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ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʠ ʧʣʘʟʤʦʥʠʢʘ, ʧʦʩʪʘʚʠʣʦ ʚʦ ʛʣʘʚʫ ʫʛʣʘ ʚʦʧʨʦʩ ʦ ʧʨʠʤʝʥʝʥʠʠ 

ʫʩʠʣʠʚʘʶʱʠʭ ʩʨʝʜ ʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʣʠʯʠʝ ʚʳʩʦʢʠʭ ʧʦʪʝʨʴ ʚ 

ʤʝʪʘʤʘʪʝʨʠʘʣʘʭ ʠ ʧʣʘʟʤʦʥʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʠʭ ʩʭʝʤ ʠ 

ʧʨʠʙʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʆʜʥʠʤ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʬʦʪʦʥʥʳʡ ʢʨʠʩʪʘʣʣ, ʚ 

ʢʦʪʦʨʦʤ ʯʝʨʝʜʫʶʪʩʷ ʩʣʦʠ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ [1]. 

ʌʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ī ʚʘʞʥʳʡ ʢʣʘʩʩ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʚ ʩʧʝʢʪʨʝ 

ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʅʘʣʠʯʠʝ ʰʠʨʦʢʦʯʘʩʪʦʪʥʳʭ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʝ ʠ 

ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʤʧʫʣʴʩʳ, ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʚ ʥʝʩʢʦʣʴʢʦ 

ʜʣʠʥ ʚʦʣʥ. ʅʘʧʨʠʤʝʨ, ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʨʝʟʦʥʘʪʦʨʳ, ʚʦʣʥʦʚʦʜʳ, ʜʝʣʠʪʝʣʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʩɹʦʚ ʠ ʪ.ʧ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʙʳʚʘʝʪ ʚʳʛʦʜʥʦ 

ʧʦʤʝʱʘʪʴ ʚʥʫʪʨʴ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʩʠʣʠʚʘʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʅʘʣʠʯʠʝ ʫʩʠʣʝʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʧʨʠʤʝʨʘ ʫʩʠʣʠʚʘʶʱʠʭ ʩʣʦʠʩʪʳʭ ʩʨʝʜ: 

PT-ʩʠʤʤʝʪʨʠʯʥʳʝ ʩʠʩʪʝʤʳ [2,3] ʠ ʬʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʫʩʠʣʠʚʘʶɦ ʠʝ 

ʢʦʤʧʦʥʝʥʪʳ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʩʠʣʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʝʥʷʝʪ ʩʚʦʡʩʪʚʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʫʩʪʨʦʡʩʪʚʘʤ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʭ ʘʥʘʣʦʛʠ, ʚʢʣʶʯʘʶʱʠʭ ʧʣʘʟʤʦʥʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ [4-10]. ɺ 

ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʣʘʟʤʦʥʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʠʛʨʘʶʪ ʨʦʣʴ ʨʝʟʦʥʘʪʦʨʦʚ, ʥʘʥʦʘʥʪʝʥʥ, 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʟʤʦʥʦʚ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʥʘ ʥʘʥʦʤʘʩʰʪʘʙʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʜʣʷ ʧʣʘʟʤʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʧʦʪʝʨʠ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʘ ʦ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʦʪʝʨʴ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʠʣʠʚʘʶʱʠʭ ʢʦʤʧʦʥʝʥʪ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʩʧʘʟʝʨʦʚ) ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, 

ʤʥʦʛʦ ʤʝʥʴʰʠʤʠ ʜʣʠʥʳ ʚʦʣʥʳ ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʢʦʛʝʨʝʥʪʥʳʭ ʙʣʠʞʥʠʭ ʧʦʣʝʡ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʦʨʠʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʫʩʠʣʠʚʘʶʱʠʭ ʩʨʝʜ ʜʘʣʝʢʘ ʦʪ ʩʚʦʝʛʦ 

ʟʘʚʝʨʰʝʥʠʷ, ʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʝʜʝʪʩʷ ʜʠʩʢʫʩʩʠʷ ʧʦ ʧʦʚʦʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʟʠʪʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʠʟʫʯʝʥʠʝ ʨʝʞʠʤʦʚ ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʦʚ ʩ 

ʨʝʟʦʥʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ 

ʢʦʪʦʨʦʡ ʧʦʤʦʞʝʪ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʫʚʝʣʠʯʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. 

ʎʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʣʦʠʩʪʳʭ ʩʨʝʜ, ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʠ ʧʣʘʟʤʦʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʫʩʠʣʠʚʘʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʯʝʨʝʟ ʩʣʦʠʩʪʳʝ ʩʨʝʜʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʫʩʠʣʠʚʘʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ. 

2. ʀʟʫʯʝʥʠʝ ʨʝʞʠʤʦʚ ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʘ ʩ ʘʥʠʟʦʪʨʦʧʥʳʤ ʨʝʟʦʥʘʪʦʨʦʤ ʚʦ ʚʥʝʥhʝʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

3. ʏʠʩʣʝʥʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʝʥʠʷ ʩʘʤʦʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ 

ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʝ ʩʧʘʟʝʨʦʚ. 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʠʩʧʝʨʩʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʩʚʦʡʩʪʚʘ PT-

ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ ʢʚʘʟʠ-PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ɺʧʝʨʚʳʝ ʥʘʡʜʝʥʳ ʢʨʠʪʝʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʬʦʪʦʥʥʦʤ ʢʨʠʩʪʘʣʣʝ, 

ʩʦʜʝʨʞʘʱʝʤ ʫʩʠʣʠʚʘʶʱʠʝ ʩʣʦʠ. ʆʧʨʝʜʝʣʝʥʘ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʨʘʟʨʝʰʝʥʥʦʡ ʠ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʘʤʠ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʫʩʠʣʠʚʘʶʱʠʝ ʩʣʦʠ. 

2. ʆʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʠʤʦʩʪʠ ʬʨʝʥʝʣʝʚʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʷ ʚ ʬʦʪʦʥʥʦʤ ʢʨʠʩʪʘʣʣʝ, ʩʦʜʝʨʞʘʱʝʤ ʫʩʠʣʠʚʘʶʱʠʝ ʩʣʦʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʨʝʥʝʣʝʚʩʢʠʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʷʯʝʝʢ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʥʘ 

ʯʘʩʪʦʪʘʭ ʠʟ ʨʘʟʨʝʰʝʥʥʦʡ ʟʦʥʳ ʠ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʷʯʝʝʢ ʥʘ ʯʘʩʪʦʪʘʭ ʠʟ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ. 

3. ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʧʦʜʘʚʣʝʥʠʷ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʚ ʬʘʨʘʜʝʝʚʩʢʦʤ ʣʘʟʝʨʝ ʩ 

ʘʥʠʟʦʪʨʦʧʥʳʤ ʨʝʟʦʥʘʪʦʨʦʤ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

4. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʝ ʩʧʘʟʝʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʯʝʨʝʟ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʩʦʩʝʜʥʠʭ ʩʧʘʟʝʨʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ 
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ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʵʬʬʝʢʪʳ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ ʠ ʩʫʞʝʥʠʷ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

5. ɼʦʢʘʟʘʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ ʢʚʘʟʠ-PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʩʦʚʧʘʜʝʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʜʦʢʣʘʜʘʤʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʳ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʝʤʳʤ 

ʥʘʫʯʥʳʤ ʧʨʦʙʣʝʤʘʤ, ʠ ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢ, 

ʧʨʦʙʣʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʩ ʫʩʠʣʠʚʘʶʱʠʤʠ ʩʨʝʜʘʤʠ, ʢʦʪʦʨʘʷ ʜʦ ʥʝʜʘʚʥʠʭ ʧʦʨ 

ʢʘʟʘʣʘʩʴ ʨʝʰʝʥʥʦʡ, ʥʝʜʘʚʥʦ ʧʦʣʫʯʠʣʘ ʥʦʚʦʝ ʨʘʟʚʠʪʠʝ ʙʣʘʛʦʜʘʨʷ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʚʠʜʦʚ 

ʢʦʤʧʦʟʠʪʥʳʭ ʩʨʝʜ (ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ) ʠ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʩ ʯʘʩʪʦʪʦʡ ʠʟ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʪʫʭʘʝʪ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʛʣʫʙʴ ʪʘʢʦʡ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ [11]. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʧʦ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʝ, 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ɺʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʙʫʜʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʚʦʣʥʘ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʫʩʠʣʠʚʘʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʜʦ ʩʠʭ ʧʦʨ ʦʙʩʫʞʜʘʝʪʩʷ. ɺʩʝʩʪʦʨʦʥʥʝʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʦʩʚʷʱʝʥʘ 

ʧʝʨʚʘʷ ʯʘʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥ ʚʦʧʨʦʩ ʦʙ ʫʩʣʦʚʠʷʭ ʣʘʟʝʨʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʦʙʥʘʨʫʞʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ 

ʵʪʦʛʦ ʨʝʞʠʤʘ ʦʪ ʛʝʥʝʨʘʮʠʠ ʚ ʨʘʟʨʝʰʝʥʥʦʡ ʟʦʥʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ, ʩʚʦʡʩʪʚʦ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦʜʘʚʣʷʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟʣʫʯʝʥʠʷ 

ʩʦʭʨʘʥʷʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ ʩ ʦʜʥʦʨʦʜʥʳʤ ʫʩʠʣʠʚʘʶʱʠʤ ʩʣʦʝʤ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. 

ʈʘʟʚʠʪʘʷ ʪʝʦʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʢʪʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʧʨʘʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʟʘʧʨʝɦ ʝʥʥʳʭ ʟʦʥ 

ʩʣʦʠʩʪʳʭ ʩʠʩʪʝʤ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙʳʯʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʭʝʤ, ʘ ʝʸ ʧʝʨʝʜʘʯʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 
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ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʘʤ. ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʦʧʪʠʯʝʩʢʠʡ (ʠ 

ʦʙʨʘʪʥʦ) ʠʩʧʦʣʴʟʫʶʪ ʣʘʟʝʨʳ ʩ ʪʦʢʦʚʦʡ ʥʘʢʘʯʢʦʡ. ʀʥʬʦʨʤʘʮʠʷ ʢʦʜʠʨʫʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ ʫʤʝʪʴ ʙʳʩʪʨʦ ʚʢʣʶʯʘʪʴ ʠ 

ʚʳʢʣʶʯʘʪʴ ʣʘʟʝʨʥʫʶ ʛʝʥʝʨʘʮʠʶ [12]. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʣʘʟʝʨʝ ʩ 

ʘʥʠʟʦʪʨʦʧʥʳʤ ʨʝʟʦʥʘʪʦʨʦʤ ʛʝʥʝʨʘʮʠʷ ʤʦʞʝʪ ʧʦʜʘʚʣʷʪʴʩʷ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʟʘ 

ʚʨʝʤʷ ʧʦʨʷʜʢʘ 
1010-  ʩʝʢ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʮʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʠʟʣʫʯʝʥʠʝ ʦʪ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʠ 

ʩʧʘʟʝʨʦʚ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʦʛʨʘʥʠʯʝʥʦ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʥʘʢʘʯʢʠ ʚ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʝ ʩʧʘʟʝʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ ʯʝʨʝʟ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ 

ʩʦʩʝʜʥʠʭ ʩʧʘʟʝʨʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ 

ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʠʪʩʷ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʤ, 

ʘ ʝʛʦ ʩʫʤʤʘʨʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʯʨʝʟʚʳʯʘʡʥʦ ʠʥʪʝʨʝʩʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ ʚ ʦʪʢʨʳʪʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʝʩʪʴ 

ʧʝʨʩʧʝʢʪʠʚʘ ʩʦʟʜʘʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʝʨʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʬʘʟʠʨʦʚʘʥʥʦʡ ʨʝh ʝʪʢʠ. 

ʈʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʧʘʟʝʨʦʚ ʚ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʝ 

ʩʚʷʟʘʥ ʩ ʵʬʬʝʢʪʦʤ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ ɼʠʢʝ [13]. ʉʘʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ 

ʙʣʠʞʥʝʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ ʩʦʩʝʜʥʠʭ ʩʧʘʟʝʨʦʚ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ, ʤʝʥʴʰʠʭ ʜʣʠʥʳ ʚʦʣʥʳ, ʙʣʠʞʥʝʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʛʦʨʘʟʜʦ ʩʠʣʴʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ʜʘʣʴʥʝʝ ʧʦʣʝ, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ʤʝʭʘʥʠʟʤ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʩʚʝʨʭʠʟʣʫʯʝʥʠʷ 

ʦʪ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʩʣʝʜʥʷʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʜʠʩʧʝʨʩʠʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʩʚʦʡʩʪʚʘ PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ. ʇʦʜʦʙʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʫʩʠʣʠʚʘʶʱʠʝ ʠ ʧʦʛʣʦʱʘʶʱʠʝ ʩʨʝʜʳ [14,15]. ɺ ʧʫʙʣʠʢʘʮʠʷʭ 

ʧʦʩʣʝʜʥʠʭ ʧʷʪʠ ʣʝʪ ʧʨʝʜʩʢʘʟʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ ʵʬʬʝʢʪʦʚ ʚ PT-ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʢʘʢ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʥʘʨʫʰʝʥʠʝʤ PT-ʩʠʤʤʝʪʨʠʠ ʨʝʰʝʥʠʡ [3,14,15]; 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ 

[16-19], ʚ ʪʦʤ ʯʠʩʣʝ, ʪʨʝʙʫʶʱʠʭ ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ ʩʦʭʨʘʥʝʥʠʝ PT-ʩʠʤʤʝʪʨʠʠ ʚ ʢʦʥʝʯʥʦʡ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ [2,3]. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ ʠ ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ, ʫʧʨʘʚʣʷʝʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 
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ʪʦʢʦʤ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ, 

ʦʩʦʙʝʥʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʈʊ-ʩʠʤʤʝʪʨʠʠ ʚ ʣʶʙʦʤ ʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʠʥʮʠʧʫ ʧʨʠʯʠʥʥʦʩʪʠ, ʠʟ-ʟʘ ʯʝʛʦ ʤʥʦʛʠʝ ʠʟ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʚ 

ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ ʤʦʛʫʪ, ʘ ʧʨʝʜʣʦʞʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʦʙʣʘʜʘʶʪ 

ʟʘʷʚʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʚʦʣʥʦʚʦʜʦʚ ʠ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʈʊ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘɦ ʠʪʫ 

1. ʈʘʟʨʝʰʝʥ ʧʘʨʘʜʦʢʩ ʦ ʩʚʝʨʭʫʩʠʣʝʥʠʠ ʚʦʣʥ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʫʩʠʣʠʚʘʶʱʠʝ ʩʣʦʠ. ɺʦʣʥʘ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʩʪʳʡ 

ʦʙʨʘʟʝʮ ʪʘʢʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʦʩʣʘʙʣʷʝʪʩʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ 

ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʥʘʜʣʝʞʠʪ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ, ʪʦ ʣʘʟʝʨʥʘʷ ʛʝʥʝʨʘʮʠʷ 

ʧʦʜʘʚʣʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʩʣʦʝʚ ʚ ʩʠʩʪʝʤʝ. 

2. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʬʘʨʘʜʝʝʚʩʢʦʛʦ ʣʘʟʝʨʘ ʩ ʘʥʠʟʦʪʨʦʧʥʳʤ ʨʝʟʦʥʘʪʦʨʦʤ, ʚ ʢʦʪʦʨʦʤ ʩ 

ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʚʢʣʶʯʘʪʴ ʠ ʚʳʢʣʶʯʘʪʴ 

ʣʘʟʝʨʥʫʶ ʛʝʥʝʨʘʮʠʶ. 

3. ɺ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʝ ʩʧʘʟʝʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ ʯʝʨʝʟ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ 

ʩʦʩʝʜʥʠʭ ʩʧʘʟʝʨʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ 

ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ 

ʫʯʝʪʦʤ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ. 

4. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʢʦʣʝʙʘʥʠʡ ʩʧʘʟʝʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʩʚʝʨʭʠʟʣʫʯʝʥʠʶ, ʪʦ ʝʩʪʴ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʧʘʟʝʨʳ ʠʟ ʛʝʥʝʨʘʪʦʨʦʚ ʙʣʠʞʥʠʭ 

ʧʦʣʝʡ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʛʝʥʝʨʘʪʦʨʳ ʜʘʣʴʥʠʭ ʧʦʣʝʡ. ʐʠʨʦʢʦʘʧʝʨʪʫʨʥʳʝ ʨʝʰʝʪʢʠ 

ʩʧʘʟʝʨʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

5. ʋʩʣʦʚʠʝ PT-ʩʠʤʤʝʪʨʠʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʩɹʷ ʪʦʣʴʢʦ ʚ 

ʜʠʩʢʨʝʪʥʦʤ ʥʘʙʦʨʝ ʯʘʩʪʦʪ ʠ ʥʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʣʶʙʦʤ ʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʯʘʩʪʦʪ. 

6. ʅʝʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ ʢʚʘʟʠ-PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ 

ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 2
nd

 IEEE International Workshop on THz Radiation (TERAô2010), 
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Sevastopol, Ukraine, 10-14 September 2010; ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʧʪʠʢʠ - 2010". ʉ.-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 18-22 ʦʢʪʷʙʨʷ 2010; 

53-  ̫ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʌʊʀ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 25-26 ʥʦʷʙʨʷ 2010; ɼʚʝʥʘʜʮʘʪʘʷ 

ʝʞʝʛʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʀʊʇʕ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 4-7 ʘʧʨʝʣʷ 2011; 

International Conference Days on Diffractionô2011 (DDô2011), St. Petersburg, Russia, May 30 ï 

June 3, 2011; International Conference on Materials for Advanced Technologiesô2011 (ICMAT 

2011), Singapore, June 26-July 1 2011; Moscow International Symposium on Magnetism 

(MISMô2011), Moscow, Russia, 21ï25 August, 2011; 54-  ̫ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʌʊʀ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 25-26 ʥʦʷʙʨʷ 2011; ʊʨʠʥʘʜʮʘʪʘʷ ʝʞʝʛʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʀʊʇʕ 

ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 14-16 ʤʘʷ 2012; International Conference Days on Diffractionô2012 

(DDô2012), St. Petersburg, Russia, May 30 ï June 3, 2012; 12
th
 International Conference on 

Near-Field Optics and Nanophotonics (NFOô12), San Sebastian, Spain, 3-7 September; 

Metamaterials 2012: The 6th International Congress on Advanced Electromagnetic Materials in 

Microwaves and Optics, St. Petersburg, Russia, 17-22 September, 2012; 55-  ̫ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʄʌʊʀ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 19-22 ʥʦʷʙʨʷ 2012; ʏʝʪʳʨʥʘʜʮʘʪʘʷ ʝʞʝʛʦʜʥʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʀʊʇʕ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 4-7 ʘʧʨʝʣʷ 2013; International 

Conference Days on Diffractionô2013 (DDô2012), St. Petersburg, Russia, May 27ï31, 2013; 

International Conference on Materials for Advanced Technologiesô2013 (ICMATô2013), 

Singapore, June 30 ï July 5; 56-  ̫ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʌʊʀ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 19-22 

ʥʦʙ̫ʨ ̫2013 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 17 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 9 ʩʪʘʪʝʡ ʚ ʚʝʜʫɦ ʠʭ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʜʨʫʛʠʭ ʠʟʜʘʥʠʷʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʧʠʩʦʢ ɺɸʂ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ 

ɺʩʝ ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ, 

ʣʠʙʦ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʚʳʙʦʨʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, 

ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʦʙʩʫʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 

132 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ 127 ʩʪʨʘʥʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ 32 ʨʠʩʫʥʢʘ. 
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ɻʣʘʚʘ 1 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

1.1. ʆʧʠʩʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʦʡ 

1.1.1. ʋʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫ ʧʦ ʥʝʤʘʛʥʠʪʥʦʡ ʩʨʝʜʝ, 

ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ( ),mat re w  ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ( ),rs w . ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʨʝʜʝ ʠʤʝʶʪʩʷ ʘʢʪʠʚʥʳʝ 

ʘʪʦʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʢʘʯʢʫ. ʇʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʦʪʦʥʦʚ ʚ ʤʦʜʘʭ 

ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

ʄʘʢʩʚʝʣʣʘ [20,21]. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʘʢʪʠʚʥʳʝ ʘʪʦʤʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪ ɹ ʢʘʢ 

ʜʚʫʭʫʨʦʚʥʝʚʳʝ ʢʚʘʥʪʦʚʳʝ ʩʠʩʪʝʤʳ (ɼʋʉ), ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ  

ʧʦʣʝʤ ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʧʦʣʷʨʠʟʘʮʠʠ ( ),tP r .  

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ( ),tE r  ʠ ʤʘʛʥʠʪʥʦʛʦ 

( ),tB r  ʧʦʣʝʡ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

1
rot

c t

B
E

µ
=-

µ
 

(1) 

1 4 4
matrot

c t c c t

E P
B E

ps p
e
µ µ

= + +
µ µ

 
(2) 

( ) 0div Ee =  (3) 

0divB=  (4) 

ʛʜʝ E  ʠ B  - ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɺʦʟʴʤʝʤ ʨʦʪʦʨ ʦʪ ʦʙʝʠʭ ʯʘʩʪʝʡ ʫʨʘʚʥʝʥʠʷ 

(1) ʠ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʧʦ ʚʨʝʤʝʥʠ ʫʨʘʚʥʝʥʠʝ (2). ɿʘʪʝʤ ʧʦʜʩʪʘʚʠʚ ʚʪʦʨʦʝ 

ʧʦʣʫʯʠʚʰʝʝʩʷ ʫʨʘʚʥʝʥʠʝ ʚ ʧʝʨʚʦʝ, ʠʩʢʣʶʯʠʤ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ: 

2 2

2 2 2 2 2

1 4 4
matrot rot

c t c t c t

E E P
E

ps p
e
µ µ µ

+ + =-
µ µ µ

 
(5) 

ʆʪʜʝʣʴʥʘʷ ʢʚʘʥʪʦʚʘʷ ʜʚʫʭʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ 

(ʚʝʨʭʥʝʤ) e  ʠʣʠ ʦʩʥʦʚʥʦʤ (ʥʠʞʥʝʤ) g  ʩʦʩʪʦʷʥʠʷʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ 
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eer  ʠ 
ggr , ʪʘʢ ʯʪʦ 1ee ggr r+ =. ɺ ʵʪʦʤ ʙʘʟʠʩʝ ɼʋʉ ʦʧʠʩʳʚʘʝʪʩʷ ʤʘʪʨʠʮʝʡ ʧʣʦʪʥʦʩʪʠ - 

Ĕ
gg ge

eg ee

r r
r

r r

å õ
=æ ö
ç ÷

, ʢʦʪʦʨʘʷ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ [22-26] 

Ĕ Ĕ ĔĔ,
d

i H R
dt

r
rè ø= +

ê ú
 

(6) 

ɿʜʝʩʴ ĔH  ï ʛʘʤʠʣʴʪʦʥʠʘʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ɼʋʉ 

0

0
Ĕ

0

g

e

E
H

E

å õ
=æ ö
ç ÷

 ʠ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ 

0
Ĕ

0

ge

ʚʟ

eg

H
d E

d E

*å õ-
=æ öæ ö-ç ÷

, ʛʜʝ ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʧʝʨʘʪʦʨʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ged  

ʩʯʠʪʘʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʆʧʝʨʘʪʦʨ ĔR  ʦʪʚʝʯʘʝʪ ʟʘ ʨʝʣʘʢʩʘʮʠʶ ʚ ɼʋʉ, 

ʷʚʥʳʡ ʚʠʜ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥ ʧʦʟʞʝ. ɹʝʟ ʫʯʝʪʘ ʵʪʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʫʨʘʚʥʝʥʠʝ (6) 

ʧʦʵʣʝʤʝʥʪʥʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

gg

ge eg eg ge

d
i

dt
d E d E

r
r r*= -  

(7) 

ee
ge eg eg ge

d
i

dt
d E d E

r
r r*=- +  

(8) 

( )ge

ɼʋʉ ge ge ee gg

d
i

dt
d E

r
w r r r*= + -  

(9) 

( )eg

ɼʋʉ eg eg ee gg

d
i

dt
d E

r
w r r r=- - -  

(10) 

ʛʜʝ ( )0 /e gE Ew= -  ï ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ. 

ʇʝʨʝʤʝʥʥʳʝ ʚ (7)-(10) ʠʤʝʶʪ ʷʩʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. ʈʘʟʥʦʩʪʴ ʜʠʘʛʦʥʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ee ggD r r= -  ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʙʥʘʨʫʞʠʪʴ 

ɼʋʉ ʥʘ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʫʨʦʚʥʷʭ ʠ ʥʘʟʳʚʘʝʪʩʷ ʠʥʚʝʨʩʠʝʡ ʥʘʩʝʣʝʥʥʦʩʪʝʡ. ʀʟ 

ʥʝʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʫʯʘʝʪʩʷ ʩʨʝʜʥʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ɼʋʉ: 

() ()( )Ĕ ĔĔTr ge eg eg get tr r r= = = +p d d d d , ʛʜʝ ʦʧʝʨʘʪʦʨ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 
0

Ĕ
0

eg

ge

å õ
=æ ö
ç ÷

d
d

d
 

ʠ 
*

ge eg=d d . ɼʣʷ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ (7)-(10) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʯʣʝʥʦʚ 

ʦʧʝʨʘʪʦʨʘ ĔR  ʧʦʣʫʯʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ [22-26]: 
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(11) 

( )0
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D i
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t tt

µ µ
+ - =

µ µ

p
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(12) 

ɺʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʧʦʣʷʨʠʟʘʮʠʠ pt  ʠ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʠ Dt  ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʚʨʝʤʝʥʘʤ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʪʝʦʨʠʠ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʘ 0D  - 

ʚʝʣʠʯʠʥʘ ʠʥʚʝʨʩʥʦʡ ʥʘʩʝʣʝʥʥʦʩʪʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʷ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ɼʋʉ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʥʝʢʦʪʦʨʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ()rn . 

ʋʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʷ (11) ʠ (12) ʥʘ ʵʪʫ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʦʙʦʟʥʘʯʠʤ ʧʦʣʷʨʠʟʘʮʠʶ ʵʪʦʡ 

ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ - ( ) ()(),t t n=P r p r , ʢʘʢ ʠ ʚ ʫʨʘʚʥʝʥʠʠ (5), ʧʣʦʪʥʦʩʪʴ ʠʥʚʝʨʩʠʠ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ - ( ) ()(),n t D tr rn=  ʠ ʚʝʣʠʯʠʥʫ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʢʘʯʢʠ - 

() ()0 0n Dr rn= . ʊʦʛʜʘ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʥʘ ʧʦʣʷʨʠʟʘʮʠʶ ʩʨʝʜʳ ʠ ʠʥʚʝʨʩʥʫʶ 

ʥʘʩʝʣʝʥʥʦʩʪʴ [22,27,28] 

2
2
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02

22 ge
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n

t t

w
w

t

µ µ
+ + =-

µ µ

d EP P
P , 

(13) 

( )0
1

n

n i
n n

t tt

µ µ
+ - =

µ µ

p
E , 

(14) 

ʛʜʝ n Dt t=  ʠ P pt t= . 

ʍʦʪʷ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʚʭʦʜʷʱʠʝ ʚ ʥʠʭ 

ʬʫʥʢʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ, ʪ.ʝ. ʫʨʘʚʥʝʥʠʷ (13), (14) ʷʚʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʤʠ. ɿʘʤʝʪʠʤ 

ʪʘʢʞʝ, ʯʪʦ ged  ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪʳ. 

ʋʨʘʚʥʝʥʠʷ (5), (13), (14) ʦʧʠʩʳʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 

ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʦʡ ʠ ʥʘʟʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘïɹʣʦʭʘ. 

ʇʦʩʢʦʣʴʢʫ, ʧʨʠ ʪʘʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ, ʘ ʫʩʠʣʠʚʘʶʱʘʷ ʩʨʝʜʘ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʥʘ 

ʤʘʪʨʠʮʫ ʧʣʦʪʥʦʩʪʠ, ʪʦ ʪʘʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʥʘʟʳʚʘʶʪ ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʠʤ [22-26]. 
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1.1.2. ʆʧʠʩʘʥʠʷ ʫʩʠʣʠʚʘʶʱʠʭ ʩʨʝʜ ʧʨʠ ʧʦʤʦʱʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʥʠʤʦʡ ʯʘʩʪʴʶ. ʉʦʦʪʥʦʰʝʥʠʷ ʂʨʘʤʝʨʩʘ-ʂʨʦʥʠʥʛʘ ʜʣʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʨʝʜʳ ʯʝʨʝʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʤʥʠʤʦʡ ʯʘʩʪʴʶ. ʊʘʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ-

ɹʣʦʭʘ. ɺ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ 

ʢʦʦʨʜʠʥʘʪʳ z ʠ ʚʨʝʤʝʥʠ, ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ: 

()2 2 2
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t tt w

µ µ
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(17) 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ( ),E z t  ʥʘʧʨʘʚʣʝʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ z  ʠ ʠʤʝʝʪ ʬʠʢʩʠʨʦʚʘʥʥʫʶ 

ʧʦʣʷʨʠʟʘʮʠʶ. 

ʇʝʨʝʭʦʜʷ ʢ ʌʫʨʴʝ-ʧʨʝʜʩʪʘʚʣʝʥʠʶ, ʧʨʘʚʫʶ ʯʘʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ (17) ʥʘʜʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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P P
E E

t tw

*
*å õµ µ
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µ µç ÷
 (ʩʤʦʪʨʠ [29]). ʇʨʠ ʵʪʦʤ ()n z  ʧʝʨʝʩʪʘʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʚʨʝʤʝʥʠ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʚʨʝʤʝʥʘ ʟʘʪʫʭʘʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʠʥʚʝʨʩʥʦʡ ʥʘʩʝʣʝʥʥʦʩʪʠ 

ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ ʤʥʦʛʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʟʘʪʫʭʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ 0w w w-  

(w - ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ), ʪʦ ʧʝʨʝʤʝʥʥʳʝ P  ʠ n  ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ, ʧʦʣʫʯʠʚ 

ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ: 

( )
( )( )

2 2

2 2

,
, , 0gain

E z
z E z

z c

w w
e w w

µ
+ =

µ
. 

(18) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʠʣʠʚʘʶʱʘʷ ʩʨʝʜʘ ʦʧʠʩʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

()

2 2

0

0

2
2 2

2 0

2 /

1
2 /

P
gain mat

P

i

E

w w

w w t
e w e a

w w w
b

w t

-
- +

= +
å õ-

+ +æ ö
ç ÷

, 

(19) 
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ʠʤʝʶʱʝʡ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʤʥʠʤʫʶ ʯʘʩʪʴ ʧʨʠ 0 0n >  (ʩʤʦʪʨʠ ʪʘʢʞʝ [23,30-32]), ʟʜʝʩʴ 

2

04 /ge Pna p t= d , 
2

2/ge n Pb t t=d , mate  - ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʨʠʮʳ ʚ 

ʢʦʪʦʨʫʶ ʧʦʤʝʱʝʥʘ ʫʩʠʣʠʚʘʶʱʘʷ (ʧʦʛʣʦʱʘʶʱʘʷ) ʩʨʝʜʘ. 

ʀʟ-ʟʘ ʟʘʚʠʩʠʤʦʩʪʠ gaine  ʦʪ E  ʫʨʘʚʥʝʥʠʝ (18) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ɻʝʣʴʤʛʦʣʴʮʘ, ʦʧʠʩʳʚʘʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʛʘʨʤʦʥʠʢʠ ( ),E zw  ʧʦ z. 

ʋʤʝʥʴʰʝʥʠʝ ʤʥʠʤʦʡ ʯʘʩʪʠ ()gaine w ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʷ ( ),E zw  ʩʚʷʟʘʥʦ ʩ 

ʧʦʜʘʚʣʝʥʠʝʤ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʂʊ ʟʘ ʩʯʝʪ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ 

ʤʘʣʦʡ ʚʝʣʠʯʠʥʝ ʧʦʣʷ ʠʟʣʫʯʝʥʠʷ, 

2
2 1

2

ge P n

E b
t t

-<< =
d

 
(20) 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʝ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʥʝʟʘʚʠʩʷʱʝʡ ʦʪ 

ʧʦʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʯʘʩʪʦʪʥʘʷ ʜʠʩʧʝʨʩʠʷ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʚʠʜ 

çʘʥʪʠʨʝʟʦʥʘʥʩʘè, ʘ ʤʥʠʤʘʷ ʯʘʩʪʴ ï ʦʪʨʠʮʘʪʝʣʴʥʘ: 

0

2 2

0

2 /

2 /

P
gain mat

Pi

aw t
e e

w t w w
= -

- + -
. 

(21) 

ʇʦʣʫʯʠʚʰʘʷʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʚ 

ʚʝʨʭʥʝʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪ, ʧʦʵʪʦʤʫ ʜʣʷ ʥʝʸ ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʂʨʘʤʝʨʩʘ-ʂʨʦʥʠʛʘ [29]: 

( )
( )

0

Im ,1
Re , . .

x
x v p d

e w
e w e w

p w w

+¤

-¤

¡
¡= +

¡-ñ , 
(22) 

( )
( ) 0Re ,1

Im , . .
x

x v p d
e w e

e w w
p w w

+¤

-¤

¡ -
¡=-

¡-ñ . 
(23) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʤʛʦʣʴʮʘ (18) ʧʦʟʚʦʣʷʝʪ 

ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʷ ʥʘ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʣʠʰʴ ʥʠʞʝ ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘʯʘʣʦ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʥʘʩʪʫʧʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʯʘʩʪʦʪʝ, 

ʦʪʣʠʯʥʦʡ ʦʪ ʯʘʩʪʦʪʳ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ (ʩʤʦʪʨʠ, ʥʘʧʨʠʤʝʨ, [33]). 
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1.2. PT-ʩʠʤʤʝʪʨʠʷ 

1.2.1. ʆʧʝʨʘʪʦʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʚʝʨʩʠʠ ĔP  ʠ ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ĔT  

ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʤ ʧʩʝʚʜʦʵʨʤʠʪʦʚʳʤ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ 

ʩʧʝʢʪʨʦʤ ʙʳʣ PT-ʩʠʤʤʝʪʨʠʯʥʳʡ [34]. PT-ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥ 

ʢʦʤʤʫʪʠʨʫʝʪ ʩ ʦʧʝʨʘʪʦʨʘʤʠ ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ĔT  ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʚʝʨʩʠʠ ĔP  

Ĕ ĔĔ ĔĔ ĔPTH HPT= . (24) 

ɼʝʡʩʪʚʠʝ ʦʧʝʨʘʪʦʨʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʚʝʨʩʠʠ ĔP  ʩʚʦʜʠʪʩʷ ʢ ʟʘʤʝʥʝ ʟʥʘʢʘ ʚʩʝʭ 

ʢʦʦʨʜʠʥʘʪ (, ,x x y y z z­- ­- ­-) [35]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʨʦʡʢʘ ʦʨʪʦʚ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠʟ 

ʧʨʘʚʦʡ ʧʝʨʝʭʦʜʠʪ ʚ ʣʝʚʫʶ, ʧʦʣʷʨʥʳʝ ʚʝʢʪʦʨʳ ʤʝʥʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ 

( ­-r r , ­-p p , ­-E E), ʘ ʘʢʩʠʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ʥʝ ʠʟʤʝʥʷʶʪʩʷ (­H H), ʛʜʝ r  - 

ʢʦʦʨʜʠʥʘʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, p  - ʠʤʧʫʣʴʩ, E  ʠ H  - ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

ɺ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ 

ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ʵʪʦʡ ʚʝʣʠʯʠʥʳ. ʊʘʢ ʢʘʢ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʠʥʚʝʨʩʠʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩ ʠ ʢʦʦʨʜʠʥʘʪʘ ʤʝʥʷʶʪ ʟʥʘʢ, ʪʦ ʩʨʝʜʥʠʝ p  ʠ r  ʪʘʢʞʝ 

ʜʦʣʞʥʳ ʤʝʥʷʪʴ ʟʥʘʢ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʝʨʘʪʦʨʳ ʠʤʧʫʣʴʩʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʚʝʨʩʠʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʧʦ ʧʨʘʚʠʣʫ 

Ĕ ĔĔ ĔP P+ =-r r , (25) 

Ĕ ĔĔ ĔP P+ =-p p , 
(26) 

ʛʜʝ Ĕr  ʠ Ĕp  - ʦʧʝʨʘʪʦʨʳ ʢʦʦʨʜʠʥʘʪʳ ʠ ʠʤʧʫʣʴʩʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʦʧʝʨʘʪʦʨ ʤʦʤʝʥʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ Ĕj  ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʚʝʨʩʠʠ 

Ĕ ĔĔ ĔP P+ =j j . (27) 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʥʚʝʨʩʠʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴʩʷ ʥʦʨʤʠʨʦʚʢʘ ʚʦʣʥʦʚʦʡ 

ʬʫʥʢʮʠʠ, ʧʦʵʪʦʤʫ ʦʧʝʨʘʪʦʨ ʠʥʚʝʨʩʠʠ ʫʥʠʪʘʨʝʥ ĔĔ Ĕ1P P+ = . 

