʠʩ. 7. ʕʥʝʨʛʠʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 
misfitE ʠ ɻʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

intE  ʢʘʢ ʬʫʥʢʮʠʠ ʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʦʚ ʷʜʨʘ 

ʯʘʩʪʠʮʳ ʠ ʝʝ ʦʙʦʣʦʯʢʠ t ʧʨʠ ʨʘʟʣʠʯʥʭr ʧʘʨʘʤʝʪʨʘʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ Ů*. ʈʘʩʯʝʪʳ ʩʜʝʣʘʥʳ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ ɜ=0.3. ʕʥʝʨʛʠʠ ʚʳʨʘʞʝʥʳ ʚ ʝʜʠʥʠʮʘʭ 3

shellGR , ʛʜʝ G  - ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʠ 
shellR  - 

ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. 
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ɿʜʝʩʴ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʵʪʠʭ ʵʥʝʨʛʠʡ. ʕʥʝʨʛʠʷ 

misfitE , ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʫʧʨʫʛʫʶ ʵʥʝʨʛʠʶ, ʦʧʨʝʜʝʣʝʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʟʘʚʠʩʠʪ ʦʪ 

*e ʢʚʘʜʨʘʪʠʯʥʦ ʠ ʚʙʣʠʟʠ t=0 ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ t
3
. 

ʕʥʝʨʛʠʷ intE - ʟʥʘʢʦʧʝʨʝʤʝʥʥʘʷ ʬʫʥʢʮʠʷ, ʝʸ ʟʥʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʢʦʤ *e. ʀʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʪʫʘʮʠʷ 0* <e , ʢʦʛʜʘ ʪʘʢʞʝ 0int <E  (ʧʦʤʥʠʤ 10 ¢¢t ), ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʚʳʠʛʨʳʰ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʧʦʢʨʳʪʦʡ ʯʘʩʪʠʮʳ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʦʜʥʦʨʦʜʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, intE  ʣʠʥʝʡʥʘ ʧʦ *e ʠ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ t
3 
ln t. 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʧʦʜʚʝʩʪʠ ʠʪʦʛʠ: ʘ) ʧʨʠ ʤʘʣʳʭ t ʠ ʤʘʣʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

*e, intE  ʜʘʸʪ ʙʦʣʴʰʠʡ ʚʢʣʘʜ, ʯʝʤ misfitE , ʙ) ʧʨʠ ʙʦʣʴʰʠʭ ʧʦ ʤʦʜʫʣʶ *e, misfitE ʧʨʝʦʙʣʘʜʘʝʪ 

ʥʘʜ  intE . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘ) ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʢʨʳʪʠʝʤ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʦʣʱʠʥ, ʠ ʙ) ʧʦʢʨʳʪʠʝ ʩ ʙʦʣʴʰʠʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʨʘʩʪʘʥʠʶ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳʤ. 

ʈʘʩʩʤʦʪʨʠʤ, ʥʘʩʢʦʣʴʢʦ ʚʳʛʦʜʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʢʨʳʪʠʝ ʪʘʢʦʡ ʯʘʩʪʠʮʳ ʩʣʦʝʤ ʩ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ *e. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ ʧʦʩʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ȹECP ʯʝʨʝʟ ʵʥʝʨʛʠʶ ʦʜʥʦʨʦʜʥʦʡ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʯʘʩʪʠʮʳ cE , 

ʩʦʜʝʨʞʘʱʫʶ ʜʠʩʢʣʠʥʘʮʠʶ ʄʘʨʢʩʘ-ʀʦʬʬʝ ʠ ʵʥʝʨʛʠʶ ʧʦʢʨʳʪʦʡ ʯʘʩʪʠʮʳ CPE , ʚʚʝʜʝʥʥʫʶ 

ʚʳʰʝ: 

intEEEEE misfitCPCP +=-=D c .    (23) 

ɻʨʘʬʠʢʠ ȹECP(t) ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʈʠʩ. 8. ʀʟ ʥʠʭ ʚʠʜʥʳ ʜʠʘʧʘʟʦʥʳ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ 

ʢʦʪʦʨʳʭ ȹECP<0 (ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʝ ʧʦʢʨʳʪʠʝ), ʠ ȹECP>0 (çʥʘʧʨʷʞʝʥʥʦʝè ʧʦʢʨʳʪʠʝ). 

