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ɸʅʆʊɸʎɯʗ 

ʂʽʧʥʽʩ ʆ.ʃ. ʉʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʢʨʠʪʪʷʤ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʝʞʽ 

ʧʦʜʽʣʫ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʤʽʞʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʫ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ 

ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.02.04. «ʄʝʭʘʥʽʢʘ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ» (F1 ï 

ʧʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ). ï ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ ʽʤ. ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ ʅɸʅ 

ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2026.  

 

ʇʨʠʢʣʘʜʥʠʡ ʟʘʧʠʪ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʰʠʨʦʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʜʘʪʣʠʚʦʾ, ʯʘʩʪʦ ʥʝʩʪʠʩʣʠʚʦʾ 

ʧʽʜʢʣʘʜʢʠ, ʚʢʨʠʪʦʾ ʪʦʥʢʠʤ ʞʦʨʩʪʢʠʤ ʧʦʢʨʠʪʪʷʤ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʛʥʫʯʢʠʭ 

ʜʠʩʧʣʝʾʚ ʪʘ ʜʘʪʯʠʢʽʚ, ʧʨʦʻʢʪʫʚʘʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ çʤôʷʢʦʾè ʨʦʙʦʪʦʪʝʭʥʽʢʠ, 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʦʱʦ, ʦʙʫʤʦʚʣʶʻ ʟʨʦʩʪʘʥʥʷ ʥʘʫʢʦʚʦʛʦ 

ʽʥʪʝʨʝʩʫ ʜʦ ʚʠʚʯʝʥʥʷ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʦ ʦʢʨʝʤʦʾ ʛʨʫʧʠ ʤʘʪʝʨʽʘʣʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʽ, ʚ ʷʢʠʭ ʞʦʨʩʪʢʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʥʘʩʪʽʣʴʢʠ ʩʫʪʪʻʚʦ, ʘ ʩʘʤʽ ʤʘʪʝʨʽʘʣʠ ʟʜʘʪʥʽ 

ʚʠʪʨʠʤʫʚʘʪʠ ʚʝʣʠʢʽ ʜʝʬʦʨʤʘʮʽʾ. ʁʜʝʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʧʨʦ ʪʢʘʥʠʥʠ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ, ʪʘʢ ʽ ʧʨʦ ʩʠʥʪʝʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʙʽʦʤʝʜʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. 

ʊʠʧʦʚʠʤ ʚʘʨʽʘʥʪʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʪʘʢʠʭ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤʘʭ (ʜʦʩʠʪʴ 

ʪʦʚʩʪʘ ʧʽʜʢʣʘʜʢʘ, ʚʢʨʠʪʘ ʪʦʥʰʦʶ ʧʣʽʚʢʦʶ) ʻ ʩʪʠʩʢ ʫʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ ʤʽʞ ʰʘʨʘʤʠ. ʂʦʣʠ ʚʝʣʠʯʠʥʘ ʧʨʠʢʣʘʜʝʥʦʛʦ ʩʪʠʩʢʘʶʯʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʡʣʝʨʦʚʘ 

ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʙʽʰʘʨʫ, ʚʽʜʦʤʘ ʷʢ ʢʦʨʦʙʣʝʥʥʷ (ʘʥʛʣ. ï blistering). 

ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʰʘʨʫ, 

ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʪʠʧʠ (ʘʙʦ ʤʝʭʘʥʽʟʤʠ) ʢʦʨʦʙʣʝʥʥʷ (blistering): ʟʤʦʨʱʫʚʘʥʥʷ 
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(ʘʥʛʣ. ï wrinkling) ʽ ʚʠʧʫʯʫʚʘʥʥʷ (ʘʥʛʣ. ï buckling). (ɺ ʧʦʜʘʣʴʰʦʤʫ ʯʘʩʪʽʰʝ 

ʙʫʜʝʤʦ ʚʞʠʚʘʪʠ ʘʥʛʣʽʡʩʴʢʽ ʪʝʨʤʽʥʠ.) 

ʄʝʭʘʥʽʟʤ wrinkling ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʭʚʠʣʝʧʦʜʽʙʥʦʛʦ 

ʚʽʟʝʨʫʥʢʫ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʜʝʬʦʨʤʘʮʽʡ. ʂʝʨʦʚʘʥʝ 

ʟʤʦʨʱʫʚʘʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʥʘ ʧʦʜʘʪʣʠʚʠʭ ʧʽʜʢʣʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʦʮʽʥʢʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

ɿʘʟʥʘʯʝʥʠʡ ʤʝʭʘʥʽʟʤ ʫ çʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽè ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʝʨʝʜʫʩʽʤ ʜʣʷ 

ʙʽʰʘʨʽʚ ʙʝʟ ʜʝʬʝʢʪʽʚ ʥʘ ʽʥʪʝʨʬʝʡʩʽ ʽ ʻ ʜʦʩʠʪʴ ʜʦʙʨʝ ʚʠʚʯʝʥʠʤ ʫ ʚʠʧʘʜʢʫ 

ʞʦʨʩʪʢʠʭ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ ʧʣʽʚʦʢ, ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʭ ʽʟ ʧʦʜʘʪʣʠʚʠʤʠ 

ʥʝʩʪʠʩʣʠʚʠʤʠ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʤʠ ʧʽʜʢʣʘʜʢʘʤʠ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʧʨʠʡʥʷʪʥʫ 

ʦʮʽʥʢʫ ʚʝʣʠʯʠʥʠ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʦʷʚʠ ʟʤʦʨʰʦʢ ʜʘʶʪʴ ʥʘʙʣʠʞʝʥʽ 

ʬʦʨʤʫʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʯʠʩʣʦʚʠʭ ʩʠʤʫʣʷʮʽʡ. ʇʨʦʪʝ ʚ 

ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʛʽʧʝʨʧʨʫʞʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʘ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ  ̒ ʚʝʣʠʢʠʤʠ, ʮʽ ʬʦʨʤʫʣʠ ʤʦʞʫʪʴ ʜʘʚʘʪʠ 

ʧʦʭʠʙʢʠ ʫ ʜʝʩʷʪʢʠ ʚʽʜʩʦʪʢʽʚ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʫʻ, ʱʦ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʦʨʱʫʚʘʥʥʷ ʛʽʧʝʨʧʨʫʞʥʠʭ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʧʨʠ ʩʪʠʩʢʫ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʣʠʰʝ ʜʣʷ ʦʜʥʽʻʾ ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ ï ʢʦʤʙʽʥʘʮʽʾ ʜʚʦʭ 

ʥʝʩʪʠʩʣʠʚʠʭ ʥʝʦʛʫʢʽʚʩʴʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʅʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʽ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʚʟʜʦʚʞ ʤʝʞʽ 

ʧʦʜʽʣʫ ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ ʤʽʞ ʧʽʜʢʣʘʜʢʦʶ ʪʘ ʧʣʽʚʢʦʶ ʥʝ ʻ ʽʜʝʘʣʴʥʠʤʠ, ʘ, 

ʥʘʧʨʠʢʣʘʜ, ʜʦʧʫʩʢʘʶʪʴ ʧʨʦʢʦʚʟʫʚʘʥʥʷ.  

ʆʩʣʘʙʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʙʽʰʘʨʫ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʷʢ ʚʥʘʩʣʽʜʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʜʝʬʝʢʪʽʚ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʪʘʢ ʽ ʙʫʪʠ çʟʘʢʣʘʜʝʥʠʤè ʥʘ ʝʪʘʧʽ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʤʝʪʦʶ ʟʤʝʥʰʠʪʠ ʦʙʤʝʞʝʥʥʷ 

ʧʣʽʚʢʠ ʫ ʟʜʘʪʥʦʩʪʽ ʜʝʬʦʨʤʫʚʘʪʠʩʷ. ʆʩʪʘʥʥʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʝ ʜʣʷ 
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ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ, ʟʦʢʨʝʤʘ ʢʦʣʠ ʤʽʞ ʪʦʥʢʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʧʣʽʚʢʦʶ ʽ 

ʧʦʜʘʪʣʠʚʦʶ ʧʽʜʢʣʘʜʢʦʶ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚʽʜʥʦʩʥʝ ʟʤʽʱʝʥʥʷ; ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʙʽʦʤʝʜʠʯʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʢʦʥʪʘʢʪʽ ʨʦʛʽʚʢʠ ʽ 

ʣʽʥʟʠ ʘʙʦ ʰʢʽʨʠ ʽ ʬʘʩʮʽʾ); ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʘʤʦʟʤʘʱʫʚʘʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʦʱʦ. 

ʇʨʠʧʫʩʪʠʤʦ ʪʝʧʝʨ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʦʩʣʘʙʣʝʥʥʷ ʘʜʛʝʟʽʾ ʥʘ ʽʥʪʝʨʬʝʡʩʽ 

ʩʠʩʪʝʤʠ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʥʘ ʚʽʜʨʽʟʢʫ ʩʢʽʥʯʝʥʥʦʾ ʜʦʚʞʠʥʠ ʚʽʜʙʫʚʩʷ ʨʦʟʨʠʚ 

ʩʫʮʽʣʴʥʦʩʪʽ ʟ ʚʪʨʘʪʦʶ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʽʣʘ ʽ ʫʪʚʦʨʝʥʥʷʤ ʜʝʬʝʢʪʫ ʟ 

ʙʝʨʝʛʘʤʠ, ʱʦ ʥʝ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʢʦʥʪʘʢʪʽ ð ʪʨʽʱʠʥʠ (ʚʽʜʰʘʨʫʚʘʥʥʷ). 

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ blistering-ʜʝʬʦʨʤʘʮʽʡ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʷʚʣʷʪʴʩʷ ʥʠʞʯʠʤʠ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʘʥʘʣʦʛʽʯʥʦʛʦ ʙʽʰʘʨʫ ʙʝʟ ʜʝʬʝʢʪʫ ʥʘ 

ʽʥʪʝʨʬʝʡʩʽ. ʗʢʱʦ ʜʦʚʞʠʥʘ ʫʪʚʦʨʝʥʦʛʦ ʚʽʜʰʘʨʫʚʘʥʥʷ ʻ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ, ʪʦ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʚʽʟʝʨʫʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʙʽʰʘʨʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ ʦʜʥʦʛʦ 

ʚʠʨʘʞʝʥʦʛʦ ʙʣʽʩʪʝʨʫ ʚ ʦʙʣʘʩʪʽ ʥʘʜ ʚʽʜʰʘʨʫʚʘʥʥʷʤ. 

ʊʘʢʠʡ ʤʝʭʘʥʽʟʤ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʥʘʟʠʚʘʶʪʴ buckling. ʆʮʽʥʢʘ ʢʨʠʪʠʯʥʠʭ 

buckling-ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʝ ʙʫʪʠ ʥʘʜʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʠʭ ʥʘʙʣʠʞʝʥʠʭ 

ʬʦʨʤʫʣ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢ ʟʚʘʥʦʛʦ çʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷè, ʫ 

ʤʝʞʘʭ ʷʢʦʛʦ ʚʽʜʰʘʨʦʚʘʥʘ ʯʘʩʪʠʥʘ ʧʣʽʚʢʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʙʘʣʢʘ ʟ ʨʽʟʥʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʪʦʨʮʷʭ. 

ʋ ʚʠʧʘʜʢʫ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ, ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦ 

ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʣʘʩʪʠʥ, ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ buckling-ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʦʜʘʪʣʠʚʽʩʪʴ ʧʽʜʢʣʘʜʢʠ. ʎʝ ʨʽʚʥʷʥʥʷ ʩʴʦʛʦʜʥʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʝʨʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʟʥʘʯʝʥʦʛʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʘʪʠ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʧʘʨʠ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʽʰʘʨʫ ʚ 
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ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʨʦʙʠʪʴ ʧʨʦʮʝʩ 

ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʠʤ. 

ʆʩʥʦʚʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʙʘʣʢʦʚʠʭ ʥʘʙʣʠʞʝʥʴ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʨʽʟʥʠʭ 

ʪʝʦʨʽʷʭ ʧʣʘʩʪʠʥ, ʻ ʪʝ, ʱʦ ʚʦʥʠ ʦʧʠʩʫʶʪʴ ʣʠʰʝ ʽʜʝʘʣʽʟʦʚʘʥʠʡ ʚʠʧʘʜʦʢ 

çʯʠʩʪʦʛʦè buckling ʽ ʟʘʩʪʦʩʦʚʥʽ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʜʦʩʠʪʴ ʜʦʚʛʠʭ ʚʽʜʰʘʨʫʚʘʥʴ, 

ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʣʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ɺʦʜʥʦʯʘʩ, ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʯʠʩʣʦʚʠʭ ʩʠʤʫʣʷʮʽʡ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʟʤʽʰʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ð wrinkling ʽ 

buckling ð ʧʨʠ ʩʪʠʩʢʫ ʩʠʩʪʝʤ ʧʽʜʢʣʘʜʢʘ/ʪʦʥʢʘ ʧʣʽʚʢʘ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʠʭ 

ʪʨʽʱʠʥ (ʚʽʜʰʘʨʫʚʘʥʴ). ʇʨʦʪʝ ʚʟʘʻʤʦʜʽʷ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʦʶ. 

ʑʝ ʦʜʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʥʘʙʣʠʞʝʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ 

ʣʽʥʽʡʥʦ-ʧʨʫʞʥʫ ʧʦʚʝʜʽʥʢʫ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʪʝ ʫ ʚʠʧʘʜʢʘʭ ʧʦʨʽʚʥʷʥʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʰʘʨʽʚ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʜʝʬʦʨʤʘʮʽʷʭ ʧʦʟʘ ʤʝʞʘʤʠ 

ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʬʽʟʠʯʥʦ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʠʩʢʫ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʫʟʜʦʚʞ ʽʥʰʦʛʦ ʪʠʧʫ 

ʤʽʞʬʘʟʥʠʭ ʜʝʬʝʢʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʟʦʥ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ) ʘʙʦ ʜʝʬʝʢʪʽʚ, 

ʥʝ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ, ʫ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʽ. 

ɽʬʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʚʠʚʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ ï ʷʢ ʟ ʜʝʬʝʢʪʘʤʠ, ʪʘʢ ʽ ʙʝʟ ʥʠʭ ï ʧʨʠ ʩʪʠʩʢʫ 

ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʫ ʨʦʙʦʪʘʭ ʆ.ʄ. ɻʫʟʷ, 

ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ (ʊʃʊʉɼʊ) ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʨʦʟʨʦʙʣʝʥʠʤ ʫ ʾʾ ʤʝʞʘʭ ʢʨʠʪʝʨʽʻʤ ʨʫʡʥʫʚʘʥʥʷ. ʆʩʥʦʚʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʊʃʊʉɼʊ ʦʜʝʨʞʘʥʦ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʾ ʣʽʥʝʘʨʠʟʘʮʽʾ ʨʽʚʥʷʥʴ 

ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʘ ʩʪʨʦʛʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʜʦʟʚʦʣʷʻ ʫʥʠʢʘʪʠ ʦʙʤʝʞʝʥʴ, ʚʣʘʩʪʠʚʠʭ ʦʢʨʝʩʣʝʥʠʤ 

ʚʠʱʝ ʥʘʙʣʠʞʝʥʠʤ ʧʽʜʭʦʜʘʤ.  
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ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʻ ʟʘʚʝʨʰʝʥʦʶ ʥʘʫʢʦʚʦʶ ʧʨʘʮʝʶ, ʚ ʷʢʽʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʛʽʧʝʨʧʨʫʞʥʠʭ ʢʫʩʢʦʚʦ-

ʦʜʥʦʨʽʜʥʠʭ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʪʽʣ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʦʚʩʪʽʰʦʾ ʧʽʜʢʣʘʜʢʠ, 

ʚʢʨʠʪʦʶ ʧʣʽʚʢʦʶ ʪʦʥʢʦʛʦ ʧʦʢʨʠʪʪʷ, (ʙʽʰʘʨʽʚ) ʧʨʠ ʾʭ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʝʞʽ 

ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ. 

ʋ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʬʝʢʪʽʚ ʫ ʙʽʰʘʨʦʚʽʡ ʩʠʩʪʝʤʽ ʨʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʽ 

ʧʨʦ ʟʤʦʨʱʫʚʘʥʥʷ ʧʨʠ ʩʪʠʩʢʫ ʪʦʥʢʦʾ ʧʣʽʚʢʠ, ʷʢʘ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʘ ʟ 

ʧʽʜʢʣʘʜʢʦʶ ʘʙʦ ʧʨʦʢʦʚʟʫʻ ʚʽʜʥʦʩʥʦ ʥʝʾ ʙʝʟ ʪʝʨʪʷ. ɺʽʜʧʦʚʽʜʥʽ ʛʨʘʥʠʯʥʽ ʟʘʜʘʯʽ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʙʫʣʦ ʟʚʝʜʝʥʦ ʜʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʽ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʦ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʢʦʤʙʽʥʘʮʽʾ ʜʚʦʭ ʩʪʠʩʣʠʚʠʭ ʘʙʦ ʥʝʩʪʠʩʣʠʚʠʭ 

ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ̔ ʜʦʚʽʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʾʭ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ. 

ʋ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ 

ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʥʘʙʣʠʞʝʥʠʭ ʙʘʣʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ ʪʘ ʢʨʠʪʠʯʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʘ ʪʘʢʦʞ ʥʘʜʘʥʦ ʦʮʽʥʢʫ 

ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʥʘʧʽʚʦʙʤʝʞʝʥʦʛʦ ʪʽʣʘ. ɺʘʣʽʜʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʽʜʙʫʚʘʣʘʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟ ʛʨʘʥʠʯʥʠʤ ʚʠʧʘʜʢʦʤ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ 

(ʢʦʣʠ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ ʦʜʥʘʢʦʚʽ), ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʘʙʣʠʞʝʥʠʤʠ ʬʦʨʤʫʣʘʤʠ, ʘ ʪʘʢʦʞ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʠʭ ʽ 

ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʨʦʙʦʪʘʭ ʽʥʰʠʭ ʘʚʪʦʨʽʚ. 

ɼʣʷ ʦʙʦʭ ʪʠʧʽʚ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʰʘʨʫ ʜʝʪʘʣʴʥʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʰʘʨʫ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʭ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʠʙʦʨʫ 

ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ ʛʽʧʝʨʧʨʫʞʥʠʭ ʩʢʣʘʜʦʚʠʭ.  

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʙʽʰʘʨʦʚʘ ʩʠʩʪʝʤʘ ʧʦʩʣʘʙʣʝʥʘ ʜʝʬʝʢʪʘʤʠ, ʫ ʤʝʞʘʭ 

ʊʃʊʉɼʊ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʽ ʟʘʜʘʯʽ: ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ ʟ ʤʽʞʬʘʟʥʦʶ ʪʨʽʱʠʥʦʶ (ʚʽʜʰʘʨʫʚʘʥʥʷʤ) ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʟôʻʜʥʘʥʥʷ 



 

7 

 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʟʘ ʤʝʞʘʤʠ ʪʨʽʱʠʥʠ; ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ  ʧʽʜʢʣʘʜʮʽ ʧʘʨʘʣʝʣʴʥʦʶ 

ʤʝʞʽ ʧʦʜʽʣʫ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʭ ʩʝʨʝʜʦʚʠʱ; ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʤʝʞʽ 

ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʟ ʤʽʞʬʘʟʥʦʶ ʟʦʥʦʶ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʽ 

ʛʨʘʥʠʯʥʽ ʟʘʜʘʯʽ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ 

ʬʫʥʢʮʽʡ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʟʚʝʜʝʥʦ 

ʜʦ ʟʘʜʘʯ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (ʘʙʦ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ) 

ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ. ɺʢʘʟʘʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨ̔ ʚʥʷʥʥʷ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʢʦʤʙʽʥʘʮʽʾ ʜʚʦʭ ʩʪʠʩʣʠʚʠʭ ʘʙʦ ʥʝʩʪʠʩʣʠʚʠʭ 

ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʜʦʚʽʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʾʭ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʯʠʩʝʣʴʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ɹʫʙʥʦʚʘïɻʘʣʴʦʨʢʽʥʘ. ɼʣʷ 

ʚʝʨʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʧʦʨʽʚʥʷʥʥʷ ʦʜʝʨʞʘʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʛʨʘʥʠʯʥʠʤʠ ʚʠʧʘʜʢʘʤʠ ʜʝʬʝʢʪʫ çʥʫʣʴʦʚʦʾ 

ʜʦʚʞʠʥʠè ʪʘ çʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦʛʦè ʜʝʬʝʢʪʫ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʯʘʤ ʜʣʷ ʪʽʣ 

ʙʝʟ ʜʝʬʝʢʪʽʚ, ʨʦʟʚôʷʟʘʥʠʤ ʨʘʥʽʰʝ ʚ ʤʝʞʘʭ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʥʘ ʤʝʞʽ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʙʘʣʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʧʫʯʫʚʘʥʥʷ (ʜʣʷ ʜʦʚʛʠʭ ʪʨʽʱʠʥ), ʘ ʪʘʢʦʞ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ blistering-ʜʝʬʦʨʤʘʮʽʾ ʫ 

ʚʠʧʘʜʢʫ ʪʨʽʱʠʥ ʜʦʚʽʣʴʥʦʾ ʜʦʚʞʠʥʠ. ɺʘʣʽʜʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʙʫʚʘʣʘʩʷ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ: ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ï ʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʟʘʜʘʯʝʶ ʜʣʷ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ; ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʙʣʠʞʝʥʠʭ ʧʽʜʭʦʜʽʚ, ʘ ʪʘʢʦʞ ʟ 

ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʣʷ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʪʘ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʢʦʨʦʪʢʠʭ ʜʝʬʝʢʪʽʚ 

ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʫ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 
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ʚʧʣʠʚ ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʽʣʘ ʡ ʤʽʞ ʙʝʨʝʛʘʤʠ ʜʝʬʝʢʪʽʚ, ʘ 

ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʋ ʚʩʽʭ ʟʘʜʘʯʘʭ ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʽʰʘʨʫ ʪʘ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʚʠʩʥʦʚʢʠ, ʷʢʽ ʤʘʶʪʴ ʪʝʦʨʝʪʠʯʥʫ ʡ ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ. 

ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ: ʢʦʨʝʢʪʥʽʩʪʶ ʪʘ ʩʪʨʦʛʽʩʪʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʩʪʘʥʦʚʦʢ 

ʟʘʜʘʯ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʨʦʙʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ; ʟʙʽʞʥʽʩʪʶ 

ʯʠʩʣʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ 

ʽ ʟʘʜʘʯ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ; ʫʟʛʦʜʞʝʥʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʽʜʦʤʠʤʠ 

ʜʘʥʠʤʠ ʪʘ ʬʽʟʠʯʥʦʶ ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʘ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʽʜʦʤʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤʘʭ. 

ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 26 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ: 11 ʫ ʚʠʜʘʥʥʷʭ, 

ʧʨʦʽʥʜʝʢʩʦʚʘʥʠʭ ʫ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science Core Collection ʪʘ/ʘʙʦ Scopus, ʟ 

ʷʢʠʭ 4 ʧʫʙʣʽʢʘʮʽʾ ʚʽʜʥʝʩʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ SCImago Journal ʜʦ 

ʢʚʘʨʪʠʣʶ Q2, 5 ʧʫʙʣʽʢʘʮʽʡ ï ʜʦ ʢʚʘʨʪʠʣʶ Q3; 1 ʧʫʙʣʽʢʘʮʽʷ ï ʜʦ ʢʚʘʨʪʠʣʶ Q4; 

2 ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʢʘʪʝʛʦʨʽʾ çɸè 

ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ; 5 ʨʦʙʽʪ ï ʫ ʧʝʨʽʦʜʠʯʥʠʭ 

ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʢʘʪʝʛʦʨʽʾ çɹè ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ 

ʋʢʨʘʾʥʠ; 9 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ï ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ. 16 ʧʨʘʮʴ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. 

ʅʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʪʨʠʤʘʥʦ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʚʩʽʭ 

ʧʨʘʮʷʭ, ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ ʥʘʫʢʦʚʠʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ 

ʘʢʘʜʝʤʽʢʦʤ ʅɸʅ ʋʢʨʘʾʥʠ ɺ.ʃ. ɹʦʛʜʘʥʦʚʠʤ ʪʘ ʘʢʘʜʝʤʽʢʦʤ ʅɸʅ ʋʢʨʘʾʥʠ ɺ.ʄ. 

