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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠ ʘʪʦʤʘʨʥʦʛʦ 

ʚʦʜʦʨʦʜʘ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʛʘʟʘʭ ʠ ʧʣʘʟʤʝ, ʩʚʷʟʘʥ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɻʃɸ) ʠ ʩʠʩʪʝʤ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʩʦʟʜʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ 

ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʝ ʥʝʡʪʨʦʥʥʳʝ ʪʨʫʙʢʠ ʠ ʵʣʝʢʪʨʦʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʘ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʣʷʨʥʳʭ ʩʪʨʫʡʥʳʭ ʪʝʯʝʥʠʡ (ʜʞʝʪʦʚ) ʚ ʘʩʪʨʦʬʠʟʠʢʝ. ɺ ʦʩʥʦʚʝ 

ʦʧʠʩʘʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʣʝʞʘʪ ʤʝʪʦʜʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʦʧʨʷʞʝʥʳ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ 

ʬʠʥʘʥʩʦʚʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʧʦʣʥʠʪʴ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʫʯʘʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ.  

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʤʝʭʘʥʠʢʝ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ ʠʣʠ ʩʪʨʫʷʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʨʘʢʝʪʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ ʛʘʟʦʚ ʠ ʧʣʘʟʤʳ, ʥʦ 

ʠ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ: ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʥʦʚ, ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʘʪʦʤʦʚ, ʠʦʥʦʚ. ʇʨʠ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʢʘʢ ʛʘʟʦʚʳʡ ʨʘʟʨʷʜ (ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʪʣʝʶʱʠʝ ʠ ʧʝʥʥʠʥʛʦʚʩʢʠʝ ʨʘʟʨʷʜʳ), ʩʚʝʨʭʟʚʫʢʦʚʦʝ ʠʩʪʝʯʝʥʠʝ 

ʩʪʨʫʠ ʧʣʘʟʤʳ ʠʟ ʩʦʧʝʣ ʵʣʝʢʪʨʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʫʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ, ʘ ʪʘʢʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ ʩʠʣʴʥʦ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʧʣʘʟʤʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʤʝʭʘʥʠʢʠ ʛʘʟʘ ʠ ʧʣʘʟʤʳ, ʚʢʣʶʯʘʶʱʠʭ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʘʢʠʝ 

ʤʦʜʝʣʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʜʣʷ 
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ʛʘʟʦʚ (ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ) ʠʣʠ ʧʣʘʟʤʳ (ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʘʷ 

ʤʦʜʝʣʴ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ), ʪʘʢ ʠ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ 

(ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ), ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʧʦʫʨʦʚʥʝʚʦʡ ʢʠʥʝʪʠʢʠ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʯʘʩʪʠʮ, ʤʝʪʦʜʳ ʧʨʷʤʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʦʥʪʝ-

ʂʘʨʣʦ. 

ɺʦʧʨʦʩ ʦ ʨʘʩʯʝʪʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʫʠ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʠʩʪʝʢʘʶʱʝʡ ʠʟ ʩʦʧʣʘ ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʚʦʟʥʠʢ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʝʢʪʘ ʬʦʥʜʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

çʉʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘè (ʰʠʬʨ çʂʦʜʠʨʦʚʱʠʢè). ʇʦʵʪʦʤʫ ɻʣʘʚʘ 

6, ʧʦʩʚʷʱʝʥʥʘʷ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʠʛʥʘʪʫʨʳ ʩʪʨʫʠ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʥʝ ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʷ ʢ ʚʦʧʨʦʩʫ ʦ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʭʘʥʠʢʝ ʧʣʘʟʤʳ, ʥʦ ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ ʢ ʚʦʧʨʦʩʫ ʦ 

ʟʘʩʝʣʝʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʫʨʦʚʥʝʡ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ, ʙʝʟ ʟʥʘʥʠʷ ʢʦʪʦʨʳʭ ʥʝʣʴʟʷ 

ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʠʛʥʘʪʫʨʳ ʩʪʨʫʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ʈʦʩʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʬʠʟʠʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʚʩʸ ʙʦʣʴʰʝʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʭʘʥʠʢʝ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʠ 

ʩʪʨʫʡ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʤʝʭʘʥʠʢʠ ʪʣʝʶʱʝʛʦ ʠ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ 

ʜʚʫʭʤʝʨʥʳʭ (2D) ʫʨʘʚʥʝʥʠʡ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ, 
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ʨʝʰʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ, ʠ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʦʫʨʦʚʥʝʚʦʡ ʢʠʥʝʪʠʢʠ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʧʣʘʟʤʝ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ 

ʨʘʟʨʷʜʘ. 

3. ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ ʠ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʝʡ ʚ ʤʝʭʘʥʠʢʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʥʘ ʦʩʥʦʚʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʦʫʨʦʚʥʝʚʦʡ ʢʠʥʝʪʠʢʠ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʜʚʫʭʤʝʨʥʳʭ (2D) ʠ ʪʨʝʭʤʝʨʥʳʭ (3D) ʤʦʜʝʣʝʡ ʠʩʪʝʯʝʥʠʷ 

ʩʪʨʫʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʠʟ ʩʦʧʣʘ ɻʃɸ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʜʣʷ ʚʷʟʢʦʛʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʛʦ ʭʠʤʠʯʝʩʢʠ ʨʝʘʛʠʨʫʶʱʝʛʦ ʛʘʟʘ. 

5. ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʧʨʷʤʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʦʥʪʝ-

ʂʘʨʣʦ ʜʣʷ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʫʠ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʠʩʪʝʢʘʶʱʝʡ ʠʟ ʩʦʧʣʘ ɻʃɸ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʤʝʭʘʥʠʢʠ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʝʰʝʥʠʠ ʜʚʫʭʤʝʨʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʨʷʜʘ, 

ʨʝʰʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ ʚ 

ʧʣʘʟʤʝ ʠ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʧʦʫʨʦʚʥʝʚʦʡ ʢʠʥʝʪʠʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ 

ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. 

2. ʉʦʟʜʘʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʠ ʩʝʯʝʥʠʡ 

ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʘʭ ʠ ʘʪʦʤʘʭ ʚʦʜʦʨʦʜʘ ʜʣʷ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʣʘʟʤʝ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʜʨʦʙʥʘʷ 

ʫʨʦʚʥʝʚʘʷ ʠ ʫʧʨʦʱʝʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʧʣʘʟʤʝ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ. ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

3. ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʪʣʝʶʱʝʛʦ ʠ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ɺʳʧʦʣʥʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʫʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʦʨʤʘʣʴʥʦʛʦ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ 

ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʨʘʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʦʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʦʨʷʜʢʘ 

ʥʝʩʢʦʣʴʢʠʭ ʊʦʨ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ɹʦʣʴʮʤʘʥʘ ʧʨʠ ʨʘʩʯʝʪʝ 1-ʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʊʘʫʥʩʝʥʜʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʧʣʦʪʥʦʩʪʠ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʘʪʦʜʝ ʠ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ 

ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

4. ʈʘʟʨʘʙʦʪʘʥʘ ʢʚʘʟʠʤʘʨʰʝʚʘʷ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʚʷʟʢʦʛʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʛʦ ʭʠʤʠʯʝʩʢʠ ʨʝʘʛʠʨʫʶʱʝʛʦ ʛʘʟʘ ʚ 

ʟʘʜʘʯʘʭ ʠʩʪʝʢʘʥʠʷ ʩʪʨʫʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʠʟ ʩʦʧʣʘ ɻʃɸ ʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʘʨʘʣʣʝʣʴʥʘʷ ʚʝʨʩʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʜʘ, ʨʝʰʘʶʱʝʛʦ 

ʜʘʥʥʫʶ ʟʘʜʘʯʫ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʩʯʝʪʦʚ. 

5. ʉʦʟʜʘʥʘ ʩʝʨʠʷ ʩʦʙʩʪʚʝʥʥʳʭ (ʘʚʪʦʨʩʢʠʭ) ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʭʘʥʠʢʝ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʠ ʩʪʨʫʡ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ (ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ: ʬʫʥʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ ʚ ʧʣʘʟʤʝ ʛʘʟʦʚʦʛʦ 

ʪʣʝʶʱʝʛʦ ʠ ʧʝʥʥʠʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʦʚ, ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ, 

ʜʚʫʭʤʝʨʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʨʷʜʘ, ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʩʪʨʫʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ɻʃɸ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ 

ʤʦʜʝʣʝʡ, ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʫʠ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ɻʃɸ). 
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6. ʇʨʦʚʝʜʝʥʳ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʫʡ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʠʩʪʝʢʘʶʱʠʭ ʠʟ 

ʩʦʧʝʣ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʭ ʠ ʞʠʜʢʦʩʪʥʳʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɺʳʧʦʣʥʝʥʦ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʩʨʘʚʥʝʥʠʷ ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

 

ʆʩʥʦʚʥʳʤʠ ʟʘʱʠʱʘʝʤʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʚʣʷʶʪʩʷ: 

1. ʉʦʛʣʘʩʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʬʠʟʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. 

2. ʇʦʫʨʦʚʥʝʚʘʷ ʠ ʫʧʨʦʱʝʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʦʜʦʨʦʜʝ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

3. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʛʘʟʦʜʠʥʘʤʠʢʠ ʠʩʪʝʯʝʥʠʷ ʩʪʨʫʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ 

ʠʟ ʩʦʧʣʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ɻʃɸ, ʘ ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʫʡ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʛʥʘʪʫʨʳ ʩʪʨʫʡ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠ.̫ 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʦʩʪʨʦʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʤʦʜʝʣʠ ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʭʘʥʠʢʝ 

ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʠ ʩʪʨʫʡ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʠʩʪʝʢʘʶʱʠʭ ʠʟ ʩʦʧʝʣ ʞʠʜʢʦʩʪʥʳʭ 

ʠ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʉʦʟʜʘʥʥʳʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ 

ʢʦʤʧʴʶʪʝʨʥʳʡ ʢʦʜ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ (ʩʠʛʥʘʪʫʨʳ) ʩʪʨʫʡ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʮʝʣʳʡ ʨʷʜ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ 

ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʦʮʝʜʫʨ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯʘʭ. 
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ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʈʌʌʀ-13-01-00537, ʈʌʌʀ-16-01-00379, 

ʈʅʌ-16-11-10275, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʤʝʭʘʥʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʤʘʪʝʨʠʘʣʘʭ ʠ ʩʨʝʜʘʭè, ʧʨʦʛʨʘʤʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆʪʜʝʣʝʥʠʷ ʵʥʝʨʛʝʪʠʢʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, 

ʤʝʭʘʥʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʈɸʅ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤè, ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʌʦʥʜʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʌ çʉʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘè (ʰʠʬʨ çʂʦʜʠʨʦʚʱʠʢè). 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴʶ 

ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ ʠ ʩʪʨʦʛʠʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʠʭ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʬʠʟʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʩʨʘʚʥʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʘʩʯʝʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʬʠʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: 

1. 52nd AIAA Aerospace Sciences Meeting, 13 - 17 January 2014, National 

Harbor, Maryland. 

2. 46th AIAA Thermophysics Conference, AIAA Plasmadynamics and Lasers 

Conference, 22 ï 26 June 2015, Dallas, Texas 

3. 55th AIAA Aerospace Sciences Meeting, AIAA SciTech Forum, Gaylord 

Texan, Grapevine, Texas. 

4. 9th international Conference on Plasma Assisted Technologies, LLC, Saint-

Petersburg, 2014. 

5. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ɿʚʝʥʠʛʦʨʦʜʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʠʟʠʢʝ ʧʣʘʟʤʳ ʠ ʋʊʉ, 

ɿʚʝʥʠʛʦʨʦʜ, 2014, 2015, 2016 

https://www.aiaa.org/EventDetail.aspx?id=18405
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6. ʐʢʦʣʘ-ʩʝʤʠʥʘʨ çɸʵʨʦʬʠʟʠʢʘ ʠ ʬʠʟʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ 

ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤè (ɸʌʄ), ʄʦʩʢʚʘ, ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. 

ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ, 2013, 2014, 2015, 2016, 2017. 

7. ɽʞʝʛʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʌʊʀ, ʄʦʩʢʚʘ-ɼʦʣʛʦʧʨʫʜʥʳʡ, 

ʄʦʩʢʦʚʩʢʠʡ ʌʠʟʠʢʦ-ʊʝʭʥʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ, 2011 ï 2017 ʛʛ. 

8. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɺʅʀʀɸè, ʄʦʩʢʚʘ, 

2015, 2016 ʛʛ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 10 ʩʪʘʪʝʡ, 16 ʪʝʟʠʩʦʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ, 6 ʠʟ ʢʦʪʦʨʳʭ ʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ 

ʙʘʟʘʭ ʜʘʥʥʳʭ çʉʝʪʴ ʥʘʫʢʠè (Web of Science) ʠ çʉʢʦʧʫʩè (Scopus), ʠ ʚʭʦʜʷʪ ʚ 

ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʠʟʜʘʥʠʡ ɺʳʩʰʝʡ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʠ ʈʌ. ʉʧʠʩʦʢ 

ʨʘʙʦʪ ʧʨʠʚʝʜʝʥ ʚ ʢʦʥʮʝ ʘʚʪʦʨʝʬʝʨʘʪʘ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 

209 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 86 ʨʠʩʫʥʢʦʚ ʠ 30 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 157 

ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ 

ʠ ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʠʟʣʦʞʝʥ ʦʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʚʦʜʦʨʦʜʘ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʣʘʟʤʝ ʪʣʝʶʱʝʛʦ ʠ ʧʝʥʥʠʥʛʦʚʩʢʠʭ ʨʘʟʨʷʜʦʚ, ʧʣʘʟʤʝʥʥʳʭ ʩʪʨʫʷʭ, 

ʘ ʪʘʢʞʝ ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ. 

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ ʚ ʧʣʘʟʤʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ. 

ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ, 1-ʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʊʘʫʥʩʝʥʜʘ, 
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ʨʘʩʩʯʠʪʘʥʳ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ. ɺʳʧʦʣʥʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʠʟʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ 

ʚʦʜʦʨʦʜʝ. ʆʧʠʩʳʚʘʶʪʩʷ ʧʦʜʨʦʙʥʘʷ ʫʨʦʚʥʝʚʘʷ ʠ ʫʧʨʦʱʝʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ. 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʥʘ 

ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʡ ʩʦʩʪʘʚ ʧʣʘʟʤʳ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʫʣʴʤʝʨʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

(ʨʘʩʯʝʪ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʬʠʟʠʯʝʩʢʦʤ ʦʙʲʝʤʝ ʙʝʟ ʫʯʝʪʘ ʧʦʪʦʢʦʚ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ 

ʯʝʨʝʟ ʝʛʦ ʛʨʘʥʠʮʳ). 

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʪʣʝʶʱʝʛʦ ʠ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ 

ʤʝʭʘʥʠʢʠ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ (ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʘʷ ʤʦʜʝʣʴ) ʠ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʣʘʟʝ ʨʘʟʨʷʜʘ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʠʟʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʤʝʭʘʥʠʢʫ ʩʪʨʫʠ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʜʣʷ ʚʷʟʢʦʛʦ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʛʦ, ʭʠʤʠʯʝʩʢʠ-ʨʝʘʛʠʨʫʶʱʝʛʦ ʛʘʟʘ. 

ɺ ʰʝʩʪʦʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʩʠʛʥʘʪʫʨʳ) ʩʪʨʫʠ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʳʭ ʠ ʨʝʘʣʴʥʳʭ ʩʪʨʫʡ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʭ 

ʪʘʢʪʠʯʝʩʢʠʭ ʨʘʢʝʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʪʨʫʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʢʨʘʪʢʦ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ. 
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ɻʣʘʚʘ 1. ʇʨʦʙʣʝʤʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʭʘʥʠʢʝ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ 

 

1.1.  ʆʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʨʷʜʘʭ ʠ ʩʪʨʫʷʭ 

 

ʇʝʨʚʳʝ ʧʦʧʳʪʢʠ ʨʝʰʠʪʴ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʙʳʣʠ 

ʧʨʝʜʧʨʠʥʷʪʳ ʃʦʨʝʥʮʝʤ [1], ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʣ ʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʩʦʩʪʦʷʥʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʃʊʈ. ʆʥ ʧʝʨʚʳʤ ʦʪʨʘʟʠʣ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʌʈʕʕ ʚ ʥʝʙʦʣʴʰʠʭ 

ʧʦʣʷʭ ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʠʟʦʪʨʦʧʥʦʡ, ʘ ʦʪʢʣʦʥʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ 

ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʘʣʳʤʠ ʧʦʧʨʘʚʢʘʤʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ 

ʢʦʩʠʥʫʩʫ ʫʛʣʘ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʵʣʝʢʪʨʦʥʘ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ, ʨʘʟʚʠʪʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʜʠʬʠʢʘʮʠʷʭ ʵʪʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ [2]ï[10], ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʨʘʟʣʦʞʝʥʠʝ ʙʳʩʪʨʦ ʩʭʦʜʠʪʩʷ ʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʯʣʝʥʘʤʠ ʨʘʟʣʦʞʝʥʠʷ 

ʌʈʕʕ. ʊʘʢʦʝ çʜʚʫʯʣʝʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝè ʠʤʝʝʪ ʚʠʜ: 

( ) ( ) ( )0 1,  , , , , , cosf t f t f t q= +v r v r v r . 

ɺ ʨʘʙʦʪʘʭ [11], [12] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ ʤʝʪʦʜʦʤ 

ʩʬʝʨʠʯʝʩʢʠʭ ʛʘʨʤʦʥʠʢ. ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʣʘʛʘʝʪʩʷ ʧʦ 

ʩʬʝʨʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ: ( ) ( )( ),  ,  P cosl l

l

f f q=äv r v r , ()Pl x  - ʧʦʣʠʥʦʤʳ 

ʃʝʞʘʥʜʨʘ. ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʷ ( )0 , f v r  ʫʞʝ ʥʝ ʩʯʠʪʘʝʪʩʷ ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʠ 

ʜʦʣʞʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ 

ʜʠʚʝʨʛʝʥʪʥʳʝ ʯʣʝʥʳ ʚ ʫʨʘʚʥʝʥʠʠ ɹʦʣʴʮʤʘʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʌʈʕʕ, ʘ ʪʘʢʞʝ ʚʳʚʝʜʝʥʳ 

ʬʦʨʤʫʣʳ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ. ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪ 

[11], [12] ʷʚʣʷʝʪʩʷ ʚʳʚʦʜ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʫʧʨʫʛʠʭ ʠ ʥʝʫʧʨʫʛʠʭ ʠʥʪʝʛʨʘʣʦʚ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʘʪʴ 

ʥʝʨʘʚʥʦʚʝʩʥʫʶ ʌʈʕʕ. 
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ɺ ʨʘʙʦʪʝ [13] ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʠ ʧʦʩʪʦʷʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʝʣʴʥʳʝ ʩʣʫʯʘʠ: 

1) ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ, ʠʦʥʦʚ ʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʤʥʦʛʦ ʤʝʥʴʰʝ 

ʧʣʦʪʥʦʩʪʠ ʤʦʣʝʢʫʣ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

2) ʩʣʫʯʘʡ, ʢʦʛʜʘ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʝʙʦʣʴʰʠʝ, ʪʘʢ ʯʪʦ ʩʝʯʝʥʠʷ ʫʧʨʫʛʠʭ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʩʝʯʝʥʠʡ ʥʝʫʧʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ 

3) ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʠ ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ ʤʥʦʛʦ ʙʦʣʴʰʝ ʜʣʠʥʳ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʧʨʠ ʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ 

4) ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʤʠʥʠʤʘʣʴʥʳʭ ʯʘʩʪʦʪ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʦʫʜʘʨʝʥʠʷʤʠ, ʪʠʧʦʤ ʛʘʟʘ ʠ ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʦʤ ʦʙʣʘʩʪʠ 

ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ. 

ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʫʜʝʣʷʝʪʩʷ ʚʳʚʦʜʫ ʥʝʫʧʨʫʛʠʭ ʠʥʪʝʛʨʘʣʦʚ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʥʝʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʥʘ ʌʈʕʕ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʩʝʯʝʥʠʡ 

ʩʪʦʣʢʥʦʚʝʥʠʷ: ʩʝʯʝʥʠʷ ʧʦʣʘʛʘʣʠʩʴ ʧʦʩʪʦʷʥʥʦʡ ʬʫʥʢʮʠʝʡ ʜʣʷ ʫʧʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʠ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ ʜʣʷ ʥʝʫʧʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʚ [8] ʨʝʟʫʣʴʪʘʪʳ, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʌʈʕʕ ʚ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʝ. 

ɺ ʨʘʙʦʪʝ [14] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʩʣʘʙʦʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʠʤʝʥʠʤʦ, 

ʪʦʣʴʢʦ ʝʩʣʠ ʫʧʨʫʛʠʝ ʧʦʪʝʨʠ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʵʣʝʢʪʨʦʥ-ʥʝʡʪʨʘʣ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʶʪ ʥʝʫʧʨʫʛʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʥʝʰʥʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʧʦʵʪʦʤʫ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ʧʝʨʝʥʦʩʘ ʩʚʦʜʠʪʩʷ ʢ ʦʜʥʦʤʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. ɺ 

ʨʘʙʦʪʝ ʚʳʚʦʜʠʪʩʷ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ 

ʵʥʝʨʛʠʷʤ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʚʳʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʝʨʝʥʦʩʘ ʜʣʷ ʧʨʦʩʪʝʡʰʝʡ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʯʝʥʠʷ ʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ 
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ʦʪ ʩʢʦʨʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʩʝʯʝʥʠʷ ʠʣʠ ʯʘʩʪʦʪʳ ʩʦʫʜʘʨʝʥʠʡ ʦʪ ʩʢʦʨʦʩʪʠ 

ʥʝ ʟʘʚʠʩʷʪ. ʊʘʢʞʝ ʘʚʪʦʨʦʤ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʜʣʷ 

ʩʣʘʙʦʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʥʘ ʧʦʧʝʨʝʯʥʳʝ ʜʚʠʞʝʥʠʷ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʝ 

ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ. ɺ 

ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʝʯʝʥʠʝ ʫʧʨʫʛʠʭ 

ʩʦʫʜʘʨʝʥʠʡ ʧʘʜʘʣʦ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ. 

ɺ ʨʘʙʦʪʝ [6] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʨʘʚʥʝʥʠʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʩʣʘʙʦʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʪʦʢʠ, 

ʚʳʟʚʘʥʥʳʝ ʛʨʘʜʠʝʥʪʘʤʠ(ʧʦʣʷ, ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ), ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʣʦʢʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ ʘʚʪʦʨʘʤʠ 

ʫʯʠʪʳʚʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʥʘʛʨʝʚʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʦʣʝ ʠ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ 

ʩʪʦʣʢʥʦʚʝʥʠʷʭ, ʥʦ ʠ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʯʘʩʪʠʮ, ʜʠʬʬʫʟʠʦʥʥʳʝ ʠ ʜʨʝʡʬʦʚʳʝ 

ʧʦʪʦʢʠ, ʨʘʙʦʪʘ ʧʦʣʷ ʥʘʜ ʜʠʬʬʫʟʠʦʥʥʳʤ ʧʦʪʦʢʦʤ. ɺʳʚʝʜʝʥʥʦʝ ʚ ʨʘʙʦʪʝ 

ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʧʨʠʤʝʥʝʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ (ʦ 

ʧʨʠʣʠʧʘʪʝʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʛʘʟʦʚʦʡ ʧʣʘʟʤʳ). ʋʢʘʟʘʥʳ 

ʦʙʱʠʝ ʨʝʮʝʧʪʳ ʚʳʯʠʩʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʧʦʣʫʯʝʥʳ ʠʭ ʷʚʥʳʝ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʩʪʦʣʢʥʦʚʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [15] ʚʳʚʝʜʝʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʩʣʘʙʦʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ. ʋʢʘʟʘʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ. ʅʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʨʘʟʚʠʪ ʧʨʠʙʣʠʞʝʥʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʣʘʙʦʠʦʥʠʟʦʚʘʥʥʦʡ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʳ. 

ɺ ʨʘʙʦʪʝ [16] ʨʘʩʩʤʦʪʨʝʥ ʧʨʝʜʝʣ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʛʜʘ 

ʮʠʢʣʦʪʨʦʥʥʘʷ ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʥʦʚ ʚʝʣʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʘʩʪʦʪʦʡ ʧʝʨʝʜʘʯʠ 
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ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʣʫʯʝʥʳ ʷʚʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ ʚ ʤʦʜʝʣʴʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʥʪʝʛʨʘʣ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʠʤʝʝʪ ʜʠʚʝʨʛʝʥʪʥʳʡ ʚʠʜ, ʘ ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʥʝʡʪʨʘʣʴʥʳʭ 

ʯʘʩʪʠʮʘʭ ʷʚʣʷʶʪʩʷ ʩʪʝʧʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʦʪ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ. 

ɺ ʨʘʙʦʪʝ [17] ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʢʘʢ ʬʫʥʢʮʠʷ ʵʥʝʨʛʠʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ (ʦʜʥʦʤʝʨʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʪʦʢʘ 

ʵʣʝʢʪʨʦʥʦʚ, ʘʜʩʦʨʙʠʨʫʶʱʠʭʩʷ ʥʘ ʘʥʦʜʝ). ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʧʦʜʚʠʞʥʦʩʪʴ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʦʣʴʥʦʡ ʜʠʬʬʫʟʠʠ) ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʵʣʝʢʪʨʦʜʘ, 

ʘ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʣʫʯʝʥʘ ʠʟ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ [17] 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʜʦʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʚʝʨʥʳ ʜʣʷ ʩʣʫʯʘʷ ʥʝʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʦʚ 

ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʨʝʰʘʝʤʦʝ ʫʨʘʚʥʝʥʠʝ ʚʢʣʶʯʘʣʦ ʠʥʪʝʛʨʘʣʳ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ. 

ɺ ʨʘʙʦʪʝ [18] ʚʳʧʦʣʥʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ 

ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʢʦʨʷʝʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ. ɺ ʨʘʙʦʪʝ 

ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʦʣʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ. ɼʣʷ ʩʣʫʯʘʷ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʫʧʨʫʛʦʛʦ ʩʝʯʝʥʠʷ ʦʪ ʵʥʝʨʛʠʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʨʦʜʦʣʴʥʦʡ ʠ 

ʧʦʧʝʨʝʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ 1:5. 

ɺ ʨʘʙʦʪʝ [19] ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʌʈʕʕ ʚ ʜʚʫʭ ʠ 

ʰʝʩʪʠ ʯʣʝʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʝʤ, ʧʦʣʫʯʘʝʤʳʤ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-

ʂʘʨʣʦ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʟʦʪʝ. ɺ ʨʝʰʘʝʤʦʤ ʫʨʘʚʥʝʥʠʠ ʧʦʤʠʤʦ ʫʧʨʫʛʠʭ 

ʫʯʠʪʳʚʘʣʠʩʴ ʪʘʢʞʝ ʥʝʫʧʨʫʛʠʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ 

ʤʦʣʝʢʫʣ ʘʟʦʪʘ. ɸʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʥʝʙʦʣʴʰʠʭ E/N (1-200 ʊʜ), 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʯʣʝʥʦʚ ʚ ʨʘʟʣʦʞʝʥʠʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ ʚ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʝʨʝʥʦʩʘ, ʘ ʨʝʟʫʣʴʪʘʪʳ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʰʝʥʠʝʤ, ʜʘʚʘʝʤʳʤ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. ʇʨʠ ʵʪʦʤ 
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ʦʰʠʙʢʘ ʚ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʝʨʝʥʦʩʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 5% ʠ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʥʝʫʧʨʫʛʠʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ. 

ɺ ʨʘʙʦʪʝ [20] ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʟʦʪʥʦʡ ʧʣʘʟʤʳ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ E/N: 500-1500 ʊʜ, ʢʦʛʜʘ ʩʨʝʜʥʷʷ 

ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ʨʘʚʥʘ ʙʦʣʝʝ, ʯʝʤ 5 ʵɺ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʛʨʘʣʳ ʩʪʦʣʢʥʦʚʝʥʠʷ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ 

ʫʧʨʫʛʠʭ ʠ ʥʝʫʧʨʫʛʠʭ ʩʝʯʝʥʠʡ ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʩʝʯʝʥʠʡ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʧʨʠ E/N<500 ʊʜ, 

ʦʜʥʘʢʦ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ E/N ʫʯʝʪ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʩʠʣʴʥʦ ʨʘʩʪʝʪ 

ʯʠʩʣʦ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ çʭʚʦʩʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷè), ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ. ɸʚʪʦʨʘʤʠ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, 

ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ E/N ʣʦʨʝʥʮʝʚʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ ʧʨʠ ʨʘʩʯʝʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ 

ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ, ʫʯʠʪʳʚʘʶʱʠʤ 6 ʯʣʝʥʦʚ ʚ ʨʘʟʣʦʞʝʥʠʠ 

ʌʈʕʕ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʠʦʥʠʟʘʮʠʠ. ɺ ʨʘʙʦʪʝ 

[20] ʦʧʠʩʘʥʳ ʜʚʝ ʤʦʜʝʣʠ ʫʯʝʪʘ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʦʥʠʟʘʮʠʠ, ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʌʈʕʕ ʩ 

ʫʯʝʪʦʤ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʵʣʝʢʪʨʦʥʦʚ ʢ ʤʦʣʝʢʫʣʘʤ 

ʠ ʘʪʦʤʘʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʘʟʤʝ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʧʣʘʟʤʳ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. ɺ ʨʘʙʦʪʝ [21] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʫʩʣʦʚʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ 

ʜʣʷ ʧʣʘʟʤʳ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʪʦʣʙʘ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ (p~10 ʊʦʨʨ, Te~2-3 ʵɺ), 

ʌʈʕʕ ʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʝʸ ʬʦʨʤʘ ʧʦʣʥʦʩʪʴʶ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʫʧʨʫʛʠʤʠ ʵʣʝʢʪʨʦʥ-ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʩ 

ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʦ ʩʝʯʝʥʠʷʭ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ. ɸʚʪʦʨʘʤʠ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʵʥʝʨʛʠʷʭ ʵʣʝʢʪʨʦʥʦʚ 

ʙʦʣʝʝ 2 ʵɺ (E/N~200 ʊʜ) ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ (ʙʦʣʝʝ 80% ʪʝʨʷʝʤʦʡ ʵʣʝʢʪʨʦʥʘʤʠ ʵʥʝʨʛʠʠ) ʧʨʦʮʝʩʩʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ (ʘ ʧʨʠ ʤʝʥʴʰʠʭ ʵʥʝʨʛʠʷʭ ï ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ). 

ɺ ʨʘʙʦʪʝ [22] ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʩʦʫʜʘʨʝʥʠʡ ʚʪʦʨʦʛʦ ʨʦʜʘ ʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʣʝʢʫʣ ʛʘʟʘ ʥʘ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ. ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʝʪ 

ʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʦʞʜʘʝʪ 

ʥʦʚʳʝ ʯʣʝʥʳ ʚ ʨʘʟʣʦʞʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ 

ʛʨʘʜʠʝʥʪʫ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ, ʧʦ 

ʟʥʘʯʝʥʠʶ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʧʝʨʝʯʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʬʬʫʟʠʠ ʠ ʩʠʣʴʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʣʝʢʫʣ ʛʘʟʘ. 

ɺ ʨʘʙʦʪʘʭ [23], [24] ʠʩʩʣʝʜʫʝʪʩʷ ʥʝʣʦʢʘʣʴʥʘʷ ʢʠʥʝʪʠʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʘʟʤʝ 

ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʚ ʥʝʦʥʝ. ɺ ʨʘʙʦʪʝ [24] ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʘ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʚ ʧʨʦʩʪʘʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʣʘʟʤʝ. ʆʜʠʥ ʠʟ ʥʠʭ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʠʥʝʪʠʢʠ ʤʝʜʣʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʩʪʦʣʙʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʵʥʝʨʛʠʷʤ ʢʦʪʦʨʳʭ ʙʣʠʟʢʘ 

ʢ ʠʟʦʪʨʦʧʥʦʡ. ʇʨʠ ʵʪʦʤ ʨʝʰʘʝʤʦʝ ʫʨʘʚʥʝʥʠʝ ʦʩʨʝʜʥʷʝʪʩʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʘ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʨʘʟʨʷʜʘ ʚ ʥʝʦʥʝ. ɺʪʦʨʦʡ ʤʝʪʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʢʠ ʵʣʝʢʪʨʦʥʦʚ 

ʚ ʧʨʠʵʣʝʢʪʨʦʜʥʳʭ ʦʙʣʘʩʪʷʭ ʨʘʟʨʷʜʘ. ʕʣʝʢʪʨʦʥʳ ʚʙʣʠʟʠ ʢʘʪʦʜʘ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: ʛʦʨʷʯʠʝ, ʵʥʝʨʛʠʠ ʢʦʪʦʨʳʭ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʦʪʝʨʴ ʧʨʠ 

ʥʝʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ, ʠ ʭʦʣʦʜʥʳʝ, ʢʠʥʝʪʠʢʘ ʢʦʪʦʨʳʭ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ 

ʨʘʤʢʘʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ʂʠʥʝʪʠʢʘ çʛʦʨʷʯʠʭè ʵʣʝʢʪʨʦʥʦʚ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ɹʦʣʴʮʤʘʥʘ ʩ ʠʥʪʝʛʨʘʣʦʤ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʬʦʨʤʝ 
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ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʩʠʣʴʥʦ ʥʝʠʟʦʪʨʦʧʥʘ, ʙʣʘʛʦʜʘʨʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʩʩʝʷʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʤʘʣʳʝ ʫʛʣʳ, ʘ ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʡ ʜʦʣʠ ʪʝʨʷʝʤʦʡ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʵʥʝʨʛʠʠ, ʚʩʝ 

ʧʨʦʮʝʩʩʳ ʨʘʩʩʝʷʥʠʷ ʛʦʨʷʯʠʭ ʵʣʝʢʪʨʦʥʦʚ ʩʯʠʪʘʣʠʩʴ ʢʚʘʟʠʫʧʨʫʛʠʤʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʦʪʜʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʘʪʦʜʥʦʛʦ ʩʣʦʷ (ʬʘʨʘʜʝʝʚʦ ʪʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ). ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʘʙʦʪʝ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʩʯʝʪʘ ʤʝʪʦʜʘʤʠ ʄʦʥʪʝ-ʂʘʨʣʦ. 

ɺ ʨʘʙʦʪʝ [25] ʦʧʠʩʘʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ, ʩ ʫʯʝʪʦʤ 

ʵʣʝʢʪʨʦʥ-ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʵʣʝʢʪʨʦʥ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ. ɼʣʷ ʨʘʩʯʝʪʘ 

ʌʈʕʕ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʘʟʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʠʟ 23 ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ ʘʟʦʪʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʘ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ ʩʝʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʨʘʙʦʪʘʭ [26]ï[28] ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʣʘʟʤʝ 

ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. 

