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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʱʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʫʯʢʦʚ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʪʚʝʨʜʳʤ ʪʝʣʦʤ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʧʦʩʣʝʜʥʠʭ ʪʨʝʭ ʜʝʩʷʪʠʣʝʪʠʡ. ɺ ʦʩʥʦʚʥʦʤ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʳʭ ʧʫʯʢʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʙʳʩʪʨʳʤ ʥʘʛʨʝʚʦʤ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʠ ʙʳʩʪʨʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ. ʅʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʷʭ ʠ ʦʙʲʝʤʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʫʯʢʘʤʠ ʚ ʨʝʞʠʤʝ ʦʪʩʫʪʩʪʚʠʷ ʧʣʘʚʣʝʥʠʷ, ʪ.ʝ. ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʩʨʘʚʥʠʤʳʭ ʩ ʢʦʤʥʘʪʥʦʡ). ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ï ʥʘʛʨʝʚ, ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʛʝʥʝʨʘʮʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʤʦʤʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʣʝʡ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʥʘ ʠʪʦʛʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʝʜʨʷʝʤʦʡ ʧʨʠʤʝʩʠ. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʧʦʵʪʦʤʫ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʪʨʫʜʥʝʥʦ. ɽʩʣʠ ʜʣʷ 

ʤʝʜʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʥʦʛʜʘ ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʧʦʜʭʦʜʷʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʢʦʪʦʨʳʡ 

ʩʣʫʞʠʪ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʤʦʜʝʣʝʡ ʥʘʙʣʶʜʘʝʤʳʤ ʬʘʢʪʘʤ, ʪʦ ʜʣʷ 

ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʷʤʦʛʦ ʩʨʘʚʥʝʥʠʷ ʪʝʦʨʠʡ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ʦʩʫʱʝʩʪʚʠʪʴ ʥʝ ʫʜʘʝʪʩʷ. ʊʝʦʨʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʫʯʘʝʪ ʪʦ, ʯʪʦ ʥʝ ʧʦʜʜʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʠʟʤʝʨʝʥʠʶ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʩʝʭ ʝʛʦ ʩʪʘʜʠʷʭ, ʠʟʫʯʠʪʴ ʨʦʣʴ 

ʢʘʞʜʦʛʦ ʚʦʟʥʠʢʘʶʱʝʛʦ ʷʚʣʝʥʠʷ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʠʥʪʝʨʝʩʫʝʤʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʅʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʚʷʟʘʥʥʳʭ ʤʦʜʝʣʝʡ ʪʦʞʝ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʝʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ.  
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ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʢʦʧʣʝʥ ʦʙʰʠʨʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ ʠ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʷʚʣʝʥʠʡ. ʆʜʥʘʢʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʨʘʟʥʳʝ ʘʚʪʦʨʳ ʫʜʝʣʷʶʪ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʤ ʩʪʦʨʦʥʘʤ ʧʨʦʮʝʩʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʠʜʘʚʘʷ ʟʥʘʯʝʥʠʷ ʩʦʚʤʝʩʪʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʨʘʟʥʳʭ 

ʷʚʣʝʥʠʡ. ʀʤʝʶʪʩʷ ʨʷʜ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʘ ʚʥʝʜʨʝʥʠʷ ʯʘʩʪʠʮ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (L. 

Pentecoste, E. Torres, ʂ.ʇ. ɿʦʣʴʥʠʢʦʚ) ʠ ʄʦʥʪʝ-ʂʘʨʣʦ (A.M. Mazzone, ʌ.ʌ. 

ʂʦʤʘʨʦʚ, ɸ.ʌ. ʂʦʤʘʨʦʚ, ʆ.ʇ. ɻʫʩʴʢʦʚʘ, M.P. Srinivasan). ɺ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʢʠ 

ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ H. Sherief, M. Aouadi, B. Singh, R. 

Kumar, J.J. Tripathi, ʛʜʝ ʘʚʪʦʨʳ ʧʨʠ ʨʝʰʝʥʠʠ ʯʘʩʪʥʳʭ ʟʘʜʘʯ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʚʦʣʥ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʧʨʠʙʣʠʞʝʥʠʷʤʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʤʦʜʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʩʚʷʟʘʥʥʳʝ, ʛʜʝ ʘʚʪʦʨʳ ʩʪʨʦʷʪ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ 

1. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʡ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ 

ʜʠʬʬʫʟʠʠ ʩʚʷʟʘʥʥʫʶ ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʫʶ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʘʤʠ ʯʘʩʪʠʮ.  

2. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʚʷʟʘʥʥʦʡ ʤʦʜʝʣʠ. 

3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʜʨʷʝʤʳʭ ʯʘʩʪʠʮ, 

ʜʝʬʦʨʤʘʮʠʡ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʝʪʘʣʣʝ ʜʣʷ ʯʘʩʪʥʳʭ ʚʘʨʠʘʥʪʦʚ: (ʘ) 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʷʭ; (ʙ) ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʪʦʢʘ ʯʘʩʪʠʮ; (ʚ) ʯʘʩʪʠʮ, 
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ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʤʘʪʝʨʠʘʣʦʤ ʤʘʪʨʠʮʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

4. ɺʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʨʘʟʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ ʚʦ ʚʩʝʭ ʯʘʩʪʥʳʭ ʤʦʜʝʣʷʭ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ:  

1. ʅʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʡ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ (ʧ. 3 ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ) ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʥʝʣʠʥʝʡʥʘʷ ʩʚʷʟʘʥʥʘʷ ʤʦʜʝʣʴ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʧʨʦʮʝʩʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ (ʧ. 11 ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʥʷʝʪ ʜʠʥʘʤʠʢʫ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʫʯʝʪ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʩʦʩʪʘʚʘ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʫ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʚʦʣʥʳ. 

2. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʦʣʥʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʩʚʷʟʘʥʥʳʭ ʠ ʥʝʩʚʷʟʘʥʥʳʭ, ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ, ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʠ 

ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʧ. 8 ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʝʪ ʩʚʷʟʘʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚʝʣʠʯʠʥ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʢ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʟʘʪʫʭʘʥʠʶ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʘ ʪʘʢʞʝ 

ʢ çʨʘʟʤʳʚʘʥʠʶè ʬʨʦʥʪʘ ʚʦʣʥ. 

3. ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʬʘʟ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʙʨʘʙʦʪʢʠ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʜʠʥʘʤʠʢʫ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ (ʧ. 8 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʷʚʣʝʥʠʡ ʚ ʜʠʥʘʤʠʢʝ ï 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʧʣʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʭʘʨʘʢʪʝʨʘ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ ʫʩʣʦʚʠʠ ʢʦʨʨʝʢʪʥʦʡ ʦʮʝʥʢʠ 

ʤʘʩʰʪʘʙʦʚ ʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʝʰʝʥʠʠ ʯʘʩʪʥʳʭ 

ʟʘʜʘʯ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʠ ʛʣʫʙʠʥʳ ʚʥʝʜʨʝʥʠʷ ʧʨʠʤʝʩʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʠ ʧʨʝʜʣʦʞʠʪʴ ʚʘʨʠʘʥʪʳ ʠʟʤʝʥʝʥʠʷ 
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ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ 

ʠ ʪʠʧʘ ʚʥʝʜʨʷʝʤʳʭ ʯʘʩʪʠʮ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʩʣʝʜʫʶʱʠʭ ʧʨʦʝʢʪʦʚ: ɻʦʩʟʘʜʘʥʠʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ çʅʘʫʢʘè ˉ 11.815.2014/ʂ çʉʦʧʨʷʞʝʥʥʳʝ ʠ ʩʚʷʟʘʥʥʳʝ 

ʟʘʜʘʯʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠè, ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʥʷʟʝʚʘ ɸ.ɻ.; ʧʨʦʝʢʪʳ ʈʌʌʀ ˉ16-01-

00603 ɸ çʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʣʥ ʚ 

ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷè; ˉ 20-21-00064 ʈʦʩʘʪʦʤ 

çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʦʭʝʤʦʜʠʬʬʫʟʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʠ 

ʧʦʢʨʳʪʠʷʭ ʧʨʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭè, ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʥʷʟʝʚʘ ɸ.ɻ., 

ʧʨʦʝʢʪ III.23.2.12 çʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʪʨʫʢʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʘʜʜʠʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʨʘʟʨʘʙʦʪʢʘ ʩʚʷʟʘʥʥʳʭ ʪʝʨʤʦ-ʤʝʭʘʥʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʠʟʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭè ʧʨʦʛʨʘʤʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ ʥʘ 2019 ï 2021 ʛʦʜʳ; ʪʝʤʘ FWRW-2022-

0003 çʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ: ʪʝʨʤʦʤʝʭʘʥʠʢʘ ʩʠʩʪʝʤ ʩʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠè ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʟʘʜʘʥʠʷ ʀʌʇʄ ʉʆ ʈɸʅ ʥʘ 2022 ï 2025 ʛʦʜʳ, ʨʫʢʦʚʦʜʠʪʝʣʠ ʀ.ʖ. ʉʤʦʣʠʥ, ɸ.ɻ. 

ʂʥʷʟʝʚʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʦʙʦʙʱʝʥʥʦʡ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ. ɼʘʣʝʝ ʧʨʠʚʦʜʠʣʠ ʫʨʘʚʥʝʥʠʷ ʢ 

ʚʠʜʫ, ʧʦʜʭʦʜʷʱʝʤʫ ʜʣʷ ʤʝʪʦʜʘ ʧʨʦʛʦʥʢʠ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʡ ʚ ʛʨʘʥʠʯʥʳʭ 

ʪʦʯʢʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʦʞʝʥʠʝ ʬʫʥʢʮʠʠ ʚ ʨʷʜ ʊʝʡʣʦʨʘ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʟʘʧʠʩʳʚʘʣʠ ʩʦ ʚʪʦʨʳʤ ʧʦʨʷʜʢʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʈʝʰʝʥʠʷ ʯʘʩʪʥʳʭ ʧʨʦʩʪʳʭ ʟʘʜʘʯ 

ʩʨʘʚʥʠʚʘʣʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ. ʀʩʩʣʝʜʦʚʘʣʠ ʩʭʦʜʠʤʦʩʪʴ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʥʦʩʪʥʦʡ ʩʝʪʢʠ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 
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1. ʉʚʷʟʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ ʠ ʝʝ ʯʘʩʪʥʳʝ ʚʘʨʠʘʥʪʳ 

ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʠʰʝʥʠ ʩ ʫʧʨʫʛʠʤʠ ʚʦʣʥʘʤʠ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. 

2. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʚʢʣʶʯʘʝʪ ʚʳʙʦʨ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʭʦʜʠʤʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ 

ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

3. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʥʳʭ ʟʘʜʘʯ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ:  

ï ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʜʨʷʝʤʦʡ ʧʨʠʤʝʩʠ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʬʨʦʥʪʘ ʚʦʣʥʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʫʧʨʫʛʦʡ ʚʦʣʥʦʡ; 

ï ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʩʤʝʥʝ ʟʥʘʢʘ ʜʝʬʦʨʤʘʮʠʡ, ʥʘʣʠʯʠʝ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʝʤʫʤʦʚ ʥʘ ʢʨʠʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʟʘʚʠʩʷʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ, ʦʪ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ ʠ ʦʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʨʦʚʝʨʷʣʘʩʴ 

ʩʨʘʚʥʝʥʠʝʤ ʯʘʩʪʥʳʭ ʧʨʦʩʪʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʨʝʰʝʥʠʷʤʠ, ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʨʘʚʥʝʥʠʝʤ ʩ ʯʠʩʣʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ; 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʭʦʜʠʤʦʩʪʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʰʘʛʦʚ ʨʘʟʥʦʩʪʥʦʡ ʩʝʪʢʠ. ʇʨʷʤʦʝ 

ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʟʘʪʨʫʜʥʝʥʦ, ʪʘʢ ʢʘʢ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ 

ʧʨʦʮʝʩʩʳ, ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʚʥʝʜʨʝʥʠʷ ʠ ʥʝʤʥʦʛʦ ʙʦʣʴʰʠʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʪʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʫʯʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʵʪʠʭ ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʅʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʯʘʩʪʦ ʤʦʞʥʦ ʪʘʢʞʝ ʥʘʙʣʶʜʘʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʢʩʪʨʝʤʫʤʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʚʥʝʜʨʝʥʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ. 
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ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ: çInternational Congress of Energy Fluxes and 

Radiation Effectsè (ʛ. ʊʦʤʩʢ, 2016); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʯʝʩʢʘʷ 

ʤʝʟʦʤʝʭʘʥʠʢʘ. ʄʘʪʝʨʠʘʣʳ ʩ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè (ʊʦʤʩʢ, 2016, 

2017, 2018, 2019, 2020, 2021, 2022, 2023); XLIV ʠ XLV ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çAdvanced Problems in Mechanicsè, (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2016, 2017); 

VII International Conference çNanoparticles, nanostructured coatings and 

microcontainers: technology, properties, applicationsè (ʊʦʤʩʢ, 2016); V 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʩʪʫʜʝʥʪʦʚ çɺʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝè (ʊʦʤʩʢ, 2016, 

2017); X ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 140-ʣʝʪʠʶ ʊɻʋ ʠ 50-

ʣʝʪʠʶ ʅʀʀ ʇʄʄ ʊɻʋ (ʛ. ʊʦʤʩʢ, 2017); ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʩʝʤʠʥʘʨ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ: "ʄʝʪʦʜʳ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʭ 

ʧʨʠʣʦʞʝʥʠʷ" ʚ ʀʥʩʪʠʪʫʪʝ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʈɸʅ (ʛ. ʄʦʩʢʚʘ, 2016, 2018); 12-

ʡ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʣʫʯʝʥʠʡ ʩ ʪʚʝʨʜʳʤ ʪʝʣʦʤ: 

ʤʘʪʝʨʠʘʣʳè (ɹʝʣʘʨʫʩʴ, ʛ. ʄʠʥʩʢ, 2017), 6th International Congress on Energy Fluxes 

and Radiation Effects (EFRE 2018) (ʛ. ʊʦʤʩʢ, 2018), ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʠ ʜʝʩʪʨʫʢʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (ɹʝʣʘʨʫʩʴ, ʛ. 

ʄʠʥʩʢ, 2021), International Conference on Mathematics in (Bio)Chemical Kinetics and 

Engineering (MaCKiE 2021) (China, Shanghai, 2021), XI ʚʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʝʭʘʥʠʢʠè, ʧʦʩʚʷʱʝʥʥʘʷ 60-ʣʝʪʠʶ ʌʊʌ ʊɻʋ (ʛ. ʊʦʤʩʢ, 2022), ʄʠʥʠʩʠʤʧʦʟʠʫʤ 

çɿʘʜʘʯʠ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʨʝʜ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʨʘʟʜʝʣʘè (ʛ. ʂʨʘʩʥʦʷʨʩʢ, 

2022). ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʦʥʣʘʡʥ-ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʤʝʭʘʥʠʢʝè (ʛ. ʂʨʘʩʥʦʷʨʩʢ, 2024). 

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 28 ʧʫʙʣʠʢʘʮʠʷʭ, ʠʟ ʥʠʭ 17 

ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, 22 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ Scopus. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʠʟʫʯʝʥʠʠ ʣʠʪʝʨʘʪʫʨʳ ʠ ʥʘʧʠʩʘʥʠʷ ʦʙʟʦʨʘ 

ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʩʫʞʜʝʥʠʠ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʨʘʙʦʪʢʝ 

ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʥʘʧʠʩʘʥʠʠ ʠ ʦʪʣʘʜʢʝ ʧʨʦʛʨʘʤʤ, 

ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʚʦʜʦʚ.  

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ 

ʛʣʘʚ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 

193 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʩʦʜʝʨʞʠʪ 41 ʨʠʩʫʥʦʢ, 9 ʪʘʙʣʠʮ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

156 ʩʪʨʘʥʠʮ. 
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1 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1 ʉʚʷʟʘʥʥʳʝ ʤʦʜʝʣʠ ʚ ʪʝʨʤʦʤʝʭʘʥʠʢʝ 

1.1.1 ʂʨʘʪʢʠʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ ʨʘʟʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʚʩʝʤʝʩʪʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ.ʜ. ɺʟʘʠʤʦʩʚʷʟʴ ʥʝʣʠʥʝʡʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤʠ 

ʤʘʩʰʪʘʙʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʥʳʭ ʨʘʟʜʝʣʦʚ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ 

ʩʨʝʜʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʧʨʠʚʦʜʠʪ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ 

ʧʝʨʝʢʨʝʩʪʥʳʤ ʵʬʬʝʢʪʘʤ. ɸ ʪʘʢ ʢʘʢ ʨʘʟʣʠʯʠʝ ʚ ʤʘʩʰʪʘʙʘʭ ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʪʝʨʝʩʫʝʤʳʭ ʷʚʣʝʥʠʡ. 

ʋʯʝʪ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟʥʳʭ ʷʚʣʝʥʠʡ ʠʣʠ ʧʦʣʝʡ ʨʘʟʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ (ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʧʣʦʚʳʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ 

ʜʠʬʬʫʟʠʦʥʥʳʭ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʚʷʟʘʥʥʳʭ ʤʦʜʝʣʝʡ. 

ʄʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʦʡ ʚ ʤʝʭʘʥʠʢʝ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʪʝʦʨʠʝʡ ʩʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʧʦʣʷʤʠ 

ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ [1] (ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ), ʠ ʙʦʣʝʝ ʧʦʟʜʥʷʷ ʪʝʦʨʠʷ ʦʙʦʙʱʝʥʥʦʡ 

ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ [2-5], ʚ ʢʦʪʦʨʦʡ ʫʩʪʨʘʥʝʥʘ ʧʨʦʙʣʝʤʘ ʙʝʩʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʚʦʣʥ. ʇʦʩʪʨʦʝʥʥʘʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʦʨʠʝʡ 

ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ, ʪʝʦʨʠʷ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ [6-8] ʫʯʠʪʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʦʣʝʡ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʚʷʟʘʥʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʠʤʧʫʣʴʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ [9-11]. ɸ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʠʬʬʫʟʠʠ ʘʢʪʫʘʣʴʥʳ ʥʝ ʪʦʣʴʢʦ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ, ʥʦ ʠ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʚʠʙʨʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʫʜʘʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʘʪʝʨʠʘʣ, ʚʳʟʳʚʘʶʱʝʤ 
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ʫʩʢʦʨʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ (ʜʠʬʬʫʟʠʠ) [12-14]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʝʥʥʦ ʵʪʠʭ ʧʦʣʝʡ 

(ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ) ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʠʪʦʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʝʜʨʷʝʤʦʡ ʧʨʠʤʝʩʠ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ [15-17], ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʫʯʝʩʪʴ ʝʱʝ ʠ 

ʧʝʨʝʢʨʝʩʪʥʳʝ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʝʧʣʦʚʳʭ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ï ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʦʷʚʣʷʶʪʩʷ ʪʝʨʤʦʜʠʬʬʫʟʠʷ ʠ 

ʜʠʬʬʫʟʠʦʥʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʊʝʦʨʠʷ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ, ʢʘʢ ʠ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʜʦʧʫʩʢʘʝʪ ʙʝʩʢʦʥʝʯʥʫʶ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ɺ ʟʘʨʫʙʝʞʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʧʝʨʚʳʤ ʪʝʦʨʠʶ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʦʙʦʙʱʠʣ 

ʐʝʨʠʬ (H.H. Sherief) [18]. ɺʤʝʩʪʦ ʟʘʢʦʥʘ ʌʠʢʘ ʦʥ ʠʩʧʦʣʴʟʦʚʘʣ ʦʙʦʙʱʝʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʧʦʪʦʢ ʢʦʤʧʦʥʝʥʪʘ ʠ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʘʥʘʣʦʛʠʯʥʦʝ ʦʙʦʙʱʝʥʥʦʤʫ ʟʘʢʦʥʫ ʜʣʷ ʧʦʪʦʢʘ ʪʝʧʣʘ. ʕʪʘ ʪʝʦʨʠʷ ʚʢʣʶʯʘʝʪ ʚʨʝʤʝʥʘ 

ʨʝʣʘʢʩʘʮʠʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʤʘʩʩʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʤʢʘʭ ʩʚʷʟʘʥʥʦʡ 

ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʧʨʠʤʝʥʠʤʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ [19-21]. ʉʫʱʝʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʦʙʦʙʱʝʥʠʷ: ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʩʨʝʜ [22], ʜʣʷ ʤʠʢʨʦʧʦʣʷʨʥʳʭ ʩʨʝʜ [23], ʜʣʷ ʪʝʣ ʩ ʚʢʣʶʯʝʥʠʷʤʠ [24, 25], ʜʣʷ ʩʨʝʜ 

ʩ ʜʚʦʡʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ [26] ʠ ʜʨ. ʅʘ ʦʩʥʦʚʝ ʯʘʩʪʥʳʭ ʪʝʦʨʠʡ ʪʝʨʤʦʫʧʨʫʛʦʡ 

ʜʠʬʬʫʟʠʠ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʠʟʫʯʘʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ [27-31]. 

 

1.1.2 ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʠ ʦʙʦʙʱʝʥʥʦʡ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ 

ʊʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʝʣʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʝʨʤʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ. ɼʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ ůij, ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ Ůij ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ T  ʚ ʪʝʦʨʠʠ 

ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

[ ]Kwkkijijij -led+me=s 2 ,     (1.1) 

ʛʜʝ 

( )03 TTw T -a=  ï       (1.2) 
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ʬʫʥʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ); 332211 e+e+e=ekk  ï ʧʝʨʚʳʡ 

ʠʥʚʘʨʠʘʥʪ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ; ijd ï ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ; ɛ, ɚï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʃʘʤʝ; m+l= 3/2K  ï ʤʦʜʫʣʴ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ; ŬT ï ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; T0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʉʦʦʪʥʦʰʝʥʠʷ (1.1) ʝʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ɼʶʘʤʝʣʷ-ʅʝʡʤʘʥʘ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ï 

ʩʠʤʤʝʪʨʠʯʝʥ, jiij s=s , ʤʘʣʳʝ ʜʝʬʦʨʤʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʦʪʥʦʰʝʥʠʷʤ ʂʦʰʠ 

ö
ö

÷

õ

æ
æ

ç

å

µ

µ
+

µ

µ
=e

i

j

j

i
ij

x

u

x

u

2

1
,       (1.3) 

ʛʜʝ iu  ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ u , xi ï ʢʦʦʨʜʠʥʘʪʳ, i = 1, 2, 3. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʠʣ ʠʥʝʨʮʠʠ  

2

2

tµ

µ
r=r+sÖÐ

u
F       (1.4) 

ʠ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  

q
t

T
C JÖ-Ð=
µ

µ
re  ï           (1.5) 

ï ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʥʝʩʚʷʟʘʥʥʦʡ ʪʝʦʨʠʠ. ɿʜʝʩʴ F  ï ʚʝʢʪʦʨ 

ʦʙʲʝʤʥʳʭ ʩʠʣ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʧʦʣʝʡ; ɟ ï ʧʣʦʪʥʦʩʪʴ; eC  ï 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʜʝʬʦʨʤʘʮʠʡ; t ï ʚʨʝʤʷ. ʇʦʪʦʢ ʪʝʧʣʘ qJ  

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʟʘʢʦʥʫ ʌʫʨʴʝ 

TTq Ðl-=J ,        (1.6) 

ʧʨʠʚʦʜʷʱʝʤʫ ʢ ʫʨʘʚʥʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ  

( )T
t

T
C TÐlÖÐ=
µ

µ
re               (1.7) 

ʠ ʜʦʧʫʩʢʘʶʱʝʤʫ ʙʝʩʢʦʥʝʯʥʫʶ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ 

(
T
l ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ). 
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ʇʦʷʚʣʝʥʠʝ ʩʚʷʟʘʥʥʦʡ ʪʝʦʨʠʠ ʩʚʷʟʳʚʘʶʪ ʩ ʠʤʝʥʝʤ ɹʠʦ (M. Biot) [1], ʢʦʪʦʨʳʡ 

ʜʣʷ ʚʳʚʦʜʘ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʵʥʝʨʛʠʠ  

q
dt

dS
T JÖ-Ð=r0 ,         (1.8) 

ʛʜʝ S ï ʵʥʪʨʦʧʠʷ. 

