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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʣʦʞʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʠʥʘʤʠʢʠ ʪʚʝʨʜʳʭ ʪʝʣ, 

ʠʤʝʶʱʠʭ ʧʦʣʦʩʪʠ ʥʘʧʦʣʥʝʥʥʳʝ ʞʠʜʢʦʩʪʴʶ. ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʩʩʣʦʝʥʠʝʤ ʞʠʜʢʦʩʪʠ ʚʘʞʥʦ ʢʘʢ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ ʠ ʩ 

ʧʨʠʢʣʘʜʥʦʡ. ʀʥʪʝʨʝʩ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʪʝʢʘʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟ ʙʦʣʴʰʝʛʦ 

ʩʧʝʢʪʨʘ ʥʘʫʯʥʳʭ ʟʘʜʘʯ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʰʝʥʠʷʤʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤ ʠʟʫʯʝʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʢʘʢ ʚʥʫʪʨʠ ɿʝʤʣʠ, ʪʘʢ ʠ ʚ ʚʦʟʜʫʰʥʳʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨ,r ʘ ʪʘʢʞʝ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʠ 

ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʛʦ ʛʘʟʘ ʠ ʢʨʠʦʛʝʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. 

ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ 

ʦʙʲʝʤʳ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʠ; ʥʘʧʨʠʤʝʨ, ʪʦʧʣʠʚʥʳʝ ʙʘʢʠ ʦʙʲʝʢʪʦʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʞʠʜʢʦʩʪʝʡ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʩʞʠʞʝʥʥʳʭ ʛʘʟʦʚ, ʚʦʜʦʥʘʧʦʨʥʳʝ ʙʘʰʥʠ ʠ 

ʪ.ʜ. ʆʜʥʦʨʦʜʥʘʷ ʞʠʜʢʦʩʪʴ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʘʷ ʧʦʣʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ 

ʥʘ ʜʚʠʞʝʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ; ʦʩʦʙʝʥʥʦ, ʢʦʛʜʘ ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ ʛʦʨʘʟʜʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʤʘʩʩʫ ʩʫʭʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʪʴ ʜʚʠʞʝʥʠʝ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦ ʜʠʥʘʤʠʢʝ ʩʦʩʫʜʘ ʩʦ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ, ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ ʚʦʣʥʳ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʤʧʣʠʪʫʜʳ. ɼʝʬʠʮʠʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ ʩʣʦʞʥʦʩʪʴʶ, ʚʦʟʥʠʢʘʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ, ʪʘʢ ʠ ʪʨʫʜʥʦʩʪʷʤʠ ʧʦʩʪʘʥʦʚʢʠ ʩʘʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʩʢʦʣʴʢʫ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʙʫʞʜʝʥʠʝ ʩʪʦʷʯʠʭ ʚʦʣʥ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʤʧʣʠʪʫʜʳ ʚ 

ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʠ. 
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ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ 

ʠʟʫʯʘʝʤʦʤ ʢʨʫʛʝ ʷʚʣʝʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʳʭ ʣʠʥʝʡʥʳʭ 

ʤʦʜʝʣʝʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʚʝʩʴʤʘ 

ʭʘʨʘʢʪʝʨʥʳ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳ ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʞʠʜʢʦʩʪʝʡ.  

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʩʣʦʠʩʪʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʥʝʧʦʜʚʠʞʥʳʭ 

ʠ ʧʦʜʚʠʞʥʳʭ ʩʦʩʫʜʘʭ, ʘ ʪʘʢʞʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʪʚʝʨʜʳʭ ʪʝʣ, ʠʤʝʶʱʠʭ 

ʧʦʣʦʩʪʠ, ʥʘʧʦʣʥʝʥʥʳʝ ʧʦʜʦʙʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʄʝʪʦʜ rʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʡ 

ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ ʦʜʥʦʨʦʜʥʳʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʠ 

ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ, ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʚʳʯʠʩʣʠʪʝʣʥɹʳʝ ʤʝʪʦʜʳ: ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʪʦʜ 

ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʤʝʪʦʜ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʤʝʪʦʜ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, 

ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ 

ʤʝʪʦʜ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ:  

1. ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ ʜʠʥʘʤʠʢʠ ʪʨʸʭʩʣʦʡʥʦʡ ʠʜʝʘʣʴʥʦʡ ʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʝʡ ʠ 

ʚ ʧʦʣʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

2. ʇʦʣʫʯʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʦʩʪʝʡ ʜʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʣʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ.  

3. ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʣʦʠʩʪʦʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʧʦʣʦʩʪʠ 

ʧʦʜʚʠʞʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

4. ʇʦʣʫʯʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʫʯʠʪʳʚʘʶʱʠʭ ʧʦʜʚʠʞʥʦʩʪʴ 

ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʠ ʧʦʢʘʟʳʚʘʶʱʠʭ ʦʪʣʠʯʠʷ ʦʪ ʜʠʥʘʤʠʢʠ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ. 
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5. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʪʝʦʨʠʠ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ ʩʦ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ. 

6. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʚʳʯʠʩʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ 

ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ. 

7. ʀʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʧʦʣʦʩʪʴ 

ʥʘʧʦʣʥʝʥʥʦʡ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

8. ʈʘʟʨʘʙʦʪʘʥ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʢʦʣʝʙʘʥʠʷ ʪʨʸʭʩʣʦʡʥʦʡ 

ʞʠʜʢʦʩʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ, 

ʢʦʩʤʠʯʝʩʢʠʭ ʪʘʥʢʝʨʦʚ, ʤʦʨʩʢʠʭ ʛʘʟʦʚʦʟʦʚ, ʧʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ ʠʟ ʩʨʘʚʥʝʥʠʷ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʧʨʝʜʳʜʫɦʠʭ ʨʘʙʦʪʘʭ, ʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʥyʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ʊʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥ ʥʘ 157 

ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʠʣʣʶʩʪʨʠʨʦʚʘʥʥʦʛʦ 109 ʨʠʩʫʥʢʘʤʠ ʠ 7 

ʪʘʙʣʠʮʘʤʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ ʩ ʢʨʘʪʢʠʤʠ ʚʳʚʦʜʘʤʠ ʧʦ 

ʢʘʞʜʦʡ ʛʣʘʚʝ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʧʫʙʣʠʢʘʮʠʡ ʠ ʣʠʪʝʨʘʪʫʨʳ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ: ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. XVIII  ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çʋʥʠʢʘʣʴʥʳʝ ʬʝʥʦʤʝʥʳ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʮʝʥʥʦʩʪʠ ʢʫʣʴʪʫʨʳè çʏɽʃʆɺɽʂ ɺ ʋʉʃʆɺʀʗʍ 

ʊɽʍʅʆɻɽʅʅʆʁ ʎʀɺʀʃʀɿɸʎʀʀ: ʇʈʆɹʃɽʄʓ ʀ ɺʆɿʄʆɾʅʆʉʊʀè, 

ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʜʦʢʣʘʜʦʚ, ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, (ʄʦʩʢʚʘ, ʘʧʨʝʣʴ-ʤʘʡ 

2016 ʛ.). 
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2. 7-ʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɺʦʣʥʳ ʠ ʚʠʭʨʠ ʚ 

ʩʣʦʞʥʳʭ ʩʨʝʜʘʭè, ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. 

ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ, (ʄʦʩʢʚʘ, 30 ʥʦʷʙʨʷ-02 ʜʝʢʘʙʨʷ 2016 ʛ.). 

3. 8-ʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɺʦʣʥʳ ʠ ʚʠʭʨʠ ʚ 

ʩʣʦʞʥʳʭ ʩʨʝʜʘʭè, ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. 

ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ, (ʄʦʩʢʚʘ, 07-09 ʥʦʷʙʨʷ 2017 ʛ.). 

4. XLI  ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʘʜʝʤʠʯʝʩʢʠʝ ʯʪʝʥʠʷ ʧʦ 

ʢʦʩʤʦʥʘʚʪʠʢʝ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ ʠ ʜʨʫʛʠʭ 

ʚʳʜʘʶʱʠʝʩʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ-ʧʠʦʥʝʨʦʚ ʦʩʚʦʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘè, ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, (ʄʦʩʢʚʘ, 24-27 ʷʥʚʘʨʷ 2017 ʛ.). 

5. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çXLIII  ɻʘʛʘʨʠʥʩʢʠʝ 

ʯʪʝʥʠʷè, ʄɸʀïʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ, (ʄʦʩʢʚʘ, 5-20 ʘʧʨʝʣʷ 

2017 ʛ.). 

6. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ 

ʤʝʭʘʥʠʢʠ» (FAPM-2017), ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, (ʄʦʩʢʚʘ, 24-27 ʦʢʪʷʙʨʷ, 

2017 ʛ.). 

7. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʝʭʘʥʠʢʘ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʪʝʭʥʠʢʝè, ʧʦʩʚʷʱʝʥʥʘʷ 100-ʣʝʪʠʶ ʩʦ ʜʥʷ 

ʨʦʞʜʝʥʠʷ ɺ. ʀ. ʌʝʦʜʦʩʴʝʚʘ, ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, (ʄʦʩʢʚʘ, 17-19 ʤʘʷ 

2016 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ: ʩʧʠʩʦʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʩʦʩʪʘʚʣʷʝʪ 12 ʧʫʙʣʠʢʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 5 ʧʫʙʣʠʢʘʮʠʠ, ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ 

ʠʟʜʘʥʠʷʭ ʠ ʞʫʨʥʘʣʘʭ.  
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ɻʃɸɺɸ 1. ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀʉʉʃɽɼʆɺɸʅʀʁ ɼʀʅɸʄʀʂʀ 

ʉʃʆʀʉʊʆʁ ɾʀɼʂʆʉʊʀ 

1.1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ɺʩʝ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʩʣʦʝʥʳʭ (ʜʠʩʢʨʝʪʥʦ-

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ) ʞʠʜʢʦʩʪʝʡ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʤ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʂ ʧʝʨʚʦʡ 

ʛʨʫʧʧʝ ʦʪʥʝʩʝʤ ʨʘʙʦʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʢʦʣʝʙʘʥʠʡ ʩʣʦʠʩʪʳʭ (ʜʠʩʢʨʝʪʥʦ-

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ) ʞʠʜʢʦʩʪʝʡ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʠʭ ʧʦʣʦʩʪʴ 

ʥʝʧʦʜʚʠʞʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʚʠʞʝʥʠʝʤ ʪʚʝʨʜʳʭ 

ʪʝʣ, ʠʤʝʶʱʠʭ ʧʦʣʦʩʪʠ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʝ ʩʣʦʝʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʂ ʜʨʫʛʦʡ ʛʨʫʧʧʝ ʦʪʥʝʩʝʤ ʨʘʙʦʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʜʚʠʞʝʥʠʷ ʩʣʦʠʩʪʳʭ (ʜʠʩʢʨʝʪʥʦ-

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ) ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʝʨʜʳʭ ʪʝʣ ʚ ʞʠʜʢʦʩʪʷʭ, ʟʘʥʠʤʘʶʱʠʭ 

ʦʪʢʨʳʪʫʶ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

1.1.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʣʦʠʩʪʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ 

ʦʙʣʘʩʪʷʭ 

ʂʨʫʧʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʠʟʫʯʘʶʱʝʝ ʤʘʣʳʝ ʜʚʠʞʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʩʨʝʜʠʥʝ ʜʝʚʷʪʥʘʜʮʘʪʦʛʦ ʚʝʢʘ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʚʷʟʘʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ ʦʢʝʘʥʝ ʠ ʘʪʤʦʩʬʝʨʝ. ʕʪʦʪ ʮʠʢʣ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʣʠʟʦʢ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʦʧʨʦʩʘʤ. ɺʥʫʪʨʝʥʥʠʝ 

ʚʦʣʥʳ ʚʦʟʥʠʢʘʶʪ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʢʦʪʦʨʦʛʦ 

ʚʥʝʰʥʝʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ, ʚʩʣʝʜʩʪʚʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʞʠʜʢʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʦʛʨʝʚʘ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ ʠ. ʪ. ʜ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʙʳʣʦ ʥʘʯʘʪʦ ʉʪʦʢʩʦʤ (1847 ʛ.) [130]. ɻʝʣʴʤʛʦʣʴʮʝʤ (1868 ʛ.) 

[123]. ʉʪʦʢʩ ʠ ]. ɻʝʣʴʤʛʦʣʴʮ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʝʧʨʝʨʳʚʥʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʚʧʝʨʚʳʝ ʧʨʦʚʝʣ ʈʵʣʝʡ (1883 ʛ.) [128]. ʆʥ 

ʧʨʠʤʝʥʠʣ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʢ ʧʝʨʝʭʦʜʥʦʤʫ 

ʩʣʦʶ ʤʝʞʜʫ ʜʚʫʤʷ ʞʠʜʢʦʩʪʷʤʠ ʠ ʧʨʠ ʪʦʣʱʠʥʝ ʵʪʦʛʦ ʩʣʦʷ, ʩʪʨʝʤʷʱʝʛʦʩʷ ʢ ʥʫʣʶ, 

ʧʦʣʫʯʠʣ ʪʝ ʞʝ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʠ ʉʪʦʢʩ. ɿʘʪʝʤ 
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ʧʦʩʣʝʜʦʚʘʣʠ ʨʘʙʦʪʳ ɻʨʠʥʭʠʣʘ [121], ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʣ ʢʦʣʝʙʘʥʠʷ ʞʠʜʢʦʩʪʠ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʣʦʝʚ ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʪʦʣʱʠʥʳ. 

ʇʦʩʣʝ ʥʘʯʘʣʘ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʷʤ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʠʟʫʯʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʣʥ ʚ ʦʢʝʘʥʝ ʠ ʘʪʤʦʩʬʝʨʝ, ʩʠʣʴʥʦ ʚʦʟʨʦʩʣʦ. ʆʛʨʘʥʠʯʠʤʩʷ ʦʙʩʫʞʜʝʥʠʝʤ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʤʦʥʦʛʨʘʬʠʡ ʠ ʢʥʠʛ, ʚ ʢʦʪʦʨʳʭ ʦʙʦʙʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʘʥʥʦʡ 

ʪʝʤʘʪʠʢʝ ʠ ʠʤʝʝʪʩʷ ʦʙʰʠʨʥʘʷ ʙʠʙʣʠʦʛʨʘʬʠʷ. 

ʉʨʝʜʠ ʨʘʙʦʪ ʵʪʦʡ ʛʨʫʧʧʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʤʦʥʦʛʨʘʬʠʶ 

ʥʝʤʝʮʢʦʛʦ ʦʢʝʘʥʦʣʦʛʘ ɺ. ʂʨʘʫʩʘ [63]. ɺ ʵʪʦʡ ʤʦʥʦʛʨʘʬʠʠ ʦʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ 

ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʠʥʝʡʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʳ ʠ 

ʛʝʦʤʝʪʨʠʝʡ ʚʦʜʦʝʤʘ. ɺ ʵʪʦʡ ʞʝ ʢʥʠʛʝ ʧʨʠʚʝʜʝʥʳ ʩʧʦʩʦʙʳ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʚʦʣʥʘʤ. ɺ ʤʦʥʦʛʨʘʬʠʠ 

ʖ. ɿ. ʄʠʨʦʧʦʣʴʩʢʦʛʦ [71] ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʣʠʥʝʡʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ ʦʢʝʘʥʝ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʸʥ ʘʥʘʣʠʟ ʥʝʣʠʥʝʡʥʳʭ 

ʵʬʬʝʢʪʦʚ. 

ɽʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ, ʪʦ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦ ʢʦʣʝʙʘʥʠʷʭ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠʚʦʜʠʪ ʢ 

ʩʣʦʞʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʜʠʥʘʤʠʢʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʨʝʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʟʘʤʝʥʠʪʴ ʩʫʤʤʦʡ ʩʣʦʸʚ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʧʣʦʪʥʦʩʪʴ ʧʦʩʪʦʷʥʥʘ. ɺ 

ʧʨʠʣʦʞʝʥʠʠ ʢ ʧʨʦʮʝʩʩʘʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʦʢʝʘʥʝ, ʥʘʠʙʦʣʝʝ ʨʝʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ 

ʪʨʸʭʩʣʦʡʥʘʷ ʤʦʜʝʣʴ [71] ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʝʨʭʥʝʛʦ 

ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʛʦ ʩʣʦʷ, ʩʣʦʷ ʩʝʟʦʥʥʦʛʦ ʪʝʨʤʦʢʣʠʥʘ ʠ ʥʠʞʥʝʛʦ ʩʣʦʷ ʧʦʩʪʦʷʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [30] ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʪʝʢʘʥʠʷ ʜʚʫʤʝʨʥʦʛʦ 

ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʩ ʧʝʨʠʦʜʘʤʠ ʧʣʘʚʫʯʝʩʪʠ T= 

25,2; 6,28 c ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʠ ʌʨʫʜʘ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʦʧʝʨʝʞʘʶʱʝʛʦ ʚʦʟʤʫʱʝʥʠʷ ʧʝʨʝʜ ʮʠʣʠʥʜʨʦʤ, 

ʩʤʝʱʘʶʱʠʤʩʷ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʣʠʥʠʠ ʨʘʚʥʦʡ 

ʩʦʣʝʥʦʩʪʠ ʠʤʝʶʪ ʬʦʨʤʫ ʧʦʣʫʢʨʫʛʣʦʛʦ ʛʨʝʙʥʷ c ʦʩʪʨʳʤʠ ʟʫʙʮʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʘ 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʚʦʣʥ ʠ ʧʦʷʚʣʝʥʠʷ ʚ ʩʣʝʜʝ ʟʘ 

ʮʠʣʠʥʜʨʦʤ ʩʣʦʝʚ ʞʠʜʢʦʩʪʠ ʩ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʴʶ. ɺ ʪʝʯʝʥʠʷʭ ʩ ʧʝʨʠʦʜʦʤ 

ʧʣʘʚʫʯʝʩʪʠ T= 6,28 ʩ ʧʨʠ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ Re < 60 ʚ ʩʣʝʜʝ ʟʘ ʮʠʣʠʥʜʨʦʤ 

ʦʙʥʘʨʫʞʝʥʳ ʟʘʩʪʦʡʥʳʝ ʟʦʥʳ, ʧʨʠ Re> 60 ʪʘʢʠʝ ʟʦʥʳ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɺ ʨʘʙʦʪʝ [125] Lu, Chwang ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ. ʆʪʤʝʪʠʤ ʥʝʢʦʪʦʨʳʝ ʨʘʙʦʪʳ 

(1967ï2007 ʛʛ.), ʧʦʩʚʷʱʝʥʥʳʝ ʧʨʦʙʣʝʤʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʩʣʦʠʩʪʳʭ ʩʨʝʜʘʭ. 

ʂʦʨʦʪʢʠʡ ʦʙʟʦʨ ʜʦʩʪʠʞʝʥʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ ʚ 

ʞʠʜʢʦʩʪʷʭ (ʟʘ 1999ï2008 ʛʛ.) ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ (ʉʝʣʝʟʦʚ ʠ ʜʨ.,2009) [86-90], 

ʛʜʝ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ (Choi,Camassa) [119]. 

ɺ ʨʘʙʦʪʝ (Kakinuma et al., 2012) [124] ʨʘʩʩʤʦʪʨʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʢ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʩ ʫʧʨʫʛʦʡ ʧʣʘʩʪʠʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʘʢʪʘ ʠʣʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʤʦʜʝʣʠʨʦʚʘʥʳ ʚʥʫʪʨʝʥʥʠʝ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʯʝʯʥʦʡ ʥʘʛʨʫʟʢʠ. 

ɺ ʨʘʙʦʪʘʭ (ʂʘʣʠʥʠʯʝʥʢʦ, ʉʝʢʝʨʞ-ɿʝʥʴʢʦʚʠʯ) [36-42, 85] ʧʨʦʚʝʜʝʥʦ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʬʠʣʝʡ ʜʚʫʤʝʨʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʪʦʷʯʠʭ 

ʚʦʣʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʚʦʣʥ ʠʤʝʝʪ ʤʝʩʪʦ ʩʠʩʪʝʤʘ ʚʪʦʨʠʯʥʳʭ 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʩʶ ʪʦʣʱʫ ʞʠʜʢʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ (Camassa et al.,) [118] ʠʩʩʣʝʜʦʚʘʥ  r ʥʝʣʠʥʝʡʥʳʝ ʚʦʣʥʳ ʚ 

ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʨʘʙʦʪʝ (Debsama et al.,) 

[120] ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʦʣʥʦʩʪʴʶ ʥʝʣʠʥʝʡʥʳʝ ʜʣʠʥʥʳʝ ʚʦʣʥʳ ʚ ʜʚʫʭʩʣʦʡʥʦʡ 

ʞʠʜʢʦʩʪʠ.  

ɺ ʧʫʙʣʠʢʘʮʠʷʭ (ɸʚʨʘʤʝʥʢʦ) [1], (ʉʝʣʝʟʦʚ) [86-90] ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ, ʚ 

ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʘʧʠʣʣʷʨʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚʢʣʘʜ 

ʚʳʩʦʢʠʭ ʛʘʨʤʦʥʠʢ ʚ ʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ ʚ ʮʝʣʦʤ. 

ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʤʝʪʦʜʦʤ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʭ ʨʘʟʣʦʞʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʳ 

ʜʚʫʭʩʣʦʡʥʳʝ ʩʠʩʪʝʤʳ ʚʠʜʘ çʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ï ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦè, çʩʣʦʡ ï 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦè ʠ ʩʠʩʪʝʤʘ çʩʣʦʡ ï ʩʣʦʡè, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ 



13 
 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʥʶʘʥʩʦʚ ʤʝʪʦʜʘ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʭ ʨʘʟʣʦʞʝʥʠʡ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʫʪʨʝʥʥʠʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʤʝʪʦʜʦʤ 

ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʭ ʨʘʟʣʦʞʝʥʠʡ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ. ɺ ʨʘʙʦʪʝ 

(ʉʝʣʝʟʦʚ ʠ ʜʨ., 2009) [86-90] ʠʟʫʯʘʣʦʩʴ ʥʝʣʠʥʝʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʫʪʨʝʥʥʠʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. ʇʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʝʨʚʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ. 

ɺ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʪʨʝʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ. 

ʇʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʠ ʚʳʚʝʜʝʥʦ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ. 

ʇʨʠʚʦʜʷʪʩʷ ʢʦʨʥʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʞʠʜʢʦʩʪʝʡ. ʌʘʟʦʚʳʝ ʠ ʛʨʫʧʧʦʚʳʝ ʩʢʦʨʦʩʪʠ ʩʪʨʦʷʪʩʷ, ʢʘʢ 

ʬʫʥʢʮʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʦʣʥʦʚʳʭ ʨʝʞʠʤʦʚ. [129]. 

ɺ ʨʘʙʦʪʘʭ ʉʝʣʝʟʦʚʘ ʀ. ʊ. [86-90] ʨʘʩʩʤʦʪʨʝʥʘ ʥʦʚʘʷ ʥʝʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʚ ʩʠʩʪʝʤʝ çʞʠʜʢʠʡ ʩʣʦʡ ʩ ʪʚʝʨʜʳʤ ʜʥʦʤï 

ʞʠʜʢʠʡ ʩʣʦʡ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶè. ʄʝʪʦʜʦʤ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʭ 

ʨʘʟʣʦʞʝʥʠʡ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʪʨʠ ʣʠʥʝʡʥʳʭ ʧʨʠʙʣʠʞʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ. 

ʇʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ ʧʝʨʚʳʭ ʜʚʫʭ ʣʠʥʝʡʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ 

ʨʘʟʨʝʰʠʤʦʩʪʠ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʣʠʥʝʡʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ɺʳʚʝʜʝʥʳ 

ʵʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʛʠʙʘʶʱʠʭ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʘʢʪʘ ʠ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʬʦʨʤ ʚʦʣʥʦʚʳʭ 

ʧʘʢʝʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʠ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [15] ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʥʘʤʠʢʦʡ ʚʥʫʪʨʝʥʥʠʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ 

ʙʝʩʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ. ʆʙʩʫʞʜʘʶʪʩʷ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʧʨʝʜʝʣʳ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʧʣʦʩʢʠʭ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʚʥʫʪʨʝʥʥʠʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. ʇʦʢʘʟʘʥʦ ʯʪʦ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʜʚʫʭ ʦʪʥʦʰʝʥʠʷʭ, ʚʥʫʪʨʝʥʥʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ ʚ ʙʝʟʛʨʘʥʠʯʥʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʩʨʝʜʝ ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ: 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʥʝ ʤʦʛʫʪ ʧʨʝʚʦʩʭʦʜʠʪʴ 
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ʯʘʩʪʦʪʫ ʧʣʘʚʫʯʝʩʪʠ, ʠ ʚʥʫʪʨʝʥʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʝ ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʚʦʣʥʦʚʳʤ ʬʨʦʥʪʘʤ.  

ɺ ʨʘʙʦʪʝ [105] ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʥʘʡʜʝʥʳ ʧʨʠʙʣʠʞʝʥʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʚʫʤʝʨʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʟʘʜʘʯʠ ʩ ʥʝʣʠʥʝʡʥʳʤ ʚʭʦʞʜʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʦʡ 

ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ-

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [114] ʥʘʡʜʝʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʥʝʣʠʥʝʡʥʘʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʪʝʦʨʠʠ ʜʣʠʥʥʳʭ ʚʦʣʥ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ 

ʢʨʫʛʦʚʦʤ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤ ʙʘʩʩʝʡʥʝ, ʩʚʝʜʝʥʘ ʢ ʦʙʳʯʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʤʦʜʝʣʠ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʤʝʣʢʦʡ ʚʦʜʳ ʥʘʜ ʨʦʚʥʳʤ ʥʝʧʦʜʚʠʞʥʳʤ ʜʥʦʤ. ʕʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʪʝʦʨʝʪʠʢʦ-ʛʨʫʧʧʦʚʳʭ ʩʚʦʡʩʪʚ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʚʨʘʱʘʶʱʝʡʩʷ ʤʝʣʢʦʡ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʦʙʱʝʡ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʢʫʩʦʯʥʦ-

ʧʦʩʪʦʷʥʥʫʶ ʩʪʨʘʪʠʬʠʢʘʮʠʶ ʞʠʜʢʦʩʪʠ. ʅʘʣʠʯʠʝ ʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʩʠʤʤʝʪʨʠʡ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʛʨʫʧʧʦʚʦʝ ʨʘʟʤʥʦʞʝʥʠʝ 

ʨʝʰʝʥʠʡ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʘʪʝʣʴʥʦ-

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥ ʢʣʘʩʩ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʡ ʥʝʣʠʥʝʡʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʢʨʫʛʦʚʦʤ ʧʘʨʘʙʦʣʦʠʜʝ ʩ ʟʘʤʢʥʫʪʳʤʠ ʠʣʠ 

ʢʚʘʟʠʟʘʤʢʥʫʪʳʤʠ (ʵʨʛʦʜʠʯʝʩʢʠʤʠ) ʪʨʘʝʢʪʦʨʠʷʤʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʠʭ ʯʘʩʪʠʮ. 

ɺ ʩʪʘʪʴʝ [95] ʚ ʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ ʨʝʰʝʥʘ 

ʧʣʦʩʢʘʷ ʟʘʜʘʯʘ ʦ ʜʚʠʞʝʥʠʷʭ ʪʨʝʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ, ʚʳʟʚʘʥʥʳʭ ʚʠʙʨʘʮʠʷʤʠ 

ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ. ʎʠʣʠʥʜʨ ʧʦʣʥʦʩʪʴʶ ʧʦʤʝʱʝʥ ʚ ʩʨʝʜʥʝʤ ʣʠʥʝʡʥʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʣʦʝ, ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʩʣʦʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ ʠ 

ʦʛʨʘʥʠʯʝʥʳ ʞʝʩʪʢʠʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʩʪʝʥʢʘʤʠ. ɾʠʜʢʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʜʝʘʣʴʥʦʡ ʠ ʥʝʩʞʠʤʘʝʤʦʡ. ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ 

ʤʘʩʩ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ ʮʠʣʠʥʜʨʘ ʠ ʪʦʣʱʠʥ 

ʩʣʦʝʚ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ ɺ.ɺ.ɹʫʣʘʪʦʚʘ, ʖ.ɺ.ɺʣʘʜʠʤʠʨʦʚʘ [15] ʨʘʩʩʤʦʪʨʝʥʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʚʦʣʥʦʚʦʡ ʜʠʥʘʤʠʢʠ ʧʨʠʨʦʜʥʳʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ 
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(ʦʢʝʘʥ, ʘʪʤʦʩʬʝʨʘ) ʠ ʜʘʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʜʘʥʥʳʤʠ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

1.1.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʣʦʠʩʪʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʷʭ 

ɺ ʉʉʉʈ ʮʝʣʳʡ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ, ʩʚʷʟʘʥ ʩ 

ʠʤʝʥʘʤʠ ʂ. ʉ. ʂʦʣʝʩʥʠʢʦʚʘ, ɻ. ʅ. ʄʠʢʠʰʝʚʘ, ɹ. ʀ. ʄʦʠʩʝʝʚʘ, ɺ. ɺ. ʈʫʤʷʥʮʝʚʘ ʌ. 

ʃ. ʏʝʨʥʦʫʩʴʢʦ, ʐʢʣʷʨʯʫʢʘ ʌ. ʅ. ʠ ʜʨ. 

ʄʦʥʦʛʨʘʬʠʷ [112] ʌ. ʃ. ʏʝʨʥʦʫʩʴʢʦ ʧʦʩʚʷʱʝʥʘ ʜʠʥʘʤʠʢʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʧʦʣʦʩʪʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʚʷʟʢʫʶ ʥʝʩʞʠʤʘʝʤʫʶ ʞʠʜʢʦʩʪʴ. ɺ ʤʦʥʦʛʨʘʬʠʠ 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʙʦʙʱʸʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʩʯʸʪ ʨʘʟʣʠʯʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʩ ʞʠʜʢʠʤ 

ʥʘʧʦʣʥʝʥʠʝʤ. 

ɺ ʫʯʝʙʥʠʢʝ ʂ. ʉ. ʂʦʣʝʩʥʠʢʦʚʘ [45-47] ʨʘʩʩʤʦʪʨʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʢʘʢ ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʤʦʥʦʛʨʘʬʠʷʭ ɻ.ʅ. ʄʠʢʠʰʝʚʘ, ɹ.ʀ.ʈʘʙʠʥʦʚʠʯʘ [68-70,84] ʦʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʫʯʸʪʫ ʚʣʠʷʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʞʠʜʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚʘ ʚ 

ʙʘʢʘʭ ʠ ʤʘʛʠʩʪʨʘʣʷʭ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʪʚʝʨʜʦʝ 

ʪʝʣʦ-ʞʠʜʢʦʩʪʴ-ʘʚʪʦʤʘʪ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʜʚʠʛʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. 

ʄʦʥʦʛʨʘʬʠʷ [32] ʃ. ɺ. ɼʦʢʫʯʘʝʚʘ ʧʦʩʚʷʱʝʥʘ ʟʘʜʘʯʘʤ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʜʝʬʦʨʤʠʨʫʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʚʠʜʝ ʛʠʙʢʠʭ ʩʪʝʨʞʥʝʡ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʢʦʣʝʙʘʥʠʡ 

ʞʠʜʢʦʩʪʠ ʚ ʞʝʩʪʢʠʭ ʧʦʣʦʩʪʷʭ, ʷʚʣʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ. 

ɼʨʫʛʦʡ ʟʥʘʯʠʤʦʡ ʨʘʙʦʪʦʡ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ, ʷʚʣʷʝʪʩʷ 

ʜʦʢʪʦʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ɺ. ɸ. ɹʫʞʠʥʩʢʦʛʦ [10].  

ɺ. ɸ. ɹʫʞʠʥʩʢʠʡ ʧʝʨʝʥʝʩ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʪʨʝʱʠʥ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥ ʚ 

ʥʝʩʞʠʤʘʝʤʦʡ ʤʘʣʦʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. ɸʚʪʦʨ ʧʨʝʜʣʦʞʠʣ ʥʦʚʫʶ, ʧʨʠʙʣʠʞʝʥʥʫʶ 

ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ ʤʘʣʦʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʝʣʘ ʩ ʦʩʪʨʳʤʠ ʢʨʦʤʢʘʤʠ ʧʨʠ 

ʠʭ ʯʠʩʪʦ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʤʦʜʝʣʠ ɺ. ɸ. ɹʫʞʠʥʩʢʠʡ 

ʧʦʩʪʨʦʠʣ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʫʶ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʚʠʭʨʝʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [116] ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʢʦʣʝʙʘʥʠʡ ʧʦ ʤʝʪʦʣʫ ʦʪʩʝʢʦʚ 

(ʧʦʜ ʢʦʥʩʪʨʫʢʮʠʡ) ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʞʠʜʢʦʩʪʥʳʭ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ ʩ ʧʦʧʝʨʝʯʥʳʤ 

ʜʝʣʝʥʠʝʤ ʩʪʫʧʝʥʝʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʢʦʣʝʙʘʥʠʡ ʦʪʜʝʣʴʥʳʭ 

ʦʙʦʣʦʯʝʢ (ʙʘʢʦʚ) ʠ ʩʦʩʪʘʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʙʘʢʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʞʠʜʢʦʩʪʴ, ʩ 

ʦʮʝʥʢʘʤʠ ʪʦʯʥʦʩʪʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʢʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʇʦʷʚʠʣʠʩʴ 

ʨʘʙʦʪʳ ʦ ʢʦʣʝʙʘʥʠʷʭ ʩʣʦʠʩʪʦ-ʥʝʦʜʥʦʨʦʜʥʦʡ, ʠ ʥʝʧʨʝʨʳʚʥʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʝʡ, ʟʘʧʦʣʥʷʶʱʠʭ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʥʝʧʦʜʚʠʞʥʳʡ ʩʦʩʫʜ 

ʟʘʤʢʥʫʪʦʡ ʬʦʨʤʳ [54-60,96-103]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [54-60] ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ 

ʢʦʣʝʙʘʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʚ ʩʦʩʫʜʝ ʦʙʣʘʜʘʶʪ ʜʠʩʢʨʝʪʥʳʤ 

ʩʧʝʢʪʨʦʤ ʯʘʩʪʦʪʳ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚʘʨʠʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʢʦʣʝʙʘʥʠʷʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʧʨʦʠʟʚʦʣʴʥʦʤ 

ʩʦʩʫʜʝ. 

ɺ ʨʘʙʦʪʘʭ [96-103] ʠʟʫʯʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʩʣʦʠʩʪʳʭ, ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʞʠʜʢʦʩʪʝʡ ʚ ʧʦʣʦʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʜʚʠʞʝʥʠʝ 

ʩʠʩʪʝʤʳ ʪʝʣʦ-ʞʠʜʢʦʩʪʴ. ʕʪʘ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʘʩʩʣʦʝʥʠʝ ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ 

ʢ ʥʦʚʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʠʩʪʝʤʳ ʪʝʣʦ-ʞʠʜʢʦʩʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʪʝʦʨʝʤʘ ɾʫʢʦʚʩʢʦʛʦ ʅ. ɽ. ʆ ʜʚʠʞʝʥʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ, ʥʘʧʦʣʥʝʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʠʤʝʥʠʤʦʡ ʢ ʪʝʣʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʥʝʦʜʥʦʨʦʜʥʫʶ 

ʞʠʜʢʦʩʪʴ. ɺ ʩʪʘʪʴʝ [26] ʧʨʠʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʥʘ ʢʦʣʝʙʘʥʠʷ ʜʠʩʢʨʝʪʥʦ-

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. 

 ɺ ʨʘʙʦʪʘʭ [3-7] ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʜʘʯʘ ʦ ʢʦʣʝʙʘʥʠʷʭ ʜʚʫʭʩʣʦʡʥʦʡ ʪʷʞʝʣʦʡ 

ʞʠʜʢʦʩʪʠ, ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʷʶʱʝʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʩʦʩʫʜ. ʄʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ ʧʦʩʪʨʦʝʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ-ʇʫʘʩʩʦʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʝʛʦ 

ʩʚʦʡʩʪʚʘ. ʇʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʙ ʫʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʝʤ ʩʦʩʫʜʘ ʩ 

ʬʠʥʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʛʘʰʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʞʠʜʢʦʩʪʠ. 
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ɺ ʩʪʘʪʴʝ [5] ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʜʘʯʘ ʦ ʢʦʣʝʙʘʥʠʷʭ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʦʣʦʩʪʴ ʠ ʫʧʨʫʛʦ ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʦʩʥʦʚʘʥʠʝʤ. ʇʦʣʦʩʪʴ 

ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʝʥʘ ʪʷʞʝʣʦʡ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ 

ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ. ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʩʪʨʦʝʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʣʝʙʘʥʠʡ ʪʘʢʦʛʦ ʩʦʩʫʜʘ ʠ ʞʠʜʢʦʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʦʪ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʫʧʨʫʛʦʡ ʩʚʷʟʴʶ 

ʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ. 