ʇʦ ʪʝʦʨʝʤʝ ɺʠʛʥʝʨʘ [36,37] ʦʧʝʨʘʪʦʨʳ ʩʠʤʤʝʪʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʣʠʙʦ ʣʠʥʝʡʥʳʤʠ ʠ 

ʫʥʠʪʘʨʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ, ʣʠʙʦ ʘʥʪʠʣʠʥʝʡʥʳʤʠ ʠ ʘʥʪʠʫʥʠʪʘʨʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ ʥʝ ʠʟʤʝʥʷʝʪ ʩ-ʯʠʩʣʦʚʳʝ ʤʥʦʞʠʪʝʣʠ ʚ 

ʫʨʘʚʥʝʥʠʷʭ 

( ) ( )Ĕ Ĕ, ,L LQ c t cQ ty y=r r , (28) 
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ʘ ʘʥʪʠʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʢʦʤʧʣʝʢʩʥʦʤʫ ʩʦʧʨʷʞʝʥʠʶ 

( ) ( )*Ĕ Ĕ, ,AL ALQ c t c Q ty y=r r . (29) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ ʷʚʣʷʝʪʩʷ ʣʠ ʦʧʝʨʘʪʦʨ ĔP  ʣʠʥʝʡʥʳʤ ʠʣʠ ʘʥʪʠʣʠʥʝʡʥʳʤ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʦʧʝʨʘʪʦʨʘ ʥʘ ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ: ĔĔ Ĕ1P i P+ . 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʪʝʤ, ʯʪʦ ʢʘʥʦʥʠʯʝʩʢʠʝ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

[ ] ĔĔ Ĕ, 1i=-r p  (30) 

ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ ʠʥʚʘʨʠʘʥʪʥʳʤʠ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʚʝʨʩʠʠ [38], ʧʦʣʫʯʘʝʤ 

[ ]

[ ]

ĔĔ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ ĔĔ Ĕ Ĕ ĔĔ ĔĔ Ĕ ĔĔ ĔĔ Ĕ Ĕ Ĕ Ĕ1 ,

ĔĔĔ ĔĔ Ĕ Ĕ, 1

P i P P P P P P P P PP P P PP P

i

+ + + + + + + +- = = - = - =

= - = =-

r p rp pr r p p r

rp pr r p
, 

(31) 

ʛʜʝ ʫʯʪʝʥʦ, ʯʪʦ ĔĔ Ĕ1P P+ =. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, Ĕ ĔĔ Ĕ1 1P i P i+ =  ʠ ĔP  - ʣʠʥʝʡʥʳʡ ʫʥʠʪʘʨʥʳʡ ʦʧʝʨʘʪʦʨ 

[36]
1
. 

ʊʘʢ ʢʘʢ ʜʚʫʢʨʘʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʚʝʨʩʠʠ ʚʦʟʚʨʘʱʘʶʪ 

ʩʠʩʪʝʤʫ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʦ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ( ),ty r  ʠ ( )2Ĕ ,P ty r  ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ 

ʪʦʣʴʢʦ ʬʘʟʦʚʳʤ ʤʥʦʞʠʪʝʣʝʤ: ( ) ( )2Ĕ , ,iP t e tfy y=r r . ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʯʝʪʥʦʩʪʴ ʚʦʣʥʦʚʦʡ 

ʬʫʥʢʮʠʠ ʙʳʣʘ ʥʘʙʣʶʜʘʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʧʝʨʘʪʦʨ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʚʝʨʩʠʠ ʙʳʣ ʵʨʤʠʪʦʚʳʤ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʤʥʦʞʠʪʝʣʴ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʦʧʝʨʘʪʦʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʚʝʨʩʠʠ ʵʨʤʠʪʦʚ Ĕ ĔP P+=  ʨʘʚʝʥ ʝʜʠʥʠʮʝ: 

( ) ( )2Ĕ , ,P t ty y=r r . ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʩʢʘʣʷʨʦʤ ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ĔP  - ʣʠʥʝʡʥʳʡ ʫʥʠʪʘʨʥʳʡ ʦʧʝʨʘʪʦʨ [35], ʧʦʣʫʯʠʤ 

( ) ( )Ĕ , ,P t ty y= -r r , (32) 

ʋʥʠʪʘʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʶʙʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʠʤʧʫʣʴʩʘ ʠ 

ʢʦʦʨʜʠʥʘʪʳ ʩʚʦʜʠʪʩʷ ʢ ʪʘʢʦʤʫ ʞʝ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ 

( )( ) ( )( )( )2Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ ĔĔĔ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ, , ...P P P P P P P P P P P P P P+ + + + + + += =rp r p r p r r p . (33) 

                                                           
1ʆʧʝʨʘʪʦʨ ĔU  ʥʘʟʳʚʘʶʪ ʫʥʠʪʘʨʥʳʤ, ʝʩʣʠ Ĕ ĔU Uy j y j=  ʠ ʘʥʪʠʫʥʠʪʘʨʥʳʤ, ʝʩʣʠ 

Ĕ ĔU Uy j jy= . ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʧʝʨʘʪʦʨ ĔU  ʩʦʭʨʘʥʷʝʪ ʥʦʨʤʫ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ, ʪʘʢ 

ʢʘʢ ĔĔ Ĕ1U U+ =  [39]. 
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ɽʩʣʠ ʛʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʦʪ ʦʧʝʨʘʪʦʨʦʚ ʠʤʧʫʣʴʩʘ 

ʠ ʢʦʦʨʜʠʥʘʪʳ, ʪʦ 

( ) ( ) ( )Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ ĔĔ Ĕ Ĕ Ĕ Ĕ Ĕ, , , , , ,P H t P H P P P P t H t+ + += = - -p r p r p r . (34) 

ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ĔP  - ʠʥʚʘʨʠʘʥʪʥʦʡ, ʝʩʣʠ ʝʸ ʛʘʤʠʣʴʪʦʥʠʘʥ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʠʥʚʝʨʩʠʠ 

ʢʦʦʨʜʠʥʘʪ, ʪ.ʝ. ʝʩʣʠ 

( ) ( )Ĕ ĔĔ Ĕ Ĕ Ĕ, , , ,H t H t= - -p r p r . (35) 

ɼʝʡʩʪʚʠʝ ʦʧʝʨʘʪʦʨʘ ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ĔT  ʦʟʥʘʯʘʝʪ ʟʘʤʝʥʫ t t­- ʚʦ ʚʩʝʭ 

ʫʨʘʚʥʝʥʠʷʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ [35]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝ 

ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ, ʤʝʥʷʶʪ ʟʥʘʢ ʧʨʠ 

ʦʙʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ (­-p p , ­-j j ), ʘ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ 

ʥʝ ʠʟʤʝʥʷʶʪʩʷ (­r r ). 

ɼʝʡʩʪʚʫʷ ʘʥʘʣʦʛʠʯʥʦ (25)-(27), ʧʦʣʫʯʘʝʤ ʧʨʘʚʠʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʧʨʠ 

ʦʙʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ 

Ĕ ĔĔ ĔT T+ =r r , (36) 

Ĕ ĔĔ ĔT T+ =-p p , 
(37) 

Ĕ ĔĔ ĔT T+ =-j j . (38) 

ʆʙʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʷʝʪ ʥʦʨʤʠʨʦʚʢʫ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ 

ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨ ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʣʠʥʝʡʥʳʤ ʠʣʠ ʘʥʪʠʣʠʥʝʡʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʜʝʡʩʪʚʠʝ ʦʧʝʨʘʪʦʨʘ ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ: ĔĔ Ĕ1T i T+ . ɼʝʡʩʪʚʫʷ 

ʘʥʘʣʦʛʠʯʥʦ (30), (31), ʧʦʣʫʯʘʝʤ 

[ ]

[ ]

ĔĔ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ ĔĔ Ĕ Ĕ ĔĔ ĔĔ Ĕ ĔĔ ĔĔ Ĕ Ĕ Ĕ Ĕ1 ,

ĔĔĔ ĔĔ Ĕ Ĕ, 1

T i T T T T T T T T TT T T TT T

i

+ + + + + + + +- = = - = - =

=- + =- =

r p rp pr r p p r

rp pr r p
, 

(39) 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ĔT  - ʘʥʪʠʣʠʥʝʡʥʳʡ ʠ ʘʥʪʠʫʥʠʪʘʨʥʳʡ ʦʧʝʨʘʪʦʨ [36] (ʩʤʦʪʨʠ ʩʥʦʩʢʫ 1). 

ʊʘʢ ʢʘʢ ʜʚʫʢʨʘʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʚʦʟʚʨʘʱʘʶʪ ʩʠʩʪʝʤʫ 

ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʦ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ( ),ty r  ʠ ( )2Ĕ ,T ty r  ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʪʦʣʴʢʦ 

ʬʘʟʦʚʳʤ ʤʥʦʞʠʪʝʣʝʤ: ( ) ( )2Ĕ , ,iT t e tfy y=r r . ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʤʥʦʞʠʪʝʣʷ 

ʧʦʜʝʡʩʪʚʫʝʤ ʦʧʝʨʘʪʦʨʦʤ 3ĔT  ʥʘ ʚʦʣʥʦʚʫʶ ʬʫʥʢʮʠʶ ( ),ty r  
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( ) ( )( ) ( )( ) ( ) ( )( )3 2 2Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ, , , , ,i iT t T T t T e t e T t T T tf fy y y y y-= = = =r r r r r . (40) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ ( )Ĕ ,T ty r  ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʧʝʨʘʪʦʨʘ 2ĔT  ʧʨʠʦʙʨʝʪʘʝʪ ʬʘʟʦʚʳʡ 

ʤʥʦʞʠʪʝʣʴ ie f- , ʘ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ( ),ty r  ʬʘʟʦʚʳʡ ʤʥʦʞʠʪʝʣʴ ief. ʇʦʩʢʦʣʴʢʫ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʦʧʝʨʘʪʦʨʘ 2ĔT  ʬʫʥʢʮʠʷ ( ) ( )( )Ĕ, ,t T ty y+r r  ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʦʙʱʠʡ 

ʬʘʟʦʚʳʡ ʤʥʦʞʠʪʝʣʴ, ʪʦ i ie ef f- =  ʠ ( ) ( )2Ĕ , ,T t ty y=°r r . ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚʦʣʥʦʚʘʷ 

ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʩʢʘʣʷʨʦʤ ʠ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ĔT  - ʘʥʪʠʣʠʥʝʡʥʳʡ ʠ ʘʥʪʠʫʥʠʪʘʨʥʳʡ 

ʦʧʝʨʘʪʦʨ, ʧʦʣʫʯʘʝʤ ʧʨʘʚʠʣʦ ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʜʣʷ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ [35] 

( ) ( )*Ĕ , ,T t ty y= -r r . (41) 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ( ), , exp( )x p t A i t ikry w= - +  ʜʝʡʩʪʚʠʝ ʦʧʝʨʘʪʦʨʘ 

ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ 

( ) *Ĕ exp( ) exp( )T A i t ikr A i t ikrw w- + = - -. (42) 

ʇʦʩʢʦʣʴʢʫ ʦʧʝʨʘʪʦʨ ĔT  ʘʥʪʠʫʥʠʪʘʨʝʥ, ʜʣʷ ʥʝʛʦ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ (33), 

ʠʥʳʤʠ ʩʣʦʚʘʤʠ, 

( )( ) ( )( )( )2Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ ĔĔĔ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ,T T T T T T T T T T T T T T+ + + + + + += =rp r p r p r r p . (43) 

ɼʝʡʩʪʚʫʷ ʘʥʘʣʦʛʠʯʥʦ (34), ʧʦʣʫʯʘʝʤ 

( ) ( ) ( )* *Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ ĔĔ Ĕ Ĕ Ĕ Ĕ Ĕ, , , , , ,T H t T H T T T T t H t+ + += = -p r p r p r . (44) 

ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ĔT  - ʠʥʚʘʨʠʘʥʪʥʦʡ, ʝʩʣʠ ʝʸ ʛʘʤʠʣʴʪʦʥʠʘʥ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʦʙʨʘʱʝʥʠʠ 

ʚʨʝʤʝʥʠ, ʪ.ʝ. 

( ) ( )*Ĕ ĔĔ Ĕ Ĕ Ĕ, , , ,H t H t= -p r p r . (45) 

ʆʙʲʝʜʠʥʷʷ ʫʩʣʦʚʠʷ (34) ʠ (44), ʧʦʣʫʯʘʝʤ ʧʨʘʚʠʣʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠ ̫ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʦʧʝʨʘʪʦʨʦʚ ĔP  ʠ ĔT  

( ) ( ) ( )*£ £ £ £ £ £ £ £ ££ £ £ £ £ ££ £ £ £ £ £, , , , , ,P T H t PT H P T PT P T PT t H t+ + + + + += = - -p r p r p r . (46) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʘʤʠʣʴʪʦʥʠʘʥ ʷʚʣʷʝʪʩʷ PT-ʩʠʤʤʝʪʨʠʯʥʳʤ, ʝʩʣʠ 

( ) ( )*Ĕ ĔĔ Ĕ Ĕ Ĕ, , , ,H t H t= - -p r p r . (47) 
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ʋʩʣʦʚʠʝ (47) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ ʘʥʘʣʦʛʠʯʥʦʤ ʫʩʣʦʚʠʶ (24) 

( ) ( )£ £ £ ££ £, , , ,PTH t H t PT=p r p r . ɼʣʷ ʛʘʤʠʣʴʪʦʥʠʘʥʦʚ ʚʠʜʘ 

()
2ĔĔ

2
H V

m
= +

p
r , 

(48) 

ʛʜʝ m  - ʤʘʩʩʘ ʠ V  - ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ, ʫʩʣʦʚʠʝ PT-ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ (47) 

ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʙʳʣʘ ʯʝʪʥʦʡ ʬʫʥʢʮʠʝʡ, ʘ ʤʥʠʤʘʷ 

ʯʘʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʙʳʣʘ ʥʝʯʝʪʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪʳ 

() ( )*V V= -r r . (49) 

ɼʣʷ ʥʝʵʨʤʠʪʦʚʦʛʦ PT-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ( )ĔĔ Ĕ, , ,H t mp r , ʟʘʚʠʩʷʱʝʛʦ ʦʪ 

ʥʝʢʦʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ m, ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ, 

ʪʘʢ ʠ ʢʦʤʧʣʝʢʩʥʳʤʠ. ɽʩʣʠ ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʘ m ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʠʟ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʩʪʘʥʦʚʠʪʴʩʷ ʢʦʤʧʣʝʢʩʥʳʤ
2
, ʪʦ ʛʦʚʦʨʷʪ ʦ ʬʘʟʦʚʦʤ 

ʧʝʨʝʭʦʜʝ [34,40].  

 

1.2.2. ʅʝʦʙʭʦʜʠʤʦʝ ʠ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ PT-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ PT-ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤʳ { }kE  ʙʳʣʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʝʸ ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ { }ky  ʙʳʣʠ 

PT-ʩʠʤʤʝʪʨʠʯʥʳʤʠ [34,40]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ 
k
y  - PT-ʩʠʤʤʝʪʨʠʯʥʦʝ ʩʦʙʩʪʚʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʩ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ £H  

Ĕ Ĕ
k kPTy y=  (50) 

ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ kE  

Ĕ
k k kH Ey y=  (51) 

ʇʦʜʝʡʩʪʚʫʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (51) ʦʧʝʨʘʪʦʨʦʤ Ĕ ĔPT  

Ĕ ĔĔ Ĕ Ĕ
k k kPTH PTEy y= , (52) 

                                                           
2
ɺ ʢʘʯʝʩʪʚʝ m ʤʦʞʝʪ ʬʠʛʫʨʠʨʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʟʘʨʷʜ ʯʘʩʪʠʮʳ, ʢʦʥʩʪʘʥʪʘ ʩʚʷʟʠ ʠ ʪ.ʧ. 
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ɽʩʣʠ ʛʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ ĔH  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ PT-ʩʠʤʤʝʪʨʠʠ (24), (47), ʪʦ ʧʨʠ 

ʫʯʝʪʝ PT-ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ky  (50), ʣʝʚʘʷ ʯʘʩʪʴ (52) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

Ĕ ĔĔ Ĕ
k kPTH Hy y= . (53) 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʦʧʝʨʘʪʦʨ ʠʥʚʝʨʩʠʠ ĔP  ʣʠʥʝʝʥ, ʘ ʦʧʝʨʘʪʦʨ ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ĔT  

ʘʥʪʠʣʠʥʝʝʥ, ʜʣʷ ʈʊ-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʝʰʝʥʠʷ ky  ʧʨʘʚʘʷ ʯʘʩʪʴ (52) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

*Ĕ Ĕ
k k k kPTE Ey y= . (54) 

ʆʙʲʝʜʠʥʷʷ (53) ʠ (54), ʧʦʣʫʯʘʝʤ 

*Ĕ
k k kH Ey y= . (55) 

ʋʨʘʚʥʝʥʠʷ (51) ʠ (55) ʩʦʚʤʝʩʪʥʳ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ = *

k k
E E . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, PT-

ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ky  ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ kE  PT-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ĔH . 