ʅʘʟʘʨʝʥʢʦʤ, ʜʠʩʝʨʪʘʥʪʦʤ ʚʠʢʦʥʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ, ʦʪʨʠʤʘʥʦ 

ʨʦʟʚôʷʟʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʘʙʦ ʾʭ ʩʠʩʪʝʤʠ, ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʯʠʩʣʦʚʦʛʦ 
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ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʢʦʥʘʥʦ ʯʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʘʯ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʥʘ ʧʦʥʘʜ ʜʝʩʷʪʠ ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʽ 

ʦʙʛʦʚʦʨʶʚʘʣʘʩʴ ʥʘ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ, ʜʝ ʦʪʨʠʤʘʣʘ ʧʦʟʠʪʠʚʥʽ 

ʚʽʜʛʫʢʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʝ ʪʽʣʦ, ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ, wrinkling, 

buckling, ʤʽʞʬʘʟʥʘ ʪʨʽʱʠʥʘ, ʟʦʥʘ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ, ʢʨʠʪʠʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾ, ʪʨʠʚʠʤʽʨʥʘ ʣʽʥʝʘʨʠʟʦʚʘʥʘ ʪʝʦʨʽʷ ʩʪʽʡʢʦʩʪʽ, ʛʽʧʝʨʧʨʫʞʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʪʦʥʢʽ ʧʦʢʨʠʪʪʷ. 
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2026. 

 

The applied interest associated with the wide use in industry of materials 

consisting of a compliant, often incompressible, substrate covered with a thin stiff 

coating, in the production of flexible displays and sensors, the design of 

components of ñsoftò robotics, the fabrication of solar cells, etc., leads to increasing 

scientific attention to the study of various aspects of deformation of such materials. 

A separate class of materials includes those where the stiffnesses of the 

components differ not so significantly, and the materials themselves are capable of 

sustaining large deformations. This refers, for example, both to the tissues of living 

organisms and to synthetic materials that are increasingly used in biomedical 

technologies. 

A typical loading case in such bilayer systems ï a rather thick substrate 

covered with a thinner film ï is compression along the interface between the layers. 

When the magnitude of the applied compressive load reaches its critical value, an 

Euler-type loss of stability of the bilayer surface is observed, known as blistering 

(from English ñblisteringò). Depending on the nature of the adhesive interaction 

between the components of the bilayer, two types (or mechanisms) of blistering are 

distinguished: wrinkling and buckling. 
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The wrinkling mechanism consists in the formation of a wave-like pattern on 

the surface when critical strain values are reached. Controlled wrinkling of thin 

films on compliant substrates is used to improve the functionality of devices and 

structural elements, as well as to assess the mechanical properties of thin-film 

polymer coatings. 

This mechanism in its ñpure formò is realized primarily for bilayers without 

defects at the interface and is fairly well studied in the case of stiff linear-elastic 

films rigidly bonded to compliant incompressible linear-elastic substrates. In this 

case, acceptable estimates of the critical wrinkling strain are given by approximate 

formulas used to validate numerical simulations. However, in situations where the 

components of the bilayer system are hyperelastic materials and the critical strains 

are large, these formulas can give errors of tens of percent. 

Analysis of the literature shows that theoretical results on the study of 

wrinkling of hyperelastic bilayer systems under compression have been obtained 

only for one constitutive model ï a combination of two incompressible neo-

Hookean materials. 

Also insufficiently studied is the case when the contact conditions along the 

interface between the substrate and the film are not ideal, and, for example, allow 

for sliding. 

The weakening of the connection between the structural elements of the 

bilayer may occur either due to the accumulation of microdefects during operation 

or be ñembeddedò at the production stage in order to reduce the constraint of the 

filmôs ability to deform. The latter is especially relevant for microelectronics, 

particularly when relative displacement can occur between a thin functional film 

and a compliant substrate; in modeling biomedical interfaces (for example, contact 

between the cornea and a lens or the skin and fascia); in the design of intelligent 

self-lubricating polymer composites, etc. 
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Suppose now that as a result of adhesion weakening at the substrate/film 

interface, a loss of continuity occurred over a finite interval, with the loss of 

connection between the components of the body and the formation of a defect with 

faces not in contact ð a crack (delamination). Obviously, the values of the critical 

blistering strains in such a case will be lower than in the case of a similar bilayer 

without a defect at the interface. If the length of the delamination is large enough, 

the pattern observed on the surface of the bilayer will appear as a single 

pronounced blister in the region above the delamination. 

This mechanism of loss of stability is called buckling. The critical buckling 

strains can be estimated using known approximate formulas obtained using the so-

called ñbeam approximation,ò in which the delaminated part of the film is 

considered as a beam with various boundary conditions at the ends. 

In the case of a piecewise-homogeneous body, using the geometrically 

nonlinear theory of plates, a transcendental equation was derived to determine the 

critical buckling strains, allowing the compliance of the substrate to be taken into 

account. This equation is widely used today to verify results obtained by the finite 

element method. However, the coefficients of the transcendental equation must be 

determined for each specific pair of linear-elastic materials of the bilayer by 

numerically solving integral equations, which makes the process quite labor-

intensive. 

The main limitation of beam approximations based on various plate theories 

is that they describe only the idealized case of ñpureò buckling and are applicable 

mainly to sufficiently long delaminations corresponding to small values of critical 

strain. 

At the same time, experimental data and numerical simulations demonstrate 

the possibility of realizing a mixed mechanism of loss of stability ð wrinkling and 

buckling ð under compression of substrate/thin-film systems along interfacial 
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cracks (delaminations). However, the interaction of these mechanisms remains 

insufficiently studied. 

Another limitation of the aforementioned approximate approaches is the 

assumption of linear-elastic material behavior. However, in the case where the 

components of the bilayer have comparable stiffness, loss of stability under 

compression can occur at strains that significantly exceed the range of applicability 

of a physically linear model. 

No results on the study of compression of bilayer systems along another type 

of interfacial defect (for example, a sliding zone), or of defects not located on the 

interface, are currently available in the literature. 

An effective approach to studying the above-mentioned problems of stability 

loss in thin-film systems ð both with and without defects ð under compression 

along the interface is the application of the three-dimensional linearized theory of 

stability of deformable solids (TDLTSDS) developed in the works of O.M. Guz, in 

combination with the failure criterion formulated within this theory. The basic 

relations of TDLTSDS are obtained by sequential linearization of the equations of 

nonlinear elasticity, and the strict formulation of problems within the linearized 

theory makes it possible to avoid the limitations inherent in the above-mentioned 

approximate approaches. 

The dissertation is a completed scientific work, presenting a study of loss of 

stability in hyperelastic, piecewise-homogeneous, semi-infinite bodies consisting of 

a thicker substrate covered by a thin film (bilayer), under compression along the 

interface. 

In the absence of defects in the bilayer system, problems of wrinkling under 

compression of a thin film rigidly bonded to the substrate or sliding relative to it 

without friction are considered. The corresponding boundary value problems of the 

linearized theory of stability are reduced to transcendental equations for 
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determining the critical loading parameters. These equations are obtained in general 

form for a combination of two compressible or incompressible hyperelastic 

materials with arbitrary elastic potential structure. 

In the case of rigid connection between the components, the applicability of 

approximate beam models for determining critical wrinkling strains and critical 

wavelengths is analyzed, and the applicability of the semi-infinite body model is 

evaluated. Validation of the results was performed by comparison with the limiting 

case of a homogeneous body (when the mechanical properties of the components of 

the bilayer are identical), with the corresponding approximate formulas, and with 

experimental and numerical results presented in the works of other authors. 

For both types of connection between the components of the bilayer, the 

dependence of the critical loading parameters on the mechanical characteristics of 

the bilayer is thoroughly analyzed, as well as their sensitivity to the choice of 

constitutive model. 

In the case when the bilayer system is weakened by defects, the following 

problems are considered within TDLTSDS: compression of the bilayer along the 

interface in the presence of an interfacial crack (delamination) under various 

bonding conditions; a crack in the substrate parallel to the interface of rigidly 

bonded media; a bilayer with an interfacial frictionless sliding zone. The 

corresponding boundary value problems, formulated in terms of harmonic potential 

functions using Fourier integral transform techniques, are reduced to eigenvalue 

problems for Fredholm integral equations (or systems of equations) of the first 

kind. The obtained equations are formulated in general form for a combination of 

two compressible or incompressible hyperelastic materials with arbitrary potential 

structure and are solved numerically using the BubnovïGalerkin method. For result 

validation, comparisons were made between the obtained critical loading 

parameters and the limiting cases of ñzero-lengthò and ñinfinitely longò defects, 
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which correspond to problems solved earlier in this research for bodies without 

defects. 

In the case of an interfacial crack at the boundary of bonded media, the 

applicability of two main beam approaches for determining critical buckling strains 

(for long cracks), as well as a combined approach for determining critical blistering 

strains in the case of cracks of arbitrary length, is analyzed. Validation of the 

results was carried out by comparison: for each of the considered potentials ð with 

the corresponding problem for a homogeneous body; with approximate approaches; 

and with results obtained by other authors using numerical methods for linear-

elastic materials. 

For the interfacial crack and interfacial frictionless sliding zone, 

recommendations are provided regarding the feasibility of accounting for short 

interfacial defects when determining the critical instability parameters of the 

bilayer. The influence of contact conditions between the components and between 

the defect faces, as well as the structure of the elastic potentials, on the values of 

the critical parameters is analyzed. 

In all problems, a systematic analysis of the dependence of the critical 

loading parameters on the geometrical and mechanical characteristics of the bilayer 

is carried out, and conclusions are formulated that are of theoretical and practical 

significance. 

The justification and reliability of the obtained results are ensured by the 

correctness and mathematical rigor of the problem formulations and the use of 

verified solution methods; the convergence of numerical algorithms applied in 

solving the transcendental and eigenvalue problems; and the consistency of the 

obtained results with known data and physical interpretation consistent with the 

known mechanisms of loss of stability in bilayer systems. 



 

16 

 

A total of 26 scientific works have been published on the topic of the 

dissertation: 11 in publications indexed in the Web of Science Core Collection 

and/or Scopus databases, of which 4 publications are ranked in the Q2 quartile 

according to the SCImago Journal Rank classification, 5 publications in the Q3 

quartile, and 1 publication in the Q4 quartile; 2 works were published in periodical 

editions included in Category "A" of the list of scientific specialized publications of 

Ukraine; 5 works in periodical editions included in Category "B" of the list of 

scientific specialized publications of Ukraine; 9 scientific works are abstracts of 

reports at international scientific conferences. 16 works were published by the 

author solely. 

The scientific results of the dissertation were obtained independently by the 

author. In all papers co-authored with academic advisors, Academician of NAS of 

Ukraine V.L. Bogdanov and Academician of NAS of Ukraine V.M. Nazarenko, the 

author performed the mathematical problem formulation, derived the governing 

equations or systems, developed the numerical analysis algorithms, carried out the 

computations for specific material models, and analyzed the dependence of critical 

stability parameters on the geometrical and mechanical characteristics of the 

studied materials. 

The main results of the dissertation were presented at more than ten 

international conferences. The dissertation was fully presented and discussed at 

relevant academic seminars and received positive evaluations. 

 

Keywords: piecewise-homogeneous body, loss of stability, wrinkling, 

buckling, interfacial crack, frictionless sliding zone, critical strains, three-

dimensional linearized theory of stability, hyperelastic materials, thin films. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʯʘʪʢʫ (ʩʪʘʨʪʫ) ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ 

ʧʨʠ ʩʪʠʩʢʫ ʥʝʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʰʘʨʫʚʘʪʽ ʢʦʤʧʦʟʠʪʠ (ʟ ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʢʦʥʪʘʢʪʫ ʤʽʞ ʰʘʨʘʤʠ), 

ʘʨʤʦʚʘʥʽ ʚʦʣʦʢʥʠʩʪʽ ʩʪʨʫʢʪʫʨʠ ʽ ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʢʨʠʪʪʷʤ, ʻ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ 

ʯʘʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʣʦʢʘʣʴʥʘ ʥʝʩʪʽʡʢʽʩʪʴ ʧʦʙʣʠʟʫ ʽʩʥʫʶʯʦʛʦ 

ʜʝʬʝʢʪʫ, ʤʽʢʨʦʚʠʧʫʯʫʚʘʥʥʷ ʚʦʣʦʢʥʘ ʘʙʦ ʟʤʦʨʱʫʚʘʥʥʷ ʪʦʥʢʦʾ ʧʣʽʚʢʠ 

ʧʦʢʨʠʪʪʷ. ʇʨʠ ʮʴʦʤʫ ʨʫʡʥʫʚʘʥʥʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʩʪʠʩʢʫ ʯʘʩʪʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʥʰʠʭ ʟʥʘʯʝʥʴ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʽʞ ʧʨʠ ʨʦʟʪʷʛʫ. 

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʪʽʣ ʧʨʠ ʩʪʠʩʢʫ, ʚ ʪ.ʯ. 

ʚʟʜʦʚʞ ʜʝʬʝʢʪʽʚ ʪʘ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ, 

ʟʨʦʙʠʣʠ ʆ.ʄ. ɻʫʟʴ, ɺ.ʃ. ɹʦʛʜʘʥʦʚ, ɺ.ʄ. ʅʘʟʘʨʝʥʢʦ, ɯ.ʖ. ɹʘʙʠʯ, ʉ.ʖ. ɹʘʙʠʯ, 

ɯ.ʆ. ɻʫʟʴ, ʄ.ɺ. ɼʦʚʞʠʢ, ɺ.ʄ. ʂʥʶʭ, ʖ.ɺ. ʂʦʭʘʥʝʥʢʦ, ɯ.ʇ. ʉʪʘʨʦʜʫʙʮʝʚ, ʖ.ɯ. 

ʍʦʤʘ, ɺ.ʄ. ʏʝʭʦʚ, H.G. Allen, A.D. Bakiler, M.A. Biot, Y. Cao, X. Chen, B. 

Cotterell, P. Gu, J.W. Hutchinson, H. Mei, S. Nikravesh, R.W. Ogden, X.R. Zhuo 

ʪʘ ʽʥʰʽ ʥʘʫʢʦʚʮʽ. 

ɺʘʛʦʤʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʽʞʬʘʟʥʠʭ ʟ'ʻʜʥʘʥʴ (ʚ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣʘʭ) ʪʘ ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʦʪʨʠʤʘʣʠ ʉ.ɼ. ɸʢʙʘʨʦʚ, ʆ.ɭ. 

ɸʥʜʨʝʡʢʽʚ, ʖ.ɸ. ɸʥʪʠʧʦʚ, ɯ.ʖ. ɹʘʙʠʯ, ʆ.ʄ. ɻʫʟʴ, ɯ.ʆ. ɻʫʟʴ, ɸ.ʆ. ʂʘʤʽʥʩʴʢʠʡ, 

ʃ.ɸ. ʂʽʧʥʽʩ, ɺ.ʉ. ʂʠʨʠʣʶʢ, ʖ.ɺ. ʂʦʭʘʥʝʥʢʦ, ʈ.ʄ. ʂʫʰʥʽʨ, ɺ.ɯ. ʂʫʱ, ɺ.ɺ. 

ʃʦʙʦʜʘ, ʈ.ʄ. ʄʘʨʪʠʥʷʢ, ʆ.ɺ. ʄʘʨʯʫʢ, ɺ.ɺ. ʄʠʭʘʩʴʢʽʚ, ɺ.ɯ. ʆʩʪʨʠʢ, ɺ.ɺ. 

ʇʘʥʘʩʶʢ, ɻ.ʗ. ʇʦʧʦʚ, ʄ.ʇ. ʉʘʚʨʫʢ, ɻ.ʊ. ʉʫʣʠʤ, ɸ.ʌ. ʋʣʽʪʢʦ, ɺ.ʄ. ʏʝʭʦʚ, 

ʄ.ʆ. ʐʫʣʴʛʘ, M. Comninou, J. Dundurs, F. Erdogan, J.R. Rice ʪʘ ʽʥʰʽ. 

ɽʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʦʚʩʪʦʾ ʧʦʜʘʪʣʠʚʦʾ ʧʽʜʢʣʘʜʢʠ, 

ʧʦʢʨʠʪʦʾ ʪʦʥʢʦʶ ʞʦʨʩʪʢʽʰʦʶ ʧʣʽʚʢʦʶ, (ʙʽʰʘʨʠ) ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ (ʛʥʫʯʢʽ ʜʘʪʯʠʢʠ ʪʘ ʜʠʩʧʣʝʾ), ʨʦʙʦʪʦʪʝʭʥʽʮʽ, 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʝʥʝʨʛʝʪʠʮʽ (ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ), ʙʽʦʤʝʜʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʪʘ 

ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ. ʇʨʠ ʮʴʦʤʫ, ʱʦʙ ʥʝ ʦʙʤʝʞʫʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʧʣʽʚʢʠ ʜʦ 

ʜʝʬʦʨʤʘʮʽʾ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʪʘʢʪ ʧʣʽʚʢʠ ʟ ʧʽʜʢʣʘʜʢʦʶ 

ʯʘʩʪʦ ʨʦʙʣʷʪʴ ʥʝ ʽʜʝʘʣʴʥʠʤ, ʘ ʪʘʢʠʤ, ʱʦ ʜʦʧʫʩʢʘʻ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʟ ʥʠʟʴʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ. ʊʘʢʦʞ ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʾʭ ʟʙʠʨʘʥʥʷ ʯʠ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʥʠʭ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʝʬʝʢʪʠ (ʪʨʽʱʠʥʠ, ʨʦʟʰʘʨʫʚʘʥʥʷ, ʥʝʧʨʦʢʣʝʾ ʪʦʱʦ), ʷʢʽ ʧʦʚʠʥʥʽ 

ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʾʭ ʤʽʮʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ.  

ʗʢʱʦ ʪʘʢʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʝʣʝʤʝʥʪ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʫʤʦʚʘʭ ʩʪʠʩʢʫ, ʪʦ ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʚʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ 

ʩʪʽʡʢʦʩʪʽ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʽ ʙʽʰʘʨʫ ʭʚʠʣʝʧʦʜʽʙʥʦʛʦ 

ʚʽʟʝʨʫʥʢʘ; ʪʘʢʝ ʷʚʠʱʝ ʥʘʟʠʚʘʶʪʴ ʟʤʦʨʱʫʚʘʥʥʷʤ (ʚ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ wrinkling). 

ʅʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʽʚ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ 

ʥʘʷʚʥʽʩʪʴ ʫ ʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʢ-ʦʪ ʪʨʽʱʠʥʠ (ʨʦʟʰʘʨʫʚʘʥʥʷ) ʯʠ ʟʦʥʠ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʦʛʦ ʨʦʟʰʘʨʫʚʘʥʥʷ 

ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʧʽʜʢʣʘʜʢʠ ʪʘ ʧʦʢʨʠʪʪʷ, ʚʽʟʝʨʫʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ 

ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ, ʻ ʦʜʥʠʤ ʚʠʨʘʞʝʥʠʤ ʙʣʽʩʪʝʨʦʤ ʚ ʦʙʣʘʩʪʽ ʥʘʜ ʨʦʟʰʘʨʫʚʘʥʥʷʤ; 

ʜʘʥʠʡ ʤʝʭʘʥʽʟʤ ʚʽʜʦʤʠʡ ʚ ʣʽʪʝʨʘʪʫʨʽ ʷʢ ʚʠʧʫʯʫʚʘʥʥʷ (buckling). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʠʩʢʘʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʥʘʙʣʠʞʝʥʽ ʧʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʜʚʦʚʠʤʽʨʥʠʭ ʪʝʦʨʽʡ ʙʘʣʦʢ ʽ 

ʧʣʘʩʪʠʥ (ʙʘʣʢʦʚʽ ʧʽʜʭʦʜʠ). ʆʜʥʘʢ ʮʽ ʧʽʜʭʦʜʠ ʤʘʶʪʴ ʥʠʟʢʫ ʽʩʪʦʪʥʠʭ ʥʝʜʦʣʽʢʽʚ. 

ʇʦ-ʧʝʨʰʝ, ʚʦʥʠ ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ ʣʠʰʝ ʦʜʠʥ ʽʟ ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ (wrinkling ʘʙʦ buckling), ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʾʭʥʴʦʾ ʤʦʞʣʠʚʦʾ ʚʟʘʻʤʦʜʽʾ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʣʴʥʽ ʢʨʠʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦ ʥʠʞʯʠʤʠ ʚʽʜ 
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ʪʠʭ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʥʘʙʣʠʞʝʥʠʤʠ ʤʦʜʝʣʷʤʠ. ɯ ʭʦʯʘ ʟʤʽʰʘʥʠʡ ʭʘʨʘʢʪʝʨ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʥʝʦʜʥʦʨʘʟʦʚʦ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʪʘ ʯʠʩʣʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʡʦʛʦ ʪʝʦʨʝʪʠʯʥʠʡ ʦʧʠʩ ʜʦʩʽ ʟʘʣʠʰʘʚʩʷ ʥʝʨʦʟʨʦʙʣʝʥʠʤ. 

ʇʦ-ʜʨʫʛʝ, ʥʘʙʣʠʞʝʥʽ ʬʦʨʤʫʣʠ ʦʪʨʠʤʘʥʦ ʜʣʷ ʬʽʟʠʯʥʦ-ʣʽʥʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ, ʱʦ ʚʠʧʨʘʚʜʘʥʦ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʧʣʽʚʢʘ ʽʩʪʦʪʥʦ ʞʦʨʩʪʢʽʰʘ ʟʘ 

ʧʽʜʢʣʘʜʢʫ. ʎʝ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʾʭ ʟʘʩʪʦʩʦʚʥʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʫ ʟʘʜʘʯʘʭ, ʜʝ 

ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʥʫ ʤʽʞ ʩʦʙʦʶ ʞʦʨʩʪʢʽʩʪʴ, ʘ ʩʘʤʽ 

ʤʘʪʝʨʽʘʣʠ ʻ ʛʽʧʝʨʧʨʫʞʥʠʤʠ ʽ ʟʜʘʪʥʠʤʠ ʚʠʪʨʠʤʫʚʘʪʠ ʚʝʣʠʢʽ ʜʝʬʦʨʤʘʮʽʾ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʙʘʛʘʪʴʦʭ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʫ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ 

ʜʚʦʰʘʨʦʚʦʾ ʪʢʘʥʠʥʠ ʬʦʨʤʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʥʠʡ ʟʤʦʨʰʢʫʚʘʪʠʡ ʤʘʣʶʥʦʢ, 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʥʘʧʨʫʞʝʥʴ ʫ ʰʘʨʘʭ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

ʥʘʙʣʠʞʝʥʽ ʬʦʨʤʫʣʠ ʤʦʞʫʪʴ ʜʘʚʘʪʠ ʧʦʭʠʙʢʫ ʚ ʜʝʩʷʪʢʠ ʚʽʜʩʦʪʢʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʦʙʤʝʞʝʥʥʷ, ʥʘʙʣʠʞʝʥʽ ʧʽʜʭʦʜʠ (ʤʦʜʝʣʽ) 

ʧʨʦʜʦʚʞʫʶʪʴ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʥʘʚʽʪʴ ʽʟ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʛʽʧʝʨʧʨʫʞʥʠʭ ʙʽʰʘʨʽʚ ʟ ʜʝʬʝʢʪʘʤʠ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ ʧʨʠ ʚʝʣʠʢʠʭ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʷʭ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʜʦʩʣʽʜʞʝʥʠʤʠ ï ʯʝʨʝʟ ʥʝʟʘʩʪʦʩʦʚʥʽʩʪʴ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʙʽʬʫʨʢʘʮʽʡʥʦʤʫ ʘʥʘʣʽʟʽ. ɿʘʜʘʯʽ ʞ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʽʚ ʟ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʧʨʦʢʦʚʟʫʶʪʴ, ʽ ʤʽʞʬʘʟʥʠʤʠ ʟʦʥʘʤʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ʩʢʽʥʯʝʥʥʦʾ ʜʦʚʞʠʥʠ ʚ ʣʽʪʝʨʘʪʫʨʽ ʽ ʟʦʚʩʽʤ ʜʦʩʽ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ. 

ɽʬʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʚʠʚʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʨʦʙʦʪʘʭ ʆ.ʄ. ɻʫʟʷ ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ 

ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʥʠʤ ʚ ʾʾ ʨʘʤʢʘʭ ʢʨʠʪʝʨʽʻʤ 

ʨʫʡʥʫʚʘʥʥʷ ʪʽʣ ʧʨʠ ʩʪʠʩʢʫ. 

ʋ ʮʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʢʘʟʘʥʠʡ ʣʽʥʝʘʨʠʟʦʚʘʥʠʡ ʧʽʜʭʽʜ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʦʩʢʠʭ ʟʘʜʘʯ (ʟʘ ʫʤʦʚ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ) 



 

28 

 

ʧʨʦ ʩʪʠʩʢ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʪʽʣ ʟ ʜʝʬʝʢʪʘʤʠ 

ʽ ʙʝʟ ʥʠʭ ʟʫʩʠʣʣʷʤʠ, ʩʧʨʷʤʦʚʘʥʠʤʠ ʫʟʜʦʚʞ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʩʝʨʪʘʮʽʷ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʦʟʚʠʪʦʢ ʪʨʠʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ ʩʪʦʩʦʚʥʦ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ 

ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʙʽʰʘʨʽʚ ï ʷʢ ʙʝʟ ʜʝʬʝʢʪʽʚ, ʪʘʢ ʽ ʟ ʨʽʟʥʠʤʠ 

ʪʠʧʘʤʠ ʤʽʞʬʘʟʥʠʭ ʜʝʬʝʢʪʽʚ ʘʙʦ ʜʝʬʝʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʟʘ ʤʝʞʝʶ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ. ʇʦʩʪʘʚʣʝʥʽ ʟʘʚʜʘʥʥʷ ʤʘʶʪʴ ʷʢ ʪʝʦʨʝʪʠʯʥʫ ʥʘʫʢʦʚʫ ʟʥʘʯʫʱʽʩʪʴ, 

ʪʘʢ ʽ ʧʨʠʢʣʘʜʥʫ ʮʽʥʥʽʩʪʴ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, 

ʪʝʤʘʤʠ. 

ʅʘʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʚʽʜʧʦʚʽʜʘ ̒

ʧʨʦʛʨʘʤʘʤ ʽ ʧʣʘʥʘʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ (ʉʝʢʮʽʷ ʬʽʟʠʢʦ-

ʪʝʭʥʽʯʥʠʭ ʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ), ʘ ʦʢʨʝʤʽ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʫʚʽʡʰʣʠ ʜʦ ʟʚʽʪʽʚ ʟ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ɯʥʩʪʠʪʫʪʽ ʤʝʭʘʥʽʢʠ ʽʤ. ʉ. ʇ. 

ʊʠʤʦʰʝʥʢʘ ʟʘ ʪʝʤʘʤʠ: çɼʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʘʨʤʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʦʙʦʣʦʥʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʥʠʭ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡè (ˉ ɼʈ 0120U101775, 2020ï

2021 ʨʨ.), çɼʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ 

(ʘʨʤʦʚʘʥʠʭ ʢʦʨʦʪʢʠʤʠ ʚʦʣʦʢʥʘʤʠ ʪʘ ʰʘʨʫʚʘʪʠʭ) ʪʘ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟ ʥʠʭ ʚ ʫʤʦʚʘʭ ʜʽʾ ʩʪʠʩʢʘʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴè (ˉ ɼʈ 0119U103519, 2020ï2024 

ʨʨ.), çʏʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʜʝʬʝʢʪʘʤʠ) 

ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷè (ˉ ɼʈ 0124U005008, 2025ï2029 ʨʨ.), 

çʇʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʢʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʝʛʫʣʷʨʥʦʾ ʪʘ 

ʥʝʨʝʛʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʣʷ 



 

29 

 

ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʨʘʢʝʪʥʦʾ ʪʝʭʥʽʢʠè (ˉ ɼʈ 0125U000923, 

2025ï2026 ʨʨ). ʊʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʫʚʽʡʰʣʠ ʜʦ ʧʨʦʤʽʞʥʦʛʦ ʟʚʽʪʫ ʟ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʅɸʅ ʋʢʨʘʾʥʠ çɼʦʩʣʽʜʞʝʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʪʨʽʱʠʥ ʪʘ ʪʨʘʻʢʪʦʨʽʡ ʾʭ ʧʦʰʠʨʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʠʣʴ ʚ ʨʘʤʢʘʭ ʥʝʣʽʥʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʩʫʯʘʩʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʪʘ ʘʥʘʣʽʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠè (ˉ ɼʈ 0125U001293) ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʫ ʅɸʅ ʋʢʨʘʾʥʠ 

ʜʣʷ ʤʦʣʦʜʽʞʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ/ʛʨʫʧ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʚ 2025ï2026 ʨʨ. 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ  

¶ ʨʦʟʨʦʙʢʘ ʚ ʨʘʤʢʘʭ ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ 

ʪʽʣ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ 

ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʪʽʣ ʽʟ ʧʣʽʚʢʦʶ ʧʦʢʨʠʪʪʷ (ʙʽʰʘʨ) ʚʟʜʦʚʞ ʜʝʬʝʢʪʽʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʘʙʦ ʧʘʨʘʣʝʣʴʥʠʭ ʾʡ;  

¶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʦ 

ʩʪʠʩʢ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʪʽʣ ʟ ʧʦʢʨʠʪʪʷʤ, ʧʦʩʣʘʙʣʝʥʠʭ 

ʪʨʽʱʠʥʘʤʠ ʘʙʦ ʤʽʞʬʘʟʥʠʤʠ ʟʦʥʘʤʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ; 

¶ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ ʘʥʘʣʦʛʽʯʥʠʭ ʪʽʣ ʙʝʟ ʜʝʬʝʢʪʽʚ ʷʢ ʛʨʘʥʠʯʥʠʭ 

ʚʠʧʘʜʢʽʚ ʟʘʜʘʯ ʜʣʷ ʪʽʣ ʟ ʜʝʬʝʢʪʘʤʠ; 

¶ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʦʜʝʨʞʘʥʠʭ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʘʯʽ, ʘ 

ʪʘʢʦʞ ʚʽʜ ʚʠʜʫ ʢʦʤʙʽʥʘʮʽʾ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ 

(ʛʽʧʝʨʧʨʫʞʥʠʭ) ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚʠʨʽʰʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

¶ ʬʦʨʤʫʣʶʚʘʥʥʷ ʚ ʤʝʞʘʭ ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ 

ʩʪʨʦʛʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ 

ʛʽʧʝʨʧʨʫʞʥʦʛʦ ʙʽʰʘʨʫ ʟ ʜʝʬʝʢʪʘʤʠ ʪʘ ʙʝʟ ʜʝʬʝʢʪʽʚ ʪʘ ʧʝʨʝʭʽʜ ʜʦ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ ʫ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ 



 

30 

 

ʬʫʥʢʮʽʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ 

ʨʽʚʥʦʚʘʛʠ; 

¶ ʟʚʝʜʝʥʥʷ ʮʠʭ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ ʜʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ 

ʧʘʨʘʤʝʪʨʘ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʬʝʢʪʽʚ ʘʙʦ ʜʦ 

ʟʘʜʘʯ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ 

ʨʦʜʫ (ʘʙʦ ʩʠʩʪʝʤʠ ʪʘʢʠʭ ʨʽʚʥʷʥʴ) ʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʫ; 

¶ ʨʦʟʨʦʙʢʘ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʯʠʩʣʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ ʽ ʟʘʜʘʯ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʫ 

ʨʫʡʥʫʚʘʥʥʷ, ʟʫʤʦʚʣʝʥʦʤʫ ʣʦʢʘʣʴʥʦʶ ʚʪʨʘʪʦʶ ʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ; 

¶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘʢʠʭ 

ʯʠʥʥʠʢʽʚ: 

ï ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ (ʞʦʨʩʪʢʦʩʪʽ, 

ʩʪʠʩʣʠʚʦʩʪʽ), ʘ ʪʘʢʦʞ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ (ʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ 

ʜʝʬʝʢʪʫ); 

ï ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʤʽʞ ʙʝʨʝʛʘʤʠ ʜʝʬʝʢʪʫ ʪʘ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʰʘʨʫ; 

 ï ʚʠʜʫ ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʙʽʰʘʨ; 

¶ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ (ʟʤʦʨʱʫʚʘʥʥʷ 

(wrinkling) ʪʘ ʚʠʧʫʯʫʚʘʥʥʷ (buckling)) ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʙʽʰʘʨʽʚ ʚʟʜʦʚʞ 

ʤʽʞʬʘʟʥʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʥʘʙʣʠʞʝʥʠʭ 

ʧʽʜʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʝʪʨʠʯʥʦ ʣʽʥʽʡʥʠʭ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʪʝʦʨʽʡ ʙʘʣʦʢ ʪʘ 

ʧʣʘʩʪʠʥ. 

 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʷʚʠʱʝ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ 

ʛʽʧʝʨʧʨʫʞʥʠʭ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʪʽʣ ʚʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ, ʷʢ ʫ ʧʨʠʩʫʪʥʦʩʪʽ, ʪʘʢ ʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʬʝʢʪʽʚ. 



 

31 

 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʽʚ ʽʟ ʨʽʟʥʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʧʨʠ 

ʟʤʦʨʱʫʚʘʥʥʽ ʪʽʣ ʙʝʟ ʜʝʬʝʢʪʽʚ, ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʠʭ ʟʦʥ ʛʣʘʜʢʦʛʦ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʪʘ ʪʨʽʱʠʥ. 

 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʦʩʥʦʚʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʯʝʨʝʟ 

ʛʘʨʤʦʥʽʯʥʽ ʧʦʪʝʥʮʽʘʣʴʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʚʠʧʘʜʢʫ ʧʣʦʩʢʦʾ ʟʘʜʘʯʽ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʧʘʨʘʪʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨôʻ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʛʨʘʥʠʯʥʽ ʟʘʜʘʯʽ 

ʚʽʜʥʦʩʥʦ ʛʘʨʤʦʥʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʟʚʝʜʝʥʦ ʜʦ ʟʘʜʘʯ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ) ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ ʫ ʚʠʧʘʜʢʫ 

ʟʘʜʘʯ ʜʣʷ ʪʽʣ ʟ ʜʝʬʝʢʪʘʤʠ ʘʙʦ ʜʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ ʫ ʚʠʧʘʜʢʫ ʟʘʜʘʯ 

ʜʣʷ ʪʽʣ ʙʝʟ ʜʝʬʝʢʪʽʚ. ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ɹʫʙʥʦʚʘ-ɻʘʣʴʦʨʢʽʥʘ; ʯʠʩʝʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ ɻʘʫʩʘ ʟ ʚʫʟʣʘʤʠ ʚ ʥʫʣʷʭ ʧʦʣʽʥʦʤʽʚ 

ʃʝʞʘʥʜʨʘ. ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ ʚ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʅʴʶʪʦʥʘ ʪʘ ʤʝʪʦʜ ʙʽʩʝʢʮʽʾ. 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

¶ ɺʧʝʨʰʝ ʫ ʨʘʤʢʘʭ ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ 

ʪʽʣ ʨʦʟʨʦʙʣʝʥʦ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʙʽʰʘʨʽʚ ʧʨʠ 

ʩʪʠʩʢʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʚʽʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʧʨʫʞʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ, ʷʢ ʜʣʷ ʩʪʠʩʣʠʚʠʭ, ʪʘʢ ʽ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʘʟʥʘʯʝʥʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʘʥʦ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ 

ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ï ʧʣʦʩʢʠʭ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ 
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ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʪʽʣ ʟ ʧʦʢʨʠʪʪʷʤ ʚʟʜʦʚʞ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʧʽʜʢʣʘʜʢʠ ʽ ʰʘʨʫ ʧʦʢʨʠʪʪʷ. 

¶ ɺʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʧʣʦʩʢʫ ʟʘʜʘʯʫ ʧʨʦ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʥʘʧʽʚʦʙʤʝʞʝʥʦʛʦ 

ʙʽʰʘʨʫ ʙʝʟ ʜʝʬʝʢʪʽʚ ʧʽʜ ʜʽʻʶ ʩʪʠʩʢʘʶʯʠʭ ʟʫʩʠʣʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʚʟʜʦʚʞ 

ʤʝʞʽ ʧʦʜʽʣʫ. ʇʨʠ ʮʴʦʤʫ:  

ï ʦʜʝʨʞʘʥʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʪʽʣ ʟ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ ʘʙʦ 

ʧʨʦʢʦʚʟʫʶʯʠʤʠ ʙʝʟ ʪʝʨʪʷ ʢʦʤʧʦʥʝʥʪʘʤʠ;  

ï ʦʮʽʥʝʥʦ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʯʥʠʭ ʥʘʙʣʠʞʝʥʠʭ ʬʦʨʤʫʣ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

wrinkling-ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʞʽ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʤʦʜʝʣʝʡ ʽʟ 

ʥʘʧʽʚʦʙʤʝʞʝʥʦʶ ʧʽʜʢʣʘʜʢʦʶ.  

¶ ɺʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʧʣʦʩʢʽ ʟʘʜʘʯʽ ʧʨʦ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʥʘʧʽʚʦʙʤʝʞʝʥʦʛʦ 

ʙʽʰʘʨʫ ʟ ʤʽʞʬʘʟʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʪʘ ʜʝʬʝʢʪʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʦʟʘ 

ʤʝʞʝʶ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ, ʧʽʜ ʜʽʻʶ ʩʪʠʩʢʘʶʯʠʭ ʟʫʩʠʣʴ, ʩʧʨʷʤʦʚʘʥʠʭ 

ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ. ʇʨʠ ʮʴʦʤʫ: 

ï ʟʘʜʘʯʽ ʧʨʦ ʙʽʰʘʨ ʟ ʤʽʞʬʘʟʥʦʶ ʪʨʽʱʠʥʦʶ (ʫ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦ 

ʟôʻʜʥʘʥʠʭ ʪʘ ʧʨʦʢʦʚʟʫʶʯʠʭ ʙʝʟ ʪʝʨʪʷ ʢʦʤʧʦʥʝʥʪ) ʽ ʙʽʰʘʨ ʟ ʤʽʞʬʘʟʥʦʶ 

ʟʦʥʦʶ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʟʚʝʜʝʥʦ ʜʦ ʟʘʜʘʯ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ (ʘʙʦ ʾʭ ʩʠʩʪʝʤ), ʷʢʽ 

ʜʦʧʫʩʢʘʶʪʴ ʝʬʝʢʪʠʚʥʝ ʯʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ; 

ï ʜʣʷ ʚʠʧʘʜʢʽʚ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʭ ʽ ʚʽʜʥʦʩʥʦ ʜʦʚʛʠʭ ʪʨʽʱʠʥ 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʚ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʽʜʦʤʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʨʘʥʽʰʝ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ ʚ ʨʘʤʢʘʭ ʥʘʙʣʠʞʝʥʠʭ 

ʧʽʜʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʜʚʦʚʠʤʽʨʥʠʭ ʪʝʦʨʽʡ ʙʘʣʦʢ ʽ ʧʣʘʩʪʠʥ, 

ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʢʨʠʪʠʯʥʠʭ wrinkling- ʽ buckling-ʜʝʬʦʨʤʘʮʽʡ, 

ʚʽʜʧʦʚʽʜʥʦ. ʋ ʨʘʟʽ ʪʨʽʱʠʥ ʧʨʦʤʽʞʥʦʾ ʜʦʚʞʠʥʠ ʚʧʝʨʰʝ ʪʝʦʨʝʪʠʯʥʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʤʝʭʘʥʽʟʤʽʚ ʟʤʦʨʱʫʚʘʥʥʷ (wrinkling) ʪʘ 
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ʚʠʧʫʯʫʚʘʥʥʷ (buckling) ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʫʢʦʨʦʯʝʥʴ ʫ ʙʽʰʘʨʽ 

ʽʩʪʦʪʥʦ ʥʠʞʯʽ, ʥʽʞ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʥʘʙʣʠʞʝʥʠʭ ʧʽʜʭʦʜʽʚ; 

- ʨʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ ʧʨʦ ʙʽʰʘʨ ʟ ʪʨʽʱʠʥʦʶ, ʨʦʟʪʘʰʦʚʘʥʦʶ 

ʧʘʨʘʣʝʣʴʥʦ ʤʝʞʽ ʧʦʜʽʣʫ, ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʢʦʥʪʠʥʫʘʣʴʥʠʭ 

ʥʘʙʣʠʞʝʥʴ ʩʪʨʫʢʪʫʨʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʜʣʷ ʮʴʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ. 

¶ ɿʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʪʠʧʫ ʜʝʬʝʢʪʫ, ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ, ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʙʦʨʫ 

ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

¶ ʅʘʚʝʜʝʥʦ ʽʥʞʝʥʝʨʥʽ ʦʮʽʥʢʠ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʤʽʞʬʘʟʥʠʭ 

ʜʝʬʝʢʪʽʚ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʚʽʜʥʦʩʥʦʾ ʜʦʚʞʠʥʠ) ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʧʦʢʨʠʪʪʷʤ ʥʘ 

ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʨʫʡʥʫʚʘʥʥʷ. 

 

ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ: 

¶ ʢʦʨʝʢʪʥʽʩʪʶ ʪʘ ʩʪʨʦʛʽʩʪʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ ʫ ʨʘʤʢʘʭ 

ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʨʦʙʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ;  

¶ ʟʙʽʞʥʽʩʪʶ ʯʠʩʣʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ ʽ ʟʘʜʘʯ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ; 

¶ ʫʟʛʦʜʞʝʥʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʽʜʦʤʠʤʠ ʜʘʥʠʤʠ: 

ï ʫ ʨʘʟʽ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʟ ʦʜʥʘʢʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ï ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʘʥʘʣʦʛʽʯʥʠʭ 

ʟʘʜʘʯ ʜʣʷ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ; 

ï ʫ ʯʘʩʪʢʦʚʠʭ ʚʠʧʘʜʢʘʭ ï ʟ ʜʘʥʠʤʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʯʠʩʣʦʚʠʭ 

ʩʠʤʫʣʷʮʽʡ, ʘ ʪʘʢʦʞ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʨʘʤʢʘʭ ʥʘʙʣʠʞʝʥʠʭ 

ʧʽʜʭʦʜʽʚ, ʚʽʜʦʤʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ; 
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ï ʜʣʷ ʪʽʣ ʟ ʜʝʬʝʢʪʘʤʠ ï ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʪʽʣ ʙʝʟ ʜʝʬʝʢʪʽʚ ʫ ʛʨʘʥʠʯʥʠʭ 

ʚʠʧʘʜʢʘʭ çʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʠʭè ʪʘ çʥʫʣʴʦʚʦʾ ʜʦʚʞʠʥʠè ʜʝʬʝʢʪʽʚ. 

¶ ʬʽʟʠʯʥʦʶ ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʘ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʽʜʦʤʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚ ʙʽʰʘʨʘʭ; 

¶ ʘʧʨʦʙʘʮʽʻʶ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʨʝʮʝʥʟʦʚʘʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ. 

  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ: 

¶ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʟʤʦʨʱʫʚʘʥʥʷ ʪʘ ʦʮʽʥʮʽ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʛʥʫʯʢʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʙʽʦʤʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʩʦʥʷʯʥʠʭ 

ʝʣʝʤʝʥʪʘʭ, ʤôʷʢʽʡ ʨʦʙʦʪʦʪʝʭʥʽʮʽ ʪʦʱʦ; 

¶ ʤʦʞʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʩʪʘʣʠʭ ʢʦʥʢʨʝʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʤʝʞʘʭ 

ʟʘʜʘʥʦʾ ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʠʭ ʢʨʠʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʩʪʠʩʢʘʥʥʷ ʟʨʘʟʢʽʚ ʟ ʪʦʥʢʠʤ ʧʦʢʨʠʪʪʷʤ; 

¶ ʬʦʨʤʫʚʘʥʥʽ ʪʝʦʨʝʪʠʯʥʦʾ ʦʩʥʦʚʠ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤʘʭ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʜʝʬʝʢʪʽʚ; 

¶ ʥʘʜʘʥʥʽ ʽʥʞʝʥʝʨʥʠʭ ʢʨʠʪʝʨʽʾʚ ʜʦʮʽʣʴʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʤʽʞʬʘʟʥʠʭ ʜʝʬʝʢʪʽʚ 

ʘʙʦ ʧʦʩʣʘʙʣʝʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʰʘʨʫ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ 

ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ 

ʨʫʡʥʫʚʘʥʥʷ; 

¶ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʷʢ ʥʝʟʘʣʝʞʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʽʥʰʠʭ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ. 

 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʅʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʚʩʽʭ ʧʨʘʮʷʭ, ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ 
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ʟ ʥʘʫʢʦʚʠʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʘʢʘʜʝʤʽʢʦʤ ʅɸʅ ʋʢʨʘʾʥʠ ɺ.ʃ. ɹʦʛʜʘʥʦʚʠʤ ʪʘ 

ʘʢʘʜʝʤʽʢʦʤ ʅɸʅ ʋʢʨʘʾʥʠ ɺ.ʄ. ʅʘʟʘʨʝʥʢʦʤ, ʜʠʩʝʨʪʘʥʪʦʤ ʚʠʢʦʥʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ, ʦʪʨʠʤʘʥʦ ʨʦʟʚôʷʟʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʘʙʦ ʾʭ 

ʩʠʩʪʝʤʠ, ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʯʠʩʣʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʢʦʥʘʥʦ ʯʠʩʣʦʚʽ 

ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʘʯ ʪʘ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʧʫʙʣʽʢʦʚʘʥʽ ʨʦʙʦʪʠ ʟ ʜʦʩʪʘʪʥʴʦʶ ʧʦʚʥʦʪʦʶ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʩʪ 

ʜʠʩʝʨʪʘʮʽʾ. 

 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟʦʢʨʝʤʘ: International 

Conference on Theoretical, Applied and Experimental Mechanics ICTAEM-2 

(ʍʘʥʴʷ, ɻʨʝʮʽʷ, 2019 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʄʘʪʝʤʘʪʠʯʥʽ 

ʧʨʦʙʣʝʤʠ ʪʝʭʥʽʯʥʦʾ ʤʝʭʘʥʽʢʠ ï 2019è (ɼʥʽʧʨʦ, 2019 ʨ.); ɯɯ ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡè, ʧʨʠʩʚʷʯʝʥʽʡ ʧʘʤôʷʪʽ ʘʢʘʜ. ɺ.ɯ. 

ʄʦʩʩʘʢʦʚʩʴʢʦʛʦ (ɼʥʽʧʨʦ, 2019 ʨ.); XIX International Conference ñDynamic 

System Modeling and Stability Investigationò (DSMSI) (ʂʠʾʚ, 2019 ʨ.); 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʄʘʪʝʤʘʪʠʯʥʽ ʧʨʦʙʣʝʤʠ ʪʝʭʥʽʯʥʦʾ 

ʤʝʭʘʥʽʢʠ ï 2024è (ɼʥʽʧʨʦ, 2024 ʨ.); ɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè (ʊʝʨʥʦʧʽʣʴ, 2024 ʨ.); ʍ ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʽʥʞʝʥʝʨʥʦʾ ʤʝʭʘʥʽʢʠè 

(ʆʜʝʩʘ, 2024 ʨ.); 11-ʪʽʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʄʘʪʝʤʘʪʠʯʥʽ 

ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʽʢʠ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʪʨʫʢʪʫʨè (ʃʴʚʽʚ, 2024 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʄʝʭʘʥʽʢʘ: ʩʫʯʘʩʥʽʩʪʴ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ï 2024è (ʂʠʾʚ, 
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2024 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ 

ʤʝʭʘʥʽʢʠ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè (ʂʠʾʚ, 2025 ʨ.). 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʦʙôʻʜʥʘʥʦʤʫ ʩʝʤʽʥʘʨʽ 3-ʭ ʚʽʜʜʽʣʽʚ ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʽʤ. 

ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʢʝʨʽʚʥʠʢ ï ʘʢʘʜ. ʅɸʅ ʋʢʨʘʾʥʠ ɹʦʛʜʘʥʦʚ ɺ.ʃ.) 

ʪʘ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ï ʥʘ ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ ʩʝʢʮʽʾ çʄʝʭʘʥʽʢʘ ʢʦʤʧʦʟʠʪʥʠʭ ʪʘ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱè ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʽʤ. ʉ. ʇ. ʊʠʤʦʰʝʥʢʘ (ʢʝʨʽʚʥʠʢ 

ð ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ ʈʫʱʠʮʴʢʠʡ ʗ.ʗ.) ʪʘ ʟʘʛʘʣʴʥʦʽʥʩʪʠʪʫʪʩʴʢʦʤʫ 

ʩʝʤʽʥʘʨʽ ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʽʤ. ʉ. ʇ. ʊʠʤʦʰʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʢʝʨʽʚʥʠʢ ð 

ʘʢʘʜ. ʅɸʅ ʋʢʨʘʾʥʠ ʅʘʟʘʨʝʥʢʦ ɺ.ʄ.) ʽ ʦʜʝʨʞʘʣʠ ʧʦʟʠʪʠʚʥʽ ʦʮʽʥʢʠ. 