ʇʝʨʚʳʡ ʩʣʫʯʘʡ ʨʝʘʣʠʟʫʝʪʩʷ, ʜʣʷ ʤʘʣʳʭ t (çʪʦʣʩʪʦʝè ʧʦʢʨʳʪʠʝ) ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ *e, ʠ ʜʣʷ ʙʦʣʴʰʠʭ t (çʪʦʥʢʦʝè ʧʦʢʨʳʪʠʝ) ʧʨʠ *e 

ʚʧʣʦʪʴ ʜʦ ʢʨʠʪʠʯʝʩʢʦʛʦ *

0e, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʧʨʦʜʦʣʞʝʥʠʶ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʣʱʝʥʠʷ ʩʣʦʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ [37] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʷ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʥʘ ʧʝʥʪʘʛʦʥʘʣʴʥʦʤ ʥʠʪʝʚʠʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʦʣʥʦʡ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʇʅʏ ʠʤʝʶʪʩʷ 

ʥʝʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʪʠʤʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

*

opte  ʜʣʷ ʇʅʏ ʙʦʣʴʰʝ *

opte  ʜʣʷ ʧʝʥʪʘʛʦʥʘʣʴʥʦʛʦ ʥʠʪʝʚʠʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʦ ʘʙʩʦʣʶʪʥʦʡ 

ʚʝʣʠʯʠʥʝ. 

ʂʨʠʪʠʯʝʩʢʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ *

0e ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ: 
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0}1{ ==
µ

Dµ
t

t

ECP ,      (24) 

ʯʪʦ ʜʘʸʪ 

0408.0
3

2*

0 -º-= ce      (25) 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʡʜʝʥʥʘʷ ʪʦʯʢʘ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩ. 8 (b), ʙʣʠʟʢʘ ʢ ʩʝʯʝʥʠʶ 

ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ȹECP, ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʯʝʨʝʟ (
*

opte , optt ), ʥʘʡʜʝʥʥʦʛʦ ʯʠʩʣʝʥʥʦ. ʅʠʯʝʛʦ 

ʙʦʣʝʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʢʘʟʘʪʴ (ʥʘʧʨʠʤʝʨ, ʜʦʢʘʟʘʪʴ ʨʘʚʝʥʩʪʚʦ *

0

* ee =opt ) ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ 

ʥʝʣʴʟʷ ʚʚʠʜʫ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ. 

 
ʈʠʩ. 8. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʇʅʏ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ȹECP ʢʘʢ 

ʬʫʥʢʮʠʠ ʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʦʚ ʷʜʨʘ ʯʘʩʪʠʮʳ ʠ ʝʝ ʦʙʦʣʦʯʢʠ t ʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ Ů*. ʈʘʩʯʝʪʳ ʩʜʝʣʘʥʳ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʇʫʘʩʩʦʥʘ ɜ=0.3. ʕʥʝʨʛʠʷ ʚʳʨʘʞʝʥʘ ʚ ʝʜʠʥʠʮʘʭ 3

shellGR , ʛʜʝ G  - ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʠ 

shellR  - ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. 
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3.3. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʯʘʩʪʠʮʳ ʠ ʩʣʦʷ.  ʇʦʨʦʛʦʚʳʡ ʨʘʜʠʫʩ 

ʯʘʩʪʠʮʳ. 