ɼʦʢʘʞʝʤ ʪʝʧʝʨʴ, ʯʪʦ PT-ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ky  ʷʚʣʷʝʪʩʷ ʠ ʥʝʦʙʭʦʜʠʤʳʤ 

ʫʩʣʦʚʠʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ PT-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʩ 

ʥʝʚʳʨʦʞʜʝʥʥʳʤ ʩʧʝʢʪʨʦʤ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʩʪʝʤʳ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳ kE Í , ʘ ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ky  PT-ʥʝʩʠʤʤʝʪʨʠʯʥʳ 

Ĕ Ĕ 'kPTy y= , (56) 

ʛʜʝ 'y  - ʥʝʠʟʚʝʩʪʥʘʷ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ. ʇʦʜʝʡʩʪʚʫʝʤ ʦʧʝʨʘʪʦʨʦʤ Ĕ ĔPT  ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ ky  (51) 

Ĕ ĔĔ Ĕ Ĕ
k k kPTH PTEy y= , (57) 

ʧʦʣʴʟʫʷʩʴ ʫʩʣʦʚʠʝʤ PT-ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (24) ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ kE  ʟʘʧʠʰʝʤ 

( ) ( )Ĕ Ĕ Ĕ Ĕ Ĕ
k k kH PT E PTy y= , (58) 

ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (55) ʧʦʣʫʯʘʝʤ 

Ĕ ' 'kH Ey y= . (59) 



22 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ 'y  ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ĔH  ʩ 

ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ kE . ɽʩʣʠ ʩʧʝʢʪʨ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ĔH  ʥʝʚʳʨʦʞʜʝʥ, ʪʦ ' ky y=  ʠ ʠʟ 

(55) ʩʣʝʜʫʝʪ, ʯʪʦ ky  ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʦʧʝʨʘʪʦʨʘ Ĕ ĔPT  

Ĕ Ĕ 'k kPTy y y= = . (60) 

ʉʣʫʯʘʡ PT-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʩ ʚʳʨʦʞʜʝʥʥʳʤ ʩʧʝʢʪʨʦʤ ʨʘʩʩʤʦʪʨʝʥ ʚ ʦʙʟʦʨʝ 

[40], ʛʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ PT-ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʢʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʛʘʤʠʣʴʪʦʥʠʘʥʘ kE  ʜʝʡʩʪʚʠʪʝʣʴʥʳ, ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʈʊ-ʩʠʤʤʝʪʨʠʯʥʳ. ɽʩʣʠ ʞʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳ, ʪʦ 

ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʥʝ ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʦʧʝʨʘʪʦʨʘ 

Ĕ ĔPT . 

 

1.2.3. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʥʘʨʫʰʝʥʠʝʤ PT-ʩʠʤʤʝʪʨʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ 

ɺ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʢʦʪʦʨʳʭ ʛʘʤʠʣʴʪʦʥʠʘʥ ĔH  ʢʦʤʤʫʪʠʨʫʝʪ ʩ ʣʠʥʝʡʥʳʤ 

ʦʧʝʨʘʪʦʨʦʤ ʩʠʤʤʝʪʨʠʠ ĔP , ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʚʩʝʛʜʘ ĔP -ʩʠʤʤʝʪʨʠʯʥʳ 

[41], ʧʦʵʪʦʤʫ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʥʝʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʠʟʤʝʥʝʥʠʝʤ ĔP -

ʩʠʤʤʝʪʨʠʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ĔH, ʢʦʤʤʫʪʠʨʫʶʱʝʛʦ ʩ 

ʦʧʝʨʘʪʦʨʦʤ ĔP, ʤʦʛʣʠ ʙʳʪʴ ĔP -ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ, ĔP  ʜʦʣʞʝʥ ʙʳʪʴ ʥʝʣʠʥʝʡʥʳʤ 

ʦʧʝʨʘʪʦʨʦʤ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ, ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʦʪ ĔP -ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʢ ĔP -

ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ, ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤʘʭ, ʙʣʘʛʦʜʘʨʷ 

ʘʥʪʠʣʠʥʝʡʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ Ĕ ĔPT  [34]. ʉʠʤʤʝʪʨʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʛʘʤʠʣʴʪʦʥʠʘʥʘ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ: PT-ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠʤʝʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʘ PT-

ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠʤʝʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

(ʩʤʦʪʨʠ ʨʘʟʜʝʣ 1.2.2 ʠ [40]). 

ɺ ʪʝʦʨʠʠ ɻʠʥʟʙʫʨʛʘ-ʃʘʥʜʘʫ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ - h, ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʥʫʣʶ ʚ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʘʟʝ ʠ ʦʪʣʠʯʝʥ ʦʪ 

ʥʫʣʷ ʚ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʘʟʝ [42]. ɺ ʩʣʫʯʘʝ PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʚʝʣʠʯʠʥʫ 
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k

k

E , (61) 

ʛʜʝ ʩʫʤʤʘ ʙʝʨʝʪʩʷ ʧʦ ʚʩʝʤ ʩʦʙʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʷʤ ʛʘʤʠʣʴʪʦʥʠʘʥʘ. ɺʚʝʜʝʥʥʳʡ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ h ʨʘʚʝʥ ʥʫʣʶ ʚ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʘʟʝ ʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʦʙʳʯʥʦ ʫʜʝʣʷʶʪ 

ʨʘʩʩʤʦʪʨʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʤʥʠʤʳʭ ʯʘʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ) ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʛʘʤʠʣʴʪʦʥʠʘʥʘ, ʘ ʥʝ ʩʠʤʤʝʪʨʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ. 

 

1.2.4. PT-ʩʠʤʤʝʪʨʠ ̫ʚ ɻʣʝʢʪʨʦʜʠʥʘʤʠʢʝ 

ɺ ʨʘʙʦʪʘʭ [14,15] ʢʦʥʮʝʧʮʠʷ PT-ʩʠʤʤʝʪʨʠʠ ʙʳʣʘ ʧʝʨʝʥʝʩʝʥʘ ʠʟ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ 

ʚ ɻʣʝʢʪʨʦʜʠʥʘʤʠʢʫ. ɺ ɻʣʝʢʪʨʦʜʠʥʘʤʠʢʫ ʧʦʥʷʪʠʝ ʈʊ-ʩʠʤʤʝʪʨʠʠ ʤʦʞʥʦ ʚʚʝʩʪʠ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ɺ ʜʚʫʤʝʨʥʦʤ ʠ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʷʭ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʩʚʦʜʷʪʩʷ ʢ 

ʩʢʘʣʷʨʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ɻʝʣʴʤʛʦʣʴʮʘ [43] 

( ) ( )
w
e

å õå õµ µ
æ ö+ + =æ ö
æ öµ µ ç ÷ç ÷

22 2

2 2
, , 0x z E x z

cx z
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(62) 

ʢʦʪʦʨʦʝ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʐʨʝʜʠʥʛʝʨʘ [44] 
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(63) 

ʝʩʣʠ ʩʜʝʣʘʪʴ ʬʦʨʤʘʣʴʥʫʶ ʟʘʤʝʥʫ ( ) ( ) ( )
2

, / ,kV x z E c x zw e- ­ , ( ) ( ), ,y =k x z E x z  ʠ 

2 / 2 1- ­m . ʊʘʢ ʢʘʢ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ, ʫʩʣʦʚʠʝ PT-ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʩʠʩʪʝʤʳ ʩ 

ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ ʚʠʜʘ (48) ʩʚʦʜʠʪʩʷ ʢ ʪʨʝʙʦʚʘʥʠʶ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ 

( ) ( )*, ,= - -V x z V x z, ʪʦ, ʧʦ ʘʥʘʣʦʛʠʠ, ʤʝʞʜʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʚ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ, ʫʩʣʦʚʠʝ PT-

ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʫʩʣʦʚʠʝ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʩʨʝʜʳ 

( ) ( )Re , , Re , ,x z x ze w e w= - -, (64) 

( ) ( )Im , , Im , ,x z x ze w e w=- - - (65) 

ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, 

ʟʘʚʠʩʷʱʝʡ ʪʦʣʴʢʦ ʦʪ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʘʥʘʣʦʛʠʷ ʤʝʞʜʫ ʫʨʘʚʥʝʥʠʷʤʠ ɻʝʣʴʤʛʦʣʴʮʘ ʠ 
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ʫʨʘʚʥʝʥʠʷʤʠ ʐʨʝʜʠʥʛʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʝʱʸ ʙʦʣʝʝ ʷʚʥʦʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘ ̫ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʢʦʦʨʜʠʥʘʪʳ x . ʈʘʩʩʤʦʪʨʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʜʦʣʴ ʦʩʠ y  

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥ rʩ ʘʤʧʣʠʪʫʜʦʡ ()E x . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʚʦʣʥʳ ʩʚʦʜʠʪʩʷ ʢ ʩʢʘʣʷʨʥʦʡ [43], ʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ ɻʝʣʴʤʛʦʣʴʮʘ 

()
22 2

2 2
0

E E
x E

x z c

w
e

µ µ å õ
+ + =æ ö

µ µ ç ÷
. 

(66) 

ʊʘʢ ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ z, ʪʦ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ (66) ʤʦʞʥʦ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʬʫʥʢʮʠʡ [43] 

( ) () (),E x z g z f x= , (67) 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʡ [43] 

()
()() ()

22

2

2

w
e

µ å õ
+ =æ ö
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f x
x f x k f x

x c
, 

(68) 

()
()

2

2

2
0

µ
+ =

µ
z

g z
k g z

z
. 

(69) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (69) ʧʦʣʫʯʘʝʤ, ʯʪʦ 

() ( ) ( )1 2exp expz zg z A ik z A ik z= + - , (70) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 1 2,A A  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʢʦʥʩʪʘʥʪʘ ʨʘʟʜʝʣʝʥʠʷ 2

zk  

ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (68). 

ʋʨʘʚʥʝʥʠʝ (68) ʩʦʚʧʘʜʘʝʪ ʩ ʦʜʥʦʤʝʨʥʳʤ ʩʪʘʮʠʦʥʘʨʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʐʨʝʜʠʥʛʝʨʘ ʩ 

ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ (48), ʚ ʢʦʪʦʨʦʤ 2 2 2/ 2 /p m x­µ µ, () ( ) ()
2

/V x c xw e­ , 2­ zE k  ʠ 

() ()x f xy ­ . ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʝʩʪʠ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʫ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʘʤʢʘʭ ʈʊ-ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ. ʆʧʝʨʘʪʦʨ ĔP  ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʚʦʜʠʪʩʷ ʢ 

ʠʥʚʝʨʩʠʠ ʧʦ ʦʩʠ x, ʘ ʦʧʝʨʘʪʦʨ ĔT  ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ ʩʦʧʨʷʞʝʥʠʶ. 
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1.2.5. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʜʚʫʤʝʨʥʳʭ PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ 

ʈʘʩʩʤʦʪʨʠʤ PT-ʩʠʤʤʝʪʨʠʯʥʳʡ ʦʜʥʦʤʝʨʥʳʡ ʬʦʪʦʥʥʳʡ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ) 

ʢʨʠʩʪʘʣʣ, ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʝʚ ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʳ d . 

ʆʩʴ x  ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʣʦʷʤ (ʈʠʩ. 1), ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʜʠʥʘʢʦʚʘ ʚʦ ʚʩʝʭ ʩʣʦʷʭ, ʘ ʤʥʠʤʘʷ ʯʘʩʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʩʦʩʝʜʥʠʭ ʩʣʦʷʭ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʢʦʤ: 

( )1 , 0, ,
n

n R I R R Iie e e e e e= + - > Í, (71) 

ʛʜʝ 1,2n=  - ʥʦʤʝʨ ʩʣʦʷ ʚ ʷʯʝʡʢʝ. ʇʫʩʪʴ ʧʦ ʩʠʩʪʝʤʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ z  ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʚʜʦʣʴ ʦʩʠ y  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 1) 

( ) () ( ), expy effE x z f x ik z= , ʛʜʝ effk  - ʵʬʬʝʢʪʠʚʥʳʡ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ. ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 2

effk  ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʩʚʦʜʠʪʩʷ ʢ 

ʜʚʫʤ ʫʨʘʚʥʝʥʠʷʤ [45,46] 

( ) ( )/ 2 / 2 /l g l gtg d ctg db b b b=- , (72) 

( ) ( )/ 2 / 2 /l g g ltg d ctg db b b b=- , (73) 

ʛʜʝ ( )2 2

0l R I effk i kb e e= + - , ( )2 2

0g R I effk i kb e e= - -  ʠ ( )
22

0 /k cw= . 

ʋʨʘʚʥʝʥʠʝ (72) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʱʝʡ ʚʦʣʥʝ [45,46] ʜʘʞʝ ʚ ʩʨʝʜʝ ʙʝʟ 

ʧʦʪʝʨʴ ʠ ʫʩʠʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʵʪʦʪ ʩʣʫʯʘʡ ʤʳ ʥʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ. ʋʨʘʚʥʝʥʠʶ (73) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʚ ʷʯʝʡʢʝ ()f x , ʠʤʝʶʱʠʡ ʚʠʜ [45,46] 

()

( )
( ) ( )

( ) ( )
( ) [ ]

( )
( ) ( )

( ) ( )
( ) [ ]
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cos sin , 0,

sin sin

cos cos
cos sin , ,0 ,
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d d
x x x d

d d
f x

d d
x x x d

d d

b b
b b

b b

b b
b b

b b

ë -
- Íî

+îî
=ì

-î
+ Í -î

+îí

, 

 

(74) 

ʛʜʝ 0x=  ʦʧʨʝʜʝʣʷʝʪ ʧʣʦʩʢʦʩʪʴ, ʨʘʟʜʝʣʷʶʱʫʶ ʩʣʦʠ ʚʥʫʪʨʠ ʷʯʝʡʢʠ. 
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ʈʠʩ. 1. ɼʚʫʤʝʨʥʘʷ PT-ʩʠʤʤʝʪʨʠʯʥʘ ̫ʩʠʩʪʝʤʘ ʩ ( ) ( )e e= -*, ,x z x z . ʎʚʝʪʦʤ ʦʪʤʝʯʝʥʳ 

ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʤʥʠʤʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʩʪʨʝʣʢʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʥʘʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (73) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʤʥʠʤʦʡ ʯʘʩʪʠ Ie ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʥʴʰʠʭ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ cr

Ie , ʜʣʷ ʣʶʙʦʡ ʯʘʩʪʦʪʳ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʚʦʣʥʦʚʳʤʠ ʚʝʢʪʦʨʘʤʠ effk . ʇʨʠ 

ʟʥʘʯʝʥʠʷʭ ʤʥʠʤʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʦʣʴʰʠʭ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʚʦʣʥʦʚʳʝ ʚʝʢʪʦʨʳ effk  ʩʪʘʥʦʚʷʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ (ʈʠʩ. 2), ʧʨʠʯʝʤ ʠʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ 

ʯʘʩʪʠ ʩʦʚʧʘʜʘʶʪ, ʘ ʤʥʠʤʳʝ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʢʦʤ. ʅʠʞʝ cr

Ie  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ()f x  PT-

ʩʠʤʤʝʪʨʠʯʥʦ (ʈʠʩ. 3ʘ), ʚʳʰʝ cr

Ie  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʚ ʩʠʩʪʝʤʝ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ PT-

ʩʠʤʤʝʪʨʠʯʥʳʤ (ʈʠʩ. 3ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʦʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʢ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ()f x  ʦʪ 

PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʢ PT-ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ (ʈʠʩ. 3). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʧʦʥʪʘʥʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ʈʊ-ʩʠʤʤʝʪʨʠʠ ʨʝʰʝʥʠʷ ()f x  

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʦʜʫʣʷ ʤʥʠʤʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ie. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʥʠʤʦʡ ʯʘʩʪʠ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʦʪ ʚʝʣʠʯʠʥʳ ʤʥʠʤʦʡ ʯʘʩʪʠ 

ʜʠʣɻʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

 

  

ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʚ ʷʯʝʡʢʝ ʬʦʪʦʥʥʦʛʦ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ) ʢʨʠʩʪʘʣʣʘ ʩ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ( )1 , 0, , , 1,2
n

n R I R R Ii ne e e e e e= + - > Í = (ʘ) ʥʠʞʝ 

ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ cr

I Ie e< , (ʙ) ʚʳʰʝ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ cr

I Ie e> : ʩʧʣʦʰʥʦʡ 

ʠ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʘʤʧʣʠʪʫʜʳ ʜʣʷ ʜʚʫʭ ʨʘʟʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜ 

ʩʠʩʪʝʤʳ. 