 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 26 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ: 11 

(ʧʫʙʣʽʢʘʮʽʾ [1ï9, 15, 18]) ʫ ʚʠʜʘʥʥʷʭ, ʧʨʦʽʥʜʝʢʩʦʚʘʥʠʭ ʫ ʙʘʟʘʭ ʜʘʥʠʭ Web of 

Science Core Collection ʪʘ/ʘʙʦ Scopus, ʟ ʷʢʠʭ 4 ʧʫʙʣʽʢʘʮʽʾ ([2, 5, 6, 8]) ï 

ʚʽʜʥʝʩʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ SCImago Journal ʜʦ ʢʚʘʨʪʠʣʶ Q2, 5 

(ʧʫʙʣʽʢʘʮʽʾ [1, 3, 4, 7, 9]) ï ʜʦ ʢʚʘʨʪʠʣʶ Q3; 1 ʧʫʙʣʽʢʘʮʽʷ [15] ï ʜʦ ʢʚʘʨʪʠʣʶ 

Q4; 2 (ʧʫʙʣʽʢʘʮʽʾ [13, 16]) ï ʫ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʢʘʪʝʛʦʨʽʾ 

çɸè ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ; 5 (ʧʫʙʣʽʢʘʮʽʾ [10ï12, 14, 17]) 

ï ʫ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʢʘʪʝʛʦʨʽʾ çɹè ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ. ɼʝʚôʷʪʴ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ (ʧʫʙʣʽʢʘʮʽʾ [18ï26]) ï ʪʝʟʠ 

ʜʦʧʦʚʽʜʝʡ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. ʇʨʘʮʽ [5ï7, 11ï17, 19ï22, 24, 

25] ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, 7 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʪʘ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 244 

ʥʘʡʤʝʥʫʚʘʥʴ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 344 ʩʪʦʨʽʥʢʠ, ʨʘʟʦʤ ʽʟ 121 

ʨʠʩʫʥʢʦʤ ʪʘ 17 ʪʘʙʣʠʮʷʤʠ.  
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ʈʆɿɼɯʃ 1 ʉʋʏɸʉʅʀʁ ʉʊɸʅ ɼʆʉʃɯɼɾɽʅʅʗ 

ʂʈʀʊʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʉʊʀʉʂʋ ʂʋʉʂʆɺʆ-

ʆɼʅʆʈɯɼʅʀʍ ʊɯʃ ʊɸ ʊɯʃ ɿ ɼɽʌɽʂʊɸʄʀ 

ʋ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ, ʧʨʠʩʚʷʯʝʥʦʾ ʪʝʤʘʪʠʮʽ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʢʨʝʩʣʝʥʦ 

ʡʦʛʦ ʤʽʩʮʝ ʚ ʩʫʯʘʩʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʢʦʥʪʝʢʩʪʽ. 

ʈʦʟʜʽʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. 

ʋ ʧʝʨʰʽʡ ʯʘʩʪʠʥʽ, ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, 

ʫʟʘʛʘʣʴʥʝʥʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʝʥʴ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ 

ʪʠʧʫ çʪʦʥʢʘ ʧʣʽʚʢʘ ʥʘ ʪʦʚʩʪʽʰʽʡ ʧʽʜʢʣʘʜʮʽè ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ. ɺʽʜʟʥʘʯʝʥʦ ʟʥʘʯʥʠʡ ʧʨʠʢʣʘʜʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʮʽʻʾ ʧʨʦʙʣʝʤʘʪʠʢʠ, 

ʟʫʤʦʚʣʝʥʠʡ ʰʠʨʦʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ ʫ ʨʽʟʥʠʭ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʣʫʟʷʭ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʙʽʰʘʨʘʤ ʽʟ 

ʛʽʧʝʨʧʨʫʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʟʥʘʚʘʪʠ ʟʥʘʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʇʽʜʢʨʝʩʣʝʥʦ, ʱʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʠʚʯʝʥʠʤ ʫ ʟʚôʷʟʢʫ ʟ ʦʙʤʝʞʝʥʦʶ ʧʨʠʜʘʪʥʽʩʪʶ ʪʨʘʜʠʮʽʡʥʠʭ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ 

ʙʘʣʢʦʚʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʫ ʾʭʥʴʦʾ ʧʦʚʝʜʽʥʢʠ. 

ɼʨʫʛʘ ʯʘʩʪʠʥʘ ʨʦʟʜʽʣʫ ʧʨʠʩʚʷʯʝʥʘ ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʚʠʢʦʨʠʩʪʘʥʽʡ ʫ ʨʦʙʦʪʽ. ʂʦʨʦʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʝʨʝʚʘʛʠ 

ʧʽʜʭʦʜʽʚ ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʫʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ, ʘ ʪʘʢʦʞ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ ʪʽʣ ʫʟʜʦʚʞ ʪʨʽʱʠʥ. 

ʋ ʚʠʩʥʦʚʢʘʭ ʜʦ ʨʦʟʜʽʣʫ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ ʚʠʟʥʘʯʝʥʦ ʥʘʫʢʦʚʽ 

ʧʨʦʙʣʝʤʠ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤʠ ʪʘ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʚ 

ʜʘʥʽʡ ʨʦʙʦʪʽ. 
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1.1 ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ 

ʗʚʠʱʝ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʪʽʣʘ ʧʨʠ ʩʪʠʩʢʫ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʭʦʜʽ ʩʠʩʪʝʤʠ 

ʚ ʥʦʚʠʡ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʦʤʝ ʱʝ 

ʟ ʯʘʩʽʚ ɽʡʣʝʨʘ, ʷʢʠʡ ʜʦʩʣʽʜʞʫʚʘʚ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʩʪʨʠʞʥʷ [101]. ʇʝʨʰʽ 

ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʠʩʢʫ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ 

ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ (ʟʦʢʨʝʤʘ, ʟʘ ʫʤʦʚ ʩʢʽʥʯʝʥʥʠʭ ʜʝʬʦʨʤʘʮʽʡ) ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ 

ʩʝʨʝʜʠʥʽ XX ʩʪʦʣʽʪʪʷ [56, 60, 61, 208] ʫ ʧʨʘʮʷʭ H.G. Allen, M.A. Biot, C. 

Sensenig ʪʘ ʽʥ. ʊʦʜʽ ʞ ʫ ʤʝʞʘʭ ʛʝʦʤʝʪʨʠʯʥʦ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʧʝʨʰʽ ʬʦʨʤʫʣʠ ʜʣʷ ʦʮʽʥʢʠ ʢʨʠʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʦʥʢʦʾ 

ʞʦʨʩʪʢʦʾ ʧʣʽʚʢʠ, ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʦʾ ʟ ʙʽʣʴʰ ʧʦʜʘʪʣʠʚʦʶ ʪʦʚʩʪʦʶ ʧʽʜʢʣʘʜʢʦʶ. 

ʉʴʦʛʦʜʥʽ ʪʘʢʽ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴ ʚʩʝ ʰʠʨʰʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘ ʚʠʚʯʝʥʥʷ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʾʭ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ 

ʩʪʠʩʢʫ ʚʠʢʣʠʢʘʻ ʚʝʣʠʢʠʡ ʥʘʫʢʦʚʠʡ ʽ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ. 

1.1.1 ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ 

ɺʽʜʦʤʦ [207, 210], ʱʦ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʰʘʨʫʚʘʪʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʜʦ ʷʢʠʭ 

ʥʘʣʝʞʘʪʴ ʽ ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʢʨʠʪʪʷʤ (ʙʽʰʘʨʦʚʽ ʩʠʩʪʝʤʠ) ʤʦʞʝ ʙʫʪʠ ʥʘ ʜʝʩʷʪʢʠ 

ʚʽʜʩʦʪʢʽʚ ʥʠʞʯʦʶ ʟʘ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɹʽʣʴʰʝ ʪʦʛʦ, ʜʣʷ 

ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ 

ʧʨʠ ʩʪʠʩʢʫ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʨʠʧʦʚʝʨʭʥʝʚʦʶ ʥʝʩʪʽʡʢʽʩʪʶ ï ʝʡʣʝʨʦʚʦʶ 

ʚʪʨʘʪʦʶ ʩʪʽʡʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʷʢʘ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʜʝʬʦʨʤʘʮʽʷ ʩʪʠʩʢʫ) ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ [18, 19, 

95, 98, 162]. ʗʚʠʱʝ ʥʝʩʪʽʡʢʦʩʪʽ ʪʦʥʢʦʾ ʧʣʽʚʢʠ ʧʨʠ ʩʪʠʩʢʫ ʙʽʰʘʨʫ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʭʚʠʣʝʧʦʜʽʙʥʦʛʦ ʚʽʟʝʨʫʥʢʘ ʥʘ ʧʦʚʝʨʭʥʽ ʚʽʜʦʤʝ ʚ ʣʽʪʝʨʘʪʫʨʽ ʷʢ ʟʤʦʨʱʫʚʘʥʥʷ (ʚ 

ʘʥʛʣʦʤʦʚʥʽʡ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʠʢʦʨʩʪʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ wrinkling) [106, 147]. 
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʽʥʪʝʨʝʩ ʜʦ ʚʠʚʯʝʥʥʷ ʷʚʠʱʘ ʟʤʦʨʱʫʚʘʥʥʷ ʟʥʘʯʥʦ ʟʨʽʩ 

ʯʝʨʝʟ ʨʦʟʰʠʨʝʥʥʷ ʦʙʣʘʩʪʽ, ʚ ʷʢʽʡ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʊʘʢ, ʙʘʛʘʪʦ ʩʫʯʘʩʥʠʭ ʨʦʙʽʪ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʘʥʘʣʽʟʽ ʟʤʦʨʱʫʚʘʥʥʷ ʪʘ ʧʦʩʪ-

ʟʤʦʨʱʫʚʘʥʥʷ ʪʦʥʢʠʭ ʞʦʨʩʪʢʠʭ ʧʣʽʚʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʦʜʘʪʣʠʚʠʭ 

ʥʝʩʪʠʩʣʠʚʠʭ ʧʽʜʢʣʘʜʢʘʭ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʞʦʨʩʪʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ 

ʧʦʢʨʠʪʪʷ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʞʦʨʩʪʢʽʩʪʴ ʧʽʜʢʣʘʜʢʠ ʚ ʪʠʩʷʯʽ ʨʘʟʽʚ. 

ʊʦʥʢʦʧʣʽʚʢʦʚʽ ʤʘʪʝʨʽʘʣʠ [219] ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʟʦʢʨʝʤʘ, ʚ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ, ʜʝ ʚ ʨʦʣʽ ʧʽʜʢʣʘʜʢʠ ʚʠʩʪʫʧʘʻ ʝʣʘʩʪʦʤʝʨ, ʘ ʪʦʥʢʘ ʧʣʽʚʢʘ 

ʤʦʞʝ ʙʫʪʠ ʤʝʪʘʣʽʟʦʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ ʘʙʦ ʝʣʝʢʪʨʦʜʦʤ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ (ʪʘʢ ʟʚʘʥʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʝʣʘʩʪʦʤʝʨʠ) [146, 203, 243].  

ʍʚʠʣʷʩʪʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʟʫʤʦʚʣʝʥʘ ʥʝʩʪʽʡʢʽʩʪʶ, ʭʦʯʘ ʯʘʩʪʦ ʻ ʥʝʙʘʞʘʥʦʶ, 

ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʧʨʠʩʪʨʦʶ. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʚʝʨʭʥʝʚʽ ʟʤʦʨʰʢʠ ʤʦʞʫʪʴ ʧʦʢʨʘʱʠʪʠ ʩʚʽʪʣʦʚʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʧʦʚ'ʷʟʘʥʫ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ [153, 239], 

ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʩʚʽʪʣʘ ʦʨʛʘʥʽʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʽʚ [158, 167, 

239]. ɼʣʷ ʞʦʨʩʪʢʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʧʨʦʚʽʜʥʠʭ ʪʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʽʚ ʪʘʢʦʞ 

ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʧʨʦ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʭʚʠʣʷʩʪʠʭ ʩʠʩʪʝʤ ʟ ʤʝʪʦʶ 

ʧʦʢʨʘʱʝʥʥʷ ʟʘʭʦʧʣʝʥʥʷ [83, 200, 206, 242] ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ [226] ʩʦʥʷʯʥʦʛʦ 

ʩʚʽʪʣʘ. ɿʤʦʨʰʢʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʢʨʘʱʝʥʦʾ 

ʜʝʬʦʨʤʦʚʘʥʦʩʪʽ ʚ ʛʥʫʯʢʽʡ ʝʣʝʢʪʨʦʥʽʮʽ [199, 202, 203, 204, 225] ʪʘ ʤôʷʢʽʡ 

ʨʦʙʦʪʦʪʝʭʥʽʮʽ [148], ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʦʨʪʘʪʠ ʾʭ ʥʘ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʧʦʚʝʨʭʥʷʭ ʪʘ 

ʚ ʪʢʘʥʠʥʘʭ. ɹʫʣʘ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʾʭʥʷ ʤʝʭʘʥʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʦʟʪʷʛʫʚʘʥʥʷ, 

ʚʠʛʠʥʫ ʪʘ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʩʪʘʙʽʣʴʥʠʭ 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [149, 156, 204]. ʈʦʟʨʦʙʢʘ ʨʽʟʥʠʭ 

ʩʘʤʦʦʨʛʘʥʽʟʫʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘʢʦʞ ʻ ʧʨʷʤʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʟʤʦʨʰʦʢ [89, 165, 178, 217, 221, 235]. ʗʚʠʱʝ ʧʦʚʝʨʭʥʝʚʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 
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ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʽʤʝʨʥʠʭ 

ʧʣʽʚʦʢ [187]. 

ʇʦʚʝʨʭʥʝʚʽ ʟʤʦʨʰʢʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʰʠʨʦʢʽʡ ʧʣʦʱʽ ʟ 

ʚʽʜʥʦʩʥʦʶ ʣʝʛʢʽʩʪʶ. ʇʦʰʠʨʝʥʠʤ ʧʽʜʭʦʜʦʤ ʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʘʨʫ ʧʣʽʚʢʠ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʪʷʛʥʫʪʦʤʫ ʝʣʘʩʪʦʤʝʨʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. ʇʣʽʚʢʘ ʬʘʢʪʠʯʥʦ 

ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʩʪʠʩʢʘʶʯʠʤ ʥʘʧʨʫʞʝʥʥʷʤ ʧʽʩʣʷ ʟʥʷʪʪʷ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʨʦʟʪʷʛʥʝʥʥʷ; ʧʦʚʝʨʭʥʝʚʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʙʫʜʝ ʚʠʢʣʠʢʘʥʘ, ʷʢʱʦ ʩʪʠʩʢʘʶʯʝ 

ʥʘʧʨʫʞʝʥʥʷ, ʷʢʝ ʚʽʜʯʫʚʘʻ ʧʣʽʚʢʘ, ʧʝʨʝʚʠʱʠʪʴ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʱʦʙ 

ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʽʶ ʜʝʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʠ. ʇʦʜʽʙʥʠʡ ʤʝʪʦʜ ʽʥʽʮʽʘʮʽʾ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʪʦʥʢʦʾ ʧʣʽʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʢʣʘʩʠʯʥʽʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʨʦʙʦʪʽ [224], ʜʝ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʟʤʦʨʱʫʚʘʥʥʷ ʪʦʥʢʠʭ ʧʣʘʪʠʥʦʚʠʭ ʧʣʽʚʦʢ ʥʘ ʧʽʜʢʣʘʜʮʽ ʟ ʢʘʫʯʫʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʘʭ. 

ʐʠʨʦʢʘ ʩʬʝʨʘ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʚʠʧʘʜʢʠ, ʢʦʣʠ 

ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʻ ʩʧʽʚʩʪʘʚʥʠʤʠ, ʘ ʩʘʤʽ 

ʤʘʪʝʨʽʘʣʠ ʻ ʛʽʧʝʨʧʨʫʞʥʠʤʠ [174] ʽ ʟʜʘʪʥʠʤʠ ʚʠʪʨʠʤʫʚʘʪʠ ʚʝʣʠʢʽ ʜʝʬʦʨʤʘʮʽʾ 

[168]. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʙʘʛʘʪʴʦʭ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʫ ʧʨʦʮʝʩʽ ʟʨʦʩʪʘʥʥʷ ʽ 

ʨʦʟʚʠʪʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʜʚʦʰʘʨʦʚʦʾ ʪʢʘʥʠʥʠ ʫʪʚʦʨʶʻʪʴʩʷ ʭʚʠʣʷʩʪʠʡ ʚʽʟʝʨʫʥʦʢ, 

ʩʧʨʠʯʠʥʝʥʠʡ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʥʘʧʨʫʞʝʥʴ ʚ ʦʙʦʭ ʰʘʨʘʭ [88, 214]. ɺʠʩʦʢʘ 

ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʥʠʟʴʢʘ ʞʦʨʩʪʢʽʩʪʴ ʪʢʘʥʠʥ ʩʪʚʦʨʶʻ ʟʘʧʠʪ ʥʘ ʩʫʯʘʩʥʽ ʧʦʣʽʤʝʨʥʽ 

ʤʘʪʝʨʽʘʣʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫ ʙʽʦʤʝʜʠʯʥʽʡ ʛʘʣʫʟʽ [93]. 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʰʘʨʦʚʠʭ 

ʩʠʩʪʝʤ ʥʝ ʟʘʚʞʜʠ ʻ ʽʜʝʘʣʴʥʠʤʠ. ʅʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʜʝʬʝʢʪʽʚ ʥʘ ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ 

ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʦʟʨʠʚʫ ʩʫʮʽʣʴʥʦʩʪʽ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʤʽʞʬʘʟʥʠʭ ʜʝʬʝʢʪʽʚ ʪʠʧʫ ʪʨʽʱʠʥ (ʚʽʜʰʘʨʫʚʘʥʴ). 

ʅʘʡʩʣʘʙʰʠʡ ʪʠʧ ʘʜʛʝʟʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʰʘʨʫ ʤʦʞʝ 

ʤʦʜʝʣʶʚʘʪʠʩʷ ʫʤʦʚʘʤʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʙʝʟ ʪʝʨʪʷ (ʟʤʘʱʝʥʝ ʧʨʦʢʦʚʟʫʚʘʥʥʷ) 



 

41 

 

[145, 18, 19] ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʢʦʥʪʘʢʪʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢʽ ʤʦʜʝʣʽ 

ʽʥʪʝʨʬʝʡʩʽʚ ʟ ʧʨʦʢʦʚʟʫʚʘʥʥʷʤ ʷʢ ʚʟʜʦʚʞ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ, ʪʘʢ ʽ ʚʟʜʦʚʞ ʚʩʽʻʾ 

ʣʽʥʽʾ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ, ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɿʤʘʱʝʥʝ ʢʦʚʟʘʥʥʷ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʤʞ̔ ʜʚʦʤʘ ʜʝʬʦʨʤʦʚʘʥʠʤʠ 

ʪʽʣʘʤʠ [59] ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ ʪʘ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ [215, 216], ʷʢʽ ʯʘʩʪʦ ʟʘʟʥʘʶʪʴ ʚʝʣʠʢʠʭ 

ʜʝʬʦʨʤʘʮʽʡ. ʅʘʧʨʠʢʣʘʜ, ʫ ʛʥʫʯʢʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʜʦʧʫʩʪʠʤʠʤ ʻ ʚʽʜʥʦʩʥʝ 

ʟʤʽʱʝʥʥʷ (ʤʽʢʨʦʢʦʚʟʘʥʥʷ) ʤʽʞ ʪʦʥʢʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʧʣʽʚʢʦʶ ʪʘ 

ʝʣʘʩʪʦʤʝʨʥʦʶ ʧʽʜʢʣʘʜʢʦʶ, ʱʦʙ ʜʦʜʘʪʢʦʚʦ ʥʝ ʦʙʤʝʞʫʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʧʝʨʰʦʾ 

ʜʦ ʜʝʬʦʨʤʫʚʘʥʥʷ [202]. ʇʦʜʽʙʥʽ ʷʚʠʱʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʘʢʦʞ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʙʽʦʤʝʜʠʯʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ [96], ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʢʦʥʪʘʢʪʽ ʤʽʞ 

ʨʦʛʽʚʢʦʶ ʪʘ ʢʨʠʰʪʘʣʠʢʦʤ [97] ʘʙʦ ʤʽʞ ʰʢʽʨʦʶ ʪʘ ʬʘʩʮʽʻʶ [58]. 

ʋʤʦʚʠ ʢʦʚʟʘʥʥʷ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʽ ʽ ʜʣʷ ̔ʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʩʘʤʦʟʤʘʱʫʚʘʣʴʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʷʢʽ ʻ ʜʚʦʬʘʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ: 

ʤ'ʷʢʘ ʬʘʟʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ, ʪʘ ʧʦʣʽʤʝʨʥʘ 

ʤʘʪʨʠʮʷ ʷʢ ʞʦʨʩʪʢʘ ʬʘʟʘ [103]. ʊʘʢʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʨʠʚʘʣʠʤ 

ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʰʫʤʫ, ʥʠʟʴʢʦʶ ʤʽʮʥʽʩʪʶ ʥʘ ʟʩʫʚ ʫ 

ʥʘʧʨʷʤʢʫ ʢʦʚʟʘʥʥʷ, ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ [223]. 

1.1.2 ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʠʩʢʫ 

ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ 

ɿʘʟʥʘʯʝʥʠʡ ʧʨʠʢʣʘʜʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʧʨʦʙʣʝʤʠ ʟʤʦʨʱʫʚʘʥʥʷ ʧʨʠ ʩʪʠʩʢʫ 

ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʥʘ ʪʦʚʩʪʽʰʠʭ ʧʽʜʢʣʘʜʢʘʭ ʦʙʫʤʦʚʣʶʻ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ, ʟʦʢʨʝʤʘ, ʚʠʟʥʘʯʝʥʥʶ ʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ɺ ʮʴʦʤʫ ʣʽʪʝʨʘʪʫʨʥʦʤʫ ʦʛʣʷʜʽ ʩʧʦʯʘʪʢʫ ʟʫʧʠʥʠʤʦʩʴ ʥʘ ʨʦʙʦʪʘʭ, ʚ ʷʢʠʭ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʙʽʰʘʨʠ ʙʝʟ ʜʝʬʝʢʪʽʚ. ɿ ʦʛʣʷʜʫ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʨʦʙʽʪ, 
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ʧʝʨʝʚʘʛʘ ʙʫʜʝ ʥʘʜʘʥʘ ʣʠʰʝ ʩʫʯʘʩʥʠʤ ʧʫʙʣʽʢʘʮʽʷʤ, ʪʘ ʪʘʢʠʤ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ 

ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚ ʢʦʥʪʝʢʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʚ ʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺ ʜʨʫʛʽʡ ʯʘʩʪʠʥʽ ʮʴʦʛʦ ʧʫʥʢʪʫ ʥʘʚʝʜʝʥʘ ʙʽʙʣʽʦʛʨʘʬʽʷ ʟ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʛʦ ʨʦʟʰʘʨʫʚʘʥʥʷ. 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʠʩʢʫ ʙʽʰʘʨʽʚ ʙʝʟ 

ʜʝʬʝʢʪʽʚ ʧʨʠʩʚʷʯʝʥʦ ʚʠʧʘʜʢʫ ʤ'ʷʢʠʭ ʥʝʩʪʠʩʣʠʚʠʭ ʧʽʜʢʣʘʜʦʢ ʟ ʜʦʩʪʘʪʥʴʦ 

ʞʦʨʩʪʢʠʤʠ ʧʣʽʚʢʘʤʠ. 

ʊʘʢ, ʫ ʨʦʙʦʪʽ [188] ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʠʩʣʦʚʫ ʤʦʜʝʣʴ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʝʚʦʣʶʮʽʾ ʥʝʩʪʽʡʢʦʩʪʽ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʥʘ ʧʦʜʘʪʣʠʚʽʡ ʧʽʜʢʣʘʜʮʽ, ʟʘʩʥʦʚʘʥʫ ʥʘ 

ʚʚʝʜʝʥʥʽ ʦʜʥʽʻʾ ʚʙʫʜʦʚʘʥʦʾ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ. 

ʇʦʜʽʙʥʠʡ ʤʝʪʦʜ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽʥʰʠʭ ʘʚʪʦʨʽʚ (ʜʠʚ., 

ʥʘʧʨʠʢʣʘʜ, [205, 211]). ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʡ ʟʘʢʨʠʪʠʯʥʫ 

ʤʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʟʦʢʨʝʤʘ, ʟʘʣʝʞʥʽʩʪʴ ʘʤʧʣʽʪʫʜʠ ʫʪʚʦʨʝʥʦʾ ʭʚʠʣʽ 

ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʪʠʩʢʫ. ʂʨʽʤ ʪʦʛʦ, ʚ [188] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ 

ʧʦʢʨʠʪʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʨʽʟʥʠʭ ʪʦʥʢʠʭ ʧʣʽʚʦʢ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʨʽʘʣʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʚʘʞʘʣʠʩʷ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʤʠ, ʧʣʽʚʢʠ ʜʦʩʪʘʪʥʴʦ ʞʦʨʩʪʢʠʤʠ, ʘ ʧʽʜʢʣʘʜʢʠ 

ʧʦʜʘʪʣʠʚʠʤʠ ʪʘ ʥʝʩʪʠʩʣʠʚʠʤʠ. 

ʋ ʨʦʙʦʪʽ [166] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʙʣʠʞʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫʪʚʦʨʝʥʥʷ ʟʤʦʨʰʦʢ ʪʘ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʜʣʷ 

ʙʽʰʘʨʽʚ ʟʽ ʩʢʽʥʯʝʥʥʦʶ ʪʦʚʱʠʥʦʶ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʙʘʣʦʢ [49, 

50, 82]. ɼʣʷ ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʚʯʝʥʥʷ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʙʽʰʘʨʫ ʧʨʠ ʟʘʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʥʷʭ ʜʝʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʦʛʫʢʽʚʩʴʢʦʾ ʤʦʜʝʣʽ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ. 
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ʋ ʧʨʘʮʽ [154] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʯʘʪʢʫ 

ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʽʚ ʚ ʨʘʤʢʘʭ ʽʥʢʨʝʤʝʥʪʘʣʴʥʦʾ (ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ) ʢʨʘʡʦʚʦʾ 

ʟʘʜʘʯʽ [193] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʣʽʥʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʙʫʨʝʥʴ. 

ʋ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʟʤʦʨʱʫʚʘʥʥʷ ʘʙʦ ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʜʝʨʞʘʥʠʭ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʦʤʘ ʥʘʙʣʠʞʝʥʘ ʬʦʨʤʫʣʘ, ʷʢʘ ʥʝ ʚʨʘʭʦʚʫʻ ʩʪʠʩʣʠʚʽʩʪʴ 

ʧʽʜʢʣʘʜʢʠ [60, 224]. ʎʷ ʥʘʙʣʠʞʝʥʘ ʬʦʨʤʫʣʘ, ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢ 

ʟʚʘʥʦʛʦ çʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷè ʜʣʷ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʠʪʴ ʭʦʨʦʰʫ ʦʮʽʥʢʫ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ ʽ ʢʨʠʪʠʯʥʠʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ ʣʠʰʝ ʜʣʷ ʤʘʣʠʭ ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʙʘʛʘʪʴʦʭ ʢʦʥʢʨʝʪʥʠʭ ʩʠʩʪʝʤ ʧʣʽʚʢʘ/ʧʽʜʢʣʘʜʢʘ, ʢʦʣʠ ʞʦʨʩʪʢʽʩʪʴ ʧʣʽʚʢʠ 

ʧʝʨʝʚʠʱʫʻ ʞʦʨʩʪʢʽʩʪʴ ʧʽʜʢʣʘʜʢʠ ʚ ʪʠʩʷʯʽ ʨʘʟʽʚ. ʋ [172, 173] ʙʫʣʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʫʪʦʯʥʝʥʽ ʬʦʨʤʫʣʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʟʩʫʚʥʦʛʦ ʟʯʝʧʣʝʥʥʷ 

ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʩʠʩʪʝʤʠ ʧʣʽʚʢʘ/ʧʽʜʢʣʘʜʢʘ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ [173], ʥʘ ʦʩʥʦʚʽ 

ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʣʘʩʪʠʥ, ʥʘʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ 

ʧʽʜʢʣʘʜʢʠ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʞʦʨʩʪʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʪʘʢ ʩʫʪʪʻʚʦ, ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʯʘʪʢʫ ʫʪʚʦʨʝʥʥʷ ʟʤʦʨʰʦʢ, ʟʙʽʣʴʰʫʶʪʴʩʷ ʥʘʩʪʽʣʴʢʠ, ʱʦ 

ʛʝʦʤʝʪʨʠʯʥʦ ʪʘ ʬʽʟʠʯʥʦ ʣʽʥʽʡʥʽ ʤʦʜʝʣʽ ʚ ʮʽʣʦʤʫ ʪʘ ʫʢʘʟʘʥʽ ʥʘʙʣʠʞʝʥʽ 

ʬʦʨʤʫʣʠ ʟʦʢʨʝʤʘ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʟʘʩʪʦʩʦʚʥʠʤʠ. ɺʽʜʧʦʚʽʜʥʽ ʟʘʜʘʯʽ ʜʣʷ ʙʽʰʘʨʽʚ 

ʽʟ ʛʽʧʝʨʧʨʫʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʚʯʝʥʽ ʤʝʥʰ ʜʝʪʘʣʴʥʦ. 

ɿʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʽʚ ʟ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʘʭ [84, 87, 150, 222, 234]. ɺ ʦʩʥʦʚʥʦʤʫ ʨʦʟʛʣʷʜʘʣʠʩʷ 

ʩʪʠʩʣʠʚʽ ʤʘʪʝʨʽʘʣʠ ʟ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʥʝʩʪʠʩʣʠʚʦʤʫ ʥʝʦʛʫʢʽʚʩɹʢʦʤʫ ʤʘʪʝʨʽʘʣʫ. ʋ ʨʦʙʦʪʽ [87] ʧʨʦʚʝʜʝʥʦ ʥʝʣʽʥʽʡʥʠʡ 

ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʫ ʟ ʥʝʦʛʫʢʽʚʩʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫʤʦʚʘʭ 
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ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜʢʣʘʜʢʠ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʦʟʪʷʛʫʚʘʥʥʷʤ ʽ ʙʝʟ ʥʴʦʛʦ. ɺ 

ʽʥʰʽʡ ʨʦʙʦʪʽ ʪʠʭ ʩʘʤʠʭ ʘʚʪʦʨʽʚ [86] ʜʦʢʣʘʜʥʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 

ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ ʥʘ ʤʝʞʽ ʪʽʣʘ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʝʚʦʾ ʥʝʩʪʽʡʢʦʩʪʽ 

ʚ ʥʘʧʽʚʦʙʤʝʞʝʥʦʤʫ ʦʜʥʦʨʽʜʥʦʤʫ ʪʽʣʽ ʟ ʥʝʦʛʫʢʽʚʩʴʢʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʦʞ 

ʚʠʚʯʘʣʠʩʷ ʡ ʽʥʰʽ ʤʝʭʘʥʽʟʤʠ ʧʨʦʷʚʫ ʬʝʥʦʤʝʥʫ ʧʦʚʝʨʭʥʝʚʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʫ 

ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʪʽʣʘʭ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ [85, 170, 227]. ɺ ʨʦʙʦʪʽ [57] ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʽʟ ʩʪʠʩʣʠʚʠʭ ʥʝʦʛʫʢʽʚʩʴʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ 

ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʧʘʜʢʠ ʽʥʰʠʭ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ 

ʥʝ ʚʠʚʯʘʣʠʩʷ. ʋ ʚʠʧʘʜʢʫ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʘʩʪʦʩʦʚʥʘ ʪʘʢʦʞ ʚʘʨʽʘʮʽʡʥʘ 

ʪʝʦʨʽʷ [213]. 

ʇʨʠʧʫʩʪʠʤʦ ʪʝʧʝʨ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʦʩʣʘʙʣʝʥʥʷ ʘʜʛʝʟʽʾ ʥʘ ʽʥʪʝʨʬʝʡʩʽ 

ʩʠʩʪʝʤʠ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʥʘ ʚʽʜʨʽʟʢʫ ʩʢʽʥʯʝʥʥʦʾ ʜʦʚʞʠʥʠ ʩʪʘʚʩʷ ʨʦʟʨʠʚ 

ʩʫʮʽʣʴʥʦʩʪʽ ʽʟ ʚʪʨʘʪʦʶ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʽʣʘ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʜʝʬʝʢʪʫ 

ʟ ʙʝʨʝʛʘʤʠ, ʱʦ ʥʝ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʢʦʥʪʘʢʪʽ ï ʪʨʽʱʠʥʠ (ʨʦʟʰʘʨʫʚʘʥʥʷ) [157]. 

ɺʦʯʝʚʠʜʴ, ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʫ ʮʴʦʤʫ ʨʘʟʽ 

ʚʠʷʚʣʷʪʴʩʷ ʥʠʞʯʠʤʠ, ʥʽʞ ʫ ʨʘʟʽ ʘʥʘʣʦʛʽʯʥʦʛʦ ʙʽʰʘʨʫ ʙʝʟ ʜʝʬʝʢʪʫ ʥʘ 

ʽʥʪʝʨʬʝʡʩʽ [18]. ʗʢʱʦ ʜʦʚʞʠʥʘ ʚʽʜʰʘʨʫʚʘʥʥʷ, ʱʦ ʫʪʚʦʨʠʣʦʩʷ, ʜʦʩʠʪʴ ʚʝʣʠʢʘ, 

ʪʦ ʚʽʟʝʨʫʥʦʢ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʙʽʰʘʨʫ, ʙʫʜʝ ʦʜʥʠʤ ʷʩʢʨʘʚʦ 

ʚʠʨʘʞʝʥʠʤ ʙʣʽʩʪʝʨʦʤ ʚ ʦʙʣʘʩʪʽ ʥʘʜ ʨʦʟʰʘʨʫʚʘʥʥʷʤ. ʊʘʢʠʡ ʤʝʭʘʥʽʟʤ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʥʘʟʠʚʘʶʪʴ çbucklingè (ʚʠʧʫʯʫʚʘʥʥʷ). ʆʮʽʥʢʘ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʚʠʧʫʯʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʣʠʞʝʥʠʭ ʬʦʨʤʫʣ [81, 92, 107, 

240], ʦʪʨʠʤʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢ ʟʚʘʥʦʛʦ çʙʘʣʢʦʚʦʛʦ ʧʽʜʭʦʜʫè ʘʙʦ 

çʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷè, ʚ ʨʘʤʢʘʭ ʷʢʦʛʦ ʯʘʩʪʠʥʘ ʧʣʽʚʢʠ, ʱʦ ʚʽʜʰʘʨʫʚʘʣʘʩʷ, 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʙʘʣʢʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʪʦʨʮʷʭ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʥʝ ʚʨʘʭʦʚʫʻ ʧʦʜʘʪʣʠʚʦʩʪʽ ʧʽʜʢʣʘʜʢʠ, ʘ ʦʜʝʨʞʘʥʽ ʟ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 
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ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʥʘʯʥʦ ʦʙʤʝʞʫʻ ʡʦʛʦ ʟʘʩʪʦʩʦʚʥʽʩʪʴ. 

ɺʢʘʟʘʥʠʡ ʥʘʙʣʠʞʝʥʠʡ ʧʽʜʭʽʜ ʚʠʚʯʝʥʠʡ, ʥʘʧʨʠʢʣʘʜ, ʚ [79, 94, 110] ʜʣʷ 

ʚʠʧʘʜʢʫ ʚʽʜʰʘʨʫʚʘʥʴ ʚ ʦʜʥʦʨʽʜʥʠʭ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʪʽʣʘʭ. ɺ ʨʦʙʦʪʘʭ 

ʦʢʨʝʩʣʝʥʦ ʤʝʞʽ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʚʽʜ ʪʨʽʱʠʥʠ ʜʦ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ʜʣʷ ʷʢʦʾ 

ʪʦʯʥʽʩʪʴ ʥʘʙʣʠʞʝʥʦʾ ʬʦʨʤʫʣʠ ʻ ʧʨʠʡʥʷʪʥʦʶ. 

ʋ ʨʘʟʽ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ 

ʧʣʘʩʪʠʥ von K§rm§n [80], ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʧʫʯʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʦʜʘʪʣʠʚʽʩʪʴ ʧʽʜʢʣʘʜʢʠ [240]. ʎʝ ʨʽʚʥʷʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʝʨʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ [107, 173, 

241]. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʟʥʘʯʝʥʦʛʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʧʘʨʠ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʙ̔ ʰʘʨʫ ʚʥʘʩʣʽʜʦʢ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʨʦʙʠʪʴ 

ʧʨʦʮʝʩ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʠʤ. 

ɸʚʪʦʨʠ ʨʦʙʽʪ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ, (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, 

[241]) ʨʦʟʰʠʨʶʶʪʴ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʰʣʷʭʦʤ ʫʪʦʯʥʝʥʥʷ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʢʫʪ ʟʤʽʰʫʚʘʥʥʷ ʤʦʜ ʪʘ ʨʦʟʰʠʨʝʥʠʡ ʬʘʟʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʷʢ ʬʫʥʢʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ɼʘʥʜʫʨʩʘ [240]. 

ʋ ʨʦʙʦʪʽ [55], ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʧʣʘʩʪʠʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʘʜʛʝʟʽʾ 

ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʧʦʥʪʘʥʥʝ ʚʽʜʰʘʨʫʚʘʥʥʷ ʽ ʦʜʥʦʯʘʩʥʝ 

ʚʠʧʫʯʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʩʪʠʩʥʫʪʦʾ ʧʣʽʚʢʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ʧʣʦʩʢʽʡ ʪʘ 

ʞʦʨʩʪʢʽʡ ʧʽʜʢʣʘʜʮʽ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʝ ʩʪʠʩʢʘʶʯʝ ʥʘʧʨʫʞʝʥʥʷ, ʧʨʠ 

ʷʢʦʤʫ ʚʠʥʠʢʘʻ ʧʦʯʘʪʢʦʚʝ ʨʦʟʰʘʨʫʚʘʥʥʷ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʟʚ'ʷʟʘʥʠʤʠ 

ʩʧʦʯʘʪʢʫ ʫʟʜʦʚʞ ʫʩʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. 

ɺ ʩʪʘʪʪʽ [244] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʦʚʝʜʽʥʢʘ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟ 

ʦʨʪʦʪʨʦʧʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʛʦ ʚʽʜʰʘʨʫʚʘʥʥʷ. 
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ʆʩʥʦʚʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʙʘʣʢʦʚʠʭ ʥʘʙʣʠʞʝʥʴ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ 

ʪʝʦʨʽʷʭ ʧʣʘʩʪʠʥ, ʻ ʪʝ, ʱʦ ʚʦʥʠ ʦʧʠʩʫʶʪʴ ʣʠʰʝ ʽʜʝʘʣʽʟʦʚʘʥʠʡ ʚʠʧʘʜʦʢ 

çʯʠʩʪʦʛʦè buckling ʽ ʟʘʩʪʦʩʦʚʥʽ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʜʦʩʠʪʴ ʜʦʚʛʠʭ ʨʦʟʰʘʨʫʚʘʥʴ, 

ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʣʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʯʠʩʣʦʚʠʭ ʩʠʤʫʣʷʮʽʡ [172, 173, 189, 

218] ʜʝʤʦʥʩʪʨʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʟʤʽʰʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ï wrinkling ʪʘ buckling ï ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʩʠʩʪʝʤ ʧʽʜʢʣʘʜʢʘ/ʪʦʥʢʘ 

ʧʣʽʚʢʘ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʠʭ ʪʨʽʱʠʥ (ʨʦʟʰʘʨʫʚʘʥʥʷ). ʆʜʥʘʢ ʚʟʘʻʤʦʜʽʷ ʮʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʦʶ. 

ʋ ʨʦʙʦʪʽ [189] ʫ ʨʘʟʽ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʥʘʙʣʠʞʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʽʜ ʙʣ̔ ʩʪʝʨʘ, ʱʦ ʫʪʚʦʨʠʚʩʷ ʥʘ 

ʧʦʚʝʨʭʥʽ, ʜʦ ʧʦʚʝʨʭʥʝʚʠʭ ʟʤʦʨʰʦʢ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʩʧʦʨʽʜʥʝʥʽ ʧʠʪʘʥʥʷ ʘʢʪʫʘʣʴʥʽ ʪʘʢʦʞ ʽ ʜʣʷ ʨʦʟʰʘʨʫʚʘʥʥʷ 

ʦʜʥʦʨʽʜʥʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʘʦʨʪʠ [209, 236]. 

ʅʠʥʽ ʧʽʜ ʯʘʩ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʩʧʨʦʱʝʥʠʡ ʧʽʜʭʽʜ [107, 173]. ʗʢʱʦ ʜʦʚʞʠʥʘ 

ʤʞ̔ʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʤʘʣʘ, ʾʾ ʚʧʣʠʚ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ʚʚʘʞʘʻʪʴʩʷ ʥʝʩʫʪʪʻʚʠʤ ʽ ʚ ̫ʢʦʩʪʽ ʦʮʽʥʢʠ ʧʨʠʡʤʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ, ʧʨʦ ʷʢʽ ʡʰʣʦʩʷ ʚʠʱʝ. ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ð 

ʟʘ ʜʦʩʠʪʴ ʜʦʚʛʦʾ ʪʨʽʱʠʥʠ ð ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʚʠʧʫʯʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ ʚʽʜʧʦʚʽʜʥʝ 

buckling-ʟʥʘʯʝʥʥʷ ʟʨʦʩʪʘʻ ʽ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ ʜʝʬʝʢʪʫ, ʩʪʘʻ 

ʧʦʨʽʚʥʷʥʥʠʤ ʟ ʢʨʠʪʠʯʥʠʤ wrinkling-ʟʥʘʯʝʥʥʷʤ, ʷʢʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ 

ʪʨʽʱʠʥʠ. 
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ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʦʜʽʾ ʤʝʭʘʥʽʟʤʽʚ 

ʥʝʩʪʽʡʢʦʩʪʽ, ʘ ʦʪʨʠʤʘʥʽ ʟ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʙʽʣʴʰʠʤʠ, ʥʽʞ ʜʽʡʩʥʽ ʟʥʘʯʝʥʥʷ. 

ɯʥʰʠʤ ʦʙʤʝʞʝʥʥʷʤ ʟʛʘʜʘʥʠʭ ʥʘʙʣʠʞʝʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ 

ʣʽʥʽʡʥʦ-ʧʨʫʞʥʫ ʧʦʚʝʜʽʥʢʫ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʙʽʰʘʨ. ʆʜʥʘʢ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʥʫ ʞʦʨʩʪʢʽʩʪʴ, ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʧʨʠ 

ʩʪʠʩʢʫ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʠ ʜʝʬʦʨʤʘʮʽʷʭ, ʱʦ ʽʩʪʦʪʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʜʽʘʧʘʟʦʥ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʟʠʯʥʦ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ. 

ʄʽʞʬʘʟʥʽ ʜʝʬʝʢʪʠ ʽʥʰʠʭ ʪʠʧʽʚ ʚ ʙʽʰʘʨʦʚʠʭ ʩʠʪʝʤʘʭ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ 

ʫʤʦʚʘʭ ʩʪʠʩʢʫ, ʷʢ ʽ ʜʝʬʝʢʪʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʝ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʛʽʧʝʨʧʨʫʞʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ, ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ. ʊʘʢ ʩʘʤʦ ʥʝ 

ʜʦʩʣʽʜʞʝʥʦ ʽʥʰʽ ʪʠʧʠ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ, ʦʢʨʽʤ ʞʦʨʩʪʢʦʛʦ 

ʟôʻʜʥʘʥʥʷ. ʉʚʦʻʶ ʯʝʨʛʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʰʘʨʫʚʘʪʠʭ ʩʪʨʫʢʪʫʨ ʽʥʰʦʛʦ ʪʠʧʫ ʟʘ 

ʫʤʦʚʠ ʥʝʽʜʝʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ. ʊʘʢ ʫ ʨʘʟʽ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ 

ʧʨʦʢʦʚʟʫʶʪʴ, ʚʠʚʯʘʣʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʥʝʦʙʤʝʞʝʥʽ ʰʘʨʫʚʘʪʽ ʢʦʤʧʦʟʠʪʠ ʧʨʠ 

ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʝʞ ʧʦʜʽʣʫ (ʜʠʚ. [18, 145]), ʰʘʨʫʚʘʪʽ ʦʨʪʦʪʨʦʧʥʽ ʧʣʘʩʪʠʥʠ ʧʽʜ 

ʜʽʻʶ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʠʚ. [171]) ʪʦʱʦ. ɼʦ ʨʦʟʛʣʷʜʫ ʙʨʘʣʠʩʷ ʽ 

ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʤʦʜʝʣʽ ʽʥʪʝʨʬʝʡʩʫ, ʥʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʝʚʦʾ ʧʨʫʞʥʦʩʪʽ 

ɻʫʨʪʠʥʘïʄʝʨʜʦʢʘ (ʜʠʚ. [163, 164]). 

ʅʘʦʩʪʘʥʦʢ ʚʽʜʟʥʘʯʠʤʦ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʟʘʜʘʯʽ ʩʪʽʡʢʦʩʪʽ ʜʣʷ ʙʽʰʘʨʫ ʟ 

ʤʽʞʬʘʟʥʠʤ ʜʝʬʝʢʪʦʤ ʪʠʧʫ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʽ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʟ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʧʨʦʢʦʚʟʫʶʪʴ, ʟ ʜʝʷʢʠʤʠ ʟʘʜʘʯʘʤʠ ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ 

(ʚʠʩʚʽʪʣʝʥʠʤʠ ʚ ʩʫʯʘʩʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ) ʪʘ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʚ [194] ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʟʘʜʘʯʘ ʤʝʭʘʥʽʢʠ ʢʦʥʪʘʢʪʫ ʙʝʟ ʪʝʨʪʷ 

ʩʠʩʪʝʤʠ ʦʨʪʦʪʨʦʧʥʝ ʧʦʢʨʠʪʪʷ/ʽʟʦʪʨʦʧʥʘ ʧʽʜʢʣʘʜʢʘ. ɺ [195] ʜʦʩʣʽʜʞʫʚʘʚʩʷ 

ʢʦʥʪʘʢʪ ʙʝʟ ʪʝʨʪʷ ʦʨʪʦʪʨʦʧʥʦʛʦ ʰʘʨʫ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʞʦʨʩʪʢʽʡ ʦʩʥʦʚʽ ʪʘ 
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ʩʪʠʩʥʝʥʠʡ ʞʦʨʩʪʢʠʤ ʰʪʘʤʧʦʤ. ɺ [99] ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʧʣʦʩʢʘ ʟʘʜʘʯʘ ʧʨʦ 

ʢʦʥʪʘʢʪ ʟ ʪʝʨʪʷʤ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʤʽʞ ʧʨʫʞʥʠʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʛʨʘʜʽʻʥʪʥʠʤ 

ʰʘʨʦʤ ʪʘ ʦʜʥʦʨʽʜʥʠʤ ʧʽʚʧʨʦʩʪʦʨʦʤ ʧʨʠ ʾʭ ʧʨʠʪʠʩʥʝʥʥʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. ɺ 

[108] ʦʪʨʠʤʘʥʦ ʪʦʯʥʠʡ ʨʦʟʚô̫ ʟʦʢ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʧʨʦ ʪʝʨʪʷ ʞʦʨʩʪʢʦʛʦ 

ʰʪʘʤʧʘ, ʱʦ ʢʦʚʟʘʻ ʧʦ ʦʨʪʦʪʨʦʧʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ. 

ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʫʤʦʚʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʙʝʟ ʪʝʨʪʷ ʚʟʜʦʚʞ 

ʚʽʜʨʽʟʢʘ ʩʢʽʥʯʝʥʥʦʾ ʜʦʚʞʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʽ ʫʤʦʚʘʤ ʥʘ ʛʨʘʥʷʭ ʟʩʫʚʥʦʾ ʪʨʽʱʠʥʠ ʟ 

ʧʦʚʥʠʤ ʢʦʥʪʘʢʪʦʤ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, ʧʽʦʥʝʨʩʴʢʫ ʨʦʙʦʪʫ [91]). 

ɺ ʤʦʥʦʛʨʘʬʽʾ [45] ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥ ̔ʨʦʟʚôʷʟʢʠ ʥʠʟʢʠ ʢʦʥʪʘʢʪʥʠʭ 

ʟʘʜʘʯ ʧʨʦ ʤʽʞʬʘʟʥʽ ʪʨʽʱʠʥʠ ʚ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʤʫ ʪʽʣʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʝʨʪʷ. ɺ 

ʨʦʙʦʪʽ [196] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞʽ ʦʙʣʘʩʪʽ 

ʢʦʥʪʘʢʪʫ ʙʝʨʝʛʽʚ ʤʽʞʬʘʟʥʦʾ ʥʘʚʘʥʪʘʞʝʥʦʾ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʦʾ ʪʨʽʱʠʥʠ. 

 

1.2 ʈʝʟʫʣʴʪʘʪʠ, ʦʜʝʨʞʘʥʽ ʚ ʨʘʤʢʘʭ ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ 

ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ 

ɺ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʦʢʨʝʩʣʶʶʪʴʩʷ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʧʽʜʭʦʜʽʚ 

ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ (ʊʃʊʉɼʊ) ʜʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʢʣʘʩʠʯʥʠʭ ʧʨʦʙʣʝʤ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʩʪʠʩʣʠʡ ʦʛʣʷʜ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʚ ʤʝʞʘʭ ʊʃʊʉɼʊ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʧʨʦ 

ʩʪʠʩʢ ʦʜʥʦʨʽʜʥʠʭ ʪʘ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʚʟʜʦʚʞ ʪʨʽʱʠʥ. ɼʝʪʘʣʴʥʫ 

ʙʽʙʣʽʦʛʨʘʬʽʶ ʟ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʟ ʜʦʢʣʘʜʥʠʤ ʘʥʘʣʽʟʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʦʛʣʷʜʦʚʠʭ ʨʦʙʦʪʘʭ ʆ.ʄ. ɻʫʟʷ ʪʘ ʩʧʽʚʘʚʪʦʨʽʚ [110, 114, 118, 

124] ʪʘ ʚ ʤʦʥʦʛʨʘʬʽʷʭ [18, 19] ʚʽʜʧʦʚʽʜʥʦ. 