ɺ ʩʪʘʪʴʝ [3-7] ʠʩʩʣʝʜʫʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʝ ʠ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ 

ʜʠʩʢʨʝʪʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʢʦʣʝʙʘʥʠʡ ʥʝʧʨʝʨʳʚʥʦ-ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʥʝʧʦʜʚʠʞʥʳʡ ʩʦʩʫʜ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʚʧʝʨʚʳʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [56-60, 100]. ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʢʦʣʝʙʘʥʠʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʘʭ ʉ. ɸ. 

ɻʘʙʦʚʘ, ɸ. ɻ.ʉʚʝʰʥʠʢʦʚʘ[20,21]. 

ɺ ʨʘʙʦʪʝ [100] ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘ ʦʧʝʨʘʪʦʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʪʦʨʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʠʧʘ ʉ. ʃ. ʉʦʙʦʣʝʚʘ. ʂ 

ʪʘʢʦʡ ʟʘʜʘʯʝ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʧʨʝʨʳʚʥʦ-ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. 

 ɺ ʨʘʙʦʪʘʭ [48-53] ʚʳʚʝʜʝʥʳ ʯʘʩʪʦʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʜʚʫʭʩʣʦʡʥʦʡ ʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʝʡ ʚ ʧʨʷʤʦʤ ʢʨʫʛʦʚʦʤ ʮʠʣʠʥʜʨʝ ʩ 

ʤʝʤʙʨʘʥʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ñʩʚʦʙʦʜʥʦʡò ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ. ɺʳʚʝʜʝʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʯʘʩʪʦʪʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʩʦʙʩʪʚʝʥʥʳʭ ʩʦʚʤʝʩʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʣʴʮʝʚʦʡ ʤʝʤʙʨʘʥʳ ʠ ʞʠʜʢʦʩʪʠ. ʆʮʝʥʝʥʦ 

ʚʣʠʷʥʠʝ ʧʝʨʝʛʨʫʟʢʠ, ʥʘʪʷʞʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʠ ʤʝʤʙʨʘʥʳ, ʘ ʪʘʢʞʝ ʛʣʫʙʠʥʳ 

ʟʘʧʦʣʥʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʩʢʦʡ ʬʦʨʤʳ 

ʨʘʚʥʦʚʝʩʠʷ ʤʝʤʙʨʘʥʳ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʝʨʝʛʨʫʟʢʝ. ʀʟ 
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ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʦʚ ʥʘʡʜʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ 

ʧʝʨʝʛʨʫʟʢʠ ʠ ʥʘʪʷʞʝʥʠʷ ʤʝʤʙʨʘʥ ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [44] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ 

ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʧʨʠ ʚʨʘʱʝʥʠʠ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ 

ʞʠʜʢʦʩʪʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʚʣʦʞʝʥʥʳʭ ʮʠʣʠʥʜʨʦʚ ï ʩʪʦʣʙ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ 

ʟʘʥʠʤʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʜʦʣʴ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʥʘ ʘʤʧʣʠʪʫʜʫ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ ʚʦʟʙʫʞʜʘʝʪʩʷ ʥʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ. 

 ɺ ʨʘʙʦʪʘʭ [81,82] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʥʝʧʨʦʥʠʮʘʝʤʦʡ 

ʤʝʤʙʨʘʥʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩ ʞʠʜʢʦʩʪʴʶ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʪʘʢʦʛʦ 

ʬʘʟʦʨʘʟʜʝʣʠʪʝʣʷ. ʀʟʣʦʞʝʥʦ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʦ 

ʤʘʣʳʭ ʩʚʦʙʦʜʥʳʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʩ 

ʫʧʨʫʛʠʤ ʨʘʟʜʝʣʠʪʝʣʝʤ ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ. ʇʦʣʫʯʝʥʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʝ ʯʘʩʪʦʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʯʣʝʥʳ ʢʦʪʦʨʦʛʦ ð 

ʙʳʩʪʨʦ ʩʭʦʜʷʱʠʝʩʷ ʨʷʜʳ. 

ɺ ʨʘʙʦʪʝ [108] ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʜʘʯʘ ʦ ʤʘʣʳʭ ʜʚʠʞʝʥʠʷʭ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, 

ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪ ʩʪʘʙʠʣʴʥʦʝ ʨʘʩʩʣʦʝʥʠʝ. 

ʀʩʭʦʜʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʂʦʰʠ ʚ ʥʝʢʦʪʦʨʦʤ ɻʠʣʴʙʝʨʪʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ.  

 ɺ ʨʘʙʦʪʝ [115] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʷʭ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʠ, 

ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ ʠ ʧʦ ʦʜʥʦʤʫ ʠʟ ʥʠʭ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʚ ʨʷʜʝ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. 

 ɺ ʨʘʙʦʪʝ [14] ʠʟʫʯʘʣʦʩʴ ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʛʨʘʥʠʮʳ 

ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʠʤʧʫʣʴʩʥʳʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʧʫʯʢʦʤ, 

ʧʘʨʘʣʣʝʣʴʥʳʤ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʷ ʵʚʦʣʶʮʠʠ 
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ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʛʨʘʥʠʮʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʟʣʫʯʘʪʝʣʷ. ɺʳʷʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜ ʢʦʣʝʙʘʥʠʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ. 

ɺ ʨʘʙʦʪʘʭ [22,23] ʠʟʫʯʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʤʘʣʳʭ ʜʚʠʞʝʥʠʷʭ ʠ ʥʦʨʤʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʪʷʞʝʣʳʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʠʭ ʥʝʧʦʜʚʠʞʥʳʡ ʩʦʩʫʜ. ʇʨʠ ʵʪʦʤ ʥʠʞʥʷʷ 

ʞʠʜʢʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʚʷʟʢʦʡ, ʘ ʚʝʨʭʥʷʷðʠʜʝʘʣʴʥʦʡ. ʇʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʩʠʣʴʥʦʝ ʧʦ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʝ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʵʚʦʣʶʮʠʶ ʜʘʥʥʦʡ ʛʠʜʨʦʩʠʩʪʝʤʳ. ɼʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʳ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʣʦʢʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʘ, 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʚʝʪʚʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʫʪʚʝʨʞʜʝʥʠʝ ʦ 

ʥʘʣʠʯʠʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯʠ. 

 ɺ ʨʘʙʦʪʝ [43] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʜʚʫʭʩʣʦʡʥʦʡ ʩʠʩʪʝʤʳ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚʦ ʚʥʝʰʥʝʤ ʩʠʣʦʚʦʤ ʧʦʣʝ. 

ɾʠʜʢʦʩʪʠ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʪʨʘʪʠʬʠʮʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʧʦʣʝ, ʦʙʨʘʟʫʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʠʥʝʨʮʠʦʥʥʘʷ ʚʦʣʥʘ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ, ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʫʝʪ 

ʤʝʜʣʝʥʥʦʝ ʦʪʩʪʘʶʱʝʝ ʜʚʠʞʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʧʨʠ ʵʪʦʤ 

ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʫʱʝʥʥʦʡ, ʠ ʚʦʣʥʘ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʣʠʰʴ ʚ ʩʣʘʙʦʤ 

ʨʘʜʠʘʣʴʥʦʤ ʩʤʝʱʝʥʠʠ ʩʪʦʣʙʘ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʦʣʦʩʪʠ. 

ʉʢʦʨʦʩʪʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ ʢ ʮʝʥʪʨʦʙʝʞʥʦʤʫ ʫʩʢʦʨʝʥʠʶ. ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʦʨʦʛʦʚʳʤ ʦʙʨʘʟʦʤ 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʚʦʣʥʘ ʜʨʫʛʦʛʦ ʪʠʧʘ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ʀʟʫʯʝʥʘ ʨʦʣʴ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʚʷʟʢʦʩʪʝʡ ʞʠʜʢʦʩʪʝʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʥʘʧʦʣʥʝʥʠʝ ʞʠʜʢʦʩʪʝʡ. 

ɺ ʩʪʘʪʴʝ [8] ʠʟʫʯʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʬʫʥʢʮʠʡ ʚ ʟʘʜʘʯʝ ʦ ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʫʧʨʫʛʠʡ ʩʦʩʫʜ. ʇʦʣʫʯʝʥʳ 

ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʣʦʢʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʘ ʠ ʜʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ ʦ ʧʦʣʥʦʪʝ ʩʦʙʩʪʚʝʥʥʳʭ 
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ʬʫʥʢʮʠʡ ʩ ʢʦʥʝʯʥʳʤ ʜʝʬʝʢʪʦʤ. ʀʟʫʯʝʥʠʝ ʟʘʜʘʯ ʦ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʜʘʯ ʛʠʜʨʦʤʝʭʘʥʠʢʠ. 

 ɺ ʨʘʙʦʪʝ [12] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘʣʳʝ (ʣʠʥʝʡʥʳʝ) ʢʦʣʝʙʘʥʠʷ ʠʜʝʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʝʡ ʩʦʩʫʜ, ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤʠ 

ʧʝʨʝʛʦʨʦʜʢʘʤʠ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʦʪʚʝʨʩʪʠʡ 

ʧʨʠʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʩ ʫʩʨʝʜʥʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ 

ʧʝʨʝʛʦʨʦʜʢʘʭ. ɼʘʥʘ ʚʘʨʠʘʮʠʦʥʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʫʩʨʝʜʥʝʥʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʟʘʜʘʯʠ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʞʠʜʢʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ 

ʩʚʦʡʩʪʚʘ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʈʘʩʩʤʦʪʨʝʥ ʨʷʜ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʠʤʝʨʦʚ. 

 ɺ ʨʘʙʦʪʝ ʄʦʠʩʝʝʚʘ ʂ.ɺ. [73] ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʠʟʫʯʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʣʦʠʩʪʳʭ ʪʝʯʝʥʠʡ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʩʣʘʙʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʳ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʩʣʦʡʥʦ-ʷʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʧʨʠ ʙʦʢʦʚʦʤ ʧʦʜʦʛʨʝʚʝ. 

ɺ ʨʘʙʦʪʝ [127] ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʣʝʩʢʘʥʠʡ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʙʘʢʘ, ʥʘʧʦʣʥʝʥʥʦʛʦ 

ʜʚʫʤʷ ʩʣʦʷʤʠ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʣʫʯʘʝʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʃʘʛʨʘʥʞʘ ʢ ʬʦʨʤʫʣʠʨʦʚʢʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʜʝʤʧʬʠʨʦʚʘʥʠʝ 

ʞʠʜʢʦʩʪʝʡ, ʚʚʝʜʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʠʣʳ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʟʘʪʫʭʘʥʠʷ ʦʮʝʥʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʡʚʣʝʪ-

ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʞʠʜʢʦʩʪʠ. ʏʠʩʣʝʥʥʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʈʘʟʚʠʪʠʝ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʚʝʣʦ ʢ 

ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʢʨʠʦʛʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʢʨʠʦ-ʧʨʦʜʫʢʪʦʚ ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠʣʠ ʚ ʪʘʥʢʝʨʘʭ 

ʙʫʜʫʱʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʝʢʦʪʦʨʳʡ ʟʘʧʘʩ 
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ʭʦʣʦʜʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʢʨʠʦ-ʧʨʦʜʫʢʪ ʦʭʣʘʞʜʘʶʪ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʦʡʥʦʡ ʪʦʯʢʠ. 

ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʠʦʛʝʥʥʳʡ ʧʨʦʜʫʢʪ ʟʘʤʝʨʟʘʝʪ ʠ ʝʛʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ 

ʚʠʜʝ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʉʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ ʩ ʞʠʜʢʦʡ ʬʘʟʦʡ ʥʘʟʳʚʘʝʪʩʷ ʰʫʛʦʡ, ʘ 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʰʫʛʦʦʙʨʘʟʥʳʤ (ʰʫʛʦʦʙʨʘʟʥʳʡ ʚʦʜʦʨʦʜ, ʰʫʛʦʦʙʨʘʟʥʳʡ 

ʩʞʠʞʝʥʥʳʡ ʛʘʟ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʙʘʢʝ ʦʙʨʘʟʫʝʪʩʷ ʢʨʠʦ-ʧʨʦʜʫʢʪ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʪʨʸʭʬʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ ʪʨʠ ʩʣʦʷ ʞʠʜʢʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [122] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʭʨʘʥʝʥʠʶ ʠ ʢʦʣʝʙʘʥʠʷʤ 

ʰʫʛʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʙʘʢʝ ʦʙʲʝʤʦʤ 62 
3ʤ  ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʣʴʥʦʡ 

ʛʨʘʚʠʪʘʮʠʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʘʨʴʠʨʦʚʘʣʠ (ʤʝʥʷʣʠ) ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʠ 

ʘʤʧʣʠʪʫʜʫ, ʪʠʧ ʛʘʟʘ ʥʘʜʜʫʚʘ, ʜʘʚʣʝʥʠʝ ʠ ʦʙʲʝʤ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ 

ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʜʘʚʣʝʥʠʝ ʚ ʙʘʢʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʞʠʜʢʦʩʪʠ ʩʪʝʥʢʠ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 91 ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʞʠʜʢʠʤ 

ʚʦʜʦʨʦʜʦʤ ʠ 62 ʪʝʩʪʘ ʩ ʰʫʛʦʦʙʨʘʟʥʳʤ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʧʳʪʘʥʠʷ, ʢʘʢ ʚ 

ʟʘʢʨʳʪʳʭ ʙʘʢʘʭ, ʪʘʢ ʠ ʚ ʙʘʢʘʭ ʩ ʠʩʪʝʯʝʥʠʝʤ ʚʦ ʚʨʝʤʷ ʢʦʣʝʙʘʥʠʡ. ɺ ʦʪʯʝʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʜʨʦʙʥʦ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠ 

ʢʦʣʝʙʘʥʠʷʭ ʞʠʜʢʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʟʘʢʨʳʪʦʤ ʙʘʢʝ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʦʙʱʠʝ ʪʝʥʜʝʥʮʠʠ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʰʫʛʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʙʱʠʝ (ʩʫʤʤʘʨʥʳʝ) ʩʨʘʚʥʝʥʠʷ ʤʝʞʜʫ ʢʦʣʝʙʘʥʠʷʤʠ ʞʠʜʢʦʛʦ ʠ ʰʫʛʦʦʙʨʘʟʥʦʛʦ 

ʚʦʜʦʨʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʞʠʜʢʦʩʪʠ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʠʣʠ ʢʦʣʝʙʣʶʱʝʤʩʷ 

ʩʦʩʫʜʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʤʥʦʛʠʭ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ [68-70, 45-47]. ɿʘʜʘʯʘ ʦ ʚʦʣʥʘʭ ʚ ʩʦʩʫʜʘʭ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʠ ʵʪʦʪ 

ʨʘʟʜʝʣ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʪʘʣ ʢʣʘʩʩʠʯʝʩʢʠʤ [92-94, 72-77, 64, 

112 ʠ ʜʨ.]. 

ɿʘʜʘʯʘ ʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʩʦʩʫʜʘ, ʯʘʩʪʠʯʥʦ ʥʘʧʦʣʥʝʥʥʦʛʦ ʞʠʜʢʦʩʪʴʶ, ʚʧʝʨʚʳʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʃ.ʅ. 

ʉʨʝʪʝʥʩʢʠʤ ʚ 1951 ʛ. [92-94]; ʧʦʟʜʥʝʝ ʙʣʠʟʢʘʷ ʧʦ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʨʝʰʝʥʘ ʅ.ʅ. 

ʄʦʠʩʝʝʚʳʤ [76,77]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʵʪʫ ʟʘʜʘʯʫ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʟʘʜʘʯʝʡ ʃ.ʅ. 
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ʉʨʝʪʝʥʩʢʦʛʦ. ɺ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ ʚʳʯʠʩʣʝʥʦ ʩʫʤʤʘʨʥʦʝ ʜʘʚʣʝʥʠʝ ʩʪʦʷʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʥʘ ʩʪʝʥʢʠ ʩʦʩʫʜʘ ʠ ʩʦʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʝʛʦ ʜʚʠʞʝʥʠʷ.  

ʆʙʦʙʱʝʥʠʝ ʟʘʜʘʯʠ ʃ.ʅ. ʉʨʝʪʝʥʩʢʦʛʦ ʥʘ ʩʣʫʯʘʡ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ, 

ʟʘʧʦʣʥʷʶʱʝʡ ʯʘʩʪʠʯʥʦ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ ʚ ʧʦʜʚʠʞʥʦʤ ʪʚʸʨʜʦʤ ʪʝʣʝ, 

ʩʦʚʝʨʰʘʶʱʝʛʦ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [25]ï ʨʠʩ. 1.1. 

 

ʈʠʩ. 1.1. ʂʦʣʝʙʘʥʠʷ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ. 

ɼʣʷ ʩʦʩʫʜʘ, ʩʦʚʝʨʰʘʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʦʙʦʙʱʝʥʠʝ ʟʘʜʘʯʠ ʃ.ʅ. ʉʨʝʪʝʥʩʢʦʛʦ ʥʘ ʩʣʫʯʘʡ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʙʦʪʝ [6] ï ʨʠʩ. 1.2. 
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ʈʠʩ. 1.2. ʆʙʦʙʱʝʥʠʝ ʟʘʜʘʯʠ ʃ.ʅ. ʉʨʝʪʝʥʩʢʦʛʦ ʥʘ ʩʣʫʯʘʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʦʩʫʜʘ ʩ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʠʥʘʤʠʢʠ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʢʦʣʝʙʘʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ, ʠʩʧʦʣʴʟʫʷ 

ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʣʠʥʝʡʥʫʶ ʤʘʷʪʥʠʢʦʚʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ 

ʢʦʣʝʙʣʶʱʝʝʩʷ ʞʠʜʢʦʝ ʪʦʧʣʠʚʦ ʟʘʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʘʷʪʥʠʢʦʚ. 

ʆʙʳʢʥʦʚʝʥʥʳʡ ʧʣʦʩʢʠʡ ʤʘʷʪʥʠʢ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʘʷ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʜʝʣʠʨʫʶʪʩʷ ʢʦʣʝʙʘʥʠʷ 

ʞʠʜʢʦʩʪʠ ʚ ʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʝ [28,45].  

ɺ ʨʘʙʦʪʝ [28] ʨʘʩʩʤʦʪʨʝʥʘ ʤʥʦʛʦʟʚʝʥʥʘʷ ʤʘʷʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʬʠʟʠʯʝʩʢʠʭ ʤʘʷʪʥʠʢʦʚ. ʆʜʠʥ ʤʘʷʪʥʠʢ (ʥʝʩʫʱʠʡ) ʠʤʝʝʪ ʠʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʦʩʪʘʣʴʥʳʝ (ʥʦʩʠʤʳʝ), ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʥʝʩʫʱʝʤ. ʂ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʚʦʜʠʪʩʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʨʘʢʝʪʳ ʥʘ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʷʪʥʠʢʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʘʥʘʣʦʛʦʚ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʦʧʣʠʚʘ.  
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ʈʠʩ.1.3. ɺʘʨʠʘʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʷʪʥʠʢʦʚʦʛʦ ʘʥʘʣʦʛʘ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ ʥʘ 

ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ 

ɺ ʨʘʙʦʪʝ [29] ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʥʝʣʠʥʝʡʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, 

ʜʣ̫ ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ ʚʝʨʭʥʝʛʦ, ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʩʣʦʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʥʝʣʠʥʝʡʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʧʦʨʦʞʜʝʥʥʳʭ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʦʥʪʘʢʪʘ ʞʠʜʢʠʭ ʩʨʝʜ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʩʯʝʪʘʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ 

ʨʝʘʣʠʟʫʶʪʩʷ ʢʘʢ ʚʳʨʦʞʜʝʥʥʳʝ, ʪʘʢ ʠ ʚʪʦʨʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʧʦʣʝ ʩʪʦʷʯʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ 

ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʥʝʤ ʜʝʤʧʬʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳʷʚʣʝʥʳ 

ʚ [36-42, 91, 111]. 

ʈʘʙʦʪʳ ʉ. ʗ. ʉʝʢʝʨʞ-ɿʝʥʴʢʦʚʠʯʘ [85] ʠ ɺ. ɸ. ʂʘʣʠʥʠʯʝʥʢʦ [36-42] 

ʧʦʩʚʷʱʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʣʥ ʌʘʨʘʜʝʷ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʚ 

ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʧʦʥʠʤʘʶʪʩʷ ʩʪʦʷʯʠʝ ʚʦʣʥʳ, ʚʦʟʙʫʞʜʘʝʤʳʝ ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ 

ʨʝʟʦʥʘʥʩʝ ʚ ʞʠʜʢʦʩʪʠ, ʧʦʜʚʝʨʞʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ 



25 
 

ʤʝʪʦʜʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ 

ʚʦʣʥʳ ʌʘʨʘʜʝʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ. ʀʟʫʯʝʥʳ ʤʝʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʳ ʢʨʠʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʳ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ, ʵʬʬʝʢʪʳ ʩʨʳʚʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ. 

1.2. ɺʳʚʦʜ ʧʦ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ 

ʀʟ ʧʨʠʚʝʜʸʥʥʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʤʥʦʛʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʢʦʣʝʙʘʥʠʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ, ʢʘʢ ʚ ʦʪʢʨʳʪʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢ ʠ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʲʸʤʘʭ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʥʘʩʪʫʧʘʶʱʘʷ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʫʛʣʫʙʣʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʥʦʛʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʢʦʣʝʙʘʥʠʡ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʷʭ ʥʝʧʦʜʚʠʞʥʳʭ ʠ ʧʦʜʚʠʞʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ. 

 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʦʣʦʩʪʴ ʥʝʧʦʜʚʠʞʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʜʠʥʘʤʠʢʠ ʪʚʸʨʜʳʭ ʪʝʣ, 

ʠʤʝʶʱʠʭ ʧʦʣʦʩʪʠ, ʥʘʧʦʣʥʝʥʥʳʝ ʧʦʜʦʙʥʦʡ ʩʣʦʠʩʪʦ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 
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ɻʃɸɺɸ 2. ʂʆʃɽɹɸʅʀʗ ʀɼɽɸʃʔʅʆʁ ʉʃʆʀʉʊʆʁ ɾʀɼʂʆʉʊʀ ɺ 

ʇʆʃʆʉʊʗʍ ʅɽʇʆɼɺʀɾʅʓʍ ʊɽʃ 

ɺ ʛʣʘʚʝ 2 ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʣʝʙʘʥʠʷ ʩʣʦʠʩʪʳʭ ʠʜʝʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʚʝʨʰʘʝʪ ʥʝʩʞʠʤʘʝʤʦʝ ʜʚʠʞʝʥʠʝ. ʇʦʣʫʯʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʦʪʨʘʞʘʶʱʠʭ ʚʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ. ʆʧʨʝʜʝʣʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ, ʬʦʨʤʳ 

ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʝʡ ʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʙʘʢʦʚ ʨʘʟʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʜʘʯʘ ʦ 

ʢʦʣʝʙʘʥʠʷʭ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʠʯʝʩʢʦʤ ʙʘʢʝ. ɺ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʘ 

ʚʘʨʠʘʮʠʦʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʘ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʞʠʜʢʦʩʪʝʡ ʠ ʯʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʦʥʘʣʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʚʘʨʠʘʮʠʦʥʥʦʡ ʟʘʜʘʯʝ, ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʢʦʥʮʝ ʚʪʦʨʦʡ ʛʣʘʚʳ ʧʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʨʸʭʩʣʦʡʥʦʡ ʠ 

ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʝʡ. 

2.1. ʂʦʣʝʙʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʙʘʢʝ 

2.1.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʠʟ N  ʥʝʚʷʟʢʠʭ ʥʝʩʞʠʤʘʝʤʳʭ ʠ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʞʠʜʢʦʩʪʝʡ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʠʭ ʥʝʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʣʴʥʳʡ ʩʦʩʫʜ. ɺʚʝʜʝʤ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ i iO x yz ( 0,1,2,..., 1i N= -) ʩ ʥʘʯʘʣʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ ʞʠʜʢʦʩʪʝʡ ʠ ʥʘ ʜʥʝ (ʩʤ. ʨʠʩ. 2.1.). ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 

i  iɟ  ,  ( 0,1,2,..., 1)ih N= - - ʧʣʦʪʥʦʩʪʴ ʠ ʛʣʫʙʠʥʫ ʢʘʞʜʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ. ʇʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʨʠʤʝʤ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

ʘ) ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʩʝʭ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ ʝʩʪʴ ʤʘʣʳʝ ʚʝʣʠʯʠʥʳ ʚ ʪʦʤ 

ʩʤʳʩʣʝ, ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʢ ʢʚʘʜʨʘʪʘʤ ʠʭ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʚʝʣʠʯʠʥ; 

ʙ) ʜʚʠʞʝʥʠʝ ʢʘʞʜʦʡ ʞʠʜʢʦʩʪʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ. 
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ɺʩʣʝʜʩʪʚʠʝ ʩʜʝʣʘʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʩʣʦʸʚ 

ʞʠʜʢʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʫʨʘʚʥʝʥʠʷʤʠ ʃʘʧʣʘʩʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ ʩʤʝʱʝʥʠʡ 

ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ [83]. 

 

ʈʠʩ. 2.1. ʉʦʩʫʜ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʩʦ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ 

2 2 2

2 2 2

ɢ ɢ ɢ
0, 0,1,2,..., 1;i i i

i

i N
y z x

µ µ µ
+ + = = -

µ µ µ
                                (2.1) 

ʟʜʝʩʴ ( )( )iɢ  , , , , 0,1,2,...., 1ix y z t i N= - ï ʧʦʪʝʥʮʠʘʣʳ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʩʢʦʨʦʩʪʝʡ ( )i   , , ,ix y z tF , ʬʦʨʤʫʣʘʤʠ 

ū i
i

t

cµ
=
µ
 , ʘ ʧʦʣʝ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ-

()( )  , , , ɢ,
i

i iw x y z t =Ð  ʛʜʝ Ð- ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ. 

ʇʦʪʝʥʮʠʘʣʳ ( )( )iɢ  , , , , 0,1,2,...., 1ix y z t i N= - ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ 

ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ:  

ʘ) ʫʩʣʦʚʠʷʤ ʥʝʧʨʦʪʝʢʘʥʠʷ ʥʘ ʩʤʘʯʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ  
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ɢ
0, 0,1,2,..., 1;i i N

n

µ
= = -

µ
                                        (2.2) 

ʙ) ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ 

1 1

1

0 1 h

, 0,1,2,..
ɢ ɢ

1., ;

i i ixi i x

i i N
x x

i

+ +

+

= =+

µ µ
== -

µ µ
                              (2.3) 

ʚ) ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ 

( ){ }
1 1

2 2

2 21

h 0

1
1

0

ɢ ɢ
;

ɢ
ɟ ɟ 0,1,2,..ɟ

t
,ɟ g 1

t
i i i ix x

i i i
i

x

i i i

i

i N
x

+ += =

+
+ +

=

å õµ µ µ
- = - -æ =ö

µ µ µç ÷
.      (2.4) 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ. 

2.1.2. ʇʦʩʪʘʥʦʚʢʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠ ʠʭ ʨʝʰʝʥʠʷ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʠʤ ʧʦʪʝʥʮʠʘʣʳ 0ɢ, ɢiʠ 1ɢN-ʚ ʚʠʜʝ: 

( ) () ( ) ()

( ) () ( ) ()

1 1 1 10 0 0

1 1

1ɢ , , ; ɢ , , ;

ɢ , , , , ; 1,2,..., 2;

N N N N

i ii i i ii i i

x y z t x y z t

x y z t x y z t i N

j s j s

j s j s

- - - -

+ +

= Ö = Ö

= + = -
                      (2.5) 

ʛʜʝ:()i ts  ʠ ()1i ts+  - ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʦʚ. ʇʦʪʝʥʮʠʘʣʳ 10 1, ,ii Nj j j+ -  ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ 

ʩʣʝʜʫʶʱʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, 

0 0jD =,
0 0
j

n

µ
=

µ
ʥʘ 0,S        

1 10

0 11

0 1 h0 xx
x x

j j

==

µ µ
=

µ µ
;                   (2.6) 

0ijjD =, 0
ijj

n

µ
=

µ
  ʥʘ , , 1,iS j i i= +  

1
11

1 1

0

1

1
i i

ii i i

h
i

x
i x

x x

j j

++

+ + +

+=
=

µ µ
=

µ µ
;            (2.7) 

1 0Nj-D =,
1 0Nj

n
-µ
=

µ
 ʥʘ 1,NS -  

1 1 2

2, 11

2 01 h

 

NN N

N

x

N

xN

N

Nx x

jj

- - -

- -

= =

-

- -

µµ
=

µ µ
.         (2.8) 

ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʙʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʢʨʘʝʚʳʭ 

ʟʘʜʘʯ ʚ ʚʠʜʝ 

( ), , ( , ) ( )i iz y x Y z y Z xj = .                                           (2.9) 
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ʈʘʟʜʝʣʷʷ ʧʝʨʝʤʝʥʥʳʝ, ʥʘʭʦʜʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ ( ),Y y z  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ 

ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ: 

( ) ( )2
2

0
, , 0, 0,YY y z k Y y z

n
µD + = =
µ

 (2.10) 

ʧʨʠʯʸʤ ʥʝʪʨʠʚʠʘʣʴʥʳʤ ʨʝʰʝʥʠʷʤ ʟʘʜʘʯʠ (2.10) ʦʪʚʝʯʘʝʪ ʜʠʩʢʨʝʪʥʳʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʧʝʢʪʨ { }2nk , 1,2,..., ,n= ¤ ʩ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʨʝʜʝʣʴʥʦʡ ʪʦʯʢʦʡ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ( ),nY y z  [93]. ɿʥʘʯʝʥʠʷ ʯʠʩʝʣ 2
nk  ʠ ʚʠʜ 

ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ( ),nY y z  ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʦʡ ʦʙʣʘʩʪʝʡ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʧʦʣʦʩʪʠ ʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʣʘʩʪʝʡ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʥʠʞʝ.  

ʆʧʨʝʜʝʣʠʚ ʬʫʥʢʮʠʠ ( ), ,nY y z   ʟʘʧʠʰʝʤ ʧʦʪʝʥʮʠʘʣʳ ijj  ʚ ʚʠʜʝ 

1

( , ) ( )ij n n i

n

Y y z Z xj
¤

=

=ä ,   , 1,j i i= +                                   (2.11) 

ʛʜʝ ʬʫʥʢʮʠʠ ( )n iZ x ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʷʤʠ ʟʘʜʘʯ  

( )
2

2

2
0; 0 ,n

n i i

i

d Z
k Z x h

d x
- = ¢ ¢ 0, 0,( ); 0, ,( )n n

i i i
i i

dZ dZ
x i j x h i j

dx dx
= = = = = ¸    (2.12) 

ʏʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ ʧʦʜʩʪʘʚʠʤ ʥʘʡʜʝʥʥʳʝ ʧʦʪʝʥʮʠʘʣʳ  0ɢ, ɢi  ( 1,2,..., 2)i N= -  ʠ 1ɢN-  ʚ (2.4). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʤʝʨʘ n ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. ɽʩʣʠ 5N=  ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʙʦʙʱʸʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ins  ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 

11 1 12 2 11 1

21 1 22 2 23 3 22 2

0;

0;

n n n

n n n n

a a c

a a a c

s s s

s s s s

+ + =

+ + + =

 

32 2 33 3 34 4 33 3

43 3 44 4 44 4 ( 1,2

0;

0; ,3...).

n n n n

n n n

a a a c

a a c n

s s s s

s s s =

+ + + =

+ + =

                  (2.13) 
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ʇʦʣʦʞʠʚ ( )sin ,Kn KA pts a= +  ʧʦʣʫʯʠʤ ʦʧʨʝʜʝʣʠʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ 

ʘʤʧʣʠʪʫʜ KA . ʈʘʚʝʥʩʪʚʦ ʥʫʣʶ ʦʧʨʝʜʝʣʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʦʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ, 

ʢʦʪʦʨʦʝ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ N  ʩʣʦʸʚ ʞʠʜʢʦʩʪʠ ʠʤʝʝʪ ʚʠʜ 

0 1 2

1 2 2 0;...M M M M

n n nMk k ka a a al l l- - + + =+ +                    (2.14) 

ʛʜʝ M-ʯʠʩʣʦ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ. (M=N-1), 
2 /p L gl= , L -

ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʣʦʩʪʠ, 0 1 2 1, , , ,i Na a a a a -- ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʋʪʚʝʨʞʜʝʥʠʝ. ɽʩʣʠ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʝʡ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʝʨʘʚʝʥʩʪʚʫ 

1 2 1< < <...<ɟ ɟ ɟ ɟ  ʦ N-,ʪʦ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ï 

ʜʠʩʢʨʝʪʥʳʡ, ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʫʦʩʠ ʠ ʠʤʝʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʝʣʴʥʦʡ ʪʦʯʢʠ - ʪʦʯʢʫ .l=+¤ 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ ʩʣʝʜʫʝʪ ʠʟ ʩʚʦʡʩʪʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ia , ʯʠʩʝʣ nk ʠ 

ʪʝʦʨʝʤʳ ɺʠʝʪʘ. 

2.1.3. ʂʦʣʝʙʘʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʚ ʢʨʫʛʦʚʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʙʘʢʝ 

ɺ ʩʣʫʯʘʝ ʧʦʣʦʩʪʠ, ʠʤʝʶʱʝʡ ʚʠʜ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ, ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ 

ʟʘʜʘʯ (2.9)-(2.11) ʜʣʷ ʪʨʸʭ ʞʠʜʢʦʩʪʝʡ ( 3)N=  ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

( 0,1,2)i iO r x ih =  (ʩʤ. ʨʠʩ.2.2) ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ [16] 

( ) ( )

( )

( ) ( )

( )

0 0

0 1

01 0

1
11 1

01 1

1 1

12

01 1

2
2 1

1

sin ;
(

sin ;
(

sin

)

)
;

(

)

)

(

nm nm

nm

mn nm nm

nm nm
nm

mn nm nm

nm nm

mn nm nm

nm nm
nm

n

m

m

m

m

m

m

m

m nm

J k r chk x h
thk h m

J shk h

J k r chk x
thk h m

J shk h

J k r chk x h
m

J chk h

J k r chk x
thk h

J shk

j h
x

j h
x

j h
x

j
x

¤ ¤

==

¤ ¤

==

¤ ¤

==

¤

=

-
=

=-

-
=

=-

ää

ää

ää

ä
0 2

sin .
m nm

m
h

h
¤

=

ä

                        (2.15) 
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ʈʠʩ. 2.2. ʂʨʫʛʣʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ ʩʦ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ 

ɺ ʫʨʘʚʥʝʥʠʠ (2.15)- ( )1 nJ k r -ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, 

0/ , ( 1,2,3..., 0,1,2...)nm nm r n mk x= = = . ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ (2.13) ʜʣʷ 

ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 1 ( )n ts  ʠ 2 ( )n ts , ʦʪʚʝʯʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷʤ ʪʨʸʭ 

ʞʠʜʢʦʩʪʝʡ ʧʨʠʦʙʨʝʪʘʶʪ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ 

( )

( )

2 1 2
1 0 0 1 1 1

1

2 1 1
2 1 1 2 2 2

1

0;

0;

nm
nm nm nm nm

nm

nm
nm nm nm nm

nm

f
chk h

f
chk h

r s
r r s b s

r s
r r s b s

å õ
+ + + =

ç ÷

å õ
+ + + =

ç ÷

                        (2.16) 

ʛʜʝ 
( )

( )

2

1 02

1

1 0 0

nm

nm

nmf

w r r
b

r r

-
=

+
, 

( )
( )

2

2 12

2

2 1 1

nm

nm

nmf

w r r
b

r r

-
=

+
, 

2

1nm nm nmgk thk hw = -ʧʘʨʮʠʘʣʴʥʳʝ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʨʭʥʝʡ, ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʠ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʨʝʜʥʝʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʝʡ, ʝʩʣʠ 0ɟ 0= . 