ʈʠʩ. 3 ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʠʪʫʘʮʠʶ. ʅʠʞʝ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʦʙʩʪʚʝʥʥʳʝ 

ʨʝʰʝʥʠʷ PT-ʩʠʤʤʝʪʨʠʯʥʳ. ɸʤʧʣʠʪʫʜʘ ʧʦʣʷ ʚ ʩʣʦʝ ʩ ʧʦʪʝʨʷʤʠ ʨʘʚʥʘ ʘʤʧʣʠʪʫʜʝ ʧʦʣʷ ʚ 

ʩʣʦʝ ʩ ʫʩʠʣʝʥʠʝʤ (ʈʠʩ. 3ʘ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʚ ʩʣʦʝ ʩ ʧʦʪʝʨʷʤʠ 

ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʧʨʠʪʦʢʦʤ ʵʥʝʨʛʠʠ ʚ ʩʣʦʝ ʩ ʫʩʠʣʝʥʠʝʤ 
2 2

Im Im 0gain gain loss lossE Ee e+ =. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʵʥʝʨʛʠʷ ʧʦʣʷ ʩʦʭʨʘʥʷʝʪʩʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ. ɺʳʰʝ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ PT-

ʥʝʩʠʤʤʝʪʨʠʯʥʳ, ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʚ ʩʣʦʝ ʩ ʧʦʪʝʨʷʤʠ ʠ ʚ ʩʣʦʝ ʩ ʫʩʠʣʝʥʠʝʤ ʥʝ ʨʘʚʥʳ ʜʨʫʛ 
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ʜʨʫʛʫ (ʈʠʩ. 3ʘ) ʠ 
2 2

Im Im 0gain gain loss lossE Ee e+ ¸. ɿʘʪʫʭʘʥʠʝ ʧʦʣʷ ʚ ʩʣʦʝ ʩ ʧʦʪʝʨʷʤʠ 

ʙʦʣʴʰʝ ʥʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʧʦʣʷ ʚ ʫʩʠʣʠʚʘʶʱʝʤ ʩʣʦʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʦʞʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʩʠʩʪʝʤʝ ʩ ʟʘʪʫʭʘʥʠʝʤ ʠʣʠ ʩ ʫʩʠʣʝʥʠʝʤ. 

 

1.2.6. ʅʝʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʥʝʵʨʤʠʪʦʚʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʩ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʇʫʩʪʴ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ kE  ʥʝʵʨʤʠʪʦʚʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ĔH  ʩ ʜʠʩʢʨʝʪʥʳʤ 

ʩʧʝʢʪʨʦʤ ʜʝʡʩʪʚʠʪʝʣʴʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʠʟ ʚʨʝʤʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ 

Ĕk

ki H
t

y
y

µ
=

µ
, 

(75) 

ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʛʘʤʠʣʴʪʦʥʠʘʥʘ () ( ) ()exp 0k k kt iE ty y=  ʥʦʨʤʘ 

ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ () ()k kt ty y  ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʷʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʚʝʣʠʯʠʥʦʡ 

() () () ( ) ( ) () () ()0 exp exp 0 0 0k k k k k k k kt t iE t iE ty y y y y y= - = . (76) 

ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʨʤʠʪʦʚʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ĔH , 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʨʘʟʣʠʯʥʳʤ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʯʠʩʣʘʤ, ʥʝ ʷʚʣʷʶʪʩʷ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʛʦ ʫʤʥʦʞʠʤ ʵʨʤʠʪʦʚʦ-ʩʦʧʨʷʞʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʐʨʝʜʠʥʛʝʨʘ 

Ĕn

ni H
t

y
y +

µ
- =
µ

 
(77) 

ʥʘ ky  ʩʧʨʘʚʘ, ʘ ʫʨʘʚʥʝʥʠʝ (75) ʩʣʝʚʘ ʥʘ ny , ʠ ʚʳʯʪʝʤ ʠʭ ʜʨʫʛ ʠʟ ʜʨʫʛʘ 

Ĕ Ĕk n n k

n k n ki H H i
t t t

y y y y
y y y y+
å µ µ õ µ

+ = - =æ ö
µ µ µç ÷

 
(78) 

ɽʩʣʠ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʦʨʪʦʛʦʥʘʣʴʥʳ, 0n ky y = , ʪʦʛʜʘ 

( )/ 0n k ty yµ µ =. ɽʩʣʠ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ky  ʧʦʣʥʳʡ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟ (78) ʩʣʝʜʫʝʪ, 

ʯʪʦ Ĕ ĔH H+= , ʪ.ʝ. ʪʦ, ʯʪʦ ʛʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ ĔH  ʵʨʤʠʪʦʚ. ʏʪʦʙʳ ʥʝʵʨʤʠʪʦʚʳʡ 

ʛʘʤʠʣʴʪʦʥʠʘʥ ʠʤʝʣ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʣʠʙʦ ʯʪʦʙʳ ʜʣʷ 

n ķ 0n ky y ¸ , ʣʠʙʦ ʯʪʦʙʳ ʥʘʙʦʨ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʥʝ 

ʩʦʩʪʘʚʣʷʣ ʧʦʣʥʳʡ ʙʘʟʠʩ. 
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ɺ ʦʙʟʦʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʞʥʳʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʠʩʪʝʤ ʩ PT-ʩʠʤʤʝʪʨʠʯʥʳʤʠ 

ʛʘʤʠʣʴʪʦʥʠʘʥʘʤʠ (Ĕ ĔĔ ĔĔ ĔPTH HPT= ). ɽʩʣʠ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʘʢʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳ, ʪʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ (ʩʤʦʪʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʚ [47]), ʯʪʦ ʩʠʩʪʝʤʘ ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦʣʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʥʝʦʨʪʦʛʦʥʘʣʴʥʳ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʠʟ (76) ʩʣʝʜʫʝʪ ʩʦʭʨʘʥʝʥʠʝ ʥʦʨʤʳ ʪʦʣʴʢʦ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ 

ʛʘʤʠʣʴʪʦʥʠʘʥʘ. ʀʟ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʵʪʠʭ ʬʫʥʢʮʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʦʨʤʘ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ k k

k

cy y=ä  ʤʦʞʝʪ ʥʝ ʩʦʭʨʘʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʩʘʤʦʤ ʜʝʣʝ 
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,

2 * * 0

n k n kn n k k
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n n k n k
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c c c c c
t t t

y yy y
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(79) 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʩʦʭʨʘʥʷʶʱʝʡʩʷ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ĔPy y. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫʤʥʦʞʠʚ ʫʨʘʚʥʝʥʠʝ (75) ʩʣʝʚʘ ʥʘ ĔPy , ʫʨʘʚʥʝʥʠʝ (77) ʩʧʨʘʚʘ ʥʘ ĔPy  ʠ 

ʩʣʦʞʠʚ ʠʭ ʧʦʣʫʯʠʤ 

Ĕ
Ĕ Ĕ Ĕ ĔP

i H P PH
t

y y
y y+

µ
= -

µ
 

(80) 

ɽʩʣʠ Ĕ ĔĔ ĔH THT+= , ʪʦ Ĕ Ĕ Ĕ Ĕ ĔĔ ĔĔ Ĕ Ĕ Ĕ ĔĔ ĔĔ Ĕ ĔĔ Ĕ Ĕ ĔĔ0H P PH THTP PH HTP TPH HPT PTH+ - = - = - = - =. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ĔPy y ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʷʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʚʝʣʠʯʠʥʦʡ, ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ PT-ʩʠʤʤʝʪʨʠʯʥʳʭ ʛʘʤʠʣʴʪʦʥʠʘʥʦʚ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʟʘʤʢʥʫʪʦʡ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʦʧʨʝʜʝʣʠʪʴ 

ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʙʨʘ-ʚʝʢʪʦʨʘ ʥʘʜʦ ʙʨʘʪʴ ʚʝʢʪʦʨ ĔPy . ʇʨʠ ʵʪʦʤ 

ʧʨʘʚʠʣʘ ʥʘʭʦʞʜʝʥʠʷ ʩʨʝʜʥʠʭ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ Ĕ ĔĔA PAy y= . 
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ɻʣʘʚʘ 2 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʧʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʩʣʦʶ, 

ʩʦʜʝʨʞʘʱʝʤʫ ʫʩʠʣʠʚʘʶʱʫʶ ʩʨʝʜʫ 

2.1. ɺʚʝʜʝʥʠʝ 

ɺʦʧʨʦʩ ʦʙ ʦʪʨʘʞʝʥʠʠ ʧʣʦʩʢʦʡ ʚʦʣʥʳ, ʧʘʜʘʶʱʝʡ ʥʘ ʫʩʠʣʠʚʘʶʱʫʶ ʩʨʝʜʫ, ʠʤʝʝʪ 

ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ [48-52], ʧʦʣʥʫʶ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ ʥʝʷʩʥʳʭ ʤʝʩʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ [48] 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʫʝʪʩʷ ʦʪʨʘʞʝʥʠʝ ʚʦʣʥʳ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ, ʦʜʥʘ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʩʠʣʠʚʘʶʱʝʡ. ʇʨʠ ʵʪʦʤ ʩʥʘʯʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʭʦʞʜʝʥʠʝ ʚʦʣʥʳ 

ʯʝʨʝʟ ʫʩʠʣʠʚʘʶʱʠʡ ʩʣʦʡ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʠʟ 

ʨʝʰʝʥʠʷ ʦʜʥʦʤʝʨʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʢʩʚʝʣʣʦʚʩʢʠʭ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ [53]. ʅʠʞʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʦʜʭʦʜʦʤ ʌʨʝʥʝʣʷ. ɼʘʣʝʝ ʚ [48] 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʢ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʤʫ ʩʣʦʶ. ʅʘʡʜʝʥʥʳʡ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ R ʦʪ ʫʩʠʣʠʚʘʶʱʝʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʫʩʠʣʠʚʘʶʱʝʡ 

ʩʨʝʜʦʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʚʩʪʨʝʯʥʘʷ ʚʦʣʥʘ, ʠʜʫʱʘʷ ʠʟ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʠ 

ʥʝʩʫʱʘʷ ʵʥʝʨʛʠʶ ʥʘʚʩʪʨʝʯʫ ʧʘʜʘʶʱʝʡ ʚʦʣʥʝ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʷʚʥʦʤ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ 

ʧʨʠʥʮʠʧʦʤ ʧʨʠʯʠʥʥʦʩʪʠ. 

ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʦʜʚʝʨʛʥʫʪʦ ʢʨʠʪʠʢʝ ʚ [50], ʛʜʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʦʣʥʳ, 

çʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʪʨʘʞʝʥʠʷʭ ʦʪ ʛʨʘʥʠʮ ʩʣʦʷ, ʦʙʨʘʟʫʶʪ, ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ d, ʨʘʩʭʦʜʷʱʠʡʩʷ ʨʷʜ ʠ ʨʝʰʝʥʠʷ ʧʨʦʩʪʦ ʥʝʪè. ʌʘʢʪʠʯʝʩʢʠ, ʵʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ ʧʘʨʮʠʘʣʴʥʳʭ ʚʦʣʥ ʕʡʨʠ [54,55]. ʅʘʣʠʮʦ ʷʚʥʦʝ 

ʧʨʦʪʠʚʦʨʝʯʠʝ: ʧʦʜʭʦʜ ʌʨʝʥʝʣʷ ʜʘʝʪ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʘ ʨʷʜ ʕʡʨʠ ʨʘʩʭʦʜʠʪʩʷ. ɿʘʤʝʪʠʤ, 

ʯʪʦ ʜʣʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʨʝʜ ʨʝʟʫʣʴʪʘʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʨʷʜʘ ʕʡʨʠ ʚʩʝʛʜʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʧʦʜʭʦʜʘ ʌʨʝʥʝʣʷ. 

ɺ [50] ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʜʦʢʩʘ ʚʤʝʩʪʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʦ ʧʨʦʭʦʞʜʝʥʠʠ 

ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʠʤʧʫʣʴʩʘ. 

ʋʪʚʝʨʞʜʘʣʦʩʴ, ʯʪʦ, ʝʩʣʠ ʚʥʫʪʨʠ ʩʣʦʷ ʠʤʝʝʪ ʤʝʩʪʦ ʙʝʩʢʦʥʝʯʥʳʡ ʨʦʩʪ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʘ 

ʩʦ ʚʨʝʤʝʥʝʤ, ʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʦʪ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ( ),E zw  ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʣʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʝʢʦʨʨʝʢʪʥʦ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʢʣʘʜʳʚʘʪʴ ʧʦʣʝ ʧʦ ʚʦʣʥʘʤ ʩ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʘʤʧʣʠʪʫʜʦʡ (ʩʤʦʪʨʠ ʪʘʢʞʝ [56]), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
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ʦʙʦʙʱʝʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ [57,58]. ʇʨʠ ʵʪʦʤ ʢʦʥʪʫʨ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʯʘʩʪʦʪ ʚ ʦʙʨʘʪʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʌʫʨʴʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʳʰʝ 

ʚʩʝʭ ʧʦʣʶʩʦʚ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʦʣʶʩʘ, ʣʝʞʘʱʠʝ ʚʳʰʝ 

ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʠ, ʜʘʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʫʱʫʶ ʚʦ ʚʨʝʤʝʥʠ ʧʦʧʨʘʚʢʫ ʢ ʦʙʳʯʥʦʤʫ 

ʨʝʰʝʥʠʶ, ʧʦʣʫʯʝʥʥʦʤʫ ʚ ʨʘʤʢʘʭ ʬʨʝʥʝʣʝʚʩʢʦʛʦ ʧʦʜʭʦʜʘ. 

 

2.2. ʇʘʜʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʧʦ ʥʦʨʤʘʣʠ ʥʘ ʫʩʠʣʠʚʘʶʱʠʡ ʩʣʦʡ. 

ʇʦʜʭʦʜʳ ʌʨʝʥʝʣʷ ʠ ʕʡʨʠ 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʮʫʛʘ 

ʩ ʧʣʘʚʥʳʤ ʬʨʦʥʪʦʤ ʥʘ ʫʩʠʣʠʚʘʶʱʠʡ ʩʣʦʡ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ d. ʇʫʩʪʴ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʮʫʛ ʧʘʜʘʝʪ ʩʣʝʚʘ ʥʘʧʨʘʚʦ. ʇʨʝʜʧʦʣʘʛʘʷ ʫʩʣʦʚʠʝ (20) ʚʳʧʦʣʥʝʥʥʳʤ, 

ʧʨʝʥʝʙʨʝʞʝʤ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʣʠʥʝʡʥʦʩʪʴʶ, ʪ.ʝ. ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʠʜʘ (21) ʚ ʫʨʘʚʥʝʥʠʠ (18). ʃʠʥʝʡʥʦʩʪʴ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʌʫʨʴʝ-

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ( ),E z t . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʰʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʦ 

ʧʨʦʭʦʞʜʝʥʠʠ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʯʝʨʝʟ ʦʜʥʦʨʦʜʥʳʡ ʩʣʦʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʥʠʤʦʡ ʯʘʩʪʴʶ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Im 0gaine < , ʢʦʛʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ( ),E zw  

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʧʨʠ ʝʜʠʥʠʯʥʦʡ ʧʘʜʘʶʱʝʡ ʚʦʣʥʝ 

( ),g zw  ʥʘ ʘʤʧʣʠʪʫʜʫ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ. ɺʠʜ ʬʫʥʢʮʠʠ ( ),g zw  ʥʘʭʦʜʠʪʩʷ ʠʟ ʨʝʰʝʥʠʷ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (18) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʢʩʚʝʣʣʦʚʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦʣʝʡ (ʧʦʜʭʦʜ ʌʨʝʥʝʣʷ): 

( )

( ) ( )

( ) ( )
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0 0

0 0

0
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ik z r ik z z
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î
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(81) 

ɸʤʧʣʠʪʫʜʳ r , a , b , t  ʥʘʭʦʜʷʪʩʷ ʠʟ ʩʰʠʚʢʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʝʡ ʥʘ 

ʛʨʘʥʠʮʘʭ ʩʣʦʷ 0z=  ʠ z d=  [29]: 
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(2.5) 

ʛʜʝ 1 1Z =  ʠ 
2 1/ gainZ = e  ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʠʤʧʝʜʘʥʩʳ ʚʘʢʫʫʤʘ ʠ ʩʨʝʜʳ, ʘ 0k  ï 

ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚ ʚʘʢʫʫʤʝ. 

