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ɺʚʝʜʝʥʠʝ 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʘʛʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʚʪʦʨʘ, ʧʦ-

ʣʫʯʝʥʥʳʝ ʢʘʢ ʚ ʭʦʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʪʘʢ ʠ ʚ ʧʨʦ-

ʮʝʩʩʝ ʠʥʞʝʥʝʨʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʣʸʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʂɸ. ʆʙʲʝʢʪʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘ-

ʪʦʚ (ʄʂɸ) ʠ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʘʢ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʄʂɸ, ʪʘʢ ʠ ʨʷʜʦʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʠʤʝʚʰʠʭ 

ʤʝʩʪʦ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʄʂɸ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌɻʋʇ 

ɻʂʅʇʎ ʠʤ. ʄ.ɺ. ʍʨʫʥʠʯʝʚʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʷ ʄʂɸ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʄʂɸ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ çʄʦʥʠʪʦʨ-ʕè, ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ ʩʚʷʟʠ 

çʂʘʟʉʘʪ-1è, çʕʢʩʧʨʝʩʩ-ʄɼ1è, çʂʘʟʉʘʪ-2è. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɻʂʅʇʎ 

ʚʝʜʸʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʷʜʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʄʂɸ. ʆʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʩʝʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʄʂɸ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ɻʂʅʇʎ ʢʦʩʤʠʯʝʩʢʘʷ ʧʣʘʪ-

ʬʦʨʤʘ çʗʭʪʘè [1]. ʇʣʘʪʬʦʨʤʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʚ ʥʝʛʝʨʤʝʪʠʯʥʦʤ ʠʩʧʦʣʥʝ-

ʥʠʠ ʠ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʪʦ ʝʩʪʴ ʥʘ ʝʝ ʦʩʥʦʚʝ ʤʦʞʝʪ  ʙʳʪʴ ʩʦʟʜʘʥ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʄʂɸ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʢʘʢ ʥʘ 

ʥʠʟʢʠʭ, ʪʘʢ ʠ ʥʘ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʠ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʦʨʙʠʪʘʭ. ʊʝʤʘ-

ʪʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʜʣʷ ʧʨʝʜʧʨʠ̫ -

ʪʠʷ, ʧʦʵʪʦʤʫ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʄʂɸ, ʧʣʘʪʬʦʨʤʘ ʩʫʝɦ-

ʩʪʚʝʥʥʦ ʤʦʜʝʨʥʠʟʠʨʫʝʪʩʷ: ʧʨʠʤʝʥʷʶʪʩʷ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, 

ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʘʧʧʘʨʘʪʥʳʡ ʩʦʩʪʘʚ ʧʣʘʪʬʦʨʤʳ, ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʘʣʛʦ-

ʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴ-

ʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢʦ ʚʩʝʤ ʘʩʧʝʢʪʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʄʂɸ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʂɸ ʠ ʝʛʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɿʘʜʘʯʘ ʘʥʘʣʠʟʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʂɸ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʤʘʪʝʤʘʪʠ-
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ʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʄʂɸ. ɼʨʫʛʘʷ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʘʷ 

ʟʘʜʘʯʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʸʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʄʂɸ ï ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʝʛʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʅʘʨʷʜʫ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʄʂɸ, ʦʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʩʣʫʯʘʝ, ʢʦ-

ʛʜʘ ʰʪʘʪʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʄʂɸ ʧʦ ʢʘʢʠʤ ʣʠʙʦ ʧʨʠʯʠʥʘʤ ʥʝʜʦ-

ʩʪʫʧʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʄʂɸ ʷʚʣ̫ -

ʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ, ʥʘʧʨʠʤʝʨ, 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʝ ʜʚʠʞʝʥʠʝ ʄʂɸ, ʜʘʪʴ ʦʮʝʥʢʫ ʵʥʝʨʛʦʙʘʣʘʥʩʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʄʂɸ ʠ ʪ.ʜ.   

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʄʂɸ ʠ ʩʦʟʜʘʥʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʠʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʄʂɸ ʠ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʞʝʥʝʨʥʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ.  

ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʛʣʘʚ, ʢʘʞʜʘʷ ʠʟ ʢʦ-

ʪʦʨʳʭ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʚʦʟʥʠʢʰʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʠ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʣʴʥʳʭ ʄʂɸ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʟʘʜʘʯʠ ʪʝʤʘʪʠʯʝ-

ʩʢʠ ʦʙʲʝʜʠʥʷʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʩʝ ʦʥʠ ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʨʘʱʘ-

ʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʟʜʘʥʥʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʄʂɸ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ 

ʝʜʠʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʝ ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʢʣʘʩʩʫ 

ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ɺʩʝ ʧʨʠʚʝʜʸʥʥʳʝ ʟʘʜʘʯʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ ʩʢʚʦʟʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʦʚʦʜʢʠ ʧʨʦ-

ʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʄʂɸ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʶ 

ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʄʂɸ. ɼʘʣʝʝ ʚ ʪʝʢʩʪʝ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʢʨʘʱʝʥʠʝ ʂɸ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 
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ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʰʪʘʪʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘ ʢʦʩʤʠʯʝ-

ʩʢʦʤ ʘʧʧʘʨʘʪʝ (ʩʧʫʪʥʠʢʝ ɿʝʤʣʠ), ʩʚʷʟʘʥʥʘʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʠʟʤʝʨʝʥʠʡ ʢʦʤ-

ʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʝʛʦ ʩʚʷʟʘʥʥʳʭ ʦʩʝʡ. 

ʀʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʚʨʘʱʘʪʝʣʴʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʂɸ ʩ ʧʦʤʦʱʴʶ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ. ɺʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʰʪʘʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʯʘʩʪʠ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʝʥʘ 

ʜʣʷ ʘʣʛʦʨʠʪʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʛʘʰʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʩʚʦʜʠʪʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. ʇʦʜʦʙʥʳʡ ʢʣʘʩʩ ʟʘʜʘʯ ʭʦʨʦʰʦ ʠʟʫʯʝʥ ʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʣʠʪʝʨʘʪʫʨʝ [2-10]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩ ʚʨʘʱʘʶ-

ʱʠʤʠʩʷ ʤʘʩʩʘʤʠ ʠʟʣʦʞʝʥʳ ʚ [9]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɺ.ɺ. ʈʫʤʷʥʮʝʚʳʤ ʠ ɸ.ʉ. ʆʟʠʨʘʥʝʨʦʤ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦ ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ [11] ʠ ʪʝʦʨʝʤʳ ɹʘʨʙʘʰʠʥʘ-ʂʨʘʩʦʚʩʢʦʛʦ [4, 5] ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʦʟʤʦʞʥʘ ʥʝ ʧʨʠ 

ʚʩʝʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʠʥ ʠʟ 

ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʬʠʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʫʩʪʦʡʯʠʚʳʤʠ ʩʪʘʮʠʦ-

ʥʘʨʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ɺ ʦʜʥʦʤ ʠʟ ʥʠʭ ʢʦʤʧʦʥʝʥʪʘ ʫʛ-

ʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʶʪ ʠʟʤʝʨʝʥʠʷ, 

ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ. ʉ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʦʙʣʘ-

ʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ ʵʪʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ. ʇʨʝʜʣʦʞʝʥ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʚʝʩʪʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʝʞʠʤʘ ʛʘʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦ-

ʩʪʠ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢ-

ʚʘʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʠʤʝʚʰʠʭ ʤʝʩʪʦ ʨʝʘʣʠʟʘʮʠʡ ʵʪʦʛʦ ʨʝʞʠʤʘ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʚʳʧʦʣʥʝʥʘ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʡ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʂɸ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʩʫʤʤʘʨʥʦʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʚʳʧʦʣʥʝʥʘ 
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ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [12-14] ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ, ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʡ ʥʘ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ [15, 16]. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝ-

ʥʠʝ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʢʘʟʘʥʳ ʚ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʨʘ-

ʙʦʪ, ʥʘʧʨʠʤʝʨ [17-21] ʠ ʜʨ.  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʥʝʫʧʨʘʚʣʷʝʤʳʡ ʧʦʣʸʪ ʂɸ ʚ ʥʝ-

ʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ. ʕʪʦʪ ʧʦʣʸʪ ʧʨʦʭʦʜʠʣ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʰʪʘʪʥʦʡ ʪʝʣʝʤʝʪ-

ʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʦʩʪʫʧʥʘʷ ʢʦʩʚʝʥ-

ʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ï ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʩʥʠʤʘ-

ʝʤʦʛʦ ʩ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ (ʉɹ). ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʪʦʢʝ, ʩʥʠʤʘ-

ʝʤʦʤ ʩ ʉɹ, ʢʘʢ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂɸ ʥʝ ʥʦʚʘ [22-25]. ɺ ʧʨʠʚʝʜʸʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʜʘʥʥʳʝ ʦ ʪʦʢʝ 

ʉɹ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʢʫʱʝʡ ʦʨʠʝʥʪʘʮʠʠ 

ʂɸ, ʯʘʩʪʦ ï ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʘʣʛʦʨʠʪʤʘʭ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʘʥʝʣʝʡ ʉɹ, ʘ ʩʘʤʠ ʜʘʥʥʳʝ ʦʙ ʫʧʦʤʷʥʫ-

ʪʦʤ ʪʦʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʢʦʡ-ʣʠʙʦ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʥʘʧʨʠʤʝʨ ï ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʦʤʝʪʨʘ. ɺ ʥʘʩʪʦʷɦ ʝʡ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʠʥʦʛʦ ʨʦʜʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʧʨʠ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʝ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ɿʝʤʣʝ. ʂ ʜʦ-

ʩʪʦʠʥʩʪʚʘʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-

ʣʠʙʦ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʉɹ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʜʚʠʞʝʥʠʠ ʂɸ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʜʦ-

ʩʪʘʪʢʦʚ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʚ 

ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʂɸ ʚʩʣʝʜʩʪʚʠʝ ʝʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʥʘʣʠ-

ʯʠʷ ʨʝʞʠʤʦʚ ʚʨʘʱʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʦʛʦ ʚʨʘʱʝʥʠʷ ʧʦ ʜʘʥ-

ʥʦʡ ʤʝʪʦʜʠʢʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʪʝ-

ʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʧʦʜʭʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ 
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ʚ [15, 16]. ɼʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝ-

ʥʠʷ ʂɸ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʠʷ ʥʘ ʧʦʩʣʝʜʥʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʶʱʝʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʦʚ. ɼʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʥʘ ʦʪʨʝʟʢʝ 

ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʤʝ-

ʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚʨʘ-

ʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʠʯʝʩʢʦʝ 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ, ʫʪʦʯʥʠʪʴ ʟʥʘʯʝʥʠʷ ʤʦ-

ʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʂɸ ʠ ʫʛʣʦʚ, ʟʘʜʘʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ʉɹ ʚ ʩʚʷʟʘʥʥʦʡ ʩ ʂɸ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʠʩʩʣʝʜʦʚʘʥʦ ʩʚʦʙʦʜʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ï ʩʧʫʪʥʠʢʘ 

ʩʚʷʟʠ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ. ʂʘʢ ʠ ʚ ʟʘʜʘʯʝ ʧʨʝʜʳʜʫ-

ʱʝʡ ʛʣʘʚʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʪʝʣʝʤʝʪʨʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʘʨʘʤʝʪʨʘʭ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʦʪʩʫʪʩʪʚʦʚʘʣʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴ-

ʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʧʦ ʪʦʢʫ, ʩʥʠʤʘʝʤʦʤʫ ʩ ʉɹ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʥʫʣʝʚʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦ-

ʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʝʡ ʤʘʭʦʚʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʙʦʨʪʫ ʂɸ. ʊʝʣʝʤʝʪ-

ʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʉɹ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘ-

ʪʦʚ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʦ 

ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʠ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʩʫʤʤʘʨʥʦʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʯʠʩʣʝ ʦʪ-

ʨʝʟʢʦʚ ʚʨʝʤʝʥʠ. ʄʝʪʦʜʠʢʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʧʠʩʳʚʘʝ-

ʤʦʡ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ. 

ʏʝʪʚʸʨʪʘʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʣʦʛʦ ʂɸ ʩ ʫʯʸʪʦʤ ʧʦ-

ʜʚʠʞʥʦʩʪʠ ʩʦʯʣʝʥʝʥʠʡ ʧʘʥʝʣʝʡ ʉɹ ʠ ʥʘʣʠʯʠʷ ʥʘ ʙʦʨʪʫ ʂɸ ʚʨʘʱʘʶʱʝʡʩʷ 

ʯʘʩʪʠ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʚʠʛʘʪʝʣʝʡ ʤʘʭʦʚʠʢʦʚ. 

ʈʷʜ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʧʦʪʨʝʙʦʚʘʣ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʤʦʜʝʣʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 
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ʜʚʠʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʷʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʜʠʥʘʤʠʢʫ ʨʘʥʝʝ ʩʦ-

ʟʜʘʥʥʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʂɸ. ʂ ʫʢʘʟʘʥʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʩʣʝʜʫʶʱʝʝ: ʤʘʩʩʘ ʚʨʘʱʘʶʱʝʡʩʷ ʯʘʩʪʠ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʤʘʩʩʳ ʚʩʝʛʦ ʂɸ, ʧʘʥʝʣʠ ʉɹ ʦʩʥʘʱʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʧʨʠʚʦʜʘʤʠ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʚ ʧʦʣʝʪʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʉɹ. ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʟʨʘʙʘ-

ʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʪʨʝʙʦʚʘʥʠʝ ʧʨʦʩʪʦʪʳ ʝʝ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦ-

ʜʝʣʠ ʚ ʨʘʟʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʠ ʥʘ ʨʘʟʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤʘʭ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʂɸ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʝʤʠ ʰʘʨʥʠʨʥʦ ʩʦʯʣʝʥʸʥʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ: ʢʦʨʧʫʩʘ ʂɸ, ʢʦʨ-

ʥʝʚʦʛʦ ʟʚʝʥʘ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ, ʝʸ 4-ʭ ʧʘʥʝʣʝʡ ʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʟʝʨʢʘʣʘ. 

ɺʦʧʨʦʩʳ ʜʠʥʘʤʠʢʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ [26-34]. 

ʅʘʣʠʯʠʝ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ ʚ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʠʤʝʶʱʝʛʦʩʷ 

ʫ ʂɸ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ɺ ʰʘʨʥʠʨʘʭ ʜʝʡʩʪʚʫʶʪ 

ʫʧʨʫʛʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʤʦʤʝʥʪʳ ʪʘʢ, ʯʪʦ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʢʦʨʥʝʚʦʝ ʟʚʝʥʦ, ʧʘʥʝʣʠ ʠ ʦʩʴ ʟʝʨʢʘʣʘ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ 

ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʨʘʩʯʸʪʘ ʤʘʪʨʠʮʳ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʝʜ-

ʣʦʞʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʚʝʢʪʦʨʥʳʡ ʘʧʧʘʨʘʪ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʦʙʦʪʦʚ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [35]. ʊʘ-

ʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʩʪʦʪʫ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘ-

ʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʝʸ çʧʨʦʛʨʘʤʤʥʫʶ ʘʚʪʦ-

ʥʦʤʥʦʩʪʴè, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʝ 

ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʦʨʦʥʥʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ ʠ ʧʘʢʝʪʦʚ ʧʨʦ-

ʛʨʘʤʤ. ʋʢʘʟʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʦ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝ-

ʥʷʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ ʢʘʢ ʜʣʷ ʥʘʟʝʤʥʦʡ ʦʪʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʸ ʚ ʢʘʯʝʩʪʚʝ çʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷè, 

ʨʝʘʣʠʟʫʝʤʦʡ ʥʘ ʙʦʨʪʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘh ʠʥʝ ʂɸ. 
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ɻʣʘʚʘ 1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʞʠʤʘ ʛʘʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ 

ʅɸ ʤʘʣʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ ï ʤʘʣʦʤ ʩʧʫʪʥʠʢʝ, ʥʘʭʦʜʠʚʠhʤʩʷ ʥʘ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʦʡ ʦʨʙʠʪʝ ʩ 

ʚʳʩʦʪʦʡ 600 ʢʤ, ï ʚʦʟʥʠʢʣʘ ʥʝʰʪʘʪʥʘʷ ʩʠʪʫʘʮʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʙr -

ʣʘ ʫʪʨʘʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʝʛʦ ʩʚʷʟʘʥʥʳʭ ʦʩʝʡ. ʀʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ ʩ ʧʦʤʦɦ ʴʶ 

ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ. ɺ ʨʘʙʦʯʠʭ ʨʝʞʠʤʘʭ ʂɸ ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʨʝʥʠʡ ʢʦʤ-

ʧʝʥʩʠʨʦʚʘʣʦʩʴ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʟʚʝʟʜʥʦʛʦ ʜʘʪʯʠʢʘ. ʆʜʥʘʢʦ 

ʧʨʠ ʛʘʰʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ 

ʜʘʪʯʠʢʘ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ. ɺʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪ ɹʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʝ hʪʘʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʛʘʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʠʟʤʝʨʝʥʠʡ ʦʜʥʦʡ ʠʟ ʝʝ ʢʦʤʧʦʥʝʥʪ. ʅʠʞʝ ʵʪʘ ʟʘʜʘʯʘ ʠʟʫʯʝʥʘ ʩ ʜʚʫʭ ʪʦʯʝʢ 

ʟʨʝʥʠʷ.  

ɺʦ-ʧʝʨʚʳʭ, ʠʩʩʣʝʜʦʚʘʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶ-

ʱʠʝ ʧʨʦʮʝʩʩ ʛʘʰʝʥʠ ̫ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʚ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ ʛʘʰʝʥʠʝ ʚʦʟʤʦʞʥʦ ʥʝ ʚʩʝʛʜʘ. ʇʨʦʠʟʚʦʣʴʥʦʝ ʚʨʘʱʘʪʝʣʥɹʦʝ 

ʜʚʠʞʝʥʠʝ ʂɸ ʩʦ ʚʨʝʤʝʥʝʤ ʧʝʨʝʭʦʜʠʪ ʚ ʦʜʠʥ ʠʟ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʬʠʥʘʣʴ-

ʥʳʭ ʨʝʞʠʤʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʫʩʪʦʡʯʠʚʳʤʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʨʝʰʝʥʠʷʤʠ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ɺ ʦʜʥʦʤ ʠʟ ʥʠʭ ʢʦʤʧʦʥʝʥʪʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʶʪ ʠʟʤʝʨʝʥʠʷ, ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ. ʉ 

ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ ʵʪʠʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝhʝʥʠʡ. ʅʘʡʜʝʥ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʚʝʩʪʠ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʝʞʠʤʘ ʛʘʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʪʷ-

ʞʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʠʯʝʩʢʠʭ ʨʝʘ-

ʣʠʟʘʮʠʡ ʨʝʞʠʤʘ ʛʘʰʝʥʠ ̫ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʚ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ. ʈʝ-

ʢʦʥʩʪʨʫʢʮʠʷ ʚʳʧʦʣʥʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ 



11 

 

 

ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦ-

ʤʝʥʪʘ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʡ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʂɸ. 

1.1. ʋʨʘʚʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʠ ʠʭ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʝhʥʠʷ 

ʂɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʨʦʩʪʘʪ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʪʚʝʨʜʦʛʦ ʛʣʘʚʥʦʛʦ 

ʪʝʣʘ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʠ ʜʚʠʛʘʪʝʣ-̫ʤʘʭʦʚʠʢʘ [34]. ʂʘʞʜʳʡ ʤʘʭʦ-

ʚʠʢ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʛʦ ʪʝʣʘ ʦʜʥʫ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ï ʤʦʞʝʪ ʚʨʘ-

ʱʘʪʴʩʷ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ. 

ʉʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʛʣʘʚʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʦʩʷʤʠ 

ʠʥʝʨʮʠʠ ʂɸ, ʦʙʦʟʥʘʯʠʤ 1 2 3x x x . ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʂɸ ʟʘʜʘʝʪ-

ʩʷ ʤʘʪʨʠʮʝʡ 1 2 3
Ĕ diag( , , )I I I I= , 1 2 3( , , )h h h=H  ï ʩʦʙʩʪʚʝʥʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ 

ʤʦʤʝʥʪ ʤʘʭʦʚʠʢʦʚ (ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʂɸ), 1 2 3( , , )= w w wɤ  ï ʘʙʩʦ-

ʣʶʪʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʛʣʘʚʥʦʛʦ ʪʝʣʘ. ʇʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ 0iI >  

( 1, 2, 3)i= . ʆʩʠ ʚʨʘʱʝʥʠʷ ʤʘʭʦʚʠʢʦʚ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʷʤ ix, ʪʘʢ ʯʪʦ ʢʘʞʜʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ih  ʩʦʟʜʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʤʘʭʦʚʠ-

ʢʦʤ. 

ɺ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʤ ʤʦ-

ʤʝʥʪʦʤ ʤʘʭʦʚʠʢʦʚ ʤʦʞʥʦ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷʤʠ 

i i ih k= w ( 1, 2, 3)i= . ɿʜʝʩʴ ʠ ʥʠʞʝ ʪʦʯʢʘ ʥʘʜ ʩʠʤʚʦʣʦʤ ʦʟʥʘʯʘʝʪ ʜʠʬʬʝʨʝʥ-

ʮʠʨʦʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ t , ik  ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʪʘʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʷʣʠʩʴ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ iw. ʂʘʢ ʫʞʝ 

ʛʦʚʦʨʠʣʦʩʴ, ʚ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ 3w  ʦʪʩʫʪʩʪʚʦʚʘʣʠ, 

ʠ ʤʘʭʦʚʠʢ, ʩʦʟʜʘʚʘʚʰʠʡ ʢʦʤʧʦʥʝʥʪʫ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 3h , ʥʝ 

ʫʧʨʘʚʣʷʣʩʷ. ɿʥʘʯʝʥʠʝ ʵʪʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʩʪʘʚʘʣʦʩʴ ʥʝʠʟʤʝʥʥʳʤ: 

3 30 consth h= = . 
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ʋʨʘʚʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʝʰʪʘʪ-

ʥʦʡ ʩʠʪʫʘʮʠʠ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ [34] 

1 1 1 1 2 3 2 3 2 3 30 2( )I k I I h hw + w = - ww + w - w, 

2 2 2 2 3 1 3 1 30 1 1 3( )I k I I h hw + w = - ww + w - w,                   (1.1) 

3 3 1 2 1 2 1 2 2 1( )I I I h hw = - ww + w - w, 

1 1 1h k= w,    2 2 2h k= w. 

ɺ ɻʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʂɸ ʚʥʝʰʥʠʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʤʦʤʝʥʪʘʤʠ ʠ ʚʣʠʷʥʠʝʤ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʤʘʭʦʚʠʢʦʚ. ʇʝʨʚʦʝ ʠʟ 

ʵʪʠʭ ʫʧʨʦʱʝʥʠʡ ʦʧʨʘʚʜʘʥʦ ʪʝʤ, ʯʪʦ ʜʘʞʝ ʚ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ ʛʘʰʝʥʠʝ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʂɸ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʤ ʧʨʦʤʝʞʫʪʢʝ 

ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ. ɸʜʝʢʚʘʪʥʦʩʪʴ ʚʪʦʨʦʛʦ ʫʧʨʦʱʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʨʘʟʜʝʣʝ ʩʪʘʪʴʠ, ʛʜʝ ʠʩʩʣʝʜʦʚʘʥʳ ʙʦʣʝʝ 

ʧʦʣʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʂɸ. 

 ʋʨʘʚʥʝʥʠʷ (1.1) ʜʦʧʫʩʢʘʶʪ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ 

2 2 2 2

1 1 1 2 2 2 3 3 30( ) ( ) ( )G I h I h I h= w + + w + + w +,                   (1.2) 

ʚʳʨʘʞʘʶʱʠʡ ʧʦʩʪʦʷʥʩʪʚʦ ʤʦʜʫʣʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ ʚ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ. ʅʠʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ 

2 2 2

1 1 2 2 3 3

1
( )

2
T I I I= w + w + w.                                    (1.3) 

ɽʸ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʚ ʩʠʣʫ ʫʨʘʚʥʝʥʠʡ (1.1) ʠʤʝʝʪ ʚʠʜ 

2 2

1 1 2 2T k k=- w - w.                                          (1.4) 

ɺʩʣʝʜʩʪʚʠʝ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʨʦʠʟʚʦʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝ-

ʥʠʡ (1.1), ʦʩʪʘʚʘʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʪʝʛʨʘʣʘ (1.2) ʩ ʥʝʠʟʤʝʥʥʳʤ ʟʥʘʯʝʥʠ-

ʝʤ G, ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʪʨʝʤʠʪʩʷ ʢ ʨʝʰʝʥʠʶ, ʚ ʢʦʪʦʨʦʤ 1 2 0w =w =. 

ʇʦʜʩʪʘʚʠʚ ʧʦʩʣʝʜʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʷ (1.1), ʧʦʣʫʯʠʤ 
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3 1 3 2 0h hw =w =,    3 0w =,    1 2 0h h= =. 

ɺʳʧʠʩʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʜʚʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝ-

ʰʝʥʠʷ  ʫʨʘʚʥʝʥʠʡ (1.1). ʊʦʯʥʝʝ, ʜʚʘ ʩʝʤʝʡʩʪʚʘ ʪʘʢʠʭ ʨʝʰʝʥʠʡ. ʆʜʥʦ ʠʟ ʥʠʭ 

1 2 3 0w =w =w =,    1 10h h= ,    
2 20h h= ,                      (1.5) 

ʜʨʫʛʦʝ  

1 2 0w =w =,    3 30w =w,    
1 2 0h h= =.                       (1.6) 

ɿʜʝʩʴ 
10h , 20h ʠ 30w  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʢʦʪʦʨʳʝ ʩ ʧʦʩʪʦʷʥ-

ʥʦʡ G  ʚ (1.2) ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 2 2 2 2

10 20 30h h h G+ + =, 

2 2

3 30 30( )I h Gw + =. ɺ ʩʣʫʯʘʝ ʨʝʰʝʥʠʷ (1.6) ʧʨʠʤʝʤ 3 30 30G I h= w +. 

1.2 ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʡ (1.5) 

ʠ (1.6), ʦʜʥʘʢʦ ʚʩʣʝʜʩʪʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫ ʩʠʩʪʝʤʳ (1.1) ʧʝʨʚʦʛʦ ʠʥʪʝʛʨʘ-

ʣʘ (1.2) ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʘ ʥʝʚʦʟʤʦʞʥʘ. ʈʝʯʴ ʟʜʝʩʴ ʤʦʞʝʪ ʠʜʪʠ ʪʦʣʴʢʦ ʦʙ 

ʫʩʣʦʚʥʦʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʣʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʧʦ ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ. ʅʘʯʥʝʤ ʩ ʨʝh ʝʥʠʷ (1.6) ʧʨʠ 0G¸ . 

ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ (1.6) ʫʩʣʦʚʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠ-

ʚʦ, ʝʩʣʠ ʣʶʙʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1.1), ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʦʪʦʨʦʛʦ ʣʝʞʘʪ 

ʚ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ (1.6) ʠ ʥʘ ʪʦʡ ʞʝ ʩʘʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʥʪʝʛʨʘʣʘ (1.2), ʩʪʨʝʤʠʪʩʷ ʢ (1.6) ʧʨʠ t+¤. ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʪʘʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʘ (1.2) ʧʨʠ 3 30 30G I h= w + ʠʩʢʣʶ-

ʯʠʪʴ 3w  ʠʟ ʩʠʩʪʝʤʳ (1.1) ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʳʯʥʫʶ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ 1 2 0w =w =, 1 2 0h h= = ʧʦʣʫʯʠʚʰʝʡʩʷ ʩʠ-

ʩʪʝʤʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʷʪʴ ʵʪʦ ʧʦʥʠʞʝʥʠʝ ʧʦ-

ʨʷʜʢʘ ʚ ʷʚʥʦʤ ʚʠʜʝ. ɼʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ T  ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠʥʪʝʛʨʘʣʘ (1.2) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ (1.6) ʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ɽ.ɸ. ɹʘʨʙʘʰʠʥʘ ʠ ʅ.ʅ. ʂʨʘʩʦʚʩʢʦʛʦ [4, 5]. 
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ʇʦʣʦʞʠʤ 
3 30h=w -w ʠ ʨʘʟʨʝʰʠʤ ʩʦʦʪʥʦʰʝʥʠʝ (1.2) ʦʪʥʦʩʠʪʝʣʴʥʦ 

h. ʇʦʣʫʯʠʤ 

2 2

1 1 1 2 2 2

3

( ) ( )

2

I h I h

I G

w + + w +
h=- + 

ɿʜʝʩʴ ʠ ʥʠʞʝ ʤʥʦʛʦʪʦʯʠʝ ʦʟʥʘʯʘʝʪ ʯʣʝʥʳ ʪʨʝʪʴʝʡ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
1w, 

2w , 
1h  ʠ 

2h . ʇʦʜʩʪʘʚʠʤ 3 30w =w +h ʩ ʫʯʝʪʦʤ 

ʚʳʧʠʩʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ h ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ T. ɹʫʜʝʤ ʠʤʝʪʴ 

2 2 2 2 230
3 30 1 1 2 2 1 1 1 2 2 2

1 1
( ) ( ) ( )

2 2 2
GT I I I I h I h

G

w
è ø= w + w + w - w + + w + +ê ú . 

ɺʦʟʴʤʝʤ ʬʫʥʢʮʠʶ ʃʷʧʫʥʦʚʘ ʚ ʚʠʜʝ 

2 2 2 2 230 30
3 30 1 1 1 1 1 2 2 2 2 22 ( ) ( )GV T I I I h I I h

G G

w wè ø è ø
= - w = w - w + + w - w + +é ù é ù

ê ú ê ú
. 

ɽʝ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʚ ʩʠʣʫ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ (1.1) ʠʩ-

ʢʣʶʯʝʥʠʝʤ 3w, ʠʤʝʝʪ ʚʠʜ (ʩʨ. (1.4)) 2 2

1 1 2 22 2V k k=- w - w. ʋʩʣʦʚʠʝ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʢʚʘʜʨʘʪʠʯʥʳʭ ʩʣʘʛʘʝʤʳʭ V  ʚʳʨʘʞʘʝʪʩʷ ʥʝʨʘʚʝʥ-

ʩʪʚʦʤ 30 0Gw <. ʄʥʦʞʝʩʪʚʦ 0V=  ʧʨʠ 30 0w ¸ ʥʝ ʩʦʜʝʨʞʠʪ ʮʝʣʳʭ ʪʨʘʝʢʪʦ-

ʨʠʡ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʢʨʦʤʝ ʝʝ ʪʨʠʚʠʘʣʴʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʦ 

ʪʝʦʨʝʤʝ ɹʘʨʙʘʰʠʥʘ ï ʂʨʘʩʦʚʩʢʦʛʦ ʧʨʠ 30 0Gw <, 1 0k > , 2 0k >  ʵʪʦ ʪʨʠʚʠ-

ʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ. ɽʩʣʠ ʞʝ 30 0Gw >, 1 0k > , 

2 0k > , ʪʦ ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʂʨʘʩʦʚʩʢʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʪʨʠʚʠʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦ. 