0 1 0 nm nm nmf thk hcthk h= ; 1 1 2  .nm nm nmf thk hcthk h=  
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ʋʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʝ (2.16) ʥʘ ʚʝʣʠʯʠʥʫ 
( )

( )

3

0 1

2

2

1

nm

nm

nm nm

r th k h
v

p

x x
=

-
. ʇʦʣʫʯʠʤ ʜʨʫʛʫʁ 

ʟʘʧʠʩʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 1nms  ʠ 2nms  

( ) ( )

( ) ( )

'
' ' ' ' 2 1 2
1 0 0 1 1 0 1

1

'
' ' ' ' 2 1 1
2 1 1 2 2 1 2

1

0;

0;

nm nm
nm nm nm nm nm nm nm nm

nm

nm nm
nm nm nm nm nm nm nm nm

nm

m
m f m m m

chk h

m
m f m m m

chk h

s
s w s

s
s w s

++ + - =

+ + - =+

              (2.17) 

ʛʜʝ 
'

0 0nm nmm vr= ; 
'

1 1nm nmm vr= ; 
'

2 2nm nmm vr= ; 
' '

0 1,  nm nmm m ʠ 
'

2nmm - ʧʨʠʚʝʜʝʥʥʳʝ ʤʘʩʩʳ 

ʢʦʣʝʙʣʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ. 

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʚʝʨʭʥʝʡ ʞʠʜʢʦʩʪʠ ʧʣʦʪʥʦʩʪʴʶ 0r ʫʨʘʚʥʝʥʠʷ (2.16) 

ʫʧʨʦʱʘʶʪʩʷ ʠ ʧʨʠʥʠʤʘʶʪ ʚʠʜ, 

( )

2 2
1 1

1

2 1 1
2 2 2

1 2 1 1

0,

0.

nm
nm nm nm

nm

nm
nm nm nm

nm nm

chk h

chk h f

s
s w s

r s
s b s

r r

+ =

+ =
+

+

+

                         (2.18) 

ʋʨʘʚʥʝʥʠʷ (2.16) ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʨʘʚʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʜʚʫʭ ʧʘʨʮʠʘʣʴʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʠʪ ʠʟ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʧʣʦʪʥʦʩʪʠ 0r, 1r, ʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ 

ʠʤʝʝʪ ʚʠʜ 

( )
( )

2

1 02 2

1 1 1 1

1 0 0

0,
nm

nm nm nm nm

nmf

w r r
s b s b

r r

-
+ = =

+
,                                (2.19ʘ) 

ʘ ʜʨʫʛʘʷ ʧʘʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʠʟ ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʝʡ ʞʠʜʢʦʩʪʝʡ, ʢʦʣʝʙʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʢʦʪʦʨʳʭ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 

( )
( )

2

2 12 2

2 2 2 2

2 1 1

0, nm

nm nm nm nm

nmf

w r r
s b s b

r r

-
+ = =

+
,                              (2.19ʙ) 
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2.1.4. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʣʝʙʘʥʠʡ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʨʫʛʣʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʙʘʢʝ 

ɼʣʷ ʪʨʸʭ ʞʠʜʢʦʩʪʝʡ ʯʘʩʪʦʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (2.11) ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ ʚʠʜʝ 

4 2 0;p bp c+ + =                                            (2.20) 

ʛʜʝ                       

( )( )( )
( )( )

( )( )
( )( )

2 2 2

1 2 1 0 0 2 1 1 1

2 2

1 0 0 2 1 1 1 1

2 2 2

1 2 1 0 0 2 1 1 1

2 2

1 0 0 2 1 1 1 1

.

nm nm nm nm nm

nm nm nm

nm nm nm nm nm

nm nm nm

f f chk h
b

f f chk h

f f chk h
c

f f chk h

b b r r r r

r r r r r

b b r r r r

r r r r r

+ + +
=-

+ + -

+ +
=

+ + -

                 (2.21) 

ʅʘ ʨʠʩʫʥʢʘʭ (2.3)-(2.16) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ

2 2

1,2 1,2 0( / )p gp r=  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ 

ʞʠʜʢʦʩʪʝʡ 0_ 2 210 1( ,/ /  )r r r r r r= =  ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʛʦ ʩʣʦʷ 

ʞʠʜʢʦʩʪʠ 11 0( / )h h r=  ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 0 0 0/ )(h h r=  ʠ 2 2 0/ )(h h r= .  

 
 

(ʘ) (ʙ) 

ʈʠʩ. 2.3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʡ (ʘ) ʠ ʚʪʦʨʦʡ (ʙ) ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
2

1,2p

( )10( 1, 0), 3.832n m x= = = , ʦʪ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 1ɟ 0.8= ,

0 2 1.h h= = 
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(ʘ) (ʙ) 

ʈʠʩ. 2.4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʡ (ʘ) ʠ ʚʪʦʨʦʡ (ʙ) ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
2

1,2p  

( )10( 1, 0), 3.832n m x= = = , ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 

0 1 21, 1, 1.3.h h h= = =  

 

  

(ʘ) (ʙ) 

ʈʠʩ. 2.5. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʡ (ʘ) ʠ ʚʪʦʨʦʡ (ʙ) ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
2

1,2p

( )20( 2, 0), 7.016n m x= = = , ʦʪ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 

1ɟ 0.8= , 0 2 1.h h= = 
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(ʘ) (ʙ) 

ʈʠʩ. 2.6. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʡ (ʘ) ʠ ʚʪʦʨʦʡ (ʙ) ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
2

1,2p  

( )20( 2, 0), 7.016n m x= = = ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 

0 1 21, 1, 1.3.h h h= = =  

 

  

(ʘ) (ʙ) 

ʈʠʩ. 2.7. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʡ (ʘ) ʠ ʚʪʦʨʦʡ (ʙ) ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
2

1,2p ( 1, 1),n m= =

11( 1.8412)x= , ʦʪ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 1ɟ 0.8= , 0 2 1.h h= = 
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(ʘ) (ʙ) 

ʈʠʩ. 2.8. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʡ (ʘ) ʠ ʚʪʦʨʦʡ (ʙ) ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
2

1,2p  

( )11( 1, 1), 1.8412n m x= = = , ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 

0 1 21, 1, 1.3.h h h= = =  

 

 
 

(ʘ) (ʙ) 

ʈʠʩ. 2.9. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʡ (ʘ) ʠ ʚʪʦʨʦʡ (ʙ) ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
2

1,2p

( 2, 1),n m= = 21( 5.3315)x = , ʦʪ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 

1ɟ 0.8= , 0 2 1.h h= = 
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(ʘ) (ʙ) 

ʈʠʩ. 2.10. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʡ (ʘ) ʠ ʚʪʦʨʦʡ (ʙ) ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
2

1,2p ( 2, 1),n m= =  

21( 5.3315)x =  ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 0 1 21, 1, 1.3.h h h= = =  
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ʊʘʙʣʠʮʘ 2.1. ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʢʨʫʛʣʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʙʘʢʘ 

0r -ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ. 

2 0 0

1

1 2

0 2

1

1, 1.3, 0.8

/ , /

h h r

r r r r r r

= = =

= =
 

 

n
 0r 1h  

0m=  1m=  

0nx  2
1p  

2
2p  1nx  2

1p  
2
2p  

1 

0 

0.2 3.832 0.329 3.466 1.8431 0.103 1.374 

0.4 3.832 0.405 3.759 1.8431 0.154 1.650 

0.6 3.832 0.421 3.817 1.8431 0.180 1.755 

0.8 3.832 0.425 3.829 1.8431 0.192 1.802 

1 3.832 0.426 3.831 1.8431 0.198 1.824 

0.3 

0.2 3.832 0.321 1.529 1.8431 0.096 0.400 

0.4 3.832 0.403 1.957 1.8431 0.151 0.730 

0.6 3.832 0.421 2.041 1.8431 0.177 0.879 

0.8 3.832 0.425 2.059 1.8431 0.191 0.946 

1 3.832 0.426 2.063 1.8431 0.197 0.976 

0.5 

0.2 3.832 0.307 0.909 1.8431 0.085 0.231 

0.4 3.832 0.399 1.202 1.8431 0.144 0.435 

0.6 3.832 0.420 1.262 1.8431 0.174 0.537 

0.8 3.832 0.424 1.274 1.8431 0.189 0.583 

1 3.832 0.425 1.277 1.8431 0.196 0.605 

2 

0 

0.2 7.016 0.729 6.842 5.3315 0.518 5.065 

0.4 7.016 0.777 7.006 5.3315 0.584 5.301 

0.6 7.016 0.779 7.015 5.3315 0.591 5.329 

0.8 7.016 0.780 7.016 5.3315 0.592 5.331 

1 7.016 0.780 7.016 5.3315 0.592 5.331 

0.3 

0.2 7.016 0.725 3.522 5.3315 0.511 2.479 

0.4 7.016 0.776 3.763 5.3315 0.583 2.827 

0.6 7.016 0.779 3.777 5.3315 0.591 2.866 

0.8 7.016 0.780 3.778 5.3315 0.592 2.870 

1 7.016 0.780 3.778 5.3315 0.592 2.871 

0.5 

0.2 7.016 0.716 2.158 5.3315 0.499 1.502 

0.4 7.016 0.776 2.328 5.3315 0.581 1.746 

0.6 7.016 0.779 2.338 5.3315 0.591 1.774 

0.8 7.016 0.780 2.339 5.3315 0.592 1.777 

1 7.016 0.780 2.339 5.3315 0.592 1.777 
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2.1.5. ʂʦʣʝʙʘʥʠʷ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʩʦʦʩʥʳʭ ʢʨʫʛʣʳʭ ʮʠʣʠʥʜʨʘʭ ʩʦ 

ʩʧʣʦʰʥʳʤʠ ʨʘʜʠʘʣʴʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ (2.11) ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʦʥʢʨʝʪʥʳʭ 

ʦʙʣʘʩʪʝʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ ʠ ʦʧʨʝʜʝʣʠʤ 

ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʸʤʢʦʩʪʠ, ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʦʙʨʘʟʦʚʘʥʦ ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʮʠʣʠʥʜʨʘʤʠ, 

ʩʚʷʟʘʥʥʳʭ Q  ʩʧʣʦʰʥʳʤʠ ʨʘʚʥʦʦʪʩʪʦʷʱʠʤʠ ʨʘʜʠʘʣʴʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ( )2Q>  

(ʩʤ. ʨʠʩ. 2.11, ʛʜʝ 4Q= ) ʠ ʚʚʝʜʸʤ ʫʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ - 

2g, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

1
2 2 ; ;

Q
g pa a= =  (2.22) 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 0r  ʨʘʜʠʫʩ ʚʥʝʰʥʝʛʦ ʮʠʣʠʥʜʨʘ, ʘ ʚʥʫʪʨʝʥʥʝʛʦ ʯʝʨʝʟ e, 

ʧʨʠʯʸʤ 0e r e= . ɿʘ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʨʠʤʝʨ 0r  ʠ ʧʦʣʦʞʠʤ 0 1r = , e e= , 

0/ʅ ʅ r= . ɺʚʝʜʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ: 1 2Ox x z, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʚʧʦʣʥʝ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʪʠ, ʪ. ʝ. ʦʩʴʶ 1Ox, ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʦʜʥʦʛʦ ʠʟ ʩʝʢʪʦʨʦʚ (ʩʤ. ʨʠʩ. 2.11). ʅʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʧʦʤʝʩʪʠʤ, ʢʘʢ 

ʦʙʳʯʥʦ, ʚ ʮʝʥʪʨʝ ʥʠʞʥʝʛʦ ʜʥʠʱʘ. 

 

ʈʠʩ. 2.11. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʦʩʥʳʭ 

ʮʠʣʠʥʜʨʦʚ ʩ ʨʘʜʠʘʣʴʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 
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ɹʫʜʝʤ ʜʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʜʠʥ ʠʟ ʩʝʢʪʦʨʦʚ.  

ɺʚʝʜʝʤ ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ r , h, 

1 2cos , sinx r x rh h= =  

ʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʣʦʞʠʚ 

() ()1 2( , ) .nY x x R r Hh=  (2.23) 

ʇʨʠ ʵʪʦʤ ʫʨʘʚʥʝʥʠʝ (2.11), ʟʘʧʠʩʘʥʥʦʝ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʨʘʩʧʘʜʘʝʪʩʷ 

ʥʘ ʜʚʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ, ʧʝʨʚʦʝ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝ ɹʝʩʩʝʣʷ: 

22
2

2 2

1
0;m

n

vd R dR
k R

r drdr r

å õ
+ + - =æ ö

ç ÷
 (2.24) 

2
2

2
0,m

d H
v H

dh
+ =  (2.25) 

ʛʜʝ mv  - ʥʝʢʦʪʦʨʳʡ ʥʝ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʢʘ ʧʘʨʘʤʝʪʨ. ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʠ 

ʫʩʣʦʚʠʝ ʥʦʨʤʠʨʦʚʢʠ ʧʨʠʥʠʤʘʶʪ ʪʝʧʝʨʴ ʬʦʨʤʫ 

; 1

0; 0.
r e r

dR dH

dr d
h g
h= = =°

= =  (2.26) 

1
1; 1.

r
R H

h g= =-
= = (2.27) 

ʌʫʥʢʮʠʠ R ʠ H, ʷʚʣʷʶʱʠʝʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

(2.24) - (2.26), ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

() ( )cos .
mv mH H vh h g= = +  (2.28) 

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

,

m m m m

m m m mm

m m m m m

m m m m

v v v v
v v v vv

v v v v v
v v v v

J r N N r J
R R r

J N N J

m m m m

m

m m m m

x x x x
x

x x x x

¡ ¡-
= =

¡ ¡-
 (2.29) 

ʛʜʝ 

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

m

km
v m= =  (2.30) 

ʘ 
( )mv
mx  - ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ: 

( ) () () ( ) 0.
m m m mv v v vJ e N J N ex x x x¡ ¡ ¡ ¡- = (2.31) 
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ʌʫʥʢʮʠʠ n pʋ  - ʯʝʪʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʨʛʫʤʝʥʪʘ h ʠ n sʋ  - ʥʝʯʝʪʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ h ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʘʤʠ 

( ) ( )( ) ( ) ( )

( ) ( )( ) ( ) ( )

cos , 0,2,4,... ;

cos , 1,3,5,... .

m m

m

m m

m

v v
np np v m

v v
ns ns v m

ʋ ʋ R r v m

ʋ ʋ R r v m

m

m

x h g

x h g

= = + =

= = + =

 (2.32) 

ɼʣʷ ʥʦʨʤ ʬʫʥʢʮʠʡ npʋ  ʠ nsʋ  ʠʤʝʝʤ ʚʳʨʘʞʝʥʠʝ [68] 

( ) ( ) ( )( )
( )

2 2

2

2 2 2 2
0

2 2 .

2

m m m

m

m

v v vm
m m v

n n
v

v e v Z e

N ʋ dS

k

m m m

m

ps x x x

xä

è øå õ
- - -æ öé ù

ç ÷ê ú= =ñ  (2.33) 

ʛʜʝ 

( ) ( )

( ) ( )

() ( )

( )
0

0,2,4... 1 0
; ;

2 00,2,4...

m

m

v
p m

n
v

S

N m m
N

mN m

m

m

s
ë = ¸ëî î
= =ì ì

=î=î íí

 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʮʠʣʠʥʜʨʘ, ʪ.ʝ. ʜʣʷ ʮʠʣʠʥʜʨʘ ʩʦ 

ʩʧʣʦʰʥʳʤʠ ʨʘʜʠʘʣʴʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ( )0e= , ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʝʣ 
( )mv
mx  ʠ ʬʫʥʢʮʠʡ ( )( )m

m

v
vR rmx   

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

;

m

mm

m m

m

v
vv

v v
v

J r
R r

J

m

m

m

x
x

x
=  

() ( )

( )

( ) ( )

( ) ( )

2
2

2 2

2
0

2
0,2,4,... ;

2 1,3,5,... ;

m
m

m m

m v
v
p

n
v v

S

v N m
N

k N m

m
m

m m

ps x

x

å õë-æ ö =îç ÷= =ì
î =í

 

(2.34) 

ʛʜʝ 
( )( )1,2,...mv
mx m=  - ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ: 

() ( )0 0,1,2,... .
mvJ mx¡ = =  (2.35) 

ʀʩʧʦʣʴʟʫʷ ʨʝʰʝʥʠʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.31), (2.35) ʠ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʦʧʨʝʜʝʣʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚʦʣʥʦʚʳʭ 

ʜʚʠʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 

(2.12)-(2.14) ʠ ʚ ʪʘʙʣʠʮʝ 2.2. 
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2.1.6. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʣʝʙʘʥʠʡ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʨʫʛʣʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʙʘʢʝ ʩ 

ʨʘʜʠʘʣʴʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

 
 

(ʘ) (ʙ) 

ʈʠʩ. 2.12. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
2

1,2p ( 1, 0)n m= =  (ʘ), 

( 1, 1),n m= =(ʙ) ʦʪ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 

0 2 0 11, 1, 0.1, 0.5.h h r r= == =  

 
 

(ʘ) (ʙ) 

ʈʠʩ. 2.13. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
2

1,2p ( 2, 0)n m= =  (ʘ), 

( 2, 1),n m= =(ʙ) ʦʪ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 

0 2 0 11, 1, 0.1, 0.5.h h r r= == =  
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(ʘ) (ʙ) 

ʈʠʩ. 2.14. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
2

1,2p ( 3, 0)n m= =  (ʘ), 

( 3, 1),n m= =(ʙ) ʦʪ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 

0 2 0 11, 1, 0.1, 0.5.h h r r= == =  
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ʊʘʙʣʠʮʘ 2.2. ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪ r ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʙʘʢʘ ʩ ʨʘʜʠʘʣʴʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ( 1/ 4)a=  

0r -ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ. 

10 2 1

1 1 2 0 0 2

1, 1, 1, 0.

/ /

8,

,

h h h r

r r r r r r

= = = =

= =
 

 

n
 0r e  

0n=  1n=  ` 2n=  

nnx  
2
1p  

2
2p  nnx  

2
1p  

2
2p  nnx  

2
1p  

2
2p  

1 

0.1 

0 3.832 0.1595 3.0804 3.054 0.1267 2.454 5.317 0.2215 4.274 

0.3 4.706 0.196 3.7832 2.968 0.123 2.385 5.313 0.2214 4.271 

0.5 6.393 0.2664 5.1395 2.681 0.1106 2.153 5.175 0.2156 4.160 

0.5 

0 3.832 0.1595 1.1331 3.054 0.1266 0.902 5.317 0.2215 1.573 

0.3 4.706 0.196 1.3919 2.968 0.1229 0.876 5.313 0.2214 1.571 

0.5 6.393 0.2664 1.8909 2.681 0.1106 0.791 5.175 0.2156 1.530 

0.8 

0 3.832 0.1594 0.2674 3.054 0.1263 0.213 5.317 0.2215 0.371 

0.3 4.706 0.196 0.3283 2.968 0.1225 0.207 5.313 0.2214 0.371 

0.5 6.393 0.2664 0.446 2.681 0.1099 0.187 5.175 0.2156 0.361 

2 

0.1 

0 7.016 0.2923 5.6403 6.706 0.279 5.391 9.282 0.3867 7.462 

0.3 9.104 0.3793 7.3189 6.274 0.261 5.044 9.152 0.3813 7.357 

0.5 12.62 0.5258 10.145 7.063 0.294 5.678 8.836 0.3682 7.103 

0.5 

0 7.016 0.2923 2.0752 6.706 0.279 1.983 9.282 0.3867 2.745 

0.3 9.104 0.3793 2.6927 6.274 0.2614 1.856 9.152 0.3813 2.707 

0.5 12.62 0.5258 3.7327 7.063 0.2943 2.09 8.836 0.3682 2.613 

0.8 

0 7.016 0.2923 0.4895 6.706 0.2794 0.468 9.282 0.3867 0.647 

0.3 9.104 0.3793 0.6352 6.274 0.2614 0.438 9.152 0.3813 0.638 

0.5 12.62 0.5258 0.8805 7.063 0.2943 0.493 8.836 0.3682 0.616 

3 

0.1 

0 10.17 0.4237 8.1759 9.969 0.4154 8.014 12.68 0.5283 10.19 

0.3 13.55 0.5646 10.893 9.918 0.4132 7.973 12.24 0.51 9.84 

0.5 18.89 0.7871 15.186 12.95 0.5396 10.41 13.89 0.5787 11.17 

0.5 

0 10.17 0.4237 3.008 9.969 0.4154 2.948 12.68 0.5283 3.75 

0.3 13.55 0.5646 4.0077 9.918 0.4132 2.933 12.24 0.51 3.620 

0.5 18.89 0.7871 5.5872 12.95 0.5396 3.830 13.89 0.5787 4.11 

0.8 

0 10.17 0.4237 0.7095 9.969 0.4154 0.695 12.68 0.5283 0.885 

0.3 13.55 0.5646 0.9453 9.918 0.4132 0.692 12.24 0.51 0.854 

0.5 18.89 0.7871 1.3179 12.95 0.5396 0.903 13.89 0.5787 0.969 
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2.2. ʂʦʣʝʙʘʥʠʷ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʠʯʝʩʢʦʤ ʙʘʢʝ 

2.2.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʫʛʦʚʦʡ ʢʦʥʫʩ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʡ ʩʣʦʠʩʪʦʡ 

ʞʠʜʢʦʩʪʴʶ. ɺʚʝʜʝʤ ʩʬʝʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ , ,RJh ʩ ʮʝʥʪʨʦʤ ʚ ʚʝʨʰʠʥʝ 

ʢʦʥʫʩʘ (ʩʤ. ʨʠʩ. 2.15). ʋʛʦʣ J ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ 

OX, ʫʛʦʣ h ʠʟʤʝʨʷʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ OYZ ʦʪ ʦʩʠ OZ, ʩʪʦʨʦʥʫ ʦʩʠ OY. ʀʟ ʨʠʩ. 2.18. 

ʩʣʝʜʫʝʪ, ʯʪʦ cosx R J= , sin siny R J h= , sin cosz R J h= Ö . ɽʩʣʠ ʦʛʨʘʥʠʯʠʪʴʩʷ 

ʤʘʣʳʤ ʫʛʣʦʤ ʢʦʥʫʩʥʦʩʪʠ, ʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʘʚʦʤʝʨʥʳʤ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʥʘ 

ʢʨʳʰʢʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ ʯʘʩʪʠ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 0R R= . ʆʯʝʚʠʜʥʦ, 

ʤʦʞʥʦ ʪʘʢʞʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʢʦʥʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ 3R R= , ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ - 0J J= . ʋʩʣʦʚʠʝʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʝʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʥʘʢʣʘʜʳʚʘʝʤʦʝ ʥʘ ʫʛʦʣ ʢʦʥʫʩʥʦʩʪʠ 0 0sin 1 cosJ J>> - . 

 

ʈʠʩ. 2.15. ʂʦʥʠʯʝʩʢʠʡ ʙʘʢ 
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ʇʨʠʤʝʤ ʟʘ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ï ʨʘʜʠʫʩ ʜʥʘ ʢʦʥʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ R3 ʠ 

ʦʙʦʟʥʘʯʠʤ ʙʝʟʨʘʟʤʝʨʥʳʡ ʨʘʜʠʫʩ 3/r r R= , 0 0 3/q R R= , 1 1 3/q R R= , 2 2 3/q R R= , 3 1q =

. ɼʦʧʫʩʪʠʤ ʜʘʣʝʝ, ʯʪʦ ʞʠʜʢʦʩʪʴ ʣʠʙʦ ʜʦʩʪʠʛʘʝʪ ʚʝʨʰʠʥʳ ʢʦʥʫʩʘ, ʣʠʙʦ ʢʦʥʫʩ 

ʫʩʝʯʝʥʥʳʡ ʠ ʠʤʝʝʪ ʜʥʦ 3R R=  (ʩʤ. ʨʠʩ. 2.15). 

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ ʦ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʞʠʜʢʦʩʪʝʡ ʚ ʢʦʥʠʯʝʩʢʦʡ 

ʧʦʣʦʩʪʠ ʠʤʝʝʪ ʚʠʜ: 

0icD =,.       ( )0,1,2i= ,                                 (2.36) 

D - ʣʘʧʣʘʩʠʘʥ, ʟʘʧʠʩʳʚʘʝʤʳʡ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʚ ʚʠʜʝ, 

2 2 2

2 2 2 2 2 2

2 1 1 1

sin
ctg

r r r r r R
J

J J J h

µ µ µ µ µ
D= + Ö + Ö + + Ö
µ µ µ µ µ

,              (2.37) 

ʟʜʝʩʴ ( )( )iɢ  , , , , 0,1,2r t iJh =  ï ʧʦʪʝʥʮʠʘʣʳ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʩʢʦʨʦʩʪʝʡ ( )( )i   , , , , 0,1,2r t iJh =F , ʬʦʨʤʫʣʘʤʠ 

ū i
i

t

cµ
=
µ
 , ʘ ʧʦʣʝ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ -

()( )  , , , ɢ
i

iw r tJh =Ð, ʛʜʝ Ð - ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ. 

ʇʦʪʝʥʮʠʘʣʳ ʩʤʝʱʝʥʠʡ ( )( )iɢ  , , , , 0,1,2r t iJh =  ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ 

ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ: 

ʘ) ʫʩʣʦʚʠʷʤ ʥʝʧʨʦʪʝʢʘʥʠʷ ʥʘ ʩʤʘʯʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʢʨʳʰʢʝ ʠ ʜʥʦ 

00;ic J J
J

µ
= =

µ
, 00;i r q

r

cµ
= =

µ
 , 30;i r q

r

cµ
= =

µ
;                    (2.38) 

ʙ) ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ 

1
1

0ɢ ɢ
;r q

r r

µ µ

µ
==

µ
; 2 1

2

ɢ ɢ
;

r
qr

r

µ µ
= =

µ µ
;                            (2.39) 

ʚ) ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ 

( )

( )

0
1

1 2 1
1 2 2

2 2

0 1
0 1 1 02 2

3

2 2

2 22

3

1

ɢ ɢ g ɢ
ɟ ɟ ɟ ɟ ;

t t

ɢ ɢ g ɢ
ɟ ɟ ɟ ɟ ;

t t

;

.

q

q

r
R r

r
R r

å õµ µ µ
- = - Ö Ö =æ ö

µ µ µç ÷

å õµ µ µ
- = - Ö Ö =æ ö

µ µ µç ÷

                       (2.40) 
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ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʥʘʭʦʜʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʡ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, 

( ) () ()0 1

0

0 1

ɢ  , , , ( ) ( ) ( )im

mn mn mn

m n

r t Y e R r thJJh s
¤ ¤

= =

=ää ,                       (2.41) 

( ) () () ( ) ()11 1 12 2

1

0 1 0 1

ɢ  , , , ( ) ( ) ( ) ( ) ( ) ( )im im

mn mn mn mn mn mn

m n m n

Y e R r t e tr Y R rt h h sh J s JJ
¤ ¤ ¤ ¤

= = = =

= +ää ää ,   (2.42) 

( ) () ()2 2

2

0 1

ɢ  , , , ( ) ( ) ( )im

mn mn mn

m n

r t Y e R r thJJh s
¤ ¤

= =

=ää ,                       (2.43) 

ʛʜʝ 
0

(cos )
( ) ,

(cos )

mn

mn

m

mn m

P
Y

P

n

n

J
J

J
=  - ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʬʫʥʢʮʠʠ ʃʝʞʘʥʜʨʘ ʧʝʨʚʦʛʦ ʨʦʜʘ, n-

ʛʦ ʧʦʨʷʜʢʘ. mnn - n-ʳʡ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ, 

0 0( (cos )) 0,
mn

md
P ʧʨʠ

d
n J J J

J
= = ,                               (2.44) 

ʘ ʬʫʥʢʮʠʠ 
()

(r)
i

mnR ʠʤʝʶʪ ʚʠʜ ()
( 1)

( ) 
i i

mn i

B
rR r A

r

n

n+
+=  ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 

()

()

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

(2 1) (2 1)

0 1

( 2) ( 1) (2 1)
11 1 2

(2 1) (2 1)

1 2

( 1)
(r) ;

( 1)

( 1)
(r) .

( 1)

mn

mn

q q
R

q q

q q
R

q

r

q

r

r r

n

n

n n n

n n

n n n

n n

n

n n

n

n

n n

n

+ - + +

+ +

+ - + +

+ +

å õ- +
= æ ö

+

+

- +ç ÷

å õ+
= æ ö

- +ç ÷

                    (2.45) 

( )

()

( 2) ( 1) (2 1)
22 2 1

(2 1) (2 1)

1 2

( 2) ( 1)
2 2

(2 1)

2

( 1)
(r) ;

( 1)

( 1)
(r) .

1 ( 1)

mn

mn

q q
R

q q

q
R

r

r

q

r

r

n n n

n n

n

n

n nn

n

n n

n

n n

n

n

+ - + +

+ +

+ - +

+

å õ- +
= æ ö

- +ç ÷

å õ+
= æ ö
- +ç ÷

+

+
,                    (2.46) 

2.2.2. ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʢʦʣʝʙʘʥʠʡ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʠʯʝʩʢʦʤ ʙʘʢʝ  

ʆʧʨʝʜʝʣʠʚ ʧʦʪʝʥʮʠʘʣʳ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ, ʩʦʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʩʝʡ ʤʘʩʩʳ ʞʠʜʢʦʩʪʝʡ ʠ, ʧʨʠʤʝʥʠʚ 

ʫʨʘʚʥʝʥʠʷ ʃʘʛʨʘʥʞʘ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʚ ʦʙʦʙʱʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ, ()1 ts  ʠ ()2 ts . 
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ʊʘʢ ʢʘʢ ʩʢʦʨʦʩʪʠ ʣʶʙʦʡ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ 

, ,iOx Oy Oz ʨʘʚʥʳ 

i

i
x

ix
v
µF
=
µ

; i
yv

y

µF
=
µ

; i
zv

z

µF
=
µ

;ū i
i

t

cµ
=
µ

;( )0,1,2i= .                      (2.47) 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʩʝʡ ʤʘʩʩʳ ʞʠʜʢʦʩʪʝʡ 

2 2 2
1

2
i

i i i
i i i

iV

T dV
x y z

r
è øå õå õµF µF µFå õ
é ù= + +æ ö æ öæ ö
µ µ µç ÷é ùç ÷ç ÷ê ú

ñññ ;                           (2.48) 

ʛʜʝ iV - ʦʙʲʸʤ, ʟʘʥʠʤʘʝʤʳʡ ʞʠʜʢʦʩʪʷʤʠ. 

ʇʨʠʤʝʥʷʷ ʬʦʨʤʫʣʳ ɻʘʫʩʩʘ-ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ, ʧʦʣʫʯʠʤ 

1
cos( , ) cos( ,y) cos( ,z)

2
i

i i i
i i i i i i i

iS

T n x n n dS
x y z

r
è øµF µF µF

= F +F +Fé ù
µ µ µê ú

ññ ,        (2.49) 

ʟʜʝʩʴ iS -ʧʦʚʝʨʭʥʦʩʪʴ i-ʦʡ ʞʠʜʢʦʩʪʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʦʙʲʝʤ iV , n - ʚʥʝʰʥʷʷ 

ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ʉʫʤʤʘʨʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ, 

0 1 2T T T TS= + +;                                                  (2.50) 
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,    (2.51) 

(2 2) (2 1)
(2) 22

(2 12 )

2

2
2

( 1)
( )

1 ( 1)

1

2

mn mn

mn

mn mn
mn

mn mnq

q
T

q
n n

n

nn
s

n n
r

+ - +

+

å õ+
æ ö

- +ç ÷

+
= . 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʪʦʣʙʠʢʘ ʢʘʞʜʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʚʦʟʤʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʫʜʝʪ  
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1 2

1 2

1 2

1 2

0 1

0 0 0 0 0 2 2 2 2 2

0 1

1 1 1 1 1 1 1

(q ) , (q ) ;
2 2
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,               (2.52) 

ʛʜʝ,
1
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0
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0
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r q
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µF
=
µñ

, 
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1
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r q
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=

µF
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n
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r q
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=

µF
=
µñ

, 
2

2

2
2

0

n
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r q
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r
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=

µF
=
µñ

. 

ʉʫʤʤʘʨʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʧʨʠʥʠʤʘʝʪ ʚʠʜ, 

0 1 2SP =P +P +P;                                                   (2.53) 

0
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P = .        (2.54) 

ʇʨʠʤʝʥʷʷ ʫʨʘʚʥʝʥʠʷ ʃʘʛʨʘʥʞʘ 2-ʦʛʦ ʨʦʜʘ, 

(1) (2)0,ʛʜʝ( , )mni m
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T Td
q

dt q qq

s sS S S
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µ µ µPæ ö- + = =
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;                            (2.55) 

ʧʦʣʫʯʘʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʣʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. 
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2.2.3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʢʦʥʠʯʝʩʢʦʤ ʙʘʢʝ 

ɼʘʣʝʝ ʦʙʦʟʥʘʯʠʤ ʙʝʟʨʘʟʤʝʨʥʳʡ ʚʠʜ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʫʩʪʴ, 

() () () ( )

( ) ( )

11 0 2 22

11 1 0 22 2 1

12 21

12 21 1 1 11 1 0 22 2 1

( ) ( ), ( ) ( );

( ) ( ), ( ), ( ).

mn mn mn mn mn mn mn mn

mn mn mn mn

a R R a R R

a a R R c c

r n r n r n r n

r n r n r r r r

= + = +

= = = = - = -
, ,          (2.58) 

ʇʝʨʝʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ (2.56) ʚ ʚʠʜʝ, 

(1) (1) (2)

11 11 12

(2) (2) (1)

22 22 21

0;

0.

mn mn mn

mn mn mn

a c a

a c a

s s s

s s s

+ - =

+ - =

                                    (2.59) 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ 
(1) sinmn A ts = W, 

(2) sinmn B ts = W, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, 

2 2

11 11 12

2 2

21 22 22

0
Ac a a

Ba c a

å õ- W W å õ
=æ öæ ö

W - Wç ÷ç ÷
,                          (2.60) 

4 2 0a b cÖW + ÖW + =,                                       (2.61) 

ʛʜʝ                                ( )11 22 12 21a a a a a= - , ( )11 22 22 11b a a a c=- + , 11 22c c c= ,         (2.62) 

2
2

1,2

4

2

b b ac

a

- ° -
W = .                                   (2.63) 

ʅʘ ʨʠʩʫʥʢʘʭ 2.19(ʘ, ʙ, ʚ, ʛ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ 1,21,2 3[ / ]g RW =W  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ 

0.J  
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(ʘ) 

 

(ʙ) 

 

(ʚ) 

 

(ʛ) 

ʈʠʩ.2.16. ɿʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʧʝʨʚʳʭ ʠ ʚʪʦʨʳʭ ʛʣʘʚʥʳʭ 

ʯʘʩʪʦʪ  
(01)

1W ,
(01)

2W (ʘ), 
(02)

1W ,
(02)

2W (ʙ), 
(11)

1W ,
(11)

2W (ʚ), 
(12)

1W ,
(12)

2W (ʛ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʘʭ 0J. 

