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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʘ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʠʣʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʘʨʠʘʮʠʦʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʫʤʘ ʦʙʱʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ (ʧʨʠʥʮʠʧʘ 

ʃʘʛʨʘʥʞʘ) ʠ ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʫʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ (ʧʨʠʥʮʠʧʘ 

ʂʘʩʪʠʣʴʷʥʦ). ʇʨʠʙʣʠʞʝʥʥʳʝ ʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ 

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʚʘʨʠʘʮʠʦʥʥʦ-ʨʘʟʥʦʩʪʥʳʡ ʤʝʪʦʜ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʬʦʨʤʫʣʠʨʦʚʢʝ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʢʘʢ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʙʦʨʘ 

ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʢ ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ 

ʫʜʦʚʣʝʪʚʦʨʷʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʜʦʧʫʩʪʠʤʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʝʨʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ. ʀʟʚʝʩʪʥʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʦʙʣʝʤʳ ʩ ʘʥʘʣʠʟʦʤ 

ʩʣʘʙʦʩʞʠʤʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʯʝʪʘ ʥʝʩʞʠʤʘʝʤʳʭ ʪʝʣ. 

ʇʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʨʘʟʣʠʯʥʳʝ ʩʤʝʰʘʥʥʳʝ 

ʬʦʨʤʫʣʠʨʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʈʝʡʩʩʥʝʨʘ, ʍʫ-ɺʘʰʠʟʫ ʠ ʜʨ., 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʥʦ, ʚ ʠʟʚʝʩʪʥʦʡ ʩʪʝʧʝʥʠ, ʩʚʦʙʦʜʥʳʝ ʦʪ ʫʢʘʟʘʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ. 

ʇʨʠʙʣʠʞʝʥʥʳʝ ʠ ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ 

ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʂʘʩʪʠʣʴʷʥʦ ʥʘʰʣʠ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, 

ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʤʠ: 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚ ʦʙʣʘʩʪʠ ʫʨʘʚʥʝʥʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʪʘʪʠʯʝʩʢʠʤ ʛʨʘʥʠʯʥʳʤ 

ʫʩʣʦʚʠʷʤ. ɺ ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ 
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ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʦ ʬʦʨʤʝ ʦʙʣʘʩʪʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʪʨʦʝʥʳ ʧʨʦʩʪʳʝ ʧʦ ʬʦʨʤʝ 

ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʥʘʧʨʷʞʝʥʠʷʭ.  

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʝʪʦʜʦʚ ʩʚʝʜʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʣʷ 

ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʢ ʟʘʜʘʯʝ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ: ʤʝʪʦʜ 

ʬʠʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʤʝʪʦʜ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ʬʦʨʤʳ, ʤʝʪʦʜ ʬʠʢʪʠʚʥʳʭ 

ʢʘʥʦʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ, ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ (ʐʘʨʜʘʢʦʚ ʀ.ʅ., 

ʊʨʫʬʘʥʦʚ ʅɸ., ʄʘʪʚʝʝʥʢʦ ɺ.ʇ. ʄʝʪʦʜ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ. - ʈɸʅ ʋʨʆ, ɽʢʘʪʝʨʠʥʙʫʨʛ, 1999, 298 ʩ.) ʠ ʜʨ. ʌʦʨʤʫʣʠʨʦʚʢʘ ʤʝʪʦʜʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ (ʄɻʇ) ʜʘʥʘ ʘʚʪʦʨʘʤʠ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ, 

ʧʨʝʜʣʦʞʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʚʘʨʠʘʮʠʦʥʥʦ-ʨʘʟʥʦʩʪʥʳʤ ʤʝʪʦʜʦʤ, ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʄɻʇ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʥʘ ʦʙʣʘʩʪʷʭ ʩʣʦʞʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ 

ʨʝʰʝʥʠʷ ʠ ʥʘʨʘʙʦʪʢʠ ʜʣʷ ʦʙʣʘʩʪʝʡ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʚʷʟʘʥʘ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʡ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʄɻʇ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʣʷ ʥʝʩʞʠʤʘʝʤʳʭ ʠ ʩʣʘʙʦʩʞʠʤʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʣʫʯʝʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ 

ʧʦʩʪʨʦʠʪʴ ʚʘʨʠʘʮʠʦʥʥʳʝ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʳ, ʚ ʢʦʪʦʨʳʭ ʛʘʨʘʥʪʠʨʦʚʘʥʦ 

ʣʝʞʠʪ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʙʦʣʝʝ ʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʣʦʞʥʳʭ ʧʦ 

ʬʦʨʤʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʟʣʦʚ, ʠʤʝʶʱʠʭ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʙʦʙʱʝʥʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʥʘ ʢʣʘʩʩ 

ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʂʘʩʪʠʣʴʷʥʦ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  
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- ʈʘʟʨʘʙʦʪʘʪʴ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠ ̫ ʤʝʪʦʜʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. 

- ɼʦʢʘʟʘʪ ɹʩʭʦʜʠʤʦʩʪ ɹʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʄɻʇ. 

- ʇʦʩʪʨʦʠʪʴ ʜʠʩʢʨʝʪʥʳʝ ʘʥʘʣʦʛʠ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄɻʇ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʤʝʪʦʜʘ ʈʠʪʮʘ. 

- ʈʝʘʣʠʟʦʚʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪ ɹ ʧʨʘʢʪʠʯʝʩʢʫ  ʁ ʩʭʦʜʠʤʦʩʪ ɹ ʄɻʇ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ (ʧʣʦʩʢʠʭ ʠ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ). 

- ʇʨʠʤʝʥʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

(ʘʤʦʨʪʠʟʘʪʦʨʦʚ). 

ʂʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 

ɺ ɻʣʘʚʝ 1 ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʧʨʦʙʣʝʤʝ ʨʘʟʚʠʪʠʷ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʚʝʩʪʠ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʪʝʣ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʢ ʟʘʜʘʯʘʤ ʥʘ ʢʘʥʦʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ. 

ʊʘʢʞʝ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ɻʣʘʚʝ 2 ʧʨʝʜʣʦʞʝʥʦ ʦʙʦʙʱʝʥʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʥʘ 

ʢʣʘʩʩ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. ʆʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ 

ʩʚʝʜʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʚ 

ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʣʫʯʝʥ ʚʠʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʜʘʯʠ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʚʘʨʠʘʮʠʦʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʚ 

ʨʘʤʢʘʭ ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʫʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ (ʧʨʠʥʮʠʧʘ ʂʘʩʪʠʣʴʷʥʦ), 

ʫʩʪʘʥʦʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʪʠʧʳ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʥʦʚʦʡ ʯʘʩʪʠ ʛʨʘʥʠʮʳ 

ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʠʚʝʜʝʥ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ 
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ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠ ʜʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ ʦ ʝʝ ʩʭʦʜʠʤʦʩʪʠ ʚ 

ʪʝʨʤʠʥʘʭ ʵʣʝʤʝʥʪʦʚ ʚʚʝʜʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʪʝʥʟʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ.  

ɺ ɻʣʘʚʝ 3 ʧʦʢʘʟʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ ʜʣʷ ʨʝʰʝʥʠʷ ʧʣʦʩʢʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ɺʳʧʦʣʥʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʚʘʨʠʘʮʠʦʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʄɻʇ ʤʝʪʦʜʦʤ ʈʠʪʮʘ ʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴʥʘʷ ʧʣʦʩʢʘʷ ʟʘʜʘʯʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʄɻʇ ʩ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʕʨʠ; ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʢʦʨʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʝ 

ʠ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʄʂʕ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʦʛʨʫʞʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʥʝʩʞʠʤʘʝʤʳʤʠ ʫʧʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ʇʨʠʚʝʜʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʧʣʦʩʢʠʝ 

ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʤʦʨʪʠʟʘʪʦʨʳ. 

ɺ ɻʣʘʚʝ 4 ʧʦʢʘʟʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ ʜʣʷ ʨʝʰʝʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺʳʧʦʣʥʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ 

ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄɻʇ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴʥʘʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʟʘʜʘʯʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ 

ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʄɻʇ ʩ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ; ʚʳʧʦʣʥʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʢʦʨʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʝ ʠ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʄʂʕ ʚ 

ʧʝʨʝʤʝʱʝʥʠʷʭ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʥʝʩʞʠʤʘʝʤʳʤʠ ʫʧʨʫʛʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ. ʇʨʠʚʝʜʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʤʦʨʪʠʟʘʪʦʨʳ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʇʨʠʤʝʥʝʥʘ 

ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ MATLAB . 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʉʦʟʜʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʩʚʝʩʪʠ ʦʪʳʩʢʘʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʢ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ 

ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʇʨʝʜʣʦʞʝʥ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʚʘʨʠʘʮʠʦʥʥʦ-

ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠ ʜʦʢʘʟʘʥʘ 

ʪʝʦʨʝʤʘ ʦ ʝʝ ʩʭʦʜʠʤʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥ ʚʠʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʘʨʠʘʮʠʦʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʦʟʤʦʞʥʳʡ ʚʠʜ ʜʦʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʥʦʚʳʭ ʛʨʘʥʠʮʘʭ 

ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʜʫʨʳ 

ʧʦʛʨʫʞʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʘʭ ʠ ʧʨʦʛʨʘʤʤʘʭ, ʨʝʘʣʠʟʫʶʱʠʭ ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʠ ʪʝʣ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʥʝʩʞʠʤʘʝʤʳʭ ʠʣʠ ʩʣʘʙʦʩʞʠʤʘʝʤʳʭ ʫʧʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝʤ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʯʠʩʣʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʩʭʦʜʠʤʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʧʨʦʮʝʜʫʨ ʠ ʚʳʧʦʣʥʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ:  

1. ʇʨʦʚʝʜʝʥʦ ʦʙʦʙʱʝʥʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʥʘ ʢʣʘʩʩ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʚʝʩʪʠ ʦʪʳʩʢʘʥʠʝ 

ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢ 
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ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʇʨʝʜʣʦʞʝʥ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʚʘʨʠʘʮʠʦʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʄɻʇ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠ ʜʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ ʦ ʝʝ ʩʭʦʜʠʤʦʩʪʠ. 

2. ʋʩʪʘʥʦʚʣʝʥ ʚʠʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʚʘʨʠʘʮʠʦʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʤʦʞʥʳʡ ʚʠʜ 

ʜʦʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʥʦʚʳʭ ʛʨʘʥʠʮʘʭ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʧʦʛʨʫʞʝʥʠʷ. 

3. ʇʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤ ʚ ʩʨʝʜʝ MatLab ʘʣʛʦʨʠʪʤ 

ʧʦʩʪʨʦʝʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄɻʇ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. ʀʟʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʄɻʇ ʠ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʄɻʇ ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʜʚʫʤʝʨʥʳʭ (ʧʣʦʩʢʠʭ ʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ) ʟʘʜʘʯ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. 

4. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʚʝʩʪʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ 

ʦʙʣʘʩʪʷʭ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

1. ʆʙʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʄɻʇ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʫʤʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ: ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʷ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ; 

ʦʙʦʩʥʦʚʘʥʠʝ ʩʭʦʜʠʤʦʩʪʠ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʄɻʇ; ʚʠʜ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. 

2. ɺʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʚʘʨʠʘʮʠʦʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʦʡ 

ʧʨʦʮʝʜʫʨʳ ʄɻʇ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʦʛʘ ʄɻʇ ʠ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʜʣʷ 

ʧʣʦʩʢʠʭ ʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʧʠʩʘʥʠʠ ʨʘʩʯʝʪʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʇʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʢʣʘʜʢʠ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 



10 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ XIʍ ɿʠʤʥʝʡ ʰʢʦʣʝ ʧʦ ʤʝʭʘʥʠʢʝ 

ʩʧʣʦʰʥʳʭ ʩʨʝʜ (ʛ. ʇʝʨʤʴ, 2015, 2017), ʥʘ XXI  ʠ XXV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʝ ï 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʪʫʜʝʥʪʦʚ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢʘʭè (ʛ. ʇʝʨʤʴ, 2012, 2016), ʥʘ XVIII ʠ XIX  ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʝ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʠʢʣʘʜʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʩʠʩʪʝʤʘʤ (ʛ. ɸʣʫʰʪʘ, 2013, 2015), ʥʘ ʍI ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʩʲʝʟʜʝ ʧʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ (ʛ. ʂʘʟʘʥʴ, 

2015), ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡè (ʛ.  ʇʝʨʤʴ, 2015). ʇʦʣʥʦʩʪʴʶ ʨʘʙʦʪʘ 

ʜʦʣʦʞʝʥʘ ʠ ʦʙʩʫʞʜʝʥʘ ʥʘ ʩʝʤʠʥʘʨʘʭ ʢʘʬʝʜʨʳ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ 

ʤʝʭʘʥʠʢʘè ʇʅʀʇʋ (ʨʫʢ. ʜʦʮʝʥʪ ʇ.ɺ. ʄʘʢʩʠʤʦʚ), ʀʥʩʪʠʪʫʪʘ ʤʝʭʘʥʠʢʠ 

ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʋʨʆ ʈɸʅ (ʨʫʢ. ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʇ. ʄʘʪʚʝʝʥʢʦ), ʢʘʬʝʜʨʳ 

çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚè ʇʅʀʇʋ (ʨʫʢ. ʧʨʦʬʝʩʩʦʨ 

ʇ.ɺ. ʊʨʫʩʦʚ), ʢʘʬʝʜʨʳ çʄʝʭʘʥʠʢʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡè 

ʇʅʀʇʋ (ʨʫʢ. ʧʨʦʬʝʩʩʦʨ ɸ.ʅ. ɸʥʦʰʢʠʥ). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ 11 

ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 2 ʩʪʘʪʴʠ ʚ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʇʝʨʝʯʥʝ ɺɸʂ, 1 ʩʪʘʪʴ ̫ʚʢʣʶʯʝʥʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ 

ʮʠʪʠʨʦʚʘʥʠʷ Scopus, ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʘʟʜʝʣʳ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʳ ʚ 

ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ [121-123].  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 130 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ ï 112 ʩʪʨʘʥʠʮ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 47 

ʠʣʣʶʩʪʨʘʮʠʡ ʠ 2 ʪʘʙʣʠʮ.r 
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ɻʣʘʚʘ 1. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. 

 

ɿʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʚ ʤʝʭʘʥʠʢʝ 

ʪʚʝʨʜʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʝʣʘ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʤʘʩʩʘ 

ʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʘʨʠʘʮʠʦʥʥʦ-ʨʘʟʥʦʩʪʥʳʭ, ʩʝʪʦʯʥʳʭ, 

ʛʨʘʥʠʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʝʪʦʜʘʭ. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʦʮʝʥʢʝ ʧʨʦʯʥʦʩʪʠ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʜʫʩʪʨʠʷ 

ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʥʘʙʠʨʘʝʪ ʚʳʩʦʢʠʝ ʦʙʦʨʦʪʳ. ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʙʦʣʴʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʙʣʝʤʘʤʠ ʥʝ ʘʜʘʧʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 

ʧʘʢʝʪʦʚ ʢ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʤ ʢʣʘʩʩʘʤ ʟʘʜʘʯ ʨʘʩʪʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ 

ʘʣʛʦʨʠʪʤʘʭ ʩʯʝʪʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʦʡʪʠ ʚʩʝ ʩʣʦʞʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ, ʦʧʠʩʘʥʠʷ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʚʷʟʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʦʙʣʘʩʪʠ ʨʘʩʯʝʪʦʚ, ʚ 

ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʚʳʧʦʣʥʠʤ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

 

1.1. ʆʙʟʦʨ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ. 

 

ʊʝʦʨʠʷ ʫʧʨʫʛʦʩʪʠ - ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ ʨʘʟʜʝʣ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʚʥʝʩʰʠʡ ʥʝʦʮʝʥʠʤʳʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʧʨʫʛʠʭ ʪʝʣ [1]. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʦʮʝʥʢʫ ʠ ʘʥʘʣʠʟ ʅɼʉ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʚʦʜʠʪʩʷ 

ʢ ʧʦʣʥʦʡ ʩʠʩʪʝʤʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʫʨʘʚʥʝʥʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʘʷ ʩʠʩʪʝʤʘ 
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ʩʦʜʝʨʞʠʪ ʧʷʪʥʘʜʮʘʪʴ ʥʝʠʟʚʝʩʪʥʳʭ, ʠʟ ʢʦʪʦʨʳʭ ʰʝʩʪʴ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ, ʰʝʩʪʴ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ ʠ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ 

ʧʝʨʝʤʝʱʝʥʠʡ, ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʧʨʠʙʝʛʘʶʪ ʢ ʘʥʘʣʠʪʠʯʝʩʢʠʤ, 

ʧʨʠʙʣʠʞʝʥʥʳʤ ʣʠʙʦ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ. 

ʅʘʭʦʞʜʝʥʠʝ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅɼʉ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʜʦʚʦʣʴʥʦ 

ʪʨʫʜʦʝʤʢʘʷ ʟʘʜʘʯʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʧʦʜʭʦʜʘ: 

ʧʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʧʦʣʫʦʙʨʘʪʥʳʡ ʤʝʪʦʜ ʉʝʥ-

ɺʝʥʘʥʘ [2]. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʳʯʠʩʣʠʪʝʣʠ ʧʳʪʘʶʪʩʷ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʃʷʤʝ ʠ ʧʨʠʥʷʪʴ ʦʩʥʦʚʥʳʤʠ ʥʝʠʟʚʝʩʪʥʳʤʠ ʚʝʢʪʦʨ 

ʧʝʨʝʤʝʱʝʥʠʡ, ʪʝʤ ʩʘʤʳʤ ʨʝʰʘʷ ʟʘʜʘʯʫ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʠʣʠ ʚʟʷʪʴ ʟʘ ʦʩʥʦʚʫ 

ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʪʝʨʤʠʥʘʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʫʩʣʦʚʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ 

ɹʝʣɹʪʨʘʤʠ-ʄʠʪʯʝʣʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. ʏʪʦ ʞʝ 

ʢʘʩʘʝʪʩʷ ʩʘʤʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʪʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʙʳʣ ʚʳʷʚʣʝʥ ʢ ʧʦʩʪʘʥʦʚʢʝ 

ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʥʝʦʮʝʥʠʤʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʦʡ 

ʚʥʝʩʣʠ ʪʘʢʠʝ ʜʝʷʪʝʣʠ ʢʘʢ: ʕʨʠ, ʄʘʢʩʚʝʣʣ, ʄʦʨʨʝʨ, ɺ.ʀ. ɹʣʦʭ ʠ ʖ.ɸ. ʂʨʫʪʢʦʚ, ʚ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ ʩʣʫʯʘʝ: ʃʷʚ, K. ɺʝʙʝʨ, A. ʊʠʤʧʝ, ɹ.ɻ. ɻʘʣʝʨʢʠʥ, ɻ.ɼ. ɻʨʦʜʩʢʠʡ, 

ʖ.ʅ. ɺʘʩʠʣʴʝʚ ʠ ʜʨ. [3-5] ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʧʦʩʪʘʥʦʚʫ ʠʟʚʝʩʪʥʦʛʦ 

ʨʦʩʩʠʡʩʢʦʛʦ ʫʯʝʥʦʛʦ ɹ.ɽ. ʇʦʙʝʜʨʠ, ʦʪʨʘʞʝʥʥʫʶ ʚ ʨʘʙʦʪʘʭ [6-8], ʘ ʪʘʢ ʞʝ ʝʛʦ 

ʫʯʝʥʠʢʦʚ ɼ.ɺ. ɻʝʦʨʛʠʝʚʩʢʦʛʦ ʠ ʉ.ɺ. ʐʝʰʝʥʠʥʘ [9-11]. ɺ ʨʝʰʝʥʠʷʭ ʦʙʨʘʪʥʳʭ 

ʟʘʜʘʯ, ʠʩʭʦʜʷ ʠʟ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʚʳʯʠʩʣʠʪʝʣʠ ʟʘʜʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʤ 

ʚʠʜʦʤ ʧʝʨʝʤʝʱʝʥʠʡ ʣʠʙʦ ʥʘʧʨʷʞʝʥʠʡ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘʭʦʜʷ ʦʩʪʘʚʰʠʝʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʘʢʦ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʧʦʜʭʦʜʦʤ, ʟʘʯʘʩʪʫʶ ʥʝ 

ʠʤʝʶʪ ʥʠʢʘʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ. ʏʘʩʪʠʯʥʦʝ ʟʘʜʘʥʠʝ ʠ ʢʦʤʧʦʥʝʥʪ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʠ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʦʙʨʘʪʥʦʤʫ ʤʝʪʦʜʫ 

ʉʝʥ-ɺʝʥʘʥʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʥʳʭ 

ʨʝʰʝʥʠʡ ʧʨʦʩʪʝʡʰʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ: ʟʘʜʘʯʘ ʦ ʚʩʝʩʪʦʨʦʥʥʝʤ 

ʨʘʚʥʦʤʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʦʩʝʚʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʙʨʫʩʘ, ʨʘʩʪʷʞʝʥʠʝ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʙʨʫʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ, ʢʨʫʯʝʥʠʝ ʢʨʫʛʣʦʛʦ 
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ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʙʨʫʩʘ ʠ ʜʨ. ɼʣʷ ʨʘʩʯʝʪʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʘʢʠʝ 

ʤʝʪʦʜʠʢʠ ʥʝ ʥʘʭʦʜʷʪ ʩʚʦʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʯʝʥʴ ʪʨʫʜʦʝʤʢʠ ʠ 

ʛʨʦʤʦʟʜʢʠ ʚ ʩʚʦʝʡ ʨʝʘʣʠʟʘʮʠʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ 

ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ.  