ʀʩʩʣʝʜʫʝʤ ʪʝʧʝʨʴ ʫʩʪʦʡʯʠʚʦʩʪ ɹʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (1.5). ɺʦʩ-

ʧʦʣʴʟʫʝʤʩʷ ʦʙʦʙʱʝʥʠʝʤ ʪʝʦʨʝʤʳ ɹʘʨʙʘʰʠʥʘ ï ʂʨʘʩʦʚʩʢʦʛʦ ʜʣʷ ʟʘʜʘʯʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ [11]. ʌʘʟʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ 

(1.1) ʨʘʟʦʙʴʝʤ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʥʘʟʳʚʘʝʤʳʝ ʧʝʨʝʤʝʥʥʳʤʠ y  ʠ z : 

1 2 3( , , )= w w wy , 1 2( , )h h=z . ʌʫʥʢʮʠʷ (1.3) ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ I  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 2|| ||T I² y . ɿʜʝʩʴ ʠ ʥʠʞʝ || ||x  ï 
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ʝʚʢʣʠʜʦʚʘ ʥʦʨʤʘ ʚʝʢʪʦʨʘ x. ɺʩʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.1) ʦʛʨʘʥʠʯʝʥʳ. ɺ ʩʘ-

ʤʦʤ ʜʝʣʝ, ʚ ʩʠʣʫ ʧʦʩʣʝʜʥʝʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʠ ʥʝʨʘʚʝʥʩʪʚʘ 0T¢  ʥʦʨʤʘ || ||y  

ʦʛʨʘʥʠʯʝʥʘ. ʆʪʩʶʜʘ ʚ ʩʠʣʫ ʠʥʪʝʛʨʘʣʘ (1.2) ʩʣʝʜʫʝʪ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ || ||z . 

ʄʥʦʞʝʩʪʚʦ 0T=  ʚ ʩʣʫʯʘʝ, 
1 0k > , 

2 0k > , 
10 20| | | | 0h h+ > ʥʝ ʩʦʜʝʨʞʠʪ ʮʝʣʳʭ 

ʪʨʘʝʢʪʦʨʠʡ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʢʨʦʤʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ (1.5). ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʨʝʰʝʥʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ y-ʫʩʪʦʡʯʠʚʦ (ʪʝʦʨʝʤʳ 19.1 ʠ 19.2 

ʚ [11]). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʣʶʙʦʤ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ (1.1) ʩ ʥʘʯʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ (1.5) ( ) 0t y  ʧʨʠ 

t+¤. 

ʆʪʳʩʢʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (1.1) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦʧʫʩʢʘʶʪ ʦʙʳʯʥʫʶ ʜʣʷ ʟʘʜʘʯ ʪʘʢʦʛʦ ʨʦʜʘ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚ 

ʪʝʨʤʠʥʘʭ ʟʘʜʘʯʠ ʥʘ ʫʩʣʦʚʥʳʡ ʵʢʩʪʨʝʤʫʤ [8, 10]. ʉʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʶ 

(1.4) ʫʩʪʦʡʯʠʚʳʤ ʩʪʘʮʠʦʥʘʨʥʳʤ ʨʝʰʝʥʠʷʤ ʩʠʩʪʝʤʳ (1.1) ʦʪʚʝʯʘʁ ʪ ʪʦʯʢʠ 

ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ (1.3) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʪʝʛʨʘʣʘ (1.2), ʪ. ʝ. ʪʦʯʢʠ ʫʩʣʦʚ-

ʥʦʛʦ ʤʠʥʠʤʫʤʘ ʵʪʦʡ ʬʫʥʢʮʠʠ. ʊʦʯʢʠ ʥʝʚʳʨʦʞʜʝʥʥʦʛʦ ʫʩʣʦʚʥʦʛʦ ʵʢʩʪʨʝ-

ʤʫʤʘ ʵʪʦʡ ʬʫʥʢʮʠʠ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʤ ʨʝʰʝʥʠʷʤ ʵʪʦʡ ʩʠʩʪʝ-

ʤʳ. 

ɼʣʷ ʦʪʳʩʢʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʪʦʯʝʢ ʫʩʣʦʚʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ ʚʦʩʧʦʣʴʟʫʝʤ-

ʩʷ ʤʝʪʦʜʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ. ʉʦʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʝ 

2 2 2 2 2 2 2

1 1 2 2 3 3 1 1 1 2 2 2 3 3 30

1
( ) ( ) ( ) ( )

2 2
L I I I I h I h I h G

l
è ø= w + w + w + w + + w + + w + -ê ú, 

ʛʜʝ l ï ʤʥʦʞʠʪʝʣʴ ʃʘʛʨʘʥʞʘ, ʠ ʙʫʜʝʤ ʠʩʢʘʪʴ ʝʛʦ ʙʝʟʫʩʣʦʚʥʳʡ ʤʠ-

ʥʠʤʫʤ. ʇʦʠʩʢ ʧʨʠʚʦʜʠʪ ʢ ʫʨʘʚʥʝʥʠʷʤ 

0
i

Lµ
=

µw
  ( 1,2,3)i= ,    0

j

L

h

µ
=

µ
  ( 1,2)j= , 

ʷʚʥʳʡ ʚʠʜ ʢʦʪʦʨʳʭ 

1 1 1 1 1 1( ) 0I I I hw +l w + =,    
2 2 2 2 2 2( ) 0I I I hw +l w + =,                  (1.7) 

3 3 3 3 3 30( ) 0I I I hw +l w + =,    
1 1 1( ) 0I hl w + =,    2 2 2( ) 0I hl w + =. 
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ʈʝʰʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʯʥʝʤ ʩ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʫʨʘʚʥʝʥʠʡ. 

ɽʩʪʴ ʜʚʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʫʜʦʚʣʝʪʚʦʨʠʪʴ. 

ʇʝʨʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ:0l=. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟ ʧʝʨʚʳʭ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ 

(1.7) ʧʦʣʫʯʘʝʤ 
1 2 3 0w =w =w =. ʇʝʨʝʤʝʥʥʳʝ 1h  ʠ 

2h  ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʣʶ-

ʙʳʝ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ (1.5). ɺʪʦʨʘʷ ʚʦʟʤʦʞʥʦʩʪʴ: 

1 1 1 0I hw + =, 
2 2 2 0I hw + =. ɿʜʝʩʴ ʠʟ ʧʝʨʚʳʭ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ (1.7) ʧʦʣʫʯʘʝʤ 

1 2 0w =w =; ʠʟ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʫʩʣʦʚʠʷ (1.2) ʥʘʭʦʜʠʤ 

3 30 3 30( ) /G h Iw = - ¹w. ɼʘʣʝʝ ʠʤʝʝʤ 1 2 0h h= =. ʇʨʠʰʣʠ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ 

ʨʝʰʝʥʠʶ (1.6). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘʜʦ ʧʦʣʘʛʘʪʴ 0G¸ . ɽʩʣʠ 0G= , ʪʦ ʦʙʘ 

ʥʘʡʜʝʥʥʳʭ ʵʢʩʪʨʝʤʫʤʘ ʷʚʣʷʶʪʩʷ ʚʳʨʦʞʜʝʥʥʳʤʠ. 

ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ (1.5), (1.6), ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʨʝʰʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤʠ ʬʠʥʘʣʴʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʩʠʩʪʝʤʳ 

(1.1). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʣʶʙʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1.1) ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʧʨʠʭʦʜʠʪ ʚ ʤʘʣʫʶ ʦʢʨʝʩʪʥʦʩʪʴ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʨʝʰʝʥʠʡ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥ-

ʪʝʨʝʩ ʦʮʝʥʠʪʴ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʨʝh ʝʥʠʡ (1.5), (1.6). 

1.3. ʆʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ 

ʇʦʩʪʨʦʝʥʠʝ ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ ʚʳʧʦʣʥʷ-

ʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ (1.1) ʧʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1.1 ï 1.4. ʂʘʞʜʳʡ ʨʠʩʫʥʦʢ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʨʘʟ-

ʙʠʚʘʝʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ: ʣʝʚʫʶ, ʩʨʝʜʥʶʶ ʠ ʧʨʘʚʫʶ. ʃʝʚʳʝ ʠ ʩʨʝʜʥʠʝ ʯʘʩʪʠ 

ʨʠʩʫʥʢʦʚ ʠʣʣʶʩʪʨʠʨʫʶʪ ʧʨʦʝʢʮʠʠ ʚʳʯʠʩʣʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩʠʩʪʝʤʳ (1.1) 

ʥʘ ʧʣʦʩʢʦʩʪʠ 1 2( , )w w  ʠ 1 3( , )w w  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʨʠʩʫʥʢʦʚ 

ʠʟʦʙʨʘʞʝʥʳ ʧʨʦʝʢʮʠʠ ʵʪʠʭ ʪʨʘʝʢʪʦʨʠʡ ʥʘ ʧʣʦʩʢʦʩʪʴ 1 2( , )h h . ʅʘʯʘʣʴʥʳʝ 

ʪʦʯʢʠ ʪʨʘʝʢʪʦʨʠʡ ʧʦʤʝʯʝʥʳ ʤʘʨʢʝʨʦʤ ʚ ʚʠʜʝ ʢʨʫʞʢʘ. ʅʘ ʨʠʩʫʥʢʘʭ ʠ ʜʘʣʝʝ 

ʚ ʪʝʢʩʪʝ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚʳʨʘʞʝʥʳ ʚ ʛʨʘʜ./ʩ, ʢʦʤʧʦʥʝʥʪʳ ʛʠʨʦʩʪʘʪʠʯʝ-

ʩʢʦʛʦ ʤʦʤʝʥʪʘ ï ʚ ʅʤʩ. ʊʨʘʝʢʪʦʨʠʠ ʧʦʩʪʨʦʝʥʳ ʧʨʠ 1 643I = ʢʛʤ2 , 
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2 720I = ʢʛʤ2 , 
3 253I = ʢʛʤ2 , 

1 2 3k k= =ʢʛʤ2/ʩ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʪʨʘʝʢʪʦ-

ʨʠʡ ʫʢʘʟʘʥʳ ʚ ʧʦʜʧʠʩʷʭ ʢ ʨʠʩʫʥʢʘʤ. ʇʨʠ t+¤ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʨʠʩ. 1.1, 

1.2 ʩʪʨʝʤʷʪʩʷ ʢ ʨʝʰʝʥʠʶ (1.5), ʪʨʘʝʢʪʦʨʠʷ ʥʘ ʨʠʩ. 1.3, 1.4 ï ʢ ʨʝʰʝʥʠʶ 

(1.6). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (1.1) ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ ʧʝʨʝʧʠʰʝʤ ʩʠʩʪʝʤʫ (1.1) ʚ 

ʚʠʜʝ: ( ),=y Y y z , ( ),=z Z y z . ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʝʢʪʦʨʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 

ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʟʜʝʣʘ. ʅʠʞʝ ʦʛʨʘʥʠʯʠʤʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʨʝʰʝʥʠʡ ʩʠʩʪʝ-

ʤʳ (1.1), ʜʣʷ ʢʦʪʦʨʳʭ ʚ (1.2) 0G¸ . ɼʣʷ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʪʷ-

ʞʝʥʠʷ ʨʝʰʝʥʠʷ (1.5) ʧʨʠ t+¤ ʠʤʝʝʤ lim || ( ) || 0t =y , lim || ( ) || 0t >z ; ʜʣʷ 

ʨʝʰʝʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʨʝʰʝʥʠʷ (1.6), ʧʨʠ t+¤ ʠʤʝʝʤ 

lim || ( ) || 0t >y , lim || ( ) || 0t =z . ʇʦʣʦʞʠʤ ( )lim || ( ) || || ( ) ||t tk= -y z . ɿʥʘʯʝʥʠʷ 

0k> ʦʪʚʝʯʘʶʪ ʨʝʰʝʥʠʷʤ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʨʝʰʝʥʠʷ (1.5), ʘ ʟʥʘʯʝ-

ʥʠʷ 0k< ï ʨʝʰʝʥʠʷʤ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʨʝʰʝʥʠʷ (1.6). ʈʝʰʝʥʠʷ, ʜʣʷ 

ʢʦʪʦʨʳʭ 0kº, ʣʝʞʘʪ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʵʪʠʭ ʦʙʣʘʩʪʝʡ. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʵʪʘ ʛʨʘʥʠʮʘ, ʥʝʠʟʚʝʩʪʥʦ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʦʥʘ ʨʘʩʧʦ-

ʣʘʛʘʝʪʩʷ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʝʣʠʯʠʥʘ k ʟʘʚʠʩʠʪ 

ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʝʰʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ (1.1). ʆʥʘ ʨʘʩʩʯʠʪʳ-

ʚʘʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʠʩʪʝʤʘ (1.1) ʠʥʪʝʛʨʠʨʦʚʘʣʘʩʴ ʠʟ ʥʘʯʘʣʥɹʦʡ 

ʪʦʯʢʠ 0t=  ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʳʧʦʣʥʷʣʦʩʴ ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʥʝʨʘʚʝʥʩʪʚ 

8|| [ ( ), ( )] || 10t t ->Y y z ʩ2- , 8|| [ ( ) ( )] || 10t , t ->Z y z ʅʤ ʠ 3600t< ʩ. ɺ ʪʦʯʢʝ ʦʢʦʥʯʘ-

ʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ t t*=  ʧʨʠʥʠʤʘʣʦʩʴ || ( ) || || ( ) ||t t* *k= -y z . 

ʀʩʩʣʝʜʫʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ k ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ (1.1) ʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʠ ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝ-

ʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ (1.5), (1.6). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʠʝ ʦʙʣʘʩʪʠ ʩʣʝ-

ʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 11-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʢʦʪʦʨʦʤ 

ʩʣʫʞʘʪ 5 ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ 6 ʧʘʨʘʤʝʪʨʦʚ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʤʝʭʘʥʠʯʝ-

ʩʢʠʡ ʩʤʳʩʣ ʟʘʜʘʯʠ, ʨʘʟʤʝʨʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
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ʫʤʝʥʴʰʠʪʴ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʢʨʝʪʥʳʡ ʂɸ, ʧʘʨʘ-

ʤʝʪʨʳ 
1I , 

2I , 
3I ,

1k , 
2k  ʩʣʝʜʫʝʪ ʬʠʢʩʠʨʦʚʘʪʴ. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʭ 

ʟʥʘʯʝʥʠʷ, ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʮʝʩʩ ʛʘʰʝʥʠʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦ-

ʩʪʝʡ ʚ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘʯʠʥʘʣʩʷ ʧʦʩʣʝ çʚʳʙʝʛʘè ʤʘʭʦʚʠʢʦʚ, ʪʦ ʝʩʪʴ 

ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʧʦʩʣʝʜʥʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʨʝʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʣʝʜʫ-

ʝʪ ʧʨʠʥʷʪʴ 
1 2(0) (0) 0h h= =. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʧʘ-

ʨʘʤʝʪʨʦʚ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʙʫʜʝʤ ʩʪʨʦʠʪʴ ʚ 4-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʝ-

ʣʠʯʠʥ 
1(0)w , 

2(0)w , 
3(0)w  ʠ 30h . 

çɻʨʘʥʠʮʘè ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ ʩʪʨʦʠʣʘʩʴ ʪʘʢ. ʌʠʢʩʠʨʦʚʘʣʠʩʴ ʢʘ-

ʢʠʝ-ʣʠʙʦ ʪʨʠ ʧʘʨʘʤʝʪʨʘ, ʦʩʪʘʚʰʠʡʩʷ ʧʘʨʘʤʝʪʨ ʚʘʨʴʠʨʦʚʘʣʩʷ. ʅʘʭʦʜʠʣʠʩʴ 

ʜʚʘ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʤ ʦʪʚʝʯʘʣʠ ʟʥʘʯʝʥʠʷ k ʨʘʟʥʳʭ ʟʥʘ-

ʢʦʚ. ʄʝʪʦʜʦʤ ʜʝʣʝʥʠʷ ʦʪʨʝʟʢʘ ʧʦʧʦʣʘʤ ʥʘʭʦʜʠʣʩʷ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ 0k=. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʦʯʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 4

1 2 3 30[ (0), (0), (0), ]R hw w w  ʩʯʠʪʘʣʘʩʴ 

ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʠʩʢʦʤʦʡ çʛʨʘʥʠʮʝè.  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʩʪʨʦʝʥʠʷ çʛʨʘʥʠʮʳè ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.5 ï 1.8. ʅʘ 

ʨʠʩ. 1.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʴ çʛʨʘʥʠʮʳè, ʣʝʞʘʱʘʷ ʚ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ 

2(0) 0w =. ʇʦ ʩʫʱʝʩʪʚʫ ʵʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 3

1 3 30[ (0), (0), ]R hw w . 

ʆʥʘ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ 1(0) 0w =. ʉʝʯʝʥʠʝ ʵʪʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʧʣʦʩʢʦʩʪʴʶ 1(0) 0w =, ʪ.ʝ. ʧʝʨʝʩʝʯʝʥʠʝ ʠʩʭʦʜʥʦʡ çʛʨʘʥʠʮʳè ʚ ʯʝʪʳ-

ʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦʤ 1 2(0) (0) 0w =w =, ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʳʝ 3(0) 0w = ʠ 3 30 3(0) /h Iw =- . ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʥʘʡʜʝʥʥʦʛʦ 

ʚʳʰʝ ʫʩʣʦʚʠʷ 30 0Gw < ʫʩʣʦʚʥʦʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ 

(1.6). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʘʚʳʯʢʠ ʚ ʩʣʦʚʝ çʛʨʘʥʠʮʘè ʤʦʞʥʦ ʦʧʫʩʪʠʪʴ: ʧʦʣʫ-

ʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ï ʪʦʯʥʳʡ. 

ʅʘ ʨʠʩ. 1.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʴ çʛʨʘʥʠʮʳè, ʣʝʞʘʱʘʷ ʚ ʛʠʧʝʨʧʣʦʩʢʦ-

ʩʪʠ 1(0) 0w =. ʕʪʦ ï ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 3

2 3 30[ (0), (0), ]R hw w . ʈʘʩ-

ʩʤʘʪʨʠʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʘʥʘʣʦʛʠʯʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʠʩ. 1.5. ɺ ʯʘʩʪʥʦ-
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ʩʪʠ, ʝʝ ʩʝʯʝʥʠʝ ʧʣʦʩʢʦʩʪʴʶ 
2(0) 0w = ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝ ʞʝ ʧʨʷʤʳʝ 

3(0) 0w = ʠ 
3 30 3(0) /h Iw =- . ʈʠʩʫʥʦʢ 1.7 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦ-

ʝʢʮʠʠ çʛʨʘʥʠʮʳè ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ 3

2 3 30[ (0), (0), ]R hw w  ʧʨʠ 1(0) 0w ¸, ʘ ʨʠ-

ʩʫʥʦʢ 1.8 ï ʪʫ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠ 1(0) 0h ¸  ʠ 
2(0) 0h ¸ . 

ɸʥʘʣʠʟʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʦʣʴʰʫʶ ʦʙʣʘʩʪʴ ʧʨʠʪʷʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ (1.6), ʚ ʢʦʪʦ-

ʨʦʡ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʥʫʣʝʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 3w. ʕʪʦ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ 

ʧʦʣʥʦʝ ʛʘʰʝʥʠʝ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʦʢʘʞʝʪʩʷ ʥʝ-

ʚʦʟʤʦʞʥʳʤ. ʆʜʥʘʢʦ (ʩʤ. ʚʳʰʝ), ʝʩʣʠ ʧʨʦʮʝʩʩ ʛʘʰʝʥʠʷ ʥʘʯʘʪʴ ʧʦʩʣʝ ʚʳʙʝ-

ʛʘ ʤʘʭʦʚʠʢʦʚ, ʪ.ʝ. ʧʨʠ 1 2 30(0) (0) 0h h h= = =, ʪʦ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ ʙʫʜʝʪ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʨʝʰʝʥʠʶ (1.5). 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʜʘʪʴ ʩʣʝʜʫʶʱʫʶ ʨʝʢʦʤʝʥʜʘʮʠʶ. ʇʨʠ ʦʪʢʘʟʝ 

ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʠʷ ʛʘʰʝʥʠʷ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʂɸ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʨʘʥʝʝ ʧʦʣʥʦʡ 

ʦʩʪʘʥʦʚʢʠ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, ʠʤʝʶʱʠʭ ʥʝʥʫʣʝʚʳʝ ʧʨʦʝʢʮʠʠ ʩʦʙ-

ʩʪʚʝʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʩʚʷʟʘʥʥʫʶ ʦʩʴ ʂɸ, ʠʟʤʝʨʝʥʠʷ ʫʛʣʦ-

ʚʦʡ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʶʪ. ʕʪʘ ʨʝʢʦʤʝʥʜʘʮʠʷ ʧʨʦʚʝʨʝʥʘ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʂɸ. 

1.4 ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʡ ʨʝʞʠʤʘ ʛʘʰʝʥʠʷ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʏʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ (1.1) ʧʨʘʚʠʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʜʚʠʞʝʥʠʝ 

ʂɸ, ʧʦʩʪʨʦʠʤ ʩ ʧʦʤʦʱʴʶ ʝʝ ʨʝʰʝʥʠʡ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʚ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ. ʇʨʝʜʩʪʘʚʠʤ ʵʪʫ ʩʠʩʪʝʤʫ ʚ ʚʠʜʝ: 

 

1 2 3 2 3 30 2 1 1h h kw =mww + w - w - w, 
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( )2 3 1 30 1 1 3 2 2

1

1 1
h h k

-l l
w = ww + w - w - w

+lm +lm
,                 (1.8) 

 

3 1 2 1 2 2 1(1 ) ( )h hw =- -l+lm ww +l w - w, 

 

1 1 1h k= w,    2 2 2h k= w. 

 

ɿʜʝʩʴ 1 3/I Il= , 2 3 1( ) /I I Im= - , ʚʝʣʠʯʠʥʳ ih , ik  ʠ 30h  ï ʵʪʦ ʧʨʝʞʥʠʝ 

ʦʜʥʦʠʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʜʝʣʝʥʥʳʝ ʥʘ 
1I . ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ (1.8) l, m, 1k , 2k  ʠ 30h  ʚr -

ʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ. 

ʊʝʣʝʤʝʪʨʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʠ ʛʠʨʦʩʪʘʪʠ-

ʯʝʩʢʦʤ ʤʦʤʝʥʪʝ ʂɸ (ʩʫʤʤʘʨʥʦʤ ʢʠʥʝʪʠʯʝʩʢʦʤ ʤʦʤʝʥʪʝ ʤʘʭʦʚʠʢʦʚ) ʚ ʦʙ-

ʨʘʙʦʪʘʥʥʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ ʯʠʩʝʣ 

 

nt , ( )

1

nw , ( )

2

nw , ( )

1

nh , ( )

2

nh  ( )

3

nh    ( 1, 2, )n N= .                    (1.9) 

ɿʜʝʩʴ ( )n

iw  ʠ ( )n

jh  ï ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ iw, 
jh , é, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ nt , 1 2 ... Nt t t¢ ¢ ¢. ʈʘʟʥʦʩʪʠ 1n nt t+-  ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʶʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 1Nt t-  ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʨʝʟʢʦʚ 

ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3 ʜʦ 6 ʤʠʥ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʦʪʥʦʩʷʪʩʷ ʢ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʂɸ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ɻʣʝ-

ʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʝʛʦ ʢʦʨʧʫʩʘ. ʆʜʥʘʢʦ ʦʩʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʧʘʨʘʣʣʝʣʥɹʳ ʦʩʷʤ ʩʠʩʪʝʤʳ 1 2 3x x x, ʧʦʵʪʦʤʫ ʥʠʞʝ ʜʘʥʥʳʝ ʪʝʣʝʤʝʪʨʠʠ 

ʙʫʜʝʤ ʦʪʥʦʩʠʪʴ ʢ ʩʠʩʪʝʤʝ 1 2 3x x x . ɺ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ 3 30 consth h= = , ʧʦ-

ʵʪʦʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ( )

3

nh  ʙʫʜʝʤ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʢʦʥʩʪʘʥ-

ʪʦʡ 30h . 



21 

 

 

ɸʧʧʨʦʢʩʠʤʘʮʠʁ  ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (1.9) ʙʫʜʝʤ ʩʪʨʦʠʪʴ ʤʝʪʦ-

ʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʇʨʠʤʝʤ, ʯʪʦ ʦʰʠʙʢʠ ʚ ʜʘʥʥʳʭ ( )n

iw , 

( )n

jh  ʥʝʟʘʚʠʩʠʤʳ ʠ ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʥʫʣʝʚʳʤʠ ʩʨʝʜʥʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ. ʉʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ ( )n

iw  ʦʜʠʥʘʢʦʚʳ ʠ 

ʨʘʚʥʳ 
ws, ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ 

( )n

jh  ʪʘʢʞʝ ʦʜʠʥʘʢʦ-

ʚʳ ʠ ʨʘʚʥʳ hs. ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʝʠʟʚʝʩʪʥʳ. ɸʧ-

ʧʨʦʢʩʠʤʘʮʠʝʡ ʜʘʥʥʳʭ (1.9) ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʬʘʟʦʚʦʛʦ ʚʝʢʪʦʨʘ ʚ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ (1.8), ʟʘʜʘʥʥʦʤ ʥʘ ʦʪʨʝʟʢʝ 1 Nt t t¢ ¢  ʠ 

ʜʦʩʪʘʚʣʷʶʱʝʤ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʦʥʘʣʫ [12, 36] 

2 ln 3 ln lnh pN NwF= F + F + F,                       (1.10) 

2
( ) 2

1 1

[ ( )]
N

n

i i n

n i

tw

= =

F = w -wää ,    
2

( ) 2 ( ) 2

3 30

1 1

[ ( )] [ ]
N

n n

h i i n

n i

h h t h h
= =

ë û
F = - + -ì ü

í ý
ä ä  

2
2 2 2

1 0 0 2 0

1

1 [( ) ( ) ] ( )p i i

i

w w k k
=

F = + l-l + m-m + -ä . 

ʇʦʩʣʝʜʥʠʡ ʯʣʝʥ ʚ (1.10) ʩʣʫʞʠʪ ʜʣʷ ʫʯʸʪʘ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʥʝʢʦʪʦʨʳʭ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʤʠʥʠ-

ʤʫʤʘ. ɺ ʨʘʩʯʸʪʘʭ ʧʨʠʥʠʤʘʣʠʩʴ: 
0 2.54l =  ʠ 

0 0.73m = , 10 20 0.12k k= º  (ʧʨʦ-

ʝʢʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ), 5

1 10w -= , 4

2 10w -= . ʄʠʥʠʤʠʟʘʮʠʷ F 

ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.8) ʚ ʪʦʯʢʝ 1t  ʠ ʧʘ-

ʨʘʤʝʪʨʘʤ l, m, 1k , 2k , 30h . ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʠʩʴʤʘ ʚʩʝ ʫʪʦʯʥʷʝʤʳʝ ʚʝʣʠʯʠʥʳ 

ʦʙʲʝʜʠʥʠʤ ʚ ʚʝʢʪʦʨ 10q RÍ  ʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʬʫʥʢʮʠʦʥʘʣ (1.10) ʬʫʥʢʮʠʝʡ 

ʵʪʦʛʦ ʚʝʢʪʦʨʘ: ( )qF=F . ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʨʝʰʝʥʠʝ ʦʪʚʝʯʘʝʪ ʟʥʘʯʝʥʠʶ 

argmin ( )q q*= F . 

ʄʠʥʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʘ (1.4) ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

ʉʥʘʯʘʣʘ ʤʝʪʦʜʦʤ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʥʘʭʦʜʠʣʘʩʴ ʛʨʫʙʘʷ ʦʮʝʥʢʘ *q , ʢʦʪʦʨʘʷ 

ʟʘʪʝʤ ʫʪʦʯʥʷʣʘʩʴ ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ [37]. ʊʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 
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ʜʘʥʥʳʭ (1.9) ʠ ʨʘʟʙʨʦʩ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪ q* ʙʫʜʝʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ. ʆʮʝʥʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪ-

ʢʣʦʥʝʥʠʡ ʦʰʠʙʦʢ ʚ ʟʥʘʯʝʥʠʷʭ ( )n

iw  ʠ ( )n

jh  ʥʘʭʦʜʷʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ [12, 13] 

2N

w
w

F
s = ,     

3

h
h

N

F
s = , 

ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ q* ʨʘʚʥʳ ʢʚʘʜʨʘʪʥʳʤ 

ʢʦʨʥʷʤ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ 1( )C q-

* , 

ʛʜʝ 

2 2

2 2

( )2 3 1 1 ( )
( ) ( ) ( )

( ) ( ) 2 2

p

h

h p

qN N q
C q C q C q

q q q q
w

w

µ F µ F
= + + º
F F F µ µ

, 

( )C qw  ʠ ( )hC q  ï ʤʘʪʨʠʮ rʩʠʩʪʝʤ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚʦʟʥʠʢʘʁ -

ʱʠʭ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʨʘʞʝʥʠʡ ( )qwF  ʠ ( )h qF  ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ-

ʅʴʶʪʦʥʘ. ʉʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚʝʣʠʯʠʥ 1( )i tw , 1( )jh t , l ʠ ʪ. ʧ. ʙʫʜʝʤ 

ʦʙʦʟʥʘʯʘʪʴ iws , hjs , ls,é 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʜʘʥʥʳʭ (1.9) ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʪʨʝʭ ʠʥʪʝʨʚʘʣʘʭ 

ʚʨʝʤʝʥʠ. ʅʘ ʚʩʝʭ ʵʪʠʭ ʠʥʪʝʨʚʘʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʧʨʦʮʝʩʩʘ ʛʘʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʨʚʘʣʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.1. ɿʜʝʩ ɹʜʣʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʫʢʘʟʘʥʳ: ʜʘʪʘ ʠ ʜʝ-

ʢʨʝʪʥʦʝ ʤʦʩʢʦʚʩʢʦʝ ʚʨʝʤʷ ʤʦʤʝʥʪʘ 1t , ʜʣʠʥʘ ʠʥʪʝʨʚʘʣʘ 1Nt t- , ʯʠʩʣʦ N  

ʚʢʣʶʯʸʥʥʳʭ ʚ ʦʙʨʘʙʦʪʢʫ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʩ ʠʟʤʝʨʝʥʠʷʤʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.9. ɿʜʝʩʴ ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ ï ʛʨʘ-

ʬʠʢʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.8) (ʥʘ ʥʠʞʥʠʭ ʛʨʘʬʠʢʘʭ ï ʧʨʷʤʳʝ 3 30h h= ), ʤʘʨ-

ʢʝʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʪʦʯʢʠ ( )( ), n

n it w  ʠ ( )( ), n

n jt h  ï ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʳʝ ʪʝʣʝ-

ʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʥʘ ʚʩʝʭ ʪʨʝʭ ʠʥʪʝʨʚʘʣʦʚ ʜʚʠ-

ʞʝʥʠʝ ʂɸ ʩʪʨʝʤʠʪʩʷ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʨʝʰʝʥʠʶ (1.5).  
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ʉʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʰʠʙʦʢ ʚ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 

ʥʘʡʜʝʥʥʳʭ ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.2. ɿʜʝʩʴ 
ws , 

hs , 
iws , 

his  ʠ 
kjs  ʚʳʨʘʞʝʥʳ ʚ ʩ1-. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʥʘʠʙʦʣʝʝ ʪʦʯʥʘʷ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʷ ʧʦʩʪʨʦʝʥʘ ʜʣʷ ʠʥʪʝʨʚʘʣʘ 1. ʆʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ (1.8) ʜʣʷ 

ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ 2.617l= , 770.0=m , 0014.030=h ʩ1- , 
1 0.129k = ʩ1- , 

2 0.131k = ʩ1- . ɼʣʷ ʠʥʪʝʨʚʘʣʦʚ 2 ʠ 3 ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʧʨʠʚʦʜʠʤ, ʪʘʢ 

ʢʘʢ ʠʭ ʪʦʯʥʦʩʪʴ ʥʝʚʳʩʦʢʘ. ʕʪʠ ʠʥʪʝʨʚʘʣʳ ʦʪʚʝʯʘʶʪ ʦʢʦʥʯʘʥʠʶ ʧʨʦʮʝʩʩʘ 

ʛʘʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʠ ʦʪʥʦʩʠʪʝʣʥɹʳʝ ʦʰʠʙʢʠ ʚ ʜʘʥʥʳʭ ( )

1

nw , ( )

2

nw  ʥʘ 

ʥʠʭ ʚʳʰʝ, ʯʝʤ ʥʘ ʠʥʪʝʨʚʘʣʝ 1. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʜʣʷ ʠʥʪʝʨʚʘʣʘ 1, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ (1.8) ʠ 

(1.1). 

