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ɺʚʝʜʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʫʯʝʪʦʤ 

ʥʝʣʠʥʝʡʥʳʭ ʠ ʥʝʨʝʛʫʣʷʨʥʳʭ ʘʩʧʝʢʪʦʚ ʙʳʣʦ ʠ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ 

ʜʠʥʘʤʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʭʘʥʠʢʠ. ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʦʙʱʝʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʚʘʞʥʦʛʦ ʢʣʘʩʩʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ 

ʜʚʦʡʥʳʤ ʚʨʘʱʝʥʠʝʤ, ʩʪʨʫʢʪʫʨʥʦ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʡ ʩʭʝʤʳ ʦʩʝʚʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʦʦʩʥʦʡ ʩʭʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʧʘʩʩʠʚʥʦʡ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʩʦʦʩʥʳʭ ʪʝʣ 

ʧʨʠ ʧʦʢʦʝ, ʣʠʙʦ ʤʝʜʣʝʥʥʦʤ ʚʨʘʱʝʥʠʠ ʚʪʦʨʦʛʦ ʩʦʦʩʥʦʛʦ ʪʝʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʦʨʠʝʥʪʘʮʠʶ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ (ʘʥʪʝʥʥ, ʪʝʣʝʩʢʦʧʦʚ ʠ ʪ.ʧ.) ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʊʠʧʠʯʥʳʤ ʨʝʞʠʤʦʤ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʝʛʦ ʜʚʠʞʝʥʠʝ ʩ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʢ 

ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ, ʢʦʛʜʘ ʨʦʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʨʦʩʢʦʧʠʯʝʩʢʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʩʚʦʠʤ 

ʙʳʩʪʨʳʤ ʚʨʘʱʝʥʠʝʤ, ʘ ʛʣʘʚʥʦʝ ʩʦʦʩʥʦʝ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʜʣʝʥʥʦʤ ʚʨʘʱʝʥʠʠ ʩ 

ʦʨʙʠʪʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʚʳʧʦʣʥʷʷ çʣʫʥʥʦʝè ʜʚʠʞʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʚʠʟʠʨʦʚʘʥʠʝʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʙʣʠʟʦʢ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʠ ʥʘʧʨʘʚʣʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʣʦʩʢʦʩʪʠ 

ʦʨʙʠʪʳ ï ʪʘʢʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʥʘʟʳʚʘʶʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʝʡ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʝʥʠʝ 

ʨʷʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʚʠʞʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʩʧʝʢʪʳ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʩʠʣʦʚʳʭ ʤʦʤʝʥʪʦʚ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

ɻʣʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʶʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ ʩʧʫʪʥʠʢʦʚ-

ʛʠʨʦʩʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʜʝʨʞʘʪ ʚʥʫʪʨʠ ʩʝʙʷ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʩʝʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ, ʧʦʠʩʢ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʣʶʙʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʙʱʠʭ ʠ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʠ ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʭ ʬʝʥʦʤʝʥʦʚ ʚ ʚʦʟʤʫʱʝʥʥʦʡ 

ʜʠʥʘʤʠʢʝ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʭʘʦʪʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ, ʫʯʝʪ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʨʝʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ ʧʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ, ʣʠʙʦ ʢ ʝʝ ʧʦʣʥʦʤʫ ʩʨʳʚʫ.  

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʦʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʧʨʠ 

ʧʦʥʠʤʘʥʠʠ ʪʦʛʦ, ʯʪʦ ʣʶʙʦʝ ʨʝʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ 

ʰʠʨʦʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʨʘʟʚʠʪʠʝ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʘʦʩʘ. ɸʥʘʣʠʟ 

ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʆʯʝʚʠʜʥʦ ʪʘʢʞʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ 

ʧʨʠʢʣʘʜʥʳʭ ʮʝʣʷʭ. ʊʘʢ ʚ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʝʜʣʦʞʝʥ ʠ ʜʝʪʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʥʘʤʝʨʝʥʥʦʡ ʠʥʠʮʠʘʮʠʠ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘ ʩʯʝʪ ʝʛʦ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʝʨʝʦʨʠʝʥʪʘʮʠʡ ʩʧʫʪʥʠʢʘ. ɿʘʜʘʯʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚ ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʩʭʝʤ ʠ ʩʠʩʪʝʤ ʩʚʦʝʡ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʧʨʦʙʣʝʤ rʚ ʨʘʙʦʪʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʥʘʩʪʦʷʱʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʨʝʰʝʥʳ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʨʥʦʡ ʠ 

ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʩʫʧʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

ʇʨʦʙʣʝʤʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʨʝʛʫʣʷʨʥʦʡ ʠ 

ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ.  

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʥʦʚʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʪʠʧʦʚ ʛʠʨʦʩʪʘʪʦʚ ʚ ʩʣʫʯʘʷʭ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʛʫʣʷʨʥʦʛʦ ʠ ʭʘʦʪʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʠʥʪʝʟʦʤ ʪʨʝʙʫʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʦʚʳʭ ʩʭʝʤ ʠ 

ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ. 

ɺ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʙʫʜʫʪ 

ʥʘʡʜʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʠ ʩʠʥʪʝʟ ʚʘʞʥʳʭ 

ʨʝʞʠʤʦʚ ʨʝʛʫʣʷʨʥʦʡ ʠ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʥʦʨʤʘʣʴʥʳʭ ʛʠʨʦʩʪʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ: 

1. ɹʫʜʫʪ ʧʦʣʫʯʝʥʳ ʰʝʩʪʴ ʚʠʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʜʠʥʘʤʠʢʠ ʦʜʥʦʦʩʥʳʭ 

ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ. ʕʪʠ ʨʝʰʝʥʠʷ ʙʫʜʫʪ ʦʙʦʙʱʘʪ ɹ ʨʝʰʝʥʠʷ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ 

ʛʠʨʦʩʪʘʪʘ, ʘ ʪʘʢʞʝ ʷʚʣʷʪʩɹʷ ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʤ ʦʙʦʙʱʝʥʠʝʤ ʨʝʰʝʥʠʡ ʜʠʥʘʤʠʢʠ ʪʝʣʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʤʦʤʝʥʪʦʚ. 

2. ɹʫʜʝʪ ʠʩʩʣʝʜʦʚʘʥ ʬʝʥʦʤʝʥ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʜʚʠʞʝʥʠʷ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʚ ʪ.ʯ. 

ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʩʧʦʩʦʙʳ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ. 

3. ʅʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʙʫʜʫʪ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʭʘʦʩʘ. 

ʄʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʤʝʭʘʥʠʢʠ, ʜʠʥʘʤʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʩʠʩʪʝʤ ʪʚʝʨʜʳʭ 

ʪʝʣ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʤʝʭʘʥʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ, ʨʘʟʚʠʪʳʝ ʚ 

ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ɸʢʫʣʝʥʢʦ ʃ.ɼ., ɸʨʭʘʥʛʝʣʴʩʢʦʛʦ ʖ.ɸ., ɸʩʣʘʥʦʚʘ ɺ.ʉ., ɹʝʣʝʮʢʦʛʦ ɺ.ɺ., 

ɻʘʥʪʤʘʭʝʨʘ ʌ.ʈ., ɾʫʢʦʚʩʢʦʛʦ ʅ.ɽ., ɾʫʨʘʚʣʸʚʘ ɺ.ʌ., ʀh ʣʠʥʩʢʦʛʦ ɸ. ʖ., ʂʣʠʤʦʚʘ ɼ.ʄ.,   

ʂʦʟʣʦʚʘ ɺ.ɺ., ʂʦʩʤʦʜʝʤʴʷʥʩʢʦʛʦ ɸ.ɸ., ʃʝʱʝʥʢʦ ɼ.ɼ., ʄʘʨʢʝʝʚʘ ɸ.ʇ., ʄʦʠʩʝʝʚʘ ʅ.ʅ., 

ʄʦʨʦʟʦʚʘ ɺ.ʄ., ʅʝʡʰʪʘʜʪʘ ɸ.ʀ., ʆʚʯʠʥʥʠʢʦʚʘ ʄ.ʖ., ʆʭʦʮʠʤʩʢʦʛʦ ɼ.ɽ., ʈʫʤʷʥʮʝʚʘ ɺ.ɺ., 

ʉʘʜʦʚʘ ʖ.ɸ., ʉʘʟʦʥʦʚʘ ɺ. ɺ., ʉʘʨʳʯʝʚʘ ɺ.ɸ., ʉʠʜʦʨʝʥʢʦ ɺ.ɺ.,  ʉʪʝʢʣʦʚʘ ɺ.ɸ., ʊʠʭʦʥʦʚʘ 

ɸ.ɸ., ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ., ʘ ʪʘʢʞʝ Andoyer H., Arichandran K., Bainum P.M., Cochran J.E., 
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Deprit A., Elipe A., Hall C.D., Hughes P.C., I¶arrea M., Kuang J., Lanchares V., Leung A.Y.T, 

Mingori D.L., Tan S., Serret J.A., Volterra V., Wittenburg J. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʤʝʪʦʜ rʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʦʜ ʄʝʣʴʥʠʢʦʚʘ ɺ.ʂ. ʠ ʝʛʦ 

ʤʦʜʠʬʠʢʘʮʠʠ Wiggins S., Holmes P.J., Marsden J.E., ʦʪʦʙʨʘʞʝʥʠʷ H.Poincar®, ʤʝʪʦʜʳ 

ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʨʘʟʚʠʪʳʝ ʚ ʨʘʙʦʪʘʭ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʫʯʝʥʳʭ, ʢʘʢ 

ʂʦʣʤʦʛʦʨʦʚ ɸ.ʅ., ɸʨʥʦʣʴʜ ɺ.ʀ., Moser J., ɸʥʜʨʦʥʦʚ ɸ.ɸ., ɺʠʪʪ ɸ.ɸ., ʍʘʡʢʠʥ ʉ.ɼ., 

ʂʫʟʥʝʮʦʚ C.ʇ., ɸʥʠʱʝʥʢʦ ɺ.ʉ., ɸʩʪʘʭʦʚ ɺ.ɺ.,  ʃʝʦʥʦʚ ɻ.ɸ., ʃʦʩʢʫʪʦʚ ɸ.ʖ, Guckenheimer 

J., Holmes P.J., Boccaletti S., Grebogi, Lichtenberg A.J., Lieberman M.A., Tabor M. 

ʎʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʤʝʪʦʜʳ ʠ ʨʝʰʝʥʠʷ, ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʨʘʟʚʠʪʠʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʝʝ ʧʨʠʢʣʘʜʥʳʭ 

ʘʩʧʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ 

ʩʧʫʪʥʠʢʦʚ ʩ ʥʦʚʳʤʠ ʩʭʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ, ʧʘʨʠʨʫʶʱʠʤʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʣʠʙʦ, ʥʘʦʙʦʨʦʪ, ʠʥʠʮʠʠʨʫʶʱʠʤʠ ʭʘʦʪʠʯʝʩʢʫʶ 

ʜʠʥʘʤʠʢʫ ʚ ʧʦʟʠʪʠʚʥʳʭ ʮʝʣʷʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ. 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʥʳʝ ʚ ʩʠʩʪʝʤʝ Scopus, 

ʚʢʣʶʯʘʶʪ 32 ʨʘʙʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ: 

- 7 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ ʈɸʅ [50, 24-29]; 

- 13 ʩʪʘʪʝʡ ʚ ʚʝʜʫʱʠʭ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ Q1 ʠ Q2 [190-202].  

ʄʥʦʛʦʢʨʘʪʥʦ ʚʳʧʦʣʥʷʣʦʩʴ ʫʯʘʩʪʠʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ [206-215, 51-54]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʦ ʜʚʘ ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ (ʩʧʦʩʦʙ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʟʘ ʩʯʝʪ ʠʥʠʮʠʘʮʠʠ ʭʘʦʩʘ; 

ʩʧʦʩʦʙ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʟʘ ʩʯʝʪ ʨʘʩʢʨʫʪʦʢ-ʟʘʭʚʘʪʦʚ ʩʦʦʩʥʳʭ 

ʨʦʪʦʨʦʚ), ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʘ ʨʝʛʠʩʪʨʘʮʠʷ ʘʚʪʦʨʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. 

ɺ 2009 ʛʦʜʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʫ ʙʳʣʘ ʧʨʠʩʫʞʜʝʥʘ ʄʝʜʘʣʴ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʩ ʧʨʝʤʠʷʤʠ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʥʘʧʨʘʚʣʝʥʠʝ ˉ5: ʇʨʦʙʣʝʤʳ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʭʘʥʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ) ʟʘ ʮʠʢʣ ʨʘʙʦʪ çɼʠʥʘʤʠʢʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʳʭ ʛʠʨʦʩʪʘʪʦʚ ʠ ʩʦʦʩʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘè. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʧʷʪʴ  ʁʧʨʦʝʢʪʘʤʠ ʈʌʌʀ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʠʩʩʝʨʪʘʥʪʘ, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ 

ʯʝʪʳʨʝʭ ʧʨʦʝʢʪʦʚ - ʧʝʨʩʦʥʘʣʴʥʳʭ ɻʨʘʥʪʦʚ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ 

ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʧʦʜʜʝʨʞʢʝ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʠ ʚʝʜʫʱʠʭ 

ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʌ.  

 

 

http://doroshin.ssau.ru/pub/Dor_patent_short-2018.pdf
http://doroshin.ssau.ru/pub/Dor_patent_short-2018.pdf
http://doroshin.ssau.ru/pub/Dor-Patent-2403190.pdf
http://doroshin.ssau.ru/pub/Dor-Patent-2403190.pdf
http://doroshin.ssau.ru/pub/Dor-Soft-Certificat.pdf
http://doroshin.ssau.ru/pub/Dor-Soft-Certificat.pdf
http://www.ras.ru/presidium/documents/directions.aspx?ID=2a07028f-99cc-48e3-b9c9-e6eb94cc01b6
http://www.ras.ru/presidium/documents/directions.aspx?ID=2a07028f-99cc-48e3-b9c9-e6eb94cc01b6
http://www.ras.ru/presidium/documents/directions.aspx?ID=2a07028f-99cc-48e3-b9c9-e6eb94cc01b6
http://www.ras.ru/presidium/documents/directions.aspx?ID=2a07028f-99cc-48e3-b9c9-e6eb94cc01b6
http://www.ras.ru/presidium/documents/directions.aspx?ID=2a07028f-99cc-48e3-b9c9-e6eb94cc01b6
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1. ʉʦʩʪʦʷʥʠʝ ʨʝʰʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ (ʉɻ) ʩ 

ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʳʭ ʠ ʥʝʨʝʛʫʣʷʨʥʳʭ ʘʩʧʝʢʪʦʚ ʙʳʣʦ ʠ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʭʘʥʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ ʠ ʝʝ ʨʘʟʚʠʪʠʷ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ 

ʰʠʨʦʪʫ ʩʘʤʦʛʦ ʧʦʥʷʪʠʷ ʛʠʨʦʩʪʘʪʘ, ʘ ʪʘʢʞʝ ʫʢʘʟʘʪʴ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʛʠʨʦʩʪʘʪʦʚ. 

1.1. ʂʣʘʩʩʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʪʠʧʳ ʛʠʨʦʩʪʘʪʦʚ 

ʇʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʨʦʩʪʘʪʦʚ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʙʝʨʝʪ ʥʘʯʘʣʦ ʩ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʧʦ ʜʠʥʘʤʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʚ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, 

ʣʠʙʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʫʪʨʠ ʪʝʣʘ ʧʦʣʦʩʪʝʡ ʩ ʞʠʜʢʦʩʪʴʶ. ɺ ʨʘʤʢʘʭ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ, 

ʚʦ-ʧʝʨʚʳʭ, ʦʙʦʙʱʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ 

ʠ, ʚʦ-ʚʪʦʨʳʭ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʚʷʟʠ ʤʝʞʜʫ ʜʠʥʘʤʠʢʦʡ ʪʝʣ ʚ ʞʠʜʢʦʩʪʠ (ʠʣʠ ʩ ʞʠʜʢʠʤ 

ʥʘʧʦʣʥʝʥʠʝʤ) ʩ ʜʠʥʘʤʠʢʦʡ ʜʚʠʞʝʥʠʷ ʪʝʣ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʨʦʪʦʨʘʤʠ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʨʘʙʦʪʳ ɻ. ʂʠʨʭʛʦʬʘ [255],  ʋ. ʊʦʤʩʦʥʘ (ʣʦʨʜʘ 

ʂʝʣʴʚʠʥʘ) [324], ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ [55], ɺ. ɺʦʣʴʪʝʨʨʘ [329],  ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʚʰʠʝ ʟʘ ʥʠʤʠ 

ʨʘʙʦʪʳ ɸ. ɻʨʝʷ [229], ɺ.ɺ. ʈʫʤʷʥʮʝʚʘ ʠ ʅ.ʅ. ʄʦʠʩʝʝʚʘ [98-100, 290], ʇ.ɺ. ʍʘʨʣʘʤʦʚʘ [120-

123], ʁ. ɺʠʪʪʝʥʙʫʨʛʘ [338, 339]. ʇʦʩʣʝ ʵʪʠʭ ʨʘʙʦʪ ʟʘʢʨʝʧʠʣʠʩʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʠʨʦʩʪʘʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʫʧʦʤʠʥʘʶʪʩʷ ñʛʠʨʦʩʪʘʪʳ ɾʫʢʦʚʩʢʦʛʦ-ɺʦʣʴʪʝʨʨʘò, ñʛʠʨʦʩʪʘʪʳ 

ʂʝʣʴʚʠʥʘò ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ.  

ʇʦʥʷʪʠʝ ʛʠʨʦʩʪʘʪʘ ʂʝʣʴʚʠʥʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʛʠʨʦʩʪʘʪʘ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʨʦʪʦʨʘʤʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʣʫ-

ʥʦʩʠʪʝʣʶ (ʪʝʣʫ-ʧʣʘʪʬʦʨʤʝ) [229]. ʕʪʦ ʫʩʣʦʚʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʚʷʟʴ 

ʠ ʟʘʧʨʝʱʘʝʪ ʥʝʟʘʚʠʩʠʤʦʝ ʜʚʠʞʝʥʠʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʨʦʪʦʨʦʚ. 

ʆʙʝʩʧʝʯʠʪʴ ʧʦʜʦʙʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʚʥʫʪʨʝʥʥʠʭ 

ʤʦʤʝʥʪʦʚ ʩʠʣ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʦʩʪʦʷʥʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʨʦʪʦʨʦʚ. 

ʇʦʥʷʪʠʝ ʛʠʨʦʩʪʘʪʘ ɾʫʢʦʚʩʢʦʛʦ-ɺʦʣʴʪʝʨʘ [55, 329] ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʩʠʩʪʝʤʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʪʝʣʦʤ-ʥʦʩʠʪʝʣʝʤ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʦʩʪʷʤʠ ʩ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ 

ʥʠʭ ʞʠʜʢʦʩʪʴʶ, ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʳ ʵʪʠʭ ʮʠʨʢʫʣʷʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚ ʠʪʦʛʝ ʟʘʧʠʩʘʪʴ ʪʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ, ʠ ʯʪʦ ʪʘʢʞʝ ʦʪʨʠʮʘʝʪ ʥʘʣʠʯʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʘʢʞʝ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʥʷʪʠʷ ʩʠʩʪʝʤ ʛʠʨʦʩʪʘʪʦʚ, 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʷʪʩʷ ʢ ʠʟʚʝʩʪʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʚ ʩʚʦʠʭ ʬʘʟʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʥʝʨʝʛʫʣʷʨʥʳʝ ʦʙʲʝʢʪʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʚʚʝʜʝʥʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʛʠʨʦʩʪʘʪʘ ʃʦʨʝʥʮʘ [227], ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʩʦʚʧʘʜʘʶʪ ʩ ʠʟʚʝʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʃʦʨʝʥʮʘ [282]. ɺʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ ʩʣʫʯʘʠ ʧʨʠʚʝʜʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʛʠʨʦʩʪʘʪʘ ʢ ʩʠʩʪʝʤʘʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤ ʥʘʣʠʯʠʝ ʩʪʨʘʥʥʳʭ ʭʘʦʪʠʯʝʩʢʠʭ 

ʘʪʪʨʘʢʪʦʨʦʚ [191, 206, 211, 213, 265, 206, 318, 220, 175, 330, 284, 274, 276, 279, 261, 266]. 
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ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʘʩʧʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʨʦʩʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʜʠʥʘʤʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ, ʚʦʧʨʦʩ ʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʩʪʝʧʝʥʷʭ ʩʚʦʙʦʜʳ ʨʦʪʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʞʥʳʤ, ʪʘʢ ʢʘʢ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʫʧʨʘʚʣʷʝʤʦʡ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʨʘʙʦʪʝ ʂʘʥʘ ʠ ʌʣʘʫʵʨʘ [249] 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʛʠʨʦʩʪʘʪʘ ʠ ʫʩʣʦʚʠʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʛʜʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ ʛʠʨʦʩʪʘʪʦʚ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ-ʥʦʩʠʪʝʣʷ (ʛʠʨʦʩʪʘʪʳ ʂʝʣʴʚʠʥʘ) ʠ ʛʠʨʦʩʪʘʪʳ ʩ ʨʦʪʦʨʘʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʪʝʣʘʤʠ. ɺ ʨʘʟʚʠʪʠʝ ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʚʦʧʨʦʩʘ ʦ ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ ʤʦʜʝʣʝʡ 

ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʛʠʨʦʩʪʘʪʦʚ ʈʦʙʝʨʪʩʦʥ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [304] ʧʦʢʘʟʘʣ ʩʠʤʤʝʪʨʠʶ ʬʦʨʤ 

ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ  ʜʣʷ ʛʠʨʦʩʪʘʪʘ ʂʝʣʴʚʠʥʘ ʠ ʥʦʨʤʘʣʴʥʦʛʦ/ʷʚʥʦʛʦ 

ʛʠʨʦʩʪʘʪʘ (ñapparent gyrostatò [304]), ʠʤʝʶʱʝʛʦ ʥʝʟʘʚʠʩʠʤʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʜʣʷ ʩʚʦʠʭ 

ʨʦʪʦʨʦʚ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʠʤʤʝʪʨʠʶ ʬʦʨʤ ʫʨʘʚʥʝʥʠʡ, ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʤʤʝʪʨʠʠ ʠʭ 

ʨʝʰʝʥʠʡ ʥʝ ʙʫʜʝʪ, ʯʪʦ ʦʯʝʚʠʜʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʥʘʣʠʯʠʶ 

ʚʥʫʪʨʝʥʥʠʭ ʤʦʤʝʥʪʦʚ ʩʠʣ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʩʪʦʷʥʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʨʦʪʦʨʦʚ, ʠ ʨʘʟʣʠʯʠʝʤ ʠʥʪʝʛʨʘʣʦʚ ʵʥʝʨʛʠʠ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ 

ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʪʠʧʳ ʛʠʨʦʩʪʘʪʦʚ ʂʝʣʴʚʠʥʘ ʠ ʥʦʨʤʘʣʴʥʳʭ ʛʠʨʦʩʪʘʪʦʚ.  

ʉʦ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʦʨʦʥʳ ʩʨʝʜʠ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʜʝʣʝʥʳ ʦʩʝʚʳʝ ʩʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ, ʪʘʢʞʝ ʠʤʝʥʫʝʤʳʝ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ ʩ 

ʜʚʦʡʥʳʤ ʚʨʘʱʝʥʠʝʤ (çDual-Spin Spacecraft Configurationè) [248], ʠʟʦʙʨʘʞʝʥʥʳʤʠ ʥʘ ʨʠʩ. 

1.1-a, ʘ ʪʘʢʞʝ ʤʥʦʛʦʨʦʪʦʨʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʠʤʝʥʫʝʤʳʝ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ ʩ 

ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ (çgeneral Multi-Spin Spacecraft Configurationè) [240], 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩ. 1.1-b. 

 

 

       
(ʘ)       (b) 

 

ʈʠʩ. 1.1. ʂʦʥʬʠʛʫʨʘʮʠʠ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ: 

 (ʘ) ï ʦʩʝʚʦʡ ʩʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ, (b) ï ʤʥʦʛʦʨʦʪʦʨʥʳʡ ʩʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ  
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1.2. ɸʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ ʜʠʥʘʤʠʢʝ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʠ ʠʭ ʩʚʷʟʴ ʩ ʦʩʥʦʚʥʳʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʰʘʝʤʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʷʪʁʩʷ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʪʠʧʦʚʳʭ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʦʩʝʚʳʭ ʩʧʫʪʥʠʢʦʚ-

ʛʠʨʦʩʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʝʮʝʩʩʠʷ [35, 77, 83, 232 ʠ ʜʨ.], ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʪʘʢʦʤʫ ʦʨʙʠʪʘʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʝʛʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ (ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ-

ʨʦʪʦʨʘ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ (ʨʠʩ. 1.2).  

 

 

ʈʠʩ. 1.2. ʊʠʧʦʚʦʡ ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʨʝʞʠʤʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ 

ʈʦʪʦʨ ʧʨʠ ʵʪʦʤ ʩʦʚʝʨʰʘʝʪ ʚʨʘʱʝʥʠʝ ʩ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʨʷʜʢʘ 

60õ100 ʦʙ./ʤʠʥ., ʘ ʦʩʥʦʚʥʦʝ ʪʝʣʦ-ʧʣʘʪʬʦʨʤʘ ʠʤʝʝʪ ʤʘʣʫʶ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʥʘʧʨʠʤʝʨ, 

ʢʦʤʧʝʥʩʠʨʫʶʱʫʶ ʦʨʙʠʪʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ, ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʚʦʠʤʠ ʨʘʙʦʯʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ (ʘʥʪʝʥʥʘʤʠ, ʪʝʣʝʩʢʦʧʘʤʠ, ʨʘʜʠʦʤʝʪʨʘʤʠ ʠ ʪ.ʧ.) ʚʳʙʨʘʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʣʠʙʦ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʦʨʠʝʥʪʘʮʠʶ ʥʘ ʟʘʜʘʥʥʳʡ ʦʙʲʝʢʪ (ʥʘ ʜʨʫʛʦʡ 

ʩʧʫʪʥʠʢ ʛʨʫʧʧʠʨʦʚʢʠ, ʥʘ ʟʚʝʟʜʫ ʠ ʪ.ʜ.). ʏʘʩʪʦ ʪʘʢʠʝ ʩʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ ʷʚʣʷʶʪʩʷ ʝʱʝ ʠ 

ʛʝʦʩʪʘʮʠʦʥʘʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʠʚʷʟʢʫ ʢ ʢʦʦʨʜʠʥʘʪʘʤ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʝʧʨʝʨʳʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʧʫʪʥʠʢʘ. 

ɺʘʞʥʦ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʦʩʝʚʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ 

ʜʣʷ ʨʝʰʝʥʠʷ ʜʨʫʛʠʭ ʟʘʜʘʯ, ʦʪʣʠʯʥʳʭ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʨʝʞʠʤʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ. 

ɺʦʟʤʦʞʥʳ ʩʘʤʳʝ ʨʘʟʥʳʝ ʪʠʧʳ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʦʨʤʘʣʴʥʳʝ ʦʩʝʚʳʝ ʩʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ, ʚʢʣʶʯʘʷ ʤʠʩʩʠʠ ʧʦ ʠʟʫʯʝʥʠʶ 

ʬʠʟʠʢʠ ɿʝʤʣʠ ʠ ʉʦʣʥʮʘ, ʘ ʪʘʢʞʝ ʜʘʣʴʥʝʛʦ ʢʦʩʤʦʩʘ. ʅʠʞʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʢʨʝʪʥʳʝ 

ʧʨʠʤʝʨʳ ʨʝʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʩʝʚʳʝ ʩʧʫʪʥʠʢʠ-

ʛʠʨʦʩʪʘʪʳ. ʉʨʝʜʠ ʨʝʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠʟʥʘʯʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʧʨʦʝʢʪʳ ʧʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʟʘʜʘʯ ʦʨʙʠʪʘʣʴʥʦʡ ʩʚʷʟʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʥʘʚʠʛʘʮʠʠ ï ʵʪʦ ʪʘʢʠʝ ʧʨʦʝʢʪʳ, 

ʢʘʢ ʠʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʡ ʪʘʢʪʠʯʝʩʢʠʡ ʩʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ ʥʘʚʠʛʘʮʠʠ ʠ ʩʚʷʟʠ TACSAT, 

ʩʧʫʪʥʠʢʠ ʩʚʷʟʠ ʠ ʤʝʪʝʦʨʦʣʦʛʠʠ Huges HS-333, HS-376, HS-381, HS-393, HS-389 ʪʘʢʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʢʘʢ Intelsat, Comstar, Anik, Marisat, Geostationary Meteorological 



10 

Satellites (GMS), Geostationary Operational Environmental Satellites (GOES), Satcom, Arabsat, 

Aussat, Optus, Brasilsat, Galaxy, Marco Polo, MEASAT, Africasat, Palapa, SBS, Telstar, 

Westar, AsiaSat, ChinaSat, Sirius, Thor ʠ ʜʨ. (ʨʠʩ. 1.3 ï 1.5). 

 

 

HS-312 

 
Intelsat-4 

(22.05.1975) 

HS-351 

 
Comstar (1D) 

(21.02.1981) 

HS-353 

 
Intelsat-4A 

(31.03.1978) 

 

ʈʠʩ. 1.3. ʉʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ ʪʠʧʦʚ HS-312/ 351/ 353   
https://space.skyrocket.de/doc_sdat/geotail.htm 

 

 

  
HS-378 

Geostationary Meteorological Satellite - GMS 2, 3, 4, 5 (11.08.1981-18.03.1995) 

ʈʠʩ. 1.4. ʉʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ ʪʠʧʦʚ HS-335é378 
https://space.skyrocket.de/doc_sdat/geotail.htm 

https://space.skyrocket.de/doc_sdat/geotail.htm
https://space.skyrocket.de/doc_sdat/geotail.htm


11 

 
HS-376 (1982-2002): 

Anik C1 Ÿ D2;  Satcom 4R Ÿ Arabsat 1D; Aussat A1, A3 Ÿ Optus A3; Brasilsat A1,A2;  

BSat 1a, BSat 1b; Galaxy 1Ÿ Galaxy 9; Marco Polo; MEASAT 1, 2 Ÿ Africasat 2; Palapa B1Ÿ B4;  

SBS 1Ÿ5; Telstar; Westar 4, 5, 6; AsiaSat 1; ChinaSat7; Astra 2DŸ3A; Bonum 1; Sirius 3; Thor 2, 3; 

 

ʈʠʩ. 1.5. ʉʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ ʪʠʧʦʚ Hughes / Boeing: HS-376 / BSS-376 
https://space.skyrocket.de/doc_sdat/geotail.htm 

 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʦʩʝʚʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ 

ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤ ʠʟʫʯʝʥʠʷ ʜʘʣʴʥʝʛʦ ʢʦʩʤʦʩʘ. ʄʦʞʥʦ ʫʢʘʟʘʪʴ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ Pioner-

12 (Venera Orbiter), ʟʘʧʫʱʝʥʥʳʡ ʚ ʩʪʦʨʦʥʫ ʧʣʘʥʝʪʳ ɺʝʥʝʨʘ (ʨʠʩ.1.6), ʢʦʩʤʠʯʝʩʢʠʡ 

ʘʧʧʘʨʘʪ-ʟʦʥʜ GIOTTO (ʨʠʩ.1.7), ʟʘʧʫʱʝʥʥʳʡ ʢ ʢʦʤʝʪʝ ɻʘʣʣʝʷ, ʠ, ʙʝʟʫʩʣʦʚʥʦ, ʦʜʠʥ ʠʟ 

ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʜʚʦʡʥʳʤ ʚʨʘʱʝʥʠʝʤ GALILEO, ʟʘʧʫʱʝʥʥʳʡ ʢ 

ʧʣʘʥʝʪʝ ʖʧʠʪʝʨ (ʨʠʩ. 1.8). 

  
ʈʠʩ. 1.6. ʉʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ PIONEER 12 - VENUS ORBITER (20.05.1978) 

https://nssdc.gsfc.nasa.gov/planetary/pioneer_venus.html 

https://space.skyrocket.de/doc_sdat/geotail.htm
https://nssdc.gsfc.nasa.gov/planetary/pioneer_venus.html
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ʈʠʩ. 1.7. ʉʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ GIOTTO  (02.07.1985): 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʤʝʞʧʣʘʥʝʪʥʘʷ ʩʪʘʥʮʠʷ ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ. 

ʎʝʣʴ: ʧʦʣʸʪ ʤʠʤʦ ʷʜʨʘ ʢʦʤʝʪʳ ɻʘʣʣʝʷ ʠ ʝʛʦ ʠʟʫʯʝʥʠʝ. 
https://www.esa.int/Our_Activities/Space_Science/Giotto_overview 

https://solarsystem.nasa.gov/missions/giotto/in-depth/ 

 

 

 
 

ʈʠʩ. 1.8. ʉʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ GALILEO:  

ɺʳʚʝʜʝʥ ʥʘ ʦʨʙʠʪʫ ɿʝʤʣʠ 18.10.1989 ʠ ʧʨʠʙʳʣ ʥʘ ʦʨʙʠʪʫ ʖʧʠʪʝʨʘ 07.12.1995 
https://www.jpl.nasa.gov/missions/galileo/  

 

https://www.esa.int/Our_Activities/Space_Science/Giotto_overview
https://solarsystem.nasa.gov/missions/giotto/in-depth/
https://www.jpl.nasa.gov/missions/galileo/
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ʅʘʯʠʥʘʷ ʩ 2000ʛ., ʛʠʨʦʩʢʦʧʠʯʝʩʢʠ ʩʪʘʙʠʣʠʟʠʨʫʝʤʳʝ ʩʧʫʪʥʠʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʤʦʥʦʪʝʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʧʨʠʥʮʠʧʘ 

çʵʣʝʢʪʨʦʥʥʦʡè ʩʦʦʩʥʦʩʪʠ, ʢʦʛʜʘ ʦʜʥʘ ʘʥʪʝʥʥʘ ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʮʝʣʳʡ ʧʘʢʝʪ ʨʘʚʥʦʟʥʘʯʥʳʭ 

ʘʥʪʝʥʥ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʢʨʫʛʦʚʳʤ ʦʙʨʘʟʦʤ ʧʦ ʙʦʨʪʫ ʩʧʫʪʥʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʢʣʶʯʘʪʴ ʩʠʛʥʘʣ ʩ ʦʜʥʦʡ ʘʥʪʝʥʥʳ ʥʘ ʩʦʩʝʜʥʶʶ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʦʩʝʚʦʛʦ ʚʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʝʤʘ-ʚʝʱʘʥʠʷ. ʇʨʠʤʝʨʘʤʠ 

ʧʦʜʦʙʥʳʭ ʩʧʫʪʥʠʢʦʚ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʩʦʦʩʥʦʩʪʴʶ ʷʚʣʷʶʪʩʷ ʩʧʫʪʥʠʢʠ ʧʨʦʝʢʪʘ MSG-meteo-

second-generation (2002-2012) ʩ ʘʧʧʘʨʘʪʘʤʠ Meteosat-8é-10, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʘ 

EUMETSAT. 

ɺ ʧʦʩʣʝʜʥʝʤ ʜʝʩʷʪʠʣʝʪʠʠ, ʥʘʯʠʥʘʷ ʩ 2015 ʛʦʜʘ, ʩʭʝʤʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʩʥʦʚʘ ʩʪʘʣʘ ʘʢʪʫʘʣʴʥʦʡ ʚ ʩʚʷʟʠ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʊʘʢ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ [254, 292] ʧʨʦʝʢʪ 

ñSolar sentinelsò (çʩʦʣʥʝʯʥʳʝ ʩʪʨʘʞʠè), ʢʦʪʦʨʳʡ ʧʣʘʥʠʨʫʝʪʩʷ ʢ ʟʘʧʫʩʢʫ ʚ 2020 ʛʦʜʫ. ɺ 

ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʙʫʜʫʪ ʚʳʚʝʜʝʥʳ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʦʨʙʠʪʫ ʉʦʣʥʮʘ ʢʦʩʤʠʯʝʩʢʠʝ 

ʘʧʧʘʨʘʪʳ ʩʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ ñInner Heliospheric Sentinelsò (ʨʠʩ.1.9) ï ʵʪʦ ʯʝʪʳʨʝ 

ʠʜʝʥʪʠʯʥʳʭ ʩʧʫʪʥʠʢʘ-ʟʦʥʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʥʫʪʨʠ ʦʨʙʠʪ ɺʝʥʝʨʳ ʠ ʄʝʨʢʫʨʠʷ ʜʣʷ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʩʧʳʰʝʢ ʠ ʚʝʪʨʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʙʣʠʟʠ ʉʦʣʥʮʘ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʪʘʢʠʭ ʩʣʦʞʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩʥʦʚʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʡʪʠ ʢ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʦʦʩʥʦʩʪʠ ʜʣʷ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʙʦʝʚ ʵʣʝʢʪʨʦʥʠʢʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

  

 
ʈʠʩ. 1.9. ʉʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ ñInner Heliospheric Sentinelò ʧʨʦʝʢʪʘ Solar Sentinels  

https://science.nasa.gov/science-news/science-at-nasa/2006/01sep_sentinels/ 

 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ. ʉʨʝʜʠ ʨʝʘʣʴʥʳʭ 

ʥʘʥʦʩʧʫʪʥʠʢʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʩʭʝʤʝ ʦʩʝʚʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʧʨʦʝʢʪʳ MicroMAS-1 ʠ MicroMAS-2 (Micro-sized Microwave Atmospheric Satellite), 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʪʝʭʥʦʣʦʛʠʡ (Massachusetts 

Institute of Technology, Lincoln Laboratory) [163]. ʅʘʥʦʩʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ MicroMAS-1 

ʬʦʨʤʘʪʘ 3U-CubeSat (ʨʠʩ. 1.10) ʙʳʣ ʟʘʧʫʱʝʥ ʩ ʙʦʨʪʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʪʘʥʮʠʠ 04.03.2015. ʅʘʥʦʩʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ MicroMAS-2A ʙʳʣ ʟʘʧʫʱʝʥ 12.01.2019 ʩ 
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ʧʦʤʦʱʴʶ ʠʥʜʠʡʩʢʦʛʦ ʥʦʩʠʪʝʣʷ Polar Satellite Launch Vehicle, ʢʦʪʦʨʳʡ ʩʪʘʨʪʦʚʘʣ ʩ 

ʧʣʦʱʘʜʢʠ Satish Dhawan Space Centre ʚ Sriharikota (ʀʥʜʠʷ). 

 

ʈʠʩ. 1.10. ʅʘʥʦʩʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ ʧʨʦʝʢʪʦʚ  MicroMAS-1 ʠ MicroMAS-2ɸ: 
https://www.ll .mit.edu/news/micromas-cubesat-technology-provides-fresh-approach-weather-forecasting 

https://directory.eoportal.org/web/eoportal/satellite-missions/content/-/article/micromas-1 

http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=3292&context=smallsat 

 

ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʠ ʩʧʫʪʥʠʢʠ ʩʦʚʝʨʰʘʶʪ ʩʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩʠʣ. ʅʘʣʠʯʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʝʨʮʠʦʥʥʦ-ʤʘʩʩʦʚʦʡ ʢʦʤʧʦʥʦʚʢʠ ʚ ʢʫʧʝ ʩ ʤʘʛʥʠʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʝʞʠʤʳ ʠ ʮʝʣʝʚʳʝ 

ʤʘʥʝʚʨʳ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʚʢʣʶʯʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ/ʢʦʥʠʯʝʩʢʠʝ ʧʨʝʮʝʩʩʠʠ, ʦʩʪʘʥʦʚʢʫ 

ʚʨʘʱʝʥʠʷ (ʩʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ), ʩʦʚʤʝʱʝʥʠʝ ʦʩʠ ʩʧʫʪʥʠʢʘ ʩ ʚʝʢʪʦʨʦʤ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʪ.ʧ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʠ ʪʝʤ 

ʩʘʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʚʥʝʰʥʠʤ ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʫʘʪʦʨʦʚ 

ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʄʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, 

ʛʝʥʝʨʠʨʫʝʤʳʡ ʩʠʩʪʝʤʦʡ ʤʘʛʥʠʪʥʳʭ ʘʢʪʫʘʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ ʧʦʩʪʦʷʥʥʳʤ, ʪʘʢ ʠ 

ʧʝʨʝʤʝʥʥʳʤ ʚʝʢʪʦʨʦʤ ʚ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʷʭ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ.  

ɺʘʞʥʳʝ ʵʪʘʧʳ ʜʠʥʘʤʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʩʚʷʟʘʥʳ ʩ ʘʢʪʠʚʥʳʤʠ ʫʯʘʩʪʢʘʤʠ 

ʜʚʠʞʝʥʠʷ ʥʘ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʠʤʝʝʪ ʤʝʩʪʦ 

ʧʝʨʝʤʝʥʥʳʡ ʩʦʩʪʘʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʨʫʢʪʫʨʝ ʦʩʝʚʦʛʦ 

ʛʠʨʦʩʪʘʪʘ ʟʘʜʘʯʘ ʠʟʫʯʝʥʠʷ ʩʠʩʪʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʩʩʣʝʜʫʝʤʘʷ ʚ ʨʘʙʦʪʝ, ʚʦʟʥʠʢʘʝʪ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʷʭ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʨʨʝʢʮʠʠ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ-

ʛʠʨʦʩʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʜʚʠʞʝʥʠʠ ʩʦʦʩʥʳʭ ʩʚʷʟʦʢ ʨʘʟʛʦʥʥʳʭ ʙʣʦʢʦʚ ʩ ʢʦʩʤʠʯʝʩʢʠʤʠ 

https://www.ll.mit.edu/news/micromas-cubesat-technology-provides-fresh-approach-weather-forecasting
https://directory.eoportal.org/web/eoportal/satellite-missions/content/-/article/micromas-1
http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=3292&context=smallsat
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ʘʧʧʘʨʘʪʘʤʠ ʥʘ ʩʪʦʣʘʭ ʟʘʢʨʫʪʢʠ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʠʭ ʩʦʦʩʥʳʭ ʩʚʷʟʦʢ ʷʚʣʷʝʪʩʷ 

ʨʘʟʛʦʥʥʡr ʙʣʦʢ AJ10, ʧʨʦʠʟʚʦʜʠʤʳʡ Aerojet Rocketdyne (ʉʐɸ), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʚʪʦʨʳʭ ʩʪʫʧʝʥʝʡ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ Delta II ʠ Titan III (ʨʠʩ. 1.11).  

 

ʈʠʩ. 1.11. ʈʘʟʛʦʥʥʳʡ ʙʣʦʢ AJ-10 ʚ ʩʦʩʪʘʚʝ ʨʘʢʝʪʳ- Delta II  

https://www.ulalaunch.com/rockets/delta-ii  

ɺʳʚʦʜ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʤʦʱʴʶ ʧʦʜʦʙʥʦʛʦ ʨʘʟʛʦʥʥʦʛʦ ʙʣʦʢʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʨʝʟʦʢ ʜʚʠʞʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʢʨʫʪʢʘ ʘʧʧʘʨʘʪʘ ʥʘ ʩʪʦʣʝ 

ʨʘʩʢʨʫʪʢʠ (ñspin tableò). ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʦʩʥʦʝ 

ʚʨʘʱʝʥʠʝ ʪʝʣ ʠ ʧʝʨʝʤʝʥʥʦʩʪʴ ʠʭ ʩʦʩʪʘʚʘ (ʨʠʩ.1.12). 

 
ʈʠʩ. 1.12. ɼʚʠʞʝʥʠʝ ʩʚʷʟʢʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʙʘʟʝ ʨʘʟʛʦʥʥʦʛʦ ʙʣʦʢʘ AJ-10  

https://marsmobile.jpl.nasa.gov/odyssey/mission/timeline/mtlaunch/launch2/ 

https://www.ulalaunch.com/rockets/delta-ii
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ʅʘ ʨʠʩ.1.12 ʧʦʢʘʟʘʥ ʵʪʘʧ ʜʚʠʞʝʥʠʷ ʨʘʟʛʦʥʥʦʛʦ ʙʣʦʢʘ AJ-10, ʥʘ ʢʦʪʦʨʦʤ ʩʠʩʪʝʤʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʝʚʦʡ ʛʠʨʦʩʪʘʪ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ 

ʘʢʪʠʚʥʦʡ ʨʘʩʢʨʫʪʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʩʪʦʣʝ ʨʘʩʢʨʫʪʢʠ (ʥʘ ʧʨʠʤʝʨʝ ʤʠʩʩʠʠ ñMars 

Odysseyò https://mars.nasa.gov/odyssey/mission/ ). ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʨʘʢʝʪʝ Delta II  c 

ʨʘʟʛʦʥʥʳʤ ʙʣʦʢʦʤ AJ-10 ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʪʘʢʠʝ ʠʟʚʝʩʪʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ, ʢʘʢ 

ICESat-2 (15.09.2018), Aquarius (06.10.2011), Mars Odyssey (24.10.2001), Kepler 

(03.06.2009), Stardust (07.02.1999), Polar Lander (03.01.1999) ʠ ʜʨʫʛʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʠʥʝʨʮʠʦʥʥʦ-

ʤʘʩʩʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʥʫʪʘʮʠʦʥʥʦ-ʧʨʝʮʝʩʩʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʩʝʚʳʭ 

ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʧʦʨʦʡ ʥʘ ʠʟʚʝʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʄʝʱʝʨʩʢʦʛʦ ʀ.ɺ, ʂʦʩʤʦʜʝʤʴʷʥʩʢʦʛʦ ɸ.ɸ. [67], I¶arrea M., Lanchares V., Rothos V. M., 

Salas J.P. [242, 243] ʠ ʜʨ. 

 

1.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ  

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ 

ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʦʭʚʘʪ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʩʪʘʥʦʚʢʘʭ ʧʨʦʙʣʝʤ ʠ ʟʘʜʘʯ. ʊʘʢ ʧʨʦʙʣʝʤʘʪʠʢʘ ʜʚʠʞʝʥʠʷ ʛʠʨʦʩʪʘʪʦʚ ʠ ʩʧʫʪʥʠʢʦʚ 

ʠʟʫʯʘʣʘʩʴ ʚ ʨʘʟʨʝʟʝ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ 

ʨʘʙʦʪʳ ʈʫʤʷʥʮʝʚʘ ɺ.ɺ. [15, 16, 98, 100], ɻʫʪʥʠʢʘ ʉ.ɸ., ʉʘʨʳʯʝʚʘ ɺ.ɸ. [49], ʄʘʨʢʝʝʚʘ ɸ.ʇ. 

[74-83], ʄʦʨʦʟʦʚʘ ɺ.ʄ. [86-90], ʉʘʤʩʦʥʦʚʘ ɺ.ɸ., ʈʫʙʘʥʦʚʩʢʦʛʦ ɺ.ʅ. [90, 97], ʉʪʨʳʛʠʥʘ 

ɺ.ɺ., ʉʦʙʦʣʝʚʘ ɺ.ɸ. [114, 115], ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ. [129], Bainum P. M., Fuechsel P. G., 

Mackison D.L. [156], Cloutier G.J. [182], Crespo da Silva M. R. M. [186], Elmandouh A.A. 

[222], Gutnik S.A., Santos L., Sarychev V.A., Silva A. [234], I¶arrea M., Lanchares V., Pascual 

A.I., Elipe A. [245, 246], Kane T.R., Mingori D.L. [250, 289], Likins P.W. [272], Longman 

R.W. [281], Markeev A.P., Bardin B.S. [285], Meng Y., Hao R., Chen Q. [288], Moiseev N.N., 

Rumjancev V.V. [290], Nazari M., Butcher E.A. [293], Vera J.A. [328] ʠ ʜʨ. 

ɺʘʞʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʚʣʷʶʪʩʷ ʠʟʫʯʝʥʠʝ ʧʝʨʤʘʥʝʥʪʥʳʭ ʚʨʘʱʝʥʠʡ, ʨʝʛʫʣʷʨʥʳʭ ʠ 

ʜʨʫʛʠʭ ʧʨʝʮʝʩʩʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʪ.ʯ., ʚ ʨʘʙʦʪʘʭ ɸʥʯʝʚʘ ɸ. [15], ɸʢʫʣʝʥʢʦ ʃ.ɼ., ʃʝʱʝʥʢʦ 

ɼ.ɼ., ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ. [11], ɻʫʣʷʝʚʘ ʄ.ʇ. [48], ʄʘʨʢʝʝʚʘ ɸ.ʇ. [77-80, 83], ʉʘʟʦʥʦʚʘ ɺ.ɺ., 

ʉʠʜʦʨʝʥʢʦ ɺ.ɺ. [102], ʋʟʙʝʢʘ ɽ.ʂ. [119], ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ. [129], Cochran J.E. [183], 

Elmandouh A.A. [222], Galiullin I.A. [224], Kinsey K.J., Mingori D.L., Rand R.H. [253], Yehia 

H.M. [343]. 

ɼʠʥʘʤʠʢʘ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ, ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠʟʫʯʘʣʘʩʴ ʨʘʥʝʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʪʘʢʠʤʠ ʘʚʪʦʨʘʤʠ, ʢʘʢ 

ɹʝʣʝʮʢʠʡ ɺ.ɺ. [34], ʂʦʟʣʦʚ ɺ.ɺ. [65], ʄʘʨʪʳʥʝʥʢʦ ʖ.ɻ. [84], ʄʦʨʦʟʦʚ ɺ.ʄ. [86], 

ʆʚʯʠʥʥʠʢʦʚ ʄ.ʖ. [168, 297, 298, 303], ʇʠʚʦʚʘʨʦʚ ʄ.ʃ. [94], ʉʘʤʩʦʥʦʚ ɺ.ɸ. [105], 

ʉʠʜʦʨʝʥʢʦ ɺ.ɺ. [110], ʊʠʭʦʥʦʚ ɸ.ɸ. [116, 117], Avanzini G. [155, 344], Bayat F. ʠ Bolandi 

H., Jalali A.A. [160], Chen Li -Qun ʠ Liu Yan-Zhu [176, 177178], Cheng G. ʀ Liu Y. Z. [178], 

I¶arrea M. [241], Lovera M., Astolfi A. ʠ Silani E. [283, 316], Shigehara M. [313], Zavoli A., 

Giulietti F., Matteis G.D. [344], Zhou [346] ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ. ʋʧʨʘʚʣʷʝʤʦʝ ʜʚʠʞʝʥʠʝ 

https://mars.nasa.gov/odyssey/mission/
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ʩʧʫʪʥʠʢʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʨʝʘʣʠʟʘʮʠʶ 

ʢʦʥʢʨʝʪʥʦʛʦ ʮʝʣʝʚʦʛʦ ʤʘʥʝʚʨʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠ Stickler A. Craig ʠ Alfriend K.T. [320], ʘ 

ʩʠʥʪʝʟ ʪʠʧʦʚʳʭ ʤʘʥʝʚʨʦʚ, ʥʘʧʨʠʤʝʨ, ʪʘʢʦʛʦ ʚʘʞʥʦʛʦ ʤʘʥʝʚʨʘ, ʢʘʢ ñB-dotò, ʥʘʮʝʣʝʥʥʦʛʦ ʥʘ 

ʦʩʪʘʥʦʚʢʫ ʚʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, 

ʦʧʠʩʘʥʦ ʚ [223], ʘ ʝʛʦ ʯʘʩʪʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ñY-dotò ʠʟʫʯʘʣʘʩʴ, ʥʘʧʨʠʤʝʨ, ʚ [344]. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʫʯʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʛʠʨʦʩʪʘʪʘ ʚ ʧʣʦʩʢʦʤ ʠ 

ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʷʭ ʪʷʛʦʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʤʦʤʝʥʪʦʚ. ʕʪʘ 

ʧʨʦʙʣʝʤʘʪʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʪʘʢʠʤʠ ʘʚʪʦʨʘʤʠ, ʢʘʢ ɸʥʯʝʚ ɸ. [15], ɸʢʫʣʝʥʢʦ ʃ.ɼ., 

ʃʝʱʝʥʢʦ ɼ.ɼ., ʈʘʯʠʥʩʢʘʷ ɸ.ʃ. [5, 6, 8], ɸʩʣʘʥʦʚ ɺ.ʉ. [22, 23], ɹʝʣʝʮʢʠʡ ɺ.ɺ. [33], ɹʦʟʶʢʦʚ 

ɸ.ʖ., ʉʘʟʦʥʦʚ ɺ.ɺ. [35, 69, 103], ʄʦʨʦʟʦʚ ɺ.ʄ. [86, 87], ʆʭʦʮʠʤʩʢʠʡ ɼ.ɽ., ʉʘʨʳʯʝʚ ɺ.ɸ. 

[92, 107, 234], ʊʠʭʦʥʦʚ ɸ.ɸ. [116, 117, 325], ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ. [128], Cochran J.E. [183], 

Crespo da Silva M. R. M.[186], Kuang J., Tan S., T. Leung A.Y. [256, 258], Longman R.W. 