ʇʦʣʘʛʘʷ, ʯʪʦ constºr , ʠ ʧʦʜʩʪʘʚʣʷʷ ʚ (1.8) ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʵʥʪʨʦʧʠʠ ʚ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ 

( ) kkTKTT
T

C
S ea+-r=r e 30

0

,       (1.9) 

ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʣʘʛʘʝʤʦʝ 

( )T
t

TK
t

T
C T

kk
T ÐlÖÐ=

µ

eµ
a+

µ

µ
re 03 .           (1.10) 

ʠʣʠ 

( )
t

TKT
t

T
C kk

TT
µ

eµ
a-ÐlÖÐ=

µ

µ
re 03 . 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʟʘ ʩʚʷʟʘʥʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪʚʝʯʘʝʪ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

( )

e
Q

rm+l

a
=w

C

TK T 0
2

2

3
           (1.11) 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʘʥʥʦʩʪʠ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʣʘ 1.0001.0 ·ºwQ  [33, 34]. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʙʦʪ ʥʦʚʳʤ ʩʣʘʛʘʝʤʳʤ ʧʨʝʥʝʙʨʝʛʘʶʪ [35]. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʥʝʙʨʝʞʝʥʠʷ 

ʵʪʠʤ ʩʣʘʛʘʝʤʳʤ ʟʘʚʠʩʠʪ ʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʇʦʷʚʣʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʩʚʷʟʳʚʘʶʪ ʩ ʠʤʝʥʘʤʠ 

ʃʦʨʜʘ ʠ ʐʫʣɹʤʘʥʘ (H. Lord, Y. Shulman) [2], ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʪʠʧʘ, ʧʦʩʪʫʣʠʨʫʷ çʥʦʚʳʡ ʟʘʢʦʥè ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʚʤʝʩʪʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʌʫʨʴʝ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʫʨʘʚʥʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 
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ʚʦʣʥʦʚʦʛʦ ʪʠʧʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʢʦʥʝʯʥʫʶ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

T
t

t T
q

qq Ðl-=
µ

µ
+

J
J .     (1.12) 

ʀʩʧʦʣʴʟʫʷ (1.8), (1.9) ʠ (1.12), ʧʦʣʫʯʠʤ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʜʝʬʦʨʤʘʮʠʷʤʠ 

( )T
t

t
t

TK
t

T
t

t

T
C T

kk
q

kk
Tq ÐlÖÐ=ù

ú

ø
é
ê

è

µ

eµ
+

µ

eµ
a+ù

ú

ø
é
ê

è

µ

µ
+

µ

µ
re 2

2

02

2

3 .           (1.13) 

ʇʘʨʘʤʝʪʨ 
q

t  ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʧʦʪʦʢʘ ʪʝʧʣʘ ʢ 

ʨʘʚʥʦʚʝʩʥʦʤʫ ʟʥʘʯʝʥʠʶ (ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ, ʟʘʧʘʟʜʳʚʘʥʠʷ). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʪʝʦʨʠʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʷʚʣʝʥʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʟʘʢʦʥʘ (1.12) ʩʚʷʟʘʥʦ ʩ ʠʤʝʥʝʤ ʃʳʢʦʚʘ ɸ.ɺ. [36]. ɼʣʷ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʪʝʣ ʵʪʦʪ ʟʘʢʦʥ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ [37]. 

ʀʩʧʦʣʴʟʫʷ (1.1) ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʂʦʰʠ, ʫʨʘʚʥʝʥʠʷ (1.4) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʧʝʨʝʤʝʱʝʥʠʷʭ 

( ) Fuu
u

r+Ða-Dm+ÖÐÐm+l=
µ

µ
r TK

t
T3

2

2

.         (1.14) 

ɺ ʧʝʨʝʤʝʱʝʥʠʷʭ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʘʛʘʝʤʳʝ ʚ ʫʨʘʚʥʝʥʠʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

( )T
t

t
t

TK
t

T
t

t

T
C TqTq ÐlÖÐ=ù

ú

ø
é
ê

è
ÖÐ

µ

µ
+ÖÐ

µ

µ
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ø
é
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è
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µ
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µ

µ
r e uu

2

2

02

2

3 . (1.15) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ (1.1) ʠ (1.9) ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʦʜʥʘʢʦ 

ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʨʝʟ ʧʝʨʝʤʝʱʝʥʠʷ 

ù
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õ
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( ) öö
÷
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+
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+
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µ
a+-r=r e
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C
S T . 

ʆʙʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʷ ʯʘʩʪʥʳʭ ʟʘʜʘʯ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʩʦʙʨʘʥʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 
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ʤʦʥʦʛʨʘʬʠʷʭ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʠʤ [38, 39], ʛʜʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʦʫʧʨʫʛʠʡ ʧʦʪʝʥʮʠʘʣ ʧʝʨʝʤʝʱʝʥʠʡ; ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ 

ʤʦʥʦʛʨʘʬʠʶ [1], ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ [40, 41]. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʝʱʝ ʩʣʝʜʫʶʱʠʝ 

ʨʘʙʦʪʳ: ʋɻʡʥʝʨ (J. Weiner) [42] ʜʦʢʘʟʘʣ ʪʝʦʨʝʤʫ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ, ʅʠʢʝʣ ʠ ʉʘʢʤʘʥ 

(R. Nickell, J. Sackman) [43] ʦʙʦʙʱʠʣʠ ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ. ʆʙʟʦʨ 

ʩʪʘʪʝʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʪʝʦʨʠʡ ʩʨʝʜʠ ʦʙʦʙʱʝʥʥʳʭ ʪʝʦʨʠʡ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ 

ʩʜʝʣʘʥ ʍʝʪʥʘʨʩʢʠ ʠ ʀʛʥʘʯʘʢ (R. Hetnarski, J. Ignaczak) [5]. 

ʊʝʦʨʠʷ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ɼʭʘʣʠʚʘʣ ʠ ʐʝʨʠʬ (R.S. Dhaliwal, 

H.H. Sherief) [44] ʜʦ ʦʙʱʠʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʝʧʣʦʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʠʤʝʣʠ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʧʨʠʨʦʜʫ, 

ʧʨʝʜʧʨʠʥʠʤʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʧʦʧʳʪʦʢ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ. ʊʘʢ, ʀʛʥʘʯʘʢ (J. Ignaczak) 

[45] ʠʟʫʯʘʣ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ, ʘ ʐʝʨʠʬ (H.H. Sherief) [46] ʜʦʢʘʟʘʣ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʐʝʨʠʬ ʠ ʍʘʤʟʘ (H.H. Sherief, F.A. Hamza) [47, 

48] ʠʩʩʣʝʜʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʠ ʠʟʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ. 

ʐʝʨʠʬ ʠ ɸʥʚʘʨ (H.H. Sherief, M.N. Anwar) [49] ʨʘʩʩʤʦʪʨʝʣʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠ-

ʩʠʤʤʝʪʨʠʯʥʫʶ ʟʘʜʘʯʫ ʩ ʣʠʥʝʡʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ. ɸ ʚ [50] ʐʝʨʠʬ (H.H. 

Sherief) ʧʨʝʜʩʪʘʚʠʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʚʫʤʝʨʥʫʶ ʟʘʜʘʯʫ ʦʙʦʙʱʝʥʥʦʡ 

ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʩ ʦʜʥʠʤ ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ. ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʪʝʨʤʦʫʧʨʫʛʠʭ 

ʧʣʦʩʢʠʭ ʚʦʣʥ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ [51-53]. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʷʟʘʥʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʦʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ 

ʠʤʧʫʣʴʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ [9, 54]. ʈʷʜ ʯʘʩʪʥʳʭ ʟʘʜʘʯ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚ [55-59]. 

 

1.1.3 ɺʟʘʠʤʦʚʣʠʷʥʠʝ ʜʠʬʬʫʟʠʠ ʠ ʥʘʧʨʷʞʝʥʠʡ 

ɼʠʬʬʫʟʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʦʪʝʢʘʝʪ ʧʦ ʨʘʟʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ [60], ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʉʨʝʜʠ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ ʚʳʜʝʣʷʶʪ [61]: ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ; ʨʘʟʣʠʯʠʝ ʦʙʲʝʤʦʚ ʧʨʠʤʝʩʠ ʠ ʤʘʪʨʠʮʳ; ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ; 
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ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʬʘʟ; ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʰʝʪʦʢ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʬʘʟ; 

ʨʘʟʣʠʯʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʬʘʟ ʠ ʪ.ʜ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ (ʤʘʩʩʦʫʧʨʫʛʦʩʪʠ) ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʠʤʝʶʪ ʚʠʜ, ʧʦʜʦʙʥʳʡ 

(1.1) 

[ ]Kwkkijijij -led+me=s 2 ,           (1.16) 

ʥʦ ʬʫʥʢʮʠʷ w ʚ ʵʪʦʡ ʪʝʦʨʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

( )0
1

3 kk

n

k
k CCw -a=ä

=

,         (1.17) 

ʛʜʝ ka  ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʜʠʬʬʫʟʘʥʪʦʚ, ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʠ ʠʩʯʝʟʘʪʴ); kʉ  

ï ʤʘʩʩʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʂʘʢ ʠ ʚ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ, ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ï ʩʠʤʤʝʪʨʠʯʝʥ, 

jiij s=s , ʘ ʤʘʣʳʝ ʜʝʬʦʨʤʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʦʪʥʦʰʝʥʠʷʤ ʂʦʰʠ (1.3). 

ɺ ʪʝʦʨʠʶ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʚʭʦʜʷʪ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʠʣ 

ʠʥʝʨʮʠʠ  

2

2

tµ

µ
r=r+sÖÐ

u
F             (1.18) 

ʠ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʤʘʩʩʳ ʜʣʷ ʚʥʝʜʨʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

kk
k

t

ʉ
w+Ö-Ð=

µ

µ
r J ,            (1.19) 

ʛʜʝ kJ  ï ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʦʪʦʢʠ ʢʦʤʧʦʥʝʥʪʦʚ; kw  ï ʠʩʪʦʯʥʠʢʠ ʠ ʩʪʦʢʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. 

ʆʙʷʟʘʪʝʣʴʥʦ ʚʳʧʦʣʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʙʘʣʘʥʩ ʧʦʪʦʢʦʚ ʠ 

ʩʦʭʨʘʥʝʥʠʝ ʤʘʩʩʳ, 

0
1

=ä
=

n

k

kJ , 1
1

=ä
=

n

k

kC .            (1.20) 
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ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʪʦʢʦʚ ʤʘʩʩʳ ʩʧʨʘʚʝʜʣʠʚ ʟʘʢʦʥ ʌʠʢʘ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ 

ä
=

Ð-=
n

j

kkjk CD
1

J ,          (1.21) 

ʛʜʝ kjD  ï ʧʘʨʮʠʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ. 

ʀʟ ʚʳʧʠʩʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʬʬʫʟʠʠ ʚ 

ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ ʪʨʝʙʫʝʪʩʷ ʚʩʝʛʦ ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʠ. ɽʩʣʠ ʜʠʬʬʫʟʠʷ ʚ 

ʢʨʠʩʪʘʣʣʝ ʠʜʝʪ ʧʦ ʚʘʢʘʥʩʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʠ ʚʘʢʘʥʩʠʠ ï ʥʝʨʘʚʥʦʚʝʩʥʳ, ʪʦ ʢ 

ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʚʘʢʘʥʩʠʡ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʚ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʩʠʡ ʠ ʚʢʣʶʯʠʚ 

ʠʭ ʚ ʙʘʣʘʥʩ ʤʘʩʩʳ [62], ʘ ʧʦʪʦʢʠ ʚʘʢʘʥʩʠʡ ï ʚ ʙʘʣʘʥʩ ʧʦʪʦʢʦʚ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʦ ʚʝʣʠʯʠʥʘʭ ʧʘʨʮʠʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʜʣʷ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʩʠʩʪʝʤ. 

ɼʣʷ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʠʪʫʘʮʠʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʡ 

ʜʠʬʬʫʟʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤʠ. ʅʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʠʣʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʥʩʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʥʪʝʨʝʩ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʇʨʦʙʣʝʤʘʤ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʜʠʬʬʫʟʠʠ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʤʝʭʘʥʠʢʝ ʫʜʝʣʷʣ ʚʥʠʤʘʥʠʝ ɸʡʬʘʥʪʠʩ (Aifantis) [63-65], ʢʦʪʦʨʳʡ ʧʨʝʜʣʦʞʠʣ 

ʪʝʦʨʠʶ ʜʠʬʬʫʟʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ ʜʠʬʬʫʟʠʠ ʠ ʪʝʯʝʥʠʷ ʠʤʝʶʪ ʦʙʱʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʩʥʦʚʫ. ʈʷʜ 

ʦʙʦʙʱʝʥʠʡ ʩʜʝʣʘʥ ʚ ʨʘʙʦʪʘʭ ɽʨʝʤʝʝʚʘ ɺ.ʉ., ʃʶʙʦʚʘ ɹ.ʗ., ʇʦʜʩʪʨʠʛʘʯʘ ʗ.ʉ., 

ʉʣʝʟʦʚʘ ɺ.ɺ. ʠ ʜʨ.[66, 67, 68, 69]. 

ʈʝʰʝʥʠʶ ʯʘʩʪʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʚ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ 

ʬʦʨʤʝ ʧʦʩʚʷʱʝʥʳ, ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʳ [70-75], ʛʜʝ ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ ʜʣʷ ʙʘʣʦʢ, ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ, ʘ ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʶʪ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʜʠʬʬʫʟʠʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʝ 

ʢʦʥʝʯʥʳʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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1.1.4 ʊʝʦʨʠʷ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ 

ʇʨʦʩʪʝʡʰʠʝ ʚʘʨʠʘʥʪʳ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʜʦʧʦʣʥʷʶʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ɼʶʘʤʝʣʷ-ʅʝʡʤʘʥʘ (1.1) ʜʝʬʦʨʤʘʮʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ [76] ʠ ʬʘʢʪʠʯʝʩʢʠ ʩʫʤʤʠʨʫʶʪ (1.1) ʠ (1.16) 
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ʇʦʷʚʣʝʥʠʝ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʠ ʨʷʜ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʩʚʷʟʳʚʘʶʪ ʩ ʠʤʝʥʝʤ ʅʦʚʘʮʢʦʛʦ [6, 15, 16, 77]. ɺ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʪʝʦʨʠʠ ʧʦʪʦʢ 

ʪʝʧʣʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʌʫʨʴʝ (1.6), ʘ ʧʦʪʦʢ ʢʦʤʧʦʥʝʥʪʘ 

ʩʦʦʪʥʦʰʝʥʠʶ 

kkk gD Ð-=J ,       (1.23) 

ʛʜʝ kD  ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʘ k, ʘ ʚʝʣʠʯʠʥr gk ʥʘʟʳʚʘʶʪ 

ʭʠʤʠʯʝʩʢʠʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ (ʧʘʨʮʠʘʣʴʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ɻʠʙʙʩʘ, 
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kkCgg ), ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʚ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ: 
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sk ï ʫʜʝʣʴʥʳʝ ʧʘʨʮʠʘʣʴʥʳʝ ʵʥʪʨʦʧʠʠ ʢʦʤʧʦʥʝʥʪʦʚ; 
k

ija  ï ʪʝʥʟʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; k
jb  ï ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ 

ʦʪ ʚʠʜʘ ʤʘʪʝʨʠʘʣʘ. ɺ ʤʦʜʝʣʷʭ ʤʝʭʘʥʠʢʠ ʠʭ ʦʪʥʦʩʷʪ ʢ ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ 

ʢʦʥʩʪʘʥʪʘʤ ʠ ʥʝ ʧʨʠʜʘʶʪ ʦʩʦʙʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. ʈʘʩʰʠʬʨʦʚʢʘ ʵʪʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʠʭ ʩʚʷʟʴ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʜʘʝʪʩʷ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʠʬʬʫʟʠʠ [78-80]: 
j
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ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʢʦʤʧʦʥʝʥʪʘ k; R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; 
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ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʝʦʨʠʷ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ, ʢʘʢ ʠ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ, ʜʦʧʫʩʢʘʝʪ ʙʝʩʢʦʥʝʯʥʫʶ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʧʣʦʚʳʭ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ɺ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ 

ʧʝʨʚʳʤ ʦʙʦʙʱʠʣ ʪʝʦʨʠʶ ʐʝʨʠʬ (Sherief) [18], ʢʦʪʦʨʳʡ ʧʨʝʜʣʦʞʠʣ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʦʙʦʙʱʝʥʥʦʤʫ ʟʘʢʦʥʫ ʜʣʷ ʧʦʪʦʢʘ ʪʝʧʣʘ (1.12) ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʤʝʩʪʦ ʟʘʢʦʥʘ ʌʠʢʘ ʦʙʦʙʱʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʂ ʫʨʘʚʥʝʥʠʶ ʜʚʠʞʝʥʠʷ (1.4) ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ 
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ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʶ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʘ ʪʝʧʣʘ. ʅʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ 

ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪ ʨʘʟʥʳʝ ʘʚʪʦʨʳ, ʧʨʠʥʠʤʘʷ ʫʩʣʦʚʠʝ ʤʘʣʦʩʪʠ 

ʚʦʟʤʫʱʝʥʠʡ, ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʦʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ (1.8) ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʢʣʘʜ ʚ 

ʥʝʛʦ ʷʚʣʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ. 

ɽʱʝ ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʜʝʩʴ ʪʨʝʙʫʝʪʩʷ ï ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ 

ʢʦʤʧʦʥʝʥʪʘ (ʢʘʢ ʠ ʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ) 
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ʀʪʦʛʦʚʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʤʘʣʳʭ 
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ʆʜʥʘʢʦ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʘʚʪʦʨʳ ʚʳʙʨʘʩʳʚʘʶʪ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (1.25), 

ʚ ʠʪʦʛʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʚʭʦʜʠʪ ʥʝ ʵʥʪʘʣʴʧʠʠ ʧʝʨʝʥʦʩʘ, ʘ ʧʘʨʮʠʘʣʴʥʳʝ ʵʥʪʨʦʧʠʠ, 

ʯʪʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʥʝʪʦʯʥʦʩʪʷʤ ʠʣʠ ʥʝʙʨʝʞʥʦʩʪʷʤ, ʥʝ ʚʣʠʷʶʱʠʤ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʵʬʬʝʢʪʳ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ. ʊʝʤ ʙʦʣʝʝ ʯʪʦ, ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ 

ʯʘʩʪʥʳʝ ʟʘʜʘʯʠ ʨʘʟʥʳʝ ʘʚʪʦʨʳ ʘʥʘʣʠʟʠʨʫʶʪ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʩʪʘʪʠ, 

ʪʦʞʝ ʚʳʙʠʨʘʝʤʳʭ ʘʙʩʪʨʘʢʪʥʦ ʙʝʟ ʘʥʘʣʠʟʘ ʬʠʟʠʯʝʩʢʠʭ ʤʘʩʰʪʘʙʦʚ. 

ʊʝʦʨʠʷ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʠʤʝʝʪ ʩʚʦʠʤ ʧʨʝʜʝʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ 

ʪʝʦʨʠʶ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʠ ʪʝʦʨʠʶ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ (çʤʘʩʩʦʫʧʨʫʛʦʩʪʠè ʠʣʠ 

çʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʫʧʨʫʛʦʩʪʠè). ʊ.ʝ., ʢʨʦʤʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʤʳ ʠʤʝʝʤ ʝʱʝ 

ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ. ʇʝʨʚʳʡ ʩʚʷʟʘʥ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʧʦʣʝʤ 

ʜʝʬʦʨʤʘʮʠʡ ʚʪʦʨʦʡ ï ʩ ʥʘʣʠʯʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʚ ʪʝʦʨʠʠ ʩʯʠʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ (ʯʪʦ ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʝ ʚʩʝʛʜʘ ʦʧʨʘʚʜʘʥʦ). ʋʨʘʚʥʝʥʠʷ ʦʩʪʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʯʘʩʪʥʳʭ ʟʘʜʘʯ ʜʘʞʝ ʚ ʩʚʷʟʘʥʥʳʭ ʤʦʜʝʣʷʭ ʚ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʅʘʧʨʠʤʝʨ, ɼʫʜʟʢ̫ (Dudziak) ʠ ʂʦʚʘʣɹʩʢʠʡ 
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(Kowalski) [79] ʦʙʩʫʞʜʘʣʠ ʪʝʦʨʠʶ ʪʝʨʤʦʜʠʬʬʫʟʠʠ ʜʣʷ ʪʚʝʨʜʳʭ ʪʝʣ. ʆʣʝʩʷʢ 

(Olesiak) ʠ ʇʳʨʴʝʚ (Pyryev) [82] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʚʷʟʘʥʥʫʶ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʫʶ 

ʟʘʜʘʯʫ ʜʣʷ ʫʧʨʫʛʦʛʦ ʮʠʣʠʥʜʨʘ. ʆʥʠ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʧʝʨʝʢʨʝʩʪʥʳʭ ʵʬʬʝʢʪʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʩʚʷʟʘʥʥʦʩʪʠ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʠʬʬʫʟʠʠ ʤʘʩʩʳ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʤʝʞʜʫ ʧʨʝʜʝʣʴʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʪʝʦʨʠʠ ʥʝʪ ʧʦʣʥʦʡ ʘʥʘʣʦʛʠʠ. 

ɽʩʣʠ ʚ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʢ ʫʨʘʚʥʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (1.10) ʚ ʧʨʘʚʫʶ 

ʯʘʩʪʴ ʜʦʙʘʚʣʷʝʪʩʷ ʩʣʘʛʘʝʤʦʝ 

()

t
T kkT

ij
µ

eµ
b- 0  ʠʣʠ 

t
TK kk

T
µ

eµ
a- 03 , 

ʪʦ ʢ ʫʨʘʚʥʝʥʠʶ ʜʠʬʬʫʟʠʠ 

kk
k
ijkD eDb-  ʠʣʠ kkkk KD eDaD3 . 

ʅʦ ʚ ʦʙʝʠʭ ʪʝʦʨʠʷʭ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʩʦʦʪʥʦʰʝʥʠʷʤ ʂʦʰʠ, ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʪʝʥʟʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ï ʧʦʜʦʙʥʳ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʜʘʯʠ, 

ʨʝʰʝʥʥʳʝ ʚ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʷ ʟʘʤʝʥʫ 

( )0TTT -a  ʥʘ ( )0CCkk -aD . 

ʀʤʝʥʥʦ ʪʘʢ ʠ ʧʨʝʜʣʘʛʘʝʪ ʧʦʩʪʫʧʘʪʴ ʘʚʪʦʨ [66]. ɹʦʣʝʝ ʪʦʛʦ, ʦʥ ʦʙʦʙʱʘʝʪ 

ʠʟʚʝʩʪʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʥʘ ʫʧʨʫʛʠʝ ʩʨʝʜʳ ʩ ʜʠʬʬʫʟʠʝʡ ʠ 

ʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʚʷʟʢʦʫʧʨʫʛʠʝ ʩʨʝʜʳ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʘʥʘʣʦʛʠʡ [1]. 

