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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʜʝʢʘʤʝʪʨʦʚʳʡ ʜʠʘʧʘʟʦʥ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʩʚʷʟʠ ʚ ʫʜʘʣʸʥʥʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ɸʨʢʪʠʢʝ ʠ ɸʥʪʘʨʢʪʠʢʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʝʢʘʤʝʪʨʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ ʚ ʜʘʥʥʳʭ ʨʘʡʦʥʘʭ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ 

ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʧʨʝʜʣʦʞʠʪʴ ʥʘʜʸʞʥʳʝ ʠ ʜʝʰʸʚʳʝ ʨʝʰʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, 

ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ 

ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ 

ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʘʥʥʦʩʪʠ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʟʘʥʷʪʠʷ ʠ ʫʜʝʨʞʘʥʠʷ ʣʠʜʝʨʩʢʠʭ ʧʦʟʠʮʠʡ ʚ ʦʩʚʦʝʥʠʠ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʨʢʪʠʢʠ ʠ ɸʥʪʘʨʢʪʠʢʠ (ʩʦʛʣʘʩʥʦ ʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ). 

ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʩʚʷʟʠ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʄʠʨʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʨʘʩʰʠʨʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ ʥʘ ʚʪʦʨʠʯʥʦʡ ʦʩʥʦʚʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʩʠʩʪʝʤʳ 

ʨʘʙʦʪʘʶʪ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 100 ʢɻʮ, ʚ ʢʦʪʦʨʦʡ ʠʩʢʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʠʛʥʘʣʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʣʘʟʤʳ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ, ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ. ʋʢʘʟʘʥʥʳʝ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ ʷʚʣʷʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʩʚʳʰʝ 100 ʢɻʮ ʠ 

ʧʨʠʚʦʜʷʪ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʘʟʣʠʯʝʥʠʷ 

ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʯʥʦʩʪʠ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʪʠʭ ʩʠʛʥʘʣʦʚ.  

ʆʙʳʯʥʦ ʦʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʝʤ 

ʧʦ ʠʟʚʝʩʪʥʦʡ ʯʘʩʪʠ ʨʘʜʠʦʛʨʘʤʤʳ ʠʣʠ ʟʦʥʜʠʨʫʶʱʝʛʦ (ʦʙʫʯʘʶʱʝʛʦ) ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ. ɺ ʝʜʠʥʦʤ 

ʘʣʛʦʨʠʪʤʝ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ: ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ, 

ʩʜʚʠʛ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ, ʘʤʧʣʠʪʫʜʘ ʠ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʩʠʛʥʘʣʘ. ʇʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʦʮʝʥʠʚʘʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ 

ʢʦʤʧʝʥʩʘʮʠʝʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ. 
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ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʮʝʥʠʚʘʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʧʘʨʘʤʝʪʨʳ ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʠʩʢʘʞʝʥʠʡ, ʚʦʟʥʠʢʘʝʪ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʟʘʛʦʨʠʟʦʥʪʥʳʭ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ ʠ ʠʦʥʦʟʦʥʜʦʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʠʩʢʘʞʝʥʠʡ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦ- ʠ ʛʝʣʠʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ. ɺ ʈʦʩʩʠʠ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʝ ʢʨʫʧʥʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʤʧʝʥʩʘʮʠʝʡ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʠʦʥʦʩʬʝʨʥʦʤ ʢʘʥʘʣʝ ʚ ʟʘʜʘʯʘʭ ʩʚʷʟʠ ʠ 

ʟʦʥʜʠʨʦʚʘʥʠʷ: ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʀʚʘʥʦʚ ɺ.ɸ., 

ʀʚʘʥʦʚ ɼ.ɺ., ʈʷʙʦʚʘ ʅ.ɺ. ʠ ʜʨ. [1-11]), ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʚʷʟʠ ʠ 

ʠʥʬʦʨʤʘʪʠʢʠ (ɸʜʞʝʤʦʚ ʉ.ʉ., ʃʦʙʦʚ ɽ.ʄ. ʠ ʜʨ. [13-24]). ɺ ʢʘʯʝʩʪʚʝ ʟʘʨʫʙʝʞʥʳʭ ʨʘʙʦʪ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʢʦʨʧʦʨʘʮʠʠ MITRE [25-27]. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʤʝʥʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʠʦʥʦʩʬʝʨʥʦʤ ʢʘʥʘʣʝ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʢʦʨʧʦʨʘʮʠʠ Harris (John W. Nieto, William N. Furman ʠ ʜʨ. [28ï31]), ʘ ʪʘʢʞʝ 

ʨʘʙʦʪʳ (A. Johansen ʠ M. Jorgenson [32-34]). ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʫʙʝʞʥʳʭ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʠʦʥʦʩʬʝʨʳ ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʠʨʦʚʘʥʠʷ (M. Hervas, M. Stanic, H. Lamy, 

J. Vanhamel ʠ ʜʨ. [35-45]). ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʫʯʝʥʳʝ ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ, ʚ ʢʦʪʦʨʦʡ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʥʘʢʣʦʥ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ (ʦ ʢʦʪʦʨʦʤ ʧʦʜʨʦʙʥʦ ʙʫʜʝʪ ʠʟʣʦʞʝʥʦ ʚ ʨʘʟʜʝʣʝ 1). ʅʘʢʣʦʥ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʥʘ ʦʩʥʦʚʝ 

ʥʘʙʣʶʜʘʝʤʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʤʝʩʠ ʩʠʛʥʘʣʘ ʩ ʰʫʤʦʤ, ʥʘʨʷʜʫ ʩ ʦʩʪʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʘ. 

ʈʘʟʨʘʙʦʪʢʦʡ ʦʧʪʠʤʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʘ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʟʘʥʠʤʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʫʯʝʥʳʭ ʚ 

ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ. ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʜʚʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ: 

ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ (ʃʝʚʠʥ ɹ.ʈ., ʐʠʥʘʢʦʚ ʖ.ʉ. ʠ ʜʨ. 

[46-52]), ʠ ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɽ.ʀ. ʂʫʣʠʢʦʚ, ɸ.ʇ. ʊʨʠʬʦʥʦʚ ʠ ʜʨ. [53-

55]). ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʪʝʦʨʠʶ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʠʚʘʥʠʷ ʚʥʝʩʣʠ ɺ.ʀ. ʊʠʭʦʥʦʚ ʠ 

ɹ.ʀ. ʐʘʭʪʘʨʠʥ [56-60]. ʉʨʝʜʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʣʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʟʘʜʘʯʘʭ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʠʚʘʥʠʷ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʫʯʝʥʳʭ: ɼ. ʄʠʜʜʣʪʦʥ, 

ɻ.ʃ. ɺʘʥ ʊʨʠʩ, ʉ.ʄ. ʂʵʡ, ɹ.ʉ. ʃʝʚʠ, ɻ.ɺ. ʄʫʩʪʨʘʢʠʩ ʠ ʜʨ. [61-78] 

ʆʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʟʘʛʦʨʠʟʦʥʪʥʦʡ 

ʨʘʜʠʦʣʦʢʘʮʠʠ ʚ ʈʦʩʩʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʅʀʀɼɸʈ, ʈʊʀ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɸ.ʃ. 

ʄʠʥʮʘ. ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʪʢʨʳʪʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠʚʝʜʝʥʳ ʚ 

[79-81], ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʦʣʦʩʘ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 100 ʢɻʮ [81]. 
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ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʫʧʦʤʷʥʫʪʳʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʧʦ ʘʣʛʦʨʠʪʤʘʤ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʛʥʘʣʦʚ:  

- ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ ʥʝ ʫʯʠʪʳʚʘʣʠ 

ʚʦʟʤʦʞʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʚʣʠʷʥʠʝ ʵʪʠʭ ʠʩʢʘʞʝʥʠʡ ʠ ʧʨʦʮʝʜʫʨʳ ʠʭ 

ʦʮʝʥʠʚʘʥʠ ̫ʥʘ ʪʦʯʥʦʩʪʴ ʦʮʝʥʠʚʘʥʠʷ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ; 

- ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʥʝ ʫʯʠʪʳʚʘʣʠ ʚʣʠʷʥʠʝ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʠʩʢʘʞʝʥʠʡ ʠ ʧʨʦʮʝʜʫʨʳ ʠʭ ʦʮʝʥʠʚʘʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʦʚ. 

ʀʟʚʝʩʪʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʦʥʦʟʦʥʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʠ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʙʦʪʫ ʚ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ (~10 

ʄɻʮ), ʦʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 

ʜʝʩʷʪʢʠ ʢɻʮ [4, 6, 8, 9, 12], ʘ ʪʘʢʞʝ ʥʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʛʦ 

ʩʜʚʠʛʘ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʦʛʝʨʝʥʪʥʦʤ ʥʘʢʦʧʣʝʥʠʠ [5, 

10, 11]. 

ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ 

ʣʠʪʝʨʘʪʫʨʘ ʠʟ ʦʙʣʘʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʦʮʝʥʠʚʘʥʠ ̫ʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʨʘʙʦʪ r[22, 113, 114]. ɺ ʫʢʘʟʘʥʥʳʭ 

ʨʘʙʦʪʘʭ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʩʠʛʥʘʣʦʚ ʠ ʦʮʝʥʠʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ: 

- ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʣʦʥ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʩʠʛʥʘʣʘ, ʧʦʵʪʦʤʫ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʘʚʜʦʧʦʜʦʙʥʘʷ ʦʮʝʥʢʘ ʷʚʣʷʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʥʝʩʤʝʱʝʥʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ; 

- ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʥʘʯʘʣʴʥʦʡ ʬʘʟʝ ʠ ʥʝʠʟʚʝʩʪʥʦʡ ʥʘʯʘʣʴʥʦʡ ʬʘʟʝ 

ʩʠʛʥʘʣʘ (ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟʚʝʩʪʥʳ ʠ ʥʝ ʦʮʝʥʠʚʘʶʪʩʷ); 

- ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ (ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʩ 

ʨʘʚʥʦʤʝʨʥʳʤ ʩʧʝʢʪʨʦʤ); 

- ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʣʘʚʥʳʡ ʤʘʢʩʠʤʫʤ ʦʪʢʣʠʢʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʥʘ 

ʩʠʛʥʘʣ, ʠʩʢʘʞʝʥʥʳʡ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʫʨʦʚʥʶ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ ʚ ʢʘʯʝʩʪʚʝ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʟʘʜʝʨʞʢʝ (ʦʜʥʘʢʦ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ʥʝ ʧʨʠʚʦʜʠʪʩʷ);  

- ʨʘʩʩʯʠʪʘʥʳ ʧʦʪʝʨʠ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʩʠʛʥʘʣʦʚ (ʙʝʟ ʫʯʝʪʘ ʦʮʝʥʠʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ) ʠ ʧʨʠʝʤʝ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ. 
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ɺ ʦʪʢʨʳʪʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʩʦʚʤʝʩʪʥʦʛʦ 

ʦʮʝʥʠʚʘʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʣʠ ʙʳ ʥʘʣʠʯʠʝ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ 

ʠ ʦʮʝʥʠʚʘʥʠʝ ʵʪʠʭ ʠʩʢʘʞʝʥʠʡ ʥʘʨʷʜʫ ʩ ʦʩʪʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʘ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʫʧʦʤʷʥʫʪʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʢʘʯʝʩʪʚʝ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʦʮʝʥʠʚʘʥʠ̫ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʠʩʢʘʞʝʥʠʡ, ʩ ʫʯʝʪʦʤ ʥʝʠʟʙʝʞʥʦʛʦ ʚʣʠʷʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ï ʥʘʢʣʦʥʘ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʜ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʦʚ ʧʦʥʠʤʘʝʪʩʷ ʢʘʯʝʩʪʚʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʪʦʯʥʦʩʪʴ ʦʮʝʥʠʚʘʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʢʘʯʝʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʟʘʜʘʯʝ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʦʯʥʦʩʪʠ 

(ʵʬʬʝʢʪʠʚʥʦʩʪʠ) ʦʮʝʥʠʚʘʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʚ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʷʚʣʷʶʪʩʷ: 

- ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʧʫʩʢʘ ʩʠʛʥʘʣʘ ʧʨʠ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʠ (ʧʨʦʧʫʩʢ ʮʝʣʠ) ʜʣʷ ʟʘʜʘʥʥʦʛʦ 

ʫʨʦʚʥʷ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ (ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ; 

- ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʠʣʠ ʜʠʩʧʝʨʩʠʷ) ʦʮʝʥʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ. 

ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʥʦʩʪʴ ʦʪʥʦʰʝʥʠʡ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʜʣʷ ʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʣʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʘʣʛʦʨʠʪʤʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʳʠʛʨʳʰʘ ʠʣʠ ʧʦʪʝʨ ɹʚ ʜɹ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʪʦʯʥʦʩʪʠ 

ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ. 

ʅʘʫʯʥʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʥʪʝʟʝ ʦʧʪʠʤʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʦʚʤʝʩʪʥʦʛʦ 

ʦʮʝʥʠʚʘʥʠ̫ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʝʤ, ʚʢʣʶʯʘʷ 

ʦʮʝʥʠʚʘʥʠʝ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠ ʨʝʰʝʥʠʷ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʚ ʨʘʙʦʪʝ ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ 

ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʯʘʩʪʥʳʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ: 

- ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ, ʟʘʜʝʨʞʢʠ, ʩʤʝʱʝʥʠʷ 

ʯʘʩʪʦʪʳ) ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ, ʚʢʣʶʯʘʷ ʦʮʝʥʠʚʘʥʠʝ ʥʘʢʣʦʥʘ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʧʘʨʘʤʝʪʨʘ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʠʩʳʚʘʶʱʝʛʦ ʜʠʩʧʝʨʩʠʦʥʥʳʝ 

ʠʩʢʘʞʝʥʠʷ; 

- ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʛʥʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ; 
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- ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʝʤ; 

- ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʦʧʫʩʢʘ ʮʝʣʠ ʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ, ʚ ʫʩʣʦʚʠʷʭ ʦʮʝʥʠʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ, ʚʢʣʶʯʘʷ ʧʘʨʘʤʝʪʨ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ; 

- ʧʨʦʚʝʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʝʤ ʠ 

ʫʩʪʨʦʡʩʪʚʦ, ʨʝʘʣʠʟʫʶʱʝʝ ʫʢʘʟʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʘ ʙʘʟʝ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ (GPU); 

- ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʨʝʘʣʴʥʦʡ ʪʨʘʩʩʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʨʘʜʠʦʩʠʛʥʘʣʳ ʜʝʢʘʤʝʪʨʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʝʤ, ʚʢʣʶʯʘʷ ʦʮʝʥʠʚʘʥʠʝ ʥʘʢʣʦʥʘ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʪʝʦʨʠʠ 

ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ, ʤʝʪʦʜʳ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. 

1. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʌʠʰʝʨʘ ʚ ʨʘʤʢʘʭ ʟʘʜʘʯʠ ʦʮʝʥʠʚʘʥʠʷ 

ʯʝʪʳʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ, ï ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ, ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ, ʟʘʜʝʨʞʢʠ ʠ 

ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ, ï ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ. ɺʳʨʘʞʝʥʠʷ ʜʣʷ 

ʜʠʩʧʝʨʩʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʮʝʥʦʢ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ (ʘ ʪʘʢʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ) ʧʘʨ ʦʮʝʥʦʢ ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ. 

2. ʋʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʦʛʦ 

ʩʠʛʥʘʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʠʚʦʜʷʪ ʢ ʥʝʥʫʣʝʚʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʟʘʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ 

ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʫʤʝʥʴʰʘʶʱʝʡʩʷ ʩ ʨʦʩʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ. 

3. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʯʠʩʣʠʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʮʝʥʦʢ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ, ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ, ʟʘʜʝʨʞʢʠ ʚ ʫʩʣʦʚʠʷʭ 
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ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʘ, ʪ.ʝ. ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 

- ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ. 

4. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʠ 

ʧʨʦʧʫʩʢʘ ʮʝʣʠ ʚ ʟʘʜʘʯʝ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʝʤ, ʯʪʦ ʫʯʠʪʳʚʘʶʪ 

ʦʙʣʘʩʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ, ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʥʳʭ ʥʦʚʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʷʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʩʯʠʪʘʪʴ 

ʜʠʩʧʝʨʩʠʶ ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ, 

ʚʢʣʶʯʘʷ ʜʠʩʧʝʨʩʠʶ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʠ ʧʨʦʧʫʩʢʘ ʮʝʣʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʥʘʨʫʞʝʥʠʠ ʫʧʦʤʷʥʫʪʦʛʦ ʩʠʛʥʘʣʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʤ 

ʘʣʛʦʨʠʪʤʝ ʠ ʫʩʪʨʦʡʩʪʚʝ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʦʚʤʝʩʪʥʳʤ ʦʮʝʥʠʚʘʥʠʝʤ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʝr ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʤʦʜʝʣʴʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʟʘʧʠʩʷʭ ʩʠʛʥʘʣʦʚ.   

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

- ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʦʙʨʘʙʦʪʢʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ 

ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʨʘʤʢʘʭ ʉʏ ʆʂʈ çɹʣʠʟʥʝʮ-ʊʋʉè; 

- ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʅʀʈ çɸʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʩʦ 

ʩʚʝʨʭʙʦʣʴʰʦʡ ʙʘʟʦʡ, ʢʦʛʝʨʝʥʪʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʦʮʝʥʠʚʘʥʠʝʤ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʚ ʠʦʥʦʩʬʝʨʥʦʤ ʨʘʜʠʦʢʘʥʘʣʝè. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ.  

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. 2020 Systems of signals generating and processing in the field of on board communications 

(SOSG 2020), ʛ. ʄʦʩʢʚʘ, ʄʊʋʉʀ, 2020 ʛ. [82]; 

2. 2020 Systems of Signal Synchronization, Generating and Processing in Telecommunications 

(SYNCHROINFO 2020), ʛ. ʉʚʝʪʣʦʛʦʨʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ [83]; 

3. 2021 Systems of signals generating and processing in the field of on board communications 

(SOSG 2021), ʛ. ʄʦʩʢʚʘ, ʄʊʋʉʀ, 2021 ʛ. [84]; 

4. 2021 Systems of Signal Synchronization, Generating and Processing in Telecommunications 

(SYNCHROINFO 2021), ʛ. ʉʚʝʪʣʦʛʦʨʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ [85,86]. 
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ʇʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 14 ʨʘʙʦʪ [82-95]. ʀʟ ʥʠʭ 3 ʦʧʫʙʣʠʢʦʚʘʥ rʚ 

ʞʫʨʥʘʣʝ ʠʟ ʩʧʠʩʢʘ ɺɸʂ [89-91], 6 ʨʘʙʦʪ ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ Web of Science ʠ 

SCOPUS [82-87] (ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʚ Q1 [87]). ʇʦʣʫʯʝʥʦ 4 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ [92-95]. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ.  

ɺʩʝ ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ. ʀʟ ʨʘʙʦʪ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʜʠʩʩʝʨʪʘʮʠʶ ʚʢʣʶʯʝʥʘ ʪʦʣʴʢʦ ʪʘ ʠʭ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʝʥʘ 

ʣʠʯʥʦ ʩʦʠʩʢʘʪʝʣʝʤ. 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ 

ʦʜʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʠʟʣʦʞʝʥʘ ʥʘ 156 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʩʦʜʝʨʞʠʪ 107 ʨʠʩʫʥʢʦʚ ʠ 3 ʪʘʙʣʠʮ;r ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ 149 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʘʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 2 çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʵʬʬʝʢʪʳ ʠʭ ʨʘʩʩʝʷʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷè ʠ ʧ. 3 çʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʠ, 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.2.13 ï ʈʘʜʠʦʪʝʭʥʠʢʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʠʩʪʝʤʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʪʝʣʝʚʠʜʝʥʠʷ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

 1. ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠʚʦʜʷʪ ʢ ʥʝʥʫʣʝʚʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʦʮʝʥʦʢ ʟʘʜʝʨʞʢʠ ʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ, ʫʤʝʥʴʰʘʶʱʝʡʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʦʮʝʥʠʚʘʥʠʷ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʙʫʜʝʪ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʟʥʘʯʝʥʠʶ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ. 

2. ʆʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʦʮʝʥʠʚʘʥʠʝʤ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʦʣʦʩʝ 400 ʢɻʮ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʉʂʆ ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ ʜʦ 10 ʨʘʟ, ʉʂʆ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʜʦ 1.7 ʨʘʟ, ʉʂʆ ʦʮʝʥʢʠ ʬʘʟʳ ʜʦ 

2.4 ʨʘʟʘ ʧʨʠ ʆʉʐ ʚʳʰʝ 16 ʜɹ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʚʳʠʛʨʳʰʫ ʦʪ 4.5 ʜɹ ʜʦ 20 ʜɹ 

ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʉʂʆ ʦʮʝʥʦʢ. 

3. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʠ ʝʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʦʧʫʩʢʘ ʮʝʣʠ ʙʦʣʝʝ ʯʝʤ ʚ 100 ʨʘʟ ʜʣʷ ʆʉʐ ʚʳʰʝ 15 ʜɹ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʚʳʠʛʨʳʰ ʧʦʨʷʜʢʘ 2 ʜɹ ʚ ʯʘʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʨʦʚʥʝ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ 
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ʪʨʝʚʦʛʠ 1.0ʝ-3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʛʦʨʠʪʤʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʙʝʟ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʠʩʢʘʞʝʥʠʡ. 

4. ʋʩʪʨʦʡʩʪʚʦ ʦʙʥʘʨʫʞʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʦʚʤʝʩʪʥʳʤ 

ʦʮʝʥʠʚʘʥʠʝʤ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ, ʟʘʜʝʨʞʢʠ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʩʠʛʥʘʣʘ ʠ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʥʘ GPU ʠʤʝʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ, 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ, ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʠʛʥʘʣʳ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 2 ʩ ʚ ʧʦʣʦʩʝ ʜʦ 400 ʢɻʮ ʩ ʙʘʟʦʡ ʧʦʨʷʜʢʘ 59 ʜɹ ʠ ʧʦʪʝʨʷʤʠ ʚ ʢʘʯʝʩʪʚʝ 

ʦʮʝʥʠʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʜʝʣʠ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ 1 ʜɹ. 
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1 ʉʦʚʤʝʩʪʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʩʠʛʥʘʣʘ ʠ ʦʮʝʥʠʚʘʥʠʝ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ 

1.1 ʆʩʥʦʚʳ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʠʭ ʦʮʝʥʠʚʘʥʠʷ 

1.1.1 ʆʮʝʥʠʚʘʥʠʝ ʦʜʥʦʛʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʠʛʥʘʣʘ 

1.1.1.1 ʆʩʥʦʚʥʳʝ ʚʳʨʘʞʝʥʠʷ 

ʇʫʩʪʴ ʥʘ ʚʭrʦʜʝ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʠʛʥʘʣʴʥʦ-ʰʫʤʦʚʘʷ ʩʤʝʩʴ: 

 ()i i ix s na= + , 1i N= ·   (1.1) 

ʛʜʝ ()is a , 1i N= ·   - ʦʪʩʯʸʪʳ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, a - ʩʣʫʯʘʡʥʳʡ ʧʦʣʝʟʥʳʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ 

ʪʨʝʙʫʝʪʩʷ ʦʮʝʥʠʪʴ, 
in  , 1i N= ·  - ʦʪʩʯʸʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʚʘʟʠʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʩ 

ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ  ( )0m=   ʠ ʜʠʩʧʝʨʩʠʝʡ 2sh , N  ï ʜʣʠʥʘ ʚʳʙʦʨʢʠ. 

ʆʮʝʥʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ 

ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʝ.  ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ï ʵʪʦ ʪʝ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-

ʰʫʤ (ʆʉʐ) ʥʘ ʚʳʭʦʜʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʸʤʥʠʢʘ. ʅʘʧʨʠʤʝʨ, ʘʤʧʣʠʪʫʜʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ. 

ɽʩʣʠ ʆʉʐ ʥʘ ʚʳʭʦʜʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʸʤʥʠʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪʦ ʪʘʢʦʡ ʧʘʨʘʤʝʪʨ ʥʘʟʳʚʘʝʪʩʷ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʤ. 

ʆʮʝʥʢʫ ʧʘʨʘʤʝʪʨʘ a ʦʙʦʟʥʘʯʠʤ ʢʘʢ Ĕa. ʊʘʢ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

a ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʩʣʫʯʘʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ix , 1i N= ·  ,ʪʦ ʤʝʞʜʫ ʦʮʝʥʢʦʡ ʠ ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʭʦʞʜʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ ʦʰʠʙʢʦʡ ʦʮʝʥʠʚʘʥʠʷ, ʚʣʝʢʫʱʝʡ ʟʘ ʩʦʙʦʡ 

ʧʦʪʝʨʠ.  ʇʨʠ ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ, ʧʦʩʣʝʜʩʪʚʠʷ ʦʪ ʦʰʠʙʦʢ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʳʤʠ. ʇʦʩʢʦʣʴʢʫ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚʩʝʛʜʘ ʥʝ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢʠʤ-ʣʠʙʦ 

ʦʙʨʘʟʦʤ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʦʮʝʥʦʢ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʚʚʝʜʝʥʘ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ( )Ĕ,C a a [53]. ʕʪʘ ʬʫʥʢʮʠʷ ʢʘʞʜʦʡ ʢʦʤʙʠʥʘʮʠʠ ʠʟ ʦʮʝʥʢʠ ʠ ʠʩʪʠʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʧʨʠʧʠʩʳʚʘʝʪ ʦʧʨʝʜʝʣʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʨ.ɹ ʆʙʳʯʥʦ ʧʦʪʝʨʠ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ, ʪʦ ʝʩʪʴ ( )Ĕ, 0C a a² . 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʦʡ ʚʦʟʤʦʞʥʦʡ ʦʰʠʙʢʝ 

ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʡ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʝʩ. ʇʨʠ ʵʪʦʤ, ʥʘʠʤʝʥʝʝ ʞʝʣʘʪʝʣʴʥʳʤ ʦʰʠʙʢʘʤ 
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ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʥʘʠʙʦʣʴʰʠʝ ʚʝʩʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ çʥʘʠʤʝʥʝʝ ʞʝʣʘʪʝʣʴʥʦʡè 

ʦʰʠʙʢʠ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʠ ʦʮʝʥʠʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ( )Ĕ,C a a 

ʟʘʚʠʩʠʪ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʲʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, 

ʠ ʦʥ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪʠʚʥʳʤ.  

ʇʦʪʝʨʠ ʧʨʠ ʣʶʙʦʤ ʪʠʧʝ ʦʮʝʥʢʠ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʘʯʝʩʪʚʘ ʦʮʝʥʢʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ( )Ĕ,M C a aè øê ú, ʪʘʢ ʢʘʢ ʦʥʦ ʫʯʠʪʳʚʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʪʠʧʳ ʧʦʚʝʜʝʥʠʷ 

ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ, ʚʩʝ ʪʠʧʳ ʦʰʠʙʦʢ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʯʘʩʪʦʪʫ ʠʭ ʧʦʷʚʣʝʥʠʷ.  ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

(ʫʩʣʦʚʥʦʝ ʠʣʠ ʙʝʟʫʩʣʦʚʥʦʝ) ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʥʘʟʳʚʘʝʪʩʷ ʩʨʝʜʥʠʤ ʨʠʩʢʦʤ (ʫʩʣʦʚʥʳʤ ʠʣʠ 

ʙʝʟʫʩʣʦʚʥʳʤ).  

ʆʮʝʥʢʘ, ʧʦʣʫʯʘʝʤʘʷ ʧʦ ʢʨʠʪʝʨʠ ʁʤʠʥʠʤʫʤʘ ʙʝʟʫʩʣʦʚʥʦʛʦ ʩʨʝʜʥʝʛʦ ʨʠʩʢʘ, ʥʦʩʠʪ ʠʤʷ 

ɹʘʡʝʩʦʚʩʢʦʡ ʦʮʝʥʢʠ. 

ɹʝʟʫʩʣʦʚʥʳʡ ʩʨʝʜʥʠʡ ʨʠʩʢ ʦʧʨʝʜʝʣʷʪʩʷ ʢʘʢ: 

 () ( )( )Ĕ Ĕ ,
z

R dx C da a a w a a
¤

-¤

= -ñ ñ x , (1.2) 

ʛʜʝ z - i -ʤʝʨʥʘʷ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʘʷ ʦʭʚʘʪʳʚʘʝʪ ʚʳʙʦʨʢʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʨʝʘʣʠʟʘʮʠʡ 

ʚʝʢʪʦʨʘ ʥʘʙʣʶʜʝʥʠʡ 
1 2[ , ,..., ]TNx x x=x , ( ),w ax  ï ʩʦʚʤʝʩʪʥʘʷ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

(ʌʇɺ) x  (ʩʦʚʦʢʫʧʥʘʷ ʚʳʙʦʨʢʘ) ʠ ʧʘʨʘʤʝʪʨʘ a. 

ʊʘʢ ʢʘʢ ()w x  ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʪʦ ʤʠʥʠʤʠʟʘʮʠʷ ʚʳʨʘʞʝʥʠʷ (1.2) ʩʚʦʜʠʪʩʷ ʢ 

ʤʠʥʠʤʠʟʘʮʠʠ ʘʧʦʩʪʝʨʠʦʨʥʦʛʦ ʨʠʩʢʘ () ( )( )Ĕ Ĕ /psR C da a a w a a
¤

-¤

= -ñ x : 

 () ( )( )
Ĕ Ĕ

Ĕ Ĕ

Ĕ Ĕ / 0
Ĕ Ĕ

ɹ
ɹ

ps

d d
R C d

d da a a a

a a a w a a
a a

¤

= -¤ =

è ø
è ø = - =é ùê ú

ê ú
ñ x ,  (1.3) 

ʛʜʝ Ĕɹa  ï ʠʩʢʦʤʘʷ ɹʘʡʝʩʦʚʩʢʘʷ ʦʮʝʥʢʘ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʝʟʫʩʣʦʚʥʦʛʦ ʩʨʝʜʥʝʛʦ ʨʠʩʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ɹʘʡʝʩʦʚʩʢʦʡ ʦʮʝʥʢʝ, ʥʘʟʳʚʘʝʪʩʷ ɹʘʡʝʩʦʚʩʢʠʤ ʨʠʩʢʦʤ.  

ɹʝʟʫʩʣʦʚʥʳʡ ʩʨʝʜʥʠʡ ʨʠʩʢ ()ĔR a  ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʜʣʷ ʣʶʙʦʛʦ ʧʨʘʚʠʣʘ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ, 

ʧʨʠʯʸʤ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

() ( )Ĕ Ĕ
m ɹR R Ra a² =  
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 ɿʘʤʝʪʠʤ, ʯʪʦ ʠʟ ʚʳʨʘʞʝʥʠʷ (1.3) ʩʣʝʜʫʝʪ, ʯʪʦ ʦʪ ʚʠʜʘ ʬʫʥʢʮʠʠ  ʨʠʩʢʘ ( )ĔC a a-  ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʧʦʣʫʯʘʝʤʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʠʚʘʥʠʷ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ Ĕa. 

ʂʨʠʪʝʨʠʡ ɹʘʡʝʩʘ ʧʨʠ ʚʩʝʭ ʚʠʜʘʭ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʩʚʷʟʘʥ ʩ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʌʇɺ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʨʠʪʝʨʠʡ ɹʘʡʝʩʘ ʦʩʥʦʚʘʥ ʥʘ ʧʦʣʥʦʡ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʮʝʥʠʚʘʝʤʦʤ ʧʘʨʘʤʝʪʨʝ, 

ʪʦ ʝʩʪʴ ʦʥ ʜʘʸʪ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʶ ʘʧʨʠʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʘʠʣʫʯʰʫʶ ʦʮʝʥʢʫ. ʆʜʥʘʢʦ, ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ 

ʨʘʜʠʦʪʝʭʥʠʢʝ ʧʦʣʥʘʷ ʘʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ɹʘʡʝʩʦʚʩʢʦʡ ʦʮʝʥʢʠ. ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ï ʧʨʝʜʧʦʣʦʞʠʪʴ ʪʦ ʠʣʠ 

ʠʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ. 

ʇʨʠ ʧʨʦʩʪʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ( ) ( )0
Ĕ Ĕʉ ʩa a d a a- = - - ʧʨʦʠʩʭʦʜʠʪ ʤʠʥʠʤʠʟʘʮʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ɺʩʝʤ ʦʰʠʙʢʘʤ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʡ ʚʝʩ 0ʩ, ʪʦ ʝʩʪʴ 

ʣʶʙʳʝ ʦʰʠʙʢʠ ʥʝʞʝʣʘʪʝʣʴʥʳ. ʊʘʢʘʷ ɹʘʡʝʩʦʚʩʢʘʷ ʦʮʝʥʢʘ ʪʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ ʦʮʝʥʢʦʡ ʧʦ 

ʤʘʢʩʠʤʫʤʫ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʌʇɺ ( )/w ax . ʆʜʥʘʢʦ, ʝʩʣʠ () constw aº  ʚ ʠʥʪʝʨʚʘʣʝ ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪʦ ( )/w ax  ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʦʚʧʘʜʘʝʪ 

ʩ ( )/w ax . ʌʫʥʢʮʠʷ ( )/w ax  ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʌʇɺ 

ʥʘʙʣʶʜʝʥʠʡ x  ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ  a . 

ʊʘʢʘʷ ʦʮʝʥʢʘ ʥʘʟʳʚʘʝʪʩʷ ʦʮʝʥʢʦʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (ʄʇ) ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ( )/w ax .  

ʄʇ ʦʮʝʥʢʘ ʧʨʠʤʝʥʷʝʪʩʷ, ʝʩʣʠ: 

1. ʆʮʝʥʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ ʥʝʠʟʚʝʩʪʝʥ, ʥʦ ʥʝ ʩʣʫʯʘʝʥ. 

2. ɸʧʨʠʦʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ()w a ʥʝ ʠʟʚʝʩʪʥʦ. 

3. ʇʦʣʫʯʝʥʠʝ ( )/w ax  ʩʣʦʞʥʝʝ, ʯʝʤ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ( )/w ax . 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʄʇ ʦʮʝʥʢʠ: 

1. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʢʣʘʜʥʳʭ ʩʣʫʯʘʝʚ ʄʇ ʦʮʝʥʢʘ ʙʣʠʟʢʘ ʢ ɹʘʡʝʩʦʚʩʢʦʡ ʦʮʝʥʢʝ (ʧʨʠ 

ʧʨʦʩʪʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ). 

2. ʄʇ ʦʮʝʥʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʥʦ-ʦʜʥʦʟʥʘʯʥʦʛʦ ʙʝʟʳʥʝʨʮʠʦʥʥʦʛʦ (ʧʦ ʦʮʝʥʠʚʘʝʤʦʤʫ 

ʧʘʨʘʤʝʪʨʫ) ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʩʠʛʥʘʣʘ. 

3. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʘ ʧʨʦʱʝ, ʯʝʤ ʧʨʠ ʜʨʫʛʠʭ ʤʝʪʦʜʘʭ. 

4. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ, ʪʦ ʄʇ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʘ. 
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5. ʇʨʠ ʛʘʫʩʩʦʚʩʢʦʤ ʰʫʤʝ ʘʣʛʦʨʠʪʤ ʄʇ ʦʮʝʥʠʚʘʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʰʫʤʘ. 

6. ʇʨʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʆʉʐ ʄʇ ʦʮʝʥʢʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʘ ̫ʠ 

ʥʝʩʤʝʱʸʥʥʘʷ. 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʧʨʠ ʙʦʣʴʰʠʭ ʫʨʦʚʥʷʭ ʧʦʤʝʭ ʠ ʠʥʪʝʨʚʘʣʦʚ ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʷʚʣʷʶʪʩʷ ʣʦʞʥʳʝ ʤʘʢʩʠʤʫʤʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʝʸ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟ-ʟʘ ʘʥʦʤʘʣʴʥʳʭ ʦʰʠʙʦʢ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʄʇ ʦʮʝʥʢʘ, ʪʘʢ ʢʘʢ ʚʩʝ ʦʮʝʥʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦʣʘʛʘʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ, ʘ ʥʝ ʩʣʫʯʘʡʥʳʤʠ, ʘ ʪʘʢʞʝ, ʠʟ-ʟʘ ʚʳʰʝʧʨʠʚʝʜʸʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ.  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚʳʯʠʩʣʝʥʠʝ ʄʇ ʦʮʝʥʦʢ ʜʣʷ ʩʠʛʥʘʣʦʚ, ʧʨʠʥʷʪʳʭ ʥʘ ʬʦʥʝ 

ʘʜʜʠʪʠʚʥʦʛʦ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ (ɸɹɻʐ). ʅʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʚʤʝʩʪʦ ʤʘʢʩʠʤʫʤʘ 

ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠʩʧʦʣʴʟʫʶʪ ʤʘʢʩʠʤʫʤ ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʊʦʛʜʘ 

ʣʦʛʘʨʠʬʤ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ (1.1) ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʠʤʝʝʪ ʚʠʜ (ʙʝʟ ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʤʘʢʩʠʤʫʤʘ)  

 ( ) ()2
1

1
Ĕln /

N

i i

iʰ

L x sw a a
s =

= =è øê ú äx , 1i N= · ,  (1.4)  

ʕʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

 ( ) () ()2
1

1
Ĕ Ĕln / / 2

N

i i

iʰ

L x s Qw a a a
s =

= = -è øê ú äx , 1i N= ·  (1.5)  

ʛʜʝ ()Ĕis a , 1i N= ·  ï ʦʪʩʯʸʪʳ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʳʭ 

ʩʚʝʜʝʥʠʡ ʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʩʠʛʥʘʣʝ ʠ ʥʝʠʟʚʝʩʪʥʦʤ ʧʘʨʘʤʝʪʨʝ a, Ĕa ï ʪʝʢʫʱʘʷ ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ a, () ()2

2
1

1
Ĕ Ĕ

N

i

iʰ

Q sa a
s =

= ä  ï ʆʉʐ. 

ʋʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʟʘʧʠʩʠ (1.4) ʠ (1.5) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 

ʢʘʯʝʩʪʚʘ ʦʮʝʥʢʠ ʷʚʣʷʝʪʩʷ: 

 ( ) ()2 Ĕ ĔS ,L Nr a a r a= + , (1.6) 

 ( ) () ()2 Ĕ Ĕ ĔS , / 2L N Qr a a r a a= + - ,  (1.7) 

ʛʜʝ ( )ĔS ,a a ï ʩʠʛʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ( )ĔkN a  ï ʰʫʤʦʚʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, 
2

2

s

ʰ

E
r

s
=  ï ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ (ʆʉʐ), 
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sE  ï ɻ ʥʝʨʛʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ( ) ()()
1

1
Ĕ ĔS ,

N

i i

is

s s
E

a a a a
=

= ä  ʠ () ()
1

1
Ĕ Ĕ

N

i i

is ʰ

N n s
E

a a
s =

= ä

.  

ɽʩʣʠ (1.1) ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ: 

()i i ix s na= + , 1i N= · , 

ʛʜʝ () ()Re Imi i ix x j x= +  , () ()( ) ()( )Re Imi i is s j sa a a= + , () ()Re Imi i in n j n= +   ʂʚʘʜʨʘʪʫʨʳ 

ʢʚʘʟʠʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ in , 1i N= ·  ʥʝʟʘʚʠʩʠʤʳ ʠ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʳ: 

() ( )1Re Re 0i iM n n+ =è øê ú   ʠ  () ( )1Im Im 0i iM n n+ =è øê ú  , () ( )Re Im 0i jM n nè ø=
ê ú

 ʧʨʠ ʣʶʙʳʭ i , j  , ʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʨʘʚʥʦ ʥʫʣʶ () ()Re Im 0i iM n M n= =è ø è øê ú ê ú, ʘ ʜʠʩʧʝʨʩʠʷ ï

() () 2Re Imi i ʰD n D n s= =è ø è øê ú ê ú. 

ʊʦʛʜʘ ʣʦʛʘʨʠʬʤ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʙʝʟ ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʢʨʘʪʷʪʩʷ ʧʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʤʘʢʩʠʤʫʤʘ, ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʠʤʝʪ ʚʠʜ 

 ( ) () () ( ) ()* 2

2
1

1
Ĕ Ĕ Ĕln / Re S ,

N

i i

iʰ

L x s Nw a a a r a a r a
s =

å õ
= = = +è ø æ öê ú

ç ÷
äx , 1i N= · ,  (1.8)  

 ( ) () () ()*

2
1

1
Ĕ Ĕln / Re / 2

N

i i

iʰ

L x s Qw a a a a
s =

å õ
= = - =è ø æ öê ú

ç ÷
äx  

 ( ) () ()2 Ĕ Ĕ ĔS , / 2N Qr a a r a a= + - , 1i N= · , (1.9) 

ʛʜʝ  

( ) () ()*

1

1
Ĕ ĔS , Re

N

i i

is

s s
E

a a a a
=

å õ
= æ ö
ç ÷
ä , () ()*

1

1
Ĕ ĔRe

N

i i

is ʰ

N n s
E

a a
s =

å õ
= æ ö
æ ö
ç ÷

ä , () ()
2

2
1

1
Ĕ Ĕ

N

i

iʰ

Q sa a
s -

= ä . 

ʄʘʢʩʠʤʘʣʴʥʦ ʧʨʘʚʜʦʧʦʜʦʙʥʘʷ ʦʮʝʥʢʘ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘ a ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ:  

 ()
Ĕ( , )

Ĕ arg maxʄʇ L
a

a
Í -¤ ¤

= .  (1.10) 

ɼʣʷ ʩʠʛʥʘʣʦʚ ʩ ʥʝʠʟʚʝʩʪʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘ ʠʥʪʝʨʚʘʣʝ  [ )0;2p   ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ 

0j (
0j ʥʝ ʦʮʝʥʠʚʘʝʪʩʷ) ʦʮʝʥʢʘ Ĕa ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʘʨʛʫʤʝʥʪ ʤʘʢʩʠʤʫʤʘ (1.10) ʩʣʝʜʫʶʱʠʭ 

ʚʳʨʘʞʝʥʠʡ: 

 () () ( )* 2

2
1

1
Ĕ Ĕ,

N

i ii
iʰ

x s rl a a r a a
s =

= =ä  (1.11) 
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 ï a ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ,  

 ( )( ) ()2

0
Ĕ Ĕln , / 2L I r Qr a a aè ø= -

ê ú  (1.12) 

ï a ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, 

ʛʜʝ ( ) ( ) () (){ }
1/2

2 2

1 2
Ĕ Ĕ Ĕ Ĕ, , 2r G N Na a a a e a e a= + + , ( ) () ()*

1

1
Ĕ Ĕ,

N

k i i

is

G s s
E

a a a a
=

= ä , 

() () ( ) ( )1 Re Re 0 Im 0
Ĕ Ĕ Ĕ Ĕ, cos , sinN N S Sa a a a j a a j= + +è øê ú 

() ( ) ( )Im Re 0 Im 0
Ĕ Ĕ Ĕ, sin , cosN S Sa a a j a a j+ -è øê ú, () () () ()

2

2 2 *

2 Re Im

1

1
Ĕ Ĕ Ĕ Ĕ

N

i i

is ʰ

N N N n s
E

a a a a
s =

= + = ä ,

( ) () ()*

Re

1

1
Ĕ Ĕ, Re

N

i i

is

S s s
E

a a a a
=

å õ
= æ ö
ç ÷
ä , ( ) () ()*

Im

1

1
Ĕ Ĕ, Im

N

i i

is

S s s
E

a a a a
=

å õ
= æ ö
ç ÷
ä , 

() ()*

Re

1

1
Ĕ ĔRe

N

i i

is ʰ

N n s
E

a a
s =

å õ
= æ ö
æ ö
ç ÷

ä , () ()*

Im

1

1
Ĕ ĔIm

N

i i

is ʰ

N n s
E

a a
s =

å õ
= æ ö
æ ö
ç ÷

ä , ()0I Ö ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ, 1/e r= . 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʨʘʞʝʥʠʡ (1.11) ʠ (1.12) ʬʫʥʢʮʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʙʳʣʘ 

ʫʩʨʝʜʥʝʥʘ ʧʦ j: 

 

2

0

( / ) ( / , ) ( )d

p

w a w a j w j j=ñx x   

ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟʳ ( )
1

( ) 2w j p
-

=  ʧʨʠ [ )0;2j pÍ . 

1.1.1.2 ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʦʮʝʥʠʚʘʥʠʷ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʥʘʧʠʩʘʥʦ ʚʳʰʝ ʦ ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʟʥʘʯʝʥʠʶ ʩʨʝʜʥʝʛʦ 

ʨʠʩʢʘ. ʆʜʥʘʢʦ, ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ ʙʦʣʝʝ ʫʜʦʙʥʦ ʦʧʝʨʠʨʦʚʘʪʴ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʢ 

ʩʤʝʱʝʥʠʝ, ʨʘʩʩʝʷʥʠʝ ʠ ʜʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ: 

( ) [ ]Ĕ Ĕ Ĕ/ [ ( ) ] ( / )ʄʇ ʄʇ ʄʇb M da a a a a a w a
+¤

-¤

= - = -ñ x x x , 

2 2Ĕ Ĕ Ĕ( / ) ( ) [ ( ) ] ( / )ʄʇ ʄʇ ʄʇZ M da a a a a a w a
+¤

-¤

è ø= - >= -ê ú ñ x x x , 

( ) []( )
2

Ĕ Ĕ/ʄʇ ʄʇD M Ma a a aè ø= -
ê ú

. 
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ʆʮʝʥʢʫ ʧʘʨʘʤʝʪʨʘ ʩʠʛʥʘʣʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ, ʥʘʟʳʚʘʶʪ ʥʝʩʤʝʱʝʥʥʦʡ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʮʝʥʠʚʘʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ: [ ]ĔʄʇM a a= . ɽʩʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩ 

ʪʦʯʥʦʩʪʴ ʜʦ ʢʦʥʩʪʘʥʪʳ [ ]ĔʄʇM a a b= +, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʪʘʢʘʷ ʦʮʝʥʢʘ ʠʤʝʝʪ ʠʟʚʝʩʪʥʦʝ ʩʤʝʱʝʥʠʝ. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʮʝʥʢʘ ʠʤʝʝʪ ʥʝʠʟʚʝʩʪʥʦʝ ʩʤʝʱʝʥʠʝ, ʠ ʷʚʣʷʝʪʩʷ ʩʤʝʱʝʥʥʦʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʦʪʩʫʪʩʪʚʠʝ ʩʤʝʱʝʥʠʷ ʦʮʝʥʢʠ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʦʮʝʥʢʠ, ʪʘʢ ʢʘʢ 

ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ  ()w a, ʤʦʞʝʪ ʙʳʪʴ ʮʝʥʪʨʠʨʦʚʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ Ĕa, ʥʦ ʠʤʝʪʴ 

ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʠʶ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʴʰʠʤ ʦʰʠʙʢʘʤ ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ. ʆʪʩʶʜʘ ʚʚʦʜʷʪ 

ʪʨʝʙʦʚʘʥʠʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʮʝʥʦʢ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʦʮʝʥʦʢ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ ʠʣʠ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʩʩʝʷʥʠʝʤ.  

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ [53]. ɺ ʩʣʫʯʘʝ 

ʩʤʝʱʝʥʥʳʭ ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ, ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʦʡ Ea   ʥʘʟʳʚʘʶʪ  ʪʘʢʫʶ ʦʮʝʥʢʫ, ʫ 

ʢʦʪʦʨʦʡ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʚʘʜʨʘʪʘ ʦʪʢʣʦʥʝʥʠʷ ʦʮʝʥʢʠ ʦʪ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʮʝʥʠʚʘʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ a ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʚʘʜʨʘʪʘ ʦʪʢʣʦʥʝʥʠʷ ʣʶʙʦʡ ʜʨʫʛʦʡ ʦʮʝʥʢʠ Ĕ
ʄʇa : 

 2 2Ĕ( ) [ ( ) ] [ ( ) ].E EZ a a a a a= < - > ¢ < - >  (1.13) 

ɺ ʩʣʫʯʘʝ ʥʝʩʤʝʱʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʩʩʝʷʥʠʝ ʦʮʝʥʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʝʝ ʜʠʩʧʝʨʩʠʝʡ 

Ĕ Ĕ( / ) ( / )ʄʇ ʄʇZ Da a a a= . ʆʪʩʶʜʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʮʝʥʢʘ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʙʫʜʝʪ 

ʷʚʣʷʪʴʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʥʝʩʤʝʱʝʥʥʦʡ ʦʮʝʥʢʦʡ.  

ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ (ʤʠʥʠʤʫʤ) ʫʩʣʦʚʥʦʡ ʜʠʩʧʝʨʩʠʠ ( )Ĕ /ʄʇD a a ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʥʠʮʝʡ ʈʘʦ-

ʂʨʘʤʝʨʘ, ʚ ʯʝʩʪʴ ʫʯʸʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʜʣʷ ʥʝʸ ʦʙʱʠʝ ʚʳʨʘʞʝʥʠʷ. ʊʦ ʝʩʪʴ, ʝʩʣʠ ʜʠʩʧʝʨʩʠʷ 

ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʘ (ʩʦʚʧʘʜʘʝʪ ʩ ʛʨʘʥʠʮʝʡ ʈʘʦ-ʂʨʘʤʝʨʘ), ʪʦ ʪʘʢʘʷ ʦʮʝʥʢʘ ʥʘʟʳʚʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʡ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʄʇ ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʥʝʩʤʝʱʸʥʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ. ʊʦʛʜʘ, ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ (ʛʨʘʥʠʮʘ ʈʘʦ-ʂʨʘʤʝʨʘ) ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʢʠ 

ʄʇ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʤʝʝʪ ʚʠʜ [53]: 

 ( )
( )

1 2

2

2 1 2

1 2

1
Ĕ /

,
ʄʇD

S

a a a

a a
a a

r
a a

= =

=
å õµ
æ ö
µ µç ÷

 , (1.14) 

1a , 2a  ï ʨʘʟʥʳʝ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ.  
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ɽʩʣʠ ʧʘʨʘʤʝʪʨ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʡ, ʪʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ 
( ) ( )2 2

1 2

2

1 2

Ĕ,

Ĕ

S Sa a a a

a a a

µ µ -
=-

µ µ µ
, ʚʳʨʘʞʝʥʠʝ  (1.14) ʧʨʠʥʠʤʘʝʪ ʚʠʜ [53] 

 ( )
( )2

2

2

Ĕ

1
Ĕ /

Ĕ

Ĕ

ʄʇD
d S

d
a a

a a
a a

r
a

=

=-
å õ-
æ ö
ç ÷

 . (1.15) 

ɼʣʷ ʩʠʛʥʘʣʦʚ ʩ ʥʝʠʟʚʝʩʪʥʦʡ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘ ʠʥʪʝʨʚʘʣʝ [ )0;2p  ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ, 

ʢʦʪʦʨʫʶ ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʮʝʥʠʚʘʪʴ, ʤʠʥʠʤʘʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʨʘʚʥʘ 

 ( )
( )

1 2

0 2

2 1 2

1 2

1
Ĕ / ,

,
ʄʇD

G

a a a

a a j
a a

r
a a

= =

=
å õµ
æ ö
µ µç ÷

.  (1.16) 

ʅʝʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ: 

 ( )
( )

0 2

2

2

Ĕ

1
Ĕ / ,

Ĕ

Ĕ

ʄʇD
d G

d
a a

a a j
a a

r
a
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=-
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.  (1.17) 

ɼʠʩʧʝʨʩʠʠ (1.14) - (1.17) ʝʱʸ ʥʘʟʳʚʘʶʪ ʜʠʩʧʝʨʩʠʷʤʠ ʦʮʝʥʢʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 

ʆʮʝʥʢʘ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʩʠʛʥʘʣʘ ʩ ʩʣʫʯʘʡʥʦʡ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ ʥʝʩʤʝʱʸʥʥʘʷ. ʇʦʵʪʦʤʫ, ʪʘʢ ʢʘʢ ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʠʩʩʣʝʜʫʝʪʩʷ ʢʘʯʝʩʪʚʦ ʦʮʝʥʢʠ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʟʘ ʦʩʥʦʚʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ 

ʧʨʠʥʷʪʘ ʜʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ. 

ʅʝʢʦʪʦʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʦʮʝʥʢʠ, ʧʦʣʫʯʠʣʠ 

ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʢʠ ʚ ʪʨʝʪʴʝʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɼʣʷ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʩʠʛʥʘʣʘ ʩ ʥʝʠʟʚʝʩʪʥʦʡ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ ʦʥʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʠʤʝʶʪ ʚʠʜ: 
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æ öé ùê ú ç ÷ç ÷ê ú

 . (1.19) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʚʳʰʝʧʨʠʚʝʜʸʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʦʢ ʥʝ ʫʯʠʪʳʚʘʶʪ ʘʥʦʤʘʣʴʥʳʭ 

ʦʰʠʙʦʢ.  
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1.1.2 ʉʦʚʤʝʩʪʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʪʦʯʥʦʩʪʴ ʠʭ ʦʮʝʥʠʚʘʥʠʷ 

1.1.2.1 ʆʩʥʦʚʥʳʝ ʚʳʨʘʞʝʥʠʷ 

ɺ ʩʣʫʯʘʝ ʦʮʝʥʢʠ ʥʝ ʦʜʥʦʛʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʘ ʥʝʩʢʦʣʴʢʠʭ, ʩʠʛʥʘʣ ʥʘ ʚʭrʦʜʝ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

 ( ),i i ix s n= +ɗ ɔ  , 1i N= ·   (1.20) 

ʛʜʝ ( ),is ɗ ɔ, , 1i N= ·   - ʦʪʩʯʸʪʳ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ï ɗ ʚʝʢʪʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʥʘʙʦʨ ʥʝʠʟʚʝʩʪʥʳʭ 

ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ( ),is ɗ ɔ: 1 2, , , mq q q=ɗ ,m ï ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʟʚʝʩʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ɔ - ʚʝʢʪʦʨ ʥʝʦʮʝʥʠʚʘʝʤʳʭ ʤʝʰʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʤʝʨʥʦʩʪʴʶ G  (ʥʘʧʨʠʤʝʨ 

ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, ʢʘʢ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ 1.1) 
in , 1i N= ·  ï  ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʠ ʥʝʟʘʚʠʩʠʤʳʝ 

ʦʪʩʯʸʪʳ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʠ ʜʠʩʧʝʨʩʠʝʡ 2sh  , Nï ʜʣʠʥʘ ʧʨʠʥʷʪʦʡ 

ʚʳʙʦʨʢʠ ʚ ʦʪʩʯʸʪʘʭ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʠʛʥʘʣ ʥʝ ʩʦʜʝʨʞʠʪ ʥʠʢʘʢʠʭ ʤʝʰʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪ.ʝ. ʚʩʝ ʝʛʦ 

ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʣʝʞʘʪ ʠʟʤʝʨʝʥʠʶ. 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (1.20) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 ()i i ix s n= +ɗ , 1i N= ·  (1.21) 

ʊʦʛʜʘ, ʟʘʜʘʯʘ ʦʮʝʥʠʚʘʥʠʷ ʩʚʦʜʠʪʩʷ ʚ ʦʮʝʥʢʝ ʚʝʢʪʦʨʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 

1 2, , , mq q qè ø=ê úɗ . ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʦʙʱʥʦʩʪʴ ʟʘʜʘʯʠ ʦʮʝʥʠʚʘʥʠʷ ʚʝʢʪʦʨʘ 

ʧʦʣʝʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʟʘʜʘʯʝʡ ʦʮʝʥʢʠ ʦʜʥʦʛʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 

1.1. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʢʨʠʪʝʨʠʝʤ ʄʇ ʦʮʝʥʢʘ ʚʝʢʪʦʨʘ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʝʪ ʨʘʚʥʘ 

ʘʨʛʫʤʝʥʪʫ ʘʙʩʦʣʶʪʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ: 

 ( )( )
Ĕ( , )

Ĕ arg max / .ʄʇ w
Í -¤ ¤ɗ

ɗ = x ɗ  (1.22) 

ʃʠʙʦ  

 ()
Ĕ( , )

Ĕ arg maxʄʇ L
Í -¤ ¤ɗ

ɗ = ,  (1.23) 

( )L ln /w= x ɗ. 
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ɺ ʩʣʫʯʘʝ ʩʦʚʤʝʩʪʥʦʡ ʦʮʝʥʢʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨ ʣʦʛʘʨʠʬʤ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʘʥʘʣʦʛʠʯʥʦ (1.6), (1.7) ʟʘʤʝʥʠʚ ʦʜʠʥ ʦʮʝʥʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ ʥʘ ʚʝʢʪʦʨ  

1 2, , , mq q qè ø=ê úɗ . ʇʨʠ ʦʮʝʥʢʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ 

ʩʠʛʥʘʣʘ, ʧʨʘʚʠʣʘ ʨʝʰʝʥʠʷ (1.8), (1.9), (1.11), (1.12) ʨʘʩʰʠʨʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ, ʟʘʤʝʥʦʡ ʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʥʘ ʚʝʢʪʦʨ 1 2, , , mq q qè ø=ê úɗ . 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʝʢʪʦʨ ʤʝʰʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʦʣʝʟʥʦʤ 

ʩʠʛʥʘʣʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨʳ ʧʦʣʝʟʥʳʭ ɗ ʠ ʤʝʰʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ɔ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ 

ʚ ʦʜʠʥ ( )Gm+  - ʤʝʨʥʳʡ ʚʝʢʪʦʨ { , }=l ɗ ɔ, ʩʯʠʪʘʷ, ʯʪʦ ʚʩʝ ʝʛʦ ʵʣʝʤʝʥʪʳ ʧʦʜʣʝʞʘʪ ʦʮʝʥʠʚʘʥʠʶ. 

ʇʦʣʫʯʠʚ ʦʮʝʥʢʫ  l  ʚʝʢʪʦʨʘ l  ʧʦ ʤʝʪʦʜʫ ʄʇ, ʤʦʞʥʦ ʦʪʙʨʦʩʠʪʴ ʦʮʝʥʢʠ G  ʥʝʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʤʝʰʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ Ĕɔ. ʆʜʥʘʢʦ, ʝʩʣʠ ʤʝʰʘʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʩ ʜʦʩʪʦʚʝʨʥʦ ʠʟʚʝʩʪʥʦʡ ʘʧʨʠʦʨʥʦʡ ʌʇɺ ( )wɔ, ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʠʟʙʘʚʠʪʩʷ 

ʦʪ ʤʝʰʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʫʪʝʤ ʫʩʨʝʜʥʝʥʠʷ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ l  ʧʦ ʚʩʝʤ ɔ ʩ ʫʯʝʪʦʤ 

ʠʟʚʝʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʤʝʰʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ɔ: 

 ( / ) ( / ) ( )dw w w
+¤

-¤

=ñx ɗ x l ɔ ɔ.   

ʊʝʧʝʨʴ ʦʮʝʥʢʘ ʧʦ ʄʇ ʩʚʦʜʠʪʩʷ ʢ ʚʳʨʘʞʝʥʠʶ (1.22). 

1.1.2.2 ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʦʮʝʥʠʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ 

ʇʨʠ ʩʦʚʤʝʩʪʥʦʡ ʦʮʝʥʢʝ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʤʠʤʦ ʩʤʝʱʝʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʦʢ 

ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʦʰʠʙʢʘʤʠ ʦʮʝʥʢʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʫʥʢʮʠʷ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʦʮʝʥʦʢ. ʋʩʣʦʚʥʘʷ ʚʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʦʮʝʥʦʢ 

ʧʘʨʘʤʝʪʨʦʚ  
jq ʠ mq  ʨʘʚʥʘ 

 ( ) ( )( )Ĕ Ĕ Ĕ Ĕ Ĕ/jp ʄʇ j j p pK M M Mq q q qè øè ø è ø= - -
é ùê ú ê úê ú

ɗ ɗ , 1j m= · , 1p m= · . (1.24) 

ɼʣʷ ʩʦʚʧʘʜʘʶʱʠʭ 
jq ʠ 

pq, j p=   (1.24) ʩʦʚʧʘʜʘʝʪ ʩ ʜʠʩʧʝʨʩʠʝʡ ʦʮʝʥʢʠ 

( ) ( )Ĕ Ĕ/ /pp ʄʇp p ʄʇp pK Dq q q q=  

ɼʣʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ ʦʮʝʥʢʫ ʚʝʢʪʦʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ɗ ʩʯʠʪʘʶʪ ʥʝʩʤʝʱʝʥʥʦʡ, ʝʩʣʠ 

ʥʝʩʤʝʱʝʥʥʳʤʠ ʙʫʜʫʪ ʦʮʝʥʢʠ ʄʇpq , 1...p m=  ʚʩʝʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
pq, 1...p m=  : 

Ĕ
ʄʇMè ø=
ê ú
ɗ ɗ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ ɗ. ʅʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 
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ʩʦʚʤʝʩʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʚʝʢʪʦʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʘʥʘʣʦʛʠʯʥʳʝ ʫʩʣʦʚʠʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʦʜʥʦʛʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ [53]. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʩʦʚʤʝʩʪʥʳʝ ʄʇ 

ʦʮʝʥʢʠ ʙʫʜʫʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʥʝʩʤʝʱʸʥʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ r­¤.  

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʄʇ ʦʮʝʥʦʢ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʮʝʥʠʚʘʝʤʳʭ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʚʥʘ [53] 

 ( ) 2
Ĕ

Ĕ /
pj

jp ʄʇ

A
K

r
­

=
W
ɗ ɗ

ɗ ɗ  , 1j m= · , 1p m= · , (1.25) 

ʛʜʝ W ï ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ʌʠʰʝʨʘ W, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʘʙʦʨʘ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

( )2

1 2

1 2

,

j p

S

q q

µ

µ µ

ɗ ɗ
, ( )1 2,S ɗ ɗ - ʩʠʛʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠʣʠ ʝʸ 

ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ, ʝʩʣʠ ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ (ʢʦʤʧʘʢʪʥʘʷ 

ʟʘʧʠʩʴ), 
mjA  ï  ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʜʦʧʦʣʥʝʥʠʷ ʤʘʪʨʠʮʳ W , 1j m= · ,  1p m= · , m - ʢʦʣʠʯʝʩʪʚʦ 

ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʩʦʚʧʘʜʘʶʱʠʭ ʠʥʜʝʢʩʦʚ j  ʠ p  (1.25) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʩʧʝʨʩʠʷʤ 

ʦʮʝʥʦʢ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʣʷ ʥʝʩʦʚʧʘʜʘʶʱʠʡ ï ʚʟʘʠʤʥʳʤ ʬʫʥʢʮʠʷʤ ʢʦʨʨʝʣʷʮʠʠ ʦʮʝʥʦʢ. 

ɼʣʷ ʩʣʫʯʘʷ ʩʦʚʤʝʩʪʥʦʡ ʦʮʝʥʢʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ ʩʦ 

ʩʣʫʯʘʡʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ ʚʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

ʦʮʝʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠʤʝʝʪ ʚʠʜ: 

 ( ) 2

Ĕ

Ĕ / ,
pj

jp ʄʇ

A
K

j

j
r

­

=
W

ɗ ɗ

ɗ ɗ  , 1j m= · ,  1p m= ·  (1.26) 

jW ï ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ Wj, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʘʙʦʨʘ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 
( )2

1 2

1 2

,

j m

G

q q

µ

µ µ

ɗ ɗ
, 

( )1 2,G ɗ ɗ - ʤʦʜʫʣʴ ʩʠʛʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. 

ɽʩʣʠ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʧʝʨʚʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ, ʪʦ ʩʦʚʤʝʩʪʥʳʝ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʥʝʩʤʝʱʸʥʥʳʝ ʠ ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ.  

ɼʣʷ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʚʝʩʴʤʘ ʦʙʱʝʤ ʩʣʫʯʘʝ [53] ʩʦʙʣʶʜʘʝʪʩʷ 

( ) ( )22

1 2

1 2

Ĕ
,

Ĕ Ĕ
j p j p

SS

q q q q

µ -µ
=-

µ µ µ µ

ɗ ɗɗ ɗ
,   

( ) ( )22

1 2

1 2

Ĕ
,

Ĕ Ĕ
j m j p

GG

q q q q

µ -µ
=-

µ µ µ µ

ɗ ɗɗ ɗ
. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʮʝʥʢʠ ʩʪʨʦʛʦ 

ʥʝʩʤʝʱʝʥʥʳʝ.  

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

 ( )
( )

( ) ( )

Ĕ /
Ĕ /

Ĕ Ĕ/ /

jp ʄʇ

jp ʄʇ

jj ʄʇ pp ʄʇ

K
r

K K

=
ɗ ɗ

ɗ ɗ

ɗ ɗ ɗ ɗ
, 1j m= · , 1p m= · . (1.27) 
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1.1.2.3 ʆʮʝʥʢʘ ʪʨʸʭ ʥʝʠʟʚʝʩʪʥʳʭ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ 

ʈʘʩʩʤʦʪʨʠʤ ʚʳʯʠʩʣʝʥʠʝ ʜʠʩʧʝʨʩʠʡ ʦʮʝʥʦʢ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʮʝʥʠʚʘʥʠʠ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʜʠʦʩʠʛʥʘʣʘ: ʟʘʜʝʨʞʢʠ, ʯʘʩʪʦʪʳ ʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ. ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʦʡ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʦʙʳʯʥʦ ʥʝʠʟʚʝʩʪʥʳ ʥʘ ʧʨʠʸʤʥʦʡ ʩʪʦʨʦʥʝ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʦʨʤʝ: 

 ( ) ( )2

0( , , , ) ( )dj f tj

dx t f e e x t n t
p tjj t t

--= - + , / 2 / 2ʥ ʥt T T=- ·  

ʛʜʝ ()0x t  ï ʢʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʩʠʛʥʘʣʘ ʩ ʥʫʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

t, df , jï ʥʝʠʟʚʝʩʪʥʘʷ ʟʘʜʝʨʞʢʘ, ʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ ʠ ʬʘʟʘ ʩʠʛʥʘʣʘ, ( )n t  - ʢʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ 

ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʠ ʜʠʩʧʝʨʩʠʝʡ 2sh , ʥT  ï ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʫʯʠʪʳʚʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʚʦʟʤʦʞʥʳʝ ʩʜʚʠʛʠ ʥʘ ʦʩʠ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʟʘʜʝʨʞʢʠ.  

ʄʦʜʝʣʴ ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥʘ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ ʩ ʮʝʣʴʶ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. ɺʤʝʩʪʦ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠ ʣʦʛʘʨʠʬʤ ʦʪ ʥʝʛʦ. 

 ʄʦʜʝʣʴ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ ʪʦʛʜʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʬʦʨʤʝ: 

 ( ) ( )
Ĕ Ĕ2Ĕ* *

0
ĔĔĔ Ĕ( , , , ) dj f tj

dx t f e e x t
p tjjt t

- -
= - , 

ʛʜʝ Ĕt, Ĕ
df , 0
Ĕj ï ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʠ ʬʘʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʦʛʜʘ ʩʠʛʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠʤʝʝʪ ʚʠʜ: 
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ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʦʡ (1.25), ʧʦʣʫʯʠʤ, ʯʪʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʫʩʣʦʚʥʦʡ ʜʠʩʧʝʨʩʠʠ ʬʘʟʳ, 

ʟʘʜʝʨʞʢʠ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʠ ʠʭ ʚʟʘʠʤʥʳʭ ʬʫʥʢʮʠʡ ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʥʳ  
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ʛʜʝ  
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 ï ʵʬʬʝʢʪʠʚʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ, 
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ï ʢʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ, ( )2X j fp  ï ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ()0x t , 

ʢʦʪʦʨʳʡ ʧʦʣʘʛʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʧʦ ʤʦʜʫʣʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʷ, 
0

( ) 2 ( )

t

st f t dtg p= ñ  ï ʟʘʢʦʥ 

ʫʛʣʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ()0x t . ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ 

ʧʨʠʤʫʪ ʚʠʜ: 
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,
Ĕ Ĕ( , / , , )d ʄʇ ʄʇ d fr f f tt t j r= , (1.36) 

 ɿʘʤʝʪʠʤ, ʯʪʦ ʚʳʨʘʞʝʥʠʷ (1.28) - (1.36) ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʣʠʷʥʠʷ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ʢʘʯʝʩʪʚʦ ʦʮʝʥʢʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʛʥʘʣʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ 
ftr  ʠʤʝʝʪ ʩʤʳʩʣ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

ʦʮʝʥʦʢ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʠ ʟʘʜʝʨʞʢʠ ʢʘʢ ʜʚʫʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. 

 ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʚʘʞʥʳʡ ʬʘʢʪ: ʢʘʯʝʩʪʚʦ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʘ ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʠʟʚʝʩʪʥʦʡ 

ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ ʩʠʛʥʘʣʘ ʵʢʚʠʚʘʣʝʥʪʥʦ ʢʘʯʝʩʪʚʫ ʦʮʝʥʠʚʘʥʠʷ ʵʪʦʛʦ ʞʝ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ 

ʧʦ ʥʝʠʟʚʝʩʪʥʦʡ ʬʘʟʝ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  
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1.2 ʆʙʱʘʷ ʪʝʦʨʠʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʦʮʝʥʠʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʥʝʠʟʚʝʩʪʥʳʭ 

ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

1.2.1 ʆʩʥʦʚʥʳʝ ʚʳʨʘʞʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʛʠʧʦʪʝʟʳ. ʇʝʨʚʘʷ ʛʠʧʦʪʝʟʘ 
0H , ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʥʘ ʚʭʦʜ ʧʨʠʸʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʪʫʧʠʣ ʪʦʣʴʢʦ ʰʫʤ. ɺʪʦʨʘʷ ï 1H , ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʧʨʠʥʷʪʦʡ ʚʳʙʦʨʢʝ: 
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  (1.37) 

ʛʜʝ ()ix ɗ , 1i N= ·  ï ʦʪʩʯʸʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʠʩʢʘʞʸʥʥʦʛʦ ʨʘʜʠʦʢʘʥʘʣʦʤ, ix ,  

1i N= ·  ï ʦʪʩʯʸʪʳ ʧʝʨʝʜʘʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ɗ ï ʚʝʢʪʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʥʘʙʦʨ 

ʥʝʠʟʚʝʩʪʥʳʭ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ()ix ɗ: 1 2, , , mq q q=ɗ , m ï ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, in , 1i N= ·  ï  ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʠ ʥʝʟʘʚʠʩʠʤʳʝ ʦʪʩʯʸʪʳ ʙʝʣʦʛʦ 

ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʠ ʜʠʩʧʝʨʩʠʝʡ 2sh  , Nï ʜʣʠʥʘ ʧʨʠʥʷʪʦʡ ʚʳʙʦʨʢʠ ʚ 

ʦʪʩʯʸʪʘʭ.  