ʇʨʠʙʣʠʞʝʥʥʳʝ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʠʩʘʪʴ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʬʫʥʢʮʠʡ, ʦʪʥʦʩʷʪ ʢ ʧʨʷʤʳʤ ʤʝʪʦʜʘʤ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. 

ʄʝʪʦʜ ʈʠʪʮʘ, ɹʫʙʥʦʚʘ-ɻʘʣʝʨʢʠʥʘ, ʂʘʥʪʦʨʦʚʠʯʘ, ʊʨʝʬʬʮʘ ï ʷʚʣʷʶʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʧʦʜʙʦʨʝ 

ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʪʨʦʠʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ [12-13]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʧʳʪʢʠ ʩʪʨʦʠʪʴ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʧʦʣʠʥʦʤʘʭ ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʨʷʜʦʚ ʥʝ ʦʩʪʘʶʪʩʷ ʪʱʝʪʥʳʤʠ. ʈʘʟʚʠʪʠʝ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʠʩʘʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [14-21], ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʣʘʩʩ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ʊʘʢ ʞʝ 

ʥʝ ʦʩʪʘʶʪʩʷ ʥʝʟʘʤʝʯʝʥʥʳʤʠ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ 

ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ [22-24], ʚʦʧʨʦʩʦʚ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ 

[25-26] ʠ ʧʨ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ï ʦʪʣʠʯʥʘʷ ʦʩʥʦʚʘ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʙʝʩʮʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʦʪʣʘʜʢʠ ʚʩʝ ʙʦʣʝʝ ʥʦʚʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʪʘʢʠʭ ʬʦʨʤ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʢʦʥʢʨʝʪʥʳʝ 

ʟʘʜʘʯʠ, ʦʪʜʝʣʷʶʪ ʠʟʚʝʩʪʥʳʝ ʧʨʠʙʣʠʞʝʥʥʝʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪ ʯʠʩʣʝʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʪʨʦʠʪʴ ʜʠʩʢʨʝʪʥʳʝ ʘʥʘʣʦʛʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʟʘʜʘʯ ʠ 

ʧʨʦʚʦʜʠʪʴ ʦʙʲʝʤʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

ʉʨʝʜʠ ʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ: ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʳʭ, ʚʘʨʠʘʮʠʦʥʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʝʪʦʜʦʚ [27-29]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ ʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʩʥʦʚʥʘʷ ʠʜʝʷ 
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ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ 

(ʪʝʣʘ). ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) - ʦʩʥʦʚʥʦʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ʣʶʙʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʕɺʄ, ʪʘʢʠʭ ʢʘʢ ʃʀʈɸ, ANSYS, ABACUS, 

DINA, MARC ʠ ʜʨ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʦʛʨʘʬʠʡ ʧʦʩʚʷʱʝʥʦ ʠʟʣʦʞʝʥʠʶ 

ʩʘʤʦʡ ʩʫʪʠ ʤʝʪʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ 

ʬʦʨʤʫʣʠʨʦʚʦʢ [30-34], ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʘʤ ʩʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ ʩʦ 

ʩʪʨʦʛʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ [35-37]. ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʦʙʟʦʨʥʳʝ 

ʩʪʘʪʴʠ ɸ.ɺ. ʀʛʥʘʪʴʝʚʘ [38-40], ʧʦʩʚʷʱʝʥʥʳʝ ʭʨʦʥʦʣʦʛʠʠ ʨʘʟʚʠʪʠʷ ʄʂʕ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʧʦʜʭʦʜʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ, 

ʦʩʥʦʚʳʚʘʶʱʠʭʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʘʭ [41]. ʆʩʦʙʦʡ 

ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ 

ʚʘʨʠʘʮʠʦʥʥʦʤ ʧʨʠʥʮʠʧʝ ʃʘʛʨʘʥʞʘ. ʇʨʦʩʪʦʪʘ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʷʩʥʦʩʪʴ ʤʝʪʦʜʘ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʚʘʨʠʘʥʪ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʳʙʦʨʝ ʢʦʦʨʜʠʥʘʪʥʳʭ ʬʫʥʢʮʠʡ. ɺʚʦʜʠʤʳʝ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʡ ʚʥʫʪʨʠ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʷʤ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʜʦʧʫʩʪʠʤʦʩʪʠ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʧʦʣʥʝʥʠʶ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ. ʊʘʢʦʛʦ ʨʦʜʘ ʵʣʝʤʝʥʪʳ ʧʦʣʫʯʠʣʠ ʜʦʩʪʘʪʦʯʥʦʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ʀʟ ʩʦʚʨʝʤʝʥʥʳʭ ʃʘʛʨʘʥʞʝʚʳʭ ʧʦʜʭʦʜʦʚ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʘʞʫʨʥʫʶ ʩʭʝʤʫ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [42-44], ʧʦʟʚʦʣʷʶʱʫʶ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳ ʟʘʪʨʘʪʳ, ʥʝ ʪʝʨʷʷ ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯ. ʈʘʟʚʠʪʠʶ ʩʘʤʠʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢ ʞʝ 

ʫʜʝʣʝʥʦ ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ [45-47]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʤ ʧʨʠʭʦʜʠʪʩʷ ʫʚʝʣʠʯʠʚʘʪʴ ʚ ʨʘʟʳ ʩʪʝʧʝʥʴ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠʩʭʦʜʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ 
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(ʥʘʧʨʷʞʝʥʠʡ) ʧʨʠʚʦʜʠʪ ʢ ʯʠʩʣʝʥʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʶ ʦʩʥʦʚʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ (ʧʝʨʝʤʝʱʝʥʠʡ), ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 

ʪʦʯʥʦʩʪʠ ʠ ʛʣʘʜʢʦʩʪʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʚʥʫʪʨʠ 

ʵʣʝʤʝʥʪʘ. ʊʘʢ ʞʝ ʝʱʝ ʦʜʥʠʤ ʩʣʘʙʳʤ ʤʝʩʪʦʤ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʜʣʷ ʪʝʣ ʠʟ ʥʝʩʞʠʤʘʝʤʳʭ ʠʣʠ 

ʩʣʘʙʦʩʞʠʤʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʨʘʚʝʥ, ʣʠʙʦ ʙʣʠʟʦʢ ʢ 0.5).  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʩʤʝʰʘʥʥʳʝ ʚʘʨʠʘʮʠʦʥʥʳʝ 

ʧʨʠʥʮʠʧʳ. ɺ ʯʘʩʪʥʦʩʪʠ ʚʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ʈʝʡʩʩʥʝʨʘ ʠ ʍʫ-ɺʘʰʠʜʟʫ [41] 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠ ʜʘʶʱʠʭ ʧʨʠʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʛʣʘʜʢʦʩʪʴʶ 

ʚ ʰʠʨʦʢʠʭ ʢʣʘʩʩʘʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ʉʪʦʠʪ ʦʪʜʝʣʴʥʦ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ʊ. 

ʇʠʘʥʘ ʠ ʇ. ʊʦʥʛʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʛʠʙʨʠʜʥʳʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʝ 

ʬʦʨʤʫʣʠʨʦʚʢʠ [48-50], ʉ. ɸʪʣʫʨʠ ʠ ʜʨ [51-52]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʤʝʰʘʥʥʳʤ 

ʬʦʨʤʫʣʠʨʦʚʢʘʤ ʪʘʢ ʞʝ ʫʜʝʣʷʝʪʩʷ ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ 

[53-56]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ, ʚ ʛʠʙʨʠʜʥʳʭ ʬʦʨʤʫʣʠʨʦʚʢʘʭ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ 

ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʥʝʩʞʠʤʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘ ʧʨʠʤʝʨʝ ʚʘʨʠʘʮʠʦʥʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ɻʝʨʤʘʥʘ [57], ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʜʭʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʥʝʠʟʚʝʩʪʥʳʭ ʫʟʣʦʚʳʭ ʚʝʣʠʯʠʥ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʠ ʥʝʟʘʚʠʩʠʤʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʘ.  

ʄʝʥʴʰʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʧʦʣʫʯʠʣ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʘʨʠʘʮʠʦʥʥʦʤ ʧʨʠʥʮʠʧʝ ʂʘʩʪʠʣʴʷʥʦ, ʫʜʝʣʠʤ ʝʤʫ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ.  
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1.2. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ 

ʂʘʩʪʠʣʴʷʥʦ. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʬʫʥʢʮʠʦʥʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʜʚʦʡʩʪʚʝʥʥʳʤ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʫʥʢʮʠʦʥʘʣʫ ʃʘʛʨʘʥʞʘ [32]. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʙʦʠʭ 

ʚʘʨʠʘʥʪʦʚ ï ʧʨʠʥʮʠʧʘ ʃʘʛʨʘʥʞʘ ʠ ʧʨʠʥʮʠʧʘ ʂʘʩʪʠʣʴʷʥʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚ 

ʩʤʳʩʣʝ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʛʨʘʥʠʮʳ ʜʣʷ ʨʝʰʝʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʘʪʨʘʪʘʭ ʨʝʰʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ, ʯʝʤ 

ʨʝʰʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʘ ʃʘʛʨʘʥʞʘ. ʆʜʥʘʢʦ ʩʣʦʞʥʦʩʪʠ ʚ ʨʝʘʣʠʟʘʮʠʠ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠʥʮʠʧ ʂʘʩʪʠʣʴʷʥʦ ʚ ʩʬʝʨʝ ʨʘʩʯʝʪʦʚ. 

ʌʫʥʢʮʠʦʥʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʮʠʦʥʥʳʤ ʘʥʘʣʦʛʦʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʚʤʝʩʪʥʦʩʪʠ ʚ ʬʦʨʤʝ ɹʝʣʴʪʨʘʤʠ - ʄʠʪʯʝʣʣʘ ʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʉʪʘʪʠʯʝʩʢʠʝ ʞʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʜʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ. ʇʨʠʥʮʠʧ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ: ʠʟ ʚʩʝʭ ʩʪʘʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʪʘʪʠʯʝʩʢʠʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ, 

ʠʩʪʠʥʥʳʤ ʧʦʣʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʢʦʪʦʨʦʝ ʜʦʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʦʥʘʣʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ [58]. ʆ ʚʦʟʤʦʞʥʦʩʪʷʭ ʬʦʨʤʫʣʠʨʦʚʢʠ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʚʘʨʠʘʮʠʦʥʥʦʤ ʧʨʠʥʮʠʧʝ ʂʘʩʪʠʣʴʷʥʦ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʨʠʥʮʠʧ ʚʠʨʪʫʘʣʴʥʳʭ ʩʠʣ, ʘ ʪʘʢ ʞʝ 

ʧʨʠʤʝʨʳ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʠʟʚʝʩʪʥʦʡ ʤʦʥʦʛʨʘʬʠʠ ʈ. ɻʘʣʣʘʛʝʨʘ 

[32]. ɺ ʥʝʡ ʪʘʢ ʞʝ ʧʨʠʚʦʜʠʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ: ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʟʣʦʚʳʭ ʩʠʣ 

ʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʷ 

ʕʨʠ (ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ).  

ʇʦʩʪʨʦʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʚʥʫʪʨʠ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ï 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 
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ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝʩʠʷ. 

ɼʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣ ʙʝʣʴʛʠʡʩʢʠʡ ʫʯʝʥʳʡ Fraeijs de 

Veubeke, ʯʪʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʨʘʞʝʥʦ ʚ ʨʘʙʦʪʝ [59]. ʂʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ, ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʣʦʩʢʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ [54], ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʦʙʣʘʩʪʠ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ ʩʪʨʦʠʪʴ ʨʘʟʨʳʚʥʳʝ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝʩʪʘʭ ʧʨʠʣʦʞʝʥʠʷ 

ʥʘʛʨʫʟʦʢ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʜʥʘʢʦ ʩ ʪʘʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʠʣʴʥʦ ʤʝʣʴʯʠʪʴ ʩʝʪʢʫ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʫʟʣʦʚʳʭ ʥʝʠʟʚʝʩʪʥʳʭ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ 

ʙʦʣʴʰʠʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ. ʇʦʩʪʨʦʝʥʠʝ ʪʘʢʠʭ ʨʘʚʥʦʚʝʩʥʳʭ ʧʦʣʝʡ ʥʘ 

ʦʩʥʦʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʣʦʩʢʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ ʪʘʢ ʠ ʦʩʪʘʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ, ʦʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʟʘʜʘʯ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʟʚʝʩʪʥʳʤ. ɺʧʝʨʚʳʝ ʚ ʨʘʙʦʪʝ [60] 

ʚʩʪʨʝʯʘʝʪʩʷ ʩʝʤʝʡʩʪʚʦ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʪʨʦʠʪʴ ʧʦʣʷ 

ʥʘʧʨʷʞʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʟʘʚʝʜʦʤʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʫʨʘʚʥʝʥʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʪʘʢ ʞʝ ʧʨʠʚʝʜʝʥʦ ʚ [61-62]. 

ɼʨʫʛʠʤ ʠʟʚʝʩʪʥʳʤ ʧʦʜʭʦʜʦʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʪʘʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʭ ʧʦʣʝʡ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ, ʦʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʫʨʘʚʥʝʥʠʷʤ ʨʘʚʥʦʚʝʩʠʷ. ʊʘʢʦʤʫ ʧʦʩʪʨʦʝʥʠʶ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʫʜʝʣʝʥʦ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ [63-70]. ɺ ʫʢʘʟʘʥʥʳʭ 

ʨʘʙʦʪʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʝ, ʪʨʝʫʛʦʣʴʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 

ʨʝʰʝʥʠʝ ʧʣʦʩʢʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ɺ [67-68] ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʳ ʧʨʦʮʝʜʫʨʳ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʡ ʬʦʨʤ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢ ʞʝ ʫʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ, ʢʘʢ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʢʘʯʝʩʪʚʝ ʫʟʣʦʚʳʭ ʥʝʠʟʚʝʩʪʥʳʭ ʬʠʛʫʨʠʨʫʝʪ ʬʫʥʢʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 
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ʝʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʪʦ ʟʘʜʘʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʣʠʥʝʡʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʘ ʫʟʣʦʚʳʝ ʥʝʠʟʚʝʩʪʥʳʝ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʚʚʦʜʷʪʩʷ ʚ ʬʫʥʢʮʠʦʥʘʣ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ. ʉʫʱʝʩʪʚʫʝʪ ʠ 

ʝʱʝ ʦʜʠʥ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʭ 

ʟʘʜʘʯ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʯʠʩʣʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʦ ʟʘʜʘʥʥʳʤ ʥʘʛʨʫʟʢʘʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʟʘʜʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʫʟʣʘʭ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʤʦʜʠʬʠʢʘʮʠʠ ʛʣʦʙʘʣʴʥʳʭ 

ʤʘʪʨʠʮ ʧʦʜʘʪʣʠʚʦʩʪʠ ʠ ʚʝʢʪʦʨʘ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ.  

ɺ [32, 67] ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʷ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ ʠʟʛʠʙʘ ʧʣʘʩʪʠʥ ʠ ʧʣʦʩʢʦʡ 

ʟʘʜʘʯʝʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ʆʜʥʦʨʦʜʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʕʨʠ ʩʦʚʧʘʜʘʝʪ ʩ ʫʨʘʚʥʝʥʠʝʤ ʠʟʛʠʙʘ ʧʣʘʩʪʠʥ ʜʣʷ ʬʫʥʢʮʠʠ 

ʧʨʦʛʠʙʘ w ʧʨʠ ʥʫʣʝʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʇʦʵʪʦʤʫ ʝʩʣʠ ʚ 

ʬʫʥʢʮʠʦʥʘʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʟʘʤʝʥʠʪʴ ʥʘ w, ʘ 

ʤʘʪʨʠʮʫ ʧʦʜʘʪʣʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʫʧʨʫʛʠʭ ʢʦʥʩʪʘʥʪ) ʥʘ ʤʘʪʨʠʮʫ ʞʝʩʪʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ, ʪʦ ʬʫʥʢʮʠʦʥʘʣ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʳʤ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʠʟʛʠʙʘʝʤʦʡ 

ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʠʜʝʥʪʠʯʥʦ 

ʦʪʳʩʢʘʥʠʶ ʧʦʣʷ ʧʨʦʛʠʙʦʚ ʧʨʠ ʠʟʛʠʙʝ ʧʣʘʩʪʠʥ. ʀʤʝʥʥʦ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʚʟʷʣʠ 

ʩʚʦʝ ʥʘʯʘʣʦ ʧʨʠ ʨʘʟʚʠʪʠʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. 

ʊʘʢ ʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥʳ ʨʝʰʝʥʠʶ ʪʨʝʭʤʝʨʥʳʭ 

ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʥʠʤʘʝʪ ʚʝʢʪʦʨʥʫʶ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ [71-72].  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʩʝʩʩʠʤʤʝʪʨʠʯʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʦʜʭʦʜ ʥʝ ʥʘʭʦʜʠʪ ʩʚʦʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʩʚʷʟʴ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʦʩʪʦʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, 

ʪʨʫʜʥʦʩʪʷʤ ʟʘʜʘʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʪʦʛʘ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʨʘʙʦʪʘʭ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʧʨʦʩʪʫʶ ʬʦʨʤʫ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʩʣʦʞʥʦʛʦ 

ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ (ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ) ʵʣʝʤʝʥʪʘ ʧʦʩʪʨʦʠʪʴ ʩʪʘʪʠʯʝʩʢʠ 
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ʜʦʧʫʩʪʠʤʦʝ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ [73], ʘ ʜʣʷ ʨʝʰʝʥʠʷ ʜʚʫʤʝʨʥʳʭ 

ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʪʘʢʠʝ ʧʦʧʳʪʢʠ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʦʛʨʘʥʠʯʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʣ, ʟʘʥʠʤʘʶʱʠʭ 

ʢʘʥʦʥʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ. ʆʪʣʠʯʥʳʤ ʚʳʭʦʜʦʤ ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʧʦʩʣʫʞʠʣ 

ʙʳ ʩʠʤʙʠʦʟ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʠ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʩʚʝʩʪʠ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ʥʘ ʩʣʦʞʥʦʡ 

ʦʙʣʘʩʪʠ, ʢ ʟʘʜʘʯʝ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʜʘʪʴ ʪʦʣʯʦʢ ʚ 

ʨʘʟʚʠʪʠʠ ʩʘʤʠʭ ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢ ʞʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʠʣ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. 