ɺ ʨʘʙʦʪʘʭ [26]ï[28] ʚʳʧʦʣʥʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʯʘʩʪʠʮ ʚ 

ʧʣʘʟʤʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʧʦʫʨʦʚʥʝʚʦʡ ʢʠʥʝʪʠʢʠ ʤʦʣʝʢʫʣ ʘʟʦʪʘ. ɺ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ 

ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘ ʌʈʕʕ ʩʦʫʜʘʨʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʩ ʚʦʟʙʫʞʜʝʥʥʳʤʠ 

ʘʪʦʤʘʤʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʤʦʣʝʢʫʣ (ʠʣʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ) ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʪʝʪ ʯʠʩʣʦ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 3 ʵɺ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʝʝ 

ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂɸʈʉ ʚ ʨʘʙʦʪʝ [26] ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ [29]. 

ɺ ʨʘʙʦʪʝ [30] ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ɹʦʣʴʮʤʘʥʘ. ɸʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 8 

ʧʦʣʠʥʦʤʘʤ ʃʝʞʘʥʜʨʘ. ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ɻʘʣʝʨʢʠʥʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʣʩʷ 
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ʘʚʪʦʨʘʤʠ ʢ ʨʝʰʝʥʠʶ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʟʦʪʝ 

ʠ ʧʘʨʘʭ ʨʪʫʪʠ ʩ ʫʯʝʪʦʤ ʠʟʦʪʨʦʧʥʦʛʦ ʠ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʫʧʨʫʛʠʭ ʠ 

ʥʝʫʧʨʫʛʠʭ ʩʦʫʜʘʨʝʥʠʷʭ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ E/N ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʙʦʪʳ [30] ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʜʘʚʘʝʤʳʤʠ ʣʦʨʝʥʮʝʚʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʌʈʕʕ, 

ʫʩʠʣʠʚʘʝʪʩʷ. ɿʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʧʝʢʪʨʝ. 

ʆʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʧʣʘʟʤʫ [31]. ɺ ʨʘʙʦʪʝ [31] ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʨʘʙʦʪʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ʙʣʠʟʦʢ ʢ 

ʤʘʢʩʚʝʣʣʦʚʩʢʦʤʫ. ʂʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʨʝʰʘʝʪʩʷ ʘʚʪʦʨʘʤʠ ʚ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʘ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʧʦ 

ʧʦʣʠʥʦʤʘʤ ʉʦʥʠʥʘ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʘʤʧʣʠʪʫʜʳ, ʯʘʩʪʦʪʳ, 

ʦʨʠʝʥʪʘʮʠʠ ʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ ʚ CF4. 

ɸʚʪʦʨʘʤʠ ʦʧʠʩʳʚʘʝʪʩʷ ʵʬʬʝʢʪ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ï ʷʚʣʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘʤʠ ʵʥʝʨʛʠʠ ʤʠʢʨʦ-ʯʘʩʪʦʪʥʦʛʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʮʠʢʣʦʪʨʦʥʥʘʷ ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʥʦʚ ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʧʦʣʷ. ɺ ʨʘʙʦʪʝ 

ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʵʥʝʨʛʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʥʦʩʪʠ ʬʘʟ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ. ɸʚʪʦʨʘʤʠ ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝ ʨʘʟʥʦʩʪʠ ʬʘʟ ʥʘ 

ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥʠʟʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʤʘʣʦʡ ʨʘʟʥʦʩʪʠ ʬʘʟ 

ʵʣʝʢʪʨʦʥʳ ʥʝ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʵʥʝʨʛʠʶ ʦʪ ʧʦʣʷ, ʪʘʢ ʢʘʢ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

çʟʘʤʦʨʘʞʠʚʘʝʪè ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʠ, ʧʦʵʪʦʤʫ, ʠʭ ʵʥʝʨʛʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʥʦʩʪʠ ʬʘʟ ʵʪʦʪ ʵʬʬʝʢʪ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʘʣʦ, ʢʦʛʜʘ ʘʤʧʣʠʪʫʜʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʥʦʩʪʠ ʬʘʟ, ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʦʥʠʟʘʮʠʠ 

ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʘʥʦʚʷʪʩʷ ʩʠʣʴʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ 

ʬʫʥʢʮʠʝʡ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʘʢʞʝ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʝʠʟʦʪʨʦʧʥʦʡ ʬʫʥʢʮʠʝʡ. 
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1.2. ʆʙʟʦʨ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ 

ʚʦʜʦʨʦʜʘ ʚ ʩʪʨʫʷʭ ʧʣʘʟʤʳ 

 

ʀʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʩʪʨʫʷʭ ʚʦʜʦʨʦʜʥʦʡ ʧʣʘʟʤʳ [32], [33] ʩʚʷʟʘʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ, ʢʘʢ ʭʦʣʣʦʚʩʢʠʝ ʜʚʠʛʘʪʝʣʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʩʪʦʯʥʠʢʠ ʠʦʥʦʚ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʥʝʡʪʨʦʥʥʳʝ ʪʨʫʙʢʠ), ʘ ʪʘʢʞʝ 

ʧʣʘʟʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʝʜʠʮʠʥʝ. 

 ɺ ʨʘʙʦʪʝ [34] ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʚ ʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʦʨʙʠʪʘʣʴʥʳʝ ʠʦʥʥʳʝ 

ʜʚʠʛʘʪʝʣʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʘʭ. ɸʚʪʦʨʘʤʠ 

ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʢʘʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʪʨʫʝ ʧʣʘʟʤʳ. ɺ 

ʨʘʙʦʪʝ [35] ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʩʪʨʫʠ ʧʣʘʟʤʳ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʦʜʦʨʦʜʝ, ʠʩʪʝʢʘʶʱʝʡ ʠʟ ʩʦʧʣʘ ʠʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʚ ʩʪʨʫʝ, ʘ ʪʘʢʞʝ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʣʘʟʤʝ ʚʦʜʦʨʦʜʘ, 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʨʷʤʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʄʦʥʪʝ-ʂʘʨʣʦ. ɺ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʙʦʪʝ ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʪʴ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ʚʦʜʦʨʦʜʘ ʚ ʩʪʨʫʝ ʧʣʘʟʤʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ ʜʘʝʪ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʩʦʧʣʘ ʠʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ. ɸʚʪʦʨʘʤʠ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ çʢʦʥʪʠʥʫʘʣʴʥʳʝè ʤʦʜʝʣʠ ʪʦʞʝ 

ʧʦʟʚʦʣʷʶʪ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʪʴ ʠʩʪʝʯʝʥʠʝ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ, ʝʩʣʠ ʜʦʙʘʚʠʪʴ ʚ 

ʥʠʭ ʤʦʜʝʣʴ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʚʚʝʩʪʠ 

ʚ ʤʦʜʝʣʴ ʦʪʜʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʭʨʘʥʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ. 
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 ɺ ʨʘʙʦʪʘʭ [36]ï[40] ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʧʣʘʟʤʝʥʥʦʡ 

ʩʪʨʫʠ ʙʣʘʛʦʨʦʜʥʳʭ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ ʚʦʜʦʨʦʜʘ ʠ ʘʨʛʦʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ, 

ʠʩʪʝʢʘʶʱʝʡ ʚ ʦʪʢʘʯʘʥʥʫʶ ʜʦ 20-100 ʇʘ ʢʘʤʝʨʫ. ɸʚʪʦʨʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ, ʪʘʢ ʠ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ɺ ʨʘʙʦʪʝ [41] ʦʙʩʫʞʜʘʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩʪʨʫʠ ʘʨʛʦʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʧʣʘʟʤʳ ʥʘ 

ʦʩʥʦʚʝ ʢʚʘʟʠ-ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ. ɸʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ ʦʯʝʥʴ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ 

ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ ʨʘʙʦʪʝ [36] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʣʩʷ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʩʪʨʫʠ ʚʦʜʦʨʦʜʥʦʡ ʠ ʘʨʛʦʥʦ-ʚʦʜʦʨʦʜʥʦʡ 

ʧʣʘʟʤʳ. ɸʚʪʦʨʘʤʠ ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʠʦʥʠʟʘʮʠʠ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʚʦʜʦʨʦʜʘ ʚ ʩʪʨʫʝ ʧʣʘʟʤʳ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʩʪʨʫʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ 

ʚʦʜʦʨʦʜʘ ʧʘʜʘʝʪ ʥʘ 3-4 ʧʦʨʷʜʢʘ. ɸʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʪʦʣʴ ʥʠʟʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʩʪʨʫʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚ ʠʩʪʦʯʥʠʢʝ ʧʣʘʟʤʳ, ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʟʘʨʷʜʢʠ, ʪ.ʝ. ʦʙʤʝʥʘ ʟʘʨʷʜʦʤ ʘʪʦʤʘʨʥʦʛʦ ʠʦʥʘ ʚʦʜʦʨʦʜʘ ʩ ʢʦʣʝʙʘʪʝʣʴʥʦ-

ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚʦʜʦʨʦʜʘ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʜʘʥʥʳʭ 

ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚ ʩʪʨʫʝ ʧʣʘʤʳ. 

1.3. ʆʙʟʦʨ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ 

ʚʦʜʦʨʦʜʘ ʚ ʤʝʭʘʥʠʢʝ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ 

 

ʀʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʠʥʝʪʠʢʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʝʛʦ ʠʟʦʪʦʧʦʚ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʝ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʇʝʥʥʠʥʛʦʚʩʢʠʡ, 

ʪʣʝʶʱʠʡ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʨʘʟʨʷʜʳ, ʩʚʷʟʘʥ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ (ʠʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʛʝʥʝʨʘʪʦʨʳ 

ʥʝʡʪʨʦʥʦʚ, ʠʩʪʦʯʥʠʢʠ ʠʦʥʦʚ). ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʩʝʯʝʥʠʷʤ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʪʦʤʘʭ ʠ ʤʦʣʝʢʫʣʘʭ 

ʚʦʜʦʨʦʜʘ ʠ ʝʛʦ ʠʟʦʪʦʧʦʚ [42]ï[44], ʧʦʷʚʠʚʰʠʭʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʘ ʪʘʢʞʝ 

ʨʘʩʪʫʱʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʠ 

ʨʘʟʚʠʚʘʪʴ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʨʘʟʨʷʜʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʩʶ ʩʣʦʞʥʦʩʪʴ ʠ 
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ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʛʦʨʝʥʠʷ 

ʨʘʟʨʷʜʘ. 

ʋʧʨʦʱʝʥʥʘʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ (ʩʤ. ʊʘʙʣ. 1), 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʠʩʪʝʤʝ ʢʠʥʝʪʠʯʝʩʢʠʭ çʧʦʫʨʦʚʥʝʚʳʭè ʫʨʘʚʥʝʥʠʡ (ʫʯʠʪʳʚʘʝʪʩʷ 28 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ) ʜʣʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʝʨʤʘ ʤʦʣʝʢʫʣʳ 
2H , ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʶʱʘʷ ʨʘʟʣʠʯʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʠʦʥʠʟʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ [45]. ʅʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ çʨʘʚʥʦʚʝʩʥʦʩʪʠè ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ (ʌʈʕʕ), ʘʚʪʦʨʘʤʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ ʵʣʝʢʪʨʦʥʥʳʤ 

ʫʜʘʨʦʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʛʘʟʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠʦʥʠʟʘʮʠʠ ʠ 

ʜʠʩʩʦʮʠʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʦʩʪʫʧʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʝʯʝʥʠʷ 

ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʘʭ ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ 

ʦʧʠʩʘʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʝʯʝʥʠʡ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʭ (n>2) 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. ɸʚʪʦʨʘʤʠ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʠʦʥʠʟʘʮʠʠ ʚ ʧʣʘʟʤʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʷʤʘʷ ʠʦʥʠʟʘʮʠʷ 

ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, ʘ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʠʩʩʦʮʠʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʜʠʩʩʦʮʠʘʮʠʷ ʠʟ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ( )3

2H Ɇub + , ʪʘʢʞʝ 

ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʵʣʝʢʪʨʦʥʘʤʠ. 

ɺ ʨʘʙʦʪʝ [46] ʚʳʧʦʣʥʝʥʦ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʄʦʥʪʝ-ʂʘʨʣʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʷʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʘʜʠʘʣʴʥʦ ʩʭʦʜʷʱʝʤʩʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ. ʋʨʘʚʥʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʜʚʫʭʤʝʨʥʳʤʠ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ. 

ʋʯʠʪʳʚʘʝʪʩʷ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʣʘʟʤʳ ʠ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʘ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ, ʚʢʣʶʯʘʝʪ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʪʦʣʴʢʦ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʘ, ʧʨʠ ʵʪʦʤ ʤʦʜʝʣʠʨʫʶʪʩʷ 

ʪʦʣʴʢʦ ʩʪʦʣʢʥʦʚʝʥʠʷ, ʠʤʝʶʱʠʝ ʥʘʠʙʦʣʴʰʠʝ ʚʝʨʦʷʪʥʦʩʪʠ (ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ), ʘ 
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ʦʙʨʘʪʥʳʝ ʨʝʘʢʮʠʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ. ʆʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʧʨʦʮʝʩʩʳ ʚʢʣʶʯʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʵʣʝʢʪʨʦʥ-ʤʦʣʝʢʫʣʘ, ʘʪʦʤ-ʠʦʥ, ʤʦʣʝʢʫʣʘ-ʠʦʥ, 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʙʳʩʪʨʳʤʠ (ʯʘʩʪʠʮʳ ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʡ) ʘʪʦʤʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ 

(ʊʘʙʣ. 2). ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [46] ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʯʠʪʳʚʘʝʤʳʭ ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʙʳʩʪʨʳʭ ʯʘʩʪʠʮ. 

ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʚ ʦʧʠʩʳʚʘʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ, 

ʚʦʟʥʠʢʘʶʪ ʥʝ ʪʦʣʴʢʦ ʩ ʫʯʘʩʪʠʝʤ ʠʦʥʦʚ, ʥʦ ʠ ʩ ʫʯʘʩʪʠʝʤ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ (73-94% ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ). 

ɺ ʨʘʙʦʪʝ [47] ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ 

ʵʥʝʨʛʠʷʤ ʚ ʧʣʘʟʤʝ ʠʩʪʦʯʥʠʢʘ ʇʝʥʥʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʚ ʃʦʨʝʥʮʝʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɸʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ ʧʣʘʟʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʚʝʩʥʳʤ, ʧʦʵʪʦʤʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʧʫʩʪʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ. ɺ ʩʣʫʯʘʝ ʞʝ, ʝʩʣʠ ʧʣʘʟʤʘ ʩʣʘʙʦʠʦʥʠʟʦʚʘʥʥʘʷ, ʠʤʝʝʪ 

ʤʝʩʪʦ ʦʪʢʣʦʥʝʥʠʝ ʌʈʕʕ ʦʪ ʨʘʚʥʦʚʝʩʥʦʡ, ʧʦʵʪʦʤʫ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ. ʇʨʠ ʨʘʩʯʝʪʝ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʚʪʦʨʘʤʠ ʫʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ: ʫʧʨʫʛʠʝ 
2e-H  ʩʪʦʣʢʥʦʚʝʥʠʷ, ʫʧʨʫʛʠʝ e-e ʩʪʦʣʢʥʦʚʝʥʠʷ, 

ʥʝʫʧʨʫʛʠʝ ʠ ʩʚʝʨʭʫʧʨʫʛʠʝ 
2e-H  (ʊʘʙʣ. 3). ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʭʚʦʩʪ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʭʦʜʠʪ ʚ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʟʘ ʚʨʝʤʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʟʘ 0.5 ʤʢʩ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʩʪʘʮʠʦʥʘʨʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʚʨʝʤʷ 

50 ʤʢʩ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʥʘʣʠʯʠʷ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʥʘ 

ʌʈʕʕ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʘʪʦʤʘʨʥʦʡ ʧʨʠʤʝʩʠ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ 

ʚʦʜʦʨʦʜʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʛʘʱʝʥʠʶ ʵʣʝʢʪʨʦʥʘʤʠ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ (Ů<5 eV) ʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (Ů>12 eV) ʠ ʦʧʫʩʪʦʰʝʥʠʶ ʚ ʦʙʣʘʩʪʠ 

ʩʨʝʜʥʠʭ (5<Ů <12 eV) ʵʥʝʨʛʠʡ. 
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ɺ ʨʘʙʦʪʘʭ [42] ʧʨʝʜʩʪʘʚʣʝʥʳ çʧʦʫʨʦʚʥʝʚʳʝè ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʜʣʷ 

ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ: 
2e-H , 

2H-H , 
2e-D ,

2D-D  (ʊʘʙʣ. 4). ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʨʘʙʦʪʝ ʩʝʯʝʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ, ʚʢʣʶʯʘʶʪ ʪʘʢʞʝ ʩʪʫʧʝʥʯʘʪʳʝ EV ʧʨʦʮʝʩʩʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ 

ʚʦʟʙʫʞʜʝʥʠʝ ʩʠʥʛʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ 
1ɆuB +

 ʠ 
1ɄuD ). ɸʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʤʝʭʘʥʠʟʤʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʤʦʛʫʪ ʠʛʨʘʪʴ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ 

ʚ ʟʘʩʝʣʝʥʠʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ 
2H . ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ 

ʩʪʫʧʝʥʯʘʪʳʡ ʤʝʭʘʥʠʟʤ ʜʠʩʩʦʮʠʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʤʦʣʝʢʫʣ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʪʦʣʴʢʦ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʢʚʘʥʪʦʚʳʭ ʯʠʩʣʘʭ. 

ɺ ʨʘʙʦʪʘʭ [48], [49] ʚʳʧʦʣʥʝʥʦ ʜʚʫʤʝʨʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʟʘʤʘʛʥʠʯʝʥʥʦʡ ʧʣʘʟʤʳ ʚ ʨʘʟʨʷʜʝ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ çʛʠʙʨʠʜʥʦʤè 

ʢʠʥʝʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʢ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ. ʈʘʩʯʝʪʳ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʜʘʚʣʝʥʠʡ 1ï2 ʇa, ʢʦʛʜʘ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ 

ʯʘʩʪʠʮ ʩʨʘʚʥʠʤʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʦʙʣʘʩʪʠ ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ. ɺ 

ʧʨʝʜʣʦʞʝʥʥʦʤ ʘʚʪʦʨʘʤʠ ʧʦʜʭʦʜʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʜʝʣʠʪʴ ʦʙʣʘʩʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʥʘ ʜʚʝ ʧʦʜʦʙʣʘʩʪʠ: ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ, 

ʛʜʝ ʧʨʠʤʝʥʷʣʦʩʴ çʢʣʘʩʩʠʯʝʩʢʦʝè ʥʝʣʦʢʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʠ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ, ʛʜʝ ʨʝʰʘʣʦʩʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʚʫʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ. 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 

ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʜʘʚʣʝʥʠʡ p=5-20 mTorr. 

ɺ ʨʘʙʦʪʝ [50] ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʣʴʥʦʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʧʣʘʟʤʝ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʟʨʷʜʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʘʪʦʤʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ (ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʫ 

ʧʨʦʮʝʩʩʦʚ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ),  ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʢʠʥʝʪʠʢʫ 

ʤʦʣʝʢʫʣ 
2H , ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ, 
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ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ (ʊʘʙʣ. 5). ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʥʝʡʪʨʘʣʴʥʳʡ ʛʘʟ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʧʦ ʧʦʨʷʜʢʫ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʵʣʝʢʪʨʦʥʦʚ), ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʜʠʩʩʦʮʠʘʪʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ 

ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, ʘ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʜʦʩʪʠʛʘʝʪ [][ ]2H H 1= , ʘ ʜʦʣʷ 

ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʨʘʚʥʘ +

2H H >0.9+è ø è øê ú ê ú. 

ɺ ʨʘʙʦʪʘʭ [51], [52] ʦʧʠʩʳʚʘʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʥʝʫʧʨʫʛʠʭ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣʘʭ ʚʦʜʦʨʦʜʘ ʠ ʝʛʦ ʠʟʦʪʦʧʘʭ. 

ɹʘʟʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʥʝʫʧʨʫʛʠʝ ʧʨʦʮʝʩʩʳ: ʜʠʩʩʦʮʠʘʪʠʚʥʦʝ ʠ 

ʥʝʜʠʩʩʦʮʠʘʪʠʚʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, ʠʦʥʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʥʳʤ 

ʫʜʘʨʦʤ, ʩʪʫʧʝʥʯʘʪʳʝ ʧʨʦʮʝʩʩʳ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʜʠʩʩʦʮʠʘʮʠʠ, 

ʜʠʩʩʦʮʠʘʪʠʚʥʦʝ ʧʨʠʣʠʧʘʥʠʝ ʠ ʨʝʟʦʥʘʥʩʥʳʡ ʟʘʭʚʘʪ ʵʣʝʢʪʨʦʥʘ (ʊʘʙʣ. 6). ʏʘʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʭ ʧʦ ʩʝʯʝʥʠʷʤ ʨʘʩʩʝʷʥʠʷ ʙʳʣʘ ʚʟʷʪʘ ʠʟ 

ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʘ ʯʘʩʪʴ ʨʘʩʩʯʠʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʩʝʯʝʥʠʷ ʜʠʩʩʦʮʠʘʪʠʚʥʦʛʦ ʧʨʠʣʠʧʘʥʠʷ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚ ʨʘʤʢʘʭ ʨʝʟʦʥʘʥʩʥʦʡ ʪʝʦʨʠʠ. 

ɺ ʨʘʙʦʪʘʭ [53]ï[57] ʚʳʧʦʣʥʝʥʦ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʝ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʨʝʰʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ 

ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʟʘʩʝʣʝʥʥʦʩʪʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ 

ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ. ɸʚʪʦʨʘʤʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʥʦʩʘ, 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʜʠʩʩʦʮʠʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʦʣʠ ʵʥʝʨʛʠʠ, 

ʚʢʣʘʜʳʚʘʝʤʦʡ ʯʘʩʪʠʮʘʤʠ ʚ ʚʦʟʙʫʞʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ, 

ʠʦʥʠʟʘʮʠʶ, ʜʠʩʩʦʮʠʘʮʠʶ ʠ ʥʘʛʨʝʚ ʤʦʣʝʢʫʣ ʛʘʟʘ. ɸʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʶʪ 
[]

[][ ]2

H
0.03

H + H
º , 1300 Kqº  ʧʨʠ ʪʦʢʝ 

ʨʘʟʨʷʜʘ I=1 A  ʠ 
[]

[][ ]2

H
0.3

H + H
º , 2200 Kqº  ʧʨʠ ʪʦʢʝ ʨʘʟʨʷʜʘ I=10 A  ʠ 
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ʥʘʭʦʜʷʪʩʷ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʙʦʪʝ [53], ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣ. 7. 

ɺ ʨʘʙʦʪʝ [58] ʚʳʧʦʣʥʝʥʦ ab-initio ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʠʦʥʦʚ. ʆʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʤ ʨʝʰʝʥʠʠ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʫʨʘʚʥʝʥʠʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ 

ʢʠʥʝʪʠʢʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʦʙʣʘʩʪʠ ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çʧʦʩʣʝʨʘʟʨʷʜʥʳʭè ʧʨʦʮʝʩʩʦʚ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ çʯʘʩʪʠʮʘ ʚ ʷʯʝʡʢʝè ʠ ʨʘʩʯʝʪʘ ʩʪʦʣʢʥʦʚʝʥʠʡ ʤʝʪʦʜʦʤ ʄʦʥʪʝ 

ʂʘʨʣʦ. ʆʪʜʝʣʴʥʦ ʚ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʠʥʝʪʠʢʦʡ 

ʚʦʟʙʫʞʜʝʥʠʷ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ 
2H . ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʙʦʪʝ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʚ ʊʘʙʣ. 8. 

ɺ ʨʘʙʦʪʝ [59] ʦʧʠʩʳʚʘʝʪʩʷ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʢʠʥʝʪʠʢʠ, ʫʨʘʚʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʡ 

ʢʠʥʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʥʦʩʘ ʚ ʧʣʘʟʤʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʜʦʣʠ 

ʵʥʝʨʛʠʠ, ʚʢʣʘʜʳʚʘʝʤʳʝ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ, ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʠ 

ʚʨʘʱʘʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

ʜʠʩʩʦʮʠʘʮʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʣʝʢʫʣ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ ʨʘʩʪʝʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʢʝʣʴʚʠʥʦʚ, ʘ ʩʚʝʨʭʫʧʨʫʛʠʝ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʦʪʚʝʯʘʶʪ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʭʚʦʩʪʘ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʪʝʨʤʦʚ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ. ʉʦʦʙʱʘʝʪʩʷ ʪʘʢʞʝ ʦ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ V-T ʧʨʦʮʝʩʩʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ; ʙʣʘʛʦʜʘʨʷ V-T ʧʨʦʮʝʩʩʘʤ ʩʠʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʩ ʚʳʩʦʢʠʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʢʚʘʥʪʦʚʳʤʠ 

ʯʠʩʣʘʤʠ. ʕʪʦ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʪʦʛʦ, ʯʪʦ ʜʠʩʩʦʮʠʘʮʠʠ ʚ 

ʧʣʘʟʤʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, ʚ 

ʦʪʣʠʯʠʝ, ʥʘʧʨʠʤʝʨ, ʦʪ ʧʣʘʟʤʳ ʚ 
2N , ʛʜʝ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʦʮʝʩʩʳ 

V-V ʠ V-T ʜʠʩʩʦʮʠʘʮʠʠ. 
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ɺ ʨʘʙʦʪʝ [60] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ, ʚ ʠʩʪʦʯʥʠʢʝ ʠʦʥʦʚ 

ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʥʦʚʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʆʜʥʘʢʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ 

ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩʦʛʣʘʩʦʚʘʥʥʦ ʩ ʨʘʩʯʝʪʦʤ ʧʦʪʝʥʮʠʘʣʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ 

ʠʦʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʙʦʪʘʭ [61], [62]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʠʦʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ çJAEAè. ɺ ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʘʨʥʦʛʦ 

ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʝ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʌʈʕʕ ʚ ʪʘʢʦʤ ʠʩʪʦʯʥʠʢʝ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʜʚʫʭ-ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʄʘʢʩʚʝʣʣʦʚʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ çʭʚʦʩʪè 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʦʨʦʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ H-. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʙʦʪʝ [61] , ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣ. 9. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠʦʥʦʚ çJAEAè ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʄʦʥʪʝ-ʂʘʨʣʦ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʙʦʪʝ [63]. ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ (ʩʤ. ʊʘʙʣ. 

10) ʩʪʦʣʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ çʧʘʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡè, ʘ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʦʨʦʜʘ 

ʤʝʪʦʜʦʤ çnull-collisionè. ɺ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʘʷ ʌʈʕʕ ʩʦʩʪʦʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʜʚʫʭ ʛʨʫʧʧ ʵʣʝʢʪʨʦʥʦʚ: ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩ 
eT ~3 eV, ʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩ 
eT ~20 eV. 

ɺ ʨʘʙʦʪʝ [64], [65] ʦʧʠʩʘʥʘ ʤʦʜʝʣʴ ʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʚʢʣʶʯʘʶʱʘʷ 

ʧʣʘʟʤʦʭʠʤʠʶ, ʧʦʛʣʦʱʝʥʠʝ ʧʣʘʟʤʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʜʚʠʞʝʥʠʝ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʩʢʨʝʱʝʥʥʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʈʘʟʣʠʯʥʳʝ ʩʦʨʪʘ 
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ʯʘʩʪʠʮ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʭʨʘʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʩʦʭʨʘʥʝʥʠʷ 

ʤʦʤʝʥʪʘ ʠ ʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠʥʝʨʮʠʶ ʠ ʚʷʟʢʦʩʪʴ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʠʤʝʶʪ ʄʘʢʩʚʝʣʣʦʚʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʵʥʝʨʛʠʷʤ. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʇʫʘʩʩʦʥʘ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʨʘʟʨʷʜʥʦʡ ʢʘʤʝʨʝ ʜʦʩʪʠʛʘʝʪ 17 eV. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ 

ʛʘʟʘ 
2H  ʩʦʩʪʘʚʣʷʝʪ 0.1 eV , ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʦʤʦʚ H  ʨʘʚʥʘ 1 eV. ɺ ʨʘʙʦʪʝ 

ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʠ 

ʤʦʣʝʢʫʣ ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ 

+

3H  ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ H+ ʠ 
+

2H  ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʛʦʨʝʥʠʷ 

ʨʘʟʨʷʜʘ. 

ɺ ʨʘʙʦʪʝ [66] ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʟʤʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʦʜʦʨʦʜʘ ʚ ʨʘʟʨʷʜʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɸʚʪʦʨʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʩʯʝʪʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ H, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ 
+

2H , 
+

3H , H+ ʥʘ ʦʩʥʦʚʝ ʥʫʣʴ-

ʤʝʨʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʠʩʧʦʣʴʟʫʝʤʘʷ ʘʚʪʦʨʘʤʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣ. 11), ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɸʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʩʪʝʧʝʥʴ 

ʠʦʥʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ -410 , ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʠ ʵʪʦʤ ʨʘʚʥʘ 0.1, ʘ ʦʩʥʦʚʥʳʤ 

ʠʦʥʦʤ ʷʚʣʷʝʪʩʷ 
+

3H , ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʷ ʦʯʝʥʴ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʡ (ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʩʥʦʚʥʳʤ ʠʦʥʦʤ ʷʚʣʷʝʪʩʷ 
+

2H ). 

ɺ ʨʘʙʦʪʘʭ [67], [68] ʤʝʪʦʜʦʤ ʄʦʥʪʝ ʂʘʨʣʦ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʨʘʚʥʦʚʝʩʥʦʝ 

ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ  
2H .ʚ ʦʙʣʘʩʪʠ ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ ʠ ʚ ʦʙʣʘʩʪʠ 

ʠʟʚʣʝʯʝʥʠʷ ʠʦʥʦʚ  ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ. ɺ ʨʘʙʦʪʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʟʘʩʝʣʝʥʠʠ ʥʠʞʥʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣ ʠʛʨʘʶʪ Vt-VT, AV ʠ ev ʧʨʦʮʝʩʩʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʝʨʭʥʠʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʟʘʩʝʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ eV, AV, ʠ sV2 

ʧʨʦʮʝʩʩʦʚ (ʩʤ. ʊʘʙʣ. 12). 
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ɺ ʨʘʙʦʪʘʭ [69]ï[72] ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʳʥʥʳʝ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ, ʢʦʣʝʙʘʪʝʣʴʥʦʡ, ʚʨʘʱʘʪʝʣʴʥʦʡ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʠʩʪʦʯʥʠʢʘʭ ʠʦʥʦʚ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ, 

ʠʟʚʣʝʢʘʝʤʳʭ ʠʟ ʠʩʪʦʯʥʠʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʦʜʥʠʭ 

ʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʡ ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ D- ʚ ʦʙʣʘʩʪʠ ʠʟʚʣʝʯʝʥʠʷ 

ʠʦʥʦʚ ʚʳʰʝ, ʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ H-. 
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ʊʘʙʣ. 1 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪʳ [45] . 

ʂʦʤʧʦʥʝʥʪʳ ʈʝʘʢʮʠʠ 
ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ 

ʨʘʙʦʪʝ ʫʩʣʦʚʠʷ 

ʉʠʥʛʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 
1ɆuB +, 1ɄuC , E , 

1ɆgF + 

ʊʨʠʧʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 
3Ɇub +, 3Ʉuc , 3Ɇga + 

ʂʦʣʝʙʘʪʝʣʴʥʦ-

ʚʦʟʙʫʞʜʝʥʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 

n=28 

ʀʦʥʳ 
+
2H  , H+ 

ɸʪʦʤʳ 

H  

ʀʆʅʀɿɸʎʀʗ 

1. ( ) ( )1 + 2
2 2H Ɇ H Ɇg gX e X e e+ ++ ­ + + 

2. ( )1
2 2H Ɇ HgX e e+ *+ ­ + 

2 2H He e* **+ ­ + 

( )+ 2
2 2H H Ɇge X e e** ++ ­ + + 

3. ( ) ()1
2H Ɇ H 1s HgX e e+ ++ ­ + + 

4. ( ) ()1
2H Ɇ H 1s HgX e e+ *+ ­ + + 

H He e* **+ ­ + 

H He e e** ++ ­ + + 

ɼʀʉʉʆʎʀɸʎʀʗ 

1. ( ) ( )1 3
2 2H Ɇ H Ɇg uX e b e+ ++ ­ + 

( ) () ()3
2H Ɇ H 1s H 1sub + ­ +  

2. ( )1
2 2H Ɇ HgX e e+ *+ ­ + 

( )3
2 2H H Ɇue b e* ++ ­ + 

( ) () ()3
2H Ɇ H 1s H 1sub + ­ +  

3. ( ) ()1
2H Ɇ H 1s HgX e e+ *+ ­ + + 

4. ( ) ()1
2H Ɇ H 1s HgX e e+ *+ ­ + + 

()H H 1se*+ ­­  

()2H H 1s He e e++ ­ + + + 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʵʣʝʢʪʨʦʥʦʚ: 

eT =5-100 eV 

 

ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ: 
8 16 -3

en =10 -10  cm  
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ʊʘʙʣ. 2 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪʳ [46] . 

ʂʦʤʧʦʥʝʥʪʳ ʈʝʘʢʮʠʠ 
ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʚ ʨʘʙʦʪʝ ʫʩʣʦʚʠʷ 

ɺʦʟʙʫʞʜʝʥʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 

D* 
ʀʦʥʳ 

+
2D , D+ 

ɸʪʦʤʳ 

D  

ʉʊʆʃʂʅʆɺɽʅʀʗ ʉ ʋʏɸʉʊʀɽʄ 

ʕʃɽʂʊʈʆʅʆɺ 

1. 2 2D De e+ ­ + 

2. +
2 2D De e+ ­ + 

3. 2D D D 2e e++ ­ + + 

ʉʊʆʃʂʅʆɺɽʅʀʗ ɸʊʆʄʆɺ ʀ 

ʀʆʅʆɺ 

4. 2 2D D D +D+ *+ ­  

5. +
2 2D D D+D++ ­  

6. +
2 2D D D +D e+ ++ ­ + 

ʉʊʆʃʂʅʆɺɽʅʀʗ ʄʆʃɽʂʋʃ ʀ 

ʀʆʅʆɺ 

7. + +
2 2 2 2D D D +D+ ­  

8. + +
2 2 2 2D D D +D+ ­  

9. + + +
2 2 2 2D D D +D e+ ­ + 

10. +
2 2 2D D D +D+D++ ­  

ʉʊʆʃʂʅʆɺɽʅʀʗ ʉ çɹʓʉʊʈʓʄʀè 

ɸʊʆʄɸʄʀ 

11. 2 2D D D D+ ­ +  

12. 
2 2D D D D e++ ­ + + 

13. +
2 2D D D D e+ ­ + + 

ʉʊʆʃʂʅʆɺɽʅʀʗ ʉ çɹʓʉʊʈʓʄʀè 

ʄʆʃɽʂʋʃɸʄʀ 

14. 2 2 2 2D D D D+ ­ +  

15. +
2 2 2 2D D D D e+ ­ + + 

ɼʘʚʣʝʥʠʝ: 
p=2-10 mTorr 

 

ʇʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ: 

V 100 Vº  

 

ʇʣʦʪʥʦʩʪʴ 

ʵʣʝʢʪʨʦʥʦʚ: 
9 -3

en 10  cmº  
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ʊʘʙʣ. 3 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪʳ [47] . 