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʩʠʥʪʝʟʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʚʤʝʩʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʦʮʝʥʠʚʘʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ.  

ʃʦʛʘʨʠʬʤ ʦʪʥʦʰʝʥʠ ̫ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʨʠ (1.37) ʠʤʝʝʪ ʚʠʜ 

 ( ) ()2
1

1 Ĕln
N

N i i

iʰ

L y x
s =

= L =è øê ú äy ɗ, 1i N= · , (1.38) 

ʛʜʝ ( )NL y  ï ʦʪʥʦʰʝʥʠʝ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, Ny  ï ʩʦʚʦʢʫʧʥʘʷ ʚʳʙʦʨʢʘ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ, ()Ĕix ɗ, 

1i N= ·  ï ʦʪʩʯʸʪʳ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʳʭ ʩʚʝʜʝʥʠʡ ʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʩʠʛʥʘʣʝ ʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ɗ, Ĕɗ ï ʪʝʢʫʱʘʷ ʦʮʝʥʢʘ ʥʝʠʟʚʝʩʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ɗ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʧʨʘʚʜʦʧʦʜʦʙʥʳʝ ʦʮʝʥʢʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɗ ʚʳʯʠʩʣʷʶʪʩʷ  ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ (1.22) ʢʘʢ 

 ()Ĕ argmaxʄʇ L=ɗ .  (1.39) 

ʇʦʜ ()max L  ʧʦʥʠʤʘʝʪʩʷ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʣʦʛʘʨʠʬʤʘ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ.  
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ʋʩʪʨʦʡʩʪʚʦ ʦʙʥʘʨʫʞʝʥʠʷ ʜʦʣʞʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʣʠ ʥʝʪ ʩʠʛʥʘʣ 

ʚ ʧʨʠʥʷʪʦʡ ʚʳʙʦʨʢʝ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ Ĕ
ʄʇɗ . ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʟʘʧʠʰʝʤ ʧʨʘʚʠʣʦ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ ʢʘʢ 
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01

2
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i i

iʰ

L y x C
gg

s =

è ø
è ø= ²<é ùê ú

ê ú
ä ɗ , (1.40) 

ʛʜʝ ʨʝʰʝʥʠʝ 
1g ʧʨʠʥʠʤʘʝʪʩʷ, ʝʩʣʠ ʤʘʢʩʠʤʫʤ ʣʦʛʘʨʠʬʤʘ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʨʝʚʟʦʰʸʣ 

ʠʣʠ ʨʘʚʝʥ ʧʦʨʦʛʫ C, ʘ ʨʝʰʝʥʠʝ 0g, ʝʩʣʠ max Lè ø
ê ú

 ʤʝʥʴʰʝ C. ɿʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʪʠʧʘ ʦʙʥʘʨʫʞʠʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ Ĕɗ ʠʤʝʶʪ ʩʤʳʩʣ ʧʨʠ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʷ ʚ ʧʦʣʴʟʫ ʥʘʣʠʯʠʷ ʩʠʛʥʘʣʘ ʚ ʥʘʙʣʶʜʘʝʤʦʡ ʚʳʙʦʨʢʝ. 

ɽʩʣʠ ʥʘ ʚʭʦʜʝ ʦʙʥʘʨʫʞʠʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʠʛʥʘʣ, ʘ ʝʛʦ ʢʦʤʧʣʝʢʩʥʘʷ 

ʦʛʠʙʘʶʱʘʷ, ʪʦ (1.37) ʧʝʨʝʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

 
()

0

1

: , 1 ,

: , 1 ,
 

i i

i i i

H y n i N

H y x n i N

= = ·ëî
ì

= + = ·îí ɗ
  (1.41) 

ʛʜʝ () ()Re Imi i iy y j y= + , () ()( ) ()( )Re Imi i ix x j x= +ɗ ɗ ɗ, () ()Re Imi i in n j n= + . ʂʚʘʜʨʘʪʫʨʳ 

ʢʚʘʟʠʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ in , 1i N= ·  ʥʝʟʘʚʠʩʠʤʳ: () ( )1Re Re 0i iM n n+ =è øê ú   ʠ  

() ( )1Im Im 0i iM n n+ =è øê ú  , () ( )Re Im 0i jM n nè ø=
ê ú

 ʧʨʠ ʣʶʙʳʭ i , j  , ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

ʨʘʚʥʦ ʥʫʣʶ () ()Re Im 0i iM n M n= =è ø è øê ú ê ú, ʘ ʜʠʩʧʝʨʩʠʷ ï () () 2Re Imi i ʰD n D n s= =è ø è øê ú ê ú. 

ʊʦʛʜʘ, ʣʦʛʘʨʠʬʤ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠ ʧʨʘʚʠʣʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʷʭ 

(1.41) ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 ()*

2
1

1 ĔRe
N

i i

iʰ

L y x
s =

å õ
= æ ö
ç ÷
ä ɗ  , (1.42) 

 ()
01

*

2
1

1 Ĕmax max Re
N

i i

iʰ

L y x C
gg

s =

è øå õ
è ø= ²<é ùæ öê ú

ç ÷ê ú
ä ɗ , (1.43) 

ʛʜʝ * ï ʩʠʤʚʦʣ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ. 

ɽʩʣʠ ʩʨʝʜʠ ʧʘʨʘʤʝʪʨʦʚ ɗ ʥʘʭʦʜʠʪʩʷ ʩʣʫʯʘʡʥʘʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʥʘʯʘʣʴʥʘʷ 

ʬʘʟʘ ʩʠʛʥʘʣʘ 
0j, ʢʦʪʦʨʫʶ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʮʝʥʠʚʘʪʴ, ʪʦ ʦʪʥʦʰʝʥʠʝ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

ʫʩʨʝʜʥʷʶʪ ʧʦ 0j, ʚ ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʘʚʠʣʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

 ( ) ()
01

*

2
1

1 Ĕmax max
N

N i i

iʰ

y x C
gg

s =

è ø
L = ²<è ø é ùê ú

ê ú
äy ɗ  , (1.44) 

ʛʜʝ ʦʙʦʟʥʘʯʠʤ 
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 ()*

2
1

1 Ĕ
N

i i

iʰ

L y x
s =

= ä ɗ  . (1.45) 

ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ Ĕ
ʄʇɗ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ (1.39), ʛʜʝ L  ʩʦʦʪʚʝʪʩʪʚʫʝʪ (1.38), (1.42) ʠʣʠ (1.45) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ.  

1.2.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʥʘʨʫʞʠʪʝʣʷ 

ɺʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʠ ʧʨʦʧʫʩʢʘ ʮʝʣʠ.  ʀʭ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʦʰʠʙʢʘʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʨʘʞʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʠ ʧʨʦʧʫʩʢʘ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʣʦʛʘʨʠʬʤ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠ ʥʘʡʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʤʘʢʩʠʤʫʤʘ ʜʣʷ 

ʦʙʦʠʭ ʛʠʧʦʪʝʟ. 

ʇʝʨʝʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʣʦʛʘʨʠʬʤʘ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʢʘʢ 

 ( ) ()2 Ĕ ĔS ,L Nr r= +ɗ ɗ ɗ , (1.46) 

ʛʜʝ ( )ĔS ,ɗ ɗ ï ʩʠʛʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʣʦʛʘʨʠʬʤʘ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ()ĔN ɗ ï ʰʫʤʦʚʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʣʦʛʘʨʠʬʤʘ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ,  

( ) () ()*

1

1Ĕ ĔS , Re
N

i i

is

x x
E =

å õ
= æ ö
ç ÷
äɗ ɗ ɗ ɗ, ʠʣʠ ( ) () ()*

1

1Ĕ ĔS ,
N

i i

is

x x
E =

= äɗ ɗ ɗ ɗ - ʜʣʷ ʚʝʱʝʩʪʚʝʥʥʳʭ ʩʠʛʥʘʣʦʚ, 

() ()*

1

1Ĕ ĔRe
N

i i

is ʰ

N n x
Es =

å õ
= æ ö
æ ö
ç ÷

äɗ ɗ ʠʣʠ () ()*

1

1Ĕ Ĕ
N

i i

is ʰ

N n x
Es =

= äɗ ɗ ʜʣʷ ʚʝʱʝʩʪʚʝʥʥʳʭ ʩʠʛʥʘʣʦʚ 

(ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʥʠʭ ʩʦʚʧʘʜʘʶʪ). ʈʘʩʩʤʦʪʨʠʤ ʚʳʨʘʞʝʥʠʝ (1.46) ʜʣʷ ʜʚʫʭ 

ʩʣʫʯʘʝʚ. 

ʇʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ 0H   

 ()ĔL Nr= ɗ . (1.47) 

ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʨʘʚʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ 

ʣʦʛʘʨʠʬʤʘ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʨʝʚʳʩʠʪ ʧʦʨʦʛ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʘ ʚ ʧʨʠʥʷʪʦʡ 

ʚʳʙʦʨʢʝ:  

[]( ) ( )( )0
Ĕmax / mP L C H P N Ca r= ² = ²ɗ  ,  

Ĕ
mɗï ʪʦʯʢʘ ʤʘʢʩʠʤʫʤʘ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [55] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ: 

()( ) ()( )Ĕ ĔĔ1P N C P N ʉa r= ² = - <ɗ ɗ  

 ( )
( )

1 2

21 /2 1
1 exp exp , 1

22

1,                                                              1

C C
C

C

m

m m

x
r m

rp r

r m

-

+ -

ë å õå õ
î æ ö- - - ² -æ öî æ öç ÷ì ç ÷
î

< -îí

 , (1.48) 

ʛʜʝ vx= W ï ʧʨʠʚʝʜʸʥʥʳʡ ʦʙʲʸʤ ʘʧʨʠʦʨʥʦʡ ʦʙʣʘʩʪʠ Q, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʯʠʩʣʦ ʨʘʟʣʠʯʠʤʳʭ 

ʟʥʘʯʝʥʠʡ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʙʣʘʩʪʠ Q, W ï ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ʌʠʰʝʨʘ ijW S= , 

( )2

1 2

1 2

,
ij

i j

S
S

q q

µ
=
µ µ

ɗ

ɗ ɗ
, , 1i j m=  , ʛʜʝ  () ( ) ( )1 2 1 2

Ĕ Ĕ ,M N N Sè ø=
ê ú
ɗ ɗ ɗ ɗ, ( ) ( )Ĕ ĔĔ

k kN Nr =ɗ ɗ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʨʘʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʧʫʩʢʘ ʮʝʣʠ b ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʣʦʛʘʨʠʬʤ 

ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʨʠ ʛʠʧʦʪʝʟʝ 1H . ʇʦʣʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [55] ʠ ʧʦʣʫʯʝʥʦ, 

ʯʪʦ   

( )
( )

( )

1 2

21 /2 1

2/2 1 4 2

/22

exp exp
22

24
exp , 1

42

0,                                                                               1

ʉ

C C

MM
D dM C

C

m

m m

m

m

x

rp r

rr r
b r m

r rp

r m

-

+ -

-

-

-¤

ë å õå õ
î æ ö- - ³æ öæ öî ç ÷ç ÷
î
î å õ-å õ-î

æ ö= ³ ² -ì æ ö æ öç ÷î ç ÷

< -

í

ñ

î
î
î
î

 , (1.49) 

ʛʜʝ 
( ) ( )

2
2 2 2

/4

/2 /22

2 2 2
2 exp

4 2

M M M
D Hm

m m

r r r

r r r
- -

å õå õ- - å õ-æ öæ ö= - æ ö
æ ö æ ö ç ÷ç ÷ ç ÷

 ï ʬʫʥʢʮʠʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ 

ʮʠʣʠʥʜʨʘ, 
( )

2 2
/2 1 2

/2

0

2 1 2
exp 2

/ 22 2

M M
H t t t dt

ɻ

m

m

r r

mr r

¤

-

-

å õå õ å õ- -
= - -æ öæ ö æ öæ ö

ç ÷ ç ÷ç ÷
ñ  ï ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʕʨʤʠʪʘ, ()ɻ x ï ɻʘʤʤʘ-ʬʫʥʢʮʠʷ. 

ʅʝ ʚʩʝ ʩʠʩʪʝʤʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʪ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʬʫʥʢʮʠʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʮʠʣʠʥʜʨʘ ()nD z  ʚ ʚʠʜʝ ʩʧʝʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ. ʇʦʵʪʦʤʫ, ʤʦʞʝʪ ʙʳʪʴ 

ʫʜʦʙʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ, ʙʦʣʝʝ ʦʙʱʠʤ ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʨʘʩʯʸʪʘ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʦʧʫʩʢʘ ʮʝʣʠ: 
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 ( )
( ) ( )
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21 /2 1
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W M dM C

C

m

m m

x
r m

rb p r

r m

-

+ -
-¤

ë å õå õ
î æ ö- - ² -æ öî æ ö= ç ÷ì ç ÷
î

< -îí

ñ   (1.50) 

 ʛʜʝ ( )
SMW M  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

( )
( )

( )
2

2

/2 1

2

0

1
exp

22 / 2SM

M
W M d

ɻ

m
r l

l l l
rpr m

¤

-

å õ- -
æ ö= - -
æ ö
ç ÷

ñ . 

ɺ ʟʘʜʘʯʝ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʮʝʜʫʨʘ 

ʦʮʝʥʠʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʘ ʧʨʦʮʝʜʫʨʘ ʦʙʥʘʨʫʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʧʦ 

ʢʨʠʪʝʨʠʶ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ. 

1.3 ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʚʣʠʷʥʠʝ ʠʭ ʥʘ 

ʢʘʯʝʩʪʚʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ 

1.3.1 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ 

ʏʘʩʪʦʪʥʘʷ ʜʠʩʧʝʨʩʠʷ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ (ʚ ʪ.ʯ. ʠʦʥʦʩʬʝʨʳ 

ɿʝʤʣʠ) ï ɻ ʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʵʪʦʡ ʩʨʝʜʳ ʦʪ ʯʘʩʪʦʪʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ [103]. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʩʬʝʨʳ ʧʦ ʚʳʩʦʪʝ, ʯʘʩʪʦʪʥʘʷ ʜʠʩʧʝʨʩʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʧʨʝʣʦʤʣʷʶʪʩʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚ ʠʦʥʦʩʬʝʨʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʯʘʩʪʦʪʳ (ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʥʘ ʠʦʥʦʩʬʝʨʥʳʡ 

ʩʣʦʡ). ʉʢʘʟʘʥʥʦʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʝʢʪʨʘ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ. ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʧʨʝʪʝʨʧʝʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʬʘʟʦʚʳʝ ʟʘʜʝʨʞʢʠ, ʪʘʢʠʝ, 

ʯʪʦ ʦʙʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʜʝʨʞʢʠ ʦʪ ʩʦʩʪʘʚʣʷʶʱʝʡ ʯʘʩʪʦʪʳ ʚ ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʘ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʣʠʥʝʡʥʦʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʫʟʢʦʧʦʣʦʩʥʳʝ ʫʯʘʩʪʢʠ ʩʧʝʢʪʨʘ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʠʦʥʦʩʬʝʨʝ ʩ ʨʘʟʣʠʯʥʦʡ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʠ 

ʙʫʜʫʪ ʧʨʠʥʷʪʳ ʩ ʨʘʟʣʠʯʥʦʡ ʛʨʫʧʧʦʚʦʡ ʟʘʜʝʨʞʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʉʢʘʟʘʥʥʦʝ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʨʠʩʫʥʢʦʤ 1.1. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ï ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʠʛʥʘʣ ʠʩʢʘʞʘʝʪʩʷ ʠ ʚʦʟʥʠʢʘʶʪ ʧʦʪʝʨʠ ʧʨʠ ʝʛʦ 

ʦʙʨʘʙʦʪʢʝ.  

ʇʨʠʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʦʜʝʣʠ ʢʘʥʘʣʘ ʩ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ, ʢʦʪʦʨʫʶ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ [107]. ʆʩʥʦʚʦʡ ʤʦʜʝʣʠ ʢʘʥʘʣʘ ʩ ʯʘʩʪʦʪʥʦʡ 
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ʜʠʩʧʝʨʩʠʝʡ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʧʦʤʷʥʫʪʦʡ ʚʳʰʝ ʛʨʫʧʧʦʚʦʡ ʟʘʜʝʨʞʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʪʨʘʩʩʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ. 

ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʙʫʜʫʪ. 

ʅʘ ʨʠʩʫʥʢʝ 1.2 ʠʟʦʙʨʘʞʝʥʳ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʠʦʥʦʛʨʘʤʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ 

ʠʦʥʦʩʬʝʨʥʦʤ ʢʘʥʘʣʝ ʥʘ ʪʨʘʩʩʝ ʄʦʩʢʚʘ-ʆʤʩʢ ʥʘ 26 ʦʢʪʷʙʨʷ 2016, 9:00 UTC (ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʄʊʋʉʀ [131,132]). ʅʘ ʠʦʥʦʛʨʘʤʤʝ 

ʧʨʠʚʝʜʝʥʳ ʦʙʳʢʥʦʚʝʥʥʘ ̫ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʘ ̫ʢʦʤʧʦʥʝʥʪ,r ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʨʘʞʝʥʳ ʦʪ ʩʣʦʸʚ E ʠ 

F2 (Eo ʠ Ex, F2o ʠ F2x ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʣʦʩʴ ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 

 

ʈʠʩʫʥʦʢ 1.1 ï ʊʨʘʝʢʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ [113] 

 

ɾʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥ ʠʥʪʝʨʝʩʫʶʱʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ, ï ʦʪ 

23.5 ʄɻʮ ʜʦ 24.5 ʄɻʮ. ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʪʘʢʞʝ ʚʳʜʝʣʝʥ ʥʘ ʨʠʩʫʥʢʝ ʪʦʥʢʠʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʣʠʥʠʷʤʠ. ɺ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʠʥʠʤʘʶʪʩʷ 4 ʨʘʟʣʠʯʥʳʝ ʤʥʦʛʦʣʫʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʘ 

ï ʧʦ 2 ʧʘʨʳ ʤʘʛʥʠʪʦʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʥʠʞʥʝʡ (ʩ ʟʘʜʝʨʞʢʦʡ ʧʦʨʷʜʢʘ 7.8 ʤʩ) ʠ 

ʚʝʨʭʥʝʡ (ʩ ʟʘʜʝʨʞʢʦʡ ʧʦʨʷʜʢʘ 8.3 ʤʩ) ʯʘʩʪʠ ʩʣʦʷ F2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪ 

ʯʘʩʪʦʪʳ (ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ɼʍ) ʜʣʷ ʢʘʞʜʦʛʦ ʣʫʯʘ ʚ ʠʥʪʝʨʝʩʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʦʣʠʥʦʤʦʤ ʦʪ ʯʘʩʪʦʪʳ 
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ʛʜʝ K  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ. 
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ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʝʥʳ ʚ [107], ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʦʜʥʦʩʢʘʯʢʦʚʳʭ ʪʨʘʩʩ (1 2)F  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ D  ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 3K =  ʜʣʷ 0 200D< ¢  (ʚ 

ʢʤ), 2K =  ʜʣʷ 200 1000D< ¢  ʠ 1K =  ʜʣʷ 1000 4000D< ¢ ; ʜʣʷ ʜʚʫʭʩʢʘʯʢʦʚʳʭ(2 2)F : 2K =  ʜʣʷ 

4000 5500D< ¢  ʠ 1K =  ʜʣʷ 5500 8000D< ¢ . ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ (1.51) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʚ 2.5 - 3.5 ʨʘʟʘ 

ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 3-5 ʨʘʟ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʩʢʘʯʢʦʚ (ʧʦʨʷʜʢʘ ʤʦʜʳ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʠʤ 

ʟʥʘʯʝʥʠʝʤ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʜʣʷ ʦʜʥʦʩʢʘʯʢʦʚʦʡ ʪʨʘʩʩʳ. ʀʟ ʤʦʜʝʣʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʢʨʫʪʠʟʥʘ ɼʍ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʨʠʙʣʠʞʝʥʠʝʤ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʤʝʥʠʤʦʡ 

ʯʘʩʪʦʪʝ (ʄʇʏ). 

 

ʈʠʩʫʥʦʢ 1.2 ï ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ ʠʦʥʦʛʨʘʤʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʪʨʘʩʩʝ ʄʦʩʢʚʘ-ʆʤʩʢ 

ʥʘ 26 ʦʢʪʷʙʨʷ 2016, 9:00 UTC [113] 

ʏʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ [107] ʜʣʷ i -ʛʦ ʣʫʯʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

 ( )

0( ) ( )e ij f

i iU f U f
j-

= ,  (1.52) 

ʛʜʝ 0( )iU f  ï ɸʏʍ ʢʘʥʘʣʘ ʜʣʷ i -ʛʦ ʣʫʯʘ, ( )i fj  ï ʌʏʍ ʢʘʥʘʣʘ ʜʣʷ i -ʛʦ ʣʫʯʘ.  

ʌʏʍ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ   

 ( ) ( ) 2 ( )

p

f

i i p ʥi

f

f f f dfj j p t= + ñ , 
pf  ï ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ, (1.53) 

( )ʥift  ï ʛʨʫʧʧʦʚʘʷ ʟʘʜʝʨʞʢʘ ʥʘʢʣʦʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʪʨʘʩʩʝ (1.51).  

ɺʳʯʠʩʣʠʪʴ ʠʤʧʫʣʴʩʥʫ  ʁʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ i -ʤʫ 

ʣʫʯʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʢ 

ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ (1.52).  



33 

 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʨʘʩʩ ʜʘʣʴʥʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʚʜʘʣʠ ʦʪ ʄʇʏ) 

ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʣʠʥʝʡʥʳʤ ʟʘʢʦʥʦʤ ʚ (1.51) ʠ ʢʚʘʜʨʘʪʠʯʥʳʤ ʚ (1.53): 

 ( )0( ) ( )ʥi i p i pf f s f ft t= + - , (1.54) 

 ( ) ( )
2

0( ) ( ) 2 ( )i i p i p ʨ i ʨf f f f f s f fj j pt p= + - + -,  (1.55) 

ʛʜʝ 
is  ï ʥʘʢʣʦʥ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɼʍ) ʢʘʥʘʣʘ ʜʣʷ i -ʛʦ ʣʫʯʘ. 