1.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʨʘʱʝʥʠʡ ʂɸ ʩ ʫʯʸʪʦʤ 

ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʭʦʚʠʢʦʚ 

ʋʨʘʚʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʩ ʷʚʥʳʤ ʫʯʝʪʦʤ ʤʦʤʝʥʪʦʚ 

ʠʥʝʨʮʠʠ ʤʘʭʦʚʠʢʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ 

[27]. ʂʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʜʚʠʞʝʥʠʷ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

2 2 2 2 2 2

1 1 2 2 3 3 1 1 2 2 3 3 1 2 3

1
( ) ( ) ( )

2 2
r

J
T I I I J= w + w + w + wf +wf +wf + f +f +f. 

ɿʜʝʩʴ ʠ ʥʠʞʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʷʩʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʚʝʜʝʥ-

ʥʳʝ ʚʳʰʝ ʦʙʦʟʥʘʯʝʥʠʷ; ʥʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: J  ï ʦʩʝʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʢʘʞʜʦʛʦ ʤʘʭʦʚʠʢʘ (ʤʘʭʦʚʠʢʠ ʧʦʣʘʛʘʝʤ ʦʜʠʥʘʢʦʚʳʤʠ), if ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʤʘʭʦʚʠʢʘ, ʦʩʴ ʢʦʪʦʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ ix, ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʛʦ ʪʝʣʘ. 

ʋʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ ʠʤʝʶʪ ʚʠʜ 

2 3

1 3 2

0r r rd T T T

dt

µ µ µ
+w -w =

µw µw µw
, 
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3 1

2 1 3

0r r rd T T T

dt

µ µ µ
+w -w =

µw µw µw
, 

1 2

3 2 1

0r r rd T T T

dt

µ µ µ
+w -w =

µw µw µw
, 

r r
i

i i

d T T
Q

dt

µ µ
- =

µf µf
   ( 1, 2, 3)i= . 

ɿʜʝʩʴ 
iQ  ï ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ, ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʤʘʭʦʚʠʢʘʤ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʠʭ ʦʩʝʡ. ʉʣʝʜʫʷ ʩʜʝʣʘʥʥʳʤ ʨʘʥʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ, ʧʨʠʤʝʤ 

1 1 1Q k= w, 2 2 2Q k= w, 3 0Q ¹ . ɺ ʩʠʣʫ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 3f ï ʮʠʢʣʠʯʝ-

ʩʢʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʠ ʝʝ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʝʪʦʜʦʤ 

ʈʘʫʩʘ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʮʠʢʣʠʯʝʩʢʠʡ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʠʤʝʝʪ ʚʠʜ 

3 3 30

3

( )rT
J h

µ
¹ w +f =

µf
. 

ɺʚʝʜʝʤ ʬʫʥʢʮʠʶ ʈʘʫʩʘ 30 3rR T h= - f, ʠʩʢʣʶʯʠʚ ʠʟ ʥʝʝ ʧʝʨʝʤʝʥʥʫʶ 

3f ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʘʣʘ. ʋʨʘʚʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʂɸ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʚʳʧʠʩʘʥʥʳʭ ʚʳʰʝ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ-

ʃʘʛʨʘʥʞʘ ʩ ʬʫʥʢʮʠʝʡ R ʚʤʝʩʪʦ rT  ʠ ʙʝʟ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 3f. ʗʚʥʳʡ ʚʠʜ ʵʪʠʭ 

ʫʨʘʚʥʝʥʠʡ 

1 1 1 3 2 2 3 30 2 2 3( ) 0I J I I J h Jw + f + - - ww + w - f w =, 

2 2 2 1 3 3 1 1 3 30 1( ) 0I J I I J J hw + f + - + ww + f w - w =, 

3 3 2 1 2 2 2 1 1 2( ) ( ) ( ) 0I J I I J- w + - ww + f w -fw =, 

1 1 1 1( )J kf +w = w,    2 2 2 2( )J kf +w = w. 

ʉʜʝʣʘʝʤ ʚ ʧʦʩʣʝʜʥʠʭ ʫʨʘʚʥʝʥʠʷʭ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ 1 1h J= f, 

2 2h J= f ʠ ʧʨʝʦʙʨʘʟʫʝʤ ʠʭ ʢ ʚʠʜʫ 

1 1 1 1 2 3 2 3 2 3 30 2( ) ( )I J k I I J h h- w + w = - + ww + w - w, 

2 2 2 2 3 1 3 1 30 1 1 3( ) ( )I J k I I J h h- w + w = - - ww + w - w,               (1.11) 
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3 3 1 2 1 2 1 2 2 1( ) ( )I J I I h h- w = - ww + w - w, 

1 1 1 1h J k+ w = w,    2 2 2 2h J k+ w = w. 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʂɸ 1 2 3min( , , )J I I I<< . ʇʨʠ 0J=  ʫʨʘʚʥʝʥʠʷ 

(1.11) ʧʝʨʝʭʦʜʷʪ ʚ ʫʨʘʚʥʝʥʠʷ (1.1). 

ʋʨʘʚʥʝʥʠʷ (1.11) ʜʦʧʫʩʢʘʶʪ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ (ʠʥʪʝʛʨʘʣ ʢʠʥʝʪʠʯʝ-

ʩʢʦʛʦ ʤʦʤʝʥʪʘ)  

22 2

2

1 2 3

R R R
G

å õå õ å õµ µ µ
+ + =æ öæ ö æ ö

µw µw µwç ÷ ç ÷ç ÷
, 

ʷʚʥʳʡ ʚʠʜ ʢʦʪʦʨʦʛʦ 

2 2 2 2

1 1 1 2 2 2 3 3 30( ) ( ) [( ) ]G I h I h I J h= w + + w + + - w +.           (1.12) 

ʇʨʠ 0J=  ʵʪʦʪ ʠʥʪʝʛʨʘʣ ʧʝʨʝʭʦʜʠʪ ʚ ʠʥʪʝʛʨʘʣ (1.2). ɺʚʝʜʝʤ ʬʫʥʢ-

ʮʠ ʁ

2 2 2

1 1 2 2 3 3

1
( ) ( ) ( )

2
T I J I J I J¡ è ø= - w + - w + - wê ú. 

ɽʝ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʚ ʩʠʣʫ ʫʨʘʚʥʝʥʠʡ (1.11) ʠʤʝʝʪ ʚʠʜ 

2 2

1 1 2 2T k k¡=- w - w.                                       (1.13) 

ɺ ʩʠʣʫ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

(1.11), ʦʩʪʘʚʘʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʪʝʛʨʘʣʘ (1.12) ʩ ʥʝʠʟʤʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

G, ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʪʨʝʤʠʪʩʷ ʢ ʨʝʰʝʥʠʶ, ʚ ʢʦʪʦʨʦʤ 1 2 0w =w =. ʇʦʜ-

ʩʪʘʚʠʚ ʧʦʩʣʝʜʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʷ (1.11), ʧʦʣʫʯʠʤ 3 1 3 2 0h hw =w =, 

3 0w =, 1 2 0h h= =. ɺʳʧʠʩʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʜʚʘ ʩʝʤʝʡ-

ʩʪʚʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1.11). ʆʥʠ ʠʤʝʶʪ ʚʠʜ (1.5) ʠ (1.6). 

ʇʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʚ ʵʪʠʭ ʨʝʰʝʥʠʷʭ ʩʚʷʟʘʥʳ ʩ ʧʦʩʪʦʷʥʥʦʡ G  ʚ 

(1.12) ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 2 2 2 2

10 20 30h h h G+ + =, 3 30 30( )I J h G- w + =. ʀʩʩʣʝʜʦʚʘ-

ʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ (1.5), (1.6) ʩʠʩʪʝʤʳ (1.11) ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʠʟ-

ʣʦʞʝʥʥʦʡ ʚʳʰʝ ʩʭʝʤʝ. ʇʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʘʛʘʷ 1 0k > , 2 0k > , 

1 2 30 min( , , )J I I I¢ <  ʠ 0G¸ . 
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ʈʝʰʝʥʠʝ (1.6) ʫʩʣʦʚʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ ʧʨʠ 
30 0Gw < ʠ ʥʝ-

ʫʩʪʦʡʯʠʚʦ ʧʨʠ 
30 0Gw >. ʈʝʰʝʥʠʝ (1.5) ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ ʧʦ ʧʝ-

ʨʝʤʝʥʥʳʤ 
1w, 

2w , 
3w  ʧʨʠ 10 20| | | | 0h h+ >. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʢ ʩʠʩʪʝ-

ʤʝ (1.11) ʥʝ ʚʥʦʩʠʪ ʥʠʯʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʩʠʩʪʝʤʳ (1.1). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʰʪʘʪʥʦʝ ʛʘʰʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʚʝ-

ʜʝʥʥʳʤʠ ʚʳʰʝ ʫʨʘʚʥʝʥʠʷʤʠ ʕʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ ʧʨʠ 3 3 3Q k= w, 3 0k > . ɺ ʩʠ-

ʣʫ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ 2 2 2

1 1 2 2 3 3T k k k¡=- w - w - w, ʠ ʦʥʠ ʜʦʧʫʩʢʘʶʪ ʫʩʪʦʡʯʠʚʦʝ ʚ 

ʮʝʣʦʤ ʧʦ ʧʝʨʝʤʝʥʥʳʤ 1w, 2w , 3w  ʩʝʤʝʡʩʪʚʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ ʚ ʢʦ-

ʪʦʨʦʤ 1 2 3 0w =w =w =. 
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ɻʣʘʚʘ 2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʂɸ ɼɿɿ ʧʦ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦ ʪʦʢʝ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʡ 

ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ (ʂɸ) çʄʦʥʠʪʦʨ-ʕè ʚʩʣʝʜʩʪʚʠʝ ʥʝʰʪʘʪʥʦʡ ʩʠ-

ʪʫʘʮʠʠ ʩʦʚʝʨʰʘʣ ʥʝʫʧʨʘʚʣʷʝʤʳʡ ʧʦʣʸʪ, ʧʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʪʝʣʝʤʝʪ-

ʨʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʘʨʘʤʝʪʨʘʭ ʝʛʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɺʦʟʥʠʢ-

ʣʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʧʦ ʜʦʩʪʫʧʥʦʡ ʢʦʩʚʝʥ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ï ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʪʦʢʫ, ʩʥʠʤʘʝʤʦʤʫ ʩ ʉɹ. ɺ ʜʘʥʥʦʡ ʨʘʙʦ-

ʪʝ ʦʧʠʩʘʥʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʠʚʰʘʷ ʨʝh ʠʪʴ 

ʵʪʫ ʟʘʜʘʯʫ. ɿʥʘʯʝʥʠʷ ʪʦʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ ʥʝ-

ʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ, ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴh ʠʭ 

ʢʚʘʜʨʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʂɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʦʮʝʥʠʚʘʣʠʩʴ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ, 

ʫʪʦʯʥʷʣʠʩʴ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʂɸ ʠ ʫʛʣʳ, ʟʘʜʘʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʉɹ ʚ ʩʚʷ-

ʟʘʥʥʦʡ ʩ ʂɸ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʦʪʨʝʟʢʦʚ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʠʚʰʠʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʬʘʢʪʠʯʝʩʢʦʝ 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ. 

2.1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ 

ʂɸ ʩʯʠʪʘʝʤ ʪʚʸʨʜʳʤ ʪʝʣʦʤ, ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ 

ʢʦʪʦʨʦʛʦ ï ʢʝʧʣʝʨʦʚʦ ʵʣʣʠʧʪʠʯʝʩʢʦʝ. ʕʣʝʤʝʥʪʳ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘʭʦʜʷʪʩʷ 

ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʢʦʥʪʨʦʣʷ ʦʨʙʠʪʳ. ɼʣʷ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʂɸ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʚʚʝʜʸʤ ʜʚʝ ʧʨʘʚʳʝ ʜʝʢʘʨʪʦʚʳ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠ-

ʥʘʪ ï ʦʨʙʠʪʘʣʴʥʫʶ 1 2 3OX X X  ʠ ʦʙʨʘʟʦʚʘʥʥʫʶ ʛʣʘʚʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ 

ʦʩʷʤʠ ʠʥʝʨʮʠʠ ʂɸ 1 2 3Ox x x. ʊʦʯʢʘ O  ï ʮʝʥʪʨ ʤʘʩʩ ʂɸ, ʦʩʠ 3OX  ʠ 1OX  

ʥʘʧʨʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʜʦʣʴ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ 

O  ʠ ʧʦ ʪʨʘʥʩʚʝʨʩʘʣʠ ʢ ʦʨʙʠʪʝ ʚ ʵʪʦʡ ʪʦʯʢʝ. 
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ʇʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ 
1 2 3Ox x x  ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ 

1 2 3OX X X  ʟʘʜʘ-

ʜʠʤ ʫʛʣʘʤʠ a, b ʠ g, ʢʦʪʦʨʳʝ ʚʚʝʜʸʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʠʩʪʝʤʘ 

1 2 3OX X X  ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʘ ʚ ʩʠʩʪʝʤʫ 
1 2 3Ox x x  ʪʨʝʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʳʤʠ ʧʦʚʦʨʦʪʘʤʠ. ʇʝʨʚʳʡ ʧʦʚʦʨʦʪ ʚʳʧʦʣʥʷʝʪʩʷ ʚʦʢʨʫʛ ʦʩʠ 
2OX  ʥʘ ʫʛʦʣ 

a. ɺʪʦʨʦʡ ʧʦʚʦʨʦʪ ʚʳʧʦʣʥʷʝʪʩʷ ʚʦʢʨʫʛ ʥʦʚʦʡ ʦʩʠ 
3OX  ʥʘ ʫʛʦʣ b. ʊʨʝʪʠʡ 

ʧʦʚʦʨʦʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʫʛʦʣ g ʚʦʢʨʫʛ ʦʩʠ 1OX , ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʚʳʭ ʜʚʫʭ ʧʦʚʦʨʦʪʦʚ ʠ ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʩʴʶ 1Ox. ʄʘʪʨʠʮʫ ʧʝʨʝʭʦʜʘ ʦʪ 

ʩʠʩʪʝʤʳ 1 2 3Ox x x  ʢ ʩʠʩʪʝʤʝ 1 2 3OX X X  ʦʙʦʟʥʘʯʠʤ 3

, 1|| ||ij i jA a == , ʛʜʝ 
ija ï ʢʦʩʠ-

ʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʦʩʷʤʠ iOX  ʠ jOx . ʕʣʝʤʝʥʪʳ ʵʪʦʡ ʤʘʪʨʠʮʳ ʚʳʨʘʞʘʶʪʩʷ 

ʯʝʨʝʟ ʚʚʝʜʸʥʥʳʝ ʫʛʣʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʦʙʨʘʟʦʚʘʥʘ ʜʠʥʘ-

ʤʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʕʡʣʝʨʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʇʫʘʩʩʦʥʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ 

ʩʪʨʦʢ ʤʘʪʨʠʮʳ A. ɺ ʫʨʘʚʥʝʥʠʷʭ ʕʡʣʝʨʘ ʫʯʠʪʳʚʘʶʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪʳ. ʋʨʘʚʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦ-

ʛʦ ʜʚʠʞʝʥʠʷ ʠʤʝʶʪ ʚʠʜ 

1 2 3 32 33 2 3 3 2( ) ( )a a p pw =m ww -n +ru u -u, 

2 1 3 31 33 3 1 1 3

1
( ) ( )

1 1
a a p p

-l lru
w = ww -n + u -u

+lm +lm
, 

3 1 2 31 32 1 2 2 1(1 )( ) ( )a a p pw =- -l+lm ww -n +lru u -u, 

11 12 3 13 2 31 0a a a a= w - w - w,  31 32 3 33 2 11 0a a a a= w - w + w, 

12 13 1 11 3 32 0a a a a= w - w - w,  32 33 1 31 3 12 0a a a a= w - w + w, 

13 11 2 12 1 33 0a a a a= w - w - w,  33 31 2 32 1 13 0a a a a= w - w + w, 

1

3

J

J
l= ,   2 3

1

J J

J

-
m= ,   2 2 2

1 2 3u= u +u +u. 

(2.1) 
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ɿʜʝʩʴ 
iw ʠ 

iu ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʂɸ ʠ ʩʢʦʨʦʩʪʠ ʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʩʠʩʪʝʤʝ 

1 2 3Ox x x ; 
0w  ï ʩʨʝʜʥʝʝ ʦʨʙʠʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ; iJ ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ 

ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ 
iOx , r ï ʧʣʦʪʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ʚ ʪʦʯʢʝ O ; 

ip  ï ʧʘ-

ʨʘʤʝʪʨʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʇʣʦʪʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ʨʘʩʩʯʠʪʳʚʘ-

ʝʪʩʷ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ [39, 40]. 

ʇʝʨʝʤʝʥʥʳʝ 1ia  ʠ 3ia  ʩʚʷʟʘʥʳ ʫʩʣʦʚʠʷʤʠ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʤʘʪʨʠʮʳ 

A, ʧʦʵʪʦʤʫ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʠʭ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʫʛʣʳ a, b ʠ g. 

ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ (2.1) ʚʪʦʨʘʷ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ A ʚʳʯʠʩʣʷʝʪ-

ʩʷ ʢʘʢ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʝʝ ʪʨʝʪʴʝʡ ʠ ʧʝʨʚʦʡ ʩʪʨʦʢ. 

2.2. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ 

ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (2.1), ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʘʱʘ-

ʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ, ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʥʘʠʣʫʯʰʝʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʩ 

ʠʭ ʧʦʤʦʱʴʶ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʪʦʢʝ, ʩʥʠʤʘʝʤʦʤ ʩ ʉɹ. ʇʨʠ ʧʦ-

ʩʪʨʦʝʥʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘʨʷʜʫ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʚʠʞʝʥʠʷ ʂɸ, 

ʫʪʦʯʥʷʶʪʩʷ ʠ ʧʘʨʘʤʝʪʨʳ ʫʨʘʚʥʝʥʠʡ (2.1) l, m ʠ ip  ( 1,2,3)i= . 

ʊʦʢ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʡ ʉɹ, ʧʨʠʤʝʨʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʩʠʥʫʩʫ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʥʘ ʠʭ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦ-

ʩʣʝʜʥʷʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʣʦʩʢʦʩʪʠ, ʥʝʧʦʜʚʠʞʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ 

1 2 3Ox x x. ʅʦʨʤʘʣʴ n  ʢ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʩʪʦʨʦʥʝ ʉɹ ʟʘʜʘʜʠʤ ʫʛʣʦʤ Sb 

ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ n  ʠ ʝʛʦ ʧʨʦʝʢʮʠʝʡ ʥʘ ʧʣʦʩʢʦʩʪʴ 1 2Ox x  ( | | 10 )Sb <  ʠ ʫʛʣʦʤ 

Sa  ʤʝʞʜʫ ʦʩʴʶ 1Ox  ʠ ʧʨʦʝʢʮʠʝʡ n  ʥʘ ʧʣʦʩʢʦʩʪʴ 1 2Ox x. ʂʦʤʧʦʥʝʥʪʳ n  ʚ 

ʩʠʩʪʝʤʝ 1 2 3Ox x x  ʠʤʝʶʪ ʚʠʜ: 1 cos cosS Sn = a b, 2 sin cosS Sn = a b, 3 sin Sn =- b. 

ʆʨʪ S ʥʘʧʨʘʚʣʝʥʠʷ çɿʝʤʣʷ-ʉʦʣʥʮʝè ʟʘʜʘʝʪʩʷ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ ʢʦʤʧʦʥʝʥʪʘʤʠ ( )iS t ( 1,2,3)i= , ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʧʨʠʙʣʠ-

ʞʝʥʥʳʤ ʬʦʨʤʫʣʘʤ [40] ʠ ʵʣʝʤʝʥʪʘʤ ʢʝʧʣʝʨʦʚʦʡ ʦʨʙʠʪʳ ʂɸ. ʋʧʦʤʷʥʫʪʳʡ 

ʢʦʩʠʥʫʩ ʠ ʩʥʠʤʘʝʤʳʡ ʩ ʉɹ ʪʦʢ ʟʘʜʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ 
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3

, 1

arccos( ) i ik k

j k

S a n
=

h= Ö =äS n ,   
0 max( ,0)I I= h . (2.2) 

 

ɿʜʝʩʴ 
0I  ï ʪʦʢ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʡ ʉɹ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ ʧʨʠ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʦʤ ʧʘʜʝʥʠʠ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʥʘ ʠʭ ʧʣʦʩʢʦʩʪʴ, 
0 45I º ɸ.  

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʨʘʩʯʸʪ ʪʦʢʘ ʙʦʣʝʝ ʩʣʦʞʝʥ ʠ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʪʨʫʜʥʦʜʦ-

ʩʪʫʧʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʫʧʨʦʱʸʥʥʳʝ ʬʦʨʤʫʣʳ (2.2) 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʕʪʠ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʝʱʸ 

ʙʦʣʝʝ ʫʧʨʦʩʪʠʪʴ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʪʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʪʝʣʝʤʝʪʨʠ-

ʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʧʨʝʚʳʰʘʣʠ ʥʝʢʦʪʦʨʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʝʜʝʣ 
minI , 

ʟʘʚʝʜʦʤʦ ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ 0h>. ɼʣʷ ʪʘʢʠʭ ʤʦʤʝʥʪʦʚ ʨʘʩʯʸʪʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʪʦʢʘ ʤʦʞʥʦ ʥʘʭʦʜʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 0I I= h. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʂɸ ʄʦʥʠʪʦʨ-ʕ ʧʨʠʥʠʤʘʣʦʩʴ 
min 10I = ɸ. 

ʊʝʣʝʤʝʪʨʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʢʝ ʉɹ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʠʩʝʣ 

, ( 1, 2, ..., )n nt I n N= . (2.3) 

ɿʜʝʩʴ nI  ï ʧʨʠʙʣʠʞʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ nt , 

1 2 ... Nt t t¢ ¢ ¢. ʈʘʟʥʦʩʪʠ 1n nt t+- , ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʶʪ ʥʝʩʢʦʣʴʢʠʭ 

ʩʝʢʫʥʜ. ɺ ʦʙʨʘʙʦʪʢʫ ʚʢʣʶʯʘʶʪʩʷ ʦʪʨʝʟʢʠ ʜʘʥʥʳʭ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ 1Nt t-  

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 20 ʜʦ 40 ʤʠʥʫʪ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ (2.3) ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘ-

ʪʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʰʠʙʢʠ ʚ ʟʥʘʯʝʥʠʷʭ nI  ʥʝʟʘʚʠʩʠʤʳ ʠ ʠʤʝʶʪ ʦʜʠ-

ʥʘʢʦʚʦʝ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʠ ʩʪʘʥ-

ʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ s. ɿʥʘʯʝʥʠʝ s ʥʝʠʟʚʝʩʪʥʦ. ʅʘ ʨʝʰʝʥʠʷʭ ʫʨʘʚʥʝʥʠʡ 

(2.1), ʟʘʜʘʥʥʳʭ ʥʘ ʦʪʨʝʟʢʝ 1 Nt t t¢ ¢, ʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʦʥʘʣ 

[ ]
2

0

1

( )
N

n n

n

I I t
=

F= - hä . (2.4) 

ɸʧʧʨʦʢʩʠʤʘʮʠʝʡ ʬʘʢʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʥʘ ʵʪʦʤ ʦʪʨʝʟʢʝ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʨʝʰʝʥʠʝ, ʜʦʩʪʘʚʣʷʶʱʝʝ ʪʘʢʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ ʤʠʥʠʤʫʤ. ʄʠʥʠʤʠ-
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ʟʘʮʠʷ F ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʝʰʝʥʠʷ ʚ ʪʦʯʢʝ 
1t : 

0 1( )tg =g, 

0 1( )ta =a , 
0 1( )tb =b, 

0 1( )i i tw =w  ʠ ʧʘʨʘʤʝʪʨʘʤ ʫʨʘʚʥʝʥʠʡ 
ip , l, m, Sa , 

Sb. 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʠʩʴʤʘ ʦʙʲʝʜʠʥʠʤ ʚʩʝ ʫʪʦʯʥʷʝʤʳʝ ʚʝʣʠʯʠʥʳ ʚ ʦʜʠʥ ʚʝʢʪʦʨ 

T 13

0 0 0 10 20 30 1 2 3( , , , , , , , , , , , , )S Sq p p p R= g a b w w w lma b Í 

ʠ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ (2.4) ʢʘʢ ʬʫʥʢʮʠʶ ( )qF . ʊʦʛʜʘ 
* argmin ( )q q= F  ï 

ʠʩʢʦʤʘʷ ʦʮʝʥʢʘ ʚʝʢʪʦʨʘ q . 

ʄʠʥʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʘ (2.4) ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

ʉʥʘʯʘʣʘ ʤʝʪʦʜʦʤ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ [41] ʥʘʭʦʜʠʣʘʩʴ ʛʨʫʙʘʷ ʦʮʝʥʢʘ *q , ʢʦ-

ʪʦʨʘʷ ʟʘʪʝʤ ʫʪʦʯʥʷʣʘʩʴ ʤʝʪʦʜʦʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ ʠ ï ʥʘ ʟʘʢʣʶʯʠ-

ʪʝʣʴʥʦʤ ʵʪʘʧʝ ï ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ [37]. 

2.3. ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʟʘʜʘʯʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʦʧʠʩʘʥʦ ʚ 

[15-21]. ʅʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʦʧʨʘʚʢʘ qD, ʫʪʦʯʥʷʶʱʘʷ ʠʤʝ-

ʶʱʫʶʩʷ ʦʮʝʥʢʫ *q qº , ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ 

( ) ( )C q q d qD = , 

13

, 1( ) || ||ij i jC q c == ,      
2

2

0

1

1 ( )

2

N

ij

n i j i j

q
c I

q q q q=

µh µh µ F
= º

µ µ µ µ
ä , 

13

1( ) || ||i id q d == ,      ( )0 0

1

1 ( )

2

N

i n n

n i i

q
d I I I

q q=

µh µF
= - h =-

µ µ
ä , 

m
jnm j n

k k

e n s
q q

µh µj
=

µ µ
ä    ( 1,...,11)k= , 

j

j

k k

n
s

q q

µµh
=

µ µ
ä    ( 12,13)k= ,      

3

1

n i in

i

s S a
=

=ä . 

(2.5) 

ɿʜʝʩʴ ( )C q  ï ʤʘʪʨʠʮʘ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 13E  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪ-

ʨʠʮʘ ʧʦʨʷʜʢʘ 13, jnme  ï ʩʠʤʚʦʣ ʃʝʚʠ-ʏʠʚʠʪʳ, m kqµj µ ï ʧʩʝʚʜʦʧʨʦʠʟʚʦʜ-
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ʥʳʝ [15], ʩʣʫʞʘʱʠʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʩʪʠʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ / kqµh µ ʧʨʠ 

11k¢ . ɿʥʘʯʝʥʠʷ ( )m n kt qµj µ ( 1,...,11)k=  ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ 

3

, 1

m n m
mnl l

j lk k k

d
e

dt q q q=

µj µj µw
= w +

µ µ µ
ä  

ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (3.1) ʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚ ʚʘʨʠʘʮʠʷʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ m kqµw µ. ʅʝʥʫʣʝʚʳʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 1( )m kt qµj µ ʠ 1( )m kt qµw µ 

ʠʤʝʶʪ ʚʠʜ 

1 1 1

0 0

( ) ( )
1m

m

t tµj µw
= =

µg µw
,    1

2 1

0

( )
( )m

m

t
a t

µj
=

µa
,    2 1

0

0

( )
sin

tµj
= g

µb
,    

3 1
0

0

( )
cos

tµj
= g

µb
. 

ʅʝʥʫʣʝʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 
j kn qµ µ ʚ ʫʨʘʚʥʝʥʠʷʭ (2.5) ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʬʦʨʤʫʣʘʤʠ: 

1 sin cosS S

S

nµ
=- a b

µa
,       2 cos cosS S

S

nµ
= a b

µa
, 

1 cos sinS S

S

nµ
=- a b

µb
,     2 sin sinS S

S

nµ
=- a b

µb
,     3 cos S

S

nµ
=- b

µb
. 

ʊʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ (2.3) ʠ ʨʘʟʙʨʦʩ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʤ-

ʧʦʥʝʥʪ * argminq = F ʙʫʜʝʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ, ʩʣʝʜʫʷ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴh ʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ. ʉʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ s ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ (2.3) ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

( )

13

q

N

F
s=

-

* , 

ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ q
*
 ʨʘʚʥʳ ʢʚʘʜʨʘʪʥʳʤ 

ʢʦʨʥʷʤ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ 2 1

*( )C q-s . 
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ʅʠʞʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚʝʣʠʯʠʥ 
0g, 

10w , 
1p  ʠ ʪ. ʧ. ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪ ɹ

gs, 
1ws , 

1ps . 

ʏʪʦʙʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ (2.4) ʟʥʘʯʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ 
ip , l, m ʣʝʞʘʣʠ ʚ ʨʘʟʫʤʥʳʭ ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʝʣʘʭ, ʚ 

ʵʪʦʪ ʬʫʥʢʮʠʦʥʘʣ ʚʚʦʜʠʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʘʛʘʝʤʳʝ 

2 2 2 2 2

1 1 2 3 2 0 0( ) [( ) ( ) ]p p pk + + +k l-l + m-m. 

ɿʜʝʩʴ 1k ʠ 2kï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ, 0 2.54l =  ʠ 
0 0.73m =  ï ʧʨʦ-

ʝʢʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ l ʠ m. ɺ ʨʘʩʯʸʪʘʭ ʧʨʠʥʠʤʘʣʠʩʴ 1 2 10k =k =. 

ʊʘʢʘʷ ʟʘʤʝʥʘ ʬʫʥʢʮʠʦʥʘʣʘ ʫʯʠʪʳʚʘʝʪ ʘʧʨʠʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʪʦʯʥ̫ -

ʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠ ʨʝʛʫʣʷʨʠʟʫʝʪ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ ( )qF . ʅʠʞʝ, 

ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʦʚʦʝ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʘ. 

2.4. ʇʦʠʩʢ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ɼʣʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ ʠ ɻʘʫʩʩʘ-

ʅʴʶʪʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʝ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

ʪʦʯʢʠ ʤʠʥʠʤʫʤʘ. ʇʦʠʩʢ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ 

ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʩ ʦʙʫʯʝʥʠʝʤ [41]. ʇʨʠ ʵʪʦʤ ʩʥʘʯʘʣʘ ʬʫʥʢʮʠʦʥʘʣ (2.4) 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʫʢʦʨʦʯʝʥʥʦʤ ʥʘʯʘʣʴʥʦʤ ʦʪʨʝʟʢʝ ʜʘʥʥʳʭ (2.3) ʠ ʩʯʠʪʘ-

ʝʪʩʷ ʬʫʥʢʮʠʝʡ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʧʝʨʝʤʝʥʥʳʭ, ʯʝʤ ʚʭʦʜʠʪ ʚ ʚʝʢʪʦʨ q. ɺʦ-

ʧʝʨʚʳʭ, ʥʝʢʦʪʦʨʳʝ ʢʦʤʧʦʥʝʥʪʳ q  ʬʠʢʩʠʨʫʶʪʩʷ: ʧʨʠʥʠʤʘʝʪʩʷ 

1 2 3 0p p p= = =, ʧʘʨʘʤʝʪʨʳ l, m, Sa  ʠ Sb ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ ʧʨʦʝʢʪʥʳʤ 

ʟʥʘʯʝʥʠʷʤ. ɺʦ-ʚʪʦʨʳʭ, ʤʘʪʨʠʮʘ 1( )A t  ʧʘʨʘʤʝʪʨʠʟʫʝʪʩʷ ʫʛʣʘʤʠ j ʠ y, ʢʦ-

ʪʦʨʳʝ ʚʚʦʜʷʪʩʷ ʪʘʢ. ʋʛʦʣ 0c ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʉʦʣʥʮʝ ʠ ʥʦʨʤʘʣʴʶ ʢ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉɹ ʚ ʤʦʤʝʥʪ 1t  ʬʠʢʩʠʨʫʝʪʩʷ ʠ ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

0 1 0arccos[ ( ) ]I t Ic = . ʕʪʦʪ ʫʛʦʣ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʚʦʨʦʪʘʭ 

ʩʠʩʪʝʤʳ 1 2 3Ox x x  ʚʦʢʨʫʛ ʦʨʪʦʚ S ʠ n. ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʩʠʩʪʝʤʳ 1 2 3Ox x x  ʚʦ-
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ʢʨʫʛ S ʦʙʦʟʥʘʯʘʝʪʩʷ j, ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ n  ï y. ʇʨʠʚʝʜʝʤ ʬʦʨʤʫʣʫ, 

ʦʧʨʝʜʝʣʷʶʱʫʶ 
1( )A t . 