ʂʦʤʧʦʥʝʥʪʳ ʈʝʘʢʮʠʠ 
ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʚ ʨʘʙʦʪʝ ʫʩʣʦʚʠʷ 

ʉʠʥʛʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 
1ɆuB +, 1ɄuC , E , 

1ɆgF +, 1ɆuB +¡ , 

1ɄuD , 1ɆuB +¡¡, 
1ɄuD¡  

ʊʨʠʧʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 
3Ɇub +, 3Ʉuc , 3Ɇga + 

Vib . Ex. States 

=1u  

ʀʦʥʳ 
+
2H , H+ 

ɸʪʦʤʳ 

H , ()H 1s , ( )H =2n

, ( )H =3n , ( )H =4n ,

( )H 2p  

ʅɽʋʇʈʋɻʀɽ ʉʊʆʃʂʅʆɺɽʅʀʗ 

1. () +
2 2H X He e e+ ­ + + 

2. ( ) ( )2 2H =0 H =1e eu u+ ­ + 

3. () ( )3
2 2H X H Ɇue b e++ ­ + 

4. () ( )3
2 2H X H Ʉue c e+ ­ + 

5. () ( )3
2 2H X H Ɇge a e++ ­ + 

6. () ( )1
2 2H X H Ɇue B e++ ­ + 

7. () ( )1
2 2H X H Ʉue C e+ ­ + 

8. () ( )1
2 2H X H Ɇue E F e++ ­ - + 

9. ( ) ( )1
2H Ɇ H =2 HgX e n e+ + ­ + + 

10. () ( )1
2 2H X H Ɇue B e+¡+ ­ + 

11. () ( )1
2 2H X H Ʉue D e+ ­ + 

12. 10 13 -3
en =10 -10  cm () ( )1

2 2H X H Ɇue B e+¡¡+ ­ + 

13. () ( )1
2 2H X H Ʉue D e¡+ ­ + 

14. ( ) ( )1
2H Ɇ H =3 HgX e n e+ + ­ + + 

15. H He e e++ ­ + + 

16. () ( )H 1s H 2pe e+ ­ + 

17. () ( )H 1s H =3e n e+ ­ + 

18. () ( )H 1s H =4e n e+ ­ + 

ʋʇʈʋɻʀɽ ʉʊʆʃʂʅʆɺɽʅʀʗ 

19. () ()2 2+H X +H Xe e­  

20. () ()+H 1s +H 1se e­  

ʈɽʂʆʄɹʀʅɸʎʀʗ 

21. +
2H  dissociative recombination 

22. +
3H  dissociative recombination 

ɼʘʚʣʝʥʠʝ: 
p=0.4 - 40 mTorr 

 

ʇʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ: 

V=30-100 V 

 

ʇʣʦʪʥʦʩʪʴ 

ʵʣʝʢʪʨʦʥʦʚ: 
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ʊʘʙʣ. 4 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪʳ [42] . 

ʂʦʤʧʦʥʝʥʪʳ ʈʝʘʢʮʠʠ 

ʈʘʩʩʤʘʪʨ

ʠʚʘʝʤʳʝ 

ʚ ʨʘʙʦʪʝ 

ʫʩʣʦʚʠʷ 

ʉʠʥʛʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ: 
1ɆuB +, 1ɄuD¡  

ɸʪʦʤʳ: 

D , H  

ʂʦʣʝʙʘʪ. ʠ 

ʚʨʘʱʘʪ. 

ʩʦʩʪʦʷʥʠʷ: 

( )1
2H ɆgX ,v, j+

 14v= ,  16j =  

 

ʅɽʇʈʗʄʆɽ ʂʆʃɽɹɸʊɽʃʔʅʆɽ ɺʆɿɹʋɾɼɽʅʀɽ 

2H : 

1. ( ) ( ) ( )1 1 1
2 2 2H Ɇ H Ɇ H Ɇg i u g fX ,v e B ,v e X ,v e hv+ + +¡+ ­ + ­ + + 

2. ( ) ( ) ( )1 1 1
2 2 2H Ɇ H Ɇ H Ɇg i u g fX ,v e B ,v e X ,v e hv+ + +¡+ ­ + ­ + + 

ʉʊʋʇɽʅʏɸʊɸʗ ɼʀʉʉʆʎʀɸʎʀʗ 2H : 

3. ( ) ( )1 1
2 2H Ɇ H Ɇ H+Hg i uX ,v e B ,v e e hv+ +¡+ ­ + ­ + + 

4. ( ) ( )1 1
2 2H Ɇ H Ɇ H+Hg i uX ,v e B ,v e e hv+ +¡+ ­ + ­ + + 

ʅɽʇʈʗʄʆɽ ʂʆʃɽɹɸʊɽʃʔʅʆɽ ɺʆɿɹʋɾɼɽʅʀɽ 

2D : 

5. ( ) ( ) ( )1 1 1
2 2 2D Ɇ D Ɇ D Ɇg i u g fX ,v e B ,v e X ,v e hv+ + +¡+ ­ + ­ + + 

6. ( ) ( ) ( )1 1 1
2 2 2D Ɇ D Ɇ D Ɇg i u g fX ,v e B ,v e X ,v e hv+ + +¡+ ­ + ­ + + 

ʉʊʋʇɽʅʏɸʊɸʗ ɼʀʉʉʆʎʀɸʎʀʗ 2D : 

7. ( ) ( )1 1
2 2D Ɇ D Ɇ D+Dg i uX ,v e B ,v e e hv+ +¡+ ­ + ­ + + 

8. ( ) ( )1 1
2 2D Ɇ D Ɇ D+Dg i uX ,v e B ,v e e hv+ +¡+ ­ + ­ + + 

ɼʀʉʉʆʎʀɸʎʀʀ ʏɽʈɽɿ ʉʊʆʃʂʅʆɺɽʅʀʗ 

ʄʆʃɽʂʋʃʓ ʀ ɸʊʆʄɸ: 

9. ( )1
2D Ɇ D D D DgX ,v, j+ + = + + 

10. ( )1
2H Ɇ H H H HgX ,v, j+ + = + + 
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ʊʘʙʣ. 5 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪʳ [50] . 

ʂʦʤʧʦʥʝʥʪʳ ʈʝʘʢʮʠʠ ʋʩʣʦʚʠʷ 
ʉʠʥʛʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 
1ɆuB +, 1ɄuC , E , 

1ɆgF +, 1ɆuB +¡ , 1ɄuD , 

1ɆuB +¡¡, 1ɄuD¡  

ʊʨʠʧʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 
3Ɇub +, 3Ʉuc , 3Ɇga +,

3Ɇgd +, 3Ɇge + 

ʂʦʣʝʙʘʪʝʣʴʥʳʝ 

ʩʦʩʪʦʷʥʠʷ: 

=14u  (and 

rotational) 

ʀʦʥʳ 
+
2H , +

3H , +
5H ,H+, 

H- 
ɸʪʦʤʳ 

H  

ʥʝʫʧʨʫʛʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ 

1. ( ) ( )2 2H X, , H X, , 2e v j e v j+ ­ + + 

2. ( ) ( )2 2H X, H X,  3e v e v , v v¡ ¡+ ­ + - ¢ 

3. () ( )3
2 2H X H Ɇue b e++ ­ + 

4. () ( )3
2 2H X H Ʉue c e+ ­ + 

5. () ( )3
2 2H X H Ɇge a e++ ­ + 

6. () ( )3
2 2H X H Ɇge d e++ ­ + 

7. () ( )3
2 2H X H Ɇge e e++ ­ + 

8. () ( )1
2 2H X H Ɇue B e++ ­ + 

9. () ( )1
2 2H X H Ʉue C e+ ­ + 

10. () ( )1
2 2H X H Ɇue E,F e++ ­ + 

11. () ( )1
2 2H X H Ɇue B e+¡+ ­ + 

12. () ( )1
2 2H X H Ʉue D e+ ­ + 

13. () ( )1
2 2H X H Ɇue B e+¡¡+ ­ + 

14. () ( )1
2 2H X H Ʉue D e¡+ ­ + 

15. ( ) ( )H =1 H =2n e n e¡+ ­ + 

16. () ( )H H 2n e n e¡+ ­ > + 

17. H H+e+ee-+ ­  

ʠʦʥʠʟʘʮʠʷ 

18. H+e H H-­ +  

19. ( )H =1 +e Hn e e+­ + + 

20. ( )H >1 +e Hn e e+­ + + 

21. ( ) ( )1 + 2 2
2 2H Ɇ H Ɇ Ɇg g uX e X ,X e+ + ++ ­ + 

22. +
2H H He e++ ­ + + 

23. +
3H H H He e++ ­ + + + 

24. + +
5 3 2H H He e+ ­ + + 

ʜʠʩʩʦʮʠʘʮʠʷ 

25. ( ) ( )1
2H Ɇ 2H 1gX e n e+ + ­ = + 

26. ( ) ( ) ( )1
2H Ɇ H 1  + H 2  + gX e n n e+ + ­ = =  

ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʢʠʥʝʪʠʢʘ: 

27. ( ) ( ) ( ) ( )2 2 2 2H X H X 1 H X 1 H X,v ,w ,v ,w+ + ­ + +  

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ 

28. ( ) ( ) ( ) ( ) ( )1 3
2 2H =2 +H Ɇ H =1 H Ɇ 3H =1g un X ,v n b n+ +­ + ­  

29. ( )2H+H+H H X =14 H,vª +  

30. () ()H Hn n hv¡­ +  

ɼʘʚʣʝʥʠʝ: 
p=1 Torr 

 

ʈʘʟʨʷʜʥʳʡ 

ʪʦʢ: 

I=300 A  

 

ʇʣʦʪʥʦʩʪʴ 

ʵʣʝʢʪʨʦʥʦʚ: 
15 -3

en 10  cmº  
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ʊʘʙʣ. 6 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪ [51], [52] . 

ʂʦʤʧʦʥʝʥʪʳ ʈʝʘʢʮʠʠ 

ʉʠʥʛʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ  
1ɆuB +, 1ɄuC , E , 

1ɆgF +, 1ɆuB +¡ , 

1ɄuD , 1ɆuB +¡¡, 
1ɄuD¡  

ʊʨʠʧʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 
3Ɇub + 

ʂʦʣʝʙʘʪ. ʚʦʟʙ. 

ʩʦʩʪʦʷʥʠʷ 

=20u  

ʀʦʥʳ 
+
2H ,H+, H- 

ɸʪʦʤʳ 

H  

ɼʀʉʉʆʎʀɸʊʀɺʅʆɽ ɺʆɿɹʋɾɼɽʅʀɽ: 

1. ( ) ( ) () ()1 1
2 2H Ɇ H Ɇ H 1s H 2lg i uX ,v e B e e+ ++ ­ + ­ + + 

2. ( ) ( ) () ()1 1
2 2H Ɇ H Ɇ H 1s H 2lg i uX ,v e C e e+ ++ ­ + ­ + + 

3. ( ) ( ) () ()1 1
2 2H Ɇ H Ʉ H 1s H 2lg i gX ,v e I e e+ + ­ + ­ + + 

4. ( ) ( )1 1
2 2H Ɇ H Ɇ 2Hg i uX ,v e B e e+ +¡+ ­ + ­ + 

5. ( ) ( )1 1
2 2H Ɇ H Ʉ 2Hg i uX ,v e D e e+ + ­ + ­ + 

6. ( ) ( )1 1
2 2H Ɇ H Ɇ 2Hg i uX ,v e B e e+ +¡¡+ ­ + ­ + 

7. ( ) ( )1 1
2 2H Ɇ H Ʉ 2Hg i uX ,v e D e e+ ¡+ ­ + ­ + 

8. ( ) ( ) () ()1 3
2 2H Ɇ H Ɇ H 1s H 1sg i uX ,v e b e e+ ++ ­ + ­ + + 

9. 

( ) ( )

( )
() ()

1 1 1
2 2

1
2

H Ɇ H Ɇ Ʉ

                         H Ɇ

                         H 1s H 1s

g i u u

g

X ,v e B ,C e

X e hv

e hv

+ * +

+

+ ­ + ­

­ + + ­

­ + + +

 

ʀʆʅʀɿɸʎʀʗ: 

10. ( ) ( ) ()1 2
2 2H Ɇ H Ɇ 2 H 1s H 2g i gX ,v e X e e+ + ++ ­ + ­ + + 

11. ( ) ( ) ()1 2
2 2H Ɇ H Ɇ 2 H 1s H 2g i uX ,v e e e+ + ++ ­ + ­ + + 

12. ( ) ( )1 + 2
2 2H Ɇ H Ɇ 2g i gX ,v e X e+ ++ ­ +  

ɺʆɿɹʋɾɼɽʅʀɽ ʕʃɽʂʊʈʆʅʅʓʍ 

ʉʆʉʊʆʗʅʀʁ: 

13. ( ) ( )1 1
2 2H Ɇ H Ɇg i uX ,v e B e+ ++ ­ + 

14. ( ) ( )1 1
2 2H Ɇ H Ɇg i uX ,v e C e+ ++ ­ + 

15. ( ) ( )1 1
2 2H Ɇ H Ʉg i gX ,v e I e+ + ­ + 

16. ( ) ( )1 1
2 2H Ɇ H Ɇg i uX ,v e B e+ +¡+ ­ + 

17. ( ) ( )1 1
2 2H Ɇ H Ʉg i uX ,v e D e+ + ­ + 

18. ( ) ( )1 1
2 2H Ɇ H Ɇg i uX ,v e B e+ +¡¡+ ­ + 

19. ( ) ( )1 1
2 2H Ɇ H Ʉg i uX ,v e D e+ ¡+ ­ + 

ʉʊʋʇɽʅʏɸʊʆɽ ɺʆɿɹʋɾɼɽʅʀɽ 

20. 
( ) ( )

( )

1 1 1
2 2

1
2

H Ɇ H Ɇ Ʉ

                         H Ɇ

g i u u

g f

X ,v e B ,C e

X ,v e hv

+ * +

+

+ ­ + ­

­ + +
 

ɼʀʉʉʆʎʀɸʊʀɺʅʆɽ ʇʈʀʉʆɽɼʀʅɽʅʀɽ 

ʕʃɽʂʊʈʆʅɸ: 

21. ( ) ( ) () ( )1 2 2
2 2H Ɇ H Ɇ H 1s H 1sg i uX ,v e e+ - + -+ ­ + ­ +  
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ʊʘʙʣ. 7 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪʳ [53] . 

ʂʦʤʧʦʥʝʥʪʳ ʈʝʘʢʮʠʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤ

ʳʝ ʚ ʨʘʙʦʪʝ 

ʫʩʣʦʚʠʷ 

ʉʠʥʛʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 
1ɆuB +, 1ɄuC  

ʊʨʠʧʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 
3Ɇub +, 3Ʉuc , 3Ɇga + 

ʂʦʣʝʙʘʪ. ʚʦʟʙ. 

ʩʦʩʪ. 

=15u  

ʀʦʥʳ 
+
2H , H+, 2H-, 

H- 
ɸʪʦʤʳ 

H  

ʂʆʃɽɹɸʊɽʃʔʅʆɽ ɺʆɿɹʋɾɼɽʅʀɽ 

1. ( ) ( )2 2 2H X, H H X,  v e w e, v w-+ ­ ­ + < 

2. ( ) ( ) ( )1 1
2 2 2H X, 0 H Ɇ  Ʉ H X,u uv e B , C e w e hv+= + ­ + ­ + + 

3. ( ) ( )2 2H H X, 0 H H X, 1v v+ = + = 

ɼʀʉʉʆʎʀɸʎʀʗ
 

4. ( ) ( )3 3 3
2 2H X, H Ɇ  Ʉ  Ɇ 2Hu u gv e b , c , a e e+ ++ ­ + ­ + 

5. 2H H+He e *+ ­ +  

6. + +
2 2 3H H H H+ ­ +  

7. ( )2H X, H Hv e -+ ­ +  

8. 3H H neutrals- ++ ­  

9. 2H H H e-+ ­ + 

ʀʆʅʀɿɸʎʀʗ
 

10. ( ) +
2 2H X, Hv e e e+ ­ + + 

ɼʀʉʉʆʎʀɸʊʀɺʅɸʗ ʈɽʂʆʄɹʀʅɸʎʀʗ 

11. ( )2 2H X, H H+Hv e - -+ ­ ­  

ɼʘʚʣʝʥʠʝ: 

p ~40 mTorr 

 

ʇʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ: 

V ~90 V  

 

ʈʘʟʨʷʜʥʳʡ 

ʪʦʢ: 
I=1, 10 A 

ʊʘʙʣ. 8 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪʳ [58] . 

ʈʝʘʢʮʠʠ ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʨʘʙʦʪʝ ʫʩʣʦʚʠʷ 

ʅɽʋʇʈʋɻʀɽ 

ʇʈʆʎɽʉʉʓ 

1. ( ) ( )3 3
2 2H Ɇ H Ɇg ua e d e+ ++ ­ + 

2. ( ) ( )3 3
2 2H Ʉ H Ɇu gc e g e++ ­ + 

3. ( ) ( )3 3
2 2H Ʉ H Ɇu gc e h e++ ­ + 

ɼʘʚʣʝʥʠʝ: 
p=10 mTorr 

 

ɸʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ: 

V=300 V  

 

ʊʘʙʣ. 9 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪʳ [61] . 

ʈʝʘʢʮʠʠ ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʚ ʨʘʙʦʪʝ ʫʩʣʦʚʠʷ 

ɼʀʉʉʆʎʀɸʎʀʗ
 

1. () () ()2H X H 1s H 1se+ ­ +  

2. () () ( )2H X H 1s H 2se+ ­ +  

3. () () ()2H X H 1s H 3se+ ­ +  

4. () ( ) ( )2H X H 2s H 2pe+ ­ +  

ɼʘʚʣʝʥʠʝ: 
p 2 mTorrº  

 

ʈʘʟʨʷʜʥʳʡ ʪʦʢ: 

I 10 Aº  
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ʊʘʙʣ. 10 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪʳ [63] . 

 

ʊʘʙʣ. 11 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪʳ [66] . 

ʂʦʤʧʦʥʝʥʪʳ ʈʝʘʢʮʠʠ 
ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ 

ʨʘʙʦʪʝ ʫʩʣʦʚʠʷ 

ʀʦʥʳ 
+
2H , +

3H , H+,

H- 
ɸʪʦʤʳ 

H , H* 

 

ʉ ʋʏɸʉʊʀɽʄ ʕʃɽʂʊʈʆʅʆɺ 

1. H He e e++ ­ + + 

2. 2H H H e ee ++ ­ + + + 

3. +
2H H He e++ ­ + + 

4. +
2H H He e e+ ++ ­ + + + 

5. +
2 2H He e e+ ­ + + 

6. +
3 2H H He e++ ­ + + 

7. +
2H H H*e+ ­ +  

8. 3H 3He++ ­  

9. 3 2H H He++ ­ +  

10. 2H 2He e+ ­ + 

ʉʊʆʃʂʅʆɺɽʅʀʗ ʊʗɾɽʃʓʍ ʏɸʉʊʀʎ 

11. +
2 2H H H H++ ­ +  

12. +
2 2H H H H++ ­ +  

13. + +
2 2 3H H H H+ ­ +  

 

ɼʘʚʣʝʥʠʝ: 
0.006 0.15 Torrpº -  

ʇʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ: 

V ~400 460 V-  

ʈʘʟʨʷʜʥʳʡ ʪʦʢ: 

=150 mAI  

  

ʂʦʤʧʦʥʝʥʪ r ʈʝʘʢʮʠʠ 
ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ 

ʨʘʙʦʪʝ ʫʩʣʦʚʠʷ 

ʉʠʥʛʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 
1ɆuB + 

ʂʦʣʝʙ. ʚʦʟʙ. ʩʦʩʪ. 

=14u  

ʀʦʥʳ 
+
2H , H+ 

ɸʪʦʤʳ 

()H 1s , ( )H 2p*  

 

ʅɽʋʇʈʋɻʀɽ ʇʈʆʎɽʉʉʓ 

1. () ( )2 2H H 1v e v e+ ­ ° + 

2. ( ) ( )2 2H X, H X,v e v e¡¡+ ­ + 

3. ( ) ( )1
2 2H X, H Ɇuv e B e++ ­ + 

4. () ( )H 1s H 2pe e*+ ­ + 

5. () ()+
2 2H X He v e e+ ­ + + 

6. ()H 1s He e e++ ­ + + 

7. ( ) ()2H X, H 1s Hv e -+ ­ +  

8. ( ) ( )3 2H 3H or H 5 H 2e v n+ *+ ­ > + = 

9. 2 2H He e+ ­ + 

10. H He e+ ­ + 

ɼʘʚʣʝʥʠʝ: 
2 mTorrpº  

 

ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ: 

V ~60 V  

 

ʈʘʟʨʷʜʥʳʡ ʪʦʢ: 

=166.6 AI  
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ʊʘʙʣ. 12 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟ ʨʘʙʦʪʳ [67], [68] . 

  
ʂʦʤʧʦʥʝʥʪʳ ʈʝʘʢʮʠʠ 

ʈʘʩʩʤʘʪʨʠʚ

ʘʝʤʳʝ ʚ 

ʨʘʙʦʪʝ 

ʫʩʣʦʚʠʷ 

ʉʠʥʛʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ  
1ɆuB +, 1ɄuC , 
1ɆuB +¡ , 1ɄuD +, 

BUS 

ʊʨʠʧʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 
3Ɇua +, 3Ɇue +,
3Ʉuc , 3Ɇub + 

ʂʦʣʝʙ. ʚʦʟʙ. 

ʩʦʩʪ. 

=15u  

ʀʦʥʳ 
+
2H , H+ 

ɸʪʦʤʳ 

H  
 

ʉ ʋʏɸʉʊʀɽʄ ʕʃɽʂʊʈʆʅʆɺ 

1. H He e+ ­ + 

2. H He e e++ ­ + + 

3. () () ( )2 2H H   eVv e w e+ ­ +  

4. () () ( )2 2H H   EVv e w e hv+ ­ + +  

5. () ( )2 2H H  eE*v e e+ ­ +  

1 1 1 1 1 3via: Ɇ  Ʉ , Ʉ , Ɇ , Ʉ , , Ɇu u u u u uB , C D B D BU aS+ + + +¡ ¡
 

6. () ()2 2H H  eIv e e e++ ­ + +  

7. ( )2H H H   eDe e+ ­ + +  

1 1 1 1 1

3 3 3

via: Ɇ  Ʉ , Ʉ , Ɇ , Ʉ , 

       , Ɇ  Ʉ  Ɇ

u u u u u

u u u

B , C D B D

BU e , c , bS

+ + +

+ +

¡ ¡
 

8. ( )2H H H e e  eDIe ++ ­ + + +  
2 2via: Ɇ  Ɇg uX ,+  

9. () ( )2H H H   DAv e ++ ­ +  

ʉʊʆʃʂʅʆɺɽʅʀʗ ʊʗɾɽʃʓʍ ʏɸʉʊʀʎ 

10. H H H H+ ++ ­ +  

11. () () ( )2 2H H H H   pVv w+ ++ ­ +  

12. () ( )+
2 2H H H H  p-CXv ++ ­ +  

13. () ( )2H H H H H  pV-dissv + ++ ­ + +  

14. () () ( )2 2H H H H  Vtv w+ ­ +  

15. () ( )2H H H H H  Vt-dissv + ­ + +  

16. () () ( ) ()( )2 2 2 2H H H 1 H   VTv w v w+ ­ ° +  

17. ( ) () ()( )2 2 2H 14 H H H H   VT-dissw w+ ­ + +  

ʈɽɸʂʎʀʀ ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ 

18. ()( )2 2 2H H  sVwall w++ ­  

19. adH Cu H Cu+ ­ +  

() ( )ad 2H H Cu H Cu  AVw+ + ­ +  

ɼʘʚʣʝʥʠʝ: 
2 mTorrpº  

ʇʦʜʚʦʜʠʤ

ʘʷ 

ʤʦʱʥʦʩʪʴ: 

W ~170 kW 

ʊʦʢ: 

=150 mAI  
ʏʘʩʪʦʪʘ: 

1 MHz  
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ɻʣʘʚʘ 2. ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ 

2.1. ʌʦʨʤʫʣʠʨʦʚʢʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ. 

ʃʦʨʝʥʮʝʚʦ ʧʨʠʙʣʠʞʝʥʠʝ. 

 

ʉʠʩʪʝʤʘ ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʫʨʘʚʥʝʥʠʡ 

 ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʚ ʧʣʘʟʤʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʚ 

ʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʚ ʫʩʣʦʚʠʷʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʣʘʟʤʳ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʠʦʥʠʟʦʚʘʥʥʦʤ ʛʘʟʝ: 

[]
f e

v f f C f ,
t m

µ
+ Ð - ÖÐ =

µ
vE  (1)

 

ʛʜʝ f - ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʰʝʩʪʠʤʝʨʥʦʤ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ, v - ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ, eʠ m - ʟʘʨʷʜ ʠ 

ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, E - ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, Ðv - ʛʨʘʜʠʝʥʪ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʢʦʨʦʩʪʝʡ, C - ʠʥʪʝʛʨʘʣ ʩʪʦʣʢʥʦʚʝʥʠʡ. 

 ɺ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʌʈʕʕ ʙʫʜʝʪ 

ʠʟʦʪʨʦʧʥʦʡ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ. ʊʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ ʩʬʝʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʢʦʨʦʩʪʝʡ, ʫʨʘʚʥʝʥʠʝ (1) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

[]
2sin

cos cos
cos

f f e f f
v E C f ,

t z m v v

q
q q

q

å õµ µ µ µ
+ - + =æ öæ öµ µ µ µç ÷

 (2) 

ʛʜʝ v  - ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʘ, q - ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ, z  - ʢʦʦʨʜʠʥʘʪʘ ʚʜʦʣʴ 

ʦʩʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʥʘʠʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ ʌʈʕʕ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʯʝʪʳʨʝʭ ʧʝʨʝʤʝʥʥʳʭ: v , q, z , 

t .  
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 ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ (2), ʬʫʥʢʮʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʣʦʞʠʪʴ ʧʦ ʧʦʣʠʥʦʤʘʤ ʃʝʞʘʥʜʨʘ (ʟʘʚʠʩʷʱʠʭ ʦʪ 

cosq). ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʨʘʟʣʦʞʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʝ (2), ʤʳ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʘʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʙʳʩʪʨʦ ʩʭʦʜʠʪʩʷ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʯʣʝʥʘʤʠ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

 ( ) ( ) ( )0 1 cos , , , ,  , cosf v, z t f v z t f v, z t ,q q= +  (3) 

ʛʜʝ 0f  - ʠʟʦʪʨʦʧʥʘʷ ʯʘʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ 1f  - ʘʥʠʟʦʪʨʦʧʥʘʷ ʧʦʧʨʘʚʢʘ ʢ 0f . 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʷ 0f  ʠ 1f , ʥʝʦʙʭʦʜʠʤʦ 

ʫʤʥʦʞʠʪʴ (2) ʥʘ ʧʦʣʠʥʦʤʳ ʃʝʞʘʥʜʨʘ (1 ʠ cosq), ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʧʦʣʫʯʠʚʰʠʝʩʷ ʫʨʘʚʥʝʥʠʷ ʧʦ ʫʛʣʘʤ: 

( )1 2 -1 20 1
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e
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, 
2
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ç ÷

- ʵʥʝʨʛʠʷ ʚ ʵɺ, ms  - ʩʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʫʧʨʫʛʠʭ 

ʩʦʫʜʘʨʝʥʠʡ. ʇʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (4) ʩʦʜʝʨʞʠʪ ʯʣʝʥ 0C , ʦʪʚʝʯʘʶʱʠʡ ʟʘ 

ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘ ʩʯʝʪ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʠʣʠ ʘʪʦʤʘʤʠ. 

 ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʯʘʩʪʦʪʘ ʥʝʫʧʨʫʛʠʭ ʩʦʫʜʘʨʝʥʠʡ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʯʘʩʪʦʪʳ 

ʫʧʨʫʛʠʭ, ʪʦ ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʌʈʕʕ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʜʥʦʨʦʜʥʘʷ, ʧʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʝ ʨʘʚʥʳ ʥʫʣʶ. ʅʦʨʤʠʨʦʚʢʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʝʤ: 
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ʀʥʪʝʛʨʘʣʳ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʀʥʪʝʛʨʘʣʳ ʩʪʦʣʢʥʦʚʝʥʠʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (1), (2), (4) ʦʧʨʝʜʝʣʷʶʪ 

ʚʣʠʷʥʠʝ ʫʧʨʫʛʠʭ, ʥʝʫʧʨʫʛʠʭ ʠ ʤʝʞʵʣʝʢʪʨʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʥʘ ʬʫʥʢʮʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ: 

-1 2
0 0,k 0,elastic 0,ee

k

C N C C Ce
å õ

= + +æ ö
ç ÷
ä  (7) 

ʛʜʝ N  - ʧʣʦʪʥʦʩʪʴ ʤʦʣʝʢʫʣ ʛʘʟʘ, 0,k 0,elastic 0,ee  C , C , C  - ʠʥʪʝʛʨʘʣʳ ʩʪʦʣʢʥʦʚʝʥʠʷ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʥʝʫʧʨʫʛʦʛʦ, ʫʧʨʫʛʦʛʦ ʠ ʤʝʞʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ, k ï 

ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʥʝʫʧʨʫʛʦʛʦ ʧʨʦʮʝʩʩʘ. 

 ɺʢʣʘʜ ʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ 

ʚ ʨʘʙʦʪʝ [73] ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

2 0B
0,elastic k 0

fk T2m
C f ,

M e
g e s

e e

è µ øµ å õ
= +æ öé ù

µ µç ÷ê ú
 (8) 

ʛʜʝ M  ʠ T  - ʤʘʩʩʘ ʤʦʣʝʢʫʣ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ. ɿʜʝʩʴ ʧʝʨʚʳʡ ʯʣʝʥ ʦʪʚʝʯʘʝʪ ʟʘ 

ʵʥʝʨʛʠʶ, ʧʝʨʝʜʘʚʘʝʤʫʶ ʵʣʝʢʪʨʦʥʘʤʠ ʤʦʣʝʢʫʣʘʤ (ʘʪʦʤʘʤ) ʧʨʠ ʫʧʨʫʛʦʤ 

ʩʪʦʣʢʥʦʚʝʥʠʠ, ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʦʧʠʩʳʚʘʝʪ ʧʝʨʝʜʘʯʫ ʠʤʧʫʣʴʩʘ ʦʪ ʪʷʞʝʣʳʭ 

ʯʘʩʪʠʮ ʵʣʝʢʪʨʦʥʘʤ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ ʧʦ ʵʥʝʨʛʠʷʤ ï 

ʤʘʢʩʚʝʣʣʦʚʩʢʦʝ. ɼʘʥʥʳʡ ʯʣʝʥ ʦʪʚʝʯʘʝʪ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʦʯʝʥʴ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ E/N. 

 ɺʢʣʘʜ ʥʝʫʧʨʫʛʠʭ ʩʦʫʜʘʨʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ, ʘ ʪʘʢʞʝ 

ʩʦʫʜʘʨʝʥʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ [13]: 

() ()( ) ( ) ( )0,k k 0 k k k 0 kC f u u f ug es e e e s e e=- - + + +è øê ú (9) 
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ʛʜʝ ks  - ʩʝʯʝʥʠʝ ʥʝʫʧʨʫʛʦʛʦ ʧʨʦʮʝʩʩʘ, ku - ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʧʨʦʮʝʩʩʘ 

ʥʝʫʧʨʫʛʦʛʦ ʩʦʫʜʘʨʝʥʠʷ (ku <0 ʜʣʷ ʩʦʫʜʘʨʝʥʠʡ ʚʪʦʨʦʛʦ ʨʦʜʘ). ɿʜʝʩʴ ʧʝʨʚʦʝ 

ʩʣʘʛʘʝʤʦʝ ʦʧʠʩʳʚʘʝʪ ʫʭʦʜ ʵʣʝʢʪʨʦʥʘ ʠʟ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʚ ʢʦʪʦʨʦʡ ʦʥ ʥʘʭʦʜʠʣʩʷ 

ʜʦ ʩʦʫʜʘʨʝʥʠʷ ʩ ʤʦʣʝʢʫʣʦʡ, ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʦʧʠʩʳʚʘʝʪ ʝʛʦ ʧʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʝ 

ʧʦʩʣʝ ʩʦʫʜʘʨʝʥʠʷ, ʢʦʛʜʘ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ ʚʝʣʠʯʠʥʫ ku (ʠ 

ʥʘʦʙʦʨʦʪ ʚ ʩʣʫʯʘʝ ʩʦʫʜʘʨʝʥʠʡ ʚʪʦʨʦʛʦ ʨʦʜʘ). 

 ʀʥʪʝʛʨʘʣ ʩʪʦʣʢʥʦʚʝʥʠʡ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʠʦʥʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʥʘʤʠ ʧʦʩʣʝ ʠʦʥʠʟʘʮʠʠ. ɺ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʵʥʝʨʛʠʷ ʥʘʣʝʪʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦʨʦʚʥʫ ʤʝʞʜʫ ʜʚʫʤʷ 

ʵʣʝʢʪʨʦʥʘʤʠ, ʠʥʪʝʛʨʘʣ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠʤʝʝʪ ʚʠʜ[25]: 

() () ( ) ( ) ( )0,ionization k 0 k k k 0 k2 2 2 2C f u u f u ,g es e e e s e e=- - + + +è øê ú (10) 

ɽʩʣʠ ʩʯʠʪʘʪʴ ʚʩʷ ʵʥʝʨʛʠʷ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʦʩʪʘʝʪʩʷ ʫ ʠʩʭʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʘ 

çʨʦʜʠʚʰʠʡʩʷè ʧʦʩʣʝ ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥ ʠʤʝʝʪ ʥʫʣʝʚʫʶ ʵʥʝʨʛʠʶ, ʪʦ ʠʥʪʝʛʨʘʣ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

() ()( ) ( ) ( )

() () ()

0,ionization k 0 k k k 0 k

k 0

0

d

C f u u f u

u u f u u

g es e e e s e e

d e g s
¤

=- - + + + +è øê ú

+ ñ
 (11) 

ʛʜʝ ()d e - ʜʝʣʴʪʘ-ʬʫʥʢʮʠʷ. 

 ʉʣʫʯʘʡ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʤʦʣʝʢʫʣʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ: 

() ()0,attachment k 0C fg es e e=-è øê ú (12) 

 ʋʯʝʪ ʤʝʞʵʣʝʢʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ 

ɹʦʣʴʮʤʘʥʘ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [25]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʷʚʣʷʝʪʩʷ ʠʟʦʪʨʦʧʥʦʡ ʬʫʥʢʮʠʝʡ, ʠʥʪʝʛʨʘʣ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʨʘʚʝʥ: 
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( )3 2 0
0,ee 1 0 2 33 2

fn
C a A f A A ,

N
e

e e

µµè ø
= + +é ùµ µê ú

 (13) 

ʛʜʝ ()1 2
1 0

0

dA u f u u,

e

=ñ  

()2
2 0

0

d3A u f u u,

e

=ñ  

()3 0

0

dA f u u,

¤

=ñ  

()
( )

3 22
0 B e

2 3 2
0

12
ln ȿ  ȿ

24 1

k Te
a ,

e n

p eg

pe
= =  

ɿʜʝʩʴ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʦʧʠʩʳʚʘʝʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ, ʘ ʚʪʦʨʦʝ - ʜʠʬʬʫʟʠʶ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʣʘ ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʵʪʠ ʜʚʘ 

ʯʣʝʥʘ ʩʦʢʨʘʪʠʣʠʩʴ. 