 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʵʥʝʨʛʠʠ ʧʦʢʨʳʪʠʷ ʯʘʩʪʠʮʳ ʚ 3.2 ʤʳ ʫʯʠʪʳʚʘʣʠ ʪʦʣʴʢʦ ʦʙʲʝʤʥʫʶ ʯʘʩʪʴ 

ʵʥʝʨʛʠʠ ï ʫʧʨʫʛʫʶ ʵʥʝʨʛʠʶ ʜʝʬʝʢʪʦʚ (ʤʦʞʝʤ ʩʯʠʪʘʪʴ ʩʣʦʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩʚʦʝʛʦ ʨʦʜʘ 

ʜʝʬʝʢʪʦʤ). ʅʦ ʥʘʨʷʜʫ ʩ ʦʙʲʝʤʥʦʡ ʯʘʩʪʴʶ, ʚʦʟʥʠʢʘʝʪ ʝʱʝ ʠ ʵʥʝʨʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 

ʩʨʝʜ ʷʜʨʘ ʠ ʧʦʢʨʳʪʠʷ. ɺʚʝʜʝʤ ʝʸ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ: 

24 coreRE pgg= ,      (26) 

ʛʜʝ g - ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʨʘʟʜʝʣʘ ʩʨʝʜ ʩ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

g
g EEEE misfitCP ++=D int .     (27) 

ʊʝʧʝʨʴ ʚʚʝʜʝʤ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦ ʬʦʨʤʫʣʝ: 

G
R

g
g= ,      (28) 

ʛʜʝ G ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ. ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ, gR  ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʝʜʠʥʠʮ ʜʣʠʥʳ. ʊʦʛʜʘ 

ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ g
CPED  ʚʳʨʘʟʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( )2233 4 shellshellCP rtrGRE prg
g +=D ,    (29) 

ʛʜʝ r - ʦʙʲʝʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʠʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ 

33
*

33

2*

ln
)1(9

)1(16
)1(

)1(3

)1(8
tttt

n

ncpe

n

enp
r

-

+
--

-

+
= ,   (30) 

ʘ gRRr shellshell /=  - ʙʝʟʨʘʟʤʝʨʥʳʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. 

ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʦʮʝʥʢʠ, ʯʪʦʙʳ ʧʦʥʷʪʴ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʜʘʸʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ. ʇʫʩʪʴ 3.0=n  ʠ 041.0** -º= optee  - ʦʧʪʠʤʘʣʴʥʳʡ 

ʧʘʨʘʤʝʪʨ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, ʯʠʩʣʝʥʥʦ ʥʘʡʜʝʥʥʳʡ ʚ ʧʫʥʢʪʝ 3.2. ʉʝʨʠʷ ʛʨʘʬʠʢʦʚ ʜʣʷ ʵʪʦʡ 

ʩʠʪʫʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 9. 

ʀʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 
g
CPED ʣʝʛʢʦ ʫʚʠʜʝʪʴ, ʯʪʦ 0=

µ

Dµ

t

ECP

g

 ʚ ʪʦʯʢʝ t=0, ʘ 0
2

2

>
µ

Dµ

t

ECP

g

, 

ʟʥʘʯʠʪ, ʧʨʠ ʣʶʙʦʤ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮʳ ʩʫʱʝʩʪʚʫʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʩʦ ʩʪʦʨʦʥʳ t=0. 

ʂʘʢ ʢʨʠʪʝʨʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʨʘʜʠʫʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʠʤʝʤ ʫʩʣʦʚʠʝ: 

0=D g
CPE  

0=
µ

Dµ

t

ECP

g

      (31) 

0̧t  
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ʕʪʦʪ ʨʘʜʠʫʩ ʨʘʟʜʝʣʷʝʪ ʜʠʘʧʘʟʦʥ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʜʣʷ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʷ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʦ ʧʨʠ ʤʝʥʴʰʝʤ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ ʠ ʢʦʛʜʘ 

ʦʥʦ ʩʪʘʥʦʚʠʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʥʘ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ ( )CPE tgD  ʧʨʠ ʧʦʨʦʛʦʚʦʤ ʨʘʜʠʫʩʝ ʯʘʩʪʠʮʳ ʢʘʩʘʝʪʩʷ ʦʩʠ ʘʙʩʮʠʩʩ.  