[280, 281], Tong X., Tabarrok B., Rimrott F.P.J. [327] ʠ ʜʨ. 

ɺʦʧʨʦʩʳ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʝʮʝʩʩʠʡ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ 

ʧʣʦʩʢʠʭ ʜʚʠʞʝʥʠʡ ʠʟʫʯʘʣʠ ɸʢʫʣʝʥʢʦ ʃ.ɼ., ʃʝʱʝʥʢʦ ɼ.ɼ., ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ. [11, 129], 

ɹʝʣʝʮʢʠʡ ɺ.ɺ. [32], ɻʫʣʷʝʚ ʄ.ʇ. [48], ʄʘʨʢʝʝʚ ɸ.ʇ. [77-83], ɹʦʟʶʢʦʚ ɸ.ʖ., ʉʘʟʦʥʦʚ ɺ.ɺ. 

[35], ʉʠʜʦʨʝʥʢʦ ɺ.ɺ. [102], ʋʟʙʝʢ ɽ.ʂ. [119], Cochran J.E. [183], Kinsey K.J., Mingori D.L., 

Rand R.H. [253], Yehia H.M. [343]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʥʘʤʠʢʠ ʪʝʣ ʚ ʞʠʜʢʦʩʪʠ 

ʠʣʠ ʩ ʧʦʣʦʩʪʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʞʠʜʢʦʩʪʴ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʠʚʰʠʝ ʨʘʟʚʠʪʠʝ 

ʧʨʦʙʣʝʤʘʪʠʢʠ ʛʠʨʦʩʪʘʪʘ, ʚʢʣʶʯʘʶʱʠʝ ʨʘʙʦʪʳ ɾʫʢʦʚʩʢʦʛʦ ʅ.ɽ. [55], ʉʪʝʢʣʦʚʘ ɺ.ɸ. [112, 

113], ʄʦʠʩʩʝʚʘ ʅ.ʅ., ʈʫʤʷʥʮʝʚʘ ɺ.ɺ. [290], ʍʘʨʣʘʤʦʚʘ ʇ.ɺ. [120], ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ. [130, 

131]. 

 ʅʝʣʠʥʝʡʥʳʝ ʵʚʦʣʶʮʠʠ ʜʚʠʞʝʥʠʷ ʪʝʣ ʠ ʛʠʨʦʩʪʘʪʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʠʣ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ., ɸʢʫʣʝʥʢʦ ʃ.ɼ., ʃʝʱʝʥʢʦ ɼ.ɼ. [179, 135], ʘ 

ʪʘʢʞʝ ʚ ʠʭ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ɿʠʥʢʝʚʠʯʝʤ ʗ.ʉ., ʂʦʟʘʯʝʥʢʦ ʊ.ɸ., ʈʘʯʠʥʩʢʦʡ ɸ.ʃ. ʠ ʜʨ. [3-8, 

140].  

 ɺʦʧʨʦʩʳ ʜʠʥʘʤʠʢʠ, ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʧʫʪʥʠʢʦʚ, ʪʚʝʨʜʳʭ ʪʝʣ 

ʠ ʛʠʨʦʩʪʘʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ɸʢʫʣʝʥʢʦ ʃ.ɼ., ʃʝʱʝʥʢʦ ɼ.ɼ. ʠ ʜʨ. [1, 27], ɸʤʝʣʴʢʠʥʳʤ 

ʅ.ʀ. [13], ɸʩʣʘʥʦʚʳʤ ɺ.ʉ. [151, 153], ɹʝʣʝʮʢʠʤ ɺ.ɺ. [32], ɹʫʨʦʚʳʤ ɸ.ɸ. [38], 

ɺʠʪʪʝʥʙʫʨʛʦʤ ʁ. [40, 338], ɺʦʨʦʪʥʠʢʦʚʳʤ ɺ.ʀ. ʠ ʜʨ. [41, 42], ʆʭʦʮʠʤʩʢʠʤ ɼ.ɽ., ʕʥʝʝʚʳʤ 

ʊ.ʄ., ɸʢʠʤʦʤ ʕ.ʃ., ʉʘʨʳʯʝʚʳʤ ɺ.ɸ. [92ʙ 93], ʈʫʤʷʥʮʝʚʳʤ ɺ.ɺ. [99], ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ., 

ɸʥʘʥʴʝʚʩʢʠʤ ʀ.ʄ., ɹʘʥʠʯʫʢʦʤ ʅ.ɺ., ʉʦʢʦʣʦʚʳʤ ɹ.ʅ., ʈʝʰʤʠʥʳʤ ʉ.ɸ. [132, 133, 134], 

ɹʘʥʱʠʢʦʚʳʤ ɸ.ɺ. [31], ɻʦʨʨʦʤ ɻ.ɺ., ʂʦʚʘʣʝʚʳʤ ɸ.ʄ. [47], ʂʦʰʣʷʢʦʚʳʤ ɺ.ʅ. [68], 

Chobotov V.A. [181], Guirao J.L.G., Vera J.A. [232, 234], Hall C.D. [235-237], Hughes P.C. 

[240], Likins P.W. [271], Or A.C. [295], Rauschenbach B.V., Ovchinnikov M.Yu., McKenna 

Lawlor S.[303], Santos L.F., Melicio R., Silva A. [308], Shrivastava S.K., Modi V.J. [315], 

Tikhonov A.A., Tkhai V.N. [325]. 

 ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʡʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʠʨʦʩʪʘʪʦʚ ʂʝʣʴʚʠʥʘ ʠ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-

ʛʠʨʦʩʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʙʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʚʦʙʦʜʥʳʭ 

ʛʠʨʦʩʪʘʪʦʚ ʂʝʣʴʚʠʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ Wittenburg J. [338], Elipe A., Lanchares V. 

[221], Basak I. [159], ʧʨʠ ʵʪʦʤ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʟʘʧʠʩʘʥʳ Tong X., Tabarrok B., 
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Rimrott F.P.J. [327], Kuang J., Tan S., Arichandran K., Leung A.Y.T. [257], ʩʧʝʮʠʘʣʴʥʳʝ 

ʩʣʫʯʘʠ ʨʝʰʝʥʠʡ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ ɻʦʨʨ ɻ.ɺ., ʂʦʚʘʣʝʚ ɸ.ʄ. [47]. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʜʣʷ ʩʚʦʙʦʜʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ Cochran J.E., Shu 

P.H., Rew S.D. [184], Aslanov V.S. [146, 145, 149], ʧʨʠ ʵʪʦʤ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [28]. 

 

1.4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ 

 

ʆʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-

ʛʠʨʦʩʪʘʪʦʚ, ʢʦʪʦʨʦʝ ʥʘʡʜʝʪ ʩʚʦʝ ʤʝʩʪʦ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩ ʚʳʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ ʠʣʠ ʧʦʣʥʦʛʦ 

ʫʩʪʨʘʥʝʥʠʷ ʭʘʦʩʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ. 

ɿʜʝʩʴ ʚʘʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʙʣʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʟʘ ʩʯʝʪ ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʙʝʩʢʦʥʝʯʥʦʢʨʘʪʥʦʛʦ ʚʟʘʠʤʦʧʝʨʝʩʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ 

ʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʤʥʦʞʝʩʪʚ ʩʝʜʣʦʚʳʭ ʦʩʦʙʳʭ ʪʦʯʝʢ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʩʝʧʘʨʘʪʨʠʩʥʳʝ 

ʪʨʘʝʢʪʦʨʠʠ, ʧʨʠʚʦʜʷʱʠʭ ʚ ʠʪʦʛʝ ʢ ʛʝʥʝʨʘʮʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ 

ʩʝʪʝʡ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʫʩʣʦʚʠʡ ʧʦʜʘʚʣʝʥʠʷ ʣʠʙʦ ʧʦʣʥʦʛʦ ʠʟʙʝʛʘʥʠʷ 

ʭʘʦʩʘ ʚ ʨʘʤʢʘʭ ʚʦʟʤʫʱʝʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʠ ʟʜʝʩʴ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʠʤʝʝʪʩʷ ʮʝʣʳʡ ʥʘʙʦʨ 

ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʠʢ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ, ʧʨʠʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʯʠʪʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʣʠʙʦ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʯʪʦ 

ʦʪʨʘʞʝʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ El-Gohary A. [217, 219], I¶arrea M., Lanchares V. [241-244, 

263], Kuang J.L., Leung A.Y.T. [256-260, 267, 268], Meechan P.A., Asokanthan S.F. [287], 

Zhou L. [345].  

ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʭʘʦʩʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʩʪʝʤ ʩʪʨʘʥʥʳʭ (ʬʨʘʢʪʘʣʴʥʳʭ) 

ʭʘʦʪʠʯʝʩʢʠʭ ʘʪʪʨʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʠʥʘʤʠʢʝ ʛʠʨʦʩʪʘʪʦʚ [265, 227, 

191, 206, 211, 213].  

ʀʟʫʯʝʥʠʝ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʦʙʱʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʚ ʦʙʣʘʩʪʠ ʨʝʛʫʣʷʨʥʦʡ ʠ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, ʚʢʣʶʯʘʷ ʨʘʙʦʪʳ Anishchenko V.S., 

Astakhov V.V. ʠ ʜʨ. [143]; Beletskiǯ V.V., Pivovarov M.L., Starostin E.L. [161, 162], Boccaletti 

S. [164, 165], Celletti A., Lhotka C. [171], Ge Z.-M. [225, 226], Guckenheimer J. [230], Holmes 

P.J. [238-239]; Chen Li -Qun [176, 177], Lin Yiing-Yuh [273], Meechan P.A., Asokanthan S.F. 

[287], Meng Y. [288], Nazari M. [293], Pecora L.M. [300], Seo [311], Strogatz S.H. [321], 

Tabor M. [322], Thompson J.M.T., Stewart H. B. [323], Wiggins S. [333-337], Zhou [345].  

ʍʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ ʨʘʟʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʚ ʨʘʙʦʪʘʭ ɸʩʣʘʥʦʚʘ ɺ.ʉ., ɼʦʨʦʰʠʥʘ ɸ.ɺ. [28], Aslanov V.S., Yudintsev V.V. [150, 152, 154], 

Bao-Zeng [157, 158], Cheng [178], El-Gohary [219], Ge [225, 226], Holmes [238], I¶arrea, 

Lanchares [241-244], Leung, Kuang [267, 268], Meechan [287], Or [294], Peng [301], Shirazi 

[314], Tong, Tabarrok, Rimrott [326, 327]; ʧʨʠ ʵʪʦʤ ʫʤʝʩʪʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʘʦʪʠʟʘʮʠʷ 

ʜʠʥʘʤʠʢʠ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʠʟ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʟʜʝʩʴ ʨʘʙʦʪ 
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ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʪʦʣʴʢʦ ʚ ʨʘʙʦʪʘʭ [28, 152, 154], ʚ ʦʩʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʭʘʦʪʠʟʘʮʠʷ ʛʠʨʦʩʪʘʪʦʚ ʂʝʣʴʚʠʥʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʙʣʝʤʘ 

ʘʥʘʣʠʟʘ/ʧʦʜʘʚʣʝʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʥʝ 

ʜʦʩʪʠʛʣʘ ʩʚʦʝʛʦ ʟʘʚʝʨʰʝʥʠʷ ʠ ʙʫʜʝʪ ʨʝʰʘʪʩʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ.  

  

1.5. ʄʝʪʦʜ rʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʤʦ/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʬʦʨʤʘʣʠʟʤʘ ʄʝʣʴʥʠʢʦʚʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʬʫʥʢʮʠʡ, ʥʫʣʠ ʢʦʪʦʨʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʩʱʝʧʣʝʥʥʳʭ ʩʝʧʘʨʘʪʨʠʩʩ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ 

N(t, t0) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʦʟʤʫʱʝʥʠʷ) ʠ ʨʦʞʜʝʥʠʠ 

ʛʦʤʦ/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʩʝʪʝʡ (ʨʠʩ. 1.13), ʯʪʦ, ʩʦʙʩʪʚʝʥʥʦ, ʠ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʭʘʦʪʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʪʨʘʞʝʥʦ ʚ ʨʘʙʦʪʝ ɸʥʨʠ ʇʫʘʥʢʘʨʝ [96, 302].  

 

 

(a) 
 

(b) 

 

 
(c) 

 
(d) 

 

ʈʠʩ.1.13. ɻʦʤʦʢʣʠʥʠʯʝʩʢʠʝ ʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʪʦʯʢʠ, ʪʨʘʝʢʪʦʨʠʠ, ʩʧʣʝʪʝʥʠʷ [71] 

 

ʈʘʟʨʘʙʦʪʢʘ ʠʜʝʦʣʦʛʠʠ ʠ ʤʝʪʦʜʦʚ ʫʢʘʟʘʥʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʩʪʘʨʪʦʚʘʣʦ ʚ ʨʘʙʦʪʘʭ 

ʄʝʣʴʥʠʢʦʚʘ ɺ.ʂ. [85], ʛʜʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʬʘʢʪ ʨʘʩʱʝʧʣʝʥʠʷ ʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʤʥʦʛʦʦʙʨʘʟʠʡ ʛʦʤʦʢʣʠʥʠʯʝʩʢʦʡ ʩʝʧʘʨʘʪʨʠʩʳ. ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ ɸʨʥʦʣʴʜʘ ɺ.ʀ. 
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[18], ʧʦʜʦʙʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʦʙʦʙʱʝʥʘ ʩ ʧʦʤʦʱʴʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

çʫʩʘʪʳʭ ʪʦʨʦʚè [18], ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʠʥʚʘʨʠʘʥʪʥʳʭ ʪʦʨʘʭ ʠ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ. ɺ 

ʨʘʤʢʘʭ ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʩʪʝʤ ʘʥʘʣʠʟ ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʧʝʨʝʩʝʯʝʥʠʷ ʛʦʤʦʢʣʠʥʠʯʝʩʢʠʭ 

ʤʥʦʛʦʦʙʨʘʟʠʡ ʩʪʘʣ ʚʦʟʤʦʞʝʥ ʧʦʩʣʝ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪ P.J. Holmes ʠ J.E. Marsden [238], ʠ 

S. Wiggins [333]. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʪʘʢʞʝ ʧʨʦʙʣʝʤʘ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ 

ʧʝʨʝʩʝʯʝʥʠʡ ʥʝʟʘʚʠʩʠʤʳʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ ʂʦʟʣʦʚʘ ɺ.ɺ. [63, 64], ʛʜʝ 

ʛʣʘʚʥʳʤ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʥʝʠʥʪʝʛʨʠʨʫʝʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʱʝʧʣʝʥʠʷ ʩʝʧʘʨʘʪʨʠʩʩ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʦʟʤʫʱʝʥʠʡ. ɸʥʘʣʠʟ 

ʨʘʩʱʝʧʣʝʥʠʷ ʩʝʧʘʨʘʪʨʠʩʩ ʚ ʧʨʠʚʷʟʢʝ ʢ ʫʢʘʟʘʥʥʳʤ ʨʘʙʦʪʘʤ ʂʦʟʣʦʚʘ ɺ.ɺ. ʙʳʣ ʧʨʦʚʝʜʝʥ 

ɿʠʛʣʠʥʳʤ ʉ.ʃ. [60]. ʊʘʢʞʝ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʨʘʙʦʪʫ ʃʦʩʢʫʪʦʚʘ ɸ.ʖ. [71], ʩʦʜʝʨʞʘʱʫʶ 

ʦʙʟʦʨ ʧʦ ʚʦʟʤʦʞʥʦʤʫ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʭʘʦʩʘ ʚ ʩʠʩʪʝʤʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ.  

 

ʉʪʨʫʢʪʫʨʘ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ [85], ʢʣʘʩʩʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ 

ʄʝʣʥɹʠʢʦʚʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʨʘʚʥʝʥʠʷʤ ʚʦʟʤʫʱʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ 

ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ: 

() ( )

() ( )

1 1 1

2 2 2

, ;

, ;

x f g t

x f g t

e

e

= +ëî
ì
= +îí

x x

x x
      (1.1) 
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() ( )

, ;

, ;

x x

p p

x f g t
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e

e

= +ëî
ì
= +îí
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      (1.2) 
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µ µë
= +î µ µî

ì
µ µî =- -

î µ µí

       (1.3) 

ʛʜʝ ʪʨʠ ʬʦʨʤʳ ʟʘʧʠʩʠ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʷʚʥʦ ʟʘʧʠʩʘʪʴ ʬʫʥʢʮʠʶ ʄʝʣʴʥʠʢʦʚʘ ʚ ʪʨʝʭ 

ʩʣʫʯʘʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʱʝʤʫ ʚʠʜʫ ʠ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʬʦʨʤʝ ʩʠʩʪʝʤʳ: 

() ( ) ()( ) ()( ) ()( ) ()( )0 0 1 2 0 2 1 0, , , .M t D t t f t g t t t f t g t t t dte
+¤

-¤

è ø= = + - +ê úñ x x x x   (1.4) 

() ( ) ()( ) ()( ) ()( ) ()( )0 0 0 0, , , ;x p p xM t D t t f t g t t t f t g t t t dte
+¤

-¤

è ø= = + - +ê úñ x x x x   (1.5) 

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

() ()( )
0

0

1 1
0 0 1 0 , ,

, ,

0 0, ,
x t p t t t

x t p t t t

M t D t t dt dt
x p p x

e e
+¤ +¤

+

-¤ -¤ +

è øµ µµ µ
= = = -é ù

µ µ µ µê ú
ñ ñ  (1.6) 

ʅʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʧʝʨʝʤʝʥʥʦʡ t ʧʨʠ ʬʦʨʤʘʣʴʥʦʡ ʧʦʜʩʪʘʥʦʚʢʝ ʚ 

ʢʘʯʝʩʪʚʝ () () () () ()1 2, ,t x t x t x t p t= =è ø è øê ú ê úx  ʢʦʥʢʨʝʪʥʳʭ ʷʚʥʳʭ ʛʦʤʦ/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʧʘʨʘʪʨʠʩʝ; ʧʘʨʘʤʝʪʨ t0 ʦʩʪʘʝʪʩʷ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ 

ʧʦʩʪʦʷʥʥʳʤ ʠ ʬʠʛʫʨʠʨʫʝʪ ʣʠʰʴ ʚ ʯʣʝʥʘʭ ʚʦʟʤʫʱʝʥʠʡ, ʷʚʥʦ ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʨʝʤʝʥʠ.  

 ʈʝʟʫʣʴʪʘʪʦʤ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʘʩʱʝʧʣʝʥʠʡ ʠ ʧʝʨʝʩʝʯʝʥʠʡ ʨʘʩʱʝʧʣʝʥʥʳʭ 

ʤʥʦʞʝʩʪʚ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʫʣʷʤ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ, ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 

ʧʦʨʦʞʜʝʥʠʝ ʭʘʦʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʳʭ ʩʝʧʘʨʘʪʨʠʩʩ (ʨʠʩ. 1.14). 
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(a)       (b) 

 

ʈʠʩ.1.14. ʉʪʨʫʢʪʫʨʘ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ (ʘ) ʠ ʚʦʟʤʫʱʝʥʥʦʛʦ (b) ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ʩʝʯʝʥʠʷ ʇʫʘʥʢʘʨʝ) ʩ ʭʘʦʪʠʯʝʩʢʠʤ ʩʣʦʝʤ ï ʦʙʨʘʟʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ 

ʧʝʨʝʩʝʯʝʥʠʡ ʨʘʩʱʝʧʣʝʥʥʳʭ ʩʝʧʘʨʘʪʨʠʩʩ 

 

ʉʪʨʫʢʪʫʨʘ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ. ɺ ʩʣʫʯʘʷʭ ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʩʪʝʤ 

(ʩʠʩʪʝʤ ʩ ʯʠʩʣʦʤ ʩʚʦʙʦʜʳ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ) ʬʦʨʤʘʣʠʟʤ ʄʝʣʴʥʠʢʦʚʘ ʟʘʤʝʥʷʝʪʩʷ ʝʛʦ 

ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʉ.ɺʠʛʛʠʥʩʦʤ (Stephen Wiggins) [333-337]. ɺ 

ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʜʚʘ 

ʪʠʧʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʤʝʥʫʝʤʳʝ ʘʚʪʦʨʦʤ ʤʝʪʦʜʦʣʦʛʠʠ [333], ʢʘʢ ñSystem Iò ʠ 

ñSystem IIIò. ʇʝʨʚʳʡ ʪʠʧ ʩʠʩʪʝʤ (System I) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʩʪʝʤʘʤ ʩ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʤʠ 

ʚʦʟʤʫʱʝʥʠʷʤʠ (ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʜʨ.), ʘ ʩʠʩʪʝʤʘ ʚʪʦʨʦʛʦ ʪʠʧʘ 

(System III) ʷʚʣʷʝʪʩʷ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʪʨʝʙʦʚʘʥʠʠ ʛʘʤʠʣʴʪʦʥʦʚʦʩʪʠ 

ʩʚʦʠʭ ʚʦʟʤʫʱʝʥʠʡ.  

ʊʠʧ System I [333] ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ: 
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      (1.7) 

ʛʜʝ J ï ʩʠʤʧʣʝʢʪʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ, ɛ ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʬʘʟʦʚʳʡ ʚʝʢʪʦʨ 

( ) 2, , n m kx I w TÍ ³ ³, ʩʦʜʝʨʞʘʱʠʡ ʢʘʥʦʥʠʯʝʩʢʠʝ ʧʦʟʠʮʠʦʥʥʳʝ ʧʘʨʳ ʢʦʦʨʜʠʥʘʪ-

ʠʤʧʫʣʴʩʦʚ (x), ʢʘʥʦʥʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ I ï ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʝʡʩʪʚʠʷ, ʘ w 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʛʣʦʚʳʤ ʧʝʨʝʤʝʥʥʳʤ ʜʣʷ ʚʨʘʱʘʶʱʠʭʩʷ ʬʘʟ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʚʦʟʤʫʱʝʥʠʷʭ 

(ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʝʪ ʙʳʪʴ kÍm). 

ʊʠʧ ʩʠʩʪʝʤʳ System III  [333] ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʧʦʣʥʦʩʪʴʶ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʩʠʩʪʝʤʝ, ʚʢʣʶʯʘʷ ʚʦʟʤʫʱʝʥʠʷ: 
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ʛʜʝ ʬʘʟʦʚʳʡ ʚʝʢʪʦʨ ( ) 2, , n m mx I w TÍ ³ ³  ʚʢʣʶʯʘʝʪ m ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʘʨ ( ),I w , 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʝʡʩʪʚʠʷʤ ʠ ʫʛʣʦʚʳʤ ʧʝʨʝʤʝʥʥʳʤ ʜʣʷ ʚʨʘʱʘʶʱʠʭʩʷ ʬʘʟ. 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʙʫʜʫʪ ʘʢʪʫʘʣʴʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ 

ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ [333]: 

System I. 

 ( ) ( ) ( )( ) ( ) 1

0 1 0 0 0, ; , ; ,..., , ; , , ; ,I I I k n p

nM w M w M w w Ta m a m a m a m -= Í ³ ³      (1.9) 

ʛʜʝ 

 ( ) ()( )0 0, ; , , , ;0I x I I

i x i I iM w D K g D K g q t dta m m
+¤

-¤

è ø= + -
ê úñ   (1.10) 

   ()( ) ()( )0, , , ;0 ; 1,...,I I

I iD K I I g q t dt i ng m
+¤

-¤

- =ñ  

ʠ () ( ) ( )( )( )0 0, , , , ,
t

I I Iq t x t I x s I ds wa a= W +ñ , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ 

ʨʝʰʝʥʠʶ ʚʜʦʣʴ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ ʚʳʙʨʘʥʥʳʭ/ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʝʨʝʤʝʥʥʳʭ ʜʝʡʩʪʚʠʡ I ; 0 1 2, ,..., nK K K¹ - ʢʦʥʩʪʘʥʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʫʨʦʚʥʠ 

ʟʥʘʯʝʥʠʡ çʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʦʚè ʩʠʩʪʝʤʳ; ʩʢʦʙʢʠ ,  ʦʙʦʟʥʘʯʘʶʪ ʦʙʳʯʥʦʝ ʩʢʘʣʷʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ; ʘʨʛʫʤʝʥʪ ()Ig  ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʣʦʢ ()( ),I iD K I Ig  ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʥʳʤ ʚ 

ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʦʩʦʙʦʡ ʪʦʯʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʳʙʨʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʝʡʩʪʚʠʡ 

I  (ʛʜʝ ()Ig  - ʝʩʪʴ ñʢʨʠʚʘʷò, ʬʦʨʤʠʨʫʝʤʘʷ ʧʦʣʦʞʝʥʠʷʤʠ ʦʩʦʙʳʭ ʪʦʯʝʢ ï ʵʪʘ ʢʨʠʚʘʷ 

ʩʪʨʦʠʪʩʷ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʘʨʘʤʝʪʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ I (ʨʠʩ. 

1.15)); m - ʝʩʪʴ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ; a - ʧʘʨʘʤʝʪʨ, ʚʳʜʝʣʷʶʱʠʡ ʢʦʥʢʨʝʪʥʦʝ ʛʦʤʦ-

/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʪʘʢʠʭ ʨʝʰʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʢʘʢʫʶ-ʪʦ 

ʢʦʥʢʨʝʪʥʫʶ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʫʶ ʚʝʪʢʫ, ʣʠʙʦ ʢʘʢʦʝ-ʪʦ ʨʝʰʝʥʠʝ ʠʟ ʥʘʙʦʨʘ 

ʤʥʦʛʦʟʥʘʯʥʳʭ ʨʝʰʝʥʠʡ).  

 

System III. 

  ( ) ( ) ( ) ( ) ( )( )0 2 0 0 1 0 0, ; , ; ,..., , ; , , ; ,..., , ; ;I I I I I

n n n mM w M w M w M w M wa m a m a m a m a m+ +=   (1.11) 

ʛʜʝ ( ) 1

0, ; ,m n pw Ta m -Í ³ ³  

 ( ) ()( )0 01 1, ; , , , ;0I I

i x i x I i wM w D K JD D K D q t dta m m
+¤

-¤

= è - ø +ê úñ   (1.12) 

()( ) ()( )1 0, , , ;0 , 2,..., ;I

I i wD K I I D q t dt i ng m+ =ñ  

 ( ) ()( )0 1 0, ; , ;0 , 1,..., ;
i n

I I

i wM w D q t dt i n n ma m m
-

+¤

-¤

=- = + +ñ   (1.13) 

ʠ () ( ) ( )( )( )00 0, , , , , .
t

I I I

Iq t x t I D x s I ds wa a= +ñ  
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ɿʜʝʩʴ ʚʘʞʥʦ ʩʜʝʣʘʪʴ ʨʝʤʘʨʢʫ [333], ʯʪʦ ʚʚʝʜʝʥʥʘʷ ʬʫʥʢʮʠʷ ʥʝ ʫʯʠʪʳʚʘʝʪ ʠ ʥʝ 

çʠʟʤʝʨʷʝʪè ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʫʩʪʦʡʯʠʚʳʤ ʠ ʥʝʫʩʪʦʡʯʠʚʳʤ ʨʘʩʱʝʧʣʝʥʥʳʤʠ 

ʛʦʤʦʢʣʠʥʠʯʝʩʢʠʤʠ ʤʥʦʛʦʦʙʨʘʟʠʷʤʠ (ʨʠʩ. 1.15 ï ʧʦʚʪʦʨʝʥ ʠʟ [333]) ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʛʠʧʝʨʥʦʨʤʘʣʠ ʢ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʛʦʤʦʢʣʠʥʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʬʘʟʦʚʦʤ ʧʦʟʠʮʠʦʥʥʦʤ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ ( )1,0xD K  (ʛʜʝ 1 0K =  ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠʥʪʝʛʨʘʣʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʩʦʭʨʘʥʝʥʠʝ ʛʘʤʠʣʴʪʦʥʠʘʥʘ). ʇʦʵʪʦʤʫ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʝʩʪʴ ( ),0xD , ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʠʷ 

ʛʠʧʝʨʥʦʨʤʘʣʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʛʦʤʦʢʣʠʥʠʯʝʩʢʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʥʝʡ. ʊʘʢ ʢʘʢ ʜʣʷ ʯʠʩʪʳʭ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ (ʪʠʧ System III) ʫʨʦʚʝʥʴ 

ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʠ ʜʘʞʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ e ee= +  

ʝʩʪʴ çʟʘʱʠʱʝʥʥʳʡè ʦʪ ʩʚʦʝʛʦ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʝʥʴ ʧʨʠ ʜʝʡʩʪʚʠʠ ʛʘʤʠʣʴʪʦʥʦʚʳʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʝʩʪʴ ʥʝʠʟʤʝʥʥʘʷ ʠ çʥʝ ʜʳʰʠʪè ʚʦ ʚʨʝʤʝʥʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʝʩʪʝʩʪʚʝʥʥʳʝ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʥʝ ʩʭʦʜʷ ʩ 

ʟʘʱʠʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʤʠʣʴʪʦʥʠʘʥʘ, ʥʝ ʤʦʛʫʪ ʧʝʨʝʩʝʯʴʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʛʠʧʝʨʥʦʨʤʘʣʠ ʢ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʠ ʨʘʩʱʝʧʣʝʥʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʛʦʤʦ-

/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʪʨʘʝʢʪʦʨʠʡ: ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ( ),0xD  ʦʥʠ ʧʝʨʝʩʝʢʘʪʴʩʷ ʥʝ ʙʫʜʫʪ, ʪ.ʢ. 

ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʦʚʘʣʦʩʴ ʙʳ ʩʦʡʪʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʤʠʣʴʪʦʥʠʘʥʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʝʢʪʦʨ-

ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʥʝ ʩʦʜʝʨʞʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ çʧʝʨʚʦʛʦè ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʯʠʩʪʦʤ ʛʘʤʠʣʴʪʦʥʦʚʦʤ ʩʣʫʯʘʝ. 

 

 
ʈʠʩ.1.15. ʉʪʨʫʢʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʛʦʤʦʢʣʠʥʠʯʝʩʢʠʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ [333]: 

 

1. ɻʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ (çʛʦʤʦʢʣʠʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳè) ʚ ʣʦʢʘʣʴʥʦʤ 

ʩʝʯʝʥʠʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʧʦʜʚʠʞʥʦʡ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴʶ ʇʨ, ʥʘʪʷʥʫʪʦʡ ʥʘ 

ʦʨʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʩʝʡ ʜʝʡʩʪʚʠʡ (ʫʢʘʟʘʥʳ ʢʘʢ 

ñspanĔ
i

I ò ʛʜʝ i=1..m), ʠ ʥʘ ʚʝʢʪʦʨʳ-ʛʠʧʝʨʥʦʨʤʘʣʠ ʢ ʪʝʢʫʱʝʡ 

ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʛʦʤʦʢʣʠʥʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʚʦʛʦ 

ʠʥʪʝʛʨʘʣʘ Ki (ʧʨʠʯʝʤ 1 0K = ) ʚ ʧʦʟʠʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʫʢʘʟʘʥʳ 

ʢʘʢ ñspan ( , 0)
x i

D K ò, ʛʜʝ i=1..n).  

2. ɺ ʦʙʦʟʥʘʯʝʥʠʷʭ [333] ʚʝʢʪʦʨ ( ), 0
x i

D K  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʠʧʝʨʥʦʨʤʘʣʠ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʚʦʛʦ ʠʥʪʝʛʨʘʣʘ Ki, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʧʦʟʠʮʠʦʥʥʦʤ ʬʘʟʦʚʦʤ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʩʠʤʚʦʣʠʟʠʨʫʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʥʫʣʝʡ ʥʘ 

ʦʩʪʘʚʰʠʝʩʷ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʚ ʧʦʣʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪ.ʝ. 
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ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʦʙʦʟʥʘʯʝʥʠʝ 

( )
1 2 1 2

, 0 , ,..., , , ,..., ,0,...,0
x i

n n

T

i i i i i iK K K K K K
D K

X X Xx x x

µ µ µ µ µ µ
=
µ µ µ µ µ µ

å õ
æ ö
ç ÷

, ʛʜʝ ʟʘ xj ʦʙʦʟʥʘʯʝʥʳ 

ʧʦʟʠʮʠʦʥʥʳʝ ʢʘʥʦʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ, ʘ ʟʘ Xj ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʢʘʥʦʥʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ. 

3. ʌʘʟʦʚʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʧʦʩʪʨʦʝʥʦ ʩʝʯʝʥʠʝ 

ʛʦʤʦʢʣʠʥʠʯʝʩʢʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴʶ ʇʨ ʠʤʝʝʪ 

ʨʘʟʤʝʨʥʦʩʪʴ 
2n m³ . ʕʪʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʩʰʠʨʷʝʪʩʷ ʧʨʷʤʳʤ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ l ï ʤʝʨʥʦʛʦ ʪʦʨʘ T  (l=Òk), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʚʨʘʱʘʶʱʠʭʩʷ 

ʫʛʣʦʚʳʭ ʬʘʟ.  
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2. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʦʧʠʩʳʚʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʢʘʥʦʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʥʘʰʝʜʰʠʝ ʩʚʦʝ ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ʜʠʩʩʝʨʪʘʥʪʘ [196, 197, 198, 

199]. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʦʙʱʠʝ ʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʣʝʝ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʣʦʛʠʠ 

ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ. 

      

2.1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʠʥʝʨʮʠʦʥʥʦ-ʤʘʩʩʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ  

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʢʘʢ ʩʦʦʩʥʳʭ ʪʝʣ ʩ ʘʩʠʤʤʝʪʨʠʷʤʠ 

(ʨʠʩ. 2.1), ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ: 

- CXYZ - ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩ ʥʘʯʘʣʦʤ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ʩʠʩʪʝʤʳ ʪʝʣ; 

- 
i i i iC x y z-ʩʦʙʩʪʚʝʥʥʳʝ ʛʣʘʚʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʩʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʪʝʣ 

 ̄i, ʛʜʝ (i=1 ʜʣʷ ʪʝʣʘ-ʨʦʪʦʨʘ, i=2 ʜʣʷ ʛʣʘʚʥʦʛʦ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ), Ci ï ʮʝʥʪʨ ʤʘʩʩ ʪʝʣʘ i; 

- 
i i i iC x y z-ʮʝʥʪʨʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʣʘʤʠ, ʧʦʣʫʯʘʝʤʳʝ 

ʧʦʚʦʨʦʪʘʤʠ ʛʣʘʚʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʩʚʷʟʘʥʥʳʭ ʦʩʝʡ 
i i i iC x y z  ʚʦʢʨʫʛ ʪʦʯʝʢ Ci ʚ ʧʦʣʦʞʝʥʠʷ, 

ʢʦʛʜʘ çʧʨʦʜʦʣʴʥʳʝè ʦʩʠ Cizi  ʩʪʘʥʦʚʷʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩ ʦʙʱʝʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʦʩʴʶ 

ʚʨʘʱʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ (ʦʩʴ P1P2). 

- ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʣʘʤʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 2P xyz (ʩʚʷʟʘʥʘ ʩ ʪʝʣʦʤ-ʧʣʘʪʬʦʨʤʦʡ) ʠ 

1Px y z¡ ¡ ¡ (ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʣʦʤ-ʨʦʪʦʨʦʤ) ʩ ʥʘʯʘʣʘʤʠ Pi ʠ ʦʩʷʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ ʩʠʩʪʝʤ 
i i i iC x y z :   1 1 1 1 1 2 2 2 2 2;Px y z C x y z P xyz C x y z¡ ¡ ¡ . 

- ʧʦʜʚʠʞʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʦʩʷʤʠ (ʨʠʩ.2.1): 

0 0 0 2 0 0 0 1 0 0 0 0 0 0; ; ;Ox y z P xyz Ox y z Px y z C Ox y z C Ox y zxhz xhz¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡, ʛʜʝ ʪʦʯʢʠ ʉ ʠ ʆ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʥʪʨʫ ʤʘʩʩ ʩʠʩʪʝʤʳ ʪʝʣ ʠ ʝʛʦ ʧʨʦʝʢʮʠʠ ʥʘ ʦʙʱʫʶ ʦʩʴ ʩʦʦʩʥʦʛʦ ʚʨʘʱʝʥʠʷ 

(ʧʦʜʯʝʨʢʥʝʤ ʟʜʝʩʴ ʩʦʚʧʘʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʩʝʡ: 0 0;z z z z z z¡ ¡ ¡¹ ¹ ¹ ¹).  

ɺʟʘʠʤʥʳʝ ʧʝʨʝʭʦʜʳ ʦʪ ʩʠʩʪʝʤʳ ʢ ʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʣʫ-ʧʣʘʪʬʦʨʤʝ 

( ) ( ) ( )0 0 0 0, , ,Cx Ox Oy Oy C Cd x x¡ ¡ ¡=Ï ¹Ï ¹Ï  ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʪʨʠʮʘ ʧʝʨʝʭʦʜʘ []ŭ: 

 

[] []0 0 0 0 0 0: ; :Ox y z Ox y z C Cxhz xhz¡ ¡ ¡ ¡ ¡ ¡­ ­ŭ ŭ     (2.1) 

ʛʜʝ 

[] [][] []
1

cos sin 0

sin cos 0 ;

0 0 1

T

d d

d d
-

è ø
é ù ¡= - = =
é ù
é ùê ú

ŭ ŭ ŭ ŭ    (2.2) 
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ʇʝʨʝʭʦʜ ʠʟ ʩʠʩʪʝʤʳ 
i i i iC x y z  ʚ ʩʠʩʪʝʤʫ 

i i i iC x y z  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʤ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʚʦʨʦʪʦʚ: ʧʝʨʚʳʡ ʧʦʚʦʨʦʪ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʫʛʦʣ Ŭi ʚʦʢʨʫʛ 

çʥʘʯʘʣʴʥʦʛʦè ʧʦʣʦʞʝʥʠʷ ʦʩʠ i iC x  ʠ ʚʪʦʨʦʡ ʧʦʩʣʝʜʫʶʱʠʡ ʧʦʚʦʨʦʪ, ʚʳʧʦʣʥʷʝʤʳʡ ʥʘ ʫʛʦʣ 

ɓi ʚʦʢʨʫʛ çŬi-ʧʦʚʝʨʥʫʪʦʛʦè ʧʦʣʦʞʝʥʠʷ ʦʩʠ i iC y. ʊʦʛʜʘ ʤʘʪʨʠʮʘ ʧʝʨʝʭʦʜʘ Si ʟʘʧʠʰʝʪʩʷ: 

[][]

cos 0 sin 1 0 0

0 1 0 0 cos sin

sin 0 cos 0 sin cos

cos sin sin sin cos

0 cos sin

sin sin cos cos cos

i i

i i i i i

i i i i

i i i i i

i i

i i i i i

b b

a a

b b a a

b b a b a

a a

b a b a b

-è øè ø
é ùé ù

= Ö = =
é ùé ù
é ùé ù-ê úê ú

-è ø
é ù
=
é ù
é ù-ê ú

S ɓ Ŭ

   (2.3) 

ʉ ʫʯʝʪʦʤ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʪʝʥʟʦʨʳ ʠʥʝʨʮʠʠ ʪʝʣ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʘ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʚʝʩʴʤʘ ʩʣʦʞʥʳʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ, ʦʜʥʘʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʝʨʮʠʦʥʥʦ-ʤʘʩʩʦʚʦʡ 

ʛʝʦʤʝʪʨʠʠ ʚʩʝʛʜʘ ʥʘʡʜʝʪʩʷ ʛʣʘʚʥʳʡ ʵʣʣʠʧʩʦʠʜ ʠ ʛʣʘʚʥʳʡ ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʩʦʦʩʥʦʛʦ ʪʝʣʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʩʚʦʠʭ ʮʝʥʪʨʘʣʴʥʳʭ ʦʩʷʭ 
i i i iC x y z. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘ ʨʠʩʫʥʢʝ (ʨʠʩ.2.1) 

ʚʤʝʩʪʦ ʢʦʥʢʨʝʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʣʘ-ʨʦʪʦʨʘ ʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʠʟʦʙʨʘʞʘʶʪʩʷ ʠʭ 

ʠʥʝʨʮʠʦʥʥʳʝ ʘʥʘʣʦʛʠ - ʵʣʣʠʧʩʦʠʜʳ ʠʥʝʨʮʠʠ ʪʝʣ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʠʥʝʨʮʠʦʥʥʦ-ʤʘʩʩʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ɺ ʫʢʘʟʘʥʥʳʭ 

ʦʩʷʭ ʪʝʥʟʦʨʳ ʠʥʝʨʮʠʠ ʩʦʦʩʥʳʭ ʪʝʣ ʷʚʣʷʶʪʩʷ ʜʠʘʛʦʥʘʣʴʥʳʤʠ: 

 ( ): , ,i i i i i i i iC x y z diag A B Cè ø=ê úI ,     (2.4) 

ʘ ʧʝʨʝʩʯʝʪ ʪʝʥʟʦʨʦʚ ʠʥʝʨʮʠʠ ʧʨʠ ʠʟ ʟʘʧʠʩʠ ʚ ʩʠʩʪʝʤʘʭ 
i i i iC x y z  ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʩ ʤʘʪʨʠʮʝʡ ʧʝʨʝʭʦʜʘ Si: 

 [] 1:i i i i i i i iC x y z -è ø= Ö Öê úI S I S .      (2.5) 
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ʈʠʩ.2.1. ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʉɻ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 



28 

 

 

(b) 

 

ʈʠʩ.2.1. ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ: 

(a) ï ʦʙʱʠʡ ʚʠʜ ʩʠʩʪʝʤʳ ʩ ʠʥʝʨʮʠʦʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʪʝʣʘ (ʵʣʣʠʧʩʦʠʜʘʤʠ ʠʥʝʨʮʠʠ) 

(b) ï ʩʝʯʝʥʠʷ Ʉi ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʷʚʥʦ ʦʧʨʝʜʝʣʠʪʴ ʛʣʘʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ, 

ʚʚʝʜʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʧʣʦʩʢʦʩʪʴ Ʉi (i=1, 2) ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʩʢʦʩʪʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʦʙʱʝʡ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ P1P2, ʠ 

ʩʦʜʝʨʞʘʱʝʡ ʮʝʥʪʨ ʤʘʩʩ ʪʝʣʘ Ci ( 1 2i iC PPÍP ^ ). ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʣʦʩʢʦʩʪʴ 

ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 
i i iC x y  ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʧʣʦʩʢʦʩʪʴʶ Ʉi. ɹʦʣʝʝ ʪʦʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʩʝʯʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 
i i iC x y  ʩ ʦʙʱʝʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʦʩʴʶ 

ʚʨʘʱʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʢʘʢ ʨʘʟ ʠ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʪʦʯʢʝ Pi: ( )1 2i i i iP C x y PP= Æ . ʊʦʛʜʘ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ Pi ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʢʦʥʢʨʝʪʥʦʤ ʚʠʜʝ: 

() () () () (): ; ; 0
i i

i i i i i i x i i y i iC x y z x P l y P l z P=- =- =.    (2.6) 
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ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ ʩʦʦʩʥʳʭ ʪʝʣ C, ʘ ʪʘʢʞʝ ʧʦʣʦʞʝʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʢʠ O ʥʘ ʦʩʠ P1P2, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʣʝʞʘʪʴ ʚ ʧʣʦʩʢʦʩʪʠ Ʉ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ʩʠʩʪʝʤʳ ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʤ Ʉi: ( )1 2;i O PPP P =PÆ . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʮʝʥʪʨ ʤʘʩʩ ʪʝʣʘ i ʙʫʜʝʪ 

ʩʤʝʱʘʪʴʩʷ ʚ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ Ʉi (ʧʨʠ ʵʪʦʤ ʮʝʥʪʨ ʤʘʩʩ ʪʝʣʘ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʘ 

ʦʢʨʫʞʥʦʩʪʠ ʩ ʮʝʥʪʦʤ Pi), ʘ ʮʝʥʪʨ ʤʘʩʩ ʚʩʝʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʧʣʦʩʢʦʩʪʠ Ʉ. 

ʆʯʝʚʠʜʥʦ ʪʘʢʞʝ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʝʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ ʙʫʜʝʪ 

ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʦʪʨʝʟʢʘ C1C2 ʩ ʧʣʦʩʢʦʩʪʴʶ Ʉ ( )1 2C C C= ÆP. 

ʋʢʘʟʘʥʥʦʝ ʚʳʰʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʩʚʷʟʘʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ 

ʜʨʫʛʫ, ʧʨʠ ʵʪʦʤ ʚ ʬʠʟʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨ ʤʘʩʩ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ (ʮʝʥʪʨ ʤʘʩʩ ʩʚʦʙʦʜʥʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ).  

ɼʣʷ ʟʘʧʠʩʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʙʫʜʫʪ ʥʝʦʙʭʦʜʠʤʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʢʪʦʨʘʤ ʮʝʥʪʨʦʚ ʤʘʩʩ ʪʝʣ ʠ ʩʠʩʪʝʤʳ. ɹʘʟʠʨʫʷʩʴ ʥʘ ʚʚʝʜʝʥʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʷʭ ʠ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ, ʟʘʧʠʩʳʚʘʷ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʷʭ: 
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     (2.8) 

ʛʜʝ 
2C -ɟ  ʚʝʢʪʦʨ ʮʝʥʪʨʘ ʤʘʩʩ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʩ ʝʛʦ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʦʩʷʭ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 0 0 0Ox y z ; 
1C
¡-ɟ ʚʝʢʪʦʨ ʮʝʥʪʨʘ ʤʘʩʩ ʪʝʣʘ-ʨʦʪʦʨʘ ʩ ʝʛʦ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʦʩʷʭ 
0 0 0Ox y z¡ ¡ ¡; 

C -ɟ ʚʝʢʪʦʨ ʮʝʥʪʨʘ ʤʘʩʩ ʚʩʝʡ ʩʠʩʪʝʤʳ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʧʨʝʜʩʪʘʚʠʤʳʤʠ ʚ ʦʩʷʭ 
0 0 0Ox y z ;  Mi ï ʤʘʩʩʘ ʩʦʦʩʥʦʛʦ ʪʝʣʘ i. 

 

2.2. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʕʡʣʝʨʦʚʦʡ ʬʦʨʤʝ  

 

ʆʩʫʱʝʩʪʚʠʤ ʧʦʩʪʨʦʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʥʝʨʮʠʘʣʴʥʳʤ ʦʩʷʤ, ʘ ʯʝʪʚʝʨʪʘʷ 

ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʦʧʠʩʳʚʘʝʪ ʚʨʘʱʝʥʠʝ ʪʝʣʘ-ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʥʘ ʫʛʦʣ 

ŭ ʚʦʢʨʫʛ ʦʩʠ ʩʦʦʩʥʦʛʦ ʚʨʘʱʝʥʠʷ P1P2. ʋʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʩʦʦʩʥʳʭ ʪʝʣ ʚ ʘʙʩʦʣʶʪʥʦʤ 
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ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʫʜʝʤ ʦʧʠʩʳʚʘʪʴ ʚʝʢʪʦʨʘʤʠ, ʠʤʝʶʱʠʤʠ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʚʦʠʭ 

ʩʚʷʟʘʥʥʳʭ ʦʩʷʭ: 

[ ] [ ]2 2 2 2 1 1 1 1: , , ; : , ,
T T

C x y z p q r C x y z p q r¡ ¡ ¡ ¡= =ɤ ɤ   

ʛʜʝ ɤ - ʵʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʧʣʘʪʬʦʨʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ 

C2 ʠ ¡ɤ  - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘ 

ʤʘʩʩ C1. ʉ ʫʯʝʪʦʤ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʙʫʜʝʪ ʠʤʝʪʴ 

ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʚʳʯʠʩʣʝʥʥʳʭ ʚ ʩʚʷʟʘʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠʟ ʩʠʩʪʝʤʳ ʚ ʩʠʩʪʝʤʫ ʩ ʧʦʤʦʱʴʶ 

ʤʘʪʨʠʮʳ []ŭ: 

cos sin ;

sin cos ;

;

p p q

q p q

r r

d d

d d

s

¡= +ë
î
¡=- +ì

î¡= +í

     (2.9) 

s d=        (2.10) 

ʛʜʝ ů ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ.  

ɺʝʢʪʦʨʳ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʚʳʯʠʩʣʝʥʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ C, ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
1 1

(1) (1)

1 1 1 1;abs

C C CM CC= = + ³Q v K K Q     (2.11) 

ʛʜʝ ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʮʝʥʪʨʘ ʤʘʩʩ ʪʝʣʘ-ʨʦʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʨʦʝʢʮʠʷʭ 

ʥʘ ʦʩʠ Cxhz¡ ¡ ¡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

[]

[] ( ) ( )

[] ( )

1 1 1 1 1 1 1 1 1 1

1 1 1 1

1

0

0

abs abs

C P C P

C

d
PC CP CP ' PC

dt

d
CO OP CO OP ' PC

dt

p

q

r OP

è øå õ
è ø= + ³ = Ö ³ + + ³ =é ùæ öê ú

é ùç ÷ê ú

è øå õ
= Ö ³ + + + + ³ =é ùæ ö
é ùç ÷ê ú

å õè ø è ø
æ öé ù é ù

= Ö ³ - + + -æ öé ù é ù
æ öé ù é ùê ú ê úç ÷

v v ɤ ŭ ɤ ɤ

ŭ ɤ ɤ

ŭ ɟ ( )

()

()

1

1

0

x

C y

lp'

q' l

r'

è øè øå õè øé ùé ùæ öé ùé ù+ ³é ùæ öé ùé ùé ùæ öé ùê úé ùç ÷ é ùê úê ú

ɟ

  (2.12) 

ɺ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ Cxhz¡ ¡ ¡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʪʝʣʘ-ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ C 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

[] []( ) [] ( )

()

()

1

1

1(1)

1 1

1

0

0

0

x

C C C C y

lp p p'

q M q q' l

r r OP r'

xhz¡ ¡ ¡

è øè øå õ¡ å õè ø è ø è ø è øé ùé ùæ öæ öé ù é ù é ù é ù¡ ¡ é ù= Ö + - Ö ³ Ö ³ - + + ³é ùæ öæ öé ù é ù é ù é ùé ùé ùæ öæ ö¡é ù é ù é ù é ùê ú ê ú ê ú ê úç ÷é ùç ÷ é ùê úê ú

K I ɟ ŭ ɟ ŭ ɟ    (2.13) 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ ʙʫʜʝʪ ʚʳʨʘʞʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ( ) [ ][]
1 1 1

2
( )

1 1 1

1 1
, ,

2 2

r abs

C C C

p

T T T M p q r q

r

¡è ø
é ù¡ ¡ ¡ ¡= + = +
é ù
¡é ùê ú

v I    (2.14) 

ʂʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʠ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʚʳʯʠʩʣʝʥʥʳʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ C, ʠʤʝʶʪ ʚʠʜ: 
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2 2

(2) (2)

2 2 2 2;abs

C C CM CC= = + ³Q v K K Q     (2.15) 

ʛʜʝ ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʮʝʥʪʨʘ ʤʘʩʩ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʩʠʩʪʝʤʳ Cxhz 

ʟʘʧʠʰʝʪʩʷ: 

 ( ) ( )
2 2 22 2

abs

C C C C C

d d
CC CC

dt dt
= ³ + = ³ - + -v ɤ ɤ ɟ ɟ ɟ ɟ  (2.16) 

ʂʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʚʦʢʨʫʛ ʪʦʯʢʠ C ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ Cxhz 

ʟʘʧʠʰʝʪʩʷ ʚ ʬʦʨʤʝ: 

 [] ( ) ( ) ( )
2 2 2

(2)

2 2C C C C C C C

p
d

q M
dt

r

xhz

è ø
è øé ù

= Ö + - ³ ³ - + -é ùé ù
ê úé ùê ú

K I ɟ ɟ ɤ ɟ ɟ ɟ ɟ (2.17) 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʙʫʜʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʚʠʜʝ: 

 ( ) [ ][]
2 2 2

2
( )

2 2 2

1 1
, ,

2 2

r abs

C C C

p

T T T M p q r q

r

è ø
é ù

= + = +
é ù
é ùê ú

v I    (2.18) 

ɻʣʘʚʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʥʘ ʦʩʥʦʚʝ 

ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (2.19), ʠʩʧʦʣʴʟʫʷ ʧʦʥʷʪʠʷ ʣʦʢʘʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ (ʚ ʧʦʜʚʠʞʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ Cxhz ʠ Cxhz¡ ¡ ¡, ʯʪʦ ʫʢʘʟʳʚʘʝʪʩʷ 

ʥʠʞʥʝʡ ʠʥʜʝʢʩʥʦʡ ʧʦʜʧʠʩʴʶ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʢʪʦʨʦʚ) ʩ ʠʪʦʛʦʚʳʤ ʧʨʦʝʮʠʨʦʚʘʥʠʝʤ 

ʚʝʢʪʦʨʦʚ (2.20) ʥʘ ʦʩʠ ʛʣʘʚʥʦʡ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ Cxhz [24]: 

 
( )e

C C

d

dt
=K M       (2.19) 

 [] (1) (1) (2) (2) ( )e

C C C C C

d d

dt dt
Vhz Vhz Vhz Vhz Vhz¡ ¡ ¡ ¡ ¡ ¡

è ø è ø
¡+ ³ + + ³ =é ù é ù

ê ú ê ú
ŭ K ɤ K K ɤ K M  (2.20) 

ʛʜʝ ( )e

CVhzM  - ʝʩʪʴ ʚʝʢʪʦʨ ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ ʩʠʣ, ʘ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ (p,q,r) ʠ ʩʢʦʨʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ s  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (2.2)-(2.9). 

 ʋʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʥʝʥʠʷ çʧʨʦʜʦʣʴʥʦʡè ʢʦʤʧʦʥʝʥʪʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʪʝʣʘ-ʨʦʪʦʨʘ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʚʥʝʰʥʝʛʦ ʤʦʤʝʥʪʘ ʩʠʣ ( )

,1

e

CM z¡
 (ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʪʝʣʫ-ʨʦʪʦʨʫ) ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʩʦ ʩʪʦʨʦʥʳ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ( )iMd  (ʥʘʧʨʠʤʝʨ, ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ): 

 
(1) ( ) ( )

,1

e i

C C

d
K M M

dt
z z d¡ ¡= +      (2.21) 

 ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʙʫʜʫʪ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʠʥʝʤʘʪʠʢʝ ʫʛʣʦʚ ʕʡʣʝʨʘ, ʧʨʠ ʵʪʦʤ ʩʠʩʪʝʤʫ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʩʪʘʝʪʩʷ ʣʠʰʴ ʜʦʧʦʣʥʠʪʴ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ d s= : 

 
( )

( )

1
sin cos ; cos sin ;

sin

ctg sin cos ;

p q p q

r p q

y j j q j j
q

j q j j d s

ë
= + = -î

ì
î = - + =í

  (2.22) 
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2.3. ʊʠʧʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʩʠʤʤʝʪʨʠʠ  

 

ɼʣʷ ̫ʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʤʘʣʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ 

ʘʩʠʤʤʝʪʨʠʠ, ʚʚʝʜʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʠʧʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʣʦʡ 

ʘʩʠʤʤʝʪʨʠʠ. ɹʫʜʝʤ ʚʳʜʝʣʷʪʴ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʪʠʧʘ ʘʩʠʤʤʝʪʨʠʠ: 

- ʤʘʣʳʝ ʦʪʢʣʦʥʝʥʠʷ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ ʪʝʣ ʦʪ ʛʣʘʚʥʦʡ (ʜʠʘʛʦʥʘʣʴʥʦʡ) ʬʦʨʤʳ ()eI
; 

- ʤʘʣʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʘʩʠʤʤʝʪʨʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ ( )Be ; 

- ʤʘʣʳʝ ʣʠʥʝʡʥʳʝ ʩʤʝʱʝʥʠʷ ʦʩʝʡ ʩʦʦʩʥʳʭ ʪʝʣ ʦʪ ʦʙʱʝʡ ʦʩʠ ʚʨʘʱʝʥʠʷ ()le . 

 

ʄʘʣʳʝ ʦʪʢʣʦʥʝʥʠʷ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ ʪʝʣ ʦʪ ʛʣʘʚʥʦʡ (ʜʠʘʛʦʥʘʣʴʥʦʡ) ʬʦʨʤʳ ʙʫʜʝʤ 

ʦʧʠʩʳʚʘʪʴ ʤʘʣʤr ʧʘʨʘʤʝʪʨʦʤ eI
, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʣʦʩʪʠ ʫʛʣʦʚ 

ʧʝʨʝʭʦʜʘ ʚ ʩʦʙʩʪʚʝʥʥʫʶ ʛʣʘʚʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (Ŭi, ɓi) ʧʨʠ ʟʘʧʠʩʠ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ 

ʚ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʤ ʚʠʜʝ: 

 { }1 1 2 2sup , , ,e a b a b=I       (2.23) 

( )1 1 2 2 1 1 2 2, , , , , const 1 1,2i i ia ea a ea b e b b e b a b= = = = = ¢ =I I I I  

ʊʦʛʜʘ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ ʚ ʩʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʣʠʥʝʡʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ: 

 

1 0
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ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʠ ʜʝʢʦʤʧʦʟʠʨʦʚʘʪʴ ʪʝʥʟʦʨʳ ʠʥʝʨʮʠʠ ʥʘ ʛʣʘʚʥʫʶ ʠ 

çʚʦʟʤʫʱʝʥʥʫʶè ʯʘʩʪʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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   (2.25) 

 

ʄʘʣʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʘʩʠʤʤʝʪʨʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ ʦʧʠʩʳʚʘʝʪ ʤʘʣʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʪʝʣʘ-ʨʦʪʦʨʘ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʩʠʤʤʝʪʨʠʠ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ: 

  1 1

1

B

A B

A
e

-
=       (2.26) 
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ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʯʝʪʝ ʜʚʫʭ ʚʚʝʜʝʥʥʳʭ ʥʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʪʠʧʦʚ ʘʩʠʤʤʝʪʨʠʠ ʪʝʥʟʦʨ 

ʠʥʝʨʮʠʠ ʪʝʣʘ-ʨʦʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʛʣʘʚʥʦʡ ʠ 

ʚʦʟʤʫʱʝʥʥʦʡ ʯʘʩʪʝʡ ʧʨʠ ʦʪʙʨʘʩʳʚʘʥʠʠ ʯʣʝʥʦʚ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ 
Be eI
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 (2.27) 

 

ʄʘʣʳʝ ʣʠʥʝʡʥʳʝ ʩʤʝʱʝʥʠʷ ʦʩʝʡ ʩʦʦʩʥʳʭ ʪʝʣ ʦʪ ʦʙʱʝʡ ʦʩʠ ʚʨʘʱʝʥʠʷ ʤʦʞʥʦ 

ʦʧʠʩʳʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʤʘʣʳʤ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ: 

  
1 2

,l

l

PP
e=       (2.28) 

ʛʜʝ 

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

( )

1 1 2 2 1 1 2 2

1 1 2 2sup , , , ; ; ; ; ;

const 1 1,2; ,

x y x y x l x y l y x l x y l y

ij

l l l l l l l l l l l l l

l i j x y

e e e e= = = = =

= ¢ = =
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʠ ʚʚʝʜʝʥʥʳʭ ʚʳʰʝ ʪʨʝʭ ʬʘʢʪʦʨʦʚ ʘʩʠʤʤʝʪʨʠʠ ʤʦʞʥʦ 

ʦʧʠʩʳʚʘʪʴ ʦʙʱʠʡ ʩʣʫʯʘʡ ʘʩʠʤʤʝʪʨʠʠ ʩ ʚʚʝʜʝʥʠʝʤ ʝʜʠʥʦʛʦ çʚʝʜʫʱʝʛʦè ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ Ů ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʧʦ ʪʠʧʘʤ ʘʩʠʤʤʝʪʨʠʠ: 

 { }max , , ;B le e e e= I     (2.29) 

; ;B B l le e ee e e e e e= = =I I
 

ʛʜʝ eI, eB, el  - ʝʩʪʴ ʧʦʩʪʦʷʥʥʳʝ ʤʘʩʰʪʘʙʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ. 

 

2.4. ʂʘʥʦʥʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ 

 

ɺʚʝʜʝʤ ʢʘʥʦʥʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʉʝʨʨʝʪʘ-ɸʥʜʫʘʡʝ-ɼʝʧʨʠ [312, 188, 189, 142]. ɺ 

ʨʘʙʦʪʘʭ ɸʨʭʘʥʛʝʣʴʩʢʦʛʦ ʖ.ɸ. [21] ʠ ʂʦʟʣʦʚʘ ɺ.ɺ. [63] ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʧʨʠʥʷʪʦ ʠʤʝʥʦʚʘʪʴ 

ʧʝʨʝʤʝʥʥʳʤʠ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ, ʠ ʠʤʝʥʥʦ ʵʪʦ ʥʘʠʤʝʥʦʚʘʥʠʝ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʣʝʝ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʫʝʤ ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʠʥʝʨʮʠʦʥʥʳʝ ʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩ ʫʯʝʪʦʤ ʠʭ ʣʠʥʝʡʥʳʭ ʯʘʩʪʝʡ ʨʘʟʣʦʞʝʥʠʡ ʧʦ ʤʘʣʦʤʫ 

ʧʘʨʘʤʝʪʨʫ (~Ů). ɺ ʨʘʤʢʘʭ ʧʝʨʝʭʦʜʘ ʢ ʢʘʥʦʥʠʯʝʩʢʠʤ ʧʝʨʝʤʝʥʥʳʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ 

ʷʚʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ 

ʫʯʝʪʦʤ ʨʘʟʣʦʞʝʥʠʷ ʠʭ ʧʦ ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ. ɺ ʨʘʤʢʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʫʜʫʪ 

ʬʠʛʫʨʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʤʘʩʩ, ʢʦʪʦʨʳʝ ʠʤʝʁʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ ʚ ʧʨʠʚʷʟʢʝ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ: 
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   (2.30) 

ʛʜʝ 1 2M M M= + . 

 

ɺʝʟʜʝ ʜʘʣʝʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʫʯʘʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʪʝʣʘ-ʨʦʪʦʨʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʦʦʩʥʦʛʦ ʚʨʘʱʝʥʠʷ, ʩʯʠʪʘ,̫ ʯʪʦ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʪʝʣʘ-ʨʦʪʦʨʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ (l1x=l1y=0). ʊʦʛʜʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ 

ʜʠʥʘʤʠʯʝʩʢʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʪʝʣʘ-ʨʦʪʦʨʘ ʘʙʩʦʣʶʪʥʳʝ ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʦʚ ʤʘʩʩ ʪʝʣ 

ʙʫʜʫʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʣʘʤʠ: 
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ʛʜʝ   2 2
2 2;x l x y l y

M M
P e l P e l

M M
e e=- =-  

 

ʊʦʛʜʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ ʩʦʦʩʥʳʭ ʪʝʣ (2.17) ʠ (2.13) ʩ ʫʯʝʪʦʤ ʤʘʣʦʡ ʘʩʠʤʤʝʪʨʠʠ ʚ 

ʩʚʦʠʭ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʟʘʧʠʰʫʪʩʷ: 
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ɺ ʛʣʘʚʥʦʡ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ-ʧʣʘʪʬʦʨʤʦʡ ,Cxhz 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʳ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

 

  [](2) (1)

C C Cxhz xhz xhz¡ ¡ ¡
¡= + ÖK K ŭ K      (2.34) 

 

 
ʈʠʩ. 2.2 ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʩʝʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʠ ʫʛʣʳ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ  

 

ʈʘʩʧʦʣʘʛʘʷ ʚʳʨʘʞʝʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʥʦʚʳʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʝʨʝʤʝʥʥʳʤ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ { }{ }{ }{ }2 2 3 3, , , , , , ,l L I Ij j dD . ʋʢʘʟʘʥʥʳʝ 

ʫʛʣʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʩʚʷʟʘʥʳ ʩ ʦʧʠʩʘʥʠʝʤ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩ. 2.2) ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʧʫʪʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʧʠʩʠ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ: 
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ɼʣʷ ʚʚʝʜʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ ʟʘʧʠʰʝʤ çʩʦʶʟʥʳʝè ʚʳʨʘʞʝʥʠʷ, 

ʩʚʷʟʳʚʘʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ. ɼʣʷ ʵʪʦʛʦ 

ʧʦʜʩʪʘʚʠʤ ʚ (2.35) ʷʚʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʦʣʫʯʘʝʤʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʢ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

çʥʝʠʟʚʝʩʪʥʳʭè { p, q, r, ů}, ʧʦʩʣʝ ʬʦʨʤʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʛʨʫʧʧʠʨʦʚʢʠ ʯʣʝʥʦʚ ʧʦ 

ʩʪʝʧʝʥʷʤ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

2 0 2 1 2

2 0 2 1 2

2 0 2 1 2

2 0 2 1 2

, , , , , , , , , , , , ;

, , , , , , , , , , , , ;

, , , , , , , , , , , , ;

, , , , , , , , , , , , ,

p p l L I p l L I p l L I

q q l L I q l L I q l L I

r r l L I r l L I r l L I

l L I l L I l L I

d d e d

d d e d

d d e d

s s d s d es d

= D = D + Dë
î
= D = D + Dî

ì
= D = D + Dî

î = D = D + Dí

   (2.36) 

ʛʜʝ ʢʦʥʢʨʝʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʛʣʘʚʥʳʭ çʥʝʚʦʟʤʫʱʝʥʥʳʭè ( )0 0 0 0, , ,p q r s  ʠ 

çʚʦʟʤʫʱʝʥʥʳʭè ( )1 1 1 1, , ,p q r s  ʯʘʩʪʝʡ ʩʦʶʟʥʳʭ ʚʳʨʘʞʝʥʠʡ ʠʤʝʶʪ ʚʠʜ: 

( )1 2 12 2 2 2

0 2 0 2 0 0

2 1 2

1 1
sin ; cos ; ; ;

C C C LL
p I L l q I L l r

A B C C C
s

+ D--D
= - = - = =   (2.37) 

1 1 1 1; ; ; ;l l B B l l B B l l B B l l B Bp e p e p e p q e q e q e q r e r e r e r e e es s s s= + + = + + = + + = + +I I I I I I I I

(2.38) 

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

1 2

1
cos sin ;p C A C L C A C

AC C
b b d a dè ø= - D- - + - Dê úI

  

2 2 2

1 2 2

1 1
sin sin cos cos sin ;Bp A I L l l

A AB
d d d

å õ
= - -æ ö

ç ÷
  

( )( )1 2 2 2

1 2

1
;l xp L C M OPl

AC C
= D-  

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

1 2

1
sin cos ;q C C B L C A C

BC C
a b d a dè ø= - D- - - - Dê úI

 

2 2 2

1 2 2

1 1
cos cos sin cos sin ;Bq A I L l l

B AB
d d d

å õ
= - -æ ö

ç ÷
 

( )( )1 2 2 2

1 2

1
;l yq L C M OPl

BC C
= D-  

( ) ( )
2 2

2 2 2
2 2 2 2

2

sin cos ; 0;B

I L
r A C l C B l r

C A B

b a- å õ
=- - + - =æ ö

ç ÷
I  
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2 2

1 2 2 2

2 2

2

cos sin
;l y x

M M OP I L l l
r l l

MC B A

- å õ
= -æ ö

ç ÷

 

( ) ( ) ( )

( ) ( ) ( )

1 1 1 1 2 2 22 2

2 1 1

1 1 2

1 1 1 1 2 2 2

1 1

1 1 2

sin cos cos

sin cos sin ; 0;B

C A C A C B
I L l

BC BC BC

C A C A A C
l

AC AC AC

a
s b d a d

b
a d b d s

åè ø- - -
æ= - - + +é ù
æé ùê úç

õè ø- - -
ö+ + + =é ù
öé ùê ú ÷

I

 

( ) 2 2

1 2 1 2 2 1 2

2 2

1 2

cos sin
.l y x

M M OPC OP C I L l l
l l

MC C B A
s

- - å õ
=- +æ ö

ç ÷
 

ʠ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ: 
2 2 2 2

2 2 2 1 1 1 2 2 2 1 1 1 1 2; ;A M OP A M OP A B M OP B M OP A C C C= + + + = + + + = +. 

 

2.5. ʂʠʥʝʪʠʯʝʩʢʘʷ ɻʥʝʨʛʠ ̫ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ 

ɿʘʧʠʰʝʤ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʯʣʝʥʳ ʥʝ 

ʚʳʰʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ Ů: 

platform rotorT T T= +  

( )

( )

2 2 2 2 2

2 2 2 2 2 2 2

2 2 2 2 2 2

2 2
2 2 2 2

2

1

2

( ) ( )

1 1

;

platform

I

l y x

T A M OP p B M OP q C r

e A C rp C B rq

M M
e OP M l qr l pr

M M

O

e b a

e

e

è ø è ø= + + + + +ê ú ê ú

è ø+ - + - +ê ú

è øå õ å õè ø è ø
+ - + - +é ùæ ö æ öé ù é ù

ê ú ê úç ÷ ç ÷ê ú

+

 

( )( ) ( )( ) ( )

( )( ) [ ] [ ]( )

( )

( )

2 22 2 2

1 1 1 1 1

1 1 1 1

2 2
1 1 2 2

2 2
2 2

1 1
sin cos

2 2

cos sin sin cos

cos sin cos sin

sin cos sin

rotor B

I

l y x

y x

T A M OP q p C r e A p q

e A C r p q - p q

M M
e M OP q p r l r l

M M

M M
q p r l r l

M M

s e d d

e s b d d a d d

e d d d d

d d d

= + + + + - - + +

+ - + + - + +

ë è øå õ å õ
+ - - +ì æ ö æ öé ù

ç ÷ ç ÷ê úí

èå õ å
+ + +æ öé

ç ÷ çê
( )2cos Od e

ûøõ
+üæ ö ù

÷ úý

 

ʠʣʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ( )2 2 1 1 0,M OP M OP- =  ʧʦʣʫʯʠʤ: 

( )( )

( )

( )( ) [ ] [ ]( ){ }

{ } ( )

22 2 2

2 1

21

2 2 2 2 2 2 1 1 1 1

2

2 2 2 2

1

2

sin cos
2

( ) ( ) cos sin sin cos

B

I

l y x

T Ap Bq C r C r

A
e p q

e A C rp C B rq A C r p q - p q

e M OP l qr l pr O

s

e d d

e b a s b d d a d d

e e

= + + + + -

- - + +

è ø+ - + - + - + + - + +ê ú

è ø+ + +ê ú
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ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ ʩ ʷʚʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʩʣʘʛʘʝʤʳʭ ʧʦ 

ʧʨʠʟʥʘʢʫ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʭ ʢ ʬʘʢʪʦʨʘʤ ʘʩʠʤʤʝʪʨʠʠ ʠ ʧʦ ʧʨʠʟʥʘʢʫ ʤʘʣʦʩʪʠ, ʚʚʦʜʷ ʪʝʤ 

ʩʘʤʳʤ ʛʣʘʚʥʫʶ çʥʝʚʦʟʤʫʱʝʥʥʫʶè (T0) ʠ çʚʦʟʤʫʱʝʥʥʫʶè (TŮ) ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ: 

( )( )

( )

{

( )( ) [ ] [ ]( )}

0

22 2 2

0 2 1

2

1

2 2 2 2 2 2

1 1 1 1

2 2 2 2

;

;

1
;

2

1
sin cos ;

2

( ) ( )

cos sin cos sin ;

;

B I l

B

I

l

e e e

e B

e I

e l y x

T T T

T T T T

T Ap Bq C r C r

T e A p q

T e A C rp C B rq

A C r p q q p

T e M OP l qr l pr

e

e

e

s

d d

b a

s b d d a d d

ë = +
î
= + +î

î
î = + + + +
î
î
=- - +ì

î
î è ø= - + - +ê úî
î + - + + - -
î
î è ø= +ê úí

 (2.39) 

 ɺr ʨʘʞʝʥʠ ̫ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʚ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ, 

ʧʦʜʩʪʘʚʣʷʷ ʚ (2.39) ʩʦʶʟʥʳʝ ʚʳʨʘʞʝʥʠʷ (2.36) ʠ ʩʦʭʨʘʥʷʷ ʯʣʝʥʳ ʥʝ ʚʳʰʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʤʘʣʦʩʪʠ (ʪ.ʝ. ʣʠʥʝʘʨʠʟʫʷ ʧʦ Ů), ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ: 

 ( ) ( ) ( ){ } ( )
2 0

2 0 0 0 0 0, , , , , , , , , , , , , ;T l L I T p q r Lin T p q r T p q r
e

ed s s e s
­

D = = +     (2.40) 

ʛʜʝ 

 

( ){ } (

( ) ( )( ))
( ) ( )

2 2 2

0 0 0 1 0 0 1 2 0 0 1

2 2

1 0 0 1 0 0 0 1 1 0 0 0 1

0 0 0 0 0 0 1 0 1 0 1 0 1

1
, , , 2 2 2

2

2 2 2 2

, , , , , , , , , , ;

Lin T p q r A p p p B q q q C r r r

C r r r r r r

T p q r T p p q q r r

s e e e

e s e s s s es s

s e s s

è ø è ø è ø= + + + + + +ê ú ê ú ê ú

è ø+ + + + + + + =
ê ú

= +

(2.41) 

ʠ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ  

 
( )( )
[ ]

22 2 2

0 0 0 2 0 1 0 0

0 1 0 1 2 0 1 1 0 1 0 1 1 0 0 1

1
;

2
T Ap Bq C r C r

T Ap p Bq q C r r C r r r r

s

s s s s

ë
= + + + +î

ì
î = + + + + + +í

   (2.42) 

ɺ ʠʪʦʛʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʧʦ 

ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ ʧʨʠʥʠʤʘʝʪ ʚʠʜ:  

 ( ) ( ) ( )2 0 0 0 0 0 1 0 1 0 1 0 1 0 1, , , , , , , , , , , , , , ;T l L I T p q r T p p q q r rd s e s sD = +   (2.43) 

( ) ( ) ( )1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 0 0 0, , , , , , , , , , , , , , , , ,T p p q q r r T p p q q r r T p q res s s s s= +    

ʆʢʦʥʯʘʪʝʣʴʥʦ ʢʠʥʝʪʠʯʝʩʢʘ ̫ ʵʥʝʨʛʠ ̫ ʟʘʧʠʰʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ ʩ 

ʜʝʢʦʤʧʦʟʠʮʠʝʡ ʩʣʘʛʘʝʤʳʭ ʧʦ ʪʠʧʘʤ ʘʩʠʤʤʝʪʨʠʠ ʚ ʚʦʟʤʫʱʝʥʥʦʡ ʯʘʩʪʠ: 

 

( ) ( ) ( )

( )
( )

2 0 2 1 2

22 2 2
2 22

0 2

1 2

1

, , , , , , , , , , , , ;

1 1 1
, , , , sin cos ;

2 2

B l

T l L I T l L I T l L I

LI L
T l L I l l

A B C C

T T T T

d d e d

d

ë D = D + D
î

è øî -D- Dî è ø
D = + + +é ùì é ù

ê ú é ùî ê ú
î
= + +îí I

 (2.44) 

ʛʜʝ 
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 ( )
2

2 2

1 2

1 1 1
sin sin cos cos ;

2
B BT e A I L l l

A B
d d

å õ
= - -æ ö

ç ÷
    (2.45) 

 ( ) ( )2 2

2 2 2 2 2 2 2

2

sin cosL l l
T e I L A C C B

C A B
b a

ë -Då õ
=- - - + - +ì æ ö

ç ÷í
I I

   (2.46) 

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

1

sin cos
cos sin sin cos ;

l l
A C

C A B
b d a d b d a d

ûDè ø
+ - + + - üé ù

ê úý
    

 
( )1 2 2 12 2 1 2

2 2 2 2

2 1

sin cos
;l l x y

OPC OP CM Ml l
T e I L l l L OP

A B C M C

ë ûD -î îè ø
=- - + Ö +ì üé ù

ê ú î îí ý

 (2.47) 

 

2.6. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

 

 ʈʘʩʩʤʦʪʨʠʤ ʙʘʟʦʚʳʡ ʩʣʫʯʘʡ ʜʝʡʩʪʚʠʷ ʤʦʤʝʥʪʘ ʩʠʣ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ m ʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʚ 

ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʝʢʪʦʨʦʤ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʝʡ 
orbB . ʊʘʢʦʡ ʩʣʫʯʘʡ ʙʫʜʝʪ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʥʘ 

ʢʦʨʦʪʢʦʤ ʫʯʘʩʪʢʝ ʝʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʢʦʛʜʘ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʠʟʤʝʥʷʝʪʩʷ ʢʨʘʡʥʝ ʤʘʣʦ), ʣʠʙʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʦʨʙʠʪʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʥʘ ʢʨʫʛʦʚʦʡ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʝ. 

 ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʠʣ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʦʙʱʠʡ ʚʝʢʪʦʨʥʳʡ ʚʠʜ:  

 ³m orbM = m B       (2.48) 

ɽʩʣʠ ʬʦʨʤʘʣʴʥʦ ʚʚʝʩʪʠ ʧʣʦʩʢʠʡ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ( ),J=Ï orbm B , ʦʪ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʠʪ ʚʝʣʠʯʠʥʘ ʤʦʤʝʥʪʘ ʩʠʣ, ʪʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʧʫʪʠ: 

sin ;

cosP d

J

J J

= ³ =

=- =- =- Öñ

m orb orb

m orb orb

M m B m B

M m B m B
    

ɽʩʣʠ çʚʝʨʪʠʢʘʣʴʥʫʶè ʠʥʝʨʮʠʘʣʴʥʫʶ ʦʩʴ CZ ʥʘʧʨʘʚʠʪʴ ʚʜʦʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʚ 

ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʝʢʪʦʨʘ 
orbB  (ʨʠʩ. 2.3), ʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʟʘʧʠʰʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ m ʚ ʩʚʷʟʘʥʥʳʭ ʦʩʷʭ ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʢʦʩʠʥʫʩʦʚ çʚʝʨʪʠʢʘʣʴʥʦʡè ʦʩʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʙʨʘʥʥʳʤ ʩʚʷʟʘʥʥʳʤ ʦʩʷʤ: 

1 2 3orb orb x y zP B B m m mg g gè ø=- Ö =- Ö =- + +ê úorb
m B m ɔ     

ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʚʳʙʨʘʪʴ ʩʚʷʟʘʥʥʫʶ ʩ ʪʝʣʦʤ-ʧʣʘʪʬʦʨʤʦʡ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʧʦʩʣʝʜʥʝʝ 

ʚʳʨʘʞʝʥʠʝ ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

 ( )1 2 3 sin sin cos cosorb x y z orb x y zP B m m m B m m mg g g q j j qè øè ø=- + + =- + +ê ú ê ú
  (2.49) 

ʛʜʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʫʪʝʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʛʣʦʚ ʕʡʣʝʨʘ (ʨʠʩ.2.3): 

  1 2 3sin sin ; sin cos ; cosg q j g q j g q= = =     (2.50) 
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ʇʫʩʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʜʠʧʦʣɹ ʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ m ʩʦʟʜʘʝʪʩʷ 

ʤʘʛʥʠʪʥʳʤʠ ʘʢʪʫʘʪʦʨʘʤʠ (ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ, ʤʘʛʥʠʪʥʳʝ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ/ʠʣʠ 

ʜʨʫʛʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʢʘʢ ʚʥʫʪʨʠ ʪʝʣʘ-

ʧʣʘʪʬʦʨʤʳ, ʪʘʢ ʠ ʚʥʫʪʨʠ ʪʝʣʘ-ʨʦʪʦʨʘ. ʊʦʛʜʘ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʘʛʥʠʪʥʳʝ ʘʢʪʫʘʪʦʨʳ 

ʨʘʟʤʝʱʘʶʪʩʷ ʚʥʫʪʨʠ ʪʝʣʘ-ʨʦʪʦʨʘ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʝʢʮʠʠ ʚ 

ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ ʩʠʩʪʝʤʝ: 
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c

^ ^
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ë ¡ ¡ ¡ ¡è ø=ê úî
î
= =ì

î
= + = =îí
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    (2.51) 

 

ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ (2.48) ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʩʚʷʟʘʥʥʳʝ ʦʩʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ Cɝɖɠ 

ʟʘʧʠʰʝʪʩʷ: 

 [][ ]( )[ ]1 2 3cos , cos , , ,
T T

orbB m m mc c g g g^ ^
¡Ö ³ =mM = ŭ   (2.52) 

( )

( )

( ) ( )

3
2

1 3

2 1

sin cos

cos sin ;

0 cos sin sin cos

orb

c s

B m m c s

c s c s

c c

c c

c c c c

g d dg

g g d d

g d d g d d

^

å õè ø+-è øæ öé ù
é ùæ öé ù= + - -
é ùæ öé ù
é ùæ öê ú é ù- - +ê úç ÷

    

 

ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥ ʥʘ ʜʚʘ ʚʝʢʪʦʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʤʫ ʤʦʤʝʥʪʫ ʩʠʣ Mɗ ʠ ʚʨʘʱʘʪʝʣʴʥʦʤʫ ʤʦʤʝʥʪʫ ʩʠʣ 
m

DM . ɺʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʤʦʤʝʥʪ ʩʠʣ Mɗ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ çʣʠʥʠʠ ʫʟʣʦʚè CJ; 

ʚʨʘʱʘʪʝʣʴʥʳʡ ʞʝ ʤʦʤʝʥʪ ʙʫʜʝʪ ʠʤʝʪʴ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ ʠ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ Cɠ: 

 

( ) ( )( )

( ) ( )( )
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M M m B c s c s
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c c c c
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q q d d j d d j

q d d j d d j
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= - =î
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  (2.53) 
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ʈʠʩ. 2.3. ʉʣʫʯʘʡ ʩʦʥʘʧʨʘʚʣʝʥʥʳʭ 
orbB  ʠ CZ:  

ʫʛʣʳ ʕʡʣʝʨʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʠ ʚʨʘʱʘʶʱʘʷ ʯʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

 

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (2.49) ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ 

ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

( ) ( )cos sin sin cos cos cos sin sinorb orbP mB m B c s c sc c c cq q d d j d d j^
è ø=- - + + -ê ú

  (2.54) 

ʀʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ (2.54) ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʚʝʜʝʥʥʳʝ 

ʚʳʰʝ ʦʙʦʙʱʝʥʥʳʝ ʤʦʤʝʥʪʳ ʩʠʣ ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ: 

  ; mP P
M Mq

q d
D

µ µ
=- =-
µ µ

     (2.55) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʤʘʛʥʠʪʥʳʝ ʘʢʪʫʘʪʦʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ, ʪʦ 

ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʙʱʥʦʩʪʴ, ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʙʫʜʫʪ ʠʤʝʪʴ ʪʦʪ ʞʝ ʚʠʜ 

(2.52) ʠ (2.53), ʛʜʝ ʚʤʝʩʪʦ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʟʘʢʨʫʪʢʠ ʙʫʜʝʪ ʬʦʨʤʘʣʴʥʦ ʧʦʣʦʞʝʥʘ ʝʛʦ 

ʥʫʣʝʚʘʷ ʚʝʣʠʯʠʥʘ ( )0d¹ .  

ʈʘʩʩʤʦʪʨʠʤ ʚʘʞʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʩʣʫʯʘʡ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ 

ʩʪʘʥʜʘʨʪʥʦʤ ʜʣʷ ʥʝʛʦ ʨʝʞʠʤʝ ʨʝʘʣʠʟʘʮʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ, ʢʦʛʜʘ ʝʛʦ ʧʨʦʜʦʣʴʥʘʷ 

ʩʦʦʩʥʘʷ ʦʩʴ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪ r

ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ. ʆʪʙʨʘʩʳʚʘʷ ʧʦʢʘ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʟʤʦʞʥʳʝ 

ʤʘʣʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʙʫʜʝʪ ʠʤʝʪʴ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ (ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ) ʠ ʩʦʭʨʘʥʷʪʴ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 2.4) ʝʛʦ ʩʠʣʦʚʳʝ ʣʠʥʠʠ 

ʬʦʨʤʠʨʫʶʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʦʨʦʦʙʨʘʟʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʢʦʪʦʨʳʤ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʨʫʛʦʚʳʝ ʦʨʙʠʪʳ ɿʝʤʣʠ, ʪʦ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ 
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ʚʜʦʣʴ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ ʚ ʧʣʦʩʢʦʩʪʠ ʛʣʘʚʥʦʛʦ ʢʨʫʛʘ, ʧʦʵʪʦʤʫ ʣʶʙʘʷ 

ʢʘʩʘʪʝʣʴʥʘʷ ʢ ʧʨʦʭʦʜʠʤʳʤ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ ʙʫʜʝʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʛʣʘʚʥʦʤʫ ʢʨʫʛʫ ï 

ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
orbB  ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʧʦ ʩʚʦʝʡ ʚʝʣʠʯʠʥʝ (ʪ.ʢ. 

ʦʨʙʠʪʘ ʢʨʫʛʦʚʘʷ ʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ ʥʘ ʠʟʤʝʥʷʝʪʩʷ).  

 

 

ʈʠʩ.2.4 ï ʉʪʨʫʢʪʫʨʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʩʪʦʷʥʩʪʚʦ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ 

 

ɺʳʙʠʨʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʝʨʮʠʘʣʴʥʫʶ ʦʩʴ CZ ʚʜʦʣʴ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ ʢ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ, ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʠ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 
orbB  ʩ ʚʝʢʪʦʨʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʚʦʙʦʜʥʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ K  ʚ ʨʝʞʠʤʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ( )¬¬orbK B . 

ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʫʱʝʥʠʷ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʠʟʤʝʥʷʪʴ ʚʝʢʪʦʨ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʦʜʥʘʢʦ, ʝʩʣʠ ʚʝʣʠʯʠʥ r ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʦʢʘʞʫʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʚʦʝʤ ʦʪʥʦʰʝʥʠʠ, ʪʦ ʠʟʤʝʥʝʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʠ ʩʯʠʪʘʪʴ ʝʛʦ ʧʦʩʪʦʷʥʥʳʤ ʚʝʢʪʦʨʦʤ. ɼʣʷ ʦʮʝʥʢʠ ʪʘʢʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʚʨʝʤʝʥʠ  

;K tK At= =ə K         

ʠ ʟʘʧʠʩʘʪʴ ʚ ʥʠʭ ʙʘʟʦʚʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ( )= ³
orb

K m B  ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʦʩʷʭ: 
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e e       (2.56) 

ʛʜʝ -ə  ʙʝʟʨʘʟʤʝʨʥʳʡ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʳ, K ï ʚʝʣʠʯʠʥʘ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʜʚʠʞʝʥʠʠ, ɸ ï ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʩʠʩʪʝʤʳ (ʤʦʞʝʪ ʙʳʪʴ ʚʟʷʪ ʠ ʠʥʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ), t- ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ, , CZme e ï 

ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʦʨʪ ʦʩʠ CZ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ʀʟ ʫʨʘʚʥʝʥʠʷ (2.56) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʝ ʙʫʜʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʝʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʳ: 
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2

1
A

K
<<

orbm B
     (2.57) 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʣʦʚʠʝ (2.57) ʚʳʧʦʣʥʷʝʪʩʷ ʠ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʜʣʷ ʨʝʘʣʠʩʪʠʯʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʢʦʤʧʦʥʦʚʦʢ (ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ 

ʟʘʢʨʫʪʢʠ ʦʪ 1 ʜʦ 10 ʨʘʜ/ʩ, ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʦʪ 0.02 ʜʦ 100 ʢʛĀʤ2, ʩʠʣʦʚʳʝ ʤʘʛʥʠʪʥʳʝ 

ʢʘʪʫʰʢʠ ʩ ʜʠʧʦʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʦʪ 40 ʜʦ 200 ɸĀʤ2) ʜʣʷ ʩʘʤʳʭ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʡ ʠʥʜʫʢʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʥʠʟʢʠʭ ʦʨʙʠʪʘʭ (50 ʤʢʊʣ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʟʜʘʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ ( )orbmB  ʩ ʚʝʣʠʯʠʥʘʤʠ ʦʪ 0.002 ʜʦ 0.01 ʅĀʤ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (2.57) ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʙʫʜʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ ʚʝʢʪʦʨʦʤ ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʢʪʦʨʘ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ( )const, CZ@ ¬¬ ¬¬
orb

K K B , ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʢʦʩʠʥʫʩʳ (2.50) ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʡ ʦʪʥʦʰʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ: 

  ( )1 2 3; ; ,bAp K Bq K C r Kg g g= = = +D    (2.58) 

ʘ ʪʘʢʞʝ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ ʫʛʣr ʕʡʣʝʨʘ ʠ ʧʝʨʝʤʝʥʥʳʝ 

ɸʥʜʫʘʡʝ-ɼʝʧʨʠ: 

  
2 2

2 2 2 2const; cos ; sin ;I K L I I L I lq q j= = = = - =   (2.59) 

 

ɺr ʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ (2.49) ʩ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʠʭ ʟʘʤʝʯʘʥʠʡ 

ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

  ( )
2 2

2

2 2

sin cosorb x y z

I L L
P B m l m l m

I I

è ø-
é ù=- + +
é ùê ú

   (2.60) 

ʇʨʠ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘʧʨʘʚʣʝʥ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ( )zm m= , ʥʦ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʤʘʣʦʩʪʴ 

ʧʦʧʝʨʝʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ( )m̂ , ʪʦ ʤʦʞʥʦ ʚʚʝʩʪʠ ʩʣʝʜʫʶʱʠʡ ʤʘʣrʡ ʧʘʨʘʤʝʪʨ: 

   1m

m

m
e ^= <<      (2.61) 

ʠ ʚʳʧʦʣʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ: 

{ }max , , , ; ; ; 1B l m m m m me m e m ee e e e e e e e^= = = ¢I     

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʝ (2.60) ʧʨʠʦʙʨʝʪʸʪ ʚʠʜ, ʚʢʣʶʯʘʶʱʠʡ ʛʣʘʚʥʫʶ ʠ ʚʦʟʤʫʱʝʥʥʫʶ 

ʯʘʩʪʠ: 

  

( ) ( )

0 1 0
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2 2

2

1
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; ;

sin cos cos cos sin sin

m

orb

m

orb m
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  (2.62) 

 

 

 

 



44 

2.7. ʅʝʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʚʦʟʤʫʱʘʶʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʤʦʤʝʥʪ rʩʠʣ  

 

ʇʫʩʪʴ ʤʝʞʜʫ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ (ʧʦ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʫʛʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʟʘʢʨʫʪʢʠ ŭ) ʜʝʡʩʪʚʫʝʪ ʚʥʫʪʨʝʥʥʠʡ ʤʘʣʳʡ ʤʦʤʝʥʪ ʪʨʝʥʠʷ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʜʚʫʭ ʯʘʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʞʠʜʢʦʩʪʥʦʤʫ ʪʠʧʫ ʪʨʝʥʠʷ (
flMD  - ñfriction of liquid typeò) ʠ 

ʩʫʭʦʤʫ ʪʠʧʫ ʪʨʝʥʠʷ (
fdMD  - ñ friction of dry-typeò), ʟʘʚʠʩʷʱʠʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ (ů) ʠ ʝʝ ʟʥʘʢʘ: 

 (); sign ; ,fl fd f fl fdM M M M M e en k

s
ns s k k es s

s
D D D D D è ø=- =- =- = + =- +ê ú (2.63) 

ʛʜʝ ,e en k
 - ʝʩʪʴ ʙʝʟʨʘʟʤʝʨʥʳʝ ʤʘʩʰʪʘʙʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʚʝʣʠʯʠʥ ʞʠʜʢʦʩʪʥʦʛʦ ʠ ʩʫʭʦʛʦ 

ʪʠʧʦʚ ʪʨʝʥʠʷ ( ),e en kn e k e= = .  

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʯʣʝʥʳ ʥʝ ʚʳʰʝ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʤʘʣʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ (~Ů) ʠ ʙʘʟʠʨʫʷʩʴ ʥʘ ʚʳʨʘʞʝʥʠʷʭ (2.36), (2.37), (2.38), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʤʦʤʝʥʪʳ ʩʠʣ ʪʨʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ: 

 

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

1 2

1
;f f fM m m C C C L e e C C C C C L

C C
n keD D D
è øè ø= =- + D- + + D-ê úê ú

  (2.64) 

ʏʪʦ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ: 
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  (2.65) 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʤʦʤʝʥʪ ʨʘʩʢʨʫʪʢʠ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʜʝʡʩʪʚʫʶʱʠʡ 

ʤʝʞʜʫ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʩʚʷʟʳʚʘʶʱʠʭ ʚʝʣʠʯʠʥʫ ʤʦʤʝʥʪʘ ʩʠʣ ʩ ʩʠʣʦʡ ʪʦʢʘ (I), ʥʘ 

ʩʚʷʟʠ ʚʝʣʠʯʠʥʳ ʧʨʦʪʠʚʦ-ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ (ʕɼʉ), ʚʦʟʥʠʢʘʶʱʝʡ ʚʩʣʝʜʩʪʚʠʝ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʠ ʩʦʟʜʘʶʱʝʡ çʦʙʨʘʪʥʦʝè ʥʘʧʨʷʞʝʥʠʝ (EB), ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʧʨʝʦʜʦʣʝʪʴ 

ʧʨʷʤʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʨʘʩʢʨʫʪʢʠ (U), ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʩʚʷʟʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʆʤʘ ʩ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (R) ʠ ʩʠʣʦʡ ʪʦʢʘ: 

 ; ;DC

I B B BM k I E k U IR EsD = = = +    (2.66) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (2.66) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ ʩʠʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʨʘʩʢʨʫʪʢʠ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʘʩʳʱʝʥʠʝ ʩʚʦʝʡ ʚʝʣʠʯʠʥʳ ʟʘ ʩʯʝʪ ʛʝʥʝʨʠʨʦʚʘʥʠʷ 

ʧʨʦʪʠʚʦ-ʕɼʉ: 

   
() ()

() ()

,DC

Um e t e F t

F t U t

msD
ë =- +î
ì

=îí

     (2.67) 

 

ʇʦʤʠʤʦ ʤʦʤʝʥʪʘ ʨʘʩʢʨʫʪʢʠ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʜʘʯʝʡ ʥʘ ʥʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ U(t) ʚ ʚʠʜʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʥʘ ʪʝʣʦ-ʨʦʪʦʨ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ (ʚʤʝʩʪʝ ʠʣʠ ʦʪʜʝʣʴʥʦ ʩ ʦʩʥʦʚʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ) 

ʚʪʦʨʠʯʥʳʡ ʧʘʨʘʟʠʪʥʳʡ ʩʠʛʥʘʣ, ʥʘʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʠʡ ʩʦ ʩʪʦʨʦʥʳ ʢʦʥʪʫʨʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʧʘʟʜʳʚʘʥʠʷ ʠ ʦʰʠʙʦʢ ʚ ʮʝʧʠ. ɼʣʷ ʦʧʠʩʘʥʠʷ 

ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʯʝʩʪʴ ʥʘʣʠʯʠʝ ʤʘʣʦʛʦ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʚʦʟʤʫʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʢʦʤʫ ʢʦʥʝʯʥʦʤʫ ʨʘʟʣʦʞʝʥʠ ʁ

ʩʠʛʥʘʣʘ/ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝ ʚ ʨʷʜ ʌʫʨʴʝ ʧʦ ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʝ ï ʫʛʣʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ŭ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʛʘʨʤʦʥʠʢ N [195, 

197]. ʊʘʢʦʡ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʠʣ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʠʤʝʶʪ ʚʠʜ: 
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ʛʜʝ ,n na b  - ʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʌʫʨʴʝ, ʘ ʚʝʣʠʯʠʥʘ ed ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʤʘʣʦʩʪʠ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʛʣʘʚʥʦʤʫ ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʆʪʜʝʣʴʥʦ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚʚʝʜʝʥʥʳʡ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʡ 

ʤʦʤʝʥʪ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʙʱʝʤʫ ʚʠʜʫ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʌʫʨʴʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʝʞʜʫ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ ʚʦʟʤʫʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ 

ʧʦʟʠʮʠʦʥʥʦʡ ʬʘʟʳ d. 

  

2.8. ʋʨʘʚʥʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ 

 

ɿʘʧʠʰʝʤ ʛʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ ( ), ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (2.43) (ʩ ʝʝ ʚʦʟʤʫʱʝʥʥʳʤʠ ʯʘʩʪʷʤʠ (2.44), (2.45), (2.46), (2.47)) ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ (2.62), (2.69): 

 

  0 0 01 1 1 10; ;;T P T Pe= + = += +    (2.70) 
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 (2.71) 

 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ ʟʘʧʠʰʫʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʩ ʬʫʥʢʮʠʷʤʠ 

 

0 0 0 0

1 1 1 1

; ; 0; ;

; ; ; ;

L l

f DC

L l

f f f f
l L

g g g m m g
l L

d

d

d

d

D

D D D

µ µ µ µë
=- = =- = =îî µ µ µ µD

ì
µ µ µ µî =- = =- + + =

î µ µ µ µDí

  (2.73) 

 

ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳ ʚʦʟʤʫʱʝʥʠʷ ( ),f DCm mD D  ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʫʨʘʚʥʝʥʠʠ ʜʣʷ 

ʠʤʧʫʣʴʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ȹ, ʯʪʦ ʥʘʨʫʰʘʝʪ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʉʪʦʠʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʠʟ ʚʠʜʘ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (2.70), ʦʧʨʝʜʝʣʷʶʱʝʛʦʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (2.71), ʠ 

ʠʟ ʩʠʩʪʝʤʳ (2.72) ʩʣʝʜʫʝʪ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʜʚʫʭ ʧʘʨ ʧʝʨʝʤʝʥʥʳʭ { }{ }{ }, , ,L l dD  ʤʦʛʫʪ 

ʙʳʪʴ ʬʦʨʤʘʣʴʥʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʳ ʦʪʜʝʣʴʥʦ ʦʪ ʮʠʢʣʠʯʝʩʢʠʭ ʧʘʨ ʢʦʦʨʜʠʥʘʪ 

{ }{ }{ }2 2 3 3, , ,I Ij j , ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʜʫʮʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʩ ʯʝʪʳʨʴʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʜʦ 

ʩʠʩʪʝʤʳ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʠ ʜʚʫʭ ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʝʧʝʥʝʡ, ʠʥʪʝʛʨʠʨʫʝʤʳʭ 

ʦʪʜʝʣʴʥʦ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʟʠʮʠʦʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (2.72) ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪ ʚʦʟʤʫʱʝʥʥʫʶ 

ʜʠʥʘʤʠʢʫ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʜʚʝ 

ʧʘʨʳ ʢʦʦʨʜʠʥʘʪ { }{ }{ }, , ,L l dD , ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʜʘʣʝʝ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʩʷ ʦʪʜʝʣʴʥʦ ʦʪ ʜʚʫʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ { }{ }{ }2 2 3 3, , ,I Ij j . 

 

2.9. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ɺ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʝʤʳʝ ʩ 

ʧʦʤʦʱʴʶ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʢʘʥʦʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ [196-199]. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʦʙʱʠʝ ʠ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʣʝʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʠ ʩʠʥʪʝʟʘ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ. 
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3. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʜʠʥʘʤʠʢʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʣʫʯʘʝʚ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʠ ʥʘʰʝʜʰʠʝ ʩʚʦʝ ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʚ 

ʨʘʙʦʪʘʭ ʜʠʩʩʝʨʪʘʥʪʘ [196, 198, 199, 26].  

ɺ ʛʣʘʚʝ ʠʟʫʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʢʣʘʩʩʘ ʜʚʠʞʝʥʠʡ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-

ʛʠʨʦʩʪʘʪʦʚ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʢʣʘʩʩʦʚ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ: 

I. ʂʣʘʩʩ ʜʚʠʞʝʥʠʡ ʕʡʣʝʨʘ ʜʣʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʷʭ 

ʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʳ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʚʝʢʪʦʨʘ ʚʥʝʰʥʝʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ [199]; 

II.  ʂʣʘʩʩ ʜʚʠʞʝʥʠʡ ʃʘʛʨʘʥʞʘ ʜʣʷ ʪʷʞʝʣʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʝʛʦ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ [26], ʘ ʪʘʢʞʝ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ [198], ʦʙʦʙʱʘʶʱʠʭ ʩʣʫʯʘʡ ʃʘʛʨʘʥʞʘ ʜʚʠʞʝʥʠʷ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ; 

III.  ɼʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʷʭ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʦʣ̫ ʪʷʛʦʪʝʥʠʷ ʚ ʨʝʞʠʤʝ ʢʦʥʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ [201], ʦʙʦʙʱʘʶʱʝʝ ʩʣʫʯʘʡ 

ɺ.ɸ. ʉʪʝʢʣʦʚʘ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ. 

 

3.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʘʩʩʦʚ ʨʝʰʝʥʠʡ ʠ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ 

ɼʘʜʠʤ ʦʙʫɦ  ʁʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʣʘʩʩʦʚ ʜʚʠʞʝʥʠʡ ʠ ʨʝʰʝʥʠʡ, ʠʟʫʯʘʝʤʳʭ ʚ ʪʝʢʫʱʝʡ 

ʛʣʘʚʝ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʤʤʝʥʪʘʨʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʦʚ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʘʣʳʭ ʚʦʟʤʫʱʘʶʱʠʭ 

ʤʦʤʝʥʪʦʚ ʩʠʣ ʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʳ, ʙʦʣʴʰʠʭ ʤʦʤʝʥʪʦʚ ʩʠʣ ʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʳ, ʧʣʦʩʢʦʛʦ 

ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʨʦʠʟʚʦʣʴʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʤʦʤʝʥʪʦʚ ʤʝʞʜʫ 

ʪʝʣʘʤʠ ʛʠʨʦʩʪʘʪʘ, ʘ ʪʘʢʞʝ ʤʘʣʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ. 

ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʢʣʘʩʩ r ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʠʩʩʣʝʜʫʪʁʩʷ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʧʘʨʘʛʨʘʬʘʭ ʩ ʮʝʣʴʶ ʟʘʧʠʩʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʦʙʦʙʱʝʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʨʝʰʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ: 

I. ɺ ʧʘʨʘʛʨʘʬʝ 3.2 ʠʩʩʣʝʜʫʝʪʩʷ ʧʝʨʚʳʡ ʢʣʘʩʩ ʜʚʠʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʚʠʞʝʥʠʶ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʨʝʞʠʤʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ, ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʩʠʣ, ʦʧʨʝʜʝʣʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʤʠ (2.57). ʕʪʦʪ ʨʝʞʠʤ ʘʢʪʫʘʣʝʥ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ 

ʢʨʫʛʦʚʳʭ ʦʨʙʠʪʘʭ ʠʣʠ ʥʘ ʤʘʣʳʭ ʩʝʛʤʝʥʪʘʭ ʧʨʦʠʟʚʦʣʴʥʳʭ ʦʨʙʠʪ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʝʢʪʦʨʦʚ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʠʥʜʫʢʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ I-ʛʦ ʢʣʘʩʩʘ ʜʚʠʞʝʥʠʡ: 

I.1. ɺ ʧʫʥʢʪʝ 3.2.1 ʚr ʧʦʣʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʢʣʘʩʩʘ 
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ʕʡʣʝʨʘ [184, 146, 149] ʜʣʷ ʦʙʱʝʛʦ ʚʠʜʘ ʧʦʣʦʜʠʡ. 

I.2. ɺ ʧʫʥʢʪʝ 3.2.2 ʚr ʧʦʣʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʢʣʘʩʩʘ ʕʡʣʝʨʘ [184, 146, 149] ʜʣʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʧʦʣʦʜʠʡ (ʯʘʩʪʥʦʝ 

ʨʝʰʝʥʠʝ). ɺ ʪʦʤ ʯʠʩʣʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʕʡʣʝʨʘ ʜʣʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʥʘ ʩʣʫʯʘʡ ʥʦʨʤʘʣʴʥʦʛʦ 

ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʚʟʘʠʤʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩʠʣ.  

I.3. ɺ ʧʫʥʢʪʝ 3.2.3 ʥʘʭʦʜʠʪʩʷ ʥʦʚʦʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ 

ʬʘʟʳ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʟʘʢʨʫʪʢʠ ʨʦʪʦʨʘ ʚ ʧʝʨʝʤʝʥʥʳʭ ʪʠʧʘ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ 

(ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʘʥʘʣʠʟʘ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ).  

II. ɺ ʧʘʨʘʛʨʘʬʝ 3.3 ʠʟʫʯʘʝʪʩʷ II-ʡ ʢʣʘʩʩ ʜʚʠʞʝʥʠʡ ʩ ʨʘʟʙʠʝʥʠʝʤ ʥʘ ʜʚʘ ʧʦʜʢʣʘʩʩʘ: 

II .1. ɺ ʧʫʥʢʪʝ 3.3.1 ʠʩʩʣʝʜʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʚ ʧʣʦʩʢʦʤ ʧʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʤʦʤʝʥʪʦʤ ʩʠʣ 

ʤʝʞʜʫ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ, ʚ ʪ.ʯ.: 

II.1.1. ɺʳʧʦʣʥʷʝʪʩʷ ʩʚʝʜʝʥʠʝ ʢ ʦʙʱʝʤʫ ʨʝʰʝʥʠʶ ʃʘʛʨʘʥʞʘ ʩ ʝʛʦ ʦʙʦʙʱʝʥʠʝʤ 

ʥʘ ʩʣʫʯʘʡ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʤʦʤʝʥʪʦʤ ʩʠʣ. 

II .1.2. ʆʧʨʝʜʝʣʷʶʪʩʷ ʦʩʦʙʳʝ ʩʣʫʯʘʠ ʜʠʥʘʤʠʢʠ, ʚʢʣʶʯʘʷ çʣʫʥʥʦʝè ʜʚʠʞʝʥʠʝ ʠ 

ʜʨʫʛʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʚʠʜʳ ʧʨʝʮʝʩʩʠʡ ʃʘʛʨʘʥʞʝʚʦʛʦ ʪʠʧʘ. 