1.2.1 ʅʝʢʣʘʩʠʯʥʽ ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ 

ʆʢʨʝʩʣʝʥʠʡ ʚ ʧʧ. 1.1.1, 1.1.2 ʢʣʘʩ ʟʘʜʘʯ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʽʚʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʚʟʜʦʚʞ ʧʨʠʩʫʪʥʽʭ ʚ ʥʠʭ ʜʝʬʝʢʪʽʚ, 
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ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʽ ʷʢ ʯʘʩʪʠʥʫ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ï ʟʘʜʘʯ ʧʨʦ ʨʫʡʥʫʚʘʥʥʷ 

ʧʨʠ ʩʪʠʩʢʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʰʘʨʫʚʘʪʽ ʪʘ 

ʚʦʣʦʢʥʠʩʪʽ ʢʦʤʧʦʟʠʪʠ, ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʢʨʠʪʪʷʤ ʪʦʱʦ, ʧʦʩʣʘʙʣʝʥʠʭ ʪʨʽʱʠʥʘʤʠ. 

ʋ ʚ̔ʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯʘʭ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ 

ʤʦʜʝʣʶʚʘʪʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʤʠ ʪʽʣʘʤʠ [18, 177] ʘʙʦ (ʚ 

ʢʦʥʪʠʥʫʘʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ) ʦʨʪʦʪʨʦʧʥʠʤʠ (ʯʠ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-

ʽʟʦʪʨʦʧʥʠʤʠ) ʪʽʣʘʤʠ [18, 19]. 

ʇʦʧʝʨʝʜʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʜʥʠʤ ʽʟ 

ʤʦʞʣʠʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽʥʽʮʽʶʚʘʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʻ ʤʽʢʨʦʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

(ʤʽʢʨʦʚʠʧʫʯʫʚʘʥʥʷ) ʚʦʣʦʢʦʥ ʘʙʦ ʰʘʨʽʚ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʚʠʥʠʢʘʻ ʚ ʟʦʥʘʭ ʽʟ 

ʚʠʩʦʢʠʤʠ ʛʨʘʜʽʻʥʪʘʤʠ ʥʘʧʨʫʞʝʥʴ, ʥʘʧʨʠʢʣʘʜ, ʧʦʙʣʠʟʫ ʢʨʘʾʚ ʦʪʚʦʨʽʚ ʯʠ 

ʚʽʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [95] ʧʝʨʰʠʤʠ ʨʦʟʛʣʷʥʫʣʠ 

ʤʽʢʨʦʚʠʧʫʯʫʚʘʥʥʷ ʚʦʣʦʢʦʥ ʷʢ ʤʝʭʘʥʽʟʤ ʨʫʡʥʫʚʘʥʥʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʛʦ 

ʢʦʤʧʦʟʠʪʫ ʧʽʜ ʯʘʩ ʩʪʠʩʢʘʥʥʷ. ɺʽʜʪʦʜʽ ʧʦʯʘʪʦʢ ʨʫʡʥʫʚʘʥʥʷ ʥʝʦʙʤʝʞʝʥʠʭ 

ʰʘʨʫʚʘʪʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʟʘʟʚʠʯʘʡ ʧʦʚôʷʟʫʶʪʴ ʽʟ ʚʠʛʠʥʦʤ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ, ʢʦʣʠ ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪʫ, ʘ ʥʝ ʨʦʟʤʽʨʘʤʠ ʯʠ ʬʦʨʤʦʶ ʟʨʘʟʢʘ 

ʘʙʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʪʦʙʪʦ ʟ ʷʚʠʱʘʤʠ ʚʥʫʪʨʽʰʥʴʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, 

ʷʢ ʦʧʠʩʘʥʦ ʫ ɹʽʦ [60]. ʎʠʪʦʚʘʥʘ ʤʦʥʦʛʨʘʬʽʷ ʥʘʜʘʣʘ ʧʦʰʪʦʚʭ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. 

ʇʦʯʠʥʘʶʯʠ ʟ 1970-ʭ ʨʦʢʽʚ [11, 16, 17] ʚ ʘʚʘʥʛʘʨʜʽ ʨʦʟʚʠʪʢʫ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʦʾʪʴ ʢʠʾʚʩʴʢʘ ʰʢʦʣʘ ʤʝʭʘʥʽʢʠ ʥʘ ʯʦʣʽ ʟ ʆʣʝʢʩʘʥʜʨʦʤ 

ʄʠʢʦʣʘʡʦʚʠʯʝʤ ɻʫʟʝʤ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʊʃʊʉɼʊ, ʚʠʢʣʘʜʝʥʽ ʥʠʤ, ʟʦʢʨʝʤʘ, ʚ 

ʨʦʙʦʪʘʭ [4, 8, 9, 11], ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʰʣʷʭʦʤ ʩʪʨʦʛʦʾ ʪʘ ʧʦʩʣʽʜʦʚʥʦʾ 

ʣʽʥʝʘʨʠʟʘʮʽʾ ʨʽʚʥʷʥʴ ʥʝʣʽʥʽʡʥʦʾ ʧʨʫʞʥʦʩʪʽ [104, 169, 190] ʪʘ ʨʦʟʚʠʚʘʶʪʴ 

ʧʽʜʭʽʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɹʽʦ. ɿ ʩʫʯʘʩʥʠʤ ʩʪʘʥʦʤ ʨʦʟʚʠʪʢʫ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ 
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ʤʦʞʥʘ ʦʟʥʘʡʦʤʠʪʠʩʴ ʚ ʤʦʥʦʛʨʘʬʽʷʭ ʪʘ ʛʣʘʚʘʭ ʚ ʢʦʣʝʢʪʠʚʥʠʭ ʤʦʥʦʛʨʘʬʽʷʭ [14, 

109, 113, 115, 116]. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʽʥʢʨʝʤʝʥʪʘʣʴʥʘ ʪʝʦʨʽʷ ʩʪʽʡʢʦʩʪʽ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʣʽʥʝʘʨʠʟʦʚʘʥʫ ʪʝʦʨʽʶ ʩʪʽʡʢʦʩʪʽ, ʫ ʷʢʽʡ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʚʥʠʭ ʬʽʟʠʯʥʠʭ 

ʤʽʨʢʫʚʘʥʴ, ʫʚʝʜʝʥʦ ʜʝʷʢʽ ʤʘʪʝʤʘʪʠʯʥʽ ʩʧʨʦʱʝʥʥʷ, ʪʘʢʦʞ ʨʦʟʚʠʚʘʣʘʩʷ 

ʥʝʟʘʣʝʞʥʦ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [102, 191, 193, 198]). 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯ ʧʨʦ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʚ ʨʘʤʢʘʭ ʧʦʚʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ 

ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʨʦʟʛʣʷʜʘʣʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ [193, 208]; ʫ ʨʦʙʦʪʽ 

[175] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚ ʚʦʣʦʢʥʠʩʪʦʤʫ 

ʤʘʪʝʨʽʘʣʽ ʥʘ ʦʩʥʦʚʽ ʚʪʨʘʪʠ ʝʣʽʧʪʠʯʥʦʩʪʽ. 

ɿ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʦʟʥʘʯʝʥʠʭ ʥʘ ʧʦʯʘʪʢʫ ʮʴʦʛʦ ʧʫʥʢʪʫ ʟʘʜʘʯ ʥʘʡʤʝʥʰ 

ʜʦʩʣʽʜʞʝʥʠʤʠ ʻ ʟʘʜʘʯʽ, ʫ ʷʢʠʭ ʪʽʣʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʫʤʦʚʘʭ ʩʪʠʩʢʫ ʚʟʜʦʚʞ 

ʧʣʦʱʠʥ, ʚ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʽ ʪʨʽʱʠʥʠ [110, 113, 114, 115]. ʇʦʜʽʙʥʽ ʧʠʪʘʥʥʷ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʝʢʣʘʩʠʯʥʠʭ ʧʨʦʙʣʝʤ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ [20], ʦʩʢʽʣʴʢʠ ʫ 

ʤʝʞʘʭ ʢʣʘʩʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʨʫʡʥʫʚʘʥʥʷ ɻʨʽʬʬʽʪʩʘ ï ɯʨʚʽʥʘ ʽ ʡʦʛʦ ʫʟʘʛʘʣʴʥʝʥʴ 

[40, 41, 90, 100, 105, 151, 152, 197, 201, 228, 229] ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʧʨʫʞʝʥʴ ʚ ʦʢʦʣʽ ʚʝʨʰʠʥ ʪʨʽʱʠʥ ʽ ʚʝʣʠʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʟʢʨʠʪʪʷ 

ʪʨʽʱʠʥ, ʧʨʠ ʟʘʟʥʘʯʝʥʽʡ ʩʭʝʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ [43, 46, 53, 

109]. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʫ ʨʦʙʦʪʘʭ ʆ.ʄ. ɻʫʟʷ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ʧʽʜʭʦʜʽʚ ʊʃʊʉɼʊ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʡ ʨʫʡʥʫʚʘʥʥʷ [5, 6, 7, 10], 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʧʦʯʘʪʦʢ (ʩʪʘʨʪ) ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʡʦʛʦ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʪʨʽʱʠʥ ʧʦʚ'ʷʟʫʻʪʴʩʷ ʟ ʚʪʨʘʪʦʶ ʩʪʽʡʢʦʩʪʽ 

ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ ʤʘʪʝʨʽʘʣʫ ʚ ʣʦʢʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʧʦʙʣʠʟʫ ʪʨʽʱʠʥʠ (ʣʦʢʘʣʴʥʘ 

ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ). ʇʨʠ ʮʴʦʤʫ ʪʝʦʨʝʪʠʯʥʽʡ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʪʘ ʟʥʘʯʝʥʥʶ 

ʛʨʘʥʠʯʥʦʛʦ ʫʢʦʨʦʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʥʦʛʦ ʩʪʠʩʢʘʶʯʦʛʦ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʫʢʦʨʦʯʝʥʥʷ, ʱʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʟʥʘʯʝʥʦʛʦ ʢʨʠʪʝʨʽʶ. 

ʋ ʚʠʧʘʜʢʫ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʠʭ ʪʨʽʱʠʥ ʚ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʤʫ 

ʤʘʪʝʨʽʘʣʽ ʥʘʷʚʥʽʩʪʴ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʪʘ ʛʨʘʥʠʮʽ ʪʽʣʘ ʟʦʙʦʚôʷʟʫʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʜʝʷʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʤʽʞ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʢʘʟʘʥʽʡ 

ʣʦʢʘʣʴʥʽʡ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʧʦʙʣʠʟʫ ʪʨʽʱʠʥʠ ʤʦʞʝ ʧʝʨʝʜʫʚʘʪʠ ʚʥʫʪʨʽʰʥʷ 

(ʟʫʤʦʚʣʝʥʘ ʚʥʫʪʨʽʰʥʴʦʶ ʩʪʨʫʢʪʫʨʦʶ ʢʦʤʧʦʟʠʪʫ ʪʘ ʩʪʠʩʢʘʥʥʷʤ ʚʟʜʦʚʞ 

ʥʘʧʨʷʤʽʚ ʡʦʛʦ ʘʨʤʫʚʘʥʥʷ) [1, 18] ʘʙʦ ʧʦʚʝʨʭʥʝʚʘ (ʟʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ 

ʛʨʘʥʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʽ ʷʚʠʱʘʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʙʽʣʷ ʮʽʻʾ ʧʦʚʝʨʭʥʽ) ʚʪʨʘʪʘ 

ʩʪʽʡʢʦʩʪʽ [18, 28].  

ɺʟʘʻʤʦʜʽʷ ʦʧʠʩʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʦʶ. ʋ ʚʠʧʘʜʢʫ ʩʪʠʩʢʫ ʙʽʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ï ʪʦʥʢʘ ʧʣʽʚʢʘ ʥʘ 

ʥʘʧʽʚʦʙʤʝʞʝʥʽʡ ʧʽʜʢʣʘʜʮʽ ï ʣʦʢʘʣʴʥʽʡ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʯʘʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ ʚ 

ʦʙʣʘʩʪʽ ʜʝʬʝʢʪʘ ʚʽʜʧʦʚʽʜʘʻ buckling-, ʘ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ï wrinkling-ʤʝʭʘʥʽʟʤ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ (ʜʠʚ. ʧʧ. 1.1.1, 1.1.2). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʽʜʭʦʜʽʚ, ʚ ʷʢʠʭ ʚʽʜʰʘʨʦʚʘʥʘ ʯʘʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʪʽʣʘ ʘʙʦ 

ʚʩʝ ʧʦʢʨʠʪʪʷ ʚ ʮʽʣʦʤʫ ʤʦʜʝʣʶʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʙʘʣʢʦʚʠʭ 

ʤʦʜʝʣʝʡ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʫ ʊʃʊʉɼʊ ʜʦʟʚʦʣʷʻ ʨʦʟʚôʷʟʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʟʘʜʘʯʽ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʡʥʫʚʘʥʥʷ ʪʽʣ ʧʨʠ ʩʪʠʩʢʫ ʚ ʪʦʯʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʩʪʨʦʛʠʭ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. ʅʠʞʯʝ 

ʜʘʻʪʴʩʷ ʦʛʣʷʜ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʢʦʨʠʩʪʘʥʥʶ ʮʴʦʛʦ ʘʧʘʨʘʪʫ ʜʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤ, ʩʧʦʨʽʜʥʝʥʠʭ ʟ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

1.2.2 ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ ʪʽʣ ʚʟʜʦʚʞ ʪʨʽʱʠʥ 

ʇʝʨʰʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʤʝʞʝʥʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʧʨʠ 

ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʚʥʫʪʨʽʰʥʴʦʾ ʪʨʽʱʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʘʭ ʆ.ʄ. ɻʫʟʷ [111, 

112]. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ ʙʫʣʦ 
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ʧʦʢʘʟʘʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʪʘʢʠʭ ʪʽʣ ʧʨʠ 

ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʪʨʽʱʠʥʠ ʟʙʽʛʘʶʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʘʥʘʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʥʝʩʪʽʡʢʦʩʪʽ ʧʽʚʧʨʦʩʪʦʨʫ ʪʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ. 

ʅʘʜʘʣʽ ʰʠʨʦʢʠʡ ʢʣʘʩ ʧʣʦʩʢʠʭ ʪʘ ʧʨʦʩʪʦʨʦʚʠʭ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ 

ʦʜʥʦʨʽʜʥʠʭ ʽʟʦʪʨʦʧʥʠʭ ʪʘ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʠʭ ʪʽʣ ʟ ʪʨʽʱʠʥʘʤʠ ʙʫʣʦ 

ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʘʭ ɺ.ʃ. ɹʦʛʜʘʥʦʚʘ, ʆ.ʄ. ɻʫʟʷ, ɺ.ɯ. ʂʥʶʭʘ, ɺ.ʄ. ʅʘʟʘʨʝʥʢʘ, 

ɯ.ʇ. ʉʪʘʨʦʜʫʙʮʝʚʘ, ʖ.ɯ ʍʦʤʠ. ʇʨʠ ʮʴʦʤʫ, ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʽ ʤʘʪʝʨʽʘʣʠ 

ʪʘʢʦʞ ʤʦʜʝʣʶʶʪʴ ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʟ 

ʫʩʝʨʝʜʥʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [18, 19, 42]. ɺ ʨʘʤʢʘʭ ʮʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʧʦʣʷʛʘʻ 

ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʛʘʣʴʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ 

ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʟʚʝʜʝʥʥʷ ʚʠʭʽʜʥʦʾ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ ʜʦ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʘʙʦ 

ʾʭ ʩʠʩʪʝʤʠ [115]. ʇʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʝʨʞʫʚʘʪʠ ʨʦʟʚôʷʟʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚ ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ ï ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʘ 

ʥʝʩʪʠʩʣʠʚʠʭ ʧʨʫʞʥʠʭ (ʛʽʧʝʨʧʨʫʞʥʠʭ), ʧʣʘʩʪʠʯʥʠʭ ʪʽʣ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [23, 

128, 182]), ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʽʚ (ʜʠʚ, ʥʘʧʨʠʢʣʘʜ, [22, 24, 72, 111, 127, 135, 138]) 

ʫ ʚʠʧʘʜʢʫ ʷʢ ʤʘʣʠʭ, ʪʘʢ ʽ ʚʝʣʠʢʠʭ ʜʦʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʉʠʩʪʝʤʘʪʠʟʫʚʘʚʰʠ ʫʢʘʟʘʥʽ ʚʠʱʝ ʨʦʙʦʪʠ ʟʘ ʛʝʦʤʝʪʨʠʯʥʦʶ ʩʭʝʤʦʶ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʚʟʜʦʚʞ ʪʨʽʱʠʥ, ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʯʦʪʠʨʠ ʢʣʘʩʠ: 

¶ ʟʘʜʘʯʽ ʜʣʷ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʪʨʽʱʠʥʠ ʚ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʪʽʣʘʭ (ʜʠʚ. 

ʥʘʧʨʠʢʣʘʜ, [13, 23, 24, 68, 69, 72, 73, 127, 132, 134, 135, 181, 182, 183, 184 

185]); 

¶ ʟʘʜʘʯʽ ʜʣʷ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʪʨʽʱʠʥ ʚ ʥʝʦʙʤʝʞʝʥʠʭ ʪʽʣʘʭ (ʜʠʚ. 

ʥʘʧʨʠʢʣʘʜ, [22, 126, 128, 129, 137, 138]); 

¶ ʟʘʜʘʯʽ ʜʣʷ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʘʨʘʣʝʣʴʥʠʭ ʪʨʽʱʠʥ ʚ ʥʝʦʙʤʝʞʝʥʠʭ 

ʪʽʣʘʭ (ʜʠʚ. ʥʘʧʨʠʢʣʘʜ, [25, 67, 70, 136]); 
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¶ ʟʘʜʘʯʽ ʜʣʷ ʽʟʦʣʴʦʚʘʥʠʭ ʪʨʽʱʠʥ ʚ ʥʝʦʙʤʝʞʝʥʠʭ ʪʽʣʘʭ (ʜʠʚ. ʥʘʧʨʠʢʣʘʜ, 

[15, 26, 125, 127, 130, 131]). 

ʋ ʨʘʟʽ ʧʨʦʩʪʦʨʦʚʠʭ ʦʩʝʩʠʤʝʪʨʠʯʥʠʭ ʪʘ ʥʝʦʩʝʩʠʤʝʪʨʠʯʥʠʭ ʟʘʜʘʯ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʚʠʧʘʜʢʠ ʢʨʫʛʦʚʠʭ [13, 68, 69, 70, 128, 129, 132, 181] ʪʘ 

ʮʠʣʽʥʜʨʠʯʥʠʭ [26, 27, 125, 134, 135] ʪʨʽʱʠʥ. 

ʆʢʨʝʤʦ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʨʦʙʦʪʠ ɺ.ʃ. ɹʦʛʜʘʥʦʚʘ ʟ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ, ʚ 

ʷʢʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʡʥʫʚʘʥʥʷ ʪʽʣ 

ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʪʨʽʱʠʥ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʮʽ ʧʘʨʘʤʝʪʨʠ ʚʠʨʘʭʦʚʫʶʪʴʩʷ 

ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʟʘʜʘʯ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʯʘʪʢʦʚʠʤʠ (ʟʘʣʠʰʢʦʚʠʤʠ) ʥʘʧʨʫʞʝʥʥʷʤʠ ʷʢ ʟʥʘʯʝʥʥʷ 

ʩʪʠʩʢʘʶʯʠʭ ʧʦʯʘʪʢʦʚʠʭ (ʟʘʣʠʰʢʦʚʠʭ) ʥʘʧʨʫʞʝʥʴ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʘ çʨʝʟʦʥʘʥʩʦʧʦʜʽʙʥʘè ʟʤʽʥʘ ʦʩʥʦʚʥʠʭ ʚʝʣʠʯʠʥ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʟʦʢʨʝʤʘ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʜʠʚ, 

ʥʘʧʨʠʢʣʘʜ, [63, 64, 65, 66, 133, 186]). 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʘʢʝʪʽʚ ʩʠʤʚʦʣʴʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʦʩʝʩʠʤʝʪʨʠʯʥʠʭ ʟʘʜʘʯ 

ʧʨʦ ʩʪʠʩʢ ʦʜʥʦʨʽʜʥʦʛʦ ʥʘʧʽʚʦʙʤʝʞʝʥʦʛʦ ʪʽʣʘ ʚʟʜʦʚʞ ʧʨʠʧʦʚʝʨʭʥʝʚʦʾ ʪʨʽʱʠʥʠ 

[29, 94, 117] ʽ ʥʝʦʙʤʝʞʝʥʦʛʦ ʪʽʣʘ ʚʟʜʦʚʞ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ 

ʙʣʠʟʴʢʦʨʦʟʪʘʰʦʚʘʥʠʭ ʜʠʩʢʦʧʦʜʽʙʥʠʭ ʪʨʽʱʠʥ [31] ʘʙʦ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʪʨʽʱʠʥ [30, 32] ʆ.ʄ. ɻʫʟʝʤ, ɺ.ʄ. ʅʘʟʘʨʝʥʢʦʤ ʪʘ ʄ.ɺ. ɼʦʚʞʠʢʦʤ ʙʫʣʦ 

ʚʠʚʯʝʥʦ ʧʠʪʘʥʥʷ ʧʨʦ ʤʝʞʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ çʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷè 

(ʜʠʚ. ʧ. 1.1.2) ʫ ʚʠʧʘʜʢʫ ʚʽʜʰʘʨʫʚʘʥʴ ʚ ʦʜʥʦʨʽʜʥʦʤʫ ʪʽʣʽ. 

ʇʝʨʰʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʰʘʨʫʚʘʪʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʧʨʠ ʩʪʠʩʢʫ 

ʚʟʜʦʚʞ ʪʨʽʱʠʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʧʣʦʱʠʥʘʭ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ, ʚ ʤʝʞʘʭ 

ʊʃʊʉɼʊ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ ɯ.ʆ. ɻʫʟʷ ʪʘ ʖ.ɺ. ʂʦʭʘʥʝʥʢʘ [139, 144]. 

ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʦʪʨʠʤʘʥʦ ʚʠʨʘʟ ʜʣʷ 
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ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʫʢʦʨʦʯʝʥʥʷ ʰʘʨʫʚʘʪʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʧʨʫʞʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʢʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ) ʟ ʦʜʥʽʻʶ 

ʪʨʽʱʠʥʦʶ, ʨʦʟʪʘʰʦʚʘʥʦʶ ʫ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ. 

ʋ ʨʦʙʦʪʘʭ ʆ.ʄ. ɻʫʟʷ ʪʘ ɯ.ʆ. ɻʫʟʷ [119, 120, 121, 122, 123, 143] 

ʚʠʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʦʩʢʦʾ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʢʫʩʢʦʚʦ-

ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ, ʦʩʣʘʙʣʝʥʦʛʦ ʜʦʚʽʣʴʥʠʤ ʩʢʽʥʯʝʥʥʠʤ ʯʠʩʣʦʤ ʤʽʞʬʘʟʥʠʭ 

ʤʽʢʨʦʪʨʽʱʠʥ, ʢʦʣʠ ʨʦʟʤʽʨʠ ʪʨʽʱʠʥ ʻ ʩʫʪʪʻʚʦ ʤʝʥʰʠʤʠ ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧʦʟʠʪʫ ʽ ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʟʘʜʘʯʫ 

ʧʨʦ ʩʪʠʩʢ ʜʚʦʭ ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʨʽʟʥʦʨʽʜʥʠʭ ʧʽʚʧʣʦʱʠʥ ʚʟʜʦʚʞ ʩʠʩʪʝʤʠ 

ʪʨʽʱʠʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʤʝʞʽ ʾʭ ʧʦʜʽʣʫ). ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ 

ʚ ʻʜʠʥʽʡ ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ ʜʣʷ ʪʝʦʨʽʾ ʩʢʽʥʯʝʥʠʭ ʪʘ ʤʘʣʠʭ ʜʦʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʫ ʚʠʧʘʜʢʫ ʧʨʫʞʥʠʭ ʽ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʠʭ ʩʪʠʩʣʠʚʠʭ ʽ 

ʥʝʩʪʠʩʣʠʚʠʭ ʽʟʦʪʨʦʧʥʠʭ ʪʘ ʦʨʪʦʪʨʦʧʥʠʭ ʪʽʣ. ʄʝʪʦʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʘʚʪʦʨʘʤʠ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʟʚʝʜʝʥʥʽ ʧʣʦʩʢʦʾ ʟʘʜʘʯʽ ʊʃʊʉɼʊ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ 

ʜʦ ʦʜʥʦʨʽʜʥʦʾ ʟʘʜʘʯʽ ʩʧʨʷʞʝʥʥʷ ʜʚʦʭ ʛʦʣʦʤʦʨʬʥʠʭ ʬʫʥʢʮʽʡ, ʟʘʜʘʥʠʭ ʫ ʚʩʽʡ 

ʧʣʦʱʠʥʽ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʪʦʯʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ. 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʧʨʦʩʪʦʨʦʚʽ ʦʩʝʩʠʤʝʪʨʠʯʥʽ ʟʘʜʘʯʽ ʧʨʦ 

ʨʫʡʥʫʚʘʥʥʷ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʟ ʢʨʫʛʦʚʠʤʠ ʤʽʞʬʘʟʥʠʤʠ ʪʨʽʱʠʥʘʤʠ, 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʫ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʦʱʠʥʘʭ, [140] ʪʘ ʧʨʦ ʨʫʡʥʫʚʘʥʥʷ 

ʰʘʨʫʚʘʪʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʝʨʽʦʜʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʧʝʨʽʦʜʠʯʥʦʶ 

ʩʠʩʪʝʤʦʶ ʢʨʫʛʦʚʠʭ ʤʽʞʬʘʟʥʠʭ ʪʨʽʱʠʥ [141, 142]. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʨʘʤʢʘʭ 

ʊʃʊʉɼʊ ʧʨʦʚʦʜʠʣʠʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. 