ʀʩʧʦʣʴʟʫʷ ʨʝʰʝʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ [67], ʦʥ ʩʚʦʜʠʪ ʚʣʠʷʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʜʠʬʬʫʟʠʶ ʢ ʠʟʤʝʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʆʪʜʝʣʴʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʙʩʫʞʜʘʣʠʩʴ ʤʦʜʝʣʠ, ʛʜʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʜʠʬʬʫʟʠʠ ʠ ʥʘʧʨʷʞʝʥʠʡ; ʚ ʥʠʭ ʦʩʪʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʠ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʝ ʠʣʠ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ʆʙʦʙʱʝʥʥʳʝ ʟʘʢʦʥʳ ʌʫʨʴʝ ʠ ʌʠʢʘ ʚ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʠʩʧʦʣʴʟʫʪʁʩ̫ ʨʝʜʢʦ.  
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1.2 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

1.2.1 ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʜʠʬʬʫʟʠʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʚʳʧʠʰʝʤ ʚ ʫʜʦʙʥʦʡ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʬʦʨʤʝ [83, 84] 

ʋʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʢʣʶʯʘʶʪ ʠʩʪʦʯʥʠʢʦʚʳʝ 

ʩʣʘʛʘʝʤʳʝ 

.kkkʉ w=ÖÐ+r J#         (1.29) 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʂʦʰʠ, ʩʦʚʧʘʜʘʝʪ ʩ ʟʘʢʦʥʦʤ 

ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʚ ʩʫʙʩʪʘʥʮʠʦʥʘʣʴʥʦʡ ʬʦʨʤʝ 

,ůFv ÖÐ+r=r#      (1.30) 

ʛʜʝ v# ï ʫʩʢʦʨʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʣʦʢʘʣʴʥʦʛʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʦʙʲʝʤʘ. 

ʆʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠʤʝʝʪ ʚʠʜ 

,
1

vůFJJ ÖÐÖ++Ö-Ð=r ä
=

k

n

k

kqu#        (1.31) 

ʛʜʝ vSvv ÖÐÖ+ÖÐ-¹ÖÐÖs hp  ï ʜʚʦʡʥʦʝ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʝʥʟʦʨʘ ʛʨʘʜʠʝʥʪʘ ʩʢʦʨʦʩʪʠ; kkhp s-=
3

1
 ï ʩʢʘʣʷʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ; 332211 s+s+s=skk  ï ʧʝʨʚʳʡ ʠʥʚʘʨʠʘʥʪ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ; S ï ʜʝʚʠʘʪʦʨ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ijkkijijS ds-s=
3

1
. 

 

1.2.2 ʋʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʇʨʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʫʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ), ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ [76, 85, 86], ʜʣʷ ʫʧʨʫʛʦʛʦ ʪʝʣʘ 

ʫʨʘʚʥʝʥʠʝ ɻʠʙʙʩʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ 

ä
=

- +ers+=
n

k

kkij
e
ij dCgdTdsdu

1

1 ,         (1.32) 
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ʛʜʝ u ï ʣʦʢʘʣʴʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ; s ï ʣʦʢʘʣʴʥʘʷ ʵʥʪʨʦʧʠʷ; e

ij
s  ʢʦʤʧʦʥʝʥʪʳ 

ʪʝʥʟʦʨʘ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ; 
ij
e ï ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ; 

k
C  ï 

ʤʘʩʩʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ, rr= kkC ; 
k
r ï ʧʘʨʮʠʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʦʚ; 
k

g  ï ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ, 

ʠʤʝʶʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʘ 

()

r=rä
k

k  ʠ 
()

1=ä
k

kC .     (1.33) 

ɺʚʦʜʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ɻʝʣʴʤʛʦʣʴʮʘ Tsuf -= , ʤʦʞʝʤ 

ʧʨʝʜʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ ɻʠʙʙʩʘ (1.32) ʚ ʠʥʦʡ ʬʦʨʤʝ 
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1 .      (1.34) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ 
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ʊʘʢ ʢʘʢ ( )kij CTff ,,e= , ʘ (1.34) ï ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʚ ʧʦʣʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʘʭ, 

ʪʦ ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ ʤʳ ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʵʥʪʨʦʧʠʶ, ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʭʠʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʢʦʤʧʦʥʝʥʪʦʚ, ʪ.ʝ. 
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ʛʜʝ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʦʜʥʠʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʝʨʝʤʝʥʥʳʤ ʙʝʨʫʪʩʷ ʧʨʠ 

ʧʦʩʪʦʷʥʩʪʚʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɺ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ (ʘ ʵʪʦ ʝʩʪʴ 

ʦʙʦʙʱʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ) ʦʪʨʘʞʝʥʳ ʚʩʝ 

ʧʨʷʤʳʝ ʠ ʧʝʨʝʢʨʝʩʪʥʳʝ ʵʬʬʝʢʪʳ, ʚʦʟʤʦʞʥʳʝ ʚ ʵʪʦʡ ʩʨʝʜʝ. ɿʘʤʝʪʠʤ, ʯʪʦʙʳ 

ʟʘʧʠʩʘʪʴ ʩʦʦʪʥʦʰʝʥʠʷ (1.35), ʟʥʘʪʴ ʷʚʥʳʡ ʚʠʜ ʧʦʪʝʥʮʠʘʣʘ f ʥʝ ʪʨʝʙʫʝʪʩʷ. 
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ɼʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʧʨʠʥʷʪʴ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʝʨʝʤʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʶ. ʇʝʨʝʤʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ï 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʠʣʠ ʥʘʙʣʶʜʘʝʤʳʝ ʚʝʣʠʯʠʥʳ.  

ʊʘʢ, ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʩʦʩʪʘʚʘ ʠʟ (1.35) ʩʣʝʜʫʝʪ 
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ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʜʝʬʦʨʤʘʮʠʡ;  
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 ï  

ʪʝʥʟʦʨ ʫʧʨʫʛʠʭ ʤʦʜʫʣʝʡ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ()T

ij
b  ʦʧʠʩʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʩ 

ʜʝʬʦʨʤʘʮʠʷʤʠ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ 

ʪʝʨʤʦʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʜʝʬʦʨʤʘʮʠʡ 
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ʕʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʝʩʪʴ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʄʘʢʩʚʝʣʣʘ. 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʳ ʠʟ (1.36) ʠʤʝʝʤ ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʫʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʧʨʠʨʘʱʝʥʠʷʭ 

kk
T ddT

T

C
ds e

r

b
+= e ,     (1.37) 

[ ]dTddd Tkkijijij b-eld+em=s 2 ,    (1.38) 

ʛʜʝ TTT K a=b 3 , Ta  ï ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; 

32m+l=TK  ï ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ. 



26 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʤʘʣʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ ʧʝʨʚʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʚ (1.37) ʧʨʠʥʠʤʘʝʪʩʷ 
0

TT= , ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʚʝʥʩʪʚʘʤ 

( ) kk
TTT

T

C
s e

r

b
+-= e

0
0

,     (1.39) 

( )[ ]02 TTTkkijijij -b-led+me=s ,    (1.40) 

ʕʪʦ ʧʨʠʙʣʠʞʝʥʠʝ ʦʩʪʘʚʣʷʶʪ ʜʘʞʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʡ, 

ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʧʨʝʥʝʙʨʝʯʴ ʥʝʣʴʟʷ, ʘ ʧʝʨʝʭʦʜ ʦʪ ʦʩʥʦʚʥʦʡ ʬʦʨʤʳ 

ʫʨʘʚʥʝʥʠʷ ɻʠʙʙʩʘ ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʂʠʨʭʛʦʬʘ 

ijij sr=S -1 . 

ɽʩʣʠ ʩʦʩʪʘʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʜʠʬʬʫʟʠʠ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʪʦ ʠʟ (1.35) ʩʣʝʜʫʶʪ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʚ ʚʠʜʝ 
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,     (1.41) 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ks  ï ʧʘʨʮʠʘʣʴʥʳʝ ʵʥʪʨʦʧʠʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʜʝʬʦʨʤʘʮʠʡ, 
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ʊʦʛʜʘ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, 
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Ů  ï  

ʝʩʪʴ ʧʘʨʮʠʘʣʴʥʳʝ ʵʥʪʘʣʴʧʠʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ.  

ʂʦʵʬʬʠʮʠʝʥʪʳ 
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ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʠ 

ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ. 

ɺʝʣʠʯʠʥʳ 
()k
mb  ʪʘʢʞʝ ʠʤʝʶʪ ʚʧʦʣʥʝ ʯʝʪʢʦʝ ʬʠʟʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ: 
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ʕʪʦ ʝʩʪʴ ʦʙʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʥʦʞʠʪʝʣʝʡ ʜʣʷ 

ʜʠʬʬʫʟʠʠ. ʀʭ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʤʘʪʝʨʠʘʣʘ [78, 79, 87]  

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (1.41) ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʘʨʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ɻʠʙʙʩʘ ʜʣ̫  ʢʦʤʧʦʥʝʥʪʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʝʨʝʭʦʜʷ ʢ 

ʧʦʪʝʥʮʠʘʣʫ ɻʠʙʙʩʘ ij
e

ijfg ers-= -1  ʚ (1.34), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ɻʠʙʙʩʘ ʚ ʚʠʜʝ 

ä
=

- +sre--=
n

k

kk
e

ijij dCgdsdTdg
1

1 .      (1.42) 

ʋʨʘʚʥʝʥʠʝ (1.42) ʧʦ ʬʦʨʤʝ ʩʦʚʧʘʜʘʝʪ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (1.41) ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʠʤʝʝʪ ʤʝʩʪʦ 

ʩʚʦʡʩʪʚʦ ʘʜʜʠʪʠʚʥʦʩʪʠ ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ, ʪ.ʝ. 

()
ä=
k

kkCss ; 
()
ä=
k

kkCgg  ʠ ʜʨ.       (1.43) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʝʞʘʥʜʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʨʨʝʢʪʥʳ ʣʠʙʦ ʧʨʠ ʫʩʣʦʚʠʠ 

ʥʝʠʟʤʝʥʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ (ʯʪʦ ʜʣʷ ʤʘʣʳʭ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚʧʦʣʥʝ 

ʧʨʠʝʤʣʝʤʦ), ʣʠʙʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʂʦʰʠ ʢ ʪʝʥʟʦʨʫ 

ʥʘʧʨʷʞʝʥʠʡ ʂʠʨʭʛʦʬʘ rs
e

ij . 

ɼʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ ʚʤʝʩʪʦ (1.41) ʟʘʧʠʰʝʤ 
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,            (1.44) 
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ù
ú

ø
é
ê

è
b-b-eld+em=s ä

=

n

k

kkTllijijij dCdTddd
1

2 ,            (1.45) 

()
ä
=

- b+-erb-=
n

m

m
k

mkllkk dCdTsddg
1

1 ,      (1.46) 

ʛʜʝ TT Ka=b 3 , kk Ka=b 3 , K ï ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ; Ta  

ï ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 

ɺ ʧʫʙʣʠʢʘʮʠʷʭ ʧʦ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷʤ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʨʝʯʴ ʠʜʝʪ ʦ ʜʠʬʬʫʟʠʠ ʣʠʰʴ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʩʥʦʚʥʦʡ ʤʘʪʨʠʮʝ: ʉ1 ſ ʉ 

ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʠʬʬʫʟʘʥʪʘ; ʉ2 ſ (1 ï ʉ)  ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʦʛʜʘ (1.34) 

( )dCggdsdTdf ij
e

ij 21
1 -+ers+-= - . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʷ (1.44)-(1.46), ʫʧʨʦʱʘʶʪʩʷ: 

ʚ ʩʠʣʫ (1.33) ʠ (1.43) ʠ ʧʨʠʥʠʤʘʷ 21 ggg -=  ʫ ʥʘʩ ʦʩʪʘʥʫʪʩʷ ʪʨʠ ʫʨʘʚʥʝʥʠʷ 

( )dCssd
K

dT
T

C
ds ll

T
21

3
-+e

r

a
+= e ,     (1.47) 

( )[ ]dCKdTKddd Tkkijijij 21332 a-a-a-eld+em=s ,    (1.48) 

( ) ( ) () ()( )dCdTssdKdg kk
21

21
1

213 b-b+--era-a-= -
,      (1.49) 

ʢʦʪʦʨʳʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʨʠʨʘʱʝʥʠʡ (ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ) ʢ ʘʙʩʦʣʶʪʥʳʤ 

ʚʝʣʠʯʠʥʘʤ ʠ ʧʦʩʣʝ ʟʘʤʝʥʳ T ʥʘ T0  ʠ ɟ ʥʘ ɟ0 ʧʨʠʚʝʜʫʪ ʥʘʩ ʢ ʧʨʠʚʳʯʥʳʤ 

ʫʨʘʚʥʝʥʠʷʤ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ (ʩʤ. (1.22), (1.24))  

( ) ( )( )021
0

0
0

3
CCss

K
TT

T

C
s kk

T --+e
r

a
+-= e ,   (1.50) 

( ) ( )( )[ ]0210 332 CCKTTK Tkkijijij -a-a--a-led+me=s ,  (1.51) 

( ) ( )( ) () ()( )( )0
21

021
1

213 CCTTssKg kk -b-b+---era-a-= -
,    (1.52) 

ʛʜʝ () ( )1

2

1

1

1 b-b=b  ʠ 
() ( )222

1
2 b-b=b . 
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1.3 ʅʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʪʝʨʠʘʣʦʚ 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʙʦʣʴʰʠʭ ʠ ʩʣʦʞʥʳʭ ʥʘʛʨʫʟʦʢ, ʘ ʪʘʢʞʝ ʩ 

ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʤʝʭʘʥʠʟʤʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂ ʯʠʩʣʫ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ʦʪʥʦʩʷʪʩʷ ʪʫʛʦʧʣʘʚʢʠʝ ʤʝʪʘʣʣʦʧʦʜʦʙʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ï ʢʘʨʙʠʜʳ, ʥʠʪʨʠʜʳ, ʦʢʩʠʜʳ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ, ʥʘʧʨʠʤʝʨ 

ʢʘʨʙʦʙʦʨʠʜʳ, ʢʦʪʦʨʳʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʬʦʨʤʝ ʧʦʢʨʳʪʠʡ [88]. 

ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʘ 

ʠʥʦʛʜʘ ʠ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ. ʊʨʘʜʠʮʠʦʥʥʦ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʤʝʪʦʜʦʤ ʧʨʦʙ ʠ ʦʰʠʙʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʨʦʛʠʤʠ ʠ ʩʣʦʞʥʳʤʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʢʦʥʦʤʠʯʥʳʡ ʠ 

ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʣʶʙʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʦʥʝʯʥʳʡ 

ʧʨʦʜʫʢʪ, ʧʦʟʚʦʣʷʶʪ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʭ ʧʦʚʝʜʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ [89]. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʳ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ 

ʧʦʷʚʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʛʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʭ ʩ ʜʠʬʬʫʟʠʝʡ 

ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ. 

ʃʠʪʠʝʚʳʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʚ ʪʝʯʝʥʠʝ ʪʳʩʷʯ ʮʠʢʣʦʚ ʟʘʨʷʜʢʠ ʠ 

ʨʘʟʨʷʜʢʠ ʦʙʳʯʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʥʠʞʝʥʠʶ ʝʤʢʦʩʪʠ ʠ ʨʦʩʪʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ 

ʠʟʚʝʩʪʥʦ ʢʘʢ ʩʪʘʨʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʣʦʢʘʣʴʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥʠʷ ʚʥʫʪʨʠ ʯʘʩʪʠʮ 

ʵʣʝʢʪʨʦʜʘ. ɺ ʨʘʙʦʪʝ ʇʨʫʩʩʠʥʘ (Prussin) [90] ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ 

ʵʣʝʢʪʨʦʜʦʚ ʚ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʙʘʪʘʨʝʷʭ. ɼʘʣʝʝ ʦʧʠʨʘʷʩʴ ʥʘ ʵʪʫ ʤʦʜʝʣʴ, ʨʘʟʥʳʝ 

ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʪʠʷ ʠ ʚʳʷʚʠʣʠ 

ʚʣʠʷʥʠʝ ʵʪʦʡ ʩʚʷʟʠ ʥʘ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ [91, 92]. ʊʝʤʧʝʨʘʪʫʨʘ 

ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʙʘʪʘʨʝʠ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʠʶ 

ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʢʦʨʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [93]. 
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ɼʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʝʡ ʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʦʚ 

(ʢʦʨʨʦʟʠʷ), ʘ ʪʘʢʞʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ. ʆʢʠʩʣʝʥʠʝ ï ʵʪʦ ʩʣʦʞʥʳʡ 

ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʠʬʬʫʟʠʶ ʠʦʥʦʚ ʠ/ʠʣʠ ʘʪʦʤʦʚ, ʭʠʤʠʯʝʩʢʫʶ 

ʨʝʘʢʮʠʶ ʠ ʜʝʬʦʨʤʘʮʠʶ. ʅʘʧʨʠʤʝʨ, ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʭʠʤʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʷʪʴ ʜʠʬʬʫʟʠʶ ʘʪʦʤʦʚ ʠ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ɸ 

ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ʦʢʩʠʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʙʦʣʴʰʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ. ʊ.ʝ., ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʥʦʛʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʦʢʠʩʣʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʨʦʣʴ ʧʨʠ ʨʦʩʪʝ ʦʢʩʠʜʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʦʚ [94-

98].  

ɺʟʘʠʤʦʩʚʷʟʴ ʜʠʬʬʫʟʠʠ ʠ ʥʘʧʨʷʞʝʥʠʡ/ʜʝʬʦʨʤʘʮʠʠ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ 

ʨʘʙʦʪʘʭ ʧʦ ʩʚʘʨʢʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʬʬʫʟʠʷ ʚʦ ʚʨʝʤʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʩʚʘʨʢʠ ï ʪɻʦ ʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʧʨʦʮʝʩʩ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

ʟʜʝʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʠʬʬʫʟʠʠ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ 

ʦʙʲʷʩʥʷʝʪʩʷ ʩʜʚʠʛʦʚʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ [99].  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʫʜʘʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʯʪʦ, ʧʦ ʩʫʪʠ, ʷʚʣʷʝʪʩʷ 

ʣʘʟʝʨʥʳʤ ʥʘʢʣʝʧʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥʝʨʠʨʫʝʤʳʝ ʧʣʘʟʤʦʡ ʫʜʘʨʥʳʝ ʚʦʣʥʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʟʳʚʘʶʪ ʦʛʨʦʤʥʳʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʠʥʪʝʥʩʠʚʥʫʶ 

ʫʜʘʨʥʫʶ ʚʦʣʥʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ [100]. 

ʅʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʙʳʩʪʨʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʛʣʫʙʦʢʦʤ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʠ, ʪʘʢʠʭ ʢʘʢ ʦʙʲʝʤʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʢʣʘ ʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ [101]. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʙʳʩʪʨʳʤ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ 

ʥʘ ʦʯʝʥʴ ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ [102-104], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʪʝʧʣʦʚʳʤ ʠ 
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ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤ ʛʨʘʜʠʝʥʪʘʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʟʳʚʘʝʪ ʚʷʟʢʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʧʝʨʝʜ ʜʚʠʞʫʱʝʡʩʷ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ ʪʚʝʨʜʦʝ ʪʝʣʦ - ʞʠʜʢʦʩʪʴ. ʅʘʧʨʷʞʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʦʡ ʬʘʟʳ. ʇʦ ʤʝʨʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ 

ʚʷʟʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʚʷʟʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʪʘʥʦʚʷʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʟʘʠʤʦʩʚʷʟʴ ʜʠʬʬʫʟʠʠ ʠ ʥʘʧʨʷʞʝʥʠʡ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʛʜʘ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ, 

ʜʘʣʝʢʠʭ ʦʪ ʨʘʚʥʦʚʝʩʥʳʭ.  

ɺ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ ʦʙʨʘʱʸʥʥʳʝ ʢ ʧʣʘʟʤʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʝ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʪʦʢʦʚ ʚʦʜʦʨʦʜʥʦʡ 

ʧʣʘʟʤʳ [105]. ʊʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʚʳʟʳʚʘʝʪ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʘʞʝ 

ʩʧʦʩʦʙʥʘ ʧʨʠʚʝʩʪʠ ʢ ʫʩʪʘʣʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʨʝʱʠʥ [106]. ɸ 

ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠʟ ʧʣʘʟʤʳ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʘʤʝʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ 

ʤʘʪʝʨʠʘʣʝ ʦʙʦʣʦʯʢʠ [107]. ɺʣʠʷʥʠʝ ʪʘʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʠʯʝʩʢʠʤʠ 

ʚ ʩʣʫʯʘʝ ʧʦʢʨʳʪʠʡ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʢʪʦʨʘ. ʆʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʭʨʘʥʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, 

ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʥʠʢʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʯʝʨʝʟ ʣʶʙʳʝ 

ʤʘʪʝʨʠʘʣʳ (ʠʟ-ʟʘ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʘʪʦʤʘ) [108]. ʄʝʪʦʜ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ 

ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʠʜʝ ʛʠʜʨʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʣʠ ʩʧʣʘʚʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʘ 

ʧʨʠ ʜʝʩʦʨʙʮʠʠ ʚʳʜʝʣʷʝʪʩʷ ʯʠʩʪʳʡ ʚʦʜʦʨʦʜ [109]. ʅʘ ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʚʦʜʦʨʦʜʘ ʚ ʩʧʣʘʚʝ ï ʥʘʢʦʧʠʪʝʣʝ ʚʦʜʦʨʦʜʘ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʦʜʦʨʦʜʘ, ʥʦ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʨʘʩʰʠʨʝʥʠʝʤ ʨʝʰʝʪʢʠ ʩʧʣʘʚʘ ʘʪʦʤʘʤʠ 

ʚʦʜʦʨʦʜʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʩʭʦʜʷʱʘʷ ʜʠʬʬʫʟʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʚʦʜʦʨʦʜ ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ ʩʯʝʪ 

ʥʘʧʨʷʞʝʥʠʷ [110, 111]. 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʣʘʟʤʝʥʥʦʝ ʘʟʦʪʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ (ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ) 

ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʨʝʜʥʳʭ ʠʦʥʦʚ 
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ʤʝʪʘʣʣʦʚ (ʥʘʧʨʠʤʝʨ, Cr ʠ Co) ʠʟ ʨʷʜʘ ʤʝʜʠʮʠʥʩʢʠʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʳʟʳʚʘʪʴ ʢʘʥʮʝʨʦʛʝʥʥʳʡ ʵʬʬʝʢʪ ʠ ʥʝ ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʦʨʛʘʥʠʟʤʦʤ [112, 113]. ɺʢʣʶʯʝʥʠʝ ʘʟʦʪʘ ʚ ʠʩʭʦʜʥʫʶ ʨʝʰʝʪʢʫ ʥʘ 

ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʚʷʟʘʥʦ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʨʝʰʝʪʢʠ ʩʧʣʘʚʘ ʠ ʘʥʦʤʘʣʴʥʦʡ 

ʜʠʬʬʫʟʠʝʡ ʘʟʦʪʘ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ CoCr [114, 115] ʠ ʚ ʩʪʘʣʷʭ [116]. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʳʩʦʢʠʭ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ [117]. ʅʘʧʨʷʞʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ, ʚʣʠʷʶʪ ʥʘ 

ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ ʘʟʦʪʘ ʯʝʨʝʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʣʦʡ [118], ʪ.ʝ. ʛʨʘʜʠʝʥʪ 

ʥʘʧʨʷʞʝʥʠʡ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʜʚʠʞʫʱʫʶ ʩʠʣʫ ʜʣʷ ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ ʘʟʦʪʘ 

ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ [119]. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʨʝʰʝʪʢʠ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩʧʣʘʚʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʠʣʠ ʚʩʧʫʯʠʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʠʟʤʝʥʝʥʠʶ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ) ʚ ʘʟʦʪʠʨʦʚʘʥʥʦʤ ʩʧʣʘʚʝ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʥʘ ʠʦʥʥʫʶ ʠʤʧʣʘʥʪʘʮʠʶ ï ʤʝʪʦʜ 

ʦʙʨʘʙʦʪʢʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ. ʅʘʧʨʷʞʝʥʠʷ ʚ ʪʘʢʠʭ 

ʧʨʠʙʦʨʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʠʭ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ [120]. ɹʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʠʶ ʩʠʣʴʥʦʪʦʯʥʳʭ ʠʤʧʣʘʥʪʝʨʦʚ ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʚʚʝʜʝʥʠʝ ʧʨʠʤʝʩʠ ʥʝ ʪʦʣʴʢʦ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʥʦ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʪʝʣ [121]. ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠ ʯʘʩʪʦʪʦʡ ʠʤʧʫʣʴʩʦʚ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʯʘʩʪʠʮ, ʩʦʩʪʘʚʦʤ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʧʦʪʦʢʦʚ 

ʠ ʧʣʘʟʤʳ, ʪʘʢ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɺ ʦʩʥʦʚʥʦʤ, ʦʙʨʘʙʦʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ 

ʜʦʩʪʠʛʘʝʪʩʷ ʙʳʩʪʨʳʤ ʥʘʛʨʝʚʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʠ ʙʳʩʪʨʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ [122]. ʅʦ ʚ 

ʨʘʙʦʪʝ [123] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʠ ʦʙʲʝʤʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʫʯʢʘʤʠ ʚ ʨʝʞʠʤʝ ʦʪʩʫʪʩʪʚʠʷ ʧʣʘʚʣʝʥʠʷ, ʪ.ʝ. ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʩʨʘʚʥʠʤʳʭ ʩ ʢʦʤʥʘʪʥʦʡ). ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʫʞʝ ʥʘʙʣʶʜʘʶʪʩʷ 
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ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚʝʜʫʪ ʂʨʠʚʦʙʦʢʦʚ ɺ.ʇ., ʐʘʨʢʝʝʚ ʖ.ʇ., ʂʦʤʘʨʦʚ ʌ.ʌ., ʂʦʚʘʣʴ 

ʅ.ʅ., ɹʘʷʥʢʠʥ ɺ.ʗ., ʄʘʨʢʦʚ ɸ.ɹ., ʇʦʛʨʝʙʥʷʢ ɸ.ɼ., Alves E., Li Liuhe, ʋʛʣʦʚ ɺ.ɺ., 

Mattinen M. ʠ ʜʨ.  

