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ɻɸʅʉ ï ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 
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ɺɺɽɼɽʅʀɽ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʦʩʚʦʝʥʠʝ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʤʥʦʛʠʭ ʩʪʨʘʥ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ 

ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʥʘʭʦʜʷʪʩʷ ʦʙʰʠʨʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠ ̫ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʫʩʧʝʰʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʵʢʦʥʦʤʠʢʠ ʵʪʠʭ ʩʪʨʘʥ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ (ʣʠʥʠʡ ʩʚʷʟʠ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʧʦʜʚʦʜʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ) ʧʨʦʣʦʞʝʥʦ ʧʦ ʜʥʫ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʭ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʠʥʩʧʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ [3, 78, 85, 217, 251] 

ʚʳʧʦʣʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪ ʧʨʦʠʩʭʦʜʠʪ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʙʦʣʴʰʠʝ 

ʛʣʫʙʠʥʳ, ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪ.ʜ.) ʠ ʩʚʷʟʘʥʦ ʩ ʨʠʩʢʦʤ ʜʣʷ ʞʠʟʥʠ 

ʠ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʠʭ ʚʳʧʦʣʥʷʶʪ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʚʣʝʯʝʥʠʝ ʣʶʜʝʡ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʝʚʦʟʤʦʞʥʤr. ʅʘʧʨʠʤʝʨ, ʫʩʪʨʘʥʠʪʴ ʘʚʘʨʠʶ ʥʘ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ 

ʧʣʘʪʬʦʨʤʝ Deepwater Horizon ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʦʙʠʪʘʝʤʳʭ 

ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʅʇɸ). 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʜʘʣʴʥʝʡʰʘ ̫ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʩʚʦʝʥʠ ̫ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʨʦʣʠ ʅʇɸ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʵʪʦʛʦ ʦʩʚʦʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʶʪʩʷ 

ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʅʇɸ, ʠ ʦʩʦʙʝʥʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʟʘʜʘʯʠ, 

ʚʳʧʦʣʥʷʝʤʳʝ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ.  

ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʜʚʦʜʥʦʡ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʚʥʝʩʣʠ ʤʥʦʛʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ 

ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ ʄ.ɼ.ɸʛʝʝʚ, ɽ.ʅ.ʇʘʥʪʦʚ, ɺ.ʉ.ʗʩʪʨʝʙʦʚ, T.I.Fossen, J.-J.E.Slotine, 

T.J.Tarn, D.R.Yoerger ʠ ʜʨ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʪʠʧʦʚ 

ʅʇɸ ʚʝʜʫʪʩʷ ʚʦ ʤʥʦʛʠʭ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʄɻʊʋ ʠʤ. 

ʅ.ʕ.ɹʘʫʤʘʥʘ, ʀʇʄ ʈɸʅ ʠʤ. ʄ.ɺ.ʂʝʣʜʳʰʘ, ʀʆ ʈɸʅ ʠʤ. ʇ.ʇ.ʐʠʨʰʦʚʘ, ʀʇʄʊ ɼɺʆ 

ʈɸʅ, ʘ ʪʘʢʞʝ ʚ ʚʝʜʫʱʠʭ ʟʘʨʫʙʝʞʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʦʧʨʝʜʝʣʠʣʩʷ ʦʩʥʦʚʥʦʡ ʢʨʫʛ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʳ ʅʇɸ [1, 251]. ʉʨʝʜʠ ʵʪʠʭ ʟʘʜʘʯ ʤʦʞʥʦ ʚʳʜʝʣʠʪɹ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ.  

1. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ ʜʥʘ, ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʮʝʥʢʘ ʟʘʧʘʩʦʚ ʙʠʦʨʝʩʫʨʩʦʚ. ʊʘʢʞʝ ʅʇɸ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʧʦʜʚʦʜʥʦʡ 

ʘʨʭʝʦʣʦʛʠʠ [174], ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʝʣʴʬʦʚʳʭ ʟʦʥ [241] ʠ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ 

[121].   

2. ʄʦʥʠʪʦʨʠʥʛ ʧʦʜʚʦʜʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ, ʢʦʥʪʨʦʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʧʦʜʚʦʜʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʠ ʜʨʫʛʠʭ 

ʩʦʦʨʫʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʤʥʦʛʠʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʙʦʪʦʡ ʧʦʜʦ ʣʴʜʦʤ ʚʦʟʤʦʞʥʦ 

ʚʳʧʦʣʥʷʪʴ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʅʇɸ.  

3. ɺʦʝʥʥʳʝ ʟʘʜʘʯʠ: ʧʦʠʩʢʦʚʳʝ ʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʨʘʟʚʝʜʢʘ ʠ 

ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʦʙʰʠʨʥʳʭ ʦʢʝʘʥʩʢʠʭ ʠ ʤʦʨʩʢʠʭ ʪʝʘʪʨʘʭ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ, 

ʧʘʪʨʫʣʠʨʦʚʘʥʠʝ ʥʘ ʟʘʜʘʥʥʦʤ ʨʫʙʝʞʝ, ʧʦʠʩʢ, ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʩʣʝʞʝʥʠʝ  ʟʘ ʧʦʜʚʦʜʥʳʤʠ 

ʣʦʜʢʘʤʠ, ʙʦʝʚʦʝ ʦʭʨʘʥʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʣʦʜʦʯʥʦʛʦ ʦʨʫʞʠʷ, 

ʫʥʠʯʪʦʞʝʥʠʝ ʮʝʣʝʡ ʠ ʦʙʲʝʢʪʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʧʝʨʘʮʠʷʭ ʧʦ ʧʦʩʪʘʥʦʚʢʝ ʤʠʥ, 

ʧʨʦʚʝʜʝʥʠʝ ʦʧʝʨʘʮʠʡ ʧʦ ʨʘʟʤʠʥʠʨʦʚʘʥʠʶ ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʤʠʥʥʳʭ ʟʘʛʨʘʞʜʝʥʠʡ 

[19], ʫʯʘʩʪʠʝ ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʦ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʝ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤʫ 

ʧʦʜʘʚʣʝʥʠʶ. 

4. ɼʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ: ʨʘʟʚʝʜʢʘ ʧʦʜʚʦʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʩʦʟʜʘʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʜʚʦʜʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʨʠʯʘʣʴʥʳʭ ʩʪʝʥʦʢ 

ʠ ʜʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʦʨʪʦʚʳʭ ʘʢʚʘʪʦʨʠʡ ʠ ʰʝʣʴʬʦʚʳʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ). ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʩʦʟʜʘʥʠʷ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʜʦʙʳʯʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [218].   

5. ɼʨʫʛʠʝ ʦʙʣʘʩʪʠ: ʦʙʩʣʝʜʦʚʘʥʠʝ ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ [131], ʧʨʦʢʣʘʜʢʘ 

ʧʦʜʚʦʜʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʦʙʩʣʝʜʦʚʘʥʠʝ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ, ʧʦʠʩʢ ʠ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ʟʘʪʦʥʫʚʰʠʭ ʦʙʲʝʢʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʮʝʣʷʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʮʝʣʷʭ.  
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʜʚʦʜʥʳʭ 

ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʅʇɸ, ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ. ʂ 

ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʦʧʝʨʘʮʠʠ, ʪʨʝʙʫʶʱʠʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʚʦʜʥʳʤ ʘʧʧʘʨʘʪʘʤʠ 

ʪʦʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʙʣʠʟʠ ʦʙʲʝʢʪʦʚ ʨʘʙʦʪ. ʋʢʘʟʘʥʥʳʝ ʦʧʝʨʘʮʠʠ ʦʙʳʯʥʦ 

ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʅʇɸ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ, ʥʦ ʠʤʝʶʱʠʭ 

ʩʣʦʞʥʫʶ ʬʦʨʤʫ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʭ ʜʚʠʞʠʪʝʣʝʡ ʠ ʥʘʣʠʯʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʚ ʠ 

ʪ.ʜ.). ʂ ʫʢʘʟʘʥʥʳʤ ʦʧʝʨʘʮʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʧʝʨʘʮʠʠ ʠʥʩʧʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʚʦʜʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʦʙʩʣʝʜʦʚʘʥʠʝ ʟʘʪʦʥʫʚʰʠʭ ʦʙʲʝʢʪʦʚ, ʢʦʨʘʣʣʦʚʳʭ ʨʠʬʦʚ ʠ ʪ.ʜ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʪʘʢʠʭ ʅʇɸ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʘʚʪʦʥʦʤʥʳʝ ʅʇɸ (ɸʅʇɸ), ʚʳʧʦʣʥʷʶʱʠʝ 

ʦʧʝʨʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʘʧʧʘʨʘʪʦʚ (ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʝ ʠ 

ʦʩʤʦʪʨʦʚʳʝ ʦʧʝʨʘʮʠʠ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʝʨʠʡʥʳʝ ʦʙʨʘʟʮʳ ɸʅʇɸ 

(Marlin ʢʦʤʧʘʥʠʠ Lockheed Martin), ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʦʩʤʦʪʨʦʚʳʭ ʦʧʝʨʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʧʦʜʚʦʜʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʜʚʠʞʝʥʠʝ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʠʩʢʣʶʯʘʷ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ 

ʦʢʨʫʞʘʶʱʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ.    

  ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʧʦʜʚʦʜʥʳʭ ʦʧʝʨʘʮʠʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʧʝʨʘʮʠʠ, ʪʨʝʙʫʶʱʠʝ 

ʪʦʯʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ (ʙʦʣʝʝ 1 ʤ/ʩ) ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʛʣʘʜʢʠʤ 

ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʷʞʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ 

ʦʧʝʨʘʮʠʡ ʷʚʣʷʶʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʚʦʜʥʦʡ ʩʨʝʜʳ, ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ, ʠʥʩʧʝʢʮʠʷ 

ʧʦʜʚʦʜʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʠ ʪ.ʜ. ʋʢʘʟʘʥʥʳʝ ʦʧʝʨʘʮʠʠ ʦʙʳʯʥʦ 

ʚʳʧʦʣʥʷʶʪʩʷ ʅʇɸ, ʠʤʝʶʱʠʤʠ ʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʷʟʢʦʡ ʩʨʝʜʦʡ ʠ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷ 

ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʭ ʜʚʠʞʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʝʨʝʤʝʱʝʥʠʝ ʵʪʠʭ ʅʇɸ ʧʦ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʠʭ ʤʘʥʝʚʨʝʥʥʦʩʪʠ.      

ʊʦʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʦʧʝʨʘʮʠʡ ʅʇɸ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠʭ ʉʋ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʫʶ ʪʨʫʜʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʉʋ ʅʇɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠʣʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʅʇɸ, ʘ ʪʘʢʞʝ ʦ ʭʘʨʘʢʪʝʨʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʷʟʢʦʡ 
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ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ [156]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʭʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʵʪʠʭ ʧʘʨʘʤʝʪʨʘʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ.  

ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʝʨʚʦʛʦ ʪʠʧʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʦʙʘʩʪʥʳʝ ʉʋ, ʢʦʪʦʨʳʝ, ʠʤʝʷ ʩʣʦʞʥʫʶ ʨʝʘʣʠʟʘʮʠʶ, ʧʦʟʚʦʣʷʶʪ 

ʦʙʝʩʧʝʯʠʪʴ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ 

ʠ ʚʟʘʠʤʦʚʣʠʷʥʠʷʤ ʤʝʞʜʫ ʝʛʦ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʠʤʝʶʱʠʭ ʧʦʚʳʰʝʥʥʳʝ ʚʝʣʠʯʠʥʳ 

ʠʟ-ʟʘ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʅʇɸ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʚʪʦʨʦʛʦ ʪʠʧʘ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʉʋ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʜʝʨʞʘʱʠʝ ʣʠʥʝʡʥʳʝ ʨʝʛʫʣʷʪʦʨʳ.      

ʇʦʤʠʤʦ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ. ʏʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʪʝʤ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ 

ʪʨʘʪʠʪʩʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʚʦʜʥʳʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʧʦʠʩʢʦʚʳʭ ʠ ʦʩʤʦʪʨʦʚʳʭ ʦʧʝʨʘʮʠʡ. ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʩʝʭ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʇɸ ʩ ʚʷʟʢʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʣʦʞʥʳʭ ʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʨʦʙʘʩʪʥʳʭ ʉʋ ʅʇɸ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʝ 

ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʚʠʞʠʪʝʣʠ ʅʇɸ 

ʙʫʜʫʪ ʩʧʦʩʦʙʥʳ ʦʪʨʘʙʦʪʘʪʴ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʳʝ ʵʪʠʤʠ ʉʋ, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢʦ ʚʭʦʜʫ ʚ ʥʘʩʳʱʝʥʠʝ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʠʥʪʝʟʝ ʉʋ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʦʪʦʯʥʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʅʇɸ, 

ʥʦ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʪʨʘʙʘʪʳʚʘʪʴʩʷ ʵʪʠʤʠ 

ʉʋ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ.  

ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʉʋ ʅʇɸ, ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠ ̫ ʩʠʛʥʘʣʦʚ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ ʠ ʦʙʥʦʚʣʷʶʱʠʭʩʷ ʩ ʨʘʟʥʦʡ ʯʘʩʪʦʪʦʡ, 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʠʧʘ ʜʘʪʯʠʢʘ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʦʪʜʝʣʴʥʳʭ 
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ʜʘʪʯʠʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʥʠʞʝ, ʯʝʤ ʪʨʝʙʫʝʤʘʷ ʯʘʩʪʦʪʘ ʚʳʨʘʙʦʪʢʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʚ ʉʋ ʅʇɸ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʡ ʨʘʙʦʪʳ ʉʋ ʅʇɸ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ 

ʦʪ ʜʘʪʯʠʢʦʚ ʅʇɸ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʥʫʞʥʫʶ ʯʘʩʪʦʪʫ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʦʚ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ. 

ʂʨʦʤʝ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ ʩʦʟʜʘʥʥʳʭ ʉʋ ʅʇɸ. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʪʠʭ ʉʋ ʅʇɸ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʤʝʱʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠ ʟʘʪʷʛʠʚʘʝʪ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʉʋ ʅʇɸ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʴʥʘʷ ʉʋ 

ʫʧʨʘʚʣʷʝʪ ʤʦʜʝʣʴʶ ʅʇɸ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜ rʢ 

ʧʦʣʫʥʘʪʫʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠhʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ 

ʠʥʞʝʥʝʨʘʤʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʨʝʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʙʩʪʚʦ 

ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʅʇɸ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʝhʥʠʝ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤ,r 

ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʩʦʟʜʘʥʠʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ, ʢʦʪʦʨʳʝ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ 

ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʪʦʯʥʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ ʨʘʟʣʠʯʥʦʛʦ 

ʚʠʜʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚ 

ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʧʝʨʝʤʝʥʥʦʩʪʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʩʨʝʜʦʡ ʧʨʠ ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʚʩʝʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʤʦʱʥʦʩʪʠ ʠʭ 

ʫʩʠʣʠʪʝʣʴʥʳʭ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ.  

1) ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʦʪʦʯʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʩʪʠ ʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ 

ʠʭ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʠ ʢʘʥʘʣʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. 
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2) ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʉʋ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʩ ʦʜʥʠʤ 

ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʫʯʠʪʳʚʘʶʱʝʡ ʦʩʦʙʝʥʥʦʩʪʠ ʢʠʥʝʤʘʪʠʢʠ ʝʛʦ ʜʚʠʞʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʪʦʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʅʇɸ ʧʦ ʛʣʘʜʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ.   

3) ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ ʨʝʞʠʤʘʤʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʛʣʘʜʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʝʜʝʣʴʥʦ ʩʢʦʨʦʩʪʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʵʪʠʭ ʘʧʧʘʨʘʪʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʟʘʜʘʥʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ.  

4) ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ 

ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʩʦʢʦʪʦʯʥʦʝ ʢʦʥʪʫʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʝʡʰʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ 

ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʚʠʞʠʪʝʣʝʡ.  

5) ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʩ 

ʨʘʟʣʠʯʥʦʡ (ʯʘʩʪʦ ʥʠʟʢʦʡ) ʯʘʩʪʦʪʦʡ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʥʘʚʠʛʘʮʠʦʥʥʦ-

ʧʠʣʦʪʘʞʥʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʠʭ ʉʋ. 

6) ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʅʇɸ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ ʧʦʣʫʥʘʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʅʇɸ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʭ ʜʚʠʞʝʥʠʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʚʳʩʦʢʠʤʠ 

ʩʢʦʨʦʩʪʷʤʠ. ʇʨʠ ʵʪʦʤ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʜʠʥʘʤʠʢʫ ʠʭ ʜʚʠʞʝʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ 

ʨʝʞʠʤʘʭ, ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʤʝʨʥʦʡ, ʥʝʣʠʥʝʡʥʦʡ, ʩʦʜʝʨʞʠʪ ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʠʭ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʘ ʪʘʢʞʝ ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʚʥʝʰʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʡ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʉʋ 

ʅʇɸ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʜʚʝ 

ʛʨʫʧʧʳ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʜʦʣʞʥʘ ʧʦʟʚʦʣʠʪʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʚʳʩʦʢʦʪʦʯʥʳʝ ʉʋ ʜʣʷ ʚʳʩʦʢʦʤʘʥʝʚʨʝʥʥʳʭ ʅʇɸ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʚʙʣʠʟʠ ʦʙʲʝʢʪʦʚ ʨʘʙʦʪ. ʕʪʠ ʉʋ ʜʦʣʞʥʳ 
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ʩʪʨʦʠʪʴʩʷ ʥʘ ʙʘʟʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʉʋ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʚʘʪʴ ʅʇɸ ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʣʶʙʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʚʩʝʤʠ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʟʜʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʠʭ 

ʜʚʠʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʳʡ ʚʭʦʜ ʦʪʜʝʣʴʥʳʭ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʚ 

ʥʘʩʳʱʝʥʠʷ.  

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ, ʠʤʝʶʱʠʭ 

ʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʧʨʦʪʷʞʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʕʪʠ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʞʠʪʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʢʦʨʦʩʪʥʳʭ ʅʇɸ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ 

ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʦʚʳʝ 

ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʨʦʩʪʳʝ ʨʝʛʫʣʷʪʦʨʳ ʠ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʩʪʨʦʝʥʠʶ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʩʠʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʵʪʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʚʦʟʤʦʞʥʦʝ ʥʘʩʳʱʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʜʚʠʞʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʙʳʩʪʨʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʵʪʠʭ ʅʇɸ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʉʋ ʅʇɸ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ 

ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʦʡ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ. ʊʘʢʞʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʉʋ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

- ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʜʚʫʭʫʨʦʚʥʝʚʳʭ ʉʋ ʚʳʩʦʢʦʪʦʯʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʧʦ 

ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ; 

- ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʣʠʥʝʡʥʦʡ ʢʦʨʨʝʢʮʠʠ ʠ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʧʦ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ 

ʜʣʷ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʠʭ ʤʦʜʝʣʠ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʚʩʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʵʬʬʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʩ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ; 
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- ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʝʨʝʥʘʩʪʨʘʠʚʘʝʤʳʭ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ; 

- ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʉʇʉ) 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ 

ʥʘʩʪʨʦʡʢʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; 

- ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ 

ʜʚʠʞʠʪʝʣʝʤ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʣʳ ʪʷʛʠ ʝʛʦ ʜʚʠʞʠʪʝʣʴʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ; 

- ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ; 

-ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʢʦʨʨʝʢʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʉʋ ʅʇɸ; 

- ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ 

ʅʇɸ, ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʛʤʘ-ʪʦʯʝʯʥʦʛʦ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ; 

- ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʥʝʧʦʣʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʝʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʧʠʣʦʪʘʞʥʳʭ ʜʘʪʯʠʢʦʚ; 

- ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʧʦʣʫʥʘʪʫʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʙʦʨʪʦʚʦʡ ʉʋ ʅʇɸ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʚʥʝʰʥʠʭ 

ʩʨʝʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʦʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʩʦʩʪʦʷʱʘ ̫ʠʟ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ.  

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʷʚʣʝʥʳ 

ʧʨʦʙʣʝʤʳ ʠ ʪʨʫʜʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʉʋ ʜʣʷ 

ʅʇɸ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ ʥʘʟʥʘʯʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʠʟʚʝʩʪʥʳʭ ʧʦʜʭʦʜʦʚ ʠ 

ʤʝʪʦʜʦʚ, ʨʝʰʘʶʱʠʭ ʩʭʦʜʥʳʝ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʨʦʙʘʩʪʥʳʝ ʠ ʘʜʘʧʪʠʚʥʳʝ ʉʋ ʥʝ ʚʩʝʛʜʘ ʧʦʣʥʦʩʪʴʶ 

ʫʯʠʪʳʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʅʇɸ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʫʶ 
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ʧʝʨʝʤʝʥʥʦʩʪʴ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʩʨʝʜʦʡ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʜʚʠʞʝʥʠʷ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʇʨʠ ʵʪʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʪʦʯʥʳʭ ʉʋ ʅʇɸ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʵʪʠʭ ʘʧʧʘʨʘʪʦʚ (ʧʝʨʝʤʝʥʥʦʩʪʴ ʤʥʦʛʠʭ ʠʭ ʧʘʨʘʤʝʪʨʦʚ), ʥʦ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʛʥʘʣʳ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ 

(ʚʩʝʛʜʘ) ʦʪʨʘʙʘʪʳʚʘʪʴʩʷ ʵʪʠʤʠ ʉʋ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʠʭ ʉʋ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʨʘʟʣʠʯʥʘ ̫ʯʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ ʚʳʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʞʝ ʪʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ, ʥʘ ʧʨʘʢʪʠʢʝ ʩʪʘʥʦʚʷʪʩʷ 

ʚʦʦʙʱʝ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤʠ.  ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʢʦʥʮʝ ʛʣʘʚʳ 

ʙʳʣʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʳ ʩʪʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʉʋ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʅʇɸ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʪʠʭ ʅʇɸ ʩ ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʘʜʘʧʪʠʚʥʦʡ ʉʋ ʅʇɸ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʚʣʦʞʝʥʥʳʭ ʢʦʥʪʫʨʦʚ: 

ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ, ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʠ 

ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʅʇɸ. ɺ ʛʣʘʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʣʦʢʘʣʴʥʳʭ ʉʋ ʪɻʠʭ ʢʦʥʪʫʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʠʜʘʪʴʩʷ ʢʘʞʜʦʤʫ 

ʢʦʥʪʫʨʫ ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʊʘʢʞʝ ʚ ʛʣʘʚʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʙʦʩʥʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʉʋ ʅʇɸ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʉʋ ʜʣʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ. ɺ ʛʣʘʚʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʪʨʫʢʪʫʨʘ ʉʋ ʵʪʦʛʦ ʅʇɸ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʛʣʘʚʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʝʛʦ ʜʚʠʞʝʥʠʷ. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʜʚʠʞʝʥʠʝ ʩ 

ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ 

ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ: ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʤʝʪʦʜ ʢʦʨʨʝʢʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ 

ʤʝʪʦʜʦʚ, ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʚʳʩʦʢʦʪʦʯʥʳʭ ʉʋ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʅʇɸ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʛʤʘ-ʪʦʯʝʯʥʦʛʦ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʯʘʩʪʦʪʫ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦ ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʘʩʪʦʪʳ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʝʛʦ ʜʘʪʯʠʢʦʚ, ʘ ʪʘʢʞʝ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʥʝʠʟʤʝʨʷʝʤʳʝ ʙʦʨʪʦʚʳʤʠ ʜʘʪʯʠʢʘʤʠ ʅʇɸ ʢʦʤʧʦʥʝʥʪʳ ʝʛʦ ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʛʣʘʚʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʝʛʦ 

ʙʦʨʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ. 

ɺ ʰʝʩʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʠʨʫʶʱʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʘʣʠʟʘʮʠʡ 

ʩʦʟʜʘʥʥʳʭ ʉʋ ʅʇɸ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʅʇɸ ʚʥʝʰʥʠʭ ʩʨʝʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʫʜʦʙʩʪʚʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʥʘʪʫʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʉʋ ʅʇɸ. 
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ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʟʚʦʣʷʶʪ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʦʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʉʋ ʅʇɸ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʪʁ ʧʨʝʜʝʣʴʥʦ 

ʙʳʩʪʨʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʵʪʠʭ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʟʘʜʘʥʥʦʡ 

ʪʦʯʥʦʩʪʴʶ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 69 ʧʫʙʣʠʢʘʮʠʷʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ 1-ʡ ʤʦʥʦʛʨʘʬʠʠ, 19 ʩʪʘʪʴʷʭ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ ʜʣʷ ʜʦʢʪʦʨʩʢʠʭ 

ʜʠʩʩʝʨʪʘʮʠʡ, 1 ʩʪʘʪʝɹ ʚ ʞʫʨʥʘʣʝ, ʠʥʜʝʢʩʠʨʫʝʤʦʤ ʚ ʙʘʟʝ Scopus, 10 ʧʘʪʝʥʪʘʭ ʠ 5 

ʩʚʠʜʝʪʝʣʴʩʪʚʘʭ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʕɺʄ. ʆʪʜʝʣʴʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 15 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ 15 ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ.    

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʤʝʪʦʜʦʚ ʠ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʩʦʩʪʘʚʝ ʙʦʨʪʦʚʳʭ ʉʋ ʨʘʟʣʠʯʥʳʭ ʅʇɸ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʅʇɸ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʚʳʧʦʣʥʝʥʠʷ ʠʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʨʘʙʦʪ. 
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1. ɸʅɸʃʀɿ ʉʋʑɽʉʊɺʋʖʑʀʍ ʇʆɼʍʆɼʆɺ ʂ ʉʀʅʊɽɿʋ ʉʀʉʊɽʄ 

ʋʇʈɸɺʃɽʅʀʗ ʅɽʆɹʀʊɸɽʄʓʄʀ ʇʆɼɺʆɼʅʓʄʀ ɸʇʇɸʈɸʊɸʄʀ 

 

ʆʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʙʣʝʤʘʭ ʠ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ ʧʦʜʚʦʜʥʦʡ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʜʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [1, 3, 78, 85, 113, 116, 156, 217, 234]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʘʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ 

(ʦʩʤʦʪʨ ʧʨʠʯʘʣʴʥʳʭ ʩʪʝʥʦʢ, ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʠ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʧʣʘʪʬʦʨʤ, 

ʟʘʪʦʥʫʚʰʠʭ ʦʙʲʝʢʪʦʚ ʠ ʪ.ʜ.), ʅʇɸ ʜʦʣʞʥr  ʧʝʨʝʤʝʱʘʪʴʩʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʚ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʉʋ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʵʪʠʭ ʅʇɸ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅʇɸ. ʕʪʦʡ ʮʝʣʠ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʫʚʝʣʠʯʠʚ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʙʝʟ ʩʥʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ 

ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʉʋ.  

ʊʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʋ ʅʇɸ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʚʝʜʝʥʠʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʉʋ ʅʇɸ ʚ ʧʦʣʫʥʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʆʋ) ʜʣʷ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʉʋ ʅʇɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʚʨʝʤʝʥʥʳʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʉʋ ʅʇɸ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʉʋ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʠʨʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʫʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʋ ʅʇɸ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʫʣʠʨʫʪʁʩʷ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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1.1 ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʅʇɸ ʢʘʢ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʨʘʟʨʘʙʦʪʢʠ ʉʋ ʜʣʷ ʣʶʙʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʘʥʘʣʠʟ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʚʳʷʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʠʥʪʝʟʝ ʵʪʦʡ ʉʋ. ʆʪ ʪʦʛʦ ʥʘʩʢʦʣʴʢʦ ʧʦʣʥʦ ʚ 

ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʉʋ ʫʯʠʪʳʚʘʶʪʩʷ ʫʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʙʫʜʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʟʘʚʠʩʝʪʴ ʠ ʢʘʯʝʩʪʚʦ ʝʝ ʨʘʙʦʪʳ. 

ʆʧʠʩʘʥʠ ʁʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʅʇɸ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [3, 46, 

78, 114, 116, 156]. ɺ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʅʇɸ ʧʦʣʫʯʝʥʘ ʥʘ 

ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʅʴʶʪʦʥʘ-ʕʡʣʝʨʘ ʠʣʠ ʕʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ 

ʜʚʠʞʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʅʇɸ ʩʦ ʩʪʦʨʦʥʳ ʚʷʟʢʦʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʟʘʧʠʩʠ ʪɻʦʡ ʤʦʜʝʣʠ: ʚ 

ʚʠʜʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [46] ʠ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ [156]. ʇʝʨʚʳʡ 

ʚʠʜ ʟʘʧʠʩʠ ʥʘʠʙʦʣʝʝ ʫʜʦʙʝʥ ʧʨʠ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʅʇɸ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʧʦʜʩʠʩʪʝʤʳ ʠ ʩʦʟʜʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʉʋ, ʘ 

ʚʪʦʨʦʡ ʚʠʜ ʫʜʦʙʝʥ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʉʋ ʅʇɸ.  

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʅʇɸ ʢʘʢ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

1. ʅʘʣʠʯʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʥʝʣʠʥʝʡʥʳʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʧʨʠʙʣʠʞʝʥʥʳʡ ʚʠʜ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʘʭ [29, 46, 116, 134, 156, 

172]. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [232], ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʅʇɸ ʠʤʝʪʁ ʩʣʦʞʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʅʇɸ, ʥʝʩʫʱʠʭ 

ʩʣʦʞʥʦʝ ʙʦʨʪʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ ʟʘʚʠʩʷʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʥʦ ʪʘʢʞʝ ʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʧʨʠʯʝʤ 

ʩʘʤʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʩʣʦʞʥʳʡ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

2. ʅʘʣʠʯʠʝ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʠʥʝʨʮʠʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʅʇɸ ʟʘ ʩʯʝʪ ʚʦʚʣʝʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʲʝʤʦʚ ʞʠʜʢʦʩʪʠ ʚ ʜʚʠʞʝʥʠʝ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʵʪʠʭ ʅʇɸ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [1, 46, 116, 156] ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ 

ʤʘʩʩʳ ʠ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʦʡ ʅʇɸ. ʂʨʦʤʝ ʪʦʛʦ, ʠʭ 
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ʚʝʣʠʯʠʥʳ ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʅʇɸ, 

ʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

3. ʅʘʣʠʯʠʝ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʘʣʠʯʠʝʤ ʢʦʨʠʦʣʠʩʦʚʳʭ ʠ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʭ ʩʠʣ ʧʨʠ ʠʭ 

ʜʚʠʞʝʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ [114, 116, 156]. ʕʪʦʪ 

ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ, ʧʨʠ ʵʪʦʤ ʯʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʠʭ ʜʚʠʞʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʵʪʠʭ 

ʩʠʣ. 

4. ʅʘʣʠʯʠʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʧʦʜʚʦʜʥʳʭ ʪʝʯʝʥʠʡ) ʩʦ ʩʪʦʨʦʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʟʤʝʨʠʪʴ ʫʢʘʟʘʥʥʳʝ 

ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʇʦʤʠʤʦ ʫʢʘʟʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʜʠʥʘʤʠʢʫ ʅʇɸ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʝʪ ʜʠʥʘʤʠʢʘ ʝʛʦ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [46, 73, 155, 242, 248]. ʂʘʢ 

ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [4, 169, 180, 181], ʧʨʦʚʝʜʝʥʥʳʝ 

ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʦʞʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʧʘʨʘʤʝʪʨʳ ʩʘʤʦʛʦ ʜʚʠʞʠʪʝʣʷ, ʥʦ ʠ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʅʇɸ. ʇʨʠ ʵʪʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʫʯʝʪʫ ʜʠʥʘʤʠʢʠ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʜʚʠʞʠʪʝʣʠ ʅʇɸ 

ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʥʝ ʫʯʠʪʳʚʘʶʱʠʭ ʨʷʜ ʚʘʞʥʳʭ 

ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʠʥʪʘ ʩ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ. ʆʜʥʘʢʦ ʚ 

ʨʘʙʦʪʘʭ [169, 180, 242] ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʜʚʠʞʠʪʝʣʷ ʧʨʠ ʩʠʥʪʝʟʝ ʉʋ ʅʇɸ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʨʝʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʦ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʠ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʷʚʣʝʥʠʶ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʅʇɸ. ʇʦʵʪʦʤʫ ʜʣʷ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ 

ʤʦʞʥʦ ʪʦʯʥʝʝ ʫʯʠʪʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʭ ʜʚʠʞʠʪʝʣʝʡ.   

ʂʨʦʤʝ ʜʠʥʘʤʠʢʠ ʜʚʠʞʠʪʝʣʝʡ, ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʢʠʥʝʤʘʪʠʢʫ 

ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [116], ʢʦʪʦʨʘʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʚʥʦʩʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʝʣʠʥʝʡʥʦʩʪʴ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʅʇɸ.  

ʇʦʤʠʤʦ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʅʇɸ 

ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʨʷʜ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [3, 46, 114, 178], ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ 
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ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʅʇɸ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ [46] ʧʨʠʚʝʜʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʅʇɸ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʢʦʛʜʘ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʣʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʝʛʦ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʥʝ ʩʫʱʝʩʪʚʝʥʥʳ ʠ ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɺ ʨʘʙʦʪʘʭ [1, 3] 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʅʇɸ ʦʧʠʩʳʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʧʨʦʱʝʥʠʶ, ʦʜʥʘʢʦ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʅʇɸ, ʧʨʠʝʤʣʝʤʳʭ ʪʦʣʴʢʦ ʜʣʷ ʢʘʢʦʛʦ-ʪʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʠʜʘ ʅʇɸ ʠʣʠ ʨʝʞʠʤʘ ʝʛʦ ʜʚʠʞʝʥʠʷ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʚʳʩʦʢʦʪʦʯʥʫʶ ʉʋ ʅʇɸ ʜʣʷ ʩʣʫʯʘʷ ʝʛʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ.

  ʊʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʅʇɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʩʯʝʪ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʘʙʦʪʘʭ [156, 158, 159, 

179, 187, 205, 224, 250] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʠ ̫ʩʝʨʠʠ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʭ ʚʳʯʠʩʣʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʜʘʪʴ ʪʦʣʴʢʦ 

ʧʨʠʙʣʠʞʝʥʥʳʝ ʠʭ ʟʥʘʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʅʇɸ ʷʚʣʷʁʪʩʷ ʩʣʦʞʥʳʤʠ ʤʥʦʛʦʤʝʨʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʘʣʠʯʠʷ ʧʝʨʝʢʨʝʩʪʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʠʭ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʝʨʝʤʝʥʥʦʩʪʠ ʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠʯʝʤ ʫʢʘʟʘʥʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ 

ʫʯʝʪʘ ʧʨʠ ʩʠʥʪʝʟʝ ʚʳʩʦʢʦʪʦʯʥʦʡ ʉʋ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ. 

 

1.2 ɸʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʉʋ ʅʇɸ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʩʦʟʜʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʋ ʅʇɸ [78, 116, 130, 156, 209]. ɸʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪ 
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ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʉʋ ʅʇɸ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʙʦʣʴʰʠʝ 

ʛʨʫʧʧʳ.  

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʉʋ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʫʧʨʦʱʝʥʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʅʇɸ, ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʦʩʪʦʷʥʩʪʚʝ 

ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʅʇɸ. ʂ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʥʦʩʷʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʣʠʥʝʡʥʳʝ ʉʋ, ʧʨʠʤʝʨʳ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [25, 170, 187, 193]. ʂʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʋ ʅʇɸ ʜʘʥʥʦʛʦ ʪʠʧʘ ʵʬʬʝʢʪʠʚʥʦ ʪʦʣʴʢʦ ʚ 

ʦʪʜʝʣʴʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʩʣʘʙʦ ʧʨʦʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʅʇɸ 

ʢʘʢ ʧʝʨʝʤʝʥʥʦʩʪʴ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʣʠʯʠʝ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ 

ʠ ʪ.ʜ. ʂ ʪʘʢʠʤ ʨʝʞʠʤʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʚʠʞʝʥʠʝ ʧʦ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ. ʆʜʥʘʢʦ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʅʇɸ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʫʢʘʟʘʥʥʳʝ ʣʠʥʝʡʥʳʝ ʉʋ ʫʞʝ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [203] 

ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʝʛʦ ʉʋ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʢʦʝ 

ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʩ ʧʦʤʦʱʴʶ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʣʠʥʝʡʥʦʡ ʠ ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʩʪʦʣʢʥʦʚʝʥʠʷʤ ʅʇɸ ʩ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ. 

ɼʨʫʛʠʤ ʪʠʧʦʤ ʣʠʥʝʡʥʳʭ ʉʋ ʅʇɸ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ [137], ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʣʠʥʝʡʥʳʝ 

ʨʝʛʫʣʷʪʦʨ r ʜʣʷ ʨʘʟʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʅʇɸ. ʆʜʥʘʢʦ ʉʋ ʵʪʦʛʦ ʪʠʧʘ ʪʘʢʞʝ ʠʤʝʪʁ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʜʣʷ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʅʇɸ; ʯʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ; ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʣʠʥʝʘʨʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʅʇɸ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʋ ʅʇɸ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʤʦʛʫʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʵʪʠʭ ʅʇɸ ʧʦ ʧʨʷʤʦʣʠʥʝʡʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ, ʢʦʛʜʘ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʤʝʞʜʫ ʝʛʦ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʠ 

ʧʘʨʘʤʝʪʨʳ ʅʇɸ ʥʝ ʤʝʥʷʶʪʩʷ. 

ɼʨʫʛʠʤ ʪʠʧʦʤ ʉʋ ʅʇɸ ʷʚʣʷʶʪʩʷ ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʦʜʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʉʋ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [30, 70, 

109, 185, 200], ʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʤʠ ʩʣʦʞʥʳʤʠ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʘʭ [28, 39, 42, 59, 72, 112, 182, 

189, 214, 223].  

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤ rʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ 

ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [124]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʦʡ 

ʩʠʩʪʝʤ rʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʪʦʨʧʝʜʦʦʙʨʘʟʥʦʛʦ ʅʇɸ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʩ ʫʯʝʪʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʝʛʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺ ʨʘʙʦʪʝ [228] 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʦʛʦ ʇɼ-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ 

ʅʇɸ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ ʤʦʜʝʣʠ ʧʣʘʚʫʯʝʩʪʠ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʪʦʪ ʅʇɸ. 

ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʥʳʤʠ ʠʭ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ 

ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʉʋ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ 

ʧʨʠ ʩʠʥʪʝʟʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʳʟʳʚʘʝʪ ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘʩʪʨʦʡʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʉʋ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ 

ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʩʣʦʞʥʦʩʪʠ. 

ʂ ʪʨʝʪʴʝʤʫ ʪʠʧʫ ʉʋ ʅʇɸ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʦʙʘʩʪʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʚʦʡʩʪʚ 

ʩʘʤʦʛʦ ʆʋ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ 
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ʅʇɸ ʧʨʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʠ 

ʨʦʙʘʩʪʥʳʭ ʉʋ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ.  

ʂ ʧʝʨʚʦʤʫ ʚʠʜʫ ʨʦʙʘʩʪʥʳʭ ʉʋ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ 

ʩ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʴʶ, ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [8, 26, 60, 

71, 233]. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʉʋ ʵʪʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʷʚʥʦʤ ʚʠʜʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʤʦʜʝʣʠ), ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʟʘʜʘʥʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʜʠʥʘʤʠʢʫ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʩʚʦʜʷʪ ʢ ʞʝʣʘʝʤʦʡ ʜʠʥʘʤʠʢʝ 

ʤʦʜʝʣʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʧʦʜʚʦʜʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ [12, 28, 36, 

122, 215] ʦʙʝʩʧʝʯʠʚʘʷ ʢʘʯʝʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʅʇɸ ʩ ʧʦʤʦʱʴʶ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʭ 

ʩʨʝʜʩʪʚ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʘʙʦʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʢʦʥʪʫʨʝ ʩʘʤʦʥʘʩʪʨʦʡʢʠ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʂ ʜʨʫʛʦʤʫ ʚʠʜʫ ʨʦʙʘʩʪʥʳʭ ʉʋ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʧʪʠʤʘʣʴʥʦ-ʨʦʙʘʩʪʥʳʝ ʉʋ, 

ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [5, 40, 61]. ʕʪʦʪ ʚʠʜ ʉʋ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ (ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ), 

ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ [165 244, 252]. ʕʪʠ ʩʠʩʪʝʤʳ ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ [129, 201, 

243]. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʨʦʙʘʩʪʥʦʩʪʴ ʢ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʅʇɸ, ʦʜʥʘʢʦ ʠʭ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʅʇɸ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʋ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʅʉ), 

ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʣʫʯʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ [216, 230]. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʉʋ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʭ ʦʙʫʯʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʟʘʜʘʥʥʳʤʠ ʆʋ ʙʝʟ ʜʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʠʥʪʝʟʘ ʉʋ. ʋʢʘʟʘʥʥʳʝ ʉʋ ʪʘʢʞʝ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [236] ʧʨʝʜʣʘʛʘʝʪʩʷ ʉʋ ʥʘ ʦʩʥʦʚʝ 



25 
 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʅʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʚʙʣʠʟʠ ʜʥʘ. ɺ ʨʘʙʦʪʘʭ [219] ʠ 

[229] ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʅʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʣʫʙʠʥʦʡ ʅʇɸ. ɺ ʨʘʙʦʪʝ [192] ʥʘ ʦʩʥʦʚʝ ʅʉ 

ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʉʋ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ, ʫʯʠʪʳʚʘʶʱʘʷ ʨʘʟʣʠʯʥʳʝ ʵʬʬʝʢʪʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʜʚʠʞʠʪʝʣʷ ʩ ʞʠʜʢʦʩʪʴʶ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʫʢʘʟʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅʉ, ʉʋ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʠʤʝʶʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʟʘʢʣʶʯʘʶʱʠʭ ʚ ʩʣʝʜʫʶʱʝʤ. ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ 

ʉʋ ʥʘ ʦʩʥʦʚʝ ʅʉ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ ʠ ʪʠʧʘ ʘʨʭʠʪʝʢʪʫʨʳ 

ʩʝʪʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʦʞʥʦʡ 

ʤʥʦʛʦʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴ,ʁ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʠʤ, 

ʯʪʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʩʠʛʥʘʣʘ 

ʫʧʨʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʅʇɸ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʝʨʝʦʙʫʯʘʪʴ ʅʉ, ʠʩʧʦʣʴʟʫʶʱʫʶʩʷ ʚ ʉʋ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅʉ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʙʦʨʪʦʚʳʤ 

ʢʦʤʧʴʶʪʝʨʦʤ ʅʇɸ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʨʦʙʘʩʪʥʳʭ ʉʋ 

ʷʚʣʷʶʪʩʷ ʉʇʉ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʢʦʣʴʟʷʱʝʤ ʨʝʞʠʤʝ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʩʠʥʪʝʟʘ ʫʢʘʟʘʥʥʳʭ 

ʩʠʩʪʝʤ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [16, 17, 74, 75, 222], ʘ ʧʨʠʤʝʨʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ, ʤʥʦʛʦʩʚʷʟʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʨʘʙʦʪʘʭ [41, 171, 

183, 191, 204]. ʊʘʢʞʝ ʫʢʘʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ [11, 13, 138, 139, 231]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [240] 

ʧʨʝʜʣʦʞʝʥʘ ʉʇʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʫʨʩʦʤ ʅʇɸ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɺ ʨʘʙʦʪʝ [253] ʥʘ ʦʩʥʦʚʝ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʦʣʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʅʇɸ ʧʨʝʜʣʘʛʘʝʪʩʷ ʉʇʉ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʚʝʢʪʦʨʫ 

ʩʦʩʪʦʷʥʠʷ ʅʇɸ. ɺ ʨʘʙʦʪʝ [37] ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʯʝʩʪʴ ʚʝʣʠʯʠʥʳ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ ʅʇɸ.   
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ʊʘʢʞʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʉʇʉ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ [164, 184, 225, 245]. ʂʘʢ 

ʦʪʤʝʯʘʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ 

ʥʘʩʪʨʦʡʢʫ ʵʪʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʟʙʝʞʘʪʴ ʧʦʷʚʣʝʥʠʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʉʋ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʉʇʉ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʪʘʢʞʝ ʠ ʥʝʜʦʩʪʘʪʢʦʤ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʉʇʉ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʆʋ ʵʪʠ ʩʠʩʪʝʤʳ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʩ ʫʯʝʪʦʤ çʥʘʠʭʫʜʰʝʛʦè ʩʣʫʯʘʷ, ʢʦʛʜʘ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʘʠʤʝʥʴʰʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʆʋ ʚ 

çʣʫʯʰʫʶè ʩʪʦʨʦʥʫ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʉʇʉ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʦ ʝʩʪʴ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʙʣʘʜʘʶʪ ʟʘʚʝʜʦʤʦ ʟʘʥʠʞʝʥʥʳʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ. ʇʨʠ 

ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʉʋ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʪʦʯʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʟʘʥʠʞʝʥʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʉʋ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ.   

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚʚʦʜʠʪʴ ʚ ʉʇʉ ʩʘʤʦʥʘʩʪʨʦʡʢʫ ʝʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʪʝʢʫʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʆʋ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʵʪʠʭ 

ʉʇʉ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [10, 14, 58, 118, 126, 135, 221, 

246, 247]. ʆʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʘʤʦʥʘʩʪʨʦʡʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʠʣʠ ʚʳʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʆʋ. ʕʪʦʪ ʧʦʜʭʦʜ ʤʦʞʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʆʋ, ʥʘʧʨʠʤʝʨ, ʤʥʦʛʦʟʚʝʥʥʦʛʦ 

ʤʘʥʠʧʫʣʷʪʦʨʘ, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʅʇɸ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʘʩʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤ rʩ ʧʦʤʦʱʴʶ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʅʇɸ.  
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ʇʦʵʪʦʤʫ ʜʣʷ ʚʚʝʜʝʥʠʷ ʚ ʉʇʉ ʵʣʝʤʝʥʪʦʚ ʘʜʘʧʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʩʪʨʘʠʚʘʪʴ ʝʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʩʚʝʥʥʳʭ ʦʮʝʥʦʢ 

ʩʦʩʪʦʷʥʠʷ ʉʇʉ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʆʋ. ʆʩʥʦʚʳ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [11, 17, 136, 138]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʥʘʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠ ʁ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ.  

ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʉʋ ʜʣʷ ʅʇɸ, ʠʤʝʶʱʠʭ 

ʩʣʦʞʥʫʶ ʬʦʨʤʫ ʠ ʦʙʣʘʜʘʶʱʠʭ ʜʚʠʞʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʠʤ 

ʜʚʠʞʝʥʠʷ ʧʦ ʚʩʝʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ. ʇʨʠʤʝʨ ʧʦʜʦʙʥʦʛʦ ʅʇɸ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1.1. 

 

 

ʈʠʩ. 1.1 ʇʨʠʤʝʨ ʅʇɸ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʚʙʣʠʟʠ ʦʙʲʝʢʪʦʚ ʨʘʙʦʪ 

 

ʋʢʘʟʘʥʥʘʷ ʉʋ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʦʯʥʫʶ ʦʪʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ 

ʜʚʠʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ, ʥʘʣʠʯʠʷ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʠʭ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʠ ʪʝʤ ʩʘʤʳʤ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠ ̫ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. 

ʇʨʠ ʵʪʦʤ ʫʢʘʟʘʥʥʘʷ ʉʋ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʧʨʠʝʤʣʝʤʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ 

ʜʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʙʦʨʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ʅʇɸ. 
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ʆʜʥʘʢʦ ʧʨʦʚʦʜʠʪʴ ʩʠʥʪʝʟ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ ʩ ʫʯʝʪʦʤ ʚʩʝʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʛʦ ʜʠʥʘʤʠʢʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʚ ʨʘʙʦʪʘʭ [13, 

78] ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʜʝʢʦʤʧʦʟʠʮʠʠ. ʕʪʦʪ 

ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʙʠʝʥʠʝ ʚʩʝʡ ʉʋ ʅʇɸ ʥʘ ʨʷʜ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ: 

ʧʦʜʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ, ʧʦʜʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʠ ʧʦʜʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ. 

ʇʨʠʯʝʤ ʚ ʢʘʯʝʩʪʚʝ ʆʋ ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ.  

ʉʦʛʣʘʩʥʦ ʫʢʘʟʘʥʥʦʤʫ ʧʦʜʭʦʜʫ ʜʣʷ ʧʦʜʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ ʠ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʳʙʠʨʘʶʪʩʷ ʨʦʙʘʩʪʥʳʝ ʉʋ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ 

ʜʠʥʘʤʠʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʆʋ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʆʋ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʩʠʥʪʝʟ ʉʋ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʵʪʦʪ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʩʠʥʪʝʟʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ (ʠʝʨʘʨʭʠʯʝʩʢʠʭ) ʉʋ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʣʶʙʦʡ (ʚ ʧʨʝʜʝʣʘʭ ʠʤʝʶʱʝʡʩʷ ʤʦʱʥʦʩʪʠ 

ʜʚʠʞʠʪʝʣʝʡ) ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʠʯʝʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʚʝʣʠʯʠʥ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʅʇɸ ʩʦ ʩʪʦʨʦʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʚʷʟʢʦʡ ʩʨʝʜʳ.  

ʆʜʥʘʢʦ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʉʋ ʅʇɸ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʨʘʥʝʝ ʥʘ ʦʩʥʦʚʝ 

ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʧʦʜʭʦʜʘ, ʦʙʣʘʜʘʶʪ ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, 

ʣʦʢʘʣʴʥʳʝ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʠʭ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ 

[12, 140], ʢʦʪʦʨʘʷ ʥʝ ʫʯʠʪʳʚʘʝʪ ʨʷʜ ʚʘʞʥʳʭ ʵʬʬʝʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʩ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʰʘʛʘ ʚʠʥʪʘ ʧʨʠ ʝʛʦ ʨʝʚʝʨʩʝ, ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʚʝʣʠʯʠʥʫ ʫʧʦʨʘ, ʧʨʦʬʠʣʴʥʳʝ ʧʦʪʝʨʠ ʚʠʥʪʘ ʠ ʪ.ʜ.). 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʉʋ ʜʚʠʞʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʵʪʦʡ ʤʦʜʝʣʠ, ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ rʚʩʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʚ ʮʝʣʦʤ.  
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ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʩʘʤʦʥʘʩʪʨʦʡʢʠ 

ʉʇʉ [47, 135, 138, 139], ʥʝ ʪʨʝʙʫʶʱʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʆʋ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʅʇɸ, ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʉʇʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʅʇɸ ʨʘʙʦʪʘʝʪ ʚ ʩʚʦʙʦʜʥʦʤ ʨʝʞʠʤʝ (ʪ.ʝ. 

ʢʦʛʜʘ ʥʘ ʝʝ ʚʭʦʜ ʧʦʩʪʫʧʘʝʪ ʥʫʣʝʚʦʡ ʩʠʛʥʘʣ). ʆʜʥʘʢʦ ʚ ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʅʇɸ (ʠʤʝʥʥʦ ʵʪʦʪ ʨʝʞʠʤ ʧʨʠ ʦʪʩʣʝʞʠʚʘʥʠʠ ʟʘʜʘʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʠʤ) ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʨʦʠʟʚʦʣʴʥʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʫʢʘʟʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʉʇʉ ʪʝʨʷʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ.  

ʇʨʠ ʵʪʦʤ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʤ̫ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʦʡ ʨʦʙʘʩʪʥʦʡ ʉʋ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʜʚʠʞʠʪʝʣʠ ʅʇɸ ʤʦʛʫʪ ʦʪʨʘʙʦʪʘʪʴ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʳʝ ʵʪʦʡ ʉʋ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʣʠʯʠʥʳ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʪʨʘʝʢʪʦʨʠʷʤ, ʘ ʪʘʢʞʝ ʦʪ ʢʨʠʚʠʟʥʳ ʪʝʢʫʱʝʛʦ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʞʝʣʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʠ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ (ʩʢʦʨʦʩʪʠ) ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʭʦʜ ʠʭ 

ʜʚʠʞʠʪʝʣʝʡ ʚ ʥʘʩʳʱʝʥʠʷ.     

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʠʥʪʝʟ ʉʋ ʅʇɸ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʩ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ 

ʚʳʰʝ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʅʇɸ ʧʨʠ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʧʨʦʩʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʉʋ. 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʧʨʦʩʪʳʭ ʉʋ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʦʜʝʨʞʘʱʠʭ 

ʣʠʥʝʡʥʳʝ ʨʝʛʫʣʷʪʦʨʳ, ʜʣʷ ʅʇɸ ʠʤʝʶʱʠʭ ʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ ʠ ʚʳʧʦʣʥʷʶʱʠʭ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʧʨʦʪʷʞʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʇʨʠ ʵʪʦʤ ʜʚʠʞʠʪʝʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ ʪʘʢʠʭ ʅʇɸ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤ ʜʚʠʞʝʥʠʝ ʧʦ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʅʇɸ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.1.2. 
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ʈʠʩ.1.2 ʇʨʠʤʝʨʳ ʅʇɸ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʜʚʠʞʝʥʠʷ ʧʦ ʧʨʦʪʷʞʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 

 

ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʠʭ ʅʇɸ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʤ ʧʦʥʠʞʝʥʥʳʝ ʚʝʣʠʯʠʥʳ 

ʥʝʛʘʪʠʚʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʅʇɸ ʩ ʚʷʟʢʦʡ ʩʨʝʜʦʡ ʠ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʠʭ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʇʨʠ ʵʪʦʤ ʉʋ ʵʪʠʭ ʅʇɸ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʭ ʜʚʠʞʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʅʇɸ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʉʋ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʜʘʞʝ ʢʦʛʜʘ 

ʠʭ ʜʚʠʞʠʪʝʣʠ ʥʝ ʚʭʦʜʷʪ ʚ ʥʘʩʳʱʝʥʠʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʫʢʘʟʘʥʥʳʭ ʅʇɸ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ 

ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ, ʦʪʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʉʋ ʜʘʞʝ ʩ ʙʦʣʴʰʦʡ ʦʰʠʙʢʦʡ ʚʩʝ ʨʘʚʥʦ ʦʙʝʩʧʝʯʠʪ ʜʚʠʞʝʥʠʝ ʵʪʠʭ 

ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ.     

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʧʨʦʛʨʘʤʤʥʳʡ ʩʠʛʥʘʣ, ʟʘʜʘʶʱʠʡ ʞʝʣʘʝʤʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ, ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, 

ʥʝʟʘʚʠʩʷʱʝʡ ʦʪ ʩʘʤʦʡ ʉʋ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʉʋ 

ʅʇɸ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʉʋ ʅʇɸ ʩ ʩʠʩʪʝʤʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʅʇɸ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʘʤʠʭ ʅʇɸ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ.   

 

1.3 ɸʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʘʣʠʟʘʮʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʶ ʉʋ ʅʇɸ 

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʉʋ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʩʝʭ 

ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʉʋ ʥʘ ʙʦʨʪʦʚʦʤ 
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ʢʦʤʧʴʶʪʝʨʝ ʅʇɸ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʪʠʧʦʚʳʝ ʧʨʦʙʣʝʤʳ. 

1. ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʪʠʧʦʚ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ 

ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʤʥʦʛʠʭ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʠ ʥʝʜʦʨʦʛʠʭ ʅʇɸ, ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʠʭ ʠ ʩʣʦʞʥʳʭ ʜʘʪʯʠʢʦʚ. 

2. ʇʦʢʘʟʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʥʝ ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ. ʅʘʧʨʠʤʝʨ, ʜʘʥʥʳʝ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʣʘʛʘ 

ʧʦʢʘʟʳʚʘʶʪ ʩʢʦʨʦʩʪʴ ʅʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʪʝʯʝʥʠʡ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ. 

3. ʇʝʨʠʦʜ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚ 

ʜʝʩʷʪʢʠ ʨʘʟ ʠ ʙʳʪʴ ʙʦʣʴʰʝ ʧʝʨʠʦʜʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʉʋ ʅʇɸ. 

4. ʅʘʣʠʯʠʝ ʚ ʩʠʛʥʘʣʘʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ, 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʤʝʭ. 

ʅʘʣʠʯʠʝ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʪʦʤʫ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʪʥʳʭ 

ʩʚʷʟʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʉʋ 

ʅʇɸ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʦʩʥʦʚʳ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʳ ʚ ʤʦʥʦʛʨʘʬʠʷʭ [166, 207]. ʇʨʠ 

ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʣʴʪʨʦʚ ʂʘʣʤʘʥʘ [133], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʦʪ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [7] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʥʘ ʦʩʥʦʚʝ ʨʘʟʜʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʦʪ ʢʘʞʜʦʛʦ 

ʜʘʪʯʠʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʩ ʚʝʩʘʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʪʦʯʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʨʦʙʦʪʘ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʜʘʥʥʳʝ ʦʪ ʝʛʦ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʦʙʥʦʚʣʷʶʪʩʷ ʩ ʨʘʟʥʳʤ ʧʝʨʠʦʜʦʤ. ɺ ʨʘʙʦʪʝ [115] 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʪ ʜʘʪʯʠʢʦʚ ʢʦʣʝʩʥʦʛʦ ʨʦʙʦʪʘ, ʥʘ ʦʩʥʦʚʝ 

ʩʠʛʤʘ-ʪʦʯʝʯʥʦʛʦ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ 
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ʝʛʦ ʢʦʣʝʩ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ. ɺ ʨʘʙʦʪʝ [206] ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʨʘʩʰʠʨʝʥʥʦʛʦ 

ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ ʚʳʙʠʨʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪ ʦʮʝʥʢʫ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ 

ʅʇɸ. ʆʜʥʘʢʦ ʚ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʪʝʯʝʥʠʡ ʥʘ ʧʦʢʘʟʘʥʠʷ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʣʘʛʘ, ʘ ʪʘʢʞʝ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʧʦʣʦʞʝʥʠʷ, ʝʩʣʠ ʥʝ ʜʦʩʪʫʧʥʳ 

ʜʘʥʥʳʝ ʩ GPS ʠ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʣʘʛʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ 

ʧʨʦʤʝʞʫʪʢʘʤ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʜʘʥʥʳʝ ʩ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʦʙʥʦʚʣʷʶʪʩʷ ʠ ʉʋ 

ʅʇɸ ʨʘʙʦʪʘʝʪ ʚ ʨʘʟʦʤʢʥʫʪʦʤ ʨʝʞʠʤʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʤʝʩʪʝ ʩ ʟʘʜʘʯʝʡ ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʉʋ ʅʇɸ, 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʝʛʦ 

ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʩʠʛʥʘʣʦʚ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʚ ʪʝʤʧʝ ʨʘʙʦʪʳ ʵʪʦʡ ʉʋ ʅʇɸ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʝʨʠʦʜʘ 

ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʜʘʪʯʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʘʥʥʳʡ ʤʝʪʦʜ ʜʦʣʞʝʥ 

ʦʙʣʘʜʘʪʴ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʥʘ ʙʦʨʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ 

ʅʇɸ. 

ɼʨʫʛʦʡ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʜʚʦʜʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 

ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʥʘʩʪʨʦʡʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʫʜʘʝʪʩʷ ʙʳʩʪʨʦ 

ʟʘʜʘʚʘʪʴ ʪʘʢʫʶ ʦʢʨʫʞʘʶʱʫʶ ʦʙʩʪʘʥʦʚʢʫ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʵʪʠʭ ʅʇɸ, ʢʦʪʦʨʳʝ ʚʦ 

ʚʨʝʤʷ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʪʴ ʢʨʘʡʥʝ ʩʣʦʞʥʦ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʅʇɸ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʦʣʞʥʘ ʦʪʨʘʞʘʪʴ ʚʩʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʵʬʬʝʢʪʳ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 
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ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʦʡ ʝʝ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʜʩʪʨʦʡʢʠ ʚʩʝʭ ʝʝ ʧʘʨʘʤʝʪʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʫʢʘʟʘʥʥʘʷ ʤʦʜʝʣʴ 

ʜʦʣʞʥʘ ʪʘʢʞʝ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʠ ʤʦʜʝʣʠ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʥʝʢʦʪʦʨʳʭ ʜʘʪʯʠʢʦʚ (ʚʠʜʝʦʢʘʤʝʨʳ, ʜʘʣʴʥʦʤʝʨʳ ʠ ʪ.ʜ.) 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʨʝʣʴʝʬʘ), ʯʪʦ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʪʨʝʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ. 

2. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʅʇɸ ʦʢʘʟʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʝʛʦ ʉʋ (ʧʝʨʠʦʜ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ ʜʘʪʯʠʢʦʚ ʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʪ.ʜ.). ʇʦʵʪʦʤʫ ʜʣʷ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʅʇɸ ʚʘʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝ ʩʘʤ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ, 

ʘ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʉʋ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʙʦʨʪʫ ʵʪʦʛʦ 

ʅʇɸ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʉʋ ʅʇɸ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʦʨʪʦʚʦʤʫ 

ʢʦʤʧʴʶʪʝʨʫ ʅʇɸ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʩʦʟʜʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ʂ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʝ 

ʤʦʜʝʣʠʨʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ, ʠʤʝʶʱʠʝ ʨʘʟʚʠʪʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ 

ʧʦʟʚʦʣʷʶʱʠʝ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʣʦʞʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ. ʂ ʫʢʘʟʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʦʪʥʦʩʠʪʩʷ ʩʨʝʜʘ 

RoboLogix [210], ʧʦʟʚʦʣʷʶʱʘʷ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʣʦʞʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʥʚʝʡʝʨʥʳʭ ʣʠʥʠʡ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʘ ʪʘʢʞʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ.  

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Webots [239] ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ 

ʠ ʢʠʥʝʤʘʪʠʢʠ ʨʦʙʦʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʠʭ ʩʝʥʩʦʨʦʚ, ʘ 

ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʦʚ ʠʭ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʨʝʘʣʠʟʫʝʪ ʧʨʠʥʮʠʧ 

ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʘʣʛʦʨʠʪʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ, 

ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʫʧʨʘʚʣʷʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʨʦʙʦʪʦʚ. 
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ʉʨʝʜʘ RobotSim [212] ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʤʦʙʠʣʴʥʳʭ 

ʨʦʙʦʪʦʚ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ (ʪʨʝʥʠʝ, 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʧʨʝʜʤʝʪʘʤʠ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʪʨʝʭʤʝʨʥʫʶ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ. ɽʝ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʨʷʞʝʥʠʷ 

ʩʦ ʩʨʝʜʦʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ LabWiev ʠ ʢʦʤʧʠʣʷʮʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʵʪʦʡ ʩʨʝʜʝ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʫ ʥʘ ʷʟʳʢʝ ʉ++. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʨʦʙʦʪʦʚ ʷʚʣʷʝʪʩʷ Microsoft Robotic Studio [211]. ʕʪʦʪ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ 

ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʠʭ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʚʠʟʫʘʣʴʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Microsoft Visual Programming Language (VPL), 

ʥʦ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚ ʉʋ ʤʦʙʠʣʴʥʳʤʠ 

ʨʦʙʦʪʘʤʠ. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪʥʦʩʠʪʩʷ SubSim [120]. 

ʋʢʘʟʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʜʠʥʘʤʠʢʠ ʅʇɸ ʠ ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʠ, ʦʜʥʘʢʦ ʚ ʥʝʤ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʉʋ ʅʇɸ, ʪʦ ʝʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʞʠʤ 

ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɺ ʨʘʙʦʪʝ [237] ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʠʨʫʶʱʠʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʡ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʅʇɸ çMAUV -IIè, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʅʇɸ ʜʨʫʛʠʭ ʚʠʜʦʚ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʥʜʝʥʮʠʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʩʦʚʨʝʤʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ:  

- ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʪʦʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʦʙʦʪʘ, ʘ 

ʪʘʢʞʝ ʝʛʦ ʫʩʠʣʠʪʝʣʴʥʳʭ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʝʥʩʦʨʦʚ; 
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- ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʘʣʠʩʪʠʯʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʢʨʫʞʘʶʱʝʡ 

ʦʙʩʪʘʥʦʚʢʠ; 

- ʙʳʩʪʨʦʝ ʩʦʟʜʘʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ ʉʋ ʨʦʙʦʪʦʤ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʵʪʦʤ 

ʢʦʤʧʣʝʢʩʝ ʘʣʛʦʨʠʪʤʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʷʚʥʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʠʥʪʝʛʨʘʮʠʠ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʪʦʨʦʥʥʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʪ.ʜ.). ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʠʚʳʯʥʳʡ ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʙʦʪʳ, ʦʙʣʝʛʯʘʝʪ ʦʩʚʦʝʥʠʝ 

ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʮʝʣʦʤ ʠ ʨʘʩʰʠʨʷʝʪ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʩʫʱʝʩʪʚʫʶʪ ʟʘʜʘʯʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʦ, ʣʠʙʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʠ 

ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʢʘʟʘʥʥʳʝ 

ʤʦʜʝʣʠʨʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʨʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ 

ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʦʤ, ʥʦ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʧʨʦʚʝʨʢʫ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʝʛʦ ʨʝʘʣʴʥʦʡ ʉʋ ʧʨʠ ʝʝ ʨʘʙʦʪʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʵʪʫ ʉʋ, ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʦʚʤʝʩʪʠʤʘ ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʤʦʜʝʣʠʨʫʶʱʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʘ ʪʘʢʞʝ ʟʘʢʨʳʪʦʩʪʴʶ ʠʭ ʢʦʜʘ. ʊʦ ʝʩʪʴ ʟʘʜʘʯʠ 

ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʜʝʡʩʪʚʫʶʪ ʘʧʧʘʨʘʪʥʫʶ ʯʘʩʪʴ ʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʅʇɸ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʦʜʝʣʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʪʘʥʦʚʷʪʩʷ ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʳʤʠ. 

ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʉʋ ʅʇɸ, 

ʠʤʝʶʱʠʭ ʢʦʥʢʨʝʪʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʛʨʘʤʤʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟʙʝʞʘʪʴ ʧʦʚʨʝʞʜʝʥʠʡ ʅʇɸ ʧʨʠ ʧʨʦʚʝʨʢʝ ʠ ʥʘʩʪʨʦʡʢʝ ʥʦʚʳʭ 

ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʦʰʠʙʢʠ, 

ʦʮʝʥʠʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʙʦʨʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ 

ʚʳʙʨʘʥʥʦʤʫ ʟʘʢʦʥʫ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʝʘʣʴʥʳʝ ʟʘʜʝʨʞʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ.  
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1.4 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʮʝʣʴ ʩʦʟʜʘʥʠʷ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ, ʢʦʪʦʨʳʝ ʟʘ 

ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʪʦʯʥʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʧʝʨʝʤʝʥʥʦʩʪʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʩʨʝʜʦʡ ʧʨʠ ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʚʩʝʤʠ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʤʦʱʥʦʩʪʠ ʠʭ ʫʩʠʣʠʪʝʣʴʥʳʭ ʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ, ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʰʘʶʪʩʷ 

ʟʘʜʘʯʠ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.3.  

 

 

ʈʠʩ.1.3 ʉʪʨʫʢʪʫʨʘ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦ ʩʠʥʪʝʟʫ ʚʳʩʦʢʦʪʦʯʥʦʡ ʉʋ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʅʇɸ  

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʳ, ʟʘʜʘʯʘ, ʧʦʩʪʘʚʣʝʥʥʘʷ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʙʫʜʝʪ ʨʝʰʘʪʴʩʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʜʚʫʭ ʚʠʜʦʚ ʅʇɸ.  

ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʉʋ ʅʇɸ 

ʅʇɸ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʪʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʚʙʣʠʟʠ 

ʦʙʲʝʢʪʦʚ ʨʘʙʦʪ 

ʅʇɸ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʧʦ ʩʣʦʞʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʚʜʦʣʴ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʪʦʯʥʳʭ ʉʋ, 

ʨʦʙʘʩʪʥʳʭ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ 

ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʉʋ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʜʚʠʞʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ   

ʄʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ 

ʜʚʠʞʝʥʠʷ ʅʇɸ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʥʘʩʳʱʝʥʠʷ ʜʚʠʞʠʪʝʣʝʡ 

ʄʝʪʦʜʳ ʢʦʨʨʝʢʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʦʚʦʤ 

ʧʨʠʥʮʠʧʝ ʫʧʨʘʚʣʝʥʠʷ 

 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ ʜʣʷ 

ʧʨʝʜʝʣʴʥʦ ʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʟʘʜʘʥʥʦʡ 

ʪʦʯʥʦʩʪʴʶ  

ʄʝʪʦʜʳ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʘʝʤʳʭ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ 

ʄʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʋ ʅʇɸ 
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ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʳʩʦʢʦʪʦʯʥʳʝ ʉʋ ʜʣʷ ʅʇɸ, 

ʠʤʝʶʱʠʭ ʜʚʠʞʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʤ ʚʳʩʦʢʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʧʦ 

ʚʩʝʤ ʰʝʩʪʠ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʦʯʥʳʭ ʦʧʝʨʘʮʠʡ 

ʚʙʣʠʟʠ ʦʙʲʝʢʪʘ ʨʘʙʦʪ. ʋʢʘʟʘʥʥʳʝ ʉʋ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʜʚʠʞʝʥʠʷ ʠ ʚʣʠʷʥʠʷ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʠʭ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ.  ʇʨʠ ʵʪʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʘʭ [13, 78], ʚ ʢʦʪʦʨʦʤ ʫʩʪʨʘʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʥʝʜʦʩʪʘʪʢʠ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʵʪʘʧʝ ʘʥʘʣʠʟʘ.  

ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠ ʨʝʛʫʣʷʪʦʨʳ ʜʣʷ 

ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ ʥʘ ʦʩʥʦʚʝ ʠʭ ʙʦʣʝʝ ʧʦʣʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ [4]. ʕʪʦ ʧʦʟʚʦʣʠʪ ʪʦʯʥʦ ʟʘʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʚʠʞʠʪʝʣʝʡ ʧʨʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʘ ʪʘʢʞʝ (ʩ 

ʫʯʝʪʦʤ ʚʚʦʜʠʤʦʡ ʢʦʨʨʝʢʮʠʠ) ʫʧʨʦʩʪʠʪʴ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʪʩʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʚʥʝʰʥʠʭ ʢʦʥʪʫʨʦʚ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʉʋ ʅʇɸ 

ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʩʷ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʅʇɸ ʚ ʮʝʣʦʤ.  

ɺʦ-ʚʪʦʨʳʭ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʉʇʉ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ, ʘ ʟʘʪʝʤ ʠ ʫʩʪʨʘʥʠʪʴ ʧʨʠʯʠʥʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ 

ʧʨʠʤʝʥʝʥʠʶ ʘʣʛʦʨʠʪʤʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʉʇʉ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʘʢʦʥʘʭ ʠʟʤʝʥʝʥʠʷ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʚʭʦʜ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ [13, 138, 

139]. ʕʪʦ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʫʨʦʤ ʩʢʦʨʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʨʝʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʅʇɸ, ʫʚʝʣʠʯʠʚ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ (ʪʦʯʥʦʩʪʴ) ʉʋ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʤʝʥʝʝ ʥʘʛʨʫʞʝʥʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ). ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ʘʜʘʧʪʘʮʠʠ ʉʋ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʠʤʝʶʱʝʛʦ ʧʨʦʩʪʫʶ ʨʝʘʣʠʟʘʮʠʶ. 

ɺ-ʪʨʝʪʴʠʭ, ʩʣʝʜʫʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʉʋ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʅʇɸ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʣ ʙʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʩʝʭ 

ʩʠʥʪʝʟʠʨʫʝʤʳʭ (ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ) ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʪʫʨʦʚ. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʚʠʞʠʪʝʣʠ ʅʇɸ ʤʦʛʫʪ ʦʪʨʘʙʦʪʘʪʴ 
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ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʉʋ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ, ʥʝ ʚʭʦʜʷ ʚ ʥʘʩʳʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʳ 

ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ (ʨʝʞʠʤʘ) ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʠ ʠʭ ʬʦʨʤʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʵʪʦʡ ʩʢʦʨʦʩʪʠ (ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʅʇɸ ʩ 

ʚʷʟʢʦʡ ʩʨʝʜʦʡ) ʠʣʠ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ (ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʚʟʘʠʤʦʚʣʠʷʥʠʡ 

ʤʝʞʜʫ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ). ʇʦʵʪʦʤʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʞʝʣʘʝʤʫʶ 

ʪʦʯʥʦʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ, ʬʦʨʤʘ ʢʦʪʦʨʳʭ ʟʘʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʳʡ ʚʭʦʜ ʠʭ ʜʚʠʞʠʪʝʣʝʡ ʚ ʥʘʩʳʱʝʥʠʝ.      

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʅʇɸ, 

ʦʙʣʘʜʘʶʱʠʭ ʦʙʪʝʢʘʝʤʦʡ ʬʦʨʤʦʡ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʜʚʠʞʝʥʠʷ ʧʦ ʧʨʦʪʷʞʝʥʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʇʨʠ ʵʪʦʤ ʠʭ ʜʚʠʞʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʤ ʜʚʠʞʝʥʠʝ ʧʦ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʵʪʠʭ ʅʇɸ. ʀʟ-ʟʘ ʫʢʘʟʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʅʇɸ 

ʚʪʦʨʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʫʤʝʥʴʰʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ 

ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʠʭ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜ,r ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ 

ʧʨʦʩʪʳʝ ʩʠʩʪʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʣʠʥʝʡʥʳʭ ʨʝʛʫʣʷʪʦʨʘʭ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʠʭ ʜʚʠʞʝʥʠʝʤ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʆʜʥʘʢʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠʭ ʉʋ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʭ ʜʚʠʞʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʫʯʠʪʳʚʘʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʷ ʠʭ ʤʘʥʝʚʨʝʥʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʩʪʳʭ ʉʋ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʛʦ ʫʯʝʪʘ ʚʣʠʷʥʠʡ ʚʩʝʭ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʅʇɸ ʩ ʚʷʟʢʦʡ ʩʨʝʜʦʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʙʫʜʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʤʝʪʦʜ ʢʦʨʨʝʢʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, ʟʘʜʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʅʇɸ 

ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʞʝʣʘʝʤʫʶ ʪʦʯʥʦʩʪʴ 

ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʪʳʭ ʉʋ ʥʘ ʙʘʟʝ ʣʠʥʝʡʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ.  
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ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʅʇɸ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʜʝʣʴʥʦ 

ʩʢʦʨʦʩʪʥʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, 

ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʪʳʭ ʉʋ ʅʇɸ.  

ʇʦʤʠʤʦ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʪʦʯʥʳʭ ʉʋ ʜʣʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʰʘʝʪʩʷ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʠʭ ʉʋ. ʂ ʫʢʘʟʘʥʥʳʤ ʟʘʜʘʯʘʤ ʦʪʥʦʩʠʪʩʷ ʟʘʜʘʯʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʜʚʝ ʧʦʜʟʘʜʘʯʠ. ʇʝʨʚʘʷ ʧʦʜʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʙʥʦʚʣʷʪʴ ʜʘʥʥʳʝ ʦ 

ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʞʝʣʘʝʤʳʤ ʧʝʨʠʦʜʦʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʉʋ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʧʝʨʠʦʜʘ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʜʘʪʯʠʢʦʚ ʅʇɸ. ɺʪʦʨʘʷ ʧʦʜʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ, ʠʤʝʶʱʝʛʦ ʥʠʟʢʫʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ ʥʘʩʪʨʦʠʪʴ ʉʋ ʅʇɸ ʥʘ ʵʪʘʧʝ 

ʝʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ɼʨʫʛʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʘʝʤʦʡ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʧʦʜʭʦʜʘ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʥʘʩʪʨʦʡʢʠ ʉʋ ʅʇɸ, 

ʘ ʪʘʢʞʝ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʵʪʘʧʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʚʳʩʦʢʦʪʦʯʥʳʭ ʉʋ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʅʇɸ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʜʣʷ ʅʇɸ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ 

ʥʘʟʥʘʯʝʥʠʷ.  
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1.5 ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʉʋ ʅʇɸ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʅʇɸ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʝʛʦ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʅʇɸ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʤʥʦʛʦʤʝʨʥʳʤ ʥʝʣʠʥʝʡʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʤ ʚ ʫʩʣʦʚʠʷʭ ʥʘʣʠʯʠʷ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʝʛʦ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ, ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʝʨʝʤʝʥʥʦʩʪʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ 

ʫʢʘʟʘʥʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʘ ʪʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʵʪʦʛʦ 

ʜʚʠʞʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʅʇɸ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

ʝʛʦ ʉʋ ʠ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʧʨʠʥʷʪʘ ʤʦʜʝʣʴ, ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʘʭ [78, 156]. 

2.  ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʉʋ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʚʳʙʦʨ ʪʠʧʘ ʉʋ ʅʇɸ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʵʪʠʭ ʅʇɸ ʠ ʨʝʰʘʝʤʳʤʠ 

ʠʤʠ ʟʘʜʘʯʘʤʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʅʇɸ, ʠʤʝʶʱʠʭ ʩʣʦʞʥʫʶ ʬʦʨʤʫ, 

ʜʚʠʞʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʤ ʜʚʠʞʝʥʠʝ ʧʦ ʚʩʝʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ, 

ʠ ʚʳʧʦʣʥʷʶʱʠʭ ʪʦʯʥʳʝ ʦʧʝʨʘʮʠʠ ʚʙʣʠʟʠ ʧʨʝʧʷʪʩʪʚʠʡ ʠʣʠ ʦʙʲʝʢʪʘ ʨʘʙʦʪ, ʥʘʠʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʨʦʙʘʩʪʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ, ʠʤʝʷ ʧʨʦʩʪʫʶ 

ʨʝʘʣʠʟʘʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʅʇɸ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜ, 

ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʘʭ [13, 78]. ʊʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʅʇɸ, ʠʤʝʶʱʠʝ ʦʙʪʝʢʘʝʤʫʶ 

ʬʦʨʤʫ, ʜʚʠʞʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʤ ʜʚʠʞʝʥʠʝ ʧʦ ʦʛʨʘʥʠʯʝʥʥʦʤʫ 

ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʜʚʠʞʝʥʠʷ ʧʦ ʧʨʦʪʷʞʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ, ʠʤʝʶʪ ʧʦʥʠʞʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʚʷʟʢʦʡ ʩʨʝʜʦʡ. ʇʦʵʪʦʤʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʣʠʥʝʡʥʳʝ 
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ʉʋ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʜʚʠʞʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠʭ 

ʤʘʥʝʚʨʝʥʥʦʩʪʠ. 

3. ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʉʋ ʅʇɸ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʦʛʨʘʤʤʥʳʡ ʩʠʛʥʘʣ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʚʭʦʜ ʉʋ, ʢʘʢ ʩʠʛʥʘʣ, ʥʝʟʘʚʠʩʷʱʠʡ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʆʋ ʠ ʪʠʧʘ ʠʭ ʉʋ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʘʨʘʤʝʪʨʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʶʪ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʵʪʦʡ 

ʉʋ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʅʇɸ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʧʨʘʚʣʷʪʴ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʅʇɸ ʧʦ ʟʘʜʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʙʝʟ ʩʥʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ. 

4. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʘʣʠʟʘʮʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʶ ʉʋ ʅʇɸ. 

ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʩʧʦʩʦʙʳ ʠʭ ʨʝʰʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʚʳʩʦʢʦʪʦʯʥʦʡ ʉʋ ʅʇɸ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʥʘ ʦʩʥʦʚʝ ʩʠʛʥʘʣʦʚ ʦʪ ʝʛʦ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ. ʇʨʠ 

ʵʪʦʤ ʅʇɸ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʥʘʙʦʨ ʜʘʪʯʠʢʦʚ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʝʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʧʝʨʠʦʜ ʠʭ ʦʙʥʦʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚ ʨʘʟʳ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʝʨʠʦʜ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʉʋ ʅʇɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʫʪʴ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ, ʠʤʝʶʱʝʛʦ 

ʧʦʥʠʞʝʥʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʦʡ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʉʋ ʅʇɸ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʝʝ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʜʣʷ 

ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʝʣʠʨʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʝʞʠʤ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʳʷʚʣʝʥʳ ʠʭ ʥʝʜʦʩʪʘʪʢʠ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʘʣʠʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʫʢʘʟʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

5. ɹʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ 

ʦʪʜʝʣʴʥʳʝ ʧʦʜʟʘʜʘʯʠ ʠ ʧʦʨʷʜʦʢ ʠʭ ʨʝʰʝʥʠʷ. 
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2. ʄɽʊʆɼ ʉʀʅʊɽɿɸ ɼɽʎɽʅʊʈɸʃʀɿʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

ʅɽʆɹʀʊɸɽʄʓʄ ʇʆɼɺʆɼʅʓʄ ɸʇʇɸʈɸʊʆʄ 

 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʰʝ ʩʪʨʫʢʪʫʨʦʡ ʟʘʜʘʯ 

ʜʠʩʩʝʨʪʘʮʠʠ (ʩʤ. ʨʠʩ.1.3), ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ 

ʘʜʘʧʪʠʚʥʦʡ ʨʦʙʘʩʪʥʦʡ ʉʋ ʅʇɸ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʵʪʠʭ ʅʇɸ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝʥʠʡ ʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʦʧʝʨʘʮʠʡ ʚʙʣʠʟʠ ʦʙʲʝʢʪʦʚ ʨʘʙʦʪ. ʇʨʠ 

ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʛʣʘʚʝ ʅʇɸ ʦʙʣʘʜʘʪʁ ʜʚʠʞʠʪʝʣʴʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʠʤ ʜʚʠʞʝʥʠʝ ʧʦ ʚʩʝʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ.  

 

2.1 ʆʧʠʩʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʅʇɸ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ ʜʣ̫ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʪʦʯʥʦʡ ʉʋ ʅʇɸ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʫʯʠʪʳʚʘʶʱʫ  ʁʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʅʇɸ ʩ ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʩʨʝʜʦʡ, 

ʠ ʚʢʣʶʯʠʪʴ ʚ ʵʪʫ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʫ ʝʛʦ ʜʚʠʞʠʪʝʣʝʡ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʠʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʅʇɸ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ.  

 

2.1.1 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʰʝʩʪʠ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʉʂ), ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ 

ʩ ʢʦʨʧʫʩʦʤ ʵʪʦʛʦ ʘʧʧʘʨʘʪʘ [78, 85, 156]. ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʫʯʠʪʳʚʘʶʪ ʧʝʨʝʢʨʝʩʪʥʳʝ 

ʩʚʷʟʠ ʠ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʤʝʞʜʫ ʚʩʝʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ, ʘ ʪʘʢʞʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʥʝʛʦ ʩʦ 

ʩʪʦʨʦʥʳ ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʩʨʝʜʳ. ʋʢʘʟʘʥʥʘ ̫ʤʦʜʝʣʴ, ʟʘʧʠʩʘʥʥʘ ̫ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ 

ʠʤʝʝʪ ʚʠʜ: 

 

t=+++ )())()(( xgɡɡDɡCɡM# ,                                     (2.1) 



43 
 

ʛʜʝ 
66³ÍRM  - ʤʘʪʨʠʮʘ ʠʥʝʨʮʠʠ ʅʇɸ (ʚʢʣʶʯʘʶʱʘʷ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʤʘʩʩʳ ʠ 

ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʞʠʜʢʦʩʪʠ); 
66)( ³ÍRɡC  - ʤʘʪʨʠʮʘ ʢʦʨʠʦʣʠʩʦʚʳʭ ʠ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʩʠʣ; 
66)( ³ÍRɡD  - ʤʘʪʨʠʮʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ; 

6],,,,,[)( Rxg Í= ʛʩzʛʩyʛʩxʛʩzʛʩyʛʩx MMMFFF  - ʚʝʢʪʦʨ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ; 

6],,,,,[ Rx Í= Tzyx yqj  - ʚʝʢʪʦʨ ʧʦʣʦʞʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʅʇɸ ʚ ʘʙʩʦʣʶʪʥʦʡ ʉʂ 

(ɸʉʂ); j, q, y - ʫʛʣʳ ʢʨʝʥʘ, ʜʠʬʬʝʨʝʥʪʘ ʠ ʢʫʨʩʘ ʅʇɸ;

6],,,,,[ RŰ Í= T
ʜzʜyʜxʜzʜyʜx MMMttt  - ʚʝʢʪʦʨ ʧʨʦʝʢʮʠʡ ʫʧʦʨʦʚ ʠ ʤʦʤʝʥʪʦʚ ʜʚʠʞʠʪʝʣʝʡ 

ʅʇɸ ʥʘ ʦʩʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ ʉʂ (ʉʉʂ); 6],,,,,[ Rɡ Í= T
zyxzyx wwwuuu  - ʚʝʢʪʦʨ 

ʧʨʦʝʢʮʠʡ ʣʠʥʝʡʥʦʡ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʘ ʦʩʠ ʉʉʂ. 

ʄʘʪʨʠʮʫ ʠʥʝʨʮʠʠ ʄ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʅʇɸ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʠʟ ʜʚʫʭ 

ʤʘʪʨʠʮ [116, 156]: 

 

,ʇɸ MMM +=                                                    (2.2) 
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M , 

am  - ʤʘʩʩʘ ʅʇɸ; ijl  - ʵʣʝʤʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʤʘʩʩʘʤ ʠ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʤʦʤʝʥʪʘʤ ʠʥʝʨʮʠʠ ʞʠʜʢʦʩʪʠ )6,...,1,( =ji ; cY - ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ 
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ʚʳʩʦʪʘ ʅʇɸ; yzxzxyzzyyxx JJJJJJ ,,,,,  - ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʅʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ 

ʛʣʘʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ. 

ʄʘʪʨʠʮʘ  )(ɡC  ʢʦʨʠʦʣʠʩʦʚʳʭ ʠ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʭ ʩʠʣ ʠʤʝʝʪ ʚʠʜ [116, 156]: 

 

)()()( ʇɸ ɡCɡCɡC += ,                                             (2.3) 

 

ʛʜʝ                                               ù
ú

ø
é
ê

è
=

)()(

)(0
)(

2221

11

ɸ
ɡʉɡʉ

ɡʉ
ɡC , 

ù
ù
ù

ú

ø

é
é
é

ê

è

+---

-

-

=

0)()(

)(11

xycayxca

xazcaza

yazazca

YmYm

mYmm

mmYm

uwuw

uwu

uuw

ɡC , 

 

ù
ù
ù

ú

ø

é
é
é

ê

è

-

+--

--

=

0

)(

)(

)(21

xaya

xycazcaza

yxcazazca

mm

YmYmm

YmmYm

uu

uwwu

uwuw

ɡC , 

 

ù
ù
ù

ú

ø

é
é
é

ê

è

-++--

+---+

-++--

=

0

0

0

)(22

xxxyxyzxzyyyxxyzyz

xxxyxyzxzzzzxxzyyz

yyyxxyzyzzzzxxzyyz

JJJJJJ

JJJJJJ

JJJJJJ

wwwwww

wwwwww

wwwwww

ɡC , 

 

                          

ù
ù
ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é
é
é

ê

è

--

--

--

-

-

-

=

00

00

00

0000

0000

0000

)(

1212

1313

2323

12

13

23

ʇ

bbaa

bbaa

bbaa

aa

aa

aa

ɡC , 

 

zyxzyx wlwlwlululula 1615141312111 +++++= , 

zyxzyx wlwlwlululula 2625242322122 +++++= , 

zyxzyx wlwlwlululula 3635343323133 +++++= , 

zyxzyx wlwlwlulululb 4645443424141 +++++= , 

zyxzyx wlwlwlulululb 5655453525152 +++++= , 
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zyxzyx wlwlwlulululb 6656463626163 +++++= . 

ʄʘʪʨʠʮʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʠʤʝʝʪ ʚʠʜ [116, 156]: 

 

      
),,,,,,(

),,,,,()()()(

222222

11111121

zzyyxxzzyyxx

zyxzyx

dddddddiag

dddddddiag

wwwuuu ¡¡¡+

+¡¡¡=+= ɡDɡDɡD
                   (2.4) 

 

ʛʜʝ 
2121 ,,, dddd ¡¡  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʥʝʡʥʦʡ ʠ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʷʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ (ʤʦʤʝʥʪʦʚ) ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʝʛʦ ʦʪʜʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ. 

ɺʝʢʪʦʨ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʅʇɸ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ gmW a=  - ʩʠʣʘ ʪʷʞʝʩʪʠ ʅʇɸ; g  - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, gB r=  - 

ɸʨʭʠʤʝʜʦʚʘ ʩʠʣʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʚ ʮʝʥʪʨʝ ʧʣʘʚʫʯʝʩʪʠ; r - ʤʘʩʩʘ ʚʳʪʝʩʥʷʝʤʦʡ ʅʇɸ 

ʞʠʜʢʦʩʪʠ; BBB zyx ,,  - ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʣʘʚʫʯʝʩʪʠ ʅʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʮʝʥʪʨʘ 

ʤʘʩʩ. 

ʇʦʩʢʦʣʴʢʫ ʨʝʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ɸʉʂ, ʪʦ ʢ ʫʨʘʚʥʝʥʠʷʤ (2.1)-(2.5) ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʝʨʝʭʦʜ ʦʪ ʩʚʷʟʘʥʥʦʡ ʢ ʘʙʩʦʣʶʪʥʦʡ 

ʉʂ [85]:  

                                                  

            
u)(xJx=# ,                                                   (2.6) 

 

ʛʜʝ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʷ (2.1)-(2.6) ʦʧʠʩʳʚʘʶʪ ʜʚʠʞʝʥʠʝ ʅʇɸ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʢʘʢ ʩʚʦʙʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʦ ʰʝʩʪʠ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ, ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʚʣʠʷʥʠʡ 

ʤʝʞʜʫ ʥʠʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʝʩʣʠ ʵʪʦ ʥʝ ʥʘʨʫʰʘʝʪ ʩʤʳʩʣ, ʜʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʫʪ 

ʦʧʫʩʢʘʪʴʩʷ ʠʥʜʝʢʩʳ, ʦʙʦʟʥʘʯʘʶʱʠʝ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʝʡ, ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ, ʘ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʚ ʤʘʪʨʠʮʘʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʅʇɸ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʠ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ 

ʞʠʜʢʦʩʪʠ ʠ ʤʘʪʨʠʮʘʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ. 

 

2.1.2 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʫʯʝʥʳʭ [169, 180, 242, 248], ʜʠʥʘʤʠʢʘ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʚʩʝʛʦ ʅʇɸ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʧʨʠ ʩʠʥʪʝʟʝ 

ʚʳʩʦʢʦʪʦʯʥʦʡ ʉʋ ʅʇɸ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʘʪʴ ʜʠʥʘʤʠʢʫ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʦʙʱʫʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʫʶ ʜʚʠʞʝʥʠʝ ʵʪʠʭ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. 

 ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ (ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ) ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʤʦʜʝʣʴ 

ʜʚʠʞʠʪʝʣʷ, ʧʨʝʜʣʦʞʝʥʥʘ ̫ ʚ ʨʘʙʦʪʝ [4]. ʕʪʘ ʤʦʜʝʣ,ɹ ʚ ʦʪʣʠʯʠʝ ʦʪ ʫʧʨʦʱʝʥʥʳʭ 

ʤʦʜʝʣʝʡ [46], ʫʯʠʪʳʚʘʝʪ ʨʷʜ ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʰʘʛʘ ʚʠʥʪʘ ʧʨʠ ʨʝʚʝʨʩʝ, 

ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʘ ʩʠʣʫ ʪʷʛʠ, ʩʦʟʜʘʚʘʝʤʫ  ʁ ʚʠʥʪʦʤ, ʘ ʪʘʢʞʝ 

ʧʨʦʬʠʣʴʥʳʝ ʧʦʪʝʨʠ ʚʠʥʪʘ, ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [4]: 



47 
 

u
R

KK
Mɤ

R

KK
ɤJ

ʜ

ʫm

ʚʜ

ʜ

wm
ʜʜ =++# ,                                           (2.7)

 

( )212 ʜɤ

ʞʞʞʜ
fʜŰŰʜ

ɤC

ɡɡɟS
CɤsFŰ

+
-= ,  ( )

( )212 ʜɤ

ʞʞʞʜ
mʜʜrʛʜŰmʚ

ɤC

ɡɡɟS
CɤɤCHsFM

+
-+= , 

ttt qp)sign(ɤps ʜŰ --=
2

, 

ʜʞ

ʜŰʨ

ʜʛʜ
Sɟ

ɤFɡ
ɤHp

42
+-=t ,  ( )ʨʜʛʜʜʛʜ ɡɤHɤHq -=t , 

)sign(ɤŭHH ʜHʛʜ += , 
í
ì
ë

¸

=
=

)sign(ɡ)sign(ɤ, 

)sign(ɡ)sign(ɤ,ɡ
ɡ

ʞʜ

ʞʜʞ

ʨ
 ʝʩʣʠ0

 ʝʩʣʠ
, 

 

ʛʜʝ wʜ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʞʠʪʝʣʷ ʅʇɸ; uʞ ï ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʅʇɸ ʚʜʦʣʴ ʦʩʠ ʚʠʥʪʘ; Hʛʜ ï 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʰʘʛ ʚʠʥʪʘ; H ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʰʘʛ ʚʠʥʪʘ; dH ï 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʰʘʛ ʚʠʥʪʘ; Ft, Fm ï ʦʙʦʙʱʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʣʳ 

ʪʷʛʠ ʠ ʤʦʤʝʥʪʘ; Cf, ʉm ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʚʠʥʪʘ ʧʨʠ wʜ = 0; 

Cw ï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʤʝʥʴʰʝʥʠʝ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʚʠʥʪʘ 

ʧʨʠ wʜ ̧  0; Cr ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʬʠʣʴʥʳʭ ʧʦʪʝʨʴ ʚʠʥʪʘ; rʞ ï ʧʣʦʪʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ; Sʜ ï ʧʣʦʱʘʜʴ ʜʠʩʢʘ ʚʠʥʪʘ; Jʜ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ 

ʜʚʠʞʠʪʝʣʷ ʩ ʫʯʝʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʞʠʜʢʦʩʪʠ; Rʜ ï ʘʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʷʢʦʨʥʦʡ ʮʝʧʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; Km, Kw ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʤʝʥʪʘ ʠ 

ʧʨʦʪʠʚʦ-ʕɼʉ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ; Ky ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ; u ï ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ; st ï ʘʙʩʦʣʶʪʥʦʝ 

ʩʢʦʣʴʞʝʥʠʝ ʚʠʥʪʘ; ʄʚ ï ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʜʚʠʞʠʪʝʣʷ;  pt, qt, uʨ ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ. 

 ʂʨʦʤʝ ʪʦʛʦ, ʧʘʨʘʤʝʪʨʳ Jʜ ʠ Fm ʜʚʠʞʠʪʝʣʷ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ 

ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʞʠʜʢʦʩʪʠ ʠ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴʩʷ, ʧʨʠ ʵʪʦʤ ʠʭ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʳ. ɺʦʟʤʦʞʥʳʝ ʜʠʘʧʘʟʦʥʳ 

ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʤʦʞʥʦ ʟʘʜʘʪʴ ʚ ʚʠʜʝ ʥʝʨʘʚʝʥʩʪʚ: 
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Jʜmin ¢ Jʜ ¢ Jʜmax,        Fmmin ¢ Fm ¢ Fmmax,                              (2.8) 

 

ʛʜʝ Jʜmin, Fmmin, Jʜmax, Fmmax ï ʥʘʠʤʝʥʴʰʠʝ ʠ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

 ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʫʜʝʪ ʧʦʣʘʛʘʪʴʩ,̫ ʯʪʦ ʩʠʣʳ ʪʷʛʠ tʜx, tʜy ʠ tʜz ʠ 

ʤʦʤʝʥʪʳ ʄʜx, ʄʜy ʠ ʄʜz ʧʦ ʢʘʞʜʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʅʇɸ ʩʦʟʜʘʶʪʩʷ ʦʪʜʝʣʴʥʳʤʠ 

ʧʘʨʘʤʠ ʜʚʠʞʠʪʝʣʝʡ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʘʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʚʠʞʠʪʝʣʝʡ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʝʨʝʩʯʝʪ ʩʠʣ ʪʷʛʠ ʠ ʤʦʤʝʥʪʦʚ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ. ʆʜʥʘʢʦ ʵʪʦ ʜʦʧʫʱʝʥʠʝ ʥʝ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʠ ʠʩʩʣʝʜʫʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʉʋ. 

 

2.1.3 ɼʝʢʦʤʧʦʟʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʇʦʣʥʘʷ ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʨʘʚʥʝʥʠ ̫

ʝʛʦ ʜʠʥʘʤʠʢʠ (2.1)-(2.5), ʢʠʥʝʤʘʪʠʢʠ (2.6) ʠ ʜʠʥʘʤʠʢʠ ʝʛʦ ʜʚʠʞʠʪʝʣʝʡ (2.7). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʤʦʜʝʣʴ ʩʣʠʰʢʦʤ ʩʣʦʞʥʘ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʣʝʛʢʦ 

ʨʝʘʣʠʟʫʝʤʳʝ ʨʝʛʫʣʷʪʦʨʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʵʪʦʛʦ ʩʠʥʪʝʟʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠ ʅʇɸ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʘʭ [13, 33, 78]. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʫʢʘʟʘʥʥʳʭ 

ʨʘʙʦʪʘʭ, ʩʠʩʪʝʤʘ (2.1) ï (2.5) ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʰʝʩʪʴ ʩʝʧʘʨʘʪʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʜʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʅʇɸ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʞʜʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ 

ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʶʪʩʷ ʚʩʝ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʩ ʦʩʪʘʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʘ 

ʪʘʢʞʝ ʚʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʩʨʝʜʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʶʙʘʷ ʠʟ ʪʨʝʭ ʧʦʜʩʠʩʪʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʝʡʥʳʤ ʩʪʝʧʝʥʷʤ 

ʩʚʦʙʦʜʳ ʅʇɸ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

 

),ɡ(ɤfŰ ʞʜŰʜ= ,  ʜɡ Űfɡɡdɡdɡm =+++ 21# ,  ɡűjɡx +=# ,                   (2.9) 
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ʘ ʣʶʙʘʷ ʠʟ ʪʨʝʭ ʧʦʜʩʠʩʪʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʛʦ ʚʨʘʱʘʪʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ, - 

ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

),ɡ(ɤfM ʞʜmʜ= , ʜɤUV MfɤɤdɤdɤJ =+¡+¡+ 21# , ɤűjɤɗ +=# ,             (2.10) 

 

ʛʜʝ ft(wʜ,uʞ), fm(wʜ,uʞ) ï ʥʝʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ, ʚʠʜ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʦʥʦʚʢʠ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʅʇɸ; fu, fw ï ʦʙʦʙʱʝʥʥʳʝ ʬʫʥʢʮʠʠ, 

ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʚʩʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʜʩʠʩʪʝʤʳ ʠ 

ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ; j ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʘʛʦʥʘʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʤʘʪʨʠʮʳ J(ʭ); fu, fw ï ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (2.6); m ï ʤʘʩʩʘ 

ʅʇɸ ʩ ʫʯʝʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ; JUV ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʅʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ ʩ 

ʫʯʝʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʞʠʜʢʦʩʪʠ.  

ɼʠʘʧʘʟʦʥʳ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʜʚʠʞʝʥʠʷ 

ʧʦ ʟʘʜʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʥʝʨʘʚʝʥʩʪʚʘʤʠ: 

mmin ¢ m ¢ mmax,   d1min ¢ d1 ¢ d1max,   d2min ¢ d2 ¢ d2max,                  (2.11) 

JUVmin ¢ JUV ¢ JUVmax,   d1¡min ¢ d1¡ ¢ d1¡max,   d2¡min ¢ d2¡ ¢ d2¡max, 

 

ʛʜʝ mmin, d1min, d2min, JUVmin, d1¡min, d2¡min, mmax, d1max, d2max, JUVmax, d1¡max, d2¡max ï ʥʘʠʤʝʥʴʰʠʝ 

ʠ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʅʇɸ, 

ʦʧʠʩʳʚʘʝʤʳʡ ʫʨʘʚʥʝʥʠʷʤʠ ʘʥʘʣʦʛʠʯʥʳʤʠ (2.9)-(2.10), ʠʤʝʝʪ ʙʦʣʝʝ ʫʜʦʙʥʳʡ ʚʠʜ ʜʣʷ 

ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ, ʯʝʤ ʧʦʣʥʘʷ ʤʦʜʝʣʴ ʅʇɸ, ʦʧʠʩʳʚʘʝʤʘʷ ʫʨʘʚʥʝʥʠʷʤʠ (2.1)-(2.7). 

ʀʩʧʦʣʴʟʫʷ ʫʢʘʟʘʥʥʫʶ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʢʘʞʜʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʘ 

ʥʝ ʜʣʷ ʚʩʝʡ ʤʥʦʛʦʤʝʨʥʦʡ ʩʠʩʪʝʤʳ (2.1)-(2.7) ʩʨʘʟʫ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ (2.9) ʠʣʠ (2.10), ʥʝ ʷʚʣʷʝʪʩʷ ʢʘʢʠʤ-ʣʠʙʦ 

ʫʧʨʦʱʝʥʠʝʤ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʩʠʩʪʝʤʘʤʠ ʫʨʘʚʥʝʥʠʡ (2.1) ï (2.7). ʆʙʝ ʵʪʠ ʤʦʜʝʣʠ 
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ʠʜʝʥʪʠʯʥʳ ʠ ʫʯʠʪʳʚʘʶʪ ʚʩʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʅʇɸ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʠ ʝʛʦ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. 

 

2.1.4 ʇʦʨʷʜʦʢ ʩʠʥʪʝʟʘ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʥʦʡ ʉʋ ʅʇɸ 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʘʭ [33, 78]. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʉʋ 

ʅʇɸ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʞʜʦʡ 

ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ ʅʇɸ. ɼʣʷ ʩʠʥʪʝʟʘ ʧʦʜʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʣʠʥʝʡʥʳʤʠ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (2.9), ʘ ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʜʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (2.10). ʇʨʠ 

ʵʪʦʤ, ʚ ʩʚʷʟʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʘʞʜʘʷ 

ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪʜʝʣʴʥʦʡ ʩʪʝʧʝʥʴ  ʁ ʩʚʦʙʦʜʳ ʅʇɸ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʨʘʟʙʠʚʘʝʪʩ̫ ʥʘ ʪʨʠ ʣʦʢʘʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤʳ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: 

ʧʦʜʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ, ʧʦʜʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʠ ʧʦʜʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ.     

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʧʦʜʭʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʘʭ [13, 33, 78] ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʵʪʠʤ ʜʚʠʞʠʪʝʣʷʤ ʞʝʣʘʝʤʳʝ ʧʦʩʪʦʷʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʩʠʥʪʝʟ ʫʢʘʟʘʥʥʦʡ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ 

ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʪʦʯʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʜʚʠʞʠʪʝʣʝʡ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʥʘ ʦʩʥʦʚʝ ʉʇʉ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʢʦʪʦʨʘ ̫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʅʇɸ, ʘ ʪʘʢʞʝ 

ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʝʛʦ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʚʠʞʠʪʝʣʠ ʅʇɸ ʫʞʝ ʠʤʝʶʪ ʥʝʠʟʤʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʘʥʝʝ ʣʦʢʘʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʙʫʜʫʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʤʝʪʦʜʳ, 
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ʧʦʟʚʦʣʷʶʱʠʝ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʉʋ ʅʇɸ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ 

ʅʇɸ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʅʇɸ, 

ʢʦʪʦʨʘ ̫ʧʨʠʜʘʩʪ ʝʤʫ ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʣʶʙʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ ʜʠʥʘʤʠʢʘ ʅʇɸ ʧʦ ʢʘʞʜʦʡ ʝʛʦ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ ʉʇʉ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ, ʙʫʜʝʪ 

ʦʧʠʩʳʚʘʪʴʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʥʝ ʩʦʜʝʨʞʘʪ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʩ ʜʨʫʛʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɸʅʇɸ ʧʦ ʦʜʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ, ʠʟʦʙʨʘʞʝʥʥʦʤ ʥʘ ʨʠʩ. 2.1 [33, 78]. ɿʜʝʩʴ xd ï 

ʟʘʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦ ʦʜʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʧʦʜʚʦʜʥʦʛʦ ʨʦʙʦʪʘ; ud 

ï ʟʘʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦ ʩʢʦʨʦʩʪʠ; td ï ʟʘʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦ ʩʠʣʝ ʪʷʛʠ 

ʜʚʠʞʠʪʝʣʷ.  

 

 

ʇʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ 

ʇʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ 

ʇʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʠʪʝʣʝʤ 

ʨʝʛʫʣʷ-

ʪʦʨ 

ʧʦʣʦ-

ʞʝʥʠʷ 

ʨʝʛʫʣʷ-

ʪʦʨ 

ʩʢʦʨʦʩ-

ʪʠ 

ʢʦʨʨʝʢ-

ʪʠʨʫʶ-

ʱʝʝ 
ʫʩʪʨ-ʚʦ 

ʫʩʠʣʠ-

ʪʝʣʴ ʠ 

ʜʚʠʞʠ-

ʪʝʣʴ 

 

 

 

ɸʇɸ 
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x u tʜ u td ud xd 

fu fu 

wʜ 

 

ʈʠʩ. 2.1 ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ ʅʇɸ 

 

ʅʇɸ 
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2.2. ʉʠʥʪʝʟ ʣʦʢʘʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʠʪʝʣʤ̫ʠ ʅʇɸ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʝʪ ʨʝʰʘʪʴʩʷ ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ ʪʘʢʦʡ ʉʋ ʜʚʠʞʠʪʝʣʤ̫ʠ ʅʇɸ, 

ʢʦʪʦʨʘʷ, ʫʯʠʪʳʚʘʷ ʚʩʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʠʥʪʘ ʩ ʚʷʟʢʦʡ 

ʩʨʝʜʦʡ, ʩʦʭʨʘʥʷʣʘ ʙʳ ʞʝʣʘʝʤʦʝ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʚʠʞʠʪʝʣʝʡ ʧʨʠ ʣʶʙʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʝʥʠʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʣʦ ʙʳ ʦʧʠʩʘʪʴ ʜʠʥʘʤʠʢʫ ʢʘʞʜʦʛʦ 

ʜʚʠʞʠʪʝʣʷ ʅʇɸ ʣʠʥʝʡʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪ ʜʘʣʴʥʝʡʰʠʡ ʩʠʥʪʝʟ ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʫʢʘʟʘʥʥʳʭ 

ʉʋ. ʇʝʨʚʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʩ ʩʠʛʥʘʣʴʥʦʡ ʩʘʤʦʥʘʩʪʨʦʡʢʦʡ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʨʦʩʪʫʶ ʨʝʘʣʠʟʘʮʠʶ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʭ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʩʦʜʝʨʞʠʪ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ. ɼʨʫʛʠʝ ʤʝʪʦʜ rʦʩʥʦʚʘʥ rʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʚʠʞʠʪʝʣʷ ʠ ʧʨʠ 

ʵʪʦʤ ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ.   

 

2.2.1 ʉʠʥʪʝʟ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ ʩ 

ʩʘʤʦʥʘʩʪʨʦʡʢʦʡ ʧʦ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʩʠʥʪʝʟ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʘʭ 

[12, 140], ʫʜʦʙʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʥʝʣʠʥʝʡʥʘʷ ʢʦʨʨʝʢʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ ʜʚʠʞʠʪʝʣʷʤ ʞʝʣʘʝʤʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʭ ʧʘʨʘʤʝʪʨʳ ʨʘʚʥʳ ʥʝʢʦʪʦʨʳʤ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ (ʥʦʤʠʥʘʣʴʥʳʤ) ʟʥʘʯʝʥʠʷʤ Jʜʥ ʠ Fmʥ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ Jʜ ʠ Fm. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚ ʫʞʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʚʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʥʪʫʨ 

ʩʠʛʥʘʣʴʥʦʡ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʧʦ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʟʘʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʥʘ ʞʝʣʘʝʤʦʤ ʫʨʦʚʥʝ ʧʨʠ ʣʶʙʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʠʪʝʣʷ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. 

 

ʉʠʥʪʝʟ ʥʝʣʠʥʝʡʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʣʦʢʘʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʠʪʝʣʷʤʠ ʧʨʠ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʜʫʨʳ 
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ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʫ (2.7) ʧʨʝʦʙʨʘʟʫʝʤ ʢ ʙʦʣʝʝ ʫʜʦʙʥʦʤʫ ʚʠʜʫ. ɼʣʷ ʵʪʦʛʦ ʠʩʢʣʶʯʠʤ ʠʟ ʥʝʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʝʨʝʤʝʥʥʳʝ pt ʠ qt, ʧʦʜʩʪʘʚʠʚ ʠʭ ʚʳʨʘʞʝʥʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ 

ʘʙʩʦʣʶʪʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ st ʚʠʥʪʘ, ʠ ʧʨʝʜʩʪʘʚʠʤ st ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ 

ʦʪ wʜ ʠ uʨ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʤ ʚʦ ʚʥʠʤʘʥʠʝ ʵʬʬʝʢʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʜʲʝʤʥʦʛʦ ʫʧʦʨʘ ʠ ʤʦʤʝʥʪʘ ʚʠʥʪʘ ʚ ʨʝʞʠʤʘʭ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʅʇɸ, ʦʪʤʝʯʝʥʥʳʡ ʚ 

ʨʘʙʦʪʝ [2]. ʇʦʵʪʦʤʫ ʠʩʢʣʶʯʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʣʘʛʘʝʤʳʝ ʠʟ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ 

ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʳ (2.7), ʩʦʭʨʘʥʠʚ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʅʇɸ. 

ʉ ʫʯʝʪʦʤ ʩʜʝʣʘʥʥʳʭ ʟʘʤʝʯʘʥʠʡ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʫʶ ʧʨʠʤʝʤ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʩʠʥʪʝʟʝ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ: 
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 ɿʘʜʘʜʠʤ ʞʝʣʘʝʤʦʝ ʦʧʠʩʘʥʠʝ ʜʠʥʘʤʠʢʠ ʜʚʠʞʠʪʝʣʷ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 
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ʛʜʝ Kd, ʊd ï ʞʝʣʘʝʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʩʠʥʪʝʟ ʥʝʣʠʥʝʡʥʦʛʦ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʷʭ Jʜʥ ʠ Fmʥ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʚ ʩʠʩʪʝʤʝ (2.12) ʧʨʠʤʝʤ Jʜ = Jʜʥ ʠ Fm = Fmʥ, ʧʦʩʣʝ   ʯʝʛʦ   ʩʚʝʜʝʤ   

ʝʝ   ʢ   ʦʜʥʦʤʫ   ʫʨʘʚʥʝʥʠʶ   ʦʪʥʦʩʠʪʝʣʴʥʦ tʜ.  ɼʣʷ   ʵʪʦʛʦ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʧʦ 

ʚʨʝʤʝʥʠ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (2.12) ʠ ʧʦʜʩʪʘʚʠʤ ʚ ʧʦʣʫʯʠʚʰʝʝʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜɤ# ʠ ʄʚ ʠʟ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʡ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ 

ʙʫʜʝʤ ʧʨʝʥʝʙʨʝʛʘʪʴ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʝʨʝʤʝʥʥʦʡ uͪ, ʪʘʢ ʢʘʢ ʝʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʜɤ . ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ 

ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 
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 ʅʦʚʘʷ ʬʫʥʢʮʠʷ D(wʜ,uʨ) ʦʪ ʧʝʨʝʤʝʥʥʳʭ wʜ ʠ uʨ, ʚʭʦʜʷʱʘʷ ʚ ʨʘʚʝʥʩʪʚʦ (2.14), 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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 ɼʣʷ ʧʨʠʜʘʥʠʷ ʜʚʠʞʠʪʝʣʶ ʞʝʣʘʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳʙʨʘʪʴ 

ʪʘʢʦʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ u, ʧʨʠ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʦ 

ʨʘʚʝʥʩʪʚʦ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʫʨʘʚʥʝʥʠʡ (2.13) ʠ (2.14) [76, 84, 85]. ʈʝʰʠʚ ʩʠʩʪʝʤʫ (2.13), 

(2.14) ʦʪʥʦʩʠʪʝʣʴʥʦ u, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ [84]: 
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ʊʘʢ ʢʘʢ ʩʠʣʫ ʪʷʛʠ, ʩʦʟʜʘʚʘʝʤʫ  ʁʜʚʠʞʠʪʝʣʝʤ, ʠʟʤʝʨʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ, ʪʦ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ 

tʜ ʠʟ ʩʠʩʪʝʤʳ (2.12) ʠ ʧʨʝʦʙʨʘʟʫʝʤ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.15) ʢ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ ʚʠʜʫ: 
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 ʆʯʝʚʠʜʥʦ, ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.16) ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ (2.12) ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʷʭ Jʜʥ ʠ Fmʥ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ 

ʪʦʯʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʰʝʥʠʝʤ ʞʝʣʘʝʤʦʛʦ ʣʠʥʝʡʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (2.13). ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʬʦʨʤʠʨʫʶʱʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʦʣʴʰʦʡ ʩʣʦʞʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʠʟʤʝʨʝʥʠʷ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʝʡ wʜ ʠ uʨ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

 

ʉʠʥʪʝʟ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʛʦʩʷ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʘʨʘʤʝʪʨʳ Jʜ ʠ Fm ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ [6]. ʆʜʥʘʢʦ ʢʦʛʜʘ Jʜ  ̧Jʜʥ ʠ Fm  ̧Fmʥ, ʟʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ (2.16) ʫʞʝ ʥʝ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʜʚʠʞʠʪʝʣʝʡ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʥʝ ʪʦʣʴʢʦ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠʭ 

ʨʘʙʦʪʳ, ʥʦ ʠ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʚʩʝʡ ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ. 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʠʪʝʣʷ ʦʪ ʝʛʦ ʟʘʜʘʥʥʳʭ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʞʝʣʘʝʤʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ (2.13), ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʘʭ [12, 140]. ɼʣʷ ʵʪʦʛʦ ʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʨʘʥʝʝ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.16) ʚʚʝʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ 

ʩʘʤʦʥʘʩʪʨʦʡʢʠ zt. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʪʦʪ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.16) ʧʨʠʤʝʪ ʚʠʜ:  
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ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʠʛʥʘʣ ʩʘʤʦʥʘʩʪʨʦʡʢʠ z ʙʫʜʝʤ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʚʝʣʠʯʠʥʳ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ Űʜ ʠ Űʤ 

 

                                                 ʜʤʤ ŰŰe -=  ,                                                   (2.18) 
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ʛʜʝ ʩʠʛʥʘʣ Űʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʚʠʜʘ:  
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ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʞʝʣʘʝʤʦʤʫ ʫʨʘʚʥʝʥʠʶ ʜʠʥʘʤʠʢʠ ʜʚʠʞʠʪʝʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (2.13). 

ɼʣʷ ʧʨʠʜʘʥʠʷ ʢʘʞʜʦʤʫ ʜʚʠʞʠʪʝʣʶ ʅʇɸ, ʦʧʠʩʳʚʘʝʤʦʤʫ ʩʠʩʪʝʤʦʡ (2.12), 

ʞʝʣʘʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ (2.19), ʜʦʩʪʘʪʦʯʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʣʠʯʠʥʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤe  

ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ Jʜ ʠ Fm ʠʟ ʟʘʜʘʥʥʳʭ 

ʜʠʘʧʘʟʦʥʦʚ (2.8). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʩʠʛʥʘʣʘ zt ʚʥʘʯʘʣʝ ʧʨʦʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʨʝʘʣʴʥʦʛʦ ʜʚʠʞʠʪʝʣʷ 

ʧʝʨʝʤʝʥʥʳ, ʪʦ ʚ ʫʨʘʚʥʝʥʠʠ (2.14), ʦʧʠʩʳʚʘʶʱʝʤ ʝʛʦ ʜʠʥʘʤʠʢʫ, ʟʘʤʝʥʠʤ 

ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Jʜʥ ʠ Fmʥ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʥʘ ʠʭ ʬʘʢʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ Jʜ 

ʠ Fm ʠ ʧʦʜʩʪʘʚʠʤ ʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʫʧʨʘʚʣʝʥʠʝ (2.17). ʇʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʧʨʦʱʝʥʠʡ ʧʦʣʫʯʠʤ 

 

 

( )
( ) ( )

ʜ

Ű
ʨʜʜrʛʜʨʜŰʜmmʥ

dŰ

ʜddʜʥ
ʜ

J

F
),ɡD(ɤɤCH),ɡ(ɤsɤFFz

ʊF

ŰŰKJ
Ű öö

÷

õ
ææ
ç

å
+-++

-
= t# .    (2.20) 

          

ɿʘʪʝʤ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʫʨʘʚʥʝʥʠʝ (2.18) ʧʦ ʚʨʝʤʝʥʠ, ʚʳʨʘʟʠʤ ʠʟ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʧʨʦʠʟʚʦʜʥʫʶ ʜŰ# ʠ ʧʦʜʩʪʘʚʠʤ ʝʝ ʚ ʩʦʦʪʥʦʰʝʥʠʝ (2.20), ʢʦʪʦʨʦʝ 

ʟʘʪʝʤ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (2.19) ʧʝʨʝʧʠʰʝʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ zt ʦʧʨʝʜʝʣʠʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʃʷʧʫʥʦʚʘ [62, 222]. ɼʣʷ ʵʪʦʛʦ ʚʳʙʝʨʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʶ 

2

2

1
ʤeV = . ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ eʤ = 0 ʙʫʜʝʪ ʫʩʪʦʡʯʠʚʳʤ, ʝʩʣʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 0<V# . 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʬʫʥʢʮʠʶ V ʧʦ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʝʝ 

ʧʨʦʠʟʚʦʜʥʦʡ: ʤʤeeV ##= . ʆʪʩʶʜʘ ʚ ʩʠʣʫ ʫʨʘʚʥʝʥʠʷ (2.21) ʙʫʜʝʤ ʠʤʝʪʴ: 
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 ʉʬʦʨʤʠʨʫʝʤ ʩʠʛʥʘʣ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʚ ʚʠʜʝ [78, 84]: 

 

)h sign(ez ʤ=t ,                                                    (2.23) 

( )
( ) ( ) ),ɡD(ɤɤCH),ɡ(ɤsɤFFŰ

F

JJ
h ʨʜʜrʛʜʨʜŰʜmʥmʤ

Ű

ʜʥʜ +-+
-

> #max . 

 

ʇʦʢʘʞʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝʛʜʘ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 0<V# . 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ zt ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (2.23) (ʠ ʧʦ ʤʦʜʫʣʶ 

ʨʘʚʥʦ h), ʪʦ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʝʤʝʥʥʳʭ ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʦ: 

 

( )
( ) ( ) ),ɡD(ɤɤCH),ɡ(ɤsɤFFŰ

F

JJ
z ʨʜʜrʛʜʨʜŰʜmʥmʤ

Ű

ʜʥʜ +-+
-

> #t .        (2.24) 

 

ʇʦʩʢʦʣʴʢʫ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠ ̫(2.23) ʟʥʘʢʠ ʩʠʛʥʘʣʦʚ eʤ ʠ zt ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʶʪ, 

ʪʦ ʧʨʠ eʤ > 0 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, zt > 0 ʩ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ (2.24) ʥʝʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ: 
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0<- ʤ

Űd

ʜʥe
FT
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,                                                  (2.25) 
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( ) ( ) 0<-+-+
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z),ɡD(ɤɤCH),ɡ(ɤsɤFFŰ

F

JJ
ʨʜʜrʛʜʨʜŰʜmʥmʤ

Ű

ʜʥʜ # . 

 

ʀʟ ʥʝʨʘʚʝʥʩʪʚ (2.25) ʠ ʚʳʨʘʞʝʥʠʷ (2.22) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ, ʯʪʦ 0<V# . 

ʇʨʠ eʤ < 0 ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʟʘʢʦʥ ʩʘʤʦʥʘʩʪʨʦʡʢʠ (2.17), (2.23) ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ, ʪ.ʝ. ʦʙʝʩʧʝʯʠʪʴ ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʜʚʠʞʠʪʝʣʷ ʧʨʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʆʜʥʘʢʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʷʤʠ (2.23) ʧʦʩʪʦʷʥʥʘʷ ʘʤʧʣʠʪʫʜʘ h ʩʠʛʥʘʣʘ zt ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʩʝʛʜʘ ʙʫʜʝʪ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʫʩʠʣʠʪʝʣʷ ʚ ʟʦʥʫ ʥʘʩʳʱʝʥʠʷ. ʂ 

ʪʦʤʫ ʞʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ h ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ 

ʚʘʨʠʘʮʠʡ ʧʝʨʝʤʝʥʥʳʭ ʤŰ#, wʜ, st(wʜ,uʨ) ʠ D(wʜ,uʨ). 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʘʤʧʣʠʪʫʜʫ ʩʠʛʥʘʣʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ 

ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʫʢʘʟʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ:  

 

( ) ),ɡD(ɤɤCH),ɡ(ɤsɤKŰKh(t) ʨʜʜrʛʜʨʜŰʜhʤh ++= 21# ,              (2.26) 

 

ʛʜʝ Kh1 ʠ Kh2 ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʨʘʚʝʥʩʪʚʘ (2.24) (ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʣʦʚʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ) ʢʦʵʬʬʠʮʠʝʥʪʳ Kh1 ʠ Kh2 ʜʦʣʞʥʳ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ: 

 

Ű

ʜʥʜ
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F

JJ
K

-
>max1 , mʥmh FFK ->max2 . 

  

ʋʯʠʪʳʚʘʷ ʚʳʨʘʞʝʥʠʝ (2.26), ʫʨʘʚʥʝʥʠʝ (2.23) ʧʝʨʝʧʠʰʝʤ ʚ ʫʜʦʙʥʦʤ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʜʝ: 
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( ) )sign(e),ɡD(ɤɤCH),ɡ(ɤsɤK)sign(eŰKz ʤʨʜʜrʛʜʨʜŰʜhʤʤh ++= 21#t .       (2.27) 

 

ʇʦʜʩʪʘʚʠʚ ʩʦʦʪʥʦʰʝʥʠʝ (2.27) ʚ ʚʳʨʘʞʝʥʠʝ (2.17), ʧʦʩʣʝ ʨʷʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʣʫʯʠʤ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʬʦʨʤʝ [84]: 
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( ) +++ )sign(eɤCH),ɡ(ɤsɤKJ ʤʜrʛʜʨʜŰʜhʜʥ 2                            (2.28) 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.28) ʪʨʝʙʫʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʨʷʪʴ ʚʝʣʠʯʠʥʳ wʜ ʠ uʞ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ 

ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʞʠʪʝʣʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʣʘʛʘ ʅʇɸ. ʇʨʠ ʵʪʦʤ 

ʨʝʘʣʠʟʘʮʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (2.28) 

ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ. ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʩʭʝʤʘ ʵʪʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.2 [48, 49]. 

ʅʘ ʨʠʩ. 2.2 ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɿʉ ï ʟʘʜʘʪʯʠʢ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ, ɼʉ1 ï ʜʘʪʯʠʢ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ, ɼʉ2 ï ʜʘʪʯʠʢ ʠʟʤʝʨʝʥʠʷ uʞ, ɼʚ ï 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ɺ ï ʚʠʥʪ ʜʚʠʞʠʪʝʣʷ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʭʩʷ ʉʋ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʠʪʝʣʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʨʘʙʦʪʝ [4]: Ft = 4 ʅÖʩ2/ʤ, H = 0.12 ʤ, dH = 0.002 ʤ, Cr = 0.12, Sʜ = 0.01ʤ
2, Cf = 0.002,        

ʉm = 0.001, Cw = 0.01, Kw = 0.5 ʅÖʤ/ɺ, Km = 0.5 ʅÖʤ/ɸ, Rʜ = 2 ʆʤ, Ky = 20,                                

Fmʥ = 0.075 ʅÖʩ2, Fmmin = 0.065 ʅÖʩ2, Fmmax = 0.085 ʅÖʩ2, Jʜʥ = 0.015 ʢʛÖʤ2, Jʜmin = 0.01 ʢʛÖʤ2, 

Jʜmax = 0.02 ʢʛÖʤ2, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʣʦʢʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 

ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ ʥʝʨʘʚʝʥʩʪʚʘʤ: Kh1 = 0.01; Kh2 = 0.01. 
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ʈʠʩ. 2.2 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ 

 

ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʡʩʷ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʝʝ ʚʭʦʜ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʠʛʥʘʣʘ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʨʝʚʝʨʩʠʨʦʚʘʥʠʝʤ, ʘ ʥʘ ʨʠʩ. 2.4 ʠ 2.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʘʯʝʩʪʚʘ ʵʪʠʭ ʩʠʩʪʝʤ ʥʘ ʨʘʙʦʪʫ ʚʩʝʡ ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ. 

ʅʘ ʨʠʩ. 2.3 ʮʠʬʨʦʡ 1 ʦʙʦʟʥʘʯʝʥʘ ʢʨʠʚʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʞʝʣʘʝʤʦʤʫ 

ʧʝʨʝʭʦʜʥʦʤʫ ʧʨʦʮʝʩʩʫ ʚ ʜʚʠʞʠʪʝʣʝ (ʩʤ. ʫʨʘʚʥʝʥʠʝ (2.13)). ʉ ʵʪʦʡ ʞʝ ʢʨʠʚʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʢʨʠʚʘʷ 2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʝʭʦʜʥʦʤʫ ʧʨʦʮʝʩʩʫ ʚ ʩʠʩʪʝʤʝ 
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ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʝʤ ʚʠʜʘ (2.16) ʧʨʠ ʝʛʦ ʥʦʤʠʥʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ. ɿʜʝʩʴ ʞʝ ʮʠʬʨʘʤʠ 3 ʠ 4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʦʟʥʘʯʝʥʳ ʢʨʠʚʳʝ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʜʚʠʞʠʪʝʣʝ ʩ ʫʧʨʘʚʣʝʥʠʝʤ (2.16) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ (Fm = Fmmax ʠ                   

Jʜ = Jʜmax) ʠ ʤʠʥʠʤʘʣʴʥʳʭ  (Fm = Fmmin  ʠ Jʜ = Jʜmin) ʟʥʘʯʝʥʠʷʭ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʮʠʬʨʦʡ 

5 ʦʙʦʟʥʘʯʝʥ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʚ ʉʋ ʜʚʠʞʠʪʝʣʝʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʝʛʦ 

ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ (ʩʤ. ʨʘʙʦʪʫ [12])  ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

 

ʈʠʩ. 2.3 ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩ rʚ ʉʋ ʜʚʠʞʠʪʝʣʝʤ  

 

ʀʟ ʨʠʩ. 2.3 ʚʠʜʥʦ, ʯʪʦ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.16) ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʝʣʘʝʤʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʚʠʞʠʪʝʣʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʫʨʘʚʥʝʥʠʝʤ (2.13), ʪʦʣʴʢʦ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʟʥʘʯʝʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʤ ʥʦʤʠʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. 

ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʠʪʝʣʷ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʚʦʟʥʠʢʘʝʪ 

ʦʰʠʙʢʘ, ʢʦʪʦʨʘʷ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ 

ʚʩʝʡ ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʠʭ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʞʝ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʪʘ 
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ʤʦʜʝʣʴ ʥʝ ʫʯʠʪʳʚʘʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʩ ʚʷʟʢʦʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.28) ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ 

ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ Jʜ ʠ Fm ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1% ʚʩʝʛʜʘ ʙʫʜʫʪ 

ʩʦʚʧʘʜʘʪʴ ʩ ʢʨʠʚʦʡ 1 (ʩʤ. ʨʠʩ. 2.3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.28) ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʜʠʥʘʤʠʢʫ ʜʚʠʞʠʪʝʣʷ 

ʅʇɸ ʩ ʧʦʤʦʱʴʶ ʞʝʣʘʝʤʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ (2.13).  

ʅʘ ʨʠʩ. 2.4 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ ʩʣʝʞʝʥʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʅʇɸ ʧʨʠ 

ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʭʦʜʥʦʤ ʩʠʛʥʘʣʝ ʚʠʜʘ x = 10sin(0.16t) ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʉʋ 

ʜʚʠʞʠʪʝʣʷʤʠ. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʮʠʬʨʦʡ 1 ʦʙʦʟʥʘʯʝʥʘ ʢʨʠʚʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʦʰʠʙʢʝ ʩʣʝʞʝʥʠʷ ʅʇɸ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʚʠʜʘ (2.28), 

ʮʠʬʨʦʡ 2 ï ʢʨʠʚʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʣʫʯʘʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʚʠʜʘ 

(2.16) (ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʠʪʝʣʷ ʙʳʣʠ ʨʘʚʥʳ Fm = Fmmax ʠ Jʜ = Jʜmax), ʘ 

ʮʠʬʨʦʡ 3 ï ʢʨʠʚʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʣʫʯʘʶ ʧʨʠʤʝʥʝʥʠʷ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ [12].  

 

 

ʈʠʩ. 2.4 ʆʰʠʙʢʘ ʩʣʝʞʝʥʠʷ ʅʇɸ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ 
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ʀʟ ʨʠʩ. 2.4 ʚʠʜʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʚʩʝʡ ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʉʋ ʜʚʠʞʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʊʦ ʝʩʪʴ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʥʘ 20% (ʩʤ. ʨʠʩ. 2.4) ʦʰʠʙʢʘ ʩʣʝʞʝʥʠʷ ʅʇɸ ʧʨʠ 

ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʩʣʦʞʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴʩʷ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. 

ʅʘ ʨʠʩ. 2.5 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʦʰʠʙʢʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʅʇɸ ʧʨʠ ʝʛʦ 

ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪ.ʝ. ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʚʭʦʜ ʉʋ ʅʇɸ 

ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʠʛʥʘʣʘ. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʯʝʨʥʘʷ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ 

ʦʰʠʙʢʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʅʇɸ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʚʠʜʘ (2.28), ʘ ʩʝʨʘʷ 

ʢʨʠʚʘʷ ï ʠʟʤʝʥʝʥʠʶ ʵʪʦʡ ʦʰʠʙʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.16) 

(ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʠʪʝʣʷ ʨʘʚʥʳ ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʪ.ʝ. Fm = Fmmax 

ʠ Jʜ = Jʜmax). 

 

 

ʈʠʩ.2.5 ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʦʰʠʙʢʠ ʧʨʠ ʧʦʟʠʮʠʦʥʥʦʤ 

ʫʧʨʘʚʣʝʥʠʠ ʅʇɸ  

 

ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʠ ʚ ʩʣʫʯʘʝ ʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ 

ʧʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ ʚʠʜʘ (2.28) ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʯʝʤ ʚ 2.5 

ʨʘʟʘ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ, ʥʝ 

ʠʩʧʦʣʴʟʫʶʱʝʡ ʩʘʤʦʥʘʩʪʨʦʡʢʫ ʧʦ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ. 
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 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ 

ʧʦʜʪʚʝʨʜʠʣʠ ʠʭ ʚʳʩʦʢʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ ʅʇɸ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʘʯʝʩʪʚʘ ʉʋ 

ʜʚʠʞʠʪʝʣʷʤʠ ʥʘ ʨʘʙʦʪʫ ʚʩʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʚ ʮʝʣʦʤ ʧʦʢʘʟʘʣʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠ ʙʦʣʝʝ ʪʦʯʥʦʡ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʡʩʷ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ. 

 

2.2.2 ʉʠʥʪʝʟ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʦʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʉʋ ʜʚʠʞʠʪʝʣʤ̫ʠ (2.28) 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʨʘʟʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʧʦʷʚʣʝʥʠʶ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʝʤ ʅʇɸ. ʇʦʵʪʦʤʫ ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ, ʥʘ ʦʩʥʦʚʝ 

ʅʉ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʪʦʯʥʦʛʦ ʟʥʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʆʋ, ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʵʪʠʭ ʦʙʲʝʢʪʦʚ, ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʆʋ (ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʨʦʙʘʩʪʥʦʩʪʠ), ʫʩʪʦʡʯʠʚʳ ʢ 

ʧʦʤʝʭʘʤ, ʣʝʛʢʦ ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʧʦʚʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʧʦʟʚʦʣʷʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ. 

ʉʋ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʅʉ, ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ [40]: ʥʘ 

ʦʩʥʦʚʝ ʅʉ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʘ ʦʩʥʦʚʝ ʅʉ, ʢʦʪʦʨʳʝ 

ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ (ʈʄɺ) ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤ.r ʇʝʨʚʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʙʲʝʢʪʘʤʠ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʘ ʚʪʦʨʳʝ - ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʩ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʠ ʵʪʦʤ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʝʨʝʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʢʘʟʘʥʥʳʭ ʅʉ ʚ ʈʄɺ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʚʳʯʠʩʣʝʥʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʕɺʄ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʝʰʘʪʴʩʷ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʉʋ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʥʘ ʦʩʥʦʚʝ 

ʘʜʘʧʪʠʚʥʳʭ ʅʉ, ʢʦʪʦʨʳʝ ʠʤʝʪʁ ʧʨʠʝʤʣʝʤʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʙʦʨʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ʅʇɸ. 

 



65 
 

ʉʋ ʜʚʠʞʠʪʝʣʤ̫ʠ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʦʡ ʅʉ ʩ ʧʨʷʤʳʤ ʠʥʚʝʨʩʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʛʠʙʨʠʜʥʘʷ ʥʝʡʨʦ-ʥʝʯʝʪʢʘʷ ʩʝʪʴ (ʅʅʉ), ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʅʉ: ʤʘʣʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʆʋ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʘʤ ʚ ʩʠʛʥʘʣʘʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, ʧʨʦʩʪʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʪʠʧʦʚʳʭ 

ʢʦʥʪʨʦʣʣʝʨʘʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʅʉ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʲʝʢʪʘʤʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʙʫʯʝʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ ʩʝʪʠ ʧʨʦʚʦʜʠʪʩʷ 

ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠ ʙʦʣʴʰʝ ʚ ʧʨʦʮʝʩʩʝ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʅʉ ʬʦʨʤʠʨʫʝʪʩʷ 

ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ [40, 226], ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʤʘʩʩʠʚ rʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʦʚ, ʧʦʜʘʥʥʳʭ ʥʘ ʚʭʦʜʳ ʆʋ ʠ ʩʥʷʪʳʭ ʩ ʝʛʦ 

ʚʳʭʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʙʦʨ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʠʟ ʚʩʝʛʦ ʚʦʟʤʦʞʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʠ ʯʘʩʪʦʪʘ ʧʦʜʘʯʠ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜ ʆʋ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʟʘʚʠʩʷʪ ʦʪ ʘʨʭʠʪʝʢʪʫʨʳ ʅʉ ʠ ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʆʋ. ʅʘ ʦʩʥʦʚʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢʘʷ ʥʘʩʪʨʦʡʢʘ ʅʉ, ʯʪʦʙʳ ʦʥʘ 

ʩʪʘʣʘ ʦʙʨʘʪʥʦʡ (ʠʥʚʝʨʩʥʦʡ) ʤʦʜʝʣʴʶ ʆʋ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʵʪʦʡ ʤʦʜʝʣʠ ʚ ʧʨʷʤʫʶ ʮʝʧʴ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʠʟʚʝʩʪʥʳʡ ʧʨʠʥʮʠʧ ʧʨʷʤʦʛʦ ʠʥʚʝʨʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [108, 

190], ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʠʜʘʪʴ ʚʩʝʡ ʩʠʩʪʝʤʝ ʚ ʮʝʣʦʤ ʟʘʜʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʆʜʥʘʢʦ ʫʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʆʋ ʠʤʝʝʪ 

ʧʦʩʪʦʷʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʅʉ, ʟʘʨʘʥʝʝ ʦʙʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʆʋ, ʫʞʝ ʥʝ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʝʤʫ ʧʨʠʝʤʣʝʤʦʝ 

ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʘʨʠʘʮʠʷʭ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʝʩʣʠ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʳ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʥʘʩʪʨʦʡʢʠ ʩʝʪʠ ʬʦʨʤʠʨʫʝʤʘʷ 

ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʜʦʣʞʥʘ ʥʘʢʘʧʣʠʚʘʪʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʪʴ ʙʦʣʴʰʫʶ ʨʘʟʤʝʨʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʥʘʩʪʨʦʡʢʠ ʅʉ ʥʘ ʦʩʥʦʚʝ 

ʵʪʦʡ ʦʙʲʝʤʥʦʡ ʚʳʙʦʨʢʠ, ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ. ɽʩʣʠ ʞʝ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʬʦʨʤʠʨʫʝʤʦʡ ʚʳʙʦʨʢʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ 
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ʦʯʝʨʝʜʥʳʤʠ ʧʦʨʮʠʷʤʠ ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʵʪʫ ʚʳʙʦʨʢʫ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʚ ʦʪʜʝʣʴʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʅʉ, ʥʘʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʫʤʝʥʴʰʝʥʥʦʡ ʧʦ ʦʙʲʝʤʫ 

ʚʳʙʦʨʢʠ, ʤʦʞʝʪ ʫʞʝ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʜʘʥʥʫʶ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʙʳʩʪʨʦʡ ʠ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʅʉ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʵʪʘ 

ʅʉ ʥʘʩʪʨʘʠʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʚʳʙʦʨʢʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʇʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʝʪʴ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʝʨʝʥʘʩʪʨʦʝʥʘ ʟʘʥʦʚʦ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʅʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʥʝ ʧʦʜʜʘʶʪʩʷ ʠʟʤʝʨʝʥʠʷʤ, ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʚ ʈʄɺ ʧʝʨʝʦʙʫʯʘʪʴ ʠ ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴ ʩʝʪʴ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʅʘ ʨʠʩ. 2.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʅʉ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʈʄɺ ʠ 

ʠʩʧʦʣʴʟʫʶʱʝʡ ʧʨʠʥʮʠʧ ʧʨʷʤʦʛʦ ʠʥʚʝʨʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [45].  