 

2.2. ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ ʠ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʚ ʧʣʘʟʤʝ ʥʘ 
ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

 

ʋʨʘʚʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ 

ʋʨʘʚʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʩʠʩʪʝʤʳ (4)

-(5) ʝʩʣʠ ʫʤʥʦʞʠʪʴ ʫʨʘʚʥʝʥʠʝ (4) ʥʘ 1 2e  ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ: 

ɻn
S,

t z

µ µ
+ =

µ µ
 (14) 

ʛʜʝ S  ʦʧʠʩʳʚʘʝʪ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ɻ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 
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1ɻ= d
3

0

nw n f
g
e e
¤

= ñ  (15) 

ʇʦʜʩʪʘʚʠʚ ʚ (15) ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʝ (5) ʧʦʣʫʯʠʤ ʜʠʬʬʫʟʠʦʥʥʫʶ ʠ ʜʨʝʡʬʦʚʫʶ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ: 

( )
ɻ=

Dn
En ,

z
m

µ
- -

µ
 (16) 

ʛʜʝ m - ʧʦʜʚʠʞʥʦʩʪʴ, ʘ D  - ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ: 

0

m0

d
3

f
N ,

g e
m e

s e

¤
µ

=-
µñ  (17) 

0
m0

d
3

DN f ,
g e

e
s

¤

= ñ  (18) 

 

ʋʨʘʚʥʝʥʠʝ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ 

ʋʨʘʚʥʝʥʠʝ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ (4)-(5) ʝʩʣʠ ʫʤʥʦʞʠʪʴ ʫʨʘʚʥʝʥʠʝ (4) ʥʘ 23e  ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʦ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ: 

ɻ
ɻ

n
E S ,

t z

e e
e

µ µ
+ + =

µ µ
 (19) 

3 2
0

0

dn n f n ,e e e e
¤

= =ñ  (20) 

2
1ɻ = d

3
0

n f ,e

g
e e
¤

ñ  (21) 

ʛʜʝ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ne ʠ ɻe - ʧʣʦʪʥʦʩʪʴ ʠ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ,e - 

ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ, Se- ʠʩʪʦʯʥʠʢʦʚʳʡ ʯʣʝʥ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʟʤʝʥʝʥʠʝ 

ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʟʘ ʩʯʝʪ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʤʦʣʝʢʫʣʘʤʠ. 
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 ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (5), ʚʳʨʘʞʝʥʠʝ (21) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

( )
ɻ =

D n
En ,

z

e e
e e em

µ
- -

µ
 (22) 

2
0

m0

d
3

f
N ,e

g e
m e

e s e

¤
µ

=-
µñ  (23) 

2

0
m0

d
3

D N f ,e

g e
e

e s

¤

= ñ  (24) 

ʛʜʝ emʠ De - ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ. ɼʘʥʥʘʷ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʫʨʘʚʥʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ [25]. 

ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (22) ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʥʘʙʦʨʘ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʧʦʣʝ, ʚʪʦʨʦʝ ï ʧʨʦʮʝʩʩ ʪʝʨʤʦʜʠʬʬʫʟʠʠ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʊʘʫʥʩʝʥʜʘ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʦʥʠʟʘʮʠʠ 

 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʦʡ ʌʈʕʕ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʯʝʥʠʡ, ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʦʥʠʟʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ 

[25]: 

0

0

dk k kC Nnk f ,g es e
¤

= =ñ  (25) 

ʛʜʝ n  ʠ N  - ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʤʦʣʝʢʫʣ ʛʘʟʘ, kk  - ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ (ʚ 

ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʫ ʯʘʩʪʠʮʫ). 

 ɿʥʘʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʊʘʫʥʩʝʥʜʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ: 

ɻk kC ,a=  (26) 
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k kk
,

N E

a

m
=  (27) 

ʛʜʝ ka  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʊʘʫʥʩʝʥʜʘ, ɻ - ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ. 

 

2.3. ʆʧʠʩʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ 

1. ʄʝʪʦʜ ɹʦʡʝʨʘ-ʐʝʨʤʘʥʘ. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʨʝʰʘʪʩʷ ʚ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (4)-(5) ʩ 

ʠʥʪʝʛʨʘʣʦʤ ʩʪʦʣʢʥʦʚʝʥʠʡ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ (8) [74], 

ʘ ʪʘʢʞʝ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ (9): 
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( ) ( ) ( ) () ()

( ) ( ) ( ) () ()
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j j

j 0 j -j j 0 -j

j j

0

f fE 2m 2mkT
N f N

3 N M Me

f N f N

f N f N ,

e
e s e s

e s e e e e

e e e e s e e e e s e

e e e e s e e e e s e

å õµ µµ µ µå õ
+ + +æ ö æ ö

µ µ µ µ µç ÷ç ÷

+ + + + - +

+ - - - - =

ä ä

ä ä

 (28) 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʯʝʪʦʚ ʧʝʨʝʡʜʝʤ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʝʨʝʤʝʥʥʳʤ: 

e
z ,

kT

e
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s
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s
=  
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M eE
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m N kT
a

s

å õ
= æ ö
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jM
,

m

s
h

s

°
°=  (29) 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʡ ʧʨʦʮʝʩʩʦʚ ʚʪʦʨʦʛʦ ʨʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʂʣʝʡʥʘ-ʈʦʩʩʝʣʘʥʜʘ, ʚʳʨʘʞʘʶʱʝʝ ʧʨʠʥʮʠʧ ʜʝʪʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 

ʩʦʫʜʘʨʝʥʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ: 

( ) ( ) ( ) () uʧʦʨ ʧʦʨ
i j j i i j i j i j i ju u u u exp u u u , us s­ ­ ­ ­ ­ ­- - = - ² (30) 

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (28) ʩ ʫʯʝʪʦʤ ɹʦʣʴʮʤʘʥʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣ ʧʦ 

ʵʥʝʨʛʠʷʤ ʠ ʩʦʦʪʥʦʰʝʥʠʷ (30) ʧʨʠʤʝʪ ʚʠʜ: 



47 

 

( )

( ) ( ) ( ) () ()

( ) () ( ) ( ) () ( ) ( )
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j j
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µ µµ µ µå õ å õ
+ + +æ ö æ ö
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+ + + + - +

+ - - - + + - =

ä ä

ä ä

 (31) 

 

ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (31) ʧʦ z ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

() () ( ) ( )
j

20
0 j 0 j 0 j

j

exp 0,

z

z

f
z z z f z z f z z f z z dz

z

a
q q h

q

µå õ è ø+ + + - - - =æ ö ê úµç ÷
äñ  (32) 

ʛʜʝ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʘ ʫʩʣʦʚʠʝʤ: 

()1 2
0

0

1,z f z dz

¤

=ñ  (33) 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (32) ʧʨʝʜʩʪʘʚʠʤ ʬʫʥʢʮʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʚʠʜʝ [75], [76]: 

() ()()0f z v z z ,g=   (34) 

ʛʜʝ ()
()

()

2

2
0

exp

z
y y dy

z .
y y

q
g

a q

å õ
= -æ ö

æ ö+ç ÷
ñ  (35) 

ʊʦʛʜʘ (32) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

()

()()
()()()

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

1

1

1

1
exp 0,

k

k

z zn

k

k z

zn

k k k k

k z z

v z
x x x v x dx

z z h z

z x z x z x v x dx
z h z

h g
g

h g
g

+

=

= -

µ
+ -

µ

- - + + =

äñ

ä ñ

 (36) 
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ʛʜʝ ()
()( )

()

2z z z
h z ,

z

a q

q

+
=  kz ʠ kh  - ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʠ ʩʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ k -ʛʦ 

ʥʝʫʧʨʫʛʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (36) ʦʪ z  ʜʦ d ʠ ʩʤʝʥʳ ʧʦʨʷʜʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ: 

 

() () ()()
( )

( )
()

( ) ( ) ( )()
( )

( )
()

1

1

min

max

min
exp

max

k

k

zn

k

k kz

n
k

k k k k

k z z

G ,x
v z v x x x v x dx

G z,x z

G ,x z
z x z x z x v x dx,

G z,x

d

d

d
d h g

d
h g

+

=

= -

ë ûè øê úî î
= + -ì ü

è ø- -î îê úí ý

ë ûè ø+î îê ú
- - + + ì ü

- è øî îê úí ý

äñ

ä ñ

 (37) 

ʛʜʝ ()
()()

0

x
dy

G x ,
h y yg

=ñ  (38) 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʩʝʪʢʠ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʩʠ ʩ ʰʘʛʦʤ h : 

Nh,d=  k kz N h,=  jx jh,=  ( )j jv x v .=  (39) 

ʊʦʛʜʘ ʟʘʤʝʥʠʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʚ (37) ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ 

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ jv : 

1

1

N

i ij j i

j

v b v a ,
-

=

= +ä  ʛʜʝ (40) 

( )( )
( )

( )

( ) ( )( ) ( )
( )

( )

1

1

max

min
exp

max

n j

ij ij j k j j

k i j k

n j k
k

j k ij k j k j k

k i j

G x
b hE x x x

G x ,x z

G ,x z
h x z E x z x z

G x ,x

h g

d
h g

=

=

ë û
î î

= -ì ü
è ø- -î îê úí ý

ë ûè ø+
î ê úî

- + + -ì ü
è ø-î îê úí ý

ä

ä

 (41) 

0,  0,  
              

1,  1,  

kk
ij ij

k

j i N ,j i,
E E

j i; j i N ;

¢ -¢ ëë
= =ì ì

> > -í í
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( )( ) () ( ){ }
1

1 max
kN Nn

i j k j j i j k

k j N

a h x x x G G x ,x z ,h g d
+

= =

è ø= + - -
ê úä ä  (42) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (28) ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

1) ɺʳʙʦʨ ʰʘʛʘ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ N . 

2) ʀʥʪʝʨʧʦʣʷʮʠʷ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ ()izq  ʠ ()k izh  ʠ ʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʥʘ 

ʫʟʣʳ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. 

3) ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ()izg  (35) ʠ ()iG z  (38) ʜʣʷ ( )1 maxki N N¢ ¢ + ; 

4) ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ia  (42) ʠ ijb (41). 

5) ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ iv  

6) ʈʘʩʯʝʪ ʌʈʕʕ if  ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (17)-(18), (20), (23)-(24), 

(25), (27). 

 

2. ʇʨʠʤʝʥʝʥʠʝ ʩʭʝʤʳ ʐʘʨʬʝʪʪʝʨʘ-ɻʫʤʝʣʷ. 

ʉʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (4)-(5) ʤʦʞʥʦ ʪʘʢʞʝ ʟʘʧʠʩʘʪʴ ʚ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʥʝʨʛʠʡ: 

0
0

f
Wf D S,

e e

µµå õ
- =æ ö

µ µç ÷
 (43) 

22
m

m
W ,

M
ge s=-  

2
22B

m
m

k TE m
D ,

3 N e M

gg e
e s

s

å õ
= +æ ö
ç ÷

 

1

n

k ,inelastic

k

S C
=

=ä
 

ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (43) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʥʚʝʢʪʠʚʥʳʡ ʧʦʪʦʢ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ W. ʆʥ ʦʧʠʩʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ 
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ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʟʘ ʩʯʝʪ ʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʤʦʣʝʢʫʣʘʤʠ ʠ ʵʣʝʢʪʨʦʥʘʤʠ 

ʩ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ. ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ï ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ, ʦʧʠʩʳʚʘʝʪ ʥʘʛʨʝʚ 

ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʧʦʣʷ ʠ ʙʣʘʛʦʜʘʨʷ ʫʧʨʫʛʠʤ ʩʪʦʣʢʥʦʚʝʥʠʷʤ ʩ ʯʘʩʪʠʮʘʤʠ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ. 

ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ (43) ʧʦ ʷʯʝʡʢʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʥʝʨʛʠʡ, ʧʦʣʫʯʠʤ 

ʫʨʘʚʥʝʥʠʝ: 

1 2

1 2

0 0
0 0

1 2 1 2

i

i
i i

f f
Wf D Wf D Sd ,

e

e

e
e e

+

-
+ -

µ µè ø è ø
- - - =é ù é ùµ µê ú ê ú

ñ  (44) 

ʇʦʪʦʢʠ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (44) ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʭʝʤʳ ʐʘʨʬʝʪʪʝʨʘ-ɻʫʤʤʝʣʷ [25], [77]: 

1 2 0 1 2 00
0

1 2 1 2 1 21-exp 1-exp

i ,i i ,i 1

i i i

W f W ff
Wf D ,

e d d

+ + +

+ + +

µè ø
- = +é ùµ è ø è ø-ê ú ê ú ê ú

 (45) 

ʛʜʝ ( )1 2 1 2 1 2 1 2i i i i iW Dd e e+ + + += -  - ʯʠʩʣʦ ʇʝʢʣʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʝʥ, ʢʦʛʜʘ ʢʦʥʚʝʢʪʠʚʥʳʡ ʠ ʜʠʬʬʫʟʠʦʥʥʳʡ ʯʣʝʥʳ ʚ ʫʨʘʚʥʝʥʠʠ ʦʜʥʦʛʦ 

ʧʦʨʷʜʢʘ (ʪ.ʝ. ʢʦʛʜʘ ʚʢʣʘʜ ʥʝʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʌʈʕʕ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ) ʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʜʠʬʬʫʟʠʦʥʥʳʡ ʯʣʝʥ ʤʥʦʛʦ ʙʦʣʴʰʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ. 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (44) ʧʨʝʜʩʪʘʚʠʤʘ ʚ ʚʠʜʝ: 

1 2

1 2

0 0

i

i

i ,i i , j , j

j

Sd P f Q f ,

e

e

e
+

-

=- +äñ  (46) 

( )
1 2

1 2
1

exp

i

i

n

i k i i

k

P g d ,

e

e

g es e e e
+

-
=

è ø= -ê úä ñ  

( )
2

1
1

exp
n

i, j k j j

k

Q g d ,

e

e

g es e e e
=

è ø= -
ê úäñ  

ʛʜʝ ʦʪʨʝʟʦʢ [ ]1 2,e e - ʧʝʨʝʩʝʯʝʥʠʝ ʷʯʝʡʢʠ je ʠ i kue+ : 
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( )( )1 1 2 1 2 1 2min max i k j ju , , ,e e e e- - += +  

( )( )2 1 2 1 2 1 2min max i k j ju , , ,e e e e+ - += +  

ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʢʫʩʦʯʥʦ-ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʚʥʫʪʨʠ 

ʷʯʝʡʢʠ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʵʢʩʧʦʥʝʥʪʳ: 

0 1

1 1 0 1

1
ln

,i
i

i i ,i

f
g ,

fe e

+

+ - -

å õ
= æ öæ ö- ç ÷

 

ʇʦʜʩʪʘʚʠʚ (45) ʠ (46) ʚ (44) ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

0,if : 

0 1 0 0 1 0i ,i i ,i i ,i i , j , j

i j

A f B f C f Q f+ -

¸

+ + =ä , ʛʜʝ (47) 

1 2

1 21-exp

i

i

i

W
A ,

d

+

+

=
è ø
ê ú

 

1 2 1 2

1 2 1 21-exp 1-exp

i i

i i i ,i

i i

W W
B P Q ,

d d

+ -

+ -

= - + -
è ø è ø-ê ú ê ú

 

1 2

1 21-exp

i

i

i

W
C .

d

-

-

=-
è ø-ê ú

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (47) ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ-ɿʝʡʜʝʣʷ. 

 

2.4. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʌʈʕʕ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʘʟʦʪʝ 

ɺʳʙʦʨ ʙʘʟʳ ʜʘʥʥʳʭ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ 

ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʥʘʙʦʨʘ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʨʘʩʯʝʪʘ 

ʠʥʪʝʛʨʘʣʘ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ. ɺ ʨʘʙʦʪʘʭ [27], [28] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʚʳʙʦʨʫ ʩʝʯʝʥʠʡ ʢʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ 
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ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ [78], [79] ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʠʭ [80] ʠ ñab-

initioò ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʝʯʝʥʠʡ 

ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʘʭ ʘʟʦʪʘ. 

ʉʨʝʜʠ ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʝʥ ʤʝʪʦʜ ʏʝʥʘ 

[80], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʘʪʴ ʨʝʟʦʥʘʥʩʥʦʝ ʨʘʩʩʝʷʥʠʝ, ʥʦ 

ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʝ. ɺ ʨʘʙʦʪʝ [80] ʜʣʷ ʨʘʩʯʝʪʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ɹʨʝʡʪʘ-ɺʠʛʥʝʨʘ. ʄʦʣʝʢʫʣʘ ʘʟʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ɹʦʨʥʘ-ʆʧʧʝʥʛʝʡʤʝʨʘ, ʘ ʨʝʟʦʥʘʥʩʥʦʝ ʨʘʩʩʝʷʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʡʦʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʐʫʣʴʮʘ [78]. 

ʆʜʥʘʢʦ ʨʘʩʯʝʪʳ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʜʘʥʥʳʤ ʥʘʙʦʨʦʤ ʩʝʯʝʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [81], ʧʣʦʭʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʌʈʕʕ ʚ ʘʟʦʪʥʦʡ ʧʣʘʟʤʝ. ɺ ʨʘʙʦʪʝ [81] ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʨʘʩʯʝʪʘʭ ʜʘʝʪ ʭʦʨʦʰʝʝ 

ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʅʘʠʣʫʯʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʜʣʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 0->1 ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʐʫʣʴʮʘ [78] ʜʘʶʪ ñab-initioò ʨʘʩʯʝʪʳ [82]. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʪʴ ʩʝʯʝʥʠʷ 

ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʚʨʘʱʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʤʦʣʝʢʫʣʝ. 

 ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʠʟ ʨʘʙʦʪʳ [83]. 

ɼʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʩʝʯʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʜʣʷ ʧʝʨʚʳʭ ʜʝʩʷʪʠ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʡ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʩʝʯʝʥʠʷʤ ʨʘʩʩʝʷʥʠʷ [83]. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʌʈʕʕ 

ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʝʯʝʥʠʡ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʝʝ 

ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [26]ï[29]. ɺ ʵʪʦʡ ʙʘʟʝ ʜʘʥʥʳʭ 

ʩʦʜʝʨʞʘʪʩʷ ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʧʝʨʚʳʭ 10 ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʦʩʥʦʚʥʦʛʦ 
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ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʵʣʝʢʪʨʦʥʥʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ: 

( ), v=0-10;Ɇ1 ,2 gN X v+ ( ), v=0-4;Ɇ3 ,2 uN A v+ ( ) , v=5-9;Ɇ3 ,2 uN A v+  

( )3
2 gN B ;P+ ( )3

2 uN C ;P+ ( )3
2 uN W D ; ( ), v>9;Ɇ3 ,2 uN A v+ ( )3

2 uN B ;S-  

( )Ɇ12 uN a ;- ( )1
2 gN a ;P ( )1

2 uN W D ; ( )Ɇ32 gN E ;+ ( )Ɇ12 gN a ;+  

ɼʣʷ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʡ ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʫʨʦʚʥʝʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ, ʦʧʠʩʘʥʥʘʷ ʚ [81]: 

() ( )i j 0 j i ds e s e­ ­ -= + ,  (48) 

ʧʦʨ ʧʦʨ
0 j i i j

d u u
­ - ­

= -  

ʛʜʝ ʧʦʨ
i j

u
­

 - ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ v i v j= ­ =. 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʡ ʧʨʦʮʝʩʩʦʚ ʜʝʚʦʟʙʫʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ʂʣʝʡʥʘ-ʈʦʩʩʝʣʘʥʜʘ, ʚʳʨʘʞʘʶʱʝʝ ʧʨʠʥʮʠʧ ʜʝʪʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 

ʩʦʫʜʘʨʝʥʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ: 

( ) ( ) ( ) () uʧʦʨ ʧʦʨ
i j j i i j i j i j i ju u u u exp u u u , us s­ ­ ­ ­ ­ ­- - = - ² (49) 

ʉʝʯʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʦʩʥʦʚʥʦʛʦ ʪʝʨʤʘ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʦʤʝʨʘ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʩʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ 

ʠʭ ʤʘʢʩʠʤʫʤʳ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. 
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ʈʠʩ. 1 ʅʝʫʧʨʫʛʠʝ ʩʝʯʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ 

ʤʦʣʝʢʫʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʚ ʨʘʙʦʪʘʭ [27], [28] 

(ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ)): a) 
3

gB Ʉ , b) 3CɄ, c) 1A Ʉ, d) 
1

 , v=0 v =1ɆgX + ¡­ . 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʣʘʟʤʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʜʣʷ 

ʫʩʣʦʚʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʪʦʣʙʘ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ: 

 300 ʂ, 60-200 ʊʜ,g

E
T

N
= =  

ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʜʚʫʤʷ 

ʤʝʪʦʜʘʤʠ, ʩʫʪʴ ʢʦʪʦʨʳʭ ʠʟʣʦʞʝʥʘ ʚʳʰʝ, ʩʨʘʚʥʠʚʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ 

ʦʙʦʠʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʨʘʩʯʝʪʘʤʠ ʧʨʦʛʨʘʤʤʦʡ Bolsig+ [84] ʜʣʷ ʪʦʛʦ ʞʝ ʥʘʙʦʨʘ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ.  
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ʈʠʩ. 2 ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ 
E

N
: 20 ʊʜ

E

N
=  (1), 40 ʊʜ

E

N
=  (2), 60 ʊʜ

E

N
=  (2), 100 ʊʜ

E

N
= (3), 200 ʊʜ

E

N
=  

(4). 

 ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 0-40 ɻ ɺe=  ʚ 

( )NE=160 400ʪʦʯʢʘʭ, ʧʨʠ ʵʪʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (35), 

(38), (46) ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʭ ʩʝʪʢʘʭ ʜʣʷ ( )NE=1600 4000 ʪʦʯʝʢ. ɺ 

ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤ (40) ʠ (47) 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʘʢʩʚʝʣʣʦʚʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʵʣʝʢʪʨʦʥʦʚ 

 ʵɺeT 0.5 0.8= - . 

 

ʘ) b) 
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ʈʠʩ. 3 ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʧʨʠ 80 ʊʜ
E

N
= (ʘ), ʠ 

180 ʊʜ
E

N
= (b) 1 - ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ; 2- ʤʘʢʩʚʝʣʣʦʚʩʢʘʷ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩ eT , ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ (20). 

 

 ʅʘ ʈʠʩ. 2 ʠ ʈʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʌʈʕʕ, ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʦʛʨʘʤʤʦʡ BOLSIG+. ʅʘ ʨʠʩʫʥʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ 
E

N
 ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚ çʭʚʦʩʪʝè 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘ ʈʠʩ. 3 a ʠ ʈʠʩ. 3 b ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʘʥʳ ʪʘʢʞʝ ʤʘʢʩʚʝʣʣʦʚʩʢʠʝ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ eT , ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ (20): 

2

3
eT .e=  (50) 

ɺʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʘʢʩʚʝʣʣʦʚʩʢʠʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʳʭ 

ʤʦʜʝʣʷʭ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ [85], [86]. 
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 ʅʘ ʈʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ e

e

D

m
 ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

E

N
. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠʟ ʨʘʙʦʪʳ [87]: 

29.96ln 24.64eT

T p

å õ
= +æ ö

ç ÷

E
 (51) 

ʛʜʝ T  ʠ p  - ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ, 
ɺ

ʩʤ ʊʦʨ
pè ø=ê ú Ö

E .  

 

ʈʠʩ. 4 ʊʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ (
2

3
eT e= ), ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ (e

e

D

m
) ʠ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (51). 
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ʈʠʩ. 5 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʘ) ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ 

b) ʦʪ 
E

N
: 1 -ʜʘʥʥʳʡ ʨʘʩʯʝʪ, 2 - ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ (52). 

 

ʅʘ ʈʠʩ. 5a ʈʠʩ. 5b ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠʟ ʨʘʙʦʪ [88]: 

2
5 ʊʦʨ ʩʤ4.4×10  

ɺ ʩ
ep ,m

Ö
=

Ö
 (52) 

e e eD Tm=  

ʅʘ ʈʠʩ. 6 a ʈʠʩ. 6 b ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (23) 

ʠ (24) ʚ ʫʨʘʚʥʝʥʠʠ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ (19). ʅʘ ʈʠʩ. 6 ʩ ʈʠʩ. 6 d ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ ʠ ʜʞʦʫʣʝʚʘ ʪʝʧʣʘ. ʅʘ ʈʠʩ. 7 

ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʊʘʫʥʩʝʥʜʘ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʠʟ 

ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ, ʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ [88]: 

( )
-1Ŭ

ʩʤ ʊʦʨ
B

Aexp ,
p E p

å õ
= -  , Öæ ö

ç ÷
 (53)

 

ʛʜʝ:
 

( )
-1 ɺ

ʩʤ ʊʦʨ
ʩʤ ʊʦʨ

A 12 ,B 342 .=  Ö =  
Ö
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ʘ) 

 

 

b) 

 

 

ʩ) 

 

 

d) 

 

ʈʠʩ. 6 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ em (a), De(b), ʜʞʦʫʣʝʚʘ ʪʝʧʣʘ (( )jEQ= ) (c) 

ʠ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ (d) ʦʪ 
E

N
. 

ʅʘ ʈʠʩ. 8 a ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ. ʅʘ ʈʠʩ. 8 a 

ʚʠʜʥʦ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ 
E

N
 ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʨʦʚʥʝʡ A, B, C ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. ʅʘ ʈʠʩ. 8 (b-d) ʪʘʢʞʝ 

ʧʨʠʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʊʘʫʥʩʝʥʜʘ ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʠ ʜʦʣʷ 
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ʵʥʝʨʛʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʞʦʫʣʝʚʫ ʪʝʧʣʫ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ 

ʚʦʟʙʫʞʜʝʥʠʝ ʤʦʣʝʢʫʣ. 

 

ʈʠʩ. 7 ɿʘʚʠʩʠʤʦʩʪʴ 1-ʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʊʘʫʥʩʝʥʜʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥʠʟʘʮʠʠ) ʦʪ 

E

N
: 1 ï ʜʘʥʥʳʡ ʨʘʩʯʝʪ, 2- ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (53), 3 ï ʨʘʩʯʝʪ 

ʧʨʦʛʨʘʤʤʦʡ BOLSIG+. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 

60-200 ʊʜ,
E

N
=  ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʣʘʟʤʳ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʪʦʣʙʘ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 
E

N
 ʙʦʣʴʰʫʶ ʨʦʣʴ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʧʨʦʮʝʩʩʳ 

ʠʦʥʠʟʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʠʥʪʝʛʨʘʣʳ ʩʪʦʣʢʥʦʚʝʥʠʷ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʠʦʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʨʦʩʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʥʦ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʛʘʟʘ, ʧʦʵʪʦʤʫ ʥʘ 

ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ ʩʦʫʜʘʨʝʥʠʷ ʚʪʦʨʦʛʦ 

ʨʦʜʘ ʩ ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. ɼʣʷ ʫʯʝʪʘ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʠʥʝʪʠʯʝʩʢʦʝ 
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ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʚʤʝʩʪʝ ʩ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ 

ʧʦʫʨʦʚʥʝʚʦʡ ʢʠʥʝʪʠʢʠ ʜʣʷ ʟʘʩʝʣʝʥʥʦʩʪʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ. 

ʘ) 

 

b) 

 

ʩ) 

 

 

d) 

 

ʈʠʩ. 8 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ (a), ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʊʘʫʥʩʝʥʜʘ(b), 

ʩʢʦʨʦʩʪʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ(c) ʠ ʜʦʣʠ ʵʥʝʨʛʠʠ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʞʦʫʣʝʚʫ ʪʝʧʣʫ), 

ʪʝʨʷʝʤʦʡ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ: 1v=  (1); 

3v=  (2); 5v=  (3); 7v=  (4); 9v=  (5); ( )3
,2 uN A v , v=0-4Ɇ+ (6); ( )3

2 gN BP+ (7); 

( )3
2 uN C P+ (8). 
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2.5. ʆʧʠʩʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʘʟʦʪʝ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʄʦʜʝʣʴ ʢʠʥʝʪʠʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʚ ʧʣʘʟʤʝ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ: 

ʚʦʟʙʫʞʜʝʥʠʝ ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, VV ï ʦʙʤʝʥ ʠ VT- ʨʝʣʘʢʩʘʮʠʶ, 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʤʦʣʝʢʫʣ. 

ʇʨʠ ʵʪʦʤ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʘʟʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʘʟʤʝ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʚʳʧʦʣʥʝʥ 

ʨʘʩʯʝʪ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʘʟʦʪʘ ʚ ʧʣʘʟʤʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ çʢʠʥʝʪʠʯʝʩʢʠʭè 

ʧʦʫʨʦʚʥʝʚʳʭ ʫʨʘʚʥʝʥʠʡ ʦʧʠʩʳʚʘʶʱʠʭ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʚ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʙʦʨ ʨʝʘʢʮʠʡ ʤʝʞʜʫ 

47 ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʫʨʦʚʥʷʤʠ ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ: 

( )1
,2N , v=0 - 47.ɆgX v+  

ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʚʥʦʚʝʩʥʦʡ ʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʣʘʟʤʳ ʠʤʝʝʪ ʤʝʩʪʦ ʣʦʢʘʣʴʥʦʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ (ʃʊʈ), ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ 

ʩʯʠʪʘʣʦʩʴ ʤʘʢʩʚʝʣʣʦʚʩʢʠʤ: 

()
( )

-1

3
2 exp ,  ɻ ɺ

ee

u u
f u

kTkTp

å õ
= -æ ö

ç ÷
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ʛʜʝ u  ʠ eT  - ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʧʝʢʪʨ 

ʵʣʝʢʪʨʦʥʦʚ ʙʣʠʟʦʢ ʢ ʤʘʢʩʚʝʣʣʦʚʩʢʦʤʫ, ʝʩʣʠ ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʥ-ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʯʘʩʪʦʪʫ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʥʝʫʧʨʫʛʠʭ 

ʩʪʦʣʢʥʦʚʝʥʠʷʭ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʠ ʠʤʝʝʪ ʤʝʩʪʦ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʃʊʈ, ʯʪʦ ʯʘʱʝ ʚʩʝʛʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʢʘʪʦʜʥʦʤ ʩʣʦʝ, ʜʣʷ ʨʘʩʯʝʪʘ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʨʝʰʘʣʦʩʴ ʢʠʥʝʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ, ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥ ʚ ʛʣʘʚʝ ɻʣʘʚʘ 2. 

ɼʣʷ ʨʘʩʯʝʪʘ ʟʘʩʝʣʝʥʥʦʩʪʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʪʦʣʙʘ 

ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ: 

2 ʊʦʨ, 70 ʊʜ, T=500 K, p E N= =  

10 -3T 1.0 ɻ ɺ , N 2×10  ʩʤ ,e e= =  

ʛʜʝ p, T, N, - ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʘʟʦʪʘ,  T , N ,e e - ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʘʟʤʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, E ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʢʠʥʝʪʠʢʘ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

( )1
,2N ɆgX v+  (ʜʘʣʝʝ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʟʥʘʯʝʥʠʝ ( ),2N X v ) 

ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʧʦʫʨʦʚʥʝʚʦʡ ʢʠʥʝʪʠʢʠ ʘʥʛʘʨʤʦʥʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʧʨʦʮʝʩʩʳ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ (eV), ʘ 

ʪʘʢʞʝ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʳʝ (VV) ʠ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ (VT) 

ʧʨʦʮʝʩʩʳ ʵʥʝʨʛʦʦʙʤʝʥʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʦʜʥʦʢʚʘʥʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ [89]: 

( ) ( ), ,2 2N Ne X n e X m+ = +  (54) 

( ) ( ) ( ) ( ), , , ,2 2 2 2N N N 1 N 1X n X m X n X m+ = - + + (55) 

( ) ( ), ,2 2 2 2N N N 1 NX n X n+ = - + (56) 



64 

 

 

ʂʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ (eV) 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʦʧʫʩʪʦʰʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ 

ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ ʫʯʠʪʳʚʘʣʠʩʴ ʧʝʨʚʳʝ 11 ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʘʟʦʪʘ. 