 

ʘ 

 

ʙ 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ( ),E zw  ʚ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ ʌʨʝʥʝʣʷ. (ʘ) 

ʇʘʜʘʶʱʘʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʚʩʪʨʝʯʥʘʷ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʚʦʣʥʳ. (ʙ) ʇʦʪʦʢ ʵʥʝʨʛʠʠ zS  

ʚ ʩʣʦʝ ʪʦʣʱʠʥʦʡ 0d d> . ʋʩʠʣʠʚʘʶʱʠʡ ʩʣʦʡ ʟʘʢʨʘʰʝʥ. ʏʘʩʪʦʪʘ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ w ʨʘʚʥʘ 

ʯʘʩʪʦʪʝ ʧʝʨʝʭʦʜʘ 0w, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 2 0.182gain ie = -  ʧʦʣʫʯʝʥʘ ʠʟ 

ʬʦʨʤʫʣʳ (21) ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʫʩʠʣʠʚʘʶʱʠʭ ʩʨʝʜ ʩ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ [59].
3
 

                                                           
3
ɺʦ ʚʩʝʭ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʫʩʠʣʠʚʘʶʱʠʭ ʩʨʝʜ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʂʊ [59]: 15 1

0 10 cw -= , 
143 10p ct -= Ö , 

135 10n ct -= Ö , 18

0 2.15 10n = Ö  ʘʪʦʤʦʚ/3ʩʤ, ( )
22

17 31.5 10ge ʜʠʥ ʩʤ-= Ö Öd , 0 2e=  ʚ 

ʫʩʠʣʠʚʘʶʱʝʤ ʩʣʦʝ (0 z d< <) ʠ 1 ʚʥʝ ʥʝʛʦ. ɼʘʣʝʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʝ ʩʠʩʪʝʤʳ (1.15)-(1.17), ʧʨʠ ʢʦʪʦʨʦʤ ʚʨʝʤʷ (t , pt , nt) 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʣʝ ʚʦʣʥʳ ʚ ʩʣʦʝ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʧʦʣʝʡ ʜʚʫʭ ʚʦʣʥ (ʨʠʩ. 4). ʆʜʥʘ ʠʟ ʥʠʭ, 

ʠʤʝʶʱʘʷ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ z-

ʢʦʤʧʦʥʝʥʪʫ ʚʝʢʪʦʨʘ ʇʦʡʥʪʠʥʛʘ, ʚʦʟʨʘʩʪʘʝʪ (ʫʩʠʣʠʚʘʝʪʩʷ) ʚʛʣʫʙʴ ʩʣʦʷ. ʕʪʫ ʚʦʣʥʫ ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ çʧʘʜʘʶʱʝʡè, ʘ ʚʪʦʨʫʶ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, çʚʩʪʨʝʯʥʦʡè. çɺʩʪʨʝʯʥʘʷè ʚʦʣʥʘ 

ʫʙʳʚʘʝʪ ʚʛʣʫʙʴ ʩʣʦʷ ʠ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ zS  ʚʝʢʪʦʨʘ ʇʦʡʥʪʠʥʛʘ. 

ʆʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʵʪʠʭ ʜʚʫʭ ʚʦʣʥ ʥʘ ʧʨʘʚʦʡ ʛʨʘʥʠʮʝ ʩʣʦʷ z d=  

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʧʝʜʘʥʩʦʤ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʣʱʠʥʳ ʩʣʦʷ. ʊʘʢ ʢʘʢ çʚʩʪʨʝʯʥʘʷè ʚʦʣʥʘ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩ. 4ʘ), ʜʚʠʛʘʷʩʴ, ʩʧʨʘʚʘ 

ʥʘʣʝʚʦ, ʫʩʠʣʠʚʘʝʪʩʷ, ʪʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʝ ʩʣʦʷ ʥʘ ʣʝʚʦʡ ʛʨʘʥʠʮʝ 0z=  ʦʥʘ 

ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʝʚʳʩʠʪ çʧʘʜʘʶʱʫʶè (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩ. 4ʘ). ʇʣʦʩʢʦʩʪʴ *z z= , 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʨʘʚʝʥʩʪʚʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʚʦʣʥ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʞʝ 

ʥʫʣʝʚʳʤ ʧʦʪʦʢʦʤ ʵʥʝʨʛʠʠ, ʧʨʦʭʦʜʷʱʠʤ ʯʝʨʝʟ ʵʪʫ ʧʣʦʩʢʦʩʪʴ. ʇʨʠ *z z<  ʧʦʪʦʢ ʵʥʝʨʛʠʠ 

ʥʘʧʨʘʚʣʝʥ ʚʣʝʚʦ, ʧʨʠ *z z>  ï ʚʧʨʘʚʦ. ʈʘʩʩʪʦʷʥʠʝ 0d  ʦʪ ʧʣʦʩʢʦʩʪʠ *z z=  ʜʦ ʧʨʘʚʦʡ 

ʛʨʘʥʠʮʳ ʩʣʦʷ ʥʝʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʡ (82)-(85) ʠ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʦʣʥ, ʜʚʠʛʘʶʱʠʭʩʷ ʚ ʧʣʘʩʪʠʥʢʝ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

( )

( )

2
2

0 2
2

0

11
ln

4 1

gain gain

gain gain

n
d

k n

k

k k

è ø+ +
é ù=
é ù- +
ê ú

, 

(86) 

ʛʜʝ Regain gainn e=  ʠ Imgain gaink e= . ɿʘʤʝʪʠʤ, ʯʪʦ 0d  ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʥʘʢʘʯʢʠ gaink , ʠ 

ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʤʝʥʴʰʝ, ʪʘʢ ʠ ʙʦʣʴʰʝ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ d .  

ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʚʳʨʘʞʝʥʠʝ (86) ʜʣʷ 0d  ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ. ʆʥʦ ʥʘʡʜʝʥʦ ʠʟ 

ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʦʣʥ ʚ ʧʣʘʩʪʠʥʢʝ. ʅʦ ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ 

ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ 

( ) ( ) ( ) ( )( ) ( ) ( )( )0 0 0 0 0 02 Im
4

z gain gain

c
S n a d a d b d b d a d b d* * *è ø= - + k

ê úp
. ʀʟ ʧʦʩʣʝʜʥʝʛʦ 

ʚʳʨʘʞʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʝʥʫʣʝʚʦʡ ʤʥʠʤʦʡ ʯʘʩʪʠ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ Im gaink k=  

ʚʩʪʨʝʯʥʳʝ ʚʦʣʥʳ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʥʦʩʪʠ ʬʘʟ ʤʝʞʜʫ ʥʠʤʠ ʩʦʟʜʘʶʪ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ 

                                                                                                                                                                                           

ʠʟʤʝʨʷʣʦʩʴ ʚ ʝʜʠʥʠʮʘʭ pt, ʢʦʦʨʜʠʥʘʪʘ ï ʚ ʝʜʠʥʠʮʘʭ pct, ʯʘʩʪʦʪʘ 0w  ï ʚ ʝʜʠʥʠʮʘʭ 
1

pt
-

, E  

ʠ P  ï ʚ ʝʜʠʥʠʮʘʭ 0 / pn t , n  ï ʚ ʝʜʠʥʠʮʘʭ 0n , 
2

ged  ï ʚ ʝʜʠʥʠʮʘʭ ( )0/ pnt . ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 0 30w= , 1pt= , 167nt= , 0 1n = , 

2

0.0145ge =d , ʧʨʠ ʵʪʦʤ ʢʦʥʩʪʘʥʪʳ c  ʠ  ʠʩʯʝʟʘʶʪ ʠʟ ʫʨʘʚʥʝʥʠʡ. 
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ʚʢʣʘʜ ʚ ʧʦʪʦʢ ʵʥʝʨʛʠʠ [60]. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʧʦʧʨʘʚʢʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʤʝʣʢʦʡ ʨʷʙʠ 

ʥʘ ʨʠʩ. 4ʙ, ʢʦʪʦʨʘʷ ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʘʝʪ ʪʦʯʢʫ, ʛʜʝ 0zS = . ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ 

ʚʣʠʷʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʇʨʠ ʪʦʣʱʠʥʝ ʩʣʦʷ, ʙʦʣʴʰʝʡ 0d , ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʚʥʫʪʨʠ ʩʣʦʷ ʧʦʷʚʣʷʝʪʩʷ 

ʦʙʣʘʩʪʴ, ʛʜʝ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʥʘʧʨʘʚʣʝʥ ʥʘʚʩʪʨʝʯʫ ʧʘʜʘʶʱʝʡ ʚʦʣʥʝ (ʨʠʩ. 4ʙ). ʀʟ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʚʥʫʪʨʠ ʩʣʦʷ ʠ ʝʛʦ ʧʦʩʪʦʷʥʩʪʚʘ ʚʥʝ ʩʣʦʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 

0d d>  ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ 

ʩʣʦʷ ʧʦʜʭʦʜ ʌʨʝʥʝʣʷ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʨʦʩʪ ʦʙʣʘʩʪʠ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ çʚʩʪʨʝʯʥʘʷè ʚʦʣʥʘ, 

ʫʙʳʚʘʶʱʘʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ ʥʝʩʫʱʘʷ ʵʥʝʨʛʠʶ ʩʧʨʘʚʘ ʥʘʣʝʚʦ, ʥʘʚʩʪʨʝʯʫ çʧʘʜʘʶʱʝʡè 

ʚʦʣʥʝ [48]. ʕʥʝʨʛʠʷ ʧʝʨʝʥʦʩʠʪʩʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʣʠʰʴ ʚ ʩʣʦʝ ʪʦʣʱʠʥʳ 0d , ʧʨʠʤʳʢʘʶʱʝʤ ʢ 

ʟʘʜʥʝʡ ʛʨʘʥʠʮʝ ʩʣʦʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʩʣʦʷ ʧʦʜʭʦʜ ʌʨʝʥʝʣʷ 

(81) ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʩʪʨʝʤʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ T ʢ ʥʫʣʶ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ R ï ʢ ʢʦʥʝʯʥʦʤʫ ʟʥʘʯʝʥʠʶ (ʨʠʩ. 5). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʢ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʫ (
0

/d d ­¤) ʜʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʫʶʩʷ ʧʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʫ çʚʩʪʨʝʯʥʫʶè ʚʦʣʥʫ (ʩʤʦʪʨʠ [48]). 

 

ʘ 

 

ʙ 

ʈʠʩ. 5. ʂʦʵʬʬʠʮʠʝʥʪʳ (ʘ) ʧʨʦʭʦʞʜʝʥʠʷ T  ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ (ʙ) ʦʪʨʘʞʝʥʠʷ R  ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʫʩʠʣʠʚʘʶʱʦʛʦ ʩʣʦʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʪʦʣʱʠʥʳ d, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ 

ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ ʌʨʝʥʝʣʷ. ʇʘʨʘʤʝʪʨʳ ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩ. 1. 

ɺ ʩʣʫʯʘʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʨʝʜ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʧʦʜʭʦʜ ʌʨʝʥʝʣʷ (81), ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʚʦʣʥ ʨʷʜʘ 

ʕʡʨʠ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʝʨʝʦʪʨʘʞʝʥʠʷʭ ʚʦʣʥ ʦʪ ʛʨʘʥʠʮ ʩʣʦʷ [61,62]. ɺ 

ʩʣʫʯʘʝ ʫʩʠʣʠʚʘʶʱʝʛʦ ʩʣʦʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʦʚ ʕʡʨʠ ʠ ʌʨʝʥʝʣʷ ʤʦʛʫʪ 

ʦʪʣʠʯʘʪʴʩʷ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʕʡʨʠ (ʨʠʩ. 6) ʧʦʜʨʦʙʥʝʝ. 
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ʈʠʩ. 6. ʇʨʦʮʝʜʫʨʘ ʕʡʨʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʦʪ 

ʧʣʘʩʪʠʥʢʠ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʦʪʨʘʞʝʥʠʡ. ɺ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʛʦ ʩʣʦʷ 

L Rr r r¤= =-. 

ʇʘʜʘʶʱʘʷ ʚʦʣʥʘ ʝʜʠʥʠʯʥʦʡ ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʠʚʘʝʪʩʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ c ʘʤʧʣʠʪʫʜʦʡ 

1 2

1 2

Z Z
r

Z Z
¤

-
=
+

, 
(87) 

ʠ ʧʨʦʰʝʜʰʘʷ ʚʦʣʥʘ ʩ ʘʤʧʣʠʪʫʜʦʡ 

1
1

1 2

2Z
t

Z Z
¤ =

+
, 

(88) 

ʛʜʝ r¤ ʠ 1t¤  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʚ ʟʘʜʘʯʝ ʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʆʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʰʝʜʰʘʷ ʚʦʣʥʘ ʜʦʣʞʥʘ ʙʳʪʴ çʧʘʜʘʶʱʝʡè [50], ʪ.ʝ. ʠʤʝʪʴ 

2Re 0Z > . ʕʪʘ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʦʙʨʘʟʮʫ, ʠ ʥʘ ʧʨʘʚʦʡ ʛʨʘʥʠʮʝ (z d= ) ʝʝ 

ʘʤʧʣʠʪʫʜʘ ʧʨʠʦʙʨʝʪʘʝʪ ʤʥʦʞʠʪʝʣʴ ()exp id , 0 gaink dd e= . ʇʦʩʣʝ ʵʪʦʛʦ ʦʥʘ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʧʨʘʚʫʶ ʛʨʘʥʠʮʫ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ( )2 2 1 22 /t Z Z Z¤ = + , ʪʘʢ ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʧʝʨʚʦʡ 

ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʚʦʣʥʳ ʨʘʚʥʘ ( )1 1 2 0exp gaint t ik dt e¤ ¤= . ʏʘʩʪʴ ʚʦʣʥʳ ʦʪʨʘʞʘʝʪʩʷ 

ʦʪ ʧʨʘʚʦʡ ʛʨʘʥʠʮʳ ʦʙʨʘʟʮʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ r
¤
- , ʧʨʝʚʨʘʱʘʷʩʴ ʚʦ 

çʚʩʪʨʝʯʥʫʶè ʚʦʣʥʫ. ɿʘʪʝʤ ʦʥʘ ʧʨʦʭʦʜʠʪ ʧʦ ʦʙʨʘʟʮʫ ʩʧʨʘʚʘ ʥʘʣʝʚʦ, ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʣʝʚʦʡ 

ʛʨʘʥʠʮʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ r
¤
- , ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ çʧʘʜʘʶʱʫʶè ʠ ʜʚʠʛʘʝʪʩʷ ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ ʜʦ ʛʨʘʥʠʮʳ ʦʙʨʘʟʮʘ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʛʨʘʥʠʮʳ ʵʪʦʡ çʧʘʜʘʶʱʝʡè ʚʦʣʥʦʡ 

ʚʦʟʥʠʢʘʝʪ ʚʪʦʨʘʷ ʧʨʦʰʝʜʰʘʷ ʧʘʨʮʠʘʣʴʥʘʷ ʚʦʣʥʘ ʩ ʘʤʧʣʠʪʫʜʦʡ, ʨʘʚʥʦʡ 2 1qt t= , ʛʜʝ 
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( ) ( )2 2

0exp 2 exp 2gainq r ik d r ie d¤ ¤= = . (89) 

ɸʤʧʣʠʪʫʜʘ ʢʘʞʜʦʡ ʧʦʩʣʝʜʫʶʱʝʡ ʧʘʨʮʠʘʣʴʥʦʡ ʚʦʣʥʳ ʧʦʣʫʯʘʝʪʩʷ ʫʤʥʦʞʝʥʠʝʤ ʥʘ 

ʤʥʦʞʠʪʝʣʴ q  (ʟʥʘʤʝʥʘʪʝʣʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʜʘʝʪʩʷ ʨʷʜʦʤ 

( )( ) ( ) ( )2 2

1 2 0 1 2 0

0

exp 1 exp(2 ) ... exp exp(2 )
n

gain gain

n

t t t ik d r i t t ik d r ie d e d
¤

¤ ¤ ¤ ¤ ¤ ¤

=

= + + = ä . 
(90) 

ʇʨʦʩʫʤʤʠʨʦʚʘʚ ʧʨʦʛʨʝʩʩʠʶ (90), ʧʨʠʭʦʜʠʤ ʢ ʚʳʨʘʞʝʥʠʶ (82)-(85). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʦʛʨʝʩʩʠʷ (90) ʩʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʧʨʠ | | 1q<. ʕʪʦ ʫʩʣʦʚʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʠʙʦ ʦʪʩʫʪʩʪʚʠʶ ʫʩʠʣʝʥʠʷ, ʣʠʙʦ, ʧʨʠ ʝʛʦ ʥʘʣʠʯʠʠ, ʤʘʣʦʡ ʪʦʣʱʠʥʝ ʩʣʦʷ, crd d< . ʇʨʠ 

crd d=  ʤʦʜʫʣʴ q  ʦʙʨʘʱʘʝʪʩʷ ʚ ʝʜʠʥʠʮʫ. ʇʨʠ crd d<  ʦʩʣʘʙʣʝʥʠʝ ʚʦʣʥʳ ʟʘ ʩʯʝʪ ʚʳʭʦʜʘ ʝʝ 

ʠʟ ʦʙʨʘʟʮʘ ʧʨʝʚʳʰʘʝʪ ʫʩʠʣʝʥʠʝ ʟʘ ʩʯʝʪ ʧʨʦʭʦʜʘ ʧʦ ʫʩʠʣʠʚʘʶʱʦʡ ʩʨʝʜʝ. ɺʝʣʠʯʠʥʘ crd  

ʨʦʚʥʦ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ 0d  ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

( )

( )

2
2

0 2
2

0

11
2 ln

2 1

gain gain

cr

gain gain gain

n
d d

k n

k

k k

è ø+ +
é ù= =
é ù- +
ê ú

. 