ʊʘʙʣʠʮʘ 2.3. ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʢʦʥʠʯʝʩʢʦʛʦ ʙʘʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʨʥʷʭ ( 0, 1,2)m n= =  

0J  0, 1m n= = 0, 2m n= = 

01n  
(01)

1W  
(01)

2W  02n  
(02)

1W  
(02)

2W  

1 219.041 2.403 3.028 401.464 2.562 3.058 

3 133.489 1.654 2.087 193.799 2.261 2.849 

5 43.411 1.075 1.360 116.080 1.751 2.209 

7 30.867 0.908 1.152 56.925 1.229 1.554 

9 23.898 0.801 1.019 44.165 1.084 1.372 

11 19.465 0.724 0.923 36.046 0.980 1.242 

13 16.395 0.666 0.851 30.424 0.902 1.144 
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15 14.145 0.620 0.794 26.302 0.839 1.067 

17 12.424 0.582 0.748 23.150 0.788 1.003 

20 10.488 0.536 0.692 19.604 0.727 0.927 

23 9.058 0.498 0.648 16.984 0.678 0.866 

25 8.296 0.477 0.624 15.586 0.65 0.831 

27 7.647 0.456 0.604 14.396 0.625 0.801 

30 6.835 0.429 0.580 12.908 0.593 0.761 

ʊʘʙʣʠʮʘ 2.4. ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʢʦʥʠʯʝʩʢʦʛʦ ʙʘʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʨʥʷʭ ( 1, 1,2)m n= =  

0J  1, 1m n= = 1, 2m n= = 

11n  
(11)

1W  
(11)

2W  
02n

 

(12)

1W  
(12)

2W  

1 104.995 1.666 2.102 304.970 2.256 2.753 

3 34.674 0.962 1.219 162.533 2.071 2.61 

5 20.615 0.745 0.949 97.322 1.604 2.024 

7 14.594 0.629 0.806 43.145 1.071 1.356 

9 11.252 0.555 0.714 33.45 0.945 1.198 

11 9.128 0.500 0.650 27.281 0.854 1.086 

13 7.659 0.457 0.605 23.010 0.786 1.000 

15 6.584 0.420 0.573 19.979 0.733 0.935 

17 5.764 0.383 0.551 17.485 0.687 0.878 

20 4.843 0.344 0.538 14.793 0.633 0.811 

23 4.165 0.308 0.537 12.804 0.591 0.758 

25 3.805 0.288 0.542 11.743 0.566 0.728 

27 3.499 0.270 0.553 10.840 0.545 0.702 

30 3.119 0.251 0.571 9.712 0.516 0.668 

 

2.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʙʘʢʝ 

ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

2.3.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 ʇʫʩʪʴ ʟʘʤʢʥʫʪʳʡ ʥʝʧʦʜʚʠʞʥʳʡ ʩʦʩʫʜ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥ ʪʨʝʤʷ 

ʠʜʝʘʣʴʥʳʤʠ ʥʝʩʞʠʤʘʝʤʳʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʟʘʥʠʤʘʶʱʠʤʠʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʨʘʚʥʦʚʝʩʠʷ ʦʙʣʘʩʪʠ 0 1,W Wʠ 2W  (ʩʤ. ʨʠʩ. 2.20). ʄʳ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʵʪʠ 

ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘʧʦʜʦʙʠʝ ʩʣʦʝʥʦʛʦ ʧʠʨʦʛʘ, ʪʘʢ ʯʪʦ 2W  ʢʦʥʪʘʢʪʠʨʫʝʪ 



53 
 

(ʢʨʦʤʝ ʩʪʝʥʢʠ ʩʦʩʫʜʘ) ʪʦʣʴʢʦ ʩ 1W  ʧʦ ʥʝʢʦʪʦʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 2G ; 1W - c 0W  ʠ ʩ 2W  

(ʧʦ 1G); ʢʘʞʜʘʷ 1G ʠ 2G  ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦʩʫʜʘ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 

ir ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ iW  ʠ ʧʨʠʤʝʤ ʯʪʦ ʥʘ ʩʠʩʪʝʤʫ ʜʝʡʩʪʚʫʝʪ ʦʜʥʦʨʦʜʥʦʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʩ ʤʘʩʩʦʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʘ gz. ɺʝʢʪʦʨ ʥʦʨʤʘʣʠ n  

ʥʘ iG ʥʘʧʨʘʚʠʤ ʠʟ iWʚ 1i+W . ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦ ʢʦʣʝʙʘʥʠʷʭ ʥʝʩʞʠʤʘʝʤʳʭ 

ʞʠʜʢʦʩʪʝʡ ʚ ʟʘʥʠʤʘʝʤʳʭ ʦʙʲʝʤʘʭ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʤʠ iS. ɹʫʜʝʤ 

ʩʯʠʪʘʪʴ ʜʚʠʞʝʥʠʝ ʢʘʞʜʦʡ ʞʠʜʢʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʩʢʦʨʦʩʪʠ 

(x, y,z) i t

i ewF Ö ( 0,1,2)i= , w- ʠʩʢʦʤʘʷ ʯʘʩʪʦʪʘ ʛʣʘʚʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʝʡ.  

 

ʈʠʩ. 2.17. ʆʙʱʠʡ ʚʠʜ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʦʩʫʜʘ ʩ ʞʠʜʢʦʩʪʷʤʠ. 

ʇʦʪʝʥʮʠʘʣʳ iF  ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʨʝʰʝʥʠʡ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ 

0iDF =,( 0,1,2)i=  ʚ iW , 0i

n

µF
=

µ
, ʥʘ iS                           (2.64) 

( )
( )

( )
( )

2 2
0 0 1 1 0 0 1 1

1 0 1

0 1 1

1 00

0
- -

-
;

-
; ;

n g n g x x

r r r rw w

r r r r

ÖFµF µF µF µF
= = =

µ µ µ

F ÖF

µ

Ö ÖF
 ʥʘ 1G      (2.65) 

( )
( )

( )
( )

2 2
2 2 1 1 2 2 1 1

2 1 2

1 2 2

2 11

1
- -

-
;

-
; .

n g n g x x

r r r rw w

r r r r

ÖFµF µF µF µF
= = =

µ µ µ

F ÖF

µ

Ö ÖF
 ʥʘ2G     (2.66) 
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2.3.2. ɺʘʨʠʘʮʠʦʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʦʢʘʞʝʤ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ (2.64)-(2.66) ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʘʚʥʦʩʠʣʴʥʘ ʟʘʜʘʯʝ ʦʙ ʦʪʳʩʢʘʥʠʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʘ  

( )
1

2

0

0 1 2 1
1 2

1 1 1 1

0

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

( )

i

i

i i i i

i

i i i i i i i

i

d

F i

d

r

r r r r

+

= W

-

+ + + +

= G

ÐF ÖÐF W

F F F = =

- F - F G

ä ñ

ä ñ
.        (2.67) 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʦʤʥʦʞʠʤ ʢʘʞʜʦʝ ʫʨʘʚʥʝʥʠʝ (2.64) ʥʘ ir ʠ iF, ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ 

ʦʙʲʝʤʫ iW  ʜʣʷ ʢʘʞʜʦʡ ʞʠʜʢʦʩʪʠ, ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʳ ɻʘʫʩʩʘ-

ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ, ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʦʣʫʯʠʤ 

1 0 0 1

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

S

d d dS d
n n

r r r r
W W G

µF µF
DF ÖF W =- ÐF ÖÐF W + F + F G

µ µñ ñ ñ ñ ,     (2.68) 

1 1 1

1 2

1
1 1 1 1 1 1 1 1 1 1 1

1 1
1 1 1 1 1 2

S

d d dS
n

d d
n n

r r r

r r

W W

G G

µF
DF ÖF W =- ÐF ÖÐF W + F -

µ

µF µF
- F G + F G

µ µ

ñ ñ ñ

ñ ñ
,                (2.69) 

2 2 2 2

2 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2

S

d d dS d
n n

r r r r
W W G

µF µF
DF ÖF W =- ÐF ÖÐF W + F - F G

µ µñ ñ ñ ñ .    (2.70) 

ʇʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (2.65) ʠ (2.66), ʠ ʩʣʦʞʠʚ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʭʦʜʠʤ ʢ ʚʳʨʘʞʝʥʠʶ 

( ) ( )

0 1

1 2

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

2

2 2

1 1 0 0 1 2 2 1 1 2

1 0 2 1

1 1
( ) ( ) 0

d d d

d d

r r r

l r r r r
r r r r

W W W

G G

ÐF ÖÐF W + ÐF ÖÐF W + ÐF ÖÐF W -

è ø
- F - F G + F - F G =é ù

- -é ùê ú

ñ ñ ñ

ñ ñ

;     (2.71) 

ʦʪʢʫʜʘ ʠ ʩʣʝʜʫʝʪ ʚʳʨʘʞʝʥʠʝ (2.67), (
2

0 /r gl w=  - ʩʦʙʩʪʚʝʥʥʦʝ ʯʠʩʣʦ, w - 

ʨʘʟʤʝʨʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ). 
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ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʢʥʠʛʝ [9], ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʟʘʜʘʯʠ 

(2.64)-(2.66) ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ, ʝʩʣʠ ʠʩʢʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʝ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʘ (2.67), ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʩʝʭ ʬʫʥʢʮʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ 

1 1

1

( ) 0

i

k

i i i i i

i

dr r+ +

= G

F - F G =äñ , ( )2k= .                            (2.72) 

ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

2.3.3. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʆʙʣʘʩʪʴ ʨʝʰʝʥʠʷ iW  ʨʘʟʦʙʴʝʤ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.18, ʥʘ ʨʷʜ 

ʪʨʝʫʛʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ï ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʕ). ʈʘʟʙʠʚ ʦʙʣʘʩʪʴ ʨʝʰʝʥʠʷ ʥʘ ʨʷʜ 

ʦʙʣʘʩʪʝʡ, ʤʳ ʧʦʣʫʯʘʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʧʠʩʘʪʴ ʠʥʪʝʛʨʘʣʳ ʚ ʚʠʜʝ ʩʫʤʤʳ 

ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʦʪʜʝʣʴʥʳʤ ʦʙʣʘʩʪʷʤ. 

ʊʨʝʫʛʦʣʴʥʘʷ ʬʦʨʤʘ ʂʕ ʥʝ ʷʚʣʷʝʪʩʷ, ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʦʡ, ʥʦ ʦʙʣʘʜʘʝʪ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʦʩʪʘʣʴʥʳʤʠ ʨʷʜʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚ: ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦ 

ʧʦʢʨʳʪʴ ʚʩʶ ʧʣʦʱʘʜʴ ʨʝʰʝʥʠʷ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʷʤʦʫʛʦʣʴʥʦʡ) ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ 

ʪʘʢʘʷ ʬʦʨʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʧʦʣʫʯʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʈʠʩ. 2.18. ʉʭʝʤʘ ʨʘʟʙʠʝʥʠʷ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʂʕ 
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ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ (2.71) ʚ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʤ ʚʠʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ , , ir xh  

( )
1

2

2
0

1
2

1 1

0 1

1

1
( ) 0

i

i

i i i i i i
i i

i i i

i i i i

i i i S

rdrd dx
r r r x x

rdrd

r h
h h

l r r h
r r

+

= W

+ +

= +

å õµF µF µF µF µF µF
+ + -æ ö

µ µ µ µ µ µç ÷

- F - F =
-

ä ñññ

ä ñ

.              (2.73) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (2.73) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ, 

( )
2

0 0

cos( )
, ,x ( ,x ) ( ), ( )

sin( )
i i im i im im

i m

m
r r

m

h
h y h h

h

¤

= =

ë
F = ÖN N =ì

í
ää .            (2.74) 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʧʝʨʝʭʦʜʘ ʦʪ ʛʣʦʙʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʢ ʣʦʢʘʣʴʥʳʤ, ʟʥʘʯʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʝʡ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʂʕ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʘʢ 

( ) () [] { }
2 9

(1 9) (9 1)(9 9)
0 1 1

( , ) , ( , )
k

ii ii i

i j j ʣ ʣ

i j i

x y u f x y U C X x yy
³ ³³

= = =

= =ää ä ,             (2.75) 

ʟʜʝʩʴ i

ju  - ʟʥʘʯʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʂʕ, ( ),i

j ʣ ʣf x y - ʬʫʥʢʮʠʠ ʬʦʨʤʳ ʚ 

ʪʦʯʢʝ ʩ ʣʦʢʘʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ( ),ʣ ʣx y , ʘ ʤʘʪʨʠʮʘ []
(9 9)

X
³

 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʬʦʨʤʝ, 

[]

1 2 3

1 2 3

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

2 2 2

1 1 2 2 3 3(9 9)

2 2 2

1 1 2 2 3 3

2 2 2 2 2 2

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

2 2 2 2 2 2

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

2 2 2

1 1 1 1 1

1 0 0 1 0 0 1 0 0

1 0 1 0 1 0

0 1 0 1 0 1

2 0 2 0 2 0

0 2 0 2 0 2

2 2 2

2 2 2

2 2

i

x x x

y y y

x y y x x y y x x y y x

X x x x x x x

y y y y y y

x y y x y x y y x y x y y x y

x y x y x x y x y x x y x y x

x y x y x

³
=

2 2 2 2 2 2 2 2 2

1 2 2 2 2 2 2 3 3 3 3 3 32 2 2 2y x y x y x y x y x y x y

è ø
é ù
é ù
é ù
é ù
é ù
é ù
é ù
é ù
é ù
é ù
é ù
é ù
ê ú

; (2.76) 

ʩ ʫʯʝʪʦʤ (2.76) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ijC  ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʂʕ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʦʪ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʩʪʦʣʙʝʮ { }
(9 1)

( , )
i

X x y
³
, ʘ ʦʪ 

ʟʥʘʯʝʥʠʡ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʪʦʣʴʢʦ ()
(1 9)

i
U

³
. 
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ʊʝʧʝʨʴ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʞʜʳʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʫʤʤ ʚ ʫʨʘʚʥʝʥʠʠ (2.73) ʩ ʫʯʝʪʦʤ 

ʩʦʦʪʥʦʰʝʥʠʡ (2.75) ʠ ʧʨʦʠʟʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʤʘʪʨʠʮʘʤʠ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ. ʇʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʷ ʤʘʪʨʠʮ ʞʝʩʪʢʦʩʪʠ ʠ ʤʘʩʩ ʚ ʚʠʜʝ, 

[ ][]
{} {}

{}{}
{} {}

[]
2

2

ʂʕ

i T i i Ti

i Tii Ti

ʂʕ i i

i iS

X X X Xm
K C X X rdrdx C

r r r x x
r

è øå õµ µ µ µ
é ù= + +æ ö

æ öµ µ µ µé ùç ÷ê ú
ññ (2.77) 

- ʤʘʪʨʠʮʘ çʞʝʩʪʢʦʩʪʠè ʂʕ, ʘ 

[]
( )

{} {} {} {} []
1 1( )

1 1

1

1
( ) ( )

ʂʕ

i Tii i i i T

ʂʕ i i i i

i iL

M C X X X X rdr Cr r r r
r r

+ +G

+ +

+

è ø= - Ö -ê ú -ñ  (2.78) 

- ʤʘʪʨʠʮʘ çʤʘʩʩʳè ʂʕ. 

ɿʘʤʝʯʘʥʠʝ: ɺʳʯʠʩʣʝʥʠʝ ʤʘʪʨʠʮʳ ( )

ʂʕM Gè øê ú
 ʚ ʬʦʨʤʫʣʝ (2.78), ʦʯʝʚʠʜʥʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʪʦʣʴʢʦ ʜʣʷ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʦʙʱʫʶ ʛʨʘʥʴ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʨʘʟʜʝʣʦʚ 1G ʠ 2G . 

ʇʦʩʪʘʚʠʤ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʤʘʪʨʠʮ ʞʝʩʪʢʦʩʪʠ ʠ ʤʘʩʩ (2.77) ʠ (2.78) ʚ 

ʫʨʘʚʥʝʥʠʝ (2.73), ʧʦʣʫʯʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʚʠʜʝ, 

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

( )

1 1 1 1
0

op op op opop op op op

ɻ

ʂʕ ʂʕN N N NN N N N
V K V V M Vl

³ ³ ³ ³³ ³
è ø- =ê ú

.                
 
(2.79) 

ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʘ (2.79) ʧʨʠʚʦʜʷʪ ʢ ʩʠʩʪʝʤʝ 

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʝʢʪʦʨʘ ( )V , 

[ ]( ) ( )
{}( )

( )

1
0

opop op op op

ɻ

ʂʕ ʂʕ NN N N N
K M Vl

³³ ³

å õè ø- Ö =æ öê úç ÷
.                  (2.80) 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (2.80) ʠʤʝʝʪ ʚʠʜ 

[ ]( ) ( )
( ) 0

op op op op

ɻ

ʂʕ ʂʕN N N N
K Ml

³ ³
è ø- Ö =ê ú .                         (2.81) 

ʈʝhʘʷ ʫʨʘʚʥʝʥʠʝ (2.81) ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʣʫʯʠʤ ʩʧʝʢʪʨ ʜʠʩʢʨʝʪʥʳʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ mnl  ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʝ ʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ {}
mn

V . 

2.3.4. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ (2.19) ʠ (2.20). 
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(ʘ) (ʙ) 

  

(ʚ) (ʛ) 

ʈʠʩ. 2.19. ɿʘʚʠʩʠʤʦʩʪʠ ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
(1)

1,2l  ( )1n= (ʘ, ʙ) ʠ 
(2)

1,2l  ( )2n= (ʚ, ʛ) ʦʪ 

ʛʣʫʙʠʥʳ ʚʝʨʭʥʝʡ ʞʠʜʢʦʩʪʠ 0h  ʧʨʠ ʨʘʟʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʠ ʛʣʫʙʠʥʘʭ 1 2 1h h= =. 

  

(ʘ) (ʙ) 
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(ʚ) (ʛ) 

ʈʠʩ. 2.20. ɿʘʚʠʩʠʤʦʩʪʠ ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ 
(1)

1,2l  ( )1n=  (ʘ, ʙ) ʠ 
(2)

1,2l  ( )2n=  (ʚ, ʛ) ʦʪ 

ʯʠʩʣʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʂʕN  ʧʨʠ 1 00.7, 0.1r r= =  ʠ 0 1 2 1h h h= = =. 

2.3.5. ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ {}
mn

V , ʟʥʘʷ ʥʦʤʝʨʘ 

ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʦʪʚʝʯʘʶʱʠʭ ʢʦʥʢʨʝʪʥʦʤʫ ʂʕ, ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʦʡ (2.75) ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ ʂʕ, ʠʤʝʷ ʨʘʥʝ ʚʳʯʠʩʣʝʥʥʫʶ ʤʘʪʨʠʮʫ []
(9 1)

C
³

 ʵʪʦʛʦ ʂʕ ʠ ʚʳʯʠʩʣʠʪʴ ʚʝʢʪʦʨ 

{ }
(9 1)

( , )X x y
³

 ʜʣʷ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. 
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(ʘ) (ʙ) 

 
 

(ʚ) (ʛ) 

ʈʠʩ. 2.21. ʌʦʨʤʳ ʩʠʥʬʘʟʥʳʭ ʢʦʣʝʙʘʥʠʡ ( 1)n= (ʘ, ʙ) ʠ ʧʨʦʪʠʚʦʬʘʟʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ( 2)n= (ʚ, ʛ) ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʩʦʩʫʜʝ. 
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2.4. ʄʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʢʦʣʝʙʘʥʠʡ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʠ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʙʘʢʝ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʪʚʝʨʜʳʭ ʪʝʣ, ʠʤʝʶʱʠʭ 

ʧʦʣʦʩʪʠ ʩ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ 

ʜʚʠʞʝʥʠʡ ʠʟʫʯʘʝʤʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [30,45,69,84]. ʆʧʳʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʢʦʣʝʙʘʥʠʡ ʪʚʸʨʜʳʭ 

ʪʝʣ, ʠʤʝʶʱʠʭ ʧʦʣʦʩʪʠ, ʯʘʩʪʠʯʥʦ ʥʘʧʦʣʥʝʥʥʳʝ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʧʦʢʘʟʘʣ, 

ʯʪʦ ʥʝ ʚʩʝ ʪʦʥʘ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʫʯʫʚʩʪʚʫʶʪ ʚ ʩʦʟʜʘʥʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʚʠʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʪʦʣʴʢʦ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʞʠʜʢʦʩʪʠ ʧʨʠ ( 1m= ) ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʩʠʣʳ 

ʠ ʤʦʤʝʥʪʳ, ʩʧʦʩʦʙʥʳʝ ʧʦʚʣʠʷʪʴ ʥʘ ʜʚʠʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ʇʦʵʪʦʤʫ ʙʫʜʝʤ ʜʘʣʝʝ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʘʷʪʥʠʢʦʚʳʡ ʘʥʘʣʦʛ, ʦʪʚʝʯʘʶʱʠʡ ʢʦʣʝʙʘʥʠʷʤ ʩʣʦʸʚ ʞʠʜʢʦʩʪʠ ʩ 

ʯʠʩʣʦʤ 1,( 1,2,...)m n= = . 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚ ʚʠʜʝ ʥʝʚʝʩʦʤʳʭ ʩʪʝʨʞʥʝʡ ɸɺ ʠ ɸʉ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʚ ʪʦʯʢʝ A ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʰʘʨʥʠʨʦʤ ʠ ʟʘʢʨʝʧʣʸʥʥʳʤʠ ʥʘ ʥʠʭ 

ʪʦʯʝʯʥʳʤʠ ʤʘʩʩʘʤʠ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ (ʨʠʩ. 2.22). ʇʦʣʦʞʝʥʠʷ ʥʝʚʝʩʦʤʳʭ ʩʪʝʨʞʥʝʡ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʤʘʷʪʥʠʢʦʚ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʷʤʦʡ, 

ʧʨʠʤʝʤ ʟʘ ʥʝʚʦʟʤʫʱʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʪʚʝʯʘʶʱʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʭ ʚʦʟʤʫʱʝʥʠʡ. 

ɺʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʷ: 1m  ʠ 2mï ʤʘʩʩʳ ʤʷʪʥʠʢʦʚ, lï ʜʣʠʥʘ ʥʝʚʝʩʦʤʦʛʦ 

ʩʪʝʨʞʥʷ AB, b ʠ d- ʨʘʩʩʪʦʷʥʠʷ0OB  ʠ 0OC , ʦʪʚʝʯʘʶʱʠʝ 'n'- ʦʤʫ ʪʦʥʫ ʢʦʣʝʙʘʥʠʡ 

ʞʠʜʢʦʩʪʝʡ.  

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʙʦʙʱʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ ʪʨʸʭ ʞʠʜʢʦʩʪʝʡ ʧʦ 

ʢʘʞʜʦʤʫ ʠʥʜʝʢʩʫ ' n ' ʦʪʚʝʯʘʶʪ ʜʚʘ ʛʣʘʚʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʬʦʨʤʫʣʝ (2.19)-(2.21). ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʢʘʞʜʦʤʫ ʠʥʜʝʢʩʫ ' n ' 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʜʚʘ ʛʣʘʚʥʳʭ ʢʦʣʝʙʘʥʠʷ, ʪʦ ʝʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʦʚ 

ʞʠʜʢʦʩʪʝʡ ʜʦʣʞʝʥ ʠʤʝʪʴ ʜʚʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ. ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʘʥʘʣʦʛʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ (2.22). ʇʦʢʘʞʝʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʣʷ 
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ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳʤʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ 

ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 1 ( )n ts ʠ 2 ( )n ts . 

 

ʈʠʩ. 2.22. ʉʭʝʤʘ ʤʘʷʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʩ 2-ʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʘʤʠ 

2.4.1. ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ 

ʉʦʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʡ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɿʘ ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʤʝʤ 

ʨʘʩʩʪʦʷʥʠʷ 21,ss , ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʤʘʷʪʥʠʢʘ ʤʘʩʩʦʡ 2m  (ʪ.C) ʠ 

ʧʦʣʦʞʝʥʠʝ ʤʘʷʪʥʠʢʘ ʤʘʩʩʦʡ 1m  (ʪ.B) (ʩʤ. ʨʠʩ. 2.22). 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ C ʠ B ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Oxy ʙʫʜʫʪ 

2sin ;cx d j= Ö  2cos ;cy d j=- Ö                                    (2.82) 

( ) 2 1sin sinbx l b lj j=- + Ö - Ö; ( ) 2 1cos cosby l b lj j= + - Ö .                  (2.83) 
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ʂʠʥʝʪʠʯʝʩʢʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʡ ʤʘʷʪʥʠʢʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʚʝʣʠʯʠʥ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ 

( ) ( )
2 22

2 22 2

2

1 12 1

1 1
2

2 2

l b l b
T m s m s s s s

d d

è ø+ +
= + +é ù

é ùê ú

+ ;                  (2.84) 

( )22 2
1 21 2

1 1 222 2 2

l b ss s
ʇ mg mg m g

l d d

+
= - + .                         (2.85) 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʜʘʣʝʝ ʫʨʘʚʥʝʥʠʷʤʠ ʃʘʛʨʘʥʞʘ 2-ʦʛʦ ʨʦʜʘ ʠ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ 

ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʤʘʷʪʥʠʢʦʚ; 

( )

( ) ( ) ( )

1 21 1 1 1

2

12 121 2 2 12

+ 

+ 

   0;

  0.

l bg
m s m s m s

l

l b l b l bg
m m s m m s m s

d

d d d d

+
+ =

å õ+ å + õ +
+ + - =æ ö æ öç ÷ç ÷

         (2.86) 

ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ (2.17) ʠ ʫʨʘʚʥʝʥʠʷ 

ʢʦʣʝʙʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ (2.86) ʦʧʨʝʜʝʣʠʤ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʤʘʷʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ. ʀʟ ʩʨʘʚʥʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʵʢʚʠʚʘʣʝʥʪʥʳ ʧʨʠ ʫʩʣʦʚʠʠ 

ʨʘʚʝʥʩʪʚʘ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ins  ʠ ks ( , 1,2)i k= , ʝʩʣʠ ʧʘʨʘʤʝʪʨʳ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ, 

( )' '

1 1 0 0n n nm m f m= + ;

'

1 1

n

n

m
b l

m chk h

d
= -;

( )

'

2

1

' ' 2

2 1 1

;

n

n

n n n

m
m

chk h
g

m m
d

w

-

=
-

             (2.87) 

( )
( )

' 2
' ' 1

2 2 1 1 2

1 1

;n
n n n

n

m
m m f m

m chk h
= + -

( )
1

' '

1 0 1n n n n

m
l

m m k thk h
=

-
.             (2.88) 

ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ b ʦʪʚʝʯʘʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷʤ ʞʠʜʢʦʩʪʝʡ ʧʦ ʧʝʨʚʦʤʫ 

ʪʦʥʫ 1( 1.8431)z= , ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʞʠʜʢʦʩʪʝʡ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ. 2.23. 
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ʈʠʩ. 2.23. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ b ʦʪ ʧʣʦʪʥʦʩʪʠ 1r. 

2.4.2. ɺʦʟʤʦʞʥʳʝ ʤʘʷʪʥʠʢʦʚʳʝ ʘʥʘʣʦʛʠ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʝʡ 

ʅʘ ʨʠʩ. 2.24, 2.25 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʷʪʥʠʢʦʚʳʝ ʘʥʘʣʦʛʠ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʝʡ, 

ʦʪʚʝʯʘʶʱʠʝ ʩʣʫʯʘʷʤ (b >0), ʠ (b<0), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩ. 2.26 ʧʦʢʘʟʘʥ 

ʤʘʷʪʥʠʢʦʚʳʡ ʘʥʘʣʦʛ ʢʦʣʝʙʘʥʠʡ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ, ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʷʶʱʠʭ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʙʘʢ. 

 

 

ʈʠʩ.2.24. ʄʘʷʪʥʠʢʦʚʦʡ ʘʥʘʣʦʛ ʚ 

ʩʣʫʯʘʝ(b>0) 

ʈʠʩ.2.25. ʄʘʷʪʥʠʢʦʚʦʡ ʘʥʘʣʦʛ ʚ 

ʩʣʫʯʘʝ(b<0) 
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(ʘ) (ʙ) 

ʈʠʩ.2.26. ʄʘʷʪʥʠʢʦʚʦʡ ʘʥʘʣʦʛ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ, ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʷʶʱʠʭ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʙʘʢ. 

ɺʳʚʦʜ ʧʦ ʛʣʘʚʝ 2 

¶ ɺ ʤʥʦʛʦʩʣʦʡʥʦʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʝʡ, 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʫʶʪ ʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʨʦʜʩʪʚʝʥʥʳʤ ʚʦʣʥʘʤ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʝʩʣʠ n­¤(n -ʥʦʤʝʨ ʪʦʥʘ 

ʢʦʣʝʙʘʥʠʡ) ʛʣʘʚʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ 
k

np ­¤( 1,2,... 1,k N= - N -ʯʠʩʣʦ 

ʩʣʦʸʚ ʞʠʜʢʦʩʪʝʡ). 
¶ ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʢʦʣʝʙʘʥʠʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʦʪ ʢʦʣʝʙʘʥʠʷ 
ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʣʷ 

ʢʘʞʜʦʛʦ ʯʠʩʣʘ n  ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʛʣʘʚʥʳʭ ʯʘʩʪʦʪ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʞʠʜʢʦʩʪʠ. 

¶ ɺ ʪʨʸʭʩʣʦʡʥʦʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʯʠʩʣʘ n  ʥʠʟʢʠʤ ʯʘʩʪʦʪʘʤ 

ʛʣʘʚʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪʚʝʯʘʶʪ ʩʠʥʬʘʟʥʳʝ ʬʦʨʤʳ ʜʚʠʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ, ʘ ʚʪʦʨʦʡ ʛʣʘʚʥʦʡ ʯʘʩʪʦʪʝ ï ʧʨʦʪʠʚʦʬʘʟʥʳʝ ʜʚʠʞʝʥʠʷ. 
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ɻʃɸɺɸ 3. ʉɺʆɹʆɼʅʓɽ ʂʆʃɽɹɸʅʀʗ ʊʈɪʍʉʃʆʁʅʆʁ ɺʗɿʂʆʁ 

ɾʀɼʂʆʉʊʀ 

ɺ ʛʣʘʚʝ 3 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʪʨʸʭʩʣʦʡʥʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʪʨʸʭʩʣʦʡʥʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʷʶʱʝʡ ʧʦʣʦʩʪʴ ʥʝʧʦʜʚʠʞʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʨʥʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ, ʟʘʧʦʣʥʷʶʱʠʭ ʧʦʣʥʦʩʪʴʶ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʙʘʢ ʩ 

ʢʨʫʛʣʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ. ɺ ʢʦʥʮʝ ʛʣʘʚʳ 3 ʧʨʠʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

3.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦ ʢʦʣʝʙʘʥʠʷʭ ʪʨʸʭʩʣʦʡʥʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʣʳʝ ʚʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʸʭ ʩʣʦʸʚ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʧʣʦʪʥʦʩʪʠ 0r,

1r, 2r, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʚʷʟʢʦʩʪʝʡ 0n , 1n, 2n, ʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʦʣʥʷʶʱʠʝ ʥʝʧʦʜʚʠʞʥʳʡ ʩʦʩʫʜ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʨʠʩ.3.1. 

ɺʚʝʜʝʤ ʥʝʧʦʜʚʠʞʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ , , , ( 0,1,2)i i i iO x y z i=  (ʩʤ. ʨʠʩ.3.1). 

ʀ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 1G, 2G  ʥʝʚʦʟʤʫʱʸʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ, ʘ ʯʝʨʝʟ 

iS , ( 0,1,2)i=  ʩʤʘʯʠʚʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʝʡ. ʇʦʩʪʘʥʦʚʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ [65] 

(i) (i)
(i)

1

;i

u p
gk u

t
n

r

µ Ð
=- - + D

µ
 

(i) 0divu = ; ( 0,1,2)i=                    (3.1) 

ʨʘʚʝʥʩʪʚʘʤʠ ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʝʡ  
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ʈʠʩ. 3.1. ʆʙʱʠʡ ʚʠʜ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʦʩʫʜʘ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʩ 

ʚʷʟʢʦʡ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʴʶ 

01

2 (0)2 (1)

(0) (1)

0 1 1 1 0 0

1 0

( ) ( ) 2( )
xx

x

uu
p p u g

t x t x t
r r n r n r

µµµ
- + - = -

µ µ µ µ µ
 ʥʘ 1G,          (3.2) 

2 1

2 (2) 2 (1)

(1) (2)

1 2 2 2 1 1

2 1

( ) ( ) 2( )
x x

x

u u
p p u g

t x t x t
r r n r nr

µ µµ
- + - = -

µ µ µ µ µ
 ʥʘ 2G ,         (3.3) 

01

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

1 1 0 0

1 0

1 1
( ) ( );

2 2

xx z z
uu u u

z x z x
n r n r

µµ µ µ
+ = +

µ µ µ µ
 ʥʘ 1G,                   (3.4) 

1 2

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

1 1 0 0

1 0

1 1
( ) ( );

2 2

x xy y
u uu u

y x y x
n r n r

µ µµ µ
+ = +

µ µ µ µ
ʥʘ 1G,                   (3.5) 

1 2

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

1 1 2 2

1 2

1 1
( ) ( );

2 2

x xz z
u uu u

z x z x
nr n r

µ µµ µ
+ = +
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 ʥʘ 2G ,                  (3.6) 
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1 2

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

1 1 2 2

1 2

1 1
( ) ( );

2 2

x xy y
u uu u

y x y x
nr n r

µ µµ µ
+ = +

µ µ µ µ
ʥʘ 2G ,                  (3.7) 

ʘ ʪʘʢʞʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  

(0) (1)u u=  ʥʘ 1G    ʠ      
(1) (2)u u=  ʥʘ 2G ,                           (3.8) 

ʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʩʤʘʯʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

(i) 0u = ,   ʥʘ ( 0,1,2)iS i= .                                      (3.9) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʪʨʝʭ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ 

ʚʠʜʝ 

(i) (i) (x ,y,z)t

iu e Ul= , 
(i) (i) (x ,y,z)t

ip e Pl= , ( 0,1,2)i= .                 (3.10) 

ʛʜʝ l- ʩʦʙʩʪʚʝʥʥʦʝ ʯʠʩʣʦ ʟʘʜʘʯʠ, (i)U  ʠ (i)P - ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʟʘʜʘʯʠ. 

3.2. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʠʤ 

ʧʨʠʝʤʦʤ. ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʪʨʸʭʩʣʦʡʥʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʢʘʢ 

ʩʦʚʤʝʩʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʜʚʫʭ ʧʘʨʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʝʙʘʥʠʷʤ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʘ ʜʨʫʛʘʷ 

ʢʦʣʝʙʘʥʠʷʤ ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʝʡ ʞʠʜʢʦʩʪʝʡ. ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʮʠʘʣʴʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʪʫʭʘʥʠʷ ʢʦʣʝʙʘʥʠʡ - 

I II,n ng g ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʤʝʪʦʜʦʤ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʀʩʧʦʣʴʟʫʷ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʘʥʘʣʦʛ ʢʦʣʝʙʘʥʠʡ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ (ʨʠʩ. 2.29) ʜʣʷ ʧʘʨʮʠʘʣʴʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ (2.18), (2.19), ʩʦʩʪʘʚʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ I II,s s  ʧʘʨʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ 

ʫʯʝʪʦʤ ʜʝʡʩʪʚʠʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʠʣ, ʫʯʠʪʳʚʘʝʤʳʭ ʟʘʢʦʥʦʤ ʚʷʟʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
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,( 1,2)k k kR V km=- = ,                                       (3.11) 

( km- ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, kV - ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʝʡ ʪʦʯʝʢ, ʛʜʝ 

ʧʨʠʣʦʞʝʥʳ ʩʠʣʳ kR ). ɿʘʪʝʤ, ʩʨʘʚʥʠʚʘʷ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʘʨʮʠʘʣʴʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ km , ʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ ʢʦʣʝʙʘʥʠʡ 

ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ (ʨʠʩ.3.3). ʉʦʩʪʘʚʠʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʦʧʨʝʜʝʣʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪ r ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ, 

ʢʦʪʦʨʳʝ ʠ ʧʨʠʤʝʤ ʟʘ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʪʨʸʭʩʣʦʡʥʦʡ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ. 

 

ʈʠʩ. 3.2. ʉʭʝʤʘ ʚʷʟʢʦʡ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʫʜʝ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʘʨʮʠʘʣʴʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʘʨʮʠʘʣʴʥʳʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʠʩʪʝʤʘʤ ʨʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʜʚʫʭ ʚʷʟʢʠʭ ʥʝʩʞʠʤʘʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʧʣʦʪʥʦʩʪʠ 
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1r, 2r ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʚʷʟʢʦʩʪʝʡ 1n, 2n  ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʧʨʦʠʟʚʦʣʴʥʦʤ ʩʦʩʫʜʝ 

(ʩʤ. ʨʠʩ.3.2). 