ʆʪʯʝʪ rʢʦʤʧʘʥʠʠ MITRE [133-136] ʜʦʢʘʟʳʚʘʶʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʩ ʢʚʘʜʨʘʪʠʯʥʦʡ ʌʏʍ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ ʠʟ 

ʨʝʩʧʫʙʣʠʢʠ ʄʘʨʠʡ ʕʣ [5-8,10] ʩʦʜʝʨʞʘʪ ʦʧʠʩʘʥʠʝ ʥʘʙʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʌʏʍ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʠʦʥʦʩʬʝʨʥʦʛʦ ʟʦʥʜʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʩʝʨʠʶ ʠʤʧʫʣʴʩʦʚ ʩ 

ʜʠʩʢʨʝʪʥʳʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ [1-11, 13-24, 107-130, 133-136] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʤʳʪʠʶ ʧʦ ʟʘʜʝʨʞʢʝ ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʧʦ ʫʨʦʚʥʶ ʦʪʢʣʠʢʘ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ (ʩʥʠʞʝʥʠʶ ʧʦ ʫʨʦʚʥʶ ʠ ʨʘʩʰʠʨʝʥʠʶ ʧʠʢʘ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ) ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʠ ʨʘʟʣʠʯʝʥʠʠ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʢ 

ʩʣʦʞʥʦʩʪʷʤ ʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʩʤ. ʨʘʟʜʝʣ 1.3.2). ʋʢʘʟʘʥʥʳʝ ʧʦʪʝʨʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʩ ʩʘʤʠʤ ʠʩʢʘʞʝʥʥʳʤ ʩʠʛʥʘʣʦʤ. ʋʩʪʨʘʥʝʥʠʝ 

ʧʦʪʝʨʴ ʚʦʟʤʦʞʥʦ ʧʨʠ ʜʦʣʞʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʩ ʩʠʛʥʘʣʦʤ ʩ ʫʯʝʪʦʤ ʝʛʦ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʠʩʢʘʞʝʥʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʜʣʷ ʦʜʥʦʛʦ ʣʫʯʘ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʣʠʥʝʡʥʦʛʦ ʟʘʢʦʥʘ ɼʍ ʠ ʝʜʠʥʠʯʥʦʡ ɸʏʍ: 

 
2

0( ) 2 ( )( ) ( )( ) ( )( ) ( )e e e
p p p pj f f f f s f fj f j f

iU U
j pt pj jw w
è ø- + - + -- - ê ú= = =   (1.56) 

ʋʧʨʦʩʪʠʤ ʬʦʨʤʫʣʫ (1.56) ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ. ʌʘʟʦʚʳʡ ʩʜʚʠʛ ʥʘ 

ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ ( )pfj  ʠ ʟʥʘʯʝʥʠʝ ʛʨʫʧʧʦʚʦʡ ʟʘʜʝʨʞʢʠ 
0( )pft  ʥʝ ʚʣʠʷʪʁ ʥʘ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʫʣʝʚʳʤʠ. ʊʘʢʞʝ, ʚ ʨʘʙʦʪʝ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʢʦʤʧʝʥʩʘʪʦʨʳ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʨʘʙʦʪʘʶʪ ʚ ʦʙʣʘʩʪʠ ʚʠʜʝʦʯʘʩʪʦʪ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʢʚʘʜʨʘʪʫʨʳ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠʤʝʤ, ʯʪʦ ʠʩʢʘʞʝʥʥʳʡ ʩʠʛʥʘʣ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʫʨʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʝʨʝʥʦʩʠʪʩʷ ʠʟ ʜʠʘʧʘʟʦʥʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʚ ʜʠʘʧʘʟʦʥ 

ʚʠʜʝʦʯʘʩʪʦʪ. ʉ ʫʯʸʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʚ (1.56)  ʤʦʞʥʦ ʧʦʣʦʞʠʪʴ, ʯʪʦ 0pf = .  ʊʦʛʜʘ ʯʘʩʪʦʪʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠʤʝʪ ʚʠʜ: 

  
2

( 2 ) e j sfU j f pp -= , [ ]/ 2; / 2f f fÍ -D D ,  (1.57) 
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ʛʜʝ fD  - ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ. ʊʘʢʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. ʊʘʢʞʝ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʘʥʘʣ ʩ ʯʘʩʪʦʪʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ ʥʝ ʚʥʦʩʠʪ ʟʘʜʝʨʞʢʫ, ʘ ʪʦʣʴʢʦ ʠʩʢʘʞʘʝʪ ʬʦʨʤʫ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ. 

1.3.2 ʀʩʢʘʞʝʥʠʝ ʦʪʢʣʠʢʘ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʠʟ-ʟʘ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʂʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʢʘʥʘʣʘ ( , )x t s  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

 
2

/2 /2

2 2

/2 /2

( , ) ( 2 ) ( 2 ) ( 2 )e

f f

j tf j sf j tf

x x

f f

x t s S j f U j f e df S j f e dfp p pp p p
D D

-

-D -D

= =ñ ñ , (1.58) 

ʛʜʝ ( 2 )xS j fp  ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʢʘʥʘʣʘ,  fD  ï h ʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ, 

( 2 )U j fp  ï ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʘʣʘ ʩ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (1.57). 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ (0sº ) ʚʩʝ ʯʘʩʪʦʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʩʢʣʘʜʳʚʘʶʪʩʷ ʩʠʥʬʘʟʥʦ ʚ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ 

ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʊʦʛʜʘ ʢʘʢ ʢʚʘʜʨʘʪʠʯʥʳʡ ʟʘʢʦʥ ʌʏʍ ʧʨʠ ʥʘʣʠʯʠʠ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ 

ʥʘʨʫʰʘʝʪ ʩʠʥʬʘʟʥʦʩʪʴ ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʚʳʭʦʜʝ ʠʥʪʝʛʨʘʪʦʨʘ. ʈʘʩʩʤʦʪʨʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʬʦʨʤʝ [2,113,114]  
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ʛʜʝ 0A  ï ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʠʩʢʘʞʝʥʠʡ, ( )A s  ï ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʩ ʫʯʝʪʦʤ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ, 0t ï ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʉʌ. ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 210log ( )K s  ʜɹ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ. 

ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ 2( )K s  ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.3. 

ɺ ʢʘʯʝʩʪʚʝ ( )xS f  ʙʳʣʘ ʧʨʠʥʷʪʘ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʰʫʤʦʧʦʜʦʙʥʦʛʦ ʌʄ ʩʠʛʥʘʣʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ M -ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʠʥʦʡ 2047 ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʵʣʝʤʝʥʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 5 ʤʢʩ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -200 ʢɻʮ ʜʦ 200 ʢɻʮ (ʩʤ. ʨʠʩʫʥʦʢ 1.4). 
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ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʠʣʘ 400 FD = ʢɻʮ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʥʘʢʣʦʥ 

ɼʍ s, ʪʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʠ ʪʝʤ ʙʦʣʴʰʝ ʫʤʝʥʴʰʠʪʩʷ ʫʨʦʚʝʥʴ ʦʪʢʣʠʢʘ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ, ʘ ʟʥʘʯʠʪ ʠ ʦʪʥʦʰʝʥʠʝ/ʩʠʛʥʘʣ ʰʫʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʭʫʜʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʪʝʨʠ ʚ ʆʉʐ ʜʦʩʪʠʛʘʶʪ 8 ʜɹ.  

 

ʈʠʩʫʥʦʢ 1.3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʦʪ ʥʘʢʣʦʥʘ ɼʍ 

 

ʈʠʩʫʥʦʢ 1.4 ï ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʰʠʨʠʥʦʡ ʩʧʝʢʪʨʘ 

400 ʢɻʮ 
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ʅʘ ʨʠʩʫʥʢʝ 1.5 ʧʨʠʚʝʜʝʥʳ ʤʦʜʫʣʠ ʦʪʢʣʠʢʦʚ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʠʩʢʘʞʝʥʥʳʡ 

ʩʠʛʥʘʣ. ʂʨʦʤʝ ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ ʦʪʢʣʠʢʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʠ (ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʫʨʦʚʥʶ), ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʝʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʮʝʥʢʠ 

ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ (ʢʨʦʤʝ ʪʦʛʦ ʫʭʫʜʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʥʝʪ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʆʉʐ). 

 

ʈʠʩʫʥʦʢ 1.5 ï ʆʪʢʣʠʢ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʩ ʰʠʨʠʥʦʡ 

ʩʧʝʢʪʨʘ 400 ʢɻʮ ʧʨʠ ʥʘʣʠʯʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʂʦʤʧʝʥʩʘʮʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʘʜʠʦʣʠʥʠʠ ʥʘ ʚʝʣʠʯʠʥʫ ʦʙʨʘʪʥʫʶ ʢʦʵʬʬʠʮʠʝʥʪʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ, ʪ.ʝ. ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 8 ʜɹ ʚ ʧʦʣʦʩʝ ʜʦ 400 ʢɻʮ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ. 

ʋʧʦʤʷʥʫʪʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʚʦʟʤʦʞʥʘ ʧʦʩʣʝ ʦʮʝʥʠʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʠʩʢʘʞʝʥʠʡ ʥʘʨʷʜʫ ʩ ʦʮʝʥʠʚʘʥʠʝʤ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ. 

1.4 ʇʦʩʪʘʥʦʚʢʘ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1.4.1 ɹʣʠʞʘʡʰʠʡ ʧʨʦʪʦʪʠʧ 

ɹʣʠʞʘʡʰʠʤ ʧʨʦʪʦʪʠʧʦʤ, ʚʟʷʪʳʤ ʟʘ ʦʩʥʦʚʫ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʢʨʠʪʝʨʠʶ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʦʚʤʝʩʪʥʦʡ ʦʮʝʥʢʦʡ ʪʨʝʭ 

ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʣʘʩʩʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʝ ʛʠʧʦʪʝʟʳ.  
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ʇʝʨʚʘʷ ʛʠʧʦʪʝʟʘ 
0H  ʫʪʚʝʨʞʜʘʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʚʭʦʜʝ ʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʙʝʣʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ.  

ɺʪʦʨʘʷ ʛʠʧʦʪʝʟʘ 
1H  ʫʪʚʝʨʞʜʘʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʚʭʦʜʝ ʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘʙʣʶʜʘʝʪ ʩʤʝʩʴ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ. ɿʘʧʠʰʝʤ: 

( )
0

1 )
 

: ( ) ( ), [ / 2, / 2]

: ( , , , ( ), [ / 2, / 2]

ʥ ʥ

d ʥ ʥ

H y t n t t T T

H y t x t f n t t T Tj t

= Í -ëî
ì

= + Í -îí
 

ʛʜʝ , , dfj t ï ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʘ, ʧʦʜʣʝʞʘʱʠʝ ʦʮʝʥʢʝ (ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, ʟʘʜʝʨʞʢʘ ʠ 

ʩʜʚʠʛ ʯʘʩʪʦʪʳ). ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʛʥʘʣ ( ), , , dx t fj t  ʠʟʚʝʩʪʥʘ, ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʷ 

[ / 2, / 2]ʥ ʥT T-  ʟʘʜʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʜʣʷ ʣʶʙʳʭ ʢʦʤʙʠʥʘʮʠʡ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

, , dfj t , ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʚ ʩʦʩʪʘʚʝ ʩʠʛʥʘʣʴʥʦ-ʰʫʤʦʚʦʡ ʩʤʝʩʠ ʧʦʧʘʜʘʣ ʚ ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʷ. 

 ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʩʠʛʥʘʣ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʮʝʥʠʪʴ ʝʛʦ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʪʨʝʙʫʝʪʩʷ 

ʥʘʡʪʠ ʛʣʦʙʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (ʪʦʡ ʝʛʦ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ 

ʟʘʚʠʩʠʪ ʦʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ) ʚ ʟʘʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʠʩʢʘ ʧʘʨʘʤʝʪʨʦʚ 2 , ,
dftpD D ʚ ʬʦʨʤʝ: 

[ ]
( ),

ĔĔ Ĕ0;2 , ,

ĔĔ Ĕ[ , , ] arg max ( , , )
d fd

T

ʄʇ ʄʇ d ʄʇ d
f

f L f
tj p t

j t j t
Í ÍD ÍD

= , 

( )
/2

*

0 /2

2
( , , ) ( ) , , ,

ʥ

ʥ

T

d d

T

L f y t x t f dt
N

j t j t
-

= ñ , 

0N  ï ʜʚʫʩʪʦʨʦʥʥʷʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʰʫʤʘ, ( )max
ĔĔĔ, , dL L fj t= . ʇʦʣʫʯʝʥʥʳʝ 

ʦʮʝʥʢʠ ʠʤʝʶʪ ʩʤʳʩʣ ʠ ʚʳʜʘʶʪʩʷ ʥʘʨʫʞʫ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ, ʪʦʣʴʢʦ ʝʩʣʠ ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʥʷʣʦ 

ʨʝʰʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʩʠʛʥʘʣʘ. ʋʢʘʟʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ, ʝʩʣʠ ʥʘʡʜʝʥʥʳʡ ʛʣʦʙʘʣʴʥʳʡ 

ʤʘʢʩʠʤʫʤ ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ, ʚʳʯʠʩʣʝʥʥʳʡ 

ʠʩʭʦʜʷ ʠʟ ʢʨʠʪʝʨʠʷ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ. ɸʣʛʦʨʠʪʤ 

ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

1 max
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L L f y t x t f dt C
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j t j t
-

= = ²<ñ , 

( ( ))y tP  ï ʧʨʘʚʠʣʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, 
ʧʦʨC  ï ʧʦʨʦʛ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ ʚ ʨʘʟʜʝʣʝ 0 ʦʮʝʥʢʠ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ , , dfj t  

ʷʚʣʷʶʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʥʝʩʤʝʱʝʥʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ 

ʧʦʣʫʯʘʝʤʳʭ ʦʮʝʥʦʢ (ʩʤ. ʬʦʨʤʫʣʳ (1.28) ï (1.30)) ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʪʥʦʰʝʥʠʶ 
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ʩʠʛʥʘʣ/ʰʫʤ 
0/sE N  ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʪʠʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʮʝʥʠʚʘʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝ ʧʝʨʝʢʨʸʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʢʠ ʬʘʟʳ ʦʪ ʠʩʪʠʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ). ʇʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʦʮʝʥʠʚʘʥʠʷ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 
ʵʬʬT  ʠ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ 

ʵʬʬF  ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ 

ʦʪ ʟʘʢʦʥʘ ʫʛʣʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ 
ftr . ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʜʚʦʠʯʥʦʡ 

ʤʘʥʠʧʫʣʷʮʠʝʡ ʟʥʘʯʝʥʠʝ 0ftr ¹ , ʪʦʛʜʘ ʢʘʢ ʫ ʩʠʛʥʘʣʦʚ ʩ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 0ftr ¸

. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʦʮʝʥʦʢ ʪʘʢʞʝ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣ/ʰʫʤ 

0/sE N  , ʟʘʚʠʩʷʪ ʦʪ ʠʩʪʠʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʚʦʡʩʪʚ ʩʠʛʥʘʣʘ. 

 ʇʨʦʮʝʩʩ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʝʠʟʙʝʞʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʠ ʫʨʦʚʥʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʦʮʝʥʠʚʘʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʠ/ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʦʙʣʘʩʪʝʡ ʧʦʠʩʢʘ ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ 2 , ,
dftpD D. 

1.4.2 ɸʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʦʮʝʥʠʚʘʥʠʝʤ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʟʘʜʘʯʫ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʝ ʛʠʧʦʪʝʟʳ.  

ʇʝʨʚʘʷ ʛʠʧʦʪʝʟʘ 0H  ʫʪʚʝʨʞʜʘʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʚʭʦʜʝ ʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʙʝʣʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ.  

ɺʪʦʨʘʷ ʛʠʧʦʪʝʟʘ 1H  ʫʪʚʝʨʞʜʘʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʚʭʦʜʝ ʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘʙʣʶʜʘʝʪ ʩʤʝʩʴ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʠʩʢʘʞʸʥʥʦʛʦ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ, ʠ ʰʫʤʘ. ɿʘʧʠʰʝʤ: 

( )
0

1 ,
 

: ( ) ( ), [ / 2, / 2]

: ( ) , , , , ( ), [ / 2 / 2]

ʥ ʥ

d ʥ ʥ

H y t n t t T T

H y t x t f s n t t T Tj t

= Í -ëî
ì

= + Í -îí
 

ʛʜʝ , , ,df sj t ï ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʘ, ʧʦʜʣʝʞʘʱʠʝ ʦʮʝʥʢʝ (ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, ʟʘʜʝʨʞʢʘ ʠ 

ʩʜʚʠʛ ʯʘʩʪʦʪʳ, ʥʘʢʣʦʥ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ), 

() ( )( )2
( , , , , ) ( ) , ( )dj f tj

dy t x t f s n t e e x t s n t
p tjj t t

--= + = - +,  [ / 2, / 2]ʥ ʥt T TÍ -  

ʛʜʝ ( ) (), ( , )x t s x t h t s= *   ï ʢʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʠʩʢʘʞʸʥʥʘʷ ʠʦʥʦʩʬʝʨʥʳʤ 

ʢʘʥʘʣʦʤ, ( ),h t s  ï ʢʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʀʍ) ʢʘʥʘʣʘ ʩ ʯʘʩʪʦʪʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ. 
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ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʩʠʛʥʘʣ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʮʝʥʠʪʴ ʝʛʦ ʯʝʪʳʨʝ ʧʘʨʘʤʝʪʨʘ 

(ʚʢʣʶʯʘʷ ʥʘʢʣʦʥ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʛʣʦʙʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ 

ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (ʪʦʡ ʝʛʦ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ) ʚ 

ʟʘʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʠʩʢʘ ʧʘʨʘʤʝʪʨʦʚ 2 , , ,
df stpD D D  ʚ ʬʦʨʤʝ: 

( ),
ĔĔ Ĕ[0,2 ], , ,

ĔĔ Ĕ Ĕ[ , , , ] arg max ( , , , )
d f sd

T

ʄʇ ʄʇ d ʄʇ ʄʇ d
f s

f s L f s
tj p t

j t j t
Í ÍD ÍD ÍD

= , 

( )
/2

*

0 /2

2
( , , , ) ( ) , , , ,

ʥ

ʥ

T

d d

T

L f s y t x t f s dt
N

j t j t
-

= ñ , 

( )max ,
ĔĔ Ĕ Ĕ, , ,ʄʇ ʄʇ d ʄʇ ʄʇL L f sj t= . 

ɿʜʝʩʴ, ʢʘʢ ʠ ʨʘʥʝʝ ʫʯʪʝʥʳ ʩʚʦʡʩʪʚʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ ʦʪ ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

, , ,df sj t , ʪ.ʝ. ʦʮʝʥʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ: 

 ( )
2

( , , , ) , , , ,s d d sE f s x t f s dt Ej t j t
¤

-¤

= =ñ . 

ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʚʦʜʷʪ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ 

(ʩʤ. ʨʘʟʜʝʣ 1.3), ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʘ, ʪ.ʝ. ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 

ʠʩʢʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ ʢʦʨʨʝʣʷʪʦʨʘ (ʠʣʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ) ʫʩʪʨʦʡʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʠʩʢʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʪʦʣʴʢʦ çʨʘʩʪʷʛʠʚʘʝʪʩʷè ʚʦ 

ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʧʝʢʪʨʘ ʚ ʠʦʥʦʩʬʝʨʥʦʤ 

ʢʘʥʘʣʝ [13-17].  

ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʠʤʝʶʪ ʩʤʳʩʣ ʠ ʚʳʜʘʶʪʩʷ ʥʘʨʫʞʫ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ, ʪʦʣʴʢʦ ʝʩʣʠ 

ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʥʷʣʦ ʨʝʰʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʩʠʛʥʘʣʘ. ʋʢʘʟʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ, ʝʩʣʠ 

ʥʘʡʜʝʥʥʳʡ ʛʣʦʙʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʳʡ 

ʧʦʨʦʛ, ʚʳʯʠʩʣʝʥʥʳʡ ʠʩʭʦʜʷ ʠʟ ʢʨʠʪʝʨʠʷ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʣʦʞʥʦʡ 

ʪʨʝʚʦʛʠ. ɸʣʛʦʨʠʪʤ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

1 max

0 max

,
( ( ))

,

ʧʦʨ
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L C
y t
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²ëî
=P =ì
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2Ĕ ĔĔ ĔĔ Ĕ Ĕ Ĕ, , , ( ) , , , ,
ʥ

ʥ

T

ʄʇ ʄʇ d ʄʇ ʄʇ ʄʇ ʄʇ d ʄʇ ʄʇ ʧʦʨ

T

L L f s y t x t f s dt C
N

j t j t
-

= = ²<ñ  

( ( ))y tP  ï ʧʨʘʚʠʣʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, 
ʧʦʨC  ï ʧʦʨʦʛ. 

 ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʫʯʠʪʳʚʘʶʪ 

ʚʦʟʤʦʞʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ (ʠ ʦʮʝʥʠʚʘʶʪ ʠʭ) ʠ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʟʘʜʘʥʥʳʭ 

ʫʩʣʦʚʠʡ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʘʣʛʦʨʠʪʤʦʚ ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʝʰʝʥʥʳʤʠ. 
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ʆʜʥʘʢʦ, ʦʩʪʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʦʧʨʦʩʦʚ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʪʦʯʥʦʩʪʠ 

ʦʮʝʥʠʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ: 

- ʢʘʢʦʚʘ ʜʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ Ĕ
ʄʇs  ʚ ʟʘʜʘʯʝ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ? 

- ʢʦʨʨʝʣʠʨʫʝʪ ʣʠ ʦʮʝʥʢʘ Ĕ
ʄʇs  ʩ ʦʮʝʥʢʘʤʠ ,

ĔĔ Ĕ, ,ʄʇ ʄʇ d ʄʇfj t ? ʂʘʢʦʚʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʨʨʝʣʷʮʠʠ, ʦʪ ʯʝʛʦ ʟʘʚʠʩʷʪ? 

- ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʣʠ ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʦʢ ,
ĔĔ Ĕ, ,ʄʇ ʄʇ d ʄʇfj t  ʠ ʥʘʩʢʦʣʴʢʦ? 

- ʚʦʟʥʠʢʘʶʪ ʣʠ ʥʦʚʳʝ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ 

,
ĔĔ Ĕ, ,ʄʇ ʄʇ d ʄʇfj t  ʠʟ-ʟʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ? 

- ʚʦʟʥʠʢʘʝʪ ʣʠ ʩʤʝʱʝʥʠʝ ʦʮʝʥʦʢ ,
ĔĔ Ĕ, ,ʄʇ ʄʇ d ʄʇfj t ? 

- ʢʘʢ ʠʟʤʝʥʷʪʩʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʦʧʫʩʢʘ ʮʝʣʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʮʝʥʠʚʘʥʠʷ ʯʝʪʚʝʨʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ? 

- ʥʘʩʢʦʣʴʢʦ ʫʭʫʜʰʘʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʠʟ-ʟʘ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ? 

ʊʦʣʴʢʦ ʥʘ ʦʜʠʥ ʠʟ ʟʘʜʘʥʥʳʭ ʚʦʧʨʦʩʦʚ ʤʦʞʥʦ ʦʪʚʝʪʠʪʴ ʙʳʩʪʨʦ, ʨʫʢʦʚʦʜʩʪʚʫʶʩʴ ʦʙʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ ʦʮʝʥʦʢ, ʘ ʠʤʝʥʥʦ: ʩʤʝʱʝʥʠʝ ʦʮʝʥʦʢ ,
ĔĔ Ĕ, ,ʄʇ ʄʇ d ʄʇfj t  

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʯʝʪʚʝʨʪʦʛʦ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʥʝʩʤʝʱʝʥʥʦʩʪʴ ʦʮʝʥʦʢ ʩʦʭʨʘʥʷʝʪʩʷ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʦʩʪʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ, ʩʣʝʜʫʝʪ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʠʩʧʝʨʩʠʡ ʦʮʝʥʦʢ ʠ 

ʟʥʘʯʝʥʠʡ ʠʭ ʢʦʨʨʝʣʷʮʠʡ, ʘ ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ (ʧʦ ʢʨʠʪʝʨʠʶ 

ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ) ʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʧʫʩʢʘ ʮʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʥʘʣʠʯʠʝ ʯʝʪʚʝʨʪʦʛʦ ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʠ ʝʛʦ 

ʦʙʣʘʩʪʴ ʦʮʝʥʠʚʘʥʠʷ.  

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʦʚʳʰʝʥʠ ̫ ʢʘʯʝʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʪʦʯʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ. ʆʜʥʘʢʦ, ʜʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʠ ʪʦʯʥʦʩʪʠ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʘʣʛʦʨʠʪʤʳ, ʥʦ ʠ ʦʮʝʥʠʪʴ 

ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠ ʪʦʯʥʦʩʪʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʧʳʪʦʢ ʦʮʝʥʠʚʘʥʠʷ ʥʘʢʣʦʥʘ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʝʛʦ ʫʯʝʪʘ ʧʨʠ ʥʘʣʠʯʠʠ ʨʝʘʣʴʥʳʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʷʭ 

ʩʠʛʥʘʣʘ, ʢʘʢ ʵʪʦ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʡ ʫʩʪʨʦʡʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ-

ʦʮʝʥʠʚʘʥʠʷ (ʢʦʪʦʨʳʝ ʥʠʯʝʛʦ ʥʝ ʟʥʘʶʪ ʧʨʦ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʩʦʩʪʘʚʝ 

ʩʠʛʥʘʣʴʥʦ-ʰʫʤʦʚʦʡ ʩʤʝʩʠ).  
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ʉʬʦʨʤʫʣʠʨʫʝʤ ʟʘʜʘʯʫ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʦʮʝʥʠʚʘʥʠʝʤ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟ ʫʯʝʪʘ 

ʨʝʘʣʴʥʳʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʚ ʢʘʥʘʣʝ.  