ʇʦʵʪʦʤʫ ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ ʧʦʩʚʷʪʠʤ ʨʘʩʩʤʦʪʨʝʥʠʶ ʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ 

ʥʝʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

 

1.3. ʆʙʟʦʨ ʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʚʝʩʪʠ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʪʝʣ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ ʢ ʟʘʜʘʯʝ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ɺ 90ʝ ʛʦʜʘ ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʚʝʩʪʠ ʟʘʜʘʯʠ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʥʘ ʦʙʣʘʩʪʷʭ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠ 

ʬʦʨʤʳ, ʢ ʟʘʜʘʯʘʤ ʥʘ ʢʘʥʦʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ. ʂ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʧʦʜʭʦʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɻʫʟʴ ɸ. ʅ. ʠ ʅʝʤʠʰ ʖ. ʅ. 1982 ʛ (ʤʝʪʦʜ ʤʘʣʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʬʦʨʤʳ), ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʢʘʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘ 

ʦʙʣʘʩʪʷʭ, ʤʘʣʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʢʘʥʦʥʠʯʝʩʢʠʭ. ɺ ʨʘʙʦʪʘʭ [74-76] 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʟʤʫʱʝʥʠʡ ʬʦʨʤʳ ʛʨʘʥʠʮʳ ʪʝʣʘ ʥʘ ʝʛʦ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʩʭʦʜʠʤʦʩʪʠ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʠʤʝʶʪ ʬʦʨʤʫ, ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʫʶ ʦʪ ʢʘʥʦʥʠʯʝʩʢʦʡ, ʯʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʝʣʘʝʪ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʥʝʵʬʬʝʢʪʠʚʥʳʤ.  



20 

ɺ 1963 ʛʦʜʫ ʚʧʝʨʚʳʝ ɺ.ʂ.ʉʘʫʣʴʝʚʳʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʬʠʢʪʠʚʥʳʭ 

ʦʙʣʘʩʪʝʡ, ʢʘʢ ʤʝʪʦʜ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʷʭ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʬʦʨʤʳ [77]. ʊʘʢ ʞʝ ʢ ʨʘʟʚʠʪʠʶ ʫʢʘʟʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ 

ʧʨʠʯʘʩʪʥʳ ʪʘʢʠʝ ʥʘʫʯʥʳʝ ʜʝʷʪʝʣʠ, ʢʘʢ: ɹʫʛʨʦʚ ɸ.ʅ., ʈʫʭʦʚʝʮ ʃ.ɸ., ʂʦʥʦʚʘʣʦʚ 

ɸ.ʅ., ʂʦʧʯʝʥʦʡ ɺ.ɼ., ɹʘʭʚʘʣʦʚ ʅ.ʉ., ɺʦʡʮʝʭʦʚʩʢʠʡ ʉ.ɸ., ɸʩʪʨʘʭʘʥʮʝʚ ɻ.ʇ., 

ɺʘʙʠʱʝʚ ʇ.ʅ., ɹʨʫʩʥʠʢʠʥ ʄ.ɹ. [78-87]. ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʬʝʨʝ ʤʝʪʦʜ 

ʬʠʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʧʦʣʫʯʠʣ ʦʙʰʠʨʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʦʪʣʘʜʢʠ ʤʝʪʦʜʘ ʥʘ ʥʝʦʙʭʦʜʠʤʳʡ ʚʠʜ ʦʙʣʘʩʪʠ.  

ɺ 1973 ʛʦʜʫ ʃ.ʅ. ʗʩʥʠʮʢʠʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʬʠʢʪʠʚʥʳʭ ʢʘʥʦʥʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʝʡ (ʌʂʆ), ʜʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ, 

ʪʦʞʜʝʩʪʚʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʨʝʰʘʝʤʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ [88]. ɺ ʨʘʙʦʪʘʭ [89-92] ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʫʣʠʨʦʚʢʘ ʠ 

ʧʝʨʚʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʩʭʦʜʠʤʦʩʪʠ ʚ ʩʣʫʯʘʝ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʝʤʳ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʨʝʰʝʥʠʡ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʩʦʟʜʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. ɺ ʩʣʫʯʘʝ ʪʨʝʭʤʝʨʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

ʪʝʦʨʝʤʘ ʩʭʦʜʠʤʦʩʪʠ ʤʝʪʦʜʘ ʌʂʆ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʉ.ʗ. ɻʫʩʤʘʥʦʤ [93]. ɹʦʣʴʰʦʡ 

ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʚʥʝʩ ʉ.ʃ. ɻʣʘʜʢʠʡ [94-97]. 

ɺ 1999 ʛʦʜʫ ʚ ʤʦʥʦʛʨʘʬʠʠ ʀ.ʅ. ʐʘʨʜʘʢʦʚʘ, ʅ.ɸ.ʊʨʫʬʘʥʦʚʘ, ɺ.ʇ. ʄʘʪʚʝʝʥʢʦ 

[98] ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ (ʄɻʇ). ʊʘʢ ʞʝ 

ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʚʥʝʩʝʥ ʀ.ɽ. ʊʨʦʷʥʦʚʩʢʠʤ, 

ʉ.ɺ. ʇʦʧʦʚʳʤ, ʄ.ɸ. ʊʨʫʬʘʥʦʚʦʡ, ʇ.ɺ. ɹʫʣʘʚʠʥʳʤ, ʂ.ʉ. ʇʫʩʪʦʚʦʡʪ, ɺ.ʇ. 

ʄʘʪʚʝʝʥʢʦ [99-100, 103, 111-114]. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʚʝʜʝʥʠʝ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʥʘ ʦʙʣʘʩʪʠ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ, ʢ ʚʘʨʠʘʮʠʦʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʜʘʯ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ [99, 105, 108]. ʌʦʨʤʫʣʠʨʦʚʢʘ ʄɻʇ ʜʘʥʘ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʚ ʨʘʙʦʪʘʭ [101, 

103-104, 107] ʧʨʝʜʣʦʞʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʘʨʠʘʮʠʦʥʥʦ-ʨʘʟʥʦʩʪʥʳʤ ʤʝʪʦʜʦʤ [110], ʤʝʪʦʜʦʤ 

ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [106, 111], ʠʤʝʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 
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ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ [98, 102]. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʦʮʝʜʫʨʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʷʚʣʷʶʪʩʷ: ʨʝʰʝʥʠʝ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʥʘ ʦʙʣʘʩʪʷʭ, ʢʘʢ 

ʩʠʣʴʥʦ, ʪʘʢ ʠ ʤʘʣʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʢʘʥʦʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ; ʙʦʣʝʝ ʪʦʯʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʡ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʛʨʘʥʠʮʘʭ ʠʩʭʦʜʥʦʡ ʦʙʣʘʩʪʠ; 

ʧʦʣʫʯʝʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ; ʧʦʩʪʨʦʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ 

ʘʥʘʣʦʛʘ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʩʨʘʟʫ ʩʥʠʤʘʝʪ ʚʩʝ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʠʩʢʨʝʪʠʟʘʮʠʝʡ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʢ ʠ ʚʩʝ ʤʝʪʦʜʠʢʠ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʥʘ ʃʘʛʨʘʥʞʝʚʦʤ ʧʦʜʭʦʜʝ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, 

ʢʘʩʘʶʱʠʭʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢ ʞʝ ʨʘʩʯʝʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʥʝʩʞʠʤʘʝʤʳʭ, 

ʩʣʘʙʦʩʞʠʤʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʚʠʪʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʮʠʦʥʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ʂʘʩʪʠʣʴʷʥʦ [113-114] ʧʦʟʚʦʣʠʣʦ ʙʳ ʦʙʦʡʪʠ ʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʘ ʪʘʢ 

ʞʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʜʣʷ 

ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʦʙʣʘʩʪʝʡ ʩ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ ʛʨʘʥʠʮʘʤʠ.  

 

1.4. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

 

ʆʙʦʙʱʘʷ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʩʪʘʪʴʠ, ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʥʝʩʦʤʥʝʥʥʫʶ ʚʘʞʥʦʩʪʴ 

ʯʠʩʣʝʥʥʳʭ ʬʦʨʤʫʣʠʨʦʚʦʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʘʨʠʘʮʠʦʥʥʦʤ ʧʨʠʥʮʠʧʝ ʂʘʩʪʠʣʴʷʥʦ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʩʯʝʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʥʝʩʞʠʤʘʝʤʳʤʠ ʠʣʠ ʩʣʘʙʦʩʞʠʤʘʝʤʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ. ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʠ ʧʨʦ ʪʦ, ʯʪʦ ʨʝʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʫʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʝʡ ʛʨʘʥʴʶ 

ʨʝʰʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʰʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʠʥʮʠʧʝ ʚʦʟʤʦʞʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ï ʥʠʞʥʝʡ ʛʨʘʥʴʶ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʧʦʜʭʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʨʚʘʣ 

ʟʥʘʯʝʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ.  



22 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ ʥʝ ʧʨʦʩʪʦ ʨʘʩʰʠʨʠʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʧʦʛʨʫʞʝʥʠʷ ʧʨʠ 

ʨʝʰʝʥʠʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʥʦ ʠ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʙʣʘʩʪʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʧʦ 

ʪʝʤʘʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʘ ʮʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ: ʦʙʦʙʱʝʥʠʝ 

ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʥʘ ʢʣʘʩʩ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʂʘʩʪʠʣʴʷʥʦ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

- ʈʘʟʨʘʙʦʪʘʪʴ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. 

- ɼʦʢʘʟʘʪʴ ʩʭʦʜʠʤʦʩʪʴ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʄɻʇ. 

- ʇʦʩʪʨʦʠʪʴ ʜʠʩʢʨʝʪʥʳʝ ʘʥʘʣʦʛʠ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄɻʇ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʤʝʪʦʜʘ ʈʠʪʮʘ. 

- ʈʝʘʣʠʟʦʚʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʫʶ ʩʭʦʜʠʤʦʩʪʴ ʄɻʇ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ (ʧʣʦʩʢʠʭ ʠ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ). 

- ʇʨʠʤʝʥʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

(ʘʤʦʨʪʠʟʘʪʦʨʦʚ). 
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ɻʣʘʚʘ 2. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ  ʜʣʷ 

ʨʝʝhʥʠʷ ʟʘʜʘʯ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ 

 

ɺ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ, ʦʙʦʙʱʘʶʱʠʝ ʧʦʜʭʦʜ ʥʘ ʢʣʘʩʩ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. ʆʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʩʚʝʜʝʥʠʷ ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʠʚʦʜʷʪʩʷ ʚʠʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ 

ʟʘʜʘʯʠ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʘʨʠʘʮʠʦʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʧʨʠʥʮʠʧʘ 

ʤʠʥʠʤʫʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ (ʧʨʠʥʮʠʧʘ ʂʘʩʪʠʣʴʷʥʦ), ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ 

ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʠ ʜʦʢʘʟʳʚʘʝʪʩʷ 

ʪʝʦʨʝʤʘ ʦ ʝʝ ʩʭʦʜʠʤʦʩʪʠ ʚ ʪʝʨʤʠʥʘʭ ʵʣʝʤʝʥʪʦʚ ʚʚʝʜʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʪʝʥʟʦʨʦʚ 

ʥʘʧʨʷʞʝʥʠʡ.  

 

2.1. ʇʦʩʪʘʥʦʚʢʘ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ  

 

ɺ n-ʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ nR
 

 ( )1,2,3n=  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʚʷʟʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʦʪʢʨʳʪʦʝ ʤʥʦʞʝʩʪʚʦ D  c ʥʝʧʨʝʨʳʚʥʦʡ ʧʦ ʃʠʧʰʠʮʫ 

ʛʨʘʥʠʮʝʡ S. ɿʘʤʳʢʘʥʠʝ D D S= Ç  ʤʥʦʞʝʩʪʚʘ D  ʦʧʨʝʜʝʣʷʝʪ ʦʙʣʘʩʪʴ ʚ nR , 

ʟʘʥʷʪʫʶ ʫʧʨʫʛʠʤ ʠʟʦʪʨʦʧʥʳʤ ʪʝʣʦʤ.  

ʈʘʩʩʤʦʪʨʠʤ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ [58] ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʙʲʝʤʥʳʭ ʩʠʣ, ʚʢʣʶʯʘʶʱʫʶ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʫʨʘʚʥʝʥʠʷ 

ʩʦʚʤʝʩʪʥʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ (ʩʦʦʪʥʦʰʝʥʠʷ ɹʝʣʴʪʨʘʤʠ-ʄʠʯʝʣʣʘ), ʩʪʘʪʠʯʝʩʢʠʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

 
, 0,   ij j Ds = Íx , (2.1) 

 
,3

0,    
1

ij

ij D
s
+Ds = Í

+n
x , (2.2) 
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 ,    ij j in T Sss = Íx , (2.3) 

 ()Ĕ ,    i i uu U Ss = Íx ,  (2.4) 

ʛʜʝ uS S Ss= Ç , Ss, uS  ï ʯʘʩʪʠ ʛʨʘʥʠʮʳ S, ʥʘ ʢʦʪʦʨʳʭ ʟʘʜʘʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʠʣʳ ʠ ʧʝʨʝʤʝʱʝʥʠʷ; T  ï ʚʝʢʪʦʨ ʟʘʜʘʥʥʳʭ ʥʘ ʛʨʘʥʠʮʝ Ss ʫʩʠʣʠʡ 

ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ iT ; DÍx  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ix  ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʪʦʯʢʠ ʦʙʣʘʩʪʠ, ʟʘʥʷʪʦʡ ʫʧʨʫʛʠʤ ʪʝʣʦʤ; n  ï ʚʝʢʪʦʨ ʝʜʠʥʠʯʥʦʡ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ 

ʢ ʛʨʘʥʠʮʝ S ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ in ; Ĕs ï ʩʠʤʤʝʪʨʠʯʥʳʡ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ 
ijs; Ĕe ï ʩʠʤʤʝʪʨʠʯʥʳʡ ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʠʠ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ije; u  

ï ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ iu ; U  ï ʚʝʢʪʦʨ ʟʘʜʘʥʥʳʭ ʥʘ ʛʨʘʥʠʮʝ uS  

ʧʝʨʝʤʝʱʝʥʠʡ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ iU . 

ʊʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʷ Ĕs ʩʚʷʟʘʥ ʩ ʪʝʥʟʦʨʦʤ ʜʝʬʦʨʤʘʮʠʠ Ĕe ʬʠʟʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ 

ɻʫʢʘ:  

 ()1
ĔĔ ĔĔ 2Is=l e + meE ,  

ʚ ʦʙʨʘʪʥʦʡ ʬʦʨʤʝ ʟʘʧʠʩʠ:  

 ()1

1 ĔĔ Ĕ ĔI
E E

+n n
e= s- sE ;  

ʛʜʝ ĔE  ï ʝʜʠʥʠʯʥʳʡ ʪʝʥʟʦʨ, ()1 11 22 33
ĔI e =e +e +e ï ʧʝʨʚʳʡ ʠʥʚʘʨʠʘʥʪ ʪʝʥʟʦʨʘ 

ʜʝʬʦʨʤʘʮʠʠ, ,  l m ï ʫʧʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʃʘʤʝ, ()1 11 22 33
ĔI s =s +s +s ï ʧʝʨʚʳʡ 

ʠʥʚʘʨʠʘʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, E  ï ʤʦʜʫʣʴ ʖʥʛʘ, n ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. 

ʉʚʷʟʴ ʣʠʥʝʡʥʦʛʦ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʠ Ĕe ʩ ʚʝʢʪʦʨʦʤ ʧʝʨʝʤʝʱʝʥʠʡ u  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʂʦʰʠ: 

 () ( )( )1
Ĕ def

2

T
e= = D +Du u u ,  

ʘ ʢʦʤʧʦʥʝʥʪʳ 
ije ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ ʩʦʚʤʝʩʪʥʦʩʪʠ ʚ 

ʬʦʨʤʝ ʉʝʥ-ɺʝʥʘʥʘ:  

 () , , , ,
ĔInk 0ii kj ik ij ij ki jk iie =e -e -e +e =.  
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ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘ uS  ʚ ʬʦʨʤʝ (2.4) ʪʨʝʙʫʝʪ ʚʳʨʘʞʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ ʩ 

ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ ʏʝʟʘʨʦ [58] ʠ ʟʘʤʝʥʫ ʜʝʬʦʨʤʘʮʠʡ ʯʝʨʝʟ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʟʘʢʦʥʫ 

ɻʫʢʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʦʨʤʫʣʳ ʏʝʟʘʨʦ ʜʘʶʪ ʥʝʝʜʠʥʩʪʚʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʧʝʨʝʤʝʱʝʥʠʡ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʠʠ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩʨʝʜʳ ʢʘʢ 

ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʛʦ ʪʝʣʘ). ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʥʝʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ, ʙʫʜʝʤ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘʣʦʞʝʥʠʝ ʥʘ ʫʧʨʫʛʫʶ ʩʠʩʪʝʤʫ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚʠʜʘ 

(2.4) ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʞʝʩʪʢʠʭ ʩʤʝʱʝʥʠʡ ʠ ʧʦʚʦʨʦʪʦʚ.  

ɺ ʪʝʥʟʦʨʥʦʡ ʬʦʨʤʝ ʟʘʜʘʯʘ (2.1)-( 2.4) ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ:  

 ()Ĕdiv 0,  Ds = Íx x , (2.5) 

 () ()( )
1

Ĕ Ĕgrad div 0,   
1

DDs + s = Í
+n

x x x , (2.6) 

 () () ()Ĕ ,   Sss Ö Íx n x = T x x , (2.7) 

 ()( ) ()( )Ĕ Ĕ   uSs = s = Íu x x U, x¥ , (2.8) 

ʛʜʝ () ()1

1

1 ĔĔ Ĕ Ĕdef I
E E

- +n nè ø
s = s- sé ù

ê ú
E¥ .  

 

2.2. ɺʘʨʠʘʮʠʦʥʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ 

 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʫʧʨʫʛʦʛʦ ʪʝʣʘ [12, 58, 

115]: 

 () () () () ()
1

Ĕ Ĕ Ĕ Ĕ Ĕ
2

u u

ʜʦʧ i i u ij ij i i u

D S D S

ʇ dD t UdS dD t UdSs = A s - s = s e s - sñ ñ ñ ñ , (2.9) 

ʛʜʝ () ( )
1

Ĕ 1
2

ij ij kk kk
E
è øA s = +n s s -ns sê ú, ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ ʤʥʦʞʝʩʪʚʝ ʩʪʘʪʠʯʝʩʢʠ 

ʜʦʧʫʩʪʠʤʳʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ()ijs x , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʨʘʚʥʝʥʠʷʤ 

ʨʘʚʥʦʚʝʩʠʷ (2.1) ʚ ʦʙʣʘʩʪʠ D  ʠ ʩʪʘʪʠʯʝʩʢʠʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ (2.3) ʥʘ 

ʛʨʘʥʠʮʝ Ss. ɺ ʚʳʨʘʞʝʥʠʠ (2.9) 
i ij jt n=s  ï ʫʩʠʣʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ uS . 
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ʇʨʦʚʘʨʴʠʨʫʝʤ ʬʫʥʢʮʠʦʥʘʣ (2.9), ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʘʨʠʘʮʠʠ 
ijds ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʤʠ ʧʦʣʷʤʠ ʥʘʧʨʷʞʝʥʠʡ, ʪ.ʝ. ʚʘʨʠʘʮʠʠ 
ijds 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ 
, 0ij jds = ʧʨʠ DÍx , 0ij jnds = ʧʨʠ SsÍx , ʘ ʧʨʠ uSÍx  

ʚʘʨʠʘʮʠʠ 
ijds ʧʨʦʠʟʚʦʣʴʥʳ. 

ʊʦʛʜʘ ʚʘʨʠʘʮʠʦʥʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʧʨʠʤʝʪ ʚʠʜ: 

 ()Ĕ 0ʜʦʧʇd s =, (2.10) 

ʛʜʝ 

 () () ( )Ĕ Ĕ Ĕ

u

ʜʦʧ ij ij i i u

D S

ʇ dD t UdSd s = ds e s - dsñ ñ  (2.11) 

ʦʪʢʫʜʘ, ʚ ʩʠʣʫ ʧʨʦʠʟʚʦʣʴʥʦʩʪʠ ʚʘʨʠʘʮʠʡ, ʩʣʝʜʫʝʪ [12, 58, 115] ʚʳʧʦʣʥʝʥʠʝ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʨʘʚʥʝʥʠʡ ɹʝʣʴʪʨʘʤʠ-ʄʠʯʝʣʣʘ (2.6) ʚ ʦʙʣʘʩʪʠ D  ʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ (2.8) ʥʘ uS , ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ. 

 

2.3. ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʥʦʨʤʳ. 

