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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʦʙʳʚʘʝʤʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʪʨʫʜʥʦ ʠʟʚʣʝʢʘʝʤʳʤ ʟʘʧʘʩʘʤ. ʇʨʦʙʣʝʤʳ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʚʷʟʘʥʳ ʩ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʛʣʫʙʠʥʘʤʠ 

ʠʭ ʟʘʣʝʛʘʥʠʷ, ʚʳʩʦʢʠʤʠ ʚʷʟʢʦʩʪʷʤʠ ʜʦʙʳʚʘʝʤʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘ ʪʘʢ ʞʝ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʦʣʣʝʢʪʦʨʦʚ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʥʝʬʪʝʜʦʙʳʯʠ, ʛʣʘʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʟʘʚʦʜʥʝʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʛʥʝʪʘʥʠʷ ʚʦʜʳ ʚ 

ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʣʣʝʢʪʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʬʪʝʦʪʜʘʯʫ 

ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʥʘ ʥʝʦʙʭʦʜʠʤʦʤ ʫʨʦʚʥʝ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʚʷʟʘʥʦ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʦ ʚʟʘʠʤʥʦʤ ʪʝʯʝʥʠʠ 

ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʨʘʟʥʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʦʙʚʦʜʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʚʦʜʦʡ. ɺ 

ʪʨʝʱʠʥʦʚʘʪʳʭ ʣʠʙʦ ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ  ʚʳʪʝʩʥʷʶʱʘʷ ʬʘʟʘ 

ʟʘʯʘʩʪʫʶ ʧʨʦʨʳʚʘʝʪʩʷ ʢ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʝ, ʦʩʪʘʚʣʷʷ ʥʝ ʚʳʪʝʩʥʝʥʥʦʡ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʥʝʬʪʠ. ɺ ʦʜʥʦʨʦʜʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʬʪʴ 

ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʠ, ʷʚʣʝʥʠʷ ʧʨʦʨʳʚʘ ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʳ ʢ ʜʦʙʳʚʘʶʱʝʡ 

ʩʢʚʘʞʠʥʝ ʧʨʦʠʩʭʦʜʷʪ ʚʩʣʝʜʩʪʚʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ. ʕʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʟʘ 

ʬʨʦʥʪʦʤ ʟʘʚʦʜʥʝʥʠʷ ʦʩʪʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʘʣʦʧʦʜʚʠʞʥʫʶ ʥʝʬʪʴ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʦʙʚʦʜʥʝʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʦʩʥʦʚʘʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʚʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʠ ʢʘʧʠʣʣʷʨʥʳʭ 

ʜʘʚʣʝʥʠʡ. ʕʪʠ ʢʨʠʚʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʥʘ 



 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ ʥʝ 

ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ, ʚ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʴʶ ʜʘʥʥʳʭ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʬʪʷʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ. ɿʘʯʘʩʪʫʶ ʢʨʠʚʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʦʮʝʥʠʚʘʶʪʩʷ ʢʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ, 

ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ. ʅʝʨʘʚʥʦʚʝʩʥʳʡ ʭʘʨʘʢʪʝʨ 

ʚʳʪʝʩʥʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʧʦʩʪʦʷʥʩʪʚʫ ʢʨʠʚʳʭ ʬʘʟʦʚʳʭ 

ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʪʘʢʞʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʦʙʚʦʜʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʧʦʣʥʝʥʠʝ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʠ ʚʨʝʤʝʥʠ. ɺʩʸ ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʚʦʟʤʫʱʝʥʠʡ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʧʨʠ ʧʦʤʦʱʠ ʤʝʥʝʝ ʚʷʟʢʦʡ. 

 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʨʘʟʥʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʠʟ ʧʦʨʠʩʪʳʭ ʩʨʝʜ 

ʩ ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʜʘʥʥʦʛʦ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

¶ ʇʨʦʚʝʜʝʥʠʝ ʩʝʨʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʪʝʩʥʝʥʠʶ 

ʞʠʜʢʦʩʪʝʡ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʷʟʢʦʩʪʝʡ ʦʪ 1 ʜʦ 100 ʧʨʠ ʨʘʟʣʠʯʥʳʭ, 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ, ʧʝʨʝʧʘʜʘʭ ʜʘʚʣʝʥʠʷ.  

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʚʷʟʢʦʩʪʝʡ 

ʚʳʪʝʩʥʷʶʱʝʡ ʠ ʚʳʪʝʩʥʷʝʤʦʡ ʞʠʜʢʦʩʪʝʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʨʫʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ.  

¶ ʇʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ 

ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʳ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ. 

¶ ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʥʘ ʨʘʟʚʠʪʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʙʦʣʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʥʝʝ ʚʷʟʢʦʡ. 



 

¶ ʈʘʟʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʚʫʭʬʘʟʥʦʛʦ ʩʪʨʫʡʥʦʛʦ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ. 

¶ ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ. 

¶ ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʣʴʥʳʭ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ 

ʩʢʚʘʞʠʥ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʚʫʭʬʘʟʥʦʡ ʩʪʨʫʡʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ:  

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʨʘʩʰʠʨʷʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʬʨʦʥʪʘ 

ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʚʦʜʦʡ.  

 ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʡ ʤʦʜʝʣʠ ʧʦʨʠʩʪʦʛʦ 

ʢʦʣʣʝʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʪʴ ʧʨʦʮʝʩʩʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʳʪʝʩʥʝʥʠʠ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʠʟ ʧʦʨʠʩʪʳʭ ʩʨʝʜ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʳ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʨʘʟʚʠʪʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʬʨʦʥʪʘ 

ʚʳʪʝʩʥʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʠʟ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ ʚ ʚʠʜʝ ʩʪʨʫʡ 

ʚʳʪʝʩʥʷʶʱʝʡ, ʤʝʥʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʪʝʩʥʝʥʠʷ 

ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʜʦʣʠ ʦʙʲʸʤʘ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʥʷʪʦʛʦ 

ʩʪʨʫʷʤʠ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʠʩʪʦʯʥʠʢʘ.  ɹʳʣʦ ʚʧʝʨʚʳʝ 

ʦʙʥʘʨʫʞʝʥʦ ʠ ʦʧʠʩʘʥʦ ʷʚʣʝʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ  ʜʦʣʠ ʩʫʤʤʘʨʥʦʛʦ 

ʦʙʲʸʤʘ ʚʳʪʝʩʥʷʶʱʠʭ ʩʪʨʫʡ ʚ ʦʙʲʸʤʝ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʘʩʩʠʚʘ ʥʘ 

ʧʝʨʝʜʥʝʤ ʢʨʘʝ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ ʚʷʟʢʦʩʪʝʡ ʞʠʜʢʦʩʪʝʡ 

ʤʥʦʛʦ ʤʝʥʴʰʠʭ 1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʚʷʟʢʦʩʪʝʡ 

ʚʳʪʝʩʥʷʶʱʝʡ ʠ ʚʳʪʝʩʥʷʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚʝʣʠʯʠʥʘ ʧʦʜʦʙʥʦʛʦ ʩʢʘʯʢʘ ʥʘ 

ʬʨʦʥʪʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʚʷʟʢʦʩʪʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʚʝʣʠʯʠʥʘ 



 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ. ʇʦʷʚʣʝʥʠʝ ʩʢʘʯʢʘ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʥʘ ʬʨʦʥʪʝ ʚʳʪʝʩʥʝʥʠʷ ʭʦʨʦʰʦ ʠʟʫʯʝʥʦ ʜʣʷ ʩʣʫʯʘʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʜʚʠʞʥʦʩʪʝʡ ʞʠʜʢʠʭ ʬʘʟ 

ʙʣʠʟʢʦʤ ʢ 1. ʆʜʥʘʢʦ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʚʷʟʢʦʩʪʝʡ ʞʠʜʢʦʩʪʝʡ ʤʥʦʛʦ ʤʝʥʴʰʝʤ 1 

ʥʘʣʠʯʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʡ 

ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʨʘʥʝʝ ʥʝ ʦʪʤʝʯʘʣʦʩʴ. 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʜʥʦʤʝʨʥʦʛʦ ʜʚʫʭʬʘʟʥʦʛʦ ʩʪʨʫʡʥʦʛʦ ʪʝʯʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʣʠ ʩʫʤʤʘʨʥʦʛʦ 

ʦʙʲʸʤʘ ʩʪʨʫʡ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ. ʕʪʠ ʠ ʜʨʫʛʠʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ, ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ:  

¶ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʥʝʫʩʪʦʡʯʠʚʦʝ ʩʪʨʫʡʥʦʝ ʚʳʪʝʩʥʝʥʠʝ ʨʘʟʥʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʠʟ 

ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʠ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ 

ʬʦʨʤʠʨʫʶʪ ʬʨʦʥʪ, ʧʨʠʯʝʤ ʦʙʲʸʤʥʘʷ ʜʦʣʷ ʩʪʨʫʡ ʚ ʧʦʨʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʬʨʦʥʪʝ ʚʳʪʝʩʥʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʧʨʠ ʣʶʙʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʚʷʟʢʦʩʪʝʡ ʚʳʪʝʩʥʷʶʱʝʡ ʠ ʚʳʪʝʩʥʷʝʤʦʡ ʞʠʜʢʦʩʪʠ.   

¶ ɿʘ ʬʨʦʥʪʦʤ ʚʳʪʝʩʥʝʥʠʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʚʘʜʨʘʪ 

ʧʦʪʦʢʦʚʦʡ ʬʫʥʢʮʠʠ ʩʨʝʜʥʝʡ ʧʦ ʩʝʯʝʥʠʶ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ  ʨʘʩʪʸʪ ʣʠʥʝʡʥʦ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʠʩʪʦʯʥʠʢʘ.  

¶ ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʨʝʜʥʝʡ 

ʧʦ ʩʝʯʝʥʠʶ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʚʜʦʣʴ ʧʦʪʦʢʘ ʧʨʝʜʣʦʞʝʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʫʭʬʘʟʥʦʛʦ ʩʪʨʫʡʥʦʛʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ 

ʪʝʯʝʥʠʷ ʩ ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ, ʢʦʪʦʨʘʷ ʘʜʝʢʚʘʪʥʦ 

ʦʧʠʩʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 



 

¶ ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʩʪʦʢʦʤ 

ʚʨʝʤʷ ʧʨʦʨʳʚʘ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʢ ʩʪʦʢʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʦʪʥʦʰʝʥʠʶ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʸʤʘ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʚʦʚʣʝʯʸʥʥʦʛʦ ʚ ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʢ ʥʘʯʘʣʴʥʦʤʫ 

ʩʫʤʤʘʨʥʦʤʫ ʨʘʩʭʦʜʫ ʞʠʜʢʦʩʪʝʡ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʚʷʟʢʦʩʪʝʡ 

ʞʠʜʢʦʩʪʝʡ ʠ ʚʝʣʠʯʠʥʦʡ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʩʢʘʯʢʘ ʩʨʝʜʥʝʡ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʥʘ ʬʨʦʥʪʝ ʩʪʨʫʡʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ.  

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʝʸ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ 

ʥʘ ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ʜʚʫʭʬʘʟʥʦʛʦ ʩʪʨʫʡʥʦʛʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʚʣʠʷʥʠʝ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʬʘʟ ʧʦʟʚʦʣʷʝʪ 

ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʪʴ ʷʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʬʨʦʥʪʘ 

ʚʳʪʝʩʥʝʥʠʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʤ ʢʦʣʣʝʢʪʦʨʝ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʟʘʚʦʜʥʝʥʠʷ. ɺ ʨʘʙʦʪʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʘʥʥʳʭ ʦʙ  ʠʟʤʝʥʝʥʠʠ 

ʦʙʚʦʜʥʸʥʥʦʩʪʠ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʩʦ ʚʨʝʤʝʥʝʤ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʝʤʠʥʘʨʘʭ 

ʀɼɻ ʈɸʅ, ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ ʄʦʩʢʦʚʩʢʦʤ ʌʠʟʠʢʦ-

ʊʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ (2004-2013 ʛʛ.), ʥʘ ʢʨʫʛʣʦʤ ʩʪʦʣʝ ʄʌʊʀ-

ʐʣʶʤʙʝʨʞʝ (2008ʛ),  ʚ ʂʨʘʩʥʦʜʘʨʝ (2013ʛ), ʘ ʪʘʢ ʞʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ ɺʝʥʝ (2011ʛ) ʠ ʉʦʬʠʠ (2013ʛ.). ʆʩʥʦʚʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʳ ʚ 14 ʧʫʙʣʠʢʘʮʠʷʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ 3 ï ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ [1-16]. 

 

 

 



 

1. ˙̏̅̆̌̉̑̏̃́̎̉̆ ̝̗̉̌̓̑́̉̉̕ ̃ ̐̏̑̉̒̓̏̊ ̒̑̆̅̆  
 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ 

ʬʠʣʴʪʨʘʮʠʠ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʧʦʜʟʝʤʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. 

 

1.1 ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʬʠʣʴʪʨʘʮʠʠ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. 

 

ʇʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʧʦʜʟʝʤʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ʪʝʦʨʠʠ 

ʬʠʣʴʪʨʘʮʠʠ) ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʝʡ, ʛʘʟʦʚ ʠ ʠʭ ʩʤʝʩʝʡ ʚ ʧʦʨʠʩʪʳʭ 

ʩʨʝʜʘʭ. ʉʣʦʞʥʳʡ ʠ ʥʝʨʝʛʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʳ ʧʦʨʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʜʚʠʞʝʥʠʝ ʤʝʪʦʜʘʤʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʪʦ 

ʝʩʪʴ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʦʙʣʘʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʧʦʨ. ʊʝʦʨʠʷ ʬʠʣʴʪʨʘʮʠʠ 

ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ ʠ ʟʘʧʦʣʥʷʶʱʘʷ ʝʝ 

ʞʠʜʢʦʩʪʴ ʦʙʨʘʟʫʶʪ ʩʧʣʦʰʥʫʶ ʩʨʝʜʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʫʤʤʘʨʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ ʚ ʮʝʣʦʤ [17]. ʉʚʦʡʩʪʚʘ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʥʝ 

ʚʳʨʘʞʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʩʚʦʡʩʪʚʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ 

ʷʚʣʷʶʪʩʷ ʦʩʨʝʜʥʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʩʨʝʜʳ.  

ɺ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʸʥʥʳʭ ʤʥʦʛʦʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʫʨʘʚʥʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩ ʬʣʶʠʜʦʚ  ʚ ʥʝʬʪʷʥʦʤ ʧʣʘʩʪʝ 

[18]. ɹʣʘʛʦʜʘʨʷ ʘʥʘʣʦʛʠʠ ʟʘʢʦʥʦʚ ʛʠʜʨʘʚʣʠʢʠ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʤʝʪʦʜʳ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʠʩʪʦʨʥʦ-ʸʤʢʦʩʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʦʢ [19,20], 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ [21], ʘ ʪʘʢ ʞʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [22], 

ʢʦʪʦʨʳʝ ʧʦʟʞʝ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ [23]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʘʥʘʣʦʛʦʚʳʤʠ ʤʝʪʦʜʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʧʝʨʚʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʥʦʛʦʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ  [24-26] 



 

ʆʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʞʠʜʢʦʩʪʝʡ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ ʃʝʡʙʝʥʟʦʥʘ [27] ʠ ʄʘʩʢʝʪʘ [21,28]. ɺ 

ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʚʧʝʨʚʳʝ ʨʝʰʝʥʳ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʘʷ ʠ ʧʣʦʩʢʦ-

ʨʘʜʠʘʣʴʥʘʷ ʟʘʜʘʯʠ ʧʦʨʰʥʝʚʦʛʦ ʚʳʪʝʩʥʝʥʠʷ  ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʠʟ ʧʦʨʠʩʪʦʡ 

ʩʨʝʜʳ. ʉʚʦʸ ʨʘʟʚʠʪʠʝ ʵʪʠ ʟʘʜʘʯʠ ʧʦʣʫʯʠʣʠ ʚ ʨʘʙʦʪʘʭ ʑʝʣʢʘʯʸʚʘ [29,30], 

ʏʘʨʥʦʛʦ [31], ʃʘʧʫʢʘ [32], ʇʦʣʫʙʘʨʠʥʦʚʦʡ-ʂʦʯʠʥʦʡ [33], ʇʠʨʚʝʨʜʷʥʘ [34], 

ɹʘʨʝʥʙʣʘʪʘ [35], ʅʠʢʦʣʘʝʚʩʢʦʛʦ [36] ʠ ʜʨʫʛʠʭ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʴʶ ʚ ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ 

ʜʚʫʭʬʘʟʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ 

ʥʝʩʤʝʰʠʚʘʶʱʝʛʦʩʷ ʚʳʪʝʩʥʝʥʠʷ ɹʘʢʣʠïʃʝʚʝʨʝʪʪʘ. ʉʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʚ 

ʵʪʦʡ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʷʶʪ ʦʙʦʙʱʸʥʥʳʡ ʟʘʢʦʥ ɼʘʨʩʠ ʠ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ 

ʤʘʩʩ ʦʙʝʠʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʬʘʟ. ʆʙʦʙʱʸʥʥʳʡ ʟʘʢʦʥ ɼʘʨʩʠ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʦʪ ʦʙʲʸʤʥʳʭ ʜʦʣʝʡ 

ʢʘʞʜʦʡ ʠʟ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺʧʝʨʚʳʝ 

ʧʦʜʦʙʥʳʝ ʢʨʠʚʳʝ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ ɺʠʢʦʬʘ ʠ ɹʦʪʩʝʪʘ [ 37]. ʇʦʣʫʯʘʝʤʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʝʪʩʷ ʩ ʫʯʸʪʦʤ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, 

ʥʘʣʘʛʘʝʤʳʭ ʥʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʡ ʚ ʬʘʟʘʭ 

[38]. ʇʨʠʥʠʤʘʝʤʦʝ ʚ ʤʦʜʝʣʠ ɹʘʢʣʠ-ʃʝʚʝʨʝʪʪʘ ʜʦʧʫʱʝʥʠʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʩʢʘʯʢʘ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʧʦʜʚʠʞʥʳʭ ʬʘʟ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʦʩʪʠʪʴ ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʦʜʥʘʢʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʝʜʝʥʠʷ ʬʨʦʥʪʘ ʨʘʟʨʳʚʘ ʥʘʩʳʱʝʥʥʦʩʪʠ, ʚʧʝʨʚʳʝ 

ʦʧʠʩʘʥʥʦʛʦ ɹʘʢʣʠ ʠ ʃʝʚʝʨʝʪʪʦʤ [39] ʠ ʧʦʟʜʥʝʝ ʋʵʣʜʞʝʤ [40]. 

ɹʦʣʝʝ ʧʦʣʥʦʡ ʤʦʜʝʣʴʶ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʴ ʈʘʧʦʧʦʨʪʘ ï ʃʠʩʘ [41]. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʈʘʧʦʧʦʨʪʘ - ʃʠʩʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʩʢʘʯʦʢ 

ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʢʘʯʢʘ ʜʘʚʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʥʘʩʳʱʝʥʥʦʩʪʠ; ʚʠʜ ʵʪʦʡ ʬʫʥʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʝʦʤʝʪʨʠʝʡ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [42,43]. ʋʯʸʪ ʚʣʠʷʥʠʷ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ 

ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʟʦʥʫ, 



 

ʚʦʟʥʠʢʘʶʱʫʶ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ [44]. ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʵʪʦʡ ʟʦʥʳ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʚʳʪʝʩʥʝʥʠʷ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ 

ʩʧʨʘʚʝʜʣʠʚ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʚʳʪʝʩʥʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʈʘʧʦʧʦʨʪʘ-

ʃʠʩʘ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʚʘʞʥʝʡʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʠʟʤʝʥʝʥʠʷ 

ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ ʢʦʣʣʝʢʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʦʙʚʦʜʥʝʥʠʷ 

[45,46,47,48,49]. 

ʉʨʝʜʠ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʚ ʦʙʲʝʤʝ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, ʥʘʠʙʦʣʴʰʫʶ ʠʟʚʝʩʪʥʦʩʪʴ 

ʧʦʣʫʯʠʣʘ ʤʦʜʝʣʴ ɹʘʨʝʥʙʣʘʪʪʘ [50,51,52]. ɺ ʥʝʡ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʨʝʘʣʴʥʦʡ ʥʘ ʚʝʣʠʯʠʥʫ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ. 

ɺʣʠʷʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʦʥʳ ʙʳʩʪʨʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʪʦʥʢʠʡ ʧʦʛʨʘʥʠʯʥʳʡ 

ʩʣʦʡ. ʊʦʣʱʠʥʘ ʵʪʦʛʦ ʩʣʦʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʚʳʪʝʩʥʝʥʠʷ. 

ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʧʨʘʚʝʜʣʠʚ ʧʨʠ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʚʳʪʝʩʥʝʥʠʷ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʯʠʩʣʦʚʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʬʘʟʥʳʭ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ʂ ʧʦʜʦʙʥʳʤ ʤʝʪʦʜʘʤ ʤʦʞʥʦ 

ʧʨʠʯʠʩʣʠʪʴ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ [ 53, 

54,  55,  56], ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʣʠʥʠʷʭ ʪʦʢʘ [57,58], ʤʝʪʦʜʳ ʪʝʦʨʠʠ 

ʧʝʨʢʦʣʷʮʠʠ [59]. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚ ʨʝʘʣʴʥʳʭ ʩʨʝʜʘʭ ʚʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʢ ʤʘʣʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʉʘʬʬʤʘʥʦʤ ʠ ʊʝʡʣʦʨʦʤ 

[60,61], ʏʦʫʢʦʤ [62] ʠ ʜʨʫʛʠʤʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʚʦʟʤʫʱʝʥʠʡ 

ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʧʨʠ ʥʘʨʫʰʝʥʠʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʜʝ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʨʘʟʨʘʩʪʘʶʱʠʭʩʷ ʷʟʳʢʦʚ 

ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʥʘʩʳʧʥʳʭ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ 

[63],  ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʪʥʦʰʝʥʠʠ 



 

ʚʷʟʢʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʞʠʜʢʦʩʪʝʡ, ʧʨʝʚʳʰʘʶʱʝʤ ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ 10ð15. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʚʳʪʝʩʥʝʥʠʷ, 

ʚʦʟʤʫʱʝʥʠʷ ʟʘʪʫʭʘʶʪ ʜʘʞʝ ʧʨʠ ʦʪʥʦʰʝʥʠʷʭ ʚʷʟʢʦʩʪʝʡ, ʙʦʣʴʰʠʭ 

ʢʨʠʪʠʯʝʩʢʦʛʦ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʷʟʳʢʦʚ ʚʳʪʝʩʥʷʶʱʝʡ 

ʞʠʜʢʦʩʪʠ ʙʘʣʘ ʧʨʝʜʣʦʞʝʥʘ ɹʘʨʝʥʙʣʘʪʪʦʤ [44]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʡ ʤʦʜʝʣʠ ɹʘʢʣʠ ï 

ʃʝʚʝʨʝʪʪʘ, ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ, ʣʠʥʝʡʥʦ 

ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʩʳʱʝʥʥʦʩʪʝʡ. ʆʙʦʙʱʝʥʠʝʤ ʦʧʠʩʘʥʠʷ  

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʥʘ ʩʣʫʯʘʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ 

ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʍʵʨʥʘ ʠ ʂʫʨʙʘʥʦʚʘ [64] ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʬʠʢʪʠʚʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʦʜʝʣʠ, ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʩʣʦʝʚ ʨʘʟʣʠʯʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʩʚʦʙʦʜʥʦ 

ʩʦʦʙʱʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʚʳʪʝʩʥʷʶʱʘʷ ʬʘʟʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʥʠʤʘʝʪ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʝ 

ʧʨʦʩʣʦʠ. ɺʠʜ ʬʫʥʢʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠ 

ʥʘʨʫʰʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʙʦʪʘʭ  ʐʚʠʜʣʝʨʘ [65], ɼʘʥʠʣʦʚʘ 

[66], ʂʘʮʘ [67],  ʃʝʚʠ [68] ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ.  

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʥʦʛʦʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, 

ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ɽʥʪʦʚʘ, 

ʧʦʩʚʷʱʸʥʥʳʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ [69,70,71]. ɺʣʠʷʥʠʶ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʥʘ ʧʨʦʮʝʩʩ ʜʚʫʭʬʘʟʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ ʇʝʥʴʢʦʚʩʢʦʛʦ [72,73,74]. ɺʣʠʷʥʠʶ 

ʚʠʙʨʘʮʠʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ 

ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʃʶʙʠʤʦʚʘ  [75,76]. ʆʙʦʙʱʝʥʠʶ ʤʦʜʝʣʠ ʜʚʫʭʬʘʟʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʈʘʧʦʧʦʨʪʘ-ʃʠʩʘ ʥʘ ʩʣʫʯʘʡ ʘʥʠʟʦʪʨʦʧʥʳʭ ʧʦʨʠʩʪʳʭ ʩʨʝʜ 

ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ɼʤʠʪʨʠʝʚʘ, ʄʘʢʩʠʤʦʚʘ [77,78,79,80]. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʜʦ 

ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ ʚʦʧʨʦʩʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʝʫʩʪʦʡʯʠʚʳʭ ʤʥʦʛʦʬʘʟʥʳʭ ʧʦʪʦʢʦʚ, ʚʣʠʷʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 



 

ʞʠʜʢʦʩʪʝʡ ʠ ʩʠʣ ʢʘʧʠʣʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ.  ʇʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʥʦʛʦʬʘʟʥʳʭ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɿʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʸʪʘ ʵʬʬʝʢʪʦʚ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʜʦʥʝʬʪʷʥʦʛʦ ʢʦʥʪʘʢʪʘ, 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʥʝʬʪʝʜʦʙʳʯʠ ʧʫʪʸʤ 

ʟʘʚʦʜʥʝʥʠʷ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʚʠʞʝʥʠʷ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.   

 

1.2  ʌʠʣʴʪʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ. ɿʘʢʦʥ ɼʘʨʩʠ. 

 

ʉʚʦʡʩʪʚʘ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʚ ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ ʦʧʠʩʳʚʘʶʪʩʷ 

ʥʝʢʦʪʦʨʳʤ ʥʘʙʦʨʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʨʝʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʘʞʥʝʡʰʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʣʝʤʝʥʪʘ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ð ʝʝ ʧʦʨʠʩʪʦʩʪʴ m ʨʘʚʥʘʷ 

ʦʪʥʦʰʝʥʠʶ ʦʙʲʝʤʘ V
p
, ʟʘʥʷʪʦʛʦ ʚ ʚʳʜʝʣʝʥʥʦʤ ʵʣʝʤʝʥʪʝ ʩʨʝʜʳ ʧʦʨʘʤʠ, ʢ 

ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʵʣʝʤʝʥʪʘ V : 

Vp
m

V
=                 (1.1) 

ʋʤʝʥʴʰʘʷ ʨʘʟʤʝʨʳ ʚʳʙʨʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʧʨʝʜʝʣʝ ʤʦʞʥʦ ʥʘʡʪʠ 

ʣʦʢʘʣʴʥʫʶ ʧʦʨʠʩʪʦʩʪʴ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʦʙʲʝʤʘ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ. ʇʨʠ 

ʵʪʦʤ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʘ ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ ʤʥʦʛʦ ʙʦʣʴʰʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʵʣʝʤʝʥʪʦʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ (ʨʘʟʤʝʨʘʤʠ ʧʦʨ ʠʣʠ 

ʟʸʨʝʥ). ʆʙʳʯʥʦ ʨʘʟʣʠʯʘʶʪ ʧʦʣʥʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʢʦʛʜʘ ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ 

ʧʦʨʳ, ʠ ʘʢʪʠʚʥʫʶ, ʢʦʛʜʘ ʫʯʠʪʳʚʘʶʪʩʷ ʣʠʰʴ ʪʝ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʝʜʠʥʫʶ 

ʩʠʩʪʝʤʫ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʨ ʠ, ʪʝʤ ʩʘʤʳʤ, ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

 ɺʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʦʨʠʩʪʦʡ 

ʩʨʝʜʝ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ u. ʆʥ ʥʘʧʨʘʚʣʝʥ ʧʦ 

ʫʩʨʝʜʥʸʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʝʨʝʥʦʩʘ ʞʠʜʢʦʩʪʠ, ʠ ʧʦ ʤʦʜʫʣʶ ʨʘʚʝʥ 

ʧʨʝʜʝʣʫ ʦʪʥʦʰʝʥʠʷ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʫʶ, 



 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ ʧʣʦʱʘʜʢʫ  ʢ ʝʸ ʧʣʦʱʘʜʠ. 

ʆʩʥʦʚʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ ð ʟʘʢʦʥ ɼʘʨʩʠ ð 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʠ ʛʨʘʜʠʝʥʪʦʤ 

ʜʘʚʣʝʥʠʷ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ. 

ʕʪʦʪ ʟʘʢʦʥ ʚʧʝʨʚʳʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ɸ. ɼʘʨʩʠ (1856 ʛ.) ʠ ɾ. ɼʶʧʶʠ (1848 - 

1863 ʛʛ.) ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʜʚʠʞʝʥʠʝʤ ʚʦʜʳ ʚ 

ʪʨʫʙʘʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʧʝʩʢʦʤ [17]. ʉ ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʟʘʢʦʥ 

ɼʘʨʩʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

( )
k

u grad P gzr
m

=- + ,      (1.2) 

ʛʜʝ m - ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, r - ʝʸ ʧʣʦʪʥʦʩʪʴ,P  - ʜʘʚʣʝʥʠʝ, g - ʫʩʢʦʨʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, z - ʚʳʩʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ ʥʘʜ ʥʝʢʦʪʦʨʳʤ 

ʨʘʩʯʝʪʥʳʤ ʫʨʦʚʥʝʤ. ʂʦʵʬʬʠʮʠʝʥʪ k  ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʆʥ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ ʠ, ʥʘʨʷʜʫ ʩ ʧʦʨʠʩʪʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ 

ʚʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ. ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʠʤʝʝʪ 

ʨʘʟʤʝʨʥʦʩʪʴ ʧʣʦʱʘʜʠ. ɺ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʦʡ ʧʨʘʢʪʠʢʝ ʪʘʢ ʞʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ɼʘʨʩʠ,  
121 1,02 10ɼ -= ³   

2ʤ .  

ʄʦʞʥʦ ʫʩʣʦʚʥʦ ʚʳʜʝʣʠʪʴ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʛʨʘʥʠʮʳ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʟʘʢʦʥʘ ɼʘʨʩʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ 

ʧʨʠʯʠʥ. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʬʠʣʴʪʨʘʮʠʠ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʷʚʣʝʥʠʝʤ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ, ʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʪʚʝʨʜʳʤ ʩʢʝʣʝʪʦʤ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʬʠʣʴʪʨʘʮʠʠ. 

 

1.3 ɼʚʠʞʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʨʠ ʧʦʨʰʥʝʚʦʤ  ʚʳʪʝʩʥʝʥʠʠ 

ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ. 

 



 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʦʜʚʠʞʝʥʠʷ 

ʢʦʥʪʘʢʪʦʚ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʜʠʥʘʤʠʢʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʝʡʰʠʡ ʦʜʥʦʤʝʨʥʳʡ ʩʣʫʯʘʡ 

ʚʳʪʝʩʥʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʠʟ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʧʦʨʰʥʝʚʦʡ ʨʝʞʠʤ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʳʪʝʩʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʣʦʩʢʦʤ ʧʦʨʠʩʪʦʤ ʤʘʩʩʠʚʝ ʩ ʫʜʝʣʴʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ k  

ʠ ʩ ʧʦʨʠʩʪʦʩʪʴʶ m. ʇʦʨʠʩʪʳʡ ʤʘʩʩʠʚ ʤʳʩʣʝʥʥʦ ʨʘʟʦʙʴʝʤ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʢʘʧʠʣʣʷʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ ʜʣʠʥʳ ʤʘʩʩʠʚʘ ʠ ʦʪʜʝʣʝʥʥʳʝ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʪʘʢ, ʯʪʦ ʦʙʱʘʷ  ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʦʩʪʘʝʪʩʷ ʪʦʡ ʞʝ, ʘ ʢʘʞʜʳʡ ʠʟ ʢʘʧʠʣʣʷʨʦʚ ʦʙʣʘʜʘʝʪ  ʦʜʠʥʘʢʦʚʦʡ ʫʜʝʣʴʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ k. ʇʫʩʪʴ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t= , ʞʠʜʢʦʩʪʴ ʩ 

ʚʷʟʢʦʩʪʴʶ 1m ʥʘʭʦʜʠʪʩʷ ʩʣʝʚʘ ʚʧʣʦʪʴ ʜʦ ʢʦʦʨʜʠʥʘʪʳ 0ʭ=  ʧʦʨʠʩʪʦʛʦ 

ʤʘʩʩʠʚʘ, ʘ ʞʠʜʢʦʩʪʴ ʩ ʚʷʟʢʦʩʪʴʶ 
2m ʥʘʭʦʜʠʪʩʷ ʩʧʨʘʚʘ ʦʪ 0ʭ=  ʜʦ 

ʢʦʦʨʜʠʥʘʪʳ ʭ L= . ʉ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t > 0 ʥʘ ʛʨʘʥʠʮʘʭ ʤʘʩʩʠʚʘ 0ʭ=  ʠ 

ʭ L=  ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0P  ʠ LP , ʪʘʢ, ʯʪʦ 

0 0LP P PD = - >. ɾʠʜʢʦʩʪʴ ʚ ʢʘʧʠʣʣʷʨʘʭ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ. 

ʇʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʞʠʜʢʦʩʪʴ ʩ ʚʷʟʢʦʩʪʴʶ 1m ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʷʝʪ ʠʟ 

ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʞʠʜʢʦʩʪʴ ʩ ʚʷʟʢʦʩʪʴʶ 
2m. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ  

ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʣʶʙʦʤ ʢʘʧʠʣʣʷʨʝ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ɼʘʨʩʠ (1.2): 

k P
u

xm

µ
=-

µ
 

ʇʨʠ ʥʝʠʟʤʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʘʧʠʣʣʷʨʦʚ ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʠʟ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʩʣʝʜʫʝʪ, ʯʪʦ( )u u t= , ʪ.ʝ. ʚ ʢʘʞʜʦʤ 

ʢʘʧʠʣʣʷʨʝ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ x . 

ʇʫʩʪʴ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t  ʚʳʪʝʩʥʷʶʱʘʷ ʞʠʜʢʦʩʪʴ 1 ʧʦʣʥʦʩʪʴʶ 

ʚʳʪʝʩʥʠʣʘ ʞʠʜʢʦʩʪʴ 2 ʜʦ ʢʦʦʨʜʠʥʘʪʳ fx . ɺʩʣʝʜʩʪʚʠʝ ʥʝʩʞʠʤʘʝʤʦʩʪʠ ʠ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ ʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʢʘʞʜʳʡ 



 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦʡ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ. 

ʊʦʛʜʘ ʧʦ ʟʘʢʦʥʫ ɼʘʨʩʠ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʩʣʝʚʘ 

ʦʪ ʢʦʦʨʜʠʥʘʪʳ 
fx : 1P

u
x k

mµ
=-

µ
, ʩʧʨʘʚʘ ʦʪ 

fx : 2P
u

x k

mµ
=-

µ
. ʊʘʢ ʢʘʢ 

ʜʘʚʣʝʥʠʷ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʚʥʳ (ʢʘʧʠʣʣʷʨʥʳʡ ʩʢʘʯʦʢ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ ʫʯʝʩʪʴ ʜʦʙʘʚʢʦʡ ʢ ʨʘʟʥʦʩʪʠ 

ʜʘʚʣʝʥʠʡ PD ) ʪʦ: 

 

1 2
0 ( )f f LP x u L x u P

k k

m m
- = - + ,     (1.3) 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʩʢʦʨʦʩʪʴ u  ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʬʘʢʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʠ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʘʢ ʢʘʢ 

ʦʥʘ ʦʪʨʘʞʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʬʣʶʠʜʘ, ʫʩʨʝʜʥʸʥʥʫʶ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ 

ʩʝʯʝʥʠʷ ʤʘʩʩʠʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʝʛʦ ʪʚʸʨʜʦʡ ʤʘʪʨʠʮʝ. ʉʢʦʨʦʩʪʴ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ w ʩʦʚʧʘʜʘʝʪ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩ ʬʘʢʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʞʠʜʢʦʩʪʠ ʚ ʢʘʧʠʣʣʷʨʝ, ʪ.ʝ. ʩ ʫʯʸʪʦʤ ʧʦʨʠʩʪʦʩʪʠ 
fdx

u mw m
dt

= = . ʋʨʘʚʥʝʥʠʝ 

(3) ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʚʠʜʝ: 

2 1 2( ) 0
f f

f

dx dx
x m L m k P

dt dt
m m m- - + D =. 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʟʘʜʘʸʪ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ ʬʨʦʥʪʘ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ: 

2

2 2 1 2

1 2

( ) 2( )

( )f

k
L L Pt

mx t

m m m m

m m

- + + - D

=
-

. 

ʊʘʢ ʢʘʢ 
fdx

w
dt

= , ʪʦ ʜʣʷ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʩʧʨʘʚʝʜʣʠʚʦ 

ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ:  



 

2

2 1 2

( )

( ) 2( )

k
P

mw t
k

L Pt
m

m m m

D
=

+ - D

    (1.4) 

ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʦʜʠʥʘʢʦʚʘ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ, ʘʥʘʣʦʛʠʯʥʦ (1.3) ʠʟ 

ʨʘʚʝʥʩʪʚʘ ʜʘʚʣʝʥʠʡ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ: 

0

1 2

( ) ( ) L

f f

k P P t k P t P

x L xm m

- -
=

-
,     (1.5) 

ʦʪʢʫʜʘ ʜʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʙʫʜʝʪ ʨʘʚʥʦ: 

0 0

0

( ) ( )
( )

( ) ( )

f L f

f f

P L x t P x t
P t

L x t x t

è ø- +ê ú=
è ø- +ê ú

m

m
,     (1.6) 

ʛʜʝ ʚʚʝʜʝʥʦ ʦʙʦʟʥʘʯʝʥʠʝ 1
0

2

=
m

m
m

 - ʦʪʥʦʰʝʥʠʝ ʚʷʟʢʦʩʪʝʡ ʞʠʜʢʦʩʪʝʡ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1.4) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʠʟ ʢʘʧʠʣʣʷʨʘ, ʪʦ ʝʩʪʴ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʬʨʦʥʪ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ 

ʜʦʩʪʠʛʥʝʪ ʢʦʦʨʜʠʥʘʪʳ ʭ L= : 

2

1 2( )

2

mL
T

k P

m m+
=

D
       (1.7) 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʞʠʜʢʦʩʪʴʶ ʚʳʪʝʩʥʷʝʪʩʷ ʜʨʫʛʘʷ ʞʠʜʢʦʩʪʴ: ʩ 

ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʚʷʟʢʦʩʪʴʶ. ʀʟ ʫʨʘʚʥʝʥʠʷ (1.4) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ 

021 >-mm , ʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʚ ʢʘʧʠʣʣʷʨʘʭ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ ʚ ʧʘʯʢʝ ʢʘʧʠʣʣʷʨʦʚ (ʢʦʦʨʜʠʥʘʪʘ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ fx  

ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚ ʣʶʙʦʤ ʢʘʧʠʣʣʷʨʝ). ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 021 <-mm , ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʧʘʯʢʝ 

ʢʘʧʠʣʣʷʨʦʚ ʫʩʢʦʨʝʥʥʦʝ.  

ʕʪʦ ʦʙʲʷʩʥʠʤʦ ʠ ʠʟ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʝʡ 

ʚ ʧʦʨʠʩʪʦʤ ʤʘʩʩʠʚʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʧʘʜʘ 

ʜʘʚʣʝʥʠʷ PD . ʉʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ ʦʙʝʠʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʟʘʚʠʩʠʪ  



 

ʦʪ ʨʘʟʤʝʨʦʚ ʠʭ ʦʙʣʘʩʪʝʡ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴ, 

ʟʘʥʷʪʘʷ ʞʠʜʢʦʩʪʴʶ ʩ ʤʝʥʴʰʝʡ ʚʷʟʢʦʩʪʴʶ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʣʘʩʪʴʶ ʙʦʣʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʪʝʭ ʞʝ ʨʘʟʤʝʨʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʝʠʭ ʦʙʣʘʩʪʝʡ 

ʚʦ ʚʨʝʤʝʥʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ ʚʝʜʝʪ ʢ 

ʨʦʩʪʫ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ ʚ ʚʠʜʝ 

ʧʘʯʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʧʠʣʣʷʨʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ, ʝʩʣʠ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ 

ʛʨʘʥʠʮʘ ʚ ʦʜʥʦʤ ʠʟ ʢʘʧʠʣʣʷʨʦʚ ʚʳʨʚʘʣʘʩʴ ʚʧʝʨʝʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʩʝʜʥʠʤʠ, ʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʚʦʟʤʫʱʝʥʠʝ ʦʙʱʝʛʦ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʚ 

ʩʣʫʯʘʝ 021 <-mm  ʙʫʜʝʪ ʩʦ ʚʨʝʤʝʥʝʤ ʪʦʣʴʢʦ ʥʘʨʘʩʪʘʪʴ. ɺ ʩʣʫʯʘʝ ʞʝ, ʢʦʛʜʘ 

021 >-mm , ʚʦʟʤʫʱʝʥʠʝ ʬʨʦʥʪʘ ʩʦ ʚʨʝʤʝʥʝʤ ʟʘʪʫʭʥʝʪ. 

 ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠ ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦ ï 

ʨʘʜʠʘʣʴʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦ ʚʟʘʠʤʥʦʤ ʚʳʪʝʩʥʝʥʠʠ 

ʞʠʜʢʦʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʩʢʦʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʟʘʢʦʥʫ ɼʘʨʩʠ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʣʦʩʢʦʤ ʤʘʩʩʠʚʝ. ʅʘ ʢʦʥʪʫʨʘʭ ʨʘʜʠʫʩʦʤ 0R  ʠ cr  ʟʘʜʘʥʳ 

ʧʦʩʪʦʷʥʥʳʝ ʜʘʚʣʝʥʠʷ 0P  ʠ cP  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʩʩʠʚʘ k  

ʧʦʩʪʦʷʥʥʘ ʠ ʦʜʠʥʘʢʦʚʘ ʚʦ ʚʩʝʭ ʝʛʦ ʪʦʯʢʘʭ, ʪʦʣʱʠʥʘ ʤʘʩʩʠʚʘ h, ʧʦʨʠʩʪʦʩʪʴ 

m. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 0fr   ʨʘʜʠʫʩ ʧʦʣʦʞʝʥʠʷ ʬʨʦʥʪʘ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʚ 

ʥʫʣʝʚʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t= , ʪʘʢ ʯʪʦ ʩʥʘʨʫʞʠ ʨʘʜʠʫʩʘ  0fr  ʤʘʩʩʠʚ 

ʟʘʧʦʣʥʝʥ ʞʠʜʢʦʩʪʴʶ ʩ ʚʷʟʢʦʩʪʴʶ 1m,  ʚʥʫʪʨʠ  - ʞʠʜʢʦʩʪʴʶ ʩ ʚʷʟʢʦʩʪʴʶ 2m. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ( )fr t  ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʷ ʬʨʦʥʪʘ ʨʘʟʜʝʣʘ ʧʨʠ 0t> ; ʯʝʨʝʟ 

1( , )P r t  ʠ 2( , )P r t  ʜʘʚʣʝʥʠʝ ʚ ʢʦʥʪʫʨʝ ʩ ʨʘʜʠʫʩʦʤ r  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʚ 

ʦʙʣʘʩʪʷʭ, ʟʘʥʷʪʳʭ ʞʠʜʢʦʩʪʷʤʠ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʝʨʝʟ ( )fP t  

ʦʙʦʟʥʘʯʠʤ ʜʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ. 