ʇʦʩʪʘʥʦʚʢʘ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ ʙʫʜʝʪ 

(1) (1) 2 (1)

1

1

1
U P U kl e n

r
=- Ð - D -¡ ¡ ;                                (3.12) 

(2) (2) 2 (2)

2

2

1
U P U kl e n

r
=- Ð - D -¡ ¡ ;                                (3.13) 

2 1

(2) (1)

(1) (2) 2
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l r r e n r nr l
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- + - = -
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;         (3.14) 

1 2

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

1 1 2 2

1 2

( ) ( );
x xz z

U UU U

z x z x
e nr e n r

µ µµ µ
+ = +

µ µ µ µ
 ʥʘ G,               (3.15) 

1 2

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

2 2

1 1 2 2

1 2

( ) ( );
x xy y

U UU U

y x y x
e nr e n r

µ µµ µ
+ = +

µ µ µ µ
 ʥʘ G,               (3.16) 

(1) (2)U U=  ʥʘ G                                             (3.17) 

(1) 0U = ,   ʥʘ 1S ,  
(2) 0U =   ʥʘ 2S                                   (3.18) 

ʛʜʝ 
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r rg
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+
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l= , 

(1)
(1)
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U
U

g
= , 

(2)
(2)

0r
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= , 

(1)
(1)

0r
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= , 

(2)
(2)

0r

P
P

g
= , 

1
1

1 2( )

n
n

n n
=

+
, 

2
2

1 2( )

n
n

n n
=

+
.                                 (3.19) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.12)-(3.19) ʠʱʝʤ ʤʝʪʦʜʦʤ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʦʛʨʘʥʠʯʠʚʘʷʩʴ 

ʥʫʣʝʚʳʤ ʠ ʧʝʨʚʳʤ ʧʨʠʙʣʠʞʝʥʠʷʤʠ, ʧʦʣʦʞʠʤ 

(1) (1) (1) (1)U wj e k=Ð + Ð +¡ ¡ ,
(2) (2) (2) (2)U wj e k=Ð + Ð +¡ ¡ ,             (3.20)

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

1 0 1 0 1( )P srlj er lk lj=- - + +,                          (3.21)

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

2 0 2 0 1( )P sr lj er lk lj=- - + +,                         (3.22) 
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0 1l l el= + ,                                                (3.23) 

ʛʜʝ 
(1)w , 

(2)w , 
(1)s  ʠ 

(2)s - ʬʫʥʢʮʠʠ ʪʠʧʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʕʪʠ ʬʫʥʢʮʠʠ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʣʦʞʝʥʳ ʚ ʨʷʜʳ ʧʦ ʩʪʝʧʝʥʷʤ e, ʧʨʠʯʝʤ ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʭ ʨʘʟʣʦʞʝʥʠʡ 

(1)w , 
(2)w , 

(1)s  ʠ 
(2)s  ʙʳʩʪʨʦ (ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ) ʫʙʳʚʘʶʪ ʩ ʨʦʩʪʦʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ D. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 
1SD , 

2SD , 
1

DG ,
2

DG  ʦʙʣʘʩʪʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, 

ʧʨʠʤʳʢʘʶʱʠʝ ʠʟʥʫʪʨʠ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ 1S , 2S  ʠ G ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʠʤʝʶʱʠʝ 

ʪʦʣʱʠʥʫ ʧʦʨʷʜʢʘ e. ʊʦʛʜʘ ʤʦʞʥʦ ʧʨʠʷʪʴ (1) 0w = , 
(2) 0w = , 

(1) 0s =  ʠ 
(2) 0s =  ʚʥʝ 

1SD , 
2SD , 

1
DG ,

2
DG . 

ʆʛʨʘʥʠʯʠʤʩʷ ʜʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʬʫʥʢʮʠʠ 

(1)j ,
(2)j  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʷʤʠ ʜʣʷ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʘ ʬʫʥʢʮʠʠ (1)k , (2)k ,

(1)w , 

(2)w , 
(1)s  ʠ 

(2)s  ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʝʡ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 

ɼʣʷ ʬʫʥʢʮʠʠ 
(1)j  ʠ 

(2)j  ʠʤʝʝʤ ʩʣʝʜʫʶʱʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ, 

(1) 0jD =¡ ʚ 1t, 
(2) 0jD =¡  ʚ 2t,                              (3.24) 

(1)

0
n

jµ
=

µ
ʥʘ 1S , 

(2)

0
n

jµ
=

µ
ʥʘ 2S ,                              (3.25) 

(1) (2)

n n

j jµ µ
=

µ µ
 ʥʘ G,                                       (3.26) 

( )
2

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

1 2

2 1

( )
( )n n

lj j
rj rj

r r

µ µ
= =- -

µ µ -
 ʥʘ G.                   (3.27) 

ɿʘʜʘʯʘ (3.34) - (3.37) ʝʩʪʴ ʟʘʜʘʯʘ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʚʫʭ ʠʜʝʘʣʴʥʳʭ 

ʞʠʜʢʦʩʪʝʡ, ʠ ʦʧʠʩʳʚʘʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ, ʠ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ [54-60]: 
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ʄʥʦʞʝʩʪʚʦ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ ʩʧʝʢʪʨʦʤ ʯʠʩʪʦ ʤʥʠʤʳʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ, 
0 , 0, 1,2...,j ji jl b b=° > =  ʘ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ (1)

jj , (2)

jj , 

ʦʪʚʝʯʘʶʱʠʝ ʯʘʩʪʦʪʝ jb ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ, 

(i) 0jjD =ʚ it, 

(i)

0
j

n

jµ
=

µ
ʥʘ iS , ( 1,2)i= ,                            (3.28) 

(1) (2)

j j

n n

j jµ µ
=

µ µ
 ʥʘ G,                                           (3.29) 

(1) (2) 2

(1) (2)

1 2

2 1

( )
( )

j j j

j j
n n

j j b
rj rj

r r

µ µ
= = -

µ µ -
.                           (3.30) 

ʆʧʨʝʜʝʣʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʜʚʫʭ ʚʷʟʢʠʭ 

ʞʠʜʢʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʨʠ 0n­  ʧʝʨʝʭʦʜʷʪ ʚj -ʫʶ ʤʦʜʫ ʢʦʣʝʙʘʥʠʡ ʠʜʝʘʣʴʥʳʭ 

ʞʠʜʢʦʩʪʝʡ, ʪ.ʝ. 
0 ,jil b=° (i) (i)

jj j= . 

ɼʣʷ ʬʫʥʢʮʠʡ 
(1)w ,

(2)w ,
(1)s ,

(2)s  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ [112] 

ʠʤʝʝʤ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ 

(1) (1) 2 (1)

0 1w s wl e n=-Ð + D¡ ¡; 
(1) 0divw =  ʚ 

1SD ,
1

DG ;                      (3.31) 

(2) (2) 2 (2)

0 2w s wl e n=-Ð + D¡ ¡; 
(2) 0divw =  ʚ 

2SD ,
2

DG ;                     (3.32) 

(1) (1) (1)

0Tw V j=- =-Ð¡  ʥʘ 1S ; 
(1) 0w ­ ; 

(1) 0s ­  ʚʥʝ 
1SD ,

1
DG ;            (3.33) 

(2) (2) (2)

0Tw V j=- =-Ð¡  ʥʘ 2S ; 
(2) 0w ­ ; 

(2) 0s ­  ʚʥʝ 
2SD ,

2
DG ;            (3.34) 

( ) ( )

( ) ( )

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

12

1 1

1

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

22

2 2

2

/ /
( )

/ /
( )

x z

x z

w x w z

z x

w x w z

z x

j j
e n r

j j
e n r

µ +µ µ µ +µ µ
+ =

µ µ

µ +µ µ µ +µ µ
= +

µ µ

 ʥʘ G,           (3.35) 
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( ) ( )

( ) ( )

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

12

1 1

1

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

22

2 2

2

/ /
( )

/ /
( )

x y

x y

w x w y

y x

w x w y

y x

j j
e n r

j j
e n r

µ +µ µ µ +µ µ
+ =

µ µ

µ +µ µ µ +µ µ
= +

µ µ

 ʥʘ G,           (3.36) 

ʟʜʝʩʴ 
(1)

Tw  ʠ 
(2)

Tw - ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ 
(1)w ʠ 

(2)w  ʥʘ ʧʣʦʩʢʦʩʪʴ, ʢʘʩʘʪʝʣʴʥʫʶ ʢ 1S  ʠ 2S ; 

ʚʝʢʪʦʨʘ 
(1)

0V  ʠ 
(2)

0V  ʪʘʢʞʝ ʣʝʞʘʪ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʩʠʣʫ ʫʩʣʦʚʠʷ (1)

0 0V nÖ = ʠ 

(2)

0 0V nÖ =. ʉʣʝʜʫʷ [112] ʥʘʡʜʝʤ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.31)-(3.36) ʧʨʠ 

1 0v ­  ʠ 2 0v ­  ʦʪʜʝʣʴʥʦ ʚ ʦʙʣʘʩʪʷʭ 
1SD , 

2SD , 
1

DG ,
2

DG  ʧʨʠʣʝʛʘʶʱʠʭ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ 1S , 2S ,G ʠ ʠʤʝʶʱʠʭ ʪʦʣʱʠʥʫ ʧʦʨʷʜʢʘ e. 

ɺ ʦʙʣʘʩʪʷʭ 
1SD , 

2SD  ʚʚʝʜʝʤ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

1 1 1, ,x h z ʠ 2 2 2, ,x h z ʪʘʢ, ʯʪʦʙʳ ʧʦʚʝʨʭʥʦʩʪʴ 1 0z=  ʩʦʚʧʘʜʘʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 1S , 

ʧʦʚʝʨʭʥʦʩʪʴ 2 0z=  ʩʦʚʧʘʜʘʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 2S , ʠ ʯʪʦʙʳ ʚ ʦʙʣʘʩʪʷʭ 
1SD , 

2SD  

ʙʳʣʦ 1 0z> , 2 0z> . ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ , ,
i i i

H H Hx h z( 1,2i= ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʃʘʤʝ, ʯʝʨʝʟ 0 0 0, ,
i i i

H H Hx h z
 ( 1,2i= ) ʠʭ ʟʥʘʯʝʥʠʷ ʧʨʠ 0iz= , ʘ ʯʝʨʝʟ 

,w ,w
i i i

wx h z- ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ w ʚ ʵʪʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʇʨʠʤʝʤ, ʥʝ ʥʘʨʫʰʘʷ 

ʦʙʱʥʦʩʪʠ, 0 1
i

Hz =. ʊʦʛʜʘ iz ʝʩʪʴ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʘʣʳʭ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ 

ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʥʦʨʤʘʣʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 1S , 2S , ʘ w
iz
- ʧʨʦʝʢʮʠʷ wʥʘ 

ʥʦʨʤʘʣʴ n. ʇʦʣʦʞʠʤ ʪʘʢʞʝ 

i iz ea= ; w w
i iz ae= ( 1,2)i= ;                              (3.37) 

ʠ ʧʝʨʝʡʜʝʤ ʚ ʫʨʘʚʥʝʥʠʷʭ (3.31) - (3.36) ʢ ʧʝʨʝʤʝʥʥʳʤ , ,i i ix h a. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

, 1i iz e a  ʚ 
1SD , 

2SD , ʠ ʦʧʫʩʢʘʷ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ (3.31)-(3.36) ʤʘʣʳʝ 

ʧʦʨʷʜʢʘ e ʠ ʚʳʰʝ, ʧʨʠʚʝʜʝʤ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʢ ʚʠʜʫ 

(i)

0
i

s

a

µ
=

µ
; 

2 (i)(i)
(i)

0 2

i i

ws
w

x

xl
x a

µµ
=- +
µ µ

; 
2 (i)(i)

(i)

0 2

i i

ws
w

h

hl
h a

µµ
=- +
µ µ

;               (3.38) 
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(i)

0 (i) 0 (i) 0 0( ) ( ) 0
i i i i

i i i

w
H w H w H H

x

h x x h x h
x h a

µµ µ
+ + =

µ µ µ
; ( 1,2)i= ,                (3.39) 

ʪʘʢ ʢʘʢ (i) 0s ­  ʚʥʝ ʦʙʣʘʩʪʠ 
1SD , 

2SD , ʪ.ʝ. ʧʨʠ ia­¤, ʪʦ ʠʟ (3.38)-(3.39) ʩʣʝʜʫʝʪ 

(i) 0s ¹ . ʊʦʛʜʘ ʜʣʷ 
(1) (2),w w ʧʦʣʫʯʠʤ, ʫʯʠʪʳʚʘʷ ʫʩʣʦʚʠʝ (3.31) - (3.36) ʥʘ 1S , 2S , 

ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ 

2 (i)
(i)

0 2

T
T

i

w
wl

a

µ
=
µ

; 
(i)

(i) 0;T

i

w
w a

a

µ
Ð Ö + =¡

µ
 ( 1,2)i= ,                        (3.40) 

ʟʜʝʩʴ 
(i)

Tw - ʚʝʢʪʦʨʳ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 
(i)wx ,

(i)wh , ʘ ( )ÐÖ  ʦʙʦʟʥʘʯʘʶʪ ʦʧʝʨʘʮʠʶ 

ʜʠʚʝʨʛʝʥʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʚʫʤʝʨʥʳʤ ʚʝʢʪʦʨʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 1S , 2S .  

ʀʟ ʧʦʩʣʝʜʥʠʭ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʠʤ ʚʝʢʪʦʨʳ 
(i)

Tw , 

(i) (i)

0 0( );T iw V ʝxpl a=-  ( 1,2)i= ,                                 (3.41) 

ʟʜʝʩʴ ʚʳʙʨʘʥʘ ʚʝʪʚʴ 0l, ʜʣʷ ʢʦʪʦʨʦʡ 0Re 0l< . ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʧʝʨʝʤʝʥʥʳʤ iz, 

w
iz
 ʩʦʛʣʘʩʥʦ (3.37) ʠ ʫʯʠʪʳʚʘʷ ʨʘʚʝʥʩʪʚʦ 

(i) (i)

0V j=Ð , ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦ ʚ 
1SD

, 
2SD . 

0(1) (1)( , , ) ( , ,0) ( )Tw ʝxp
l

x hz j x h z
e

=-Ð¡ ;                            (3.42) 

0(2) (2)( , , ) ( , ,0) ( )Tw ʝxp
l

x hz j x h z
e

=-Ð¡ ;                            (3.43) 

(1) 0s ¹ ,
(2) 0s ¹ .                                                   (3.44) 

ɺʦ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʷʭ 
1

DG ,
2

DG  ʧʦʣʦʞʠʤ ʘʥʘʣʦʛʠʯʥʦ 

( ) ( );i ix eb=  
(i) (i)

xw wbe= , ( 1,2)i= ,                                     (3.45) 

ʛʜʝ ( )ix  ʚ ʦʙʣʘʩʪʷʭ 
1

DG ,
2

DG  ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ. 
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ɼʘʣʝʝ, ʜʝʡʩʪʚʫʷ ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ, ʧʨʦʚʝʜʝʥʥʦʤʫ ʜʣʷ ʦʙʣʘʩʪʝʡ 
1SD ,

2SD , ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʜʣʷ ʬʫʥʢʮʠʠ 
(i) (i) (i), ,y zw w wb . 

ʆʜʥʘʢʦ ʧʦʩʪʘʥʦʚʢʫ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠ ʠʭ ʨʝʰʝʥʠʷ ʧʨʠʚʦʜʠʪʴ ʥʝ ʙʫʜʝʤ, ʪʘʢ ʢʘʢ 

ʢʘʩʘʪʝʣʴʥʳʝ ʠ ʥʦʨʤʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ w ʥʘ ʛʨʘʥʠʮʝ G ʚ ʧʨʠʣʝʛʘʶʱʠʭ 

ʦʙʣʘʩʪʷʭ 
1

DG ,
2

DG  ʠʤʝʶʪ ʧʦʨʷʜʦʢ ʤʘʣʦʩʪʠ ʙʦʣʴʰʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʚ ʦʙʣʘʩʪʷʭ 
1SD ,

2SD . ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (3.33) - (3.34) ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʨʷʜʢʘ e. 

ʌʫʥʢʮʠʠ (1)k , (2)k  ʜʦʣʞʥʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʚʷʟʢʫ ʚ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ 

(1) 0U nÖ =, (2) 0U nÖ = ʥʘ 1S , 2S  ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ ʥʘ G, ʚʳʟʚʘʥʥʫʶ 

ʨʝʰʝʥʠʷʤʠ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ 
(1)w ,

(2)w ,
(1)s ,

(2)s . ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 
(1)j  ʠ 

(2)j  ʧʦʣʫʯʠʤ, ʝʩʣʠ ʟʘʧʠʰʝʤ ʜʚʘ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷ, ʧʦʜʩʪʘʚʣʷʷ ʚ ʥʠʭ (1)U , (2)U , 

(1)P , (2)P ,l ʠʟ (3.31)-(3.36) ʠ ʫʯʠʪʳʚʘʷ ʪʘʢʞʝ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ (3.24)-(3.27) ʜʣʷ 

(1)j , 
(2)j  

(1) (1)w n

n

k

e

µ Ö
=-

µ
ʥʘ 1S , 

(2) (2)w n

n

k

e

µ Ö
=-

µ
 ʥʘ 2S ,                       (3.46)

1

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

1 2

1 2 1 2 1

2 ( )
( )

( ) ( )

xw

x

k l l l rj rj
rk rk

r r r r e

µ -
= - + -

µ - -
 ʥʘ G;  (3.47) 

2

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

1 2

2 2 1 2 1

2 ( )
( )

( ) ( )

xw

x

k l l l rj rj
rk rk

r r r r e

µ -
= - + -

µ - -
ʥʘ G.  (3.48) 

ʊʘʢ ʢʘʢ ʧʦʪʝʥʮʠʘʣʳ 
(1)j , 

(2)j ʠ ʬʫʥʢʮʠʠ (1)k , (2)k  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʷʤ 

ʃʘʧʣʘʩʘ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʘʤʠ ɻʨʠʥʘ, ʢʦʪʦʨʳʝ ʜʣʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʞʠʜʢʦʩʪʝʡ ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ  

ʜʣʷ ʚʝʨʭʥʝʡ ʞʠʜʢʦʩʪʠ 

1

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

1

1 1

0
S

dS d
n n x x

k j k j
j k j k

G

å õå õµ µ µ µ
- - - G=æ öæ ö

µ µ µ µç ÷ ç ÷
ñ ñ ;          (3.49) 
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ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ ʥʠʞʥʝʡ ʞʠʜʢʦʩʪʠ 

2

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

2

2 2

0
S

dS d
n n x x

k j k j
j k j k

G

å õå õµ µ µ µ
- + - G=æ öæ ö

µ µ µ µç ÷ ç ÷
ñ ñ ;        (3.50) 

ʩʫʤʤʠʨʫʷ ʠʥʪʝʛʨʘʣʳ ʜʣʷ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ, ʧʦʣʫʯʠʤ 

1

2

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

1 1 1

1 1

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

2 2 2

2 2

0;

S

S

dS d
n n x x

dS d
n n x x

k j k j
r j k r j k

k j k j
r j k r j k

G

G

å õå õµ µ µ µ
- - - G+æ ö æ öµ µ µ µç ÷ ç ÷

å õå õµ µ µ µ
+ - + - G=æ ö æ öµ µ µ µç ÷ ç ÷

ñ ñ

ñ ñ

     (3.51) 

ʛʜʝ 
(1) (2)

0
n n

j jµ µ
= =

µ µ
 ʥʘ 1S , 2S , ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʷ (3.51) ʚ 

ʚʠʜʝ 

1 2

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

1 1 1 2 2

1

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

2 1 2

2 1 2

0.

S S

dS d dS
n x n

d d
x x x

k k k
r j r j r j

k j j
r j rk rk

G

G G

å õå õ å õµ µ µ
- G+ +æ ö æ öæ öµ µ µç ÷ ç ÷ç ÷

å õ å õµ µ µ
+ G+ - G=æ ö æ öµ µ µç ÷ ç ÷

ñ ñ ñ

ñ ñ

          (3.52) 

ɺ ʥʘʧʠʩʘʥʥʳʭ ʬʦʨʤʫʣʘʭ ʟʘʤʝʥʠʤ ʥʦʨʤʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʡ 
(1)

1x

kµ

µ
,

(2)

2x

kµ

µ
 

ʠ 
(1)

1x

jµ

µ
,

(2)

2x

jµ

µ
, ʠʭ ʚʳʨʘʞʝʥʠʷʤʠ (3.47),(3.48),(3.30). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ  

( )

1 1 2

1 2

2

(1) (1) (2)

(1) (1) (2)

1 1 1 2 2

2
(1) (2)

(2) 1 2

(2)

2 0 1

2 1

2 0
( )

x x x

S S

x

w w w
dS d dS

d
w

d

r j r j r j
e e e

rj rj

r j l l
e r r

G

G

G

å õ å õ å õ
- G+ +æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷

- G
å õ

+ G- =æ ö -ç ÷

ñ ñ ñ

ñ
ñ

 ʥʘ G.     (3.53) 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ ɻʘʫʩʩʘ-ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʠ ʟʘʧʠʰʝʤ (3.53) ʚ ʚʠʜʝ  
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( )
1 2

1 2

2
(1) (2)

(1) (2) 1 2

(1) (2)

1 1 2 2 0 1

2 1

2
( )

x x

d
w w

d d
t t

rj rj

r j t r j t ll
e e r r

G

- G
å õ å õ
Ð + Ð =æ ö æ öæ ö æ ö -ç ÷ ç ÷

ñ
ñ ñ .   (3.54) 

ɼʘʣʝʝ ʧʦʩʢʦʣʴʢʫ 
(i)

Tw  ʙʳʩʪʨʦ ʟʘʪʫʭʘʝʪ ʩ ʨʦʩʪʦʤ iz ʚ ʦʙʣʘʩʪʷʭ 
iSD , ʪʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ 
iSD  ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ʩʥʘʯʘʣʘ ʧʦ iz ʦʪ 0 ʜʦ ¤, 

ʘ ʟʘʪʝʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ iS. ʊʦʛʜʘ ʬʦʨʤʫʣʘ (3.54) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 

( ) ( ) ( )

1 2

2
(1) (2)

2 2
(1) (2) 1 2

1 1 2 2 0 1

2 10 0

2 .
( )

S S

d

dS dS

rj rj
j j

r r l l
r rl l

G

- Gå õ å õÐ Ð
+ =æ ö æ ö

-æ ö æ öç ÷ ç ÷

ñ
ñ ñ         (3.55) 

ʇʦʜʩʪʘʚʠʤ ʚ ʚʳʨʘʞʝʥʠʝ (3.55) ʬʦʨʤʫʣʳ ʜʣʷ 0l, 0l  ʠ 
(i) (i)

jj j= , ʨʘʟʨʝʰʠʤ ʝʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 1l, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ 

( )2 1

1 22 12123/

( ) 1
( )

2 2( )j

j j

i
A A

r r
l r r

b

- °
=- + ;                                (3.56) 

ʘ ʟʘʪʝʤ, ʧʦʜʩʪʘʚʠʚ 1l ʚ ʬʦʨʤʫʣʫ (3.23), ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ jl, 

( ) 2 1

0 1 2 2 13 2/2

2

2 1

1 ( )
( )

2 2( )
j j

j

j j

i
i A A

r r e
l l el b r r

b

° -
= + =° - + ;                 (3.57) 

ʠʣʠ 

(2)

2 2j j jil g b*=- + , 
2

2 1 II
2 2 13/2

2

12

( )
( )

2 2( )
j

j

j jA A
r r e

g r r
b

-
= + , 2 2

2 2 2j j jb b g*= - ,   (3.58) 

ʛʜʝ 

( )

( )
1

2
(1)

12

1

2
(1) (2)

1 2
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dS
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d

j

rj rj
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¡Ð

=
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( )
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2

2
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2

2
(1) )

2

2
(2

1

S

j

dS

A
d

j

rj rj
G

¡Ð

=
- G

ñ

ñ
, 2 1 2

II

0 0

( )

r rg

n n
e

+
= .(3.59) 
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(ɺ ʬʦʨʤʫʣʘʭ (3.58), (3.59) ʠʥʜʝʢʩ II  ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 2G  ʨʘʟʜʝʣʘ ʩʨʝʜʥʝʡ 

ʠ ʥʠʞʥʝʡ ʞʠʜʢʦʩʪʝʡ.) 

ʈʝʰʠʚ ʧʦʜʦʙʥʫʶ ʟʘʜʘʯʫ ʜʣʷ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʞʠʜʢʦʩʪʝʡ, ʘʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʠʤ  

(1)

1 1j j jil g b*=- + , 
0

1 0 I
1 0 13/2

1

11

( )
( )

2 2( )
j

j

j jA A
r r e

g r r
b

-
= + , 2 2

1 1 1j j jb b g*= - ,       (3.60) 
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1 j
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dS

A
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rj rj
G

=

¡Ð
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( )

( )
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1

2
(0)
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(0) (1)

0 1

0

1

S

j

dS
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d

j

rj rj
G

=

¡Ð

- G

ñ

ñ
, 2 1 0

I

0 0

( )

r rg

n n
e

+
= .    (3.61) 

ʆʧʨʝʜʝʣʠʚ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʞʠʜʢʦʩʪʝʡ, ʟʘʧʠʰʝʤ 

ʧʨʠʙʣʠʞʸʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚ ʚʠʜʝ 

2
1 11 1 1

2
2 22 2 2

2 0;

2 0;

j jj j j

j jj j j

s g s b s

s g s b s

+ + =

+ + =

, 1,2,3...j =                            (3.62) 

3.3. ʄʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʢʦʣʝʙʘʥʠʡ ʪʨʸʭ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʮʝʣʠʢʦʤ 

ʟʘʧʦʣʥʷʶʱʠʭ ʧʦʣʦʩʪʴ ʥʝʧʦʜʚʠʞʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʫʧʨʦʱʸʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʢʦʣʝʙʘʥʠʡ 

ʜʚʫʭ ʠʜʝʘʣʴʥʳʭ ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʝʡ ʞʠʜʢʦʩʪʝʡ, ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʷʶʱʠʭ 

ʥʝʧʦʜʚʠʞʥʫʶ ʧʦʣʦʩʪʴ (ʩʤ. ʛʣ.II ). 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

2
II II II 0n Mn ns sb+ =,                                                 (3.63) 
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ʛʜʝ 

II I

2

II

II I

2

2

( )
( )

( )
( )

n

n

n
Mn Mn

Mn

nn
Mn Mn

n

n

l
M M

g

M M
bl

b

b
d

d

d

+
=

+
-

+

, nd- ʜʣʠʥʘ ʥʠʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ, 

ʦʪʚʝʯʘʶʱʘʷ n-ʦʤʫ ʪʦʥʫ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ. ʇʨʠ ʜʝʡʩʪʚʠʠ 

ʩʠʣ ʚʷʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʤʘʩʩʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ 

,( 1,2)k k kR V km=- = ,                                           (3.64) 

ʫʨʘʚʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ (ʨʠʩ. 3.3ʘ), ʠʤʠʪʠʨʫʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʥʠʞʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ ʟʘʧʠʝhʪʩʷ ʚ ʚʠʜʝ 

2
II IIII II II2 0n nn Mn ns s sh b+ + =,                                       (3.65) 

ʛʜʝ 
II

II

II

2

I 2
2

( )
( )

n
n

n
Mn Mn

n

n

bl
M M

m
h

d

+
+

= ,                                 (3.66)

( )( )0

2

2 1 1 0 1 2

( )
[ ]n

n n
n

I n nI M

n

l
M

b
V f fr r r r

d

+
+ - += .                         (3.67) 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʳ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ (ʨʠʩ. 3.3ʙ), 

ʠʤʠʪʠʨʫʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʝʡ, 

2
I II I I2 0n nn Mn ns s sh b+ + =,                                       (3.68) 

I
I

I2

n
n

MnM

m
h = , ( )0 0 1IMn n nV fM r r+= .                              (3.69) 

ʆʧʨʝʜʝʣʠʤ ʠʟ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʜʚʫʭ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ I II,n nm m. ʉʨʘʚʥʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʧʘʨʮʠʘʣʴʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (3.63) ʠ ʫʨʘʚʥʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ (3.65), (3.68), ʧʦʣʫʯʠʤ 
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=
.                         (3.70) 

ɼʘʣʝʝ ʚʦʩʧʦʣʟɹʫʝʤʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ ʢʦʣʝʙʘʥʠʷ ʪʨʸʭ ʠʜʝʘʣʴʥrʭ 

ʥʝʩʞʠʤʘʝʤʳʭ ʞʠʜʢʦʩʪʝʡ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʠʭ ʧʦʣʦʩʪʴ ʥʝʧʦʜʚʠʞʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʩʤ. ʛʣ.II). ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʢʦʣʝʙʘʥʠʡ ʪʨʸʭ 

ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʩʦʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʷ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʈʵʣʝʷ  
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l l
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= + +é
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ù

ê ú

-
é ù

F

            (3.71) 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ ʃʘʛʨʘʥʞʘ 2-ʦʛʦ ʨʦʜʘ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʪʨʸʭ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ 

( ) ( )
I I II III I I I I I      0;

n n
n n n nMn n Mn n Mn

n n

n n
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l l
M s s M M s s

l

b bg
s

d
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d
m +

+ +
+ - - =       (3.72) 
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å õ å õ+ +
+ + + +æ ö æ ö

ç ÷ ç ÷

å õ+ + +
+ - - - =æ ö
ç ÷

   (3.73) 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ (3.72)-(3.73) ʚ 

ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ 

I I I11 12 11 12 11

II21 22 21 22 22
II II

0
0

0

n n n

n
n n

sa a b b cs s

sa a b b c
s s

å õ å õ
å õå õ å õ å õ

æ ö æ ö+ + =æ ö æ ö æ öæ öç ÷ ç ÷ ç ÷ç ÷æ ö æ ö
ç ÷ ç ÷

.                   (3.74) 

ʇʦʣʦʞʠʤ ʚ ʫʨʘʚʥʝʥʠʝ (3.74) 
I 1

t

ns Ael= , 
II 2

t

ns A el=  

2 2
111 11 11 12 12

2 2
221 21 22 22 22

0
Aa b c a b

Aa b a b c

l l l l

l l l l

å õ+ + + å õ
=æ öæ ö

+ + + ç ÷ç ÷
,                      (3.75) 
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ʠ ʧʦʣʫʯʘʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

4 3 2

0 1 2 3 4 0a a a a al l l l+ + + + =,                            (3.76) 

ʛʜʝ 0 11 22 12 21( )a a a a a= - , 1 11 22 11 22 12 21 12 21( )a a b b a a b b a= + - - ,       (3.77)

2 11 22 11 22 22 11 12 21( )a a c b b a c b b= + + - , 3 11 22 22 11( )a b c b c= + , 4 11 22a c c= .           (3.78) 

11 IMna M= ,
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+æ ö

æ ö
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11 Inb m= , 
( )

22 II I

2

2

n

n

n

n

n

l b
b m m

d

å õ+
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m
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l
= ,  (3.80)

( )
22 II I

n

Mn Mn

n

n n

M
g

c
bl

M
d d

å õ+
= -æ ö
ç ÷

.                                 (3.81) 

  

(ʘ) (ʙ) 

ʈʠʩ.3.3. ʄʝʭʘʥʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ, ʠʤʠʪʠʨʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʜʚʫʭʩʣʦʡʥʦʡ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ 
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ʈʠʩ.3.4. ʄʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ, ʠʤʠʪʠʨʫʶʱʠʡ ʢʦʣʝʙʘʥʠʷ ʪʨʸʭʩʣʦʡʥʦʡ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ 

ʄʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʘʩʪʠ ʢʦʨʥʝʡ ʵʪʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (3.76) ʦʪʨʠʮʘʪʝʣʴʥʳ ʣʠʙʦ ʨʘʚʥʳ ʥʫʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʥʠ ʵʪʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʚʠʜ 

1,2 1 1 3,4 2 2

1,2 1 1 3,4 3,4

,

,( 1,2,3,4)

,

j j j j j j

mj mj

j j j j j

i i

m

i

l a w l a w

l a

l a w l a

=- ° =- °

=- =

=- ° =-

,                                  (3.82) 

ʛʜʝ ,mj mja w - ʚʝʱʝʩʪʚʝʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ, ʬʫʥʢʮʠʷ ʈʵʣʝʷ 

ʦʧʨʝʜʝʣʸʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʘ. ʇʦʵʪʦʤʫ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʫʜʫʪ 

ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʳʤʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʯʘʩʪʷʤʠ: 

1 1mj mjia w- ° ,
2 2mj mjia w- ° .                                         (3.83) 
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ʂʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʳʤ ʢʦʨʥʷʤ ʦʪʚʝʯʘʶʪ ʟʘʪʫʭʘʶʱʠʝ ʛʣʘʚʥʳʝ ʢʦʣʝʙʘʥʠʷ, 

sin( )mjt

mj mj mjs Ae t
a

w e
-

= + .                                         (3.84) 

ʂʘʞʜʦʡ ʧʘʨʝ ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʝʡ ʦʪʚʝʯʘʝʪ ʩʚʦʝ ʛʣʘʚʥʦʝ ʟʘʪʫʭʘʶʱʝʝ 

ʢʦʣʝʙʘʥʠʝ. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (3.84) ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ ʚʠʜ: 

1 2

1 2

(1) (2)

1 1 1 1 1 2 2

(1) (2)

2 2 1 1 2 2 2

sin( ) sin( ),

sin( ) sin( ).

j j

j j

t t

j j j j j j j

t t

j j j j j j j

s A e t A e t

s A e t A e t

a a

a a

w e w e

w e w e

- -

- -

= + + +

= + + +
                 (3.85) 

ɺ ʵʪʦʤ ʨʝʰʝʥʠʠ ʠʭ ʯʝʪʳʨʝʭ ʯʠʩʝʣ (1)

1A  ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʦʣʴʢʦ ʜʚʘ, ʦʩʪʘʣʴʥʳʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʡ (3.75) ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʬʦʨʤ ʛʣʘʚʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. 

3.4. ʇʨʠʙʣʠʞʝʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ 

ʇʦʢʘʞʝʤ, ʯʪʦ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʧʦ ʤʦʜʫʣʶ ʩʠʣʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʳʯʠʩʣʝʥʠʝ 

ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʠʭ 

ʤʥʠʤʳʝ ʠ ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʘʩʪʠ ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʥʝʟʘʚʠʩʠʤʦ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʩʠʣʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ e 

b eb= ,                                                (3.86) 

ʛʜʝ b- ʥʝʢʦʪʦʨʳʝ ʢʦʥʝʯʥʳʝ ʯʠʩʣʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ (3.76) ʚ ʨʘʟʚʝʨʥʫʪʦʡ ʬʦʨʤʝ ʙʫʜʝʪ ʠʤʝʪʴ ʙʳʪʴ (ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʣʝʥʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ e) 

4 3 2

0 1 2 3 4 0a a a a al e l l e l+ + + + =.                          (3.87) 

ʇʦʣʦʞʠʤ 0e=  ʠ kil=°, ʪʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ (3.87) ʧʝʨʝʭʦʜʠʪ ʚ 

ʫʨʘʚʥʝʥʠʝ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʠʜʝʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʩʤ. ʛʣ.2) 

4 2

0 2 4 0a a al l+ + =.                                       (3.88) 
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ʈʘʟʣʦʞʠʤ ʚʝʱʝʩʪʚʝʥʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ ʢʦʨʥʷ l ʫʨʘʚʥʝʥʠʷ (3.87) ʚ ʨʷʜʳ ʧʦ 

ʩʪʝʧʝʥʷʤ e, ʦʛʨʘʥʠʚʘʷʩʴ ʯʣʝʥʘʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ e: 

( )il ae b eg= + + ,                                      (3.89) 

ʛʜʝ , ,a b g- ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ l ʥʝ ʠʤʝʝʪ ʩʚʦʙʦʜʥʦʛʦ ʦʪ e ʯʣʝʥʘ, ʪʘʢ ʢʘʢ ʚʩʝ 

ʢʦʨʥʳ ʫʨʘʚʥʝʥʠʷ (3.88) ʦʪʥʦʩʠʪʝʣʴʥʦ 2k  ʚʝʱʝʩʪʚʝʥʥʳ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 0e=  ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ (3.87)-ʯʠʩʪʦ ʤʥʠʤʳʝ ʯʠʩʣʘ. 

ɺʳʯʠʩʣʠʤ 
2 3 4, , ,l l l ʧʨʠʜʝʨʞʠʚʘʷʩʴ ʚʩʝ ʚʨʝʤʷ ʧʨʠʥʷʪʦʡ ʪʦʯʥʦʩʪʠ. ʀʤʝʝʤ  

2 2 2 2 il b ebg eab=- + + , 3 2 3 23 ( 3 )il eab b eb g=- - + ,               (3.90) 

4 4 3 34 4 il b ebg eab= + - .                                 (3.91) 

ɺʥʝʩʝʤ ʚʳʨʘʞʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʝ (3.87), ʦʪʜʝʣʠʤ ʚʝʱʝʩʪʚʝʥʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ ʠ 

ʩʛʨʫʧʧʠʨʫʝʤ ʯʣʝʥʳ ʧʦ ʩʪʝʧʝʥʷʤ e, ʩʦʭʨʘʥʷʷ ʯʣʝʥʳ ʥʝ ʚʳʰʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

4 2 2

0 2 4 0 2

2 2

0 2 1 3

[( ) 2 (2 ) ]

[(4 2 ) ( )] 0,

a a a a a

i a a a a

b b bg b e

be b a b

- + + - -

- - + - =
                     (3.92) 

ʵʪʦ ʨʘʚʝʥʩʪʚʦ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʠ ʚʩʝʭ e ʪʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

4 2

0 2 4( ) 0a a ab b- + =, 0,g= 2 2

0 2 1 3(4 2 ) ( ) 0a a a ab a b- + - =,        (3.93) 

ʪʘʢ ʢʘʢ 0,g= ʪʦ ʤʥʠʤʘʷ ʯʘʩʪʴ ʢʦʨʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ 

ʚʳʰʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ e ʨʘʚʥʘ ʢʦʨʥʶ ʫʨʘʚʥʝʥʠʷ (3.88). ʀʥʘʯʝ 

ʛʦʚʦʨʷ, ʯʘʩʪʦʪʳ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʫʢʘʟʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ 

ʯʘʩʪʦʪʘʤʠ ʢʦʣʝʙʘʥʠʡ ʠʜʝʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ. 