 

 

ʈʠʩ. 2.6 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʨʷʤʦʛʦ ʠʥʚʝʨʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʅʉ 

 

ʅʘ ʵʪʦʡ ʩʭʝʤʝ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: r*, r  ï ʟʘʜʘʶʱʠʡ ʠ ʚʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣʳ ʩʠʩʪʝʤʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʜʣʷ ʜʚʠʞʠʪʝʣʷ ʅʇɸ r* ʩʦʦʪʚʝʪʩʪʚʫʝʪ dt, ʘ r - ʜt); 

u ï ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʆʋ; u~  ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʅʉ; ŮNN ï ʩʠʛʥʘʣ 

ʦʰʠʙʢʠ ʥʘʩʪʨʦʡʢʠ; D - ʙʣʦʢʠ ʟʘʜʝʨʞʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʆʋ (ʜʣʷ ʦʙʲʝʢʪʦʚ n-ʛʦ ʧʦʨʷʜʢʘ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ n ʧʘʨ 

r*  

u r  

u~

r 

eNN 

ʅʘʩʪʨʦʝʥʥʘʷ 

ʅʅʉ 

ʅʘʩʪʨʘʝʚʘʝʤʘʷ 
ʅʅʉ 
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ʵʪʠʭ ʙʣʦʢʦʚ); ʈʛ ï ʪʠʧʦʚʦʡ ʨʝʛʫʣʷʪʦʨ; ɹʇ ï ʙʣʦʢ ʧʝʨʝʢʣʶʯʝʥʠʷ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʘʨʘʤʝʪʨʳ ʆʋ 

ʥʝʠʟʚʝʩʪʥʳ, ʅʉ ʷʚʣʷʝʪʩʷ ʥʝʥʘʩʪʨʦʝʥʥʦʡ ʠ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤ ʆʋ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥʘ ʥʝ ʦʙʫʯʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʭʦʪʷ ʙʳ ʦʜʠʥ ʨʘʟ. 

ʆʜʥʘʢʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʩʣʝʜʫʝʪ 

ʩʥʠʤʘʪʴ ʩ ʫʞʝ ʨʘʙʦʪʘʶʱʝʛʦ ʆʋ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʦʡ ʚʳʙʦʨʢʠ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʥʘʩʪʨʦʡʢʠ ʅʉ ʚ ʩʠʩʪʝʤʫ ʚʚʦʜʠʪʩʷ ʪʠʧʦʚʦʡ ʨʝʛʫʣʷʪʦʨ ʈʛ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʭʦʪʷ 

ʙʳ ʧʨʠʝʤʣʝʤʦʝ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʆʋ.  

ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ (ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʵʪʠʭ ʚʳʙʦʨʦʢ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʥʠʞʝ) ʧʨʦʠʩʭʦʜʠʪ ʦʙʫʯʝʥʠʝ ʅʉ, ʢʦʪʦʨʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʥʦʚʠʪʩʷ ʠʥʚʝʨʩʥʦʡ ʤʦʜʝʣʴʶ ʆʋ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʧʨʷʤʫʶ ʮʝʧʴ 

ʫʧʨʘʚʣʝʥʠʷ ʚʤʝʩʪʦ ʪʠʧʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʈʛ. ʕʪʘ ʟʘʤʝʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ɹʇ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʩʪʨʦʡʢʠ ʅʉ ʠ ʫʧʨʘʚʣʝʥʠʷ ʆʋ ʚ 

ʩʠʩʪʝʤʝ (ʩʤ. ʨʠʩ.2.6) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʝ ʅʉ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʥʝʧʨʝʨʳʚʥʦ ʦʙʫʯʘʝʪʩʷ, ʘ 

ʚʪʦʨʘʷ (ʩ ʧʨʝʜʳʜʫʱʝʡ ʥʘʩʪʨʦʡʢʦʡ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʩʣʝ 

ʦʯʝʨʝʜʥʦʛʦ ʧʝʨʝʦʙʫʯʝʥʠʷ ʅʉ ʝʝ ʧʘʨʘʤʝʪʨʳ ʢʦʧʠʨʫʶʪʩʷ ʚʦ ʚʪʦʨʫʶ (ʫʧʨʘʚʣʷʶʱʫʶ) 

ʅʉ ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʝʨʳʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʦʙʲʝʢʪʦʤ ʥʘ 

ʚʨʝʤʷ ʧʝʨʝʦʙʫʯʝʥʠʷ ʩʝʪʠ.  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʜʣʷ ʦʙʫʯʝʥʠʷ ʅʉ ʧʨʝʞʜʝ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʜʘʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʩʝʤʫ 

ʚʦʟʤʦʞʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʟʥʘʯʝʥʠʡ u. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʙʫʯʝʥʠʝʤ, ʜʣʷ ʩʠʩʪʝʤ,r ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʪʦʣʴʢʦ 

ʦʜʥʫ ʧʦʣʥʫʶ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʧʦʣʫʯʠʪʴ ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʆʋ 

ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʠ ʵʪʘ ʚʳʙʦʨʢʘ ʩʦʜʝʨʞʘʣʘ ʙʳ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʨʘʟʣʠʯʥʳʭ ʆʋ.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʪʝʯʝʥʠʝ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ (ʢʦʛʜʘ ʥʝʧʨʝʨʳʚʥʦ ʠ ʧʣʘʚʥʦ ʠʟʤʝʥʷʶʱʠʝʩʷ 

ʧʘʨʘʤʝʪʨʳ ʆʋ ʫʩʧʝʚʘʶʪ ʧʨʝʪʝʨʧʝʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ) ʪʨʝʙʫʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʙʦʣʴʰʠʝ ʧʦ ʦʙʲʝʤʫ ʚʳʙʦʨʢʠ ʠ ʢʘʞʜʳʡ ʨʘʟ ʙʳʩʪʨʦ ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴ 

ʩʝʪʴ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʥʦʚʳʭ ʚʳʙʦʨʦʢ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʪʘʢʦʡ ʩʠʩʪʝʤʳ (ʜʦ 
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ʦʯʝʨʝʜʥʦʡ ʟʘʤʝʥʳ ʅʉ) ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʥʘ ʝʝ ʚʭʦʜ ʙʫʜʫʪ ʧʦʩʪʫʧʘʪʴ 

ʩʠʛʥʘʣʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʜʠʘʧʘʟʦʥʦʚ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʫʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʅʉ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʫʢʘʟʘʥʥʘʷ ʩʝʪʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ ʧʨʠ ʝʝ ʥʘʩʪʨʦʡʢʝ ʫʞʝ 

ʥʝ ʦʙʝʩʧʝʯʠʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʆʋ ʠ ʤʦʞʝʪ ʚʦʦʙʱʝ ʧʨʦʠʟʦʡʪʠ ʧʦʪʝʨʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʵʪʠʭ ʩʠʩʪʝʤ 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ 

ʫʩʪʨʘʥʠʪʴ ʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʚʩʷ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʝ ʦʜʥʦʛʦ, ʘ ʜʚʫʭ ʤʘʩʩʠʚʦʚ 

ʜʘʥʥʳʭ [45]. ʇʝʨʚʳʡ ʤʘʩʩʠʚ NN
H ÍRm³l ʩʦʩʪʦʠʪ ʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʨʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʘ ʚʪʦʨʦʡ ʤʘʩʩʠʚ NN
P ÍRp³l ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʘʩʩʠʚʘ NN
H  ʠ ʧʨʦʛʥʦʟʠʨʫʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʛʦ ʆʋ 

ʥʘ ʥʝʙʦʣʴʰʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʚ ʙʫʜʫʱʝʤ. ɿʜʝʩʴ l ï ʯʠʩʣʦ, ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʫ 

ʚʭʦʜʦʚ ʆʋ (ʜʣʷ ʜʚʠʞʠʪʝʣʷ ʅʇɸ l=1). 

ʉʪʨʦʢʠ ʤʘʩʩʠʚʘ NN
H  ʬʦʨʤʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʢʘʞʜʦʤ ʦʯʝʨʝʜʥʦʤ 

(ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʤ) ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʊ0 (ʧʨʠ ʦʯʝʨʝʜʥʦʤ ʠʟʤʝʨʝʥʠʠ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ) ʚʩʝ ʜʘʥʥʳʝ, ʭʨʘʥʠʚʰʠʝʩʷ ʚ ʵʪʦʤ ʤʘʩʩʠʚʝ NN
H , ʩʤʝʱʘʶʪʩʷ ʥʘ 

ʦʜʥʫ ʩʪʨʦʢʫ ʚʥʠʟ. ʅʠʞʥʷʷ ʩʪʨʦʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʥʘʠʙʦʣʝʝ ʩʪʘʨʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʫʜʘʣʷʝʪʩʷ, ʘ ʚ ʧʝʨʚʫʶ ʩʪʨʦʢʫ ʟʘʥʦʩʷʪʩʷ ʦʯʝʨʝʜʥʳʝ l ʯʠʩʝʣ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʟʥʘʯʝʥʠʷʤ ʩʠʛʥʘʣʦʚ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʚʭʦʜʳ ʩʠʩʪʝʤʳ ʠ ʩʥʠʤʘʝʤʳʭ ʩ ʝʝ ʚʳʭʦʜʦʚ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʈʄɺ ʥʘ ʕɺʄ, ʠʤʝʶʱʝʡ ʥʝ ʚʳʩʦʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʤʦʱʥʦʩʪʴ, ʦʯʝʨʝʜʥʦʝ ʧʝʨʝʦʙʫʯʝʥʠʝ ʅʉ ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʝ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʰʘʛʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʊ0, ʘ ʯʝʨʝʟ ʨ ʰʘʛʦʚ (ʚʝʣʠʯʠʥʘ ʨ ʟʘʚʠʩʠʪ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʆʋ 

ʠ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʕɺʄ). ʇʨʠ ʵʪʦʤ ʤʘʩʩʠʚ NN
kH  (k - ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ), 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʨʝʜʳʜʫʱʝʛʦ ʦʙʫʯʝʥʠʷ ʩʝʪʠ, ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʤʘʩʩʠʚ NN
k 1+H , ʧʨʠ 

ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʝʝ ʦʯʝʨʝʜʥʦʝ ʦʙʫʯʝʥʠʝ. ʇʨʠʯʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥ 

m ʠ ʨ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ (ʩʪʨʦʢ) ʚ ʤʘʩʩʠʚʘʭ NN
kH  ʠ 

NN
k 1+H  ʤʦʞʝʪ ʩʦʚʧʘʜʘʪʴ.  
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ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʅʉ ʧʝʨʝʜ ʝʝ ʦʯʝʨʝʜʥʳʤ 

ʧʝʨʝʦʙʫʯʝʥʠʝʤ ʢʘʞʜʳʡ ʤʘʩʩʠʚ NN
kH  (k = 1, 2, 3,é) ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʤʘʩʩʠʚʦʤ 

NN
kP , ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʜʘʥʥʳʝ, ʧʨʦʛʥʦʟʠʨʫʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʨ 

ʰʘʛʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʧʝʨʝʜ. ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʳ ʩʪʦʣʙʮʦʚ ʤʘʩʩʠʚ NN
kP  ʬʦʨʤʠʨʫʶʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʦʣʙʮʦʚ ʤʘʩʩʠʚʦʚ NN
kH , ʘ ʯʠʩʣʦ ʩʪʨʦʢ 

ʤʘʩʩʠʚʘ NN
kP  ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢʠʤ, ʯʪʦʙʳ ʜʦ ʦʢʦʥʯʘʥʠʷ ʦʯʝʨʝʜʥʦʡ ʥʘʩʪʨʦʡʢʠ ʅʉ (ʥʘ 

ʦʩʥʦʚʝ ʤʘʩʩʠʚʦʚ NN
kH  ʠ NN

kP ) ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʆʋ ʝʱʝ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʧʨʝʜʝʣʘʭ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʫʯʠʪʳʚʘʝʤʳʭ ʵʣʝʤʝʥʪʘʤʠ ʤʘʩʩʠʚʘ NN
kP . 

 ʅʘ ʨʠʩ. 2.7 ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʧʝʨʚʳʭ ʩʪʦʣʙʮʦʚ ʤʘʩʩʠʚʦʚ NN
kH  ʠ NN

kP  (k = 1, 2, 3,é) ʚ ʩʠʩʪʝʤʝ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ 

ʨʠʩ. 2.6 [45]. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʩʪʦʣʙʮʳ ʵʪʠʭ ʤʘʩʩʠʚʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ. ʇʨʠʯʝʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʫʢʘʟʘʥʥʦʛʦ ʩʪʦʣʙʮʘ ʤʘʩʩʠʚʘ NN
kH  (ʥʘ ʨʠʩ. 

2.7 ʦʥ ʦʙʦʟʥʘʯʝʥ NN
k 1,H ) ʧʨʦʠʩʭʦʜʠʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʣʦʰʥʦʡ ʣʠʥʠʠ, ʘ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʪʦʣʙʮʘ ʤʘʩʩʠʚʘ NN
kP  (ʥʘ ʨʠʩ. 2.7 ʦʙʦʟʥʘʯʝʥ NN

k 1,P ) - ʧʫʥʢʪʠʨʥʦʡ. 

ʉ ʫʯʝʪʦʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʚʨʝʤʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʩʤ. ʨʠʩ. 

2.7) ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʢʠ (ʤʘʩʩʠʚʦʚ NN
kH  ʠ 

NN
kP ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʠ ʨʘʙʦʪʳ ʉʋ ʥʘ ʦʩʥʦʚʝ ʅʉ (ʩʤ. ʨʠʩ. 2.6), 

ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʚ ʈʄɺ.  

ɺ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ (ʩʤ. t0 = 0 ʥʘ ʨʠʩ. 2.7) ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ 

ʨʝʛʫʣʷʪʦʨʝ ʈʛ ʥʘ ʝʝ ʚʭʦʜ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ r* ʠ ʯʝʨʝʟ ʢʘʞʜʳʡ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʊ0 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʤʘʩʩʠʚʘ NN
kH . ʇʨʦʮʝʩʩ ʟʘʧʦʣʥʝʥʠʷ ʵʪʦʛʦ 

ʤʘʩʩʠʚʘ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 = mĿʊ0, ʠ ʦʥ ʟʘʧʦʤʠʥʘʝʪʩʷ ʚ ʧʘʤʷʪʠ ʕɺʄ. 

ʉʨʘʟʫ ʞʝ ʧʦʩʣʝ ʵʪʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʜʘʥʥʳʭ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʤʘʩʩʠʚʘ NN
kH , ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 
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  ʈʠʩ. 2.7 ɺʨʝʤʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʝʨʚʳʭ ʩʪʦʣʙʮʦʚ ʤʘʩʩʠʚʦʚ 

NN
kH  ʠ 

NN
kP  

 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1
ʵ = t1 + t  ɻʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨ ʩʪʨʦʢʘʭ ʠ l 

ʩʪʦʣʙʮʘʭ ʤʘʩʩʠʚʘ NN
1P  (t  ɻï ʚʨʝʤʷ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʠ ʟʘʧʦʣʥʝʥʠʷ ʤʘʩʩʠʚʘ NN

1P ). ʇʦʩʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʢʠ, ʪ.ʝ. ʤʘʩʩʠʚʦʚ NN
1P  ʠ NN

1H , ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʚʘʷ ʥʘʩʪʨʦʡʢʘ ʅʉ, 

ʢʦʪʦʨʘʷ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1
ʥ = t1

ʵ
 + tʥ (tʥ ï ʚʨʝʤʷ ʥʘʩʪʨʦʡʢʠ ʅʉ), ʢʦʛʜʘ 

ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʨʘʚʝʥʩʪʚʦ ŮNN < ŮNNʜʦʧ (ʩʤ. ʨʠʩ. 2.6),  ʛʜʝ ŮNNʜʦʧ - ʥʝʢʦʪʦʨʘʷ 

ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʘʷ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʩʪʨʦʝʥʥʘʷ ʠʥʚʝʨʩʥʘʷ ʅʉ ʚʢʣʶʯʘʝʪʩʷ 

ʚ ʧʨʷʤʫʶ ʮʝʧʴ ʩʠʩʪʝʤʳ (ʩʤ. ʨʠʩ. 2.6), ʘ ʨʝʛʫʣʷʪʦʨ ʈʛ ʩ ʧʦʤʦʱʴʶ ɹʇ ʦʪʢʣʶʯʘʪʩʷ ʜʦ 

ʢʦʥʮʘ ʨʘʙʦʪʳ ʵʪʦʡ ʩʠʩʪʝʤʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ ʚʨʝʤʷ ʊ0Ŀkh Ó t1
ʥ ï t1 (kh ï ʤʠʥʠʤʘʣʴʥʦʝ ʥʘʪʫʨʘʣʴʥʦʝ 

ʯʠʩʣʦ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʧʨʠʚʝʜʝʥʥʦʤʫ ʥʝʨʘʚʝʥʩʪʚʫ) ʯʝʨʝʟ ʢʘʞʜʳʡ ʰʘʛ ʊ0 ʚ ʩʠʩʪʝʤʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʥʦʚʣʝʥʠʝ ʤʘʩʩʠʚʘ NN
H  (ʟʘʧʦʣʥʝʥʠʝ ʝʛʦ kh ʚʝʨʭʥʠʭ ʩʪʨʦʢ  ʥʦʚʳʤʠ 

ʜʘʥʥʳʤʠ ʩ ʧʦʪʝʨʝʡ kh ʥʠʞʥʠʭ ʩʪʨʦʢ). ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t2 = t1 + ʊ0 kh Ó t1
ʥ, ʛʜʝ                    

t2 - t1
ʥ < ʊ0 (ʩʤ. ʨʠʩ. 2.7), ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʤʠʥʘʥʠʝ ʥʦʚʦʛʦ ʤʘʩʩʠʚʘ NN

2H , ʘ ʟʘʪʝʤ ʩʨʘʟʫ 

ʞʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʠ ʟʘʧʦʣʥʝʥʠʷ ʤʘʩʩʠʚʘ NN
2P . ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

t2
ʵ = t2 + t  ɻʟʘʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʠ ʥʘʯʠʥʘʝʪʩʷ ʥʦʚʘʷ ʥʘʩʪʨʦʡʢʘ ʅʉ 

,  

 

 

 

 

ʥ
1t  

ʵ
2t  
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(ʦʥʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t2
ʥ = t2

ʵ + tʥ) ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ ʚ 

ʧʨʷʤʫʶ ʮʝʧʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t3 = t2 + ʊ0Ŀkh Ó t2
ʥ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʤʠʥʘʥʠʝ ʦʙʥʦʚʣʝʥʥʦʛʦ ʤʘʩʩʠʚʘ NN
3H  ʠ ʚʝʩʴ ʧʨʦʮʝʩʩ ʮʠʢʣʠʯʝʩʢʠ 

ʧʦʚʪʦʨʷʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ.   

ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʠ ʥʘʩʪʨʦʡʢʠ ʦʯʝʨʝʜʥʦʡ ʅʉ (t  ɻ+ tʥ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʫʯʘʩʪʢʦʚ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ, ʪʦ ʚʝʣʠʯʠʥʘ kh ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʧʦʣʦʚʠʥʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʦʢ 

ʚ ʤʘʩʩʠʚʝ NN
kP . ʊʦ ʝʩʪʴ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ ʦʯʝʨʝʜʥʦʛʦ ʤʘʩʩʠʚʘ NN

kH  ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʦʣʙʮʦʚ ʤʘʩʩʠʚʘ NN
kP  ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ   

ʨ = 2kh h ʘʛʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʧʝʨʝʜ (ʥʘ ʚʨʝʤʷ t = tk+2ï tk = 2khĿʊ0). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ 

ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tk ʚ ʧʨʷʤʫʶ ʮʝʧʴ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʦʯʝʨʝʜʥʘʷ ʅʉ (ʩʤ. ʨʠʩ. 

2.6), ʥʘʩʪʨʦʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩʠʚʦʚ NN
k 1-H  ʠ 

NN
k 1-P  , ʠ ʥʘ ʦʩʥʦʚʝ ʦʯʝʨʝʜʥʦʛʦ 

ʤʘʩʩʠʚʘ NN
kH  ʥʘʯʘʣʘʩʴ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ 

NN
kP , ʪʦ ʵʪʘ 

ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʜʦ ʚʨʝʤʝʥʠ tk+2. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tk+1 ʚ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥʘ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʥʦʚʘʷ ʅʉ, 

ʥʘʩʪʨʦʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩʠʚʘ NN
kP , ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʨʘʙʦʪʫ ʵʪʦʡ ʩʠʩʪʝʤʳ ʜʦ ʚʨʝʤʝʥʠ tk+2, ʢʦʛʜʘ ʚ ʝʝ ʧʨʷʤʫʶ ʮʝʧʴ ʙʫʜʝʪ 

ʫʩʪʘʥʦʚʣʝʥʘ ʥʦʚʘʷ ʅʉ, ʥʘʩʪʨʦʝʥʥʘʷ ʫʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩʠʚʦʚ NN
k 1+H  ʠ 

NN
k 1+P . ʊʦ 

ʝʩʪʴ ʥʘʩʪʨʘʠʚʘʪʴʩʷ ʠ ʨʘʙʦʪʘʪʴ ʢʘʞʜʘʷ ʅʉ ʜʦʣʞʥʘ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʦʝ 

ʩʬʦʨʤʠʨʦʚʘʥ ʧʨʦʛʥʦʟ ʧʦʚʝʜʝʥʠʷ ʆʋ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʨʠʩ. 2.7, ʯʝʨʝʟ 

ʢʘʞʜʳʝ kh ʫʢʘʟʘʥʥʳʭ ʰʘʛʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tk ʚ ʧʨʷʤʫʶ ʮʝʧʴ 

ʩʠʩʪʝʤʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʥʦʚʴ ʥʘʩʪʨʦʝʥʥʘʷ ʅʉ, ʢʦʪʦʨʘʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʚ 

ʪʝʯʝʥʠʝ ʦʯʝʨʝʜʥʳʭ kh ʰʘʛʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ NN
kH . ɿʘʪʝʤ ʟʘ 

ʚʨʝʤʷ t  ɻ= tk
ʵ - tk ʧʨʦʠʟʚʦʜʠʪʩʷ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʦʣʙʮʦʚ 

ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʦʯʝʨʝʜʥʳʝ ʨ = 2kh ʰʘʛʦʚ ʚʧʝʨʝʜ ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ NN
kP , ʩʦʩʪʦʷʱʠʡ ʠʟ ʨ ʩʪʨʦʢ. ʕʪʠ ʜʚʘ ʤʘʩʩʠʚʘ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 
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ʦʜʠʥ, ʢʦʪʦʨʳʡ ʠ ʦʙʨʘʟʫʝʪ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ 

ʚʳʙʦʨʢʠ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ tʥ = tk
ʥ - tk

ʵ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʦʙʫʯʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʅʉ, 

ʪ.ʝ. ʦʙʥʦʚʣʝʥʠʝ ʝʝ ʧʘʨʘʤʝʪʨʦʚ. ɼʘʣʝʝ ʚʥʦʚʴ ʥʘʩʪʨʦʝʥʥʘʷ ʅʉ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tk+1 

ʟʘʤʝʥʷʝʪ ʧʨʝʞʥʶʶ ʩʝʪʴ ʠ ʧʨʦʮʝʩʩ ʧʝʨʝʦʙʫʯʝʥʠʷ ʠ ʩʤʝʥʳ ʅʉ ʧʦʚʪʦʨʷʝʪʩʷ.  

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʰʠʙʢʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʨʝʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʆʋ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʥʘʩʪʨʦʡʢʫ ʅʉ ʠ ʨʘʙʦʪʫ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʚʥʝ 

ʜʠʘʧʘʟʦʥʘ ʨʝʘʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʤʘʩʩʠʚʘ NN
H , ʪʘʢ ʢʘʢ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʘʭ ʪʦʣʴʢʦ ʥʘ ʨ ʰʘʛʦʚ ʚʧʝʨʝʜ ʧʨʠ ʤʘʣʳʭ 

ʟʥʘʯʝʥʠʷʭ ʊ0 ʦʰʠʙʢʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʉʋ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʰʘʛ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʳʙʠʨʘʣʩʷ ʨʘʚʥʳʤ 10-4 ʩ. ʇʦʩʢʦʣʴʢʫ ʆʋ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʚʭʦʜ (ʩʠʛʥʘʣ u) ʠ ʦʜʠʥ 

ʚʳʭʦʜ (wʜ), ʪʦ ʤʘʩʩʠʚʳ 
NN
kH  ʠ 

NN
kP  ʩʦʜʝʨʞʘʪ ʚʩʝʛʦ ʧʦ ʜʚʘ ʩʪʦʣʙʮʘ. ʇʨʠ ʵʪʦʤ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ m ʤʘʩʩʠʚʘ NN
kH  ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ 32. ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʪʦʛʦ ʦʢʘʟʘʣʦʩʴ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʤʘʣʦʛʦ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʝʝ ʅʉ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʠʪʝʣʷ ʅʇɸ ʧʨʠʥʠʤʘʣʠʩʴ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʚ 

ʨʘʟʜʝʣʝ 2.2.1, ʧʨʠ ʵʪʦʤ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ Fm ʠ Jʜ ʠʟʤʝʥʷʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʟʘʢʦʥʘʤ: 2
2

2
1 ɤkJ,JɤkFF ʜʥʜmʥm +=+= , ʛʜʝ k1 = 10-5 ʅÖʩ4, k2 = 3Ö10-5 c2ÖʢʛÖʤ2 - 

ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ.  

ʇʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ 

ʚʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʠʥʚʝʨʩʥʦʡ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʅʉ ʠ 

ʨʘʙʦʪʘʶʱʝʡ ʚ ʈʄɺ. 

ʅʘ ʨʠʩ. 2.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʅʉ, ʥʘʩʪʨʘʠʚʘʝʤʦʡ 

ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʘʣʛʦʨʠʪʤʫ. ʇʨʠ ʵʪʦʤ ʝʜʠʥʠʮʘ ʩʠʛʥʘʣʦʚ u ʠ u~  ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 24 ɺ. ʎʠʬʨʦʡ 1 ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʝʥ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ u~  ʅʉ 

(ʠʥʚʝʨʩʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʆʋ), ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʡ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʜt (ʩʤ. ʨʠʩ. 2.6), ʘ 

ʮʠʬʨʦʡ 2 ï ʫʯʘʩʪʦʢ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ u = sin 6t (ʩʤ. ʨʠʩ. 2.6) . ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, 
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ʯʪʦ ʢ ʤʦʤʝʥʪʫ ʟʘʤʝʥʳ ʧʘʨʘʤʝʪʨʦʚ ʅʉ ʥʘ ʦʯʝʨʝʜʥʳʝ ʚʥʦʚʴ ʥʘʩʪʨʘʠʚʘʝʤʳʝ (ʩʤ. t = 0.4ʩ, 

t = 0.45ʩ, t = 0.5ʩ) ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʆʋ ʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʦʰʠʙʦʢ, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪʩʷ (ʩʤ. t = 0.5ʩ) 

ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʙʥʫʣʷʶʪʩʷ (ʩʤ. t = 0.4ʩ ʠ t = 0.45ʩ) ʧʨʠ ʟʘʤʝʥʝ ʧʨʝʞʥʝʡ ʅʉ ʥʘ 

ʥʦʚʫʶ. ʇʨʠ ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʯʥʦʩʪʠ ʩʦʚʧʘʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ 

ʧʨʦʛʥʦʟʦʚ NN
kP  ʩ ʨʝʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ u ʠ r ʚʝʣʠʯʠʥʘ ʥʘʢʘʧʣʠʚʘʝʤʦʡ ʦʰʠʙʢʠ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʣʠʯʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟ ʨʠʩ. 2.8 ʚʠʜʥʦ, ʯʪʦ ʢ ʤʦʤʝʥʪʫ ʦʙʥʦʚʣʝʥʠʷ ʅʉ ʧʨʠ t = 

0.4ʩ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʯʥʦ ʩʦʩʪʘʚʣʝʥʥʦʡ ʤʘʪʨʠʮʳ NN
kP  ʚʝʣʠʯʠʥʘ ʦʰʠʙʢʠ ʙʣʠʟʢʘ ʢ 

ʥʫʣʶ. ʇʨʠʯʝʤ ʥʘʩʪʨʦʡʢʘ ʅʉ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʠ ʠʭ ʟʘʤʝʥʘ 

ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʚ ʈʄɺ (ʧʨʠ ʊ0 = 0.001 ʚʨʝʤʷ ʦʙʥʦʚʣʝʥʠʷ ʅʉ tk+1 ï tk = 0.05ʩ). 

 

ʈʠʩ. 2.8 ʇʨʦʮʝʩʩ ʨʘʙʦʪ rʅʉ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦʡ ʤʦʜʝʣʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʥʘʩʪʨʦʡʢʠ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʥʘʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʅʉ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʦʞʥʦʛʦ 

ʥʝʣʠʥʝʡʥʦʛʦ ʆʋ ʩ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ 

ʦʰʠʙʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ (ʩʤ. 

ʚʳʨʘʞʝʥʠʷ (2.7), (2.8)), ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʅʉ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.9. ʂʨʠʚʘʷ 

uu ~,  
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1 ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʘʝʪ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ dt = 100sin 6t, ʘ 

ʢʨʠʚʘʷ 2 ï ʠʟʤʝʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜt. ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʨʘʙʦʪʳ ʠ ʜʦ t å 0.1ʩ ʚ ʩʠʩʪʝʤʝ (ʩʤ. ʨʠʩ. 2.6) (ʩʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ) 

ʚʤʝʩʪʦ ʅʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʠʧʦʚʦʡ ʨʝʛʫʣʷʪʦʨ ʈʛ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʠʝʤʣʝʤʦʝ 

ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʝʝ ʜʚʠʞʝʥʠʷ. ɺ ʤʦʤʝʥʪ t å 0.1ʩ ʚ ʧʨʷʤʫʶ 

ʮʝʧʴ ʚʢʣʶʯʘʝʪʩʷ ʠ ʚʩʪʫʧʘʝʪ ʚ ʨʘʙʦʪʫ ʥʘʩʪʨʦʝʥʥʘʷ ʅʅʉ (ʧʨʠ ʊ0 = 10-4). ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʵʪʘ ʩʝʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ 

ʧʨʦʛʨʘʤʤʥʦʡ ʪʷʛʠ.  

 

ʈʠʩ. 2.9 ʇʨʦʮʝʩʩ ʦʪʨʘʙʦʪʢʠ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

 

ʆʜʥʘʢʦ ʅʉ, ʷʚʣʷʷʩʴ ʠʥʚʝʨʩʥʦʡ ʤʦʜʝʣʴʶ ʆʋ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʣʦʩʦʡ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭ ʟʚʝʥʴʝʚ, ʥʘ ʚʳʭʦʜʘʭ ʢʦʪʦʨʳʭ 

ʦʙʳʯʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʋʢʘʟʘʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʟʘʤʝʪʥʦ ʫʭʫʜʰʘʶʪ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʟʘ ʩʯʝʪ ʧʦʥʠʞʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʅʉ. ʋʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʥʘʩʪʨʦʡʢʠ ʅʉ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʫʢʘʟʘʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʯʠʥʘʶʪ ʧʦʩʪʫʧʘʪʴ ʠ ʚ ʦʙʫʯʘʶʱʫʶ 

ʚʳʙʦʨʢʫ (ʠʭ ʩʦʜʝʨʞʘʪ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʦʚ NN
kH  ʠ NN

kP ), ʩʙʠʚʘʷ ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʘʣʛʦʨʠʪʤ ʥʘʩʪʨʦʡʢʠ.  

dʜtt, ,  
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ɼʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʫʢʘʟʘʥʥʦʡ ʚʳʙʦʨʢʝ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʤʦʞʥʦ 

ʚʚʝʩʪʠ ʩʛʣʘʞʠʚʘʥʠʝ (ʥʦʨʤʠʨʦʚʘʥʠʝ) ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʦʚ NN
kH  ʠ NN

kP  ʟʘ ʩʯʝʪ ʠʭ 

ʫʩʨʝʜʥʝʥʠʷ. ʕʪʦ ʫʩʨʝʜʥʝʥʠʝ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘ ʩʯʝʪ ʜʝʣʝʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʦʣʙʮʘ ʤʘʩʩʠʚʘ NN
kH  ʠʣʠ NN

kP ʥʘ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʫʢʘʟʘʥʥʦʛʦ ʩʪʦʣʙʮʘ. 

ʅʘ ʨʠʩ.2.10 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩ ʧʝʨʝʦʙʫʯʘʝʤʦʡ ʅʉ (ʩʤ. ʨʠʩ.2.6) 

ʧʨʠ ʩʛʣʘʞʠʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʦʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ.  

 

ʈʠʩ. 2.10 ʇʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩ ʅʅʉ ʧʨʠ ʩʛʣʘʞʠʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

 

ʂʨʠʚʘʷ 1 ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ, ʢʘʢ ʠ ʧʨʝʞʜʝ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ ʠʟʤʝʥʝʥʠʷ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ dt = 100sin6t, ʘ ʢʨʠʚʘʷ 2 ï ʠʟʤʝʥʝʥʠʶ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜt. 

ʉʨʘʚʥʝʥʠʝ ʨʠʩ. 2.9 ʠ ʨʠʩ. 2.10 ʧʦʟʚʦʣʷʝʪ ʫʙʝʜʠʪʴʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ (ʧʦʯʪʠ ʚ 2.5 ʨʘʟʘ) 

ʩʥʠʞʝʥʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʠʩʪʝʤʳ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʝʝ ʨʘʙʦʪʳ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʅʉ (ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʚ ʈʄɺ) ʧʦʟʚʦʣʷʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʫʧʨʘʚʣʷʪʴ 

ʩʣʦʞʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʱʠʤʠʩʷ 

dʜtt, ,  

³100H 
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ʧʘʨʘʤʝʪʨʘʤʠ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥʮʠʧʘ ʧʨʷʤʦʛʦ ʠʥʚʝʨʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʠʤʝʝʪ ʩʝʨʴʝʟʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʚ 

ʚʳʭʦʜʥʦʤ ʩʠʛʥʘʣʝ ʆʋ. ʇʦʵʪʦʤʫ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʨʫʛʠʝ ʧʦʜʭʦʜʳ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʉʋ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʘʧʪʠʚʥʳʭ ʅʉ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʨʘʥʠʪʴ 

ʫʢʘʟʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ. 

 

ʉʠʥʪʝʟ ʘʜʘʧʪʠʚʥʳʭ ʧʨʦʛʥʦʟʠʨʫʶʱʠʭ ʉʋ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʅʉ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʠʤʝʥʝʥʠʷ ʧʨʷʤʦʛʦ ʠʥʚʝʨʩʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠʥʳʝ ʩʭʝʤʳ ʚʢʣʶʯʝʥʠʷ ʅʅʉ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ [128, 213]. ʇʨʠ ʵʪʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʘ ʧʦʩʪʨʦʝʥʠʷ ʉʋ 

ʵʪʦʛʦ ʪʠʧʘ.  

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʬʠʣʴʪʨʘ 

(ɸʌ) ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʆʋ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʵʪʦʛʦ ʆʋ ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʩ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ʧʘʨʘʤʝʪʨʳ  ʅʅʉ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʧʨʷʤʫʶ ʮʝʧʴ ʉʋ 

[40, 128]. ʋʧʨʘʚʣʝʥʠʝ, ʨʝʘʣʠʟʫʝʤʦʝ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʪʩʷ ʧʨʷʤʳʤ 

ʘʜʘʧʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ. ɺʦ ʚʪʦʨʦʤ ʩʧʦʩʦʙʝ ʅʅʉ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʴʶ ʆʋ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʙʦʣʴʰʝʤ ʦʪʨʝʟʢʝ 

ʚʨʝʤʝʥʠ [194], ʘ ʙʦʣʝʝ ʘʜʘʧʪʠʚʥʳʡ ʨʝʛʫʣʷʪʦʨ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠ 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʤʦʜʝʣʠ ʅʅʉ.  

ʕʪʠ ʜʚʘ ʩʧʦʩʦʙʘ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʙʝʨʫʪʩʷ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ. 

 

ʉʋ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠ ̫ ʩ 

ʧʨʝʜʩʢʘʟʘʥʠʝʤ. ʀʟʚʝʩʪʥʳʝ ʉʋ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʨʷʤʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ, ʠʤʝʶʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ.2.11 [44].  

ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʆʧʪ ï ʙʣʦʢ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʥʘʩʪʨʘʠʚʘʶʱʠʡ ʧʘʨʘʤʝʪʨʳ ʅʅʉ; r - ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʆʋ; rĔ - ʚʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ɸʌ; Jaf = r - rĔ- ʩʠʤʚʦʣ ʥʝʚʷʟʢʠ; r*ï ʟʘʜʘʶʱʠʡ ʩʠʛʥʘʣ. 
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 ʈʠʩ. 2.11 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʅʅʉ  

 

ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ [40] ʥʘʩʪʨʦʡʢʘ ʅʅʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘ 

ʦʩʥʦʚʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ Jaf. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ ʆʋ ʚʦʟʥʠʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʟʘʧʘʟʜʳʚʘʥʠʝ ʩ ʫʩʪʘʥʦʚʢʦʡ ʪʨʝʙʫʝʤʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅʅʉ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʭ 

ʧʦʩʣʝʜʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ ʚ ʩʝʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʥʝʥʫʣʝʚʳʭ 

ʟʥʘʯʝʥʠʡ Jaf. ʊʦ ʝʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ Jaf ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ 

ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʦʜʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʅʅʉ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʟʘʧʘʟʜʳʚʘʥʠʷʤ ʚ ʫʢʘʟʘʥʥʦʡ ʧʦʜʩʪʨʦʡʢʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ 

ʫʭʫʜʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ɼʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʭʝʤʳ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 2.11, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʫʶ ʧʦʜʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʅʅʉïʨʝʛʫʣʷʪʦʨʘ ʜʦ 

ʧʦʷʚʣʝʥʠʷ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ Jaf. ʋʢʘʟʘʥʥʘʷ ʟʘʜʘʯʘ ʙʫʜʝʪ ʨʝʰʘʪʴʩʷ ʟʘ ʩʯʝʪ 

ʫʧʨʝʞʜʘʶʱʝʡ ʧʦʜʩʪʨʦʡʢʠ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʘ ʧʦʚʝʜʝʥʠʷ ʆʋ. 

ʇʨʦʛʥʦʟ ʧʦʚʝʜʝʥʠʷ ʆʋ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʦʜʥʘʢʦ 

ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʝʛʢʦ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʧʨʦʩʪʳʝ 

ʣʠʥʝʡʥʳʝ ɸʌ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʩʪʨʦʡʢʫ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʆʋ ʩ 

ʙʳʩʪʨʦ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʚʨʝʤʝʥʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ɸʌ ʚʠʜʝ ʤʘʪʨʠʮ ʩʦʩʪʦʷʥʠʷ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʨʝʰʝʥʠʠ ʤʘʪʨʠʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [167]. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʧʦʚʝʜʝʥʠʷ ʆʋ, ʥʝʦʙʭʦʜʠʤʦ ʪʘʢ ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ ʅʅʉ (ʩʤ 

ʅʅʉ 

Jaf 

r*  r  

rĔ 
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ʨʠʩ.2.11), ʯʪʦʙʳ ʬʦʨʤʠʨʫʝʤʳʡ ʩ ʝʝ ʧʦʤʦʱʴʶ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ u ʦʙʝʩʧʝʯʠʚʘʣ 

ʤʠʥʠʤʫʤ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ: 
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1 )Ĕ( ,                           (2.29) 

 

ʛʜʝ k -ʪʝʢʫʱʠʡ ʚʨʝʤʝʥʥʦʡ ʪʘʢʪ; Hp ï ʛʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʘ (ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʥʳʭ 

ʪʘʢʪʦʚ, ʥʘ ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʆʋ); Hc ï ʛʦʨʠʟʦʥʪ 

ʫʧʨʘʚʣʝʥʠʷ (ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʥʳʭ ʪʘʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ); Duj = uj ï uj-1; Qi Í R1³Hp, Ri Í R1³Hc ï ʚʝʢʪʦʨʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  

 ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ 

ʚ ʨʘʙʦʪʘʭ [128, 161, 213]. ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʘ (2.29) 

ʦʧʠʩʳʚʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʪʦʣʴʢʦ ʣʠʥʝʡʥʳʤ ʆʋ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʠʟʣʦʞʝʥʥʳʡ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʤʝʪʦʜ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʤʠ ʆʋ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʝ ʫʜʘʝʪʩʷ. 

  ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜʘ ʮʠʬʨʦʚʦʡ ɸʌ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ [167]: 
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ʛʜʝ )(kxi  ï ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʦʩʪʦʷʥʠʡ ʬʠʣʴʪʨʘ; )(ku j ï 

ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ɸʌ; )(1 kiq  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ 

ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ɸʌ; )(2 kjq - ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʧʨʷʤʦʛʦ ʢʘʥʘʣʘ ɸʌ; M,  L ï 

ʨʘʟʤʝʨʥʦʩʪʠ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʡ ɸʌ ʠ ʚʝʢʪʦʨʘ ʨʝʛʨʝʩʩʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 ʇʦʨʷʜʦʢ ɸʌ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʩʪʠ ʆʋ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ. ʆʜʥʘʢʦ ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʝʣʘʪʴ ʪʦʣʴʢʦ 
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ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʧʦʚʝʜʝʥʠʷ ʆʋ ʠ ʧʨʠ ʵʪʦʤ ʥʝʧʨʝʨʳʚʥʦ ʧʦʜʩʪʨʘʠʚʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ɸʌ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʪʦ, ʧʦʨʷʜʦʢ ɸʌ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʪʴ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʳʡ ʧʦʨʷʜʦʢ ɸʌ ʤʦʞʝʪ ʙʳʪʴ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʚʳʙʨʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ.  

 ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 2.11, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ [44]: 

ʥʘʯʘʣʴʥʦʛʦ ʠ ʨʘʙʦʯʝʛʦ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʘʢʪʦʚ 

ʥʘʩʪʨʦʡʢʠ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʘʢʠʝ ʠʩʭʦʜʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʅʅʉ, ʯʪʦʙʳ 

ʨʝʘʣʠʟʫʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʩʝʪʠ ʨʝʛʫʣʷʪʦʨ ʫʞʝ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʦʙʝʩʧʝʯʠʚʘʣ 

ʫʩʪʦʡʯʠʚʦʝ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʯʪʦʙʳ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʠ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʘʭ ʥʝ ʚʚʦʜʠʣ ʩʠʛʥʘʣ u ʚ ʟʦʥʫ ʥʘʩʳʱʝʥʠʷ ʫʩʠʣʠʪʝʣʷ 

ʤʦʱʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʵʪʦʪ ʵʪʘʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ, ʪʦ ʙʦʣʝʝ 

ʞʝʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʫʢʘʟʘʥʥʦʤ ʵʪʘʧʝ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪʩ.̫ 

ʂʦʣʠʯʝʩʪʚʦ ʪʘʢʪʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ɸʌ ʠ ʅʅʉ ʨʘʚʥʦ f = M+L (ʩʤ. 

ʚʳʨʘʞʝʥʠʝ (2.30)). ʕʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʨʘʙʦʯʝʤ ʵʪʘʧʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʋ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʙ ʵʪʦʤ 

ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʜʘʣʝʝ. 

 ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʥʝʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ u ʥʘʯʠʥʘʝʪ ʚʳʯʠʩʣʷʪʴʩʷ ʚʝʣʠʯʠʥʘ 

ʥʝʚʷʟʢʠ Jaf. ɿʘʪʝʤ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɸʌ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʧʦ ʚʳʨʘʞʝʥʠʶ [40, 63]: 
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ʛʜʝ kw Í RM+L ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʩʪʨʘʠʚʘʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ɸʌ; h - ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ, 2)Ĕ( kkaf rrJ -= . 

ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ɸʌ ʧʦ ʚʳʨʘʞʝʥʠʶ (2.31) ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʤʠʥʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ afJ . ɿʘʪʝʤ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʅʅʉ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʟʘʜʘʶʱʠʡ ʩʠʛʥʘʣ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʚʳʭʦʜ ʩʝʪʠ ʦʪʢʣʶʯʘʝʪʩʷ ʦʪ 

ʚʭʦʜʘ ʆʋ, ʘ ʥʘ ʵʪʦʪ ʚʭʦʜ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʩʝʪʴʶ ʥʘ 
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ʧʨʝʜʳʜʫʱʝʤ ʚʨʝʤʝʥʥʦʤ ʪʘʢʪʝ. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ ʅʅʉ ʦʩʪʘʝʪʩʷ ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ɸʌ, 

ʢʦʪʦʨʳʡ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ ʆʋ. ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʅʅʉ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʧʦ ʚʳʨʘʞʝʥʠʶ (2.31), 

ʦʜʥʘʢʦ ʬʫʥʢʮʠʦʥʘʣ ʢʘʯʝʩʪʚʘ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʚʠʜ (2.29). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʨʘʟʥʦʩʪʠ ii rr Ĕ-  ʫʜʘʝʪʩʷ ʚʚʝʩʪʠ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʘʤʧʣʠʪʫʜʫ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʅʅʉ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʭʦʞʜʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʚ ʥʘʩʳʱʝʥʠʝ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʅʅʉ ʝʝ ʚʳʭʦʜ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢʦ ʚʭʦʜʘʤ ʆʋ ʠ ɸʌ. ɿʘʪʝʤ ʧʨʦʮʝʩʩ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ɸʌ ʠ ʅʅʉ 

ʧʦʚʪʦʨʷʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʝʤ ʪʘʢʪʝ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ ʉʋ, ʝʩʣʠ ʯʠʩʣʦ ʫʞʝ 

ʚʳʧʦʣʥʝʥʥʳʭ ʪʘʢʪʦʚ ʤʝʥʴʰʝ f. ʇʨʠʯʝʤ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʪʘʢʪʝ ʵʪʦʛʦ ʵʪʘʧʘ 

ʨʘʙʦʪʳ ʟʘʧʦʤʠʥʘʝʪʩʷ ʚʝʢʪʦʨ ʚʥʫʪʨʝʥʥʠʭ ʩʦʩʪʦʷʥʠʡ ɸʌ AF
jX = [x1,é, xM], ʚʝʢʪʦʨ 

ʩʠʛʥʘʣʦʚ Uj= [u1,é, uL], ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʝʛʦ ʚʭʦʜ, ʠ ʩʠʛʥʘʣ r j ʩ ʚʳʭʦʜʘ ʆʋ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʟʘ f ʚʨʝʤʝʥʥʳʭ ʪʘʢʪʦʚ ʚ ʩʠʩʪʝʤʝ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʘ ʤʘʩʩʠʚʘ: ʤʘʪʨʠʮʘ A, 

ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʚʠʜ AF
jA  = [ AF

jX , Uj] Í R1³ f, f1j ,= , ʠ ʚʝʢʪʦʨ             

RCO = [r f, r f-1,..., r1]
T. ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʪʘʢʪʝ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ 

ʉʋ ʚʩʝ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ AF
A  ʠ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ RCO ʩʤʝʱʘʶʪʩʷ ʥʘ ʦʜʥʫ ʧʦʟʠʮʠʶ 

ʚʥʠʟ, ʘ ʥʘ ʧʝʨʚʫʶ ʧʦʟʠʮʠʶ ʟʘʧʠʩʳʚʘʶʪʩʷ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʝʨʝʤʝʥʥʳʭ.  

ʇʦʩʢʦʣʴʢʫ ʧʦ ʦʜʥʦʤʫ ʪʝʢʫʱʝʤʫ ʟʥʘʯʝʥʠʶ afJ  ʥʝʚʦʟʤʦʞʥʦ ʩʨʘʟʫ ʥʘʩʪʨʦʠʪʴ ɸʌ 

ʪʘʢ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʡ ʧʨʦʛʥʦʟ ʧʦʚʝʜʝʥʠʷ ʆʋ ʙʦʣʝʝ 

ʯʝʤ ʥʘ ʦʜʠʥ ʚʨʝʤʝʥʥʦʡ ʪʘʢʪ ʚʧʝʨʝʜ, ʪʦ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ f ʪʘʢʪʦʚ ʥʘʯʘʣʴʥʦʛʦ 

ʵʪʘʧʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʧʦʣʫʯʝʥʘ ʧʝʨʚʘʷ ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ AF
A , ʠ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʨʘʙʦʯʝʤʫ ʵʪʘʧʫ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʥʘʩʪʨʦʡʢʠ ɸʌ, ʦ ʢʦʪʦʨʦʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʥʠʞʝ. ʋʢʘʟʘʥʥʳʡ ʧʝʨʝʭʦʜ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʬʠʣʴʪʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʯʥʦʩʪʠ 

ʧʨʦʛʥʦʟʘ, ʪʨʝʙʫʶʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ ɸʌ ʠ ʩʠʛʥʘʣʦʚ, ʩʥʷʪʳʭ ʩ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʆʋ ʟʘ f ʧʨʝʜʳʜʫʱʠʭ ʚʨʝʤʝʥʥʳʭ 

ʪʘʢʪʦʚ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ. ʊʦ ʝʩʪʴ ʥʘ ʵʪʦʤ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʦʩʥʦʚʥʦʤ 
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ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ AF
A  ʠ ʚʝʢʪʦʨʘ RCO), 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ɸʌ ʫʞʝ ʥʘ ʦʩʥʦʚʥʦʤ ʨʘʙʦʯʝʤ ʵʪʘʧʝ. 

ɼʣʷ ʧʦʷʩʥʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʨʘʙʦʯʝʤ ʵʪʘʧʝ ʚʚʝʜʝʤ ʚ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʙʦʙʱʝʥʥʳʡ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ ɸʌ TAFAFAF ],[ 21 qqq = Í R1³ f, ʛʜʝ       AF
1q

Í R1³ ʄ ʠ AF
2q  Í R1³ L ï ʚʝʢʪʦʨʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (2.30). ʉ ʫʯʝʪʦʤ 

ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʚʳʨʘʞʝʥʠʝ (2.30) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ AFAF
jj kr qÖ= )(Ĕ A , ʪʦ 

ʝʩʪʴ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ j-ʡ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ AF
A  ʥʘ ʚʝʢʪʦʨ qAF. ɿʘ f ʪʘʢʪʦʚ ʚ ʩʠʩʪʝʤʝ 

ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥ ʚʝʢʪʦʨ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ɸʌ AF
R Í R1³ f, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʝ AFAFAF
RA =Öq . ʆʜʥʘʢʦ, ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʪʨʠʮʳ 

AF
A  ʠ ʚʝʢʪʦʨʘ RCO ʩ ʫʯʝʪʦʤ ʵʪʦʡ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʝʢʪʦʨ qAF* = ( AF

A )-1RCO 

Í R1³ f ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɸʌ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʝʢʪʦʨ ʚʳʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʵʪʦʛʦ ʬʠʣʴʪʨʘ 

ʙʫʜʝʪ ʪʦʯʥʦ ʩʦʚʧʘʜʘʪʴ ʩ ʚʝʢʪʦʨʦʤ RCO. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ɸʌ ʙʫʜʝʪ 

ʷʚʣʷʪʴʩʷ ʤʦʜʝʣʴʶ ʆʋ, ʢʦʪʦʨʘʷ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ, ʥʘʯʠʥʘʶʱʠʤʩʷ ʯʝʨʝʟ f ʪʘʢʪʦʚ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʩʪʨʦʡʢʫ ʅʅʉ ʠ, ʪʝʤ ʩʘʤʳʤ, ʚʳʩʦʢʫʶ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʆʋ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʆʋ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʨʘʙʦʯʝʤ ʵʪʘʧʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʋ ʟʘ ʩʯʝʪ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ʩʦʩʪʦʷʥʠʷ ʆʋ ʥʘ f ʪʘʢʪʦʚ ʚʧʝʨʝʜ [167], ʠ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʅʅʉ ʥʘ ʦʩʥʦʚʝ 

ʚʳʨʘʞʝʥʠ ̫(2.29), ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʪʦʯʥʦ ʥʘʩʪʨʦʝʥʥʳʤ ɸʌ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟ ʧʦʚʝʜʝʥʠʷ ʆʋ ʜʝʣʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʦʜʠʥ 

ʪʘʢʪ ʚʧʝʨʝʜ, ʪ.ʢ. ʧʘʨʘʤʝʪʨʳ ɸʌ ʝʱʝ ʥʝ ʧʦʣʫʯʠʣʠ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʦʩʪʦʠʥʩʪʚ, ʧʦʩʢʦʣʴʢʫ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʉʋ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʅʅʉ-ʨʝʛʫʣʷʪʦʨʘ ʦʙʣʘʜʘʝʪ 

ʨʦʙʘʩʪʥʦʩʪʴʶ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʆʋ ʠ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʇʨʠʤʝʥʝʥʠʝ 

ɸʌ ʜʣʷ ʧʨʦʛʥʦʟʘ ʧʦʚʝʜʝʥʠʷ ʆʋ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪ ɹʩʢʦʨʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʨʝʛʫʣʷʪʦʨʘ, 

ʘ ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʨʠʪʝʨʠʡ (2.29) ʥʝ ʜʦʧʫʩʢʘʝʪ ʧʦʷʚʣʝʥʠʷ ʧʠʢʦʚʳʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʛʥʘʣʦʚ, ʬʠʣʴʪʨʫʝʤʳʭ ʫʩʠʣʠʪʝʣʝʤ ʤʦʱʥʦʩʪʠ ʠ ʥʝ ʜʦʭʦʜʷʱʠʭ ʜʦ ʆʋ. ɺʩʝ ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ 

ʜʦʩʪʠʞʝʥʠʝ ʵʪʦʡ ʪʦʯʥʦʩʪʠ ʚʩʝ ʞʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʌ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 
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ʚʝʜʝʪ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʕʪʦʪ 

ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʜʨʫʛʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʜʘʣʝʝ. 

 

ʉʋ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩ 

ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʧʦ ʅʅʉ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.12 [44].  

 

 

ʈʠʩ. 2.12 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʅʅʉ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʆʋ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʅʅʉ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʵʪʦʡ 

ʩʭʝʤʝ, ʦʩʪʘʶʪʩʷ ʧʨʝʞʥʠʤʠ. ʆʜʥʘʢʦ ʚ ʥʦʚʦʡ ʩʭʝʤʝ ʅʅʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʞʝ ʥʝ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʘ, ʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʥʦʡ ʤʦʜʝʣʠ ʩʣʦʞʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʆʋ ʩ 

ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʝʛʦ ʧʦʚʝʜʝʥʠʷ ʚ 

ʙʫʜʫʱʝʤ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʉʋ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ɸʌ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʅʅʉ ʧʨʦʛʥʦʟʘ ʧʦʚʝʜʝʥʠʷ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʆʋ ʥʘ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʝʛʦ ʨʘʙʦʪʳ. ʉʠʛʥʘʣ irĔ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘir  ʩʚʦʙʦʜʝʥ ʦʪ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʤʝʭ ʠ ʧʦʵʪʦʤʫ ʧʦʟʚʦʣʷʝʪ 

ɸʌ ʩʚʦʝʚʨʝʤʝʥʥʦ, ʧʨʘʚʠʣʴʥʦ ʠ ʪʦʯʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʘ. 

D 

Jaf 

Jnfm 

XAF 

ʅʅʉ 

r*  r 

rĔ 

crĔ
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ɺ ʩʭʝʤʝ ʥʘ ʨʠʩ. 2.12 ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: Kdr Í R1³ ʄ - ʚʝʢʪʦʨ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʨʝʛʫʣʷʪʦʨʘ; D - ʙʣʦʢ ʵʣʝʤʝʥʪʦʚ 

ʟʘʧʘʟʜʳʚʘʥʠʷ ʅʅʉ; AF
X  ï ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʡ ɸʌ; Jaf, Jnfm  - ʩʠʤʚʦʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʝʚʷʟʦʢ; crĔ - ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʅʅʉ. 

 ɺ ʦʪʣʠʯʠʝ ʦʪ ʅʅʉ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʥʘ ʨʠʩ. 2.11 ʠ ʠʤʝʶʱʝʡ ʪʦʣʴʢʦ ʜʚʘ ʚʭʦʜʘ, 

ʥʘ ʚʭʦʜ ʅʅʉ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ.2.12, ʧʦʜʘʝʪʩʷ N+1 ʩʠʛʥʘʣʦʚ. ʀʟ ʥʠʭ N ʩʠʛʥʘʣʦʚ 

ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʘʤʠ ʨʝʛʨʝʩʩʠʠ ʚʳʭʦʜʘ ʅʅʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʩʝʪʠ ʫʜʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʪʴ ʪʦʯʥʫʶ ʤʦʜʝʣʴ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʆʋ N-ʛʦ 

ʧʦʨʷʜʢʘ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ (ʩʤ. ʨʠʩ.2.12) ʚʝʢʪʦʨ Kdr ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ, 

ʧʘʨʘʤʝʪʨʳ ʅʌʉ ʚʳʙʠʨʘʶʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʘʚʠʣʘʤ [63, 161], ʘ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ɸʌ 

ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʥʦ ʞʝʣʘʪʝʣʴʥʦ ʠʟ ʜʠʘʧʘʟʦʥʘ ʦʪ 0 ʜʦ 1, ʯʪʦʙʳ 

ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʧʦ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʥʠʞʝ ʘʣʛʦʨʠʪʤʫ) ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʨʝʛʫʣʷʪʦʨʘ ʩ ʙʦʣʴʰʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʫʩʠʣʝʥʠʷ.  

ɺ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʅʅʉ ʢʘʢ ʤʦʜʝʣʠ ʆʋ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʘ ʚʝʢʪʦʨʘ ʜʘʥʥʳʭ U, 

RCOÍR1³fm, ʚ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʠʛʥʘʣʝ, ʧʦʩʪʫʧʘʶʱʝʤ ʥʘ ʚʭʦʜ ʆʋ ʠ 

ʬʦʨʤʠʨʫʝʤʦʤ ʥʘ ʝʛʦ ʚʳʭʦʜʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ fm ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ. 

ɺʝʣʠʯʠʥʘ fm ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʆʋ ʠ ʪʦʯʥʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʆʋ. ʆʜʥʘʢʦ ʧʨʠ ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ fm ʚʦʟʨʘʩʪʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʩʣʦʞʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʅʅʉ. ɼʦ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʚʝʢʪʦʨʦʚ U ʠ RCO 

ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʅʅʉ ʠ ɸʌ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢʘʢ ʠ ʚ ʨʘʥʝʝ 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʠʩʪʝʤʝ, ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʥʘ ʠʩʭʦʜʥʦʤ (ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ) ʫʯʘʩʪʢʝ ʜʚʠʞʝʥʠʷ 

ʩʠʩʪʝʤʳ ʞʝʣʘʪʝʣʴʥʦ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʇʦʩʣʝ ʥʘʢʦʧʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʥʘʯʠʥʘʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʕʪʦʪ ʨʝʞʠʤ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ: ʵʪʘʧʘ ʥʘʩʪʨʦʡʢʠ ʅʅʉ ʠ 

ʵʪʘʧʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʅʅʉ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʥʮʝ 
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ʪʘʢʪʘ fm ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ (2.31) ʥʘ ʦʩʥʦʚʝ ʫʞʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢ ʥʘʯʘʣʫ ʵʪʦʛʦ ʪʘʢʪʘ ʚʝʢʪʦʨʦʚ U ʠ RCO. ɺ ʧʨʦʮʝʩʩʝ ʫʢʘʟʘʥʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʚʠʜʘ: 

 

ä
=

-=
mf

i
ciinfm )r(rJ

1

2
Ĕ .                                            (2.32) 

 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʅʅʉ, ʥʘʯʠʥʘʷ ʩ fm+1-ʛʦ ʪʘʢʪʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʥʘ ʢʘʞʜʦʤ 

ʧʦʩʣʝʜʫʶʱʝʤ ʥʦʚʦʤ ʪʘʢʪʝ ʦʩʥʦʚʥʦʛʦ ʨʝʞʠʤʘ ʝʝ ʨʘʙʦʪʳ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʩʝʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʆʋ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʨʝʤʝʥʥʳʭ ʪʘʢʪʦʚ ʅʊ ʚ 

ʙʫʜʫʱʝʝ (ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʙʦʣʴʰʝ ʯʝʤ ʥʘ 10 ʪʘʢʪʦʚ). ʇʨʠ ʵʪʦʤ ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ 

ʦʯʝʨʝʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʪʘʢʪʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʝʪʩʷ ʅʊ ʰʘʛʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʅʊ ʪʘʢʪʦʚ ʨʘʙʦʪʳ ʉʋ ʚʧʝʨʝʜ. ʕʪʦʪ ʧʨʦʛʥʦʟ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʤʝʪʦʜʝ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʦʚʝʜʝʥʠʝ ʆʋ ʚ ʙʫʜʫʱʝʤ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ 

(ʚʳʩʦʢʦʪʦʯʥʦʝ) ʫʧʨʘʚʣʝʥʠʝ. 

ʇʨʦʮʝʩʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʡ ʥʘ ʢʘʞʜʦʤ ʪʘʢʪʝ ʦʩʥʦʚʥʦʛʦ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʥʘʯʠʥʘʷ ʩ ʪʘʢʪʘ k=fm+1, ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʭʦʜʳ ʅʅʉ ʧʦʜʘʶʪʩʷ ʦʯʝʨʝʜʥʦʡ ʩʠʛʥʘʣ 

ʫʧʨʘʚʣʝʥʠʷ uk ʠ N ʟʥʘʯʝʥʠʡ Nkckckc rrr ---
Ĕ...,,Ĕ,Ĕ

21 , ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʟʥʘʯʝʥʠʷʤ ʚʳʭʦʜʘ ʅʅʉ ʥʘ ʧʨʝʜʳʜʫʱʠʭ N ʪʘʢʪʘʭ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠ ʫʞʝ ʠʤʝʶʪʩʷ ʚ 

ʧʘʤʷʪʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʨʦʮʝʩʩʦʨʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ N+1 ʚʝʣʠʯʠʥ ʥʘ ʚʳʭʦʜʝ ʅʅʉ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝ 
1

Ĕ
+kcr , ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʦʤ ʧʦʚʝʜʝʥʠʷ ʆʋ ʥʘ ʦʜʠʥ 

ʚʨʝʤʝʥʥʦʡ ʪʘʢʪ ʚ ʙʫʜʫʱʝʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʚʪʦʨʦʤ ʰʘʛʝ ʧʨʦʮʝʩʩʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ 

ʚʭʦʜ ʅʅʉ ʧʦʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ N+1 ʟʥʘʯʝʥʠʡ: uk 11 Ĕ...,,Ĕ,Ĕ +-- Nkckckc rrr , ʘ ʥʘ ʝʝ 

ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʨʦʛʥʦʟʘ 
2

Ĕ
+kcr  ʥʘ ʚʪʦʨʦʡ ʚʨʝʤʝʥʥʦʡ ʪʘʢʪ ʚ ʙʫʜʫʱʝʝ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʨʘʩʩʯʠʪʘʥ ʧʨʦʛʥʦʟ ʧʦʚʝʜʝʥʠʷ ʆʋ 

ʥʘ ʅʊ ʪʘʢʪʦʚ ʚ ʙʫʜʫʱʝʝ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʅʊ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʩʦʭʨʘʥʷʶʪʩʷ ʚ 

ʤʘʩʩʠʚʝ ]Ĕ...,,Ĕ,Ĕ[ 21 ʊHkckckcP rrr +++=P . ʀʤʝʷ ʤʘʩʩʠʚ ʈP, ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ 
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ʚʝʢʪʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ɸʌ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ 

ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ. 

ʅʘʩʪʨʦʡʢʘ ɸʌ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ  

 

                                         ä
+

-=

-=
T

m

Hk

fki
iicaf rrJ 2)ĔĔ(                                         (2.33) 

 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ (2.31). ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʲʝʜʠʥʝʥʥʳʡ 

ʚʝʢʪʦʨ ʚʳʭʦʜʦʚ ʅʅʉ ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ: 

]Ĕ,...,ĔĔ,ĔĔ[Ĕ
21 ʊm Hkckckcckfckc rr,rr...,,r +++-=R Í )(1 Tm Hf +³

R .  

ɺ ʧʨʦʮʝʩʩʝ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ɸʌ ʥʘ ʝʛʦ ʚʭʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʘʶʪʩʷ 

ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ ],...,,,,...,[ 1
)()'&
ʊ

m

ʅ

kkkkfkf uuuuu --
=U Í )(1 Tm Hf +³

R . ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʘ cRĔ ʚ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ (2.33) ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ɸʌ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʜʠʥʘʤʠʯʝʩʢʦʶ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʤ ʆʋ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ɸʌ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ, ʥʦ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ 

ʤʦʜʝʣʴʶ ʆʋ. ʇʦʩʣʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ɸʌ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʩʨʘʟʫ 

ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʉʋ (ʩʤ. ʚʝʢʪʦʨ Kdr ʥʘ ʨʠʩ.2.12) ʧʦ 

ʚʝʢʪʦʨʫ ʩʦʩʪʦʷʥʠʷ ɸʌ. ɺ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʵʪʦ ʢʘʥʦʥʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʤʝʝʪ 

ʚʠʜ [161]: 
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[ ] M
Lf RC Í= 0...,,0,...,, 221 qq .  

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʩʭʝʤʝ ʥʘ ʨʠʩ.2.12 ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ u ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ: ä
=

-=
M

i
idri kxKkrku

1

* )()()( , ʩʠʩʪʝʤʘ (2.34) ʩ ʫʯʝʪʦʤ ʵʪʦʛʦ ʟʘʢʦʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʧʠʩʘʥʘ ʚ ʚʠʜʝ: 

 

rz f
AF

drff
AF

BXKBAX +-= )( ,                                   (2.35) 

 

ʛʜʝ ]...,,,[ 21 drMdrdrdr KKK=K  - ʚʝʢʪʦʨ ʠʩʢʦʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʦʙʨʘʪʥʳʭ 

ʩʚʷʟʝʡ; z ï ʦʧʝʨʘʪʦʨ ʩʜʚʠʛʘ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ ʩʠʩʪʝʤʳ (2.35) 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚʳʨʘʞʝʥʠʝʤ: 

 

||det drffz KBAI +- ,                                    (2.36) 

 

ʛʜʝ I  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ. 

ɿʘʜʘʯʝʡ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʤʝʪʦʜʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ [161] ʷʚʣʷʝʪʩʷ 

ʚʳʙʦʨ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ Kdri ( M1i ,= ), 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʠʩʪʝʤʝ (2.35) ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʟʘʜʘʚʘʝʤʳʝ 

ʧʦʣʠʥʦʤʦʤ ʚʠʜʘ: 

 

MM
MM azazaz ++++ -
-

1
1

1 ... .                                      (2.37) 

 

ʋʢʘʟʘʥʥʫʶ ʮʝʣʴ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ Kdri ʚʳʙʨʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʦʚ (2.36) ʠ (2.37) ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʧʝʥʷʭ z 

ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ. ʉ ʫʯʝʪʦʤ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ (2.34) ʦʧʠʩʘʥʠʷ ɸʌ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʦʙʨʘʪʥʳʭ ʩʚʷʟʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ɸʌ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

[161]: iidri aK 1q-= . 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʦʩʥʦʚʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʢʘʢ ʠ ʚ 

ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʉʋ, ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʢʘʞʜʦʤ 
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ʚʨʝʤʝʥʥʦʤ ʪʘʢʪʝ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʦʜʭʦʜ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʦʩʪʘʪʦʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠʤʝʥʠʤ ʠ ʜʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʆʋ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʢʦʥʘʤʠ ʠʟʤʝʥʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʝʣʠʯʠʥ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʋ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʛʥʦʟʠʨʫʶʱʠʭ ʅʅʉ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʉʋ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʠʪʝʣʷ ʅʇɸ 

ʙʳʣʠ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.2.1. 

ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʉʋ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ.2.11. ɻʦʨʠʟʦʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʵʪʦʡ ʉʋ ʧʨʠʥʠʤʘʣʠʩʴ ʨʘʚʥʳʤʠ ʅʩ =1, ʅʨ= 5.  ʇʘʨʘʤʝʪʨʳ ɸʌ:  

L = M = 6. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʉʋ ʧʨʠ ʦʙʫʯʝʥʠʠ ɸʌ ʚ ʚʳʨʘʞʝʥʠʠ (2.31) 

ʧʨʠʥʠʤʘʝʤ h=0.1, ʘ ʧʨʠ ʦʙʫʯʝʥʠʠ ʅʅʉ h=0.7. ʅʘ ʨʘʙʦʯʝʤ ʵʪʘʧʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ h=0.5. ɺʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʨʠʪʝʨʠʷ (2.29) ʧʨʠʥʠʤʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ: 

R = 0.25, Q =1.0. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʉʋ (ʩʤ. ʨʠʩ.2.11) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 2.13.  

 

ʈʠʩ.2.13 ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩ ʧʨʷʤʳʤ ʘʜʘʧʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

ʥʘ ʦʩʥʦʚʝ ʅʅʉ ʠ ʧʨʝʜʩʢʘʟʘʥʠʝʤ 

 

ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʮʠʬʨʦʡ 1 ʦʪʤʝʯʝʥ ʟʘʜʘʶʱʠʡ ʩʠʛʥʘʣ r* = dt= 100sin(6t), ʘ 

ʮʠʬʨʦʡ 2 - ʩʠʣʘ ʪʷʛʠ ʜt, ʨʝʘʣʴʥʦ ʨʘʟʚʠʚʘʝʤʘ ̫ʜʚʠʞʠʪʝʣʝʤ. ɺ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘʭ 

dʜtt, ,  

³100H 
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ʨʘʙʦʪʳ ʉʋ ʦʰʠʙʢʘ ʫʧʨʘʚʣʝʥʠʷ e(t) = dt  - ʜt(ʩʤ. ʨʠʩ. 2.13) ʥʝ ʧʨʝʚʳʰʘʝʪ 1.7%  ʦʪ 

ʞʝʣʘʝʤʦʡ ʪʷʛʠ ʜʚʠʞʠʪʝʣʷ, ʘ ʧʨʠ ʨʝʚʝʨʩʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʜʦʩʪʠʛʘʝʪ 15% ʦʪ *
ʜt. 

ʇʦʩʣʝʜʥʝʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʝʚʝʨʩʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʠʪʝʣʷ ʠʟʤʝʥʷʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʉʋ ʙʳʩʪʨʦ ʦʪʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʵʪʠ 

ʠʟʤʝʥʝʥʠʷ. ʆʜʥʘʢʦ ʩʠʩʪʝʤʘ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ (ʤʝʥʝʝ, ʯʝʤ ʟʘ 0.1 ʩ) ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ 

ʜʘʞʝ ʧʦʜ ʪʘʢʠʝ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ. 

ʅʘ ʨʠʩ.2.14 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ 

ʨʠʩ.2.12, ʧʨʠ r* = dt= sin(6t), L = 3, M = 3, Hʊ = 10, R=0.6, Q=0.75, h=0.13 (ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ɸʌ) ʠ h=0.38 (ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʅʅʉ).  

 

ʈʠʩ.2.14 ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩ ʘʜʘʧʪʠʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ ʠ 

ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʅʅʉ ʤʦʜʝʣʠ 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ Kdr ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ (2.27) 

ʚʳʙʠʨʘʣʩʷ ʚ ʚʠʜʝ ʙʠʥʦʤʘ ʅʴʶʪʦʥʘ 3 ï ʛʦ ʧʦʨʷʜʢʘ ʚʠʜʘ: M = (0.1 - z)3 . ʆʪʣʠʯʠʝ ʚ 

ʧʘʨʘʤʝʪʨʘʭ L, M, Hʊ, h, R ʠ Q ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʚʫʭ ʉʋ ʦʙʲʷʩʥʷʝʪʩʷ ʪʦʣʴʢʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʧʦʩʪʨʦʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ. ʎʠʬʨʘʤʠ 1 ʠ 2 ʥʘ ʨʠʩ. 2.14 ʦʙʦʟʥʘʯʝʥʳ ʪʝ 

ʞʝ ʚʝʣʠʯʠʥʳ, ʯʪʦ ʠ ʥʘ ʨʠʩ.2.13. 

ʀʟ ʨʠʩ.2.14 ʚʠʜʥʦ, ʯʪʦ ʚʪʦʨʘʷ ʉʋ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʜʘʞʝ ʧʨʠ ʨʝʚʝʨʩʝ ʜʚʠʞʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʚ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘʭ 

ʨʘʙʦʪʳ ʉʋ ʚʝʣʠʯʠʥʘ e(t) ʥʝ ʧʨʝʚʳʰʘʝʪ 0.5% ʦʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ 

dʜtt, ,  
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ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʰʠʙʢʘ ʧʨʠ ʨʝʚʝʨʩʝ ʜʚʠʞʠʪʝʣʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 5%. ʉʫʱʝʩʪʚʝʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʦʰʠʙʦʢ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʉʋ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤ 

ʧʨʦʛʥʦʟʦʤ ʧʦʚʝʜʝʥʠʷ ʆʋ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʚ ʙʫʜʫʱʝʤ. ʇʨʠ 

ʨʝʚʝʨʩʝ ʜʚʠʞʠʪʝʣʷ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʆʋ ʨʝʟʢʦ ʠʟʤʝʥʷʶʪʩʷ, ʚ ʩʠʩʪʝʤʝ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ, ʦʜʥʘʢʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʤʘʣʳʤʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ 

ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʧʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʥʘ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 2.15. ʧʨʠʚʝʜʝʥ ʨʝʟʫʣʴʪʘʪ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ 

ʜʚʠʞʠʪʝʣʝʤ ʩ ʧʦʤʦʱʴʶ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʢʦʨʥʝʚʦʛʦ 

ʛʦʜʦʛʨʘʬʘ [138] ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʆʋ. ʕʪʦʪ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʨʝʛʫʣʷʪʦʨ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

p

pp
pWʇʀɼ

21.01701.0
)(

2 ++
= . 

 

ʈʠʩ. 2.15 ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʉʋ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʇʀɼ ʨʝʛʫʣʷʪʦʨʘ 

 

ʎʠʬʨʘʤʠ 1 ʠ 2 ʥʘ ʨʠʩ. 2.15 ʪʘʢʞʝ ʦʙʦʟʥʘʯʝʥʳ ʟʘʜʘʶʱʠʡ ʩʠʛʥʘʣ                                   

r* = dt= 100sin(6t) ʠ ʨʝʘʣʴʥʦ ʧʦʣʫʯʘʝʤʘʷ ʪʷʛʘ ʜt ʜʚʠʞʠʪʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ ʵʪʦʛʦ 

ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʦʰʠʙʢʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʩ ʇʀɼ - 

ʨʝʛʫʣʷʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪ ʧʦʯʪʠ 7%, ʘ ʧʨʠ ʨʝʚʝʨʩʝ ʜʚʠʞʠʪʝʣʷ - 25%. ʕʪʦ ʫʞʝ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ. ʊʦ ʝʩʪʴ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʦʙʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʉʋ ʟʘ ʩʯʝʪ 

dʜtt, ,  

³100H 
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ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʆʋ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʦʡ 

ʧʦʜʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʘ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤ ʥʝʣʠʥʝʡʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʯʝʤ ʉʋ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʉʋ 

ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ ʵʪʠʤ ʜʚʠʞʠʪʝʣʷʤ ʞʝʣʘʝʤʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʠ ʪʝʤ ʩʘʤʳʤ ʫʧʨʦʩʪʠʪʴ ʜʘʣʴʥʝʡʰʠʡ ʩʠʥʪʝʟ ʉʋ ʅʇɸ.  

 

2.3 ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʦʡ ʉʇʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʤʫ ʚ ʨʘʟʜʝʣʝ 2.1.4 ʧʦʨʷʜʢʫ ʩʠʥʪʝʟʘ ʉʋ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ ʩʠʥʪʝʟʠʨʫʝʪʩʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ.  

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚ ʛʣʘʚʝ 1, ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʢʘʪʴ ʚ ʢʣʘʩʩʝ ʉʇʉ. ʇʦʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʘʤʦʛʦ ʆʋ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [13, 33, 78], ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʠʪ ʨʘʟʚʷʟʘʪʴ 

ʢʘʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ. 

ʈʘʥʝʝ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʉʋ ʥʘ ʦʩʥʦʚʝ ʉʇʉ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʦʥʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʆʋ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʫʢʘʟʘʥʥʘʷ ʉʇʉ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ 

ʥʝʜʦʩʪʘʪʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʥʝʧʨʝʨʳʚʥʦ ʧʦʜʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʉʇʉ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʆʋ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʉʇʉ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʅʇɸ, ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʠʣʴʥʦ 

ʟʘʪʨʫʜʥʝʥʘ. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʘʭ [11, 138] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ 

ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʉʇʉ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʝ ʙʣʠʟʦʩʪʠ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢ ʟʥʘʯʝʥʠʷʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʵʪʦʡ ʉʇʉ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤ ʦʙʲʝʢʪʦʤ ʢʘʢ ʅʇɸ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [85] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʚ ʉʋ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʪʦʤ, ʯʪʦ 
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ʫʢʘʟʘʥʥʳʡ ʠʟʚʝʩʪʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ ʪʦʣʴʢʦ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʜʚʠʞʝʥʠʠ 

ʩʠʩʪʝʤʳ, ʪ.ʝ. ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʘʜʘʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʉʋ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʨʘʚʝʥ ʥʫʣʶ, ʠ ʥʝ ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʉʇʉ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ 

ʅʇɸ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʯʠʥʳ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʉʇʉ ʠ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠʭ 

ʫʩʪʨʘʥʝʥʠʷ. ʉʠʥʪʝʟʠʨʫʝʪʩʷ ʘʜʘʧʪʠʚʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʫʨʦʤ ʩʢʦʨʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʘʣʠʟʦʚʘʪʴ ʫʢʘʟʘʥʥʳʡ ʚʳʰʝ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʫʯʝʥʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ. 

 

2.3.1 ɸʥʘʣʠʟ ʩʚʦʙʦʜʥʦʛʦ ʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʡ ʉʇʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ɸʥʘʣʠʪʠʯʝʩʢʠ ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʢʦʣʴʟʷʱʝʛʦ ʨʝʞʠʤʘ ʜʣʷ ʩʠʩʪʝʤ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʥʝʨʘʚʝʥʩʪʚʘ [17, 74, 75, 222]: 

 

0 <ss# ,                                                   (2.38) 

ʛʜʝ    

                                                eCes u+=# ,   u-u= de ,                                    (2.39) 

                                                            

Cu ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʧʝʨʝʢʣʶʯʝʥʠʷ (ʩʢʦʣʴʞʝʥʠʷ) ʢ ʦʩʠ ʘʙʩʮʠʩʩ (ʥʘ 

ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʵʪʦ ʦʩʴ e);  e - ʦʰʠʙʢʘ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʧʦ ʩʢʦʨʦʩʪʠ. 

 ʅʝʨʘʚʝʥʩʪʚʦ (2.38) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʉʋ ʚʩʝʛʜʘ ʜʦʣʞʥʳ 

ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʢ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ ʣʶʙʦʡ ʪʝʢʫʱʝʡ ʩʪʨʫʢʪʫʨʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʠ 

ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʝʝ ʧʘʨʘʤʝʪʨʦʚ. ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝʣʝʡʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʚ ʤʦʤʝʥʪ ʧʝʨʝʩʝʯʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʦʡ ʵʪʦʡ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʥʘ 

ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʚʩʝʡ ʩʠʩʪʝʤʳ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʜʚʝ 

ʩʪʨʫʢʪʫʨʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʟʘʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʟʘʩʪʘʚʣʷʷ ʠʟʦʙʨʘʞʘʶʱʫʶ ʪʦʯʢʫ 

ʚʩʝʛʜʘ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʜʥʘ ʠʟ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʠʤʝʝʪ 

ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ï ʛʠʧʝʨʙʦʣʳ, ʘ ʚʪʦʨʘʷ ï ʩʧʠʨʘʣʠ.  
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 ɼʚʠʞʝʥʠʝ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʠʜʝʘʣʴʥʦʡ ʣʠʥʠʠ 

ʩʢʦʣʴʞʝʥʠʷ ʠ ʩ ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚ (2.39) ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʣʠʥʝʡʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ [17, 74, 222]: 

 

0=+= eCes u# .                                                     (2.40) 

 

ʇʦʩʢʦʣʴʢʫ ʫʨʘʚʥʝʥʠʝ (2.40) ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʜʚʠʞʝʥʠʝ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʩʠʩʪʝʤʳ ʧʦ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ (ʧʦʩʣʝ ʝʝ ʧʦʧʘʜʘʥʠʷ 

ʥʘ ʵʪʫ ʣʠʥʠʶ) ʪʘʢʞʝ ʫʞʝ ʥʝ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʆʋ. ʇʨʠ ʵʪʦʤ 

ʦʰʠʙʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʷʚʣʷʷʩʴ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (2.40), ʙʫʜʝʪ 

ʫʤʝʥʴʰʘʪʴʩʷ ʧʦ ʵʢʩʧʦʥʝʥʪʝ: 

 

)(0 tCʝxpʝʝ u-= ,                                                   (2.41) 

 

ʛʜʝ ʝ0 ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ ʧʨʠ ʚʭʦʞʜʝʥʠʠ ʉʇʉ ʚ ʩʢʦʣʴʟʷʱʠʡ ʨʝʞʠʤ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu, ʪʝʤ ʙʳʩʪʨʝʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʰʠʙʢʘ ʩʠʩʪʝʤʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʰʝ ʝʝ ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ. 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʘʭ [16, 17, 75], ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʧʝʨʝʢʣʶʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʩʠʩʪʝʤʳ ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʩʢʦʣʴʞʝʥʠʷ (ʢʦʛʜʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (2.38)) ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʢʣʦʥ ʣʠʥʠʠ 

ʩʢʦʣʴʞʝʥʠʷ ʢ ʦʩʠ ʝ (ʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu) ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʤʝʥʴʰʝ ʥʘʢʣʦʥʘ ʢ ʵʪʦʡ ʦʩʠ ʚʳʨʦʞʜʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʕʪʘ ʪʨʘʝʢʪʦʨʠʷ, 

ʷʚʣʷʶʱʘʷʩʷ ʘʩʠʤʧʪʦʪʦʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʢʣʦʥʘ Kg = |ln|  (ln ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʢʦʨʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ 

ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ), ʧʨʠʥʘʜʣʝʞʠʪ ʪʦʡ ʯʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ, ʢʦʪʦʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʫʩʪʦʡʯʠʚʦʡ ʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʩ ʬʘʟʦʚʳʤʠ ʪʨʘʝʢʪʦʨʠʷʤʠ 

ï ʛʠʧʝʨʙʦʣʘʤʠ.  

 ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʉʇʉ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʩʢʦʣʴʟʷʱʝʤ ʨʝʞʠʤʝ, ʷʚʣʷʝʪʩʷ ʟʘʚʝʜʦʤʦ ʟʘʥʠʞʝʥʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʪʦʯʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʉʇʉ 
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ʥʘʢʣʦʥ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʢ ʦʩʠ ʝ ʧʦʩʪʦʷʥʝʥ, ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu ʚʳʙʠʨʘʝʪʩʷ ʤʝʥʴʰʝ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʝʣʠʯʠʥʳ Kg ʧʨʠ ʣʶʙʳʭ 

ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʆʋ (ʠʟ ʠʟʚʝʩʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʭ ʠʟʤʝʥʝʥʠʷ), ʯʪʦʙʳ 

ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ ʫʢʘʟʘʥʥʦʡ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʙʳʣʘ ʚʩʝʛʜʘ ʟʘʚʝʜʦʤʦ ʤʝʥʴʰʝ 

ʥʘʢʣʦʥʘ ʚʳʨʦʞʜʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʢ ʦʩʠ e. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʫʢʘʟʘʥʥʦʡ ʩʠʪʫʘʮʠʠ 

ʚʝʣʠʯʠʥʘ ʉu ʜʦʣʞʥʘ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʢʦʣʴʟʷʱʝʛʦ 

ʨʝʞʠʤʘ ʟʥʘʯʝʥʠʝ, ʥʦ ʜʣʷ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʝʝ 

ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʘ ʚʳʨʦʞʜʝʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ï ʤʠʥʠʤʘʣʴʥʳʡ 

ʥʘʢʣʦʥ. ɽʩʣʠ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʥʘʯʠʥʘʶʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʧʨʝʜʝʣʴʥʳʭ, ʪʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʨʝʞʠʤʘ ʩʢʦʣʴʞʝʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu, ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ Kg ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʅʦ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʝʣʠʯʠʥʘ ʉu ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʜʣʷ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʉʇʉ (ʨʘʙʦʪʘʶʱʝʡ ʚ ʨʝʞʠʤʝ ʩʢʦʣʴʞʝʥʠʷ) ʟʥʘʯʝʥʠʝ, ʘ ʵʪʦ 

ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (2.41) ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʥʦʤʫ ʦʙʥʫʣʝʥʠ ʁ ʦʰʠʙʢʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʩʥʠʞʝʥʠʶ ʠʪʦʛʦʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʉʇʉ.  

ʈʘʥʝʝ ʫʞʝ ʦʪʤʝʯʘʣʠʩʴ ʧʨʦʙʣʝʤʳ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ ʫʚʝʣʠʯʠʚʘʪʴ ʟʥʘʯʝʥʠʷ ʉu ʚ 

ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʅʇɸ. ʆʜʥʘ ʠʟ ʥʠʭ ʩʚʷʟʘʥʘ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʚ ʧʨʦʮʝʩʩʝ 

ʝʛʦ ʜʚʠʞʝʥʠʷ.  

ɺ ʫʢʘʟʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʉʇʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʘʭ [58, 135, 138]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ 

ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʜʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʉʇʉ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʦʩʥʦʚʝ 

ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʨʦʞʜʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʢʦʣʴʞʝʥʠʷ ɛ. 

ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʣʠʟʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʫʱʝʡʩʷ ʚ ʨʝʞʠʤʝ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʢ ʚʳʨʦʞʜʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʝʨʝʢʣʶʯʝʥʠʝ ʩʪʨʫʢʪʫʨ ʚ ʉʇʉ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʣʝʡʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʤʝʶʱʝʛʦ ʛʠʩʪʝʨʝʟʠʩ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʤʝʩʪʦ ʠʜʝʘʣʴʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʣʠʥʠʠ, ʠʟʦʙʨʘʞʘʶʱʘʷ ʪʦʯʢʘ ʙʫʜʝʪ 



94 
 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʢ ʥʘʯʘʣʫ ʢʦʦʨʜʠʥʘʪ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʨʝʞʠʤʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ 

ʘʤʧʣʠʪʫʜʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʚʩʝ ʚʨʝʤʷ ʦʩʪʘʚʘʷʩʴ ʚ ʥʝʢʦʪʦʨʦʡ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʦʥʝ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ. 

ʇʨʠʯʝʤ ʰʠʨʠʥʘ ʵʪʦʡ ʟʦʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʛʠʩʪʝʨʝʟʠʩʘ ʧʝʨʝʢʣʶʯʘʶʱʝʛʦ 

ʨʝʣʝʡʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ʅʝʣʠʥʝʡʥʘʷ ʩʪʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ g(s) ʧʦʜʦʙʥʦʛʦ ʨʝʣʝʡʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 2.16, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʈʠʩ. 2.16 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʣʝʡʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ g (s) 
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,                     (2.42) 

 

ʛʜʝ sD > 0 ï ʤʘʣʘʷ ʢʦʥʩʪʘʥʪʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʝʣʠʯʠʥʫ ʟʦʥʳ ʛʠʩʪʝʨʝʟʠʩʘ. 

ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʳ ʩ ʨʝʣʝʡʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʫʧʨʘʚʣʝʥʠʷ (2.42) ʠ ʟʦʥʦʡ 

ʧʝʨʝʢʣʶʯʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ s = sæ ʠ s = - sæ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 

2.17 [85]. ʃʠʥʠʷ s = 0 ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʡ (ʮʝʥʪʨʘʣʴʥʦʡ) ʦʩʴʶ ʟʦʥʳ ʨʝʘʣʴʥʦ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʙʦʪʘʭ [35, 186] 

ʧʦʢʘʟʘʥʘ ʙʣʠʟʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʣʠʥʠʠ s = 0 ʠ ʨʝʞʠʤʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ ʚʥʫʪʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʦʥʳ. 

ɺʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ m ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʚ ʟʦʥʝ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚʢʣʶʯʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [47, 135, 136, 138]: 
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ʈʠʩ. 2.17 ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʉʇʉ ʧʨʠ ʝʝ ʩʚʦʙʦʜʥʦʤ ʜʚʠʞʝʥʠʠ 

 

sg

g

tt

t
ɛ

+
= ,                                                   (2.43) 

 

ʛʜʝ tg, ts - ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ 

ʦʪʨʝʟʢʘʤ ʛʠʧʝʨʙʦʣ ʠʣʠ ʩʧʠʨʘʣʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʢʘʭ ʬʫʥʢʮʠʠ g(s), ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʥʝʨʘʚʝʥʩʪʚʘʤʠ (2.42). 

ɺ ʨʘʙʦʪʘʭ [31, 58, 78, 135] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʝʤ ʙʣʠʞʝ ʚ ʨʝʞʠʤʝ ʩʚʦʙʦʜʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʠʜʝʘʣʴʥʘʷ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢ ʚʳʨʦʞʜʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ (ʦʩʪʘʚʘʷʩʴ ʥʠʞʝ ʥʝʝ), ʪ. ʝ. ʯʝʤ ʙʣʠʞʝ ʚʝʣʠʯʠʥʘ ʉu ʢ Kg (ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʥʝʨʘʚʝʥʩʪʚʘ ʉu < Kg), ʪʝʤ ʙʣʠʞʝ ʟʥʘʯʝʥʠʝ m ʢ 1. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʚʳʨʦʞʜʝʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʘʩʠʤʧʪʦʪʘʤʠ ʛʠʧʝʨʙʦʣ ʠ, ʝʩʣʠ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʉʇʉ ʧʨʦʠʩʭʦʜʷʪ ʚʙʣʠʟʠ ʵʪʠʭ ʪʨʘʝʢʪʦʨʠʡ, ʪʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ ʛʠʧʝʨʙʦʣʝ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʦʥʝ ʵʪʠʭ ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʝ 
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ʩʠʩʪʝʤʳ ʥʘʯʠʥʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ ʩʧʠʨʘʣʠ ʧʦʩʣʝ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘ ʜʨʫʛʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʉʇʉ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʢʘʟʘʪʝʣʷ ɛ ʠ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʥʘʩʪʨʦʡʢʠ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ s = 0 ʥʘ ʪʘʢʫʶ ʧʦʟʠʮʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʨʦʞʜʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ ʝKʝ g-=# , ʧʨʠ 

ʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʘ ʉu, ʩʪʨʝʤʠʪʩʷ ʢ Kg, ʦʩʪʘʚʘʷʩʴ ʧʨʠ ʵʪʦʤ ʤʝʥʴʰʝ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʠ ʣʶʙʳʭ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʳ, ʠ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʞʠʤ ʩʢʦʣʴʞʝʥʠʷ (ʧʝʨʝʢʣʶʯʝʥʠʷ) 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʩʦʭʨʘʥʷʝʪʩʷ. ʀʤʝʥʥʦ ʥʘ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ɛ ʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʘʭ [33, 78, 136]: 

 

                                                    ɛ)ɛ(Kɛ -= max1ȹ
# ,                                                (2.44) 

1min ȹ+= uu CC , 

 

ʛʜʝ Km ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʘʤʦʥʘʩʪʨʦʡʢʠ; mmax ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʩʢʦʣʴʞʝʥʠʷ; ʉumin ï ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu (ʦʥʦ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʪʘʢʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʳʨʦʞʜʝʥʥʘʷ 

ʪʨʘʝʢʪʦʨʠʷ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʢʣʦʥ); D1 > 0 ï ʧʝʨʝʤʝʥʥʘʷ ʚʝʣʠʯʠʥʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʫʚʝʣʠʯʝʥʠʝ ʉu  ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʧʘʨʘʤʝʪʨʦʚ ʆʋ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʩʢʦʣʴʟʷʱʝʛʦ ʨʝʞʠʤʘ 

ʚ ʉʇʉ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ mmax ʧʘʨʘʤʝʪʨʘ m, ʫʢʘʟʳʚʘʶʱʝʝ ʥʘ ʪʦ, ʥʘʩʢʦʣʴʢʦ 

ʙʣʠʟʢʦ ʢ ʚʳʨʦʞʜʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʤʦʞʝʪ ʧʦʜʦʡʪʠ ʮʝʥʪʨʘʣʴʥʘʷ ʦʩʴ ʟʦʥʳ 

ʧʝʨʝʢʣʶʯʝʥʠʷ (ʎʆɿʇ) ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʥʘʩʪʨʦʡʢʠ, ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ 

ʝʜʠʥʠʮʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʨʝʣʝʡʥʦʤ ʵʣʝʤʝʥʪʝ (2.42) 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʝʢʦʪʦʨʳʡ ʟʘʧʘʩ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʦʙʨʘʞʘʶʱʘʷ ʪʦʯʢʘ ʧʝʨʝʩʝʢʘʣʘ 

ʚʳʨʦʞʜʝʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʧʨʠ 0 < s ¢ sæ ʪʦʣʴʢʦ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ (ʩʤ. ʨʠʩ.2.17). 
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 ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʘʣʛʦʨʠʪʤ ʩʘʤʦʥʘʩʪʨʦʡʢʠ (2.44) ʵʬʬʝʢʪʠʚʝʥ ʪʦʣʴʢʦ 

ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ud ʥʘ ʚʭʦʜʝ ʉʇʉ, ʪ.ʝ. ʚ ʩʣʫʯʘʝ ʝʝ 

ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦʪ ʨʝʞʠʤ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʠʤ ʜʣʷ ʚʩʝʭ 

ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʉʋ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ. ɽʩʣʠ ʞʝ ʟʘʜʘʶʱʠʡ 

ʩʠʛʥʘʣ ʤʝʥʷʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ, ʪʦ ʦʜʥʦʟʥʘʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʦʡ ɛ ʠ ʧʦʣʦʞʝʥʠʝʤ ʣʠʥʠʠ s = 0 ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʨʦʞʜʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʚʦʦʙʱʝ ʧʨʦʧʘʜʘʝʪ.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ m ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ 

ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ, ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ 

ʘʜʘʧʪʘʮʠʠ (2.44) ʠ ʧʦʠʩʢʘ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʰʝʡ ʧʨʦʙʣʝʤʳ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʦʚʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ. 

 ʋʢʘʟʘʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʤ ʥʘ ʧʨʠʤʝʨʝ ʉʇʉ ʩ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ, ʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʟʘʢʦʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ td  [85]: 

 

g(s)eKŰ ud = .                                                  (2.45) 

 

ʛʜʝ Ku = const > 0. 

ɺ ʢʘʯʝʩʪʚʝ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʦʜʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ 

ʠʩʧʦʣʴʟʫʝʤ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (2.9). ʇʨʠʯʝʤ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʘʥʘʣʠʟʘ ʠ 

ʚʳʷʩʥʝʥʠʷ ʩʫʪʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ, 

ʚʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʦʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʤʝʞʜʫ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʦʡ ʠ 

ʩʢʦʨʦʩʪʴʶ u ʩʫʱʝʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʪ.ʝ. ʚ ʚʳʨʘʞʝʥʠʠ (2.9) d2 = 0), ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ (fu = 0). ʇʨʠʤʝʤ ʪʘʢʞʝ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʨʘʥʝʝ ʉʋ ʜʚʠʞʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʚʝʜʝʥʠʝ 

ʢʘʞʜʦʛʦ ʜʚʠʞʠʪʝʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʞʝʣʘʝʤʳʤ ʣʠʥʝʡʥʳʤ ʫʨʘʚʥʝʥʠʝʤ (2.13).  

ʉ ʫʯʝʪʦʤ ʩʜʝʣʘʥʥʳʭ ʟʘʤʝʯʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʆʋ ʜʣʷ ʢʦʥʪʫʨʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩʬʦʨʤʠʨʫʝʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

ʜŰdm =+ uu 1
# ,                                                   (2.46) 

ddʜʜd ŰKŰŰT =+# . 
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 ʉʠʩʪʝʤʫ (2.46) ʫʜʦʙʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

 

( ) dddd ŰKɡdɡmdTɡmT =+++ 11 ### .                                  (2.47) 

 

 ʇʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (2.47) ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʰʠʙʢʠ e (ʩʤ. (2.40)) ʠ ʧʦʜʩʪʘʚʠʤ ʚ 

ʥʝʛʦ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.45). ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʝ < 0. ʇʦʩʣʝ ʥʝʩʣʦʞʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʫʜʝʤ ʠʤʝʪʴ: 
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+ ###### .            (2.48) 

 

 ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʜʚʠʞʝʥʠʠ ʉʇʉ, ʢʦʛʜʘ ud = 0, ʫʨʘʚʥʝʥʠʝ (2.48) 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

011 =
-

+
+

+ e
mT

g(s)KKd
e

mT

mdT
e

d

ud

d

d ### .                              (2.49) 

 

 ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ ʝʝ ʜʠʥʘʤʠʢʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʥʝʦʜʥʦʨʦʜʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ (2.48), ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʩʣʘʛʘʝʤʳʝ, ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʦʰʠʙʢʠ ʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʷʶʱʠʝʩʷ ʪʦʣʴʢʦ ʟʘʜʘʶʱʠʤ 

ʩʠʛʥʘʣʦʤ ud ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʪʦ ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ɛ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ɛ ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ ʙʫʜʝʤ ʧʨʦʠʟʚʦʜʠʪʴ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʨʘʙʦʪʝ ʉʋ ʚ ʨʝʞʠʤʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʪʠʤ, ʯʪʦ ʦʩʦʙʳʝ ʪʦʯʢʠ ʩʠʩʪʝʤʳ, 

ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ (2.48), ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ ʬʘʟʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʇʨʠʯʝʤ ʜʣʷ ʩʧʠʨʘʣʝʡ ʠ ʛʠʧʝʨʙʦʣ (ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʢʘʭ g(s) ʠ Ku > d1/Kd) 

ʦʥʠ ʙʫʜʫʪ ʩʤʝʱʝʥʳ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ.  

ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʜʣʷ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʉʇʉ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.18. 
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ʈʠʩ. 2.18 ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʉʇʉ (2.45) ʧʨʠ ʝʝ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ 

 

ʇʨʠ ʫʢʘʟʘʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʣʠʥʠʷ s = 0 ʠ ʚʳʨʦʞʜʝʥʥʘʷ 

ʪʨʘʝʢʪʦʨʠʷ ʥʠʢʦʛʜʘ ʥʝ ʩʦʚʧʘʜʫʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʉʇʉ 

ʜʘʞʝ ʧʨʠ Cu = Kg ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʢʦʣʴʟʷʱʝʛʦ ʨʝʞʠʤʘ ʥʘ ʫʯʘʩʪʢʝ ɸɺ (ʩʤ. ʨʠʩ. 2.18) 

ʚʩʝ ʨʘʚʥʦ ʚʦʟʤʦʞʥʦ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɛ 1̧, ʪʘʢ ʢʘʢ ʧʨʠ ʣʶʙʳʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ ʩʠʩʪʝʤʘ ʚʩʝ ʨʘʚʥʦ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʩʧʠʨʘʣʠ.  

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʉʇʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ (2.45) ʧʘʨʘʤʝʪʨ ɛ ʫʞʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʥʘʩʪʨʦʡʢʠ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʎʆɿʇ s = 0 ʢ ʦʩʠ ʘʙʩʮʠʩʩ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʦʙʥʫʣʝʥʠʷ ʦʰʠʙʢʠ ʩʠʩʪʝʤʳ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʞʠʤʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ. ʊʝ ʞʝ ʩʘʤʳʝ ʚʳʚʦʜʳ ʠʤʝʶʪ ʤʝʩʪʦ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʤʝʞʜʫ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʦʡ ʠ ʩʢʦʨʦʩʪʴʶ u ʩʫʱʝʩʪʚʫʝʪ ʥʝʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ (ʪ.ʝ. ʚ ʚʳʨʘʞʝʥʠʠ (2.9) d2 = 0), ʘ ʪʘʢʞʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ 

ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ (ʪ. ʝ. ʚ ʩʠʩʪʝʤʝ (2.9) fu  ̧0). 

ʊʝʧʝʨʴ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ 

ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ, ʠ ʦʧʨʝʜʝʣʠʤ, ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ 

ʚʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ ʩʢʦʣʴʞʝʥʠʷ. 
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 ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʅʇɸ ʢʘʢ ʆʋ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʨʝʤʝʥʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʯʪʦ ʚʳʥʫʞʜʘʝʪ ʧʦʩʪʦʷʥʥʦ ʧʨʠʢʣʘʜʳʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫ  ʁ

ʩʠʣʫ ʪʷʛʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ 

ʟʘʜʘʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʉʇʉ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʥʝ ʨʘʚʝʥ ʥʫʣʶ, ʪʦ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʘ ʚʭʦʜ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ (ʩʤ. ʨʠʩ. 2.1) 

ʩ ʚʳʭʦʜʘ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ ʜʦʣʞʝʥ ʧʦʩʪʫʧʘʪʴ ʩʠʛʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦ ʚʝʣʠʯʠʥʝ 

ʪʨʝʙʫʝʤʦʡ ʩʠʣʝ ʪʷʛʠ ʠ ʠʤʝʶʱʠʡ ʟʥʘʢ, ʩʦʚʧʘʜʘʶʱʠʡ ʩʦ ʟʥʘʢʦʤ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ.  

 ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʨʘʟʨʳʚʥʦʤ ʩʠʛʥʘʣʝ ʫʧʨʘʚʣʝʥʠʷ (2.45) ʜʦʣʞʥʘ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ 

ʅʇɸ ʧʘʨʘʤʝʪʨ ʩʢʦʣʴʞʝʥʠʷ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ (2.43), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ 

ʩʚʦʙʦʜʥʳʤ ʜʚʠʞʝʥʠʝʤ ʠʟʤʝʥʠʪʩʷ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʜʘʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ʆʧʨʝʜʝʣʠʤ ʠ ʦʮʝʥʠʤ ʵʪʠ ʠʟʤʝʥʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʜʦʩʪʠʞʝʥʠʝ 

ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʠʤʝʝʪ ʟʥʘʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʥʘʢʫ ʟʘʜʘʶʱʝʛʦ 

ʩʠʛʥʘʣʘ, ʪʦ ʧʨʠ ʝʝ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʘʟʨʳʚʥʳʡ ʩʠʛʥʘʣ (2.45) ʫʚʝʣʠʯʠʪʩʷ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʙʫʜʝʪ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʡ ʟʥʘʢ ʩ 

ʜʦʙʘʚʦʯʥʳʤ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩ ʟʘʜʘʶʱʠʤ ʩʠʛʥʘʣʦʤ. ʀ ʥʘʦʙʦʨʦʪ, ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʪ ʟʥʘʢ, ʦʪʣʠʯʥʳʡ ʦʪ ʟʥʘʢʘ 

ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʫʤʝʥʴʰʠʪʩʷ. ʊʘʢ ʢʘʢ ʜʚʠʞʝʥʠʝ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʩʠʩʪʝʤʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʛʠʧʝʨʙʦʣʝ, ʢʦʛʜʘ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʪ ʟʥʘʢ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ʟʥʘʢʫ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʠ ʧʦ ʩʧʠʨʘʣʠ, ʢʦʛʜʘ ʠʭ ʟʥʘʢʠ ʩʦʚʧʘʜʘʶʪ, ʪʦ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʧʦ ʩʧʠʨʘʣʠ 

ʫʚʝʣʠʯʠʪʩʷ, ʘ ʧʦ ʛʠʧʝʨʙʦʣʝ ï ʫʤʝʥʴʰʠʪʩʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ 

ʩʠʩʪʝʤʳ ʚʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ m ʚʩʝʛʜʘ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʩʚʦʙʦʜʥʦʤ. 

 ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʦʪʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ɡd (ʩʤ. ʨʠʩ.2.1) ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ Űd 

(ʩʤ. ʚʳʨʘʞʝʥʠʝ (2.45)) ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʧʦʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʞʠʤʘ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʦʰʠʙʢʠ e. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʝʣʠʯʠʥʘ ʫʢʘʟʘʥʥʦʡ 

ʚʳʰʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʜʜʝʨʞʘʥʠʝ ʪʨʝʙʫʝʤʦʛʦ 
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ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩʢʦʨʦʩʪʠ ʠ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʢʫʱʝʡ ʦʰʠʙʢʠ ʝʛʦ ʦʪʨʘʙʦʪʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʵʪʦʡ 

ʦʰʠʙʢʠ, ʢʦʪʦʨʦʝ ʚʩʝʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʝʞʠʤʝ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 

ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʧʦ ʛʠʧʝʨʙʦʣʝ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʘ ʧʦ ʩʧʠʨʘʣʠ ï ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

ʇʦʵʪʦʤʫ ʧʘʨʘʤʝʪʨ ɛ ʧʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʢ ʥʘʯʘʣʫ ʢʦʦʨʜʠʥʘʪ 

ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʚʩʝʛʜʘ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʢʫʱʝʛʦ 

ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʠ s = 0 ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚʳʨʦʞʜʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ʕʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʉʇʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʥʘʢʣʦʥʘ ʣʠʥʠʠ s = 0 ʧʦ ʧʘʨʘʤʝʪʨʫ ɛ (ʩʤ. 

ʚʳʨʘʞʝʥʠ ̫(2.43), (2.44)). 

ɺ ʩʚʷʟʠ ʩ ʦʪʤʝʯʝʥʥʳʤ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ ʪʘʢʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʨʘʟʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʟʘʜʘʶʱʠʤ ʩʠʛʥʘʣʦʤ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʤʠ, ʠ ʪʝʤ ʩʘʤʳʤ ʚʦʩʩʪʘʥʦʚʠʪʴ ʦʜʥʦʟʥʘʯʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʦʡ ʧʘʨʘʤʝʪʨʘ ɛ ʠ ʨʝʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʣʠʥʠʠ s = 0 ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʨʦʞʜʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ 

ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu ɻ ʪʦʡ ʣʠʥʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʦʙʥʫʣʝʥʠʷ ʦʰʠʙʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ.  

 

2.3.2 ʉʠʥʪʝʟ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʂʘʢ ʧʦʢʘʟʘʣ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ, ʧʨʠʯʠʥʦʡ, ʤʝʰʘʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʘʣʛʦʨʠʪʤʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʣʦʥʘ ʎʆɿʇ s = 0 ʧʦ ʧʘʨʘʤʝʪʨʫ ɛ ʧʨʠ 

ʚʳʥʫʞʜʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ, 

ʦʧʠʩʳʚʘʶʱʝʤ ʜʠʥʘʤʠʢʫ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʩʣʘʛʘʝʤʳʭ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʘʢʦʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʨʨʝʢʪʥʫʶ ʩʘʤʦʥʘʩʪʨʦʡʢʫ ʧʦʣʦʞʝʥʠʷ ʎʆɿʇ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʠ 

ʧʨʠ ʥʘʣʠʯʠʠ ʵʪʠʭ ʩʣʘʛʘʝʤʳʭ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʉʇʉ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʠ ʧʦʠʩʢʘ ʫʢʘʟʘʥʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʚʥʘʯʘʣʝ 

ʨʘʩʩʤʦʪʨʠʤ ʦʜʥʫ ʣʠʥʝʡʥʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʅʇɸ ʠ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʤʝʞʜʫ 
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ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʦʡ ʠ ʩʢʦʨʦʩʪʴʶ u ʩʫʱʝʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʪ.ʝ. ʚ 

ʚʳʨʘʞʝʥʠʠ (2.9) d2 = 0), ʘ ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ (fu = 0). ɼʘʣʝʝ ʧʦʩʣʝ 

ʚʳʷʚʣʝʥʠʷ ʦʙʱʝʛʦ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʫʨʘʚʥʝʥʠʝʤ (2.48) ʠ ʧʝʨʝʧʠʰʝʤ ʝʛʦ, ʟʘʤʝʥʠʚ ʤʥʦʞʠʪʝʣʴ Ku g(s)e, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʪʠʧʦʚʳʤ ʟʘʢʦʥʦʤ ʫʧʨʘʚʣʝʥʠʷ (2.45), ʥʘ ʧʝʨʝʤʝʥʥʫʶ td, ʦʙʦʟʥʘʯʘʶʱʫʶ ʧʦʢʘ ʝʱʝ 

ʥʝʠʟʚʝʩʪʥʳʡ ʥʦʚʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ: 
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ɡe ###### .                    (2.50)  

 

ʇʦʩʣʝ ʵʪʦʛʦ ʚʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʞʝʣʘʝʤʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʚ 

ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʩʣʘʛʘʝʤʳʝ, ʟʘʚʠʩʷʱʠʝ ʪʦʣʴʢʦ ʦʪ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ. ʇʨʠ ʵʪʦʤ 

ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʧʦʨʷʜʦʢ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ 

ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʧʦʨʷʜʢʦʤ ʫʨʘʚʥʝʥʠʷ (2.50). ʀʩʭʦʜʷ ʠʟ ʦʪʤʝʯʝʥʥʦʛʦ, ʞʝʣʘʝʤʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ ʧʨʝʜʩʪʘʚʠʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [85]: 

 

0321 =+++ g(s)eKeKeKe ### ,                                    (2.51) 

 

ʛʜʝ K1, K2, K3 ï ʥʝʢʦʪʦʨʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʧʦʩʣʝʜʥʝʝ ʩʣʘʛʘʝʤʦʝ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (2.51) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʞʠʤʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʪ.ʝ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʥʘʢʘ ʬʫʥʢʮʠʠ g(s) ʜʚʠʞʝʥʠʝ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʣʠʙʦ ʧʦ ʦʪʨʝʟʢʘʤ ʩʧʠʨʘʣʝʡ, ʣʠʙʦ ʧʦ ʦʪʨʝʟʢʘʤ ʛʠʧʝʨʙʦʣ. ʇʦʵʪʦʤʫ ʚʝʣʠʯʠʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ K3 ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʢʘ ʬʫʥʢʮʠʠ g(s) ʢʦʨʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

(2.51), ʤʝʥʷʣʠʩʴ ʩ ʚʝʱʝʩʪʚʝʥʥʳʭ ʥʘ ʢʦʤʧʣʝʢʩʥʳʝ (ʠ ʥʘʦʙʦʨʦʪ) ʧʨʠ ʣʶʙʳʭ ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ m ʠ d1.  
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ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʩʠʩʪʝʤʫ (2.50) ʢ 

ʞʝʣʘʝʤʦʤʫ ʚʠʜʫ (2.51), ʚʳʨʘʟʠʤ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ±, 

ʧʨʠʨʘʚʥʷʝʤ ʠʭ ʧʨʘʚʳʝ ʯʘʩʪʠ ʠ ʨʘʟʨʝʰʠʤ ʧʦʣʫʯʠʚʰʝʝʩʷ ʚʳʨʘʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ td. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʤ ʠʤʝʪʴ: 

 

     

( )
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d

dd

dddddddd

K
g(s))emTKedmTK

emdTmTKɡdɡm)d(Tɡm(TŰ
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+--++++= ####

              (2.52) 

 

ɿʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.52), ʦʙʝʩʧʝʯʠʚʘʷ ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (2.50) ʩʣʘʛʘʝʤʳʭ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʛʘʨʘʥʪʠʨʫʝʪ 

ʥʝʠʟʤʝʥʥʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʣʦʥʘ 

ʎʆɿʇ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ m. ʆʜʥʘʢʦ ʵʪʦʪ ʟʘʢʦʥ ʩʣʦʞʝʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʜʚʠʞʝʥʠʷ. 

ʅʦ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʘ, 

ʣʠʙʦ ʪʨʫʜʥʦ ʦʩʫʱʝʩʪʚʠʤʘ. ʕʪʦ ʜʝʣʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.52) ʩʢʦʣʴʢʦ-

ʥʠʙʫʜʴ ʧʨʦʩʪʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʥʝʚʦʟʤʦʞʥʦʡ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ ʟʘʢʦʥ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʩʷ, ʝʩʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ K1 ʠ K2 ʚ ʫʨʘʚʥʝʥʠʠ (2.52) ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

m

d
K 1

1= , 02 =K .                                               (2.53) 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʞʝʣʘʝʤʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (2.51) ʧʦ-ʧʨʝʞʥʝʤʫ 

ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʩʝʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʥʦʚʳʡ ʟʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʫʨʦʤ ʩʢʦʨʦʩʪʠ ʅʇɸ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ (2.53) ʧʨʠʤʝʪ ʚʠʜ: 

 

   
d

ddddddd
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g(s))emTKedemɡdɡm)d(Tɡm(TŰ
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3111 +--+++= #### .          (2.54) 
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ʉ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʫʧʨʦʱʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ (2.54) ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ 

ʩʠʩʪʝʤʳ (2.46) ʧʝʨʝʧʠʰʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʰʠʙʢʠ: 

 

ʜdd Űɡdedemɡm =+-- 11##     

 

ʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʣʝʚʘʷ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʚʭʦʜʠʪ ʚ ʟʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ (2.54). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʧʠʩʘʪʴ ʝʛʦ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

( )
d

d
ddʜuud

K

T
ɡdɡmŰKg(s)eKŰ ### 121 +++= ,                         (2.55) 
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K

K
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2=  ï ʧʦʩʪʦʷʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ɸʥʘʣʠʟ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.55) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ, ʦʥ ʚʩʝ ʨʘʚʥʦ ʪʨʝʙʫʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʚʨʝʤʝʥʠ ʧʦʩʪʦʷʥʥʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʚʳʯʠʩʣʠʪʴ ʜʚʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ, ʢʦʛʜʘ 0== dd ɡɡ ### , ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.55) 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ [91, 145, 146, 148]: 

 

                                      ʜuud ŰKg(s)eKŰ 21 += .                                        (2.56)  

 

ʇʨʠ ʵʪʦʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ Ku1 ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʢʘʢ ʵʪʦ ʫʢʘʟʳʚʘʣʦʩʴ ʨʘʥʝʝ 

(ʩʤ. ʚʳʨʘʞʝʥʠʝ (2.55)), ʚʳʯʠʩʣʷʪʴ ʝʛʦ ʢʘʢ ʬʫʥʢʮʠʶ ʧʝʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ m. 

ɿʥʘʯʝʥʠʝ Ku1 ʧʦʟʚʦʣʷʝʪ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ K3 ʧʨʠ ʪʝʢʫʱʝʤ ʟʥʘʯʝʥʠʠ m. 

ʆʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ Ku1 ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʞʠʤʳ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʜʘʣʝʝ. 

ʉʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʚʝʣʠʯʠʥʝ ʩʠʣʳ ʪʷʛʠ tʜ, ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.56) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ 
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ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʷʭ wʜ ʠ uʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʩʠʩʪʝʤʳ (2.7) ʪʘʢ, ʢʘʢ ʵʪʦ ʜʝʣʘʣʦʩʴ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.56) ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʘʤʦʥʘʩʪʨʦʡʢʫ ʧʦʣʦʞʝʥʠʷ ʎʆɿʇ ʙʝʟ ʠʟʤʝʨʝʥʠʷ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʅʇɸ, ʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ ʚʭʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʥʪʫʨʘ ʧʦʜʘʝʪʩʷ 

ʩʪʫʧʝʥʯʘʪʳʡ ʟʘʜʘʶʱʠʡ ʩʠʛʥʘʣ ʩʢʦʨʦʩʪʠ. ʆʜʥʘʢʦ ʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩʢʦʨʦʩʪʠ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.56) ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ, ʝʩʣʠ 

ʵʪʦʪ ʩʠʛʥʘʣ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʪʫʧʝʥʯʘʪʳʭ ʩʠʛʥʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʩʦʩʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʩʠʛʥʘʣʦʚ ʜʦʣʞʥʳ 

ʨʘʟʣʠʯʘʪʴʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʰʘʛʘ ʢʚʘʥʪʦʚʘʥʠʷ hq. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʰʘʛʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʠʤʝʥʠʪʴ ʟʘʢʦʥ (2.56), 

ʘ ʩ ʜʨʫʛʦʡ ï ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʫʨʦʤ ʩʢʦʨʦʩʪʠ. ɼʘʣʝʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʩ ʧʦʤʦʱʴʶ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʧʦʣʦʞʝʥʠʷ ʎʆɿʇ ʧʦ ʧʘʨʘʤʝʪʨʫ ɛ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ. ɺʦ-ʧʝʨʚʳʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʪʫʧʝʥʯʘʪʳʭ ʩʠʛʥʘʣʦʚ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʥʝʢʦʪʦʨʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠ ʠʩʢʘʞʘʝʪ ʵʪʦʪ 

ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʰʠʙʢʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʝʣʠʯʠʥʳ ʰʘʛʘ ʢʚʘʥʪʦʚʘʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʦʙʨʘʟʫʶʱʝʝ ʥʝʧʨʝʨʳʚʥʳʡ 

ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʪʫʧʝʥʯʘʪʳʭ ʩʠʛʥʘʣʦʚ. ʆʜʥʘʢʦ ʫʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʠʛʨʳʰʝʤ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʦʥʘʩʪʨʦʡʢʠ 

ʧʦʣʦʞʝʥʠʷ ʎʆɿʇ, ʧʦʟʚʦʣʷʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

(ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ) ʚʩʝʡ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʫʨʦʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ɽʱʝ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.56) ʷʚʣʷʝʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʉʋ ʤʝʩʪʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʫʧʦʨʫ tʜ ʜʚʠʞʠʪʝʣʷ. ʂʦʥʝʯʥʦ, ʚ 
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ʩʣʫʯʘʝ ʥʝʪʦʯʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ (ʧʝʨʝʢʦʤʧʝʥʩʘʮʠʠ) ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʝʠʭ ʧʝʨʝʢʣʶʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʉʇʉ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʟʥʘʯʝʥʠʝ 

Ku2 ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʩʦʛʣʘʩʥʦ ʥʝʨʘʚʝʥʩʪʚʫ Ku2 < 1/Kd ʪʘʢ, ʯʪʦʙʳ ʟʘʚʝʜʦʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʢʦʪʦʨʫʶ ʤʘʣʫʶ ʥʝʜʦʢʦʤʧʝʥʩʘʮʠʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʢʦʣʴʢʫ Ku2 º 1/Kd, ʪʦ ʫʩʣʦʚʠʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʞʠʤʘ ʧʝʨʝʢʣʶʯʝʥʠʡ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʟʘʢʦʥʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʎʆɿʇ ʚʩʝʛʜʘ ʙʫʜʫʪ ʠʤʝʪʴ ʤʝʩʪʦ. ʅʘʨʫʰʝʥʠʷ 

ʵʪʠʭ ʫʩʣʦʚʠʡ ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʦʡ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 

ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʦʛʜʘ ʤʘʣʘʷ ʧʦ ʰʠʨʠʥʝ ʧʦʣʦʩʘ ʟʦʥʳ ʧʝʨʝʢʣʶʯʝʥʠʡ ʟʘʭʚʘʪʠʪ 

ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʠʥʳʤ ʟʘʢʦʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ (ʩʤ. 

ʨʠʩ. 2.17).  

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʛʦʩʷ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʩ ʟʘʢʦʥʦʤ 

ʫʧʨʘʚʣʝʥʠʝʤ (2.56), ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʘʣʛʦʨʠʪʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 2.19 [50]. ɿʜʝʩʴ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʚʳʜʝʣʝʥ ʙʣʦʢ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʧʦʣʦʞʝʥʠʷ 

ʎʆɿʇ, ʨʝʘʣʠʟʫʶʱʠʡ ʘʣʛʦʨʠʪʤ (2.44). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ 

ʩʭʝʤʳ ʚ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦʤʠʤʦ ʩʠʛʥʘʣʦʚ u ʠ ud 

ʜʦʣʞʝʥ ʧʦʜʘʚʘʪʴʩʷ ʠ ʩʠʛʥʘʣ u#.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ (ʩʤ. 

ʨʠʩ. 2.19) ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʧʨʠ ʝʝ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ 

ʚ ʟʘʜʘʚʘʝʤʦʡ ʤʘʣʦʡ ʟʦʥʝ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʣʠʥʝʡʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 

 

dCC uuu =+# .                                               (2.57) 

 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʦʙʱʝʥʥʦʡ ʉʋ ʅʇɸ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʧʠʩʘʥʠʷ ʆʋ ʜʣʷ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʧʦʜʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʅʇɸ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.56) ʜʣʷ ʢʦʥʪʫʨʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ (ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʤʝʞʜʫ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʦʡ ʠ ʩʢʦʨʦʩʪʴʶ u ʩʫʱʝʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʘ 

ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ fu ʦʪʩʫʪʩʪʚʫʶʪ) ʥʝ ʪʦʣʴʢʦ ʫʩʪʨʘʥʷʝʪ ʧʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 
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ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʧʦʣʦʞʝʥʠʷ ʎʆɿʇ ʧʦ 

ʧʘʨʘʤʝʪʨʫ ɛ,  ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ ʦʪ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʅʇɸ. 

 

ʈʠʩ. 2.19 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ 

 

ʕʪʦʪ ʘʣʛʦʨʠʪʤ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʞʠʤʘʭ 

ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʥʘ 

ʙʦʣʝʝ ʦʙʱʠʡ ʩʣʫʯʘʡ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʣʶʙʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʢʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʦʡ ʠ ʩʢʦʨʦʩʪʴʶ u, 

ʷʚʣʷʷʩʴ ʥʝʣʠʥʝʡʥʦʡ, ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠ ʢʦʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʥʳʝ ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ fu ʥʘ ʅʇɸ ʩʦ ʩʪʦʨʦʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʚʷʟʢʦʡ ʩʨʝʜʳ.  

 

2.3.3 ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʘʜʘʧʪʠʚʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʦʜʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʉʇʉ, ʨʘʙʦʪʘʶʱʫʶ ʚ ʨʝʞʠʤʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ, 

ʧʦʵʪʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ Ku1, ʚʭʦʜʷʱʠʡ ʚ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.56), ʥʝʦʙʭʦʜʠʤʦ 

 ud 

u 

mmax 

m 

Ku1 

Ku2 

g(s) 

td 

t͒(w͒ , uͪ) 

u#

 

D1 

ʙʣʦʢ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ m 

Cumin 
Cu 
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ʚʳʙʠʨʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʪʦʛʦ ʨʝʞʠʤʘ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ. 

ʅʘʡʜʝʤ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʦʜʥʦʡ (ʣʶʙʦʡ) ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ (2.9), ʩʦʜʝʨʞʘʱʠʤ ʧʝʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʚʥʝʰʥʝʝ ʚʦʟʤʫʱʘʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ fu  ̧ 0. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʫʨʘʚʥʝʥʠʡ (2.10) ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʅʇɸ. 

ʂʘʢ ʠ ʨʘʥʝʝ, ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʩ ʫʯʝʪʦʤ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 2.2, ʟʘʜʘʝʪʩʷ ʣʠʥʝʡʥʳʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (2.13) ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʧʦʜʭʦʜʦʤ 

ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʱʠʡʩʷ ʟʘʜʘʶʱʠʡ ʩʠʛʥʘʣ ud ʟʘʤʝʥʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʩʪʫʧʝʥʯʘʪʳʭ ʩʠʛʥʘʣʦʚ ʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣʘ dt  ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʠʟʚʦʜʥʘʷ 

ʵʪʦʛʦ ʩʠʛʥʘʣʘ ud (ʩʤ. ʨʠʩ. 2.19), ʫʨʘʚʥʝʥʠʝ (2.9) ʧʝʨʝʧʠʰʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʰʠʙʢʠ e 

(ʩʤ. (2.39)). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʤ ʠʤʝʪʴ: 

 

ʜddd feededem tuuu u=+--+-+- )()( 21# .                          (2.58) 

 

ʇʨʦʚʝʜʝʤ ʨʷʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʘʥʘʣʦʛʠʯʥʳʭ ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʨʘʟʜʝʣʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʚʝʜʝʤ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʫʨʘʚʥʝʥʠʷ (2.58) ʠ ʚʪʦʨʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (2.46), ʢ ʦʜʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ. ʇʦʩʣʝ ʨʘʩʢʨʳʪʠʷ ʚ ʧʦʣʫʯʝʥʥʦʤ ʫʨʘʚʥʝʥʠʠ ʤʦʜʫʣʷ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ (2.56), ʘ ʪʘʢʞʝ ʪʦʛʦ, ʯʪʦ 
d

u
K

K
1

2= , ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ 

ʙʫʜʝʤ ʠʤʝʪʴ: 
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m

ɡdd
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m

d
e

d

udɡd 1212 22
-+

°
-°=

#
#### .                     (2.59) 

 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚʠʜ ʫʨʘʚʥʝʥʠʷ (2.59) ʩ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ 

(2.56) ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʩʚʦʡʩʪʚʘ ʧʘʨʘʤʝʪʨʘ ɛ ʢʘʢ ʠʥʜʠʢʘʪʦʨʘ ʙʣʠʟʦʩʪʠ 
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ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʟʦʥʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʦʪ ʚʳʨʦʞʜʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (2.59) ʥʝ ʩʦʜʝʨʞʠʪ ʩʣʘʛʘʝʤʳʭ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʟʘʜʘʶʱʝʛʦ 

ʩʠʛʥʘʣʘ ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (2.59) ʟʥʘʢ ñ+ò ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ, ʢʦʛʜʘ            

ud ï e > 0, ʘ ʟʥʘʢ ñïò ï ʩʣʫʯʘʶ, ʢʦʛʜʘ ud ï e < 0. 

ʀʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.39) ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ  

 

eCeCes uu
##### ++= .                                              (2.60) 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʉu ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦ ʟʘʢʦʥʫ (2.44), ʚ ʢʦʪʦʨʦʤ                  

Cumin = const, ʫʨʘʚʥʝʥʠʝ (2.60) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 

eKeCes )( max mmmu -++= #### .                                     (2.61) 

 

ʇʦʜʩʪʘʚʠʚ e## ʠʟ ʚʳʨʘʞʝʥʠʷ (2.59) ʚ (2.61), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ s#: 

 

      g(s)e
mT
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### u ,         (2.62) 

 

ʛʜʝ Dm = mmax ï m ï ʦʪʢʣʦʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ m ʦʪ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ sæ ʤʘʣʦ, ʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʚʥʫʪʨʠ ʟʦʥʳ 

ʧʝʨʝʢʣʶʯʝʥʠʡ (ʩʤ. ʨʠʩ. 2.17) ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʵʪʦʡ ʪʦʯʢʠ ʧʨʦʠʩʭʦʜʠʪ 

ʚʙʣʠʟʠ ʣʠʥʠʠ s = 0. ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.39) ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ 

ʝʉʝ u-=# .                                                    (2.63) 

 

ʇʨʝʦʙʨʘʟʫʝʤ ʚʳʨʘʞʝʥʠʝ (2.62) ʩ ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚʘ (2.63). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʤ 

ʠʤʝʪʴ: 
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ʉʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (2.38), ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʩʢʦʣʴʟʷʱʝʛʦ ʨʝʞʠʤʘ, ʜʣʷ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʟʥʘʢʠ s ʠ s# ʙʳʣʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ (2.64), ʧʦʩʣʝʜʥʝʝ ʩʣʘʛʘʝʤʦʝ, ʧʨʠ ʚʳʭʦʜʝ 

ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʠʟ ʟʦʥʳ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʚʩʝʛʜʘ ʠʤʝʝʪ ʟʥʘʢ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ʟʥʘʢʫ s. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʧʦ ʤʦʜʫʣʶ ʵʪʦ ʩʣʘʛʘʝʤʦʝ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʫ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʩʣʘʛʘʝʤʳʭ, ʪʦ ʠ ʟʥʘʢ s# ʙʫʜʝʪ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʫ ʧʦʩʣʝʜʥʝʛʦ ʩʣʘʛʘʝʤʦʛʦ, ʪ.ʝ. 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʥʘʢʫ s. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʫʩʣʦʚʠʷ (2.38) ʜʦʩʪʘʪʦʯʥʦ ʧʦʪʨʝʙʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʷ ʥʝʨʘʚʝʥʩʪʚʘ: 
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ʀʟ ʥʝʨʘʚʝʥʩʪʚʘ (2.65) ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʳʙʦʨʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ Ku1 ʨʝʛʫʣʷʪʦʨʘ (2.56) [85, 141, 145]: 
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uuu 2121 22max .          (2.66) 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʝʨʘʚʝʥʩʪʚʦ (2.66) ʚʭʦʜʠʪ ʧʝʨʝʤʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ 

ʝ, ʚʝʣʠʯʠʥʫ Ku1 ʚ ʨʝʞʠʤʝ ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ ʩʠʩʪʝʤʳ ʚʩʝʛʜʘ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʠ ʦʥʘ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʝʘʣʴʥʦʩʪʠ ʚʝʣʠʯʠʥʘ ʵʪʦʡ 

ʦʰʠʙʢʠ ʚ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʝ ʪʘʢʞʝ ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʝʥʘ ʠ ʩʚʝʨʭʫ, ʠ ʩʥʠʟʫ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ ʩʠʩʪʝʤʳ ʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ 

ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ 

(ʧʨʦʝʢʪʥʦʡ) ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ. 

ʇʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ ʝ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʧʦ ʤʦʜʫʣʶ 

ʜʚʫʢʨʘʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ. ɸ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ 
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ʩʠʩʪʝʤʳ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʨʝʞʠʤʝ ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʢʘʢ ʥʝʩʣʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ )K/(Cse g-= D u , ʢʦʛʜʘ ʣʠʥʠʷ s = sæ ʧʝʨʝʩʝʢʘʝʪ 

ʚʳʨʦʞʜʝʥʥʫ  ʁ ʪʨʘʝʢʪʦʨʠ ʁ (ʩʤ. ʨʠʩ. 2.17) ʠ ʧʨʦʮʝʩʩ ʧʝʨʝʢʣʶʯʝʥʠʡ ʩʨʳʚʘʝʪʩʷ ʠ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ. ʇʦʩʣʝ ʫʢʘʟʘʥʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʫʩʣʦʚʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʞʠʤʘ ʧʝʨʝʢʣʶʯʝʥʠʡ ʥʘʨʫʰʘʝʪʩʷ ʠ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ 

(2.56) ʧʝʨʝʩʪʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ ʩ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ ʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 

)K(C/s g-D u . ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʠʟʤʝʥʝʥʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʪ.ʝ. ʚ ʨʝʞʠʤʝ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʅʇɸ, ʚʝʣʠʯʠʥʘ ʝ ʚʩʝʛʜʘ ʙʦʣʴʰʝ )K(C/s g-D u . 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ 

(2.56), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʪʘʢʞʝ ʠ ʫʩʣʦʚʠʝ ʧʦʧʘʜʘʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʚ ʟʦʥʫ 

ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʠʟ ʜʦʧʫʩʪʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʝʛʦ ʠʟʤʝʥʝʥʠʷ). ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [17], ʜʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʳ (2.57) ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ud = 0 ʠ  fu = 0, ʠ ʜʦʢʘʟʘʪʴ, 

ʯʪʦ ʧʨʠ g(s) < 0 ʠ e < 0 (ʘ ʪʘʢʞʝ ʧʨʠ g(s) > 0 ʠ e > 0), ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʙʫʜʫʪ 

ʩʧʠʨʘʣʷʤʠ. 

ɺʥʘʯʘʣʝ ʥʘʡʜʝʤ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (2.57). ɼʣʷ ʵʪʦʛʦ, ʧʦʜʩʪʘʚʠʚ ʚ 

ʚʳʨʘʞʝʥʠʝ (2.57) ʟʥʘʯʝʥʠʷ ud = 0 ʠ fu = 0, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ: 

 

g(s)e
mT

KK
e

m

d
ee

m

d
e

d

ud 1122
--°= #### .                           (2.67) 

 

ʇʦʣʘʛʘʷ, ʯʪʦ 0==ee ### , ʚʳʨʘʞʝʥʠʝ (2.67), ʧʨʝʦʙʨʘʟʫʝʤ ʢ ʚʠʜʫ: 
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ud .                                          (2.68) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (2.68) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʦʨʝʥʴ e = 0. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʥʝʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ (2.68), ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʘ ʦʩʦʙʘʷ ʪʦʯʢʘ O(0;0) ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ. 
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ɼʘʣʝʝ ʦʧʨʝʜʝʣʠʤ ʪʠʧ ʵʪʦʡ ʦʩʦʙʦʡ ʪʦʯʢʠ. ʊʘʢ ʢʘʢ ʫʨʘʚʥʝʥʠʝ (2.67) ʷʚʣʷʝʪʩʷ 

ʥʝʣʠʥʝʡʥʳʤ, ʪʦ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʥʘ ʚʩʝʡ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʚʦʜʠʤʦʛʦ 

ʘʥʘʣʠʟʘ ʚʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʭʘʨʘʢʪʝʨ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʦʡ ʤʘʣʦʡ 

ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʦʡ ʪʦʯʢʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʘʥʘʣʠʟʘ, ʚʳʙʝʨʝʤ ʧʘʨʘʤʝʪʨʳ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ (2.56). ʀ, ʥʘʢʦʥʝʮ, ʜʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʫʙʝʜʠʤʩʷ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ ʚʠʜʘ (2.56) ʩ ʚʳʙʨʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʠʟʤʝʥʥʦʝ ʧʦʧʘʜʘʥʠʝ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʩʠʩʪʝʤʳ ʚ ʟʦʥʫ ʫʩʪʦʡʯʠʚʳʭ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʥʘ ʚʩʝʡ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʠʟ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩ 

ʫʯʝʪʦʤ ʠʟʚʝʩʪʥʳʭ (ʨʝʘʣʴʥʳʭ) ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʦʡ ʪʦʯʢʠ 

O(0;0) ʧʨʦʠʟʚʝʜʝʤ ʣʠʥʝʘʨʠʟʘʮʠʶ ʫʨʘʚʥʝʥʠʷ (2.67). ʇʨʠ ʵʪʦʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʵʪʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʨʘʟʣʦʞʠʤ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ ʪʦʯʢʠ ʠ ʦʛʨʘʥʠʯʠʤʩʷ ʪʦʣʴʢʦ 

ʣʠʥʝʡʥʳʤʠ ʯʣʝʥʘʤʠ ʨʘʟʣʦʞʝʥʠʷ. ʇʨʠʯʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠʤʝʤ, ʯʪʦ g(s) = - 1 

ʠ e < 0. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ: 
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ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 000 ==ee# , ʫʨʘʚʥʝʥʠʝ (2.69) ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ (2.70) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ: 
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʶ (2.70) ʙʳʣʠ 

ʩʧʠʨʘʣʷʤʠ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.71) ʙʳʣʠ 

ʢʦʤʧʣʝʢʩʥʳʤʠ. ʕʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʠʩʢʨʠʤʠʥʘʥʪ D ɻ ʪʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʦʪʨʠʮʘʪʝʣʝʥ:  
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ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʨʘʚʝʥʩʪʚʘ (2.72) ʢʦʵʬʬʠʮʠʝʥʪ Ku1 ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʥʝʨʘʚʝʥʩʪʚʫ [85, 141, 145]: 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (2.73) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʧʘʜʘʥʠʝ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʩʠʩʪʝʤʳ, ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ (2.64), ʚ ʟʦʥʫ 

ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʨʷʤʳʤʠ s = ȹs ʠ s = - ȹs, ʧʨʠ ʚʩʝʭ 

ʜʦʧʫʩʪʠʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʅʇɸ ʠ ʨʝʞʠʤʦʚ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʠʯʝʤ ʵʪʦ ʧʦʧʘʜʘʥʠʝ ʠʤʝʝʪ 

ʤʝʩʪʦ ʥʝ ʪʦʣʴʢʦ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʥʦ ʠ ʥʘ ʚʩʝʡ ʬʘʟʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ.  

ʅʝʨʘʚʝʥʩʪʚʘ (2.66) ʠ (2.73) ʠʤʝʶʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʜʣʷ ʪʨʝʭ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʅʇɸ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʫʷ ʫʢʘʟʘʥʥʳʡ ʚʳʰʝ ʧʦʜʭʦʜ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʥʝʨʘʚʝʥʩʪʚʘ ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʝʛʦ ʚʨʘʱʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. 

ʅʝʩʣʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʢʦʨʧʫʩʝ ʅʇɸ 

ʧʘʨʳ ʜʚʠʞʠʪʝʣʝʡ, ʦʧʠʩʳʚʘʝʤʳʭ ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ (2.13) ʠ ʩʦʟʜʘʶʱʠʭ ʚʨʘʱʘʶʱʠʝ 

ʤʦʤʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
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ʇʦ ʚʠʜʫ ʫʨʘʚʥʝʥʠʝ (2.74) ʘʥʘʣʦʛʠʯʥʦ ʫʨʘʚʥʝʥʠʶ (2.13). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʤʝʩʪʦ 

ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.56) ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʢʦʥ ʚʠʜʘ: 
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                                         ʜuud MKg(s)eKM 21 += .                                  (2.75) 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʜʚʠʞʝʥʠʝ ʅʇɸ 

ʧʦ ʣʶʙʦʡ ʚʨʘʱʘʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʢ ʫʨʘʚʥʝʥʠʶ (2.75) ʜʦʙʘʚʠʤ ʚʪʦʨʦʝ 

ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (2.10) ʠ ʩʚʝʜʝʤ ʠʭ ʢ ʦʜʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʫʯʝʪʦʤ ʟʘʢʦʥʘ (2.75). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ (ʢʘʢ 

ʠ ʨʘʥʝʝ) 
d

u
K

K
1

2= , ʚʤʝʩʪʦ ʫʨʘʚʥʝʥʠʷ (2.59) ʙʫʜʝʤ ʠʤʝʪʴ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ: 
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ʛʜʝ wd ï ʞʝʣʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ; ʝ = wd - w.  

ʇʨʦʠʟʚʝʜʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ, ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ 

(2.76) ʚʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚ (2.66) ʠ (2.73) ʧʦʣʫʯʠʤ ʥʝʨʘʚʝʥʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʙʠʨʘʪʴ 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Ku1 ʜʣʷ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ (2.75): 
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,         (2.77)   
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʥʝʨʘʚʝʥʩʪʚʘ (2.66) ʠ (2.73), (2.77) 

ʠ (2.78) ʧʦʟʚʦʣʷʶʪ ʦʢʦʥʯʘʪʝʣʴʥʦ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʦʚ ʚʠʜʘ (2.56) ʠ (2.76) 

ʜʣʷ ʚʩʝʭ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠʣʠ ʚʨʘʱʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʅʇɸ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠʯʝʤ ʚʳʙʦʨ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Ku1, ʢʘʢ ʥʘʠʙʦʣʴʰʠʭ ʠʟ ʜʚʫʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʥʝʨʘʚʝʥʩʪʚ (2.66) ʠ (2.73) ʠʣʠ 

(2.77) ʠ (2.78), ʛʘʨʘʥʪʠʨʫʝʪ ʢʘʢ ʧʦʧʘʜʘʥʠʝ ʠʟʦʙʨʘʞʘʶʱʠʭ ʪʦʯʝʢ ʩʠʩʪʝʤʳ ʚ ʟʦʥʳ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʧʨʠ ʣʶʙʳʭ ʥʘʯʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʢʘʞʜʦʡ 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʪʘʢ ʠ ʩʦʭʨʘʥʝʥʠʝ ʨʝʞʠʤʦʚ ʫʩʪʦʡʯʠʚʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 
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ʧʝʨʝʢʣʶʯʝʥʠʡ ʧʦʩʣʝ ʧʦʧʘʜʘʥʠʷ ʚ ʵʪʠ ʟʦʥʳ, ʠ ʩʘʤʦʥʘʩʪʨʦʡʢʫ ʎʆɿʇ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʚʦ ʚʨʝʤʷ ʠʭ ʜʚʠʞʝʥʠʷ. 