 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʦ V  ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʱʝʥʠʡ u : 

( ) ( ){ }3n nV R H R= Íu . ɼʝʡʩʪʚʫʷ ʥʘ ʵʣʝʤʝʥʪʳ ( )nV RÍu  ʣʠʥʝʡʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ()def u , ʧʦʣʫʯʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʝʥʟʦʨʦʚ 

ʜʝʬʦʨʤʘʮʠʠ Ĕe:  

 ( ) ( ) (){ () ( )}2Ĕ Ĕ Ĕ, Ink 0, def ,n n nW R H R V R= eÍ e = e= Íu u .  

ʃʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 4ĔĔ ĔL Ce= ÖÖe, ʛʜʝ 4ĔC  ï ʪʝʥʟʦʨ ʫʧʨʫʛʠʭ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘ, ʵʣʝʤʝʥʪʦʚ ( )Ĕ nW ReÍ  ʜʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʝʥʟʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ Ĕs: 

 ( ) ( ) ( ){ }2 Ĕ ĔĔ Ĕ,  ,  n n nR H R L W RF = sÍ s= e eÍ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ()DY  ʧʨʦʩʪʨʘʥʩʪʚʘ ( )nRF : 

 () (){ }Ĕ Ĕ Ĕ; div 0,  ; 0,  D D D SsY = yÍF y= Í yÖ = Íx n x ,  
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ʛʜʝ ( )Ĕ ĔĔĔ ,   ,   Sss=y+f fÖ = Ín T x . ʇʨʦʩʪʨʘʥʩʪʚʦ ()DY  ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ 

ʟʘʤʢʥʫʪʳʤ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦʤ ʉʦʙʦʣʝʚʘ [116]:  

 () () (){ }2

2 2
Ĕ Ĕ,   ,   2H D L D L Da= yÍ µ yÍ a ¢,  

 ( )1 2

1

,  , ,...,
n

n

i n

i

N
=

a = a a= a a a Íä .  

ʆʧʨʝʜʝʣʠʤ ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ:  

 () ()Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ, :   ,
D

D dD"c yÍY c y = cÖÖe yñ ,  

 () () ( ) () ()( ) () () ()2
Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ, :   ,

u u

u u u

S S

L S dS dS" c y Í c y = c Ö y = c Öñ ñt t t t U¥ ¥ ¥ ,  

ʛʜʝ () ()Ĕ Ĕ,c y ¹t U¥  ï ʦʧʝʨʘʪʦʨʳ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ()2Ĕ Ĕ, H Dy cÍ  ʚ 

ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ( )2 uL S .  

ʇʦʨʦʞʜʘʝʤʳʝ ʚʚʝʜʝʥʥʳʤʠ ʩʢʘʣʷʨʥʳʤʠ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʥʦʨʤʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠʤʝʶʪ ʚʠʜ:  

 ()
1/2

Ĕ Ĕ Ĕ Ĕ   ,D"yÍY y = y y, (2.12) 

 ( ) ( )
1/2

2    ,u S
L S" Í =t t t t . (2.13) 

ʉ ʫʯʝʪʦʤ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ, ʬʫʥʢʮʠʦʥʘʣ (2.9) ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

 () () ()
1

Ĕ Ĕ Ĕ Ĕ Ĕ,
2

u

ʜʦʧ u

D S

ʇ dD dSy = yÖÖe y - y Öñ ñt U  ʠʣʠ () ()( )
1

Ĕ Ĕ Ĕ Ĕ, , ,
2

ʜʦʧʇ y = y y - yt U   

ʘ ʝʛʦ ʚʘʨʠʘʮʠʷ (2.11) ï ʚ  ʚʠʜʝ:  

 () () ()Ĕ Ĕ Ĕ Ĕ .

u

ʜʦʧ u

D S

ʇ dD dSd y = cÖÖe y - c Öñ ñt U   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʭʦʜʠʤ ʢ ʚʘʨʠʘʮʠʦʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ  

 ()Ĕ D"cÍY
   ()( )Ĕ Ĕ Ĕ, ,c y = ct U ,  (2.14) 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʃʘʢʩʘ-ʄʠʣʴʛʨʘʤʤʘ [116] ʩʫʱʝʩʪʚʫʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ()Ĕ DyÍY . ʆʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (2.5)-
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(2.8) ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.14) ()Ĕ D"cÍY  ʠ ʜʦʩʪʘʚʣʷʝʪ 

ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʦʥʘʣʫ ()Ĕʜʦʧʇ y  ʩʦʛʣʘʩʥʦ ʚʘʨʠʘʮʠʦʥʥʦʤʫ ʧʨʠʥʮʠʧʫ ʂʘʩʪʠʣʴʷʥʦ. 

 

2.4. ɺʚʝʜʝʥʠʝ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʚʦʜʠʪʩʷ 

ʢʘʥʦʥʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ 0D , ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʟʘʤʳʢʘʥʠʝ 0 0 0D D S= Ç  

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʤʥʦʞʝʩʪʚʘ 
0

nD RË , ʠʤʝʶʱʝʛʦ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦ 

ʃʠʧʰʠʮʫ ʛʨʘʥʠʮʫ 0S  (ʨʠʩ. 2.1).  

ʇʫʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ  

 0D DË .  (2.15) 

ʇʦʣʘʛʘʝʤ ʪʘʢʞʝ, ʯʪʦ 1

0u uS S S= Æ , 2

u uS S SD= Æ , ʛʜʝ SD ï ʥʝʧʨʝʨʳʚʥʘʷ ʧʦ 

ʃʠʧʰʠʮʫ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ 0 \D D DD=  ï ʜʦʧʦʣʥʝʥʠ ̫ʤʥʦʞʝʩʪʚʘ D  ʜʦ 0D . ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, 1 2

u u uS S S= Ç , 1 1

0 0uS S S Ss= Ç Ç , 1

0 0S S SD= Æ , 1 2

0 uS S SD= Ç .  

 

 

ʈʠʩ. 2.1. ʀʩʭʦʜʥʘʷ ʦʙʣʘʩʪʴ D, ʦʙʣʘʩʪʴ ʜʦʧʦʣʥʝʥʠʷ DD ʠ ʦʙʦʟʥʘʯʝʥʠʷ ʛʨʘʥʠʮ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2.14) ʧʦʣʥʦʤʫ ʟʘʤʢʥʫʪʦʤʫ 

ʧʨʦʩʪʨʘʥʩʪʚʫ  

 ( ) ( ){ () }10 0 0 0 0
Ĕ Ĕ Ĕ Ĕ; div 0,  ; 0,  ; 0,  D D D S F SsY = yÍF y= Í yÖ = Í y = Íx n x x  (2.16) 

ʩʦ ʩʢʘʣʷʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ  

 ( ) ()
0

0 0 00
Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ, :   ,  

D

D dD"c yÍY c y = cÖÖe yñ   (2.17) 

1

uS

 2

uS  
1

0S

 Ss 

D

DD
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ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʥʦʨʤʦʡ ( )
1/2

0 0 0 0
Ĕ Ĕ Ĕ Ĕ   ,D"yÍY y = y y. ɺ (2.16) ()ĔF y  ï 

ʣʠʥʝʡʥʳʡ ʦʜʥʦʨʦʜʥʳʡ ʦʧʝʨʘʪʦʨ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʝʥʟʦʨʘ Ĕy ʠʣʠ ʪʦʣʴʢʦ ʦʪ 

ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪ. 

 

2.5. ʉʚʷʟʴ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚ ()DY  ʠ ( )0 0DY  

 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚ ()DY  ʠ ( )0 0DY  

ʦʧʨʝʜʝʣʠʤ ʜʚʘ ʦʜʥʦʟʥʘʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʷ: 

 1). ( ) () ( ) () ()0 0 0 0
Ĕ Ĕ Ĕ Ĕ: :    :  D D D Dg Y Y "yÍY $cÍY c=g y; 

 2). () ( ) () ( ) ()0 0 0 0
Ĕ Ĕ Ĕ Ĕ: :    :  D D D Dj Y Y "cÍY $yÍY y=j c. 

ʇʝʨʚʦʝ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ Ĕ Ĕ  D" Í c=yx , ʦʟʥʘʯʘʷ ʪʝʤ ʩʘʤʳʤ ʩʫʞʝʥʠʝ ʦʙʣʘʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ( )0 0
Ĕ D"yÍY  ʜʦ D, ʧʨʠ ʵʪʦʤ ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ 

( ) ()0 0 0
Ĕ Ĕ Ĕ   D"yÍY y ² g y, ʢʦʪʦʨʦʝ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʘʣʦʚ (2.12), (2.17) ʠ ʫʩʣʦʚʠʷ (2.15). 

ɺʪʦʨʦʝ ʦʜʥʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

*
Ĕ Ĕ Ĕ Ĕ ,    ,D DD" Í y=c " Í y=cx x  ʛʜʝ *

Ĕc ï ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ: 

 ( )* *

1
Ĕ Ĕgrad div 0,

1
DDDc + c = Í

+n
x , (2.18) 

 *
Ĕ Ĕ,         S SDc =c Í Æx . (2.19) 

ɼʣʷ 1

0SÍx  ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ (2.19), ʢʘʢ ʩʪʘʥʝʪ ʷʩʥʦ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʣʦʞʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʛʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ: 

 1

* 0
Ĕ 0,        Sc = Íx , (2.20ʘ) 

 ( ) 1

* 0
Ĕ 0,          i ju n Sc = Íx , (2.20ʙ) 

 
1

* 00,    0,      , ,   , ,      ij k lu n i j k i j l Sc = = ¸ ¸ Íx , (2.20ʚ) 

ʛʜʝ ( )1 2 3, ,n n n=n  ï ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʝʜʠʥʠʯʥʦʡ ʥʦʨʤʘʣʠ ʧʨʠ 1

0SÍx , iu  ï 

ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ u. ɼʣʷ ʪʘʢʦʛʦ ʪʠʧʘ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʫʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (2.18)-(2.20).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʦʙʨʘʞʝʥʠʝ j ʧʨʦʠʟʚʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ()Ĕ D"cÍY  ʜʦ 0D , ʧʨʦʜʦʣʞʘʷ ʝʛʦ ʦʜʥʦʟʥʘʯʥʦ ʠ ʥʝʧʨʝʨʳʚʥʦ ʧʦ 

ʟʥʘʯʝʥʠʶ Ĕc ʧʨʠ S SDÍ Æx  ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (2.18)-(2.20) ʧʨʠ DDÍx . 

ʇʦʩʪʨʦʝʥʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ: ʦʙʣʘʩʪʴ ʁ ʟʥʘʯʝʥʠʡ 

ʦʪʦʙʨʘʞʝʥʠʷ ( ) ()0 0: D Dg Y Y  ʷʚʣʷʝʪʩʷ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ()DY ; ʨʝʰʝʥʠʶ 

()Ĕ DyÍY  ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.14) ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʵʣʝʤʝʥʪ () ( )0 0
Ĕ Dj y ÍY , ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʷ 

() ( )0 0: D Dj Y Y . ʕʪʠ ʫʪʚʝʨʞʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʨʝʰʝʥʠʷ ()Ĕ DyÍY  ʫʨʘʚʥʝʥʠʷ (2.14) ʧʨʦʩʪʨʘʥʩʪʚʫ ( )0 0DY : 

 ( )0 0
Ĕ D"cÍY  () ()( ) ()( )( )Ĕ Ĕ Ĕ, ,g c g j y = g ct U . (2.21) 

ɿʘʧʠʩʴ ()( )Ĕg j yʦʙʦʟʥʘʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʦʪʦʙʨʘʞʝʥʠʡ j ʥʘ 

ʵʣʝʤʝʥʪ ()Ĕ DyÍY  ʠ g ʥʘ ʵʣʝʤʝʥʪ () ( )0 0
Ĕ Dj y ÍY . ʆʪʤʝʪʠʤ, ʯʪʦ 

 ( )0 0
Ĕ D"cÍY  ()( )( ) ()( )Ĕ Ĕ, ,g c = ct U t U . (2.22) 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʘ ( )0 0DY  ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ [117] 

 ( )0 0
Ĕ Ĕ, D"y cÍY  ()()

0
Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ, , ,

D
g c g y = c y - c y,  (2.23) 

ʛʜʝ ʙʠʣʠʥʝʡʥʘʷ ʬʦʨʤʘ ()Ĕ Ĕ Ĕ Ĕ Ĕ,  
D

dD

D

DD
c y = cÖÖe yñ  ʩʠʤʤʝʪʨʠʯʥʘ ʠ ʧʨʠ Ĕ Ĕc=y 

ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʩʣʝʜʩʪʚʠʝ ʦʧʨʝʜʝʣʝʥʠʷ 

DD ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ 

 ( )0 0
Ĕ D"yÍY  

0
Ĕ Ĕ Ĕ Ĕ, ,

D
y y ² y y. (2.24) 

ʀʩʧʦʣʴʟʫʷ (2.21)-( 2.23), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

 ( )0 0
Ĕ D"cÍY  () () ()( )

0
Ĕ Ĕ Ĕ Ĕ Ĕ, , ,

D
cj y = cj y + ct U ,  (2.25) 

ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʜʣʷ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʦʛʨʫʞʝʥʠʷ ʚ ʚʘʨʠʘʮʠʦʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ. 

ʀʟ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ()Ĕ DyÍY  ʠʩʭʦʜʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (2.14), ʠʟ ʧʦʩʪʨʦʝʥʥʳʭ ʦʜʥʦʟʥʘʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʟ 
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ʨʘʚʝʥʩʪʚʘ (2.23) ʩʣʝʜʫʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ 

() ( )0 0
Ĕ Dj y ÍY  ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.25).  

 

2.6. ɺʘʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ ʂʘʩʪʠʣʴʷʥʦ 

 

ʀʟ ʦʙʱʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʠʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʂʘʩʪʠʣʴʷʥʦ, ʩʣʝʜʫʷ ʨʘʙʦʪʘʤ [12, 58]. ʇʨʠʥʮʠʧ 

ʂʘʩʪʠʣʴʷʥʦ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʠʟ ʚʩʝʭ ʩʪʘʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʷʞʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʪʝʣʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʚʥʝʰʥʠʭ ʩʠʣʘʭ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦ 

ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʬʫʥʢʮʠʦʥʘʣ (2.9), ʠʤʝʝʪ ʤʠʥʠʤʫʤ, ʪ.ʝ 

ʩʣʝʜʫʝʪ ʫʨʘʚʥʝʥʠʝ (2.10). ʇʦʢʘʞʝʤ, ʯʪʦ ʫʩʣʦʚʠʝ (2.10) ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʚʳʧʦʣʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ɹʝʣʴʪʨʘʤʠ-ʄʠʯʝʣʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ-

ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʘ (2.9), ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (2.4) ʥʘ ʯʘʩʪʠ uS  ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʘʨʠʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚʘʨʠʘʮʠʠ 
ijds ʜʦʣʞʥʳ ʧʦʜʯʠʥʷʪʴʩʷ ʫʩʣʦʚʠʷʤ, 

ʦʪʤʝʯʝʥʥʳʤ ʚ ʧ.2.2, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʩʚʷʟʝʡ, ʠ ʩʣʝʜʫʷ ʤʝʪʦʜʫ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ, ʧʨʝʜʩʪʘʚʠʤ ʫʩʣʦʚʠʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 

(2.10) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 
( )

, 0

u

ij

ʜʦʧ ij i ij j ij j i u

ijD S

ʇ dD nUdS
è øµA s

d = ds +lds - ds =é ù
µsé ùê ú

ñ ñ ,  (2.26) 

ʛʜʝ 
( )

( )
1

1
ij

ij kk ij

ij E

µA s
è ø= +n s -ns dê úµs

, il ï ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʤʥʦʞʠʪʝʣʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʝʢʦʪʦʨʦʛʦ ʚʝʢʪʦʨʘ l ʚ ʦʙʣʘʩʪʠ D, ʟʘʥʷʪʦʡ 

ʪʝʣʦʤ. 

ʇʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ, ʧʨʝʦʙʨʘʟʫʝʤ ʦʙʲʝʤʥʳʡ ʠʥʪʝʛʨʘʣ ʚ 

(2.26): 
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 ( ), , ,,i ij j i ij i j ij i ij j i j ijj
D D D S D

dD dD dD n dS dDlds = lds - l ds = lds - l dsñ ñ ñ ñ ñ, (2.27) 

ʛʜʝ ( ),i jl  ï ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʪʝʥʟʦʨ ʚʪʦʨʦʛʦ ʨʘʥʛʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ 

ʩʠʤʤʝʪʨʠʯʥʫʶ ʠ ʢʦʩʦʩʠʤʤʝʪʨʠʯʥʫʶ ʯʘʩʪʠ: ( ) ( ), , , , ,

1 1

2 2
i j i j j i i j j il = l +l + l -l. 

ʊʦʛʜʘ ʦʙʲʝʤʥʳʡ ʠʥʪʝʛʨʘʣ ʚ (2.27) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

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

1 1 1
,

2 2 2
i j ij i j j i ij i j j i ij i j j i ij

D D D D

dD dD dD dDl ds = l +l ds + l -l ds = l +l dsñ ñ ñ ñ   

ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʟʚʝʜʝʥʠʝ ( ), ,i j j i ijl -l ds ʙʫʜʝʪ ʨʘʚʥʦ ʥʫʣʶ, ʪ.ʢ. 
ijds - 

ʩʠʤʤʝʪʨʠʯʥʳʡ ʪʝʥʟʦʨ. 

ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʠʥʪʝʛʨʘʣʝ ʚ (2.27) ʫʯʪʝʤ, ʯʪʦ 0ij jnds = ʧʨʠ SsÍx : 

 

u u

i ij j i ij j u i ij j i ij j u

S S S S

n dS n dS n dS n dS

s

slds = lds + lds = ldsñ ñ ñ ñ .  

ʊʦʛʜʘ ʫʩʣʦʚʠʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ (2.26) ʧʨʠʤʝʪ ʚʠʜ: 

 ( ) ( ), ,

1 1
1

2
ʜʦʧ ij kk ij i j j i ij

D

ʇ dD
E E

nè ø
d = +n s - s d - l +l ds +é ù

ê ú
ñ   

 ( ) 0

u

i i ij j u

S

U n dS+ l - ds =ñ . (2.28) 

ʐʝʩʪʴ ʚʘʨʠʘʮʠʡ 
ijds, ʩʚʷʟʘʥʥʳʭ ʪʨʝʤʷ ʫʨʘʚʥʝʥʠʷʤʠ , 0ij jds =, DÍx  ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʳʙʦʨʝ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ il ʣʘʛʨʘʥʞʝʚʘ ʚʝʢʪʦʨʘ l ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤʠ. ʇʨʠʨʘʚʥʠʚʘʷ ʥʫʣʶ ʤʥʦʞʠʪʝʣʠ ʚ ʧʦʜʠʥʪʝʛʨʘʣʴʥʳʭ 

ʚʳʨʘʞʝʥʠʷʭ ʧʝʨʝʜ ʚʘʨʠʘʮʠʷʤʠ 
ijds ʚ ʫʩʣʦʚʠʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ (2.28), ʧʦʣʫʯʠʤ 

ʩʦʦʪʥʦʰʝʥʠʷ 

 ( ) ( ), ,

1 1
1 ,  ; ,  

2
ij kk ij i j j i i i uD U S

E E

n
+n s - s d = l +l Í l = Íx x . (2.29) 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʧʝʨʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʪʝʥʟʦʨ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʝʢʪʦʨʦʤ l; ʚʪʦʨʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʢʪʦʨ 

l ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʚʝʢʪʦʨʫ U, ʟʘʜʘʥʥʦʤʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ uS  ʪʝʣʘ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʚʝʢʪʦʨ l ʤʦʞʥʦ ʦʪʦʞʜʝʩʪʚʠʪʴ ʩ ʚʝʢʪʦʨʦʤ ʧʝʨʝʤʝʱʝʥʠʷ u  ʚ ʦʙʣʘʩʪʠ D, ʪ.ʝ. 
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ʩʯʠʪʘʪʴ, ʯʪʦ ʪʝʥʟʦʨ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʧʝʨʚʦʛʦ ʨʘʚʝʥʩʪʚʘ (2.29), ʝʩʪʴ 

ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʠʠ Ĕe ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤʧʦʥʝʥʪʳ ʝʛʦ ʜʦʣʞʥʳ ʧʦʜʯʠʥʷʪʴʩʷ 

ʟʘʚʠʩʠʤʦʩʪʷʤ ʉʝʥ-ɺʝʥʘʥʘ: ()ĔInk 0e =. 