ɺ ʨʦʙʦʪʘʭ [230, 231, 232, 233] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʨʫʡʥʫʚʘʥʥʷ ʰʘʨʫʚʘʪʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʟ ʜʚʦʤʘ ʧʘʨʘʣʝʣʴʥʠʤʠ ʤʘʢʨʦʪʨʽʱʠʥʘʤʠ ʚ ʛʨʘʥʠʮʷʭ ʨʦʟʜʽʣʫ ʰʘʨʽʚ, 

ʢʦʣʠ ʪʨʽʱʠʥʠ ʟʤʽʱʝʥʽ ʚ ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ. ɺ 

ʟʘʟʥʘʯʝʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʪʘʢʦʞ ʦʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʢʦʤʧʦʟʠʪʫ ʟ 

ʧʝʨʽʦʜʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʧʘʨʘʣʝʣʴʥʠʭ ʪʨʽʱʠʥ, ʷʢʽ ʟʤʽʱʝʥʽ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʤʝʞʘʭ ʊʃʊʉɼʊ ʜʦʩʪʘʪʥʴʦ ʜʝʪʘʣʴʥʦ ʚʠʚʯʝʥʽ ʟʘʜʘʯʽ ʧʨʦ 

ʩʪʠʩʢ ʦʜʥʦʨʽʜʥʠʭ ʥʝʦʙʤʝʞʝʥʠʭ ʽ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʪʽʣ ʚʟʜʦʚʞ ʪʨʽʱʠʥ, ʘ ʪʘʢʦʞ 

ʜʝʷʢʽ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʥʝʦʙʤʝʞʝʥʠʭ ʪʽʣ ʚʟʜʦʚʞ 

ʤʽʞʬʘʟʥʠʭ ʪʨʽʱʠʥ. ɯʥʰʽ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʪʽʣ ʚʟʜʦʚʞ ʪʨʽʱʠʥ, ʟʦʢʨʝʤʘ 

ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ, ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʨʦʟʜʽʣʫ 

ʗʢ ʟʘʩʚʽʜʯʠʚ ʥʘʚʝʜʝʥʠʡ ʦʛʣʷʜ, ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʰʘʨʦʚʠʭ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ 

ʩʠʩʪʝʤ ʧʨʠ ʩʪʠʩʢʫ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʪʽʣʘ, ʽʥʪʝʨʝʩ ʜʦ ʷʢʦʾ ʟʫʤʦʚʣʝʥʠʡ ʰʠʨʦʢʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʨʽʟʥʠʭ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʣʫʟʷʭ. ʇʨʦʪʝ, ʙʘʛʘʪʦ ʘʩʧʝʢʪʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʙʽʰʘʨʽʚ ʟ ʦʛʣʷʜʫ ʤʦʞʣʠʚʦʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʩʪʠʩʢʘʥʥʽ, ʷʢʘ ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʦʯʘʪʢʦʚʠʡ ʝʪʘʧ ʨʫʡʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʫ, 

ʡ ʜʦʩʽ ʚʠʚʯʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ, ʘ ʩʧʦʩʪʝʨʝʞʝʥʽ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʤʝʭʘʥʽʯʥʽ 

ʝʬʝʢʪʠ ʧʦʪʨʝʙʫʶʪʴ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. 

ʊʘʢ, ʘʥʘʣʽʟ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʽʚ ʙʝʟ ʜʝʬʝʢʪʽʚ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʣʠʰʝ ʫ ʜʚʦʭ ʚʠʧʘʜʢʘʭ: ʰʠʨʦʢʦ ï ʫ ʨʘʟʽ 

ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʾ ʤʦʜʝʣʽ ʪʘ ʥʘʙʣʠʞʝʥʠʭ ʬʦʨʤʫʣ ʪʘ ʤʝʥʰ 

ʰʠʨʦʢʦ ï ʫ ʨʘʟʽ ʙʽʰʘʨʽʚ ʟ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʦʩʣʽʜʞʫʚʘʣʠʩʴ ʧʨʠ 

ʮʴʦʤʫ ʧʝʨʝʚʘʞʥʦ ʩʠʩʪʝʤʠ ʽʟ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʢʝʪʽʚ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʥʝ ʣʠʰʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ, ʘ ʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʧʨʠ 

ʜʝʬʦʨʤʘʮʽʷʭ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ. ɺʘʣʽʜʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ 

ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟʽ ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʙʣʠʞʝʥʠʭ ʬʦʨʤʫʣ. 
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ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʣʠʰʝ ʦʢʨʝʤʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʣʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʧʝʨʝʚʘʞʥʦ ʥʝʩʪʠʩʣʠʚʠʭ ʩʠʩʪʝʤ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ 

ʤʦʜʝʣʶʶʪʴʩʷ ʥʝʦʛʫʢʽʚʩʴʢʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʢʨʠʪʠʯʥʠʭ ʜʦʚʞʠʥ 

ʭʚʠʣʴ ʜʣʷ ʽʥʰʠʭ ʪʠʧʽʚ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʽ ʽʥʰʠʭ ʪʠʧʽʚ ʟʚôʷʟʢʫ ʤʽʞ 

ʧʽʜʢʣʘʜʢʦʶ ʪʘ ʧʣʽʚʢʦʶ, ʷʢ ʽ ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʥʘʙʣʠʞʝʥʠʭ ʬʦʨʤʫʣ, ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʽ. 

ɼʣʷ ʙʽʰʘʨʽʚ, ʧʦʩʣʘʙʣʝʥʠʭ ʜʝʬʝʢʪʘʤʠ, ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ 

ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʤʽʞʬʘʟʥʠʭ ʚʽʜʰʘʨʫʚʘʥʴ, ʚʽʜʥʦʩʥʘ ʜʦʚʞʠʥʘ ʷʢʠʭ 

ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʘ, ʱʦ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʤʝʭʘʥʽʟʤʦʤ ʚʠʧʫʯʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʧʣʽʚʢʠ ʚ ʦʙʣʘʩʪʽ ʚʽʜʰʘʨʫʚʘʥʥʷ. ɺ ʮʴʦʤʫ 

ʨʘʟʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʙʣʠʞʝʥʝ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʝ ʨʽʚʥʷʥʥʷ, ʤʝʞʽ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʷʢʦʛʦ ʜʦʩʽ ʥʝ ʜʦʩʣʽʜʞʝʥʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ ʙʽʰʘʨʽʚ ʫ ʨʘʟʽ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʜʦʚʞʠʥʠ 

ʤʽʞʬʘʟʥʦʛʦ ʚʽʜʰʘʨʫʚʘʥʥʷ ʦʜʝʨʞʘʥʽ ʥʘ ʩʴʦʛʦʜʥʽ ʪʽʣʴʢʠ ʚ ʤʝʞʘʭ ʣʽʥʽʡʥʦ-

ʧʨʫʞʥʦʾ ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ʛʽʧʝʨʧʨʫʞʥʠʭ 

ʙʽʰʘʨʽʚ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʠʭ ʚʽʜʰʘʨʫʚʘʥʴ ʜʦʚʽʣʴʥʦʾ ʟʘʜʘʥʦʾ 

ʜʦʚʞʠʥʠ, ʷʢ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʥʘ ʨʘʟʽ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʽ. ʅʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘʢʦʞ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ 

ʜʝʬʝʢʪʽʚ ʽʥʰʦʛʦ ʪʠʧʫ ʽ ʽʥʰʦʛʦ ʪʠʧʫ ʟʚôʷʟʢʫ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʠʪʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʦʚʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʩʠʩʪʝʤ ʽʟ ʜʝʬʝʢʪʘʤʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤʠ. ɿʦʢʨʝʤʘ, ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʧʽʜʭʦʜʠ ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʣʷ ʟʘʜʘʯ ʧʨʦ 

ʩʪʠʩʢ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʫʟʜʦʚʞ ʤʝʞ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ 
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ʪʘ ʚʟʜʦʚʞ ʜʝʬʝʢʪʽʚ. ʉʘʤʝ ʮʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠʩʚʷʯʝʥʦ ʧʦʜʘʣʴʰʽ ʨʦʟʜʽʣʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 
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ʈʆɿɼɯʃ 2 ʆʉʅʆɺʅɯ ʇʆʃʆɾɽʅʅʗ ʊʈʀɺʀʄɯʈʅʆɰ 

ʃɯʅɽɸʈʀɿʆɺɸʅʆɰ ʊɽʆʈɯɰ ʉʊɯʁʂʆʉʊɯ 

ɼɽʌʆʈʄɯɺʅʀʍ ʊɯʃ 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʚʠʢʣʘʜʝʥʦ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ [12, 21, 113].  

ʂʦʨʦʪʢʦ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʫ 

ʚʠʧʘʜʢʫ ʟʘʛʘʣʴʥʠʭ ʽ ʦʜʥʦʨʽʜʥʠʭ ʜʦʢʨʠʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʭ 

ʩʪʘʥʽʚ: ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʘ ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢʦʞ ʜʣʷ ʚʠʧʘʜʢʫ ʦʜʥʦʦʩʥʦʛʦ 

ʩʪʠʩʢʫ ʚ ʫʤʦʚʘʭ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ 

ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʯʝʨʝʟ ʧʦʪʝʥʮʽʘʣʴʥʽ 

ʛʘʨʤʦʥʽʯʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʽ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʫ ʨʘʟʽ ʦʜʥʦʨʽʜʥʦʛʦ 

ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ.  

ɺʠʢʣʘʜʝʥʥʷ ʚʝʜʝʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʦʨʜʠʥʘʪ ʧʨʠʨʦʜʥʦʛʦ 

ʥʝʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʟʙʫʨʝʥʴ ʪʝʥʟʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ, 

ʚʽʜʥʝʩʝʥʠʭ ʜʦ ʮʴʦʛʦ ʩʪʘʥʫ ʚ ʤʝʞʘʭ ʪʝʦʨʽʾ ʩʢʽʥʯʝʥʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

 

2.1 ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ 

ʩʪʽʡʢʦʩʪʽ 

ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ 

ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ (ʊʃʊʉɼʊ) ʧʨʠ ʤʘʣʠʭ ʪʘ ʚʝʣʠʢʠʭ (ʩʢʽʥʯʝʥʥʠʭ) ʜʦʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʷʭ ʚ ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʆ.ʄ. ɻʫʟʝʤ ʽ ʜʝʪʘʣʴʥʦ 

ʚʠʢʣʘʜʝʥʽ, ʥʘʧʨʠʢʣʘʜ, ʚ [12]. ɺʦʥʠ ʦʜʝʨʞʘʥʽ ʰʣʷʭʦʤ ʩʪʨʦʛʦʾ ʧʦʩʣʽʜʦʚʥʦʾ 

ʣʽʥʝʘʨʠʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʚʥʷʥʴ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ [104, 169, 190]. 
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 ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʘʧʘʨʘʪ, ʊʃʊʉɼʊ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʩʪʽʡʢʦʩʪʽ, ʟʦʢʨʝʤʘ ʜʣʷ ʚʦʣʦʢʥʠʩʪʠʭ ʪʘ ʰʘʨʫʚʘʪʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʥʝʢʣʘʩʠʯʥʠʭ ʟʘʜʘʯ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʧʨʦ ʩʪʠʩʢ ʪʽʣ ʚʟʜʦʚʞ ʪʨʽʱʠʥ, ʟʦʢʨʝʤʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ (ʟʘʣʠʰʢʦʚʠʭ) 

ʥʘʧʨʫʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʚʟʜʦʚʞ ʪʨʽʱʠʥ ʪʦʱʦ. 

 

 ɼʣʷ ʦʧʠʩʫ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʽʣʘ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʣʘʛʨʘʥʞʝʚʽ ʢʦʦʨʜʠʥʘʪʠ jx , 1,3j = , ʷʢʽ ʚ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʜʝʢʘʨʪʦʚʠʤʠ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʦʨʪʘʤʠ jg . 

 ɺ ʷʢʦʩʪʽ ʤʽʨʠ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠʡʤʝʤʦ ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʽʡ ɻʨʽʥʘ [104] e, 

ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ ʚ ʤʝʞʘʭ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʤʘʶʪʴ ʚʠʛʣʷʜ 

 
1

, , , 1,3
2

n m k k
nm

m n n m

u u u u
m n k

x x x x
e

å õµ µ µ µ
= + + =æ ö

µ µ µ µç ÷
 (2.1) 

ɺ ʟʘʜʘʯʘʭ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʛʝʦʤʝʪʨʽʷ 

ʪʽʣʘ ʟʘʜʘʻʪʴʩʷ ʚ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʪʦʤʫ ʙʫʜʝʤʦ ʚʽʜʥʦʩʠʪʠ ʚʩʽ ʚʝʣʠʯʠʥʠ 

ʜʦ ʦʜʠʥʠʮʴ ʦʙôʻʤʫ (ʧʣʦʱʽ) ʚ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ.  

ɼʣʷ ʦʧʠʩʫ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʪʝʥʟʦʨ 

ʇʽʦʣʠïʂʨ̔ʭʛʦʬʘ t  [17, 15, 104, 169, 190], ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ʷʢ ʧʝʨʝʨʘʭʦʚʘʥʠʡ ʥʘ 

ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʥʝʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʽʣʘ ʪʝʥʟʦʨ ʂʦʰʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʢʣʘʩʠʯʥʽʡ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʪʘ ʩʠʤʝʪʨʠʯʥʠʡ ʪʝʥʟʦʨ ʥʘʧʨʫʞʝʥʴ ʃʘʛʨʘʥʞʘ S, 

ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʪʝʥʟʦʨʫ ʫʟʘʛʘʣʴʥʝʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʢʦʤʧʦʥʝʥʪʠ 

ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʴ ( )it , ʱʦ ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʧʣʦʱʘʜʢʠ ix const=  (ʚ 

ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ) ʪʘ ʚʠʤʽʨʶʻʪʴʩʷ ʥʘ ʧʣʦʱʫ ʮʽʻʾ ʧʣʦʱʘʜʢʠ, 

ʚʠʟʥʘʯʘʪʁʴʩʷ ʪʘʢ: 

 
( ) *i ij ij

j jt t g S g= = , (2.2) 
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ʜʝ jg  ʪʘ 
*

jg  ï ʦʨʪʠ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʚ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʪʘ ʜʝʬʦʨʤʦʚʘʥʦʤʫ 

ʩʪʘʥʘʭ, ʚʽʜʧʦʚʽʜʥʦ. ɿʚôʷʟʦʢ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʽʚ S ʪʘ t  ʤʘʻ ʚʠʛʣʷʜ 

 ( )
jij in

nj

n

u
t S

x
d

µ
= +

µ
 (2.3) 

ʈʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ ʥʘʧʨʫʞʝʥʥʷʭ ʤʘʶʪʴ ʚʠʛʣʷʜ 

 0
ij j

i

t
F

x

µ
+ =

µ
, (2.4) 

ʜʝ 
jF  ï ʢʦʤʧʦʥʝʥʪʠ ʤʘʩʦʚʠʭ ʩʠʣ. 

 ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʚ ʥʘʧʨʫʞʝʥʥʷʭ ʥʘ ʯʘʩʪʠʥʽ 1S  ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʽ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʚ ʧʝʨʝʤʽʱʝʥʥʷʭ ʥʘ ʯʘʩʪʠʥʽ 2S  ʧʦʚʝʨʭʥʽ ʟʘʧʠʩʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 
1

i ij jS
N t P= , (2.5) 

 
2

j jS
u f= . (2.6) 

ɺ (2.5), (2.6) iN  ï ʩʢʣʘʜʦʚʘ ʦʨʪʘ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʚ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ 

ʩʪʘʥʽ, jP  ï ʩʢʣʘʜʦʚʽ ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣ, ʧʦʚôʷʟʘʥʽ ʟ ʧʦʚʝʨʭʥʝʶ ʪʽʣʘ ʚ 

ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ. 

 ɼʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ, ʪʘʢʦʞ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ ʥʝʩʪʠʩʣʠʚʦʩʪʽ, 

ʷʢʘ ʟʘʧʠʩʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ [12, 21, 113] 

 det 2 1ij ijd e+ =. (2.7) 

ɼʣʷ ʟʘʛʘʣʴʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʚ ʨʘʤʢʘʭ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, 

ʨʽʚʥʷʥʥʷ (2.1) ï (2.7) ʩʣʽʜ ʟʘʤʢʥʫʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʧʨʫʞʥʦʩʪʽ. 

ʃʽʥʝʘʨʠʟʦʚʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʣʽʥʝʘʨʠʟʘʮʽʾ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ. ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʣʽʥʝʘʨʠʟʘʮʽʾ 

ʜʝʪʘʣʴʥʦ ʚʠʢʣʘʜʝʥʽ ʚ ʤʦʥʦʛʨʘʬʽʷʭ [12, 20, 113]. 
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ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʪʨʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʭ ʩʪʘʥʠ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʽʣʘ: 

1. ʥʝʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ï ʚ ʪʽʣʽ ʚʽʜʩʫʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ; 

2.  ʧʦʯʘʪʢʦʚʠʡ (ʥʝʟʙʫʨʝʥʠʡ) ʩʪʘʥ ï ʟʫʤʦʚʣʝʥʠʡ ʧʦʯʘʪʢʦʚʠʤʠ (ʘʙʦ 

ʟʘʣʠʰʢʦʚʠʤʠ) ʥʘʧʨʫʞʝʥʥʷʤʠ; 

3. ʟʙʫʨʝʥʠʡ ʩʪʘʥ ï ʚʠʢʣʠʢʘʥʠʡ ʜʦʜʘʪʢʦʚʠʤʠ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʯʘʪʢʦʚʠʭ, 

ʟʙʫʨʝʥʥʷʤʠ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ. 

ɺʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʝʟʙʫʨʝʥʦʛʦ ʩʪʘʥʫ, ʥʘʜʘʣʽ ʙʫʜʝʤʦ 

ʧʦʟʥʘʯʘʪʠ ʽʥʜʝʢʩʦʤ ñ0ò. ɿʙʫʨʝʥʥʷ ʚʩʽʭ ʚʝʣʠʯʠʥ, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ ʤʘʣʠʤʠ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʝʣʠʯʠʥ ʥʝʟʙʫʨʝʥʦʛʦ ʩʪʘʥʫ, ʜʦʜʘʪʢʦʚʠʤ ʽʥʜʝʢʩʦʤ ʥʝ 

ʧʦʟʥʘʯʘʶʪʴʩʷ. ɺʝʣʠʯʠʥʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʙʫʨʝʥʦʛʦ ʩʪʘʥʫ, ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʩʫʤʫ ʚʝʣʠʯʠʥ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʟʙʫʨʝʥʴ. 

ɺʨʘʭʦʚʫʶʯʠ ʤʘʣʽʩʪʴ ʟʙʫʨʝʥʴ, ʚʥʘʩʣʽʜʦʢ ʣʽʥʝʘʨʠʟʘʮʽʾ ʧʨʠʭʦʜʠʤʦ ʜʦ 

ʥʘʩʪʫʧʥʠʭ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. 

ʊʝʥʟʦʨ ʜʝʬʦʨʤʘʮʽʾ ɻʨʽʥʘ: 
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; (2.8) 

ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ ʥʘʧʨʫʞʝʥʥʷʭ: 

 

0

0 0
j jin in j

nj

i n n

u u
S S F

x x x
d
è øå õµ µµ

+ + + =é ùæ öæ öµ µ µé ùç ÷ê ú

; (2.9) 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 
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, (2.10) 

 
2

j jS
u f= . (2.11) 

ʊʝʥʟʦʨʠ ʥʘʧʨʫʞʝʥʴ t  ʪʘ S ʧʦʚôʷʟʘʥʽ ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 
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. (2.12) 

ʋʤʦʚʘ ʥʝʩʪʠʩʣʠʚʦʩʪʽ ʫ ʣʽʥʝʘʨʠʟʦʚʘʥʽʡ ʬʦʨʤʽ ʟʘʧʠʰʝʪʴʩʷ ʪʘʢ: 
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. (2.13) 

 ʋʩʽ ʥʘʚʝʜʝʥʽ ʫ ʧʽʜʨʦʟʜʽʣʽ ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʜʘʥʽ ʜʣʷ 

ʪʝʦʨʽʾ ʚʝʣʠʢʠʭ (ʩʢʽʥʯʝʥʥʠʭ) ʜʦʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ 

ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʪʝʦʨʽʾ ʤʘʣʠʭ ʜʦʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʾ ʦʜʝʨʞʫʶʪʴʩʷ ʽʟ 

ʥʘʚʝʜʝʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʨʦʱʝʥʴ [12, 20, 113].  

ɼʣʷ ʟʘʤʠʢʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʟʘʣʠʰʠʣʦʩʴ ʜʦ ʨʽʚʥʷʥʴ 

ʨʽʚʥʦʚʘʛʠ (2.9) ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (2.10), (2.11) ʜʦʜʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ ʜʝʬʦʨʤʘʮʽʷʤʠ (ʘʙʦ ʧʦʭʽʜʥʠʤʠ ʚʽʜ 

ʧʝʨʝʤʽʱʝʥʴ), ʱʦ ʽ ʟʨʦʙʣʝʥʦ ʥʠʞʯʝ.  

2.2 ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʫʞʥʦʩʪʽ 

ɺ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʩʪʠʩʣʦ ʚʠʢʣʘʜʘʻʪʴʩʷ ʧʨʦʮʝʩ ʦʜʝʨʞʘʥʥʷ ʪʘ 

ʥʘʚʦʜʠʪʴʩʷ ʚʠʛʣʷʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʫʞʥʦʩʪʽ [21] ʷʢ ʚ ʤʝʞʘʭ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ, 

ʪʘʢ ʽ ʧʽʩʣʷ ʧʨʦʮʝʜʫʨʠ ʣʽʥʝʘʨʠʟʘʮʽʾ ʟʘ ʧʨʠʥʮʠʧʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚʠʱʝ. 

 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʣʠʰʝ ʧʨʫʞʥʽ ʪʽʣʘ, ʪʦʙʪʦ 

ʪʽʣʘ ʷʢʠʤ ʚʣʘʩʪʠʚʘ ʦʙʦʨʦʪʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚ ʥʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ. 

ʆʙʤʝʞʠʤʦʩʴ ʨʦʟʛʣʷʜʦʤ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʽʜ ʷʢʠʤʠ ʨʦʟʫʤʽʻʤʦ 

ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ, ʜʣʷ ʷʢʠʭ ʽʩʥʫʻ ʬʫʥʢʮʽʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ F. 

ɼʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ ʚ ʮʴʦʤʫ ʨʘʟʽ ʤʘʻʤʦ 
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, (2.14) 
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ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ: 

 *

1
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ij ij

ij ji

S pg
e e

å õµ µ
= + F+æ öæ öµ µç ÷

, (2.15) 

ʜʝ p  ï ʩʢʘʣʷʨʥʘ ʬʫʥʢʮʽʷ, ʧʦʚôʷʟʘʥʘ ʟ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ ʪʠʩʢʦʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʽʟʦʪʨʦʧʥʽ ʪʽʣʘ. ʅʝ ʦʙʤʝʞʫʶʯʠ ʟʘʛʘʣʴʥʦʩʪʽ, ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ 

ʧʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʩʪʠʩʣʠʚʦʛʦ ʪʽʣʘ ʬʫʥʢʮʽʻʶ ʘʣʛʝʙʨʘʾʯʥʠʭ ʽʥʚʘʨʽʘʥʪʽʚ 

ʪʝʥʟʦʨʫ ʜʝʬʦʨʤʘʮʽʡ ɻʨʽʥʘ (2.1) 

 1 2 3( , , )A A AF=F . (2.16) 

ɺ (2.16) 1 2 3, ,A A A  ï ʘʣʛʝʙʨʘʾʯʥʽ ʽʥʚʘʨʽʘʥʪʠ ʪʝʥʟʦʨʫ ʜʝʬʦʨʤʘʮʽʡ ɻʨʽʥʘ, ʷʢʽ ʫ 

ʚʠʧʘʜʢʫ  ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [12, 21]: 

 1 nnA e= , 

 2 nm nmA e e= , (2.17) 

 3 nm mk knA e e e= . 

ʋ ʤʝʞʘʭ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʚʠʨʘʟʠ (2.17) ʧʨʠʡʤʫʪʴ ʚʠʛʣʷʜ 
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, (2.18) 
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. 