ʌʦʨʤʠʨʫʝʤʳʝ ʧʨʠ ʠʤʧʣʘʥʪʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʩʪʘʪʠʯʝʩʢʠʤʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ. ɹʦʤʙʘʨʜʠʨʦʚʢʘ ʠʦʥʥʳʤ ʧʫʯʢʦʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʘʪʝʨʠʘʣʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʘ ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʠʦʥʥʦʛʦ 

ʧʫʯʢʘ [124]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʳʩʦʢʦʜʦʟʦʚʦʡ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ, ʜʦʩʪʠʛʘʶʪ 

ʚʝʣʠʯʠʥ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʜʦʩʪʘʪʦʯʥʳʭ 

ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʥʘʢʦʧʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʚ ʧʦʜʩʣʦʝ ʤʠʰʝʥʠ [125]. 

ɺʥʝʜʨʝʥʠʝ ʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʝʬʝʢʪʦʚ. ɺʳʙʠʪʳʝ ʠʟ ʫʟʣʦʚ ʨʝʰʸʪʢʠ ʘʪʦʤʳ ʦʙʣʫʯʘʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʘʢʘʥʩʠʡ ʠ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɸʪʦʤʳ ʠʤʧʣʘʥʪʘʥʪʘ ʦʙʨʘʟʫʶʪ ʜʝʬʝʢʪʳ ʚʥʝʜʨʝʥʠʷ. ʉʦʚʦʢʫʧʥʦʩʪʴ 

ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ ʦʙʨʘʟʫʝʪ ʜʠʩʣʦʢʘʮʠʠ ʠ ʮʝʣʳʝ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʢʦʧʣʝʥʠʷ [121]. 

ɻʣʫʙʠʥʘ, ʥʘ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚʘʢʘʥʩʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʛʣʫʙʠʥʫ, 

ʥʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʘʢʘʥʩʠʡ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ [126].  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ [127]. ʂʨʦʤʝ 

ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʥʘʛʨʝʚ, ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʪ.ʜ., ʚ ʤʦʤʝʥʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʠʰʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʛʝʥʝʨʘʮʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ï ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ [128, 129]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʦʣʴ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘ ʘʥʘʣʠʟ 

ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʰʣʠʬʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʝʩʪʴ 

ʨʝʟʫʣʴʪʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʝʱʝ ʠ ʚ ʪʦʤ, ʯʪʦ 
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ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʯʘʩʪʠʮ, ʧʨʦʪʝʢʘʶʪ ʥʘ 

ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ ʩʨʘʚʥʠʤʳʭ ʩʦ ʚʨʝʤʝʥʘʤʠ ʨʝʣʘʢʩʘʮʠʠ (tD å 10
-10

-10
-12

 c). ʕʪʦ 

ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ ʧʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɸ ʧʨʦʮʝʩʩʳ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʜʠʬʬʫʟʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʠ ʚʨʝʤʝʥʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ, 

ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʥʘ ʧʦʨʷʜʢʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʩʚʷʟʘʥʥʦʡ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ 

ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ, ʵʪʦʪ ʚʦʧʨʦʩ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚ [130]. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʩʝʭ ʝʛʦ ʩʪʘʜʠʷʭ, ʠʟʫʯʠʪʴ ʨʦʣʴ ʢʘʞʜʦʛʦ 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʷʚʣʝʥʠʷ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʠʥʪʝʨʝʩʫʝʤʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʟʥʳʝ ʘʚʪʦʨʳ ʫʜʝʣʷʶʪ ʚʥʠʤʘʥʠʝ 

ʨʘʟʣʠʯʥʳʤ ʩʪʦʨʦʥʘʤ ʧʨʦʮʝʩʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʧʨʠʜʘʚʘʷ ʟʥʘʯʝʥʠʷ ʩʦʚʤʝʩʪʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʨʘʟʥʳʭ ʷʚʣʝʥʠʡ. ɺ [127, 128] 

ʠʟʫʯʘʶʪʩʷ ʫʧʨʫʛʠʝ ʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ 

ʙʳʩʪʨʦʛʦ ʚʚʦʜʘ ʵʥʝʨʛʠʠ ʚ ʚʝʱʝʩʪʚʦ ʚ ʫʩʣʦʚʠʷʭ ʦʙʣʫʯʝʥʠʷ, ʥʦ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʚ 

ʵʪʠʭ ʨʘʙʦʪʘʭ ʦʩʪʘʝʪʩʷ ʙʝʟ ʚʥʠʤʘʥʠʷ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʤʦʫʧʨʫʛʠʭ ʚʦʣʥ, ʚʳʟʚʘʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʚʷʟʘʥʥʳʝ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʠ 

ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʝ 

ʧʨʦʮʝʩʩʳ ʨʘʟʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ɺ ʨʘʙʦʪʘʭ [129, 131, 132], ʥʘʧʨʠʤʝʨ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʵʚʦʣʶʮʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʫʯʢʦʚ ʯʘʩʪʠʮ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʤʝʪʘʣʣʘ, ʥʦ ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʯʘʩʪʠʮ (ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʦʙʨʘʙʦʪʢʠ) 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ɺ [133, 134] ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʝʡ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʣʫʯʘʝʤʦʡ ʤʠʰʝʥʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʫʶʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʟʚʫʢʘ ʫʜʘʨʥʫʶ ʚʦʣʥʫ, ʘ ʪʘʢʞʝ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʙʣʠʟʠ ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 
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ʥʝʦʜʥʦʨʦʜʥʳʤ ʧʦ ʦʙʲʝʤʫ ʧʦʣʝʤ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʨʘʙʦʪʝ [135] ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʦʜʠʥ ʧʝʨʝʢʨʝʩʪʥʳʡ ʵʬʬʝʢʪ ï ʧʝʨʝʥʦʩ ʤʘʩʩʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʷʟʢʦʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʦʜʥʘʢʦ ʧʨʦʮʝʩʩ 

ʧʦʣʘʛʘʝʪʩʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ (ʨʠʩ. 1.1). 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʥʘʩʳʱʝʥʠʠ ʩʚʦʙʦʜʥʦʡ ʦʪ ʥʘʛʨʫʟʦʢ ʪʦʣʩʪʦʡ ʧʣʘʩʪʠʥʳ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ 

ʚʩʣʝʜʩʪʚʠʝ ʜʠʬʬʫʟʠʠ ʵʣʝʤʝʥʪʦʚ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʣʠ ʧʨʠ ʥʘʛʨʝʚʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦʡ ʧʣʘʩʪʠʥʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ [136]. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʂ ʟʘʜʘʯʝ ʦ ʥʘʧʨʷʞʝʥʠʷʭ ʚ ʧʣʘʩʪʠʥʝ 

 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

()xyyzz s=s=s , 

0=s=s=s=s yzxzxyxx . 

ʀʟ ʫʩʣʦʚʠʡ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʦʩʪʘʶʪʩʷ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʫʨʘʚʥʝʥʠʷ 

()x
x

yyzz e=e=e=
µ

eµ
,0

2

2

. 

ɿʥʘʯʠʪ, 

21 ʩxʩ +=e , 

ʛʜʝ c1, c2 ï ʢʦʥʩʪʘʥʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ʊʦʛʜʘ ʠʟ (1.51) ʠʤʝʝʤ 

( )[ ],22 Kwxx -e+el+me=s
 

( )[ ].220 Kwxxxx -e+el+me=  

ʇʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʘʝʪ 
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 ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. 

ʊʦʛʜʘ ( )21
113

ʩxʩ
EEw

+
n-

+
n-

-=s , ʛʜʝ ɽ ï ʤʦʜʫʣʴ ʖʥʛʘ.  

ʂʦʥʩʪʘʥʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘʭʦʜʠʤ ʠʩʭʦʜʷ ʠʟ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʩʣʦʚʠʡ: 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʝ ʫʩʠʣʠʝ ʧʦ ʢʦʥʪʫʨʫ ʧʣʘʩʪʠʥʳ ʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʡ ʤʦʤʝʥʪ ʩʠʣ 

ʨʘʚʥʳ ʥʫʣʶ: 
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xdxx  

ʊʦʛʜʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 
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ʀ ʜʘʣʝʝ ʥʘʭʦʜʠʤ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ 

ʦʪʣʠʯʥʳʝ ʦʪ ʥʫʣʷ.  

ʇʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ 

ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ, ʧʦʜʦʙʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʥʝ ʛʦʜʷʪʩʷ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. 
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1.4 ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ ʠ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ï ʟʘʜʘʯʘ ʜʘʣʝʢʦ ʥʝ ʥʦʚʘʷ. ʅʦ ʪʘʢ ʢʘʢ ʚʦ 

ʚʩʝʭ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʨʘʙʦʪʘʭ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ 

ʜʠʬʬʫʟʠʠ, ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ, ʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʝʣʴʟʷ 

ʥʘʟʚʘʪʴ ʠʩʯʝʨʧʳʚʘʶʱʠʤʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʯʘʱʝ ʨʘʟʥʳʝ ʘʚʪʦʨʳ ʧʨʦʩʪʦ ʨʝʰʘʶʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʘʢʠʤ-ʪʦ ʨʝʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ. ɸ 

ʧʦʥʠʤʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʥʘʧʨʷʞʝʥʠʡ ʚʦ ʚʨʝʤʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʣʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʩ ʪʚʝʨʜʳʤ ʪʝʣʦʤ, ʨʘʟʥʳʝ 

ʘʚʪʦʨʳ ʫʜʝʣʷʶʪ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʤ ʩʪʦʨʦʥʘʤ ʧʨʦʮʝʩʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʠʜʘʚʘʷ ʟʥʘʯʝʥʠʷ ʩʦʚʤʝʩʪʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʨʘʟʥʳʭ 

ʷʚʣʝʥʠʡ. ɸʚʪʦʨʳ ʤʥʦʛʠʭ ʨʘʙʦʪ ʧʨʠ ʨʝʰʝʥʠʠ ʯʘʩʪʥʳʭ ʟʘʜʘʯ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʚʦʣʥ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ ʠ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ 

ʧʨʠʙʣʠʞʝʥʠʷʤʠ. ʊʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʤʦʜʝʣʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʩʚʷʟʘʥʥʳʝ (ʪ.ʝ. ʘʚʪʦʨʳ ʨʝʰʘʶʪ ʜʠʬʬʫʟʠʦʥʥʫʶ ʟʘʜʘʯʫ, ʘ ʟʘʪʝʤ 

ʥʘʭʦʜʷʪ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ). ʅʦ ʪʘʢ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʣʶʙʦʡ 

ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʚʤʝʩʪʥʦ ʧʨʦʪʝʢʘʶʱʠʤʠ 

ʷʚʣʝʥʠʷʤʠ, ʪʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʚʷʟʘʥʥʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ 

ʚʟʘʠʤʦʩʚʷʟʴ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʣʝʡ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʦʩʠʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʠʪʦʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʝʜʨʷʝʤʦʡ ʧʨʠʤʝʩʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦʩʪʠʛʘʶʪ 

ʚʝʣʠʯʠʥ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʇʦʵʪʦʤʫ 

ʨʘʟʨʘʙʦʪʢʘ ʩʚʷʟʘʥʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʥʥʦ ʥʘʯʘʣʴʥʦʛʦ 

ʵʪʘʧʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ 

ʜʠʬʬʫʟʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʂʨʦʤʝ ʵʪʦʛʦ, 
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ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʢʘʞʜʳʡ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʮʝʩʩ 

ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ. 
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2 ʆɹʑɸʗ ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 

2.1 ʆʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ 

ʀʦʥʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʢʘʢ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ. 

ʀʤʧʣʘʥʪʠʨʫʝʤʳʝ ʯʘʩʪʠʮʳ ʨʘʟʛʦʥʷʶʪʩʷ ʚ ʫʩʢʦʨʠʪʝʣʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝʤ ʠ 

ʚʥʝʜʨʷʶʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ. ʇʨʠʯʝʤ ʠʦʥʳ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʤʘʩʩʘʤ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʯʠʩʪʦʪʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʯʘʩʪʠʮʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʷʜʨʘʤʠ ʧʦʜʣʦʞʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʝʨʷʶʪ 

ʵʥʝʨʛʠʶ ʠ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʠʣʠ ʥʦʚʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [121]. ɻʣʫʙʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʦʥʦʚ ʚ ʪʦʣʱʫ ʦʙʨʘʟʮʘ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʵʥʝʨʛʠʠ, ʤʘʩʩʳ, 

ʜʦʟʳ, ʘ ʪʘʢʞʝ ʦʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʘʪʦʤʦʚ ʤʠʰʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ [137]. ʇʦ ʬʦʨʤʝ ʧʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʝʜʨʸʥʥʳʭ 

ʯʘʩʪʠʮ ʙʣʠʟʦʢ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʥʦ ʯʘʱʝ ʚʩʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɻʘʫʩʩʘ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ. ɻʣʘʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ï ʵʪʦ 

ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʢʦʣʠʯʝʩʪʚʘ ʚʥʝʜʨʷʝʤʦʡ ʧʨʠʤʝʩʠ ʠ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʧʣʘʥʪʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ [138]. 

 

2.2 ʆʙʱʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ 

ʧʘʜʘʝʪ ʧʦʪʦʢ ʯʘʩʪʠʮ ï ʘʪʦʤʦʚ, ʠʦʥʦʚ, ʧʨʦʪʦʥʦʚ. ɼʦʟʘ Dos ʧʨʠ ʠʦʥʥʦʡ 

ʠʤʧʣʘʥʪʘʮʠʠ ʠʟʤʝʨʷʝʪʩʷ ʚ ʯʠʩʣʝ ʠʦʥʦʚ, ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ ʟʘ ʚʩʝ ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ï ʠʦʥ/ʩʤ
2
. ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʧʦʪʦʢʝ (Dos å 

10
14
ï10

18
 ʠʦʥ/ʩʤ

2
) ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝ ʧʦʚʝʜʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ, ʘ 

ʨʝʟʫʣʴʪʘʪ ʠʭ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ. ɽʩʣʠ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ 
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(ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ) timp ʠʟʚʝʩʪʥʦ, ʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʧʣʦʪʥʦʩʪʴ) ʧʦʪʦʢʘ 

ʯʘʩʪʠʮ, ʧʘʜʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ, ʝʩʪʴ 
impt

Dos
J =0 , ʠʦʥ/(ʩʤ

2
ʩ). ɼʣʷ ʜʦʟʳ 

ʦʙʣʫʯʝʥʠʷ 10
14
ī10

18
 ʠʦʥ/ʩʤ

2
 ʠ ʚʨʝʤʝʥʠ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ timp å 0.1ï400 ʤʢʩ [139, 

140] ʧʦʣʫʯʘʝʤ J0 å 10
17
ï10

25
 ʠʦʥ/(ʩʤ

2
ʩ). 

ʂʨʦʤʝ ʜʦʟʳ, ʦʙʣʫʯʝʥʠʝ ʯʘʩʪʠʮʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʥʝʨʛʠʝʡ, ʢʦʪʦʨʫʶ ʦʥʠ 

ʥʝʩʫʪ ʠ ʩʣʝʜʩʪʚʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʥʘʛʨʝʚ ʤʠʰʝʥʠ. ɹʝʟ ʜʦʩʪʠʞʝʥʠʷ ʧʣʘʚʣʝʥʠʷ 

ʤʠʰʝʥʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ɟE ʚ ʠʤʧʫʣʴʩʝ ʦʪ 0.1 ʜʦ 10 ɼʞ/ʩʤ
2
 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʪʦʢ 

ʪʝʧʣʘ 
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0 1010 -=
r
=

imp

E

t
q  ɼʞ/(ʩʤ

2
ʩ). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʙʝʛʦʚ ʠʦʥʦʚ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʤʠʰʝʥʠ ʠ ʪ.ʧ. ʟʘʨʷʜʦʤ ʯʘʩʪʠʮ ʧʨʝʥʝʙʨʝʛʘʶʪ. ʋʯʠʪʳʚʘʝʪʩʷ ʣʠʰʴ 

ʘʪʦʤʥʳʡ ʥʦʤʝʨ, ʤʘʩʩʘ ʯʘʩʪʠʮ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ. ɺ ʤʦʜʝʣʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ, ʤʳ ʪʘʢʞʝ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʯʘʩʪʠʮʳ ʪʝʨʷʶʪ ʟʘʨʷʜ, ʠ ʜʘʣʝʝ ʠʜʝʪ ʚʥʝʜʨʝʥʠʝ ʯʘʩʪʠʮ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

ʤʠʰʝʥʠ ʙʣʘʛʦʜʘʨʷ ʨʘʟʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤ ʤʝʞʜʫ 

ʩʦʙʦʡ. 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʯʘʩʪʠʮʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʝʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʧʨʫʛʠʭ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʜʣʦʞʢʠ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʤʠʰʝʥʴ ʚʦʟʜʝʡʩʪʚʫʝʪ ʠ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʝʩʪʴ ʩʣʝʜʩʪʚʠʝ 

ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʯʘʩʪʠʮ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦʪʦʢ ʦʩʘʞʜʘʝʤʳʭ 

ʯʘʩʪʠʮ ʥʝʩʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ [141] 

m

NZm
koef

m
Q

ɸdep
ʢʠʥ

r
==

2

v

2

v 22

, 

ʛʜʝ m ï ʤʘʩʩʘ ʦʩʘʞʜʘʝʤʦʛʦ ʘʪʦʤʘ; v ï ʝʛʦ ʩʢʦʨʦʩʪʴ; Zdep ï ʪʦʣʱʠʥʘ ʦʩʘʞʜʝʥʥʦʛʦ 

ʩʣʦʷ (ʪʝʤʧ ʦʩʘʞʜʝʥʠʷ, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʦʩʘʞʜʘʝʤʦʛʦ ʟʘ ʦʜʠʥ ʠʤʧʫʣʴʩ), 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ, ʥʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ [142, 143]; ɟ ï ʧʣʦʪʥʦʩʪʴ ʦʩʘʞʜʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ; NA ï ʯʠʩʣʦ 

ɸʚʦʛʘʜʨʦ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ ʪʨʠ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʫʧʨʫʛʦʡ ʠ ʪʝʧʣʦʚʦʡ ʚʦʣʥ ʠ 

ʧʝʨʝʥʦʩ (ʚʢʣʶʯʘʶʱʠʡ ʜʠʬʬʫʟʠʶ) ʚʥʝʜʨʷʝʤʦʡ ʧʨʠʤʝʩʠ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʩʣʝʜʩʪʚʠʝ 

ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʨʘʟʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ, ʘʥʘʣʦʛʠʯʥʦ ʨʘʟʜʝʣʫ 1.2.1, ʥʘʤ ʧʦʪʨʝʙʫʶʪʩʷ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ 

ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʤʘʩʩʳ ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ. ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ï ʯʘʩʪʥʳʡ ʚʘʨʠʘʥʪ ʫʨʘʚʥʝʥʠʷ 

ʙʘʣʘʥʩʘ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ï ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ: 

vůÖÐÖ+=r A
dt

du
,      (2.1) 

ʛʜʝ ä
=

Ö+Ö-Ð=
n

k

kkTA
1

JFJ , 
T

J  ï ʧʦʪʦʢ ʪʝʧʣʘ; 
k

J  ï ʧʦʪʦʢ ʢʦʤʧʦʥʝʥʪʘ k; 
k

F  ï 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʚʥʝʰʥʠʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʦʤʧʦʥʝʥʪʫ ʩ ʥʦʤʝʨʦʤ k; v  

ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʪʦʯʝʢ ʩʨʝʜʳ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʟʣʦʞʝʥʠʷ ʚʩʧʦʤʥʠʤ, ʢʘʢ ʚʳʛʣʷʜʠʪ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʧʨʦʩʪʦʡ ʩʨʝʜʳ (ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʶʪ ʩʨʝʜʫ 

ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʠʭ ʧʦʣʝʡ [144], [145]). ʆʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʠʟ (2.1). ɽʩʣʠ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ï ʰʘʨʦʚʦʡ ( 0=e
S ), ʪʦ 

ʚʤʝʩʪʦ ʫʨʘʚʥʝʥʠʷ ɻʠʙʙʩʘ (1.32) ʠʤʝʝʤ 

Tdsdpdu e +g-=  ʠʣʠ sTpu e ### +g-= ,      (2.2) 

ʛʜʝ ɔ ï ʣʦʢʘʣʴʥʳʡ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ, ʘ ʪʦʯʢʘ ʥʘʜ ʩʠʤʚʦʣʦʤ ʦʟʥʘʯʘʝʪ ʧʦʣʥʫʶ 

ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʚʨʝʤʝʥʠ. ʇʦʜʩʪʘʚʣʷʷ (2.2) ʚ (2.1), ʥʘʡʜʝʤ 

( ) vJ ÖÐ-Ö-Ð=g-r e
T

e ppsT ## . 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ 

0=ÖÐr+r v# , 

ʦʪʢʫʜʘ vÖ-Ð=rr# , ʠ ʪʦʞʜʝʩʪʚʦ 
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r
r
-=

r
=g ##

2

11

dt

d
, 

ʥʘʡʜʝʤ  

T
dt

ds
TsT JÖ-Ð=r=r# .               (2.3) 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʛʘʟʦʚ, ʥʝʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʝʨʜʳʭ ʪʝʣ ʩ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʪʝʥʟʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ. ʇʝʨʚʦʝ 

ʫʨʘʚʥʝʥʠʝ (1.44) ʚ ʵʪʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

llTT dKTdCds era+= -
e

13ln  

ʠʣʠ 

llTTKT
T

C
s era+= -e ### 13 . 

ʊʘʢ ʢʘʢ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʩʨʝʜʳ 0=ÖÐ=e vll# , ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʜʝʤ ʢ 

ʫʨʘʚʥʝʥʠʶ 

T
dt

dT
ʉ JÖ-Ð=rg ,           (2.4) 

ʛʜʝ ʉɔ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ. 

