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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʪʚʸʨʜʳʭ ʪʝʣ ʩ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʚ ʦʙʣʘʩʪʠ ʜʠʥʘʤʠʢʠ ʪʚʸʨʜʳʭ ʪʝʣ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ 

ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʠʟʫʯʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʪʚʸʨʜʳʭ ʪʝʣ ʠ ʞʠʜʢʦʩʪʝʡ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ 

ʨʝʟʝʨʚʫʘʨʘʭ. ʉʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʢʨʠʦʛʝʥʥʳʝ ʞʠʜʢʦʩʪʠ: 

ʞʠʜʢʠʝ ʚʦʜʦʨʦʜ, ʢʠʩʣʦʨʦʜ, ʘʟʦʪ ʠ ʞʠʜʢʠʡ ʤʝʪʘʥ [11, 92, 132], ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ.  

ʇʨʠʤʝʯʘʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʦ ʚʩʝʭ 

ʨʝʞʠʤʘʭ ʭʨʘʥʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʷ ʤʘʩʩʦʚʳʭ ʩʠʣ. ʉʪʨʘʪʠʬʠʢʘʮʠʷ ʞʠʜʢʦʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʠʣʘ. ɾʠʜʢʦʩʪʴ ʩ 

ʧʣʦʪʥʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ [1, 19, 50, 56, 89, 118]. ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ 

ʪʝʨʤʠʥʳ çʢʨʠʦʛʝʥʥʘʷè, çʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʘʷè ʠ çʥʝʦʜʥʦʨʦʜʥʘʷè ʞʠʜʢʦʩʪʴ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʠʥʦʥʠʤʳ.  

ɼʠʥʘʤʠʢʘ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʞʠʜʢʦʩʪʴ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ [48, 68-69, 107, 113]. ʇʦʚʝʜʝʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʠʤʝʝʪ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʠʤʝʶʱʠʭ 

ʞʠʜʢʦʝ ʪʦʧʣʠʚʦ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʩʣʦʞʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʚʨʘʱʘʶʱʠʝʩʷ ʨʦʪʦʨʳ, ʮʝʥʪʨʠʬʫʛʠ ʠ ʛʠʨʦʩʢʦʧʳ ʩ ʞʠʜʢʠʤ 

ʥʘʧʦʣʥʝʥʠʝʤ [33, 35]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʵʪʠʭ ʧʨʦʙʣʝʤ ʚʦʟʥʠʢ ʠʥʪʝʨʝʩ ʢ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʞʠʜʢʦʩʪʠ ʚ 

ʧʦʣʦʩʪʠ ʠ ʬʦʨʤʘ ʩʘʤʦʡ ʧʦʣʦʩʪʠ [33-35, 39, 54, 64-65, 73, 81-82, 91]. ɼʚʠʞʝʥʠʝ 
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ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʥʘʧʦʣʥʝʥʥʳʤʠ ʦʜʥʦʨʦʜʥʦʡ ʠʜʝʘʣʴʥʦʡ ʠʣʠ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʰʠʨʦʢʦ ʠʟʫʯʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [7, 10, 12, 18, 41-42, 57, 98]. ɺʧʦʩʣʝʜʩʪʚʠʠ 

ʙʳʣʦ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʜʚʠʞʝʥʠʝ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʥʘʧʦʣʥʝʥʥʳʤʠ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠʣʠ ʢʨʠʦʛʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚ ʨʘʙʦʪʘʭ [1-5, 22-23, 26, 28-30, 

47, 50-52, 79, 95-96]. 

ɺ ʨʘʢʝʪʘʭ ʥʘ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʝʪʦʤ ʨʘʢʝʪʳ. ʄʥʦʛʠʝ ʫʯʸʥʳʝ ʠʟʫʯʘʣʠ 

ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʩʦʩʫʜʘʭ ʨʘʢʝʪʳ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ ʠʟ-ʟʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ [7, 37-38, 48, 75, 77, 

107-109, 113]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʪʚʸʨʜʳʭ ʪʝʣ 

ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʜʢʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ 

ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ, ʬʦʨʤʳ ʤʦʜ, ʜʝʤʧʬʠʨʦʚʘʥʠʝ. ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʩʣʝʜʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ, ʩʦʜʝʨʞʘʱʝʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʫʶ ʞʠʜʢʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ. ɺʣʠʷʥʠʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʞʠʜʢʦʩʪʠ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ 

ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ 

ʚʨʘʱʘʶʱʠʭʩʷ ʪʚʸʨʜʳʭ ʪʝʣ, ʥʘʧʦʣʥʝʥʥʳʭ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʩʩʣʦʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʜʠʥʘʤʠʢʫ 

ʪʚʨyʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ.  

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʵʣʣʠʧʩʦʠʜʘʣʴʥʫʶ 

ʧʦʣʦʩʪʴ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ, 

ʩʦʚʝʨʰʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʝ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ.  
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2. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʸʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʝʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ ʧʨʠ ʤʘʣʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʸʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʧʨʠ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ 

ʪʦʯʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ 

ʥʘʧʦʣʥʝʥʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 

ʨʝʰʝʥʠʡ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ. ʇʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ: ʤʝʪʦʜ ʇʫʘʥʢʘʨʝ, ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʤʝʪʦʜ 

ʦʙʦʙʱʝʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʌ.ʃ. ʏʝʨʥʦʫʩʴʢʦ ʠ ʤʝʪʦʜ ɹʫʙʥʦʚʘ-ɻʘʣʸʨʢʠʥʘ.  

ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʀʩʩʣʝʜʦʚʘʥʳ ʫʨʘʚʥʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʴʶ, ʟʘʧʦʣʥʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʩʦʚʝʨʰʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʝ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ. 

2. ʇʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʵʣʣʠʧʩʦʠʜʥʦʡ 

ʧʦʣʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ. 

3. ʀʩʩʣʝʜʦʚʘʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, 

ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ ʚ ʪʚʸʨʜʦʤ 

ʪʝʣʝ, ʧʨʠ ʤʘʣʦʡ ʠ ʙʦʣʴʰʦʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ. 

4. ʇʦʣʫʯʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. 
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5. ʈʘʩʩʯʠʪʘʥʳ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ, 

ʧʦʣʥʦʩʪʴʶ ʠ ʯʘʩʪʠʯʥʦ ʥʘʧʦʣʥʝʥʥʫʶ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ ʠʟ ʩʨʘʚʥʝʥʠʷ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʯʠʩʣʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʪʚʸʨʜʳʭ ʪʝʣ, ʠʤʝʶʱʠʭ ʧʦʣʦʩʪʠ, 

ʟʘʧʦʣʥʝʥʥʳʝ ʧʦʣʦʩʪʴʶ ʠ ʯʘʩʪʠʯʥʦ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ, ʢʦʩʤʠʯʝʩʢʠʭ ʪʘʥʢʝʨʦʚ ʠ ʤʦʨʩʢʠʭ ʛʘʟʦʚʦʟʦʚ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʠ ʧʦʜʨʦʙʥʳʝ 

ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʜʘʯ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʸʪʳ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʦʙʣʘʩʪʝʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʦʚʦʜʠʣʠʩʴ 

ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Maple. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟ ʩʦʚʤʝʩʪʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʘʚʪʦʨʦʤ ʠ ʦʙʩʫʞʜʘʣʠʩʴ 

ʩʦʚʤʝʩʪʥʦ ʚʤʝʩʪʝ ʩ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʥʘʫʯʥʳʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʬʠʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: 

1. ʍLV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʘʜʝʤʠʯʝʩʢʠʝ ʯʪʝʥʠʷ ʧʦ 

ʢʦʩʤʦʥʘʚʪʠʢʝ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʸʚʘè, ʄɻʊʋ ʠʤ. ʅ. 

ʕ. ɹʘʫʤʘʥʘ, (ʛ. ʄʦʩʢʚʘ, 30 ʤʘʨʪʘ ï 2 ʘʧʨʝʣʷ 2021 ʛ.); 

2. III ʄʝʞʚʫʟʦʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʩʦʠʩʢʘʪʝʣʝʡ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʅɸʋʂɸ, ʊɽʍʅʆʃʆɻʀʀ ʀ ɹʀɿʅɽʉè, ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, (ʛ. ʄʦʩʢʚʘ, 

27ï28 ʘʧʨʝʣʷ 2021 ʛ.); 
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3. VII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠè, ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, (ʛ. ʄʦʩʢʚʘ, 7ï10 ʜʝʢʘʙʨʷ 2021 

ʛ.); 

4. VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɼʠʥʘʤʠʢʘ ʠ 

ʚʠʙʨʦʘʢʫʩʪʠʢʘ ʤʘʰʠʥè, ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ʇ. ʂʦʨʦʣʸʚʘ, (ʛ. 

ʉʘʤʘʨʘ, 21ï23 ʩʝʥʪʷʙʨʷ 2022 ʛ.); 

5. 13-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɺʦʣʥʳ ʠ 

ʚʠʭʨʠ ʚ ʩʣʦʞʥʳʭ ʩʨʝʜʘʭè, ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. 

ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ, (ʛ. ʄʦʩʢʚʘ, 30 ʥʦʷʙʨʷ ï 02 ʜʝʢʘʙʨʷ 2022 ʛ.); 

6. VIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠè, ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, (ʛ. ʄʦʩʢʚʘ, 6ï9 

ʜʝʢʘʙʨʷ 2022 ʛ.); 

7. 14-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɺʦʣʥʳ ʠ 

ʚʠʭʨʠ ʚ ʩʣʦʞʥʳʭ ʩʨʝʜʘʭè, ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. 

ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ, (ʛ. ʄʦʩʢʚʘ, 28 ʥʦʷʙʨʷ ï 01 ʜʝʢʘʙʨʷ 2023 ʛ.); 

8. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠè, ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, (ʛ. ʄʦʩʢʚʘ, 5ï8 ʜʝʢʘʙʨʷ 2023 ʛ.); 

9. ʉʝʤʠʥʘʨ çʇʨʠʢʣʘʜʥʘʷ ʤʝʭʘʥʠʢʘ ʩʧʣʦʰʥʳʭ ʩʨʝʜè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ.ʅ. 

ʈʦʞʢʦʚʘ, ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ, (ʛ. 

ʄʦʩʢʚʘ, 25 ʘʧʨʝʣʷ 2024 ʛ.);  

10. ʉʝʤʠʥʘʨ çɼʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʤʝʭʘʥʠʢʘè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʧʨʦʬʝʩʩʦʨʘ ɹ.ʉ. ɹʘʨʜʠʥʘ, ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ, (ʛ. ʄʦʩʢʚʘ, 30 

ʤʘʷ 2024 ʛ.); 

11. ʉʝʤʠʥʘʨ çʊʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʘʢʘʜʝʤʠʢʘ ʌ.ʃ. ʏʝʨʥʦʫʩʴʢʦ, ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. 

ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ, (ʛ. ʄʦʩʢʚʘ, 26 ʩʝʥʪʷʙʨʷ 2024 ʛ.). 
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ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ 15 ʥʘʫʯʥʳʭ 

ʨʘʙʦʪʘʭ. ʀʟ ʥʠʭ 7 ʩʪʘʪʝʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ 

ɺɸʂ ʠ 8 ʨʘʙʦʪ ï ʚ ʩʙʦʨʥʠʢʘʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʟʠʩʦʚ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ 

ʩ ʢʨʘʪʢʠʤʠ ʚʳʚʦʜʘʤʠ ʧʦ ʢʘʞʜʦʡ ʛʣʘʚʝ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʧʫʙʣʠʢʘʮʠʡ ʠ 

ʣʠʪʝʨʘʪʫʨʳ. ʇʦʣʥʳʡ ʦʙʲʸʤ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 166 ʩʪʨʘʥʠʮ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʚʢʣʯʁʘʷ 62 ʨʠʩʫʥʢʦʚ ʠ 14 ʪʘʙʣʠʮ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʜʦʮʝʥʪʫ ʊʝʤʥʦʚ ɸʣʝʢʩʘʥʜʨʫ ʅʠʢʦʣʘʝʚʠʯʫ ʠ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ ʜʦʮʝʥʪʫ 

ʐʢʘʧʦʚʫ ʇʘʚʣʫ ʄʠʭʘʡʣʦʚʠʯʫ ʟʘ ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʨʘʙʦʪʝ, ʧʦʣʝʟʥʳʝ 

ʢʦʥʩʫʣʴʪʘʮʠʠ, ʦʙʩʫʞʜʝʥʠʷ ʠ ʩʦʚʝʪʳ. 
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ɻʃɸɺɸ 1. ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀʉʉʃɽɼʆɺɸʅʀʁ ɼʀʅɸʄʀʂʀ 

ʊɺɪʈɼʓʍ ʊɽʃ ʉ ʇʆʃʆʉʊʗʄʀ, ʅɸʇʆʃʅɽʅʅʓʄʀ ɾʀɼʂʆʉʊʔʖ 

1.1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ɼʚʠʞʝʥʠʝ ʪʚʸʨʜʳʭ ʪʝʣ, ʩʦʜʝʨʞʘʱʠʭ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʷʭ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʫʯʠʪʳʚʘʷ ʝʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʪʝʦʨʠʠ ʜʚʠʞʝʥʠʷ ʨʦʪʦʨʦʚ ʠ 

ʛʠʨʦʩʢʦʧʦʚ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʢʝʪʳ ʥʘ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ ʦʜʥʦʡ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʤʘʩʩʳ ʨʘʢʝʪʳ, ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ. ʂʨʘʡʥʝ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʝ ʠ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʣʠʚʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 90 % ʤʘʩʩʳ 

ʨʘʢʝʪʳ. ʂʦʣʝʙʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʦʧʣʠʚʥʳʭ ʙʘʢʘʭ ʚʦ ʚʨʝʤʷ ʧʦʣʸʪʘ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʦʙʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʢʝʪʳ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚ ʙʘʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʣʘʩʩʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʤʝʭʘʥʠʢʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʙʰʠʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʸʥʳʭ ʧʨʦʚʦʜʠʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʥʘʧʦʣʥʝʥʥʳʤʠ ʞʠʜʢʦʩʪʴʶ. 

ɺʩʝ ʨʘʙʦʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʞʠʜʢʦʩʪʷʤʠ, ʤʦʞʥʦ 

ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʝʩʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʧʦʣʥʦʩʪʴʶ ʠ ʯʘʩʪʠʯʥʦ ʥʘʧʦʣʥʝʥʥʳʤʠ 

ʥʝʩʞʠʤʘʝʤʦʡ ʦʜʥʦʨʦʜʥʦʡ ʠʜʝʘʣʴʥʦʡ ʠʣʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ 

ʩʚʷʟʘʥʘ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ 

ʘʥʘʣʠʟʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʚ ʧʦʜʚʠʞʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ. ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʢʘʩʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʠʥʘʤʠʢʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʟʘʤʢʥʫʪʳʭ ʠ ʦʪʢʨʳʪʳʭ 

ʦʙʣʘʩʪʷʭ. 
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1.1.1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʧʦʣʥʦʩʪʴʶ ʠ 

ʯʘʩʪʠʯʥʦ ʥʘʧʦʣʥʝʥʥʳʤʠ ʥʝʩʞʠʤʘʝʤʦʡ ʦʜʥʦʨʦʜʥʦʡ ʠʜʝʘʣʴʥʦʡ ʠʣʠ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʴʶ 

ɿʘʜʘʯʘ ʦ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʥʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, 

ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʤʝʭʘʥʠʢʠ. ɺʧʝʨʚʳʝ ʵʪʦʡ ʧʨʦʙʣʝʤʦʡ ʟʘʥʠʤʘʣʩʷ 

ɼ.ɻ. ʉʪʦʢʩ (1842-1847 ʛʛ.), ʘ ʟʘʪʝʤ ɻ.ʌ. ɻʝʣʴʤʛʦʣʴʮ (1860 ʛ.) ʠ ɻ. ʃʵʤʙ (1873 ʛ.). ɺ 

1885 ʛʦʜʫ ʅ.ɽ. ɾʫʢʦʚʩʢʠʡ ʧʨʦʚʝʣ ʧʝʨʚʦʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʷʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʦʜʥʦʨʦʜʥʦʡ ʠʜʝʘʣʴʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʴʶ. ʅ.ɽ. ɾʫʢʦʚʩʢʠʡ [41] ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʜʥʦʩʚʷʟʥʳʭ ʧʦʣʦʩʪʝʡ 

ʦʜʥʦʨʦʜʥʘʷ ʥʝʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʘ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʪʚʸʨʜʳʤ 

ʪʝʣʦʤ, ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʤʘʩʩʝ ʞʠʜʢʦʩʪʠ, ʘ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʟʘʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʠ. 

ʀʟʫʯʝʥʠʝ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʞʠʜʢʦʩʪʴʶ, 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ. ʃʦʨʜ 

ʂʝʣʴʚʠʥ (1877) ʧʨʦʚʦʜʠʣ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʦʣʯʢʦʤ ʚ ʚʠʜʝ ʪʦʥʢʦʩʪʝʥʥʦʡ ʦʙʦʣʦʯʢʠ 

ʚ ʬʦʨʤʝ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʧʣʶʩʥʫʪʘʷ ʬʦʨʤʘ ʦʙʦʣʦʯʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʚʨʘʱʝʥʠʶ 

ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʆʜʥʘʢʦ ʝʩʣʠ 

ʦʙʦʣʦʯʢʘ ʭʦʪʴ ʥʝʤʥʦʛʦ ʚʳʪʷʥʫʪʘ, ʚʨʘʱʝʥʠʝ ʚʦʣʯʢʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɸ.ɼ. ɻʨʠʥʭʠʣʣʘ 

(1880), ʌ.ɸ. ʉʣʫʜʩʢʦʛʦ (1895), ʉ.ʉ. ʍʘʬʘ (1895), ɸ. ʇʫʘʥʢʘʨʝ (1910) ʠ ɸ.ɹ ɹʘʩʩʝʪ 

(1911) ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʲʷʩʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʂʝʣʴʚʠʥʘ. 

ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʜʥʦʨʦʜʥʦʝ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʧʦʨʦʞʜʘʝʪʩʷ 

ʠʜʝʘʣʴʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʝʡ ʵʣʣʠʧʩʦʠʜʘʣʴʥʫʶ 

ʧʦʣʦʩʪʴ. ɸ. ʇʫʘʥʢʘʨʝ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʣ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʦʣʯʢʘ, 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʂʝʣʴʚʠʥʦʤ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʫʧʨʫʛʦʩʪʴ ʦʙʦʣʦʯʢʠ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʞʠʜʢʦʩʪʠ [129]. 

ɺ 1950-ʭ ʛʦʜʘʭ ʚ ʩʚʷʟʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ 

ʚʦʟʥʠʢʣʘ ʥʦʚʘʷ ʧʨʦʙʣʝʤʘ: ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ, 

ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʝʡ ʝʛʦ ʧʦʣʦʩʪʠ. ɺ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ 
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ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʵʪʦʡ ʪʝʤʝ. ɺ ʉʉʉʈ ʠ ʈʦʩʩʠʠ ʟʘʤʝʪʥʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʚʥʝʩʣʠ ʉ.ʃ. ʉʦʙʦʣʝʚ, ʅ.ɻ. ʏʝʪʘʝʚ, ʃ.ʅ. ʉʨʝʪʝʥʩʢʠʡ, ɼ.ɽ. ʆʭʦʮʠʤʩʢʠʡ, 

ɻ.ʉ. ʅʘʨʠʤʘʥʦʚ, ɸ.ʖ. ʀʰʣʠʥʩʢʠʡ, ʅ.ʅ. ʄʦʠʩʝʝʚ, ɺ.ɺ. ʈʫʤʷʥʮʝʚ, ʌ.ʃ. ʏʝʨʥʦʫʩʴʢʦ, 

ʄ.ɽ. ʊʝʤʯʝʥʢʦ, ʉ.ɺ. ʄʘʣʘʰʝʥʢʦ, ɻ.ɸ. ʄʠʢʠʰʝʚ, ɹ.ʀ. ʈʘʙʠʥʦʚʠʯ, ʃ.ɺ. ɼʦʢʫʯʘʝʚ, 

ʂ.ʉ. ʂʦʣʝʩʥʠʢʦʚ, ʉ.ɻ. ʂʨʝʡʥ, ʀ.ɸ. ʃʫʢʦʚʩʢʠʡ, ʇ.ɺ. ʍʘʨʣʘʤʦʚ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʘʚʪʦʨʳ. ɺʘʞʥʳʡ ʚʢʣʘʜ ʚʥʝʩʣʠ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ, ʪʘʢʠʝ ʢʘʢ H. Poincar®, S.S. 

Hough, L. Kelvin, A. E.H. Love, A.G. Webster, J.B. Serrin, H.P. Greenspan, J.W. Daily, 

L. Lichtenstein, A.B. Basset, A.G. Greenhill, J.W. Miles, K. Stewartson ʠ ʜʨ.  

ʉʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝ, ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʶ ʣʠʥʝʡʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʷʤʠ, ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʤʠ 

ʦʜʥʦʨʦʜʥʦʡ ʠʜʝʘʣʴʥʦʡ ʠʣʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʣʫʯʘʷ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʩ ʧʦʣʦʩʪʷʤʠ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʤʠ 

ʥʝʩʞʠʤʘʝʤʦʡ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ɺ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ ʦʙʩʫʞʜʘʣʠʩʴ ʚʦʧʨʦʩʳ ʦ ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ɸ.ʄ. ʃʷʧʫʥʦʚʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʠʛʫʨ ʨʘʚʥʦʚʝʩʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʠʥʘʤʠʢʝ ʪʚʸʨʜʳʭ ʪʝʣ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʦʩʪʠ, ʟʘʧʦʣʥʝʥʥʳʝ 

ʞʠʜʢʦʩʪʴʶ [36, 39, 54, 73, 81-82]. ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʯʘʩʪʦ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʥʠʤʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚʙʣʠʟʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʋʧʨʦʱʝʥʥʘʷ ʟʘʜʘʯʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʣʠʙʦ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ, ʣʠʙʦ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʃʷʧʫʥʦʚʫ [62, 67, 81-82].  

ʏʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʟʘʜʘʯʫ ʦ ʚʠʭʨʝʚʦʤ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʭʨʝʚʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ. ʕʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ. ʉ.ɺ. ɾʘʢ [40] 

ʧʦʢʘʟʘʣ, ʯʪʦ ʵʣʣʠʧʩʦʠʜʥʘʷ ʧʦʣʦʩʪʴ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʦʣʦʩʪʴʶ ʚ ʢʣʘʩʩʝ 

ʟʘʤʢʥʫʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʨʘʱʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ. 

ʊʨʝʭʦʩʥʘʷ ʵʣʣʠʧʩʦʠʜʘʣʴʥʘʷ ʧʦʣʦʩʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʘʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ [41, 129]. ɺ ʩʪʘʪʴʝ ʃ.ɽ. 

ɺʝʩʝʣʦʚʦʡ [18] ʨʘʩʩʤʦʪʨʝʥʦ ʜʚʠʞʝʥʠʝ ʪʝʣʘ ʩ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʴʶ, 
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ʟʘʧʦʣʥʝʥʥʦʡ ʠʜʝʘʣʴʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ, ʩʦʚʝʨʰʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʝ 

ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʣʝʙʘʥʠʡ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, 

ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʫʯʠʪʳʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘ, ʚʥʦʩʠʤʳʝ ʚʠʭʨʝʚʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ [83]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʯʘʩʪʦʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ ʩ ʙʝʩʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʢʦʨʥʝʡ. ʋʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʧʨʦʩʪʳʝ ʧʦʣʶʩʘ ʚ 

ʪʦʯʢʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪʘʤ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ 

ʥʝʧʦʜʚʠʞʥʦʛʦ ʪʝʣʘ. ɺ ʜʘʥʥʦʤ ʪʝʢʩʪʝ ʦʧʠʩʘʥʘ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʚʩʣʝʜʩʪʚʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʨʝʟʦʥʘʥʩʘ. ɺʥʫʪʨʝʥʥʠʡ ʨʝʟʦʥʘʥʩ ʚʦʟʥʠʢʘʝʪ, 

ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʙʣʠʟʢʘ ʢ ʦʜʥʦʡ ʠʟ ʯʘʩʪʦʪ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʪʦ ʷʚʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʨʦʛʦ ʦʙʦʩʥʦʚʘʥʦ. ɼʣʷ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʠ ʯʠʩʣʦ 

ʟʦʥ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʝʯʥʦʝ. ʆʜʥʘʢʦ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʯʠʩʣʦ ʤʦʜ 

ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ 

ʙʝʩʢʦʥʝʯʥʳʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʩʦʙʳʭ ʪʦʯʝʢ ʯʘʩʪʦʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʘ ʧʦʣʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʟʦʥ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʩʚʦʡʩʪʚʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ 

ʵʣʣʠʧʩʦʠʜʥʦʡ ʧʦʣʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝʤ ʚʠʭʨʝʚʦʛʦ ʷʜʨʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʞʠʜʢʦʩʪʴ, ʨʘʚʥʦʤʝʨʥʦ ʟʘʚʠʭʨʝʥʥʘʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʧʨʠʦʙʨʝʪʘʝʪ ʢʚʘʟʠʪʚʸʨʜʦʝ ʜʚʠʞʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʩʪʦʷʥʠʝ ʞʠʜʢʦʩʪʠ 

ʚʥʫʪʨʠ ʧʦʣʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʨʝʤ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʤ ʬʦʨʤʘʤ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ, ʚʦʟʙʫʞʜʘʝʤʳʭ 

ʜʚʠʞʝʥʠʝʤ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ɽʩʣʠ ʧʦʣʦʩʪʴ ʪʝʣʘ ʠʤʝʝʪ ʚʨʘʱʘʪʝʣʴʥʫʶ ʬʦʨʤʫ, ʪʦ ʝʸ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʵʪʠʭ ʜʚʠʞʝʥʠʡ. ʂʦʛʜʘ ʪʝʣʦ ʩ ʞʠʜʢʦʩʪʴʶ ʩʦʚʝʨʰʘʝʪ 

ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʨʝʟʦʥʘʥʩ ʚʦʟʥʠʢʘʝʪ ʥʘ ʯʘʩʪʦʪʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʤ ʬʦʨʤʘʤ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʕʪʠ 

ʢʦʣʝʙʘʥʠʷ ʥʝ ʚʣʠʷʶʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ 

ʪʦʯʢʠ. ʕʪʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʨʘʙʦʪʘʭ 

[64, 84]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʤʘʩʩʘʤʠ ʢ 

ʪʚʸʨʜʦʤʫ ʪʝʣʫ ʩ ʧʦʣʦʩʪʴʶ, ʩʦʜʝʨʞʘʱʝʡ ʞʠʜʢʦʩʪʴ, ʦʪʣʠʯʥʦʡ ʦʪ ʵʣʣʠʧʩʦʠʜʘ, ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʙʝʩʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʚʟʘʠʤʥʦ ʥʝʟʘʚʠʩʠʤʳʭ 

ʚʦʟʤʦʞʥʳʭ ʜʚʠʞʝʥʠʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʚ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ. ʆʜʥʘʢʦ, 

ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ ʉ.ʃ. ʉʦʙʦʣʝʚʘ [83], ʧʦʣʥʳʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʞʠʜʢʦʩʪʠ ʙʝʟ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʠʥʪʝʨʚʘʣʝ 
0 0( 2 ,2 )- W W, ʛʜʝ 

0W  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʩʠʩʪʝʤʳ ʜʚʠʞʝʥʠʷ. ɽʩʣʠ ʯʘʩʪʦʪʳ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʣʝʞʘʪ ʚʥʝ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʟʘʜʘʯʝ ʜʠʥʘʤʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ʊʘʢʦʝ ʩʚʝʜʝʥʠʝ 

ʚʦʟʤʦʞʥʦ ʜʣʷ ʣʶʙʦʡ ʬʦʨʤʳ ʧʦʣʦʩʪʠ, ʠ ʜʣʷ ʪʘʢʠʭ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʥʘʡʪʠ ʘʥʘʣʦʛ 

ʧʦʪʝʥʮʠʘʣʦʚ ʉʪʦʢʩʘ-ɾʫʢʦʚʩʢʦʛʦ. ʅʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʚʧʝʨʚʳʝ ʦʙʨʘʪʠʣ 

ʚʥʠʤʘʥʠʝ ʌ.ʃ. ʏʝʨʥʦʫʩʴʢʦ [98]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [64-65] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ 

ʧʦʚʝʜʝʥʠʝ ʥʝʩʫʱʝʛʦ ʪʝʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ 

ʧʦʣʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʦʩʪʴ, ʟʘʧʦʣʥʝʥʥʫʶ ʞʠʜʢʦʩʪʴʶ, ʥʝ ʠʤʝʶʱʝʡ ʚʠʭʨʝʡ, ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʩʠʩʪʝʤʳ ʠ ʢʠʥʝʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪʦ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʟʘʚʠʭʨʝʥʠʠ ʞʠʜʢʦʩʪʠ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʠ ʦʪ ʬʦʨʤʳ ʧʦʣʦʩʪʠ. ʂʝʣʴʚʠʥ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʠʣ ʵʪʦʪ ʬʘʢʪ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦ ʩʬʝʨʦʠʜʘʣʴʥʳʤ ʚʦʣʯʢʦʤ. ʂʦʛʜʘ ʚʦʣʯʦʢ ʩʧʣʶʱʝʥ, ʝʛʦ ʚʨʘʱʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦ. ʆʜʥʘʢʦ ʝʩʣʠ ʦʥ ʩʣʝʛʢʘ ʚʳʪʷʥʫʪ, ʚʨʘʱʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ. 

ʕʪʫ ʧʦʪʝʨʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʂʝʣʴʚʠʥʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ 

[73, 119], ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʟʘʜʘʯʘ ʦ ʢʦʣʝʙʘʥʠʷʭ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʏʘʩʪʦʪʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ ʧʦʣʠʥʦʤʘ ʯʝʪʚʸʨʪʦʡ ʩʪʝʧʝʥʠ, ʪʦ ʝʩʪʴ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʩʪʝʤʝ ʩ ʯʝʪʳʨʴʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ 

ʬʘʢʪʦʤ, ʯʪʦ ʜʣʷ ʞʠʜʢʦʩʪʠ ʚ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʘʥʘʣʦʛ 
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ʧʦʪʝʥʮʠʘʣʦʚ ʉʪʦʢʩʘ-ɾʫʢʦʚʩʢʦʛʦ, ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ 

ʟʘʜʘʯʫ ʢ ʟʘʜʘʯʝ ʜʠʥʘʤʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʛʠʨʦʩʢʦʧʦʤ. 

ɺ ʨʘʙʦʪʝ ɼ.ɽ. ʆʭʦʮʠʤʩʢʦʛʦ [78] ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʝʡ 

ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ ʤʝʞʜʫ ʢʨʫʛʦʚʳʤʠ ʮʠʣʠʥʜʨʘʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʠʞʝʥʠʷ 

ʪʚʨyʜʦʛʦ ʪʝʣʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, 

ʟʘʧʦʣʥʝʥʥʳʤʠ ʞʠʜʢʦʩʪʴʶ. 

ɿʘʜʘʯʠ ʦ ʢʦʣʝʙʘʥʠʷʭ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, ʯʘʩʪʠʯʥʦ 

ʟʘʧʦʣʥʝʥʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [53-54, 

134]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ ɹ.ɸ. ʂʦʩʪʘʥʜʷʥʘ [53] ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ 

ʧʦʧʳʪʢʘ ʢʘʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʞʠʜʢʦʩʪʠ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʣʦʩʪʠ ʛʠʨʦʩʢʦʧʘ, ʥʘ ʝʛʦ ʜʚʠʞʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ 

ʜʣʠʥʥʳʭ ʚʦʣʥ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʢʦʣʝʙʘʥʠʷʭ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʥʝ 

ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʦ.  

ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʧʨʠʚʝʣʦ ʢ ʨʘʟʚʠʪʠʶ ʥʦʚʦʛʦ ʪʠʧʘ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʪʠʧʘ ʉ.ʃ. 

ʉʦʙʦʣʝʚʘ. ʂʦʨʨʝʢʪʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ 

ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʘ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ [43, 83-85]. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʩʧʝʢʪʨ 

ʟʘʜʘʯ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʤʘʣʳʝ ʚʦʟʤʫʱʝʥʠʷ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʄ.ʀ. ʀʚʘʥʦʚʘ [44] ʠʩʩʣʝʜʦʚʘʥʳ ʩʚʦʙʦʜʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ ʚ ʙʘʩʩʝʡʥʘʭ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʙʘʩʩʝʡʥʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʛʦ ʚʦʣʥʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ. 

ɺʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʠʟʫʯʘʣʦʩʴ ʚ ʩʣʫʯʘʷʭ ʩ ʚʳʩʦʢʠʤʠ ʠ 

ʥʠʟʢʠʤʠ ʯʠʩʣʘʤʠ ʈʝʡʥʦʣʴʜʩʘ. ʊʘʢʦʡ ʚʳʙʦʨ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʦʨʠʶ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʤʝʪʦʜʳ ʤʘʣʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ. ʆʜʥʘʢʦ ʫʯʝʪ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʪʨʝʙʫʝʪ ʩʦʚʤʝʩʪʥʦʛʦ 
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ʠʟʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ [41, 73, 98], 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ. 

ɼʚʠʞʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʩʦʛʣʘʩʥʦ [41], ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʥʝʢʦʪʦʨʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ 

ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʨʘʱʝʥʠʶ ʥʝʩʫʱʝʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ 

ʢʘʢ ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ ʚʦʢʨʫʛ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ (ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʜʚʠʞʝʥʠʝ). ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʣʝʟʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯ. ʌ.ʃ. ʏʝʨʥʦʫʩʴʢʦ [98] ʠʩʩʣʝʜʦʚʘʣ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʚ ʩʦʩʪʦʷʥʠʝ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠ ʤʘʣʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ.  

ɺ ʨʘʙʦʪʘʭ ɸ.ɺ. ɸʣʝʢʩʝʝʚʘ [6-7] ʠʩʩʣʝʜʦʚʘʥʳ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ, ʧʨʠʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʪʝʦʨʠʠ 

ʦʧʝʨʘʪʦʨʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʦ ʜʚʠʞʝʥʠʷʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ 

ʠʜʝʘʣʴʥʦʡ ʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʷʤʠ. ɺ ʦʪʜʝʣʴʥʳʭ ʛʣʘʚʘʭ ʠʩʩʣʝʜʫʝʪʩʷ ʜʚʠʞʝʥʠʝ 

ʪʨʝʭʨʦʪʦʨʥʦʛʦ ʛʠʨʦʩʪʘʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʦʩʪʴ ʩ ʚʳʩʦʢʦʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ.  

ɺ ʨʘʙʦʪʝ [8] ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʘʣʦʚʷʟʢʫʶ ʞʠʜʢʦʩʪʴ. ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʩʠʩʪʝʤʳ ʪʝʣ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʦʣʦʩʪʝʡ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʤʘʣʳʤ ʢʦʣʝʙʘʥʠʷʤ ʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʝʡ ʩʦʩʫʜ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʉ.ɻ. 

ʂʨʝʡʥʦʤ ʠ ʝʛʦ ʫʯʝʥʠʢʘʤʠ [10, 57]. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ɸ.ʖ. ɹʦʪʘʣʦʚʘ [12] ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʚʠʞʝʥʠʷ ʪʝʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʦʩʪʴ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʫʶ 

ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ. ʉ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʜʚʠʞʝʥʠʷ ʟʘʤʢʥʫʪʦʛʦ ʩʦʩʫʜʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ, ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʠ ʪʦʯʢʠ, ʘ ʪʘʢʞʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ, 

ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ɺ ʩʪʘʪʴʝ ɸ.ɸ. ɻʫʨʯʝʥʢʦʚʘ [31] ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʣʝʙʘʥʠʷ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʣʦʩʢʦʡ ʩʪʝʥʢʦʡ. ɺʥʘʯʘʣʝ ʞʠʜʢʦʩʪʴ 

ʚʨʘʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩʦ ʩʪʝʥʢʦʡ ʢʘʢ ʪʚʸʨʜʦʝ ʪʝʣʦ ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʥʝʟʘʧʥʦ 

ʥʘʯʠʥʘʶʱʠʤʩʷ ʧʨʦʜʦʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. 
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ɺ ʨʘʙʦʪʘʭ [68-69, 72] ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʠʩʣʝʥʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʚʠʞʝʥʠʝʤ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʯʘʩʪʠʯʥʦ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʤʠ ʦʜʥʦʨʦʜʥʦʡ ʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ [115] ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʦʣʦʩʪʝʡ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʭ 

ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʦʡ ʫʧʨʘʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʷʟʢʠʝ ʞʠʜʢʦʩʪʠ ʦʢʘʟʳʚʘʶʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʜʚʠʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʚ ʩʣʫʯʘʝ ʠʥʝʨʮʠʦʥʥʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ ɺ.ʉ. ɻʦʥʪʢʝʚʠʯʘ [27] ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ ʢʘʢ ʧʨʠ ʤʘʣʳʭ, ʪʘʢ ʠ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ 

ʚʨʘʱʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʬʬʝʢʪʦʚ 

ʤʝʜʣʝʥʥʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ. 

ɺ ʨʘʙʦʪʝ ʈ.ɺ. ʈʘʚʣʦʚʘ [80] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʷʭ 

ʠʜʝʘʣʴʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʝʡ 

ʞʝʩʪʢʫʶ ʧʦʣʦʩʪʴ, ʚʨʘʱʘʶʱʫʶʩʷ ʚ ʧʦʣʝ ʤʘʩʩʦʚʳʭ ʩʠʣ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʰʝʥʠʷ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ. ɺ ʨʘʙʦʪʝ [87] ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ ʚʨʘʱʘʶʱʝʛʦʩʷ ʞʠʜʢʦʛʦ ʢʦʣʴʮʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʩʥʘʨʫʞʠ 

ʪʚʸʨʜʦʡ ʩʪʝʥʢʦʡ. 

ɺ ʨʘʙʦʪʝ [114] ʠʩʩʣʝʜʦʚʘʥʘ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʨʝʘʢʮʠʷ 

ʞʠʜʢʦʛʦ ʢʦʣʴʮʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʚʦ ʚʨʘʱʘʶʱʠʡʩʷ ʮʠʣʠʥʜʨ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʯʠʩʣʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʙʣʝʤʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ 

[117] ʨʘʩʩʤʦʪʨʝʥʘ ʦʙʱʘʷ ʪʝʦʨʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʩʦʩʫʜ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʚʨʘʱʘʶʱʠʡʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ.  

ɺ ʨʘʙʦʪʘʭ [123-124] ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʛʣʫʙʦʢʦʡ ʞʠʜʢʦʩʪʠ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʥʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʧʣʦʩʢʦʩʪʴʶ. ɺ ʨʘʙʦʪʝ [130] ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʚʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʛʨʘʥʠʮʘʤʠ. 

ʈʘʙʦʪʳ [126, 128, 135] ʧʦʩʚʷʱʝʥʳ ʨʝʰʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʦʣʝʙʘʥʠʷʤʠ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʣʦʩʪʷʭ ʧʨʠ ʚʳʩʦʢʠʭ ʫʛʣʦʚʳʭ 
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ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʜʝʣʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʚʸʨʜʦʝ ʪʝʣʦ 

ʚʨʘʱʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʯʪʦʙʳ ʥʝ ʫʯʠʪʳʚʘʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʠʣʳ. ʇʦʵʪʦʤʫ 

ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʮʠʣʠʥʜʨʦʤ, ʧʘʨʘʣʣʝʣʴʥʳʤ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʚʘʞʥʦ, ʢʦʛʜʘ ʦʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʝʙʘʥʠʷʤ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʦʩʪʦʷʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʧʦʩʪʦʷʥʥʳʤ ʚʝʢʪʦʨʦʤ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʊʘʢʦʡ ʪʠʧ ʜʚʠʞʝʥʠʷ ʥʘʭʦʜʠʪ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ 

ʧʨʘʢʪʠʢʝ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʧʨʠʤʝʨ, 

ʞʠʜʢʦʩʪʥʳʝ ʛʠʨʦʩʢʦʧʳ ʠ ʫʛʣʦʚʳʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ ʩ ʞʠʜʢʦʩʪʥʳʤ ʨʦʪʦʨʦʤ ʦʩʥʦʚʘʥʳ 

ʥʘ ʟʘʢʦʥʝ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʜʣʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʞʠʜʢʦʛʦ ʷʜʨʘ. ɺ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʪʚʸʨʜʳʤ ʨʦʪʦʨʦʤ ʞʠʜʢʦʩʪʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʝʤʧʬʝʨʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʨʦʡʩʪʚʘ [112, 

126]. 

ʉʚʦʡʩʪʚʦ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʨʘʚʥʠʚʘʥʠʶ ʢʦʣʝʙʘʥʠʡ 

ʦʙʲʷʩʥʷʝʪ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʚ ʢʘʯʝʩʪʚʝ 

ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ [112, 125]. ʉʣʘʙʘʷ ʚʷʟʢʦʩʪʴ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ. ʂʘʢ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ [64], ʚ ʨʝʟʦʥʘʥʩʥʳʭ ʨʝʞʠʤʘʭ ʩʠʣʳ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʪʦʣʴʢʦ 

ʫʭʫʜʰʘʶʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʣʥʳ. 

ɺ ʨʘʙʦʪʝ [97] ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩ ʧʦʤʦʱʴʶ ʜʝʤʧʬʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ 

ʩʦʙʦʡ ʧʦʣʦʩʪʴ ʚ ʚʠʜʝ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʇʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩ ʜʝʤʧʬʝʨʦʤ. 

ɺ ʯʠʩʣʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯ ʚʭʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʴʶ ʥʘ ʙʦʨʪʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʥʘʣʠʯʠʝ ʤʘʣʦʠʥʪʝʥʩʠʚʥʦʡ 

ʚʠʭʨʝʚʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʦʙʱʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ. 
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ɺ ʨʘʙʦʪʘʭ [37-38, 75] ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʜʚʠʞʝʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ 

ʚ ʪʦʧʣʠʚʥʳʭ ʙʘʢʘʭ ʩ ʟʘʙʦʨʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺʳʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʝʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ, ʢʦʥʠʯʝʩʢʠʭ ʠ ʩʬʝʨʠʯʝʩʢʠʭ ʨʝʟʝʨʚʫʘʨʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʚʠʞʝʥʠʝʤ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʦʧʣʠʚʥʳʝ 

ʙʘʢʠ ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʦʚ, ʢʦʥʫʩʦʚ ʠ ʩʬʝʨ. 