ʇʦʜʩʪʘʚʠʚ ʚ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪ 
ije, ʚʳʨʘʞʝʥʥʳʝ ʣʝʚʦʡ 

ʯʘʩʪʴʶ ʧʝʨʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (2.29), ʧʨʠʜʝʤ ʢ ʫʨʘʚʥʝʥʠʷʤ ɹʝʣʴʪʨʘʤʠ, ʢʘʢ 

ʫʨʘʚʥʝʥʠʷʤ ʕʡʣʝʨʘ-ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʘ ʜʦʧʇ , ʚʪʦʨʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

(2.29) ï ʝʩʪʝʩʪʚʝʥʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʘʨʠʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ. 

ʊʝʧʝʨʴ ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʧʨʠʤʝʥʠʤ ʢ ʠʩʩʣʝʜʫʝʤʦʡ ʟʘʜʘʯʝ, ʫʯʠʪʳʚʘʷ 

ʧʦʛʨʫʞʝʥʠʝ ʠʩʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʚ ʢʘʥʦʥʠʯʝʩʢʫʶ. ɺʳʧʦʣʥʠʤ ʪʦʞʜʝʩʪʚʝʥʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ (2.9) ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ: 

 ( ) ( ) ( )
u

ʜʦʧ ij i i u ij ij

D S D D

ʇ dD tUdS dD dD

D D

D D= A s - + A s - A s =ñ ñ ñ ñ   

 ( ) ( )
0

0

u

ij i i u ij

D S D

dD tU dS dD

D

D= A s - - A sñ ñ ñ . (2.30) 

ʋʩʣʦʚʠʝ ʤʠʥʠʤʫʤʘ (2.30) ʧʨʠʤʝʪ ʚʠʜ:  

 
( ) ( )

0

u

ij ij

ʜʦʧ ij ij j i u ij

ij ijD S D

ʇ dD nUdS dD

D

D

µA s µA s
d = ds - ds - ds =

µs µsñ ñ ñ .  

ʇʨʠʤʝʥʠʤ ʤʝʪʦʜ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ ʠ ʬʦʨʤʫʣʫ 

ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ: 

 
( ) ( )

0

, ,

ij ij

ʜʦʧ ij i ij j ij i ij j

ij ijD D

A
ʇ dD dD

D

D

è ø è øµ s µA s
d = ds +lds - ds +lds -é ù é ù

µs µsé ù é ùê ú ê ú
ñ ñ   

 
( )

0 0 0

0 0 , 0

u

ij

ij j i u ij i ij j i j ij

ijS D S D

n U dS dD n dS dD
µA s

- ds = ds + lds - l ds -
µsñ ñ ñ ñ   

 
( )

0 0 ,

u

ij

ij i ij j i j ij ij j i u

ijD S D S

dD n dS dD n U dS

D D D

D

µA s
- ds - lds + l ds - ds

µsñ ñ ñ ñ .  

ɺʥʦʚʴ ʠʩʧʦʣʴʟʫʝʤ ʨʘʟʣʦʞʝʥʠʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ ʚʪʦʨʦʛʦ ʨʘʥʛʘ 

( ),i jl  ʥʘ ʩʠʤʤʝʪʨʠʯʥʫʶ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ ʯʘʩʪʠ: 
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( )

( ) ( )
0 0 0

0 , , 0 , , 0

1 1

2 2

ij

ʜʦʧ ij i j j i ij i j j i ij

ijD D D

ʇ dD dD dD
µA s

d = ds - l +l ds - l -l ds +
µsñ ñ ñ   

 
( )

1 1
0

1 1 1

0

u

ij

i ij j u i ij j i ij j ij ij

ijDS S S

n dS n dS n dS dD

Ds

s D

µA s
+ lds + lds + lds - ds ds +

µsñ ñ ñ ñ   

 ( ) ( )
2

2

, , , ,

1 1

2 2
u

i j j i ij i j j i ij i ij j u

D D S

dD dD n dS

D D

D D+ l +l ds + l -l ds - lds -ñ ñ ñ   

 
1 1 2
0

1 1 2

0

u u

i ij j ij j i u ij j i u

S S S

n dS n U dS n U dS- lds - ds - dsñ ñ ñ . (2.31) 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ: 

 ( ) ( )
0

, , 0

1 1
1

2
ʜʦʧ ij kk ij i j j i ij

D

ʇ dD
E E

nè ø
d = +n s - s d - l +l ds -é ù

ê ú
ñ   

 ( ) ( ), ,

1 1
1

2
ij kk ij i j j i ij

D

dD
E E

D

D

nè ø
- +n s - s d - l +l ds +é ù
ê ú
ñ   

 ( ) ( )
1 2

1 2 0

u u

i i ij j u i i ij j u

S S

U n dS U n dS+ l - ds - l + ds =ñ ñ  (2.32) 

ʠʣʠ 

 ( ) ( ), , 0

1 1
1 ,   

2
ij kk ij i j j i D

E E

n
+n s - s d = l +l Íx ,  

 ( ) 10,   i i j uU n Sl - = Íx ,  

 ( ) 20,   i i j uU n Sl + = Íx .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʢʪʦʨ l ʧʦ-ʧʨʝʞʥʝʤʫ ʤʦʞʥʦ ʦʪʦʞʜʝʩʪʚʠʪʴ ʩ ʚʝʢʪʦʨʦʤ 

ʧʝʨʝʤʝʱʝʥʠʡ u  ʚ ʦʙʣʘʩʪʠ D, ʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʛʨʘʥʠʮʳ 2

uS  ʠ 1

uS  

ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʦʢ ʚ ʟʥʘʯʝʥʠʠ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ. 

ʀʟ ʘʥʘʣʠʟʘ (2.32) ʩʣʝʜʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʪʨʝʙʦʚʘʪʴ 

 () () 1

0 0
Ĕ Ĕ Ĕ  0,   D S"cÍY y ÖcÖ = Íu n x .  (2.33) 

ʕʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʚʩʝ ʪʠʧʳ ʦʜʥʦʨʦʜʥʳʭ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ 

(2.20). ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʧʨʦʠʟʚʦʣ, ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʡ ʪʠʧ 

ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
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ʧʨʠʥʷʪʳʡ ʚʘʨʠʘʥʪ ʢʨʘʝʚʦʛʦ ʫʩʣʦʚʠʷ ʧʨʠ 1

0SÍx  ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪ ʠ ʚʠʜ 

ʦʧʝʨʘʪʦʨʘ ()ĔF y  ʚ (2.16).  

 

2.7. ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʚʘʨʠʘʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

 

ʈʘʩʩʤʦʪʨʠʤ ʜʨʫʛʦʝ ʚʘʨʠʘʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ  

 ( )0 0
Ĕ D"cÍY   ( ) ()( )

0

Ĕ ĔĔ Ĕ Ĕ, 1 , ,
D

c x = -e c x + ct U , (2.34) 

ʛʜʝ ( )0 0
Ĕ D"xÍY  ʠ e ï ʯʠʩʣʦʚʦʡ ʧʘʨʘʤʝʪʨ. 

ʊʝʦʨʝʤʘ 1. ɽʩʣʠ ʯʠʩʣʦʚʦʡ ʧʘʨʘʤʝʪʨ e ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 0e², ʪʦ 

ʨʘʟʥʦʩʪʴ ()( )ĔĔg j y -x ʨʝʰʝʥʠʡ ʚʘʨʠʘʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.25) ʠ (2.34) ʧʦ ʥʦʨʤʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ()DY  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ 

 ()( )ĔĔ Cg j y -x ¢ e  

ʛʜʝ ʧʦʩʪʦʷʥʥʘʷ C ʥʝ ʟʘʚʠʩʠʪ ʦʪ e.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʦʯʣʝʥʥʦ ʚʳʯʠʪʘʷ ʠʟ ʫʨʘʚʥʝʥʠʷ (2.25) ʫʨʘʚʥʝʥʠʝ (2.34), 

ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ: 

 ( )0 0
Ĕ D"cÍY  ()( ) ()( )

0

Ĕ Ĕ ĔĔ Ĕ Ĕ Ĕ Ĕ, , ,
DD

c j y -x = c j y -x -e c x,  

ʢʦʪʦʨʦʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

 ( )0 0
Ĕ D"cÍY  ()( ) ()( ) ()

0

Ĕ Ĕ ĔĔ Ĕ Ĕ Ĕ Ĕ, , ,
D

c g j y -x =-e c j y -x + c j x. (2.35) 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʠʟʚʦʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘ ( )0 0
Ĕ D"cÍY , ʧʨʠʤʝʤ ʝʛʦ ʨʘʚʥʳʤ 

()( )ĔĔj y -x, ʠ, ʧʦʜʩʪʘʚʠʚ ʚ (2.35), ʧʦʣʫʯʠʤ: 

 ()( ) ()( ) ()( ) () ()( ) ()( )
0

Ĕ Ĕ Ĕ Ĕ ĔĔ Ĕ Ĕ Ĕ Ĕ Ĕ, , ,
+ +

D

g j y -x g j y -x =e j y -x j y -e j y -x j y -x,  

ʦʪʢʫʜʘ ʩ ʫʯʝʪʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʢʘʣʷʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ, 

ʦʪʤʝʯʝʥʥʳʭ ç+è, ʩʣʝʜʫʝʪ ʥʝʨʘʚʝʥʩʪʚʦ: 

 ()( ) ()( ) ()
2

Ĕ ĔĔ Ĕ Ĕ,
D

g j y -x ¢e j y -x j y. (2.36) 
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ʂ ʧʨʘʚʦʡ ʯʘʩʪʠ ʥʝʨʘʚʝʥʩʪʚʘ (2.36) ʧʨʠʤʝʥʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ-ɻʘʫʩʩʘ: 

 () ()ĔĔ Ĕ,
D

j y -x j y =  

 ( )() ()( ) ()( )( ) ()( )1

1 ĔĔĔ Ĕ Ĕ Ĕ1
D

I E def dD
E E

D

D

nè ø
= +n j y - j y - j y Ö j y -x +é ù
ê ú
ñ u   

 ()( ) ()( ) ()( ) ()( )
1 2
0

1 2

0
Ĕ ĔĔ Ĕ Ĕ Ĕ

u

u

S S

dS dS+ j y Ö j y -x Ö + j y Ö j y -x Öñ ñu n u n . (2.37) 

ʇʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʚ (2.37) ʨʘʚʝʥ ʥʫʣʶ ʚ ʩʠʣʫ (2.18), ʚʪʦʨʦʡ ï ʚ ʩʠʣʫ (2.19), 

ʢʘʢ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʫʩʣʦʚʠʷ (2.33). ʂ ʪʨʝʪʴʝʤʫ ʠʥʪʝʛʨʘʣʫ ʧʨʠʤʝʥʠʤ ʥʝʨʘʚʝʥʩʪʚʦ 

ʂʦʰʠ-ʐʚʘʨʮʘ [116]: 

 ()( ) ()( )
2

2ĔĔ Ĕ

u

u

S

dSj y Ö j y -x Ö ¢¢ñu n   

 ()( ) ()( ) ()( )( ) ()( )( )
2 2

1/2 1/2

2 2Ĕ ĔĔ Ĕ Ĕ Ĕ

u u

u u

S S

dS dS
è ø è ø

¢¢ j y Ö j y Ö j y -x Ö Ö j y -x Öé ù é ù
é ù é ùê ú ê ú
ñ ñu u n n  (2.38) 

ʉʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʦʤʫ ʥʝʨʘʚʝʥʩʪʚʫ ʠʤʝʝʤ: 

 () ( )Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ,    
S

D"y cÍY y-c Ö ¢a y-cn , (2.39) 

ʛʜʝ ʥʦʨʤʘ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʥʝʨʘʚʝʥʩʪʚʘ ʦʧʨʝʜʝʣʝʥʘ ʩʦʦʪʥʦʰʝʥʠʝʤ (2.13), ʠ 

ʚʝʣʠʯʠʥʘ a ʟʘʚʠʩʠʪ ʦʪ S. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 2

uS SË  ʠ ()( ) ()ĔĔ Dg j y -x ÍY, 

ʩʦʦʪʥʦʰʝʥʠʝ (2.39) ʧʦʟʚʦʣʷʝʪ ʫʩʠʣʠʪʴ ʥʝʨʘʚʝʥʩʪʚʦ (2.38) ʠ ʦʮʝʥʠʪʴ ʩʚʝʨʭʫ 

ʨʘʚʝʥʩʪʚʦ (2.37): 

 () () ()( ) ()( ) ()( )
2

1/2

2Ĕ ĔĔ Ĕ Ĕ Ĕ Ĕ,

u

u

S

dS
D

è ø
j y -x j y ¢a g j y -x j y Ö j yé ù

é ùê ú
ñu u . (2.40) 

ʇʦʜʩʪʘʚʣʷʷ (2.40) ʚ (2.36), ʙʫʜʝʤ ʠʤʝʪʴ: 

()( ) ()( ) ()( )
2

2ĔĔ Ĕ Ĕ

u

u

S

dS C
è ø

g j y -x ¢ea j y Ö j y =eé ù
é ùê ú
ñu u , ʛʜʝ ʚʝʣʠʯʠʥʘ C  ʥʝ ʟʘʚʠʩʠʪ ʦʪ e. 

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 
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ʀʟ ʪʝʦʨʝʤʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʚʝʣʠʯʠʥʝ e ʚ ʦʙʣʘʩʪʠ D  

ʨʝʰʝʥʠʝ ʚʘʨʠʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ (2.34) ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʣʠʟʢʦ ʢ ʨʝʰʝʥʠʶ ʠʩʭʦʜʥʦʛʦ 

ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.25) ʧʦ ʥʦʨʤʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ()DY  ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

 

2.8. ɺʘʨʠʘʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ 

 

ʊʝʦʨʝʤʘ 2. ɽʩʣʠ ʯʠʩʣʦʚʦʡ ʧʘʨʘʤʝʪʨ e ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 0 1<e¢, ʪʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʪʝʨʘʮʠʡ { }kx  ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  

 ( )0 0
Ĕ D"cÍY   ( ) ()( )1

0

Ĕ ĔĔ Ĕ Ĕ, 1 , ,k k-

D
c x = -e c x + ct U , (2.41) 

 0Ĕ1,2,...;    0k= x = 

ʩʭʦʜʠʪʩʷ ʧʦ ʥʦʨʤʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ( )0 0DY , ʪ.ʝ. 
,0

Ĕ Ĕ 0m n

m n¤
x -x 

. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʨʝʜʩʪʘʚʠʤ ( )0 1

1

Ĕ Ĕ Ĕ Ĕ
m

m k k

k

-

=

x =x + x -xä  ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

( )0 1

1

Ĕ Ĕ Ĕ Ĕ
n

n k k

k

-

=

x =x + x -xä . ʇʫʩʪʴ m n> , ʪʦʛʜʘ  

 ( )1
1

Ĕ Ĕ Ĕ Ĕ
m

m n k k

k n

-

= +

x -x = x -xä . (2.42) 

ʇʝʨʝʭʦʜʷ ʚ (2.42) ʢ ʥʝʨʘʚʝʥʩʪʚʫ, ʠʤʝʝʤ 

 1

0 0
1

Ĕ Ĕ Ĕ Ĕ
m

m n k k

k n

-

= +

x -x ¢ x -xä . (2.43) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (2.43), ʧʦʯʣʝʥʥʦ ʚʳʯʠʪʘʷ ʨʘʚʝʥʩʪʚʦ 

( ) ()( )1 2

0

Ĕ ĔĔ Ĕ Ĕ, 1 , ,k k- -

D
c x = -e c x + ct U , ʧʦʣʫʯʠʤ 

 ( )1 1 2

0

Ĕ Ĕ Ĕ ĔĔ Ĕ, 1 ,k k k k- - -

D
c x -x = -e c x -x. (2.44) 
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ʇʨʠ 1k=  ʫʨʘʚʥʝʥʠʝ (2.44) ʠʤʝʝʪ ʚʠʜ ( )0 0
Ĕ D"cÍY  ()( )1

0

ĔĔ Ĕ, ,c x = ct U . ʀʟ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʣʠʥʝʡʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ()( )Ĕ,ct U  ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝ ( )0 0DY  

ʠʤʝʝʤ 

 1

0

Ĕ Bx ¢, (2.45) 

ʛʜʝ ʚʝʣʠʯʠʥʘ B  ʟʘʚʠʩʠʪ ʦʪ 0, ,  ,  D Dt U . 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʠʟʚʦʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘ ( )0 0
Ĕ D"cÍY  ʚ ʨʘʚʝʥʩʪʚʝ (2.44) ʠ 

ʧʨʠʥʠʤʘʷ 1Ĕ ĔĔ k k-c=x -x, ʧʨʠʭʦʜʠʤ ʢ ʩʦʦʪʥʦʰʝʥʠʶ 

 ( )1 1 1 1 2

0

Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ, 1 ,k k k k k k k k- - - - -

D
x -x x -x = -e x -x x -x. (2.46) 

ʇʨʠʤʝʥʷʷ ʥʝʨʘʚʝʥʩʪʚʦ ʂʦʰʠ-ɹʫʥʷʢʦʚʩʢʦʛʦ ʢ ʧʨʘʚʦʡ ʯʘʩʪʠ ʥʝʨʘʚʝʥʩʪʚʘ 

(2.46), ʙʫʜʝʤ ʠʤʝʪʴ  

 ( )
1/2 1/2

1 1 1 1 1 2 1 2

0

Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ, 1 , ,k k k k k k k k k k k k- - - - - - - -

D D
x -x x -x ¢ -e Ö x -x x -x Ö x -x x -x.  

ʉ ʫʯʝʪʦʤ ʥʝʨʘʚʝʥʩʪʚ (2.24) ʠ (2.45) ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʦʮʝʥʢʠ 

( )
11

0

Ĕ Ĕ1  1
kk kk B
--" ² x -x ¢ -e, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʣʝʚʫʶ ʯʘʩʪʴ 

ʥʝʨʘʚʝʥʩʪʚʘ (2.43)  

 
( )

0

1Ĕ Ĕ
n

m n B
-e

x -x ¢
e

,  

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ 0 1<e¢, ʪʦ  

 
,0

Ĕ Ĕ 0m n

m n¤
x -x ,  

ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. ʋʨʘʚʥʝʥʠʝ (2.41) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʚʘʨʠʘʮʠʦʥʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ. ʀʟ ʪʝʦʨʝʤʳ 2 ʩʣʝʜʫʝʪ, ʯʪʦ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʩʭʦʜʠʪʩʷ ʚʩʝʛʜʘ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʝʧʝʥʠ ʦʪʣʠʯʠʷ ʦʙʣʘʩʪʠ D  ʦʪ 0D . 
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2.9. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

 

1. ʇʨʝʜʣʦʞʝʥʦ ʦʙʦʙʱʝʥʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʥʘ ʢʣʘʩʩ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. ʆʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʩʚʝʜʝʥʠʷ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʘʨʠʘʮʠʦʥʥʳʭ 

ʟʘʜʘʯ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ.  

2. ʇʦʣʫʯʝʥ ʚʠʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʜʘʯʠ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʘʨʠʘʮʠʦʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʦʛʨʫʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʫʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ (ʧʨʠʥʮʠʧʘ ʂʘʩʪʠʣʴʷʥʦ), ʫʩʪʘʥʦʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʪʠʧʳ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʥʘ ʥʦʚʦʡ ʯʘʩʪʠ ʛʨʘʥʠʮʳ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. 

3. ʇʨʠʚʝʜʝʥ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʄɻʇ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠ ʜʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ ʦ ʝʝ ʩʭʦʜʠʤʦʩʪʠ ʚ ʪʝʨʤʠʥʘʭ 

ʵʣʝʤʝʥʪʦʚ ʚʚʝʜʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʪʝʥʟʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ.  
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ɻʣʘʚʘ 3. ʏʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʜʣʷ 

ʧʣʦʩʢʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ 

 

ɺ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ ʜʣʷ ʨʝʰʝʥʠʷ ʧʣʦʩʢʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ʅʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʤʦʜʝʣʴʥʦʡ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʦ ʨʘʩʪʷʞʝʥʠʠ 

ʧʣʘʩʪʠʥʳ ʩ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤ ʢʨʫʛʦʚʳʤ ʚʢʣʶʯʝʥʠʝʤ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʩʪʨʦʝʥʠ ̫ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄɻʇ ʤʝʪʦʜʦʤ ʈʠʪʮʘ 

ʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ 

ʥʝʩʞʠʤʘʝʤʳʤʠ ʫʧʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʣʦʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʦʩʢʦʛʦ ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʘʤʦʨʪʠʟʘʪʦʨʘ. 