 ʀʟ ʫʩʣʦʚʠʷ ʥʝʩʞʠʤʘʝʤʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʧʦʪʦʢʝ ʠ ʩʢʦʨʦʩʪʴ 

ʬʠʣʴʪʨʘʮʠʠ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚʷʟʢʦʩʪʠ m ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ: 
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ʇʨʠ ʚʟʘʠʤʥʦʤ ʚʳʪʝʩʥʝʥʠʠ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʪʝʢʫʱʝʤ ʧʦʣʦʞʝʥʠʠ ʢʨʫʛʦʚʦʛʦ 

ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ  ( )f fr r t=  ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʙʣʘʩʪʠ, 

ʟʘʥʷʪʦʡ ʞʠʜʢʦʩʪʴʶ 1m  ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ: 
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ɼʣʷ ʦʙʣʘʩʪʠ, ʟʘʥʷʪʦʡ ʞʠʜʢʦʩʪʴʶ 2m:   
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ɼʘʚʣʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ( )fP t  ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʫʩʣʦʚʠʷ 

ʨʘʚʝʥʩʪʚʘ ʩʢʦʨʦʩʪʝʡ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʝʡ ʥʘ ʵʪʦʡ ʛʨʘʥʠʮʝ, ʧʨʠʨʦʚʥʷʚ 

(1.11) ʠ (1.12) ʧʨʠ fr r= . ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ: 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʧʦʨʠʩʪʦʤ ʤʘʩʩʠʚʝ ʥʘʡʜʝʤ ʠʟ ʫʨʘʚʥʝʥʠʡ (1.10) ʠ 

(1.12), ʧʦʜʩʪʘʚʠʚ ʚ ʥʠʭ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ( )fP t ʠʟ 

(1.14). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ: 
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 , ʧʨʠ c fr r r¢ ¢ ,     (1.16) 

 

ʛʜʝ 0 0cP P PD = - >. ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʛʨʘʜʠʝʥʪʦʚ ʜʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ ʧʦ ʦʙʝ 

ʩʪʦʨʦʥʳ ʦʪ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ: 
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ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʩʣʝʜʫʝʪ, ʯʪʦ ʛʨʘʜʠʝʥʪʳ ʜʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ 

ʨʘʩʪʫʪ ʚ ʦʙʝʠʭ ʦʙʣʘʩʪʷʭ (ʪʘʢ ʢʘʢ ʟʥʘʤʝʥʘʪʝʣʠ ʚ ʵʪʠʭ ʬʦʨʤʫʣʘʭ 

ʫʤʝʥʴʰʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ). ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ fr r= ʛʨʘʜʠʝʥʪʳ 

ʜʘʚʣʝʥʠʷ ʧʦ ʨʘʟʥʳʤ ʩʪʦʨʦʥʘʤ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʦʪʣʠʯʘʶʪʩʷ ʚ 0m ʨʘʟ. 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʷ (1.17) ʠ (1.18) ʚ ʟʘʢʦʥ ɼʘʨʩʠ 
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, 

ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʝʡ: 
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ʀʟ ʵʪʠʭ ʬʦʨʤʫʣ ʚʠʜʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʚ ʦʙʝʠʭ ʦʙʣʘʩʪʷʭ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ ʢʦʥʪʫʨʘ ʠ ʨʘʩʪʫʪ ʚʦ ʚʨʝʤʝʥʠ (ʪʘʢ ʢʘʢ 

ʟʥʘʤʝʥʘʪʝʣʴ ʚ ʫʢʘʟʘʥʥʳʭ ʬʦʨʤʫʣʘʭ ʫʤʝʥʴʰʘʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ). 

 ʋʤʥʦʞʠʚ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʚ ʪʦʯʢʝ r  ʥʘ ʧʣʦʱʘʜʴ 2 rhp , ʧʦʣʫʯʠʤ 

ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ: 
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ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʨʘʩʭʦʜ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʜʠʫʩʘ ʢʦʥʪʫʨʘ ʠ ʨʘʩʪʸʪ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ 0 0cP P PD = - >. 

ɿʘʢʦʥ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ 
fr  ʦʧʨʝʜʝʣʠʤ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʬʠʣʴʪʨʘʮʠʠ ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ:  
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ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ t  ʠ ʦʪ for ʜʦ fr  ʧʦʣʫʯʠʤ 

ʥʝʷʚʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ( )fr t : 

[ ]
0 0

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

f f

f f

r r

f

f f c

f cr r

rm R m
t r dr z z r R z dz

k P r r k P
m m m m m m
å õ

= + = - - - =æ öæ öD Dç ÷
ñ ñ

 

01 2 2 2 2 1 2 21 0 0
0 0 0 0 0

0

1
( ln ln ) ln ln ( 1)( )

2 2

f f

f f f f f f

c c f f

r rm R R
r r r r r r

k P r r r r

- -
è ø

= - + - - - -é ù
D é ùê ú

m
m m

(1.20) 

ɿʜʝʩʴ ʯʝʨʝʟ z ʦʙʦʟʥʘʯʝʥʘ ʧʝʨʝʤʝʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 



 

ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ (1.20) 
f cr r=  ʥʘʡʜʸʤ ʚʨʝʤʷ ʧʦʣʥʦʛʦ 

ʚʳʪʝʩʥʝʥʠʷ: 
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1.4 ʅʘʩʳʱʝʥʥʦʩʪʴ, ʬʘʟʦʚʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʆʙʦʙʱʸʥʥʳʡ ʟʘʢʦʥ 

ɼʘʨʩʠ. 

 

ɿʘʜʘʯʘ ʦ ʩʦʚʤʝʩʪʥʦʤ ʪʝʯʝʥʠʠ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʥʝʩʢʦʣʴʢʠʭ 

ʞʠʜʢʦʩʪʝʡ ʯʘʱʝ ʚʩʝʛʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʘʥʘʣʠʟʝ  

ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʝ ʜʚʫʭʬʘʟʥʦʝ ʪʝʯʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʚʳʪʝʩʥʝʥʠʶ ʞʠʜʢʦʩʪʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʧʦʣʥʷʚʰʝʡ ʧʦʨʳ, ʜʨʫʛʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʥʝ ʩʤʝʰʠʚʘʶʱʝʡʩʷ ʩ ʧʝʨʚʦʡ ʠ ʦʙʨʘʟʫʶʱʝʡ ʦʪʜʝʣʴʥʫʶ ʬʘʟʫ, 

ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʪʝʩʥʝʥʠʠ ʥʝʬʪʠ ʠʟ ʧʣʘʩʪʘ ʚʦʜʦʡ ʠʣʠ ʛʘʟʦʤ. 

ɺʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʥʦʛʦʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ ð 

ʥʘʩʳʱʝʥʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ. ɼʦʣʷ ʦʙʲʝʤʘ ʧʦʨ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ 

ʤʠʢʨʦʦʙʲʝʤʝ, ʦʭʚʘʪʳʚʘʶʱʝʤ ʜʘʥʥʫʶ ʧʨʦʠʟʚʦʣʴʥʫʶ ʪʦʯʢʫ, ʟʘʥʷʪʦʛʦ i -ʡ 

ʬʘʟʦʡ, ʥʘʟʳʚʘʝʪʩʷ ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʧʦʨʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʵʪʦʡ ʬʘʟʦʡ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝis.  ʆʯʝʚʠʜʥʦ ʯʪʦ 
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1
n

i

i

s
=

=ä  

ʛʜʝ nð ʯʠʩʣʦ ʦʪʜʝʣʴʥʳʭ ʬʘʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʠʩʪʝʤʝ n  ʬʘʟ ʠʤʝʝʪʩʷ 

1n-  ʥʝʟʘʚʠʩʠʤʘʷ ʥʘʩʳʱʝʥʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʣʴʪʨʘʮʠʠ 

ʜʚʫʭʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʰʴ ʦʜʥʫ ʥʘʩʳʱʝʥʥʦʩʪʴ 

s. ɼʚʠʞʝʥʠʝ ʢʘʞʜʦʡ ʠʟ ʬʘʟ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ 

ʬʠʣʴʪʨʘʮʠʠ iu. ɸʥʘʣʦʛʠʯʥʦ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʦʜʥʦʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ 

iu, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʝʢʪʦʨ, ʧʨʦʝʢʮʠʷ ʢʦʪʦʨʦʛʦ ʥʘ ʥʝʢʦʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʚʥʘ ʦʙʲʝʤʥʦʤʫ ʧʦʪʦʢʫ i -ʡ ʬʘʟʳ ʯʝʨʝʟ ʝʜʠʥʠʯʥʫʶ ʧʣʦʱʘʜʢʫ, 



 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʵʪʘ 

ʧʣʦʱʘʜʢʘ ʧʝʨʝʩʝʢʘʝʪ ʢʘʢ ʪʚʝʨʜʫʶ ʬʘʟʫ, ʪʘʢ ʠ ʜʨʫʛʠʝ ʧʦʜʚʠʞʥʳʝ ʬʘʟʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʭʦʜ ʢʘʞʜʦʡ ʬʘʟʳ ʨʘʩʪʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʜʘʥʥʦʡ ʬʘʟʦʡ, ʘ ʟʘʢʦʥ 

ʬʠʣʴʪʨʘʮʠʠ ʢʘʞʜʦʡ ʠʟ ʬʘʟ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʟʘʢʦʥʦʤ ɼʘʨʩʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ 

i
i i

i

k
u k gradP=-

m
 

ʛʜʝ im ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ  ʞʠʜʢʦʩʪʠ, P  - ʜʘʚʣʝʥʠʝ ʚ i -ʡ 

ʬʘʟʝ; ik  - ʬʘʟʦʚʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʆʧʳʪʥʳʤ ʧʫʪʸʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ik , 

ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʬʫʥʢʮʠʷʤʠ ʥʘʩʳʱʝʥʥʦʩʪʠ is. ʊʠʧʠʯʥʳʝ ʛʨʘʬʠʢʠ 

( )ik s  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʚʳʝ (ʨʠʩ. 1.1).  

 

ʈʠʩ.1.1 ʊʠʧʠʯʥʳʝ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ 

ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ 1( )k s  ʠ 2( )k s , ʬʫʥʢʮʠʠ ɹʘʢʣʠ ï ʃʝʚʝʨʝʪʪʘ ( )f s ʠ ʝʸ 

ʧʨʦʠʟʚʦʜʥʦʡ ( )f s¡  ʧʨʠ 0 0,5=m  

 



 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʦʥ ɼʘʨʩʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʬʘʟ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

( )i
i i

i

k s
u k gradP

m
=-  

ɼʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʨʘʞʘʝʪ ʦʙʦʙʱʸʥʥʳʡ ʟʘʢʦʥ ɼʘʨʩʠ ʜʣʷ 

ʤʥʦʛʦʬʘʟʥʦʛʦ ʧʦʪʦʢʘ. 

 

1.5 ʄʦʜʝʣʴ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ɹʘʢʣʠ-ʃʝʚʝʨʝʪʪʘ. 

 

ɺ ʩʣʫʯʘʝ ʦʜʥʦʤʝʨʥʦʛʦ ʪʝʯʝʥʠʷ ʥʝʩʞʠʤʘʝʤʳʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʞʠʜʢʦʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʤʝʞʜʫ ʬʘʟʘʤʠ ʥʝ 

ʚʝʣʠʢʦ ʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʢʘʧʠʣʣʷʨʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝʤ 

ʩʠʣʳ ʪʷʞʝʩʪʠ, ʧʨʦʮʝʩʩ ʚʳʪʝʩʥʝʥʠʷ ʜʦʧʫʩʢʘʝʪ ʧʨʦʩʪʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʦʝ ʉ. ɹʘʢʣʠ ʠ ʄ. ʃʝʚʝʨʝʪʪʦʤ [39].  

 ʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʝ [81], ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ 

ʚʳʪʝʩʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʚ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʪʦʥʢʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʤʘʩʩʠʚʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʦʜʥʦʨʦʜʥʦʡ ʠ ʠʟʦʪʨʦʧʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ mʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ k. ʂʦʦʨʜʠʥʘʪʘ x  ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʚʜʦʣʴ 

ʦʙʨʘʟʮʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʯʝʥʠʷ - ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ. ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʤʘʩʩʠʚʘ w  ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ 

ʜʣʠʥʦʡ L. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʯʠʪʘʪʴ ʜʘʚʣʝʥʠʝ ʠ ʥʘʩʳʱʝʥʥʦʩʪʴ ʞʠʜʢʠʭ ʬʘʟ 

ʧʦʩʪʦʷʥʥʳʤʠ ʧʦ ʩʝʯʝʥʠʶ ʤʘʩʩʠʚʘ. ɼʘʚʣʝʥʠʝ P  ʚ ʚʳʪʝʩʥʷʶʱʝʡ ʠ 

ʚʳʪʝʩʥʷʝʤʦʡ ʬʘʟʘʭ ʩʯʠʪʘʝʤ ʦʜʠʥʘʢʦʚʳʤ ʚ ʩʠʣʫ ʧʨʝʥʝʙʨʝʞʝʥʠʷ 

ʢʘʧʠʣʣʷʨʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʦʙʝ ʬʘʟʳ ʥʝʩʞʠʤʘʝʤʳ. 

ʇʫʩʪʴ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t=  ʞʠʜʢʦʩʪʴ ʩ ʚʷʟʢʦʩʪʴʶ 1m 

ʥʘʭʦʜʠʪʩʷ ʩʣʝʚʘ ʚʧʣʦʪʴ ʜʦ ʢʦʦʨʜʠʥʘʪʳ 0ʭ=  ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ,  ʘ 

ʞʠʜʢʦʩʪʴ ʩ ʚʷʟʢʦʩʪʴʶ 2m ʥʘʭʦʜʠʪʩʷ ʩʧʨʘʚʘ  ʦʪ 0ʭ=  ʜʦ ʢʦʦʨʜʠʥʘʪʳ ʭ L= .  

ʉ ʤʦʤʝʥʪʘ  ʚʨʝʤʝʥʠ t > 0  ʞʠʜʢʦʩʪʴ 1 ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʩʭʦʜʦʤ Q  

ʥʘʛʥʝʪʘʝʪʩʷ ʚ ʧʦʨʠʩʪʳʡ ʤʘʩʩʠʚ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʥʷʪʳʡ ʞʠʜʢʦʩʪʴʶ 2, ʪʝʤ 

ʩʘʤʳʤ ʚʳʪʝʩʥʷʷ ʝʸ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʪʝʩʥʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʟʦʥʘ ʩʦʚʤʝʩʪʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʦʙʝʠʭ ʞʠʜʢʦʩʪʝʡ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʢʘʞʜʦʡ 



 

ʠʟ ʬʘʟ ʩʦ ʩʢʝʣʝʪʦʤ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʧʣʦʱʘʜʴ 

ʢʦʥʪʘʢʪʘ ʬʘʟ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʜʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʞʜʦʛʦ ʬʣʶʠʜʘ ʩ ʪʚʝʨʜʳʤ 

ʩʢʝʣʝʪʦʤ ʧʣʘʩʪʘ, ʠ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʧʨʝʥʝʙʨʝʯʴ ʵʬʬʝʢʪʦʤ 

ʫʚʣʝʯʝʥʠʷ ʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ʜʨʫʛʦʡ. ʇʨʠ ʵʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʠʩʧʳʪʳʚʘʝʤʦʝ ʢʘʞʜʦʡ ʬʘʟʦʡ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʦʪʣʠʯʥʦ ʦʪ ʪʦʛʦ, 

ʢʦʪʦʨʦʝ ʙʳʣʦ ʙʳ ʧʨʠ ʪʝʯʝʥʠʠ ʪʦʣʴʢʦ ʦʜʥʦʡ ʠʟ ʥʠʭ. ɿʘʢʦʥ ʬʠʣʴʪʨʘʮʠʠ 

ʢʘʞʜʦʡ ʬʘʟʳ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʦʙʦʙʱʝʥʥʦʛʦ ʟʘʢʦʥʘ ɼʘʨʩʠ: 

1 1
1

1

( )Q k s P
u k

xw m

µ
= =-

µ
      (1.21) 

2 2
2

2

( )Q k s P
u k

xw m

µ
= =-

µ
      (1.22) 

ɿʜʝʩʴ 1,2u  ʠ 1,2Q  -ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʠ ʦʙʲʝʤʥʳʝ ʨʘʩʭʦʜʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ ʞʠʜʢʦʩʪʝʡ 1,2m  ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ ʬʘʟ; 1,2( )k s - ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʬʘʟʦʚʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ; 1s s¹  

ʥʘʩʳʱʝʥʥʦʩʪʴ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʦʡ. ɼʣʷ ʚʳʚʦʜʘ 

ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʨʘʩʩʤʦʪʨʠʤ ʙʘʣʘʥʩ ʢʘʞʜʦʡ ʬʘʟʳ ʢʘʢ ʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʧʨʠʤʝʥʝʥʥʳʡ ʢ ʵʣʝʤʝʥʪʘʨʥʦʤʫ ʤʠʢʨʦʦʙʲʸʤʫ V xwD = D, 

ʩʦʜʝʨʞʘʱʝʤʫ ʦʙʝ ʬʘʟʳ. ʏʝʨʝʟ ʩʝʯʝʥʠʝ ʩ ʢʦʦʨʜʠʥʘʪʦʡ xʟʘ ʧʨʦʤʝʞʫʪʦʢ  tD 

ʚ ʦʙʲʝʤ VD  ʚʪʝʢʘʝʪ ʤʘʩʩʘ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ 1, ʨʘʚʥʘʷ, 1 1( , )u x t trw D, 

ʘ  ʚʳʪʝʢʘʝʪ ʯʝʨʝʟ ʩʝʯʝʥʠʝ x x+D ʤʘʩʩʘ, ʨʘʚʥʘʷ 1 1( , )u x x t trw +D D, ʪʘʢ ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ VD ʟʘ ʚʨʝʤʷ tD ʨʘʚʥʦ: 

 

[ ]1 1 1( , ) ( , )
V

u x t u x x t t
x

r
D

- +D D
D

, 

ʛʜʝ 
V

x
w

D
=

D
.  ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʞʠʜʢʦʩʪʴʶ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʤʘʢʨʦʦʙʲʸʤʝ 

m VD : 



 

[ ]1 ( , ) ( , )m s x t t s x t Vr +D - D 

ʇʨʠʨʦʚʥʷʚ ʵʪʠ ʤʘʩʩʳ, ʧʦʣʫʯʠʤ ʨʘʚʝʥʩʪʚʦ: 

[ ] [ ]1 1 1 1( , ) ( , ) ( , ) ( , )
V

u x t u x x t t m s x t t s x t V
x

r r
D

- +D D = +D - D
D

 

ʇʦʜʝʣʠʚ ʦʙʝ ʯʘʩʪʠ ʥʘ 1 V trD D ʠ ʧʝʨʝʡʜʷ ʢ ʧʨʝʜʝʣʫ 0xD   ʠ 0tD  , 

ʧʦʣʫʯʠʤ: 

1u s
m

x t

µ µ
- =
µ µ

  ʠʣʠ  1 0
s u

m
t x

µ µ
+ =

µ µ
    (1.23) 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʚʳʪʝʩʥʷʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ: 

2 2 0
s u

m
t x

µ µ
+ =

µ µ
     (1.24) 

ʀʣʠ, ʫʯʠʪʳʚʘʷ ʯʪʦ 2 11 1s s s= - ¹ -: 

2 0
s u

m
t x

µ µ
- + =
µ µ

     (1.25) 

ʉʣʦʞʠʚ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʣʷ ʦʙʝʠʭ ʬʘʟ, ʧʦʣʫʯʠʤ 

1 2( ) 0u u
x

µ
+ =

µ
, ʦʪʢʫʜʘ ʥʘʡʜʸʤ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ: 

 1 2 ( )u u u t+ =  ʠʣʠ 1 2 ( )Q Q Q t+ =      (1.26) 

ʈʘʚʝʥʩʪʚʘ (1.26) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ( )u t  ʠ 

ʩʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʦʙʝʠʭ ʬʘʟ ( )Q t  ʥʝ ʟʘʚʠʩʷʪ ʦʪ x  ʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ 

ʚʨʝʤʝʥʠ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʠʤʝʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʥʦʩʪʴʶ 

ʦʧʠʩʳʚʘʶʱʫʶ ʧʨʦʮʝʩʩ ʚʳʪʝʩʥʝʥʠʷ: 
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      (1.27) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.27) ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʜʨʫʛʠʝ ʟʘʚʠʩʠʤʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʠ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ, ʟʘʚʠʩʷʱʝʝ ʪʦʣʴʢʦ ʦʪ ʥʘʩʳʱʝʥʥʦʩʪʠ s. 

ʀʩʢʣʶʯʠʤ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ 
P

x

µ

µ
, ʧʦʜʝʣʠʚ ʧʦʯʣʝʥʥʦ ʦʜʥʦ ʥʘ 

ʜʨʫʛʦʝ ʫʨʘʚʥʝʥʠʷ (1.21) ʠ (1.22): 

1 1 1

2 2 0 2

( )

( )

u Q k s

u Q k sm
= =        (1.28) 

 ʦʪʢʫʜʘ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (1.26), ʧʦʣʫʯʠʤ: 

1 1 1

1 0 2

( )

( ) ( ) ( ) ( )

u Q k s

u t Q t k s k sm
= =

+
 

ʆʙʦʟʥʘʯʠʚ 

 1

1 0 2

( )
( )

( ) ( )

k s
f s

k s k sm
=

+
, ʛʜʝ 10

2

m
m

m
=       (1.29) 

ʥʘʡʜʸʤ: 

1 ( ) ( )u f s u t=  ʠ  [ ]2 1 ( ) ( )u f s u t= -      (1.30) 

ɺʚʝʜʝʥʥʘʷ ʟʜʝʩʴ ʬʫʥʢʮʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ( )f s  ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʬʘʟ ʠʣʠ ʬʫʥʢʮʠʝʡ ɹʘʢʣʠ-ʃʝʚʝʨʝʪʪʘ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

(1.30), ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ (ʠʣʠ 

ʨʘʩʭʦʜʘ) ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʳ ʠ ʩʫʤʤʘʨʥʦʡ ʩʢʦʨʦʩʪʠ u(ʠʣʠ ʨʘʩʭʦʜʘ Q), ʠ 

ʨʘʚʥʘ ʦʙʲʝʤʥʦʡ ʜʦʣʝ ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʳ ʚ ʩʫʤʤʘʨʥʦʤ ʧʦʪʦʢʝ ʜʚʫʭ ʬʘʟ. 