 

2.3.4 ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ ʰʘʛʘ ʢʚʘʥʪʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ ʉʋ ʅʇɸ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʨʘʥʝʝ, ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.56) ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʟʘʢʦʥʘ (2.44) ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ Cu ʥʘʢʣʦʥʘ ʎʆɿɺʇ 

ʪʦʣʴʢʦ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩʢʦʨʦʩʪʠ ud ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʪʫʧʝʥʯʘʪʳʭ ʩʠʛʥʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʥʘ ʚʝʣʠʯʠʥʫ hq. ʕʪʦ 

ʪʨʝʙʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʫʶ 

ʘʧʧʨʦʢʩʠʤʘʮʠʶ s
du  ʚʤʝʩʪʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ ud: 
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))()((,)()( uussqu ,   (2.79) 

 

ʛʜʝ hq ï ʚʝʣʠʯʠʥʘ ʰʘʛʘ ʢʚʘʥʪʦʚʘʥʠʷ; ti - ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʨʝʜʥʦʝ 

ʩʪʫʧʝʥʯʘʪʦʝ ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ s
du ; )( ih tt-q  ï ʩʪʫʧʝʥʯʘʪʳʡ ʩʠʛʥʘʣ (ʬʫʥʢʮʠʷ 

ʍʝʚʠʩʘʡʜʘ), ʨʘʚʥʳʡ 0 ʧʨʠ t ¢ ti  ʠ 1 ʧʨʠ t > ti ; n ï ʯʠʩʣʦ ʧʝʨʝʢʣʶʯʝʥʠʡ ʢʚʘʥʪʦʚʘʥʥʦʛʦ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʟʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʟʘʜʘʶʱʠʡ ʛʣʘʜʢʠʡ ʩʠʛʥʘʣ 

ʩʢʦʨʦʩʪʠ ud ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʛʨʘʥʠʯʝʥʠʝ: 

 

max|| dd uu ##¢ .                                                (2.80) 

 

ɻʨʘʬʠʯʝʩʢʠ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ud ʚ ʩʠʛʥʘʣ 
s
du  ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.20. 
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ʈʠʩ.2.20 ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ud ʚ ʩʪʫʧʝʥʯʘʪʳʡ 
s
du  

 

ʆʰʠʙʢʘ ʩʠʩʪʝʤʳ se  ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʛʦ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ s
du  ʠ ʝʝ 

ʧʨʦʠʟʚʦʜʥʘʷ ʠʤʝʶʪ ʚʠʜ: 

          uuuu ### -=-= s
ds

s
ds ee , .                                      (2.81) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʪʦʨʦʤ ʫʨʘʚʥʝʥʠʠ (2.81) ʩʠʛʥʘʣ s
du# ʩʦʜʝʨʞʠʪ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʶ. 

ʆʜʥʘʢʦ ʵʪʘ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ du  ʚ ʩʠʣʫ ʚʚʝʜʝʥʥʦʛʦ ʨʘʥʝʝ ʦʛʨʘʥʠʯʝʥʠʷ (2.80). ʇʦʵʪʦʤʫ ʥʘʣʠʯʠʝ ʵʪʦʡ ʜʝʣʴʪʘ-

ʬʫʥʢʮʠʠ ʚ s
du# ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʤʝʭʫ ʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʝʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ (ʩʤ. ʨʠʩ. 2.19). ʊʦ ʝʩʪʴ ʤʦʞʥʦ ʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ 

ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʤ ʩʠʛʥʘʣʝ s
du  ʚʠʜʘ (2.79) ʩʠʛʥʘʣ 0=s

du# . ɺ ʨʝʟʫʣʴʪʘʪʝ ʩ ʫʯʝʪʦʤ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ s
du  ʚʳʨʘʞʝʥʠʝ (2.56) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 

  ʜ

d

su
K

sgeKu t
1

)(||1 +=  ,                                      (2.82) 

 

ʛʜʝ seCs uu+-= # , ʘ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ (2.50) ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (2.79) ʠ (2.82) ʚ 

ʮʝʣʦʤ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʫʨʘʚʥʝʥʠʝʤ: 
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   0)(||11 =++ sgeKebdebm suss ###  ,                               (2.83) 

 

ʛʜʝ u## -=se , u#### -=se , dd KTb /= . ʇʨʠ ʵʪʦʤ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 

2.17, ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʢʦʪʦʨʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʥʘ ʤʘʣʳʭ ʫʯʘʩʪʢʘʭ ʚ 

ʤʦʤʝʥʪ ʢʚʘʥʪʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʇʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ii ttt -=D +1  (ʩʤ. ʨʠʩ. 2.20 ʠ ʚʳʨʘʞʝʥʠʝ (2.79)) ʩʣʝʜʫʝʪ 

ʚʳʙʠʨʘʪʴ ʪʘʢʠʤ, ʯʪʦʙʳ ʚʨʝʤʷ ʧʦʩʪʦʷʥʩʪʚʘ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʙʳʣʦ ʥʝ ʤʝʥʴʰʝ 

ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʧʦ ʦʪʨʝʟʢʘʤ ʛʠʧʝʨʙʦʣ ʠ ʩʧʠʨʘʣʝʡ ʚ ʟʦʥʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ (ɺʇ), ʧʦʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʘʣʛʦʨʠʪʤʘ (2.44) ʩʚʷʟʘʥʦ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʚʝʣʠʯʠʥʳ Õ (ʩʤ. ʚʳʨʘʞʝʥʠʝ (2.43)). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʘʤʧʣʠʪʫʜʳ hq, ʢʦʪʦʨʘʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥ rhq. 

ɽʩʪʝʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʝʝ ʚʳʙʦʨ ʦʙʝʩʧʝʯʠʚʘʣ ʚʳʩʦʢʫʶ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ 

ʦʰʠʙʢʠ uu-= s
de , ʠ ʜʦʩʪʠʞʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ (2.44) 

ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu ʜʣʷ ʎʆɿʇ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʆʋ. 

ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʚʠʜʫ ʤʘʣʦʩʪʠ ʰʠʨʠʥʳ ʟʦʥʳ ʧʝʨʝʢʣʶʯʝʥʠʡ 

ʠʩʩʣʝʜʫʝʤʫʶ ʩʠʩʪʝʤʫ ʧʨʠ ʝʝ ʜʚʠʞʝʥʠʠ ʚʙʣʠʟʠ ʎʆɿʇ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʣʠʥʝʡʥʫʶ. ʊʦ ʝʩʪʴ ʜʚʠʞʝʥʠʝ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʚʙʣʠʟʠ ʵʪʦʡ ʟʦʥʳ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʣʠʥʠʷʤ, ʙʣʠʟʢʠʤ ʢ ʦʪʨʝʟʢʘʤ ʩʧʠʨʘʣʠ ʠʣʠ ʛʠʧʝʨʙʦʣʳ.     

 

ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ 

ʠʟʤʝʥʝʥʠʠ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʉʇʉ ʚʠʜʘ 

(2.83) ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʝʝ ʚʭʦʜ ʩʠʛʥʘʣʘ (2.79).  

ʇʦʩʢʦʣʴʢʫ ʅʇɸ ʷʚʣʷʝʪʩʷ ʠʥʝʨʮʠʦʥʥʳʤ ʦʙʲʝʢʪʦʤ, ʪʦ ʚ ʤʦʤʝʥʪ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ s
du  ʥʘ ʚʝʣʠʯʠʥʫ hq ʥʘ ʪʘʢʫʶ ʞʝ ʚʝʣʠʯʠʥʫ 

ʠʟʤʝʥʠʪʩʷ ʠ ʦʰʠʙʢʘ ʩʠʩʪʝʤʳ uu-= s
dse . ʋʯʠʪʳʚʘʷ, ʯʪʦ ʰʠʨʠʥʘ ʟʦʥʳ ɺʇ ʧʦ ʦʩʠ se# 

ʨʘʚʥʘ Ds2 , ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʉu ʦʧʨʝʜʝʣʷʝʪ ʥʘʢʣʦʥ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘ 
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ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʦ  ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʘʯʢʘ qh , ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʳʚʝʩʪʠ ʩʠʩʪʝʤʫ ʟʘ 

ʛʨʘʥʠʮʳ ʵʪʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 2.17), ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 

uCskh hq /2 D=         

 

ʛʜʝ 0>hk - ʥʝʢʦʪʦʨʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. ɽʩʣʠ 1>hk , ʪʦ ʚ ʤʦʤʝʥʪ ʧʦʜʘʯʠ ʦʯʝʨʝʜʥʦʛʦ 

ʩʢʘʯʢʘ qh  ʠʟʦʙʨʘʞʘʶʱʘʷ ʪʦʯʢʘ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʚʳʡʜʝʪ ʠʟ ʟʦʥʳ ɺʇ ʧʦ ʦʩʠ se , ʥʝʩʤʦʪʨʷ 

ʥʘ ʝʝ ʪʝʢʫʱʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʝʣʠʯʠʥʘ s ʙʫʜʝʪ ʨʘʚʥʘ: 

 

DDD °=°+=°+=+= sksskeCeCskeCeeCes hhsshssss 22)/2( 0
0000

uuuu ### ,    (2.84) 

 

ʛʜʝ 0
00 ,, see ss #  - ʦʰʠʙʢʘ, ʧʨʦʠʟʚʦʜʥʘʷ ʦʰʠʙʢʠ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ s ʚ ʤʦʤʝʥʪ 

ʧʦʜʘʯʠ ʩʠʛʥʘʣʘ qh , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʢ ç°è ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʢʘʯʦʢ qh  ʤʦʞʝʪ ʠʤʝʪʴ 

ʨʘʟʣʠʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ ʜʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

s
du  ʨʘʙʦʪʘʣʘ ʚ ʨʝʞʠʤʝ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʪ.ʝ. ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ D¢ss || . ʆʜʥʘʢʦ ʠʟ 

ʚʳʨʘʞʝʥʠʷ (2.84) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ s
du  ʥʘ ʚʝʣʠʯʠʥʫ qh  (ʧʨʠ 

1>hk ) ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʨʘʚʝʥʩʪʚʦ D>ss || , ʪʦ ʝʩʪʴ ʩʠʩʪʝʤʘ ʚʳʡʜʝʪ ʠʟ ʨʝʞʠʤʘ ɺʇ. 

ɽʩʣʠ 1<hk , ʪʦ ʠʟʦʙʨʘʞʘʶʱʘʷ ʪʦʯʢʘ ʤʦʞʝʪ ʠ ʦʩʪʘʪʴʩʷ ʚ ʟʦʥʝ ɺʇ. ɽʝ ʚʳʭʦʜ ʠʟ ʵʪʦʡ 

ʟʦʥʳ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ 0s  ʠ ʚʝʣʠʯʠʥʳ hk .  

ʊʝʧʝʨʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʚʝʣʠʯʠʥʘ qh .  ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ 

ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʎʆɿʇ (2.44) ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤʝ ɺʇ 

ʙʣrʦ ʥʝ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʭʦʪʷ 

ʙʳ ʧʦ ʦʜʥʦʡ ʧʦʣʥʦʡ ʧʘʨʝ ʦʪʨʝʟʢʦʚ ʩʧʠʨʘʣʠ ʠ ʛʠʧʝʨʙʦʣʳ ʚ ʟʦʥʝ ʵʪʠʭ ɺʇ. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʥʝ ʫʜʘʩʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʷ m, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɽʩʪʝʩʪʚʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʠʛʥʘʣ s
du  ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
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ʠʩʭʦʜʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ du  ʥʘ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ, ʚʳʧʦʣʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ   

 

2/|)()(| q
s
dd htt =-uu , 

 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ it, ʢʦʛʜʘ ʥʘʩʪʫʧʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ 
s
du  ʥʘ 

ʚʝʣʠʯʠʥʫ hq. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʦʯʝʨʝʜʥʦʛʦ 

ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʠʛʥʘʣʘ ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʭʦʜʘ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʢ ʟʦʥʝ ɺʇ ʠ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ ʚ ʵʪʦʡ ʟʦʥʝ. ʇʦʜʭʦʜ ʵʪʦʡ ʪʦʯʢʠ ʢ ʫʢʘʟʘʥʥʦʡ ʟʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʦʪʨʝʟʢʫ 

ʩʧʠʨʘʣʠ ʚ ʪʝʯʝʥʠʝ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ta, ʘ  ʠʟʤʝʥʝʥʠʝ ʦʰʠʙʢʠ ʩʠʩʪʝʤʳ ʟʘ ʵʪʦ ʚʨʝʤʷ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: i
sa

i
sa

i
sa etee 0)( -=D , ʛʜʝ )( a

i
sa te  - ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ ʩʠʩʪʝʤʳ 

ʚ ʤʦʤʝʥʪ ʝʝ ʚʭʦʜʘ ʚ ʟʦʥʫ ɺʇ; i
se 0  - ʦʰʠʙʢʘ ʩʠʩʪʝʤʳ ʚ ʥʘʯʘʣʝ ʦʪʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʫʨʦʚʥʷ 

ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ.  

ʇʦʩʣʝ ʚʭʦʜʘ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʚ ʟʦʥʫ ɺʇ, ʚʚʠʜʫ ʤʘʣʦʩʪʠ ʝʝ ʰʠʨʠʥʳ ʠ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʜʚʠʞʝʥʠʝ ʵʪʦʡ ʪʦʯʢʠ ʚ ʫʢʘʟʘʥʥʦʡ ʟʦʥʝ ʧʨʠʙʣʠʞʝʥʥʦ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝʤ [17]: 

tC
a

i
sas etete u-= )()(                                             (2.85) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (2.85) ʤʦʜʫʣʴ ʧʦʣʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʰʠʙʢʠ 

ʩʠʩʪʝʤʳ ʟʘ ʚʨʝʤʷ tȹ  ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʦʯʝʨʝʜʥʦʛʦ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʨʘʚʝʥ: 

 

)|e(t|e|e|ȹ|e|ȹ stC
a

i
sa

i
sa

i
s

u--+= 1)( ,                             (2.86) 

 

ʛʜʝ st  - ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤʝ ɺʇ, ʧʨʠʯʝʤ sa tttȹ += . 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʟʘ ʚʨʝʤʷ tD, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʩʠʛʥʘʣ s
du  ʠʟʤʝʥʷʝʪʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ,qh  ʧʨʦʠʟʦʰʣʦ ʥʝʩʢʦʣʴʢʦ ʧʘʨ ɺʇ. ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʫʯʘʡ, ʢʦʛʜʘ 
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ʦʯʝʨʝʜʥʦʡ ʩʢʘʯʝʢ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ,qh  ʩʤʝʱʘʝʪ ʠʟʦʙʨʘʞʘʶʱʫʶ ʪʦʯʢʫ ʥʘ ʬʘʟʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ ʚʣʝʚʦ (ʨʠʩ. 2.21). ʉʤʝʱʝʥʠʝ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʚʧʨʘʚʦ ʠʥʪʝʨʝʩʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ, ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʰʠʙʢʘ ʩʠʩʪʝʤʳ ʟʘʪʫʭʘʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʨʝʞʠʤʝ ɺʇ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚʘ 
q

i
s he >D || , ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ 1

0
+i

se , ʩ 

ʢʦʪʦʨʦʡ ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʩʢʘʯʢʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘʯʠʥʘʝʪʩʷ ʥʦʚʳʡ ʵʪʘʧ ʜʚʠʞʝʥʠʷ 

ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ, ʙʫʜʝʪ ʧʦ ʤʦʜʫʣʶ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ i
se 0. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʦʰʠʙʢʘ ʩʠʩʪʝʤʳ ʧʦ ʤʦʜʫʣʶ ʥʘʯʥʝʪ ʫʤʝʥʴʰʘʪʴʩʷ (ʨʠʩ. 

2.21ʘ). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ 
q

i
s he <D || , ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʨʘʚʝʥʩʪʚʦ |||| 0

1
0

i
s

i
s ee >+ , ʪʦ ʝʩʪʴ 

ʦʰʠʙʢʘ ʩʠʩʪʝʤʳ ʧʦ ʤʦʜʫʣʶ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ (ʨʠʩ. 2.21ʙ). 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʚʝʥʩʪʚʘ i

s q| e | hD =  ʦʰʠʙʢʘ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ. ʅʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ ʧʦ ʮʠʢʣʫ, 

ʦʪʤʝʯʝʥʥʦʤʫ ʞʠʨʥʦʡ ʣʠʥʠʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʜʘʝʪʩʷ ʩʚʷʟʘʪʴ ʟʥʘʯʝʥʠʝ qh  ʩ 

ʚʝʣʠʯʠʥʘʤʠ ʧʨʦʝʢʮʠʡ ʥʘ ʦʩʴ ʝs ʦʪʨʝʟʢʦʚ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʮʠʢʣ. ɺ 

ʦʙʱʝʤ ʩʣʫʯʘʝ q
h  ʨʘʚʝʥ ʩʫʤʤʝ ʧʨʦʝʢʮʠʡ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʥʘ ʦʩʴ ʝs [9]:  

 

ä
=

D+D+D=
N

i
gisisaq eeeh

1

|)||(||| ,                                 (2.87) 

  

ʛʜʝ gisi ee DD ,  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʝʢʮʠʠ ʦʪʨʝʟʢʦʚ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩʧʠʨʘʣʝʡ ʠ 

ʛʠʧʝʨʙʦʣ ʚʥʫʪʨʠ ʟʦʥʳ ʧʝʨʝʢʣʶʯʝʥʠʷ; N ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʨʝʟʢʦʚ ʩʧʠʨʘʣʝʡ ʠ ʛʠʧʝʨʙʦʣ 

ʚʥʫʪʨʠ ʟʦʥʳ ɺʇ. ʀʟ (2.87) ʩʣʝʜʫʝʪ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ qh , ʜʣʷ ʢʦʪʦʨʦʡ 

ʠʟʦʙʨʘʞʘʶʱʘʷ ʪʦʯʢʘ ʩʠʩʪʝʤʳ ʫʩʧʝʝʪ ʧʨʦʡʪʠ ʭʦʪʷ ʙʳ ʧʦ ʦʜʥʦʡ ʧʘʨʝ ʦʪʨʝʟʢʦʚ ʩʧʠʨʘʣʠ 

ʠ ʛʠʧʝʨʙʦʣʳ ʚ ʟʦʥʝ ɺʇ ʜʦ ʦʯʝʨʝʜʥʦʛʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ s
du , 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ [9, 88]: 

 

|||||| 11 gssaq eeeh D+D+D² .                                   (2.88) 



121 
 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 2.21 ɼʚʠʞʝʥʠʝ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʧʨʠ ʧʦʜʘʯʝ ʩʢʘʯʢʘ qh  

 

 

   

2+i
sae  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ qh  ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥ 

ʧʨʦʝʢʮʠʡ ʦʪʨʝʟʢʦʚ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʧʨʝʜʝʣʴʥʦʛʦ ʮʠʢʣʘ, ʚʭʦʜʷʱʠʭ ʚ ʥʝʨʘʚʝʥʩʪʚʦ 

(2.88). 

 

ʈʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ʢʚʘʥʪʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʧʨʝʜʩʪʦʷʱʠʭ ʨʘʩʯʝʪʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʤʝʥʠʪʴ ʨʝʘʣʴʥʳʝ ʦʪʨʝʟʢʠ 

ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ, ʦʪʨʝʟʢʘʤʠ 

ʧʨʷʤʳʭ, ʥʘʢʣʦʥ ʢʦʪʦʨʳʭ ʨʘʚʝʥ ʥʘʢʣʦʥʫ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʪʨʝʟʢʘʤ 

ʵʪʠʭ ʪʨʘʝʢʪʦʨʠʡ ʚ ʪʦʯʢʝ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʧʨʷʤʦʡ 0=s  (ʩʤ. ʨʠʩ. 2.22). ʇʨʠ ʵʪʦʤ 

ʨʝʘʣʴʥʳʡ ʟʘʤʢʥʫʪʳʡ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ ʫʜʦʙʥʦ ʟʘʤʝʥʠʪʴ ʝʛʦ ʣʠʥʝʡʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ɸɺD, ʙʦʢʦʚʳʝ ʩʪʦʨʦʥʳ 

ʢʦʪʦʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʳ ʢʘʩʘʪʝʣʴʥʳʤ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʘʟʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʨʝʘʣʴʥʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʮʠʢʣʘ, ʘ ʦʩʥʦʚʘʥʠʝ ɸD, ʧʘʨʘʣʣʝʣʴʥʦʝ ʦʩʠ se , ʠʤʝʝʪ ʜʣʠʥʫ, 

ʨʘʚʥʫʶ ʦʮʝʥʢʝ ʚʝʣʠʯʠʥʳ qh  [88]. ʋʢʘʟʘʥʥʘʷ ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʮʠʢʣʘ ʥʘ ʨʠʩ. 2.22 ʧʦʢʘʟʘʥʘ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʨʝʫʛʦʣʴʥʠʢʘ ɸɺD ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ ʧʨʘʚʘʷ ʙʦʢʦʚʘʷ ʩʪʦʨʦʥʘ, 

ʠʤʝʶʱʘʷ ʥʘʢʣʦʥ, ʨʘʚʥʳʡ ʥʘʢʣʦʥʫ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʛʠʧʝʨʙʦʣʝ, ʚʧʠʩʘʥʘ ʚ ʛʨʘʥʠʮʳ ʟʦʥʳ 

ɺʇ ʠ ʷʚʣʷʝʪʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʦʪʨʝʟʢʘ ʛʠʧʝʨʙʦʣʳ, ʣʝʞʘʱʝʛʦ ʚʥʫʪʨʠ ʟʦʥʳ ɺʇ. 

ʇʨʠʯʝʤ ʧʨʦʝʢʮʠʠ ʙʦʢʦʚʳʭ ʩʪʦʨʦʥ ʵʪʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʦʩʴ se# ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʷʤʘʷ 0=s  ̫ ʚʣʷʝʪʩʷ ʠʟʦʢʣʠʥʦʡ ʢ ʬʘʟʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʧʨʝʜʝʣʴʥʦʛʦ ʮʠʢʣʘ [31], ʧʦʵʪʦʤʫ ʥʘʢʣʦʥ ʢʘʩʘʪʝʣʴʥʦʡ ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʵʪʦʡ 

ʧʨʷʤʦʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʝʡ ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʮʝʥʢʘ ʧʨʦʝʢʮʠʡ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʥʘ ʦʩʴ se  ʥʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʤʝʩʪʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʮʠʢʣʘ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʦʵʪʦʤʫ 

ʜʘʣʝʝ ʚʤʝʩʪʦ ʚʳʨʘʞʝʥʠʷ (2.88) ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʟʘʤʝʥ ʨʝʘʣʴʥʳʭ ʚʝʣʠʯʠʥ 

ʧʨʦʝʢʮʠʡ ʦʪʨʝʟʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʠʭ ʣʠʥʝʡʥʳʤʠ 

ʦʮʝʥʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʨʘʞʝʥʠʝ ʚʠʜʘ [9]: 

 

|||||| 11 gssagmsmq eeeeeh D+D+D²D+D= ,                      (2.89) 
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ʛʜʝ gmsm ee DD , - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ se  ʣʠʥʝʡʥʳʭ ʦʪʨʝʟʢʦʚ ɸɺ ʠ ɺD (ʩʤ. 

ʨʠʩ 2.22). 

 

ʈʠʩ. 2.22 ʇʨʝʜʝʣʴʥʳʡ ʮʠʢʣ ʠ ʝʛʦ ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ gmsm ee DD ,  ʚʥʘʯʘʣʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʥʘʢʣʦʥʘ ʫʢʘʟʘʥʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʝʘʣʴʥʳʤ ʬʘʟʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʜʚʠʞʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʩʠʩʪʝʤʳ. ɼʣʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (2.83), 

ʫʯʠʪʳʚʘʷ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʧʨʦʠʟʚʦʜʥʳʭ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʝʨʝʧʠʰʝʤ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ: 
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ʇʦʜʝʣʠʚ ʫʨʘʚʥʝʥʠʝ (2.90) ʥʘ dtdes /  (ʠʩʢʣʶʯʠʚ ʚʨʝʤʷ), ʧʦʣʫʯʠʤ: 
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ɼʣʷ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩʠʩʪʝʤʳ, ʷʚʣʷʶʱʠʭʩʷ ʩʧʠʨʘʣʷʤʠ, ʚʳʨʘʞʝʥʠʝ (2.91) 

ʧʦʩʣʝ  ʨʘʩʢʨʳʪʠʷ ʤʦʜʫʣʷ |es| ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ ʬʫʥʢʮʠʠ g(s) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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# 11--= ,                                            (2.92) 

 

ʘ ʜʣʷ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʛʠʧʝʨʙʦʣʘʤʠ, - ʚʠʜ: 
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ʊʘʢ ʢʘʢ ʧʦʠʩʢ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʘʟʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩʠʩʪʝʤʳ 

ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʪʦʯʢʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʨʷʤʦʡ ,ss eCe u-=# ʪʦ ʧʦʩʣʝ 

ʧʦʜʩʪʘʥʦʚʢʠ uCee ss /1/ -=#  ʚ ʚʳʨʘʞʝʥʠʷ (2.92) ʠ (2.93) ʤʦʞʥʦ ʥʘʡʪʠ ʠʩʢʦʤʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʫʢʘʟʘʥʥʳʤ ʦʪʨʝʟʢʘʤ ʩʧʠʨʘʣʝʡ sk  ʠ ʛʠʧʝʨʙʦʣ 

gk  ʚ ʚʠʜʝ: 
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ɺʥʘʯʘʣʝ ʧʦʣʫʯʠʤ ʦʮʝʥʢʫ gmeȹ  ʧʨʦʝʢʮʠʠ ʦʪʨʝʟʢʘ ɺD ʥʘ ʦʩʴ se  ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʥʘʢʣʦʥʘ ʢ ʵʪʦʡ ʦʩʠ, ʨʘʚʥʳʤ gk . ʋʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʢʣʦʥʘ ,gk  

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ D ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ),,( 00 D-- seCe sgsg u  ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ 

ʧʨʷʤʦʡ D--= seCe ss u#  (ʩʤ. ʨʠʩ.2.22), ʠʤʝʝʪ ʚʠʜ: 

 

D---= seCeeke sgsgsgs 00)( u# .                                   (2.95) 
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ʅʘʡʜʝʤ ʢʦʦʨʜʠʥʘʪʫ sge  ʧʦ ʦʩʠ se ʪʦʯʢʠ ɺ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ (2.95) ʩ ʧʨʷʤʦʡ 

D+-= seCe ss u# , ʧʨʠʨʘʚʥʷʚ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʵʪʠ ʧʨʷʤʳʝ: 

 

DD +-=--- seCseCeek ssgsgsg uu 00)( .                            (2.96) 

 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (2.96) ʦʪʥʦʩʠʪʝʣʴʥʦ ,se  ʧʦʣʫʯʠʤ: 

 

0)/(2 sggsg eʉkse ++= D u .                                     (2.97) 

 

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (2.97), ʘ ʪʘʢʞʝ ʪʦʛʦ, ʯʪʦ  
gk  > ʉu ʠ gk < 0, ʧʦʣʫʯʠʤ  

 

)20 uʉ/(ks|e|eeȹ gȹsgsggm +-=-= .                                 (2.98) 

 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʝʢʮʠʠ ʦʪʨʝʟʢʘ ʩʧʠʨʘʣʠ smeȹ#  ʠ ʦʪʨʝʟʢʘ ʛʠʧʝʨʙʦʣʳ gmeȹ#

ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ (ʧʨʦʝʢʮʠʠ ʦʪʨʝʟʢʦʚ ɸɺ ʠ ɺD) ʥʘ ʦʩʴ se# (ʩʤ. ʨʠʩ. 2.22) ʨʘʚʥʳ, ʪʦ ʩ 

ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (2.95) ʠ (2.98) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (2.89), (2.98) ʠ (2.99) ʚʝʣʠʯʠʥʫ qh  ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚ ʚʠʜʝ: 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ qh , ʨʘʩʩʯʠʪʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (2.94) ʠ 

(2.100), ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ qh  ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ m ʠ d1 ʠʟ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, 

ʧʨʠ ʢʦʪʦʨʳʭ qh  ʙʫʜʝʪ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʧʨʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 

ʅʇɸ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ m ʠ d1 ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʢʠ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 
m

hq

µ

µ
 ʠ 

1d

hq

µ

µ
, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʠʜ [9]:    
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ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚʥʘʯʘʣʝ ʦʧʨʝʜʝʣʠʤ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʤʥʦʞʠʪʝʣʠ 

ʚ ʚʳʨʘʞʝʥʠʷʭ (2.101) ʠ (2.102) ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (2.94) ʠ (2.100): 

 

2
)(

2
sg

g

s

q

kCk

k
s

k

h

u+
-=

µ

µ
D ,                                      (2.103) 

sg

s

g

q

kCk

Ck
s

k

h
2)(

2
u

u

+

+
=

µ

µ
D ,                                      (2.104) 

2

11

mbC

bCdK

m

k us

u

u-
-=

µ

µ
,                                         (2.105) 

,
1

11 md

k

d

k gs -=
µ

µ
=

µ

µ
                                            (2.106) 

2

11

mbC

bCdK

m

k
ug

u

u+
=

µ

µ
.                                          (2.107)  

                                                          



127 
 

ʇʝʨʝʜ ʘʥʘʣʠʟʦʤ ʟʥʘʢʘ ʢʘʞʜʦʛʦ ʠʟ ʚʳʨʘʞʝʥʠʡ (2.103) - (2.107) ʦʪʤʝʪʠʤ, ʯʪʦ 

ʚʳʯʠʩʣʝʥʠʝ qh  ʧʦ ʬʦʨʤʫʣʝ (2.100) ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ .0>sk  ʊʦʣʴʢʦ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʵʪʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʫʜʘʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʟʘʤʢʥʫʪʳʡ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ, 

ʢʦʪʦʨʳʡ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ.2.22. ʇʦʩʢʦʣʴʢʫ ʚ ʨʝʘʣʴʥʳʭ ʉʇʉ ʚʩʝʛʜʘ ʩʧʨʘʚʝʜʣʠʚʳ 

ʥʝʨʘʚʝʥʩʪʚʘ 0,0 1>> dCu  ʠ ,0>b  ʪʦ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (2.94) ʥʝʠʟʤʝʥʥʫʶ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʥʝʨʘʚʝʥʩʪʚʘ 0>sk  ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʙʦʨʦʤ ʪʘʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 01>uK  ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.56), ʢʦʪʦʨʳʡ  ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʥʝʨʘʚʝʥʩʪʚʫ ).max( 11 ubCdKu >  ʇʨʠ ʵʪʦʤ ʚʳʙʦʨ ʪʘʢʦʛʦ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʫʩʣʦʚʠʷʤ ʚʳʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 01>uK , ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʦʣʴʟʷʱʝʛʦ 

ʨʝʞʠʤʘ ʚ ʉʇʉ (ʩʤ. ʚʳʨʘʞʝʥʠʷ (2.77), (2.78)).  

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʞʠʤʘ ʩʢʦʣʴʞʝʥʠʷ (ʨʝʞʠʤʘ ɺʇ) [17] ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʨʘʚʝʥʩʪʚʦ uCkg+ <0, ʪʦ ʩ ʫʯʝʪʦʤ ʥʝʨʘʚʝʥʩʪʚ gk < 0 ʠ 0>Ds  

ʚʳʨʘʞʝʥʠʝ (2.103) ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ 

ʥʝʨʘʚʝʥʩʪʚ ʚʩʝʛʜʘ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʙʫʜʝʪ ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʝ (2.105), ʘ ʚʳʨʘʞʝʥʠʷ 

(2.104) ʠ (2.107) ï ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʟʥʘʢʦʚ ʚʳʨʘʞʝʥʠʡ (2.103) - (2.105), ʠ (2.107) 

ʚʳʨʘʞʝʥʠʝ (2.101) ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʨʘʩʯʝʪʝ ʚʝʣʠʯʠʥʳ 

qh  ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (2.100) ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ m ʠʟ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ.    

  ʇʦʩʢʦʣʴʢʫ ʟʥʘʢ ʚʳʨʘʞʝʥʠʷ (2.106) ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʘ ʟʥʘʢʠ 

ʚʳʨʘʞʝʥʠʡ (2.103) ʠ (2.104) ʨʘʟʣʠʯʥʳ, ʪʦ ʟʥʘʢ ʚʳʨʘʞʝʥʠʷ (2.102) ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʧʨʦʩ ʦʙ ʠʩʧʦʣʴʟʫʝʤʦʤ ʧʨʠ 

ʨʘʩʯʝʪʝ ʚʝʣʠʯʠʥʳ qh  ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ d1 ʜʦʣʞʝʥ ʨʝʰʘʪʴʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʅʇɸ. 

ʆʜʥʘʢʦ ʚʝʣʠʯʠʥʘ qh  ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ, ʥʦ ʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu. ʇʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠ ʢʘʢʦʤ ʟʥʘʯʝʥʠʠ ʵʪʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ ʚʝʣʠʯʠʥʳ qh . ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 
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ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (2.94) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
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ʉ ʫʯʝʪʦʤ ʟʥʘʢʦʚ ʚʳʨʘʞʝʥʠʡ (2.103), (2.104) ʠ (2.109) ʚʳʨʘʞʝʥʠʝ (2.108) ʚʩʝʛʜʘ 

ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠ ʨʘʩʯʝʪʝ ʚʝʣʠʯʠʥʳ qh  ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu ʩ ʫʯʝʪʦʤ ʟʘʜʘʥʥʳʭ 

ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʩʯʝʪ ʚʝʣʠʯʠʥʳ qh  ʩ 

ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (2.94) ʠ (2.100) ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ:  
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2.3.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʅʇɸ 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʩʠʥʪʝʟʘ ʧʦʜʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ Hʇɸ (ʧʦ 

ʦʪʜʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʝʛʦ ʩʚʦʙʦʜʳ) ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʜʥʦʛʦ ʠʟ ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʪʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʝʛʦ ʚʭʦʜ 

ʩʪʫʧʝʥʯʘʪʦʛʦ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘ ʦʩʪʘʣʴʥʳʝ ʧʷʪʴ ʢʘʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʠʛʥʘʣʳ 

ʥʝ ʧʦʜʘʶʪʩʷ. ʅʦ ʧʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʣʥʘʷ 

ʰʝʩʪʠʩʪʝʧʝʥʥʘʷ ʤʦʜʝʣʴ ʅʇɸ ʚʠʜʘ (2.1), ʩʦʜʝʨʞʘʱʘʷ ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 
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ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʪʨʠ ï ʜʣʷ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʕʪʘ ʞʝ ʤʦʜʝʣʴ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʥʦ ʫʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʣʝʜʷʱʠʭ ʧʦ ʧʦʣʦʞʝʥʠʶ 

ʢʦʥʪʫʨʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤʠ ʰʝʩʪʴʶ ʢʘʥʘʣʘʤʠ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʠ 

ʝʛʦ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ: ma = 1300 ʢʛ; Jxx = 900 ʢʛÖʤ2; Jyy = 700 ʢʛÖʤ2; Jzz = 850 ʢʛÖʤ2;         

Yc =  0.05 ʤ; lijmin = 150 ʢʛ (i, j = 1, 2, 3); lijmax = 1200 ʢʛ (i, j = 1, 2, 3); lijmin = 70 ʢʛÖʤ2   

(i, j = 4, 5, 6); lijmax = 900 ʢʛÖʤ2 (i, j = 4, 5, 6); d1imin = 100 ʢʛÖʩ -1; d1imʘʭ= 200 ʢʛÖʩ -1;            

d2imin = 300 ʢʛÖʤ -2; d2imʘʭ = 500 ʢʛÖʤ -2; Kd = 50; ʊd = 0.1 ʩ; Cumin = 3; Ku1 = 100; Ku2 = 0.02; 

mmax = 0.9; Km = 12; hq = 0.05 ʤ/ʩ; sD = 0.005.  

ʅʘ ʨʠʩ. 2.23 ʧʦʢʘʟʘʥʘ ʦʰʠʙʢʘ ʧʦ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʦʜʥʦʡ (ʣʠʥʝʡʥʦʡ) 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʚʭʦʜ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ud = 1 ʤ/ʩ. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʢʨʠʚʳʝ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʫʯʘʶ 

ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (2.56) ʩ ʠʟʤʝʥʷʶʱʝʤʩʷ 

ʧʘʨʘʤʝʪʨʦʤ ʉu, ʘ ʢʨʠʚʳʝ 3 ʠ 4 ï ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʨʘʜʠʮʠʦʥʥʦʡ ʉʇʉ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʉu. ʇʨʠ ʵʪʦʤ ʢʨʠʚʳʝ 1 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʅʇɸ 

ʠʤʝʶʪ ñʥʘʠʣʫʯʰʠʝò ʟʥʘʯʝʥʠʷ (ʪ.ʝ. lij = lijmin, d2i = d2imax), ʘ ʢʨʠʚʳʝ 2 ʠ 4 ï ʢʦʛʜʘ 

ʧʘʨʘʤʝʪʨʳ ʅʇɸ ʠʤʝʶʪ ñʥʘʠʭʫʜʰʠʝò ʟʥʘʯʝʥʠʷ (ʪ.ʝ. lij = lijmax, d2i = d2imin).  
 

 

ʈʠʩ. 2.23 ʆʰʠʙʢʘ ʧʦ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʠʛʥʘʣʘ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʇʉ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʉu (ʢʨʠʚʳʝ 3 ʠ 4) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʆʋ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ 

(ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ) ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ (ʜʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʆʋ ʜʦʧʫʩʢʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ). ɺ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʭʩʷ ʉʇʉ ʫʜʘʝʪʩʷ ʧʦʯʪʠ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʫʚʝʣʠʯʠʪʴ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ (ʩʤ. ʢʨʠʚʫʶ 1). 

ʅʘ ʨʠʩ. 2.24 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨ ʩʢʦʣʴʞʝʥʠʷ m ʧʨʠ ñʥʘʠʣʫʯʰʠʭò 

(ʢʨʠʚʘʷ 1) ʠ ñʥʘʠʭʫʜʰʠʭò (ʢʨʠʚʘʷ 2) ʧʘʨʘʤʝʪʨʘʭ ʅʇɸ.  

 

 
 

ʈʠʩ. 2.24 ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʩʢʦʣʴʞʝʥʠʷ m ʧʨʠ ʩʘʤʦʥʘʩʪʨʦʡʢʝ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ  

 

ɺʠʜʥʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʥ ʜʦʩʪʠʛʘʝʪ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʚʭʦʜʠʪ ʚ ʩʢʦʣʴʟʷʱʠʡ ʨʝʞʠʤ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ (ʠʟ-

ʟʘ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʦʚ ʥʘʯʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʘʤʠ ʆʋ). ʆʜʥʘʢʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʉu ʜʣʷ ʩʠʩʪʝʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʫʜʝʪ ʝʩʪʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʤ 

(ʩʤ. ʨʠʩ. 2.25). 

ʅʘ ʨʠʩ. 2.25 ʢʨʠʚʘʷ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʩʪʝʤʝ ʩ ñʥʘʠʣʫʯʰʠʤʠò, ʘ ʢʨʠʚʘʷ 2 ï ʩ 

ñʥʘʠʭʫʜʰʠʤʠò ʧʘʨʘʤʝʪʨʘʤʠ. ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ 

ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʧʨʠ ñʥʘʠʣʫʯʰʠʭò ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ (ʚ ʥʘʠʤʝʥʝʝ 

ʥʘʧʨʷʞʝʥʥʳʭ ʨʝʞʠʤʘʭ ʝʛʦ ʨʘʙʦʪʳ) ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʉu, 

ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʩʢʦʣʴʟʷʱʝʛʦ ʨʝʞʠʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
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ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʛʦ ʪʦʯʥʦʩʪʴ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

 

 
 

ʈʠʩ. 2.25 ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu ʧʨʠ ʩʘʤʦʥʘʩʪʨʦʡʢʝ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.56) ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦʟʥʘʯʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʦʡ ʧʘʨʘʤʝʪʨʘ ʩʢʦʣʴʞʝʥʠʷ m ʠ ʙʣʠʟʦʩʪʴʶ ʎʆɿʇ ʢ ʚʳʨʦʞʜʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʩʘʤʦʥʘʩʪʨʦʡʢʫ ʚ ʢʦʥʪʫʨʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠ ʪʝʤ 

ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʩʪʫʧʝʥʯʘʪʳʭ 

ʟʘʜʘʶʱʠʭ ʩʠʛʥʘʣʦʚ. 

ɺ ʩʣʝʜʷʱʝʤ ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʩʘʤʦʥʘʩʪʨʦʡʢʘ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ ʥʝ 

ʠʤʝʝʪ ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu ʦʰʠʙʢʘ 

ʩʣʝʞʝʥʠʷ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ. ʆʜʥʘʢʦ, ʢʘʢ ʵʪʦ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʚ ʩʣʫʯʘʝ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʅʇɸ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʡ 

ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ. 

 

2.4 ʉʠʥʪʝʟ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ 

ʅʇɸ 

ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʘʥʝʝ ʧʦʨʷʜʢʫ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʉʋ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ, 
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ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʨʠʜʘʪʴ ʵʪʦʤʫ ʘʧʧʘʨʘʪʫ ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ɺ ʢʘʯʝʩʪʚʝ ʆʋ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʩʠʥʪʝʟʘ 

ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʉʇʉ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʞʝʣʘʝʤʳʤʠ 

ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ (2.57) ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʉʋ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʚʠʜʘ 

(2.56) ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʵʪʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦ ʢʘʞʜʦʡ 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ:  

 

duuu uu CC =+# ,                                             (2.111) 

 

ʛʜʝ ud = (ud1, ud2, ud3, ud4, ud5, ud6)
ʊ Í R6 ï ʚʝʢʪʦʨ ʟʘʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʩʢʦʨʦʩʪʠ; 

ʉu Í R6³6 ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʝʤ, ʢ ʫʨʘʚʥʝʥʠʶ (2.111) ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ (2.6), 

ʦʧʠʩʳʚʘʶʱʝʝ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʝʢʮʠʷʤʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʘ ʦʩʠ 

ʩʚʷʟʘʥʥʦʡ ʠ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ. ʉʠʩʪʝʤʫ (2.6) ʠ (2.111) ʩʚʝʜʝʤ ʢ ʦʜʥʦʤʫ 

ʤʘʪʨʠʯʥʦʤʫ ʫʨʘʚʥʝʥʠʶ. ɼʣʷ ʵʪʦʛʦ, ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʚʥʘʯʘʣʝ ʧʦ ʚʨʝʤʝʥʠ 

ʫʨʘʚʥʝʥʠʝ (2.6) ʠ ʚʳʨʘʟʠʚ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʦʠʟʚʦʜʥʫʶ ɡ#, ʟʘʧʠʰʝʤ: 

 

ɡJJxJɡ
11 #### -- -= .                                           (2.112) 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʤʘʪʨʠʮʘ J-1 ʷʚʣʷʝʪʩʷ ʥʝʚʳʨʦʞʜʝʥʥʦʡ, ʪʘʢ ʢʘʢ det J  ̧0.  

ʇʦʜʩʪʘʚʠʚ ʩʦʦʪʥʦʰʝʥʠʝ (2.112) ʚ (2.111), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ 

ʜʠʥʘʤʠʢʫ ʧʦʣʥʦʛʦ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʅʇɸ ʧʨʠ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ: 
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                   d)( ɡJCɡJCJx uu =--### .                                       (2.113) 

 

ɿʘʧʠʰʝʤ ʤʘʪʨʠʯʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʞʝʣʘʝʤʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʉʋ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ J ʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ u:  

                      

ddʧʧ xCxKxKxCx #### uu +¡=++ ,                                (2.114) 

 

ʛʜʝ xd = (xd1, xd2, xd3, xd4, xd5, xd6)
ʊ Í R6 ï ʚʝʢʪʦʨ ʟʘʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʧʦʣʦʞʝʥʠʶ 

ʅʇɸ; Kʧ, K¡ʧ Í R6³6 ï ʜʠʘʛʦʥʘʣʴʥʳʝ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʚʳʙʠʨʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʉʋ. 

ʀʟ ʫʨʘʚʥʝʥʠʡ (2.113) ʠ (2.114) ʚʳʨʘʟʠʤ ʩʪʘʨʰʠʝ ʧʨʦʠʟʚʦʜʥʳʝ: 

 

uu )(d uu JCJJCx -+= ### ,                                      (2.115) 

xCxCxKxKx #### uu -+-¡= dʧdʧ ,                                 (2.116) 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʠʥʘʤʠʢʘ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʅʇɸ 

ʚʩʝʛʜʘ ʦʧʠʩʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (2.114), ʥʝʦʙʭʦʜʠʤʦ ʪʘʢ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʟʘʜʘʶʱʠʡ ʩʠʛʥʘʣ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʝʛʦ ʜʚʠʞʝʥʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʚʝʥʩʪʚʦ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʚʳʨʘʞʝʥʠʡ (2.115) ʠ (2.116). ʈʝʰʠʚ ʩʠʩʪʝʤʫ (2.115), (2.116) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ud, ʧʦʣʫʯʠʤ ʪʨʝʙʫʝʤʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [85, 141, 

145]: 

 

     uuu +--+-¡= - )()( dʧdʧ
1

d JxCxCxKxKJC ### uuu .                     (2.117) 

 

ɿʘʪʝʤ ʧʦʜʩʪʘʚʠʤ ʚ ʫʨʘʚʥʝʥʠʝ (2.117) ʚʳʨʘʞʝʥʠʝ ʜʣʷ x# ʠʟ ʫʨʘʚʥʝʥʠʷ (2.6) ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʤ ʠʤʝʪʴ: 

 

  uuu ++-+-¡= - ))(()( dʧdʧ
1

d JJCxCxKxKJC ## uuu .                     (2.118) 
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ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʦ ʚʩʝʭ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʪʫʨʘʭ ʩʢʦʨʦʩʪʠ ʚʩʝʭ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʅʇɸ ʩʘʤʦʥʘʩʪʨʦʡʢʘ ʎʆɿʇ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʘ ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ ʵʪʠʭ ʎʆɿʇ 

ʚʦ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʢʦʥʪʫʨʘʭ ʚʳʙʠʨʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʦʜʠʥʘʢʦʚʦʡ ʠ ʪʘʢʦʡ, ʯʪʦ ʧʨʠ 

ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʘʤʳʭ 

çʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭè) ʚʦ ʚʩʝʭ ʵʪʠʭ ʢʦʥʪʫʨʘʭ ʚʦʟʥʠʢʘʝʪ ʠ ʧʨʦʪʝʢʘʝʪ ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ 

ʩʢʦʣʴʞʝʥʠʷ. ʊʦʛʜʘ ʤʘʪʨʠʮʘ ʉu ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʷʚʣʷʪʴʩʷ ʜʠʘʛʦʥʘʣʴʥʦʡ, ʥʦ ʠ ʠʤʝʪʴ 

ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ Cui. ʇʨʘʚʜʘ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ 

ʨʘʥʝʝ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʷ Cui ʙʫʜʫʪ ʤʠʥʠʤʘʣʴʥʳʤʠ, ʘ ʟʥʘʯʠʪ, ʚʥʫʪʨʝʥʥʠʝ 

ʢʦʥʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʷʤʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʙʫʜʫʪ ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʦʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʘ ʩʘʤ ʅʇɸ ʚ ʮʝʣʦʤ ï ʩʥʠʞʝʥʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ 

ʢʦʥʪʫʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʚʳʨʘʞʝʥʠʝ (2.118), ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʅʇɸ ʤʦʞʥʦ 

ʫʧʨʦʩʪʠʪʴ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ʉu ʨʘʚʥʳ, ʪʦ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʉuJ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ, ʪ.ʝ. ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ 

ʉuJ = JCu. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʚʳʨʘʞʝʥʠʝ (2.118) ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʦ ʢ ʚʠʜʫ 

[32, 85, 141]: 

)()( dʧdʧ
1

d uu JxCxKxKJC ##-+-¡= -
u .                            (2.119) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.119) ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʪʦʷʥʥʦ ʚʳʯʠʩʣʷʪʴ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮ (ʉuJ)-1 ʠ J#. ʕʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʨʦʙʣʝʤʫ, ʪʘʢ ʢʘʢ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ J ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ (ʬʫʥʢʮʠʷʤʠ), ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʧʨʝʨʳʚʥʦ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʅʇɸ. ʏʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʫʢʘʟʘʥʥʳʭ ʪʨʫʜʦʝʤʢʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʤʦʞʥʦ ʟʘʨʘʥʝʝ ʚʳʚʝʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʵʪʠʭ ʤʘʪʨʠʮ, ʘ ʟʘʪʝʤ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʅʇɸ, ʚʳʧʦʣʥʷʷ 

ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʢʘʟʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 
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ɽʩʣʠ ʚʥʫʪʨʝʥʥʠʝ ʢʦʥʪʫʨʳ ʩʢʦʨʦʩʪʝʡ ʚʩʝʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʅʇɸ ʷʚʣʷʶʪʩʷ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʤʠʩʷ, ʪ.ʝ. ʚʩʝ ʎʆɿʇ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʪ ʩʚʦʡ ʥʘʢʣʦʥ, ʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʦʙʱʠʡ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʚʠʜ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ (2.118). 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʤʥʦʛʦʤʝʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʠʷ ʅʇɸ 

ʚʦʟʥʠʢʘʝʪ ʪʘʢʞʝ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʦʚ Kʧi ʠ Kʧi¡ ʤʘʪʨʠʮ Kʧ ʠ Kʧ¡. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʠʤʝʥʥʦ ʵʪʠ ʵʣʝʤʝʥʪʳ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʦʙʱʝʥʥʦʛʦ ʢʦʥʪʫʨʘ ʧʦʣʦʞʝʥʠʷ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚʩʝʛʦ ʅʇɸ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ (2.114), ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʅʇɸ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (2.118), ʵʪʘ ʜʠʥʘʤʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʤʝʥʪʦʚ Cui 

ʤʘʪʨʠʮʳ ʉu, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʪʝʢʫʱʠʝ ʥʘʢʣʦʥʳ ʎʆɿʇ (ʩʤ. ʨʘʟʜʝʣ 2.3) ʚ 

ʧʦʜʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʅʇɸ. ɺ 

ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʘʷ ʩʘʤʦʥʘʩʪʨʦʡʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

Cui, ʧʨʠʚʦʜʷʱʘʷ ʢ ʠʭ ʠʟʤʝʥʝʥʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ. 

ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʳʙʦʨʘ ʧʦʩʪʦʷʥʥr ʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 

ʤʘʪʨʠʮ Kʧi, Kʧi¡ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʉʋ, ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ (2.114), ʙʫʜʫʪ 

ʤʝʥʷʪʴʩʷ ʚʧʣʦʪʴ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦ ʚʥʝʰʥʝʤ ʢʦʥʪʫʨʝ ʧʦʣʦʞʝʥʠʷ ʥʝʜʦʧʫʩʪʠʤʳʭ 

ʢʦʣʝʙʘʥʠʡ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ, ʦʧʠʩʳʚʘʝʤʦʡ 

ʤʘʪʨʠʯʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ (2.114), ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥʘʤʠ 

ʜʚʠʞʝʥʠʷ ʚ ʢʘʞʜʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʅʇɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʜʚʠʞʝʥʠʡ ʤʦʞʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ, ʝʩʣʠ ʩʠʩʪʝʤʫ (2.114) ʩ ʫʯʝʪʦʤ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʚʠʜʘ ʤʘʪʨʠʮʳ ʉu ʨʘʟʙʠʪʴ 

ʥʘ ʰʝʩʪʴ ʧʦʜʩʠʩʪʝʤ (ʧʦ ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʅʇɸ) ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʪʝʭ ʰʝʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʘʶʪʩʷ ʧʦʩʣʝ ʫʢʘʟʘʥʥʦʛʦ ʨʘʟʙʠʝʥʠʷ.  

ɼʠʩʢʨʠʤʠʥʘʥʪ D
~

 ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʰʝʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʠʥʜʝʢʩ i, ʦʙʦʟʥʘʯʘʶʱʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʅʇɸ, ʜʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʪ ʦʧʫʱʝʥ) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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ʧ

2
4

~
KCD ɡ-= .                                             (2.120) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚʘ 4
2

ʧ uCK ¢  ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ 

ʥʝʨʘʚʝʥʩʪʚʦ D
~

 ² 0, ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ 

ʚʝʱʝʩʪʚʝʥʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʦʨʥʠ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʝʟ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ D
~

 < 0, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʦʨʥʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʦ 

ʩʦʧʨʷʞʝʥʥʳʤʠ, ʠ ʜʚʠʞʝʥʠʝ ʅʇɸ ʙʫʜʝʪ ʠʤʝʪʴ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʳʨʘʞʝʥʠʷ (2.120), ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʠʷ Kʧ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 

ʉu (ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʎʆɿʇ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ) ʚʝʣʠʯʠʥʘ 

ʜʠʩʢʨʠʤʠʥʘʥʪʘ D
~

 ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ. ʅʦ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʠ ʝʛʦ ʟʥʘʢ. 

ʇʦʵʪʦʤʫ ʩ ʮʝʣʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʅʇɸ ʧʘʨʘʤʝʪʨʳ Kʧi ʠ Kʧi¡ 

ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʥʘʩʪʨʘʠʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

Cui, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʜʠʩʢʨʠʤʠʥʘʥʪʫ D
~

 ʥʝʠʟʤʝʥʥʫʶ ʟʥʘʢʦʧʦʣʦʞʠʪʝʣʴʥʦʩʪʴ ʥʘ 

ʚʩʝʤ ʚʦʟʤʦʞʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʨʘʚʝʥʩʪʚʦ (2.120), ʩʬʦʨʤʠʨʫʝʤ ʪʨʝʙʫʝʤʳʡ ʟʘʢʦʥ ʥʘʩʪʨʦʡʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʫʨʦʚ ʧʦʣʦʞʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʅʇɸ ʚ ʚʠʜʝ [85, 

141]: 

 

ɕʉKK
2

ʧʧ u=¡= ,                                             (2.121) 

 

ʛʜʝ z ï ʥʝʢʦʪʦʨʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʠʜ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʉʋ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʅʇɸ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ  ʧʦ  ʟʘʜʘʥʥʳʤ  

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ  ʪʨʘʝʢʪʦʨʠʷʤ.  ʆʯʝʚʠʜʥʦ,  ʯʪʦ,  ʝʩʣʠ  z ² 4, ʪʦ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʝʟ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʥʦ 

ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʟʘʤʝʜʣʝʥʥʳʤ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʥʝʨʘʚʝʥʩʪʚʘ z < 4 ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʙʦʣʝʝ ʙʳʩʪʨʳʤ, ʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʜʚʠʞʝʥʠʝ ʅʇɸ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Kʧi ʠ Kʧi¡ ʩʚʦʜʠʪʩʷ ʢ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ 

zi, ʢʦʪʦʨʳʝ ʚ ʠʪʦʛʝ ʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʅʇɸ ʚ ʮʝʣʦʤ ʧʨʠ ʝʛʦ 

ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʣʶʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʠʷ ʚʠʜʘ (2.119) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

2.26. ʈʝʛʫʣʷʪʦʨ ʚʠʜʘ (2.118) ʙʫʜʝʪ ʠʤʝʪʴ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʭʝʤʫ ʨʝʘʣʠʟʘʮʠʠ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʩʭʝʤ ʩ ʧʦʤʦʱʴʶ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʷʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʠʷ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ɼʣʷ ʵʪʦʛʦ ʫʢʘʟʘʥʥʳʡ ʢʦʤʧʴʶʪʝʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ. 

 

 

ʈʠʩ. 2.26 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʠʷ ʅʇɸ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ 

ʅʇɸ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ ʝʤʫ ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ 

ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ 

(2.121) ʢʦʨʨʝʢʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʦʜʠʥʘʢʦʚʳʡ ʚʠʜ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʅʇɸ ʧʨʠ ʥʘʣʠʯʠʠ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʚ ʢʦʥʪʫʨʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʷʤʠ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ. 

 

2.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʅʇɸ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ 

Kʧ¡
 

Kʧ 

J# 

(ʉuJ)-1 

xd 

x 

u 

ud 

 
Cu dx# 
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ʅʇɸ. ʋʢʘʟʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʅʇɸ (2.1)-(2.5) ʩ ʜʦʙʘʚʣʝʥʠʝʤ  ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ (2.6). ʇʘʨʘʤʝʪʨʳ ʅʇɸ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʷʤʠ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚʟʷʪʳ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʚ ʨʘʟʜʝʣʝ 2.3, ʘ 

ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ zi = 4 (i = 6,1 ).  

ɺʥʘʯʘʣʝ ʠʩʩʣʝʜʫʝʤ ʨʘʙʦʪʫ ʉʋ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ ʅʇɸ ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʝʝ 

ʚʭʦʜ ʥʝʢʦʪʦʨʦʛʦ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʧʦʣʘʛʘʷ, ʯʪʦ ʥʘ ʉʋ ʜʨʫʛʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

ʩʠʛʥʘʣʳ ʥʝ ʧʦʜʘʶʪʩʷ. ʕʪʘ ʩʠʩʪʝʤʘ, ʢʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ ʨʘʥʝʝ, ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ 

ʢʦʥʪʫʨʳ (ʧʦʜʩʠʩʪʝʤʳ, ʩʤ. ʨʠʩ. 2.1): ʢʦʥʪʫʨ (ʧʦʜʩʠʩʪʝʤʫ) ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʴʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ, ʬʦʨʤʠʨʫʝʤʳʡ ʧʦ ʟʘʢʦʥʫ (2.28); ʢʦʥʪʫʨ (ʧʦʜʩʠʩʪʝʤʫ) ʫʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ 

ʦʩʥʦʚʝ ʉʇʉ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʚʠʜʘ (2.56) ʠ ʢʦʥʪʫʨ (ʧʦʜʩʠʩʪʝʤʫ) ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ (ʦʨʠʝʥʪʘʮʠʝʡ) ʅʇɸ, ʬʦʨʤʠʨʫʶʱʠʡ ʚʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʚʠʜʘ (2.118).  ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʉʋ ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʝʝ ʚʭʦʜ 

ʩʪʫʧʝʥʯʘʪʦʛʦ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.27.  

 
 

ʈʠʩ. 2.27 ʆʰʠʙʢʘ ʧʦ ʧʦʣʦʞʝʥʠʶ ʦʜʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʅʇɸ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
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ʂʨʠʚʳʝ 1 ʠ 2 ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʘʶʪ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʧʨʠ "ʥʘʠʣʫʯʰʠʭ" ʠ "ʥʘʠʭʫʜʰʠʭ" ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 

ʅʇɸ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʧʝʨʝʭʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ ʩ ʪʠʧʦʚʳʤ ʣʠʥʝʡʥʳʤ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʤ (ʢʨʠʚʳʝ 3 ʠ 4), 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʥʘ ʤʦʜʫʣʴʥʳʡ ʦʧʪʠʤʫʤ ʧʨʠ "ʥʘʠʣʫʯʰʠʭ" ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ. 

ʕʪʦʪ ʨʝʛʫʣʷʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʤʝʩʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʝʤ ʠ ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴ ʁʜʚʠʞʝʥʠʷ ʅʇɸ, ʨʘʙʦʪʘʶʱʝʡ ʚ 

ʨʝʞʠʤʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʝʠʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʝʩʷ ʨʝʛʫʣʷʪʦʨʳ ʚʠʜʘ (2.28) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ. ʇʨʠʯʝʤ 

ʢʨʠʚʘʷ 3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ "ʥʘʠʣʫʯʰʠʤ", ʘ ʢʨʠʚʘʷ 4 "ʥʘʠʭʫʜʰʠʤ" ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ 

ʅʇɸ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟ ʨʠʩ. 2.27 ʚʠʜʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʣʠʥʝʡʥʳʡ ʇʀ-ʨʝʛʫʣʷʪʦʨ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʪʦʣʴʢʦ ʧʨʠ "ʥʘʠʣʫʯʰʠʭ" ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ. ʇʨʠ "ʥʘʠʭʫʜʰʠʭ" 

ʟʥʘʯʝʥʠʷʭ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʧʦʷʚʣʷʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʦʝ ʧʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʙʦʣʝʝ 

ʯʝʤ ʚ 2.5 ʨʘʟʘ ʚʦʟʨʘʩʪʘʝʪ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ). ʇʨʠʤʝʥʝʥʠʝ ʞʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʉʋ ʅʇɸ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʠʪʴ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʥʦ ʠ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʞʠʤʘʭ ʝʛʦ ʨʘʙʦʪʳ ʧʦʯʪʠ ʚ 

ʧʦʣʪʦʨʘ ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ (ʩʢʦʨʦʩʪʴ ʦʙʥʫʣʝʥʠʷ ʦʰʠʙʢʠ). 

ʅʘ ʨʠʩ. 2.28 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʩʢʦʣʴʞʝʥʠʷ m, ʘ ʥʘ ʨʠʩ. 2.29 

- ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʥʘʢʣʦʥʘ ʎʆɿʇ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʵʪʦʡ ʩʠʩʪʝʤʦʡ ʫʢʘʟʘʥʥʦʛʦ 

ʩʪʫʧʝʥʯʘʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʦʜʠʥ ʠʟ ʢʘʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʵʪʠʭ 

ʨʠʩʫʥʢʘʭ ʮʠʬʨʦʡ 1 ʦʙʦʟʥʘʯʝʥʳ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʉʋ ʧʨʠ "ʥʘʠʣʫʯʰʠʭ", ʘ 

ʮʠʬʨʦʡ 2 - ʧʨʠ "ʥʘʠʭʫʜʰʠʭ" ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʠʟ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʭ 

ʠʟʤʝʥʝʥʠʷ. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʠʩʫʥʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʧʦʣʦʞʝʥʠʝʤ ʅʇɸ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ 

ʧʨʦʮʝʩʩʘʤ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ (ʩʤ. ʨʠʩ. 2.24 ʠ 

2.25). ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨ m ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʙʣʠʟʢʦʛʦ ʢ ʝʜʠʥʠʮʝ), ʘ ʢʦʵʬʬʠʮʠʝʥʪ 
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ʥʘʢʣʦʥʘ ʎʆɿʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʧʨʠʥʠʤʘʝʪ ʨʘʟʣʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ. 

 

 

ʈʠʩ. 2.28 ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ ʩʘʤʦʥʘʩʪʨʦʡʢʝ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚ 

ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʅʇɸ 

 

 

ʈʠʩ. 2.29 ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʣʦʥʘ ʎʆɿʇ ʧʨʠ ʩʘʤʦʥʘʩʪʨʦʡʢʝ 

ʧʦʜʩʠʩʪʝʤʳ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ 

 

ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʞʠʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ (ʩʤ. ʨʠʩ. 

2.24 ʠ 2.25) ʟʜʝʩʴ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ m ʧʨʠ ʩʘʤʦʥʘʩʪʨʦʡʢʝ ʨʝʛʫʣʷʪʦʨʘ 
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ʩʢʦʨʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʣʘʚʥʦ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʪʝʢʫʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʧʧʘʨʘʪʘ, ʘ ʠʤʝʝʪ ʨʝʟʢʠʝ ʩʧʘʜʳ ʠ ʧʠʢʠ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʠʟ ʦʜʥʦʛʦ ʮʠʢʣʘ ʫʩʪʦʡʯʠʚʳʭ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʚ ʜʨʫʛʦʡ ʧʨʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ ʠʟʤʝʥʝʥʠʠ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩʢʦʨʦʩʪʠ 

(ʩʤ. ʧʦʜʨʘʟʜʝʣ 2.3.4). ɺʦ ʚʨʝʤʷ ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʧʨʦʠʩʭʦʜʷʪ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ m, ʢʦʛʜʘ ʠʟʦʙʨʘʞʘʶʱʘʷ ʪʦʯʢʘ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʪʘʢʠʤ ʦʪʨʝʟʢʘʤ 

ʩʧʠʨʘʣʝʡ ʠʣʠ ʛʠʧʝʨʙʦʣ, ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ ʢʦʪʦʨʳʤ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʚʨʝʤʷ 

ʜʚʠʞʝʥʠʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʪʨʝʟʢʘʤ ʩʧʠʨʘʣʝʡ ʠ ʛʠʧʝʨʙʦʣ ʚʥʫʪʨʠ ʟʦʥʳ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ ʚʙʣʠʟʠ ʎʆɿʇ. ʇʨʠʯʝʤ ʯʝʤ ʤʝʥʴʰʝ ʘʙʩʦʣʶʪʥʘʷ 

ʚʝʣʠʯʠʥʘ ʦʰʠʙʢʠ ʧʦ ʩʢʦʨʦʩʪʠ, ʪʝʤ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʟʘʥʠʤʘʝʪ ʪʘʢʦʡ ʧʝʨʝʭʦʜ. ʆʜʥʘʢʦ, 

ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.2.28 ʠ 2.29, ʫʢʘʟʘʥʥʳʝ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ m ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉu ʧʨʠ ʝʛʦ ʩʪʨʝʤʣʝʥʠʠ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʚ ʤʦʤʝʥʪʳ, ʢʦʛʜʘ ʚ ʩʠʩʪʝʤʝ 

ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʞʠʤ ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʩʘʤʦʥʘʩʪʨʦʡʢʘ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ 

ʧʨʝʢʨʘʱʘʝʪʩʷ. 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʣʥʦʡ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʉʋ, ʧʦʩʪʨʦʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʩʠʩʪʝʤ 

ʚʠʜʘ (2.28), (2.56), (2.118). ʇʨʠ ʵʪʦʤ ʚ ʢʦʥʪʫʨʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦʣʦʞʝʥʠʝ 

ʎʆɿʇ ʧʦ ʚʩʝʤ ʢʘʥʘʣʘʤ ʫʧʨʘʚʣʝʥʠʷ ʚʳʙʠʨʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ 

ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʠʩ. 2.30 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʢʦʥʳ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʚʩʝʭ 

ʢʦʦʨʜʠʥʘʪ ʅʇɸ, ʘ ʪʘʢʞʝ ʟʘʢʦʥʳ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʷʭ ʧʨʠ ʧʦʟʠʮʠʦʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, 

ʯʪʦ ʅʇɸ ʜʦʣʞʝʥ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʟ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0, 0, 0) ʚ 

ʪʦʯʢʫ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (10, 10, 10). ʇʨʠ ʵʪʦʤ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʜʚʠʞʝʥʠʷ ʚʩʝ ʝʛʦ 

ʢʦʦʨʜʠʥʘʪʳ ʩʦʩʪʦʷʥʠʷ ʠʤʝʣʠ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ, ʘ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʨʘʱʘʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʅʇɸ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʧʦʜʘʚʘʣʠʩʴ ʟʘʜʘʶʱʠʝ ʩʠʛʥʘʣʳ, ʦʨʠʝʥʪʠʨʫʶʱʠʝ ʝʛʦ ʧʨʦʜʦʣʴʥʫʶ ʦʩʴ ʥʘ ʢʦʥʝʯʥʫʶ 

ʪʦʯʢʫ ʜʚʠʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʠʥʠʤʘʣʴʥʦʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ.  
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ʈʠʩ. 2.30 ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʨʠ ʝʛʦ ʧʦʟʠʮʠʦʥʥʦʤ 

ʫʧʨʘʚʣʝʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ y ʛ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ q 

ʘ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ x ʙ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ z 

ʜ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ y ʝ) ʧʨʦʝʢʮʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ 

ʞ) ʧʨʦʝʢʮʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʘ ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʚʠʞʠʪʝʣʷʭ 

ʚʚʦʜʠʣʠʩʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʪʷʛʝ, ʨʘʚʥʳʝ 200 ʥ. 

ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʜʚʠʞʝʥʠʷ (ʧʨʠʤʝʨʥʦ ʟʘ 5 ʩ) ʅʇɸ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʚ 

ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʩʤ. ʨʠʩ. 2.30ʛ,ʜ), ʦʙʝʩʧʝʯʠʚʘʷ ʤʠʥʠʤʘʣʴʥʦʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʨʝʙʫʝʤʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʅʇɸ ʩʦʭʨʘʥʷʝʪʩʷ. ʇʦʩʣʝ ʧʦʜʭʦʜʘ ʅʇɸ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ 

ʫʛʦʣ ɣ ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʫʛʦʣ q ʩ ʫʯʝʪʦʤ ʦʩʪʦʡʯʠʚʦʩʪʠ ʅʇɸ ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʠʥʠʤʘʝʪ ʠʩʭʦʜʥʦʝ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ. ʀʟ ʨʠʩʫʥʢʦʚ (ʩʤ. ʨʠʩ. 2.30 ʝ, ʞ) ʪʘʢʞʝ ʚʠʜʥʦ, 

ʯʪʦ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ. 

ʅʘʙʣʶʜʘʶʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʜʚʠʞʝʥʠʷ. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʠʩʫʥʢʦʚ (ʩʤ. ʨʠʩ. 2.30 ʘ, ʙ, ʚ) ʚʠʜʥʦ, 

ʯʪʦ ʅʇɸ ʧʨʠʭʦʜʠʪ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʝʟ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʝʥʝʝ ʯʝʤ 

ʟʘ 25 ʩʝʢʫʥʜ. 

ʕʪʘ ʞʝ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʠ ʚ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ [85, 141]. ʇʨʠ ʵʪʦʤ ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʅʇɸ ʜʦʣʞʝʥ ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʬʠʣʴ ʜʥʘ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2.31 (ʢʨʠʚʘʷ 1), ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 1.5ʤ ʦʪ ʜʥʘ ʧʦ ʚʝʨʪʠʢʘʣʠ (ʢʨʠʚʘʷ 2). 

ʂʨʦʤʝ ʪʦʛʦ, ʢ ʜʚʠʞʝʥʠʶ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʩʤ. ʨʠʩ. 2.31) ʜʦʙʘʚʣʷʣʦʩʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʨʠʚʦʣʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʩʤ. ʨʠʩ. 

2.32).  