 

3.1. ʋʨʘʚʥʝʥʠʷ ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʜʣʷ ʧʣʦʩʢʠʭ ʟʘʜʘʯ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʪʘʥʦʚʢʫ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʦʙʣʘʩʪʠ D  ʚ 

ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ:  

 ( )

0

,   ,

0

xyxx

xy yy

x y
x y D

x y

µtëµs
+ =î

µ µî
Íì

µt µsî + =
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( ) ( )
2 2

2 2

0,   ,xx yy x y D

x y

D s +s = Í

å õµ µ
D¹ +æ ö

µ µç ÷

, (3.2) 

 ( )
  

, ,
xx x xy y x

xy x yy y y

n n T
x y S

n n T
s

s Ö +t Öëî
Íì

t Ö +s Öîí

=

=
, (3.3) 
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 ( ), ,
x x

u

y y

u =U   
x y S

u =U

ë
Íì

í
. (3.4) 

ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (3.1), ʫʩʣʦʚʠʝ ʩʦʚʤʝʩʪʥʦʩʪʠ 

ʚ ʬʦʨʤʝ ɹʝʣʴʪʨʘʤʠ-ʄʠʯʝʣʣʘ (3.2), ʩʪʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (3.3) ʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (3.4). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠʚʝʜʝʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ ʚʚʝʩʪʠ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʕʨʠ 

[1], ʧʦʟʚʦʣʷʶʱʫʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʫʨʘʚʥʝʥʠʷʤ ʨʘʚʥʦʚʝʩʠʷ (3.1): 

 
2 2 2

2 2
, ,xx yy xy

y x x y

µ f µ f µ f
s = s = t =-

µ µ µ µ
. (3.5) 

ʊʦʛʜʘ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʩʚʝʜʝʪʩʷ ʢ ʧʦʠʩʢʫ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʩʪʘʪʠʯʝʩʢʠʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʥʘ ʛʨʘʥʠʮʝ Ss: 

 () ( )0  ,x y DDD f = Í, (3.6) 

 ( )

2 2

2

2 2

2

  

, , .

x y x

x y y

n n T
y x y

x y S

n n T
x y x

s

ëµ f µ f
Ö - Öî

µ µ µî
Íì

µ f µ fî- Ö + Ö
îµ µ µí

=

=

 (3.7) 

ʉʦʛʣʘʩʥʦ ʚʚʝʜʝʥʥʳʤ ʫʧʨʦʱʝʥʠʷʤ ʬʫʥʢʮʠʦʥʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ, 

ʢʦʪʦʨʳʡ ʚ ʧʣʦʩʢʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ: 

 () ( ) ( ) ( )2 2 21
Ĕ 2 2 1

2
u

C xx yy xx yy xy x x y y u

D S

dD t U t U dS
E
è øP s = s +s - n s s + +n t - +
ê úñ ñ   

ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫ: 

 () ( )
2 2 2

2 2 2 2 2

2 2 2 2

1
2 2 1

2
C

D

dD
E y x y x x y

è øå õ å õ å õ å õµ f µ f µ fµ f µ f
P f = + - n + +n -é ùæ ö æ ö æ ö æ ö

µ µ µ µ µ µé ùç ÷ ç ÷ ç ÷ ç ÷ê ú
ñ   

 ( )
u

x x y y u

S

t U t U dS- +ñ .  

ʇʦʩʢʦʣʴʢʫ ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʪʳʩʢʘʪʴ 

ʦʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʜʣʷ ʪʝʣʘ 

ʟʘʥʠʤʘʶʱʝʛʦ ʦʙʣʘʩʪʴ D  ʩ ʛʨʘʥʠʮʝʡ S ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʠʪʝʨʘʮʠʦʥʥʦʡ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʘʨʠʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚʠʜʘ (ʙʝʟ ʫʯʝʪʘ ʤʘʩʩʦʚʳʭ ʩʠʣ) (2.41), 

ʟʘʧʠʰʝʤ ʢʘʢ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʚʘʨʠʘʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʄɻʇ ʚ ʧʣʦʩʢʦʤ ʩʣʫʯʘʝ:  

 ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( )
0

1 1 1 1 1 1 1 1k k k k k k k k

xx xx yy yy xx yy yy xx

D

+ + + + + + + +èds s +ds s -n ds s +ds s +
êñ   

 
( ) ( )( ) ( ) () ( ) ()1 1 1 1

2 1
k k k k k k

xy xy xx xx yy yy

D

dxdy

D

+ + + +ø è+dt t +n = ds s +ds s -
ú êñ   

 
( ) () ( ) ()( ) ( ) ()( )1 1 1

2 1
k k k k k k

xx yy yy xx xy xy dxdy
+ + + ø-n ds s +ds s +dt t +n +

ú
,  

 ( )
u

x x y y u

S

t U t U dS+ +ñ  (3.8) 

 
()0

0, 1,2,3...ij ks ¹ =   

ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʕʨʠ: 

 

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

0

1 1 1 1 1 1 1 12 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2

k k k k k k k k

D
y y x x y x x y

+ + + + + + + +è å õµ f µ f µ f µ f µ f µ f µ f µ f
éd +d -n d +d +æ ö

æ öµ µ µ µ µ µ µ µé ç ÷ê
ñ   

 

( ) ( )

( )
( ) () ( ) ()1 1 1 12 2 2 2 2 2

2 2 2 2
2 1

k k k k k k

D

dxdy
x y x y y y x x

D

+ + + +ø èµ f µ f µ f µ f µ f µ f
+d +n = d +d -ù é
µ µ µ µ µ µ µ µù éú ê

ñ   

 

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

( )
1 1 12 2 2 2 2 2

2 2 2 2
2 1

k k k k k k

dxdy
y x x y x y x y

+ + + øå õµ f µ f µ f µ f µ f µ f
ù-n d +d +d +n +æ ö

æ öµ µ µ µ µ µ µ µ ùç ÷ ú

  

 ( )
u

x x y y u

S

t U t U dS+ +ñ  (3.9) 

 ()0
0, 1,2,3...kf ¹ =   

 

ʇʦʛʨʫʞʝʥʠʝ ʦʙʣʘʩʪʠ D  ʙʫʜʝʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʢʘʥʦʥʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ 0D , 

ʧʨʠʯʝʤ 0D DÍ , 0 \D D DD=   (ʨʠʩ. 2.1). ɺ ʨʘʟʜʝʣʝ 2 ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ (3.8) 

ʩʭʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʠʩʭʦʜʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʧʦ ʥʦʨʤʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʝʧʝʥʠ ʦʪʣʠʯʠʷ ʨʝʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʦʪ ʢʘʥʦʥʠʯʝʩʢʦʡ. 
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3.2. ʀʣʣʶʩʪʨʘʪʠʚʥʳʡ ʧʨʠʤʝʨ. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʄɻʇ ʤʝʪʦʜʦʤ ʈʠʪʮʘ  

 

ʆʜʥʠʤ ʠʟ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʚʘʨʠʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʈʠʪʮʘ [3]. ʇʦʩʢʦʣʴʢʫ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʟʘʜʘʯʫ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʜʝʷ ʤʝʪʦʜʘ ʈʠʪʮʘ ʙʫʜʝʪ 

ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʧʦʠʩʢʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʥʘ ʩʝʤʝʡʩʪʚʝ ʩʪʘʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʭ ʬʫʥʢʮʠʡ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʠʭ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠʡ 

ʕʨʠ, ʧʦʟʚʦʣʷʶʱʫʶ ʟʘʚʝʜʦʤʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʫʨʘʚʥʝʥʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʚ ʧʣʦʩʢʦʤ 

ʩʣʫʯʘʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦ ʨʘʩʪʷʞʝʥʠʠ ʚʜʦʣʴ ʦʩʠ 

Ox ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʢʨʫʛʦʚʳʤ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤ ʚʢʣʶʯʝʥʠʝʤ 

ʨʘʜʠʫʩʘ R ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʘʙʦʣʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ P(y) (ʨʠʩ. 

3.1). 

 

 

ʈʠʩ. 3.1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

 

ʉ ʫʯʝʪʦʤ ʩʠʤʤʝʪʨʠʠ ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʩʪʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

 ( ) ( )
2 1

1 10, 0, , ,0 0,xy u xy uy y S x x St = Í t = Í,  
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D  

1

1

uS

2

1

uS

2

uS

2

1

0S

1

1

0S x

y
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P(y) 

DD
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1Ss  

1

1Ss
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 ( ) () ( )
2

2
1

0 2
, 1 , , 0,xx xy

y
a y P y P a y y S

b
s

å õ
s = = - t = Íæ ö

ç ÷
,  

 ( ) ( )
1

1, , 0,yy xyx b x b x Sss =t = Í,  

ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ:  

 ( )
2

10, 0 ,x uu y y S= Í   

 ( )
1

1,0 0 ,y uu x x S= Í   

 ( ) ( ) ( ) 2, , 0 , .x y uu x y u x y x y S= = Í   

ʉʦʛʣʘʩʥʦ ʧʨʦʮʝʜʫʨʝ ʧʦʛʨʫʞʝʥʠʷ, ʚʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʘʥʦʥʠʯʝʩʢʫʶ 

ʦʙʣʘʩʪʴ 0D , ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʨʘʟʤʝʨʦʤ a b³, ʧʦʣʥʦʩʪʴʶ 

ʦʭʚʘʪʳʚʘʶʱʠʡ ʨʝʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʧʣʘʩʪʠʥʳ D  (ʨʠʩ. 3.2). 

 

  

ʈʠʩ. 3.2. ʀʩʭʦʜʥʘʷ ʦʙʣʘʩʪʴ D  ʠ ʢʘʥʦʥʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ 
0D   

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ 

ʚʦʟʥʠʢʰʠʭ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʦʙʣʘʩʪʠ D  ʚ ʦʙʣʘʩʪʴ 0D  ʥʦʚʳʭ ʛʨʘʥʠʮʘʭ 2

1

0S  ʠ 
1

1

0S  

ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ, ʩʪʘʪʠʯʝʩʢʦʡ ʠʣʠ ʩʤʝʰʘʥʥʦʡ ʬʦʨʤʝ (2.33). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ 

1

1

0S  ʠ 
2

1

0S  ʙʫʜʝʪ ʫʜʦʙʥʦ ʟʘʜʘʪʴ ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ, ʪʘʢʠʝ ʞʝ, ʯʪʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʥʘ 
1

1

uS  ʠ 
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1

uS : 

 ( ) ( )
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1

00, 0, 0, 0, ,x xyu y y y S= t = Í  
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1

0,0 0, ,0 0, .y xyu x x x S= t = Í  
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ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʤʝʨʳ ʧʣʘʩʪʠʥʢʠ ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʨʘʚʥʳʤʠ 4a ʤ= , 4b ʤ= , ʨʘʜʠʫʩ ʚʳʨʝʟʘ2R ʤ= , ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ: 2 11E E=  

ʇʘ ï ʤʦʜʫʣʴ ʖʥʛʘ, 0,33n=  ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, 0 100P =  ʇʘ.  

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʠ ʚʚʝʜʝʥʥʦʡ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʟʘʧʠʰʝʤ ʬʫʥʢʮʠʦʥʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʕʨʠ: 

 () ( )
2 2 2

2 2 2 2 2

2 2 2 2

0 0

1
2 2 1

2

a b

C dxdy
E y x y x x y

è øå õ å õ å õ å õµ f µ f µ fµ f µ f
P f = + - n + +n -é ùæ ö æ ö æ ö æ ö

µ µ µ µ µ µé ùç ÷ ç ÷ ç ÷ ç ÷ê ú
ññ   

 ( )

2 2 2 2 2
2 2 2 2 2

2 2 2 2

0 0

1
2 2 1

2

R yR

dxdy
E y x y x x y

- è øå õ å õ å õ å õµ f µ f µ fµ f µ f
- + - n + +né ùæ ö æ ö æ ö æ ö

µ µ µ µ µ µé ùç ÷ ç ÷ ç ÷ ç ÷ê ú
ñ ñ  (3.10) 

ɺ (3.10) ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʪʝʛʨʘʣ ʧʦ ʛʨʘʥʠʮʝ 
uS , ʚʳʨʘʞʘʶʱʠʡ ʨʘʙʦʪʫ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ ʥʘ ʟʘʜʘʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʛʨʘʥʠʮʘʭ 2

uS , 
1

1

uS , 

2

1

uS  ʥʘʟʥʘʯʝʥʳ ʥʫʣʝʚʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

ʊʨʝʙʦʚʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʘ () 0CdP f = ʚʝʜʝʪ ʢ ʧʦʣʫʯʝʥʠʶ 

ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄɻʇ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʠʪʮʘ, ʧʨʝʜʩʪʘʚʠʤ 

ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʨʷʜʘ: 

 0 1 1 2 2 ... n na a aj=j + j + j + + j, (3.11) 

ʛʜʝ 1 2, ,..., na a a  - ʧʦʩʪʦʷʥʥʳʝ, ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ, 1 2, ,..., nj j j - ʥʘʙʦʨ 

ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʦʜʥʦʨʦʜʥʳʤ ʩʪʘʪʠʯʝʩʢʠʤ ʛʨʘʥʠʯʥʳʤ 

ʫʩʣʦʚʠʷʤ, 0j - ʬʫʥʢʮʠʷ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʥʝʥʫʣʝʚʳʭ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʥʘ ʛʨʘʥʠʮʘʭ Ss.  

ʇʦʜʩʪʘʚʠʤ ʚ (3.10) ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʕʨʠ (3.11): 

 ()
2 2

0, , 0, ,

1 10 0

1

2

a b n n

C xx i i xx yy i i yy

i i

a a
E = =

èå õ å õ
P f = j + j + j + j -éæ ö æ ö

ç ÷ ç ÷éê
ä äññ   
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2
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n n n

xx i i xx yy i i yy xy i i xy

i i i

a a a dxdy
= = =

øå õå õ å õ
- n j + j j + j + +n j + j -ùæ öæ ö æ ö
ç ÷ç ÷ ç ÷ùú

ä ä ä   
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0, , 0, ,

1 10 0

1

2

R yR n n

xx i i xx yy i i yy

i i

a a
E

-

= =

èå õ å õ
- j + j + j + j -éæ ö æ ö

ç ÷ ç ÷éê
ä äñ ñ   

 ( )
2

0, , 0, , 0, ,

1 1 1

2 2 1
n n n

xx i i xx yy i i yy xy i i xy

i i i

a a a dxdy
= = =

øå õå õ å õ
- n j + j j + j + +n j + jùæ öæ ö æ ö
ç ÷ç ÷ ç ÷ùú

ä ä ä , (3.12) 

 1...i n= ;  

ʛʜʝ ʯʝʨʝʟ 
, , ,, ,i xx i yy i xyj j j ʦʙʦʟʥʘʯʠʤ ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

ʊʨʝʙʦʚʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ (3.12) ʧʨʠʚʝʜʝʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʥʘʙʦʨʫ ʫʩʣʦʚʠʡ: 

 
()

, 0, , , 0, ,

1 10 0

1
a b n n

C

i xx xx m m xx i yy yy m m yy

m mi

a a
a E = =

µP f è å õ å õ
= j j + j +j j + j -é æ ö æ ö

µ ç ÷ ç ÷ê
ä äññ   

 , 0, , , 0, ,

1 1

n n

i xx yy m m yy i yy xx m m xx

m m
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å õ å õ
-nj j + j -nj j + j +æ ö æ ö

ç ÷ ç ÷
ä ä   
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1
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ç ÷ú
ä   

 

2 2

, 0, , , 0, ,

1 10 0

1
R yR n n

i xx xx m m xx i yy yy m m yy

m m

a a
E

-

= =

è å õ å õ
- j j + j +j j + j -é æ ö æ ö
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1
2 1

a b n

m i xx m xx i yy m yy i xx m yy i yy m xx i xy m xy

m

a dxdy
E =

è ø
j j +j j -nj j -nj j + +n j j =é ù

ê ú
äññ

( )( )( )
2 2

, , , , , , , , , ,

10 0

1
2 1

R yR n

m i xx m xx i yy m yy i xx m yy i yy m xx i xy m xy

m

a dxdy
E

-

=

è ø
= j j +j j -nj j -nj j + +n j j -é ù

ê ú
äñ ñ

( ), 0, , 0, , 0, , 0, , 0,

0 0

1
2 1

a b

i xx xx i yy yy i xx yy i yy xx i xy xy dxdy
E
è ø- j j +j j -nj j -nj j + +n j j +ê úññ   (3.13) 

( )

2 2

, 0, , 0, , 0, , 0, , 0,

0 0

1
2 1 ,

R yR

i xx xx i yy yy i xx yy i yy xx i xy xy dxdy
E

-

è ø+ j j +j j -nj j -nj j + +n j jê úñ ñ

 1...i n= . 

ɺʳʨʘʞʝʥʠʝ (3.13) ʧʨʝʜʩʪʘʚʠʤ ʚ ʩʣʝʜʫʶʱʝʤ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ: 

 []{} []{}{ } { }
0 0

p pP a P a F F
D D

= - + , (3.14) 

ʛʜʝ []
0

P  - ʤʘʪʨʠʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ 

 ( )( )
0 , , , , , , , , , ,

0 0

1
2 1

a b

ij i xx m xx i yy m yy i xx m yy i yy m xx i xy m xyP dxdy
E
= j j +j j -nj j -nj j + +n j jññ ,  

[]P
D
 - ʤʘʪʨʠʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ  

 ( )( )
2 2

, , , , , , , , , ,

0

2 1

R y

ij i xx m xx i yy m yy i xx m yy i yy m xx i xy m xyP dxdy
D

-

= j j +j j -nj j -nj j + +n j jñ ,  

{ }
0

pF  - ʚʝʢʪʦʨ ʩ ʵʣʝʤʝʥʪʘʤʠ  

 ( )( )0 , 0, , 0, , 0, , 0, , 0,

0 0

1
2 1

a b

p

i i xx xx i yy yy i xx yy i yy xx i xy xyF dxdy
E

=- j j +j j -nj j -nj j + +n j jññ ,  

{ }pF
D
 - ʚʝʢʪʦʨ ʩ ʵʣʝʤʝʥʪʘʤʠ  

( )( )
2 2

, 0, , 0, , 0, , 0, , 0,

0 0

1
2 1 ,

R yR

p

i i xx xx i yy yy i xx yy i yy xx i xy xyF dxdy
E

-

D= j j +j j -nj j -nj j + +n j jñ ñ   

{}a  - ʚʝʢʪʦʨ ʥʝʠʟʚʝʩʪʥʳʭ. 

ʈʝʰʘʪʴ (3.14) ʙʫʜʝʤ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʫʶ ʠʪʝʨʘʮʠʦʥʥʫʶ ʧʨʦʮʝʜʫʨʫ: 
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[]{}
( )

[]{}
() { } { }

{}
()

1

0 0

0
,

0

1,2,3...

k k p pP a P a F F

a

k

+

D D

ë = - +î
ì
î ¹í

=

 (3.15) 

ʫʩʣʦʚʠʝ ʦʩʪʘʥʦʚʢʠ ʢʦʪʦʨʦʡ ʚʳʙʨʘʥʦ ʚ ʚʠʜʝ: 

 

( ){ } (){ }
(){ }

1

,

k k

k

a a

a

+
-

¢b  

ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʳ ʚʝʢʪʦʨʘ {}a  ʚʳʙʨʘʥʘ ʥʦʨʤʘ ʏʝʙʳʰʝʚʘ, b- ʟʘʜʘʚʘʝʤʦʝ 

ʚʳʯʠʩʣʠʪʝʣʝʤ ʤʘʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ (3.15) ï ʜʠʩʢʨʝʪʥʳʡ ʘʥʘʣʦʛ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʝʪʦʜʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʈʠʪʮʘ ʜʣʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʣʘʩʪʠʥʢʘ ʙʝʟ ʚʢʣʶʯʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʘʙʦʣʠʯʝʩʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʫʩʠʣʠʷ), ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ 

[1], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʥʦ ʚʟʷʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 ( )( )( )
2

2 2
2 2 2 2 2 2 2

1 2 32

1 1
1 ... , *

2 6

y
Py x a y b a a x a y

b

å õ
j= - + - - + + +æ ö

ç ÷
 (3.16) 

ʛʜʝ 

2
2

0 2

1 1
1

2 6

y
Py

b

å õ
j = -æ ö

ç ÷
, ( )( )

2 2
2 2 2 2

1 x a y bj = - - , ( )( )
2 2

2 2 2 2 2

2 x a y b xj = - - , 

( )( )
2 2

2 2 2 2 2

3 x a y b yj = - -  ʠ ʪ.ʜ. 