ʆʨʪ S ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʙʫʜʝʤ ʟʘʜʘʚʘʪʴ ʫʛʣʘʤʠ 
Sl  ʠ 

Sm. ɺ ʵʪʦʡ 

ʩʠʩʪʝʤʝ (sin cos ,sin ,cos cos )S S S S S= l m m l mS . ʄʘʪʨʠʮʫ 
1( )A t  ʦʧʨʝʜʝʣʠʤ 

ʬʦʨʤʫʣʦʡ 

1( )A t KQM= , (2.6) 

1 2

2 2 1 1 2

2 1 2 1 1

0l l

K l m m l m

l m m l m

-

=

-

,         

1 1 2 1 2

2 1

1 2 2 2 1

0

a b a b b

M a a

a b a b b

-

= - , 

1 2 2 2 1

2 2 1 1 2 1 2 1 2 2 1 1

1 2 2 1 1 1 2 2 2 1 1 1

k k p k p

Q f k f p f k p f p f k p

f k f p f k p f p f k p

-

= - - +

- - - - +

, 

1 cos Sl = l,   2 sin Sl = l,   1 cos Sm = m,   2 sin Sm = m, 

1 cos Sa = a,   2 sin Sa = a,   1 cos Sb = b,   2 sin Sb = b, 

1 cosf = j,    2 sinf = j,    1 cosp = y,    2 sinp = y, 

1 0cosk = c,   2 0sink = c. 

ʄʘʪʨʠʮʘ K  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʉʦʣʥʮʘ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝ-

ʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʤʦʤʝʥʪ 1t , ʤʘʪʨʠʮʘ M  ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʦʨʪʘ n  ʚ ʩʠ-

ʩʪʝʤʝ 1 2 3Ox x x , Q  ï ʤʘʪʨʠʮʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʚʦʨʦʪʦʚ ʂɸ: ʩʥʘʯʘʣʘ ʚʦ-

ʢʨʫʛ ʦʨʪʘ n  ʥʘ ʫʛʦʣ y, ʟʘʪʝʤ ʚʦʢʨʫʛ ʦʨʪʘ S ʥʘ ʫʛʦʣ j. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʠ 

ʢʦʥʪʨʦʣʷ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʪʦʯʥʝʥʠʷ, ʚʝʣʠʯʠʥʳ 0iw  ( 1,2,3i= ) ʟʘʤʝʥʷʶʪ-

ʩʷ ʚʝʣʠʯʠʥʘʤʠ 2 2 2

* 10 20 30w = w +w +w, 20 10arctan( )wa = w w, 

30 0arcsin( )wb = w w. ɺ ʠʪʦʛʝ ʬʫʥʢʮʠʦʥʘʣ (2.4) ʥʘ ʫʢʦʨʦʯʝʥʥʦʤ ʥʘʯʘʣʴʥʦʤ 

ʦʪʨʝʟʢʝ ʜʘʥʥʳʭ (2.3) ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʧʦ 5 ʧʘʨʘʤʝʪʨʘʤ: j, y, *w, wa , wb. 
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ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ ʧʦʧʳʪʦʢ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʧʘʨʘʤʝʪʨʘʤ q  ʠ ʧʦʣʥʦʤʫ ʦʪʨʝʟʢʫ ʜʘʥʥʳʭ. ɿʜʝʩʴ ʦʧʷʪʴ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʫʯʘʡʥʳʡ ʧʦʠʩʢ, ʘ ʧʦʩʣʝ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ ʧʨʠʤʝʥʝ̫ʪʩʷ ʤʝʪʦʜ 

ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ. 

2.5. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʂɸ ʧʦ ʜʘʥʥʳʤ ʦ ʪʦʢʝ ʉɹ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ 

12 ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʠʥʪʝʨʚʘʣʦʚ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣ. 2.1. ɿʜʝʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʫʢʘʟʘʥʳ: ʜʘʪʘ ʠ ʜʝʢʨʝʪʥʦʝ 

ʤʦʩʢʦʚʩʢʦʝ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʠʟʤʝʨʝʥʠʷ 1t , ʜʣʠʥʘ ʠʥʪʝʨʚʘʣʘ 1Nt t- , ʯʠʩʣʦ N  

ʚʢʣʶʯʸʥʥʳʭ ʚ ʦʙʨʘʙʦʪʢʫ ʠʟʤʝʨʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʚ ʪʘʙʣ. 2.2·2.4 ʠ ʥʘ ʨʠʩ. 2.2·2.6. ɺ ʪʘʙʣ. 2.2 ʠ 2.3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ (2.4) ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʠʟ ʪʘʙʣ. 2.1. ɿʜʝʩʴ ʫʢʘʟʘʥʳ 

ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ *q , ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ s ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ (2.3). ʇʘʨʘʤʝʪʨʳ 

0g, 0a , 0b, ip  ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠ ʧʦɻ ʪʦʤʫ 

ʥʝ ʧʨʠʚʦʜʷʪʩʷ. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʂɸ ʥʘ ʠʥʪʝʨʚʘʣʘʭ 1 6·  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ , , 1.5g d bs s s ¢ p, ʥʘ 

ʠʥʪʝʨʚʘʣʘʭ 7·12 ï ʟʥʘʯʝʥʠʷʤʠ , , 0.5g d bs s s ¢ p, ʧʨʠʯʝʤ ʜʦʤʠʥʠʨʫʶʪ ʟʥʘ-

ʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʚʝʨʭʥʠʤ ʛʨʘʥʠʮʘʤ. ʉʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ip  

ʪʘʢʞʝ ʦʯʝʥʴ ʚʝʣʠʢʠ. ɹʦʣʴʰʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ 0g, 0a , 

0b ʚʳʟʚʘʥʘ ʤʘʣʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʜʘʥʥʳʭ (2.3), ʘ ʧʘʨʘʤʝʪʨʦʚ ip  ï ʝʱʝ 

ʠ ʩʣʘʙʳʤ ʚʣʠʷʥʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝ-

ʥʠʝ ʂɸ. 

ʈʠʩ. 2.2, 2.3 ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʨʳ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ iw ʠ ʨʘʩʯʝʪʥʦʛʦ ʪʦʢʘ ʉɹ I. ɻʨʘʬʠʢʠ ʧʦ-

ʩʪʨʦʝʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʨʝʟʢʘʭ 1 Nt t t¢ ¢; ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 
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ʩʣʫʞʠʪ ʪʦʯʢʘ 
1t . ʄʘʨʢʝʨʘʤʠ ʨʷʜʦʤ ʩ ʛʨʘʬʠʢʘʤʠ ( )I t  ʫʢʘʟʘʥʳ ʘʧʧʨʦʢʩʠʤʠ-

ʨʫʝʤʳʝ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ (2.3). ʍʦʪʷ ʛʨʘʬʠʢʠ ʥʘ ʨʠʩ. 2.2 ʧʦʩʪʨʦʝʥʳ ʜʣʷ 

ʠʥʪʝʨʚʘʣʘ 2, ʦʥʠ ʪʠʧʠʯʥʳ ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ 1·6 ʠʟ ʪʘʙʣ. 2.1; ʛʨʘʬʠʢʠ ʥʘ ʨʠʩ. 

2.3 ʦʪʥʦʩʷʪʩʷ ʢ ʠʥʪʝʨʚʘʣʫ 8 ʠ ʪʠʧʠʯʥʳ ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ 7·12 (ʩʤ. [42, 43], 

ʛʜʝ ʘʥʘʣʦʛʠʯʥʳʝ ʛʨʘʬʠʢʠ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʚʩʝʭ ʠʥʪʝʨʚʘʣʦʚ ʠʟ ʪʘʙʣ. 2.1). ʉʫ-

ʜʷ ʧʦ ʛʨʘʬʠʢʘʤ ʠ ʟʥʘʯʝʥʠʷʤ s ʚ ʪʘʙʣ. 2.2 ʧʦʩʪʨʦʝʥʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʦ-

ʢʘ ʉɹ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳ. 

ɸʥʘʣʠʟ ʪʘʙʣ. 2.2 ʠ ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʡ ( )i tw  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʚʠʞʝʥʠʝ 

ʂɸ ʥʘ ʠʥʪʝʨʚʘʣʘʭ 1·6 ʙʳʣʦ ʙʣʠʟʢʦ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʚʨʘʱʝʥʠʶ ʚʦʢʨʫʛ ʦʩʠ 

2Ox  ï ʦʩʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʣʘʚʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ. ʄʦ-

ʜʫʣʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʦʩʪʘʚʣʷʣ ʧʨʠʤʝʨʥʦ 10ʛʨʘʜ/ʩ. ʅʘ ʠʥʪʝʨʚʘʣʘʭ 7·12 

ʜʚʠʞʝʥʠʝ ʂɸ ʙʳʣʦ ʙʣʠʟʢʦ ʜʚʠʞʝʥʠʶ ʕʡʣʝʨʘ-ʇʫʘʥʩʦ, ʧʦʣʦʜʠʠ ʢʦʪʦʨʦʛʦ 

ʦʭʚʘʪʳʚʘʣʠ ʦʩʴ 2Ox . ʄʦʜʫʣʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 1 ʛʨʘʜ/ʩ. 

ɹʦʣʝʝ ʤʝʜʣʝʥʥʳʝ ʜʚʠʞʝʥʠʷ ʂɸ ʙʳʣʠ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ. ʀʟʤʝʥʝʥʠʝ ʪʦʢʘ 

ʉɹ ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʢʘʟʘʣʦʩʴ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ, ʧʦʵʪʦʤʫ 

ʦʮʝʥʢʠ *q  ʥʘ ʠʥʪʝʨʚʘʣʘʭ 7·12 ʧʦʣʫʯʠʣʠʩʴ ʟʘʤʝʪʥʦ ʪʦʯʥʝʝ, ʯʝʤ ʥʘ ʠʥʪʝʨʚʘ-

ʣʘʭ 1·6 (ʩʨ. ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ( )I t ʥʘ ʨʠʩ. 2.2 ʠ 2.3, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʚ ʪʘʙʣ. 2.2, 2.3 ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ 1·6 ʠ 7·12). 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʂɸ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʘʬʠʢʠ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʫʛʣʦʚ a, b ʠ g. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʦʝ ʦʧʠʩʘ-

ʥʠʝ ʥʝ ʥʘʛʣʷʜʥʦ. ɽʩʣʠ ʂɸ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʪʦ ʥʘʠʙʦʣʴ-

ʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʚʠʞʝʥʠʝ ʪʦʡ ʝʛʦ ʛʣʘʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʠʥʝʨʮʠʠ, ʧʨʦʝʢʮʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʢʦʪʦʨʫʶ ʩʦʭʨʘʥʷʝʪ ʟʥʘʢ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʪʘʢʦʡ ʦʩʴʶ ʷʚʣʷʝʪʩʷ ʦʩʴ 2Ox . ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʚʨʘ-

ʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʤʝʜʣʝʥʥʦʡ ʵʚʦ-

ʣʶʮʠʠ ʚʝʢʪʦʨʘ L  ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ ʚ ʝʛʦ ʜʚʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʠ ʙʳʩʪʨʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʚʦʢʨʫʛ ʵʪʦʛʦ ʚʝʢʪʦʨʘ [27]. ɼʚʠ-
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ʞʝʥʠʝ L  ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨ-

ʜʠʥʘʪ 
1 2 3OZ Z Z, ʢʦʪʦʨʘʷ ʩʦʚʧʘʜʘʝʪ ʩ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ, ʬʠʢʩʠʨʦʚʘʥ-

ʥʦʡ ʥʘ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʂɸ ʯʝʨʝʟ ʚʦʩʭʦʜʷʱʠʡ ʫʟʝʣ ʦʨʙʠʪʳ. ʇʦʣʦʞʝ-

ʥʠʝ ʚʝʢʪʦʨʘ L  ʚ ʩʠʩʪʝʤʝ 
1 2 3OZ Z Z  ʟʘʜʘʜʠʤ ʫʛʣʦʤ 

Lz ʤʝʞʜʫ L  ʠ ʧʣʦʩʢʦ-

ʩʪʴʶ ʦʨʙʠʪʳ, ʠ ʫʛʣʦʤ 
Lx ʤʝʞʜʫ ʧʨʦʝʢʮʠʝʡ L  ʥʘ ʧʣʦʩʢʦʩʪʴ ʦʨʙʠʪʳ ʦʩʴʶ 

3OZ . ʋʛʦʣ Lz ʩʯʠʪʘʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʧʨʦʝʢʮʠʷ L  ʥʘ ʦʩʴ 
2OZ  ʧʦ-

ʣʦʞʠʪʝʣʴʥʘ. ʅʘʧʨʘʚʣʝʥʠʝ ʦʪʩʯʸʪʘ Lx ʩʦʛʣʘʩʦʚʘʥʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ 

2OZ . ɸʥʘʣʦʛʠʯʥʳʝ ʫʛʣʳ Sx ʠ Sz ʟʘʜʘʶʪ ʚ ʩʠʩʪʝʤʝ 1 2 3OZ Z Z  ʧʦʣʦʞʝʥʠʝ 

ʚʝʢʪʦʨʘ S. ʋʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ L  ʠ S ʦʙʦʟʥʘʯʠʤ Sg. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʘ ʠʥʪʝʨ-

ʚʘʣʝ 1 ʠʤʝʣʠ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʘ 0.012Lx ¢ ʛʨʘʜ/ʩ ʠ 0.012Lz ¢ ʛʨʘʜ/ʩ, ʥʘ 

ʠʥʪʝʨʚʘʣʘʭ 2·6 ï ʥʝʨʘʚʝʥʩʪʚʘ 0.003Lx ¢ ʛʨʘʜ/ʩ ʠ 0.003Lz ¢ ʛʨʘʜ/ʩ, ʥʘ ʠʥ-

ʪʝʨʚʘʣʘʭ 7·12 ï ʥʝʨʘʚʝʥʩʪʚʘ 0.12Lx ¢  ʛʨʘʜ/ʩ ʠ 0.12Lz ¢  ʛʨʘʜ/ʩ. ʋʢʘʟʘʥ-

ʥʳʝ ʚʝʣʠʯʠʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʂɸ ʥʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʪʝʨʚʘʣʘʭ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ ʚʦʢʨʫʛ ʚʝʢʪʦʨʘ L, ʙʫʜʝʤ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʧʨʦʝʢʮʠʠ ʛʦʜʦʛʨʘʬʘ ʦʨʪʘ ʦʩʠ 2Ox  ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʧʣʦʩʢʦʩʪʠ ʩʠ-

ʩʪʝʤʳ 1 2 3Ol l l , ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ ʚʝʢʪʦʨʦʤ (ʨʠʩ. 2.4). ʉʠʩʪʝʤʘ 1 2 3Ol l l  ʚʚʦʜʠʪ-

ʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʩʴ 2Ol  ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ L; ʦʩʴ 1Ol  ʣʝʞʠʪ ʚ 

ʧʣʦʩʢʦʩʪʠ 2 1Ol Z, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ L  ʠ ʦʙʨʘʟʫʝʪ ʪʫʧʦʡ ʫʛʦʣ ʩ ʦʩʴʶ 1OZ ; 

ʦʩʴ 3Ol  ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ. ɺʚʝʜʝʤ ʪʘʢʞʝ ʫʛʦʣ ʥʫʪʘʮʠʠ q ʤʝʞʜʫ 

ʦʩʷʤʠ 2Ox  ʠ 2Ol . 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʚ [27] ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ 

ʜʚʫʭ ʜʚʠʞʝʥʠʡ ʫʯʠʪʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦ-

ʨʘ L  ʚ̫ʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʂɸ ʥʘ 

ʠʥʪʝʨʚʘʣʘʭ 1 6·  ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʬʦʨʤʫʣʘʤʠ 
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2w =W, 1 cos( )rW p tw = W +a, 3 sin( )W p tw = W +a,             (2.6) 

ʛʜʝ W ʠ W  ï ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ, 

1 2 3 2

1 3
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J J

- -
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1.512
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-
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ʌʦʨʤʫʣʳ (2.6) ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ ʙʝʟ ʫʯʝʪʘ ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ 

1 Nt t t< <  ʧʦʩʪʦʷʥʥʳʝ W ʠ W  ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 
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ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʦʯʥʦʩʪʴ ʬʦʨʤʫʣ (2.6). ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʂɸ 

ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 0Wd =. ɽʩʣʠ ʢ ʪʦʤʫ 

ʞʝ | |W<< W, ʪʦ ʜʦʣʞʥʦ ʙʳʪʴ 2~ / | |WdW W. ɿʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ W, dW, W  ʠ 

Wd  ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ 1 6·  ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.4. ʂʘʢ ʚʠʜʠʤ, ʧʦʩʪʦʷʥʩʪʚʦ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 2w  ʚʳʧʦʣʥʝʥʦ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʦʩʪʦʷʥʩʪʚʦ ʚʝʣʠ-

ʯʠʥʳ 2 2 2

3 1r-w + w ʚʳʧʦʣʥʝʥʦ ʤʝʥʝʝ ʪʦʯʥʦ. 

ɼʣʷ ʠʥʪʝʨʚʘʣʦʚ 7·12 ʬʦʨʤʫʣʳ (2.6) ʤʝʥʝʝ ʪʦʯʥʳ, ʯʝʤ ʜʣʷ ʠʥʪʝʨʚʘ-

ʣʦʚ 1 6·, ʥʦ ʠ ʟʜʝʩʴ ʚʝʣʠʯʠʥʳ W, dW, W  ʠ Wd  ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʣʝʟʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʪʥʦʰʝʥʠʝ /W Wd  ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ 7·12 ʦʢʘʟʘʣʦʩʴ 

ʧʨʠʤʝʨʥʦ ʪʘʢʠʤ ʞʝ ʢʘʢ, ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ 1 6·. ʕʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ 

ʬʫʥʢʮʠʷ 2 2 2

3 1r-w + w ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠʥʪʝʛʨʘʣʦʤ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʕʡʣʝʨʘ, ʟʘʧʠʩʘʥʥʳʭ ʙʝʟ ʫʯʝʪʘ ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ. ʆʪʥʦʰʝʥʠʝ / | |dW W ʠʟ-

ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʨʦʣʠ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ 7·12 ʦʢʘʟʘʣʦʩʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ 1 6· . 
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ɺ ʪʘʙʣ. 2.4 ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʣʦʞʝ-

ʥʠʝ ʚʝʢʪʦʨʦʚ L  ʠ S ʚ ʩʠʩʪʝʤʝ 
1 2 3OZ Z Z. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʚʝʢʪʦʨʳ ʤʝʥʷʣʠʩʴ 

ʤʝʜʣʝʥʥʦ, ʠʭ ʧʦʣʦʞʝʥʠʝ ʥʘ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ 
1 Nt t t< <  ʫʜʦʙʥʦ ʦʧʠʩʳʚʘʪʴ 

ʫʩʨʝʜʥʸʥʥʳʤʠ ʫʛʣʘʤʠ Lx , Lz , Sx , Sz  ʠ sg . ʋʩʨʝʜʥʝʥʠʝ ʫʛʣʦʚ ʚʳ-

ʧʦʣʥʷʣʦʩʴ ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ, ʯʪʦ ʠ ʫʩʨʝʜʥʝʥʠʝ ʚʝʣʠʯʠʥ 
2w , 2 2 2

3 1r-w + w. ɺ 

ʪʘʙʣ. 2.4 ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʫʩʨʝʜʥʝʥʥʳʭ ʫʛʣʦʚ, ʘ ʪʘʢʞʝ ʝʱʝ ʤʘʢʩʠ-

ʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ maxq  ʫʛʣʘ q ʥʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. 

ʅʘ ʨʠʩ. 2.4, 2.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʜʚʠʞʝʥʠʷ ʦʩʠ 
2Ox  ʥʘ 

ʠʥʪʝʨʚʘʣʘʭ 2 ʠ 8. ɿʜʝʩʴ ʧʨʠʚʝʜʝʥʳ ʧʨʦʝʢʮʠʠ ʛʦʜʦʛʨʘʬʘ ʦʨʪʘ ʦʩʠ 2Ox  ʥʘ 

ʧʣʦʩʢʦʩʪʠ 1 2( , )l l , 1 3( , )l l  ʠ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʫʛʣʦʚ Lx, Lz. 

ʈʠʩ. 2.4 ʠ 2.6 ʪʠʧʠʯʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʛʨʫʧʧ ʠʥʪʝʨʚʘʣʦʚ 1 6·  ʠ 7·12 

(ʜʣʷ ʚʩʝʭ ʠʥʪʝʨʚʘʣʦʚ ʪʘʙʣ. 2.1 ʘʥʘʣʦʛʠʯʥʳʝ ʨʠʩʫʥʢʠ ʧʨʠʚʝʜʝʥʳ ʚ [42, 43]). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʨʠʝʤ ʦʧʠʩʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂɸ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʳʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ 

ʦʙʲʷʩʥʠʪʴ ʨʷʜ ʵʬʬʝʢʪʦʚ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚʦ ʚʨʝʤʷ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʩʧʫʪʥʠʢʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʠʢʫ ʚʳʚʝʜʝʥʠʷ ʂɸ ʠʟ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘ-

ʮʠʠ. 
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ɻʣʘʚʘ 3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʤʘʣʦʛʦ ʩʧʫʪʥʠʢʘ ʩʚʷʟʠ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʪʦʢʘ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʡ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʣʳʡ ʂɸ ï ʩʧʫʪʥʠʢ ʩʚʷʟʠ çʂʘʟʉʘʪ-1è, ʥʘʭʦʜʷʱʠʡ-

ʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʂɸ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʠʛʘʪʝʣʠ-ʤʘʭʦʚʠʢʠ. ʂɸ ʧʦʩʣʝ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ ʧʝ-

ʨʝʰʸʣ ʚ ʩʦʩʪʦʷʥʠʝ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʚʨʘʱʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʘʨʘʤʝʪʨʘʭ ʝʛʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʦʟʥʠʢʣʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴ-

ʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʧʦ ʠʤʝʶʱʝʡʩʷ ʢʦʩʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ï ʪʦʢʫ, 

ʩʥʠʤʘʝʤʦʤʫ ʩ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʊʝʣʝʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʩʦʣ-

ʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʯʘ-

ʩʦʚ, ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʧʦʤʦ-

ʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ. ʇʨʠ-

ʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 10 ʦʪʨʝʟʢʦʚ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʦʟʚʦʣʠʚ-

ʰʠʝ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʠ ʦʮʝʥʠʪʴ ʩʫʤ-

ʤʘʨʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ. 

3.1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ 

 ʂɸ ʩʯʠʪʘʝʤ ʛʠʨʦʩʪʘʪʦʤ, ʩʦʚʝʨʰʘʶʱʠʤ ʩʚʦʙʦʜʥʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ. ɼʣʷ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʚʚʝʜʸʤ ʜʚʝ ʧʨʘʚʳʝ ʜʝ-

ʢʘʨʪʦʚ  rʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ï ʥʝʧʦʜʚʠʞʥʫʶ ʚ ʘʙʩʦʣʶʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

1 2 3X X X  ʠ ʦʙʨʘʟʦʚʘʥʥʫʶ ʛʣʘʚʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʦʩʷʤʠ ʠʥʝʨʮʠʠ ʂɸ 

1 2 3x x x . ʆʩɹ 1X  ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʉʦʣʥʮʝ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʩʠʩʪʝʤʝ 

1 2 3X X X  ʧʦʣʘʛʘʝʤ ʥʝʠʟʤʝʥʥʳʤ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ, ʦʩʴ 

3X  ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʉʝʚʝʨʥʦʛʦ ʧʦʣʶʩʘ ʤʠʨʘ, ʣʝʞʘʱʝʛʦ ʚ ʧʣʦʩʢʦʩʪʠ 

1 3X X .  
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ʇʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ 
1 2 3x x x  ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ 

1 2 3X X X  ʟʘʜʘʜʠʤ 

ʫʛʣʘʤʠ g, d ʠ b, ʢʦʪʦʨʳʝ ʚʚʝʜʸʤ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠʷ. ʉʠʩ-

ʪʝʤʘ 
1 2 3X X X  ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʘ ʚ ʩʠʩʪʝʤʫ 

1 2 3x x x  ʪʨʝʤʷ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʤʠ ʧʦʚʦʨʦʪʘʤʠ: 1) ʥʘ ʫʛʦʣ g ʚʦʢʨʫʛ ʦʩʠ 1X , 2) ʥʘ ʫʛʦʣ d ʚʦʢʨʫʛ ʥʦ-

ʚʦʡ ʦʩʠ 
2X ,  3) ʥʘ ʫʛʦʣ b ʚʦʢʨʫʛ ʥʦʚʦʡ ʦʩʠ 

3X , ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʩʴʶ 
3x . 

ʄʘʪʨʠʮʫ ʧʝʨʝʭʦʜʘ ʦʪ ʩʠʩʪʝʤʳ 
1 2 3x x x  ʢ ʩʠʩʪʝʤʝ 

1 2 3X X X  ʦʙʦʟʥʘʯʠʤ 

3

, 1|| ||ij i jA a == , ʛʜʝ 
ija ï ʢʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʦʩʷʤʠ iX  ʠ 

jx . ʕʣʝʤʝʥʪʳ ʵʪʦʡ 

ʤʘʪʨʠʮʳ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʚʚʝʜʸʥʥʳʝ ʫʛʣʳ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ 

11 cosŭcosɓa = , 

12 cosŭsinɓa =- , 

13 sinŭa = , 

21 cos sinɓ+sin sin cosa = g g d b, 

22 cos cosɓ sin sin sina = g - g d b, 

23 sin cosa =- g d, 

31 sin sin cos sinŭcosɓa = g b- g , 

32 sin cos cos sinŭsinɓa = g b+ g , 

33 cos cosŭa = g . 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʘ ʫʨʘʚʥʝʥʠʷ-

ʤʠ, ʚʳʨʘʞʘʶʱʠʤʠ ʪʝʦʨʝʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʧʫʪʥʠ-

ʢʘ ʚ ʝʛʦ ʜʚʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦ-

ʰʝʥʠʷʤʠ ʇʫʘʩʩʦʥʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʩʪʨʦʢ ʤʘʪʨʠʮʳ A . ʕʪʠ 

ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ 

1 2 3 2 3 3 2h hw =mww + w - w, 

2 1 3 3 1 1 3

1
( )

1 1
h h

-l l
w = ww + w - w

+lm +lm
, 

3 1 2 1 2 2 1(1 ) ( )h hw =- -l+lm ww +l w - w, 

11 12 3 13 2a a a= w - w,     12 13 1 11 3a a a= w - w,     13 11 2 12 1a a a= w - w, 

31 32 3 33 2a a a= w - w,     32 33 1 31 3a a a= w - w,     33 31 2 32 1a a a= w - w, 

1

3

J

J
l= ,        2 3

1

J J

J

-
m= . 

(3.1) 
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ɿʜʝʩʴ 
iw ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ; 

iJ ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ix ; 
1 iJ h  ï ʢʦʤʧʦʥʝʥʪʳ ʩʦʙ-

ʩʪʚʝʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ. ɺ ʫʨʘʚʥʝʥʠʷʭ 

(3.1) ʠ ʜʘʣʝʝ, ʝʩʣʠ ʥʝ ʦʛʦʚʦʨʝʥʦ ʜʨʫʛʦʝ, ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʠʩʪʝʤʝ 
1 2 3x x x . 

ʇʝʨʝʤʝʥʥʳʝ 
1ia  ʠ 

3ia  ʟʘʚʠʩʠʤʳ ï ʩʚʷʟʘʥʳ ʫʩʣʦʚʠʷʤʠ ʦʨʪʦʛʦʥʘʣʴʥʦ-

ʩʪʠ ʤʘʪʨʠʮʳ A, ʧʦʵʪʦʤʫ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʠʭ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʫʛ-

ʣʳ g, d ʠ b. ɺ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ (3.1), ʵʣʝʤʝʥʪʳ ʚʪʦʨʦʡ 

ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ A ʚʳʯʠʩʣʷʶʪʩʷ ʢʘʢ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʝʸ ʧʝʨʚʦʡ ʠ 

ʪʨʝʪʴʝʡ ʩʪʨʦʢ. ʈʘʟʤʝʨʥʦʩʪʴ ʚʝʣʠʯʠʥ iw ʠ ih  ï 1ʩ-, ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝ-

ʤʝʥʠ ï ʩʝʢʫʥʜʘ. ʇʘʨʘʤʝʪʨʳ ih  ʩʯʠʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʥʘ ʫʯʘʩʪʢʝ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ l ʠ m: 2.765l= , 0.474m= . 

3.2. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ 

ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (3.1), ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʬʘʢʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ 

ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʥʘʠʣʫʯʰʝʛʦ ʩʛʣʘ-

ʞʠʚʘʥʠʷ ʩ ʠʭ ʧʦʤʦʱʴʶ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʪʦʢʝ, ʩʥʠʤʘʝʤʦʤ ʩ ʩʦʣ-

ʥʝʯʥʳʭ ʙʘʪʘʨʝʡ (ʉɹ). ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʚʠʞʝ-

ʥʠʷ ʂɸ ʠ ʧʘʨʘʤʝʪʨʳ ih  ( 1,2,3)i= .  

ʊʦʢ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʡ ʉɹ, ʧʨʠʤʝʨʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʩʠʥʫʩʫ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʥʘ ʠʭ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʣʘ-

ʛʘʝʤ, ʯʪʦ ʵʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʦʩʪʴ, ʥʝʧʦʜʚʠʞʥʫʶ ʚ 

ʩʠʩʪʝʤʝ 1 2 3x x x. ʂʦʤʧʦʥʝʥʪʳ ʦʨʪʘ ʥʦʨʤʘʣʠ 1 2 3( , , )n n n=n  ʢ ʩʚʝʪʦʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ: 1 0.9997n =- , 2 0.0191n =- , 

3 0.0165n = . ʆʨʪ S ʥʘʧʨʘʚʣʝʥʠʷ çɿʝʤʣʷ-ʉʦʣʥʮʝè ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

1 2 3X X X  ʠʤʝʝʪ ʢʦʤʧʦʥʝʥʪʳ (1, 0, 0)=S . ʈʘʩʯʸʪʥʦʝ ʟʥʘʯʝʥʠʝ ʩʥʠʤʘʝʤʦʛʦ ʩ 

ʉɹ ʪʦʢʘ ʠ ʢʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʦʨʪʘʤʠ n  ʠ S ʟʘʜʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ 
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0 max( ,0)I I= h ,  
3

1

1

k k

k

a n
=

h=ä . (3.2) 

ɿʜʝʩʴ 
0I ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʡ ʙʘʪʘʨʝʷʤʠ ʥʘ ʦʨʙʠʪʝ 

ɿʝʤʣʠ ʧʨʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʘʜʝʥʠʠ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʥʘ ʠʭ ʧʣʦʩʢʦʩʪʴ, 

0 102I º ɸ; ʅʘ ʧʨʘʢʪʠʢʝ ʪʦʯʥʳʡ ʨʘʩʯʸʪ ʪʦʢʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʝʥ, ʦʜʥʘʢʦ ʫʧʨʦʱʸʥʥʳʝ ʬʦʨʤʫʣʳ (3.2) ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝ-

ʤʳʝ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʨʝʟʫʣʴʪʘʪʳ. ʕʪʠ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʝʱʸ 

ʫʧʨʦʩʪʠʪʴ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʦʙʨʘʙʦʪʢʫ ʩʣʝʜʫʝʪ ʚʢʣʶʯʘʪʴ ʪʦʣʴʢʦ ʪʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʧʨʝʚʳʰʘʶʪ ʥʝʢʦʪʦ-

ʨʳʡ ʧʦʣʦʞʠʪʝʣʥɹʳʡ ʧʨʝʜʝʣ 
minI . ɼʣʷ ʪʘʢʠʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʟʘʚʝʜʦʤʦ 

ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ 0h>, ʠ ʨʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʤʦʞʥʦ ʥʘʭʦʜʠʪʴ ʧʦ 

ʬʦʨʤʫʣʝ 0I I= h. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʥʠʤʘʣʦʩʴ 

min 1 3I = ·ɸ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʬʦʨʤʫʣʘʭ (3.2) ʚʝʣʠʯʠʥʘ h ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪ-

ʨʦʚ 1ka , ʛʨʘʬʠʢ ( )th  ʠʥʚʘʨʠʘʥʪʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʫ g. ʉ ʫʯʸʪʦʤ ʵʪʦʛʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʫʨʘʚʥʝʥʠʷ ʜʣʷ 3ia  ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʩʠʩʪʝʤʳ (3.1). ʆʜ-

ʥʘʢʦ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʦʩʪʘʚʣʝʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʨʷʜʫ ʩ ʫʛʣʦʚʳʤʠ ʩʢʦʨʦ-

ʩʪʷʤʠ ʂɸ, ʥʘʡʪʠ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʂɸ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʪʨʝʟʢʘʭ ʚʨʝʤʝ-

ʥʠ. ɼʘʣʝʝ ʚʩʶʜʫ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ g ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ ʥʫʣʶ. 

ʊʝʣʝʤʝʪʨʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʢʝ, ʩʥʠʤʘʝʤʦʤ ʩ ʙʘʪʘʨʝʡ, ʧʨʝʜ-

ʩʪʘʚʣʝ̫ʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʠʩʝʣ  

, ( 1,2,..., )n nt I n N= . (3.3) 

ɿʜʝʩʴ nI  ï ʧʨʠʙʣʠʞʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ nt ,  

1 2 ... Nt t t¢ ¢ ¢. ʈʘʟʥʦʩʪʠ 1n nt t+- , ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʶʪ ʥʝʩʢʦʣʴʢʠʭ 

ʩʝʢʫʥʜ. ɺ ʦʙʨʘʙʦʪʢʫ ʚʢʣʶʯʘʶʪʩʷ ʦʪʨʝʟʢʠ ʜʘʥʥʳʭ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ 1Nt t-  

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3 ʜʦ 11 ʯʘʩʦʚ. 

ʉʛʣʘʞʠʚʘʥʠʝ ʜʘʥʥʳʭ (3.3) ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜ-

ʨʘʪʦʚ. ʇʫʩʪʴ ʦʰʠʙʢʠ ʚ ʟʥʘʯʝʥʠʷʭ nI  ʥʝʟʘʚʠʩʠʤʳ ʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʥʦʨ-
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ʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʠ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪ-

ʢʣʦʥʝʥʠʝʤ s. ɿʥʘʯʝʥʠʝ s ʥʝʠʟʚʝʩʪʥʦ. ʅʘ ʨʝʰʝʥʠʷʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, 

ʟʘʜʘʥʥʳʭ ʥʘ ʦʪʨʝʟʢʝ 
1 Nt t t¢ ¢, ʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʦʥʘʣ 

[ ]
2

0

1

( )
N

n n

n

I I t
=

F= - hä . (3.4) 

ɸʧʧʨʦʢʩʠʤʘʮʠʝʡ ʬʘʢʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʥʘ ʵʪʦʤ ʦʪʨʝʟʢʝ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʨʝʰʝʥʠʝ, ʜʦʩʪʘʚʣʷʶʱʝʝ ʪʘʢʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ ʤʠʥʠʤʫʤ. ʄʠʥʠʤʠ-

ʟʘʮʠʷ F ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʪʦʯʢʝ 1t :  

0 1( )td =d, 0 1( )tb =b, 0 1( )i i tw =w , ʠ ʧʘʨʘʤʝʪʨʘʤ ih. ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ 

1( ) 0tg =. ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʠʩʴʤʘ ʚʩʝ ʫʪʦʯʥʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʜʠʥʠʤ ʚ 

ʦʜʠʥ ʚʝʢʪʦʨ 8

0 0 10 20 30 1 2 3( , , , , , , , )q h h h R= d b w w w Í. ʊʦʛʜʘ ( )qF=F , ʠ 

* argmin ( )q q= F  ï ʠʩʢʦʤʘʷ ʦʮʝʥʢʘ ʚʝʢʪʦʨʘ q . 

ʉʠʩʪʝʤʘ (3.1) ʠ ʚʳʨʘʞʝʥʠʷ (3.2) ʠʥʚʘʨʠʘʥʪʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʡ ʚʝʢʪʦʨʦʚ q  ʠ n, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 3.1. ɺ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʪʘʙʣʠ-

ʮʳ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʵʪʠʭ ʚʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʘʟʦʚʸʤ ʥʦʤʠ-

ʥʘʣʴʥʳʤʠ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʟʘʜʘʶʪ ʥʝʢʦʪʦʨʫʶ ʬʫʥʢʮʠʶ ( )t*h .  ɺʦ ʚʪʦʨʦʡ ʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʨʦʢʘʭ ʧʨʠʚʝʜʝʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ 

q  ʠ n, ʟʘʜʘʶʱʠʝ ʪʫ ʞʝ ʩʘʤʫʶ ʬʫʥʢʮʠʶ ( )t*h . ʇʦʩʢʦʣʴʢʫ ʢʦʤʧʦʥʝʥʪʳ in  

( 1,2,3)i=  ʥʝʠʟʤʝʥʥʳ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ 2 1| | | |n n<< , 3 1| | | |n n<< , 

1 0n < , ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ (3.4) ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʪ-

ʨʝʟʢʘ ʚʨʝʤʝʥʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʯʝʪʳʨʝ ʟʥʘʯʝʥʠʷ q, ʧʨʠʙʣʠʞʸʥʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʚʳʤ ʯʝʪʳʨʸʤ ʩʪʨʦʢʘʤ ʪʘʙʣʠʮʳ 3.1. ɼʣʷ ʚʳʙʦʨʘ ʟʥʘ-

ʯʝʥʠʷ q, ʦʪʚʝʯʘʶʱʝʛʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʜʚʠʞʝʥʠʶ ʂɸ, ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ ʢʦʤʧʦʥʝʥʪ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

1 2 3( , , )h h h=h  ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ. ʊʘʢ ʢʘʢ ʥʘ ʚʩʸʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥ-

ʪʝʨʚʘʣʝ ʜʚʠʞʝʥʠʷ ʂɸ ʦʜʠʥ ʠʟ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ ʙʳʣ ʦʪʢʣʶʯʸʥ, ʪʦ ʦʙ-

ʣʘʩʪʴ ʚʘʨʠʘʮʠʠ ʫʢʘʟʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʩʞʘʪʘ ʚ 
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ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʥʝʨʘʙʦʪʘʶʱʝʛʦ ʤʘʭʦʚʠʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ,  

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʠʟ ʯʝʪʳʨʸʭ ʥʘʡʜʝʥʥʳʭ ʟʥʘʯʝ-

ʥʠʡ h  ʪʦʣʴʢʦ ʦʜʥʦ ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʫʩʣʦʚʠʶ ʥʘʭʦʞʜʝʥʠʷ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ 

ʚʘʨʠʘʮʠʠ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʠ ʧʨʠʥʠʤʘ-

ʣʦʩʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ. 

ʄʠʥʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʘ (3.4) ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʜʚʘ ʵʪʘʧʘ: ʩʥʘʯʘʣʘ 

ʤʝʪʦʜʦʤ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʥʘʭʦʜʠʣʦʩʴ ʛʨʫʙʦʝ ʧʨʠʙʣʠʞʝʥʠʝ q, ʢʦʪʦʨʦʝ 

ʟʘʪʝʤ ʫʪʦʯʥʷʣʦʩʴ ʤʝʪʦʜʦʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ.  

3.3. ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʟʘʜʘʯʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʦʧʠʩʘʥʦ ʚ 

[15-21]. ʄʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʤʝʪʦʜʘ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ. ʅʘ 

ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʦʧʨʘʚʢʘ qD, ʫʪʦʯʥʷʶʱʘʷ ʠʤʝʶʱʝʝʩʷ ʧʨʠ-

ʙʣʠʞʸʥʥʦʝ ʟʥʘʯʝʥʠʝ q, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ  

[ ]8( ) ( )C q E q d q+n D = ,    8

, 1( ) || ||ij i jC q c == ,    8

1( ) || ||i id q d == , 

2
2

0

1

( ) ( ) 1 ( )

2

N
n n

ij

n i j i j

t t q
c I

q q q q=

µh µh µ F
= º

µ µ µ µ
ä , 

0 0

1

( ) 1 ( )
[ ( )]

2

N
n

i n n

n i i

t q
d I I I t

q q=

µh µF
= - h =-

µ µ
ä , 

3

1

, , 1

m
jnm j n

j n mk k

e n a
q q=

µh µj
=

µ µ
ä . 

 

ɿʜʝʩʴ ( )C q  ï ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, nï ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ,  8E  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʧʦʨʷʜʢʘ 8, jnme  ï ʩʠʤʚʦʣ ʃʝʚʠ-

ʏʠʚʠʪʳ, k iqµj µ ï ʧʩʝʚʜʦʧʨʦʠʟʚʦʜʥʳʝ [15], ʩʣʫʞʘʱʠʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠʩʪʠʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ kqµh µ. 

ɿʥʘʯʝʥʠʷ n( )m kt qµj µ( 1,...,8)k=  ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ 
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3

, 1

jm m
mjl l

j lk k k

d
e

dt q q q=

µjµj µw
= w +

µ µ µ
ä  

ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (3.1) ʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚ ʚʘʨʠʘʮʠʷʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ 
m kqµw µ. ʅʝʥʫʣʝʚʳʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

1( )m kt qµj µ ʠ 1( )m kt qµw µ 

ʠʤʝʶʪ ʚʠʜ 

1

0

( )
1m

m

tµw
=

µw
,    1 1

0

0

( )
sin

tµj
= b

µd
,    2 1

0

0

( )
cos

tµj
= b

µd
,     3 1

0

( )
1

tµj
=

µb
. 

ʊʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ (3.3) ʠ ʨʘʟʙʨʦʩ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʤ-

ʧʦʥʝʥʪ * argminq = F ʙʫʜʝʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ, ʩʣʝʜʫʷ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴh ʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ. ʉʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʰʠʙʦʢ ʚ ʟʥʘʯʝʥʠʷʭ nI  ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

*

( )

8

q

N

F
s =

-

* , 

ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ q
*
 ʨʘʚʥʳ ʢʚʘʜʨʘʪʥʳʤ 

ʢʦʨʥʷʤ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ 2 1

* *( )C q-s . 

ʅʠʞʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚʝʣʠʯʠʥ d, b, iw, ih  ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪ ɹ ds, 

bs , iws , his . 

3.4. ʇʦʠʩʢ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʏʪʦʙʳ ʘʣʛʦʨʠʪʤ ʤʠʥʠʤʠʟʘʮʠʠ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ ʙʳʣ ʥʘʜʸʞʝʥ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʝ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʪʦʯʢʠ ʤʠ-

ʥʠʤʫʤʘ. ʇʦʩʣʝʜʥʝʝ ʥʘʭʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʩ ʦʙʫʯʝʥʠʝʤ 

[41]. ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʦʥʘʣ (3.4) ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʥʘ ʫʢʦʨʦʯʝʥʥʦʤ ʥʘʯʘʣʴ-

ʥʦʤ ʦʪʨʝʟʢʝ ʜʘʥʥʳʭ (4.3) ʠ ʩʯʠʪʘʣʩʷ ʬʫʥʢʮʠʝʡ ʯʝʪʳʨʸʭ ʧʝʨʝʤʝʥʥʳʭ. ɼʣʷ 

ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʧʝʨʝʤʝʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʩʦʦʙʨʘʞʝʥʠʷ 

[44, 45]. ʅʘʯʘʣʴʥʳʡ ʫʛʦʣ 0c (ʨʠʩ. 3.1) ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʉʦʣʥʮʝ ʠ 

ʥʦʨʤʘʣʴʶ ʢ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉɹ ʚ ʤʦʤʝʥʪ 1t  ʬʠʢʩʠʨʦʚʘʣʩʷ ʠ ʚʳʯʠʩ-

ʣʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ 0 0 0arccos[ ( ) ]I t Ic = . ʕʪʦʪ ʫʛʦʣ ʠʥʚʘʨʠʘʥʪʝʥ ʧʦ ʦʪʥʦʰʝ-
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ʥʠʶ ʢ ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʦʚʦʨʦʪʘʤ ʩʠʩʪʝʤʳ 
1 2 3x x x  ʚʦʢʨʫʛ ʦʨʪʦʚ S ʠ n. ʂʘʢ 

ʫʢʘʟʚrʘʣʦʩʴ ʚʳʰʝ, ʧʦʚʦʨʦʪ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʡ ʫʛʦʣ ʚʦʢʨʫʛ S ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ( )th . ʅʘʧʦʤʥʠʤ, ʯʪʦ ʵʪʦʪ ʧʦʚʦʨʦʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛ-

ʣʫ g, 1( ) 0tg =. ʀʩʢʦʤʦʝ ʥʘʯʘʣʴʥʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʂɸ, ʦʧʠʩʳʚʘʝʤʦʝ 

ʤʘʪʨʠʮʝʡ 
1( )A t , ʤʦʞʥʦ ʧʘʨʘʤʝʪʨʠʟʦʚʘʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʫʛʣʦʤ y ʧʦʚʦʨʦʪʘ 

ʚʦʢʨʫʛ n. ʇʘʨʘʤʝʪʨʠʟʘʮʠʶ ʟʘʜʘʜʠʤ ʚ ʚʠʜʝ 

1( )A t QM= , (3.5) 

1 2 2 2 1

1 2

2 1 2 1 1

0

k k p k p

Q p p

k k p k p

-

=

- -

,    

1 2 3

1 1

2 1

1 1

1 3 2 3

0

n n n

M n b n b

n n b n n b b

- -

- -

= -

- -

, 

1 cosp = y,  2 sinp = y,  1 0cosk = c,  2 0sink = c,  2

31b n= - . 

ɿʜʝʩʴ Qï ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʂɸ ʚʦʢʨʫʛ ʦʨʪʘ n  ʥʘ ʫʛʦʣ y. ʕʣʝʤʝʥʪʳ 

ʤʘʪʨʠʮʳ Q  ʟʘʚʠʩʷʪ ʪʘʢʞʝ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʫʛʣʘ 0c ʤʝʞʜʫ S ʠ n. ʉʦʦʪʥʦʰʝ-

ʥʠʝ (3.5) ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʟʠʪʴ ʫʛʣʳ 0d ʠ 0b ʚ ʬʫʥʢʮʠʠ ʫʛʣʘ y:  

2

0 3 0 3 0arcsin( cos 1 sin cos )n nd = c + - c y, 

2

2 3 0 0 1 2 3

0 2

1 3 0 0 2 1 3

1 cos sin ( sin cos )
arctan

1 cos sin ( sin cos )

n n n n n

n n n n n

å õ- c - c y+ y
æ öb =
æ ö- c + c y- yç ÷

. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʥʪʨʦʣʷ 

ʚʝʣʠʯʠʥ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʠ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠ-

ʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, ʚʝʣʠʯʠʥʳ 0iw  ʠ ih  ( 1, 2, 3i= ) ʟʘʤʝʥʷʣʠʩʴ ʚʝʣʠʯʠʥʘʤʠ  

2 2 2

0 10 20 30w = w +w +w
, 20 10arctan( )wa = w w, 30 0arcsin( )wb = w w, 

2 2 2

1 2 3h h h h= + +
, 2 1arctan( )h h ha = , 3 0arcsin( )h h hb = . 

ɹʳʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʂɸ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘʭʦ-

ʜʠʣʩʷ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʘ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʝʡ-

ʤʘʭʦʚʠʢʦʚ ʙʳʣ ʙʣʠʟʦʢ ʢ ʥʫʣʶ. ɺʨʘʱʝʥʠʝ ʂɸ ʧʦʩʣʝ ʘʚʘʨʠʠ ʙʳʣʦ ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʢʨʫʪʢʦʡ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, ʧʦʵʪʦʤʫ ʫʛʦʣ ʤʝʞʜʫ 
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ʚʝʢʪʦʨʘʤʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʢʦʨʧʫʩʘ ʂɸ ʠ ʚʝʢʪʦʨʦʤ h  ʙʳʣ ʙʣʠʟʦʢ ʢ 

180Á. ʉ ʫʯʸʪʦʤ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʧʨʠ ʧʦʜʙʦʨʝ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʨʠʥʠʤʘʣʦʩʴ: 0h k= w, h wa =a +p, h wb =-b, 0.02k= . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʧʨʦʮʝʜʫʨʝ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʘ (3.4) ʧʨʠʥʠʤʘʣʦʩʴ ʫʧʨʦ-

ʱʸʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ( )zF=F , 4

0( , , , )z Rw w= y w a b Í. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ z ʧʝʨʝʩʯʠʪʳʚʘʣʦʩʴ ʚ ʟʥʘʯʝʥʠʝ q , 

ʢʦʪʦʨʦʝ ʩʣʫʞʠʣʦ ʥʘʯʘʣʴʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʤʝʪʦʜʫ 

ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ. 

3.5. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ 

ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ 

ʧʦ ʜʘʥʥʳʤ (3.3) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ 10 ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʠʥʪʝʨʚʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.2. ɿʜʝʩʴ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʫʢʘʟʘʥʳ: ʜʘʪʘ ʠ ʜʝʢʨʝʪʥʦʝ ʤʦʩʢʦʚʩʢʦʝ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʠʟʤʝʨʝʥʠʷ 

1t , ʜʣʠʥʘ ʠʥʪʝʨʚʘʣʘ 1Nt t- , ʯʠʩʣʦ N  ʚʢʣʶʯʸʥʥʳʭ ʚ ʦʙʨʘʙʦʪʢʫ ʠʟʤʝʨʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3.3·3.5 ʠ ʥʘ ʨʠʩ. 3.4·3.13. ɺ 

ʪʘʙʣ. 3.3·3.5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ (3.4) ʥʘ 

ʠʥʪʝʨʚʘʣʘʭ ʠʟ ʪʘʙʣʠʮʳ 3.2. ɿʜʝʩʴ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ q
*
, 

ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ s 

ʦʰʠʙʦʢ ʜʘʥʥʳʭ (3.3). ʉʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ds ʥʝ ʧʨʝʚʳʰʘʣʠ 3.6Ü, 

ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ bs  ʥʝ ʧʨʝʚʳʰʘʣʠ 2.4Ü. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

iws  ʩʦʩʪʘʚʠʣʠ ʜʣʷ 1ws  ï 0.023 ʛʨʘʜ/ʩ, ʜʣʷ 2ws ï 0.032 ʛʨʘʜ/ʩ, ʜʣʷ 3ws ï 0.011 

ʛʨʘʜ/ʩ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ his  ʩʦʩʪʘʚʠʣʠ ʜʣʷ 1hs ï 0.00041 ʩ
-1
, ʜʣʷ 

2hs ï 0.00046 ʩ
-1
, ʜʣʷ 3hs ï 0.00008 ʩ

-1
. 

ʀʥʪʝʨʚʘʣ 1 ʜʘʥʥʳʭ ʧʦʣʫʯʝʥ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʯʝʨʝʟ ʩʫʪʢʠ ʧʦʩʣʝ ʨʘʟ-

ʚʠʪʠʷ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ, ʠʥʪʝʨʚʘʣʳ 2·8 ʦʭʚʘʪʳʚʘʶʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝ-

ʤʝʥʠ ʩ 17 ʘʚʛʫʩʪʘ ʧʦ 9 ʩʝʥʪʷʙʨʷ ï ʜʦ ʤʦʤʝʥʪʘ ʚʳʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ-
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ʤʘʭʦʚʠʢʦʚ. ʀʥʪʝʨʚʘʣʳ 9, 10 ʧʦʣʫʯʝʥʳ ʚʦ ʚʨʝʤʷ ʧʦʣʸʪʘ ʂɸ ʩ ʦʩʪʘʥʦʚʣʝʥ-

ʥʳʤʠ ʜʚʠʛʘʪʝʣʤ̫ʠ-ʤʘʭʦʚʠʢʘʤʠ. ɸʥʘʣʠʟ ʥʘʡʜʝʥʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʂɸ 

ʠ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ ʧʦʢʘʟʘʣ ʩʣʝ-

ʜʫʶʱʝʝ. ʅʘ ʠʥʪʝʨʚʘʣʘʭ ʜʚʠʞʝʥʠʷ 1·8 ʩʫʤʤʘʨʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ 

ʩʠʩʪʝʤʳ ʢʦʨʧʫʩ ʂɸ ï ʜʚʠʛʘʪʝʣʠ-ʤʘʭʦʚʠʢʠ ʥʝ ʧʨʝʚʳʰʘʣ 2Hʤʩ, ʘ ʢʠʥʝʪʠ-

ʯʝʩʢʠʡ ʤʦʤʝʥʪ ʢʦʨʧʫʩʘ ʂɸ ʥʘʭʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 20 22ʅʤʩ· . ʅʘ ʠʥʪʝʨ-

ʚʘʣʘʭ 9 ʠ 10 ʩʫʤʤʘʨʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʷʣ ~1Hʤʩ, ʘ ʢʠʥʝ-

ʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʢʦʨʧʫʩʘ ʂɸ ʥʝ ʧʨʝʚʳʰʘʣ ʚʝʣʠʯʠʥʳ 2.2Hʤʩ. ʇʨʠ ʵʪʦʤ ʥʘ 

ʚʩʝʭ ʠʥʪʝʨʚʘʣʘʭ ʜʚʠʞʝʥʠʷ ʂɸ ʚʝʢʪʦʨ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ ʟʘʥʠʤʘʣ ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʩʠʩʪʝʤʝ 
1 2 3x x x .  

ʋʛʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʙʳʩʪʨʦʛʦ 

ʚʨʘʱʝʥʠʷ ʢʦʨʧʫʩʘ ʂɸ ʚʦʢʨʫʛ ʦʩʠ, ʤʘʣʦʧʦʜʚʠʞʥʦʡ ʚ ʩʠʩʪʝʤʝ 1 2 3x x x  (ʜʘʥʥʘʷ 

ʦʩʴ ʙʣʠʟʢʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʚʝʢʪʦʨʫ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʝʡ-

ʤʘʭʦʚʠʢʦʚ), ʠ ʤʝʜʣʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʵʪʦʡ ʦʩʠ ʚʦʢʨʫʛ ʚʝʢʪʦʨʘ ʩʫʤʤʘʨʥʦʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ ʩ ʤʘʭʦʚʠʢʘʤʠ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʤʦʞʥʦ ʙʳʣʦ 

ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʘʬʠʢʠ ʫʛʣʦʚ g, d, b. ʆʜʥʘʢʦ ʜʣʷ ʥʘʡʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʂɸ ʪʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝ ʦʙʣʘʜʘʝʪ ʥʘʛʣʷʜʥʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʩʪʫ-

ʧʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʷ (ʨʠʩ. 3.2): KAL  ï ʚʝʢʪʦʨ ʢʠ-

ʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʢʦʨʧʫʩʘ ʂɸ, ʂʋɼʄL ï ʚʝʢʪʦʨ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, SL ï ʚʝʢʪʦʨ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ 

ʩ ʤʘʭʦʚʠʢʘʤʠ. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʚʝʢʪʦʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 

ʂɸ ʂʋɼʄS= +L L L . ɺʝʢʪʦʨ ʂʋɼʄL  ʥʝʧʦʜʚʠʞʝʥ ʚ ʩʠʩʪʝʤʝ 1 2 3x x x, ʚʝʢʪʦʨ SL  

ʥʝʧʦʜʚʠʞʝʥ ʚ ʩʠʩʪʝʤʝ 1 2 3X X X . ʀʣʣʶʩʪʨʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʂɸ 

ʙʫʜʝʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʝʢʮʠʡ ʛʦʜʦʛʨʘʬʘ KAL  ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʧʣʦʩʢʦʩʪʠ 

ʩʠʩʪʝʤʳ 1 2 3l l l  (ʨʠʩ. 3.3), ʩʚʷʟʘʥʥʦʡ ʩ ʚʝʢʪʦʨʦʤ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ [27]. ʕʪʘ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʩʴ 2l  ʩʦʚʧʘ-
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ʜʘʝʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ 
SL ; ʦʩʴ 1l  ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ 

2 1l X , ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʘ 
SL  ʠ ʦʙʨʘʟʫʝʪ ʦʩʪʨʳʡ ʫʛʦʣ ʩ ʦʩʴʶ 

1X ; ʦʩʴ 3l ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠ-

ʥʘʪ ʜʦ ʧʨʘʚʦʡ.  

ʅʘ ʨʠʩʫʥʢʘʭ 3.4·3.13 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂɸ ʫʢʘʟʘʥʥʳʤ ʩʧʦʩʦʙʦʤ. ɺʩʝ ʨʠʩʫʥʢʠ ʩʢʦʤʧʦʥʦʚʘʥʳ ʦʜʠʥʘʢʦʚʦ, 

ʦʥʠ ʩʦʜʝʨʞʘʪ ʧʨʦʝʢʮʠʠ ʛʦʜʦʛʨʘʬʘ 
KAL  ʥʘ ʧʣʦʩʢʦʩʪʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

1 2 3l l l , ʛʨʘʬʠʢʠ ʚʝʣʠʯʠʥ 1( )tw , 
2( )tw , 3( )tw , ( )I t . ʅʘ ʛʨʘʬʠʢʘʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦ-

ʩʪʝʡ ʂɸ ʧʨʠʤʝʥʝʥʳ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʢʨʫʛʣʳʝ ʤʘʨʢʝʨʳ ʯʸʨʥʦʛʦ ʮʚʝ-

ʪʘ ï 1w, ʢʨʫʛʣʳʝ ʤʘʨʢʝʨʳ ʙʝʣʦʛʦ ʮʚʝʪʘ ï 2w , ʢʚʘʜʨʘʪʥʳʝ ʤʘʨʢʝʨʳ ï 3w . ʅʘ 

ʛʨʘʬʠʢʘʭ ʨʘʩʯʸʪʥʦʛʦ ʪʦʢʘ ʉɹ ( )I t  ʤʘʨʢʝʨʘʤʠ ʫʢʘʟʘʥʳ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʳʝ 

ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ (3.3).  

ʅʘ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ, 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʥʦʩʠʪ ʦʜʠʥʘʢʦʚʳʡ ʭʘʨʘʢʪʝʨ. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ 

ʣʠʰʴ ʚ ʠʟʤʝʥʝʥʠʠ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʘ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ ʚ ʩʚʷʟʘʥʥʳʭ ʦʩʷʭ ʂɸ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʠʟʤʝʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʦʚ KAL  ʠ SL . ʅʘ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʠʥʪʝʨ-

ʚʘʣʘʭ ʜʚʠʞʝʥʠʝ ʂɸ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝ-

ʣʝʡ-ʤʘʭʦʚʠʢʦʚ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʳ. ɺ ʪʘʙʣʠʮʘʭ 3.6, 3.7 ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʝʣʠʯʠʥʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʤʠ-

ʥʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʂɸ. ɺ ʪʘʙʣʠʮʝ 3.6 ʧʨʠʚʝʜʝʥʳ ʫʛʣʦʚʳʝ 

ʩʢʦʨʦʩʪʠ ʂɸ ʠ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʫʣʴ ʫʛʣʦ-

ʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʥʘʭʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.6·0.75ʛʨʘʜ/ʩ, ʥʘʠʙʦʣʴʰʫʶ ʫʛ-

ʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʂɸ ʠʤʝʣ ʧʦ ʦʩʠ 3Ox . ɺ ʪʘʙʣʠʮʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʨʝʪʴʝʛʦ ʜʚʠʛʘʪʝʣʷ-ʤʘʭʦʚʠʢʘ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʤʘ-

ʭʦʚʠʢ ʙʳʣ ʦʩʪʘʥʦʚʣʝʥ. ɺ ʪʘʙʣʠʮʝ 3.7 ʧʨʠʚʝʜʝʥʳ ʤʦʜʫʣʠ ʚʝʢʪʦʨʦʚ ʂʋɼʄL  ʠ 

SL , ʠ ʢʦʤʧʦʥʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʨʪʦʚ. ɺ ʪʘʙʣʠʮʝ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ 

ʫʛʣʳ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʂʋɼʄL  ʠ ʂɸL  ( ^ʂʋɼʄ ʂɸL L ), ʠ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ SL  
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ʠ S ( ^SL S). ʇʦʩʣʝʜʥʠʡ ʫʛʦʣ ʥʘ ʚʩʸʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 

(ʦʢʦʣʦ ʪʨʸʭ ʤʝʩʷʮʝʚ) ʤʝʜʣʝʥʥʦ ʤʝʥʷʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ~130Ü ʜʦ ~145Ü. ʕʪʦ 

ʠʟʤʝʥʝʥʠʝ ʚʳʟʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʚʨʘʱʘʶʱʠʡʩʷ ʂɸ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ: 

ʩʚʝʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʤʦʤʝʥʪʳ ʠ ʜʨ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ 

ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ, ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʢʘ-

ʟʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʧʝʰʥʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʫʛʣʦʚʭr ʩʢʦʨʦʩʪʝʡ ʂɸ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʝʡ-

ʤʘʭʦʚʠʢʦʚ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʚʦ ʚʨʝ-

ʤʝʥʠ ʥʘ ʘʚʘʨʠʡʥʦʤ ʫʯʘʩʪʢʝ ʧʦʣʸʪʘ ʂɸ. ʋʩʧʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʢʦʥ-

ʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʦʛʦ ʨʦʜʘ ʤʦʜʝʣʠ ʚ ʟʘʜʘʯʘʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂɸ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʤʝ-

ʪʦʜʠʢʠ ʙʳʣʦ ʩʦʟʜʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʚʝʜʝʥʦ ʚ ʧʨʠʣʦʞʝʥʠʠ 1. 
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ɻʣʘʚʘ 4. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ɼʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʂɸ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʙʳ-

ʣʘ ʚʳʙʨʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʠʚʦʜʘ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ, ʧʦʟʚʦʣʷʶ-

ʱʘʷ ʚ ʭʦʜʝ ʧʦʣʸʪʘ ʂɸ ʠʟʤʝʥʷʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʝʛʦ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʦʡ ʙʘ-

ʪʘʨʝʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʂɸ ʫʩʪʘʥʦʚʣʝʥʘ ʮʝʣʝʚʘʷ ʘʧʧʘ-

ʨʘʪʫʨʘ (ʎɸ), ʤʘʩʩʘ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʜʦʣʶ ʤʘʩʩʳ ʂɸ. ɺʦʟʥʠʢʣʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʩ ʫʯʸʪʦʤ ʝʛʦ ʫʢʘʟʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʩʪʦʪʫ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠ ʝʸ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʘʢʠʭ-ʣʠʙʦ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ. ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʫʨʘʚʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʧʦʣʫʯʝʥʳ ʚ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʡ ʕʡ-

ʣʝʨʘ-ʃʘʛʨʘʥʞʘ ʠ ʧʨʠʚʝʜʝʥʳ ʢ ʚʠʜʫ, ʫʜʦʙʥʦʤʫ ʜʣʷ ʠʭ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ ʥʘ ʕɺʄ. ʀʩʩʣʝʜʦʚʘʥʳ ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʣ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʂɸ, ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ; ʥʘʡʜʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. ʈʘʟʨʘʙʦʪʘʥ-

ʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Bor-

land ʉ++. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʙʠʙʣʠʦʪʝʢʫ, ʚʤʝʩʪʝ ʩ ʢʦʪʦʨʦʡ ʧʦʩʪʘʚʣʷʝʪʩʷ ʪʝʩʪʦʚʘ ̫ʟʘʜʘʯʘ ʠ ʧʨʠʤʝʨ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʫʢʘʟʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʚ ʧʨʦʛʨʘʤʤʝ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡ-

ʩʦʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʧʦʟʚʦʣʷʝʪ ʚʢʣʶʯʠʪʴ ʝʸ ʢʘʢ ʩʦʩʪʘʚʥʫʶ 

ʯʘʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʂɸ ʚ ʩʦʩʪʘʚ ʩʪʝʥʜʘ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ 

ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʂɸ. ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʨʝʘʣʠʟʫʝʪ ʚʠʟʫʘ-

ʣʠʟʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʂɸ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʘʜʘʧʪʠʨʫʷ ʝʸ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ. ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʚʝʜʝʥʦ ʚ ʧʨʠʣʦʞʝʥʠʠ 2. ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʘ ʧʨʠʚʝʜʝʥʳ 
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ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʩʣʫʯʘʝ ʩʚʦʙʦʜʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂɸ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʟʝʨʢʘʣʦʤ. 

4.1 ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʋʨʘʚʥʝʥʠ ̫ʜʚʠʞʝʥʠʷ ʂɸ [26, 28] ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ 

ʃʘʛʨʘʥʞʘ 2 ʨʦʜʘ. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʂɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.1. ʂɸ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 7 ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶ-

ʯʘʷ ʩʦʙʩʪʚʝʥʥʦ ʢʦʨʧʫʩ ʂɸ, ʢʦʨʥʝʚʦʝ ʟʚʝʥʦ ʉɹ, ʯʝʪʳʨʝ ʧʘʥʝʣʠ ʉɹ ʠ ʚʨʘ-

ʱʘʶʱʝʝʩʷ ʟʝʨʢʘʣʦ ʎɸ. ʉʦʝʜʠʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʎɸ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʚʫʭʩʪʝʧʝʥʥʳʝ ʰʘʨʥʠʨʳ, ʜʦʧʫʩʢʘʶʱʠʝ ʧʦʚʦʨʦʪ 

ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ ʚʦʢʨʫʛ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʳʭ ʦʩʝʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚʚʝʜʝʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ. 

ʉ ʢʘʞʜʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʩʚʷʟʘʥʘ ʩʚʦʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

i i i ib x y z, ( 1,...,7i= ), ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʚ ʪʦʯʢʝ ib, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʮʝʥ-

ʪʨʦʤ ʚʨʘʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʰʘʨʥʠʨʘ (ʨʠʩ. 4.1). ʇʨʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩ-

ʢʨʳʪʳʭ ʧʘʥʝʣʷʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʠ ʚʩʝʭ ʩʠʩʪʝʤ ʢʦ-

ʦʨʜʠʥʘʪ ʩʦʚʧʘʜʘʶʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. ɺ ʫʨʘʚʥʝʥʠʷʭ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʪʨʠ 

ʚʨʘʱʘʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʂɸ, ʚʨʘʱʘʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʟʝʨ-

ʢʘʣʘ ʎɸ, ʘ ʪʘʢʞʝ ʚʨʘʱʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚ ʰʘʨʥʠʨʘʭ. 

ɺʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʷ: 1w, 2w , 3w  ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʂɸ ʚʦʢʨʫʛ ʦʩʝʡ ʉʉʂ; 

2 7,...,j jï ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʚ ʰʘʨʥʠʨʘʭ ʢʦʨʥʝʚʦʛʦ ʟʚʝʥʘ, ʧʘʥʝʣʝʡ ʉɹ ʠ ʟʝʨʢʘ-

ʣʘ ʎɸ ʚʦʢʨʫʛ ʦʩʝʡ 2 7,...,x x ; 2 6,...,J Jï ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʚ ʰʘʨʥʠʨʘʭ ʢʦʨʥʝʚʦʛʦ 

ʟʚʝʥʘ ʠ ʧʘʥʝʣʝʡ ʉɹ ʚʦʢʨʫʛ ʦʩʝʡ 2 6,...,z z. ʅʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʫʛʣʦʚʳʭ 

ʚʝʣʠʯʠʥ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʶ ʂɸ ʩ ʧʦʣʥʦʩʪʴʶ ʨʘʩʢʨʳʪʳʤʠ ʥʝʜʝ-

ʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʧʘʥʝʣʷʤʠ ʉɹ, ʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʭ 

ʦʪʢʣʦʥʝʥʠʡ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ. ɺ ʰʘʨʥʠ-

ʨʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʝʨʢʘʣʘ ʎɸ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʧʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʠ ʚʷʟʢʦʝ 
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ʪʨʝʥʠʝ. ɼʘʣʝʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʟʥʘʯʝʥʠʝ 
imï ʤʘʩʩʘ i -ʛʦ ʵʣʝʤʝʥʪʘ, 

Ĕ
iJ ï ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ i -ʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʮʝʥ-

ʪʨʦʤ ʤʘʩʩ i -ʛʦ ʵʣʝʤʝʥʪʘ, ʦʩʠ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʶʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʦʩʷʤʠ 

ʩʠʩʪʝʤʳ i i i ib x y z. ʄʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʠʟʚʝʩʪʥʳ. ʆʙʦʟʥʘʯʠʤ 
1 2 3( , , )Ti i i ib b b=b ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʮʝʥʪʨʘ ʚʨʘ-

ʱʝʥʠʷ i -ʛʦ ʰʘʨʥʠʨʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 
k k k kb x y z  ʵʣʝʤʝʥʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʙʘʟʦʚʳʤ ʜʣʷ i -ʛʦ ʰʘʨʥʠʨʘ ( 2,...,7i= ). ɿʜʝʩʴ ʜʣʷ 2,...,6i=  : 1k i= -, ʜʣʷ 

7i=  : 1k= . ɺʚʝʜʸʤ ʪʘʢʞʝ ʦʙʦʟʥʘʯʝʥʠʝ 1 2 3( , , )Ti i i iʩ ʩ ʩ=ʩ ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ 

ʮʝʥʪʨʘ ʤʘʩʩ i -ʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ i i i ib x y z. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ ic  ʠ ib  ʠʟʚʝʩʪʥʳ. 

ɺʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʝ [ ]nɡ, ʦʟʥʘʯʘʶʱʝʝ, ʯʪʦ ʥʝʢʦʪʦʨʳʡ ʚʝʢʪʦʨ ɡ ʟʘʜʘʥ 

ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ n n n nb x y z  n -ʛʦ ʵʣʝʤʝʥʪʘ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʡ ʩʠ-

ʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʜʨʫʛʦʡ ʚʚʝʜʸʤ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ nkA  ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ [ ] [ ]n nk kA=a a . 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

7 7

1 1

1 1

1 1Ĕ[ ] [ ] [ ] [ ]
2 2

T T

r k k k k k k k k

k k

T J m
= =

= +ä äɤ ɤ v v, 

ʛʜʝ 1 2 3[ ] ( , , )T

k k k k k= w w wɤ ï ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ k -ʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 1 1 1[ ] [ ] [ ]k k C= -v ɡ ɡ  ï ʩʢʦʨʦʩʪʴ ʮʝʥʪʨʘ ʤʘʩʩ 

k-ʛʦ ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ, 

7

1 1

2

1
[ ] [ ]C k k

k

m
S =

= äɡ ɡ ,    
7

1

k

k

S m
=

=ä . 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʙʩʪʚʝʥʥʳʭ ʩʠʩʪʝ-

ʤʘʭ ʢʦʦʨʜʠʥʘʪ: 
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1. ʜʣʷ 2,...,6k= : 1 1 3[ ] [ ] [ ] [ ]k k k k k k k k k k-= +j +Jɤ ɤ e e, ʛʜʝ 1[ ] (1,0,0)Tk k=e , 

3[ ] (0,0,1)Tk k=e , 

2. 7 7 1 7 7 71 7[ ] [ ] [ ]= +jɤ ɤ e, ʛʜʝ, 71 7[ ] (1,0,0)T=e . 

ɿʜʝʩʴ 
1ke , 

3ke  ï ʦʨʪʳ ʦʩʝʡ ʚʨʘʱʝʥʠʷ ʰʘʨʥʠʨʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ k  ʵʣʝ-

ʤʝʥʪ ʩ ʙʘʟʦʚʳʤ, 
kj , 

kJ  ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚ ʰʘʨʥʠʨʘʭ (ʨʠʩ. 4.1). 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʣʠʥʝʡʥʳʭ ʩʢʦʨʦʩʪʝʡ ʮʝʥʪʨʦʚ ʤʘʩʩ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠ-

ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʦʨʧʫʩʦʤ ʂɸ: 

1. ʜʣʷ 2,...,6k= : 
1

1 1 1 1 1 1

1

[ ] [ ] [ ] [ ] [ ]
k

k i i k k

i

-

+

=

= ³ + ³äɡ ɤ b ɤ c; 

2. 7 1 1 1 7 1 7 1 7 1[ ] [ ] [ ] [ ] [ ]= ³ + ³ɡ ɤ b ɤ c. 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʨʘʱʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʂɸ ʚ 

ʰʘʨʥʠʨʘʭ, ʟʘʚʝʨʰʘʶʱʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ, ʟʘʜʘʸʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮ ʧʝʨʝʭʦʜʘ 1,k kA+  ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ 

ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʩʝʜʥʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʂɸ, ʪ.ʝ. ʩ ʵʣʝʤʝʥʪʘʤʠ, ʩʚʷ-

ʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʩʪʝʧʝʥʥʳʤ ʰʘʨʥʠʨʦʤ. ʉʯʠʪʘʝʤ, ʯʪʦ 

ʧʝʨʝʭʦʜ ʦʪ k  ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ 1k+  ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʦʚʦʨʦʪʘʤʠ ʚʦʢʨʫʛ ʦʩʝʡ k  ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʇʝʨʚʳʡ ʧʦʚʦʨʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʢʨʫʛ ʦʩʠ kx  ʥʘ ʫʛʦʣ kj, ʚʪʦʨʦʡ ʧʦʚʦʨʦʪ 

(ʜʣʷ ʜʚʫʭʩʪʝʧʝʥʥʳʭ ʰʘʨʥʠʨʦʚ ʧʘʥʝʣʝʡ ʉɹ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʢʨʫʛ ʥʦʚʦʡ 

ʦʩʠ kz¡ ʥʘ ʫʛʦʣ kJ . 

1, 7 7

7 7

1 0 0

0 cos sin

0 sin cos

k kA +

è ø
é ù¡ = j j
é ù
é ù- j jê ú

, 1,

cos sin 0

sin cos 0

0 0 1

k k

k k k kA +

J Jè ø
é ù¡¡= - J J
é ù
é ùê ú

,  

1, 1, 1,k k k k k kA A A+ + +
¡¡ ¡= . 

ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʸʥʥʳʤ ʚʳʨʘʞʝʥʠʷʤ ʜʣʷ iɤ ʠ iɡ, ʩʚʷʟʠ, ʥʘʣʦʞʝʥʥʳʝ 

ʥʘ ʩʠʩʪʝʤʫ, ʩʪʘʮʠʦʥʘʨʥʳ. ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʚʳʨʘʟʠʤ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ ʚ ʉʉʂ ʚ ʚʠʜʝ 
1

2

T

rT x Mx= , ʛʜʝ ( )M M q= ï 
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ʤʘʪʨʠʮʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 11 21 31( , , , )Tx q= w w w  ï ʚʝʢʪʦʨ ʦʙʦʙʱʸʥʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʩʠʩʪʝʤʳ, 2 2 3 3 4 4 5 5 6 6 7( , , , , , , , , , , )Tq= j J j J j J j J j J j ï ʚʝʢʪʦʨ 

ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʠʩʪʝʤʳ.  

ʄʘʪʨʠʮʘ ( )M q  ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ. ʏʪʦʙʳ, ʨʘʩ-

ʧʦʣʘʛʘʷ ʚʳʨʘʞʝʥʠʷʤʠ ʜʣʷ iɤ ʠ iɡ, ʥʘʡʪʠ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ( )M q , ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʥʘʜ ʪʨʸʭʤʝʨʥʳʤʠ ʚʝʢʪʦ-

ʨʘʤʠ ʠ ʣʠʥʝʡʥʳʤʠ ʬʦʨʤʘʤʠ ʦʙʦʙʱʸʥʥʳʭ ʩʢʦʨʦʩʪʝʡ. ɼʣʷ ʵʪʦʛʦ ʚʚʝʜʸʤ ʜʚʘ 

ʪʠʧʘ ʚʝʢʪʦʨʦʚ ʠ ʩʢʘʣʷʨʦʚ [35]. 

ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ ʚʝʢʪʦʨʦʚ (ʩʢʘʣʷʨʦʚ) ʦʪʥʦʩʷʪʩʷ ʚʝʢʪʦʨʳ (ʩʢʘʣʷʨʳ), 

ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʝʣʷʪʴ ʷʚʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʙʦʙʱʸʥ-

ʥʳʭ ʩʢʦʨʦʩʪʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʚʝʢʪʦʨ (ʩʢʘʣʷʨ) ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʦʙʦʙ-

ʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʠʩʪʝʤʳ, ʪʦ ʦʥ ʟʘʚʝʜʦʤʦ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʧʝʨʚʦʤʫ ʪʠʧʫ. 

ʅʘʧʨʠʤʝʨ, ʢ ʧʝʨʚʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʩʠ-

ʩʪʝʤʳ ʠ ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʪʘʢʠʭ ʚʝʢʪʦʨʦʚ. ʇʨʠʤʝʨʦʤ ʚʝʢʪʦʨʦʚ ʧʝʨ-

ʚʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʚʝʢʪʦʨʘ ie , ib , ic. ɺʝʢʪʦʨʘ (ʩʢʘʣʷʨʳ) ʧʝʨʚʦʛʦ ʪʠʧʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʦʜʥʦʤʝʨʥʳʤʠ ʤʘʩʩʠʚʘʤʠ, ʜʣʠʥʳ 3. ʕʣʝʤʝʥʪʳ ʵʪʠʭ ʤʘʩʩʠ-

ʚʦʚ (ʯʠʩʣʘ), ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ. 

ʂʦ ʚʪʦʨʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʚʝʢʪʦʨʳ (ʩʢʘʣʷʨʳ), ʟʘʚʠʩʷʱʠʝ ʢʘʢ ʦʪ 

ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʪʘʢ ʠ ʦʪ ʦʙʦʙʱʸʥʥʳʭ ʩʢʦʨʦʩʪʝʡ, ʧʨʠʯʸʤ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʦʪ ʧʦʩʣʝʜʥʠʭ ʜʦʣʞʥʘ ʙʳʪʴ ʣʠʥʝʡʥʦʡ ʠ ʝʸ ʪʨʝʙʫʝʪʩʷ ʫʢʘʟʳʚʘʪʴ ʚ ʷʚ-

ʥʦʤ ʚʠʜʝ. ʇʨʠʤʝʨʘʤʠ ʚʝʢʪʦʨʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʢʦʨʦʩʪʠ ʦʪ-

ʜʝʣʴʥʳʭ ʪʦʯʝʢ ʩʠʩʪʝʤʳ, ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ɺʝʢʪʦʨʳ 

ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʜʚʫʤʝʨʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ï ʤʘʪʨʠʮʘʤʠ, ʨʘʟʤʝ-

ʨʘ 3 n³ , ʛʜʝ n  ï ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʩʠʩʪʝʤʳ. ʏʪʦʙʳ ʠʟ ʪʘʢʦʡ ʤʘʪʨʠ-

ʮʳ ʧʦʣʫʯʠʪʴ ʪʨʸʭʤʝʨʥʳʡ ʚʝʢʪʦʨ, ʝʸ ʥʝʦʙʭʦʜʠʤʦ ʫʤʥʦʞʠʪʴ ʩʧʨʘʚʘ ʥʘ ʚʝʢ-

ʪʦʨ ʦʙʦʙʱʸʥʥʳʭ ʩʢʦʨʦʩʪʝʡ. ʉʢʘʣʷʨ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʜʥʦʤʝʨ-
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ʥʳʤ ʤʘʩʩʠʚʦʤ ʜʣʠʥʥʳ n. ʕʣʝʤʝʥʪʳ ʫʢʘʟʘʥʥʳʭ ʤʘʩʩʠʚʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʜʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʟʥʘʯʝʥʠʷ ʦʙʦʙʱʸʥʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʟʜʝʩʴ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. ʇʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʩʣʝʜʥʠʭ 

ʚʝʢʪʦʨ ʚʪʦʨʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʚʝʢʪʦʨ ʧʝʨʚʦʛʦ ʪʠʧʘ. ɺʝʢʪʦʨʳ 

ʚʪʦʨʦʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʨʠʮʳ ( )M q , ʧʦʩʪʨʦ-

ʠʪʴ ʢʦʪʦʨʫʶ ʤʦʞʥʦ, ʚʳʧʦʣʥʠʚ ʥʘʜ ʚʝʢʪʦʨʘʤʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʦʧʝʨʘʮʠʠ. 

ʇʨʝʜʩʪʘʚʠʤ ʩʢʘʣʷʨ ʚʪʦʨʦʛʦ ʪʠʧʘ s, ʚʳʨʘʞʘʶʱʠʡ ʣʠʥʝʡʥʫʶ ʩʢʘʣʷʨ-

ʥʫʶ ʬʫʥʢʮʠʶ ʚʝʣʠʯʠʥʳ s ʦʪ n  ʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʦʙʱʸʥ-

ʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʚʠʜʝ ʩʪʨʦʢʠ 1( ,..., )ns s s= , ʛʜʝ ʢʦʦʨʜʠʥʘʪʘ is  ʦʪʨʘʞʘʝʪ ʟʘ-

ʚʠʩʠʤʦʩʪʴ s ʦʪ i  ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠ-

ʥʘʪ. ʊʨʸʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ʚʪʦʨʦʛʦ ʪʠʧʘ v, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʨʸʭʤʝʨʥʦʡ ʚʝ-

ʣʠʯʠʥʝ v  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʪʨʦʢʠ ʦʙʳʯʥʳʭ ʪʨʸʭʤʝʨʥʳʭ ʚʝʢʪʦʨʦʚ (ʚ 

ʚʠʜʝ ʤʘʪʨʠʮʳ 3 n³ ) ï 1( ,..., )n=v v v , ʛʜʝ ʢʦʦʨʜʠʥʘʪʘ iv  ʦʪʨʘʞʘʝʪ ʟʘʚʠʩʠ-

ʤʦʩʪʴ v  ʦʪ i  ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. 

ɼʘʣʝʝ ʜʣʷ ʚʩʝʭ ʚʝʢʪʦʨʦʚ ʠ ʩʢʘʣʷʨʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʚʝ-

ʜʸʥʥʦʝ ʟʜʝʩʴ ʦʙʦʟʥʘʯʝʥʠʝ (). .  

ʆʧʠʨʘʷʩʴ ʥʘ ʠʟʚʝʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʢʪʦʨʥʳʭ ʦʧʝʨʘʮʠʡ, ʤʦʞʥʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʩʢʘʣʷʨʘʤʠ ʠ ʚʝʢʪʦʨʘʤʠ 

ʚʪʦʨʦʛʦ ʪʠʧʘ. ʉʦ ʩʢʘʣʷʨʘʤʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʨʘʟʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ ʥʘ ʯʠʩʣʦ, ʨʝʟʫʣʴʪʘʪ ï ʩʢʘʣʷʨ ʚʪʦʨʦʛʦ ʪʠ-

ʧʘ, ʫʤʥʦʞʝʥʠʝ ʥʘ ʚʝʢʪʦʨ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʨʝʟʫʣʴʪʘʪ ï ʚʝʢʪʦʨ ʚʪʦʨʦʛʦ ʪʠʧʘ, 

ʫʤʥʦʞʝʥʠʝ ʥʘ ʚʝʢʪʦʨ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ x, ʨʝʟʫʣʴʪʘʪ ï ʯʠʩʣʦ. ʉ ʚʝʢʪʦʨʘʤʠ 

ʚʪʦʨʦʛʦ ʪʠʧʘ ʨʘʟʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, 

ʫʤʥʦʞʝʥʠʝ ʥʘ ʯʠʩʣʦ, ʚʝʢʪʦʨʥʦʝ ʫʤʥʦʞʝʥʠʝ ʥʘ ʚʝʢʪʦʨ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʨʝ-

ʟʫʣʴʪʘʪ ï ʚʝʢʪʦʨ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʩʢʘʣʷʨʥʦʝ ʫʤʥʦʞʝʥʠʝ ʥʘ ʚʝʢʪʦʨ ʚ 3E , ʨʝ-

ʟʫʣʴʪʘʪ ï ʩʢʘʣʷʨ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʧʝʨʝʚʦʜ ʚ ʜʨʫʛʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʧʫʪʸʤ 

ʫʤʥʦʞʝʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʘʪʨʠʮʫ 3 3³ .  
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ʀʩʧʦʣʴʟʫʷ ʚʚʝʜʸʥʥʳʝ ʪʠʧʳ ʚʝʢʪʦʨʦʚ, ʥʘʡʜʸʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʣʝʤʝʥ-

ʪʦʚ ʤʘʪʨʠʮʳ ( )M q . ɺʚʝʜʸʤ ʚʝʢʪʦʨʘ ʚʪʦʨʦʛʦ ʪʠʧʘ 1kɋ , 
3kɋ  ʠ 

1ɤ ʪʘʢʠʝ, ʯʪʦ 

1 1k k k xj =e ɋ , 
3 3k k k xJ =e ɋ , 

1 1x=ɤ ɤ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʦʙʳʯʥʳʤʠ ʚʝʢʪʦʨʘʤʠ, 

ʚʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʝ [ ]nɡ , ʦʟʥʘʯʘʶʱʝʝ, ʯʪʦ ʥʝʢʦʪʦʨʳʡ ʚʝʢʪʦʨ ʚʪʦʨʦʛʦ ʪʠʧʘ 

ɡ ʟʘʜʘʥ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 
n n n nb x y z  n -ʛʦ ʵʣʝʤʝʥʪʘ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜ-

ʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʜʨʫʛʦʡ ʠʩʧʦʣʟɹʫʶʪʩʷ ʚʚʝʜʸʥʥʳʝ ʨʘʥʝʝ ʤʘʪʨʠʮʳ 

ʧʝʨʝʭʦʜʘ nkA , ʯʪʦ [ ] [ ]n nk kA=ɡ ɡ. ɺʚʝʜʸʥʥʳʝ ʚʝʢʪʦʨʘ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʣʦʯʥʳʝ ʤʘʪʨʠʮʳ ʚʠʜʘ: 

3

1 1[ ] , ,...,Eè ø=ê úɤ 0 0, 

[ ]1 1[ ] ,..., , , ,...,k k k=ɋ 0 0 e 0 0, ʜʣʷ 2,...,7k= , 

[ ]3 3[ ] ,..., , , ,...,k k k=ɋ 0 0 e 0 0, ʜʣʷ 2,...,6k= . ɿʜʝʩʴ 0  ï ʥʫʣʝʚʦʡ ʚʝʢʪʦʨ 

ʜʣʠʥʥʳ 3. 

ʉ ʫʯʸʪʦʤ ʟʘʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ, ʟʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʢʪʦʨʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ kɤ , kɡ ʠ kv , ʪʘ-

ʢʠʭ, ʯʪʦ k kx=ɤ ɤ , k kx=ɡ ɡ, k kx=v v . ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʳʧʠʰʝʤ ʝʱʸ ʨʘʟ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ 2ɤ :  2 2 1 2 2 21 2 2 23 2[ ] [ ] [ ] [ ]= +j +Jɤ ɤ e e. ʀʩʧʦʣʴʟʫʷ ʚʚʝʜʸʥʥʳʝ 

ʨʘʥʝʝ ʚʝʢʪʦʨʘ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʧʝʨʝʧʠʰʝʤ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʚ ʚʠʜʝ 

2 2 1 2 21 2 23 2[ ] [ ] [ ] [ ]x x x= + +ɤ ɤ ɋ ɋ . ʋʯʠʪʳʚʘʷ ʯʪʦ 2 2x=ɤ ɤ , ʟʘʧʠʰʝʤ ʚʳʨʘʞʝ-

ʥʠʝ ʜʣʷ 2ɤ : 2 2 1 2 21 2 23 2[ ] [ ] [ ] [ ]= + +ɤ ɤ ɋ ɋ . 

ɸʥʘʣʦʛʠʯʥʦ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʢʪʦʨʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʛʣʦʚʳʝ ʠ ʣʠʥʝʡʥʳʝ ʩʢʦʨʦʩʪʠ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠ-

ʩʪʝʤʳ. 

ɼʣʷ 2,...,6k= : 

1 1 3[ ] [ ] [ ] [ ]k k k k k k k k-= + +ɤ ɤ ɋ ɋ ,   
1

1 1 1 1 1 1

1

[ ] [ ] [ ] [ ] [ ]
k

k i i k k

i

-

+

=

= ³ + ³äɡ ɤ b ɤ c; 

7 7 1 7 71 7[ ] [ ] [ ]= +ɤ ɤ ɋ , 7 1 1 7 1 7 1 7 1[ ] [ ] [ ] [ ]= ³ + ³ɡ ɤ b ɤ c. 
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ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʣʠʥʝʡʥʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʮʝʥʪʨʘ 

ʤʘʩʩ ʩʠʩʪʝʤʳ: 
1 1 1[ ] [ ] [ ]k k C= -v ɡ ɡ , 2,...,7k= . 

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʷ 

ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʝʢʪʦʨʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ: 

7 7

1 1

1 1

1 1Ĕ[ ] [ ] [ ] [ ]
2 2

T T T T

r k k k k k k k k

k k

T x J x m x x
= =

= +ä äɤ ɤ v v. 

 ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

7 7

1 1

1 1

1 1Ĕ[ ] [ ] [ ] [ ]
2 2

T T T T

r k k k k k k k k

k k

T x J m x x Mx
= =

å õ
= + =æ ö

ç ÷
ä äɤ ɤ v v , ʛʜʝ 

7 7

1 1

1 1

Ĕ( ) [ ] [ ] [ ] [ ]T T

k k k k k k k k

k k

M M q J m
= =

= = +ä äɤ ɤ v v ï ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʤʘʪʨʠʮʳ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʚ ʬʫʥʢʮʠʠ ʚʝʢʪʦʨʘ q  ʦʙʦʙʱʸʥ-

ʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ ʠʩʧʦʣʴʟʫʶʪʩʷ 3 ʜʚʠ-

ʛʘʪʝʣʷ-ʤʘʭʦʚʠʢʘ, ʞʸʩʪʢʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʂɸ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʣʦ-

ʞʠʪʝʣʥɹʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʨʦʪʦʨʦʚ ʤʘʭʦʚʠʢʦʚ ʩʦʚʧʘʜʘʶʪ 

ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʩʝʡ ʉʉʂ. ʏʪʦʙʳ ʫʯʝʩʪʴ ʜʠʥʘʤʠʢʫ ʩʦʙ-

ʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ ʠ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʚʨʘ-

ʱʝʥʠʷ ʥʘ ʜʚʠʞʝʥʠʝ ʂɸ, ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʚʳʨʘʞʝʥʠʝʤ  

3 3 11 3
2

1

1 1 1 12

r
k r k k r ki k i

k k i k

J
T J J d q

= = = =

¡= f + w f + fä ä ää , r rT T T¡= +. ɿʜʝʩʴ rJ ï ʦʩʝ-

ʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʪʦʨʦʚ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, fï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʨʦ-

ʪʦʨʘ ʤʘʭʦʚʠʢʘ ʚʦʢʨʫʛ ʦʩʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪʘʤʠ kid , 

ʚʚʠʜʫ ʠʭ ʤʘʣʦʩʪʠ, ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʢʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʣʦʛʦ ʫʯʸʪʘ ʜʠʥʘ-

ʤʠʢʠ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, ʠʭ ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʦʣʞʥʳ ʪʘʢʞʝ ʙʳʪʴ ʫʯʪʝʥʳ ʚ ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʂɸ. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 
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21 31 1

11 31 21

r r rd T T T
M

dt

µ µ µ
+w -w =

µw µw µw
, 

3 11 2

21 11 31

r r rd T T T
M

dt

µ µ µ
+w -w =

µw µw µw
, 

11 21 3

31 21 11

r r rd T T T
M

dt

µ µ µ
+w -w =

µw µw µw
, 

r r
i i i i ʰʘʨ

i i

d T T
c q q m

dt q q

µ µ
- =- -m +

µ µ
    ( 1, ,11)i= , 

r r
k

k k

d T T
M

dt

µ µ
- =

µf µf
,   ( 1, 2, 3)k= . 

ɿʜʝʩʴ 1,2,3M  ï ʢʦʤʧʦʥʝʥʪʳ ʤʦʤʝʥʪʘ ʚʥʝʰʥʠʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʂɸ (ʤʦʤʝʥʪ ʚʳʯʠʩʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ), kM  ï ʩʫʤʤʘʨʥʳʝ 

ʤʦʤʝʥʪʳ, ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʦʩʷʤ ʚʨʘʱʝʥʠʷ ʤʘʭʦʚʠʢʦʚ, iʩʠ im ï ʜʠʘʛʦʥʘʣʴ-

ʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ ʜʠʩ-

ʩʠʧʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʳʧʠʩʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʥʘ ʕɺʄ ʙʦʣʝʝ ʫʜʦʙʥʘ ʟʘʧʠʩʴ ʫʢʘʟʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʙʦʙʱʸʥʥʳʭ ʠʤʧʫʣʴʩʦʚ: 

dP
Q

dt
= ,   ʛʜʝ 1 2 14( , ... )TP Mx p p p= = , Q  ï ʙʣʦʯʥʳʡ ʚʝʢʪʦʨ, 

1 1

1 1 1 1 1 1 1

1 2

0

[ ]
[ ] [ ] [ ] [ ] [ ] [ ]

( )

T ʤʘʛ ʘʵʨ ʛʨʘʚ

r
ʰʘʨ

Q Q Q T
ʩ q q x m

q

w³å õ
å õ+ ³ + + +æ ö

= + = +æ öå õµæ öæ ö- +m +æ ö ç ÷æ öµç ÷ç ÷

k ɤ
h ɤ h m m m

, 

1 2 3( , , )Tp p pw=k , 

hï ʚʝʢʪʦʨ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʢʦʤʧʣʝʢʩʘ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, 

1 2 10( , ,..., ,0)c ʩ ʩ c= ï ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʧʨʫʛʦʩʪʠ ʚ ʰʘʨʥʠʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ, 
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0q ï ʚʝʢʪʦʨ ʫʛʣʦʚʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʰʘʨʥʠʨʘʭ ʚ ʥʝʚʦʟʤʫʱʸʥʥʦʤ ʧʦʣʦ-

ʞʝʥʠʠ, 

1 2 11( , ,..., ,0)Tm= m m mï ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ ʰʘʨ-

ʥʠʨʘʭ, 

, , ,ʤʘʛ ʘʵʨ ʛʨʘʚ ʰʘʨmm m m ï ʤʦʤʝʥʪ ʤʘʛʥʠʪʥʳʭ ʢʘʪʫʰʝʢ, ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʡ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ, ʰʘʨʥʠʨʥʳʡ ʤʦʤʝʥʪʳ. 

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʚʝʣʠʯʠʥʳ kf 

ʥʝ ʚʢʣʶʯʘʣʠʩʴ ʚ ʚʝʢʪʦʨ q. ʕʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʜʦʚ ʤʦʜʝʣʝʡ ʜʚʠʞʝʥʠʷ ʂɸ ʠ ʤʦʜʝʣʝʡ ʜʚʠʛʘʪʝʣʝʡ-

ʤʘʭʦʚʠʢʦʚ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʨʘʟʜʝʣʴʥʦʡ ʢʦʤʧʠʣʷʮʠʠ.   