ʌʫʥʢʮʠʷ ( )f s  ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ 



 

ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ. ʊʠʧʠʯʥʳʝ ʛʨʘʬʠʢʠ ( )f s ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ ( )f s¡

ʧʨʠʚʝʜʝʥʳ ʥʘ (ʨʠʩ.1.1). ʉ ʨʦʩʪʦʤ ʥʘʩʳʱʝʥʥʦʩʪʠ ( )f s  ʤʦʥʦʪʦʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0 ʜʦ 1. ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʛʨʘʬʠʢʘ ( )f s  - ʥʘʣʠʯʠʝ 

ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ ʇ ʩ ʥʘʩʳʱʝʥʥʦʩʪʴʶ sP, ʫʯʘʩʪʢʦʚ ʚʦʛʥʫʪʦʩʪʠ ʠ 

ʚʳʧʫʢʣʦʩʪʠ, ʛʜʝ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ( )f s¡¡ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʠ 

ʤʝʥʴʰʝ ʥʫʣʷ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʮʠʬʠʢʫ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚʳʪʝʩʥʝʥʠʷ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ɹʘʢʣʠ ï ʃʝʚʝʨʝʪʪʘ. 

ʇʦʜʩʪʘʚʠʚ ʨʘʚʝʥʩʪʚʦ (1.30) ʜʣʷ 1u  ʚ ʫʨʘʚʥʝʥʠʝ (1.23), ʧʦʣʫʯʠʤ 

( )
( ) 0

s f s
m u t

t x

µ µ
+ =

µ µ
      (1.31) 

ʇʦʩʢʦʣʴʢʫ ʥʘʩʳʱʝʥʥʦʩʪʴ ʝʩʪʴ ʬʫʥʢʮʠʷ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ( , )s s x t= , 

ʪʦ, ʧʨʠʤʝʥʷʷ ʧʨʘʚʠʣʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʣʫʯʠʤ: 

[ ]
( )

( , ) ( )
f s s s

f s x t f s
x s x x

µ µ µ µ
¡= =

µ µ µ µ
 

ʇʦʜʩʪʘʚʠʚ ʵʪʦ ʨʘʚʝʥʩʪʚʦ ʚ (31), ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ: 

( ) ( ) 0
s s

m u t f s
t x

µ µ
¡+ =

µ µ
      (1.32) 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʪʦʣʴʢʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʩʳʱʝʥʥʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʧʦ 

ʧʦʨʠʩʪʦʤʫ ʤʘʩʩʠʚʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

(1.32) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ( , )P x t . ʕʪʦ ʫʨʘʚʥʝʥʠʝ 

ʠʟʚʝʩʪʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ ʫʨʘʚʥʝʥʠʝ ɹʘʢʣʠ - ʃʝʚʝʨʝʪʪʘ ʧʦ ʠʤʝʥʠ ʘʚʪʦʨʦʚ, 

ʚʧʝʨʚʳʝ ʝʛʦ ʧʦʣʫʯʠʚʰʠʭ [39]. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ʢ ʫʨʘʚʥʝʥʠʶ (1.32) 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʥʘʯʘʣʴʥʦʝ ʠ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʷ: 

ʧʨʠ 0t=  ( ,0) ( )s x xj= , 0x> ; 

ʧʨʠ 0x=  (0, ) ( )s x ty= , 0t> . 

ʌʫʥʢʮʠʷ ( )xj  ʟʘʜʘʸʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʳ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʬʫʥʢʮʠʷ ( )ty  ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ 



 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʳ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘ ʛʨʘʥʠʮʝ ʧʦʨʠʩʪʦʛʦ 

ʤʘʩʩʠʚʘ 0x= . 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

0( )x s constj = =  ʧʨʠ 0t= ; 

0( )t s consty = =  ʧʨʠ 0x= . 

ɹʫʜʝʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʳʪʝʩʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʱʝʤ ʨʘʩʭʦʜʝ, ʪʦ ʝʩʪʴ ( )Q t const Q= =, ʘ ʟʥʘʯʠʪ ʠ ( )u t const u= =. 

 ɺ ʧʨʦʮʝʩʩʝ ʚʳʪʝʩʥʝʥʠʷ, ʥʘʩʳʱʝʥʥʦʩʪʴ ( , )s s x t= ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ 

ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ x. ʕʪʦ 

ʠʟʤʝʥʝʥʠʝ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

s s
ds dx dt

x t

µ µ
= +
µ µ

 

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʧʣʦʩʢʦʩʪʠ ( , )x t  ʪʘʢʠʝ ʣʠʥʠʠ ( )x t , ʚʜʦʣʴ ʢʦʪʦʨʳʭ 

ʥʘʩʳʱʝʥʥʦʩʪʴ ʧʨʠʥʠʤʘʝʪ ʟʘʜʘʥʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ( , )s s x t const= = . 

ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʛʦ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʪʘʢʫʶ ʩʚʷʟʴ 

ʤʝʞʜʫ x  ʠ t, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ  0ds= , ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

0
s s

dx dt
x t

µ µ
+ =

µ µ
      (1.24) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʣʠʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʜʘʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʤʝʩʪʥʦ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1.23) ʠ 

(1.24): 

( ) ( ) 0

0

s s
m u t f s

t x

s s
dt dx

t x

µ µë
¡+ =îî µ µ

ì
µ µî + =
îµ µí

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʪʘ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 
s

t

µ

µ
 ʠ  

s

x

µ

µ
  ʫʨʘʚʥʝʥʠʡ 

ʠʤʝʣʘ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʥʫʞʥʦ, ʯʪʦʙʳ ʝʸ ʦʧʨʝʜʝʣʠʪʝʣʴ ʙʳʣ ʨʘʚʝʥ 

ʥʫʣʶ, ʪʦ ʝʩʪʴ: 



 

( ) ( )
0

m u t f s

dt dx

¡
=  

ʆʪʢʫʜʘ ʥʘʭʦʜʠʤ: 

( )
dx u

f s
dt m

¡=       (1.25) 

ʧʨʠʯʸʤ ʧʨʦʠʟʚʦʜʥʘʷ 
dx

dt
 ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ s, ʪʦ ʝʩʪʴ 

s

dx x

dt t

µ
=
µ
. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʦʯʢʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʴʶ s ʥʘ 

ʢʨʠʚʦʡ  ( )s x  ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ,  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 
u

m
, ʠ 

ʷʚʣʷʶʱʝʡʩʷ ʬʫʥʢʮʠʝʡ ʩʘʤʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ. 

 ʇʦʩʢʦʣʴʢʫ ( )f s¡  ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ s ʧʦʩʪʦʷʥʥʘ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪʳ, ʪʦ ʫʨʘʚʥʝʥʠʝ (1.25) ʤʦʞʥʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ, 

ʥʘʡʜʷ ʪʝʤ ʩʘʤʳʤ ʧʦʣʦʞʝʥʠʝ xʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ʢʘʢ 

ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʠ: 

0( ) ( )
u

x s f s t x
m
¡= + ,     (1.26) 

ʛʜʝ 0x  - ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘ ʥʘʩʳʱʝʥʥʦʩʪʠ s ʧʨʠ 0t= . 

ɽʩʣʠ ʬʫʥʢʮʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ  ( )f s  ʠʟʚʝʩʪʥʘ, ʪʦ ʧʦ ʬʦʨʤʫʣʝ (1.26), 

ʚʳʯʠʩʣʷʷ xʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ s, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʦʣʥʳʡ ʧʨʦʬʠʣʴ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʢʘʞʜʦʡ 

ʪʦʯʢʠ ʢʨʠʚʦʡ ( )s t  ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ( )f s¡ .  

ʂʘʢ ʧʨʘʚʠʣʦ, ( )f s¡  ʥʝ ʤʦʥʦʪʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʘ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʚ 

ʪʦʯʢʝ ʇ (ʈʠʩ.1.1). ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (1.25) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʜʚʠʞʫʱʝʡʩʷ 

ʢʨʠʚʦʡ ( )s x  ʥʝʢʦʪʦʨʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ʙʫʜʫʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʟʥʘʯʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ʙʦʣʴʰʠʝ ʠʣʠ 

ʤʝʥʴʰʠʝ.  ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʟʥʘʯʝʥʠʷ x  ʥʘʩʳʱʝʥʥʦʩʪʴ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʡ, ʯʪʦ ʬʠʟʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʋʩʪʨʘʥʠʪʴ 



 

ʤʥʦʛʦʟʥʘʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.25) ʧʦʟʚʦʣʷʝʪ ʚʚʝʜʝʥʠʝ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʩʢʘʯʢʘ ʥʘʩʳʱʝʥʥʦʩʪʠ. 

 ʇʦʣʦʞʝʥʠʝ ʩʢʘʯʢʘ ʥʘʩʳʱʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʠʤ ʠʟ ʫʩʣʦʚʠʷ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʥʘ ʩʢʘʯʢʝ. ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ 

ʢʘʞʜʦʡ ʠʟ ʬʘʟ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʨʘʟʨʳʚʘ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʡ ʵʣʝʤʝʥʪ ʦʙʲʝʤʘ 

ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ (ʨʠʩ. 1.2), ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʚʫʤʷ ʧʦʚʝʨʭʥʦʩʪʷʤʠ +S  ʠ -S  

ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʨʘʟʨʳʚʘ ʥʘʩʳʱʝʥʥʦʩʪʠ (ʬʨʦʥʪʘ). 

 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʥʘ ʩʢʘʯʢʝ 

ʥʘʩʳʱʝʥʥʦʩʪʠ. 

 

ʇʫʩʪʴ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  t  ʬʨʦʥʪ ʠʤʝʣ ʢʦʦʨʜʠʥʘʪʫ cx , ʘ ʯʝʨʝʟ 

ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ tD ʧʝʨʝʤʝʩʪʠʣʩʷ ʚ ʧʦʣʦʞʝʥʠʝ c cx x+D. ʇʨʠ 

ʵʪʦʤ,  ʚ ʵʣʝʤʝʥʪ ʤʘʩʩʠʚʘ ʜʣʠʥʦʡ  cxD  ʚʦʡʜʝʪ ʩʣʝʚʘ ʦʙʲʝʤ ʚʳʪʝʩʥʷʶʱʝʡ 

ʞʠʜʢʦʩʪʠ, ʨʘʚʥʳʡ 1u tw+ D, ʘ ʚʳʡʜʝʪ ʦʙʲʝʤ 1u tw- D, ʪʦ ʝʩʪʴ ʦʙʲʝʤ ʧʝʨʚʦʡ 

ʬʘʟʳ ʫʚʝʣʠʯʠʪʩʷ ʥʘ 1 1( )u u tw+ -- D, ʛʜʝ w ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ,  ʟʥʘʢʠ ç-è ʠ ç+è ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠ ʧʦʩʣʝ ʨʘʟʨʳʚʘ.  ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘʩʳʱʝʥʥʦʩʪʴ 

ʫʚʝʣʠʯʠʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ s- ʜʦ s
+
, ʪʦ ʝʩʪʴ ʦʙʲʸʤ ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʳ 



 

ʚʦʟʨʘʩʪʸʪ ʥʘ ʚʝʣʠʯʠʥʫ ( ) cs s m xw+ -- D. ʊʦʛʜʘ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ 

ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʳ (ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʝʸ ʥʝʩʞʠʤʘʝʤʦʩʪʠ) ʜʘʸʪ: 

1 1( ) ( ) cu u t s s m xw w+ - + -- D = - D 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ: 

1 1( )

( )

cx u u

t s s m

+ -

+ -

D -
=

D -
      (1.27) 

ʇʝʨʝʡʜʷ ʢ ʧʨʝʜʝʣʫ ʧʨʠ 0tD   ʠ 0xD  , ʠ ʠʩʧʦʣʴʟʦʚʘʚ ʨʘʚʝʥʩʪʚʦ 

1 ( ) ( )u f s u t=  ʧʦʣʫʯʠʤ: 

1 1( ) ( )

( ) ( )

c
c

dx u u u f f
w

dt s s m m s s

+ - + -

+ - + -

- -
= = =

- -
    (1.28) 

ʛʜʝ ( )f f s° °= . ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʟʘʜʘʝʪ ʩʢʦʨʦʩʪʴ cw  ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʬʨʦʥʪʘ ʥʘʩʳʱʝʥʥʦʩʪʠ ʠ ʠʟʚʝʩʪʥʦ ʢʘʢ ʫʩʣʦʚʠʝ ʥʘ ʩʢʘʯʢʝ.  

 ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʩʳʱʝʥʥʦʩʪʠ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʬʨʦʥʪʘ 

ʧʦʩʪʦʷʥʥʳ, ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (1.28) ʤʦʞʥʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠ ʥʘʡʪʠ 

ʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘ ʢʘʢ ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʠ: 

0

( )

( )
c c

u f f
x t x

m s s

+ -

+ -

-
= +

-
      (1.29) 

ʛʜʝ 0cx  - ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʷ ʬʨʦʥʪʘ ʥʘʩʳʱʝʥʥʦʩʪʠ ʧʨʠ 0t= . 

ʆʙʦʟʥʘʯʠʚ ʥʘʩʳʱʝʥʥʦʩʪʴ ʥʘ ʬʨʦʥʪʝ s+ ʢʘʢ cs , ʘ ʥʘʩʳʱʝʥʥʦʩʪʴ s- 

ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʢʘʢ ʥʘʯʘʣʴʥʫʶ ʥʘʩʳʱʝʥʥʦʩʪʴ 0s , ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

(1.25), ʧʦʣʫʯʠʤ ʚʪʦʨʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ 

ʥʘʩʳʱʝʥʥʦʩʪʠ cs : 

( )c
c

dx u
f s

dt m
¡=       (1.30) 

ʇʨʠʨʦʚʥʷʚ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (1.28) ʠ (1.30), ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ 

ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʦʥʪʘʣʴʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ  cs : 

0

0

( ) ( )
( ) c

c

c

f s f s
f s

s s

-
¡ =

-
     (1.31) 



 

ʋʨʘʚʥʝʥʠʝ (1.31) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʟʘʜʘʯʝ ɹʘʢʣʠ-ʃʝʚʝʨʝʪʪʘ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʢʘʯʢʘ cw  ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘʣʴʥʦʡ 

ʥʘʩʳʱʝʥʥʦʩʪʠ cs . 

 

 

 

 

1.6 ʄʦʜʝʣʴ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʈʘʧʦʧʦʨʪʘ-ʃʠʩʘ. 

ʇʦʤʠʤʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚ ʧʦʨʠʩʪʦʤ ʤʘʩʩʠʚʝ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʚʷʟʘʥʳ ʪʘʢʞʝ ʩ 

ʚʣʠʷʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. ɻʨʘʥʠʮʘ ʜʚʫʭ 

ʩʦʩʝʜʥʠʭ ʬʘʟ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʠʩʢʨʠʚʣʝʥʥʳʭ 

ʫʯʘʩʪʢʦʚ, ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʢʦʪʦʨʳʭ ʩʦʧʦʩʪʘʚʠʤ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ. ɼʣʷ 

ʢʘʞʜʦʡ ʬʘʟʳ, ʠʤʝʶʱʝʡ ʩʚʷʟʥʫʶ ʯʘʩʪʴ, ʤʦʞʥʦ ʚʚʝʩʪʠ ʬʘʟʦʚʦʝ ʜʘʚʣʝʥʠʝ iP  

( 1,2i= ), ʧʦʥʠʤʘʝʤʦʝ ʢʘʢ ʦʩʨʝʜʥʝʥʥʦʝ ʧʦ ʵʣʝʤʝʥʪʘʨʥʦʤʫ ʤʘʢʨʦʦʙʲʝʤʫ 

ʜʘʚʣʝʥʠʝ ʚ ʩʚʷʟʥʦʡ ʯʘʩʪʠ ʬʘʟʳ. ʅʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʚʦʟʥʠʢʘʝʪ 

ʢʘʧʠʣʣʷʨʥʳʡ ʩʢʘʯʦʢ ʜʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ ʃʘʧʣʘʩʘ: 

2 1

1 2

1 1
( )cP P P
R R

a= - = +     (1.32) 

ʛʜʝ a - ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʞʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ; 1R  ʠ 2R  -  ʛʣʘʚʥʳʝ ʨʘʜʠʫʩʳ 

ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ, ʙʣʠʟʢʠʝ ʢ ʨʘʟʤʝʨʫ ʧʦʨ. 

 ʂʘʧʠʣʣʷʨʥʳʝ ʩʠʣʳ ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʪʴ ʚ ʧʦʨʦʚʳʭ ʢʘʥʘʣʘʭ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʝ ʛʨʘʜʠʝʥʪʳ ʜʘʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʥʝʰʥʠʤ ʧʝʨʝʧʘʜʦʤ. ʊʘʢ ʜʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʘʧʝʣʴ, ʠʤʝʶʱʠʭ ʨʘʟʤʝʨʳ r  ʧʦʨʷʜʢʘ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʧʦʨ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ cP

r
, 

ʯʪʦ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʩʦʪʥʠ ʘʪʤʦʩʬʝʨ ʥʘ ʤʝʪʨ.  ʇʦʜʦʙʥʳʝ ʛʨʘʜʠʝʥʪʳ 

ʜʘʚʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʨʠʩʪʳʭ 



 

ʩʨʝʜʘʭ.  ʇʦʵʪʦʤʫ, ʧʦʯʪʠ ʚʩʝʛʜʘ,  ʧʦʜʚʠʞʥʦʡ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʚʷʟʥʘʷ ʯʘʩʪʴ 

ʢʘʞʜʦʡ ʠʟ ʬʘʟ, ʥʘʩʳʱʘʶʱʠʭ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 ʅʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ ʚ ʧʦʨʘʭ, ʢʨʦʤʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʩʤʘʯʠʚʘʝʤʦʩʪʴ 

ʩʢʝʣʝʪʘ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ ʦʜʥʦʡ ʠʟ ʬʘʟ. ɼʘʚʣʝʥʠʝ ʚ ʤʝʥʝʝ ʩʤʘʯʠʚʘʶʱʝʡ 

ʩʨʝʜʫ ʬʘʟʝ ʙʫʜʝʪ ʚʳʰʝ ʥʘ ʟʥʘʯʝʥʠʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʣʝʤʝʥʪ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʤ ʜʚʝ ʞʠʜʢʦʩʪʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ. ɹʦʣʝʝ 

ʩʤʘʯʠʚʘʶʱʘʷ ʬʘʟʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʧʦʣʥʷʪʴ ʙʦʣʝʝ 

ʤʝʣʢʠʝ ʧʦʨʳ, ʧʦʵʪʦʤʫ ʩ ʨʦʩʪʦʤ ʝʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʜʦʣʞʝʥ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʘ ʚʝʣʠʯʠʥʘ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ cP, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1.32) ʫʤʝʥʴʰʘʪʴʩʷ. ʂʨʠʚʳʝ, ʟʘʜʘʶʱʠʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʥʘʩʳʱʝʥʥʦʩʪʠ ( )cP s, ʠʣʠ ʢʨʠʚʳʝ 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʣʴʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʪʨʫʢʪʫʨʳ ʠ ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʨʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʠʜ ʩʚʷʟʠ ( )cP s  ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ 

ʥʘʩʳʱʝʥʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʢʘʧʠʣʣʷʨʥʳʡ 

ʛʠʩʪʝʨʝʟʠʩ. ʂʨʠʚʳʝ ( )cP s, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʚʝʣʠʯʝʥʠʶ ʥʘʩʳʱʝʥʥʦʩʪʠ 

ʙʦʣʝʝ ʩʤʘʯʠʚʘʶʱʝʡ ʬʘʟʦʡ s, ʥʘʟʳʚʘʶʪʩʷ ʢʨʠʚʳʤʠ ʧʨʦʧʠʪʢʠ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʤʝʥʴʰʝʥʠʶ s -  ʢʨʠʚʳʤʠ ʜʨʝʥʠʨʦʚʘʥʠʷ.  

ʂʨʠʚʳʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨ 

ʞʠʜʢʦʩʪʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʤʝʞʬʘʟʥʳʤ ʥʘʪʷʞʝʥʠʝʤ ʠ ʢʨʘʝʚʳʤʠ ʫʛʣʘʤʠ 

ʩʤʘʯʠʚʘʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʠ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʫ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʣʝʜʫʝʪ 

ʧʨʠʚʝʩʪʠ ʝʸ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ: 

2 ( , )c

m
P J s

k
a q=       (1.33) 

ʛʜʝ q - ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ. ʕʪʘ ʬʦʨʤʫʣʘ ʧʦʣʫʯʝʥʘ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʜʠʥʦʯʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 



 

ʢʘʧʠʣʣʷʨʝ ʨʘʜʠʫʩʘ r : 
2

cos( )cP
r

a
q= . ɺ ʨʘʙʦʪʝ ʃʝʚʝʨʝʪʪʘ [42] ʧʦ ʘʥʘʣʦʛʠʠ 

ʩ ʢʨʫʛʦʚʳʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʢʘʧʠʣʣʷʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʧʠʩʳʚʘʪʴ 

ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʚʠʜʝ: 

0cos( ) ( )c

m
P J s

k
a q=       (1.34) 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʨʠʚʳʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʯʠʪʘʶʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨ ʞʠʜʢʦʩʪʝʡ ʚ 

ʦʜʥʦʡ ʠ  ʪʦʡ ʞʝ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. ʋʛʦʣ 0q ʠʛʨʘʝʪ ʨʦʣʴ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ - ʞʠʜʢʦʩʪʴ. 