ʇʫʩʪʴ 
j jkb= - ʦʜʥʘ ʠʟ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʠʜʝʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʊʦʛʜʘ ʠʟ 

ʧʦʩʣʝʜʥʝʛʦ ʨʘʚʝʥʩʪʚʘ ʧʦʣʫʯʠʤ 

2

1 3

2

0 2

1

2 2

mj

mj

mj

a k a

a k a
a

-
=

-
,( 1,2)m= .                               (3.94) 
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3.5. ʉʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʷʟʢʦʡ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ ʢʦʥʢʨʝʪʥʦʡ 

ʬʦʨʤʳ 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʩʫʜ, ʠʤʝʶʱʠʡ ʬʦʨʤʫ ʧʨʷʤʦʛʦ ʢʨʫʛʣʦʛʦ ʮʠʣʠʥʜʨʘ ʨʘʜʠʫʩʘ 0r

, ʛʣʫʙʠʥʳ ʢʘʞʜʦʡ ʞʠʜʢʦʩʪʠ 0 1 2, ,h h h  (ʩʤ. ʨʠʩ.3.5). ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʤʝʝʪ ʚʠʜ (3.1)-

(3.10). 

 

ʈʠʩ. 3.5. ʉʭʝʤʘ ʢʨʫʛʣʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʚʷʟʢʦʡ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʴʶ 

ʇʫʩʪʴ ʧʦʪʝʥʮʠʘʣʳ ʩʤʝʱʝʥʠʡ ʢʘʞʜʦʡ ʞʠʜʢʦʩʪʠ ʠʤʝʶʪ ʚʠʜ 

( ) ( )1 0 0(0)

1

1 0

)
)

( h
( h ;

( ( h) )
j

j j

j

j j

J k r ch k x
th k sin

J sh k
j h

x
=- Ö ÖÖ

-
                     (3.95) 

( )1 1(11)

1

1 1

(
( h ;

( ( h

)
)

) )

j j

j

j j

j

J k r ch k x
th k sin

J sh k
j h

x
Ö ÖÖ=                              (3.96) 

( ) ( )1 1 1

1

(12)

1

( h
;

( ( h

)

) )

j j

j

j j

J k r ch k x
sin

J ch k
j h

x

-
=- Ö Ö                               (3.97) 
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( )1 2

1

1

)

2

(2
)

)
(

( h
( ( h) )

j j

j j

j j

J k r ch k x
th k sin

J sh k
hj

x
= Ö ÖÖ .                            (3.98) 

ʟʜʝʩʴ ,rh-ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʣʦʩʢʦʩʪʠ yz ʩ ʮʝʥʪʨʦʤ ʥʘ ʦʩʠ ʮʠʣʠʥʜʨʘ, 

0/j jk rx= , 
jx- ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʥʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ 

ʨʦʜʘ ʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

( )1

1

1,2,....)
)

0,(
(

j

j

J k r

J
j

x

¡å õ
=æ ö =

ç ÷
.                                    (3.99) 

ʅʘʭʦʜʠʤ ʠʥʪʝʛʨʘʣʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
0 11 12 2, , , ,j j j jA A A A  

( ) ( ) ( )
0

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

0

ʙʦʢ ʢʨ

ʙʦʢ ʢʨ

S S S

dS dS dSj j jÐ = Ð + Ðñ ñ ñ ;                         (3.100) 

( ) ( )
1

(1) (1)
2 2

1

ʙʦʢ

ʙʦʢ

S S

dS dSj jÐ = Ðñ ñ ;                                     (3.101) 

( ) ( ) ( )
2

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

2

ʙʦʢ ʜʥʦ

ʙʦʢ ʜʥʦ

S S S

dS dS dSj j jÐ = Ð + Ðñ ñ ñ ;                       (3.102) 

( )
( ) ( )2 2

2 02

0

(0

2

0

)

0

0

1 1
( )

2 ( ( ))
ʙʦʢ

j j

ʙʦʢ j j

j jS

h
dS f th k h

r ch k h

x xp

x
j

å õ+ -
æ öÐ = +
æ ö
ç ÷

ñ ;                  (3.103) 

( )
( )2

2
2

0

(

2

0

0)
1

2 (ch( ))
ʢʨ

j

ʢʨ j

jS

dS f
k h

xp
j

-
Ð =ñ ;                                       (3.104) 

( )
( ) ( )2 2

2
(1) 1

1 2

0 1

1 1
( )

2 ( ( ))
ʙʦʢ

j j

ʙʦʢ j

j jS

h
dS th k h

r ch k h

x xp
j

x

å õ+ -
æ öÐ = +
æ ö
ç ÷

ñ ;                      (3.105) 

( )
( )2

2
(1)

2

1

1

2 (ch( ))
ʜʥʦ

j

ʜʥʦ

jS

dS
k h

xp
j

-
Ð =ñ ;                                          (3.106) 

( )
( ) ( )2 2

2 22

1

(2

2

0

)

2

2

1 1
( )

2 ( ( ))
ʙʦʢ

j j

ʙʦʢ j j

j jS

h
dS f th k h

r ch k h

x xp

x
j

å õ+ -
æ öÐ = +
æ ö
ç ÷

ñ ;              (3.107) 
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( )
( )2

1

(2)
2

2

2

2

1

2 (ch( ))
ʜʥʦ

j

ʜʥʦ j

jS

dS f
k h

x
j

p -
Ð =ñ ;                                 (3.108) 

( ) ( )
( )

1

2 2
2

(0) (11)
2 0

0 1 1 1 0 0 2

1

2

j

j

j

r
d f

xp
rjr r r

x
j

G

-
- G = +ñ ;                     (3.109) 

( ) ( )
( )

2

2 2
2

(12) (2)
2 0

1 2 2 1 1 2 2

1

2

j

j

j

r
d f

xp
rjr r r

x
j

G

-
- G = +ñ ;                     (3.110) 

( )
( )

1

2 2
2 0

1 2

(11)
1

2

j

j

r
d

xp

x
j

G

-
G =ñ , ( )

( )

2

2 2
2 0

2 2

(12)
1

2

j

j

r
d

xp

x
j

G

-
G =ñ .              (3.111) 

ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ (3.103)-(3.111) ʚ ʫʨʘʚʥʝʥʠʷ (3.100)-(3.102) ʠ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ 
0 11 12 2, , ,j j j jA A A A , 

( )

( )
( )

( )
22 2

0 0 0

0 02 222
00 1 0 0

1 1 /
( )

( ( ))1

jj j

j j

jj jj

f h r
th k h

ch k hr f
A

xx

x xr r

è ø+Ö -
= +é ù

-é ù+ ê ú

;               (3.112) 

( )

( )
( )

( )
22

1 0

11 12 222
10 1 0 0

1 1 /
( )

( ( ))1

jj

j j

jj jj

h r
th k h

ch kf
A

hr

xx

x xr r

è ø+ -
= +é ù

-é ù+ ê ú

;                (3.113) 

( )

( )
( )

( )
22

1 0

12 12 222
10 1 1 2

1 1 /
( )

( ( ))1

jj

j j

jj jj

h r
th k h

ch kf
A

hr

xx

x xr r

è ø+ -
= +é ù

-é ù+ ê ú

;                (3.114) 

( )

( )
( )

( )
22 2

1 2 0

2 22 222
20 1 1 2

1 1 /
( )

( ( ))1

jj j

j j

jj jj

f h r
th k h

ch k hr f
A

xx

x xr r

è ø+Ö -
= +é ù

-é ù+ ê ú

;                (3.115) 

1 0
1 0 0 0 1 13/2

1

11

( )g
( )

2 2( )
jj j

j

A A
r r

g n r n r
b

-
= + ,                          (3.116) 

2 1
2 2 2 1 13/2

2

2 11

( )g
( )

2 2( )
j jj

j

A A
r r

g n r n r
b

-
= + .                          (3.117) 
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ʆʧʨʝʜʝʣʠʚ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʪʫʭʘʥʠʷ 
1 jg ,

2 jg  ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʞʠʜʢʦʩʪʠ ʩʦʩʪʘʚʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ 

4 3 2

0 1 2 3 4 0a a a a al l l l+ + + + =,                            (3.118) 

ʛʜʝ 0 11 22 12 21( )a a a a a= - , 1 11 22 11 22 12 21 12 21( )a a b b a a b b a= + - - ,       (3.119)

2 11 22 11 22 22 11 12 21( )a a c b b a c b b= + + - , 3 11 22 22 11( )a b c b c= + , 4 11 22a c c= .           (3.120) 

ɼʘʣʝʝ ʚʳʨʘʟʠʤ ʧʘʨʘʤʝʪʨʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

( )0 0 1IMn n nV fM r r+= ,                                 (3.121) 

( )( )

( )
2 1 1 0

2 2

0 1

2

1

0

1

0 1 1

cosh( )

cosh( )

n

II n

n n

n

M

n

n k h
M

k

V

h

f f

f

r r r r r

r r

è - ø+ +ê ú

+
= ,            (3.122) 

( )0 0 12 nn In nI V frg rm = + , ( )2 1 12 n nIIn IInV frm g r+= ,                 (3.123) 

( ) ( ){ }
( ) ( )

2 2

0 10 2 1 1 1

2

1 1

1

0 1

1

/ cosh( ) / cosh( )n n
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n n

n n

k h kr f f
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r
d

r r

r x

+ è ø-ê
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- + ú
,    (3.124) 
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r r

r r x-
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1 0 1

1

1
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n

n
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n

l kf
b
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h

k h

r r

r

r

r

d

+

- +
= ,             (3.125) 

10 0( ) ( )n nn th k h cth k hf = , 11 2( ) ( )n nn th k h cth k hf = , 
( )

( )

3

0 1

2

2

1

n

n

n n

r th k h
V

p

x x
=

-
.           (3.126) 

ʅʘ ʨʠʩʫʥʢʘʭ (3.6)-(3.9) ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʟʘʜʘʯʠ ʧʦ ʬʦʨʤʫʣʝ (3.83) (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʠʥʬʘʟʥʳʝ ʢʦʣʝʙʘʥʠʷ, 

ʧʫʥʢʪʠʨʥʳʝ - ʧʨʦʪʠʚʦʬʘʟʥʳʝ). 
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(ʘ) 

 

(ʙ) 

ʈʠʩ.3.6. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ (ʘ), ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ (ʙ) 

ʪʨʸʭʩʣʦʡʥʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ 1h  ʧʨʠ 0 2 1.5h h= =

ʠ 0 10.1, 0.5r r= = . 
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(ʘ) 

 

(ʙ) 

ʈʠʩ.3.7. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ (ʘ), ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ (ʙ) 

ʪʨʸʭʩʣʦʡʥʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ 1h  ʧʨʠ 0 2 1.5h h= =

ʠ 0 10.3, 0.7r r= = . 
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(ʘ) 

 

(ʙ) 

ʈʠʩ.3.8. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ (ʘ), ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ (ʙ) 

ʪʨʸʭʩʣʦʡʥʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ 1h  ʧʨʠ 0 2 1.5h h= =

ʠ 0 10.5, 0.9r r= = . 
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(ʘ) 

 

(ʙ) 

ʈʠʩ.3.9. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ (ʘ), ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ (ʙ) 

ʪʨʸʭʩʣʦʡʥʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʚʝʨʭʥʝʡ ʞʠʜʢʦʩʪʠ 0r ʧʨʠ 

0 1 2 1.5h h h= = =  ʠ 1 0.92r= . 
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ʊʘʙʣʠʮʘ 3.1. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʸʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 1,2w , ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʟʘʪʫʭʘʥʠʷ 1,2a  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ 
1h  ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ 

ʚʠʜʝ. 

0 2r u r-ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ. 

0 2 1.5,h h= =  

0r  1r 
1h  

1n= , 1m=  

1nx  1na  2na  1nw  2nw  

0.1 0.5 

0.2 1.8412 -0.005548 -0.005921 0.498 1.164 

0.4 1.8412 -0.002903 -0.002714 0.667 1.227 

0.6 1.8412 -0.002223 -0.002118 0.802 1.263 

0.8 1.8412 -0.002057 -0.001978 0.911 1.274 

1 1.8412 -0.002041 -0.001976 0.99 1.27 

1.2 1.8412 -0.002057 -0.002009 1.041 1.260 

1.4 1.8412 -0.002074 -0.002043 1.072 1.252 

0.3 0.7 

0.2 1.8412 -0.004834 -0.005214 0.359 0.885 

0.4 1.8412 -0.002422 -0.002409 0.477 0.922 

0.6 1.8412 -0.001802 -0.001727 0.564 0.927 

0.8 1.8412 -0.001624 -0.001655 0.63 0.913 

1 1.8412 -0.001583 -0.001608 0.676 0.896 

1.2 1.8412 -0.001584 -0.001601 0.705 0.881 

1.4 1.8412 -0.001594 -0.001604 0.722 0.870 

0.5 0.9 

0.2 1.8412 -0.004300 -0.004345 0.203 0.696 

0.4 1.8412 -0.002093 -0.002153 0.262 0.733 

0.6 1.8412 -0.001557 -0.001629 0.303 0.740 

0.8 1.8412 -0.001406 -0.001457 0.329 0.736 

1 1.8412 -0.001372 -0.001402 0.345 0.731 

1.2 1.8412 -0.001372 -0.001388 0.354 0.728 

1.4 1.8412 -0.001379 0.001387 0.358 0.726 

3.6. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ 

ʘʚʪʦʨʦʚ 

ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʚʝʜʸʤ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ. 

ɺ ʨʘʙʦʪʝ [112] ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ. ʧʨʠʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ 

ʢʦʣʝʙʘʥʠʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʝʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ, 
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=- ,                                          (3.127) 
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ɺ ʨʘʙʦʪʝ [85] ʉʝʢʝʨʞʘ-ɿʝʥɹʢʦʚʠʯʘ ʉ.ʗ. ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ, ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʦʣʥʷʶʱʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ, 
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2 11
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=-
-

                                          (3.129) 

ʛʜʝ 1 2/r r r= , 1 2/n n n= , 1

1 2 4 3( )
1

I I I I I
r n

r n
r n

-= + +
+

, 1 11 0/k rx= ,          (3.130) 
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,               (3.132) 

( )2 2

11 11 13 1( ( )) 1 / 2JI p x x= - , [ ]14

2

23 1 1( 2( )) ( 2( ))cth k h cth k hI I= + ,           (3.133) 
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= .                               (3.134) 

ʌʦʨʤʫʣʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪ r

2 1
11 2 2 1 13 21 11/2
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2 2( )
A A

r r
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= + ,                            (3.135) 

( ) ( )
( )

1

2 1

2 2 1 11 1

21

1 1 0

g th k h

f r

r r x

r
b

r

-

+
= , 11 2( ) ( )n nn th k h cth k hf = , 1 11 0/ rk x= ,          (3.136) 
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= +é ù

-+ é ùê ú

;                  (3.137) 



95 
 

( )

( )
( )

( )
22 2

1111 2 0

21 1 22 222
1 211 110 1 11 2

1 1 /
( )

( ( ))1

j f h r
th k h

ch k hr f
A

xx

x xr r

è ø+Ö -
= +é ù

-+ é ùê ú

.                (3.138) 

Harrison W.J. ʚ ʨʘʙʦʪʝ [122] ʜʣʷ ʙʝʩʢʦʥʝʯʥʦʛʦ ʢʘʥʘʣʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʜʚʫʤʷ 

ʞʠʜʢʦʩʪʷʤʠ, ʥʠʞʥʷʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʣʘ ʙʝʩʢʦʥʝʯʥʫʶ ʛʣʫʙʠʥʫ, ʘ ʜʨʫʛʘʷ - 

ʢʦʥʝʯʥʫʶ ʛʣʫʙʠʥʫ 1h , ʧʦʣʫʯʠʣ ʬʦʨʤʫʣʫ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ.  

2 1 1 1 1 2 2 1 1 1 1
11 1

1 1 1 2 1 1 1

cosh( ) 2( )sinh( )

cosh( ) (2 )sinh( )

k h k h
H k

k h k h

nr n r nr

r r r

+ -
=-

+ -
.                    (3.139) 

ɼʣʷ ʜʚʫʭ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ 3

1 1.185[ / ]ʢʛ ʤr= ,
5 2

2 1,51.10 /ʤ ʩn -=  (ʚʦʟʜʫʭ), 3

2 1000[ / ]ʢʛ ʤr= , (

6 2

2 1,006.10 /ʤ ʩn -= ) (ʚʦʜʘ) ʥʘ ʨʠʩ. (3.10), ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ, ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʦ ʬʦʨʤʫʣʘʤ (3.127), (3.129), (3.139), ʘ 

ʪʘʢʞʝ ʧʦ ʬʦʨʤʫʣʝ (3.135), ʧʦʣʫʯʝʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʩʦʩʫʜʘ ʨʘʜʠʫʩʦʤ 0 1[ʤ]r = .  

 

ʈʠʩ.3.10. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ ʦʪ ʛʣʫʙʠʥʳ ʚʝʨʭʥʝʡ ʞʠʜʢʦʩʪʠ 

1h  ʧʨʠ 1n m= =. 

ɼʣʷ ʵʪʦʛʦ ʞʝ ʩʦʩʫʜʘ ʥʘ ʨʠʩ. (3.11) ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ 
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ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ, ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʦ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʬʦʨʤʫʣʘʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚʝʨʭʥʝʡ ʞʠʜʢʦʩʪʠ. 

 

ʈʠʩ.3.11. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ ʦʪ ʧʣʦʪʥʦʩʪʠ ʚʝʨʭʥʝʡ 

ʞʠʜʢʦʩʪʠ 1r ʧʨʠ 1n m= =, 1 2 1.2 [ʤ]h h= = . 

ɺʳʚʦʜ ʧʦ ʛʣʘʚʝ 3 

¶ ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ ʚʷʟʢʦʡ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʢʦʣʝʙʘʥʠʡ ʠ ʤʝʪʦʜʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ.  

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚʩʝʛʜʘ 

ʙʦʣʴʰʝ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ. 

¶ ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ 

ʩʠʥʬʘʟʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ, ʯʝʤ 

ʢʦʣʝʙʘʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʨʦʪʠʚʦʬʘʟʝ. 
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ɻʃɸɺɸ 4. ɼʀʅɸʄʀʂɸ ʉʃʆʀʉʊʓʍ ɾʀɼʂʆʉʊɽʁ ɺ ʇʆɼɺʀɾʅʓʍ 

ɪʄʂʆʉʊʗʍ 

ɺ ʛʣʘʚʝ 4 ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʪʨʠ ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʥʝʩʞʠʤʘʝʤʳʝ ʠʜʝʘʣʴʥʳʝ ʞʠʜʢʦʩʪʠ. 

ʇʨʠʚʦʜʠʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʷʭ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʧʦʣʦʩʪʴ ʥʘʧʦʣʥʝʥʥʦʡ ʧʦʜʦʙʥʦʡ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ. 

ɼʘʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ 

ʞʠʜʢʦʩʪʷʤʠ. ʀʩʩʣʝʜʦʚʘʥʳ ʢʦʣʝʙʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩʣʦʠʩʪʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʙʘʢʝ. ɼʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʩ ʢʨʫʛʦʚʳʤ 

ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʧʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʠ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʤʘʩʩ ʠ 

ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

4.1. ʆ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʝʡ ʚ ʧʦʣʦʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 

4.1.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʣʳʝ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʧʦʣʦʩʪʴ, 

ʩʦʜʝʨʞʘʱʫʶ ʪʨʠ ʥʝʚʷʟʢʠʝ ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʞʠʜʢʦʩʪʠ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʠʝ 

ʧʦʣʦʩʪʴ. ɺʚʝʜʝʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ii iiO x y z ( 0,1,2i = ) ʩ ʥʘʯʘʣʘʤʠ ʢʦʦʨʜʠʥʘʪ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ ʞʠʜʢʦʩʪʝʡ ʠ ʥʘ ʜʥʝ, ʠ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ Oxyz ʩ ʥʘʯʘʣʦʤ ʚ ʧʦʣʶʩʝ ʆ (ʩʤ. ʨʠʩ. 4.1). ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ iɟ  ( 0,1,2)i=  - 

ʧʣʦʪʥʦʩʪʠ ʩʣʦʝʚ ʞʠʜʢʦʩʪʝʡ, ʯʝʨʝʟ  i  ( 0,1,2)h i=  ï ʛʣʫʙʠʥʳ ʩʣʦʝʚ ʞʠʜʢʦʩʪʝʡ. ʇʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʨʠʤʝʤ ʜʦʧʫʱʝʥʠʷ ʦ ʜʚʠʞʝʥʠʷʭ ʞʠʜʢʦʩʪʝʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ 

ʚ ʛʣʘʚʝ II . 

ɺʩʣʝʜʩʪʚʠʝ ʩʜʝʣʘʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʤʘʣʳʝ ʜʚʠʞʝʥʠʷ ʪʨʸʭ ʞʠʜʢʦʩʪʝʡ ʤʦʛʫʪ 

ʙʳʪʴ ʦʧʠʩʘʥʳ ʫʨʘʚʥʝʥʠʷʤʠ ʃʘʧʣʘʩʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ 

ʞʠʜʢʦʩʪʝʡ [16]. 
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ʈʠʩ. 4.1. ʊʨʸʭʩʣʦʡʥʘʷ ʞʠʜʢʦʩʪʴ, ʟʘʧʦʣʥʷʶʱʘʷ ʩʦʩʫʜ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʬʦʨʤʳ 

2 2 2

2 2 2

ɢ ɢ ɢ
0i i

i

i

iix y z

µ µ µ
+ + =

µ µ µ
ʥʘiW ,( )0,1,2i=                                (4.1) 

ʟʜʝʩʴ iɢ  ( ,y,z, ),( 0,1,2)i i ix t i= ï ʧʦʪʝʥʮʠʘʣʳ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʩʢʦʨʦʩʪʝʡ iū( ,y,z, )i i ix t , ʬʦʨʤʫʣʘʤʠ 

/ūi i tc=µ µ, ʧʦʣʝ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ -

()
 ( , y ,z , ) ɢ

i

i i i iw x t =Ð, ʛʜʝ Ð-ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ. 

ʇʦʪʝʥʮʠʘʣʳ iɢ  ( ,y,z, ),( 0,1,2)i i ix t i=  ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ 

ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ: 

ʘ) ʫʩʣʦʚʠʷʤ ʥʝʧʨʦʪʝʢʘʥʠʷ ʥʘ ʩʤʘʯʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ  

ɢ

i

e i

i

i

S

u n
n

µ
= Ö

µ
; ʥʘ iS ,                                              (4.2) 

ʛʜʝ 
0eu u rq= + ³, 0 (0, ,0), (0,0, )u u q J= = , 

ʙ) ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ 
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0

0 1

1

ɢ ɢ
;

n n

µ µ
=

µ µ
 ʥʘ 1G ʠ 

1

1 2

2

ɢ ɢ
;

v v

µ µ
=

µ µ
 2G ,                             (4.3) 

ʚ) ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ 

( )0 1 0
0 1

2 2

2 2

0

1 0

ɢ ɢ ɢ
ɟ ɟ ɟ ɟ g

t
;

t v

å õµ µ µ
- Ö = - Ö Öæ ö

µ µ µç ÷
Ö  ʥʘ 1G,                     (4.4) 

( )1 2 1
1 2

2 2

2 2

1

2 1

ɢ ɢ ɢ
ɟ ɟ ɟ ɟ g

t
;

t v

å õµ µ µ
- Ö = - Ö Öæ ö

µ µ µç ÷
Ö  ʥʘ 2G .                     (4.5) 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ. 

4.1.2. ʇʦʩʪʘʥʦʚʢʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠ ʠʭ ʨʝʰʝʥʠʷ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʠʤ ʧʦʪʝʥʮʠʘʣʳ 0ɢ, 1ɢʠ 2ɢ ʚ ʚʠʜʝ: 

( ) ( )0 0 0 0 1 0 0 00

1

0 0 0ɢ ,y ,z ( ) ,y ,z ( ) u ( ) ; n n

n

x t x t t rj s y J
¤

=

= + + Öä                (4.6) 

( ) ( ) ( )1 11 1 1 1 12 1 1 2 1 1 1 01

1

1 11ɢ ,y,z ( ) ,y,z ( ) ,y,z ( ) u ( ) ;n n n n

n

x t x t x t t rj s j s y J
¤

=

= + + + Öä  (4.7) 

( ) ( )2 2 22 2 22 2 2 2 0 2

1

ɢ ,y ,z ( ) ,y ,z ( ) u ( ) ;n n

n

x t x t t rj s y J
¤

=

= + + Öä               (4.8) 

ʛʜʝ 1 ( )n ts  ʠ 2 ( )n ts  - ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʟʜʝʣʦʚ ʠ ( )tJ  - ʦʙʦʙʱʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʶʩʘ ʆ. 
0u ( ) (u ,u )x yt = - ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. 

ʇʦʪʝʥʮʠʘʣʳ 10 1 12 2,, ,n n nnj j j j ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʦ ʢʦʣʝʙʘʥʠʷʭ 

ʞʠʜʢʦʩʪʝʡ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʙʘʢʝ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʥʘ 

ʩʤʘʯʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ iiS ,  

0

i
i S

i

v

jµ
=

µ
, ʥʘ iS ,( 0,1,2i= ),                                      (4.9) 

ʧʦʪʝʥʮʠʘʣʳ 10 1 12 2,, ,n n nnj j j j ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʥʝʝ ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʛʣ. II . 

ʇʦʪʝʥʮʠʘʣʳ 20 1,,y yy  ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʩʣʝʜʫʶʱʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, 
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0iyD = ʥʘ iW , 3( )

i

i i i

i S

i r v e
v

yµ
= ³ Ö

µ
; ʥʘ iS ,( 0,1,2i= ),                  (4.10) 

ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʢʘʢ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʅ. ɽ. ɾʫʢʦʚʩʢʠʤ, ʘ ʚʝʢʪʦʨʳ ir  ʠʤʝʶʪ 

ʥʘʯʘʣʦ ʚ ʪʦʯʢʝ ʆ, 1 2 3( )i i i i i i i ir L x e y e z e= + + +, 3ie - ʝʜʠʥʠʯʥʳe ʚʝʢʪʦʨʳ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʢ ʧʣʦʩʢʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ɺʳʧʦʣʥʷʷ ʚʩʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʩʤʘʯʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʨʘʟʜʝʣʦʚ, ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ ʅ. ɽ. ɾʫʢʦʚʩʢʦʛʦ 0y , 1yʠ 2y , 

ʢʦʪʦʨʳʝ ʧʦʜʩʪʘʚʠʤ ʚ ʚʳʨʘʞʝʥʠʷ (4.6), (4.7) ʠ (4.8). ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʦʚ 0c, 1cʠ 2c ʧʦʜʩʪʘʚʠʤ ʚ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (4.4) ʠ (4.5), ʧʦʤʥʦʞʠʤ 

ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʥʘ ʬʫʥʢʮʠʶ / iin vjµ µ ʠ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ ʧʣʦʱʘʜʷʤ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʦʚ 1G ʠ 2G . ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʣʷ 

ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 1 ( )n ts  ʠ 2 ( )n ts  ʢʦʣʝʙʘʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ. 

1 1 1 1 2 1
1 1 2 1

(n 1,2,3,0, ...);n n n n n n
n n nu

C uJ
J s

m s s l J l s l J l+ + + =+ + =         (4.11) 

2 2 2 2 1 2
2 2 1 2

(n 1,2,3,0, ...);n n n n n n
n n nu

C uJ
J s

m s s l J l s l J l+ + + =+ + =       (4.12) 

ʛʜʝ 1nm , 2nm , 1nC , 2nC , 
1nJ
l , 

2nJ
l , 

1 2ns
l , 

2 1ns
l , 1nJl , 2nJl , 

1nu

l , 
2nu

l -

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʬʦʨʤʫʣʘʤʠ, 

( )
0 1

01

1

0 0
1 0 0 11 10

0

0 1 1

0

( , y,z)
( , y,z) ( , y,z)n

n nx x h

x

n

ɻ

x
x x dɻ

v
j

j
m r rj

= =

=

µ
= +

µñ ,     (4.13)

( )
1 2

12

2

11 1
2 1 12 1 2 20

0

2 2

1

( , y,z)
( , y,z) ( , y,z)n

n n

x

n

ɻ

x x h

x
x dɻ

v
xm jr rj

j
= =

=

µ
=

µ
+ñ ,    (4.14) 

( )
01

2

1 0 1 1

1

0 0

0

( , y,z)n
n

ɻ x

C dɻ
x

g
j

r r
n

=

å õµ
æ ö=
æ öµ

-

ç ÷
ñ ,                         (4.15) 

( )
2 1 1

12
2 1 2 2

2 1

1 11 1

0 0

( , y,z) ( , y,z)n n

x x

n

ɻ

C d
x x

ɻg
j j

r r
n n

= =

µ µ
=

µ
Ö

µ
-ñ ,          (4.16) 
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( )
1 10

1 0

0 0
0 0 1 10

0

0 1 1
1

0

( , y,z)
( , y,z) ( , y,z)

n
ɻ

n

x hx

x

dɻ
x

x
v

x
J

y y
j

l r r
==

=

µ
+=

µñ ,       (4.17)

( )
1

2

2 2

1

11 1
1 1 21 2 2

2
1

20

0

( , y,z)
( , y,z) ( , y,z)n

x x h
n

xɻ

x
x x dɻ

vJ

j
l ry yr

= =

=

µ
= +

µñ ,      (4.18) 

2
1

1

0

2

1 1

1

1

0 0
12 1

0

11 1
11 1

1 1
1

1
2

1 0

0

20

( , y,z)
( , y,z)

( , y,z)
( , y,z)

n
n x h

x
n

ɻ

n

n

ɻ

n x

x

x
x

x
x

dɻ
v

dɻ
v

s

s

j
l r

j
l r

j

j

=

=

=

=

µ
=

µ

µ
=

µ

ñ

ñ

,                       (4.19) 

( ) ( )
2

1 2

01 1

1 0 1 1 2 1
0 0 11 1

00

2 2

0 1

( , y,z) ( , y,z)
,n n

xx

nu nu

ɻ ɻ

x x
r rdɻ dɻ

v v

j j
l r r l r rG G

==

µ µ
= =

µ µ
- -ñ ñ ,(4.20) 

ʛʜʝ 
1

rG  ʠ 
2

rG - ʨʘʜʠʫʩ ï ʚʝʢʪʦʨʳ, ʧʨʠʥʠʤʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 1G ʠ 2G . 

( )
1 0 0

0 0 0 0

0 0

1 0 1 1

0 0

( , y,z) ( , y,z)n

xɻ x

n dɻ
v

x x
g

v
J

y j
l r r

= =

µ µ
=

µ µ
-ñ ,                   (4.21)

( )
2 0 1

0 0 11 1

0 0

2 1 2 2

0 0

( , y,z) ( , y,z)n

ɻ x x

n dɻ
v

x x
g

v
J

y j
l r r

= =

µ µ
=

µ µ
-ñ .                  (4.22) 

4.1.3. ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ, ʩʦʜʝʨʞʘʱʝʡ ʪʨʠ 

ʞʠʜʢʦʩʪʠ 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʷʤʠ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʦʨʝʤʘʤʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʚʸʨʜʦʝ ʪʝʣʦ 

ï ʞʠʜʢʦʩʪʴ, ʟʘʧʠʩʘʥʥʳʤʠ ʚ ʚʠʜʝ, 

( )

( )

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

e

eo
o ʢʮ ʢ o C C C

dQ
F

dt

dK
M r m g M Mu r m g r m g r m g

dt
d d d d

=

= + ³ + - + ³ + ³ + ³

,  (4.23) 

ʛʜʝ Q  - ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ 

ʣʦʢʘʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ 
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0 0 1 1 2 2ʩ C C CQ M u M r m r m r m rd d d= + + + + ,                        (4.24) 

oK -ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʚ ʩʚʷʟʘʥʥʦʡ 

ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ Oxʫz. 

0 1 2

0 1 2
0 0 0 1 1 1 2 2 2o ʢK J r d r d r d

t t t
t t t

c c c
q r t r t r t

µ µ µ
= Ö + ³Ð + ³Ð + ³Ð

µ µ µñ ñ ñ ,     (4.25) 

ʛʜʝ 0 1 2kM m m m m= + + +- ʤʘʩʩʘ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

CS M x= Ö-ʚʝʢʪʦʨ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚʩʝʡ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

( , , )C c c cr x y z= - ʨʘʜʠʫʩ ʚʝʢʪʦʨ ʮʝʥʪʨʘ ʤʘʩʩ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʟʘʪʚʝʨʜʝʚʰʠʭ 

ʞʠʜʢʦʩʪʝʡ, 
ʢʮr  - ʨʘʜʠʫʩ ʚʝʢʪʦʨ ʮʝʥʪʨʘ ʤʘʩʩ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ( )eF  - ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ 

ʚʩʝʭ ʚʥʝʰʥʠʭ ʩʠʣ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʪʝʣʫ, ( )e

oM  - ʛʣʘʚʥʳʡ  ʤʦʤʝʥʪ ʚʩʝʭ ʚʥʝʰʥʠʭ ʩʠʣ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʶʩʘ ʆ, ( )oM Mu-  - ʤʦʤʝʥʪ ʩʠʣ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʶʩʘ, 

kJ - ʪʝʥʟʦʨ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʶʩʘ ʆ.  

ɺ ʫʨʘʚʥʝʥʠʠ (4.24) Cird  - ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʢʘʞʜʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʚʦʟʤʫʱʸʥʥʦʤ ʜʚʠʞʝʥʠʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʬʦʨʤʫʣʘʤʠ ( 0,1,2)i=  

1,2 1,2

( ) ( ) ( )

( ) ( )

1,2

( )

,

i i i i

i

r r r

i i i i i i i i i i i i i i

Ci

i i i i

r r

i i i i i

S ɻ ɻ

i i

rd w d w rd rw d

r
m m m m

rw dS rw dɻ

m m

t t t t

n n

r d t r t r t r t

d

r r

ÖÐ ÐÖ

= = = = =

= =

ñ ñ ñ ñ

ñ ñ
       (4.26) 

( )r

iw - ʚʝʢʪʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮ i-ʦʡ ʞʠʜʢʦʩʪʠ  

( ) ( )

1,2

1

( ) ( , , )r k

i i i i n in i i

n

w r x y z rc q q y s j q
¤

=

=Ð - ³ =Ð Ö + Ð - ³ä .                  (4.27) 

ʇʦʜʩʪʘʚʠʚ ( )r

iw  ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ Cird , ʠ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʫʩʣʦʚʠʷ 

ʞʸʩʪʢʦʡ ʢʨʳʰʢʠ ʠ ʤʘʣʦʩʪʴ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʝʢʪʦʨʘ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
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1 1

2 2

0 11
0 0 1 1 1 1 1 1

1 10 1

12 2
1 1 2 2 2 2 2 2

1 11 2

( ) ( )

( ) ( )

n n
ʩ n n

n nɻ ɻ

n n
n n

n nɻ ɻ

Q M u M r r t dɻ r t dɻ

r t dɻ r t dɻ

j j
q r s r s

n n

j j
r s r s

n n

¤ ¤

= =

¤ ¤

= =

µ µ
= + ³ + +

µ µ

µ µ
+ +

µ µ

ä äñ ñ

ä äñ ñ

.       (4.28) 

ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ 

1 1 2 2

( )

1 1

n n n n

n n

ʝM u S Fl s l sq
¤ ¤

= =

++ ³ + =ä ä ,
CS Mr= ,                       (4.29) 

1 1

0 11
0 0 1 1

1

1 1 1

0

1
n n

ɻ

u

ɻ

n nr dɻ r dɻ
j j

l lr r
n n

µ µ
-= =

µ µñ ñ ,                          (4.30)

2 2

12 2
1 1 22 2 2 22

1 2

n
n nu

n

ɻ ɻ

r dɻ r dɻ
j j

r r
n

l l
n

µ µ
- =

µ
=

µñ ñ ,                        (4.31) 

ʪʘʢ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ 1G, 2G  ʚʝʢʪʦʨʳ 0 1 2,r r ʠr ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 
1

rG  

ʠ 
2

rG  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʨʘʙʦʪʝ [16]. 

ɺ ʫʨʘʚʥʝʥʠʠ (4.29) ʧʨʠʥʷʪʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ, 

C C
C c c

dr dr
r r r

dt dt
q q= = + ³ = ³, ʪ.ʢ. 0Cdr

dt
= .                       (4.32) 

ʇʨʝʦʙʨʘʟʫʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʀʩʧʦʣʴʟʫʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ ( ), , ,i ix y z tc , ʬʦʨʤʫʣʳ ɻʨʠʥʘ ʠ ʧʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (4.4) ʠ (4.5), ʧʦʣʫʯʠʤ 
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  (4.35) 

ʛʜʝ 
iJ ( )0,1,2i=  - ʪʝʥʟʦʨʳ ʧʨʠʩʦʝʜʠʥʸʥʥʳʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ i-ʦʡ ʞʠʜʢʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʶʩʘ ʆ, ʢʦʪʦʨʳʝ ʩ ʫʯʸʪʦʤ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ñʞʸʩʪʢʦʡò ʢʨʳʰʢʠ 

ʩʦʚʧʘʜʘʶʪ ʩ ʪʝʥʟʦʨʘʤʠ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʪʝʣʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʦʤʝʥʪʘ ʩʠʣ ʠʥʝʨʮʠʠ ʠ ʤʦʤʝʥʪʘ ʩʠʣ ʜʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʞʠʜʢʦʩʪʠ ʧʨʝʦʙʨʘʟʫʝʤ 

ʚʳʨʘʞʝʥʠʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (4.23). 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (4.25), (4.27), (4.33), (4.34) ʠ (4.35) ʧʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚ ʜʚʠʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʨʘʚʥʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʩ ʧʦʣʦʩʪʴʶ, ʥʘʧʦʣʥʝʥʥʦʡ ʪʨʝʤʷ ʞʠʜʢʦʩʪʷʤʠ, ʧʨʠʥʠʤʘʝʪ ʚʠʜ  
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ʛʜʝ  
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ɻ ɻ

r d r d
j j

g r r
n n

* µ µ
= G + G

µ µñ ñ .    (4.38) 

4.2. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩʣʦʠʩʪʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʙʘʢʝ 

4.2.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ ʩʣʦʝʚ ʥʝʩʞʠʤʘʝʤʳʭ ʠʜʝʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ, 

ʟʘʧʦʣʥʷʶʱʠʭ ʧʦʣʥʦʩʪʴʶ ʦʙʲʸʤ ʧʦʜʚʠʞʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʦʩʫʜʘ. ʇʫʩʪʴ 

ʩʦʩʫʜ ʩʦʚʝʨʰʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʧʦ ʟʘʢʦʥʫ 0 coss s pt=  ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʚʝʢʪʦʨʫ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g . ɺʚʝʜʸʤ ʧʦʜʚʠʞʥʳʝ 
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ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ( )0,1,2i iO x r ih =  ʩ ʥʘʯʘʣʘʤʠ ʢʦʦʨʜʠʥʘʪ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ ʞʠʜʢʦʩʪʝʡ ʠ ʥʘ ʜʥʝ (ʩʤ. ʨʠʩ. 4.2). 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʠʥʮʠʧʦʤ ɼʘʣʘʤʙʝʨʘ ʠ ʤʳʩʣʝʥʥʦ ʦʩʪʘʥʦʚʠʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ 

ʩʦʩʫʜ, ʧʨʠʣʦʞʠʚ ʢ ʢʘʞʜʦʡ ʯʘʩʪʠʮʝ ʞʠʜʢʦʩʪʠ ʩʠʣʳ ʠʥʝʨʮʠʠ    ( 0,1,2)i s ir = . ʊʦʛʜʘ 

ʥʘ ʢʘʞʜʫʶ ʯʘʩʪʠʮʫ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʦʙʲʸʤʥʳʝ ʩʠʣʳ 

  ( ), ( ) ( ), ( 0,1,2)i g t g t g s t ir = + = . ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ   ( 0,1,2)ih i=  ʛʣʫʙʠʥʫ ʢʘʞʜʦʛʦ 

ʩʣʦʷ ʞʠʜʢʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʪʨʸʭ ʞʠʜʢʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʫʨʘʚʥʝʥʠʷʤʠ 

ʃʘʧʣʘʩʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ [83]. 

2 2 2

2 2 2 2

1 1
0i i i i

ir r r r x

c c c c

h

µ µ µ µ
+ + + =

µ µ µ µ
,                                   (4.39) 

 

ʈʠʩ. 4.2. ʆʙʱʠʡ ʚʠʜ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʦʩʫʜʘ 
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ʟʜʝʩʴ ( )( )iɢ  , , , , 0,1,2ix r t ih =  ï ʧʦʪʝʥʮʠʘʣʳ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʩʢʦʨʦʩʪʝʡ ( ), , ,i ix r thF , ʬʦʨʤʫʣʘʤʠ 

ū i
i

t

cµ
=
µ
, ʘ ʧʦʣʝ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ -

()( )  , , , ɢ
i

i iw x r th =Ð

, ʛʜʝ Ð- ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ. 

ʇʦʪʝʥʮʠʘʣʳ ( )( )iɢ  , , , , 0,1,2ix r t ih =  ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʛʨʘʥʠʯʥʳʤ 

ʫʩʣʦʚʠʷʤ:  

ʘ) ʫʩʣʦʚʠʷʤ ʥʝʧʨʦʪʝʢʘʥʠʷ ʥʘ ʩʤʘʯʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, 
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ʙ) ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ, 
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;                                (4.41) 

ʚ) ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ ʩ ʫʯʝʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ, 
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        (4.42) 

( )

1 2 2 1

2 2

1 2 12 2
1 22 2

120 02

2 1

2 2

2

2

2

( )

1 1
( )

x x h x

g t

t t x
r r r r

r r
c c c

r r c c c
a

h
= = =

ë - - û
å õµ µ µî î
æ ö- =ì üµ µ µæ öµ µ µ- + +î îç ÷ µ µ µí ý

,        (4.43) 

ʛʜʝ( ) gg t s= +, 0 coss s pt= , 0s -ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʙʘʢʘ, p - ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ 

ʙʘʢʘ, 29.81 /g ʤ c= . 

4.2.2. ʇʦʩʪʘʥʦʚʢʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠ ʠʭ ʨʝʰʝʥʠʷ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʠʤ ʧʦʪʝʥʮʠʘʣʳ 0ɢ, 1ɢʠ 2ɢ ʚ ʚʠʜʝ: 

( ) () ( ) ()0 0 0 1 2 2 2 2, , ;  , , ;x r t x r tc j h s c j h s= =                           (4.44) 

( ) () ( ) ()1 11 1 1 12 1 2, , , , ;x r t x r tc j h s j h s= +                               (4.45) 
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ʛʜʝ 1( )ts  ʠ 2( )ts  - ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʦʚ. ʇʦʪʝʥʮʠʘʣʳ 10 11 2 2,, ,j j j j ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʛʣʘʚʝ II, ʠ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ [67] 
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¤ ¤
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=-ää                              (4.49) 

ɺ ʫʨʘʚʥʝʥʠʷʭ (4.46)-(4.49)- ( )nm mJ k r  - ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʧʦʨʷʜʢʘ m, 

0/ (n 1,2,3...,m 0,1,2,3...)nm nmk rx= = = , nmx - n-ʳʡ ʢʦʨʝʥʴ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ 

ɹʝʩʩʝʣʷ ʧʦʨʷʜʢʘ m, ()/ 0ndJ dx x= . 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʨʘʚʥʝʥʠʝʤ ʃʘʧʣʘʩʘ (4.39), ʥʘʭʦʜʠʤ ʦʧʝʨʘʪʦʨ 2D  
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è øµ µ µ µ
D = + + =-é ù
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.                      (4.50) 

ʏʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ 1G ʠ 2G  

ʧʦʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʷ (4.44) - (4.49) ʚ ʫʨʘʚʥʝʥʠʷ (4.42) ʠ (4.43). ʇʦʩʣʝ ʥʝʩʣʦʞʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ  
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( 1,2,3...,

0,1,2,...)

n

m

=

=
,     (4.51) 

ʜʘʣʝʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ (4.51) ʯʠʩʣʘ n  ʠ m ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʟʘʜʘʥʥʳʤʠ, 

ʠ ʦʙʦʟʥʘʯʠʤ,  
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( ) ( ) ( ) ( )2 2

11 1 0 0 22 1 11 1 1 0 22 2

2 21
12 21 1 1 2 1 0

1

2 1 2 1

1 2 2 1

2 2 2 2

1 0 0 2 1 0
1 2 1 2

1 2 1

0

2

2

,

, ,

( ) ( )
, ,

, ,

, cos /

co( 1), s( /1),

nm nm nm nm

nm nm nm n nm nm

nm

nm nm

a f a f c c

a a k kg th g th

g

h k k h s s pt
chk h

s s pt
r gr

B B
B B

u u

r r r r w r r w r r

r
w w u

r r r r x x
u u

a a

- -

= =

- -
= = = + =

= + = + = =

= =

+

=

= 2u

, (4.52) 

ʛʜʝ 1B  ʠ 2B - ʯʠʩʣʘ ɹʦʥʜʘ, 1a ʠ 2a - ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ 

1G ʠ 2G . 

11 1 12 2 1 11 1

22 2 21 1 2 22 2

/ ) 0;

/ ) 0

(1

(1 ;

nm nm nm

nm nm nm

a a s g c

a a s g c

s s s

s s s=

-

- +

+ =

+

+
 
( 1,2,3...,

0,1,2,...)

n

m

=

=
.                        (4.53) 

ɺ ʫʨʘʚʥʝʥʠʠ (4.53) ʧʦʣʦʞʠʤ 1,2 0s = , ʘ 1 1 2 1sin( ), sin( )nm nmA t B ts s= W = WÖ Ö  ʠ 

ʧʦʜʩʪʘʚʠʚ 1 2,nm nms s  ʚ ʫʨʘʚʥʝʥʠʷ (4.53), ʧʦʣʫʯʠʤ ʦʧʨʝʜʝʣʠʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʠʟʚʝʩʪʥʳʭ ʘʤʧʣʠʪʫʜ 1A  ʠ 1B. ʈʘʚʝʥʩʪʚʦ ʥʫʣʶ ʦʧʨʝʜʝʣʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ 

ʯʘʩʪʦʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ, ʘʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʝʥʥʦʤʫ ʚ ʛʣʘʚʝ II , 

4 2 0;a b cÖW + ÖW + =                                        (4.54) 

ʛʜʝ                    
2

11 22 12( ),a a a a= -  11 22 22 11( )b a a a c=- + , 11 22,c c c=                        (4.55) 

2
2

1,2

4
,

2

b b ac

a

- ° -
W =                                          (4.56) 

1,2W - ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ 1G, 2G  ʪʨʭyʩʣʦʡʥʦʡ 

ʞʠʜʢʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʯʠʩʣʘʭ n  ʠ m ( 1,2,3..., 0,1,2,3...)n m= = . ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʥʘʭʦʜʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 1m, 2m , 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜ ʛʣʘʚʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

( ) ( )2 2

11 11 1 11 11 21 2
1 22 2

1 12 1 2 12 2

;
c a c aB B

A a A a
m m

- W - W
= = = =

W W
.                         (4.57) 

ʉʦʩʪʘʚʠʤ ʤʘʪʨʠʮʫ ʅ, ʩʪʦʣʙʮʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ 

1

1 2 2

1 1 1
;

1

TH H
m

m m m

å õ å õ
= =æ ö æ ö
ç ÷ ç ÷

.                                              (4.58) 
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ɼʘʣʝʝ ʜʝʣʘʝʤ ʟʘʤʝʥʫ ( ) 1

1

2

2

T
H
l

l
s s

å õ
= æ ö
ç ÷

; ʛʜʝ 1l ʠ 2l - ʛʣʘʚʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʩʠʩʪʝʤʳ ʜʣʷ ʟʘʜʘʥʥʳʭ ʯʠʩʝʣ n  ʠ m. ʇʦʤʥʦʞʠʚ ʩʣʝʚʘ ʫʨʘʚʥʝʥʠʷ (4.53) ʥʘ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʥʫʶ ʤʘʪʨʠʮʫ ʅ, ʟʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʩ ʫʯʝʪʦʤ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʚ ʚʠʜʝ, 

1,21 / ) 0;(T TH AH s g H CHl l+ =+ ʛʜʝ( )1 2

T
l l l= ;                          (4.59) 

ʛʜʝ                   11 12

21 22

a a
A

a a

-å õ
=æ ö
-ç ÷

, 11

22

0

0

c
C

c

å õ
=æ öç ÷

,                                     (4.60) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʟʜʝʣʘ 1G, 2G  ʚ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

1 1 1 1

2 2
22 2

10 (1 0
0

0
0 (1

/ )

/ )

s ga c

a
s cg

l l

l
l

å õ å õ
+å õ å õæ ö æ ö+ =æ ö æ öæ ö æ öç ÷ ç ÷+ç ÷ ç ÷

.                   (4.61) 

ʛʜʝ (
1 11 21

2

1 1 12 1 22a a a a am m m= - - + ,
2 11 12

2

2 1 21 2 22a a a a am m m= - - + ,
11 2

2

11 2c cc m= + ,

22 2

2

11 2c cc m= + ). 

ʈʘʩʢʨʳʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (4.61) ʜʣʷ ʢʘʞʜʦʡ ʛʣʘʚʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʯʠʩʣʘʭ n  ʠ m ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠ ̫

2 2

1 1 1 1 1 1

2 2

2 2 22 2 2

1

2

(1 ) 0, / ,

(1 ) 0

/ g

,/ ,g /

nm nm nm nm nm nm

nm nm nm nm nm nm

c a

c

s

s a

l l

l l

+W + = W =

+W + = W =

                         (4.62) 

ʢʘʞʜʦʝ ʫʨʘʚʥʝʥʠʝ ʠʟ (4.62) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʇʦʜʩʪʘʚʠʚ (4.62) 2

1 0 1cos /s p s pt u=-  ʠ 2

2 0 2cos /s p s pt u=- , ʠ ʩʜʝʣʘʚ ʟʘʤʝʥʫ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʨʠʭʦʜʠʤ ʢ ʜʚʫʤ ʫʨʘʚʥʝʥʠʷʤ ʄʘʪʴʝ, 

( )

( )

2

1
1 1 12

2

2
2 2 22

2 cos(2 ) 0;

2 cos(2 ) 0;

nm
nm nm nm

nm
nm nm nm

l q

l q

l
t l

t

l
t l

t

µ
+ - =

µ

µ
+ - =

µ

                                     (4.63) 
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ʛʜʝ              

2 2 2

1 0 1 1 1
1 12 2

1

2 2 2

2 0 2 2 2
2 22 2

2

4 4 4
,2 ,

2

4 4 4
,2

nm nm nm
nm nm

nm nm nm
nm nm

s s pt
l q

p g gp

s s
l q

p g gp

t
u

u

W W W
= = =- =

W W W
= = =-

.                      (4.64) 

ʇʦʣʦʞʠʚ ʚ ʫʨʘʚʥʝʥʠʝ (4.63)  

1 1 1 2 2 2sin cos , sin cosnm nmA B A Bl t t l t t= + = + ,                           (4.65) 

ʠ ʧʨʠʨʘʚʥʷʚ ʥʫʣʶ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ sint ʠ cost, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ  

( )1 1 1nm nmq l=° -, ( )2 2 1nm nmq l=° -,                                  (4.66) 

ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʷ (4.66) ʚʳʨʘʞʝʥʠʷ ʜʣʷ 1 2 1 2, , ,nm nm nm nmq q l l  (4.64), ʧʦʣʫʯʘʝʤ 

ʟʘʚʠʩʠʤʦʩʪʠ 

2

1 1
01 2 2

1

4 1
2

nm

nm

g
s

p

u å õW
=° -æ ö

W ç ÷
 ʠʣʠ 

2

1 1
01 2 2 2

1

4 1
8

nm

nm

g f
s

f f

u

p

å õ
=° -æ ö

ç ÷
,               (4.67) 

2

2 2
02 2 2

2

4 1
2

nm

nm

g
s

p

u å õW
=° -æ ö

W ç ÷
 ʠʣʠ 

2

2 2
02 2 2 2

2

4 1
8

n

n

g f
s

f f

u

p

å õ
=° -æ ö

ç ÷
,               (4.68) 

ʛʜʝ 1 2
1 2, ,

2 2 2

nm nm
nm nm

p
f f f

p p p

W W
= = =  - ʯʘʩʪʦʪʳ, ʠʟʤʝʨʷʝʤʳʝ ʚ ʛʝʨʮʘʭ. 

4.2.3. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚʷʟʢʦʡ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʠ  

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʷʟʢʦʩʪʠ  ʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩʣʦʠʩʪʦʡ 

ʞʠʜʢʦʩʪʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʢʦʣʝʙʘʥʠʡ ʪʨʸʭ ʞʠʜʢʦʩʪʝʡ (3.74) ʠ 

ʟʘʧʠʰʝʤ ʧʨʠʙʣʠʞʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚʷʟʢʠʭ ʩʣʦʝʚ ʚ 

ʚʠʜʝ. 

1 1 111 12 11 12 11

221 22 21 22 22
2 2

0
( / )1 0

0

nm nm nm

nm
nm nm

a a b b c

a a b b c
s g

ss s

s
s s

å õ å õ
å õå õ å õ å õ

æ ö æ ö+ + + =æ ö æ ö æ öæ öç ÷ ç ÷ ç ÷ç ÷æ ö æ ö
ç ÷ ç ÷

.        (4.69) 

ɼʘʣʝʝ ʜʝʣʘʝʤ ʟʘʤʝʥʫ ( ) 1

1

2

2

T
H
l

l
s s

å õ
= æ ö
ç ÷

; ʛʜʝ 1l ʠ 2l - ʛʣʘʚʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʩʠʩʪʝʤʳ ʜʣʷ ʟʘʜʘʥʥʳʭ ʯʠʩʝʣ n  ʠ m. ʇʦʤʥʦʞʠʚ ʩʣʝʚʘ ʫʨʘʚʥʝʥʠʷ (4.69) ʥʘ 
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ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʥʫʶ ʤʘʪʨʠʮʫ ʅ, ʟʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʩ ʫʯʝʪʦʤ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʠ ʚʷʟʢʦʩʪʠ ʚ ʚʠʜʝ, 

11 12

21 22

0;T T TH AH H
b b

BH H
b b

B CHl l l
å õ
=æ ö
ç ÷

+ + = ,                         (4.70) 

1 1 1 1 1 1

2 2 2
2 2

1

22

/0 0 (1 0
0;

0 0
0 (1

)

/ )

s g

s

a b c

a b
cg

l l l

l
l l

å õ å õ å õ
+å õ å õ å õæ ö æ ö æ ö+ + =æ ö æ ö æ öæ ö æ ö æ öç ÷ ç ÷ ç ÷+ç ÷ ç ÷ ç ÷

           (4.71) 

(
1 11 21

2

1 1 12 1 22b bb b bm m m= - - + , 
2 11 12

2

2 1 21 2 22b bb b bm m m= - - + ), ʢʦʵʬʬʠʮʠʝʥʪʳ 1m ʠ 

2m  ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʛʣ. III . 

2

1 1 1 1 1 1 1 1

2

1

22 2 2 2 2 2 2 2

2 (1 ) 0, / 2 ,

2 (1 ) 0, / 2 .

/

/

nm nm nm nm nm nm nm nm

nm nm nm nm nm nm nm nm

s g

s g

b a

b a

l h l l h

l h l l h

+ +W + = =

+ +W + = =

                (4.72) 

ʋʨʘʚʥʝʥʠʷ (4.72) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠ ʧʦʩʣʝ 

ʥʝʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʭʦʜʠʤ ʢ ʜʚʫʤ ʫʨʘʚʥʝʥʠʷʤ ʄʘʪʴʝ, 

( )

( )

2

1 1
1 1 1 1 1 1 12

2

2 2
2 2 2 2 2 2 22

2 cos(2 ) 0; 2 /

2 cos(2 ) 0; 2 /

nm nm
nm nm nm nm nm nm nm

nm nm
nm nm nm nm nm nm nm

l q

l q

l l
a t l a h

t t

l l
a t l a h

t t

µ µ
+ + - = = W

µ µ

µ µ
+ + - = = W

µ µ

,          (4.73) 

ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ,nm nmq l  ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. ʊʘʢ ʢʘʢ ʧʝʨʠʦʜ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ ʫʨʘʚʥʝʥʠʠ (4.73) 

ʨʘʚʝʥ p, ʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʜʚʠʞʝʥʠʝ ʠʤʝʝʪ ʧʝʨʠʦʜ 2p, ʧʨʝʜʩʪʘʚʠʤ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ (4.73) ʚ ʚʠʜʝ ʨʷʜʘ 

1 1 1 3 3

2 2 2 4 4

sin cos sin3 cos3 ...,

sin cos sin3 cos3 ....

nm

nm

A B A B

A B A B

l t t t t

l t t t t

= + + +

= + + +
                          (4.74ʘ) 

ʆʛʨʘʥʠʯʠʚʘʷʩʴ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʯʣʝʥʘʤʠ ʠ ʧʨʠʨʘʚʥʷʚ ʥʫʣʶ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ 

sint ʠ cost, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʥʠʮ ʦʙʣʘʩʪʝʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ  

( )1 1 11nm nm nmq l a=° - +, ( )2 2 21nm nm nmq l a=° - + .                           (4.74) 
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ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʷ (4.73) ʚʳʨʘʞʝʥʠʷ ʜʣʷ 1 2 1 2, , ,nm nm nm nmq q l l  (4.64), ʧʦʣʫʯʘʝʤ 

ʬʦʨʤʫʣʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʩʪʝʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

2 2

1 1 2 2
01 1 1 02 2 22 2 2 2

1 2

(4 1) 2 / , (4 1) 2 / .
2 2

nm nm
nm nm nm nm

nm nm

g g
s s

p p

u u
h h

å õ å õW W
= ° - + W = ° - + Wæ ö æ ö
W Wç ÷ ç ÷

(4.75) 

 

ʈʠʩ. 4.3. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʘʤʧʣʠʪʫʜʳ ʦʪ ʯʘʩʪʦʪʳ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ -

ʠʜʝʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ, ʧʫʥʢʪʠʨʥʘʷ-ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ) ʜʣʷ ʩʣʫʯʘʷ ( 1)m=  

ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʚʪʦʨʦʛʦ ʩʣʫʯʘʷ ( 2)m= , ʜʣʷ 

ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ 

( ) ( )

( ) ( )

1 1 1 1

2 2 2 2

4 12 / 5, 4 12,

4 12 / 5, 4 12,

ʧʨ ʣʝʚ

nm nm nm nm

ʧʨ ʣʝʚ

nm nm nm nm

q l q l

q l q l

= - = - +

= - = - +
                         (4.76) 

ʘʥʘʣʦʛʠʯʥʦ ʩ ʫʯʝʪʦʤ ʚʷʟʢʦʩʪʠ 
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( ) ( )

( ) ( )

1 1 1 1 1 1

2 2 2 2 2 2

4 12 / 5 , 4 12

4 12 / 5 , 4 12

ʧʨ ʣʝʚ

nm nm nm nm nm nm

ʧʨ ʣʝʚ

nm nm nm nm nm nm

q l q l

q l q l

a a

a a

= - + = - + +

= - + = - + +
.               (4.77) 

 

ʈʠʩ. 4.4. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʘʤʧʣʠʪʫʜʳ ʦʪ ʯʘʩʪʦʪʳ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ -

ʠʜʝʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ, ʧʫʥʢʪʠʨʥʘʷ-ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ) ʜʣʷ ʩʣʫʯʘʷ ( 2)m=  

4.3. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʫ  ʁʧʦʣʦʩʪʴ, 

ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʝʥʥʫ  ʁʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ 

4.3.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʩʦʚʝʨʰʘʶʱʝʝ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʠ ʠʤʝʶʱʝʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ. ʀʩʧʦʣʴʟʫʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

i iO xrh( 0,1,2i= ), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ iy ( 0,1,2i= ). 
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ʈʠʩ. 4.5. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ, ʩʦʚʝʨʰʘʶʱʠʡ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ 

( )

( )

0
0

1

2
01

0 0

1

0 0

2
2 sin ( )]

) ( )
2

h

2
[

h( 1

n
n

n nn n
n

shk x
J k r

kJ ch

r L x

kx x
y h

¤

=

å õ
-æ ö

ç ÷-
-

= +ä ;             (4.78) 

( )

( )
1

1

2
1 1

1

1 0 1 1
1

h

2
[

h(

2
2 sin ( )]

) )
2

1 (

n
n

n nn n
n

shk x
J k r

kJ ch

r L x

kx x
y h

¤

=

å õ
-æ ö

ç ÷-
-

= +ä ;              (4.79) 

( )

( )
1

2

2
1 1

2

2 0 2 2
2

h

2
[

h(

2
2 sin ( )]

) )
2

1 (

n
n

n nn n
n

shk x
J k r

kJ ch

r L x

kx x
y h

¤

=

å õ
-æ ö

ç ÷-
-

= +ä .            (4.80) 

ʇʦʜʩʪʘʚʣʷʷ ʨʝʟʫʣʴʪʘʪʳ (4.79)-(4.80) ʚ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ 0,1,2)(i ic = , 

( )

( )

()

0
0

0 0
0

0 0

0 0

0

1

2
1 1

1 1

2
( )] ( )

(

h

2
[

h
)

( 1

h ( )
h

2 sin
2)
( )

n

n n
n

n n n

n
n n

n

shk x

u t
J k r k

chk
J

chk x
thk t

shk

L x t

r

h

J

c

s

h
x x

¤

=

+

ë ûå õ
-æ öî î

ç ÷- +î î
î î
ì ü

+

=

-
+

- î

Ö

î
î î
î î
í ý

ä ,    (4.81) 
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2)
( )

) ( )
h h

n

n n
n

n n n

n n
n n n

n n

shk x

u t
J k r k

chk
J

chk x chk x
thk t t

shk ch

h

k

L x t

r

J

h
x x

s s

c
¤

=

+ -

=

-

ë ûå õ
-æ öî î

ç ÷- +î î
î î
ì ü

- î

Ö

î
î î
- +
î î
í ý

ä ,    (4.82) 

( )
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2
1 1
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)
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ä .       (4.83) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ( )1 2, , ,n nuJ s s  

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ ʧʦʜʩʪʘʚʠʤ ʧʦʪʝʥʮʠʘʣʳ iy  ʠ ʬʫʥʢʮʠʶ 

inj  ( 0,1,2i= ) ʚ ʬʦʨʤʫʣʳ ʜʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (4.13)-(4.22), 

(4.30)-(4.31) ʠ (4.37)-(4.38). ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ 

1 1 0 0( )n n n nm m fm ¡ ¡= + , 2 2 1 1( )n n n nm f mm ¡ ¡= + , 2

1 1 0( )n n n nC m m w¡ ¡= - ,          (4.84) 

2

2 2 1( )n n n nC m m w¡ ¡= - , 1
1

n
n

L
J

l ¡= , 2
2

n
n

L
J

l ¡= ,
2

1

1
1

n

n
n

m

chk hs
l

¡
=- ,

1

1

2
1

n

n
n

m

chk hs
l

¡
=- ,     (4.85) 

1 1 0 2 2 1,( ) ( )nu n n nu n nm m m ml l¡ ¡ ¡ ¡= - = - , 1 1 0( )gn n nm mJl ¡ ¡=- - , 2 2 1( )gn n nm mJl ¡ ¡=- - ,    (4.86) 

1 1 0( )n n nm ml ¡ ¡= - , 2 2 1( )n n nm ml ¡ ¡= - ,                                   (4.87) 

1 0 0 11 ( )n n n nn m m f Lg ¡ ¡+= , 2 12 1 2( )n n n nn m f m Lg ¡ ¡+= ,                          (4.88) 

11 0( )n nn g m mg* ¡ ¡- -= , 
22 1( )n nn g m mg* ¡ ¡-=- ,                           (4.89) 

ʛʜʝ 0 0 1 1 2 2, ,n n nm V m V m Vr r r¡ ¡ ¡= = =  - ʧʨʠʚʝʜʝʥʥʳʝ ʤʘʩʩʳ ʢʦʣʝʙʣʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ 

3

0
12

2
,

( 1)
n

n n

r
V thk h

p

x x
=

-

2

0 1 0 1 1 2 1, , ,n n n n n n n n nf thk h cthk h f thk h cthk h gk thk hw= = =     (4.90) 
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0 1 0 0
1 0 0 0

1

1 0 0

0 2 0 1
2 1 1 1

2

2 1 1

2 2
( ) ( )

2 2

( )

2 2
( ) ( )

2 2

( )

n n n n

n n
n

n n n

n n n n

n n
n

n n n

r h r h
m L thk m L thk

L
m m f

r h r h
m L thk m L thk

L
m m f

x x

x x

¡ ¡- - +

¡=
¡ ¡+

¡ ¡- - +

¡=
¡ ¡+

.                  (4.91) 

ʇʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (4.84)-(4.89), ʚ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (4.11), (4.12), ʠ (4.11), (4.12), ʧʦʣʫʯʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʧʣʦʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, 

ʟʘʧʦʣʥʝʥʥʦʡ ʪʨʝʤʷ ʞʠʜʢʦʩʪʷʤʠ, 

0 1 0 0 1 1 1 0 1

1 1 1

2 1 1 2 2 2

(

1 2

1 1

)

( ) ( )

( ) ( )

n n n n n n n n n

n n n

n n n n n n n

n

e

on

n

Sg m m f L g m m

m f m L Mg m m S u

J J s s

s s

¤ ¤ ¤

= = =

¤ ¤

= =

å õ
¡ ¡ ¡ ¡I + I - + + - - +æ ö

ç ÷

¡ ¡ ¡ ¡+ + - - - =

ä ä ä

ä ä

,       (4.92) 

1 0 1 2 1 2

1 1

( )( ) ( )n n n n n n

ʝ

y

n

c

n

m m m mM u Mx FJ s s
¤ ¤

= =

¡ ¡ ¡ ¡- ++ -- =ä ä ,          (4.93) 
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1 0 1 1 2 1 0
1 1

1 0 0 1 0 0 1 1 0 0

1 0

1 0 0

( ) ( )
g

( ) ( ) ( )

( )
0

( )

n n n n n n n n
n n

n n n n n n n n n n

n n

n n n

m m m m m
L

m m f m m f chk h m m f

m m u

m m f

w s s
s J J

¡ ¡ ¡ ¡ ¡- -
¡+ + - - -

¡ ¡ ¡ ¡ ¡ ¡+ + +

¡ ¡-
- =
¡ ¡+

,  (4.94) 

2

2 1 2 1 1 2 1
2 2

2 1 1 2 1 1 1 2 1 1
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,  (4.95) 

ʛʜʝ 

2 2 2 2
2 20 0 1 0

0 0 0 0 0 1 1 1 1

2 2
2 22 0

2 2 2 2

(L ) (L )
3 4 3 4

(L ) ;
3 4

k ʮ

h r h r
m L h m L h

h r
m L h m l

I = + + + + + + + +

+ + + + +

             (4.96) 
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0I- ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʟʘʪʚʝʨʜʝʚʰʠʭ ʞʠʜʢʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʪʦʯʢʫ ʆ, ʮl - ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

5 0 0
0 0 3 2

1 10

5 51 1 2 2
0 1 0 23 2 3 2
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= =
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+ - + + - +
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ä ä
,   (4.97) 

2

0 0 0 0,m r hp r= 2

1 0 1 1,m r hp r= 2

2 0 2 2m r hp r=  - ʤʘʩʩʳ ʢʘʞʜʦʡ ʞʠʜʢʦʩʪʠ, 

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

2 2 2
k ʮ

h h h
S m L m L m L m l= + + + + + +-ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʚʩʝʡ ʩʠʩʪʝʤʳ, 

0 1 2 ;kM m m m m= + + +- ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

4.3.2. ɺʳʯʠʩʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɿʘʧʠʰʝʤ ʚʝʣʠʯʠʥʳ nJ , 1nm , 2nm , 1nL¡ ʠ 2nL¡ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ, 
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å õ
I + Iæ ö
ç ÷=
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, 1

1
0 0( )n n n
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= , 1
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2 1( )n n n

n

m f m
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= , 1

1
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¡
= , 2

2

0

n
n

L
L

r

¡
= ,   (4.98) 

nJ -ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʪʝʣʘ-ʪʝʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʪʨʝʭ ʞʠʜʢʦʩʪʝʡ, 

ʨʘʟʜʝʣʝʥʥʳʭ ʜʚʫʤʷ ʞʝʩʪʢʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 1Gʠ 2G . 

1nm  ʠ 2nm -ʦʙʦʙʱʝʥʥʳʝ ʤʘʩʩʳ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʧʦ n-ʦʤʫ ʪʦʥʫ ʠ 

ʦʪʚʝʯʘʶʱʠʭ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʦʚ ʞʠʜʢʦʩʪʝʡ. 

1nL¡ʠ 2nL¡- ʧʣʝʯʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʦʚ ʞʠʜʢʦʩʪʝʡ. 
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(ʘ) (ʙ) 

ʈʠʩ. 4.6. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʪʝʣʘ (ʘ) ʦʪ ʛʣʫʙʠʥʳ 

ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʜʣʷ n=1, 2, 3, 
0 1 0 2 10.3, 0.5, 1, 1h h hr r= = = = -,(ʙ) ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ 
2 0 1 21, 1, 1, 1h h hr= = = =. 

 

  

(ʘ) (ʙ) 

ʈʠʩ. 4.7. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʦʙʱʝʥʥʳʭ ʤʘʩʩ ʞʠʜʢʦʩʪʝʡ 1G(ʘ),2G(ʙ) ʦʪ ʛʣʫʙʠʥʳ 

ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʜʣʷ n=1,2,3, 
0 1 0 2 10.3, 0.5, 1, 1h h hr r= = = = -. 
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(ʘ) (ʙ) 

ʈʠʩ. 4.8. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʝʯ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʢʦʣʝʙʘʥʠʷʭ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 1G (ʘ), ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʥʠʞʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 2G  (ʙ) ʦʪ ʛʣʫʙʠʥʳ ʩʨʝʜʥʝʡ ʞʠʜʢʦʩʪʠ ʜʣʷ n=1, 2, 3, 

0 1 0 2 10.3, 0.5, 1, 1h h hr r= = = = -. 

4.4. ʄʘʣʳʝ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʢʨʫʛʦʚʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ 

ʧʦʣʦʩʪʴ, ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʝʥʥʫʶ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ 

4.4.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʫʩʪʴ ʢʨʫʛʦʚʦʡ ʮʠʣʠʥʜʨ ʨʘʜʠʫʩʦʤ 0  r , ʧʦʣʥʦʩʪʴʶ ʥʘʧʦʣʥʝʥ ʪʨʝʤʷ 

ʥʝʩʞʠʤʘʝʤʳʤʠ ʠʜʝʘʣʴʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʠʤʝʶʱʠʤʠ ʧʣʦʪʥʦʩʪʠ 0r, 1r, 2r, 

0 1 2 ( )r r ràà  (ʩʤ. ʨʠʩ. 4.9). ʎʠʣʠʥʜʨ ʟʘʢʨʝʧʣʝʥ ʥʘ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ ʦʙʱʝʡ 

ʤʘʩʩʦʡ ʄ, ʩʧʦʩʦʙʥʦʡ ʩʦʚʝʨʰʘʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʛʣʘʜʢʦʤʫ ʦʩʥʦʚʘʥʠʶ. ʇʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʮʠʣʠʥʜʨʝ, 

ʩʦʚʝʨʰʘʶʪ ʤʘʣʳʝ ʩʤʝʱʝʥʠʷ, ʦʧʨʝʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʝʡ ʚ ʢʨʫʛʦʚʦʤ ʮʠʣʠʥʜʨʝ. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ ʃʘʛʨʘʥʞʘ 2-ʦʛʦ ʨʦʜʘ. 
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ʈʠʩ. 4.9. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ, ʩʦʚʝʨʰʘʶʱʠʡ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ, 

( )
2 2

2

0

1 1

2 2
i

ci i i i

i V

T ʄu dVr
=

= + ÐFä ñññ ,                             (4.99) 

ʛʜʝ iV , iF  ( 0,1,2)i= - ʦʙʲʸʤʳ ʠ ʧʦʪʝʥʮʠʘʣʳ ʘʙʩʦʣʶʪʥʳʭ ʩʢʦʨʦʩʪʝʡ ʞʠʜʢʦʩʪʝʡ. 

ʇʨʠ ʤʘʣʳʭ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʧʦʪʝʥʮʠʘʣʳ ʩʢʦʨʦʩʪʝʡ iFʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ 

ʯʝʨʝʟ ʧʦʪʝʥʮʠʘʣʳ ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʝʡ. 