ɺ ʨʘʙʦʪʝ [77] ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʥʦʨʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠʜʝʘʣʴʥʦʡ 

ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʪʦʧʣʠʚʥʳʡ ʙʘʢ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ ʠ 

ʚʨʘʱʘʶʱʝʡʩʷ ʚʦʢʨʫʛ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʢʦʥʪʝʢʩʪʝ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʢʘʢ ʘʚʪʦʤʦʙʠʣʠ, ʞʝʣʝʟʥʳʝ 

ʜʦʨʦʛʠ, ʛʨʫʟʦʚʳʝ ʠʣʠ ʪʦʧʣʠʚʥʳʝ ʙʘʢʠ. ʆʜʥʘʢʦ ʚ ʤʦʥʦʛʨʘʬʠʷʭ [107, 113] ʦʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʨʘʢʝʪʘʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʘʤ ʚ ʮʝʣʦʤ. ɺ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ, ʨʘʩʯʸʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʞʝʩʪʢʠʝ ʙʘʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʞʠʜʢʦʛʦ 

ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʠ ʥʫʣʝʚʦʡ ʛʨʘʚʠʪʘʮʠʠ. 

ɺ ʨʘʙʦʪʘʭ [108-109] ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʭ ʙʘʢʘʭ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʞʠʜʢʠʤ ʪʦʧʣʠʚʦʤ. 

1.1.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʚ ʧʦʜʚʠʞʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʢʦʣʝʙʘʥʠʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʥʝʬʪʷʥʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʚ ʨʝʟʝʨʚʫʘʨʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʜʚʠʞʝʥʠʠ. ʉʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʘʷ 
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ʞʠʜʢʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ ʤʘʩʩʦʚʳʭ ʩʠʣ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ g, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪ. 

ʉʪʨʘʪʠʬʠʢʘʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 
0 ( )zr  ʚ 

ʦʜʥʦʨʦʜʥʦʤ ʩʠʣʦʚʦʤ ʧʦʣʝ ʩʠʣ. 

ɼʨʫʛʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʦʥʷʪʠʝʤ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ 

ʧʣʘʚʫʯʝʩʪʠ ʠʣʠ ʯʘʩʪʦʪʘ ɹʨʝʥʪʘ-ɺʷʡʩʷʣʷ ï ( )N z  [2-3, 47, 50-52, 74, 89, 95-96]. 

ʂʚʘʜʨʘʪ ʯʘʩʪʦʪʳ ʧʣʘʚʫʯʝʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ,  
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ʏʘʩʪʦʪʘ ʧʣʘʚʫʯʝʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʦʪʫ ʤʘʣʳʭ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ ʚʙʣʠʟʠ ʫʨʦʚʥʷ z.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʜʚʠʞʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʠʜʝʘʣʴʥʦʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʝʯʥʦʤ ʦʙʲʸʤʝ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʶʪ 

ʩʚʦʝʦʙʨʘʟʥʳʝ ʢʨʘʝʚʳʝ ʠ ʥʘʯʘʣʴʥʳʝ ʟʘʜʘʯʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʝ, ʢʦʪʦʨʳʝ 

ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ [19, 22, 89, 118]. ʕʪʠ ʟʘʜʘʯʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʢʘʢ 

ʦʜʥʦʨʦʜʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʧʨʠ 

ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ), ʪʘʢ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ (ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ) 

ʞʠʜʢʦʩʪʝʡ, ʟʘʧʦʣʥʷʶʱʠʭ ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ (ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʦʜʥʦʨʦʜʥʳʭ (ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ) 

ʞʠʜʢʦʩʪʝʡ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʝʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʉ.ʃ. ʉʦʙʦʣʝʚ [85] ʧʦʢʘʟʘʣ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʨʝʰʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ. ɼʘʣʴʥʝʡʰʠʝ 

ʦʙʦʙʱʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʉ.ʃ. ʉʦʙʦʣʝʚʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [20, 98]. 

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʵʣʣʠʧʩʦʠʜʥʦʡ ʧʦʣʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ. ɼʘʣʝʝ ʧʨʠʚʝʜʝʥʳ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʷʭ. 

ɺ ʩʪʘʪʴʷʭ ʃ.ɼ. ɸʢʫʣʝʥʢʦ ʠ ʉ.ɺ. ʅʝʩʪʝʨʦʚʘ [3-5] ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʣʝʙʘʥʠʷ 

ʜʚʫʭʩʣʦʡʥʦʡ ʪʷʞʸʣʦʡ ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʩʦʩʫʜ, ʢʦʪʦʨʳʡ 
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ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ 

ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʉ.ɸ. ɻʘʙʦʚʘ [20] ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʣʝʙʘʥʠʷ ʠʜʝʘʣʴʥʦʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʤʝʥʷʶʱʝʡʩʷ 

ʧʣʦʪʥʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʝʡ ʮʠʣʠʥʜʨ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. ɸʚʪʦʨ 

ʩʜʝʣʘʣ ʚʳʚʦʜ, ʯʪʦ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʪʦʯʢʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʝʢʪʨʘ, ʭʘʨʘʢʪʝʨ 

ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʦʙʣʘʩʪʠ ʠ ʟʘʢʦʥʘ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. 

ɺ ʨʘʙʦʪʝ ʉ.ɸ. ɻʘʙʦʚʘ [22] ʠʩʩʣʝʜʦʚʘʥʳ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʫʜʘʭ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ ʠʤʝʶʪ ʜʠʩʢʨʝʪʥʳʡ ʯʘʩʪʦʪʥʳʡ 

ʩʧʝʢʪʨ, ʠ ʯʪʦ ʚʘʨʠʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʦ ʢʦʣʝʙʘʥʠʷʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʚ ʣʶʙʦʤ ʩʦʩʫʜʝ. 

ɺ ʨʘʙʦʪʝ ɺ.ʉ. ɻʦʥʪʢʝʚʠʯʘ [26] ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʦʩʫʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʯʘʩʪʦʪʳ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. 

ɺ ʨʘʙʦʪʘʭ ʅ.ɺ. ɼʝʨʝʥʜʷʝʚʘ [33-35] ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ ʠ ʨʦʪʦʨʘ, ʟʘʧʦʣʥʝʥʥʳʭ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʝʟʦʥʘʥʩʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʮʠʣʠʥʜʨ, ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ 

ʨʘʙʦʪʝ ʃ.ɺ. ʇʝʨʦʚʳ [79] ʨʘʩʩʤʦʪʨʠʚʘʶʪʩʷ ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʚʨʘʱʘʶʱʝʡʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

ʚʦʢʨʫʛ ʦʩʠ. 

ɺ ʨʘʙʦʪʘʭ ɸ.ʅ. ʊʝʤʥʦʚʘ [90-91] ʠʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʵʣʣʠʧʩʦʠʜʥʦʡ ʧʦʣʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ 

ʦʜʥʦʨʦʜʥʦʡ ʢʨʠʦʛʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʩʦʚʝʨʰʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʝ ʚʠʭʨʝʚʦʝ 

ʜʚʠʞʝʥʠʝ. ɺ ʨʘʙʦʪʘʭ ɼ.ʆ. ʎʚʝʪʢʦʚʘ [95-96] ʟʘʜʘʯʘ ʦ ʤʘʣʳʭ ʜʚʠʞʝʥʠʷʭ ʠʜʝʘʣʴʥʦʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʧʨʦʠʟʚʦʣʴʥʳʡ ʩʦʩʫʜ, 
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ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʦʧʝʨʘʪʦʨʥʳʭ ʙʣʦʢ-ʤʘʪʨʠʮ. 

ɺ ʨʘʙʦʪʘʭ [110-111] ʠʟʫʯʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʚʝʨʪʠʢʘʣʴʥʦ ʤʝʥʷʶʱʝʡʩʷ ʧʣʦʪʥʦʩʪʴʶ ʚ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʸʤʝ, ʩʦʜʝʨʞʘʱʝʤ ʚʝʨʪʠʢʘʣʴʥʳʡ ʮʠʣʠʥʜʨ, ʧʨʠ ʤʘʣʳʭ 

ʚʦʟʤʫʱʝʥʠʷʭ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ [120] ʯʠʩʣʝʥʥʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʧʣʘʥʝʪʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʥʘ ʚʦʣʥʦʚʫʶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ 

ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʝʯʝʥʠʷ ʊʝʯʝʥʠʝ 

ʂʫʵʪʪʘ-ʊʝʡʣʦʨʘ ʧʨʠ ʨʘʜʠʘʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [122] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʦʨʠʷ ʚʦʣʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʪʷʞʸʣʦʡ ʞʠʜʢʦʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʥʝʦʜʥʦʨʦʜʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʪʷʞʝʩʪʠ. 

ɺ ʨʘʙʦʪʝ [127] ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʘʟʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʩʦʟʜʘʥʠʝ ʚʦʣʥ ʢʨʫʛʦʚʳʤ ʮʠʣʠʥʜʨʦʤ, 

ʢʦʣʝʙʣʶʱʠʤʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩ ʥʝʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ ʚ ʨʝʟʝʨʚʫʘʨʝ, ʟʘʧʦʣʥʝʥʥʦʤ 

ʨʘʩʪʚʦʨʦʤ ʩʦʣʝʥʦʡ ʚʦʜʳ. ʉʦʣʝʥʦʩʪʴ ʠʟʤʝʥʷʣʘʩʴ ʩ ʛʣʫʙʠʥʦʡ, ʘ ʯʘʩʪʦʪʘ ʦʩʪʘʚʘʣʘʩʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ. 

ɺ ʢʥʠʛʝ [132] ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ ʥʘʜʜʫʚʘ ʜʣʷ ʨʘʢʝʪʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ. ɺ ʦʪʜʝʣʴʥʳʭ ʛʣʘʚʘʭ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʩʩʣʦʝʥʠʷ 

ʢʨʠʦʛʝʥʥʦʛʦ ʪʦʧʣʠʚʘ, ʨʘʩʩʤʦʪʨʝʥʘ ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʧʨʦʮʝʜʫʨʘ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ 

ʠʩʧʳʪʘʥʠʡ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʙʣʝʤʳ ʧʦʚʝʜʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ. 

ʈʘʙʦʪʘ [139] ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʘʣʳʭ ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʝʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ, ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʦʣʥʝʥʥʦʡ ʪʨʝʤʷ ʥʝʩʞʠʤʘʝʤʳʤʠ ʠʜʝʘʣʴʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ. ʇʨʠʚʝʜʝʥʳ 
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ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʞʠʜʢʦʩʪʝʡ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʠ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʳʭ ʪʝʣ. 

1.1.3. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ, ʟʘʧʦʣʥʷʶʱʠʭ ʦʛʨʘʥʠʯʝʥʥʫʶ ʠ ʦʪʢʨʳʪʫʶ ʦʙʣʘʩʪʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʠʤʝʝʪ ʜʘʚʥʶʶ ʠʩʪʦʨʠʶ, ʚ ʢʦʪʦʨʫʶ ʚʥʝʩʣʠ ʙʦʣʴʰʦʡ 

ʚʢʣʘʜ ʤʥʦʛʠʝ ʫʯʝʥʳʝ [56, 74, 121, 131, 136-137]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʧʨʦʙʣʝʤʳ 

ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʘʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʨʝʰʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʀʟʫʯʝʥʠʝ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʞʠʜʢʦʩʪʷʭ ʚʧʝʨʚʳʝ ʧʨʦʷʚʠʣʦʩʴ ʚ ʩʝʨʝʜʠʥʝ XIX  ʚʝʢʘ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʠʟʫʯʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʥʝ ʪʦʣʴʢʦ ʚ ʦʢʝʘʥʝ ʠ ʘʪʤʦʩʬʝʨʝ, ʥʦ ʠ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʦʙʲyʤʝ ʪʚʸʨʜʳʭ ʪʝʣ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʝʨʚʫʘʨʘʭ. ʀʟʫʯʝʥʠʝ ʧʦʜʦʙʥʳʭ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ, ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʣʠʥʝʡʥʳʭ ʨʘʤʢʘʭ. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ. 

ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ 

ʚʥʝʰʥʝʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ, ʨʘʩʩʣʦʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʞʠʜʢʦʡ 

ʤʘʩʩʳ ʠ ʪ.ʜ. ɼ.ɻ. ʉʪʦʢʩ (1847 ʛ.) [136] ʠ ɻ.ʌ. ɻʝʣʴʤʛʦʣʴʮ (1868 ʛ.) ʩʪʘʣʠ ʧʠʦʥʝʨʘʤʠ 

ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. ʆʥʠ ʠʟʫʯʘʣʠ ʚʦʣʥʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɼʞ. ʈʵʣʝʡ (1883 ʛ.) ʧʨʦʚʝʣ 

ʧʝʨʚʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝʧʨʝʨʳʚʥʦ ʩʣʦʠʩʪʦʡ ʩʨʝʜʳ [131]. ʆʥ ʧʨʠʤʝʥʠʣ 

ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʢ ʧʝʨʝʭʦʜʥʦʤʫ ʩʣʦʶ ʤʝʞʜʫ 

ʜʚʫʤʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ ʠ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʪʦʣʱʠʥʳ ʵʪʦʛʦ ʩʣʦʷ 

ʢ ʥʫʣʶ ʧʦʣʫʯʠʣ ʪʝ ʞʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʠ ɼ.ɻ. ʉʪʦʢʩʘ. ɺ 1910 ʛʦʜʫ ʚ 

ʩʚʦʝʡ ʨʘʙʦʪʝ [121], ʧʦʩʚʷʱʝʥʥʦʡ ʘʪʤʦʩʬʝʨʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, ɻ. ʃʵʤʙ ʧʝʨʚʳʤ 

ʧʨʝʜʣʦʞʠʣ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʧʝʥʥʦʛʦ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ. 



25 

 

ʉʨʝʜʠ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʘʣʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʦʢʝʘʥʘʭ ʠ ʤʦʨʷʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʤʦʥʦʛʨʘʬʠʶ 

ʥʝʤʝʮʢʦʛʦ ʦʢʝʘʥʦʣʦʛʘ ɺ. ʂʨʘʫʩʩʘ [56]. ɺ ʵʪʦʡ ʤʦʥʦʛʨʘʬʠʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʫʩʣʦʚʠʷʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʠʥʝʡʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ 

ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʛʝʦʤʝʪʨʠʠ ʩʘʤʦʛʦ ʚʦʜʦʝʤʘ. ɺ ʵʪʦʡ ʞʝ ʢʥʠʛʝ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʩʙʦʨʘ, 

ʦʙʨʘʙʦʪʢʠ ʠ ʦʮʝʥʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʚʦʣʥʘʤ. 

ʆʩʥʦʚʥʳʤ ʯʘʩʪʦʪʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʪʠʧʳ ʚʦʣʥ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ɹʨʝʥʪʘ-ɺʷʡʩʷʣʷ. ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʢʣʶʯʘʷ ʦʢʝʘʥʦʣʦʛʦʚ, ʛʠʜʨʦʙʠʦʣʦʛʦʚ, 

ʛʠʜʨʦʘʢʫʩʪʠʢʦʚ, ʛʠʜʨʦʪʝʭʥʠʢʦʚ ʠ ʧʦʜʚʦʜʥʠʢʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ, 

ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʥʝʚʠʜʠʤʳ. ʆʥʠ ʚʦʟʥʠʢʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚ ʦʢʝʘʥʘʭ, ʥʦ ʠ ʚ 

ʘʪʤʦʩʬʝʨʝ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʧʣʦʪʥʦʩʪʥʦʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʞʠʜʢʦʩʪʠ, ʧʦʵʪʦʤʫ ʧʘʨʘʤʝʪʨ 
z

rµ

µ
 (ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦʩʪʠ) ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ [25]. 

ɺ ʨʘʙʦʪʘʭ [2, 4] ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʫʤʝʨʥʳʝ ʩʚʦʙʦʜʥʳʝ ʚʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚʜʦʣʴ ʦʜʥʦʡ ʦʩʠ. ʊʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʳ ʯʘʩʪʦʪʳ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʩ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ. 

ɺ ʩʪʘʪʴʷʭ ɹʫʣʘʪʦʚʘ ɺ.ɺ. ʠ ɺʣʘʜʠʤʠʨʦʚʘ ʀ.ʖ. [14, 15] ʨʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʢʘ 

ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʧʝʨʝʤʝʥʥʦʡ 

ʛʣʫʙʠʥʳ. ʀʩʩʣʝʜʦʚʘʥʘ ʚʦʣʥʦʚʘʷ ʜʠʥʘʤʠʢʘ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʚʥʫʪʨʝʥʥʠʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʢʣʠʥʝ, ʧʦʣʫʯʝʥʳ ʢʘʢ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʪʘʢ ʠ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʧʨʠʙʣʠʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʵʚʦʣʶʮʠʶ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘʜ ʥʝʨʦʚʥʳʤ 

ʦʢʝʘʥʠʯʝʩʢʠʤ ʜʥʦʤ. 

ʈʘʙʦʪʳ ɹʫʣʘʪʦʚʘ ɺ.ɺ. ʠ ɺʣʘʜʠʤʠʨʦʚʘ ʀ.ʖ. [16, 17] ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʠʥʘʤʠʢʦʡ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ 
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ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʙʝʩʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʧʨʝʜʝʣʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʠʥʘʤʠʢʠ ʧʣʦʩʢʠʭ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. 

ʇʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʣʴʥʠʭ ʧʦʣʝʡ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʩ ʥʝʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ ɹʨʝʥʪʘ-ɺʷʡʩʷʣʷ. 

ɺ ʢʥʠʛʝ ʉ.ɸ. ɻʘʙʦʚʘ ʠ ɸ.ɻ. ʉʚʝʰʥʠʢʦʚʘ [19] ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʦ 

ʚʥʫʪʨʝʥʥʠʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥʘʭ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, 

ʟʘʥʠʤʘʶʱʝʡ ʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ. 

ɺ ʨʘʙʦʪʘʭ ʉ.ɸ. ɻʘʙʦʚʘ [21, 23] ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʦʨʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ 

ʦʙʣʘʩʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʰʝʥʘ ʥʘʯʘʣʴʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ. ɺ ʩʪʘʪʴʝ 

[22] ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʨʘʝʚʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʙʦʪʳ ʧʦ ʥʝʦʜʥʦʨʦʜʥʳʤ ʞʠʜʢʦʩʪʷʤ ʩʚʷʟʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ [28-29]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʥʘʡʜʝʥʳ 

ʢʘʥʦʥʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʦʣʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʧʦʩʪʨʦʝʥ ʛʘʤʠʣʴʪʦʥʠʘʥʩʢʠʡ ʬʦʨʤʘʣʠʟʤ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ ʩ ʝʜʠʥʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ. 

ɺ ʩʪʘʪʴʝ [30] ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʧʠʣʣʷʨʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ 

ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ɸ.ʀ. ɿʘʜʦʨʦʞʥʦʛʦ [42] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʚʦʙʦʜʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʢʦʣʝʙʘʥʠʷ ʚʷʟʢʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʸʤʝ. ʆʥ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ ʚʷʟʢʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʣʘʩʪʠ. 
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ɺ ʨʘʙʦʪʝ [47] ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʦ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥʘʭ ʚ ʧʨʦʠʟʚʦʣʴʥʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʩ ʫʯʝʪʦʤ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʚʷʟʢʦʩʪʠ ʠ 

ʜʠʬʬʫʟʠʠ. 

ɺ ʨʘʙʦʪʘʭ ʅ.ɼ. ʂʦʧʘʯʝʚʩʢʦʛʦ ʠ ɸ.ʅ. ʊʝʤʥʦʚʘ [50-52] ʠʩʩʣʝʜʦʚʘʥʳ ʥʘʯʘʣʴʥʦ-

ʢʨʘʝʚʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʜʘʯʠ ʦ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʷʭ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ. ʈʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʦ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʠʜʝʘʣʴʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʦʣʥʷʶʱʝʡ ʙʘʩʩʝʡʥ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. 

ɺ ʢʥʠʛʝ ɼʞ. ʃʘʡʪʭʠʣʣʘ [58] ʝʩʪʴ ʛʣʘʚʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʣʠʥʝʡʥʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʚʦʣʥʘʤ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʠʤʝʨ ʩʫʱʝʩʪʚʝʥʥʦ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʚʦʣʥʦʚʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ 

ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʝʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. 

ʉʪʘʪʴʷ [63] ʧʦʩʚʷʱʝʥʘ ʦʧʨʝʜʝʣʝʥʠʶ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʚʷʟʘʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ. ʇʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ 

ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʠ ʚ ʨʘʩʯʸʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʙʝʩʢʦʥʝʯʥʘʷ 

ʛʣʫʙʠʥʘ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ ʖ.ɿ. ʄʠʨʦʧʦʣʴʩʢʦʛʦ [70] ʦʧʠʩʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʥʝʡʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ ʦʢʝʘʥʝ ʠ ʘʥʘʣʠʟʘ ʥʝʣʠʥʝʡʥʳʭ 

ʵʬʬʝʢʪʦʚ. 

ɺ ʨʘʙʦʪʝ ʉ.ɺ. ʅʝʩʪʝʨʦʚʘ [76] ʦʧʨʝʜʝʣʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʣʥ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʣʠʞʝʥʠʷ ɹʫʩʩʠʥʝʩʢʘ. 

ʂʥʠʛʘ ʃ.ʅ. ʉʨʝʪʝʥʩʢʦʛʦ [86] ʧʦʩʚʷʱʝʥʘ ʦʙʱʝʡ ʪʝʦʨʠʠ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ ʚ 

ʞʠʜʢʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʣʦʩʢʠʝ ʟʘʜʘʯʠ ʩ ʜʚʠʞʝʥʠʷʤʠ ʪʷʞʸʣʦʡ ʞʠʜʢʦʩʪʠ ʠ ʠʭ 

ʨʝʰʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ɼʞ. ʊʝʨʥʝʨʘ [137] ʠʟʣʦʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. ɸʚʪʦʨ ʧʦʜʨʦʙʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʬʠʟʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʞʠʜʢʦʩʪʷʭ, ʚʢʣʶʯʘʷ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ, ʢʦʥʚʝʢʮʠʶ ʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʞʠʜʢʦʩʪʠ. 
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1.2. ɺʳʚʦʜ ʧʦ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ 

ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʥʘʤʠʢʦʡ ʚʨʘʱʘʶʱʠʭʩʷ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʦʛʝʥʥʳʭ ʠ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʦʟʨʘʩʪʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʢʝʪʘʭ-ʥʦʩʠʪʝʣʷʭ ʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ, ʧʨʠʚʦʜʠʤʳʭ ʚ ʜʚʠʞʝʥʠʝ ʞʠʜʢʠʤ ʪʦʧʣʠʚʦʤ, ʤʘʩʩʘ 

ʞʠʜʢʦʩʪʠ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 80 % ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʘʧʧʘʨʘʪʘ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ, ʥʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʞʠʜʢʦʩʪʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʠʩʪʝʤʳ çʪʝʣʦ-ʞʠʜʢʦʩʪʴè. 

ɼʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʨʘʩʯʪyʘ ʜʠʥʘʤʠʢʠ 

ʪʚʸʨʜʳʭ ʪʝʣ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʦʜʥʦʨʦʜʥʫʶ ʞʠʜʢʦʩʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʫʶ ʞʠʜʢʦʩʪʴ. ʊʘʢʞʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʘʩʩʣʦʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ. 
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ɻʃɸɺɸ 2. ʋʉʊʆʁʏʀɺʆʉʊʔ ʉʌɽʈʀʏɽʉʂʆɻʆ ɼɺʀɾɽʅʀʗ ʊɺɪʈɼʆɻʆ 

ʊɽʃɸ ʉ ʅɽʆɼʅʆʈʆɼʅʆʁ ɾʀɼʂʆʉʊʔʖ, ʉʆɺɽʈʐɸʖʑɽʁ 

ʆɼʅʆʈʆɼʅʆɽ ɺʀʍʈɽɺʆɽ ɼɺʀɾɽʅʀɽ 

ɺ ʛʣʘʚʝ 2 ʨʘʩʩʤʦʪʨʝʥʳ ʫʨʘʚʥʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ, ʟʘʧʦʣʥʷʶʱʝʡ ʧʦʣʥʦʩʪʴʶ ʵʣʣʠʧʩʦʠʜʥʫʶ 

ʧʦʣʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ, 

ʩʦʚʝʨʰʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʝ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ. ɺʳʚʝʜʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʵʣʣʠʧʩʦʠʜʥʦʡ ʧʦʣʦʩʪʴʶ, ʟʘʧʦʣʥʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ɿʘʜʘʯʘ ʦ ʜʚʠʞʝʥʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʷʤʠ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʤʠ 

ʞʠʜʢʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʥʘʫʯʥʦʛʦ ʠʥʪʝʨʝʩʘ ʫʞʝ ʙʦʣʝʝ ʚʝʢʘ. ʆʙ ʵʪʦʤ 

ʠʥʪʝʨʝʩʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ [40-41, 59, 119, 122, 129, 131, 133]. ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʰʠʨʦʢʦ 

ʠʟʫʯʘʣʘʩʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ 

ʦʜʥʦʨʦʜʥʦʡ ʠʜʝʘʣʴʥʦʡ ʠʣʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ [39, 54, 73, 81-82, 98]. ɺʧʦʩʣʝʜʩʪʚʠʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ [33-35, 91, 100-101]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʪʚʨyʜʳʭ ʪʝʣ ʩ ʧʦʣʦʩʪʷʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʞʠʜʢʦʩʪʴʶ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʞʠʜʢʦʩʪʴʶ ʚ ʧʦʣʦʩʪʠ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ ʠ ʝʸ ʛʝʦʤʝʪʨʠʷ [64-65, 81-82, 91].  

ɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʠʤʝʶʱʝʡ ʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʪʘʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʚʦʢʨʫʛ ʦʩʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʤʤʝʪʨʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʜʚʠʞʝʥʠʡ ʩʠʩʪʝʤʳ ʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʞʠʜʢʦʩʪʠ ʥʘ ʜʠʥʘʤʠʢʫ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. 
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2.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʪʚʸʨʜʦʝ ʪʝʣʦ ʩ ʵʣʣʠʧʩʦʠʜʥʦʡ ʧʦʣʦʩʪʴʶ ʚʨʘʱʘʝʪʩʷ ʩ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 1 2 3( , , )w w w w ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ O, ʷʚʣʷʶʱʝʡʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʧʦʣʦʩʪʠ, ʘ ʥʝʦʜʥʦʨʦʜʥʘʷ ʠʜʝʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ, ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʦʣʥʷʶʱʘʷ ʵʪʫ ʧʦʣʦʩʪʴ, ʩʦʚʝʨʰʘʝʪ ʦʜʥʦʨʦʜʥʦʝ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʩ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ 1 2 3( , , )W W W W (ʨʠʩ. 2.1). 

 

ʈʠʩ. 2.1. ʊʚʸʨʜʦʝ ʪʝʣʦ ʩ ʵʣʣʠʧʩʦʠʜʥʦʡ ʧʦʣʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ 

ʥʝʩʞʠʤʘʝʤʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʇʫʩʪʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʮʝʥʪʨ ʤʘʩʩ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʦʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʱʝʡʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ 

ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʠ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʜʚʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ: ʥʝʧʦʜʚʠʞʥʘʷ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 
1 2 3Ox x x¡ ¡ ¡ ʠ ʧʦʜʚʠʞʥʘʷ1 2 3O x x x, ʩʚʷʟʘʥʥʘʷ ʩ ʪʚʸʨʜʳʤ ʪʝʣʦʤ. 

ʇʦʣʦʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 
1 2 3Ox x x¡ ¡ ¡ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʛʣʘʤʠ ʕʡʣʝʨʘ , ,y jq. ʇʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʚʸʨʜʳʤ ʪʝʣʦʤ, ʪʘʢʞʝ ʚʳʨʘʞʘʝʪʩʷ 

ʯʝʨʝʟ ʫʛʣ rʕʡʣʝʨʘ 1 1 1, ,y j q. ʆʩʠ 1 2 3, ,x x x  ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʫʦʩʷʤʠ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ 

ʧʦʣʦʩʪʠ 1 2 3, ,ʘ ʘ ʘ ʠ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʦʩʷʤʠ ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 

ʩ ʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ ʠʥʝʨʮʠʠ 
TQ , 0 0 0{ , , }T A B CQ = . ʆʜʥʦʨʦʜʥʦʝ ʚʠʭʨʝʚʦʝ 

ʜʚʠʞʝʥʠʝ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʚʨʝʤʝʥʠ, ʢʘʢ ʜʣʷ 

ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʝʸ ʧʣʦʪʥʦʩʪʠ. 
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ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʠ ʠ ʚʥʝʰʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʷʜʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ [66] 

22 2

31 2

2 2 2

1 2 3

1.
xx x

a a a
+ + =      (2.1) 

ʉʣʝʜʫʷ ɸ. ʇʫʘʥʢʘʨʝ, ʩʦʧʦʩʪʘʚʠʤ ʢʘʞʜʦʡ ʪʦʯʢʝ ʷʜʨʘ ʞʠʜʢʦʩʪʠ ʪʦʯʢʫ 

ʚʦʦʙʨʘʞʘʝʤʦʡ ʩʬʝʨʳ 

2 2 2

1 2 3 1,S x x x¡ ¡ ¡¹ + + = 

ʧʨʠʯʝʤ ʰʪʨʠʭʦʚʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʚʥʳ 

31 2
1 2 3

1 2 3

, , ,
xx x

x x x
a a a

¡ ¡ ¡= = =  

ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʢʦʨʦʩʪʠ 

1 2 3
1 2 33

1 2 3

v v v
v , v , v .

a a a
¡ ¡ ¡= = =  

ɽʩʣʠ ʜʚʠʞʝʥʠʝ ʧʨʦʩʪʦʝ, ʪʦ ʚʦʦʙʨʘʞʘʝʤʳʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʯʘʩʪʠʮʳ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʠ ʜʚʠʞʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʚʨʘʱʝʥʠʶ. ʂʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʚʩʝʤ ʪʝʣʦʤ (ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ ʚʩʝʛʦ 

ʪʝʣʘ), ʙʫʜʫʪ 1 2,W W ʠ 3W, ʪ. ʝ. 

1 2 3 3 2 2 3 1 1 3 3 1 2 2 1v , v , v .x x x x x x¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡=W -W =W -W =W -W 

ʆʪʢʫʜʘ ʧʦʣʫʯʠʤ 

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

3 2 1 3 2 1

, , .
a a a a a a

u x x u x x u x x
a a a a a a
= W - W = W - W = W - W 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʘʙʩʦʣʶʪʥʦʝ ʜʚʠʞʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʤʝʩʪʠʪʴ ʩʢʦʨʦʩʪʠ v i
¡ 

ʠ iu  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ [66, 73, 91]: 

1 1
1 2 3 3 2 2 3 3 2

3 2

2 2
2 3 1 1 3 3 1 1 3

1 3

3 3
3 1 2 2 1 1 2 2 1

2 1

v ,

v ,

v ,

a a
x x x x

a a

a a
x x x x

a a

a a
x x x x

a a

w w

w w

w w

= W - W + -

= W - W + -

= W - W + -

    (2.2) 
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ʛʜʝ iu  ï ʧʨʦʝʢʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ ʦʩʴ iOx , v i  ï ʘʙʩʦʣʶʪʥʘʷ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʝʨʝʤʝʥʥʳʭ ʕʡʣʝʨʘ. ʇʣʦʪʥʦʩʪʴ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʘʢʦʥʦʤ 

0 1 1 2 2 3 3( , ) ,x t x x xr r r r r= + + +    (2.3) 

ʛʜʝ ( ) ( 1,2,3)i t ir =  ï ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ T ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

. *2 2 ,ʟʞT w w wS= ÖQ Ö +WÖQ ÖW+ ÖQ ÖW    (2.4) 

ʛʜʝ { , , }A B CSQ =  ï ʩʫʤʤʘ ʜʠʘʛʦʥʘʣʴʥʳʭ ʪʝʥʟʦʨʦʚ ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 

0 0 0{ , , }T A B CQ =  ʠ ʟʘʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʠ 
.

1 1 1{ , , }ʟʞ A B CQ = ; 
* { , , }F G HQ =  ï 

ʜʠʘʛʦʥʘʣʴʥʳʡ ʪʝʥʟʦʨ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʜʚʠʞʥʦʩʪʴ ʞʠʜʢʦʩʪʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʨʘʚʥʘ [66] 

2 2 2

1 2 32 (v v v ).T m= + +ä  

ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʧʦ ʦʙʲʸʤʫ Ű, ʟʘʥʠʤʘʝʤʦʤʫ ʞʠʜʢʦʩʪʴʶ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ [66, 90]: 

2 2 2 2 2 2

1 2 3 1 1 1 2 1 3

1 1 2 2 3 3

2

2 2 2 ,

T A B C A B C

F G H

w w w

w w w

= + + + W + W + W +

+ W + W + W
   (2.5) 

ʛʜʝ 0 1A A A= + , 0 1B B B= + , 0 1C C C= +  ï ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ 

ʟʘʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʠ. 

ɿʜʝʩʴ 

2 2 2 2 2 2

1 2 3 1 1 3 1 1 2

2 3 1 3 1 2

( ), ( ), ( ),
5 5 5
2 2 2

, , ,
5 5 5

m m m
A a a B a a C a a

F ma a G ma a H ma a

= + = + = +

= = =

  (2.6) 

1 2 3 0

4

3
m a a ap r=  ï ʤʘʩʩʘ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ. 
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2.2. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ, 

ʩʦʚʝʨʰʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʝ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʕʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ [61, 90]. ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ, ʢʦʛʜʘ ʥʘ ʩʠʩʪʝʤʫ ʜʝʡʩʪʚʫʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʩʠʣʳ: 

1 1

Ĕ ,
Ĕ Ĕ

n n
r

ts t

r ts r s s

d T T T ʇ

dt
g w

w w p p= =

µ µ µ µ
+ - =-

µ µ µ µ
ää    (2.7) 

ʛʜʝ r

tsg ï ʪʨʸʭʠʥʜʝʢʩʥʳʝ ʩʠʤʚʦʣʳ ɹʦʣʴʮʤʘʥʘ; Ĕsw  ï ʢʚʘʟʠʩʢʦʨʦʩʪʴ, ʨʘʚʥʘʷ ʧʨʦʝʢʮʠʠ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠʣʠ ʞʠʜʢʦʩʪʠ ʥʘ ʦʩʠ 1 2 3, ,ʆx ʆx ʆx; sp  ï 

ʢʚʘʟʠʢʦʦʨʜʠʥʘʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ Ĕ
sw  ʢʚʘʟʠʩʢʦʨʦʩʪʠ. ʂʚʘʟʠʢʦʦʨʜʠʥʘʪʘ sp  

ʚʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʙʦʟʥʘʯʝʥʠʷ [61], 

Ĕ.s
s

d

dt

p
w=       (2.8) 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʨʸʭʠʥʜʝʢʩʥʳʭ ʩʠʤʚʦʣʦʚ ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

1 1 2 2 3 3

4 1 5 2 6 3

Ĕ Ĕ Ĕ, , ,

Ĕ Ĕ Ĕ, , .

w w w w w w

w w w

= = =

=W =W =W
 

ʋʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 1 2 3( , , )w w w ʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ 1 2 3( , , )W W W

[99]: 

1 2 3

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

sin sin cos , cos sin sin , cos .

sin sin cos , cos sin sin , cos .

w y j q q j w y j q q j w y q j

y j q q j y j q q j y q j

= + = - = +

W =- - W =- + W =- -
 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʳ ʠ ʚʘʨʠʘʮʠʠ ʢʚʘʟʠʢʦʦʨʜʠʥʘʪ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤ: 

1 1

2 2

3 3

4 1 1 1 1 1 4 1 1 1 1 1

5 1 1 1 1 1

sin sin cos ; sin sin cos ;

cos sin sin ; cos sin sin ;

cos ; cos ;

sin sin cos ; sin sin cos ;

cos sin sin ;

d d d

d d d

d d d

d d d

d d d

p j q y j q dp j qdy jdq

p j q y j q dp j q dy jdq

p q y j dp qdy dj

p j q y j q dp j q dy j dq

p j q y j q

= + = +

= - = -

= + = +

=- - =- -

=- + 5 1 1 1 1 1

6 1 1 1 6 1 1 1

cos sin sin ;

cos ; cos .d d d

dp j q dy j dq

p q y j dp q dy dj

=- +

=- - =- -

 (2.9) 
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ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (2.9), ʩʠʤʚʦʣʳ ɹʦʣʴʮʤʘʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʣʝʜʫʶʱʠʭ ʧʝʨʝʩʪʘʥʦʚʦʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ: 

1 1

( ) ( ) .
n n

s

s s tm t m

t n

d d ddp d p g p dp
= =

- =ää     (2.10) 

ɺʳʨʘʞʝʥʠʷ ʙʠʣʠʥʝʡʥʳʭ ʬʦʨʤ, ʩʪʦʷʱʠʝ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (2.10), ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

( ) ( ) ,s s t m m td d d ddp d p p dp p dp- = -  

ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

1 1 2 2 3 3

32 23 13 31 21 12

4 4 5 5 6 6

56 65 64 46 45 54

1; 1; 1;

1; 1; 1.

g g g g g g

g g g g g g

=- = =- = =- =

=- = =- = =- =
 

ʆʩʪʘʣʴʥʳʝ 
r

tsg ʨʘʚʥʳ ʥʫʣʶ. 

ʇʝʨʝʡʜʝʤ ʢ ʚʳʯʠʩʣʝʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʇ ʩʠʩʪʝʤʳ ʪʝʣʦ-ʞʠʜʢʦʩʪʴ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʮʝʥʪʨ ʤʘʩʩ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʥʝʧʦʜʚʠʞʝʥ, ʠ ʧʦʵʪʦʤʫ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʞʠʜʢʦʩʪʠ: 

1 1 2 2 3 3( ),ʇ mg c c cg g g= + +     (2.11) 

ʛʜʝ 
ig ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʨʠʝʥʪʘʮʠʶ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ ʤʘʩʩʦʚʳʭ ʩʠʣ, 

ʦʙʣʘʜʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ g ; ic  ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʬʦʨʤʫʣʝ 

0 2

00

, ( 1,2,3).
5

i

i i
i

x d
a

ʩ i
d

t

t

r t
r

rr t
= = =
ñ

ñ
   (2.12) 

ʇʨʦʠʟʚʦʜʥʳʝ 
s

ʇ

p

µ

µ
 ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ 

1

,
n

rs

rs r

ʇ ʇ
b

qp =

µ µ
=

µ µ
ä       (2.13) 
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ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ rsb  ʝʩʪʴ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ b ʪʘʢʦʡ, ʯʪʦ  

b a a b E= = ,      (2.14) 

E ï ɽʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ, a ï ʥʝʚʳʨʦʞʜʝʥʥʘʷ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
sʢʘ  ʬʦʨʤ 

sdp 

(2.9). 

ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʘʤʠ: 

[ ],
dc

c
dt
= W³      (2.15) 

[ ],
d

dt

g
g w= ³      (2.16) 

ʋʨʘʚʥʝʥʠʷ (2.15), (2.16) ʟʘʧʠʰʝʤ ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ: 

31 2
3 2 2 3 1 3 3 1 2 1 1 2, , ,

dʩdʩ dʩ
ʩ ʩ ʩ ʩ ʩ ʩ

dt dt dt
= W - W = W - W = W - W  (2.17) 

31 2
2 3 3 2 3 1 1 3 1 2 2 1, , .

dd d

dt dt dt

gg g
g w g w g w gw gw g w= - = - = - (2.18) 

ʛʜʝ i
i

i

c
ʩ

a
= , , ( 1,2,3).i i ia ig g= =  

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (2.11) ï (2.18), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (2.7): 

2 3
2 3 3 2 2 3 3 2

1 4 3 2

3 1
3 1 1 3 3 1 1 3

2 5 1 3

1 2
1 2 2 1 1 2 2 1

3 6 2 1

( ), ( ),

( ), ( ),

( ), ( ).

ʇ ʇ a a
mg c c mg c c

a a

ʇ ʇ a a
mg c c mg c c

a a

ʇ ʇ a a
mg c c mg c c

a a

g g g g
p p

g g g g
p p

g g g g
p p

µ µ
- = - - = -
µ µ

µ µ
- = - - = -
µ µ

µ µ
- = - - = -
µ µ

  (2.20) 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (2.5) ʠ ʚʳʨʘʞʝʥʠʷ (2.20) ʚ 

ʫʨʘʚʥʝʥʠʝ ʕʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ ʠ ʫʯʠʪʳʚʘʷ ʟʥʘʯʝʥʠʝ 
r

tsg ʠ ʩʦʦʪʥʦʰʝʥʠʝ (2.20), 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʩʦʚʝʨʰʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʝ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ [90, 99]: 
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( ) ( ) [ ],ɻ ɻd
M M M M mg c

dt
w gS S+ + ³ + = ³   (2.21) 

* *( ) ( ) [ ].ɾ ɾd
M M M M mg c

dt
g+ + + ³W= ³   (2.22) 

ɺ ʫʨʘʚʥʝʥʠʷʭ (2.21) ʠ (2.22) ʧʨʠʥʷʪʳ ʦʙʦʟʥʘʯʝʥʠʷ: 

M wS S=Q Ö ï ʩʫʤʤʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ( )ʊ ʊM w=Q Ö ʠ 

çʟʘʪʚʝʨʜʝʚʰʝʡè ʞʠʜʢʦʩʪʠ 
. .( )ʟʞ ʟʞM w=Q Ö,  

*ɻM =Q ÖW ï ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʞʠʜʢʦʩʪʠ,  

.ʞ ʟ ʞM =Q ÖW ï ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʞʠʜʢʦʩʪʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ʟʘʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʠ 
.

11 1

ʟʞ AQ = , 
.

22 1

ʟʞ BQ = , 
.

