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ʇʈɽɼʀʉʃʆɺʀɽ 

  ʂʥʠʛʘ ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʯʠʪʘʥʥʳʭ ʘʚʪʦʨʦʤ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ 

ʣʝʪ ʣʝʢʮʠʡ  ʧʦ çʄʝʭʘʥʠʢʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳè ʠ çɺʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʝʭʘ-

ʥʠʢʝè ʥʘ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʂʘʟʘʭʩʢʦʛʦ ʅʘʮʠʦʥʘ- 

ʣʴʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʠʤ.ʘʣ-ɹʌʘʨʘʙʠ. ʉʦʜʝʨʞʘʥʠʝ ʢʥʠʛʠ ʦʪʨʘʞʘʝʪ ʩʦʚ- 

ʨʝʤʝʥʥʦʝ ʢʨʠʪʠʯʝʩʢʦʝ ʦʩʤʳʩʣʝʥʠʝ ʨʷʜʘ ʫʩʪʦʷʚʰʠʭʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴ- 

ʥʳʭ ʧʨʠʥʮʠʧʦʚ ʠ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ  ʤʝʭʘʥʠʢʠ ʢʦʥʪʠʥʫʫʤʘ, ʚ ʪʦʤ ʯʠʩ- 

ʣʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ,  ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʭ ʘʩʧʝʢʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦ- 

ʞʝʥʠʡ. ʊʦʣʴʢʦ ʯʨʝʟʚʳʯʘʡʥʦʡ  ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʜʝʩʴ 

ʧʨʦʙʣʝʤ ʤʦʪʠʚʠʨʫʝʪʩʷ ʩʚʝʜʝʥʠʝ ʠʭ ʚ ʦʜʥʦʡ ʢʥʠʛʝ ʩ ʮʝʣʴʶ ʧʨʠʚʣʝʯʴ ʢ 

ʥʠʤ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠ,̫ ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʧʨʝʧʦʜʘʚʘʥʠʝ ʤʥʦʛʠʭ ʫʥʠʚʝʨ- 

ʩʠʪʝʪʩʢʠʭ ʢʫʨʩʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʟʣʦʞʝʥʠʷ ʵʪʠʭ ʦʩʥʦʚʥʳʭ 

ʧʦʥʷʪʠʡ ʠ ʧʨʠʥʮʠʧʦʚ. ʂʨʘʪʢʦ ʫʢʘʞʝʤ ʥʘ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. ʕʪʦ: ʥʝʘʜ- 

ʝʢʚʘʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʦʨʤʫʣʳ ʕʡʣʝʨʘ-ʃʝʡʙʥʠʮʘ ʧʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝ- 

ʥʠʡ ʜʠʥʘʤʠʢʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ ʠ ʜʨʫʛʠʭ ʫʨʘʚʥʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ; 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʷʜʘ ʊʝʡʣʦʨʘ (ʥʝʧʦʣʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʘ)  ʩ ʨʘʟʜʝʣʝʥʠ- 

ʝʤ ʥʘ ʩʠʤʤʝʪʨʠʯʥʫʶ  ʠ  ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʫ  ʁʯʘʩʪʝʡ  (ʯʪʦ  ʚ  ʥʝʢʦʪʦʨʳʭ  

ʫʯʝʙʥʠʢʘʭ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ ʧʝʨʚʘʷ ʪʝʦʨʝʤʘ ɻʝʣʴʤʛʦʣʴʮʘ); ʥʝʧʨʘʚʠ- 

ʣʴʥʘʷ ʪʨʘʢʪʦʚʢʘ ʪʝʦʨʝʤʳ  ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ  ʢʦʣʠʯʝʩʪʚ ʜʚʠʞʝʥʠʡ 

ʩʠʩʪʝʤʳ ʯʘʩʪʠʮ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʠʟʚʦʣʴʥʦʤʫ ʦʙʲʝʤʫ ʩʧʣʦʰʥʦʡ 

ʩʨʝʜʳ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʧʨʠʯʠʥʦʡ ʣʦʞʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ 

ʦ çʩʠʤʤʝʪʨʠʯʥʦʩʪʠè ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ. ʀʤʝʥʥʦ  

ʣʦʞʥʘʷ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʠ ʚʭʦʜʷʱʠʡ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʴʶ  ʚ  ʨʷʜ  ʊʝʡʣʦʨʘ  ʩʠʤʤʝʪʨʠʯʥʳʡ  ʪʝʥʟʦʨ  ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ  

ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʉʪʦʢʩʦʤ ʚ ʦʩʥʦʚʫ ʛʠʧʦʪʝʟʳ ʦʙ ʦʙʦʙʱʝʥʥʦʤ ʟʘʢʦʥʝ 

ʅʴʶʪʦʥʘ, ʦʰʠʙʦʯʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʜʝʩʴ ʜʦʢʘʟʳʚʘʝʪʩ.̫ ʇʦʵʪʦʤʫ ʩʬʦʨ- 

ʤʫʣʠʨʦʚʘʥʥʳʝ ʚ 1845ʛ. ʫʨʘʚʥʝʥʠʷ ʉʪʦʢʩʘ ʷʚʣʷʶʪʩʷ ʥʝʚʝʨʥʳʤʠ, ʧʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝ- 

ʩʢʠʭ ʤʦʜʝʣʝʡ ʪʝʯʝʥʠʡ ʩʞʠʤʘʝʤʦʛʦ ʚʷʟʢʦʛʦ ʛʘʟʘ, ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩ- 

ʪʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ.  

     ʈʘʟʫʤʝʝʪʩʷ, ʣʦʛʠʯʥʦʡ ʷʚʣʷʝʪʩʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʩʤʦʪʨʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-

ʂʦʰʠ-ʃʘʤʝ ʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ.  

     ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʣʦʞʝʥʳ ʥʘ ʩʝʤʠʥʘʨʘʭ ʧʦ ʤʝʭʘʥʠʢʝ, ʥʘ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʲʝʟʜʘʭ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ 

ʤʝʭʘʥʠʢʝ, ʩʦʩʪʦʷʚʰʠʭʩʷ ʚ ʂʘʟʘʭʩʢʦʤ ʅʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. 

ɸʣʴ-ʌʘʨʘʙʠ ʚ 2006-2011ʛ.ʛ., ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  ʧʦ ʤʘʪʝʤʘ- 

ʪʠʢʝ ʠ ʤʝʭʘʥʠʢʝ, ʧʦʩʚʷʱʝʥʥʦʡ 60-ʣʝʪʠʶ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʊʦʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 22-24 ʩʝʥʪ.2008ʛ. ʛ.ʊʦʤʩʢ. 
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ɻʣ.-1. ʆʐʀɹʆʏʅʆʉʊʔ ʋʈɸɺʅɽʅʀʁ  ʅɸɺʔɽ-ʉʊʆʂʉɸ. 

ʅʆɺʓɽ ʋʈɸɺʅɽʅʀʗ  ɼʀʅɸʄʀʂʀ ɺʗɿʂʆɻʆ ɻɸɿɸ 

     

  ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚʳʚʦʜʠʣʠ ʬʨʘʥʮʫʟʩʢʠʝ  

ʫʯʝʥʳʝ: ʚ 1821ʛ. ʅʘʚʴʝ, ʚ 1831ʛ. ʇʫʘʩʩʦʥ ʠ 1843ʛ. ʉʝʥ-ɺʝʥʘʥ. ɺ 

1845ʛ. ʚʝʣʠʢʠʡ ʘʥʛʣʠʡʩʢʠʡ ʬʠʟʠʢ ʉʪʦʢʩ ʧʨʝʜʧʦʣʦʞʠʣ ʩʫʱʝʩ- 

ʪʚʦʚʘʥʠʝ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʢʦʤʧʦʥʝʥʪ ʩʠʤ- 

ʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʳʚʝʣ 

ʫʨʘʚʥʝʥʠʷ  ʜʠʥʘʤʠʢʠ  ʚʷʟʢʦʛʦ  ʛʘʟʘ,  ʥʘʟʚʘʥʥʳʝ  ʚ  ʧʦʩʣʝʜʫʶʱʝʤ    

ʫʨʘʚʥʝʥʠʷʤʠ ʉʪʦʢʩʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ʥʝʩʞʠʤʘʝ- 

ʤʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʷʟʢʦʩʪʴʶ. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʜʦʣʞʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ  ʦʙʦʩʥʦʚʘʥʠʷ ʜʘʥʥʦʡ ʉʪʦʢʩʦʤ ʟʘʚʠʩʠ- 

ʤʦʩʪʠ  ʃ.ɼ.ʃʘʥʜʘʫ ʥʘʟʚʘʣ ʝʝ ʛʠʧʦʪʝʟʦʡ ʉʪʦʢʩʘ. ɻʠʧʦʪʝʟʘ ʉʪʦʢ- 

ʩʘ ʧʨʠʚʦʜʠʪ ʢ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤ ʷʚʣʝʥʠʷʤ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʤ ʬʠ- 

ʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʚʳʟʚʘʣʦ ʩʦʤʥʝʥʠʷ ʚ ʧʨʘʚʠ- 

ʣʴʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʝʝ ʦʩʥʦʚʝ ʩʘʤʠʭ ʫʨʘʚʥʝʥʠʡ ʉʪʦʢʩʘ. ʊ ʘɦ- 

ʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʢʦʨʝʥʥʫʶ ʦʰʠʙʢʫ ʛʠʧʦʪʝʟʳ. 

ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʉʪʦʢʩ ʠʟ ʨʷʜʘ ʊʝʡʣʦʨʘ   

),(),( trvtrrv
CCCCC

=+d + rS
C
d , ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ  ʢ ʚʠʜʫ 

),(),( trvtrrv
CCCCC

=+d + rSrS
CC# dd Ĕ+ , ʜʣʷ  ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʥʟʦʨʘ 

ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ  ʠʩʧʦʣʴʟʦʚʘʣ ʪʦʣʴʢʦ ʦʜʥʫ ʯʘʩʪʴ ʪʝʥʟʦʨʘ ʧʝ- 

ʨʝʤʝʱʝʥʠʡ SSS Ĕ+=# , ʘ ʠʤʝʥʥʦ ʩʠʤʤʝʪʨʠʯʥʳʡ ʪʝʥʟʦʨ ʩʢʦʨʦʩ- 

ʪʝʡ ʜʝʬʦʨʤʘʮʠʡ S# , ʧʨʠ ʵʪʦʤ ʧʨʝʥʝʙʨʝʛʘʷ ʝʛʦ ʘʥʪʠʩʠʤʤʝʪʨʠʯ- 

ʥʦʡ ʯʘʩʪʴʶ SĔ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ ʜʚʠ- 

ʞʝʥʠʷ, ʘ ʠʤʝʥʥʦ - ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʩʨʝʜʳ. ʈʘʟʫʤʝʝʪʩʷ, ʪʘʢʦʝ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʧʘʨʘʜʦʢʩʘʣʴʥʦ ʠ 

ʘʣʦʛʠʯʥʦ. ʆʰʠʙʢʘ ʛʠʧʦʪʝʟʳ ʉʪʦʢʩʘ ʩʚʟ̫ʘʥʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʤʝʨʝ ʩ ʫʢʦʨʝʥʠʚʰʠʤʩʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ  ʦ ʠhʙʦʯʥʳʤ  

ʧʦʣʦʞʝʥʠʝʤ, ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ  ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ 

ʚʩʝʛʜʘ ʩʠʤʤʝʪʨʠʯʝʥ, (ʚʳʚʦʜ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘ- 

ʧʨʷʞʝʥʠʡ ʠʟ ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚ ʜʚʠʞʝ-

ʥʠʷ ʩʦʜʝʨʞʠʪʩʷ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʫʯʝʙʥʠʢʘʭ ʠ ʤʦʥʦʛʨʘʬʠʷʭ /1/,/2/, 

/3/,/4/ ʠ ʜʨ.)  

   ɺʦʟʥʠʢʣʘ ʥʘʩʪʦʷʪʝʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʙʦʩ- 

ʥʦʚʘʥʠʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝ- 

ʥʠʡ ʩʧʣʦʰʥʦʡ  ʩʨʝʜʳ,  ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ  ʪʝʥʟʦʨʘ 
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ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʩʝʛʦ ʵʪʦʛʦ, ʦʙʦʩʥʦʚʘʥʠʝ  

ʦʰʠʙʦʯʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ ʉʪʦʢʩʘ.  
   ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷ-

ʶʪʩʷ ʥʦʚʳʝ ʫʨʘʚʥʝʥʠʷ  ʜʠʥʘʤʠʢʠ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʚʷʟʢʦʩʪʴʶ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʪʝʥʟʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ  ʅʲʶʪʦʥʘ.   

   ʅʝʪʨʫʜʥʦ ʙʳʣʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʳ ʛʠʧʦʪʝʟʳ ʉʪʦʢʩʘ ʠ ʩʠʤ- 

ʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ  ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʧʘʨʘʜʦʢʩʘʣʴ- 

ʥʳʤʠ  ʧʨʠʤʝʥʝʥʠʷʤʠ  ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨ- 

ʤʫʣ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʭ  ʧʝʨʝʩʤʦʪʨ ʟʜʝʩʴ ʯʨʝʟʚʳʯʘʡʥʦ ʥʝʦʙʭʦʜʠʤ 

ʠ ʮʝʣʝʩʦʦʙʨʘʟʝʥ. 

 

Ä1. ʇʘʨʘʜʦʢʩʳ ʬʦʨʤʫʣ ʕʡʣʝʨʘ, ʃʝʡʙʥʠʮʘ 

     ɺ /1/  ʧʨʠʚʝʜʝʥ   ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ  ʚʳʚʦʜ  ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʜʣʷ ʦʙʲʝʤʘ t ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ   ʧʦʚʝʨʭʥʦʩʪʴʶ s: 

               

ññññññññ F+F
µ

µ
=F

stt

dsdtdt ),( nv
tdt

d CC
 ,                    (1) 

ʠʤʝʥʫʝʤʦʡ  ʚ  /1/  ʬʦʨʤʫʣʦʡ ʕʡʣʝʨʘ. 

    ɿʜʝʩʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʩʣʝʜʫʷ /1/, ʦʙʦʟʥʘʯʘʶʪʩʷ: ʩʠʤʚʦʣʦʤ     

r
C
d  = kzjyix

CCC
ddd ++  ʧʨʦʠʟʚʦʣʴʥʳʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ  ʦʪʨʝʟʢʠ,  

ʧʨʦʚʦʜʠʤʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ  ʚʨʝʤʝʥʠ  ʚ ʟʘʜʘʥ- 

ʥʦʡ ʪʦʯʢʝ ʩʨʝʜʳ, ʩʠʤʚʦʣʦʤ rd
C

 = kdzjdyidx
CCC

++  -  ʵʣʝʤʝʥʪʘʨ- 

ʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʟʘ ʙʝʩʢʦʥʝʯ- 

ʥʦ  ʤʘʣʳʡ  ʧʨʦʤʝʞʫʪʦʢ  ʚʨʝʤʝʥʠ  dt, kwjviuv
CCCC

++= - ʚʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ, ʪʘʢ  ʞʝ kvjvivv
CCCC

321 ++= . ɺ /2/ ʚʳʚʦʜʠʪʩʷ ʬʦʨʤʫʣʘ 

                 ññññññññ F+
µ

Fµ
=F

stt

dsdtdt ),( nv
tdt

d CC
,                 (2) 

ʠʩʧʦʣʴʟʫʝʤʘʷ  ʚ /3/ ʢʘʢ ʬʦʨʤʫʣʘ ʃʝʡʙʥʠʮʘ.  ʉʪʘʚʠʪʩʷ ʚʦʧʨʦʩ: 

ʢʘʢʘʷ ʠʟ ʵʪʠʭ ʜʚʫʭ ʬʦʨʤʫʣ ʚʝʨʥʘʷ?  ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʤʦʞʥʦ 

ʜʘʪʴ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ ʢʘʢ ʧʨʝʜʝʣʘ 

ʦʪʥʦʰʝʥʠʷ ʧʨʠʨʘʱʝʥʠʷ ʬʫʥʢʮʠʠ ʢ ʧʨʠʨʘʱʝʥʠʶ ʘʨʛʫʤʝʥʪʘ. ɼʣʷ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ  ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ  ʬʫʥʢʮʠʠ  v
C
F  ʧʦ x,y,z, ʧʦ 

ʪʝʦʨʝʤʝ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ-ɻʘʫʩʩʘ ʧʨʘʚʘʷ ʯʘʩʪʴ  ʬʦʨʤʫʣʳ ʃʝʡʙʥʠ- 

ʮʘ (2) ʩʚʦʜʠʪʩʷ ʢ ʦʙʲʝʤʥʦʤʫ  ʠʥʪʝʛʨʘʣʫ  
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                      ññññññ F+
µ

Fµ
=F
tt

dtdt )]([ vdiv
tdt

d C
,                      (3) 

   ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʝʩʴʤʘ ʯʘʩʪʦ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʬʦʨʤʫʣʘ 

ʩʢʦʨʦʩʪʠ  ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ  ʦʙʲʝʤʥʦʛʦ  ʨʘʩʰʠʨʝʥʠʷ  ʙʝʩʢʦʥʝʯʥʦ  

ʤʘʣʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʙʲʝʤʘ  ʩʨʝʜʳ dt ʠʟ /1/: 

                                    vdiv
dt

d C
Ö=dt

dt
                                  ( 4)                                

ɺr ʚʦʜ ʜʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩʦʜʝʨʞʠʪʩʷ ʚ  /1/,  ʜʨʫʛʦʝ ʜʦʢʘʟʘʪʝʣʴ- 

ʩʪʚʦ (4) ʜʘʥʦ ʟʜʝʩʴ ʚ  Ä2. ʇʘʨʘʜʦʢʩʳ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʦʪʥʦʩʠ- 

ʪʝʣʴʥʦ ʚʳʙʦʨʘ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ  t ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ 

ʧʦʜʭʦʜʘ.  

   ʇʝʨʚʳʡ ʧʦʜʭʦʜ. ʇʨʠʤʝʥʝʥ Cʝʜʦʚʳʤ ʃ.ʀ. ʚ /2/, ʛʜʝ ʚ ʩʠʣʫ (4) 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʙʲʝʤ  t ʩʧʣʦʰʥʦʡ  ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡʩʷ 

ʦʙʣʘʩʪʴʶ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ  )(ttt= , ʢʘʢ  ʩʫʤʤʘ 

ñññ=
t

dtt  ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ  ʦʙʲʝʤʦʚ )(tdtdt= , ʟʘʚʠʩʷʱʠʭ ʦʪ 

ʚʨʝʤʝʥʠ. ʇʫʩʪʴ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tt D+ ʜʚʠʞʫʱʠʡʩʷ  ʦʙʲʝʤ 

tʟʘʥʠʤʘʝʪ ʧʦʣʦʞʝʥʠʝ )(' tt D+=tt . ʀʩʭʦʜʷ  ʠʟ ʵʪʦʛʦ, Cʝʜʦʚ 

ʃ.ʀ. ʚ /2/ ʩʦʩʪʘʚʣʷʝʪ ʦʪʥʦʰʝʥʠʝ  ʧʨʠʨʘʱʝʥʠʡ    

)},(),,,(),,,({
1

'0
lim ttzyxttzyx

tdt

d

t
ñññññññññ F-D+F

D
=F

­D ttt

dtdtdt

ʦʪʢʫʜʘ ʚ ʧʨʝʜʝʣʝ ʧʦʣʫʯʘʝʪʩʷ ʬʦʨʤʫʣʘ ʃʝʡʙʥʠʮʘ (2). ʅʦ ʚ ʵʪʦʤ 

ʩʦʩʪʘʚʣʝʥʥʦʤ ʉʝʜʦʚʳʤ ʚʳʨʘʞʝʥʠʠ ʪʦʣʴʢʦ ʬʫʥʢʮʠʷ Fʠ ʦʙʲʝʤ 

)(' tt D+=tt  ʚʟʷʪʳ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tt D+ , ʥʝ ʫʯʪʝʥʘ ʟʘʚʠ- 

ʩʠʤʦʩʪʴ )( tt D+=dtdt . ɽʩʣʠ ʫʯʠʪʳʚʘʪʴ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʚʨʝʤʝʥʠ, ʪʦ ʧʦ ʉʝʜʦʚʫ ʦʪʥʦʰʝʥʠʝ  ʧʨʠʨʘʱʝʥʠʡ ʜʦʣʞʥʦ ʙʳʪʴ 

ʩʦʩʪʘʚʣʝʥʦ ʚ ʬʦʨʤʝ    

        { -D+D+F
D

=F ññññññ
­D '0

)(),,,(
1

lim
tt

dtdt ttttzyx
tdt

d

t

      (5) 

},)(),,,( ttzyxñññF-
t

dt  

ʦʪʢʫʜʘ ʚ ʧʨʝʜʝʣʝ ʧʦʣʫʯʘʝʪʩʷ   ʚʳʨʘʞʝʥʠʝ 
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{ }=F-D+D+F
D

=F ñññññññññ
­D

)(),,,()(),,,(
1

'0
lim ttzyxttttzyx

tdt

d

t ttt

dtdtdt   

{ ññññññ +D+D+F-D+D+F
D

=
­D tt

dtdt )(),,,()(),,,(
1

'0
lim ttttzyxttttzyx

tt

}=F-D+D+F+ñññ ñññ
t t

dtdt )(),,,()(),,,( ttzyxttttzyx  

{ -D+D+F+D+D+F
D

= ññññññ
-­D ttt

dtdt )(),,,()(),,,(
1

'0
lim ttttzyxttttzyx

tt

 

}ññ ññññññ F
µ

µ
+F=F-

s tt

dtdsdt ),(),()(),,,(
t

nvttzyx
CC

              )6(  

ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ tt-'  ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʝʤ ʨʘʚʝʥ 

dsdt ),()( nrtt
CC

D=D+ , ʧʦʵʪʦʤʫ ʦʙʨʘʟʫʝʪʩʷ ʩʢʦʨʦʩʪʴ       

v
t

r

t

C
C

=
D

D

­D 0
lim  ʠ  stt ­-' , -n

C
 ʦʨʪ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ  s. 

    ʀʪʘʢ, ʠʟ  (6)  ʚʳʪʝʢʘʝʪ  ʬʦʨʤʫʣʘ 

                 ññññññññ F+F
µ

µ
=F

stt

dsdtdt ),()( nv
tdt

d CC
,                   (7) 

ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʨʤʫʣ ʕʡʣʝʨʘ (1) ʠ ʃʝʡʙʥʠʮʘ (2).  

   ɸ ʝʩʣʠ ʧʦʡʪʠ ʜʘʣʴʰʝ ʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʜʚʠʞʫʱʝʤʩʷ ʦʙʲʝʤʝ 

)(' tt D+=tt  ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tt D+  ʠ ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮ 

zyx ,,  ʧʦʤʝʥʷʶʪ ʤʝʩʪʘ ʥʘ )(),(),( ttzttyttx D+D+D+ , ʪʦ   

ʦʪʥʦʰʝʥʠʝ  ʧʨʠʨʘʱʝʥʠʡ ʜʦʣʞʥʦ ʠʤʝʪʴ ʚʠʜ  

{ -D+D+D+D+D+F
D

=F ññññññ
­D '0

)()),(),(),((
1

lim
tt

dtdt ttttttzttyttx
tdt

d

t

        

},)(),,,( ttzyxñññF-
t

dt                        

ʦʪʢʫʜʘ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʪʩʷ ʚ ʧʨʝʜʝʣʝ 

{ññññññ -D+D+D+D+D+F
D

=F
­D '0

)()),(),(),((
1

lim
tt

dtdt ttttttzttyttx
tdt

d

t

ñññ +D+D+D+D+D+F-
t

dt )()),(),(),(( ttttttzttyttx  
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ñññ -D+D+D+D+D+F+
t

dt )()),(),(),(( ttttttzttyttx  

}=F-ñññ
t

dt)(),,,( ttzyx  

{ñññ
-­D

+D+D+D+D+D+F
D

=
tt

dt
'0

)()),(),(),((
1

lim ttttttzttyttx
tt

}=F-D+D+D+D+D+F+ñññ )](),,,()()),(),(),(([ ttzyxttttttzttyttx dtdt
t

  

                               ññ ñññF+F=
s t

dtds ),(),(
dt

d
nv
CC

           (8) 

  ʀʪʘʢ, ʠʟ  (8)  ʚʳʪʝʢʘʝʪ ʠʥʘʷ ʬʦʨʤʫʣʘ  ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ 

            ññññññññ F+F=F
stt

dsdtdt ),()( nv
dt

d

dt

d CC
,                   (9) 

ʯʪʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʨʤʫʣ ʕʡʣʝʨʘ (1), ʃʝʡʙʥʠʮʘ (2) ʠ (7).  

    ɺʪʦʨʦʡ ʧʦʜʭʦʜ. ʇʨʠʤʝʥʝʥ ʃʦʡʮʷʥʩʢʠʤ ʃ.ɻ. ʚ  /1/ . ʉʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʦʙʲʝʤ  t ʷʚʣʷʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ  ʦʙʣʘʩʪʴʶ ʩʧʣʦʰʥʦʡ  

ʩʨʝʜʳ, ʪ.ʝ. ʥʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ  const==tt' . 

ʇʘʨʘʜʦʢʩ ʟʜʝʩʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ  ʦʙʣʘʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ t 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʫʤʤʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ  ʦʙʲʝʤʦʚ )(tdtdt= , 

ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʨʝʤʝʥʠ ʚ ʩʠʣʫ (4) const==ñññ
t

dtt . 

  ʆʪʥʦʰʝʥʠʝ ʧʨʠʨʘʱʝʥʠʡ ʚʦ ʚʪʦʨʦʤ ʧʦʜʭʦʜʝ ʙʫʜʝʪ ʪʘʢʦʝ 

{ -D+D+D+D+D+F
D

=F ññññññ
­D tt

dtdt )()),(),(),((
1

lim
0

ttttttzttyttx
tdt

d

t

                                

},)(),,,( ttzyxñññF-
t

dt                          (10) 

ʛʜʝ ʦʙʣʘʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʚ 

ʩʠʣʫ const==tt' . ʀʟ (10) ʧʦʩʣʝ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʧʨʝʜʝʣʝ 

{ -D+D+D+D+D+F
D

=F ññññññ
­D tt

dtdt )()),(),(),((
1

lim
0

ttttttzttyttx
tdt

d

t
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}ññññññ D+D+F
D

=F-
­Dtt

dt ),(),(([
1

)(),,,( lim
0

ttyttx
t

ttzyx
t

-D+D+D+ )()),( ttttttz dt )](),,,( ttzyx dtF ñññF=
t

dt)(
dt

d
 

   ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʤʘ const==tt'  

ʧʦʣʫʯʘʝʪʩʷ ʬʦʨʤʫʣʘ  

                       ñññ=F
t

dt
dt

d
ñññF
t

dt)(
dt

d
,                       (11) 

ʪ.ʝ. ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʚʥʝʩʪʠ ʧʦʜ ʟʥʘʢ ʠʥʪʝʛʨʘʣʘ.     
  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʭʦʜʘ ʢ ʚʳʯʠʩʣʝʥʠʶ 

ʧʦʣʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ  ʧʦʣʫʯʘʶʪʩʷ  5  ʨʘʟʣʠʯʥʳʭ 

ʚʳʨʘʞʝʥʠʡ: (1), (2), (7), (9), (11). 

      ɼʝʣʦ  ʚ  ʪʦʤ, ʯʪʦ ʚ /1/, /2/,/3/,/4/, /5/ ʠ ʪ.ʧ.  ʜʣʷ ʨʘʩʢʨʳʪʠʷ 

ʚʳʨʘʞʝʥʠʡ ʪʠʧʘ ñññF
t

dt
dt

d
 ʧʨʠʤʝʥʷʶʪʩʷ ʬʦʨʤʫʣʳ (3) ʠʣʠ 

(11), ʯʪʦ ʚ ʵʪʠʭ  ʫʯʝʙʥʠʢʘʭ ʩʦʩʪʘʚʣʷʝʪ  ʦʩʥʦʚʫ  ʜʝʜʫʢʪʠʚʥʦʛʦ 

ʤʝʪʦʜʘ ʚʳʚʦʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ, 

ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʡ, ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʜʨ.  

   ʀʤʝʥʥʦ ʜʝʜʫʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʦ ʠʟʚʝʩʪʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ  ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʤʦʤʝʥʪʦʚ 

                       ,0],[],[],[
3

1

=
µ

µ
-- ä
=j

j

j

r
x

Fr
dt

vd
r prr

CCCC
C

C

  

 

 
ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʚʦʜʠʪʩʷ ʦʰʠʙʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦ ʩʠʤʤʝʪʨʠʯʥʦʩ- 

ʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ.  

     ɺ ʠʥʜʫʢʪʠʚʥʦʤ ʤʝʪʦʜʝ ʧʨʦʠʟʚʦʜʥʝr ʪʠʧʘ ñññF
t

dt
dt

d
 ʥʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʜʦʢʘʟʳʚʘʝʪʩʷ  ʥʝʨʘʚʝʥʩʪʚʦ ʥʫʣʶ: 

                      ,0],[],[],[
3

1

¸
µ

µ
-- ä
=j

j

j

r
x

Fr
dt

vd
r prr

CCCC
C

C
  

ʪʝʤ ʩʘʤʳʤ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ   
ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. 
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Ä2.ʇʘʨʘʜʦʢʩʳ  ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ  ʜʚʠʞʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʝʤʘ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ 

  ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʤʝʭʘʥʠʢʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʬʠʛʫʨʠʨʫʝʪ ʩʠʤʤʝʪ- 

ʨʠʯʝʩʢʠʡ ʪʝʥʟʦʨ  ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ  S# /1/,/2/,/3/,/4. ʎʝʣʴʶ 

ʧʘʨʘʛʨʘʬʘ ʷʚʣʷʝʪʩʷ  ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʥʝʩʠʤʤʝʪʨʠʯʝʩʢʠʡ 

ʪʝʥʟʦʨ ʧʝʨʝʤʝʱʝʥʠʷ  S  ʦʙʣʘʜʘʝʪ ʪʘʢʠʤʠ ʞʝ ʩʚʦʡʩʪʚʘʤʠ. 