ɼʣʷ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʨʝʜʳ ʠʟ (1.32) ʩʣʝʜʫʝʪ: 

ä
=

- +
e

rs+=
n

k

k
k

ije
ij

dt

dC
g

dt

d

dt

ds
T

dt

du

1

1 . 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʚ (2.1) ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʚʥʝʰʥʠʭ 

ʤʘʩʩʦʚʳʭ ʩʠʣ, ʥʘʭʦʜʠʤ 

vůJ ÖÐÖ+Ö-Ð=r+
e

s+r ä
=

T

n

k

k
k

ije
ij

dt

dC
g

dt

d

dt

ds
T

1

 

ʠʣʠ 

j

i
ijTl

l

n

k

k
k

ije

ij
x

J
xdt

dC
g

dt

d

dt

ds
T

µ

µ
s+

µ

µ
-=r+

e
s+r ä

=

v

1

. 

ɺ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʚʪʦʨʳʝ ʩʣʘʛʘʝʤʳʝ ʚ ʣʝʚʦʡ ʠ 

ʧʨʘʚʦʡ ʯʘʩʪʷʭ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʟʘʠʤʥʦ ʫʥʠʯʪʦʞʘʶʪʩʷ. ʀʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(1.44) ʩʣʝʜʫʝʪ 
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ä
=

-e +
e

ra+=
n

k

k
k

ll
TT

dt

dC
s

dt

d
K

dt

dT

T

C

dt

ds

1

13 . 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠʤʝʪ ʚʠʜ 

ä
=

e r-Ö-Ð=
e

a+r
n

k

k
kT

ll
TT

dt

dC
h

dt

d
TK

dt

dT
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ʛʜʝ kkk Tsgh +=  ï ʫʞʝ ʠʟʚʝʩʪʥʳʝ ʧʘʨʮʠʘʣʴʥʳʝ ʵʥʪʘʣʴʧʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ʇʨʠ ʥʘʣʠʯʠʠ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʪʦʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ, ʚ 
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ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (1.30) ʙʝʟ ʫʯʝʪʘ ʚʥʝʰʥʠʭ ʩʠʣ, ʥʦ ʩ ʫʯʝʪʦʤ ʩʠʣ ʠʥʝʨʮʠʠ 
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ʇʦʪʦʢʠ ʪʝʧʣʘ ʠ ʧʦʪʦʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ (2.6) ʠ (2.7) ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʠʷ. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ [146] ʫʨʘʚʥʝʥʠʷ 
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ʉʜʝʣʘʝʤ ʥʝʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦʙʳ ʩʚʷʟʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʥʦʩʘ 

ʩ ʠʟʤʝʨʷʝʤʳʤʠ (ʠʣʠ ʥʘʙʣʶʜʘʝʤʳʤʠ) ʚʝʣʠʯʠʥʘʤʠ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ [148, 149, 150]. 
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ʇʨʠ ʦʧʠʩʘʥʠʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʜʠʬʬʫʟʠʠ ʚʚʦʜʷʪ ʪʝʧʣʦʪʳ ʧʝʨʝʥʦʩʘ ʧʦ 

ʬʦʨʤʫʣʘʤ [146, 151] 
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ɺ ʩʠʣʫ ʩʚʦʡʩʪʚ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʆʥʟʘʛʝʨʘ ʵʪʘ ʩʠʩʪʝʤʘ ʠʤʝʝʪ 
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ɼʘʣʝʝ ʨʘʙʦʪʘʝʤ ʩ ʧʨʠʙʣʠʞʝʥʠʝʤ ʠʜʝʘʣʴʥʦʛʦ ʠʣʠ ʩʣʘʙʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʩ 

ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʦʡ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʘʙʦʪʦʡ [150]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʥʟʦʨ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠʤʝʝʪ ʚʠʜ 

()
ilk

k
il da=a , 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʠʜʝʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʝʩʣʠ i = j, ʪʦ gij = 1, ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ gij = 0. 

ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʥʦʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʜʣʷ ʧʦʪʦʢʘ ʪʝʧʣʘ 

( ) ( ) kk
kkkk
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kk

nk CB
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T

L
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r
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, 

r=== Tkkkkkkkqkkq SDCTQLLL 2* , 
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=

a-a=
r

a-a
==

1

1

1

1

*
n

k

nkTkkkk

n

k

nk
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T
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ʊʦʛʜʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʠʜʝʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʧʦʪʦʢʦʚ 

ij

n

k
qkj

n

j

jTq BCAT sÐ+Ð-Ðl-= ää
-

=

-

=

1

1

1

1

J ,   (2.11) 

ijkk

n

j

jkjkTkk CBCDTCD sÐ+Ð-Ðr-= ä
-

=

1

1

J .      (2.12) 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʦʜʠʬʬʫʟʠʠ ʩʚʷʟʘʥ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʉʦʨʝ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʦʥʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ä
-

=

*=
1

1

n

k

kkjj QDA . 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ kjkkkj fDD 0=  ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʚʠʩʷʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ; 
0
kkD  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʘʤʦʜʠʬʬʫʟʠʠ; fkj ï ʦʙʦʙʱʝʥʥʳʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʥʦʞʠʪʝʣʠ [34, 35]. 

ʀʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʷ (2.11), (2.12), ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʷʤ ʧʝʨʝʥʦʩʘ 

ʪʝʧʣʘ ʠ ʤʘʩʩʳ, ʜʦʧʫʩʢʘʶʱʠʤ ʙʝʩʢʦʥʝʯʥʫʶ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ. 

ʆʙʦʙʱʝʥʠʝʤ (2.11), (2.12) ʩʣʫʞʘʪ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʧʦʪʦʢʦʚ, ʚʢʣʶʯʘʶʱʠʝ 

ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ [18-26] 

dt

d
tBCAT

q
qij

n

k
qkj

n

j

jTq

J
J -sÐ+Ð-Ðl-= ää

-

=

-

=

1

1

1

1

, 

dt

d
tCBCDTCD k
Dkijkk

n

j

jkjkTkk

J
J -sÐ+Ð-Ðr-= ä

-

=

1

1

, 

ʛʜʝ tq, tDk ï ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʤʘʩʩʳ. 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʙʠʥʘʨʥʦʡ ʩʤʝʩʠ (C1+C2 =1.0, 21 JJ -= ) ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʧʦʪʦʢʦʚ, ʫʯʠʪʳʚʘʶʱʠʝ ʢʦʥʝʯʥʦʩʪʴ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ, ʧʨʠʥʠʤʘʶʪ ʚʠʜ 

dt

d
tBCAT

q
qijqTq

J
J -sÐ+Ð-Ðl-= 111 , 

dt

d
tCBCDTCD DijT

1
111111111

J
J -sÐ+Ð-Ðr-= . 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʪʚʝʨʜʳʭ ʩʨʝʜ ʢʦʵʬʬʠʮʠʝʥʪʳ ST ʤʘʣʳ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ 

ʜʣʷ ʯʘʩʪʥʦʡ ʟʘʜʘʯʠ ʧʨʝʥʝʙʨʝʞʝʤ ʧʝʨʝʢʨʝʩʪʥʳʤʠ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʉʦʨʝ, ʪʦ ʝʩʪʴ ʷʚʥʦ ʫʯʪʝʤ ʪʦʣʴʢʦ ʚʟʘʠʤʦʩʚʷʟʴ ʜʠʬʬʫʟʠʠ ʩ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʜʝʬʦʨʤʘʮʠʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʫʩʪʠʤ ʠʥʜʝʢʩʳ. ʊʦʛʜʘ 

ʫʧʨʦʱʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʦʪʦʢʦʚ ʧʨʠʤʫʪ ʚʠʜ 

dt

d
tT

q
qTq

J
J -Ðl-= ,        (2.13) 

.
dt

d
tBCCD Dij

J
J -sÐ+Ðr-=     (2.14) 

ɽʩʣʠ ʪʝʧʝʨʴ ʩʦʦʪʥʦʰʝʥʠʷ (2.13), (2.14) ʧʦʜʩʪʘʚʠʤ ʚ (2.6) ʠ (2.7), ʧʦʣʫʯʠʤ 

ʫʨʘʚʥʝʥʠʷ  

dt

d
tBCCD

dt

dC k
D

e
kk

J
ÖÐ+sD-Dr=r ,         (2.15) 

dt

d
tT

dt

d
TK

dt

dT
C

q
qT

kk
TT

J
ÖÐ+Dl=

e
a+re 3 .             (2.16) 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ (2.6) ʠ (2.7) ʧʦ ʚʨʝʤʝʥʠ t ʠ ʧʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʳʝ 

ʨʘʚʝʥʩʪʚʘ ʚ (2.15), (2.16) ʥʘʡʜʝʤ 

e
kkD BCCD

dt

Cd
t

dt

dC
sD-Dr=r+r

2

2

,         (2.17) 

T
dt

d
TtK

dt

d
TK

dt

Td
Ct

dt

dT
C T

kk
qTT

kk
TTq Dl=

e
a+

e
a+r+r ee 2

2

2

2

33 .
        

(2.18) 

 

2.2. ʇʝʨʝʭʦʜ ʢ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ 

ʩʣʝʜʫʶʱʠʝ ʫʧʨʦʱʝʥʠʷ.  

(1) ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʠ ʤʘʣʳ, ʪʦʛʜʘ  

( ) 00 exp rºe-r=r kk , 

ʪ. ʝ. ʧʣʦʪʥʦʩʪʴ ʥʝʠʟʤʝʥʥʘ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. 

(2) ʂʨʦʤʝ ʪʦʛʦ, ʩʯʠʪʘʝʤ, ʯʪʦ ʤʘʣʳ ʥʝ ʪʦʣʴʢʦ ʜʝʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʩʢʦʨʦʩʪʠ ʠ 

ʫʩʢʦʨʝʥʠʷ. ʊʦʛʜʘ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ 
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ttdt
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(3) ɽʩʣʠ ʧʨʠʨʘʱʝʥʠʷ ʤʘʣʳ, ʪʦ, ʢʘʢ ʠ ʚ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʷʭ ʪʝʨʤʦʫʧʨʫʛʦʡ 

ʜʠʬʬʫʟʠʠ, ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʧʨʠʨʘʱʝʥʠʷʭ (1.45) ʵʢʚʠʚʘʣʝʥʪʥʳ ʣʠʥʝʡʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʷʤ ʤʝʞʜʫ ʘʙʩʦʣʶʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʪ.ʝ. ʜʣʷ ʙʠʥʘʨʥʦʡ ʩʨʝʜʳ ʠʤʝʝʤ 

ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚ ʚʠʜʝ  

( ) ( )[ ]002 CCTTTllijijij -b--b-led+me=s .     (2.19) 

 (4) ʂʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʦʪʥʦʰʝʥʠʷʤ ʂʦʰʠ 

(1.3): 

ö
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æ

ç

å
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=e

i

j

j

i
ij

x

u

x

u

2

1
.           (2.20) 

(5) ʇʦʪʦʢ ʯʘʩʪʠʮ ʩʯʠʪʘʝʤ ʦʜʥʦʨʦʜʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʚʜʦʣʴ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʦʛʨʘʥʠʯʠʤʩʷ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚʘʨʠʘʥʪ ʦʜʥʦʦʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʦʪ 

ʥʫʣʷ ʦʪʣʠʯʥʘ ʪʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʘ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʠʷ 

ʧʦʪʦʢʘ ʯʘʩʪʠʮ:  

ů11 Í 0, ů22 = ů33 = 0 (Ů11 Í Ů22 = Ů33). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ (2.19) ʥʘʭʦʜʠʤ 

( ) ( )[ ]001111 CCTTE Tkk -aD--a-e=s=s ,        (2.21) 

ʛʜʝ ȹŬ = (Ŭ ï Ŭ0) ï ʨʘʟʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʚʥʝʜʨʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ Ŭ ʠ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ Ŭ0. 

ʊʦʛʜʘ  

dt

d
tBCCD D

J
J -sÐ+Ðr-= 11

    
 (2.22) 

ʠʣʠ ( ) .11
dt

d
tBCETBCECEBCD DT

J
J -eÐ+Ða-ÐaD+r-=

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʚʥʝʜʨʝʥʠʷ ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʦʜʥʦʛʦ ʩʦʨʪʘ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ ʜʨʫʛʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ:  
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ɻʨʘʥʠʯʥʳʝ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʮʝʩʩʫ ʦʙʨʘʙʦʪʢʠ 

ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʤʘʩʩʳ. 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ ʞʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʝʩʪʴ 

ʨʝʟʫʣʴʪʘʪ ʜʠʩʩʠʧʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

x = 0: ()tmj= 0J ; ()tqq j= 0J ; (),0 tjs=s  

¤­x : C=C0; ů = 0,          (2.26) 

t = 0: C = C0; 0=s ; 0TT= ; 0=
µ

µ

t

C
; 0=
µ

µ

t

T
; ,0=
µ

sµ

t  

ʛʜʝ ( )[ ]ʩʤʢʛ/20 =r¡º vm , r¡ ï ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʚ ʧʦʪʦʢʝ; v ï ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ; 

[ ]ʇʘ/2
00 =rºs m ; ( )[ ]ʩʤɼʞ/

2

2
2

0 =
¡

º koef
vm

q , m¡ ï ʤʘʩʩʘ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠʮʳ ʚ 

ʧʦʪʦʢʝ, ʦʧʨʝʜʝʣʝʥʠʝ koef ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ [142, 143]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʝʩʣʠ ʫʚʝʣʠʯʠʚʘʝʤ ʤʘʩʩʫ ʯʘʩʪʠʮ, ʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʟʘ, ʘ ʝʩʣʠ ʯʘʩʪʠʮʳ 

ʜʚʠʞʫʪʩʷ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʪʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʧʦʪʝʨʠ. 

ʌʫʥʢʮʠ ̫ ()tj  ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʦʙʣʫʯʝʥʠʷ) ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʯʘʩʪʠʮ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ.  

 

2.3 ʇʨʦʩʪʝʡʰʠʝ ʧʨʠʙʣʠʞʝʥʠʷ 

2.3.1 ʃʠʥʝʘʨʠʟʘʮʠʷ 

ʃʠʥʝʘʨʠʟʘʮʠʷ ʟʘʜʘʯʠ (2.23)-(2.26) ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: 

;
*t

t
=t  ;

*x

x
=x  ;

*s

s
=S  ;

0*

0

TT

TT

-

-
=Q  ,

*e

e
=e    (2.27) 
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ʛʜʝ *t , 
*

x , 
*
s, 

*
T , 

*
e ï ʤʘʩʰʪʘʙʳ ʜʣʷ t, x, ů, T, Ů ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʧʝʨʝʭʦʜ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

ʇʦʜʩʪʘʚʣʷʷ (2.27) ʚ (2.23)-(2.25), ʧʦʣʫʯʘʝʤ 

()()
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ù
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é
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=
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CfFLe

CC
D 2
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, (2.28) 
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µ SCS
,      (2.29) 
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c+Qw-

xµ

Qµ
=
tµ
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qq 2

2

2

2

,     (2.30) 

ʛʜʝ ŰD, Le, M, ɔ, ɤ, ɢ, Űq ï ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʘʭ [130, 152, 153, 

154]. 

ʊʝʧʝʨʴ ʣʠʥʝʘʨʠʟʫʝʤ ʟʘʜʘʯʫ; ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʤ 

( )
( )

,1
0*

*

TT

T

-
=c+ºc+Q  () ,1ºQF  ()() ,1ºQ CfF  () .*CCF ºQ  

ʊʦʛʜʘ, ʚʚʦʜʷ ʦʙʦʟʥʘʯʝʥʠʷ  

( )c+w=w 10  ʠ ( )2* 1/ c+=b Mʉ  

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ 
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ʕʪʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʫʞʝ ʣʠʥʝʡʥʘʷ, ʥʦ ʦʩʪʘʝʪʩʷ ʩʚʷʟʘʥʥʦʡ. ʆʜʠʥ ʝʝ 

ʯʘʩʪʥʳʡ ʚʘʨʠʘʥʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʷʟʘʥʥʦʡ ʪʝʦʨʠʠ ʦʙʦʙʱʝʥʥʦʡ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ  

,
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qq        (2.31) 
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ʚʪʦʨʦʡ ï ʩʚʷʟʘʥʥʦʡ ʪʝʦʨʠʠ ʦʙʦʙʱʝʥʥʦʡ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ 

,
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tµ

µ
g+

tµ

µ SCS
. 

ʇʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (2.31) ʠ (2.32) ʨʘʟʣʠʯʥʳ, ʯʪʦ ʛʦʚʦʨʠʪ, ʯʪʦ ʧʦʣʥʦʡ 

ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ ʩʚʷʟʘʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʥʝʪ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʩʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (
0 0w =) ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʳ.  

 

2.3.2 ʇʨʠʙʣʠʞʝʥʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ɹʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ (2.31) ʠ (2.32) ʚ ʚʠʜʝ [153, 155] 

( )0exp ,i kQ=q -Wt+ x
 

( )0expS s i k= -Wt+ x,
 

( )0exp ,C c i k= -Wt+ x
 

( )0exp ,S s i k= -Wt+ x 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ 
0W  ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ; ,k i=-k+ d 0,k>  k ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʟʘʪʫʭʘʥʠʷ; d ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ; ,c s ʠ q ï ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. ɽʩʣʠ 
0 0w =, ʚ 

ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ ʥʝʟʘʚʠʩʠʤʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʥʝʟʘʪʫʭʘʶʱʝʡ ʜʠʥʘʤʠʢʠ (0k=): 

0,d=°W
 

Wt°=d q

 

ʠ 
0,d=°W

 
.D

Le

t
d=° W 

ɺ ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯʘʭ ʩʠʪʫʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ.  

ɺ ʟʘʜʘʯʝ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʫʩʣʦʚʠʝ ʨʘʟʨʝʰʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʘʤʧʣʠʪʫʜ ʧʨʠʚʝʜʝʪ ʢ ʩʠʩʪʝʤʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

( ) ( ) 0621 2422

0

22222

00

4

0 =d+k+dk-Wkd+d-k+td-ktW+w-tW qqq , 

( ) ( ) ( ) .044121 3322

0

2

00

3

0 =kd+dk-d-kW+t+Wkd-w-W q    (2.33) 

ʆʛʨʘʥʠʯʠʤʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ ʨʝʰʝʥʠʝʤ. ʇʦʣʘʛʘʷ, ʯʪʦ ɤ0<<1, ʙʫʜʝʤ ʠʩʢʘʪʴ 

ʦʜʥʦ ʠʟ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (2.33), ʚ ʚʠʜʝ 

( )20 0 0 ,Od=°W +aw + w

 
( )20 0 .Ok=ew + w 
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ʇʦʜʩʪʘʚʣʷʷ ʧʦʩʣʝʜʥʝʝ ʚ (2.33), ʥʘʡʜʝʤ ʩʠʩʪʝʤʫ ʜʚʫʭ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a ʠ e. ʊʦʛʜʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʘʣʳʭ ʩʣʘʛʘʝʤʳʭ ʧʦʣʫʯʠʤ 

( )
[ ]( )22
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112

1

q

qq

t-W+

W-t-tW
w+Wºd , 

( )22

0

2
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11 qt-W+

W
wºk . 

ʀʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ (2.32) ʥʘʭʦʜʠʤ: 

( )( ) ( )
2

4 2 2 2 2 2 2 2 2

0 0 0 02 4 0,D DLe Le Le LeW t +W +t -g w b k -d + kdW + k -d - k d = 

( ) ( ) ( )3 2 2 2 2 2 2

0 0 0 02 2 2 4 0.DLe Le LeW -W - dkg w b+ kd +t kd +W k -d - kd k -d = 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 
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[ ]( )22
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ʅʘ ʨʠʩʫʥʢʝ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ŭ 

ʦʪ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ɋ (ʨʠʩ. 2.1, ʘ, ʙ) ʠ ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ə ʦʪ ʯʘʩʪʦʪʳ ɋ (ʨʠʩ. 

2.1, ʚ, ʛ) ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ qD tt, .  
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ʈʠʩʫʥʦʢ 2.1 ï ʂʘʯʝʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʘ), (ʙ) ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ŭ ʦʪ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ ɋ; (ʚ), (ʛ) ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ə ʦʪ ʯʘʩʪʦʪʳ ɋ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ 

ŰD, Űq. (ʘ), (ʚ) ʟʘʜʘʯʘ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ; (ʙ), (ʛ) ʟʘʜʘʯʘ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ. (ʙ), (ʛ) 

ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ɔ = -4.3; ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ɔ = -5.3 
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ɺ ʟʘʜʘʯʝ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ 
qt; ʯʝʤ ʙʣʠʞʝ 

ʟʥʘʯʝʥʠʝ ʢ 1.0, ʪʝʤ ʙʳʩʪʨʝʝ ʟʘʪʫʭʘʶʪ ʢʦʣʝʙʘʥʠʷ. ɺ ʟʘʜʘʯʝ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʥʘ 

ʩʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʚʣʠʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 
Dt ʠ Le, ʟʘʪʫʭʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʙʳʩʪʨʝʝ ʚʩʝʛʦ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʭʘʨʘʢʪʝʨ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʠ ʜʝʢʨʝʤʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʦʜʠʥʘʢʦʚ. 

ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ɔ; ʚʦʟʤʦʞʥʳ 

ʨʘʟʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ Le ʠ ŰD. ʊ.ʝ., ʜʘʞʝ ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦ ɤ0 ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ. 

 

2.4 ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ ʠ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʜʝʪʘʣʴʥʳʡ ʚʳʚʦʜ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʫʨʘʚʥʝʥʠʡ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʝ 

ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʢʘʟʘʥʘ ʩʚʷʟʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ ʩ ʠʟʤʝʨʷʝʤʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ. ɺ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʝʪʩʷ 

ʩʚʷʟʘʥʥʦʩʪʴ ʧʦʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʚʷʟʘʥʥʦʩʪʴ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʥʝʯʥʦʩʪʴ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʤʘʩʩʳ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʩʚʷʟʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʦʩʪʘʚʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʩʚʷʟʘʥʥʦʩʪʠ ʩʚʷʟʘʥʥʳʝ ʟʘʜʘʯʠ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʠ 

ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʥʝ ʪʦʞʜʝʩʪʚʝʥʥʳ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʟʘʜʘʯ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ. 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʨʘʟʥʳʭ ʷʚʣʝʥʠʡ ʚ ʜʠʥʘʤʠʢʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ. 
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3 ʀɿʆʊɽʈʄʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʅɸʏɸʃʔʅʆʁ ʉʊɸɼʀʀ 

ʇʆɺɽʈʍʅʆʉʊʅʆʁ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃɸ ʇʆʊʆʂʆʄ ʏɸʉʊʀʎ 

3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʯʘʩʪʠʮ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʦʢ (ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʚʝʣʠʢʠ [156, 157]). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʦ ʛʦʚʦʨʠʪʴ ʦʙ 

ʫʧʨʫʛʠʭ ʚʦʣʥʘʭ, ʢʦʪʦʨʳʝ ʪʝʨʷʶʪ ʵʥʝʨʛʠʶ ʧʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʛʣʫʙʴ 

ʚʝʱʝʩʪʚʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤʠ ʚʦʣʥʘʤʠ ʠ ʚʦʣʥʘʤʠ ʜʝʬʝʢʪʦʚ. 

ʇʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʠʰʝʥʠ ʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ [66, 

158, 159], ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʚʘʨʠʘʥʪʦʤ ʪʝʦʨʠʠ 

ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ. ʇʦʣʘʛʘʝʤ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ï ʫʧʨʫʛʠʝ. ʇʨʠʥʠʤʘʝʤ ʚʩʝ ʫʧʨʦʱʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʚʳʰʝ ʚ ɻʣʘʚʝ 2 ï ʜʝʬʦʨʤʘʮʠʠ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʤʘʣʳ, ʧʦʪʦʢ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʸʥ ʧʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀ ʪʘʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ, ʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʦʙʨʘʙʦʪʢʠ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ ʜʨʫʛʦʛʦ ʩʦʨʪʘ, ʪʨʝʙʫʶʪʩʷ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (2.23) (ʥʦ ʧʨʠ ʫʩʣʦʚʠʠ T = const) ʠ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʤʘʩʩʳ 

ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ (ʚʥʝʜʨʷʝʤʳʭ ʯʘʩʪʠʮ) ʚʠʜʘ (2.24): 
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ɼʣʷ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʚʳʧʠʩʘʪʴ ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ: ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ (2.21) ʠ 

ʜʣʷ ʧʦʪʦʢʘ ʤʘʩʩʳ (2.22).  
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dt

d
tCBCD k
Dkkkkkk

J
J -sÐ+Ðr-= 11 .   (3.4) 

ʂʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

ʂʦʰʠ:  

x

u

µ

µ
=e . 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʢ (3.1), (3.2) ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

() (),,:0 2010 ttmx js=sj== J  

.0,0: =s=¤­ Cx      (3.5) 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʠʥʠʤʘʝʤ 

() () ()ttt j=j=j 21 . 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʤʝʝʤ 
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C
Ct .      (3.6) 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʣʠ ʧʨʦʩʪʝʡʰʫʶ ʩʚʷʟʘʥʥʫʶ ʥʝʣʠʥʝʡʥʫʶ ʟʘʜʘʯʫ ʫʧʨʫʛʦʡ 

ʜʠʬʬʫʟʠʠ (3.1)-(3.6) ʜʣʷ k ʢʦʤʧʦʥʝʥʪ (ʙʝʟ ʫʯʝʪʘ ʧʝʨʝʢʨʝʩʪʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ). ɼʘʣʝʝ ʚ ʧʨʦʩʪʝʡʰʝʡ ʟʘʜʘʯʝ ʧʨʠʥʠʤʘʝʤ k=1, ʪʦ ʝʩʪʴ ʠʤʝʝʤ ʧʦʪʦʢ ʯʘʩʪʠʮ 

ʦʜʥʦʛʦ ʩʦʨʪʘ ʠ ʤʘʪʝʨʠʘʣ ʤʠʰʝʥʠ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʫʜʦʙʥʝʝ ʧʝʨʝʡʪʠ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ 

ʧʝʨʝʤʝʥʥʳʤ. ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʥʦʚʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: 
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ʛʜʝ ʚʝʣʠʯʠʥʳ ʩ ʠʥʜʝʢʩʦʤ ç*è ï ʤʘʩʰʪʘʙʳ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ, ʚʨʝʤʝʥʠ, ʢʦʦʨʜʠʥʘʪʳ, 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʩʝ ʦʥʠ ʧʦʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʚʳʙʦʨ ʤʘʩʰʪʘʙʦʚ ï ʟʘʜʘʯʘ ʥʝʪʨʠʚʠʘʣʴʥʘʷ, ʪʨʝʙʫʶʱʘʷ ʚʥʠʤʘʪʝʣʴʥʦʛʦ 

ʧʦʜʭʦʜʘ. ʇʦʵʪʦʤʫ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʵʪʦʤ ʧʦʜʨʦʙʥʦ. 

ʇʦʜʩʪʘʚʣʷʷ (3.7) ʚ ʫʨʘʚʥʝʥʠʝ (3.2) ʧʦʣʫʯʘʝʤ 
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ʇʨʠʤʝʤ 
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1
2
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0
* =
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Dt
, 

ʪʦʛʜʘ ʤʘʩʰʪʘʙʳ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʨʝʤʝʥʠ ʙʫʜʫʪ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

0
** Dtx = . 

ʇʦʜʩʪʘʚʣʷʷ ʥʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʦʧʨʝʜʝʣʷʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ 

ʥʘʧʨʷʞʝʥʠʡ ʧʦʣʫʯʠʤ 
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ʊʦʛʜʘ ʤʥʦʞʠʪʝʣʴ ʚ ʫʨʘʚʥʝʥʠʠ (3.13) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʨʘʚʥʝʥʠʝ (3.8) ʧʨʠʤʝʪ ʚʠʜ 
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ʋʨʘʚʥʝʥʠʝ (3.1) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
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3.2 ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ 

ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʚ ʩʠʩʪʝʤʝ (3.9)-(3.14) ʠʤʝʶʪ ʷʚʥʳʡ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ. 

ɽʩʣʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʚʥʝʜʨʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʦʩʥʦʚ rɔ < 0, ʪʦ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʘʪʦʤʥʳʡ 

ʦʙʲʝʤ ʚʥʝʜʨʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʤʝʥʴʰʝ, ʯʝʤ ʦʩʥʦʚʳ.  

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ŰD ï ʢʚʘʜʨʘʪ ʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʚʦʣʥ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʝʜʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʚ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʦʜʥʦʨʦʜʥʳʭ ʠʣʠ ʚ 

ʧʦʯʪʠ ʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ ʨʦʣʴ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ ʤʘʩʩʳ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʣʥ, ʢʦʥʝʯʥʦʩʪʴ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʦʡ. 

ʂʦʬɻʬʠʮʠʝʥʪ ʩʚʷʟʘʥʥʦʩʪʠ ɤ ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʜʠʝʥʪʘ ʥʘʧʨʷʞʝʥʠʡ, 

ʢ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʵʪʦʡ ʞʝ ʮʝʣʠ.  

ɹʝʟʨʘʟʤʝʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʯʘʩʪʠʮ 
0

~m  ï ʦʪʥʦʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ʯʘʩʪʠʮ ʢ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʦʣʥʳ. 

ɺ ʪʘʙʣʠʮʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʜʝʣʠ. ʆʮʝʥʢʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ [161, 

162, 163].  

ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ. ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ 

ʧʨʦʩʪʦ ʚʳʙʠʨʘʪʴ ʟʥʘʯʝʥʠʷ ʠʟ ʜʦʧʫʩʪʠʤʳʭ ʜʠʘʧʘʟʦʥʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʊʘʙʣʠʮʘ 3.1 ï ɼʦʧʫʩʪʠʤʳʝ ʠʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 
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3.3 ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʫʜʦʙʥʦ ʧʝʨʝʡʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʡ ʢ 

ʜʝʬʦʨʤʘʮʠʷʤ, ʦʩʪʘʚʣʷʷ ʚ ʢʘʞʜʦʤ ʠʟ ʫʨʘʚʥʝʥʠʡ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʣʠʰʴ ʜʣʷ 

ʦʜʥʦʡ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʳ. ʀʩʧʦʣʴʟʫʷ (3.11) ʚʤʝʩʪʦ (3.9) ʠ (3.10) ʧʦʣʫʯʘʝʤ 
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ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʦʢʘ ʤʘʩʩʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʪ ʚʠʜ 
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ɺ (3.16) ʠ (3.17) () () CCfCg 2wg+=  ï ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɿʘ ʢʘʞʫʱʝʡʩʷ ʧʨʦʩʪʦʪʦʡ ʤʦʜʝʣʠ ʩʢʨʳʚʘʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. ɺ 

ʦʩʥʦʚʥʦʤ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ 

ʤʘʩʰʪʘʙʳ ʜʠʬʬʫʟʠʦʥʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʨʘʟʣʠʯʥʳ. ʇʨʠ 
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ʥʝʟʘʚʠʩʠʤʦʤ ʧʨʦʪʝʢʘʥʠʠ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ ʦʧʠʩʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ 

ʢʦʨʨʝʢʪʥʦ ʧʨʠʤʝʥʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ. ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ 

ʪʨʝʙʫʝʪʩʷ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ. 

 

3.3.1 ɺʳʙʦʨ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ [130] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʨʘʟʥʦʩʪʥʳʭ 

ʩʭʝʤ ï ʥʝʷʚʥʘʷ ʩʭʝʤʘ, ʥʝʷʚʥʘʷ ʩʭʝʤʘ ʩ ʚʝʩʘʤʠ ʠ ʷʚʥʘʷ ʩʭʝʤʘ çʢʨʝʩʪè. ʂʘʞʜʘʷ ʠʟ 

ʚʳʙʨʘʥʥʳʭ ʩʭʝʤ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʫʶ ʠʟ 

ʥʠʭ ʧʦʜʨʦʙʥʝʝ. 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ( )endl t¢t¢¢x¢ 0,0  ʨʘʚʥʦʤʝʨʥʫʶ 

ʩʝʪʢʫ ʩ ʰʘʛʦʤ xD  ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʠ ʰʘʛʦʤ tD  ʧʦ ʚʨʝʤʝʥʠ: 

lNNiii =xD=xD=x ,,...,1,0, ;  endj MMjj t=tD=tD=t ,,...,1,0, . 

ʋʨʘʚʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, 

ʪʘʢ ʠ ʧʦ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʭ ʨʘʟʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʫʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʟʣʳ ʩʝʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ j. ɺʩʝ ʫʟʣʳ ʩʝʪʢʠ, 

ʦʪʚʝʯʘʶʱʠʝ ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ j, ʥʘʟʳʚʘʶʪ j -ʤ ʚʨʝʤʝʥʥʳʤ ʩʣʦʝʤ. 

ʅʝʷʚʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ 

ɿʘʤʝʥʫ ʧʨʦʠʟʚʦʜʥʳʭ ʨʘʟʥʦʩʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʧʦ ʥʝʷʚʥʳʤ ʩʭʝʤʘʤ ʩ ʚʝʩʘʤʠ ʠ 

ʙʝʟ ʚʝʩʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʝʜʠʥʦʤ ʚʠʜʝ (
1

0 s¢ , 1
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ʗʚʥʘʷ ʩʭʝʤʘ ʛʦʨʘʟʜʦ ʧʨʦʱʝ ʚ ʨʝʘʣʠʟʘʮʠʠ. ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚ 

ʜʝʬʦʨʤʘʮʠʷʭ (3.16) 
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ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʘʝʤ ʘʥʘʣʦʛʠʯʥʦ, ʢʘʢ ʠ ʨʘʥʝʝ. ʊʘʢ ʢʘʢ ʥʘ ʛʨʘʥʠʮʝ 
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ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ (3.15) 
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ʅʘ ʣʝʚʦʡ ʛʨʘʥʠʮʝ ʩʪʨʦʠʤ ʨʘʟʣʦʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʚ ʛʨʘʥʠʯʥʦʡ ʪʦʯʢʝ (0=i ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʞʘʡʰʝʡ ʢ ʥʝʡ ʪʦʯʢʠ ( 1=i ); ʚʩʝ ʧʝʨʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʧʦ ʪʨʝʤ ʪʦʯʢʘʤ ʩ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ, ʘ ʚʪʦʨʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʚʳʨʘʞʘʝʤ ʠʟ ʫʨʘʚʥʝʥʠʡ (3.15) ʠ (3.16). ʇʦʣʫʯʘʝʤ 
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(ʥʝ ʚʩʝ ʧʨʦʠʟʚʦʜʥʳʝ ʨʘʩʧʠʩʘʥʳ, ʯʪʦʙʳ ʥʝ ʟʘʛʨʦʤʦʞʜʘʪʴ ʪʝʢʩʪ). 

 

3.4 ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʝʢʦʪʦʨʳʭ ʧʨʦʩʪʳʭ 

ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠ 

ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʩʨʘʚʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʘʞʜʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ [130, 164], ʥʦ ʙʝʟ 

ʫʯʝʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ, ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ. ʋʩʪʨʝʤʣʷʷ 

ʧʦʦʯʝʨʝʜʥʦ ʧʘʨʘʤʝʪʨʳ ʢ ʥʫʣʶ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʠʟʚʝʩʪʥʳʤ ʫʨʘʚʥʝʥʠʷʤ, ʤʝʪʦʜʳ 

ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʳ. ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʠ 
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ʪʝʣʝʛʨʘʬʥʦʝ ʫʨʘʚʥʝʥʠʝ 
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ʠ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ 
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ʈʝʰʝʥʠʷ ʯʠʩʪʦ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʦʩʪʦʷʥʥʦʤ ʧʦʪʦʢʝ 

(ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ)  

0
~:0 m

C
=
tµ

µ
-=x ,           (3.21) 

ʠ ʟʘʜʘʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʣʝʚʦʡ ʛʨʘʥʠʮʝ (ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ 

ʧʝʨʚʦʛʦ ʨʦʜʘ) 

SCC=       (3.22) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.1.  
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ʈʠʩʫʥʦʢ 3.1 ï ʉʨʘʚʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ (ʩʠʤʚʦʣʳ) ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ (ʩʧʣʦʰʥʳʝ 

ʣʠʥʠʠ) ʨʝʰʝʥʠʡ ʜʠʬʬʫʟʠʦʥʥʳʭ  ʫʨʘʚʥʝʥʠʡ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʝʨʚʦʛʦ (ʘ) 

ʠ ʚʪʦʨʦʛʦ (ʙ) ʨʦʜʘ (2.0=
S

C  ʠ 1.0~
0
=m  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t:  

1 ï 1.0; 2 ï 5.0; 3 ï 10.0 

 

ʊʦʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʩʪʝʡʰʠʭ ʟʘʜʘʯ ʠʟʚʝʩʪʥʳ [160]: 
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ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʥʝʷʚʥʦʡ ʠ ʷʚʥʦʡ ʨʘʟʥʦʩʪʥʳʤ ʩʭʝʤʘʤ. 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

(ʪʦʯʢʠ) ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʪʝʣʝʛʨʘʬʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (3.19) ʠʩʧʦʣʴʟʦʚʘʣʠ ʷʚʥʫʶ ʠ ʥʝʷʚʥʫʶ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤ.r 

ʂ ʢʘʞʜʦʤʫ ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚʨʝʤʝʥʠ ʚʝʱʝʩʪʚʦ ʧʨʦʥʠʢʘʝʪ ʥʘ ʢʦʥʝʯʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪ ʨʝʰʝʥʠʝ ʪʝʣʝʛʨʘʬʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʦʪ ʯʠʩʪʦ ʜʠʬʬʫʟʠʦʥʥʳʭ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʝʤʠʪʩʷ ʢ 

ʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʣʠʰʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ 

ʛʣʫʙʠʥʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʨʠʤʝʩʠ. ɺ ʟʘʜʘʯʝ ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʧʝʨʚʦʛʦ ʨʦʜʘ 

ʷʚʥʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʦʩʮʠʣʣʷʮʠʡ ʚ ʤʝʩʪʘʭ ʨʘʟʨʳʚʘ ʨʝʰʝʥʠʷ, ʯʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.2 ʜʣʷ ʪʨʝʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ. 
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ʈʠʩʫʥʦʢ 3.2 ï ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʧʝʨʚʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʪʝʣʝʛʨʘʬʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ, ʷʚʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ. 2.0=
S

C ; (ʘ) 5.0=t ; (ʙ) 0.2=t ; (ʚ) 0.4=t  

 

ʆʩʮʠʣʣʷʮʠʠ ʥʝ ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ, ʘ ʝʩʪʴ ʦʩʦʙʝʥʥʦʩʪʴ ʯʠʩʣʝʥʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʚʥʦʡ ʩʭʝʤʳ, ʢʦʪʦʨʘʷ ʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚʘ, ʝʩʣʠ 

ʩʦʙʣʶʜʝʥʦ ʫʩʣʦʚʠʝ ʂʫʨʘʥʪʘ-ʌʨʠʜʨʠʭʘ-ʃʝʚʠ [165]. ʗʚʥʘʷ ʩʭʝʤʘ ʭʦʨʦʰʦ ʧʝʨʝʜʘʝʪ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʚʦʣʥʳ ʠ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʧʨʠʤʝʩʠ. 
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ʅʝʷʚʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʜʨʫʛʫʶ ʦʩʦʙʝʥʥʦʩʪʴ (ʨʠʩ. 3.3): ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʟʨʳʚʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ çʜʠʬʬʫʟʠʦʥʥʦʝ ʨʘʟʤʳʪʠʝè 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 3.3 ï ʉʨʘʚʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ (ʩʠʤʚʦʣʳ) ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ (ʩʧʣʦʰʥʳʝ 

ʣʠʥʠʠ) ʨʝʰʝʥʠʡ ʪʝʣʝʛʨʘʬʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʝʨʚʦʛʦ ʨʦʜʘ 

(3.22); 0.2=t
D

; 1.0~
0
=m ; ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t:  

1 ï 0.25; 2 ï 0.5; 3 ï 1.0, 4 ï 1.5; 5 ï 2.0; 6 ï 2.5, 7 ï 5.0; 8 ï 7.5; 9 ï 10.0 

 

ʕʪʦ çʯʠʩʣʝʥʥʘʷ ʜʠʬʬʫʟʠʷè, ʘ ʥʝ ʜʠʬʬʫʟʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʫʞʝ ʜʣʷ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʰʘʛʘ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʚʨʝʤʝʥʠ, ʦʧʠʩʘʥʥʳʡ ʵʬʬʝʢʪ ʨʘʟʤʳʪʠʷ ʟʘʤʝʪʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. 

ʈʝʰʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.16) ʠʩʩʣʝʜʦʚʘʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ 

ʠʤʧʫʣʴʩʘ. ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʟʘʜʘʯʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʪʠʧʘ ʨʘʟʥʦʩʪʥʳʭ 

ʩʭʝʤ [165]: ʥʝʷʚʥʘʷ, ʥʝʷʚʥʘʷ ʩ ʚʝʩʘʤʠ ʠ ʷʚʥʘʷ ʩʭʝʤʘ çʢʨʝʩʪè.  

- ʉʭʝʤʘ çʢʨʝʩʪè  
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ʉʭʝʤʘ çʢʨʝʩʪè ʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚʘ, ʝʩʣʠ ʩʦʙʣʶʜʝʥʦ ʫʩʣʦʚʠʝ ʂʫʨʘʥʪʘ-

ʌʨʠʜʨʠʭʩʘ-ʃʝʚʠ 1¢
xD

tD
=r . 

- ʅʝʷʚʥʘʷ ʩʭʝʤʘ 
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- ʅʝʷʚʥʘʷ ʩʭʝʤʘ ʩ ʚʝʩʘʤʠ 
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ɺ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʩʣʫʯʘʷʭ ʨʝʰʘʝʤ ʨʘʟʥʦʩʪʥʫʶ ʟʘʜʘʯʫ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ.  

ɾʝʩʪʢʦʝ ʫʩʣʦʚʠʝ ʚʠʜʘ 

()
í
ì
ë

t²t

t<t
=tj

imp

imp

,0

,1
              (3.24) 

ʦʩʦʙʝʥʥʦ ʯʝʪʢʦ ʧʨʦʷʚʣʷʝʪ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ. ʊʦʯʥʦʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ 

( ) ( )( )
iimpii

WWAe x-t-t-x-tÖ= ,       (3.25) 

ʛʜʝ () constA
q

q
qW =
í
ì
ë

²

<
= ,

0,1

0,0
. 

ɽʩʣʠ 1
*
=<rr , ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʪʝʣʝʛʨʘʬʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʤʝʩʪʘʭ ʨʘʟʨʳʚʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʬʠʟʠʯʝʩʢʠʝ ʦʩʮʠʣʣʷʮʠʠ (ʨʠʩ. 3.4, ʘ), ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʯʝʟʘʶʪ, ʝʩʣʠ 
*
rr­  (ʨʠʩ. 3.5, ʘ). 
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3.4 ï ʉʨʘʚʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ (ʢʚʘʜʨʘʪʠʢʠ) ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ (ʩʧʣʦʰʥʘʷ 

ʣʠʥʠʷ) ʨʝʰʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ (ʘ) ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ 

(ʙ) ʠʤʧʫʣʴʩʦʤ. ʗʚʥʘʷ ʩʭʝʤʘ çʢʨʝʩʪè. ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ 8.1=t , 9.0=r . ɺʨʝʤʷ 

ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 0.1=t
imp
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3.5 ï ʉʨʘʚʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ (ʢʚʘʜʨʘʪʠʢʠ) ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ (ʩʧʣʦʰʥʘʷ 

ʣʠʥʠʷ) ʨʝʰʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ (ʘ) ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ 

(ʙ) ʠʤʧʫʣʴʩʦʤ. ʗʚʥʘʷ ʩʭʝʤʘ çʢʨʝʩʪè.  

ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ 8.1=t , 0.1=r . ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 0.1=t
imp

 

 

ɽʩʣʠ ʠʤʧʫʣʴʩ ʠʤʝʝʪ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ 
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t²t

t<t
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õ

æ
æ

ç
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t

pt

=tj

imp
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A

,0

,sin
         (3.26) 

ʦʩʮʠʣʣʷʮʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ; ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ (ʩʠʤʚʦʣʳ ʥʘ ʨʠʩ. 3.4, ʙ) ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʜʣʷ ʣʶʙʦʛʦ 
*
rr<  (ʨʠʩ. 

3.4 ʠ 3.5, ʙ). 

ʅʝʷʚʥʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʳʪʠʶ ʨʝʰʝʥʠʷ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ (ʨʠʩ.3.6, ʘ, ʙ). 
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ʈʠʩʫʥʦʢ 3.6 ï ʉʨʘʚʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ (ʢʚʘʜʨʘʪʠʢʠ) ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ (ʩʧʣʦʰʥʘʷ 

ʣʠʥʠʷ) ʨʝʰʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ (ʘ) ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ 

(ʙ) ʠʤʧʫʣʴʩʦʤ. ʅʝʷʚʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ. ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ 
210625.0 -Ö=t  
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ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʝʷʚʥʦʡ ʩʭʝʤʳ ʥʘʙʣʶʜʘʝʪʩʷ ʘʩʠʤʤʝʪʨʠʷ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ (ʧʝʨʝʜʥʠʡ ʬʨʦʥʪ ʩʛʣʘʞʝʥ ʩʠʣʴʥʝʝ 

ʟʘʜʥʝʛʦ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʨʝʤʷ ʫʯʘʩʪʠʷ ʚ ʯʠʩʣʝʥʥʦʤ ʨʘʩʯʝʪʝ ʦʙʣʘʩʪʠ 

ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʙʦʣʴʰʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʝ ʠ ʥʘʢʘʧʣʠʚʘʝʤʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʩʭʝʤʳ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʫʩʪʨʘʥʷʝʪʩʷ, ʠ ʧʨʦʬʠʣʴ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ.  

ʗʚʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ. ʅʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʭʝʤʘ çʢʨʝʩʪè ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʮʠʣʣʷʮʠʡ ʚ 

ʤʝʩʪʘʭ ʨʘʟʨʳʚʘ, ʯʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦ ʠ ʥʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. ʊʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʙʳʣʦ ʩʦʙʣʶʜʝʥʦ ʫʩʣʦʚʠʝ ʂʫʨʘʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʢʘʞʜʦʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʦʪʤʝʯʝʥʳ 

ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʩʚʷʟʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʥʦʡ ʩʭʝʤʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʙʣʶʜʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʤʦʞʝʪ ʧʦʤʝʰʘʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʘ ʧʨʦʬʠʣʷʭ ʚʦʣʥ ʙʫʜʫʪ ʥʝʬʠʟʠʯʝʩʢʠʝ ʦʩʮʠʣʣʷʮʠʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʠʪ ʢʘʨʪʠʥʫ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ 

ʥʘ ʥʝʷʚʥʫʶ ʨʘʟʥʦʩʪʥʫʶ ʩʭʝʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ, ʥʦ ʨʘʩʩʤʦʪʨʠʤ 

ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʷʚʥʦʡ ʩʭʝʤʳ çʢʨʝʩʪè. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʠʭ ʨʝʰʝʥʠʷ. 

 

3.5 ʏʘʩʪʥʳʝ ʚʘʨʠʘʥʪʳ ʤʦʜʝʣʠ 

3.5.1 ʇʨʦʩʪʝʡʰʘʷ ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʨʘʚʝʥ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʩʘʤʦʜʠʬʬʫʠʠ. ʊʦ ʝʩʪʴ () 0.1=Cf . ʊʦʛʜʘ ʟʘʜʘʯʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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() ()tjs=tj==x
00

~,~:0 SmJ , 

0,0: ==¤­x SC , 

0,0,0,0:0 =
tµ

µ
=
tµ

µ
===t

SC
SC . 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʨʦʩʪʳʭ ʚʘʨʠʘʥʪʦʚ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʜʘʯʠ ʜʚʫʭ ʪʠʧʦʚ.  