ɹʝʟʨʘʟʤʝʨʥʫʶ ʬʫʥʢʮʠʶ ( )J s  ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʬʫʥʢʮʠʝʡ ʃʝʚʝʨʝʪʪʘ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʬʣʶʠʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʤ 

ʦʙʨʘʟʦʤ. ʊʦ ʝʩʪʴ ʧʨʠ ʜʘʥʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʪʘʢ 

ʞʝ,  ʢʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʂʨʦʤʝ ʪʦʛʦ,  ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʧʦʜʚʠʞʥʘʷ ʬʘʟʘ ʪʝʯʝʪ ʚ ʟʘʥʠʤʘʝʤʦʤ ʝʶ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ çʩʚʦʝʛʦè ʜʘʚʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʪʘʢ, ʢʘʢ ʝʩʣʠ ʙʳ ʦʥʘ ʙʳʣʘ 

ʦʛʨʘʥʠʯʝʥʘ ʪʦʣʴʢʦ ʪʚʝʨʜʳʤʠ ʩʪʝʥʢʘʤʠ. ʊʦʛʜʘ, ʝʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ ʚ 

ʧʦʨʘʭ ʨʘʚʥʦʚʝʩʥʦ, ʜʣʷ ʦʜʥʦʤʝʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʜʚʫʭʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ 

ʩʧʨʘʚʝʜʣʠʚʳ ʫʨʘʚʥʝʥʠʷ: 

( )i i
i

i

k s P
u k

xm

µ
=-

µ
, 1,2i=       (1.35) 

2 1 ( )cP P P s- =       (1.36) 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ 

ʫʨʘʚʥʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʜʣʷ ʦʙʝʠʭ ʬʘʟ: 

1 0
s u

m
t x

µ µ
+ =

µ µ
       (1.37) 

2(1 )
0

s u
m

t x

µ - µ
+ =

µ µ
     (1.38) 

ʆʛʨʘʥʠʯʝʥʠʷ ʚ ʧʨʠʤʝʥʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʚʫʭʬʘʟʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʚ ʵʪʦʡ ʬʦʨʤʝ ʩʚʷʟʘʥʳ ʩ ʜʝʡʩʪʚʠʝʤ ʪʨʝʭ ʬʘʢʪʦʨʦʚ: 



 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, ʚʣʠʷʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ ʚ ʧʦʨʘʭ ʠ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ. 

 ʉʦʦʪʥʦʰʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʚ ʧʦʨʘʭ 

ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ [82]: 

c

l gradP

m

k
a

P =        (1.39) 

ʛʜʝ l  ð ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʨʦʚʦʛʦ ʢʘʥʘʣʘ, ʟʘʥʷʪʦʛʦ ʦʜʥʦʡ ʬʘʟʦʡ. ɽʩʣʠ 

ʚ ʢʘʯʝʩʪʚʝ l  ʧʨʠʥʷʪʴ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʨ
k

m
, ʪʦ ʚʤʝʩʪʦ cP  ʧʦʣʫʯʠʤ 

ʧʘʨʘʤʝʪʨ: 

c

k gradP

ma

*P =       (1.40) 

ʇʦʩʣʝʜʥʠʡ ʧʘʨʘʤʝʪʨ ʯʘʩʪʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ 

k
u gradP
m

=  ʠ ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʪʩʷ ʢʘʧʠʣʣʷʨʥʳʤ ʯʠʩʣʦʤ cN : 

c

u
N

m

m

a
=        (1.41) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʘʨʘʤʝʪʨ cN  ʧʨʠ 

ʤʘʣʳʭ ʝʛʦ ʟʥʘʯʝʥʠʷʭ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʠʜ ʢʨʠʚʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʧʣʦʪʴ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 0

cN . ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ɼ. ɸ. ʕʬʨʦʩʘ [82], ʟʥʘʯʝʥʠʝ 0

cN  ʠʤʝʝʪ ʧʦʨʷʜʦʢ 
510- . 

ʇʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʝ ʪʦʣʴʢʦ 

ʥʝʠʟʚʝʩʪʥʫʶ s.  ʀʟ ʫʨʘʚʥʝʥʠʡ (1.37) ʠ (1.38), ʢʘʢ ʠ ʨʘʥʴʰʝ ʩʣʝʜʫʝʪ, ʯʪʦ: 

1 2 ( )u u u t+ =  

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (1.35) ʜʣʷ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʬʘʟ 1u  ʠ 2u , ʧʦʣʫʯʠʤ: 

1 1 2 2

1 2

( ) ( )
( )

k s P k s P
u t k

x xm m

å õµ µ
- = +æ ö

µ µç ÷
     (1.42) 

ʊʘʢ ʢʘʢ 2 1 ( )cP P P s- = , ʪʦ  



 

( )2 1 1
1 ( ) ( )c

c c

P P P s P s
P P s P s

x x x s x x x

µ µ µ µ µ µ µ
¡= + = + = +

µ µ µ µ µ µ µ
 

ʇʦʜʩʪʘʚʠʤ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ (1.42): 

1 1

2 2

12 2

1

( ) ( ) ( )
( ) ( )c

Pk s P k s k s
u t k

s
P s

x xxm m m

µ µ
¡+

µ µ

å õµ
- = +æ ö

µç ÷
 

ʦʪʢʫʜʘ ʧʦʣʫʯʠʤ: 

2

2

2

1 2

1

1

( )
( )

( ) ( )

( )c

k s
u t

k

s
P s k

P x

x s k s
k k

m

m m

µ
¡

µ µ

+
µ

+

- =  

ʇʦʜʩʪʘʚʠʚ ʵʪʦ ʨʘʚʝʥʩʪʚʦ ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ 

ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʳ, ʧʦʣʫʯʠʤ: 

 

2

1 1 1 22
1

1 21 1 2
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( )
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)
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)
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(
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c
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x
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+
å õµ
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µ
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ʛʜʝ 1

1 0 2
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( )

( ) ( )

k s
f s

k s k sm
=

+
, 1

0

2

m
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m
= . 

ʆʪʢʫʜʘ ʜʣʷ ʧʨʦʠʟʚʦʜʥʦʡ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʧʝʨʚʦʡ ʬʘʟʳ: 

1 2 2

2 2

( ) ( )
( ) ( )( ) ( ) ( ) ( ) ( )c c

u k s s k s
u t f s u

s s
P s k f s P s kt f s

xx x xx xm m

è ø å õµ µ µ
¡ ¡+é ù

å õµ µ µ
¡= + =æ ö
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æ ö

µ µ µç ÷ê ú÷

 

ʀʩʧʦʣʴʟʦʚʘʚ ʵʪʦ ʚʳʨʘʞʝʥʠʷ ʠ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʣʷ ʚʳʪʝʩʥʷʶʱʝʡ 

ʬʘʟʳ (1.37), ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʩʳʱʝʥʥʦʩʪʠ: 

2

2

( )
(

( )
)

( ) ( 0) c

s
f s P

s s k s
m u t f s s

t x
k

x xm

µ µ
¡

å õµ µ
¡++

µ µ
=æ ö

µ µç ÷
   (1.43) 

 ɺ ʩʣʫʯʘʝ ʧʣʦʩʢʦʨʘʜʠʘʣʴʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʘʥʘʣʦʛʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʟʘʧʠʩʘʚ ʫʨʘʚʥʝʥʠʷ (1.35), (1.37) ʠ (1.38) ʚ ʧʦʣʷʨʥʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ: 



 

( )i i
i

i

k s P
u k

rm

µ
=-

µ
, 1,2i=       (1.44) 

1

1
( ) 0

s
m ru

r r r

µ µ
+ =

µ µ
      (1.45) 

2

(1 ) 1
( ) 0

s
m ru

r r r

µ - µ
+ =

µ µ
     (1.46) 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʠʤ: 

1 2

( )u t
u u

r
+ =  

2
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2

( ) (
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)
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ʠ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʥʘʩʳʱʝʥʥʦʩʪʠ: 
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2

1
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( ) ( )
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s
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s u t s k s
m f s
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¡+ =æ ö
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µ
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ʋʨʘʚʥʝʥʠʝ (1.43) ʠʟʚʝʩʪʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ ʫʨʘʚʥʝʥʠʝ ʈʘʧʦʧʦʨʪʘ-ʃʠʩʘ 

[41]. ʊʦʯʥʦʝ ʝʛʦ ʨʝʰʝʥʠʝ ʧʦʣʫʯʝʥʦ ʣʠʰʴ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʧʨʦʩʪʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ [81]. ʇʦʣʫʯʝʥʳ ʠʥʚʘʨʠʘʥʪʥʳʝ ʨʝʰʝʥʠʷ (ʪʠʧʘ 

ʚʦʣʥʳ, ʜʚʠʞʫʱʝʡʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʠ ʘʚʪʦʤʦʜʝʣʴʥʳʝ), ʘ ʪʘʢʞʝ 

ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ [83 - 87]. 

 

1.7 ʉʪʘʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʟʦʥʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ [44, 84] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʳʪʝʩʥʝʥʠʷ 

( )u t u const= =  ʚʙʣʠʟʠ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʚʩʝʤ ʟʥʘʯʝʥʠʷʤ ʥʘʩʳʱʝʥʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʘ ʠ ʪʘ ʞʝ ʩʢʦʨʦʩʪʴ cw  ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʢʘʯʢʘ 

ʥʘʩʳʱʝʥʥʦʩʪʠ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʢʘʯʦʢ). ʇʝʨʝʭʦʜʥʘʷ ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ 

(ʧʨʠʙʣʠʞʝʥʥʦ) ʩʦʙʣʶʜʘʝʪʩʷ ʫʢʘʟʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʪʝʯʝʥʠʷ, ʙʳʣʘ ʥʘʟʚʘʥʘ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ. ʀʟ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʚʳʪʝʢʘʝʪ ʥʝʠʟʤʝʥʥʦʩʪʴ ʝʝ ʨʘʟʤʝʨʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʚʠʞʫʱʠʤʩʷ ʬʨʦʥʪʦʤ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʥʝ ʜʦʣʞʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʚʨʝʤʝʥʠ. ɺ.ʄ. 



 

ʈʳʞʠʢʦʤ, ʀ.ɸ. ʏʘʨʥʳʤ ʠ ʏʵʥʴ-ʏʞʫʥ-ʉʷʥʦʤ [88] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʪʝʯʝʥʠʝ ʚ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʟʦʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʦʤʫ ʨʝʰʝʥʠʶ 

ʫʨʘʚʥʝʥʠʷ (1.43), ʧʦʣʫʯʘʝʤʦʤʫ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʘ, 

ʢʦʛʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

 ʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʝ [44] ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ 

ʧʨʷʤʦʣʠʥʝʡʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ. ɺʚʝʜʸʤ ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ: 

x
X

L
=  ʠ 

ut
T

mL
=  

ʛʜʝ L  - ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (1.43) 

ʧʨʠʤʝʪ ʚʠʜ: 
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ʛʜʝ 2( ) ( ))( ) (f s J sC s k s¡= .  

ɹʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ 0

2

cos( )
c

mk
N

uL

a q

m
=  ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʦʪʥʦʰʝʥʠʝ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʢ ʚʷʟʢʦʩʪʥʳʤ. ɽʩʣʠ 1cN  ʪʦ ʚʣʠʷʥʠʝʤ 

ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

 ʇʫʩʪʴ cw  - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʢʘʯʢʘ ʥʘʩʳʱʝʥʥʦʩʪʠ. ʉʜʝʣʘʝʤ 

ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ X DTx= -  ʠ ʙʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.48) ʚ 

ʚʠʜʝ ʙʝʛʫʱʝʡ ʚʦʣʥʳ: 

( ) ( )s s s X DTx= = -       (1.49) 

ʛʜʝ D  - ʙʝʟʨʘʟʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʩʢʘʯʢʘ ʥʘʩʳʱʝʥʥʦʩʪʠ 

c

m
D w

u
=  



 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʚʳʪʝʩʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ, ʪʦʛʜʘ ʠʟ ʫʨʘʚʥʝʥʠʡ (1.30) 

ʠ (1.31) ʧʦʣʫʯʠʤ 
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0

( ) ( )
( ) c

c c
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m f s f s
D w f s

u s s

-
¡= = =
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ʛʜʝ cs  - ʟʥʘʯʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʥʘ ʩʢʘʯʢʝ, 0s  - ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʧʝʨʝʜ ʩʢʘʯʢʦʤ. 

ʀʟ (1.49)  ʩʣʝʜʫʝʪ: 
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ʇʦʜʩʪʘʚʠʚ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʚ (48) ʧʦʣʫʯʠʤ: 

 

( ( ) 0) c

d ds
N C s

ds d

d

s
s

d d
D f

dx x x x
¡- +

å õ
+ =æ ö

ç ÷
 

ʋʯʠʪʳʚʘʷ ʯʪʦ 
( )

( )
ds df s

f s
d dx x

¡ = , ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʧʦ x: 

( ( )) c

ds
N C ss ADs f

dx
- + + =     (1.50) 

ʛʜʝ A - ʢʦʥʩʪʘʥʪʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ʊʨʝʙʦʚʘʥʠʝ ʩʤʳʢʘʥʠʷ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ ʩ ʨʝʰʝʥʠʝʤ ɹʘʢʣʠ-

ʃʝʚʝʨʝʪʪʘ, ʘ ʪʘʢʞʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʪʝʯʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʩʚʷʟʘʥʥʦʡ ʩʦ ʩʢʘʯʢʦʤ, ʧʨʠʚʦʜʷʪ ʢ ʩʣʝʜʫʶʱʠʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ: 

( ) cs s-¤ = ʠ 0( )s s+¤ =      (1.51) 

ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 0
ds

dx
=  ʧʨʠ x°¤. ʇʦʜʩʪʘʚʠʚ ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ (1.50) 

ʚ ʩʦʦʪʥʦʰʝʥʠʝ (1.50) ʦʧʨʝʜʝʣʠʤ ʢʦʥʩʪʘʥʪʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: 

( )c cA f s Ds= -  

ʇʨʠ ʵʪʦʤ ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ (1.51) ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʦʜʩʪʘʚʠʚ 

ʪʝʧʝʨʴ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʚ ʫʨʘʚʥʝʥʠʝ (1.50) ʠ ʨʘʟʨʝʰʠʚ ʧʦʣʫʯʝʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 
d

sd

x
 ʥʘʡʜʝʤ: 
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ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʠʤ:  

1

1

( )

( ) ( ) ( )

s

c

c

s cf s f s D s s

C s
N dsx x

- - -
- =ñ     (1.52) 

ʛʜʝ 1s  ( 0 1 cs s s< <) ʠ 1x ð ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʠʨʘʝʤʦʝ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ 

ʢʦʦʨʜʠʥʘʪ. 

ʌʦʨʤʫʣʘ (1.52) ʦʧʠʩʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚ 

ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ, ʢʦʪʦʨʘʷ ʚʚʠʜʫ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʝʡ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦ ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʟʦʥʦʡ. 

ʐʠʨʠʥʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʟʦʥʳ d ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ, ʥʘʩʳʱʝʥʥʦʩʪʠ ʚ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʜʝʣʴʥʳʭ cs  ʠ 0s  ʥʘ 

ʥʝʢʦʪʦʨʫʶ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ sd, ʪʦ ʝʩʪʴ ʢʘʢ 

0( ) ( )c cs s s sd x d x d= + - - 

ɺ ʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʰʠʨʠʥʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʟʦʥʳ  
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c c

mk
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m
º º       (1.53) 

ʪʦ ʝʩʪʴ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʠʣʠ ʩʢʦʨʦʩʪʠ 

ʩʢʘʯʢʘ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (1.48) ʚʠʜʘ (1.52) ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʳʪʝʩʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʟʦʥʝ ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ.  

 

1.8 ʅʝʨʘʚʥʦʚʝʩʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. 

 

ɺ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʣʝʞʠʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʤʘʢʨʦʦʙʲʝʤʝ 

ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʦ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ ʣʦʢʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ s. ɺʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 



 

ʬʘʟ ʚ ʦʪʜʝʣʴʥʦʤ ʵʣʝʤʝʥʪʝ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, ʩʦʛʣʘʩʥʦ [44] ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʧʦ ʬʦʨʤʫʣʝ: 
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      (1.54) 

ʛʜʝ k - ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʵʣʝʤʝʥʪʘ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, l - ʝʛʦ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ, 

cPD  - ʜʝʡʩʪʚʫʶʱʘʷ ʨʘʟʥʠʮʘ ʢʘʧʠʣʣʷʨʥʳʭ ʜʘʚʣʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ 

ʤʘʩʰʪʘʙʘ ʦʩʨʝʜʥʝʥʠʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʚʫʭʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ 

ʭʘʨʘʢʪʝʨʥʳʡ ʤʘʩʰʪʘʙ ʚʨʝʤʝʥʠ, ʦʪʜʝʣʷʶʱʠʡ çʤʝʜʣʝʥʥʳʝè ʧʨʦʮʝʩʩʳ 

ʜʚʫʭʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʤʝʥʠʤʘ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʚʳʪʝʩʥʝʥʠʷ, ʦʪ çʙʳʩʪʨʳʭè, ʥʘ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ 

ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʧʨʦʮʝʩʩʳ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʚ ʧʦʪʦʢʝ ʠʤʝʶʪʩʷ ʦʙʣʘʩʪʠ 

ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ð ʬʨʦʥʪʳ ʚʳʪʝʩʥʝʥʠʷ, ʪʦʣʱʠʥʘ 

ʢʦʪʦʨʳʭ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʚʳʪʝʩʥʝʥʠʷ, ʠ, ʧʨʠ ʵʪʦʤ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʥʫʪʨʠ 

ʬʨʦʥʪʦʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʳʪʝʩʥʝʥʠʷ ʜʦʣʞʝʥ  

ʥʘʩʪʫʧʠʪʴ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ 

ʩʪʘʥʝʪ ʩʦʧʦʩʪʘʚʠʤʳʤ ʩʦ ʚʨʝʤʝʥʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ʆʙʳʯʥʘʷ ʪʝʦʨʠʷ ʧʨʠ ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʠʤʝʥʠʤʦʡ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪʳ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ. 

 ʉʨʝʜʠ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʚ ʦʙʲʝʤʝ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, ʥʘʠʙʦʣʴʰʫʶ ʠʟʚʝʩʪʥʦʩʪʴ 

ʧʦʣʫʯʠʣʘ ʤʦʜʝʣʴ ɹʘʨʝʥʙʣʘʪʪʘ [50,51,52]. ɸʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ 

ʚ ʨʘʙʦʪʝ [44], ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʚʳʪʝʩʥʝʥʠʷ ʥʝʩʤʘʯʠʚʘʶʱʝʡ ʞʠʜʢʦʩʪʠ 

ʩʤʘʯʠʚʘʶʱʝʡ ʠʟ ʛʠʜʨʦʬʠʣʴʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʧʦʪʦʢʝ ʢʘʥʘʣʳ, ʧʦ ʢʦʪʦʨʳʤ ʧʝʨʝʤʝʱʘʶʪʩʷ ʬʘʟʳ, ʨʘʟʣʠʯʥʳ: 

ʧʦ ʙʦʣʝʝ ʫʟʢʠʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʩʤʘʯʠʚʘʶʱʘʷ ʬʘʟʘ, ʧʦ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ð 

ʥʝʩʤʘʯʠʚʘʶʱʘʷ. ʇʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ʩʤʘʯʠʚʘʶʱʝʡ ʬʘʟʦʡ, 

ʝʡ ʧʨʝʜʩʪʦʠʪ ʚʳʪʝʩʥʠʪʴ ʥʝʩʤʘʯʠʚʘʶʱʫʶ ʠʟ ʯʘʩʪʠ ʟʘʥʷʪʳʭ ʝʶ, ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʠʭ ʢʘʥʘʣʦʚ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʤʛʥʦʚʝʥʥʦ, ʠ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʵʪʘʧʝ ʯʘʩʪʴ ʚʳʪʝʩʥʷʝʤʦʡ ʬʘʟʳ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʚ ʫʟʢʠʭ ʢʘʥʘʣʘʭ, ʘ ʯʘʩʪʴ 



 

ʚʳʪʝʩʥʷʶʱʝʡ ʚʨʝʤʝʥʥʦ ʜʚʠʞʝʪʩʷ ʧʦ ʙʦʣʝʝ ʰʠʨʦʢʠʤ, ʯʝʤ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʧʦʪʦʢʝ, ʢʘʥʘʣʘʤ. ʇʦʵʪʦʤʫ ʬʘʟʦʚʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʚʳʪʝʩʥʷʶʱʝʡ ʬʘʟʳ 

ʚʨʝʤʝʥʥʦ ʚʳʰʝ, ʘ ʜʣʷ ʚʳʪʝʩʥʷʝʤʦʡ ð ʚʨʝʤʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʧʦʪʦʢʝ ʧʨʠ ʪʦʡ ʞʝ ʥʘʩʳʱʝʥʥʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʬʘʟʦʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʧʦʪʦʢʝ ʵʢʚʠʚʘʣʝʥʪʥʦ ʢʘʢ ʙʳ 

ʤʛʥʦʚʝʥʥʦʤʫ ʫʩʪʘʥʦʚʣʝʥʠʶ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʦʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

ʦʪʚʝʯʘʶʱʝʡ ʥʝʢʦʪʦʨʦʡ ʫʚʝʣʠʯʝʥʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʥʘʩʳʱʝʥʥʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʦ ʫʤʝʥʴʰʝʥʠʝ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʧʦʪʦʢʝ 

ʬʘʟʦʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʚʳʪʝʩʥʷʝʤʦʡ ʞʠʜʢʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦ ʢʘʢ ʙʳ 

ʤʛʥʦʚʝʥʥʦʤʫ ʫʩʪʘʥʦʚʣʝʥʠʶ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʫʚʝʣʠʯʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʴʶ.  