(91) 

ʇʨʠ crd d>  ʨʷʜ ʕʡʨʠ (90) ʨʘʩʭʦʜʠʪʩʷ, ʘ ʧʦʜʭʦʜ ʌʨʝʥʝʣʷ (81) ʜʘʝʪ ʜʣʷ ʘʤʧʣʠʪʫʜʳ 

ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ crd d>  ʧʦʜʭʦʜʳ ʌʨʝʥʝʣʷ ʠ ʕʡʨʠ ʜʘʶʪ ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʢʘʢʦʡ ʠʟ ʤʝʪʦʜʦʚ ʜʘʝʪ ʧʨʘʚʠʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ crd d>  ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ FDTD-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ (15)-

(17), ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʫʩʠʣʠʚʘʶʱʫʶ ʩʨʝʜʫ. ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʨʝʤʝʥʥʘʷ ʟʘʜʘʯʘ ʦ 

ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʥʘ ʫʩʠʣʠʚʘʶʱʠʡ ʩʣʦʡ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʮʫʛʘ ʩ 

ʧʣʘʚʥʳʤ ʧʝʨʝʜʥʠʤ ʬʨʦʥʪʦʤ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʧʦʜʭʦʜʘʤʠ ʌʨʝʥʝʣʷ ʠ ʕʡʨʠ ʥʘʭʦʜʠʣʦʩʴ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʀʟ ʨʠʩ. 7ʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʷʜ ʕʡʨʠ 

(90) ʩʭʦʜʠʪʩʷ (crd d< ), ʠʤʝʝʪʩʷ ʩʦʛʣʘʩʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʠ ʦʙʦʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ. ʇʨʠ ʪʦʣʱʠʥʘʭ cr lasd d d< <  ʨʷʜ ʕʡʨʠ (90) ʨʘʩʭʦʜʠʪʩʷ, ʥʦ ʧʦʜʭʦʜ ʌʨʝʥʝʣʷ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʶʪ ʩʦʚʧʘʜʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩ. 7ʙ). ʇʨʠ 

ʪʦʣʱʠʥʘʭ, ʙʦʣʴʰʠʭ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ lasd , ʥʘʯʠʥʘʝʪʩʷ ʣʘʟʝʨʥʘʷ ʛʝʥʝʨʘʮʠʷ, ʠ ʟʥʘʯʝʥʠʷ 
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ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘʯʠʥʘʶʪ ʧʨʝʚʳʰʘʪʴ ʨʝʟʫʣʴʪʘʪ, 

ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ ʌʨʝʥʝʣʷ (ʨʠʩ. 7ʚ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ 

ʫʩʣʦʚʠʷ (20), ʠ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʨʝʰʝʥʠʝ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʪ.ʝ. ʧʦ 

ʌʨʝʥʝʣʶ.
4
 

 

 

ʘ 

 

ʙ 

 

ʚ 

 

ʈʠʩ. 7. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʚ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ ʌʨʝʥʝʣʷ (81) 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ (15)-(17) (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʣʥʳ (ʘ) ʯʝʨʝʟ ʩʣʦʡ ʩ ʪʦʣʱʠʥʦʡ 0.7d= , ʤʝʥʴʰʝʡ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 

0.905crd º ; (ʙ) ʯʝʨʝʟ ʩʣʦʡ ʪʦʣʱʠʥʳ 1d=, ʙʦʣʴʰʝʡ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʦʛʜʘ 

ʛʝʥʝʨʘʮʠʷ ʚʩʝ ʝʱʝ ʦʪʩʫʪʩʪʚʫʝʪ; ʠ (ʚ) ʯʝʨʝʟ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 1.12d= , ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ 

ʣʘʟʝʨʥʘʷ ʛʝʥʝʨʘʮʠʷ. ʏʘʩʪʦʪʘ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ w ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʧʝʨʝʭʦʜʘ 0w, ʘ ʜʠʧʦʣʴʥʳʡ 

ʤʦʤʝʥʪ ʂʊ 
2

0.0145=m , ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʨʘʚʥʘ (ʘ) 610-, (ʙ) 610- , (ʚ) 310-  

ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʝʜʠʥʠʮʘʭ. 

ʇʦʩʪʨʦʝʥʠʝ ʨʷʜʘ ʕʡʨʠ (90) ʚʝʩʴʤʘ ʥʘʛʣʷʜʥʦ ʦʧʠʩʳʚʘʝʪ ʧʨʦʭʦʞʜʝʥʠʝ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʮʫʛʘ ʚʦʣʥ ʯʝʨʝʟ ʩʣʦʡ ʚʝʱʝʩʪʚʘ. ʆʜʥʘʢʦ ʜʣʷ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ ʦʥʦ 

                                                           
4
ʆʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ d ʚʙʣʠʟʠ crd  ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʥʠʞʝ. 
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ʜʦʣʞʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ-ʨʘʟʥʦʤʫ ʜʣʷ ʩʣʫʯʘʝʚ crd d<  ʠ crd d> . ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦ 

ʧʦʩʪʨʦʝʥʠʶ r¤ ï ʵʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʚ ʟʘʜʘʯʝ ʦʙ ʦʪʨʘʞʝʥʠʠ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʦʪ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʝʣʠʯʠʥʘ r¤ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʩ ʢʘʢʦʡ ʚʦʣʥʦʡ ʚ ʩʣʦʝ çʩʰʠʚʘʝʪʩʷè 

ʧʘʜʘʶʱʘʷ ʠʟ ʚʘʢʫʫʤʘ ʚʦʣʥʘ. 

ɽʩʣʠ ʙʨʘʪʴ, ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʨʝʜ [63], ʚʦʣʥʫ, 

ʧʝʨʝʥʦʩʷʱʫʶ ʵʥʝʨʛʠʶ ʚʛʣʫʙʴ ʩʣʦʷ, ʪʦ ʧʨʠ crd d<  ʤʦʜʫʣʴ ʟʥʘʤʝʥʘʪʝʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʧʨʦʛʨʝʩʩʠʠ 2 exp(2 )q r id
¤

=  (
0 gaink dd e= ) ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ 1q < , ʠ ʨʷʜ 

ʕʡʨʠ ʧʦ çʧʘʜʘʶʱʠʤè ʚʦʣʥʘʤ ʩʭʦʜʠʪʩʷ ʢ ʚʳʨʘʞʝʥʠʶ (82)-(85), ʧʦʣʫʯʘʝʤʦʤʫ ʠʟ ʧʦʜʭʦʜʘ 

ʌʨʝʥʝʣʷ.  

ɽʩʣʠ ʞʝ ʚ ʧʨʦʮʝʜʫʨʝ ʕʡʨʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʚ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʝ ʷʚʣʷʝʪʩʷ 

çʚʩʪʨʝʯʥʦʡè ʚʦʣʥʦʡ [48], ʥʝʩʫʱʝʡ ʵʥʝʨʛʠʶ ʢ ʛʨʘʥʠʮʝ 0z=  ʠʟ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʪʦ 

ʚʝʣʠʯʠʥʳ ʠʤʧʝʜʘʥʩʘ 2Z  ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʬʘʟʳ d ʤʝʥʷʶʪ ʟʥʘʢ. ɺ ʨʝʟʫʣʪɹʘʪʝ ʟʥʘʤʝʥʘʪʝʣʴ 

ʧʨʦʛʨʝʩʩʠʠ (90) ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 1/ q. ʌʦʨʤʘʣʴʥʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ crd d>  ʨʷʜ 

ʕʡʨʠ ʧʦ çʚʩʪʨʝʯʥʳʤè ʚʦʣʥʘʤ ʩʭʦʜʠʪʩʷ, ʧʨʠʯʝʤ ʢ ʨʝʟʫʣʴʪʘʪʫ ʨʘʩʯʝʪʘ ʧʦ ʌʨʝʥʝʣʶ (82)-

(85).  

ʇʨʦʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ (82)-(85), ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʘʤʢʘʭ 

ʧʦʜʭʦʜʘ ʌʨʝʥʝʣʷ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʩʫʤʤʳ ʨʷʜʘ 

ʕʡʨʠ (90) ʚ ʦʙʣʘʩʪʴ ()crd d w>  ʥʘ ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ 

crd d<  ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʷʜ ʕʡʨʠ ʧʦ çʧʘʜʘʶʱʠʤè ʚʦʣʥʘʤ, ʘ ʧʨʠ crd d>  ï ʧʦ 

çʚʩʪʨʝʯʥʳʤè ʚʦʣʥʘʤ. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ crd d=  ( 1q =) ʥʠ ʦʜʠʥ ʠʟ ʵʪʠʭ ʨʷʜʦʚ ʥʝ ʩʭʦʜʠʪʩʷ. 

ɽʩʣʠ 1q¸, ʪʦ ʧʨʝʜʝʣ 0crd d­ +  ʩʫʤʤʳ ʨʷʜʘ (90) ʧʦ çʚʩʪʨʝʯʥʳʤè ʚʦʣʥʘʤ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʨʝʜʝʣʦʤ 0crd d­ -  ʩʫʤʤʳ ʨʷʜʘ (90) ʧʦ çʧʘʜʘʶʱʠʤè ʚʦʣʥʘʤ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʣʘʟʝʨʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʧʦʢʘ ʝʱʝ ʥʝʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷʜʘ ʧʦ çʚʩʪʨʝʯʥʳʤè ʚʦʣʥʘʤ ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʧʨʦʜʦʣʞʝʥʠʶ ʬʫʥʢʮʠʠ 1/ (1 )q-  ʟʘ ʨʘʜʠʫʩ ʝʝ ʩʭʦʜʠʤʦʩʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ [64]: 

0

1 1/ 1 1
/ (1 )

1 1 1/

n

n

q
q

q q q q

¤

=

å õ
- =- =-æ ö

- - ç ÷
ä . 

(92) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʨʷʜʘʤʠ ʕʡʨʠ ʠ ʨʝʟʫʣʴʪʘʪʦʤ 

ʬʨʝʥʝʣʝʚʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʩʣʫʯʘʷʭ. 
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2.3. ɺʨʝʤʝʥʥʘʷ ʟʘʜʘʯʘ ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʯʝʨʝʟ ʫʩʠʣʠʚʘʶʱʠʡ ʩʣʦʡ ʧʨʠ ʧʘʜʝʥʠʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, ʢʘʟʘʣʦʩʴ ʙʳ, ʥʘʜʝʞʥʦʛʦ 

ʬʨʝʥʝʣʝʚʩʢʦʛʦ ʧʦʜʭʦʜʘ (ʨʠʩ. 7ʚ) ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʄʘʢʩʚʝʣʣʘ-

ɹʣʦʭʘ, ʨʘʩʩʤʦʪʨʠʤ ʚʨʝʤʝʥʥʫʶ ʟʘʜʘʯʫ ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʯʝʨʝʟ ʫʩʠʣʠʚʘʶʱʠʡ ʩʣʦʡ. ʇʫʩʪʴ ʧʝʨʝʜʥʠʡ ʬʨʦʥʪ ʮʫʛʘ 

( )0 ,E z t  ʜʦʩʪʠʛʘʝʪ ʪʦʯʢʫ 0z=  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t= , ʘ ʬʦʨʤʘ ʠʤʧʫʣʴʩʘ ʟʘʜʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ 

( )
( )( ) ( )0

0, 0,
0,

1 exp / exp , 0,

t
E z t

t i t t

<ë
= =ì

- - s -W >í
, 

(93) 

ʛʜʝ W ï ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʮʫʛʘ, s ï ʰʠʨʠʥʘ ʬʨʦʥʪʘ. 

ʂʦʨʨʝʢʪʥʦʝ ʥʘʭʦʞʜʝʥʠʝ ʩʧʝʢʪʨʘ ʪʘʢʦʛʦ ʠʤʧʫʣʴʩʘ 

() ( ) () ( )
1

0 02 expe E t i t dt

¤
-

-¤

w = p wñ , 
(94) 

ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʘʢʢʫʨʘʪʥʦʩʪʠ [65], ʧʦʩʢʦʣʴʢʫ ( )0 0,E z t=  ʥʝ ʷʚʣʷʝʪʩʷ ʬʠʥʠʪʥʦʡ 

ʬʫʥʢʮʠʝʡ (ʦʥʘ ʥʝ ʫʙʳʚʘʝʪ ʧʨʠ t­+¤). ɿʜʝʩʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʧʨʠʝʤ 

[58], ʢʦʛʜʘ ʥʘʭʦʜʠʪʩʷ ʩʧʝʢʪʨ ʧʨʦʠʟʚʝʜʝʥʠʷ ( ) ( )0 0, expE z t t= -g, ʘ g ʟʘʪʝʤ ʫʩʪʨʝʤʣʷʝʪʩʷ ʢ 

ʥʫʣʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ 

()
( )( )0

1

2 /
e

i
w =-

ps w-W w-W+ s
, 

(95) 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʩʣʦʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʥʝʡʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ɻʝʣʴʤʛʦʣʴʮʘ (18), (21), 

ʢʘʞʜʘʷ ʛʘʨʤʦʥʠʢʘ () ( )0 expe i tw -w ʧʦʣʷ, ʟʘʜʘʥʥʦʛʦ ʚ ʪʦʯʢʝ 0z= , ʩʦʟʜʘʝʪ ʩʨʘʟʫ ʚʦ ʚʩʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʝʛʫʱʫʶ ʥʘʧʨʘʚʦ ʧʣʦʩʢʫʶ ʚʦʣʥʫ () ( ) ( )0 exp exp /e i t i z cw -w w . ʉʫʤʤʘ ʵʪʠʭ 

ʧʣʦʩʢʠʭ ʚʦʣʥ 

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

( )

0 0 0

0

, exp exp / exp /

0, /

E z t e i t i z c d e i t z c d

E t z c

¤ ¤

-¤ -¤

= w -w w w= w -w - w=

= -

ñ ñ
, 

(96) 
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ʨʘʚʥʘ ʧʦʣʶ ʠʤʧʫʣʴʩʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘʧʨʘʚʦ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʝʛʦ ʬʦʨʤʳ (ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ ʥʘ ʨʠʩ. 8ʘ). ɿʘʤʝʪʠʤ, ʯʪʦ ( )0 , 0E z t =  ʧʨʠ /z c t>, ʯʪʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʧʨʠʯʠʥʥʦʩʪʠ. 

 

ʘ 

 

ʙ 

 

ʚ 

 

ʛ 

ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʚ ʠʤʧʫʣʴʩʝ, ʧʘʜʘʶʱʝʤ ʥʘ ʩʣʦʡ 

ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ. (ʘ) ʇʦʜʭʦʜ ʌʨʝʥʝʣʷ. ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t= , ʢʦʛʜʘ ʧʝʨʝʜʥʠʡ ʬʨʦʥʪ 

ʮʫʛʘ ʥʝ ʜʦʰʝʣ ʜʦ ʩʣʦʷ. ʉʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ, ʥʘʡʜʝʥʥʦʝ ʧʦ 

ʬʦʨʤʫʣʝ (97), ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʦ ʠʩʪʠʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʚ ʠʤʧʫʣʴʩʝ; (ʙ) 

ʪʦ ʞʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʧʦʜʭʦʜʫ ʌʨʝʥʝʣʷ (ʦʙʩʫʞʜʘʝʪʩʷ ʥʠʞʝ); (ʚ) 

ʫʩʠʣʝʥʠʝ ʧʦʣʷ ʠʤʧʫʣʴʩʘ (ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʨʝʥʝʣʝʚʩʢʠʡ ʨʘʩʯʝʪ) ʧʨʠ 5.5t= ; (ʛ) ʧʦʣʝ 

ʠʤʧʫʣʴʩʘ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 15.5t= , ʚʳʭʦʜʷʱʝʝ ʥʘ ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ 

ʩʦʙʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʦʪʦʡ. ʇʘʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʠʩ. 4. 

ʇʨʠ ʥʘʣʠʯʠʠ ʩʣʦʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʦʙʣʘʩʪʠ [0, ]z dÎ , ʧʦʣʥʦʝ (ʧʘʜʘʶʱʝʝ ʧʣʶʩ 

ʨʘʩʩʝʷʥʥʦʝ) ʧʦʣʝ ʠʤʧʫʣʴʩʘ ʜʦʣʞʥʦ ʪʘʢʞʝ ʧʦʜʯʠʥʷʪʴʩʷ ʧʨʠʥʮʠʧʫ ʧʨʠʯʠʥʥʦʩʪʠ, ʪ.ʝ. 

ʨʘʩʩʝʷʥʥʘʷ ʚʦʣʥʘ ʜʦʣʞʥʘ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʝʜʥʠʤ ʬʨʦʥʪʦʤ ʠʤʧʫʣʴʩʘ 

ʣʝʚʦʡ ʛʨʘʥʠʮʳ ʩʣʦʷ 0z= . ʇʨʠ 0t<  ʧʦʣʥʦʝ ʧʦʣʝ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ( )0 0, /E t z c- . 
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ʌʫʨʴʝ-ʛʘʨʤʦʥʠʢʘ ʧʦʣʥʦʛʦ ʧʦʣʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʣʦʷ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʘʤʧʣʠʪʫʜʳ 

ʧʘʜʘʶʱʝʡ ʛʘʨʤʦʥʠʢʠ ()0e w  ʥʘ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ( ),g zw  ʠʟ (81). ʅʘʧʦʤʥʠʤ, ʯʪʦ 

ʵʪʘ ʬʫʥʢʮʠʷ ʙʳʣʘ ʥʘʡʜʝʥʘ ʚ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ ʌʨʝʥʝʣʷ. ʆʥʘ ʚʳʨʘʞʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ 

ʚ ʩʠʩʪʝʤʝ ʚʘʢʫʫʤ/ʩʣʦʡ/ʚʘʢʫʫʤ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʥʘ ʥʝʝ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʝʜʠʥʠʯʥʦʡ 

ʘʤʧʣʠʪʫʜʳ.  

ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʷ ʧʨʠ ʵʪʦʤ ʥʘʭʦʜʠʪʩʷ ʦʙʨʘʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ: 

( ) ()( ) ( )0, , expE z t e g z i t d

¤

-¤

= w w -w wñ . 
(97) 

ɺ ʩʣʫʯʘʝ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʩʣʦʷ ʠʣʠ ʫʩʠʣʠʚʘʶʱʝʛʦ ʩʣʦʷ ʪʦʣʱʠʥʳ crd d<  ʫʢʘʟʘʥʥʘʷ 

ʧʨʦʮʝʜʫʨʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʘʝʪ ʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ ʠʩʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ: 

( ) ( )0, 0, /E z t E t z c= - . ʆʜʥʘʢʦ ʧʨʠ las crd d d> ² , ʛʜʝ lasd  ï ʪʦʣʱʠʥʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʯʠʥʘʝʪʩʷ ʣʘʟʝʨʥʘʷ ʛʝʥʝʨʘʮʠʷ (ʩʤʦʪʨʠ ʥʠʞʝ), ʧʦʣʫʯʘʝʪʩʷ ʦʪʣʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩ. 8ʘ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 8ʘ, ʨʘʩʩʝʷʥʥʘʷ ʚʦʣʥʘ ʧʦʷʚʣʷʝʪʩʷ ʜʦ 

ʪʦʛʦ ʢʘʢ ʧʝʨʝʜʥʠʡ ʬʨʦʥʪ ʠʤʧʫʣʴʩʘ ʜʦʰʝʣ ʜʦ ʩʣʦʷ, ʪ.ʝ. ʠʤʝʝʪʩʷ ʷʚʥʦʝ ʥʘʨʫʰʝʥʠʝ ʧʨʠʥʮʠʧʘ 

ʧʨʠʯʠʥʥʦʩʪʠ. ʕʪʦ ʥʘʨʫʰʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʠʬʠʮʠʢʘʮʠʠ ʧʦʜʭʦʜʘ 

ʌʨʝʥʝʣʷ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠʥʮʠʧ ʧʨʠʯʠʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ( ),g zw, ʢʦʪʦʨʘʷ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪʢʣʠʢʘ, ʢʘʢ 

ʬʫʥʢʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʦʪʳ w [29]. ʌʫʥʢʮʠʷ ( ),g zw  ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʚʠʜʝ 

ʧʦʣʶʩʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ w ʚ ʪʦʯʢʘʭ Re Imj j jiw w w= + , 1,2,...j = , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʦʙʩʪʚʝʥʥʳʤ ʤʦʜʘʤ ʩʣʦʷ ʢʘʢ ʦʪʢʨʳʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ [66,67]. ʇʦʣʦʞʝʥʠʝ ʧʦʣʶʩʦʚ ʥʘ 

ʧʣʦʩʢʦʩʪʠ w ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʦʙʨʘʱʝʥʠʷ ʚ ʥʦʣʴ ʟʥʘʤʝʥʘʪʝʣʝʡ, ʦʜʠʥʘʢʦʚʳʭ ʜʣʷ 

ʚʩʝʭ ʘʤʧʣʠʪʫʜ ʧʦʣʷ (82)-(85) 

()

()
()

2

1
exp 2 1

1

gain

gain

gain

i d
c

å õe w - wå õæ ö e w =æ ö
æ ö ç ÷e w +
ç ÷

, 

(98) 

ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʫʩʣʦʚʠʶ 1q= . 
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ʈʠʩ. 9. ʇʦʣʶʩʘ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ( ),g zw  ʦʙʦʟʥʘʯʝʥʳ ʪʦʯʢʘʤʠ, ʢʚʘʜʨʘʪʠʢʦʤ ʦʙʦʟʥʘʯʝʥ 

ʧʦʣʶʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʦʙʣʘʩʪʠ 0.905crd d> º  ʟʘʪʝʤʥʝʥʳ; (a) ʢʚʘʥʪʦʚʳʝ 

ʪʦʯʢʠ ʦʪʩʫʪʩʪʚʫʶʪ (
2

0ge =d ), ʪʦʣʱʠʥʘ ʩʣʦʷ 1.5d= ; (ʙ) ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 

(
2

0.0145ge =d ), ʪʦʣʱʠʥʘ ʩʣʦʷ 0.7d= ; (ʚ) 
2

0.0145ge =d , 1.0d= ; (ʛ) 
2

0.0145ge =d , 

1.12d= ; (ʜ) 
2

0.0145ge =d , 1.5d= ; (ʝ) 
2

0.0145ge =d , 2.0d= ; (ʞ) 
2

0.0145ge =d , 7.0d= . 
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ʇʘʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʠʩ. 4. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫʩʠʣʝʥʠʷ (ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʩʣʦʡ), ʚʩʝ ʧʦʣʶʩʘ ʬʫʥʢʮʠʠ ( ),g zw  

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʥʠʞʥʝʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʦʪʳ w (ʨʠʩ. 9ʘ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (97) ʜʘʝʪ ʬʠʟʠʯʝʩʢʠ ʦʩʤʳʩʣʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ɺ ʩʣʫʯʘʝ ʫʩʠʣʠʚʘʶʱʝʛʦ ʩʣʦʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (98), ʦʙʨʘʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʦʣʶʩʘ (ʨʠʩ. 9ʙ), ʢʦʪʦʨʳʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʢʘʯʢʠ (ʧʘʨʘʤʝʪʨ a ʚ ʬʦʨʤʫʣʝ (21)) 

ʧʝʨʝʭʦʜʷʪ ʚ ʚʝʨʭʥʶʶ ʧʦʣʫʧʣʦʩʢʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʦʪʳ w (ʨʠʩ. 9ʛ), ʯʪʦ ʚʧʝʨʚʳʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ()lasd d a= . ʂʘʢ ʧʨʘʚʠʣʦ, ʢʘʩʘʥʠʝ ʦʩʠ Im 0w=  ʣʠʥʠʝʡ 1q =  ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ cr lasd d d= < . ɺ ʩʣʫʯʘʝ cr lasd d d< <  ʩʫʱʝʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ, 

ʢʦʛʜʘ ʨʷʜ ʕʡʨʠ ʨʘʩʭʦʜʠʪʩʷ, ʥʦ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʥʝʪ (ʨʠʩ. 9ʚ), ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʷʜ 

ʕʡʨʠ ʧʦ çʚʩʪʨʝʯʥʳʤè ʚʦʣʥʘʤ ʠ ʨʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ ʌʨʝʥʝʣʷ ʜʘʶʪ 

ʧʨʘʚʠʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ɽʩʣʠ ʜʝʣʘʪʴ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʦʙʳʯʥʳʤ ʦʙʨʘʟʦʤ (97) [29], ʪʦ 

ʧʦʷʚʣʝʥʠʝ ʧʦʣʶʩʦʚ ʚ ʚʝʨʭʥʝʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʧʨʠʥʮʠʧʘ 

ʧʨʠʯʠʥʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʝ (97) ʜʦʣʞʥʦ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʦ [50,56], 

ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ( ),g zw  ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ 

ʦʪʢʣʠʢʘ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ 

( )( ) ( ) ( )
1

, 2 , exp
C

G z t g z i t dp w w w
-

= -ñ , ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʧʨʠʥʮʠʧʫ ʧʨʠʯʠʥʥʦʩʪʠ 

( ( ), 0G z t =  ʧʨʠ 0t< ), ʢʦʥʪʫʨ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ C  ʚ ʦʙʨʘʪʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʌʫʨʴʝ 

( ) ()( ) ( )0, , exp
C

E z t e g z i t d= w w -w wñ  (99) 

ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʚʳʰʝ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʧʦʣʶʩʦʚ. ɼʘʣʝʝ ʦʥ ʤʦʞʝʪ ʙʳʪʴ 

ʜʝʬʦʨʤʠʨʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ (99) ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʩʫʤʤʳ ʠʥʪʝʛʨʘʣʘ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʡ 

ʦʩʠ ʠ ʚʩʝʭ ʚʳʯʝʪʦʚ ʚ ʧʦʣʶʩʘʭ [50,56]: 

( ) ()( ) ( ) ( )( ) ( ) ( )0 0, , exp 2 res , expj j j

j

E z t e g z i t d i g z e i t

+¤

-¤

= w w -w w- p w w -wäñ  
(100) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʠ w ʚ ʚʳʨʘʞʝʥʠʠ (100) ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʘʤʢʘʭ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʜʭʦʜʘ ʌʨʝʥʝʣʷ (97). ʂʘʢ ʤʳ ʚʠʜʝʣʠ 

ʚʳʰʝ (ʨʠʩ. 8ʘ), ʩʘʤʦ ʧʦ ʩʝʙʝ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (100) ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʧʨʠʥʮʠʧʘ 
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ʧʨʠʯʠʥʥʦʩʪʠ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʞʝ ʧʦ ʥʦʚʦʤʫ ʢʦʥʪʫʨʫ ʜʦʙʘʚʣʷʝʪ ʚʳʯʝʪʳ ʚ ʜʠʩʢʨʝʪʥʦʤ 

ʥʘʙʦʨʝ ʯʘʩʪʦʪ jw  ʚ ʚʠʜʝ ʨʘʩʪʫʱʠʭ ʩʦ ʚʨʝʤʝʥʝʤ ʩʣʘʛʘʝʤʳʭ ( ) ( )~ exp Re exp Imj ji t t- w w 

[50,56,68]. ɼʦʙʘʚʣʝʥʠʝ ʵʪʠʭ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜ ʩʦʛʣʘʩʫʝʪ ʩʭʝʤʫ ʨʘʩʯʝʪʘ ʩ ʧʨʠʥʮʠʧʦʤ 

ʧʨʠʯʠʥʥʦʩʪʠ, ʪ.ʝ. ʜʦ ʤʦʤʝʥʪʘ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʝʜʥʠʤ ʬʨʦʥʪʦʤ ʠʤʧʫʣʴʩʘ ʛʨʘʥʠʮʳ ʩʣʦʷ 

ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ ʦʪʩʫʪʩʪʚʫʝʪ (ʨʠʩ. 8ʙ). ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʜʘʣʝʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʬʨʝʥʝʣʝʚʩʢʠʤ ʧʦʜʭʦʜʦʤ ʨʘʩʯʝʪ ʧʦʣʷ ʚʦʣʥʳ ʩ ʫʯʝʪʦʤ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜ. 

ʂʘʞʜʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ (100), ʚʦʟʥʠʢʘʶʱʝʝ ʥʘ ʯʘʩʪʦʪʝ ʦʜʥʦʛʦ ʠʟ ʧʦʣʶʩʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʶʱʝʝ ʩʦ ʚʨʝʤʝʥʝʤ ʧʦʣʝ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʚ 

ʩʣʦʝ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʙʳʚʘʶʱʝʝ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʥʝʛʦ (ʨʠʩ. 8ʛ) [50,56,68]. ʕʪʦ 

ʫʙʳʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʥʝ ʫʩʠʣʠʚʘʶʱʝʛʦ ʩʣʦʷ ʤʥʠʤʘʷ ʯʘʩʪʴ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ 

ʧʦʣʦʞʠʪʝʣʴʥʘ, ( )Im / 0cw >. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʚʢʣʘʜʦʤ ʜʠʩʢʨʝʪʥʦʛʦ 

ʩʧʝʢʪʨʘ ʧʦʣʶʩʦʚ ʚ (100) ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʦʰʠʙʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ ʬʨʝʥʝʣʝʚʩʢʦʤ 

ʧʦʜʭʦʜʝ. ʀʤʝʥʥʦ ʢʦʨʨʝʢʪʥʳʡ ʫʯʝʪ ʚʢʣʘʜʘ ʵʪʠʭ ʧʦʣʶʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ 

ʧʨʠʥʮʠʧʘ ʧʨʠʯʠʥʥʦʩʪʠ ʧʨʠ ʘʥʘʣʠʟʝ ʟʘʜʘʯʠ. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʧʦʣʝ ʚʦ 

ʚʨʝʤʝʥʠ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʚ ʩʣʦʝ. 

 

ʈʠʩ. 10. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʌʨʝʥʝʣʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ 

ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ), ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʘʜʝʥʠʠ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʫʩʠʣʠʚʘʶʱʠʡ ʩʣʦʡ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʨʘʚʥʘ 

610-  ʚ ʝʜʠʥʠʮʘʭ 0 / pn t, ʩʤʦʪʨʠ ʩʥʦʩʢʫ 3. 
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ʇʦʩʢʦʣʴʢʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʨʝʥʝʣʝʚʩʢʠʡ ʧʦʜʭʦʜ ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ, ʦʥ ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ 

ʧʦʣʷ ʥʘ ʣʠʥʝʡʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʛʝʥʝʨʘʮʠʠ, ʢʦʛʜʘ ʧʦʣʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʨʠʪʝʨʠʶ 

ʤʘʣʦʩʪʠ (20) (ʩʤʦʪʨʠ ʨʠʩʫʥʦʢ 10). ʆʜʥʘʢʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦʣʝ ʥʝʦʛʨʘʥʠʯʝʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠ ʵʪʦʤ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʰʝʜʰʘʷ ʯʝʨʝʟ ʩʣʦʡ ʚʦʣʥʘ (ʨʠʩ. 8ʚ), ʘ ʥʝ 

ʦʪʨʘʞʝʥʥʘʷ, ʢʘʢ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʨʘʩʯʝʪ ʚ ʨʘʤʢʘʭ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʜʭʦʜʘ ʌʨʝʥʝʣʷ [48]. 

ʇʦʣʫʯʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʣʷ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʥʝʣʠʥʝʡʥʦʛʦ ʧʦʜʭʦʜʘ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʠ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʦʡ 

ʩʣʦʷ. ʇʦʣʦʞʝʥʠʝ ʧʦʣʶʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (98), ʘ ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ (91) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʫʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ ʕʡʨʠ, ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ ʵʪʠʤ ʞʝ 

ʨʘʚʝʥʩʪʚʦʤ (98), ʥʦ ʚʟʷʪʳʤ ʧʦ ʤʦʜʫʣʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ ʧʦʣʶʩʘ ʣʝʞʘʪ ʥʘ ʢʨʠʚʳʭ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʫʩʣʦʚʠʝʤ ()crd d= w, ʛʜʝ w ʧʨʠʥʠʤʘʝʪ ʢʦʤʧʣʝʢʩʥʳʝ ʟʥʘʯʝʥʠʷ (ʨʠʩ. 9). ʇʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʝ ʩʣʦʷ (ʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦʡ ʥʘʢʘʯʢʝ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ a ʚ ʫʨʘʚʥʝʥʠʠ (21)) ʥʘ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʠ ʯʘʩʪʦʪ ʧʦʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ, ʛʜʝ 

()crd d> w. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʷʜ ʕʡʨʠ ʧʝʨʝʩʪʘʝʪ ʩʭʦʜʠʪʴʩʷ (ʧʝʨʝʩʝʯʝʥʠʝ ʟʘʢʨʘʰʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʩ ʦʩʴʶ ʘʙʩʮʠʩʩ ʥʘ ʨʠʩ. 9ʚ), ʥʦ ʬʨʝʥʝʣʝʚʩʢʠʡ ʧʦʜʭʦʜ (97) ʚʩʝ ʝʱʝ ʜʘʝʪ ʦʪʚʝʪ, 

ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʯʠʩʣʝʥʥʳʤ ʨʘʩʯʝʪʦʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (15)-(17) (ʨʠʩ. 9ʚ). ʃʘʟʝʨʥʘʷ 

ʛʝʥʝʨʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʝ ʩʣʦʷ lasd  (ʠʣʠ ʚʝʣʠʯʠʥʝ ʥʘʢʘʯʢʠ), 

ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʧʦʣʶʩʦʚ ʧʝʨʝʭʦʜʠʪ ʚ ʚʝʨʭʥʶʶ ʧʦʣʫʧʣʦʩʢʦʩʪʴ (ʨʠʩ. 9ʛ), ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ 

ʧʦʜʭʦʜ ʌʨʝʥʝʣʷ ʜʘʝʪ ʥʝʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʝ ʨʘʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ 

ʕʡʨʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʥʦ ʥʝ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʥʘʯʘʣʘ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʠ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʠ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʛʝʥʝʨʘʮʠʠ.  

ʀʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʧʦʣʶʩʦʚ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʣʦʷ. ʇʦʣʶʩʘ ʜʚʠʛʘʶʪʩʷ ʚʜʦʣʴ ʢʨʠʚʦʡ ()crd d= w, ʧʨʠ 

ʵʪʦʤ ʦʥʠ ʤʦʛʫʪ ʚʳʭʦʜʠʪʴ ʚ ʚʝʨʭʥʶʶ ʧʦʣʫʧʣʦʩʢʦʩʪʴʶ ʠ ʩʥʦʚʘ ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ ʥʠʞʥʶʶ 

ʧʦʣʫʧʣʦʩʢʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ d, ʛʝʥʝʨʘʮʠʷ ʪʦ ʚʦʟʥʠʢʘʝʪ, ʪʦ 

ʧʨʦʧʘʜʘʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʮʝʣʳʡ ʥʘʙʦʨ ʪʦʣʱʠʥ lasd , ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ thd . ʇʨʠ ʪʦʣʱʠʥʘʭ ʙʦʣʴʰʠʭ thd  ʚ ʚʝʨʭʥʝʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ ʚʩʝʛʜʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʤʝʥʝʝ ʦʜʥʦʛʦ ʧʦʣʶʩʘ, ʧʦʩʣʝ ʵʪʦʛʦ ʛʝʥʝʨʘʮʠʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʦʣʱʠʥʳ ʩʣʦʷ 

ʫʞʝ ʥʝ ʠʩʯʝʟʘʝʪ. 
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ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʧʦʢʘ ʛʝʥʝʨʘʮʠʠ ʥʝʪ, ʩʪʘʥʜʘʨʪʥʳʡ ʬʨʝʥʝʣʝʚʩʢʠʡ ʧʦʜʭʦʜ ʜʘʝʪ 

ʪʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʠ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ. ɼʘʥʥʦʝ 

ʫʪʚʝʨʞʜʝʥʠʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩ. 11, ʛʜʝ ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ T  ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʯʘʩʪʦʪʝ. ɺʠʜʥʦ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ, ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʨʝʥʝʣʝʚʩʢʦʛʦ
5
 ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʘʢʠʭ 

ʟʥʘʯʝʥʠʷʭ d, ʢʦʛʜʘ ʚ ʚʝʨʭʥʝʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʦʪʳ w ʧʦʷʚʣʷʶʪʩʷ 

ʧʦʣʶʩʘ. 

 

ʈʠʩ. 11. ɺʝʨʭʥʠʡ ʨʠʩʫʥʦʢ: ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʩʣʦʡ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ 

ʤʝʪʦʜʫ ʌʨʝʥʝʣʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʥʘʡʜʝʥʥʳʡ ʠʟ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ. ʅʠʞʥʠʡ ʨʠʩʫʥʦʢ: 

ʧʦʣʦʞʝʥʠʝ ʧʦʣʶʩʦʚ, ʠʤʝʶʱʠʭ , ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

                                                           
3
ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ ʕʡʨʠ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʢʣʦʥʝʥʠʶ ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʦʪ ʬʨʝʥʝʣʝʚʩʢʦʛʦ. 