  ɺ ʪʝʦʨʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ  ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʝʤʘ  

ʠ  ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ   ʟʘʢʦʥʦʚ  ʜʠʥʘʤʠʢʠ  

ʚʷʟʢʦʡ  ʩʧʣʦʰʥʦʡ  ʩʨʝʜʳ  ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ  ʨʷʜ  ʊʝʡʣʦʨʘ 

               z
z

v
y

y

v
x

x

v
trvtrrv dddd

µ

µ
+

µ

µ
+

µ

µ
+=+

CCC
CCCCC

),(),(  ,    

ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʡ  ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t . (ʉʦʙʩʪʚʝʥʥʦ ʛʦʚʦʨʷ, ʚʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪ ʨʷʜ ʊʝʡʣʦʨʘ ʢʘʢ ʧʨʠʥʮʠʧ 

ʚʠʨʪʫʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʪʦʯʢʠ) 

         ʈʷʜ ʊʝʡʣʦʨʘ  ʚ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʦʡ  ʬʦʨʤʝ    ʠʤʝʝʪ  ʚʠʜ 

                           ),(),( trvtrrv
CCCCC

=+d + rS
C
d ,                              (1)              

ʛʜʝ ʩʪʦʠʪ   ʤʘʪʨʠʮʘ,  ʠʤʝʥʫʝʤʘʷ  ʚ ʜʘʣʴʥʝʡʰʝʤ  ʪʝʥʟʦʨʦʤ  

ʧʝʨʝʤʝʱʝʥʠʷ: 

 

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

=

ö
ö
ö
ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ
æ
æ
æ

ç

å

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

=

k

j

i

z

y

x

r

z

w

y

w

x

w

z

v

y

v

x

v

z

u

y

u

x

u

S
C

C

C

C

d

d

d

d,

    ʆʙʦʟʥʘʯʘʷ   ɻ ʣʝʤʝʥʪʳ  ʵʪʦʡ  ʤʘʪʨʠʮʳ   

,/,/,/,/,/ xvSyvSzuSyuSxuS xyyyzxyxxx µµ=µµ=µµ=µµ=µµ=  

,/,/,/,/ zvSxwSywSzwS zyxzyzzz µµ=µµ=µµ=µµ=  

ʤʦʞʥʦ  ʟʘʧʠʩʘʪʴ ʪʝʥʟʦʨ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʠʟʚʝʩʪʥʳʤ  

ʚ ʛʠʜʨʦʤʝʭʘʥʠʢʝ  ʪʝʥʟʦʨʦʤ  ʩʢʦʨʦʩʪʝʡ  ʜʝʬʦʨʤʘʮʠʡ  S#,ʚ ʚʠʜʝ: 
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ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

=

zzyzxz

zyyyxy

zxyxxx

SSS

SSS

SSS

S
 

   ʉʣʝʜʫʷ  /1/,  ʚʚʝʜʝʤ ʪʨʠ ʩʢʦʨʦʩʪʠzyx eee ### ,,   ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ   

ʫʜʣʠʥʝʥʠʷ  ʞʠʜʢʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ  ʚʝʢʪʦʨʦʚ  ),0,0,(1 xr dd
C

  

),,0,0(),0,,0( 32 zryr dddd
CC

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʦʩʝʡ ʧʨʷʤʦʫʛʦʣʴ-

ʥʦʡ  ʩʠʩʪʝʤʳ  ʢʦʦʨʜʠʥʘʪ ʩ  ʥʘʯʘʣʦʤ  ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ  ʄ: 

            )(
1

),(
1

),(
1

z
dt

d

z
ey

dt

d

y
ex

dt

d

x
e zyx d

d
d

d
d

d
=== ###   (2)                                                                                                                                                

ʠ ʪʨʠ ʩʢʦʨʦʩʪʠ ʩʢʦʰʝʥʠʷ ʢʦʦʨʜʠʥʘʪʥʳʭ ʫʛʣʦʚ zxyzxy ggg ,,   

ʤʝʞʜʫ ʦʩʷʤʠ,  ʢʦʪʦʨʳʝ  ʜʦ ʜʝʬʦʨʤʘʮʠʠ ʙʳʣʠ ʨʘʚʥʳ  2/p . ʀʟ 

ʩʢʘʣʷʨʥʳʭ  ʧʨʦʠʟʚʝʜʝʥʠʡ  ʚʳʪʝʢʘʶʪ  ʢʦʩʠʥʫʩʳ ʵʪʠʭ ʫʛʣʦʚ 

  
)/(),(cos

),/(),(cos),/(),(cos

13

3221

zxrr

yzrryxrr

zx

yzxy

ddddg

ddddgddddg
CC

CCCC

=

==
      (3) 

      ʇʨʦʠʟʚʦʜʥʳʝ  ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʵʪʠʭ ʫʛʣʦʚ  ʦʙʦʟʥʘʯʘʶʪʩʷ   

       ttt zxzxyzyzxyxy µ-µ=µ-µ=µ-µ= /,/,/ gegege ###  

ɺ ʦʩʥʦʚʫ ʦʧʨʝʜʝʣʝʥʠʷ  ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ  ʢʦʤʧʦʥʝʥʪ 

ʪʝʥʟʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ S  ʧʦʣʘʛʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

                             v
dt

rd
r

dt

d C
C

C
ddd == )()( ,                                     (4)  

ʢʦʪʦʨʦʝ ʚʳʪʝʢʘʝʪ ʠʟ  ʨʘʚʝʥʩʪʚ: 

              vrvrv
dt

rd

dt

rd
rr

dt

d
r

dt

d CCCCC
CC

CCC
dd =-=-=-= )()()()( 1

1
1  

ʀʤʝʷ ʚ ʚʠʜʫ  rrr
CCC
d+=1 ,  ʬʦʨʤʫʣʘ  (1)  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

                                        rSv
CC
dd=                                                (5) 

  ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (4) ʚ (5) ʧʦʣʫʯaeʪʩʷ  ʨʘʚʝʥʩʪʚʦ 

                                       =)( r
dt

d C
d rS

C
d                                        (6) 
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     ʇʦʣʘʛʘʷ  ʚ  ʥʝʤ  r
C
d   ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ  ʨʘʚʥʳʤ  

),0,0(),0,,0(),0,0,( 321 zryrxr dddddd
CCC

  ʠ ʧʨʦʝʢʪʠʨʫʷ  ʥʘ  ʪʨʠ ʦʩʠ 

ʢʦʦʨʜʠʥʘʪ,  ʥʘʡʜʝʤ 

       =)( x
dt

d
d xSxxd  ,  =)( y

dt

d
d ySyyd  ,  =)( z

dt

d
d zSzzd,   

ʯʪʦ  ʩʦʛʣʘʩʥʦ  (2)  ʜʘʝʪ  ʩʚʷʟʴ  

,,, zzzyyyxxx eSeSeS ### ===  zweyvexue zyx µµ=µµ=µµ= /,/,/ ### ,  (7) 

ʦʪʢʫʜʘ ʚʳʪʝʢʘʶʪ  ʨʘʚʝʥʩʪʚʘ  ʜʠʘʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ 

ʧʝʨʝʤʝʱʝʥʠʷ  S   ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  ʩʢʦʨʦʩʪʷʤ  ʦʪʥʦʩʠʪʝʣʴʥʳʭ  

ʫʜʣʠʥʝʥʠʡ   ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʪʨʝʟʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʦʩʝʡ 

ʢʦʦʨʜʠʥʘʪ ʠ ʠʤʝʶʱʠʭ ʥʘʯʘʣʦ  ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʪʦʢʘ.                                                                                        

       ɺʳʯʠʩʣʠʤ ʧʨʦʠʟʚʦʜʥʳʝ  ʧʦ  t  ʦʪ ʦʙʝʠʭ ʯʘʩʪʝʡ ʨʘʚʝʥʩʪʚ  (3): 

     ),
1

(),(
),(1

sin 21
21

yxdt

d
rr

dt

rrd

yxdt

d xy

xy
dd

dd
dd

dd

g
g

CC
CC

+=-  

    

)
1

(),(
),(1

sin

),
1

(),(
),(1

sin

13
13

32
32

zxdt

d
rr

dt

rrd

zxdt

d

yzdt

d
rr

dt

rrd

yzdt

d

zx
zx

yz

yz

dd
dd

dd

dd

g
g

dd
dd

dd

dd

g
g

CC
CC

CC
CC

+=-

+=-

   (8) 

ʕʪʠ ʨʘʚʝʥʩʪʚʘ ʚ /1/  ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʦʤʝʥʪ  ʚʨʝʤʝʥʠ 0tt = , 

ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʡ ʥʘʯʘʣʴʥʦʤʫ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʝʤʘ, ʢʦʛʜʘ  

   0),(,0),(,0),(,
2

133221 ====== rrrrrrzxyzxy

CCCCCC
dddddd

p
ggg  

ɹʫʜʝʤ ʠʤʝʪʴ ʠʟ (8), ʠʙʦ ʩʠʥʫʩʳ ʧʨʷʤʳʭ ʫʛʣʦʚ ʨʘʚʥʳ 1: 

             ),,(
1

/ 21 rr
dt

d

yx
txyxy

CC
# dd

dd
ge =µ-µ=  

             ),,(
1

/ 32 rr
dt

d

zy
tyzyz

CC
# dd

dd
ge =µ-µ=  

             ),(
1

/ 13 rr
dt

d

xz
tzxzx

CC
# dd

dd
ge =µ-µ=               (9) 

ʀʩʧʦʣʴʟʫʷ (6) ʠ ʧʨʘʚʠʣʘ ʚʳʯʠʩʣʝʥʠʷ  ʪʨʦʡʥʳʭ  ʩʢʘʣʷʨʥʦ-ʚʝʢʪʦʨ- 
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ʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠ ʧʨʦʠʟʚʝʜʝʥʠʡ ʤʘʪʨʠʮʳ ʥʘ ʚʝʢʪʦʨ, ʠʤʝʝʤ   

,)()()(

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

21

2121212121

yxSSxySyxSrSxyrS

rSrrrSr
dt

d
rrr

dt

d
rr

dt

d

yxxyyxxyxy dddddddddd

dddddddddd

+=+=+=

=+=+=

CC

CCCCCCCCCC

 

,)(),(,)(),( 1332 xzSSrr
dt

d
yzSSrr

dt

d
zxxzzyyz dddddddd +=+=

CCCC
 

ʦʪʢʫʜʘ  ʩʣʝʜʫʶʪ  ʚ ʩʠʣʫ (9)  ʨʘʚʝʥʩʪʚʘ 

             zxxzzxyzzyyzyxxyxy SSSSSS +=+=+= eee ### ,,           (10) 

ɺ /1/, /2/,/3/ ʠ ʜʨ., ʩʦʦʙʨʘʟʫʷʩʴ ʩ ʬʦʨʤʫʣʦʡ ʧʝʨʚʦʡ ʪʝʦʨʝʤʳ  

ɻʝʣʴʤʛʦʣʴʮʘ, ʚʚʦʜʠʪʩʷ ʪʝʥʟʦʨ ʩʢʦʨʦʩʪʝʡ  ʜʝʬʦʨʤʘʮʠʡ   

          

ö
ö
ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ
æ
æ

ç

å

µ

µ

µ

µ
+

µ

µ

µ

µ
+

µ

µ

µ

µ
+

µ

µ

µ

µ

µ

µ
+

µ

µ

µ

µ
+

µ

µ

µ

µ
+

µ

µ

µ

µ

=

z

w

z

v

y

w

z

u

x

w

y

w

z

v

y

v

y

u

x

v

x

w

z

u

x

v

y

u

x

u

S

)(
2

1
)(

2

1

)(
2

1
)(

2

1

)(
2

1
)(

2

1

#         (11)       

  ʅʘʨʷʜʫ ʩ  ʵʪʠʤ ʚʚʦʜʠʪʩʷ  ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʡ ʪʝʥʟʦʨ  

        

öö
ö
ö
ö
ö
ö
ö

÷

õ

ææ
æ
æ
æ
æ
æ
æ

ç

å

µ

µ
-

µ

µ

µ

µ
-

µ

µ

µ

µ
-

µ

µ

µ

µ
-

µ

µ

µ

µ
-

µ

µ

µ

µ
-

µ

µ

=

0)(
2

1
)(

2

1

)(
2

1
0)(

2

1

)(
2

1
)(

2

1
0

Ĕ

z

v

y

w

z

u

x

w

y

w

z

v

y

u

x

v

x

w

z

u

x

v

y

u

S  

   ɺ ʩʫʤʤʝ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ   SSS Ĕ+=# . 

   ʀʩʧʦʣʴʟʫʷ ʠʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (ʧʝʨʚʘʷ ʪʝʦʨʝʤʘ ɻʝʣʴʤʛʦʣʴʮʘ)  

                         =)( r
dt

d C
d rSrx

C#CC
ddw + ,  vrot

CC

2

1
=w                                          

ʚ  /1/  ʧʦʣʫʯʝʥʳ  ʩʦʦʪʥʦʰʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ (7) ʠ (10): 

,/,/,/,,, zweyvexueeSeSeS zyxzzzyyyxxx µµ=µµ=µµ==== #########  
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 ,)(),(,)(),( 3221 yzSSrr
dt

d
yxSSrr

dt

d
yzyzyxxy dddddddd ##CC##CC

+=+=  

              ,)(),( 13 xzSSrr
dt

d
xzzx dddd ##CC

+=                                         (12) 

ɺ ʩʠʣʫ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ ʠʤʝʶʪ 

ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʘ 

 ,
2

1
xyyxxy SS e### ==   ,

2

1
yzzyyz SS e### ==   zxxzzx SS e###

2

1
==       (13)                                                                                                                                                                            

ʇʘʨʘʜʦʢʩʘʣʴʥʦ ʪʦ, ʯʪʦ  ʢʘʢ ʠʟ (13) ʪʘʢ ʠ ʠʟ (10) ʚʳʪʝʢʘʶʪ 
ʦʜʠʥʘʢʦʚʳʝ ʨʘʚʝʥʩʪʚʘ  

                
z

u

x

w

y

w

z

v

y

u

x

v
zxyzxy

µ

µ
+

µ

µ
=

µ

µ
+

µ

µ
=

µ

µ
+

µ

µ
= eee ### ,,  

ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʝʥʟʦʨʦʚ S#ʠ S ! 

   ʈʘʩʩʤʦʪʨʠʤ  ʩʢʦʨʦʩʪʴ  ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʩʨʝʜʳ ʚ ʜʘʥʥʦʡ ʝʝ ʪʦʯʢʝ  

                                    )(
1

dt
dt

q
dt

d
=# , 

dt -  ʵʣʝʤʝʥʪʘʨʥʳʡ  çʞʠʜʢʠʡè ʦʙʲʝʤ ʩʨʝʜʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʪʨʦʡʥʳʤ ʩʢʘʣʷʨʥʦ-ʚʝʢʪʦʨʥʳʤ  ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʳʭ  

ʢʦʦʨʜʠʥʘʪʥʳʭ  ʚʝʢʪʦʨʦʚ   

),0,0(),0,,0(),0,0,( 321 zryrxr dddddd
CCC

:   dt=( ],[, 321 rrr
CCC
ddd ) 

ɺʳʯʠʩʣʷʷ  ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ  ʧʦ ʚʨʝʤʝʥʠ,  ʠʤʝʝʤ 

         

)(
1

dt
dt

q
dt

d
=# =

dt

d

dt

1
( ],[, 321 rrr

CCC
ddd )= 

=
dt

1
( ],[),( 321 rrr
dt

d CCC
ddd )+

dt

1
( ],[),( 132 rrr
dt

d CCC
ddd )+ 

+
dt

1
( ],[),( 213 rrr
dt

d CCC
ddd ) 

  ɼʣʷ  ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ  dt= xd yd zd  ʠ ʧʦ 

ʠʟʚʝʩʪʥʦʤʫ ʩʚʦʡʩʪʚʫ  ʝʜʠʥʠʯʥʳʭ  ʚʝʢʪʦʨʦʚ ʦʩʝʡ  ʢʦʦʨʜʠʥʘʪ  

kji
CCC

,, , ʘ ʪʘʢʞʝ  ʚ ʩʠʣʫ  ʧʨʝʜʩʪʘʚʣʝʥʠʡ 
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=1r
C
d kjix

CCC
00 ++d , =2r

C
d kjyi

CCC
00 ++d , =3r

C
d kzji

CCC
d++00   

ʧʦʣʫʯʘʝʪʩʷ 

                ,],[
1

],[
1],[ 3232

x

i
kj

xz

r

y

r

x

rr

ddd

d

d

d

ddt

dd
C

CCCCCC

===  

                
z

krr

y

jrr

ddt

dd

ddt

dd
CCCCCC

==
],[

,
],[ 2113 , 

ʚ ʩʠʣʫ ʯʝʛʦ ʧʨʝʜʳʜʫʱʝʝ ʨʘʚʝʥʩʪʚʦ ʧʝʨʝʡʜʝʪ ʚ ʩʣʝʜʫʶʱʝʝ   

                                    )(
1

dt
dt

q
dt

d
=# =           

))(,(
1

))(,(
1

))(,(
1

321 r
dt

d
k

z
r

dt

d
j

y
r

dt

d
i

x

CCCCCC
d

d
d

d
d

d
++=

    ʀʩʧʦʣʴʟʫʷ ʚʥʦʚʴ ʨʘʚʝʥʩʪʚʦ  (6), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 

   =)( 1r
dt

d C
d 1rS

C
d   ,  =)( 2r

dt

d C
d 2rS

C
d  ,  =)( 3r

dt

d C
d 3rS

C
d , 

ʦʧʨʝʜʝʣʠʤ ʠʩʢʦʤʦʝ ʚʳʨʘʞʝʥʠʝ  q#  ʚ  ʬʦʨʤʝ 

   )(
1

dt
dt

q
dt

d
=# = ),(

1
),(

1
),(

1
321 rSk

z
rSj

y
rSi

x

CCCCCC
d

d
d

d
d

d
++ , 

ʛʜʝ  ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ  ʨʘʚʥʳ 

                    

z

w
SrSk

z

y

v
SrSj

y

x

u
SrSi

x

zz

yy

xx

µ

µ
==

µ

µ
==

µ

µ
==

),(
1

,),(
1

,),(
1

3

2

1

CC

CC

CC

d
d

d
d

d
d

 

 ʆʢʦʥʯʘʪʝʣʴʥʦ  ʥʘʭʦʜʠʤ 

  )(
1

dt
dt

q
dt

d
=# =

z

w

y

v

x

u
SSS zzyyxx

µ

µ
+

µ

µ
+

µ

µ
=++ =divv

C
,     (14)                                                  

ʪ.ʝ. ʩʢʦʨʦʩʪʴ  ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ  ʦʙʲʝʤʥʦʛʦ  ʨʘʩʰʠʨʝʥʠʷ  

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʝʤʘ ʩʨʝʜʳ ʚ ʜʘʥʥʦʡ ʝʝ ʪʦʯʢʝ ʨʘʚʥʘ  

ʜʠʚʝʨʛʝʥʮʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚ ʵʪʦʡ ʪʦʯʢʝ ʠʣʠ  ʩʫʤʤʝ 

ʩʢʦʨʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʳʭ  ʫʜʣʠʥʝʥʠʡ 
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                                       zyx eee #### ++=q    

   ʊʘʢʠʤ  ʦʙʨʘʟʦʤ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʥʟʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ S  ʫʩʪʘ- 

ʥʦʚʣʝʥʘ  ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ  ʚʳʰʝ  ʬʦʨʤʫʣʘ  (4) Ä1 . ʆʥʘ ʥʝʧʦʩʨʝʜ- 

ʩʪʚʝʥʥʦ ʚʳʪʝʢʘʝʪ ʠʟ  (14): 

                                   
dt

d )(1 dt

dt
= vdiv
C

                                    (15) 

ʠʣʠ ʚ ʵʡʣʝʨʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ 

            vdiv
z

w
y

v
x

u
t

C
dt

dtdtdtdt
=

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ )()()()(
    

ʠ   ʚʳʨʘʞʘʝʪ  ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʝʤʘ ʩʨʝʜʳ 

ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʟʘʜʘʥʥʦʤ  ʝʝ ʜʚʠʞʝʥʠʠ.  

 

Ä3. ʇʘʨʘʜʦʢʩʳ  ʠʥʪʝʛʨʘʣʴʥʦʛʦ  ʚʳʚʦʜʘ  ʫʨʘʚʥʝʥʠʡ  
ʜʠʥʘʤʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ 

     ɺ  /1/, /2/, /3/, /4/ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʦʙʲʝʤʫ t, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʚʳʚʦʜʷʪʩʷ 

ʜʝʜʫʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ. ʀʤʝʥʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʝʜʫʢʪʠʚʥʦʛʦ  

ʤʝʪʦʜʘ ʧʨʠʚʝʣʦ ʢ ʣʦʞʥʦʤʫ ʧʦʣʦʞʝʥʠʶ o ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ. ʆʪʧʨʘʚʥʳʤ ʧʫʥʢʪʦʤ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥ 

ʠʟʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʘ (ʠʣʠ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʡ) ʜʣʷ ʩʠʩʪʝʤʳ  

ʪʦʯʝʢ ʩ ʤʘʩʩʘʤʠ im  ʠ ʩʢʦʨʦʩʪʷʤʠ iv
C

: 

                                  ä
=

N

i

ip
dt

d

1

C
ä
=

=
N

i

if

1

C,                                 (1) 

 ʛʜʝ    ip
C

= )( iimv
C

- ʠʤʧʫʣʴʩ (ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ)  ʯʘʩ- 

ʪʠʮʳ  ʩ ʤʘʩʩʦʡ  im ,  ʜʚʠʞʫʱʝʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʟʫʣʴʪʠ- 

ʨʫʶʱʠʭ ʩʠʣ if
C
,  ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚʩʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ   ʥʘ 

ʯʘʩʪʠʮʫ ʩ  ʥʦʤʝʨʦʤ  i, ʢʘʢ  ʚʥʝʰʥʠʝ ʪʘʢ ʠ  ʚʥʫʪʨʝʥʥʠʝ  ʩʠʣʳ  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʨʠ  ʩʫʤʤʠʨʦʚʘʥʠʠ  ʵʪʠ  

ʚʥʫʪʨʝʥʥʠʝ ʩʠʣʳ ʧʦ ʪʨʝʪʴʝʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʩʦʢʨʘʱʘʶʪʩʷ  

ʧʦʧʘʨʥʦ (ʩʤ. /7/).                             
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    ɺ ʜʝʜʫʢʪʠʚʥʦʤ ʤʝʪʦʜʝ ʟʘʢʦʥ (1) ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʧʨʦʠʟʚʦʣʴ- 

ʥʦʤʫ ʦʙʲʝʤʫ t ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ s, ʚʥʝʰʥʷʷ ʥʦʨʤʘʣʴ ʢ ʢʦʪʦ- 

ʨʦʡ ʦʙʦʟʥʘʯʝʥʘ .n
C
ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʙʲʝʤʘ t ʚ ʚʠʜʝ:  

                   ññññññññ+=
t t s

dsprdtrdt nFv
dt

d CCC
             (2)                                                                                                                                                               

   ɺ /1/  ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʝʚʦʡ ʯʘʩʪʠ (2)   ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ  ʧʦ 

ʬʦʨʤʫʣʝ  (11)  Ä1: 

                      ññññññ=
t t

rdtrdt )(v
dt

d
v

dt

d CC
,                                           

ʘ ʚ /2/  ʧʨʠʤʝʥʷʝʪʩʷ ʬʦʨʤʫʣʘ ʃʝʡʙʥʠʮʘ. ʆʯʝʚʠʜʥʦ, ʚ ʠʥʪʝʛʨʘʣʴ- 

ʥʦʤ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʚʦʟʥʠʢʘʶʪ 

ʧʨʦʙʣʝʤʳ ʩ ʚʳʯʠʩʣʝʥʠʷʤʠ  ñññ
t

rdtv
dt

d C
 ʠʣʠ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ 

ʤʦʤʝʥʪʦʚ ñññ
t

dtr],[ vr
dt

d CC
 ʠ ʪ.ʧ., ʥʘ ʯʪʦ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ ʚʠʜʝ 5 

ʬʦʨʤʫʣ ʚ Ä1. ʋʜʘʯʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʫʣ ʃʝʡʙʥʠʮʘ ʠʣʠ (11) 

Ä1 ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ 

ʜʦʣʞʥʳ ʙʳʣʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʝʦʨʝʤʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʠʤʧʫʣʴʩʘ 

ʠʣʠ 2 ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ.  

     ʇʝʨʚʦʝ, ʯʪʦ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʠʥʪʝʛʨʘʣʝ 

ʚ (2) ʫʯʪʝʥʳ ʪʦʣʴʢʦ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʘʩʪʠʮʳ, ʨʘʩʧʦʣʦ- 

ʞʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ s ʦʙʲʝʤʘ t, ʪ.ʝ.  ʥʝ ʫʯʪʝʥʳ ʚʥʫʪʨʝʥ- 

ʥʠʝ ʥʘʧʨʷʞʝʥʠʷdsp

dts

ññn
C

, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʘʩʪʠʮʳ ʧʦʚʝʨʭʥʦʩ- 

ʪʠ dts  ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʙʲʝʤʘ  dt, ʩʦʜʝʨʞʘʱʝʛʦ ʤʘʩʩʫ 

rdtd ==ä
i

i mm  ʩʦʚʦʢʫʧʥʦʩʪʠ ʯʘʩʪʠʮ,  ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʩʠʣ  

ʠʥʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʦʣʞʥʦ ʠʤʝʪʴ ʠʩʭʦʜʥʳʡ  ʚʠʜ 
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                    ññññññ+=
t t

rdtrdt Fv
dt

d CC
ñññññ
t s

dsp

dt

n

C
                 (2ʘ) 

ɼʘʣʝʝ, ʦʙʲʝʤ  Adt ʜʝʡʩʪʚʫʝʪ  ʥʘ ʜʨʫʛʦʡ ʦʙʲʝʤ Bdt ʩ 

ʩʠʣʦʡ dsp

dts

ññ=

A

nAf
CC

 ʠ, ʥʘʦʙʦʨʦʪ,  ʦʙʲʝʤ Bdt ʜʝʡʩʪʚʫʝʪ ʩ 

ʩʠʣʦʡ  dsp

dts

ññ=

B

nBf
CC

 ʥʘ ʦʙʲʝʤ  Adt, ʪʦ  ʧʦ 3 ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ BA ff
CC
-= . ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʢʨʘʱʝʥʠʷ ʵʪʠʭ 

ʩʠʣ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ  

                               ,ñññññññ =
st s

dspdsp

dt

nn

CC
                                                     (*)  

ʪ.ʝ. ʪʘʢʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥʠʝ (2). ʀʟ ʧʨʘʚʠʣʴʥʦ ʩʦʩʪʘʚ- 

ʣʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ (2ʘ), ʝʩʣʠ ʧʨʠʤʝʥʠʪʴ ʢ ʣʝʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʫ 

ʃʝʡʙʥʠʮʘ ʠʣʠ ʬʦʨʤʫʣʫ  (11) Ä1, ʚʳʚʦʜʠʪʩʷ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ 
ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʪʦ ʝʩʪʴ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝ- 

ʨʝʭʦʜʘ ʢ ʬʦʨʤʫʣʝ (2). 

   ɺ ʪʝʦʨʝʤʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚ ʜʚʠʞʝʥʠʡ  

                      ñññ ñññ ññ+=
t t s

dsprdtrdt ],[],[],[ nrFrvr
dt

d CCCCCC
        (3) 

ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʝʥʘ ʚ  /1/  ʢ ʦʙʲʝʤʫ t ʘʥʘʣʦʛʠʯʥʦ (2),  ʨʘʚʝʥʩʪʚʦ 

ʪʠʧʘ  (*)   ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ. ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳhʝ ʨʘʩʩʫʞ- 

ʜʝʥʠʷʤ ʧʨʘʚʠʣʴʥʦ ʩʦʩʪʘʚʣʝʥʥʘʷ ʪʝʦʨʝʤʘ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ 

ʢʦʣʠʯʝʩʪʚ ʜʚʠʞʝʥʠʡ (ʠʤʧʫʣʴʩʘ) ʠʤʝʝʪ ʚʠʜ 

          ñññ ñññ ñññññ+=
t t t sdt

dsprdtrdt ],[],[],[ nrFrvr
dt

d CCCCCC
        (3ʘ) 

ʀʟ (3) ʚʳʚʦʜʠʪʩʷ ʨʘʚʝʥʩʪʚʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ /1/ ʠ ʜʨ., 

0],[],[],[
3

1

=
µ

µ
-- ä
=j

j

j

r
x

Fr
dt

vd
r prr

CCCC
C

C

 
ʩʦ ʚʩʝʤʠ ʚʳʪʝʢʘʶʱʠʤʠ ʦʪʩʶʜʘ ʧʨʦʪʠʚʦʨʝʯʠʷʤʠ ʦ ʩʠʤʤʝʪʨʠʯ- 

ʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ʀʟ ʧʨʘʚʠʣʴʥʦ 

ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ (3ʘ) ʧʦʣʫʯʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 
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,0],[],[],[
3

1

=
µ

µ
-- ä

=j j

j

x
rFr

dt

vd
r

p
rr

C
CCC

C
C

 
ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ 

ä
= µ

µ
+=

3

1j j

j

x
F

dt

vd p
rr

C
CC

, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʠʤʝʣʦ ʤʝʩʪʦ ʚ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ (3).  