 

ʈʠʩ. 2.31 ɾʝʣʘʝʤʘʷ ʪʨʘʝʢʪʦʨʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʅʇɸ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 
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ʈʠʩ.2.32 ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

 

ʀʟ ʨʠʩ. 2.31 ʚʠʜʥʦ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʨʘʟʙʠʚʘʣʘʩʴ ʥʘ ʯʝʪʳʨʝ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʘ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦ ʵʪʠʤ ʫʯʘʩʪʢʘʤ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʭ. ɾʝʣʘʝʤʳʝ ʟʘʢʦʥʳ 

ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ x, y, z ʧʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.1, ʛʜʝ ʙʫʢʚʦʡ t 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʪʝʢʫʱʝʝ ʚʨʝʤʷ, ʘ ʚʝʣʠʯʠʥʳ ta, tab, tc ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʬʦʨʤʫʣʘʤ: xaa ɡ/20t = , xabab ɡ/20t = , xbcc ɡ/50t = .  

 

ʊʘʙʣʠʮʘ 2.1. ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʜʘʶʱʠʭ (ʚʭʦʜʥʳʭ) ʩʠʛʥʘʣʦʚ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ x, y ʠ z 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʜʚʫʭ 

ʢʦʤʙʠʥʘʮʠʷʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ux:   

0

0.2

0.4

0.6

0.8

1

1.2

1 76 151 226 301x, ʤ 

y, ʤ 

20 
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1) uxc = 0.4 ʤ /c, uxa = 0.2 ʤ /c, uxab = 0.15 ʤ /c, uxbc = 0.2 ʤ /c;                       

2) uxb = 0.7 ʤ /c, uxab = 0.55 ʤ /c, uxbc = 0.8 ʤ /c, uxc = 1 ʤ /c. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʫʢʘʟʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʢʘʢ ʠ ʨʘʥʝʝ, ʩ 

ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʝʛʦ ʧʨʦʜʦʣʴʥʘʷ ʦʩʴ 

ʦʨʠʝʥʪʠʨʦʚʘʣʘʩʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʪʦ ʝʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʦʛʠʙʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʨʠʩ. 2.33 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ  ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʜʚʠʞʝʥʠʷ  ʅʇɸ  ʧʦ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, (ʩʤ. ʨʠʩ. 2.31 ʠ 2.32) ʩ ʤʘʣʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ (ʧʝʨʚʘʷ ʢʦʤʙʠʥʘʮʠʷ ʩʢʦʨʦʩʪʝʡ). ʅʘ ʵʪʦʤ (ʠ ʧʦʩʣʝʜʫʶʱʠʭ) ʨʠʩʫʥʢʘʭ 

ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠʨʫʝʤʦʤʫ ʜʚʠʞʝʥʠʶ ʘʧʧʘʨʘʪʘ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʡʩʷ ʨʦʙʘʩʪʥʦʡ ʉʋ, ʘ ʧʨʦʛʨʘʤʤʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʦʨʜʠʥʘʪ ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʥʦ-ʪʦʯʝʯʥʳʤʠ ʢʨʠʚʳʤʠ.  
 

 

ʈʠʩ. 2.33 ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʩʣʦʞʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʤʘʣʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ (ʜʦ 0.5 

ʤ/c), ʢʦʛʜʘ ʵʬʬʝʢʪʳ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʤʝʞʜʫ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʠ 

ʜʚʠʞʠʪʝʣʠ ʥʝ ʚʳʭʦʜʷʪ ʥʘ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʉʋ ʧʦʟʚʦʣʷʝʪ ʅʇɸ 

ʚ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ y 

ʘ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ x ʙ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ z 

y,ʤ 

x,ʤ z,ʤ 
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ʪʦʯʥʦ ʧʨʦʡʪʠ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʝ 

ʧʨʝʚʳʰʘʣʠ 0.06 ʤ).  

ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʵʪʦʡ ʞʝ ʪʨʘʝʢʪʦʨʠʠ, ʥʦ ʫʞʝ ʩ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʤʠ 

ʩʢʦʨʦʩʪʷʤʠ (ʜʦ 1.5 ʤ/c), ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚʝʩʴʤʘ ʟʘʤʝʪʥʳʝ ʵʬʬʝʢʪʳ 

ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ, ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ 

ʤʥʦʛʦʢʦʥʪʫʨʥʘʷ ʉʋ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʩʠʣ ʪʷʛʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʚʠʞʠʪʝʣʝʡ ʫʞʝ ʩ 

ʪʨʫʜʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪ ʚʦ ʚʨʝʤʝʥʠ ʠ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʩʤ. ʨʠʩ. 2.31 ʠ 2.32) ʥʘ 

ʧʦʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ (ʩʤ. ʚʪʦʨʫʶ ʢʦʤʙʠʥʘʮʠʶ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ux) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʨʦʙʘʩʪʥʦʡ ʉʋ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.34. ʅʘ 

ʛʨʘʬʠʢʘʭ ʝ ʠ ʞ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʥʠʞʥʷʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʬʠʣʶ 

ʦʛʠʙʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʣʦʩʢʦʩʪʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ, ʦʰʠʙʢʠ ʧʨʠ ʦʪʩʣʝʞʠʚʘʥʠʠ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʜʦʩʪʠʛʘʶʪ 1.2 ʤ, ʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ - 1.1 ʤ. ɽʩʣʠ ʞʝ ʅʇɸ ʩʦʚʝʨʰʘʝʪ 

ʜʚʠʞʝʥʠʷ ʩ ʵʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ, ʥʦ ʪʦʣʴʢʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʦʪʩʣʝʞʠʚʘʷ 

ʪʨʘʝʢʪʦʨʠʶ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ. 2.31, ʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0.4 ʤ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʅʇɸ ʦʪ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ʩ ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ, ʛʜʝ ʵʬʬʝʢʪʳ 

ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʤʘʢʩʠʤʘʣʴʥʳ ʠ ʜʚʠʞʠʪʝʣʠ ʅʇɸ ʚʭʦʜʷʪ ʚ 

ʥʘʩʳʱʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʥʘ ʦʩʪʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʠ ʦʪʢʣʦʥʝʥʠʝ ʅʇɸ ʦʪ ʥʝʝ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0.4ʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʜʦʣʴ 

ʚʩʝʡ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʝʝ ʪʝʢʫʱʝʛʦ ʫʯʘʩʪʢʘ.  

ɽʩʣʠ ʞʝ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʤʝʩʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʉʋ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʠʧʦʚʳʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʳ, ʥʘʩʪʨʦʝʥʥʳʝ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʤʦʜʫʣʴʥʳʡ ʦʧʪʠʤʫʤ, ʪʦ ʧʨʠ ʩʣʦʞʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʜʚʠʞʝʥʠʠ 

ʅʇɸ ʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ (ʜʦ 0.5 ʤ /c) c ʠʭ ʧʦʤʦʱʴʶ ʝʱʝ ʫʜʘʚʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ 

ʭʦʨʦʰʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʩʣʝʞʝʥʠʷ (ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʥʝ ʧʨʝʚʳʰʘʣʠ 0.1 

ʤ). ʆʜʥʘʢʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ 
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ʜʦ 1ʤ/c ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʯʠʥʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ 

ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ, ʜʦʩʪʠʛʘʷ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ [95, 96]. 

 

 

 

 

ʈʠʩ. 2.34 ʇʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʩʣʦʞʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʧʦʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʚ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ y 

ʘ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ x ʙ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ z 

ʛ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ q 

ʜ) ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ y ʝ) ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʞ) ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

x,ʤ 

x,ʤ 

x,ʤ 

y,ʤ 

z,ʤ 

q,ʨʘʜ 

y,ʨʘʜ 



148 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʤʥʦʛʦʢʦʥʪʫʨʥʘʷ ʉʋ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʢ ʚ ʨʝʞʠʤʝ ʧʦʟʠʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ. 

 

2.6 ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʉʋ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʤʘʥʸʚʨʝʥʥʳʤʠ ʅʇɸ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʩʣʦʞʥʳʭ ʦʧʝʨʘʮʠʡ ʚʙʣʠʟʠ ʦʙʲʝʢʪʦʚ ʨʘʙʦʪ. ʕʪʘ ʉʋ ʅʇɸ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʚʣʦʞʝʥʥʳʭ 

ʧʦʜʩʠʩʪʝʤ: ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ, ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʷ ʅʇɸ, ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʪʦʤʫ ʅʇɸ ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ 

ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ 

ʧʝʨʝʤʝʥʥʦʩʪʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʘʣʠʯʠʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʝʛʦ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʛʣʘʚʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʡʩʷ ʉʋ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ 

ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʯʠʪʳʚʘʶʱʝʡ 

ʵʬʬʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʩ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʦʡ ʉʋ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʞʜʦʛʦ ʜʚʠʞʠʪʝʣʷ ʅʇɸ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʨʘʙʦʪʳ ʢʘʢ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʅʇɸ, ʪʘʢ ʠ ʚʩʝʡ ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ. 

2. ʅʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ 

ʟʘʜʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʤ ʜʚʠʞʠʪʝʣʷʤ ʙʝʟ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʡ ʦʙ ʠʭ 

ʧʘʨʘʤʝʪʨʘʭ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʡʨʦʥʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʧʝʨʝʦʙʫʯʝʥʠʠ ʵʪʠʭ ʩʝʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. 

3. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʉʇʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠ ̫ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʠ ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʠʪʴ ʘʣʛʦʨʠʪʤ 



149 
 

ʘʜʘʧʪʠʚʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʝʞʠʤʘ 

ʩʢʦʣʴʞʝʥʠʷ. ɹʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ 

ʵʬʬʝʢʪʘ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʩʣʘʛʘʝʤʳʭ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʝʣʠʯʠʥʳ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ 

ʩʢʦʨʦʩʪʠ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ, ʦʧʠʩʳʚʘʶʱʝʤ 

ʜʚʠʞʝʥʠʝ ʉʇʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʉʇʉ ʥʘ ʦʩʥʦʚʝ 

ʢʚʘʥʪʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʳʷʚʣʝʥʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ, ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʫ 

ʘʣʛʦʨʠʪʤʘ ʥʘʩʪʨʦʡʢʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʉʇʉ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʨʘʙʦʪʳ ʚʩʝʡ ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ. 

4. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʉʇʉ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʅʇɸ ʚ ʨʝʞʠʤʝ 

ʦʪʨʘʙʦʪʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʪʫʧʝʥʯʘʪʳʭ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ 

ʘʥʘʣʠʟʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʳʙʦʨʘ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʰʘʛʘ ʢʚʘʥʪʦʚʘʥʠʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ 

ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʉʇʉ ʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ. 

5. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʠ 

ʦʨʠʝʥʪʘʮʠʝʡ ʅʇɸ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶɦʝʛʦ ʟʘʜʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʅʇɸ ʚ ʮʝʣʦʤ ʧʨʠ 

ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. 

6. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʉʋ, ʢʦʪʦʨʦʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʉʋ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʧʦ ʟʘʜʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʆʜʥʘʢʦ ʵʪʦ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʳʝ 

ʵʪʦʡ ʉʋ, ʥʝ ʧʨʠʚʦʜʷʪ ʢʦ ʚʭʦʜʫ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʚ ʥʘʩʳʱʝʥʠʷ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʦʨʤʦʡ ʪʝʢʫʱʝʛʦ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠ ʩʢʦʨʦʩʪʴʶ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʠʟʤʝʥʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʉʋ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʷʪʴ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʪʝʢʫʱʝʛʦ 

ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ.   
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3. ʄɽʊʆɼ ʉʀʅʊɽɿɸ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʅɽʆɹʀʊɸɽʄʓʄ 

ʇʆɼɺʆɼʅʓʄ ɸʇʇɸʈɸʊʆʄ ʉ ʆɼʅʀʄ ʇʆɺʆʈʆʊʅʓʄ ɼɺʀɾʀʊɽʃɽʄ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʠ (ʩʤ. ʨʠʩ. 1.3), ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʥʪʝʟʘ ʉʋ ʜʣʷ ʅʇɸ, ʠʤʝʶʱʠʭ ʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʪʦʯʥʦʛʦ 

ʩʢʦʨʦʩʪʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚʜʦʣʴ 

ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʅʇɸ ʚ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʚʝʢʪʦʨ ʪʷʛʠ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ. 

 

3.1 ʆʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʤʘʨʰʝʚʳʤ ʜʚʠʞʠʪʝʣʝʤ 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʅʇɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʘ 

ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʠʤʝʁʪ ʥʝʩʢʦʣʴʢʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʜʚʠʞʝʥʠʝ ʧʦ ʢʦʪʦʨʳʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦʪʠʧʥʳʭ ʜʚʠʞʠʪʝʣʝʡ (ʦʙʳʯʥʦ ʦʪ 4 ʜʦ 8) 

[1, 78]. ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʅʇɸ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠ ̫

ʵʪʠʭ ʅʇɸ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʇɸ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʠʤʝʶʱʠʭ ʪʦʣʴʢʦ ʦʜʠʥ ʤʘʨʰʝʚʳʡ 

ʜʚʠʛʘʪʝʣʴ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚʝʢʪʦʨʘ ʫʧʦʨʘ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʅʇɸ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʟʘʜʘʥʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʪʧʘʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʫʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʙʳʩʪʨʦʤ ʜʚʠʞʝʥʠʠ ʅʇɸ ʠʣʠ ʢ 

ʩʥʠʞʝʥʠʶ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʧʨʠ ʝʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʩ ʤʘʣʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʅʇɸ ʩ ʦʜʥʠʤ ʜʚʠʞʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʦʧʠʩʘʥ ʚ 

ʨʘʙʦʪʝ [125], ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ 

ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʘ ʪʷʛʠ ʫʢʘʟʘʥʥʦʛʦ ʜʚʠʞʠʪʝʣʷ. ɺʳʙʦʨ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʦʨʠʝʥʪʘʮʠʠ 

ʜʚʠʞʠʪʝʣʷ ʦʙʫʩʣʦʚʣʝʥ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʜʦʙʥʳʝ ʤʝʭʘʥʠʟʤʳ: 
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- ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʩʝʭ ʧʨʠʚʦʜʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ              

ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʚʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ (ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ)/(ʤʘʩʩʘ ʤʝʭʘʥʠʟʤʘ); 

- ʙʦʣʴʰʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʤʝʭʘʥʠʟʤʦʤ ʥʘ ʢʦʥʝʯʥʦʤ ʟʚʝʥʝ; 

 - ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʟʚʝʥʘ. 

ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠʤʝʶʪ ʠ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʠʥʪʝʟ ʠʭ ʉʋ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʪʘʢ ʢʘʢ ʢʠʥʝʤʘʪʠʢʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʦʞʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʠ ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʪʨʝʙʫʝʪ 

ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʤʝʭʘʥʠʟʤʳ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʙʦʯʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʠʤʠ ʨʘʟʤʝʨʘʤʠ. ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʫʢʘʟʘʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʭʘʥʠʟʤʘ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʝ ʠ ʪʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʙʝʩʧʝʯʠʪʴ ʞʝʣʘʝʤʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚʝʢʪʦʨʘ ʪʷʛʠ ʤʘʨʰʝʚʦʛʦ ʜʚʠʞʠʪʝʣʷ ʅʇɸ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʢʦʥʩʪʨʫʢʮʠʶ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʥʘ 

ʦʩʥʦʚʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʄʝʭʘʥʠʟʤ ʦʨʠʝʥʪʘʮʠʠ ʜʚʠʞʠʪʝʣʷ 

ʵʪʦʛʦ ʅʇɸ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʣʘʪʬʦʨʤ (ʧʦʜʚʠʞʥʦʡ ʠ ʥʝʧʦʜʚʠʞʥʦʡ), ʩʦʝʜʠʥʝʥʥʳʭ 

ʪʨʝʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ [162, 163]. ʂʘʞʜʘʷ ʮʝʧʴ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʟʚʝʥʴʝʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʪʘʢʞʝ ʩ ʧʦʜʚʠʞʥʦʡ ʠ ʥʝʧʦʜʚʠʞʥʦʡ 

ʧʣʘʪʬʦʨʤʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʨʘʱʘʪʝʣʴʥʳʭ ʰʘʨʥʠʨʦʚ (ʩʤ. ʨʠʩ. 3.1ʘ). ʇʨʠʯʝʤ ʦʩʠ ʚʩʝʭ 

ʵʪʠʭ ʰʘʨʥʠʨʦʚ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ - ʮʝʥʪʨʝ ʤʝʭʘʥʠʟʤʘ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʠʤʝʝʪ 

ʚʦʩʝʤʴ ʫʛʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ: a1i )3,1i( =  - ʫʛʣʳ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ui ʠ wi  i - ʛʦ 

ʙʣʠʞʘʡʰʝʛʦ ʟʚʝʥʘ ʮʝʧʠ; a2i )3,1i( = - ʫʛʣʳ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ wi ʠ vi (i + 3) - ʛʦ 

ʫʜʘʣʝʥʥʦʛʦ ʟʚʝʥʘ ʮʝʧʠ; b1 ï ʫʛʦʣ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʢʘʞʜʳʡ ʚʝʢʪʦʨ ui ʩ ʥʦʨʤʘʣʴʶ ʢ 

ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ; b2 - ʫʛʦʣ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʶʪ ʚʝʢʪʦʨʳ vi ʩ ʥʦʨʤʘʣʴʶ ʢ 

ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ. 

ɺ ʨʘʙʦʪʝ [125] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 3.1ʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʚʝʜʝʥ ʢ ʚʠʜʫ 3.1ʙ. ʕʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʜʝʚʷʪʴ ʚʨʘʱʘʪʝʣʴʥʳʭ 

ʩʦʯʣʝʥʝʥʠʡ ʩ ʫʛʣʘʤʠ ʧʦʚʦʨʦʪʘ qti )9,1i( = . ʇʝʨʚʳʝ ʪʨʠ ʠʟ ʥʠʭ ʠʤʝʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʦʩʴ 
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ʚʨʘʱʝʥʠʷ, ʩʦʚʧʘʜʘʶʫɦ  ʁʩ ʚʝʢʪʦʨʘʤʠ ui, ʠ ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥʳ ʩ ʚʳʭʦʜʥʳʤʠ ʚʘʣʘʤʠ 

ʪʨʝʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʢʦʪʦʨʳʤʠ ʦʥʠ ʠ ʧʨʠʚʦʜʷʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ. ɺʝʢʪʦʨʳ wi )3,1i( =  

ʩ ʫʯʝʪʦʤ ʫʛʣʦʚ a1i ʠ a2i ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɺʝʢʪʦʨʳ vi 

)3,1i( =  ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʚʨʘʱʘʶʱʠʭʩʷ ʩʦʯʣʝʥʝʥʠʡ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʥʘ 

ʢʦʪʦʨʦʡ ʚ ʧʦʜʰʠʧʥʠʢʝ ʢʨʝʧʠʪʩʷ ʦʩʴ ʧʦʚʦʨʦʪʥʦʛʦ ʜʚʠʞʠʪʝʣʷ ʅʇɸ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʝʢʪʦʨʳ ui ʚʩʝʛʜʘ ʧʘʨʘʣʣʝʣʴʥʳ ʠ 

b1 = 0, ʘ ʪʘʢʞʝ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ b2 = p / 2.  

 

 

 

a) ʙ) 

   ʈʠʩ. 3.1 ʉʬʝʨʠʯʝʩʢʠʡ ʧʘʨʘʣʣʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ: ʘ) ʠʩʭʦʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ; ʙ) ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ 

 

ʅʘ ʨʠʩ. 3.2 ʠʟʦʙʨʘʞʝʥʘ ʜʚʠʞʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʩʤ. ʨʠʩ. 3.1ʙ), ʘ ʥʘ ʨʠʩ. 3.3 ʚʥʝʰʥʠʡ ʚʠʜ 

ʅʇɸ, ʠʤʝʶʱʝʛʦ ʧʦʚʦʨʦʪʥʳʡ ʜʚʠʞʠʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʜʚʠʞʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

[125].  

ʅʘ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʪʨʝʭ ʩʪʝʨʞʥʝʡ, 

ʣʝʞʘʱʠʭ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚ ʧʦʜʰʠʧʥʠʢʝ ʫʩʪʘʥʦʚʣʝʥ ʚʠʥʪ ʠ ʥʘʩʘʜʢʘ ʩʦ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪ ʪʷʛʫ ʵʪʦʛʦ ʚʠʥʪʘ. ʇʨʠʚʦʜʥʦʡ ʚʘʣ ʚʠʥʪʘ 

ʩʦʝʜʠʥʝʥ ʩ ʵʪʠʤ ʚʠʥʪʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʜʚʫʭʩʪʝʧʝʥʥʦʛʦ ʰʘʨʥʠʨʘ.  
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ʈʠʩ. 3.2 ʆʙʦʙʱʝʥʥʘʷ ʤʦʜʝʣʴ ʩʬʝʨʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ 

ʜʚʠʞʠʪʝʣʷ ʠ ʧʨʦʪʠʚʦʚʨʘʱʝʥʠʷ ʥʘʩʘʜʢʠ 

 

ʈʠʩ. 3.3 ɺʥʝʰʥʠʡ ʚʠʜ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʫʢʘʟʘʥʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʠʥʪ ʠ ʥʘʩʘʜʢʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʩʚʦʶ ʦʨʠʝʥʪʘʮʠʶ ʚ ʢʦʥʠʯʝʩʢʦʤ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ a1 ͙ a2. ʇʨʠ ʵʪʦʤ ʦʩʴ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ 
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ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʢʠ. ʇʨʠʯʝʤ ʚʨʘʱʝʥʠʝ ʥʘʩʘʜʢʠ ʚʦʢʨʫʛ 

ʥʦʨʤʘʣʠ ʢ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ ʟʘ ʩʯʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ qti )3,1i( =

ʦʛʨʘʥʠʯʝʥʠʡ ʥʝ ʠʤʝʝʪ. ʇʦʩʢʦʣʴʢʫ ʫʢʘʟʘʥʥʳʡ ʩʬʝʨʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠ ʦʨʠʝʥʪʘʮʠʶ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ (ʦʩʠ ʜʚʠʞʠʪʝʣʷ), 

ʠ ʚʨʘʱʝʥʠʝ ʥʘʩʘʜʢʠ, ʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʧʨʦʢʠʜʳʚʘʶʱʠʡ 

ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʅʇɸ ʩʦ ʩʪʦʨʦʥʳ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʠʥʪʘ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʨʘʱʝʥʠʝ ʵʪʦʡ ʥʘʩʘʜʢʠ ʩ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʩʪʦʨʦʥʫ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ.   

ʈʝʘʣʠʟʘʮʠʷ ʚʳʩʦʢʦʪʦʯʥʦʡ ʉʋ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʩ ʦʜʥʠʤ 

ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1) ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʉʋ ʫʢʘʟʘʥʥʦʛʦ ʅʇɸ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ 

ʜʚʠʞʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ (ʜʚʠʞʝʥʠʝ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʚʠʞʝʥʠʝ 

ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ) ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʥʝʤʘʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ 

ʦʨʠʝʥʪʘʮʠʠ; 

2) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʠʚʦʜʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʜʚʠʞʠʪʝʣʷ ʅʇɸ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʞʝʣʘʝʤʫʶ ʦʨʠʝʥʪʘʮʠʶ ʫʢʘʟʘʥʥʦʛʦ ʜʚʠʞʠʪʝʣʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ 

ʢʦʤʧʝʥʩʘʮʠʶ ʦʧʨʦʢʠʜʳʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ; 

3) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ 

ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʘʣʠʟʘʮʠʶ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʅʇɸ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ 

ʦʨʠʝʥʪʘʮʠʶ ʝʛʦ ʚʝʢʪʦʨʘ ʪʷʛʠ. 

ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʟʘʜʘʯʠ ʙʫʜʫʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ. 

 

3.2 ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ 

ʜʚʠʞʠʪʝʣʝʤ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʅʇɸ, ʠʤʝʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʜʚʠʞʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʥʝʟʘʚʠʩʠʤʦ ʩʦʟʜʘʚʘʪʴ ʫʧʦʨʳ ʠ ʤʦʤʝʥʪʳ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ, 

ʧʦʚʦʨʦʪʥʳʡ ʜʚʠʞʠʪʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʅʇɸ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʝ ʫʧʦʨʳ 
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ʠ ʤʦʤʝʥʪʳ ʪʦʣʴʢʦ ʧʦ ʪʨʝʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ: ʫʧʦʨ ʜxt  ʧʦ ʦʩʠ x Cʉʂ, ʠ ʤʦʤʝʥʪʳ ʜyM  

ʠ ʜzM  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ y  ʠ  z, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Cʉʂ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʘʥʥʳʝ 

ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʧʦ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ.  

ʅʘ ʨʠʩ. 3.4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ 

ʫʧʨʘʚʣʷʶʱʠʭ ʫʧʦʨʦʚ ʠ ʤʦʤʝʥʪʦʚ.    

 

ʈʠʩ. 3.4 ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʅʇɸ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʪʷʛʠ tʜ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʠʥʪʦʤ 

ʧʦʚʦʨʦʪʥʦʛʦ ʜʚʠʞʠʪʝʣʷ ʅʇɸ, ʥʘ ʦʩʠ ʩʚʷʟʘʥʥʦʡ ʩ ʅʇɸ ʉʂ ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʳʨʘʞʝʥʠʡ [125]:  

 

),(ŭŰŰ),(ŭ)(ŭŰŰ),(ŭ)(ŭŰŰ dʜʜzrdʜʜyrdʜʜx sinsincoscoscos ===           (3.1) 

 

ʛʜʝ dr, dd ï ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʦʩʠ ʜʚʠʞʠʪʝʣʷ ʦʪ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʅʇɸ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʄʦʤʝʥʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʚʝʢʪʦʨʦʤ ʪʷʛʠ tʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʅʇɸ, 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ [125]: 

 

,)PG(ŰM),PG(ŰM ʜyʜzʜzʜy ³=³=                                (3.2) 
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ʛʜʝ  PG - ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʚʝʢʪʦʨʘ ʪʷʛʠ tʜ ʢ ʮʝʥʪʨʫ ʤʘʩʩ 

ʅʇɸ. 

ʀʟ ʚʳʨʘʞʝʥʠʡ (3.1) ʠ (3.2) ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʦʨʦʚ ʜyt  ʠ 
ʜzt  

ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʥʝʥʫʣʝʚʦʛʦ ʚʝʢʪʦʨʘ ʪʷʛʠ tʜ ʜʚʠʞʠʪʝʣʷ ʅʇɸ, ʧʨʠ ʵʪʦʤ ʤʦʤʝʥʪ r

ʜyM  ʠ 
ʜzM  ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʵʪʠʤ ʫʧʦʨʘʤ. ʇʦʵʪʦʤʫ ʫʢʘʟʘʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʫʢʘʟʘʥʥʳʤ ʅʇɸ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʋ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʦʪʤʝʯʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.5 [20, 

21, 81]. 

 

 

ʈʠʩ. 3.5 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ 

 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 3.5, ʠʤʝʝʪ ʪʨʠ ʢʘʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ: 

ʢʘʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʫʛʣʘʤ ʢʫʨʩʘ y ʠ ʜʠʬʬʝʨʝʥʪʘ q, ʘ ʪʘʢʞʝ ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʜʦʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ. ʅʘ ʚʭʦʜʳ ʵʪʠʭ ʢʘʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʶʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʢʫʨʩʘ y*, ʜʠʬʬʝʨʝʥʪʘ q* ʠ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʠ 

ʧʨʦʜʦʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ *ʭu, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʛʫʣʷʪʦʨ:  

 

),(),,(),,( *
3

*
2

*
1 yyqquut TdzTdyʭʭTdʭ RʄRMR === .                     (3.3) 
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ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʞʝʣʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ *ʭu ʤʦʞʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʅʇɸ ʠ ʮʝʣʝʚʦʡ ʪʦʯʢʠ.  

ʋʢʘʟʘʥʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʳʭ ʠ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [37, 78]. ʆʜʥʘʢʦ ʪʘʢ 

ʢʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʅʇɸ ʠʤʝʝʪ ʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ (ʩʤ. ʨʠʩ. 3.4) ʠ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʪʦ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʤʝʞʜʫ ʝʛʦ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʫʧʨʘʚʣʝʥʠʷ ʪʠʧʦʚʳʝ 

ʣʠʥʝʡʥʳʝ ʨʝʛʫʣʷʪʦʨʳ.        

ʊʘʢ ʢʘʢ ʧʦʚʦʨʦʪʥʳʡ ʜʚʠʞʠʪʝʣʴ ʅʇɸ (ʩʤ. ʨʠʩ. 3.3) ʬʦʨʤʠʨʫʝʪ ʩʠʣʫ ʪʷʛʠ ʠ 

ʤʦʤʝʥʪʳ ʩ ʧʦʤʦʱʴʶ ʧʦʚʦʨʦʪʘ ʦʩʠ ʚʠʥʪʘ ʜʚʠʞʠʪʝʣʷ ʥʘ ʫʛʣʳ rd ʠ dd, ʪʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʙʣʦʢʝ ʉʋ (ʩʤ. ʨʠʩ. 3.5) ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʯʝʪ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʘʤʠ ʚ ʧʨʦʛʨʘʤʤʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ   dt ,  

*

rd  ʠ 
*

dd. ʋʢʘʟʘʥʥʳʡ ʧʝʨʝʩʯʝʪ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʚʳʨʘʞʝʥʠʡ: 
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ʛʜʝ maxmaxmax ,, drd ddt  - ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʝʨʝʤʝʥʥʳʭ.  ʇʨʠ ʵʪʦʤ ʩʠʛʥʘʣʳ 
*

rd  ʠ 
*

dd  ʩʛʣʘʞʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʦʚ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ. 
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ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʩʠʣʦʚʳʝ ʠ ʤʦʤʝʥʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʝʭʘʥʠʟʤ 

ʦʨʠʝʥʪʘʮʠʠ ʠ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʝʛʦ ʩʣʫʞʙʳ.  

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʤʘʨʰʝʚʳʤ ʜʚʠʞʠʪʝʣʝʤ (ʙʣʦʢ ʉʋʄɼ ʥʘ ʨʠʩ. 3.5) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʯʝʪ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ u ʜʚʠʛʘʪʝʣʝʤ ʚʠʥʪʘ ʜʚʠʞʠʪʝʣʷ, ʥʘ ʦʩʥʦʚʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ dt. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʠʪʝʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.28), ʣʠʙʦ ʟʘʢʦʥʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ 

ʛʣʘʚʝ 2.  

ʈʘʩʯʝʪ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦʚʦʨʦʪʘ )3...1(,* =iitq  ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʜʚʠʞʠʪʝʣʷ ʅʇɸ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʘʥʝʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʟʥʘʯʝʥʠʡ 
*

rd  ʠ 
*

dd  ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ ʚʠʥʪʘ ʜʚʠʞʠʪʝʣʷ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʠ crw  ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʢʠ ʜʚʠʞʠʪʝʣʷ, ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʦʧʨʦʢʠʜʳʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ. 

ʋʢʘʟʘʥʥʘʷ ʩʢʦʨʦʩʪʴ crw  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ 

ʢʨʝʥʘ j  ʅʇɸ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ ʜʚʠʞʠʪʝʣʷ ʜw : 

 

),( jww ʜcrcr f=  .                                                 (3.5) 

 

ɼʘʣʝʝ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʳʭ ʟʥʘʯʝʥʠʡ 
*

rd , 
*

dd  ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʧʦʜʚʠʞʥʦʡ 

ʧʣʘʪʬʦʨʤʳ ʜʚʠʞʠʪʝʣʷ ʅʇɸ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ crw ʥʘʩʘʜʢʠ ʜʚʠʞʠʪʝʣʷ, ʚ ʙʣʦʢʝ 

ʚʳʯʠʩʣʝʥʠʷ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʧʨʠʚʦʜʦʚ (ʙʣʦʢ ɹɺʋʇʇ ʥʘ ʨʠʩ. 3.5) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ 

)3...1(,* =iitq . ʋʢʘʟʘʥʥʳʡ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

ʢʠʥʝʤʘʪʠʢʠ ʤʝʭʘʥʠʟʤʘ ʦʨʠʝʥʪʘʮʠʠ ʜʚʠʞʠʪʝʣʷ ʅʇɸ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ, ʯʪʦʙʳ 

ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʠʤʝʣ ʥʠʟʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʤʦʛ 

ʙr  ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʥʘ ʙʦʨʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ʅʇɸ.  

ʇʨʦʛʨʘʤʤʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʫʩʪʨʦʡʩʪʚʘ 

ʦʨʠʝʥʪʘʮʠʠ ʅʇɸ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ (ʕʇi) )3,1i( = . ʇʨʠ ʵʪʦʤ ʜʣʷ 
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ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʝʡ ʜʚʠʞʠʪʝʣʷ ʠ ʩʢʦʨʦʩʪʴʶ 

ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʘʤʠ, ʦʧʠʩʘʥʥʳʝ ʚ 

ʨʘʙʦʪʝ [77]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʉʋ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ 

ʜʚʠʞʠʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʠʜʘ (3.3)-(3.5), ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʩʠʣʳ ʪʷʛʠ ʠ ʤʦʤʝʥʪʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʧʨʦʢʠʜʳʚʘʶʱʠʡ 

ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʩʦ ʩʪʦʨʦʥʳ ʚʠʥʪʘ ʜʚʠʞʠʪʝʣʷ ʥʘ ʵʪʦʪ ʅʇɸ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʡ ʉʋ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ 

ʜʚʠʞʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ʦʪʜʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʉʋ ʠ ʫʯʠʪʳʚʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʵʪʦʛʦ ʅʇɸ. 

 

3.3 ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ 

ʦʨʠʝʥʪʘʮʠʠ ʜʚʠʞʠʪʝʣʷ ʅʇɸ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʛʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯ ʢʠʥʝʤʘʪʠʢʠ ʜʣʷ ʤʥʦʛʦʟʚʝʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʩ 

ʨʘʟʦʤʢʥʫʪʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʦʡ [18, 157]. ʆʜʥʘʢʦ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʯʘʩʪʦ 

ʧʦʣʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʩʭʝʤʳ, ʘ ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ [125, 162, 163] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʆʜʥʘʢʦ 

ʫʢʘʟʘʥʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ 

ʧʨʠʚʦʜʦʚ ʦʨʠʝʥʪʘʮʠʠ qti )3,1( =i  ʚ ʜʠʘʧʘʟʦʥʘʭ 2/2/ pqp t¢¢- i , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʫʢʘʟʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʫʛʣʦʚ, ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʢʠ ʜʚʠʞʠʪʝʣʷ, ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʣʶʙʳʭ ʧʨʝʜʝʣʘʭ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʪʴ ʩʣʦʞʥʳʝ ʣʦʛʠʯʝʩʢʠʝ 
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ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʦʨʠʝʥʪʘʮʠʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʚʨʘʱʝʥʠʷ ʧʨʘʚʠʣʴʥʦ ʙʳ ʬʦʨʤʠʨʦʚʘʣʠ ʟʥʘʯʝʥʠʷ ʞʝʣʘʝʤʳʭ ʫʛʣʦʚ qti 

)3,1( =i . ʂʨʦʤʝ ʪʦʛʦ, ʨʝʰʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [125, 162, 163], ʩʦʜʝʨʞʘʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʚʳʯʠʩʣʝʥʠʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚ 

ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ 

ʦʨʠʝʥʪʘʮʠʠ ʜʚʠʞʠʪʝʣʷ ʅʇɸ, ʢʦʪʦʨʳʡ ʩʚʦʙʦʜʝʥ ʦʪ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʠʤʝʥʠʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʅʘ ʨʠʩ. 3.6 ʧʦʢʘʟʘʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ, ʢʦʪʦʨʫʶ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ. 

 

 

ʈʠʩ. 3.6 ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ 

 

ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠ ̫ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ qti )3,1( =i

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʷ ʥʠʞʥʠʭ 
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ʨʳʯʘʛʦʚ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʩʤ. ʨʠʩ. 3.1ʙ), ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʦʚ 

wi )3,1( =i . ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʬʝʨʘ, ʚ ʢʦʪʦʨʫʶ ʚʧʠʩʘʥ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʤʝʭʘʥʠʟʤ, ʠʤʝʝʪ ʝʜʠʥʠʯʥʳʡ ʨʘʜʠʫʩ, ʘ ʮʝʥʪʨ ʤʝʭʘʥʠʟʤʘ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ 

ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ xyz. 

ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʫʛʣʳ ʦʨʠʝʥʪʘʮʠʠ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ 

ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʁʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ 0=== crdr ddd , ʛʜʝ crd  - ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʥʘʩʘʜʢʠ 

ʜʚʠʞʠʪʝʣʷ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ crw  ʥʘʩʘʜʢʠ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʥʘʟʦʚʝʤ ʠʩʭʦʜʥʳʤ ʧʦʣʦʞʝʥʠʝʤ (ʦʥʦ 

ʦʙʦʟʥʘʯʝʥʦ ʚʝʨʭʥʝʡ ʧʫʥʢʪʠʨʥʦʡ ʦʢʨʫʞʥʦʩʪʴʶ ʥʘ ʨʠʩ. 3.6), ʘ ʚʝʢʪʦʨʘ vi )3,1( =i , 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʦʙʦʟʥʘʯʠʤ vi0 )3,1( =i . ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʫʢʘʟʘʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʦʚ vi0: 

 

v10 = (1, 0, 0), v20 = (cos(2p/3), sin(2p/3), 0), v30 = (cos(4p/3), sin(4p/3), 0). 

 

 ʇʨʠ ʧʦʚʦʨʦʪʝ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʥʘ ʫʛʣʳ  crdr ddd ,,  ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ 

vi ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ [157]: 

 

.3,1,

100

0cossin

0sincos

cossin0

sincos0

001

cos0sin

010

sin0cos

0 =
ö
ö
ö

÷

õ

æ
æ
æ

ç

å -

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-

= iicrcr

crcr

rr

rr

dd

dd

i vv dd

dd

dd

dd

dd

dd

 (3.6) 

 

ʊʘʢ ʢʘʢ ʤʝʭʘʥʠʟʤ ʦʨʠʝʥʪʘʮʠʠ ʚʧʠʩʘʥ ʚ ʩʬʝʨʫ, ʪʦ ʚʩʝ ʚʝʢʪʦʨʘ wi )3,1( =i  ʠʤʝʁʪ 

ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ ʠ ʦʙʨʘʟʫʶʪ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʦʨʠʝʥʪʘʮʠʠ 

(ʚʝʢʪʦʨʘ ui )3,1( =i ) ʫʛʦʣ a1 (ʩʤ. ʨʠʩ. 3.1ʙ). ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʥʮʳ ʵʪʠʭ ʚʝʢʪʦʨʦʚ 

ʙʫʜʫʪ ʣʝʞʘʪʴ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ 11 sina=R  ʠ ʮʝʥʪʨʦʤ )cos,0,0( 1a-¡O , ʢʦʪʦʨʘʷ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʣʦʩʢʦʩʪʠ yOx ¡¡¡  ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ xOy (ʩʤ. ʨʠʩ. 3.6). ʂʦʥʮʳ 

ʚʝʢʪʦʨʦʚ vi ʠ wi )3,1( =i ʙʫʜʫʪ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʨʝʟʢʦʤ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 
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)2/sin(2 22 a=R  (ʩʤ ʪʨʝʫʛʦʣʴʥʠʢ ʆCiɺi ʥʘ ʨʠʩ. 3.6). ɼʣʠʥʘ ʧʨʦʝʢʮʠʠ ʵʪʦʛʦ ʦʪʨʝʟʢʘ 

A iBi ʥʘ ʧʣʦʩʢʦʩʪʴ yOx ¡¡¡  ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

2

1

2

23 )(cos izi vRR +-= a , )3,1( =i                                       (3.7) 

 

ʛʜʝ viz ï ʢʦʦʨʜʠʥʘʪʘ z ʚʝʢʪʦʨʘ vi, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʬʦʨʤʫʣʝ (3.6). 

ʊʦʯʢʘ A i ʦʪʨʝʟʢʘ A iBi ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ (vix, viy, -cosa1), ʘ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ Bi 

ʩʦʚʧʘʜʘʶʪ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ wi. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʳ 

ʚʝʢʪʦʨʘ wi, ʘ ʟʥʘʯʠʪ ʠ ʧʦʣʦʞʝʥʠʝ ʥʠʞʥʠʭ ʨʳʯʘʛʦʚ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ R1 ʩ 

ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ O¡ (ʥʘ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʢʦʥʝʮ ʫʢʘʟʘʥʥʦʛʦ ʚʝʢʪʦʨʘ) ʩ ʦʢʨʫʞʥʦʩʪʴʶ 

ʨʘʜʠʫʩʦʤ R3i ʠ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ A i. ʋʢʘʟʘʥʥʳʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʤʦʞʥʦ ʥʘʡʪʠ, ʨʝʰʠʚ 

ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʳʭ wix, wiy [92, 147]: 
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ʛʜʝ wix, wiy ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ wi, ʧʨʠ ʵʪʦʤ 

1321 cosa-=== zzz www .  

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (3.8) ʜʣʷ ʧʨʦʛʨʘʤʤʥʳʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ 
*

rd , 
*

dd  ʠ 
*

crd  ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʟʥʘʯʝʥʠʷ )3,1(,* =iiw  ʧʦʣʦʞʝʥʠʷ ʥʠʞʥʠʭ ʨʳʯʘʛʦʚ ʫʩʪʨʦʡʩʪʚʘ 

ʦʨʠʝʥʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (3.8) ʧʦʣʫʯʘʝʪʩʷ ʜʚʘ ʚʦʟʤʦʞʥʳʭ 

ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʫʤ ʚʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʘʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʠʞʥʠʭ 

ʨʳʯʘʛʦʚ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʘʨʥʠʨʦʚ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ. ʊʘʢ 

ʢʘʢ ʧʨʦʛʨʘʤʤʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʥʝ ʤʦʛʫʪ 

ʤʝʥʷʪʴʩʷ ʨʝʟʢʦ, ʪʦ ʚʳʙʠʨʘʪʴ ʥʫʞʥʦ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʙʣʠʞʝ ʢ ʪʝʢʫʱʝʤʫ 

ʧʦʣʦʞʝʥʠʶ ʨʳʯʘʛʦʚ ʫʢʘʟʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
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  ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ )3,1(,* =iiw , ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʞʝʣʘʝʤʦʝ 

ʧʦʣʦʞʝʥʠʝ ʥʠʞʥʠʭ ʨʳʯʘʛʦʚ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ 

ʧʨʦʛʨʘʤʤʥʳʝ ʟʥʘʯʝʥʠʷ  ʫʛʣʦʚ )3,1(* =iitq  ʧʦʚʦʨʦʪʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʵʪʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ.   

ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʦʚ )3,1( =iiw , ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʥʠʞʥʠʭ ʨʳʯʘʛʦʚ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ. ʊʘʢ ʢʘʢ 

ʢʦʤʧʦʥʝʥʪ r
izw  ʚʝʢʪʦʨʦʚ )3,1( =iiw  ʦʜʠʥʘʢʦʚ rʜʣʷ ʚʩʝʭ ʵʪʠʭ ʚʝʢʪʦʨʦʚ ʠ ʥʝ ʟʘʚʠʩʷʪ 

ʦʪ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ )3,1( =iitq  ʧʦʚʦʨʦʪʘ ʧʨʠʚʦʜʦʚ, ʪʦ ʜʘʣʝʝ ʦʥʠ ʥʝ ʙʫʜʫʪ 

ʫʯʠʪʳʚʘʪʴʩʷ, ʠ ʧʦʜ ʩʠʤʚʦʣʦʤ iw  ʙʫʜʝʪ ʧʦʥʠʤʘʪʴʩʷ ʧʨʦʝʢʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʚʝʢʪʦʨʘ ʥʘ ʧʣʦʩʢʦʩʪʴ yOx ¡¡¡ .  

ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʦʚ )3,1( =iiw  

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ:   

 

iiyiix RwRw tt qq sin,cos 11 == , )3,1( =i .                              (3.9) 

 

ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ Dqti )3,1( =i  ʤʝʞʜʫ ʞʝʣʘʝʤʳʤ 

)3,1(* =iiw  ʠ ʪʝʢʫʱʠʤ )3,1( =iiw  ʧʦʣʦʞʝʥʠʝʤ ʥʠʞʥʠʭ ʨʳʯʘʛʦʚ ʫʩʪʨʦʡʩʪʚʘ. ʄʦʜʫʣʠ 

ʵʪʠʭ ʫʛʣʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: 

 

( )|||/(|)(arccos|| ***
iiiyiyixixi wwwwȹ ww+=tq , )3,1( =i .                (3.10) 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʷ (3.9), 1|| Ri =w  )3,1( =i . ʇʨʠ ʵʪʦʤ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ 

)3,1(* =iiw  ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ:  

 

2*2** || iyixi ww +=w , )3,1( =i .                                 (3.11) 
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ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʦʚ )3,1(* =iiw  ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ 

ʩ ʥʝʢʦʪʦʨʳʤʠ ʤʘʣʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʢʨʫʛʣʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʤʦʜʫʣʠ ʵʪʠʭ ʚʝʢʪʦʨʦʚ ʪʘʢʞʝ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ R1, ʥʘ ʥʝʢʦʪʦʨʫʶ ʤʘʣʫʶ 

ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʫʶ ʥʝʣʴʟʷ ʟʥʘʪʴ ʟʘʨʘʥʝʝ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʟʥʘʯʝʥʠʝ 

ʘʨʛʫʤʝʥʪʘ ʬʫʥʢʮʠʠ arcos ʚ ʚʳʨʘʞʝʥʠʠ (3.10) ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ 1, ʯʪʦ ʥʝ ʧʦʟʚʦʣʠʪ 

ʚʳʧʦʣʥʠʪʴ ʫʢʘʟʘʥʥʳʡ ʨʘʩʯʝʪ.  

ɺʳʨʘʞʝʥʠʝ (3.10) ʠʟ-ʟʘ ʯʝʪʥʦʩʪʠ ʬʫʥʢʮʠʠ arccos ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ 

ʤʦʜʫʣʴ ʫʛʣʘ Dqti )3,1( =i , ʥʦ ʥʝ ʝʛʦ ʟʥʘʢ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʢ ʵʪʦʛʦ ʫʛʣʘ ʠʩʧʦʣʴʟʫʝʤ  

ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ. ʇʦʚʝʨʥʝʤ ʉʂ yOx ¡¡¡  ʥʘ ʫʛʦʣ qti )3,1( =i  ʪʘʢ, ʯʪʦʙʳ ʚ ʥʦʚʦʡ 

ʧʦʚʝʨʥʫʪʦʡ ʉʂ rr yOx ¡¡¡  ʚʝʢʪʦʨ wi )3,1( =i  ʨʘʩʧʦʣʘʛʘʣʩʷ ʚʜʦʣʴ ʦʩʠ rxO ¡¡ (ʩʤ. ʨʠʩ. 3.7).  

 

 

ʈʠʩ. 3.7 ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʢʘ Dqti 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʉʂ rr yOx ¡¡¡  ʟʥʘʢ ʫʛʣʘ Dqti )3,1( =i  ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʧʦʣʦʞʝʥʠʝʤ ʚʝʢʪʦʨʘ 
*

iw  )3,1( =i  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ rxO ¡¡. ɽʩʣʠ ʚʝʢʪʦʨ 
*

iw  )3,1( =i  

ʙʫʜʝʪ ʨʘʩʧʦʣʦʞʝʥ ʚ ʚʝʨʭʥʝʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ ʉʂ rr yOx ¡¡¡ , ʪʦ Dqti  > 0 )3,1( =i , ʘ ʝʩʣʠ ʚ 

ʥʠʞʥʝʡ, ʪʦ Dqti  < 0 )3,1( =i . ʇʦʣʦʞʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

rr yOx ¡¡¡  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ  rxO ¡¡  ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

 

*** cossin iyiixiiyr www tt qq += , )3,1( =i                                 (3.12) 
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ʛʜʝ *

iyrw  - ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ 
*

iw  ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 
rr yOx ¡¡¡ .  

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʢʘ ʫʛʣʦʚ Dqi )3,1( =i  ʚʝʣʠʯʠʥʳ ʞʝʣʘʝʤʳʭ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ 

)3,1(* =iitq  ʧʨʠʚʦʜʦʚ ʦʨʠʝʥʪʘʮʠʠ ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ: 

 

)sign(|| **
iyriii wttt qqq D+= , )3,1( =i .                                (3.13) 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʵʪʫ ʦʧʝʨʘʮʠʶ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.8. 

 

 

ʈʠʩ. 3.8 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ ʚʳʯʠʩʣʝʥʠʷ ʞʝʣʘʝʤʳʭ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʧʨʠʚʦʜʦʚ ʦʨʠʝʥʪʘʮʠʠ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ 

  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʘʢʝʪʝ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʜʚʠʞʠʪʝʣʷ ʅʇɸ (ʩʤ. ʨʠʩ. 3.9), 

ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʫʜʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ 

ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʩ 

ʪʦʯʥʦʩʪʴʶ 0.125 ̄[92, 147], ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʝʤ ʅʇɸ.  

 

ʈʘʩʯʝʪ 

ʞʝʣʘʝʤʳʭ 

ʧʦʣʦʞʝ-

ʥʠʡ 

ʨʳʯʘʛʦʚ 

ʈʘʩʯʝʪ ʞʝʣʘʝʤʳʭ 

ʧʨʠʨʘʱʝʥʠʡ 

ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ 

ʨʳʯʘʛʦʚ 

ʈʘʩʯʝʪ ʪʝʢʫʱʠʭ 

ʧʦʣʦʞʝʥʠʡ 

ʨʳʯʘʛʦʚ 
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ʈʠʩ. 3.9 ɺʥʝʰʥʠʡ ʚʠʜ ʤʘʢʝʪʘ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʜʚʠʞʠʪʝʣʷ ʅʇɸ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʦʨʠʝʥʪʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (3.7)-(3.13) ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠʩʴ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʞʝʣʘʝʤʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚʝʢʪʦʨʘ ʪʷʛʠ ʜʚʠʞʠʪʝʣʷ ʅʇɸ ʠ ʚʨʘʱʝʥʠʝ 

ʥʘʩʘʜʢʠ ʜʚʠʞʠʪʝʣʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʦʧʨʦʢʠʜʳʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ.  

 

3.3 ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʚʪʦʨʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʉʋ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠ ̫ʝʛʦ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʝʛʦ ʤʘʥʝʚʨʝʥʥʦʩʪʴ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʅʇɸ [20, 82, 86]: 

1) ʨʝʞʠʤ ʧʦʜʭʦʜʘ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ; 

2) ʨʝʞʠʤ ʧʦʜʭʦʜʘ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ; 

3) ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ.  
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3.3.1 ʈʝʞʠʤ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʠʤ ʨʝʞʠʤ ʚʳʭʦʜʘ ʅʇɸ ʩ ʦʜʥʠʤ ʜʚʠʞʠʪʝʣʝʤ ʚ 

ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ),,( **** zyxX =  ʙʝʟ ʫʯʝʪʘ ʦʨʠʝʥʪʘʮʠʠ, ʢʦʪʦʨʘ̫  ʙʫʜʝʪ ʫ 

ʅʇɸ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʡ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ.  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʦʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ 

ʜʚʠʞʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʦʤʝʥʪʘ, ʠʟʤʝʥʷʶʱʝʛʦ ʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ, ʙʝʟ ʧʦʷʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʪʷʛʠ ʜʚʠʞʠʪʝʣʷ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʦʥ ʙʫʜʝʪ ʩʦʚʝʨʰʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʘʢʦʡ ʅʇɸ ʥʝ ʤʦʞʝʪ 

ʨʘʟʚʝʨʥʫʪʴʩʷ ʥʘ ʤʝʩʪʝ, ʠ ʜʣʷ ʧʨʠʜʘʥʠʷ ʝʤʫ ʥʫʞʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʥ 

ʚʩʝʛʜʘ ʜʦʣʞʝʥ ʜʚʠʛʘʪʴʩʷ ʠ ʧʨʦʭʦʜʠʪʴ ʧʦ ʥʝʢʦʪʦʨʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʩʢʦʣʴʢʫ ʅʇɸ ʦʙʣʘʜʘʝʪ ʥʝʥʫʣʝʚʦʡ ʦʩʪʦʡʯʠʚʦʩʪʴʶ, ʪ.ʝ. ʠʤʝʝʪ ʥʝʥʫʣʝʚʫʶ 

ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʫʶ ʚʳʩʦʪʫ, ʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʝʣʠʯʠʥʘ ʫʛʣʘ 

ʜʠʬʬʝʨʝʥʪʘ ʅʇɸ ʟʘʚʠʩʠʪ ʦʪ ʪʝʢʫʱʝʡ ʚʝʣʠʯʠʥʳ ʤʦʤʝʥʪʘ ʜyM  ʜʚʠʞʠʪʝʣʷ ʵʪʦʛʦ ʅʇɸ, 

ʯʪʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʥʝ ʧʦʟʚʦʣʠʪʴ ʝʤʫ ʚʳʡʪʠ ʢ ʟʘʜʘʥʥʦʡ ʮʝʣʝʚʦʡ ʪʦʯʢʝ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʫʢʘʟʘʥʥʦʡ ʪʦʯʢʝ ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʪʷʛʠ ʜt 

ʜʚʠʞʠʪʝʣʷ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʤʦʤʝʥʪ ʜyM  (ʩʤ. 

ʚʳʨʘʞʝʥʠʝ (3.1)-(3.2)), ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʛʣʘ ʜʠʬʬʝʨʝʥʪʘ ʅʇɸ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʘʢʦʡ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ *** ,, ʭuqy , ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ ʙʳ ʧʦʜʭʦʜ ʅʇɸ ʩ ʦʜʥʠʤ 

ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʢ ʟʘʜʘʥʥʦʡ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʠʟ ʣʶʙʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ.  

ʇʨʠ ʨʝʰʝʥʠʠ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ 

ʧʦʚʳʰʝʥʠʶ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʅʇɸ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʅʇɸ ʥʝ ʩʤʦʞʝʪ ʜʦʩʪʠʯʴ 

ʮʝʣʝʚʦʡ ʪʦʯʢʠ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ 

ʞʝʣʘʝʤʳʡ ʫʛʦʣ ʜʠʬʬʝʨʝʥʪʘ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʳ ʨʘʥʴʰʝ, ʯʝʤ ʅʇɸ ʜʦʩʪʠʛʥʝʪ ʫʢʘʟʘʥʥʦʡ ʪʦʯʢʠ ʠ ʩʠʣʘ 

ʪʷʛʠ, ʨʘʟʚʠʚʘʝʤʘ ̫ʜʚʠʞʠʪʝʣʝʤ ʙʫʜʝʪ ʩʣʠʰʢʦʤ ʤʘʣʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʜʠʬʬʝʨʝʥʪʘ.  
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ʇʫʩʪʴ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʜʦʣʞʝʥ ʩʦʚʝʨʰʠʪʴ ʤʘʥʝʚʨ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ Oyx~  ʜʣʷ ʚʳʭʦʜʘ ʚ ʮʝʣʝʚʫʶ ʪʦʯʢʫ ɺ (ʩʤ. ʨʠʩ. 3.10). ʆʩʴ ʫ ɻ ʪʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ z ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʘ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʦʩʠ 

x~  ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

22|~| yxx += ,                                            (3.14) 

 

ʛʜʝ x, y ï ʢʦʦʨʜʠʥʘʪʳ ʅʇɸ ʚ ʘʙʩʦʣʶʪʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʦʨʜʠʥʘʪʳ ʅʇɸ ʠ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ Ozx~  ʙʫʜʫʪ 

ʠʤʝʪʴ ʟʥʘʯʝʥʠʷ ),~( aa zxA , ),~( bb zxB  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʈʠʩ. 3.10 ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʨʝʞʠʤʝ ʝʛʦ ʜʚʠʞʝʥʠʷ ʢ 

ʟʘʜʘʥʥʦʡ ʮʝʣʝʚʦʡ ʪʦʯʢʝ 

 

ʆʙʦʟʥʘʯʠʤ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʪʦʯʢʫ ʉ, ʠʤʝʶʱʫʶ 

ʢʦʦʨʜʠʥʘʪʳ ),~( bc zx , ʧʨʠʯʝʤ [87, 89, 144]: 

 

)~~(~~
abyac xxkxx -+= ,                                               (3.15) 
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ʛʜʝ 10 << yk  ʥʝʢʦʪʦʨʳʡ ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʮʝʣʝʚʦʡ ʪʦʯʢʦʡ ʥʝ ʪʦʯʢʫ ɺ, ʘ ʪʦʯʢʫ ʉ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʞʝʣʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʜʠʬʬʝʨʝʥʪʘ, ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (3.15) 

ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ [87, 144]: 

 

|))~~|/()((* aʩyab xxkzzarctg --=q .                                   (3.16) 

 

ʛʜʝ *q  - ʞʝʣʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʜʠʬʬʝʨʝʥʪʘ ʅʇɸ. ɺ ʟʥʘʤʝʥʘʪʝʣʝ ʚʳʨʘʞʝʥʠʷ (3.16) 

ʩʪʦʠʪ ʤʦʜʫʣʴ, ʪʘʢ ʢʘʢ ʟʥʘʢ ʫʛʣʘ *q  ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʦʣʴʢʦ ʧʦʣʦʞʝʥʠʝʤ ʮʝʣʝʚʦʡ 

ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʅʇɸ ʧʦ ʚʝʨʪʠʢʘʣʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ (3.16), ʧʨʦʛʨʘʤʤʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ *q  ʜʠʬʬʝʨʝʥʪʘ ʅʇɸ 

ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʚʠʞʝʥʠʝ ʵʪʦʛʦ ʅʇɸ ʙʫʜʝʪ ʟʘʜʘʚʘʪʴʩʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ɺ. ʊʦ ʝʩʪʴ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʙʫʜʝʪ 

ʙʳʩʪʨʝʝ ʚʳʭʦʜʠʪʴ ʥʘ ʟʘʜʘʥʥʫʶ ʛʣʫʙʠʥʫ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʚ ʮʝʣʝʚʦʡ ʪʦʯʢʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʜʠʬʬʝʨʝʥʪʘ ʩʪʨʝʤʠʪʴʩʷ ʢ 0. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʦʜʭʦʜ ʢ ʵʪʦʡ ʪʦʯʢʝ ʅʇɸ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʫʛʦʣ ʜʠʬʬʝʨʝʥʪʘ ʧʨʠ ʥʝʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ ʩʥʠʤʘʝʪʩʷ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʛʣʦʤ ʜʠʬʬʝʨʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʢ ʟʥʘʯʝʥʠʶ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʠ, 

ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʠʩʭʦʜʷ ʠʟ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ ʅʇɸ ʠ ʮʝʣʝʚʦʡ ʪʦʯʢʠ, ʧʨʠʙʘʚʣʷʝʪʩʷ 

ʜʦʙʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʞʝʣʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʜʠʬʬʝʨʝʥʪʘ. ʕʪʦ 

ʜʦʙʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [89, 144]:  

 

|*)sin(|),( ** qu uqu kXXfxx += ,                                (3.17) 

 

ʛʜʝ ),( * XXf xu  - ʟʘʢʦʥ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ ʅʇɸ ʠ ʮʝʣʝʚʦʡ ʪʦʯʢʠ; 0>uqk  - ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ. ʀʟ ʚʳʨʘʞʝʥʠʷ (3.17) ʚʠʜʥʦ, ʯʪʦ ʞʝʣʘʝʤʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʞʝʣʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ 
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ʜʠʬʬʝʨʝʥʪʘ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ, ʪʦ ʝʩʪʴ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ 

ʜʚʠʞʝʥʠʷ. ʇʨʠ ʧʦʜʭʦʜʝ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ɺ ʜʦʙʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʟʘʚʠʩʷʱʝʝ 

ʦʪ ʫʛʣʘ ʜʠʬʬʝʨʝʥʪʘ, ʙʣʠʟʢʦ ʢ ʥʫʣʶ ʠ ʥʝ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʜʚʠʞʝʥʠʝ ʅʇɸ.     

ʌʦʨʤʠʨʦʚʘʥʠʝ ʞʝʣʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʘ ʜʠʬʬʝʨʝʥʪʘ ʩ ʧʦʤʦʱʴʶ 

ʚʳʨʘʞʝʥʠʡ (3.16), (3.17) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʧʨʠ ʵʪʦʤ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʠʪʴ ʧʦʜʭʦʜ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦ ʥʘʜ (ʧʦʜ) ʵʪʠʤ ʅʇɸ. ʋʢʘʟʘʥʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʅʇɸ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʣʫʙʣʝʥʠʝ ʜʦ ʨʘʙʦʯʝʡ ʛʣʫʙʠʥʳ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʅʇɸ ʧʦ ʩʧʠʨʘʣʠ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʩʧʠʨʘʣʠ ʫʛʦʣ ʢʫʨʩʘ y ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ ʤʦʞʝʪ ʩʦʚʝʨʰʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʧʦʣʥʳʭ ʧʦʚʦʨʦʪʦʚ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʝʣʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʢʫʨʩʘ *y  ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʧʝʮʠʘʣʴʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʨʝʘʣʠʟʘʮʠʶ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʦʙʦʡʪʠʩʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʫʩʣʦʚʠʡ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʘʣʛʦʨʠʪʤ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʜʭʦʜʝ, ʦʧʠʩʘʥʥʦʤ ʚ ʨʘʟʜʝʣʝ 3.3 (ʩʤ. ʚʳʨʘʞʝʥʠʷ (3.10)-(3.12)), 

ʢʦʪʦʨʳʡ ʜʣʷ ʩʣʫʯʘʷ ʅʇɸ ʙʫʜʝʪ ʠʤʝʪɹ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [89, 144]:  
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʢʘʥʘʣʫ ʢʫʨʩʘ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʣʠʯʠʥʫ 
*yD , ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝʤ ʤʝʞʜʫ ʞʝʣʘʝʤʳʤ ʠ 

ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ ʫʛʣʘ ʢʫʨʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʝʥʥʦ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʠʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʢʘʟʘʥʠʡ 

ʜʘʪʯʠʢʘ ʢʫʨʩʘ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, ʪʘʢ ʢʘʢ ʚ ʬʦʨʤʫʣʝ 
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(3.18) ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ, ʘ ʠʭ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ.  

ɺʳʨʘʞʝʥʠʷ (3.16)-(3.18) ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʛʥʘʣʳ 

ʜʚʠʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʳʝ ʥʘ ʚʭʦʜ ʉʋ ʅʇɸ (ʩʤ. ʨʠʩ. 3.5), ʜʣʷ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʢ 

ʮʝʣʝʚʦʡ ʪʦʯʢʝ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʮʝʣʝʚʘʷ ʪʦʯʢʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚ 

ʪʘʢʦʤ ʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʅʇɸ, ʯʪʦ ʧʦʜʭʦʜ ʢ ʥʝʡ, ʚ ʩʠʣʫ ʝʛʦ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʠ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʝʥ, ʠ ʅʇɸ ʥʘʯʠʥʘʝʪ ʩʦʚʝʨʰʘʪʴ 

ʢʨʫʛʦʚʳʝ ʜʚʠʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʦʢʨʫʛ ɻ ʪʦʡ ʮʝʣʝʚʦʡ ʪʦʯʢʠ. ʇʦʵʪʦʤʫ 

ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʩʠʪʫʘʮʠʡ [87]. 

ɼʘʣʝʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʅʇɸ ʚ ʧʦʣʫʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

zyx ¡¡¡ . ʇʨʝʜʧʦʣʦʞʠʤ  ʅʇɸ ʩʦʚʝʨʰʘʝʪ ʧʦʚʦʨʦʪ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ɺ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʩʤ. ʨʠʩ. 3.11). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʜʠʫʩ ʨʘʟʚʦʨʦʪʘ Rc ʙʫʜʝʪ 

ʤʠʥʠʤʘʣʴʥʳʤ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʚʠʞʠʪʝʣʴ ʙʫʜʝʪ ʦʪʢʣʦʥʝʥ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ 

ʫʛʦʣ maxdd  ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ.  

 

 

ʈʠʩ. 3.11 ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʫʛʦʚʳʭ ʜʚʠʞʝʥʠʡ ʅʇɸ 
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ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʜxt  ʅʇɸ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ xu, ʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʤʦʤʝʥʪʘ maxʜzM  ʦʥ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ maxzw . ʅʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʯʪʦ ʨʘʜʠʫʩ ʧʦʚʦʨʦʪʘ ʅʇɸ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

max/ zxʩR wu= .                                             (3.19) 

 

ʅʘʡʜʝʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ, ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʧʦʚʦʨʦʪ ʅʇɸ. ʎʝʥʪʨ ʵʪʦʡ ʦʢʨʫʞʥʦʩʪʠ (ʪʦʯʢʘ ),( cc yxC ¡¡  ʥʘ ʨʠʩ. 3.10) ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʨʘʚʥʦʤ Rc. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

)()cos(),()sin( dʩcdʩc signRysignRx dqdq =¡-=¡ .                      (3.20) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʅʇɸ ʧʦʜʦʡʪʠ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʅʇɸ (ʪʦʯʢʘ ɸ ʥʘ ʨʠʩ. 3.10), ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ ʧʦʚʦʨʦʪʘ 

(ʪʦʯʢʘ ʉ ʥʘ ʨʠʩ.3.10) ʠ ʮʝʣʝʚʦʡ ʪʦʯʢʠ (ʪʦʯʢʘ ɺ ʥʘ ʨʠʩ. 3.10). ɽʩʣʠ ʮʝʣʝʚʘʷ ʪʦʯʢʘ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʥʘʨʫʞʠ ɻ ʪʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʪʦ ʅʇɸ ʩʤʦʞʝʪ ʢ ʥʝʡ ʧʦʜʦʡʪʠ, ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʦʥ ʙʫʜʝʪ ʩʦʚʝʨʰʘʪʴ ʜʚʠʞʝʥʠʷ ʚʦʢʨʫʛ ʮʝʣʝʚʦʡ ʪʦʯʢʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʢʘʟʘʥʥʳʭ ʩʠʪʫʘʮʠʡ ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʝʨʝʤʝʥʥʫʶ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʢʘʟʳʚʘʝʪ ʛʜʝ 

ʥʘʭʦʜʠʪʩʷ ʮʝʣʝʚʘʷ ʪʦʯʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʨʫʞʥʦʩʪʠ ʧʦʚʦʨʦʪʘ. ʋʢʘʟʘʥʥʫʶ 

ʧʝʨʝʤʝʥʥʫʶ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

222 )()( ʩcbcbm Ryyxx -¡-¡+¡-¡=x ,                                  (3.21) 

 

ʛʜʝ bb yx ¡¡,  - ʢʦʦʨʜʠʥʘʪʳ ʮʝʣʝʚʦʡ ʪʦʯʢʠ B ʚ ʧʦʣʫʩʚʷʟʘʥʥʦʡ ʉʂ. ɽʩʣʠ 0<mx , ʪʦ ʮʝʣʝʚʘʷ 

ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʦʢʨʫʞʥʦʩʪʠ ʧʦʚʦʨʦʪʘ ʠ ʧʦʜʭʦʜ ʢ ʥʝʡ ʥʝʚʦʟʤʦʞʝʥ, ʝʩʣʠ 

0>mx , ʪʦ ʮʝʣʝʚʘʷ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʩʥʘʨʫʞʠ ʦʢʨʫʞʥʦʩʪʠ ʧʦʚʦʨʦʪʘ ʠ ʅʇɸ ʩʤʦʞʝʪ ʢ 

ʥʝʡ ʧʦʜʦʡʪʠ. ɺ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʦʡʪʠ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʅʇɸ ʥʫʞʥʦ ʣʠʙʦ 
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ʦʩʪʘʥʦʚʠʪʴ (ʝʩʣʠ ʦʪʢʣʦʥʝʥʠʝ ʠʤʝʝʪ ʧʨʠʝʤʣʝʤʫʶ ʚʝʣʠʯʠʥʫ), ʣʠʙʦ ʩʦʚʝʨʰʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʥʝʚʨʳ ʜʣʷ ʪʦʯʥʦʛʦ ʚʳʭʦʜʘ ʚ ʮʝʣʝʚʫʶ ʪʦʯʢʫ. 