II .2. ɺ ʧʫʥʢʪʝ 3.3.2 ʠʩʩʣʝʜʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ, ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, ʚ ʪ.ʯ.: 

II.2.1. ʅʘʭʦʜʷʪʩʷ ʥʦʚʳʝ ʦʙʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʦʨʤʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʠʨʦʩʪʘʪʘ 

ʧʨʠ ʥʘʣʠʯʠʠ ʫ ʥʝʛʦ ʧʝʨʝʤʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ. 

III.  ɺ ʧʘʨʘʛʨʘʬʝ 3.4 ʠʩʩʣʝʜʫʝʪʩʷ III -ʡ ʢʣʘʩʩ ʜʚʠʞʝʥʠ ̫ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʚʠʞʝʥʠʶ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʛʨʘʚʠʪʘʮʠʠ ʚ ʨʝʞʠʤʝ ʢʦʥʠʯʝʩʢʦʡ 

ʧʨʝʮʝʩʩʠʠ ʧʨʠ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʘ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ (ʣʦʢʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʠ). ʈʝʞʠʤ ʘʢʪʫʘʣʝʥ ʥʘ ʢʦʨʦʪʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

III. 1. ʅʘʭʦʜʠʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ (ʤʦʜʠʬʠʢʘʮʠ)̫ ʨʝʰʝʥʠʷ ʜʣʷ 

ʩʚʦʙʦʜʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ [184, 146, 149] ʚ ʩʣʫʯʘʝ ʢʦʥʠʯʝʩʢʦʡ 

ʧʨʝʮʝʩʩʠʠ ʚ ʩʣʘʙʦʤ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ, ʛʠʨʦʩʪʘʪʠʯʝʩʢʠ ʦʙʦʙʱʘʶʱʝʝ 

ʩʣʫʯʘʡ ɺ.ɸ. ʉʪʝʢʣʦʚʘ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ. 

ʉʚʷʟʠ ʫʢʘʟʘʥʥʳʭ ʢʣʘʩʩʦʚ ʜʚʠʞʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʠʞʝʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝʡ (ʪʘʙʣ. 3.1). ʉʚʷʟʠ 

ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʣʫʯʘʷʤʠ ʦʧʠʩʳʚʘʶʪʩʷ ʪʘʙʣʠʮʝʡ (ʪʘʙʣ. 3.2), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʚʳʨʦʞʜʝʥʠʷ ʢ ʠʟʚʝʩʪʥʳʤ ʨʝʰʝʥʠʷʤ ʜʣʷ ʛʠʨʦʩʪʘʪʘ ʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 
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ʊʘʙʣʠʮʘ 3.1. ʉʚʷʟʠ ʦʙʱʠʭ ʨʝʰʝʥʠʡ ʠ ʢʣʘʩʩʦʚ ʠʟʫʯʘʝʤʳʭ ʜʚʠʞʝʥʠʡ 

ʂʣʘʩʩ  
ʄʦʤʝʥʪʳ 

ʠʥʝʨʮʠʠ 

ʉʠʣʦʚʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʅʘʧʨʘʚʣʝ-

ʥʠʝ 

ʚʝʢʪʦʨʘ 

ʢʠʥʝʪʠ-

ʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ 

ʈʝʞʠʤr 

ʜʚʠʞʝʥʠʷ 

ʊʠʧʳ 

ʨʝʰʝʥʠʡ, 

 

ÄÄ  

ʩ ʦʧʠʩʘʥʠʝʤ 

ʉʣʫʯʘʡ ʦʙʦʙʱʝʥʠʷ 

I  (ʕʡʣʝʨʘ) 

ʊʨʝʭʦʩʥʳʡ 

ʪʝʥʟʦʨ 

ʠʥʝʨʮʠʠ ʪʝʣʘ-

ʧʣʘʪʬʦʨʤʳ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʨʦʪʦʨ: 

Ab>Bb>Cb 

Ar=Br 

ɼʚʠʞʝʥʠʝ ʧʨʠ 

ʜʝʡʩʪʚʠʠ 

ʤʘʣʳʭ 

ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʚ 

ʩʣʫʯʘʝ (2.57) ʩ 

ʧʝʨʝʤʝʥʥʳʤ 

ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ 

ʚʠʜʘ: 

() zn m= +m ɤ ɤ e

 

const

¬¬

@

orb
K B

K
 

I.1. 

ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ 

ʧʨʝʮʝʩʩʠʷ,  

ɤ-ʨʝʞʠʤ 

ʆʙʱʝʝ, 

3.2.1 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʦʙʦʙʱʝʥʠʷ 

ʨʝʰʝʥʠʷ ʕʡʣʝʨʘ [184, 146, 
149] ʜʣʷ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ 

I.2. 

ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ 

ʧʨʝʮʝʩʩʠʷ, 

ɤ-ʨʝʞʠʤ 

ɻʝʪʝʨʦʢʣʠʥʠ- 

ʯʝʩʢʦʝ, 

3.2.2 

I.3. 

ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ 

ʧʨʝʮʝʩʩʠʷ,  

ɤ-ʨʝʞʠʤ 

ɻʝʪʝʨʦʢʣʠʥʠ- 

ʯʝʩʢʦʝ ʜʣʷ 

ʧʝʨʝʤʝʥʥʳʭ 

ʪʠʧʘ 

ʜʝʡʩʪʚʠʝ-

ʫʛʦʣ ʜʣʷ 

ʚʨʘʱʘʶʱʝʡ- 

ʩʷ ʬʘʟʳ (ȹ,ŭ),  

3.2.3 

ɼʚʠʞʝʥʠʝ ʧʨʠ 

ʜʝʡʩʪʚʠʠ 

ʤʘʣʳʭ 

ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʚ 

ʩʣʫʯʘʝ (2.57) ʩ 

ʧʝʨʝʤʝʥʥʳʤ 

ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ 

ʚʠʜʘ:  

() zn m= +m ɤ ɤ e

ʧʨʠ ʫʩʣʦʚʠʠ 

 ( )1 bCn mD - =-  

const

¬¬

@

orb
K B

K
 

I.4.  

ɺʟʘʠʤʥʘʷ 

ʢʦʤʧʝʥʩʘʮʠʷ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ 

ʚʣʠʷʥʠʷ 

ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ 

ɻʝʪʝʨʦʢʣʠʥʠ- 

ʯʝʩʢʦʝ, 

3.2.2 

II  

(ʃʘʛʨʘʥʞʘ) 

ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʩʧʫʪʥʠʢ-

ʛʠʨʦʩʪʘʪ: 

Ab=Bb 

Ar=Br 

ʇʣʦʩʢʦʝ ʧʦʣʝ 

ʪʷʞʝʩʪʠ, ʥʝʪ 

ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ 

ʅʝʪ  
II .1.1.  

ʆʙʱʠʡ ʨʝʞʠʤ 

ʆʙʱʝʝ, 

3.3.1 

ʉʚʝʜʝʥʠʝ ʢ ʦʙʱʝʤʫ ʨʝʰʝʥʠʶ 

ʃʘʛʨʘʥʞʘ ʩ ʦʙʦʙʱʝʥʠʝʤ ʥʘ 

ʩʣʫʯʘʡ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ ʩʠʣ 

ɼʚʠʞʝʥʠʝ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʩʠʣ 

ʪʷʞʝʩʪʠ ʩ 

ʧʝʨʝʤʝʥʥʳʤ 

ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ: 

() k=m ɤ ɤ
 

ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʚʝʣʠʯʠʥʫ 

ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʩʠʣ 

ʅʝʪ  
II.2.1. 

ɤ-ʨʝʞʠʤ 

ʆʙʱʝʝ, 

3.3.2 

ɿʘʧʠʩʴ ʥʦʚʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

III  

(ʉʪʝʢʣʦʚʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ 

ʧʦʣʝ) 

ʊʨʝʭʦʩʥʳʡ 

ʪʝʥʟʦʨ 

ʠʥʝʨʮʠʠ ʪʝʣʘ-

ʧʣʘʪʬʦʨʤʳ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʨʦʪʦʨ: 

Ab>Bb>Cb 

Ar=Br 

ʎʝʥʪʨʘʣʴʥʦʝ 

ʧʦʣʝ 

ʛʨʘʚʠʪʘʮʠʠ ʧʨʠ 
2

2g

K

A
m <<  

const

¬¬

@

orb
K g

K
 

III.1. 

ʂʦʥʠʯʝʩʢʘʷ 

ʧʨʝʮʝʩʩʠʷ 

ʆʙʱʝʝ, 

3.4 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʘ ̫ʤʦʜʠʬʠʢʘ- 

ʮʠ̫ ʦʙʦʙʱʝʥʠʷ ʨʝʰʝʥʠʷ 
ʕʡʣʝʨʘ [184, 146, 149] ʩ 

ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʤ 

ʦʙʦʙʱʝʥʠʝʤ ʩʣʫʯʘʷ 
ʉʪʝʢʣʦʚʘ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ 
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ʊʘʙʣʠʮʘ 3.2. ɺʳʨʦʞʜʝʥʥʳʝ ʩʣʫʯʘʠ ʨʝʰʝʥʠʡ 

ʂʣʘʩʩ  

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʨʝʰʝʥʠʡ/ 

ʨʝʞʠʤʦʚ 

ʊʠʧʳ ʨʝʰʝʥʠʡ, 

 

ʧʫʥʢʪ ʩ 

ʦʧʠʩʘʥʠʝʤ 

ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʠʣʦʚʳʝ 

ʧʘʨʘʤʝʪʨʳ 
ʉʣʫʯʘʠ ʚʳʨʦʞʜʝʥʠʷ  

I  (ʕʡʣʝʨʘ) 

I.1. 

ʎʠʣʠʥʜʨʠʯ. 

ʧʨʝʮʝʩʩʠʷ,  

ɤ-ʨʝʞʠʤ 

ʆʙʱʝʝ, 

3.2.1 

ɼʚʠʞʝʥʠʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʘʣʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʩʣʫʯʘʝ 

(2.57) ʩ ʧʝʨʝʤʝʥʥʳʤ ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ ʚʠʜʘ: 

() zn m= +m ɤ ɤ e 

1.  ɜ=ɛ=0: 

ʨʝʰʝʥʠʷ  
[184, 146, 149] 
ʜʣʷ ʦʩʝʚʦʛʦ  

ʥʦʨʤʘʣʴʥʦʛʦ ʛʠʨʦʩʪʘʪʘ 

 

 

 

2. ɜ=ɛ=ȹ=0: 

ʨʝʰʝʥʠʷ ʕʡʣʝʨʘ 

ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ  

ʪʝʣʘ  

I.2. 

ʎʠʣʠʥʜʨʠʯ. 

ʧʨʝʮʝʩʩʠʷ, 

ɤ-ʨʝʞʠʤ 

ɻʝʪʝʨʦʢʣʠʥʠ- 

ʯʝʩʢʦʝ, 

3.2.2 

I.3. 

ʎʠʣʠʥʜʨʠʯ. 

ʧʨʝʮʝʩʩʠʷ,  

ɤ-ʨʝʞʠʤ 

ɻʝʪʝʨʦʢʣʠʥʠ- 

ʯʝʩʢʦʝ ʜʣʷ 

ʧʝʨʝʤʝʥʥʳʭ 

ʪʠʧʘ ʜʝʡʩʪʚʠʝ-

ʫʛʦʣ ʜʣʷ 

ʚʨʘʱʘʶʱʝʡ- ʩʷ 

ʬʘʟʳ (ȹ,ŭ),  

3.2.3 

I.4.  

ɺʟʘʠʤʥʘʷ 

ʢʦʤʧʝʥʩʘʮʠʷ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢ

ʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ 

ʚʣʠʷʥʠʷ 

ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ 

ɻʝʪʝʨʦʢʣʠʥʠ- 

ʯʝʩʢʦʝ, 

3.2.2 

ɼʚʠʞʝʥʠʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʘʣʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʩʣʫʯʘʝ 

(2.57) ʩ ʧʝʨʝʤʝʥʥʳʤ ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ ʚʠʜʘ:  

() zn m= +m ɤ ɤ e 

ʧʨʠ ʫʩʣʦʚʠʠ  

( )1 bCn mD - =-  

II  

(ʃʘʛʨʘʥʞʘ) 

II .1.1.  

ʆʙʱʠʡ ʨʝʞʠʤ 

ʆʙʱʝʝ, 

3.3.1 

ʇʣʦʩʢʦʝ ʧʦʣʝ ʪʷʞʝʩʪʠ, ʥʝʪ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

 

ȹſ0: 

ʨʝʰʝʥʠʝ ʃʘʛʨʘʥʞʘ  
ʜʣʷ ʪʷʞʝʣʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

  

II.2.1. 

ɤ-ʨʝʞʠʤ 

ʆʙʱʝʝ, 

3.3.2 

ɼʚʠʞʝʥʠʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʠʣ 

ʪʷʞʝʩʪʠ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ: 

() k=m ɤ ɤ  

ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʩʠʣ ʠ ʜʨʫʛʠʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʥʝʪ ʩʣʫʯʘʝʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʚʳʨʦʞʜʝʥʠʷ ʢ ʠʟʚʝʩʪʥʳʤ 

ʨʝʰʝʥʠʷʤ (ʪ.ʢ. ʠʟʫʯʝʥʥʳʡ 

ʩʣʫʯʘʡ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ) 
-------------------------------------------- 
ʧʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠ ʚʠʜʘ ʧʝʨʝʤʝʥʥʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʧʦʩʪʦʷʥʥʳʡ  

 () () zk k= Ý =m ɤ ɤ m ɤ e 
ʪʝʭʥʠʯʝʩʢʠ ʧʦʩʣʝʜʫʝʪ ʚʳʨʦʞʜʝʥʠʝ ʢ 

ʟʘʜʘʯʝ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʚ ʩʣʫʯʘʝ ʃʘʛʨʘʥʞʘ 

III  

(ʉʪʝʢʣʦʚʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ 

ʧʦʣʝ) 

III. 1. 

ʂʦʥʠʯʝʩʢʘʷ 

ʧʨʝʮʝʩʩʠʷ 

ʆʙʱʝʝ, 

3.4 

ʎʝʥʪʨʘʣʴʥʦʝ ʧʦʣʝ ʛʨʘʚʠʪʘʮʠʠ 

ʧʨʠ 
2

2g

K

A
m <<  

1. ɛg=0: 

ʨʝʰʝʥʠʷ  
[184, 146, 149] 
ʜʣʷ ʦʩʝʚʦʛʦ  

ʥʦʨʤʘʣʴʥʦʛʦ ʛʠʨʦʩʪʘʪʘ 

 

2. ȹ=0: 

ʨʝʰʝʥʠʷ ʉʪʝʢʣʦʚʘ 

ʜʣʷ ʪʝʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ 

 

3. ɜ=ɛ=ȹ=0: 

ʨʝʰʝʥʠʷ ʕʡʣʝʨʘ 

ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ  

ʪʝʣʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʟʫʯʘʝʤʳʭ ʪʠʧʦʚ ʜʚʠʞʝʥʠʡ ʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʚʳʨʦʞʜʝʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ (ʪʘʙʣ. 3.1, 3.2) ʧʦʢʘʟʘʥʘ 

ʦʙʱʥʦʩʪʴ ʟʘʜʘʯ ʨʘʟʥʦʛʦ ʢʣʘʩʩʘ. ʋʢʘʟʘʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ 
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ʧʨʠʤʝʥʠʤʦʩʪʴ ʠʟʚʝʩʪʥʳʭ ʠ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʘʜʘʯ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʩʠʩʪʝʤ ʪʝʣ ʩʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

 

3.2. ʆʙʱʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʦʩʝʚʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ɺ ʧʘʨʘʛʨʘʬʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʰʝʥʠʷ ʜʣʷ ʜʚʠʞʝʥʠ ̫ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʨʝʞʠʤʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-

ʧʣʘʪʬʦʨʤʳ [199], ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, 

ʦʧʨʝʜʝʣʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʤʠ (2.57). ʕʪʦʪ ʨʝʞʠʤ ʘʢʪʫʘʣʝʥ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʢʨʫʛʦʚʳʭ 

ʦʨʙʠʪʘʭ ʠʣʠ ʥʘ ʤʘʣʳʭ ʩʝʛʤʝʥʪʘʭ ʦʨʙʠʪ ʦʙʱʝʛʦ ʚʠʜʘ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

3.2.1. ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʚ ʩʣʫʯʘʝ ʧʝʨʝʤʝʥʥʦʛʦ 
ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʩ ʤʘʛʥʠʪʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʜʠʧʦʣʴʥʦʤ ʤʦʤʝʥʪʝ. ʇʫʩʪʴ ʢʦʤʧʦʥʝʥʪʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʬʦʨʤʠʨʫʶʪʩʷ 

(ʩʦ ʩʪʦʨʦʥʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ. ʇʫʩʪʴ ʪʘʢʞʝ ʜʠʥʘʤʠʢʘ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʟʥʘʯʘʣʴʥʳʡ ʚʝʢʪʦʨ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʉɻ ʩʦʥʘʧʨʘʚʣʝʥ ʩ ʚʝʢʪʦʨʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʪ.ʝ. ʨʝʘʣʠʟʫʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʝʮʝʩʩʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʦʨʙʠʪʝ.  

ʋʢʘʟʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʘ ʥʘ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, 

ʥʘʯʠʥʘʷ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʩʪʘʥʦʚʦʢ ʦ ʜʚʠʞʝʥʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʛʠʨʦʩʪʘʪʘ ʚ ʨʘʤʢʘʭ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ [21, 40, 45], ʧʨʦʜʦʣʞʘʷ ʚ ʨʘʤʢʘʭ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʠ ʥʦʚʳʭ 

ʧʦʩʪʘʥʦʚʦʢ [22, 63, 135, 151, 179], ʠ, ʬʦʢʫʩʠʨʫʷʩʴ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʥʦʚʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ, ʚʢʣʶʯʘʷ 

ʨʝʛʫʣʷʨʥʳʝ ʠ ʭʘʦʪʠʯʝʩʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ ʉɻ [28, 150, 152, 154, 157, 

158, 178, 219, 225, 226, 238, 241-244, 267, 268, 287, 294, 301, 314, 326, 327]. ɼʚʠʞʝʥʠʝ ʉɻ ʩ 

ʤʘʛʥʠʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʨʘʥʝʝ ʚ ʨʘʟʥʳʭ ʬʦʨʤʫʣʠʨʦʚʢʘʭ [34, 

65, 84, 86, 94, 105, 110, 116, 117, 155, 160, 168, 176, 177, 178, 223, 283, 297, 298, 303, 313, 

316, 320, 344, 346]. 

ʇʨʠʥʮʠʧ ʫʧʨʘʚʣʝʥʠʷ ʉɻ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʣʘʥʝʪʳ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

ʉɻ m, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʘʢʪʫʘʪʦʨʦʚ (ʤʘʛʥʠʪʥʳʝ ʩʪʝʨʞʥʠ, 

ʢʦʣʴʮʘ, ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʪ.ʧ.) ʠ ʦʪʩʣʝʞʠʚʘʝʪ ʟʘʜʘʥʥʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʚʨʝʤʝʥʥʳrʝ (ʷʚʥʳʝ ʠ/ʠʣʠ ʥʝʷʚʥʳʝ) ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ (ʫʛʣʦʚʦʛʦ) 

ʧʦʣʦʞʝʥʠʷ ʉɻ ʚʜʦʣʴ ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʚʜʦʣʴ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ 
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ʠʥʜʫʢʮʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʝʡʰʫʶ ʬʦʨʤʫ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪ ʚʨʝʤʝʥʠ, ʙʣʠʟʢʫʶ ʢ ʩʦʟʜʘʥʠʶ ʝʛʦ ʧʦʩʪʦʷʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɼʨʫʛʠʤ ʠʟʚʝʩʪʥʳʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ 

ʧʦʩʣʫʞʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʘʥʝʚʨ ñB-dotò [223, 344], ʚʳʧʦʣʥʷʶʱʠʡʩʷ ʜʣʷ ʪʦʨʤʦʞʝʥʠʷ 

ʚʳʩʦʢʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʉɻ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʠʤʝʥʷʷ ʜʣʷ ʵʪʦʛʦ 

ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʠʪʦʛʝ ʩʦʟʜʘʝʪʩʷ 

çʚʩʝʛʜʘ ʩʦʧʨʦʪʠʚʣʷʶʱʠʡʩʷè ʪʝʢʫʱʝʤʫ ʤʛʥʦʚʝʥʥʦʤʫ ʚʨʘʱʝʥʠʶ  ʩʠʣʦʚʦʡ ʤʦʤʝʥʪ ʦʪ 

ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤ ʧʦʣʝʤ ï ʵʪʦ ʚʦʟʤʦʞʥʦ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʬʦʨʤʠʨʫʝʪ ʢʦʤʧʦʥʝʥʪʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʉɻ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠ 

ʘʥʪʠʥʘʧʨʘʚʣʝʥʥʦ (ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ) ʪʝʢʫʱʠʤ ʧʨʦʠʟʚʦʜʥʳʤ ʦʪ ʢʦʤʧʦʥʝʥʪ 

ʚʥʝʰʥʝʛʦ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪʩʷ ʤʘʛʥʠʪʦʤʝʪʨʘʤʠ ʚ ʨʝʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ.   

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʤʘʥʝʚʨʘ ʫʛʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʘʢʪʫʘʪʦʨʘ (ʩʠʣʦʚʳʝ ʤʘʛʥʠʪʳ ʠ ʢʘʪʫʰʢʠ) ʢʦʤʧʦʥʝʥʪʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, 

ʦʧʠʩʳʚʘʝʤʳʝ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ/ʟʘʢʦʥʦʤ [316]: 

 

 ( )2( , ) p vk ke e= =- +m m q ɤ q Iɤ,    (3.1) 

ʫʯʠʪʳʚʘʶʱʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʩʧʫʪʥʠʢʘ (q ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ ʦʨʠʝʥʪʘʮʠʠ), ʘ ʪʘʢʞʝ ʦʪ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ɤ ʧʨʠ ʟʘʜʘʥʥʳʭ ʢʦʥʩʪʘʥʪʘʭ ʫʧʨʘʚʣʝʥʠʷ (kp, kv, Ů) ʠ ʠʥʝʨʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (I  ï ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ). 

 ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʯʘʩʪʥʳʡ ʚʠʜ ʦʙʱʝʛʦ 

ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (3.1), ʫʯʠʪʳʚʘʶʱʠʡ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʥʫ  ʁʯʘʩʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪ: 

() k=m ɤ ɤ      (3.2) 

ʈʝʞʠʤ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ɤ ʟʘʢʦʥʦʤ ʫʧʨʘʚʣʝʥʠʷ/ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ (3.2), 

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ çɤ-ʨʝʞʠʤʦʤè (ʠʣʠ çʦʤʝʛʘ-ʨʝʞʠʤʦʤè). 

 ɺ ʩʣʫʯʘʝ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʪʘʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʪʨʝʤʠʪʩʷ 

ʚʳʨʦʚʥʷʪʴ/ʩʦʚʤʝʩʪʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʣʦʢʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʣʦʚʥʦ ʩʪʨʝʣʢʠ ʢʦʤʧʘʩʘ 

ʚʜʦʣʴ ʣʦʢʘʣʴʥʦʡ ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʧʦʣʷ, ʩ ʪʝʤ ʦʩʣʦʞʥʷʶʱʠʤ ʘʩʧʝʢʪʦʤ, ʯʪʦ ʠʤʝʶʱʝʝʩʷ 

ʚʨʘʱʝʥʠʝ ʩʦʦʩʥʳʭ ʪʝʣ ʠ ʚʳʥʫʞʜʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʩʠʣʦʚʳʭ ʤʦʤʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʤ ʵʬʬʝʢʪʘʤ, ʚʳʨʘʞʘʶʱʠʤʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʚʳʥʫʞʜʝʥʥʳʭ 

ʧʨʝʮʝʩʩʠʡ ʠ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩ ʧʝʨʝʤʝʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ.  

ʇʫʩʪʴ ʚ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (2.57) ʧʨʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʪʨʝʙʦʚʘʥʠʠ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʝʢʪʦʨʘ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʠ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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ʋʩʣʦʚʠʝ (2.57) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, ʢʘʢ 

ʚʦʟʤʫʱʘʶʱʝʝ, ʘ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 
orb¬¬K B  ʦʪʚʝʯʘʝʪ ʣʠʙʦ ʦʨʙʠʪʘʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʧʦ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʝ ʚ ʨʝʞʠʤʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ, ʣʠʙʦ ʜʚʠʞʝʥʠʶ ʧʦ 

ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʦʨʙʠʪʘʣʴʥʦʤʫ ʫʯʘʩʪʢʫ, ʛʜʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʢʦʣʣʠʥʝʘʨʥʳ ʚʝʢʪʦʨʫ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (ʨʠʩ.3.1). ʆʯʝʥʴ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʞʠʤ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʨʝʞʠʤʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʠʧʠʯʥʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʠ ʤʝʪʝʦʩʧʫʪʥʠʢʦʚ).  

 

        

(a)                                                                      (b) 

ʈʠʩ.3.1 ï ʄʦʜʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʠ çʩʢʦʣʴʟʷʱʠʝè ʚʝʢʪʦʨʘ ʝʛʦ  

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ Borb ʚʜʦʣʴ ʦʨʙʠʪʳ: 

(a) ï ʩʢʦʣʴʞʝʥʠʝ ʚʝʢʪʦʨʘ ʚʜʦʣʴ ʦʨʙʠʪʳ ʉɻ ; (b) ï ʛʣʘʚʥʘʷ ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

CXYZ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ K  ʩ ʚʝʢʪʦʨʦʤ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʧʦʣʷ ɿʝʤʣʠ Borb ʚʜʦʣʴ ʠʟʫʯʘʝʤʦʛʦ ʩʝʛʤʝʥʪʘ ʦʨʙʠʪʳ OOô 

 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ (m) ʩ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʩ ʚʝʢʪʦʨʦʤ ʠʥʜʫʢʮʠʠ Borb ʩʦʟʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʩʠʣʦʚʦʡ ʤʦʤʝʥʪ: 

ctrl orb= ³M m B       (3.3) 

ʆʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.3.2 ʠ ʚʢʣʶʯʘʶʪ ʛʣʘʚʥʫʶ 

ʠʥʝʨʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ CXYZ ʠ ʩʚʷʟʘʥʥʫʶ ʩ ʦʩʥʦʚʥʳʤ ʪʝʣʦʤ-ʧʣʘʪʬʦʨʤʦʡ ʩʠʩʪʝʤʫ Cxyz. 
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ʈʠʩ.3.2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʨʝʞʠʤʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʥʘʧʨʘʚʠʤ ʠʥʝʨʮʠʘʣʴʥʫ  ʁ ʦʩʴ CZ ʚʜʦʣʴ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ Borb ï ʵʪʦ ʥʝʠʟʤʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʢʦʩʠʥʫʩʘʤʠ ( )1 cos , ,CZ Cxg=  ( )2 cos , ,CZ Cyg=  

( )3 cos , ,CZ Czg=  ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʷʚʥʦ ʟʘʧʠʩʘʪʴ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ 

ʩʚʷʟʘʥʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Cxyz: 

[ ] [ ]1 2 3, , ; , ,
T T

orb orbB k p q rg g g= =B m     (3.4) 

ʇʫʩʪʴ ʩʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ ʠʤʝʝʪ ʪʝʣʦ-ʧʣʘʪʬʦʨʤʫ ʩ ʪʨʝʭʦʩʥʳʤ ʛʣʘʚʥʳʤ ʪʝʥʟʦʨʦʤ 

ʠʥʝʨʮʠʠ (ʪʨʠ ʨʘʟʥʳʭ ʛʣʘʚʥʳʭ ʦʩʝʚʳʭ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ) ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʨʦʪʦʨ.  ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʝ: 

;ctrl add internal

d
M

dt
+ ³ = + D=K ɤ K M M     (3.5) 

= ³ɔ ɔ ɤ        (3.6) 

ʛʜʝ M ctrl, Madd ï çʫʧʨʘʚʣʷʶʱʠʡè ʠ çʜʦʧʦʣʥʠʪʝʣʴʥʳʡè/ʚʦʟʤʫʱʘʶʱʠʡ ʤʦʤʝʥʪ, internalM - 

ʚʥʫʪʨʝʥʥʠʡ ʤʦʤʝʥʪ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʪʝʣʘ-ʨʦʪʦʨ ʩʦ ʩʪʦʨʦʥʳ ʪʝʣʘ-ʥʦʩʠʪʝʣʷ 

(ʧʦʩʨʝʜʩʪʚʦʤ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ). ʂʦʤʧʦʥʝʥʪʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚʩʝʡ 
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ʩʠʩʪʝʤʳ (ʦʙʘ ʩʦʦʩʥʳʭ ʪʝʣʘ) K  ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʩʚʷʟʘʥʥʳʝ ʦʩʠ Cxyz ʠʤʝʶʪ ʚʠʜ: 

 

[ ], ,
T

bAp Bq C r= +DK      (3.7) 

 

ʛʜʝ ,b rA A A= +  b rC C C= + ; { }, ,b b bA B C  - ʝʩʪʴ ʦʩʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʛʣʘʚʥʦʛʦ ʪʝʣʘ-

ʢʦʨʧʫʩʘ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ Cxyz; { }, ,r r rA A C  - ʝʩʪʴ ʛʣʘʚʥʳʝ ʦʩʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʦʪʦʨʘ ʚ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʡ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.  

 ʇʫʩʪʴ ʤʦʤʝʥʪ ʩʠʣ ʚʥʫʪʨʝʥʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ 

ʦʪʩʫʪʩʪʚʫʝʪ (Minternal=0), ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʩʪʦʷʥʩʪʚʦ ʚʝʣʠʯʠʥʳ ʧʨʦʜʦʣʴʥʦʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʪʝʣʘ-ʨʦʪʦʨʘ ȹ=const.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʠʥʷʪʦʛʦ ʫʩʣʦʚʠʷ (2.57) ʫʜʦʙʥʦ ʚʚʝʩʪʠ ʩʣʝʜʫʶʱʠʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ: 

 

1orbkB

K
n= <<       (3.8) 

 

ʋʢʘʟʘʥʥʫʶ ʚʳʰʝ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʝʢʪʦʨʦʚ Borb ʠ K  ʤʦʞʥʦ ʫʯʝʩʪʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʣʝʜʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ: 

 

orb
orb

B

K
=B K        (3.9) 

 

ʊʦʛʜʘ, ʫʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʷ (3.4), (3.8) ʠ (3.9), ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʠʣ ʧʨʠʤʝʪ ʚʠʜ: 

 

ctrl n= ³M ɤ K      (3.10) 

 

ʘ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʜʣʷ ʚʝʢʪʦʨʘ Borb ʟʘʧʠʰʫʪʩʷ: 

 

( )1 2 3; ; bAp K Bq K C r Kg g g= = = +D    (3.11) 

 

ʇʦʤʠʤʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʘ (3.10) ʚʚʝʜʸʤ ʝʱʝ ʦʜʠʥ ʚʦʟʤʫʱʘʶʱʠʡ ʤʦʤʝʥʪ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʣʠʯʠʶ ʚʥʫʪʨʠ ʩʧʫʪʥʠʢʘ ʧʨʦʜʦʣʴʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ ʩ 

ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ d, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ ʤʦʤʝʥʪʘ ʩʠʣ: 

 

[ ]; 0,0, ;
T

add orb zm= ³ =M d B d     (3.12) 

 

ʉ ʫʯʝʪʦʤ ʫʩʣʦʚʠʷ (3.9) ʤʦʤʝʥʪ ʩʠʣ (3.12) ʧʨʠʤʝʪ ʚʠʜ: 

 

add zm= ³M e K       (3.13) 

 

ʛʜʝ ʚʚʝʜʝʥ ʩʣʝʜʫʶʱʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦʚʠʶ (2.57) 
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1z orbm B

K
m= <<      (3.14)  

 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ (3.5), ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʜʘʣʝʝ ʢʘʢ ʦʩʥʦʚʥʳʝ 

ʥʝʚʦʟʤʫʱʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʩʣʝʜʫʶʱʝʡ 

ʚʝʢʪʦʨʥʦʡ ʠ ʩʢʘʣʷʨʥʦʡ ʬʦʨʤʝ: 

 

[ ]z
d

dt
n m+ ³ = + ³K ɤ K ɤ e K    (3.15) 

 

( ) ( )

( ) ( )

( )( )

1

1

1 0

0

b

b

b

Ap C B qr q B q

Bq A C pr p A p

C r pq B A

n m

n m

n

ë + - + D - =-è øê ú
î
î + - - D - =è øê ú
ì

+D+ - - =î
î
D=í

    (3.16) 

 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ (3.16) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʦʙʱʠʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʡ ʜʠʥʘʤʠʢʫ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʨʝʞʠʤʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʨʝʮʝʩʩʠʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʛʨʘʥʠʯʝʥʠʷ (2.57). ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʟʘʤʢʥʫʪʫʶ 

ʩʘʤʦʜʦʩʪʘʪʦʯʥʫʶ ʬʦʨʤʫ ʠ ʤʦʛʫʪ ʠʤʝʪʴ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʧʦʣʫʯʘʝʤʦʝ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʫʛʣʦʚ ʕʡʣʝʨʘ, ʢʚʘʪʝʨʥʠʦʥʦʚ ʠ ʪ.ʧ.).  

ɼʣʷ ʧʦʠʩʢʘ ʫʢʘʟʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʟʘʧʠʰʝʤ ʧʝʨʚʳʝ ʠʥʪʝʛʨʘʣʳ 

ʩʠʩʪʝʤʳ. ʀʟ ʢʦʤʙʠʥʘʮʠʡ ʦʪʜʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (3.16), ʢʦʛʜʘ ʧʝʨʚʦʝ 

ʫʨʘʚʥʝʥʠʝ (3.16) ʫʤʥʦʞʘʝʪʩʷ ʥʘ p, ʚʪʦʨʦʝ ï ʥʘ q, ʪʨʝʪʴʝï ʥʘ r, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʣʦʞʝʥʠʝʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ, ʧʦʜʦʙʥʦʝ ʠʥʪʝʛʨʘʣʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 

 

( )bApp Bqq C rr B A pqm+ + =- -     (3.17) 

 

ʊʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ (3.16) ʧʦʟʚʦʣʠʪ ʚʳʨʘʟʠʪʴ ʧʨʘʚʫʶ ʯʘʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (3.17) 

 

( )
( )

[ ]
1

1
b

d
pq A B C r

dtn
- = +D

-
     (3.18) 

 

ʠ ʪʦʛʜʘ (3.17) ʧʨʠʤʝʪ ʚʠʜ ʚ ʧʦʣʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʘʭ 

 

( )
( )

[ ]2 2 21

2 1
b b

d d
Ap Bq C r C r

dt dt

m

n
+ + = +D

-
   (3.19) 

 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ (3.19) ʜʘʝʪ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ: 
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( )
[ ]

2
2 2 2 2

2
1

b b

r

Ap Bq C r C r T
C

m

n

D
+ + + - +D =

-
   (3.20) 

ʛʜʝ 

( )
2 0

0

2 2
2 2 2

0 0 0 2 0

1

const; ; ;
1

2 const; const
2

C r
T T Q Q EK E

K

K
T Ap Bq C r D

C T

m
n

+D
= - = =- =-

-

D
= + + + = = =

 

 

ʀʥʪʝʛʨʘʣ ʧʦʩʪʦʷʥʩʪʚʘ ʚʝʣʠʯʠʥʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʠʟ ʢʦʤʙʠʥʘʮʠʡ 

ʫʨʘʚʥʝʥʠʡ (3.16), ʢʦʛʜʘ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʫʤʥʦʞʘʝʪʩʷ ʥʘ Ap, ʚʪʦʨʦʝ  ï ʥʘ Bq, ʪʨʝʪʴʝ ï by 

(Cbr+ȹ), ʘ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʢʣʘʜʳʚʘʶʪʩʷ: 

 

[ ]
22 2 2 2 2const 2bA p B q C r K DT+ + +D = = =   (3.21) 

 

ʛʜʝ ʢʦʥʩʪʘʥʪʘ D ʩʚʷʟʳʚʘʝʪ ʚʝʣʠʯʠʥʳ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʩʠʩʪʝʤʳ. 

 ʇʦʩʣʝ ʫʤʥʦʞʝʥʠʷ ʚʳʨʘʞʝʥʠʷ (3.20) ʥʘ A ʠ ʚʳʯʠʪʘʥʠʷ ʚʳʨʘʞʝʥʠʷ (3.21) ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ: 

 

( )
( )

[ ] [ ] ( )
2

22 2 2
2

1
b b b

r

E
B A B q A C r C r C r T A D

C n

å õD
- + + + +D - +D = -æ öæ ö-ç ÷

  (3.22) 

 

 ʇʦʩʣʝ ʫʤʥʦʞʝʥʠʷ (3.20) ʥʘ B ʠ ʚʳʯʠʪʘʥʠʷ (3.21) ʧʦʣʫʯʠʤ: 
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r

E
A B A p B C r C r C r T B D

C n

å õD
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  (3.23) 

 

ɺr ʜʝʣʝʥʠʝ ʧʦʣʥʦʛʦ ʢʚʘʜʨʘʪʘ ʚ ʚʳʨʘʞʝʥʠʷʭ (3.23), (3.22) ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ: 
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   (3.24) 
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n
-è øD- -
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   (3.25) 

 

ʛʜʝ 
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  (3.26) 

 

ʀʟ ʚʳʨʘʞʝʥʠʡ (3.24) ʠ (3.25) ʩʣʝʜʫʝʪ 
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ʛʜʝ 
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ʊʝʧʝʨʴ ʚʪʦʨʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ (3.16) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʬʘʢʪʦʨʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ, 

ʟʘʚʠʩʷʱʝʡ ʪʦʣʴʢʦ ʦʪ ʢʦʤʧʦʥʝʥʪʳ q:  

 

( )( ) ()()1 bBq A C W q V qn= - -      (3.28) 

ʛʜʝ 
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ʉ ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʳʭ 

 

()
( )1

E
x V q b a

n
=° -D -

-
     (3.29) 

 

ʫʨʘʚʥʝʥʠʝ (3.28) ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʩ ʨʘʟʜʝʣʝʥʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘʤʠ  

 

( )
( )

2 2

2 2

1

M dx
dt

ac
H G

x b x
a c

n
=°

- å õ å õ
- + -æ ö æ ö

ç ÷ ç ÷

  (3.30) 

 

ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʪʘʥʪʳ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 
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b b

H B A B q E
x t x
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n
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= =° -D -
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   (3.32) 

ʇʦʩʣʝ ʚʪʦʨʦʡ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ ʫʨʘʚʥʝʥʠʷ (3.30):  
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( )

( )

1
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2 4 2 2

1 2

2 1 1 ; ;
1

R x eR P z z
dt eM s s dz z

c c P x eaGn

-

è ø -å õå õ
é ù=° - - =æ öæ ö

+- é ùç ÷ç ÷ê ú

 (3.33) 
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ɺʳʧʦʣʥʷʷ ʝʱʝ ʦʜʥʫ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ ( )1 2 1 2; min{ , }; max{ , };z cy c c c c c c k c c= = = = , 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (3.33) ʚ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʘʭ: 

( )( )
( )( )

0 0
2 2 2

0

1 ;
1 1

y
dy

N t t I
y k y

n° - - + =è øê ú
- -

ñ    (3.34) 

ʛʜʝ 

( )( )

0
1

0
2 2 2

02 4

2 ; const
1 1

y
c R P dy

N eM I
aG s s y k y

-

è ø
= = =é ù
é ù - -ê ú

ñ  

ʇʦʩʣʝ ʦʙʨʘʱʝʥʠʷ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʦʣʫʯʠʤ ʷʚʥʦʝ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ [199] ʚ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ ʗʢʦʙʠ  

() ( )( )( )0 0sn 1 ,y t N t t I knè ø= ° - - +ê ú    (3.35) 

ʆʙʨʘʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʟʘʤʝʥʳ ʧʦʟʚʦʣʷʶʪ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʪʦʯʥʳʝ ʷʚʥʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ  
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  (3.36) 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩ.3.3) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚʝʨʠʬʠʢʘʮʠʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ (3.36) ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ: Ab=15, Bb=10, Cb=7, 

Ar=5, Cr=4 [kgȚm2]; p0=0.60, q0=2.31, r0=1.86 [1/s]; ȹ=3, K=40 [kgȚm2/s]; Q=10 [kgȚm2/s2]; ɛ=-

0.25 [1/s]; ɜ=0.30. 
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ʈʠʩ.3.3 ï ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʣʠʥʠʠ) ʠ  

ʘʥʘʣʠʪʠʯʝʩʢʠʝ (ʪʦʯʢʠ) ʨʝʰʝʥʠʷ (3.36) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʷʚʥʳʝ ʪʦʯʥʳʝ ʦʙʱʠʝ ʨʝʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʨʝʮʝʩʩʠʠ ʠ ʦʤʝʛʘ-ʨʝʞʠʤʘ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ (3.36) ʩʣʝʜʫʶʪ ʨʝʰʝʥʠʷ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ 

ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ [184, 146, 149] ʧʨʠ ɜ=ɛ=0, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʷ ʜʣʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ 

ʩʣʫʯʘʝ ʕʡʣʝʨʘ ʧʨʠ ȹ=ɜ=ɛ=0. 
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3.2.2. ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚ ʩʣʫʯʘʝ 
ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

 ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʷʚʥʳʡ ʚʠʜ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʩʣʝʜʫʶʱʠʭ ʠʟ ʦʙʱʠʭ 

ʨʝʰʝʥʠʡ (3.36) ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ F=0, ʢʦʛʜʘ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚʳʨʦʞʜʘʶʪʩʷ 

ʚ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ (ʧʨʠ ʵʪʦʤ ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʪ.ʝ. k=1). ʕʪʠ ʨʝʰʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʠʞʝʥʠʶ ʚʜʦʣʴ ʩʝʧʘʨʘʪʨʠʩʩ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʩʪʝʤ r ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʜʠʥʘʤʠʢʫ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʘʩʱʝʧʣʝʥʠʡ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʚʦʟʤʫʱʝʥʠʡ. 

ɿʘʧʠʰʝʤ ʵʪʠ ʚʘʞʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ F=0 ʚ ʦʙʱʠʝ ʨʝʰʝʥʠ ̫(3.36), ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ (ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʝʥ ʝʜʠʥʠʮʝ: k=1) ʠ ʚʳʨʦʞʜʝʥʠʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ: 
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 (3.37) 
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ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (3.37) ʦʙʦʙʱʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

[28, 146, 149], ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʣʫʯʘʷ ʩʚʦʙʦʜʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ (ʧʨʠ 

ɛ=ɜ=0) ʠ ʩʚʦʙʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ȹ=ɛ=ɜ=0). ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʨʝʰʝʥʠʡ 

(3.37) ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩ.3.4 ʜʣʷ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ: Ab=15, Bb=10, Cb=6, Ar=5, Cr=4 

[kgȚm2]; p0=3.5, q0=0, r0=5.4 [1/s]; ȹ=3, K=78.44 [kgȚm2/s]; Q=10 [kgȚm2/s2]; ɛ=-0.13 [1/s]; 

ɜ=0.30. 

ʇʦʣʫʯʝʥʥʳʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʘʣʝʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ. 

 

 

ʈʠʩ.3.4 ï The ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʣʠʥʠʠ) ʠ  

ʘʥʘʣʠʪʠʯʝʩʢʠʝ (ʪʦʯʢʠ) ʨʝʰʝʥʠʷ (3.37) 

 

ʀʟ ʚʳʨʘʞʝʥʠʷ (3.37) ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩʣʝʜʫʝʪ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ ŭ: 

 () ()
( )

()
1

;
r r b

E
B

t dt r t dt t x t dt
C C B C

n
d s

è ø
D-é ù-è øD D

é ù= = - = - -é ù
-é ùê ú

é ù
ê ú

ñ ñ ñ (3.38) 

ʠʣʠ ʚ ʧʝʨʝʟʘʧʠʩʘʥʥʦʡ ʬʦʨʤʝ: 

 ()* 0 ;t v tdd s d= - +     (3.39) 

ʛʜʝ 

 
( )
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r b

E
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C B C

n
s

è ø
D-é ù-D

é ù= -
-é ù

é ù
ê ú

      (3.40) 

 () () ()0 ;v t td =Q -Q        (3.41) 
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arctg ; 1

2

M at aa
t x t dt

a a a

J
J n

J c

è øF -
é ùQ = = = -
é ù
ê ú

ñ   (3.42) 

ʆʪʜʝʣʴʥʦ ʟʜʝʩʴ ʦʪʤʝʪʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ y(t) ʷʚʣʷʝʪʩʷ ʟʘʪʫʭʘʶʱʝʡ ʢ ʥʫʣʶ ʧʨʠ tŸÑÐ 

(ʨʠʩ.3.5), ʘ ʬʫʥʢʮʠʷ ()v td
 ʝʩʪʴ ʥʝʯʝʪʥʘʷ ʬʫʥʢʮʠʷ ʟʘʪʫʭʘʶʱʘʷ ʢ ʟʥʘʯʝʥʠʷʤ *n° : 

 ( ) ()0 0
*

2 2

; 0
a a

a a

p p
n

J J
Q +¤ = = -Q    (3.43) 

 

 
ʈʠʩ.3.5. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ  

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʚʷʟʝʡ (2.37) ʟʘʧʠʰʝʤ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ: 

() () ()( )
()

()
()( )

()

()2 2 2 2

2 2

; sin ; ʠʣʠ cosb

Ap t Bq t
L t C r t l t l t

I L t I L t

å õ
æ ö= +D = =
æ ö- -ç ÷

 (3.44) 

ʈʝʰʝʥʠʷ (3.37), (3.42) ʠ (3.44) ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʭʘʦʪʠʟʘʮʠʠ 

ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʚʘʞʥʳʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʦʣʫʯʝʥʥʳʭ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʕʪʦʪ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠ,̫ ʥʘʢʣʘʜʳʚʘʝʤʦʛʦ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ (ʥʘ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʜʚʠʞʝʥʠʷ, ʣʠʙʦ ʥʘ ʠʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʣʠ ʩʠʣʦʚʳʝ ʬʘʢʪʦʨʳ): 

 

( )1 0bCn mD - + =      (3.45) 

 

ɺʳʧʦʣʥʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʤʘʛʥʠʪʥʦʡ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʥʘʟʥʘʯʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪ ʫʧʨʘʚʣʝʥʠʷ, 

ʣʠʙʦ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʪʝʣʘ-ʨʦʪʦʨʘ 
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ȹ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʢʨʫʪʢʠ ʚʥʫʪʨʝʥʥʠʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʷ/ʦʛʨʘʥʠʯʝʥʠʷ (3.45) ʫʨʘʚʥʝʥʠʷ (3.16) ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

 

( )[ ]( )

( )[ ]( )

( )( )

1 0

1 0

1 0

b

b

b

Ap C B q r

Bq A C p r

C r pq B A

m n

m n

n

ë + - + - =
î
+ - + - =ì

î
+ - - =í

    (3.46) 

ʛʜʝ ( )1m m n= - . 

 ʋʨʘʚʥʝʥʠʷ (3.46), ʢʘʢ ʵʪʦ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʧʫʪʝʤ ʧʨʷʤʦʡ ʧʦʜʩʪʘʥʦʚʢʠ, ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ: 

 

() () () 0
0 ch ; th ; ;

ch

r
p t p t q t t r t

t

m
l r l m

l

+
= = = -   (3.47) 

 

ʛʜʝ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ p0 ʠ r0 ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ (3.24) ʨʝʘʣʠʟʘʮʠʠ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʢʦʛʜʘ F=0), ʘ {ɟ, ɚ} ï ʝʩʪʴ ʥʝʠʟʚʝʩʪʥʳʝ (ʥʝ 

ʦʧʨʝʜʝʣʝʥʥʳʝ) ʧʦʩʪʦʷʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʈʝʰʝʥʠʷ (3.47) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʘʩʪʥʳʡ 

ʩʣʫʯʘʡ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (3.37), ʠ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʬʦʨʤʫ, ʚʳʨʘʞʝʥʥʫʶ 

ʧʨʦʩʪʝʡʰʠʤʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ. ʏʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʥʝʠʟʚʝʩʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʚ ʠʪʦʛʝ ʧʦʣʫʯʠʪʴ ʢʦʨʨʝʢʪʥʳʝ ʯʘʩʪʥʳʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʦʩʫʱʝʩʪʚʠʤ ʧʨʷʤʫʶ ʧʦʜʩʪʘʥʦʚʢʫ ʬʦʨʤʫʣ (3.47) ʚ ʫʨʘʚʥʝʥʠʷ (3.46). ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʘ 

ʩʠʤʤʝʪʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

( )0 02 2 2

sh 1 sh
; ;

ch ch ch

t t
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l l
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʦʡ ʧʦʜʩʪʘʥʦʚʢʠ ʤʳ ʤʦʞʝʤ ʧʝʨʝʡʪʠ ʦʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʢ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ, ʪ.ʢ. ʙʣʦʢʠ ʚʳʨʘʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, 

ʩʦʢʨʘʪʷʪʩʷ: 
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lr m n
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    (3.48) 

 

ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (3.48) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ: 

 

( )

( )

( )( )2 2 2 2

0 0;
b b

b b

C A A C A B A
p p

C B B BC
r l
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= =

-
    (3.49) 

 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (3.45), ʫʩʣʦʚʠʝ (3.24) ʧʨʠʤʝʪ ʚʠʜ: 
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è øD
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ê ú
     (3.50) 

 

ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ (3.50) ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʯʝʪʳʨʝ ʩʣʫʯʘʷ (iĀj, i=1..2, j=1..2) 

ʚʦʟʤʦʞʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʩʢʦʤʳʭ ʨʝʰʝʥʠʡ: 

( )
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( ) ( )
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1

1
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bb b
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r f p

CC B C

- - D
= = -
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     (3.51) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʟʠʨʫʷʩʴ ʥʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (3.51) ʠ ʧʘʨʘʤʝʪʨʘʭ (3.49), ʤʳ ʙʫʜʝʤ 

ʠʤʝʪʴ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (3.47) ʧʨʠ 

ʝʜʠʥʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʣʴʥʦʤ ʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʟʥʘʯʝʥʠʠ p0, ʢʦʪʦʨʦʝ ʧʦʩʣʝʜʫʝʪ ʠʟ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʚʠʞʝʥʠʷ.  

 

3.2.3. ɻʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʧʝʨʝʤʝʥʥʳʭ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ ʜʣʷ 

ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʳ ʨʦʪʦʨʘ  

 

ɺ ʮʝʣʷʭ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʘʣʠʟʤʘ ɺʠʛʛʠʥʩʘ [333] ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʬʘʢʪʦʚ 

ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʩʱʝʧʣʝʥʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʨʨʝʢʪʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʦʙʳʯʥʳʭ ʢʘʨʪʝʟʠʘʥʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʠ 

ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʚʨʘʱʘʶʱʠʭʩʷ ʬʘʟ ʢ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʦʨʤʘʤ ʪʠʧʘ çʜʝʡʩʪʚʠʝ-ʫʛʦʣè. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʢʘʨʪʝʟʠʘʥʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʢ ʧʝʨʝʤʝʥʥʳʤ 

ʜʝʡʩʪʚʠʝ-ʫʛʦʣ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʨʫʛʠʭ ʤʥʦʛʦʤʝʨʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʬʦʨʤʘʣʠʟʤʘ ɺ.ʂ. ʄʝʣʴʥʠʢʦʚʘ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʦʣʦʛʠʶ ɺ.ʀ. ɸʨʥʦʣʴʜʘ [18] ʠ 

ʬʦʨʤʘʣʠʟʤ Holms-Marsden [238]. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʝʨʝʭʦʜ 

ʢ ʧʝʨʝʤʝʥʥʳʤ çʠʛʨʘʶʱʠʤ ʨʦʣʴ ʧʝʨʝʤʝʥʥʳʭ ʜʝʡʩʪʚʠʝ-ʫʛʦʣè (ñéplay the role of action 

angle variableséò) [238].  

ɺ ʜʠʥʘʤʠʢʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʨʦʣʴ ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʳ ʠʛʨʘʝʪ ʫʛʦʣ ŭ (ʩʦ ʩʚʦʠʤ 

ʩʦʧʨʷʞʝʥʥʳʤ ʢʘʥʦʥʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʦʤ ȹ), ʠ, ʧʦʵʪʦʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʢʦʨʨʝʢʪʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʬʦʨʤʫ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (2.72) ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʧʝʨʝʭʦʜʘ ʦʪ 

ʢʘʨʪʝʟʠʘʥʩʢʦʡ ʢʘʥʦʥʠʯʝʩʢʦʡ ʧʘʨʳ {ŭ, ȹ} ʢ ʧʘʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʜʝʡʩʪʚʠʝ-

ʫʛʦʣ { wŭ, Iȹ}.  ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʝʨʝʤʝʥʥʳʭ ʚ ʟʘʜʘʯʝ 

ʜʠʥʘʤʠʢʠ ʛʠʨʦʩʪʘʪʘ [61], ʘ ʪʘʢʞʝ ʥʘʭʦʞʜʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʜʝʡʩʪʚʠʷ [146]. 