ʇʝʨʚʘʷ ï ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʚʦʛʦ ʨʦʜʘ 

(ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʥʘʧʨʠʤʝʨ, ʥʘʩʳʱʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮʘʤʠ ʠʟ 

ʦʢʨʫʞʘʶʱʝʡ ʧʣʘʟʤʳ). ɺ ʤʦʤʝʥʪ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

imp
t  ʩʪʘʚʠʪʩʷ ʫʩʣʦʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʪʦʢʦʚ ʤʘʩʩʳ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ: 0=J .  

ɺʪʦʨʘʷ ï ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʥʘʧʨʠʤʝʨ, ʦʙʨʘʙʦʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ). 

ɼʣʷ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʥʘ ʛʨʘʥʠʮʝ ʩʪʘʚʠʪʩʷ ʫʩʣʦʚʠʝ 

ʨʘʚʝʥʩʪʚʘ ʥʘʧʨʷʞʝʥʠʡ ʥʫʣʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʥʦʰʝʥʠʶ: 

( )
0

:0 CCe -g==x . 

ʈʝʰʝʥʠʝ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʣʫʯʘʷ, ʝʩʣʠ ʥʘ ʣʝʚʦʡ ʛʨʘʥʠʮʝ ʟʘʜʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.7. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʙʝʠʭ 

ʚʦʣʥ ï ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʠ ʫʧʨʫʛʦʡ ï ʢʦʥʝʯʥʘ. ʅʦ ʪʘʢ ʢʘʢ 
De

vv >>, ʫʧʨʫʛʘʷ ʚʦʣʥʘ 

ʫʙʝʛʘʝʪ ʚʧʝʨʝʜ. ʇʦʣʦʞʝʥʠʝ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 

3.7 (ʙ), (ʛ). ɺ ʩʣʫʯʘʝ ʥʝʷʚʥʦʡ ʩʭʝʤʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ 

ʚʦʣʥ ʠ ʦʙʣʘʩʪʠ ʚʦʟʣʝ ʵʢʩʪʨʝʤʫʤʦʚ (ʨʠʩ.3.7, ʘ, ʚ). ʅʘ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ, ʯʪʦ 

ʢʦʦʨʜʠʥʘʪʝ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʜʠʬʬʫʟʠʦʥʥʦʡ ʚʦʣʥʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʘʞʝʥʠʝ ʥʘ 

ʚʦʣʥʝ ʜʝʬʦʨʤʘʮʠʡ. ʅʝʩʤʦʪʨʷ, ʥʘ ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʷ ʂʫʨʘʥʪʘ, ʥʘ ʨʠʩʫʥʢʘʭ 3.7 

(ʙ), (ʛ) ʚʠʜʥʳ ʦʩʮʠʣʣʷʮʠʠ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʪʘʢʞʝ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʭ ʫʤʝʥʴʰʝʥʠʶ. ɺʠʜʥʦ, ʯʪʦ ʚʦʣʥʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʦʪʨʘʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʚʦʣʥʳ. 
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(ʚ) (ʛ) 

ʈʠʩʫʥʦʢ 3.7 ï ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ. ʉʠʥʫʩʦʠʜʘʣʴʥʳʡ ʠʤʧʫʣʴʩ. 

ʄʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t: 1 ï 0.5, 2 ï 1.0, 3 ï 2.0.  

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 0.2,1.0,10 =t-=g=w
D

.  

(ʘ), (ʚ) ʥʝʷʚʥʘʷ ʩʭʝʤʘ, (ʙ), (ʛ) ʷʚʥʘʷ ʩʭʝʤʘ. ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 0.1=t
imp

 

 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʦʣʥʘʤʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʋʞʝ ʢ 

ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ 0.15=t  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʨʠʩ. 3.8, ʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʝʜʥʠʡ 

ʬʨʦʥʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʚʩʝ ʞʝ ʧʨʦʜʚʠʛʘʝʪʩʷ ʚʧʝʨʝʜ (ʨʠʩ. 3.8, ʙ). ʅʘ 

ʢʘʞʜʦʤ ʛʨʘʬʠʢʝ ʥʘ ʨʠʩʫʥʢʝ 3.8 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦ ʜʚʝ ʢʨʠʚʳʭ ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ, ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʝ. ɺʠʜʥʦ, 

ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʘʩʭʦʞʜʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʦʩʮʠʣʣʷʮʠʠ ʥʘ 

ʯʝʨʥʦʡ ʢʨʠʚʦʡ. ʂʦʦʨʜʠʥʘʪʳ ʧʦʣʦʞʝʥʠʷ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ ʉ ʨʘʟʣʠʯʘʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʠ ʜʣʷ ʜʘʥʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʚʠʜʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʶ ʧʝʨʝʜʥʝʛʦ 

ʬʨʦʥʪʘ ʚʦʣʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʫʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʤʝʥʘ ʟʥʘʢʘ ʜʝʬʦʨʤʘʮʠʠ 

ʜʣʷ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ. 
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3.8 ï ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ, (ʘ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ, (ʙ) 

ʜʝʬʦʨʤʘʮʠʠ. ʉʠʥʫʩʦʠʜʘʣʴʥʳʡ ʠʤʧʫʣʴʩ.  

ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ 0.15=t . ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 0.2,1.0,10 =t-=g=w
D

.  
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 ï ʷʚʥʘʷ ʩʭʝʤʘ. ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 0.1=t
imp

 

 

ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʣʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʢʦʥʝʯʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3.9. ʈʘʩʩʤʦʪʨʝʥ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ (
D
t<t ). 
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(ʚ) (ʛ) 

ʈʠʩʫʥʦʢ 3.9 ï ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ. ʉʠʥʫʩʦʠʜʘʣʴʥʳʡ ʠʤʧʫʣʴʩ. 

ʄʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t: 1 ï 0.5, 2 ï 1.0, 3 ï 1.5.  

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 0.2,1.0,10 =t-=g=w
D

.  

(ʘ), (ʚ) ʥʝʷʚʥʘʷ ʩʭʝʤʘ, (ʙ), (ʛ) ʷʚʥʘʷ ʩʭʝʤʘ. ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 0.1=t
imp

 



80 

ɿʘ ʧʦʩʪʝʧʝʥʥʳʤ çʚʭʦʞʜʝʥʠʝʤè ʚʦʣʥ ʯʝʨʝʟ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʝʜʫʝʪ 

ʝʝ ʦʪʨʳʚ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʛʣʫʙʴ ʩʣʦʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ 

ʘʥʘʣʦʛʠʯʥʦ, ʢʘʢ ʠ ʥʘ ʨʠʩʫʥʢʝ 3.7. ʀʩʢʘʞʝʥʠʝ ʥʘ ʚʦʣʥʝ ʜʝʬʦʨʤʘʮʠʡ ʦʪʤʝʯʝʥʦ ʥʘ 

ʛʨʘʬʠʢʘʭ ʩʝʨʳʤʠ ʢʨʫʞʢʘʤʠ (ʨʠʩ. 3.9). ʆʩʮʠʣʣʷʮʠʠ ʜʣʷ ʷʚʥʦʡ ʩʭʝʤʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʶʪʩʷ (ʨʠʩ. 3.9, ʙ, ʛ). 

ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 3.10 ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ, 
Dimp
t=t 5.0 . ʆʩʦʙʝʥʥʦʩʪʠ ʚʦʣʥ, 

ʦʪʤʝʯʝʥʥʳʝ ʚʳʰʝ, ʩʦʭʨʘʥʷʶʪʩʷ.  
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ʈʠʩʫʥʦʢ 3.10 ï ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ. ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ. 

ʄʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t: 1 ï 0.5, 2 ï 1.0, 3 ï 2.0, 4 ï 3.0.  

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 0.2,1.0,10 =t-=g=w
D

.  

(ʘ), (ʚ) ʥʝʷʚʥʘʷ ʩʭʝʤʘ, (ʙ), (ʛ) ʷʚʥʘʷ ʩʭʝʤʘ. ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 0.1=t
imp

 

 

ʂ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t ʫʧʨʫʛʘʷ ʚʦʣʥʘ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʝ, ʜʦʭʦʜʠʪ 

ʜʦ ʪʦʯʢʠ t=x . ʂʦʦʨʜʠʥʘʪʘ ʠʩʢʘʞʝʥʠʷ ʥʘ ʚʦʣʥʝ ʜʝʬʦʨʤʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʚʦʣʥʳ. ʈʝʰʝʥʠʝ ʭʦʨʦʰʦ ʧʝʨʝʜʘʝʪ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ, ʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʦʚ ʠ ʚʣʠʷʥʠʝ ʚʦʣʥ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 
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ʆʩʮʠʣʣʷʮʠʠ ʫʤʝʥʴʰʘʶʪʩʷ, ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʦʥʠ ʥʝ ʠʤʝʶʪ. ʅʘ ʨʠʩʫʥʢʝ 3.10 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʤʝʥʴʰʠʝ, ʨʘʚʥʳʝ ʠ ʙʦʣʴʰʠʝ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ 

ʠʤʧʫʣʴʩʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʨʠʩʫʥʢʝ 3.10 ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ: 

ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʥʘ ʚʩʝʭ ʛʨʘʬʠʢʘʭ (ʘ)-(ʛ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʨʘʩʯʝʪʘ: 

1. 31025.1 -Ö=xD=tD ; 2. 3105.2 -Ö=xD=tD  (ʚʳʜʝʣʝʥʦ ʞʠʨʥʦʡ ʢʨʠʚʦʡ); 3. 

3100.5 -Ö=xD=tD . ɺʠʜʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʩʭʦʜʠʪʩʷ, ʚʩʝ ʢʨʠʚʳʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ 

ʥʘ ʜʨʫʛʘ, ʝʩʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʨʝʰʝʥʠʷʭ ʥʘ ʨʠʩʫʥʢʝ 3.10 (ʚ), ʥʦ ʚ 

ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. ɽʩʣʠ ʫʤʝʥʴʰʘʝʤ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʰʘʛʝ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʫ, ʪʦ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦ ʷʚʥʦʡ ʨʘʟʥʦʩʪʥʦʡ 

ʩʭʝʤʝ ʧʦʷʚʣʷʶʪʩʷ ʦʩʮʠʣʣʷʮʠʠ. 

ɼʣʷ 
Dimp
t=t  ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʠʟʤʝʥʷʝʪʩʷ (ʨʠʩ. 3.11). ɺʦ-ʧʝʨʚʳʭ, 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʠ ʜʝʬʦʨʤʘʮʠʡ ʙʣʠʟʢʠ. ɸ 

ʚʦ-ʚʪʦʨʳʭ, ʷʚʥʘʷ ʩʭʝʤʘ ʘʙʩʦʣʶʪʥʦ ʥʝ ʧʨʠʛʦʜʥʘ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʨʠ ʪʘʢʦʤ ʥʘʙʦʨʝ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ɺ ʜʘʥʥʳʭ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʦ 1=r , ʪʦ ʝʩʪʴ xD=tD .  
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ʈʠʩʫʥʦʢ 3.11 ï ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ. ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ. 

ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ 0.1=t . ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 0.1,1.0,10 =t-=g=w
D

.  

(ʘ), (ʚ) ʥʝʷʚʥʘʷ ʩʭʝʤʘ, (ʙ), (ʛ) ʷʚʥʘʷ ʩʭʝʤʘ. ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 0.1=t
imp
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ʅʘ ʨʠʩʫʥʢʝ 3.12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʵʪʠʭ ʞʝ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʥʦ ʧʨʠ 5.0=r . ɺʠʜʥʦ, ʯʪʦ ʧʨʠ 5.0=r  ʦʩʮʠʣʣʷʮʠʡ ʩʪʘʥʦʚʠʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʩʯʝʪʘʭ ʧʦ ʷʚʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʰʘʛʦʚ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʠ ʧʦ ʚʨʝʤʝʥʠ ʥʫʞʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠʩʭʦʜʷ ʠʟ 

ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 
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ʈʠʩʫʥʦʢ 3.12 ï ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ. ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ.  

ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ 0.1=t . ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 0.1,1.0,10 =t-=g=w
D

.  

ʗʚʥʘʷ ʩʭʝʤʘ. ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 0.1=t
imp

 

 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʨʤʫ ʚʦʣʥ ʠ ʭʘʨʘʢʪʝʨ ʠʭ ʵʚʦʣʶʮʠʠ ʚʦ ʚʨʝʤʝʥʠ. ʅʦ ʚʩʷʢʠʡ ʨʘʟ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢ ʜʨʫʛʦʡ ʪʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʳʡ ʚʳʙʦʨ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʥʝʷʚʥʦʡ ʨʘʟʥʦʩʪʥʦʡ 

ʩʭʝʤʝ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʙʦʨʦʤ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʟʠʩʪʦʨʦʚ ʪʨʝʙʫʶʪʩʷ ʦʯʝʥʴ 

ʥʠʟʢʠʝ ʵʥʝʨʛʠʠ ʠʤʧʣʘʥʪʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʣʦʡ ʛʣʫʙʠʥʳ ʚʥʝʜʨʝʥʠʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʝʤʥʠʷ [161]. ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʤʦʜʝʣʴ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʂʨʝʤʥʠʡ ʭʨʫʧʢʠʡ ʤʘʪʝʨʠʘʣ, ʟʘʤʝʪʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 1073 ʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʦʚ ʚʳʙʨʘʥʘ ʩʠʩʪʝʤʘ B-Si. ʉʚʦʡʩʪʚʘ ʵʪʠʭ ʤʝʪʘʣʣʦʚ [162, 163]: 

Ŭ0(Si) = 0.241; Ŭ(ɺ) = 0.091; tD(ɺ) = 16.2Ŀ10
-12

 ʩ; E(Si) = 109.0 ɻʇʘ; D
0
(ɺ) å 8.7Ŀ10

-8
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ʤ
2
/ʩ; ɟ0(Si) å 2.33Ŀ10

3
 ʢʛ/ʤ

3
; m(B) å 10.8Ŀ10

-3
 ʢʛ/ʤʦʣʴ; m0 å 68.49 ʢʛ/(ʤ

2
ʩ); 

ů0 å 26.26 ʇʘ. 

ʄʘʩʰʪʘʙʳ ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ: ʩ10185.0 14

*

-Ö=t ; ʤ1026.1 11

*

-Ö=x ; 

241.0* =e ; ɻʇʘ26.26* =s . ɺʳʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʜʣʷ ʩʣʫʯʘʷ B-Si 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.2. 

ʊʘʙʣʠʮʘ 3.2 ï ɿʥʘʯʝʥʠ ̫ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 
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ʌʫʥʢʮʠʷ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʜʘʥʘ ʚ ʚʠʜʝ 
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sin2.0 . 

ʅʘ ʨʠʩʫʥʢʝ 3.13 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ (B) ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʠʰʝʥʠ (Si). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥ ï 

160008400 =t<=t impD . ʉ ʧʝʨʚʳʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʦʣʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ/ʜʝʬʦʨʤʘʮʠʠ. ʅʘ ʫʧʨʫʛʠʭ ʚʦʣʥʘʭ, ʢʘʢ ʠ ʥʘ 

ʨʠʩʫʥʢʘʭ ʚʳʰʝ, ʥʘʙʣʶʜʘʶʪʩʷ ʠʩʢʘʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ 

ʚʦʣʥʳ C. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʧʨʫʛʠʭ ʚʦʣʥ, ʚʥʝʜʨʝʥʥʘʷ ʧʨʠʤʝʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʦʜʚʠʛʘʝʪʩʷ ʚʧʝʨʝʜ. ʇʝʨʝʜʥʠʡ ʬʨʦʥʪ ʢʘʢ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ, ʪʘʢ ʠ ʚʦʣʥʳ 

ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ ʧʨʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʤʘʩʰʪʘʙʘ. ʅʘ ʨʠʩʫʥʢʝ 3.13 (ʚ) ï (ʟ) ʯʝʨʥʳʤʠ ʢʨʫʛʘʤʠ 

ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʫʧʨʫʛʠʭ ʚʦʣʥ ʜʣʷ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ Ű = 

8400; 13000; 20000. ɺʠʜʥʦ, ʯʪʦ ʥʘ ʫʯʘʩʪʢʝ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʷ/ʜʝʬʦʨʤʘʮʠʠ ʧʨʘʚʝʝ 

ʩʝʨʳʭ ʢʨʫʛʦʚ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʠʟʤʝʥʷʶʪ ʟʥʘʢ. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʜʦʩʪʠʛʘʶʪ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ. ʇʨʠʯʝʤ ʧʨʦʬʠʣʴ ʚʦʣʥʳ ʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʠʜʝʥʪʠʯʝʥ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ, ʥʦ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ 

ʟʥʘʢʦʤ. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ, ʧʦʣʫʯʝʥʥʳʡ ʜʣʷ ʤʦʤʝʥʪʘ 16000=t , 
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ʢʘʯʝʩʪʚʝʥʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʦʬʠʣʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ [166, 167]. ʅʦ ʪʘʢ ʢʘʢ ʥʘʰʘ ʤʦʜʝʣʴ ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʚ ʥʝʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʧʨʠʤʝʩʴ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʚʛʣʫʙʴ ʤʠʰʝʥʠ. 
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ʈʠʩʫʥʦʢ 3.13 ï ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ B-Si. ʉʠʥʫʩʦʠʜʘʣʴʥʳʡ 

ʠʤʧʫʣʴʩ. ʄʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t: 1 ï 5000, 2 ï 6000, 3 ï 7000, 4 ï 8400, 5 ï 10000, 6 

ï 13000, 7 ï 16000, 8 ï 20000. (ʘ), (ʙ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ; (ʚ) ï (ʜ) 

ʥʘʧʨʷʞʝʥʠʷ; (ʝ) ï (ʟ) ʜʝʬʦʨʤʘʮʠʠ. ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 16000=timp  

 

ʇʝʨʝʚʝʜʝʤ ʧʦʣʫʯʝʥʥʳʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ ʚ ʨʘʟʤʝʨʥʳʝ. ʇʨʠʤʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t = timp = 29 ʧc ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.14. 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʬʠʣʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 3.13. ʄʘʢʩʠʤʫʤʳ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ: 

|ůmax| = 0.012 ɻʇʘ, |Ůmax| = 0.027. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ů 

ʠ Ů ʜʦʩʪʠʛʘʶʪ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ, ʪ.ʝ. ʚ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʜʨʝʥʥʦʡ ʧʨʠʤʝʩʠ. 
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ʈʠʩʫʥʦʢ 3.14 ï ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʠʩʪʝʤʳ B-Si. 

ʉʠʥʫʩʦʠʜʘʣʴʥʳʡ ʠʤʧʫʣʴʩ. ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 29 ʧʩ. (ʘ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ; 

(ʙ) ʥʘʧʨʷʞʝʥʠʷ; (ʚ) ʜʝʬʦʨʤʘʮʠʠ. ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ timp = 29 ʧc 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [166] ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.15. ʀʟ ʢʦʪʦʨʳʭ 

ʚʠʜʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʬʦʨʤʘ ʧʨʦʬʠʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʨʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

 

 
ʈʠʩʫʥʦʢ 3.15 ï SIMS-ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʝʡ ɺ ʧʦʩʣʝ ʠʤʧʣʘʥʪʘʮʠʠ ʚ Si 

(1.5Ŀ10
l4
/ʩʤ

2
, 30 ʢʵɺ B) ʠ ʧʦʩʣʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʞʠʛʘ [166] 
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3.5.2 ʄʦʜʝʣʴ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʩʦʩʪʘʚʘ 

ʈʝʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʥʝʦʜʥʦʨʦʜʥʳʝ ʩʨʝʜʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʝʡʰʠʭ ʚʘʨʠʘʥʪʦʚ 

ʫʯʝʪʘ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʨʝʜʳ ʠ ʧʝʨʝʢʨʝʩʪʥʳʭ ʵʬʬʝʢʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʯʝʪʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʝʜʩʪʚʠʝʤ, ʥʘʧʨʠʤʝʨ, ʚʣʠʷʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʤʝʩʷʤʠ, ʦʪʜʝʣʴʥʳʤʠ ʜʠʩʣʦʢʘʮʠʷʤʠ, ʥʝʦʜʥʦʨʦʜʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʝʨʝʥʦʩ [67, 168]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʩʧʨʘʚʝʜʣʠʚʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʠʜʘ [168-170] 

( )20 1 dCbCDD ++= , 

ʛʜʝ () 21 dCbCCf ++= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, DD ¸0 .  

ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ b ʠ d ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʣʥ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʠ ʜʝʬʦʨʤʘʮʠʡ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʦʚ ʚʳʙʨʘʥʳ ʙʦʨ ʠ ʢʨʝʤʥʠʡ. 

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ b 

ʧʨʠʚʦʜʠʪ ʢ ʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ. 3.16). 
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ʈʠʩʫʥʦʢ 3.16 ï ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ b ( 0.0=d ). 
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 ï b = 10.0.  

ʉʠʥʫʩʦʠʜʘʣʴʥʳʡ ʠʤʧʫʣʴʩ. ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ Ű = Űimp = 16000.  

(ʘ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ; (ʙ) ʥʘʧʨʷʞʝʥʠʷ; (ʚ) ʜʝʬʦʨʤʘʮʠʠ. B-Si 
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ʌʦʨʤʘ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʤʝʥʷʝʪʩʷ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʵʬʬʝʢʪ çʦʧʨʦʢʠʜʳʚʘʥʠʷè ʚʦʣʥʳ, ʢʦʪʦʨʳʡ ʚʳʨʘʞʝʥ ʩʠʣʴʥʝʝ ʧʨʠ ʙʦʣʴʰʝʤ 

ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ b. ʆʪʨʘʞʝʥʠʝ ʵʬʬʝʢʪʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʠ ʥʘ ʛʨʘʬʠʢʘʭ ʜʣʷ 

ʜʝʬʦʨʤʘʮʠʡ, ʥʦ ʪʦʣʴʢʦ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 3.16, ʚ). ɺ ʦʙʣʘʩʪʠ 

ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʥʘʙʣʶʜʘʝʤ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʵʢʩʪʨʝʤʫʤʘ ʥʘ ʚʦʣʥʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ b (ʨʠʩ. 3.16, ʙ). ʏʘʩʪʴ ʧʨʦʬʠʣʝʡ 

ʚʦʣʥ ʝ ʠ S, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʨʘʚʝʝ ʩʝʨʳʭ ʢʨʫʞʢʦʚ, ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ: ʚ ʦʙʣʘʩʪʠ ʵʢʩʪʨʝʤʫʤʘ (ʥʘ ʛʣʫʙʠʥʝ ɝ å 6500) ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʝ ʠ S  

ʚʦʟʨʘʩʪʘʶʪ (ʧʦ ʤʦʜʫʣʶ) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ b, ʥʦ ʧʦʣʦʞʝʥʠʝ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ, ʢʘʢ 

ʜʝʬʦʨʤʘʮʠʡ, ʪʘʢ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ d. 

ɼʠʥʘʤʠʢʘ ʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ ʦʪ ʩʦʩʪʘʚʘ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.17.  
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(ʚ) (ʛ) (ʜ) 

ʈʠʩʫʥʦʢ 3.17 ï ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʩʦʩʪʘʚʘ. ʉʠʥʫʩʦʠʜʘʣʴʥʳʡ ʠʤʧʫʣʴʩ.  

ʄʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t: 1 ï 5000, 2 ï 6000, 3 ï 7000, 4 ï 8400, 5 ï 10000, 6 ï 13000, 

7 ï 16000, 8 ï 20000. (ʘ), (ʙ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ; (ʚ)-(ʜ) ʥʘʧʨʷʞʝʥʠʷ. ɺʨʝʤʷ 

ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 16000=timp  
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ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ ʧʦʪʦʢʘ ʤʘʩʩʳ ʧʨʠʥʷʪʦ ʩʣʝʜʫʶʱʠʤ 840016000 =t>=t Dimp . 

ʇʨʠʥʷʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʠʜʘ 

() 21051 CCCf Ö+Ö+= . 