ʉ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (3.19), (3.20) ʠ (3.21) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʫʛʦʚʳʭ ʜʚʠʞʝʥʠʡ ʧʨʠ ʧʦʜʭʦʜʝ ʅʇɸ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʅʇɸ ʩ ʦʜʥʠʤ ʜʚʠʞʠʪʝʣʝʤ ʩʢʦʨʦʩʪʴ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʦ 

ʦʪʜʝʣʴʥʳʤ ʫʯʘʩʪʢʘʤ ʪʨʘʝʢʪʦʨʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʘ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʨʘʞʝʥʠʝ, ʦʮʝʥʠʚʘʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʧʦʚʦʨʦʪʘ 

ʵʪʦʛʦ ʅʇɸ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʦʪʜʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʦʪ ʩʠʣʳ 

ʠʣʠ ʤʦʤʝʥʪʘ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʅʇɸ ʧʦ ʵʪʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ 

ʨʝʞʠʤʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ: 

 

|||,| '
22 zzzʜzʭʭʭʜʭ dMd wwuut == .                                 (3.22) 

 

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (3.1), (3.2) ʠ (3.22) ʚʳʨʘʞʝʥʠʝ (3.19) ʤʦʞʥʦ ʣʝʛʢʦ ʧʨʠʚʝʩʪʠ 

ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ [89]: 
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ʊʘʢ ʢʘʢ ʚʝʣʠʯʠʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʪʦ ʚ ʚʳʨʘʞʝʥʠʠ (3.23) ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʠʭ ʦʪʥʦʰʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʫʛʦʚʳʭ 

ʜʚʠʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʧʦ 

ʩʧʠʨʘʣʠ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ, ʪʦ ʝʩʪʴ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʅʇɸ 

ʪʘʢʞʝ ʩʦʚʝʨʰʘʝʪ ʢʨʫʛʦʚʳʝ ʜʚʠʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʅʇɸ ʜʦ 
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ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʙʦʣʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʟʘʜʘʥʥʦʛʦ ʤʘʣʦʛʦ ʟʥʘʯʝʥʠʷ ʩʣʝʜʫʝʪ 

ʦʪʢʣʶʯʘʪʴ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʫʛʦʚʳʭ ʜʚʠʞʝʥʠʡ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʜʘʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ: ma = 80 ʢʛ; Jxx= 2 ʢʛÖʤ2, Jyy = 10 ʢʛÖʤ2,                     

Jzz = 10 ʢʛÖʤ2,   d2ʭ = 25 ʢʛÖʤ-1,  d2ʫ  = 125 ʢʛÖʤ-1,    d2z =  125 ʢʛÖʤ-1,   d1x = 15 ʢʛÖʩ-1,                 

d1y = 75 ʢʛÖʩ-1,      d1z = 75 ʢʛÖʩ-1,  ='

xd2 2 ʅÖʤÖʩ2, ='

yd2
 10 ʅÖʤÖʩ2, ='

zd2  10 ʅÖʤÖʩ2,        

='

xd1  1.2 ʅÖʤÖʩ,      ='

yd1
 1.2 ʅÖʤÖʩ, =

'

zd1  6 ʅ ÖʤÖʩ, li = 20 ʢʛ  (i = 1, 2, 3),  li = 0.5  ʢʛÖʤ2 

(i = 4, 5, 6),   Yc = 0.02 ʤ,  kv = 50,  ddʤʘʭ =  25̄ ,  drʤʘʭ = 25̄ , tʜʤʘʭ = 100 ʅ.  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʅʇɸ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʳ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʠʜʘ 
( )1sTs

1sTsT
K(s)W 2

2
1

11
+¡

++
= , ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʧʨʠʥʠʤʘʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

1) ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ: K1 = 25,  T1 = 0.6 c-1, T2 =  0.8 c-1; 

2) ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʤ ʢʫʨʩʘ: ʂ1 =  20, T1 =  0.75 c-1, T2 =  0.5 c-1, 

3) ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʤ ʜʠʬʬʝʨʝʥʪʘ: ʂ1 =  20, T1 = 1 c-1,  T2 = 0.75 c-1,  

ɼʣʷ ʚʩʝʭ ʢʘʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʦ T¡  = 0.07 c-1. 

ʂʦʵʬʬʠʮʠʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ (ʩʤ. ʚʳʨʘʞʝʥʠʷ (3.16), (3.17)) ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

7.0=yk , 5.0=uqk . 

ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ 

ʜʚʠʞʠʪʝʣʝʤ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ (3.16)-(3.18) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3.12. ʅʘ ʵʪʦʤ 

ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʜʚʠʞʠʪʝʣʝʤ ʠʟ ʥʘʯʘʣʴʥʦʡ 

ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (50,8,20) ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʮʝʣʝʚʫʶ ʪʦʯʢʫ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ: (70, 18,30) ï ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ; (53, 18, 20) ï ʪʦʯʝʯʥʘʷ ʢʨʠʚʘʷ; (59, 18, 

26) ï ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ. 
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ʘ)                                                                                    ʙ) 

ʈʠʩ. 3.12 ʊʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʜʚʠʞʠʪʝʣʝʤ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʘ) ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʙ) ʧʣʦʩʢʦʩʪʷʭ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʠʩʫʥʢʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʞʝʣʘʝʤʳʭ ʟʥʘʯʝʥʠʡ 

ʫʛʣʦʚ ʢʫʨʩʘ ʠ ʜʠʬʬʝʨʝʥʪʘ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ 

(3.16), (3.17), (3.18) ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʭʦʜ ʅʇɸ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʅʇɸ. ʇʨʠ ʵʪʦʤ 

ʚʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʅʇɸ ʥʝ ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ ʧʦʜʦʡʪʠ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ, ʚʚʠʜʫ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʫʛʦʣ ʜʠʬʬʝʨʝʥʪʘ, ʪʦ ʦʥ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘʯʠʥʘʝʪ 

ʩʦʚʝʨʰʘʪʴ ʜʚʠʞʝʥʠʝ ʧʦ ʩʧʠʨʘʣʠ (ʩʤ. ʨʠʩ. 3.12ʙ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʜʣʷ ʧʦʜʭʦʜʘ ʅʇɸ ʢ 

ʟʘʜʘʥʥʦʡ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʅʇɸ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʵʪʦʛʦ ʅʇɸ. 

 

3.3.2 ʈʝʞʠʤ ʧʦʜʭʦʜʘ ʅʇɸ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʇʦʩʢʦʣʴʢʫ ʅʇɸ ʦʙʣʘʜʘʝʪ ʥʝʥʫʣʝʚʦʡ ʦʩʪʦʡʯʠʚʦʩʪʴʶ, ʪʦ ʝʛʦ ʫʩʪʦʡʯʠʚʫʶ 

ʦʨʠʝʥʪʘʮʠʶ ʧʨʠ ʚʳʭʦʜʝ ʚ ʮʝʣʝʚʫʶ ʪʦʯʢʫ ʈ0 ʧʨʦʩʪʨʘʥʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʜʭʦʜʝ ʢ 

ʥʝʢʦʪʦʨʦʤʫ ʦʙʲʝʢʪʫ) ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʦʣʴʢʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ 

ʞʝʣʘʝʤʦʤʫ ʫʛʣʫ ʧʦʜʭʦʜʘ y0. ʇʨʠʯʝʤ ʵʪʦʪ ʫʛʦʣ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ ʧʦ ʤʦʜʫʣʶ 180 ʛʨʘʜʫʩʦʚ, ʘ ʩʘʤʘ ʮʝʣʝʚʘʷ 
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ʪʦʯʢʘ ʈ0 ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʤr 

ʧʦʣʦʞʝʥʠʷʤ ʅʇɸ. ɼʣʷ ʚʳʭʦʜʘ ʅʇɸ ʚ ʵʪʫ ʮʝʣʝʚʫʶ ʪʦʯʢʫ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ (ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ) ʪʨʘʝʢʪʦʨʠʷ ʝʛʦ ʜʚʠʞʝʥʠʷ ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ 

ʫʯʘʩʪʢʦʚ. ʅʘ ʧʝʨʚʦʤ ʫʯʘʩʪʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʳʩʪʨʳʡ ʚʳʭʦʜ ʅʇɸ ʠʟ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ɸ ʚ ʥʝʢʦʪʦʨʫʶ ʪʦʯʢʫ Pn, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʜʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩ ʮʝʣʝʚʦʡ ʪʦʯʢʦʡ. ɼʣʷ ʵʪʦʛʦ ʨʝʞʠʤʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʨʘʟʜʝʣʝ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ Pn ʜʦʣʞʥʦ ʚʳʙʠʨʘʪʴʩʷ ʩ 

ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʅʇɸ (ʩʤ. ʚʳʨʘʞʝʥʠʷ (3.21) ʠ 

(3.23)) ʪʘʢ, ʯʪʦʙʳ ʵʪʦʪ ʅʇɸ ʩʤʦʛ ʧʦʜʦʡʪʠ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ. ʅʘ ʚʪʦʨʦʤ ʫʯʘʩʪʢʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʟʚʦʨʦʪ ʅʇɸ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʝʛʦ ʧʦʜʭʦʜ ʩ ʥʫʣʝʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ  ʈ0 ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʨʝʙʫʝʤʳʡ ʨʘʟʚʦʨʦʪ ʅʇɸ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦ ʨʘʟʣʠʯʥʳʤ ʟʘʢʦʥʘʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʟʠʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʅʇɸ, ʦʙʦʟʥʘʯʠʚ ʪʨʘʝʢʪʦʨʠʶ ʝʛʦ ʨʘʟʚʦʨʦʪʘ ʢ ʦʙʲʝʢʪʫ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʪʦʯʢʘʤʠ Pi )0( n, i =  (ʩʤ. ʨʠʩ. 3.13), ʘ ʤʦʞʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʠ ʪʨʘʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʜʫʛʝ ʥʝʢʦʪʦʨʦʡ ʦʢʨʫʞʥʦʩʪʠ PnP1 (ʩʤ. ʨʠʩ. 

3.14) [20, 86, 196]. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʢ ʦʙʲʝʢʪʫ ʆ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ, ʚʩʝʛʜʘ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʈn 

ʝʛʦ ʧʦʜʭʦʜʘ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʠ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʝʛʦ ʥʘ ʦʙʲʝʢʪ ʆ.  

ʅʘ ʨʠʩ. 3.13 ʠ 3.14 ʧʦʢʘʟʘʥʦ ʜʚʠʞʝʥʠʝ ʅʇɸ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʧʣʦʩʢʦʩʪʴ ʭ0y0, ʢʦʪʦʨʘʷ ʩʦʚʧʘʜʘʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ ʨʘʟʚʦʨʦʪʘ ʅʇɸ ʢ ʦʙʲʝʢʪʫ ʆ. ʊʦʯʢʘ ɸʛ 

ʥʘ ʵʪʠʭ ʨʠʩʫʥʢʘʭ ʦʙʦʟʥʘʯʘʝʪ ʧʨʦʝʢʮʠʶ ʪʦʯʢʠ ɸ ʠʩʭʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʅʇɸ ʥʘ ʧʣʦʩʢʦʩʪʴ ʭ0y0, ʘ ʢʨʠʚʘʷ ɸʛʈn ï ʧʨʦʝʢʮʠʶ ʥʘ ʫʢʘʟʘʥʥʫʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʢ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʧʦʟʠʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʅʇɸ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʢ 

ʦʙʲʝʢʪʫ ʆ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʭ0y0 ʠʟ ʪʦʯʢʠ ʈn ʚ ʪʦʯʢʫ ʈ0 (ʩʤ. ʨʠʩ. 3.13). ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʯʢʠ ʝʛʦ ʪʨʘʝʢʪʦʨʠʠ ʈi )11( ,n-i =  ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ 
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ʚʝʨʰʠʥʘʤʠ ʣʦʤʘʥʦʡ ʣʠʥʠʠ, ʫ ʢʦʪʦʨʦʡ ʫʛʣʳ Dy  ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʫʯʘʩʪʢʘʤʠ ʠ ʜʣʠʥʳ 

RL ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʚʳʙʠʨʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʢʦʥʝʯʥʳʡ ʫʯʘʩʪʦʢ ʈ1ʈ0 

(ʫʯʘʩʪʦʢ ʪʦʨʤʦʞʝʥʠʷ) ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʙʲʝʢʪ ʆ ʧʦʜ ʟʘʜʘʥʥʳʤ ʫʛʣʦʤ ʦʨʠʝʥʪʘʮʠʠ 

ʅʇɸ ʢ ʵʪʦʤʫ ʦʙʲʝʢʪʫ ʚ ʧʣʦʩʢʦʩʪʠ ʭ0y0. 

 

 

ʈʠʩ. 3.13 ʊʨʘʝʢʪʦʨʠʷ ʧʦʜʭʦʜʘ ʅʇɸ ʢ ʦʙʲʝʢʪʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 

 

ʈʠʩ. 3.14 ʊʨʘʝʢʪʦʨʠʷ ʧʦʜʭʦʜʘ ʅʇɸ ʢ ʦʙʲʝʢʪʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʫʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

CR
~
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ yD ʠ RL ʟʘʚʠʩʷʪ ʦʪ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʅʇɸ ʠ ʩʢʦʨʦʩʪʠ ʝʛʦ 

ʜʚʠʞʝʥʠʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ. ʆʥʠ ʧʦʜʜʘʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʨʘʩʯʝʪʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʪʦʯʥʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʅʇɸ ʜʚʠʞʝʪʩʷ ʢ ʦʙʲʝʢʪʫ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩ ʚʝʣʠʯʠʥʘʤʠ ɣD ʠ RL, ʢʦʪʦʨʘʷ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʡ. ʇʨʠ ʩʚʦʝʤ ʜʚʠʞʝʥʠʠ ʅʇɸ ʜʦʣʞʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʦʪ 

ʪʦʯʢʠ ʈi ʚʝʨʰʠʥʳ ʣʦʤʘʥʦʡ ʢ ʪʦʯʢʝ ʈi-1, ʨʘʟʚʦʨʘʯʠʚʘʷʩʴ ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʦʯʝʨʝʜʥʦʡ 

ʪʦʯʢʠ ʚ ʩʪʦʨʦʥʫ ʩʣʝʜʫʶʱʝʡ ʙʣʠʞʘʡʰʝʡ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ ʈ1ʈ0 ʦʥ 

ʧʦʣʫʯʘʝʪ ʟʘʜʘʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʥʘ ʦʙʲʝʢʪ ʆ ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʪʦʯʢʝ ʈ0.      

ʊʘʢ ʢʘʢ ʚʩʝ ʫʯʘʩʪʢʠ ʣʦʤʘʥʦʡ ʥʘ ʨʠʩ. 3.13 ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʜʣʠʥʳ ʠ ʦʪʢʣʦʥʝʥʳ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʦʜʠʥʘʢʦʚʳʡ ʫʛʦʣ, ʪʦ ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʝʢ ʈi 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʢ ʦʙʲʝʢʪʫ ʆ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʭ0y0 ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʞʝʣʘʝʤʳʝ ʫʛʣʳ ɣi ʢʫʨʩʘ ʅʇɸ ʚ ʢʦʥʢʨʝʪʥʳʭ ʪʦʯʢʘʭ ʈi ʣʦʤʘʥʦʡ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ, ʥʘʯʠʥʘʷ ʩ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ ʪʨʘʝʢʪʦʨʠʠ ʈ0 ʅʇɸ ʩ ʟʘʜʘʥʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ x0 = xd, y0 = yd, z0 = zd ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ [82, 86, 196]: 

 

,sin,cos, 1101 iLiiiLii RyyRxx yyqy +=-== --  

 niii ,1,1 =+= D+ yyy .                                             (3.24) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʝ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʦʨʦʪʘ ʅʇɸ ʢ ʦʙʲʝʢʪʫ) ʚʝʣʠʯʠʥʘ ɣD 

ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ɺʳʯʠʩʣʝʥʠʷ ʭi, 

yi ʠ ɣi ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʧʨʠ ʪʘʢʦʤ ʟʥʘʯʝʥʠʠ n, ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ: 

 

0|,||| >¢- D nAnA ʝʩʣʠyyyyy , 

0|,||2||| <¢-- D nAnA ʝʩʣʠyyypyy .                                (3.25) 

 

ʇʨʠʯʝʤ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʙʲʝʢʪʘ ʚ ʧʝʨʝʜʥʝʡ ʧʦʣʫʩʬʝʨʝ ʅʇɸ 

( ),)()(arctan AnAnA xx/yy ---=y  ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʚʦ ʚʪʦʨʦʤ 

ʢʚʘʜʨʘʥʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʟʚʦʨʦʪʘ 

( ) ,)()(arctan ˊxx/yy AnAnA ----=y  ʘ ʧʨʠ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚ ʪʨʝʪʴʝʤ ʢʚʘʜʨʘʥʪʝ 
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ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ( )ˊxx/yy AnAnA +---= )()(arctany . ɿʜʝʩʴ xɸ = 0, yɸ = 0 ï ʢʦʦʨʜʠʥʘʪʳ 

ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʅʇɸ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ 

ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʈn ʧʦ ʬʦʨʤʫʣʘʤ (3.24) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʢʘʭ 

ɣD ʧʦʷʚʣʷʝʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʪʦʡ ʪʦʯʢʠ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʦʵʪʦʤʫ ʅʇɸ ʤʦʞʝʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʪʦʯʢʝ ʈ1 ʩ ʜʚʫʭ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ. ʇʨʠʯʝʤ ʚʝʣʠʯʠʥʳ n ʜʣʷ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʪʨʘʝʢʪʦʨʠʡ ʨʘʟʚʦʨʦʪʘ ʅʇɸ ʢ ʦʙʲʝʢʪʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʳʤʠ. ʇʨʠ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʢ 

ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʈ0 ʜʦʣʞʥʘ ʚʳʙʠʨʘʪʴʩʷ ʪʘ ʠʟ ʜʚʫʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʪʦʯʝʢ ʈni, ʢʦʪʦʨʘʷ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ( ) ( ) ( ))min
222

AnAnAnL zzyyxxn(R -+-+-+Ö . 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʚʳʭʦʜʘ ʅʇɸ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʦʙʲʝʢʪ, ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʵʪʦʪ ʦʙʲʝʢʪ 

ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ [20, 197].  

1. ʉ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (3.24) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ   ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʯʢʠ  ʈi  

)0( ,ni =  ʜʚʫʭ ʪʨʘʝʢʪʦʨʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʚʠʞʝʥʠʝ ʅʇɸ ʢ ʦʙʲʝʢʪʫ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ c ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʵʪʦʪ ʦʙʲʝʢʪ. 

2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ (3.25) ʥʘʭʦʜʠʪʩʷ ʝʜʠʥʩʪʚʝʥʥʘʷ ʪʦʯʢʘ ʈn ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

3. ɺʳʧʦʣʥʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʅʇɸ ʢ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʝ ʈn ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʛʦʨʠʪʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ (3.16)-(3.18). ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢ ʫʢʘʟʘʥʥʦʡ ʪʦʯʢʝ ʅʇɸ ʜʦʣʞʝʥ ʧʦʜʦʡʪʠ ʩ ʪʘʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʢʦʪʦʨʘʷ 

ʟʘʜʘʝʪʩʷ ʜʣʷ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

4. ʇʦʩʣʝ ʧʨʦʭʦʜʘ ʪʦʯʢʠ ʈn ʅʇɸ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʪʩʷ ʦʪ ʵʪʦʡ 

ʪʦʯʢʠ ʢ ʪʦʯʢʝ ʈ1, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʷ ʚʩʝ ʨʘʥʝʝ ʧʦʩʪʨʦʝʥʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʚʝʨʰʠʥʳ ʣʦʤʘʥʦʡ ʣʠʥʠʠ. ʇʨʠ ʵʪʦʤ ʞʝʣʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʢʫʨʩʘ ʅʇɸ ʚʳʯʠʩʣʷʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (3.18). 

5. ʇʦʩʣʝ ʧʨʦʭʦʜʘ ʅʇɸ ʪʦʯʢʠ ʈ1 ʥʘʯʠʥʘʝʪʩʷ ʝʛʦ ʧʦʜʭʦʜ ʠ ʦʩʪʘʥʦʚʢʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʦʯʢʝ ʈ0. ʇʨʠ ʵʪʦʤ ʅʇɸ ʙʫʜʝʪ ʠʤʝʪʴ ʟʘʜʘʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʢʪʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 
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ʉʣʝʜʫʷ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʨʘʝʢʪʦʨʠʶ ʨʘʟʚʦʨʦʪʘ 

ʅʇɸ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʦʙʲʝʢʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʣʦʤʘʥʦʡ ʣʠʥʠʠ, ʥʦ ʠ ʦʢʨʫʞʥʦʩʪʠ, ʧʨʠʤʝʥʷʷ ʚʤʝʩʪʦ 

ʧʦʟʠʮʠʦʥʥʦʛʦ ʢʦʥʪʫʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʡ ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ ʚ 

ʨʝʞʠʤʝ ʧʦʜʭʦʜʘ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʠʟ 

ʜʚʫʭ ʯʘʩʪʝʡ: ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʦʨʦʪ, ʠ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ 

ʫʯʘʩʪʢʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʙʲʝʢʪ ʧʦʜ ʟʘʜʘʥʥʳʤ ʫʛʣʦʤ ʢʫʨʩʘ (ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʅʇɸ). ʈʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʥʝʡ ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʘʤʦʛʦ ʅʇɸ ʩ 

ʪʘʢʠʤ ʫʩʣʦʚʠʝʤ, ʯʪʦʙʳ ʦʥ ʜʚʠʛʘʣʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝʛʦ ʨʘʜʠʫʩʘ ʩ 

ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʠʯʝʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʟʚʦʨʦʪʘ ʅʇɸ ʪʘʢʠʭ ʜʫʛ ʦʢʨʫʞʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʜʚʝ (ʩʤ. ʨʠʩ. 3.14). 

 ʇʦʣʦʞʝʥʠʷ ʵʪʠʭ ʜʫʛ ʦʢʨʫʞʥʦʩʪʝʡ ʚʳʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʧʦʩʣʝʜʥʠʡ ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʢ ʦʙʲʝʢʪʫ ʷʚʣʷʣʩʷ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʥʠʤ ʚ ʪʦʯʢʝ ʈ1. ʂʘʩʘʪʝʣʴʥʦʡ ʢ ʵʪʠʤ ʜʫʛʘʤ ʜʦʣʞʥʳ ʙʳʪʴ ʠ ʧʨʦʝʢʮʠʠ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʢʦʥʝʯʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʘʝʢʪʦʨʠʡ 

ʚʦʟʤʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ ʢ ʪʦʯʢʘʤ ʈn1 ʠ ʈn2 ʫʢʘʟʘʥʥʳʭ ʜʫʛ.  

 ɽʩʣʠ ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʈ1ʈ0 (ʩʤ. ʨʠʩ. 3.14) ʨʘʚʥʘ Rb, ʪʦ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʈ1 ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ )(sin 001 ybPP Rxx -= , )(sin 001 ybPP Ryy += . 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʈn1 ʠ ʈn2 ʥʘ ʜʚʫʭ ʫʢʘʟʘʥʥʳʭ ʦʢʨʫʞʥʦʩʪʷʭ 

ʚʥʘʯʘʣʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠʭ ʮʝʥʪʨʦʚ. ʇʦʣʘʛʘʷ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ 

ʨʘʜʠʫʩ cc RR >
~

, ʦʧʨʝʜʝʣʝʥʥʳʡ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʅʇɸ (ʩʤ. ʚʳʨʘʞʝʥʠʝ 

(3.23)) ʠ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚʦ ʚʨʝʤʷ ʨʘʟʚʦʨʦʪʘ ʢ ʦʙʲʝʢʪʫ, ʢʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʜʚʫʭ 

ʮʝʥʪʨʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (ʩʤ. ʨʠʩ. 3.14): 

 

,Rxx cPc )(sin
~

011 y-=  ,Rxx cPc )(sin
~

012 y+=  

                )(cos
~

011 ycPc Ryy -= ,    )(cos
~

012 ycPc Ryy += ,                         (3.26) 

 

ʛʜʝ xci, yci (i =1, 2) ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʨʫʞʥʦʩʪʝʡ. 
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 ʋʛʣʳ gi (i =1, 2) ʤʝʞʜʫ ʧʨʦʝʢʮʠʷʤʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʧʨʷʤʳʭ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʟ ʮʝʥʪʨʦʚ ʦʢʨʫʞʥʦʩʪʝʡ ʚ ʪʦʯʢʫ Aʛ, ʠ ʧʨʦʝʢʮʠʷʤʠ ʥʘ ʵʪʫ ʧʣʦʩʢʦʩʪʴ 

ʧʨʷʤʳʭ, ʩʦʝʜʠʥʷʶʱʠʭ ʪʦʯʢʠ ʈni ʜʫʛ ʜʚʫʭ ʦʢʨʫʞʥʦʩʪʝʡ ʠ ʥʘʯʘʣʴʥʫʶ ʪʦʯʢʫ ɸʛ, 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 

ö
ö

÷

õ

æ
æ

ç

å

-+-
=

22

~

arcsin
)y(y)x(x

R
ɔ

AʛciAʛci

c
i .                               (3.27) 

 

ʉ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (3.26) ʠ (3.27) ʫʞʝ ʥʝʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʩʦʦʪʥʦʰʝʥʠʷ 

ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʈni: 

 

( )( ),ɔxx/-yyRyyxxx iAʛciAʛcicAʛciAʛciPni °---+-= )()(arctancos
~

)()( 222  

( )( )iAʛciAʛcicAʛciAʛciPni ɔxx/-yyRyyxxy °---+-= )()(arctansin
~

)()( 222  

 

ʜʣʷ ʧʝʨʝʜʥʝʡ ʧʦʣʫʩʬʝʨʳ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʅʇɸ ʠ  

 

( )( ),)()(arctancos
~

)()( 222
iAʛciAʛcicAʛciAʛciPni ɔxx/-yyRyyxxx °---+--=  

( )( )iAʛciAʛcicAʛciAʛciPni ɔxx/-yyRyyxxy °---+--= )()(arctansin
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ʜʣʷ ʟʘʜʥʝʡ ʧʦʣʫʩʬʝʨʳ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʅʇɸ. ʇʨʠ ʵʪʦʤ ʟʥʘʢ ʧʝʨʝʜ gi ʟʘʚʠʩʠʪ ʦʪ 

ʚʳʙʦʨʘ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ (ʩʤ. ʨʠʩ. 3.14). 

 ʂʘʢ ʠ ʧʨʠ ʧʦʟʠʮʠʦʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʅʇɸ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʟ ʜʚʫʭ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʚʦʟʤʦʞʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʝʛʦ ʜʚʠʞʝʥʠʷ ʢ ʦʙʲʝʢʪʫ (ʩ ʫʯʝʪʦʤ ʨʘʟʚʦʨʦʪʘ ʥʘ 

ʦʙʲʝʢʪ) ʚ ʢʘʯʝʩʪʚʝ ʞʝʣʘʝʤʦʡ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʥʘʠʤʝʥʴʰʫʶ ʧʦ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʪʨʘʝʢʪʦʨʠʶ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʨʝʞʠʤʝ ʝʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʲʝʢʪʫ ʩ ʟʘʜʘʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ 

ʅʇɸ ʠ ʝʛʦ ʉʋ ʧʨʠʥʠʤʘʣʠʩʴ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʚ ʧ.3.3.1, ʘ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʝʢ Pi ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ RL = 2.5 ʤ,  ɣD = 200.  
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ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʭʦʜʘ ʅʇɸ ʩ ʦʜʥʠʤ 

ʜʚʠʞʠʪʝʣʝʤ ʢ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3.15 [20, 81,85]. 

  

 

ʘ) 

 

ʙ) 

ʈʠʩ.3.15 ʊʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʦʙʲʝʢʪʫ ʩ 

ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

0 
ʫ, ʤ 

z, ʤ 

x, ʤ 
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ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʅʇɸ ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠʤʝʝʪ 

ʢʦʦʨʜʠʥʘʪʳ (0, 0, 0) ʠ ɣ = q = 0, ʘ ʮʝʣʝʚʘʷ ʪʦʯʢʘ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ (50, 50, 20).  ʅʘ 

ʨʠʩ. 3.15ʘ ʠʟʦʙʨʘʞʝʥʳ ʪʨʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ (ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚ ʧʨʦʝʢʮʠʠ 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ):  

- ʧʦ ʢʨʘʪʯʘʡʰʝʡ ʪʨʘʝʢʪʦʨʠʠ (ʢʨʠʚʘʷ 1) ʙʝʟ ʟʘʜʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʥʘ ʦʙʲʝʢʪ ʆ, 

-   ʧʦʜʭʦʜ ʢ ʦʙʲʝʢʪʫ ʆ (ʢʨʠʚʘʷ 2) ʧʦʜ ʫʛʣʦʤ ɣ0 = p/2, 

-   ʧʦʜʭʦʜ ʢ ʦʙʲʝʢʪʫ ʆ (ʢʨʠʚʘʷ 3) ʧʦʜ ʫʛʣʦʤ ɣ0 = -p/2.  

ʇʨʠʯʝʤ ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʷʤ 2 ʠ 3 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʟʘʢʦʥ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʣʦʤʘʥʦʡ 

ʣʠʥʠʠ ʨʘʟʚʦʨʦʪʘ ʥʘ ʦʙʲʝʢʪ (ʩʤ. ʚʳʨʘʞʝʥʠʷ (3.24) ʠ (3.25)).  

ʅʘ ʨʠʩ. 3.15ʙ ʧʦʢʘʟʘʥʳ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ɣ ʠ q ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʪʨʝʭ 

ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ  ʢ ʦʙʲʝʢʪʫ (ʢʨʠʚʳʝ 1, 2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʘʝʢʪʦʨʠʠ 1, ʢʨʠʚʳʝ 

3 ʠ 4 ï ʪʨʘʝʢʪʦʨʠʠ 2, ʘ ʢʨʠʚʳʝ 5 ʠ 6 - ʪʨʘʝʢʪʦʨʠʠ 3). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3.15, ʅʇɸ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʪʦʣʴʢʦ ʦʜʠʥ ʜʚʠʞʠʪʝʣʴ ʩ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʨʠʝʥʪʘʮʠʝʡ ʚʝʢʪʦʨʘ ʪʷʛʠ, ʤʦʞʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʝʡ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʛʥʘʣʳ ʜʚʠʞʝʥʠʷ, 

ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʝʛʦ ʉʋ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʝʛʦ ʤʘʥʝʚʨʝʥʥʦʩʪʴ.  

 

3.3.3 ʈʝʞʠʤ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʇʦʤʠʤʦ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʜʚʠʞʠʪʝʣʝʤ ʢ ʟʘʜʘʥʥʦʡ 

ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʨʝʞʠʤ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. ʉʪʨʫʢʪʫʨʘ ʉʋ ʠ ʨʝʛʫʣʷʪʦʨʳ ʜʣʷ ʵʪʦʛʦ ʨʝʞʠʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ, ʦʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʫʢʘʟʘʥʥʦʛʦ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ.  

 ɼʣʷ ʪʦʯʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʅʇɸ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʝʛʦ ʜʚʠʞʝʥʠʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʤʦʤʝʥʪ ʄʜy, ʩʦʟʜʘʚʘʝʤʳʡ ʝʛʦ ʜʚʠʞʠʪʝʣʝʤ ʚ 
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ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ, ʤʦʞʝʪ ʧʨʝʦʜʦʣʝʚʘʪʴ ʤʦʤʝʥʪ Mʛʩy ʦʩʪʦʡʯʠʚʦʩʪʠ, ʩʫʱʝʩʪʚʫʶʱʠʡ 

ʚʩʝʛʜʘ ʧʨʠ 0̧q  ʠ ʦʧʠʩʳʚʘʝʤʳʡ ʚʳʨʘʞʝʥʠʝʤ (2.5).  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʝʦʜʦʣʝʥʠʷ ʅʇɸ ʤʦʤʝʥʪʘ Mʛʩy ʪʨʝʙʫʝʪʩʷ 

ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʦʛʦ ʫʧʦʨʘ ʜt ʜʚʠʞʠʪʝʣʷ (ʩʤ. ʚʳʨʘʞʝʥʠʷ (3.1)-(3.2)), ʢʦʪʦʨʳʡ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠ ʁʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʤʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʫʛʣʘ q. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʟʘʢʦʥʘ 

ʜʚʠʞʝʥʠʷ ʅʇɸ (ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ) ʧʦ ʚʳʙʨʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʮʝʥʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʝʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʛʣʘ 0̧q .  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʥʘʠʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʨʠ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ dd  = ddmax. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʤʝʥʪʘ Mʜy ʧʨʦʝʢʮʠʷ ʩʠʣʳ ʪʷʛʠ ʜʚʠʞʠʪʝʣʷ ʥʘ ʦʩʴ ʭ 

ʙʫʜʝʪ ʨʘʚʥʘ )cos maxdʜʜʭ (ŭŰŰ Ö= . ʇʨʠʯʝʤ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʵʪʘ ʩʠʣʘ ʪʷʛʠ 

ʨʘʚʥʘ ʩʠʣʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʅʇɸ, ʪ.ʝ. ʩ ʫʯʝʪʦʤ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.4) ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ: 

 

)(ŭŰ||ɡɡdɡdF dʜxxxxxʛʜx max21 cosÖ=--= .                         (3.28) 

 

 ʀʟ ʚʳʨʘʞʝʥʠʡ (2.4), (2.5) ʠ (3.28), ʫʯʠʪʳʚʘʷ, ʯʪʦ Mʛʩy = Mʜy, ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʦʦʪʥʦʰʝʥʠʷ  
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ʇʨʠ ʵʪʦʤ ʬʦʨʤʘ ʪʨʘʝʢʪʦʨʠʡ ʠ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ 

ʜʚʠʞʠʪʝʣʝʤ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʠʭ ʤʘʥʝʚʨʝʥʥʦʩʪʠ, 

ʦʧʠʩʳʚʘʝʤʳʝ ʫʨʘʚʥʝʥʠʷʤʠ (3.21), (3.23), (3.29) [152], ʘ ʫʯʝʪ ʦʛʨʘʥʠʯʝʥʠʡ 

ʤʘʥʝʚʨʝʥʥʦʩʪʠ ɻ ʪʠʭ ʅʇɸ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ ʧʦ ʪʨʘʝʢʪʦʨʠʷʤ, ʬʦʨʤʠʨʫʝʤʳʤ ʚ ʧʨʦʮʝʩʩʝ 
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ʠʭ ʨʘʙʦʪʳ, ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʝʢʪʠʚʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʠʭ ʪʨʘʝʢʪʦʨʠʡ [90, 149]. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʤʘʨʰʝʚʳʤ 

ʜʚʠʞʠʪʝʣʝʤ ʧʦ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3.16ʘ ʠ 3.16ʙ.  

 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 3.16. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ (ʘ) ʠ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʦʰʠʙʦʢ ʠ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʅʇɸ (ʙ) 

ʧʨʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 
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ʅʘ ʨʠʩ. 3.16ʘ ʮʠʬʨʘʤʠ 1 ʠ 2 ʠʟʦʙʨʘʞʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʠ 

ʬʘʢʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʧʨʦʝʢʮʠʠ ʵʪʠʭ ʪʨʘʝʢʪʦʨʠʡ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʠ. ʇʨʠʯʝʤ ʧʨʦʛʨʘʤʤʥʘʷ ʪʨʘʝʢʪʦʨʠʷ 

ʜʚʠʞʝʥʠʷ ʟʘʜʘʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʢʦʥʦʚ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʅʇɸ ʚʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʝʢʮʠʷ ʥʘ ʦʩʴ ʭ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʫʢʘʟʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʦ ʚʨʝʤʷ ʚʩʝʛʦ ʝʛʦ ʜʚʠʞʝʥʠʷ ʨʘʚʥʷʣʘʩʴ            

1 ʤ/ʩ, ʘ ʩʢʦʨʦʩʪʴ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʙʳʣʘ ʧʝʨʝʤʝʥʥʦʡ. 

ʅʘ ʨʠʩ. 3.16ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʰʠʙʢʠ ʩʣʝʞʝʥʠʷ ʧʦ ʢʘʞʜʦʡ ʣʠʥʝʡʥʦʡ ʢʦʦʨʜʠʥʘʪʝ 

xxx -= *e , yyy -= *e , zzz -= *e  (ʢʨʠʚʳʝ 1, 2, 3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ 

ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ɣ (ʢʨʠʚʘʷ 4) ʠ q (ʢʨʠʚʘʷ 5) ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʫʢʘʟʘʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʰʠʙʢʠ ʩʣʝʞʝʥʠʷ ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ ʭ, ʫ ʠ z (ʩʤ. ʨʠʩ. 3.16ʙ) ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝ ʦʪʢʣʦʥʝʥʠʝʤ ʅʇɸ ʦʪ 

ʞʝʣʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʝʛʦ ʜʚʠʞʝʥʠʷ, ʘ ʚʨʝʤʝʥʥʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚ ʦʪʩʣʝʞʠʚʘʥʠʠ 

ʜʚʠʞʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʪʦʯʢʠ, ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʧʦ ʵʪʦʡ ʞʝʣʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʟʘʢʦʥʦʤ. ɺ ʵʪʦʤ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʝʩʣʠ ʩʨʘʚʥʠʪʴ, ʨʝʘʣʴʥʫʶ 

ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʅʇɸ (ʩʤ. ʢʨʠʚʫʶ 2 ʥʘ ʨʠʩ. 3.16ʘ) ʩ ʞʝʣʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʝʡ ʝʛʦ 

ʜʚʠʞʝʥʠʷ (ʩʤ. ʢʨʠʚʫʶ 1 ʥʘ ʨʠʩ. 3.16ʘ). ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʷ 

ʨʝʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʦʪ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʦ 

ʤʦʜʫʣʶ ʥʠʛʜʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 0.8 ʤ, ʯʪʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʧʝʨʘʮʠʡ. ʅʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ 

ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʉʋ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴʩʷ, ʧʨʠʚʦʜʷ ʢ 

ʥʝʧʨʠʝʤʣʝʤʦ ʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʷʤ ʅʇɸ ʦʪ ʧʨʝʜʧʠʩʘʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ. ʋʢʘʟʘʥʥʦʝ 

ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʉʋ ʙʳʩʪʨʦ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʤʝʞʜʫ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ, ʢʦʪʦʨʳʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʘʢʠʭ ʅʇɸ ʧʦ ʚʩʝʤ ʫʯʘʩʪʢʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ, ʧʦʚʳʰʘʶʱʠʝ ʪʦʯʥʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʟʘ ʩʯʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ 
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ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʣʝʛʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʅʇɸ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʤʧʦʥʦʚʢʦʡ ʜʚʠʞʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʯʝʪʳʨʝʭ ʢʦʨʤʦʚʳʭ ʜʚʠʞʠʪʝʣʝʡ [1], ʪʘʢ ʢʘʢ ʫʢʘʟʘʥʥʳʝ ʅʇɸ 

ʦʙʣʘʜʘʶʪ ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʠ ʫʧʨʘʚʣʷʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʠ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ.    

 

3.4 ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʉʋ ʜʚʠʞʝʥʠʝʤ ʅʇɸ, ʠʤʝʶʱʠʭ 

ʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʧʨʦʪʷʞʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʪʨʘʝʢʪʦʨʠʡ. ʋʢʘʟʘʥʥʳʝ ʅʇɸ ʠʤʝʶʪ ʫʤʝʥʴʰʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ 

ʠʭ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʠʭ ʉʋ ʧʨʦʩʪʳʝ ʣʠʥʝʡʥʳʝ 

ʨʝʛʫʣʷʪʦʨʳ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʘʥʥʳʝ ʉʋ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʅʇɸ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʜʚʠʞʝʥʠʷ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʣʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ.   

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʦʛʦ ʅʇɸ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ 

ʜʚʠʞʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʠʣʫ ʪʷʛʠ ʜʚʠʞʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʧʨʦʢʠʜʳʚʘʶʱʠʡ 

ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʅʇɸ ʩʦ ʩʪʦʨʦʥʳ ʜʚʠʞʠʪʝʣʷ.  

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʉʋ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʩʠʣ ʪʷʛʠ ʠ ʤʦʤʝʥʪʦʚ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʵʪʦʛʦ ʅʇɸ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʦʧʨʦʢʠʜʳʚʘʶʱʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʩʦ ʩʪʦʨʦʥʳ ʚʠʥʪʘ ʜʚʠʞʠʪʝʣʷ ʥʘ ʅʇɸ.  

2. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ 

ʦʨʠʝʥʪʘʮʠʠ ʜʚʠʞʠʪʝʣʷ ʅʇɸ, ʧʦʟʚʦʣʷʶʱʠʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʪʴ ʞʝʣʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ 
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ʥʝʙʦʣʴʰʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʚʳʯʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

3. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ: ʧʦʜʭʦʜ ʢ ʧʨʦʠʟʚʦʣʴʥʦʡ ʮʝʣʝʚʦʡ ʪʦʯʢʝ, 

ʧʦʜʭʦʜ ʢ ʧʨʦʠʟʚʦʣʴʥʦʡ ʮʝʣʝʚʦʡ ʪʦʯʢʝ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʠ ʜʚʠʞʝʥʠʝ ʧʦ 

ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʋʢʘʟʘʥʥʳʝ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʣʳ ʪʷʛʠ ʠ ʤʦʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʧʦʚʦʨʦʪʥʦʛʦ 

ʜʚʠʞʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʅʇɸ. 

ʇʨʠ ʵʪʦʤ ʫʢʘʟʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʅʇɸ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʜʨʫʛʦʡ ʢʦʤʧʦʥʦʚʢʦʡ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘʧʨʠʤʝʨ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʯʝʪʳʨʝʭ ʢʦʨʤʦʚʳʭ ʜʚʠʞʠʪʝʣʝʡ.  
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4. ʄɽʊʆɼʓ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʌʆʈʄʀʈʆɺɸʅʀʗ ʇʈʆɻʈɸʄʄʅʓʍ 

ʉʀɻʅɸʃʆɺ ɼɺʀɾɽʅʀʗ ʅɽʆɹʀʊɸɽʄʓʍ ʇʆɼɺʆɼʅʓʍ ɸʇʇɸʈɸʊʆɺ 

 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʪʦʯʥʳʭ ʉʋ 

ʜʚʠʞʝʥʠʝʤ ʜʣʷ ʅʇɸ ʜʚʫʭ ʪʠʧʦʚ: ʅʇɸ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʚʳʧʦʣʥʷʶʱʠʭ 

ʪʦʯʥʳʝ ʦʧʝʨʘʮʠʠ ʚʙʣʠʟʠ ʦʙʲʝʢʪʦʚ ʨʘʙʦʪ ʠ ʅʇɸ, ʠʤʝʶʱʠʭ ʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ, 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ 

ʧʨʦʪʷʞʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʪʠʭ 

ʉʋ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʫʯʘʩʪʢʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʩ ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʣʠʙʦ ʚʭʦʜʦʤ ʚ ʥʘʩʳʱʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʜʚʠʞʠʪʝʣʝʡ 

ʅʇɸ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʅʇɸ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʣʠʙʦ ʩʥʠʞʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ 

ʧʨʦʩʪʳʭ ʉʋ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʩʪʨʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʚʟʘʠʤʦʚʣʠʷʥʠʡ 

ʤʝʞʜʫ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʅʇɸ ʚʪʦʨʦʛʦ ʪʠʧʘ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʫʢʘʟʘʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʪʘʢ ʠʟʤʝʥʪ̫ʴ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʪʨʘʝʢʪʦʨʠʶ ʠ ʨʝʞʠʤ 

ʜʚʠʞʝʥʠ ̫ʅʇɸ, ʯʪʦʙʳ ʠʭ ʦʪʨʘʙʦʪʢʘ ʩ ʧʦʤʦʱʴʶ ʙʦʨʪʦʚʦʡ ʉʋ ʛʘʨʘʥʪʠʨʦʚʘʣʘ ʙʳ  

ʟʘʜʘʥʥʫ  ʁ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʵʪʦʛʦ ʅʇɸ ʧʦ ʚʩʝʤ ʫʯʘʩʪʢʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʝʛʦ ʉʋ.   

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

4.1 ʆʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠ ̫

ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʝʛʦ ʜʚʠʞʝʥʠʷ  

ʈʘʩʩʤʦʪʨʠʤ ʅʇɸ, ʦʩʥʘʱʝʥʥʳʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʚʠʜʘ: 

 

))(),(()( tXtFtu u
*= e ,                                             (4.1) 
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ʛʜʝ 
nRtu Í)(  - ʚʝʢʪʦʨ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ; n ï ʢʦʣʠʯʝʩʪʚʦ 

ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ; 
3))(),(),(()( RtztytxtX TÍ= ****
, 

3))(),(),(()( RtztytxtX TÍ=  - 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʢʪʦʨ ʢʦʦʨʜʠʥʘʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʚ ʘʙʩʦʣʶʪʥʦʡ ʉʂ, ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʞʝʣʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ ʅʇɸ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʝʛʦ ʜʚʠʞʝʥʠʷ, ʠ ʚʝʢʪʦʨ 

ʝʛʦ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʵʪʦʡ ʉʂ; 
3)()()( RtXtXt Í-= *e  - ʚʝʢʪʦʨ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʦʰʠʙʢʠ ʜʚʠʞʫʱʝʛʦʩʷ ʅʇɸ. ɼʘʣʝʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʥʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʧʦʣʦʞʝʥʠʝʤ ʫʢʘʟʘʥʥʦʛʦ ʅʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʘ ʝʛʦ 

ʦʨʠʝʥʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ. ʇʨʠ ʵʪʦʤ ʚʳʨʘʞʝʥʠʝ (4.1) ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʉʋ ʅʇɸ: ʣʠʥʝʡʥʳʝ, ʥʝʣʠʥʝʡʥʳʝ, ʨʦʙʘʩʪʥʳʝ ʠ ʪ.ʜ.      

ʇʫʩʪʴ ʚʝʢʪʦʨ )(tX*
 ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ [34]: 
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)(),( ** xgxg zy  - ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʟʘʜʘʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; u* - ʧʨʦʛʨʘʤʤʥʘʷ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʜʦʣʴ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʡ (4.2) ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʛʥʘʣʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. ʋʢʘʟʘʥʥʳʝ ʩʠʛʥʘʣʳ ʧʦʜʘʶʪʩʷ 

ʥʘ ʚʭʦʜ ʉʋ ʅʇɸ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪ ʪʘʢʦʡ ʚʝʢʪʦʨ u ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʩʪʨʝʤʠʪʴʩʷ ʦʙʥʫʣʠʪʴ ʜʠʥʘʤʠʯʝʩʢʫ  ʁ ʦʰʠʙʢʫ ʫʧʨʘʚʣʝʥʠʷ )(te , ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ )(te  ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʢʦʨʦʩʪʴ 
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ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ (ʩʤ. ʚʳʨʘʞʝʥʠʝ (4.2)). ʊʘʢʞʝ 

ʫʢʘʟʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ )(te  ʟʘʚʠʩʷʪ ʦʪ ʢʨʠʚʠʟʥʳ ʪʝʢʫʱʝʛʦ ʫʯʘʩʪʢʘ 

ʪʨʘʝʢʪʦʨʠʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʫʯʘʩʪʢʘʤ ʅʇɸ ʜʦʣʞʝʥ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʠʛʘʪʴʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʣʠʥʝʡʥʳʤ ʠ ʚʨʘʱʘʪʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ 

ʩʚʦʙʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʠʣ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʉʋ ʅʇɸ. ʂʨʦʤʝ ʪʦʛʦ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʨʘʙʦʪʳ 

ʉʋ ʅʇɸ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʵʪʦʡ ʉʋ, ʚʝʢʪʦʨʘ QUV ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʠ ʚʝʢʪʦʨʘ Fe ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ: 

 

),),(),(()( * FQFtXFt UVu Ö= ee .                                        (4.3) 

 

ɽʩʣʠ ʅʇɸ ʜʚʠʞʝʪʩʷ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʪʦ ʥʘʣʠʯʠʝ ʚʝʢʪʦʨʘ 0)( ¸te  

ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʠ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʥʫʣʝʚʦʛʦ ʚʝʢʪʦʨʘ 
n

n Rt Í)(e  (ʩʤ. ʨʠʩʫʥʦʢ 4.1) ʝʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʘʤʦʡ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʦʪ ʪʦʯʢʠ Xn). ʇʨʠʯʝʤ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ 

)(tne  ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʬʫʥʢʮʠʷʤʠ ʚʝʢʪʦʨʦʚ ),(tX )(te  ʠ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ: 

 

() ))(),(),(,()( tggtXFt zynn ee ÖÖ= .                                   (4.4) 

 

 

ʈʠʩʫʥʦʢ 4.1 ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʥʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪ ɹʚʝʣʠʯʠʥʦʡ ʦʪʢʣʦʥʝʥʠʷ ʅʇɸ 

ʦʪ ʫʢʘʟʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʘ ʥʝ ʚʝʣʠʯʠʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʰʠʙʢʠ. ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ 

ʫʢʘʟʘʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚʩʝʛʜʘ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ: 
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                                            ee ¢¢ n0 .                                                   (4.5) 

 

ʀʟ ʚʳʨʘʞʝʥʠʡ (4.3) ʠ (4.4) ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʫʤʝʥʴʰʘʪʴ ʚʝʣʠʯʠʥʫ |||| ne  ʤʦʞʥʦ, ʫʤʝʥʴʰʘʷ ||||e . ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʨʝʰʝʥʠʷ 

ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʪʦʯʥʳʭ ʉʋ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʫʤʝʥʴʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʫʯʝʪʘ 

ʜʠʥʘʤʠʢʠ ʅʇɸ. ʆʜʥʘʢʦ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʣʦʞʥʦʩʪʷʤ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʦʟʜʘʥʥʳʭ ʉʋ ʥʘ 

ʙʦʨʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ʅʇɸ, ʠ ʧʨʠ ʵʪʦʤ ʚʩʝ ʨʘʚʥʦ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʭʦʜʘ 

ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʚ ʥʘʩʳʱʝʥʠʝ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʵʪʦʡ ʉʋ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʪʠʧʘ ʠʭ ʉʋ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʳʨʘʞʝʥʠʷ (4.3), ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ X*(t). ɼʘʣʝʝ ʦʧʨʝʜʝʣʠʤ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʛʦ ʩʠʛʥʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʠ ʚʳʩʦʢʦʪʦʯʥʦʝ 

ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʫʩʣʦʚʠʝ ʪʦʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

 

() ʜʦʧn t ee ¢||||  ,                                                     (4.6) 

 

ʛʜʝ ʜʦʧe  - ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʅʇɸ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʝʛʦ ʜʚʠʞʝʥʠʷ.   

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʷ (4.2) ʧʨʦʛʨʘʤʤʥʳʡ ʩʠʛʥʘʣ X*(t), ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʚʝʣʠʯʠʥʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʰʠʙʢʠ )(te , ʟʘʚʠʩʪ̫ ʦʪ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ u* ʜʚʠʞʝʥʠʷ 

ʅʇɸ. ʏʝʤ ʚʳʰʝ ʫʢʘʟʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʠʤʝʶʪ 

ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʜʚʠʞʠʪʝʣʠ ʅʇɸ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʜʚʠʞʝʥʠʝ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʫʯʘʩʪʢʘʤ 

ʪʨʘʝʢʪʦʨʠʠ ʪʨʝʙʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʫʛʣʦʚʳʭ ʠ ʣʠʥʝʡʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʅʇɸ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʥʝʛʘʪʠʚʥʳʭ 

ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʭ ʅʇɸ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ 
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ʵʪʠʭ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʥʦʡ 

ʚʝʣʠʯʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʚʠʞʠʪʝʣʠ ʅʇɸ ʧʦ ʦʪʜʝʣʴʥʳʤ ʝʛʦ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʤʦʛʫʪ 

ʚʭʦʜʠʪʴ ʚ ʥʘʩʳʱʝʥʠʝ, ʠ ʚʦʟʤʦʞʝʥ ʩʭʦʜʠʪ ʅʇɸ ʩ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ.  

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʞʘʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʫʯʘʩʪʢʘʤ ʪʨʘʝʢʪʦʨʠʡ ʩ ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʨʝʤʷ ʝʛʦ 

ʜʚʠʞʝʥʠʷ ʧʦ ʫʯʘʩʪʢʘʤ ʪʨʘʝʢʪʦʨʠʡ ʩ ʥʝʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ ʠʣʠ ʧʦ ʧʨʷʤʦʣʠʥʝʡʥʳʤ 

ʫʯʘʩʪʢʘʤ ʫʢʘʟʘʥʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʛʦʨʘʟʜʦ ʩʣʘʙʝʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʥʝ ʦʧʘʩʘʷʩʴ ʩʭʦʜʘ ʅʇɸ ʩ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʢ ʠʟʤʝʥʝʥʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ ʜʚʠʞʝʥʠʷ ʅʇɸ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʦʡ ʥʦʚʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ))(),(()(
~ ** ttXFtX T e= , ʢʦʪʦʨʘʷ 

ʩ ʫʯʝʪʦʤ ʚʝʣʠʯʠʥʳ )(te  ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʰʠʙʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʋ 

ʅʇɸ, ʧʨʠʚʦʜʠʣʘ ʙʳ ʢ ʜʚʠʞʝʥʠʶ ʵʪʦʛʦ ʅʇɸ ʧʦ ʠʩʭʦʜʥʦʡ ʪʨʘʝʢʪʦʨʠʠ )(* tX  ʩ 

ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ (ʩʤ. ʥʝʨʘʚʝʥʩʪʚʦ (4.6)). ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʟʘʧʘʩʘ ʤʦʱʥʦʩʪʠ 

ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʧʦʜʭʦʜʝ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʩʪʨʦʡʢʘ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ.       

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʠʟʤʝʥʝʥʠʶ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʨʠʚʠʟʥʳ ʪʝʢʫʱʝʛʦ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʯʝʩʪʴ ʚʳʭʦʜ ʚ ʥʘʩʳʱʝʥʠʝ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʘ ʫʯʘʩʪʢʘʭ 

ʪʨʘʝʢʪʦʨʠʠ ʩ ʥʝʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ. ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʥʦʚʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʡ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʉʋ ʅʇɸ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʞʝʣʘʝʤʫʶ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠ ̫

ʅʇɸ ʧʦ ʠʩʭʦʜʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ ʉʋ. ʆʜʥʘʢʦ ʵʪʦʪ 

ʤʝʪʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʘʩʳʱʝʥʠʷ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ, ʯʪʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʧʨʠʚʝʜʝʪ ʢ ʩʭʦʜʫ ʅʇɸ ʩ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʷʪʴ ʵʪʠ ʜʚʘ ʧʦʜʭʦʜʘ ʩʦʚʤʝʩʪʥʦ: ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ 
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ʪʨʘʝʢʪʦʨʠʠ ʧʦʟʚʦʣʠʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʪʦʯʥʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʫʢʘʟʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʪʳʭ ʉʋ, ʘ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʥʝʥʠʠ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦʟʚʦʣʠʪ ʫʯʝʩʪʴ ʥʘʩʳʱʝʥʠʷ ʝʛʦ ʜʚʠʞʠʪʝʣʝʡ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʜʚʠʞʝʥʠʝ ʅʇɸ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʠʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʉʋ ʅʇɸ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʠ ʚʳʩʦʢʦʪʦʯʥʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʩʣʦʞʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. 

ɼʘʣʝʝ ʨʘʟʨʘʙʦʪʘʝʤ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ 

ʅʇɸ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʥʳʭ ʧʦʜʭʦʜʘʭ.  

 

4.2 ʄʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʈʘʥʝʝ ʦʪʜʝʣʴʥʳʤʠ ʘʚʪʦʨʘʤʠ ʫʞʝ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʨʘʟʨʘʙʦʪʢʠ 

ʘʣʛʦʨʠʪʤʦʚ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ. ɺ ʨʘʙʦʪʝ [34] ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʫʞʝ ʧʨʝʜʣʘʛʘʣʩʷ ʧʦʜʭʦʜ ʢ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. 

ʆʜʥʘʢʦ ʵʪʦʪ ʧʦʜʭʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʚʠʞʠʪʝʣʝʡ ʠ ʜʠʥʘʤʠʢʫ ʩʘʤʦʛʦ ʅʇɸ. ɸ ʵʪʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʚʳʧʦʣʥʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʦʪʢʣʦʥʝʥʠʶ ʘʧʧʘʨʘʪʘ ʦʪ 

ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɺ ʨʘʙʦʪʝ [208] ʞʝʣʘʝʤʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʠ ʢʠʥʝʤʘʪʠʢʠ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʙʦʪʫ ʵʪʦʛʦ ʅʇɸ ʠ ʝʛʦ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʜʥʘʢʦ ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ ʩʪʨʦʠʪʩʷ ʨʘʟʦʤʢʥʫʪʘʷ ʉʋ, ʢʦʪʦʨʘʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʜʚʠʞʝʥʠʷ ʅʇɸ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʠʟʙʘʚʣʝʥʥʦʛʦ ʦʪ ʫʢʘʟʘʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ.   

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʟʘʜʘʯʫ ʩʠʥʪʝʟʘ ʤʝʪʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʢʦʨʦʩʪʠ ʅʇɸ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʤʦʞʥʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ ʅʇɸ ʩʦʜʝʨʞʠʪ ʉʋ ʚʠʜʘ (4.1) ʥʘ ʚʭʦʜ 

ʢʦʪʦʨʦʡ ʧʦʜʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʩʠʛʥʘʣ, ʬʦʨʤʠʨʫʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (4.2). 
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ʅʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʪʘʢʦʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʪʦʛʦ 

ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (4.2), ʧʨʠ ʢʦʪʦʨʦʡ ʥʝʠʟʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʙʳ 

ʚʳʧʦʣʥʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ (4.6). ʊʦ ʝʩʪʴ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʅʇɸ ʦʪ 

ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʟʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ ʙʳ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʵʪʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʫʯʝʪʦʤ ʢʨʠʚʠʟʥʳ 

ʦʪʜʝʣʴʥʳʭ ʝʝ ʫʯʘʩʪʢʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʧʦʜʭʦʜʘ. ʇʝʨʚʳʡ - 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʨʘʩʯʝʪʝ ʧʨʦʬʠʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʚʜʦʣʴ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɽʛʦ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (4.2), 

(4.3), (4.4) ʠ (4.6) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʨʘʞʝʥʠʷ ʚʠʜʘ: 

 

||))(),(),(,),(,(||||)(|| * tggQFFt zyUVunnʜʦʧ euee ÖÖÖ== .                       (4.7) 

 

ʈʘʟʨʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (4.7) ʦʪʥʦʩʠʪʝʣʴʥʦ u*, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʦʬʠʣʴ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʜʦʣʴ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦʝ ʜʚʠʞʝʥʠʝ ʵʪʦʛʦ ʅʇɸ ʧʦ ʫʢʘʟʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (4.6). ʆʜʥʘʢʦ ʚʳʨʘʞʝʥʠʝ (4.7) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʦʝ ʥʝʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʨʝʰʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʧʨʦʬʠʣʴ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʟʘʨʘʥʝʝ, ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʜʚʠʞʝʥʠʷ ʅʇɸ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʥʦʩʪʴʶ ʟʥʘʪʴ ʧʘʨʘʤʝʪʨʳ ʅʇɸ, ʯʪʦ 

ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʥʝʚʳʧʦʣʥʠʤʳʤ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʦ ʟʘʨʘʥʝʝ 

ʥʝʚʦʟʤʦʞʥʦ ʟʥʘʪʴ ʜʘʞʝ ʚʠʜ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʪʘʢ ʢʘʢ ʦʥʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʠʤ ʧʦʜʚʦʜʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʤ ʦʢʨʫʞʝʥʠʠ 

(ʦʙʭʦʜ ʧʨʝʧʷʪʩʪʚʠʡ, ʧʦʜʭʦʜ ʢ ʦʙʥʘʨʫʞʝʥʥʦʤʫ ʦʙʲʝʢʪʫ ʠ ʪ.ʜ.). 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʝʣʠʯʠʥʳ ʝʛʦ ʪʝʢʫʱʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 
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ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʉʋ ʅʇɸ ʩʦʟʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ )(* tu   ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʅʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (4.2). ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ )(* tu  ʜʦʣʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝʠʟʤʝʥʥʦ 

ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʚʳʧʦʣʥʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ (4.6). 

ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.2 [51, 53, 93, 111]. ʇʝʨʝʜ ʥʘʯʘʣʦʤ 

ʨʘʙʦʪʳ ʵʪʦʡ ʩʠʩʪʝʤʳ ʟʘʜʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʞʝʣʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ 

(ʚʳʨʘʞʝʥʠʷ (4.2)), ʚʝʣʠʯʠʥʘ ʦʧe  ʦʧʦʨʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʅʇɸ  ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, 

ʘ ʪʘʢʞʝ ʚʝʢʪʦʨ TzyxX ),,( *
0

*
0

*
0

*
0=  ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠʯʝʤ ʟʥʘʯʝʥʠʝ                          

ʜʦʧʦʧ ee <  ʟʘʚʝʜʦʤʦ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ, ʯʪʦʙʳ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʝʠʟʤʝʥʥʦ 

ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ (4.6).  

 

ʈʠʩ. 4.2 ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʦʚ )(ʠ)(* tXtX  

ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ [93, 153, 154] 

 

  () () ()ttktE nm eee += ,                                                 (4.8) 

u*  

em 

e
n
 eʦʧ 

ʅʇɸ 
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ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɺʠʜ 

ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʧʦʷʩʥʝʥ ʥʠʞʝ. ɺ ʚʳʨʘʞʝʥʠʠ (4.8) ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: () ()|||| ttm ee =  - ɽʚʢʣʠʜʦʚʘ ʥʦʨʤʘ ʚʝʢʪʦʨʘ )(te ; constk =e  - 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ 
ʜʦʧ

mʦʧk eee /= , 

ʛʜʝ ʜʦʧme  - ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ()tme .  

ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʳ (ʩʤ. ʨʠʩ. 4.2) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚʝʢʪʦʨʦʚ TzyxX ),,( 0000=  ʠ TzyxX ),,( *
0

*
0

*
0

*
0= ʨʝʛʫʣʷʪʦʨ R (ʦ ʝʛʦ ʚʳʙʦʨʝ ʙʫʜʝʪ ʩʢʘʟʘʥʦ 

ʥʠʞʝ) ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʞʝʣʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ )(* tu . ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʡ (4.2) ʚ ʙʣʦʢʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ 

ʨʘʩʩʯʠʪʳʚʘʪʁʩ ̫ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ TtztytxtX ))(),(),(()( **** = , ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ 

ʚʭʦʜ ʉʋ ʅʇɸ ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʠʛʥʘʣ )(tu  (ʩʤ. ʚʳʨʘʞʝʥʠʝ (4.1)), ʫʧʨʘʚʣʷʶʱʠʡ 

ʚʩʝʤʠ ʝʛʦ ʜʚʠʞʠʪʝʣʷʤʠ. ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʦʢʘʥʯʠʚʘʝʪʩʷ ʧʦʩʣʝ ʧʦʜʭʦʜʘ ʅʇɸ ʢ 

ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʛʜʘ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 

*
max

* xx ² , ʠʣʠ ʧʨʠ ʦʙʥʫʣʝʥʠʠ ʩʠʛʥʘʣʘ )(* tu  ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ R ʩ ʧʦʤʦʱʴʶ 

ʥʫʣʝʚʦʛʦ ʩʠʛʥʘʣʘ S (ʩʤ. ʨʠʩ. 4.2).  

ɺʝʣʠʯʠʥʘ )(tne  ʚ (4.8), ʬʦʨʤʠʨʫʝʤʘʷ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʪʢʣʦʥʝʥʠʷ (ɹʌʆ) ʅʇɸ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʅʇɸ (ʚʝʢʪʦʨ ʍ) ʜʦ ʙʣʠʞʘʡʰʝʡ ʪʦʯʢʠ ʪʨʘʝʢʪʦʨʠʠ Xn ),,( nnn zyx  

(ʩʤ. ʨʠʩ. 4.1).  

 ɿʥʘʯʝʥʠʝ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʠ u* ʜʚʠʞʝʥʠʷ ʅʇɸ (ʩʤ. ʨʠʩ. 4.2) ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ 

ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ R, ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ x(t) =  eʦʧ- ɽ(t).  ʇʦʩʣʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʷ (4.2) ʚ ʙʣʦʢʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʩ 

ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʷ u* ʥʝʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʢʫʱʠʝ ʚʝʣʠʯʠʥʳ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ  X*(t).  

ʈʝʛʫʣʷʪʦʨ R ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [83, 93, 98]. ɽʩʣʠ x(t) < 0, ʪʦ 

ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ E(t) > eʦʧ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ R ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴ u*(t). ʕʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ()|||| te , ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʥʦ (4.5) ʠ (4.8) - ʢ ʫʤʝʥʴʰʝʥʠʶ )(tne ʠ 

E(t). ɽʩʣʠ x(t) > 0, ʪʦ ɽ(t) < ʦʧe  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʠʪʴ 
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ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʨʝʛʫʣʷʪʦʨ R ʙʫʜʫʪ 

ʫʚʝʣʠʯʠʚʘʪʴ ʟʥʘʯʝʥʠʝ u*(t). ʆʜʥʘʢʦ ʚʝʣʠʯʠʥʘ u* ʥʠʢʦʛʜʘ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ. ʊʦ ʝʩʪʴ ʚʩʝʛʜʘ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 

 

()
() ()
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î
ì
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=

0,0
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*

**

*

tʝʩʣʠ

tʝʩʣʠt
t

u

uu
u  .                                        (4.9) 

 

ɺʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (4.9) ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʥʘʯʘʣʝ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʢʦʛʜʘ 

ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʛʦ ʙʦʣʴʰʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʅʇɸ ʠ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʦʡ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʚʠʞʝʥʠʷ 

ʚʝʣʠʯʠʥʘ E(t) ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʠ ʩʠʛʥʘʣ x(t) ʙʫʜʝʪ ʠʤʝʪʴ ʙʦʣʴʰʦʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (4.9) ʧʦʟʚʦʣʠʪ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʞʝʣʘʝʤʦʡ ʪʦʯʢʠ X* ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʅʇɸ ʩ 

ʧʦʤʦʱʴʶ ʩʚʦʝʡ ʩʣʝʜʷʱʝʡ ʩʠʩʪʝʤʳ ʥʝ ʧʦʜʦʡʜʝʪ ʢ ʥʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʤʝʥʴʰʝʝ  ʦʧe . 

ʊʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ u*(t) ʥʘʯʥʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʤʝʱʝʥʠʝ ʅʇɸ ʧʦ 

ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ.  

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ x(t) ʩʠʛʥʘʣ ɽ(t) (ʩʤ. ʚʳʨʘʞʝʥʠʝ (4.8)), 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: )(tne  ʠ ()tme , ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʟʘʤʝʥʠʪʴ 

ʪʦʣʴʢʦ ʩʠʛʥʘʣʦʤ )(tne .  ʆʜʥʘʢʦ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʵʪʦ 

ʧʨʠʚʦʜʠʣʦ ʙʳ ʢ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʠʛʥʘʣʘ u*, ʢʦʪʦʨʳʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣ ʙʳ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʚʩʝʡ ʪʨʘʝʢʪʦʨʠʠ. ʕʪʦʪ ʬʘʢʪ 

ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʨʠʩ. 4.3 [93].  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʞʝʣʘʝʤʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʳʡ 

ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ (ʫʯʘʩʪʦʢ ɸɺ ʥʘ ʨʠʩ 4.3).  ʇʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʵʪʦʤʫ 

ʫʯʘʩʪʢʫ ʥʘʣʠʯʠʝ 0|||| ¸e  ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʞʝʣʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ             

( 0)( =tne ), ʪʘʢ ʢʘʢ ʚʝʢʪʦʨ ()te  ʥʘ ʫʢʘʟʘʥʥʦʤ ʫʯʘʩʪʢʝ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ 

(ʪʦʯʢʠ 1X  ʠ *
1X  ʥʘ ʨʠʩ. 4.3). ʇʦʵʪʦʤʫ ʥʘ ʫʢʘʟʘʥʥʦʤ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʣʦʩʴ ʙʳ ʥʝʨʘʚʝʥʩʪʚʦ 
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0)()( >=-= ʦʧnʦʧ tt eeex , ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʙʳ ʢ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ u*(t). ɸ 

ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʣʦ ʙʳ ʢ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ()|||| te , ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʧʨʠʯʠʥʝ ʚʭʦʜʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʜʚʠʞʠʪʝʣʝʡ ʚ ʥʘʩʳʱʝʥʠʝ.   

 

 

ʈʠʩ. 4.3 ʆʩʦʙʝʥʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʨʘʟʣʠʯʥʳʤ ʫʯʘʩʪʢʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ  

 

ɽʩʣʠ ʪʦʯʢʘ X*(t) ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠ ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ ()|||| te  ʚʳʡʜʝʪ ʥʘ 

ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ (ʩʤ. ʫʯʘʩʪʦʢ ɺʉ ʥʘ ʨʠʩ.4.3), ʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʉʋ 

ʫʞʝ ʥʝ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʅʇɸ ʧʦ ʚʩʝʤ ʫʯʘʩʪʢʘʤ ʵʪʦʡ 

ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʪʨʘʝʢʪʦʨʠʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʝʛʫʣʷʪʦʨ R ʥʘʯʥʝʪ ʫʤʝʥʴʰʘʪʴ 

u*(t) ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 0)( <- tnʦʧ ee  (ʩʤ. ʪʦʯʢʫ 2X  

ʨʠʩ. 4.3). ʅʦ ʧʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʥʘʷ ʪʦʯʢʘ ()tX*2  ʫʞʝ ʤʦʞʝʪ ʧʨʦʡʪʠ ʧʠʢ ʪʨʘʝʢʪʦʨʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʪʦʷʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʅʇɸ ʥʘ ʫʰʝʜʰʫʶ ʚʧʝʨʝʜ ʪʦʯʢʫ X*(t)  ʥʝ ʧʦʟʚʦʣʠʪ 

ʝʤʫ ʧʨʦʡʪʠ ʧʦ ʚʩʝʡ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʯʘʩʪʦʢ 

ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ ʙʫʜʝʪ çʩʨʝʟʘʥè (ʩʤ. ʪʦʯʢʠ ()tX*3  ʠ ()tX3 ), ʪʦ ʝʩʪʴ ʟʘʜʘʯʘ ʪʦʯʥʦʛʦ 

ʧʨʦʭʦʞʜʝʥʠʷ ʅʇɸ ʧʦ ʚʩʝʡ ʪʨʘʝʢʪʦʨʠʠ ʚʳʧʦʣʥʝʥʘ ʥʝ ʙʫʜʝʪ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʝʣʠʯʠʥʳ u*(t) ʥʝʦʙʭʦʜʠʤʦ ʩʧʝʮʠʘʣʴʥʦ 

ʚʚʦʜʠʪʴ ʝʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʘ ʟʥʘʯʠʪ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ()|||| te  (ʦʩʦʙʝʥʥʦ ʥʘ 

ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʅʇɸ). ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʠʛʥʘʣʘ ɽ(t) ʧʦʤʠʤʦ )(tne  ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʟʥʘʯʝʥʠʝ ()|||| te  (ʩʤ. ʚʳʨʘʞʝʥʠʝ 

(4.8)). ʇʨʠ ʵʪʦʤ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʚʳʨʘʞʝʥʠʠ (4.8) ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʫʯʘʩʪʢʘʤ ʪʨʘʝʢʪʦʨʠʠ, ʘ ʚʪʦʨʦʝ ï ʧʨʠ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʧʦ ʫʯʘʩʪʢʘʤ ʪʨʘʝʢʪʦʨʠʠ ʩ ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ. ʋʢʘʟʘʥʥʦʝ ʩʚʦʡʩʪʚʦ 
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ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʢʦʩʚʝʥʥʦ ʫʯʝʩʪʴ ʥʝ ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʚʠʞʠʪʝʣʝʡ, ʥʦ ʪʘʢʞʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʅʇɸ ʠ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʝʛʦ ʉʋ. ɺʩʝ ʵʪʦ 

ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʅʇɸ ʣʶʙʳʭ ʫʯʘʩʪʢʦʚ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ.  