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʘʢ ʩʚʝʨʪʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʣʠʙʦ ʪʝʦʨʝʪʠʯʝʩʢʠ) ʧʦʣʫʯʝʥʥʳʭ ʩʝʯʝʥʠʡ ʚʦʟʙʫʞʜʝʥʠʷ ʩ 

ʌʈʕʕ: 

()
0

2e

n m n mK u f u dus
m

¤

­ ­= ñ  (57) 

ʛʜʝ m- ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʯʘʩʪʠʮ, n ms­  - ʩʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ (54)

. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʩʝʯʝʥʠʷʤ [83], ʛʜʝ ʩʦʜʝʨʞʘʪʩʷ 

ʩʝʯʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʜʣʷ ʨʝʘʢʮʠʠ: 

( ) ( ), ,2 2N 0 N , v=1-10.e X e X v+ = +  

ɼʘʥʥʳʡ ʥʘʙʦʨ ʩʝʯʝʥʠʡ ʪʘʢʞʝ ʦʧʠʩʘʥ ʚ [19]. ɼʣʷ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʡ ʧʨʦʮʝʩʩʦʚ 

ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ, 

ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [81]: 

() ( )0i j j iu u ds s­ ­ -= + ,  

ʛʜʝ 0

ʧʦʨ ʧʦʨ

j i i jd U U­ - ­= -  (58) 

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʟ ʧʨʠʥʮʠʧʘ ʜʝʪʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ: 

( )expe e

n n m m m ng C g C b­ ­= - , (59) 
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ʛʜʝ  
e

W

kT
b= , n mW E E= - , ,n mg g  - ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʚʝʩ, ʘ ,n mE E  - ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ 

ʩʦʩʪʦʷʥʠʡ n ʠ m. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩʳ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʵʣʝʢʪʨʦʥʥʳʤ 

ʫʜʘʨʦʤ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʢʠʥʝʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

( )
( ) ( )

,2
, ,2 2

N
N Ne e

e m n e m n

m n m n

d X n
n X m n X m

dt
C C­ ­

< >

= + -ä ä  

( ),2N e e

e n m n m

m n m n

n X n C C­ ­

< >

å õ
- +æ ö

ç ÷
ä ä  

ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʵʥʝʨʛʦʦʙʤʝʥ (VV) 

ʂʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʝ ʤʦʣʝʢʫʣʳ ʘʢʪʠʚʥʦ ʦʙʤʝʥʠʚʘʶʪʩʷ ʵʥʝʨʛʠʝʡ ʚ 

ʩʪʦʣʢʥʦʚʝʥʠʷʭ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ 

ʵʥʝʨʛʦʦʙʤʝʥ ʚ ʦʜʥʦʢʚʘʥʪʦʚʳʭ ʧʝʨʝʭʦʜʘʭ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ 

ʪʝʦʨʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʵʥʝʨʛʦʦʙʤʝʥ, ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʐʚʘʨʮʘ-

ʉʣʘʚʩʢʦʛʦ-ɻʝʨʮʬʝʣʴʜʘ (SSH), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ VT-

ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʧʝʨʝʭʦʜʘ m m-l­  ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ: 

() AB

m,m-l at at v trk T =S f Z Z Z 

( )
1 22

0Z=ˊR 8kT ˊɛ 

( )AB M AB Mɛ=m m m +m 

( )

( )
2

l
2

AB

v ABl!
AB 0

max m-l ,m !1 hŬ
Z =

min m-l ,m ! 2m ɤè øê ú

è øè øê ú³é ù
è øê úê ú

 

ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʂʝʢʢʘ ʠ ʂʘʨʨʠʝʨʘ: 
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-2 1 2 1 2

LT v LT LT v
tr 2

8 ɗ ɗ 2 ɗ 2 ɗ ɗ
Z = 3-exp - exp - exp
ˊ T T 3 T 3 T T

ë ûè ø è øî îå õå õ å õ å õ è ø
é ù é ùì üæ öæ ö æ ö æ öé ù

ç ÷ç ÷ ç ÷ ç ÷ ê úé ù é ùî îê ú ê úí ý

 

( )
2

LT 0 0 m2 2

ˊɛȹE
ɗ , S 13, f exp W , W =Ů

2Ŭ kh
st at kT= = =  

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ VV-ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʧʝʨʝʭʦʜʘ m m-l, n n+r­ ­  

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ: 

()n,n+r AB

m,m-l st at v v trk T =S f Z Z Z ZCD
 

 ( )
1 22

0Z=ˊR 8kT ˊɛ 

( ) ( )AB AB CD st at 0 0 m

1
ɛ=m m m +m , S = , f =exp W /kT , W =Ů

9
CD  

( )

( )

( )

( )

2

AB

v v

l
2 2

AB

AB 0 0

max n+r ,n ! max m l ,m !1
Z Z =

! l ! min n+r ,n ! min ,m !

hŬ hŬ
                

2m ɤ 2m ɤ

CD

r

CD

CD

r m l

è ø -è ø è øê ú ê ú³é ù
-è ø è øê ú ê úê ú

è ø è ø
é ù é ù
ê ú ê ú

 

( )( ){ }

2
-z

LT
tr 2 1 22 1 2 1 2 1 2

v 0 LT v v

16 ɗ e dz
Z =
ˊ ɗ sh 2ɗ T ɗ z+ɗ T -z

¤å õ
æ ö

è øç ÷
ê ú

ñ  

2

LT v2 2

ˊɛȹE ȹE
ɗ , ɗ

2Ŭ kh k
= =  

( ) ( )

( ) ( )

2 2

e1 e e e2 e e1 2

2 2

e1 e e e2 e e1 2

1 1 1 1
ȹE ɤ m+ - ɤ x m+ ɤ n+ - ɤ x n+

2 2 2 2

1 1 1 1
         ɤ m-l+ - ɤ x m-l+ ɤ n+r+ - ɤ x n+r+

2 2 2 2

hc

hc

è øå õ å õ å õ å õ
= + -é ùæ ö æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷ ç ÷é ùê ú

è øå õ å õ å õ å õ
+é ùæ ö æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷ ç ÷é ùê ú
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ʛʜʝ ABm , Mm  - ʤʘʩʩʳ ʤʦʣʝʢʫʣʳ AB ʠ M ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɛ - ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ 

ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʯʘʩʪʠʮ, 0ɤ  - ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʤʦʣʝʢʫʣʳ AB ʜʣʷ ʧʝʨʝʭʦʜʘ 

1 0­  ( ( )0 e e eɤ =2ˊc ɤ -2ɤx), r , er  - ʪʝʢʫʱʝʝ ʤʝʞʲʷʜʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ 

ʤʝʞʲʷʜʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʦʣʝʢʫʣʳ AB ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ, R ï ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʯʘʩʪʠʮʝʡ M ʠ ʮʝʥʪʨʦʤ ʤʘʩʩ ʤʦʣʝʢʫʣʳ AB, 0R  - ʛʘʟʦʢʠʥʝʪʠʯʝʩʢʠʡ ʨʘʜʠʫʩ 

ʩʪʦʣʢʥʦʚʝʥʠʷ AB-M, s , mŮ  - ʧʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʘ ʃʝʥʥʘʨʜ-ɼʞʦʥʩʘ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ AB-M, 0W  - ʛʣʫʙʠʥʘ ʷʤʳ ʚ ʧʦʪʝʥʮʠʘʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ AB-M, 

a  - ʦʙʨʘʪʥʳʡ ʨʘʜʠʫʩ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʦʪʪʘʣʢʠʚʘʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɹʦʨʥʘ-ʄʘʡʝʨʘ, vɗ  - ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ 

ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, LTɗ  - ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʃʘʥʜʘʫ-

ʊʝʣʣʝʨʘ, stS  - ʩʪʝʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʪʝʥʮʠʘʣʘ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, atf  - ʬʘʢʪʦʨ ʫʯʝʪʘ ʧʨʠʪʷʞʝʥʠʷ, Zv  - 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʬʘʢʪʦʨ ʫʯʝʪʘ ʩʚʷʟʠ ʢʦʣʝʙʘʥʠʡ ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʤʦʣʝʢʫʣʳ, trZ  - ʪʨʘʥʩʣʷʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ a  - ʦʙʨʘʪʥʳʡ ʨʘʜʠʫʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ɹʦʨʥʫ-ʄʘʡʝʨʫ, ʧʨʠʥʠʤʘʶʱʠʡ ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

-1
o

3.5-4.5 A
å õ
æ ö
ç ÷

. 

ʇʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠ SSH ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʘ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʟʥʘʥʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʚʝʣʠʯʠʥʝ ʦʙʨʘʪʥʦʛʦ ʨʘʜʠʫʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ a. ɽʩʣʠ ʧʘʨʘʤʝʪʨ ʠʟʚʝʩʪʝʥ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, ʠʟ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ, ʪʦ 

ʪʦʯʥʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʫʣʫʯʰʘʝʪʩʷ ʜʦ ʤʥʦʞʠʪʝʣʷ 2-3. ʇʦʛʨʝʰʥʦʩʪʴ 

ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʤʥʦʛʦʢʚʘʥʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʜʘʚʘʝʤʳʭ ʪʝʦʨʠʝʡ SSH, 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʙʦʣʝʝ 2-ʭ ʧʦʨʷʜʢʦʚ ʧʦ ʚʝʣʠʯʠʥʝ. 
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ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʦʜʥʦʢʚʘʥʪʦʚʦʛʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʵʥʝʨʛʦʦʙʤʝʥʘ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ [89], [90]: 
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ʩʤ
2.87×10 ,  

ʩ
TK º  [91],  8 -14.0×10 , ʩʤa=  [92] 

ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʟʘ ʩʯʝʪ 

VV-ʦʙʤʝʥʘ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʢʠʥʝʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ: 
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VT - ʨʝʣʘʢʩʘʮʠʷ 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʝ ʤʦʣʝʢʫʣʳ ʘʢʪʠʚʥʦ 

ʩʙʨʘʩʳʚʘʶʪ ʵʥʝʨʛʠʶ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ (VT- ʨʝʣʘʢʩʘʮʠʷ). ʂʘʢ 

ʠ ʜʣʷ ʨʝʘʢʮʠʠ VV-ʦʙʤʝʥʘ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ VT-ʨʝʣʘʢʩʘʮʠʠ ʤʦʛʫʪ 

ʙʳʪʴ ʦʧʠʩʘʥʳ ʪʝʦʨʠʝʡ SSH: 



69 

 

()( ) ( )

() ()
( )

() ()
( )

1, 1,0

, 1 1,

0,1 1,0

1 exp exp ,

2
exp

2
exp ,

2
exp ,

e e
n n VT

e e e

n n n n

e e

e e e

nhc
T n n

kT

hc
T T

kT

nhc

kT

hc
T T

kT

P P

P P

P P

w c
d

w w c

w c

w w c

+

+ +

å õ
= + -æ ö

ç ÷

å õ-
= - ³æ ö

ç ÷

å õ
³ -æ ö

ç ÷

å õ-
= -æ ö

ç ÷

  

( )
2

3

4
                    ,   20

3 2

2
4 ,   20

2

e e
n

VT

e e e

n

kT

kT

p w c m
g

a
d

p w w c m
g

a

ë
<î

î
=ì
è ø-î

²é ùî
ê úí  

( )( )2 1
,

e e e

n

n

kT

p w w c m
g

a

- +
=  

( )
3

-12 -1 3

0,1

ʩʤ
2.16×10 exp -147.43 ,   
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ʀʟʤʝʥʝʥʠʝ ʂʌʈ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʧʨʠ ʵʪʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 
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ʂʠʥʝʪʠʢʘ ʵʣʝʢʪʨʦʥʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʊʘʙʣ. 13 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʨʘʩʯʝʪʝ ʟʘʩʝʣʝʥʥʦʩʪʝʡ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣ ʘʟʦʪʘ. 

ʇʦʤʠʤʦ ʢʠʥʝʪʠʢʠ ʟʘʩʝʣʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʝʨʤʘ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 3

2

+

u(AN Ɇ ), 

g2

3N (B Ʉ ), 3

2

+

u(CN Ʉ ). ʋʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʢʣʶʯʘʶʪ 

ʚʦʟʙʫʞʜʝʥʠʝ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, ʘ ʪʘʢʞʝ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʥʦ- ʠ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. ʉʧʠʩʦʢ ʨʝʘʢʮʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʈʝʘʢʮʠʷ 
ʂʦʥʩʪʘʥʪʘ 

ʩʢʦʨʦʩʪʠ 

1 + 1 +

g g2 2N , +e N , +e, ,  = (X ) 0-1(X 0)Ɇ Ɇu u u u¡¡ ¡ ¡¡ ¡ª  f(E/N)  

1 + 3 +

g u2 2N (X , +e N , +e, 0,  ) (  A Ɇ ) = 0-4Ɇu u u u¡¡ ¡ ¡¡ ¡ª =  f(E/N)  

1 + 3 +

g u2 2N (X , +e N , +e, 0,  ) (  A Ɇ ) = 5-9Ɇu u u u¡¡ ¡ ¡¡ ¡ª =  f(E/N)  

2 2

1 + 3

g gN , +e N(X ) (B Ʉ )+e, 0Ɇu u¡¡ ¡¡ª =  f(E/N)  

2 2

1 + 3 +

g u(X ) (N , +e N +e, CɄ 0)Ɇu u¡¡ ¡¡ª =   f(E/N)  

2 2 2 2

3 + 3 + 3 1 +

u u g gN +N N +N(A Ɇ ) (A Ɇ ) (BɄ ) (X8),Ɇª  [83] 

2 2 2 2

3 + 3 + 3 + 1 +

u u u gN +N N +N(A Ɇ ) (A Ɇ ) (CɄ ) (X2),Ɇª  [83] 

3 + 1 + 3 1 +

u g g g2 2 2 2(A Ɇ ) (X ) (BɄ ) (X ), 5N +N , N +N , 14, 0Ɇ Ɇu u u u¡¡ ¡¢¡¡ ¡ª ¢ = [83] 

3 + 1 + 1 +

u g g2 2 2N +N , N ,(A Ɇ ) (X ) (X )+2N19,, 1  0 4Ɇ Ɇu u u u¢¡¡ ¡ ¡¡ ¡ª ¢ = [83] 

3 3 +

g 2u2 2 2N +N N(B Ʉ ) (A Ɇ )+Nª  [83] 

2 2 2 2

3 1 +

g g(B Ʉ ) (X ,0N +N N N)+Ɇª  [83] 

2 2

3 3 +

g u(B Ʉ ) ( )N ɆN A hn­ +  [83] 

+

2

3 3

g2uN N(CɄ ) (BɄ )hn­ +  [83] 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʩʪʦʷʥʠʡ 3

2

+

u(AN Ɇ ), g2

3N (B Ʉ ), 3

2

+

u(CN Ʉ ), ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣ. 

13. 

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʘʢ ʩʚʝʨʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʘ ʥʘ 

ʤʦʣʝʢʫʣʘʭ ʩ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ. ʂʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʦ- ʠ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ [83]. 

 

ʈʘʩʯʝʪ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʌʈʕʕ 

ʆʪʢʣʦʥʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʦʪ 

ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʩʪʘʥʦʚʠʪʩʷ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʚʳʰʝ E
N
. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʯʝʩʪʴ 

ʚʣʠʷʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʌʈʕʕ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ ʚ ʪʣʝʶʱʝʤ 

ʨʘʟʨʷʜʝ, ʨʝʰʘʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʨʝʰʘʝʪʩʷ ʚ ʣʦʨʝʥʮʝʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ: 
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s s

s

å õµ µ µ µ µå õ
+ + =æ ö æ ö

µ µ µ µ µç ÷ç ÷
 (60) 

() () ( )( ) ( )

() () ( )( ) ( )

0 j j j j j

j j

j j j j j

j j

C uf u N u u u f u u N u u

uf u N u u u f u u N u u

s s

s s- -

= - + + + +

+ - - - -

ä ä

ä ä
 (61) 

2

2

mv
u

e
= , ʛʜʝ , ,v e m - ʩʢʦʨʦʩʪʴ, ʟʘʨʷʜ ʠ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʦʚ, , ,M N T - ʤʘʩʩʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʣʝʢʫʣ ʘʟʦʪʘ, E- ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, els - ʩʝʯʝʥʠʷ ʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ, ,  j js s- - ʩʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʜʝʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʩʥʦʚʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʝʨʤʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ 2N . 

ʌʈʕʕ ʥʦʨʤʠʨʦʚʘʥʘ ʫʩʣʦʚʠʝʤ: 



72 

 

()1 2

0

1u f u du

¤

=ñ  

ɼʣʷ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʡ ʧʨʦʮʝʩʩʦʚ ʜʝʚʦʟʙʫʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʩʦʦʪʥʦʰʝʥʠʝ ʂʣʝʡʥʘ-ʈʦʩʩʝʣʘʥʜʘ, ʚʳʨʘʞʘʶʱʝʝ ʧʨʠʥʮʠʧ ʜʝʪʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩʦʫʜʘʨʝʥʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ: 

( ) ( ) ( ) ()exp , uj j j j j ju u u u u u u us s-- - = - ² 

ʊʘʙʣ. 14 ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʨʘʩʯʝʪʝ ʌʈʕʕ. 

ʈʝʘʢʮʠʷ 
ʇʦʨʦʛʦʚʘʷ 

ʵʥʝʨʛʠʷ, ʵɺ 
1 + 1 +

g g2 2N , +e N , +e, ,  = (X ) 0-1(X 0)Ɇ Ɇu u u u¡¡ ¡ ¡¡ ¡ª   <6.2 

1 + 3 +

g u2 2N (X , +e N , +e, 0,  ) (  A Ɇ ) = 0-4Ɇu u u u¡¡ ¡ ¡¡ ¡ª =  6.2 

1 + 3 +

g u2 2N (X , +e N , +e, 0,  ) (  A Ɇ ) = 5-9Ɇu u u u¡¡ ¡ ¡¡ ¡ª =  7 

1 + 3 +

g u2 2N (X , +e N ,) (A Ɇ )+e, 0,  >9Ɇu u u u¡¡ ¡ ¡¡ ¡ª =  7.8 

2 2

1 + 3

g gN , +e N(X ) (B Ʉ )+e, 0Ɇu u¡¡ ¡¡ª =  7.4 

2 2

1 + 3 +

g u(X ) (N , +e N +e, CɄ 0)Ɇu u¡¡ ¡¡ª =  11 

2 2

1 + 3

g uN , +e N(X ) (W ȹ )+e, 0Ɇu u¡¡ ¡¡ª =  7.4 

2 2

1 + 3 -

g u(X ) (N , +e N +e, B Ɇ 0)Ɇu u¡¡ ¡¡ª =  8.2 

2 2

1 + 1 -

g u(X ) (N , +e N +e, a ) 0Ɇ Ɇu u¡¡ ¡¡ª =  8.4 

2 2

1 + 1

g gN , +e N(X ) (aɄ )+e, 0Ɇu u¡¡ ¡¡ª =  8.6 

2 2

1 + 1

g uN , +e N(X ) (W D )+e, 0Ɇu u¡¡ ¡¡ª =  8.9 

2 2

1 + 3 +

g g(X ) (N , +e N +e, E ) 0Ɇ Ɇu u¡¡ ¡¡ª =  11.9 

2 2

1 + 1 +

g g(X ) (N , +e N +e, a ) 0Ɇ Ɇu u¡¡ ¡¡ª =  12.3 

 

ʋʨʘʚʥʝʥʠʝ (60) ʨʝʰʘʣʦʩʴ ʤʝʪʦʜʦʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʛʣʘʚʝ 2.3. ɺ ʨʘʩʯʝʪʝ 

ʫʯʠʪʳʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʚʦʟʙʫʞʜʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʦʷʥʠʡ: 
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( )1
,2N , v=0 -10;ɆgX v+ ( )3

,2N , v=0 - 4;ɆuA v+ ( )3
,2N , v=5-9;ɆuA v+ ( )3

2N ;gB +P  

( )3

2N ;uC +P ( )3

2N ;uW D ( )3
,2N , v>9;ɆuA v+ ( )3

2N ;uB -S ( )1

2N ;Ɇua - ( )1

2N ;gaP

( )1

2N ;uW D ( )3

2N ;ɆgE + ( )1

2N ;Ɇga +
 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʜʝʚʦʟʙʫʞʜʝʥʠʷ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʣʠʙʦ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ ʤʦʣʝʢʫʣ ʘʟʦʪʘ: 

()() 1 2

0

0

f d , (2 )k kk u u u u e mg s g
¤

= =ñ     

ʛʜʝ e  , m- ʟʘʨʷʜ ʠ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, ()k us  - ʩʝʯʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ 2N , k ï ʥʦʤʝʨ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ, ʠʣʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʫʨʦʚʥʷ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʠ 

ʟʘʩʝʣʝʥʥʦʩʪʝʡ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʦʡ ʚ 

ʜʘʥʥʦʡ ʛʣʘʚʝ ʤʦʜʝʣʠ. ʅʘ ʈʠʩ. 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʟʥʘʯʝʥʠʶ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʠ VV ʠ VT ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘ ʈʠʩ. 10 ʠ ʈʠʩ. 11 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʜʣʷ ʨʘʚʥʦʚʝʩʥʦʡ ʌʈʕʕ) ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʚʝʜʝʥʥʦʛʦ ʧʦʣʷ (ʜʣʷ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ, 

ʌʈʕʕ). ʅʘ ʈʠʩ. 12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʜʣʷ 

ʫʜʘʨʦʚ ʚʪʦʨʦʛʦ ʨʦʜʘ. ʅʘ ʈʠʩ. 13 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʘʩʝʣʝʥʥʦʩʪʝʡ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʚ 

ʨʘʙʦʪʝ [26]. ʅʘ ʈʠʩ. 13 ʪʘʢʞʝ ʧʦʢʘʟʘʥʳ ʙʦʣʴʮʤʘʥʦʚʩʢʦʝ ʠ ʪʨʠʥʦʨʦʚʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ 5000 KvT = , ʧʦʣʫʯʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦ ʟʘʩʝʣʝʥʥʦʩʪʷʤ 
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ʧʝʨʚʳʭ ʜʚʫʭ ʫʨʦʚʥʝʡ ʚ ʨʘʙʦʪʝ [26]. ʈʘʩʯʝʪʳ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʢʠʥʝʪʠʢʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 11 ʤʩt= , ʯʪʦ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʙʦʪʝ 

[26]. 

ɼʦʣʷ ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

( )
47

1
,2

1

N

, 

Ɇg

v

X v

N
q

+

==
ä

ʛʜʝ 
p

N
kT
=  

ɼʣʷ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʷʜʘ, ʜʦʣʷ ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ 

ʩʦʩʪʘʚʣʷʝʪ 62qº %. 

ʘ) 

 

b) 

 

ʈʠʩ. 9 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ VV- ʠ VT- ʧʨʦʮʝʩʩʦʚ ʦʪ ʥʦʤʝʨʘ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʨʠ 
gT =300 K(a) ʠ 

gT =1000 K(b). 
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ʈʠʩ. 10 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʥʥʳʤ 

ʫʜʘʨʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ. 

 

 

ʈʠʩ. 11 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʥʥʳʤ 

ʫʜʘʨʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʚʝʜʝʥʥʦʛʦ ʧʦʣʷ. 
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ʈʠʩ. 12 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʜʝʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʥʥʳʤ 

ʫʜʘʨʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʚʝʜʝʥʥʦʛʦ ʧʦʣʷ. 

 

ʈʠʩ. 13 ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʚ ʧʣʘʟʤʝ 

ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʨʠ 10 -32 ʊʦʨ, T=500 K, N =2×10  ʩʤep=  ʜʣʷ ʧʝʨʚʳʭ 8 (a) ʠ 

47 (b) ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ: 1 - ʙʦʣʴʮʤʘʥʦʚʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, 5000 KvT = , 2 ï ʪʨʠʥʦʨʦʚʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, 5000 KvT = , 

500 KT= , 3 ï ʜʘʥʥʳʡ ʨʘʩʯʝʪ, 4 ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ [26]. 
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ɻʣʘʚʘ 3. ʂʠʥʝʪʠʢʘ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʚʦʜʦʨʦʜʘ ʚ 

ʤʝʭʘʥʠʢʝ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ 

3.1. ɺʚʝʜʝʥʠʝ 

ɺʦʟʨʦʩʰʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʠʥʝʪʠʢʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʝʛʦ ʠʟʦʪʦʧʦʚ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʝ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʩʚʷʟʘʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʪʘʢʠʭ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʢʘʢ ʛʝʥʝʨʘʪʦʨʳ ʥʝʡʪʨʦʥʦʚ ʠ ʠʩʪʦʯʥʠʢʠ ʠʦʥʦʚ 

[93]ï[96]. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʷʚʣʷʝʪʩʷ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʧʝʥʥʠʥʛʦʚʩʢʦʤ ʨʘʟʨʷʜʝ ʧʣʘʟʤʳ, ʘ ʠʤʝʥʥʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʘʨʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʠʟʦʪʦʧʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʂʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʣʘʟʤʳ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʥʦʡ ʵʥʝʨʛʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

(ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ), ʥʘʙʠʨʘʝʤʦʡ ʠʤʠ ʚ ʩʢʨʝʱʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʦʙʤʝʥʘ ʵʪʦʡ ʵʥʝʨʛʠʝʡ ʩ 

ʥʝʡʪʨʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʘ.  

ʀʤʝʶʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʦ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʚ ʠʩʪʦʯʥʠʢʘʭ ʠʦʥʦʚ ʢʘʩʘʶʪʩʷ, ʚ 

ʦʩʥʦʚʥʦʤ, ʫʩʪʨʦʡʩʪʚ ʩ ʚʳʩʦʢʠʤ ʛʘʟʦʨʘʟʨʷʜʥʳʤ ʪʦʢʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ, ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʦʚ H-[50], [93]. ʇʨʠ ʵʪʦʤ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʷʜʘ ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ 2D ʠ 3D PIC ʤʦʜʝʣʝʡ, ʜʝʣʘʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʨʦʙʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʩʭʝʤ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʪʨʫʙʢʘʭ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʠʦʥʦʚ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤ ʪʦʢʦʤ (0.1-2 ʤɸI =

), ʪʝʢʫʱʠʤ ʯʝʨʝʟ ʧʝʥʥʠʥʛʦʚʩʢʠʡ ʨʘʟʨʷʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʨʘʩʯʝʪʝ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʨʦʙʥʦʛʦ çʫʨʦʚʥʝʚʦʛʦè ʦʧʠʩʘʥʠʷ ʚ 

ʥʫʣʴʤʝʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 
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ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʥʥʠʥʛʦʚʩʢʠʡ ʨʘʟʨʷʜ ʧʨʠ ʜʘʚʣʝʥʠʷʭ 

3 210 10  ʊʦʨp - -º - . ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʨʠʣʦʞʝʥʥʘʷ ʤʝʞʜʫ ʢʘʪʦʜʦʤ ʠ 

ʘʥʦʜʦʤ, ʩʦʩʪʘʚʣʷʝʪ 1-3 ʢɺj= . ʇʨʠ ʵʪʦʤ ʪʦʢ ʯʝʨʝʟ ʨʘʟʨʷʜ ʨʘʚʝʥ 0.1-2 ʤɸI = , ʘ 

ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 
-210aº . ɺrʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʦʜʦʨʦʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʫʨʦʚʥʝʚʦʛʦ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʩʝʣʝʥʥʦʩʪʠ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ. 

3.2. ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʧʣʘʟʤʝ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ 

 

ʊʨʫʜʦʝʤʢʦʩʪʴ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʢʠ ʠʦʥʠʟʘʮʠʠ ʠ ʜʠʩʩʦʮʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ 

ʧʝʥʥʠʥʛʦʚʩʢʦʤ ʨʘʟʨʷʜʝ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʣʘʟʤʝ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʴʶ ʧʣʘʟʤʳ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ ʧʦ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʫʨʦʚʥʷʤ 

ʥʝ ʙʦʣʴʮʤʘʥʦʚʩʢʦʝ), ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴʶ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʦʚ, 

ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ (ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʠ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʨʝʘʢʮʠʡ) ʩʦʟʜʘʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚʩʝ ʙʦʣʴʰʝʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ.  

 ɺ ʊʘʙʣ. 15 ʧʨʠʚʝʜʝʥ ʩʧʠʩʦʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ 

ʚ ʧʣʘʟʤʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʜʘʥʳ ʩʩʳʣʢʠ ʥʘ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʚʦʜʷʪʩʷ ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ, ʣʠʙʦ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʣʘʟʤʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ, 

ʷʚʣʷʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʳʭ (1) ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ (2-4) ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ. ʄʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʘʭ ʪʨʘʪʠʪʩʷ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ 



79 

 

ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ, ʧʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ ʚ ʛʘʟʦʨʘʟʨʷʜʥʦʡ 

ʧʣʘʟʤʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʨʘʚʥʦʚʝʩʥʳʤ (ʥʝ ʙʦʣʴʮʤʘʥʦʚʩʢʠʤ), ʘ ʧʨʦʮʝʩʩʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʠʦʥʠʟʘʮʠʠ ʠ 

ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʛʫʪ ʠʜʪʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʨʝʟ ʚʦʟʙʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣʳ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʣʘʟʤʳ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ [97], [98], ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʷʤʦʝ ʚʦʟʙʫʞʜʝʥʠʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʤʦʣʝʢʫʣʳ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʵʣʝʢʪʨʦʥʦʤ, ʚ ʧʣʘʟʤʝ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ ʦʢʘʟʳʚʘʝʪ ʩʪʫʧʝʥʯʘʪʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣʳ 

ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ. ʉʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʤʦʣʝʢʫʣʳ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ 

ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ( )1
2H ɆuB ,v+ ¡, ʣʠʙʦ  ( )1

2H uʉ ,v¡Ô  ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, 

ʟʘʪʝʤ ʚʦʟʙʫʞʜʝʥʥʘʷ ʤʦʣʝʢʫʣʘ ʧʝʨʝʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ 

ʚʦʟʙʫʞʜʝʥʥʳʤ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʫʨʦʚʥʝʤ ( )1
2H Ɇg fX ,v+ . ʋʯʝʪ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩʠʥʛʣʝʥʪʥʳʭ (10-19) ʠ ʪʨʠʧʣʝʪʥʳʭ(5-9) ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ 2H  

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʢʠ ʠʦʥʠʟʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ ʚ 

ʧʣʘʟʤʝ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ, ʪ. ʢ. ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʣʘʟʤʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʦʜʦʨʦʜʘ ʧʨʦʭʦʜʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʩʪʫʧʝʥʯʘʪʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʦʥʠʟʘʮʠʷ 

ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʦʚ 

( )+ 2
2H ɆgX +

 ʠ ( )+ 2
2H ɆuX +

 ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʠʤʤʝʪʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ. 

ʈʝʘʢʮʠʠ ˉ22-36 ʦʧʠʩʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʪʫʧʝʥʯʘʪʳʝ ʤʝʭʘʥʠʟʤʳ ʜʠʩʩʦʮʠʘʮʠʠ 

ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ, ʧʨʦʪʝʢʘʶʱʠʝ ʯʝʨʝʟ ʩʠʥʛʣʝʪʥʳʝ (
1ɆuB +¡  

1ɄuC  ɆuE +
 

1ɆuF +
 

1ɆgH +
 

1ɄgI ,)  ʠ ʪʨʠʧʣʝʪʥʳʝ (
3Ʉuc , 

3Ɇga +
 

3Ɇge + 3Ɇgh + 3Ʉgj ) ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ. 

ʄʝʭʘʥʠʟʤʳ ˉ37-39 ʦʧʠʩʳʚʘʶʪ ʦʧʪʠʯʝʩʢʠ ʨʘʟʨʝʰʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ 

ʚ ʤʦʣʝʢʫʣʝ ʚʦʜʦʨʦʜʘ. ʇʨʦʮʝʩʩʳ ˉ40-41 ʦʧʠʩʳʚʘʶʪ ʚʦʟʙʫʞʜʝʥʠʝ ʘʪʦʤʘ 

ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, ʘ ʧʨʦʮʝʩʩʳ ˉ42-43 ʦʧʠʩʳʚʘʶʪ ʠʦʥʠʟʘʮʠʶ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʘʪʦʤʘ ʠʟ ʦʩʥʦʚʥʦʛʦ ʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʪʦʤʦʚ ʠ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʝ 
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ʚʥʦʩʷʪ ʧʨʦʮʝʩʩʳ ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ (ʧʨʦʮʝʩʩʳ 44-

46). ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʷ ʥʘ ʢʠʥʝʪʠʢʫ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʝʥʥʠʥʛʦʚʩʢʦʤ ʨʘʟʨʷʜʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʧʨʦʮʝʩʩʳ ʢʦʥʚʝʨʩʠʠ ʠʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʨʝʘʢʮʠʠ ʩ ʪʷʞʝʣʳʤʠ ʯʘʩʪʠʮʘʤʠ (ʤʦʣʝʢʫʣʘʤʠ ʠ ʘʪʦʤʘʤʠ), ʦʜʥʘʢʦ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʤʦʤʝʥʪʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʣʠʙʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʢʠʥʝʪʠʢʠ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʯʘʩʪʦ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʧʦʨʷʜʢʠ ʠ ʥʝ ʟʘʚʠʩʷʪ 

ʦʪ ʵʥʝʨʛʠʠ ʩʪʦʣʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ. 

ʊʘʙʣ. 15 ʄʝʭʘʥʠʟʤʳ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ɺʦʟʙʫʞʜʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʤʦʣʝʢʫʣʳ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ 

1. ( ) ( )2 2H X, , H X, , 2e v j e v j+ ­ + + [50], [99] 

ɺʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ 

2. ( ) ( )2 2H X, H X, e v e v¡+ ­ +  [50], [99] ( 3v v¡- ¢ , nv=14), [47] 

(ʪʦʣʴʢʦ v=1), [63], [44], [100], [101], 

[102], [103]ï[105] 

3. ( ) ( ) ( )1 1 1
2 2 2H Ɇ H Ɇ H Ɇg i u g fX ,v e B ,v e X ,v e hv+ + +¡+ ­ + ­ + + [58] (nv=14), [101], [102], [44], 

[100], [44], [52] (nv=20), [53], [63] 

4. ( ) ( ) ( )1 1 1
2 2 2H Ɇ H H Ɇg i u g fX ,v e ʉ ,v e X ,v e hv+ +¡+ ­ Ô + ­ + +

 
[58] (nv=14), [101], [102], [44], 

[100], [44], [52] (nv=20), [53], [63] 

ɺʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ 

5. () ( )3
2 2H X H Ɇue b e++ ­ + [50], [106], [107], [47] 

6. () ( )3
2 2H X H Ʉue c e+ ­ + [50], [106], [108], [47] 

7. () ( )3
2 2H X H Ɇge a e++ ­ + [50], [106], [107], [47], [101], [102], 

[44], [100] 

8. () ( )3
2 2H X H Ʉue d e+ ­ + [50], [109] 

9. () ( )3
2 2H X H Ɇge e e++ ­ + [50], [110] 

10. () ( )1
2 2H X H Ɇue B e++ ­ + [50], [106], [111], [47], [44], [52], 

[63], [101], [102], [44], [100] 

11. () ( )1
2 2H X H Ʉue C e+ ­ + [50], [106], [111], [47], [44], [52] , 

[101], [102], [44], [100] 

12. () ( )2 2H X H Ɇue E e++ ­ + [50], [106], [112], [47] 

13. () ( )1
2 2H X H Ɇue F e++ ­ + [50], [106], [112], [47] 

14. () ( )1
2 2H X H Ɇue B e+¡+ ­ + [50], [111], [47], [44], [52] , [101], 

[102], [44], [100] 

15.
 
() ( )1

2 2H X H Ʉue D e+ ­ + [50], [111], [47], [44], [52] , [101], 

[102] , [44], [100] 

16.
 
() ( )1

2 2H X H Ɇue B e+¡¡+ ­ + [50], [112], [47], [44], [52] 
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17.
 
() ( )1

2 2H X H Ʉue D e¡+ ­ + [50], [112], [47], [44], [52] , [101], 

[102], [44], [100] 

18.
 
( ) ( )1 1

2 2H Ɇ H Ʉg i gX ,v e I e+ + ­ + [44], [52] 

19.
 
( ) ( )1

2 2H Ɇ Hg iX ,v e BU eS+ + ­ + [101], [102], [44], [100] 

ʀʦʥʠʟʘʮʠʷ ʤʦʣʝʢʫʣʳ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ 

20.
 
( ) ( )1 + 2

2 2H Ɇ H Ɇg i gX ,v e X e+ ++ ­ + [50], [55], [44], [52], [45], [53], 

[66](vi=0), [44], [52], [101], [102] 

21. ( ) ( )1 + 2
2 2H Ɇ H Ɇg i uX ,v e X e+ ++ ­ + [50], [55] 

ɼʠʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣʳ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ 

22.
 
( ) ( )1

2H Ɇ 2H 1gX e n e+ + ­ = +
  

3Ɇub +
, 

3Ʉuc , 
3Ɇga + 3Ʉud

(v<5) 3Ɇge +
 

 

[50] 

23.
 
( ) ( ) ( )1

2H Ɇ H 1  + H 2  + gX e n n e+ + ­ = =
  

3Ʉud  

 

[50] 

24.
 
( ) ( ) () ()1 1

2 2H Ɇ H Ɇ H 1s H 2lg i uX ,v e B e e+ ++ ­ + ­ + + [44], [52] (nv=14), [42] 

25.
 
( ) ( ) () ()1 1

2 2H Ɇ H Ɇ H 1s H 2lg i uX ,v e C e e+ ++ ­ + ­ + + [44], [52] (nv=14), [42] 

26.
 
( ) ( ) () ()1 1

2 2H Ɇ H Ʉ H 1s H 2lg i gX ,v e I e e+ + ­ + ­ + + [44], [52] (nv=20) 

27.
 
( ) ( )1 1

2 2H Ɇ H Ɇ 2Hg i uX ,v e B e e+ +¡+ ­ + ­ + [44], [52] (nv=14) 

28.
 
( ) ( )1 1

2 2H Ɇ H Ʉ 2Hg i uX ,v e D e e+ + ­ + ­ + [44], [52] (nv=14), [50] 

29.
 
( ) ( )1 1

2 2H Ɇ H Ɇ 2Hg i uX ,v e B e e+ +¡¡+ ­ + ­ + [44], [52] (nv=14), [50] 

30.
 
( ) ( )1 1

2 2H Ɇ H Ʉ 2Hg i uX ,v e D e e+ ¡+ ­ + ­ + [44], [52] (nv=14), [50] 

31.
 
( ) ( ) () ()1 3

2 2H Ɇ H Ɇ H 1s H 1sg i uX ,v e b e e+ ++ ­ + ­ + + [44], [52] (nv=14), [55] 

32.