( )iɢ  ,y,z,
ū i i i

i

x t

t

µ
=

µ
,( )0,1,2i= .                              (4.100) 

ʇʦʪʝʥʮʠʘʣʳ ʩʤʝʱʝʥʠʷ ic ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʫʨʘʚʥʝʥʠʶ ʃʘʧʣʘʩʘ ʠ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ: 

( )0, ,20, 1i icD == ,                                            (4.101) 

ʘ) ʫʩʣʦʚʠʷʤ ʥʝʧʨʦʪʝʢʘʥʠʷ ʥʘ ʩʤʘʯʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ  

ɢ
sin( )

i

ʩ

i S

i u h
n

µ
= Ö

µ
;

20 0
0 0

2

2

0ɢ ɢ
0, 0

xx h
x x

==

µ µ
= =

µ µ
,                           (4.102) 

( in- ʚʥʝʰʥʷʷ ʥʦʨʤʘʣʴ ʢ ʩʤʘʯʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 0,1,2)(iS i= ) 

ʙ) ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ 

0

0 1

1

ɢ ɢ
;

x x

µ µ
=

µ µ
 ʥʘ 1G ʠ 

1

1 2

2

ɢ ɢ
;

x x

µ µ
=

µ µ
 2G ,                                  (4.103) 
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ʚ) ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ 

( )0 1 0

2 2

0

0

12 021

ɢ ɢ ɢ
ɟ ɟ ɟ

t
;ɟ g

t x

å õµ µ µ
- = -æ ö

µ µ µç ÷
 ʥʘ 1G,                         (4.104) 

( )1 2 1

2 2

1

1

22 122

ɢ ɢ ɢ
ɟ ɟ ɟ

t
;ɟ g

t x

å õµ µ µ
- = -æ ö

µ µ µç ÷
 ʥʘ 2G .                         (4.105) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ (4.100) - (4.105) ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʢʦʦʨʜʠʥʘʪ 0,1,2, ( ),i ix r h =  ʧʦʪʝʥʮʠʘʣʳ ʩʤʝʱʝʥʠʡ ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ, 

( )

( )
()1

1 12
1 1

0 0
0 0

0

h ( )
h(

( )
2 si

1
n

)

n n
n n

n nn n

J k r chk x
u t thk t

h
r

s

h

kJ
s

x
c

x
h
¤

=

-
=

ë û
-ì ü

- í ý
ä ,          (4.106) 

( )

( )
()1 1 21 1

12

1
1 0

1 11 1

( )
2 si

( ) ( )
h

h h)( 1
n n n n n n

n

n n nn n

J k r chk x t chk x t
u t thk

shk chkJ

h
r

s s

x x
c h

¤

=

-
=

ë û
+ -ì ü

- í ý
ä ,  (4.107) 

( )

( )
()1 2

1 22
1 2

2 0

1

h ( )
h

i
1

2 s n
)(

n n
n n

n nn n

J k r chk x
u tr thk t

shkJ
s

x x
c h

¤

=

ë û
ì=

- í ý
+ üä .                (4.108) 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ,  

( ) ( )
1 1

2 2

1 0 2 1

1 11 2

1 21 1
sin sin

2 2n n

g r dr g r dr
x x

c c
r r h r r h

¤ ¤

S

= =G G

å õ å õµ µ
P = - + -æ ö æ ö

µ µç ÷ ç ÷
ä äñ ñ .  (4.109) 

ʇʦʩʪʘʚʠʚ ʨʝʰʝʥʠʷ (4.106)-(4.108) ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ ʩʤʝʱʝʥʠʡ ic ʚ ʬʦʨʤʫʣʳ 

(4.99), (4.109) ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, 

{ } { }
2

1 0 1 2 1 2

1 1

2 2

1 0 0 1 2 1 1 2

1 1

1 1 1
( ) ( )

2 2 2

1 1
( ) ( )

2 2

c n n c n n n c n

n n

n n n n n n n n

n n

T ʄ u m m u m m u

m m f m f m

s s

s s

¤ ¤
*

S

= =

¤ ¤

= =

¡ ¡ ¡ ¡= + - + - +

ë û ë û
¡ ¡ ¡ ¡+ + + +ì ü ì ü

í ý í ý

ä ä

ä ä
,      (4.110) 

2 2 2 2

1 0 1 2 1 2

1 1

1 1
( ) ( )

2 2
n n n n n n n n

n n

m m m mw s w s
¤ ¤

S

= =

¡ ¡ ¡ ¡P = - + -ä ä .                   (4.111) 
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ɺ ʬʦʨʤʫʣʘʭ (4.110), (4.111) ʧʨʠʥʷʪʳ ʦʙʦʟʥʘʯʝʥʠʷ:1 2,n ns s - ʦʙʦʙʱʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʦʚ ʞʠʜʢʦʩʪʝʡ, 

2

0 0 0 0,m r hp r= 2

1 0 1 1,m r hp r= 2

2 0 2 2m r hp r=  - ʤʘʩʩʳ ʢʘʞʜʦʡ ʞʠʜʢʦʩʪʠ, 

0 0 1 1 2 2, ,n n n n n nm V m V m Vr r r¡ ¡ ¡= = =  - ʤʘʩʩʳ ʢʦʣʝʙʣʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ, 

0 1 2M m m m M*= + + +- ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʚʩʝʡ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

3

0
12

2
,

( 1)
n n

n n

r
V thk h

p

x x
=

-

2

0 1 0 1 1 2 1, , ,n n n n n n n n nf thk h cthk h f thk h cthk h gk thk hw= = =  

ʛʜʝ nx- n-ʳʡ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ ()1 )/ ( 0dJ dx x= . 

4.4.2. ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʨʘʚʥʝʥʠʷʤʠ ʃʘʛʨʘʥʞʘ 2-ʦʛʦ ʨʦʜʘ, ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʚʠʜʝ, 

1 0 1 2 1 2

1 1

( ) ( ) 0ʩ n n n n n n

n n

M u m m m ms s
¤ ¤

*

= =

¡ ¡ ¡ ¡+ - + - =ä ä ,                         (4.112) 

2

1 0 1 1 2 1 0
1

1 0 0 1 0 0 1 1 0 0

( ) ( )
0

( ) ( ) ( )

n n n n n n n n ʩ
n

n n n n n n n n n n

m m m m m u

m m f m m f chk h m m f

w s s
s

¡ ¡ ¡ ¡ ¡- -
+ - + =

¡ ¡ ¡ ¡ ¡ ¡+ + +
,(n 1,2,3...)= , (4.113) 

2

2 1 2 1 1 2 1
2

2 1 1 2 1 1 1 2 1 1

( ) ( )
0

( ) ( ) ( )

n n n n n n n n ʩ
n

n n n n n n n n n n

m m m m m u

m f m m f m chk h m f m

w s s
s

¡ ¡ ¡ ¡ ¡- -
+ - + =

¡ ¡ ¡ ¡ ¡ ¡+ + +
,(n 1,2,3...)= . (4.114) 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʚʝʜʝʤ ʥʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

1 1 0( )n n nm m m* ¡ ¡= - , 
2 2 1( )n n nm m m* ¡ ¡= - , 1 1 0 0( )n n n nm m fa ¡ ¡= + , 2 2 1 1( )n n n nm f ma ¡ ¡= + , 

1
12

1 1

n
n

n n

m
a

chk h a

¡
=

Ö
, 1

21

1 2

n
n

n n

m
a

chk h a

¡
=

Ö
, 1

1

1

n
n

n

m
b

a

*

= , 2
2

2

n
n

n

m
b

a

*

= , 2

1 1

2

nn nb wb = , 2

2 2

2

nn nb wb = . 

ʇʫʩʪʴ ʙʘʢ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʡ ʞʠʜʢʦʩʪʴʶ, ʠ ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʧʦʜʚʠʞʥʦʡ 

ʧʣʘʩʪʠʥʝ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʪʦʣʴʢʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʠʤʝʤ, ʯʪʦ ʥʘ ʧʣʘʩʪʠʥʫ ʚʦʟʜʝʡʩʪʚʫʝʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʥʝʰʥʷʷ ʩʠʣʳ 

0 sinuF F pt= , ʣʠʥʠʷ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠ 

ʙʘʢʘ. ʋʯʠʪʳʚʘʷ ʪʦʣʴʢʦ ʧʝʨʚʳʡ ʪʦʥ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ (1n=), ʦʧʨʝʜʝʣʠʤ 
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ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʚʥʝʰʥʝʡ ʩʠʣʳ 0F , ʝʩʣʠ ʧʦʜʚʠʞʥʘʷ ʧʣʘʩʪʠʥʘ ʩʦʚʝʨʰʘʝʪ 

ʜʚʠʞʝʥʠʝ ʩ ʫʩʢʦʨʝʥʠʝʤ0 sinʩu a pt= , 0a - ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʣʘʩʪʠʥʳ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ 1n=  ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ, 

1 1 2 2 0sinʩM u m m F pts s* * *+ + = ,                                 (4.115) 

1 1 12 2 1

2

1 0ʩa b us s sb+ - + =,                                     (4.116) 

2 2 21 1 2

2

2 0ʩa b us s sb+ - + =.                                    (4.117) 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʞʠʜʢʦʩʪʠ, ʧʨʠʤʝʤ, ʯʪʦ ʦʙʦʙʱʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ 1( )ts , 2( )ts  ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʟʘʢʦʥʫ 0

1 1 sin pts s= , 0

2 2 sin pts s=  ʠ 

0 sinc cu u pt= , ʠ ʧʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ (4.115)-(4.117) ʚ ʚʠʜʝ, 

2 0 0 0

1 1 2 2 0( )cp M u m m Fs s* * *- + + =,                                  (4.118) 

( ) 0 0 0

1 12

2 2 2 2

2 11 cp pa b ups sb =- + - ,                                 (4.119) 

( )02 2 2 0 0

21 1 2 2

2

2 ca b up p pbs s- =- ++ ,                                (4.120) 

ʠʟ ʫʨʘʚʥʝʥʠʡ (4.119), (4.120) ʦʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʷ 0

1s  ʠ 0

2s ,  

( )1 2 120 0

1 2 2

1 2

2 2 2

2 2

2 2( )( )
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b bp p
p

p p
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b
s

W - W

-

-

+ +
= , 
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ʛʜʝ 1Wʠ 2W -ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʪʨʝʭ ʞʠʜʢʦʩʪʝʡ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʙʘʢʝ. 

2
2

1,2

4
;

2

b b ac

a

- ° -
W =                                          (4.122) 

( )21 211a a a= - , ( )2 2

1 2b b b= +- , ( )2 2

1 2c b b= Ö .                        (4.123) 

ʇʦʜʩʪʘʚʠʤ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ (4.121) ʚ ʫʨʘʚʥʝʥʠʝ (4.118). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʢ ʚʠʜʫ, 

0 0 ʧʨF a M= ,                                                 (4.124) 

ʛʜʝ 
ʧʨM -ʤʘʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 
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4.4.3. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʆʜʥʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ 

ʮʝʣʠʢʦʤ ʥʘʧʦʣʥʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʢʘʧʝʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ ʷʚʣʷʝʪʩʷ, ʯʪʦ ʤʘʩʩʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʨʘʚʥʘ ʩʫʤʤʝ ʤʘʩʩ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʟʘʪʚʝʨʜʝʚʰʝʡ 

ʞʠʜʢʦʩʪʠ [34]. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʬʦʨʤʫʣʘ (4.125) ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ ʤʘʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. 

ɻʨʘʬʠʢ ʦʪʥʦʰʝʥʠʷ /ʧʨM M*
 ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. (4.10). ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʘ 

ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ, 

( ) /ʧʨf p M M*= ,
2

2

2

1

p
p =
W

,
2

2
2 2

1

W
W =

W
,

2
2 1

1 2

1

b
b =

W
,

2
2 2
2 2

1

b
b =

W
, 1

1

0

h
h

r
= ,             (4.126)

1 1 0 2 2 1( ), ( )r r r rD = - D = -,                                         (4.127) 

  

ʈʠʩ. 4.10. ɿʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʦʡ ʤʘʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

( ) /ʧʨf p M M*=  ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ, (n 1)=  ( (1) (2)

1 1,W W ,

(1) (2)

2 2,W W  -ʧʝʨʚʳʝ ʠ ʚʪʦʨʳʝ ʛʣʘʚʥʳʝ ʯʘʩʪʦʪʳ. 
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4.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ, ʥʘʧʦʣʥʝʥʥʦʡ ʪʨʝʤʷ ʥʝʩʤʝʰʠʚʘʶʱʠʤʠʩʷ 

ʞʠʜʢʦʩʪʷʤʠ 

4.5.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 ʇʫʩʪʴ ʦʜʥʦʨʦʜʥʦʝ ʪʝʣʦ ʤʘʩʩʳ  ʪm , ʠʤʝʶʱʝʝ ʬʦʨʤʫ ʧʦʣʫʮʠʣʠʥʜʨʘ ʨʘʜʠʫʩʘ 

R, ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʥʝʤ ʢʨʫʛʣʳʤ ʮʠʣʠʥʜʨʦʤ, ʧʦʣʥʦʩʪʴʶ ʥʘʧʦʣʥʝʥʥʦʛʦ ʪʨʝʤʷ 

ʥʝʩʤʝʰʠʚʘʶʱʠʤʠʩʷ ʞʠʜʢʦʩʪʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠ 

ʚʳʚʝʜʝʥʦ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ (ʩʤ. ʨʠʩ. 4.11.ʘ). ʈʘʩʩʤʦʪʨʠʤ ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ ʪʘʢʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʧʦ ʧʣʦʩʢʦʩʪʠ ʠ 

ʪʨʝʥʠʝ ʢʘʯʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ.  

 
 

(ʘ) (ʙ) 

ʈʠʩ.4.11. ʉʭʝʤʘ ʧʦʣʫʮʠʣʠʥʜʨʘ, ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʥʝʤ ʢʨʫʛʣʳʤ ʮʠʣʠʥʜʨʦʤ, 

ʥʘʧʦʣʥʝʥʥʳʤ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʴʶ 

4.5.2. ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʉʦʩʪʘʚʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [17]. ʅʘ ʪʚʝʨʜʦʝ ʪʝʣʦ, 

ʦʩʚʦʙʦʞʜʝʥʥʦʝ ʦʪ ʚʥʝʰʥʠʭ ʩʚʷʟʝʡ, ʜʝʡʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʠʣʳ: ʩʠʣʳ ʪʷʞʝʩʪʠ 
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ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʝʡ, ʩʠʣʘ ʪʨʝʥʠʷ ʪF  ʠ ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʝʘʢʮʠʷ 

N ʚ ʪʦʯʢʝ ʢʘʩʘʥʠʷ ʧʦʣʫʮʠʣʠʥʜʨʘ ʧʣʦʩʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ. ɺʳʙʨʘʚ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʝ ʆ ʢʘʩʘʥʠʷ ʪʝʣʘ ʚ 

ʤʦʤʝʥʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʶʩʘ, ʪʦʯʢʫ ʉ - ʮʝʥʪʨ ʤʘʩʩ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʟʘʧʠʰʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ 

ʞʠʜʢʦʩʪʷʤʠ, 

;ʪ c ʪ ʛʜʪ y F F= -                                               (4.127) 

( )g;ʪ c ʪ ʞʪ x N ʪ ʪ= - +                                      (4.128) 

sin (R ) M ;c ʪ ʛʜJ Na F aJ J= - - -                               (4.129) 

ʛʜʝ cJ - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʉ, a - ʨʘʩʩʪʦʷʥʠʝ DC, 

ʛʜF - ʧʨʦʝʢʮʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʥʘ ʦʩʴ y ʠ Mʛʜ- ʤʦʤʝʥʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʣ ʞʠʜʢʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʉ, ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʦ ʚ ʨʘʙʦʪʝ 

[17]. 
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,    (4.131) 

ʛʜʝ          (R a)cu y J= = - , 0 1 2
0 0 1 1 2 2( ) ( ) ( )

2 2 2

h h h
S m L m L m L= + + + + +,        (4.132) 
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                  (4.133) 

1nL¡ ʠ 2nL¡- ʧʣʝʯʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʜʘʚʣʝʥʠʡ ʞʠʜʢʦʩʪʝʡ. 

ʀʩʢʣʶʯʠʚ, ʪF  ʠ N  ʠʟ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʷ (4.129), ʧʦʣʫʯʠʤ 
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( )g sin ( )(R ) Mc ʪ c ʪ ʞ ʪ c ʛʜ ʛʜJ ʪ x ʪ ʪ a ʪ y F aJ J
è ø
= + + - + - -
é ùê ú

.            (4.134) 

ʇʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ ʧʦʣʫʮʠʣʠʥʜʨ ʜʚʠʞʝʪʩʷ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ, ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʷ 

ʩʚʷʟʠ, 

sin , cosc cy R a x R aJ J J= - = - .                           (4.135) 

ɼʣʷ ʩʣʫʯʘʷ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ, (sin , s 1),coJ J Jº º  ʥʘʭʦʜʠʤ , ccy x  ʠ ʧʦʜʩʪʘʚʠʤ 

ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʝ (4.134), ʚ ʢʦʪʦʨʦʤ ʪʘʢʞʝ ʧʦʣʘʛʘʝʤ ʛʜF  ʠ Mʛʜ, 

ʚʳʯʠʩʣʝʥʥʳʤʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʣʫʮʠʣʠʥʜʨʘ ʩ ʞʠʜʢʦʩʪʷʤʠ, 
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   (4.136) 

ʛʜʝ 
pJ - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ [76], 

ʵ

p ʨʪ ʨJ J J= + - ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʪʝʣʘ [45] ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ P, 
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= -I + + Iä ,        0 1 2ʞʪ ʪ ʪ ʪ= + +,                   (4.137) 
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           (4.138) 

0I- ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʟʘʪʚʝʨʜʝʚʰʠʭ ʞʠʜʢʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʪʦʯʢʫ ʆ,  
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( )
2

ʪ ʞ

H
S g ʪ a ʪ gJ J* = -  - ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʟʘʪʚʝʨʜʝʚʰʠʭ 

ʞʠʜʢʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ O, 1ns ʠ 2ns - ʦʙʦʙʱʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʦʚ ʞʠʜʢʦʩʪʝʡ, 

0 0 1 1 2 2, ,n n nm V m V m Vr r r¡ ¡ ¡= = = - ʧʨʠʚʝʜʝʥʥʳʝ ʤʘʩʩʳ ʢʦʣʝʙʣʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ, 

3

0 1

2

0

2
,

( 1)
n

n n

r h
V th

r

p
x

x x
=

-
 0 0 1 1( ), ( )l L R a l L R a= + - = + -; 0 0

0

2

2
n n

n

r h
A thx

x
= , 

0 1
1

2

2
n n

n

r h
A thx

x
= , 

0 2
2

2

2
n n

n

r h
A thx

x
= ; 

[ ]1 1 0 1 0 0 0( ) ( )n n n n nB m l A m l A¡ ¡= - - + , [ ]2 2 1 2 1 1 1( ) ( )n n n n nB m l A m l A¡ ¡= - - + ; 

()1 0
dJ

d

x

x
= , ()1J x-ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ [67]. 

ʋʯʠʪʳʚʘʷ ʚʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ, ʦʪʚʝʯʘʶʱʠʭ n-ʦʤʫ ʪʦʥʫ ʢʦʣʝʙʘʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ, ʟʘʧʠʰʝʤ ʧʦʣʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʷʤʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʠʜ 
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2 1
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.                 (4.142) 

4.5.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʝʙʘʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʪʚʝʨʜʦʛʦ ʩ ʞʠʜʢʦʩʪʷʤʠ ʚʚʝʜʝʤ 

ʦʙʦʟʥʘʯʝʥʠʷ,  

2

1 1 0a ( )n n nm m w¡ ¡= - , 2

2 2 1a ( )n n nm m w¡ ¡= - ,
1 1 0 0b ( )n n nm m f¡ ¡= + ,              (4.143) 

2 2 1 1b ( )n n nm f m¡ ¡= + , 1 1 0( )gn nc m m¡ ¡= - , 2 2 1( )gn nc m m¡ ¡= - ,                (4.144) 

21 0 1 2 1
0 1

0 0 0 0 0 0

, , ,n
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r r r r r r
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1
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d
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= .    (4.145) 

ʇʦʣʦʞʠʚ, ʚ ʫʨʘʚʥʝʥʠʷ (4.140) - (4.142),  

1 1

pt

n A es = Ö, 
2 2

pt

n A es = Ö, 
ptC eJ= Ö ,                              (4.146) 

2

1 1

pt

n p A es = Ö, 2

2 2

pt

n p A es = Ö, 2 ptp C eJ= Ö ,                        (4.147) 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʦʜʥʦʨʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʟʘʧʠʩʘʥʥʫʶ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ, 

2 2 2
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;               (4.148) 

ʆʙʦʟʥʘʯʠʚ 2pl= , ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (4.148) ʧʦʣʫʯʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ 3-ʦʛʦ ʧʦʨʷʜʢʘ, 

3 2 0a l b l g l dÖ + Ö + Ö + =;                                  (4.149) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʚʥʳ 

2 2 2

1 2 1 22 11 21 1 11 22 1 11 21 2 11( )p pbb b B m m d B B d m mJ b BJa ¡ ¡ ¡ ¡= - -- +- ;              (4.150) 

2 2

1 2 2 1 1 2 1 22 1 22 2 11 21 1

2

11 2 22 2 1 11 21 2 11 2 11 1

( ) ( 2 )

( ) ( ) ( 2 )

pa b a b bb S g a B b B c m m d S g

B c B c d m m a B b B c

Jb * *¡ ¡= + - - - +

¡ ¡+ + + - -

+
;       (4.151) 
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+
;       (4.152) 

2 2

1 2 2 1 1 2( )a a S g c a c ad *= - + .                                      (4.153) 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ, ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʡ, ʠ ʧʦʵʪʦʤʫ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʘʪʦʯʥʦ ʧʦʩʪʘʚʠʪʴ ʪʨʝʙʦʚʘʥʠʝ, ʯʪʦʙʳ ʚʩʝ ʢʦʨʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʳʣʠ ʯʠʩʪʦ ʤʥʠʤʳʝ ʠʣʠ ʢʚʘʜʨʘʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʨʥʝʡ ʙʳʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʯʠʩʣʘʤʠ ʤʝʥʴʰʝ ʥʫʣʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʘʨʘʤʝʪʨʘʭ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʥʝʨʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ. 

ʆʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʧʦʣʦʩʪʴ, 

ʥʘʧʦʣʥʝʥʥʫʶ ʪʨʝʤʷ ʞʠʜʢʦʩʪʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ (4.12)-(4.21), ʥʘ ʵʪʠʭ 

ʞʝ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʘʤ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

  

ʈʠʩ. 4.12 ʈʠʩ. 4.13 
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ʈʠʩ. 4.14 ʈʠʩ. 4.15 

 

 
 

ʈʠʩ. 4.16 ʈʠʩ. 4.17 

 

 
 

ʈʠʩ. 4.18 ʈʠʩ. 4.19 
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ʈʠʩ. 4.20 ʈʠʩ. 4.21 

ʆʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʧʦʣʦʩʪʴ ʯʘʩʪʠʯʥʦ 

ʥʘʧʦʣʥʝʥʥʦʡ ʜʚʫʤʷ ʞʠʜʢʦʩʪʷʤʠ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ (4.22)-(4.24). 

 
 

ʈʠʩ. 4.22 ʈʠʩ. 4.23 
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ʈʠʩ. 4.24 ʈʠʩ. 4.25 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 

¶ ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʙʦʣʴʰʠʭ ʘʤʧʣʠʪʫʜʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʩʦʩʫʜʘ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

¶ ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

ʠʤʝʁɦ ʝʛʦ ʧʦʣʦʩʪʴ, ʥʘʧʦʣʥʝʥʥʦʡ ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

¶ ɼʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʧʦʣʦʩʪʴ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʫʶ 

ʪʨʸʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʣʫʯʘʷ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʧʦʣʦʩʪʴ ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʴʶ. 
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ɻʃɸɺɸ 5. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʃɽɹɸʅʀʁ 

ʉʃʆʀʉʊʆʁ ɾʀɼʂʆʉʊʀ ɺ ʅɽʇʆɼɺʀɾʅʆʄ ʀ ʇʆɼɺʀɾʅʆʄ ɹɸʂɸʍ 

ɺ ʛʣʘʚʝ 5 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ 

ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʠ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʠ ʧʦʜʚʠʞʥʦʤ ʙʘʢʘʭ. ɼʘʥʦ ʦʧʠʩʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʩʥʦʚʥʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʝʙʘʥʠʡ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ. 

5.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʩʣʦʠʩʪʦʡ ʞʠʜʢʦʩʪʠ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʳʪʫʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚʦʜʘ 3

2 1000 /ʢʛ ʤr= , 

ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ ʧʣʦʪʥʦʩʪʴʶ (3

1 920 /ʢʛ ʤr= ) ʠ ʤʫʨʘʚʴʠʥʳʡ ʩʧʠʨʪ (

3

0 830 /ʢʛ ʤr= ), ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʦʜʘ - 

ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ (1 0.013 /ʤʅs= ) ʠ ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ - ʤʫʨʘʚʴʠʥʦʛʦ 

ʩʧʠʨʪʘ ( 2 0.02 /ʤʅs= ), ʟʥʘʯʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʚʦʜʳ (

6 2

2 1,006.10 /ʤ ʩn -= ), ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ (6 2

1 39,6.10 /ʤ ʩn -= ) ʠ ʤʫʨʘʚʴʠʥʦʛʦ 

ʩʧʠʨʪʘ ( 6 2

0 1,54.10 /ʤ ʩn -= ). 

5.2. ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʨʠʩ. (5.1) ʩʦʩʪʦʷʣʘ ʠʟ ʦʩʥʦʚʘʥʠʷ -1, 

ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʳ -2, ʧʨʦʟʨʘʯʥʦʛʦ ʙʘʢʘ -3, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʙʫʜʠʪʝʣʷ 

ʢʦʣʝʙʘʥʠʡ -4 ʠ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʩʥʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʣʦ 

ʩʦʙʦʡ ʥʝʧʦʜʚʠʞʥʫʶ ʧʣʘʩʪʠʥʫ ʠʟ ʪʝʢʩʪʦʣʠʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʙʳʣʠ ʟʘʢʨʝʧʣʝʥʳ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʚʦʟʙʫʜʠʪʝʣʴ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʷʶʱʠʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʣʘʚʥʦʝ ʜʚʠʞʝʥʠʝ ʙʝʟ ʙʘʢʦʚʳʭ ʚʠʙʨʘʮʠʡ ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʳ. 

ʂʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʷʣ ʠʟ ʪʝʥʟʦʩʪʘʥʮʠʠ ɺʀ6-6ʊʅ -5, 

ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ -6 ʠ ʧʝʨʝʤʝʱʝʥʠʷ -7, ʎʠʬʨʦʚʦʛʦ USB-ʦʩʮʠʣʣʦʛʨʘʬʘ Hantek 

6022BE -8 ʠ ʥʦʫʪʙʫʢ -9 ʠ ʙʣʦʢʘ ʧʠʪʘʥʠʷ HY5003-2 -10 , ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʘʣʠʩʴ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʦʣʝ, ʚʙʣʠʟʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʦʩʥʦʚʘʥʠʷ. ɹʣʦʢ ʧʠʪʘʥʠʷ HY5003-2 
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ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʠʪʘʥʠʷ ʪʝʥʟʦʩʪʘʥʮʠʠ ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʋʧʨʘʚʣʝʥʠʝ ʠ 

ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ ʦʩʮʠʣʣʦʛʨʘʬʘ Hantek 6022BE ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʝʨʩʦʥʘʣʴʥʳʤ 

ʢʦʤʧʴʶʪʝʨʦʤ/ʥʦʫʪʙʫʢʦʤ/ʥʝʪʙʫʢʦʤ/ʧʣʘʥʰʝʪʦʤ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ Windows ʯʝʨʝʟ USB ʠʥʪʝʨʬʝʡʩ. 

ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. (5.1). 

 

ʈʠʩ. 5.1. ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: 1-ʦʩʥʦʚʘʥʠʝ, 2-ʧʦʜʚʠʞʥʘʷ 

ʧʣʘʩʪʠʥʘ, 3-ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ, 4- ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʚʦʟʙʫʜʠʪʝʣʴ, 5- 

ʪʝʥʟʦʩʪʘʥʮʠʷ ɺʀ6-6ʊʅ, 6- ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, 7- ʜʘʪʯʠʢ ʧʝʨʝʤʝʱʝʥʠʷ, 8- ʎʠʬʨʦʚʦʡ 

USB-ʦʩʮʠʣʣʦʛʨʘʬ Hantek 6022BE, 9- ʥʦʫʪʙʫʢ ASUS, 10- ɹʣʦʢ ʧʠʪʘʥʠʷ HY5003-2. 

5.3. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʚʦʟʙʫʜʠʪʝʣʴ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʦʷʣ ʠʟ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ 

ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠʥʜʫʢʪʠʚʥʘʷ 

ʰʝʩʪʠʢʘʥʘʣʴʥʘʷ ʤʘʣʦʛʘʙʘʨʠʪʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ɺʀ6-6ʊʅ, ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ 

ʙʣʦʢʦʤ ʧʠʪʘʥʠʷ. ʋʩʪʘʥʦʚʢʘ ɺʀ6-6ʊʅ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʘʮʠʠ, 
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ʫʩʢʦʨʝʥʠʡ, ʜʘʚʣʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ. ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʫʨʳ ʣʝʞʠʪ 

ʧʨʠʥʮʠʧ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ ʯʘʩʪʦʪʳ ʠʥʜʫʢʪʠʚʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, 

ʚʢʣʶʯʸʥʥʳʤʠ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʩʭʝʤʝ. 

ʀʟʤʝʨʝʥʠʝ ʜʘʚʣʝʥʠʡ 

ɼʘʪʯʠʢ ʜʘʚʣʝʥʠʡ ɼɼ-6ʉ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʡ ʞʠʜʢʦʩʪʝʡ ʠ 

ʛʘʟʦʚ. ɽʛʦ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʥʘ ʨʠʩ. 5.2(ʘ,ʙ). ʅʘ ʢʦʨʧʫʩ, 

ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʘʶʪʩʷ ʜʚʘ ʐ-ʦʙʨʘʟʥʳʭ ʩʨʝʜʥʠʢʦʚ ʩ ʦʙʤʦʪʢʘʤʠ, ʥʘʚʠʥʯʠʚʘʝʪʩʷ 

ʦʧʨʘʚʢʘ ʩ ʤʝʤʙʨʘʥʦʡ. ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘ ʦʧʨʘʚʢʫ ʥʘʚʠʥʯʠʚʘʝʪʩʷ ʰʪʫʮʝʨ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʘʪʯʠʢʘ ʷʚʣʷʝʪʩʷ ʤʝʤʙʨʘʥʘ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʜʘʚʣʝʥʠʷ 

ʠʟʤʝʥʷʝʪʩʷ ʟʘʟʦʨ ʤʝʞʜʫ ʤʝʤʙʨʘʥʦʡ ʠ ʩʝʨʜʝʯʥʠʢʦʤ, ʚʳʟʳʚʘʷ ʪʝʤ ʩʘʤʳʤ 

ʠʟʤʝʥʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʜʥʦʛʦ ʧʣʝʯʘ. ɺʪʦʨʦʡ ʩʝʨʜʝʯʥʠʢ ʟʘʤʢʥʫʪ 

ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʦʡ ʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤ. 

 

 

ʈʠʩ. 5.2.(ʘ) ɺʥʝʰʥʠʡ ʚʠʜ ʜʘʪʯʠʢʘ 

ʜʘʚʣʝʥʠʷ ɼɼ-6ʉ 

ʈʠʩ. 5.2.(ʙ) ʂʦʥʩʪʨʫʢʮʠʷ ʜʘʪʯʠʢʘ 

ʜʘʚʣʝʥʠʷ ɼɼ-6ʉ: 1-ʰʪʫʮʝʨ; 2-

ʤʝʤʙʨʘʥʘ;3-ʷʨʤʦ;4-ʛʘʡʢʘ;5-ʢʦʨʧʫʩ;6-

ʢʘʪʫʰʢʘ;7-ʩʝʨʜʝʥʠʯʥʠʢ;8-ʢʘʪʫʰʢʘ 

ɼʘʪʯʠʢ ɼɼ-6ʉ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʘʤʧʣʠʪʫʜʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ 0,01 ʜʦ 20 

ʢʛ/ʩʤ2. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʤʙʨʘʥ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ, ʪʘʢ ʯʪʦ ʚ 

ʧʨʠʥʮʠʧʝ, ʦʜʠʥ ʜʘʪʯʠʢ ʤʦʞʝʪ ʠʤʝʪʴ ʩʲʝʤʥʳʝ ʦʧʨʘʚʢʠ ʩ ʤʝʤʙʨʘʥʘʤʠ ʨʘʟʣʠʯʥʦʡ 

ʞʝʩʪʢʦʩʪʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʞʝʩʪʢʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʠ ʩʦʙʩʪʚʝʥʥʘʷ 

ʯʘʩʪʦʪʘ ʜʘʪʯʠʢʘ. ɽʩʣʠ ʠʟʤʝʨʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʘʪʯʠʢʘʤʠ ɼɼ-6ʉ ʩ 
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ʘʤʧʣʠʪʫʜʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʦʪ 1 ʢʛ/ʩʤ2 ʠ ʚʳʰʝ, ʪʦ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʜʘʪʯʠʢʘ 

ʩʨʝʟʘʝʪʩʷ ʬʠʣʴʪʨʦʤ 0-200 ɻʮ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʘʧʧʘʨʘʪʫʨʝ. 

ɽʩʣʠ ʞʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʪʯʠʢʠ ʩ 

ʘʤʧʣʠʪʫʜʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʤʝʥʝʝ 1 ʢʛ/ʩʤ2, ʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʬʠʣʴʪʨ 0-30 ɻʮ, 

ʚʭʦʜʷʱʠʡ ʚ ʢʦʤʧʣʝʢʪ ʘʧʧʘʨʘʪʫʨʳ. 

ʀʟʤʝʥʝʥʠʝ ʧʝʨʝʤʝʰʝʥʠʡ 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʜʚʫʭ ʜʝʪʘʣʝʡ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʘʪʯʠʢʠ ʧʝʨʝʤʝʱʝʥʠʡ ɼʇ-3ʉʄ. ɺʥʝʰʥʠʡ ʚʠʜ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʜʘʪʯʠʢʘ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.3(ʘ, ʙ). 

ɺ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʨʧʫʩʝ ʨʘʟʤʝʱʘʝʪʩʷ ʢʘʪʫʰʢʘ ʩ ʦʙʤʦʪʢʘʤʠ. ʂʦʨʧʫʩ 

ʜʘʪʯʠʢʘ ʦʙʳʯʥʦ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʧʦʜʚʠʞʥʦʡ ʜʝʪʘʣʠ (ʠʣʠ ʥʘ ʦʜʥʦʡ ʠʟ ʥʠʭ). 

ʉʪʝʨʞʝʥʴ ʩ ʧʦʤʦʱʴʶ ʨʝʟʴʙʳ ʥʘ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʜʨʫʛʦʡ ʜʝʪʘʣʠ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʢʦʣʴʮʦ ʠʟ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ ʥʘʯʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʩʪʦʷʣʦ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʤʦʪʦʢ. ʇʨʠ ʩʤʝʱʝʥʠʷʭ ʩʪʝʨʞʥʷ ʤʝʥʷʝʪʩʷ 

ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʙʘʣʘʥʩʘ 

ʚʭʦʜʥʦʛʦ ʤʦʩʪʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʜʘʪʯʠʢʦʚ, ʜʘʪʯʠʢ ʧʝʨʝʤʝʱʝʥʠʡ ʥʝ ʠʤʝʝʪ 

ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʝʛʦ ʯʘʩʪʦʪʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʬʠʣʴʪʨʦʚ ʘʧʧʘʨʘʪʫʨʳ. 

 

 

ʈʠʩ. 5.3.(ʘ) ɺʥʝʰʥʠʡ ʚʠʜ ʜʘʪʯʠʢʘ 

ʧʝʨʝʤʝʱʝʥʠʡ 

ʈʠʩ. 5.3.(ʙ) ʂʦʥʩʪʨʫʢʮʠʷ ʜʘʪʯʠʢʘ 

ʧʝʨʝʤʝʱʝʥʠʡ ɼʇ-3ʉʄ: 1-ʩʪʝʨʞʝʥʴ; 2-

ʢʦʨʧʫʩ; 3-ʢʘʪʫʰʢʘ; 4-ʛʘʡʢʘ; 5-ʦʙʦʣʦʯʢʘ. 
