 ɺ ʨʘʤʢʘʭ ʚʚʝʜʝʥʠʷ ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ 

ʬʘʟʳ { wŭ, Iȹ} ʥʝʦʙʭʦʜʠʤʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʩʪʨʦʠʪʴ ʧʨʦʠʟʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ ʜʣʷ ʧʝʨʝʭʦʜʘ 

ʤʝʞʜʫ ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ { } { }, ,w Idd DD ­ . ɺʦ-ʚʪʦʨʳʭ, ʯʪʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤʘʣʠʟʤʘ S.Wiggins ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʪʦʯʥʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʧʝʨʝʤʝʥʥʳʭ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ { },w Id D
. 

ɹʫʜʝʤ ʠʩʢʘʪʴ ʧʨʦʠʟʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ ʚ ʩʣʝʜʫʶʱʝʡ ʦʙʱʝʡ ʬʦʨʤʝ: 
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 ( ), ,i iW W t q p=       (3.52) 

 

ʛʜʝ { },i iq q  ʦʙʦʟʥʘʯʘʶʪ ñʩʪʘʨʫʶò ʠ ñʥʦʚʫʶò ʢʘʥʦʥʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʪʫ, ʘ { },i ip p  - ʝʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ñʩʪʘʨʳʡò ʠ ñʥʦʚʳʡò ʢʘʥʦʥʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪ 

ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ (  - ʝʩʪʴ ñʥʦʚʳʡò ʛʘʤʠʣʴʪʦʥʠʘʥ): 

 

 ; ;i i

i i

W W W
p q

q p t

µ µ

µ
+= =

µ µ
=

µ
    (3.53) 

 

ʂʦʥʢʨʝʪʠʟʠʨʦʚʘʥʥʳʡ ʚʠʜ ʧʦʨʦʞʜʘʶʱʝʡ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʙʘʟʠʨʫʷʩʴ ʥʘ ʨʘʙʦʪʘʭ 

[21] ʠ [101].  

 ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʝʨʚʳʝ ʠʥʪʝʛʨʘʣʳ 

 

 ( )01 2const , , , c t; onsl La d a= = D = =D   (3.54) 

 

ʌʦʨʤʘʣʴʥʦ ʨʘʟʨʝʰʘʷ ʩʦʦʪʥʦʰʝʥʠʷ (3.54) ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʤʧʫʣʴʩʦʚ, ʟʘʧʠʰʝʤ: 

 

 ( ) ( ) ( ) ( )1 2 1 2 1 2 1 2, , , , ; , , , ,LL L l F l Fa a a a d a a d a aD= = D=D =  (3.55) 

 

ʛʜʝ ( )1 2 2, ,F d a a aD =D= ʠ ʧʦʵʪʦʤʫ ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʵʪʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚ ʧʝʨʚʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʷʚʥʦ ʧʦʣʫʯʠʪʴ ʢʦʥʢʨʝʪʥʫʶ ʬʦʨʤʫ ʟʘʚʠʩʠʤʦʩʪʠ ( )1 2, ,LF l a a  ʢʘʢ 

ʨʝʰʝʥʠʝ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.54), ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʛʦ ʢʚʘʜʨʘʪʥʳʤ ʫʨʘʚʥʝʥʠʝʤ, ʦʜʥʘʢʦ, 

ʤʦʞʥʦ ʵʪʦʛʦ ʥʝ ʜʝʣʘʪʴ (ʵʪʦ ʚʦʚʩʝ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ ʜʘʣʝʝ). 

 ʌʦʨʤʘʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʝʡʩʪʚʠʡ ʠʤʝʶʪ ʚʠʜ: 

 ( )1 2

1
, , ;

2
L LI F l dla a
p

= ñ      (3.56) 

 ( )1 2 2

1
, ,

2
I F dd a a d a

p
D D= =D=ñ      (3.57) 

ʛʜʝ ʠʥʪʝʛʨʘʣʳ ʙʝʨʫʪʩʷ ʧʦ ʧʦʣʥʦʤʫ ʧʝʨʠʦʜʫ ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ, ʣʠʙʦ, ʚ ʩʣʫʯʘʝ 

ʧʦʩʪʦʷʥʩʪʚʘ ʠʥʪʝʛʨʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ ï ʥʘ 2-́ʠʥʪʝʨʚʘʣʝ ʘʨʛʫʤʝʥʪʘ. 

ʀʟ ʧʦʩʣʝʜʥʠʭ ʨʘʚʝʥʩʪʚ (3.57), (3.56) ʬʦʨʤʘʣʴʥʦ ʩʣʝʜʫʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪ 

2 1,a a ʦʪ ʚʝʣʠʯʠʥ ʢʦʥʩʪʘʥʪ ʜʝʡʩʪʚʠʡ , LI ID
:  

 
2 ;Ia D=D=        (3.58) 

 

 ( )1 1 , ;LI Ia a D=       (3.59) 

 

ʛʜʝ ʤʦʞʥʦ ʥʝ ʦʧʨʝʜʝʣʷʪʴ ʷʚʥʦʡ ʬʦʨʤʳ ʚʳʨʘʞʝʥʠʷ (3.59). 

ʊʝʧʝʨʴ ʬʦʨʤʘʣʴʥʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ ʧʨʦʠʟʚʦʜʷʱʝʡ 

ʬʫʥʢʮʠʠ, ʢʘʢ ʠʥʪʝʛʨʘʣ ʦʪ ʧʦʣʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʘ [21, 101]: 
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 ( )( ) ( )1 2 1 2, , , , ,L LW F l dl d F l dla a d a a d= +D = +Dñ ñ    (3.60) 

 

ʛʜʝ ʜʘʣʝʝ ʢʦʥʩʪʘʥʪʳ 
2 1,a a ʬʦʨʤʘʣʴʥʦ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʩʚʦʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʘʥʪ 

ʜʝʡʩʪʚʠʡ , LI ID , ʠʩʧʦʣʴʟʫʷ (3.58) ʠ (3.59):  

 

 ( )( )( ) ( )( )1 1, , , , , ,L L L LW F l I I I dl I d F l I I I dl Ia d a dD D D D D D= + = +ñ ñ  (3.61) 

 

ʋʯʠʪʳʚʘʷ (3.53), ʤʳ ʧʦʣʫʯʘʝʤ ʬʦʨʤʘʣʴʥʳʡ ʚʠʜ ʜʣʷ ʫʛʣʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʬʘʟʳ:  

 

 ( )( )1, , ,L L

W
w F l I I I dl

I I
d d a D D

D D

µ µ
= = +
µ µñ

    (3.62) 

ɺʦʟʤʦʞʥʘ ʪʘʢʞʝ ʦʙʨʘʪʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʬʦʨʤʫʣʳ (3.62), ʫʪʚʝʨʞʜʘʶʱʘʷ ʯʪʦ 

ʢʘʨʪʝʟʠʘʥʩʢʠʡ ʫʛʦʣ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ ŭ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ çʥʦʚʫʶè 

ʫʛʣʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ wŭ ʠ çʩʪʘʨʫʶè ʢʘʨʪʝʟʠʘʥʩʢʫʶ ʢʦʦʨʜʠʥʘʪʫ l, ʘ ʪʘʢʞʝ, ʙʝʟʫʩʣʦʚʥʦ, 

ʯʝʨʝʟ ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʥʦʚʳʭ ʜʝʡʩʪʚʠʡ: 

 

 ( ) ( ), , , ;Lw l w v l I Id d dd d D= = -       (3.63) 

 

ʀʟ ʚʳʨʘʞʝʥʠʷ (3.63) ʦʯʝʚʠʜʥʘ ʨʘʚʥʦʩʠʣʴʥʦʩʪʴ ʯʘʩʪʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ: 

 

 
() () ()
w wd d

d

d d

µ µ µµ
= Ö =

µ µ µ µ
      (3.64) 

 

 ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʢʘʥʦʥʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ wŭ ʩʦ ʩʚʦʠʤ ʢʘʥʦʥʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʦʤ 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʧʝʨʝʤʝʥʥʳʭ ʪʠʧʘ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ, ʪʦ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʚʦʡʩʪʚʘʭ ʪʘʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ, ñʜʝʡʩʪʚʠʝò (Iȹ) ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʘ ñʫʛʦʣò ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 

ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ (wŭ=ɤŭȚt+w0).  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʟʘʧʠʩʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ 

ʩʬʦʢʫʩʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʣʫʯʝʥʠʠ ʠʤʝʥʥʦ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʫʛʣʦʚʦʡ 

ʧʝʨʝʤʝʥʥʦʡ wŭ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʢʘʨʪʝʟʠʘʥʩʢʦʛʦ ʫʛʣʘ ŭ 

(3.39), ʜʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʳ ʛʣʘʚʥʘʷ ʣʠʥʝʡʥʘʷ (ʧʦ ʚʨʝʤʝʥʠ) ʯʘʩʪʴ *ts  ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʘʧʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʪʫʭʘʶʱʠʡ ʯʣʝʥ ()v td . ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʪʝʧʝʨʴ ʩʪʨʫʢʪʫʨʫ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ d, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʬʦʨʤʫʣʦʡ (3.39), ʩʦ ʩʪʨʫʢʪʫʨʦʡ, 

ʩʣʝʜʫʶʱʝʡ ʠʟ (3.63), ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʷʚʥʦʝ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʙʫʜʝʪ ʢʦʨʨʝʢʪʥʦ 

ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ: 
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  (3.65) 
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ʛʜʝ ʯʝʨʪʘ ʥʘʜ ʩʠʤʚʦʣʦʤ ʦʙʦʟʥʘʯʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʝʨʝʤʝʥʥʳʭ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ { }, , , ,p q r s d, ʦʧʨʝʜʝʣʷʷ ʪʝʤ ʩʘʤʳʤ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ.  

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʷʚʥʳʝ çʩʦʶʟʥʳʝè ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʛʣʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʢʘʨʪʝʟʠʘʥʩʢʦʛʦ ʫʛʣʘ, ʘ ʪʘʢʞʝ ʠʭ 

ʩʚʷʟʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ: 
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 (3.66) 

ʆʯʝʥʴ ʚʘʞʥʦ ʟʜʝʩʴ ʦʪʤʝʪʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ñʥʦʚʦʡò ʩʪʨʫʢʪʫʨʳ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (3.53)

ʠ ʝʛʦ ñʩʪʘʨʦʡò ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ =  (ʧʦʩʢʦʣʴʢʫ 

0W tµ µ =), ʯʪʦ ʥʝ ʠʟʤʝʥʷʝʪ ʩʫʱʝʩʪʚʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʧʨʠʥʪ̫ʴ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʦʣʴʢʦ çʩʦʶʟʥʳʝè ʚʟʘʠʤʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʜʫ ñʩʪʘʨʳʤʠò ʠ 

ñʥʦʚʳʤʠò ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʤʝʰʘʥʥʳʡ 

ʥʘʙʦʨ ʧʝʨʝʤʝʥʥʳʭ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ñʥʦʚʳʤò, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ï 

ñʩʪʘʨʳʤò ʢʘʥʦʥʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʠʤʧʫʣʴʩʘʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʳ ʤʦʞʝʤ 

ʧʨʦʜʦʣʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ñʩʪʘʨʫʶò ʢʘʥʦʥʠʯʝʩʢʫʶ ʧʘʨʫ { l, L}  ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʩʠʩʪʝʤʳ ʚ ʧʦʟʠʮʠʦʥʥʦʤ ʩʤʳʩʣʝ, ʘ ʦʧʠʩʘʥʠʝ ʜʚʠʞʝʥʠʷ ʚ ʯʘʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʳ ʫʜʦʙʥʦ 

ʧʨʦʚʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʦʙʝʠʭ ʬʦʨʤ (ʠ ñʩʪʘʨʦʡò, ʠ ñʥʦʚʦʡò), ʚʢʣʶʯʘʷ ʢʘʨʪʝʟʠʘʥʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʫ-ʠʤʧʫʣʴʩ { },dD  ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʝʨʝʤʝʥʥʳʝ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ { },w Id D  ʚ ʨʘʤʢʘʭ ʬʦʨʤʘʣʠʟʤʘ 

ɺ.ʂ. ʄʝʣʴʥʠʢʦʚʘ ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ (S.Wiggins) ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʫʥʢʮʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʘʣʴʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ-ʟʘʤʝʥ ʥʘ ʦʩʥʦʚʝ ñʩʦʶʟʥʳʭò ʚʳʨʘʞʝʥʠʡ. 

ɺ ʠʪʦʛʝ, ʚʳʨʘʞʝʥʠʷ (3.66) ʩ ʜʦʧʦʣʥʝʥʠʝʤ (3.37) ʠ (3.41) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʳ ʫʛʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 
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3.3. ʆʙʱʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ  

ɺ ʧʘʨʘʛʨʘʬʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʰʝʥʠʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʪʷʞʝʣʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʝʛʦ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ [26], ʘ ʪʘʢʞʝ ʜʣʷ ʜʚʠʞʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ [198], ʦʙʦʙʱʘʶʱʠʝ ʩʣʫʯʘʡ ʃʘʛʨʘʥʞʘ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

 

3.3.1. ʇʨʠʚʝʜʝʥʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ 
ʚʥʫʪʨʝʥʥʠʤ ʤʦʤʝʥʪʦʤ ʩʠʣ ʢ ʩʣʫʯʘʶ ʃʘʛʨʘʥʞʘ  

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ 

ʧʨʦʠʟʚʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ: Oxyz - ʧʦʜʚʠʞʥʘʷ ʩʠʩʪʝʤʘ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʣʦʤ-ʥʦʩʠʪʝʣʝʤ, ʩ ʥʘʯʘʣʦʤ ʚ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʝ ʆ; OXYZ ï ʥʝʧʦʜʚʠʞʥʘʷ ʚ ʘʙʩʦʣʶʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ; ʦʩʴ OZ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʠʣʝ ʪʷʞʝʩʪʠ. ʄʦʤʝʥʪ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʧʦʜʚʠʞʥʳʝ ʦʩʠ ʨʘʚʝʥ: 

    
2 1( , ,0)TPa Pag g= -M       (3.67) 

ʛʜʝ ʈ - ʚʝʩ ʛʠʨʦʩʪʘʪʘ, a - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʛʠʨʦʩʪʘʪʘ ʜʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ 

O, gi - ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ OZ ʚ 

ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ Oxyz( 1,2,3i = ). ʆʩʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʤʤʝʪʨʠʠ Oz ʛʠʨʦʩʪʘʪʘ ʠ ʪʦʯʢʘ O ʧʨʠʥʘʜʣʝʞʠʪ ʵʪʦʡ ʦʩʠ.  

ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʛʠʨʦʩʪʘʪʘ ʚ ʦʩʷʭ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ Oxyzʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ 

( )

( )

( )

2

1

0,

r

r

r r r

Ap C A qr C q Pa

Aq A C pr C p Pa

Cr C C r M

s g

s g

s s

+ - + =

+ - - =-

+ = + =

    (3.68) 

ʛʜʝ ,n r n rA A A C C C= + = + ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʛʠʨʦʩʪʘʪʘ  ʚ ʩʠʩʪʝʤʝ Oxyz; ,n n nA B C=  

ï  ʛʣʘʚʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʪʝʣʘ-ʥʦʩʠʪʝʣʷ; ,r r rA B C=  ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ; 

( ), ,
T

p q r=ɤ  - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʥʝʩʫʱʝʛʦ ʪʝʣʘ, s - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ.  

 ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʟʚʝʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ [45] ʠ 

ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʫʛʣʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʫʱʝʛʦ ʪʝʣʘ 

1 2 3 2 3 1 3 1 2, , ,r q p r q pg g g g g g g g g d s= - = - = - =  (3.69) 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʨʘʙʦʪʘʤʠ [45] ʟʘʧʠʰʝʤ ʪʨʠ ʦʯʝʚʠʜʥʳʭ ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʘ 

ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 
2 2 2

1 2 3 1g g g+ + =      (3.70) 

( )( )1 2 3r ZA p q Cr C Kg g s g+ + + =    (3.71) 
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r zCr C Ks+ =       (3.72) 

ʀʥʪʝʛʨʘʣʳ (3.71) ʠ (3.72) ʦʧʨʝʜʝʣʷʶʪ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʝʢʮʠʡ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʘ 

ʥʝʧʦʜʚʠʞʥʫʶ ʚʝʨʪʠʢʘʣʴ OZ ʠ ʥʘ ʦʩʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʛʠʨʦʩʪʘʪʘ Oz, ʚʜʦʣʴ 

ʢʦʪʦʨʦʡ ʜʝʡʩʪʚʫʝʪ ʧʨʦʠʟʚʦʣʴʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʤʦʤʝʥʪ ʤʝʞʜʫ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ (ʧʦʵʪʦʤʫ 

const; constr s¸ ¸ ). ɼʣʷ ʧʦʠʩʢʘ ʯʝʪʚʝʨʪʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʦʨʝʤʦʡ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ  

2 2 2 2

0 3

0

1
( ) ( )

2
n r rA p q C r C r T Pa M d

d

s g dè ø+ + + + - =- +ê ú ñ   (3.73) 

ʛʜʝ 0T  - ʥʘʯʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʇʨʝʜʩʪʘʚʠʤ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʫʨʘʚʥʝʥʠʷ 

ʩʠʩʪʝʤʳ (3.68) ʚ ʚʠʜʝ  

,n rC r M=-   ( )r rC r Ms+ =    (3.74) 

ʋʤʥʦʞʘʷ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ r, ʘ ʚʪʦʨʦʝ ï ʥʘ (r+s ) 

( ) ( )
221 1

,
2 2

n r r rC dr M rdt C d r M r dts s=- + = +
   

ʠ ʩʢʣʘʜʳʚʘʷ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʦʣʫʯʠʤ ʨʘʙʦʪʫ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ 

( )2 2

0

1
( ) ,

2
r n rM d C r C r const d dt

d

d s d sè ø= + + + =ê úñ  

ʉʦʧʦʩʪʘʚʣʷʷ ʵʪʫ ʬʦʨʤʫʣʫ ʠ ʚʳʨʘʞʝʥʠʝ (3.73), ʟʘʧʠʰʝʤ ʯʝʪʚʝʨʪʳʡ ʠʥʪʝʛʨʘʣ ʚ ʚʠʜʝ 

2 2

3( ) const
2

A
p q Pag+ + =      (3.75) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ (3.75) ʩʦʚʧʘʜʘʝʪ ʧʦ ʚʠʜʫ ʩ ʠʥʪʝʛʨʘʣʦʤ ʵʥʝʨʛʠʠ ʜʣʷ 

ʪʷʞʝʣʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʪʷʞʝʣʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʦʜʦʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ( )constr = . 

ʀʟ ʧʦʢʘʟʘʥʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʦʚ ʜʚʠʞʝʥʠʷ ʜʣʷ ʪʷʞʝʣʦʛʦ ʪʝʣʘ ʚ 

ʩʣʫʯʘʝ ʃʘʛʨʘʥʞʘ ʠ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʤʦʤʝʥʪʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʚʳʪʝʢʘʝʪ ʩʠʤʤʝʪʨʠʷ ʠ ʘʥʘʣʦʛʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ. ɼʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʡ ʦʩʝʚʦʡ ʪʷʞʝʣʳʡ ʛʠʨʦʩʪʘʪ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʤʦʤʝʥʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʩʦʚʝʨʰʘʝʪ ʜʚʠʞʝʥʠʝ, ʧʦʜʦʙʥʦʝ 

ʜʚʠʞʝʥʠʶ ʪʷʞʝʣʦʛʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʩʣʫʯʘʝ ʃʘʛʨʘʥʞʘ. ʈʘʥʝʝ [37] 

ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʢʘʟʳʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʙʱʝʥʠʷ ʟʘʜʘʯʠ ʦ ʜʚʠʞʝʥʠʠ ʪʷʞʝʣʦʛʦ ʪʝʣʘ ʚ 

ʩʣʫʯʘʝ ʃʘʛʨʘʥʞʘ ʜʣʷ ʫʨʘʚʥʦʚʝʰʝʥʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʠ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʚ ʞʠʜʢʦʩʪʠ.  

  ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʭʝʤʘ ʟʘʧʠʩʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʜʚʠʞʝʥʠʷ ʪʷʞʝʣʦʛʦ 

ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʙʫʜʝʪ ʩʪʘʥʜʘʨʪʥʦʡ, 

ʧʨʠʚʦʜʷʱʝʡ ʢ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ. ʄʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʫʛʣʘʤ ʕʡʣʝʨʘ, ʟʘʧʠʩʘʥʥʳʤ ʜʣʷ 

ʪʝʣʘ-ʥʦʩʠʪʝʣʷ  

1 sin sing q j= , 2 sin cosg q j= , 3 cosg q=  

ʠ ʟʘʤʝʥʠʪ ɹʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ (2.3) ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ 

sin sin cosp y q j q j= + ,   sin s sinq coy q j q j= - ,  sr coy q j= + (3.76) 

ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ (3.76) ʠʥʪʝʛʨʘʣʳ (3.71) ʠ (3.75) ʧʨʠʚʦʜʷʪʩʷ ʢ ʚʠʜʫ 
2 2 2 2sin cos , sin 2 cosR G g Hy q q q y q q+ = + + =  (3.77) 
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ʛʜʝ /g Pa A= , /zR K A= , /ZG K A= , ʘ ʧʦʩʣʝ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʳʭ cosu q=  ʚʪʦʨʘʷ 

ʬʦʨʤʫʣʘ ʠʟ (3.77) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ, ʩʦʜʝʨʞʘʱʝʤ ʢʫʙʠʯʝʩʢʠʡ ʤʥʦʛʦʯʣʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ 

u, ʠʤʝʶʱʠʡ ʪʨʠ ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʨʥʷ u1, u2, ʠ uô ( )1 0 2 0 01 1 ' , cosu u u u u q- < ¢ ¢ < < <¤ = 

( )( ) ( )( )( )
2

22

1 2( ) ( 2 ) 1 2 '
du

f u H gu u G Ru g u u u u u u
dt

å õ
= = - - - - = - - -æ ö

ç ÷
 (3.78) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʤʝʥʥʘʷ u ʜʦʣʞʥʘ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ: 1 2u u u¢ ¢. ʉ ʧʦʤʦʱʴʶ 

ʚʚʝʜʝʥʠʷ ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ x  
2 2

1 2cos sinu u ux x= +     (3.79) 

ʥʘ ʦʩʥʦʚʘʥʠʠ (3.78) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

( ) ( )2 2 2 22 1
1

1

1 sin ' 2, , 0 1
'

u ud
k g u u k k

dt u u

x
b x b

å õ-
=° - = - = ¢ <æ ö

-ç ÷
 (3.80) 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ (3.80) ʜʘʝʪ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ:   

0

2 2
01 sin

t
d

dt
k

x

x

x
b

x
=°

-
ñ ñ      

ʛʜʝ x0 ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ: 
2 2

0 1 0 2 0cos cos sinu uq x x= + , ʘ ʟʥʘʢ ʧʝʨʝʜ ʠʥʪʝʛʨʘʣʦʤ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʚʠʞʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʘʤʧʣʠʪʫʜʳ 

ʗʢʦʙʠ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ 

( )
0

2 2
0

am , , const
1 sin

d
t k

k

x
x

x b a a
x

= + = =
-

ñ     

ʠ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʫʛʣʘ ʥʫʪʘʮʠʠ ʟʘʧʠʰʝʪʩʷ [26, 45] 

( ) ( )2

2 1 1cos sn ,u u t k uq b a= - + +    (3.81) 

 ʆʪʤʝʪʠʤ, ʦʜʥʘʢʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʠ ʦʪ ʪʝʣʘ ʚ ʩʣʫʯʘʝ ʃʘʛʨʘʥʞʘ, ʜʣʷ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ 

ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʤʦʤʝʥʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʩʥʳʭ ʪʝʣ 

ʧʨʦʜʦʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʠʜʦʤ ʵʪʦʛʦ 

ʤʦʤʝʥʪʘ:  

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

0

, , , ,
,

t
r

n

M t t t t t
r t dt

C

s d
=-ñ

ɤ ɔ
    (3.82) 

ʯʪʦ ʦʪʨʘʟʠʪʩʷ ʥʘ ʷʚʥʦʤ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʫʛʣʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʠʜʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʩʣʫʯʘʝ ʃʘʛʨʘʥʞʘ: 

( )0 2

0 0

cos
( ) cos ( ) cos

sin

t t
G R

r t dt r t dt
q

j j y q q
q

-å õ
- = - = -æ ö

ç ÷
ñ ñ   (3.83) 

ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʠʜ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʣʫʯʘʝʚ ʧʨʝʮʝʩʩʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʠʨʦʩʪʘʪʘ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ "ʣʫʥʥʦʝ" 

ʜʚʠʞʝʥʠ,̫ ʧʨʠ ʢʦʪʦʨʦʤ ʥʝʩʫʱʝʝ ʪʝʣʦ ʚʩʝʛʜʘ ʦʙʨʘʱʝʥʦ ʦʜʥʦʡ ʩʪʦʨʦʥʦʡ ʢ ʥʝʧʦʜʚʠʞʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ OZ, ʠʣʠ, ʯʪʦ ʪʦʞʝ ʩʘʤʦʝ, ʢʦʛʜʘ 0j¹ . ʊʘʢ ʠʟ (3.83) ʠ (3.82) ʩʣʝʜʫʝʪ, ʯʪʦ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ çʣʫʥʥʦʛʦè ʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʟʘʢʦʥ ʜʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ: 
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( ) 2

2

3

cos
cos cos

sin

2 cos cos

sin

r n n n

n

d d G R
M C r C C

dt dt

R G G
C

q
y q q

q

q q
q

q

-å õ
=- =- =- =æ ö

ç ÷

- -
=-

  (3.84) 

ʄʦʞʥʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʦʝ ʧʨʝʮʝʩʩʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 

ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʚʨʘʱʝʥʠʝ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʚʦʢʨʫʛ ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʘʙʩʦʣʶʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʪ.ʝ., ʢʦʛʜʘ ʫʛʦʣ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪ ʧʦʚʦʨʦʪ ʧʦ ʫʛʣʫ 

ʧʨʝʮʝʩʩʠʠ (() () constt tj y=- + ), ʯʪʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ (3.83), ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʢʦʛʜʘ: 

( )( ) cosr t dty y q- = -ñ  

ʠʣʠ ʧʨʠ ʫʩʣʦʚʠʠ 

( )( ) cos 1r t y q= - 

ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ ʚ ʚʠʜʝ: 

( )2

cos
cos 1

sin
r n n

d G R
M C r C

dt

q
q

q

-è ø
=- =- -é ù

ê ú
   (3.85) 

ɺʦʟʤʦʞʝʥ ʩʠʥʪʝʟ ʠ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʟʘ 

ʩʯʝʪ ʥʘʟʥʘʯʝʥʠʷ ʚʠʜ ʤʦʤʝʥʪʘ ʚʥʫʪʨʝʥʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʩʥʳʭ ʪʝʣ. 

ʂʚʘʜʨʘʪʫʨʘ ʜʣʷ ʫʛʣʘ ʧʨʝʮʝʩʩʠʠ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʜʚʠʞʝʥʠʷ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ 

ʛʠʨʦʩʪʘʪʘ ʧʦʚʪʦʨʠʪ ʠʟʚʝʩʪʥʳʡ ʨʝʟʫʣʴʪʘʪ [22], ʩʣʝʜʫʶʱʠʡ ʠʟ ʧʝʨʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (3.77) ʠ 

ʨʝʰʝʥʠʷ (3.81), ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪʩʷ ʢ ʢʦʤʙʠʥʘʮʠʠ ʥʝʧʦʣʥʳʭ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʦʚ 

ʪʨʝʪʴʝʛʦ ʨʦʜʘ [22, 138]. ɼʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʘ ʟʘʢʨʫʪʢʠ 

ʨʦʪʦʨʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʙʱʠʝ ʠʥʪʝʛʨʘʣʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚʠʜʦʤ ʤʦʤʝʥʪʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 

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

() ()
0 0

, , , ,
;

t t
r

r

M t t t t t
t dt t t dt

C

s d
s d s= =ñ ñ

ɤ ɔ
  (3.86) 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʃʘʛʨʘʥʞʝʚ ʢʣʘʩʩ ʨʝʰʝʥʠʡ (3.81) ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ, ʢʘʩʘʶʱʠʤʠʩʷ ʚʨʝʤʝʥʥʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʜʦʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (3.82) ʠ ʫʛʣʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ (3.83), ʘ ʪʘʢʞʝ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʧʦ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ (3.86). 
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3.3.2. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʣʘʩʩʘ ʜʚʠʞʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 
ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʜʠʧʦʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʧʫʪʥʠʢʦʚ-

ʛʠʨʦʩʪʘʪʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʤʝʛʘ-ʨʝʞʠʤʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʦʤʝʛʘ-ʨʝʞʠʤʝ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʩʠʣ, ʷʚʣʷʶʱʝʛʦʩʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤ (ʦʧʨʦʢʠʜʳʚʘʶʱʠʤ), ʠ ʚ ʪɻʦʤ ʘʩʧʝʢʪʝ 

ʟʘʜʘʯʘ ʙʣʠʟʢʘ ʢ ʩʣʫʯʘ ʁʃʘʛʨʘʥʞʘ. ʅʠʞʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʚʩʝʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʳ ʕʡʣʝʨʘ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ. ʈʝʰʝʥʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ ʗʢʦʙʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ, ʢʘʢ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʛʠʨʦʩʪʘʪʦʚ. ɹʦʣʝʝ ʪʦʛʦ, 

ʫʢʘʟʘʥʥʳʝ ʨʝʰʝʥʠʷ ʙʫʜʫʪ ʷʚʣʷʪʩɹʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʧʠʩʘʥ ʚ ʧʷʪʦʡ ʛʣʘʚʝ.  

ʇʫʩʪʴ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʛʝʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʝʛʦ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ (Borb), ʪ.ʝ. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʦʨʦʪʢʠʡ ʫʯʘʩʪʦʢ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʣʠʙʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʢʨʫʛʦʚʦʡ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʝ. ʉʦʙʩʪʚʝʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩʦʟʜʘʝʪʩʷ 

ʤʘʛʥʠʪʥʳʤʠ ʘʢʪʫʘʪʦʨʘʤʠ (ʢʘʪʫʰʢʘʤʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʚʷʟʘʥʥʦʡ ʩ ʛʣʘʚʥʳʤ ʪʝʣʦʤ-ʢʦʨʧʫʩʦʤ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (3.2) ï ʧʦʜʦʙʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʨʘʥʝʝ ʙʳʣ 

ʥʘʟʚʘʥ ʦʤʝʛʘ-ʨʝʞʠʤʦʤ.  

ʂʘʢ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ [181, 283, 316, 320] ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʉɻ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, 

ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʢʫʱʠʭ ʩʢʦʨʦʩʪʷʭ ʠ ʫʛʣʘʭ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʉɻ [223, 344]. ɺʘʞʥʦ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ ʠʤʝʶʱʫʶʩʷ ʩʚʷʟʴ ʥʘʩʪʦʷʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʉɻ ʩ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤ/ʦʧʨʦʢʠʜʳʚʘʶʱʠʤ ʤʦʤʝʥʪʦʤ [22, 32, 33, 34].  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʩʚʷʟʴ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʉɻ ʩ ʚʥʝʰʥʠʤ ʤʦʤʝʥʪʦʤ ʩʠʣ (3.3) ʠ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʛʠʨʦʩʪʘʪʘ. ʊʘʢ ʠʟʫʯʘʝʤʳʡ ʥʘʤʠ ʩʣʫʯʘʡ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʨʘʟʚʠʪʠʝ ʩʣʫʯʘʷ ʕʡʣʝʨʘ ʩ ʤʘʣʳʤʠ 

ʚʦʟʤʫʱʝʥʠʷʤʠ (ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ m ʤʘʣʘ), ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʨʘʟʚʠʪʠʝ ʩʣʫʯʘʷ 

ʃʘʛʨʘʥʞʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʦʧʨʦʢʠʜʳʚʘʶʱʝʛʦ/ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʩʠʣ (ʧʨʠ 

ʚʝʣʠʯʠʥʘʭ m ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʤʘʣʳʤʠ).  

 ʇʝʨʝʭʦʜʷ ʢ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʤʘʩʩ 

C (ʨʠʩ.3.6) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ/ʦʧʨʦʢʠʜʳʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʩʠʣ (3.3) 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʧʦʩʪʦʷʥʥʦʡ ʠʥʜʫʢʮʠʠ Borb, ʚʝʢʪʦʨ ʢʦʪʦʨʦʡ 

ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʝʪ çʚʳʜʝʣʝʥʥʦʝè ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ CXYZ (ʦʩʴ 

CZ ʩʦʥʘʧʨʘʚʣʝʥʘ ʩ ʚʝʢʪʦʨʦʤ Borb). 
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ʋʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ Cxyz ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʦʩʠ CZ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʢʦʩʠʥʫʩʘʤʠ: ( )1 cos , ,CZ Cxg=  

( )2 cos , ,CZ Cyg=  ( )3 cos , .CZ Czg=  

 

ʈʠʩ.3.6.  ʉʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ  

ɺ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Cxyz ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ 

ʧʦʢʦʤʧʦʥʝʥʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ: 

    [ ] [ ]1 2 3, , ; , ,
T T

orb orbB k p q rg g g= =B m    (3.87) 

 ʉ ʫʯʝʪʦʤ (3.3) ʠ (3.4) ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠʤʫʪ 

ʚʠʜ: 

   

( ) ( )

( ) ( )

( )

3 2

1 3

2 1

b orb

b orb

b orb

Ap C A qr q kB q r

Aq A C pr p kB r p

C r kB p q

M

g g

g g

g g

D

ë + - + D= -
î
+ - - D= -î

ì
+D= -î

î
D=í

    (3.88) 

1 2 3

2 3 1

3 1 2

r q

p r

q p

g g g

g g g

g g g

= -ë
î
= -ì

î = -í

        (3.89) 

 

ʛʜʝ ,b rA A A= +  b rC C C= + ; { }, ,b b bA A C  ʝʩʪʴ ʦʩʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʛʣʘʚʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʣʘ; { }, ,r r rA A C  - ʦʩʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠ 
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ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʦʪʦʨʘ; MD- ʤʦʤʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʩʥʳʭ ʪʝʣ. ʉʚʷʟʴ 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʢʦʩʠʥʫʩʘʤʠ ʠ ʫʛʣʘʤʠ ʕʡʣʝʨʘ ʚʳʨʘʞʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ 

(ɗ ï ʫʛʦʣ ʥʫʪʘʮʠʠ, ű ï ʫʛʦʣ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ, ʠ ɣ ï ʫʛʦʣ ʧʨʝʮʝʩʩʠʠ, ʢʦʪʦʨʳʡ ʥʝ 

ʚʭʦʜʠʪ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʚʷʟʠ): 

    

1

2

3

sin sin

sin cos

cos

g q j

g q j

g q

=ë
î
=ì

î =í

     (3.90) 

 ɺ ʥʘʰʝʤ ʠʟʫʯʘʝʤʦʤ ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʦʩʥʳʭ ʪʝʣ ʛʠʨʦʩʪʘʪʘ 

ʦʪʩʫʪʩʪʚʫʝʪ (Mȹ=0) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʣʝʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʩʪʦʷʥʩʪʚʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʪʝʣʘ-ʨʦʪʦʨʘ ȹ=const. 

 

ʇʝʨʚʳʝ ʠʥʪʝʛʨʘʣʳ ʜʚʠʞʝʥʠʷ.  

 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʯʝʪʳʨʝ ʧʝʨʚʳʭ 

ʠʥʪʝʛʨʘʣʘ. ʇʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠʚʠʘʣʴʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʠʥʪʝʛʨʘʣ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʭʨʘʥʝʥʠʶ ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʦʩʠ CZ: 

    2 2 2

1 2 3 1g g g+ + =       (3.91) 

ɺʪʦʨʦʡ ʠʥʪʝʛʨʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ çʚʝʨʪʠʢʘʣʴʥʦʡè ʢʦʤʧʦʥʝʥʪʳ (ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ CZ) ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ ʩʠʣ 

ʚʜʦʣʴ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (3.3): 

   ( )1 2 3 constb ZAp Aq C r Kg g g+ + +D = =   (3.92) 

ʊʨʝʪʠʡ ʠʥʪʝʛʨʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʢʦʤʙʠʥʘʮʠʡ ʠʩʭʦʜʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʋʤʥʦʞʘʷ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ (3.5) ʥʘ p, ʚʪʦʨʦʝ ï ʥʘ q, ʪʨʝʪʴʝ ï ʥʘ 

r, ʠ ʩʢʣʘʜʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ: 

  ( )2 2 2 constbA p q C r h+ + = =     (3.93) 

ʇʦʩʣʝʜʥʠʡ ʥʝʦʙʭʦʜʠʤʳʡ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʩʣʝʜʫʝʪ ʠʟ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʪʨʝʪʴʝ 

ʫʨʘʚʥʝʥʠʝ (3.5) ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ (3.6): 

  ( ) ( )3b orb

d
C r kB

dt
g+D = -     (3.94) 

ʯʪʦ ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠʤʝʪ ʚʠʜ  

 3b orbC r kB Dg+D=- +     (3.95) 

ʛʜʝ D ʧʦʩʪʦʷʥʥʘʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʚʠʞʝʥʠʷ. ɺ ʧʝʨʝʟʘʧʠʩʠ 

ʧʦʩʣʝʜʥʠʡ ʯʝʪʚʝʨʪʳʡ ʠʥʪʝʛʨʘʣ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 [ ]
22

3

1
b orb

b

C r D kB
C

g= - -D     (3.96) 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʟʘʜʘʯʠ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚʘʞʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ [21], 

ʧʨʦʚʝʨʷʝʤʦʝ ʧʨʷʤʳʤʠ ʧʦʜʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ (3.91): 

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

1 2 1 2 1 2 31p q q p p q p qg g g g g g g+ + - = + + = + - (3.97) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʧʠʩʘʥʳ ʯʝʪʳʨʝ ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʘ (3.91)-(3.97), ʧʦʟʚʦʣʷʶʱʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʧʦʩʣʝʜʥʝʛʦ ʤʥʦʞʠʪʝʣʷ ʗʢʦʙʠ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 
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ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʛʠʨʦʩʪʘʪʘ ʚ ʦʤʝʛʘ-ʨʝʞʠʤʝ. 

 

ʅʘʭʦʞʜʝʥʠʝ ʷʚʥʳʭ ʢʚʘʜʨʘʪʫʨ.  

 

ʉ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʥʝʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (3.6) ʠ ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʦʚ 

(3.91)-(3.96) ʤʳ ʤʦʞʝʤ ʧʝʨʝʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ (3.97) ʚ ʬʦʨʤʝ ʩʣʝʜʫʶʱʝʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

 

 ( ) ( )( )
2 2 2 2

2

1 1
1Z b bK C r s s h C r s

A A
è ø- +D + = - -ê ú    (3.98) 

ʛʜʝ ʚʚʝʜʝʥʦ ʦʙʦʟʥʘʯʝʥʠʝ 3

df

s g= . 

ʉ ʫʯʝʪʦʤ (3.96) ʠ (3.95) ʫʨʘʚʥʝʥʠʝ (3.98) ʧʨʠʤʝʪ ʬʦʨʤʫ: 

 

[ ] ( ) ( )
22 2

42

1 1 1
1 poly ( )orb Z orb

b

s h D kB s s K D kB s s s
A C A

å õ
è ø° = - - -D - - - - =æ ö ê ú

ç ÷
    (3.99) 

 

ʛʜʝ poly4(s) ʷʚʣʷʝʪʩʷ ʧʦʣʠʥʦʤʦʤ 4-ʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʦʪʥʦʩʠʪ ʠʥʪʝʛʨʘʣ, ʩʣʝʜʫʶʱʠʡ ʠʟ 

ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ, ʢ ʢʣʘʩʩʫ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʦʚ [138, 228]: 

 

 

0 04poly ( )

s t

s

ds
dt t

s
=° =°ñ ñ       (3.100) 

 

ɼʣʷ ʟʘʧʠʩʠ ʨʝʰʝʥʠʷ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ s ʚ ʬʦʨʤʝ ʬʫʥʢʮʠʡ ʗʢʦʙʠ ʤʳ ʜʦʣʞʥʳ ʦʙʨʘʪʠʪʴ 

ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʠʥʪʝʛʨʘʣ (3.100). ɼʣʷ ʵʪʦʛʦ ʚʳʧʦʣʥʠʤ ʩʣʝʜʫʶʱʫʶ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ: 

 

 
1

w
s

w

a b+
=
+

      (3.101) 

 

ʛʜʝ ʧʦʩʪʦʷʥʥʳʝ Ŭ ʠ ɓ (ʠʭ ʢʦʥʢʨʝʪʥʳʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ) ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 

ʪʨʝʙʦʚʘʥʠʷ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʥʝʯʝʪʥʳʭ ʩʪʝʧʝʥʷʭ ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ w, 

ʪ.ʝ., ʢʦʛʜʘ {p3, p1}Ÿ0 ʚ ʩʣʝʜʫʶʱʝʤ ʧʝʨʝʟʘʧʠʩʘʥʥʦʤ ʧʦʣʠʥʦʤʝ (ʚ ʯʠʩʣʠʪʝʣʝ ʚʳʨʘʞʝʥʠʷ):  

 

 ()( )
( ) ( )

4 3 2 4 2

4 3 2 1 0 4 2 0
4 4 42 2

poly
1 1b b

p w p w p w p w p p w p w p
s w

A C w A C w

+ + + + + +
= =

+ +
 (3.102) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʳ ʧʦʩʪʦʷʥʥʳʭ Ŭ ʠ ɓ ʩʣʝʜʫʶʪ ʠʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ: 

 ( ) ( ){ } { }1 3, 0; , 0 ,p pa b a b a b= = ­     (3.103) 

 

ʇʦʣʠʥʦʤ (3.102) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʬʘʢʪʦʨʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ ʝʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ p4 ʠ ʢʦʨʥʝʡ {X1, X2} ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʧʦʣʠʥʦʤʘ 
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2

4 2 0p X p X p+ +  (ʵʪʠ ʢʦʨʥʠ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ 2 2

1 2;X a X b=° =°). ʉ ʫʯʝʪʦʤ 

ʩʢʘʟʘʥʥʦʛʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʧʷʪʴ ʩʣʫʯʘʝʚ ʬʘʢʪʦʨʠʟʘʮʠʠ: 

 

()( )
( )( )

( )

()( )
( )( )

( )

()( )
( )( )

( )

()( )
( )

2 2 2 2

42 2

4 1 2 4 42

2 2 2 2

42 2

4 1 2 4 42

2 2 2 2

42 2

4 1 2 4 42

2 2 2

42 2

4 1 2 4

1) 0; 0; 0 : poly ;
1

2) 0; 0; 0 : poly ;
1

3) 0; 0; 0 : poly ;
1

4) 0; 0; 0 : poly

b

b

b

p a w w b
p X a X b s w

A C w

p w a b w
p X a X b s w

A C w

p w a w b
p X a X b s w

A C w

p w a w b
p X a X b s w

- -
< = > = > =

+

+ -
< =- < = > =

+

- -
> = > = > =

+

+ -
> =- < = > =

( )
( )

()( )
( )( )

( )

2

42

2 2 2 2

42 2

4 1 2 4 42

;
1

5) 0; 0; 0 : poly
1

b

b

A C w

p w a w b
p X a X b s w

A C w

è
é
é
é
é
é
é
é
é
é
é
é
é
é +
é
é + +

> =- < =- < =é
+éê

 (3.104) 

 

ʌʦʨʤʳ ʬʘʢʪʦʨʠʟʦʚʘʥʥʳʭ ʧʦʣʠʥʦʤʦʚ (3.104) ʦʧʨʝʜʝʣʷʶʪ ʧʫʪʠ ʦʙʨʘʱʝʥʠʷ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ 

ʠʥʪʝʛʨʘʣʘ (3.100) ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʢ ʧʝʨʝʤʝʥʥʦʡ w: 

 

 
( )

( ) ()( )0 0

2

4 4
poly ( ) 1 poly

s w

s w

dwds
t

s w s w

b a-
= =°

+
ñ ñ    (3.105) 

 

ʆʙʨʘʱʝʥʠʝ ʠʥʪʝʛʨʘʣʘ (3.105) ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (3.104)-1) ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʚ ʬʦʨʤʝ: 

 

( )

( ) ()( )
( )

( )( )
( )

0

0

2 2 2 2 2
4 2 4

42

1 poly
1

1

ww a

w w a

b

dw
dw t

w s w p a w w b
w

A C w

b a b a

å õ
æ ö
æ öè ø- -
æ ö=- + =°é ù
æ öé ù+ - -ê ú
æ ö+
æ ö+ç ÷

ñ ñ ñ  

ʠʣʠ 

( )( ) ( ) ( )( )

0

4

0 0
22 2 2 2 2 2 2 2

; const

wa

w ab

a pa dw a dw
t J J

A Ca w w b a w w bb a
= - = =

-- - - -
ñ ñ  (3.106) 

 

ɺ ʚʠʜʝ (3.106) ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʠʥʪʝʛʨʘʣ ʦʙʨʘʱʘʝʪʩʷ [138] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʣʠʧʪʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ dn(x|m): 

 

( )
( )

2 2 2 2
4

0 2 22
dn | ; ; ;

b

a p a b a b
w a x m x t J m ʠʣʠ m

a aA Cb a

å õ- -
= = - = =æ ö

- ç ÷
   (3.107) 
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ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ɔ3, ʤʳ ʤʦʞʝʤ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʧʠʩʘʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʫʛʣʘ ʥʫʪʘʮʠʠ: 

 

()
()( )
()( )3

dn |
cos

1 dn |

a x t m
s t

a x t m

a b
q g

+
= = =

+
   (3.108) 

 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ (3.108) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʣʠʥʠʠ) ʠʩʭʦʜʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

(3.5) ʠ (3.6) ʩ ʧʨʷʤʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ (ʪʦʯʢʠ) ʧʦ ʬʦʨʤʫʣʝ (3.108), ʯʪʦ ʧʨʠʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ (ʨʠʩ. 3.7). ʊʘʢʞʝ ʥʘ ʨʠʩ. 3.7 ʠ 3.8 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʜʣʷ ʜʨʫʛʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ: Ab=12, Bb=12, Cb=6, Ar=10, Cr=6 [kgĀm2]; p0=0.4, 

q0=0.0, r0=0.1 [rad/s]; ȹ=1 [kgĀm2/s];  ɔ10=0.6,  ɔ20=0.6,  ɔ30=0.5292;  kBorb=-8 [NĀmĀs];  

KZ=6.1266, D=-2.6332 [kgĀm2/s]; h=3.58 [kgĀm2/s2].  

ʇʨʠ ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ ʫʨʘʚʥʝʥʠʷ (3.103) ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ: 

 

( )

( )

3 2

1

3 2

3 2

3

3 2

4096.00 3078.2992 2087.2031 1085.2949

1026.0997 2087.2031 3255.8848 172.2312 0;

4096.00 3078.2992 2087.2031 1085.2949

1026.0997 2087.2031 3255.8848 172.2312 0;

p

p

a a a b

a a a

b b b a

b b b

ë = - - + -
î
î - - + - =î
ì
= - - + -î

î
- - + - =îí

  

 

ʠ ʠʤʝʶʪ ʨʝʰʝʥʠʷ Ŭ=-0.3011, ɓ=0.9933 (ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ), ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʣʠʥʦʤʘ (3.102) ʧʨʠʦʙʨʝʪʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: p4=-3.4805; p2=3306.8803; p0=-

428.0900, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʨʥʷʤʠ: X1=0.1295; X2=949.9867.  

 

 
ʈʠʩ.3.7. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ɔ3(t): 

ʣʠʥʠʠ ï ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ; ʪʦʯʢʠ ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ (3.108) 
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ʈʠʩ.3.8.  ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

 

ɼʣʷ ʜʨʫʛʠʭ ʩʣʫʯʘʝʚ ʬʘʢʪʦʨʠʟʘʮʠʠ (3.104)-2) ï (3.104)-5) ʧʦ ʘʥʘʣʦʛʠʠ ʩʣʝʜʫʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ: 
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(3.109) 

 

ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʗʢʦʙʠ: cn(Ŀ) ï ʵʣʣʠʧʪʠʯʝʩʢʠʡ 

ʢʦʩʠʥʫʩ, sn(Ŀ) ï ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʩʠʥʫʩ, nc(Ŀ)=1/cn(Ŀ), sc(Ŀ)=sn(Ŀ)/cn(Ŀ). 

 ʀʟ ʚʳʨʘʞʝʥʠʷ (3.95) ʤʦʞʥʦ ʪʝʧʝʨʴ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ r(t) ʥʘ ʙʘʟʝ ʠʤʝʶʱʝʛʦʩʷ ʨʝʰʝʥʠʷ ʜʣʷ ()3 tg : 

 () ()3orb br t kB t D Cgè ø= - + -Dê ú     (3.110) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʦʩʪʘʚʰʠʭʩʷ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʠʤ ʟʘʤʝʥʫ 

ʧʝʨʝʤʝʥʥʳʭ: 

 cos ; sinp G F q G F= =      (3.111) 

ʊʦʛʜʘ ʠʟ ʠʥʪʝʛʨʘʣʘ ʵʥʝʨʛʠʠ (3.93) ʧʦʩʣʝʜʫʝʪ ʚʝʣʠʯʠʥʘ ʘʤʧʣʠʪʫʜʳ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ: 

 () ()2 2 2

bG t p q h C r t Aè ø= + = -ê ú     (3.112) 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʟʘʧʠʩʠ ʨʝʰʝʥʠʡ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʠʤ ʦʯʝʚʠʜʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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    ( )2 2pq qp p q F- = +       (3.113) 

 

ʀʟ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.5) ʩʣʝʜʫʝʪ ʚʳʨʘʞʝʥʠʝ: 

 

( ) ( ) ( ) ( )2 2

3 1 2b orb orbA pq qp A C r kB p q kB r p qg g g- = D- - - + + +è øê ú  (3.114) 

 

ʊʦʛʜʘ ʠʟ ʠʥʪʝʛʨʘʣʘ (3.92) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

( )1 2 3Z bp q K C r Ag g gè ø+ = - +Dê ú     (3.115) 

 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʳʨʘʞʝʥʠʷ (3.113)-(3.115), ʤʦʞʥʦ ʩʢʦʤʧʦʥʦʚʘʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʬʘʟʳ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ: 

 

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

()
3

3 2

1 orb Z b

b orb

b

kB r t K C r t
F A C r t kB t

A A h C r t

g
g

- +Dè øê ú= D- - - +è øê ú
è ø-ê ú

 (3.116) 

 

ʠ ʠʥʪʝʛʨʠʨʫʷ ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ (3.116) ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʘʣʴʥʘʷ ʢʚʘʜʨʘʪʫʨʘ: 

 

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

()

3

3 2

1
const

orb Z b

b orb

b

kB r t K C r t t
F t A C r t kB t dt

A A h C r t

g
g

å õè ø- +Dê úæ ö= D- - - + +è øê úæ öè ø-ê úç ÷
ñ

(3.117) 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʟʷʪʠʠ ʠʥʪʝʛʨʘʣʘ (3.117) ʙʫʜʫʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʵʣʣʠʧʪʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ, ʦʪʥʦʩʷ ʪʝʤ ʩʘʤʳʤ ʨʝʟʫʣʴʪʘʪ ʢ ʢʣʘʩʩʫ ʪʝʪʪʘ-ʬʫʥʢʮʠʡ ʗʢʦʙʠ-ʈʦʟʝʥʭʘʡʥʘ [138] 

(ʤʳ ʥʝ ʙʫʜʝʤ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʵʪʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ). 

ɺʳʨʘʞʝʥʠʷ (3.117) ʠ (3.112) ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʛʠʨʦʩʪʘʪʘ p(t) ʠ q(t).  