 ( ) ( )

( ) () ()

1 1 1
2 2

1
2

H Ɇ H Ɇ Ʉ

                            H Ɇ H 1s H 1s

g i u u

g

X ,v e B ,C e

X e hv e hv

+ * +

+

+ ­ + ­

­ + + ­ + + +
 

[44], [52] (nv=14) 

33.
 
( ) ( ) ( )*

2 2H X, H X, + H H 2*e e e nn n+ ­ ­ + + =
  

  

1ɆuB +¡  
1ɄuC  ɆuE +

 
1ɆuF +

 1ɆgH +  

1ɄgI , 
3Ʉuc , 

3Ɇga + 3Ɇge + 3Ɇgh + 3Ʉgj  

 

[55] 

34.
 

( ) ( ) ( )*
2 2H X, H X, + H H 3*e e e nn n+ ­ ­ + + =

 
3 3 + 1 1 1 3 +

u u u uɄ  Ɇ  J  DɄ  VɄ  g Ɇg g, , , , ,D
 

 

[55] 

35.
 
( ) ( ) ( )*

2 2H X, H X, + H H 4*e e e nn n+ ­ ­ + + =
 

1ɄuD¡  [55] 

36.
 
( ) ( ) ( )*

2 2H X, H X, + H H 5*e e e nn n+ ­ ­ + + =
 

1ɄuD¡¡
 

 

[55] 

ʇʝʨʝʭʦʜʳ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʤʦʣʝʢʫʣʳ 

37.
 
( ) ( )3 3

2 2H Ɇ H Ɇg ua e d e+ ++ ­ + [58] 
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38.
 
( ) ( )3 3

2 2H Ʉ H Ɇu gc e g e++ ­ + [58] 

39.
 
( ) ( )3 3

2 2H Ʉ H Ɇu gc e h e++ ­ + [58] 

ɺʦʟʙʫʞʜʝʥʠʝ ʘʪʦʤʘ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ 

40.
 
() ( )H 1s H 2pe e+ ­ + [47] 

41.
 
() ( )H 1s He n* e+ ­ + [47] (n*<4), [50] (n*>2), [63] (n*=2) 

ʀʦʥʠʟʘʮʠʷ ʘʪʦʤʘ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ 

42. H He e e++ ­ + + [47], [50], [63], [101], [102], [66] 

43.
 
( )H >1 +e Hn e e+­ + + [50] 

çɼʠʩʩʦʮʠʘʪʠʚʥʘʷè ʠʦʥʠʟʘʮʠʷ 

44.
 
( ) ( ) ()1 2

2 2H Ɇ H Ɇ 2 H 1s H 2g i gX ,v e X e e+ + ++ ­ + ­ + + [44], [52], [66] 

45.
 
( ) ( ) ()1 2

2 2H Ɇ H Ɇ 2 H 1s H 2g i uX ,v e e e+ + ++ ­ + ­ + + [44], [52] 

46.
 
( ) ( ) () ( )1 2 2

2 2H Ɇ H Ɇ H 1s H 1sg i uX ,v e e+ - + -+ ­ + ­ +  [44], [52], [53], [63] 

ʈʝʢʦʤʙʠʥʘʮʠʷ + ʢʦʥʚʝʨʩʠʷ ʠʦʥʦʚ 

47. H H+e+ee-+ ­  [50] 

48.
 

+
2H H He e++ ­ + + [50], [66], [113], [114] 

49.
 

+
3H H H He e++ ­ + + + [50], [113], [114] 

50.
 

+ +
5 3 2H H He e+ ­ + + [50], [114] 

51.
 

+
2H H He e e+ ++ ­ + + + [66] 

52.
 

+
3 2H H He e++ ­ + + [66]  

53.
 

+
2H H H*e+ ­ +  [66]  

54.
 3H 3He++ ­  [66]  

55.
 3 2H H He++ ­ +  [66]  

56.
 

( ) ( )3 2H 3H or H 5 H 2e v n+ *+ ­ > + = [63] 

ʈʝʘʢʮʠʠ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ 

57.
 
( ) ( ) ( ) ( )2 2 2 2H X H X 1 H X 1 H X,v ,w ,v ,w+ + ­ + +  [50], [101], [102] 

58.
 
( ) ( ) ( ) ( ) ( )1 3

2 2H =2 +H Ɇ H =1 H Ɇ 3H =1g un X ,v n b n+ +­ + ­  [50], [115] 

59.
 

( )2 2 2H+H+H H X =14 H,vª +  [50] 

60.
 

( )2H+H+H H X =14 H,vª +  [50] 

61.
 
() ()H Hn n hv¡­ +  [50] 

62.
 
( )1

2H Ɇ H H H HgX ,v, j+ + = + + [42], [101], [102] (j=0), [116, ʩ. 2] 

63.
 

( ) ( )2 2H H X, 0 H H X, 1v v+ = ­ + = [53] 

64.
 

+ +
2 2 3H H H H+ ­ +  [53] 

65.
 3H H neutrals- ++ ­  [53] 

67.
 2H H H e-+ ­ + [53] 

68.
 

+
2 2H H H H++ ­ +  [66] 
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69.
 
() ( )+

2 2H H H H  p-CXv ++ ­ +  [66] (v=0),  [101], [102] 

70.
 

+ +
2 2 3H H H H+ ­ +  [66] 

71.
 
() () ( )2 2H H H H   pVv w+ ++ ­ +  [101], [102], [117], [118] 

72.
 
() ( )2H H H H H  pV-dissv + ++ ­ + +  [101], [102], [116, ʩ. 2] 

73.
 
() () ( )2 2H H H H  Vtv w+ ­ +  [101], [102] , [116, ʩ. 2] 

74. ( ) () ()( )2 2 2H 14 H H H H   VT-dissw w+ ­ + +  [101], [102] 

ʈʝʘʢʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ 

75. ()( )2 2 2H H  sVwall w++ ­  [101], [102], [66] (wall) 

76 adH Cu H Cu+ ­ +
 

    
() ( )ad 2H H Cu H Cu  AVw+ + ­ +  

[101], [102], [66] (wall) 

 

3.3. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʠʟ ʨʘʙʦʪ, ʦʙʟʦʨ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥ ʚʳʰʝ, ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦʫʨʦʚʥʝʚʳʭ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ ʠ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ 

[119], [120] (ʩʤ. ʊʘʙʣ. 15) ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʥʳʡ 

ʩʦʩʪʘʚ ʧʣʘʟʤʳ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ:  

1. ( ) ( )2 2H X, H X, e v e v¡+ ­ +  

2. ( ) ( ) ( )1 1 1 1
2 2 2H Ɇ H Ɇ H Ɇg i u u g fX ,v e B ,ʉ ,v e X ,v e hv+ + +¡+ ­ Ô + ­ + + 

3.
 ( ) ( )1 + 2

2 2H Ɇ H Ɇg i gX ,v e X e+ ++ ­ + 

4. ( ) ( ) ()1 + 2
2 2H Ɇ H Ɇ 2 H 1s H 2g i gX ,v e X e e+ + ++ ­ + ­ + + 

5. ( ) ( ) ()1 + 2
2 2H Ɇ H Ɇ 2 H 1s H 2g i uX ,v e e e+ + ++ ­ + ­ + + 

6.
 ( ) ( ) () ()1 1

2 2H Ɇ H Ɇ H 1s H 2lg i uX ,v e B e e+ ++ ­ + ­ + + 

7.
 ( ) ( ) () ()1 1

2 2H Ɇ H Ɇ H 1s H 2lg i uX ,v e C e e+ ++ ­ + ­ + + 

8.
 ( ) ( )1 1

2 2H Ɇ H Ɇ 2Hg i uX ,v e B e e+ +¡+ ­ + ­ + 

9.
 ( ) ( )1 1

2 2H Ɇ H Ʉ 2Hg i uX ,v e D e e+ + ­ + ­ + 

10.
 ( ) ( )1 1

2 2H Ɇ H Ɇ 2Hg i uX ,v e B e e+ +¡¡+ ­ + ­ + 

11.
 ( ) ( )1 1

2 2H Ɇ H Ʉ 2Hg i uX ,v e D e e+ ¡+ ­ + ­ + 
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12.
 ( ) ( ) () ()1 3

2 2H Ɇ H Ɇ H 1s H 1sg i uX ,v e b e e+ ++ ­ + ­ + + 

13.
 
H He e e++ ­ + + 

14. ( ) ( ) ( ) ( ), , , ,2 2 2 2H X w H X H X w 1 H X 1u u+ ª - + + 

15. ( ) ( )2 2 2 2H H H 1 H, ,X w X w+ ª - +  

16.
 

+
2 2H H H H++ ­ +  

17. ( ) +
2 2H +H 4 H Hv+ ² ­ +  

18. ( )2 2 2H+H+H H X 14 H,v­ = +  

19. ( )2H+H+H H X 14 H,v­ = +  

20. ()e+e+H He n+­ +  

21. e+H H+hv+­  

22. 
+
2e+e+H 2He­ +  

23. () ()+
2e+H H H1 n­ +  

 

 ʇʝʨʚʘʷ ʨʝʘʢʮʠʷ ʦʧʠʩʳʚʘʝʪ ʧʨʷʤʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʤʦʣʝʢʫʣʳ 

ʚʦʜʦʨʦʜʘ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ. ʅʘʙʦʨ ʩʝʯʝʥʠʡ ʜʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʪʘʢ ʞʝ ʢʘʢ ʠ 

ʜʣʷ ʨʝʘʢʮʠʡ ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ ʙʳʣ ʚʟʷʪ ʠʟ ʨʘʙʦʪʳ [76]. ʈʝʘʢʮʠʷ 

ˉ2 ʦʧʠʩʳʚʘʝʪ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʤʦʣʝʢʫʣʳ ʯʝʨʝʟ ʚʦʟʙʫʞʜʝʥʠʝ 

ʩʠʥʛʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ 
1ɆuB +

, 
1

uʉÔ , ʨʝʘʢʮʠʷ ˉ3 ʦʧʠʩʳʚʘʝʪ 

ʠʦʥʠʟʘʮʠʶ ʤʦʣʝʢʫʣʳ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʦ-

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʤʝʭʘʥʠʟʤʳ ˉ 4-5 

ʦʧʠʩʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ ʠʦʥʠʟʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʭ ʯʝʨʝʟ ʩʦʩʪʦʷʥʠʷ 

( )+ 2
2H ɆgX +

 ʠ ( )+ 2
2H Ɇu

+
, ʨʝʘʢʮʠʠ ˉ 6-12 ʦʧʠʩʳʚʘʶʪ ʩʪʫʧʝʥʯʘʪʳʡ ʤʝʭʘʥʠʟʤ 

ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣʳ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ ʯʝʨʝʟ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʠʥʛʣʝʪʥʳʝ (

1ɆuB +
, 

1
uʉÔ , 

1ɆuB +¡ , 
1ɄuD , 

1ɆuB +¡¡, 
1ɄuD¡ ) ʠ ʪʨʠʧʣʝʪʥʳʝ ʩʦʩʪʦʷʥʠʷ (

3Ɇub +
).  

ʉʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʧʨʦʮʝʩʩʦʚ  ˉ 3-12 ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ [105]. ʆʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ, 

ʜʘʥʳ ʚ ʊʘʙʣ. 16. ɹʦʣʴʰʠʥʩʪʚʦ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʘʭ ʠ 

ʘʪʦʤʘʭ ʚʦʜʦʨʦʜʘ ʠʟʚʝʩʪʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 0 200 eVe¢ ¢  . ʇʦʵʪʦʤʫ ʚ 
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ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ʜʦ 1500 eVe¢ ) ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʴʶ ()
()ln

~
e

s e
e

. 

 ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʥʮʠʧʘ ʜʝʪʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ˉ15 ʠ ˉ16 (VV 

ʠ VT-ʧʝʨʝʭʦʜʳ) ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʥʦʡ ʚ 

ʨʘʟʜʝʣʝ VI. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ˉ17 ʚʟʷʪʘ ʠʟ ʨʘʙʦʪʳ[104]: 

 
3

16
17

m
k 9 10 ,

s

-= ³
 

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ 1-13 ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʘʢ ʩʚʝʨʪʢʘ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʝʯʝʥʠʝʤ ʨʘʩʩʝʷʥʠʷ.  

ʊʘʙʣ. 16 ʇʦʫʨʦʚʥʝʚʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ. 

ʂʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ 

1. ( ) ( )2 2H X, H X, e v e v¡+ ­ +  0-3 1-4iv ,v¡= =  1 0 1000 eVv e¡= ¢ ¢

2 0 12 eVv e¡= ¢ ¢  

3 0 14 eVv e¡= ¢ ¢  

2. 
( ) ( )

( )

1 1 1
2 2

1
2

H Ɇ H Ɇ

                         H Ɇ

g i u u

g f

X ,v e B ,ʉ ,v e

X ,v e hv

+ +

+

¡+ ­ Ô + ­

­ + +
 

0-14  0-14i fv ,v= =  0 200 eVe¢ ¢  

3. ( ) ( ) ( ) ( ), , , ,2 2 2 2H H H 1 H 1X w X X w Xu u+ ª - + + 0-14 0-14,wu= =  - 

4. ( ) ( ), ,2 2 2 2H H H 1 HX w X w+ ª - + 0-14w=  - 

ʀʦʥʠʟʘʮʠʷ ʤʦʣʝʢʫʣʳ 

5.
 
( ) ( )1 + 2

2 2H Ɇ H Ɇg i gX ,v e X e+ ++ ­ + 0-14iv =  0 200 eVe¢ ¢  

ɼʠʩʩʦʮʠʘʪʠʚʥʘʷ ʠʦʥʠʟʘʮʠʷ 

6. ( ) ( ) ()1 + 2
2 2H Ɇ H Ɇ 2 H 1s H 2g i gX ,v e X e e+ + ++ ­ + ­ + + 0-14iv =  0 200 eVe¢ ¢  

7. ( ) ( ) ()1 + 2
2 2H Ɇ H Ɇ 2 H 1s H 2g i uX ,v e e e+ + ++ ­ + ­ + + 0-14iv =  0 200 eVe¢ ¢  

ɼʠʩʩʦʮʠʘʮʠʷ 
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8.
 
( ) ( ) () ()1 1

2 2H Ɇ H Ɇ H 1s H 2lg i uX ,v e B e e+ ++ ­ + ­ + + 0-14iv =  0 200 eVe¢ ¢  

9.
 
( ) ( ) () ()1 1

2 2H Ɇ H Ɇ H 1s H 2lg i uX ,v e C e e+ ++ ­ + ­ + + 0-14iv =  0 200 eVe¢ ¢  

10.
 
( ) ( )1 1

2 2H Ɇ H Ɇ 2Hg i uX ,v e B e e+ +¡+ ­ + ­ + 0-14iv =  0 200 eVe¢ ¢  

11.
 
( ) ( )1 1

2 2H Ɇ H Ʉ 2Hg i uX ,v e D e e+ + ­ + ­ + 0-14iv =  0 200 eVe¢ ¢  

12.
 
( ) ( )1 1

2 2H Ɇ H Ɇ 2Hg i uX ,v e B e e+ +¡¡+ ­ + ­ + 0-14iv =  0 200 eVe¢ ¢  

13.
 
( ) ( )1 1

2 2H Ɇ H Ʉ 2Hg i uX ,v e D e e+ ¡+ ­ + ­ + 0-14iv =  0 200 eVe¢ ¢  

14.
 
( ) ( ) () ()1 3

2 2H Ɇ H Ɇ H 1s H 1sg i uX ,v e b e e+ ++ ­ + ­ + + 0-14iv =  0 200 eVe¢ ¢  

ʀʦʥʠʟʘʮʠʷ ʘʪʦʤʘ 

15.
 
H He e e++ ­ + + CS(Janev R. K., 

Langer W.D., 

Evans, K.J., Post 

D.E., Elementary 

Processes in 

Hydrogen-Helium 

Plasmas, 1987)  

0 1000 eVe¢ ¢  

ʇʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ʪʷʞʝʣʳʭ ʯʘʩʪʠʮ 

16.
 

+
2 2H H H H++ ­ +  K= 9.D-16 cm6s-1 [121] 

17.
 

( ) +
2 2H+H 4 H Hv² ­ +  K= 2.5D-15 cm6s-1 [121] 

18.
 

( )2 2 2H+H+H H X 14 H,v­ = +  K= 2.68*10-31*T -0.6 cm6s-1 [50] 

19.
 

( )2H+H+H H X 14 H,v­ = +  K= 8.04*10-31*T -0.6 cm6s-1 [50] 

ʈʝʢʦʤʙʠʥʘʮʠʷ 

20.
 

()e+e+H He n+­ +  
( )

-27 2

3 2.33 1.72
e n n

1
.34×10  

4.38 1.32

6 1

n

K 6 n , cm s
T E E E

-= ³
+ +

[122] 

21.
 
e+H H+hv+­  1.5

-14 1
3.92×10  

n 0.35

3 1n

n

E
K , cm s

E

-= ³
+

 [122] 

22. 
+
2e+e+H 2He­ +  K= 8.75*10-27Te

-4.5 cm6s-1 [50] 

23. () ()+
2e+H H H1 n­ +  CS [46] 
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ʈʘʩʯʝʪ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ  ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʥʫʣʴʤʝʨʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ : 

1) ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘʜʘʚʘʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʩʯʝʪʘʤ ʠ ʦʮʝʥʢʘʤ [123], ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʨʘʩʯʝʪʘʭ 

ʩʯʠʪʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ. 

2) ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʩʯʠʪʘʣʘʩʴ ʣʠʙʦ 

ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ, ʣʠʙʦ ʢʦʤʙʠʥʘʮʠʝʡ ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʌʈʕ (ʤʦʜʝʣʠʨʫʶʱʝʡ 

ʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʥʳ, ʨʦʞʜʘʶʱʠʝʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʙʲʝʤʝ ʨʘʟʨʷʜʘ) ʠ ʜʝʣʴʪʘ-

ʬʫʥʢʮʠʠ (ʦʧʠʩʳʚʘʝʪ ʙʳʩʪʨʳʝ ʵʣʝʢʪʨʦʥʳ, ʚʳʣʝʪʘʶʱʠʝ ʩ ʢʘʪʦʜʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʦʥ-ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ). ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʜʦʣʷ 

ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 10%. 

3) ʕʥʝʨʛʠʷ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 1-50 ʵɺ, ʵʥʝʨʛʠʷ 

ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩʯʠʪʘʣʘʩʴ ʨʘʚʥʦʡ 1ʢʵɺ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʡʪʨʘʣʴʥʳʭ 

ʤʦʣʝʢʫʣ ʠ ʠʦʥʦʚ ʩʯʠʪʘʣʘʩʴ ʨʘʚʥʦʡ 300-500 ʂ. 

4) ʌʠʟʠʯʝʩʢʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ ʨʘʚʥʳʤ 20 ʤʢʩ. ʆʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʚ ʠʩʪʦʯʥʠʢʝ ʠʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ 

ʨʘʟʨʷʜʘ. 

ʅʘ ʈʠʩ. 14 ʠ ʈʠʩ. 15 ʧʦʢʘʟʘʥʳ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʪʝʧʝʥʠ 

ʜʠʩʩʦʮʠʘʮʠʠ, ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ 

ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʧʣʘʟʤʝ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʢʪʨʦʥʦʚ (
16 -33*10  ʤ0

eN = ʠ 
17 -33*10  ʤ0

eN = ), ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʠ. ʅʘ ʨʠʩ. 14 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʣʫʯʘʷ 

16 -33*10  ʤ0
eN =  ʜʦʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ 

+
2

2

H

H
 ʤʝʥʷʝʪʩʷ ʦʪ 

[ ]

+
2 -5

2

H
1.3 10

H

è ø
ê ú= ³   ʧʨʠ 

eT 3 ɻ ɺ=  , ʜʦ 
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+
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ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ 
2

H

H

+

 ʤʝʥʷʝʪʩʷ ʦʪ 
[ ]

-7

2

H
1.8 10

H

+è ø
ê ú= ³   ʧʨʠ eT 3 ɻ ɺ=  , ʜʦ  

[ ]
-3

2

H
1.8 10

H

+è ø
ê ú= ³  ʧʨʠ eT 50 ɻ ɺ= .  

 

ʈʠʩ. 14 ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ 

ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ) ʧʣʘʟʤʳ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʩʣʫʯʘʝ ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ - 
17 -33*10  ʤ0

eN = , ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ  - 
16 -33*10  ʤ0

eN =  

 

ʈʠʩ. 15 ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʷ ʘʪʦʤʘʨʥʳʭ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚ ʧʣʘʟʤʝ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʣʫʯʘʝ ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ 

- 
17 -33*10  ʤ0

eN = , ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ  - 
16 -33*10  ʤ0

eN =  
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ʉʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 
[]
[ ]

-3

2

H
3 10

H
= ³   ʧʨʠ eT 3 ɻ ɺ=  , ʜʦ  

[]
[ ]

-2

2

H
3.9 10

H
= ³  ʧʨʠ eT 50 ɻ ɺ=  . ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʜʦ 

ʚʝʣʠʯʠʥʳ 
17 -33*10  ʤ0

eN =   ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 

ʧʦʨʷʜʦʢ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʘʨʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚ ʧʣʘʟʤʝ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ (ʩʤ. ʈʠʩ. 15). ʆʥʦ ʤʝʥʷʝʪʩʷ ʦʪ -2

+
2

H
1.38 10

H

+è ø
ê ú= ³
è ø
ê ú

 ʧʨʠ 

eT 3 ɻ ɺ= , ʜʦ  
+
2

H
0.24

H

+è ø
ê ú=
è ø
ê ú

 ʧʨʠ eT 50 ɻ ɺ= . 

 

ʈʠʩ. 16 ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ 

ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ) ʧʣʘʟʤʳ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʩʣʫʯʘʝ ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ - 
17 -33*10  ʤ0

eN = , ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ  - 
16 -33*10  ʤ0

eN =  
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ʈʠʩ. 17 ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʷ ʘʪʦʤʘʨʥʳʭ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚ ʧʣʘʟʤʝ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʣʫʯʘʝ ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʧʫʥʢʪʠʨʥʘʷ 

ʣʠʥʠʷ - 
17 -33*10  ʤ0

eN = , ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ  - 
16 -33*10  ʤ0

eN =  

ɺʪʦʨʘʷ ʩʝʨʠʷ ʨʘʩʯʝʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʌʈʕ 

(ʤʦʜʝʣʠʨʫʶʱʝʡ ʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʥʳ, ʨʦʞʜʘʶʱʠʝʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʙʲʝʤʝ ʨʘʟʨʷʜʘ) 

ʠ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʠ (ʦʧʠʩʳʚʘʝʪ ʙʳʩʪʨʳʝ ʵʣʝʢʪʨʦʥʳ, ʚʳʣʝʪʘʶʱʠʝ ʩ ʢʘʪʦʜʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʦʥ-ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ). ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʜʦʣʷ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 10% ʦʪ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʠʭ ʵʥʝʨʛʠʷ ʨʘʚʥʘ 1ʢʵɺ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʚʝʣʣʦʚʩʢʠʭ (ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ) ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʩʣʫʯʘʝ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 1-50 ʵɺ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 16 ʠ ʈʠʩ. 17. ʅʘ ʈʠʩ. 16 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʣʫʯʘʷ 

16 -33*10  ʤ0
eN =  ʜʦʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ 

+
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H

H
 ʤʝʥʷʝʪʩʷ ʦʪ 

[ ]

+
2 -4

2

H
5.5 10

H

è ø
ê ú= ³   ʧʨʠ 

eT 3 ɻ ɺ=  , ʜʦ 
[ ]

+
2 -3

2

H
7.4×10

H

è ø
ê ú=   ʧʨʠ eT 50 ɻ ɺ= .  ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ 
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[ ]
-3

2

H
1.8 10

H

+è ø
ê ú= ³  ʧʨʠ eT 50 ɻ ɺ= . ʉʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

[]
[ ]

-4

2

H
5 10

H
= ³   ʧʨʠ eT 3 ɻ ɺ=  , ʜʦ  

[]
[ ]

-3

2

H
3. 10

H
= ³  ʧʨʠ eT 50 ɻ ɺ= . ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʫʯʝʪ ʚʣʠʠʷʥʠʷ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʠʥʝʪʠʢʫ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʧʣʘʟʤʝ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʧʣʘʟʤʝ. ʇʦʵʪʦʤʫ ʜʦʣʷ ʘʪʦʤʘʨʥʳʭ 

ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʣʝʢʪʨʦʥʦʚ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʩʤ. 

ʈʠʩ. 17). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ, ʚ ʪʦʞʝ ʚʨʝʤʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʘʨʥʳʭ 

ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʨʘʩʪʝʪ ʥʝ ʪʘʢ ʙʳʩʪʨʦ, ʧʦʵʪʦʤʫ ʩʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʘʨʥʳʭ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʚʝʣʠʯʠʥʳ 10%º   ʧʨʠ eT 10 ɻ ɺº . 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ ʜʦ eT 50 ɻ ɺ=  

ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʨʘʩʪʫʪ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʢʦʥʝʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ, ʧʦʵʪʦʤʫ ʚʝʣʠʯʠʥʘ 
+
2

H

H

+è ø
ê ú

è ø
ê ú

 ʩʥʦʚʘ ʨʘʩʪʝʪ. 

 

ʈʠʩ. 18 ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʘʪʦʤʘʨʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚ ʧʣʘʟʤʝ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʣʫʯʘʝ: ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ 

ï ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʘʷ ʌʈʕ-, ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ  - ʤʘʢʩʚʝʣʣʦʚʩʢʘʷ ʌʈʕ. 
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ʈʠʩ. 19 ɼʦʣʷ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ H  ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ (ʌʈʕʕ ʤʘʢʩʚʝʣʣʦʚʩʢʘʷ, 10 ɻ ɺeT = , 
17 -33*10  ʤ0

eN = ).  

( ) ( ) ()1 + 2
2 21. H Ɇ H Ɇ 2 H 1s H 2g i gX ,v e X e e+ + ++ ­ + ­ + +

 
 

( ) ( ) ()1 + 2
2 22.  H Ɇ H Ɇ 2 H 1s H 2g i uX ,v e e e+ + ++ ­ + ­ + + 

( ) ( ) () ()1 1
2 23.  H Ɇ H Ɇ H 1s H 2lg i uX ,v e B e e+ ++ ­ + ­ + + 

( ) ( ) () ()1 1
2 24.  H Ɇ H Ʉ H 1s H 2lg i uX ,v e C e e+ ++ ­ + ­ + + 

( ) ( )1 1
2 25.  H Ɇ H Ɇ 2Hg i uX ,v e B e e+ +¡+ ­ + ­ + 

( ) ( )1 1
2 26.  H Ɇ H Ʉ 2Hg i uX ,v e D e e+ + ­ + ­ + 

( ) ( )1 1
2 27.  H Ɇ H Ɇ 2Hg i uX ,v e B e e+ +¡¡+ ­ + ­ + 

( ) ( )1 1
2 28.  H Ɇ H Ʉ 2Hg i uX ,v e D e e+ ¡+ ­ + ­ + 

( ) ( ) () ()1 3
2 29.  H Ɇ H Ɇ H 1s H 1sg i uX ,v e b e e+ ++ ­ + ­ + + 

() ()+
210.  e+H H H1 n­ +  

()11.  e+e+H He n+­ +  

12.  e+H H+hv+­  
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ʈʠʩ. 20 ɼʦʣʷ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ H  ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ (ʌʈʕʕ ʤʘʢʩʚʝʣʣʦʚʩʢʘʷ, 50 ɻ ɺeT = , 
17 -33*10  ʤ0

eN = ). ʉʧʠʩʦʢ ʨʝʘʢʮʠʡ 

ʧʨʠʚʝʜʝʥ ʚ ʧʦʜʧʠʩʠ ʢ ʈʠʩ. 19. 

 

ʈʠʩ. 21 ɼʦʣʷ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʡ (ʌʈʕʕ 

ʤʘʢʩʚʝʣʣʦʚʩʢʘʷ, 10 ɻ ɺeT = , 
16 -33*10  ʤ0

eN = ): 

1. 
 ( ) ( ) ()1 + 2

2 2H Ɇ H Ɇ 2 H 1s H 2g i gX ,v e X e e+ + ++ ­ + ­ + + 

2.
  ( ) ( ) ()1 + 2

2 2H Ɇ H Ɇ 2 H 1s H 2g i uX ,v e e e+ + ++ ­ + ­ + + 

3. H He e e++ ­ + + 

4. 
+
2 2H H H H++ ­ +  

ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʠʦʥʠʟʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʧʣʘʟʤʝ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʜʘʥ ʥʘ ʈʠʩ. 19 - ʈʠʩ. 24. ʅʘ ʩʪʦʣʙʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʈʠʩ. 

21 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ 

ʚʦʜʦʨʦʜʘ ʚ ʧʣʘʟʤʝ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʌʈʕʕ ʤʘʢʩʚʝʣʣʦʚʩʢʘʷ, 

3, 10, 50 ɻ ɺeT = , 
16 -33*10  ʤ0

eN = . ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ 
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ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ ˉ4-5. ʇʨʠ ʵʪʦʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ 

ʚʣʠʷʥʠʝ ʤʝʭʘʥʠʟʤʘ ˉ4 ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʜʦʣʷ 

ʤʝʭʘʥʠʟʤʘ ˉ5 ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʣʷ ʧʨʦʮʝʩʩʘ 

ʠʦʥʠʟʘʮʠʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʪʦʤʘʨʥʳʭ 

ʠʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 3%. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʨʘʩʯʝʪʘʭ ʩ 
17 -33*10  ʤ0

eN =  ʜʦʣʷ ʵʪʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 10-15%. ʅʘ ʈʠʩ. 19 - ʈʠʩ. 20 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʧʣʘʟʤʝ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʣʝʢʪʨʦʥʦʚ ʦʩʥʦʚʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣʳ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ˉ 12, ʧʨʦʪʝʢʘʶʱʘʷ ʩ 

ʚʦʟʙʫʞʜʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ 
3Ɇub +
. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ, ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʦʢʘʟʳʚʘʶʪ ʪʘʢʞʝ ʨʝʘʢʮʠʠ ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ 

ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ ˉ4 ʠ ˉ5, ʘ ʪʘʢʞʝ ʩʪʫʧʝʥʯʘʪʳʡ ʤʝʭʘʥʠʟʤ ʜʠʩʩʦʮʠʘʮʠʠ ˉ8, 

ʧʨʦʪʝʢʘʶʱʠʡ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
1ɆuB +¡  (ʩʤ ʈʠʩ. 20). 

 

ʈʠʩ. 22 ɼʦʣʷ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʡ (ʌʈʕʕ 

ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʘʷ, 10 ɻ ɺeT = , 
16 -33*10  ʤ0

eN = ): 

1. 
 ( ) ( ) ()1 + 2

2 2H Ɇ H Ɇ 2 H 1s H 2g i gX ,v e X e e+ + ++ ­ + ­ + + 

2.
  ( ) ( ) ()1 + 2

2 2H Ɇ H Ɇ 2 H 1s H 2g i uX ,v e e e+ + ++ ­ + ­ + + 

3. H He e e++ ­ + + 

4. 
+
2 2H H H H++ ­ +  
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ʈʠʩ. 23 ɼʦʣʷ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ H  ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʘʢʮʠʷʭ (ʌʈʕʕ 

ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʘʷ, 3 ɻ ɺeT = , 
16 -33*10  ʤ0

eN = ) 

 

 
ʈʠʩ. 24 ɼʦʣʷ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ H  ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ (ʌʈʕʕ ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʘʷ, 10 ɻ ɺeT = , 
16 -33*10  ʤ0

eN = ). ʉʧʠʩʦʢ 

ʨʝʘʢʮʠʡ ʧʨʠʚʝʜʝʥ ʚ ʧʦʜʧʠʩʠ ʢ ʈʠʩ. 19. 

 

ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʠʦʥʠʟʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʩʣʫʯʘʝ 

ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʌʈʕ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʨʘʩʯʝʪʘʭ ʜʘʥ ʥʘ ʈʠʩ. 22 - ʈʠʩ. 24. ʅʘ 

ʩʪʦʣʙʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʈʠʩ. 22 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʧʣʘʟʤʝ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʌʈʕʕ ʤʘʢʩʚʝʣʣʦʚʩʢʘʷ, 3, 10, 50 ɻ ɺeT = , 
16 17 -33*10 ,  3*10 ʤ0

eN = . ʅʘ ʜʘʥʥʳʭ 

ʨʠʩʫʥʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʫʯʝʪ ʥʘʣʠʯʠʷ ʛʦʨʷʯʠʭ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʟʤʘ ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ ʠʦʥʠʟʘʮʠʠ ˉ5 ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʷ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʘ 

ˉ 5 ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʩʦʩʪʘʚʣʷʝʪ 75-85% (ʩʤ. ʈʠʩ. 22). ʅʘ ʈʠʩ. 23 - ʈʠʩ. 24 
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ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʠ ʚ ʨʘʩʯʝʪʘʭ ʩ ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʌʈʕʕ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʦʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʜʠʩʩʦʮʠʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʪʫʧʝʥʯʘʪʳʝ ʤʝʭʘʥʠʟʤʳ 

ʜʠʩʩʦʮʠʘʮʠʠ ˉ8 ʠ ˉ12, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʠ ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ ʠʦʥʠʟʘʮʠʠ ˉ4-5. 

ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣ 

ʚʦʜʦʨʦʜʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʢʠʥʝʪʠʢʫ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʝʥʥʠʥʛʦʚʩʢʦʤ ʨʘʟʨʷʜʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʠʦʥʠʟʘʮʠʷ, ʜʠʩʩʦʮʠʘʮʠʷ, ʚʦʟʙʫʞʜʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ) ʧʨʦʪʝʢʘʝʪ ʩ ʫʯʘʩʪʠʝʤ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ ʚ ʦʩʥʦʚʥʦʤ 

ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ, ʘ 

ʪʘʢʞʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʠʩʣʦ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʠʥʝʪʠʢʫ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚʦʟʨʘʩʪʘʝʪ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦ ʚʩʝʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʯʝʪʘʭ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʠ ʘʪʦʤʥʳʭ ʠʦʥʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 10%.  

 

ʈʠʩ. 25 ɼʦʣʷ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ H  ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʠʟ ʨʘʟʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚ ʨʝʘʢʮʠʠ
 ( ) ( ) () ()1 1

2 2H Ɇ H Ɇ H 1s H 2lg i uX ,v e B e e+ ++ ­ + ­ + +. 
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ʈʠʩ. 26 ɼʦʣʷ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ H  ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʠʟ ʨʘʟʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚ ʨʝʘʢʮʠʠ
 ( ) ( ) () ()1 1

2 2H Ɇ H Ɇ H 1s H 2lg i uX ,v e C e e+ ++ ­ + ­ + +. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʠʩʩʦʮʠʘʮʠʠ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʩ ʫʯʘʩʪʠʝʤ 

ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʩʦʩʪʘʚʣʷʶʪ ~40% (ʩʤ. ʈʠʩ. 25), ʦʜʥʘʢʦ 

ʜʘʥʥʳʝ ʨʝʘʢʮʠʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ (ʪ.ʢ. ʦʩʥʦʚʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ 

ˉ4, ˉ5, ˉ8, ˉ12). ʅʘ ʈʠʩ. 25 - ʈʠʩ. 26 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦ-

ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʚ ʨʝʘʢʮʠʷʭ ˉ6 ʠ 

ˉ7. ɼʦʣʷ ʘʪʦʤʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʢʦʣʝʙʘʪʝʣʴʥʦ-

ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 30%. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʠ ʤʝʭʘʥʠʟʤʳ ʥʝ 

ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚ ʧʣʘʟʤʝ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ. ʅʘ ʈʠʩ. 27 ʜʘʥʘ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚ ʧʣʘʟʤʝ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ. 
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ʈʠʩ. 27 ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ (ʌʈʕʕ 

ʤʘʢʩʚʝʣʣʦʚʩʢʘʷ, 
17 -33*10  ʤ0

eN = ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʵʣʝʢʪʨʦʥʦʚ: 

50 ɻ ɺeT = .(ʢʚʘʜʨʘʪʥʳʝ ʪʦʯʢʠ), 10 ɻ ɺeT = .(ʢʨʫʛʣʳʝ ʪʦʯʢʠ) 

 

ʊʘʙʣ. 17 ɺʣʠʷʥʠʝ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠʦʥʘʤʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ +
2H

. 