ʇʝʨʚʘʷ ʛʠʧʦʪʝʟʘ 
0H  ʫʪʚʝʨʞʜʘʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʚʭʦʜʝ ʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʙʝʣʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ.  

ɺʪʦʨʘʷ ʛʠʧʦʪʝʟʘ 
1H  ʫʪʚʝʨʞʜʘʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʚʭʦʜʝ ʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘʙʣʶʜʘʝʪ ʩʤʝʩʴ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʠʩʢʘʞʸʥʥʦʛʦ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ, ʠ ʰʫʤʘ. ɿʘʧʠʰʝʤ: 
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ʛʜʝ , , ,df sj t ï ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʘ, ʧʦʜʣʝʞʘʱʠʝ ʦʮʝʥʢʝ (ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, ʟʘʜʝʨʞʢʘ ʠ 

ʩʜʚʠʛ ʯʘʩʪʦʪʳ, ʥʘʢʣʦʥ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ).  

ʋʩʪʨʦʡʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʮʝʥʠʚʘʥʠʝ ʪʦʣʴʢʦ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ, ʪ.ʝ. ʥʠʯʝʛʦ ʥʝ 

ʟʥʘʝʪ ʦ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʷʭ ʢʘʢ ʪʘʢʦʚʳʭ ʠ ʥʝ ʦʙʣʘʜʘʝʪ ʤʦʜʝʣʴʶ ʠʩʢʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʊʦʛʜʘ ʦʮʝʥʢʠ ʠʱʫʪʩʷ ʚ ʬʦʨʤʝ: 
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( ( ))y tP  ï ʧʨʘʚʠʣʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, 
ʧʦʨC  ï ʧʦʨʦʛ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʦʧʪʠʤʘʣʴʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʫʭʫʜʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ. ʋʭʫʜʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʙʫʜʝʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʠʟ-ʟʘ ʨʷʜʘ ʵʬʬʝʢʪʦʚ: 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ), ʠʩʢʘʞʝʥʠʝ ʬʦʨʤʳ ʦʪʢʣʠʢʘ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʠ ʧʦʷʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʮʝʥʠʚʘʝʤʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʪʦʯʥʦʩʪʴ ʦʮʝʥʠʚʘʥʠʷ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ, ʥʘʧʨʠʤʝʨ, ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ çʦʩʪʨʦʪʳè ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʦʥʘʣʘ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (ʢʨʦʤʝ 

ʷʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ), ʪʦʛʜʘ ʢʘʢ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠʚʦʜʷʪ ʠ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʦʪʢʣʠʢʘ (ʪ.ʝ. ʫʤʝʥʴʰʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ) ʠ ʢ ʨʘʟʤʳʪʠʶ ʝʛʦ ʧʦ 
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ʜʣʠʪʝʣʴʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʫʭʫʜʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʟʘʜʝʨʞʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʭʫʜʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʠʣʠ ʝʛʦ ʜʝʤʦʜʫʣʷʮʠʠ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ 

ʨʝʰʘʝʪʩʷ ʪʘʢʞʝ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʧʨʠ ʥʝʦʧʪʠʤʘʣʴʥʦʤ ʧʨʠʝʤʝ, 

ʢʦʛʜʘ ʫʩʪʨʦʡʩʪʚʦ ʦʙʥʘʨʫʞʝʥʠʷ-ʦʮʝʥʠʚʘʥʠʷ ʥʠʯʝʛʦ ʥʝ ʟʥʘʝʪ ʦ ʠʩʢʘʞʝʥʠʷʭ ʩʠʛʥʘʣʘ. 

  

ʇʦʜʳʪʦʞʠʚʘʷ, ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 3 ʩʮʝʥʘʨʠʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʩʠʛʥʘʣʘ ʩ ʦʮʝʥʠʚʘʥʠʝʤ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ: 

 1. ʆʙʥʘʨʫʞʝʥʠʝ ʥʝʠʩʢʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʦʮʝʥʠʚʘʥʠʝʤ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʟʘʜʝʨʞʢʠ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ. 

 2. ʆʙʥʘʨʫʞʝʥʠʝ ʠʩʢʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʦʮʝʥʠʚʘʥʠʝʤ ʯʝʪʳʨʝʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʟʘʜʝʨʞʢʠ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ, ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 3.  ʆʙʥʘʨʫʞʝʥʠʝ ʠʩʢʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʥʝʦʧʪʠʤʘʣʴʥʳʤ ʦʮʝʥʠʚʘʥʠʝʤ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʟʘʜʝʨʞʢʠ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ. 

 ɺʳʠʛʨʳʰ ʚ ʢʘʯʝʩʪʚʝ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, 

ʟʘʷʚʣʝʥʥʳʡ ʚ ʟʘʱʠʱʘʝʤʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʮʝʥʘʨʠʝʚ ˉ2 ʠ ˉ3. 

 ʉʨʘʚʥʝʥʠʝ ʩʮʝʥʘʨʠʝʚ ˉ1 ʠ ˉ2 ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʦʮʝʥʠʚʘʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʦʙʥʘʨʫʞʠʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ.  

1.5 ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 1 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʧʦʥʷʪʠʷ ʠ ʦʙʦʟʥʘʯʝʥʠʷ, 

ʢʘʩʘʶʱʠʝʩʷ ʢʘʢ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʢʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ, ʪʘʢ ʠ ʦʙʥʘʨʫʞʝʥʠ ̫

ʩʠʛʥʘʣʦʚ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʧʨʦʚʦʜʠʤʦʛʦ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  ʆʩʦʙʦ ʚʘʞʥʳʤʠ ʜʣʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʦʙʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʠʩʧʝʨʩʠʡ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʦʮʝʥʦʢ, 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʦʧʫʩʢʘ ʮʝʣʠ ʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʙʥʘʨʫʞʝʥʠʠ ʩʠʛʥʘʣʘ ʠ ʦʮʝʥʢʝ 

ʝʛʦ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʷ (1.28) ï (1.33). ʇʦʩʣʝʜʥʠʝ ʫʧʦʤʷʥʫʪʳʝ 

ʚʳʨʘʞʝʥʠ ̫ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʡ 

ʦʮʝʥʢʠ ʪʨʸʭ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʟʘʜʝʨʞʢʠ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʠʭ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʧʨʠ ʚʣʠʷʥʠʠ ʥʘ ʩʠʛʥʘʣ 

ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ.   
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ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʠ ʝʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ, ʪ.ʝ. ʨʝʰʝʥʳ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ 

ʧʦ ʩʠʥʪʝʟʫ ʦʧʪʠʤʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʯʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʠʚʘʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʚ 

ʫʩʣʦʚʠʷʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʘʟʜʝʣʝ 2. 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʩ 

ʦʮʝʥʠʚʘʥʠʝʤ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʘʟʜʝʣʝ 3. 
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2 ʉʦʚʤʝʩʪʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ 

2.1 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʛʥʘʣʘ ʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʤʘʪʨʠʮʳ 

ʌʠʰʝʨʘ 

2.1.1 ʆʙʱʠʝ ʚʳʨʘʞʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʣʠʷʥʠʝ ʦʮʝʥʠʚʘʥʠʷ ʥʘʢʣʦʥʘ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ʪʦʯʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʟʘʜʝʨʞʢʘ, ʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ ʠ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʩʠʛʥʘʣʘ. ɺ 

ʨʘʙʦʪʝ [22] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʠʩʧʝʨʩʠʠ ʢʦʛʝʨʝʥʪʥʦʡ/ʥʝʢʦʛʝʨʝʥʪʥʦʡ 

ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ɼʍ ʚ ʧʝʨʚʦʤ (ʛʨʘʥʠʮʘ ʈʘʦ-ʂʨʘʤʝʨʘ) ʠ ʪʨʝʪʴʝʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʆʜʥʘʢʦ, ʘʥʘʣʠʟ 

ʚʣʠʷʥʠʷ ʦʮʝʥʠʚʘʥʠʷ ʥʘʢʣʦʥʘ ɼʍ ʥʘ ʜʨʫʛʠʝ ʯʘʩʪʦ ʦʮʝʥʠʚʘʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʧʘʨʘʤʝʪʨʳ ʥʝ 

ʧʨʦʚʦʜʠʣʩʷ, ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʠʭ ʜʠʩʧʝʨʩʠʡ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʮʝʥʠʚʘʥʠʠ ʠ ʢʦʨʨʝʣʷʮʠʡ ʧʦʣʫʯʝʥʳ 

ʥʝ ʙʳʣʠ. 

ʂʦʤʧʣʝʢʩʥʘ ̫ʦʛʠʙʘʶʱʘ ̫ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʚʠʜʝ ʩʤʝʩʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʠʩʢʘʞʝʥʥʦʛʦ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ, ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ  

 () ( )( )2
( , , , , ) ( ) , ( )dj f tj

dy t x t f s n t e e x t s n t
p tjj t t

--= + = - +, / 2 / 2ʥ ʥt T T=- ·   (2.1) 

ʛʜʝ ( ) (), ( , )x t s x t h t s= *  ï ʢʦʤʧʣʝʢʩʥʘ ̫ʦʛʠʙʘʶʱʘ ̫ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʠʩʢʘʞʸʥʥʘ ̫ ʠʦʥʦʩʬʝʨʥʳʤ 

ʢʘʥʘʣʦʤ, ( ),h t s  ï ʢʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʀʍ) ʠʦʥʦʩʬʝʨʥʦʛʦ 

ʢʘʥʘʣʘ, ()x t  ï ʢʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʧʦʣʝʟʥʦʛʦ ʥʝʠʩʢʘʞʸʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ 

ʘʤʧʣʠʪʫʜʥʳʤ ʩʧʝʢʪʨʦʤ (ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʜʚʦʠʯʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ), df  ï ʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ, t ï ʟʘʜʝʨʞʢʘ, s  ï ʥʘʢʣʦʥ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɼʍ) ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ, j ï 

ʥʝʠʟʚʝʩʪʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ, ( )n t  - ʢʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʩ 

ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʠ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ 0 / 2N , ʥT  ï ʚʨʝʤʷ 

ʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʫʯʠʪʳʚʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʚʦʟʤʦʞʥʳʝ ʩʜʚʠʛʠ ʥʘ ʦʩʠ ʚʨʝʤʝʥʠ 

ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʟʘʜʝʨʞʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʢʘʥʘʣʘ ʩ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʧʨʠʥʷʪʘ ʤʦʜʝʣʴ ʢʘʥʘʣʘ ʩ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʛʨʫʧʧʦʚʦʡ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ (ʣʠʥʝʡʥʘʷ ʜʠʩʧʝʨʩʠʦʥʥʘʷ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩ ʥʘʢʣʦʥʦʤ s) [2]. ʏʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʬʦʨʤʝ 

 
2

( 2 ) e j sfH j f pp -= , [ ]/ 2; / 2f f fÍ -D D    (2.2) 

ʛʜʝ fD  - ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ s  - ʥʘʢʣʦʥ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘʢʣʦʥ ɼʍ). ʌʘʟʦʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʘʣʘ ʦʧʠʩʳʚʘʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʯʘʩʪʦʪʳ, ʘ ʛʨʫʧʧʦʚʘʷ ʟʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï ʣʠʥʝʡʥʦʡ ʩ ʥʘʢʣʦʥʦʤ s  

ʤʢʩ/ʄɻʮ. 

ʇʨʠ ʦʮʝʥʠʚʘʥʠʠ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ 

ʤʘʢʩʠʤʫʤʫ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ (ʩʫʤʤʳ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʘʨʠʘʥʪʝ 

ʘʣʛʦʨʠʪʤʘ) (ʩʤ. ʬʦʨʤʫʣʫ (1.8)). ʊʦʛʜʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ (2.1), ʄʇ ʦʮʝʥʢʘ df , t, s , j 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

 () ( )
/2

*

, Ĕ ĔĔ Ĕ, , ,
0 /2

2Ĕ ĔĔ ĔĔ Ĕ Ĕ Ĕ, , , arg max Re , , , ,
ʥ

d
ʥ

T

d ʄʇ ʄʇ ʄʇ ʄʇ d
f s

T

f s y t u t f s dt
Nt j

t j t j
-

å õè ø
è ø æ ö= é ùê ú æ öé ùê úç ÷

ñ  , (2.3) 

ʛʜʝ ()y t  -  ʘʜʜʠʪʠʚʥʘʷ ʩʤʝʩʴ ʢʚʘʜʨʘʪʫʨ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ (2.1), Ĕ
df  - ʦʮʝʥʢʘ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ, Ĕt- ʦʮʝʥʢʘ 

ʟʘʜʝʨʞʢʠ, Ĕs  - ʦʮʝʥʢʘ ʥʘʢʣʦʥʘ ɼʍ, Ĕj - ʦʮʝʥʢʘ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ, ( )Ĕ ĔĔ Ĕ, , , ,du t f st j- ʢʦʤʧʣʝʢʩʥʘʷ 

ʦʛʠʙʘʶʱʘʷ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʳʭ ʩʚʝʜʝʥʠʡ ʦʙ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʩʠʛʥʘʣʝ ʠ ʥʝʠʟʚʝʩʪʥʳʭ ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ, Ĕ
dd ff ÍD  ï ʪʝʢʫʱʘʷ ʦʮʝʥʢʘ 

ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ, Ĕ ttÍD ï ʪʝʢʫʱʘʷ ʦʮʝʥʢʘ ʟʘʜʝʨʞʢʠ, Ĕ ssÍD ï ʪʝʢʫʱʘʷ ʦʮʝʥʢʘ ʥʝʠʟʚʝʩʪʥʦʛʦ 

ʥʘʢʣʦʥʘ ɼʍ, [ ]Ĕ 0;2j pÍ  ï ʪʝʢʫʱʘʷ ʦʮʝʥʢʘ ʥʝʠʟʚʝʩʪʥʦʡ ʟʘʜʝʨʞʢʠ, * - ʩʠʤʚʦʣ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʦʧʨʷʞʝʥʠʷ, 
df
D  ï ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ, 

tD ï ʦʙʣʘʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʟʘʜʝʨʞʢʠ, 
sD ï ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʥʘʢʣʦʥʘ ɼʍ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʪʦʯʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ df , t, s, j ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ 

ʜʠʩʧʝʨʩʠʠ ʠ ʩʤʝʱʝʥʠʷ ʦʮʝʥʦʢ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʭ ʚʟʘʠʤʥʫʶ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ 

ʬʫʥʢʮʠʶ.  

ɼʣʷ ʵʪʦʛʦ ʟʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʩʠʛʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ: 

( ) ( ) ( )( ) ( )1 21 2 1 1 2 2
22 2 *

1 2 1 2 1 2 1 2 1 1 2 2

1
Ĕ, , , , , , , Re , , d dd d

j t f fj j f j f

d d

s

S f f s s e e e x t s x t s e dt
E

pj j p t p tt t j j t t
¤

-- - -

-¤

è ø
= - -é ù

ê ú
ñ  

  (2.4) 
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ʛʜʝ ( )1 1,x t st-  ï ʟʘʜʝʨʞʘʥʥʳʡ ʠ ʠʩʢʘʞʸʥʥʳʡ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ()x t , 

( )2 2,x t st-  ï ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ ʩ ʫʯʝʪʦʤ ʠʩʢʘʞʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʴʶ, 
sE  - 

ʵʥʝʨʛʠʷ ʩʠʛʥʘʣʘ ()x t ,  
1df , 

2df , 
1t,

2t,
1s ,

2s ,
1j,

2j ï ʨʘʟʥʳʝ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ 

ʩʜʚʠʛʘ, ʟʘʜʝʨʞʢʠ, ʥʘʢʣʦʥʘ ɼʍ ʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʘʤʝʪʠʤ ʩʨʘʟʫ, ʯʪʦ ʩʤʝʱʝʥʠʝ ʩʦʚʤʝʩʪʥʦʡ ʦʮʝʥʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʡ ʪʝʦʨʠʝʡ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ [53].  ʆʜʥʘʢʦ, ʪʘʢ 

ʢʘʢ ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʥʝʣʴʟʷ ʧʨʝʜʩʪʘʚʠʪʴ ʩʠʛʥʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʣʦʛʘʨʠʬʤʘ ʦʪʥʦʰʝʥʠʷ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʢʘʢ ( ) ( )1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2, , , , , , , , , ,d d d dS f f s s S f f s st t j j t t j j= - - - -, ʪʦ ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʪʦʣʴʢʦ ʦʙ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʥʝʩʤʝʱʸʥʥʦʩʪʠ ʦʮʝʥʦʢ, ʪʦ ʝʩʪʴ ʜʣʷ ʧʨʠʙʣʠʞʝʥʠʡ ʚʳʰʝ 

ʧʝʨʚʦʛʦ ʩʤʝʱʝʥʠʝ ʥʝ ʨʘʚʥʦ ʩʪʨʦʛʦ ʥʫʣʶ, ʘ ʩʪʨʝʤʠʪʩʷ ʢ ʥʝʤʫ ʩ ʨʦʩʪʦʤ ʆʉʐ. 

ʌʫʥʢʮʠʷ ʢʦʨʨʝʣʷʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʦʮʝʥʢʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʷʤ (1.25) ʠ (1.27) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ 4m= . 

ʉʦʩʪʘʚʠʤ ʤʘʪʨʠʮʫ Wʜʣʷ ʯʝʪʳʨʸʭ ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ:df , t, s, j. ʊʘʢ ʢʘʢ ʚʩʝ 

ʦʮʝʥʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ, ʪʦ ʤʘʪʨʠʮʫ W  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 
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 . (2.5) 

ʇʨʦʚʝʜʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʟʷʚ ʧʨʝʜʝʣʳ, ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʪʨʠʮʫ (2.5): 
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µ µ ñ , 

( ) ( )
1 2

1 2

1 2

1 2

2 2
2

2 2 2 2 2 2

1 2

4
2 4 4
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ʛʜʝ  
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2 * 2
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( 2 ) ( 2 ) j ft
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j f X j f H j f e df
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pp p p
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-¤

µ
= - -

µ ñ , ( )2X j fp  - ʢʦʤʧʣʝʢʩʥʳʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ    

()x t , ()
( )

( )

2

2

( , ) ,

( ) ,

s

f

ʵʬʬ ʵʬʬ

t f t s x t s dt

s

F T s x t s dt
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-¤

¤

-¤

=
ñ

ñ
 ï ʢʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʢʣʦʥʘ ɼʍ,   
0

( , ) 2 ( , )

t

st s f t s dtg p= ñ  ï ʟʘʢʦʥ ʫʛʣʦʚʦʡ ʤʦʜʫʣʷʮʠʠ, 
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 ï ʵʬʬʝʢʪʠʚʥʘʷ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ, 
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 ï ʢʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʚʷʟʠ, ( )
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f f X j f df
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X j f df
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.  

ʂʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʚʷʟʠ  ʠʤʝʝʪ ʩʤʳʩʣ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

ʦʮʝʥʦʢ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ Ĕ
df  ʠ ʥʘʢʣʦʥʘ ɼʍ Ĕs  ʚ ʟʘʜʘʯʝ ʦʮʝʥʠʚʘʥʠʷ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ: ʥʘʯʘʣʴʥʦʡ 

ʬʘʟʳ, ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʠ ʥʘʢʣʦʥʘ ɼʍ (ʘʥʘʣʦʛʠʯʥʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʩʚʷʟʠ ʚ ʟʘʜʘʯʝ ʦʮʝʥʠʚʘʥʠʷ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ: ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ, ʟʘʜʝʨʞʢʠ ʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ). 

 ɺ ʧʦʣʫʯʝʥʥʳʭ ʚʳʰʝ ʚʳʨʘʞʝʥʠʷʭ ʫʯʪʝʥ ʩʠʤʤʝʪʨʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ 

ʩʠʛʥʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʧʨʘʚʝʜʣʠʚʦ 
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ʇʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚ (2.5), ʚʳʯʠʩʣʠʚ ʦʧʨʝʜʝʣʠʪʝʣʴ W (ʩʤ. ʚʳʨʘʞʝʥʠʝ 

(2.16)) ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʜʦʧʦʣʥʝʥʠʷ 
jpA , 1 4j = ·,  1 4p= ·,  ʤʘʪʨʠʮʳ W, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ 

ʚʳʨʘʞʝʥʠʷ (1.25): 
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ʛʜʝ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ Wʨʘʚʝʥ 

 () ( ) () ()( )6 2 2 4 4 2 216 1ʵʬʬ ʵʬʬ ʵʬʬ f fsT s F f F s stp r rW= - - -   (2.16) 

 ʇʨʠʚʝʜʸʤ ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʦʮʝʥʦʢ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ: 
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ʀʟ ʚʳʨʘʞʝʥʠʡ (2.17), (2.18) ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ 

ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʠ ʟʘʜʝʨʞʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ ()f str , 

ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʥʘʢʣʦʥʘ ɼʍ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʯʘʩʪʦʪʥʳʤ ʩʜʚʠʛʦʤ ʠ 

ʥʘʢʣʦʥʦʤ ɼʍ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪʫ ʯʘʩʪʦʪʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʚʷʟʠ ()fs sr , ʢʦʪʦʨʳʡ 

ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʢʣʦʥʘ ɼʍ. ʇʨʠ ʵʪʦʤ ʢʦʨʨʝʣʷʮʠʷ ʦʜʥʦʡ ʧʘʨʳ ʦʮʝʥʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ 

ʚʟʘʠʤʥʦʡ ʩʚʷʟʠ ʜʨʫʛʦʡ ʧʘʨʳ ʦʮʝʥʦʢ. 

ʉ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʧʨʠʚʝʜʸʤ ʟʜʝʩʴ ʬʦʨʤʫʣʳ 

ʜʣʷ ʨʘʩʯʸʪʘ ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ɼʍ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʠ ʢʦʛʝʨʝʥʪʥʦʤ ʠ 

ʥʝʢʦʛʝʨʝʥʪʥʦʤ ʄʇ ʦʮʝʥʠʚʘʥʠʠ (ʧʦʣʫʯʝʥʳ ʚ [22]) ʚ ʧʨʠʥʷʪʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʦʟʥʘʯʝʥʠʷʭ: 
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 . (2.24) 

ʂʨʦʤʝ ʚʳʰʝʧʨʠʚʝʜʸʥʥʦʛʦ ʩʣʫʯʘʷ (2.1), ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʙʦʣʝʝ ʧʨʦʩʪʘʷ 

ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚ ʩʠʛʥʘʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʜʚʘ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘ: ʥʘʢʣʦʥ ɼʍ ʠ 

ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ. ʊʦʛʜʘ ʤʘʪʨʠʮʘ ʌʠʰʝʨʘ ʠʤʝʝʪ ʨʘʟʤʝʨ 2ʭ2: 
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.   

ʆʧʨʝʜʝʣʠʚ ʜʝʪʝʨʤʠʥʘʥʪ ʤʘʪʨʠʮʳ, ʟʘʠʤʩʪʚʦʚʘʚ ʧʨʦʠʟʚʦʜʥʳʝ ʠʟ (2.5), ʠ ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ 

ʚʳʨʘʞʝʥʠʝʤ (1.25), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ: 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ɼʍ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʢʠ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʥʝʢʦʛʝʨʝʥʪʥʦʤ ʦʮʝʥʠʚʘʥʠʠ (2.24)  (ʢʦʛʜʘ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʩʤ. [22]). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʪʦʯʥʦʩʪʴ ʦʮʝʥʠʚʘʥʠʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʠʟʚʝʩʪʥʦʡ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ ʩʠʛʥʘʣʘ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʵʪʦʛʦ ʞʝ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ ʧʦ ʥʝʠʟʚʝʩʪʥʦʡ ʬʘʟʝ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [53]. 

 ʇʨʦʚʝʜʸʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʭʦʜʷʱʠʭ ʚ ʚʳʨʘʞʝʥʠʷ (2.6) - (2.19). ɺʦ-

ʧʝʨʚʳʭ, ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ ʦʪ ʥʘʢʣʦʥʘ ɼʍ ()ʵʬʬT s  ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩ ʨʦʩʪʦʤ ʥʘʢʣʦʥʘ ɼʍ, ʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʜʣʠʥʳ ʇʉʇ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.1, ʛʜʝ 

ʵʬʬT  ï ʵʬʬʝʢʪʠʚʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ (ʩʤ. ʧʫʥʢʪ 

1.1.2.3). ɿʘʤʝʪʠʤ, ʪʘʢʞʝ, ʯʪʦ ʟʥʘʯʝʥʠʝ ()ʵʬʬT s  ʚʝʣʠʢʦ ʜʣʷ ʢʦʨʦʪʢʠʭ ʇʉʇ. ʏʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʘʷ 

ʩʚʷʟʴ, ʚʳʨʘʞʘʶʱʘʷʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ()f str , ʚʝʣʠʢʘ ʠʟ-ʟʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 
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ʠʩʢʘʞʝʥʠʡ ʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʩ ʨʦʩʪʦʤ ʥʘʢʣʦʥʘ ɼʍ ʠ ʫʤʝʥʴʰʘʪʴʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʣʠʥʳ ʇʉʇ, ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.2. ʂʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʚʷʟʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʥʘʢʣʦʥʘ ɼʍ, ʘ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʣʠʥʳ ʇʉʇ ʩʣʦʞʥʘʷ ʠ ʙʫʜʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʩʣʝʜʫʶʱʠʭ ʧʦʜʨʘʟʜʝʣʘʭ (ʩʤ. ʨʠʩʫʥʦʢ  2.3).  

 

ʈʠʩʫʥʦʢ 2.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ()/ʵʬʬ ʵʬʬT s T ʦʪ ʥʘʢʣʦʥʘ ɼʍ ʜʣʷ ʇʉʇ ʤʘʣʦʡ ʜʣʠʥʳ 

 

ʈʠʩʫʥʦʢ 2.2 ï ɿʘʚʠʩʠʤʦʩʪʴ ()f str ʦʪ ʥʘʢʣʦʥʘ ɼʍ ʜʣʷ ʇʉʇ ʤʘʣʦʡ ʜʣʠʥʳ 
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ʈʠʩʫʥʦʢ 2.3 ï ɿʘʚʠʩʠʤʦʩʪʴ ()fs sr ʦʪ ʥʘʢʣʦʥʘ ɼʍ ʜʣʷ ʇʉʇ ʤʘʣʦʡ ʜʣʠʥʳ 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʠʩʫʥʢʝ 2.4 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʨʘʟʥʠʮʘ 

() ()( )2 21 f fss str r- -  ʧʦʣʦʞʠʪʝʣʴʥʘ ʜʣʷ ʢʦʨʦʪʢʠʭ ʇʉʇ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

()f str  ʠ ()fs sr  ʩʨʘʚʥʠʤʳ ʩ ʝʜʠʥʠʮʝʡ. 

 

ʈʠʩʫʥʦʢ 2.4 ï ɿʘʚʠʩʠʤʦʩʪʴ () ()( )2 21 f fss str r- -  ʦʪ ʥʘʢʣʦʥʘ ɼʍ ʜʣʷ ʇʉʇ ʤʘʣʦʡ ʜʣʠʥʳ 
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2.1.2 ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʇʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʚʳʨʘʞʝʥʠʷ (2.6) - (2.19) ʜʣʷ ʜʠʩʧʝʨʩʠʡ, ʬʫʥʢʮʠʡ ʢʦʨʨʝʣʷʮʠʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʡ ʄʇ ʦʮʝʥʦʢ ʥʝʠʟʚʝʩʪʥʳʭ 
df , t, s , j ̫ ʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʣʶʙʦʛʦ 

ʪʠʧʘ ʩʠʛʥʘʣʘ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ ʘʤʧʣʠʪʫʜʥʳʤ ʩʧʝʢʪʨʦʤ. ʆʜʥʘʢʦ, ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʮʝʥʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʜʚʫʭ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʠʥʪʝʨʝʩ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ: ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ/ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʚʝʱʝʩʪʚʝʥʥʳʭ 

ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʜʣʷ ʇʉʇ ʙʦʣʴʰʦʡ ʜʣʠʥʳ. ʈʘʩʩʤʦʪʨʠʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʣʫʯʘʡ ʧʨʠʤʝʥʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʳʭ/ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʭ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ.  

ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʢʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʚʷʟʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ ʠ ʙʣʠʟʦʢ ʢ ʥʫʣʶ. ʈʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 
( , )t s

s

gµ

µ
 ʚ   

1 2 1 2

1 2 1 2

1 2 1 2

1 2 1 2

2 2

,1 2 ,2 1
d d d d d df f f f f f

d d
s s s s s s

S S

f s f st t t t t t

j j j j j j

= ­ = ­
= ­ = ­
= ­ = ­
= ­ = ­

µ µ
=

µ µ µ µ
  ʜʣʷ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʯʝʪʥʦʡ ʬʫʥʢʮʠʝʡ, ʯʪʦ ʦʙʨʘʱʘʝʪ ʠʥʪʝʛʨʘʣ  ( )
2( , )

,
t s

t x t s dt
s

g
¤

-¤

µ

µñ  ʚ ʥʫʣʴ. ʈʘʩʩʤʦʪʨʠʤ 

ʧʘʨr ʢʦʜʦʚ ɹʘʨʢʝʨʘ, ʩʣʝʜʫʶʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ. ʇʨʠʯʝʤ ʚʪʦʨʦʡ ʢʦʜ ʚ ʧʘʨʝ ʷʚʣʷʝʪʩʷ ʟʝʨʢʘʣʴʥʳʤ 

ʦʪʨʘʞʝʥʠʝʤ ʧʝʨʚʦʛʦ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʟʥʘʢʘ, ï ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʛʥʘʣ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʠʣʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ () 0sh º , ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

()
()

()( )4 4

0fs

ʵʬʬ ʵʬʬ

s
s

T s f F

h
r

p

-
= º

-

.  

ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʘʭ  2.5,  2.6 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ 
( , )t s

s

gµ

µ
ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʢʦʜʘ ɹʘʨʢʝʨʘ ʜʣʠʥʦʡ 13 ʠ ʜʣʷ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ  ʥʘ ʦʩʥʦʚʝ ʢʦʜʘ ɹʘʨʢʝʨʘ ʜʣʠʥʦʡ 13, ʠʟ 

ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʘ 
( , )t s

s

gµ

µ
 ï  ʯʸʪʥʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ 

ʢʘʢ ʜʣʷ ʩʠʛʥʘʣʘ ʥʝ ʦʙʣʘʜʘʶʱʝʛʦ ʩʠʤʤʝʪʨʠʝʡ 
( , )t s

s

gµ

µ
 ï ʬʫʥʢʮʠʷ ʦʙʱʝʛʦ ʚʠʜʘ.  
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ʈʠʩʫʥʦʢ 2.5 ï ɿʘʚʠʩʠʤʦʩʪʴ 
( , )t s

s

gµ

µ
ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʢʦʜʘ ɹʘʨʢʝʨʘ ʜʣʠʥʦʡ 13 

 

ʈʠʩʫʥʦʢ 2.6 ï ɿʘʚʠʩʠʤʦʩʪʴ 
( , )t s

s

gµ

µ
ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʛʦ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʢʦʜʘ ɹʘʨʢʝʨʘ ʜʣʠʥʦʡ 13 

ʅʘ ʨʠʩʫʥʢʘʭ 2.7,  2.8 ʧʨʠʚʝʜʝʥr  ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ()sh  ʠ ()fs sr , ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ, 

ʯʪʦ () 0sh º , () 0fs sr º . 
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ʈʠʩʫʥʦʢ 2.7 ï ɿʘʚʠʩʠʤʦʩʪʴ ()sh ʦʪ ʥʘʢʣʦʥʘ ɼʍ 

 

ʈʠʩʫʥʦʢ 2.8 ï ɿʘʚʠʩʠʤʦʩʪʴ ()fs sr  ʦʪ ʥʘʢʣʦʥʘ ɼʍ 

ʇʨʠ ʵʪʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ ()f str  ʚʝʣʠʢ ʜʣʷ 

ʩʠʤʤʝʪʨʠʯʥʳʭ/ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʭ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤ ʥʝʣʴʟʷ 

ʧʨʝʥʝʙʨʝʯʴ ʧʨʠ ʨʘʩʯʸʪʝ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 2.9).  
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ʈʠʩʫʥʦʢ 2.9 ï ɿʘʚʠʩʠʤʦʩʪʴ ()f str ʦʪ ʥʘʢʣʦʥʘ ɼʍ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ/ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʭ 

ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʤʘʣʦʡ ʜʣʠʥʳ 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ, ʚʳʨʘʞʝʥʠʷ  (2.6) - (2.19) ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ 

ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-ʜʠʩʧʝʨʩʥʦʡ ʩʚʷʟʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ 

(ʪ.ʝ. () 0fs sr º ):  

 ( )
() ()( ), 2 2 2 2

1Ĕ / , , ,
4 1

d ʄʇ d

ʵʬʬ f

D f f s
T s st

t j
p r r
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( )2 4 4 2

1
Ĕ / , , ,ʄʇ d

ʵʬʬ

D s f s
f F

t j
p r
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-
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D f s
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 ,  (2.32) 
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() ()( ), 2 2 2
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f
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ʵʬʬ ʵʬʬ f
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K f f s
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p r r
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-
, (2.33) 

 ( ),
Ĕ Ĕ, / , , , 0d ʄʇ ʄʇ dK f s f st jº  , (2.34) 
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() ()( ), 2 2

Ĕ Ĕ, / , , ,
2 1

d f

d ʄʇ ʄʇ d

ʵʬʬ ʵʬʬ f

f s
K f f s
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-
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 ( )Ĕ Ĕ, / , , , 0ʄʇ ʄʇ dK s f st t jº  , (2.36) 

 ( )
()( )2 2 2

ĔĔ , / , , ,
2 1

d
ʄʇ ʄʇ d

ʵʬʬ f

f
K f s

F st

t j t j
p r r

-
=

-
, (2.37) 

 ( )
( )

2

4 4 2
ĔĔ , / , , ,

ʵʬʬ

ʄʇ ʄʇ d

ʵʬʬ

F
K s f s

f F
j t j

p r

-
=

-
, (2.38) 

 ( ) (),
Ĕ Ĕ, / , , ,d ʄʇ ʄʇ d fr f f s stt t j r= , (2.39) 

  ( ),
Ĕ Ĕ, / , , , 0d ʄʇ ʄʇ dr f s f st jº  , (2.40)

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

4 4

,
2 2 4 2 4 4

Ĕ Ĕ, / , , ,
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f d ʵʬʬ

d ʄʇ ʄʇ d
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s f f F
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F s f f f F
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t
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j t j

r

- -
=

- + -

, (2.41) 

 ( )Ĕ Ĕ, / , , , 0ʄʇ ʄʇ dr s f st t jº  , (2.42) 
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ʀʟ ʘʥʘʣʠʟʘ ʚʳʨʘʞʝʥʠʡ (2.29)-(2.44) ʚʠʜʥʦ, ʯʪʦ 

1.  ɺr ʨʘʞʝʥʠʷ ʜʣʷ ʜʠʩʧʝʨʩʠʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ, ʜʠʩʧʝʨʩʠʠ ʟʘʜʝʨʞʢʠ, ʠʭ ʚʟʘʠʤʥʦʡ ʬʫʥʢʮʠʠ 

ʢʦʨʨʝʣʷʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʦʚʧʘʜʘʶʪ ʧʦ ʬʦʨʤʝ ʩ ʚʳʨʘʞʝʥʠʷʤʠ, 

ʧʨʠʚʝʜʸʥʥʳʤʠ ʚ 1.1.2.3, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʚ (2.29)-(2.44) ʢʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʢʣʦʥʘ ɼʍ ʠ ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ (ʯʪʦ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʜʣʷ 

ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʜʚʦʠʯʥʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ).  

2. ɼʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ɼʍ (2.31) ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʮʝʥʠʚʘʥʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʜʠʩʧʝʨʩʠʝʡ 

ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ɼʍ (2.24) (ʥʝʢʦʛʝʨʝʥʪʥʘʷ ʦʮʝʥʢʘ ʪʦʣʴʢʦ ʥʘʢʣʦʥʘ ɼʍ). ʏʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʦʮʝʥʢʘ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʠ ʟʘʜʝʨʞʢʠ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ 

ʥʘʢʣʦʥʘ ɼʍ.   

3. ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ/ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʛʥʘʣʦʚ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʯʘʩʪʦʪʥʦʛʦ 

ʩʜʚʠʛʘ ʠ ʥʘʢʣʦʥʘ ɼʍ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʟʘʜʝʨʞʢʠ ʠ ʥʘʢʣʦʥʘ ɼʍ, ʦʪʩʫʪʩʪʚʫʝʪ

( ),
Ĕ Ĕ, / , , , 0d ʄʇ ʄʇ dr f s f st jº , ( )Ĕ Ĕ, / , , , 0ʄʇ ʄʇ dr s f st t jº . 
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ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳʨʘʞʝʥʠʡ (2.29)-(2.44) 

ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʦ ʥʠʞʝ ʥʘ ʧʨʠʤʝʨʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ.  

2.1.3 ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʜʣʷ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʙʦʣʴʰʦʡ ʜʣʠʥʳ 

ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʚʤʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʇʉʇ ʙʦʣʴʰʦʡ ʜʣʠʥʳ. ʇʨʦʚʝʜʸʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʘʥʘʣʦʛʠʯʥʦʝ, ʧʨʦʚʝʜʸʥʥʦʤʫ ʚ 2.1.1 ʠ 

0. ɺʦ-ʧʝʨʚʳʭ, ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ ʦʪ ʥʘʢʣʦʥʘ ɼʍ ()ʵʬʬT s  ʤʘʣʘ ʜʣʷ 

ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʜʣʠʥʥʳʭ ʇʉʇ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.10. ʄʦʞʥʦ 

ʧʦʣʦʞʠʪʴ ()ʵʬʬ ʵʬʬT s T@ , ʛʜʝ 
ʵʬʬT  ï ʵʬʬʝʢʪʠʚʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʝʠʩʢʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ.  

  

ʈʠʩʫʥʦʢ 2.10 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ()/ʵʬʬ ʵʬʬT s T ʦʪ ʥʘʢʣʦʥʘ ɼʍ ʜʣʷ ʇʉʇ ʙʦʣʴʰʦʡ ʜʣʠʥʳ 

ʂʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʚʷʟʠ ʜʣʷ ʜʣʠʥʥʳʭ ʇʉʇ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʢʣʦʥʘ ɼʍ 

ʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ () 0fs sr ­ , ʯʪʦ ʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʨʠʩʫʥʢʦʚ 2.11,  2.12.  
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ʈʠʩʫʥʦʢ 2.11 ï ɿʘʚʠʩʠʤʦʩʪʴ ()fs sr ʦʪ ʥʘʢʣʦʥʘ ɼʍ ʜʣʷ ʜʣʠʥʥʳʭ ʇʉʇ 

 

ʈʠʩʫʥʦʢ 2.12 ï ɿʘʚʠʩʠʤʦʩʪʴ ()fs sr ʦʪ ʜʣʠʥʳ ʇʉʇ 

ʂʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ ʨʘʩʪʸʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʢʣʦʥʘ ɼʍ, ʦʜʥʘʢʦ, ʝʛʦ 

ʟʥʘʯʝʥʠʷ ʪʘʢʞʝ ʢʘʢ ʠ ʫ ()fs sr  ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ ʜʣʷ ʩʠʛʥʘʣʦʚ ʙʦʣʴʰʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʪʦ ʝʩʪʴ 

() 0f str ­  (ʩʤ. ʨʠʩʫʥʢʠ 2.13, 2.14). 
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ʈʠʩʫʥʦʢ 2.13 ï ɿʘʚʠʩʠʤʦʩʪʴ ()f str ʦʪ ʥʘʢʣʦʥʘ ɼʍ ʜʣʷ ʇʉʇ ʙʦʣʴʰʦʡ ʜʣʠʥʳ 

 

ʈʠʩʫʥʦʢ 2.14 ï ɿʘʚʠʩʠʤʦʩʪʴ ()f str ʦʪ ʜʣʠʥʳ ʇʉʇ  

ʀʟ ʚʳʰʝʧʨʠʚʝʜʸʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʦʣʴʰʦʡ 

ʜʣʠʥʳ ()ʵʬʬ ʵʬʬT s T@ , () 0f str ­ , () 0fs sr ­  ʪʦ ʚʳʨʘʞʝʥʠʷ (2.29)-(2.44) ʤʦʞʥʦ ʝʱʸ ʙʦʣʴʰʝ 

ʫʧʨʦʩʪʠʪʴ:  
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 ( ),
Ĕ Ĕ, / , , , 0d ʄʇ ʄʇ dK f f st t jº , (2.49) 

 ( ),
Ĕ Ĕ, / , , , 0d ʄʇ ʄʇ dK f s f st jº  , (2.50) 

 ( ),
Ĕ Ĕ, / , , , 0d ʄʇ ʄʇ dK f f sj t jº  , (2.51) 

 ( )Ĕ Ĕ, / , , , 0ʄʇ ʄʇ dK s f st t jº  , (2.52) 
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 ( ),
Ĕ Ĕ, / , , , 0d ʄʇ ʄʇ dr f f st t jº , (2.55) 

  ( ),
Ĕ Ĕ, / , , , 0d ʄʇ ʄʇ dr f s f st jº  , (2.56) 

  ( ),
Ĕ Ĕ, / , , , 0d ʄʇ ʄʇ dr f f sj t jº , (2.57) 

 ( )Ĕ Ĕ, / , , , 0ʄʇ ʄʇ dr s f st t jº  , (2.58) 
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 ʀʟ ʚʳʨʘʞʝʥʠʡ (2.45) - (2.60) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʦʢ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ (2.45) ʠ 

ʟʘʜʝʨʞʢʠ (2.46) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʨʘʞʝʥʠʷʤ ʜʣʷ  ʜʠʩʧʝʨʩʠʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʠʧʘ ʩʠʛʥʘʣʘ. ʊʘʢʞʝ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ 

ʥʘʢʣʦʥʘ ɼʍ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʮʝʥʠʚʘʥʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʜʠʩʧʝʨʩʠʝʡ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ɼʍ ʧʨʠ 

ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʦʮʝʥʢʘ ʪʦʣʴʢʦ ʥʘʢʣʦʥʘ ɼʍ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ, 
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ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʇʉʇ ʙʦʣʴʰʦʡ ʜʣʠʥʳ, ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ 

ʤʝʞʜʫ ʟʘʜʝʨʞʢʦʡ ʠ ʬʘʟʦʡ ʠ ʤʝʞʜʫ ʥʘʢʣʦʥʦʤ ɼʍ ʠ ʬʘʟʦʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʟʘʜʝʨʞʢʦʡ ʠ ʬʘʟʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ /d ʵʬʬf F  ʠ ʙʣʠʟʦʢ ʢ ʥʫʣʶ ʜʣʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ 

ʫʩʣʦʚʠʠ 
ʵʬʬ dF f . ɼʠʩʧʝʨʩʠʷ ʬʘʟʳ ʦʮʝʥʢʠ ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʪʨʝʭ 

ʧʘʨʘʤʝʪʨʦʚ ʙʝʟ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ (ʩʤ. ʚʳʨʘʞʝʥʠʷ ʚ ʨʘʟʜʝʣʝ 1.1.2.3). 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʳʨʘʞʝʥʠʡ (2.45) - (2.60) ʙʫʜʝʪ ʧʨʠʚʝʜʝʥʦ ʚ 

ʧʫʥʢʪʝ 2.2. 

2.1.4 ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʩ ʚʳʨʘʞʝʥʠʷʤʠ ʙʣʠʞʘʡʰʝʛʦ ʧʨʦʪʦʪʠʧʘ 

ɺ ʪʘʙʣʠʮʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ ʠ 

ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ĔĔ, dft  ʩ ʦʮʝʥʢʦʡ ʥʘʢʣʦʥʘ ɼʍ  Ĕs  ʚ ʟʘʜʘʯʝ ʦʮʝʥʠʚʘʥʠʷ ʯʝʪʳʨʝʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʪʘʙʣʠʮʝ 2.2 ʧʨʠʚʝʜʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʠʩʧʝʨʩʠʡ ʦʮʝʥʦʢ ĔĔĔ, ,dft j ʠ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʨʨʝʣʷʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʭ ʩʨʘʚʥʠʪʴ ʚ ʜʚʫʭ ʫʩʣʦʚʠʷʭ: ʦʮʝʥʠʚʘʥʠʝ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ , ,dft j  ʠ 

ʦʮʝʥʠʚʘʥʠʝ ʯʝʪʳʨʝʭ ʧʘʨʘʤʝʪʨʦʚ , , ,df st j. ɺ ʪʘʙʣʠʮʝ ʫʯʠʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʨʘʥʝʝ.  

ɺ ʪʘʙʣʠʮʝ 2.3 ʧʨʠʚʝʜʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʠʩʧʝʨʩʠʡ ʦʮʝʥʦʢ Ĕs , Ĕj ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʭ 
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ʊʘʙʣʠʮʘ 2.3 ï ʊʘʙʣʠʮʘ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʜʠʩʧʝʨʩʠʡ ʦʮʝʥʦʢ ʥʘʢʣʦʥʘ ɼʍ ʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʜʠʩʧʝʨʩʠʡ 

ʦʮʝʥʦʢ Ĕs, Ĕj ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʭ 

ʢʦʨʨʝʣʷʮʠʠ ʚ ʟʘʜʘʯʝ ʦʮʝʥʠʚʘʥʠʷ 

ʦʜʥʦʛʦ ʠ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʜʠʩʧʝʨʩʠʡ ʦʮʝʥʦʢ Ĕs, Ĕj ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʭ ʢʦʨʨʝʣʷʮʠʠ ʚ ʟʘʜʘʯʝ ʦʮʝʥʠʚʘʥʠʷ ʯʝʪʳʨʝʭ 
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2.2 ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ʪʦʯʥʦʩʪʴ  

ʦʮʝʥʢʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʦʮʝʥʠʚʘʥʠʷ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʣʫʯʘʡ ʦʮʝʥʠʚʘʥʠʷ ʪʦʣʴʢʦ ʟʘʜʝʨʞʢʠ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʠ ʥʘʯʘʣʴʥʦʡ 

ʬʘʟʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʚʳʨʘʞʝʥʠʡ (2.6) ï (2.60) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ Matlab. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʢʦʨʦʪʢʦʡ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʚʠʜʝ ʢʦʜʘ ɹʘʨʢʝʨʘ, ʢʦʨʦʪʢʦʛʦ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʣʘ 400 ʢɻʮ.  ʆʮʝʥʢʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʄʇ.  

2.2.1 ʆʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʦʪʢʠʭ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʅʘ ʨʠʩʫʥʢʘʭ 2.15 ï 2.30 (ʥʘ ʩʪʨʘʥʠʮʘʭ 67 ï 74) ʧʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʉʂʆ, ʢʦʨʨʝʣʷʮʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʮʝʥʦʢ ʦʪ ʆʉʐ ʜʣʷ ʢʦʨʦʪʢʦʡ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʚʠʜʝ ʢʦʜʘ ɹʘʨʢʝʨʘ ( 5N=  ). 

ʀʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ 80s=  

ʤʢʩ/ʄɻʮ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ 5df =  ʢɻʮ, ʟʘʜʝʨʞʢʠ 5t=  ʤʢc. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʉʂʆ ʦʮʝʥʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʉʂʆ (ʩʤ. ʚʳʨʘʞʝʥʠʷ  (2.6) ï 

(2.9)) ʦʪ ʟʥʘʯʝʥʠʷ ʆʉʐ ʚ 16 ʜɹ, (ʩʤ. ʨʠʩʫʥʢʠ 2.15 ï 2.18). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʉʂʆ ʦʮʝʥʢʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʆʉʐ, ʘ 

ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʦ ʧʝʨʚʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ. 

ʅʘ ʨʠʩʫʥʢʘʭ  2.15 ï 2.17 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʉʂʆ ʦʮʝʥʢʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʨʘʙʦʪʝ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʦʮʝʥʠʚʘʥʠʠ ʙʦʣʴʰʝ (ʢʨʠʚʳʝ ʧʨʠ 0s¸ ), ʯʝʤ ʝʩʣʠ ʙʳ 

ʚʳʧʦʣʥʷʣʦʩʴ ʦʮʝʥʠʚʘʥʠʝ ʪʦʣʴʢʦ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 

(ʢʨʠʚʳʝ ʧʨʠ 0s= ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʟʘʠʤʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʥʫʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʦʡ ʠ ʯʘʩʪʦʪʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʚʷʟʠ ()f str  ʠ ()fs sr , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ 

ʦʪ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ s .  
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ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʳʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 2.1.1. 

 

ʈʠʩʫʥʦʢ 2.15 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.16 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.17 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.18 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ɼʍ ʦʪ ʆʉʐ 



70 

 

 

ʈʠʩʫʥʦʢ 2.19 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ ʟʘʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʦʪ 

ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.20 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʟʘʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʥʦʛʦ 

ʩʜʚʠʛʘ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.21 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʦʮʝʥʦʢ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʯʘʩʪʦʪʥʦʛʦ 

ʩʜʚʠʛʘ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.22 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ 

ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.23 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʦʮʝʥʦʢ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʟʘʜʝʨʞʢʠ 

ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.24 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ 

ʟʘʜʝʨʞʢʠ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.25 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʦʮʝʥʦʢ ʟʘʜʝʨʞʢʠ ʠ ʥʘʢʣʦʥʘ ɼʍ ʦʪ 

ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.26 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʟʘʜʝʨʞʢʠ ʠ ʥʘʢʣʦʥʘ 

ɼʍ ʦʪ ʆʉʐ 



74 

 

 

ʈʠʩʫʥʦʢ 2.27 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʦʮʝʥʦʢ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʠ ʥʘʢʣʦʥʘ ɼʍ 

ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.28 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʠ 

ʥʘʢʣʦʥʘ ɼʍ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.29 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʦʮʝʥʦʢ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʥʘʢʣʦʥʘ 

ɼʍ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.30 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ 

ʥʘʢʣʦʥʘ ɼʍ ʦʪ ʆʉʐ 
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2.2.2 ʆʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʜʠʥʦʯʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʅʘ ʨʠʩʫʥʢʘʭ 2.31 ï 2.46 (ʥʘ ʩʪʨʘʥʠʮʘʭ 75 ï 83) ʧʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʉʂʆ, ʢʦʨʨʝʣʷʮʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʮʝʥʦʢ ʦʪ ʆʉʐ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʀʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ 80s=  ʤʢʩ/ʄɻʮ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ 25df =  ʢɻʮ, ʟʘʜʝʨʞʢʠ 

5t=  ʤʢc. 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʚʝʜʸʥʥʳʡ ʚ 

0 ʘʥʘʣʠʟ ʠ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʥʝʛʦ ʚʳʨʘʞʝʥʠʷ (2.29) - (2.44) ʢʦʨʨʝʢʪʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʩʢʘʞʸʥʥʦʛʦ 

ʠʦʥʦʩʬʝʨʦʡ ʩʠʛʥʘʣʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʠ ʠʭ ʦʮʝʥʠʚʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʉʂʆ 

ʟʘʜʝʨʞʢʠ ʠ ʬʘʟʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʫʯʘʷ ʦʮʝʥʢʠ ʪʨʸʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʠ ʦʮʝʥʢʘ ʥʘʢʣʦʥʘ ɼʍ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʟʘʜʝʨʞʢʦʡ ʠ ʯʘʩʪʦʪʥʳʤ ʩʜʚʠʛʦʤ, 

ʟʘʜʝʨʞʢʦʡ ʠ ʬʘʟʦʡ, ʯʘʩʪʦʪʥʳʤ ʩʜʚʠʛʦʤ ʠ ʬʘʟʦʡ.  

 

ʈʠʩʫʥʦʢ 2.31 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ ʦʪ ʆʉʐ 



77 

 

 

ʈʠʩʫʥʦʢ 2.32 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.33 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʦʪ ʆʉʐ 



78 

 

 

ʈʠʩʫʥʦʢ 2.34 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ɼʍ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.35 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʟʘʜʝʨʞʢʠ ʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.36 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʟʘʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʥʦʛʦ 

ʩʜʚʠʛʘ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.37 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ 

ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.38 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ 

ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.39 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʟʘʜʝʨʞʢʠ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.40 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ 

ʟʘʜʝʨʞʢʠ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.41 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʦʮʝʥʦʢ ʟʘʜʝʨʞʢʠ ʠ ʥʘʢʣʦʥʘ ɼʍ ʦʪ 

ʆʉʐ 



82 

 

 

ʈʠʩʫʥʦʢ 2.42 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʟʘʜʝʨʞʢʠ ʠ ʥʘʢʣʦʥʘ 

ɼʍ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.43 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʦʮʝʥʦʢ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʠ ʥʘʢʣʦʥʘ ɼʍ 

ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.44 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʠ 

ʥʘʢʣʦʥʘ ɼʍ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.45 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʦʮʝʥʦʢ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʥʘʢʣʦʥʘ 

ɼʍ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.46 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ 

ʥʘʢʣʦʥʘ ɼʍ ʦʪ ʆʉʐ 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʦʜʠʥʦʯʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʦʜʠʪ ʢ ʥʫʣʝʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʦʮʝʥʦʢ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ () 0fs sr = . ʇʨʠ ʵʪʦʤ ʉʂʆ ʦʮʝʥʢʠ 

ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʚ ʟʘʜʘʯʝ ʦʮʝʥʠʚʘʥʠʷ ʯʝʪʳʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʟʘʜʘʯʝ ʦʮʝʥʠʚʘʥʠʷ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʂʆ ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ 

ʫʭʫʜʰʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟ-ʟʘ ʩʠʣʴʥʦʡ ʯʘʩʪʦʪʥʦʡ-ʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ (() 0.95f str > ). 

 

2.2.3 ʆʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ 

ʅʘ ʨʠʩʫʥʢʘʭ 2.47 ï 2.62 (ʥʘ ʩʪʨʘʥʠʮʘʭ 84 ï 92) ʧʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʉʂʆ, ʢʦʨʨʝʣʷʮʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʮʝʥʦʢ ʦʪ ʆʉʐ ʜʣʷ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʤʦʜʫʣʷʮʠʝʡ ʌʄ-2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʠʥʦʡ 2047. 

ʀʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ 80s=  

ʤʢʩ/ʄɻʮ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ 12df =  ɻʮ, ʟʘʜʝʨʞʢʠ 5.0t=  ʤʢc. 
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ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʚʝʜʸʥʥʳʡ ʚ 

2.1.3 ʘʥʘʣʠʟ ʠ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʥʝʛʦ ʚʳʨʘʞʝʥʠʷ (2.45) - (2.60) ʢʦʨʨʝʢʪʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʩʢʘʞʸʥʥʦʛʦ 

ʠʦʥʦʩʬʝʨʦʡ ʩʠʛʥʘʣʘ: 

1.  ʉʂʆ ʦʮʝʥʦʢ ʟʘʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʮʝʥʠʚʘʥʠʠ ʯʝʪʳʨʸʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʉʂʆ ʦʮʝʥʢʠ ʧʨʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ, ʦʪʜʝʣʴʥʦʤ 

ʦʮʝʥʠʚʘʥʠʠ ʟʘʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʤ. ʚʳʨʘʞʝʥʠʷ (2.45) ʠ (2.46)

). 

2. ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʦʣʴʰʦʡ ʜʣʠʥʳ, ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ 

ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ. 

3. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʚʩʝʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʢʨʦʤʝ ( )ĔĔ , 0ʄʇ ʄʇK s j ¸  . 

4. ɺʩʝ ʚʳʰʝʧʨʠʚʝʜʸʥʥʳʝ ʧʫʥʢʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʝʤ ʩʘʤʳʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʚʳʨʘʞʝʥʠʡ (2.45) - (2.60) ʚʤʝʩʪʦ ʚʳʨʘʞʝʥʠʡ (2.6) - (2.19). ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ, 

( )ĔĔ , / , , , 0ʄʇ ʄʇ dK f st j t jº , ʠʟ-ʟʘ ʤʘʣʦʩʪʠ df  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2

ʵʬʬF . 

 

ʈʠʩʫʥʦʢ 2.47 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.48 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.49 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.50 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ ɼʍ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.51 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ ʟʘʜʝʨʞʢʠ ʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʦʪ 

ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.52 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʟʘʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʥʦʛʦ 

ʩʜʚʠʛʘ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.53 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʯʘʩʪʦʪʥʦʛʦ 

ʩʜʚʠʛʘ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.54 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ 

ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.55 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʟʘʜʝʨʞʢʠ ʦʪ 

ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.56 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ 

ʟʘʜʝʨʞʢʠ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.57 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ ʟʘʜʝʨʞʢʠ ʠ ʥʘʢʣʦʥʘ ɼʍ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.58 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʟʘʜʝʨʞʢʠ ʠ ʥʘʢʣʦʥʘ 

ɼʍ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.59 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʠ ʥʘʢʣʦʥʘ ɼʍ ʦʪ 

ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.60 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʠ 

ʥʘʢʣʦʥʘ ɼʍ ʦʪ ʆʉʐ  

 

ʈʠʩʫʥʦʢ 2.61 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʥʘʢʣʦʥʘ ɼʍ ʦʪ 

ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.62 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ 

ʥʘʢʣʦʥʘ ɼʍ ʦʪ ʆʉʐ 

 

2.3 ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʤʧʝʥʩʘʮʠʠ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʸʤʘ, ʢʦʛʜʘ ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ʧʨʠʸʤʥʠʢʘ 

ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʚʩʸ ʪʘʢʞʝ 

ʚʳʩʪʫʧʘʪʴ ʩʠʛʥʘʣ (2.1) , ʦʜʥʘʢʦ, ʩʠʛʥʘʣ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʩʪʨʦʝʥʦ ʧʨʠʸʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʚʠʜ: 

 ( ) ( )( )
Ĕ Ĕ2ĔĔ ĔĔ Ĕ, , ,0, dj f tj

du t f e e x t
p tjt j t

--= - .  (2.61) 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠʸʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʦʙʣʘʜʘʝʪ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʘʨʘʤʝʪʨʘʭ ʢʘʥʘʣʘ (2.2), ʚ 

ʪʦʤ ʯʠʩʣʝ ʦ ʥʘʢʣʦʥʝ ɼʍ.  

ʊʦʛʜʘ, ʧʦʜʩʪʘʚʠʚ (2.1) ʠ (2.61) ʚ ʚʳʨʘʞʝʥʠʝ (2.3), ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʠʛʥʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʨʠ ʥʝʦʧʪʠʤʘʣʴʥʦʤ ʧʨʠʸʤʝ ʚ ʬʦʨʤʝ: 

 ( ) ( ) ( )( )
( )Ĕ2ĔĔ Ĕ2 2 *1Ĕ ĔĔ Ĕ, , , , , , Re ,

d dd d
j t f fj j f j f

d d

s

S f f s e e e x t s x t e dt
E

pj j p t p tt t j j t t
¤

-- - -

D

-¤

è ø
= - -é ù

ê ú
ñ , (2.62) 
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ʛʜʝ ( ),1 ,2 1 2 1 2max , , , , , ,s d dE S f f st t j jD
è ø= ê ú. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʦʮʝʥʦʢ ʠʩʩʣʝʜʫʝʤʳʭ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ [53] 

 ( )
( )2 2

1 2

4 2
1 1 1 2 Ĕ

,1Ĕ Ĕ Ĕ/
Ĕ

N

jp ʄʇ j pq

q q

S
K A A

m m

n
n n

r

q qr = =D ­

µ
=

µ µW
ää

ɗ ɗ

ɗ ɗ
ɗ ɗ , 1j m= · , 1p m= · . (2.63) 

ʛʜʝ ĔW ï ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ʌʠʰʝʨʘ WD, Ĕ
jpA  ï ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʜʦʧʦʣʥʝʥʠʷ ʤʘʪʨʠʮʳ                  

WD, ( ) () ( )1 2 1 2,NS M N ND D= è øê úɗ ɗ ɗ ɗ  ï ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʧʦʤʝʭʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʨʠ ʥʝʦʧʪʠʤʘʣʴʥʦʤ ʧʨʠʸʤʝ, ʨʘʚʥʘʷ ʩʠʛʥʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʪʦʯʢʘʭ  
1ɗ, 

2ɗ, 2

2

s

ʰ

E
r

s
D=  ï ʆʉʐ  ʧʨʠ ʥʝʦʧʪʠʤʘʣʴʥʦʤ ʧʨʠʸʤʝ.  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʩʣʫʯʘʝ 
11q , 

21q  ï 
,1df ,

,2df , 
12q , 

22q  ï 1t,
2t, 

13q , 
23q  ï     

1j, 2j. ʄʘʪʨʠʮʘ WD ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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µ µ µæ öµ µ
æ ö
µ µ µæ ö
æ öµ µ µµ µç ÷

 , (2.64) 

ʛʜʝ SD ï ʩʦʢʨʘʱʸʥʥʘʷ ʟʘʧʠʩʴ ( )Ĕ ĔĔ, , , , , ,d dS f f st t j jD  (2.62), shj j-  ï ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ ʬʘʟʳ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʫʤ (2.62) ʩ ʫʯʝʪʦʤ ʩʤʝʱʝʥʠʷ shj , ʚʳʟʚʘʥʥʦʛʦ ʥʝʦʧʪʠʤʘʣʴʥʳʤ 

ʧʨʠʝʤʦʤ. ɿʥʘʯʝʥʠʝ shj  ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ: 

 

( )( )

( )( )

*

*

ĔIm ,

ĔRe ,

sh

x t s x t dt

arctg

x t s x t dt

t t

j

t t

¤

-¤

¤

-¤

è ø
- -é ù

ê ú=
è ø

- -é ù
ê ú

ñ

ñ

 (2.65) 

ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʦʪ ʟʥʘʯʝʥʠʷ ʥʘʢʣʦʥʘ ɼʍ s  ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.63. 

ʇʦʢʘʞʝʤ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʯʪʦ ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʚ ʩʣʫʯʘʝ 

ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʘ ʷʚʣʷʶʪʩʷ ʥʝʩʤʝʱʝʥʥʳʤʠ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʩ ʤʦʜʫʣʷʮʠʝʡ ʌʄ-2. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʜʣʠʥʦʡ 2047. ʀʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ 
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80s=  ʤʢʩ/ʄɻʮ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ 12df =  ɻʮ, ʟʘʜʝʨʞʢʠ 5t=  ʤʢc. ʆʧʦʨʥʳʡ ʩʠʛʥʘʣ 

ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (2.61), ʪʦ ʝʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠʸʤʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʥʘʩʪʨʦʝʥʦ ʥʘ ʧʨʠʸʤ ʩʠʛʥʘʣʘ, ʠʩʢʘʞʝʥʥʦʛʦ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʠʦʥʦʩʬʝʨʥʦʛʦ 

ʢʘʥʘʣʘ.  

 

ʈʠʩʫʥʦʢ 2.63 ï ɿʥʘʯʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʥʘʢʣʦʥʘ ɼʍ 

ʅʘ ʨʠʩʫʥʢʝ 2.64 ʧʨʠʚʝʜʝʥ ʤʦʜʫʣʴ ʬʫʥʢʮʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ 

ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ ʠ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ.  

 

ʈʠʩʫʥʦʢ 2.64 ï ʄʦʜʫʣʴ ʬʫʥʢʮʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ 

ʠ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ 
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ʅʘ ʨʠʩʫʥʢʘʭ 2.65 ʠ 2.66 ʧʨʠʚʝʜʝʥʳ ʩʝʯʝʥʠʷ (ʧʨʦʚʝʜʝʥʥʳʝ ʯʝʨʝʟ ʪʦʯʢʠ ʠʩʪʠʥʥʳʭ ʟʥʘʯʝʥʠʡ) 

ʤʦʜʫʣʷ ʬʫʥʢʮʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ ʠ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ. ʀʟ ʜʘʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʠʜʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʟʘʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ 

ʥʝʩʤʝʱʝʥʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʮʝʥʦʢ (ʘ ʪʘʢʞʝ ʩʪʨʦʛʫʶ ʥʝʩʤʝʱʝʥʥʦʩʪʴ ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ). 

 

ʈʠʩʫʥʦʢ 2.65 ï ʄʦʜʫʣʴ ʬʫʥʢʮʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʩʝʯʝʥʠʠ ʧʦ ʦʮʝʥʢʝ ʟʘʜʝʨʞʢʠ (Ĕ 5t=  ʤʢʩ) 

 

ʈʠʩʫʥʦʢ 2.66 ï ʄʦʜʫʣʴ ʬʫʥʢʮʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʩʝʯʝʥʠʠ ʧʦ ʦʮʝʥʢʝ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ (

Ĕ 12df =  ɻʮ)  
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ʇʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʠʩʢʦʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʬʦʨʤʝ: 
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ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ( )1 2 1 2 1 2, , , , ,N d dS f f t t j j ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʛʥʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʧʨʠʸʤʝ ʩʠʛʥʘʣʘ ʙʝʟ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʠʩʢʘʞʝʥʠʡ () ( , , , ) ( )dy t x t f n tj t= + , / 2 / 2ʥ ʥt T T=- · , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ, ʦʧʠʩʘʥʥʦʤʫ ʚ 

1.1.2.3.  

ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ( )1 2 1 2 1 2, , , , ,N d dS f f t t j j ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ: 
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NS  ï ʩʦʢʨʘʱʝʥʥʘʷ ʟʘʧʠʩʴ( )1 2 1 2 1 2, , , , ,N d dS f f t t j j ʚʳʨʘʞʝʥʠʷ (2.66). 

ʊʘʢ ʢʘʢ ʚʳʨʘʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ (2.64), ʢʘʢ ʠ ʩʘʤʦ ʚʳʨʘʞʝʥʠʝ (2.63), ʝʩʣʠ ʝʛʦ 

ʨʘʩʢʨʳʚʘʪʴ, ʜʦʚʦʣʴʥʦ ʛʨʦʤʦʟʜʢʠ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʜʠʩʧʝʨʩʠʝʡ ʠ ʬʫʥʢʮʠʡ ʢʦʨʨʝʣʷʮʠʠ 

ʦʮʝʥʦʢ ʧʨʠʚʝʜʝʥʦ ʥʝ ʙʫʜʝʪ. ʈʘʩʯʸʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʥʘʧʨʷʤʫʶ 

ʧʦ ʚʳʨʘʞʝʥʠʶ (2.63), ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ 

( ),1 ,2 1 2 1 2, , , , ,N d dS f f t t j j (2.66) ʠ  ʚʳʯʠʩʣʷʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʜʦʧʦʣʥʝʥʠʷ ʠ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ 

(2.64) ʩ ʧʦʤʦʱʴʶ ʧʨʠʢʣʘʜʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʘʢʝʪʦʚ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʪʦʯʥʦʩʪʠ ʦʮʝʥʦʢ  Ĕ
df , Ĕt, Ĕj  ʧʨʠ ʥʝʦʧʪʠʤʘʣʴʥʦʤ ʧʨʠʝʤʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʩ 

ʤʦʜʫʣʷʮʠʝʡ ʌʄ-2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʄ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʠʥʦʡ 2047. ʀʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʢʣʦʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ 80s=  ʤʢʩ/ʄɻʮ, ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ 12df =  ɻʮ, ʟʘʜʝʨʞʢʠ 5t=  ʤʢc. 

ʆʧʦʨʥʳʡ ʩʠʛʥʘʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (2.61), ʪʦ ʝʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʧʨʠʸʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʥʘʩʪʨʦʝʥʦ ʥʘ ʧʨʠʸʤ ʩʠʛʥʘʣʘ ʩ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʠʦʥʦʩʬʝʨʥʦʛʦ 

ʢʘʥʘʣʘ. ʅʘ ʨʠʩʫʥʢʘʭ 2.67 ï 2.75 (ʥʘ ʨʠʩʫʥʢʘʭ 98 ï 102) ʧʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ (ʧʦʣʫʯʝʥʳ ʧʦ 

ʚʳʨʘʞʝʥʠʷʤ ʚʳʰʝ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʉʂʆ, ʢʦʨʨʝʣʷʮʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʨʨʝʣʷʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʮʝʥʦʢ ʦʪ ʆʉʐ ʜʣʷ ʪʨʸʭ ʩʣʫʯʘʝʚ: 

1. ʉʠʛʥʘʣ ʥʝ ʠʩʢʘʞʸʥ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ, ʪʦ ʝʩʪʴ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ 

ʪʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘ: ʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ, ʟʘʜʝʨʞʢʫ ʠ ʬʘʟʫ, ʢʦʪʦʨʳʝ ʠ ʦʮʝʥʠʚʘʶʪʩʷ. 

2. ʉʠʛʥʘʣ ʠʩʢʘʞʸʥ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ, ʪʦ ʝʩʪʴ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ 

ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘ: ʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ, ʟʘʜʝʨʞʢʫ, ʬʘʟʫ ʠ ʥʘʢʣʦʥ ɼʍ, ʦʜʥʘʢʦ ʦʧʦʨʥʳʡ 

ʩʤʠʥʘʣ ʧʨʠʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʦʥʦʩʬʝʨʥʦʤ ʢʘʥʘʣʝ 

(ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʦʤʝ ʥʘʢʣʦʥʘ ɼʍ). 

3. ʉʠʛʥʘʣ ʠʩʢʘʞʸʥ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʘʥʘʣʘ, ʪʦ ʝʩʪʴ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ 

ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘ: ʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ, ʟʘʜʝʨʞʢʫ, ʬʘʟʫ ʠ ʥʘʢʣʦʥ ɼʍ; ʚʩʝ ʥʝʠʟʚʝʩʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʮʝʥʠʚʘʶʪʩʷ.  
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ʈʠʩʫʥʦʢ 2.67 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʟʘʜʝʨʞʢʠ ʦʪ ʆʉʐ  

 

ʈʠʩʫʥʦʢ 2.68 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʦʪ ʆʉʐ 
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ʈʠʩʫʥʦʢ 2.69 ï ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʮʝʥʢʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 2.70 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ ʟʘʜʝʨʞʢʠ ʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʦʪ 

ʆʉʐ  
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ʈʠʩʫʥʦʢ 2.71 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʟʘʜʝʨʞʢʠ ʠ ʯʘʩʪʦʪʥʦʛʦ 

ʩʜʚʠʛʘ ʦʪ ʆʉʐ  

 

ʈʠʩʫʥʦʢ 2.72 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʯʘʩʪʦʪʥʦʛʦ 

ʩʜʚʠʛʘ ʦʪ ʆʉʐ  
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ʈʠʩʫʥʦʢ 2.73 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ 

ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʦʪ ʆʉʐ  

 

ʈʠʩʫʥʦʢ 2.74 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʟʘʜʝʨʞʢʠ ʦʪ 

ʆʉʐ  
















































































