ɺ ʵʪʦʤ ʨʷʜʫ ʩʦʭʨʘʥʷʶʪʩʷ ʣʠʰʴ ʯʝʪʥʳʝ ʩʪʝʧʝʥʠ x  ʠ y, ʧʦʩʢʦʣʴʢʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʆx ʠ ʆy. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʝʪʢʠ 

ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʝʡ 1800 ʫʟʣʦʚʳʭ ʥʝʠʟʚʝʩʪʥʳʭ. ʈʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʄɻʇ ʚ 

ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʈʠʪʮʘ ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩʥʦʚʝ ʠʪʝʨʘʮʠʦʥʥʦʡ 
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ʧʨʦʮʝʜʫʨʳ (3.15), ʧʨʠ ʵʪʦʤ ʫʜʝʨʞʘʥʦ 6 ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʫʩʣʦʚʠʷʤ ʩʪʘʪʠʯʝʩʢʦʡ ʜʦʧʫʩʪʠʤʦʩʪʠ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

 

ʈʠʩ 3.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ,xx ʇʘs   

a)  ʄʂʕ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʙ) ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ 

 

 

ʈʠʩ 3.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ,ʫʫʇʘs   

ʘ) ʄʂʕ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʙ) ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ 

 

ʘ ʙ 
y

x

ʘ ʙ 

x

y

a

) 
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ʈʠʩ 3.5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ,xʫ ʇʘt   

ʘ) ʄʂʕ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʙ) ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ 

 

ʀʟ ʨʠʩ. 3.3-3.5 ʚʠʜʥʦ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʭʦʜʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʢʦʤʧʦʥʝʥʪʳ xxs , ʦ ʯʝʤ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʤʧʦʥʝʥʪ 
yys  ʠ 

xyt. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʫʜʝʨʞʘʥʠʠ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ 

ʯʣʝʥʦʚ ʨʷʜʘ, ʘ ʪʘʢ ʞʝ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ b ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʈʠʪʮʘ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʜʘʯʥʦʛʦ ʚʳʙʦʨʘ ʙʘʟʠʩʥʳʭ 

ʬʫʥʢʮʠʡ, ʪʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʬʫʥʢʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʘʢʞʝ ʚ ʚʠʜʝ 

ʩʣʝʜʫʶʱʝʛʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʷʜʘ: 
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j= - + - - + +æ ö æ ö æ öæ

ç ÷ ç ÷çç ÷
  

 3

2
cos cos ... , **

2 2

x y
a

a b

p p õå õ å õ
+ +æ ö æ öö

ç ÷ ç ÷÷
 (3.17) 

ʚ ʢʦʪʦʨʦʤ 

2
2

0 2

1 1
1

2 6

y
Py

b

å õ
j = -æ ö

ç ÷
, ( )( )

2 2
2 2 2 2

1 x a y bj = - - ,  

( )( )
2 2

2 2 2 2

2 cos cos
2 2

x y
x a y b

a b

p på õ å õ
j = - - æ ö æ ö

ç ÷ ç ÷
,  

ʘ ʙ 

x

y

a

) 
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( )( )
2 2

2 2 2 2

3

2
cos cos

2 2

x y
x a y b

a b

p på õ å õ
j = - - æ ö æ ö

ç ÷ ç ÷
 ʠ ʪ.ʜ. 

ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ 

ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʷ (ʪʘʙʣʠʮʘ 3.1), ʦʩʪʘʥʦʚʢʘ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʨʠ 

0.0001b= : 

 

ʊʘʙʣʠʮʘ 3.1. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʷ 

ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʨʘʟʣʦʞʝʥʠʷ 
ʈʷʜ ** ʈʷʜ * 

1a  0.00171868 0.000339668 

2a  -0.0022017 -5.31E-05 

3a  -0.0002149 0.000211314 

4a  0.00145442 2.27E-06 

5a  -0.0001617 1.35E-08 

6a  -0.0003877 -8.15E-06 

7a  4.31E-05 - 

 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʨʘʩʩʤʦʪʨʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʨʘʟʥʳʤ ʩʝʯʝʥʠʷʤ ʧʣʘʩʪʠʥʳ ʨʠʩ. 3.7-3.10, ʩʭʝʤʘ 

ʩʝʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.6. 

 

 

ʈʠʩ. 3.6. ʉʭʝʤʘ ʩʝʯʝʥʠʡ 

 

1 

2 

a

) 

5 
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ʈʠʩ. 3.7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ,xx ʇʘs  ʚ ʩʝʯʝʥʠʠ 1. 

 

 

ʈʠʩ. 3.8 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ,yy ʇʘs  ʚ ʩʝʯʝʥʠʠ 1. 

 

ʭ 

ʭ 
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ʈʠʩ. 3.9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ,xy ʇʘt  ʚ ʩʝʯʝʥʠʠ 1. 

 

 

ʈʠʩ. 3.10. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ,xx ʇʘs  ʚ ʩʝʯʝʥʠʠ 2. 

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʛʨʘʬʠʢʘʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʟ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʕʨʠ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʦʢʘʟʘʣʩʷ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ ** , ʪʘʢ ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʄɻʇ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ ʈʠʪʮʘ, ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʝʨʝʤʝʱʝʥʠʷʭ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʘʚʥʠʚʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʭ 

ʭ 
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ʜʠʩʢʨʝʪʥʳʭ ʘʥʘʣʦʛʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʦʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ: 

ʄɻʇ - 7, ʄʂʕ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ - 1800. 

ɺʘʨʴʠʨʫʷ ʢʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʳʭ ʯʣʝʥʦʚ ʵʪʦʛʦ ʨʷʜʘ, ʧʦʢʘʞʝʤ 

ʩʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ()CP f (ʪʘʙʣʠʮʘ 3.2). 

 

ʊʘʙʣʠʮʘ 3.2. ʀʟʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ  

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʯʣʝʥʦʚ ʨʷʜʘ **. 

ʂʦʣʠʯʝʩʪʚʦ 

ʫʜʝʨʞʠʚʘʝʤʳʭ ʯʣʝʥʦʚ ʨʷʜʘ 
()CP f 

2 2.960886E-09 

4 4.099622E-09 

7 4.000430E-09 

13 4.000396E-09 

 

ɺʠʜʥʦ, ʯʪʦ ʩʭʦʜʠʤʦʩʪʴ ʚ ʩʤʳʩʣʝ ʵʥʝʨʛʠʠ ʠʤʝʝʪ ʤʝʩʪʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʯʣʝʥʦʚ ʨʷʜʘ ʙʦʣʴʰʝ 6 ʟʥʘʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʠʟʤʝʥʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ.  

 

3.3. ʇʦʩʪʨʦʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄɻʇ 

ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ.  

 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.8) ʚ ʜʚʫʤʝʨʥʦʡ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ 
0D  ʧʦʩʪʨʦʠʤ ʝʛʦ ʜʠʩʢʨʝʪʥʳʡ ʘʥʘʣʦʛ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʜʣʷ ʧʣʦʩʢʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ 

ʤʠʥʠʤʫʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ, ʦʜʥʘʢʦ ʝʛʦ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʡ 

ʬʦʨʤʫʣʠʨʦʚʢʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʤʠ. ʆʩʦʙʝʥʥʦ ʟʘʪʨʫʜʥʠʪʝʣʝʥ 

ʚʳʙʦʨ ʬʫʥʢʮʠʡ ʬʦʨʤʳ ʜʣʷ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʧʨʷʞʝʥʠʷʭ 

(ʵʣʝʤʝʥʪʦʚ ʩ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ ʛʨʘʥʠʮʘʤʠ), ʧʦʵʪʦʤʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʣʦʞʝʥʳ ʵʣʝʤʝʥʪʳ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʜʣʷ ʧʣʦʩʢʠʭ ʟʘʜʘʯ [32, 118] ʠ ʠʭ 
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ʚʦʟʤʦʞʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʙʦʙʱʝʥʠʷ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ ʚ ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʦ ʬʦʨʤʝ ʦʙʣʘʩʪʷʭ, ʯʪʦ ʢʘʢ ʨʘʟ ʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʨʦʮʝʜʫʨʳ ʧʦʛʨʫʞʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʣʦʩʢʦʤ ʩʣʫʯʘʝ, ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʫʜʦʙʥʦ ʩʪʨʦʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʕʨʠ, ʥʘ ʦʩʥʦʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʪʦʨʦʡ ʫʜʘʝʪʩʷ ʚʳʙʨʘʪʴ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʚ ʵʣʝʤʝʥʪʝ 

ʫʨʘʚʥʝʥʠʷʤ ʨʘʚʥʦʚʝʩʠʷ; ʚʳʧʦʣʥʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʣʦʞʝʥʠʝʤ ʥʘ ʩʠʩʪʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩ ʧʦʤʦʱʴʶ 

ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʜʣʷ ʜʘʥʥʦʡ 

ʚʘʨʠʘʮʠʦʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʳʙʝʨʝʤ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩ ʫʟʣʘʤʠ ʚ 

ʫʛʣʘʭ (ʨʠʩ. 3.11). 

 

 
ʈʠʩ. 3.11. ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʉʚʷʟʴ ʛʣʦʙʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʤʝʝʪ ʚʠʜ: 

0x x a= + z, 0y y b= + h. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3.8) ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʩʨʝʜʠ ʩʪʘʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʭ 

ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʨʘʚʥʝʥʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʪʘʪʠʯʝʩʢʠʤ 

ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠʷ ʕʨʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʫʟʣʦʚʳʭ ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʤ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʝʝ ʧʝʨʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʤ, ʘ ʪʘʢʞʝ ʩʤʝʰʘʥʥʦʡ 

h 

(1,0)            z

(1,1) 

(0,0) 

(0,1) 

i j 

k l 

b 

y

O xa 
0x

0y
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ʧʨʦʠʟʚʦʜʥʦʡ { }
2

, , ,
T

i i

i i i
x y x y

ë ûå õå õµj µj µ jî îå õ
F = jì üæ öæ öæ ö

µ µ µ µç ÷ç ÷î îç ÷í ý
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ 

ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʚʝʜʝʥʘ ʵʨʤʠʪʦʚʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʕʨʠ, 

ʢʦʪʦʨʘʷ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ ʚʠʜ: 

 ( ) ( ){ }{ }
T

, ,e eNz h = z hj F ,  

ʛʜʝ( ){ } { }{ }{ }{ }{ }T T T TT

, ,, ,i k l

e e e e

j

eN N N N Nz h = , 

{ } ( ) ( ) ( ) ( ){ }1 3 4

T

2, , , , , , ,i

e

i i i iN N N NN = z h z h z h z h ï ʩʪʦʣʙʝʮ ʬʫʥʢʮʠʡ ʬʦʨʤ 

ʵʣʝʤʝʥʪʘ, { } { }{ }{ }{ }{ }
T

, , ,e

i j k lF = F F F F ʩʪʦʣʙʝʮ ʫʟʣʦʚʳʭ ʥʝʠʟʚʝʩʪʥʳʭ 

ʵʣʝʤʝʥʪʘ, 

 

() () () ()

() () () ()

1 20 0 0 1

3 41 0 1 1

, ,

, ,

, , , .

q qq q q q

q qq q q q

N N N N N N

N N N N N N

q i j k l

= z h = z h

= z h = z h

=

 (3.18) 

ʂʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʜʘʥʥʦʛʦ ʪʠʧʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʚ ʟʘʜʘʯʘʭ ʠʟʛʠʙʘ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥ (ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʠ ʧʨʦʛʠʙʘ), ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

ʚ (3.17) ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ [118]: 

 () () 2 3

0 0 1 3 2i lN Nz = z = - z + z,  () () 2 3

0 0 1 3 2i lN Nh = h = - h + h,  

 () () ( )2 3

1 1 2i lN N az = z = z- z +z,  () () ( )2 3

1 1 2i jN N bh = h = h- h +h,  

 () () 2 3

0 0 3 2l kN Nz = z = z - z,  () () 2 3

0 0 3 2l kN Nh = h = h - h,  

 () () ( )2 3

1 1j kN N az = z =- z -z,  () () ( )2 3

1 1l kN N bh = h =- h -h.  

ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʧʦʣʥʳʡ ʧʦʣʠʥʦʤ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ ʧʦ z ʠ h (ʦʧʫʱʝʥʳ ʩʣʘʛʘʝʤʳʝ, ʩʦʜʝʨʞʘʱʠʝ 

ʩʪʝʧʝʥʠ ʚʳʰʝ ʪʨʝʪʴʠʭ ʧʦ ʣʶʙʦʡ ʧʝʨʝʤʝʥʥʦʡ): 

 ( ) 2 2 2 2 3

1 2 3 4 5 6 7 8 9,f x h =a +a z+a h+a z +a h +a zh+a z h+a zh +a z +  

 3 3 3 2 2 3 2 2 3 3 3

10 11 12 13 14 15 16+a h +a zh +a zh+a z h +a zh +a z h +a zh  
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ʛʜʝ 1 2 16, ,...,a a a ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʷ ʕʨʠ ʠ ʝʝ ʧʝʨʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʥʝʧʨʝʨʳʚʥʳ ʚʜʦʣʴ ʦʙʱʠʭ 

ʩʪʦʨʦʥ ʩʤʝʞʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʀʩʧʦʣʴʟʫʷ (3.5), ʦʧʨʝʜʝʣʠʤ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ ʩʚʷʟʴ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ ʩ ʫʟʣʦʚʳʤʠ ʥʝʠʟʚʝʩʪʥʳʤʠ ʵʣʝʤʝʥʪʘ:  

 {} { }e eLè øs = Fê ú ,  

ʛʜʝ {} { }
T

, ,xx yy xys = s s s ï ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʣʝʤʝʥʪʝ,  

{ }

{ }

{ }

{ }

{ }

{ }

2 2
T T

2 2 2

2 2
T T

2 2 2

2 2T T

4

4

4

e e

e e e

e e

N N
y b

L N N
x a

N N
y x ab

è øè øµ µ
é ùé ù
µ µh
é ùé ù
é ùé ùµ µ

è ø= =é ùé ùê úµ µzé ùé ù
é ùé ùµ µ- -é ùé ù
µ µ µzµhê úê ú

 ï ʤʘʪʨʠʮʘ ʛʨʘʜʠʝʥʪʦʚ ʢʦʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʜʣʷ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ.  

ʌʠʟʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ [33] ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʧʨʠʤʫʪ ʚʠʜ:  

 {} {} { }1 1 e eD D L- -è ø è øè øe = s = Fê ú ê úê ú,  

ʛʜʝ {} { }
T

, ,xx yy xye = e e g ï ʚʝʢʪʦʨ ʜʝʬʦʨʤʘʮʠʡ ʚ ʵʣʝʤʝʥʪʝ, 1D-è øê ú ï ʤʘʪʨʠʮʘ 

ʢʦʥʩʪʘʥʪ ʫʧʨʫʛʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦ-ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  

 

( )

1

1 0
1

1 0

0 0 2 1

v

D v
E

v

-

-è ø
é ù

è ø= -ê ú é ù
é ù+ê ú

,  

ʛʜʝ E  ï ʤʦʜʫʣʴ ʖʥʛʘ, v ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. 

ɺʳʧʦʣʥʠʤ ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʚʚʝʜʝʥʥʳʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ (ʈʠʩ. 3.12). 
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ʈʠʩ. 3.12. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʳʨʘʞʝʥʠʷ ʚʘʨʠʘʮʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʫʧʨʫʛʦʛʦ ʪʝʣʘ ʚ 

ʦʙʣʘʩʪʷʭ 0D  ʠ DD ʚ ʩʦʦʪʥʦʰʝʥʠʠ (3.8), ʠʩʧʦʣʴʟʫʷ ʚʚʝʜʝʥʥʳʝ ʚʳʰʝ ʦʙʦʟʥʘʯʝʥʠʷ:  

 () ()
0 0

0 0
Ĕ Ĕ

e

e

ij ij ij ij

eD D

dD dDds e s = ds e s =äñ ñ   

 { } { } { } { }
0

T TT
1

0 0
e

e e e e e e e e

e eD

L D L dD p-è ø è øè ø è ø= d F F = d F Fê ú ê úê ú ê úä äñ , (3.19) 

 () ()Ĕ Ĕ
e

e

ij ij ij ij

eD D

dD dD

D D

D Dds e s = ds e s =äñ ñ   

 { } { } { } { }
T TT

1 ,
e

e e e e e e e e

e eD

L D L dD p

D

-

D D
è ø è øè ø è ø= d F F = d F Fê ú ê úê ú ê úä äñ  (3.20) 

ʛʜʝ 

0

T
1

00
e

e e e e

D

p L D L dD-è ø è ø è øè ø=ê ú ê ú ê úê úñ  ï ʤʘʪʨʠʮʘ ʧʦʜʘʪʣʠʚʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʮʝʣʠʢʦʤ ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, 
T

1

e

e e e e

D

p L D L dD

D

-

DD
è ø è ø è øè ø=ê ú ê ú ê úê úñ  

ï ʤʘʪʨʠʮʘ ʧʦʜʘʪʣʠʚʦʩʪʠ ʵʣʝʤʝʥʪʘ, ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ 

ʦʙʣʘʩʪʠ ʜʦʧʦʣʥʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʦʙʣʘʩʪʠ ʜʦʧʦʣʥʝʥʠʷ eDD. 

ɺʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʦʚ ʪʠʧʘ (3.19) ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ 

ʧʨʦʮʝʜʫʨʦʡ, ʪʘʢ ʢʘʢ ʦʙʣʘʩʪʠ 
0

eD  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ. ʕʣʝʤʝʥʪʳ 

ʠ ʧʦʜʦʙʣʘʩʪʠ ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʣʘʩʪʴ ʜʦʧʦʣʥʝʥʠʷ DD, 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ. ʂʘʢ ʚʠʜʥʦ (ʈʠʩ. 3.12), ʩʨʝʜʠ ʵʣʝʤʝʥʪʦʚ ʝʩʪʴ ʪʘʢʠʝ, 

ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʭʦʜʥʦʡ ʦʙʣʘʩʪʠ Dʠ ʦʙʣʘʩʪʠ ʜʦʧʦʣʥʝʥʠʷ 

DD ʠ ʩʦʜʝʨʞʘʪ ʚʥʫʪʨʠ ʩʝʙʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʯʘʩʪʦʢ e

uS  ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʛʨʘʥʠʮʳ 

0

eD

eDD

x

y

O
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uS . ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʠʥʪʝʛʨʘʣʦʚ ʪʠʧʘ (3.20). 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʛʨʘʥʠʮʘ ʠʤʝʝʪ ʧʨʦʠʟʚʦʣʴʥʫʶ ʬʦʨʤʫ, ʠʤʝʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʝʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦ ʢʦʥʝʯʥʦʤʫ ʵʣʝʤʝʥʪʫ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʝʥʠʷ ʪʘʢʠʭ ʠʥʪʝʛʨʘʣʦʚ ʤʝʪʦʜʦʤ 

ʷʯʝʝʢ [28], ʟʘʢʣʶʯʘʶʱʝʤʩʷ ʚ ʨʘʟʙʠʝʥʠʠ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘ ʙʦʣʝʝ 

ʤʝʣʢʠʝ ʧʦʜʦʙʣʘʩʪʠ. ʂʨʠʚʦʣʠʥʝʡʥʘʷ ʛʨʘʥʠʮʘ ʩʚʦʜʠʪʩʷ ʢ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʚʥʫʪʨʠ 

ʢʘʞʜʦʡ ʷʯʝʡʢʠ, ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ ʧʦʜʦʙʣʘʩʪʠ ʧʨʦʩʪʦʡ ʬʦʨʤʳ: ʪʨʝʫʛʦʣʴʥʠʢʠ, 

ʪʨʘʧʝʮʠʠ ï ʯʪʦ ʫʧʨʦʱʘʝʪ ʯʠʩʣʝʥʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʘ (ʨʠʩ. 3.13). 