ʆʧʠʩʘʥʥʳʝ ʨʘʥʝʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʩʦʭʨʘʥʷʶʪʩʷ. ʋʯʝʪ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʩʦʩʪʘʚʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʵʢʩʪʨʝʤʫʤʦʚ ʠ ʧʦʷʚʣʝʥʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʚʦʣʥʳ. 

 

3.6 ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʠʤʝʨʝ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʠʤʝʶʱʠʭ 

ʨʘʟʥʳʭ ʪʠʧ, ʷʚʣʷʝʪʩʷ ʥʝʷʚʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʜʘʝʪʩʷ ʠʟʙʝʞʘʪʴ 

ʦʩʮʠʣʣʷʮʠʡ, ʥʝ ʠʤʝʶʱʠʭ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʫʧʨʦʱʝʥʥʘʷ 

ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʜʠʬʬʫʟʠʠ ʚʥʝʜʨʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʜʝʬʦʨʤʘʮʠʠ. 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʚ ʦʙʣʘʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ C. 

ʉʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʠ ʫʧʨʫʛʠʭ ʚʦʣʥ ʨʘʟʣʠʯʥʳ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʜʦʩʪʠʛʘʶʪ ʚ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ. ʇʨʠʯʝʤ ʧʨʦʬʠʣʴ ʚʦʣʥʳ ʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʜʝʥʪʠʯʝʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ, ʥʦ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʥʘʢʦʤ. 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʠ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʦ ʠʭ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʘ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʫʯʝʪʘ ʧʨʦʮʝʩʩʘ 

ʛʝʥʝʨʘʮʠʠ ʚʘʢʘʥʩʠʡ, ʦ ʚʘʞʥʦʡ ʨʦʣʠ ʢʦʪʦʨʳʭ ʚ ʧʨʦʮʝʩʩʘʭ ʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʛʦʚʦʨʠʪʩʷ ʚʦ ʤʥʦʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ. ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ [62, 171, 172], ʛʜʝ, ʚ 
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ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʢʘʥʩʠʠ ʧʨʠʚʦʜʷʪ ʢ ʫʩʢʦʨʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʨʠʤʝʩʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʠʰʝʥʠ, ʥʘ ʫʧʨʫʛʦʡ ʚʦʣʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʩʠʡ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʚ ʦʙʣʘʩʪʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ. 

ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ, ʯʪʦ ʩʫʞʘʝʪ ʦʙʣʘʩʪʴ ʝʝ 

ʧʨʠʤʝʥʝʥʠʷ. ɺ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʩʚʷʟʘʥʥʦʡ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 
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4 ʅɽʀɿʆʊɽʈʄʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʅɸʏɸʃʔʅʆʁ ʉʊɸɼʀʀ 

ʇʆɺɽʈʍʅʆʉʊʅʆʁ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃɸ ʇʆʊʆʂʆʄ ʏɸʉʊʀʎ 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ ʥʝ ʚʩʝʛʜʘ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʘʱʝ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. 

ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʬʬʫʟʠʠ, ʫʧʨʫʛʠʭ 

ʚʦʟʤʫʱʝʥʠʡ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʘ ʧʦʪʦʢʦʤ 

ʯʘʩʪʠʮ ʜʨʫʛʦʛʦ ʩʦʨʪʘ. 

 

4.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʦʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ (3.1)-(3.6) ʜʦʧʦʣʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ ʠʪʦʛʝ ʠʤʝʝʤ 
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ʛʜʝ ɟ0 ï ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʠʤʧʣʘʥʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ; J  ï  ʧʦʪʦʢ ʤʘʩʩʳ; 
q

J  ï ʧʦʪʦʢ ʪʝʧʣʘ; s ï ʢʦʤʧʦʥʝʥʪʘ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʣʫʯʝʥʠʷ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ; 
T
a  ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; 
s

C  ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, u  ï 

ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ. 

ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ (4.1)-(4.3) ʘʥʘʣʦʛʠʯʥʳ ʧʨʝʜʳʜʫʱʝʤʫ. 

ʆʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʦʨʠʠ ʦʙʦʙʱʝʥʥʦʡ 

ʪʝʨʤʦʫʧʨʫʛʦʡ ʜʠʬʬʫʟʠʠ [76]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ (3.3), ʥʘʧʨʷʞʝʥʠʷ 

ʩʚʷʟʘʥʳ ʩ ʜʝʬʦʨʤʘʮʠʝʡ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ: 

( ) ( )( )
00

TTCCE
T
-a--aD-e¡=s .   (4.4) 

ɺ ʩʣʫʯʘʝ ʤʘʣʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʡ ʪʘʢʞʝ ʠʤʝʶʪ ʤʝʩʪʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʂʦʰʠ: 
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x
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µ
=e .      (4.5) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʪʦʢʠ ʪʝʧʣʘ ʠ 

ʤʘʩʩʳ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʪʝʧʣʘ ʠ ʤʘʩʩʳ ʟʘʧʠʩʳʚʘʝʤ ʚ ʚʠʜʝ (2.13), (2.14) 

ʠʣʠ ʚ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ 
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ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʦʢʘ ʤʘʩʩʳ ʥʝ ʤʝʥʷʝʪʩʷ 
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ʛʜʝ RTmDB /0 aD=  ï ʢʦʬɻʬʠʮʠʝʥʪ ʧʝʨʝʥʦʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʧʨʷʞʝʥʠʡ; 

( )RTEDD
D

/exp
0

0 -=  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʘʤʦʜʠʬʬʫʟʠʠ; ()CfDD 0=  ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ; ()Cf  ï ʬʫʥʢʮʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ 

ʦʪ ʩʦʩʪʘʚʘ; R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, m ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ; 
D

t  ï 

ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʧʦʪʦʢʘ ʤʘʩʩʳ; tq ï ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʧʦʪʦʢʘ ʪʝʧʣʘ; T
l ï 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ; 
0
a-a=aD  ï ʨʘʟʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʚʥʝʜʨʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ a ʠ ʵʣʝʤʝʥʪʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʦʩʥʦʚʫ 
0
a (ʠʣʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʩʣʫʯʘʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ). 

ʀʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʷ (4.4)-(4.7) ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʦʜʥʦʦʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ 

ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ: ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʜʨʷʝʤʦʡ ʧʨʠʤʝʩʠ ʉ, 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʛʨʫʞʝʥʠʷ ů ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʊ: 
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ɻʨʘʥʠʯʥʳʝ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ 
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¤­x : C=C0; ,0=s      (4.11) 

0=t : C=C0; 0=s ; 
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TT= ; 0=
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ɼʘʣʝʝ ʫʜʦʙʥʝʝ ʧʝʨʝʡʪʠ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʝʨʝʤʝʥʥʳʤ. ɺʚʝʜʝʤ ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʝʜʳʜʫʱʠʤ: 
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ʇʦʜʩʪʘʚʣʷʷ (4.12) ʚ (4.8)-(4.11), ʥʘʭʦʜʠʤ 

()()
()

ù
ú

ø
é
ê

è

xµ

µ

c+Q

Q

xµ

µ
wg-ù

ú

ø
é
ê

è

xµ

µ
Q

xµ

µ
=

tµ

µ
t+

tµ

µ SF
CLeM

C
CfFLe

CC
D 2

2

, (4.13) 

2

2

2

2

2

2

2

2

xµ

µ
=

tµ

µ
g+

tµ

Qµ
+

tµ

µ SCS
,       (4.14) 

( ) ( ) ù
ú

ø
é
ê

è

tµ

µ
c+Q

tµ

µ
wt-

tµ

µ
c+Qw-

xµ

Qµ
=
tµ

Qµ
+

tµ

Qµ
t

SS
qq 2

2

2

2

, (4.15) 

ɻʨʘʥʠʯʥʳʝ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʤ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ: 
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ɺʳʨʘʞʝʥʠʷ (4.4), (4.6), (4.7) ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 
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ɺ (4.13), (4.20) ʬʫʥʢʮʠʷ () ( )[ ]( )c+Qb-=Q /1expF  ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ. 

 

4.2 ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

ɹʝʟʨʘʟʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ ʚʝʣʠʯʠʥ ʨʘʟʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.1. ʀʥʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [162,163,173]. 

ʊʘʙʣʠʮʘ 4.1 ï ɼʦʧʫʩʪʠʤʳʝ ʠʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 
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4.3 ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ r(4.13)-(4.21) ʠʩʧʦʣʴʟʫʝʤ ʥʝʷʚʥʫ  ʁʨʘʟʥʦʩʪʥʫ  ʁʩʭʝʤʫ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢʘʢ ʧʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ.  

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʦʪ ʥʘʧʨʷʞʝʥʠʡ ʢ ʜʝʬʦʨʤʘʮʠʷʤ ʩ 

ʧʦʤʦʱʴʶ (4.19) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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ʌʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʝʤ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ. ʊʘʢ, ʝʩʣʠ 

ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʨʝʰʘʝʪʩʷ ʧʝʨʚʳʤ, ʪʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʩʣʦʝ 

( )1+j  ʙʫʜʫʪ ʠʟʚʝʩʪʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʠʬʬʫʟʠʠ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʜʨʷʝʤʦʡ ʧʨʠʤʝʩʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ).  

ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʜʨʷʝʤʦʡ ʧʨʠʤʝʩʠ ʠʟ (4.13) ʩʣʝʜʫʝʪ: 
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ʉ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʩʪʫʧʘʝʤ ʘʥʘʣʦʛʠʯʥʦ 

( ) -
tD

-
c+Qw-

xD

Q+Q-Q
=

tD

Q-Q
+

tD

Q+Q-Q
t

++

+

++

-

+-+ j

i

j

i

j

i

j

i

j

i

j

i

j

i

j

i

j

i

j

i
q

SS 1

2

1

1

11

1

1

2

11 22

( ) öö
÷

õ
ææ
ç

å

tD

+-
c+Q+

tD

-

tD

Q-Q
wt-

-+++

2

1111 2 j

i

j

i

j

i

j

i

j

i

j

i

j

i
q

SSSSS
. 



95 

ɼʘʣʝʝ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʙʳʣ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʚ ɻʣʘʚʝ 3: 

ï ʫʨʘʚʥʝʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʢ ʚʠʜʫ, ʫʜʦʙʥʦʤʫ ʜʣʷ ʤʝʪʦʜʘ ʧʨʦʛʦʥʢʠ; 

ï ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʩʦ ʚʪʦʨʳʤ ʧʦʨʷʜʢʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʨʘʟʣʦʞʝʥʠʷ ʚʝʣʠʯʠʥ ʚ ʪʦʯʢʝ, ʙʣʠʞʘʡʰʝʡ ʢ ʛʨʘʥʠʮʝ, ʚ ʨʷʜ 

ʊʝʡʣʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʯʥʳʭ ʪʦʯʝʢ. ɺʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʠ ʵʪʦʤ ʥʘʭʦʜʠʤ 

ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʩʪʦʡʯʠʚ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ʉʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʨʷʣʠ, ʠʩʧʦʣʴʟʫʷ ʵʢʩʪʨʘʧʦʣʷʮʠʶ ʥʘ ʥʫʣʝʚʦʡ 

ʰʘʛ. ɺʦ ʚʩʝʭ ʨʘʩʯʝʪʘʭ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʚʳʧʦʣʥʝʥʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ. 

 

4.4 ʅʝʣʠʥʝʡʥʘʷ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʩʦʚʤʝʩʪʥʦ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʩʰʪʘʙʘʤ 

ʨʘʟʥʳʭ ʷʚʣʝʥʠʡ [154, 174]. ʊʘʢʠʤʠ ʤʘʩʰʪʘʙʘʤʠ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ 

ʠʤʧʫʣʴʩʘ ʠ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʜʣʷ ʜʠʬʬʫʟʠʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʉʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʵʪʠʤʠ ʚʨʝʤʝʥʘʤʠ ʜʘʶʪ ʧʘʨʘʤʝʪʨʳ ŰD, Űq ʠ Űimp. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʘʢʠʤ-

ʣʠʙʦ ʤʘʪʝʨʠʘʣʘʤ. ʊʦ ʝʩʪʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʚʳʙʝʨʝʤ ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ 

ʪʘʙʣʠʮʳ 4.1. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʩʯʝʪʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.2. 

ʊʘʙʣʠʮʘ 4.2 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ŰD
 

0.3 Űq
 

0.03 M  10.5 

ɔ -1.3 ɤ 0.1 ɢ 1 

0

~m  0.05 0

~s
 

0.001 ɓ 0.003 

0

~q  0.5 Le 0.05 Űimp 1.0 

 

ɺʥʝʰʥʠʡ ʠʤʧʫʣʴʩ 
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ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.1. ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʥʘʙʦʨʘ 

ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʝʤ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ï Űq 

< ŰD < Űimp. ʅʘ ʛʨʘʬʠʢʘʭ ʚ ʣʝʚʦʤ ʩʪʦʣʙʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ, ʩʨʘʚʥʠʤʳʭ ʩ Űq. ɺʠʜʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʧʨʫʛʠʭ ʚʦʣʥ ʩ 

ʚʦʣʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʨʘʟʫ. ɺ ʦʙʣʘʩʪʠ ʥʘʭʦʞʜʝʥʠʷ 

ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʨʠʩ. 4.1, ʘ, ʩʝʨʳʡ ʢʨʫʛ) ʠʤʝʝʪʩʷ ʤʘʢʩʠʤʫʤ 

ʥʘ ʚʦʣʥʝ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ. 4.1, ʛ, ʩʝʨʳʡ ʢʨʫʛ), ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʵʢʩʪʨʝʤʫʤ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʝʤʥʦʛʦ ʧʦʟʜʥʝʝ (ʨʠʩ. 4.1, ʜ). ɺʟʘʠʤʦʚʣʠʷʥʠʝ 

ʨʘʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʚʨʝʤʝʥʘʭ, 

ʙʣʠʟʢʠʭ ʢ ŰD ʠ Űimp. ɼʣʷ ʚʨʝʤʝʥ, ʩʨʘʚʥʠʤʳʭ ʩ ŰD ʠ ʥʝʤʥʦʛʦ ʤʝʥʴʰʠʭ Űimp, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʠʬʬʫʟʠʦʥʥʦʡ ʚʦʣʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʢʩʠʤʫʤ ʥʝʤʥʦʛʦ ʧʨʘʚʝʝ 

ʣʝʚʦʡ ʛʨʘʥʠʮʳ (ʨʠʩ. 4.1, ʙ) ʠ ʚ ʵʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʥʠʤʫʤ ʚ 

ʜʝʬʦʨʤʘʮʠʷʭ (ʨʠʩ. 4.1, ʜ). ʉʝʨʳʤʠ ʢʨʫʛʘʤʠ, ʧʦ-ʧʨʝʞʥʝʤʫ, ʦʪʤʝʯʝʥʦ ʧʦʣʦʞʝʥʠʝ 

ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʠʤʝʝʪ 

ʚʳʨʘʞʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʣʷ ʜʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ (ʨʠʩ. 4.1, ʢ, ʣ). ɺ 

ʢʨʘʡʥʝʤ ʧʨʘʚʦʤ ʩʪʦʣʙʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʣʷ ʤʦʤʝʥʪʦʚ 

ʚʨʝʤʝʥʠ, ʙʦʣʴʰʠʭ, ʯʝʤ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ. ʀʩʢʘʞʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʚʟʘʠʤʦʚʣʠʷʥʠʝʤ ʚʦʣʥ ʜʝʬʦʨʤʘʮʠʠ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʫʩʠʣʠʚʘʝʪʩʷ 

(ʨʠʩ. 4.1, ʚ, ʝ). ʅʘ ʫʧʨʫʛʦʡ ʚʦʣʥʝ ʧʨʘʚʝʝ ʩʝʨʦʛʦ ʢʨʫʛʘ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʩʣʝʜʫʶʱʠʡ ʵʢʩʪʨʝʤʫʤ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʚʛʣʫʙʴ ʦʙʨʘʟʮʘ. ɽʛʦ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʩʣʝʜʩʪʚʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ ï ʜʠʬʬʫʟʠʠ ʠ ʫʧʨʫʛʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. 

ʅʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʠʩʢʘʞʝʥʠʝ (ʨʠʩ. 4.1, ʤ, ʙʝʣʳʡ 

ʢʨʫʛ) ʚ ʦʙʣʘʩʪʠ, ʛʜʝ ʫʧʨʫʛʠʝ ʚʦʣʥʳ ʤʝʥʷʶʪ ʟʥʘʢ (ʨʠʩ. 4.1, ʝ, ʠ, ʙʝʣʳʡ ʢʨʫʛ). ɼʣʷ 

ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʜʠʬʬʫʟʠʷ ʧʨʠʤʝʩʠ ʥʝ ʚʥʦʩʠʪ ʥʠʢʘʢʦʛʦ ʚʢʣʘʜʘ ʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ ʜʝʬʦʨʤʘʮʠʠ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺʦʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʩʪʘʝʪ ʦʪ ʜʨʫʛʠʭ ʚʦʣʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʨʝʤʠʪʩʷ 

ʢ ʠʩʭʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ. 
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ʈʠʩʫʥʦʢ 4.1 ï ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ. ʉʠʥʫʩʦʠʜʘʣʴʥʳʡ ʠʤʧʫʣʴʩ. 

ʄʦʤʝʥʪʳ ʚʨʝʤʝʥʠ Ű: 1 ï 0.02, 2 ï 0.04, 3 ï 0.08, 4 ï 0.15, 5 ï 0.3, 6 ï 0.6, 7 ï 0.8, 8 

ï 1.0, 9 ï 1.5, 10 ï 2.0, 11 ï 3.0, 12 ï 5.0. (ʘ)-(ʚ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ, (ʛ)-(ʝ) 

ʜʝʬʦʨʤʘʮʠʠ, (ʞ)-(ʠ) ʥʘʧʨʷʞʝʥʠʷ; (ʢ)-(ʤ) ʪʝʤʧʝʨʘʪʫʨʘ 

 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʟʘʜʘʯʠ (ʨʠʩ. 4.2). 
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ʈʠʩʫʥʦʢ 4.2 ï ʉʨʘʚʥʝʥʠʝ ʨʝʰʝʥʠʡ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ. ʄʦʤʝʥʪʳ ʚʨʝʤʝʥʠ Ű: 1 ï 0.3, 2 ï 1.0, 3 ï 2.0.  

(ʘ)-(ʛ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ, (ʜ)-(ʟ) ʜʝʬʦʨʤʘʮʠʠ, (ʠ)-(ʤ) ʥʘʧʨʷʞʝʥʠʷ; (ʥ)-(ʨ) 

ʪʝʤʧʝʨʘʪʫʨʘ  

 

ʆʛʨʘʥʠʯʠʤʩʷ ʪʨʝʤʷ ʤʦʤʝʥʪʘʤʠ ʚʨʝʤʝʥʠ [1 ï 0.3; 2 ï 1.0; 3 ï 2.0]. ɺʠʜʥʦ, ʯʪʦ 

ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʠʩʢʘʞʝʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ, ʥʦ ʨʘʟʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʚʣʠʷʝʪ ʥʘ ʩʪʝʧʝʥʴ ʠʩʢʘʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʧʣʦʚʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʦʣʥ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʦ ʧʨʠ 

ʫʩʣʦʚʠʠ ŰD < Űimp < Űq (ʨʠʩ. 4.2, ʟ, ʤ, ʨ). ʕʢʩʪʨʝʤʫʤʳ ʥʘ ʫʧʨʫʛʦʡ ʚʦʣʥʝ ʚ ʦʙʣʘʩʪʠ 

ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ (ʧʨʘʚʝʝ ʩʝʨʳʭ ʢʨʫʛʦʚ) ʩʚʷʟʘʥʳ ʩ ʵʢʩʪʨʝʤʫʤʦʤ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʏʝʤ ʙʦʣʴʰʝ ʩʢʘʯʦʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʤ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʶʪ 
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ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʫʩʣʦʚʠʠ Űq < Űimp < ŰD ʵʢʩʪʨʝʤʫʤ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (ʨʠʩ. 4.2, ʚ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʠʥʠʤʫʤ ʜʝʬʦʨʤʘʮʠʠ (ʣʝʚʝʝ ʩʝʨʳʭ ʢʨʫʛʦʚ) ʪʘʢʞʝ 

ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ (ʨʠʩ. 4.2, ʞ). ɿʥʘʯʠʪ, ʝʩʣʠ ʟʥʘʪʴ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ 

ʤʘʩʩʳ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʦʢ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.3. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʧʨʦʬʠʣʷʭ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ 

ʫʯʝʪʘ ʚ ʥʝʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʩʦʩʪʘʚʘ. 
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ʈʠʩʫʥʦʢ 4.3 ï ʉʨʘʚʥʝʥʠʝ ʨʝʰʝʥʠʡ ʣʠʥʝʡʥʦʡ (ʧʫʥʢʪʠʨʥʳʝ) ʠ ʥʝʣʠʥʝʡʥʦʡ 

(ʩʧʣʦʰʥʳʝ) ʟʘʜʘʯ. ʄʦʤʝʥʪʳ ʚʨʝʤʝʥʠ Ű: 1 ï 0.3, 2 ï 1.0.  

(ʘ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ, (ʙ) ʜʝʬʦʨʤʘʮʠʠ, (ʚ) ʥʘʧʨʷʞʝʥʠʷ; (ʛ) ʪʝʤʧʝʨʘʪʫʨʘ 

 

ʊʘʢ ʢʘʢ ʚʥʝʰʥʠʡ ʠʤʧʫʣʴʩ ʧʝʨʝʩʪʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ, ʚʛʣʫʙʴ ʤʘʪʝʨʠʘʣʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʜʥʦ ʠ ʪʦ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʚʥʝʜʨʝʥʥʦʡ ʧʨʠʤʝʩʠ ʩ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ > Űimp. ʕʪʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʝʥʩʪʚʦ ʧʣʦʱʘʜʝʡ ʧʦʜ ʢʨʠʚʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʟʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ɺʳʧʦʣʥʝʥʠʝ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʣʫʯʘʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 4.4. ʅʘ ʨʠʩʫʥʢʝ 4.4 (ʘ), (ʚ) ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ 

ʩʨʘʟʫ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 
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ʈʠʩʫʥʦʢ 4.4 ï ʀʥʪʝʛʨʘʣʴʥʘʷ ʤʘʩʩʘ ʚʥʝʜʨʷʝʤʦʡ ʧʨʠʤʝʩʠ.  

(ʘ) Űq = 0.03 < ŰD= 0.3 < Űimp = 1.0; (ʙ) ŰD= 0.03< Űq = 0.3 < Űimp = 1.0;  

(ʚ) Űq = 0.03 < Űimp = 1.0< ŰD= 1.2; (ʛ) ŰD= 0.03< Űimp = 1.0< Űq = 1.2 

 

ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʘʥʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʣʝʡ 

 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.5. ʅʘ ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ, 

ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʚʠʜʠʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ 

ʧʨʦʬʠʣʝʡ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʥʦ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʥʦ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʫʯʝʪ ʩʚʷʟʘʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ. 

 

   
(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 4.5 ï ʉʨʘʚʥʝʥʠʝ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʧʨʠ ʨʘʟʥʦʤ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʚʷʟʘʥʥʦʩʪʠ ɤ: 0.6 ï ʧʫʥʢʪʠʨʥʳʝ; 0.0 ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ. ʄʦʤʝʥʪʳ ʚʨʝʤʝʥʠ Ű: 1 ï 

0.3, 2 ï 1.0. (ʘ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ, (ʙ) ʥʘʧʨʷʞʝʥʠʷ; (ʚ) ʪʝʤʧʝʨʘʪʫʨʘ 

 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʠʨʘʝʤ ʩʠʩʪʝʤʫ ʤʘʪʝʨʠʘʣʦʚ Al-Ni. ʆʙʨʘʟʮʳ 

ʥʠʢʝʣʷ ʧʦʜʚʝʨʛʘʶʪ ʦʙʨʘʙʦʪʢʝ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. ʆʩʥʦʚʫ ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʩʦʩʪʘʚʣʷʶʪ 














































































