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ɔ3(t) (ʥʘʧʨʠʤʝʨ, ʥʘ ʙʘʟʝ (3.108)) ʧʦʩʣʝ ʩʚʦʝʛʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ (3.6) ʢʘʢ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ. ɼʦʙʘʚʣʷʷ ʢ ʥʝʤʫ ʚʳʨʘʞʝʥʠʝ (3.115), ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ 

ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʥʝʠʟʚʝʩʪʥʳʭ ɔ1(t) ʠ ɔ2(t): 

 

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

() () ()( ) ()

1 2

1 2 3

dn |
;

1 dn |

;Z b

a x t md
q t p t

dt a x t m

p t q t K C r t t A

a b
g g

g g g

ë å õ+
- =î æ öî æ ö+ì ç ÷

î
è ø+ = - +Dî ê úí

    

  

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʠʪʦʛʦʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ ɔ1(t) ʠ ɔ2(t): 
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()( )
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;
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.
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Z b

a x t m p td
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a x t mp t p td
K C r t t A q t

q t dt q ta x t m

a b
g g

a b
g g
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= +î æ ö

æ ö+î ç ÷î
ì

è øå õ+ è øî
è ø= - +D - +é ùæ ö é ùî ê ú æ ö+é ùê úç ÷î ê úí

(3.118) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʚʩʝʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ɤ-ʨʝʞʠʤʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʘʥʘʣʠʟʘ, ʥʦ ʠ ʜʣʷ ʩʠʥʪʝʟʘ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʛʠʨʦʩʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʧʷʪʦʡ ʛʣʘʚʝ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʠʟ ʣʶʙʦʛʦ ʩʪʘʨʪʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ 

ʧʦʣʦʞʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʘʣʠʟʘʮʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ, ʢʦʛʜʘ ʧʨʦʜʦʣʴʥʘʷ 

ʦʩʪ ʩʦʚʤʝʱʝʥʘ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 
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3.4. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʜʚʠʞʝʥʠʷ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʚ ʩʣʫʯʘʝ ʢʦʥʠʯʝʩʢʦʡ 

ʧʨʝʮʝʩʩʠʠ ʚ ʩʣʘʙʦʤ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ  

ɺ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʰʝʥʠʷ [201] ʜʣʷ ʜʚʠʞʝʥʠ ̫ʦʩʝʚʦʛʦ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʩʠʣ ʪʷʛʦʪʝʥʠʷ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ 

ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚʜʦʣʴ ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ (ʪ.ʝ. 

ʣʦʢʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʠ) ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʣʦʩʪʠ ʚʦʟʥʠʢʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ ʩʠʣ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʷʛʦʪʝʥʠʷ. ʇʦʜʦʙʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʨʘʤʢʘʭ ʨʝʞʠʤʦʚ 

çʢʦʥʠʯʝʩʢʠʭ ʧʨʝʮʝʩʩʠʡè [35] ʩʧʫʪʥʠʢʦʚ ʚʦʢʨʫʛ ʣʦʢʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʠ.  

ɼʠʥʘʤʠʢʘ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʨʘʥʝʝ ʚ ʨʘʟʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʠ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ [32, 33, 183, 319, 167, 169, 120, 122]. ɺʘʞʥʳʝ ʩʣʫʯʘʠ 

ʘʥʘʣʠʟʘ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟ ʫʩʣʦʚʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [35, 151, 

179, 135, 47, 6, 245, 246, 325, 234, 49, 103, 328, 39, 224, 107, 280, 281, 186].  

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʨʘʙʦʪʳ [112, 113, 120, 167, 319], ʚ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʘ 

ʠ ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʘʥʘʣʦʛʠʷ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʞʠʜʢʦʩʪʠ ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ. ʕʪʘ ʘʥʘʣʦʛʠʷ ʙʳʣʘ ʥʘʡʜʝʥʘ ɺ.ɸ. ʉʪʝʢʣʦʚʳʤ [319] ʠ ʚ ʧʦʩʣʝʜʩʪʚʠʠ 

ʦʙʦʙʱʝʥʘ ʥʘ ʩʣʫʯʘʡ ʛʠʨʦʩʪʘʪʘ ʇ.ɺ. ʍʘʨʣʘʤʦʚʳʤ [120]. ʋʢʘʟʘʥʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʘʥʘʣʦʛʠʷ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʰʝʥʠʷ [167] ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ ʚ ʮʝʥʪʨʘʣʴʥʦʤ 

ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ, ʯʪʦ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ, ʥʘʧʨʠʤʝʨ, ʚ [21, 120]. 

ʉ ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʘʝʤʳʡ ʩʣʫʯʘʡ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʦ ʧʨʠʯʠʥʝ ʦʧʠʩʘʥʠʷ ʚʘʞʥʳʭ 

ʧʨʝʮʝʩʩʠʡ [35] ʩʧʫʪʥʠʢʦʚ, ʩʪʘʙʠʣʠʟʠʨʫʝʤʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ. ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ 

ʩʧʦʩʦʙ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʢʦʥʠʯʝʩʢʠʭ ʧʨʝʮʝʩʩʠʡ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʧʫʪʥʠʢʦʚ ʩ ʠʥʝʨʮʠʦʥʥʦʡ 

ʛʝʦʤʝʪʨʠʝʡ çʧʨʦʜʦʣʴʥʦʛʦè ʪʠʧʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ çʚʳʪʷʥʫʪʳʝè ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ 

ʦʩʠ ʬʦʨʤʳ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʤʝʥʴʰʠʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʚʜʦʣʴ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʧʫʪʥʠʢ ʩʦʚʝʨʰʘʝʪ ʧʨʝʮʝʩʩʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʢʨʫʛ 

çʣʦʢʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʠè. 

 

3.4.1. ʇʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ ʠ ʨʝʜʫʢʮʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʦʤʝʥʪʦʚ 

ʩʠʣ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩ ʣʦʢʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʶ (ʨʠʩ.3.9), ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʠʤ ʦʩʴ CZ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ CXYZ, ʛʜʝ ʪʦʯʢʘ C ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʥʪʨʫ ʤʘʩʩ ʩʠʩʪʝʤʳ.  

ʇʦʣʦʞʝʥʠʝ çʚʝʨʪʠʢʘʣʴʥʦʡè ʦʩʠ CZ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʙʫʜʝʤ ʦʧʠʩʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ 

( )1 cos , ,CZ Cxg=  ( )2 cos , ,CZ Cyg=  ( )3 cos ,CZ Czg= , ʘ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷʤ ʇʫʘʩʩʦʥʘ: 
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1 2 3

2 3 1

3 1 2

r q

p r

q p

g g g

g g g

g g g

= -ë
î
= -ì

î = -í

     (3.119) 

 

 

ʈʠʩ.3.9. ʉʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʩʣʫʯʘʝ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʣʦʢʘʣʴʥʦʡ 

ʚʝʨʪʠʢʘʣʠ (g- ʚʝʢʪʦʨ ʛʨʘʜʠʝʥʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ) ʠ ʥʘʯʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (K )  

 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʩʚʷʟʘʥʥʳʝ ʦʩʠ ʪʝʣʘ-

ʧʣʘʪʬʦʨʤʳ Cxyz ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ ʟʘʧʠʰʫʪʩʷ: 

 

;g

d
M

dt
D+ ³ = D=K ɤ K M     (3.120) 

 

ʛʜʝ Mg ï ʚʥʝʰʥʠʡ ʤʦʤʝʥʪ ʩʠʣ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ,MD- ʚʥʫʪʨʝʥʥʠʡ ʤʦʤʝʥʪ 

ʩʠʣ. ʂʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʢʦʤʧʦʥʝʥʪʳ: 

 

[ ], ,
T

bAp Bq C r= +DK      (3.121) 

 

ʛʜʝ ,b rA A A= +  ,b rB B A= +  b rC C C= + ; , ,b b bA B C  - ʛʣʘʚʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʦʩʥʦʚʥʦʛʦ 

ʪʝʣʘ, , ,r r rA A C  - ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʦʪʦʨʘ, ʧʨʠʯʝʤ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ A B C> >, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

çʧʨʦʜʦʣʴʥʦʛʦè (ʧʦ ʦʩʠ z) ʪʠʧʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ.  

 ʄʦʤʝʥʪ ʩʠʣ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʘʢ ʩʫʤʤʫ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʛʦ ʯʘʩʪʝʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʜʚʘ ʩʦʦʩʥʳʭ ʪʝʣʘ: 
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b r

g C C= +M M M       (3.122) 

 

ʛʜʝ [21]: 

 

( )

( )

( )

( )

( )
2 3 2 3

3 1 3 1

1 2

;

0

b b r r

b r

C g b b C g r r

b b

C B C A

A C A C

B A

g g g g

m g g m g g

g g

- -è ø è ø
é ù é ù

= - = -é ù é ù
é ù é ù-ê ú ê ú

M M    (3.123) 

 

ɛg ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ( )3 .g orb orb
g Rm=  ʉʫʤʤʘʨʥʳʡ ʤʦʤʝʥʪ ʩʠʣ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʪʷʛʦʪʝʥʠʷ ʟʘʧʠʰʝʪʩʷ ʚ ʬʦʨʤʝ:  

 

( )

( )

( )

2 3

3 1

1 2

;g g

C B

A C

B A

g g

m g g

g g

-è ø
é ù

= -é ù
é ù-ê ú

M       (3.124) 

 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʧʠʰʫʪʩʷ: 

 

( ) ( )

( ) ( )

( ) ( )

2 3

3 1

1 2

b g

b g

b g

Ap C B qr q C B

Bq A C pr p A C

C r B A pq B A

M

m g g

m g g

m g g

D

+ - + D= -ë
î
+ - - D= -î

ì
+D+ - = -î

î
D=í

    (3.125) 

 

 ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʥʳ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 

ɿʘʧʠʰʝʤ ʛʣʘʚʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʘʥʘʣʦʛʠʯʥʦʛʦ (2.56): 

 

  
2 g

d A

d Kt
=
ə

M       (3.126) 

 

ʛʜʝ ʤʦʤʝʥʪ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ ʦʪ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʠʥʝʨʮʠʘʣʴʥʫʶ 

(SXYZ): 

  [ ]
( )

( )

( )

2 3

3 1

1 2

3 3
,orb orb
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orb orb

C B
g g

S A C
R R

B A

g g

g g m

g g

-è ø
é ù

= - =é ù
é ù-ê ú

M       (3.127) 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʢʦʤʧʦʥʝʥʪ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ ʠ ʚʝʣʠʯʠʥʳ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʢʦʩʠʥʫʩʦʚ ʥʠʢʦʛʜʘ ʥʝ ʧʨʝʚʳʰʘʶʪ ʝʜʠʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʫʶ 

ʦʮʝʥʢʫ ʜʣʷ ʚʝʣʠʯʠʥʳ ʤʦʤʝʥʪʘ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ (ʩʯʠʪʘʷ, ʯʪʦ A>B>C): 
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2

2 2g g g

A A
A C

K K
m m< - <M     (3.128) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʙʝʟʨʘʟʤʝʨʥʳʡ ʥʦʨʤʠʨʦʚʘʥʥʳʡ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʥʝ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴ ʩʚʦʝʛʦ ʤʦʜʫʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʝʩʣʠ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʩʣʝʜʫʶʱʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ: 

2

2
1,g

A

K
m <<  

ʠʣʠ, ʯʪʦ ʫʜʦʙʥʝʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚ ʚʠʜʝ, ʟʘʧʠʩʘʥʥʦʤ ʚ ʬʦʨʤʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ: 

  
2

2g

K

A
m<<       (3.129) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʛʨʘʥʠʯʝʥʠʷ (3.129) ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʝʢʪʦʨ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʥʝ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʩʚʦʝʛʦ 

ʥʘʯʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʢʪʦʨʦʤ ʛʨʘʜʠʝʥʪʘ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʠ ʵʪʘ ʩʦʥʘʧʨʚʣʝʥʥʦʩʪʴ ʥʝ ʤʝʥʷʝʪʩʷ ʥʘ ʢʦʨʦʪʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ). 

ɺʳʧʦʣʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ (3.129) ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʪʘʢ ʢʘʢ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ 

ʠʥʪʝʨʚʘʣʘʤ ʩʚʦʠʭ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ: ʚʝʣʠʯʠʥʳ ɛg=(0.1õ0.2)Ā10
-7 [1/s2] ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʤ ʠ ʚʳʩʦʢʠʤ ʦʨʙʠʪʘʤ ɿʝʤʣʠ, ʘ ʜʣʷ ʥʠʟʢʠʭ ʦʨʙʠʪ ʠ ʚʙʣʠʟʠ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʘ ʚʝʣʠʯʠʥʘ ʪʘʢʞʝ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʩʚʦʠʭ ʟʥʘʯʝʥʠʡ (0.4õ0.5)Ā10-5 

[1/s2]. ɼʣʷ ʪʘʢʠʭ ʜʠʘʧʘʟʦʥʦʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ K2/A2 

ʜʣʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʣʘʥʝ ʚʧʦʣʥʝ ʙʦʣʴʰʠʤ.  

  

 

ʈʠʩ.3.10. ʉʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 
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ʉ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʷ (3.129) ʠ ʥʘʯʘʣʴʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʩ ʚʝʢʪʦʨʦʤ ʛʨʘʜʠʝʥʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ gorb ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ 

çʚʝʨʪʠʢʘʣʴʥʦʡè ʦʩʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ CZ (ʨʠʩ.3.10) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

( )1 2 3; ; bAp K Bq K C r Kg g g= = = +D   (3.130) 

 

ʇʦʜʩʪʘʥʦʚʢʘ ʚʳʨʘʞʝʥʠʡ (3.130) ʚ ʫʨʘʚʥʝʥʠʷ (3.125) ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʫʶ ʟʘʤʢʥʫʪʫʶ ʠʭ ʬʦʨʤʫ (ʧʨʠ Mȹ=0): 

 

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

2

2

2

const

g

b b

g

b b

g

b

Ap C B qr q C B Bq C r
K

Bq A C pr p A C Ap C r
K

C r B A pq B A ABpq
K

m

m

m

ë
+ - + D= - +Dî

î
î
+ - - D= - +Dî

ì
î
î + - = -
î
îD=í

   (3.131) 

 

 

3.4.2. ʉʚʷʟʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʣʫʯʘʷ ʩʦ ʩʣʫʯʘʝʤ ʉʪʝʢʣʦʚʘ  

ʂʘʢ ʵʪʦ ʠʟʚʝʩʪʥʦ, ʨʝʰʝʥʠʷ ʌ.ɹʨʫʥʘ [167] ʦʢʘʟʘʣʠʩʴ ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʝʰʝʥʠʷʤʠ ʠ 

ʟʘʜʘʯʠ ʦ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʚ ʥʴʶʪʦʥʦʚʩʢʦʤ ʧʦʣʝ ʩʠʣ, ʧʨʠʯʝʤ ʠʩʪʦʣʢʦʚʘʥʠʝ ʨʝʰʝʥʠʡ ɹʨʫʥʘ 

ʜʘʥʦ ʚ ʨʘʙʦʪʝ ɽ.ʀ. ʍʘʨʣʘʤʦʚʦʡ [124].  

ɺ.ɸ. ʉʪʝʢʣʦʚ ʧʦʢʘʟʘʣ [319], ʯʪʦ ʨʝʰʝʥʠ ̫ʌ.ɹʨʫʥʘ [167] ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʚ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʝ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʛʠʨʦʩʪʘʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ 

ʇ.ɺ. ʍʘʨʣʘʤʦʚʘ (ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ ʨʘʙʦʪʳ [120]): 

 

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

(1,2,3)

1
3 2 2 3

(1,2,3)

d
A A A R R R R

dt

dR
R R

dt

w
ww e lw lw m m

w w

ëë û
= - - + - + -ì üî

í ýî
ì
ë ûî = -ì üîí ýí

  (3.132)  

 

ʛʜʝ ʧʦʜʧʠʩʠ (1, 2, 3) ʦʟʥʘʯʘʶʪ ʮʠʢʣʠʯʝʩʢʫʶ ʧʝʨʝʩʪʘʥʦʚʢʫ ʚʩʝʭ ʥʠʞʥʠʭ ʠʥʜʝʢʩʦʚ; 

ʧʘʨʘʤʝʪʨʳ ɚi ʠ ɛi ʦʧʨʝʜʝʣʷʶʪ ʮʠʨʢʫʣʷʮʠʠ ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ; ʧʝʨʝʤʝʥʥʳʝ Ri ʧʨʝʜʩʪʘʚʣʷʶʪ  

ʢʦʤʧʣʝʢʩʳ ñʠʤʧʫʣʴʩʠʚʥʳʭ ʩʠʣò ʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ (3.125) ʦʪ 

ʘʙʩʦʣʶʪʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʨʦʪʦʨʘ ʧʝʨʝʡʪʠ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʝʛʦ 

ʚʨʘʱʝʥʠʷ ů, ʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
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( ) ( )

( ) ( )

( ) ( )

( )

2 3

3 1

1 2

r

r

r

r

Ap C B qr qC C B

Bq A C pr pC A C

Cr C B A pq B A

C r M

s m g g

s m g g

s m g g

s D

+ - + = -ë
î
+ - - = -î

ì
+ + - = -î

î + =í

    (3.133) 

 

ʇʝʨʝʭʦʜʷ ʢ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʦʟʥʘʯʝʥʠʷʤ ʠ ʧʦʣʘʛʘʷ, ʯʪʦ  

1 2 30; ; 0; ;r i g i iC Rl l l s m e m g= = = = = = 

ʩʠʩʪʝʤʘ (3.132) ʥʘʧʨʷʤʫʶ ʨʝʜʫʮʠʨʫʝʪʩʷ ʢ (3.133) ʠ (3.6) ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʩʪʚʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʨʦʪʦʨʘ ( )3 constrCl s= = , ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʦ ʪʦʣʴʢʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ çʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦè ʚʥʫʪʨʝʥʥʝʛʦ 

ʤʦʤʝʥʪʘ:  

 

rM C rD=       (3.134) 

 

ʇʦʵʪʦʤʫ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʨʦʪʦʨʘ ʚʥʫʪʨʝʥʥʠʤ 

ʤʦʤʝʥʪʦʤ (3.134) ʠʟ ʩʠʩʪʝʤʳ (3.132) ʩʣʝʜʫʶʪ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʛʠʨʦʩʪʘʪʘ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʢʠʥʝʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʨʦʪʦʨʘ (ʛʠʨʦʩʪʘʪʘ ʂʝʣʴʚʠʥʘ) ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʘʥʘʣʦʛʠʶ ɺ.ɸ. ʉʪʝʢʣʦʚʘ (ʜʣʷ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ) ʚ ʝʝ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʤ ʦʙʦʙʱʝʥʠʠ ʇ.ɺ. ʍʘʨʣʘʤʦʚʘ: 

 

( ) ( )

( ) ( )

( ) ( )

3 2 3

3 3 1

1 2

1 2 3

2 3 1

3 1 2

g

g

g

Ap C B qr q C B

Bq A C pr p A C

Cr B A pq B A

r q

p r

q p

l m g g

l m g g

m g g

g g g

g g g

g g g

ëë + - + = -
îîî

+ - - = -îì
îî

+ - = -îîíì
î = -ë
îî

= -ìî
îî = -íí

    (3.135) 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ [21], ʚ ʩʣʫʯʘʝ ʉʪʝʢʣʦʚʘ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʝʝ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ:  

 

1 2 3; ;A p B q C rg g g¡ ¡ ¡= = =     (3.136) 

 

ʛʜʝ A', B', C' ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʨʝʜʫʮʠʨʫʶʪʩʷ ʢ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʚʦʙʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

 ɺ ʩʣʫʯʘʝ ʂʝʣʴʚʠʥʦʚʘ ʛʠʨʦʩʪʘʪʘ (ɚi=const ʧʨʠ ʜʝʡʩʪʚʠʠ çʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦè 

ʤʦʤʝʥʪʘ (3.134)) ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʦʙʱʝʥʥʦʡ 

ʘʥʘʣʦʛʠʝʡ ʉʪʝʢʣʦʚʘ ï ʍʘʨʣʘʤʦʚʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʘʡʜʝʥʳ ʇ.ɺ. ʍʘʨʣʘʤʦʚʳʤ 

[122]. ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʩʣʫʯʘʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʙʝʟ ʜʝʡʩʪʚʠʷ ʢʘʢʠʭ-

ʣʠʙʦ ʚʥʫʪʨʝʥʥʠʭ ʤʦʤʝʥʪʦʚ ʩʠʣ ( )const; 0 ,MDD= =ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʰʝʥʠʷ 
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ʇ.ɺ. ʍʘʨʣʘʤʦʚʘ [122] ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ 

ʜʨʫʛʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (3.131), ʯʪʦ ʠ ʙʫʜʝʪ ʧʨʝʜʧʨʠʥʷʪʦ ʜʘʣʝʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʧʨʠʚʝʜʝʥʥʳʝ ʘʩʧʝʢʪʳ ʘʥʘʣʦʛʠʠ ʉʪʝʢʣʦʚʘ ï ʍʘʨʣʘʤʦʚʘ, ʠ 

ʩ ʫʯʝʪʦʤ ʩʠʤʤʝʪʨʠʠ ʚʠʜʘ ʧʨʝʜʧʦʣʦʞʝʥʠʡ (3.136) ʠ (3.130), ʥʠʞʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʡ (3.131), ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʯʘʩʪʠʯʥʦʝ ʦʙʦʙʱʝʥʠʝ ʩʣʫʯʘʷ 

ʉʪʝʢʣʦʚʘ ʥʘ ʩʣʫʯʘʡ ʜʚʠʞʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ 

ʪʷʛʦʪʝʥʠʷ.  

 

3.4.3. ʅʘʭʦʞʜʝʥʠʝ ʢʚʘʜʨʘʪʫʨ 

 ɿʘʧʠʰʝʤ ʧʝʨʚʳʝ ʠʥʪʝʛʨʘʣʳ ʩʠʩʪʝʤʳ. ʋʤʥʦʞʘʷ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ (3.131) ʥʘ Ap, 

ʚʪʦʨʦʝ ï ʥʘ Bq, ʪʨʝʪʴʝ ï ʥʘ (Cbr+ȹ), ʠ ʩʫʤʤʠʨʫʷ, ʧʦʣʫʯʠʤ: 

 

( )
22 2 2 2 0b

d
A p B q C r

dt
è ø+ + +D =
ê ú

 

 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʛʨʘʣʫ ʩʦʭʨʘʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ: 

 

( )
22 2 2 2 2constbA p B q C r K+ + +D = =     (3.137) 

 

ʀʥʪʝʛʨʘʣ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ: 

 

( )
2

2 2 2 2 2 2

1 2 3

1
const

2 2

g

b

r

E T P Ap Bq C r A B C h
C

m
g g g

å õD
= + = + + + + + + = =æ ö

ç ÷
 (3.138) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (3.130) ʚ (3.138), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʡ ʠʥʪʝʛʨʘʣ ʵʥʝʨʛʠʠ: 

 

( )
22 2 2

2 2 2

2 2 2
1 1 2

g g g b

b

r

A B C C r
Ap Bq C r h

K K C K

m m må õ å õ +DD
+ + + + + + =æ ö æ öæ ö æ ö
ç ÷ ç ÷

  (3.139) 

 

ʇʝʨʚʳʝ ʠʥʪʝʛʨʘʣʳ (3.137) ʠ (3.139) ʧʦʟʚʦʣʷʶʪ ʨʝʜʫʮʠʨʦʚʘʪʴ ʨʘʟʤʝʨʥʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʚʝʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ. ʊʘʢ, ʫʤʥʦʞʘʷ (3.139) ʥʘ 

2 21 ,gA A Kmè ø+ê ú ʠ ʚʳʯʠʪʘʷ (3.137), ʧʦʣʫʯʠʤ: 

 

( )

( )

22 2 2 2
2 2 2

2 2 2 2 2

2
2 2

2 2

2

g g b

b

g g r

b

g

K B C C rAK
AB B q C r

K A K A C K

hAK
C r K

K A

m m

m m

m

è øå õ+ +DD
- + + + -é ùæ öæ ö+ + é ùç ÷ ê ú

- +D = -
+

  (3.140) 
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ʘʥʘʣʦʛʠʯʥʦ, ʫʤʥʦʞʘʷ (3.139) ʥʘ 2 21 ,gB B Kmè ø+ê ú ʠ ʚʳʯʠʪʘʷ (3.137), ʧʦʣʫʯʠʤ: 

 

( )

( )

22 2 2 2
2 2 2

2 2 2 2 2

2
2 2

2 2

2

b

b

r

b

C C rK A BK
AB A p C r

K B K B C K

hBK
C r K

K B

mm

m m

m

è ø+Då õ+ D
- + + + -é ùæ ö

+ + é ùç ÷ ê ú

- +D = -
+

  (3.141) 

 

ɺʳʜʝʣʝʥʠʝ ʧʦʣʥʳʭ ʢʚʘʜʨʘʪʦʚ ʚ ʚʳʨʘʞʝʥʠʷʭ (3.140) ʠ (3.141) ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ: 
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g b

K B
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m
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    (3.142) 
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m

å õ ë û+ Dî î
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   (3.143) 

 

ʛʜʝ ʚʚʝʜʝʥʦ ʦʙʦʟʥʘʯʝʥʠʝ  

 

bD C r= +D 

 

ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: 
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 (3.144) 

 

ʀʟ (3.142) ʩʣʝʜʫʝʪ ʚʳʨʘʞʝʥʠʝ: 
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  (3.145) 

 

ɺʳʨʘʞʝʥʠʝ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʢʘʭ ʚ (3.143) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
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ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʢʦʨʨʝʢʪʥʳʤ ʚʳʨʘʞʝʥʠʝ: 

 

()
b b

D V q
b C C b ab b a

b b aè øD D
- =° - -é ù

é ùê ú
    (3.146) 

 

ʊʦʛʜʘ ʠʟ  (3.143) ʩʣʝʜʫʝʪ: 
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   (3.147) 

 

ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ (3.131) ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʦ ʢ ʬʦʨʤʝ: 
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ʠ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (3.147) ʠ (3.145) ʧʨʠʤʝʪ ʚʠʜ: 
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  (3.148) 

 

ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (3.148) ʚʳʧʦʣʥʠʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ: 

 

()
b

x V q
C b ab a

b aè øD
=° - -é ù

é ùê ú
     (3.149) 

 

ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʫʨʘʚʥʝʥʠʝ (3.148) ʟʘʧʠʰʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʘʭ ʚ 

ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʜʣʷ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʘʣʘ: 

 

( )

2 2

2 2

M dx
dt

ac
H G

x b x
a c

=°

å õ å õ
- + -æ ö æ ö

ç ÷ ç ÷

   (3.150) 

 

ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʪʘʥʪʳ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 
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  (3.151) 
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     (3.152) 

 

ɺʪʦʨʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʦʡ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ (3.30) ʚ ʬʦʨʤʝ 
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ʇʦʩʣʝ ʪʨʝʪʴʝʡ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʳʭ ( )1 2 1 2; min{ , }; max{ , };z cy c c c c c c k c c= = = =  

ʫʨʘʚʥʝʥʠʝ (3.33) ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʬʦʨʤʝ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʢʚʘʜʨʘʪʫʨʳ: 
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ʛʜʝ 
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ʆʙʨʘʱʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʘʣʘ ʜʘʝʪ ʩʣʝʜʫʶʱʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ:   

 

() ( )( )0 0sn ,y t N t t I kè ø= ° - +ê ú    (3.155) 

 

ʇʦʩʣʝ ʦʙʨʘʪʥʳʭ ʟʘʤʝʥ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʦʩʪʘʣʴʥʳʝ ʨʝʰʝʥʠʷ: 
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ʈʝʰʝʥʠʷ (3.156) ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪ ʜʠʥʘʤʠʢʫ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʨʝʞʠʤʘʭ 

ʢʦʥʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ (3.129). 

 ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʚʘʣʠʜʘʮʠʠ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ (3.131) (ʠʣʠ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʦʛʨʘʥʠʯʝʥʠʡ (3.129)) ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ. 

3.11). ʅʘ ʨʠʩ. 3.11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʨʝʰʝʥʠʷʤ   (3.156), ʢʦʨʨʝʢʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʦʛʨʘʥʠʯʝʥʠʡ 

(3.129), ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʡ (3.125), (3.6). ɼʣʷ 

ʚʳʯʠʩʣʝʥʠʡ ʙʨʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʪʘʙʣ. 3.3, ʧʨʠ ʵʪʦʤ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʙʳʣʠ 

ʨʘʚʥʳ: Ab=15, Bb=10, Cb=7, Ar=5, Cr=4 [ʢʛĀʤ2]. ʇʨʦʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʜʠʥʘʤʠʢʘ (ʨʠʩ. 3.11) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʧʦʣʷʭ ʪʷʛʦʪʝʥʠʷ ʩ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʤʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

(ʦʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ɿʝʤʣʠ ʚʝʣʠʯʠʥʳ ɛg=(0.1õ0.2)Ā10
-7 [1/s2] ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʤ 

ʠ ʚʳʩʦʢʠʤ ʦʨʙʠʪʘʤ, ʘ ʜʣʷ ʥʠʟʢʠʭ ʦʨʙʠʪ ʠ ʚʙʣʠʟʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʘ ʚʝʣʠʯʠʥʘ ʥʝ 

ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʟʥʘʯʝʥʠʡ (0.4õ0.5)Ā10-5 [1/s2]).  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ (ʨʠʩ. 3.11-a, b), ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʥʳʭ ʩʠʩʪʝʤ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ (3.129) ʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʨʝʚʳʰʝʥʠʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʝʣʠʯʠʥ ɛg, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʫʩʣʦʚʠ ̫ (3.129) ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ 

ʯʠʩʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ (ʨʠʩ. 3.11-c, d). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʝ 

(3.129) ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʘʣʠʜʠʨʦʚʘʥʦ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (3.156)  

ʯʠʩʣʝʥʥʦ ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ. 
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(a)                                                                          (b) 

 

  

(c)                                                                        (d) 

 

ʈʠʩ.3.11. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʯʠʩʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ:  

ʣʠʥʠʠ ï ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦʣʥʳʭ ʩʠʩʪʝʤ ((3.125), (3.6)),  

ʪʦʯʢʠ ï ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (3.156) ʜʣʷ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤ r((3.130), (3.131)) 

 

ʊʘʙʣʠʮʘ 3.3. 

ʈʠʩ. 
ɛg  

[1/ʩ2] 
K2/A2 

ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ [1/ʩ] 

ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʢʦʩʠʥʫʩʦʚ 

ʂʠʥʝʪʠʯʝʩʢʠʝ 

ʤʦʤʝʥʪʳ 

[ʢʛĀʤ2/ʩ] 

p0 q0 r0 ɔ1 ɔ2 ɔ3 K ȹ 

3.11-a, b 0.0046 0.04 0 0.254 0.149 0 0.954 0.3 4 0.155 

3.11-c, d 0.046 0.04 0 0.254 0.149 0 0.954 0.3 4 0.155 

 



94 

3.5. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ɺ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʱʠʝ ʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʪʨʝʭ ʢʣʘʩʩʦʚ ʜʚʠʞʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, ʚʢʣʶʯʘʷ ʢʣʘʩʩ ʜʚʠʞʝʥʠʡ 

ʕʡʣʝʨʘ ʧʨʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʷʭ ʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʳ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʥʘʯʘʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʚʝʢʪʦʨʘ ʚʥʝʰʥʝʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ [199], ʢʣʘʩʩ 

ʜʚʠʞʝʥʠʡ ʃʘʛʨʘʥʞʘ ʜʣʷ ʪʷʞʝʣʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ [26] ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ [198], ʘ ʪʘʢʞʝ ʢʣʘʩʩ ʜʚʠʞʝʥʠʡ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ 

ʧʨʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʷʭ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʚ ʨʝʞʠʤʝ ʢʦʥʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ 

[201], ʦʙʦʙʱʘʶʱʠʡ ʩʣʫʯʘʡ ɺ.ɸ. ʉʪʝʢʣʦʚʘ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʳ ʰʝʩʪʴ ʚʠʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʜʠʥʘʤʠʢʠ 

ʦʜʥʦʦʩʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ: 

1. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʦʜʥʦʦʩʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩ ʤʘʣʳʤ 

ʧʝʨʝʤʝʥʥʳʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ (ʚ ɤ-ʨʝʞʠʤʝ) ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʧʨʝʮʝʩʩʠʡ [199]; 

2. ɻʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʦʜʥʦʦʩʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩ 

ʤʘʣʳʤ ʧʝʨʝʤʝʥʥʳʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ (ʚ ɤ-ʨʝʞʠʤʝ) ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʝʮʝʩʩʠʡ [199]; 

3. ɻʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʪʠʧʘ çʜʝʡʩʪʚʠʝ-ʫʛʦʣè ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʳ ʫʛʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʦʜʥʦʦʩʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʤʘʣʳʤ ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ (ʚ ɤ-ʨʝʞʠʤʝ) ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʝʮʝʩʩʠʡ [196]; 

4. ʇʨʠʚʝʜʝʥʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʤʦʤʝʥʪʦʤ ʩʠʣ ʢ ʩʣʫʯʘʶ ʃʘʛʨʘʥʞʘ [26]; 

5. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʚ ʩʣʫʯʘʝ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʦʜʥʦʦʩʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ (ʚ ɤ-

ʨʝʞʠʤʝ) ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʝʛʦ ʚʝʣʠʯʠʥʫ [198]; 

6. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʦʥʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʩʣʘʙʦʤ 

ʮʝʥʪʨʘʣʴʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ [201]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʪ ʜʘʣʝʝ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʭʘʦʪʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʘ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʠ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ. 
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4. ɸʥʘʣʠʟ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ 

ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʠʟʫʯʘʶʪʩʷ ʭʘʦʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʜʠʥʘʤʠʢʝ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʥʦʡ 

ʧʨʠʨʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʘʥʘʣʠʟʫ ʭʘʦʪʠʟʘʮʠʠ ʠ ʫʩʪʨʘʥʝʥʠʶ ʭʘʦʩʘ, ʥʘʰʣʠ 

ʩʚʦʝ ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ʜʠʩʩʝʨʪʘʥʪʘ [192, 194, 195, 196, 197, 199, 200, 201, 202, 

216].  

ʉʪʦʠʪ ʢʨʘʪʢʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʨʦʜʘ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ 

ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʩʪʝʤʳ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʪʨʘʝʢʪʦʨʠʡ (ʩʝʧʘʨʘʪʨʠʩʩ), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʷ ʩʝʜʣʦʚʳʭ ʦʩʦʙʳʭ ʪʦʯʝʢ ʩ ʩʦʚʧʘʜʝʥʠʝʤ ʠʭ ʫʩʪʦʡʯʠʚʳʭ 

ʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʚʝʪʦʢ. ʅʘʣʠʯʠʝ ʩʝʜʣʦʚʳʭ ʪʦʯʝʢ ʩʘʤʦ ʧʦ ʩʝʙʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʠʭ ʦʢʨʝʩʪʥʦʩʪʷʭ. ʇʦʵʪʦʤʫ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʩʠʩʪʝʤʫ, ʥʘʧʨʠʤʝʨ, 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʬʘʟʦʚʘʷ ʪʦʯʢʘ, ʩʪʘʨʪʦʚʘʚʰʘʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 

ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʝʜʣʘ, ʙʫʜʝʪ ʩʧʦʩʦʙʥʘ ʦʢʘʟʳʚʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʟʦʥʘʭ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʭʦʜʥʦʡ 

ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʳ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʚʦʠʭ ʨʘʩʧʦʣʦʞʝʥʠʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡ (çʪʦ ʩʚʝʨʭʫ, ʪʦ ʩʥʠʟʫè ʩʝʧʘʨʘʪʨʠʩʳ), ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʯʝʨʝʜʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ ʜʠʥʘʤʠʢʠ ʨʘʟʥʳʭ ʢʘʯʝʩʪʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʥʳʤ ʟʦʥʘʤ 

ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʩʝʧʘʨʘʪʨʠʩʦʡ. ʕʪʦ ʥʝʫʩʪʦʡʯʠʚʦʝ ʯʝʨʝʜʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʚ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʢʘʢ ʨʘʟ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʝʥʦʤʝʥ ʭʘʦʩʘ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʢʘʨʪʠʥʘ ʧʦʚʝʜʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʦʟʤʫʱʝʥʥʳʭ ʩʝʧʘʨʘʪʨʠʩʩ 

ʦʢʘʟʳʚʘʝʪʩʷ ʝʱʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ. ʕʪʫ ʢʘʨʪʠʥʫ ʦʧʠʩʘʣ ɸ. ʇʫʘʥʢʘʨʝ [96, 302], ʛʦʚʦʨʷ ʦ ʪʦʤ, 

ʯʪʦ ʥʝʫʩʪʦʡʯʠʚʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʤʥʦʞʝʩʪʚʘ ʩʝʜʣʦʚʳʭ ʪʦʯʝʢ, ʩʣʠʚʰʠʝʩʷ ʚ ʝʜʠʥʫʶ 

ʩʝʧʘʨʘʪʨʠʩʫ, ʙʫʜʫʪ ʨʘʩʱʝʧʣʷʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʤʫʱʝʥʠʡ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʧʣʝʪʝʥʠʷ ʩ 

ʙʝʩʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʧʝʨʝʩʝʯʝʥʠʡ, ʪ.ʝ. ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʫʶ ʩʝʪʴ. ɼʚʠʞʝʥʠʝ 

ʬʘʟʦʚʦʡ ʪʦʯʢʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʜʦʙʥʦʡ ʩʝʪʠ, ʙʝʟʫʩʣʦʚʥʦ, ʦʢʘʞʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʤ, 

ʧʨʠʯʝʤ ʩ ʪʘʢʠʤ ʞʝ ʩʣʦʞʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚ ʬʘʟʦʚʳʭ ʟʦʥ, ʨʘʟʜʝʣʝʥʥʳʭ 

ʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʦʡ (ʢʦʪʦʨʘʷ ʪʝʧʝʨʴ ʩʘʤʘ ʷʚʣʷʝʪʩʷ ʮʝʣʦʡ ʛʝʨʝʦʢʣʠʥʠʯʝʩʢʦʡ 

ʩʝʪʴʶ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʘʢʪ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʩʝʪʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʬʘʢʪ 

ʥʘʣʠʯʠʷ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʩʱʝʧʣʝʥʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʩʝʧʘʨʘʪʨʠʩʳ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʘ ʄʝʣʴʥʠʢʦʚʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʠ 

ʦʙʦʙʱʝʥʠʡ ʉ. ɺʠʛʛʠʥʩʘ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʘʨʘʛʨʘʬʝ 1.5.  

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʘʩʱʝʧʣʝʥʠʡ 

ʥʝʟʘʚʠʩʠʤʳʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ ɸʨʥʦʣʴʜʘ ɺ.ʀ. [18], ʠ ʂʦʟʣʦʚʘ ɺ.ɺ. [63, 

64], ʛʜʝ ʛʣʘʚʥʳʤ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʨʝʟʫʣʴʪʘʪ ʵʪʠʭ ʨʘʩʱʝʧʣʝʥʠʡ, 

ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʥʝʠʥʪʝʛʨʠʨʫʝʤʦʩʪʠ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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4.1. ʍʘʦʩ ʧʨʠ ʤʘʣʳʭ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʷʭ   

 

ɺ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ɺ.ʂ. ʄʝʣʴʥʠʢʦʚʘ ʧʨʦʚʦʜʠʪʩʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʭʦʜʘ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʥʘ ʥʝʨʝʛʫʣʷʨʥʳʝ (ʭʘʦʪʠʯʝʩʢʠʝ) 

ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʣʳʭ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ MD ʚ ʢʦʥʪʫʨʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩʠʩʪʝʤʳ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʟʘʜʘʥʥʦʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ-ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ-ʥʦʩʠʪʝʣʷ, ʪ.ʝ. ʢʦʛʜʘ 

ʤʝʞʜʫ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ ʩʧʫʪʥʠʢʘ ʜʝʡʩʪʚʫʝʪ ʤʘʣʳʡ (ʧʦʨʷʜʢʘ Ů) ʤʦʤʝʥʪ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʠʜʘ.  

 

 
 

ʉʭʝʤʘ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ 

 

ʕʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʣʘʪʝʥʪʥʦʩʪʴʶ ʜʘʪʯʠʢʦʚ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ çʧʘʨʘʟʠʪʥʳʤʠè ʩʠʛʥʘʣʘʤʠ, 

ʢʦʪʦʨʳʝ ʨʘʟʣʦʞʠʤʳ ʚ ʨʷʜ ʌʫʨʴʝ (ʩ ʫʜʝʨʞʘʥʠʝʤ N ʯʣʝʥʦʚ ʨʘʟʣʦʞʝʥʠʷ). ʋʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʨʦʪʦʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

( )M polygarm teDD= = Ö      (4.1) 

ɹʫʜʝʤ ʧʨʠ ʵʪʦʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʬʘʢʪʦʨʳ ʘʩʠʤʤʝʪʨʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʉɻ ʦʪʩʫʪʩʪʚʫʶʪ. 

 

4.1.1. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠ ̫ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʠʤʝʶʪ ʚʠʜ: 

( ) ( )

( )

0; 0;

0; ,

b b

b

Ap C B qr q Bq A C pr p

C r B A pq MD

+ - + D= + - - D=

+D+ - = D=
  (4.2)  

ʇʫʩʪʴ ʜʣʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ .b b b r rA B C A C> > > > 

Mȹ 

  

, 
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 ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʧʝʨʝʤʝʥʥʳʝ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ, ʚ ʢʦʪʦʨʳʭ ʛʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

( )
22 2 2 2 2

2
0 1 0

sin cos 1
;

2 2 r b

LI L l l
T

A B C C
e

è ø-Dè ø- D
= + = = + + +é ùé ù

é ùê ú ê ú

 (4.3) 

ʛʜʝ T ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ, e ï ʤʘʣʳʡ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ, ʘ ʚʦʟʤʫʱʝʥʥʘʷ 

ʯʘʩʪʴ 1  ʦʧʨʝʜʝʣʠʪʩʷ ʚʚʝʜʝʥʠʝʤ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ɺ ʩʠʣʫ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (4.3) ʠʤʧʫʣʴʩʳ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʠʩʪʝʤʳ 2, ID  ʦʩʪʘʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ, ʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʚʦʜʠʪʩʷ ʢ ʩʠʩʪʝʤʝ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ 

{ },l L : 

( ) () ( ) (), ; , ;L L l lL f l L g t l f l L g te e= + = +      (4.4) 

( ) ( )

( )

2 20
2

2 2

0

1 1

, sin cos ;

1 sin cos
, ;

1 1
; ;

L

l

b b

L l

f l L I L l l
l

l l
f l L L

L C A B C

g g
l L B A

a

a

µ
=- = -
µ

è øµ D
= = - - -é ù
µ ê ú

µ µ
=- = = -
µ µ

 

 

ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʣʠʥʝʡʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ (4.1) ʧʦʣʫʯʘʝʤ ʨʝʰʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʧʦʩʪʦʷʥʥʦʡ ʧʦʨʦʞʜʘʶʱʝʡ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʚʝʣʠʯʠʥʝ D (ʧʨʠ 0MD= ) ʩ ʤʘʣʳʤʠ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʩʣʘʛʘʝʤʳʤʠ-ʧʦʧʨʘʚʢʘʤʠ: 

0

sin cos
N

n n

n

a nt b nte
=

è øD=D+ +ê úä     (4.5) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦʜʩʪʘʚʣʷʷ ʨʝʰʝʥʠʝ (4.5) ʚ ʫʨʘʚʥʝʥʠʷ (4.4), ʠ ʨʘʩʧʨʝʜʝʣʷʷ 

ʩʣʘʛʘʝʤʳʝ ʚ ʬʫʥʢʮʠʠ f ʠ g ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʧʠʰʝʤ ʚʦʟʤʫʱʝʥʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ: 

( ) () ( ) ()

( ) ( ) ( )

() ()

2 2
2 2

2

0

, ; , ;

1 sin cos
, sin cos ; , ;

1
0; sin cos

L L l l

L l

b b

N

L l n n

nb

L f l L g t l f l L g t

l l
f l L I L l l f l L L

C A B C

g t g t a nt b nt
C

e e

a

=

= + = +

è øD
= - = - - -é ù

ê ú

è ø= =- +ê úä

  (4.6) 

 

4.1.2. ʌʫʥʢʮʠ ̫ʄʝʣʴʥʠʢʦʚʘ ʠ ʘʥʘʣʠʟ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ 

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʚʦʟʤʫʱʝʥʥʦʡ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʩʠʩʪʝʤʳ (4.6) ʥʘ ʧʨʝʜʤʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʥʝʡ ʥʝʨʝʛʫʣʷʨʥʳʭ (ʭʘʦʪʠʯʝʩʢʠʭ) ʨʝʞʠʤʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ɺ.ʂ. ʄʝʣʴʥʠʢʦʚʘ [85]. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ () () (){ }, ,p t q t r t  ʜʣʷ ʩʝʧʘʨʘʪʨʠʩʥʳʭ ʦʨʙʠʪ ʚ ʬʘʟʦʚʦʤ 
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ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-ʥʦʩʠʪʝʣʷ ʉɻ (3.37) ʧʨʠ 0n m= =. 

ʌʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ ʜʣʷ ʚʦʟʤʫʱʝʥʥʦʡ ʩʠʩʪʝʤʳ (4.4) ʠʤʝʝʪ ʚʠʜ: 

() () ()( ) ( )0 0, ,L lM t f l t L t g t t dt

+¤

-¤

= +ñ     (4.7) 

ʛʜʝ ʯʝʨʪʘ ʩʚʝʨʭʫ ʧʦʢʘʟʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ. 

ʀʥʪʝʛʨʘʣ (4.7) ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥ ʢ ʚʠʜʫ: 

() ( ) ( )2 2

0 2 0sin cos lM t I L l l g t t dta
+¤

-¤

= - Ö + =ñ    (4.8) 

( ) ( )0 0

02

( ) ( ) sin cos
N

n n

n

Ap t Bq t a n t t b n t t dt
C

a
+¤

=-¤

è ø= + + + =ê úäñ

(){ } (){ }0 0 0 0

02

cos sin sin cos ,
N

n n

s n n c n n

n

J a nt b nt J a nt b nt
C

a

=

è ø= - + +
ê úä  

ʛʜʝ  

() () ( ) () () ( )sin ; cos ;
n n

s cJ g t nt dt J g t nt dt

+¤ +¤

-¤ -¤

= =ñ ñ    (4.9) 

()
( )

( )
()( ) ()

22 2( ) ( )
b bC B C

g t ABp t q t AB x t x t
A A B

V c b
-

= =° - +D
-

 

ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ ()g t  ʷʚʣʷʝʪʩʷ ʥʝʯʝʪʥʦʡ ʬʫʥʢʮʠʝʡ ʩ ʥʫʣʝʚʳʤ 

ʩʨʝʜʥʠʤ, ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʱʘʷ ʢ ʥʫʣʶ ʧʨʠ t­°¤. ɺ ʩʠʣʫ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ 

ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ, ʢʘʢ ʧʣʦʱʘʜʠ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʪʨʘʧʝʮʠʡ, ʩʭʦʜʷʪʩʷ ʢ 

ʧʦʩʪʦʷʥʥʳʤ ʚʝʣʠʯʠʥʘʤ, ʧʨʠʯʝʤ: 

() ()
0; const

n n

c s nJ J= =     (4.10) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ (4.10) ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ.  

ʉ ʫʯʝʪʦʤ (4.10) ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ (4.8) ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʚʠʜ: 

() (){ }0 0 0

0

cos sin
N

n

s n n

nb

M t J a nt b nt
C

a

=

= -ä    (4.11) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʩʪʦʛʦ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʠʜʘ (4.11) ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ 

ʄʝʣʴʥʠʢʦʚʘ ʙʫʜʝʪ ʠʤʝʪʴ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʳʭ ʢʦʨʥʝʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʜʦʢʘʟʳʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʣʦʢʘʣʴʥʳʭ (ʚʙʣʠʟʠ 

ʩʝʧʘʨʘʪʨʠʩʥʳʭ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʪʨʘʝʢʪʦʨʠʡ) ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʧʨʠ 

ʥʘʣʠʯʠʠ ʤʘʣʳʭ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ. 

ʇʨʠʚʝʜʝʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʘʥʘʣʠʟʘ ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʬʫʥʢʮʠʶ ʄʝʣʴʥʠʢʦʚʘ ʫʜʘʝʪʩʷ ʟʘʧʠʩʘʪʴ ʚ ʷʚʥʳʭ ʢʚʘʜʨʘʪʫʨʘʭ. ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʩʣʝʜʫʶʱʝʝ 

ʤʘʣʦʝ ( )1e<<  ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ (ɋ-ʥʝʢʘʷ ʙʘʟʦʚʘʷ ʯʘʩʪʦʪʘ):  

 
1 cosM b teD= W    (4.12) 

ʊʦʛʜʘ ʠʟ ʫʨʘʚʥʝʥʠʷ (4.1) ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʧʨʦʜʦʣʴʥʦʛʦ 

ʦʩʝʚʦʛʦ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ()( )0 0D =  ʩʣʝʜʫʝʪ: 
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 1( ) sin
b

t t
e

D = W
W

     (4.13) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʨʝʰʝʥʠʷ (4.13) ʛʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ, ʦʪʙʨʘʩʳʚʘʷ ʯʣʝʥʳ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ, ʟʘʧʠʰʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʛʣʘʚʥʦʡ ʠ ʚʦʟʤʫʱʝʥʥʦʡ ʯʘʩʪʝʡ: 

0 1

2 2 2 2 2

2
0 1

2

,

sin cos 1
, sin ,

2 2

I L l l L
L t

A B C

e= +

è ø-
= + + =- W Wé ù

ê ú

   (4.14) 

ʛʜʝ 1

2

2

b

C

e
e=

W
 - ʙʝʟʨʘʟʤʝʨʥʳʡ ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ. 

ʊʦʛʜʘ ʙʫʜʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʫʱʘʶʱʠʝ ʬʫʥʢʮʠʠ: 

() ()0; sinL lg t g t t= =-W W    (4.15). 

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (3.47), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʩʣʫʯʘʶ ( )0m nD= = =, ʪʦ ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ ʤʦʞʝʪ ʙʳʪʴ ʚʯrʠʩʣʝʥʘ 

ʚ ʷʚʥʳʭ ʢʚʘʜʨʘʪʫʨʘʭ: 

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

( )( ) [ ]

2 2

0 2 0 0

0 0 0 1 0 2 0 0

sin cos sin ( ) ( )sin

th
sin cos cos cos ,

ch

M t I L l l t t dt Ap t Bq t t t dt

t
p AB t t dt p AB J t J t R t

t

e a e a

l
ear ar

l

+¤ +¤

-¤ -¤

+¤

-¤

= W - W + = W W + =

= W Ö W + = W + W = W

ñ ñ

ñ

 

ʛʜʝ 

( ) ( )1 2 0

th th
sin const , cos 0, .

ch ch

t t
J t dt J J t dt R p ABJ

t t

l l
ear

l l

+¤ +¤

-¤ -¤

= Ö W = = = Ö W = = Wñ ñ  

ʀʥʪʝʛʨʘʣ  J1  ʚʳʯʠʩʣʷʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ: 

 ( ) ( )2

th sh
sin sin

ch ch

t t
J t dt t dt

t t

l l

l l

+¤ +¤

-¤ -¤

= Ö W = Ö Wñ ñ      (4.16) 

ʀʥʪʝʛʨʠʨʫʷ çʧʦ ʯʘʩʪʷʤè, ʧʦʣʫʯʠʤ [228]:  

( ) ( )
2

cos sin
sech .

ch ch 2

t t
J dt

t t

p p

l l l l l l

+¤+¤

-¤ -¤

W WW W W
= - =ñ    (4.17) 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ ʧʨʠʤʝʪ ʚʠʜ: 

() ( ) 2

0 0 02

1
cos ; sech const

2
M t R t R p AB

p
e ar p

l l

W
= W = W =    (4.18) 

ɺ ʩʠʣʫ ʯʠʩʪʦʛʦ ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʚʠʜʘ (4.18) ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ, ʠʤʝʶʱʝʡ 

ʙʝʩʯʠʩʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʳʭ ʥʫʣʝʡ, ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʙʝʩʯʠʩʣʝʥʥʦʝ ʯʠʩʣʦ  

ʥʝʫʩʪʨʘʥʠʤʳʭ ʧʝʨʝʩʝʯʝʥʠʡ ʨʘʩʱʝʧʣʝʥʥʳʭ ʤʥʦʞʝʩʪʚ ʩʝʧʘʨʘʪʨʠʩʩ. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʙʫʜʝʪ 

ʠʤʝʪʴ ʥʝʫʩʪʨʘʥʠʤʳʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʩʧʣʝʪʝʥʠʷ ʠ ʭʘʦʩ, ʯʪʦ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ 

ʥʘ ʩʝʯʝʥʠʷʭ ʇʫʘʥʢʘʨʝ (ʨʠʩ. 4.1-4.2), ʚʳʧʦʣʥʷʝʤʳʭ ʧʦ ʫʩʣʦʚʠʶ ( )mod 2 0t pW =  ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ { }2, /l L I .  
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ʈʠʩ.4.1. ʉʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʠʩʪʝʤʳ:  

2 2 2 1 1

2

15, 8, 6, 5, 4,

10, 0.0, 1

A B C A C

G I e

= = = = =

= = = W=
 

 

 

ʈʠʩ.4.2. ʉʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ ʚʦʟʤʫʱʝʥʥʦʡ ʩʠʩʪʝʤʳ: 

2 2 2 1 1

2

15, 8, 6, 5, 4,

10, 0.1, 1

A B C A C

G I e

= = = = =

= = = W=
 

 ʊʘʢʞʝ ʭʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʭʘʦʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʢʘ ʦʪʜʝʣʴʥʦʡ 

ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʩʪʘʨʪʫʶʱʝʡ ʙʣʠʟʢʦ ʢ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʝ. ʅʘ ʨʠʩ. 4.3. 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ { }2, /l L I  ʜʣʷ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʩʣʫʯʘʷ, ʘ 

ʥʘ ʨʠʩ.4.4. ï ʪʨʘʝʢʪʦʨʠʷ ʩ ʪʦʡ ʞʝ ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʦʡ, ʥʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʦʟʤʫʱʝʥʠʡ. ʀʟ 
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ʨʠʩ. 4.4 ʥʘʛʣʷʜʥʦ ʚʠʜʝʥ ʥʝʨʝʛʫʣʷʨʥʳʡ ʧʨʦʮʝʩʩ ʚ ʜʠʥʘʤʠʢʝ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ, 

ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʭʘʦʪʠʯʝʩʢʦʡ ʩʤʝʥʝ ʬʘʟʦʚʳʭ ʟʦʥ (ʚʨʘʱʝʥʠʝ/ʢʦʣʝʙʘʥʠʷ). 