E, eV H2+ (II) H2+ (WII) DELTA(%) 

200 1,37E+18 1,46E+18 5,63 

150 1,43E+18 1,51E+18 5,62 

100 1,45E+18 1,53E+18 5,50 

50 1,27E+18 1,35E+18 5,79 

20 6,47E+17 7,08E+17 8,55 
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ʊʘʙʣ. 18 ɺʣʠʷʥʠʝ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠʦʥʘʤʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ +H

. 

E, eV H+ (II) H+ (WII) DELTA(%) 

200 5,80E+17 5,01E+17 15,78 

150 5,91E+17 5,09E+17 16,09 

100 5,71E+17 4,88E+17 16,99 

50 4,37E+17 3,60E+17 21,52 

20 1,72E+17 1,10E+17 55,68 

 

ʊʘʙʣ. 19 ɺʣʠʷʥʠʝ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠʦʥʘʤʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʪʦʤʦʚ 

H . 

, eV H (II) H (WII) DELTA(%) 

200 7,66E+17 6,90E+17 10,98 

150 7,97E+17 7,19E+17 10,91 

100 8,08E+17 7,29E+17 10,87 

50 7,40E+17 6,66E+17 11,16 

20 5,59E+17 5,00E+17 11,87 

ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠʦʥʳ ʚʦʜʦʨʦʜʘ ʫʩʧʝʚʘʶʪ ʜʦʩʪʠʯʴ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ʙʦʣʝʝ 100 eV), ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚ ʧʝʥʥʠʥʛʦʚʩʢʦʤ ʨʘʟʨʷʜʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʨʝʘʢʮʠʷ 

+ +

2 2 2H H H H H+ ­ + +. ɺ ʊʘʙʣ. 17 - ʊʘʙʣ. 19 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʥʘ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʣʘʟʤʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʡ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ Ti=100 

eV. 



100 

 

 

ʈʠʩ. 28  ʂʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪ ʧʣʘʟʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʥ. 

ʩʭʝʤʳ, Te=50 ev, Ti=100 ev. 

 

 

ʈʠʩ. 29  ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʥ. ʩʭʝʤʳ , 

%, Te=50 ev, Ti=100. 

ʀʟ ʪʘʙʣʠʮ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʢʘʟʳʚʘʝʪ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʯʘʩʪʠʮ +H . ʈʘʩʭʦʞʜʝʥʠʝ ʧʨʠ ʨʘʩʯʝʪʘʭ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ 

ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʦʩʪʠʛʘʶʪ 55%. (ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʵʣʝʢʪʨʦʥʦʚ).  
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ʈʠʩ. 30  ʂʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪ ʧʣʘʟʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʥ. 

ʩʭʝʤʳ, Te=150 ev, Ti=100 ev. 

 

 

ʈʠʩ. 31  ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʥ. ʩʭʝʤʳ , 

%, Te=150 ev, Ti=100 ev. 

ʅʘ ʈʠʩ. 28 - ʈʠʩ. 31 ʧʦʢʘʟʘʥʦ, ʢʘʢʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʨʘʩʯʝʪʘʭ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʜʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʩʭʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʫʯʝʪ ʥʘʣʠʯʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʪʦʤʘʨʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ, ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʧʣʘʟʤʳ (ʩʤ. ʈʠʩ. 29, 

ʈʠʩ. 31). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʘʢʮʠʷ + +

2 2 2H H H H H+ ­ + + ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʥ. 
ʩʭʝʤʳ, Te=150 ev, Ti=100 ev
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ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʣʘʟʤʳ ʥʘ 14% ʠ ʙʦʣʝʝ. ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠʦʥʦʚ ʚ ʧʣʘʟʤʝ ʵʪʦʪ ʤʝʭʘʥʠʟʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʞʝ ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʜʥʦʡ ʧʣʘʟʤʳ. ʉʝʯʝʥʠʝ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʈʠʩ. 32. ʅʘ ʦʩʥʦʚʝ ʧʨʦʜʝʣʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ 

ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʫʧʨʦʱʝʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʣʘʟʤʳ ʩ ʪʦʯʥʦʩʪʴʶ ~10% ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʧʦʫʨʦʚʥʝʚʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʚʢʣʶʯʘʝʪ 5 ʢʦʤʧʦʥʝʥʪ + +

2 2H , H , H , H , e  ʠ 20 ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ 

ʊʘʙʣ. 20. 

 

ʈʠʩ. 32 ʉʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ + +

2 2 2H H H H H+ ­ + +. 
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ʊʘʙʣ. 20 ʋʧʨʦʱʝʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 

ʂʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ 

ʀʦʥʠʟʘʮʠʷ ʤʦʣʝʢʫʣʳ 

1.
 
( ) ( )1 + 2

2 2H Ɇ , H Ɇg i gX v e X e+ ++ ­ + 0iv =  0 200 eVe¢ ¢  

ɼʠʩʩʦʮʠʘʪʠʚʥʘʷ ʠʦʥʠʟʘʮʠʷ 

2. 
( )

( ) ()

1

2

+ 2

2

H Ɇ ,

H Ɇ 2 H 1s H 2

g i

g

X v e

X e e

+

+ +

+ ­

­ + ­ + +
 

0iv =  0 200 eVe¢ ¢  

3. 
( )

( ) ()

1
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+ 2

2

H Ɇ ,

H Ɇ 2 H 1s H 2

g i

u

X v e

e e

+

+ +

+ ­

­ + ­ + +
 

0iv =  0 200 eVe¢ ¢  

ɼʠʩʩʦʮʠʘʮʠʷ 

4.
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10.
 

( )

( ) () ()

1

2

3

2

H Ɇ ,

H Ɇ H 1s H 1s

g i

u

X v e

b e e

+

+

+ ­

­ + ­ + +
 

0iv =  0 200 eVe¢ ¢  

ʀʦʥʠʟʘʮʠʷ ʘʪʦʤʘ 

11.
 
H He e e++ ­ + + CS[122] 0 1000 eVe¢ ¢  

ʇʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ʪʷʞʝʣʳʭ ʯʘʩʪʠʮ 

12.
 

+

2 2H H H H++ ­ +  K= 9.D- 16 cm6s- 1 , [121] 

13.
 

( ) +

2 2H+H 4 H Hv² ­ +  K= 2.5D- 15 cm6s- 1, [121] 

14.
 

( )2 2 2H+H+H H X, 14 Hv­ = +  K= 2.68*10 - 31*T - 0.6  cm6s- 1 [50] 

15.
 

( )2H+H+H H X, 14 Hv­ = +  K= 8.04*10 - 31*T - 0.6  cm6s- 1 [50] 

ʈʝʢʦʤʙʠʥʘʮʠʷ 

16.
 

()e+e+H He n+­ +  

( )

-27 2

6 1

3 2.33 1.72

e n n

6.34×10

1
,  

4.38 1.32 n

K n

cm s
T E E E

-

= ³

³
+ +

[121] 

17.
 
e+H H+hv+­  1.5

-14 3 11
3.92×10 ,  

n 0.35

n

n

E
K cm s

E

-= ³
+

[121] 

18. 
+

2e+e+H 2He­ +  K= 8.75*10 - 27Te
- 4.5  cm6s- 1 [50] 

19. () ()+

2e+H H 1 H n­ +  CS, [121] 

20. + +

2 2 2H H H H H+ ­ + + CS, [46] 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʝʥʥʠʥʛʦʚʩʢʦʤ ʨʘʟʨʷʜʝ, ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪ ʧʣʘʟʤʳ (+ +

2 2H , H , H , H , e ). ɼʘʥʥʘʷ ʤʦʜʝʣʴ [124] ʩʪʨʦʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ 

ʥʫʣʴʤʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʨʝʜʥʠʭ ʵʥʝʨʛʠʡ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʠʦʥʦʚ ʚʦʜʦʨʦʜʥʦʡ ʧʣʘʟʤʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʞʝʪ 
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ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ 

ʨʘʟʨʷʜʘ ʚ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʳʭ ʠ PIC ʤʦʜʝʣʷʭ. ʇʨʠ ʵʪʦʤ ʚ ʜʘʥʥʳʭ ʤʦʜʝʣʷʭ 

ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʵʥʝʨʛʝʪʠʢʫ ʩʘʤʠʭ ʯʘʩʪʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ, (ʵʣʝʢʪʨʦʥʦʚ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ), ʜʣʷ 

ʯʝʛʦ ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʫʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ 

ʧʦʪʝʨʶ ʠ ʥʘʙʦʨ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʊʘʢ ʜʣʷ ʨʘʩʯʝʪʘ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʵʥʝʨʛʠʷʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʦʜʦʨʦʜʝ ʥʝʢʦʪʦʨʳʤʠ ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ (ʤʠʥʠʤʘʣʴʥʳʡ) 

ʥʘʙʦʨ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʢʣʶʯʘʶʱʠʡ, ʧʦʪʝʨʶ ʵʣʝʢʪʨʦʥʘʤʠ ʵʥʝʨʛʠʠ ʚ 

ʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ, ʧʦʪʝʨʶ ʵʥʝʨʛʠʠ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʧʝʨʚʳʭ ʪʨʝʭ 

ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʭ (ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʪʦʣʢʥʦʚʝʥʠʷ) 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʜʘʥʥʳʡ ʥʘʙʦʨ ʚʢʣʶʯʝʥʳ 

ʧʨʦʮʝʩʩʳ ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ. ɺ ʧʝʥʥʠʥʛʦʚʩʢʦʤ ʨʘʟʨʷʜʝ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʫʧʨʫʛʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʙʫʜʫʪ ʩʣʘʙʦ ʚʣʠʷʪʴ 

ʥʘ ʵʥʝʨʛʝʪʠʢʫ ʵʣʝʢʪʨʦʥʦʚ, ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʥʘʙʠʨʘʶʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʝ ʢʘʥʘʣʳ ʩʙʨʦʩʘ ʵʥʝʨʛʠʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ 

- ʵʪʦ ʚʦʟʙʫʞʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʠʦʥʠʟʘʮʠʷ ʠ ʜʠʩʩʦʮʠʘʮʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ 

ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʦʮʝʩʩʳ ʫʧʨʫʛʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʠ ʧʝʨʝʟʘʨʷʜʢʠ, ʪ.ʢ. ʦʥʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʩʝʯʝʥʠʷ, ʯʝʤ ʧʨʦʮʝʩʩʳ 

ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʠʦʥʠʟʘʮʠʠ ʠʦʥʥʳʤ ʫʜʘʨʦʤ, ʧʨʠ ʵʪʦʤ ʚ ʵʪʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʠʦʥʳ 

ʤʦʛʫʪ ʪʝʨʷʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʚʦʝʡ ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʚʘʷ ʝʝ ʙʦʣʝʝ ʭʦʣʦʜʥʳʤ 

ʥʝʡʪʨʘʣʴʥʳʤ ʤʦʣʝʢʫʣʘʤ ʚʦʜʦʨʦʜʘ. 
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ɻʣʘʚʘ 4. ʉʦʛʣʘʩʦʚʘʥʥʘʷ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʠʦʥʦʚ 

ʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ 

4.1. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʫʭʤʝʨʥʦʡ (2D) ʩʪʨʫʢʪʫʨʳ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʘʟʦʪʝ 

 

ʋʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ 

ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʜʣʷ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʟʨʷʜ ʛʦʨʠʪ ʚ ʨʝʞʠʤʝ 

ʥʦʨʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʤʝʞʜʫ ʜʚʫʤʷ ʧʣʦʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ (ʈʠʩ. 33), ʪʘʢ 

ʯʪʦ ʢʨʘʝʚʳʝ ʵʬʬʝʢʪʳ (ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ)  ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ 

ʩʪʨʫʢʪʫʨʫ.  

 

ʈʠʩ. 33 ʉʭʝʤʘ ʟʘʜʘʯʠ. 

 

ʉʪʨʫʢʪʫʨʘ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʜʠʬʬʫʟʠʦʥʥʦ-

ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪ, ʚʢʣʶʯʘʝʪ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ, ʠ ʫʨʘʚʥʝʥʠʝ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 

div Ŭ( ) ɓe
e e + e

n
E p n n

t

µ
+ = -

µ
ɻ ɻ , (62) 

div Ŭ( ) ɓ+
+ e

n
E p n n

t
+ +

µ
+ = -

µ
ɻ ɻ , (63) 

div(grad )=4́ (e +)n - nj , (64) 
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ɟ =div(ɚgrad )+V

T
c T Q

t

µ

µ
, (65) 

ʝ grade e e eD n nm=- -ɻ E 

+ gradD n nm+ + + +=- -ɻ E, 

ʛʜʝ = -grad , ɖ( ),ʝQ ej += Ö -ɽ j E), j= (ɻ ɻ x, r ï ʦʩʝʚʘʷ ʠ ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʳ, 

T , p  ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ, en , +n  - ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ, E  

ʠ  űï ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʝʛʦ ʧʦʪʝʥʮʠʘʣ, ʝɻ , +ɻ  - 

ʚʝʢʪʦʨʳ ʧʣʦʪʥʦʩʪʝʡ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ, eD , D+  - ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ, em ,m+ - ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ, 

Ŭ Ŭ= ( E p )  ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʘʨʥʦʡ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʥʘʤʠ(ʧʝʨʚʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʊʘʫʥʩʝʥʜʘ), ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥ-ʵʣʝʢʪʨʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ɖ 

ï ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʞʦʫʣʝʚʘ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʥʘ ʥʘʛʨʝʚ ʛʘʟʘ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (62)-(65) ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʘʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (62)-(64) 

ʠʤʝʶʪ ʚʠʜ 

+
e,x +,x

n
= , ɻ =ɔɻ , = , ű= ;

x
x

µ

µ
0 0 0

 

e
+

n
x = H, = , n = , ű=V;

x

µ

µ
0 0

 

= 0, 0;en n
r

r r r

j+µ µ µ
= = =

µ µ µ
 

r = R ,  1) 0en n+= =,  =
V

x
H

j            2) 0;en n

r r r

j+µ µ µ
= = =

µ µ µ
 

ɿʜʝʩʴ g ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥ-ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ, V  ï 

ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ, 
, ,e x x+ɻ ,ɻ - ʧʨʦʝʢʮʠʠ ʧʦʪʦʢʦʚ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʦʩʴ x. 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʚʳʙʨʘʥʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ (62)-(64) ʷʚʣʷʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤʠ. 

ɼʦʧʫʩʪʠʤʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʦʙʩʫʞʜʝʥʘ ʚ ʨʘʙʦʪʘʭ [4], [85], [125]. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ V  ʥʘ ʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʮʝʧʠ. ɺ ʫʩʣʦʚʠʷʭ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʦʯʝʚʠʜʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ  

ʝ

0

Ů-
= 2́ ɻ ( )

0

R
V

r,x= H rdr
eR ñ  

ʂʦʪʦʨʦʝ ʚʳʨʘʞʘʝʪ ʨʘʚʝʥʩʪʚʦ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ e ʩʫʤʤʝ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ 
0

R  ʠ ʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ. ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: 5 ʊʦʨ,p=  Ů 2000ɺ= , 0.1g= , 
0

300 kɋR= , 

11600KeT = , 2 ʩʤH= . 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʦ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʘʟʦʧʣʘʟʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʛʦ 

ʩʪʨʫʢʪʫʨʫ, ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʦʥʠʟʘʮʠʠ Ŭ , 

ʧʦʜʚʠʞʥʦʩʪʝʡ ,  em m+,  ʜʠʬʬʫʟʠʠ ,  eD D+, ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʜʞʦʫʣʝʚʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʥʘ ʥʘʛʨʝʚ ʛʘʟʘ. ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʩʧʦʩʦʙʳ ʠʭ ʨʘʩʯʝʪʘ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

 ɺ ʨʘʩʯʝʪʘʭ ʜʚʫʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʨʷʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ɖ ʥʝ ʠʟʤʝʥʷʣʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʭʦʪʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʪʦ ʥʝ ʪʘʢ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʷʚʣʷʝʪʩʷ 

ʧʘʨʘʤʝʪʨʦʤ ʟʘʜʘʯʠ ʠ ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ 0,5 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʘʤʠ ʠ 

ʦʮʝʥʢʘʤʠ [2], [5], [126], [127], ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʚʦʟʙʫʞʜʝʥʠʷ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʚʫʭʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ ʚ ʪʣʝʶʱʠʭ ʨʘʟʨʷʜʘʭ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʦʮʝʥʢʠ [2], [5], [126], [127] ʧʨʦʚʝʨʷʣʠʩʴ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ 

ʨʘʟʨʷʜʘ, ʢʨʦʤʝ ʧʨʠʵʣʝʢʪʨʦʜʥʳʭ ʩʣʦʝʚ, ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪ 

0.4 0.5hº · . 
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 ʇʨʝʜʳʜʫʱʠʝ ʨʘʩʯʝʪʳ [74] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʝʡ ʜʘʝʪ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢ 

ʚʝʣʠʯʠʥʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ [2]. 

ɺ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʘʟʦʪʝ ʚʙʣʠʟʠ 

ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ (ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʦʛʦ ʨʘʟʨʷʜʘ: ʧʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʛʘʟʦʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ 500 600 ɺVº - , ʧʦʣʥʳʡ ʪʦʢ ʯʝʨʝʟ 

ʨʘʟʨʷʜʥʳʡ ʧʨʦʤʝʞʫʪʦʢ I 4-10 ʤɸº ). ʀʟ ʦʮʝʥʦʢ [2] ʩʣʝʜʫʝʪ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʧʨʦʮʝʩʩʦʤ ʠʦʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʦʥʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ. 

ʇʦʵʪʦʤʫ ʫʯʠʪʳʚʘʝʪʩʷ ʠʤʝʥʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʆʜʥʘʢʦ ʟʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʦʢʘ ʯʝʨʝʟ ʨʘʟʨʷʜ, ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʮʝʩʩʳ ʩʪʫʧʝʥʯʘʪʦʡ ʠʦʥʠʟʘʮʠʠ 

ʤʦʣʝʢʫʣ. 

 

ʈʠʩ. 34 ɿʥʘʯʝʥʠʷ 1-ʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʊʘʫʥʩʝʥʜʘ ʚ ʜʠʘʧʘʟʦʥʝ E p , 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʪʦʣʙʘ (a) ʠ ʢʘʪʦʜʥʦʛʦ ʩʣʦʷ (b): 1- ʜʘʥʥʳʝ 

BOLSIG, 2 ï ʘʧʧʨʦʢʩʠʤʘʮʠʷ [84] ʚ ʚʠʜʝ (66), 3-ʘʧʧʨʦʢʩʠʤʘʮʠʷ [84] ʚ ʚʠʜʝ (67), 4 

ï ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ [88]. 

ʇʦʵʪʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʚʭʦʜʷʱʠʝ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ, ʟʘʜʘʚʘʣʠʩʴ ʚ ʚʠʜʝ: 

54.4 10 ,epm = ³  
2

3 ʊʦʨ×ʩʤ1.45 10  ,
ɺ×ʩ

pm+ = ³  
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3
7 ʩʤ2 10 .
ʩ

-b= ³    

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʦʥʠʟʘʮʠʠ (1-ʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʊʘʫʥʩʝʥʜʘ)  

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ, ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʛʣʘʚʝ 1, ʘ ʪʘʢʞʝ ʧʦ ʧʨʦʛʨʘʤʤʝ 

Bolsig+[84]. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʚʫʭʤʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

[84] ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ :  

1
Ŭ

exp(f ( )), (ʩʤʊʦʨ)E N
p

-=  , ʛʜʝ 
6

0

f ( ) n

n

n

x a x
=

=ä , ʧʨʠ 950,  ʊʜ
E

N
<  ʠ  

6
1

0

Ŭ
, (ʩʤ ʊʦʨ)

n

n

n

E
a

p p

-

-

=

å õ
=  Öæ ö

ç ÷
ä , ʧʨʠ 950,  ʊʜ

E

N
>  (66) 

ɿʜʝʩʴ N  - ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʘ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ na  ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣ. 21. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʨʘʙʦʪʘʭ [47,50] ʜʣʷ ʨʘʩʯʝʪʘ ʜʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ: 

1Ŭ
exp (ʩʤ ʊʦʨ) ,

B
A

p E p

-å õ
= -  Öæ ö

ç ÷
ʛʜʝ:

 

1
ɺ

12 (ʩʤ ʊʦʨ) , 342 .
ʩʤ ʊʦʨ

A B-=  Ö =  
Ö

 (67) 

ʊʘʙʣ. 21. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ (66) 1-ʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʊʘʫʥʩʝʥʜʘ. 

 
62 ʊʜ

E

N
<  62 100 ʊʜ

E

N
< <  100 950 ʊʜ

E

N
< <  950 ʊʜ

E

N
>  

6a  -2,16E-07 -6,28E-08 -6,88E-14 2,32719E+13 

5a  3,04E-05 1,07E-05 8,90E-11 -1,3273E+12 

4a  -1,74E-03 -7,60E-04 -4,60E-08 3,10E+10 

3a  5,20E-02 2,80E-02 1,21E-05 -3,83E+08 

2a  -9,00E-01 -6,22E-01 -2,00E-03 1,36E+07 

1a  8,42E+00 7,34E+00 1,14E-01 -5,56E+04 

0a  -37,29 -39,75 -3,29 22 
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ʕʪʠ ʟʥʘʯʝʥʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [88]. ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʦʥʠʟʘʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ (66) ʠ ʧʦ ʧʨʦʛʨʘʤʤʝ [84], ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 34. 

ʉʨʘʚʥʝʥʠʝ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʪʠʧʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʢʘʪʦʜʥʦʤ ʩʣʦʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʩʪʦʣʙʝ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʠʦʥʠʟʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʦʙ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, ʚʢʣʶʯʘʷ 

ʧʨʠʵʣʝʢʪʨʦʜʥʳʝ ʩʣʦʠ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʪʦʣʙ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʦʣʴʢʦ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝ ʫʜʘʝʪʩʷ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦ ʥʘʛʨʝʚʝ ʛʘʟʘ ʚ ʨʘʟʨʷʜʝ ʠ 

ʟʘʩʝʣʝʥʥʦʩʪʷʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʳʭ ʤʦʜʝʣʷʭ ʨʘʟʨʷʜʘ (62)-(64) ʥʘʛʨʝʚ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ ʫʜʘʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ɖ, ʟʘʜʘʶʱʫʶ 

ʜʦʣʶ ʜʞʦʫʣʝʚʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, ʠʜʫʱʫʶ ʚ ʥʘʛʨʝʚ ʛʘʟʘ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʚʝʣʠʯʠʥʘ 

( )1 ɖd= -  ʟʘʜʘʝʪ ʜʦʣʶ ʵʥʝʨʛʠʠ, ʠʜʫʱʫʶ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ.  

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʜʘʥʥʳʭ [84] ʚ ʚʠʜʝ (66) ʜʘʝʪ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ A ʠ B , 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʊʘʙʣ. 22. 

 

ʊʘʙʣ. 22. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ (67) 1-ʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʊʘʫʥʩʝʥʜʘ. 

 
72 ʊʜ

E

N
<  72 200 ʊʜ

E

N
< <  200 2400 ʊʜ

E

N
< <  

1, (ʩʤ ʊʦʨ)A - Ö  11,77 7,6312 16,89 

ɺ
,
ʩʤ ʊʦʨ

B 
Ö

 
289,49 281,87 372,15 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʈʘʩʯʝʪʳ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʛʝʦʤʝʪʨʠʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʈʠʩ. 33. 

ʈʘʩʯʝʪ ʜʚʫʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʧ. 1) ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪ 
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ʜʦʣʠ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʠ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʜʚʫʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʨʘʟʨʷʜʘ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ɹʦʣʴʮʤʘʥʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʣʝʶʱʠʡ ʨʘʟʨʷʜ, ʛʦʨʷʱʠʡ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʘʟʦʪʝ. ɺ 

ʨʘʩʯʝʪʘʭ ʟʘʜʘʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ: Ů 2000ɺ= , 0.1g= , 
0

300 kɋR= , 

11600KeT = , 2 ʩʤH= . ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʨʘʟʥʳʭ ʜʘʚʣʝʥʠʷʭ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʥʘʛʨʝʚʘ. ʉʥʘʯʘʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ 

ʩʪʨʫʢʪʫʨʘ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 1-ʛʦ 

ʢʦɻʬʬʠʮʠʝʥʪʘ ʊʘʫʥʩʝʥʜʘ (67), ʟʘʪʝʤ ï ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʩ ʫʯʝʪʦʤ ʨʝʰʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ (66). 

 

ʈʠʩ. 35 ʉʪʨʫʢʪʫʨʘ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʨʠ p=5 ʊʦʨ, Ů=2 ʢɺ; ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʵʣʝʢʪʨʦʥʦʚ (a) ʠ ʠʦʥʦʚ (b), ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʥʝʩʝʥʘ ʢ 109 ʩʤ-3. 
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ʈʠʩ. 36 ʉʪʨʫʢʪʫʨʘ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʨʠ p=10 ʊʦʨ, Ů=2 ʢɺ; ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʵʣʝʢʪʨʦʥʦʚ(a) ʠ ʠʦʥʦʚ(b), ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʥʝʩʝʥʘ ʢ 109 ʩʤ-3. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʳ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʨʠ 5p=  ʠ 10p=  ʊʦʨ 

ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 35 ʠ ʈʠʩ. 36. ɺʣʠʷʥʠʝ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʦʥʠʟʘʮʠʠ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʨʠ 5p=  ʠ 10p=  ʊʦʨ. ʥʘʛʣʷʜʥʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʈʠʩ. 37 ʠ ʈʠʩ. 38, ʛʜʝ ʜʘʥʳ ʨʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʣʦʪʥʦʩʪʝʡ ʪʦʢʘ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʠ ʦʩʝʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚʜʦʣʴ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʜʠʬʬʫʟʠʦʥʥʦ-

ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʪʨʫʢʪʫʨʝ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ: ʫʤʝʥʴʰʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘ ʘʥʦʜʝ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʢʘʪʦʜʝ, 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʨʘʜʠʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, ʫʤʝʥʴʰʘʝʪʩʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚʦ ʚʩʝʤ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ (ʧʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʘʥʦʜʘ ʢ ʢʘʪʦʜʫ), 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ ʚ ʢʘʪʦʜʥʦʤ 

ʩʣʦʝ. 

 

ʈʠʩ. 37 ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘ ʢʘʪʦʜʝ (ʩʧʣʦʰʥʳʝ ʣʠʥʠ) ʠ ʘʥʦʜʝ (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) 

ʧʨʠ p=10 ʊʦʨ (a) ʠ p=5 ʊʦʨ (b): 1-ʙʝʟ ʫʯʝʪʘ ʥʘʛʨʝʚʘ, ʜʘʥʥʳʝ (67); 2 ï ʙʝʟ ʫʯʝʪʘ 

ʥʘʛʨʝʚʘ, ʜʘʥʥʳʝ (66); 3 ï ʩ ʫʯʝʪʦʤ ʥʘʛʨʝʚʘ ʠ ʜʘʥʥʳʭ(67); 4 ï ʩ ʫʯʝʪʦʤ ʥʘʛʨʝʚʘ ʠ 

ʜʘʥʥʳʭ(66). 

 

ʈʠʩ. 38 ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ(ʩʧʣʦʰʥʳʝ ʣʠʥʠ) ʠ ʵʣʝʢʪʨʦʥʦʚ(ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) 

ʧʨʠ p=5 ʊʦʨ (a) ʠ p=10 ʊʦʨ (b): 1-ʙʝʟ ʫʯʝʪʘ ʥʘʛʨʝʚʘ, ʜʘʥʥʳʝ (67); 2 ï ʙʝʟ ʫʯʝʪʘ 

ʥʘʛʨʝʚʘ, ʜʘʥʥʳʝ (66); 3 ï ʩ ʫʯʝʪʦʤ ʥʘʛʨʝʚʘ ʠ ʜʘʥʥʳʭ(67); 4 ï ʩ ʫʯʝʪʦʤ ʥʘʛʨʝʚʘ ʠ 

ʜʘʥʥʳʭ(66). 

ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʩʪʦʯʥʠʢʦʤ ʥʘʛʨʝʚʘ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʜʞʦʫʣʝʚʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʘʛʨʝʚʦʤ ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʟʘ ʩʯʝʪ 
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ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʦʣʝʢʫʣ ʩ ʵʣʝʢʪʨʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʵʥʝʨʛʠʶ ʦʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

 

ʈʠʩ. 39 ʕʥʝʨʛʠʷ, ʠʜʫʱʘʷ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ(ʘ) ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ 

ʤʦʣʝʢʫʣ (b): 1 ï ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʦʚʥʠ, 2 ï ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʫʨʦʚʥʠ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, 3 ï ʩʫʤʤʘ ʚʩʝʭ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ. 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʪʨʘʪʠʪʩʷ ʥʘ 

ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ. ɼʦʣʷ ʵʪʦʡ ʵʥʝʨʛʠʠ 

ʥʘʭʦʜʠʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ. ʆʯʝʚʠʜʥʦ ʪʘʢʞʝ, ʯʪʦ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʟʦʥʘʭ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʜʞʦʫʣʝʚʘ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʠ ʵʥʝʨʛʠʝʡ, ʠʜʫʱʝʡ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ  ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ, ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤ (ʈʠʩ. 39). ʅʘ ʈʠʩ. 40 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʚʜʦʣʴ ʦʩʠ 

ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ɖ. 
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ʈʠʩ. 40 ʇʨʦʬʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ɖ: 1 ï ɖ=0.5, 2 - 

ɖ=0.4 

ʈʘʩʯʝʪ ʜʦʣʠ ʵʥʝʨʛʠʠ, ʠʜʫʱʝʡ ʚ ʜʞʦʫʣʝʚ ʥʘʛʨʝʚ, ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʤʝʪʦʜʠʢʝ: ʩʥʘʯʘʣʘ ʚʳʧʦʣʥʷʣʩʷ ʨʘʩʯʝʪ ʧʨʦʛʨʘʤʤʦʡ BOLSIG+ ʯʘʩʪʦʪ ʥʝʫʧʨʫʛʠʭ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʘʟʦʪʘ,

 
()() 1 2

0

0

f d , (2 )k kk u u u u e mg s g
¤

= =ñ     

ʛʜʝ e  , m- ʟʘʨʷʜ ʠ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, ()k us  - ʩʝʯʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ 
2

N , k ï ʥʦʤʝʨ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ, ʠʣʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʫʨʦʚʥʷ, ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʥʦʨʤʠʨʦʚʘʥʘ ʫʩʣʦʚʠʝʤ: 

()1 2

0

1u f u du

¤

=ñ , 

ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʵʥʝʨʛʠʷ, ʟʘʧʘʩʘʝʤʘʷ ʚ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʷʭ 

(ʫʯʠʪʳʚʘʣʦʩʴ 8 ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ) ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ: 

,k

exit k kE Nnk u=  
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k

exit

k

E

d=
Ö

ä

j E
 

ʛʜʝ n, N ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ  ʤʦʣʝʢʫʣ ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ, ku - ʧʦʨʦʛʦʚʘʷ 

ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʝʥʠʷ k-ʛʦ (ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʠʣʠ ʵʣʝʢʪʨʦʥʥʦʛʦ) ʫʨʦʚʥʷ. 

ʅʘ ʈʠʩ. 39ʘ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ, ʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦ-

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʜʦʣʴ ʦʩʠ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. ʅʘ ʈʠʩ. 39ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ 

ʥʦʨʤʘʣʴʥʦʛʦ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʦ-

ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ.  

ɺʠʜʥʦ, ʯʪʦ ʚ ʢʘʪʦʜʥʦʤ ʩʣʦʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʪʨʘʪʠʪʩʷ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʜʦʣʠ ʵʥʝʨʛʠʠ, 

ʠʜʫʱʝʡ ʚ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʥʘʭʦʜʷʪʩʷ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʛʣʘʩʠʠ ʩ 

ʜʘʥʥʳʤʠ [26]. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ  ʵʣʝʢʪʨʦʥʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 
2

N . ʅʘ ʈʠʩ. 41 ʜʘʥʳ 

ʦʩʝʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʥʦ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʩʦʩʪʦʷʥʠʷ 3 +

u
A Ɇ. ɺʠʜʥʦ, ʯʪʦ ʚ 

ʢʘʪʦʜʥʦʤ ʩʣʦʝ ʥʘʠʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ ʪʨʘʪʠʪʩʷ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 
3CɄ, ʘ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
3

gBɄ . 
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ʈʠʩ. 41 ʕʥʝʨʛʠʷ, ʟʘʧʘʩʘʝʤʘʷ ʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʷʭ 

2
N :

3 3 3 1 3 + 1

ug1 - BɄ , 2 - Wȹ, 3 - CɄ,  4 - AɄ, 5 - AɆ(5 9), 6 - Wȹ,v= -  

3 + 3 1 3 + 3 1

u u
7 - AɆ (v 10), 8 - Ɇ, 9 - A Ɇ, 10 - AɆ(v 10),  11 - Eȹ, 12 - A ɆB¡ ¡ ¡¡> >  
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4.2. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʫʭʤʝʨʥʦʡ (2D) ʩʪʨʫʢʪʫʨʳ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʦʜʦʨʦʜʝ 
 

ʇʦʫʨʦʚʥʝʚʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʢʠʥʝʪʠʢʘ 

ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʢʠʥʝʪʠʢʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ( )1
2H Ɇ ,gX v+  (ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʟʥʘʯʝʥʠʝ ( )2H ,X v ) ʦʧʠʩʳʚʘʝʪʩʷ 

ʤʦʜʝʣʴʶ ʧʦʫʨʦʚʥʝʚʦʡ ʢʠʥʝʪʠʢʠ ʘʥʛʘʨʤʦʥʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʧʨʦʮʝʩʩʳ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʥʥʳʤ 

ʫʜʘʨʦʤ, (eV) ʠ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʳʡ (VV) ʠ ʢʦʣʝʙʘʪʝʣʴʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ (VT) ʵʥʝʨʛʦʦʙʤʝʥ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʦʜʥʦʢʚʘʥʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ: 

( )
( ) ( )

( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( )[ ]

2
2 2

1
2 2 2 1

1 1
2 2 1 2 2 1

1
2 2 1 2 2

H
H H

H H 1 H

H 1 H H H

H H 1 H 1 H

, vib vib
, ,e w e w

w w

vib vib w ,w
, , ,e w w n ,

w w w 0

w,w w,w
, , , ,, ,

w w

w ,w
, , ,,

m

d X
n X w n X w

dt

n X k X X w

X X w X X w

X X w X

k k

k K

K K

K

u u
u u

u u u
u u

u u uu

uu

u

u u

u u

u u

­ ­

< >

+
­ ­ -

< > >

+ +
+ -

-
+

= + -

å õ
- + + - +æ ö

ç ÷

+ + - -

- + + -

ä ä

ä ä ä

ä ä

ä

( )[ ] ( )[ ] ( )[ ]

1

2 2 1 2 1 2 2 1H 1 H H H H H

,

, , ,, 2 , ,X X X ,

P

P P P

u u

u u uu uuu u u

-

+ - +

+

+ + - -
 

ʛʜʝ n  ʠ w  ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ, [ ]2H  ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ 

ʚʦʜʦʨʦʜʘ. ʈʘʟʣʠʯʥʳʝ ʢʘʥʘʣʳ ʵʥʝʨʛʦʦʙʤʝʥʘ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʩʠʤʚʦʣʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

( ) ( )2 2e-V:     H H, ,e X e X wu+ ª +   

( ) ( ) ( ) ( )V-V:     H H H H, , , ,2 2 2 2X X w X 1 X w 1u u+ ª - + +  

( ) ( )2 2 2 2V-T:     H H H 1 H, ,X Xu u+ ª - +   

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʜʝʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 14 ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ. ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʘʢ ʩʚʝʨʪʢʘ 
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ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʌʈʕʕ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʝʯʝʥʠʝʤ 

ʨʘʩʩʝʷʥʠʷ. 