33 1,
ʟ ʞ CQ =  

* *M w=Q Ö ï ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʞʠʜʢʦʩʪʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ 
*

11 FQ = , 
*

22 GQ = , 
*

33 .HQ =  

ɺ ʧʨʦʝʢʮʠʷʭ ʥʘ ʧʦʜʚʠʞʥʳʝ ʦʩʠ 1 2 3, ,Ox Ox Ox ʫʨʘʚʥʝʥʠʷ (2.21) ʠ (2.22) 

ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ 

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

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

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

( ) ( ) ( ),

( ) ( ) ( ),

( ) ( ) ( ).

d
A F C B H G mg ʩ ʩ

dt
d

B G A C F H mg ʩ ʩ
dt
d

C H B A G F mg ʩ ʩ
dt

w ww w w g g

w ww w w g g

w ww w w g g

+ W + - + W - W = -

+ W + - + W - W = -

+ W + - + W - W = -

  (2.23) 

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

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

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

( ) ( ) ( ),

( ) ( ) ( ),

( ) ( ) ( ).

d
A F B C G H mg c c

dt
d

B G C A H F mg c c
dt
d

C H A B F G mg c c
dt

w w w g g

w w w g g

w w w g g

W + +W W - + W - W = -

W + +WW - + W - W = -

W + +WW - + W - W = -

 (2.24) 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʫʨʘʚʥʝʥʠʡ (2.15) ï (2.21), ʜʚʠʞʝʥʠʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ 

ʪʦʯʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʩʦʚʝʨʰʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʝ 

ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʚ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʠ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʦʙʳʢʥʦʚʝʥʥʳʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (2.21) ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʨʘʚʥʝʥʠʶ ʜʚʠʞʝʥʠʷ 

ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʢʠʥʝʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ TM , ʢ 
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ʢʦʪʦʨʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʦ ʚʨʘʱʘʶʱʝʝʩʷ ʧʝʨʝʥʦʩʠʤʦʝ ʪʚʸʨʜʦʝ ʪʝʣʦ ʩ ʢʠʥʝʪʠʯʝʩʢʠʤ 

ʤʦʤʝʥʪʦʤ ɻM . ʆʜʥʘʢʦ ʚʨʘʱʝʥʠʝ ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʮʝʥʪʨ ʤʘʩʩ ʧʝʨʝʥʦʩʠʤʦʛʦ ʪʝʣʘ ʤʝʥʷʝʪ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʫʱʝʛʦ, ʘ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʝʨʝʥʦʩʠʤʦʛʦ ʪʝʣʘ ʦʩʪʘʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʛʠʨʦʩʪʘʪ ʠʟ-ʟʘ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʝʨʝʥʦʩʠʤʳʤ ʪʝʣʦʤ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʦʣʝʝ ʦʙʱʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʦʚʝʨʰʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʝ 

ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ, ʪʦʞʜʝʩʪʚʝʥ ʩʦʚʤʝʩʪʥʦʤʫ ʵʬʬʝʢʪʫ ʥʝʢʦʪʦʨʦʛʦ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 

ʪʝʣʘ ʩ çʟʘʪʚʝʨʜʝʚʰʝʡè ʞʠʜʢʦʩʪʴʶ ʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʪʝʥʟʦʨʦʤ ʠʥʝʨʮʠʠ 
*Q  ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ, ʥʝ ʩʦʚʧʘʜʘʶʱʠʤ ʩ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʦʡ ʥʝʩʫʱʝʛʦ ʪʝʣʘ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʥʝʩʫʱʝʤʫ ʪʝʣʫ ʠ 

ʦʙʨʘʟʫʶʱʠʭ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʠʩʪʝʤʫ ʪʚʸʨʜʳʭ ʪʝʣ. 

ʉʣʫʯʘʡ ʥʝʧʦʜʚʠʞʥʦʛʦ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪ. ʝ. 
*( 0)M = . ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

( ),

,

ɾ
ɾdʄ

ʄ mg ʩ
dt

dʩ
ʩ

dt

g+ ³W= ³

=W³

     (2.25) 

ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʟʘʤʝʥʳ w ʥʘ w-  ʩʦʚʧʘʜʘʶʪ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʕʡʣʝʨʘ-ʇʫʘʩʩʦʥʘ 

ʜʚʠʞʝʥʠʷ ʪʷʞʸʣʦʛʦ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʩʣʫʯʘʝʚ ʜʚʠʞʝʥʠʷ ʪʷʞʸʣʦʛʦ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (2.25) ʦ ʜʚʠʞʝʥʠʠ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʵʣʣʠʧʩʦʠʜʥʦʡ ʧʦʣʦʩʪʠ.  

ʆʪʤʝʪʠʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʰʘʨʦʚʦʡ ʧʦʣʦʩʪʠ 1 2 3a a a= =. ʇʨʠ ʵʪʦʤ, ʩʯʠʪʘʝʤ, 

ʯʪʦ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ 1 1 1A B C F G H= = = = = ʠ i i i ic cg g= . ʀʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

(2.23) ʠ (2.24) ʠʤʝʝʤ 
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1
0 2 3 0 0

2
0 1 3 0 0

3
0 1 2 0 0

( ) 0,

( ) 0,

( ) 0.

d
A C B

dt
d

B A C
dt

d
C B A

dt

w
ww

w
ww

w
ww

+ - =

+ - =

+ - =

    (2.26) 

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

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

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

( ) ( ) ( ),

( ) ( ) ( ),

( ) ( ) ( ).

d
A A A mg c c

dt
d

B B B mg c c
dt
d

C C C mg c c
dt

w w w g g

w w w g g

w w w g g

W + + W - W = -

W + + W - W = -

W + + W - W = -

  (2.27) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʫʨʘʚʥʝʥʠʡ (2.26) ʠ (2.27), ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʩʬʝʨʠʯʝʩʢʦʡ 

ʧʦʣʦʩʪʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʜʚʠʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʝʩʣʠ ʮʝʥʪʨ ʤʘʩʩ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʩʬʝʨʳ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʦʡ. ɼʚʠʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚ 

ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ, ʠʜʝʥʪʠʯʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤ ʜʣʷ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʙʝʟ ʞʠʜʢʦʩʪʠ ʚ ʵʡʣʝʨʦʚʦʤ ʩʣʫʯʘʝ.  

2.3. ʋʩʪʦʡʯʠʚʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʴʶ, 

ʟʘʧʦʣʥʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ 

ʀʩʩʣʝʜʫʝʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ 

ʧʦʣʦʩʪʴʶ, ʟʘʧʦʣʥʝʥʥʦʡ ʠʜʝʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ, 

ʩʦʚʝʨʰʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʝ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ (ʨʠʩ. 2.1). ɺ ʟʘʜʘʯʘʭ ʦʙ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣ, ʟʘʧʦʣʥʝʥʥʳʭ ʞʠʜʢʦʩʪʴʶ, ʥʘʩ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʠʥʪʝʨʝʩʫʝʪ ʚʦʧʨʦʩ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʘ ʚʦʧʨʦʩ ʦʙ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʥʪʝʨʝʩʫʝʪ ʥʘʩ ʣʠʰʴ ʧʦʩʪʦʣʴʢʫ, ʧʦʩʢʦʣʴʢʫ 

ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʝʣʘ. ʕʪʠ ʜʚʝ ʩʪʦʨʦʥʳ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʦʧʨʦʩʘ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʨʦʙʣʝʤʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʝʛʦ ʧʦʣʦʩʪʠ ʩʚʦʜʠʪʩʷ ʢ 

ʠʟʫʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ [82], ʥʦ ʥʝ ʢʦ ʚʩʝʤ 

ʧʝʨʝʤʝʥʥʳʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʚʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʙʝʩʢʦʥʝʯʥʳʤ 

ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ɼʘʣʝʝ ʵʪʦʪ ʚʦʧʨʦʩ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʦʛʦ 
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ʤʝʪʦʜʘ ʃʷʧʫʥʦʚʘ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʷʭ ʚʦʟʤʫʱʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ (2.17) ï (2.18) 

ʠ (2.23) ï (2.24) ʜʦʧʫʩʢʘʶʪ ʨʷʜ ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʦʚ. ʋʤʥʦʞʠʚ ʫʨʘʚʥʝʥʠʷ (2.23) ʥʘ 

1 2 3, ,w w w, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʩʣʦʞʠʚ ʠʭ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (2.18), ʧʦʣʫʯʠʤ  

2 2 2 31 2
1 2 3 1 2 3

31 2
1 2 3

( ) 2 2 2

2 .

dd dd
A B C F G H

dt dt dt dt
dd d

mg ʩ ʩ ʩ
dt dt dt

w w w w w w

gg g

WW W
+ + + + + =

å õ
=- + +æ ö

ç ÷

 (2.28) 

ʋʤʥʦʞʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (2.24) ʥʘ 1 2 3, ,W W W ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʩʣʦʞʝʥʠʝ, ʩ 

ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚʘ (2.17), ʜʘʝʪ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ:  

2 2 2 31 2
1 1 1 2 1 3 1 2 3

31 2
1 2 3

( ) 2 2 2

2 .

dd dd
A B C F G H

dt dt dt dt
dʩdʩ dʩ

mg
dt dt dt

ww w

g g g

W + W + W + W + W + W =

å õ
=- + +æ ö

ç ÷

 (2.29) 

ʉʫʤʤʘ ʫʨʘʚʥʝʥʠʡ (5.28) ʠ (5.29) ʜʘʝʪ ʠʥʪʝʛʨʘʣ ʵʥʝʨʛʠʠ 

2 2 2

1 2 3 1 1 2 2 3 3

1 1 2 2 3 3 1

2 2 2

2 ( ) .

A B C F G H

mgʩ ʩ ʩ V

w w w w w w

g g g

+ + + W + W + W +

+ + + =
 

ʋʤʥʦʞʠʚ ʫʨʘʚʥʝʥʠʝ (2.23) ʥʘ 1 2 3, ,g g g ʠ ʩʣʦʞʠʚ ʧʦʣʫʯʝʥʥʳʝ ʯʣʝʥʳ. ʉ ʫʯʝʪʦʤ 

ʫʨʘʚʥʝʥʠʷ (2.18) ʧʦʣʫʯʘʝʪʩʷ ʠʥʪʝʛʨʘʣ ʧʣʦʱʘʜʝʡ. 

1 1 1 2 2 2 3 3 3 2( ) ( ) ( ) .A F B G C H Vg w g w g w+ W + + W + + W = 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ (2.17) ʠ (2.18) ʧʦʟʚʦʣʷʶʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

2 2 2

1 2 3 3,Vg g g+ + = 

2 2 2 2 2 2 2 2 2

2 3 1 1 3 2 1 2 3 4.a a ʩ a a ʩ a a ʩ V+ + = 

ʋʤʥʦʞʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʨʘʚʥʝʥʠʷ (2.24) ʥʘ 1

1

ʩ

a
, 2

2

ʩ

a
 ʠ 3

3

ʩ

a
, ʘ ʟʘʪʝʤ 

ʩʢʣʘʜʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʠʤ ʠʥʪʝʛʨʘʣ ʧʣʦʱʘʜʝʡ ʜʣʷ ʞʠʜʢʦʩʪʠ 

1 2 3
1 1 1 1 2 2 1 3 3 5

1 2 3

( ) ( ) ( ) .
ʩ ʩ ʩ

A F B G C H V
a a a

w w wW + + W + + W + = 
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ʀʩʩʣʝʜʫʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʩʦʚʝʨʰʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʝ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʟʤʝʥʝʥʠʶ ʧʝʨʝʤʝʥʥʳʭ: 
* , , , ( 1,2,3)i i i iʩ iw gW =  [81, 91], 

ʛʜʝ [73] 

2 2 2 2 2 2
* * *2 3 1 3 1 2
1 1 1 2 2 2 3 3 3

2 3 1 3 1 2

, , .
2 2 2

a a a a a a

a a a a a a
w w w

+ + +
W = + W W = + W W = + W (2.30) 

ʌʦʨʤʫʣʘ (2.30) ʧʦʢʘʟʳʚʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ 

ʞʠʜʢʦʩʪʠ ʢ ʫʛʣʦʚʳʤ ʩʢʦʨʦʩʪʷʤ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʚʨʘʱʝʥʠʷ, ʚʚʝʜʸʥʥʳʤ ɾʫʢʦʚʩʢʠʤ 

[41]. ɺʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʷʤʠ, ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʦʣʥʝʥʥʳʤʠ ʞʠʜʢʦʩʪʴʶ, ʵʢʚʠʚʘʣʝʥʪʥʦ ʚʨʘʱʘʪʝʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʘʙʩʦʣʶʪʥʦ 

ʪʚʨyʜʦʛʦ ʪʝʣʘ ʩ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 

ʩ ʟʘʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʴʶ [48]. ʌʦʨʤʫʣʳ (2.30) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʡ (2.21), (2.24) ʠ (2.17) ʢ ʚʠʜʫ [73] 

*
(2) (2) *

* *( ) ( ),
d d

mg ʩ
dt dt

w
w w g

W
Q +Q + ³ Q Ö +Q ÖW = ³  (2.31) 

( )

2 2 2*
* *3 2 1 2 31

2 3 2 32 2 2 2

3 2 1 2

* *
2 2 3 3 2

1 2 3 3 2 2 32 2 2 2

1 3 1 3

( )2 4

5 5 ( )( )

4
, (1,2,3).

5

a a a a ad
a a

dt a a a a

a a a g ʩ ʩ
a a a a

w w
g g

-W
+ W W +

+ +

å õW W
+ - = -æ ö

+ +ç ÷

 (2.32) 

* *1 1 3 3 1 2 2
2 2 3 32 2 2 2

1 3 1 2

* *2 2 2 1 2 3 3
3 3 1 12 2 2 2

1 2 2 3

* *3 2 3 2 1 3 1
1 1 2 22 2 2 2

2 3 1 3

2 2
( ) ( ),

2 2
( ) ( ),

2 2
( ) ( ),

dʩ aaʩ aa ʩ

dt a a a a

dʩ a a ʩ a aʩ

dt a a a a

dʩ a aʩ aaʩ

dt a a a a

w w

w w

w w

= W - - W -
+ +

= W - - W -
+ +

= W - - W -
+ +

   (2.33) 

ʛʜʝ * { , , }A B CQ =  ï ʩʫʤʤʘ ʜʠʘʛʦʥʘʣʴʥʳʭ ʪʝʥʟʦʨʦʚ ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 

0 0 0{ , , }T A B CQ =  ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʪʝʣʘ { , , }ʕ

ʕ ʕ ʕA B CQ = . ʂʦʤʧʦʥʝʥʪʳ 

ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʪʝʣʘ, 
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2 2 2 2 2 2 2 2 2

2 3 3 1 1 2
11 22 332 2 2 2 2 2

2 3 3 1 1 2

( ) ( ) ( )
, , ,

5 5 5

ʕ ʕ ʕ

ʕ ʕ ʕ

a a a a a am m m
A B C

a a a a a a

- - -
Q = = Q = = Q = =

+ + +
 

(2)

2 2 2{ , , }A B CQ =  ï ʪʝʥʟʦʨ, ʨʘʚʥʳʡ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʪʝʥʟʦʨʦʤ ʠʥʝʨʮʠʠ 

ʟʘʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʠ 
.

1 1 1{ , , }ʟʞ A B CQ =  ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʪʝʣʘ { , , }ʕ

ʕ ʕ ʕA B CQ = , 

ʠ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪʘʤʠ 

2 2
(2) 2 3
11 2 1 2 2

2 3
2 2

(2) 3 1
22 2 1 2 2

3 1
2 2

(2) 1 2
33 2 1 2 2

1 2

4
,

5

4
,

5

4
.

5

ʕ

ʕ

ʕ

a a
A A A m

a a

a a
B B B m

a a

a a
C C C m

a a

Q = = - =
+

Q = = - =
+

Q = = - =
+

 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʩʫʤʤʳ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʧʨʠʥʷʪʳ:  

0 0 0, , .ʕ ʕ ʕA A A B B B C C C= + = + = + 

ʇʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʚʳʚʝʩʪʠ ʧʝʨʚʳʝ ʠʥʪʝʛʨʘʣʳ. 

ʀʥʪʝʛʨʘʣ ʵʥʝʨʛʠʠ 

2 2 2 *2 2 *2 2 *2 2 2

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

1 1 2 2 3 3 1

( ) ( ) ( )

2 ( ) ,

A B C A B C

mgʩ ʩ ʩ V

w w w w w w

g g g

+ + + W - + W - + W - +

+ + + =
 

ʠ ʠʥʪʝʛʨʘʣ ʧʣʦʱʘʜʝʡ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ 

* * *

1 1 2 2 3 3 2 1 1 1 2 2 2 2 2 3 3 3 2( ) ( ) ( ) ,A B C A B C Vwg wg wg g w g w g w+ + + W - + W - + W - = 

ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʥʪʝʛʨʘʣʳ 3V  ʠ 4V  ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʥʪʝʛʨʘʣ ʧʣʦʱʘʜʝʡ ʜʣʷ ʞʠʜʢʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʤʝʥʥʳʭ 
* * *

1 2 3, ,W W W 

ʠʤʝʝʪ ʚʠʜ: 

2 2 * 2 2 * 2 2 *

2 3 1 1 1 2 2 2 1 2 3 3 5.a a ʩ a a ʩ a a ʩ VW + W + W = 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ (2.31) ï (2.33), (2.18) ʜʦʧʫʩʢʘʶʪ ʩʣʝʜʫʶʱʝʝ 

ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ: 

* * *

1 2 3 0 1 2 3 0

1 2 3 0 1 2 3

0, ; 0, ,

0, ; 0, 1,ʩ ʩ ʩ z

w w w w

g g g

= = = W =W = W =W

= = = = = =
  (2.34) 

ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʚʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʚʦʢʨʫʛ ʦʩʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʝʢʪʦʨʫ g, ʠ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʜʚʠʞʝʥʠʶ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 0W  
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ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʚʨʘʱʝʥʠʠ 

ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ: 

0 3 3.xr r r= +  

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ, ʦʧʠʩʳʚʘʝʤʦʡ ʯʘʩʪʥʳʤ ʨʝʰʝʥʠʝʤ (2.34), ʢʘʢ 

ʥʝʚʦʟʤʫʱʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʝʛʦ ʧʦʣʦʩʪʠ, ʠ ʠʩʩʣʝʜʫʝʤ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ, ʦʙʣʘʜʘʝʪ ʙʝʩʢʦʥʝʯʥʳʤ 

ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʆʜʥʘʢʦ ʧʝʨʝʤʝʥʥʳʝ ( 1,2,3)iʩ i=  ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ 

ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ çʪʝʣʦ-ʞʠʜʢʦʩʪʴè ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʜ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʜʚʠʞʝʥʠʷ, ʢʘʢ 

ʚʩʝʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʥʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʤ ʧʝʨʝʤʝʥʥʳʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʜʚʠʞʝʥʠʝ, ʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ 
*, , , ( 1,2,3)i i i iʩ iw gW =  [73, 81ï82].ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʢʘʩʘʶʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ çʪʝʣʦ-ʞʠʜʢʦʩʪʴè ʢʘʢ ʟʘʜʘʯʫ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʠʩʪʝʤʳ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʧʝʨʝʤʝʥʥʳʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʪʦʨʳʤ ʤʝʪʦʜʦʤ ʃʷʧʫʥʦʚʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʥʘ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʚ ʨʘʙʦʪʝ [73]. 

ʋʨʘʚʥʝʥʠʷ ʚʦʟʤʫʱʸʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʡ (2.31) ï (2.33) 

ʠ (2.12) ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʚʦʟʤʫʱʸʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

*

3 0 1 3 0 2 3 3 3 0 4, , 1 , ,y y y ʩ z yw w g= + W =W + = + = + (2.35) 

ʠ ʩʦʭʨʘʥʷʷ ʧʨʝʞʥʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʜʨʫʛʠʭ ʧʝʨʝʤʝʥʥʳʭ. ʋʨʘʚʥʝʥʠʷ 

ʚʦʟʤʫʱʸʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʧʝʨʚʳʤʠ ʠʥʪʝʛʨʘʣʘʤʠ

( 1 5)iV i= · : 

2 2 2 *2 *2 2

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

1 1 2 2 0 3 4 3 4

( 2 ) ( 2 )

2 ( ),

V A B C y y A B C y y

mgʩ ʩ z y y y y

w w w

g g

= + + + + W + W + + W +

+ + + + +
 

* *

2 1 1 2 2 1 1 3 0 3 2 1 1 2 2 2

2 2 2 3 0 3

( )

( ),

V A B C y y y y A B

C y y y y

wg wg w g g= + + + + + W + W +

+ + +W
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2 2 2

3 1 2 3 32 ,V y yg g= + + +  

2 2 2 2 2 2 2 2 2

4 2 3 1 1 3 2 1 2 4 0 4( 2 ),V a a ʩ a a ʩ a a y z y= + + +  

2 2 * 2 2 * 2 2

5 2 3 1 1 1 2 2 2 1 2 2 4 2 0 0 4( ).V a a ʩ a a ʩ a a y y y z y= W + W + + +W 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʏʝʪʘʝʚʘ [73]. 

ʉʦʩʪʘʚʠʤ ʩʚʷʟʢʫ ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʦʚ 

2

1 0 2 1 4 2 5 3 3

1
2 2 ,

4
V V V TV T V V Vw m c= - + - + +    (2.36) 

ʛʜʝ  

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

1 2 0 1 2 0 0 1 2 0

( )
,

C mg mg
T T

a a z a a z z a a z

wW W - W
= - = -  

2 0 0
2 0 2 0 0 02 2

1 2 0

( )
, ( ) .

C
T C C mgz

a a z

w
m w w

W -
= = + W -  

ʇʦʩʣʝ ʥʝʙʦʣʴʰʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʬʫʥʢʮʠʷ V ʧʨʠʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ 

ʚʠʜʫ: 

2 * 2 *2 2 2 *

1 0 1 1 0 2 1 1 1 2 1 2 2 3 1 1

2 2 2

1 2 3 1 1 1

2 * 2 *2 2 2 *

2 0 2 2 0 2 2 2 2 2 2 2 1 3 2 2

2 2 2

1 1 3 2 2 2

2 2 2 2 2

1 0 1 3 0 2 2 3 3 2 2 2 1 2 2 4

2 2 2

2

2 2 2

2

2 2 2

V A A A A T a a c

T a a c mgc

B B B B T a a c

T a a c mgc

Cy Cy y C y y y C y T a a y y

w w wg w g mg

g

w w wg w g mg

g

w w m

= - - W + + W - W +

+ + +

+ - - W + + W - W +

+ + +

+ - - + + - +

+ 2 2 2 2

1 1 2 4 3 4 32 ... .T a a y mgy y yc+ + +

 (2.37) 

ʄʥʦʛʦʪʦʯʠʝ ʦʟʥʘʯʘʝʪ ʥʝ ʚʳʧʠʩʘʥʥʳʝ ʯʣʝʥʳ ʚʳʰʝ 2-ʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ɢ ʦʩʪʘʝʪʩʷ ʧʦʢʘ ʧʨʦʠʟʚʦʣʴʥʳʤ. ʌʫʥʢʮʠʶ V (2.37) ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʫʤʤʫ ʪʨʝʭ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ 

ʯʝʪʳʨʝʭ ʧʝʨʝʤʝʥʥʳʭ 

(1) * (2) * (3)

1 1 1 1 2 2 2 2 1 2 3 4( , , , ) ( , , , ) ( , , , ).V V c V c V y y y yw g w g= W + W +  
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ɺʳʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

(1) * 2 * 2 *2

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

2 2 * 2 2 2

2 2 3 1 1 1 2 3 1 1 1

( , , , ) 2 2

2 2 ,

V c A A A A

T a a c T a a c mgc

w g w w wg w g mg

g

W = - - W + + W -

- W + +
 

(2) * 2 * 2 *2

2 2 2 2 2 0 2 2 0 2 2 2 2 2 2

2 2 * 2 2 2

2 1 3 2 2 1 1 3 2 2 2

( , , , ) 2 2

2 2 .

V c B B B B

T a a c T a a c mgc

w g w w w g w g mg

g

W = - - W + + W -

- W + +
 

ʇʦʩʪʨʦʠʤ ʤʘʪʨʠʮʳ 1M  ʠ 2M  ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ 

(1) *

1 1 1 1( , , , )V cw gW  ʠ 
(2) *

2 2 2 2( , , , )V cw gW  

0

0 0 2

1 2 2
0 2 2 2 2 3

2 2 2 2
2 2 3 1 2 3

0 0

,
0

0

A A

A A mg

A A T a a

mg T a a T a a

w

w m w

w

-

- -
M =

- -

-

 

0

0 0 2

2 2 2
0 2 2 2 1 3

2 2 2 2
2 1 3 1 1 3

0 0

.
0

0

B B

B B mg

B B T a a

mg T a a T a a

w

w m w

w

-

- -
M =

- -

-

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ ʉʠʣʴʚʝʩʪʨʘ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ 

ʙʳʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦ-ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʩʝ ʛʣʘʚʥʳʝ 

ʜʠʘʛʦʥʘʣʴʥʳʝ ʤʠʥʦʨʳ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ ʙʳʣʠ ʩʪʨʦʛʦ 

ʙʦʣʴʰʝ ʥʫʣʷ [67]. ɼʠʘʛʦʥʘʣʴʥʳʝ ʤʠʥʦʨʳ ʜʣʷ ʤʘʪʨʠʮ 1M  ʠ 2M  ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ: 

0 *
1 2 2

0

, ,A A AA A
A A

A

w

w m

-
D = D = = D

-
  

0
*

3 0 0 2 2 3

0 2 2

0

,

0

A A

A A

A A AA

A A

w

w m w

w

-

D = - - = D

-

  

0

0 0 2 *
4 42 2 2

0 2 2 2 2 3 0

2 2 2 2
2 2 3 1 2 3

0 0

,
0

0

A A

A A

A A mg A

A A T a a z

mg T a a T a a

w

w m w

w

-

- -
D = = D

- -

-
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0 *
1 2 2

0

, ,B B BB B
B B

B

w

w m

-
D = D = = D

-
  

0
*

3 0 0 2 2 3

0 2 2

0

,

0

B B

B B

B B BB

B B

w

w m w

w

-

D = - - = D

-

  

0

0 0 2 *
4 42 2 2

0 2 2 2 1 3 0

2 2 2 2
2 1 3 1 1 3

0 0

,
0

0

B B

B B

B B mg B

B B T a a z

mg T a a T a a

w

w m w

w

-

- -
D = = D

- -

-

 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʜʣʷ ʤʘʪʨʠʮʳ 1M , 

* 2
2 0 2 0 0 0( ) 0,A C A C mgzw wD = - + W - > 

* * 2

3 0 2 0 0 0( ) 0,A C A C mgzw wD = - + W - >   (2.38) 

2 2
* * 2 23 3
4 3 0 0 0 2 2 0 0 2 2 02 2

1 1

2
2

3
2 0 0 2 0 02

1

( ) ( )

( ) 0 ,

A A a a
A C C A mgz

a a

a
A C mgz

a

w w

w w

è ø
D =D W - W - W - - -é ù

ê ú

è ø
- W - - >é ù
ê ú

  (2.39) 

ʠ ʘʥʘʣʦʛʠʯʥʦ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʤʘʪʨʠʮʳ 2M , 

* 2
2 0 2 0 0 0( ) 0,B C B C mgzw wD = - + W - > 

* * 2

3 0 2 0 0 0( ) 0,B C B C mgzw wD = - + W - > 

2 2
* * 2 23 3
4 3 0 0 0 2 2 0 0 2 2 02 2

2 2

2
2

3
2 0 0 2 0 02

2

( ) ( )

( ) 0 .

B B a a
B C C B mgz

a a

a
B C mgz

a

w w

w w

è ø
D =D W - W - W - - -é ù

ê ú

è ø
- W - - >é ù
ê ú

 

ɼʣʷ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 3Ox  ʪʚʸʨʜʦʛʦ ʪʝʣʘ 

0 0( )A B=  ʩ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʴʶ ʚʨʘʱʝʥʠʷ 1 2( )a a=  ʠʩʩʣʝʜʫʝʤ ʥʝʨʘʚʝʥʩʪʚʘ 

(2.38) ʠ (2.39), ʜʦʧʫʩʢʘʝʤʳʝ ʧʝʨʚʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʦʡ 
(1) *

1 1 1 1( , , , )V cw gW . 

ʊʝʦʨʝʤʘ ʃʷʧʫʥʦʚʘ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʥʝʨʘʚʝʥʩʪʚʘ (2.38) ʠ 

(2.39) ʩʣʫʞʘʪ ʜʦʩʪʘʪʦʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 
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(2.35) ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʳʭ 
*, , , ( 1,2,3)i i i ic iw gW = . ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ, 

ʢʦʛʜʘ 0W  ʦʯʝʥʴ ʤʘʣʦ ʠ ʥʝʦʜʥʦʨʦʜʥʘʷ ʞʠʜʢʦʩʪʴ ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ, ʩʭʦʜʥʳʝ ʩ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ. ɹʦʣʝʝ ʪʦʛʦ, ʢʦʛʜʘ 0 0wW = , ʞʠʜʢʦʩʪʴ ʠ ʪʝʣʦ ʚʨʘʱʘʶʪʩʷ 

ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ʙʣʘʛʦʜʘʨʷ ʚʣʠʷʥʠʶ ʚʷʟʢʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ 0 0wW = . ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠ 0 0z ¸  

ʥʝʨʘʚʝʥʩʪʚʘ (2.38) ʠ (2.39) ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

* * 2

0 0( ) 0,C A mgzw- - >     (2.40) 

2 2
* * 2 3 1

0 0 2

3

( ) 0.
a a

A C mgz
a

w
-

- + >    (2.41) 

ɽʩʣʠ 0 0z = , ʥʝʨʘʚʝʥʩʪʚʘ (2.40) ʠ (2.41) ʧʨʠʥʠʤʘʶʪ ʚʠʜ:  

* * 0,ʉ A- >       (2.42) 

* * 0.ɸ ʉ- >       (2.43) 

ʅʝʨʘʚʝʥʩʪʚʘ (2.42) ʠ (2.43) ʩʦʚʧʘʜʘʝʪ ʩ ʜʦʩʪʘʪʦʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʠʥʝʨʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ, 

ʦʙʣʘʜʘʶʱʠʭ ʩʫʤʤʘʨʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʠʥʝʨʮʠʠ 

* *

0 2 0 1 0 2 0 1, .ʕ ʕA A A A A A C C C C C C= + + = + = + + = +  

ɽʩʣʠ 0 0z > , ʥʝʨʘʚʝʥʩʪʚʘ (2.40) ʠ (2.41) ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ʇʨʠ 0 0z < , 

ʥʝʚʦʟʤʫʱʸʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʫʩʪʦʡʯʠʚʦ, ʝʩʣʠ ʚʳʧʦʣʥʷʶʪʩʷ 

ʥʝʨʘʚʝʥʩʪʚʘ: 

* * 2

0 0( ) 0,C A mgzw- + >     (2.44) 

2 2
* * 2 3 1

0 0 2

3

( ) 0.
a a

A C mgz
a

w
-

- - >    (2.45) 

ɽʩʣʠ ʦʙʦʣʦʯʢʘ ʦʯʝʥʴ ʪʦʥʢʘʷ ʠ ʩʯʠʪʘʝʤ, ʯʪʦ ʝʸ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ 0 0 0( 0)A B C= = º. ʊʦʛʜʘ ʜʣʷ ʪʦʥʢʦʡ ʦʙʦʣʦʯʢʠ ʥʝʨʘʚʝʥʩʪʚʘ (2.40) ʠ 

(2.41) ʧʨʠ 0 0z ¸  ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

2 2 2

1 3 0 0( ) 5 0,a a gzw- - >     (2.46) 

2 2

3 0 05 0 .a gzw + >      (2.47) 
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(ʘ) 0 1 30,z a a> >  

 

 

(ʙ) 0 1 30,z a a< >  (ʚ) 0 3 10,z a a< >  

ʈʠʩ. 2.2. ʕʣʣʠʧʩʦʠʜ ʚʨʘʱʝʥʠʷ ʩ ʞʠʜʢʦʩʪʴʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʷ (2.46) ʠ (2.47) ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʷʭ ʵʣʣʠʧʩʦʠʜʘ 

ʚʨʘʱʝʥʠʷ, ʠ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʢʘʭ 0z . ɺ ʩʣʫʯʘʝ 0 0z >  ʥʝʨʘʚʝʥʩʪʚʘ (2.46) ʠ (2.47) 

ʚʳʧʦʣʥʷʶʪʩʷ, ʪʦʣʴʢʦ ʢʦʛʜʘ 1 3a a> , ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ 

ʩʧʣʶʩʥʫʪʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ, ʨʠʩ. 2.2 (ʘ). ɺ ʩʣʫʯʘʝ 
0 0z < , ʜʦʩʪʘʪʦʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

2 2 2

1 3 0 0( ) 5 0,a a gzw- + >     (2.48) 

2 2

3 0 05 0 ,a gzw - >      (2.49) 

ʢʦʪʦʨʳʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.2 (ʙ) ʠ (ʚ) ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʩʣʫʯʘʷʭ 1 3a a>  ʠ 3 1.a a>  

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ 
0W  

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ 
0( 0)W º . ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʮʝʩʩʘ 

ʨʘʩʢʨʫʯʠʚʘʥʠʷ, ʢʦʛʜʘ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʣʠʙʦ ʥʝʧʦʜʚʠʞʥʘ, 

ʣʠʙʦ ʩʦʚʝʨʰʘʝʪ ʜʚʠʞʝʥʠʝ, ʙʣʠʟʢʦʝ ʢ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠ 0 0z ¸ , 

ʥʝʨʘʚʝʥʩʪʚʘ (2.38) ʠ (2.39) ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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* 2

0 0( ) 0,C A mgzw- - >     (2.50) 

2 2
* 2 2 23 3

0 0 2 0 2 02 2

1 1
2

2
2 2 3

2 2 0 02

1

( )

0.

a a
A C mgz C A mgz

a a

a
A C mgz

a

w w

w

å õ
è ø- + + -æ öê ú

ç ÷
å õ

- + >æ ö
ç ÷

   (2.51) 

ɽʩʣʠ 
0 0z = , ʥʝʨʘʚʝʥʩʪʚʘ (2.50) ʠ (2.51) ʧʨʠʥʠʤʘʶʪ ʚʠʜ:  

* 0,ʉ A- >       (2.52) 

0.ɸ ʉ- >       (2.53) 

ʇʨʠ 
0 0z > , ʥʝʨʘʚʝʥʩʪʚʘ (2.50) ʠ (2.51) ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʘ ʧʨʠ 0 0z <  ʦʥʠ ʙʫʜʫʪ 

* 2

0 0( ) 0,C A mgzw- + >     (2.54) 

2 2
* 2 2 23 3

0 0 2 0 2 02 2

1 1
2

2
2 2 3

2 2 0 02

1

( )

0.

a a
A C mgz C A mgz

a a

a
A C mgz

a

w w

w

å õ
è ø- + - -æ öê ú

ç ÷
å õ

- - >æ ö
ç ÷

   (2.55) 

ɼʣʷ ʪʦʥʢʦʡ ʦʙʦʣʦʯʢʠ 0 0( 0)A C= º, ʧʨʠ 
0 0z ¸  ʥʝʨʘʚʝʥʩʪʚʘ (2.50) ʠ (2.51) 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

2 2 2

1 3 0 0( ) 5 0,a a gzw+ + <     (2.56) 

4 2 2 2 2 2

0 3 3 1 0 0 3 0

1 2
( ) 0 .

25 5
a a a gz a gzw w

å õ
- + + >æ ö

ç ÷
   (2.57) 

ʇʨʠ 0 0z >  ʥʝʨʘʚʝʥʩʪʚʘ (2.56), (2.57) ʷʚʣʷʶʪʩʷ ʥʝʩʦʚʤʝʩʪʥʳʤʠ. ʇʨʠ 0 0z <  

ʥʝʨʘʚʝʥʩʪʚʘ (2.56) ʠ (2.57) ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

2 2 2

1 3 0 0( ) 5 0,a a gzw+ - <     (2.56) 

4 2 2 2 2 2

0 3 3 1 0 0 3 0

1 2
( ) 0 .

25 5
a a a gz a gzw w

å õ
- - - >æ ö

ç ÷
   (2.57) 

ɼʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʪʦʥʢʫʶ ʦʙʦʣʦʯʢʫ ʩ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʜʢʦʩʪʴʶ ʤʦʤʝʥʪʘʤʠ ʠʥʝʨʮʠʠ, 

ʥʝʨʘʚʝʥʩʪʚʘ (2.56) ʠ (2.57) ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʦʩʪʘʪʦʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʧʨʠ 0 0z < . ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʨʘʚʝʥʩʪʚʘ (2.56) ʠ 

(2.57) ʧʨʠʚʦʜʷʪ ʢ ʬʠʟʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ: ʥʝʚʦʟʤʫʱʝʥʥʘʷ ʞʠʜʢʦʩʪʴ 
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ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦʡ ʪʦʣʴʢʦ ʧʨʠ 0 0z < , ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ 

ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʦʟʨʘʩʪʘʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʜʥʦʨʦʜʥʦʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ. 

2.4. ɺʳʚʦʜ ʧʦ ʛʣʘʚʝ 2 

ɺ ʛʣʘʚʝ 2 ʧʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʫʨʘʚʥʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʵʣʣʠʧʩʦʠʜʥʦʡ ʧʦʣʦʩʪʴʶ, ʟʘʧʦʣʥʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʠʜʝʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʴʶ. ʊʘʢʞʝ ʚʳʚʝʜʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʥʝʜʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʤʤʝʪʨʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ ʥʝʨʘʚʝʥʩʪʚ, ʚʳʪʝʢʘʶʱʠʭ ʠʟ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʫʩʣʦʚʠʡ ʚʨʘʱʝʥʠʷ ʩ 

ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ. ɼʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʨʘʱʝʥʠʡ ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʮʝʥʪʨʦʤ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʠ, ʪʨʝʙʦʚʘʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ 

ʠʥʝʨʮʠʠ ( , )A B C>  ʠ ( , )A B C<  ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʪ.ʢ. ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚ (2.40), (2.41) ʠʣʠ (2.50), (2.51). 

ɺ ʩʣʫʯʘʝ ʪʦʥʢʦʡ ʦʙʦʣʦʯʢʠ ʦʪʤʝʪʠʤ ʜʚʘ ʩʣʫʯʘʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʦʯʝʚʠʜʥʳʤʠ. ʇʝʨʚʳʡ ʩʣʫʯʘʡ ï ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʦʡʯʠʚʦʛʦ 

ʚʨʘʱʝʥʠʷ ʩʞʘʪʦʛʦ ʩʬʝʨʦʠʜʘ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʪʘʪʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʦʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ (ʨʠʩ. 2.2. ʘ); ʚʪʦʨʦʡ ï ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʦʡʯʠʚʦʛʦ 

ʚʨʘʱʝʥʠʷ ʚʳʪʷʥʫʪʦʛʦ ʩʬʝʨʦʠʜʘ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʪʘʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ (ʨʠʩ. 2.2. ʚ). 
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ɻʃɸɺɸ 3. ʉʆɹʉʊɺɽʅʅʓɽ ʂʆʃɽɹɸʅʀʗ ʉʊʈɸʊʀʌʀʎʀʈʆɺɸʅʅʆʁ 

ɾʀɼʂʆʉʊʀ ʇʈʀ ʄɸʃʆʁ ʉʂʆʈʆʉʊʀ ɺʈɸʑɽʅʀʗ 

ɺ ʛʣʘʚʝ 3 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ ʦ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ. 

ʀʩʩʣʝʜʫʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʣʥʦʩʪʴʶ 

ʠʣʠ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ ʧʨʠ ʤʘʣʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ. ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ ʧʣʘʚʫʯʝʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. 

ʄʥʦʛʠʝ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ ʚʨʘʱʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʞʠʜʢʦʩʪʝʡ. ɺ ʥʘʫʢʝ ʚʨʘʱʘʶʱʠʝʩʷ ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ 

ɿʝʤʣʝ, ʘ ʚ ʪʝʭʥʠʢʝ ï ʚ ʨʦʪʦʨʝ ʪʫʨʙʠʥʳ ʠʣʠ ʚ ʪʦʧʣʠʚʥʦʤ ʙʘʢʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

[35, 113, 138]. ɺʘʞʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʨʘʱʘʶʱʠʝʩʷ ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʞʠʜʢʦʩʪʠ, ʯʘʩʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʪʦʧʣʠʚʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʘʩʩʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʣʠʯʝʩʪʚʫ ʪʦʧʣʠʚʘ, ʧʦʵʪʦʤʫ ʜʚʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʞʠʜʢʦʩʪʠ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ, ʚ 

ʪʦʧʣʠʚʦʟʘʧʨʘʚʱʠʢʘʭ ʠʣʠ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʷʭ, ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ 

ʧʨʝʚʳʰʘʪʴ ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʚʦ ʚʨʝʤʷ 

ʟʘʧʫʩʢʘ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʙʦʣʝʝ ʯʝʤ 90 % ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ 

ʧʦ ʤʘʩʩʝ, ʘ ʩʧʫʪʥʠʢʠ ʦʙʳʯʥʦ ʠʤʝʶʪ ʙʦʣʝʝ 50 % ʞʠʜʢʦʩʪʠ ʧʦ ʤʘʩʩʝ ʧʨʠ ʚʳʚʦʜʝ ʥʘ 

ʦʨʙʠʪʫ. ʇʦ ʤʝʨʝ ʜʘʣʴʥʝʡʰʝʛʦ ʦʩʚʦʝʥʠʷ ʢʦʩʤʦʩʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʩʢʘʟʳʚʘʪʴ 

ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ, 

ʙʫʜʝʪ ʠʤʝʪʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʧʝʭʘ [138]. 

ɿʘʜʘʯʠ ʦ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʚ ʦʢʝʘʥʘʭ) ʠʤʝʶʪ ʜʘʚʥʶʶ ʠʩʪʦʨʠʶ 

[56, 74, 137]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʟʘʜʘʯʠ ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʚ ʩʚʷʟʠ ʩ ʨʝʰʝʥʠʝʤ 

ʨʷʜʘ ʠʥʞʝʥʝʨʥʳʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʀʟʫʯʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ 

ʞʠʜʢʦʩʪʠ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʸʤʝ ʧʨʠʚʦʜʠʪ ʢ ʚʝʩʴʤʘ ʩʚʦʝʦʙʨʘʟʥʳʤ ʢʨʘʝʚʳʤ ʠ 
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ʥʘʯʘʣʴʥʳʤ ʟʘʜʘʯʘʤ [20, 89, 117-118]. ɺʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʢʦʣʝʙʘʥʠʡ ʢʘʢ ʦʜʥʦʨʦʜʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʚʦʣʥʳ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ), ʪʘʢ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ (ʩʣʦʠʩʪʳʭ) 

ʞʠʜʢʦʩʪʝʡ, ʟʘʧʦʣʥʷʶʱʠʭ ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ (ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ). ɺ ʨʘʙʦʪʘʭ 

[26-27, 80, 102-103, 105, 124, 126] ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʞʠʜʢʦʩʪʠ. 

3.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ, ʚʨʘʱʘʶʱʠʡʩʷ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʠ ʟʘʧʦʣʥʝʥʥʳʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʣʝ ʜʝʡʩʪʚʠʷ 

ʤʘʩʩʦʚʳʭ ʩʠʣ. ʉʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʞʠʜʢʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʤʘʩʩʦʚʳʭ ʩʠʣ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʧʦʜʦʙʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʥʝʩʞʠʤʘʝʤʦʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ɺʚʝʜʝʤ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

1 2 3Ox x x, ʢʦʪʦʨʘʷ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 0w  ʚʤʝʩʪʝ ʩ 

ʞʠʜʢʦʩʪʴʶ ʚʦʢʨʫʛ ʦʩʠ 3Ox  (ʨʠʩ. 3.1). ʇʫʩʪʴ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʚʝʢʪʦʨ 

ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ ʠ ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʢʦʣʣʠʥʝʘʨʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ. ɼʝʡʩʪʚʠʝ ʦʜʥʦʨʦʜʥʦʛʦ 

ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʣʦʚʦʡ ʬʫʥʢʮʠʝʡ 0 3U gx= . ʆʛʨʘʥʠʯʠʤʩʷ ʩʣʫʯʘʝʤ, 

ʢʦʛʜʘ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 0w  ʤʘʣʘ, ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 
2

0( 1)gw , 

ʟʜʝʩʴ ǎ ï ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʦʙʲʸʤʘ, g ï ʧʦʩʪʦʷʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ. ɺ 

ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟʛʠʙ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʘʣ, ʠ ʠʤ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʞʠʜʢʦʩʪʴ ʜʚʠʞʝʪʩʷ 

ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ: 
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0 0 00;    0,u ʇr= Ð ³Ð = 

ʛʜʝ 
*

0 3 0 3( ) (1 )x xr r b= - , 0 0 3ʇ U gx=- =-, 0u , 0r ï ʚʝʢʪʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʠ ʧʦʣʝ ʧʣʦʪʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ, 0ʇï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ.  

 

ʈʠʩ. 3.1. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ, ʟʘʧʦʣʥʝʥʥʳʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʇʫʩʪʴ ʚ ʚʦʟʤʫʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ, 

ʜʘʚʣʝʥʠʡ ʠ ʧʣʦʪʥʦʩʪʝʡ ï u , p, ɟ. ʉʯʠʪʘʷ u , p , r ï ʚʝʣʠʯʠʥʘʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʤʘʣʦʩʪʠ. ɿʜʝʩʴ u  ʦʙʦʟʥʘʯʘʝʪ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʚʨʘʱʘʶʱʝʡʩʷ 

ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 0w; ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

u

t

µ

µ
 (ʢʦʥʚʝʢʪʠʚʥʳʤ ʯʣʝʥʦʤ ( )u uÖÐ ʧʨʝʥʝʙʨʝʛʘʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʠʧʦʪʝʟʦʡ 

ʤʘʣʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ), ʫʩʢʦʨʝʥʠʷ ʂʦʨʠʦʣʠʩʘ 0(2 )uw³  ʠ 

ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 0 0( )rw w³ ³. ʋʨʘʚʥʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ 1 2 3Ox x x  ʠʤʝʶʪ ʚʠʜ [27, 80, 113, 124]: 

0 0* *

0 0

1
2 ʚ ,

u
u ʇ p

t

r
w t

r r

µ
+ ³ - Ð =- Ð

µ
    (3.1) 

0 0 ,u ʚ
t

r
r t

µ
+Ð Ö =

µ
     (3.2) 

0 ʚ ; 0 ʥʘ ,div u u St n= Ö =     (3.3) 
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ʟʜʝʩʴ 
*

0r  ï ʧʦʩʪʦʷʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, Ű ï ʦʙʣʘʩʪʴ ʧʦʣʦʩʪʠ, 

ʟʘʥʷʪʘʷ ʞʠʜʢʦʩʪʴʶ, S ï ʩʤʘʯʠʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʦʩʪʠ, ɻ ï ʩʚʦʙʦʜʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ (ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʧʦʣʥʝʥʠʠ), n ï ʦʨʪ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ 

ʩʤʘʯʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ (ʨʠʩ. 3.1). 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʦ ʤʝʪʦʜ ʬʫʥʢʮʠʡ ʩʦʩʪʦʷʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʉ.ʃ. ʉʦʙʦʣʝʚʳʤ, ʣʠʙʦ ʤʝʪʦʜ ʦʙʦʙʱʝʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʌ.ʃ. 

ʏʝʨʥʦʫʩʴʢʦ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʉ.ʃ. ʉʦʙʦʣʝʚʘ ʢ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʦʙʦʙʱʝʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʪʦʨʳʡ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ. ʄʝʪʦʜ ʌ.ʃ. ʏʝʨʥʦʫʩʴʢʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʦʪʜʝʣʠʪʴ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʦʪ ʦʙʱʝʡ ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠ ʩʠʩʪʝʤʳ ʪʝʣʦ-ʞʠʜʢʦʩʪʴ 

[98]. ɿʜʝʩʴ ʵʪʦʪ ʤʝʪʦʜ ʙʫʜʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʩʣʫʯʘʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ 

ʧʦʣʦʩʪʠ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʇʫʩʪʴ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʧʦ 

ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 
tel  [16, 27, 80],  

v , , ,t t tu e p e el l lj r y= = =   

ʛʜʝ il w=  ï ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ, ɤ ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ. 

ɺʳʰʝʫʧʦʤʷʥʫʪʳʝ ʫʨʘʚʥʝʥʠʷ (3.1) ï (3.3) ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʚʳʨʘʞʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 

2

0 3 *

0

1
v 2 v v ,

N
el w j

l r
+ ³ + Ö =- Ð    (3.4) 

*

0 3

1
v ,ey r b

l
= Ö      (3.5) 

v 0  ʚ , v 0  ʥʘ S,t nÐÖ = Ö =     (3.6) 
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ʟʜʝʩʴ 2 0
0 0* *
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N ʇ
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x
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r
r

r r
= Ð ÖÐ =- = ï ʢʚʘʜʨʘʪ ʯʘʩʪʦʪʳ ʧʣʘʚʫʯʝʩʪʠ ʠʣʠ 

ʢʚʘʜʨʘʪ ʯʘʩʪʦʪʳ ɹʨʝʥʪʘ-ɺʷʡʩʷʣʷ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ [2-3, 

47, 50-52, 74, 89, 95-96].  

ʇʝʨʝʧʠʩʘʚ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ (3.4) ʚ ʚʠʜʝ ʧʨʦʝʢʮʠʠ, ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

2

1 0 2 2 0 1 3* * *

0 1 0 2 0 1

1 1 1
v 2 v , v 2 v , v ,

N

x x x

j j j
l w l w l

r r r l

µ µ µ
- =- - =- =- -

µ µ µ
 (3.7) 

ʠ ʠʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ (3.7) ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ 

ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

1 * 2
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2
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   (3.8) 

ʉʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ [36],  

2

3 3 3* 2
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e i i e e

c
c j j s j

r w c
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  (3.9) 
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3e  ï ʦʨʪ ʦʩʠ ʚʨʘʱʝʥʠʷ 
3x . 

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʦʪʚʝʯʘʶʱʘʷ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ (3.6), ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 

( )
2 2 2

2

2 2 2

1 2 3

1 0,
x x x

j j j
s

µ µ µ
+ + - =

µ µ µ
    (3.10) 

ʠ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ (3.6) ʚ ʚʠʜʝ 

( )21 2 1 2 3

1 2 2 1 3

1 0.i
x x x x x

j j j j j
n n c n n s n

å õ å õµ µ µ µ µ
- - - + - =æ ö æ ö

µ µ µ µ µç ÷ ç ÷
  (3.11) 
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3.2. ʂʦʣʝʙʘʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʝʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ ʧʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ ʞʠʜʢʦʩʪʴʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʤʦʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ S ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʣʦʩʪʠ, ʠ ʩʚʦʙʦʜʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʆʧʨʝʜʝʣʠʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ (r, ɖ, x): 

1 2 3cos , sin , ,x r x r x xh h= = = 

ʧʨʠ ʧʦʣʦʞʝʥʠʠ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ɻ, ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ (3.11) 

ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

( )
2 2 2

2

2 2 2 2

1 1
1 0,

r r r r x

j j j j
s

h

µ µ µ µ
+ + + - =

µ µ µ µ
   (3.12) 

ʘ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ, ʦʪʚʝʯʘʶʱʝʝ ʫʨʘʚʥʝʥʠʝ (3.11) ʧʨʠ ʧʦʣʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʧʦʣʦʩʪʠ 

ʙʫʜʝʪ 

00,     ʧʨʠ ,   

0,   ʧʨʠ 0, .

i
r r

r r

x x H
x

j c j

h

j

µ µ
- = =

µ µ

µ
= = =-

µ

   (3.13) 

ɽʩʣʠ ʞʠʜʢʦʩʪʴ ʦʜʥʦʨʦʜʥʘʷ ʥʝʩʞʠʤʘʝʤʘʷ, ʪʦ ʝʩʪʴ, ʢʦʛʜʘ 
2 0N = , 

2 0Fr = , 

ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (3.12) ʙʫʜʝʪ [113] 

( )
2 2 2

2

2 2 2 2

1 1
1 0.

r r r r x

j j j j
c

h

µ µ µ µ
+ + + - =

µ µ µ µ
   (3.14) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ 

ʣʠʥʝʡʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ (3.12) ʜʣʷ ʬʫʥʢʮʠʠ 

ű. ʏʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚʳʨʘʞʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ( 1,2,3,...)n nw =  ʧʦ 

ʬʦʨʤʫʣʝ 
02

n

nq
w

w
= , ʘ ʧʦ ʠʟʚʝʩʪʥʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ 

nj ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʝʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ (3.9). ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (3.12) ʜʦʣʞʥʳ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ (3.13) ʥʘ ʩʪʝʥʢʝ ʠ ʜʥʝ ʩʦʩʫʜʘ, ʘ ʪʘʢʞʝ ʥʘ 
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ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʇʨʝʞʜʝ ʯʝʤ ʜʘʪʴ ʵʪʠ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʩʫʜʠʪʴ ʬʦʨʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʫʨʘʚʥʝʥʠʝ (3.14) ʷʚʣʷʝʪʩʷ 

ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʧʨʠ 02w w>  ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤ ʧʨʠ 02w w< . ʅʘʧʨʦʪʠʚ, 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʩʞʠʤʘʝʤʳʭ ʧʦʪʦʢʘʭ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʠ ʜʨʫʛʠʝ 

ʨʘʟʨʳʚʳ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʣʴʟʷ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʨʝʰʝʥʠʷ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʨʝʰʝʥʠʝ [113].  

ʂʦʛʜʘ ʞʠʜʢʦʩʪʴ ʥʝʦʜʥʦʨʦʜʥʘʷ, ʫʨʘʚʥʝʥʠʝ (3.12) ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ ʵʣʣʠʧʪʠʯʝʩʢʦʝ ʠʣʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʝ, ʢʘʢ ʵʪʦ 

ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʚ ʩʠʣʫ ʬʦʨʤʫʣʳ 
2s , 

2 2
2 0

2 2

4N

N

w
s

w

-
=

-
 ʠʣʠ 

2 2
2 0

2 2

4
.

N

N

w
s

w

-
=

-
 

3.2.1. ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ 

ʇʦʣʘʛʘʷ ʬʫʥʢʮʠʶ ( , , ) ( ) ( ) ( )r x R r H Z xj h h= , ʠ ʧʨʠʤʝʥʷʷ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ [48, 68-69], ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ [27]: 

2 2
2

2 2

1
0,

d R dR m
k R

dr r dr r

å õ
+ + - =æ ö

ç ÷
   (3.15) 

2
2

2 2
0, ( ) ( 2 ),

d H
m H H H

d
h h p

h
+ = = +    (3.16) 

2 2

2 2
0,

( 1)

d Z k
Z

dx s
+ =

-
     (3.17) 

ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, 

00,     ʧʨʠ ,   

0,   ʧʨʠ 0, .

dR m
R r r

dr r

dZ
x x H

dx

c
+ = =

= = =-

  (3.18) 
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ɿʜʝʩʴ ʬʫʥʢʮʠʠ ( )R r , ( )H h , ( )Z x  ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʝʰʝʥʠʷʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (3.15) ï (3.17), ʠ k, m ï ʧʦʩʪʦʷʥʥʳʝ ʨʘʟʜʝʣʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ (3.12).  

ʆʙʱʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (3.15) ï (3.17) ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ 

1 2 3 4( ) ( ) ( ), ( ) , ( ) cos( ),im

m m lR r C J r C Y r H r C e Z x C k xhx x= + = =   (3.19) 

ʛʜʝ 

( )2 2 2

0

0

1 , , , ,l l

l r
k k k k r r

H r

p
s x= - = = = 

1,2,3,..., 0, 1, 2, 3, ..., 1,2,3...,l m p= = ° ° ° ° = 

( 1,2,3,4)iC i=  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ( )mJ rx  ʠ ( )mY rx  ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ 1-

ʛʦ ʠ 2-ʛʦ ʨʦʜʦʚ m-ʛʦ ʧʦʨʷʜʢʘ.  

ɺ ʩʠʣʫ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʬʫʥʢʮʠʠ ( )H r  ʩ ʧʝʨʠʦʜʦʤ 2p ʧʦʩʪʦʷʥʥʘʷ m ʤʦʞʝʪ 

ʙʳʪʴ ʪʦʣʴʢʦ ʮʝʣʳʤ ʯʠʩʣʦʤ ( 1,2,3,...)m= . ʆʧʨʝʜʝʣʠʤ ʧʦʩʪʦʷʥʥʳʝ ʨʘʟʜʝʣʝʥʠʷ ʠ 

ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʨʝʰʝʥʠʷʭ (3.19). ʀʟ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʚʘʷ ʬʫʥʢʮʠʷ ( )R r  ʠʟ (3.19) ʜʦʣʞʥʘ ʙʳʪʴ ʨʝʛʫʣʷʨʥʦʡ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʦʙʲʸʤʘ ʞʠʜʢʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ 0r = . ʇʦʵʪʦʤʫ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʥʦʩʠʤʦʡ ʬʫʥʢʮʠʝʡ ɹʝʩʩʝʣʷ 2-ʛʦ ʨʦʜʘ ʚ ʥʫʣʝʚʦʡ ʪʦʯʢʝ 

ʩʣʝʜʫʝʪ ʧʦʣʦʞʠʪʴ 2 0ʉ= .  

ʂʘʞʜʦʝ ʛʣʘʚʥʦʝ ʢʦʣʝʙʘʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʡ ɤ ʠ 

ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ű ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ 

ʚʳʨʘʞʝʥʠʝ ʬʫʥʢʮʠʠ ű, ʩʚʷʟʘʥʥʦʡ ʩ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝʡ (3.12) ʠ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ 

(3.13), ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

( )
cos .

( )

m lmp im

lmp l

m lmp

J r
e k x

J

h
x

j
x

=     (3.20) 

ʀʟ (3.20) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʦʙʣʘʜʘʶʪ ʪʨʝʤʷ ʤʥʦʞʝʩʪʚʘʤʠ ʫʟʣʦʚʳʭ 

ʣʠʥʠʡ: l, m ʠ p. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʙʘʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʣʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʥʘʭʦʞʜʝʥʠʶ ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠʥʳ ɝ, 

2 0( ) ( ) ( ) 0, ʧʨʠ ,lmp lmp m lmp lmp m lmpY J m J r rx x x c x¡= + = =  (3.21) 
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ʛʜʝ lmpx  ï p-ʳʡ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ (3.21), 
( )

( )
( )

m mp

m mp

mp

dJ
J

d

x
x

x
¡ = . 

ɹʝʟʨʘʟʤʝʨʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ (ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ) ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

2 2 2

2 2
,

l lmp

lmp

l lmp

k Fr
q

k

x

x

+
=

+
     (3.22) 

ʛʜʝ 0 .l lk k r=  

ɺ ʩʣʫʯʘʝ ʚʨʘʱʝʥʠʷ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨ 
2Fr  

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʥʝʨʘʚʝʥʩʪʚʘʤ: 
2 1Fr < , 

2 1Fr >. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

Fr­¤, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ (2.21) ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʯʠʩʣʘ ɢ 

ʠ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ. 

( )
0.

( )

m lmp

lmp

dJ

d

x

x
=      (3.23) 

ʂʦʨʥʠ ʫʨʘʚʥʝʥʠʷ (3.23) lmpx  ̫ ʚʣʷʶʪʩʷ ʢʦʨʥʷʤʠ ʚ ʩʣʫʯʘʝ ʟʘʜʘʯʠ ʜʣʷ ʥʝʚʨʘʱʘʶʱʝʡʩʷ 

ʥʝʩʞʠʤʘʝʤʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ( 0)Fr ¸  ʠ ʦʜʥʦʨʦʜʥʦʡ ( 0)Fr =  ʞʠʜʢʦʩʪʠ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚ [69, 82]. ɺ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʫʨʘʚʥʝʥʠʝ (3.21) 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʤ ʫʨʘʚʥʝʥʠʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ lmpx  ʠ 

lmpq . ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 
2 0Fr = . ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʙʳʣʦ 

ʧʨʝʜʤʝʪʦʤ ʦʙʰʠʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʩ ʟʘʤʝʪʥʳʤ ʚʢʣʘʜʦʤ ʚ [27, 80, 

124]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʚʥʫʪʨʝʥʥʠʭ ʙʝʛʫʱʠʭ ʚʦʣʥ. ʇʨʷʤʳʝ 

ʚʦʣʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ 0,( , )lmp lmpm q x+ +>  ʠ ʜʚʠʞʫʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʨʘʱʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʘ ʦʙʨʘʪʥʳʝ ʚʦʣʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʠʩʣʘʤ 0,( , )lmp lmpm q x- -< . 

ɿʥʘʯʝʥʠʝ 0m= ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ ʩʪʦʷʯʠʤ ʚʦʣʥʘʤ0 0( 0, , )lmp lmpm q x= , 

ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʠ lmpj  ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʘʨʛʫʤʝʥʪʘ ɖ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ0m¸

, ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʩʪʦʷʯʝʡ ʚʦʣʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʚʦʣʥʳ, ʜʚʠʞʫʱʠʝʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩ ʨʘʟʥʳʤʠ 
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ʩʢʦʨʦʩʪʷʤʠ. ʈʘʩʱʝʧʣʝʥʠʝ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʠʥʝʨʮʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʫʩʢʦʨʝʥʠʝʤ ʂʦʨʠʦʣʠʩʘ 0(2 )uw³ . ʋʨʘʚʥʝʥʠʝ (3.21) ʙʳʣʦ ʦʮʝʥʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ Maple ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2Fr  ʠ ʚʳʩʦʪʝ 

ʞʠʜʢʦʩʪʠ 2H= , ʢʦʛʜʘ 1,0,1; 1m l=- = (ʨʠʩ. 3.2). 

 

ʈʠʩ. 3.2. ɻʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (3.21) ʧʨʠ 1,0,1;m=- 1,l =  2.H =  

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʧʨʷʤʳʝ ʚʦʣʥʳ ( 1)m= , ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

( 0)m= , ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʦʙʨʘʪʥʳʝ ʚʦʣʥʳ ( 1)m=-. 

ɻʨʘʬʠʢ ʥʘ ʨʠʩ. 3.2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʷʚʣʷʶʪʩʷ ʢʘʢ ʧʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʙʝʛʫʱʠʝ 

ʚʦʣʥʳ ʩ ʥʝʦʜʠʥʘʢʦʚʳʤʠ ʯʘʩʪʦʪʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɻʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʦʨʥʝʡ lmpx  ʤʝʥʷʶʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2Fr . 

ɿʥʘʯʝʥʠʷ ʢʦʨʥʝʡ lmpx  ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ lmpq , ʪʘʢ ʠ 

ʥʘ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʪʘʙʣʠʮʝ 3.1 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʨʥʝʡ lmpx  ʜʣʷ ʩʣʫʯʘʝʚ 1,2,3; 1,0,1; 1,2,3;l m p= =- =  ʧʨʠ 

2H= .  
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ʊʘʙʣʠʮʘ 3.1. ɿʥʘʯʝʥʠʷ ʢʦʨʥʝʡ lmpx  ʧʨʠ 1,2,3;l =  1,0,1;m=-  1,2,3;p= 2H= , ʚ 

ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ. 

l m p 
lmpx  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

1 

-1 

1 

4.750748 4.962565 5.042223 5.086236 5.114992 5.131015 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.736958 2.606783 2.530573 2.477423 2.437073 2.412287 

-1 

2 

7.970964 8.288839 8.353174 8.384455 8.403789 8.414266 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.960211 5.687166 5.608531 5.566624 5.539498 5.524414 

-1 

3 

11.14337 11.52088 11.57177 11.59548 11.60990 11.61764 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 9.134066 8.778506 8.71965 8.685617 8.666826 8.656630 

2 

-1 

1 

4.970362 5.032863 5.072093 5.099407 5.119747 5.131982 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.513619 2.484632 2.460303 2.439386 2.421078 2.408719 

-1 

2 

8.209528 8.319973 8.363746 8.388656 8.405219 8.414549 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.703009 5.625496 5.583297 5.555565 5.535496 5.523596 

-1 

3 

11.38901 11.53606 11.57644 11.59727 11.61048 11.61776 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.872316 8.750329 8.706355 8.681766 8.665506 8.656367 

3 

-1 

1 

5.046107 5.073030 5.093831 5.110469 5.124142 5.132927 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.456291 2.444321 2.433354 2.423177 2.413696 2.406988 

-1 

2 

8.296974 8.347038 8.375144 8.393667 8.407028 8.414917 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.617873 5.585868 5.562976 5.545492 5.531549 5.522756 

-1 

3 

11.48102 11.55264 11.58243 11.59972 11.61134 11.61793 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.779092 8.724472 8.695649 8.677075 8.663813 8.656022 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.1. 

l m p 
lmpx  ʧʨʠ 2 1Fr >  

2 1.1Fr =  2 2Fr =  
2 4Fr =  

2 6Fr =  
2 8Fr =  

2 10Fr =  

1 

-1 

1 

5.143967 5.189899 5.230381 5.248703 5.259707 5.267244 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.390902 2.302549 2.207828 2.157081 2.123947 2.09998 

-1 

2 

8.422601 8.451387 8.476028 8.487037 8.493618 8.498116 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.512223 5.468864 5.430294 5.412673 5.402033 5.394718 

-1 

3 

11.62377 11.64479 11.66263 11.67057 11.67530 11.67854 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.648506 8.620366 8.596152 8.585292 8.578786 8.574333 

2 

-1 

1 

5.142351 5.182531 5.222031 5.240977 5.252619 5.260692 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.397344 2.343641 2.270512 2.225373 2.193462 2.169169 

-1 

2 

8.422141 8.449418 8.473884 8.485076 8.491829 8.496467 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.513593 5.475257 5.437767 5.419707 5.408559 5.400798 

-1 

3 

11.62359 11.64400 11.66178 11.66979 11.67460 11.67789 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.648934 8.622226 8.598207 8.587183 8.580521 8.575937 

3 

-1 

1 

5.140709 5.173888 5.211134 5.230489 5.242799 5.251502 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.400596 2.367502 2.314687 2.277671 2.249517 2.227007 

-1 

2 

8.421527 8.446607 8.470668 8.482094 8.489087 8.493926 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.515052 5.482906 5.447544 5.429236 5.417562 5.409287 

-1 

3 

11.62331 11.64280 11.66045 11.66857 11.67348 11.67686 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.649512 8.624891 8.601283 8.590062 8.583179 8.578407 

 

ɺ ʪʘʙʣʠʮʝ 3.2 ʧʨʠʚʝʜʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ lmpq  ʧʨʠ 

1,2,3; 1,0,1; 1,2,3;l m p= =- =  2H=  ʠ 
2 0 10Fr = ·  ʜʣʷ ʩʣʫʯʘʷ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 

ʧʦʣʦʩʪʠ.  
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ʊʘʙʣʠʮʘ 3.2. ɿʥʘʯʝʥʠ ̫ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ lmpq  ʧʨʠ 1,2,3;l = 1,0,1;m=-

1,2,3;p= 2H= , ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ. 

l m p 
lmpq  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

1 

-1 

1 

0.313926 0.522353 0.673111 0.796761 0.904012 0.976874 

0 0.379311 0.561339 0.697371 0.810895 0.910371 0.978363 

1 0.497767 0.642732 0.752916 0.845397 0.926661 0.982287 

-1 

2 

0.193346 0.477216 0.648454 0.783303 0.898194 0.975543 

0 0.218491 0.488048 0.654708 0.786826 0.899749 0.975903 

1 0.254845 0.506659 0.666063 0.793412 0.902710 0.976596 

-1 

3 

0.139583 0.463250 0.640981 0.779237 0.896435 0.975142 

0 0.152593 0.467577 0.643407 0.780587 0.897028 0.975276 

1 0.169483 0.474151 0.647193 0.782731 0.897976 0.975496 

2 

-1 

1 

0.534286 0.651392 0.752570 0.842644 0.924503 0.981646 

0 0.634029 0.722215 0.800747 0.872237 0.938296 0.984937 

1 0.780826 0.831961 0.878581 0.921709 0.962018 0.990701 

-1 

2 

0.357400 0.547567 0.688612 0.805730 0.908029 0.977812 

0 0.408695 0.577604 0.707262 0.816586 0.912911 0.978955 

1 0.482501 0.624646 0.737755 0.834816 0.921262 0.980929 

-1 

3 

0.265913 0.505206 0.664196 0.792051 0.902022 0.976425 

0 0.295053 0.519274 0.672483 0.796756 0.904106 0.976910 

1 0.333781 0.539765 0.684926 0.803936 0.907322 0.977660 

3 

-1 

1 

0.682526 0.755352 0.822615 0.885333 0.944268 0.986340 

0 0.775881 0.825586 0.872465 0.916949 0.959374 0.990000 

1 0.886765 0.911258 0.934716 0.957263 0.978996 0.994814 

-1 

2 

0.493866 0.627179 0.737751 0.834183 0.920769 0.980784 

0 0.557591 0.669870 0.765862 0.851095 0.928538 0.982622 

1 0.642662 0.729816 0.806642 0.876200 0.940271 0.985427 

-1 

3 

0.379710 0.560465 0.696572 0.810346 0.910102 0.978296 

0 0.420302 0.584228 0.711330 0.818938 0.913964 0.979200 

1 0.472947 0.616995 0.732262 0.831327 0.919598 0.980526 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.2. 

l m p 
lmpq  ʧʨʠ 2 1Fr >  

2 1.1Fr =  2 2Fr =  
2 4Fr =  

2 6Fr =  
2 8Fr =  

2 10Fr =  

1 

-1 

1 

1.044734 1.384226 1.936958 2.364104 2.725215 3.043839 

0 1.041927 1.362396 1.889013 2.297959 2.644402 2.950442 

1 1.034336 1.297077 1.729678 2.065762 2.350535 2.602121 

-1 

2 

1.047205 1.402358 1.974940 2.415449 2.787203 3.114910 

0 1.046530 1.397234 1.963870 2.400272 2.768724 3.093599 

1 1.045222 1.387007 1.941226 2.368884 2.730252 3.049033 

-1 

3 

1.047953 1.407881 1.986592 2.431262 2.806339 3.136889 

0 1.047698 1.405957 1.982460 2.425609 2.799466 3.128967 

1 1.047286 1.402805 1.975617 2.416204 2.787997 3.115727 

2 

-1 

1 

1.035771 1.315781 1.789626 2.162943 2.481066 2.762988 

0 1.029466 1.264122 1.671531 1.997505 2.277287 2.526271 

1 1.018235 1.165136 1.424549 1.634197 1.814957 1.976239 

-1 

2 

1.042969 1.370601 1.907219 2.323190 2.675308 2.986224 

0 1.040816 1.353871 1.870535 2.272628 2.613575 2.914912 

1 1.037059 1.323752 1.802567 2.177727 2.496810 2.779321 

-1 

3 

1.045558 1.390017 1.948593 2.379522 2.743600 3.064737 

0 1.044650 1.383092 1.933605 2.358965 2.718566 3.035867 

1 1.043237 1.372152 1.909625 2.325893 2.678163 2.989171 

3 

-1 

1 

1.026810 1.243615 1.628004 1.939029 2.207238 2.446536 

0 1.019706 1.182374 1.481224 1.729174 1.945780 2.140578 

1 1.010249 1.096146 1.258221 1.395303 1.516276 1.625753 

-1 

2 

1.037379 1.327640 1.814103 2.195612 2.520134 2.807454 

0 1.033881 1.299651 1.751364 2.108426 2.413223 2.683622 

1 1.028494 1.255048 1.648012 1.962565 2.232697 2.473205 

-1 

3 

1.042058 1.363539 1.891776 2.301927 2.649363 2.956265 

0 1.040353 1.350313 1.862803 2.262018 2.600657 2.900019 

1 1.037840 1.330454 1.818627 2.200762 2.525609 2.813128 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.2, ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ lmpq  ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʟʥʘʯʝʥʠʡ ʢʦʨʥʝʡ lmpx  ʠ lk, ʥʦ ʠ ʦʪ ʯʠʩʣʘ 2Fr . ʇʨʠ 2 1Fr <, ʚʝʣʠʯʠʥʳ ʩʦʙʩʪʚʝʥʥʳʭ 
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ʯʘʩʪʦʪ lmpq  ʧʨʷʤʳʭ ʚʦʣʥ ʥʝʠʟʤʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʦʙʨʘʪʥʳʭ ( )lmp lmpq q+ -> . ʇʦʜʨʦʙʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ lmpq  ʜʣʷ ʪʨʝʭ ʪʠʧʦʚ ʚʦʣʥ ʧʨʠ 2 1Fr <  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

0

lmp lmp lmpq q q+ -> > . ʇʨʠ 2 1Fr >, ʚʝʣʠʯʠʥʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ lmpq  ʦʙʨʘʪʥʳʭ ʚʦʣʥ 

ʚʩʝʛʜʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʷʤʳʭ ( )lmp lmpq q- +> . ʇʨʠ ʧʦʜʨʦʙʥʦʤ ʩʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʡ lmpq  

ʜʣʷ ʪʨʝʭ ʪʠʧʦʚ ʚʦʣʥ ʧʨʠ 2 1Fr >  ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 
0

lmp lmp lmpq q q- +> > . 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʫʝʤ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ lmpq  ʠ 

ʠʟʤʝʥʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʯʠʩʝʣ 
2Fr , ʘ ʪʘʢʞʝ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 

(ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʦʡ ʞʠʜʢʦʩʪʠ) 0H H r= . ʅʘ ʨʠʩ. 3.3 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ lmpq  ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ H  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 

2,Fr 2( 0 10)Fr = · , ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ.  

 
(ʘ) 21,0,1; 1, 1, 0 1.m p l Fr=- = = ¢ < 

 
(ʙ) 21,0,1; 1, 1, 1.m p l Fr=- = = > 

ʈʠʩ. 3.3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 0lmp lmpq w w=  ʦʪ ʧʘʨʘʤʝʪʨʘ H . 

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʧʨʷʤʳʝ ʚʦʣʥʳ ( 1)m= , ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

( 0)m= , ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʦʙʨʘʪʥʳʝ ʚʦʣʥʳ ( 1)m=-. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.2 ʠ ʨʠʩ. 3.3, ʥʘʣʠʯʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʧʨʷʤʦʡ, ʦʙʨʘʪʥʦʡ ʠ 
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ʩʪʦʷʯʝʡ ʚʦʣʥ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ 
2Fr  ʚʦʟʨʘʩʪʘʝʪ ʟʥʘʯʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ lmpq . ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʠʩ. 3.3 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ lmpq  

ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ H. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ 

ʧʘʨʘʤʝʪʨʘ H  ʟʥʘʯʝʥʠʷ lmpq  ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʪʠʧʦʚ ʚʦʣʥ ( 1,0,1)m=-  ʩʪʨʝʤʷʪʩʷ ʢ 

ʧʦʩʪʦʷʥʥʦʤʫ ʟʥʘʯʝʥʠʶ. 

3.3. ʂʦʣʝʙʘʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʝʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ ʧʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʨʘʱʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ 

ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʦʡ ʧʦʣʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (3.13) ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 

0

2 2

0,     ʧʨʠ ,   

0,   ʧʨʠ ,

( ) 0, ʧʨʠ 0.

i
r r

r r

x H
x

N g x
x

j c j

h

j

j
w j

µ µ
- = =

µ µ

µ
= =-

µ

µ
- + = =

µ

   (3.24) 

3.3.1. ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ 

ʂʦʛʜʘ ʧʦʣʦʩʪʴ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʘ ʞʠʜʢʦʩʪʴʶ, ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ (3.24) ʠʤʝʝʪ ʨʝʰʝʥʠʝ,  

0( ) ( ) 0, ʧʨʠ .lmp m lmp m lmp

lmp

m
J J r r

q
x x x¡ + = =  (3.25) 

ʇʦʣʘʛʘʷ 
3 3( ) cos ( )lZ x k x H= + , ʠ ʠʟ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʡ ʫʩʣʦʚʠʷ 

(3.24), ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ, 

2 2 tan ,l lN g k k Hw- =      (3.26) 

ʠʣʠ ʧʨʝʦʙʨʘʟʫʷ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ, 

2 2
2( ) tan ( ) ,

Fr q
f y y H

y
e

-
= =      (3.27) 
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ʟʜʝʩʴ 

2
2 0 0

02

4
, , .l

r
y k H r

g Fr

w b
e b b= = = =   (3.28) 

ʀʟ ʫʨʘʚʥʝʥʠʡ (3.25), (3.27) ʠ (3.28) ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ lmpq  

ʧʨʠ 0 1, 2r H= =, ʧʦʣʘʛʘʷ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ
2

0( 1)gw  ʠ 0.2eº . ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ lk  ʠʟ ʫʨʘʚʥʝʥʠʷ (3.27) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ 
2( , , , )l m p Fr  ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʪʫʧʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʥʘʯʘʣʘ ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 

l

l
k

H

p
= , ʧʦʩʣʝ ʯʝʛʦ ʢʦʨʥʠ lmpx  ʠ lmpq  ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ (3.24). 

ɿʘʪʝʤ ʠʟ ʫʨʘʚʥʝʥʠʷ (3.27) ʚʳʚʦʜʠʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ lk  (ʨʠʩ. 3.4). ɼʘʣʝʝ ʵʪʦʪ 

ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʷ lk  ʦʩʪʘʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ. 

 

ʈʠʩ. 3.4. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ y  ʧʨʠ 1,0,1; 1; 1;m p l=- = = 
2 0.2Fr =  ʚ ʩʣʫʯʘʝ 

ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ.  

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʧʨʷʤʳʝ ʚʦʣʥʳ ( 1)m= , ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

( 0)m= , ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʦʙʨʘʪʥʳʝ ʚʦʣʥʳ ( 1)m=-. 
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ʊʘʙʣʠʮʘ 3.3. ɿʥʘʯʝʥʠʷ ʢʦʨʥʝʡ lmpx  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʨʠ 1,2,3;l = 1,0,1;m=-

1,2,3;p= 2H= , ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ. 

l m p 
lmpx  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

1 

-1 

1 

4.747605 4.962078 5.042097 5.086202 5.114984 5.131014 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.737879 2.607128 2.531972 2.477912 2.437172 2.412289 

-1 

2 

7.969689 8.288776 8.353161 8.384451 8.403789 8.414267 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.962702 5.687469 5.608613 5.566647 5.539502 5.524416 

-1 

3 

11.14270 11.52087 11.57177 11.59548 11.60990 11.61764 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 9.135158 8.778556 8.715977 8.685619 8.666827 8.656630 

2 

-1 

1 

4.969006 5.032374 5.071913 5.09934 5.119737 5.131981 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.516058 2.485946 2.460934 2.439631 2.421131 2.408722 

-1 

2 

8.208851 8.319849 8.363709 8.388647 8.405219 8.414549 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.704259 5.625890 5.583439 5.555609 5.535515 5.523597 

-1 

3 

11.38862 11.53602 11.57643 11.59726 11.61049 11.61776 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.872948 8.750436 8.706386 8.681775 8.665509 8.656367 

3 

-1 

1 

5.045498 5.072739 5.09370 5.110426 5.124134 5.132927 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.456918 2.444737 2.433567 2.423265 2.413716 2.406990 

-1 

2 

8.296593 8.346918 8.375103 8.393654 8.407026 8.414917 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.618469 5.586133 5.563087 5.545532 5.531558 5.522756 

-1 

3 

11.48078 11.55260 11.58241 11.59971 11.61134 11.61793 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.779462 8.724582 8.695687 8.677086 8.663815 8.656022 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.3. 

l m p 
lmpx  ʧʨʠ 2 1Fr >  

2 1.1Fr =  2 2Fr =  
2 4Fr =  

2 6Fr =  
2 8Fr =  

2 10Fr =  

1 

-1 

1 

5.143966 5.189860 5.230253 5.248511 5.259458 5.266948 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.390921 2.304732 2.213187 2.166423 2.136559 2.115138 

-1 

2 

8.422601 8.451387 8.476017 8.487018 8.493593 8.498087 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.512223 5.468894 5.430400 5.412839 5.402251 5.394981 

-1 

3 

11.62377 11.64479 11.66263 11.67056 11.67530 11.67854 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.648506 8.620369 8.596163 8.585309 8.578808 8.574359 

2 

-1 

1 

5.142349 5.182437 5.221703 5.240465 5.251959 5.259910 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.397356 2.344453 2.274647 2.232952 2.204036 2.182206 

-1 

2 

8.422141 8.449406 8.473844 8.485014 8.491749 8.496372 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.513595 5.475332 5.438043 5.420151 5.409139 5.401497 

-1 

3 

11.62359 11.64402 11.66177 11.66978 11.67458 11.67787 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.648934 8.622237 8.598244 8.587243 8.580597 8.576028 

3 

-1 

1 

5.140708 5.173784 5.210722 5.229819 5.241919 5.250449 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 2.400601 2.367872 2.316868 2.282028 2.255983 2.235376 

-1 

2 

8.421526 8.446587 8.470607 8.481987 8.488945 8.493758 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.515054 5.482992 5.447898 5.429821 5.418342 5.410227 

-1 

3 

11.62331 11.64279 11.66043 11.66855 11.67345 11.67682 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.649512 8.624908 8.601348 8.590164 8.583313 8.578568 
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ʊʘʙʣʠʮʘ 3.4. ɿʥʘʯʝʥʠ ̫ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ lmpq  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʨʠ 1,2,3;l =

1,0,1;m=- 1,2,3;p= 2H= , ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ. 

l m p 
lmpq  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

1 

-1 

1 

0.311838 0.521613 0.672805 0.796649 0.903988 0.976873 

0 0.375480 0.559692 0.696623 0.810610 0.910307 0.978359 

1 0.496878 0.642274 0.750625 0.844468 0.926445 0.982274 

-1 

2 

0.192813 0.477089 0.648403 0.783284 0.898189 0.975543 

0 0.217683 0.487817 0.654610 0.786790 0.899741 0.975903 

1 0.253479 0.506176 0.665848 0.793330 0.902692 0.976595 

-1 

3 

0.139377 0.463213 0.640966 0.779229 0.896433 0.975142 

0 0.152313 0.467517 0.643382 0.780575 0.897023 0.975276 

1 0.169075 0.474049 0.647163 0.782715 0.897972 0.975497 

2 

-1 

1 

0.532177 0.650289 0.752037 0.842433 0.924456 0.981644 

0 0.630908 0.720469 0.799864 0.871877 0.938212 0.984931 

1 0.776679 0.829529 0.877315 0.921181 0.961891 0.990690 

-1 

2 

0.356620 0.547246 0.688471 0.805677 0.908017 0.977811 

0 0.407535 0.577079 0.707021 0.816494 0.912889 0.978954 

1 0.480660 0.623733 0.737318 0.834642 0.921222 0.980927 

-1 

3 

0.265569 0.505089 0.664148 0.792033 0.902017 0.976424 

0 0.294579 0.519100 0.672409 0.796729 0.904103 0.976909 

1 0.333089 0.539486 0.684801 0.803888 0.907311 0.977659 

3 

-1 

1 

0.681031 0.754485 0.822168 0.885147 0.944225 0.986339 

0 0.774191 0.824572 0.871928 0.916722 0.959320 0.989996 

1 0.885358 0.910394 0.934246 0.957063 0.978950 0.994811 

-1 

2 

0.493064 0.626774 0.737560 0.834109 0.920751 0.980783 

0 0.556510 0.669310 0.765587 0.850985 0.928513 0.982620 

1 0.641215 0.728999 0.806226 0.876032 0.940231 0.985424 

-1 

3 

0.379295 0.560287 0.696493 0.810314 0.910095 0.978295 

0 0.419756 0.583976 0.711213 0.818896 0.913955 0.979200 

1 0.472191 0.616621 0.732085 0.831259 0.919582 0.980525 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.4.  

l m p 
lmpq  ʧʨʠ 2 1Fr >  

2 1.1Fr =  2 2Fr =  
2 4Fr =  

2 6Fr =  
2 8Fr =  

2 10Fr =  

1 

-1 

1 

1.044729 1.383850 1.60285 2.358902 2.716529 3.031180 

0 1.041913 1.361351 1.882360 2.283074 2.619609 2.914546 

1 1.034286 1.293058 1.701860 2.003224 2.248189 2.457883 

-1 

2 

1.047204 1.402296 1.974549 2.414567 2.785714 3.112719 

0 1.046529 1.397108 1.963068 2.398461 2.765664 3.089094 

1 1.045218 1.386695 1.939188 2.364233 2.722362 3.037420 

-1 

3 

1.047953 1.407863 1.986478 2.431003 2.805904 3.136244 

0 1.047698 1.405926 1.982266 2.425168 2.798719 3.127866 

1 1.047285 1.402747 1.975246 2.415359 2.786566 3.113608 

2 

-1 

1 

1.035760 1.314969 1.784414 2.151246 2.461503 2.734589 

0 1.029447 1.262590 1.661348 1.974508 2.239004 2.471160 

1 1.018205 1.162693 1.407907 1.596690 1.753642 1.889913 

-1 

2 

1.042967 1.370409 1.906001 2.320431 2.670648 2.979366 

0 1.040811 1.353524 1.868294 2.267532 2.604959 2.902252 

1 1.037050 1.323049 1.797914 2.167072 2.478786 2.752911 

-1 

3 

1.045557 1.390017 1.948194 2.378618 2.742071 3.062483 

0 1.044649 1.382991 1.932955 2.357486 2.716060 3.032173 

1 1.043235 1.371973 1.908464 2.323246 2.673667 2.982534 

3 

-1 

1 

1.026800 1.242803 1.622523 1.926524 2.186183 2.415852 

0 1.019694 1.181285 1.473576 1.711468 1.915875 2.097139 

1 1.010238 1.095133 1.250855 1.378128 1.487387 1.584116 

-1 

2 

1.037375 1.327350 1.812211 2.191298 2.512832 2.796718 

0 1.033875 1.299191 1.748316 2.101451 2.401400 2.666245 

1 1.028485 1.254307 1.642979 1.950943 2.212967 2.444280 

-1 

3 

1.042056 1.363427 1.891053 2.300279 2.646573 2.952148 

0 1.040351 1.350141 1.861688 2.259476 2.596347 2.893659 

1 1.037836 1.330179 1.816814 2.196604 2.518541 2.802705 
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(ʘ) 21,0,1; 1, 1, 0 1.m p l Fr=- = = ¢ < 

 
(ʙ) 21,0,1; 1, 1, 1.m p l Fr=- = = > 

ʈʠʩ. 3.5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 0lmp lmpq w w=  ʦʪ ʧʘʨʘʤʝʪʨʘ H . 