ʅʘ ʈʠʩ. 9 ʵʪʦʤʫ ʢʨʠʪʝʨʠʶ ʦʪʚʝʯʘʝʪ ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ, ʧʨʠ 606ºshellr . 

 

 
ʈʠʩ. 9. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʇʅʏ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ g

CPED  ʢʘʢ ʬʫʥʢʮʠʷ ʦʪʥʦʰʝʥʠʷ 

ʨʘʜʠʫʩʦʚ ʷʜʨʘ ʯʘʩʪʠʮʳ ʠ ʝʝ ʦʙʦʣʦʯʢʠ t ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮʳ 
gRRr shellshell /= , ʛʜʝ 

shellR  - ʨʘʜʠʫʩ 

ʯʘʩʪʠʮʳ ʠ
gR  - ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʜʠʫʩ. ʈʘʩʯʝʪʳ ʩʜʝʣʘʥʳ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ ɜ=0.3 ʠ 

041.0* -=e . ʕʥʝʨʛʠʷ ʚʳʨʘʞʝʥʳ ʚ ʝʜʠʥʠʮʘʭ 3

shellGR , ʛʜʝ G  - ʤʦʜʫʣʴ ʩʜʚʠʛʘ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʚʦʟʴʤʸʤ 2106Ö=shellr  ʠ ʥʘʡʜʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ. 

ɼʦʧʫʩʪʠʤ ɔ=0.625 ɼʞ/ʤ
2
, ʠ G=5.46Ŀ10

10
 ɼʞ/ʤ (ʜʣʷ Cu, ʩʤ. [38]) ʪʦʛʜʘ 

ʥʤʤʤRrR shellshell 7107
1046.5

625.0
106 9

10

2 =Öº
Ö

³Ö== -

g ,  (32) 

ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʥʘʜʝʷʪʴʩʷ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʷʚʣʝʥʠʷ ʧʦʢʨʳʪʠʷ ʜʣʷ ʧʝʥʪʘʛʦʥʘʣʴʥʳʭ 

ʯʘʩʪʠʮ, ʥʘʯʠʥʘʷ ʩ ʨʘʜʠʫʩʘ ʧʦʨʷʜʢʘ 7 ʥʤ. 

 

3.4. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. ɺʳʚʦʜʳ. 

ʇʦʜ ʦʙʦʣʦʯʢʦʡ ʯʘʩʪʠʮʳ ʤʳ ʧʦʜʨʘʟʫʤʝʚʘʝʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʠʤʝʶʱʠʡ 

ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʦʪʣʠʯʥʳʡ ʦʪ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʷʜʨʘ ʯʘʩʪʠʮʳ. ʊʘʢʦʡ ʩʣʦʡ ʤʦʞʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʫʪʸʤ ʚʥʝʜʨʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʠʥʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ ʦʙʦʣʦʯʢʫ ʯʘʩʪʠʮʳ, ʣʠʙʦ 

ʟʘʤʝʥʫ ʩʪʘʨʳʭ ʘʪʦʤʦʚ ʥʦʚʳʤʠ ʘʪʦʤʘʤʠ ʩ ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ, ʩʦʭʨʘʥʷʷ ʚʥʝʰʥʠʡ 

ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ shellR  ʥʝʠʟʤʝʥʥʳʤ.  

2/625.0 mJ=g

mJG /1046.5 10Ö=

( )ʜʣʷ Cu

nmRshell 6=
7shellR nm=

23shellR nm=

46shellR nm=

11shellR nm=

t
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ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʚʳʛʦʜʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʙʦʣʦʯʢʠ ʩ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ, ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ *

opte , ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʚʳʠʛʨʳʰ ʵʥʝʨʛʠʠ. ʂʨʦʤʝ 

ʦʙʲʝʤʥʦʡ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ, ʙʳʣʘ ʚʚʝʜʝʥʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʨʘʟʜʝʣʘ ʷʜʨʘ ʯʘʩʪʠʮʳ ʠ 

ʩʣʦʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʦʛʦʚʳʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʷ ʚʦʟʤʦʞʥʦ. ɹʳʣ ʥʘʡʜʝʥ ʧʦʨʦʛʦʚʳʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʝʜʠʥʠʮʘʭ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ *

opte , ʠ ʧʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʫʢʘʟʘʥʥʦʛʦ ʨʘʜʠʫʩʘ ʜʣʷ ʯʘʩʪʠʮʳ Cu. 
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ɻʣʘʚʘ 4.   ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʸʚ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʧʝʥʪʘʛʦʥʘʣʴʥʳʭ 

ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮʘʭ (ʩʣʫʯʘʡ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ 

ʯʘʩʪʠʮʳ ʠ ʩʣʦʷ) 

4.1. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ ʩʦ ʩʣʦʝʤ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʨʘʟʣʠʯʥʳʤʠ ʫʧʨʫʛʠʤʠ ʤʦʜʫʣʷʤʠ ʯʘʩʪʠʮʳ ʠ ʩʣʦʷ. 

 

 

ʈʠʩ. 10. ʆʩʥʦʚʥʳʝ ʚʝʣʠʯʠʥʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ 

ʨʘʟʥʦʤʦʜʫʣʴʥʦʡ ʟʘʜʘʯʝ ʦ ʩʣʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ 

ʯʘʩʪʠʮʝ ʩ ʜʠʩʢʣʠʥʘʮʠʝʡ (ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ 

ʯʘʩʪʠʮʝ): 

Rcore, Rshell ,Ů
*, ɢ, 

G1, ɜ1 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʷʜʨʘ ʯʘʩʪʠʮʳ. 

G2, ɜ2 ïʤʦʜʫʣʴ ʩʜʚʠʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 

ʦʙʦʣʦʯʢʠ ʯʘʩʪʠʮʳ. 

21 /GG=G  

 
ɺ ʛʣʘʚʝ ʚʚʝʜʝʥʳ ʫʧʨʫʛʠʝ ʤʦʜʫʣʠ ʩʣʦʝʚ G1, G2, ɜ1, ɜ2 ʠ ʦʪʥʦʰʝʥʠʝ ɻ (ʩʤ. ʈʠʩ.10), ʦʩʪʘʣʴʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʚ ɻʣʘʚʝ 3. 

 

4.2. ʋʧʨʫʛʠʝ ʧʦʣʷ ʠ ʵʥʝʨʛʠʷ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ ʩʦ ʩʣʦʝʤ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʨʘʟʣʠʯʥʳʤʠ ʫʧʨʫʛʠʤʠ ʤʦʜʫʣʷʤʠ ʯʘʩʪʠʮʳ ʠ ʩʣʦʷ. 

4.2.1. ʋʧʨʫʛʠʝ ʧʦʣʷ ʠ ʵʥʝʨʛʠʷ ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ ʚ ʯʘʩʪʠʮʝ ʩʦ ʩʣʦʝʤ (ʩʣʦʡ ʠ 

ʯʘʩʪʠʮʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʫʧʨʫʛʠʝ ʤʦʜʫʣʠ). 

ʉʭʝʤʘ ʨʘʩʯʝʪʘ ʘʥʘʣʦʛʠʯʥʘ ʦʧʠʩʘʥʥʦʡ ʚ ɻʣʘʚʝ 2, ʥʦ ʪʝʧʝʨʴ ʤʳ ʟʘʜʘʝʤ ʩʤʝʱʝʥʠʝ ʚ 

ʦʙʝʠʭ ʦʙʣʘʩʪʷʭ  ʚ ʚʠʜʝ: 

2

11

1

1)1( /ln
1

21

3

2
rCrBrrur ++öö

÷
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-

-
=
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nc
                                            (33.a) 