  ɼʨʫʛʦʡ ʧʘʨʘʜʦʢʩ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʚʳʚʦʜʘ ʬʫʥʜʘʤʝʥʪʘʣ-ɹ 

ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʥʝʪ ʥʠʢʘʢʦʡ ʥʝʦʙʭʦ- 

ʜʠʤʦʩʪʠ ʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʬʦʨʤʫʣʘʭ ʪʠʧʘ (2), (3). ʇʦʢʘʞʝʤ ʵʪʦ.  

      ʇʫʩʪʴ  ʤʘʩʩʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʙʲʝʤʘ dt ʨʘʚʥʘ rdtd =m , 

F
C

- ʧʣʦʪʥʦʩʪʴ ʤʘʩʩʦʚʳʭ ʩʠʣ,  np
C

- ʥʘʧʨʷʞʝʥʠʝ,  -r  ʧʣʦʪʥʦʩʪʴ.  

    ʊʝʦʨʝʤʫ  ʦʙ  ʠʟʤʝʥʝʥʠʠ ʠʤʧʫʣʴʩʘ ʥʫʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʝ- 

ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ  ʦʙʲʝʤʘ dt,  ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʛʣʘʚʥʘʷ ʧʦʚʝʨ- 

ʭʥʦʩʪʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ  ʥʘ  ʧʦʚʝʨʭʥʦʩʪʴ  dts  ʦʙʲʝʤʘ dt 

ʨʘʚʥʘ  ññ
dts

dspn

C
,  ʛʣʘʚʥʘʷ ʤʘʩʩʦʚʘʷ ʩʠʣʘ,  ʜʝʡʩʪʚʫʶʱʘʷ  ʥʘ  

ʦʙʲʝʤ dt,  ʨʘʚʥʘ mFd
C

: 

                      ññ+=

dts

dspdd nmFmv
dt

d CCC
)(                      (4) 

    ɼʘʣʝʝ, ʧʦ  ʪʝʦʨʝʤʝ  ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ-ɻʘʫʩʩʘ  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ  

ʧʝʨʝʭʦʜ  ʢ ʦʙʲʝʤʥʦʤʫ ʠʥʪʝʛʨʘʣʫ 

     ')( dt
ppp

dsp
dtsdt

zyx

zyx
n µ

µ
+

µ

µ
+

µ

µ
=ñññññ

CCC
C

,    ñññ=
dt

dtdt '  

   ʇʦ  ʪʝʦʨʝʤʝ  ʦ  ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ  ʦʧʨʝʜʝʣʝʥʥʦʛʦ  ʠʥʪʝʛʨʘʣʘ ʠ 

ʤʘʣʦʩʪʠ  ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ  ʦʙʲʝʤʘ dt  ʧʦʣʫʯʘʝʪʩʷ 
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ññññññ =
µ

µ
+

µ

µ
+

µ

µ
=

µ

µ
+

µ

µ
+

µ

µ

dtdt

dt
ppp

dt
ppp

')(')(
zyxzyx

zyxzyx

CCCCCC

)(
zyx

zyx

µ

µ
+

µ

µ
+

µ

µ
=

ppp
CCC

dt, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ 

               ññ
dts

dsp
n

C
= )(

zyx

zyx

µ

µ
+

µ

µ
+

µ

µ ppp
CCC

dt                       (5)                                                                                             

ʇʦʜʩʪʘʚʣʷʷ  (5)  ʠ  rdtd =m  ʚ  (4) ,  ʥʘʭʦʜʠʤ 

         += rdtrdtFv
dt

d CC
)(

 dt
ppp

)(
zyx

zyx

µ

µ
+

µ

µ
+

µ

µ
CCC

               (6) 

   ʃʝʚʘʷ ʯʘʩʪʴ  (6)  ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣʳ  

(4) Ä1   ʠ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ  0/ =+ vdivdtd
C

rr :   

              =++
dt

d
vvdivv

dt

vd r
dtdtrdtr
CCC

C
                          

                     = rdtF
C

+ )(
zyx

zyx

µ

µ
+

µ

µ
+

µ

µ ppp
CCC
dt,   

ʦʪʢʫʜʘ ʧʦʩʣʝ ʩʦʢʨʘʱʝʥʠʡ  dt  ʧʦʣʫʯʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ  ʜʠʥʘʤʠʢʠ  ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ  ʚ ʥʘʧʨʷʞʝʥʠʷʭ                                

               
zyx

F
dt

vd zyx

µ

µ
+

µ

µ
+

µ

µ
+=

ppp
rr

CCCCC

               

 

Ä4. ʀʥʜʫʢʪʠʚʥʳʡ  ʤʝʪʦʜ 

  ʀʥʜʫʢʪʠʚʥʳʡ  ʤʝʪʦʜ (ʦʪ ʯʘʩʪʥʦʛʦ ʢ ʦʙʱʝʤʫ) ʩʚʦʙʦʜʝʥ ʦʪ ʫʢʘ-      

ʟʘʥʥʳʭ ʚʳʰʝ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʦʪʦʤʫ ʢʘʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ 

ʯʘʩʪʠʮʳ  ʩʧʣʦʰʥʦʡ  ʩʨʝʜʳ. çɾʠʜʢʠʡ è  ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ  ʦʙʲʝʤ  

dtʩʦʩʪʘʚʣʝʥ   ʠʤʝʥʥʦ  ʠʟ  ʵʪʠʭ  ʯʘʩʪʠʮ  ʩ  ʤʘʩʩʘʤʠ  im  ʠ ʩʢʦ- 

ʨʦʩʪʷʤʠ  iv
C
. (ɽʩʣʠ ʙʳ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʨʘʟʚʠʪʠʷ ʤʝʭʘʥʠʢʠ 

ʩʧʣʦʰʥʳʭ ʩʨʝʜ  ʧʨʠʤʝʥʷʣʩʷ ʠʥʜʫʢʪʠʚʥʳʡ ʤʝʪʦʜ, ʪʦ ʧʨʦʙʣʝʤ r
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ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʙʳʣʦ ʙʳ! ɺ ʩʚʷʟʠ ʩ ʯʝʤ 

ʟʜʝʩʴ  ʜʦʩʪʘʪʦʯʥʦ  ʧʦʜʨʦʙʥʦ  ʠʟʣʘʛʘʝʪʩʷ  ʵʪʦʪ  ʬʠʟʠʯʥʳʡ ʤʝʪʦʜ.) 

      ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ  ʩʠʣʫ ʩʧʣʦʰʥʦʩʪʠ  ʩʨʝʜʳ, ʯʪʦ  ʚ  dt      

ʩʦʜʝʨʞʠʪʩʷ ʩʫʤʤʘ ʯʘʩʪʠʮ  ä =
i

i mm d ,  ʩʨʝʜʥʝʤʘʩʩʦʚʘʷ 

ʩʢʦʨʦʩʪʴ  v
C

  ʦʙʲʝʤʘ  dt ʦʧʨʝʜʝʣʷʝʪʩʷ    ʢʘʢ    ʦʪʥʦʰʝʥʠʷ   /2/  

v
C

äää ==
i

ii
i

i
i

ii mvmmvm d//
CC

 ,  ʘʥʘʣʦʛʠʯʥʦ  ʦʧʨʝʜʝʣʷʝʪʩʷ    

ʩʨʝʜʥʝʤʘʩʩʦʚʘʷ   ʩʠʣʘ,  ʜʝʡʩʪʚʫʶʱʘʷ   ʥʘ   dt,  ʢʘʢ   

=F
C

mFmmFm
i

ii
i

i
i

ii d// äää =
CC

,  ʦʪʢʫʜʘ =mvd
C
ä

i

iivm
C

,  

=mFd
C
ä

i

ii Fm
C

, -r ʧʣʦʪʥʦʩʪ dɹtdr /m= , .ä==
i

imm rdtd  

  ʊʝʦʨʝʤʘ ʦʙ ʠʟʤʝʥʝʥʠʠ ʠʤʧʫʣʴʩʘ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ  

ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʵʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙʲʝʤʫ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ dt, ʚ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʯʘʩʪʠʮ ä
i

im ,  ʘ ʥʝ ʢ  

ʢʦʥʝʯʥʦʤʫ  ʦʙʲʝʤʫ   ñññ=
t

dtt , ʩʦʙʩʪʚʝʥʥʦ ʛʦʚʦʨʷ,  ʚ ʵʪʦʤ  

ʟʘʢʣʶʯʘʝʪʩʷ  ʚʩʷ ʩʫʪʴ ʠʥʜʫʢʪʠʚʥʦʛʦ  ʤʝʪʦʜʘ:                              

                              ññäää +=

dts

sp k
k

nk
i

ii
i

ii mFvm
dt

d CCC
,                   (1) 

ʛʜʝ    ä=
k

knkn spdsp
CC

- ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʠʣʘ,                                             

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ  ʵʣʝʤʝʥʪʘʨʥʫʶ  ʧʦʚʝʨʭʥʦʩʪʴ ä=
k

ksds , ʧʨʠʯʝʤ   

dsÍ
dts ,  -ks   ʫʯʘʩʪʦʢ  ʧʦʚʝʨʭʥʦʩʪʠ  ds, ʢʦʪʦʨʫʶ ʟʘʥʠʤʘ- 

ʝʪ ʯʘʩʪʠʮʘ kms , ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʧʨʷʞʝʥʠ n̫kp
C

,     

ññ=

dts

dt dss . 
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  ʌʦʨʤʫʣʘ (1) ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʟʘʧʠʩʠ ʧʨʠʥʠʤʘʝʪ ʫʞʝ ʠʩʧʦʣʴʟʦ- 

ʚʘʥʥʳʡ ʚʳʰʝ ʚʠʜ  

                       =)( mv
dt

d
d
C +mFd

C
ññ
dts

dspn

C
,                          (2) 

ʦʪʢʫʜʘ  ʧʦʣʫʯʘʝʪʩʷ, ʢʘʢ ʙʳʣʦ  ʧʦʢʘʟʘʥʦ,  ʫʨʘʚʥʝʥʠʝ   ʜʠʥʘʤʠʢʠ 

ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʚ ʥʘʧʨʷʞʝʥʠʷʭ.  

    ʄʦʞʥʦ ʧʦʩʪʫʧʠʪʴ ʧʨʦʱʝ, ʥʝ ʧʨʠʤʝʥʷʷ ʪʝʦʨʝʤʫ ʦ ʩʨʝʜʥʝʤ ʠʥ- 

ʪʝʛʨʘʣʘ, ʘ ʧʦʣʴʟʫʷʩʴ ʧʨʝʜʝʣʴʥʳʤ ʧʝʨʝʭʦʜʦʤ0­= zyx ddddt ,  

ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ  ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʝʤʘ zyx ddddt=   ʚʟʷʪʴ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ ʩ ʛʨʘʥʷʤʠ 
121212 ,, zzzyyyxxx -=-=-= ddd .                                  

ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʘ   ʜʣʷ  ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʩ  ʩʫʤʤʦʡ 

ʯʘʩʪʠʮ rdtd ==ä mm
i

i  ʟʘʧʠʩʳʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʤʘʩʩʦʚʳʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ  ʥʘ  dt. 
  ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʫ  ʪʝʦʨʝʤʘ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʠʤʧʫʣʴʩʘ ʧʨʠʤʝʪ ʚʠʜ, ʢʦʪʦʨʳʡ ʘʥʘʣʦʛʠʯʝʥ (2): 

                     +++= - zymFmv
dt

d
xx ddppdd )()( 12

CCCC
                   (3)                                                                                                                                                                                                                                                                               

     yxzx zzyy ddppddpp )()( 1212 -- ++++
CCCC

 ,                                        

ʛʜʝ      =mvd
C
ä

i

iivm
C

,  =mFd
C
ä

i

ii Fm
C

,  ä=
k

knkn spdsp
CC

.   

     ʉʨʘʚʥʝʥʠʝ (3) ʩ (2) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʥʪʝʛʨʘʣ 

ʜʣʷ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʝʛʦ ʛʨʘʥʷʤ     

212121 )()()()()()( zxyxzxzxzyzy ddddddddddddsdt 88888=

      ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʘ 

ññä
dts

sp knk

k

C
   ++++= -- zxzy yyxx ddppddpp )()( 1212

CCCC
 

yxzz ddpp )( 12 -++
CC

 

 ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ  vdiv
dt

d C
dt

dt
=  ʠ ʨʘʚʝʥʩʪʚʦ  ʥʘʧʨʷʞʝʥʠʡ   



 25 

                111111 ,, zzyyxx pppppp
CCCCCC
-=-=-= --- ,             (4)                                                                                                                                            

ʧʦʜʝʣʠʚ  ʥʘ  ʦʙʲʝʤ ,zyx ddddt= ,  ʧʨʠʭʦʜʠʤ  ʢ   ʚʳʨʘʞʝʥʠʶ  

( ) ( ) +-+=++ xFvdiv
dt

d
v

dt

vd
xx dpprr

r
r /12

CCCCC
C

 

             ( ) ( ) zy zzyy dppdpp // 1212

CCCC
-+-+                         (5) 

ʆʯʝʚʠʜʥʦ, ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʚ (5) ,0,0 ­­ yx dd  ,0­zd  

ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʚ ʥʘʧʨʷʞʝʥʠʷʭ   

                 ( )
zyx

Fvdiv
dt

d
v

dt

vd zyx

µ

µ
+

µ

µ
+

µ

µ
+=++

ppp
rr

r
r

CCCCCC
C

      (6) 

 ʇʨʠ ʨʘʚʝʥʩʪʚʝ ʥʫʣʶ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ (ʥʝʪ ʠʩʪʦʯʥʠʢʦʚ 

ʠ ʩʪʦʢʦʚ)                    
0=+ vdiv

dt

d C
r

r                                                                           

ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ (6) ʪʦʯʥʦ ʩʦʚʧʘʜʘʝʪ  ʩ  ʫʨʘʚʥʝʥʠʝʤ (10) ʠʟ Ä3 .     

ɿʜʝʩʴ   ʥʝ   ʠʩʧʦʣʴʟʫʶʪʩʷ   ʪʝʦʨʝʤʘ    ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ-ɻʘʫʩʩʘ   ʠ  

ʪʝʦʨʝʤʘ  ʦ ʩʨʝʜʥʝʤ  ʠʥʪʝʛʨʘʣʘ. 

   ʋʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʡ ʚʳʚʦʜʠʪʩʷ ʪʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ. 

ɼʣʷ  ʵʣʝʤʝʥʪʘʨʥʦʛʦ  ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ   zyx ddddt=   ʩʧʣʦʰ- 

ʥʦʡ  ʩʨʝʜʳ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʡ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʚ ʚʠʜʝ 

( ) ( ) +++=+ - zyvvvmFmvE
dt

d
xxxx ddppdd )],(),[(),(])2/[(
12 12

2 CCCCCCC
 

( ) ( ) +++ - xzvv yyyy ddpp )],(),[(
12 12

CCCC
 

( ) () -++ - yxvv zzzz ddpp )],(),[(
12 12

CCCC
    

{ () () () () +-+-- xzqqzyqq yyxx dddd )()( 1212  

                       () () } mQyxqq zz ddd +-+ )( 12                          (7) 

ʛʜʝ  ( ) 2,1, =mv
mx

C
- ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʧʣʦʱʘʜʢʘʭ 

zydd  ʚ ʩʝʯʝʥʠʷʭ  1x , 2x  ʠ ʪ.ʧ., () () ()kqjqiqq zyx

CCCC
++= - 

ʚʝʢʪʦʨ ʧʦʪʦʢʘ ʪʝʧʣʘ, mvE d)2/(
2C

+ -ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʦʙʲʝʤʘdt,   
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( )vmF
CC

,d  -  ʤʦʱʥʦʩʪʴ ʤʘʩʩʦʚʦʡ ʩʠʣʳ, ʘ ʵʪʦ ʚʳʨʘʞʝʥʠʝ 

( ) () ++ - zyvv xxxx ddpp )],(),[(
12 12

CCCC
 

( ) ( ) +++ - xzvv yyyy ddpp )],(),[(
12 12

CCCC
 

( ) () yxvv zzzz ddpp )],(),[(
12 12

CCCC
-++  

ʜʘʝʪ ʩʫʤʤʫ  ʤʦʱʥʦʩʪʝʡ  ʧʦʚʝʨʭʥʦʩʪʥʳʭ  ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ   ʥʘ 

ʧʘʨʳ ʛʨʘʥʝʡ  yxxzzy dddddd ,,  ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʩʫʤʤʘ  

{ () () () () () () }yxqqxzqqzyqq zzyyxx dddddd )()()( 121212 -+-+--   

- ʝʩʪʴ ʧʦʪʦʢʠ  ʪʝʧʣʘ  ʯʝʨʝʟ  ʵʪʠ ʛʨʘʥʠ, -mQd  ʤʦʱʥʦʩʪʴ  

ʠʩʪʦʯʥʠʢʘ  ʠʣʠ ʧʦʪʨʝʙʠʪʝʣʷ  ʵʥʝʨʛʠʠ  ʚ  ʦʙʲʝʤʝ  dt. 
  ʇʦʜʝʣʠʚ ʦʙʝ ʯʘʩʪʠ (7) ʥʘ zyx ddddt=  ʠ ʩʪʷʛʠʚʘʷ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ  0,0,0 ­­­ zyx ddd  ʢ ʪʦʯʢʝ, ʧʨʠʭʦʜʠʤ  ʢ  

ʫʨʘʚʥʝʥʠʶ  ʙʘʣʘʥʩʘ  ʵʥʝʨʛʠʡ  ʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ: 
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ʠʟ ʢʦʪʦʨʦʛʦ  ʧʦ ʟʘʢʦʥʫ ʌʫʨʴʝ gradTq l-=
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ʧʦʣʫʯʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ  ʧʨʠʪʦʢʘ  ʪʝʧʣʘ ʜʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʅʴʶʪʦʥʘ /8/ ʚ ʚʠʜʝ 
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(ʕʥʝʨʛʠʷ ʪʝʧʣʘ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʧʣʦʱʘʜʢʫ ds ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ, ʨʘʚʥʘ  ds),( nq
CC

). ʀʟʣʦʞʝʥʥʳʡ ʚʳʰʝ ʠʥʜʫʢʪʠʚʥʳʡ  

ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʧʨʷʤʦʡ ʩʚʷʟʴʶ ʩ ʦʩʥʦʚʥʳʤʠ ʟʘʢʦʥʘʤʠ ʬʠʟʠʢʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ  (6) ʚʳʚʝʜʝʥʦ ʚ 

/1/  ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʪʝʨʠʠ ʠʥʜʫʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ. ʇʦ 

ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ  ʤʘʪʝʨʠʠ  ʤʘʩʩʘ rdtd =m  ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʦʙʲʝʤʘ   dt ʝʩʪʴ  ʚʝʣʠʯʠʥʘ  ʧʦʩʪʦʷʥʥʘʷ   md =const,  ʧʦʵʪʦʤʫ 
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ʠʟ  (9)  ʚʳʪʝʢʘʝʪ ʚʳʨʘʞʝʥʠʝ 

                              0=+
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ʦʪʢʫʜʘ, ʩʦʢʨʘʱʘʷ dt,  ʧʨʠʭʦʜʠʤ  ʢ  ʫʨʘʚʥʝʥʠʶ  ʥʝʨʘʟʨʳʚʥʦʩʪʠ   

                                 0=+ vdiv
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   ʎʝʣʴʶ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʜʚʫʭ ʧʘʨʘʛʨʘʬʦʚ  ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʠʝ 

ʪʦʛʦ, ʯʪʦ ʜʣʷ ʚʳʚʦʜʘ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ  ʥʝ  ʧʨʠʤʝʥʷʪʴ 

ʜʝʜʫʢʪʠʚʥʳʡ ʤʝʪʦʜ.   

  ʂʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ Ä3, ʧʨʠ ʚʳʚʦʜʝ ʣʦʞʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ   

ʜʝʜʫʢʪʠʚʥʳʡ ʤʝʪʦʜ. 

 

Ä5. ʇʘʨʘʜʦʢʩʳ ʧʝʨʚʦʡ  ʪʝʦʨʝʤʳ ɻʝʣʴʤʛʦʣʴʮʘ 

   ʀʟʚʝʩʪʥʦ /1/, ʯʪʦ ɻʝʣʴʤʛʦʣʴʮ, ʠʩʢʣʶʯʠʚ  ʜʘʚʣʝʥʠʝ ʨ ʠʟ ʫʨʘʚʥʝ- 

ʥʠʡ  ʅʘʚʴʝ-ʉʪʦʢʩʘ  ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ  /1/,  ʧʦʣʫʯʠʣ ʫʨʘʚ-

ʥʝʥʠʝ ʜʣʷ ʨʦʪʦʨʘ ʩʢʦʨʦʩʪʠ   
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  ʀʤʝʷ  ʚ ʚʠʜʫ,  ʯʪʦ  ʨʘʟʤʝʨʥʦʩʪʴ  vrot
C

 ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʤʝʨʥʦʩ- 

ʪʴʶ ʫʛʣʦʚʦʡ  ʩʢʦʨʦʩʪʠ w
C

,  ɻʝʣʴʤʛʦʣʴʮ ʧʦʧʳʪʘʣʩʷ ʩʚʷʟʘʪʴ ʠʭ  ʩ 

ʧʦʤʦʱʴʶ  ʬʦʨʤʫʣʳ  ʩʢʦʨʦʩʪʠ  ʜʣʷ ʪʦʯʝʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ /1/: 

                        [ ( )]00 , rrvv
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-+= w  ,                      (1)                                                                                                                                                                                                        

ʛʜʝ  00,rv
CC
ʩʢʦʨʦʩʪʴ ʠ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʧʦʣʶʩʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʪʦʨʦʛʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʦʝ ʚʨʘʱʝʥʠʝ 

ʪʝʣʘ. ʇʦʧʳʪʢʘ ʚʳʨʘʟʠʪʴ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 
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ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʠʟ    ʨʘʚʝʥʩʪʚʘ 
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ʠʩʭʦʜʥʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʝʨʝʤʝʥʥʦʡ  ʚʳʙʨʘʪʴ xw , ʪʦ  

ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ  ʩʠʩʪʝʤʳ  (2)  ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 
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   ɻʝʣʴʤʛʦʣʴʮ (ʠʣʠ ʃʦʡʮʷʥʩʢʠʡ ʚ /1/?) ʧʦʩʪʫʧʘʪʁ  ʩʦʚʝʨʰʝʥʥʦ ʧʦ  

ʠʥʦʤʫ. ɼʠʬʬʝʨʝʥʮʠʨʫʝʪʩ ̫  (2)  ʧʦ x,y,z, ʧʦʣʘʛʘʷ  ʧʦʩʪʦʷʥʥʳʤʠ                                

00,rv
CC

, w
C
, ʚ ʨʝʟʫʣʴʪʘʪʝ  ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ  ʚʳʨʘʞʝʥʠʷ: 
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ʇʘʨʘʜʦʢʩʘʣʴʥʦ,  ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ  (4)  ɻʝʣʴʤʛʦʣʴʮʘ (ʠʣʠ 

ʃʦʡʮʷʥʩʢʦʛʦ?) ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ          
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ɻʝʣʴʤʛʦʣʴʮ (ʃʦʡʮʷʥʩʢʠʡ?) ʠʟ ʵʪʦʛʦ ʙʝʩʯʠʩʣʝʥʥʦʛʦ ʤʥʦʛʦʦʙʨʘ- 

ʟʠʷ  ʢʦʤʧʦʥʝʥʪ    ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣ ʪʦʣʴʢʦ ʦʜʥʫ 

ʩʦʚʦʢʫʧʥʦʩʪʴ, ʧʦʣʫʯʘʶʱʫʶʩʷ  ʠʟ  (5)  ʧʨʠ  m=n=1:            
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ʛʜʝ  ʠʩʧʦʣʴʟʦʚʘʥʦ   ʠʟʚʝʩʪʥʦʝ  ʚʳʨʘʞʝʥʠʝ   ʨʦʪʦʨʘ ʩʢʦʨʦʩʪʠ. 

ʆʯʝʚʠʜʥʦ, ʥʠ ʧʨʠ ʢʘʢʠʭ ʟʥʘʯʝʥʠʷʭ nm,   ʚʳʨʘʞʝʥʠʷ  (5)     
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zyx www ,,  ʥʝ  ʩʦʚʧʘʜʘʶʪ  ʩ  ʨʝʰʝʥʠʷʤʠ  (3) ʩʠʩʪʝʤʳ  (2) . 

ɽʩʣʠ ʜʘʞʝ ʚʟʷʪʴ ʚ  ʢʘʯʝʩʪʚʝ  ʟʥʘʯʝʥʠʷ  ʩʚʦʙʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ   

                                 xw ),(
2

1

z

v

y

w

µ

µ
-

µ

µ
=  

ʧʦʜʩʪʘʚʣʷʷ  ʝʛʦ ʚ  ʥʘʡʜʝʥʥʳʝ ʨʝʰʝʥʠʷ (3) ʩʠʩʪʝʤʳ   (2)              

     ),(
2

1
)(

2

1

y

u

x

v

x

z

z

v

y

w

x

v

x

z

x

v
xz

µ

µ
-

µ

µ
¸

µ

µ
-

µ

µ
+=+=

d

d

d

d

d

d
w

d

d
w  

     )(
2

1
)(

2

1

x

w

z

u

x

w

x

y

z

v

y

w

x

w

x

y
xy

µ

µ
-

µ

µ
¸-

µ

µ
-

µ

µ
=-=

d

d

d

d

d

d

d

d
ww                                                                       

ʫʙʝʞʜʘʝʤʩʷ ʚ ʪʦʤ, ʯʪʦ  ʬʦʨʤʫʣʳ ɻʝʣʴʤʛʦʣʴʮʘ (6) ) ʥʝ  ʷʚʣʷʶʪ- 

ʩʷ   ʨʝʰʝʥʠʷʤʠ  ʩʠʩʪʝʤʳ (2), ʯ.ʪ.ʜ. ʇʘʨʘʜʦʢʩʘʣʴʥʳʡ ʬʘʢʪ, ʠʩ-   

ʧʦʣʴʟʫʷ  ʥʝʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ  (6) ɻʝʣʴʤʛʦʣʴʮ (ʃʦʡʮʷʥʩʢʠʡ?)  

ʚʤʝʩʪʦ ʬʦʨʤʫʣʳ  (1) ʦʙʨʘʱʘʝʪʩʷ ʢ  ʚʳʨʘʞʝʥʠʶ   
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ʢʦʪʦʨʦʝ  ʥʠʯʝʛʦ  ʦʙʱʝʛʦ  ʩ ʬʦʨʤʫʣʦʡ  ʩʢʦʨʦʩʪʠ  ʪʚʝʨʜʦʛʦ  ʪʝʣʘ   

(1) ʥʝ ʠʤʝʝʪ, ʧʦʪʦʤʫ ʯʪʦ (6)  ʥʝ ʷʚʣʷʝʪʩʷ  ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ (2).   

   ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʬʦʨʤʫʣʳ  ɻʝʣʴʤʛʦʣʴʮʘ (6)  ʥʝ ʷʚʣʷʶʪʩʷ 
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  ɺ Ä5 ʧʨʠʚʝʜʝʥʘ ʵʪʘ ʦʰʠʙʦʯʥʘʷ ʬʦʨʤʫʣʘ ɻʝʣʴʤʛʦʣʴʮʘ, ʥʘ ʦʩʥʦ-   
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#mp , 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ, ʢʘʩʘʪʝʣʴʥʳʝ  ʥʘʧʨʷʞʝʥʠʷ  ʧʦʣʫʯʠʣʠʩʴ ʩʠʤʤʝʪ- 

ʨʠʯʥʳʤʠ ʚ ʩʠʣʫ  ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ  ʤʘʪʨʠʮʳ S#. ʉʪʦʢʩ ʧʨʝʥʝʙʨʝʛ  

ʨʘʚʥʦʧʨʘʚʥʳʤ ʯʣʝʥʦʤ ʨʷʜʘ ʊʝʡʣʦʨʘ (ʚ ʵʪʦʤ ʛʣʘʚʥʘʷ ʦʰʠʙʢʘ 

ʵʪʦʡ ʛʠʧʦʪʝʟʳ): [ ] rSrvrot
CCC
dd Ĕ,

2

1
¹ . 