ɺ ʨʘʙʦʪʝ ɹʘʨʝʥʙʣʘʪʪʘ [44] ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʬʘʟʦʚʳʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʥʘʩʳʱʝʥʥʦʩʪʠ s ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʘʟʦʚʳʤ 

ʧʨʦʥʠʮʘʝʤʦʩʪʷʤ ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ s. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʙʝʟ ʫʯʸʪʘ ʩʢʘʯʢʘ 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʬʘʟ ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ: 
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ʏʪʦʙʳ ʟʘʤʢʥʫʪʴ ʵʪʫ ʩʠʩʪʝʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʩʚʷʟʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ 

ʥʘʩʳʱʝʥʥʦʩʪʴ s ʩ ʠʩʪʠʥʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʴʶ s. ɽʩʪʝʩʪʚʝʥʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʪʣʠʯʠʝ s ʦʪ s ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʠʟʤʝʥʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ 
s

t

µ

µ
 ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʜʘʥʥʦʡ ʩʨʝʜʳ ʚʨʝʤʝʥʝʤ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ t: 
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ʛʜʝ F - ʥʝʢʘʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʘʨʛʫʤʝʥʪʝ ʬʫʥʢʮʠʷ, 

ʧʨʠʯʸʤ (0) 0F =. ʆʛʨʘʥʠʯʠʚʰʠʩʴ ʣʠʥʝʡʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʠ ʩʯʠʪʘʷ t 

ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʦʞʠʤ: 
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 ɸʥʘʣʦʛʠʯʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ, ʫʨʘʚʥʝʥʠʷ (1.55),(1.56) ʠ (1.57) 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʫʨʘʚʥʝʥʠʶ ʜʣʷ ʥʘʩʳʱʝʥʥʦʩʪʠ s ʠ ʧʦʣʥʦʡ ʩʢʦʨʦʩʪʠ 

ʬʠʣʴʪʨʘʮʠʠ u : 
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 ɺʚʝʜʸʤ ʙʝʟʨʘʟʤʝʨʥʳʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ: 
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ʛʜʝ L  - ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (1.58) 

ʧʨʠʤʝʪ ʚʠʜ: 
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 ʇʨʦʚʝʜʝʤ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʘʨʘʤʝʪʨ e ʤʘʣ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʥʝʰʥʝʛʦ ʨʝʰʝʥʠʷ 

ʧʦʣʫʯʘʝʤ ʪʫ ʞʝ ʟʘʜʘʯʫ, ʯʪʦ ʚʦʟʥʠʢʘʝʪ ʙʝʟ ʫʯʸʪʘ ʵʬʬʝʢʪʘ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ, 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʚʠʜ ʨʝʰʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʨʘʟʨʳʚʘ ʥʘʩʳʱʝʥʥʦʩʪʠ. 

ʅʝʨʘʚʥʦʚʝʩʥʦʩʪʴ ʩʢʘʞʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʝʰʝʥʠʠ. ʆʙʣʘʩʪʴ 

ʙʳʩʪʨʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʠʡ 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʳʚʘ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ 

ʨʝʰʝʥʠʷ. ʇʫʩʪʴ cw  - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʢʘʯʢʘ ʥʘʩʳʱʝʥʥʦʩʪʠ. ʂʘʢ 

ʠ ʨʘʥʴʰʝ, ʩʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ X DTx= -  ʠ ʙʫʜʝʤ ʠʩʢʘʪʴ 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.59) ʚ ʚʠʜʝ ʙʝʛʫʱʝʡ ʚʦʣʥʳ: 

( ) ( )s s s X DTx= = -       (1.60) 

ʛʜʝ D, ʢʘʢ ʠ ʨʘʥʝʝ, ʙʝʟʨʘʟʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʩʢʘʯʢʘ 

ʥʘʩʳʱʝʥʥʦʩʪʠ 
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ʛʜʝ cs  - ʟʥʘʯʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʥʘ ʩʢʘʯʢʝ, 0s  - ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʧʝʨʝʜ ʩʢʘʯʢʦʤ. 

ʉʜʝʣʘʚ ʚ ʫʨʘʚʥʝʥʠʠ (1.59) ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʝʛʦ ʧʦ x ʧʨʠʜʸʤ ʢ 

ʫʨʘʚʥʝʥʠʶ: 
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ʛʜʝ A - ʢʦʥʩʪʘʥʪʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʣʠʷʥʠʷ ʩʠʣ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʜʚʫʭʬʘʟʥʦʝ ʪʝʯʝʥʠʝ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʙʝʨʫʪʩʷ ʠʟ 

ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʠ ʠʤʝʶʪ ʚʠʜ ( ) cs s-¤ = ʠ 0( )s s+¤ =; 0
ds

dx
=  ʧʨʠ 

x°¤. ʇʦʜʩʪʘʚʠʚ ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ ʚ ʩʦʦʪʥʦʰʝʥʠʝ (1.51) ʦʧʨʝʜʝʣʠʤ 

ʢʦʥʩʪʘʥʪʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: 

( )c cA f s Ds= -  

ʇʦʜʩʪʘʚʠʚ ʪʝʧʝʨʴ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʚ ʫʨʘʚʥʝʥʠʝ (1.61) ʧʦʣʫʯʠʤ: 

( 0( ) )c c

ds

d
D s s f s D f se

x

å õ
- - + - -æ ö

ç ÷
=  

ʇʝʨʝʧʠʰʝʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ  ʚ ʚʠʜʝ: 

( )( ) ( )c cD f s D
ds

s F s
d

se
x

-= - -      (1.62) 

ʛʜʝ F  - ʬʫʥʢʮʠʷ, ʦʙʨʘʪʥʘʷ  f . ʆʥʘ ʦʧʨʝʜʝʣʝʥʘ ʠ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 

ʦʪʨʝʟʢʝ [0,1]; ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (1.62) ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ ʧʦ ʢʦʥʮʘʤ 

ʠʥʪʝʨʚʘʣʘ 0[ , ]cs s ʠ ʧʦʣʦʞʠʪʝʣʴʥʘ ʚʥʫʪʨʠ ʥʝʛʦ. ʇʝʨʝʧʠʩʘʚ ʠ 

ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʫʨʘʚʥʝʥʠʷ (1.62) ʧʦ s, ʧʦʣʫʯʠʤ: 



 

( )
1

1
( ) ( )c

s

s cf s D s

ds
D

ss F
x x e

-
=

- -
- ñ     (1.63) 

ʛʜʝ 1s  ( 0 1 cs s s< <) ʠ 1x ð ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʠʨʘʝʤʦʝ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ 

ʢʦʦʨʜʠʥʘʪ. ʀʟ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʢʘʢ ʠ ʨʘʥʝʝ, ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʣʱʠʥʳ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ed ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ, ʥʘʩʳʱʝʥʥʦʩʪʠ ʚ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʜʝʣʴʥʳʭ cs  ʠ 0s  ʥʘ 

ʥʝʢʦʪʦʨʫʶ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ s: 

( )
0

( ) ( )

c

c c

s

s
f s D

ds
D

ss s

s

s

x e
c

-

+

D =
-- -ñ      (1.64) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʨʫʢʪʫʨʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʣʠʷʥʠʝʤ ʢʘʧʠʣʣʷʨʥʦʛʦ, ʪʦʣʱʠʥʘ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʧʨʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ ʚ ʨʘʟʤʝʨʥʳʭ ʝʜʠʥʠʮʘʭ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʚʳʪʝʩʥʝʥʠʷ: 

e c

u
DL D w

m

t
d e tº = =      (1.65) 

ʆʪʥʦʰʝʥʠʝ ʰʠʨʠʥʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʟʦʥʳ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʘʧʠʣʣʷʨʥʳʭ ʵʬʬʝʢʪʦʚ ʢ ʘʥʘʣʦʛʠʯʥʦʡ ʚʝʣʠʯʠʥʝ, ʚʦʟʥʠʢʘʶʱʝʡ 

ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ, ʠʤʝʝʪ ʚʠʜ: 

2

c

e

m mk

u

d a

d mt
=  

ʇʦʵʪʦʤʫ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʪʚʝʯʘʶʱʘʷ ʩʣʫʯʘʶ, ʢʦʛʜʘ 1c

e

d

d
, 

ʩʧʨʘʚʝʜʣʠʚʘ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʚʳʪʝʩʥʝʥʠʷ, ʘ ʩʣʫʯʘʡ, ʢʦʛʜʘ 1c

e

d

d
 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʠʤ 

ʩʢʦʨʦʩʪʷʤ. 

 

1.9 ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ 

 



 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʫʭʬʘʟʥʳʭ ʪʝʯʝʥʠʡ  ʧʦʩʚʷʱʸʥ ʨʷʜ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʫʯʝʥʠʝ ʪʝʯʝʥʠʡ 

ʞʠʜʢʦʩʪʝʡ ʚ ʤʦʜʝʣʷʭ ʧʦʨʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʷʯʝʡʢʦʡ ʍʝʣʝ-

ʐʦʫ, ʠʣʠ ʦʪʜʝʣʴʥʳʤ ʢʘʧʠʣʣʷʨʦʤ [89,90].   ɺ 1956 ʛʦʜʫ ʊʝʡʣʦʨ ʧʦʩʪʘʚʠʣ 

ʟʘʜʘʯʫ ʦ  ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ, 

ʢʦʛʜʘ ʤʝʥʝʝ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ ʚʳʪʝʩʥʷʝʪ ʙʦʣʝʝ ʚʷʟʢʫʶ ʠ ʢʦʪʦʨʘʷ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʯʘʩʪʠʯʥʦ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ çʢʦʥʫʩʦʚè ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʥ ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ 

ʜʚʫʭʬʘʟʥʦʝ ʪʝʯʝʥʠʝ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʤʦʞʝʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʪʝʯʝʥʠʝʤ 

ʚ ʷʯʝʡʢʝ ʍʝʣʝ-ʐʦʫ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, 

ʨʘʟʜʝʣʸʥʥʳʭ ʤʘʣʳʤ ʧʨʦʤʝʞʫʪʢʦʤ b. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʜʘʚʣʝʥʠʝʤ P  

ʢʘʢ 
2

( )
12

b
u grad P

m
=-  ʧʨʠ ʫʩʣʦʚʠʠ ( ) 0div u = , ʪʦ ʝʩʪʴ ʪʝʯʝʥʠʝ ʧʦʜʯʠʥʷʝʪʩʷ 

ʟʘʢʦʥʫ ɼʘʨʩʠ ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʩʨʝʜʳ 
2

12

b
k= .  ʕʪʦ ʧʨʠʙʣʠʞʝʥʠʝ ʚʝʨʥʦ, 

ʝʩʣʠ ʟʘʟʦʨ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʤʥʦʛʦ ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʧʣʘʩʪʠʥ. 

 ʇʦʟʞʝ ʧʨʝʜʩʢʘʟʘʥʥʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʙʳʣʘ ʢʘʯʝʩʪʚʝʥʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʷʯʝʡʢʦʡ ʍʝʣʝ-ʐʦʫ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʩʪʘʜʠʠ ʥʘʨʘʩʪʘʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʡ - çʧʘʣʴʮʝʚè ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ. ɼʘʣʝʝ 

ʦʜʠʥ ʠʟ ʧʘʣʴʮʝʚ ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ ʟʘ ʩʯʸʪ ʦʩʪʘʣʴʥʳʭ ʠ ʩʦ ʚʨʝʤʝʥʝʤ  ʪʝʯʝʥʠʝ 

ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʦʜʥʦʛʦ ʩʪʘʙʠʣʴʥʦʛʦ ʚʳʪʷʥʫʪʦʛʦ ʧʘʣʴʮʘ. ʊʝʦʨʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʣʴʮʝʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʯʸʪʢʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʥʝʩʤʝʰʠʚʘʶʱʠʤʠʩʷ ʞʠʜʢʦʩʪʷʤʠ ʠ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʥʘ ʥʝʡ ʥʦʨʤʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʠ 

ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ, ʩʦʧʦʩʪʘʚʣʝʥʘ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʠ 

ʦʧʠʩʘʥʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʘʪʴʝ ʉʘʬʬʤʘʥʘ ʠ ʊʝʡʣʦʨʘ ʚ 1958 ʛʦʜʫ [89].  

 ʗʚʣʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ çʷʟʳʢʘè ʤʝʥʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 

ʚʳʪʝʩʥʝʥʠʠ ʙʦʣʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʨʘʙʦʪʘʭ ɼʞ. ʊʝʡʣʦʨʘ ʠ ʌ. ɼʞ. 



 

ʉʘʬʬʤʘʥʘ [89-92] ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʧʨʦʨʳʚʫ ʤʝʥʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʢ ʫʩʪʴʶ 

ʩʢʚʘʞʠʥʳ. ʋʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʨʘʤʢʘʭ ʜʝʡʩʪʚʠʷ ʟʘʢʦʥʘ ɼʘʨʩʠ ʠ ʙʝʟ 

ʫʯʝʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ʝʩʣʠ ( )1 2
1 2
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ç ÷
, ʪʦ ʛʨʘʥʠʮʘ ʫʩʪʦʡʯʠʚʘ ,  (1.66) 

ʝʩʣʠ ( )1 2
1 2
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r r
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- + - <æ ö

ç ÷
, ʪʦ ʛʨʘʥʠʮʘ ʥʝʫʩʪʦʡʯʠʚʘ.(1.67) 

ɿʜʝʩʴ ʠʥʜʝʢʩ 1 ʦʪʥʦʩʠʪʩʷ ʢ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʠʥʜʝʢʩ 2 ï ʢ 

ʚʳʪʝʩʥʷʝʤʦʡ ʞʠʜʢʦʩʪʠ,  g  ï ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ u ; m, k  ʠ r - 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʷʟʢʦʩʪʴ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʝʡ. 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɼʘʨʩʠ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʤʝʝʪ 

ʚʠʜ:            

                            ( )
k

u grad P gx gradr j
m

=- + =    (1.68) 

ʛʜʝ xï ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ, ʘ  j -  ʧʦʪʝʥʮʠʘʣ ʪʝʯʝʥʠʷ. ɼʣʷ ʦʧʠʩʘʥʠʷ 

ʚʦʟʤʫʱʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ( , )x y , ʧʨʠʯʸʤ ʧʣʦʩʢʦʩʪʴ 0x=  ʩʦʚʧʘʜʘʝʪ ʩ ʤʛʥʦʚʝʥʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʥʝʚʦʟʤʫʱʸʥʥʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ʅʘʣʦʞʠʤ ʥʘ ʛʨʘʥʠʮʫ 

ʚʦʣʥʦʦʙʨʘʟʥʦʝ ʚʦʟʤʫʱʝʥʠʝ z ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ 
2

n

p
l= : 

 exp( )a inyz gt= +      (1.69) 

 ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʩʞʠʤʘʝʤʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʧʦʩʪʦʷʥʥʦʡ ʠ 

ʦʜʥʦʨʦʜʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʜʘʸʪ ʫʩʣʦʚʠʝ ʥʘ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ( ) 0div u = , ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ:  

2 0jÐ =      (1.70) 

ɺʘʞʥʳʤ  ʷʚʣʷʝʪʩʷ  ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʯʸʪʢʦʡ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʞʠʜʢʦʩʪʷʤʠ, ʚʙʣʠʟʠ ʦʪ ʢʦʪʦʨʦʡ ʥʦʨʤʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 



 

ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʝ ʥʝʧʨʝʨʳʚʥʳ (ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ). ʈʘʩʩʤʦʪʨʠʤ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ 

ʞʠʜʢʦʩʪʝʡ ʚ ʚʠʜʝ U u u= +, ʛʜʝ u const= , u u. ʊʦʛʜʘ ʧʨʠ 0x= : 

u
z
gz

t

µ
= =
µ

 

ʪʦ ʝʩʪʴ 

exp( )U u a inyg gt= + +  

ʀʟ-ʟʘ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʥʦʨʤʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʝʡ: 

1 2 exp( )u a iny
x x

j j
g gt

µ µ
= = + +

µ µ
 

ʇʨʠ x°¤ 1j ʠ 2j  ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʴʩʷ ʢ ux. ʈʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ 

ʃʘʧʣʘʩʘ 
2 0jÐ = ʩ ʪʘʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʳ: 

1

2

( )exp( )

( )exp( )

a
ux iny nx

n

a
ux iny nx

n

g
j gt

g
j gt

= + + +

= - - +

 

ʊʝʧʝʨʴ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʜʘʚʣʝʥʠʡ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

1 2P P=     ʛʜʝ     1
1 1 1

1

P gx
k

m
j r=- - ,    ʘ    2

2 2 2

2

P gx
k

m
j r=- -    ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʧʦʣʫʯʠʤ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ s: 

1 2 2 1
2 1

1 2 2 1

( ) ( ) ( )g u
n k k k k

g m m m m
r r+ = - + -   (1.71) 

ɽʩʣʠ ʧʨʘʚʘʷ ʯʘʩʪʴ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʪʦ ʠ g ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ 

ʪʦʛʜʘ ʘʤʧʣʠʪʫʜʘ ʦʪʢʣʦʥʝʥʠʷ ʙʫʜʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʥʘʨʘʩʪʘʪʴ ʧʦ ʚʨʝʤʝʥʠ, 

ʪʦ ʝʩʪʴ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʙʫʜʝʪ ʥʝʫʩʪʦʡʯʠʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʤʘʣʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. ʀ ʥʘʦʙʦʨʦʪ, ʝʩʣʠ ʧʨʘʚʘʷ ʯʘʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪʦ 

ʜʚʠʞʝʥʠʝ ʛʨʘʥʠʮʳ ʙʫʜʝʪ ʩʪʘʙʠʣʴʥʦ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʚʝʨʝʥ ʜʣʷ ʣʶʙʳʭ ʜʣʠʥ 

ʚʦʣʥ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʣʶʙʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

 ɺʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʘʩʩʤʦʪʨʠʤ 



 

ʫʟʢʫʶ ʱʝʣʴ ʰʠʨʠʥʳ b ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ (ʷʯʝʡʢʫ 

ʍʝʣʝ-ʐʦʫ), ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʣʝ 

ʪʷʞʝʩʪʠ. ʇʫʩʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʜʠʥʘʢʦʚʘ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

1 2k k k= =. ɺʝʣʠʯʠʥʫ ʩʢʘʯʢʘ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʣʠʷʶʱʝʛʦ ʥʘ 

ʢʨʠʚʠʟʥʫ ʬʨʦʥʪʘ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʚ ʧʣʦʩʢʦʩʪʠ ʷʯʝʡʢʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʨʘʚʥʦʡ  
1

cP
R
a=  ,  ʛʜʝ R- ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʨʦʝʢʮʠʠ ʢʦʥʯʠʢʘ çʷʟʳʢʘè ʥʘ 

ʧʣʦʩʢʦʩʪʴ ʧʣʘʩʪʠʥʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʷʯʝʡʢʫ: 

                                             

3

2 2

2 2

2 2

(1 ( ) )
1y

R

y y

z

z z

µ
+
µ

= º
µ µ

µ µ

 

ʘ a ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 

ʉ ʫʯʸʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʳʨʘʞʝʥʠʝ (1.71) ʜʣʷ g ʧʨʠʤʝʪ ʚʠʜ: 

3

1 2 2 1

2 2
( ) ( ) ( )

u

k k

g p p
m m m m a

l l
+ = Ö - -    (1.72) 

ʛʜʝ  
2

n
p

l
= .  ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʙʦʣʴʰʝ 

ʢʨʠʪʠʯʝʩʢʦʡ: 

 
2 1

2
( )

k

u

a
l l p

m m

*> =
-

      (1.73) 

ʇʨʠʯʸʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʦʩʪʠʛʘʝʪʩʷ, ʝʩʣʠ ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ   
*3l l=    

          ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʷʯʝʡʢʦʡ ʍʝʣʝ-ʐʦʫ ʬʨʦʥʪ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ 

ʦʙʳʯʥʦ ʙʳʚʘʝʪ ʥʝʫʩʪʦʡʯʠʚ ʧʦ ʰʠʨʠʥʝ ʷʯʝʡʢʠ, ʥʦ ʫʩʪʦʡʯʠʚ ʧʦ ʪʦʣʱʠʥʝ 

ʱʝʣʠ, ʪʘʢ ʢʘʢ ʪʦʣʱʠʥʘ ʱʝʣʠ ʤʥʦʛʦ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. 

ʐʠʨʠʥʘ ʷʯʝʡʢʠ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʪʦʣʱʠʥʫ ʱʝʣʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. ʉʣʝʜʩʪʚʠʝʤ ʪʘʢʦʡ ʛʝʦʤʝʪʨʠʠ ʷʯʝʡʢʠ 



 

ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʥʝʡ ʷʟʳʢʘ ʚʳʪʝʩʥʷʶʱʝʡ ʤʝʥʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. 

ʐʠʨʠʥʘ  ʷʟʳʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʙʣʠʟʢʘ ʢ ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʣʫʜʣʠʥʝ ʚʦʣʥʳ.  

 

1.10 ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʷ ɹʘʢʣʠ ð ʃʝʚʝʨʝʪʪʘ. 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ ɹʘʢʣʠ ð ʃʝʚʝʨʝʪʪʘ ʚ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʥʫʞʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʚʦʟʤʫʱʝʥʠʷʤʠ, 

ʜʣʠʥʘ ʚʦʣʥʳ ʢʦʪʦʨʳʭ (ʢʨʠʚʠʟʥʘ ʬʨʦʥʪʘ ʩʢʘʯʢʘ) ʚʝʣʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʦʣʱʠʥʦʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ. ɸʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ 

ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʝ [44], ʨʘʩʩʤʦʪʨʠʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʚʳʪʝʩʥʝʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ.  ʂʘʢ ʠ ʨʘʥʝʝ, ʫʨʘʚʥʝʥʠʷ 

ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʟʘʧʠʰʫʪʩʷ ʚ 

ʚʠʜʝ: 

( )i
i

i

k s P
u k

xm

µ
=-

µ
, 1,2i=       (1.74) 

1 0
s u

m
t x

µ µ
+ =

µ µ
       (1.75) 

2(1 )
0

s u
m

t x

µ - µ
+ =

µ µ
      (1.76) 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ ʦʩʠ x  ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʬʠʣʴʪʨʘʮʠʠ 0 10 20u u u= + . ʇʦʟʘʜʠ ʠ ʚʧʝʨʝʜʠ ʩʢʘʯʢʘ, 

ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ cw, ʥʘʩʳʱʝʥʥʦʩʪʴ ʧʦʩʪʦʷʥʥʘ ʠ ʨʘʚʥʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ cs s-=  0s s+= . ʇʨʠ ʵʪʦʤ, ʢʘʢ ʠ ʨʘʥʝʝ, ʚʳʧʦʣʥʷʶʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʷ: 

0 0 0

0

( ) ( )
( ) c

c c

c

u u f s f s
w f s

m m s s

-
¡= =

-
     (1.77) 

10 0( )cu f s u-=  ʧʨʠ 0x<       (1.78) 

10 0 0( )u f s u+=  ʧʨʠ 0x>       (1.79) 



 

ʛʜʝ cx w tx= -  ʢʦʦʨʜʠʥʘʪʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʣʦʞʝʥʠʝʤ ʬʨʦʥʪʘ. ʀʟ 

ʩʦʦʪʥʦʰʝʥʠʡ (1.74), (1.78), (1.79) ʠ ʫʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʘʚʣʝʥʠʷ ʥʘ 

ʩʢʘʯʢʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʜʘʚʣʝʥʠʷ: 

1 0
0 0

c

u
P p

k

m
x

j

-=- + ʧʨʠ 0x<      (1.78) 

1 0
0 0

0

u
P p

k

m
x

j

+=- + ʧʨʠ 0x>      (1.79) 

ʛʜʝ 0p  - ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʩʢʘʯʢʝ, 1
1 0 2

( )
( ) ( ) ( )

( )

k s
s k s k s

f s
j m= = +  

( )c csj j=  0 0( )sj j= . 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ (1.74) ʠ (1.75), 

ʦʪʣʠʯʘʶʱʝʝʩʷ ʦʪ ʦʧʠʩʳʚʘʝʤʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (1.77-1.79) ʥʘ ʚʝʣʠʯʠʥʫ 

ʤʘʣʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʠ ʵʪʦʤ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʜʦ ʠ ʧʦʩʣʝ ʬʨʦʥʪʘ ʦʩʪʘʚʠʤ ʧʨʝʞʥʠʤʠ: 

1 10 1u u ue*= + ,  2 20 2u u ue*= + ,  1 2 0u u u u ue*= + = +,  ʠ 0P P pe*= +  (1.80) 

ʛʜʝ e - ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ. 