ɺ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ, ʚʝʢʪʦʨ x  

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩʠʩʪʝʤʳ ʥʘʭʦʜʠʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 1x M P-= , ʫʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʢʦʨʧʫʩʘ ʂɸ ʚ ʀʉʂ ʥʘʭʦʜʠʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ 

ʩʦʦʪʥʦʰʝʥʠʷʤ [46], ʚʝʢʪʦʨ q  ʫʛʣʦʚʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʰʘʨʥʠʨʘʭ ʥʘʭʦʜʠʪʩʷ 

ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ q x= . 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ʚʝʢʪʦʨ 1Q  ʚr -

ʯʠʩʣʷʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʥʝ ʜʦʧʫʩʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʥʝʰʥʠʭ ʠʟʤʝʥʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʪʦʛʜʘ ʢʘʢ ʚʝʢʪʦʨ 2Q  ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʞʝʣʘʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʠ ʩʪʝʧʝ-

ʥʠ ʜʝʪʘʣʠʟʘʮʠʠ ʦʙɦ ʝʡ ʤʦʜʝʣʠ. 

4.2 ʈʘʩʯʸʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʤʦʜʝʣʠ 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʂɸ ʢʘʢ 

ʩʠʩʪʝʤʫ ʠʟ 7 ʪʚʝʨʜʳʭ ʪʝʣ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʢʦʨʧʫʩ ʂɸ, ʢʦʨʥʝʚʦʝ ʟʚʝʥʦ, 4 ʧʘ-

ʥʝʣʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ ʟʝʨʢʘʣʦ. ɿʝʨʢʘʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʝʩʠʤ-

ʤʝʪʨʠʯʥʳʡ ʨʦʪʦʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʨʘʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʡ ʦʩʠ ʩʠʤ-

ʤʝʪʨʠʠ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʢʦʨʧʫʩʝ. ʂʦʨʧʫʩ ʂɸ, ʢʦʨʥʝʚʦʝ ʟʚʝʥʦ ʠ ʧʘ-

ʥʝʣʠ ʙʘʪʘʨʝʡ ʦʙʨʘʟʫʶʪ ʣʠʥʝʡʥʫʶ ʮʝʧʦʯʢʫ. ɿʚʝʥʴʷ ʮʝʧʦʯʢʠ ʩʦʝʜʠʥʝʥʳ 
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ʜʚʫʭʩʪʝʧʝʥʥʳʤʠ ʰʘʨʥʠʨʘʤʠ. ɺ ʰʘʨʥʠʨʘʭ ʜʝʡʩʪʚʫʶʪ ʫʧʨʫʛʠʝ ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʶʱʠʝ ʤʦʤʝʥʪʳ ʪʘʢ, ʯʪʦ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʨʥʝʚʦʝ ʟʚʝʥʦ, 

ʧʘʥʝʣʠ ʙʘʪʘʨʝʡ ʠ ʦʩʴ ʟʝʨʢʘʣʘ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʄʘʣʳʝ ʩʦʙʩʪʚʝʥ-

ʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʦʧʠʩʳʚʘʶʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ 0M Cc+ c=. ɿʜʝʩʴ 1 2 3 2 2 6 6 7( , , , , , , , , )Tc= q q q f J f J f, 

dim 14c= , iq ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʧʦʚʦʨʦʪʘ ʢʦʨʧʫʩʘ 

ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 
1 1 1 1c x y z, M  ï ʤʘʪʨʠʮʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, 

ʚʳʯʠʩʣʝʥʥʘʷ ʜʣʷ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, C  ï ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʝʡ ʩʠ-

ʩʪʝʤʳ, ʫ ʢʦʪʦʨʦʡ 10 ʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʦʙʦʙʱʝʥʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ 2 2 6 6, , , ,f J f J, ʨʘʚʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʫʧʨʫʛʦʩʪʠ ʚ ʰʘʨʥʠʨʘʭ, 

ʘ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ ʥʫʣʶ. 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʚʳʧʠʩʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ ʚʠʜ 

10

0 1

1

sin( )k k k k

k

B B t c A t
=

c= + + l +aä . 

ɿʜʝʩʴ 0B  ʠ 1B  ï ʚʝʢʪʦʨʳ ʨʘʟʤʝʨʥʦʩʪʠ 14, ʫ ʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʳ, ʦʪ-

ʚʝʯʘʶʱʠʝ ʢʦʦʨʜʠʥʘʪʘʤ 2 2 6 6, , , ,f J f J ʨʘʚʥʳ ʥʫʣʶ, ʘ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦ-

ʥʝʥʪʳ ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, kc  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, kl ʠ 

kA  ï ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 2MA CAl = , 0l>. ɺʝʣʠʯʠ-

ʥr  kl ï ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ. 

ʈʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʠʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʮʝʜʫʨʳ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ [47]. ɽʝ ʨʝʰʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4.1, 4.2. ʕʪʠ ʪʘʙʣʠʮʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʪ-

ʨʠʮʝ C  ʠ ʨʘʟʥʳʭ ʤʘʪʨʠʮʘʭ M. ʊʘʙʣ. 4.1 ʧʦʣʫʯʝʥʘ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴ-

ʰʦʡ ʤʘʩʩʝ ʢʦʨʧʫʩʘ ʂɸ. ɹʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʘʷ ʤʘʩʩʘ ʢʦʨʧʫʩʘ ʦʟʥʘʯʘʝʪ ʟʘ-

ʜʝʣʢʫ ʰʘʨʥʠʨʘ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʢʦʨʥʝʚʦʝ ʟʚʝʥʦ ʩ ʢʦʨʧʫʩʦʤ, ʚ ʥʝʧʦʜʚʠʞʥʫʶ 

ʩʪʝʥʢʫ. ʊʘʢʘʷ ʟʘʜʝʣʢʘ ʦʪʚʝʯʘʝʪ ʨʘʩʯʝʪʫ, ʚʳʧʦʣʥʝʥʥʦʤʫ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʘʪʘʨʝʡ. ʇʨʦʚʝʜʝʥʠʝ ʨʘʩ-
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ʯʝʪʦʚ ʧʨʠ ʫʢʘʟʘʥʥʦʤ ʚʳʙʦʨʝ ʤʘʪʨʠʮʳ M  ʧʦ ʥʘʰʝʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʣʦ ʚʳ-

ʙʨʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʚ ʰʘʨʥʠʨʘʭ. ʂʦʵʬ-

ʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ, ʦʪʚʝʯʘʶʱʠʝ ʫʛʣʘʤ 
2 6, ,f f, ʙʳʣʠ ʧʨʠʥʷʪʳ ʨʘʚʥʳʤʠ 

412.525 ʅʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʪʚʝʯʘʶʱʠʝ ʫʛʣʘʤ 
2 6, ,J J, ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʨʘʚʥʳʤʠ 97.92 ʅʤ. ʊʘʙʣ. 4.1, 4.2 ʧʦʣʫʯʝʥʳ ʧʨʠ ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʥʠʟʰʠʝ ʪʦʥʘ ʢʦʣʝʙʘʥʠʡ ʧʘʥʝ-

ʣʝʡ ʙʘʪʘʨʝʡ ʩʦʩʪʘʚʣʷʶʪ 0.227 ɻʮ (ʠʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ) ʠ 0.729 ɻʮ (ʢʨʫ-

ʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ). ɼʘʥʥʳʝ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣ. 4.1, ʧʦʢʘʟʳʚʘʶʪ ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʥʠʟʰʠʭ ʯʘʩʪʦʪ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʵʪʠʤ ʟʥʘʯʝʥʠʷʤ. ʊʘʙʣ. 4.2 

ʩʦʜʝʨʞʠʪ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʚ ʩʣʫʯʘʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ 

ʢʦʨʧʫʩʘ ʂɸ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ ʙʘʪʘʨʝʡ ʧʨʦʠʩʭʦʜʷʪ ʩ ʯʘ-

ʩʪʦʪʦʡ 0.493 ɻʮ, ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ï ʩ ʯʘʩʪʦʪʦʡ 0.736 ɻʮ. ʉʫʱʝʩʪʚʝʥ-

ʥʦʝ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʪʠʣʥɹʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʂɸ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 1 1c xʢ ʤʦʤʝʥʪʘʤ ʠʥʝʨʮʠʠ ʧʘʥʝʣʝʡ ʉɹ ʚʦʢʨʫʛ ʦʩʝʡ i ib x  ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʚ ʢʨʫ-

ʪʠʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʚʜʦʣʴ ʦʩʝʡ i ib z ). 
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5. ɿʘʢʣʶʯʝʥʠʝ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʄʂɸ çʄʦʥʠʪʦʨ-ʕè ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ 

ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʠʟʤʝʨʝʥʠʡ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʦʜʥʦʡ ʠʟ ʩʚʷʟʘʥʥʳʭ ʦʩʝʡ ʘʧʧʘʨʘʪʘ. ʅʘʡʜʝʥʳ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʰʝʥʠʷ 

ʤʦʜʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʦʩʪʨʦʝ-

ʥʘ ʦʮʝʥʢʘ ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ ʤʦʜʝʣʴʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ. ɼʘʥʘ ʨʝʢʦʤʝʥʜʘʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʫʩʧʝʰʥʦʝ ʛʘʰʝʥʠʝ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʄʂɸ. 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʜʚʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʄʂɸ ʧʦ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʚʠʜʘ. ʆʜʥʘ ʠʟ ʵʪʠʭ ʤʝʪʦʜʠʢ ʧʦʟʚʦʣʠʣʘ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʜʚʫʭ 

ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʄʂɸ ʠ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʄʂɸ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʨʝʘʣʠʟʘʮʠʷʭ ʫʢʘʟʘʥʥʦʛʦ ʚ ʧ. 1 ʨʝʞʠʤʘ ʛʘʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦ-

ʩʪʠ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʜʪʚʝʨʜʠʣʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʘʥʥʦʡ ʨʝʢʦʤʝʥʜʘʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʚʪʦ-

ʨʦʡ ʤʝʪʦʜʠʢʠ ʚʳʧʦʣʥʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʄʂɸ 

çʄʦʥʠʪʦʨ-ʕè ʠ çʂʘʟʉʘʪ-1è ʧʦ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʷʤ ʪʦʢʘ, ʩʥʠʤʘʝ-

ʤʦʛʦ ʩ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʉʦʟʜʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʦ ʚ ʠʥʞʝʥʝʨʥʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʫʢʘʟʘʥʥʳʭ ʄʂɸ 

ʧʨʠ ʧʘʨʠʨʦʚʘʥʠʠ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʦ-

ʝʢʪʠʨʫʝʤʦʛʦ ʄʂɸ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʥʘ ʵʪʦ ʜʚʠʞʝʥʠʝ ʥʝʞʝʩʪʢʦʩʪʠ 

ʩʦʯʣʝʥʝʥʠʡ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ ʥʘʣʠʯʠʷ ʥʘ ʙʦʨʪʫ ʚʨʘʱʘʶʱʝʡʩʷ 

ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʀʩʧʦʣʴʟʦʚʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 
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ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨʳ ʨʘʩʯʝʪʘ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʫʨʘʚʥʝʥʠʡ ʜʚʠ-

ʞʝʥʠʷ ʄʂɸ. ʇʨʠʥʷʪʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʣ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʩʪʦʪʫ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʝʝ ʧʨʦ-

ʛʨʘʤʤʥʫʶ ʘʚʪʦʥʦʤʥʦʩʪʴ, ʪ. ʝ. ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʦʨʦʥʥʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ ʠ 

ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʟʘʜʘʥʥʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ɺʳʙʨʘʥʳ ʧʘʨʘʤʝʪʨʳ 

ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ ʰʘʨʥʠʨʥʳʭ ʩʦʯʣʝʥʝʥʠʡ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʚʥʦ-

ʚʝʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. 
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6. ʇʨʠʣʦʞʝʥʠʝ 1 

6.1 ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʂɸ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʥʘ ʷʟʳʢʝ Pascal ʚ ʩʨʝʜʝ 

Turbo Delphi ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦ-

ʛʦ ʠʩʧʦʣʥʷʝʤʦʛʦ ʬʘʡʣʘ. ɻʣʘʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥ-

ʢʘʭ 6.1 ʠ 6.2. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʥʘʭʦʜʷʪʩʷ ʟʘʢʣʘʜʢʠ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ 

ʩʪʨʘʥʠʮʘʤ çʈʘʩʯʸʪè ʠ çʈʝʟʫʣʴʪʘʪè. ʅʘ ʨʠʩʫʥʢʝ 6.1 ʧʦʢʘʟʘʥʘ ʩʪʨʘʥʠʮʘ 

çʈʘʩʯʸʪè, ʥʘ ʨʠʩʫʥʢʝ 6.2 ï ʩʪʨʘʥʠʮʘ çʈʝʟʫʣʴʪʘʪè. ʉʪʨʘʥʠʮʫ çʈʘʩʯʸʪè 

ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʠ. ʃʝʚʘʷ ʯʘʩʪʴ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʥʘʭʦʜʷʪʩʷ ʠʥ-

ʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘʯʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʠ ʧʦ-

ʩʣʝʜʫʶʱʝʛʦ ʫʪʦʯʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʠʥʠʤʠʟʘʮʠʠ. ɺ ʣʝʚʦʡ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʨʘʥʠʮʳ çʈʘʩʯʸʪè ʠʤʝʝʪʩʷ ʦʙʣʘʩʪʴ çʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɸ ʠ 

ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʸʪʘè. ɿʜʝʩʴ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʥʘʞʘʚ ʥʘ ʢʥʦʧʢʫ çɿʘʛʨʫʟʠʪʴ ʠʟ 

ʬʘʡʣʘè, ʤʦʞʝʪ ʠʟ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʟʘʛʨʫʟʠʪʴ 

ʚ ʧʨʦʛʨʘʤʤʫ ʧʘʨʘʤʝʪʨʳ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ ʂɸ, ʧʘʨʘʤʝʪʨʳ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘ-

ʨʝʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʂɸ, ʧʨʠʟʥʘʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ-

ʤʘʭʦʚʠʢʦʚ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʜʫʨʳ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʂɸ. 

ɺ ʪʝʩʪʦʚʦʤ ʬʘʡʣʝ ʜʘʥʥʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʩʪʨʦʯʥʦ ʠ ʨʘʟʜʝʣʝʥʳ ʦʜ-

ʥʠʤ ʠʣʠ ʙʦʣʝʝ ʧʨʦʙʝʣʦʚ. ɼʘʥʥʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

1-ʷ ʩʪʨʦʢʘ: ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ; ʭʘʨʘʢʪʝʨʥʘʷ ʪʦʯʥʦʩʪʴ; ʨʝʛʫ-

ʣʷʨʠʟʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʝʡ-

ʤʘʭʦʚʠʢʦʚ (ɼʄ); ʤʠʥʠʤʘʣʴʥʳʡ ʫʯʠʪʳʚʘʝʤʳʡ ʪʦʢ ʉɹ; ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ 

ʉɹ. 

2-ʷ, 3-ʷ ʠ 4-ʷ ʩʪʨʦʢʠ: ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʂɸ. 
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5-ʷ ʩʪʨʦʢʘ: ʧʨʠʟʥʘʢʠ ʨʘʙʦʪʳ ɼʄ (4 ʧʨʠʟʥʘʢʘ, 1 ï ʨʘʙʦʪʘʝʪ, 0 ï ʥʝ ʨʘ-

ʙʦʪʘʝʪ). 

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚ ʦʢʥʝ ʧʨʦʛʨʘʤʤʳ ʥʘʯʠʥʘʶʪ ʦʪʦʙ-

ʨʘʞʘʪʴʩʷ: ʧʫʪʴ ʢ ʬʘʡʣʫ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʂɸ ʠ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʚ ʛʣʘʚʥʳʭ ʦʩʷʭ ʂɸ, ʘ ʪʘʢʞʝ ʦʩʪʘʣʴʥʳʝ ʚʚʝʜʸʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʅʠʞʝ, ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʦʢʥʘ, ʥʘʭʦʜʠʪʩʷ ʦʙʣʘʩʪʴ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʩʭʦʜʥʳ-

ʤʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʦ ʪʦʢʝ ʉɹ. ʊʝʣʝʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ çmatè (ʚ ʬʦʨʤʘʪʝ ʩʠʩʪʝʤʳ Matlab), 

ʚʝʨʩʠʷ ʬʦʨʤʘʪʘ 5.0. ɼʘʥʥʳʝ ʚ ʬʘʡʣʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʩʪʦʣʙʮʘʤ. ʇʝʨʚʳʡ 

ʩʪʦʣʙʝʮ ï ʚʨʝʤʷ ʚ ʬʦʨʤʘʪʝ TDateTime ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ Delphi. ɺ ʵʪʦʤ 

ʬʦʨʤʘʪʝ ʜʘʪʘ ʠ ʚʨʝʤʷ ʢʦʜʠʨʫʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤ ʯʠʩʣʦʤ, ʧʨʠʯʸʤ ʮʝʣʘʷ 

ʯʘʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʜʥʝʡ, ʨʘʟʜʝʣʷʶʱʠʭ ʢʦʜʠʨʫʝʤʫʶ ʜʘʪʫ ʠ 31 ʜʝ-

ʢʘʙʨʷ 1899 ʛʦʜʘ, ʘ ʜʨʦʙʥʘʷ ʯʘʩʪʴ ï ʢʦʜʠʨʫʝʪ ʜʦʣʶ ʩʫʪʦʢ, ʧʨʦʰʝʜʰʫʶ ʩ ʧʦ-

ʣʫʥʦʯʠ. ɺʪʦʨʦʡ ʩʪʦʣʙʝʮ ï ʪʦʢ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ ʚ ʘʤʧʝʨʘʭ. ʇʦʩʣʝ ʟʘʛʨʫʟ-

ʢʠ ʜʘʥʥʳʭ, ʦʥʠ ʥʘʯʠʥʘʶʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʥʘ ʛʨʘʬʠʢʝ ʧʦʜ ʢʥʦʧʢʦʡ çɿʘʛʨʫ-

ʟʠʪʴè ʠ ʢʥʦʧʢʘʤʠ ʚʳʙʦʨʘ ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ. ʇʦ ʦʩʠ ʘʙʩ-

ʮʠʩʩ ʦʪʣʦʞʝʥʦ ʚʨʝʤʷ ʚ ʬʦʨʤʘʪʝ ʢʘʣʝʥʜʘʨʥʦʡ ʜʘʪʳ ʠ ʚʨʝʤʝʥʠ ʩʫʪʦʢ 

ʯʯ:ʤʤ:ʩʩ. ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 

ʚ ʘʤʧʝʨʘʭ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʢʨʘʩʥʘʷ ʠ ʩʠʥʷʷ ʣʠʥʠʠ ʥʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʳʚʘʶʪ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʦʪʨʝʟʢʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʠʥ-

ʪʝʨʝʩʫʶʱʝʛʦ ʦʪʨʝʟʢʘ ʜʘʥʥʳʭ, ʦʥʠ ʧʨʠʥʠʤʘʶʪʩʷ ʢ ʨʘʩʯʸʪʫ. ʇʦʤʠʤʦ ʚʳʙʦʨʘ 

ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʪʦʯʝʢ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʪʘʢʞʝ ʠʥʪʝʨʚʘʣ 

ʧʨʦʨʝʞʠʚʘʥʠʷ, ʪ.ʝ. ʢʨʘʪʥʦʩʪʴ ʚʳʙʦʨʢʠ ʪʦʯʝʢ ʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʇʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʜʘʥʥʳʝ ʚʳʙʨʘʥʳ ʠ ʟʘʛʨʫʞʝʥʳ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ 

ʧʦ̫ʚʣʷʝʪʩʷ ʪʦʯʝʯʥʳʡ ʛʨʘʬʠʢ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʟʘʛʨʫʞʝʥʥʳʤ ʦʪʨʝʟʢʦʤ ʜʘʥ-

ʥʳʭ. 

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʪʨʘʥʠʮʳ çʈʘʩʯʸʪè ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʧʦʠʩʢʘ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ (ʦʙʣʘʩʪʴ 
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çʧʦʠʩʢ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷè) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʪʦʯʥʝʥʠʷ ʨʝʰʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ (ʦʙʣʘʩʪʴ çʤʠʥʠʤʠʟʘʮʠʷè). ɺ ʯʘ-

ʩʪʠ ʧʦʠʩʢʘ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʜʚʝ ʪʘʙ-

ʣʠʮʳ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʞʘʝʪ ʥʘʯʘʣʴʥʳʡ ʚʝʢʪʦʨ ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ, ʘ 

ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʧʦʜʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʦ-

ʜʦʤ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʩ ʦʙʫʯʝʥʠʝʤ. ɺʪʦʨʘʷ ʪʘʙʣʠʮʘ ʦʪʨʘʞʘʝʪ ʪʝʢʫʱʝʝ 

ʟʥʘʯʝʥʠʝ ʠʩʢʦʤʦʛʦ ʚʝʢʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʥʘʯʘʣʴʥʦʛʦ ʧʦʠʩ-

ʢʘ, ʘ ʪʘʢʞʝ ʪʝʢʫɦ ʝʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ ʧʦʠʩʢʘ. ɾʝʣʪʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ 

ʧʘʨʘʤʝʪʨʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ɼʄ ʠ ʢ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʂɸ. ʉʧʨʘ-

ʚʘ ʦʪ ʪʘʙʣʠʮ ʨʘʩʧʦʣʦʞʝʥ ʵʣʝʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʫʛʣʘ 

ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʉɹ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʉʦʣʥʮʝ, ʘ ʪʘʢʞʝ ʜʚʝ ʚʝʨʪʠʢʘʣʴ-

ʥʳʝ ʰʢʘʣʳ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʩʪʝʧʝʥʴ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʯʘʣʴʥʦʛʦ ʧʦʜ-

ʙʦʨʘ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ. ɿʘʧʫʩʢ ʘʣʛʦʨʠʪʤʘ ʥʘʯʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʥʘʞʘʪʠʝʤ ʥʘ ʢʥʦʧʢʫ çStartè, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʦʜ ʧʨʘʚʦʡ ʪʘʙʣʠʮʝʡ. 

ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʥʘ ʵʪʫ ʢʥʦʧʢʫ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʦʡ ʢʥʦʧʢʘ çStopè, ʥʘʞʘʚ 

ʥʘ ʢʦʪʦʨʫʶ, ʤʦʞʥʦ ʧʨʝʨʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʸʪʘ ʥʘ ʪʝʢʫʱʝʤ ʰʘʛʝ. ɿʜʝʩʴ ʠ 

ʚ ʧʨʦʮʝʜʫʨʝ ʤʠʥʠʤʠʟʘʮʠʠ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʦʙ-

ʥʦʚʣʝʥʠʝ ʛʨʘʬʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ ʠ ʚʠ-

ʜʠʤʦʛʦ ʩʦʚʤʝʩʪʥʦ ʩ ʦʙʝʠʤʠ ʩʪʨʘʥʠʮʘʤʠ: çʈʘʩʯʸʪè ʠ çʈʝʟʫʣʪɹʘʪè. ʅʘ ʵʪʦʤ 

ʛʨʘʬʠʢʝ ʩʦʚʤʝʩʪʥʦ ʦʪʦʙʨʘʞʘʶʪʩʷ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ (ʯʝʨʥʳʝ ʪʦʯʢʠ) ʠ ʪʝ-

ʢʫʱʠʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʂɸ ʩ 

ʧʦʜʦʙʨʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ (ʢʨʘʩʥʳʝ ʪʦʯʢʠ, 

ʩʦʝʜʠʥʸʥʥʳʝ ʣʠʥʠʷʤʠ). ʊʘʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʴʥʦ ʢʦʥʪʨʦ-

ʣʠʨʦʚʘʪʴ ʢʘʢ ʧʨʦʮʝʩʩ ʥʘʯʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ, ʪʘʢ ʠ ʧʨʦʮʝʩʩ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ 

ʫʪʦʯʥʝʥʠʷ ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ. ʇʦʜ ʪʘʙʣʠʮʘʤʠ ʪʘʢʞʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʷʜ ʢʥʦ-

ʧʦʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʭʨʘʥʷʪʴ ʚ ʧʘʤʷʪʠ ʠʣʠ ʟʘʛʨʫʞʘʪʴ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦ-

ʩʪʦʷʥʠʷ, ʠʥʪʝʨʚʘʣʦʚ ʧʦʠʩʢʘ, ʠ ʪ.ʜ. ʂʥʦʧʢʘ ç\ /è ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʪʴ ʥʘʡʜʝʥ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʚ ʧʨʦʮʝʜʫʨʫ ʤʠʥʠʤʠʟʘʮʠʠ. ʆʙʣʘʩʪʴ ʩ ʵʣʝ-

ʤʝʥʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʘʚʦʡ 
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ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʨʘʥʠʮʳ çʈʘʩʯʸʪè. ɿʜʝʩʴ ʥʘʭʦʜʠʪʩʷ ʜʚʝ ʪʘʙʣʠʮʳ, ʦʜʥʘ ʠʟ 

ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʞʘʝʪ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʚ ʧʝʨʝʤʝʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʥʘʯʘʣʴʥʦʤ ʧʦʠʩʢʝ, ʘ ʚʪʦʨʘʷ ʪʘʙʣʠʮʘ ï ʦʪʦʙʨʘʞʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʯʘʩʪʴ 

ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ. ɿʜʝʩʴ, ʢʘʢ 

ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʟʘʧʫʩʢ ʘʣʛʦʨʠʪʤʘ ʦʩʫɦ ʝʩʪʚʣʷʝʪʩʷ ʢʥʦʧʢʦʡ çStartè, 

ʘ ʦʩʪʘʥʦʚ ï ʢʥʦʧʢʦʡ çStopè. ʃʦʛʠʢʘ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦ-

ʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʟʘʧʫʩʢ ʠ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʦʚ ʥʘʯʘʣʴʥʦʛʦ 

ʧʦʜʙʦʨʘ ʠ ʤʠʥʠʤʠʟʘʮʠʠ. ʉʧʨʘʚʘ ʦʪ ʪʘʙʣʠʮ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʷʜ ʵʣʝʤʝʥʪʦʚ, 

ʦʪʦʙʨʘʞʘʶʱʠʭ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʥʝʢʦʪʦʨʳʝ 

ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʩʧʨʘʚʢʠ. ɿʜʝʩʴ ʦʪʦʙʨʘʞʝʥʳ ʫʪʦʯʥʸʥʥʳʡ ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ 

ʂɸ, ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʉʦʣʥʮʝ ʠ ʥʦʨʤʘʣʴʶ ʢ ʉɹ, ʥʘʯʘʣʴʥʳʝ ʫʛ-

ʣʳ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʥʘʯʘʣʴʥʳʝ ʫʛʣʦʚʳʝ ʩʢʦ-

ʨʦʩʪʠ ʂɸ ʚʦʢʨʫʛ ʩʚʷʟʘʥʥʳʭ ʦʩʝʡ ʠ ʤʦʜʫʣʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ɼʄ, ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʢʦʨʧʫʩʘ ʂɸ, 

ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ɼʄ, ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʫʤ-

ʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʳ ʂɸ + ɼʄ. ʅʘʞʘʪʠʝ ʥʘ ʢʥʦʧʢʫ 

ç/ \è ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʪʴ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʚ ʧʨʦʮʝʜʫʨʫ 

ʥʘʯʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ. ʇʦʜ ʣʝʚʦʡ ʪʘʙʣʠʮʝʡ ʥʘʭʦʜʷʪʩʷ ʢʥʦʧʢʠ ʜʣʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʘʩʯʸʪʦʚ, ʧʨʠ 

ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çɻʨʘʬʠʢʠè ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʘ ʪʦʢʘ ʉɹ 

(ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ), ʩʛʣʘʞʠʚʘʶʱʝʛʦ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʦʚ ʥʝ-

ʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʠ ʩʦ-

ʩʪʦʷʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ɼʄ. ʇʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ ʩʦʭʨʘʥʠʪʴ ʧʨʦ-

ʛʨʘʤʤʘ ʬʦʨʤʠʨʫʝʪ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʸʪʦʚ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʝʥʠʷ ʂɸ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʚʨʝʤʝʥʥʦʤ ʦʪʨʝʟʢʝ. ʅʘʞʘʪʠʝ ʥʘ ʢʥʦʧʢʫ 

çɼʦʙʘʚʠʪʴè ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʠʪʴ ʪʝʢʫʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʚ ʤʘʩʩʠʚ 

ʥʘʢʦʧʣʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ. ʂʥʦʧʢʘ çɺʳʭʦʜè ʧʦʟʚʦʣʷʝʪ ʟʘʚʝʨʰʠʪʴ 

ʨʘʙʦʪʫ ʩ ʧʨʦʛʨʘʤʤʦʡ ʠ ʟʘʢʨʳʪʴ ʛʣʘʚʥʦʝ ʦʢʥʦ. 
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7. ʇʨʠʣʦʞʝʥʠʝ 2 

7.1. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʂɸ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ʥʘ 

ʷʟʳʢʝ C++ Builder 6.0. ʇʦʩʪʘʚʣʷʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ 

ʠʩʧʦʣʥʝ̫ʤʳʭ ʬʘʡʣʦʚ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ: 

ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʧʨʦʮʝʜʫʨʫ ʨʘʩʯʸʪʘ ʧʨʘʚʳʭ 

ʯʘʩʪʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʴʶ; 

ï ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ, ʨʝʘʣʠʟʫʶʱʠʡ ʪʝʩʪʦʚʫʶ ʟʘʜʘʯʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʂɸ çʂʘʥʦʧʫʩ-ʉʊè. 

ï ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʶ-

ʠɦʡ ʥʘ ʧʨʠʤʝʨʝ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʡ ʧʨʦʛʨʘʤʤʳ (ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʪʝʥʜʘ) ʩ ʧʨʦʮʝʜʫʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ. 

 ɼʠʥʘʤʠʯʝʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ ʚʢʣʶʯʘʝʪ ʥʘʙʦʨ ʵʢʩʧʦʨʪʠʨʫʝʤʳʭ ʬʫʥʢ-

ʮʠʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʤʦʜʝʣʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ. 
 

7.2 ʄʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʉʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʤʦʜʝʣʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʫʶ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7.1. ʅʘ ʨʠʩʫʥʢʝ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʂɸ. ʄʦʜʝʣʴ ʂɸ, ʨʝʘʣʠ-

ʟʦʚʘʥʥʘʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʝ, ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴʩʢʦʡ ʤʦʜʝʣʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʢʪʦʨ ʦʙʦʙʱʸʥʥʳʭ ʠʤʧʫʣʴʩʦʚ P  ʚ̫-

ʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʤʦʜʝʣʠ.  ʅʘ 

ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʮʝ-

ʜʫʨʫ Vectors2BodyState, ʧʦʟʚʦʣʷʶʱʫʶ ʧʦ ʟʘʜʘʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʫʛʣʦʚʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ ʨʘʩ-

ʩʯʠʪʘʪʴ ʥʘʯʘʣʴʥʳʡ ʚʝʢʪʦʨ P  ʦʙʦʙʱʸʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩʠʩʪʝʤʳ. 
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ɺ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʤʦʜʝʣʠ, 

ʚʳʟʦʚʳ ʙʠʙʣʠʦʪʝʢʠ Canopus.dll ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ, ʠʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʧʨʦʮʝʜʫʨʳ ʨʘʩʯʸʪʘ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʟʚʘʪʴ ʧʨʦʮʝʜʫʨʫ 

BodyState2Vectors ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʦʚ ʦʙʦʙʱʸʥʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʠ ʢʦʦʨʜʠʥʘʪ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʂɸ. ʕʪʠ ʚʝʢʪʦʨʘ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʢʘʢʠʭ-ʣʠʙʦ ʨʘʩʯʸʪʘʭ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʦʡ ʤʦʜʝʣʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʠ ʚʝʢʪʦʨʘ Q . 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʟʚʘʪʴ ʧʨʦʮʝʜʫʨʫ KA_Body ʜʣʷ ʨʘʩʯʸʪʘ ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢ-

ʪʦʨʘ P. ʇʦʩʣʝ ʨʘʩʯʸʪʘ ʧʨʦʠʟʚʦʜʥʳʭ ʦʩʪʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʝʛʦ ʚʝʢʪʦʨʘ ʧʨʦʠʟʚʦʜ-

ʥʳʭ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʤʦʜʝʣʠ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʜʥʠʤ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝ-

ʪʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʸʪ ʧʨʠʨʘʱʝʥʠʡ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʪʝʢʫʱʝʤ ʰʘʛʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ.  