    ʉʚʦʶ ʛʠʧʦʪʝʟʫ  ʉʪʦʢʩ (ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ - ʦʙʦʙʱʝʥʥʳʡ ʟʘʢʦʥ 

ʅʴʶʪʦʥʘ /1/), ʦʬʦʨʤʠʣ ʜʣʷ ʪʝʯʝʥʠʡ  ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ  

ʚ  ʪʝʥʟʦʨʥʦʤ   ʚʠʜʝ   

                        

SEvdivpc
#C
mmp 2)

3

2
( ++-=                (1)    

   ɺ ʠʥʜʝʢʩʥʳʭ  ʦʙʦʟʥʘʯʝʥʠʷʭ  ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ                                

cp  ʟʘʧʠʩʳʚʘʶʪʩʷ ʢʦʨʦʯʝ           

          ,3,2,1,2)
3

2
()( =

µ

µ
++-= i

x

v
vdivp

i

i
cii mmp

C
    

              ji
x

v

x

v

i

j

j

i
cji ¸

µ

µ
+

µ

µ
= ),()( mp ,                            (2)                                                    

ʠ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ  ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʠʜʝ  

               )()( cjicij pp = , ,3,2,1,, =¸ jiji                     (3)                                                                         
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  ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ,  ʯʪʦ ʚ ʥʦʨʤʘʣʴʥʳʝ  

ʥʘʧʨʷʞʝʥʠʷ  ʜʠʘʛʦʥʘʣʴʥʳʝ  ʵʣʝʤʝʥʪʳ  ʪʝʥʟʦʨʘ  S# ʚʭʦʜʷʪ ʩ 

ʫʜʚʦʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʜʛʦʥʢʦʡ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ  (2) ʧʦʜ ʟʘʢʦʥ ʪʨʝʥʠʷ ʅʴʶʪʦʥʘ 
n

vs
ns

µ

µ
=mp .  

ʅʘʧʨʠʤʝʨ, ʟʘʢʦʥ ʪʨʝʥʠʷ ʅʴʶʪʦʥʘ ʧʨʠ  xsynuvs === ,,  ʜʘʝʪ 

ʬʦʨʤʫʣʫ 
y

u
ʥyx

µ

µ
=mp )( ,  ʘ  ʧʦ  ʛʠʧʦʪʝʟʝ  ʉʪʦʢʩʘ  (2) ʧʦʣʫʯʘʝʪʩʷ 

)()(
x

v

y

u
cyx

µ

µ
+

µ

µ
=mp . ʆʯʝʚʠʜʥʦʝ ʥʝʩʦʚʧʘʜʝʥʠʝ ʩʚʷʟʘʥʦ  ʩʦ ʚʢʣ -ʁ 

ʯʝʥʠʝʤ ʧʘʨʘʜʦʢʩʘʣʴʥʦʛʦ ʣʠʰʥʝʛʦ ʯʣʝʥʘ 
x

v

µ

µ
m . (ʂʩʪʘʪʠ, ʥʘ ʥʝ- 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʛʠʧʦʪʝʟʳ ʉʪʦʢʩʘ ʫʢʘʟʳʚʘʣ  ʃ.ɼ.ʃʘʥʜʘʫ.)   

  ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʯʣʝʥʘ 
i

i

x

v

µ

µ
m2  ʚ ʥʦʨʤʘʣʴʥʦʤ  

ʥʘʧʨʷʞʝʥʠʠ  ʚ ʪʦʤ  ʩʤʳʩʣʝ,  ʯʪʦ  ʚʳʙʦʨ  ʢʦʵʬʬʠʮʠʝʥʪʘ  ç2è  

ʦʙʦʩʥʦʚʘʥ  ʪʦʣʴʢʦ  ʛʠʧʦʪʝʟʦʡ  ʉʪʦʢʩʘ  (1),  ʧʦ ʢʦʪʦʨʦʡ  ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ  ʠʩʢʫʩʩʪʚʝʥʥʦ  ʩʦʟʜʘʥʥʦʝ  ʨʘʚʝʥʩʪʚʦ 

                                 jiSjicji ¸= ,2)(
#p                           (4)                                                                                                                                                                                                               

ɺ ʧʨʝʜʳʜʫʱʝʤ  ʧʘʨʘʛʨʘʬʝ  Ä 5  ʜʣʷ  ʨʷʜʘ  ʊʝʡʣʦʨʘ  

                    rStrvtrrv
CCCCCC
dd +=+ ),(),(  

ʙʳʣʦ  ʧʨʠʚʝʜʝʥʦ  ʙʝʩʯʠʩʣʝʥʥʦʝ  ʤʥʦʞʝʩʪʚʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʬʦʨ- 

ʤʫʣʠʨʦʚʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʨʦʪʦʨ ʩʢʦʨʦʩʪʠ: 

        [ ] rSrvrot
b

b
trvtrrv b

CCCCCCCC
ddd +

-
+=+ ,

1
),(),(            (5) 

   ɽʩʣʠ  ʩʣʝʜʦʚʘʪʴ  ʣʦʛʠʢʝ  ʛʠʧʦʪʝʟʳ  ʉʪʦʢʩʘ,  ʪʦ  ʥʘʧʨʷʞʝʥʠʷ,   

ʚʙrʨʘʥʥʳʝ  ʠʟ  ʩʦʦʙʨʘʞʝʥʠʡ  ʠʭ   ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ  ʢʦʤʧʦ- 

ʥʝʥʪʘʤ ʪʝʥʟʦʨʘ  bS , ʙʫʜʫʪ  ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ  ʚʠʜʝ  

                      ,)3/(
x

u
bvdivbpxx
µ

µ
++-= mmp
C
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,)3/(
y

v
bvdivbpyy
µ

µ
++-= mmp
C

 

,)3/(
z

w
bvdivbpzz
µ

µ
++-= mmp
C
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11
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11

(
y

w

bz

v

b

b

y

u

bx

v

b

b
yzyx

µ

µ
+

µ

µ-
=

µ

µ
+

µ

µ-
= mpmp  
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11

(),
11

(
x

w

bz

u

b

b

x

v

by

u

b

b
xzxy

µ

µ
+

µ

µ-
=

µ

µ
+

µ

µ-
= mpmp   

    )
11

(),
11

(
z

v

by

w

b

b

z

u

bx

w

b

b
zyzx

µ

µ
+

µ

µ-
=

µ

µ
+

µ

µ-
= mpmp    

      ɼʣʷ  2̧b  ʢʘʩʘʪʝʣʴʥʳʝ  ʥʘʧʨʷʞʝʥʠʷ  ʥʝʩʠʤʤʝʪʨʠʯʥʳ, ʩʠʤ- 

ʤʝʪʨʠʯʥʦʩʪʴ  ʠʤʝʝʪ  ʤʝʩʪʦ ʪʦʣʴʢʦ  ʧʨʠ  b=2,  ʢʦʛʜʘ .2 SS #=  ʆʯʝ- 

ʚʠʜʥʦ  ʪʘʢʞʝ, ʯʪʦ ʧʨʠ  b=1  ʤʘʪʨʠʮʘ  (6)  ʧʝʨʝʭʦʜʠʪ  ʚ ʤʘʪʨʠʮʫ   

ʧʝʨʝʤʝʱʝʥʠʷ   SS =1 . 

   ʀʤʝʝʪʩʷ  ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ  ʚʷʟʢʠʭ  ʪʝʯʝʥʠʡ (ʟʜʝʩʴ ʧʨʠʚʦʜʷʪ- 

ʩʷ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ), ʚ ʢʦʪʦʨʳʭ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ  ʥʘʧʨʷ- 

ʞʝʥʠʡ  ʉʪʦʢʩʘ  (3) ʧʨʦʪʠʚʦʨʝʯʠʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

ʪʨʝʥʠʷ ʅʴʶʪʦʥʘ 
n

vs
ns

µ

µ
=mp ,  ʛʜʝ  n

C
  ʧʦʧʝʨʝʯʥʦʝ  ʢ  s

C
                                                                                                         

ʥʘʧʨʘʚʣʝʥʠʝ, ),( svvs

CC
=  - ʧʨʦʝʢʮʠʷ  ʩʢʦʨʦʩʪʠ  ʥʘ  ʥʘʧʨʘʚʣʝʥʠʝ  

ʦʨʪʘ s
C

, nsp t- ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ . 

2
0
. ʇʘʨʘʜʦʢʩ ʛʠʧʦʪʝʟʳ ʉʪʦʢʩʘ SS #=2  ʚ ʪʝʯʝʥʠʷʭ  ʇʫʘʟʝʡʣʷ 

ʠ ʂʫʵʪʪʘ 

   ɺ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ  ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʥʝʧʨʦʥʠʮʘʝʤʳ-  

ʤʠ ʠ ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʤʠ ʩʪʝʥʢʘʤʠ ʢʘʥʘʣʘ (ʪʝʯʝʥʠʝ ʇʫʘʟʝʡʣʷ),  

ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ  ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ  

                                    0)(,
2

2

=°= bu
dy

ud

dx

dp
m  ,  

ʚ  ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʝʡ  
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          )(),(
2

1 22 const
dx

dp
yb

dx

dp
u =-Ö-=

m
, 0¹v ,                        

(ʟʜʝʩʴ  zxyxxxwvvvuv ====== 321321 ,,,,, ). 

ɺ ʵʪʦʤ ʪʝʯʝʥʠʠ  ʧʨʦʜʦʣʴʥʦʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʥʘʧʨʘʚ- 

ʣʝʥʠʠ  ʭ  ʧʦ ʬʦʨʤʫʣʝ (2)  ʨʘʚʥʦ y
dx

dp

x

v

y

u
cyx =

µ

µ
+

µ

µ
= )()( mp . ɺ 

ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʥʝʪ ʪʝʯʝʥʠʷ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ 0¹v , 

ʘ  ʟʥʘʯʠʪ  ʧʨʦʠʟʚʦʜʥʘʷ  ʨʘʚʥʘ ʥʫʣʶ 0/ =µµ xv , ʧʦ ʟʘʢʦʥʫ ʪʨʝ- 

ʥʠʷ ʅʴʶʪʦʥʘ  ʧʦʧʝʨʝʯʥʦʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ  ʥʘʧʨʘʚʣʝ- 

ʣʝʥʠʠ y ʪʦʞʝ ʙʫʜʝʪ ʨʘʚʥʦ ʥʫʣʶ: 0/)( =µµ= xvʥxy mp , 

ʯʪʦ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤʦ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʧʝʨʝʯʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʥʘʧ- 

ʨʘʚʣʝʥʠʠ y , ʪ.ʢ. 0¹v ʧʦ ʚʩʝʤʫ ʢʘʥʘʣʫ. ʇʦ ʛʠʧʦʪʝʟʝ  ʉʪʦʢʩʘ ʦ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ   )()( cxycyx pp = , 

ʧʦʣʫʯʘʝʪʩʷ ʧʘʨʘʜʦʢʩ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ  ʚ  ʪʦʤ,  ʯʪʦ  ʧʦʧʝʨʝʯʥʦʝ  

ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʨʘʚʥʦ ʥʫʣʶ, ʠʙʦ  

                                 0)()( ¸== y
dx

dp
cyxcxy pp , 

ʯʪʦ ʚʩʪʫʧʘʝʪ  ʚ  ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʪʨʝ- 

ʥʠʷ ʅʴʶʪʦʥʘ, ʧʦ ʢʦʪʦʨʦʤʫ, ʢʘʢ ʙʳʣʦ ʚʳʰʝ ʜʦʢʘʟʘʥʦ, ʧʦʧʝʨʝʯ- 

ʥʦʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ .0)( =ʥxyp  ʊ.ʦ. ʚ 

ʪʝʯʝʥʠʠ ʇʫʘʟʝʡʣʷ ʧʦʧʝʨʝʯʥʳʝ ʠ ʧʨʦʜʦʣʴʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʪ.ʝ. ʠʭ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʚʦʡ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 

cp  ʚ ʚʠʜʝ (2) ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ. ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩʦʚʝʨʰʝʥʥʦ 

ʘʥʘʣʦʛʠʯʥʦ ʠʟʣʘʛʘʝʤʦʤʫ ʥʠʞʝ ʧʘʨʘʜʦʢʩʫ ʩ ʢʘʩʘʪʝʣʴʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʧʦ ʉʪʦʢʩʫ (2) ʚ ʪʝʯʝʥʠʠ ʍʘʛʝʥʘ-ʇʫʘʟʝʡʣʷ ʚ 

ʪʨʫʙʝ.  ɼʣʷ ʪʝʯʝʥʠʷ ʂʫʵʪʪʘ  ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ  ʘʥʘʣʦʛʠʯʥʦ.                               

3
0
. ʇʘʨʘʜʦʢʩ ʛʠʧʦʪʝʟʳ ʉʪʦʢʩʘ SS #=2  ʚ  ʧʨʦʠʟʚʦʣʴʥʳʭ   

ʪʝʯʝʥʠʷʭ 
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     ɼʣʷ  ʙʝʩʢʦʥʝʯʥʦʛʦ  ʯʠʩʣʘ  ʪʝʯʝʥʠʡ  ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ    ʉʪʦʢʩʘ  (2)  ʠʤʝʶʪ ʥʫʣʝʚʳʝ 

ʟʥʘʯʝʥʠʷ, ʪ.ʝ. ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʦʪʦʢʘ ʨʘʚʥʳ ʥʫʣʶ   

          3,2,1,3,2,1,,0)()( ==¸¹
µ

µ
+

µ

µ
= jiji

x

v

x

v

i

j

j

i
cji mp   

      ʆʛʨʘʥʠʯʠʤʩʷ ʧʨʠʚʝʜʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʧʝʨʝʯʥʷ ʪʝʯʝʥʠʡ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʢʦʨʦʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ  ʵʪʦʪ  ʬʘʢʪ  ʠʤʝʝʪ  ʤʝʩʪʦ: 

1) u=F(sin xk1 cos yk1 ), v=F(-cos xk1 sin yk1 ),                                             

2)  u= U(sin xk2 cos yk2 -cos xk2 sin yk2 )  ,                                    

v= U(sin xk2 cos yk2 -cos xk2 sin yk2 ),                                                        

3) u=W(-cos xk3 sin yk3 ),v=W(sin xk3 cos yk3 ),                           

4) u=Q(sin xk4 sin yk4 ),v=Q(cos xk4 cos yk4 ),                           

5)u=T(sin xk5 sin yk5 ),v=T(cos xk5  cos yk5 ),                                  

6) ux=M(sin xk6 sin yk6 +cos yk6 cos xk6 ), 

v=M(sin xk6 sin yk6 +cos yk6 cos xk6 ),                                       

7)u =S(
)(7 yxk

e
+

),        v=-S(
)(7 yxk

e
+

), 

ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ                                                                                                             

8)u=D((
yk

e 8 -
zk

e 8 )
xk

e 8 ), 

  v=D((
zk

e 8 -
xk

e 8 ) 
yk

e 8 ),  

w=D((
xk

e 8 -
yk

e 8 )
zk

e 8 ), 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ  8,7,6,5,4,3,2,1, == iconstki  ʚʳʙʠʨʘʶʪʩʷ 

ʧʨʦʠʟʚʦʣʴʥʦ ʠʟ ʙʝʩʢʦʥʝʯʥʦʛʦ ʠʥʪʝʨʚʘʣʘ  +¤<<¤- ik . 

ʉʪʦʷʱʠʝ ʟʜʝʩʴ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ  F,U,W,Q,T, M,S,D  

ʪʘʢʞʝ  ʧʨʦʠʟʚʦʣʴʥʳ ʚ ʚʳʙʦʨʝ. ʆʯʝʚʠʜʥʦ, ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʧʝʨʝʯʥʷ 

ʤʦʞʥʦ ʦʙʨʘʟʦʚʘʪʴ ʥʦʚʳʝ ʣʶʙʳʝ ʣʠʥʝʡʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʪʠʧʘ 

u=F+U, v=F+U ʠ ʪ.ʜ.. ʇʦʣʷ ʩʢʦʨʦʩʪʝʡ  1-7 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʣʦʩʢʠʤ ʪʝʯʝʥʠʷʤ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʜʚʫʤʝʨʥʦʤʫ ʫʨʘʚʥʝʥʠ ʁ 
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ʥʝʨʘʟʨʳʚʥʦʩʪʠ 0=
µ

µ
+

µ

µ

y

v

x

u
, ʧʦʣʷ cʢʦʨʦʩʪʝʡ  8) ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʪʨʝʭʤʝʨʥʦʤʫ ʫʨʘʚʥʝʥʠ ʁʥʝʨʘʟʨʳʚʥʦʩʪʠ 0=
µ

µ
+

µ

µ
+

µ

µ

z

w

y

v

x

u
.   

     ɼʣʷ ʚʩʝʭ ʵʪʠʭ ʪʝʯʝʥʠʡ  ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ  ʉʪʦʢʩʘ  

ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʳ ʥʫʣʶ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʦʪʦʢʦʚ:   

3,2,1,3,2,1,,0)()()( ==¸=
µ

µ
+

µ

µ
== jiji

x

v

x

v

i

j

j

i
cijcji mpp

    ɼʣʷ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ ʯʠʩʣʦ ʪʝʯʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ  ʠʤʝʶʪ ʤʝʩʪʦ  

ʥʫʣʝʚʳʝ    ʥʘʧʨʷʞʝʥʠʷ      ʉʪʦʢʩʘ   jijicijc ¸== ,0pp ,  

ʙʝʩʢʦʥʝʯʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʫʨʘʚʥʝʥʠʠ ʥʝʨʘʟʨʳʚ-

ʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ .rʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʝʯʝʥʠʷʭ  ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʢʦʨʦʩʪʝʡ ʪʠʧʘ 1,2,3,4,5,6,7,8 ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ (2) ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʠ  jicji ¸= ,0)(p  ʠ  ʧʦʣʫ- 

ʯʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ 

ʪʨʝʥʠʷ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

nvsns µµ= /mp .  ʅʝʪʨʫʜʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʵʪʦʡ ʬʦʨʤʫʣʝ, ʯʪʦ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ ʪʝʯʝʥʠʷʭ ʥʝ ʨʘʚʥʳ ʥʫʣʶ  

                             ji
x

v

j

i
ji ¸¸

µ

µ
= ,0ʥ)( mp                  (6)                                            

4
0
. ʇʘʨʘʜʦʢʩ  ʛʠʧʦʪʝʟʳ ʉʪʦʢʩʘ SS #=2  ʚ  ʪʝʯʝʥʠʠ ʍʘʛʝʥʘ-

ʇʫʘʟʝʡʣʷ ʚ ʢʨʫʛʣʦʡ ʪʨʫʙʝ 
    ʃʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʨʫʛʣʦʡ ʪʨʫʙʝ (ʩʤ./1/) 

ʚ  ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠʤʝʝʪ ʩʢʦʨʦʩʪʠ   

          ,0,0),(
4

1 22 ==--= j
m

VVra
dz

dp
V rz ,const

dz

dp
=  

ʛʜʝ -a ʨʘʜʠʫʩ ʪʨʫʙʳ, z - ʦʩʝʚʘʷ, r - ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʳ.   

    ʇʦ ʛʠʧʦʪʝʟʝ ʉʪʦʢʩʘ (2) ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝ- 

ʥʠʷ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ /1/ 
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            r
dz

dp

r

V

z

V zr
crzczr

2

1
)()()( =

µ

µ
+

µ

µ
== mpp             (7)                                      

    ʈʘʩʩʤʦʪʨʠʤ ʪʝʯʝʥʠʝ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ,z   

ʦʥʦ  ʚʦʟʥʠʢʘʝʪ  ʧʨʠ  ʧʘʜʝʥʠʠ  ʜʘʚʣʝʥʠʷ 0<=const
dz

dp . 

 ʇʨʠ ʵʪʦʤ  ʧʦ   ʬʦʨʤʫʣʝ (7) ʧʨʦʜʦʣʴʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝ- 

ʥʠʷ  ʦʪʨʠʮʘʪʝʣʴʥʳ  0)( <crzp , ʧʦ ʛʠʧʦʪʝʟʝ  ʉʪʦʢʩʘ (ʭʦʪʷ 

ʪʝʯʝʥʠʝ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ r ʦʪʩʫʪʩʪʚʫʝʪ) ʚ ʩʠʣʫ ʩʠʤ-

ʤʝʪʨʠʯʥʦʩʪʠ (3)  ʩʫʱʝʩʪʚʫʶʪ ʠ ʷʚʣʷʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʧʦ- 

ʧʝʨʝʯʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ  

0, )()()( <= czrcrzczr ppp  

ʠʭ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ  ʨʠʩ.1.  

 
z-Û                                                                                         Ý+z  

              ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʪʨʫʙʳ     

 

 

0)( =ʥzrp      

 0<
dz

dp ­­­
zV                                          

 0)( <« ʥrzp                 

  

 

                        

 

ʩʪʝʥʢʘ ʪʨʫʙʳ                                                          

0                                           z  

 

 

­­­
zV  

« 0)( <crzp  

0)( <¬ czrp  

 

 

 

 

 

+a               

                                                   Þ+r               ʈʠʩ.1                                                       

   

   ʇʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʪʨʝʥʠʷ ʅʴʶʪʦʥʘ     ʧʦʧʝʨʝʯʥʳʝ  

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʥʳ ʥʫʣʶ   0/)( =µµ= zvrʥzr mp ,  ʠʙʦ 
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0=rv , ʧʨʦʜʦʣʴʥʳʝ  ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ  ʦʪʨʠʮʘʪʝʣʴʥʳ    

                 ,0)/(2/1/)( <=µµ= rdzdprvzʥrz mp     

ʧʨʠʯʝʤ  ʢʘʢ ʢʘʩʘʪʝʣʴʥʦʝ   ʥʘʧʨʷʞʝʥʠʝ  ʧʦ ʛʠʧʦʪʝʟʝ ʉʪʦʢʩʘ  ʪʘʢ 

ʠ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ  ʬʦʨʤʫʣʝ  ʅʴʶʪʦʥʘ    0)( <crzp ,  

0)( <ʥrzp   ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʪʠʚ ʪʝʯʝʥʠʷ. 

   ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʛʨʘʜʠʝʥʪʝ   0/ >dzdp ʞʠʜʢʦʩʪʴ ʚ ʪʨʫʙʝ 

ʪʝʯʝʪ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z(ʩʧʨʘʚʘ ʥʘʣʝʚʦ), 
ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ  ʤʝʥʷʶʪ ʟʥʘʢʠ  ʚ  ʩʠʣʫ  (7)  

                                 ,0)( >crzp 0)( >czrp ,   

ʧʦ  ʟʘʢʦʥʫ ʪʨʝʥʠʷ ʅʴʶʪʦʥʘ  

               0)( >ʥrzp ,  0)( =
µ

µ
=

z

vr
ʥzr mp  

ʠ ʪʝʯʝʥʠʝ ʙʫʜʝʪ  ʚ  ʥʘʧʨʘʚʣʝʥʠʠ  ñz- ò, ʯʪʦ ʦʪʨʘʞʝʥʦ ʥʘ  ʨʠʩ.2. 

                                                                                                                                                  
z-Û                                                                                         Ý+z  

                                     0 

  

zV   «««        

 

0)( >crzp ­

® 0)( >czrp   

                                      

                                           

        ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʪʨʫʙʳ                                            

                                                                           

0>
dz

dp
 

zV «««
0)( =ʥzrp   
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 +a         ʩʪʝʥʢʘ ʪʨʫʙʳ                         

                                            Þ+r                   ʈʠʩ.2                            
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ʈʘʟʚʦʨʦʪ ʨʠʩ.2 ʥʘ  
o180  ʧʨʠʚʦʜʠʪ ʢ  ʨʠʩ.3, ʥʘ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʪʝʯʝʥʠʝ ʚ ʪʨʫʙʝ ʥʘʧʨʘʚʣʝʥʦ ʚ ʪʫ ʞʝ ʩʪʦʨʦʥʫ, ʯʪʦ ʠ ʥʘ ʨʠʩ.1. 

ʇʨʦʪʠʚʦʨʝʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʥʝ ʨʘʚʥʦʛʦ ʥʫʣʶ 

ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʛʠʧʦʪʝʟʝ ʉʪʦʢʩʘ )(czrp , 

ʢʦʪʦʨʦʝ ʥʘ ʨʠʩ. 3 ʥʘʧʨʘʚʣʝʥo ʢ ʩʪʝʥʢʝ ʪʨʫʙʳ, ʘ ʥʘ ʨʠʩ.1 

ʥʘʧʨʘʚʣʝʥo ʢ ʦʩʠ ʪʨʫʙʳ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʪʝʯʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ )(crzp  ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʥʘʧʨʘʚʣʝʥo  ʧʨʦʪʠʚ ʪʝʯʝʥʠʷ!     
    ʅʘʧʨʦʪʠʚ, ʧʦ ʟʘʢʦʥʫ  ʅʴʶʪʦʥʘ  ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʨʘʚʥʦ ʥʫʣʶ:  

                                   0)( =
µ

µ
=

z

vr
ʥzr mp , 

ʪ.ʢ. 0=rv  ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ.   

     
z+Û                                                                                      Ý-z  
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 « 0)( >ʥrzp  
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 0)( =ʥzrp     

0>
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       ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʪʨʫʙʳ                  

 

 

­­­
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0)( >czrp                               

®     « 0)( >crzp                            

 

 

                               

+a              ʩʪʝʥʢʘ ʪʨʫʙʳ 

                                           Þ+r                       ʈʠʩ.3                   

                                               

  ʆʯʝʚʠʜʥʦ, ʜʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ (6) ʧʨʦʪʠʚʦʨʝʯʠʷ, 

ʧʦʜʪʚʝʨʞʜʝʥʥʦʛʦ ʨʠʩʫʥʢʘʤʠ.1-3, ʥʝ ʚʦʟʥʠʢʘʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
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ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʉʪʦʢʩʘ (2) ʠʤʝʝʪ ʤʝʩʪʦ 

ʫʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʘʭ 1,2,3 ʧʘʨʘʜʦʢʩ.  

    ɸʥʘʣʦʛʠʯʥʳʡ ʧʘʨʘʜʦʢʩ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʩʪʦʢʩʦʚʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʦʯʝʚʠʜʥʦ, ʧʦʣʫʯʘʝʪʩʷ ʚ 

ʪʝʯʝʥʠʷʭ  ʇʫʘʟʝʡʣʷ  ʠ  ʂʫʵʪʪʘ. 

     

Ä7. ʅʝʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ  ʅʴʶʪʦʥʘ. 

ʇʘʨʘʜʦʢʩʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʠʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʩʚʷʟʘʥʳ ʩ ʛʠʧʦʪʝʟʘʤʠ ʦ ʜʘʚʣʝʥʠʠ ʠ ʩ ʟʘʢʦʥʦʤ ʇʘʩʢʘʣʷ ʜʣʷ 

ʠʜʝʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ 

   ɿʘʢʦʥ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨ- 

ʤʘʮʠʡ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʉʪʦʢʩʦʤ ʚ 1845ʛ. ʢʘʢ ʥʝʘʜʝʢʚʘʪʥʦʝ 

ʦʙʦʙʱʝʥʠʝ ʟʘʢʦʥʘ ʪʨʝʥʠʷ ʅʴʶʪʦʥʘ,  ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʬʦʨʤʫʣʦʡ 

ɻʝʣʴʤʛʦʣʴʮʘ ʠʣʠ ʨʷʜʦʤ ʊʝʡʣʦʨʘ, (ʯʪʦ ʦʜʥʦ ʠ ʪʦ ʞʝ): 

            [ ] rSrvrottrvtrrv
C#CCCCCCC
ddd ++=+ ,
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),(),(      (1) 

ʵʢʚʠʚʘʣʝʥʪʥʘʷ  ʟʘʧʠʩʴ  (1) ʠʤʝʝʪ ʚʠʜ: 

                          rSrSv
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               SEvdivpʥ mmmp +-+-= )])'
3

1
([

C
               (12)   

  ʂʘʢ ʩʢʘʟʘʥʦ, ʠʤʝʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʠʟʚʦʣ ʚ ʚʳʙʦʨʝ ʤʥʦʞʠ-

ʪʝʣʷ 'm. ʈʘʩʧʦʨʷʞʘʷʩʴ ʜʘʥʥʳʤ ʧʨʦʠʟʚʦʣʦʤ, ʧʦʣʦʞʠʤ mm
3

1
'= ,  

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ  ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ  (10) ʚ  ʩʞʠʤʘʝʤʳʭ 

ʛʘʟʘʭ 0̧vdiv
C

 ʧʨʠʤʫʪ ʚʠʜ 

                       3,2,1, =
µ

µ
+-= i

x

v
p

i

i
ii mp ,                       (13)                                 

ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʥʝʩʞʠʤʘʝʤʳʭ 

0=vdiv
C

 ʞʠʜʢʦʩʪʷʭ (7)  mm= , ʪ.ʝ. (12) ʧʝʨʝʡʜʝʪ ʚ (8) ʠ ʙʫʜʝʪ 
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ʠʤʝʪʴ ʤʝʩʪʦ ʝʜʠʥʳʡ ʨʝʦʣʦʛʠʯʝʩʢʠʡ ʟʘʢʦʥ ʢʘʢ ʜʣʷ 

ʥʝʩʞʠʤʘʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʪʘʢ ʠ ʜʣʷ ʩʞʠʤʘʝʤʳʭ ʛʘʟʦʚ: 

         SpE mp +-= , 3,2,1,, =
µ

µ
+-= ji

x

v
p

j

i
ijji mdp   (14)  

ʃʠʰʴ ʛʠʧʦʪʝʟʘ (9)  ʧʨʠʤʝʪ ʠʥʫʶ  ʬʦʨʤʫ  

                      vdivp
ʥzzʥyyʥxx C

m
ppp

3

1

3

)()()(
+-=

++
,               (15) 

ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ (13)!   