ʅʘʣʦʞʠʤ ʥʘ ʬʨʦʥʪ ʩʢʘʯʢʘ ʥʘʩʳʱʝʥʥʦʩʪʠ ʤʘʣʦʝ ʚʦʟʤʫʱʝʥʠʝ ( , )y tz ez=  ʠ 

ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʙʝʛʫʱʝʡ ʚʦʟʤʫʱʸʥʥʦʡ ʚʦʣʥʳ: 

( ) ( ( , ))cs s s x w t y tx ez= = - -      (1.81) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (74) ʧʦʣʫʯʠʤ: 

( )
0c

s f s
m w u

t

z
e

x x

µ µ µå õ
- + + =æ ö
µ µ µç ÷

 

ʆʪʢʫʜʘ, ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʠ x+¤ 0s s  ʠ  

x-¤ cs s  ʧʦʣʫʯʠʤ: 

0 0 0( ) ( )c c cms w uf s ms w uf s
t t

z z
e e
µ µå õ å õ
+ + = + +æ ö æ ö

µ µç ÷ ç ÷
 



 

ʇʦʩʢʦʣʴʢʫ ʚʦʟʤʫʱʝʥʠʷ ʤʘʣʳ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʩʢʘʯʢʝ ʥʘʩʳʱʝʥʥʦʩʪʠ 

ʤʦʞʥʦ ʩʥʝʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʴ x. ʊʦʛʜʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʘʣʳʭ ʚʝʣʠʯʠʥ 

ʧʦʨʷʜʢʘ e ʧʦʣʫʯʠʤ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠ 0x= : 

1 1

( )c o

u u

t m s s

z *- *+µ -
=

µ -
      (1.82) 

1 2 1 2u u u u u*- *- *+ *+ *+ = + =     (1.83) 

ɸʥʘʣʦʛʠʯʥʦ ʠʟ ʫʨʘʚʥʝʥʠʡ (1.78) ʠ (1.79) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʟʥʠʮʳ 

ʚʦʟʤʫʱʝʥʠʡ ʜʘʚʣʝʥʠʷ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʩʢʘʯʢʘ: 

1 0

0

1 1

c

u
p p

k

m
z

j j

*- *+ å õ
- = -æ ö

ç ÷
     (1.84) 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (1.80) ʚ ʫʨʘʚʥʝʥʠʷ (1.74) ʜʣʷ ʚʝʣʠʯʠʥ ʚʦʟʤʫʱʝʥʠʡ 

ʩʢʦʨʦʩʪʝʡ ʬʠʣʴʪʨʘʮʠʡ ʠ ʜʘʚʣʝʥʠʡ ʥʘʡʜʸʤ: 

( )i c
i

i

k s p
u k

m x

*
* µ
=-

µ
 ʧʨʠ 0x<     (1.85) 

0( )i
i

i

k s p
u k

m x

*
* µ
=-

µ
 ʧʨʠ 0x>      (1.86) 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʤʘʣʳʝ ʚʦʟʤʫʱʝʥʠʷ ʜʦʣʞʥʳ 

ʦʙʨʘʱʘʪʴʩʷ ʚ 0 ʧʨʠ  x°¤. 

 ʇʨʦʠʟʚʦʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʬʨʦʥʪʘ ʩʢʘʯʢʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʦ 

ʚ ʠʥʪʝʛʨʘʣ ʌʫʨʴʝ ʧʦ y. ʇʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʚʠʪʠʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ: 

( )exp( )X t inyz=       (1.87) 

ʊʦʛʜʘ ʚʦʟʤʫʱʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʩʪʨʝʤʷʱʝʝʩʷ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʢ ʥʫʣʶ 

ʜʦʣʞʥʦ ʚʳʨʘʞʘʪʴʩʷ ʚ ʚʠʜʝ: 

( )exp( )p P t niy nx* = °      (1.88) 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ (1.85) ʠ (1.86) ʜʣʷ ʚʦʟʤʫʱʝʥʠʡ ʩʢʦʨʦʩʪʝʡ 

ʧʦʣʫʯʠʤ: 

0( )
( )exp( )

j

j

j

k s
u k nP t niy nx

m

*+ += - , 1,2j=     (1.89) 



 

( )
( )exp( )

j c

j

j

k s
u k nP t niy nx

m

*- -=- + , 1,2j=    (1.90) 

ʀʟ ʫʩʣʦʚʠʷ (1.83) ʠ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʚʦʟʤʫʱʝʥʠʡ ʩʢʦʨʦʩʪʝʡ (1.89), (1.90) 

ʥʘʡʜʸʤ ʦʪʥʦʰʝʥʠʝ: 

0( )exp( ) ( )exp( )cP t niy n P t niy nj x j x- ++ = -    (1.91) 

 

ʀʟ (1.84) ʠ (1.88) ʧʦʣʫʯʠʤ:  

1 0

0

1 1
( )exp( ) ( )exp( )

c

u
P t niy n P t niy n

k

m
x x z

j j

- + å õ
+ - - = -æ ö

ç ÷
  (1.92) 

ʈʝʰʘʷ ʩʦʚʤʝʩʪʥʦ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1.91) ʠ (1.92) ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠʥ 

ʚʦʟʤʫʱʝʥʠʡ ʜʘʚʣʝʥʠʡ ʧʦʣʫʯʠʤ: 

1 0 0

0 0

1 1
( )exp( )

c c

u
P t niy n

k

m j
x z

j j j j

- å õ
+ = -æ ö
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    (1.93) 
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1 1
( )exp( ) c

c c

u
P t niy n
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m j
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j j j j

+ å õ
- =- -æ ö

+ç ÷
    (1.94) 

ʆʪʢʫʜʘ ʜʣʷ ʚʦʟʤʫʱʝʥʠʡ ʩʢʦʨʦʩʪʝʡ  (1.89), (1.90) ʥʘʡʜʸʤ: 

1 0 1 0

0 0

1 1
( ) c

c c

u u k s n
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j j j j
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     (1.95) 

0
1 0 1

0 0

1 1
( )c

c c

u u k s n
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z
j j j j

*- å õ
=- -æ ö

+ç ÷
    (1.96) 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʚ (1.82) ʧʦʣʫʯʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ z: 

1 1 0

0
0

0

0

( ) ( )

1 1
( )

1 1

c

c
c o

c

c

k s k s

m s s u n
t

z j j
z
j j

j j

-
å õµ

- =- -æ ö
µ ç ÷ +

    (1.97) 

ʈʝʰʘʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʠ ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʝ (1.77) ʜʣʷ ʩʢʦʨʦʩʪʠ ʩʢʘʯʢʘ 

ʥʘʩʳʱʝʥʥʦʩʪʠ, ʧʨʠʥʠʤʘʷ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0(0)X X= , 



 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʤʘʣʦʛʦ ʚʦʟʤʫʱʝʥʠʷ 

( )X t : 

0

0

0

1 1
( ) exp

1 1
c

c

c

w nt
X t X

j j

j j

å õ
æ öå õ
æ ö= - -æ ö
æ öç ÷+æ ö
ç ÷

     (1.98) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ 

0

1 1
0c

c

N w
j j

å õ
= - >æ ö
ç ÷

     (1.99) 

ʪʦ ʥʘʯʘʣʴʥʳʝ ʤʘʣʳʝ ʚʦʟʤʫʱʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʟʘʪʫʭʘʶʪ, ʚ ʧʨʦʪʠʚʥʦʤ ʞʝ 

ʩʣʫʯʘʝ ʚʦʟʨʘʩʪʘʶʪ. ʕʪʦ ʫʩʣʦʚʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ n, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʤʘʣʳʭ ʥʘʯʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. 

ɺʝʣʠʯʠʥʫ 
1

( )k sj

m
 ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʧʦʜʚʠʞʥʦʩʪʴʶ ʬʠʣʴʪʨʫʶʱʝʡʩʷ 

ʜʚʫʭʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ, ʬʫʥʢʮʠʶ 1 0 2( ) ( ) ( )s k s k sj m= +  - ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ. ʋʩʣʦʚʠʝ (1.99) ʦʟʥʘʯʘʝʪ, ʙʝʟ ʫʯʸʪʘ ʚʣʠʷʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʬʨʦʥʪ ʚʳʪʝʩʥʝʥʠʷ ʫʩʪʦʡʯʠʚ, ʝʩʣʠ ʧʦʜʚʠʞʥʦʩʪʴ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʟʘ 

ʬʨʦʥʪʦʤ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʜʚʠʞʥʦʩʪʴ ʚʳʪʝʩʥʷʝʤʦʡ ʬʘʟʳ ʚʧʝʨʝʜʠ ʥʝʛʦ. 

ɼʝʡʩʪʚʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʬʨʦʥʪʘ. ʋʩʣʦʚʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʝ ʜʚʫʭʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ (1.99) ʙʳʣʦ 

ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʀ. ɸ. ʏʘʨʥʳʤ [31]. 

 ʂʘʧʠʣʣʷʨʥʳʝ ʩʠʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʬʨʦʥʪʘ 

ʚʳʪʝʩʥʝʥʠʷ. ʊʦʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ʧʨʦʚʝʩʪʠ ʥʝ ʫʜʘʝʪʩʷ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ 

ʚʝʣʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʟʦʥʳ. 

ɼʝʡʩʪʚʠʝ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʚ ʪʘʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʚ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʩʢʘʯʢʝ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʦʜʦʙʥʦʛʦ ʘʥʘʣʠʟʘ, ʚʧʝʨʚʳʝ 



 

ʧʨʦʚʝʜʸʥʥʦʛʦ ɹʘʨʝʥʙʣʘʪʪʦʤ [44], ʩʪʘʣʦ ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʨʦʥʪʘ,  

ʘʥʘʣʦʛʠʯʥʦʝ (1.99): 
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ʇʨʠ 
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1 1
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cj j

å õ
- <æ ö

ç ÷
 ʬʨʦʥʪ ʩʢʘʯʢʘ ʥʝʫʩʪʦʡʯʠʚ. ʇʨʠ ʵʪʦʤ ʢʘʧʠʣʣʷʨʥʳʝ ʩʠʣʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʟʤʫʱʝʥʠʡ, ʜʣʠʥʘ ʚʦʣʥʳ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ cl, ʦʧʨʝʜʝʣʷʝʤʦʛʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ 

(1.100), ʬʦʨʤʫʣʦʡ: 
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   (1.101) 

ɺʳʚʦʜ ʫʩʣʦʚʠʷ (1.100) ʠ ʬʦʨʤʫʣʳ (1.101) ʙʳʣ ʩʜʝʣʘʥ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʰʠʨʠʥʘ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʰʠʨʠʥʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʟʦʥʳ: 
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c
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 ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʝ c cl d ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʦʪʥʦʰʝʥʠʠ 

ʧʦʜʚʠʞʥʦʩʪʝʡ 0

c

M
j

j
=  ʙʣʠʟʢʦʤ ʢ ʝʜʠʥʠʮʝ, ʪʦ ʝʩʪʴ ʣʠʰʴ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʦʙʱʝʤ ʞʝ ʩʣʫʯʘʝ, ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʨʘʟʤʝʨʥʦʩʪʠ, 

ʢʨʠʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ cl, ʨʘʟʜʝʣʷʶʱʘʷ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 
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ɺʠʜ ʬʫʥʢʮʠʷ  ( )My  ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ  [93]. 



 

 ʇʨʦʮʝʩʩ ʚʳʪʝʩʥʝʥʠʷ ʧʦʩʣʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʦʜʥʦʤʝʨʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʜʝ ʭʘʦʪʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʷʟʳʢʦʚ. ɼʣʷ 

ʫʧʨʦʱʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʘʙʦʪʝ ɹʘʨʝʥʙʣʘʪʪʘ [44] 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: ʚʦ-ʧʝʨʚʳʭ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ 

ʷʟʳʢʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʪʦʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʯʠʪʘʪʴ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝʡ ʠʭ 

ʰʠʨʠʥʳ; ʚʦ-ʚʪʦʨʳʭ, ʪʝʯʝʥʠʝ ʚ ʩʨʝʜʥʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʯʠʪʘʪ ɹʦʜʥʦʤʝʨʥʳʤ, 

ʧʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʢʘʞʜʦʡ ʠʟ ʞʠʜʢʦʩʪʝʡ, ʦʩʨʝʜʥʝʥʥʘʷ ʧʦ 

ʥʝʢʦʪʦʨʦʤʫ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʤʫ ʩʝʯʝʥʠʶ, ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʦʩʠ ʭ; ʚ 

ʪʨʝʪʴʠʭ ʥʘʩʳʱʝʥʥʦʩʪʴ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ çʷʟʳʢʘè ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʯʠʪʘʪʴ 

ʧʦʩʪʦʷʥʥʦʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʦʜʦʙʥʦʤ ʧʦʜʭʦʜʝ ʜʣʷ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʪʝʯʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʦʙʳʯʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʥʦ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʠʤʠ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʩʳʱʝʥʥʦʩʪʝʡ. ɺ ʨʘʙʦʪʝ ʅʠʢʦʣʘʝʚʩʢʦʛʦ [36] 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʣʠʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʚ 

ʧʨʝʜʝʣʝ ʩʪʨʝʤʷʪʩʷ ʢ ʧʨʷʤʳʤ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʣʠʷʥʠʷ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ. 

ɺ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ɹʘʨʝʥʙʣʘʪʪʦʤ, ʩʦʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʧʦ ʩʝʯʝʥʠʶ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ 

ʥʘʩʳʱʝʥʥʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʪʨʫʡʥʦʝ ʜʚʫʭʬʘʟʥʦʝ ʪʝʯʝʥʠʝ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʩʦʦʪʥʦʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʪʦʡ ʤʦʜʝʣʠ,  ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʣʘʙʦʨʘʪʦʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʪʝʩʥʝʥʠʷ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ ʠʟ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ. 

 

2. ˏ̜̓̆̒̎̆̎̉̆ ̠̃̈̋̏̊ ̇̉̅̋̏̒̓̉ ̉̈ ̐̏̑̉̒̓̏̊ ̜̒̑̆̅Ȣ 

˘́̂̏̑́̓̏̑̎̏̆ ̍̏̅̆̌̉̑̏̃́̎̉̆Ȣ 

ʕʪʘ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʚʝʜʸʥʥʳʤ ʦʧʳʪʘʤ ʧʦ ʚʳʪʝʩʥʝʥʠʶ ʙʦʣʝʝ 

ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʤʦʜʝʣʴ ʧʦʨʠʩʪʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʥʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʩ ʧʝʨʚʦʡ. 

 

2.1  ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 



 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʫʭʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʚʝ ʩʝʨʠʠ ʦʧʳʪʦʚ ʧʦ ʚʳʪʝʩʥʝʥʠʶ ʙʦʣʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, 

ʟʘʧʦʣʥʷʶʱʝʡ ʤʦʜʝʣʴ ʢʦʣʣʝʢʪʦʨʘ, ʧʨʠ ʧʦʤʦʱʠ ʤʝʥʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, 

ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʩ ʧʝʨʚʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʚ 

ʧʝʨʚʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʜʘ ʩ ʚʷʟʢʦʩʪʴʶ 0,01 ʛ/ʩʤ
3
 ʠ 

ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ ɺʄ-1 ʚʷʟʢʦʩʪʠ 1,20 ʛ/ʩʤ
3
. ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ, ʚ 

ʢʘʯʝʩʪʚʝ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʪʘʙʣʠʮʘ 1). ɺ ʚʳʪʝʩʥʷʶʱʫʶ ʞʠʜʢʦʩʪʴ ʜʦʙʘʚʣʷʣʩʷ 

ʢʨʘʩʠʪʝʣʴ. ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʨʠʩʪʘʣʣʳ ʤʘʨʛʘʥʮʦʚʢʠ ʠʟ ʨʘʩʯʸʪʘ 0,5 ʛʨʘʤʤʘ ʥʘ 300 ʤʠʣʣʠʣʠʪʨʦʚ 

ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ. ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʩʠʪʝʣʷ ʚ 

ʚʳʪʝʩʥʷʶʱʫʶ ʞʠʜʢʦʩʪʴ ʜʦʙʘʚʣʷʣʩʷ ʨʘʩʪʚʦʨ ʙʨʠʣʣʠʘʥʪʦʚʳʡ ʟʝʣʸʥʳʡ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ʦʙʲʸʤʦʚ 1 ʢ 30. ɺʷʟʢʦʩʪʠ ʚʳʪʝʩʥʷʶʱʝʡ ʠ ʚʳʪʝʩʥʷʝʤʦʡ 

ʞʠʜʢʦʩʪʝʡ ʠʟʤʝʨʷʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʢʘʞʜʳʤ ʦʧʳʪʦʤ.  ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʧʠʣʣʷʨ ʜʣʠʥʦʡ 70 ʩʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 1,1 ʤʤ. 

ɾʠʜʢʦʩʪʴ ʧʨʦʢʘʯʠʚʘʣʘʩʴ ʯʝʨʝʟ ʢʘʧʠʣʣʷʨ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʝʨʝʧʘʜʝ 

ʜʘʚʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʨʷʣʩʷ ʝʸ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ.  ɺʷʟʢʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʬʦʨʤʫʣʝ: 

         
4

8

r P

Q L

p r
m

D
= Ö Ö      

ɻʜʝ r - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, Q  - ʠʟʤʝʨʝʥʥʳʡ ʨʘʩʭʦʜ,  r  ʠ L  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʘʜʠʫʩ ʦʪʚʝʨʩʪʠʷ ʠ ʜʣʠʥʘ ʢʘʧʠʣʣʷʨʘ, PD  - ʧʨʠʢʣʘʜʳʚʘʝʤʳʡ ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʫʶʱʝʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʩʪ ʧʦʨʦʣʦʥʘ 12ʭ30 

ʩʘʥʪʠʤʝʪʨʦʚ ʠ ʪʦʣʱʠʥʦʡ 5 ʤʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʦʙʲʸʤʥʦʝ ʧʣʝʪʝʥʠʝ 

ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʥʠʪʝʡ ʪʦʣʱʠʥʦʡ 0.1 ʤʤ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʧʦʨ (ʩʨʝʜʥʠʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʪʷʤʠ) 1 ʤʤ (ʨʠʩ. 2.1). 



 

 

ʈʠʩ. 2.1.  ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʣʦʥʘ ʧʦʜ ʫʚʝʣʠʯʝʥʠʝʤ. 

 ʅʘʯʘʣʴʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʣʠʩʪʘ ʧʦʨʦʣʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 0.98. ʃʠʩʪ 

ʧʦʨʦʣʦʥʘ ʩʞʠʤʘʣʩʷ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʧʦʣʠʨʦʚʘʥʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʩʪʝʢʦʣ ʨʘʟʤʝʨʘʤʠ 125ʭ400 ʤʤ ʜʦ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ ʧʦʨʷʜʢʘ 0.8 ʤʤ. 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʨ ʩʞʘʪʠʝʤ ʙʳʣ ʫʤʝʥʴʰʝʥ ʚ 1.7 ʨʘʟ, ʘ ʧʦʨʠʩʪʦʩʪʴ - ʜʦ 

ʟʥʘʯʝʥʠʷ 0.95. ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʩʞʘʪʦʛʦ ʧʦʨʦʣʦʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʧʳʪʘʭ 

ʩʦʩʪʘʚʠʣʘ ʦʪ 150 - 300 ɼʘʨʩʠ (ʪʘʙʣʠʮʘ 1).  

ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚ ʞʠʜʢʦʩʪʷʭ ʚʦʟʜʫʭʘ ʤʘʩʣʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʘʢʫʫʤʠʨʦʚʘʣʦʩʴ. ɺʦʜʘ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʣʠʮʝʨʠʥʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ ʢʠʧʷʪʠʣʘʩʴ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ, ʘ ʟʘʪʝʤ ʦʩʪʫʞʘʣʘʩʴ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʟʙʝʞʘʪʴ ʧʦʷʚʣʝʥʠʷ 

ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʝʡ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ,  

ʧʨʠʚʦʜʷʱʠʭ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʝʛʦ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʆʧʠʩʘʥʠʝ ʩʭʝʤʳ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʜʘʥʦ ʚ 

ʨʘʙʦʪʝ [2]. ɺʳʪʝʩʥʝʥʠʝ ʤʘʩʣʘ ʚʦʜʦʡ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ 

ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʥʘ ʢʦʥʮʘʭ ʤʦʜʝʣʠ ʢʦʣʣʝʢʪʦʨʘ ʧʨʠ ʧʦʤʦʱʠ 

ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ  (ʨʠʩ. 2.2).   