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʧʨʷʤʳʝ ʚʦʣʥʳ ( 1)m= , ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

( 0)m= , ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʦʙʨʘʪʥʳʝ ʚʦʣʥʳ ( 1)m=-. 

ɺ ʪʘʙʣʠʮʘʭ 3.3 ʠ 3.4 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʨʥʝʡ lmpx  ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

lmpq  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʨʠ 1,0,1; 1; 1;m p l=- = = 2H=  ʠ 
2 0 10Fr = ·  ʚ ʩʣʫʯʘʝ 

ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ. ʈʠʩ. 3.5 ʧʦʢʘʟʳʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʯʘʩʪʦʪʘʤʠ lmpq  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʠ ʧʘʨʘʤʝʪʨʦʤ H  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2,Fr

2( 0 10)Fr = · , ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 3.4 ʠ ʨʠʩ. 3.5, ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ lmpq  ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʣʥ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʧʦʣʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʪʝʤ, ʢʦʪʦʨʳʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʧʦʣʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʧʦʣʦʩʪʠ ʞʠʜʢʦʩʪʴʶ (ʪʘʙʣʠʮʘ 3.2, ʨʠʩ. 3.3). 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 
2 1Fr <  ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʧʨʷʤʳʭ ʚʦʣʥ 

ʧʦʩʪʦʷʥʥʦ ʧʨʝʚʳʰʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʦʙʨʘʪʥʳʭ ʚʦʣʥ ( )lmp lmpq q+ -> , ʘ ʧʨʠ 

2 1Fr >  ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʦʙʨʘʪʥʳʭ ʚʦʣʥ ʧʦʩʪʦʷʥʥʦ ʧʨʝʚʳʰʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ 

ʯʘʩʪʦʪʳ ʧʨʷʤʳʭ ʚʦʣʥ ( )lmp lmpq q- +> . 
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3.3.2. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ 

ɼʣʷ ʨʘʩʯʸʪʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (3.24) 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 

0( ) ( ) 0, ʧʨʠ .mp m mp m mp

mp

m
J J r r

q
x x x¡ + = =  (3.29) 

ʀʟ (3.29) ʚʠʜʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʦʙʣʘʜʘʶʪ ʪʦʣʴʢʦ ʜʚʫʤʷ ʤʥʦʞʝʩʪʚʘʤʠ 

ʫʟʣʦʚʳʭ ʣʠʥʠʡ: m ʠ p. 

ʇʦʣʘʛʘʷ 
3 3( ) cosh ( )Z x x Hm= + , ʠ ʪʦʛʜʘ ʠʟ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʡ 

ʫʩʣʦʚʠʷ (3.24), ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ, 

2 2 tanh ,N g Hw m m- =-      (3.30) 

ʠ ʝʩʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ, 

( )2 2

2 2 2

1
( ) tanh( ) .

z Fr
f z z H

z H
e

x

-
= =

-
   (3.31) 

ʌʦʨʤʫʣʘ ʙʝʟʨʘʟʤʝʨʥʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ 
02

mp

mpq
w

w
=  ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ m, p ʠ 
2Fr : 

2 2 2

2 2
,

mp

mp

mp

Fr
q

m x

m x

-
=

-
      (3.32) 

ʟʜʝʩʴ  

0, .z H rm m m= =  

ʀʟ ʫʨʘʚʥʝʥʠʡ (3.29), (3.31) ʠ (3.32) ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ mpq  

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʧʨʠ 0 1, 2r H= = ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 0.2eº  ʚ ʜʘʥʥʦʤ ʫʩʣʦʚʠʠ 

2

0( 1)gw . ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ m ʯʝʨʝʟ z, ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ 

ʨʘʩʩʤʦʪʨʝʪʴ ʫʨʘʚʥʝʥʠʝ (3.31) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 
2( , , )m p Fr  ʚ ʩʣʫʯʘʝ 

ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

021

mp mpq

w

w
=  ʦʯʝʥʴ ʤʘʣʦ, ʧʦʵʪʦʤʫ ʠʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠʤʝʥʷʷ 

ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (3.29), ʧʦʣʫʯʠʤ ʢʦʨʥʠ 11 1.841183x =  ʜʣʷ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʭ 
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( 1, 1)m p= = ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʠ 01 3.831706x =  ʜʣʷ ʩʪʦʷʯʠʭ ʚʦʣʥ ( 0, 1)m p= =. 

ɿʘʪʝʤ ʠʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ (3.31) ʚʳʚʦʜʠʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ m (ʨʠʩ. 3.6). ʕʪʦʪ 

ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʷ m ʦʩʪʘʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ. 

 

ʈʠʩ. 3.6. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ z ʧʨʠ 1,0,1; 1;m p=- = 
2 0.2Fr =  ʚ ʩʣʫʯʘʝ 

ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. 

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʧʨʷʤʳʝ ʚʦʣʥʳ ( 1)m= , ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

( 0)m= , ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʦʙʨʘʪʥʳʝ ʚʦʣʥʳ ( 1)m=-. 

ɺ ʪʘʙʣʠʮʘʭ 3.5 ʠ 3.6 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʨʥʝʡ 
mpx  ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

mpq  ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2,Fr 2( 0 10)Fr = · , ʚ ʩʣʫʯʘʝ 

ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ.  
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ʊʘʙʣʠʮʘ 3.5. ɿʥʘʯʝʥʠʷ ʢʦʨʥʝʡ 
mpx  ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʧʨʠ 1,0,1;m=-  1,2,3;p=  

2H= , ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ. 

m p 
mpx  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

-1 

1 

1.716834 1.716975 1.717227 1.717134 1.717645 1.717687 

0 3.831707 3.831707 3.831707 3.831707 3.831707 3.831707 

1 1.945436 1.945332 1.945282 1.945033 1.944984 1.944953 

-1 

2 

5.314586 5.314612 5.314615 5.314618 5.314719 5.314624 

0 7.015587 7.015587 7.015587 7.015587 7.015587 7.015587 

1 5.348188 5.348185 5.348162 5.348127 5.348055 5.348047 

-1 

3 

8.528184 8.528185 8.528186 8.528187 8.528188 8.528189 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.544324 8.544323 8.544322 8.544322 8.544321 8.544321 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.5.  

m p 
mpx  ʧʨʠ 2 1Fr >  

2 1.1Fr =  2 2Fr =  
2 4Fr =  

2 6Fr =  
2 8Fr =  

2 10Fr =  

-1 

1 

1.717755 1.718435 1.719858 1.721328 1.722809 1.724223 

0 3.831706 3.831706 3.831706 3.831706 3.831706 3.831706 

1 1.944952 1.944591 1.943562 1.942581 1.941665 1.940736 

-1 

2 

5.314616 5.314650 5.314709 5.314771 5.314832 5.314894 

0 7.015586 7.015586 7.015586 7.015586 7.015586 7.015586 

1 5.348159 5.348148 5.348069 5.348008 5.347951 5.347886 

-1 

3 

8.528298 8.528212 8.528225 8.528245 8.528263 8.528281 

0 10.17346 10.17346 10.17346 10.17346 10.17346 10.17346 

1 8.544419 8.544405 8.544389 8.544372 8.544354 8.544336 
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ʊʘʙʣʠʮʘ 3.6. ɿʥʘʯʝʥʠ ̫ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ mpq  ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʧʨʠ 

1,0,1;m=-  1,2,3;p=  2H= , ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ.  

m p 
mpq  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

-1 

1 

6.583466 6.591539 6.598686 6.607403 6.617740 6.624765 

0 9.813589 9.817927 9.823059 9.827804 9.830965 9.840504 

1 7.007257 7.015216 7.021773 7.034027 7.034961 7.050588 

-1 

2 

11.54829 11.55454 11.55780 11.56358 11.56941 11.58638 

0 13.26418 13.26622 13.27115 13.27496 13.28255 13.29398 

1 11.58521 11.58915 11.59395 11.60077 11.60268 11.64208 

-1 

3 

14.61919 14.62161 14.62396 14.63233 14.63580 14.65731 

0 15.96263 15.96707 15.96992 15.97415 15.98392 16.00157 

1 14.63335 14.63712 14.63987 14.64377 14.65017 14.65195 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.6.  

m p 
mpq  ʧʨʠ 2 1Fr >  

2 1.1Fr =  2 2Fr =  
2 4Fr =  

2 6Fr =  
2 8Fr =  

2 10Fr =  

-1 

1 

6.630923 6.661376 6.738863 6.817342 6.896612 6.976273 

0 9.850044 9.864132 9.915185 9.966145 10.017723 10.069737 

1 7.051432 7.076954 7.145886 7.216041 7.286734 7.358361 

-1 

2 

11.56826 11.59092 11.63487 11.67893 11.72267 11.76638 

0 13.29538 13.30017 13.33803 13.37572 13.41371 13.45168 

1 11.61231 11.62903 11.67091 11.71434 11.75783 11.80127 

-1 

3 

14.64398 14.65451 14.68697 14.72172 14.75575 14.79055 

0 15.98785 15.99589 16.02559 16.05773 16.08967 16.12087 

1 14.65337 14.66896 14.70095 14.73497 14.76968 14.80405 
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ʀʟ ʪʘʙʣʠʮʳ 3.6 ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʧʨʷʤʳʭ ʚʦʣʥ 

ʙʦʣʴʰʝ, ʯʝʤ ʦʙʨʘʪʥʳʭ ʚʦʣʥ ( )mp mpq q+ ->  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2Fr . ʇʨʠ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʥʘʯʝʥʠʡ mpq  ʜʣʷ ʪʨʝʭ ʪʠʧʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 

ʚʳʷʩʥʷʝʪʩʷ, ʯʪʦ 
0

mp mp mpq q q+ -> > . 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ mpq  ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ ʦʪ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʯʠʩʣʘ 
2Fr  ʠ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 0H H r= . 

ʅʘ ʨʠʩ. 3.7 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ mpq  ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʦʪ 

ʧʘʨʘʤʝʪʨʘ H  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2,Fr 2( 0 10)Fr = · , ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ 

ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ.  

 
(ʘ) 21,0,1; 1, 0 1.m p Fr=- = ¢ < 

 
(ʙ) 21,0,1; 1, 1.m p Fr=- = > 

ʈʠʩ. 3.7. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 0mp mpq w w=  ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʦʪ 

ʧʘʨʘʤʝʪʨʘ H . 

ʀʟ ʨʠʩ. 3.7 ʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʷʤʳʭ, ʦʙʨʘʪʥʳʭ ʠ ʩʪʦʷʯʠʭ ʚʦʣʥ ʩ ʨʦʩʪʦʤ 

ʯʠʩʣʘ 
2Fr . ʆʜʥʘʢʦ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʚʨʘʱʝʥʠʠ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ 
2Fr  ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʦʣʥ, ʪ. ʝ. ʚ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ m ( 1,0,1)m=- . ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ H  ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ mpq  ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚʦʟʨʘʩʪʘʶʪ, ʜʦʩʪʠʛʘʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠʤʝʨʥʦ ʧʨʠ 1.5H² . ʇʨʠ ʣʶʙʳʭ ʯʠʩʣʘʭ 
2,Fr

2 2(0 1ʠ 1)Fr Fr¢ < >, ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʩʪʦʷʯʠʭ ʚʦʣʥ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʴʰʠʤʠ 

ʠʟ ʪʨʝʭ ʪʠʧʦʚ ʚʦʣʥ, ʪ. ʝ. 0( )mp mp mpq q q+ -> > . 

3.4. ɺʳʚʦʜ ʧʦ ʛʣʘʚʝ 3 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʠʩʣʘ 2Fr , ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʚʦʣʥ. ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʵʪʠʭ ʚʦʣʥ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʣ ʧʣʘʚʫʯʝʩʪʠ ʠ ʢʦʨʠʦʣʠʩʦʚʳʭ ʩʠʣ ʠʥʝʨʮʠʠ. 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʤʥʦʞʝʩʪʚ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ: ʜʚʫʭʠʥʜʝʢʩʥʦʛʦ ʤʥʦʞʝʩʪʚʘ mpq  ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʠ ʪʨʸʭʠʥʜʝʢʩʥʦʛʦ lmpq  ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. ʏʘʩʪʦʪʳ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. 

ʇʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʨʠ ʧʦʣʥʦʤ ʠ ʯʘʩʪʠʯʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʧʦʣʦʩʪʠ, ʦʪʣʠʯʘʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʚʳʩʦʪʳ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʝ 

ʦʜʠʥʘʢʦʚʳ. ʇʨʠ 
20 1Fr¢ <, ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʧʨʷʤʳʭ ʚʦʣʥ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ 

ʚʥʫʪʨʝʥʥʠʭ ʦʙʨʘʪʥʳʭ ʚʦʣʥ ( )lmp lmpq q+ -> . ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ 2Fr , ʩʦʙʩʪʚʝʥʥʳʝ 

ʯʘʩʪʦʪʳ ʚʥʫʪʨʝʥʥʠʭ ʧʨʷʤʳʭ ʚʦʣʥ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʴʰʠʤʠ ʠʟ ʪʨʝʭ ʪʠʧʦʚ ʙʝʛʫʱʠʭ 

ʚʦʣʥ 0( )lmp lmp lmpq q q+ -> > . ʇʨʠ 2 1Fr > , ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʦʙʨʘʪʥʳʭ ʚʦʣʥ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ 

ʚʥʫʪʨʝʥʥʠʭ ʧʨʷʤʳʭ ʚʦʣʥ ( )lmp lmpq q- +> . ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʚʥʫʪʨʝʥʥʠʭ ʦʙʨʘʪʥʳʭ 
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ʚʦʣʥ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʴʰʠʤʠ ʠʟ ʪʨʝʭ ʪʠʧʦʚ ʙʝʛʫʱʠʭ ʚʦʣʥ 0( )lmp lmp lmpq q q- +> > . ʇʨʠ 

ʣʶʙʳʭ ʯʠʩʣʘʭ 
2Fr , ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʷʤʳʭ ʚʦʣʥ 

ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʯʘʩʪʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʙʨʘʪʥʳʭ ʚʦʣʥ 

( )mp mpq q+ -> , ʘ ʩʪʦʷʯʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦ 

ʯʘʩʪʦʪʝ ʠʟ ʪʨʝʭ ʪʠʧʦʚ ʙʝʛʫʱʠʭ ʚʦʣʥ, ʪ. ʝ. 0( )mp mp mpq q q+ -> > .  
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ɻʃɸɺɸ 4. ʉʆɹʉʊɺɽʅʅʓɽ ʂʆʃɽɹɸʅʀʗ ʉʊʈɸʊʀʌʀʎʀʈʆɺɸʅʅʆʁ 

ɾʀɼʂʆʉʊʀ ʇʈʀ ɹʆʃʔʐʆʁ ʉʂʆʈʆʉʊʀ ɺʈɸʑɽʅʀʗ 

ɺ ʛʣʘʚʝ 4 ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʜʘʯʘ ʦ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ. ʇʦʣʫʯʝʥʳ 

ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʞʠʜʢʦʩʪʠ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʙʳʩʪʨʦʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʙʳʩʪʨʦʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʱʝʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ ʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʱʝʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ 

ʩʦʩʫʜ. 

ʂʦʛʜʘ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ, 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. ʇʨʠ ʦʩʣʘʙʣʝʥʠʠ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʝʨʝʭʦʜ ʢ ʩʣʫʯʘʶ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʦʣʝʝ ʙʳʩʪʨʦ. ʂʦʣʝʙʘʥʠʷ ʚʨʘʱʘʶʱʠʡʩʷ ʞʠʜʢʦʩʪʠ ʚ ʩʣʫʯʘʝ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʙʳʣʠ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ [27, 80, 87, 

126]. ʀʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʘʝʪ ʤʝʪʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʫʩʢʦʨʝʥʠʡ (ʩʤ. [126]). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʨʘʙʦʪʝ 

ɻʦʥʪʢʝʚʠʯʘ ɺ.ʉ. [27].  

4.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ, ʥʘʧʦʣʥʝʥʥʳʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʦʩʫʜʘ 3Ox  ʩ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 0w. ʅʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ 1 2 3Ox x x  ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ 

ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʦʩʫʜʘ ʩ ʚʝʨʭʥʠʤ ʦʩʥʦʚʘʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʞʠʜʢʦʩʪʴ 

ʜʝʡʩʪʚʫʶʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʠ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʦ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ 0w  ʮʝʥʪʨʦʙʝʞʥʦʝ ʧʦʣʝ ʠʥʝʨʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʦʣʷ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʫʩʣʦʚʠʝ 
2

0( 1)gw , ǎ ï ʭʘʨʘʢʪʝʨʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ 
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ʨʘʟʤʝʨ ʦʙʲʸʤʘ ʞʠʜʢʦʩʪʠ, g ï ʧʦʩʪʦʷʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ ʨʘʚʥʘ 
2 2

0 0 2ʇ rw= . ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ɻ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ 

ʠʤʝʝʪ ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ, ʩʦʦʩʥʦʛʦ ʩ ʙʦʢʦʚʦʡ ʩʪʝʥʢʦʡ ʧʦʣʦʩʪʠ [27, 80, 126] (ʨʠʩ. 4.1). 

ʄʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʩʣʫʯʘʡ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ. 

 

ʈʠʩ. 4.1. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ, ʥʘʧʦʣʥʝʥʥʳʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʇʫʩʪʴ ʚ ʚʦʟʤʫʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ, 

ʜʘʚʣʝʥʠʡ ʠ ʧʣʦʪʥʦʩʪʝʡ ï u , p, ɟ. ʉʯʠʪʘʷ u , p, ɟ ï ʚʝʣʠʯʠʥʘʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʤʘʣʦʩʪʠ. ʋʨʘʚʥʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 1 2 3Ox x x  ʠʤʝʶʪ ʚʠʜ [27, 80, 

113]: 

0 0* *

0 0

1
2 ʚ ,

u
u ʇ p

t

r
w t

r r

µ
+ ³ - Ð =- Ð

µ
   (4. 1) 

0 0 ʚ ,u
t

r
r t

µ
+Ð Ö =

µ
    (4.2) 

ʟʜʝʩʴ 
*

0r  ï ʧʦʩʪʦʷʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, Ű ï ʦʙʣʘʩʪʴ ʧʦʣʦʩʪʠ, 

ʟʘʥʷʪʘʷ ʞʠʜʢʦʩʪʴʶ, S ï ʩʤʘʯʠʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʦʩʪʠ, ɻ ï ʩʚʦʙʦʜʥʘʷ 
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ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ (ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʧʦʣʥʝʥʠʠ), n ï ʦʨʪ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ 

ʩʤʘʯʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, 
0r  ï ʨʘʜʠʫʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʝʸ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚ ʧʦʣʦʩʪʠ (ʨʠʩ. 4.1). 

ʇʨʠ ʤʘʣʦʤ ʦʪʢʣʦʥʝʥʠʠ ʜʚʠʞʝʥʠʷ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 0r r r¡= + , 0u u u¡= + . 

0 0,ur  ï ʧʣʦʪʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, , ur¡ ¡ ï 

ʦʪʢʣʦʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʚʦʟʤʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʫʯʠʪʴ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

( , , )r xh . ʇʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (4.2) ʚ ʚʠʜʝ 

0 v 0,r
t r

r rµ µ
+ Ö =

µ µ
 

ʛʜʝ vru¡= . ʇʫʩʪʴ 
w

v r
r

t

µ
=
µ

 ʠ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʟʘʢʦʥ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠʤʝʝʪ ʚʠʜ ( )*

0 0( ) 1 lnr k rrr r= + , 
0

0,( )r
r

r
r

r= ² , ʪʦʛʜʘ 

ʧʦʣʫʯʠʤ 

*

0w ,r

k

r

rr r=-  

kr ï ʯʠʩʣʦ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʪ.ʝ. ʧʦʩʪʦʷʥʥʘʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ 

ʞʠʜʢʦʩʪʠ.  

ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ( , , )r xh  ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

vv v 1 v
0 ʚr r x

r r r x

h t
h

µµ µ
+ + + =

µ µ µ
.   (4.3) 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʦʞʠʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

0 ʥʘ ,u SnÖ =      (4.4) 

0( )
v 0 ʥʘ .r

p p r
ɻ

t r

µ µ
+ =

µ µ
   (4.5) 
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ɺ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ( , , )r xh  ʫʨʘʚʥʝʥʠʷ 

ʤʘʣʳʭ ʜʚʠʞʝʥʠʡ (4.1) ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ 

0
0 * *

0 0

0 *

0

*

0

v 1
2 v ,

v 1 1
2 v ,

v 1
.

r

r

x

p ʇ

t r r

p

t r

p

t x

h

h

r
w

r r

w
r h

r

µ µ µ
= - +

µ µ µ

µ µ
=- -

µ µ

µ µ
=-

µ µ

    (4.6) 

ɺʚʝʜʝʤ ʢʚʘʜʨʘʪ ʯʘʩʪʦʪ ʧʣʘʚʫʯʝʩʪʠ 
2( )N r , 

2 0 0

*

0

( )1
( ) ,

r ʇ
N r

r r

r

r

µ µ
=

µ µ
     (4.7) 

ʢʦʪʦʨʳʡ ʘʥʘʣʦʛʠʯʝʥ ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʳ ɹʨʝʥʪʘ-ɺʷʡʩʷʣʷ ʧʦ ʨʘʜʠʘʣʴʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠ ʙʳʩʪʨʦʤ ʚʨʘʱʝʥʠʠ ʞʠʜʢʦʩʪʠ [16, 56, 89]. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠʤʝʝʤ 

2 2 2

0( ) .rrN r N krw= =      (4.8) 

ʇʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (4.6) ʩ ʫʯʝʪʦʤ (4.8) ʚ ʚʠʜʝ 

2

0 *

0

0 *

0

*

0

v 1
2 v w ,

v 1 1
2 v ,

v 1
.

r
r rr

r

x

p
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t r

p

t r

p

t x

h

h

w
r

w
r h

r

µ µ
= - -

µ µ

µ µ
=- -

µ µ

µ µ
=-

µ µ

    (4.9) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ 

ʧʦʣʦʩʪʠ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʇʫʩʪʴ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʧʦ 

ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 
tel, ʛʜʝ il w=  ï ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ. ʀʟ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʦʦʪʥʦʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (4.9) ʧʦʣʫʯʠʤ ʢʦʤʧʦʥʝʥʪʳ w r
 ʠ wh ʚ 

ʚʠʜʝ 

2 2 2 *

0 0

2 2

2 2 2 * 2

0 0

1 1
w ,

4

1 1
w .
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r

rr

rr

rr
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N r r

N

N r r
h

j c j

w w r h

j w j

w w r w h

å õµ µ
= -æ ö

- - µ µç ÷

å õµ - µ
= +æ ö

- - µ µç ÷

  (4.10) 
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ʇʦʩʣʝ ʥʝʙʦʣʴʰʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʞʠʜʢʦʩʪʠ (4.3), 

ʩ ʫʯʝʪʦʤ (4.9), ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 

2 2
2 2

02 2
4 0,rr x

p
p N p

t x
h w

µ µ
D + D + =

µ µ
   (4.11) 

ʛʜʝ  

2 2 2 2 2

2 2 2 2 2 2 2

1 1 1
, .x

r r r r x r x
h

h h

µ µ µ µ µ µ
D= + + + D = +
µ µ µ µ µ µ

 

4.2. ʂʦʣʝʙʘʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʆʧʨʝʜʝʣʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ 
02

q
w

w
=  ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʟʘʜʘʯʠ ʦ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʞʠʜʢʦʩʪʠ ( , , )r xj h , ʧʦʣʘʛʘʷ 
i tp ewj= . ʋʨʘʚʥʝʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʚʦʟʤʫʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ, 

ʦʪʚʝʯʘʶʱʝʝ (4.11), ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

( ) ( )
2 2 2

2 2 2 2

2 2 2 2

1 1
1 1 1 0,Fr Fr

r r r r x

j j j j
c c

h

µ µ µ µ
è ø+ + - + - + =
ê úµ µ µ µ

  (4.12) 

ʘ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (4.4) ʠ (4.5) ʜʣʷ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʠʣʠʥʜʨʘ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʠʤʝʶʪ ʚʠʜ: 

0

2 2

02

0,     ʧʨʠ ,

[1 (1 )]
4 0,     ʧʨʠ ,

0,   ʧʨʠ 0, .

r i r R
r

Fr
r i r r

r

x x H
x

j j
c
h

j c j
j c

c h
j

µ µ
- = =

µ µ

µ - + µ
+ - = =

µ µ

µ
= = =-

µ

  (4.13) 

ɽʩʣʠ ʞʠʜʢʦʩʪʴ ʦʜʥʦʨʦʜʥʘʷ ʥʝʩʞʠʤʘʝʤʘʷ ( 0)ʨʢ= , ʪʦ ʫʨʘʚʥʝʥʠʷ (4.12) ʠ (4.13) 

ʩʪʘʥʦʚʷʪʩʷ [80] 

2 2 2
2

2 2 2 2

1 1
(1 ) 0,

r r r r x

j j j j
c

h

µ µ µ µ
+ + + - =

µ µ µ µ
   (4.14) 
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0

3 0

0,     ʧʨʠ  ,

1
4 0,     ʧʨʠ  ,

0,   ʧʨʠ 0, ,

i
r r R

r r

i r r
r r

x x H
x

j c j

h

j j
cj c

h

j

µ µ
- = =

µ µ

å õµ µ
+ - = =æ ö

µ µç ÷
µ
= = =-

µ

  (4.15) 

ʛʜʝ 02w
c

w
= , w ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ, 

2
2

2

04

rrN
Fr

w
= , 

2 2

3 2

1 (1 )Frc
c

c

- +
= . 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ: ʥʘʡʪʠ ʪʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɢ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (4.12) ʠʤʝʝʪ ʥʝʥʫʣʝʚʳʝ ʨʝʰʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ (4.13). ʊʦʛʜʘ ʯʘʩʪʦʪʘ ʜʣʷ ʣʶʙʦʡ ʜʘʥʥʦʡ ʤʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

02q w w= , ʘ ʫʟʣʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʳ ʦʧʠʩʳʚʘʝʪʩʷ ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ m (ʢʦʣʠʯʝʩʪʚʦ 

ɖ-ʫʟʣʦʚ), l (ʢʦʣʠʯʝʩʪʚʦ x-ʫʟʣʦʚ) ʠ ʥʫʣʷʤʠ ʬʫʥʢʮʠʠ R (ʨʘʜʠʘʣʴʥʳʝ ʫʟʣʳ). 

4.2.1. ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ  

ʇʦʣʘʛʘʷ ʬʫʥʢʮʠʶ ( , , ) ( ) ( ) ( )r x R r H Z xj h h=  ʠ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʠʟ (4.12) ʜʣʷ ʩʣʫʯʘʷ 

2 2(1 ) 1Frc + >: 

2 2
2

2 2

( ) 1 ( )
( ) ( ) 0,

d R r dR r m
k R r

dr r dr r
+ + - =   (4.16) 

2 2

2 2 2 2

( )
( ) 0,

1

d H m
H

d Fr

h
h

h c
+ =
-

    (4.17) 

2 2

2 2 2

( )
( ) 0,

(1 ) 1

d Z x k
Z x

dx Frc
+ =

+ -
    (4.18) 

ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, 

2 0

3 2 0

( )
( ) 0,     ʧʨʠ ,

( )
(4 ) ( ) 0,     ʧʨʠ ,

( )
0,    ʧʨʠ 0, ,

dR r
r m R r r R

dr

dR r
r m R r r r

dr

dZ x
x x H

dx

c

c c

+ = =

+ + = =

= = =-

  (4.19) 
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ʟʜʝʩʴ k, m ï ʧʦʩʪʦʷʥʥʳʝ ʨʘʟʜʝʣʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (3.12). ʆʙʦʟʥʘʯʠʤ  

2 2

2 3 22 2

1 (1 )
,

1

Fr

Fr

c c
c c

cc

- +
= =

-
.   (4.20) 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (4.12) ʠ (4.13) ʠʤʝʝʪ ʚʠʜ 

[27, 80, 126]: 

2 21
( ) ( ) cos ,

im

Fr

lmp m lmp m lmp lAJ r BY r e k x

h

cj x x -è ø= +ê ú   (4.21) 

ʛʜʝ 

2 2

0

0

, , (1 ) 1, ,l l

r l
kR r k k Fr k

R H

p
x c= = = + - = 

2 2

02 2
, , 1,2,3,...,   0, 1, 2, 3, ..., 1,2,3,...,

(1 )

l
l l

l

k
k k R l m p

k Fr

x
c

+
= = = = ° ° ° ° =

+
 

ʟʜʝʩʴ ( )m lmpJ rx  ʠ ( )m lmpY rx  ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ 1-ʛʦ ʠ 2-ʛʦ ʨʦʜʦʚ m-ʛʦ ʧʦʨʷʜʢʘ.  

ʌʫʥʢʮʠʷ ( , , )lmp r xj h  ʠʟ (4.21) ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (4.13), 

ʪʦ ʝʩʪʴ 

2

2 0

2 3

2 3 0

( ) ( )

( ) ( ) 0, ʧʨʠ ,

( ) ( 4 ) ( )

( ) ( 4 ) ( ) 0, ʧʨʠ ,

lmp m lmp m lmp

lmp m lmp m lmp

lmp m lmp m lmp

lmp m lmp m lmp

A J m J

B Y m Y r R

A cJ c m J c

B cY c m Y c r r

x x c x

x x c x

x x c c x

x x c c x

¡è ø+ +ê ú

¡è ø+ + = =ê ú

¡è ø+ + +ê ú

¡è ø+ + + = =ê ú

 (4.22) 

ʛʜʝ 

0

0

( ) ( )
( ) , ( ) , ,

( ) ( )

m lmp m lmp

m lmp m lmp

lmp lmp

dJ dY r
J Y c

d d R

x x
x x

x x
¡ ¡= = =  

ʟʜʝʩʴ lmpx  ï p-ʳʡ ʢʦʨʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (4.50). ʋʩʣʦʚʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʜʚʫʭ ʦʜʥʦʨʦʜʥʳʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (4.22), ʚʳʨʘʞʝʥʥʦʝ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ [126]: 
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2 2

2 3 2 3

( ) ( ) ( ) ( )
0,

( ) ( 4 ) ( ) ( ) ( 4 ) ( )

lmp m lmp m lmp lmp m lmp m lmp

lmp m lmp m lmp lmp m lmp m lmp

J m J Y m Y

cJ c m J c cY c m Y c

x x c x x x c x

x x c c x x x c c x

¡ ¡+ +
D= =

¡ ¡+ + + +
  (4.23) 

ʠʣʠ  

2 1 2 1

2 3 1 2 3 1

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

( 4 ) ( ) ( ) ( 4 ) ( ) ( )

m lmp lmp m lmp m lmp lmp m lmp

m lmp lmp m lmp m lmp lmp m lmp

m m J J m m Y Y

m m J c cJ c m m Y c cY c

c x x x c x x x

c c x x x c c x x x

+ +

+ +

+ - + -
D= =

+ + - + + -
 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʞʠʜʢʦʩʪʠ.  

ɹʝʟʨʘʟʤʝʨʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ 
02

lmp

lmpq
w

w
=  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ l, m, p ʠ 
2Fr  ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

2 2

2 2

(1 )
.l

lmp

l lmp

k Fr
q

k x

+
=

+
    (4.24) 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ (4.23) ʠ (4.24). ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ 
2( 0)Fr =  ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ [27, 126].  

ʀʩʩʣʝʜʫʝʤ ʜʘʣʝʝ ʫʨʘʚʥʝʥʠʝ (4.23) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʢʦʨʥʝʡ 
lmpx  ʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 
lmpq . ɻʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4.23) ʜʣʷ ʩʣʫʯʘʷ 1,m=  

1,l =  0.5ʩ= , ʧʦʣʫʯʝʥʥʦʝ c ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ Maple ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2Fr  ʠ 

ʚʳʩʦʪʝ ʞʠʜʢʦʩʪʠ 2H=  ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.2, ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʥʝʡ 
lmpx  

ʜʣʷ ʩʣʫʯʘʝʚ 1,0,1; 1, 1m l p=- = =, ʧʨʠ 2H=  ʚ ʪʘʙʣʠʮʝ 4.1. 
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ʈʠʩ. 4.2. ɻʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (4.23) ʧʨʠ 0, 1,m l= = 2,H=  0.5ʩ= . 

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʧʨʷʤʳʝ ʚʦʣʥʳ ( 1)m= , ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

( 0)m= , h ʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʦʙʨʘʪʥʳʝ ʚʦʣʥʳ ( 1)m=-. 

ʊʘʙʣʠʮʘ 4.1. ɿʥʘʯʝʥʠʷ ʢʦʨʥʝʡ 
lmpx  ʧʨʠ 1,0,1;m=-  1,l = 1p= , 2H= , 

0.1,0.2,0.5,0.8c= .  

c m 
lmpx  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

0.1 

-1 4.876379 0.220031 0.329029 0.380246 0.407266 0.418659 

0 4.815638 4.839841 4.857815 4.871683 4.882707 4.889595 

1 5.708976 2.983806 2.299607 1.913254 1.672198 1.541155 

0.2 

-1 5.207568 0.307208 0.389461 0.430111 0.450760 0.458650 

0 5.349182 5.397732 5.434505 5.463286 5.486407 5.500962 

1 5.608329 2.877741 2.284992 1.908694 1.670248 1.540032 

0.5 

-1 7.513627 0.377999 0.444185 0.476712 0.491973 0.496758 

0 7.795259 7.941969 8.064640 8.168324 8.256852 8.315088 

1 7.233169 2.874746 2.283754 1.913837 1.676137 1.545783 

0.8 

-1 17.01606 2.069524 1.811716 1.607111 1.451568 1.358581 

0 17.12757 17.36417 17.58799 17.79963 17.99974 18.14263 

1 16.32452 3.191509 2.370413 1.961061 1.708628 1.572259 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.1.  

c m 
lmpx  ʧʨʠ 2 1Fr >  

2 1.1Fr =  
2 1.2Fr =  

2 1.4Fr =  
2 1.6Fr =  

2 1.8Fr =  2 2Fr =  

0.1 

-1 0.425229 0.427693 0.429388 0.428119 0.424967 0.420621 

0 4.895563 4.899119 4.905392 4.910750 4.915381 4.919422 

1 1.436721 1.377829 1.278934 1.198661 1.131817 1.075033 

0.2 

-1 0.462373 0.463206 0.462111 0.458532 0.453429 0.447408 

0 5.513638 5.521218 5.534641 5.546157 5.556146 5.564891 

1 1.436058 1.377367 1.278730 1.198607 1.131856 1.075134 

0.5 

-1 0.497896 0.497223 0.493524 0.487766 0.480806 0.473185 

0 8.367438 8.399472 8.457579 8.508853 8.554395 8.595085 

1 1.441537 1.382647 1.283627 1.203163 1.136118 1.079140 

0.8 

-1 1.280583 1.235182 1.156808 1.091363 1.035721 0.987693 

0 5.028476 5.099186 5.229140 5.345794 5.451116 5.546691 

1 1.463990 1.403088 1.301057 1.218447 1.149793 1.091567 

 

ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʝ 

ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʦʪ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ 

ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʦʙʲʸʤʘ ʞʠʜʢʦʩʪʠ ʥʘ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʚʨʘʱʝʥʠʠ, ʚʝʣʠʯʠʥʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 0H H R=  (ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʳ), 

ʪ.ʝ. ʦʪ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ H. ɺ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʚ ʧʦʣʝ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʡ (4.23) ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 0H H R=  ʠ 
0 0ʩ r R= . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʥʦʞʝʩʪʚʦ ʦʙʲʸʤʦʚ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʦʙʣʘʜʘʶʱʠʭ 

ʦʜʠʥʘʢʦʚʳʤ ʩʧʝʢʪʨʦʤ ʯʘʩʪʦʪ. ʂʦʨʥʠ ʫʨʘʚʥʝʥʠʡ (4.23) ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ 

ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ H  ʠ c, ʥʦ ʠ ʦʪ ʯʠʩʣʘ 
2Fr . 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 
lmpq  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʦʪ 

ʚʝʣʠʯʠʥʳ ʯʠʩʝʣ 
2Fr , ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ H  ʠ c. ʅʘ ʨʠʩ. 4.3 ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ 

ʤʝʞʜʫ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ 
lmpq  ʠ ʧʘʨʘʤʝʪʨʘʤʠ H  ʠ ʩ ʧʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ 
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ʚʨʘʱʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 4.2 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 
lmpq  ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʣʥ ʜʣʷ ʩʣʫʯʘʝʚ 1,0,1; 1, 1m p l=- = = ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2,Fr 2( 0 2)Fr = · . 

 
(ʘ) 21,0,1; 1, 1, .,  0.5 0 1m p l c Fr=- = = = ¢ < 

 
(ʙ) 21,0,1; 1, 1 ..  , 0 5, 1m p l c Fr=- = = = > 

 
(ʚ) 21, 1, 1, 2, 0 1 .m p l H Fr= = = = ¢ < 

 
(ʛ) 2 .1, 1, 1, ,  2 1m p l H Fr= = = = > 

ʈʠʩ. 4.3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 
0lmp lmpq w w=  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ H  ʠ c. 

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʧʨʷʤʳʝ ʚʦʣʥʳ ( 1)m= , ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

( 0)m= , ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʦʙʨʘʪʥʳʝ ʚʦʣʥʳ ( 1)m=-. 
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ʊʘʙʣʠʮʘ 4.2. ɿʥʘʯʝʥʠ ̫ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 
lmpq  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʨʠ 1,0,1;m=-  

1,l = 1p= , 2H= , 0.1,0.2,0.5,0.8c= . 

c m 
lmpq  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

0.1 

-1 0.306608 1.084854 1.158083 1.229403 1.298700 1.349321 

0 0.310116 0.338168 0.364040 0.388172 0.410875 0.427108 

1 0.265286 0.510295 0.667383 0.802646 0.918569 0.996780 

0.2 

-1 0.288785 1.075077 1.148443 1.220002 1.289594 1.340452 

0 0.281754 0.306088 0.328550 0.349526 0.369284 0.383422 

1 0.269704 0.524843 0.670286 0.803787 0.919143 0.997138 

0.5 

-1 0.204635 1.065042 1.138570 1.210398 1.280314 1.331431 

0 0.197536 0.212544 0.226211 0.238870 0.250739 0.259212 

1 0.212219 0.525265 0.670533 0.802497 0.917423 0.995312 

0.8 

-1 0.091920 0.662291 0.775104 0.884150 0.985338 1.056192 

0 0.091328 0.098693 0.105255 0.111195 0.116639 0.120452 

1 0.095781 0.483739 0.653599 0.790783 0.908010 0.986962 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.2.  

c m 
lmpq  ʧʨʠ 2 1Fr >  

2 1.1Fr =  
2 1.2Fr =  

2 1.4Fr =  
2 1.6Fr =  

2 1.8Fr =  2 2Fr =  

0.1 

-1 1.398790 1.431139 1.494367 1.555705 1.615251 1.673105 

0 0.442740 0.452860 0.472449 0.491253 0.509362 0.526848 

1 1.069314 1.115061 1.201354 1.281861 1.357611 1.429356 

0.2 

-1 1.390163 1.422673 1.486214 1.547852 1.607680 1.665797 

0 0.397051 0.405877 0.422974 0.439400 0.455226 0.470520 

1 1.069539 1.115224 1.201430 1.281883 1.357595 1.429313 

0.5 

-1 1.381403 1.414086 1.477962 1.539918 1.600043 1.658437 

0 0.267372 0.272656 0.282889 0.292724 0.302210 0.311384 

1 1.067682 1.113366 1.199597 1.280090 1.355848 1.427615 

0.8 

-1 1.123186 1.165943 1.247423 1.324209 1.396979 1.466277 

0 0.432090 0.436660 0.445692 0.454581 0.463332 0.471947 

1 1.060102 1.106198 1.193084 1.274082 1.350244 1.422342 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ r4.2 ʠ ʨʠʩ. 4.3, ʥʘʣʠʯʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ, ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ 

2Fr , ʪʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 
lmpq  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. ʇʨʠ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ, ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ 

ʙʝʛʫʱʠʭ ʚʦʣʥ ( 1,0,1)m=- , ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʠ ʨʘʟʥʳʭ ʯʠʩʣʘʭ 
2Fr . 

4.2.2. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ  

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʫʨʘʚʥʝʥʠʝ (4.12) ʠʤʝʝʪ 
2 2(1 ) 1Frc + <. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ, 

ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ (4.16) ï (4.18) ʙʫʜʫʪ ʠʤʝʪ ɹʚʠʜ: 

2 2
2

2 2

( ) 1 ( )
( ) ( ) 0,

d R r dR r m
R r

dr r dr r
k+ - + =   (4.25) 

2 2

2 2 2 2

( )
( ) 0,

1

d H m
H

d Fr

h
h

h c
+ =
-

    (4.26) 

2 2

2 2 2 2

( )
( ) 0,

1 (1 )

d Z x
Z x

d x Fr

k

c
+ =
- +

    (4.27) 

ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (4.19). 

ʉʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʞʠʜʢʦʩʪʠ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [80, 126]: 

[ ]
2 21

( ) ( ) cos ,

im

Fr

lm m lm m lm lC I r DK r e x

h

cj m m k-
= +   (4.28) 

ʛʜʝ 

2 2

0

0

2 2

02 2

, , , 1 (1 ),

, , 1,2,3,..., 0, 1, 2, 3, ...,
(1 )

l l

l
l l

l

r l
r R Fr

R H

R l m
Fr

p
k m k k k c

k m
c k k

k

= = = = - +

-
= = = = ° ° ° °

+

 

ʟʜʝʩʴ ( )m lmI rm  ʠ ( )m lmK rm  ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʤʥʠʤʦʛʦ ʘʨʛʫʤʝʥʪʘ 

(ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ) m-ʛʦ ʧʦʨʷʜʢʘ.  
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ʌʫʥʢʮʠʷ ( , , )lm r xj h  ʠʟ (4.28) ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (4.19), ʪʦ 

ʝʩʪʴ 

[ ]

[ ]

[ ]

[ ]

2

2 0

3 2

2 3 0

( ) ( )

( ) ( ) 0, ʧʨʠ ,

( ) (4 ) ( )

( ) ( 4 ) ( ) 0, ʧʨʠ ,

lm m lm m lm

lm m lm m lm

lm m lm m lm

lm m lm m lm

C I m I

D K m K r R

C cI c m I c

D cK c m K c r r

m m c m

m m c m

m m c c m

m m c c m

¡ + +

¡+ + = =

¡ + + +

¡+ + + = =

 (4.29) 

ʛʜʝ 

0

0

( ) ( )
' ( ) , ' ( ) , ,

( ) ( )

m lm m lm
m lm m lm

lm lm

dI r dK r r
I r K r c

d r d r R

m m
m m

m m
= = =  

ʟʜʝʩʴ lmm  ï ʢʦʨʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (4.29). ʋʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʜʚʫʭ ʦʜʥʦʨʦʜʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

(3.29), ʟʘʧʠʩʘʥʥʦʝ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ [126]: 

2 2

2 3 2 3

( ) ( ) ( ) ( )
0,

( ) ( 4 ) ( ) ( ) ( 4 ) ( )

lm m lm m lm lm m lm m lm

lm m lm m lm lm m lm m lm

cI m I K m K

cI c m I c cK c m K c

m m c m m m c m

m m c c m m m c c m

¡ ¡+ +
D= =

¡ ¡+ + + +
 (4.30) 

ʠʣʠ 

2 1 2 1

3 2 1 3 2 1

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

(4 ) ( ) ( ) (4 ) ( ) ( )

m lm lm m lm m lm m m lm

m lm lm m lm m lm lm m lm

m m I I m m K K

m m I c cI c m m K c cK c

c m m m c m m m

c c m m m c c m m m

+ +

+ +

+ + + -
D= =

+ + + + + -
 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʞʠʜʢʦʩʪʠ.  

ɹʝʟʨʘʟʤʝʨʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ 
02

lm
lmq
w

w
=  ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ l, m ʠ 
2Fr  ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

2 2

2 2

(1 )
.l

lm

l lm

Fr
q

k

k m

+
=

-
     (4.31) 

ʆʧʨʝʜʝʣʷʝʤ ʢʦʨʥʠ lmm  ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (4.30) ʠ ʩʧʝʢʪʨ ʯʘʩʪʦʪ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ lmq  ʫʨʘʚʥʝʥʠʷ (4.31) ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. ʕʪʠ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ 
2( 0)Fr =  ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [27, 126]. 

ɻʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4.29) ʜʣʷ ʩʣʫʯʘʷ 1,m=- 1,l =  0.1,ʩ=  2H= , 
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ʧʦʣʫʯʝʥʥʦʝ c ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ Maple ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2Fr  ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 4.4. ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʥʝʡ lmm  ʜʣʷ ʩʣʫʯʘʝʚ 1,0,1; 1m l=- = ʚ ʪʘʙʣʠʮʝ 

4.3. 

 

ʈʠʩ. 4.4. ɻʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (4.30) ʧʨʠ 1,m=- 1,l =  2,H=  0.1.c=  

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï 
2 0Fr = , ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï 

2 0.5Fr = , ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ 

ʣʠʥʠʠ ï 
2 0.95Fr = . 

ʊʘʙʣʠʮʘ 4.3. ɿʥʘʯʝʥʠʷ ʢʦʨʥʝʡ lmm  ʧʨʠ 1,0,1;m=-  1,l = 2H= , 0.1,0.2,0.5,0.8c= . 

c m 
lmm  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

0.1 

-1 0.849316 0.812968 0.766507 0.726621 0.692130 0.640026 

0 0.394797 0.345619 0.307519 0.276780 0.250718 0.234348 

1 0.119546 0.103159 0.088857 0.077748 0.070774 0.065088 

0.2 

-1 0.835525 0.775690 0.726600 0.684333 0.648361 0.624435 

0 0.422770 0.367758 0.324702 0.290839 0.263425 0.245708 

1 0.200749 0.168551 0.147888 0.128977 0.113717 0.108646 

0.5 

-1 0.630527 0.559046 0.501630 0.454846 0.415560 0.390782 

0 0.423895 0.363441 0.317590 0.281182 0.253317 0.234348 

1 0.320976 0.271810 0.235525 0.208118 0.186218 0.172180 

0.8 

-1 0.363868 0.309291 0.268670 0.235944 0.211013 0.196318 

0 0.317954 0.267866 0.231813 0.205125 0.182652 0.168149 

1 0.291750 0.246068 0.212290 0.187781 0.167627 0.153223 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.3.  

c m 
lmm  ʧʨʠ 

2 1Fr >  

2 1.1Fr =  
2 1.2Fr =  

2 1.4Fr =  
2 1.6Fr =  

2 1.8Fr =  2 2Fr =  

0.1 

-1 0.649561 0.636342 0.613091 0.448987 0.572558 0.555084 

0 0.394797 0.345619 0.306586 0.276780 0.172494 0.163861 

1 0.063593 0.054118 0.055090 0.046650 0.050948 0.046278 

0.2 

-1 0.603518 0.590198 0.566234 0.543966 0.524608 0.506600 

0 0.230431 0.220902 0.204566 0.190423 0.177201 0.166438 

1 0.098760 0.093670 0.087289 0.083370 0.076760 0.068577 

0.5 

-1 0.368574 0.354566 0.329908 0.308437 0.291970 0.273986 

0 0.219416 0.210815 0.193131 0.179751 0.167664 0.155897 

1 0.161693 0.152860 0.140777 0.128335 0.122300 0.111261 

0.8 

-1 0.184286 0.175057 0.160952 0.151050 0.141057 0.132264 

0 0.157221 0.150460 0.138033 0.128335 0.118883 0.111261 

1 0.145474 0.135143 0.126505 0.118707 0.111758 0.103327 

 

ʅʘ ʨʠʩ. 4.5 ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ lmq  ʠ ʧʘʨʘʤʝʪʨʘʤʠ 0H H R=  ʠ cʧʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 

4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ lmq  ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ ʜʣʷ ʩʣʫʯʘʝʚ 1,0,1; 1m l=- = ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2,Fr 2( 0 2)Fr = · . 
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(ʘ) 21,0,1; 1, 0.5, 0 1.m l c Fr=- = = ¢ < 

 
(ʙ) 21,0,1; 1, 0. , 1.5  m l c Fr=- = = > 

 
(ʚ) 2 .1, 1, 2, 1 0m l H Fr= = = ¢ < 

 
(ʛ) 21, 1, 2 1 , .m l H Fr= = = > 

ʈʠʩ. 4.5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 0lm lmq w w=  ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ H  ʠ c. 

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʧʨʷʤʳʝ ʚʦʣʥʳ ( 1)m= , ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

( 0)m= , ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʦʙʨʘʪʥʳʝ ʚʦʣʥʳ ( 1)m=-. 
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ʊʘʙʣʠʮʘ 4.4. ɿʥʘʯʝʥʠ ̫ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ lmq  ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʧʨʠ 

1,0,1;m=- 1,l =  2H= , 0.1,0.2,0.5,0.8c= . 

c m 
lmq  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

0.1 

-1 1.200624 1.280246 1.355565 1.426737 1.494545 1.543925 

0 1.033165 1.122965 1.206564 1.285017 1.359065 1.412230 

1 1.002908 1.097815 1.185115 1.266464 1.343003 1.397624 

0.2 

-1 1.180916 1.259763 1.334579 1.405284 1.472971 1.521838 

0 1.038314 1.126761 1.209336 1.287167 1.360915 1.413827 

1 1.008268 1.101807 1.188495 1.269197 1.345171 1.399776 

0.5 

-1 1.091822 1.172196 1.248595 1.321528 1.391208 1.441753 

0 1.038529 1.125999 1.208167 1.285678 1.359434 1.412230 

1 1.021555 1.112223 1.196745 1.276161 1.351169 1.404889 

0.8 

-1 1.027961 1.117318 1.200913 1.279427 1.353913 1.407460 

0 1.021138 1.111729 1.196315 1.275836 1.350804 1.404494 

1 1.017708 1.109139 1.194172 1.274048 1.349346 1.403115 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.4.  

c m 
lmq  ʧʨʠ 

2 1Fr >  

2 1.1Fr =  
2 1.2Fr =  

2 1.4Fr =  
2 1.6Fr =  

2 1.8Fr =  2 2Fr =  

0.1 

-1 1.591596 1.622323 1.682652 1.682652 1.796945 1.851509 

0 1.033165 1.122965 1.206418 1.285017 1.683502 1.741553 

1 1.450326 1.484120 1.550147 1.613163 1.674201 1.732802 

0.2 

-1 1.569612 1.600512 1.660854 1.718804 1.775253 1.829826 

0 1.464987 1.498127 1.562500 1.624431 1.684069 1.741857 

1 1.452011 1.485884 1.551590 1.614726 1.675322 1.733703 

0.5 

-1 1.490757 1.522533 1.584535 1.644466 1.702997 1.759015 

0 1.463486 1.496782 1.561037 1.623113 1.682935 1.740644 

1 1.456876 1.490313 1.555452 1.617861 1.678416 1.736413 

0.8 

-1 1.459215 1.492537 1.557390 1.619958 1.680108 1.738224 

0 1.456452 1.490091 1.555210 1.617861 1.678134 1.736413 

1 1.455392 1.488760 1.554243 1.617076 1.677571 1.735810 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 4.4 ʠ ʨʠʩ. 4.5, ʥʘʣʠʯʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ, ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ 

2Fr , ʪʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ lmq . ʈʠʩ. 4.5 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ lmq  ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ H  

ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ c. 

4.2.3. ɼʚʫʤʝʨʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʷʚʣʷʝʪʩʷ ʜʚʫʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ 0l = , ʘ ʜʘʚʣʝʥʠʝ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʩʝʚʦʡ ʢʦʦʨʜʠʥʘʪʳ [130]. 

ʈʝʰʝʥʠʝ (4.25) ʧʨʠ 
2 0lk =  ʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

( ) m mR r Ar Br-= + . 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʜʚʫʤʝʨʥʳʭ ʚʦʣʥ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

2 21

0 ( ) ,

im

Frm m

m Ar Br e

h

cj --= +     (4.32) 

ʇʦʜʩʪʘʚʣʷʷ (4.32) ʚ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ ʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (4.19) ʠ ʧʨʠʨʘʚʥʠʚʘʷ ʦʧʨʝʜʝʣʠʪʝʣʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢ ʥʫʣʶ, ʧʦʣʫʯʘʝʤ 

ʫʨʘʚʥʝʥʠʝ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

2 2 2 2( 4 ) 4 1 4 0,m Fr Frg c c c g+ - - - =   (4.33) 

ʛʜʝ 0

0

,
m m

m m

rʩ ʩ
c

c ʩ R
g

-

-

+
= =

-
. 

ʉʣʝʜʫʶʱʠʝ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ 

0

1
mq
c
=  ʜʚʫʤʝʨʥʳʭ ʚʦʣʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 

2,Fr 2( 0 2)Fr = · , ʜʣʷ ʩʣʫʯʘʝʚ 

1,2,3m=  ʧʨʠ 0c> , ʢʘʢ ʧʦʣʫʯʝʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ (4.33). 
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ʊʘʙʣʠʮʘ 4.5. ɿʥʘʯʝʥʠ ̫ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 0mq  ʜʚʫʤʝʨʥʳʭ ʚʦʣʥ ʧʨʠ 1,2,3;m=  

2H= , 0.1,0.2,0.5,0.8c= . 

c m 
0mq  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

0.1 

1 0.206501 0.492587 0.665313 0.801648 0.917953 0.996314 

2 0.366009 0.577894 0.730727 0.856714 0.966417 1.041142 

3 0.500000 0.670821 0.806224 0.921956 1.024734 1.095445 

0.2 

1 0.204635 0.491808 0.664738 0.801172 0.917540 0.995926 

2 0.365777 0.577747 0.730609 0.856619 0.966333 1.041054 

3 0.499985 0.670807 0.806217 0.921947 1.024687 1.095438 

0.5 

1 0.189897 0.485861 0.660349 0.797537 0.914361 0.993009 

2 0.356202 0.571735 0.725863 0.852573 0.962741 1.037729 

3 0.496085 0.667909 0.803806 0.919836 1.022791 1.093665 

0.8 

1 0.148941 0.471364 0.649755 0.788786 0.906741 0.985989 

2 0.293846 0.535114 0.697384 0.828459 0.941460 1.018011 

3 0.431503 0.621446 0.765632 0.886674 0.993078 1.065924 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.5.  

c m 
0mq  ʧʨʠ 

2 1Fr >  

2 1.1Fr =  
2 1.2Fr =  

2 1.4Fr =  
2 1.6Fr =  

2 1.8Fr =  2 2Fr =  

0.1 

1 1.068944 1.114738 1.201100 1.281655 1.357440 1.429210 

2 1.110840 1.154973 1.238533 1.316800 1.390670 1.460809 

3 1.161895 1.204159 1.284523 1.360146 1.431783 1.499999 

0.2 

1 1.068586 1.114395 1.200781 1.281356 1.357158 1.428943 

2 1.110763 1.154900 1.238464 1.316735 1.390610 1.460752 

3 1.161888 1.204153 1.284517 1.360141 1.431777 1.499995 

0.5 

1 1.065862 1.111783 1.198358 1.279086 1.355014 1.426906 

2 1.107647 1.151903 1.235669 1.314109 1.388122 1.458383 

3 1.160217 1.202539 1.283005 1.358712 1.430421 1.498700 

0.8 

1 1.059332 1.105525 1.192553 1.273650 1.349883 1.422034 

2 1.089195 1.134171 1.219158 1.298593 1.373443 1.444419 

3 1.134106 1.177368 1.259443 1.336486 1.409324 1.478579 
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4.3. ʂʦʣʝʙʘʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʢʦʘʢʩʠʘʣʴʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʚʦʣʥʘʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʩʦʩʫʜʝ ʩ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ 
0r  ʠ ʚʥʝʰʥʠʤ ʨʘʜʠʫʩʦʤ 

0R. ɻʨʘʥʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ 

(4.13) ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʬʦʨʤʫ: 

0 0

3 3

3

0,     ʧʨʠ , ,

0,   ʧʨʠ 0, ,

i
r R r r

r r

x x H
x

j c j

h

j

µ µ
- = = =

µ µ

µ
= = =-

µ

   (4.34) 

ʠ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤʠ. 

4.3.1. ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦ ʛʨʘʥʠʯʥʳʤ ʫʨʘʚʥʝʥʠʷʤ 

(3.34) ʠ ʯʘʩʪʦʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʪʘʢ: 

2

2 0

2

2 0

( ) ( )

( ) ( ) 0, ʧʨʠ ,

( ) ( )

( ) ( ) 0, ʧʨʠ ,

lmp m lmp m lmp

lmp m lmp m lmp

lmp m mp m lmp

lmp m lmp m lmp

A c J c m J c

B cY c m Y c r R

A J m J

B Y m Y r r

x x c x

x x c x

x x c x

x x c x

¡è ø+ +ê ú

¡è ø+ + = =ê ú

¡è ø+ +ê ú

¡è ø+ + = =ê ú

 (4.35) 

2 2

2 2

( ) ( ) ( ) ( )
0,

( ) ( ) ( ) ( )

lmp m lmp m lmp lmp m lmp m lmp

lmp m lmp m lmp lmp m lmp m lmp

c J c m J c cY c m Y c

J m J Y m Y

x x c x x x c x

x x c x x x c x

¡ ¡+ +
D= =

¡ ¡+ +
 (4.36) 

ʠʣʠ 

2 1 2 1

2 1 2 1

( ) ( ) ( ) ( ) ( ) ( )
0.

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

m lmp lmp m lmp m lmp lmp m lmp

m lmp lmp m lmp m lmp lmp m lmp

m m J c c J c m m Y c cY c

m m J J m m Y Y

c x x x c x x x

c x x x c x x x

+ +

+ +

+ - + -
D= =

+ - + -
 

ʆʧʨʝʜʝʣʷʝʤ ʢʦʨʥʠ lmpx  ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ( .)ʚʥʫ

lmpq  ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʩʣʫʯʘʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɻʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

(4.36) ʜʣʷ ʩʣʫʯʘʷ 1,m=  1,l =  0.5c= , ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ Maple ʧʨʠ 
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ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2Fr  ʠ ʚʳʩʦʪʝ ʞʠʜʢʦʩʪʠ 2H= , ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.6. 

ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ lmpx  ʜʣʷ ʩʣʫʯʘʝʚ 1,0,1; 1, 1m p l=- = = ʚ ʪʘʙʣʠʮʝ 4.6. 

 

ʈʠʩ. 4.6. ɻʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (4.36) ʧʨʠ 1, 1,m l= =  2,H= 0.5 .c=  

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʧʨʷʤʳʝ ʚʦʣʥʳ ( 1)m= , ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

( 0)m= , ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʦʙʨʘʪʥʳʝ ʚʦʣʥʳ ( 1)m=-. 

ʊʘʙʣʠʮʘ 4.6. ɿʥʘʯʝʥʠʷ ʢʦʨʥʝʡ lmpx  ʧʨʠ 1,0,1;m=-  1,l = 1p= , 2H= , 

0.1,0.2,0.5,0.8c= . 

c m 
mpx  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

0.1 

-1 4.841711 0.210031 0.317029 0.380246 0.406146 0.406759 

0 3.940942 3.940942 3.940942 3.940942 3.940942 3.940942 

1 2.897802 2.683806 2.189607 1.723254 1.542198 1.321155 

0.2 

-1 5.094931 0.297208 0.376461 0.428111 0.438760 0.442650 

0 4.235748 4.235748 4.235748 4.235748 4.235748 4.235748 

1 3.281669 2.787741 2.194992 1.768694 1.530248 1.460032 

0.5 

-1 7.085253 0.353999 0.435185 0.452712 0.478973 0.482758 

0 6.393157 6.393157 6.393157 6.393157 6.393157 6.393157 

1 5.715924 2.853746 2.261754 1.904837 1.663137 1.536783 

0.8 

-1 16.27343 1.959524 1.791716 1.567111 1.438568 1.342581 

0 15.73755 15.73755 15.73755 15.73755 15.73755 15.73755 

1 15.21865 3.061509 2.280413 1.781061 1.588628 1.553259 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.6.  

c m 
lmpx  ʧʨʠ 

2 1Fr >  

2 1.1Fr =  
2 1.2Fr =  

2 1.4Fr =  
2 1.6Fr =  

2 1.8Fr =  2 2Fr =  

0.1 

-1 0.416229 0.418693 0.418388 0.419119 0.415967 0.411621 

0 3.940942 3.940942 3.940942 3.940942 3.940942 3.940942 

1 1.417721 1.368829 1.289934 1.109661 1.122817 1.067033 

0.2 

-1 0.453373 0.454206 0.453111 0.449532 0.444429 0.438408 

0 4.235748 4.235748 4.235748 4.235748 4.235748 4.235748 

1 1.427058 1.368367 1.269730 1.189607 1.122856 1.066134 

0.5 

-1 0.488896 0.488223 0.484524 0.478766 0.471806 0.464185 

0 6.393157 6.393157 6.393157 6.393157 6.393157 6.393157 

1 1.432537 1.391647 1.274627 1.194163 1.125118 1.061140 

0.8 

-1 1.271583 1.226182 1.147808 1.082363 1.026721 0.978693 

0 15.73755 15.73755 15.73755 15.73755 15.73755 15.73755 

1 1.454990 1.394088 1.292057 1.209447 1.138793 1.082567 

 

ɺ ʪʘʙʣʠʮʝ 4.7 ʧʨʠʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 
lmpq  

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʜʣʷ ʩʣʫʯʘʝʚ 1,0,1m=-  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2,Fr 2( 0 2)Fr = · . 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 
lmpq  ʦʪ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 0H H R=  ʠ 

0 0/c r R=  ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʧʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.7. ʀʟ ʪʘʙʣʠʮʳ 4.7 ʠ ʨʠʩ. 4.7 ʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 4.7, ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 
lmpq  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ 

ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʳ H  ʠ ʟʘʤʝʪʥʦ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ c. 
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ʊʘʙʣʠʮʘ 4.7. ɿʥʘʯʝʥʠ ̫ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 
lmpq  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʨʠ 1,0,1;m=-  

1,l = 1p= , 2H= , 0.1,0.2,0.5,0.8c= . 

c m 
lmpq  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

0.1 

-1 0.308595 1.085782 1.159829 1.229403 1.298924 1.351835 

0 0.370257 0.405596 0.438093 0.468342 0.496751 0.517034 

1 0.476554 0.553340 0.689703 0.852118 0.957358 1.068683 

0.2 

-1 0.294621 1.076348 1.150632 1.220397 1.292178 1.344076 

0 0.347704 0.380890 0.411409 0.439814 0.466494 0.485543 

1 0.431747 0.537754 0.688584 0.839950 0.961006 1.022824 

0.5 

-1 0.216444 1.068644 1.140264 1.215439 1.283307 1.334807 

0 0.238603 0.261376 0.282319 0.301812 0.320120 0.333191 

1 0.264987 0.528234 0.674940 0.804755 0.921219 0.998168 

0.8 

-1 0.096079 0.685163 0.780009 0.895477 0.989412 1.061517 

0 0.099315 0.108798 0.117515 0.125629 0.133250 0.138691 

1 0.102670 0.500069 0.671200 0.836674 0.943314 0.992948 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.7.  

c m 
lmpq  ʧʨʠ 

2 1Fr >  

2 1.1Fr =  
2 1.2Fr =  

2 1.4Fr =  
2 1.6Fr =  

2 1.8Fr =  2 2Fr =  

0.1 

-1 1.400794 1.433200 1.497001 1.557948 1.617564 1.675479 

0 0.536553 0.549179 0.573598 0.597022 0.619556 0.641301 

1 1.075771 1.118231 1.197238 1.316980 1.361300 1.432749 

0.2 

-1 1.392304 1.424868 1.488502 1.550220 1.610115 1.668292 

0 0.503870 0.515727 0.538660 0.560654 0.581818 0.602239 

1 1.072594 1.118394 1.204803 1.285426 1.361284 1.433130 

0.5 

-1 1.383668 1.416401 1.480368 1.542399 1.602591 1.661043 

0 0.345768 0.353906 0.369642 0.384737 0.399259 0.413273 

1 1.070733 1.110206 1.202967 1.283632 1.360357 1.435247 

0.8 

-1 1.126340 1.169191 1.250836 1.327764 1.400656 1.470059 

0 0.143926 0.147313 0.153863 0.160146 0.166192 0.172025 

1 1.063135 1.158678 1.196445 1.277619 1.354751 1.426160 
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(ʘ) 21,0,1; 1, 1, .,  0.5 0 1m p l c Fr=- = = = ¢ < 

 
(ʙ) 21,0,1; 1, 1 ..  , 0 5, 1m p l c Fr=- = = = > 

 
(ʚ) 21, 1, 1, 2, 0 1 .m p l H Fr= = = = ¢ < 

 
(ʛ) 2 .1, 1, 1, ,  2 1m p l H Fr= = = = > 

ʈʠʩ. 4.7. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 
0lmp lmpq w w=  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ H  ʠ c. 

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʧʨʷʤʳʝ ʚʦʣʥʳ ( 1)m= , ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

( 0)m= , ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʦʙʨʘʪʥʳʝ ʚʦʣʥʳ ( 1)m=-. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 4.2 ʠ 4.7, 

ʧʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ 
lmpq  ʚʩʝʭ ʪʠʧʦʚ ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʣʥ ( 1,0,1)m=-  ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 
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ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ. 

4.3.2. ɼʚʫʤʝʨʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʜʚʫʤʝʨʥʳʭ ʚʦʣʥ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ 

ʧʨʠ 0l =  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʜʩʪʘʥʦʚʢʦʡ (4.32) ʚ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʚʥʝʰʥʝʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʘʭ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʛʨʘʥʠʯʥʦʛʦ 

ʫʩʣʦʚʠʷ (4.34). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

2 2[ (1 ) 1]( ) 0.m mFr c cc -+ - - =    (4.37) 

ʆʧʨʝʜʝʣʷʝʤ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ 
0

1
mq
c
=  ʜʚʫʤʝʨʥʳʭ 

ʚʦʣʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2,Fr 2( 0 2)Fr = · , ʜʣʷ ʩʣʫʯʘʝʚ 1,2,3m=  ʧʨʠ 0c>  ʧʦ 

ʫʨʘʚʥʝʥʠʶ (4.37). ʇʦʣʫʯʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʨʘʜʠʫʩʦʚ c ʠ m (ʪʘʙʣʠʮʘ 4.7). 

 

ʊʘʙʣʠʮʘ 4.8. ɿʥʘʯʝʥʠ ̫ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 0mq  ʜʚʫʤʝʨʥʳʭ ʚʦʣʥ ʧʨʠ 2H= . 

c m 
0mq  ʧʨʠ 

20 1Fr¢ < 

2 0Fr =  
2 0.2Fr =  

2 0.4Fr =  
2 0.6Fr =  

2 0.8Fr =  
2 0.95Fr =  

0.1, 0.2, 

é, 0.9 

1, 2, 

é 
1 1.095445 1.183216 1.264912 1.341641 1.396424 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.8.  

c m 
0mq  ʧʨʠ 

2 1Fr >  

2 1.1Fr =  
2 1.2Fr =  

2 1.4Fr =  
2 1.6Fr =  

2 1.8Fr =  2 2Fr =  

0.1, 0.2, 

 é, 0.9 

1, 2, 

 é 
1.449137 1.483239 1.549194 1.612451 1.673321 1.732052 
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4.4. ɺʳʚʦʜ ʧʦ ʛʣʘʚʝ 4 

ʇʦʣʫʯʝʥʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʧʨʠʚʦʜʠʪ ʢ ʵʣʣʠʧʪʠʯʝʩʢʦʤʫ ʠʣʠ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʯʘʩʪʦʪʳ ʧʣʘʚʫʯʝʩʪʠ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʤʥʦʞʝʩʪʚ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ: ʜʚʫʭʠʥʜʝʢʩʥʦʛʦ ʤʥʦʞʝʩʪʚʘ lmq  ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʠ ʪʨʸʭʠʥʜʝʢʩʥʦʛʦ lmpq  ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ.  

ʇʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ lmpq  ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ 

ʚ ʦʙʳʯʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʙʝʟ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʝʩʣʠ 

ʟʥʘʯʝʥʠʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʨʘʟʤʝʨʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʦʜʠʥʘʢʦʚʳ. ɺ ʩʣʫʯʘʝ 

ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʨʠ ʣʶʙʳʭ ʯʠʩʣʘʭ 
2,Fr 2( / 4)Fr kr=  ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ 

ʚʥʫʪʨʝʥʥʠʭ ʦʙʨʘʪʥʳʭ ʚʦʣʥ ʙʦʣʴʰʝ ʯʘʩʪʦʪ ʧʨʷʤʳʭ ʚʦʣʥ ( )lmp lmpq q- +> , ʠ ʟʥʘʯʝʥʠʷ 

ʦʙʨʘʪʥʳʭ ʚʦʣʥ ʩʘʤʳʝ ʙʦʣʴʰʠʝ ʠʭ ʪʨʝʭ ʪʠʧʦʚ ʙʝʛʫʱʠʭ ʚʦʣʥ 
0( )lmp lmp lmpq q q- +> > . 

ʏʘʩʪʠʯʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʷʤʳʭ, ʦʙʨʘʪʥʳʭ ʠ ʩʪʦʷʯʠʭ 

ʙʝʛʫʱʠʭ ʚʦʣʥ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʦʙʨʘʪʥʳʭ ʚʦʣʥ ʙʦʣʴʰʝ ʩʪʦʷʯʠʭ ʠ ʧʨʷʤʳʭ ʚʦʣʥ 
0( )lm lm lmq q q- +> >  ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʠʩʣʘ 
2Fr . ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. 
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ɻʃɸɺɸ 5. ʋʉʊʆʁʏʀɺʆʉʊʔ ʉʊɸʎʀʆʅɸʈʅʆɻʆ ɺʈɸʑɽʅʀʗ ʊɺɪʈɼʆɻʆ 

ʊɽʃɸ ʉ ʇʆʃʆʉʊʔʖ, ʅɸʇʆʃʅɽʅʅʆʁ ʉʊʈɸʊʀʌʀʎʀʈʆɺɸʅʅʆʁ 

ɾʀɼʂʆʉʊʔʖ 

ɺ ʛʣʘʚʝ 5 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʥʘʧʦʣʥʝʥʥʦʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʠʩʩʣʝʜʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ 

ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʥʝ ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʨʝʤʝʥʠ. ʇʦʣʫʯʝʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 

ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ. ɿʘʧʠʩʘʥʳ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚ ʚʝʢʪʦʨʥʦʡ 

ʬʦʨʤʝ ʠ ʚʳʨʘʞʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʭ ʠʥʪʝʛʨʘʣʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʙʣʘʩʪʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʣʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʠ ʯʘʩʪʠʯʥʦ ʥʘʧʦʣʥʝʥʥʦʡ (ʘ) ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ʠ (ʙ) 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. 

5.1. ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ, 

ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʤʘʣʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʞʠʜʢʦʩʪʴ ʚ ʧʦʣʦʩʪʠ, 

ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʥʦʛʠʤʠ ʫʯʝʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʘʙʦʪʘʭ [1, 33-36, 54, 65, 

73, 81-82, 91, 104]. ʇʦ ʤʝʨʝ ʨʘʩʰʠʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʦʛʝʥʥʳʭ ʠ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʝʩ ʢ 

ʧʨʦʙʣʝʤʘʤ ʢʦʣʝʙʘʥʠʡ ʵʪʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ. ʍʦʨʦʰʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʠʦʛʝʥʥʳʝ ʞʠʜʢʦʩʪʠ ʦʙʣʘʜʘʶʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ ʭʨʘʥʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʦʥʚʝʢʪʠʚʥʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʨʠʦʛʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʨʝʟʝʨʚʫʘʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʷ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢʦʡ ʪʠʧ ʞʠʜʢʦʩʪʠ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʝʪʩʷ 
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ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ (89). ʅʝʩʞʠʤʘʝʤʘʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʞʠʜʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʝʡ ʤʦʜʝʣʴʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʘʢʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʨʘʙʦʪʘʭ [33-35] ʠʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʷʟʢʦʡ 

ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ. ʈʘʙʦʪʘ [65] ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʧʦʣʦʩʪʴʶ, 

ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʞʠʜʢʦʩʪʠ 

ʚ ʧʦʣʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʸ ʧʦʚʝʜʝʥʠʝ 

ʧʨʠ ʚʨʘʱʝʥʠʠ, ʠ ʯʪʦ ʨʝʟʦʥʘʥʩʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʝʡ ʩʦʩʫʜ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʨʘʙʦʪʘʭ [1, 36, 104] ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʚʨʘʱʝʥʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ, ʟʘʧʦʣʥʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʠʣʠ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. ʊʘʢʞʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʦʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ. 

5.1.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʤʝʝʪʩʷ ʪʚʸʨʜʦʝ ʪʝʣʦ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, 

ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. ʊʝʣʦ ʩʦʚʝʨʰʘʝʪ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʚʨʘʱʝʥʠʝ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 
0w  ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ 1O , 

ʷʚʣʷʶʱʝʡʩʷ ʮʝʥʪʨʦʤ ʤʘʩʩ ʚʩʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ 

ʧʦʣʦʩʪʠ 
*

1O  ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʠ 1 3O x  ʥʘ ʨʘʩʩʪʦʷʥʠʝ d ʦʪ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ 1O  (ʨʠʩ. 

5.1).  

ʉʚʷʟʴ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ 1 1 2 3O x x x  ʠ 
* * * *

1 1 2 3O x x x : 

* * *

1 1 2 2 3 3, , .x x x x x x d= = = + 
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ʈʠʩ. 5.1. ʊʚʸʨʜʦʝ ʪʝʣʦ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʇʨʝʜʧʦʣʘʛʘʷ ʩʪʘʮʠʦʥʘʨʥʦʝ ʚʨʘʱʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

0( )constw=  ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʚʦʙʦʜʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʝʢʪʦʨʫ g  ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʫʩʣʦʚʠʝ ( )2

0 1gw  (ǎ ï ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʣʦʩʪʠ). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ ʨʘʚʥʘ 0 3ʇ gx=- , ʝʩʣʠ 

ʧʨʝʥʝʙʨʝʯʴ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ ʠʥʝʨʮʠʠ ʧʨʠ ʚʨʘʱʝʥʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʫʱʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ ʧʦʣʦʩʪʴ, ʟʘʧʦʣʥʝʥʥʫʶ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ [36] 

0 0 3 ,ʊ ew w w= +W= +W     (5.1) 

ʟʜʝʩʴ 
0 0 3ew w=  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦ 

ʦʨʪʫ 
3e  ʦʩʠ 1 3O x, ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 1 1 2 3O x x x , W ï ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʚ ʚʦʟʤʫʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ, ʷʚʣʷʶʱʘʷʩʷ ʚʝʣʠʯʠʥʦʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 
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ʤʘʣʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
0w  ʠ ʚʚʝʜʝʤ ʚʝʢʪʦʨ ʤʘʣʳʭ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ( )tq , 

d

dt

q
qW= = . 

ʀʩʧʦʣʴʟʫʝʤ ʜʚʦʡʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʆʙʝʨʙʝʢʘ-ɹʫʩʩʠʥʝʩʢʘ [24, 89]: 

*

0 0 constr r= =  ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ɟ ʠ u. ʉ ʫʯʝʪʦʤ ʩʜʝʣʘʥʥʳʭ 

ʜʦʧʫʱʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ʚʦʟʤʫʱʸʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʩʠʩʪʝʤʝ 1 1 2 3O x x x  ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʠʤʝʶʪ ʚʠʜ 

0 0 3* *

0 0

1
2 ( ) ʚ ,

u
u r p g e

t

r
w q t

r r

µ
+ ³ +W³ - ÐP =- Ð - ³

µ
  (5.2) 

0 0 ʚ ,u
t

r
r t

µ
+Ð Ö =

µ
     (5.3) 

ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ 

0 ʚ , 0 ʥʘ ,div u u St n= Ö =    (5.4) 

ɿʜʝʩʴ u  ï ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ 1 1 2 3O x x x , r  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ɟ ï ʧʣʦʪʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ, Ű ï ʦʙʣʘʩʪʴ, ʟʘʥʷʪʘʷ ʞʠʜʢʦʩʪʴʶ, S ï ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ Ű, n ï ʦʨʪ ʚʥʝʰʥʝʡ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ S, 
*

0r  ï ʧʦʩʪʦʷʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʦʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʆʙʝʨʙʝʢʘ-ɹʫʩʩʠʥʝʩʢʘ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʙʣʠʞʝʥʠʷ ʆʙʝʨʙʝʢʘ-

ɹʫʩʩʠʥʝʩʢʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʝʚʦʟʤʫʱʝʥʥʦʤ 

ʜʚʠʞʝʥʠʠ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ  

* * *

0 0 3 0 3(1 ) [1 ( )].x x dr r b r b= - = - - 

ʇʨʠ 0W¹, ʫʨʘʚʥʝʥʠʷ (5.2) ʠ (5.3) ʩʚʦʜʷʪʩʷ ʢ ʟʘʜʘʯʝ ʦ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ. ʕʪʘ ʟʘʜʘʯʘ ʜʦʧʫʩʢʘʝʪ ʯʘʩʪʥʳʝ 

ʨʝʰʝʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ 
tel  [35-36]. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, 

ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ: 

v , , ,t t tu e p e el l lj r y= = =  

ʛʜʝ il w=  ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ, ɤ ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ 

ʞʠʜʢʦʩʪʠ. ʈʝʞʠʤ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʫʩʪʦʡʯʠʚʳʤ, ʝʩʣʠ ʚʩʝ 
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ʯʠʩʣʘ ɚ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʘʩʪʠ, ʠ ʥʝʫʩʪʦʡʯʠʚʳʤ, ʝʩʣʠ ʭʦʪʷ 

ʙʳ ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ɚ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʯʘʩʪʴ. 

ʋʨʘʚʥʝʥʠʷ ʚʦʟʤʫʱʸʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʩ 

ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ (5.2) ï (5.4), ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ 
tel, ʧʦʣʫʯʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʘʭ: 

2

0 3 *

0

1
v 2 v v ,

N
el w j

l r
+ ³ + Ö =- Ð    (5.5) 

*

0 3

1
v ,ey r b

l
= Ö      (5.6) 

v 0  ʚ , v 0  ʥʘ S,t nÐÖ = Ö =     (5.7) 

ʟʜʝʩʴ 2 0
0 0* *

0 0 3

1 g d
N ʇ

d
g

x
b

r
r

r r
= Ð ÖÐ =- = ï ʢʚʘʜʨʘʪ ʯʘʩʪʦʪʳ ʧʣʘʚʫʯʝʩʪʠ ʠʣʠ 

ʢʚʘʜʨʘʪ ʯʘʩʪʦʪʳ ɹʨʝʥʪʘ-ɺʷʡʩʷʣʷ [2-3, 47, 50-52, 74, 89, 95-96].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

1 * 2

0 0 1 2

2 * 2

0 0 1 2

2

3 * 2

0 0 3

1
v ,

2 ( 1)

1
v ,

2 ( 1)

1
v ( 1) ,

2 ( 1)

i
x x

i
x x

i
x

c j j
c

r w c

c j j
c

r w c

c j
s

r w c

å õµ µ
= - -æ ö

- µ µç ÷

å õµ µ
= -æ ö

- µ µç ÷
µ

= -
- µ

   (5.8) 

ʛʜʝ 
02w

c
w

= , 
2 2 2 2

2 0

2 2 2 2

4 (1 )

1

N Fr

N Fr

w c
s

w c

- -
= =

- -
, 

2
2

2

04

N
Fr

w
= , 

3e  ï ʦʨʪ ʦʩʠ ʚʨʘʱʝʥʠʷ 
3x . 

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʚʦʤʫ ʫʨʘʚʥʝʥʠʶ (5.7), ʙʫʜʝʪ 

ʧʝʨʝʧʠʩʘʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

( )
2 2 2

2

2 2 2

1 2 3

1 0,
x x x

j j j
s

µ µ µ
+ + - =

µ µ µ
    (5.9) 

ʘ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ (5.7) ʙʫʜʝʪ ʧʝʨʝʧʠʩʘʥʦ ʚ ʚʠʜʝ: 

( )21 2 1 2 3

1 2 2 1 3

1 0.i
x x x x x

j j j j j
n n c n n s n

å õ å õµ µ µ µ µ
- - - + - =æ ö æ ö

µ µ µ µ µç ÷ ç ÷
  (5.10) 
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ɺʚʝʜʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (r, ɖ, x), 

1 2 3cos , sin , .x r x r x xh h= = = 

5.1.2. ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ 

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ (5.9) ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ (r, ɖ, x), ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

( )
2 2 2

2

2 2 2 2

1 1
1 0,

r r r r x

j j j j
s

h

µ µ µ µ
+ + + - =

µ µ µ µ
   (5.11) 

ʘ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʶ (5.10) ʧʨʠ ʧʦʣʦʞʝʥʠʠ ʥʘʯʘʣʦ 

ʢʦʦʨʜʠʥʘʪ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʝ 
1O, ʠʤʝʝʪ ʚʠʜ: 

00,     ʧʨʠ ,   

0,   ʧʨʠ .

i
r r

r r

x d h
x

j c j

h

j

µ µ
- = =

µ µ

µ
= = °

µ

   (5.12) 

ʛʜʝ 02w
c

w
= , 

2 2 2 2
2 0

2 2 2 2

4 (1 )

1

N Fr

N Fr

w c
s

w c

- -
= =

- -
, 

2
2

2

04

N
Fr

w
= , 

2 2

0r Frb b e= = , 

0 02 r ge w= , ʧʦʣʘʛʘʷ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʚʨʘʱʝʥʠʠ 0.2.eº  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ (5.11) ʠ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (5.12) ʠʜʝʥʪʠʯʥʳ ʟʘʜʘʯʘʤ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʞʠʜʢʦʩʪʠ, ʦʧʠʩʘʥʥʳʤ ʃ.ɺ. ɼʦʢʫʯʘʝʚʳʤ [36]. 

ʇʦʣʘʛʘʷ ʬʫʥʢʮʠʶ ( , , ) ( ) ( ) ( )r x R r H Z xj h h= , ʠ ʧʨʠʤʝʥʷʷ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ [48, 68-69], ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (5.11) ʩ ʛʨʘʥʠʯʥʳʤ 

ʫʩʣʦʚʠʝʤ (5.12) ʚ ʚʠʜʝ: 

( )
sin ( ),

( )

m lmp im

lmp l

m lmp

J r
e k x d

J

h
x

j
x

= -     (5.13) 

ʛʜʝ 

2

02 2

0

1(2 1)
, , , ,

2 1

lmp

l lmp l l l

lmp

r l
r k k k k r

r h Fr

cp
x

c

-+
= = = =

-
 

2 2

2 2 2
, 1,2,3,..., 0, 1, 2, 3, ..., 1,2,3,...,

l lmp

lmp

l lmp

k
l m p

k Fr

x
c

x

+
= = = ° ° ° ° =

+
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ʟʜʝʩʴ ( )m lmpJ rx  ï ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ 1-ʛʦ ʨʦʜʘ m-ʛʦ ʧʦʨʷʜʢʘ.  

ʅʝ ʚʩʝ ʪʦʥʘ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʦʮʝʥʥʳ ʧʦ ʩʚʦʝʤʫ ʟʥʘʯʝʥʠʶ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʦʚʤʝʩʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʠ ʢʦʨʧʫʩʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʘʞʥʳ ʣʠʰʴ 

ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʶ 1m=, ʪʘʢ ʢʘʢ ʪʦʣʴʢʦ ʦʥʠ 

ʩʦʟʜʘʶʪ ʧʦʧʝʨʝʯʥʳʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʦʨʧʫʩ. ʇʨʠʯʝʤ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʩʥʦʚʥʦʡ ʪʦʥ ʢʦʣʝʙʘʥʠʡ [69].  