2
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2

2)2( /ln
1

21

3

2
rCrBrrur ++öö

÷

õ
ææ
ç

å

-

-
=

n

nc
                                          (33.b) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʦʣʥʦʛʦ ʩʤʝʱʝʥʠʷ ʚ ʷʜʨʝ ʠ ʚ ʦʙʦʣʦʯʢʝ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʩʤʝʱʝʥʠʡ ʠ ʫʧʨʫʛʠʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʟʘʧʠʰʫʪʩʷ ʢʘʢ: 

(1) 0 ( 0)ru ʧʨʠ r= =                                             (34.a) 

(1) (2) ( )r r coreu u ʧʨʠ r R= =                                      (34.b) 
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(1) (2) ( )rr rr coreʧʨʠ r Rs s= =                                      (34.c) 

(2) 0 ( ).rr shellʧʨʠ r Rs = =                                        (34.d) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʣʷ ʠ ʵʥʝʨʛʠʷ ʦʪʨʘʞʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ 2. 

ʌʠʟʠʯʝʩʢʠ ʠʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ nnn == 21 . ʊʦʛʜʘ ʵʥʝʨʛʠʷ 

ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ: 

( )
( )33

3323233

1

)21)(1(2)1(42)1(27

))12)(1(2)(1)1(()(ln)12)(1(184)1(2)1(8

tt

ttttRtG
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nnnn

nnnncnp
c

--G++G+--G

--G+-G---G--+G++
=

(35) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʈʠʩ. 11 ʠ 12. 

 

ʈʠʩ. 11. ʕʥʝʨʛʠʷ ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ ʚ ʩʣʫʯʘʝ ʨʘʟʥʳʭ ʤʦʜʫʣʝʡ ʩʜʚʠʛʘ G1 ʠ G2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʪʥʦʰʝʥʠʷ ɻ ʠ 1/ɻ, ʧʨʠ ʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʦʚ ʷʜʨʘ ʯʘʩʪʠʮʳ ʠ ʝʝ ʦʙʦʣʦʯʢʠ t ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.1 ʜʦ 0.9. ʈʘʩʯʝʪʳ 

ʩʜʝʣʘʥʳ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ ɜ=0.3. ʕʥʝʨʛʠʷ ʚʨrʘʞʝʥʘ ʚ ʝʜʠʥʠʮʘʭ 3

1 shellRG , ʛʜʝ 
1G  - 

ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʠ 
shellR  - ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. 

 

ʈʠʩ. 12. ʕʥʝʨʛʠʷ ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ t, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 

ʇʫʘʩʩʦʥʘ ʷʜʨʘ ʯʘʩʪʠʮʳ ʠ ʦʙʦʣʦʯʢʠ 21,nn , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 
1 2/G GG= . ʕʥʝʨʛʠʷ ʚʳʨʘʞʝʥʘ ʚ ʝʜʠʥʠʮʘʭ 3

1 shellRG , 

ʛʜʝ 
1G , 

2G  - ʤʦʜʫʣʠ ʩʜʚʠʛʘ ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ ʯʘʩʪʠʮʳ ʠ 
shellR  - ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. 
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4.2.2. ʋʧʨʫʛʠʝ ʧʦʣʷ ʠ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ ʩʦ ʩʣʦʝʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʙʝʟ ʜʠʩʢʣʠʥʘʮʠʠ (ʩʣʦʡ ʠ 

ʯʘʩʪʠʮʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʫʧʨʫʛʠʝ ʤʦʜʫʣʠ). 

ɺʳʧʦʣʥʷʝʤ ʚʳʯʠʩʣʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʚʝʜʝʥʥʳʤ ʚ ɻʣʘʚʝ 3.  

ʋʧʨʫʛʠʝ ʩʤʝʱʝʥʠʷ ʚ ʯʘʩʪʠʮʝ: 
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ʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʶʪ ʚʠʜ: 
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ʆʥʠ ʜʘʶʪ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ:  
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4.2.3. ʕʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ ʩ ʫʧʨʫʛʠʤ ʧʦʣʝʤ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ  (ʩʣʦʡ ʠ ʯʘʩʪʠʮʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʫʧʨʫʛʠʝ ʤʦʜʫʣʠ). 