 

 

ʈʠʩ. 2.2. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ. 1 ï ʧʣʦʩʢʠʡ ʧʦʨʠʩʪʳʡ ʤʘʩʩʠʚ; 2 ï ʣʘʤʧʘ 

ʧʦʜʩʚʝʪʢʠ; 3 ï ʚʝʩʳ; 4 ï ʢʶʚʝʪʘ ʩ ʟʘʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ; 5 ï ʬʦʪʦʢʘʤʝʨʘ; 6 

ï ʤʘʥʦʤʝʪʨ; 7,8 ï ʢʨʘʥ; 9 ï ʢʦʤʧʴʶʪʝʨ; 10 ï ʚʳʭʦʜ ʢ ʥʘʩʦʩʫ; 11 ï ʙʫʬʝʨʥʘʷ 

ʸʤʢʦʩʪʴ. 

ɺ ʙʫʬʝʨʥʦʡ ʸʤʢʦʩʪʠ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ (ʦʢʦʣʦ 20 ʣʠʪʨʦʚ), 

ʩʦʝʜʠʥʸʥʥʦʡ ʩʦ  ʩʪʦʢʦʚʦʡ ʯʘʩʪʴʶ ʤʘʩʩʠʚʘ ʩʦʟʜʘʚʘʣʦʩʴ ʥʝʦʙʭʦʜʠʤʦʝ 

ʨʘʟʨʝʞʝʥʠʝ, ʫʩʪʴʝ ʤʦʜʝʣʠ ʢʦʣʣʝʢʪʦʨʘ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ ʘʪʤʦʩʬʝʨʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʥʘ ʢʦʥʮʘʭ ʤʘʩʩʠʚʘ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ 

ʘʪʤʦʩʬʝʨʳ. ʅʝʧʨʝʨʳʚʥʦʝ ʚʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʝ ʦʙʱʝʛʦ ʨʘʩʭʦʜʘ 

ʟʘʢʘʯʠʚʘʝʤʦʡ ʚ ʤʦʜʝʣʴ ʢʦʣʣʝʢʪʦʨʘ ʞʠʜʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʦʚ, ʠʟʤʝʨʷʶʱʠʭ ʤʘʩʩʫ ʢʶʚʝʪʳ ʩ 

ʟʘʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ  ʢʘʞʜʦʤʫ ʦʧʳʪʫ, ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʧʠʪʢʠ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ ʤʘʩʣʦʤ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ 

ʠʟʤʝʨʷʣʩʷ ʝʛʦ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ. ʊʘʢʞʝ ʬʠʢʩʠʨʦʚʘʣʩʷ ʦʙʱʠʡ ʦʙʲʸʤ ʤʘʩʣʘ, 

ʚʦʰʝʜʰʝʛʦ ʚ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʚʝʥ ʩʫʤʤʘʨʥʦʤʫ ʦʙʲʸʤʫ 

ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʘʩʩʠʚʘ. ʕʪʦ ʜʘʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʙʦʣʴʰʝʡ 

ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʪʦʣʱʠʥʫ ʠ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ.  

ʇʦʣʴʟʫʷʩʴ ʠʟʤʝʨʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʦʣʥʝʥʠʷ ʤʘʩʩʦʚʳʤ ʨʘʩʭʦʜʦʤ ʤʘʩʣʘ, ʘ 

ʪʘʢʞʝ ʧʣʦʱʘʜʴʶ ʙʦʢʦʚʦʛʦ ʩʝʯʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ 

Q L
k

P

m

rw
= Ö

D
, 



 

ʚʳʯʠʩʣʷʣʘʩʴ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ. ɿʜʝʩʴ r ʠ m - ʧʣʦʪʥʦʩʪʴ ʠ 

ʚʷʟʢʦʩʪʴ ʤʘʩʣʘ, Q  - ʠʟʤʝʨʝʥʥʳʡ ʨʘʩʭʦʜ, L  ʠ w ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʠʥʘ ʠ 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤʘʩʩʠʚʘ, PD  - ʧʨʠʢʣʘʜʳʚʘʝʤʳʡ ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʷ.  

 ʀʟ-ʟʘ ʩʭʦʜʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʚ ʤʘʩʣʝ ʠ ʤʘʪʝʨʠʘʣʝ 

ʧʦʨʦʣʦʥʘ (ʧʦʣʠʫʨʝʪʘʥ) ʧʦʣʫʯʘʝʤʘʷ ʤʦʜʝʣʴ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʘʷ ʚʳʪʝʩʥʷʝʤʫʶ 

ʞʠʜʢʦʩʪʴ,  ʷʚʣʷʣʘʩʴ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʡ. ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʦʙʣʘʩʪʴʶ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ ʚʝʣʦʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʬʦʪʦʘʧʧʘʨʘʪʘ. ɺʝʣʠʯʠʥʘ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ ʩʦʦʪʥʦʩʠʣʦʩʴ ʷʨʢʦʩʪʴʶ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʧʦʨʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦʩʥʠʤʢʘʭ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʷʨʢʦʩʪʴʶ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʡ ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʨʠʩ. 2.3). ʇʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʦʜʝʣʴʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʟʘʧʦʣʥʷʣʦʩʴ ʩʤʝʩʴʶ ʞʠʜʢʦʩʪʝʡ (ʚʦʜʳ ʠ ʤʘʩʣʘ) ʩ 

ʠʟʚʝʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʙʲʸʤʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʝʛʦ 

ʬʦʪʦʩʲʸʤʢʘ. ɺ ʧʨʦʮʝʩʩʝ ʢʘʣʠʙʨʦʚʢʠ ʬʦʪʦʩʲʸʤʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʪʝʭ ʞʝ 

ʟʥʘʯʝʥʠʷʭ ʵʢʩʧʦʟʠʮʠʠ ʠ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʩʥʦʚʥʳʭ 

ʦʧʳʪʦʚ ʧʦ ʚʳʪʝʩʥʝʥʠʶ ʞʠʜʢʦʩʪʠ. ʗʨʢʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʫʩʨʝʜʥʷʣʘʩʴ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ, ʟʘʥʠʤʘʝʤʦʡ ʩʤʝʩʴʶ ʞʠʜʢʦʩʪʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʩʪʝʡ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʩʪʘʥʦʚʠʪʴ ʟʥʘʯʝʥʠʝ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʫʯʘʩʪʢʘ ʤʦʜʝʣʴʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʧʦ ʷʨʢʦʩʪʠ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʥʘ 

ʬʦʪʦʩʥʠʤʢʝ. ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ ʚ 

ʠʥʪʝʨʚʘʣʝ ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʟʥʘʯʝʥʠʡ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʝʡ.  



 

 

ʈʠʩ. 2.3. ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʬʦʪʦʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʭʦʜʝ ʢʘʞʜʦʛʦ ʦʧʳʪʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʬʦʪʦʩʴʸʤʢʘ ʤʦʜʝʣʠ ʢʦʣʣʝʢʪʦʨʘ ʩ 

ʯʘʩʪʦʪʦʡ ʦʜʠʥ ʢʘʜʨ ʚ ʧʷʪʴ ʩʝʢʫʥʜ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʢʘʞʜʳʡ ʬʦʪʦʩʥʠʤʦʢ ʠʟ ʩʝʨʠʠ ʩʨʘʚʥʠʚʘʣʩʷ ʩ ʧʝʨʚʳʤ ʩʥʠʤʢʦʤ, 

ʩʜʝʣʘʥʥʳʤ ʜʦ ʥʘʯʘʣʘ ʚʳʪʝʩʥʝʥʠʷ ʤʘʩʣʘ ʠʟ ʤʦʜʝʣʠ ʢʦʣʣʝʢʪʦʨʘ. ʕʪʦ ʙʳʣʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʬʦʥʦʚʦʡ ʟʘʩʚʝʪʢʠ, ʘ 

ʪʘʢ ʞʝ ʜʣʷ ʫʯʸʪʘ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʩʢʝʣʝʪʦʤ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ.   ɼʣʷ  

ʧʝʨʝʚʦʜʘ ʷʨʢʦʩʪʠ ( , )I x y  ʫʯʘʩʪʢʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( , )x y  ʥʘ ʬʦʪʦʩʥʠʤʢʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʝʡ ʚʝʣʠʯʠʥʫ ʥʘʩʳʱʝʥʥʦʩʪʠ ( , )s x y  ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʬʦʨʤʫʣʘ  
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minI  ʷʨʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ 1s=  ʠ 0s=  ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ 

ʧʦʣʫʯʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʣʠʙʨʦʚʢʠ, 
0( , )I x y  - ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʷʨʢʦʩʪʴ ʪʦʛʦ 

ʞʝ ʫʯʘʩʪʢʘ ʤʘʩʩʠʚʘ. ʅʘʩʳʱʝʥʥʦʩʪʴ s ʫʩʨʝʜʥʷʣʘʩʴ ʧʦ ʰʠʨʠʥʝ, ʧʦʩʣʝ ʯʝʛʦ, 

ʯʠʩʣʝʥʥʦ ʠʥʪʝʛʨʠʨʦʚʘʣʘʩʴ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ. ʇʦʣʫʯʝʥʥʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʝʣʠʯʠʥʘ ʩʦʦʪʥʦʩʠʣʘʩʴ ʩ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʟʘʢʘʯʘʥʥʦʡ ʚ 

ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʯʠʩʣʷʣʩʷ 

ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ a. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʣʷ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʢʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʣʠ ʦʙʲʸʤʘ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʘʩʩʠʚʘ 

( )xs , ʟʘʥʷʪʦʛʦ ʩʪʨʫʷʤʠ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ.  

ʌʦʨʤʘʣʴʥʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʣʠʯʠʥʦʡ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ 

ʫʩʨʝʜʥʸʥʥʦʡ ʧʦ ʢʘʞʜʦʤʫ ʩʝʯʝʥʠʶ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ. ʇʦʤʠʤʦ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʤʝʨʝʥʠʷ ʩʪʝʧʝʥʠ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʤʦʜʝʣʠ ʧʣʦʩʢʦʛʦ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠʤʝʥʷʣʘʩʴ ʥʘʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʦʧʳʪʦʚ ʚ ʨʘʙʦʪʘʭ [14-16]. 

 

2.2 ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʪʝʩʥʝʥʠʷ ʙʦʣʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʞʠʜʢʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʷʟʢʦʩʪʠ (ʪʘʙʣʠʮʘ 1). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ 

ʦʪʥʦʰʝʥʠʷʭ ʚʷʟʢʦʩʪʝʡ ʚʳʪʝʩʥʷʝʤʦʡ ʠ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʝʡ ʬʨʦʥʪ 

ʚʳʪʝʩʥʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚ ʧʨʠ ʣʶʙʳʭ ʩʢʦʨʦʩʪʷʭ ʚʳʪʝʩʥʝʥʠʷ. ʈʘʟʚʠʪʠʝ 

ʚʦʟʤʫʱʝʥʠʡ ʠʟʥʘʯʘʣʴʥʦ ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʜʝ 

ʨʘʟʨʘʩʪʘʶʱʠʭʩʷ ʧʘʣʴʮʝʚ ʠʣʠ ʩʪʨʫʡ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ (ʨʠʩ. 2.4).  

ʅʘʙʣʶʜʝʥʠʷ ʟʘ  ʢʦʥʮʦʤ ʩʪʨʫʠ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʛʦ 

ʧʨʦʜʚʠʞʝʥʠʝ ʠʤʝʝʪ ʫʩʢʦʨʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʯʸʤ ʝʛʦ ʩʢʦʨʦʩʪʴ ʨʘʩʪʸʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʙʱʝʤʫ ʨʘʩʭʦʜʫ ʞʠʜʢʦʩʪʝʡ. ʍʘʨʘʢʪʝʨʥʘʷ ʪʦʣʱʠʥʘ 



 

ʚʳʪʝʩʥʷʶʱʠʭ ʩʪʨʫʡ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʩʪʨʝʤʷʩʴ ʚ ʧʨʝʜʝʣʝ ʢ ʩʨʝʜʥʝʤʫ 

ʨʘʟʤʝʨʫ ʧʦʨ. 

 

ʈʠʩ. 2.4 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ʚʳʪʝʩʥʝʥʠʷ ʚ ʦʧʳʪʝ 1_2 (

1

0 120m-= ). ʐʘʛ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʢʘʜʨʘʤʠ 15 ʩ, ʧʦʪʦʢ ʥʘʧʨʘʚʣʝʥ ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ. 

ʀʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʟʘʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʘʞʜʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʢʦʥʮʦʤ ʩʘʤʦʡ ʧʝʨʚʦʡ ʩʪʨʫʠ ʦʪ ʫʩʪʴʷ 

ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ fx  

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʦʙʱʝʤʫ ʦʙʲʸʤʫ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʟʘʢʘʯʘʥʥʦʡ ʩ 

ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʚʳʪʝʩʥʝʥʠʷ V: ( ) ( )fx t C V t= Ö  ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ C ʫʤʝʥʴʰʘʝʪʩ ̫ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʚʳʪʝʩʥʷʶʱʝʡ 

ʞʠʜʢʦʩʪʠ. ʆʙʱʝʝ ʚʨʝʤʷ T, ʟʘ ʢʦʪʦʨʦʝ ʧʝʨʚʘʷ ʩʪʨʫʷ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ 

ʧʨʦʭʦʜʠʪ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʫʩʪʴʷ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ ʢ ʩʪʦʢʫ ʠ ʩʫʤʤʘʨʥʳʡ ʦʙʲʸʤ 

ʞʠʜʢʦʩʪʝʡ ( )V T  ʚ ʤʦʤʝʥʪ ʧʨʦʨʳʚʘ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʢ ʩʪʦʢʫ ʪʘʢ ʞʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʚʷʟʢʦʩʪʝʡ ʚʳʪʝʩʥʷʶʱʝʡ ʠ 

ʚʳʪʝʩʥʷʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʪʘʙʣʠʮʘ 2). 

 



 

ʥʦʤʝʨ 

ʦʧʳʪʘ 

ʚʷʟʢʦʩʪʴ 

ʚʳʪʝʩʥʷʶʱʝʡ 

ʞʠʜʢʦʩʪʠ 2m
(ʛ/ʩʤ3) 

ʚʷʟʢʦʩʪʴ 

ʚʳʪʝʩʥʷʶʱʝ

ʡ ʞʠʜʢʦʩʪʠ 

1m(ʛ/ʩʤ3) 

ʥʘʯʘʣʴʥʳʡ 

ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʷ PD
(ʤʠʣʣʠʙʘʨ) 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

k  (ʩʤ2) 

ʦʪʥʦʰʝʥʠʝ 

ʚʷʟʢʦʩʪʠ 

ʚʳʪʝʩʥʷʝʤʦʡ ʠ 

ʚʳʪʝʩʥʷʶʱʝʡ 

ʞʠʜʢʦʩʪʝʡ 
1

0( )m -
 

1_1 1,25 0,010 375 2,98E-06 125 

1_2 1,20 0,010 385 2,00E-06 120 

1_3 1,28 0,010 375 2,37E-06 128 

1_4 1,28 0,010 380 2,95E-06 128 

1_5 1,28 0,010 410 1,79E-06 128 

1_6 1,17 0,010 385 2,61E-06 117 

1_7 1,17 0,010 395 3,24E-06 117 

1_8 1,17 0,010 355 2,67E-06 117 

1_9 1,21 0,010 500 2,28E-06 121 

1_10 1,21 0,010 555 2,11E-06 121 

1_11 1,21 0,010 675 2,8E-06 121 

1_12 1,21 0,010 270 3,45E-06 121 

2_1 1,20 0,010 350 3,15E-06 118 

2_2 0,94 0,011 360 2,09E-06 89 

2_3 0,94 0,012 385 2,68E-06 77 

2_4 0,94 0,016 385 2,79E-06 60 

2_5 0,94 0,023 395 2,52E-06 40 

2_6 1,11 0,029 375 2,43E-06 38 

2_7 1,11 0,037 395 2,84E-06 29 

2_8 1,11 0,050 360 3,18E-06 22 

2_9 1,11 0,088 380 2,68E-06 12 

2_10 1,05 0,111 375 3,5E-06 9,4 

2_11 1,05 0,160 375 2,84E-06 6,5 

2_12 1,05 0,207 375 2,27E-06 5,0 

2_13 1,05 0,330 405 2,8E-06 3,1 

2_14 1,06 0,589 385 2,3E-06 1,8 

2_15 1,06 0,924 395 2,77E-06 1,1 

 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʸʥʥʳʭ ʦʧʳʪʦʚ. 

ʥʦʤʝʨ 

ʦʧʳʪʘ 

ʦʪʥʦʰʝʥʠʝ 

ʚʷʟʢʦʩʪʠ 

ʚʳʪʝʩʥʷʝʤʦʡ ʠ 

ʚʳʪʝʩʥʷʶʱʝʡ 

ʞʠʜʢʦʩʪʝʡ 
1

0( )m -
 

ʩʫʤʤʘʨʥʳʡ 

ʦʙʲʸʤ 

ʧʦʨʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ 

pV  (ʩʤ
3
) 

ʦʙʲʸʤ 

ʚʳʪʝʩʥʷʶʱʝʡ 

ʩʪʨʫʠ ʚ ʤʦʤʝʥʪ 

ʧʨʦʨʳʚʘ ʢ 

ʩʪʦʢʫ TV (ʩʤ3
) 

ʚʨʝʤʷ ʧʨʦʨʳʚʘ 

ʚʳʪʝʩʥʷʶʱʝʡ 

ʩʪʨʫʠ ʢ ʩʪʦʢʫ T  

(ʩ) 

1_1 125 25,58 3,38 114 

1_2 120 25,60 2,89 110 

1_3 128 23,26 2,87 105 

1_4 128 24,28 2,48 70 



 

1_5 128 21,65 2,83 135 

1_6 117 24,53 2,90 90 

1_7 117 25,47 3,19 77 

1_8 117 24,21 3,05 105 

1_9 121 24,42 2,25 70 

1_10 121 23,33 2,47 70 

1_11 121 24,95 3,17 50 

1_12 121 26,14 2,06 75 

2_1 119 23,07 2,54 80 

2_2 89,6 23,65 3,31 100 

2_3 77,9 25,33 3,52 80 

2_4 60,5 23,42 4,07 100 

2_5 40,2 23,51 4,28 110 

2_6 38,7 23,35 3,53 120 

2_7 29,9 23,49 4,90 140 

2_8 22,4 23,42 5,24 145 

2_9 12,7 23,58 6,19 190 

2_10 9,45 24,00 7,17 170 

2_11 6,54 25,33 7,84 220 

2_12 5,04 23,07 9,79 400 

2_13 3,16 23,95 11,39 365 

2_14 1,80 24,37 13,64 610 

2_15 1,15 24,19 14,36 650 

 

ʊʘʙʣʠʮʘ 2. ɺʨʝʤʝʥʘ ʧʨʦʨʳʚʘ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʢ ʩʪʦʢʫ ʠ 

ʦʙʲʸʤʳ ʩʪʨʫʡ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʤʦʤʝʥʪ ʧʨʦʨʳʚʘ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʭʘʨʘʢʪʝʨʥʘʷ 

ʰʠʨʠʥʘ ʩʪʨʫʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʋʩʣʦʚʥʳʡ ʬʨʦʥʪ ʚʳʪʝʩʥʝʥʠʷ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʡ, ʧʨʠ ʵʪʦʤ ʚʳʨʘʚʥʠʚʘʝʪʩʷ. ʅʘ (ʨʠʩ. 2.5) ʦʪʨʘʞʝʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʡ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ  ʚ ʤʦʤʝʥʪ ʝʸ ʧʨʦʨʳʚʘ ʢ ʩʪʦʢʫ 

ʜʣʷ 12ʪʠ  ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚʷʟʢʦʩʪʝʡ (ʪʘʙʣʠʮʘ 2). 



 

 

ʈʠʩ. 2.5 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʡ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ  ʚ ʤʦʤʝʥʪ ʝʸ 

ʧʨʦʨʳʚʘ ʢ ʩʪʦʢʫ ʜʣʷ 12ʪʠ  ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚʷʟʢʦʩʪʝʡ (ʧʦʢʘʟʘʥʳ ʚ 

ʧʨʘʚʦʤ ʥʠʞʥʝʤ ʫʛʣʫ ʢʘʞʜʦʛʦ ʢʘʜʨʘ) ʇʦʪʦʢ ʥʘʧʨʘʚʣʝʥ ʩʣʝʚʘ ʥʘʧʨʘʚʦ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʣʠ ʦʙʲʸʤʘ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʘʩʩʠʚʘ, ʟʘʥʷʪʦʛʦ 

ʩʪʨʫʷʤʠ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ 

ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ  ʚʨʝʤʝʥʠ  ɻ ʪʘ ʜʦʣʷ ʥʝʣʠʥʝʡʥʦ 

ʫʙʳʚʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʫʩʪʴʷ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ.  ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʨʦʬʠʣʠ 

ʬʦʨʤʘʣʴʥʦ ʫʩʨʝʜʥʸʥʥʦʡ ʚ ʢʘʞʜʦʤ ʩʝʯʝʥʠʠ ʧʦʨʠʩʪʦʛʦ ʤʘʩʩʠʚʘ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʘʤʦʧʦʜʦʙʥʳʤʠ: ʚ ʧʨʦʮʝʩʩʝ ʚʳʪʝʩʥʝʥʠʷ 

ʬʦʨʤr ʢʨʠʚʳʭ ( )xs  ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʙʣʠʟʢʠ  ʧʨʠ ʠʭ 

ʨʘʩʪʷʞʝʥʠʠ ʠʣʠ ʩʞʘʪʠʠ ʚʜʦʣʴ ʦʩʠ x (ʨʠʩ. 2.6). ʆʜʥʘʢʦ ʚʙʣʠʟʠ ʢʦʥʮʘ ʧʝʨʚʳʭ 

ʩʪʨʫʡ ʚʳʪʝʩʥʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʭʘʨʘʢʪʝʨ ʫʙʳʚʘʥʠʷ ʟʘʥʷʪʦʡ ʠʤʠ ʜʦʣʠ ʦʙʲʸʤʘ 

ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ. ɺ ʭʦʜʝ ʦʧʳʪʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʚʳʪʝʩʥʝʥʠʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʞʥʦ  

ʚʳʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ ʩʪʨʫʡ, ʛʜʝ ʩʨʝʜʥʷʷ ʧʦ 

ʩʝʯʝʥʠʶ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0 ʜʦ ʚʝʣʠʯʠʥʳ fs. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚʝʣʠʯʠʥʘ fs ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ ʤʘʣʦ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 




































































