ɼʣʷ VT ʧʨʦʮʝʩʩʦʚ: 

() ( ) ( )

() ()
( )

() ()
( )

e e
1, 1,0 VT

e e e
, 1 1,

e e

e e e
0,1 1,0

hc
T 1 exp exp ,

kT

2 hc
T T exp

kT

2 hc
exp ,

kT

2 hc
T T exp ,

kT

P P

P P

P P

u u

uu u u

u w c
u ud

w w c

u w c

w w c

+

+ +

å õ
= + -æ ö

ç ÷

å õ-
= - ³æ ö

ç ÷

å õ
³ -æ ö

ç ÷

å õ-
= -æ ö

ç ÷

 

VT 0.87d =

 
3cm

  
s

-16
1,0 4.61×10 ,P =  

ɼʣʷ VV ʧʨʦʮʝʩʩʦʚ: 

( )( ) ( )

( )

w,w 1 0,1
1, 1,0 VV

e e
VV

w 1 1 exp w

hc3 1
exp w exp w ,

2 2 kT

K Ku u u d u

w c
d u u

+
+ = + + - - ³

å õè ø
- - - -æ öé ù

ê ú ç ÷

 

( )w 1,w w,w 1 e e
, 1 1,

2 w hc
exp ,

kT
K Kuu u u

u w c+ +
+ +

å - õ
= æ ö

ç ÷
 

VV 1.06,d =  

3
0,1
1,0

cm
 

s

133.9 10 ,K -º ³ . 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʢʠʥʝʪʠʢʫ ʠʦʥʠʟʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʛʘʟʦʚʦʤ ʨʘʟʨʷʜʝ 

ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ: ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ ʩ ʫʯʝʪʦʤ ʧʨʷʤʳʭ ʠ ʩʪʫʧʝʥʯʘʪʳʭ ʤʝʭʘʥʠʟʤʦʚ, VV- ʠ VT- 

ʧʝʨʝʭʦʜʳ ʚ ʤʦʣʝʢʫʣʝ, ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ 

(ʧʨʦʪʝʢʘʶʱʠʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʦʚ  ( )+ 2
2H ɆgX +

 ʠ ( )+ 2
2H ɆuX +

) ʠ ʩʪʫʧʝʥʯʘʪʫʶ 
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ʜʠʩʩʦʮʠʘʮʠʶ ʤʦʣʝʢʫʣʳ ʦʩʥʦʚʥʦʛʦ ʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʨʝʢʦʤʙʠʥʘʮʠʶ ʠ 

ʢʦʥʚʝʨʩʠʶ ʠʦʥʦʚ, ʧʨʦʮʝʩʩʳ ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ ʠʦʥʠʟʘʮʠʠ, ʨʝʘʢʮʠʠ ʪʷʞʝʣʳʭ 

ʯʘʩʪʠʮ (ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ). 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʨʘʙʦʪʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʫʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. 

ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʜʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʛʝʦʤʝʪʨʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʟʨʷʜ ʛʦʨʠʪ ʚ ʨʝʞʠʤʝ ʥʦʨʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʪʦʢʘ ʤʝʞʜʫ ʜʚʫʤʷ ʧʣʦʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʪʘʢ ʯʪʦ ʛʨʘʥʠʯʥʳʝ ʵʬʬʝʢʪʳ ʚ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʘʟʨʷʜʘ.  

ʉʪʨʫʢʪʫʨʘ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪ. ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ, ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʢʘʤʝʨʝ, ʘ ʪʘʢʞʝ ʟʘʢʦʥ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

 

,  (68) 

,  (69) 

,  (70) 

,  (71) 

, 

 

ʛʜʝ x,r ʘʢʩʠʘʣʴʥʘʷ ʠ ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʳ;

,  ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ; and  ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ; 

 and  ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʝʛʦ ʧʦʪʝʥʮʠʘʣ; ,  

ʚʝʢʪʦʨʳ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ; ,  ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ 
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ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ; ,  ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ;  

ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʘʨʥʦʡ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʥʘʤʠ (1-ʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʊʘʫʥʩʝʥʜʘ); ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥ-ʵʣʝʢʪʨʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ;  ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ɼʞʦʫʣʝʚʘ ʪʝʧʣʘ ʥʘ ʥʘʛʨʝʚ ʛʘʟʘ. 

 ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ (68)ï(71) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʨʪʦʛʦʥʘʣʴʥʘʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (68)ï(70) 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

 

 

,  1) ,   

ʠʣʠ 2)  

ɿʜʝʩʴ,  ʢʦʵʬʬʠʮʠʝʥʪ ʚʪʦʨʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ,  

ʧʘʜʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʛʘʟʦʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ;, 

 ʧʨʦʝʢʮʠʠ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʥʘ ʦʩʴ x. 

 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʦʥʠʟʘʮʠʠ (1ʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʊʘʫʥʩʝʥʜʘ), 

ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʜʠʬʬʫʟʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 
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ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʛʘʟʘ, ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʝʯʝʥʠʝ 

ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʘʭ, ʩʝʯʝʥʠʝ ʠʦʥʠʟʘʮʠʠ, ʵʥʝʨʛʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚ eV,  ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ,  

ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ,  ʠ  ʟʘʨʷʜ ʠ ʤʘʩʩʘ 

ʵʣʝʢʪʨʦʥʘ. 

ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʨʝʰʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ, ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ, ʠʟʣʦʞʝʥʥʦʡ ʥʠʞʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʯʠʪʳʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʪʝʨʤʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʜʘʚʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ: 
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ʂʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ 

ʂʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʨʝʰʘʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʌʈʕʕ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ 

ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ [96], [128]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ ʨʝʰʘʝʪʩʷ ʚ ʜʚʫʯʣʝʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʧʨʠʙʣʠʞʝʥʠʝ ʃʦʨʝʥʮʘ): 

,  (72) 

 

 

ʛʜʝ ;  - ʩʢʦʨʦʩʪʴ, ʟʘʨʷʜ ʠ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ; ʤʘʩʩʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ;,  - ʟʘʩʝʣʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʦ- ʠ ʢʦʣʝʙʘʪʝʣʴʥʦ- ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ; - ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ;  - ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ;  - 

ʩʝʯʝʥʠʝ ʥʝʫʧʨʫʛʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʩʥʦʚʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʨʦʚʥʷ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣ 

ʚʦʜʦʨʦʜʘ;,  - ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ; ,  - ʩʫʤʤʘʨʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʫʧʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʤʦʣʝʢʫʣ. ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʝʤ: 
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ʉʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʚʦʟʙʫʞʜʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʦʪʥʦʰʝʥʠʷ ʂʣʝʡʥʘ-ʈʦʩʩʝʣʘʥʜʘ, ʚʳʨʘʞʘʶʱʝʛʦ ʧʨʠʥʮʠʧ ʜʝʪʘʣʴʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʩʦʫʜʘʨʝʥʠʡ 1ʛʦ ʠ 2ʛʦ ʨʦʜʘ: 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʪʨʘʪʠʪʩʷ ʥʘ 

ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ. ɼʦʣʷ ʵʪʦʡ ʵʥʝʨʛʠʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ. ʆʯʝʚʠʜʥʦ 

ʪʘʢʞʝ, ʯʪʦ ʜʦʣʷ ʵʥʝʨʛʠʠ, ʚʣʦʞʝʥʥʦʡ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ɼʞʦʫʣʝʚʫ ʥʘʛʨʝʚʫ ʛʘʟʘ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ ʚ ʨʘʟʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ.  

ʈʘʩʯʝʪ ʜʦʣʠ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ, ʚʳʧʦʣʥʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʠ: ʩʥʘʯʘʣʘ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʥʝʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʤʦʣʝʢʫʣʘʤʠ, ʟʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʚʦ ʚʩʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʢ ɼʞʦʫʣʝʚʫ ʪʝʧʣʫ: 

1. ʂʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ: 

  (73) 

 

 

2. ʕʣʝʢʪʨʦʥʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ: 
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ʈʠʩ. 42 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ (ʜʣʷ 

ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʌʈʕ) ʠ ʚʝʣʠʯʠʥʳ ʧʨʠʚʝʜʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʜʣʷ 

ʌʈʕ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ) ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ ʚ ʨʝʘʢʮʠʠ ( ) ( )1 + 2
2 2H Ɇ H Ɇg i gX ,v e X e+ ++ ­ +. 

  
ʈʠʩ. 43 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ (ʜʣʷ 

ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʌʈʕ) ʠ ʚʝʣʠʯʠʥʳ ʧʨʠʚʝʜʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʜʣʷ ʌʈʕ, 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣʳ 

ʚʦʜʦʨʦʜʘ ʚ ʨʝʘʢʮʠʠ( ) ( ) ()1 + 2
2 2H Ɇ H Ɇ 2 H 1s H 2g i gX ,v e X e e+ + ++ ­ + ­ + +. 
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ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʘʢ 

ʩʚʝʨʪʢʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʝʯʝʥʠʝʤ ʨʘʩʩʝʷʥʠʷ. ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʠ ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʌʈʕʕ (ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 42 - ʈʠʩ. 44.
 

  

ʈʠʩ. 44 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ (ʜʣʷ 

ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʌʈʕ) ʠ ʚʝʣʠʯʠʥʳ ʧʨʠʚʝʜʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʜʣʷ ʌʈʕ, 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣʳ 

ʚʦʜʦʨʦʜʘ ʚ ʨʝʘʢʮʠʠ ( ) ( ) ()1 + 2
2 2H Ɇ H Ɇ 2 H 1s H 2g i uX ,v e X e e+ + ++ ­ + ­ + +. 
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ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʫʨʦʚʥʝʚʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ʈʠʩ. 45 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ  

p = 10 ʊʦʨʨ, E =1 ʢɺ, g = 0.33, H =2 ʩʤ. 

 

ʈʠʩ. 46 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ  p = 3 ʊʦʨʨ, 

E =1 ʢɺ, g = 0.33, H =2 ʩʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʫʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ ʧʨʠ ʜʘʚʣʝʥʠʷʭ and Torr ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 45 - ʈʠʩ. 46 ʠ ʈʠʩ. 

48 - ʈʠʩ. 51. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʨʘʜʠʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʩʪʦʣʙʘ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʊʘʢʞʝ ʨʘʩʪʝʪ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠ 

p 3= p 10=
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ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. 

 

ʈʠʩ. 47 ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʦʪ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ). 

 

ʈʠʩ. 48 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 1ʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʊʘʫʥʩʝʜʘ  (Na ) ʚ  

ʤ2. 

ʅʘ ʈʠʩ. 47 ʠ ʈʠʩ. 48 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 1ʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʘʫʥʩʝʥʜʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥʠʟʘʮʠʠ), ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ, ʘ ʪʘʢʞʝ ʜʘʥʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ 
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ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. ʅʘ ʨʠʩʫʥʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥʠʟʘʮʠʠ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ ʚʳʰʝ ʚ ʦʙʣʘʩʪʠ ʢʘʪʦʜʥʦʛʦ ʩʣʦʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʩʪʦʣʙʦʤ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ 

ʷʚʣʷʝʪʩʷ ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʦʡ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ ʧʦ ʢʦʣʝʙʘʪʝʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʷʤ ʥʝ ʙʦʣʴʮʤʘʥʦʚʩʢʦʝ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪ ʧʣʘʟʤʳ 

ʜʘʥʳ ʥʘ ʈʠʩ. 49 - ʈʠʩ. 55.  

 

ʈʠʩ. 49 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ (eV). 

 

ʈʠʩ. 50 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ H 

(ʤ-3). 
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ʈʠʩ. 51 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ H+ 

(ʤ-3). 

ʅʘ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʨʘʚʥʘ 

 ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʠ  

ʢʘʪʦʜʥʦʤ ʩʣʦʝ. ʆʩʥʦʚʥʳʤ ʠʦʥʦʤ ʚ ʧʣʘʟʤʝ ʷʚʣʷʝʪʩʷ . ʉʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ 

ʨʘʚʥʘ . ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʩ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ () ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ (ʈʠʩ. 55). ʅʘ ʈʠʩ. 52 ʠ ʈʠʩ. 53 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʨʘʙʦʪʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ 

ʘʪʦʤʦʚ , ʘʪʦʤʘʨʥʳʭ   ʠʦʥʦʚ. ɼʘʥʥʳʝ ʨʠʩʫʥʢʠ ʪʘʢʞʝ ʠʣʣʶʩʪʨʠʨʫʶʪ ʚʣʠʷʥʠʝ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʜʘʥʥʳʭ ʛʨʘʬʠʢʘʭ, 

ʧʦʣʫʯʝʥʳ ʜʣʷ ʟʥʘʯʝʥʠʡ ʧʨʠʚʝʜʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʪʦʣʙʘ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ (). ʆʩʥʦʚʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ  ʷʚʣʷʝʪʩʷ ʠʦʥʠʟʘʮʠʷ 

ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ. 85% ʚʩʝʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚ ʧʣʘʟʤʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʠʟ ʦʩʥʦʚʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 9% ʩ 1ʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ, 

ʠ 6% ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʠʦʥʠʟʘʮʠʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ 

ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ.  
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ʈʠʩ. 52 ɼʦʣʷ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ H  ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʠʟ ʨʘʟʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚ ʨʝʘʢʮʠʠ
 ( ) ( ) () ()1 1

2 2H Ɇ H Ɇ H 1s H 2lg i uX ,v e B e e+ ++ ­ + ­ + +. 

 

ʈʠʩ. 53 ɼʦʣʷ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ H+ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʠʟ ʨʘʟʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚ ʨʝʘʢʮʠʠ( ) ( ) ()1 + 2
2 2H Ɇ H Ɇ 2 H 1s H 2g i gX ,v e X e e+ + ++ ­ + ­ + +. 

ʆʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ, ʷʚʣʷʝʪʩʷ ʜʠʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣʳ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, ʧʨʦʪʝʢʘʶʱʘʷ 

ʯʝʨʝʟ ʚʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʨʦʚʥʷ . ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 18% 

ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ, ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʘʢʮʠʷʭ ʩ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʦʨʦʜʘ.  
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ʈʠʩ. 54 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʣʝʙʘʪʝʣʴʥʦ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ H2 ʜʣʷ =1u  (m-3). 

 

ʈʠʩ. 55 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʣʝʙʘʪʝʣʴʥʦ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ H2 ʜʣʷ =5u  (m-3). 

 

 

4.3. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʦʜʦʨʦʜʝ 

 

ʋʨʘʚʥʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ (ʄɼɼʄ) 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ ʬʦʨʤʫʣʠʨʫʶʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʢʪʨʦʥʦʚ  ʠ 
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ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ , ʘ ʪʘʢ ʞʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʣʷ j, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ  

, (74) 

, (75) 

, (76) 

ʛʜʝ  

,   ,   , (77) 

 ʠ  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʦʥʠʟʘʮʠʠ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ;  - ʧʣʦʪʥʦʩʪʠ 

ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ;  - ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʠʦʥʦʚ;  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ. 

 ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʩʝʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʢʘʟʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ:  

, (78) 

, (79) 

, (80) 

ʛʜʝ 

, , ,  (81) 

,  , , (82) 

, .  

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʚ ʫʨʘʚʥʝʥʠʷ 
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ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʝʡ (78) ʠ (79), ʧʦʣʫʯʠʤ 

, (83) 

, (84) 

ʛʜʝ  . (85) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʚʝʜʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ  ʠ , ʢʦʪʦʨʳʝ ʚ ʤʦʜʝʣʠ (81) ʠ (82), 

ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 , ,  (86) 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʚ ʬʠʟʠʢʝ ʧʣʘʟʤʳ ʠ ʥʘʟʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʍʦʣʣʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʝʡ.  

ʂʦʵʬʬʠʮʠʝʥʪʳ  ʠ  ʚ (86) ʷʚʣʷʶʪʩʷ ʣʘʨʤʦʨʦʚʩʢʠʤʠ 

ʯʘʩʪʦʪʘʤʠ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

, (87) 

, (88) 

, (89) 

, (90) 

, (91) 

, (92) 

. (93) 
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 ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʥʝʢʦʪʦʨʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʦʣʞʥʳ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ ʜʣʷ ʫʯʝʪʘ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʨʝʘʣʴʥʦʡ ʨʘʟʨʷʜʥʦʡ 

ʢʘʤʝʨʳ.  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʫʩʣʦʚʠʷʤ (89), ʚ ʦʙʣʘʩʪʠ ʪ.ʥ. çʤʝʥʠʩʢʘè 

ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʢʘʤʝʨʳ. ʊʨʝʙʫʶʪ ʩʚʦʝʛʦ ʫʪʦʯʥʝʥʠʷ ʫʩʣʦʚʠʷ (91) ʠ (92). 

ɻʨʫʙʳʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʟʘʤʝʜʣʝʥʠʶ ʯʠʩʣʝʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʪʳʩʢʘʥʠʷ ʨʝʰʝʥʠʷ, ʥʦ ʪʘʢʞʝ ʢ ʝʛʦ 

ʨʘʩʭʦʜʠʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʜʘʞʝ ʧʨʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ ʞʝʣʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʫʤʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʧʨʘʚʠʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʩʝʛʦ ʨʘʟʨʷʜʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪʩʷ, ʝʩʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ. 

 ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ ʙʝʟ ʫʯʝʪʘ ʥʘʛʨʝʚʘ ʛʘʟʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʟʘʤʳʢʘʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ:  

, ʩʤ2/(ɺĿʩ) (94) 

, ʩʤ2/(ɺĿʩ)  (95) 

,  ʩʤ2/ʩ  (96) 

 , ʩʤ2/ʩ  (97) 

ʛʜʝ  - ʜʘʚʣʝʥʠʝ ʚ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʠʦʥ-ʵʣʝʢʪʨʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʠʥʷʪʳ ʧʦʩʪʦʷʥʥʳʤʠ: 

ʩʤ3/ʩ, K. (98) 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʦʥʠʟʘʮʠʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 1-ʡ ʢʦʵʬʬʠʮʠʝʥʪ ʊʘʫʥʩʝʥʜʘ) ʟʘʜʘʝʪʩʷ 

ʚ ʚʠʜʝ 

, ʩʤ-1,  (99) 
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ʛʜʝ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ  (100) 

ʛʜʝ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ . (101) 

ɸʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʧʝʨʚʦʡ ʬʦʨʤʫʣʝ ʊʘʫʥʩʝʥʜʘ ʩʧʨʘʚʝʜʣʠʚʳ 

ʚ ʜʠʘʧʘʟʦʥʝ ʧʨʠʚʝʜʝʥʥʳʭ ʧʦʣʝʡ [100,600] ɺ/(ʩʤĿʪʦʨʨ) ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʘʟʦʪʘ ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʧʨʠʚʝʜʝʥʥʳʭ ʧʦʣʝʡ [150,600] ɺ/(ʩʤĿʪʦʨʨ) ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ. 

ʋʨʘʚʥʝʥʠʷ ʨʝʰʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʝʤ ʚʥʝʰʥʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, 

ʢʦʪʦʨʦʝ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʤʝʝʪ ʚʠʜ 

, 

ʛʜʝ  - ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ;  - ʧʦʣʥʳʡ ʪʦʢ ʯʝʨʝʟ ʨʘʟʨʷʜʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ; E - ʕɼʉ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ;  - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʥʝʰʥʝʡ ʮʝʧʠ. 

 ʇʦʧʳʪʢʘ ʧʨʠʤʝʥʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ ʚ ʫʩʣʦʚʠʷʭ, 

ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʪʠʧʠʯʥʳʭ ʛʘʟʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʪʨʫʙʢʘʭ (ʩʤ., ʥʘʧʨʠʤʝʨ, 

[129]) ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, 

ʩ ʥʘʨʫʰʝʥʠʝʤ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʳʭ ʤʦʜʝʣʝʡ ʧʨʠ 

ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ (ʧʦʨʷʜʢʘ 1 ʤʪʦʨʨ). ɺ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦ-

ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ ʚʚʦʜʷʪʩʷ ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʧʦʜʚʠʞʥʦʩʪʝʡ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʥʦʚʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʣʷ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (83), (84). 

 ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʠʦʥʦʚ ʧʨʠ ʙʦʣʴʰʠʭ ʧʨʠʚʝʜʝʥʥʳʭ ʧʦʣʷʭ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ [130] 

,  (102) 

ʛʜʝ  - ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ, , - ʤʘʩʩʘ ʠʦʥʘ ʠ ʤʦʣʝʢʫʣ ʬʦʥʦʚʦʛʦ ʛʘʟʘ. 
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ʇʝʨʝʬʦʨʤʫʣʠʨʦʚʢʘ ʩʦʦʪʥʦʰʝʥʠʷ (102) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʝʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ ʠʦʥʦʚ ʦʪ ʧʨʠʚʝʜʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

 

  ʩʤ/ʩ,   (103) 

(ʨʘʟʤʝʨʥʦʩʪʠ ʫʢʘʟʘʥʳ ʚ ʥʠʞʥʠʭ ʠʥʜʝʢʩʘʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʠ ʜʘʚʣʝʥʠʷ) 

ʆʜʥʘʢʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʧʨʝʜʝʣʝ ʩʣʘʙʳʭ ʧʦʣʝʡ 

 (104) 

ɽʩʣʠ ʜʣʷ ʙʦʣʴʰʠʭ ʧʨʠʚʝʜʝʥʥʳʭ ʧʦʣʝʡ ʬʦʨʤʘʣʴʥʦ ʦʩʪʘʚʠʪʴ ʧʨʝʞʥʶʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

, 

ʪʦ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʧʦʜʚʠʞʥʦʩʪʴ ʟʘʚʠʩʠʪ ʥʝʣʠʥʝʡʥʦ ʦʪ ʧʦʣʷ: 

 (105) 

ɼʣʷ ʩʦʚʤʝʱʝʥʠʷ ʜʚʫʭ ʧʨʝʜʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʦʜʚʠʞʥʦʩʪʝʡ ʚ ʨʘʩʯʝʪʘʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ: 

 (106) 

ʠ 

  (107) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ: 

 
 (108) 

ʇʦ ʘʥʘʣʦʛʠʠ ʟʘʜʘʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ: 

  (109) 

ʠ 

  (110) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ: 
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 (111) 

 ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʦʥʠʟʘʮʠʠ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʠ ʧʨʝʜʝʣʴʥʦ ʙʦʣʴʰʠʭ (ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʘʟʨʷʜʘ)  

ʧʨʠʚʝʜʝʥʥʳʭ ʧʦʣʷʭ.  

ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʤʘʣʳʭ ʧʦʣʝʡ 

  (112) 

ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʙʦʣʴʰʠʭ ʧʦʣʝʡ 

,  (113) 

ʧʨʠʯʝʤ ʩʝʯʝʥʠʝ ʠʦʥʠʟʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʊʦʤʩʦʥʘ 

, ʩʤ2  (114) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (111) ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʚʷʟʴ ʵʥʝʨʛʠʠ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 

  (115) 

ʊʘʢʞʝ ʧʦʣʝʟʥʦ ʘʥʘʣʦʛʠʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʪʷʞʝʣʳʭ ʯʘʩʪʠʮ: 

, (50) 

ʛʜʝ A ï ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʪʷʞʝʣʳʭ ʯʘʩʪʠʮ. 

 ʉ ʮʝʣʴʶ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʠʦʥʠʟʘʮʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʨʘʟʨʷʜʝ ʇʝʥʥʠʥʛʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʣʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʦʥʠʟʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʠʞʝʥʠʷʤ ʟʘʨʷʜʦʚ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ (

). ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

, ʵɺ  (116) 

, ʵɺ  (117) 

, ʵɺ, (118) 

ʛʜʝ - ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. 
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ɺ ʨʘʩʯʝʪʘʭ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʩʦʦʪʥʦʰʝʥʠʷ.  

ʇʨʠ , ʛʜʝ  ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ: 

,  (119) 

ʛʜʝ 

.  (120) 

ʇʨʠ  ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥʠʟʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (99). 

ɺ ʨʘʩʯʝʪ ʙʳʣ ʚʢʣʶʯʝʥ ʚʢʣʘʜ ʠʦʥʦʚ ʚ ʠʦʥʠʟʘʮʠʶ ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ: 

.   (121) 

 ʊʝʧʝʨʴ, ʫʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʩʣʘʙʳʭ ʠ ʩʠʣʴʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʧʦʣʝʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʜʦʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʠʦʙʨʝʪʫʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

, , (122) 

, .  (123) 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʠʦʥʦʚ: 

, , (124) 

,     .  (125) 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ:  

ʛʘʟ - ʅ2; ʜʘʚʣʝʥʠʝ p=1.2 ʤʪʦʨʨ; E 2.5= ʢɺ; 0R 3=  ʢʆʤ;0.33g= ; xB 0.1= ʊ, 

eC ACR R= =0.55 ʩʤ, 
iACR =0.4 ʩʤ, A1X =0.3  ʩʤ, A2X =0.8 ʩʤ, ʉX =1.1 ʩʤ, L = ʉX

=1.1 ʩʤ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʤʘʩʰʪʘʙ ʟʘʜʘʯʠ). ʉʥʘʯʘʣʘ ʩʪʨʫʢʪʫʨʘ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ 
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ʨʘʟʨʷʜʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʨʘʟʜʝʣʝ, ʟʘʪʝʤ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʧʦʣʶ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʦʩʠʪ ʧʨʠʙʣʠʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʪ.ʢ. ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʨʘʟʜʝʣʦʚ 3.2 ʠ 4.3 ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʤʠ, ʠ ʪʝʤ ʩʘʤʳʤ ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʦʙʨʘʪʥʦʝ ʚʣʠʷʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ 

ʧʦʣʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʨʦʙʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠʟ ʨʘʟʜʝʣʘ 3.2) ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʚʦʟʙʫʞʜʝʥʠʝ, ʠʦʥʠʟʘʮʠʶ ʠ ʜʠʩʩʦʮʠʘʮʠʶ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. 

 ʅʘ ʈʠʩ. 56 ʠ ʈʠʩ. 59 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ 

ʚ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʢʘʤʝʨʝ. ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʠʦʩʝʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. 

 

ʈʠʩ. 56 ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ (ʦʪʥʝʩʝʥʘ ʢ 1010 ʩʤ-3) 
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 ɺʠʜʥʦ, ʯʪʦ ʚ ʧʨʠʦʩʝʚʦʡ ʦʙʣʘʩʪʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ 

ʚʳʰʝ, ʯʝʤ ʥʘ ʦʩʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʢʘʪʦʜʘ ʠ ʘʥʪʠ-ʢʘʪʦʜʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ 

ʨʘʜʠʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʦʥʦʚ, ʚʳʭʦʜʷʱʠʭ ʠʟ ʨʘʟʨʷʜʥʦʡ 

ʢʘʤʝʨʳ ʚ ʦʙʣʘʩʪʴ ʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʯʦʢ ʠʦʥʦʚ.  

ɺ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ ʧʣʘʟʤʝʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ  

ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʣʦʪʥʦʩʪʷʤʠ 

ʫʩʨʝʜʥʝʥʥʳʭ ʧʦʪʦʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ 

ʚ ʨʘʟʨʷʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʤʝʪʠʤ 

ʥʝʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʧʨʠʦʩʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʦʢʘʟʘʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʈʠʩ. 57 ʠ ʈʠʩ. 58) ʚ ʯʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʧʦʣʷ ʫ ʛʨʘʥʠʮ ʘʥʦʜʘ. ɺʠʜʥʦ, ʯʪʦ ʚ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʫ ʛʨʘʥʠʮ ʘʥʦʜʘ 

ʤʦʜʫʣʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ, ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ. 

 

ʈʠʩ. 57 ʆʩʝʚʘʷ ʧʨʦʝʢʮʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ( )Ex xE E L= . 
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ʈʠʩ. 58 ʈʘʜʠʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ( )Er rE E L=  

 

ʈʠʩ. 59 ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ (ʦʪʥʝʩʝʥʘ ʢ 1010 ʩʤ-3) 

 ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 104, ʛʜʝ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
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Anomalous mobilities. E=2500 V, R=3000, p=0.001 Torr, Bx=0.1 T
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Anomalous mobilities. E=2500 V, R=3000, p=0.001 Torr, Bx=0.1 T
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ʧʨʠʚʝʜʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E p. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ 

ʦʙʣʘʩʪʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʠʚʝʜʝʥʥʳʤ ʧʦʣʝʤ (ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʘʥʦʜʘ) ʠ ʦʙʣʘʩʪʠ ʩ 

ʥʘʠʤʝʥʴʰʠʤ ʧʨʠʚʝʜʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʚʙʣʠʟʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ, ʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ ʠ ʚ ʧʨʠʦʩʝʚʳʭ ʦʙʣʘʩʪʷʭ ʫ ʢʘʪʦʜʘ ʠ ʘʥʪʠ-ʢʘʪʦʜʘ.  

 ʅʘ ʨʠʩ. ʈʠʩ. 57 ʠ ʈʠʩ. 58 ʧʦʢʘʟʘʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʚʜʦʣʴ ʦʩʝʚʦʡ ʠ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪ. ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʣʦʢʘʣʴʥʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʦʩʝʚʦʛʦ ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʛʨʘʥʠʮʳ 

ʘʥʦʜʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʣʦʢʘʣʴʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʫ ʛʨʘʥʠʮ ʘʥʦʜʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʦʛʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ (ʦʪ 1 ʪʦʨʨ ʠ ʚʳʰʝ), ʩʢʦʨʦʩʪʴ ʠʦʥʠʟʘʮʠʠ ʚ ʵʪʠʭ 

ʦʙʣʘʩʪʷʭ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʩʘʤʦʡ ʙʦʣʴʰʦʡ. ʅʘ ʈʠʩ. 60 ʠ ʈʠʩ. 61 ʧʦʢʘʟʘʥʘ ʩʢʦʨʦʩʪʴ 

ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʨʝʜʥʝʥʥʳʭ 

ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ,e xv ʠ ʚ ʘʟʠʤʫʪʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ  ,ejv . ɺʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʦʥʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʦʩʝʚʳʝ ʧʦʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʚʙʣʠʟʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʢʘʤʝʨʳ. 

ʅʝʩʢʦʣʴʢʦ ʫʜʠʚʠʪʝʣʴʥʳʤ ʦʢʘʟʘʣʩʷ ʟʘʤʝʪʥʳʡ ʚʢʣʘʜ ʚ ʩʢʦʨʦʩʪʴ ʠʦʥʠʟʘʮʠʠ ʦʩʝʚʳʭ 

ʧʦʪʦʢʦʚ ʠʦʥʦʚ ʚ ʧʨʠʦʩʝʚʳʭ ʦʙʣʘʩʪʷʭ ʨʘʟʨʷʜʘ (ʨʠʩ. 109-110). ɺʢʣʘʜ ʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʚ ʨʘʜʠʘʣʴʥʦʤ ʠ ʘʟʠʤʫʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʩʪʦʣʴ 

ʟʥʘʯʠʤʳʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʟʠʤʫʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʠʦʥʦʚ ʠ 

ʵʣʝʢʪʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʟʘʤʝʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʦʥʠʟʘʮʠʠ. (ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, 

ʯʪʦ ʟʜʝʩʴ ʨʝʯʴ ʠʜʝʪ ʦʙ ʫʩʨʝʜʥʝʥʥʳʭ ʜʚʠʞʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʚʠʞʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ).  

 



145 

 

 

ʈʠʩ. 60 ʉʢʦʨʦʩʪʴ ʠʦʥʠʟʘʮʠʠ ʠʦʥʥʳʤ ʫʜʘʨʦʤ ,i xv  ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʜʚʠʞʝʥʠʝʤ 

ʯʘʩʪʠʮ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

ʈʠʩ. 61 ʉʢʦʨʦʩʪʴ ʠʦʥʠʟʘʮʠʠ ʠʦʥʥʳʤ ʫʜʘʨʦʤ 
,i rv  ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʜʚʠʞʝʥʠʝʤ 

ʯʘʩʪʠʮ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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Anomalous mobilities. E=2500 V, R=3000, p=0.001 Torr, Bx=0.1 T
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Anomalous mobilities. E=2500 V, R=3000, p=0.001 Torr, Bx=0.1 T
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 ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ 

ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʜʚʫʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 3.2., ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 62 ʠ ʈʠʩ. 63. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʠ ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʦʡ (ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ 

ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ) ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. ʇʦ 

ʧʨʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʘʟʤʝ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ 

ʨʘʟʨʷʜʘ ʨʘʩʯʝʪʳ ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʤʘʣʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʩʯʝʪʦʚ ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʪʦʣʴʢʦ ʤʘʢʩʚʝʣʣʦʚʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ. ʅʘ 

ʈʠʩ. 62 ʜʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʡʪʨʘʣʴʥʳʭ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʦʙʲʝʤʝ 

ʧʣʘʟʤʳ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ ~2%. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 

63. ʅʘ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ ʨʘʚʥʘ ~0.1. ʅʘ ʈʠʩ. 64 ʠ 

ʈʠʩ. 65 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʛʘʟʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ. ʂʘʢ ʠ ʚ ʥʫʣʴ-ʤʝʨʥʳʭ ʨʘʩʯʝʪʘʭ 

ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʯʠʩʣʦ ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʥʘ 2 ʧʦʨʷʜʢʘ ʥʠʞʝ, 

ʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʚ ʦʩʥʦʚʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɿʘʤʝʪʠʤ, ʯʪʦ 

ʜʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʠ 

ʜʘʶʪ ʦʮʝʥʢʫ ʩʚʝʨʭʫ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪ ʧʣʘʟʤʳ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ 

ʨʘʟʨʷʜʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ, ʧʨʦʪʝʢʘʶʱʠʭ 

ʚ ʧʣʘʟʤʝ ʧʝʥʥʠʥʛʦʚʩʢʦʛʦ ʨʘʟʨʷʜʘ.  
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ʈʠʩ. 62 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ H 

(ʤ-3). 

 

ʈʠʩ. 63 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ +

2H  (ʤ-3). 
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ʈʠʩ. 64 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ 

H2 ʜʣʷ =5u  (m-3). 

 

ʈʠʩ. 65 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ 

H2 ʜʣʷ =10u  (m-3). 

 




































































