 

 

ʈʠʩ.4.3. ʈʝʛʫʣʷʨʥʘʷ ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ: 

2 2 2 1 1

2

15, 8, 6, 5, 4,

10, 0.

A B C A C

G I e

= = = = =

= = =
 

 

 

ʈʠʩ.4.4. ʍʘʦʪʠʯʝʩʢʘʷ ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ: 

2 2 2 1 1

2

15, 8, 6, 5, 4,

10, 0.1, 1

A B C A C

G I e

= = = = =

= = = W=
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʭʘʦʪʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʦʜʥʦʦʩʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ 

ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʷʭ ʜʦʢʘʟʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʯʠʩʣʝʥʥʳʤʠ ʨʘʩʯʝʪʘʤʠ. ɿʜʝʩʴ ʪʘʢʞʝ ʩʪʦʠʪ ʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʭʘʦʩ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦ ʦʧʘʩʝʥ 

ʜʣʷ ʨʝʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ çʪʦʣʱʠʥʳè ʭʘʦʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʪ.ʢ. 

ʭʘʦʩ çʟʘʩʪʘʚʣʷʝʪè ʯʝʨʝʜʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʦʥʳ ʜʠʥʘʤʠʢʠ ʜʘʞʝ ʧʨʠ ʩʘʤʳʭ ʤʘʣʳʭ 

ʚʦʟʤʫʱʝʥʠʷʭ ï ʜʣʷ ʧʨʘʢʪʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ ʧʦʜʦʙʥʘʷ ʜʠʥʘʤʠʢʘ ʥʝʜʦʧʫʩʪʠʤʘ. 
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4.2.  ʍʘʦʩ ʧʨʠ ʤʘʣʳʭ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʷʭ 

4.2.1. ʍʘʦʩ ʧʨʠ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʷʭ ʚ ʜʠʧʦʣʴʥʦʤ ʤʦʤʝʥʪʝ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʚʦʟʤʫʱʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩ ʪʨʝʭʦʩʥʳʤ 

ʪʝʥʟʦʨʦʤ ʠʥʝʨʮʠʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʦʧʦʨʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʨʝʞʠʤʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ. ɺ ʫʢʘʟʘʥʥʦʤ ʩʣʫʯʘʝ ʦʧʦʨʥʘʷ (ʥʝʚʦʟʤʫʱʝʥʥʘʷ) ʜʠʥʘʤʠʢʘ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʧʘʨʘʛʨʘʬʝ 3.1.  

 

 

ʉʭʝʤʘ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʨʝʞʠʤʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʧʨʠ ʚʦʟʤʫʱʝʥʠʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ m 

 

ʇʫʩʪʴ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ ʤʘʣʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʜʠʧʦʣʴʥʦʤ ʤʦʤʝʥʪʝ 

ʩʧʫʪʥʠʢʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ ʤʘʣʳʤʠ ʦʩʮʠʣʣʷʮʠʷʤʠ ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʦʤʝʛʘ-ʤʘʥʝʚʨʦʚ, ʪ.ʝ. 

ʧʨʝʜʧʦʣʦʞʠʤ ʥʘʣʠʯʠʝ ʤʘʣʳʭ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʦʙʦʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʘʭ, ʦʧʠʩʳʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʘʤʠ ɛ (ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʧʨʦʜʦʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ) ʠ ɜ (ʨʝʘʣʠʟʘʮʠʷ ʦʤʝʛʘ-ʨʝʞʠʤʘ).  

ɼʣʷ ʘʥʘʣʠʟʘ ʭʘʦʪʠʟʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʡʪʠ ʢ ʢʘʥʦʥʠʯʝʩʢʠʤ ʧʝʨʝʤʝʥʥʳʤ 

ɸʥʜʫʘʡʝ-ɼʝʧʨʠ ʠ ʟʘʧʠʩʘʪʴ ʚʦʟʤʫʱʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ 

ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ (2.60) ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʧʫʪʥʠʢʘ ʦʪ ʚʨʝʤʝʥʠ (ʯʝʨʝʟ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʨʦʜʦʣʴʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʝʥʠʷ ʦʤʝʛʘ-ʤʘʥʝʚʨʦʚ) ʟʘʧʠʰʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 

m 

B orb 

  

  

  

Z 

K  
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( ) ( )( ) ( )
2 2

2

2 2

, sin , cos , ,orb x y z

I L L
P B m t l m t l m t

I I
n n n m

è ø-
é ù=- + +
é ùê ú

  (4.19) 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʧʨʝʜʧʦʣʦʞʠʤ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʠʩʪʝʤʝ ʤʘʣʳʭ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʦʙʦʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʘʭ (ʦʧʠʩʳʚʘʝʤʳʭ 

ʧʘʨʘʤʝʪʨʘʤʠ ɜ ʠ ɛ), ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʠ 

ʧʨʠʦʙʨʝʪʘʶʱʠʭ ʧʝʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚʦ ʚʨʝʤʝʥʠ 

() ()( ) () ()( )1 ; 1t e g t t e g tn mn n m m= + = +      (4.20) 

ʛʜʝ ʤʥʦʞʠʪʝʣʠ , 1e en m<<, ʘ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ ʠʤʝʝʪ ʙʘʟʦʚʫʶ ʯʘʩʪʦʪʫ ɤp ʠ 

ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫ 

() ( ) ( )
1

cos sin
N

n p n p

n

g t c n t s n tw w
=

è ø= +
ê úä      (4.21) 

ʊʦʛʜʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʛʘʤʠʣʴʪʦʥʠʘʥ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʫʶ ʚʦʟʤʫʱʝʥʥʫʶ 

ʯʘʩʪʴ: 

( ) ( )( ) ( ) ()

{ }

2 2

2

1 1

2 2

, sin , cos , , ;

sup , ; ;

x y z orb

I L L
P m e t l m e t l m e e t B g t

I I

e e e e e e

n n n m

n m n n m m

e e e

e n m n e m e

è ø-
é ù= =- + +
é ùê ú

= = =

 (4.22) 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʛʘʤʠʣʴʪʦʥʠʘʥʘ, ʪʦʣʴʢʦ ʢʘʥʦʥʠʯʝʩʢʘʷ ʧʘʨʘ 

{ l, L} ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʟʠʮʠʦʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʠ ʠʤʧʫʣʴʩʫ, ʘ ʦʩʪʘʣʴʥʳʝ 

ʢʘʥʦʥʠʯʝʩʢʠʝ ʧʘʨʳ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʮʠʢʣʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ. ʇʦʵʪʦʤʫ ʚ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʪʘʚʠʪʴ ʪʦʣʴʢʦ ʧʦʟʠʮʠʦʥʥʫʶ ʢʦʦʨʜʠʥʘʪʫ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʤʧʫʣʴʩ { l, L} , ʜʣʷ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʬʦʨʤʘʣʴʥʦ ʚʳʧʦʣʥʷʷ ʯʘʩʪʥʦʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʠ ʧʦʜʩʪʘʚʣʷʷ 

ʧʦʩʣʝ ʵʪʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʝ ʷʚʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, 

ʚʳʨʘʞʝʥʥʳʝ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʨʝʟ ʧʝʨʝʤʝʥʥʳʝ 

ɸʥʜʫʘʡʝ-ɼʝʧʨʠ: 

( ) ()

( ) ()

( ) () ( )

2 2

2

2 2

2

, sin ;

, cos ;

, , ,

x

y

z z b z

m e t kp t k I L l A

m e t kq t k I L l B

m e e t kr t m k L C m

n

n

n m

ë = = -
î
î

= = -ì
î

= + = -D +î
í

   (4.23) 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʦʟʠʮʠʦʥʥʦʡ ʧʘʨʳ ʢʦʦʨʜʠʥʘʪʘ-ʠʤʧʫʣʴʩ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 

( ) ( ) ( ) ( ), , , ; , , ,L L l lL f l L g l L t l f l L g l L te e= + = +    (4.24) 

ɻʜʝ, ʩ ʫʯʝʪʦʤ (4.23), ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ ʧʨʘʚʳʭ ʯʘʩʪʝʡ: 
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( ) ( )
( )

( ) ( ) ( )

( )
( )

()

( ) ()

2 2

2

2 2

2 2

2

2 2

sin 21 1
, 1 ;

2

1 sin cos
, 1 1 ;

sin 21 1
, , ;

2

1 sin cos
, ,

L

l

b b

L

l

b b

l
f l L I L

A B

l l
f l L L

C A B C

l
g l L t e I L g t

A B

e l l
g l L t e L e g t

C C A B

n

n
n m

n

n n m

ë å õ
è ø=- - - -î æ öê ú

ç ÷î
î è ø D

= - - - - - -î é ù
î ê ú
ì

å õî è ø= - -æ öê úî ç ÷
î

è øè øî D
= - - - -é ùé ùî

ê úê úí

   (4.25) 

ʋʨʘʚʥʝʥʠʷ (4.24) ʦʧʠʩʳʚʘʶʪ ʜʠʥʘʤʠʢʫ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʝʝ ʛʣʘʚʥʳʭ ʘʩʧʝʢʪʘʭ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʫʱʝʥʥʳʭ ʦʤʝʛʘ-ʤʘʥʝʚʨʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʝʞʠʤʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʨʝʮʝʩʩʠʠ.  

ɺʦʟʥʠʢʘʶʱʘʷ ʭʘʦʪʠʟʘʮʠʷ ʚ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥʘ ʯʠʩʣʝʥʥʳʤʠ 

ʧʦʩʪʨʦʝʥʠʷʤʠ ʩʝʯʝʥʠʡ ʇʫʘʥʢʘʨʝ (ʨʠʩ.4.5), ʘ ʪʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ 

ʄʝʣʴʥʠʢʦʚʘ ʩ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʣʠʯʠʷ ʫ ʥʝʝ ʧʨʦʩʪʳʭ ʢʦʨʥʝʡ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʩʣʫʯʘʷ ʚʧʦʣʥʝ ʧʨʠʤʝʥʠʤʘ ʢʣʘʩʩʠʯʝʩʢʘʷ ʬʦʨʤʘ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ: 

() () ()( ) ( ) () ()( ) ( )0 0 0, , ,L l l LM t f l t L t g t t f l t L t g t t dt

+¤

-¤

è ø= + + +
ê úñ  (4.26) 

ʢʦʪʦʨʘʷ ʩ ʫʯʝʪʦʤ (4.25) ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

() { }

( ) ( ) ( )

2 2

0 2

2 2

0

1 1
sin cos

1 sin cos
2 1 1

b b

M t I L l l
A B

l l
e L e e g t t dt

C A B C
n n mn m n

+¤

-¤

å õ
è ø= - - ³æ öê ú

ç ÷

è øå õè øD
³ - - - - - + - +é ùæ öé ùæ ö
é ùê úç ÷ê ú

ñ
  (4.27) 

ɺʳʨʘʞʝʥʠʷ ʚ ʬʠʛʫʨʥʳʭ ʠ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʧʦʜ ʠʥʪʝʛʨʘʣʦʤ ʚ (4.27) ʩ ʧʦʤʦʱʴʶ 

ʩʦʶʟʥʳʭ ʚʳʨʘʞʝʥʠʡ (2.37) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

(){ } ()()

() ( ) ( )

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

() ()
( )

2 2

2

2 2

2 2

2 2 2 2

sin cos ;

1 sin cos
2 1 1

2 1 1 ,

odd

even

b b

b

W t I L l l ABp t q t

l l
W t e L e e

C A B C

Ap t Bq t
e r t C r t e e

A p t B q t

n n m

n n m

n m n

n m n

è ø= - =ê ú

è øå õè øD
= - - - - - + - =é ùæ öé ùæ ö
é ùê úç ÷ê ú

å õ+
= - - +D - + -æ öæ ö+ç ÷

 (4.28) 

ʛʜʝ () () (){ }, ,p t q t r t  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ (3.37). ʊʘʢ ʢʘʢ 

ʨʝʰʝʥʠʷ () (),p t r t  ʷʚʣʷʶʪʩʷ ʯʝʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.4, 

ʘ ʨʝʰʝʥʠʝ ()q t -ʥʝʯʝʪʥʦʡ, ʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʫʥʢʮʠʷ ()oddW t  ʙʫʜʝʪ ʥʝʯʝʪʥʦʡ 

ʟʘʪʫʭʘʶʱʝʡ ʢ ʥʫʣʶ ʧʨʠ t­°¤, ʘ ʬʫʥʢʮʠʷ ()evenW t -ʯʝʪʥʦʡ. ʊʦʛʜʘ ʧʨʦʠʟʚʝʜʝʥʠʝ 

() ()odd evenW t W tÖ  ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʝʯʝʪʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, ʟʘʪʫʭʘʶʱʝʡ ʢ ʥʫʣʶ ʧʨʠ 

t­°¤. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʡ ʛʘʨʘʥʪʠʨʫʝʪ ʩʭʦʜʠʤʦʩʪʴ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚ 
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(4.27). ɽʩʣʠ ʪʝʧʝʨʴ ʧʫʪʝʤ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʣʦʞʠʪʴ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ g(t+t0) ʚ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

( ) () ( ) () ( )

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

0 0 0

1

0 0 0 0 0 0

cos sin ,

cos sin , cos sin ,

N

n p n p

n

n n p n p n n p n p

g t t C t n t S t n t

C t c n t s n t S t s n t c n t

w w

w w w w

=

è ø+ = +
ê ú

è ø è ø= + = -
ê ú ê ú

ä
 

ʪʦ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʯʝʪʥʦʩʪʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ ʦʪ 

çʟʘʪʫʭʘʶʱʠʭè ʙʣʦʢʦʚ () () ( )cosodd even pW t W t n tw  ʧʨʠʤʫʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ, ʥʝʩʦʙʩʪʚʝʥʥʳʝ 

ʠʥʪʝʛʨʘʣʳ ʦʪ çʟʘʪʫʭʘʶʱʠʭè ʙʣʦʢʦʚ () () ( )sinodd even pW t W t n tw  ʜʘʜʫʪ ʥʝʥʫʣʝʚʳʝ ʢʦʥʩʪʘʥʪʳ 

()n
sJ . ɺ ʠʪʦʛʝ ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ ʧʨʠʤʝʪ ʷʚʥʳʡ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʚʠʜ: 

() () ( ) ( )0 0 0

1

1 1
cos sin

N
n

s n p n p

n

M t J s n t c n t
A B

w w
=

å õ è ø= - -æ ö ê úç ÷
ä    (4.29) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ (4.29) ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʧʨʦʩʪʳʭ ʢʦʨʥʝʡ, ʯʪʦ 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʙʥʘʨʫʞʠʚʘʝʪ/ʜʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ 

ʩʠʩʪʝʤʝ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʩʣʫʯʘʝ. 

ʍʦʨʦʰʫʶ ʠʣʣʶʩʪʨʘʮʠʶ ʧʨʠʩʫʪʩʪʚʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʜʘʶʪ ʩʝʯʝʥʠʷ 

ʇʫʘʥʢʘʨʝ (ʨʠʩ.4.5), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʳʝ ʭʘʦʪʠʯʝʩʢʠʝ ʩʣʦʠ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʩʚʦʠ 

çʦʙʲʝʤʳè ʩ ʨʦʩʪʦʤ ʚʝʣʠʯʠʥʳ ʚʦʟʤʫʱʝʥʠʷ. ɼʣʷ ʨʘʩʯʝʪʦʚ (ʨʠʩ. 4.5) ʧʨʠʥʷʪʳ ʦʙʱʠʝ 

ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ( )15; 10; 6A B C= = = ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʨʦʪʦʨʘ 

( )3D= , ʧʨʠʯʝʤ ʚʩʝ ʨʘʟʤʝʨʥʦʩʪʠ ʚʝʣʠʯʠʥ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʚʦʠʤ ʩʪʘʥʜʘʨʪʥʳʤ 

ʨʘʟʤʝʨʥʦʩʪʷʤ ʚ ʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (ʠ ʧʦʵʪʦʤʫ ʥʝ ʫʢʘʟʳʚʘʶʪʩʷ). 

 

 

2(a) : 78; 0.3; 0.3;

0.13; 0.13; 4p

I

e em n

n m

w

= =- =

= = =
 

 

2(b) : 78; 0.2; 0.3;

0.05; 0.05; 5p

I

e em n

n m

w

= = =

= = =
 

ʈʠʩ.4.5. ʉʝʯʝʥʠʷ ʇʫʘʥʢʘʨʝ ʚʦʟʤʫʱʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ { l, L/I2}  
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4.2.2. ʍʘʦʩ ʚ ʨʝʞʠʤʝ ʢʦʥʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʚ ʩʣʘʙʦʤ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʩʠʣ 

ʪʷʞʝʩʪʠ 

ʈʘʩʩʤʦʪʨʠʤ ʬʝʥʦʤʝʥ ʭʘʦʪʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʩʣʘʙʦʤ 

ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʩʠʣ ʪʷʛʦʪʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʘʨʘʛʨʘʬʝ 3.4. ʇʝʨʝʤʝʥʥʳʝ 

ɸʥʜʫʘʡʝ-ɼʝʧʨʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪ ʪʠʧʦʚʦʡ ʚʠʜ: 

2 2 2 2

2 2 2sin ; cos ; ;x y z bK Ap I L l K Bq I L l K C r L K I= = - = = - = +D= = (4.30) 

ʧʨʠ ʵʪʦʤ ʩ ʫʯʝʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ (3.130) ʙʫʜʫ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ: 

2 2 2 2

2 2

1 2 3

2 2 2

sin ; cos ;
I L I L L

l l
I I I

g g g
- -

= = =   (4.31) 

ɻʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ ʠʟ ʦʙʱʝʡ ʬʦʨʤʳ (3.138) ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ: 

( )

( ){ }

22 2 2 2 2

2

2 2 2 2 2

22

2

sin cos 1
;

2 2

sin co
2

;

s

r b

g

LI L l l
T

A B C C

P I L A l

T

B l CL

P

I

m

è ø-Dè ø- D
= + + +é ùé ù

é ùê ú ê ú

è ø= - ê

+

+ +ú

=

   (4.32) 

ʂʘʢ ʵʪʦ ʚʠʜʥʦ ʠʟ ʛʘʤʠʣʴʪʦʥʠʘʥʘ, ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʦʜʥʫ ʧʦʟʠʮʠʦʥʥʫʶ ʢʦʦʨʜʠʥʘʪʫ 

(ʦʩʪʘʣʴʥʳʝ ʷʚʣʷʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʤʠ): 

( )( )2 2

22

2

2 2

2 2 2

2 2 2

1
1 sin 2

2

1 1 1
sin cos

g

g g g

b b

AB
L I L A B l

AB I

C A B
l L l l

C I A I B I C

m

m m m

ë å õ
= - - -î æ ö

ç ÷î
ì

è øå õ å õ Dî
= + - + - + -é ùæ ö æ öî

ç ÷ ç ÷ê úí

  (4.33) 

ʉʠʩʪʝʤʘ (4.33) ʷʚʣʷʝʪʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ 

ʢʦʨʨʝʢʪʥʦ ʠ ʜʦʚʦʣʴʥʦ ʥʘʛʣʷʜʥʦ (ʨʠʩ. 4.6) ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʚ ʩʣʘʙʦʤ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚ ʨʝʞʠʤʘʭ ʢʦʥʠʯʝʩʢʠʭ ʧʨʝʮʝʩʩʠʡ 

(ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʧʘʨʘʛʨʘʬʝ 3.4). ʉ ʫʯʝʪʦʤ ʨʝʘʣʠʩʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʨʝʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʜʚʠʞʝʥʠʷ ʙʫʜʝʪ 

ʦʧʠʩʳʚʘʪʴʩʷ ʙʘʟʦʚʦʡ ʬʦʨʤʦʡ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ (ʨʠʩ. 4.6-a), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʟʷʪʦ ʟʘ 

ʥʝʚʦʟʤʫʱʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʥʝʪ ʧʨʠʯʠʥ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʭʘʦʩʘ. ʉ ʨʦʩʪʦʤ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʙʣʠʞʝʥʠʡ (ʫʩʣʦʚʠʷ (3.130) ʠ ʥʘʯʘʣʴʥʘʷ 

ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʤʝʩʪʥʦʡ ʚʝʨʪʠʢʘʣʠ) ʥʝʦʙʭʦʜʠʤʦ 

ʙʫʜʝʪ ʚʝʨʥʫʪʴʩʷ ʢ ʧʦʣʥʳʤ ʫʨʘʚʥʝʥʠʷʤ (3.125) ʠ (3.6) ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʦʡ ʜʠʥʘʤʠʢʠ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʢʨʳʪʳʝ ʥʝʣʠʥʝʡʥʳʝ ʘʩʧʝʢʪʳ, ʚʢʣʶʯʘʷ 

ʚʦʟʤʦʞʥʫʶ ʭʘʦʪʠʟʘʮʠʶ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

(ʨʠʩ. 4.7). ʊʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʨʠʩ. 4.7-a, b), ʤʘʣʦʝ (ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ 5õ10%) ʭʘʦʪʠʯʝʩʢʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (ʨʠʩ. 4.7-c), ʘ ʪʘʢʞʝ ʭʘʦʪʠʯʝʩʢʫʶ ʬʘʟʦʚʦʶ 

ʪʨʘʝʢʪʦʨʠʶ (ʧʦʣʦʜʠʶ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʨʠʩ. 4.7-d). 
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(a): ( ))2

20 0,g I ABm è= Íê                                      (b): ( )2

2g I ABm=  

        

(c): ɛ=0.075                                                    (d): ɛ=0.150 

       

(e): ɛ=0.210                                                    (f): ɛ=0.500 

 

ʈʠʩ. 4.6. ʀʟʤʝʥʝʥʠʝ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ ʚ ʧʝʨʝʤʝʥʥʳʭ { l, L}  

ʧʨʠ ʛʠʧʦʪʝʪʠʯʝʩʢʦʤ ʨʦʩʪʝ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ ɛ [1/s2] 
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(a)                                                                                                       (b) 

                     
(c)                                                                                                       (d) 

ʈʠʩ. 4.7. ʍʘʦʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʜʠʥʘʤʠʢʠ  

 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʯʠʥ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦʡ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ 

(ʨʠʩ. 4.7) ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʧʦʣʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-

ɼʝʧʨʠ ʙʝʟ ʫʧʨʦʱʘʶʱʝʛʦ ʫʩʣʦʚʠʷ (3.130), ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʬʘʢʪʦʨʳ ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ 

ʚʦʟʤʫʱʝʥʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʩʠʩʪʝʤʳ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʛʘʤʠʣʴʪʦʥʠʘʥ (3.138) ʚ 

ʢʦʪʦʨʦʤ ʩ ʧʦʤʦʱʴʶ ʩʦʶʟʥʳʭ ʚʳʨʘʞʝʥʠʡ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ. ʆʜʥʘʢʦ, ʦʪʢʣʦʥʠʤʩʷ ʦʪ ʧʦʜʦʙʥʦʛʦ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʟʘʧʠʰʝʤ ʩʤʝʰʘʥʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ ʯʘʩʪʴ 

ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ ʠ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ. ɼʣʷ ʵʪʦ ʦʩʫʱʝʩʪʚʠʤ ʧʨʷʤʦʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʚʳʨʘʞʝʥʠʡ (4.30), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ: 

( ){ }

2 2

2 2 2 2

2 2

2

2

1
;

;

1

b

b b

Ap
l Ap A pp B qq

Bq A p B q

L C r

I A pp B qq C r C r
I

ë ë û
è ø= - +ì üî ê ú+í ýî

î
=ì

î
î è ø= + + +Dê ú
î
í

   (4.34) 
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ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠʟ ʛʣʘʚʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ (3.125) ʚ (4.34), ʠ ʩʥʦʚʘ ʠʩʧʦʣʴʟʫʷ (4.30), ʟʘʧʠʰʝʤ: 

 

( ) ( )

( ) ( )

( ) ( ) ( ){ }

2 2

3
2 1

2 2

2

2 2

2 1 2

2 2

2 2 2 1 3 1 2

2

1 sin cos
cos sin ;

sin 2 ;
2

sin cos ;

g

b b

g

g

l l
l L C B l A C l

C A B C I L

A B
L I L l B A

AB

I I L C B l A C l L B A
I

g
m g g

m g g

m
g g g g g

ë è øD
= - - - + - - -è øî é ù ê ú

-ê úî
î

-î
= - + -ì

î
î
= - - + - + -è øî ê ú

îí

 (4.35) 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʧʝʨʝʭʦʜʷ ʦʪ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢ ʧʝʨʝʤʝʥʥʳʤ ɸʥʜʫʘʡʝ-

ɼʝʧʨʠ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ (3.6) ʚ ʚʠʜʝ: 

 

2 2

2

1 2 3

2 2

2

2 3 1

2 2

3 2 1 2

cos
;

sin
;

cos sin

b

b

I L lL

C B

I L l L

A C

l l
I L

B A

g g g

g g g

g g g

ë --D
î = -
î
î

- -Dî
= -ì

î
î è ø
= - -î é ù

ê úî
í

    (4.36) 

 

ʋʨʘʚʥʝʥʠʷ (4.35) ʠ (4.36) ʩʦʚʤʝʩʪʥʦ ʬʦʨʤʠʨʫʶʪ ʟʘʤʢʥʫʪʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʱʫʶ ʜʠʥʘʤʠʢʫ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʤʝʰʘʥʥʦʛʦ ʥʘʙʦʨʘ 

ʧʘʨʘʤʝʪʨʦʚ { } 6

2 1 2 3, , , , ,l L I g g gÍ . ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʜʦʧʫʱʝʥʠʡ 

(3.130) ʚ (4.35) ʧʦʩʣʝʜʫʶʪ ʫʨʘʚʥʝʥʠʷ (4.33), ʘ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ (4.35) ʩʚʦʜʠʪʩʷ ʢ 
2 0I ¹ . 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʩʪʨʫʢʪʫʨʳ ʫʨʘʚʥʝʥʠʡ (4.35), ʜʝʡʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʦʤʝʥʪʦʚ 

ʩʠʣ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ɛg, ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʦ ʢʘʢ 

ʚʦʟʤʫʱʝʥʠʝ ʜʣʷ ʩʚʦʙʦʜʥʦʡ ʜʠʥʘʤʠʢʠ (ʧʨʠ ɛg=0) ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ. ʅʝʚʦʟʤʫʱʝʥʥʘʷ 

ʜʠʥʘʤʢʘ ʩʚʦʙʦʜʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʥʦʥʠʯʝʩʢʦʡ ʧʘʨʦʡ { },l L  ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ 2I K= , ʧʨʠ ʵʪʦʤ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʦʩʪʴ { }20 2 , 1 1l L Ip¢ ¢ - ¢ ¢ (ʨʠʩ. 4.8-a), ʛʜʝ ʮʚʝʪʘ ʪʨʘʝʢʪʦʨʠʡ 

ʩʠʤʚʦʣʠʟʠʨʫʶʪ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ (ʯʝʨʥʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʤ 

ʩʝʧʘʨʘʪʨʠʩʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ). ɼʚʠʞʝʥʠʝ ʧʦ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚ 

ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʩʣʫʯʘʝ (ɛ=0) ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʠʟʦʙʨʘʞʘʶʱʫʶ ʬʘʟʦʚʫʶ ʪʦʯʢʫ ʚ 

ʢʦʥʝʯʥʫʶ ʩʝʜʣʦʚʫʶ ʩʪʘʮʠʦʥʘʨʥʫʶ ʪʦʯʢʫ (ʦʜʥʦ ʠʟ ʩʝʜʝʣ) ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ [l={0, ,́ 2́ }; 

L=Ls] ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ ʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ [p=0; q=qs, r=rs] ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʵʪʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʜʣʦʚʦʡ ʪʦʯʢʝ, ʚ ʩʠʩʪʝʤʫ (3.6) 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 
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(a): ɛ=0                                                                   (b): ɛ=0.046 

ʈʠʩ. 4.8. ʀʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʤʝʥʪʦʚ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ 
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=í

      (4.37) 

 

ʀʟ ʩʠʩʪʝʤʳ (4.37) ʩʣʝʜʫʝʪ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

 

( )2 2

1 1s sr qg g=- +       (4.38) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4.38) ʠʤʝʝʪ ʧʨʦʩʪʝʡʰʫʶ ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ: 

() 2 2

1 1 2sin cos ; s st D t D t r qg = W + W W= +    (4.39) 

ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʷ (4.37) ʥʝʪʨʫʜʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʩʝ ʯʘʩʪʥʳʝ 

ʨʝʰʝʥʠʷ () () (){ }1 2 3, , ,t t tg g g  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʩʝʤ ʩʝʜʣʦʚʳʤ ʪʦʯʢʘʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ 

ʩʝʧʘʨʘʪʨʠʩʥʳʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʪʨʘʝʢʪʦʨʠʠ, ʠʤʝʶʪ ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘ ʢʦʥʝʯʥʳʭ ʩʝʜʣʦʚʳʭ ʪʦʯʢʘʭ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʩʝʧʘʨʘʪʨʠʩʩ (ʠ ʚ ʠʭ 

ʦʢʨʝʩʪʥʦʩʪʷʭ) ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʠʤʝʶʪ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ, ʧʨʠ ʵʪʦʤ ʩʘʤʘ ʠʟʦʙʨʘʞʘʶʱʘʷ ʬʘʟʦʚʘʷ ʪʦʯʢʘ, ʜʚʠʞʫʱʘʷʩʷ ʚʜʦʣʴ ʩʝʧʘʨʘʪʨʠʩʳ, 

ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʚʭʦʜʠʪ ʚ ʦʢʨʝʩʪʥʦʩʪʴ ʩʝʜʣʦʚʳʭ ʪʦʯʝʢ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ ʚʜʦʣʴ ʮʝʣʴʥʳʭ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ 

ʪʨʘʝʢʪʦʨʠʡ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʨʘʟʣʦʞʠʤʳ ʠ ʧʨʝʜʩʪʘʚʠʤʳ ʚ ʬʦʨʤʘʭ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ: 

() ()t t=ɔ ɖ       (4.40) 

ʛʜʝ () () () ()1 2 3, ,
T

t t t th h h= -è øê úɖ  ʝʩʪʴ ʚʝʢʪʦʨ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ, 

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

T

S S S S S S
t t tg g gè ø= -

é ùê ú
ɔ  ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ, 

ʨʝʘʣʠʟʫʶʱʠʝʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʬʘʟʦʚʦʡ ʪʦʯʢʠ ʧʦ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ i jS S  ʠʟ 

ʩʝʜʣʘ Si ʚ ʩʝʜʣʦ Sj (ʨʠʩ. 4.8-a). ɿʜʝʩʴ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ()tɖ  ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʘ ʚʘʞʝʥ ʣʠʰʴ ʩʘʤ 

ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʚʠʜ (ʩʢʦʣʴ ʫʛʦʜʥʦ ʩʣʦʞʥʳʡ ʠ ʩʦ ʩʢʦʣʴ 

ʫʛʦʜʥʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʘʨʤʦʥʠʢ). 

ʊʝʧʝʨʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʪʨʘʝʢʪʦʨʠʡ 

ʤʦʞʥʦ ʬʦʨʤʘʣʴʥʦ ʧʝʨʝʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ (4.35) ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʝ ʚʦʟʤʫʱʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʩ ʤʘʣʳʤʠ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ: 

( ) ( )

( ) ( )

( )
22

, , , ;

, , , ;

, , ;

l l

L L

I

l f l L g l L t

L f l L g l L t

I g l L t

e

e

e

ëë= +î
îìî
= +ìîí

î
=îí

     (4.41) 

ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ: 

( )

( ) ( )

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

( ) ( ) () () ( )

( ) ( ) () ( ) () (){
( ) () ()} ( )
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2 2
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2 12 2 2
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2
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1 sin cos
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l l
f l L L
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f l L I L l
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A I L
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g l L t I L C B t l A C t l t

A

L B A t t

h
h h e

h h e

h h h

h h e

ë è øD
= - - -î é ù
ê ú

-
= -

= - - - +è øê ú
-ì

= - +

= - - + - +è øê ú

+ - +
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î
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 (4.42) 

 

ʛʜʝ 
2I K=  ʠ ( )2O e  ʯʣʝʥʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʠ ʚʳʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ  
2 2

2g A Ie m=       (4.43) 

 ʀʟ ʩʠʩʪʝʤʳ (4.41) ʚʠʜʥʦ, ʯʪʦ ʧʝʨʚʳʝ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫʪʫʶ 

ʧʦʜʩʠʩʪʝʤʫ ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪ ʙʘʟʦʚʳʝ ʩʚʦʡʩʪʚʘ ʜʠʥʘʤʠʢʠ ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʭʘʦʪʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ. ʌʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʜʣʷ ʫʢʘʟʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ { l, L}, ʠʤʝʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʠʜ: 

() [ ]
() ()( )( )0

0 , ,L l l L l t L t t t
M t f g f g dte

+¤

+

-¤

= -ñ ɖ
   (4.44) 

ʉʭʦʜʠʤʦʩʪʴ ʩʣʘʛʘʝʤʳʭ ʚ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ 

(4.44) ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʟʘʪʫʭʘʶʱʠʤʠ ʢ ʥʫʣʶ ʬʦʨʤʘʤʠ ʬʫʥʢʮʠʡ fl (ʯʝʪʥʘʷ) ʠ fL (ʥʝʯʝʪʥʘʷ), 

ʚʳʯʠʩʣʷʝʤʳʭ ʥʘ ʥʘʙʦʨʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʨʠʩ. 4.9): 

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

() ()

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

2 2

2 2 2 2
, ;

,

l b

L

Ap t Bq t
f l t L t r t C r t

A p t B q t

f l t L t A B p t q t

ë +
= - +Dî

+ì
î

= -
í

  (4.45) 
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ʈʠʩ. 4.9. ʅʝʯʝʪʥʘʷ ( fL ) ʠ ʯʝʪʥʘʷ ( fl ) ʟʘʪʫʭʘʶʱʠʝ ʬʦʨʤʳ ʬʫʥʢʮʠʡ ʧʨʘʚʳʭ ʯʘʩʪʝʡ, 

ʚʳʯʠʩʣʝʥʥʳʭ ʥʘ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ 

ʇʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ( )0t t+ɖ  ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ 

ʤʥʦʞʠʪʝʣʝʡ, ʷʚʥʦ ʩʦʜʝʨʞʘʱʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʘʨʛʫʤʝʥʪʘ t0, ʠ ʧʦʩʣʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʡ (4.45), ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ ʧʦʣʫʯʠʪ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʚʠʜ: 

() ()0 0polyharmM t t=     (4.46) 

ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʠʟʫʯʘʝʤʦʤ ʩʣʫʯʘʝ ʜʠʥʘʤʠʢʠ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ʪ.ʢ. ʜʣʷ ʧʦʣʫʯʝʥʥʦʡ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ 

ʥʘʣʠʯʠʝ ʙʝʩʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʧʨʦʩʪʳʭ ʢʦʨʥʝʡ. 

ɺʳʷʚʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ (4.46) ʚʦʟʤʦʞʥʦʩʪʴ ʭʘʦʪʠʟʘʮʠʠ 

ʜʠʥʘʤʠʢʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ 

ʧʦʣʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ { (4.35) ʠ (4.36)} ʙʝʟ ʣʦʢʘʣʠʟʘʮʠʡ ʚʙʣʠʟʠ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʩʝʧʘʨʘʪʨʠʩʩ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʦʪʦʙʨʘʞʝʥʠʡ ʇʫʘʥʢʘʨʝ. 

ʇʨʝʜʩʪʘʚʠʤ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

{ }2 2 2, , (0)l L I I I-  (ʨʠʩ. 4.10, 4.11). ʊʘʢʞʝ ʧʨʠʚʝʜʝʤ ʩʝʯʝʥʠʷ ʇʫʘʥʢʘʨʝ ʵʪʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʠʩʪʝʤʳ (4.35), ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʫʩʣʦʚʠʷ ʧʦʧʘʜʘʥʠʷ ʬʘʟʦʚʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ I2=I2(0)=K (ʨʠʩ. 4.10). ʅʘ ʨʠʩ. 4.10 ʚʠʜʥʦ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩ ʨʘʟʥʳʤʠ ʫʨʦʚʥʷʤʠ ʵʥʝʨʛʠʠ ʚ ʦʙʣʘʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʳʭ ʩʝʧʘʨʘʪʨʠʩʩ 

(S1-S2-Sô1 ʥʘ ʨʠʩ. 4.8-a). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʘʢʪ ʨʘʩʱʝʧʣʝʥʠʷ ʩʝʧʘʨʘʪʨʠʩʥʳʭ ʤʥʦʞʝʩʪʚ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʩʝʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʟʘʠʤʥʳʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʬʘʟʦʚʳʭ 

ʪʨʘʝʢʪʦʨʠʡ ʚ ʩʦʩʝʜʥʠʝ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʉʧʨʘʚʝʜʣʠʚʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʩʯʝʪʦʚ ʚ ʥʘʩʪʦʷʱʝʤ ʧʫʥʢʪʝ, ʚʢʣʶʯʘʷ ʨʠʩ. 

4.10 ʠ 4.11, ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʭ ʚʝʣʠʯʠʥ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʦʜʥʘʢʦ, ʵʪʦ ʥʝ ʚʣʠʷʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʩʜʝʣʘʥʥʳʝ 

ʚʳʚʦʜʳ, ʧʦʟʚʦʣʷʷ ʧʨʠ ʵʪʦʤ ʚʠʜʝʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʵʚʦʣʶʮʠʠ ʜʠʥʘʤʠʢʠ ʥʘ 

ʤʝʥʝʝ ʜʣʠʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ. ɼʣʷ ʙʦʣʝʝ ʙʣʠʟʢʦʛʦ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ (ʥʠʟʢʠʝ ʦʨʙʠʪʳ, ʤʝʜʣʝʥʥʳʝ ʚʨʘʱʝʥʠʷ) ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

(ʨʠʩ. 4.11-b), ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʪʝ ʞʝ ʩʘʤʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʚʠʞʝʥʠʷ.  

 

fL fl 

t 

t 



113 

 

 

 

 

     
 

ʈʠʩ. 4.10. ʊʨʝʭʤʝʨʥʳʡ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʠ ʝʛʦ ʧʨʦʝʢʮʠʠ 
 

 

 

 

    
   (a)             (b) 

    

ʈʠʩ. 4.11. ʉʝʯʝʥʠʷ ʇʫʘʥʢʘʨʝ (I2=I2(0)=K) 
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ʊʘʙʣʠʮʘ 4.1 ï ʏʠʩʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ 

      ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ: Ab=15, Bb=10, Cb=7, Ar=5, Cr=4 [ʢʛĀʤ2] 

ʈʠʩ.  
ɛg  

[1/ʩ2] 

ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ [1/ʩ] 

ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʢʦʩʠʥʫʩʦʚ 

ʂʠʥʝʪʠʯʝʩʢʠʝ 

ʤʦʤʝʥʪʳ [ʢʛĀʤ2/ʩ] 

p0 q0 r0 ɔ1 ɔ2 ɔ3 K ȹ 

4.6-a 0 - - - - - - 4 0.550 

4.6-b 0.053 - - - - - - 4 0.550 

4.6-c 0.075 - - - - - - 4 0.550 

4.6-d 0.150 - - - - - - 4 0.550 

4.6-e 0.210 - - - - - - 4 0.550 

4.6-f 0.500 - - - - - - 4 0.550 

4.7 0.046 0 0.266 0.019 0 0.997 0.073 4 0.155 

4.8-a 0 - - - 0 0.954 0.3 4 0.155 

4.8-b 0.046 - - - 0 0.954 0.3 4 0.155 

4.10 0.046 - - - - - - 4 0.155 

4.11-a 0.055 - - - - - - 4 0.550 

4.11-b 5Ā10-6 - - - - - - 0.04 10-4 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʷʩʥʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠ ʧʦʢʘʟʘʥʘ ʯʠʩʣʝʥʥʦ ʭʘʦʪʠʟʘʮʠʷ ʜʠʥʘʤʠʢʠ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʨʝʞʠʤʘʭ, ʙʣʠʟʢʠʭ ʢ ʢʦʥʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʚ ʩʣʘʙʦʤ ʮʝʥʪʨʘʣʴʥʦʤ 

ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ.  
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4.3. ʍʘʦʩ ʚ ʜʠʥʘʤʠʢʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʛʠʨʦʩʪʘʪʦʚ  

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʨʦʞʜʝʥʠʷ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤ rʷʚʣʷʝʪʩʷ ʝʝ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ. ʊʘʢʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʤʦʞʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʢʘʟʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʫʶ ʘʩʠʤʤʝʪʨʠʶ, ʧʨʠʚʦʜʷʱʫ  ʁʢ ʣʠʥʝʡʥʳʤ ʠ ʫʛʣʦʚʳʤ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤ 

ʦʩʝʡ ʚʨʘʱʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ʦʪʢʣʦʥʝʥʠʶ ʪʝʥʟʦʨʦʚ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ 

ʪʝʣ ʦʪ ʛʣʘʚʥʳʭ ʠ ʪ.ʜ. ɺʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʫʢʘʟʘʥʳ ʚ 

ʧʘʨʘʛʨʘʬʝ 2.1, ʢʘʢ ʬʘʢʪʦʨʳ ʘʩʠʤʤʝʪʨʠʠ, ʚʥʦʩʷʱʠʝ ʤʘʣʳʝ ʚʦʟʤʫʱʘʶʱʠʝ ʯʣʝʥʳ ʚʦ ʚʩʝ 

ʦʩʥʦʚʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʠ ʚ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʛʣʘʚʝ 2. ʀʤʝʥʥʦ 

ʵʪʠ ʘʩʧʝʢʪʳ ʭʘʦʪʠʟʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʟʘ ʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ, ʙʫʜʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ. 

ɸʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-

ʛʠʨʦʩʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩ ʚʳʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ 

ʠʣʠ ʧʦʣʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʭʘʦʩʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ 

ʚʦʟʤʫʱʝʥʠʡ. ʂ ʚʥʫʪʨʝʥʥʠʤ ʚʦʟʤʫʱʝʥʠʷʤ ʚ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʙʫʜʫʪ ʬʦʨʤʘʣʴʥʦ ʦʪʥʝʩʝʥʳ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʩʠʩʪʝʤʝ ʤʘʣʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʘʩʠʤʤʝʪʨʠʡ, ʦʧʠʩʘʥʥʳʭ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ. 

ɺʘʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʙʣʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʟʘ ʩʯʝʪ ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʙʝʩʢʦʥʝʯʥʦʢʨʘʪʥʦʛʦ ʚʟʘʠʤʦʧʝʨʝʩʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ 

ʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʤʥʦʞʝʩʪʚ ʩʝʜʣʦʚʳʭ ʦʩʦʙʳʭ ʪʦʯʝʢ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʩʝʧʘʨʘʪʨʠʩʥʳʝ 

ʪʨʘʝʢʪʦʨʠʠ, ʧʨʠʚʦʜʷʱʠʭ ʚ ʠʪʦʛʝ ʢ ʛʝʥʝʨʘʮʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ 

ʩʝʪʝʡ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʫʩʣʦʚʠʡ ʧʦʜʘʚʣʝʥʠʷ ʣʠʙʦ ʧʦʣʥʦʛʦ ʠʟʙʝʛʘʥʠʷ 

ʭʘʦʩʘ ʚ ʨʘʤʢʘʭ ʚʦʟʤʫʱʝʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʠ ʟʜʝʩʴ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʠʤʝʝʪʩʷ ʮʝʣʳʡ ʥʘʙʦʨ 

ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ, ʧʨʠʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʯʠʪʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ 

ʩʚʦʡʩʪʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʣʠʙʦ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʯʪʦ ʦʪʨʘʞʝʥʦ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ El-Gohary A. [217, 219], I¶arrea M., Lanchares V. [241-244, 263], 

Kuang J.L., Leung A.Y.T. [256-260, 267, 268], Meechan P.A., Asokanthan S.F. [287], Zhou L. 

[345]. ʍʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ ʨʘʟʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ 

ʨʘʙʦʪʘʭ ɸʩʣʘʥʦʚʘ ɺ.ʉ., ɼʦʨʦʰʠʥʘ ɸ.ɺ. [28], Aslanov V.S., Yudintsev V.V. [150, 152, 154], 

Bao-Zeng [157, 158], Cheng [178], El-Gohary [219], Ge [225, 226], Holmes [238], I¶arrea, 

Lanchares [241-244], Leung, Kuang [267, 268], Meechan [287], Or [294], Peng [301], Shirazi 

[314], Tong, Tabarrok, Rimrott [326, 327]; ʧʨʠ ʵʪʦʤ ʫʤʝʩʪʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʘʦʪʠʟʘʮʠʷ 

ʜʠʥʘʤʠʢʠ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʠʟ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʟʜʝʩʴ ʨʘʙʦʪ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʪʦʣʴʢʦ ʚ ʨʘʙʦʪʘʭ [28, 152, 154], ʚ ʦʩʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʭʘʦʪʠʟʘʮʠʷ ʛʠʨʦʩʪʘʪʦʚ ʂʝʣʴʚʠʥʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʙʣʝʤʘ 

ʘʥʘʣʠʟʘ/ʧʦʜʘʚʣʝʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʥʝ 

ʜʦʩʪʠʛʣʘ ʩʚʦʝʛʦ ʟʘʚʝʨʰʝʥʠʷ ʠ ʙʫʜʝʪ ʨʝʰʘʪʩʷ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʫʜʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʜʠʥʘʤʠʢʘ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʙʣʠʟʢʠʭ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʧʨʝʮʝʩʩʠʷʤ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʤʦʤʝʥʪʦʚ ʩʠʣ. ʀʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ 



116 

ʭʦʘʪʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʙʫʜʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʬʦʨʤʘʣʠʟʤʘ ʄʝʣʴʥʠʢʦʚʘ-

ɺʠʛʛʠʥʩʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʧʘʨʘʛʨʘʬʝ 1.5. 

ʇʝʨʝʭʦʜʷ ʢ ʧʨʠʤʝʥʝʥʠʶ ʫʢʘʟʘʥʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʢ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʙʣʝʤʳ ʭʘʦʪʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʥʦʨʤʘʣʴʥʳʭ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʩʧʫʪʥʠʢʦʚ-

ʛʠʨʦʩʪʘʪʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʩʪʦʠʪ 

ʝʱʝ ʨʘʟ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʳ ʜʣʷ ʚʩʝʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩʦʦʩʥʳʭ ʪʝʣ (3.37), 

ʧʝʨʝʤʝʥʥʳʝ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ (3.44), ʢʘʨʪʝʟʠʘʥʩʢʠʝ ʚʨʘʱʘʪʝʣʴʥʘʷ ʬʘʟʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʠʤʧʫʣʴʩ { },dD , ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʤ ʧʘʨʘ ʧʝʨʝʤʝʥʥʳʭ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ { },I wdD
 

(3.66).  

ʉʪʦʠʪ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʨʦʞʜʘʶʪʩʷ ʚʦʟʤʫʱʝʥʥʳʤ 

ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ  

10 e= +  

ʠ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʥʳʤ ʚʠʜʦʤ ʚʦʟʤʫʱʝʥʥʳʤʠ ʯʘʩʪʷʤʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ (2.71). 

ʉʚʷʟʳʚʘʷ ʪʠʧʳ ʩʠʩʪʝʤ ɺʠʛʛʠʥʩʘ (ʧʘʨʘʛʨʘʬ 1.5) ʠ ʧʘʨʘʤʝʪʨʳ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ, ʦʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʩʠʩʪʝʤ ɺʠʛʛʠʥʩʘ  n=m=k=1, ʘ ʪʘʢʞʝ ʠʤʝʶʪ 

ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ:  
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 (4.47) 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ (2.73) (ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (2.70), (2.71)), ʚʩʝ ʚʦʟʤʫʱʝʥʠʷ 

, , ,l Lg g g gd D (4.47) ʷʚʣʷʶʪʩʷ 2 -́ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ d. 

ɺ ʨʘʤʢʘʭ ʥʝʦʙʭʦʜʠʤʳʭ ʦʧʠʩʘʥʠʡ ʪʠʧʦʚ ʩʠʩʪʝʤ ʠ ʠʭ ʩʚʷʟʝʡ ʩ ʩʠʩʪʝʤʦʡ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʜʚʘ ʛʣʘʚʥʳʭ ʚʘʨʠʘʥʪʘ, ʨʘʟʜʝʣʷʶʱʠʭ 

ʩʣʫʯʘʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ.  