 

ʈʠʩ. 3.13. ʈʘʟʙʠʝʥʠʝ ʵʣʝʤʝʥʪʘ ʦʙʣʘʩʪʠ ʜʦʧʦʣʥʝʥʠʷ 

 

ʇʨʦʩʪʝʡʰʘʷ ʬʦʨʤʫʣʘ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʨʠʮʳ ʧʦʜʘʪʣʠʚʦʩʪʠ ʵʣʝʤʝʥʪʘ, 

ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʦʙʣʘʩʪʠ ʜʦʧʦʣʥʝʥʠʷ, ʧʦ ʤʝʪʦʜʫ ʷʯʝʝʢ ʧʨʠʤʝʪ ʚʠʜ: 

 ( ) ( )( )T T
1 1

1

, ,

e

e

M
e e e e e e

m m m m m

mD

p L D L dD A L x y D L x y

D

- -

DD
=

è ø è ø è øè ø è ø è øè ø= = Öê ú ê ú ê úê ú ê ú ê úê úäñ ,  

ʛʜʝ mA  ï ʧʣʦʱʘʜʴ ʷʯʝʡʢʠ, ( ),m mx y  ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʷʯʝʡʢʠ, eM ï ʦʙʱʝʝ 

ʯʠʩʣʦ ʷʯʝʝʢ ʚ ʵʣʝʤʝʥʪʝ. 

ʈʘʙʦʪʫ ʚʦʟʤʦʞʥʳʭ ʫʩʠʣʠʡ ʥʘ ʟʘʜʘʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʥʘ ʛʨʘʥʠʮʝ uS  

ʦʧʨʝʜʝʣʠʤ ʢʘʢ:  
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 { } []{} { }{ }
T TT T

,u
u

e

u

e e e e e

e eS

L n U dS fè ø= d F = d Fê úä äñ  (3.21) 

ʛʜʝ { } [][]
T T

u
u

e

u

e e e

S

f L n U dSè ø= ê úñ  ï ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʦʙʦʙʱʝʥʥʳʭ ʫʟʣʦʚʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ;  
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x

y

U
U

U

ë û
=ì ü
í ý

 ï ʚʝʢʪʦʨ ʟʘʜʘʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ,  

{}
x

y

t
t

t

ë û
=ì ü
í ý
ï ʚʝʢʪʦʨ ʫʩʠʣʠʡ ʥʘ ʛʨʘʥʠʮʝ uS ,  

{} []{} [] { }e et n n Lè ø= s = Fê ú ,  

[]
0

0

x y

y x

n n
n

n n

è ø
=é ù
ê ú

,  

,x yn n  ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʚʝʢʪʦʨʘ ʚʥʝʰʥʝʡ ʝʜʠʥʠʯʥʦʡ ʥʦʨʤʘʣʠ ʢ ʛʨʘʥʠʮʝ 

e

uS . 

ʇʦʜʩʪʘʥʦʚʢʘ (3.19-3.21) ʚ (3.8) ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ 

ʚʘʨʠʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʫʧʨʫʛʦʛʦ ʪʝʣʘ: 

 { }( )
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()11 1
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D
è ø è ød F F = d F F +ê ú ê úä ä   
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+ d Fä  (3.22) 

ɺʚʝʜʷ ʦʙʦʟʥʘʯʝʥʠʷ  

 []
0 0

e

e

P pè ø= ê úä , [] e

e

P p
D D

è ø= ê úä , { } { }u

e

u

e

F f=ä , {}F ,  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʛʣʦʙʘʣʴʥʳʭ ʤʘʪʨʠʮ ʧʦʜʘʪʣʠʚʦʩʪʠ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʠ 

ʦʙʣʘʩʪʠ ʜʦʧʦʣʥʝʥʠʷ, ʛʣʦʙʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʚʝʢʪʦʨʘ 

ʫʟʣʦʚʳʭ ʥʝʠʟʚʝʩʪʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʠʤ: 
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uP P F
+ + +

+

D
d F F =d F F +d F  (3.23) 
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ɺ ʩʠʣʫ ʧʨʦʠʟʚʦʣʴʥʦʩʪʠ ʚʘʨʠʘʮʠʡ ʫʟʣʦʚʳʭ ʥʝʠʟʚʝʩʪʥʳʭ, ʚʳʨʘʞʝʥʠʝ (3.23) 

ʜʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦ ʣʝʚʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʣʦʚʳʭ ʥʝʠʟʚʝʩʪʥʳʭ{}F . ɼʠʩʢʨʝʪʥʳʡ 

ʘʥʘʣʦʛ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ (3.8) ʟʘʧʠʰʝʪʩʷ ʪʘʢ: 
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0, 1,2,3...
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P P F
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D
F = F +

F ¹ =
 (3.24) 

ʇʦʩʢʦʣʴʢʫ ʚ ʚʘʨʠʘʮʠʦʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʫʤʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʝ ʧʦʣʷ 

ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʳʧʦʣʥʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ, ʯʪʦʙʳ ʫʟʣʦʚʳʝ ʥʝʠʟʚʝʩʪʥʳʝ, ʚʭʦʜʷʱʠʝ ʚ 

ʩʪʦʣʙʝʮ {}F  ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʳʧʦʣʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 
ij j in Ts = ʥʘ Ss. ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʫʟʣʦʚʳʝ ʥʝʠʟʚʝʩʪʥʳʝ, 

ʜʣʷ ʫʯʝʪʘ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ [31-32]. 

ʄʝʪʦʜʠʢʫ ʬʦʨʤʫʣʠʨʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ 

ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ: ʧʫʩʪʴ ʥʘ ʩʪʦʨʦʥʝ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ 

Ox, ʜʝʡʩʪʚʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʠʣʳ 
yT , ʢʘʢ ʠʟʦʙʨʘʞʝʥʦ ʵʪʦ ʥʘ ʨʠʩ. 3.14. 

 

 

ʈʠʩ. 3.14. ʉʭʝʤʘ ʧʨʠʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ ʥʘ ʛʨʘʥʠʮʫ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ʀʩʧʦʣʴʟʫʷ ʩʚʷʟʴ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʕʨʠ ʠ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ (3.5), ʜʚʘʞʜʳ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ ʧʝʨʝʤʝʥʥʦʡ x  ʥʘ ʩʪʦʨʦʥʝ 

()yT x

 

y

 

i  j
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x
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ʵʣʝʤʝʥʪʘ ʩ ʫʟʣʘʤʠ i ʠ j ʚʳʨʘʞʝʥʠʝ ()
2

2 yT x
x

µ j
=

µ  
ʠ ʦʧʨʝʜʝʣʠʤ ʢʦʥʩʪʘʥʪʳ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʟʥʘʯʝʥʠʷ ,
dx

µjå õ
jæ ö
ç ÷

 ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ (, , ,i j

i jdx dx

µj µjå õ å õ
j jæ ö æ ö
ç ÷ ç ÷

). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʤ:  

 ()  ,

j

i
i

x

j x

y x
dx d

T dx
x

µj µjå õ å õ
æ ö æ ö
ç ÷ ç

+ =
÷

- ñ  (3.25) 
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j
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j

x

xx

yi

x

a x dxdx
x

T
d

µjå õ
æ ö
ç

-j +j - =
÷
ññ  (3.26) 

ʊ.ʢ. ʬʫʥʢʮʠʷ 
yT  ʟʘʜʘʥʘ ʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ x, ʪʦ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 

ʠʥʪʝʛʨʘʣʳ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ (3.25) ʠ (3.26). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʜʚʘ ʫʨʘʚʥʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʚʷʟʴ ʤʝʞʜʫ ʫʟʣʦʚʳʤʠ ʥʝʠʟʚʝʩʪʥʳʤʠ ʥʘ ʛʨʘʥʠʮʝ ʵʣʝʤʝʥʪʘ. 

ʋʯʠʪʳʚʘʷ ʘʥʘʣʦʛʠʯʥʦ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ, 

ʩʬʦʨʤʠʨʫʝʤ ʧʦʣʥʫʶ ʩʠʩʪʝʤʫ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʵʣʝʤʝʥʪʘ ʚ ʚʠʜʝ: 

 { } { }.e e e

pg fè øF =ê ú  (3.27) 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 
xyt  

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʭʦʜʷʪ ʚ ʯʠʩʣʦ ʫʟʣʦʚʳʭ ʥʝʠʟʚʝʩʪʥʳʭ, ʚ ʢʘʯʝʩʪʚʝ ʩʤʝʰʘʥʥʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʕʨʠ, ʫʩʣʦʚʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʥʠʭ, 

ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʤʦʜʠʬʠʢʘʮʠʠ 

ʛʣʦʙʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ʧʦʜʘʪʣʠʚʦʩʪʠ.  

ʅʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʡ (3.27) ʜʣʷ ʚʩʝʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ 

ʛʨʘʥʠʮʳ ʩ ʧʨʠʣʦʞʝʥʥʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ, ʜʦʧʦʣʥʠʤ 

ʫʨʘʚʥʝʥʠʷ (3.24), ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ, ʠ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ 

ʠʪʝʨʘʮʠʦʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ: 
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 (3.28) 
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ʛʜʝ {}l  ï ʚʝʢʪʦʨ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ, []G  ï ʛʣʦʙʘʣʴʥʘʷ ʤʘʪʨʠʮʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʳ ʫʩʣʦʚʠʡ ʚʠʜʘ (3.27), { }pF  ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʘʚʳʝ 

ʯʘʩʪʠ ʫʩʣʦʚʠʡ. 

ʋʩʣʦʚʠʝ ʦʩʪʘʥʦʚʢʠ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ: 

 

( ){ } (){ }
(){ }

1

,

k k

k

+
F - F

¢b
F

  

ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʳ ʚʝʢʪʦʨʘ {}F  ʚʳʙʨʘʥʘ ʥʦʨʤʘ ʏʝʙʳʰʝʚʘ, b- ʟʘʜʘʚʘʝʤʦʝ 

ʚʳʯʠʩʣʠʪʝʣʝʤ ʤʘʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. 

 

3.4. ʇʨʠʤʝʨʳ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʜʣʷ ʧʣʦʩʢʠʭ 

ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʥʦʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʄɻʇ ʨʘʩʩʤʦʪʨʠʤ ʧʣʦʩʢʫʶ ʟʘʜʘʯʫ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ: ʩʞʘʪʠʝ ʚʜʦʣʴ ʦʩʠ Ox ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʚʢʣʝʝʥʥʳʤ ʢʨʫʛʦʚʤr 

ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤ ʚʢʣʶʯʝʥʠʝʤ ʨʘʜʠʫʩʘ R ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ P. ʅʘ ʢʦʥʪʫʨʝ ʚʢʣʶʯʝʥʠʷ ʨʘʚʥʳ ʥʫʣʶ ʦʙʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʠʤʝʝʪ ʠʟʚʝʩʪʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

[119], ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʜʢʨʝʧʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦ ʩʭʦʜʠʤʦʩʪʠ 

ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʄɻʇ ʜʘʥʥʳʤʠ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ 

ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʨʘʟʤʝʨʳ ʧʣʘʩʪʠʥʢʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʨʘʚʥʳʤʠ 2 2a a³ , ʨʘʜʠʫʩ 

ʚʳʨʝʟʘ7R a= , ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ: 2,3 11E E= +  ʇʘ ï ʤʦʜʫʣʴ ʖʥʛʘ, 0,33n=  

ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. ɺ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʟʘʜʘʯʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʝʪʚʝʨʪʴ ʧʣʘʩʪʠʥʳ (ʨʠʩ. 3.15). ɺ ʢʘʯʝʩʪʚʝ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

ʚʳʙʨʘʥ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʨʘʟʤʝʨʦʤ 2 2a a³ . 



64 

 

ʈʠʩ. 3.15. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʦ ʤʝʪʦʜʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʝʡ ʚʘʨʠʘʮʠʦʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ:  
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( ) () ( ) ()( ) ( ) ()( ))1 1 1

2 1
k k k k k k

xx yy yy xx xy xy dxdy
+ + +

-n ds s +ds s +dt t +n -  

 
( )( ) ( )( )( )1 1
Ĕ Ĕ 0,

u

k k

x x y y u

S

t U t U dS
+ +

- ds + ds =ñ  (3.29) 

 
()0

0, 1,2,3...ij ks ¹ =   

ʊʘʢ ʢʘʢ ʧʦ ʢʨʫʛʦʚʦʤʫ ʢʦʥʪʫʨʫ 0x yU U= =, ʪʦ (3.29) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ 

ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ:  

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

0

1 1 1 1
Ĕ Ĕ Ĕ

u

k k k k k

ij ij ij ij i i u

D D S

dV dV t U dS

D

+ + + +

Dds e s - ds e s - ds =ñ ñ ñ   

 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( )( 1 1 1 1 1 1 1 1

0 0

1
a a

k k k k k k k k

xx xx yy yy xx yy yy xx
E

+ + + + + + + +
= ds s +ds s -n ds s +ds s +ññ   
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D  
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1
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( ) ( )( )) ( ) () ( ) ()(

2 2

1 1 1 1

0 0

1
2 1

R yR
k k k k k k

xy xy xx xx yy yydxdy
E

-

+ + + +
+dt t +n - ds s +ds sñ ñ   

 
( ) () ( ) ()( ) ( ) ()( ))1 1 1

2 1 .
k k k k k k

xx yy yy xx xy xy dxdy
+ + +

-n ds s +ds s +dt t +n  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʜʦʧʫʩʪʠʤʦʩʪʠ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ (3.29), ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ:  

 ( ) ( )
2 1

1 10, 0, , ,0 0,xy u xy uy y S x x St = Í t = Í,  

 ( ) () ( )
2

1, , , 0,xx xya y P y a y y Sss =- t = Í,  

 ( ) ( )
1

1, , 0,yy xyx a x a x Sss =t = Í.  

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ:  

 ( )
2

10, 0 ,x uu y y S= Í   

 ( )
1

1,0 0 ,y uu x x S= Í   

 ( ) ( ) ( ) 2, , 0 ,x y uu x y u x y x y S= = Í,  

ʦʪʨʘʞʘʶʱʠʝ ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʥʠʮʘʭ, ʘ ʪʘʢ ʞʝ 

ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʧʦ ʢʦʥʪʫʨʫ ʚʢʣʶʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ, 

ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʦʥʘʣʘ ʢʘʢ 

ʝʩʪʝʩʪʚʝʥʥʳʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʄɻʇ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, 

ʦʧʠʩʘʥʥʳʤʠ ʚ ʛʣʘʚʝ 2, ʥʘ ʚʦʟʥʠʢʰʠʭ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʦʙʣʘʩʪʠ D  ʚ ʦʙʣʘʩʪʴ 0D  

ʥʦʚʳʭ ʛʨʘʥʠʮʘʭ 
2

1

0S  ʠ 
1

1

0S  ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʠ ʫʜʦʙʥʦ ʚʳʙʨʘʪʴ: 

 ( ) ( )
2

1

00, 0, 0, 0, ,x xyu y y y S= t = Í  

 ( ) ( )
1

1

0,0 0, ,0 0, .y xyu x x x S= t = Í  

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʩʦʙʝʥʥʦʩʪʴ ʤʝʪʦʜʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʰʝʥʠʷ 
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ʤʦʞʥʦ ʫʣʫʯʰʘʪʴ, ʢʘʢ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, 

ʪʘʢ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ. ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʛʫʱʘʶʱʠʭʩʷ ʩʝʪʦʢ ʠ ʫʤʝʥʴʰʘʶʱʝʡʩʷ 

ʚʝʣʠʯʠʥʳ ʢʨʠʪʝʨʠʷ b ʧʨʝʢʨʘʱʝʥʠʷ ʠʪʝʨʘʮʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʪʢʠ ʠʟ 361 ʵʣʝʤʝʥʪʘ ʩ 400 ʫʟʣʘʤʠ (ʨʠʩ. 3.17) 

ʧʨʠ 0,001b= , ʧʨʠ ʵʪʦʤ ʜʘʣʴʥʝʡʰʝʝ ʩʛʫʱʝʥʠʝ ʩʝʪʢʠ ʠ ʫʤʝʥʴʰʝʥʠʝ b ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ {}F  ʩʦʜʝʨʞʠʪ 1752 ʫʟʣʦʚʳʭ ʥʝʠʟʚʝʩʪʥʳʭ, ʠʟ ʢʦʪʦʨʳʭ 76 

ʠʟʚʝʩʪʥʦ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʛʨʘʥʠʯʥʳʭ ʫʟʣʘʭ ʩʝʪʢʠ), ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ {}l  ʩʦʜʝʨʞʠʪ 152 ʥʝʠʟʚʝʩʪʥʳʭ 

ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʣʦʞʝʥʥʳʤ ʥʘ ʫʟʣʦʚʳʝ ʥʝʠʟʚʝʩʪʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷʤ (ʚʩʝʛʦ 152 ʫʩʣʦʚʠ)̫. 

 

 

ʈʠʩ. 3.17.  ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʚ ʩʨʝʜʝ ʧʘʢʝʪʘ 

MATLAB. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʟʘʜʘʯʘ ʙʳʣʘ ʪʘʢʞʝ ʨʝʰʝʥʘ ʪʦʯʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ [119] ʠ 

ʯʠʩʣʝʥʥʦ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʚ ʢʦʪʦʨʦʤ ʩʝʪʢʘ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʦ ʩʛʫʱʝʥʠʝʤ ʢ ʚʳʨʝʟʫ, ʧʨʠ ʵʪʦʤ ʝʝ ʛʫʩʪʦʪʘ ʦʙʝʩʧʝʯʠʚʘʣʘ 

ʨʘʚʝʥʩʪʚʦ ʯʠʩʣʘ ʫʟʣʦʚʳʭ ʥʝʠʟʚʝʩʪʥʳʭ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʧʦʜʭʦʜʦʤ. 

x

y
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ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʘʭ ʧʣʘʩʪʠʥʳ (ʨʠʩ. 

3.18). 

 

  

 

ʈʠʩ. 3.18. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʢʦʥʪʫʨʫ ʢʨʫʛʦʚʦʛʦ ʞʝʩʪʢʦʛʦ ʚʢʣʶʯʝʥʠʷ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦ ʢʦʥʪʫʨʫ 

ʢʨʫʛʦʚʦʛʦ ʞʝʩʪʢʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʝʨʝʤʝʱʝʥʠʷʭ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʄɻʇ (ʨʠʩ. 

3.18). ʇʨʦʠʟʚʝʜʝʤ ʧʦʚʦʨʦʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚ 

ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʩʨʘʚʥʠʤ ʩ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (ʨʠʩ. 3.19). 
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ʈʠʩ. 3.19. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʢʦʥʪʫʨʫ ʞʝʩʪʢʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʄɻʇ, ʣʫʯʰʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʛʨʘʥʠʮʝ 

ʦʙʣʘʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʂʕ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʜʥʦ ʠʟ 

ʧʨʝʠʤʫʱʝʩʪʚ ʤʝʪʦʜʘ ï ʙʦʣʝʝ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʣʘ 

ʥʘ ʛʨʘʥʠʮʘʭ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ɺ ʪʦʯʢʘʭ ʦʙʣʘʩʪʠ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʤʝʩʪʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʝ ʦʙʦʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ (ʨʠʩ. 3.20). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄɻʇ ʧʦʣʫʯʘʝʪʩʷ ʚʦ ʚʩʝʡ 

ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ (ʣʝʚʳʝ ʯʘʩʪʠ ʛʨʘʬʠʢʦʚ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ, ʤʝʥʴʰʠʭ 
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ʈʠʩ. 3.20. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ: ʘ), ʙ) ʥʘ ʛʨʘʥʠʮʝ ʩʠʤʤʝʪʨʠʠ ʧʨʠ 0x= ; ʚ), ʛ) ʥʘ ʛʨʘʥʠʮʝ 

ʩʠʤʤʝʪʨʠʠ ʧʨʠ 0y=  

 

ɼʣʷ ʨʝʰʝʥʠʷ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ (3.28) ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ɻʘʫʩʩʘ ʩ ʚʳʙʦʨʦʤ ʛʣʘʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʦʨʪʨʝʪ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʉʃɸʋ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.21. ʄʘʪʨʠʮʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʝʥʪʦʯʥʘʷ, ʬʨʘʛʤʝʥʪʘʨʥʦʝ ʥʘʨʫʰʝʥʠʝ 

ʣʝʥʪʦʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ. ɺ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʪʨʠʮʝ ʨʘʚʥʦ 54259. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ ʉʃɸʋ ʩʦʩʪʘʚʠʣʘ 1.1594e-014 (ʧʦ 

ʚʝʢʪʦʨʥʦʡ ʥʦʨʤʝ ʏʝʙʳʰʝʚʘ).  
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