ʌʫʥʢʮʠʠ lmpj  ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ 1m=  [36], 

( , ) .i

lp n ng x r ehj j= =      (5.14) 

ʌʫʥʢʮʠʷ ( , )ng x r  ʜʦʣʞʥʘ, ʩʦʛʣʘʩʥʦ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝʡ (5.11) ʠ ʛʨʘʥʠʯʥʳʤ 

ʫʩʣʦʚʠʷʤ (5.12).  

( )
2 2

2

2 2 2

1
1 0,n n n ng g g g

r r r r x
s

µ µ µ
+ - + - =

µ µ µ
    (5.15) 

00, ʧʨʠ ,

0, ʧʨʠ .

n n
n

n

g g
r r

r r
g

x d h
x

c
µ
+ = =

µ
µ
= = °

µ

    (5.16) 

ʈʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʣʫʯʘʷ 1m=  ʧʦʣʫʯʘʝʤ ʚ ʚʠʜʝ, 

1

1

( )
( , ) sin ( )

( )

l p

n l p l

l p

J r
g g x r k x d

J

x

x
= = -,    (5.17) 

ɻʘʨʤʦʥʠʢʠ, ʩʠʤʤʝʪʨʠʯʥʳʝ ʧʦ ʢʦʦʨʜʠʥʘʪʝ x, ʥʝ ʚʦʟʙʫʞʜʘʶʪʩʷ. ʀʥʜʝʢʩ n 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʩʝʚʦʟʤʦʞʥʳʝ ʩʦʯʝʪʘʥʠʷ ʧʦʨʷʜʢʦʚʳʭ ʥʦʤʝʨʦʚ ʧʨʦʜʦʣʴʥʳʭ ʠ 

ʧʦʧʝʨʝʯʥʳʭ ʛʘʨʤʦʥʠʢʠ l ʠ p. ɺʝʣʠʯʠʥʘ l px  ʷʚʣʷʝʪʩʷ p-ʤ ʢʦʨʥʝʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ  

2 1 1 0( ) ( ) ( ) 0 , ʧʨʠ .lpY J J r rx x x c x¡= + = =   (5.18) 

ɻʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (5.18) ʜʣʷ ʩʣʫʯʘʷ 0l pc >  ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʯʠʩʣʘʭ 
2Fr  ʠ ʢʦʨʥʝʡ (l, p) ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʛʣʘʚʝ (3). 
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ʉʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚ ʩʩʳʣʢʝ [36], 

2

3 3 3* 2

0 0

1
v ( ) ,

2 ( 1)

n
n n n n n n

n

e i i e e
c

c j j s j
r w c

è ø= ³Ð - Ð + ÖÐê ú-
  (5.19) 

ʠ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ Ű 

* *v v 0, .n n d ʧʨʠ n n
t

tÖ = ¸ñ     (5.20) 

ɿʜʝʩʴ 
*vn  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʦʡ ʩ vn

.  

ʇʨʠʤʝʥʠʤ ʤʝʪʦʜ ɹʫʙʥʦʚʘ-ɻʘʣʸʨʢʠʥʘ ʢ ʫʨʘʚʥʝʥʠʶ (5.2). ʇʨʦʮʝʜʫʨʘ 

ɻʘʣʝʨʢʠʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ 

ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ v ( )n x  [24]. ɺʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʢʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʚʝʢʪʦʨʦʚ (5.19) ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (5.11) [36]. 

1 2 3

1

( )v ( , , )n n

n

u s t x x x
¤

=

=ä ,     (5.21) 

2

0 3 *

0

1
2 v v v ,n n n n

n

N
ew l j

l r
³ =- - Ö - Ð   (5.22) 

ʟʜʝʩʴ ( )ns t  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʨʘʟʣʦʞʝʥʠʷ (5.21), ʢʦʪʦʨʳʝ ʪʝʧʝʨʴ ʟʘʚʠʩʷʪ ʦʪ 

ʚʨʝʤʝʥʠ. 

ʇʦʜʩʪʘʚʠʤ ʨʘʟʣʦʞʝʥʠʝ (5.21) ʚ ʫʨʘʚʥʝʥʠʝ (5.2) ʠ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (5.22) 

ʩʚʦʜʠʪ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

2 2

3 3*
1 0

3*

0

1
v v v

1
( ) 0.

n n n n n n n n

n n

i
s v s i N e p N s e

r p g e

w
w r

q q
r

¤

=

è øå õ
+ - + Ö - Ð + Ö +é ùæ ö
ç ÷ê ú

+ ³ + Ð + ³ =

ä
  (5.23) 

ʋʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʝ (5.23) ʩʢʘʣʷʨʥʦ ʥʘ 
*vn  ʠ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ ʦʙʲʸʤʫ Ű. ɺ 

ʩʠʣʫ ʩʚʦʡʩʪʚʘ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ (5.20) ʫʨʘʚʥʝʥʠʝ (5.23) ʩʚʦʜʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʡ 

ʩʠʩʪʝʤʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

2 2 * *

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

n

i
N s i s N s s a d nw q q

w

å õ
- + + + Ö + Ö = =æ ö

ç ÷
 (5.24) 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʷʭ (5.24) ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ 

vn
 ʠ 

*vn  

2 * 2 2 *

0 3 0 3 3

* * * *

0 0 3

(v v ) ; (v v ) ;

( v ) ; (v ) .

n n n n n n

n n n n

N d N N d

a r d d g e d

t t

t t

r t r t

r t r t

= Ö = Ö

= ³ = ³

ñ ñ

ñ ñ
  (5.25) 

5.1.3. ʉʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʦʢʦʣʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ (ʩʤ. ʨʠʩ. 5.1). 

ʋʨʘʚʥʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʤʘʩʩʦʚʳʭ ʩʠʣ ʠʥʪʝʥʩʠʚʥʦʩʪʠ j, 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

0 0 0 0 0

0

( )

( ) ( ) ,

J J J r u d r u d

r r d r j d M

t t

t t

w w r t r w t

r w t r t

ÖW+W³ Ö + ³ ÖW+ ³ + ³ ³ +

+ ³ ³ - ³ =

ñ ñ

ñ ñ
  (5.26) 

ʟʜʝʩʴ 
0J J J¡= + , 

0J  ï ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʙʝʟ ʞʠʜʢʦʩʪʠ, J¡ ï ʪʝʥʟʦʨ 

ʠʥʝʨʮʠʠ ʟʘʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʠ, M  ï ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʩʠʣ. 

ʋʨʘʚʥʝʥʠʝ (5.26) ʧʨʠ ʫʯʝʪʝ ʨʘʟʣʦʞʝʥʠʷ (5.21) ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

0 0 0

1

( ) .n n n n n n n

n

J J J s a s a b s c Mq q w w q w
¤

=

è øÖ + ³ Ö + ³ Ö + + ³ - + =ê úä   (5.27) 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʦʨʤʳ (5.24) ʠ (5.27) ʜʘʶʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ. ʕʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʞʠʤʳ, ʚ 

ʢʦʪʦʨʳʭ ʥʘ ʪʝʣʦ ʜʝʡʩʪʚʫʶʪ ʧʨʦʠʟʚʦʣʴʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʤʦʤʝʥʪʳ. 

ɼʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʣʦʩʪʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʨʘʚʝʥ ʥʫʣʶ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʢʘʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʢʨʫʛ ʦʩʠ 1 3O x  ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ, ʘ 

ʫʨʘʚʥʝʥʠʷ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʧʝʨʝʯʥʳʭ ʦʩʝʡ 1 1O x  ʠ 1 2O x  ʠʜʝʥʪʠʯʥʳ. 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ (5.27) ʦʙʦʟʥʘʯʠʤ 

0 0 0 0( v ) , v ( ) , v ( ) .n n n n n na r d b r r d c r j d
t t t

r t r w t r t= ³ = Ð ³ ³ = Ð ³ñ ñ ñ  (5.28) 

ɿʜʝʩʴ ʦʙʦʟʥʘʯʠʤ ʝʱʸ ʦʜʥʠ ʢʦʵʬʬʠʮʠʝʥʪ 

0 3(v ) .n nd g e d
t

r t= ³ñ      (5.29) 

ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʘʣʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʥʳʭ ʚʝʣʠʯʠʥ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
*,n na a  ʠ 

*,n nd d ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

* * * *

1 1 2 2 1 1 2 2; .n n n n n n n na a ia ia d d id id= =- = = =- =  (5.30) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʟ ʫʨʘʚʥʝʥʠʡ (5.25), (5.28) ʠ (5.29) ʯʝʨʝʟ ʬʫʥʢʮʠʶ 
ng  

ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

0 2 2 22 2 2 2
2

* 2 2 2 2 2

0 0 0

2 2

( 1) 1

2 ( 1) ( 1)

4
,

( 1)

rh

n n n n n n
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n nh

n n n

n

g g g
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x r r

g g
r dr dx

r r

pc s c

r w c c

c

c

-

ë è ø- µ + µî å õ å õ å õ
= + + +é ùì æ ö æ ö æ ö

- µ - µç ÷ ç ÷ ç ÷é ùî ê úí
ûµ

+ ü
- µ ý

ññ
 

0
22 2 2 2

2

3 * 2 2

0 0

2 ( 1)
,

( 1)

rh

n n n
n

n h

Fr g
N r dr dx

x

p c s

r c
-

- µå õ
= æ ö

- µç ÷
ññ  

0 2

1 2

0 0

1
,

2 1 1

rh

n n n n n
n n

n nh

g g gx
a a r r dr dx

x r r

pc s

w c c
-

è ø- µ µå õ
= =- + +é ùæ ö

- µ - µç ÷ê ú
ññ            (5.31) 

02 2 2
20

1 2 2
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2 ( 1)
,

( 1)
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n n n
n n n

n h

Fr g
b ib b x r dr dx

g x

p c s w

c
-

- µ
= = =-
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2 ( 1)
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n n n
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n h
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ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (5.27) ʧʦʣʫʯʠʤ 

[ ]

[ ]

1 11 1 33 11 2 0 1 0 2 1 1

1

2 22 2 33 11 1 0 2 0 1 2 2

1

3

( ) ( ) ,

( ) ( ) ,

0.

n n n n n n n

n

n n n n n n n

n

M J J J s a s a b s c

M J J J s a s a b s c

M

q qw w

q qw w

¤

=

¤

=

= + - + + - - +

= - - + + - +

=

ä

ä  (5.32) 

ɽʣʠ ʦʩʴ 3Ox  ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʦʩʴʶ ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ ʠ ʦʩʴʶ ʚʨʘʱʝʥʠʷ, ʪʦ 

ʠʤʝʝʤ  

0 ; ( , 1,2,3)jk kjJ J j k= = = . 

ʂʦʛʜʘ ʟʘʤʝʥʠʤ 22 11J J= , 2 1n na ia= , 1 2n nb ib=- , 2 1n nc ic=  ʫʨʘʚʥʝʥʠʝ (5.32) 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 

[ ]

[ ]

1 11 1 33 11 2 0 1 0 1 2 1

1

2 11 2 33 11 1 0 1 0 1 2 1

1

3

( ) ( ) ,

( ) ( ) ,

0.

n n n n n n n

n

n n n n n n n

n

M J J J s a i s a b s c

M J J J i s a s a b i s c

M

q qw w

q qw w

¤

=

¤

=

= + - + + - + +

= - - + + - +

=

ä

ä  (5.33) 

ʊʝʧʝʨʴ ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (5.33) ʚʳʯʪʝʤ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ, ʫʤʥʦʞʝʥʥʦʝ ʥʘ 

ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ, ʠ ʧʦʣʫʯʘʝʤ ʚ ʚʠʜʝ 

[ ]1 2 11 1 2 0 33 11 1 2 1 2 0 1 1

1

( ) ( )( ) 2 ( ) .n n n n n n n

n

M i M J i i J J i s a i s b a s cq q w q q w
¤

=

- = - + - - + + - +ä  (5.34) 

ɿʘʤʝʥʠʤ 11 22J J A= =, 33J C= , 1 2iq q q- =, 1 2M iM M- = , 
*

1 1n n na a a= = , 

2n nb b= , 1n nc c= , 
*

1 1n n nd d d= =  ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʠʩʪʝʤʘʤ (5.24) ʠ (5.34) 

[ ]0 0

1

( ) 2 ( )n n n n n n n

n

A i C A s a i s b a s c Mq qw w
¤

=

+ - + + - + =ä ,  (5.35) 

2 2

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

n

i
N s i s N s s a d nw q q

w

å õ
- + + + Ö + Ö = =æ ö

ç ÷
  (5.36) 

ɿʜʝʩʴ 

0 0 0 0

11 11 33 33, .A A A J J C C C J J¡ ¡ ¡ ¡= + = + = + = + 
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ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (5.35) ʠ (5.36) ʧʦʣʦʛʘʷ 0

i teaq q= , 
0

i t

n ns s ea=  

ʠ ʧʦʜʩʪʘʚʠʤ ʚ ʫʨʘʚʥʝʥʠʝ (5.36), ʧʦʣʫʯʠʤ 

0

2

0

2 2

3

( )
.

1
( )

n n
n

n n n

n

a d
s

N N

q a

a w a
w

-
=
å õ

+ -æ ö
ç ÷

    (5.37) 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʩʠʣ ʨʘʚʝʥ ʥʫʣʶ ( 0)M = . ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (5.35), ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (5.37), ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʝ: 

2
2 2

0 0

1 2 2

3

2( )
( ) ( ) 0.

1
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n n
n n n n

n

n n n

n

a d
A C A a b a c

N N

a
a wa a w a

a w a
w

¤

=

-
è ø+ - + + - - =ê úå õ

+ -æ ö
ç ÷

ä  (5.38) 

ʈʘʟʜʝʣʠʚ ʥʘ 
* 5

0 0r gr  ʠ ʫʨʘʚʥʝʥʠʝ (5.38) ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʬʦʨʤʝ: 

2

2 2

0 0

1 2 2

3

2( )
( ) ( ) 0.

1
( )

n n

n n n n

n

n n n

n

a d
A C A a b a c

N N

a
a wa a w a

a w a
w

¤

=

-
è ø+ - + + - - =ê úå õ

+ -æ ö
ç ÷

ä  (5.39) 

ʏʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (5.39), ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʧʘʨʘʤʝʪʨʳ: 

0
0* 5 * 5

0 0 0 0

, , , , ,n
n

A C
A C

r r g g g

w w a
w w a

r r
= = = = =  

* 4 * 4 * 4* 4
0 0 0 0 0 00 0

, , , ,n n n n
n n n n

a b c d
a b c d

r r g r gr gr r rr
= = = =  

2 2
2 2 3

3* 3 * 3

0 0 0 0 0

, , .n n
n n

N N g
N N g

r r g rr r
= = =  

ɿʜʝʩʴ 
0 0,A A A C C C¡ ¡= + = +, 

0A ʠ A¡ ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʙʝʟ 

ʞʠʜʢʦʩʪʠ ʠ ʟʘʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʧʝʨʝʯʥʦʡ ʦʩʠ 1 1O x . 
0C ʠ C¡ ï 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ 1 3O x . 
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5.1.4. ɺʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ 

ʉʣʫʯʘʡ, ʢʦʛʜʘ ʪʚʸʨʜʦʝ ʪʝʣʦ ʥʝ ʠʤʝʝʪ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ, ʪ.ʝ. ʧʨʠ 0 3( ) 0xr = , 

ʫʨʘʚʥʝʥʠʝ (5.39) ʩʚʦʜʠʪʩʷ ʢ ʚʠʜʫ 

0 0 0

0( ) 0,A C Aa w+ - =     (5.40) 

ʛʜʝ  

0 0
0 0

* 5 * 5

0 0 0 0

, .
A C

A C
r rr r

= =  

ɼʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 

0 0 0C A- ².     (5.41) 

ʅʝʨʘʚʝʥʩʪʚʦ (5.41) ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʫʩʣʦʚʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ʕʪʦ ʫʩʣʦʚʠʝ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 
0C  ʙʳʣ ʣʠʙʦ ʥʘʠʙʦʣʴʰʠʤ, ʣʠʙʦ ʥʘʠʤʝʥʴʰʠʤ ʛʣʘʚʥʳʤ 

ʮʝʥʪʨʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ. 

5.1.5. ɺʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʟʘʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʴʶ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʞʠʜʢʦʩʪʴ ʥʝ ʜʚʠʞʝʪʩʷ, ʘ ʮʝʥʪʨ ʤʘʩʩ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʦʩʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ. ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʚʩʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ 0jk jk jkJ J J¡= +  ʪʘʢʞʝ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. ʇʦʵʪʦʤʫ ʦʩʪʘʝʪʩʷ ʚ ʩʠʣʝ 

ʧʨʝʜʳʜʫʱʠʡ ʚʳʚʦʜ: ʪʚʸʨʜʦʝ ʪʝʣʦ ʩ ʞʠʜʢʦʩʪʴʶ ʙʫʜʝʪ ʫʩʪʦʡʯʠʚʦ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ 

ʦʩʠ ʩ ʥʘʠʙʦʣʴʰʠʤ ʠʣʠ ʥʘʠʤʝʥʴʰʠʤ ʛʣʘʚʥʳʤ ʮʝʥʪʨʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ 

ʩʠʩʪʝʤʳ. 

5.1.6. ɺʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʚʳʚʝʜʝʤ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʦʜʥʦʨʦʜʥʫʶ ʞʠʜʢʦʩʪʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (5.39) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

[36],  

0 0

1

( ) ( ) 0,n

n n

E
A C Aa w a a w

a w

¤

=

+ - - - =
-

ä     (5.42) 
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ʟʜʝʩʴ 
2

2

2
.n

n

n

a
E

N
=  

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʢʦʛʜʘ ʚʤʝʩʪʦ ʙʝʩʢʦʥʝʯʥʦʡ ʩʫʤʤʳ ʚ ʫʨʘʚʥʝʥʠʠ (5.42) 

ʤʦʞʥʦ ʦʩʪʘʚʠʪʴ ʦʜʥʠ ʛʣʘʚʥʦʡ ʯʣʝʥ ( 1)n= , ʧʦʣʫʯʘʝʤ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ a ʠ ʝʛʦ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ 

2

0 1 1 0 0 1 1 0 1 0 1

1

[( ) ] [( ) ] 4( )( )

2( )

C A A E C A A E C A A E

A E

w w w w w w ww
a
- - - + ° - - + + - -
=

-
   (5.43) 

ɼʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ (ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ) ʚʩʝ ʢʦʨʥʠ 

ʫʨʘʚʥʝʥʠʷ (5.43) ʜʦʣʞʥʦ ʙʳʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ. ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʥʦ ʙʳʪʴ 

2

0 1 1 0 1 0 1( ) 4( )( ) 0C A A E C A A Ew w w wwè ø- - + + - - >ê ú ,  (5.44) 

ʀʟ ʫʩʣʦʚʠʷ (5.44) ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ 

1 1 1 1 1 1 1( 2 ) 2 ( )(1 ) ,E A E E A Ed d dD=- - - ° - -   (5.45) 

ʟʜʝʩʴ C AD= -, 1 1
1

0 0 1

2
.

w w
d
w w c
= = =   

ʇʨʝʜʣʘʛʘʝʤ, ʯʪʦ ʤʦʤʝʥʪ rʠʥʝʨʮʠʠ ʪʝʣʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ 
0A const=

, 
0ʉ const=  ʠ ʜʣʷ ʟʘʪʚʝʨʜʝʚʰʝʡ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ  

* 2 2 2 2 * 4

0 0 0 0 0

1 1
2 , .

4 3
A r h r h d C r hpr pr

å õ
¡ ¡= + + =æ ö

ç ÷
 

ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ A¡ ʠ ʉ¡ ʟʘʪʚʝʨʜʝʚʰʝʡ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʚʠʜʘʭ ʙʫʜʫʪ 

2 21 1
2 , .

4 3
A h h d ʉ hp p

å õ
¡ ¡= + + =æ ö

ç ÷
 

ɹʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʣʝʜʫʶʱʠʝ: 

* 5 * 5

0 0 0 0 0 0

, , , .
A ʉ h d

A ʉ h d
r r r rr r

¡ ¡
¡ ¡= = = = 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ 
2( 0)Fr =  ʢʦʵʬʬʠʮʠʝʥʪʳ 

2

1N  ʠ 
2

1a  

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ 

[ ]

[ ]

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

1 1 10 0 1 1 1

2

2 2 20 1

1 1 1 12

1 1

( ) ( )
( 1) 2 sin(2 ) cos(2 ) 1 2

( )8 ( 1) ( )

( )1
2 sin(2 )cos(2 ) ( 1) 2 4 ,

( )

l

l l l

l l l

l

k r J J
N k h k h k d

JJ

J
k h k h k d

k J

x xpc
c x

x xr w c x

x
c x x c

x

è øë å õ
= - + + - +é ùì æ ö

- é ùí ç ÷ê ú

ûè øå õ î
+ - + + - +é ùüæ ö

é ùç ÷ îê úý

 

[ ]
3

0 0 1 01
1 12 2

0 1 1 1 1

( )
cos( ) sin( ) 2 sin( ) cos( ) .

( ) ( 1)
l l l l l

l

r J r
a k d k h k h k h k h

J k

xpc
x

w x x c

ë ûå õî
=- - + -ì üæ ö

-î ç ÷ ýí
     (5.46) 

 
(ʘ) 0 210, 2, 0.A d h Fr= = = 

 
(ʙ) 

0 20, 0, 0.A d Fr= = = 

ʈʠʩ. 5.2. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʳʝ ɼʦʢʫʯʘʝʚʳʤ ʃ.ɺ. [36]. 

ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ D ʠ h  0( )h h r=

ʧʦʩʪʨʦʝʥʳ ʧʦ ʬʦʨʤʫʣʝ (5.45). ʅʘ ʨʠʩ. 5.2 ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ D ʠ h  

0( )h h r=  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʨʥʝʡ l ʠ p ( 0 2; 1 3)l p= · = ·. ʆʙʣʘʩʪʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʨʠʩ. 5.2. (ʘ) ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ 
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ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
0 10A = , 2d h= . ʅʘ ʨʠʩ. 5.2. (ʙ) ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ 

ʞʠʜʢʦʩʪʠ ʙʝʟ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪ.ʝ. ʧʨʠ 
0 0A = , 0d= . ɿʜʝʩʴ ʟʦʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʟʘʰʪʨʠʭʦʚʘʥʳ. ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʥʠʮʫ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ D ʠ h  ʬʠʟʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʪʝʣʘ ʩ 

ʞʠʜʢʦʩʪʴʶ ( )ʉ ɸ- . ʆʙʣʘʩʪʴ ʧʦʜ ʵʪʦʡ ʣʠʥʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʣʞʥʘ ʙʳʪʴ ʠʩʢʣʶʯʝʥʘ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ [1, 36]. 

ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ (ʨʠʩ. 5.2) ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

p ʩʜʚʠʛʘʝʪ ʚʝʪʚʠ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ D, ʘ ʚʝʪʚʠ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ l ʦʧʫʩʢʘʶʪʩʷ ʚʥʠʟ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ D ʠ h . 

ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʝʣ l ʠ p ʧʨʠʚʦʜʠʪ ʢ ʩʣʠʷʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ 

ʯʠʩʣʘʤ ʚʝʪʚʠ ʩ ʚʝʪʚʷʤʠ ʜʣʷ ʤʝʥʴʰʠʭ ʯʠʩʝʣ l ʠ p. ʅʘʧʨʠʤʝʨ, ʚ ʦʙʦʠʭ ʜʚʫʭ ʩʣʫʯʘʝʚ 

ʧʨʠ 
0 10A = , 2d h=  ʚʝʪʚʠ [(1,2),(2,3)] ʠ ʧʨʠ 

0 0A = , 0d=  ʚʝʪʚʠ [(1,2),(2,2),(2,3)] 

ʩʣʠʚʘʶʪʩʷ ʩ ʦʩʥʦʚʥʦʡ ʟʦʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ (0,1). 

5.1.7. ɺʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ 

ɺʳʚʝʜʝʤ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʫʶ ʞʠʜʢʦʩʪʴ 
2( 0)Fr ¸ . ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʢʦʛʜʘ ʚʤʝʩʪʦ 

ʙʝʩʢʦʥʝʯʥʦʡ ʩʫʤʤʳ ʚ ʫʨʘʚʥʝʥʠʠ (5.39) ʤʦʞʥʦ ʦʩʪʘʚʠʪʴ ʦʜʥʠ ʛʣʘʚʥʦʡ ʯʣʝʥ ( 1)n= , 

ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

4 3 2

0 1 2 3 4 0 ,y y y y ya a a a+ + + + =    (5.47) 

ʟʜʝʩʴ  

( ) ( )* 2 2

1 1 0 1 1 1 0

0 1 2 2

1 1

2
1 , ,

2

AN C A N a b a
y y

a AN

w w- - + -
= =

-
 

( ) ( )2 *

31 1 0 1 1 1 1 1
2 42 2 2 2

1 1 1 1

2 2
, ,

2 2

AN C A N a c d c d
y y

a AN a AN

w+ - - +
= =

- -
 

( ) ( )2

31 0 1 1 0 1 * 2 2

3 1 1 1 0 312 2

1 1 1 0

2 1
, .

2

C A N d a b
y N N N

a AN

w w
dw

dw

- + -
= = -

-
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʟ ʫʨʘʚʥʝʥʠʷ (5.31) ʜʣʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 

1n=  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

[ ]

[ ]

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

1 1 10 0 1 1 1

2

2 2 20 1

1 1 1 12

1 1

( ) ( )
( 1) 2 sin(2 ) cos(2 ) 1 2

( )8 ( 1) ( )

( )1
2 sin(2 )cos(2 ) ( 1) 2 4 ,

( )

l

l l l

l l l

l

k r J J
N k h k h k d

JJ

J
k h k h k d

k J

x xpc
s x

x xr w c x

x
c x x c

x

è øë å õ
= - + + - +é ùì æ ö

- é ùí ç ÷ê ú

ûè øå õ î
+ - + + - +é ùüæ ö

é ùç ÷ îê úý

[ ]
2 22 2 2 2

2 0 0 1 0 11 1
31 1* 2 2 2

1 1 10 1 1 1

( ) ( )( 1)
2 sin(2 ) cos(2 ) 1 2 ,

( )2 ( 1) ( )

l

l l l

k r J JFr
N k h k h k d

JJ

x xp c s
x

x xr c x

è øå õ-
= + + -é ùæ ö

- é ùç ÷ê ú
   (5.48) 

[ ]
32

0 0 1 01 1
1 12 2 2

0 1 11 1 1

( )1
cos( ) sin( ) 2 sin( ) cos( )

( )1 ( 1)
l l l l l

l

r J r
a k d k h k h k h k h

J k

xpc s
x

w xc x c

ë ûå õ-î
=- - + -ì üæ ö

- -î ç ÷ ýí
,  

[ ]
2 2 2 3

1 0 1 0 0 1

1 12 2

1 11 1

4 ( 1) ( )
sin( ) cos( ) sin( ) 2 ,

( )( 1)
l l l l

Fr r J
b k h k h k h k d

Jg

p cw s x
x

xc x

å õ-
=- - -æ ö

- ç ÷
 

2 2 3

1 1 0 0 0 1
1 12 2

1 1 1 1

4 ( 1) ( )
sin( )cos( ) 2 ,

1 ( )
l l

Fr r J
c k h k d

J

p c s w x
x

c x x

å õ-
= -æ ö

- ç ÷
 

01
1

0 1

sin( )sin( ).
( 1)

l l

l

rg
d k h k d

k

p c

w c
=-

-
 

ɽʩʣʠ 
0 0y ¸  ʜʠʩʢʨʠʤʠʥʘʥʪ ʫʨʘʚʥʝʥʠʷ (5.47) ʠʤʝʝʪ ʚʠʜ 

3 3 2 2 2 2 2 2 2

0 4 0 1 3 4 0 2 4 0 2 3 4

2 4 2 2 2 2 2

0 3 0 1 2 4 0 1 3 4 0 1 2 3 4

3 4 3 2 4 2

0 1 2 3 0 2 4 0 2 3 1 4

3 3 3 2 3 2 2 2

1 2 3 4 1 3 1 2 4 1 2 3

256 192 128 144

27 144 6 80

18 16 4 27

18 4 4 .

D y y y y y y y y y y y y y

y y y y y y y y y y y y y y y

y y y y y y y y y y y y

y y y y y y y y y y y y

= - - + -

- + - - +

+ + - - +

+ - - +

 (5.49) 

ʇʨʠʨʘʚʥʷʪʴ 0,D= ʠ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 4-ʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ( )C A- , 

4 3 2

1 2 3 4 5( ) ( ) ( ) ( ) 0,z C A z C A z C A z C A z- + - + - + - + =  (5.50) 

ʟʜʝʩʴ 

( )( ) ( )
2 2 2

6 2 2 2 2 *

1 0 1 31 1 31 14 ,z N N N N Nw è ø= +
é ùê ú

 

( ) ( )

( ) ( )

2 2
5 2 2 * 2 2 21 1

2 0 31 31 1 1 31 0 1

2 *
2 3

* 2 * 2 2 * 21 1
1 1 0 1 31 1 1 1

8 3
2

2 18 ,
4

a c
z N AN N a N N

N N
N a A N N a N a

w w

w

ëè øå õ
= - + +ìæ öé ù

ç ÷ê úí

ûè ø+ + - - üé ùê ú ý
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( ) ( ) ( )
( )

( ) ( )

( ) ( )

( )

* 2
2 2 1 04 2 2 * 2 2 2 4

3 0 31 31 1 0 1 0 31 1

*
* 2 * 2 2 3 2 *1
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2 2

2 2 2 2 2 2 *1 0 1 1
1 31 1 1 1 1 31 1 1

2
*
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27
8 9 6
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2
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N
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AN N c
AN N a AN c N N N a
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w w w

w w

w

ëè øî
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èè ø
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ê úú
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*

12 2
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N
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ûè øè ø
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( ){
( ) ( )

( )

( ) ( )

3 2 * 2 5 2 6 3

4 0 31 1 0 1 0 31 1 31 1 0

2
2 * 2 2 2 2 * 4

31 0 1 31 0 1 1 0 1 1

2
2 * 2 * 3

1 1 0 1 31 1 0 1

2 2
2 * 2 * 2 2 2 * 2

1 0 1 31 1 31 0 1 1 1 1

8 2 9 4

9 5 2 6

3 2
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3 2
5
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A N AN N c N N a

Ac N N N N a
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w w w
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é ùê ú
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+ - - -æ öé ù

ç ÷ê ú

è øå õ
- + + +æ öé ù

ç ÷ê ú

( )( ) ( )*2 12 * 2 2 * 3 * 2 2 2

1 1 1 31 1 1 1 31 1 31

1
,

2 4

N
A c N N N N a A N N N N

+

ûå õî
æ ö+ + + + ü
æ öîç ÷ý

 

( ) ( ) ( ){

( )

2 2
2 2 2 4 2 3 * 2 2

5 31 0 31 1 1 1 0 1 1 1 0 31 1

2
*

12 2 2 2 2

1 1 1 1 31

4 2 4 2

2 .
4

z N AN a c a a c A N N a

N
AN a c A N N

w w w= - + - + -

ûè ø
îé ù- + + ü

é ùîê úý

 

ʇʦʩʣʝ ʥʝʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠʟ ʫʨʘʚʥʝʥʠʷ (5.50) ʧʦʣʫʯʠʤ ʜʚʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ ʜʚʘ ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʨʥʠ ( ) , ( 1,...4)kC A k- = . ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ 

ʟʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: 
0 1r = , 1h= , 

*

0 1r= , 0l = , 
2 0.01Fr = , 1 2.727912x= , 

0 10A = , / 2d h=  ʧʦʣʫʯʠʤ ʯʝʪʳʨʝ ʢʦʨʥʷ ( )C A- , 

1 2

3 4

( ) 12.364163 , ( ) 14.452344,

( ) 0.165476 0.306911 , ( ) 0.165476 0.306911 .

C A C A

C A i C A i

- =- - =-

- = + - = -
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʴʤʸʤ ʜʚʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʠ. 

ʋʨʘʚʥʝʥʠʝ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʙʫʜʝʪ ʠʤʝʪʴ 

ʚʠʜ ʫʨʘʚʥʝʥʠʷ (5.45). ʇʨʝʜʣʘʛʘʝʤ, ʯʪʦ ʤʦʤʝʥʪ r ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ 
0A const= , 

0ʉ const=  ʠ ʜʣʷ ʟʘʪʚʝʨʜʝʚʰʝʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ  

* 2 2 2 2 2 * 4

0 0 0 0 0

1 1 2
2 , .

4 3 3
A r h r h d h d ʉ r hpr b pr

å õ
¡ ¡= + + + =æ ö

ç ÷
  (5.51) 

ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ A¡ ʠ ʉ¡ ʟʘʪʚʝʨʜʝʚʰʝʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʚʠʜʘʭ ʙʫʜʫʪ 

2 2 21 1 2
2 , .

4 3 3
A h h d h d ʉ hp b p

å õ
¡ ¡= + + + =æ ö

ç ÷
 

ɹʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʣʝʜʫʶʱʠʝ: 

0* 5 * 5

0 0 0 0 0 0

, , , , .
A ʉ h d

A ʉ r h d
r r r r

b b
r r

¡ ¡
¡ ¡= = = = = 

ʅʘ ʨʠʩ. 5.3 ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ 
2( 0)Fr ¸  ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ D ʠ h  ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʨʥʝʡ l ʠ p ( 0 2; 1 3)l p= · = ·. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ 

ʨʠʩ. 5.3. (ʘ) ʧʨʠ 
2 0.01Fr =  ʠ (ʚ) ʧʨʠ 

2 0.1Fr = , ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
0 10, 2A d h= = ; ʥʘ ʨʠʩ. 5.3. (ʙ) ʧʨʠ 

2 0.01Fr =  ʠ (ʛ) ʧʨʠ 
2 0.1Fr =  ï ʜʣʷ ʞʠʜʢʦʩʪʠ ʙʝʟ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪ.ʝ. ʧʨʠ 

0 0, 0A d= = (ʟʦʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʰʪʨʠʭʦʚʘʥʳ). ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʠʤʝʶʪ ʪʦʪ 

ʞʝ ʩʤʳʩʣ, ʯʪʦ ʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʚʠʞʝʥʠʷ ʩ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ. 
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(ʘ) 0 210, 2, 0.01.A d h Fr= = =  

 
(ʙ) 

0 20, 0, 0.01.A d Fr= = =  

 
(ʚ) 0 210, 2, 0.1.A d h Fr= = =  

 
(ʛ) 

0 20, 0, 0.1.A d Fr= = =  

ʈʠʩ. 5.3. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʨʥʷʭ l ʠ p. 
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ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.3, ʚʝʪʚʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʨʥʷʭ l ʠ p ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ 
2( 0)Fr ¸  ʧʦʣʫʯʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʚʝʪʚʷʤ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ 

2( 0)Fr = . ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ p ʦʙʣʘʩʪʴ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʰʠʨʷʝʪʩʷ. ʀ 

ʥʘʦʙʦʨʦʪ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ l ʦʙʣʘʩʪʴ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʫʞʘʝʪʩʷ. ʇʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʝʣ l ʠ p ʚʝʪʚʠ ʩʣʠʚʘʶʪʩʷ ʩ ʚʝʪʚʷʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʝʥʴʰʠʤ ʯʠʩʣʘʤ l ʠ p. 

ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢ ʧʦʣʫʯʘʶʪʩʷ ʟʘʚʠʩʷʱʠʝ ʦʪ ʯʠʩʝʣ 2Fr  

ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʧʝʨʚʦʛʦ ʯʣʝʥʘ 1n=  ʩ ʢʦʨʥʷʤʠ 0, 1l p= =. ʅʘ ʨʠʩ. 5.4 

ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ D ʠ h  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2,Fr

2( 0,0.01,0.1,0.2)Fr = , ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʨʥʷʤʠ 0, 1l p= =. ʆʙʣʘʩʪʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ. 5.4. (ʘ) ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
0 10A = , 2d h= ; ʨʠʩ. 5.4. (ʙ) ï ʜʣʷ ʞʠʜʢʦʩʪʠ 

ʙʝʟ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪʦ ʝʩʪʴ ʧʨʠ 
0 0A = , 0d=  (ʟʦʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʰʪʨʠʭʦʚʘʥʳ). 

 
(ʘ) 0 20, 1, 10, 2, 0 0.2.l p A d h Fr= = = = = · 

 
(ʙ) 0 20, 1, 0, 0, 0 0.2.l p A d Fr= = = = = · 

ʈʠʩ. 5.4. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2Fr . 
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ʅʘ ʨʠʩ. 5.4 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʦʙʣʘʩʪʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ. ʆʙʣʘʩʪʠ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʣʘ 2Fr  ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʢʣʶʯʝʥʳ ʚ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʣʘ 

2Fr . 

5.2. ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ, 

ʯʘʩʪʠʯʥʦ ʥʘʧʦʣʥʝʥʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ 

5.2.1. ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ (5.9) ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ (r, ɖ, x) ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

( )
2 2 2

2

2 2 2 2

1 1
1 0,

r r r r x

j j j j
s

h

µ µ µ µ
+ + + - =

µ µ µ µ
   (5.52) 

 

ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

( )

0

2 2

0 ʧʨʠ ,

0 ʧʨʠ ,

0 ʧʨʠ .

i
r r

r r

x d h
x

N g x d h
x

j c j

h

j

j
w j

µ µ
- = =

µ µ

µ
= = -

µ

µ
- + = = +

µ

   (5.53) 

5.2.2. ɺʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ 

ɼʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʣʘʛʘʷ 

( ) ( )1( ) sin cosl lZ x k x d C k x d= - + - [80], ʧʨʠ 3x d h= - ʧʦʣʫʯʘʝʤ ( )1 cot lʉ kh= . 

ʇʨʠ 3x d h= + ʧʦʣʫʯʘʝʪʩʷ 

2 2 tan(2 )l lN gk k hw- = ,     (5.54) 

ʠʣʠ ʧʨʝʦʙʨʘʟʫʷ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ, 
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2 2
2( ) tan( ) ,

Fr q
f y y H

y
e

-
= =      (5.55) 

ʟʜʝʩʴ 

0 02

0

, , 2 , , , .l l l

h
y k H k k r H h h r

r Fr

b
e b b= = = = = =  (5.56) 

ʈʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʣʫʯʘʷ 1m=  ʠʤʝʝʪ ʚʠʜ, 

( ) ( ) ( )1

1

( )
( , ) sin cot cos

( )

l p

n l p l l l

l p

J r
g g x r k x d k h k x d

J

x

x
è ø= = - - -ê ú.  (5.57) 

(ʘ) ɺʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ  

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʢʦʛʜʘ ʦʜʥʠ ʛʣʘʚʥʦʡ ʯʣʝʥ 1n= , ʫʨʘʚʥʝʥʠʝ (5.47), 

ʧʦʣʫʯʝʥʥʦʝ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ 
2( 0)Fr ¸ , 

ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʟ ʫʨʘʚʥʝʥʠʷ (5.48) ʜʣʷ ʩʣʫʯʘʷ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 

ʧʦʣʦʩʪʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʛʣʘʚʥʦʤ ʯʣʝʥʝ 1n=  ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

( ) ( )( )

( )

22
2

2 2 2 201
1 1* 2 2 2

10 0 1

2

2 2 0 1 0 1

1 2

1 11 1

2 2 2

1 2 4cos ( ) 2 4cos ( ) cot( )
4 ( 1)

( ) ( )
csc ( ) 4cos ( )cos( )sin( ) . 1 2

( )( )

1
4cos ( ) 2 cos ( ) 2cos ( )

l

l l l

l l l l l

l l l

l

k r
N k h k d k h

J J
k h k h k h k d k d

JJ

k h k d k h
k

pc
s

xr w c

x x
x

xx

ë
è= - - - +ì ê- í

è øå õ
ø+ - + - +é ùæ öú
é ùç ÷ê ú

+ - -( )

( )

2

2

2 2 2 20 1

1 1 1 12

1 1

1 cot( ) csc ( )

( )
4cos ( )cos( )sin( . 1 2 4 ,

( )

l l l

l l l

k h k h k h

J
k h k d k d

J

x
c x x c

x

è + + +
ê

è øå õ
ø+ + + - +é ùæ öú
é ùç ÷ê ú

 

( )( )
22 2 2 2

2 2 201 1
31 * 2 2

10 1

2

2 2 0 1 0 1

1 2

1 11 1

( 1)
2 4cos ( ) 2 4cos ( ) cot( )

( 1)

( ) ( )
csc ( ) 4cos ( )cos( )sin( ) . 1 2 ,

( )( )

l

l l l

l l l l l

k rFr
N k h k d k h

J J
k h k h k h k d k d

JJ

p c s

xr c

x x
x

xx

-
è= - - +
ê-

è øå õ
ø- + -é ùæ öú
é ùç ÷ê ú

      (5.58) 

( )

32

0 0 11 1
1 12 2

0 1 11 1

0

2

1

( )1
sin( ( )) 2

( )1

csc( ) sin( ( 2 )) sin( ) cos( ( 2 )) cos( ) ,
( 1)

l

l l l l l l

l

r J
a k d h

J

r
k h k h k d h k d k d h k d

k

xpc s
x

w xc x

c

ë å õ-î
=- - - +ì æ ö

-î ç ÷í

û
è ø+ - + - - + üê ú- ý
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( )
( )

( )

]

2 2 2 2
1 0 1 0

1 22

1

0 1
1

1 1

2 1
csc( ) cos( ( 2 )) cos( )

1

( )
sin( ( 2 )) sin( ) 2 ,

( )

l l l l

l

l l

Fr r
b k h k h k d h k d

kg

J
k d h k d

J

p cw s

xc

x
x

x

-
=- - + +èê

-

å õ
+ - - -æ ö

ç ÷

 

2 2 3

1 1 0 0 0 1
1 12 2

1 1 1 1

4 ( 1) ( )
sin( ( )) 2 ,

1 ( )
l

Fr r J
c k d h

J

p c s w x
x

c x x

å õ-
= - -æ ö

- ç ÷
 

( )
( )01

1

0 1

cos ( ) .
1

l

l

rg
d k d h

k

p c

w c
=- -

-
 

ʇʦ ʫʨʘʚʥʝʥʠʶ (5.50) ʧʦʣʫʯʠʤ ʜʚʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ ʜʚʘ ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʨʥʠ 

( ) , ( 1,...4)kC A k- = . ʂʦʛʜʘ ʟʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: 
0 1r = , 1h= , 

*

0 1r= , 

0l = , 
2 0.01Fr = , 2.736620x= , 

0 10A = , / 2d h= , ʧʦʣʫʯʠʤ ʯʝʪʳʨʝ ʢʦʨʥʷ ( )C A- , 

1 2

3 4

( ) 13.324624, ( ) 14.583521,

( ) 0.136393 0.207953 , ( ) 0.136393 0.207953 .