 

ɺʘʨʠʘʥʪ 1. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʦʙʱʝʛʦ 

ʚʠʜʘ ʚʦʟʤʫʱʝʥʠʡ (2.73) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʭ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʯʘʩʪʝʡ ( ),f DCm mD D , ʪʦʛʜʘ ʚ 

ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʦʪʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʝʨʚʦʛʦ 

ʪʠʧʘ ñSystem Iò (1.7) ʠ (ʪ.ʢ.  n=1) ʤʦʥʦʢʦʤʧʦʥʝʥʪʥʫʶ ʬʫʥʢʮʠʶ ʄʝʣʴʥʠʢʦʚʘ ( )1 0, ;IM w a m, 

ʚʳʯʠʩʣʷʝʤʫʶ ʧʦ ʬʦʨʤʫʣʝ (1.10) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʨʝʢʨʘʱʘʝʪʩʷ 

ʫʧʦʤʠʥʘʥʠʝ ʦ ʚʳʧʦʣʥʝʥʥʦʤ ʚʳʙʦʨʝ ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩ 

ʤʘʨʢʠʨʦʚʘʥʠʝʤ ʝʛʦ ʧʘʨʘʤʝʪʨʦʤ Ŭ, ʘ ʪʘʢʞʝ ʦ ʚʦʟʤʦʞʥʦʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ 

ʩʠʩʪʝʤʳ, ʦʧʠʩʳʚʘʝʤʦʤ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ɛ): 

 ( ) [ ]
() () ()00

0 01 0 0 0 ;II
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l l L L q tq t
M w D g D g D g dt D g dt

g

+¤ +¤

D D D DD

-¤ -¤

= + +Ö Ö Ö-Öñ ñ  (4.48) 

ʠʣʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (2.73), ʠʤʝʝʤ: 
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  ( ) [ ]
() () ()00

1 0 ;II

I

L l qql L tt
M w f g g f g dt f dtf gd dg

+¤ +¤

D DD

-¤ -¤

Ö Ö Ö Ö= - + -ñ ñ   (4.49) 

() () () (){ }0 0, , , ,
t

Iq t l t L t f s ds wd= D +ñ  

ʛʜʝ ʚ ʩʦʩʪʘʚʝ ʚʝʢʪʦʨʘ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ()0

Iq t  ʧʦʩʣʝʜʥʠʡ ʢʦʤʧʦʥʝʥʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʘʨʪʝʟʠʘʥʩʢʦʛʦ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʛʣʦʚʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ çʩʦʶʟʥʳʭè ʩʦʦʪʚʝʪʩʪʚʠʡ (3.66): 

  ()
() ()

() () ()
, ,

t

l s L s
f s ds t w t v td d dd

D
= = -ñ     (4.50) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʡ ʚʝʢʪʦʨ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʚʢʣʶʯʘʶʱʠʡ ʚʳʨʘʞʝʥʠʷ (3.37), (3.39) ʠ (3.44): 

 () () () () (){ }0 0 0, , ,
t

Iq t l t L t I f s ds w t wd dD= + = + =ñ   (4.51) 

() () () ()( ) () () () ()( ) ()( ) () (){ }0 0, , ,l p t ,q t ,r t , t L p t ,q t ,r t , t w t w w t v t wd d ds s d= D + = - + 

ʂʘʢ ʚʠʜʥʦ, ʚ (4.51) ʷʚʥʦ ʬʠʛʫʨʠʨʫʝʪ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ, ʧʦʢʘʟʘʥʥʦʝ ʢʘʢ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʛʣʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ w0, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʢʦʨʨʝʢʪʥʳʤ ʚ ʩʠʣʫ ʚʚʝʜʝʥʥʳʭ ʩʦʶʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ (3.66). ʗʚʥʦʝ ʫʢʘʟʘʥʠʝ ʚ ʚʝʢʪʦʨʝ 

(4.51) ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ w0, ʧʦʜʯʝʨʢʠʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʥʦ ʧʨʠʦʙʨʝʪʘʝʪ ʩ ʵʪʦʛʦ 

ʤʦʤʝʥʪʘ ʩʚʦʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʤʝʩʪʦ ʚ ʟʘʧʠʩʠ ʚʝʢʪʦʨʘ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʧʦʵʪʦʤʫ ʚʝʟʜʝ ʜʘʣʝʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʫʛʣʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʙʫʜʫʪ ʠʤʝʪʴ ʬʦʨʤʘʣʴʥʳʡ 

ʚʠʜ ʙʝʟ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ: 

 
()

() () () ()

*

*

;w t t

t w t v t t v t
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d s

ë = Öî
ì

= - = Ö -îí

    (4.52) 

 

ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʚ ʨʘʤʢʘʭ ʩʚʦʡʩʪʚ ʬʦʨʤʘʣʠʟʤʘ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ [333] ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʚʠʜʝ ʘʨʛʫʤʝʥʪʦʚ ʬʫʥʢʮʠʡ ʄʝʣʴʥʠʢʦʚʘ 

ñʥʘʯʘʣʴʥʳʭ ʬʘʟò (w0) ʠ ñʥʘʯʘʣʴʥʳʭ ʚʨʝʤʝʥò (t0), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʦʜʥʠʤ ʠ 

ʪʝʤ ʞʝ ñʩʢʦʣʴʟʷʱʠʤ ʧʘʨʘʤʝʪʨʦʤò, ʧʘʨʘʤʝʪʨʠʟʫʶʱʠʤ ʧʦʣʦʞʝʥʠʝ ʬʘʟʦʚʦʡ ʪʦʯʢʠ ʥʘ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ [333] ʣʝʛʢʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʩʘʤʠʤ ʚʠʜʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ wd, ʪʘʢ ʢʘʢ ʚʩʝʛʜʘ ʣʝʛʢʦ ʥʘʡʪʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʨʫʛ ʜʨʫʛʫ, ʚʳʧʦʣʥʠʚ ʧʨʦʩʪʦʡ ʧʝʨʝʩʯʝʪ ʠ ʧʝʨʝʦʙʦʟʥʘʯʝʥʠʝ 

( )0 0w w¡ª : 

()

( ) [ ]
0 * 0

0 * 0 * 0

;

;

w t w t w

w t t t t t w

d

d

s

s s
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ì
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ʪ.ʝ. ʠʩʭʦʜʥʳʡ ( )0w  ʠ ʧʝʨʝʩʯʠʪʘʥʥʳʡ/ʧʝʨʝʦʙʦʟʥʘʯʝʥʥʳʡ ()( )0 0 0w w t¡ ¡=  çʩʢʦʣʴʟʷʱʠʝ 

ʧʘʨʘʤʝʪʨʳè ʧʝʨʝʭʦʜʷʪ ʜʨʫʛ ʚ ʜʨʫʛʘ ʥʝʢʠʤ ʧʦʩʪʦʷʥʥʳʤ ʩʜʚʠʛʦʤ [333]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ 

ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ (ʦʥ ʞʝ 

çʩʢʦʣʴʟʷʱʠʡ ʧʘʨʘʤʝʪʨè) ʠʩʧʦʣʴʟʫʝʪʩʷ ñʥʘʯʘʣʴʥʘʷ ʬʘʟʘò ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ w0.  
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ɺʘʨʠʘʥʪ 2. ɽʩʣʠ ʠʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʠʤʝʝʪ ʯʠʩʪʳʡ 

ʛʘʤʠʣʴʪʦʥʦʚʳʡ ʚʠʜ (ʪ.ʝ. 0f DCm mD D¹ ¹), ʪʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʪʦʨʦʡ ʪʠʧ 

ʩʠʩʪʝʤʳ ñSystem IIIò (1.8) ʠ (ʪ.ʢ. n=m=1) ʤʦʥʦʢʦʤʧʦʥʝʥʪʥʫʶ ʬʫʥʢʮʠʶ ʄʝʣʴʥʠʢʦʚʘ 

( )2 0, ;IM w a m, ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1.13) ʩʣʝʜʫʶʱʠʤ ʢʦʥʢʨʝʪʥʳʤ ʦʙʨʘʟʦʤ, 

ʫʯʠʪʳʚʘʷ (2.70) ʠ (2.71): 

 ( )
()0

12 0 ,I

I

q t
M w D dtd

+¤

-¤

=-ñ      (4.53) 

ʛʜʝ ʚʝʢʪʦʨ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ (4.51). 

 

4.3.1. ʍʘʦʩ ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʣʦʡ ʘʩʠʤʤʝʪʨʠʠ ʠ ʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʜʚʠʞʝʥʠʷ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʤʘʣʳʤʠ ʫʛʣʦʚʳʤʠ 

( )2 20, 0a b¸ ¸  ʠ ʣʠʥʝʡʥʳʤʠ ( )2 20, 0x yl l¸ ¸  ʩʤʝʱʝʥʠʷʤʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ 

(P1P2) ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ 2 2 2 2C x y z  

ʙʝʟ ʘʥʘʣʦʛʠʯʥʳʭ ʩʤʝʱʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ-ʨʦʪʦʨʘ ( )1 1 1 1 0x yl la b= = = = ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʤʘʛʥʠʪʥʳʭ (2.62) ʠ ʙʠʛʘʨʤʦʥʠʯʝʩʢʠʭ (2.69) ʚʦʟʤʫʱʝʥʠʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʛʨʫʧʧʦʡ ʧʘʨʘʤʝʪʨʦʚ: 
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   (4.54) 

 

 ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, ʩʣʝʜʫʶʱʠʡ ʠʟ (4.53), (2.70), 

(2.71), ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (2.45) ʠ (2.37): 
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ʀʩʧʦʣʴʟʫʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʚʦʡʩʪʚʘ 

ʯʝʪʥʳʭ/ʥʝʯʝʪʥʳʭ ʬʫʥʢʮʠʡ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʟʘʧʠʩʠ ʠʪʦʛʦʚʦʛʦ ʚʠʜʘ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ ʚ ʬʦʨʤʝ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ: 
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( )

1 1 2 2

2 0 0 0

0 0 0 0

sin 2 sin

cos sin cos2 sin 2 ,

I

B B m m

a b a b

M w e J w e J w

e J w J w J w J wd d d d d

= + +

è ø+ + + +
ê ú

  (4.56) 

ʛʜʝ ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʥʝʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʭʦʜʷʱʠʭʩʷ ʥʝʩʦʙʩʪʚʝʥʥʳʭ 

ʠʥʪʝʛʨʘʣʦʚ1 (ʷʚʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʠʜ ʵʪʠʭ ʠʥʪʝʛʨʘʣʦʚ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ): 
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 (4.57) 

 ʉʪʨʫʢʪʫʨʘ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ (4.56) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʯʥʳʡ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ (4.57) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ ʥʝʠʟʙʝʞʥʦ ʠʤʝʝʪ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʳʭ ʢʦʨʥʝʡ, ʯʪʦ 

ʜʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʘʩʱʝʧʣʝʥʠʡ ʠ ʙʝʩʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʧʝʨʝʩʝʯʝʥʠʡ 

ʨʘʩʱʝʧʣʝʥʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʩʝʧʘʨʘʪʨʠʩʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ï 

ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʢʘʢ ʫʢʘʟʘʣ ɸ. ʇʫʘʥʢʘʨʝ, ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʯʨʝʟʚʳʯʘʡʥʦʛʦ 

ʫʩʣʦʞʥʝʥʠʷ ʜʠʥʘʤʠʢʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʦʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʨʘʤʢʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʚʦʟʤʫʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ʢʘʢ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʛʘʤʠʣʴʪʦʥʦʚʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʦʙʥʘʨʫʞʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʚ 

ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʣʫʯʘʷʭ ʛʠʨʦʩʪʘʪʦʚ ʠ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʷʜʝ 

ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʠʟʚʝʩʪʥʦʡ ʨʘʙʦʪʝ [238] ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʪʚʝʨʜʳʭ ʪʝʣ (ʪʚʝʨʜʳʭ ʪʝʣ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ çʨʦʪʘʪʦʨʘʤʠè) ʧʨʦʚʝʜʝʥʦ ʦʙʥʘʨʫʞʝʥʠʝ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʚʪʦʨʩʢʠʡ ʧʦʜʭʦʜ Holms-Marsden ʠ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ ( ) ( )( )0 0sin 2M w C w= . ɺʦ-ʚʪʦʨʳʭ, 

ʧʦʜʦʙʥʳʡ ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [301], ʧʦʩʚʷʱʝʥʥʦʡ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʠʨʦʩʪʘʪʘ ʩ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʨʦʪʦʨʦʤ. ʊʘʢʞʝ ʭʘʦʩ ʚ ʜʚʠʞʝʥʠʠ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ ʙʳʣ ʠʟʫʯʝʥ ʚ ʨʘʙʦʪʝ 

[241], ʘ ʚ ʨʘʙʦʪʝ [242] ʨʘʩʩʤʦʪʨʝʥʘ ʭʘʦʪʠʟʘʮʠʷ ʠ ʧʦʣʫʯʝʥ ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʠʡ ʚʠʜ 

ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ ʜʣʷ ʜʠʥʘʤʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʜʚʦʡʥʳʤ ʚʨʘʱʝʥʠʝʤ ʧʨʠ 

ʧʝʨʝʤʝʥʥʦʩʪʠ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʭ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʄʦʞʥʦ 

ʪʘʢʞʝ ʫʢʘʟʘʪʴ ʨʘʙʦʪʫ [178] ʩ ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʷ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ ʚ 

ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

                                                           
1 ʉʭʦʜʠʤʦʩʪʴ ʥʝʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʘ ʢʘʢ ʯʠʩʣʝʥʥʦ, ʪʘʢ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ. 
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ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʦʩʣʝʜʥʝʝ, ʢʘʢ ʧʨʠʯʠʥʫ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʉʪʦʠʪ, ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʜʣʷ ʛʠʨʦʩʪʘʪʘ ʂʝʣʴʚʠʥʘ, ʯʪʦ, ʚʦʦʙʱʝ 

ʛʦʚʦʨʷ, ʜʝʣʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝʧʨʠʤʝʥʠʤʳʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʪʠʧʘ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʝʛʦ ʨʝʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʙʘʟʦʚʳʝ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʙʫʜʫʪ ʜʨʫʛʠʤʠ. 

 ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ 

ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ. 4.12), ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʛʣʘʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠ.̫ ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ʨʠʩ.4.12) ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: 

2 2
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3, 31.9487 [kg m / s]; 20, 35.8198 [kg m / s ].
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ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ (ʨʠʩ. 4.12), 

ʜʣʷ ʜʠʥʘʤʠʢʠ ʭʘʨʘʢʪʝʨʥʳ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ (ʨʠʩ. 4.12-a, b) ʠ ʩʣʦʞʥʳʝ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɸʥʜʫʘʡʝ-ɼʝʧʨʠ (ʨʠʩ. 4.12-d) ʩ ʥʝʨʝʛʫʣʷʨʥʳʤ ʧʦʚʝʜʝʥʠʝʤ. ɺʘʞʥʦ ʪʘʢʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ (ʨʠʩ. 4.13), ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʙʘʟʝ ʫʩʣʦʚʠʷ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʫʛʣʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩ ʫʯʝʪʦʤ ʧʝʨʠʦʜʠʯʥʦʩʪʠ: 

 () ()mod 2 0 0w t wd dp = =è øê ú     (4.58) 
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(d) 

 

ʈʠʩ. 4.12. ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ:  

ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ  

ʚʙʣʠʟʠ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʳ  
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(d) 

 

ʈʠʩ. 4.13. ʊʨʝʭʤʝʨʥʦʝ ʩʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ { }2, / ,l L I D-D  

 

 ʉʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ (ʨʠʩ. 4.13) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʟʥʘʢʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ, 

ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʭʘʦʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʝʧʘʨʘʪʨʠʩʩ 

ï ʜʘʥʥʳʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʦʯʝʢ, ʥʝ ʧʦʧʘʜʘʶʱʠʭ ʥʘ ʨʝʛʫʣʷʨʥʳʝ 

ʠʥʚʘʨʠʘʥʪʥʳʝ ʬʘʟʦʚʳʝ ʢʨʠʚʳʝ ʠ ʧʦʵʪʦʤʫ ʦʙʨʘʟʫʶʱʠʭ ʨʘʟʤʳʪʳʝ ʩʢʦʧʣʝʥʠʷ ʠ 

ʣʦʢʘʣʠʟʫʶʱʠʭʩʷ ʚ ʬʘʟʦʚʦʡ ʦʙʣʘʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ (ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʠʪʫʘʮʠʠ) ʜʣʷ ʠʥʳʭ 

ʬʘʟʦʚʳʭ ʠʥʚʘʨʠʘʥʪʥʳʭ ʢʨʠʚʳʭ. ʉʨʝʜʠ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʘʦʪʠʯʝʩʢʠʭ ʩʣʦʝʚ 

ʥʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ ʩʣʝʜʫʶʱʝʝ [302, 18, 63, 239]: ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʪʨʘʝʢʪʦʨʠʠ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʩʝʪʠ, ʷʚʣʷʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʙʝʩʢʦʥʝʯʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʩʱʝʧʣʝʥʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ 

ʩʝʜʣʦʚʳʭ ʪʦʯʝʢ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʩʝʧʘʨʘʪʨʠʩʫ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʬʘʟʦʚʘʷ ʪʦʯʢʘ ʚ 

ʚʦʟʤʫʱʝʥʥʦʤ ʩʣʫʯʘʝ ʚʳʥʫʞʜʝʥʘ ʜʚʠʛʘʪʴʩʷ ʥʝ ʚʜʦʣʴ ʨʝʛʫʣʷʨʥʳʭ ʠʥʚʘʨʠʘʥʪʥʳʭ ʢʨʠʚʳʭ, ʘ 
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ʧʦ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʤ-ʩʝʪʝʚʳʤ ʩʣʦʞʥʳʤ ʩʧʣʝʪʝʥʠʷʤ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʨʝʞʠʤ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ. 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʨʦʞʜʝʥʠʷ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʩʝʪʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ʠʭ ʛʝʥʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʚʦʟʤʫʱʝʥʥʦʡ ʜʠʥʘʤʠʢʠ. 

ʊʘʢ [192] ʚʧʦʣʥʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʫʚʠʜʝʪʴ ʵʣʝʤʝʥʪʳ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʩʝʪʠ 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʦʙʨʘʟʦʚ ʠ ʧʨʦʦʙʨʘʟʦʚ ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ 

ʠʩʭʦʜʥʳʭ ʥʝʚʦʟʤʫʱʝʥʥʳʭ ʩʝʧʘʨʘʪʨʠʩʩ. ʇʨʠ ʵʪʦʤ ʪʦʯʢʠ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʳ ʧʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʠʭ ʦʙʨʘʟʦʚ ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ çʚ ʧʨʷʤʦʤè ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʝʤʝʥʠ ʙʫʜʫʪ 

ʣʦʞʠʪʴʩʷ ʥʘ ʨʘʩʱʝʧʣʝʥʥʫʶ ʥʝʫʩʪʦʡʯʠʚʫʶ ʚʝʪʢʫ ʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʳ (tŸ+Ð), ʘ 

ʧʨʦʦʙʨʘʟʳ ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ (ʦʙʨʘʟʳ çʚ ʦʙʨʘʪʥʦʤè ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʝʤʝʥʠ (tŸ-Ð)) 

ʙʫʜʫʪ ʣʦʞʠʪʴʩʷ ʥʘ ʫʩʪʦʡʯʠʚʫʶ ʨʘʩʱʝʧʣʝʥʥʫʶ ʚʝʪʢʫ ʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʳ. ʇʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʪʘʢʠʭ ʦʙʨʘʟʦʚ ʠ ʧʨʦʦʙʨʘʟʦʚ ʇʫʘʥʢʘʨʝ ʜʣʷ ʪʦʯʝʢ, ʠʟʥʘʯʘʣʴʥʦ ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʳ 

ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʳ, ʫʚʠʜʝʚ ʧʨʠ ʵʪʦʤ ʬʦʨʤʳ ʚʦʟʤʫʱʝʥʥʳʭ ʠ 

ʨʘʩʱʝʧʣʝʥʥʳʭ ʥʝʫʩʪʦʡʯʠʚʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʝʝ ʚʝʪʚʝʡ, ʧʨʠʯʝʤ ʵʪʠ ʬʦʨʤʳ ʙʫʜʫʪ 

ʫʩʣʦʞʥʷʪʴʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʰʘʛʦʚ (ʦʙʨʘʟʦʚ ʠ ʧʨʦʦʙʨʘʟʦʚ) ʦʪʦʙʨʘʞʝʥʠʷ 

ʇʫʘʥʢʘʨʝ; ʜʘʞʝ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʦʪʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ ʙʫʜʝʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʣʦʞʥʫʶ 

ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʬʦʨʤʫ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʥʘʣʠʯʠʷ ʧʝʨʝʩʝʯʝʥʠʡ ʫʩʪʦʡʯʠʚʦʡ ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʡ ʚʝʪʦʢ ʥʘ ʩʦʚʤʝʩʪʥʦ ʠʟʦʙʨʘʞʝʥʥʳʭ ʦʙʨʘʟʝ ʠ ʧʨʦʦʙʨʘʟʝ ʦʪʦʙʨʘʞʝʥʠʷ 

ʇʫʘʥʢʘʨʝ. ʀʪʦʛʦʚʘʷ ʬʦʨʤʘ ʨʘʩʱʝʧʣʝʥʥʳʭ ʚʝʪʚʝʡ, ʠʭ ʧʝʨʝʩʝʯʝʥʠʡ ʠ, ʩʦʙʩʪʚʝʥʥʦ, ʚʠʜ 

ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʩʝʪʠ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʩʪʨʦʝʥʠʶ ʦʙʨʘʟʦʚ ʠ ʧʨʦʦʙʨʘʟʦʚ ʩ 

ʥʦʤʝʨʘʤʠ ʰʘʛʦʚ, ʩʪʨʝʤʷʱʠʭʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ʅʘ ʨʠʩ. 4.14 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʦʙʨʘʟ ʠ ʧʨʦʦʙʨʘʟ ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ, 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʜʣʷ ʪʦʯʝʢ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʳ. ʅʘ ʨʠʩ. 4.15 ʧʨʠʚʝʜʝʥʳ ʧʝʨʚʳʝ ʪʨʠ 

ʦʙʨʘʟʘ ʠ ʪʨʠ ʧʨʦʦʙʨʘʟʘ ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʠʜʝʪʴ ʩ ʢʘʞʜʳʤ ʰʘʛʦʤ 

ʫʩʣʦʞʥʷʶʱʫʶʩʷ ʜʠʥʘʤʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʩʝʪʠ. 
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ʈʠʩ. 4.14. ʌʨʘʛʤʝʥʪ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʩʝʪʠ ʢʘʢ ʩʦʚʤʝʩʪʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʝʨʚʦʛʦ 

ʦʙʨʘʟʘ (ʢʨʘʩʥʳʡ-1) ʠ ʧʝʨʚʦʛʦ ʧʨʦʦʙʨʘʟʘ (ʩʠʥʠʡ-2) ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ ʜʣʷ ʪʦʯʝʢ 

ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʳ  
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ʈʠʩ. 4.15. ʌʨʘʛʤʝʥʪ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʩʝʪʠ ʢʘʢ ʩʦʚʤʝʩʪʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʝʨʚʳʭ ʪʨʝʭ 

ʦʙʨʘʟʦʚ (ʢʨʘʩʥʳʡ-1) ʠ ʪʨʝʭ ʧʨʦʦʙʨʘʟʦʚ (ʩʠʥʠʡ-2) ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ ʜʣʷ ʪʦʯʝʢ 

ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʳ  

 

        L/G 

l 

    _ 

ȹ-ȹ 

L/G 

L/G 

        l 

        L/G l 

    _ 

ȹ-ȹ 

 

    _ 

ȹ-ȹ 

 

2 

2 

2 

2 

1 

1 

1 
1 



126 

 

4.3.2. ʍʘʦʩ ʧʨʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ  

 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʜʚʠʞʝʥʠʷ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʚʢʣʶʯʘʷ (2.65) ʠ (2.67). ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʡ (2.65) ʠ 

(2.67), ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʣʝʜʫʶʱʫʶ ʠʭ ʩʦʚʤʝʩʪʥʫʶ ʬʦʨʤʫ: 
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  (4.59) 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʬʫʥʢʮʠʶ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ 

(4.49) ʚ ʬʦʨʤʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʜʚʝ ʯʘʩʪʠ: 

 ( ) ( ) ( )1 0 0 0 ,IM w M w W w= +      (4.60) 

ʛʜʝ 

 ( ) [ ]
()0

0 ;
IL l q tl LM w f g g tf d

+¤

-¤

= Ö Ö-ñ     (4.61) 

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

0 I Iq t q t
W w f f g dtd dg

+¤

DD

-¤

= - Öñ    (4.62) 

ʌʫʥʢʮʠʷ ( )0M w  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʯʘʩʪʠ (ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

ɺ.ʂ. ʄʝʣʴʥʠʢʦʚʘ), ʘ ʬʫʥʢʮʠʷ ( )0W w  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʧʦʣʥʝʥʥʫʶ ʯʘʩʪʴ ʉ.ɺʠʛʛʠʥʩʘ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʫ (2.73) ʚʦʟʤʫʱʝʥʠʡ gD, ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʛʘʤʠʣʴʪʦʥʦʚʫ ʯʘʩʪʴ ( )gD  ʠ ʥʘ ʥʝʛʘʤʠʣʴʪʦʥʦʚʫ ʯʘʩʪʴ ( )gD : 

 1; ; f DCg g g g g m m m
d

D D D D D D D D

µ
= + =- = + =

µ
 (4.63) 

 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʨʘʞʝʥʠʷʭ (2.73), (2.71) ʠ (2.37), ʩʣʝʜʫʝʪ ʬʦʨʤʘ ʧʨʘʚʦʡ ʯʘʩʪʠ fd: 
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ʛʜʝ ()0 ts  ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʚʦʟʤʫʱʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ; ʧʦʵʪʦʤʫ ʩ ʧʦʤʦʱʴʶ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (3.37)-(3.40) 

ʯʣʝʥʳ ʚ ʩʢʦʙʢʘʭ ʚ ʚʳʨʘʞʝʥʠʠ (4.62) ʧʝʨʝʧʠʰʫʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ: 

()
() () ( )

( ) ( )( )
0 0

1 2 *;I Iq t q t
f t f f C EB B C

gd d ds s s
D ­°¤

°¤ =D - D- -= == =  (4.64) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɺʠʛʛʠʥʩʦʚʘ ʯʘʩʪʴ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʟʘʧʠʰʝʪʩʷ: 

 

 ( ) ( )0 0W w W w W= +      (4.65) 
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ʛʜʝ 

 ( ) ()( )
()0

0 * ;
Iq t

W w t g dts s
+¤

D

-¤

= - Öñ     (4.66) 

 ()( ) ()( )* , constW t m t t dt Js s s
+¤

D

-¤

= - Ö = =ñ    (4.67) 

 

ɿʜʝʩʴ ʦʯʝʥʴ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ (4.66) ʠ (4.67) ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ 

ʩʭʦʜʷʪʩʷ, ʪʘʢ ʢʘʢ ʙʣʦʢ ()( )*ts s-  ʝʩʪʴ ʯʝʪʥʘʷ ʬʫʥʢʮʠʷ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʪʫʭʘʶʱʘʷ ʢ 

ʥʫʣʶ ʧʨʠ tŸÑÐ (ʵʪʦʪ ʬʘʢʪ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ (3.37)-(3.40), ʠ ʙʳʣ ʨʘʥʝʝ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩ. 3.5).  

ʌʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʚ ʠʪʦʛʝ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ: 

 ( ) ( ) ( )1 0 0 0

IM w M w W w J= + +     (4.68) 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʘʣʠʟʤʘ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʯʘʩʪʝʡ ʬʫʥʢʮʠʠ 

ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ. ʋʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʷ (2.73), (2.71), (2.37) ʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ (3.37)-(3.40), ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʬʫʥʢʮʠʠ 
() ()0 0

,I IL lq t q t
f f  ʚ ʬʦʨʤʝ ʷʚʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ: 

 

 
() ( ) ()()

0

2 21 1 1 1
sin cos ;IL q t

f G L l l AB p t q t
B A B A

å õ å õ
= - - = -æ ö æ ö
ç ÷ ç ÷

    (4.69) 

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

0

2 2
2 2

2

sin cos 1
,Il q t

l l
f L L r t b t Ap t Bq t

A B C

å õ
=- + + -D = - +æ ö

ç ÷
 (4.70) 
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()

()

2

2
2

2

C r t
b t

G C r t

+D
=

è ø- +Dê ú

.     (4.71) 

 

ʀʟ ʧʦʩʣʝʜʥʠʭ ʬʦʨʤʫʣ ʠ ʬʦʨʤʳ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (3.37)-(3.40) ʣʝʛʢʦ ʟʘʢʣʶʯʠʪʴ 

ʯʪʦ 
()0

IL q t
f  ʝʩʪʴ ʥʝʯʝʪʥʘʷ ʬʫʥʢʮʠʷ, ʘ 

()0
Il q t

f  ʝʩʪʴ ʯʝʪʥʘʷ ʬʫʥʢʮʠʷ (b(t) ʪʘʢʞʝ ʝʩʪʴ ʯʝʪʥʘʷ 

ʬʫʥʢʮʠʷ). ʆʙʝ ʬʫʥʢʮʠʠ ʧʨʠ ʵʪʦʤ ʙʳʩʪʨʦ ʩʪʨʝʤʷʪʩʷ ʢ ʥʫʣʶ ʧʨʠ t­°¤ (ʨʠʩ. 4.9), ʯʪʦ 

ʚʩʝʛʜʘ ʛʘʨʘʥʪʠʨʫʝʪ ʩʭʦʜʠʤʦʩʪʴ ʥʝʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʯʘʩʪʠ ʬʫʥʢʮʠʠ 

ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ (4.61). 

ɺ ʮʝʣʷʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʷʚʥʳʭ ʬʦʨʤ ʜʣʷ ʬʫʥʢʮʠʡ ( )0M w  and ( )0W w , ʢʦʪʦʨʳʝ 

ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʣʠʰʴ ʦʪ ʘʨʛʫʤʝʥʪʘ w0, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ , ,L lg g gD  

(ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦʩʨʝʜʩʪʚʦʤ (2.73) ʠ (4.63)) ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʥʠʭ ()0

Iq t  (4.51) ʩ ʷʚʥʳʤ 

ʚʳʜʝʣʝʥʠʝʤ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʦʪ ʘʨʛʫʤʝʥʪʘ w0. ʋʢʘʟʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʥʝ ʪʨʝʙʫʝʪ 

ʧʦʜʨʦʙʥʦʛʦ ʦʧʠʩʘʥʠʷ, ʪ.ʢ. ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʧʦʜʦʙʥʳʭ ʯʣʝʥʦʚ. ʇʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʨʝʟʫʣʴʪʘʪ ʚ ʦʙʱʝʤ ʚʠʜʝ2, ʦʙʲʝʜʠʥʷʶʱʝʤ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʣʫʯʘʠ: 
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0
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  (4.72) 
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() () () ()( ) () () () ()( )

() () () ()( ) () () () ()( ) { }
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C t C L t l t t C p t q t r t t n N

S t S L t l t t S p t q t r t t i L l

d d

d d

ë = = =î
ì
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 (4.73) 

 

ʇʦʜʩʪʘʥʦʚʢʘ ʬʫʥʢʮʠʡ (4.69)-(4.72) ʚ ʠʥʪʝʛʨʘʣʳ (4.61), (4.66) ʠ ʥʝʩʦʙʩʪʚʝʥʥʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʩʠʤʤʝʪʨʠʠ ʯʝʪʥʳʭ ʠ ʥʝʯʝʪʥʳʭ ʬʫʥʢʮʠʡ ʜʘʩʪ ʚ ʠʪʦʛʝ 

ʬʦʨʤʫ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʚ ʚʠʜʝ ʧʨʦʩʪʦʛʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ: 

 

 ( ) ( )1 0 0 ;I

trigM w P w J= +      (4.74) 

ʛʜʝ 

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

0

cos sin ; const; const
N

trig c n n c n n

n

P w M w W w J nw J nw J J
=

= + = + = =ä

(4.75) 

ʂʦʥʩʪʘʥʪʳ Js,n ʠ Jc,n ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʢʨʝʪʠʢʦʡ ʚʳʨʘʞʝʥʠʡ (4.72) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ3 (ʥʝʢʦʪʦʨʳʝ ʠʥʪʝʛʨʘʣʳ ʙʫʜʫʪ ʦʙʨʘʱʘʪʴʩʷ ʚ 

ʥʫʣʠ).  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʘ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ (4.74) ʤʦʞʝʪ ʙʳʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ, ʢʘʢ ʦʙʱʠʡ ʚʠʜ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʣʫʯʘʠ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ (ʚ ʪ.ʯ. ʚʦʟʤʫʱʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʬʘʢʪʦʨʘʤʠ ʘʩʠʤʤʝʪʨʠʠ, ʚʥʝʰʥʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ 

ʚʦʟʤʫʱʝʥʠʷʤʠ, ʚʥʫʪʨʝʥʥʠʤ ʪʨʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ), ʘ ʪʘʢʞʝ ʦʥʘ ʙʫʜʝʪ ʘʢʪʫʘʣʴʥʘ ʠ ʜʣʷ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʝʚ 

ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʦʨʤʘ (4.74) ʬʫʥʢʮʠʠ 

ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʦʙʦʙʱʘʝʪ ʩʦʙʦʡ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʣʫʯʘʠ ʚʳʷʚʣʝʥʠʷ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʚʦʟʤʫʱʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʘ ʚ ʬʦʨʤʝ (4.74) ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [238, 242, 243, 257, 260, 267, 158, 294, 295] ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ. 

ʂʘʢ ʣʦʢʘʣʴʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʧʦ ʪʝʢʫʱʝʤʫ ʚʦʧʨʦʩʫ ʤʦʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ ʧʨʦʩʪʫʶ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ (4.74), ʢʦʪʦʨʘʷ ʦʯʝʚʠʜʥʳʤ 

ʦʙʨʘʟʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʩʚʦʠʭ ʢʦʨʥʝʡ ï ʵʪʦʪ ʬʘʢʪ, ʚ 

                                                           
2 ʗʚʥʡr ʚʠʜ ʬʫʥʢʮʠʡ (4.72) ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʜʥʦʤ ʠʟ ʜʘʣʴʥʝʡʰʠʭ ʧʨʠʤʝʨʦʚ  
3 ʉʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʘ ʯʠʩʣʝʥʥʦ, ʣʠʙʦ ʘʥʘʣʠʪʠʯʝʩʢʠ (ʷʚʥʳʡ ʧʨʠʤʝʨ ʙʫʜʝʪ 

ʧʨʠʚʝʜʝʥ ʥʠʞʝ). 
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ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦ-ʧʝʨʚʳʭ, ʜʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʭʘʦʩʘ ʚ ʚʦʟʤʫʱʝʥʥʦʡ ʜʠʥʘʤʠʢʝ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ʠ, ʚʦ-ʚʪʦʨʳʭ, ʦʙʦʙʱʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʠ ̫ʢʦʨʥʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʘʜʜʠʪʠʚʥʦʡ ʢʦʥʩʪʘʥʪʳ J .  

ʌʘʢʪ ʚʦʟʤʦʞʥʦʡ ʭʘʦʪʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʨʘʥʝʝ ʠʟʫʯʘʣʩʷ ʚ ʩʣʫʯʘʝ ʛʠʨʦʩʪʘʪ ʂʝʣʴʚʠʥʘ, 

ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚʳʰʝ ʠ ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʚʦʡʩʪʚʘ 

ʭʘʦʪʠʟʘʮʠʠ, ʝʝ ʧʨʦʷʚʣʝʥʠʷ ʠ ʧʦʜʘʚʣʝʥʠʷ ʚ ʜʠʥʘʤʠʢʝ ʥʦʨʤʘʣʴʥʳʭ ʛʠʨʦʩʪʘʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʳʤʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʪʠʧʘ ʛʠʨʦʩʪʘʪʘ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʝʛʦ ʜʠʥʘʤʠʢʠ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʨʦʜʦʣʴʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ ʦʤʝʛʘ-ʨʝʞʠʤʦʚ.  

2. ʇʦʣʫʯʝʥʦ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ʪʠʧʘ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ ʜʣʷ 

ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʳ (ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ) ʥʦʨʤʘʣʴʥʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʫʩʣʦʚʠʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʘʣʠʟʤʘ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ. 

3. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʨʝʢʪʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʬʦʨʤʘʣʠʟʤʘ 

ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʧʦʣʫʯʝʥʘ ʦʙʱʘʷ ʬʦʨʤʘ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʧʨʦʩʪʦʡ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʩ 

ʘʜʜʠʪʠʚʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚ ʩʣʫʯʘʷʭ ʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʭʘʦʪʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ, 

ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʘʮʠʠ ʭʘʦʩʘ ʠ ʝʛʦ ʧʦʜʘʚʣʝʥʠʷ. 
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4.4. ʄʝʪʦʜʳ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʘʚʣʝʥʠʷ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ ʠ ʝʛʦ ʧʨʦʷʚʣʝʥʠʡ ʚ ʩʠʩʪʝʤʝ. ʂʘʢ ʠ ʨʘʥʝʝ, ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʣʫʯʘʷ 

ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ: ʩʣʫʯʘʡ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʩʣʫʯʘʡ 

ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

ɺ ʩʣʫʯʘʝ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʠʤʝʝʪ ʚʠʜ 

(4.56), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ 

ʩʚʦʙʦʜʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʯʣʝʥʦʚ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʚʠʜ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-

ɺʠʛʛʠʥʩʘ ʙʫʜʝʪ ʠʤʝʪʴ ʙʝʩʯʠʩʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʳʭ ʢʦʨʥʝʡ ʧʨʠ ʣʶʙʦʤ ʩʣʫʯʘʝ 

ʩʦʯʝʪʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ. ʕʪʦʪ ʬʘʢʪ ʦʧʨʝʜʝʣʷʝʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʨʘʥʝʥʠʷ ʭʘʦʩʘ ʙʝʟ ʫʩʪʨʘʥʝʥʠʷ ʩʘʤʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʝʛʦ ʚʳʟʳʚʘʶʱʠʭ (ʧʨʠ ʩʥʷʪʠʠ 

ʚʦʟʤʫʱʝʥʠʡ ʘʤʧʣʠʪʫʜʘ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ ʠ 

ʛʦʚʦʨʠʪʴ ʦ ʝʝ ʢʦʨʥʷʭ ʥʝ ʧʨʠʭʦʜʠʪʩʷ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʚʦʟʤʫʱʝʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʷʚʣʝʥʠʝ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʷʚʣʷʝʪʩʷ ʥʝʠʟʙʝʞʥʳʤ ʠ ʥʝʫʩʪʨʘʥʠʤʳʤ, ʘ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʫʩʪʨʘʥʝʥʠʷ ʭʘʦʩʘ ʚ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʝʜʦʧʫʱʝʥʠʝ (ʫʩʪʨʘʥʝʥʠʝ ʠʣʠ 

ʤʠʥʠʤʠʟʘʮʠʷ) ʩʘʤʠʭ ʚʦʟʤʫʱʝʥʠʡ. 

ɺ ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʷ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠʤʝʝʪ ʤʝʩʪʦ ʬʫʥʢʮʠʷ 

ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ ʩʦ ʩʚʦʙʦʜʥʳʤ 

ʘʜʜʠʪʠʚʥʳʤ ʧʦʩʪʦʷʥʥʳʤ ʯʣʝʥʦʤ (4.74). ʀʟ ʚʠʜʘ ʬʫʥʢʮʠʠ (4.74) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ 

ʫʩʣʦʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʧʨʦʩʪʳʭ ʝʝ ʢʦʨʥʝʡ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʥʝʨʘʚʝʥʩʪʚʘ, ʩʤʳʩʣ ʢʦʪʦʨʦʛʦ 

ʦʙʝʩʧʝʯʠʪʴ ʟʘ ʩʯʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʘʜʜʠʪʠʚʥʦʛʦ ʯʣʝʥʘ ʩʤʝʱʝʥʠʝ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ ʚʜʦʣʴ ʦʩʠ 

ʦʨʜʠʥʘʪ ʪʘʢ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʘʣʠʯʠʝ ʝʛʦ ʧʝʨʝʩʝʯʝʥʠʡ ʩ ʦʩɹ  ʁʘʙʩʮʠʩʩ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ 

ʧʨʦʩʪʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ: 

  ( )( )0trigAm P w J¢      (4.76) 

ʛʜʝ ʬʫʥʢʮʠʷ Am(Å) ʦʟʥʘʯʘʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʧʨʦʩʪʦʛʦ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ, ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʠʝ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʙʦʣʴʰʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘ ʧʝʨʠʦʜʝ ʢʦʣʝʙʘʥʠʡ. ɿʜʝʩʴ ʫʤʝʩʪʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʤʝʱʝʥʠʝ 

ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʢʘʢ ʚʚʝʨʭ, ʪʘʢ ʠ ʚʥʠʟ ʦʪ ʦʩʠ 

ʘʙʩʮʠʩʩ, ʧʦʵʪʦʤʫ ʟʥʘʢ ʧʦʩʪʦʷʥʥʦʛʦ ʘʜʜʠʪʠʚʥʦʛʦ ʯʣʝʥʘ J  ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ. ʇʨʦʩʪʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʩʣʦʚʠʷ (4.76) ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʝ ʧʝʨʝʩʝʯʝʥʠʷ/ʢʘʩʘʥʠʷ/ʦʪʩʫʪʩʪʚʠʷ 

ʢʦʥʘʢʪʘ ʣʠʥʠʠ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ ( ) ( )0 0trigf w P w J=  ʠ ʦʩʠ ʘʙʩʮʠʩʩ: 

 

                  

ʅʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʳʭ ʢʦʨʥʝʡ ( )0f w  ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ (4.76) 

ʇʨʦʩʪʳʝ ʢʦʨʥʠźʭʘʦʩ ɼʠʥʘʤʠʢʘ ʥʘ ʛʨʘʥʠʮʝ ʭʘʦʩʘ ʅʝʪ ʢʦʨʥʝʡźʭʘʦʩ ʧʦʜʘʚʣʝʥ 
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ʅʝʨʘʚʝʥʩʪʚʦ (4.76) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʣʦʚʠʝ ʚʦʟʤʦʞʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʥʦʨʤʘʣʴʥʦʛʦ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʠʨʦʩʪʘʪʘ.  

ʇʦʜʦʙʥʳʝ ʧʦ ʩʤʳʩʣʫ ʫʩʣʦʚʠʷ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʨʘʥʝʝ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [152, 154], ʛʜʝ ʪʘʢʞʝ ʟʘ ʦʩʥʦʚʫ ʩʠʥʪʝʟʘ ʫʩʣʦʚʠʷ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ 

ʚ ʚʦʟʤʫʱʝʥʥʦʡ ʜʠʥʘʤʠʢʝ ʙʳʣ ʚʳʙʨʘʥ ʬʦʨʤʘʣʠʟʤ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʜʚʫʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ( )0 0,t t  ʫʩʣʦʚʠʝ 

ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ ʜʣʷ ʩʣʫʯʘʷ ʜʝʡʩʪʚʠʷ ʥʘ ʛʠʨʦʩʪʘʪ ʚʥʝʰʥʝʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʧʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʟʠʮʠʦʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ 

( )g kld= :  

     (4.77) 

 

ɺ ʩʣʫʯʘʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʪʝʣʘ ʠ ʛʠʨʦʩʪʘʪʘ ʂʝʣʴʚʠʥʘ ʫʩʣʦʚʠʷ ʧʦʜʘʚʣʝʥʠʷ 

ʭʘʦʩʘ ʚ ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʨʘʥʝʝ ʚ ʨʷʜʝ ʨʘʙʦʪ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [257] ʥʘ 

ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʘ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʧʦʣʫʯʝʥʦ ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ 

ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʂʝʣʴʚʠʥʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ 

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʤʦʤʝʥʪʦʚ ʩʠʣ ʠ ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. ɺ ʨʘʙʦʪʝ [243] ʥʘ 

ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʘ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʭʘʦʪʠʟʘʮʠʷ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʪʝʣʘ ʧʨʠ ʥʘʣʠʯʠʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʚʝʣʠʯʠʥʘʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʠ ʜʝʡʩʪʚʠʠ 

ʚʥʝʰʥʝʛʦ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, ʛʜʝ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ 

ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ʇʦʜʦʙʥʦʝ ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ ʩʪʨʦʠʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [259, 267, 268], ʛʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʤʥʦʛʦʤʝʨʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʍʦʣʤʩʘ-

ʄʘʨʩʜʝʥʘ [238]. ʊʘʢʞʝ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʨʝʘʣʠʟʘʮʠʠ ʭʘʦʪʠʯʝʩʢʦʛʦ 

ʚʨʘʱʝʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʠʜʝ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʬʦʨʤʘʣʠʟʤʘ ɺ.ʂ. ʄʝʣʴʥʠʢʦʚʘ [242, 158, 294, 295]. ʅʘ ʦʩʥʦʚʝ ʫʩʣʦʚʠʷ (4.76) ʤʦʞʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʥʢʨʝʪʥʳʝ ʩʭʝʤʳ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ, ʯʪʦ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʘʣʝʝ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʣʦʢʘʣʴʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʚʳʰʝ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʥʦʨʤʘʣʴʥʦʛʦ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ (4.76) ʦʙʦʙʱʘʝʪ ʠ 

ʨʘʟʚʠʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ, ʠ, ʷʚʣʷʷʩʴ  ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ, ʟʘʚʝʨʰʘʝʪ 

ʠ ʩʥʠʤʘʝʪ ʧʨʦʙʣʝʤʫ ʠʟʫʯʝʥʠʷ ʭʘʦʪʠʟʘʮʠʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʠ ʩʠʥʪʝʟʘ ʫʩʣʦʚʠʡ 

ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ ʚ ʠʭ ʜʠʥʘʤʠʢʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

  

4.4.1. ɼʠʩʩʠʧʘʪʠʚʥʳʡ ʧʨʠʥʮʠʧ ʧʦʜʘʚʣʝʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ 

ɺ ʮʝʣʷʭ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʳʭ ʩʭʝʤ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ ʠ ʠʣʣʶʩʪʨʘʮʠʠ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʫʩʣʦʚʠʷ (4.76) ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʫʩʣʦʚʠʡ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ 

ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʤʦʜʝʣʴʥʦʛʦ ʩʣʫʯʘʷ ʜʠʥʘʤʠʢʠ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ: 

 0; 0; 0; 1; 0; 0.B m l Fe e e c e e e e ss c d c¸ ¸ ¸ = = = = = =I    (4.78) 
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ɼʣʷ ʫʢʘʟʘʥʥʦʛʦ ʩʣʫʯʘʷ ʚʦʟʤʫʱʝʥʠʡ (4.78) ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʡ (2.72), (2.37), (2.38) ʩ 

ʧʦʤʦʱʴʶ ʧʦʜʩʪʘʥʦʚʢʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʚʳʧʦʣʥʝʥʠʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (4.73): 

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

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

()
()

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

()
()

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

,1

,1

2 2

,2 1

2 2

,2 1

sin cos ;

cos sin ;

cos2 2 sin 2 ;
2

sin 2 2 cos2 ;
2

l m

l m

l B

l B

Q
C e b t Bq t t Ap t t

G

Q
S e b t Bq t t Ap t t

G

b t
C t e A p t q t t p t q t t

b t
S t e A p t q t t p t q t t

d d

d d

d d

d d

ë
è ø= +ê úî

î
î = -
îî
ì
î è ø= - +

ê úî
î
î =- - -
îí

   (4.80) 

() () () ()
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ʋʢʘʟʘʥʥʳʡ ʥʘʙʦʨ ʷʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (4.79)-(4.82) ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʧʨʦʮʝʜʫʨʳ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʛʘʨʤʦʥʠʢ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ (4.75), ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʯʘʩʪʠ 

ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ (ʟʜʝʩʴ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʦʡʩʪʚʘ ʯʝʪʥʳʭ ʠ ʥʝʯʝʪʥʳʭ 

ʬʫʥʢʮʠʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʯʣʝʥʳ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʚ ʚʳʨʘʞʝʥʠʷʭ (4.79)-(4.82) ʜʘʶʪ 

ʥʫʣʝʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʨʘʤʢʘʭ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ): 
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  (4.83) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʣʝʜʫʝʪ ʜʚʫʛʘʨʤʦʥʠʯʝʩʢʘʷ ʬʦʨʤʘ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ 

(4.75), ʛʜʝ ʷʚʥʦ ʚʳʜʝʣʝʥʳ ʯʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʢʪʦʨʘʤ ʘʩʠʤʤʝʪʨʠʠ ʠ ʪʠʧʘʤ 

ʚʦʟʤʫʱʝʥʠʷ, ʯʪʦ ʫʢʘʟʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʤʥʦʞʠʪʝʣʝʡ em ʠ eB: 

 ( ) ( ) ( ) ( )0 ,1 0 ,2 0 ,1 ,1 ,2 ,2sin sin 2 ; / ; /trig m s B s s s m s s BP w e J w e J w J J e J J e= + = =  (4.84) 

ʅʝʛʘʤʠʣʴʪʦʥʦʚʘ ʯʘʩʪʴ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʞʠʜʢʦʝ ʪʨʝʥʠʝ, ʣʠʙʦ 

ʧʨʦʪʠʚʦ-ʕɼʉ ʚ ʤʦʤʝʥʪʘʭ ʩʠʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʩʦʦʩʥʳʭ ʪʝʣ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ): 

 ()m e tssD=-         (4.85) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʪʝʛʨʘʣ (4.67) ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ: 

 ()( )()*; constJ e J J t t dts s s s
+¤

-¤

= =- - =ñ   (4.86) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʟʠʨʫʷʩʴ ʥʘ ʦʙʱʝʤ ʫʩʣʦʚʠʠ (4.76), ʚʳʨʘʞʝʥʠʷ (4.84) ʠ (4.86) 

ʦʧʨʝʜʝʣʷʶʪ ʩʦʙʦʡ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʥʩʪʘʥʪʳ ʠ, ʩʦʙʩʪʚʝʥʥʦ, ʬʦʨʤʠʨʫʶʪ ʩʦʙʦʡ ʠʪʦʛʦʚʳʡ 

ʢʨʠʪʝʨʠʡ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ. ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʫʩʣʦʚʠʷ (4.76) ʦʧʨʝʜʝʣʷʶʪʩʷ ñʢʨʠʪʠʯʝʩʢʠʝò 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ʜʠʩʩʠʧʘʮʠʠ es, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʝʜʝʣʴʥʦʡ ʬʦʨʤʝ 

ʥʝʩʪʨʦʛʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ (4.76): 

 
( )( )0trigAm P w

e
J

s=       (4.87) 

ʇʨʠ ʢʨʠʪʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʜʠʩʩʠʧʘʮʠʠ (4.87) ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʨʘʩʱʝʧʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʤʥʦʞʝʩʪʚ ʩʝʧʘʨʘʪʨʠʩʳ ʙʝʟ ʠʭ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ. 

 ʇʨʠʚʝʜʝʤ ʜʘʣʝʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʚʦʟʤʫʱʝʥʠʡ ʠ ʚʳʯʠʩʣʠʤ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʚʩʝʭ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʷ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ ʚʝʣʠʯʠʥ.  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʠʪ 

ʧʘʨʳ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʩʝʧʘʨʘʪʨʠʩʩ, ʩʚʷʟʳʚʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʜʫʱʠʝ ʩʝʜʣʦʚʳʝ 

ʦʩʦʙʳʝ ʪʦʯʢʠ ï ʵʪʦ ñʚʝʨʭʥʷʷò ʠ ñʥʠʞʥʷʷò ʩʝʧʘʨʘʪʨʠʩʩʳ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ɸʥʜʫʘʡʝ-

ɼʝʧʨʠ, ʦʧʨʝʜʝʣʷʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷʤʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (I2) ʠ ʫʨʦʚʥʝʤ ʵʥʝʨʛʠʠ (T ) 

ʩʝʜʣʦʚʳʭ ʪʦʯʝʢ. ʆʙʝ ʵʪʠ ʩʝʧʘʨʘʪʠʩʳ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʤ 

ʨʝʰʝʥʠʷʤ (3.37)-(3.42) ʠ ʜʚʫʤ ʩʚʦʠʤ ʠʟʚʝʩʪʥʳʤ ʥʘʙʦʨʘʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʘʮʠʠ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʧʦʣʦʜʠʡ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ [192, 204, 197].  

ʇʨʦʚʝʜʝʤ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʚʦʟʤʫʱʝʥʠʡ: 

0.15; 1; 0; 0.B l m Fe e e e e e es de= = ¸ = = = = =I  

ʇʫʩʪʴ ʜʣʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ: 
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( )

2

1 1 2 2 2

2 2

2 2 2 2 2 2 2 2

Ĕ Ĕ Ĕ5; 4; 15; 10; 6 [kg m ];

Ĕ Ĕ;

A C A B C

A A M OP B B M OP

= = = = = Ö

= + Ö = + Ö
   (4.88) 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʧʦ ʚʝʨʭʥʝʡ ʩʝʧʘʨʘʪʨʠʩʝ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ: 

 
0 0 0 0 *

2 2 2

2

1.5; 0; 3.15597; 0.59403; 2.63527 [rad/ s];

15; 45.29504 [kg m / s]; 15, 91.74372 [kg m / s ],

p q r

G I Q T

s s= = = = =ëî
ì
D= = = Ö =- = Öîí

(4.89) 

ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʝʘʣʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʥʠʞʥʝʡ ʩʝʧʘʨʘʪʠʨʠʩʳ: 

 
0 0 0 0 *

2 2 2

2

2.25894; 0; -1.95929; 5.70929; 2.63527 [rad/ s];

15; 45.29504 [kg m / s]; 15, 91.74372 [kg m / s ].

p q r

G I Q T

s s= = = = =ëî
ì
D= = = Ö =- = Öîí

 (4.90) 

 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʥʘʯʘʣʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʙʝʟ ʜʠʩʩʠʧʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ( 0es= ).  

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʠʩʫʥʢʦʚ (ʨʠʩ. 4.16-4.17), ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʘʧʝʨʠʦʜʠʯʝʩʢʠʝ ʦʩʮʠʣʣʷʮʠʠ (ʨʠʩ. 4.16-a) ʠ ʩʣʦʞʥʳʝ ʬʘʟʦʚʳʝ 

ʪʨʘʝʢʪʦʨʠʠ (ʨʠʩ. 4.16-b, d) ʢʦʪʦʨʳʝ çʟʘʚʷʟʳʚʘʶʪ ʩʝʙʷ ʚ ʫʟʣʳè (ñtie themselves in knotsò 

[239]); ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʭʘʦʪʠʯʝʩʢʠʡ ʩʣʦʡ (ʨʠʩ. 4.17) ʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʘʷ ʩʝʪʴ ʦʪ ʧʘʨʳ 

ʩʝʧʘʨʪʨʠʩʩï ʨʠʩ.4.18. 
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(a) 

 
( b) 

 

 

(c) 

 
(d) 

 

 
(e) 

ʈʠʩ. 4.16. ʂʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ ʚʙʣʠʟʠ 

ʥʝʚʦʟʤʫʱʝʥʥʳʭ ʩʝʧʘʨʘʪʨʠʩʩ: 

(a) ï ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʪʦʯʢʠ ï ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ, ʣʠʥʠʠ ï ʯʠʩʣʝʥʥʳʝ ʚʦʟʤʫʱʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ); 

(b), (c) ï ʧʦʣʦʜʠʠ ʚ  p-q-r ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; 

(d), (e) ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ 
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(a) 

 

    

(b) 

 

 

 

 

 

 

(c) 

 
(d) 

 

ʈʠʩ. 4.17. ʊʨʝʭʤʝʨʥʦʝ ʩʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ ( )0mD=  ʠ ʝʛʦ ʧʨʦʝʢʮʠʠ 

( ){ }2, / ,l L I D-D 
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(a) 
 

(b) 

 

(c) 

 

 

     
(d) 

 
(e) 

 
(f) 

ʈʠʩ.4.18. ʇʝʨʚʳʝ ʦʙʨʘʟʳ ʦʪʦʙʨʘʞʝʥʠʷ ʇʫʘʥʢʘʨʝ (ʧʫʨʧʫʨʥʳʡ-1, ʢʨʘʩʥʳʡ-2) ʠ ʧʝʨʚʳʝ 

ʧʨʦʦʙʨʘʟʳ (ʯʝʨʥʳʡ-3, ʩʠʥʠʡ-4) ʥʝʚʦʟʤʫʱʝʥʥʳʭ ʩʝʧʘʨʘʪʨʠʩʩ (ʚʝʨʭʥʝʡ, ʥʠʞʥʝʡ) 

 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ (4.85) ʚ ʩʣʫʯʘʝ ʢʨʠʪʠʯʝʩʢʦʡ 
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