  ɺ ʩʣʫʯʘʝ ʥʝʩʞʠʤʘʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʩ 0=vdiv
C

 ʛʠʧʦʪʝʟʘ (15) 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʭʦʜʠʪ ʚ ʟʘʢʦʥ  ʇʘʩʢʘʣʷ.                                              

  ʊʝʤ ʩʘʤʳʤ ʧʦʢʘʟʘʥʦ: 1) ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

vdiv
C

m3/1  ʠʣʠ  vdiv
C

m3/2  ʝʩʪʴ ʥʝʢʘʷ ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʘʷ 

ʧʦʜʛʦʥʢʘ ʚʷʟʢʠʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʢ ʛʠʧʦʪʝʟʝ ʦ 

ʜʘʚʣʝʥʠʠ (5);  2)  ʬʦʨʤʫʣʳ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʟʘʚʠʩʷʪ 

ʦʪ ʚʠʜʘ ʛʠʧʦʪʝʟʳ ʦ ʜʘʚʣʝʥʠʠ.  

 ʆʪʢʘʟ ʦʪ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʜʦʙʘʚʦʢ ʪʠʧʘ vdiv
C

m3/2 , 

vdiv
C

m3/1 , ,)'3/2( vdiv
C

mm-  ,)'3/1( vdiv
C

mm-  ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʱʘʝʪ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʫʨʘʚʥʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʚʷʟʢʦʛʦ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ  ʩ 0̧vdiv
C

.  

  ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʧʘʨʘʜʦʢʩʳ ʩ ʛʠʧʦʪʝʟʘʤʠ ʦ  ʜʘʚʣʝʥʠʠ  ʠ ʨʝʦ-  

ʣʦʛʠʯʝʩʢʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ (14) ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʚʷʟʢʦʡ ʯʘʩʪʠ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʜʠʘʛʦʥʘʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʪʝʥʟʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ S, ʦʙʦʩʥʦʚʘʥʘ 

ʟʘʢʦʥʦʤ ʪʨʝʥʠʷ ʅʴʶʪʦʥʘ, ʚ ʩʠʣʫ ʢʦʪʦʨʦʛʦ ʢʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʥʝʜʠʘʛʦʥʘʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ 

ʪʝʥʟʦʨʘ S . 

  ʈʝʦʣʦʛʠʯʝʩʢʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ (14) ʦʩʚʦʙʦʞʜʘʝʪ ʫʨʘʚʥʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʚʷʟʢʠʭ ʩʞʠʤʘʝʤʳʭ ʛʘʟʦʚ ʚ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʯʘʩʪʠ ʦʪ 

ʩʤʝʰʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ,  ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ 12 ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʦʢʨʘʰʘʶʪʩʷ ʪʨʝʭʤʝʨʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʘ ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ 

ʫʨʘʚʥʝʥʠʷʤʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʪʦ ʚ ʦʙʱʝʡ ʩʫʤʤʝ ʚ ʥʦʚʳʭ 

ʫʨʘʚʥʝʥʠʷʭ ʥʘ 18 ʧʨʦʠʟʚʦʜʥʳʭ ʤʝʥʴʰʝ ʩʦʜʝʨʞʠʪʩʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ 

ʩʤʝʰʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʣʠʷʝʪ ʥʘ ʪʠʧ ʫʨʘʚʥʝʥʠʡ, ʪ.ʝ. ʥʘ 

ʢʚʘʟʠʧʘʨʘʙʦʣʠʯʥʦʩʪʴ, ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ 
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ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʠʭ 

ʨʝʰʝʥʠʷ.  

ɺ   Ä5  ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʬʦʨʤʫʣʝ   

            [ ] rSrvrot
b

b
trvtrrv b

CCCCCCCC
ddd +

-
+=+ ,

1
),(),(  

ʧʨʠ   b=1  ʩʪʦʠʪ ʤʘʪʨʠʮʘ SS =1 , ʧʦʵʪʦʤʫ  ʧʝʨʝʭʦʜ  ʢ   ʪʝʥʟʦʨʫ  

ʧʝʨʝʤʝʱʝʥʠʷ S  ʩʦʚʝʨʰʘʝʪʩʷ ʧʨʠ  b=1     

                        rStrvtrrv
CCCCCC
dd +=+ ),(),(                             

ʪʝʤ  ʩʘʤʳʤ ʜʦʢʘʟʳʚʘʝʪʩʷ,  ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ  ʪʝʥʟʦʨʘ ʥʘʧʨ-̫ 

ʞʝʥʠʡ  ʅʴʶʪʦʥʘ ʥʝʪ ʦʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʝʨʚʦʡ  ʪʝʦ-

ʨʝʤʝ  ɻʝʣʴʤʛʦʣʴʮʘ, ʩʣʝʜʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʭʦʜʠʪʴ ʠʟ 

ʨʷʜʘ ʊʝʡʣʦʨʘ rStrvtrrv
CCCCCC
dd +=+ ),(),( .  

  ʈʘʟʜʝʣʝʥʠʝ ʨʷʜʘ ʊʝʡʣʦʨʘ ʥʘ ʩʠʤʤʝʪʨʠʯʥʫʶ S# r
C
dʠ ʘʥʪʠʩʠʤʤ- 

ʝʪʨʠʯʥʫʶ  [ ]rvrot
CC
d,2/1  ʯʘʩʪʠ  ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ 

ʧʦʩʪʨʦʝʥʠʝʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ 

ʩʨʝʜʳ ʠ ʪʝʦʨʠʝʡ ʜʝʬʦʨʤʘʮʠʡ (ʵʪʦʪ ʚʦʧʨʦʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʟʜʝʩʴ ʚ ʛʣ.9 ). 

    ʃ. ɼ.  ʃʘʥʜʘʫ, ɽ. ʄ. ʃʠʬʱʠʮ ʚ /10/ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ- 

ʛʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʦʣʦʛʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʚʳʜʚʠ- 

ʥʫʣʠ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ: çé ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ  ʢʘʢ ʪʚʝʨʜʦʝ ʪʝ- 

ʣʦ ʚʦʢʨʫʛ ʦʩʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʷʟʢʦʡ ʞʠʜʢʦʩ- 

ʪʠ ʚʩʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʳ ʦʙʨʘʱʘʪʴʩʷ ʚ ʥʫʣʠè.    

    ʅʘʧʨʷʞʝʥʠʷ (6) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ. ɼʝʡʩʪʚʠ-     

ʪʝʣʴʥʦ, ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ   zr ,,e /1/,   ʥʴʶʪʦʥʦʚʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ (7) ʠʤʝʶʪ ʚʠʜ     
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3

1
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µ
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µ

µ
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µ

µ
¹

v

rz

v

r
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r
vdiv zr
C

 

ʜʣʷ ʞʠʜʢʦʩʪʠ  0=vdiv
C

, ʚʨʘʱʘʶʱʝʡʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ  ʫʛʣʦʚʦʡ  

ʩʢʦʨʦʩʪʴʶ    w, ʩʢʦʨʦʩʪʠ   ʨʘʚʥʳ           ( a - ʫʛʦʣ  ʤʝʞʜʫ  

w
C
ʠ   r
C

):             

            

[ ]

,sinsin

,,0,0

awaw

we

rr

rvvv zr

==

====
CC

CC

  

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʚʥʳ ʥʫʣʶ ʚʩʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ      

     .0,0,0,0,0,0 ====== zzrrzrrz eeee pppppp  

 

Ä8. ʇʨʝʜʧʦʩʳʣʢʠ ʦʰʠʙʦʯʥʦʛʦ ʚʳʚʦʜʘ ʦ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 

      ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʩ ʤʘʩʩʘʤʠ mi, 

i=1,2,é,N   ʠ  ʩ  ʨʘʜʠʫʩ - ʚʝʢʪʦʨʘʤʠ   r i, i=1,2,é,N,   ʥʘ  ʢʦʪʦʨʳʝ  

ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ NiFi ,...,2,1, =
C

. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ (ʛʣʘʚʥʘʷ) 

ʩʠʣʘ ʨʘʚʥʘ ä=
i

iFF .*
CC

 

ʄʦʤʝʥʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ (ʛʣʘʚʥʦʡ) ʩʠʣʳ  ʨʘʚʝʥ 

],[ *FrM cc

CCC
= ,  ʛʜʝ    ää=

i

ii

i

ic mrmr /
CC

  -   ʨʘʜʠʫʩ-ʚʝʢʪʦʨ  ʮʝʥʪʨʘ  

ʤʘʩʩ, ʦʙʦʟʥʘʯʘʝʤʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʩʪʦ rrc

CC
= ; ʘ ʨʝʟʫʣʴʪʠʨʫ- 

ʶʱʠʡ  (ʛʣʘʚʥʳʡ)  ʤʦʤʝʥʪ  ʨʘʚʝʥ ä=
i

ii FrM ],[
CCC

.                    

ʊʝʦʨʝʤʘ 1. ɼʣʷ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʤʦʤʝʥʪ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʠʣʳ ʥʝ ʨʘʚʝʥ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʤʫ ʤʦʤʝʥʪʫ: .MMc

CC
¸  

    ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʦʯʝʚʠʜʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ  
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         ää
ä

ä
¸

i

ii

i

i

i

i

i

ii

FrF
m

rm

],[],[
CCC

C

,        

ʢʨʦʤʝ ʵʪʦʛʦ, ʧʨʦʩʪʝʡʰʠʤ ʧʨʠʤʝʨʦʤ, ʷʚʣʷʶʪʩʷ ʣʝʞʘʱʠʝ ʥʘ 

ʦʜʥʦʡ ʧʨʷʤʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʠʣr  

                                          ,
21

FF
CC
-=   

 ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʟʜʝʩʴ  ʨʘʚʥʘ ʥʫʣʶ: 

                      ,0,021

* ==+= cMʧʦʵʪʦʤʫFFF
CCCC

  

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ (ʛʣʘʚʥʳʡ) ʤʦʤʝʥʪ ʥʝ ʨʘʚʝʥ 

ʥʫʣ,ʁ ʝʩʣʠ ʚʝʢʪʦʨʳ 21 rr
CC
-  ʠ 1F

C
 ʥʝ ʧʘʨʘʣʣʝʣʴʥʳ ʤʝʞʜʫ ʩʦʙʦʡ:  

                   0],[],[],[ 1212211 ¸-=+= FrrFrFrM
CCCCCCCC

         (1)                                

ʊʝʦʨʝʤʘ 2. ɼʣʷ ʟʘʜʘʥʥʳʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʚʝʢʪʦʨʦʚ  

FQ
CC

^  ʩʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʚʝʢʪʦʨʦʚ 

,**** kzjyixr
CCCC

++=  ʜʣʷ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʤʝʩʪʦ 

ʨʘʚʝʥʩʪʚʦ QFr
CCC
=],[ *

. ɽʩʣʠ ʟʘʜʘʥʳ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ 

ʚʝʢʪʦʨʳ 
*rQ
CC
^ , ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʚʝʢʪʦʨʦʚ 

*F
C
, ʜʣʷ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʤʝʩʪʦ ʵʪʦ ʨʘʚʝʥʩʪʚʦ.  

   ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʨʝʰʘʝʤʦʝ  ʦʪʥʦʩʠʪʝʣʴʥʦ 

,,, *** zyx  ʠʤʝʝʪ  ʦʧʨʝʜʝʣʠʪʝʣʴ, ʨʘʚʥʳʡ ʥʫʣʶ 

 xyz QFzFy =- **
, ,**

yzx QFxFz =- ,**

zxy QFyFx =-  (2) 

ʛʜʝ 

                   kQjQiQQkFjFiFF zyxzyx

CCCCCCCC
++=++= ,    

  ʀʟ ʨʘʚʝʥʩʪʚʘ 0),( * =Qr
CC

, ʚʳʪʝʢʘʝʪ ʚʳʨʘʞʝʥʠʝ 0*** =++ zyx QzQyQx ,  

ʢʦʪʦʨʦʝ  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ  ʚ  ʚʠʜʝ  

                                             xzy QxQzQy *** -=+   

ʠ ʨʝʰʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʧʝʨʚʳʤ ʫʨʘʚʥʝʥʠʝʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ    

(2) . ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ  
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zzyy

yzx

zzyy

yzx

QFQF

QFxQ
z

QFQF

FxQQ
y

+

+-
=

+

-
=

)(
,

)( *

*

*

*
.  

ɸʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʳʚʘʝʪʩʷ ʚʪʦʨʘʷ ʯʘʩʪʴ ʪʝʦʨʝʤʳ.  

ʊʝʦʨʝʤʘ 3. ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ Q
C
ʤʦʞʥʦ ʥʘʡʪʠ ʙʝʩʢʦʥʝʯʥʦʝ 

ʯʠʩʣʦ ʚʝʢʪʦʨʦʚ 
*r
C

 ʠ F
C
, ʜʣʷ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ              

QFr
CCC
=],[ *

. 

      ɺ ʵʪʦʡ ʪʝʦʨʝʤʝ ʩʠʩʪʝʤʘ    (2) ʨʝʰʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ 

ʫʨʘʚʥʝʥʠʷʤʠ  

                                        0),( * =Qr
CC

 ʠ 0),( =QF
CC

,  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ 6 ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ zyx FFFzyx ,,,,, ***
 ʧʦʣʫʯʘʝʪʩʷ 

5 ʫʨʘʚʥʝʥʠʡ, ʪ.ʝ. 5 ʥʝʠʟʚʝʩʪʥʳʭ ʙʫʜʫʪ ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ ʰʝʩʪʫʶ 

ʥʝʠʟʚʝʩʪʥʫʶ,  ʥʘʧʨʠʤʝʨ, ʢʘʢ ʚ ʪʝʦʨʝʤʝ 2,  ʯʝʨʝʟ  
*x .  

     ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ ʩʪʦʠʪ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ 

ʜʠʥʘʤʠʢʠ (10) Ä3, ʛʜʝ  ʨʘʜʠ ʢʨʘʪʢʦʩʪʠ   ʥʘʧʨʷʞʝʥʠʷ ʦʙʦʟʥʘʯʠʤ 

ʥʠʞʥʠʤʠ ʠʥʜʝʢʩʘʤʠ  

                                321 ,, pppppp
CCCCCC
=== zyx ,  

ʋʤʥʦʞʘʷ  (10) Ä3  ʚʝʢʪʦʨʥʦ  ʥʘ  ,r
C

 ʥʘʭʦʜʠʤ   ʤʦʤʝʥʪʳ            

                               [ ]ä
= µ

µ
+=

3

1

,],[
j j

j

x
Fr

dt

vd
r

p
rr

C
CC

C
C

                 (3)                                                                                                                

ʆʯʝʚʠʜʥʦ, ʚ (3) ʤʦʤʝʥʪ ʛʣʘʚʥʦʡ ʩʠʣʳ  ʨʘʚʝʥ    

                   

[ ]ä
=
µ

µ
+=

3

1

,

j jx

j
FrcM

p
r

C
CCC                        (4)   

  ɺʦ-ʧʝʨʚʳʭ,  ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ  ʥʘʧʨʷʞʝʥʠʡ  ʚ /1/ ʚʳʚʦ-                                                                                                                                                                                                         

ʜʠʪʩʷ  ʠʟ ʪʝʦʨʝʤʳ  ʦʙ ʠʟʤʝʥʝʥʠʠ  ʤʦʤʝʥʪʘ  ʠʤʧʫʣʴʩʘ (ʤʦʤʝʥʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ),  ʟʘʧʠʩʘʥʥʦʛʦ  ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ  ʚʠʜʝ 

ñññ ñññ ññ+=
t t s

dsprdtrdt ],[],[],[ nrFrvr
dt

d CCCCCC
, 

 ʩ ʚʥʝʩʝʥʠʝʤ  ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ  ʚ ʣʝʚʦʡ ʯʘʩʪʠ  ʧʦʜ ʠʥʪʝʛʨʘʣ 
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            ñññ ñññ ññ+=
t t s

dsprdtrdt ],[],[],[ nrFrvr
dt

d CCCCCC
,        (5)                          

ʯʪʦ ʥʝʧʨʘʚʦʤʝʨʥʦ, ʝʩʣʠ ʦʙʲʝʤ )(ttt= ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. ʏʪʦ 

ʢʘʩʘʝʪʩʷ  ʧʨʘʚʦʡ ʯʘʩʪʠ  ʵʪʦʛʦ  ʚʳʨʘʞʝʥʠ̫, ʪʦ  ʚ ʩʠʣʫ ʬʦʨʤʫʣʳ  

(3) Ä3   ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʘʚʠʣʴʥʦ ʩʦʩʪʘʚʣʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ñññ ñññ ñññññ+=
t t t sdt

dsprdtrdt ],[],[],[ nrFrvr
dt

d CCCCCC
 

ʀʟ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʪʘʢʠʤ  ʦʙʨʘʟʦʤ  ʪʝʦʨʝʤʳ (5)  ʚ  /1/ , 

ʘʥʘʣʦʛʠʯʥʦ ʚ  ʜʨʫʛʠʭ ʫʯʝʙʥʠʢʘʭ, ʧʦʣʫʯʝʥʦ  ʥʝʚʝʨʥʦʝ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʩʦʦʪʥʦʰʝʥʠʝ 

                      

ä
=µ

µ
+=

3

1

],[],[],[
j

j

j

r
x

Fr
dt

vd
r prr

CCCC
C

C

              

(6)                                                                                                       

                      

 

     ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʨʘʞʝʥʠʝ (6)   ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʝʦʨʝʤʝ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʩʠʩʪʝʤʳ ʯʘʩʪʠʮ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  

ʥʠʞʝ ʚ  Ä9. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ   (6)  ʩʪʦʠʪ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ 

(ʛʣʘʚʥʳʡ) ʤʦʤʝʥʪ 

                           ä
=µ

µ
+=

3

1

],[],[
j

j

j

r
x

FrM pr
CCCCC

 (7)                                                                                                       

ʧʦʪʦʤʫ ʯʪʦ (7)  ʚʳʚʦʜʠʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

ñññ ññäñññ
=

+=
t st

dspdtrrdt ]),Ĕcos(,[],[],[
3

1j

jj xnrFrvr
dt

d CCCCCCC
,  (8) 

ʛʜʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ  ʩʪʦʠʪ ʩʫʤʤʘʨʥʳʡ (ʚ ʚʠʜʝ ʪʨʦʡʥʦʛʦ ʠʥʪʝʛʨʘ- 

ʣʘ) ʛʣʘʚʥʳʡ ʤʦʤʝʥʪ ʤʘʩʩʦʚʳʭ ʩʠʣ [ ]ñññ
t

dtrFr
CC

,  ʠ    ʛʣʘʚʥʳʡ 

ʤʦʤʝʥʪ  ʧʦʚʝʨʭʥʦʩʪʥʳʭ  ʩʠʣ    dsp
s

]),Ĕcos(,[
3

1
ññä

=j

jj xnr
CCC

, 

ʦʯʝʚʠʜʥʦ, ʠʤʝʶʱʠʝ  ʨʘʟʣʠʯʥʳʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ  .r
C

 

    ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ  (7)  ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ                                                                                                  



 54 

                       ],[],[
3

1

3

1

j

j jj j

j

x

r

x
FrM p

p
r

C
CC

CCC
ää
== µ

µ
+

µ

µ
+= ,           (9)                                                                                                        

  ɺ ʩʠʣʫ  (4)   ʛʣʘʚʥʳʡ ʤʦʤʝʥʪ (9)  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ   

                             ä
= µ

µ
+=

3

1

],[
j

j

j

c
x

r
MM p

C
CCC

 ,                           (10)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

ʇʦ ʪʝʦʨʝʤʝ 1 ʵʪʠ ʤʦʤʝʥʪʳ ʥʝʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ: MM c

CC
¸ . 

   ɺ /1/ ʠ ʜʨ. ʫʯʝʙʥʠʢʘʭ  ʪʨʘʜʠʮʠʦʥʥʦ ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʵʪʠʭ 

ʤʦʤʝʥʪʦʚ, ʯʪʦ ʚʦʟʤʦʞʥʦ  ʪʦʣʴʢʦ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʥʫʣʶ ʧʦʩʣʝʜʥʝʛʦ 

ʯʣʝʥʘ ʚ   (10):                                                                                                      

                               0],[
3

1

=
µ

µ
ä
=j

j

jx

r
p
C

C

                              (11)   

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʦʤʝʥʪ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʩʠʣ  
c

M
C

 ʨʘʚʥʷʣʩʷ                                                                                                                                    

ʨʝʟʫʣʴʪʠʨʫʶʱʝʤʫ ʤʦʤʝʥʪʫ M
C

  ʫʩʣʦʚʠʝ (11)   ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. 

ʊʝʦʨʝʤʘ 4. ʋʩʣʦʚʠʝ (11) ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ                                                                                                   

ʪʨʝʭ ʩʠʪʫʘʮʠʷʭ: 
     1.ʅʘʧʨʷʞʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ:

 

jp
C

,||
jx

r

µ

µ
C

.3,2,1=j  

2.ʂʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷʞʝʥʠʡ  ʩʠʤʤʝʪʨʠʯʥʳ:    

                                .3,2,1,, == ji
jiij
pp                            (12)                                                                                                                                                                                                                                                          

   ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ (12)                                                                                          

ʠ ʚʳʪʝʢʘʶʱʘʷ ʠʟ ʥʝʝ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ  

ʧʨʦʪʠʚʦʨʝʯʘʪ  ʪʝʦʨʝʤʝ 1, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ  

Ä6 ʧʨʠʤʝʨʘʤʠ  1-8 ʠ ʧʝʨʝʯʥʝʤ ʧʘʨʘʜʦʢʩʦʚ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ 

ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ  ʧʦ ʛʠʧʦʪʝʟʝ ʉʪʦʢʩʘ ʥʝ ʝʩʪʴ ʬʠʟʠʯʝʩʢʦʝ 

ʩʚʦʡʩʪʚʦ ʩʨʝʜʳ, ʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʧʨʠʨʘʚʥʠʚʘʥʠʷ ʛʣʘʚʥʦʛʦ ʤʦʤʝʥʪʘ  M
C

 ʤʦʤʝʥʪʫ ʛʣʘʚʥʦʡ 
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ʩʠʣʳ 
c

M
C
,  ʪ.ʝ. ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ  ʫʩʣʦʚʠʝ  ʨʘʚʝʥʩʪʚʘ ʵʪʠʭ 

ʤʦʤʝʥʪʦʚ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʝʩʣʠ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʧʦʪʦʢʘ  

ʚʳʧʦʣʥʷʶʪʩʷ  ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʩʣʦʚʠʷ  (12), ʪʦ ʤʦʤʝʥʪ ʛʣʘʚ- 

ʥʦʡ ʩʠʣʳ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ  ʛʣʘʚʥʦʤʫ ʤʦʤʝʥʪʫ  

MMc

CC
= ,  ʝʩʣʠ ʵʪʠ ʫʩʣʦʚʠʷ (13)  ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ, ʪʦ ʦʥʠ 

ʥʝʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ: MM c

CC
¸ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʧʨʘʚʠʣʴʥʦ 

ʧʨʠʤʝʥʝʥʘ ʪʝʦʨʝʤʘ  ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʢ  ʧʨʦʠʟ- 

ʚʦʣʴʥʦʤʫ ʦʙʲʝʤʫ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʦ ʯʝʤ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚ   Ä3, 

ʠʙʦ ʵʪʦ ʧʨʠʨʘʚʥʠʚʘʥʠʝ ʧʨʦʠʟʦʰʣʦ  ʚʩʣʝʜʩʪʚʠʝ  ʧʨʠʨʘʚʥʠʚʘʥʠʷ  

ʣʝʚʳʭ ʯʘʩʪʝʡ ʚʳʨʘʞʝʥʠʡ  (3) ʠ  (6). ʊʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʠʤ- 

ʤʝʪʨʠʯʝʥ ʚ  ʦʙʱʝʤ ʩʣʫʯʘʝ, ʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ  ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʪʝʯʝʥʠʡ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ /3/. ʗʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ ʚʳʚʦʜ: ʜʣʷ 

ʚʷʟʢʠʭ ʩʨʝʜ ʩʧʨʘʚʝʜʣʠʚ   ʨʝʦʣʦʛʠʯʝʩʢʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʩ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʢʘʩʘʪʝʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ   Ä7 ,  ʪʘʢ  

ʢʘʢ   ʛʠʧʦʪʝʟʘ  ʉʪʦʢʩʘ  ʧʨʠʚʦʜʠʪ ʢ  ʚʳʰʝʫʢʘʟʘʥʥʳʤ 

ʧʨʦʪʠʚʦʨʝʯʠʷʤ. 

 

Ä9. ʀʟ ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚ 

ʜʚʠʞʝʥʠʡ  ʥʝ ʩʣʝʜʫʝʪ  ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ 

  ɼʣʷ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʩ ʤʘʩʩʘʤʠ im ,  ʜʚʠʞʫʱʠʭʩʷ 

ʩʦ ʩʢʦʨʦʩʪʷʤʠ iv
C

 ʠ ʥʘ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ iF
C
, ʪʝʦʨʝʤʘ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʠʤʝʝʪ ʚʠʜ /5/:                 

                              ää
==

=
N

i

ii

N

i

iii Frvmr
dt

d

11

],[],[
CCCC

                     (1)     

  ɼʣʷ ʚʟʷʪʦʛʦ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ  ʦʙʲʝʤʘ zyx ddddt=  

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʯʘʩʪʠʮ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʨʘʜʠʫʩ-ʚʝʢʪʦʨ mr
C

 

ʥʘʧʨʘʚʣʷʝʪʩʷ  ʚ ʪʦʯʢʫ ʧʨʠʣʦʞʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʘʩʩʦʚʦʡ 

ʩʠʣʳ mFd
C

,   ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ ʥʘʧʨʘʚʣʝʥʳ ʚ ʪʦʯʢʠ ʠʭ ʜʝʡʩʪʚʠʷ ʥʘ ʢʘʞʜʦʡ 

ʛʨʘʥʠ  ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ: 
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() ,22 xxr p
CC

­ () ,11 xxr -­p
CC

() ,22 yyr p
CC

­ () ,11 yyr -­p
CC

 

                    () ,22 zzr p
CC

­ () 11 zzr -­p
CC

. 