7.3 ʈʝʘʣʠʟʘʮʠʷ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ 

ʇʨʦʛʨʘʤʤʘ Canopus_usedll.exe ʨʝʘʣʠʟʫʝʪ ʪʝʩʪʦʚʫʶ ʟʘʜʘʯʫ, ʨʝʟʫʣʴʪʘ-

ʪʳ ʨʘʩʯʸʪʘ ʢʦʪʦʨʦʡ ʚʢʣʶʯʝʥʳ ʚ ʩʦʩʪʘʚ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʥʘ ʵʣʝʢ-

ʪʨʦʥʥʦʤ ʥʦʩʠʪʝʣʝ. 

ɺ ʧʨʠʤʝʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʯʘʩʪʦʢ ʧʘʩʩʠʚʥʦʛʦ ʧʦʣʸʪʘ ʂɸ, ʜʣʠʪʝʣʴ-

ʥʦʩʪʴʶ 120 ʩʝʢʫʥʜ. ʉ 1 ʧʦ 11 ʩʝʢʫʥʜʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʢʨʫʪʢʘ ʟʝʨʢʘʣʘ ʜʦ 

ʰʪʘʪʥʦʡ ʩʢʦʨʦʩʪʠ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʘʯʝʡ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ 

ʢʦʨʧʫʩ ʂɸ. 

ʀʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ Canopus_usedll.exe ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʚ ʨʷʜʝ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ.  ɼʘʥʥʳʝ 

ʚ ʬʘʡʣʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʘʙʣʠʮʳ. ʇʝʨʚʳʤ ʩʪʦʣʙʮʦʤ ʚʦ ʚʩʝʭ ʬʘʡʣʘʭ 

ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ, ʜʘʣʝʝ ʠʜʫʪ ʨʝʟʫʣʴʪʘʪʳ. 
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ɼʘʣʝʝ ʥʘ ʨʠʩʫʥʢʘʭ 7.2õ7.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩ-

ʯʸʪʦʚ. ʅʘ ʨʠʩʫʥʢʝ 7.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʛʣʳ b, d, g ʦʨʠʝʥʪʘʮʠʠ ʦʩʝʡ ʉʉʂ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʀʉʂ. ɻʨʘʬʠʢʠ  ʧʦʣʫʯʝʥʳ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʠʟ 

ʤʘʪʨʠʮʳ ʦʨʠʝʥʪʘʮʠʠ ʂɸ. ʅʘ ʨʠʩʫʥʢʝ 7.3 ʧʨʠʚʝʜʝʥʳ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʂɸ 

ʚʦʢʨʫʛ ʦʩʝʡ ʉʉʂ. ʅʘ ʨʠʩʫʥʢʘʭ 7.4 ʠ 7.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʛʣʦʚʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʚ ʰʘʨʥʠʨʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ, ʘ ʥʘ ʨʠʩʫʥʢʘʭ 7.6 ʠ 7.7 ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚ 

ʰʘʨʥʠʨʘʭ. 

7.4 ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʙʠʙʣʠʦʪʝʢʠ  

ʇʨʦʛʨʘʤʤʘ  Project1.exe ï ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʠʙʣʠʦʪʝʢʦʡ Canopus.dll. ʇʨʦʛʨʘʤʤʘ 

ʧʦʟʚʦʣʷʝʪ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʬʦʨʤʝ ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʠʟ ʫʢʘʟʘʥ-

ʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʫʢʘʟʘʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʫʯʘʩʪʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʰʘʛʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʛʨʘʬʠʢʘʭ. 

ʅʘ ʨʠʩʫʥʢʝ 7.8 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʣʘʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ. ɺ ʣʝʚʦʡ ʯʘʩʪʠ 

ʦʢʥʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʥʦʧʢʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʦʜʝ-

ʣʠ, ʘ ʪʘʢʞʝ ʢʥʦʧʢʠ ʚʳʟʦʚʘ ʜʠʘʣʦʛʦʚʳʭ ʦʢʦʥ ʥʘʩʪʨʦʝʢ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʛʨʘʬʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʚʢʣʘʜʢʝ çʂɸè 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʛʨʘʬʠʢʠ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʠ ʛʨʘʬʠʢʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʂɸ ʚʦʢʨʫʛ ʦʩʝʡ ʉʉʂ. ʅʘ ʚʢʣʘʜʢʝ çʇʘ-

ʥʝʣʴ ʉɹ (ʠʟʛʠʙ)è (ʩʤ. ʨʠʩʫʥʦʢ 7.9) ʦʪʦʙʨʘʞʘʶʪʩʷ ʫʛʣʳ ʠ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ 

ʚ ʰʘʨʥʠʨʘʭ ʧʘʥʝʣʝʡ ʉɹ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʛʠʙʘ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ ix). ɸʥʘ-

ʣʦʛʠʯʥʦ, ʥʘ ʚʢʣʘʜʢʝ çʇʘʥʝʣʴ ʉɹ (ʢʨʫʯʝʥʠʝ)è (ʩʤ. ʨʠʩʫʥʦʢ 7.10) ʦʪʦʙʨʘʞʘ-

ʶʪʩʷ ʫʛʣʳ ʠ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚ ʰʘʨʥʠʨʘʭ ʧʘʥʝʣʝʡ ʉɹ ʚ ʧʣʦʩʢʦʩʪʠ ʢʨʫʯʝ-

ʥʠʷ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ iz). ʅʘ ʵʪʠʭ ʚʢʣʘʜʢʘʭ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ ʦʪʦʙʨʘʞʘ-

ʶʪʩʷ ʚ ʛʨʘʜʫʩʘʭ, ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ - ʚ ʛʨʘʜʫʩʘʭ ʚ ʩʝʢʫʥʜʫ.  ʅʘ ʚʢʣʘʜʢʝ 
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çʋɼʄè (ʩʤ. ʨʠʩʫʥʦʢ 7.11) ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ (ʨʘʟ-

ʤʝʨʥʦʩʪʴ ʅʤʩ) ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ (ʨʘʟʤʝʨʥʦʩʪʴ ʅʤ) ʤʦʤʝʥʪʳ ɼʄ. 

ʅʘ ʨʠʩʫʥʢʝ 7.12 ʧʨʠʚʝʜʝʥʦ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʟʘʜʘʥʠʷ ʤʘʩʩʦʚʦ-

ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʠ. ʆʢʥʦ ʚʳʟʳʚʘʝʪʩʷ ʥʘʞʘʪʠʝʤ ʥʘ ʢʥʦʧ-

ʢʫ çʄʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠè ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʛʣʘʚʥʦʛʦ ʦʢʥʘ 

ʧʨʦʛʨʘʤʤʳ. ɿʜʝʩʴ ʤʦʞʥʦ ʟʘʜʘʪʴ ʤʘʩʩʳ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ (ʢʛ), ʘ ʪʘʢ-

ʞʝ ʪʝʥʟʦʨʳ ʠʥʝʨʮʠʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ (2ʢʛʤ) ʠ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ 

ʤʘʩʩ ʵʣʝʤʝʥʪʦʚ (ʤ). ʂʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʤʘʩʩ ʵʣʝʤʝʥʪʦʚ ʟʘʜʘʶʪʩʷ ʚ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. ɺ ʵʪʦʤ ʠ ʦʩʪʘʣʴʥʳʭ ʜʠʘʣʦʛʦʚʳʭ ʦʢʥʘʭ ʧʦ 

ʥʘʞʘʪʠʶ ʥʘ ʢʥʦʧʢʫ çʩʦʭʨʘʥʠʪʴè ʧʨʦʠʩʭʦʜʠʪ ʩʦʭʨʘʥʝʥʠʝ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʦʜʝʣʠ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çʦʪʤʝʥʘè ï ʧʨʦʠʩʭʦʜʠʪ ʚʦʟ-

ʚʨʘʪ ʢ ʩʪʘʨʳʤ ʟʥʘʯʝʥʠʷʤ. 

ʅʘ ʨʠʩʫʥʢʝ 7.13 ʧʦʢʘʟʘʥʦ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʘʨ-

ʥʠʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɿʜʝʩʴ ʚ ʪʘʙʣʠʮʝ ʥʦʤʝʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʰʘʨʥʠʨʳ. ʂʦ-

ʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʚʨʘʱʝʥʠʷ ʰʘʨʥʠʨʦʚ (ʤ) ʟʘʜʘʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 

ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʜʝʩʴ ʪʘʢʞʝ ʤʦʞʥʦ ʟʘʜʘʪʴ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʫʧʨʫʛʦʩʪʠ (ʅʤ) ʠ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ (ʅʤʩ), ʘ ʢʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʝʥʠʷ ʫʛ-

ʣʦʚ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʰʘʨʥʠʨʘʭ (ʛʨʘʜ). 

 ʅʘ ʨʠʩʫʥʢʝ 7.14 ʠʟʦʙʨʘʞʝʥʦ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʡ ʜʚʠʞʝʥʠʷ ʤʦʜʝʣʠ. ɿʜʝʩʴ ʟʘʜʘʶʪʩʷ ʥʘʯʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʠ 

ʥʘʯʘʣʴʥʳʝ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʂɸ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ 

ʥʘʯʘʣʴʥʳʝ ʫʛʣʳ ʠ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚ ʰʘʨʥʠʨʘʭ. ɺʝʣʠʯʠʥʳ ʫʛʣʦʚ ʟʘʜʘʶʪʩʷ 

ʚ ʛʨʘʜʫʩʘʭ, ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ï ʚ ʛʨʘʜʫʩʘʭ ʚ ʩʝʢʫʥʜʫ. 
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9. ʊʘʙʣʠʮʳ ʠ ʨʠʩʫʥʢʠ 

ʊʘʙʣʠʮʘ 1.1. ʀʥʪʝʨʚʘʣʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ 

 ̄ ɼʘʪʘ 1t , 

ʯ:ʤʠʥ.ʩ 
1Nt t- , 

ʉ 
N  

1 08.06.2009 10.50.11 368 215 

2 22.06.2009 00.36.10 205 53 

3 07.07.2009 10.09.11 121 36 

 

ʊʘʙʣʠʮʘ 1.2. ʉʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʮʝʥʠʚʘʝʤʳʭ ʚʝʣʠʯʠʥ 

 ̄ ws  hs  1ws  2ws  3ws  1hs  

1 5.3Ā10
-5
 1.2Ā10

-4
 3.7Ā10

-5
 3.8Ā10

-5
 4.1Ā10

-5
 4.4Ā10

-5
 

2 7.4Ā10
-5
 1.2Ā10

-4
 3.8Ā10

-5
 4.6Ā10

-5
 5.8Ā10

-5
 4.7Ā10

-5
 

3 1.3Ā10
-4
 1.4Ā10

-4
 6.6Ā10

-5
 7.3Ā10

-5
 1.6Ā10

-4
 6.9Ā10

-5
 

 

 ̄ 2hs  3hs  ls  ms  
1ks  2ks  

1 5.7Ā10
-5
 8.3Ā10

-6
 8.8Ā10

-3
 9.7Ā10

-3
 5.1Ā10

-4
 6.6Ā10

-4
 

2 6.8Ā10
-5
 1.7Ā10

-5
 6.1Ā10

-1
 1.2Ā10

-1
 3.6Ā10

-3
 3.1Ā10

-3
 

3 6.7Ā10
-5
 2.5Ā10

-5
 4.3Ā10

-1
 6.5Ā10

-2
 2.5Ā10

-3
 3.4Ā10

-3
 

 

ʊʘʙʣʠʮʘ 2.1. ʀʥʪʝʨʚʘʣʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ 

 ̄ ɼʘʪʘ 1t , 

ʯ.ʤʠʥ.ʩ 
1Nt t- , ʩ N  

1 24.10.2006 06.35.46 493 330 

2 26.10.2006 12.33.34 514 391 

3 27.10.2006 07.40.12 406 319 

4 27.10.2006 10.49.50 408 321 

5 27.10.2006 12.24.00 473 362 

6 22.12.2006 13.54.56 228 501 

7 20.03.2007 16.17.43 1905 183 

8 20.03.2007 17.50.01 2151 216 

9 20.03.2007 20.29.51 1289 124 

10 21.03.2007 09.18.21 2249 200 

11 21.03.2007 19.22.08 1699 189 

12 21.03.2007 22.24.02 991 96 
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ʊʘʙʣʠʮʘ 2.2. ʈʝʟʫʣʴʪʘʪʳ ʤʠʥʠʤʠʟʘʮʠʠ 

 ̄ s, A 10w , c 1-  
1ws , c 1-  

20w , c 1-  
2ws , c 1-  

30w , c 1-  
3ws , c 1-  

1 1.6763 0.0007 0.0020 0.1627 0.0002 -0.0007 0.0007 

2 1.1657 0.0014 0.0010 0.1619 0.00004 0.0006 0.0006 

3 0.9081 0.0004 0.0015 0.1616 0.00005 -0.0005 0.0002 

4 1.0366 -0.0014 0.0016 0.1617 0.0002 0.0004 0.0004 

5 1.0489 0.0008 0.0014 0.1615 0.00004 -0.0007 0.0003 

6 0.5705 -0.0011 0.0006 0.1855 0.0001 0.0005 0.0003 

7 1.2287 0.0030 0.0003 0.0177 0.0001 -0.0077 0.0002 

8 1.2536 -0.0112 0.0004 0.0147 0.0002 -0.0051 0.0002 

9 1.4877 0.0175 0.0006 0.0111 0.0008 0.0040 0.0009 

10 1.6085 0.0190 0.0004 0.0082 0.0006 0.0028 0.0006 

11 1.4798 -0.0064 0.0004 0.0174 0.0002 0.0070 0.0002 

12 1.9865 -0.0007 0.010 0.0195 0.0005 0.0075 0.0015 

 

 

ʊʘʙʣʠʮʘ 2.3. ʈʝʟʫʣʴʪʘʪʳ ʤʠʥʠʤʠʟʘʮʠʠ 

 ̄ l ls  m ms  
Sa  sas  

Sb sbs  

1 3.2973 0.53 0.7329 0.041 2.0099 0.036 -0.0620 0.25 

2 3.0459 0.37 0.7332 0.030 1.9486 0.063 -0.2037 0.12 

3 3.0524 0.29 0.6980 0.028 1.9687 0.0071 0.0058 0.12 

4 3.0623 0.33 0.6924 0.032 1.9658 0.020 0.0685 0.10 

5 3.0675 0.33 0.6992 0.031 1.9534 0.025 -0.1203 0.081 

6 3.0896 0.57 0.7231 0.048 1.9500 0.081 -0.1594 0.16 

7 2.8499 0.11 0.7289 0.0094 2.0762 0.0061 -0.0059 0.0040 

8 2.7101 0.084 0.7120 0.0082 2.0493 0.0048 -0.0114 0.0072 

9 3.1803 0.23 0.8201 0.019 2.3926 0.024 -0.0173 0.0095 

10 2.5848 0.075 0.7051 0.0073 1.9518 0.018 -0.0289 0.0075 

11 2.4625 0.063 0.6720 0.0076 1.5088 0.019 0.0228 0.0037 

12 3.6879 0.50 0.7535 0.030 2.1576 0.50 -0.0059 0.046 

 



 

 

8
1 

 

 

ʊʘʙʣʠʮʘ 2.4. ʇʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ ʂɸ 

 ̄ Lx , 

ʛʨʘʜ 

Lz , 

ʛʨʘʜ 

Sx , 

ʛʨʘʜ 

Sz , 

ʛʨʘʜ 
Sàg ð, 

ʛʨʘʜ 

W, 

ʛʨʘʜ/ʩ 

dW, 

ʛʨʘʜ/ʩ 

W , 

ʛʨʘʜ/ʩ 

Wd , 

ʛʨʘʜ/ʩ 
maxq , 

ʛʨʘʜ 

1 ï131 52 ï171 23.4 42 9.32 0.0008 0.056 0.018 0.79 

2 ï117 11 ï170 23.4 51 9.27 0.0002 0.063 0.006 0.64 

3 ï106 31 ï169 23.3 56 9.26 0.0003 0.041 0.011 0.58 

4 ï104 47 ï169 23.3 57 9.26 0.0003 0.054 0.015 0.71 

5 ï104 33 ï169 23.3 57 9.25 0.0003 0.062 0.014 0.75 

6 ï178 37 ï158 26.9 24 10.63 0.0002 0.051 0.007 0.48 

7 ï186 84 176 28.3 56 0.83 0.12 0.516 0.033 50 

8 ï148 ï18 176 28.3 58 0.86 0.11 0.495 0.032 47 

9 149 ï34 176 28.3 68 0.75 0.20 0.655 0.082 67 

10 131 ï28 176 28.2 71 0.81 0.17 0.591 0.047 66 

11 ï168 ï39 176 28.2 69 0.93 0.13 0.527 0.056 53 

12 ï123 ï10 176 28.2 70 0.97 0.12 0.479 0.079 51 
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ʊʘʙʣʠʮʘ 3.1. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʢʪʦʨʦʚ q  ʠ n, ʠʥʚʘʨʠʘʥʪʥʳʝ ʜʣʷ ( )th . 

 ̄ ʢʦʤʧʦʥʝʥʪʳ q  ʢʦʤʧʦʥʝʥʪʳ n  

1 0d 
0b 

10w  
20w  

30w  
1h  

2h  
3h  

1n  
2n  

3n  

2 0-d 0b ï
10w  ï

20w  
30w  ï

1h  ï
2h  

3h  
1n  

2n  ï
3n  

3 0d 
0-b ï 10w  

20w  ï
30w  ï

1h  
2h  ï

3h  
1n  ï

2n  
3n  

4 0-d 0-b 10w  ï
20w  ï

30w  
1h  ï

2h  ï
3h  

1n  ï
2n  ï

3n  

5 0-d 0p+b 10w  
20w  

30w  
1h  

2h  
3h  ï

1n  ï
2n  ï

3n  

6 0d 0p+b ï 10w  ï 20w  30w  ï1h  ï2h  3h  ï1n  ï 2n  3n  

7 0-d 0p-b ï 10w  20w  ï 30w  ï1h  2h  ï3h  ï1n  2n  ï3n  

8 0d 0p-b 10w  ï 20w  ï 30w  1h  ï2h  ï3h  ï1n  2n  3n  

 

 

ʊʘʙʣʠʮʘ 3.2. ʀʥʪʝʨʚʘʣʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. 

 ̄
ʜʘʪʘ, 

ʜ.ʤ.ʛ 
1t , 

ʯ:ʤʠʥ:ʩ 
1Nt t- , 

ʯ:ʤʠʥ:ʩ 
N  

 ̄

ʨʠʩʫʥʢʘ 

1 09.06.2008 0:15:07 5:53:35 1376 3.4 

2 17.08.2008 9:48:30 5:59:53 1827 3.5 

3 24.08.2008 5:37:05 5:58:23 2069 3.6 

4 26.08.2008 6:49:53 5:59:54 1830 3.7 

5 27.08.2008 8:42:05 5:59:52 2110 3.8 

6 31.08.2008 2:24:27 5:03:13 1554 3.9 

7 03.09.2008 13:39:12 6:23:31 2094 3.10 

8 09.09.2008 11:22:35 6:06:25 2053 3.11 

9 10.09.2008 0:07:23 11:35:03 589 3.12 

10 10.09.2008 17:12:19 9:35:56 5505 3.13 
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ʊʘʙʣʠʮʘ 3.3.  ʈʝʟʫʣʴʪʘʪʳ ʤʠʥʠʤʠʟʘʮʠʠ. 

 ̄ s d ds b bs  

1 2.974 0.31199 0.03900 1.23018 0.00563 

2 3.357 -0.64916 0.05631 1.14186 0.01139 

3 3.092 0.57683 0.04707 1.50056 0.02037 

4 3.414 -0.50656 0.06364 1.23437 0.01468 

5 3.865 0.86076 0.05365 1.34895 0.02906 

6 2.825 0.56919 0.02550 1.95823 0.02719 

7 3.350 0.54848 0.01322 2.01988 0.01525 

8 3.430 0.50214 0.02288 1.73473 0.01300 

9 3.348 -1.15075 0.01110 2.98700 0.04117 

10 3.854 -0.40923 0.00892 1.06579 0.00429 

 

ʊʘʙʣʠʮʘ 3.4.  ʈʝʟʫʣʴʪʘʪʳ ʤʠʥʠʤʠʟʘʮʠʠ. 

 ̄ 10w  1ws  20w  2ws  30w  3ws  

1 -0.00560 0.00020 -0.00203 0.00025 0.00851 0.00009 

2 -0.00474 0.00038 -0.00458 0.00050 0.01113 0.00002 

3 -0.00375 0.00035 -0.00567 0.00046 0.00997 0.00012 

4 -0.00295 0.00041 -0.00612 0.00056 0.01094 0.00020 

5 -0.00391 0.00038 -0.00575 0.00050 0.01058 0.00011 

6 -0.00391 0.00033 -0.00515 0.00044 0.01087 0.00006 

7 -0.00519 0.00019 -0.00365 0.00026 0.01133 0.00003 

8 -0.00511 0.00022 -0.00399 0.00029 0.01125 0.00002 

9 0.00071 0.00000 -0.00022 0.00001 -0.00002 0.00001 

10 0.00073 0.00001 -0.00057 0.00003 0.00118 0.00002 
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ʊʘʙʣʠʮʘ 3.5.  ʈʝʟʫʣʴʪʘʪʳ ʤʠʥʠʤʠʟʘʮʠʠ. 

 ̄
1h  1hs  

2h  2hs  
3h  3hs  

1 0.00594 0.00020 0.00216 0.00022 -0.00324 0.00003 

2 0.00457 0.00038 0.00409 0.00041 -0.00402 0.00002 

3 0.00359 0.00036 0.00479 0.00040 -0.00391 0.00005 

4 0.00308 0.00041 0.00540 0.00046 -0.00392 0.00008 

5 0.00364 0.00038 0.00493 0.00043 -0.00398 0.00006 

6 0.00372 0.00033 0.00467 0.00037 -0.00404 0.00004 

7 0.00521 0.00019 0.00352 0.00021 -0.00403 0.00000 

8 0.00500 0.00022 0.00379 0.00024 -0.00401 0.00001 

9 -0.00060 0.00000 0.00008 0.00000 -0.00004 0.00000 

10 -0.00064 0.00000 0.00038 0.00002 -0.00009 0.00000 

 

ʊʘʙʣʠʮʘ 3.6.  ʋʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʂɸ ʠ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ. 

 ̄
1w 

ʛʨʘʜ/ʩ 
2w  

ʛʨʘʜ/ʩ 
3w  

ʛʨʘʜ/ʩ 

| |ɤ  

ʛʨʘʜ/ʩ 
1N  

ʦʙ/ʤʠʥ 
2N  

ʦʙ/ʤʠʥ 
4N  

ʦʙ/ʤʠʥ 

1 -0.351 -0.008 0.480 0.595 4261 2680 -1748 

2 -0.355 -0.164 0.629 0.741 2268 4877 -665 

3 -0.321 -0.241 0.563 0.692 1123 5466 -268 

4 -0.287 -0.281 0.619 0.738 426 5976 -67 

5 -0.331 -0.243 0.598 0.725 1114 5589 -281 

6 -0.320 -0.211 0.615 0.725 1289 5461 -223 

7 -0.362 -0.105 0.642 0.744 3065 4377 -942 

8 -0.364 -0.125 0.636 0.744 2774 4578 -883 

9 0.035 -0.025 -0.001 0.043 -554 227 410 

10 0.028 -0.045 0.068 0.086 -718 469 407 
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ʊʘʙʣʠʮʘ 3.7.  ʂʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, ʩʫʤʤʘʨʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʠ ʫʛʣʳ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ. 

 ̄
1ʂʋɼʄL  

2ʂʋɼʄL  
3ʂʋɼʄL  | |ʂʋɼʄL  

1LS  
2LS  

3LS  | |SL  ^KA ʂʋɼʄL L , 

ʛʨʘʜ 
^ SS L , 

ʛʨʘʜ ɺ ʩʠʩʪʝʤʝ 
1 2 3Ox x x, ʅʤʩ ɺ ʩʠʩʪʝʤʝ 

1 2 3OX X X, ʅʤʩ 

1 0.84 0.30 -0.46 20.90 -0.61 0.79 -0.09 1.76 177.3 127.3 

2 0.62 0.56 -0.55 21.58 -0.80 -0.15 -0.58 0.93 177.5 143.3 

3 0.50 0.67 -0.55 21.05 -0.64 -0.45 -0.62 1.04 177.3 130.0 

4 0.42 0.73 -0.53 21.63 -0.69 0.67 -0.26 0.93 178.4 134.0 

5 0.50 0.67 -0.54 21.49 -0.70 -0.70 0.11 0.97 177.4 134.7 

6 0.52 0.65 -0.56 21.21 -0.67 -0.74 0.12 1.25 177.0 131.7 

7 0.70 0.47 -0.54 21.99 -0.70 -0.40 0.59 1.41 176.6 134.4 

8 0.67 0.51 -0.54 21.92 -0.75 -0.37 0.55 1.39 176.5 138.7 

9 -0.99 0.13 -0.07 1.79 0.03 0.73 -0.68 0.47 172.0 88.4 

10 -0.85 0.51 -0.12 2.22 -0.06 0.09 0.99 1.06 160.6 93.7 
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ʊʘʙʣʠʮʘ 7ʘ. ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʠ ʚʝʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ ʉɹ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʂɸ. 

 
ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʠ ʚʝʢʪʦʨʘ 

2.0280 20.9580 93.6815 170.9556 420.5265 

ʏʘʩʪʦʪʘ, ɻʮ 0.2267 0.7286 1.5404 2.0810 3.2637 

ʇ
ʝ
ʨ
ʝ
ʤ
ʝ
ʥ
ʥ
ʳ
ʝ
 
ʩ
ʦ
ʩ
ʪ
ʦ
ʷ
ʥ
ʠ
ʷ

 

2j 0.0492 0.0013 -0.2157 0.0133 0.0771 

3j 0.0407 -0.0054 -0.0129 0.0221 -0.0565 

4j 0.0258 -0.0131 0.2666 -0.0216 -0.0619 

5j 0.0125 -0.0133 0.3050 -0.0720 0.0282 

6j 0.0031 -0.0054 0.1066 -0.0387 0.0137 

2J  0.0036 0.2867 0.0012 -0.7483 0.8956 

3J 0.0035 0.2584 0.0159 -0.1479 -0.9016 

4J  0.0031 0.2046 0.0560 0.5653 -0.9363 

5J 0.0020 0.1357 0.1138 0.7911 0.7714 

6J 0.0001 0.0558 0.0674 0.4309 1.0720 
 

 
ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʠ ʚʝʢʪʦʨʘ 

612.1999 702.0617 839.0571 1791.2438 3312.1294 

ʏʘʩʪʦʪʘ, ɻʮ 3.9379 4.2170 4.6102 6.7359 9.1595 

ʇ
ʝ
ʨ
ʝ
ʤ
ʝ
ʥ
ʥ
ʳ
ʝ
 
ʩ
ʦ
ʩ
ʪ
ʦ

ʥ̫
ʠ
ʷ

 

2j 0.2896 0.2846 -0.0781 -0.2362 1.1895 

3j -0.2006 -0.2287 0.0708 0.3276 -2.1447 

4j -0.5248 -0.4687 0.1083 0.1712 1.3185 

5j 0.4995 0.4776 -0.1398 -0.9382 -0.4673 

6j 0.4192 0.3611 0.0445 1.7966 0.1852 

2J  -0.6242 0.4881 0.3051 0.0406 -0.2157 

3J 1.0405 -1.2759 -0.8502 0.0183 0.1700 

4J  -0.4245 1.0625 1.3883 -0.1926 0.1179 

5J -0.4059 0.2496 -1.7634 0.3036 -0.0833 

6J 0.9801 -1.0560 1.5903 -0.2117 0.0124 



87 

 

 

ʊʘʙʣʠʮʘ 7ʙ. ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʠ ʚʝʢʪʦʨʘ ʩʠʩʪʝʤʳ. 

 
ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʩʠʩʪʝʤʳ 

9.5760 21.3885 104.4547 171.3024 421.6280 

ʏʘʩʪʦʪʘ, ɻʮ 0.4925 0.7361 1.6266 2.0831 3.2680 

ʇ
ʝ
ʨ
ʝ
ʤ
ʝ
ʥ
ʥ
ʳ
ʝ
 
ʩ
ʦ
ʩ
ʪ
ʦ
ʷ
ʥ
ʠ
ʷ
 
ʩ

ʠ
ʩ
ʪ
ʝ
ʤ
ʳ

 

11w  -0.1375 -0.0067 0.0518 0.0007 -0.0066 

21w  0.0001 0.0000 0.0000 0.0000 0.0000 

31w  -0.0027 -0.0136 0.0033 0.0044 -0.0027 

2j 0.0839 0.0045 -0.2493 0.0115 0.0796 

3j 0.0951 -0.0007 -0.0484 0.0212 -0.0477 

4j 0.0653 -0.0088 0.2583 -0.0203 -0.0581 

5j 0.0355 -0.0107 0.3184 -0.0695 0.0158 

6j 0.0095 -0.0047 0.1135 -0.0378 0.0067 

2J  0.0001 0.2889 -0.0003 -0.7503 0.9028 

3J 0.0034 0.2616 0.0062 -0.1511 -0.9024 

4J  0.0043 0.2078 0.0477 0.5641 -0.9407 

5J 0.0041 0.1383 0.1161 0.7925 0.7699 

6J 0.0003 0.0569 0.0726 0.4323 1.0706 
 

 
ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʩʠʩʪʝʤʳ 

616.9433 708.0705 839.3450 1793.1207 3342.2655 

ʏʘʩʪʦʪʘ, ɻʮ 3.9531 4.2350 4.6109 6.7395 9.2011 

ʇ
ʝ
ʨ
ʝ
ʤ
ʝ
ʥ
ʥ
ʳ
ʝ
 
ʩ
ʦ
ʩ
ʪ
ʦ
ʷ
ʥ
ʠ
ʷ
 
ʩ
ʠ
ʩ
ʪ
ʝ
ʤ
ʳ

 

11w  -0.0132 -0.0142 0.0029 0.0048 -0.0141 

21w  0.0000 0.0000 0.0000 0.0000 0.0000 

31w  -0.0001 -0.0019 -0.0001 0.0004 -0.0013 

2j 0.2868 0.3153 -0.0851 -0.2399 1.2175 

3j -0.1766 -0.2272 0.0713 0.3192 -2.1530 

4j -0.5072 -0.5098 0.1181 0.1822 1.3084 

5j 0.4657 0.4994 -0.1460 -0.9424 -0.4599 

6j 0.4000 0.3885 0.0379 1.7956 0.1795 

2J  -0.6379 0.4675 0.3022 0.0378 -0.2115 

3J 1.0984 -1.2306 -0.8426 0.0208 0.1666 

4J  -0.4899 1.0385 1.3822 -0.1918 0.1180 

5J -0.4216 0.2146 -1.7643 0.3019 -0.0828 

6J 1.0563 -0.9747 1.5938 -0.2107 0.0123 
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ʈʠʩ. 1.1. ʇʨʠʤʝʨ ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (1.1), ʩʪʨʝʤʷʱʝʡʩʷ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʨʝʰʝʥʠʶ (1.5), 

, , , , , . 

 
ʈʠʩ. 1.2. ʇʨʠʤʝʨ ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (1.1), ʩʪʨʝʤʷʱʝʡʩʷ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʨʝʰʝʥʠʶ (1.5), 