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʨʘʩʩʤʦʪʨʠʤ 

ʟʘʜʘʯʫ ʚʳʙʦʨʘ ʨʝʛʫʣʷʪʦʨʘ R ʵʪʦʡ ʩʢʦʨʦʩʪʠ. 

 

4.2.1 ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʇʝʨʝʜ ʩʠʥʪʝʟʦʤ ʨʝʛʫʣʷʪʦʨʘ R ʩʣʝʜʫʝʪ ʧʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ u*, ʘ ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ɽ, ʚʳʯʠʩʣʷʝʤʘʷ ʧʦ ʚʳʨʘʞʝʥʠʶ (4.8). ʕʪʦʪ ʦʙʲʝʢʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʣʦʢ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʶʱʠʭ ʩʠʛʥʘʣʦʚ (ʦʥ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (4.2)), ʉʋ ʅʇɸ ʠ 

ʩʘʤ ʅʇɸ (ʩʤ. ʨʠʩ. 4.2). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʫʢʘʟʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʚʢʣʶʯʘʶʱʘʷ ʩʣʦʞʥʳʝ ʚʳʯʠʩʣʝʥʠʷ e(t) ʠ )(tne , ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ. ʇʨʠ ʵʪʦʤ ʚʠʜ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʝʥ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʤʦʜʝʣʴ ʜʣʷ ʩʠʥʪʝʟʘ 

ʨʝʛʫʣʷʪʦʨʘ R ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʩʠʥʪʝʟʘ, ʧʦʣʘʛʘʷ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ ʤʝʥʷʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʟʘ ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʤʝʩʪʦ ʩʣʦʞʥʳʭ 

ʥʝʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʫʢʘʟʘʥʥʦʡ ʤʦʜʝʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʢʦʪʦʨʳʝ ʧʝʨʝʤʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʚ ʠʟʚʝʩʪʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ [93, 153]. ʇʨʠ ʵʪʦʤ ʨʝʛʫʣʷʪʦʨ R ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʜʘʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ E ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʛʫʣʷʪʦʨ R ʫʜʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʬʦʨʤʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʘ ʝʛʦ ʚʠʜ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ. 

ɺʥʘʯʘʣʝ ʦʮʝʥʠʤ ʚʝʣʠʯʠʥʫ ɽ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ (ʩʤ. ʨʠʩ. 4.2). ʀʩʧʦʣʴʟʫʷ 

ʥʝʨʘʚʝʥʩʪʚʦ (4.5), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

 

men kee= ,                                                         (4.10) 

 

ʛʜʝ 10 ¢¢ ek . ʇʦʜʩʪʘʚʠʚ (4.10) ʚ (4.8), ʧʦʣʫʯʠʤ 
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meme kkkE eee

~
)( =+=  ,                                         (4.11) 

 

ʛʜʝ 1
~

+¢¢ ee kkk e .  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ me  ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʟʘʪʨʫʜʥʝʥʠʷʤ ʧʨʠ ʩʠʥʪʝʟʝ 

ʨʝʛʫʣʷʪʦʨʘ R, ʧʦʵʪʦʤʫ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʟʘʤʝʥʠʤ ʝʝ  ʚʝʣʠʯʠʥʦʡ 

||||||~
zyxm eeee ++= , ʛʜʝ zyx eee ,,  - ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ )(te . ɼʣʷ 

ʫʢʘʟʘʥʥʦʡ ʟʘʤʝʥʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʥʦʨʤʳ ʚʝʢʪʦʨʦʚ ä
=

=
n

i
iaa

1
1 ||||||  ʠ 

2/1

1

2
2 )||(|||| ä

=

=
n

i
iaa  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʝʨʘʚʝʥʩʪʚʫ [22]: 

 

2

2/1

12 |||||||||||| anaa ¢¢ .                                              (4.12) 

 

ʀʟ ʚʳʨʘʞʝʥʠʷ (4.12) ʩʣʝʜʫʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʨʘʚʝʥʩʪʚʘ: 

 

mmm k ee ~= ,                                                      (4.13) 

 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ mk  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ 13/1 ¢¢ mk .                                                    

ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʅʇɸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʋ (4.1) ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʜʠʥʘʤʠʢʫ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʢʘʞʜʦʡ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ),(sWx )(),( sWsW zy . 

ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʰʠʙʦʢ ʧʦ ʢʘʞʜʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ  

ʅʇɸ ʠʤʝʶʪ ʚʠʜ 

 

)(1)(),(1)(),(1)( sWsWsWsWsWsW zzyyxx -=-=-= eee , 

 

ʪʦ ʩ ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚʘ aasigna )(|| = , ʘ ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʡ (4.11), (4.12) ʠ (4.13) ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ 
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[ ] .
~

)()()()()())()()()()( ***
emzzyyxx kkszsWsignsysWsignsxsWsignsE eee eee ++=  (4.14)        

 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʉʋ (4.1) ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʜʠʥʘʤʠʢʫ 

ʅʇɸ ʧʦ ʢʘʞʜʦʤʫ ʢʘʥʘʣʫ ʫʧʨʘʚʣʝʥʠʷ ʦʜʠʥʘʢʦʚʳʤʠ ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ  

)()()()( sWsWsWsW zyx === , ʪʦ ʚʳʨʘʞʝʥʠʝ (4.14) ʧʨʠʤʝʪ ʚʠʜ 

 

))()()()()()()((
~

)( *** szsignsysignsxsignsWkksE zyxem eeee ++= ,          (4.15) 

 

ʛʜʝ )(1)( sWsW -=e . 

ʀʟ ʚʳʨʘʞʝʥʠʡ (4.2) ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ:  

 

)(
)(

)()(
)(),(

)(

)()(
)( *

*

**

*

*
**

*

**

*

*

* t
x

xg

dt

dx

dx

xdg
tzt

x

xg

dt

dx

dx

xdg
ty zzyy

uu
F

¡
==

F

¡
== ## .       (4.16) 

 

ʀʟ ʚʳʨʘʞʝʥʠʷ (4.16), ʟʘʧʠʩʘʥʥʦʛʦ ʚ ʦʙʣʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʣʝʜʫʝʪ  

 

sskszssksyssksx vzvyvx /)()(,/)()(,/)()( ****** uuu === ,            (4.17) 

 

ʛʜʝ )(/
)(

),(/
)(

),(/1 *

*

*
*

*

*

* x
dx

xdg
kx

dx

xdg
kxk z

vz

y

vyvx Fö
ö
÷

õ
æ
æ
ç

å
=F

ö
ö

÷

õ

æ
æ

ç

å
=F=  - ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ, ʠʟʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʟʘ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ.  

ʉ ʫʯʝʪʦʤ (4.17) ʚʳʨʘʞʝʥʠʝ (4.15) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ 

 

).())()()((
)(~

)( * sksignksignksign
s

sW
kksE vzzvyyvxxem ueeee ++=           (4.18) 
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ʊʘʢ ʢʘʢ ʅʇɸ ʷʚʣʷʝʪʩʷ ʠʥʝʨʮʠʦʥʥʳʤ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʪʦ ʬʦʨʤʠʨʫʝʤʘʷ 

ʧʨʦʛʨʘʤʤʥʘʷ ʪʦʯʢʘ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʧʝʨʝʞʘʪʴ ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʅʇɸ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʦʨʜʠʥʘʪʝ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪʦ 

ʞʝʣʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʢʦʦʨʜʠʥʘʪʳ ʤʝʥʴʰʝ, ʯʝʤ ʝʝ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ, ʠ, ʥʘʦʙʦʨʦʪ, 

ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʟʥʘʯʝʥʠʝ ʞʝʣʘʝʤʦʡ ʢʦʦʨʜʠʥʘʪʳ ʙʫʜʝʪ ʚʩʝʛʜʘ ʙʦʣʴʰʝ, 

ʯʝʤ ʝʝ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʟʥʘʢ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʦʨʜʠʥʘʪʝ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʢʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʦʰʠʙʢʠ ʧʦ ʵʪʦʡ ʢʦʦʨʜʠʥʘʪʝ. ʀʩʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʤʘʣʳʝ ʫʯʘʩʪʢʠ ʪʨʘʝʢʪʦʨʠʡ, ʥʘ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʟʥʘʢʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ, ʥʘʧʨʠʤʝʨ, ʥʘ ʨʝʟʢʠʭ ʠʟʛʠʙʘʭ ʵʪʠʭ ʪʨʘʝʢʪʦʨʠʡ. ʅʝʩʦʚʧʘʜʝʥʠʷ ʟʥʘʢʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʅʇɸ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʦʨʜʠʥʘʪʝ ʩʦ ʟʥʘʢʦʤ ʞʝʣʘʝʤʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʵʪʦʡ ʢʦʦʨʜʠʥʘʪʝ ʥʘ ʵʪʠʭ ʤʘʣʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʡ 

ʧʦʷʚʣʷʶʪʩʷ ʣʠʰʴ ʥʘ ʢʦʨʦʪʢʠʭ ʧʨʦʤʝʞʫʪʢʘʭ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʩʩʫʞʜʝʥʠʷʭ ʠʭ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ.  

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʘ ʪʘʢʞʝ ʪʦʛʦ, ʯʪʦ 0)( * >F x , ʧʨʝʜʧʦʩʣʝʜʥʠʡ 

ʩʦʤʥʦʞʠʪʝʣʴ ʚʳʨʘʞʝʥʠʷ (4.18) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 

 

||||||*

vzvyvxv kkkk ++= .                                           (4.19) 

 

ʀʟ ʚʳʨʘʞʝʥʠʡ (4.2) ʠ (4.17) ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʝʣʠʯʠʥ vzvyvx kkk ,,  ʚʩʝʛʜʘ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʨʘʚʝʥʩʪʚʦ 1)( 2/1222
=++ vzvyvx kkk . ʇʦʵʪʦʤʫ, ʩ ʫʯʝʪʦʤ ʥʝʨʘʚʝʥʩʪʚʘ (4.12) 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ:  

 

31 * ¢¢ vk .                                                    (4.20) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (4.18) - (4.20) ʠ ʚʚʝʜʝʥʥʳʭ ʜʦʧʫʱʝʥʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʯʘʩʪʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʨʝʛʫʣʷʪʦʨʘ R, ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ [93, 153]: 
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)(
)(~

)( ** s
s

sW
kkksE emv ue= ,                                        (4.21) 

 

ʛʜʝ 3)1(
~

3/3 *
ee kkkkk vme +¢¢ . 

ʉʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʘ R, ʬʦʨʤʠʨʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ u* 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʚʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʙʫʜʝʤ ʚʳʧʦʣʥʷʪʴ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʥʘ ʝʛʦ 

ʙʦʨʪʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʠʜʘ (2.28), (2.56), 

(2.119), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʵʪʦʛʦ ʅʇɸ ʧʦ ʚʩʝʤ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ 

 

** KXXCKXXCX UU +=++ ####  ,                                      (4.22) 

 

ʛʜʝ 3333 , ³³ ÍÍ RKRC UU  - ʜʠʘʛʦʥʘʣʴʥʳʝ ʤʘʪʨʠʮʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ.  

ʀʟ ʫʨʘʚʥʝʥʠʷ (4.22) ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʧʦ ʦʰʠʙʢʝ  

 

uu kscs

s
sW

++
=

2

2

)(e ,                                                 (4.23) 

 

ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ, ʛʜʝ 0>= icc , 

0>= uiu kk , )3,1(=i  ï ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮ CU ʠ KU, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (4.21) ʠ (4.23) ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʯʘʩʪʠ ʩʠʩʪʝʤʳ (ʩʤ. 

ʨʠʩ 4.2) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

 

() () )./(
~

/)( 2*
uuvmep kscsskkkssEsW ++== *u                          (4.24) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ, ʝʩʣʠ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʨʝʛʫʣʷʪʦʨʘ R(s) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

 

 
s

sT
ksR r

r

1
)(

+
= ,                                                (4.25) 
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ʪʦ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (4.24) ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

 
uu

rvmer
pr

kscs

sTkkkk
sWsRsW

++

+
==

2

* )1(
~

)()()( .                              (4.26) 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʷ (4.26), ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʝʝ ʟʘʤʳʢʘʥʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʥʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

*,,
~

, vmer kkkk . ʇʦʵʪʦʤʫ ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʘ R - rk  ʠ rT  ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ ʣʶʙʳʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʅʦ ʯʝʤ ʙʦʣʴʰʝ 

ʙʫʜʝʪ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ rk , ʪʝʤ ʤʝʥʴʰʝ ʙʫʜʝʪ ʦʪʢʣʦʥʝʥʠʝ ʚʝʣʠʯʠʥʳ E ʦʪ eʦʧ, ʠ 

ʪʝʤ ʙʣʠʞʝ ʢ eʜʦʧ ʤʦʞʥʦ ʙʫʜʝʪ ʚʳʙʠʨʘʪʴ eʦʧ. 

ʇʦʤʠʤʦ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ [110], 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʯʝʪ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʚʝʣʠʯʠʥʫ ʵʪʦʡ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʠ ʥʘʩʪʨʦʡʢʫ ʵʪʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʆʋ ʜʣʷ ʵʪʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʅʇɸ, ʥʦ ʠ 

ʜʣʷ ʜʨʫʛʠʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʥʦʛʦʟʚʝʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ 

[97, 99].  

 

4.2.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʝʝ ʨʘʙʦʪʳ. ʇʨʠ ʵʪʦʤ ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʅʇɸ (ʩʤ. ʨʠʩ. 4.2) ʫʞʝ 

ʚʢʣʶʯʝʥʘ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʉʋ (ʩʤ. ʚʳʨʘʞʝʥʠʷ (2.28), (2.56) ʠ (2.18)), ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʦʛʦ 
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(4.22), ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʪʨʝʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ: ʧʝʨʝʤʝʱʝʥʠʝ ʚʜʦʣʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʩʝʡ x, y ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʘʱʝʥʠʝ 

ʚʦʢʨʫʛ ʝʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ z. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʅʇɸ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʝ 

ʜʚʠʞʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʟʚʝʥʴʷʤʠ. ʉʠʣʳ ʪʷʛʠ ʵʪʠʭ 

ʜʚʠʞʠʪʝʣʝʡ ʠ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʩʦʟʜʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʧʦ ʢʘʞʜʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ 

ʅʇɸ. ʅʘ ʚʝʣʠʯʠʥʳ ʪʷʛ ʠ ʤʦʤʝʥʪʘ, ʨʘʟʚʠʚʘʝʤʳʭ ʵʪʠʤʠ ʜʚʠʞʠʪʝʣʷʤʠ, ʥʘʢʣʘʜʳʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: ʅʜx 200|| ¢t , ʅʜz 100|| ¢t , ʤʅMʜy Ö¢10|| .  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʅʇɸ (2.1)-(2.6). 

ʇʘʨʘʤʝʪʨʳ ʵʪʦʡ ʤʦʜʝʣʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: ʤʘʩʩʘ ʅʇɸ ma = 100 ʢʛ; 

ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʅʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ: Jxx= 2 ʢʛÖʤ2,                 

Jyy = 10 ʢʛÖʤ2, Jzz = 10 ʢʛÖʤ2; ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ  ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʅʇɸ d2ʭ = 50 ʢʛÖʤ-1, d2ʫ  = 100 ʢʛÖʤ-1, d2z =  100 ʢʛÖʤ-1, d1x = 25 ʢʛÖʩ-1,                   

d1y = 50 ʢʛÖʩ-1, d1z = 50 ʢʛÖʩ-1, ='
xd2 8 ʅÖʤÖʩ2, ='

yd2  15 ʅÖʤÖʩ2,  ='
zd2  15 ʅÖʤÖʩ2,             

='
xd1  4 ʅÖʤÖʩ, ='

yd1  7,5 ʅÖʤÖʩ,='
zd1  7,5 ʅÖʤÖʩ; ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʤʘʩʩʳ ʠ ʤʦʤʝʥʪʳ 

ʠʥʝʨʮʠʠ ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʠ l1 = 20 ʢʛ, l2 = 40 ʢʛ, l3 = 40 ʢʛ, l4 = 0.5  ʢʛÖʤ2,              

l5 = 1  ʢʛÖʤ2, l6 = 1 ʢʛÖʤ2; ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ Yc = 0.02 ʤ; ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ 

ʜʚʠʞʠʪʝʣʝʡ ʊʜ = 0.1 ʩ. ʇʘʨʘʤʝʪʨʳ ʉʋ ʧʦ ʢʘʞʜʦʤʫ ʢʘʥʘʣʫ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ 

ʚʳʙʠʨʘʣʠʩʴ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʧʦ ʣʠʥʝʡʥʳʤ, ʪʘʢ ʠ ʧʦ 

ʚʨʘʱʘʪʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ. ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮ ʉ 

ʠ K ʚ ʫʨʘʚʥʝʥʠʠ (4.22) ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 3,1,3.0,1 === ick uiui , ʧʘʨʘʤʝʪʨʳ 

ʨʝʛʫʣʷʪʦʨʘ R(s) ï ʟʥʘʯʝʥʠʷ ,5.0,10 cTk rr == ,2.0=ek  ʘ ʦʧe = 0.2 ʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʫʢʘʟʘʥʥʦʝ ʧʣʦʩʢʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ () () )20/sin(10 ** txty p= , ʛʜʝ 

ʟʥʘʯʝʥʠʝ ʭ*(t) ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ  

 

,
))20/)(cos(2/(1(
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ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ (4.2). ʇʨʠ ʵʪʦʤ ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 0*
0=x  ʠ 0*

0 =y , ʘ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʅʇɸ ʝʛʦ ʧʨʦʜʦʣʴʥʘʷ ʦʩʴ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʝʨʝʤʝʱʘʶʱʫʶʩʷ 

ʧʨʦʛʨʘʤʤʥʫʶ ʪʦʯʢʫ. ʉ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʝʛʦ ʞʝʣʘʝʤʳʡ ʫʛʦʣ ʢʫʨʩʘ ʅʇɸ ʨʘʩʩʯʠʪʳʚʘʣʩʷ 

ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (3.18). 

ʅʘ ʨʠʩ. 4.4 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ )(* tx# , )(tx# , )(* ty# , )(ty# , ʘ ʪʘʢʞʝ  

)(* tu  ʠ 
2/122 ))()(()( tytxt ## +=u  ʚ ʩʠʩʪʝʤʝ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 4.2 [93, 100]. 

 

ʈʠʩ. 4.4. ʇʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ )(* tx# , )(tx# , )(* ty# , )(ty# , )(* tu  ʠ )(tu  ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 4.4, ʧʨʠ ʚʭʦʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʚ 

ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʧʨʦʛʨʘʤʤʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʥʘʷ ʩʢʦʨʦʩʪʴ u*(t) ʝʛʦ 

ʜʚʠʞʝʥʠʷ ʤʝʥʷʣʘʩʴ ʦʪ 0.85 ʤ/ʩ ʜʦ 2,2 ʤ/ʩ, ʘ ʨʝʘʣʴʥʘʷ u(t) ï ʦʪ 0.9 ʤ/ʩ ʜʦ 2 ʤ/ʩ, ʯʪʦ 

ʦʙʲʷʩʥʷʣʦʩʴ ʥʘʣʠʯʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʚʠʞʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ ʩʘʤʦʛʦ ʅʇɸ ʠ ʝʛʦ ʉʋ. 

ʅʘ ʨʠʩ. 4.5 ʧʦʢʘʟʘʥʳ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ u*(t), u(t), en(t), ɽ(t) ʠ y(t) ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ u*(t) ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ 

ʫʯʘʩʪʢʘʤ ʪʨʘʝʢʪʦʨʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʢʨʠʚʠʟʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʤ. 
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ʢʨʠʚʫʶ y(t)). ʇʨʠ ʵʪʦʤ ʥʘ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʠ, ʙʣʠʟʢʠʭ ʢ ʧʨʷʤʦʣʠʥʝʡʥʳʤ, 0­ne , 

ʟʥʘʯʝʥʠʝ u*(t) ʚʦʟʨʘʩʪʘʝʪ, ʘ ʨʝʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ u(t) ʜʚʠʞʝʥʠʷ ʅʇɸ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʜʚʠʞʠʪʝʣʠ ʚʭʦʜʷʪ ʚ ʥʘʩʳʱʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʚʦʟʨʘʩʪʘʥʠʶ me  ʠ ʫʚʝʣʠʯʝʥʠʶ E(t). ɺ ʨʝʟʫʣʴʪʘʪʝ E(t) ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ eʦʧ ʠ 

ʚʝʣʠʯʠʥʘ u*(t) ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ 

ʪʨʘʝʢʪʦʨʠʠ ʚʳʧʦʣʥʷʣʦʩʴ ʥʝʨʘʚʝʥʩʪʚʦ )(tne  < ʦʧe , ʪʦ ʝʩʪʴ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʩʣʫʯʘʷ ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ eʦʧ = eʜʦʧ.  

 

 

)(2.0)();(2.0)();(5)();/()();/()(* ʤscaletEʤscaletʤscaletyʩʤscaletʩʤscalet n Ö=Ö=Ö=== euu  

ʈʠʩ.4.5 ʇʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ u* (t), y(t), )(tne , E(t) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 4.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʧʦ ʪʦʡ ʞʝ ʩʘʤʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʥʦ ʫʞʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʧʦʜʙʠʨʘʣʦʩʴ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ u*(t) = 0.9 ʤ/ʩ = const, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʣʶʙʳʭ ʫʯʘʩʪʢʘʭ 

ʫʢʘʟʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ 

)(tne < ʦʧe . ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʫʢʘʟʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 
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ʩ ʚʳʙʨʘʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʴʶ u* ʚʝʣʠʯʠʥʘ en ʪʘʢʞʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 

0.2 ʤ. ʆʜʥʘʢʦ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ ʪʨʘʪʠʪʩʷ ʥʝ 45, 

ʢʘʢ ʜʣʷ ʩʠʩʪʝʤʳ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʳʙʦʨʦʤ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ, 

ʘ ʫʞʝ 66 ʩʝʢʫʥʜ. ʇʨʠ ʵʪʦʤ ʅʇɸ ʩ ʫʢʘʟʘʥʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʠʜʝʪ ʧʦ ʪʦʡ ʞʝ 

ʩʘʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʝ ʪʦʣʴʢʦ ʙʳʩʪʨʝʝ, ʥʦ ʠ ʪʦʯʥʝʝ. 
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ʈʠʩ. 4.6 ɼʚʠʞʝʥʠʝ ʅʇɸ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʜʠʣʠ ʥʝ ʪʦʣʴʢʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʥʦ ʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ u* (t) ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. 

 

4.3 ʄʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ  

ʄʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʆʜʥʘʢʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʩʪʴ ʟʘʧʘʩ ʤʦʱʥʦʩʪʠ ʜʚʠʞʠʪʝʣʝʡ. ʊʘʢʘʷ 

ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʅʇɸ, ʠʤʝʶʱʠʭ ʧʨʦʩʪʳʝ ʉʋ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ 

ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʙʝʟ ʩʥʠʞʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʚʠʞʠʪʝʣʠ ʅʇɸ ʠʤʝʶʪ ʟʘʧʘʩ ʤʦʱʥʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʫʜʝʪ ʬʦʨʤʫʣʠʨʦʚʘʪʴʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ ʅʇɸ ʠʤʝʝʪ ʩʣʝʜʷʱʫʶ ʉʋ (4.1), ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ 

ʫʩʪʦʡʯʠʚʦʝ ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ ʚʝʢʪʦʨ 

X*(t) ʬʦʨʤʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (4.2). ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʥʮʠʧ ʠ 

ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ ʦʪʨʘʙʘʪʳʚʘʪʴ ʚʩʝ ʫʯʘʩʪʢʠ ʧʨʦʠʟʚʦʣʴʥʦ ʟʘʜʘʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʪʠʧʦʚʦʡ ʉʋ ʚʠʜʘ 

(4.1), ʥʝʠʟʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (4.6). 

 

4.3.1 ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʨʨʝʢʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ   

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ ʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʘʢʦʡ ʥʦʚʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʦʪʨʘʙʦʪʢʘ ʢʦʪʦʨʦʡ 

ʉʋ ʅʇɸ ʩ ʥʝʢʦʪʦʨʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʰʠʙʢʦʡ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʅʇɸ ʙʫʜʝʪ 

ʜʚʠʛʘʪʴʩʷ ʧʦ ʠʩʭʦʜʥʦʡ ʪʨʘʝʢʪʦʨʠʠ.   

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (4.3), (4.4) ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ  

 

                       () 0))),(),(
~

(),(),(,()( * =ÖÖÖ= UVuzynn QFtXFggtXFt ee ,                (4.27) 

  

ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʢʦʪʦʨʦʛʦ ʛʘʨʘʥʪʠʨʫʝʪ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʣʶʙʦʡ ʜʦʩʪʠʞʠʤʦʡ ʠʤ ʩʢʦʨʦʩʪʴʶ ʠ ʩ ʥʫʣʝʚʳʤ 

ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʆʜʥʘʢʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4.27) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʢʫʱʝʛʦ ʞʝʣʘʝʤʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʪʦʯʢʠ () 3*~
RtX Í  ʚ 
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ʧʨʦʩʪʨʘʥʩʪʚʝ  ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʢʨʘʡʥʝ ʨʝʜʢʠʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʧʨʦʩʪʝʡʰʝʛʦ 

ʦʧʠʩʘʥʠʷ ʅʇɸ ʠ ʝʛʦ ʉʋ, ʘ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʚʨʝʤʝʥʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʱʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, 

ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʙʦʨʪʫ ʅʇɸ. ʇʦʵʪʦʤʫ ʚʤʝʩʪʦ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ (4.27) ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʧʦʣʥʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ (4.6). ʆʧʨʝʜʝʣʠʤ ʥʦʚʦʝ ʞʝʣʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ 

ʪʦʯʢʠ ()tX*~
 ʚ ʚʠʜʝ [94, 142]:  

 

() () ()tXtXtX ***~
D+= ,                                          (4.28) 

 

ʛʜʝ ()tX*D 3RÍ  - ʚʝʢʪʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʤʝʱʘʶʱʝʛʦ 

ʧʨʦʛʨʘʤʤʥʫʶ ʪʦʯʢʫ()tX*  ʩ ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ.  

ɺʳʙʦʨ ʩʠʛʥʘʣʘ ()tX*D  ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ. ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ ()tX* , ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʞʝʣʘʝʤʫʶ (ʧʨʦʛʨʘʤʤʥʫʶ) ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʅʇɸ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩ. 4.7), 

ʪʦʯʢʘ )(tX , ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʝʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʅʇɸ, ʧʨʦʭʦʜʠʪ ʧʦ ʥʝʢʦʪʦʨʦʡ 

ʪʨʘʝʢʪʦʨʠʠ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩ. 4.7) ʥʘ ʨʘʩʩʪʦʷʥʠʠ ||)(|| tne  ʦʪ ʧʨʦʛʨʘʤʤʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. ɽʩʣʠ ʚʤʝʩʪʦ ʩʠʛʥʘʣʘ ()tX*  ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʛʥʘʣ )(
~* tX , ʪʨʘʝʢʪʦʨʠʷ 

ʢʦʪʦʨʦʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʦʟʥʘʯʝʥʘ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 4.7, ʢʦʪʦʨʘʷ 

ʧʦʚʪʦʨʷʝʪ ʰʪʨʠʭʦʚʫʶ ʣʠʥʠʶ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʝʢʪʦʨʠʠ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ (ʩʧʣʦʰʥʦʡ ʣʠʥʠʠ), ʪʦ ʨʝʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ 

)(
~

tX , ʦʯʝʚʠʜʥʦ, ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʫʞʝ, ʥʘʧʨʠʤʝʨ, ʧʦ ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʠ (ʩʤ. 

ʨʠʩ. 4.7) ʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ()tX* . ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ  

 

() () )(~)(
~

)(
~

)( ** ttXtXtXtXt ee =-º-= . 

 

ɿʘʨʘʥʝʝ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ||)(|| tne  ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ 
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ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʝʢʪʦʨʠʠ ()tX* , ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʜʦʣʴ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʅʇɸ, 

ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʊʦ ʝʩʪʴ ʪʨʘʝʢʪʦʨʠʶ ʩʠʛʥʘʣʘ )(
~* tX  ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʚ 

ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʅʇɸ. 

 

ʈʠʩ.4.7 ɼʚʠʞʝʥʠʝ ʅʇɸ ʚʙʣʠʟʠ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

 

ʆʧʨʝʜʝʣʠʤ ʚʝʢʪʦʨ ()tX*D  ʚ ʚʠʜʝ: 

 

).()()()(* ttXtXtX nn e=-=D                                        (4.29) 

 

ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ (4.28) ʠ (4.29) ʙʫʜʝʤ ʠʤʝʪʴ [52, 94] 

 

                                        () ).()(
~ ** ttXtX ne+=                                             (4.30) 

   

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ()tX*D  

ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʩʣʝʞʝʥʠʷ ʅʇɸ ʟʘ ʪʦʯʢʦʡ )(
~* tX  ʙʫʜʝʪ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʝʩʴʤʘ 

ʙʦʣʴʰʦʡ, ʥʦ ʨʘʩʩʪʦʷʥʠʝ ||)(~|| tne  ʤʝʞʜʫ ʥʠʤ (ʩʤ. ʪʦʯʢʫ )(
~

tX  ʥʘ ʨʠʩ. 4.7) ʠ 

ʧʨʝʜʧʠʩʘʥʥʦʡ ʝʤʫ ʪʨʘʝʢʪʦʨʠʝʡ ʜʚʠʞʝʥʠʷ, ʟʘʜʘʚʘʝʤʦʡ ʪʦʯʢʦʡ ()tX* , ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʩʷ (ʩʤ. ʚʝʢʪʦʨ ne
~  ʥʘ ʨʠʩ. 4.7).  ʇʨʠ ʵʪʦʤ ʅʇɸ ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʝʪ ʧʝʨʝʩʝʢʘʪʴ 
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ʪʨʘʝʢʪʦʨʠʶ ()tX*  ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʛʥʘʣʘ ()tX*D , ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʝʛʦ ʧʨʠʙʣʠʞʝʥʠʠ ʢ 

ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩʠʛʥʘʣ ()tX*D  ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʦʙʥʫʣʷʷʩʴ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʅʇɸ 

ʥʘ ʩʘʤʦʡ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ.  

ʆʜʥʘʢʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣʘ )(
~* tX  ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, 

ʯʪʦ ʦʧʨʝʜʝʣʠʪʴ ʩʠʛʥʘʣ ʍ(t) ʥʘʭʦʞʜʝʥʠʷ ʅʇɸ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʘ 

()tX*D  ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ, ʝʩʣʠ ʚʚʦʜʠʪʩʷ ʩʠʛʥʘʣ ()tX*D , ʪʦ ʅʇɸ ʧʦʜ ʝʛʦ 

ʜʝʡʩʪʚʠʝʤ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʫʞʝ ʚ ʪʦʯʢʝ )(
~

tX  ʚʙʣʠʟʠ ʪʨʘʝʢʪʦʨʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʪʦʯʢʦʡ ()tX* . ʊʦ ʝʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ 

ʟʘʜʘʯʘ ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ()tX*D , ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʧʦʩʪʦʷʥʥʦ ʫʜʝʨʞʠʚʘʪʴ ʅʇɸ ʚʙʣʠʟʠ ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʛʥʘʣʘ )(
~

tX  ʝʛʦ ʨʝʘʣʴʥʦʛʦ ʪʝʢʫʱʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʢʘʟʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ (ʩʤ. ʨʠʩ.4.7).  

ʕʪʫ ʟʘʜʘʯʫ ʙʫʜʝʤ ʨʝʰʘʪʴ ʩ ʧʦʤʦʱʴʶ ʉʋ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 4.8. 

 

 

ʈʠʩ. 4.8 ɹʣʦʢ - ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ 

 

ʀʟ ʨʠʩ. 4.8 ʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʉʋ ʠʤʝʝʪ ʜʚʘ ʚʭʦʜʘ. ʅʘ ʦʜʠʥ ʚʭʦʜ ʧʦʜʘʝʪʩʷ 

ʩʠʛʥʘʣ ()tX* , ʘ ʥʘ ʜʨʫʛʦʡ ï ʩʠʛʥʘʣ )(
~

tXn , ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʨʠ ʨʝʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ 

ʅʇɸ ʚʙʣʠʟʠ ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʘ )(
~* tX  (4.30) ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʞʝ ʥʝ ʩʠʛʥʘʣ ()tX*D  (4.29), ʘ ʩʠʛʥʘʣ ()tX*~

D , 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ 

ʅʇɸ 
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() [ ] nnnn ktXtXktX eee
~)(

~
)(

~~* =-=D ,    ( ne
~

<< ne)                    (4.31) 

 

ʛʜʝ nke  = const > 1 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʦʡ, ʯʪʦʙʳ ʫʩʣʦʚʠʝ (4.6) ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʅʇɸ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʠ ʧʨʠ 

ʵʪʦʤ ʚʩʝʛʜʘ ʩʦʭʨʘʥʷʣʘʩʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʉʋ. ɺʳʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʘ nke  ʚʩʝʛʜʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʦʚʝʨʝʥ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ.    

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʣʶʙʦʛʦ ʚʠʜʘ ʫʞʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʥʝʤ ʉʋ ʚʠʜʘ (4.1). ʆʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʉʋ ʚʣʠʷʶʪ ʪʦʣʴʢʦ ʥʘ ʚʳʙʦʨ 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ nke . ʆʩʥʦʚʥʦʡ ʞʝ ʟʘʜʘʯʝʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʩʠʛʥʘʣʘ (4.31) ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ ne
~

.  

 

4.3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘ ʢʦʨʨʝʢʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʨʨʝʢʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʝʝ ʨʘʙʦʪʳ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʘʢʠʝ ʞʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʅʇɸ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ.  

ʇʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʅʇɸ ʫʞʝ ʚʢʣʶʯʝʥʘ ʉʋ, ʩʦʜʝʨʞʘʱʘʷ ʧʨʦʩʪʝʡʰʠʝ 

ʪʠʧʦʚʳʝ ʨʝʛʫʣʷʪʦʨʳ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʵʪʦʛʦ 

ʅʇɸ. ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʵʪʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʚʩʝʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠʤʝʣʘ ʚʠʜ: 

 

1

1
)(

2

1

+

+
=

sT

sT
KsW , 

 

ʘ ʝʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʣʠ ʟʥʘʯʝʥʠʷ: 20=K , cT 51.21= , cT 01.02= , ʘ ʦʩʪʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʉʋ - ʟʥʘʯʝʥʠʷ: 8=nke , 1.0=ek , ʦʧe = 0.12 ʤ.  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʧʣʦʩʢʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ 

ʪʨʘʝʢʪʦʨʠʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ () () )20/sin(10 ** txty p= . ʕʪʦ ʜʚʠʞʝʥʠʝ 
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ʥʘʯʠʥʘʣʦʩʴ ʧʨʠ ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ 0*
0=x  ʠ 0*

0=y , ʧʨʦʜʦʣʴʥʘʷ ʦʩʴ ʅʇɸ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚʩʝʛʜʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʝʨʝʤʝʱʘʶʱʫʶʩʷ ʧʨʦʛʨʘʤʤʥʫʶ 

ʪʦʯʢʫ )(
~* tX , ʘ ʧʨʦʛʨʘʤʤʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʫʢʘʟʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʙʳʣʘ 

ʧʦʩʪʦʷʥʥʦʡ. ɾʝʣʘʝʤʳʡ ʫʛʦʣ ʢʫʨʩʘ ʅʇɸ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (3.18).  

ʅʘ ʨʠʩ. 4.9 ʧʦʢʘʟʘʥʳ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ u(t), ||e~ (t)||, ()||~|| tne  ʠ y(t) ʚʦ 

ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ (4.28), (4.31).  

 

)(2||)(~||);(2.0||)(~||);(5)();/()( ʤscaletʤscaletʤscaletyʩʤscalet n Ö=Ö=Ö== eeu  

ʈʠʩ. 4.9 ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ u(t), z(t), ||
ne

~ (t)||, ||e~ (t)|| ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʛʥʘʣʦʚ ʚʠʜʘ (4.28), (4.31) ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ 

 

ʇʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠʤʝʣʘ ʩʣʝʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ: 

ʤ/ʩ1* ==constu . ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ()||~|| tne

ʩʦʩʪʘʚʣʷʝʪ 0.13 ʤ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 4.10 ʧʦʢʘʟʘʥʳ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʪʝʭ ʞʝ ʚʝʣʠʯʠʥ, ʧʨʠ 

ʤ/ʩ1* ==constu , ʥʦ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʛʥʘʣʘ )(tX* , ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʪʦʯʢʝ ʥʘ ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠ ʬʦʨʤʠʨʦʚʘʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (4.2). ʀʟ ʨʠʩ.4.10 ʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʅʇɸ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ʜʦʩʪʠʛʘʝʪ 0.95 ʤ. ʊʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʛʥʘʣʘ 
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)(
~* tX  (4.28), (4.31) ʙʦʣʝʝ ʯʝʤ ʚ 7 ʨʘʟ ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʉʋ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʳ ʨʝʘʣʴʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ||e~ (t)|| ʠ ||e (t)|| (ʩʤ. ʨʠʩ. 4.7) ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʧʨʠ ʜʚʫʭ ʫʢʘʟʘʥʥʳʭ 

ʚʳʰʝ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ (ʩʤ. ʨʠʩ. 4.9 ʠ 4.10) 

ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ. 

 

)(2||)(||);(||)(||);(5)();/()( ʤscaletʤscaletʤscaletyʩʤscalet n Ö==Ö== eeu  

ʈʠʩ. 4.10 ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ u(t), y(t), ||en (t)||, ||e(t)|| ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʚʠʜʘ (4.2) ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ 

 

4.4 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʠ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ  

ʈʘʥʝʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʅʇɸ (ʩʤ. ʚʳʨʘʞʝʥʠʷ (4.8), (4.9), (4.21), (4.25)), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʟʘʜʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʟʘʜʘʥʥʘ ̫ʪʦʯʥʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʢʦʨʨʝʢʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʅʇɸ (ʩʤ. ʚʳʨʘʞʝʥʠʷ 

(4.28), (4.31)), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʅʇɸ ʧʦ 

ʠʩʭʦʜʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ.  
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ʇʝʨʚʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʚʠʞʠʪʝʣʝʡ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʟʘʜʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʘ ʚʪʦʨʦʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʴ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʜʚʠʞʠʪʝʣʷʤʠ 

ʅʇɸ ʪʘʢ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʅʇɸ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʧʦʣʥʦʛʦ 

ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʜʨʫʛʠʭ ʢʘʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʉʋ ʅʇɸ ʧʦʟʚʦʣʠʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʅʇɸ ʠ ʪʝʤ ʩʘʤʳʤ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʩʦʢʦʪʦʯʥʦʝ 

ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʪʳʭ ʣʠʥʝʡʥʳʭ ʉʋ [93].  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʧʨʦʛʨʘʤʤʥʳʡ ʩʠʛʥʘʣ (4.28), (4.31) ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʤ ʦʪʢʣʦʥʝʥʠʝʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʫʩʣʦʚʠʝʤ () ʜʦʧn t ee ¢||~|| , ʘʥʘʣʦʛʠʯʥʳʤ 

ʫʩʣʦʚʠʶ (4.6). ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʅʇɸ (ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ 

ʪʨʘʝʢʪʦʨʠʠ) ʩ ʫʯʝʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʛʦ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʦʜʩʪʨʦʡʢʫ ʚʝʣʠʯʠʥʳ 
*u ʩ 

ʫʯʝʪʦʤ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠ ʚʦʟʤʦʞʥʦʛʦ ʚʭʦʜʘ ʚ 

ʥʘʩʳʱʝʥʠʷ ʝʛʦ ʜʚʠʞʠʪʝʣʝʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʨʘʥʝʝ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ )(* tu  ʜʦʣʞʥʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: 

 

||))(~||)(()(* tkpRt ʜʦʧʜ eeu e-= ,                                 (4.32) 

 

ʛʜʝ )( pR  - ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʨʝʛʫʣʷʪʦʨʘ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ,  

ʜʦʧʜe  - ʜʦʧʫʩʪʠʤʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʥʘʩʪʨʦʡʢʘ ʚʝʣʠʯʠʥʳ )(* tu  

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʠ 

(ʦʥʘ ʫʞʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʳʙʦʨʦʤ ʩʠʛʥʘʣʘ )(
~* tX ), ʘ ʜʣʷ 
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ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʭʦʜʘ ʅʇɸ ʩ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʚʠʜʫ ʚʭʦʜʘ ʦʪʜʝʣʴʥʳʭ ʝʛʦ 

ʜʚʠʞʠʪʝʣʝʡ ʚ ʥʘʩʳʱʝʥʠʝ.   

ʆʙʦʙʱʝʥʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʛʥʘʣʦʚ )(
~* tX , ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʜʦʣʴ ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.11. ʅʘ ʵʪʦʤ 

ʨʠʩʫʥʢʝ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: R ï ʨʝʛʫʣʷʪʦʨ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ; ɹʌʆ ï ʙʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʘ ʦʪʢʣʦʥʝʥʠʷ ()tX*~
D  ʅʇɸ ʦʪ 

ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ; S ï ʩʠʛʥʘʣ ʧʨʝʢʨʘʱʝʥʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ.  

 

 

ʈʠʩ.4.11 ɹʣʦʢ-ʩʭʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ 

ʅʇɸ 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʳ ʅʇɸ, ʝʛʦ ʉʋ ʠ ʚʠʜ 

ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʙʳʣʠ ʪʘʢʠʝ ʞʝ ʢʘʢ ʠ ʚ ʧʦʜʨʘʟʜʝʣʝ 4.3.2. ʇʨʠ ʵʪʦʤ 

ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ  

 

p

pTk
pR rr )1(
)(

+
=  

ʠʤʝʣʠ ʟʥʘʯʝʥʠʷ: 5=rk , cTr 4.0= . 

ʅʘ ʨʠʩ. 4.12 ʧʦʢʘʟʘʥʳ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ u*(t), z(t), ()||~|| tne , ||e~ (t)|| ʚʦ 

ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʛʥʘʣʘ 
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)(
~* tX  (4.28), (4.31) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʥʘʩʪʨʦʡʢʠ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʝʛʦ 

ʜʚʠʞʝʥʠʷ.  

 

)(2.||)(~||);(2.0||)(~||);(5)();/()( );()(* ʤscaletʤscaletʤscaletyʩʤscaletʤ/ʩscalet n Ö=Ö=Ö=== eeuu  

ʈʠʩ.4.12 ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ u*(t), y(t), 
ne

~ (t), ||e~(t)|| ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʛʥʘʣʘ )(
~* tX  ʠ ʢʦʥʪʫʨʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ  u*(t) ʅʇɸ 

 

ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʚʩʝʤ ʫʯʘʩʪʢʘʤ ʪʨʘʝʢʪʦʨʠʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ u, 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.9 ʤ/ʩ ʜʦ 1.4 ʤ/ʩ. ʇʨʠ ʵʪʦʤ ʦʪʢʣʦʥʝʥʠʝ ʅʇɸ ʦʪ 

ʪʨʘʝʢʪʦʨʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.13 ʤ, ʘ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʠʤ ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʪʨʘʝʢʪʦʨʠʠ 

ʨʘʚʥʦ 46 ʩ, ʚʤʝʩʪʦ 62 ʩ ʚ ʩʠʩʪʝʤʝ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʫʨʘ ʥʘʩʪʨʦʡʢʠ u*(t) (ʩʤ. ʨʠʩ. 

4.9). ʊʦ ʝʩʪʴ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ )(
~* tX  ʧʦʟʚʦʣʷʝʪ 

ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʯʝʤ ʚ 7 ʨʘʟ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʝʜʧʠʩʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʥʦ ʠ ʚ 1.35 ʨʘʟ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʫʩʣʦʞʥʝʥʠʷ ʉʋ ʅʇɸ.  

ʅʘ ʨʠʩ. 4.13 ʧʦʢʘʟʘʥʘ ʧʨʝʜʧʠʩʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ (ʢʨʠʚʘʷ 1), 

ʪʨʘʝʢʪʦʨʠʷ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣʦʤ )(
~* tX  ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (ʢʨʠʚʘʷ 
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2), ʘ ʪʘʢʞʝ ʨʝʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ (ʢʨʠʚʘʷ 3). ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, 

ʯʪʦ ʨʝʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʅʇɸ ʠ ʮʝʣʝʚʘʷ ʪʦʯʢʘ )(
~* tX  ʚʩʝʛʜʘ ʥʘʭʦʜʷʪʩʷ ʧʦ ʨʘʟʥʳʝ 

ʩʪʦʨʦʥʳ ʦʪ ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. 

 

ʈʠʩ. 4.13 ʆʩʦʙʝʥʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʜʠʣʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʛʥʘʣʦʚ )(
~* tX  ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʦʡ  ʩʢʦʨʦʩʪʴʶ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

4.4 ʉʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʦʪʢʣʦʥʝʥʠʷ ʅʇɸ ʦʪ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʡ (4.8) ʠ (4.29) ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʢʪʦʨʝ ne ʦʪʢʣʦʥʝʥʠ ̫ ʅʇɸ ʦʪ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʫʢʘʟʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʦʪʢʣʦʥʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʩʧʦʩʦʙʘ ʦʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ. ɼʘʣʝʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ 
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ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʶ: ʧʨʠ ʟʘʜʘʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ ʚʠʜʘ 

(4.2) ʠ ʩ ʧʦʤʦʱʴʶ ʩʧʣʘʡʥʦʚ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ.   

 

4.4.1 ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ ʦʪʢʣʦʥʝʥʠʷ ʅʇɸ ʦʪ ʪʨʘʝʢʪʦʨʠʠ, ʟʘʜʘʚʘʝʤʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ ʚʠʜʘ (4.2) 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʅʇɸ ʚʳʨʘʞʝʥʠʷʤʠ (4.2) ʚʳʯʠʩʣʝʥʠʝ ʚʝʢʪʦʨʘ ne 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʯʝʪʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ()tXn , ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʙʣʠʞʘʡʰʝʡ ʢ ʅʇɸ 

ʪʦʯʢʦʡ, ʣʝʞʘʱʝʡ ʥʘ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʵʪʦʡ ʪʦʯʢʠ 

ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʚʫʤʷ ʧʦʜʭʦʜʘʤʠ. 

ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʫʩʪʴ ʚʝʢʪʦʨ tX  ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʪʦʯʢʝ Xn ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ
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t  [27]. ɺʝʢʪʦʨ, 

ʩʦʝʜʠʥʷʶʱʠʡ ʪʦʯʢʠ ʍ ʠ Xn, ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʚʝʢʪʦʨʫ tX  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ: 

 

0))(())(()()( =-¡+-¡+-=-Ö zzxgyyxgxxXXX nnznnynnt .            (4.33) 

 

ɼʦʙʘʚʠʚ ʢ ʫʨʘʚʥʝʥʠʶ (4.33) ʚʳʨʘʞʝʥʠʷ (4.2), ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠʩʢʦʤʦʡ ʪʦʯʢʠ Xn.   

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʯʠʩʣʝʥʦ ʨʝʰʘʪʴ ʩʠʩʪʝʤʫ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪ ʥʘʛʨʫʟʢʫ ʥʘ ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʦ  

||)(|| tne  ʚʩʝʛʜʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ, ʪʦ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ 

ʧʨʠʙʣʠʞʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʚʝʢʪʦʨʘ ()tne , ʟʘʤʝʥʷʷ ʝʛʦ ʚʝʢʪʦʨʦʤ )(Ĕ tne , 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʧʨʷʤʦʡ N, ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʪʦʯʢʝ ʍ*(t).  

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ()tXn
Ĕ  (ʩʤ. ʨʠʩ. 4.14) ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʚ ʧʦʣʫʩʚʷʟʘʥʥʦʡ ʩ 

ʅʇɸ ʉʂ ʩ ʦʨʪʘʤʠ zyx Ĕ,Ĕ,Ĕ , ʚʩʝʛʜʘ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʦʩʷʤ ʘʙʩʦʣʶʪʥʦʡ ʉʂ x, y, z,  ʠ 
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ʮʝʥʪʨʦʤ, ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ʅʇɸ ʠ ʪʦʯʢʦʡ )(tX . ɺ ʵʪʦʡ ʉʂ ʪʦʯʢʘ ʍ*(t) 

ʟʘʜʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ () T
zyxt ),,( ĔĔĔ eeee = , ʘ ʪʦʯʢʘ )(Ĕ tXn  - ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʚʝʢʪʦʨʘ ()tneĔ . 

 

 

ʈʠʩ. 4.14 ʉʭʝʤʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘneĔ 

 

ʋʨʘʚʥʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ N, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ ʍ*(t) ʠ ʩʦʚʧʘʜʘʶʱʝʡ ʩ 

ʚʝʢʪʦʨʦʤ u*, ʠʤʝʝʪ ʚʠʜ [27]:     
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-
,                                            (4.34) 

 

ʛʜʝ 321 ,, fff  - ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ fv(x
*) (4.2). ʋʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ G, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʪʦʯʢʫ )(tX ʚ ʉʂ zyx Ĕ,Ĕ,Ĕ  ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʨʷʤʦʡ N, ʠʤʝʝʪ ʚʠʜ [27]: 

 

0ĔĔĔ 321 =++ zfyfxf .                                               (4.35) 

 

ʈʝʰʘʷ ʩʦʚʤʝʩʪʥʦ ʫʨʘʚʥʝʥʠʷ (4.34) ʠ (4.35), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ [94] 
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ʧʦʟʚʦʣʷʶʱʝʝ ʣʝʛʢʦ, ʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʚʝʢʪʦʨ ()tne . 

 

4.4.2 ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ ʦʪʢʣʦʥʝʥʠʷ ʅʇɸ ʦʪ ʪʨʘʝʢʪʦʨʠʠ, ʬʦʨʤʠʨʫʝʤʦʡ ʥʘ 

ʦʩʥʦʚʝ ʩʧʣʘʡʥʦʚ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ  

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʟʘʜʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʣʘʡʥʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʟʦʚʳʭ ʪʦʯʝʢ, ʧʦ ʢʦʪʦʨʳʤ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʅʇɸ 

ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʤʠʩʩʠʠ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʩʧʦʩʦʙʦʤ ʟʘʜʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ (4.2). ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʦʚʘʪʴ ʫʢʘʟʘʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʧʦʣʥʝʥʠʷ ʤʠʩʩʠʠ ʅʇɸ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ 

ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʟʘʜʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʡʥʦʚ.  

ʇʝʨʚʳʡ ʰʘʛ ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʣʘʡʥʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʟʘʜʘʥʥʳʝ 

ʦʧʦʨʥʳʝ ʪʦʯʢʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʣʘʡʥʳ 

ɹʝʟʴʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʪʴ ʛʣʘʜʢʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠ ʠʭ ʣʝʛʢʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ. ʋʢʘʟʘʥʥʳʝ ʩʧʣʘʡʥʳ ʟʘʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʜʚʫʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʣʝʞʘʱʠʭ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʠ ʜʚʫʤ ̫ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʫʧʨʘʚʣʷʶʱʠʤ ʪʦʯʢʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ ʚ ʵʪʠʭ 

ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʩʧʣʘʡʥʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4.15.  
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ʈʠʩ. 4.15 ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʣʘʡʥʦʚ ʧʦ ʟʘʜʘʥʥʳʤ ʪʦʯʢʘʤ 

 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʮʝʣʝʚʦʡ ʪʦʯʢʠ, ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ [64]. 

1) ʈʘʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʫʧʨʘʚʣʷʶʱʠʭ ʪʦʯʝʢ ʩʧʣʘʡʥʘ: 
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ʛʜʝ ),,( iiii zyxP=  - ʢʦʦʨʜʠʥʘʪʳ ʦʧʦʨʥʦʡ ʪʦʯʢʠ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʜʦʣʞʥʘ ʧʨʦʡʪʠ 

ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ; ( )2,1, =jP j

i  - ʢʦʦʨʜʠʥʘʪʳ ʫʧʨʘʚʣʷʶʱʠʭ ʪʦʯʝʢ ʩʧʣʘʡʥʘ; cipi kk ,  

- ʢʦʵʬʬʠʮʠʝʥʪʳ, ʨʘʩʧʦʣʘʛʘʶʱʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʪʦʯʢʠ ʤʝʞʜʫ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ 

ʪʦʯʢʦʡ ʩʧʣʘʡʥʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 10 ¢¢ cik  ʟʘʜʘʝʪ ʥʘʢʣʦʥ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʪʨʘʝʢʪʦʨʠʠ ʚ ʦʧʦʨʥʦʡ ʪʦʯʢʝ, ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ 5.0=cik , ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ 0²pik  ʟʘʜʘʝʪ ʜʣʠʥʫ ʧʣʝʯʘ ʩʧʣʘʡʥʘ ʠ ʚʣʠʷʝʪ ʥʘ ʢʨʠʚʠʟʥʫ ʧʦʣʫʯʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ (ʧʨʠ 0=pik  ʪʨʘʝʢʪʦʨʠʠ ʙʫʜʫʪ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ). ʅʘ ʨʠʩ. 4.16ʘ ʧʦʢʘʟʘʥʳ 

ʧʨʠʤʝʨʳ ʪʨʘʝʢʪʦʨʠʡ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ pik  

( 0=pik  - ʯʝʨʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ, 2.0=pik  - ʯʝʨʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ, 4.0=pik  - 

ʩʝʨʘʷ ʣʠʥʠʷ), ʘ ʥʘ ʨʠʩ. 4.16ʙ ʧʦʢʘʟʘʥʳ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ cik                 
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( 0=ʩik  - ʯʝʨʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ, 5.0=ʩik  - ʯʝʨʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ, 0.1=ʩik  - ʩʝʨʘʷ 

ʣʠʥʠʷ). 

 

        

ʘ)                                                              ʙ) 

ʈʠʩ. 4.16 ʊʨʘʝʢʪʦʨʠʠ ʅʇɸ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ pik  ʠ cik  

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʫʧʨʘʚʣʷʶʱʠʭ ʪʦʯʝʢ ʩʧʣʘʡʥʘ ʚʳʨʘʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʜʚʠʞʝʥʠʝ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʧʦ ʵʪʦʤʫ ʩʧʣʘʡʥʫ, ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [132]: 

 

)()1(3)1(3)1()( 1

322123* dddddd Biiii fPPtPtPX =+-+-+-= + ,          (4.37) 

 

ʛʜʝ ]1,0[Íd  - ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʧʦ ʩʧʣʘʡʥʫ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ iP  ʠ 1+iP . 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 

ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʥʥʦʡ d ʦʪ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʧʦ ʩʧʣʘʡʥʫ, ʪʦ ʩʢʦʨʦʩʪʴ 

ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʙʫʜʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʚʜʦʣʴ ʩʧʣʘʡʥʘ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʪʨʫʜʥʦ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʧʦ 

ʩʧʣʘʡʥʫ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʠʪʝʨʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ, 

ʢʦʪʦʨʳʡ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʷ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ d, ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 

ʪʘʢʠʝ ʢʦʦʨʜʠʥʘʪʳ *X  ʮʝʣʝʚʦʡ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʙʳ ʝʝ ʧʝʨʝʤʝʱʝʥʠʶ 

ʚʜʦʣʴ ʩʧʣʘʡʥʘ ʩ ʞʝʣʘʝʤʦʡ ʩʢʦʨʦʩʪʴʶ 
*u ʟʘ ʚʨʝʤʷ t ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ. 

ʋʢʘʟʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [65, 107]:    
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)(),(,:0)1 **** ktXXTi ii ddtu ==== , 

:0)2 >i  ,1 ddd D+=+ ii ),( 1

*

1 ++= iBi fX d  

|||| **

11 iiii XXTT -+= ++ , 
*

1,1 TTʝʩʣʠii i <+= + ,                        (4.38) 

3)
*

1

1

*
* ),()( TTʝʩʣʠ

TT

TT
ftX i

ii

i
iB ²D

-

-
+=+ +

+

ddt , 

 

ʛʜʝ *u ï ʧʨʦʛʨʘʤʤʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ; *T  ï ʧʫʪʴ, 

ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʪʦʯʢʘ )(* tX  ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʟʘ ʧʝʨʠʦʜ t ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, 

ʜʚʠʛʘʷʩʴ ʩʦ ʩʢʦʨʦʩʪʴʶ *u; dD  ï ʧʨʠʨʘʱʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʢʘʞʜʦʡ 

ʠʪʝʨʘʮʠʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ; )(kd  ï ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʜʳʜʫʱʝʤʫ ʧʦʣʦʞʝʥʠʶ ʪʦʯʢʠ )(* tX . 

 ʅʘ ʨʠʩ. 4.17 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ 

ʪʨʘʝʢʪʦʨʠʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʩʧʣʘʡʥʦʤ ɹʝʟʴʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ɾʝʣʘʝʤʘʷ ʚʝʣʠʯʠʥʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʙʳʣʘ ʟʘʜʘʥʘ 1ʤ/ʩ. 

 

 

ʈʠʩ. 4.17 ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʪʦʯʢʠ (TL ï ʧʫʪʴ, 

ʧʨʦʡʜʝʥʥʳʡ ʪʦʯʢʦʡ X* ʧʦ ʪʨʘʝʢʪʦʨʠʠ) 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ (ʩʤ. ʚʳʨʘʞʝʥʠʷ (4.37) 

- (4.38)) ʧʦʟʚʦʣʷʝʪ ʟʘ 2-3 ʠʪʝʨʘʮʠʠ ʦʧʨʝʜʝʣʠʪʴ ʦʯʝʨʝʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʣʝʚʦʡ ʪʦʯʢʠ 

ʥʘ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 0.004ʤ/ʩ.  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʦʪʢʣʦʥʝʥʠʷ ʅʇɸ ʦʪ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʝʛʦ 

ʜʚʠʞʝʥʠʷ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʛʥʘʣʳ, ʟʘʜʘʶʱʠʝ ʜʚʠʞʝʥʠʝ ʅʇɸ ʧʦ ʵʪʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʬʦʨʤʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (4.37) - (4.38), ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.18. 

ʋʢʘʟʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ [66, 107]: 

1) ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʩʪʦʷʥʠʝ 1r  ʦʪ ʅʇɸ ʜʦ ʧʨʦʛʨʘʤʤʥʦʡ ʪʦʯʢʠ *X , ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ 

ʪʨʘʝʢʪʦʨʠʠ ʝʛʦ ʜʚʠʞʝʥʠʷ;    

2) ʫʤʝʥʴʰʠʪʴ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ id ʥʘ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ sD ; 

3) ʧʦ ʚʳʨʘʞʝʥʠʶ (4.37) ʨʘʩʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 
i

nX  ʥʘ ʪʨʘʝʢʪʦʨʠʠ, 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʶ ʧʝʨʝʤʝʥʥʦʡ sii D-=+ dd1 ; 

4) ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʩʪʦʷʥʠʝ 2r  ʦʪ ʅʇɸ ʜʦ ʪʦʯʢʠ 
i

nX ; 

5) ʝʩʣʠ 12 rr ¢ , ʪʦ 21 rr =  ʠ ʧʝʨʝʡʪʠ ʥʘ ʰʘʛ 2, ʠʥʘʯʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 
1-i

nX  

ʷʚʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠʩʢʦʤʦʡ ʪʦʯʢʠ nX . 

 

 

ʈʠʩ. 4.18 ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʙʣʠʞʘʡʰʝʡ ʢ ʅʇɸ ʪʦʯʢʠ, ʣʝʞʘʱʝʡ ʥʘ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

 

ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʤʘʣʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʧʦʟʚʦʣʷʝʪ ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ (ʦʙʳʯʥʦ ʥʝ ʙʦʣʝʝ 6) ʚʳʯʠʩʣʠʪʴ ʙʣʠʞʘʡʰʫʶ ʢ ʅʇɸ ʪʦʯʢʫ ʥʘ 

ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʪʦʯʥʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʝʣʠʯʠʥʳ sD . 

Xn 

di 

di-1 

di-n 

r1 

r2 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ 

ʦʪʢʣʦʥʝʥʠʷ ʅʇɸ ʦʪ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʜʘʥʠʷ 

ʵʪʠʭ ʪʨʘʝʢʪʦʨʠʡ. ʋʢʘʟʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ 

ʜʘʥʥʦʡ ʛʣʘʚʝ.  

 

4.5 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʠʩʪʝʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ  

 ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2-ʭ ʨʘʟʥʳʭ 

ɸʅʇɸ: ɸʅʇɸ çHM-2è, ʩʦʟʜʘʥʥʦʤ ʚ ʊʘʡʚʘʥʴʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʠ 

ɸʅʇɸ çMARKè, ʩʦʟʜʘʥʥʦʤ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ.  

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

4.5.1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʅʇɸ çHM-2è 

ɺʥʝʰʥʠʡ ʚʠʜ ɸʅʇɸ çHM-2è ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4.19 [106]. ʕʪʦʪ ɸʅʇɸ ʠʤʝʝʪ 4 

ʜʚʠʞʠʪʝʣʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʤʫ ʜʚʠʞʝʥʠʝ ʧʦ ʪʨʝʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ: 

ʜʚʠʞʝʥʠʝ ʚʧʝʨʝʜ, ʧʦʚʦʨʦʪ ʧʦ ʫʛʣʫ ʢʫʨʩʘ ʠ ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ʄʘʩʩʘ 

ɸʅʇɸ ʩʦʩʪʘʚʣʷʝʪ 400 ʢʛ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣ ʪʷʛʠ ʠ ʤʦʤʝʥʪʦʚ, 

ʨʘʟʚʠʚʘʝʤʳʭ ʜʚʠʞʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ, ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʅʤMʅʅ ʜzʜzʜx 10,200,400 === tt .  

ʉʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʬʦʨʤʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʪʠʧʦʚʳʭ ʇɼ-ʨʝʛʫʣʷʪʦʨʦʚ, ʘ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʛʥʘʣʳ ʜʚʠʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ 

(4.30)-(4.32), (4.36)-(4.38).  

ʉʠʛʥʘʣʳ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʜʣʷ ʉʋ ɸʅʇɸ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʙʦʨʪʦʚʦʡ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʘʣʘ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʜʘʪʯʠʢʦʚ: 

ʜʦʧʣʝʨʦʚʩʢʠʡ ʣʘʛ, GPS-ʧʨʠʝʤʥʠʢ, ʢʦʤʧʘʩ ʠ ʪʨʝʭʦʩʝʚʦʡ ʜʘʪʯʠʢ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. 
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ʅʘʚʠʛʘʮʠʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʣʦʞʝʥʠʠ, ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʙʦʨʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ɸʅʇɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʰʠʨʝʥʥʦʛʦ 

ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ.  

 
 

 

ʘ) 

 
 ʙ)  

ʈʠʩ. 4.19 ɸʅʇɸ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ: (ʘ) ʚʥʝʰʥʠʡ ʚʠʜ, (ʙ) ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ  

 

ɼʠʩʢʨʝʪʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ 

ʜʚʠʞʠʪʝʣʠ ɸʅʇɸ, ʩʦʩʪʘʚʣʷʣʘ 0.65ʩ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʯʘʩʪʦʪʦʡ ʨʘʙʦʪʳ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʣʘʛʘ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʣʘ ʯʘʩʪʦʪʫ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʦʚ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ.  

 ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʉʋ ɸʅʇɸ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʦʣʴʢʦ ʨʝʛʫʣʷʪʦʨʳ ʜʚʠʞʝʥʠʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ɸʅʇɸ, ʠ ʉʋ, 

ʩʦʜʝʨʞʘʱʝʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ (ʩʤ. ʨʠʩ. 4.11). ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʦʚ 
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ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 4=nke , 065.0=ek , 

ʤʜʦʧ 5.0=e  . 

ʈʝʟʫʣʴʪʘʪʳ ʜʚʠʞʝʥʠʷ ɸʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʉʋ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4.20 ʠ 4.21 [106]. ʅʘ ʨʠʩ. 4.20 ʧʦʢʘʟʘʥʘ ʨʝʘʣʴʥʘʷ 

(ʯʝʨʥʘʷ ʢʨʠʚʘʷ) ʠ ʞʝʣʘʝʤʘʷ (ʩʝʨʘʷ ʢʨʠʚʘʷ) ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ɸʅʇɸ. ʅʘ ʨʠʩ. 4.21 

ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ɸʅʇɸ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ɸʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʟʘʜʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ 0.6 ʤ/ʩ. 

 

 

ʈʠʩ. 4.20 ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ɸʅʇɸ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʉʋ 

 

 

ʈʠʩ. 4.21 ʆʪʢʣʦʥʝʥʠʝ ɸʅʇɸ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʉʋ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʠʩʫʥʢʦʚ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʷ 

ɸʅʇɸ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʦʩʪʠʛʘʝʪ 0.8 ʤ, ʧʨʠ ʵʪʦʤ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.20, 

ʨʝʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ɸʅʇɸ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʝʡ, ʜʘʞʝ ʥʘ 

ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ ʉʋ ɸʅʇɸ, ʩʦʜʝʨʞʘʱʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʥʪʫʨ rʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ, ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 4.22-4.24.  

 

 

ʈʠʩ. 4.22 ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ɸʅʇɸ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʋ ʩ ʢʦʥʪʫʨʦʤ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ 

 

ʈʠʩ. 4.23 ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ɸʅʇɸ  
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ʅʘ ʨʠʩ. 4.22 ʧʦʢʘʟʘʥʘ ʨʝʘʣʴʥʘʷ (ʯʝʨʥʘʷ ʢʨʠʚʘʷ) ʠ ʞʝʣʘʝʤʘʷ (ʩʝʨʘʷ ʢʨʠʚʘʷ) 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ɸʅʇɸ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ɸʅʇɸ ʧʨʦʛʨʘʤʤʥʘʷ 

ʩʢʦʨʦʩʪʴ ʝʛʦ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʩʪʨʘʠʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ (4.32). , 

ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʵʪʦʡ ʩʢʦʨʦʩʪʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4.23, ʘ ʥʘ ʨʠʩ. 4.24 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ 

ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ɸʅʇɸ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʠʩʫʥʢʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʋ ɸʅʇɸ, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ, 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʞʝʣʘʝʤʫʶ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ɸʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ʀʟ ʨʠʩ. 4.22 ʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʢʦʥʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʩʦʚʧʘʜʝʥʠʷ ʨʝʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩ ʟʘʜʘʥʥʦʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʯʘʩʪʢʦʚ ʩ 

ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ. ʆʜʥʘʢʦ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʦʪʢʣʦʥʝʥʠʝ ɸʅʇɸ ʦʪ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʩʤ. ʨʠʩ. 4.24). ʂʨʦʤʝ ʪʦʛʦ, ʨʠʩ. 4.23 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʉʋ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʠʪʴ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ɸʅʇɸ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʞʝʣʘʝʤʘʷ 

ʪʦʯʥʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

 

ʈʠʩ. 4.24 ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ɸʅʇɸ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ɸʅʇɸ 

çʅʄ-2è ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʫʢʘʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚ ʷʚʥʦʤ ʚʠʜʝ ʟʘʜʘʪʴ ʞʝʣʘʝʤʫʶ 

ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ɸʅʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʥʘʩʪʨʦʡʢʫ 
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ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʪʘʢ, ʯʪʦʙʳ ʉʋ ʵʪʦʛʦ ɸʅʇɸ 

ʦʙʝʩʧʝʯʠʚʘʣʘ ʵʪʫ ʪʦʯʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ 

ʩʠʩʪʝʤ ʥʘ ʜʘʥʥʦʤ ɸʅʇɸ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ ʨʘʙʦʪʳ ʝʛʦ ʉʋ, ʢʦʪʦʨʘʷ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʷʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ɸʅʇɸ ʦʪ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʜʨʫʛʦʛʦ ɸʅʇɸ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ 

ʧʦʣʥʦʩʪʴʶ ʩʥʠʤʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʨʘʙʦʪʳ ʝʛʦ ʙʦʨʪʦʚʦʡ ʉʋ.    

 

4.5.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʅʇɸ 

çMARKè  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʪʨʘʝʢʪʦʨʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ɸʅʇɸ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ɸʅʇɸ çʄɸʈʂè, ʩʦʟʜʘʥʥʦʛʦ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʫʢʘʟʘʥʥʦʛʦ ɸʅʇɸ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4.25 [107].  

 

   

ʈʠʩ. 4.25 ɺʥʝʰʥʠʡ ʚʠʜ ɸʅʇɸ çʄɸʈʂè 

 

ʋʢʘʟʘʥʥʳʡ ɸʅʇɸ ʠʤʝʝʪ ʪʨʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ: ʜʚʠʞʝʥʠʝ ʚʧʝʨʝʜ ʠ ʧʦʚʦʨʦʪ rʧʦ 

ʫʛʣʫ ʢʨʝʥʘ ʠ ʜʠʬʬʝʨʝʥʪʘ. ʆʩʥʦʚʥʳʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.1. 

ʄʦʨʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʨʘʙʦʪʳ ʉʋ ɸʅʇɸ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ 

2013 ʛʦʜʘ ʚ ʟʘʣʠʚʝ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ [94]. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʜʚʠʞʝʥʠʝ ɸʅʇɸ ʄɸʈʂ ʧʦ ʛʣʘʜʢʦʡ ʧʨʦʛʨʘʤʤʥʦʡ 


















































































