ɺ ʩʠʣʫ ʵʪʦʛʦ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʝʦʨʝʤʝ  (1) ʜʣʷ zyx ddddt=   

ʛʣʘʚʥʳʡ   ʤʦʤʝʥʪ ʩʠʣ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ  ʚ  ʚʠʜʝ   

 () ],[],[ 22

* zyrFmrM xxm ddpd
CCCCC

+= + () ],[ 11 zyr xx ddp-
CC

+  

                 () ],[ 22 xzr yy ddp
CC

+  () ],[ 11 xzr yy ddp-+
CC

 +                                                                                                                                                                                              

                + () ],[ 22 yxr zz ddp
CC

+ () ],[ 11 yxr zz ddp-
CC

              (2)                                                                                                                               

  ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʞʝ  ʩʠʣʘ ʩʪʦʠʪ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ  (3) Ä4  ʠ ʨʘʚʥʘ   

+++++= -- zxzymFF yyxxʨʝʟ ddppddppd )()( 1212

CCCCCC
 

yxzz ddpp )( 12 -++
CC

 

  ʆʯʝʚʠʜʥʦ, ʧʦ ʪʝʦʨʝʤʝ 1 ʤʦʤʝʥʪ ʛʣʘʚʥʦʡ ʩʠʣʳ ʥʝ ʨʘʚʝʥ 

ʛʣʘʚʥʦʤʫ ʤʦʤʝʥʪʫ ʩʠʣ: 
*],[ MFr ʨʝʟ

CCC
¸ . ʈʘʩʩʤʦʪʨʠʤ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʣʝʚʦʡ ʯʘʩʪʠ (8) 

Ä8 [ ]ñññ
t

rdtvr
dt

d CC
, ,  ʨʘʚʥʦʝ [ ]vmr

CC
d,  ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ  ʩʦʙʦʡ  

ʤʦʤʝʥʪ  ʛʣʘʚʥʦʛʦ ʠʤʧʫʣʴʩʘ  vm
C

d   ʤʘʩʩʳ  rdtd =m , ʛʜʝ dt 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʦʙʲʝʤ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʤʘʩʩʘ ä=
i

immd , 

ʧʨʠʯʝʤ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʦʙʣʘʜʘʝʪ ʩʢʦʨʦʩʪʴʶ iv
C
, ʪ.ʝ. ʩʫʱʝʩʪʚʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ,...,2,1, =­­ ivmr iii

CC
 ʚ ʩʠʣʫ ʯʝʛʦ ʛʣʘʚʥʳʡ 

ʤʦʤʝʥʪ ʚʝʢʪʦʨʦʚ ʩʠʩʪʝʤʳ  ʯʘʩʪʠʮ ʦʙʲʝʤʘ dt ʙʫʜʝʪ ʨʘʚʝʥ 

ä
i

iii vmr ],[
CC
. ʇʦ ʪʝʦʨʝʤʝ 1 ʦʥ  ʥʝ ʨʘʚʝʥ ʤʦʤʝʥʪʫ ʛʣʘʚʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ],[ vmr
CC

d :  ],[],[ vmrvmr
i

iii

CCCC
d¸ä ,  

 ʠʙʦ  
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                    [ ]vmr
CC

d, =

ù
ù
ù

ú

ø

é
é
é

ê

è

ä

ä
ä

ä

ä

i

i

i

ii

i

i

i

i

i

ii

m

vm

m
m

rm
CC

, , 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʚʝʥʩʪʚʦ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ  ʪʝʦʨʝʤ 2 ʠʣʠ 3. ʇʨʠ ʧʨʝʜʝʣʴʥʦʤ 

ʧʝʨʝʭʦʜʝ r
C

 ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ  ʚʳʨʘʞʝʥʠʠ [ ]vmr
CC

d,  ʷʚʣʷʝʪʩʷ 

ʢʦʥʢʨʝʪʥʳʤ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ ʪʦʯʢʠ ʩʧʣʦʰʥʦʡ  ʩʨʝʜʳ, ʟʥʘʯʠʪ,  

ʧʦ ʪʝʦʨʝʤʝ 3  
dt

vd
C

 ʙʫʜʝʪ ʧʨʦʠʟʚʦʣʴʥʳʤ  ʚʝʢʪʦʨʦʤ, ʧʦʵʪʦʤʫ  

ʨʘʚʝʥʩʪʚʦ  ʤʝʞʜʫ   dtr
t

],[ñññ
dt

vd
r

C
C

,  ʢʦʪʦʨʦʝ  ʧʦʣʫʯʝʥʦ  

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ  ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ  ʩʧʣʦʰʥʦʡ  ʩʨʝʜʳ  ʦʙʝʠʭ  

ʯʘʩʪʝʡ  (3)  Ä8 

              dt
p

rdtr
tt

ñññäñññ
= µ

µ
+= ],[],[

3

1j j

j

x
Fr

dt

vd
r

C
CC

C
C

, 

ʠ  ],[ rdt
t

vr
dt

d CC
ñññ   ʥʝʚʦʟʤʦʞʥʦ, ʪʝʤ ʩʘʤʳʤ ʦʙʦʩʥʦʚʘʥʦ 

ʥʝʨʘʚʝʥʩʪʚʦ  ʚ ʩʠʣʫ ʟʘʚʠʩʠʤʦʩʪʠ )(ttt=  

                           ],[],[ rdtrdt
t t

vr
dt

d
vr

dt

d CCCC
ñññ ñññ¸ , 

ʘ ʧʨʘʚʘʷ  ʯʘʩʪʴ ʧʨʝʦʙʨʘʟʫʝʪʩʷ  ʢ ʚʳʨʘʞʝʥʠʶ 

   { }ññññññ ++=
tt

d
ddd ],[],[],[],[

dt

md
vr

dt

vd
mrmv

dt

rd
mvr

dt

d CC
C

CC
C

CC
= 

{ }ñññ +=
t

d
d ],[],[

dt

md
vr

dt

vd
mr

CC
C

C
 

 ʉʦʚʝʨʰʝʥʥʦ ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʚʦʜʳ ʥʘʜʦ ʩʜʝʣʘʪʴ ʠ ʜʣʷ  ʤʦʤʝʥʪʘ 

ʤʘʩʩʦʚʳʭ ʩʠʣ ],[ Fmr
CC

d , ʠʙʦ F
C
ʝʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʚʩʝʭ ʩʠʣ 

iF
C

 ʚ ʦʙʲʝʤʝ dt, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʯʘʩʪʠʮʳim ʩʧʣʦʰʥʦʡ 

ʩʨʝʜʳ, ʧʨʠʯʝʤ  
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              ä=
i

immd , 
m

FmmFmF
i

ii

i

i

i

ii däää ==
CCC

/  

ʇʦ ʪʝʦʨʝʤʝ 1 ä̧
i

ii FmrFmr ],[],[
CCCC

d , ʧʦʵʪʦʤʫ ʜʣʷ  ʢʦʥʢʨʝʪ- 

ʢʨʝʪʥʦʛʦ  ʚʝʢʪʦʨʘ r
C
ʧʦ ʪʝʦʨʝʤʝ 3 ʨʘʚʝʥʩʪʚʦ   

                                     ä=
i

ii FmrFmr ],[],[ *
CCCC

d                                                                    

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʜʣʷ ʪʘʢʦʛʦ ʚʝʢʪʦʨʘ 
*F
C
, ʢʦʪʦʨʳʡ ʥʝ ʙʫʜʝʪ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʚʝʥ ʠʩʪʠʥʥʦʤʫ F
C

: ¸*F
C

F
C
, ʪ.ʝ. ʚ ʧʨʘʚʦʡ 

ʯʘʩʪʠ  (7) Ä8  ʩʪʦʠʪ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 
*F
C
, ʷʚʣʷʶʱʠʡʩʷ ʩʦʚʝʨʰʝʥ-

ʥʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʝʢʪʦʨʦʤ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ  ʠʟ  /1/ 

               ñññ ñññ ññ+=
t t s

dspdd ],[],[],[ nrmFrmvr
dt

d CCCCCC
        (3)                                                         

ʚ ʩʠʣʫ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʠʯʠʥ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ   ʬʫʥʜʘʤʝʥ- 

ʪʘʣʴʥʦʡ ʪʝʦʨʝʤʝ  ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ (1). 

  ɼʝʡʩʪʚʠʪʝʣʴʥʦ,  ʪʝʦʨʝʤʘ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ  

                        ää
==

=
N

i

ii

N

i

iii frvmr
dt

d

11

],[],[
CCCC

 

 ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʠʩʘʥʘ ʚ  ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʦʙʲʝʤʝ  dt ʚ  ʚʠʜʝ       

,],[],[],[ ññäää +=

dts

s sp
k

knkk

i

iii

i

iii rFmrvmr
dt

d CCCCCC
  

ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  ʜʣʷ ʦʙʲʝʤʘ t  ʚ ʚʠʜʝ ʪʨʦʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ   

ñññññäñññäñññä +=
t s

s

tt dt

sp
k

knkk

i

iii

i

iii rFmrvmr
dt

d
],[],[],[

CCCCCC
       (4)                                                           

  ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʘʤ 2, 3,  ʤʝʞʜʫ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ   ʯʣʝʥʘʤʠ  

ʚʳʨʘʞʝʥʠʡ  (3) ʠ  (4) ʥʝʣʴʟʷ ʩʪʘʚʠʪʴ ʟʥʘʢ  ʨʘʚʝʥʩʪʚʘ, ʪ.ʝ. ʠʤʝʶʪ 

ʤʝʩʪʦ ʦʯʝʚʠʜʥʳʝ ʥʝʨʘʚʝʥʩʪʚʘ 

ñññ ñññäñññäñññ ¸¸
t ttt

dd
i

iii

i

iii FmrmFrvmr
dt

d
mvr

dt

d
],[],[,],[],[
CCCCCCCC

, 
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                         ñññññäññ ¸
t s

s

s dt

spdsp
k

knkkn rr ],[],[
CCCC

,        (5)                 

ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʟʣʠʯʠʝ ʚʳʨʘʞʝʥʠʡ (3) ʠ (4). ʅʘʜʦ 

ʠʤʝʪʴ ʚ ʚʠʜʫ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʦʜʚʠʞʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠ- 

ʥʘʪ, ʠʤʝʶʱʘʷ  ʥʘʯʘʣʦ ʚ ʮʝʥʪʨʝ ʤʘʩʩʳ  ä=
i

immd , ʩʣʝʜʦʚʘʪʝʣʴ- 

ʥʦ,  ʜʚʠʞʫʱʘʷʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ  0̧dtvd
C

,   ʙʫʜʝʪ ʥʝʠʥʝʨʮʠʘʣʴ- 

ʥʦʡ  ʩʠʩʪʝʤʦʡ.  ɿʜʝʩʴ  ʚ (5), ʢʘʢ  ʠ  ʨʘʥʝʝ ä=
k

knkn spdsp
CC

- 

ʛʣʘʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ   ʥʘ  ä=
k

ksds , ʧʨʠ- 

ʯʝʤ dtsdsÍ , -ks ʫʯʘʩʪʦʢ  ʧʦʚʝʨʭʥʦʩʪʠ ds,  ʢʦʪʦʨʫʶ ʟʘʥʠ- 

ʤʘʝʪ ʯʘʩʪʠʮʘ  kms , ʥʘʭʦʜʷʱʘʷʩʷ  ʧʦʜ ʜʝʡʩʪʚʠʝʤ  ʥʘʧʨʷʞʝʥʠʷ  

nkp
C
, ʚʝʢʪʦʨʳ krs

C
ʥʘʧʨʘʚʣʝʥʳ  ʥʘ ʯʘʩʪʠʮʳ  kms , ʣʝʞʘʱʠʝ  ʥʘ  

ʧʦʚʝʨʭʥʦʩʪʠ dts ,    ʯ.ʪ.ʜ.   

    ʀʟ  (4)    ʧʦ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤ ʫʞʝ ʥʝ ʩʣʝʜʫʝʪ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʪ.ʝ.    ijjiij ¸¸ ,pp ,  

ʪ.ʢ. ʚ ʦʙʝʠʭ ʯʘʩʪʷʭ  (4) ʩʪʦʷʪ  ʛʣʘʚʥʳʝ  ʤʦʤʝʥʪʳ, ʧʦ  ʪʝʦʨʝʤʝ 1  

ʥʝ  ʨʘʚʥʳʝ  ʤʦʤʝʥʪʘʤ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʚʝʢʪʦʨʦʚ ʚ (3).  

 

Ä10. ʊʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʥʝ 

ʩʠʤʤʝʪʨʠʯʝʥ 

    ʇʦʢʘʞʝʤ ʜʝʪʘʣʴʥʦ ʝʱʝ  ʨʘʟ ʦʰʠʙʦʯʥʦʩʪʴ ʨʘʚʝʥʩʪʚʘ (6) Ä8, 

ʰʠʨʦʢʦ  ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ  /1/,/2/,/3/,/4/  ʜʣʷ  ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ  ʩʠʤ- 

ʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʚʠʜʝ  

                 

0],[],[],[
3

1

=
µ

µ
-- ä
=j

j

j

r
x

Fr
dt

vd
r prr

CCCC
C

C

                      

(6) 

                     

                                                                                                       

                                  
     ʀʟ  ʵʪʦʛʦ  ʚʳʨʘʞʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ  ʧʦʣʫʯʝʥʘ  ʩʠʤʤʝʪʨʠʯ- 

ʥʦʩʪʴ  ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ  ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ  ʠ,  ʢʘʢ  ʩʣʝʜʩʪʚʠʝ 
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ʵʪʦʛʦ, ʧʦʜʛʦʥʢʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ  

ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʛʠʧʦʪʝʟʝ  ʉʪʦʢʩʘ /1/.   

  ɼʦʢʘʞʝʤ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʣʝʚʘʷ ʯʘʩʪʴ (6) ʥʝ ʨʘʚʥʘ  ʥʫʣʶ:  
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ʠʤʧʫʣʴʩʦʚ (ʢʦʣʠʯʝʩʪʚ ʜʚʠʞʝʥʠʡ) ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʙʴʝʤʘ  

dt ʩʧʣʦʰʥʦʡ  ʩʨʝʜʳ: 
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  ɿʜʝʩʴ  ʚ ʦʙʲʝʤʝ dt   ʫʯʪʝʥʦ    rdtd ==ä
i

imm .  ʀʤʝʷ ʚ ʚʠʜʫ   
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ʛʜʝ  ʧʦ ʪʝʦʨʝʤʝ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ-ɻʘʫʩʩʘ ʠ ʪʝʦʨʝʤʝ ʦ ʩʨʝʜʥʝʤ ʜʣʷ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʝʤʘ dt ʠʤʝʪʁ ʤʝʩʪʦ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ    
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  ʇʨʘʚʘʷ ʯʘʩʪʴ (10) ʥʝ ʨʘʚʥʘ ʥʫʣʶ  
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,  (11)        

ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ.  

   ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʫʨʘʚʥʝʥʠʝ (6), ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʷʝʪʩʷ  ʚ 

ʫʯʝʙʥʠʢʘʭ  ʃʦʡʮʷʥʩʢʦʛʦ /1/ ʠ  ʉʝʜʦʚʘ /2/ ʚ ʢʘʯʝʩʪʚʝ ʪʝʦʨʝʤʳ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʦʰʠʙʦʯʥʦ. ʆʯʝʚʠʜʥʦ ʠʟ   (10), ʯʪʦ  

ʚ ʬʦʨʤʫʣʝ  (6) ʃʦʡʮʷʥʩʢʦʛʦ /1/ ʠ  ʉʝʜʦʚʘ /2/ ʥʝ ʤʦʞʝʪ ʩʪʦʷʪʴ 
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ʟʥʘʢ ʨʘʚʝʥʩʪʚʘ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʚ ʩʠʣʫ (10) ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ 

ʥʝʨʘʚʝʥʩʪʚʦ:    
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    ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ  ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʚʳʚʦʜ ʦ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ  ʠʩʭʦʜʷ ʠʟ ʨʘʚʝʥʩʪʚʘ (6). 

ʊʘʢ  ʢʘʢ  (6)  ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ ʚ ʩʠʣʫ (10),  ʪʦ ʠ ʥʝʪ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʧʣʦʰʥʦʡ 

ʩʨʝʜʝ, ʯʪʦ ʪʨʝʙʦʚʘʣʦʩʴ  ʜʦʢʘʟʘʪʴ. 

 

    ʇʨʠʤʝʯʘʥʠʝ. ɺ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʩʢʦʨʦʩʪʠ  ʚʩʝʭ  ʯʘʩʪʠʮ 
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ʇʦ ʪʝʦʨʝʤʝ 1  Ä8 ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʠ ʥʝ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ: MM c

CC
¸ . ʀʭ ʨʘʚʝʥʩʪʚʦ MMc

CC
= ʠʤʝʝʪ 

ʤʝʩʪʦ ʧʨʠ ʫʩʣʦʚʠʷʭ ʪʝʦʨʝʤʳ 4: 

     1.ʅʘʧʨʷʞʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ: 
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2.ʂʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷʞʝʥʠʡ  ʩʠʤʤʝʪʨʠʯʥʳ:   

                                    .3,2,1,, == ji
jiij
pp                        (17)                                                                                                                                                                                                                

    ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʣʦʛʠʯʝʩʢʠʡ  ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʠʤʤʝʪʨʠ- 

ʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʜʘʞʝ ʚ ʩʦʩʪʦ-

ʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʥʝ ʝʩʪʴ ʬʠʟʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʩʨʝʜʳ, ʘ ʷʚ- 

ʣ̫ ʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ  ʧʨʠʨʘʚʥʠʚʘʥʠʷ ʛʣʘʚʥʦʛʦ 

ʤʦʤʝʥʪʘ  M
C

 ʤʦʤʝʥʪʫ ʛʣʘʚʥʦʡ ʩʠʣʳ 
c

M
C

, ʪ.ʝ. ʤʘʪʝʤʘʪʠ- 

ʯʝʩʢʦʝ  ʫʩʣʦʚʠʝ  ʨʘʚʝʥʩʪʚʘ ʵʪʠʭ ʤʦʤʝʥʪʦʚ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ 

ʝʩʣʠ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ  ʚʳʧʦʣʥʷʶʪʩʷ  ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʫʩʣʦʚʠʷ  (17), ʪʦ ʤʦʤʝʥʪ ʛʣʘʚʥʦʡ ʩʠʣʳ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ  

ʛʣʘʚʥʦʤʫ ʤʦʤʝʥʪʫ  MMc

CC
= ,  ʝʩʣʠ ʵʪʠ ʫʩʣʦʚʠʷ (17)  ʥʝ 

ʚʳʧʦʣʥʷʶʪʩʷ, ʪʦ ʦʥʠ ʥʝʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ:MM c

CC
¸ . 

 

Ä11. ʇʘʨʘʜʦʢʩʳ ɹʵʪʯʝʣʦʨʘ 

     ʆʯʝʚʠʜʥʦ, ʯʪʦ ɼʞ. ɹʵʪʯʝʣʦʨʫ  ʙʳʣʦ ʠʟʚʝʩʪʥʦ ʫʩʪʦʷʚʰʝʝʩʷ 

ʙʦʣʝʝ ʚʝʢʘ ʚ ʤʝʭʘʥʠʢʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʫʪʚʝʨʞʜʝʥʠʝ ʦ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ. ɼʘʥʥʳʡ ʣʦʞʥʳʡ ʬʘʢʪ 

ɹʵʪʯʝʣʦʨ ʨʝʰʠʣ ʦʙʦʩʥʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʎʠʪʠʨʫʝʤ ʠʟ 

/5/ : çéʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʥʝ ʚʩʝ ʜʝʚʷʪʴ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 

ʥʝʟʘʚʠʩʠʤʳ. ʅʘ ʵʪʦʪ ʨʘʟ ʨʘʩʩʤʦʪʨʠʤ ʤʦʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘ ʞʠʜʢʦʩʪʴ ʚ ʦʙʲʝʤʝ V ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ; -i ʷ ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʥʦʛʦ 

ʤʦʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ  O   ʚʥʫʪʨʠ ʵʪʦʛʦ ʦʙʲʝʤʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʟʘ ʩʯʝʪ 

ʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ ʥʘ ʛʨʘʥʠʮʝ ʦʙʲʝʤʘ, ʨʘʚʥʘ 

,ñ dAnr lkljijk se  
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ʛʜʝ -r
C
ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʵʣʝʤʝʥʪʘ dAn

C
 ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ O. ʕʪʦʪ ʠʥʪʝʛʨʘʣ 

ʧʦ ʟʘʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ A  ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʧʦ ʪʝʦʨʝʤʝ ʆʩʪʨʦʛʨʘʜʩʢʦ- 

ʛʦ-ɻʘʫʩʩʘ ʚ ʠʥʪʝʛʨʘʣ ʧʦ ʦʙʲʝʤʫ V  

)6.3.1()(
)(

dV
r

rdV
r

r
dAnr

l

kl
jkjijk

l

klj

ijklkljijk ñññ µ

µ
+=

µ

µ
=

s
se

s
ese

ɽʩʣʠ ʪʝʧʝʨʴ ʦʙʲʝʤ V ʫʩʪʨʝʤʠʪʴ ʢ ʥʫʣʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʥʬʠʛʫʨʘʮʠʷ, 

ʩʦʟʜʘʚʘʝʤʘʷ ʛʨʘʥʠʮʝʡ Aʦʙʲʝʤʘ ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʦʡ O  ʚ ʥʝʤ, ʩʦʭʨʘʥʷʣʘ 

ʪʫ ʞʝ ʩʘʤʫʶ ʬʦʨʤʫ, ʪʦ ʧʝʨʚʳʡ ʯʣʝʥ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (1.3.6) ʙʫʜʝʪ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ ʢʘʢ ʦʙʲʝʤ V , ʘ ʚʪʦʨʦʡ ʯʣʝʥ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ ʙʳʩ- 

ʪʨʝʝ, ʘ ʠʤʝʥʥʦ ʢʘʢ 3
4

V . ʇʦʣʥʳʡ ʤʦʤʝʥʪ ʤʘʩʩʦʚʳʭ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ  

O, ʧʨʠʣʦʞʝʥʥʳʡ ʢ ʵʣʝʤʝʥʪʫ ʞʠʜʢʦʩʪʠ, ʩʦʩʪʘʚʣʷʝʪ, ʦʯʝʚʠʜʥʦ, ʚʝʣʠʯʠʥʫ ʧʦ- 

ʨʷʜʢʘ 3

4

V , ʢʦʛʜʘ V ʤʘʣʦ, ʧʦʵʪʦʤʫ ʚ ʦʙʲʝʤʝ V  ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʤʝʝʪ ʤʝʩʪʦ 

ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʉʣʝʜʦʚʘ- 

ʪʝʣʴʥʦ, ʠʥʪʝʛʨʘʣ ,dVkjijkñse  ʦʯʝʚʠʜʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʣʠʯʠʥʫ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʯʣʝʥʘʤʠ ʫʨʘʚʥʝʥʠʷ ʤʦʤʝʥʪʘ ʜʣʷ 

ʦʙʲʝʤʘ V , ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʦʥ ʜʦʣʞʝʥ ʪʦʞʜʝʩʪʚʝʥʥʦ ʦʙʨʘʱʘʪʴʩʷ ʚ ʥʫʣʴ. 

ʕʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʣʶʙʦʤ ʚʳʙʦʨʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ  O  ʠ ʬʦʨʤʳ ʦʙʲʝʤʘ  V ,  

ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ ijs  ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʬʫʥʢʮʠʶ ʭ, ʝʩʣʠ ʪʦʣʴʢʦ 

                                     0=kjijkse                                        (1.3.7) 

ʚʩʶʜʫ ʚʥʫʪʨʠ ʞʠʜʢʦʩʪʠ;é ʀʟ  (1.3.7) ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʩʠʤʤʝʪ- 

ʨʠʯʝʥ, ʪ.ʝ. ,jiij ss =  ʠ ʠʤʝʝʪ ʪʦʣʴʢʦ ʰʝʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪé.è  
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  ɺ (1.3.6) ʫʪʚʝʨʞʜʝʥʠʝ çéʇʦʣʥʳʡ ʤʦʤʝʥʪ ʤʘʩʩʦʚʳʭ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʦʯʢʠ  O, ʧʨʠʣʦʞʝʥʥʳʡ ʢ ʵʣʝʤʝʥʪʫ ʞʠʜʢʦʩʪʠ, ʩʦʩʪʘʚʣʷʝʪ, ʦʯʝʚʠʜʥʦ, 

ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 3

4

V , ʢʦʛʜʘ V ʤʘʣʦ, ʧʦʵʪʦʤʫ ʚ ʦʙʲʝʤʝ V  ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠʤʝʝʪ ʤʝʩʪʦ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠéè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (1.3.6) 

ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʚ ʥʘʧʨʷʞʝʥʠʷʭ 

k
k

l

kl F
dt

dv

r
rr

s
-=

µ

µ
, 

ʚ ʨʝʟʫʣʴʪʘʪʝ (1.3.6) ʧʨʠʥʠʤʘʝʪ ʜʝʜʫʢʪʠʚʥʳʡ ʚʠʜ 

dVF
dt

dv
rdAnr k

k
jkjijklkljijk ññ -+= ])[( rrsese  

ɼʘʥʥʳʝ ʟʜʝʩʴ ʦʮʝʥʢʠ ʦʪʜʝʣʴʥʳʭ ʯʣʝʥʦʚ çéʧʦʨʷʜʢʘ 3

4

V éè ʣʝʛʢʦ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʝʩʣʠ ʦʙʲʝʤ V ʝʩʪʴ ʩʬʝʨʘ ʨʘʜʠʫʩʘ 

ä
=

=++==
3

1

2222

j

jrzyxrr
C

 ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ O , 

ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ.  

  ɼʣʷ ʩʬʝʨʳ  
23 4,

3

4
rArV pp ==  ʠ 3

1

3

1

)
4

3
( Vr
p

= . ʏʪʦʙʳ 

ʦʧʨʦʚʝʨʛʥʫʪʴ ʚʳʪʝʢʘʶʱʝʝ ʠʟ (1.3.7) ʫʪʚʝʨʞʜʝʥʠʝ ɹʵʪʯʝʣʦʨʘ ʦ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ,jiij ss =  ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʜʘʥʥʳʡ ʩʣʫʯʘʡ. ʆʯʝʚʠʜʥʦ, ʦʮʝʥʢʠ çéʧʦʨʷʜʢʘ 3

4

V éè 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ  ʪʝʦʨʝʤʳ ʦ ʩʨʝʜʥʝʤ ʠʥʪʝʛʨʘʣʘ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʤʝʶʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʘ 

,][,][ VdVAnrdAnr ʩʨkjijkkjijkʩʨlkljijklkljijk sesesese == ññ  

VF
dt

dv
rdVF

dt

dv
r ʩʨk

k
jijkk

k
jijk )]([][ rrerre -=-ñ  

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ 
23 4,

3

4
rArV pp ==  ʠʟ (1.3.6) ʧʦʣʫʯʘʝʪʩʷ  
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                          += 32

3

4
][4][ rrnr ʩʨkjijkʩʨlkljijk psepse  

                              3

3

4
)]([ rF

dt

dv
r ʩʨk

k
jijk prre -+                    (1) 

ʌʦʨʤʫʣʘ (1) ʣʝʛʢʦ ʦʙʦʙʱʘʝʪʩʷ ʥʘ ʦʙʲʝʤ V  ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨ- 

ʤʳ, ʝʩʣʠ ʧʦʣʦʞʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ 
2

effArkA= , ʦʙʲʝʤ   
3

effV rkV= : 

                      
3

32

)]([

][][

effVʩʨk
k

jijk

effVʩʨkjijkeffAʩʨlkljijk

rkF
dt

dv
r

rkrknr

rre

sese

-+

+=

           (2) 

ʇʝʨʚʳʡ ʧʘʨʘʜʦʢʩ ɹʵʪʯʝʣʦʨʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʬʦʨʤʫʣʘʭ  (1) ʠ (2). 

     ʇʨʦʜʝʣʘʚ  ʦʯʝʚʠʜʥʳʝ  ʩʦʢʨʘʱʝʥʠʷ  
24 rp ʠ 2effr ,  ʧʦʣʫʯʘʝʤ 

  rF
dt

dv
rrnr ʩʨk

k
jijkʩʨkjijkʩʨlkljijk

3

1
)]([

3

1
][][ rresese -+= ,   (3)                

 effVʩʨk
k

jijkeffVʩʨkjijkAʩʨlkljijk rkF
dt

dv
rrkknr )]([][][ rresese -+=   (4)         

ʇʦ ɹʵʪʯʝʣʦʨʫ çéɽʩʣʠ ʪʝʧʝʨʴ ʦʙʲʝʤ V ʫʩʪʨʝʤʠʪʴ ʢ ʥʫʣʶéè, ʯʪʦ ʵʢʚʠ- 

ʚʘʣʝʥʪʥʦ ʫʩʪʨʝʤʣʝʥʠʶ ʢ ʥʫʣʶ ʨʘʜʠʫʩʦʚ 0,0 ­­ effrr , ʪʦ ʠʟ 

(3)  ʠ  (4) ʚʳʪʝʢʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʝʥʩʪʚʘ  0=0, ʪ.ʢ. ʧʨʠ ʵʪʦʤ 

ʚ ʣʝʚʳʭ ʯʘʩʪʷʭ jr j "­ ,0 , ʪʦ ʝʩʪʴ ʥʠʢʦʠʤ ʦʙʨʘʟʦʤ ʥʝ 

ʧʦʣʫʯʘʝʪʩʷ ʬʦʨʤʫʣʘ (1.3.7) ɹʵʪʯʝʣʦʨʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʥʟʦʨ 

ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʥʝ ʩʠʤʤʝʪʨʠʯʝʥ jiij ss ¸ .   

     ɺʪʦʨʦʡ ʧʘʨʘʜʦʢʩ ɹʵʪʯʝʣʦʨʘ  ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ.                        

    ʆʯʝʚʠʜʥʦ, rrrr
jii

ij ¢-= ä
¸=

3

,1

22|| .  ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʚ 

ʬʦʨʤʫʣʝ (3) ʧʨʦʠʟʚʝʜʝʤ ʦʮʝʥʢʫ, ʧʦʣʦʞʠʚ rr j º|| , ʠʤʝʥʥʦ ʧʨʠ 

ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ ʦʮʝʥʢʘ 3

4

V  ʧʦ ɹʵʪʯʝʣʦʨʫ  ʧʦʣʥʦʛʦ  ʤʦʤʝʥʪʘ 

ʤʘʩʩʦʚʳʭ ʩʠʣ (ʥʠʞʥʠʡ ʟʥʘʯʦʢ ʩʨ[...]  ʦʧʫʩʪʠʤ): 
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433

3

4
)(

3

4
4 rF

dt

dv
rrn k

k
ijkkjijklklijk prrepsepse -+º  

ʇʦʩʣʝ ʩʦʢʨʘʱʝʥʠʷ 
3

3

4
rp  ʠʤʝʝʪ ʤʝʩʪʦ  

                         rF
dt

dv
n k

k
ijkkjijklklijk )(3 rresese -+º  

ʋʩʪʨʝʤʠʤ ʦʙʲʝʤ V ʢ ʥʫʣʶ, ʪʦ ʝʩʪʴ  r   ʢ  ʪʦʯʢʝ O , ʪʝʤ ʩʘʤʳʤ 

0­r . ʇʦʣʫʯʘʝʪʩʷ  

                                 kjijklklijk n sese =3                                (5) 

  ʅʦ ʣʝʚʘʷ ʯʘʩʪʴ lklijk nse3  ʬʦʨʤʫʣʳ (5) ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʨʘʚʥʘ 

ʥʫʣʶ: 03 ¸lklijk nse , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ  (1.3.7)  

ɹʵʪʯʝʣʦʨʘ ʥʝ ʨʘʚʥʘ ʥʫʣʶ 0̧kjijkse ! ʊʝʤ ʩʘʤʳʤ ʜʦʢʘʟʘʥʘ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ 

jiij ss ¸ .  

   ɺ ʧʨʝʜʳʜʫʱʠʭ ʧʘʨʘʛʨʘʬʘʭ ʥʘʩʪʦʷʱʝʡ ʢʥʠʛʠ ʙʳʣʘ ʜʘʥʘ ʢʨʠʪʠ- 

ʢʘ ʜʝʜʫʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʉʝʜʦʚʘ ʃ.ʀ., George E. Mase,  ʃʦʡʮʷʥ- 

ʩʢʦʛʦ ʃ.ɻ., ʠʩʧʦʣʴʟʦʚʘʚʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʝ ʬʦʨʤʫʣ r 

        ñññ ñññ ññ+=
V V A

n ARVFRVvR
dt

d
],[],[],[ dsrdrd

CCCCCC
,            (6) 

             ñññ ñññ ññ+=
V V A

n ARVFRVvR
dt

d
],[],[],[ dsrdrd

CCCCCC
         (7) 

ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰ- 

ʥʦʡ ʩʨʝʜʳ,  ʢʦʪʦʨʘʷ ʥʝʠʟʙʝʞʥʦ ʚʳʪʝʢʘʝʪ ʠʟ ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʠʟ 

(6) ʠ (7) ʩʦʦʪʥʦʰʝʥʠʷ 

           

)8(,0],[],[],[
3

1

=
µ

µ
-- ä
=k

k

k

R
x

FR
dt

vd
R srr

CCCCCC

 
ʦʰʠʙʦʯʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʘ ʚ Ä10, ʧʨʠʯʝʤ ʜʣʷ ʚʳʚʦʜʘ 

ʫʨʘʚʥʝʥʠʷ (8) ʠʟ ʠʥʪʝʛʨʘʣʴʥʳʭ ʬʦʨʤʫʣ (6) ʠʣʠ (7) ʠʩʧʦʣʴ- 

ʟʫʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʩʚʷʟʴ v
dt

Rd C
C

= . ɹʦʣʝʝ ʪʦʛʦ, ʨʘʜʠʫʩ-ʚʝʢʪʦʨ R
C
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ʥʝ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʳʝ ʟʥʘʯʝʥʠ ̫ 0̧R
C

. 