ʅʘʡʜʝʤ ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʦʙʱʝʡ ʬʦʨʤʫʣʝ ʠʟ ʇ.1, ʚʟʷʚ ʧʦʣʝ ʜʝʬʦʨʤʘʮʠʡ 

ʩʣʦʷ ʩ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʠ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʜʠʩʢʣʠʥʘʮʠʠ ʄʘʨʢʩʘ-ʀʦʬʬʝ: 
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4.2.4. ʕʥʝʨʛʠʷ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʯʘʩʪʠʮʳ. ʇʦʨʦʛʦʚʳʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ȹECP , ʧʦʣʫʯʘʝʤʦʝ ʚ ʚʠʜʝ: 
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( ) ( ))1)(21()21)(1(2)1(42)1(
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,      (42) 

ʆʪʤʝʪʠʤ ʧʦʷʚʣʝʥʠʷ ʟʥʘʤʝʥʘʪʝʣʷ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ t. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʝʛʦ ʢʦʨʥʠ 

ʣʝʞʘʪ ʟʘ ʦʙʣʘʩʪʴʶ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 21,nn  ʠ ɻ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʟʥʘʤʝʥʘʪʝʣʴ ʷʚʣʷʝʪʩʷ 

ʟʥʘʢʦʧʦʩʪʦʷʥʥʦʡ ʬʫʥʢʮʠʝʡ ʥʘ ʚʩʝʤ ʧʨʦʤʝʞʫʪʢʝ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʵʥʝʨʛʠʠ. 

 

ʈʠʩ. 13. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʇʅʏ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ȹECP ʢʘʢ ʬʫʥʢʮʠʷ ʦʪʥʦʰʝʥʠʷ 

ʨʘʜʠʫʩʦʚ ʷʜʨʘ ʯʘʩʪʠʮʳ ʠ ʝʝ ʦʙʦʣʦʯʢʠ t ʧʨʠ ʨʘʟʣʠʯʥʳʭ 
1 2/G GG=  ʠ ʧʘʨʘʤʝʪʨʘʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ  Ů*, ʛʜʝ 

1G , 
2G  - 

ʤʦʜʫʣʠ ʩʜʚʠʛʘ ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ ʯʘʩʪʠʮʳ.  ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʨʘʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʇʫʘʩʩʦʥʘ ʷʜʨʘ ʠ 

ʦʙʦʣʦʯʢʠ ʯʘʩʪʠʮʳ 3.021 ==nn . ʕʥʝʨʛʠʷ ʚʳʨʘʞʝʥʘ ʚ ʝʜʠʥʠʮʘʭ 3

1 shellRG , ʛʜʝ 
shellR  - ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. 
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ʈʠʩ. 14. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʇʅʏ ʧʦʩʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ  ʢʘʢ 

ʬʫʥʢʮʠʷ ʦʪ ʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʦʚ ʷʜʨʘ ʯʘʩʪʠʮʳ ʠ 

ʝʝ ʦʙʦʣʦʯʢʠ t ʠ ʧʘʨʘʤʝʪʨʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ Ů* ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ , ʛʜʝ 
1G , 

2G  - ʤʦʜʫʣʠ ʩʜʚʠʛʘ 

ʜ̫ʨʘ ʠ ʦʙʦʣʦʯʢʠ ʯʘʩʪʠʮʳ. ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ 

ʧʨʠ ʨʘʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʇʫʘʩʩʦʥʘ ʷʜʨʘ ʠ 

ʦʙʦʣʦʯʢʠ ʯʘʩʪʠʮʳ3.021 ==nn . ʕʥʝʨʛʠʷ 

ʚʳʨʘʞʝʥʘ ʚ ʝʜʠʥʠʮʘʭ 3

1 shellRG , ʛʜʝ 
shellR  - ʨʘʜʠʫʩ 

ʯʘʩʪʠʮʳ. ʇʨʠʚʝʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ . 

(a) ɻ=0.25;  

(b) ɻ=1;  

(c) ɻ=4;  

 