C A C A

C A i C A i

- =- - =-

- = + - = -
 

ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ D ʠ h  ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʧʦʩʪʨʦʝʥʳ ʪʘʢ ʞʝ, 

ʢʘʢ ʠ ʜʣʷ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʫʯʘʷ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ. ʅʘ ʨʠʩ. 5.5 ʧʦʢʘʟʘʥʳ 

ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ 

2( 0)Fr ¸  ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʨʥʝʡ l  ʠ p

( 0 2; 1 3)l p= · = ·. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʨʠʩ. 5.5 (ʘ) ʧʨʠ 
2 0.01Fr =  ʠ (ʚ) ʧʨʠ 

2 0.1Fr =  ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

0 10A = , 2d h= ; ʥʘ ʨʠʩ. 5.5. (ʙ) ʧʨʠ 
2 0.01Fr =  ʠ (ʛ) ʧʨʠ 

2 0.1Fr =  ï ʜʣʷ ʞʠʜʢʦʩʪʠ 

ʙʝʟ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪ.ʝ. ʧʨʠ 
0 0A = , 0d=  (ʟʦʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʰʪʨʠʭʦʚʘʥʳ). 
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(ʘ) 0 210, 2, 0.01.A d h Fr= = =  

 
(ʙ) 0 20, 0, 0.01.A d Fr= = =  

 
(ʚ) 0 210, 2, 0.1.A d h Fr= = =  

 
(ʛ) 

0 20, 0, 0.1.A d Fr= = =  

ʈʠʩ. 5.5. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʨʥʷʭ l ʠ p. 
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(ʙ) ɺʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ 

ɺ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ 
2( 0)Fr =  

ʧʦʩʪʨʦʠʤ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ (5.45). ʅʘ ʨʠʩ. 5.6 ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ D ʠ h  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʨʥʝʡ l ʠ p ( 0 2; 1 3)l p= · = ·. 

ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʨʠʩ. 5.6. (ʘ) ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
0 10A = , 2d h= ; ʥʘ ʨʠʩ. 5.6. (ʙ) ï ʜʣʷ ʞʠʜʢʦʩʪʠ ʙʝʟ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪ.ʝ. ʧʨʠ 
0 0A = , 0d=  (ʟʦʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʰʪʨʠʭʦʚʘʥʳ). 

 
(ʘ) 0 210, 2, 0.A d h Fr= = = 

 
(ʙ) 

0 20, 0, 0.A d Fr= = = 

ʈʠʩ. 5.6. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʴʶ. 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʦʙʣʘʩʪʝʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʝʣ

2Fr  ʚ ʯʘʩʪʠʯʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʧʨʠ ʧʝʨʚʦʤ ʯʣʝʥʝ 1n=  c ʢʦʨʥʷʤʠ 0, 1l p= =. ʅʘ ʨʠʩ. 

5.7 ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2,Fr

2( 0,0.01,0.02,0.1,0.2)Fr = , ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʨʥʷʤʠ 0, 1l p= =. ʆʙʣʘʩʪʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʨʠʩ. 5.7. (ʘ) ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ 
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ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
0 10A = , 2d h= ; ʥʘ ʨʠʩ. 5.7. (ʙ) ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʞʠʜʢʦʩʪʠ ʙʝʟ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪ.ʝ. ʧʨʠ 
0 0A = , 0d=  (ʟʦʥʳ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʰʪʨʠʭʦʚʘʥʳ). 

 
(ʘ) 0 20, 1, 10, 2, 0 0.2.l p A d h Fr= = = = = · 

 
(ʙ) 0 20, 1, 0, 0, 0 0.2 .l p A d Fr= = = = = · 

ʈʠʩ. 5.7. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ 
2Fr . 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ 

ʢʨʠʚʳʝ ʦʙ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʩʣʫʯʘʝʚ ʧʦʣʥʦʛʦ ʠ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 

ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ. 

5.2.3. ɺʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 

ɼʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ, ʧʦʣʘʛʘʷ ( ) ( )2( ) sinh coshZ x x d C x dm m= - + - [80], 

ʧʨʠ 
3x d h= - ʧʦʣʫʯʠʤ ( )2 cothʉ hm= . ʇʨʠ 

3x d h= + ʧʦʣʫʯʘʝʪʩʷ 

2 2 (2 ),N g th hw m m- =-      (5.59) 

ʠ ʝʩʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ, 

( )2

2

2 2 2

1
( ) tanh( ) ,

z Fr
f z z H

z H
e

x

-
= =

-
   (5.60) 
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ʬʦʨʤʫʣʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ pc  ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ  

2 2

2 2 2
, ( 1,2,3,...,),

p

p

p

p
Fr

m x
c

m x

-
= =

-
   (5.61) 

ʟʜʝʩʴ  0 0, , 2 , .z H r H h h h rm m m= = = =  

ʈʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʣʫʯʘʷ 1m=  ʧʦʣʫʯʘʝʪʩʷ ʚ ʚʠʜʝ, 

( ) ( ) ( )1

1

( )
( , ) sinh coth cosh

( )

p

n p

p

J r
g g x r x d h x d

J

x
m m m

x
= = - + -è øê ú. (5.62) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʟ ʫʨʘʚʥʝʥʠʷ (5.31) ʜʣʷ ʩʣʫʯʘʷ ʯʘʩʪʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 

ʧʦʣʦʩʪʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (5.62) ʧʨʠ ʛʣʘʚʥʦʤ 

ʯʣʝʥʝ 1n=, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

( )
( )

]( ) ( )( )

( )}

22
2

2 2 2 2 201
1 1 1 0 1 1 1 12

* 2 2
1

0 0 1

2 2 2 2 2

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

2

1 1 1 2

csch ( ) 1 ( ) ( )
16 1

1
2 ( ) ( ) 4 1 ( ) ( 2) ( )

4 ( ) 4 ,

r
N h J J

J J e h J J

J e h

m

m

mpc
m s x x x x

xr w c

x x m c x x x x
m

c x m

ë
è= - + -ì ê

í-

è- - + + + - +
ê

ø+ +ú

  

( )
22 2 2 2

2 2 2 201 1
31 1 0 1 1 1 1 0 1 1 1 2* 2 2

10 1

( 1)
csch ( ) ( ) ( ) 2 ( ) ( ) 4 ,

4 ( 1)

rFr
N h J J J J e hm

mp c s
m x x x x x x m

xr c

-
è ø= + - -ê ú-

  

( )( )

( ) ( )

32(3 2 )
(3 2 ) (3 4 ) ( 2 )01 1

1 1 0 1 1 1 12 2 2

0 1 1

( 2 ) (3 4 ) (3 4 )0

1 12

1

1
( ) 2 ( )

1 1

1
( 1) ( 1) ( ) ,

1

h d
d h d h d h d

h

d h d h d d h

re
a e e e e J J

e

r
h e e h e e J

m
m m m m

m

m m m m

pc s
x x x x

w c x

m m x
c m

-
- - -

- - -

ë -
=- - + - - +ì

- -í

û
è ø+ + - + - - üê ú- ý

  

( )
( )

( )( ){

( )( )( )}

2 2 2 2 (3 2 )
1 0 1 (3 4 ) ( 2 )0

1 2 22

1

(3 2 )

0 1

2 1
1

11

1 ( ) 2 ( ) ,

h d
d h d h

h

d h d

Fr r e
b h e e

eg

h e e J J

m
m m

m

m m

p cw s
m

mxc

m x x x

-
- -

-

-
è= + + +
ê--

ø+ - + -
ú

          (5.63) 

( )( )
32 2 (3 2 )

(3 2 ) (3 4 ) ( 2 )01 1
1 1 0 1 1 12 2 2

1 1

2 ( 1)
( ) 2 ( ) ,

1 1

h d
d h d h d h d

h

rFr e
c e e e e J J

e

m
m m m m

m

p c s
x x x

c x

-
- - --

= - + - -
- -

 

( )
( ) ( )

( ) ( )

(3 2 )
( 2 ) (3 2 )01

1 2

0 1

(3 4 )

1 1

coth( ) 3 coth( ) 3
4 1 1

coth( ) 1 coth( ) 1 ( ),

h d
d h d h

h

d d h

rg e
d h e h e

e

h e h e J

m
m m

m

m m

p c
m m

w c m

m m x

-
- -

-

è=- + + - -ê- -

ø- + - - ú
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ʛʜʝ  

2 2 ( ) 2 2 ( )

2

2 2 ( ) 2 2 ( )

1 1
cosh ( ) cosh( )sinh( ) cosh( )sinh( ) cosh ( )

2 2

1 1
cosh ( ) cosh( )sinh( ) cosh ( ) cosh( )sinh( ) .

2 2

d h d h

d h d h

e h h h e h h h e

h h h e h h h e

m m

m

m m

m m m m m m

m m m m m m

- - -

- + +

å õ å õ
= + - + - + +æ ö æ ö
ç ÷ ç ÷

å õ å õ
+ - - + - -æ ö æ ö
ç ÷ ç ÷

  

(ʘ) ɺʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ 

ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ d ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ ʚʩʝʛʜʘ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ ( )0 1d w w= >. ʇʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʝ (5.45), 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʧʦʩʪʨʦʝʥʠʝʤ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, 

ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʣʫʯʘʷ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʣʥʘʤʠ. ʀʩʧʦʣʴʟʫʝʤ 

ʜʨʫʛʦʡ ʧʦʜʭʦʜ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʝʨʚʳʭ ʪʨʸʭ ʯʣʝʥʦʚ ( 3)n=  ʫʨʘʚʥʝʥʠʝ ʩʫʤʤʳ 

ʨʷʜʘ (5.42) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

1 2 3 0 1 2 3

0 1 2 3 2 1 3 3 1 2

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

( )[ ( )( ) ( )( ) ( )( )] 0.

A C A

E E E

a a w a w a w w a w a w a w

a a w a w a w a w a w a w a w

- - - + - - - - -

- - - - + - - + - - =
    (5.64) 

ʋʨʘʚʥʝʥʠʝ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ 
2( 0)Fr =  ʧʦʣʫʯʠʤ ʚ ʚʠʜʝ 

3 1

2

,
K K

K

-
D=      (5.65) 

ʛʜʝ  

1 1 2 3

2 0 1 2 3

3 0 1 2 3 2 1 3 3 1 2

, ( )( )( ),

( )( )( ),

( ) ( )( ) ( )( ) ( )( ) .

C A K A

K

K E E E

a a w a w a w

w a w a w a w

a a w a w a w a w a w a w a w

D= - = - - -

= - - -

è ø= - - - + - - + - -ê ú

 

ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (5.65) ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ D ʠ h. ʅʘ ʨʠʩ. 5.8 ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʪʚʨyʜʦʛʦ ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ D ʠ h  ʜʣʷ 

ʧʝʨʚʳʭ ʪʨʝʭ ʯʣʝʥʦʚ ( 3)n= . ʀʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ. 5.8. (ʘ) ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
0 10A = , 

0 00.7ʉ A= , 2d h= ; ʥʘ ʨʠʩ. 5.8. (ʙ) ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ 

ʞʠʜʢʦʩʪʠ ʙʝʟ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪ.ʝ. ʧʨʠ 
0 0A = , 

0 0ʉ = , 0d=  (ʟʦʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 
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ʟʘʰʪʨʠʭʦʚʘʥʳ). ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʥʠʮʫ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ D ʠ h  ʬʠʟʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʪʝʣʘ ʩ 

ʞʠʜʢʦʩʪʴʶ ( )ʉ ɸ- . 

 
(ʘ) 0 210, 2, 0.A d h Fr= = = 

 
(ʙ) 

0 20, 0, 0.A d Fr= = = 

ʈʠʩ. 5.8. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʩ ʫʯʝʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. 

(ʙ) ɺʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ  

ʇʨʠ ʫʯʝʪʝ ʧʝʨʚʳʭ ʪʨʸʭ ʯʣʝʥʦʚ ( 3)n=  ʫʨʘʚʥʝʥʠʝ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ 

2( 0)Fr ¸  ʠʟ ʫʨʘʚʥʝʥʠʷ ʩʫʤʤʳ ʨʷʜʘ (5.39) ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

1 3

2

,
K K

K

+
D=-      (5.66) 

ʛʜʝ  

2 2 2 2 2 2 2

1 1 31 2 32 3 33 1 2 3

1 2 3

1 1 1
( )( )( ),K A N N N N N Na a a a w a w a w a

w w w

å õå õå õ
= + + + - - -æ öæ öæ ö

ç ÷ç ÷ç ÷
 

2 2 2 2 2 2

2 0 1 31 2 32 3 33 1 2 3

1 2 3

1 1 1
( )( )( ) ,K N N N N N Nwa a a a w a w a w a

w w w

å õå õå õ
= + + + - - -æ öæ öæ ö

ç ÷ç ÷ç ÷
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( ) ( ){

( ) ( )

( ) ( )

2 2

3 1 1 1 1 1 0 1

2 2 2 2

2 32 3 33 2 3

2 3

2 2

2 2 2 2 2 0 2

2 2 2 2

1 31 3 33 1 3

1 3

2 2

3 3 3 3 3 0 3

2 2

1 31

2

1 1
( )( )

1 1
( )( )

K a d a b a c

N N N N

a d a b a c

N N N N

a d a b a c

N N

a a w a

a a w a w a
w w

a a w a

a a w a w a
w w

a a w a

a

è ø= - + - - Ö
ê ú

å õå õ
Ö + + - - +æ öæ ö
ç ÷ç ÷

è ø+ - + - - Ö
ê ú

å õå õ
Ö + + - - +æ öæ ö
ç ÷ç ÷

è ø+ - + - - Ö
ê ú

Ö + 2 2

2 32 1 2

1 2

1 1
( )( ) .N Na w a w a

w w

ûå õå õ î
+ - -üæ öæ ö

îç ÷ç ÷ ý

 

ʇʦ ʬʦʨʤʫʣʝ (5.66) ʧʦʩʪʨʦʝʥʳ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ D ʠ h. ʅʘ ʨʠʩ. 5.9 ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ D ʠ h  ʜʣʷ ʧʝʨʚʳʭ 

ʪʨʝʭ ʯʣʝʥʦʚ ( 3)n= . ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ. 5.9. (ʘ) 

ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
0 10A = , 

0 00.7ʉ A= , 2d h= . ʅʘ ʨʠʩ. 5.9. (ʙ) ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ 

ʞʠʜʢʦʩʪʠ ʙʝʟ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪ.ʝ. ʧʨʠ 
0 0A = , 

0 0ʉ = , 0d=  (ʟʦʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʟʘʰʪʨʠʭʦʚʘʥʳ). 

 
(ʘ) 0 210, 2, 0.1.A d h Fr= = =  

 
(ʙ) 

0 20, 0, 0.1.A d Fr= = =  

ʈʠʩ. 5.9. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʩ ʫʯʝʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. 
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ʅʘ ʨʠʩ. 5.8 ʠ 5.9 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʚʣʠʷʝʪ ʫʩʪʦʡʯʠʚʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʧʨʠ ʫʯʝʪʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʞʠʜʢʦʩʪʴʶ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʣʥʘʤʠ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʯʠʩʝʣ 2Fr  ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʠ. 

5.3. ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʣʦʩʪʴʶ, 

ʯʘʩʪʠʯʥʦ ʥʘʧʦʣʥʝʥʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

5.3.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ʊʚʸʨʜʦʝ ʪʝʣʦ ʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ. ʊʝʣʦ ʩʦʚʝʨʰʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʚʨʘʱʝʥʠʝ ʩ ʙʦʣʴʰʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

0w  ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ 
1O, ʷʚʣʷʶʱʝʡʩʷ ʮʝʥʪʨʦʤ ʤʘʩʩ ʚʩʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʦʣʦʩʪʠ 
*

1O  ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʠ 1 3O x  ʥʘ ʨʘʩʩʪʦʷʥʠʝ d 

ʦʪ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ 
1O . ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

0w  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 
2

0( 1)gw  ʠ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ 

ʙʫʜʝʪ 
2 2

0 0 2ʇ rw= . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ɻ 

ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ ʠʤʝʝʪ ʬʦʨʤʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ 0r  (ʨʠʩ. 5.10). 
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ʈʠʩ. 5.10. ʊʚʸʨʜʦʝ ʪʝʣʦ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, ʯʘʩʪʠʯʥʦ ʥʘʧʦʣʥʝʥʥʦʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. 

ʇʨʠʤʝʥʠʤ ʜʚʦʡʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʆʙʝʨʙʝʢʘ-ɹʫʩʩʠʥʝʩʢʘ ʠ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

ʧʦʣʦʝ ʩʢʦʨʦʩʪʠ u, ʜʘʚʣʝʥʠʝ p ʠ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ɟ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘʤʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ. ʋʨʘʚʥʝʥʠʷ ʚʦʟʤʫʱʸʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ 1 1 2 3O x x x  ʠʤʝʶʪ ʚʠʜ 

0 0* *

0 0

1
2 ʚ

u
u r p

t

r
w t

r r

µ
+ ³ +W³ - ÐP =- Ð

µ
,  (5.67) 

0 0 ʚu
t

r
r t

µ
+Ð Ö =

µ
,     (5.68) 

ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ 

0 ʚ , 0 ʥʘdiv u u St n= Ö = ,   (5.69) 

ɿʜʝʩʴ u  ï ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ 1 1 2 3O x x x , r  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ɟ ï ʧʣʦʪʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ, Ű ï ʦʙʣʘʩʪʴ, ʟʘʥʷʪʘʷ ʞʠʜʢʦʩʪʴʶ, S ï ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ Ű, ʦʨʪ ʚʥʝʰʥʝʡ 

ʥʦʨʤʘʣʠ ʢ ʩʤʘʯʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, 
0r  ï 

ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʝʸ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʧʦʣʦʩʪʠ (ʨʠʩ. 5.10).  
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ʇʫʩʪʴ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʠʤʝʝʪ ʚʠʜ 
*

0 0

0

( ) 1 ln
r

r k
r

rr r
å õ

= +æ ö
ç ÷

, ʛʜʝ krï ʯʠʩʣʦ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʪ.ʝ. ʧʦʩʪʦʷʥʥʘʷ, 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʞʠʜʢʦʩʪʠ.  

ɺ ʚʦʟʤʫʱʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʪʝʣʘ W ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʦʣʦʚʥʦʡ ʩʢʦʨʦʩʪʴʶ 
0w  ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʠ ʚʝʢʪʦʨ ʤʘʣʦʛʦ ʧʦʚʦʨʦʪʘ ( )tq , 
d

dt

q
qW= = . 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʇʫʩʪʴ ʚʩʝ 

ʧʝʨʝʤʝʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 
tel , 

v , , ,t t tu e p e el l lj r y= = =   

ʛʜʝ il w=  ï ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ, ɤ ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ. 

ɺʚʝʜʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ( , , )r xh , 

1 2 3cos , sin , .x r x r x xh h= = = 

ʇʨʠ 0W¹, ʫʨʘʚʥʝʥʠʷ ʚʦʟʤʫʱʸʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ (5.67) ï (5.69) ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ (r, ɖ, x), ʧʦʣʫʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʚʠʜʘʭ: 

2

0 *

0

1
v 2 v v ,rr

r

N
el w j

l r
+ ³ + Ö =- Ð    (5.70) 

*

0

1
v ,r

k
e

r

r
y r
l
= Ö      (5.71) 

v 0  ʚ , v 0  ʥʘ S,t nÐÖ = Ö =     (5.72) 

ʟʜʝʩʴ 2 2 20 0
0*

0

( )1
( ) rr

r ʇ
N r N k

r r
r

r
w

r

µ µ
= = =

µ µ
 ï ʢʚʘʜʨʘʪ ʯʘʩʪʦʪʳ ʧʣʘʚʫʯʝʩʪʠ ʠʣʠ 

ʢʚʘʜʨʘʪ ʯʘʩʪʦʪʳ ɹʨʝʥʪʘ-ɺʷʡʩʷʣʷ ʧʦ ʨʘʜʠʘʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠ ʙʳʩʪʨʦʤ 

ʚʨʘʱʝʥʠʠ ʞʠʜʢʦʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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( )

( )
( )

( )
( )

* 2 2
0 0

2 2

* 2 2
0 0

2 2

* 2 2
0 0

1 1
v ,

2 1 1

1 1
v 1 ,

2 1 1

1
v 1 1 ,

2 1 1

r

x

i
r rFr

i Fr
r rFr

Fr i
xFr

h

c j j
c

r hw c

c j j
c c

r hw c

c j
c

r w c

å õµ µ
= - -æ ö

µ µè ø+ -ç ÷ê ú

å õµ µ
= - -æ ö

µ µè ø+ -ç ÷ê ú
µ

è ø= + -
ê úµè ø+ -

ê ú

  (5.73) 

ʛʜʝ 02w
c

w
= , 

2
2

2

04 4

rr
kN

Fr
r

w
= = . 

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʚʦʤʫ ʫʨʘʚʥʝʥʠʶ (5.72), ʧʦʣʫʯʘʝʪʩʷ ʚ 

ʚʠʜʝ: 

( ) ( )
2 2 2

2 2 2 2

2 2 2 2

1 1
1 1 1 0,Fr Fr

r r r r x

j j j j
c c

h

µ µ µ µ
è ø+ + - + - + =
ê úµ µ µ µ

  (5.74) 

ʘ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʪʦʨʦʤʫ ʫʨʘʚʥʝʥʠʶ (5.73) ʧʨʠ ʧʦʣʦʞʝʥʠʠ 

ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʝ 
1O, ʠʤʝʝʪ ʚʠʜ: 

0

3 0

0,     ʧʨʠ ,

1
4 0,     ʧʨʠ ,

0,   ʧʨʠ ,

i
r r R

r r

i r r
r r

x d h
x

j c j

h

j j
cj c

h

j

µ µ
- = =

µ µ

å õµ µ
+ - = =æ ö

µ µç ÷

µ
= = °

µ

   (5.75) 

ʛʜʝ 

2 2

3 2

1 (1 )Frc
c

c

- +
= . 

5.3.2. ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ 

(ʘ) ʈʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ  

ʇʦʣʘʛʘʷ ʬʫʥʢʮʠʶ ( , , ) ( ) ( ) ( )r x R r H Z xj h h= , ʠ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (5.74) ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ (ʧʨʠ 

2 2(1 ) 1Frc + >) ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ (5.75) ʚ ʚʠʜʝ: 

2 21
( ) ( ) sin ( ),

im

Fr

lmp m lmp m lmp lAJ r BY r e k x d

h

cj x x -è ø= + -ê ú   (5.76) 



141 

 

ʛʜʝ 

2 2

0

0

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

2
l l

r l
r kR k k Fr k

R h

p
x c

+
= = = + - =  

2 2
.

02 2
, , 1,2,3,...,    0, 1, 2, 3, ..., 1,2,3,...,

(1 )

ʚʥʫ l
l l

l

k
k k R l m p

k Fr
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+
= = = = ° ° ° ° =
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ʟʜʝʩʴ ( )m lmpJ rx  ʠ ( )m lmpY rx  ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ 1-ʛʦ ʠ 2-ʛʦ ʨʦʜʦʚ m-ʛʦ ʧʦʨʷʜʢʘ.  

ʌʫʥʢʮʠʷ ( , , )lmp r xj h  ʠʟ (5.78) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (5.75), ʠ 

ʧʦʣʫʯʠʤ ʯʘʩʪʦʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʣʥ ʞʠʜʢʦʩʪʠ ʚ ʚʠʜʝ:  

2 2

3 2 3 2

( ) ( ) ( ) ( )
0,

( ) (4 ) ( ) ( ) (4 ) ( )

lmp m lmp m lmp lmp m lmp m lmp

lmp m lmp m lmp lmp m lmp m lmp

c J c m J c c Y c m Y c

J m J Y m Y

x x c x x x c x

x x c c x x x c c x

¡ ¡Ö + Ö +
D= =

¡ ¡+ + + +
   (5.77) 

ʛʜʝ 

0
2

2 2
0

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

( ) ( ) 1

m lmp m lmp

m lmp m lmp

lmp lmp

dJ dY r
J Y c

d d R Fr

x x c
x x c

x x c
¡ ¡= = = =

-
 

lmpx  ï p-ʳʡ ʢʦʨʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (5.77).  

(ʙ) ʈʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 

ʈʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (5.74) ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ (ʧʨʠ 
2 2(1 ) 1Frc + <) 

ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ (5.75) ʚ ʚʠʜʝ: 

[ ]
2 21

( ) ( ) cos ,

im

Fr

lm m lm m lm lC I r DK r e x

h

cj m m k-
= +    (5.78) 

ʛʜʝ 

2 2

0

0

, , 1 (1 ), ,l l

r l
r R Fr

R H

p
m k k k c k= = = - + = 

2 2

02 2
, , 1,2,3,..., 0, 1, 2, 3, ...,

(1 )

l
l l

l

R l m
Fr

k m
c k k

k

-
= = = = ° ° ° °

+
 

ʟʜʝʩʴ ( )m lmI rm  ʠ ( )m lmK rm  ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʤʥʠʤʦʛʦ ʘʨʛʫʤʝʥʪʘ 

(ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ) m-ʛʦ ʧʦʨʷʜʢʘ.  
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ʌʫʥʢʮʠʷ ( , , )lmp r xj h  ʠʟ (5.78) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (5.75), ʠ 

ʧʦʣʫʯʠʤ ʯʘʩʪʦʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ ʞʠʜʢʦʩʪʠ ʚ ʚʠʜʝ:  

2 2

2 3 3 2

( ) ( ) ( ) ( )
0,

( ) ( 4 ) ( ) ( ) (4 ) ( )

lm m lm m lm lm m lm m lm

lm m lm m lm lm m lm m lm

I m I K m K

cI c m I c K c m K c

m m c m m m c m

m m c c m m m c c m

¡ ¡+ +
D= =

¡ ¡+ + + +
   (5.79) 

ʛʜʝ 

0

0

( ) ( )
' ( ) , ' ( ) , ,

( ) ( )

m lm m lm
m lm m lm

lm lm

dI r dK r r
I r K r c

d r d r R

m m
m m

m m
= = =  

lmm  ï ʢʦʨʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (5.79).  

ʌʫʥʢʮʠʠ lmpj  ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʠ lmj  ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʙʫʜʫʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ 1m= , 

2 21
( , ) .

im

Fr

n ng x r e

h

cj -
=      (5.80) 

ʌʫʥʢʮʠʷ ( , )ng x r  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ (5.74) ʠ ʛʨʘʥʠʯʥʳʤ 

ʫʩʣʦʚʠʷʤ (5.75).  

2 2
2 2

2 2 2

1
1 (1 ) 0,n n n n

n

g g g g
Fr

r r r r x
c

µ µ µ
è ø+ - + - + =ê úµ µ µ

   (5.81) 

2 0

2 3 0

0, ʧʨʠ  ,

( 4 ) 0, ʧʨʠ  ,

0, ʧʨʠ ,

n n
n

n n
n n

n

g g
r R

r r

g g
r r

r r

g
x d h

x

c

c c

µ
+ = =

µ

µ
+ + = =

µ

µ
= = °

µ

    (5.82) 

ʛʜʝ 2
2 2

,
1

n
n

nFr

c
c

c
=
-

 
2 2

3 2

1 (1 )n
n

n

Frc
c

c

- +
= . 

ʈʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʜʣʷ ʩʣʫʯʘʷ 1m=  

ʧʦʣʫʯʠʤ ʚ ʩʣʝʜʫʶʱʠʭ ʚʠʜʘʭ: 

ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ,  

( , ) ( ) ( ) sin ( ),n l p m lmp m lmp lg g x r J r Y r k x dx xè ø= = + -ê ú   (5.83) 

ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ, 

[ ]( , ) ( ) ( ) cos ( ).n l m lm m lm lg g x r I r K r x dm m k= = + -   (5.84) 
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ʉʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ, 

( )
2 2

* 2 2
0 0

2 2

1
v ( )

2 1 1

(1 ) ( ) ,

n
n n x n n n n

n

n x x n

e i i Fr e e
Fr

i Fr e e

h h

c
c j j c j

r w c

c j

è= ³Ð - Ð + ÖÐ +êè ø+ -
ê ú

ø+ + ÖÐú

 (5.85) 

ʠ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ Ű 

* *v v 0, .n n d ʧʨʠ n n
t

tÖ = ¸ñ     (5.86) 

ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ng  ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

1 2 3( , , )x x x  ʙʫʜʝʪ 

( )

( )

* 2 2
0 0

2 2

12 2

2 2

22 2

2 2

3

1
v

2 1 1

( sin cos ) 1 ( sin cos )
1

( cos sin ) 1 (cos sin )
1

1 1 .

n
n

n

n n n
n n

n

n n n
n n

n

n
n

Fr

g g i
i Fr e

r r Fr

g g i
i Fr e

r r Fr
g

Fr i e
x

c

r w c

c
c h h c h h

c

c
c h h c h h

c

c

=
è ø+ -
ê ú

ëè øµî
- - + - - - +ìé ù

µ -îê úí
è øµ
+ - + - - +é ù
µ -ê ú

µ ûè ø+ + - üê úµ ý

 (5.89) 

ɿʜʝʩʴ 
*vn  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʦʡ ʩ vn

.  

ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ɹʫʙʥʦʚʘ-ɻʘʣʸʨʢʠʥʘ, ʧʨʝʜʩʪʘʚʠʤ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʚ ʚʠʜʝ 

ʨʘʟʣʦʞʝʥʠʷ  

1 2 3

1

( )v ( , , )n n

n

u s t x x x
¤

=

=ä ,     (5.90) 

ʠ ʧʦʣʫʯʠʤ ʠʟ (5.70) 

2

0 *

0

1
2 v v v .rr

n n n n r

n

N
ew l j

l r
³ =- - Ö - Ð,   (5.91) 

ʇʦʜʩʪʘʚʠʤ ʨʘʟʣʦʞʝʥʠʝ (5.90) ʚ ʫʨʘʚʥʝʥʠʝ (5.67) ʠ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (5.91) 

ʩʚʦʜʠʪ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

2 2

* *
1 0 0

1 1
v v v 0.n n n n n rr n r rr n n r

n n

i
s v s i N e p N s e r pw q

w r r

¤

=

è øå õ
+ - + Ö - Ð + Ö + ³ + Ð =é ùæ ö
ç ÷ê ú

ä  (5.92) 
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ʋʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʝ (5.92) ʩʢʘʣʷʨʥʦ ʥʘ 
*vn

 ʠ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ ʦʙʲʸʤʫ Ű. ɺ 

ʩʠʣʫ ʩʚʦʡʩʪʚʘ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ (5.86) ʫʨʘʚʥʝʥʠʝ (5.92) ʩʚʦʜʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʡ 

ʩʠʩʪʝʤʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

2 2 *( ) 0, ( 1,2,3,...).n n n n rn n n n

n

i
N s i s N s s a nw q

w

å õ
- + + + Ö = =æ ö

ç ÷
  (5.93) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʷʭ (5.93) ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ 

vn
 ʠ 

*vn  

2 * 2 2 * * *

0 0 0(v v ) ; (v v ) ; ( v ) .n n n rn rr rn rn n nN d N N d a r d
t t t

r t r t r t= Ö = Ö = ³ñ ñ ñ  (5.94) 

5.3.3. ʉʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʙʳʩʪʨʦʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ 

ʋʨʘʚʥʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʦʢʦʣʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

0 0 0 0 0

0 0

( )

( ) ( ) ,

J J J r u d r u d

r r d r r d M

t t

t t

w w r t r w t

r w t r w t

ÖW+W³ Ö + ³ ÖW+ ³ + ³ ³ +

+ ³ ³ + ³ ³ =

ñ ñ

ñ ñ
 (5.95) 

ʟʜʝʩʴ 
0J J J¡= + , 

0J  ï ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʙʝʟ ʞʠʜʢʦʩʪʠ, J¡ï ʪʝʥʟʦʨ 

ʠʥʝʨʮʠʠ ʟʘʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʠ, M  ï ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʩʠʣ. 

ʋʨʘʚʥʝʥʠʝ (5.95) ʧʨʠ ʫʯʝʪʝ ʨʘʟʣʦʞʝʥʠʷ (5.90) ʙʫʜʫʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

0 0 0 0

1

( ) .n n n n n n n

n

J J J s a s a b s b Mq q w w q w w
¤

=

è øÖ + ³ Ö + ³ Ö + + ³ - - ³ =ê úä  (5.96) 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʦʨʤʳ (5.93) ʠ (5.96) ʜʘʶʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ.  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ (5.96) ʦʙʦʟʥʘʯʠʤ 

0 0 0( v ) , v ( ) .n n n na r d b r r d
t t

r t r w t= ³ = Ð ³ ³ñ ñ   (5.97) 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʥʳʭ 

ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ na  ʠ 
*

na  ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

* *

1 1 2 2 .n n n na a ia ia= =- =      (5.98) 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʟ ʫʨʘʚʥʝʥʠʡ (5.94) ʠ (5.97) ʯʝʨʝʟ ʬʫʥʢʮʠʶ 
ng  ʚʳʨʘʞʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( )
( )

( )

0 2 22
2

2 2 2 2

* 2 2 2
00 0

2
2

2 2 2 2 2

2 2 2 2

1 1 (1 )
2 1 1

1 2
1 (2 ) ,

1 1

rh

n n n
n n n

hn

n n n n
n n n

n n

g g
N Fr

x rFr

g g g
Fr Fr r dr dx

Fr r r rFr

pc
c c

r w c

c
c c c

c c

-

ë µ µî å õ å õè ø= + - + + +ì æ ö æ öê úµ µè ø ç ÷ ç ÷+ - îíê ú
ûµ îå õè ø+ - + + - üæ öé ùê ú- µç ÷ - îý

ññ
 

( )
( )

0

0

2 2

1 2 2

0

2 2

2 2

1 1
2 1 1

( 1) 1 1 ,
1

Rh

n n
n n n

h rn

n n n
n n

n

g
a a Fr r

xFr

g g
x Fr r dr dx

r r Fr

pc
c

w c

c
c c

c

-

µëè ø= =- + - +ìê úµè ø í+ -
ê ú

ûè øå õµ î
+ + + - + üé ùæ ö

µ -ç ÷îê úý

ññ
         (5.99) 

( )

02
2

1 2 2 2 2 2
0

2
, 0.

1 1 1

rh

n n n n
n n n rn

hn n

Fr g g
b ib b x r dr dx N

r rFr Fr

p c c

c c-

å õµ
æ ö= = =- + =
æ öµ+ - -ç ÷

ññ   

ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (5.96) ʜʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʨʘʱʝʥʠʷ 

11 22( )J J=  ʚʦʢʨʫʛ ʦʩʠ 
3Ox  ʙʫʜʫʪ 

[ ]

[ ]

1 11 1 33 11 2 0 1 0 1 2 2 0

1

2 11 2 33 11 1 0 1 0 1 2 2 0

1

3

( ) ( ) ,

( ) ( ) ,

0.

n n n n n n n

n

n n n n n n n

n

M J J J s a i s a b s b

M J J J i s a s a b i s b

M

q q w w w

q qw w w

¤

=
¤

=

= + - + + - + +

= - - + + - -

=

ä

ä  (5.100) 

ʀʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (5.100) ʚʳʯʪʝʤ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ, ʫʤʥʦʞʝʥʥʦʝ ʥʘ 

ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ 

[ ]1 2 11 1 2 0 33 11 1 2 1 2 0 1

1

( ) ( )( ) 2 ( ) .n n n n n

n

M i M J i i J J i s a i s b aq q w q q w
¤

=

- = - + - - + + -ä   (5.101) 

ɿʘʤʝʥʠʚ 11 22J J A= =, 33J C= , 
1 2iq q q- =, 1 2M iM M- = , 

*

1 1n n na a a= = , 

2n nb b= , ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʠʩʪʝʤʘʤ (5.93) 

ʠ (5.101) 

[ ]0 0

1

( ) 2 ( )n n n n n

n

A i C A s a i s b a Mq qw w
¤

=

+ - + + - =ä ,  (5.102) 

2( ) 0, ( 1,2,3,...).n n n n nN s i s a nw q- + Ö = =    (5.103) 
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ɿʜʝʩʴ 

0 0 0 0

11 11 33 33, .A A A J J C C C J J¡ ¡ ¡ ¡= + = + = + = + 

ʇʦʣʦʛʘʷ 0
i teaq q= , 

0

i t

n ns s ea= , ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʫʨʘʚʥʝʥʠʝ (5.103), 

ʧʦʣʫʯʠʤ 

0

0

2
.

( )

n
n

n n

a
s

N

aq

w a
=

-
     (5.104) 

ʂʦʛʜʘ ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʩʠʣ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ ( 0)M = , ʫʨʘʚʥʝʥʠʝ (5.102), ʩ 

ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (5.104), ʧʨʠʦʙʨʝʪʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

[ ]0 02
1

2
( ) ( ) 0.

( )

n

n n

n n n

a
A C A a b

N

a
a w a w

w a

¤

=

+ - + - + =
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ä    (5.105) 

ʈʘʟʜʝʣʠʚ ʥʘ 
* 5

0 0 0Rr w ʠ ʫʨʘʚʥʝʥʠʝ (5.105) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʬʦʨʤʝ: 

2
1

2
( ) ( 1) 0.

( )

n
n n

n n n

a
A C A a b

N

a
a a

w a

¤

=

è ø+ - + - + =ê ú-
ä   (5.106) 

ɹʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʣʝʜʫʶʱʠʝ: 

* 5 * 5 * 4 * 4 2

0 0 0 0 0 0 0 0 0 0 0

, , , , , .n n n
n n n

a bA C
A C a b

R R R R

w a
w a

r r w w r r w
= = = = = =   

ɿʜʝʩʴ 
0 0,A A A C C C¡ ¡= + = +, 

0A ʠ A¡ ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ  ʠ 

ʟʘʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʧʝʨʝʯʥʦʡ ʦʩʠ 1 1O x . 
0C ʠ C¡ ï 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ 1 3O x . 

5.3.4. ɺʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ 

ɺʳʚʝʜʝʤ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʳʩʪʨʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʫʶ ʞʠʜʢʦʩʪʴ. ɺ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ, ʢʦʛʜʘ ʚ ʫʨʘʚʥʝʥʠʠ (5.106) ʦʜʠʥ ʛʣʘʚʥʦʡ ʯʣʝʥ ( 1)n= , ʧʦʣʫʯʠʤ 

ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ a ʠ ʝʛʦ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ 
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 (5.107) 

ɼʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʘʱʝʥʠʷ (ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ) ʚʩʝ ʢʦʨʥʠ 

ʫʨʘʚʥʝʥʠʷ (5.107) ʜʦʣʞʥʦ ʙʳʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ. ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʥʦ ʙʳʪʴ 

2
2 2 2 2 2

1 1 1 1 1 1 1 1 1( ) 2 ( ) 4(2 )( ) 0.AN C A N a b a a AN C A Nd dè ø- - + - - - - >ê ú   (5.108) 

ʀʟ ʫʩʣʦʚʠʷ (5.108) ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

{ }2 2 2 2

1 1 1 1 1 1 1 1 1 1 1 1 12

1

1
(4 2) 2 2 2 ( 2 ) [ ( 1) ] ,a a b AN AN a a a b

N
d d d dD= - + - ° - - - +     (5.109) 

ʟʜʝʩʴ C AD= -, 1 1
1

0 0 1

2
.

w w
d
w w c
= = =   

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʦʤʝʥʪ r ʠʥʝʨʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤʳ ʠ ʟʘʪʚʝʨʜʝʚʰʝʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ 

ʧʦʩʪʦʷʥʥʳ. 

* 2 2 2 2 2 2 4 40
0 0 0 0 0 0 0
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2 2 2 20
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 (5.110) 

ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ A¡ ʠ ʉ¡ ʟʘʪʚʝʨʜʝʚʰʝʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʚʠʜʘʭ ʙʫʜʫʪ 
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 (5.111) 

ɺ ʚʳʨʘʞʝʥʠʷʭ (5.111) ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʣʝʜʫʶʱʠʝ: 

0

* 5 * 5

0 0 0 0 0 0 0

, , , , .
A ʉ r h d

A ʉ ʩ h d
R R R R Rr r

¡ ¡
¡ ¡= = = = = 
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ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (5.109), ʧʦʩʪʨʦʠʤ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ D ʠ ck , ʟʜʝʩʴ 1ck c= - ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, ʟʘʧʦʣʥʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ( 0)kr=  ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʨʥʝʡ l ʠ p ( 0 2; 1 3)l p= · = · ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 5.11. ʆʙʣʘʩʪʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʨʠʩ. 5.11. (ʘ) ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
0 10A = , 2d h= , ʠ ʥʘ ʨʠʩ. 5.11. (ʙ) ʜʣʷ ʞʠʜʢʦʩʪʠ ʙʝʟ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ, ʪ.ʝ. ʧʨʠ 
0 0A = , 0d= . ɿʜʝʩʴ ʟʦʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʰʪʨʠʭʦʚʘʥʳ. ʇʫʥʢʪʠʨʥʘʷ 

ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʥʠʮʫ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ D ʠ h  ʬʠʟʠʯʝʩʢʠ 

ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ( )ʉ ɸ- .  

 
(ʘ) 

00, 10, 2, 0,1,2; 1,2,3.k A d h l pr= = = = =  

 
(ʙ) 00, 0, 0, 0,1,2; 1,2,3.k A d l pr= = = = =  

ʈʠʩ. 5.11. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. 
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ɼʘʣʝʝ ʧʦʩʪʨʦʠʤ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʙʳʩʪʨʦʛʦ 

ʚʨʘʱʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ( 0)kr¸ . ʅʘ ʨʠʩ. 5.12 

ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ, 

ʟʘʧʦʣʥʝʥʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʨʥʝʡ l ʠ 

p ( 0 2; 1 3)l p= · = ·. ʆʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʨʠʩ. 5.12. (ʘ) ʧʨʠ 0.01kr=  ʠ (ʚ) 

ʧʨʠ 0.1kr= , ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

0 10, 2A d h= = ; ʥʘ ʨʠʩ. 5.12. (ʙ) ʧʨʠ 0.01kr=  ʠ (ʛ) ʧʨʠ 0.1kr=  ï ʜʣʷ ʞʠʜʢʦʩʪʠ 

ʙʝʟ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪ.ʝ. ʧʨʠ 
0 0, 0A d= = (ʟʦʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʰʪʨʠʭʦʚʘʥʳ). 

 
(ʘ) 

00.01, 10, 2, 0,1,2; 1,2,3.k A d h l pr= = = = =  

 
(ʙ) 00.01, 0, 0, 0,1,2; 1,2,3.k A d l pr= = = = =  