ɺ ʜʝʜʫʢʪʠʚʥʦʤ ʧʦʜʭʦʜʝ ɹʵʪʯʝʣʦʨʘ ʠʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʦʙʲʝʤʘ V  ʠʤʝʝʪ ʤʝʩʪʦ 

ʥʝʨʘʚʝʥʩʪʚʦ 
dt

Rd
v

dt

rd
C

C
C

=¸  , ʠ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʩʦʚʧʘʜʝʥʠʷ ʪʦʯʢʠ 

O  ʩ ʥʘʯʘʣʦʤ  ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 0 ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ 

v
dt

rd C
C

= , ʠʙʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ Rr
CC
= .  

  ʆʩʥʦʚʥʦʡ ʧʘʨʘʜʦʢʩ ɹʵʪʯʝʣʦʨʘ ʩʦʩʪʦʠʪ ʚ ʫʩʪʨʝʤʣʝʥʠʠ ʢ ʥʫʣʶ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʙʲʝʤʘ V , ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʚ ʩʣʫʯʘʝ ʩʬʝʨʳ ʫʩʪʨ- 

ʝʤʣʝʥʠʶ ʢ ʥʫʣʶ ʨʘʜʠʫʩʘ  0­r  ʠʣʠ 0­effr . ɺ ʜʝʜʫʢʪʠʚʥʦʤ 

ʤʝʪʦʜʝ ʉʝʜʦʚʘ ʃ.ʀ., George E. Mase,  ʃʦʡʮʷʥʩʢʦʛʦ ʃ.ɻ. ʠ ʜʨ. 

ʦʙʲʝʤ V ʧʨʦʠʟʚʦʣʴʥʳʡ, ʧʨʠʯʝʤ 0̧R
C

. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʤʝʥ- 

ʪʘ ʣʶʙʦʛʦ ʚʝʢʪʦʨʘ ],[ frM
CCC

= , ʝʩʣʠ ʧʣʝʯʦ ʨʘʚʥʦ ʥʫʣʶ 0=r
C

, ʪʦ 

ʠ ʤʦʤʝʥʪ ʨʘʚʝʥ ʥʫʣʶ: 0=M
C

, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ  ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 

jiij ss =  ʥʫʣʝʚʦʛʦ ʤʦʤʝʥʪʘ 0=M
C

 ʦʰʠʙʦʯʥo. 

 

Ä12. ɸʥʘʣʦʛ ʛʠʧʦʪʝʟʳ ʉʪʦʢʩʘ. ɸʥʪʠʩʠʤʤʝʪʨʠʯʥʳʡ ʪʝʥʟʦʨ 

       ʥʘʧʨʷʞʝʥʠʡ 

ɺ Ä7 ʙʳʣ  ʧʦʩʪʘʚʣʝʥ ʘʙʩʦʣʶʪʥʦ ʣʦʛʠʯʥʳʡ  ʚʦʧʨʦʩ:  ʝʩʣʠ  ʧʦ 

ʛʠʧʦʪʝʟʝ ʉʪʦʢʩʘ ʩʠʤʤʝʪʨʠʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 
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ʚʳʟʚʘʥʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ  
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ʪʦ ʢʘʢʠʝ ʞʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦʟʜʘʶʪ ʩʪʦʷʱʠʝ ʚ ʨʷʜʫ ʊʝʡʣʦʨʘ (ʚ 

ʢʦʥʚʝʢʪʠʚʥʦʤ ʫʩʢʦʨʝʥʠʠ) 
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ʚʨʘʱʘʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ [ ]rvrot
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  ʏʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʚʳʜʚʠʛʘʝʪʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʛʠ- 

ʧʦʪʝʟʦʡ ʉʪʦʢʩʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ  ʛʠʧʦʪʝʟʘ: ʧʫʩʪʴ ʢʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʙʫʜʫʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʦʤʧʦʥʝʥʪʘʤ ʚʨʘʱʘʪʝʣ-ɹ 

ʥʦʛʦ ʩʤʝʱʝʥʠʷ, ʪ.ʝ. ʠʤʝʶʪ ʤʝʩʪʦ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʝ (ʢʦʩʦʩʠʤ- 

ʤʝʪʨʠʯʥʳʝ) ʥʘʧʨʷʞʝʥʠʷ  ),(
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ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ  ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ  
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 ʇʦʜʩʪʘʚʣʷʷ (3) ʚ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚ ʥʘʧʨʷʞʝʥʠʷʭ 
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ʧʦʣʫʯʘʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ:   
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dt

dv

i

j

j

i

j j

i

i

i mrr   (4) 

ʅʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 3,2,1,)( =-= ipAltiip ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʟʘʢʦʥʫ ʇʘʩʢʘʣʷ. ʇʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ. ʇʨʠ   

ʚʷʟʢʦʩʪʠ const=m  ʫʨʘʚʥʝʥʠʷ (4) ʧʨʠʚʦʜʷʪʩʷ ʢ ʚʠʜʫ 
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i mmrr ,   (5) 

ʦʪʢʫʜʘ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʙʝʟ ʠʩʪʦʯʥʠʢʦʚ ʚ ʩʠʣʫ 

ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ 0
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µ
¹ä
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vdiv
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 ʧʦʣʫʯʘʶʪʩʷ 

ʫʨʘʚʥʝʥʠʷ  ʅʘʚʴʝ  ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ    
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=j j
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x
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dt
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mrr                (6) 

  ʕʪʠ ʞʝ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ ʧʦʣʫʯʘʶʪʩʷ ʠ ʠʟ ʫʨʘʚʥʝʥʠʡ ʉʪʦʢʩʘ ʩ 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ (1):  
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mmrr ,   (7) 

ʠ  ʵʪʠ  ʞʝ  ʫʨʘʚʥʝʥʠʷ (6)  ʧʦʣʫʯʘʶʪʩʷ   ʠʟ   ʫʨʘʚʥʝʥʠʡ  ʜʠʥʘʤʠʢʠ   

ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʅʴʶʪʦʥʘ  Ä12: 

          3,2,1,,])'
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mmmrr  

   ʅʦ ʛʠʧʦʪʝʟʘ ʉʪʦʢʩʘ (1) ʧʨʠʚʦʜʠʪ ʢ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʧʘʨʘʜʦʢ- 

 

ʩʘʤ, ʠʙʦ, ʢʘʢ ʵʪʦ ʜʦʢʘʟʘʥʦ, ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ 

ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʩʠʤʤʝʪʨʠʯʝʥ, ʘ ʧʨʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ  

ʛʠʧʦʪʝʟʝ  ʫʨʘʚʥʝʥʠʷ (4)  ʚ  ʦʙʱʝʤ  ʩʣʫʯʘʝ  ʧʝʨʝʤʝʥʥʦʡ  ʚʷʟʢʦʩʪʠ 

constm̧  ʪʝʨʷʶʪ ʩʚʦʡʩʪʚʦ ʵʣʣʠʧʪʠʯʥʦʩʪʠ. ʕʪʠ ʜʚʘ ʦʙʩʪʦʷ- 

ʪʝʣʴʩʪʚʘ ʧʦʜʪʚʝʨʞʜʘʶʪ  ʘʜʝʢʚʘʪʥʦʩʪʴ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʅʴʶʪʦʥʘ (8) ʪʝʯʝʥʠʷʤ ʚʷʟʢʠʭ 

ʞʠʜʢʦʩʪʝʡ. 

 

Ä13. ʇʘʨʘʜʦʢʩʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ. ʆʰʠʙʦʯʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ  ʅʘʚʴʝ-ʉʪʦʢʩʘ  

   ʅʘʧʦʤʥʠʤ, ʩʣʝʜʫʶʱʫʶ ʣʦʛʠʯʝʩʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ       

ʚʳʚʦʜʘ ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ. ɿʜʝʩʴ ʵʪʦ 

ʦʯʝʥʴ ʚʘʞʥʦ.   ɸ ʠʤʝʥʥʦ, ʯʪʦ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ 

ʦʪʜʝʣʴʥʳʭ   ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ (ʩʤ./7/) 

                       NiFF
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                 (1)                                     

ʚʳʪʝʢʘʝʪ,  ʚʦ-ʧʝʨʚʳʭ,  ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʩʠʩʪʝʤʳ  

ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ (ʩʤ./7/) 
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ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ  ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ 
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ʩʫʤʤʠʨʦʚʘʥʠʝʤ  ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʝʪʩʷ ʜʣʷ ʤʦʤʝʥʪʦʚ ʩʠʩʪʝʤʳ   

ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ  ʨʘʚʝʥʩʪʚʦ 
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ʛʜʝ ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ʨʘʚʥʘ ʥʫʣʶ 

                                       ää
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ɺ ʩʠʣʫ ʯʝʛʦ ʪʝʦʨʝʤʘ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ  ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʚ ʚʠʜʝ  
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 - ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʚʥʝʰʥʠʭ ʩʠʣ.  

   ɺʟʷʚ ʟʘ ʦʩʥʦʚʫ (5),  ʪʦʯʥʘʷ  ʬʦʨʤʫʣʠʨʦʚʢʘ   ʪʝʦʨʝʤʳ  ʦʙ  ʠʟʤʝ- 

ʥʝʥʠʠ  ʤʦʤʝʥʪʘ  ʠʤʧʫʣʴʩʘ  ʚ  ʵʣʝʤʝʥʪʘʨʥʦʤ ʦʙʴʝʤʝ  dt ʩʧʣʦʰ- 

ʥʦʡ ʩʨʝʜʳ  ʙʳʣʘ  ʜʘʥʘ  ʚʳʰʝ: 
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ʀʪʘʢ, ʠʟ (1)  ʚʳʪʝʢʘʝʪ (4)  ʠ  ʟʘʪʝʤ (5), ʥʦ ʥʝ ʥʘʦʙʦʨʦʪ, ʪ.ʝ. ʠʟ  

(5)  ʥʝ  ʚʳʚʦʜʠʪʩʷ  (1). ɼʘʥʥʫʶ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʩʫʞ-

ʜʝʥʠʡ ʧʨʠʤʝʥʠʤ  ʢ ʚʳʚʦʜʫ ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ 

ʠʤʧʫʣʴʩʘ ʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ ʚ ʠʥʳʭ ʬʦʨʤʫʣʠʨʦʚʢʘʭ. ɺʳʧʠʰʝʤ 
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ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʧʨʠʤʝʪ ʬʦʨʤʫ 

              ],[],[],[
zyx

rFrvr
dt

d zyx

µ

µ
+

µ

µ
+

µ

µ
+=

ppp
rr

CCC
CCCCC

,           (11) 

ʢʦʪʦʨʘʷ ʧʦʣʥʦʩʪʴʶ  ʩʦʚʧʘʜʘʝʪ  ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʦʤʝʥʪʘ (5).   
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ʠ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʧʝʨʝʭʦʜʠʪ ʚ ʪʝʦʨʝʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ 

ʠʤʧʫʣʴʩʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʙʲʝʤʘ dt ʜʣʷ ʩʞʠʤʘʝʤʳʭ ʩʨʝʜ 
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ʢʦʪʦʨʦʝ ʚ ʧʨʠʥʮʠʧʝ  ʦʪʣʠʯʘʝʪʩ ̫ʦʪ  ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʳ  /1/ 

                 [ ] [ ] [ ]ñññ ñññ ññ+=
t t s

dsprdtrdt nrFrvr
dt

d CCCCCC
,,, ,    (13) 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ  ʢʥʠʛʘʭ ʃʦʡʮʷʥʩʢʦʛʦ, ʉʝʜʦʚʘ ʠ ʜʨ. ʆʯʝʚʠʜʥʦ  ʠʟ 

ʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ (12)  ʥʠʢʘʢ ʥʝ ʩʣʝʜʫʝʪ ʚʳʚʦʜ ʦ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ. ʆʰʠʙʦʯʥʦʩʪʴ (13)  ʠ 

ʚʳʪʝʢʘʶʱʠʭ  ʠʟ ʥʝʝ ʬʦʨʤʫʣ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʧʘʨʘʛʨʘʬʘʭ.  

    ʀʪʘʢ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʧʘʨʘʜʦʢʩʳ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʝʩʠʤ- 

ʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʧʦʜʪʚʝʨʞ- 

ʜʘʶʪ ʦʰʠʙʦʯʥʦʩʪʴ ʛʠʧʦʪʝʟʳ ʉʪʦʢʩʘ. ʊʘʢ ʢʘʢ ʠʤʝʥʥʦ ʧʦ ʵʪʦʡ 

ʛʠʧʦʪʝʟʝ ʚʳʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠ ̫ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʪʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  
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ʷʚʣʷʶʪʩʷ  ʦʰʠʙʦʯʥʳʤʠ.  

  ʋʨʘʚʥʝʥʠʷ  ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʅʘʚʴʝ ʧʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤʫ ʪʝʥʟʦʨʫ ʥʘʧʨʷʞʝʥʠʡ ʅʴʶʪʦʥʘʥp ,    
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ʷʚʣʷʶʪʩʷ ʧʨʘʚʠʣʴʥʳʤʠ.  

 

Ä14. ʅʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʩ   

ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʪʝʥʟʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ  ʅʴʶʪʦʥʘ 
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   ʇʦʜʩʪʘʚʣʷʷ  ʢʦʤʧʦʥʝʥʪʳ  ʪʝʥʟʦʨʘ  ʅʴʶʪʦʥʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ  

Ä7  ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʚ ʦʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʚ ʥʘʧʨʷʞʝʥʠ-  

ʷʭ ʠ ʧʨʦʝʮʠʨʫʷ  ʥʘ ʦʩʠ  ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʤ ʥʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘ- 

ʤʠʢʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ (ɼʞʘʢʫʧʦʚ ʂ.ɹ./8/): 
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ʠʟ  ʦʙʱʝʛʦ  ʫʨʘʚʥʝʥʠʷ  ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʡ   ʧʦʣʫʯʘʝʪʩʷ  ʫʨʘʚʥʝʥʠʝ  

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 
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ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ʥʝʩʞʠʤʘʝʤʦʡ  ʞʠʜʢʦʩʪʠ                                      
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ʢʘʢ ʠʟʚʝʩʪʥʦ, ʠʩʧʦʣʴʟʫʝʪ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ 0=vdiv
C

/1/. 

ɽʩʣʠ  ʞʝ  ʚ ʧʦʪʦʢʝ ʠʤʝʶʪʩʷ ʜʠʩʢʨʝʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʠʩʪʦʯʥʠ- 

ʢʠ ʠʣʠ ʩʪʦʢʠ ʩ ʫʜʝʣʴʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ   J , ʪʦ Jvdiv =
C

  

ʙʫʜʝʪ ʨʘʟʨʳʚʥʦʡ ʥʝʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʝʡ, ʧʦʵʪʦʤʫ  

ʚʳʚʦʜ ʫʢʘʟʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʚʠʜʝ (5) ʥʝʚʦʟʤʦʞʝʥ, ʪʦʛʜʘ ʢʘʢ  

(5) ʠʟ ʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ (3) ʧʦʣʫʯʘʝʪʩʷ ʙʝʟ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ  

ʫʨʘʚʥʝʥʠʷ  ʥʝʨʘʟʨʳʚʥʦʩʪʠ  0=vdiv
C

.  

   ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʫʨʘʚʥʝʥʠʷʭ (1) 

ʩʦʜʝʨʞʠʪʩʷ ʥʘ 9 ʧʨʦʠʟʚʦʜʥʳʭ ʤʝʥʴʰʝ ʚ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʠ ʥʘ 

4 ʚ ʜʚʫʤʝʨʥʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʫʨʘʚʥʝʥʠʷ (1) ʫʜʦʙʥʦ ʟʘʧʠʩʳʚʘʶʪʩʷ 

ʚ ʜʠʚʝʨʛʝʥʪʥʦʤ ʚʠʜʝ: 
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  ɽʩʣʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʦʞʠʪʴ 0=vdiv
C

,  
ʧʦʣʫʯʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʜʠʚʝʨʛʝʥʪʥʘʷ ʟʘʧʠʩʴ ʫʨʘʚʥʝʥʠʡ (3)  
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Ä16. ʅʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ 

ʚ ʩʬʝʨʠʯʝʩʢʠʭ  ʢʦʦʨʜʠʥʘʪʘʭ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʪʝʥʟʦʨʦʤ 
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ʇʨʠʤʝʯʘʥʠʝ. ɺ ʩʠʣʫ ʧʨʦʠʟʚʦʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʚʪʦʨʦʛʦ ʢʦʵʬʬʠ- 

ʮʠʝʥʪʘ  ʚʷʟʢʦʩʪʠ  ʜʣʷ 3/' mm=  ʜʘʥʥʳʝ  ʫʨʘʚʥʝʥʠʷ ʩʦʢʨʘʪʷʪʩʷ ʥʝ 

ʤʝʥʝʝ ʯʝʤ ʥʘ 12 ʧʨʦʠʟʚʦʜʥʳʭ. 
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ɻʣ.-2. ʇɸʈɸɼʆʂʉʓ ʊɽʆʈʀʀ ɼɽʌʆʈʄɸʎʀʁ ʀ 

ʋʈɸɺʅɽʅʀʁ ʅɸɺʔɽ-ʂʆʐʀ-ʃɸʄɽ ʊɽʆʈʀʀ 

ʋʇʈʋɻʆʉʊʀ 

 
Ä1. ʇʘʨʘʜʦʢʩʳ ʪʝʦʨʠʠ ʜʝʬʦʨʤʘʮʠʡ  

    ʅʘ ʩʪʨ.64 ʚ çʄʝʭʘʥʠʢʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʪ.1è  ʃ.ʀ.ʉʝʜʦʚʘ, ʚ 

ʧʘʨʘʛʨʘʬʝ çʆ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʢʪʦʨʦʚ ʙʘʟʠʩʘ ʩʦʧʫʪʩʪʚʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʦʪ ʚʨʝʤʝʥʠè ʫʪʚʝʨʞʜʘʝʪʩʷ: çéɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʝʣʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʝʛʦ ʪʦʯʢʘʤʠ 

ʄ  ʠ  ʄô  ʤʝʥʷʶʪʩʷ. ʂʦʦʨʜʠʥʘʪʥʳʝ ʣʠʥʠʠ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʩʠʩ- 

ʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʠ ʚʝʢʪʦʨʳ ʙʘʟʠʩʘ i
Ĕɻʤʝʥʷʶʪ- 

ʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʪʘʢ, ʯʪʦ ʤʝʥʷʶʪʩʷ ʠ ʠʭ ʚʝʣʠʯʠʥʳ ʠ ʫʛʣʳ 

ʤʝʞʜʫ ʥʠʤʠéè . ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ çʆʩʥʦʚʥʦʤ ʢʫʨʩʝ ʪʝʦʨʝʪʠ- 

ʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʯ.1è ʅ.ʅ.ɹʫʭʛʦʣʴʮʘ ʜʣʷ  ʧʝʨʝʤʝʥʥʦʛʦ ʚʝʢʪʦʨʘ 

kajaiaa zyx

CCCC
++= ,  ʩ  ʠʟʤʝʥʷʶʱʠʤʩʷ  ʚʦ  ʚʨʝʤʝʥʠ ʙʘʟʠʩʦʤ  

kji
CCC

,,   ʧʦʜʚʠʞʥʦʡ  ʩʚʷʟʘʥʥʦʡ  ʩ ʪʝʣʦʤ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ Oxyz, ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ: 

dt

kd
a

dt

jd
a

dt

id
ak

dt

da
j

dt

da
i

dt

da

dt

ad
zyx

zyx

CCC
CCCC

+++++=  , 

ʜʘʣʝʝ ʧʦ ʬʦʨʤʫʣʝ ʕʡʣʝʨʘ ],[],,[],,[ k
dt

kd
j

dt

jd
i

dt

id CC
C

CC
C

CC
C

www === ,  

w
C

- ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ. ʉʦʢʨʘʱʘʷ ʥʘ dt, ʧʦʣʫʯʘʝʤ  

         kdajdaidakdajdaidaad zyxzyx

CCCCCCC
+++++=             (1) 

  ʇʦʵʪʦʤʫ ʥʘ ʩʪʨ. 65 ʚ ʪʦʤ ʞʝ ʧʘʨʘʛʨʘʬʝ çʆ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʢʪʦʨʦʚ ʙʘʟʠʩʘ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʦʪ ʚʨʝʤʝʥʠè 

ʮʠʪʠʨʫʝʤʦʡ ʢʥʠʛʠ  ʉʝʜʦʚʘ /1/  ʚʳʨʘʞʝʥʠʷ  

                      i
Ĕɻdrd iCC

x=  ʠ  
,' i

iʵdrd
CC
x=                                     (2) 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʬʦʨʤʫʣʝ (1), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʣʞʥʳ  ʙʳʪʴ 

ʟʘʤʝʥʝʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʫʣʝ (1) ʚʳʨʘʞʝʥʠʷ 

                ii
ĔĔ ʵdʵdrd ii CCC

xx += , 
,,' i

i

i

i ʵdʵdrd
CCC

xx +=                   (3) 

ʩʦ ʚʩʝʤʠ ʚʳʪʝʢʘʶʱʠʤʠ  ʦʪʩʶʜʘ  ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʚ ʪʝʦʨʠʠ ʜʝʬʦʨ- 

ʤʘʮʠʡ. ʉʦʙʩʪʚʝʥʥʦ ʛʦʚʦʨʷ, ʩʦʤʥʠʪʝʣʴʥʦʩʪʴ  ʬʦʨʤʫʣʳ (2)  ʩ ʪʦʯ- 

ʢʠ ʟʨʝʥʠʷ ʬʦʨʤʫʣʳ (1) ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʦ ʪʦʤ, ʯʪʦ  
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çé ʠ ʚʝʢʪʦʨʳ ʙʘʟʠʩʘ i
Ĕɻ ʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʪʘʢ, ʯʪʦ ʤʝ- 

ʥʷʶʪʩʷ ʠ ʠʭ ʚʝʣʠʯʠʥʳ ʠ ʫʛʣʳ ʤʝʞʜʫ ʥʠʤʠéè,  ʠʙʦ 
,

iɻ

C
, i=1,2,3 

ï ʚʝʢʪʦʨʳ ʙʘʟʠʩʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t , iɻ
ĔC, i=1,2,3 - 

ʚʝʢʪʦʨʳ ʙʘʟʠʩʘ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  t, ʘ ʪʘʢʞʝ r
C

 ʠ  'r
C

, 
ʢʘʢ ʩʢʘʟʘʥʦ, ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ.  
    ʇʦ ʉʝʜʦʚʫ /1/  ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (2) ʧʦʣʦʞʝʥʦ  

                     
,,,

ji

','|'|

,ĔĔĔ,Ĕ||

jiij

ji

ij

ij

ji

ij

ʵʵgddgdsrd

ʵʵgddgdsrd

CCC

CCC

Ö===

Ö===

xx

xx
                    (4) 

ʦʯʝʚʠʜʥʦ, ʜʣʷ ʧʨʘʚʠʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (3) ʚʤʝʩʪʦ (4) ʧʦʣʫʯʘ- 

ʶʪʩʷ  ʩʦʚʝʨʰʝʥʥʦ ʠʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʙʫʜʝʪ 

                        2

1

iii )ĔĔ,ĔĔ(|| ʵdʵdʵdʵdrd iiii CCCCC
xxxx ++= ,                                 

                        2

1

,,,, ),(|'| i

i

i

i

i

i

i

i ʵdʵdʵdʵdrd
CCCCC

xxxx ++=                  (5) 

ʅʘ  ʦʩʥʦʚʘʥʠʠ (4) ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʚʦʜʠʪʩʷ ʬʦʨʤʫʣʘ /1/:   

                       )(
2

1
kjkiijjiij wwww ######## ÐÐ-Ð+Ð=e                   (6) 

   ʇʨʦʠʟʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ 
k

jki ww #### ÐÐ  ʚ (6) ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʦʥʦ  ʦʪʙʨʘʩʳʚʘʝʪʩʷ, ʪʝʤ 

ʩʘʤʳʤ (6) ʫʧʨʦʱʘʝʪʩʷ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʠʟʚʝʩʪʥʦʛʦ ʚʳʨʘʞʝʥʠʷ 

ʪʝʥʟʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ  

                         3,2,1,),(
2

1
=

µ

µ
+

µ

µ
= ji

x

w

x

w

j

i

i

j

ije ,                     (7) 

ɽʩʣʠ  
k

jki ww #### ÐÐ   ʥʝ ʤʘʣʦ,  ʪʦ (7) ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ. ʆʯʝʚʠʜʥʦ, ʚ 

ʩʠʣʫ (5)  ʚʤʝʩʪʦ (6)  ʠ  (7)  ʙʫʜʫʪ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ. (ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ ʬʦʨʤʫʣʘ (6) 

ʘʙʩʫʨʜʥʘ, ʝʩʣʠ ʙʳ jw  ʠ jx  ʠʤʝʣʠ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ, [jw ] =m/c, a [ jx ]=m). ʉʦʚʝʨʰʝʥʥʦ ʘʥʘʣʦʛʠʯʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʠ ʚ ʢʥʠʛʝ ɼʞ. ʄʝʡʟʘ çʊʝʦʨʠʷ 

ʠ ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜè, ʝʩʣʠ ʧʨʠʚʝʩʪʠ ʦʙʦʟʥʘʯʝʥʠʷ 
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ʄʝʡʟʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ  ʉʝʜʦʚʘ: dx= rd
C

, 

dX= 'rd
C

, ,, 2

2

1

1 xx == xx  ,3

3 x=x  iiijij uwE == ,e , w=u ʠ 

ʪ.ʜ. ʌʦʨʤʫʣʘ (6)  ʚ  /2/  ʠʤʝʝʪ  ʚʠʜ 

                      )(
2

1

j

k

i

k

i

j

j

i

ij
x

u

x

u

x

u

x

u
E

µ

µ

µ

µ
-

µ

µ
+

µ

µ
=                           (8) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʤʝʯʘʥʠʷ (2) ʠ (3), (5) ʦʪʥʦʩʷʪʩʷ ʠ ʢ ʚʳʚʦʜʫ 

ʬʦʨʤʫʣʳ (8). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ (8) ʛʨʘʜʠʝʥʪʳ  ʤʘʣʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʝʜʠʥʠʮʝʡ ʠ ʠʭ ʤʦʞʥʦ ʦʪʙʨʦʩʠʪʴ. ʉʦʙʩʪʚʝʥʥʦ 

ʛʦʚʦʨʷ, ʠ ʵʪʦ ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ,  ʦʪʙʨʘʩʳʚʘʥʠʝ ʛʨʘʜʠʝʥʪʦʚ 

k

jki ww #### ÐÐ  ʠ 
j

k

i

k

x

u

x

u

µ

µ

µ

µ
 ʩʚʷʟʘʥʦ ʩ ʧʦʜʛʦʥʢʦʡ (7) ʢ ʣʦʞʥʦʡ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ʊʝʥʟʦʨ 

ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʩʠʤʤʝʪʨʠʯʝʥ 

(ʩʤ. ʛʣ.1). 

 

Ä2. ɸʣʴʪʝʨʥʘʪʠʚʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ du 

    ɺ ʦʙʦʟʥʘʯʝʥʠʷʭ ɼʞ.ʄʝʡʟʘ /2/ ʚʝʢʪʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝ- 

ʱʝʥʠʷ du (ʚ ʢʥʠʛʝ ʃ.ʀ.ʉʝʜʦʚʘ /1/ ʦʙʦʟʥʘʯʝʥʦ dw) ʚʚʦʜʠʪʩʷ ʢʘʢ  

ʨʘʟʥʦʩʪʴ ʚʝʢʪʦʨʦʚ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ 0Q  ʠ ʢʦʥʝʯʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ  ʪʦʡ ʞʝ ʪʦʯʢʠ 0P : du=u
)( 0Q
-u

)( 0P
.  

      ʈʘʟʣʦʞʝʥʠʝ u
)( 0P
 ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ 0P  ʜʘʝʪ  

                                            

du=ʂdx, 
 

ʠʣʠ  ʚ  ʧʦʢʦʤʧʦʥʝʥʪʥʦʡ ʟʘʧʠʩʠ  (ʥʝʧʦʣʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣ) 

                                    j

j

i
i dx

x

u
du

µ

µ
= , i=1,2,3                            (1) 

(ʧʦ ʠʥʜʝʢʩʫ j ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝ ʦʪ 1 ʜʦ 3). 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ  ʪʝʥʟʦʨ  ʂ  ʥʝʩʠʤʤʝʪʨʠʯʝʥ:          
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                     K

ö
ö
ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ
æ
æ

ç

å

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

=

3

3

2

3

1

3

3

2

2

2

1

2

3

1

2

1

1

1

x

u

x

u

x

u

x

u

x

u

x

u

x

u

x

u

x

u

          (2)   

  ɺ /1/-/3/  ʧʦ ʪʨʘʜʠʮʠʠ  ʨʘʟʣʦʞʝʥʠʝ (1) ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ 

                    j

i

j

j

i

i

j

j

i

i dx
x

u

x

u

x

u

x

u
du )](

2

1
)(

2

1
[

µ

µ
-

µ

µ
+

µ

µ
+

µ

µ
= ,         (3) 

ʠʣʠ ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ  ʉʝʜʦʚʘ /1/ 

                   j

i

j

j

i

i

j

j

i

i dx
x

w

x

w

x

w

x

w
dw )](

2

1
)(

2

1
[

µ

µ
-

µ

µ
+

µ

µ
+

µ

µ
=  

   ʇʝʨʚʘʷ ʩʫʤʤʘ ʚ (3) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ  ʵʡʣʝʨʦʚʳʤ ʪʝʥʟʦʨʦʤ 

ʣʠʥʝʡʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

        ɽ

ö
ö
ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ
æ
æ
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å

µ

µ

µ

µ
+

µ

µ

µ

µ
+

µ

µ

µ

µ
+

µ

µ

µ

µ

µ

µ
+

µ

µ

µ

µ
+

µ

µ

µ

µ
+

µ

µ

µ

µ

=

3

3

3

2

2

3

1

3

3

1

3

2

2

3

2

2

1
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      (4) 

ʕʪʦ ʩʠʤʤʝʪʨʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ;  ʚʪʦʨʘʷ ʯʘʩʪʴ ʚ (3) ʝʩʪʴ ʢʦʤʧʦ- 

ʧʦʥʝʥʪʳ ʵʡʣʝʨʦʚʘ ʪʝʥʟʦʨʘ ʣʠʥʝʡʥʦʛʦ ʧʦʚʦʨʦʪʘ             

                              )(
2

1

i

j

j

i

ij
x

u

x

u

µ

µ
-

µ

µ
=w                               (5) 

ʆʥʠ ʞʝ ʷʚʣʷʶʪʩʷ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ 
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ʆʯʝʚʠʜʥʦ, ʨʷʜ ʊʝʡʣʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʚʦʷʢʦ ʚ ʚʠʜʝ (1) ʠ (3): 

                         du=ʂdx   ʠ  du=ɽdx+ 
2

1
[rotu,dx]               (6) 

ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʳ ʚ ʚʠʜʝ 

                                      du=ɽdx+ Rdx]                                  (7)          
ʂʨʦʤʝ (6), (7) ʠʤʝʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ  ʨʷʜʘ ʊʝʡʣʦʨʘ (1). ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʚʝʜʝʤ 

ʩʝʤʝʡʩʪʚʦ  ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʘʪʨʠʮ 
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÷
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     (8)  

     

   ʈʷʜ ʊʝʡʣʦʨʘ (1)  ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʨʠʮ (8) ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ 

ʯʠʩʣʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʣʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

                  du = ʉb dx+ 
b

b 1-
[rotu,dx],  ¤<¸ ||,0 bb          (9) 

ʇʨʠ b=1 ʧʦʣʫʯʘʝʪʩʷ  ʉ1=ʂ,  ʧʨʠ b=2 ʧʦʣʫʯʘʝʪʩʷ  ʉ2=ɽ ʠ ʪ.ʜ.  

 

Ä3. ʇʘʨʘʜʦʢʩʳ ʛʠʧʦʪʝʟʳ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ  

  ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʦʥʘ ɻʫʢʘ ʚ ʪʝʦʨʠʠ ʪʚʝʨʜʦʛʦ ʜʝʬʦʨʤʠʨʫʝʤʦ- 

ʛʦ ʪʝʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʧʦʪʝʟʘ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ /2/  ʦ ʪʦʤ, ʯʪʦ 

ʚ  ʨʷʜʝ ʊʝʡʣʦʨʘ (ʠʣʠ ʥʝʧʦʣʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʘ)   
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=            (1) 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʣʴʢʦ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʵʪʦʛʦ ʨʷʜʘ 

                                 j

i

j

j

i

i dx
x

u

x

u
du )(

2

1

µ

µ
+

µ

µ
= ,                       (2) 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʦʡ ʨʷʜʘ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ, ʧʦʣʘʛʘʷ 

                                  0)(
2

1
=

µ

µ
-

µ

µ

i

j

j

i

x

u

x

u
,                               (3) 

ʭʦʪʷ ʦʙʘ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʛʨʘʜʠʝʥʪʦʚ. 

     ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦ ʛʠʧʦʪʝʟʝ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ ʟʘʢʦʥ ɻʫʢʘ ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ ʠ ʱʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ 

    3,2,1,),(
2

1
,2 =

µ

µ
+

µ

µ
=+= ji

x

u

x

u
udiv

i

j

j

i
jijiijji emeldp

C
,       (4) 

ʛʜʝ 
í
ì
ë

=

¸
=

,,1

,,0

ji

ji
ijd , -ml, ʢʦʵʬʬʠʮʠʝʥʪʳ ʃʘʤʝ, jiij pp = .   ʊʝʤ 

ʩʘʤʳʤ ʧʦ (4) ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʩʠʣʳ, ʜʝʬʦʨʤʠʨʫʶʱʠʝ ʪʝʣʦ,  

ʩʦʟʜʘʶʪ ʪʦʣʴʢʦ ʣʠʥʝʡʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ɽdx. ʇʦ ʛʠʧʦʪʝʟʝ 

ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ ʵʡʣʝʨʦʚ ʣʠʥʝʡʥʳʡ ʧʦʚʦʨʦʪ 

ʧʨʠʨʘʚʥʠʚʘʝʪʩʷ ʢ ʥʫʣʶ
2

1
[rotu,dx]=Rdx=0, ʯʪʦ ʢʦʥʢʨʝʪʥʦ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʠʣʫ (3) ʢʘʢ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʨʦʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ 

(ʩʤ.ʃʫʨʴʝ /3/):                                  

                                                rotu=0                                            (5) 

(ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʣʦʚʠʝ ʨʘʟʨʝʰʠʤʦʩʪʠ ɸ.ʅ.ʂʦʥʦʚʘʣʦʚʘ ʠʤʝʝʪ ʚʠʜ  

/4/  0=ñ
D

dMurot
C

)    

   ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ (1) ʦʙʨʝʟʘʝʪʩʷ ʠ ʧʨʠʥʠʤʘʝʪ 

ʫʢʦʨʦʯʝʥʥʳʡ ʚʠʜ (2), ʜʘʣʝʢʠʡ ʦʪ ʨʷʜʘ ʊʝʡʣʦʨʘ: 

                                           

                                          du=ɽdx                                                (6)      
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   ʈʘʟʫʤʝʝʪʩʷ,  ʫʢʘʟʘʥʥʳʡ ʧʘʨʘʜʦʢʩ  ʩʚʷʟʘʥ ʩ  ʧʦʜʛʦʥʢʦʡ (4) ʢ 

ʬʦʨʤʫʣʝ ʵʡʣʝʨʦʚʘ ʪʝʥʟʦʨʘ ʢʦʥʝʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ  
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ʚ ʢʦʪʦʨʦʤ ʧʦ ʪʝʦʨʠʠ ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʧʨʦʠʟ-
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µ
,    ʤʦʛʫʰʠʝ  ʙʳʪʴ  ʠ   ʩʦʚʩʝʤ  ʥʝʤʘʣʳʤʠ,  ʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʤʥʠʪʝʣʴʥʘʷ ʬʦʨʤʫʣʘ   
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E
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µ
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=  

     ʀʪʘʢ, ʝʩʣʠ ʩʣʝʜʦʚʘʪʴ ʛʠʧʦʪʝʟʝ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ, ʧʦ ʢʦʪʦʨʦʡ  

rotu=0,  ʪʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʷʜʘ ʊʝʡʣʦʨʘ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʬʦʨʤʝ 

                   du = ʉ
b
 dx+ 

b

b 1-
[rotu,dx],  ¤<¸ ||,0 bb              (7) 

ʚʳʧʘʜʘʝʪ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʠ, ʠʩʭʦʜʷ ʠʟ ʚʳʨʘʞʝʥʠʷ                                                                         

                                     du = ʉ
b
 dx,                                                (8) 

ʟʘʢʦʥ ɻʫʢʘ ʧʦ ʣʦʛʠʢʝ ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʚ ʚʠʜʝ   
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¤<¸ ||,0 bb      (9) 

  ɺ ʬʦʨʤʫʣʘʭ (4) ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ 

ʩʠʤʤʝʪʨʠʯʝʥ, ʚ ʬʦʨʤʫʣʘʭ (7) ʠʤʝʝʪ ʤʝʩʪʦ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʪʝʥʟʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ 2̧b . ʌʦʨʤʫʣʘ (7) 

ʝʩʪʴ ʨʷʜ ʊʝʡʣʦʨʘ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ 0̧b , ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ 

1=b . ɿʘʢʦʥ ɻʫʢʘ (9) ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (8), 

ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʠʟ (7) ʧʨʠ  rotu=0,  ʠ ʜʣʷ  1=b  ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

                   ,,
j
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jijiijji

x

u
udiv

µ

µ
=+= emeldp

C
 i, j=1,2,3,         (10)                                            

ʘ ʪʘʢ ʢʘʢ ʧʨʠ  1=b  ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʉ1=ʂ, ʪʦ ʟʘʢʦʥ ɻʫʢʘ (10) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ  ʨʷʜʫ ʊʝʡʣʦʨʘ  du=ʂdx!   
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  ɻʣʘʚʥʳʡ ʧʘʨʘʜʦʢʩ ʛʠʧʦʪʝʟʳ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ  ʩʦʩʪʦʠʪ ʚ 

ʩʣʝʜʫʶʱʝʤ.  ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʛʠʧʦʪʝʟʝ ʠʤʝʶʪ ʤʝʩʪʦ ʵʢʚʠʚʘ- 

ʣʝʥʪʥʳʝ ʨʘʚʝʥʩʪʚʘ (3) ʠʣʠ (5), ʦʪʢʫʜʘ ʚʳʪʝʢʘʶʪ  ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ 

ʢʦʤʧʦʥʝʥʪ ʨʦʪʦʨʘ 
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  ʅʘʧʨʷʞʝʥʠʷ (4), ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʛʠʧʦʪʝʟʝ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ,  

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ 
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ʢʦʪʦʨʳʝ  ʚ ʩʠʣʫ ʨʘʚʝʥʩʪʚ (11)  ʧʝʨʝʭʦʜʷʪ ʢ ʬʦʨʤʫʣʘʤ (10): 
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 i, j=1,2,3                (12) 

ʠ ʷʚʣʷʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʚ ʩʠʣʫ ʚʪʦʨʳʭ ʨʘʚʝʥʩʪʚ  (11).   

     ʉʥʦʚʘ ʧʦʣʫʯʘʝʪʩʷ ʟʘʢʦʥ ɻʫʢʘ ʚ ʬʦʨʤʝ (10)! ɻʣʘʚʥʳʡ  

ʧʘʨʘʜʦʢʩ ʟʘʢʣʶʯʘʝʪʩʷ ʝʱʝ ʠ ʚ ʪʦʤ, ʯʪʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ 
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ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ  ʨʘʚʝʥʩʪʚʘʤ (11). ʀʩʩʣʝʜʫʝʤ ʵʪʦʪ ʚʦ- 

ʧʨʦʩ. ʉ ʵʪʦʡ ʮʝʣʴʶ  ʧʨʠʤʝʥʠʤ  ʦʧʝʨʘʮʠʶ rot  ʢ ʫʨʘʚʥʝʥʠʶ (13): 
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ʪ.ʢ. 0¹urotgraddiv
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ʊʝʦʨʝʤʘ 1. ɺ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯʘʭ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

0̧urot
C

, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʧʦʪʝʟʘ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ (4) 

ʥʝʚʝʨʥʘ, ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʠʤʤʝʪʨʠʯʥʳʤ.  

  ʆʯʝʚʠʜʥʦ, ʜʣʷ 0̧Frot
C

 ʫʨʘʚʥʝʥʠʝ (14) ʠʤʝʝʪ ʥʝʥʫʣʝʚʦʝ 

ʨʝʰʝʥʠʝ 0̧urot
C

, ʧʦʵʪʦʤʫ ʛʠʧʦʪʝʟʘ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ 

ʥʝʚʝʨʥʘ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʥʘʜʦ ʦʧʨʝʜʝʣʷʪʴ 

ʧʦ ʬʦʨʤʫʣʝ (10) ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʪʝʥʟʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʫʩʪʴ  0=Frot
C

. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (14) ʧʨʠʤʝʪ ʚʠʜ 
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                                    urot
t

urot C
C

D=
µ

µ
mr

2

2

0                                      (15)                                             

ʕʪʦ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʦʙʱʝʝ ʥʝʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ  

      

0)3sinsinsin(sin

)3sinsinsin(sin

)3sinsinsin(sin

3321

2321

1321

¸+

++

+=

itxxx

itxxx

itxxxurot

C

C

CC

pmppp

pmppp

pmppp

    (16)                       

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʧʦʪʝʟʘ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ ʩʥʦʚʘ ʥʝʚʝʨʥʘ! 

     ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ 

ʛʠʧʦʪʝʟʝ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ: 

                          0)(0 =D+++ uugraddivF
CCC

mmlr              (17) 

    ʆʧʝʨʘʮʠʷ ʨʦʪʦʨ (17) ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ urot
C

: 

                                    urotFrot
CC

D+mr0 =0                              (18)  

ʊʝʦʨʝʤʘ 2. ɽʩʣʠ 0̧Frot
C

, ʪʦ ʫʨʘʚʥʝʥʠʝ (18) ʠʤʝʝʪ ʥʝʥʫʣʝʚʦʝ 

ʨʝʰʝʥʠʝ 0̧urot
C

, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʟʘʜʘʯʘʭ  ʫʧʨʫʛʦʛʦ ʨʘʚʥʦ-

ʚʝʩʠʷ ʛʠʧʦʪʝʟʘ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ ʥʝʚʝʨʥʘ, ʪʝʥʟʦʨ ʥʘʧʨʷ- 

ʞʝʥʠʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʠʤʤʝʪʨʠʯʥʳʤ.  

  ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʯʝʚʠʜʥʦʝ.  

  ʇʫʩʪʴ ʪʝʧʝʨʴ ʤʘʩʩʦʚʳʝ ʩʠʣʳ ʪʘʢʦʚʳ, ʯʪʦ 0=Frot
C

. ʊʦʛʜʘ 

ʫʨʘʚʥʝʥʠʝ (18) ʧʝʨʝʡʜʝʪ ʚ ʦʜʥʦʨʦʜʥʦʝ ʵʣʣʠʧʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

                                          0=D urot
C

, 

ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ  

                                           urot
C

=0                                             (19)                                                                 

 ʊʝʦʨʝʤʘ 3. ɺ ʟʘʜʘʯʘʭ  ʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʛʠʧʦʪʝʟʘ ʅʘʚʴʝ -

ʂʦʰʠ-ʃʘʤʝ ʚʝʨʥʘ, ʝʩʣʠ 0=Frot
C

, ʪ.ʝ. urot
C

=0,  ʩʣʝʜʦʚʘʪʝʣʴ- 

ʥʦ, ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʩʠʤʤʝʪʨʠʯʥʳʤ. ɺʝʢʪʦʨ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ. 

   ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʞʝ ʜʘʥʦ ʚ ʚʠʜʝ (19). ʇʦʪʝʥʮʠʘʣ ʚʚʦʜʠʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ  

                                       F=gradu
C

,                                           (20) 

ʠʙʦ  0=F=rotgradurot
C

. ʀ ʚ ʵʪʦʤ ʩʣʫʯʘʝ  ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ (10), ʩʠʤʤʝʪʨʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʠʟ-ʟʘ (19), ʯʪʦ                                                           
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ʧʨʠʚʦʜʠʪ ʢ ʨʘʚʝʥʩʪʚʘʤ (11). 

     ʀʪʘʢ, ʩʦʛʣʘʩʥʦ  ʪʝʦʨʝʤʘʤ  1,2,3  ʪʝʥʟʦʨ  ʥʘʧʨʷʞʝʥʠʡ   ʜʦʣʞʝʥ 

ʠʤʝʪʴ ʚʠʜ (10): ,,
j

i
jijiijji

x

u
udiv

µ

µ
=+= emeldp

C
 i, j=1,2,3.            

  ʇʦ ʛʠʧʦʪʝʟʝ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʝʣʦ, 

ʩʦʟʜʘʶʪ  ʪʦʣʴʢʦ ʣʠʥʝʡʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ɽdx , ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʘʝʪʩʷ, ʢʘʢ ʩʢʘʟʘʥʦ,  ʠʩʢʘʞʝʥʥʦʝ  ʚʳʨʘʞʝʥʠʝ  

                      j

i

j

j

i

i dx
x

u

x

u
du )(

2

1

µ

µ
+

µ

µ
= ,    du=ɽdx,   

ʥʠʯʝʛʦ ʦʙʱʝʛʦ ʥʝ ʠʤʝʶʱʝʛʦ ʩ ʨʷʜʦʤ ʊʝʡʣʦʨʘ (1) du=ʂdx. ʆʪʢʘʟ 

ʦʪ ʛʠʧʦʪʝʟʳ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ 

ʬʦʨʤʫʣʳ ʨʷʜʘ ʊʝʡʣʦʨʘ  

                                 du=ɽdx+ 
2

1
[rotu,dx] ,                                    

ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʩʠʣʳ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʳ- 

ʚʘʶʱʠʝ ʠ ʵʡʣʝʨʦʚ  ʣʠʥʝʡʥʳʡ  ʧʦʚʦʨʦʪ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʦʙʦʟ- 

ʥʘʯʠʤ  ʯʝʨʝʟ 
*

jip - ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ  ʵʡʣʝʨʦʚʳʤ  

ʣʠʥʝʡʥʳʤ  ʜʝʬʦʨʤʘʮʠʷʤ, ʯʝʨʝʟ 
**

jip  - ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʳʝ    ɻ ʡʣʝʨʦʚʳʤ  ʣʠʥʝʡʥʳʤ  ʧʦʚʦʨʦʪʘʤ: 

              )(
2

*

i

j

j

i
ji

x

u

x

u

µ

µ
+

µ

µ
=
m

p ,    )(
2

**

i

j

j

i
ji

x

u

x

u

µ

µ
-

µ

µ
=
m

p             (21) 

  ʇʦ ʟʘʢʦʥʫ ɻʫʢʘ ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʙʫʜʝʪ ʨʘʚʥʘ 

                            
***

jijiijji wdiv ppldp ++=
C

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ 
*

jip  ʠ  
**

jip  ʧʦʣʫʯʘʝʪʩʷ                    

                        
j

i
ijji

x

u
udiv

µ

µ
+= mldp
C

, i, j=1,2,3,                    (22) 

ʛʜʝ        
í
ì
ë

=

¸
=

,,1

,,0

ji

ji
ijd , -ml, ʢʦʵʬʬʠʮʠʝʥʪʳ ʃʘʤʝ.  

  ʊʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʚ (22) ʥʝʩʠʤʤʝʪʨʠʯʝʥ jijiij ¸¸ ,pp , 

ʠʙʦ ʟʜʝʩʴ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʘʨʘʥʝʝ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ (11) 
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ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ rotu. ʀʪʘʢ, ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ (22) ʩʥʦʚʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʥʟʦʨʘʤʠ (12) ʠ (10). 

   ʅʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʠʥʘʤʠʢʝ ʩʧʣʦʰ-

ʥʦʡ ʩʨʝʜʳ  ʜʦʢʘʟʘʥʦ ʘʚʪʦʨʦʤ ʚ ʛʣ.1. ɼʘʥʥʦʝ ʪʘʤ ʩʪʨʦʛʦʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʛʢʦ ʧʝʨʝʥʦʩʠʪʩʷ ʠ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʪʝʣʘ ʚ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ɺ ʤʦʥʦʛʨʘʬʠʠ ʃʫʨʴʝ ɸ.ʀ. /3/ ʠ ʜʨ. 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ  ʜʣʷ ʩʦʩʪʦʷʥʠʷ ʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ  

                               0=+
µ

µ
+

µ

µ
+

µ

µ
F

zyx

zyx
CCCC

r
ppp

                     (22ʘ)                                 

   ɸʥʘʣʦʛʠʯʥʦ ʉʝʜʦʚʫ ʠ ʃʦʡʮʷʥʩʢʦʤʫ ʩʦʩʪʘʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ 

ʤʦʤʝʥʪʘ ʩʠʣ ʚ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʝ 

                          [ 0],],[ =+ñññ ññ
t s

dsprdt nrFr
CCCC

,                                              

ʠʟ ʢʦʪʦʨʦʛʦ ʚ ʩʠʣʫ  ʧʦʣʫʯʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

                      0],[
],[],[],[

=+
µ

µ
+

µ

µ
+

µ

µ
Fr

z

r

y

r

x

r zyx
CC

CCCCCC
r

ppp
,       (23)                           

ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʃʫʨʴʝ ʠ ʜʨ. ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʩʠʤʤʝʪ- 

ʨʠʯʥʦʩʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʧʨʫʛʦʡ ʩʨʝʜʝ. ʂʨʠʪʠʢʘ ʪʘʢʦʛʦ 

ʜʝʜʫʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʜʘʥʘ ʚ ʛʣ.1. ʊʘʤ ʞʝ ʜʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ 

ʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʫʣʳ ʤʦʤʝʥʪʘ ʩʠʣ ʚ ʚʠʜʝ 

ñññ ñññññ =+
t t sdt

dsprdt 0],[],[ nrFr
CCCC

, 

ʦʪʢʫʜʘ ʧʦʣʫʯʘʝʪʩʷ ʥʝ ʩʦʚʧʘʜʘʶʱʝʝ ʩ (23) ʩʦʦʪʥʦʰʝʥʠʝ 

0],[],[ =+
µ

µ
+

µ

µ
+

µ

µ
Fr

zyx
r zyx

CC
CCC

C
r

ppp
, 

ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʫʨʘʚʥʝʥʠʝ ʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (22ʘ), ʥʦ ʥʝ 

ʩʣʝʜʫʝʪ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ.  

     ʇʦʵʪʦʤʫ ʥʘʜʦ ʧʦʣʦʞʠʪʴ, ʦʧʠʨʘʷʩʴ ʥʘ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʬʘʢ- 

ʪʳ, ʯʪʦ ʠ ʢʘʩʘʪʝʣʴʥʳʝ  ʥʘʧʨʷʞʝʥʠʷ ijjiij ¸¸ ,pp  (ʚ ʜʝʢʘʨʪʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ,yxxy pp ¸ zyzyzxxz pppp ¸¸ , ) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ 

ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʈʘʚʝʥʩʪʚʦ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ - ʩʠʤʤʝʪ- 

ʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ - ʚ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʝ ʩʧʣʦʰʥʦʡ 
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ʩʨʝʜʳ, ʪ.ʝ. ʚʳʧʦʣʥʝʥʠʝ  ʨʘʚʝʥʩʪʚ  (11) 
i

j

j

i

x

u

x

u

µ

µ
=

µ

µ
,i, j=1,2,3   

ʧʦʧʨʦʩʪʫ ʦʟʥʘʯʘʝʪ ʪʦʪ ʬʘʢʪ,  ʩʦʛʣʘʩʥʦ  ʨʝʟʫʣʴʪʘʪʘʤ Ä8 ʛʣ.-1, ʯʪʦ 

ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʤʦʤʝʥʪ ʛʣʘʚʥʦʡ (ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ) ʩʠʣʳ ʩʦʚʧʘʣ 

ʩ ʛʣʘʚʥʳʤ ʤʦʤʝʥʪʦʤ ʩʠʣ, ʪ.ʝ. ʩ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ  ʤʦʤʝʥʪʦʚ ʩʠʣ. 

  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʤʦ ʩʦʙʦʶ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝ- 

ʩʤʦʪʨʘ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

ʠʥʘʯʝ ʛʦʚʦʨʷ, ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ. 

 

Ä4. ʇʘʨʘʜʦʢʩʳ ʟʘʢʦʥʘ ɻʫʢʘ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ 

   ʈʘʩʩʤʦʪʨʠʤ, ʥʘʧʨʠʤʝʨ, ʫʨʘʚʥʝʥʠʷ ʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (17) Ä3 

ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʠʣʘ 3321 00 iFiiF
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++=  ʧʝʨʧʝʥ- 

ʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ xx ),,( 21 ʠ ʟʘʧʠʰʝʤ (17) ʚ ʧʨʦʝʢʮʠʷʭ 
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ɼʣʷ ʙʝʩʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʧʝʨʝʤʝʱʝʥʠʡ, ʪ.ʝ. ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ (25), ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʛʠʧʦʪʝʟʳ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ  ʠʤʝʶʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ, ʪ.ʝ. ʚʦ 

ʚʩʝʭ ʪʦʯʢʘʭ ʪʝʣʘ ʨʘʚʥʳ ʥʫʣʶ  
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ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ ,02 ¸= iiii mep  

ʆʛʨʘʥʠʯʠʤʩʷ ʧʨʠʚʝʜʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʧʝʨʝʯʥʷ ʧʝʨʝʤʝʱʝʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ  ʵʪʦʪ  ʬʘʢʪ  ʠʤʝʝʪ  ʤʝʩʪʦ (ʨʘʜʠ ʢʨʘʪʢʦʩʪʠ, ʦʙʦʟʥʘʯʝʥʦ 

),,,,, 332121 zxwuyxxxvuuu ¹¹¹¹¹¹ : 

1) u=F(sin xk1 cos yk1 ), v=F(-cos xk1 sin yk1 ),    
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 2)  u= U(sin xk2 cos yk2 -cos xk2 sin yk2 )  ,                                    

v= U(sin xk2 cos yk2 -cos xk2 sin yk2 ),                                                        

3) u=W(-cos xk3 sin yk3 ),v=W(sin xk3 cos yk3 ),                           

4) u=Q(sin xk4 sin yk4 ),v=Q(cos xk4  cos yk4 ),   

5) u=T(sin xk5 sin yk5 ),v=T(cos xk5  cos yk5 ),                         (26)                          

6) u=M(sin xk6 sin yk6 +cos yk6 cos xk6 ), 

v=M(sin xk6 sin yk6 +cos yk6 cos xk6 ),                                       

7)u =S(
( )yxk

e
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e
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ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʘʩʩʦʚʳʭ ʩʠʣ                                                                                                               
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e 8 ),          (27)  

w=D((
xk

e 8 - 
yk

e 8 )
zk

e 8 ), ʛʜʝ    ʢʦʵʬʬʠʮʠʝʥʪʳ ,constki =  

,8,7,6,5,4,3,2,1=i  ʚʳʙʠʨʘʶʪʩʷ  ʧʨʦʠʟʚʦʣʴʥʦ ʠʟ ʙʝʩʢʦʥʝʯʥʦʛʦ 
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ʚʠʜʥʦ, ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʧʝʨʝʯʥʷ ʤʦʞʥʦ ʦʙʨʘʟʦʚʘʪʴ ʥʦʚʳʝ ʣʶʙʳʝ 

ʣʠʥʝʡʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʪʠʧʘ u=F+U, v=F+U ʠ ʪ.ʜ. ʇʦʣʷ 1-7 ʚ (26) 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʣʦʩʢʠʤ ʧʝʨʝʤʝʱʝʥʠʷʤ, ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ 

ʫʨʘʚʥʝʥʠʡ (25), ʪ.ʢ. ʦʙʨʘʱʘʶʪ  ʜʠʚʝʨʛʝʥʮʠʶ ʚ ʥʫʣʴ 0=
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ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʨʘʚʥʳ ʥʫʣʶ 3,2,1,02 =¸= iiiii mep .  

      ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ (26), (27)  ʫʨʘʚʥʝʥʠʡ 
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ʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (24), ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʯʘʩʪʥʳʤʠ ʨʝʰʝʥʠʷʤʠ 

ʫʨʘʚʥʝʥʠʡ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʪʝʥʟʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ 
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ʨʘʚʥʳ ʥʫʣʶ, ʯʪʦ ʚʧʦʣʥʝ ʬʠʟʠʯʥʦ.                                  

 

Ä5. ʋʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 

  ʋʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʬʦʨʤʝ ʅʘʚʴʝ-ʂʦʰʠ-ʃʘʤʝ ʜʣʷ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ  ʜʘʥʳ  ʚ  /1/-/3/:                     
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   ɺr ʰʝ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʝʩʣʠ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʘʩʪʠʮʳ ʜʝ- 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʪʝʣʘ ʩʠʣʳ ʧʝʨʝʤʝʱʘʶʪ ʠʭ ʥʘ du=ʂdx, ʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ   ʢʦʤʧʦʥʝʥʪʳ   ʪʝʥʟʦʨʘ  ʥʘʧʨʷʞʝʥʠʡ  ʜʦʣʞʥʳ ʙʳʪʴ ʧʦ 

ʟʘʢʦʥʫ ɻʫʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤ ʥʝʩʠʤʤʝʪʨʠʯ- 

ʥʦʛʦ  ʪʝʥʟʦʨʘ  ʧʝʨʝʤʝʰʝʥʠʡ ʂ. 

  ɿʘʢʦʥ ɻʫʢʘ ʜʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʜʘʥ ʚ Ä2 
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     ʇʨʦʝʢʮʠʠ (3) ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʠʟ 3-ʭ 

ʩʢʘʣʷʨʥʳʭ  ʫʨʘʚʥʝʥʠʡ  ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ  
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   ɼʘʣʝʝ ʠʟʣʘʛʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ. 
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