ʂʝʨʫʶʯʠʩʴ (2.17) ʤʦʞʥʘ [12, 21] ʧʦʙʫʜʫʚʘʪʠ ʡ ʽʥʰʽ ʩʠʩʪʝʤʠ 

ʽʥʚʘʨʽʘʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ: 

 1 13 2 3 2nnI Ae= + = +, 
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2

2 1 1 23 4 2( ) 3 4 2( )nn nn mm nm mnI A A Ae e e e e= + + - = + + -, (2.19) 

 
2 3

3 1 1 2 3 1 2 1

4
det 2 1 2 2( ) (2 3 )

3
rs ijI A A A A A A Ad e= + = + + - + - +. 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ (2.7), ʦʜʝʨʞʫʻʤʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʥʝʩʪʠʩʣʠʚʦʛʦ ʪʽʣʘ 

3 det 2 1rs ijI d e= + =. 

ʊʦʤʫ ʮʶ ʩʠʩʪʝʤʫ ʽʥʚʘʨʽʘʥʪʽʚ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʬʫʥʢʮʽʾ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ: 

 1 2 1 1 2 2 1 2 1 2( , ) ( ( , ), ( , )) ( , )I I I A A I A A W A AF=F ¹F ¹ . (2.20) 

ɺʨʘʭʦʚʫʶʯʠ (2.16), (2.14) ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ ʤʘʻʤʦ 

 
1 2 3
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ij ij ik kjS
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. (2.21) 

ɼʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʟ (2.15), (2.20) ʦʪʨʠʤʫʻʤʦ: 
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. (2.22) 

 

ʇʦʙʫʜʦʚʘ ʢʦʥʢʨʝʪʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʜʣʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ F ï 

ʚʘʞʣʠʚʘ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʽʥʞʝʥʝʨʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. ɺʽʜ 

ʩʘʤʦʛʦ ʟʘʨʦʜʞʝʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʚ ʩʝʨʝʜʠʥʽ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ 

ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʬʦʨʤʫʣʶʚʘʥʥʷ ʪʘʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʫʞʥʦʩʪʽ 

ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʫ ʧʦʚʝʜʽʥʢʫ, ʷʢʽ ʙ 

ʥʘʡʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘʣʠ ʥʘʷʚʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ. 

ʊʠʧʦʚʠʤ ʻ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ, ʢʦʣʠ ʚʠʙʽʨ ʧʦʪʝʥʮʽʘʣʫ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʫʞʥʠʭ ʩʪʘʣʠʭ ʜʣʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʥʘʧʨʠʢʣʘʜ, ʟ ʦʜʥʦʚʽʩʥʦʛʦ 
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ʨʦʟʪʷʛʫ. ʇʽʩʣʷ ʯʦʛʦ ʚʝʨʠʬʽʢʘʮʽʷ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʘʥʠʤʠ ʧʨʠ ʽʥʰʠʭ ʛʝʦʤʝʪʨʽʷʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺ ʨʘʤʢʘʭ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʬʫʥʢʮʽʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ F 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʨʷʜʫ ʟʘ ʩʪʝʧʝʥʷʤʠ ʦʜʥʦʛʦ ʟ 

ʥʘʙʦʨʽʚ ʽʥʚʘʨʽʘʥʪʽʚ ʪʝʥʟʦʨʫ ʜʝʬʦʨʤʘʮʽʡ, ʥʘʧʨʠʢʣʘʜ 

 1 2 3

, ,

i j k

ijk

i j k

c A A AF=ä , ijkc const= . (2.23) 

ʆʙʠʨʘʶʯʠ ʪʫ ʯʠ ʽʥʰʫ ʬʦʨʤʫ ʟʘʣʝʞʥʦʩʪʽ (2.23) ʧʦʙʫʜʦʚʘʥʦ ʪʘʢʽ ʧʨʫʞʥʽ 

ʧʦʪʝʥʮʽʘʣʠ [62, 179, 180, 192, 212, 220, 237, 238]: ʊʨʝʣʦʘʨʘ, ʄʫʥʽïʈʽʚʣʽʥʘ, 

ʁʦʥʘ, ʁʝʦ, ɹʣʝʪʮʘ-ʂʦ, ʆˇʜʝʥʘ-ʉʘʫʥʜʝʨʩʘ, ʉʽʥʴʡʦʨʽʥʽ, ʄʝʨʥʘˇʘʥʘ ʪʘ ʽʥʰʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʠʩʪʝʤʫ 

ʽʥʚʘʨʽʘʥʪʽʚ ,  1,3kI k= , ʬʫʥʢʮʽʶ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʜʦʩʪʘʪʥʴʦ ʟʘʛʘʣʴʥʽʡ 

ʬʦʨʤʽ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 1 2

,

( 3) ( 3)i j

ij

i j

c I IF= - -ä . (2.24) 

ʗʢʱʦ ʚ (2.24) ʦʙʤʝʞʠʪʠʩʴ ʜʚʦʤʘ ʯʣʝʥʘʤʠ, ʦʪʨʠʤʘʻʤʦ ʧʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʄʫʥʽ-ʈʽʚʣʽʥʘ [179]; ʷʢʱʦ ʞ ʟʘʣʠʰʠʪʠ ʦʜʠʥ ʯʣʝʥ ʦʪʨʠʤʘʻʤʦ ʧʨʫʞʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ 

 10 1( 3)C IF= -, 10 12W c A=  (2.25) 

 ʇʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ ʫ ʬʦʨʤʽ (2.25) ʦʧʠʩʫʻ ʪʘʢ ʟʚʘʥʠʡ ʤʘʪʝʨʽʘʣ 

ʥʝʦʛʫʢʽʚʩʴʢʦʛʦ ʪʠʧʫ [174, 220]. ʇʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʝʣʘʩʪʦʤʝʨʽʚ, ʷʢ ʚʫʣʢʘʥʽʟʦʚʘʥʠʡ ʩʽʨʢʦʶ ʢʘʫʯʫʢ ʪʘ 

ʥʘʧʦʚʥʝʥʽ ʝʪʠʣʝʥ-ʧʨʦʧʠʣʝʥʦʚʽ ʢʘʫʯʫʢʠ; ʪʝʨʤʦʧʣʘʩʪʠ; ʧʦʣʽʫʨʝʪʘʥʠ; ʩʠʣʽʢʦʥʠ 

ʪʘ ʽʥʰʽ. ɽʣʘʩʪʦʤʝʨʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʽ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥʘʭ. 

 ɼʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʬʫʥʢʮʽʾ F ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʪʘʢʦʞ 

ʽʥʰʫ ʩʠʩʪʝʤʫ ʽʥʚʘʨʽʘʥʪʽʚ: 
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 1 1 2 3 1 2 3( 1) ( 1) ( 1)s l l l d d d= - + - + - ¹ + +,  

 1 1 2 3 1 2 3( 1) ( 1) ( 1)s l l l d d d= - + - + - ¹ + +, (2.26) 

 1 1 2 3 1 2 3( 1) ( 1) ( 1)s l l l d d d= - + - + - ¹ + +,  

ʜʝ nl ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʜʦʚʞʝʥʥʷ ʚʟʜʦʚʞ ʣʽʥʽʾ nx ; 1n nd l= -  ï ʚʽʜʥʦʩʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʜʦʚʞʝʥʥʷ (ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʢʦʦʨʜʠʥʘʪʥʽ ʣʽʥʽʾ nx  ʩʧʽʚʧʘʜʘʶʪʴ ʟ 

ʛʦʣʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʪʝʥʟʦʨʫ ʜʝʬʦʨʤʘʮʽʾ ɻʨʽʥʘ): 

 1 2 3

, ,

i j k

ijk

i j k

c s s sF=ä , ijkc const= . (2.27) 

 ʅʘʡʧʨʦʩʪʽʰʠʤ ʟ ʪʘʢʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʻ ʧʦʪʝʥʮʽʘʣ ɹʘʨʪʝʥʻʚʘ ï ʍʘʟʘʥʦʚʠʯʘ 

[2] ʜʣʷ ʥʝʩʪʠʩʣʠʚʦʛʦ ʪʽʣʘ, ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ 

 12 smF= . (2.28) 

ʗʢʱʦ ʚ (2.27) ʦʙʤʝʞʠʪʠʩʴ ʢʚʘʜʨʘʪʠʯʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ, ʦʪʨʠʤʘʻʤʦ 

ʥʘʩʪʫʧʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʩʪʠʩʣʠʚʦʛʦ ʪʽʣʘ: 

 
2

1 2

1

2
s sl mF= + . (2.29) 

ʇʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʩʪʠʩʣʠʚʦʛʦ ʽʟʦʪʨʦʧʥʦʛʦ ʪʽʣʘ ʫ ʚʠʛʣʷʜʽ (2.29) ʚʧʝʨʰʝ 

ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʨʦʙʦʪʽ [155] ʽ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʪʠʧʫ. ʄʘʪʝʨʽʘʣ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʮʠʤ ʧʦʪʝʥʮʽʘʣʦʤ, ʚʽʜʦʤʠʡ ʷʢ çʥʘʧʽʚʣʽʥʽʡʥʠʡ 

ʤʘʪʝʨʽʘʣè ʘʙʦ çʤʘʪʝʨʽʘʣ ɼʞʦʥʘè. 

 ʗʢʱʦ ʞ ʢʚʘʜʨʘʪʠʯʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʦʙʤʝʞʠʪʠʩʴ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʜʣʷ 

ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (2.23), ʪʦ ʦʪʨʠʤʘʻʤʦ ʢʚʘʜʨʘʪʠʯʥʠʡ ʧʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ 

 
2

1 2

1

2
ɸ ɸl mF= + . (2.30) 

ʃʝʛʢʦ ʧʝʨʝʚʽʨʠʪʠ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʤʘʣʠʭ ʜʦʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʧʨʫʞʥʽ ʧʦʪʝʥʮʽʘʣʠ ʊʨʝʣʦʘʨʘ (2.25), ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ (2.28), ʧʦʪʝʥʮʽʘʣ 
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ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (2.29) ʽ ʢʚʘʜʨʘʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ (2.30) ʧʝʨʝʭʦʜʷʪʴ ʫ 

ʚʽʜʧʦʚʽʜʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʣʘʩʠʯʥʦʾ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ, ʘ ʩʪʘʣʽ l ʪʘ m ʧʨʠ ʮʴʦʤʫ, ʧʝʨʝʭʦʜʷʪʴ ʫ ʚʽʜʧʦʚʽʜʥʽ ʧʘʨʘʤʝʪʨʠ 

ʃʷʤʝ. 

 

ɺʨʘʭʦʚʫʶʯʠ (2.8), (2.12), (2.15), ʧʽʩʣʷ ʧʦʩʣʽʜʦʚʥʦʾ ʣʽʥʝʘʨʠʟʘʮʽʾ 

ʧʨʠʭʦʜʠʤʦ ʜʦ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʫʞʥʦʩʪʽ. ɼʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ: 
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, (2.31) 

ʜʝ ʩʢʣʘʜʦʚʽ ʪʝʥʟʦʨʘ ʯʝʪʚʝʨʪʦʛʦ ʨʘʥʛʫ w ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 
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, (2.32) 

 
0 0 0

11 33( ,..., )e eF =F .  

ɼʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʤʘʻʤʦ: 

 æ ij
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t q p
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µ
, (2.33) 

ʜʝ ʩʢʣʘʜʦʚʽ ʪʝʥʟʦʨʽʚ w ʪʘ q  ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢ: 
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.  

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʫʞʥʦʩʪʽ (2.31) ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ ʽ (2.33) ʜʣʷ 

ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʨʘʟʦʤ ʽʟ ʨʽʚʥʷʥʥʷʤʠ ʨʽʚʥʦʚʘʛʠ (2.9) ʪʘ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

(2.10), (2.11) ʟʘʤʠʢʘʶʪʴ ʟʘʛʘʣʴʥʫ ʧʦʩʪʘʥʦʚʢʫ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ ʚ ʤʝʞʘʭ 

ʪʨʠʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ. 

2.3 ʃʽʥʝʘʨʠʟʦʚʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʟʘʛʘʣʴʥʽ ʨʦʟʚôʷʟʢʠ ʧʨʠ 

ʦʜʥʦʨʽʜʥʦʤʫ ʜʦʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʫ ʚʠʧʘʜʢʫ 

ʨʝʘʣʽʟʘʮʽʾ ʚ ʪʽʣʽ ʦʜʥʦʨʽʜʥʦʛʦ ʜʦʢʨʠʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ: 

ʚʠʨʘʟʠ ʜʣʷ ʪʝʥʟʦʨʫ ʜʝʬʦʨʤʘʮʽʡ ɻʨʽʥʘ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ ʧʝʨʝʤʽʱʝʥʥʷʭ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʽ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʽ ʟʘʛʘʣʴʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʾʭ ʨʦʟʚôʷʟʢʽʚ, ʧʦʙʫʜʦʚʘʥʽ ʦʧʝʨʘʪʦʨʥʠʤ ʤʝʪʦʜʦʤ. 

ʆʜʥʦʨʽʜʥʠʡ ʜʦʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʦʜʥʦʨʽʜʥʠʭ ʪʽʣʘʭ ʧʨʠ 

ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʪʨʽʱʠʥ ʚ ʨʘʤʢʘʭ ʪʦʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʘʜʘʯ [18, 19, 21, 110, 115, 116, 124]. 

 ɹʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʘʛʨʘʥʞʝʚʽ ʢʦʦʨʜʠʥʘʪʠ 
j

jx x¹ , 1,3j = , ʷʢʽ ʚ 

ʧʨʠʨʦʜʥʦʤʫ ʩʪʘʥʽ ʟʙʽʛʘʶʪʴʩʷ ʟ ʜʝʢʘʨʪʦʚʠʤʠ. ʆʜʥʦʨʽʜʥʠʡ ʜʦʢʨʠʪʠʯʥʠʡ ʩʪʘʥ 

ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ ʜʣʷ ʧʝʨʝʤʽʱʝʥʴ [12, 21, 113] 

 
0 ( 1) ;  m im i i iu x constd l l= - = , (2.35) 

ʜʝ il ï ʢʦʝʬʽʮʽʻʥʪʠ ʫʢʦʨʦʯʝʥʴ ʚʟʜʦʚʞ ʢʦʦʨʜʠʥʘʪʥʦʾ ʦʩʽ ix. ʅʝʜʝʬʦʨʤʦʚʘʥʦʤʫ 

ʩʪʘʥʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷ 1,  1,3i il= = . 
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ʅʘʧʨʫʞʝʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ (2.35), ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʫʞʥʦʩʪʽ (2.31) ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʘʙʦ (2.33) ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. 

ɼʣʷ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʤʝʞʘʭ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʮʝʡ ʩʪʘʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʪʦʙʪʦ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʴ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʥʟʦʨʽʚ ʯʝʪʚʝʨʪʦʛʦ ʨʘʥʛʫ ɤ ʘʙʦ æ, ʦʜʝʨʞʘʥʠʭ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.35). 

ʂʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʽʡ ɻʨʽʥʘ 
0e  ʧʦʚôʷʟʘʥʽ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʫʢʦʨʦʯʝʥʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 
0 22 ( 1)ij ij je d l= -. (2.36) 

ɿʚ'ʷʟʦʢ ʤʽʞ ʪʝʥʟʦʨʘʤʠ ʥʘʧʨʫʞʝʥʴ t  ʪʘ S ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.12), (2.35) 

ʧʨʠʡʤʝ ʚʠʛʣʷʜ 

 0

jij in

ij j

n
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t S S

x
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µ
= +

µ
 (2.37) 

(ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʧʦ ʽʥʜʝʢʩʫ j  ʚ (2.37) ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ). 

ʂʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʟʙʫʨʝʥʴ ʜʝʬʦʨʤʘʮʽʡ e ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.8), (2.35) 

 2
j i

ij j i

i j

u u

x x
e l l

µ µ
= +
µ µ

 (2.38) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ (2.31) ʫ ʚʠʧʘʜʢʫ (2.35) 

ʟʘʧʠʰʫʪʴʩʷ ʪʘʢ 

 ij ij
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x

a
ab
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w
µ
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,  

 0(1 )( )ij j ij i ij i j i j ij i jA Sab a ab b a b b a b a bbw l l d d d d d d d m d dè ø= + - + +ê ú . (2.39) 



 

70 

 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ (2.33) ʫ ʚʠʧʘʜʢʫ (2.35) 

ʤʘʶʪʴ ʚʠʛʣʷʜ 

 æ ij

ij ij

u
t q p

x

a
ab

b

µ
= +

µ
  

 0æ (1 )( )ij j ij i ij i j i j ij i jA Sab a ab b a b b a b a bbl l d d d d d d d m d dè ø= + - + +ê ú , (2.40) 

 
1,  ij

ij j j jq q qd l-= = .  

ɺʝʣʠʯʠʥʠ ,  i ijAb m, ʱʦ ʬʽʛʫʨʫʶʪʴ ʚ (2.39), (2.40), ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʜʦʤ 

ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽ ʻ ʬʫʥʢʮʽʷʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫʢʦʨʦʯʝʥʥʷ 1,  1,3i il= = . 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ ʥʘʧʨʫʞʝʥʥʷʭ (2.9), 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʫʞʥʦʩʪʽ (2.39), (2.40), ʘ ʪʘʢʦʞ ʬʦʨʤʫʣʫ (2.37), ʦʜʝʨʞʫʻʤʦ 

ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ ʧʝʨʝʤʽʱʝʥʥʷʭ: 

ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ 

 0mL ua a= ,  
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m im
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 ( , , , 1,4m ia b= ); (2.41) 

ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ 

 0mN ua a= ,  
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 (2.42) 

 ( 4u p¹ , , 1,4ma= , , 1,3i b= ).  

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʩʪʦʨʦʚʦʾ ʟʘʜʘʯʽ ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʨʽʚʥʷʥʥʷ 

ʨʽʚʥʦʚʘʛʠ (2.41), (2.42) ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ 

ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ. ɺ ʩʠʣʫ ʪʦʛʦ, ʱʦ ʦʜʥʦʨʽʜʥʠʡ ʜʦʢʨʠʪʠʯʥʠʡ ʩʪʘʥ (2.35) ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʦʨʜʠʥʘʪ, ʢʦʝʬʽʮʽʻʥʪʠ ʫʢʘʟʘʥʠʭ ʩʠʩʪʝʤ ʻ ʩʪʘʣʠʤʠ. 
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ɺʽʜʧʦʚʜʥʦ ʜʦ ʦʧʝʨʘʪʦʨʥʦʛʦ ʤʝʪʦʜʫ ʧʦʙʫʜʦʚʠ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ 

ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ (2.41), (2.42) ʤʦʞʥʘ ʧʦʜʘʪʠ 

ʫ ʚʠʛʣʷʜʽ ʦʜʥʽʻʾ ʟ ʥʘʩʪʫʧʥʠʭ ʬʦʨʤʫʣ (ʘʙʦ ʾʭ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ): 

 ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ 

 
( ) ( )(det )

( )

j jrs

i

ji

L
u

L

è øµ
= Fé ù

µé ùê ú

,  

 
( )det 0j

rsLè øF =ê ú  ( 1,3j = ) (2.43) 

 ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ 

 ( ) ( )(det )

( )

m mrs

m

N
u

N
a

a

è øµ
= Fé ù

µê ú
,  

 
( )det 0m

rsNè øF =ê ú  ( 1,4m= ). (2.44) 

ɼʣʷ ʯʘʩʪʠʥʥʦʛʦ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʛʦ ʜʦʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ (2.35) 

ʤʦʞʣʠʚʝ ʧʦʜʘʣʴʰʝ ʩʧʨʦʱʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʴ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ 

ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ. ʋ ʚʠʧʘʜʢʫ ʦʜʥʦʚʽʩʥʦʛʦ ʩʪʠʩʢʫ ʚ ʤʝʞʘʭ 

ʧʨʦʩʪʦʨʦʚʦʾ ʟʘʜʘʯʽ ʫʢʘʟʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʥʢʨʝʪʠʟʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚ 

ʤʦʥʦʛʨʘʬʽʾ [113]. ɺʠʧʘʜʦʢ ʟʘʜʘʯʽ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʧʘʨʘʛʨʘʬʽ. 

2.4 ʇʣʦʩʢʽ ʟʘʜʘʯʽ 

ʋ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʜʘʻʪʴʩʷ ʧʦʜʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ 

ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʧʨʠ ʦʜʥʦʚʽʩʥʦʤʫ ʩʪʠʩʢʫ ʚ ʫʤʦʚʘʭ ʧʣʦʩʢʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʥʝʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ. 

ʊʘʢʦʞ ʜʣʷ ʯʦʪʠʨʴʦʭ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʢʦʥʢʨʝʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʶʪʴʩʷ 

ʚʠʨʘʟʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʥʟʦʨʽʚ ɤ ʪʘ æ. 
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ʇʨʠʧʫʩʢʘʪʠʤʝʤʦ, ʱʦ ʜʝʬʝʢʪʠ ʚ ʤʘʪʝʨʽʘʣʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʣʦʱʠʥʘʭ 

2x const= . ɺ ʮʴʦʤʫ ʨʘʟʽ [12, 21, 113] 
0

22 0S =  (ʥʘʜʘʣʽ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʝʟʙʫʨʝʥʦʤʫ ʩʪʘʥʫ, ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʫ ʣʽʪʝʨʫ s). ʈʝʘʣʽʟʦʚʘʥʠʡ ʧʨʠ ʦʜʥʦʚʽʩʥʦʤʫ 

ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʦʩʽ 1x  ʜʦʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʻ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʤ ʦʜʥʦʨʽʜʥʠʤ ʽ 

ʜʣʷ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ [12, 21, 113] 

 
0 0 0 0

22 11 33,  0,  0,  0ii consts s s s= = ¸ ;̧  

 ( )0 1m im i iu xd l= - ; (2.45) 

3,  1i constl l= = ( 1,3i = ), 

ʜʝ il ï ʢʦʝʬʽʮʽʻʥʪʠ ʫʢʦʨʦʯʝʥʥʷ ʚʟʜʦʚʞ ʦʩʝʡ, 1 1l< . 

ɼʣʷ ʟʙʫʨʝʥʴ ʧʝʨʝʤʽʱʝʥʴ ʪʘʢʦʞ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʫ ʧʣʦʱʠʥʽ 1 2x Ox  

 1 1 1 2 2 2 1 2 3( , ),  ( , ),  0u u x x u u x x u= = ¹. (2.46) 

ʅʠʞʯʝ ʦʢʨʝʤʦ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʽ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʜʘʻʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ï ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʴ u  ʽ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ t ï ʧʨʠ ʜʦʢʨʠʪʠʯʥʠʭ ʩʪʘʥʘʭ (2.45) 

ʽ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ (2.45). 

2.4.1 ɿʘʛʘʣʴʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ 

ɼʣʷ ʩʪʠʩʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ (2.45), (2.46) ʟʘʛʘʣʴʥʽ 

ʨʦʟʚôʷʟʢʠ ʫ ʧʝʨʝʤʽʱʝʥʥʷʭ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʘʥʽ ʫ ʚʠʛʣʷʜʽ 
 
[12, 21, 113] 

 
2 2 2

1111 2112
1 2 2 2

1 2 1122 1212 1 1111 2

,  u u
x x x x

w w
c c

w w w

å õµ µ µ
=- = +æ ö
µ µ + µ µç ÷

, (2.47) 

ʜʝ ʬʫʥʢʮʽʷ c ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ 
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2 2 2 2

1 22 2 2 2

1 2 1 2

0p pn n
x x x x

c
å õå õµ µ µ µ

+ + =æ öæ ö
µ µ µ µç ÷ç ÷

. (2.48) 

ʂʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ w, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʚʠʟʥʘʯʘʣʴʥʠʭ 

ʨʚ̔ʥʷʥʴ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʙʦʨʦʤ ʤʦʜʝʣʽ ʤʘʪʝʨʽʘʣʫ (ʜʠʚ. (2.39)). ɺʝʣʠʯʠʥʠ 1n , 

2n  ï ʢʦʨʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

[12, 21, 113] 

 ( )
1/2

2 1 1

1,2 2222 2112 1111 1221 ,n c c w w w w- -= ° -   

 
( )

2

1122 12122222 2112

1221 1111 1111 1221

2c
w ww w

w w w w

+
= + - . (2.49) 

ɺʠʨʘʟʠ ʜʣʷ ʩʢʣʘʜʦʚʠʭ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ ʧʦʜʘʶʪʴʩʷ ʯʝʨʝʟ ʧʦʭʽʜʥʽ ʚʽʜ 

ʧʝʨʝʤʽʱʝʥʴ ʫ ʚʠʛʣʷʜ ̔

 1 2
11 1111 1122

1 2

u u
t

x x
w w
µ µ

= +
µ µ

,  

 1 2
12 1212 1221

2 1

u u
t

x x
w w

µ µ
= +

µ µ
,  

 1 2
21 2112 2121

2 1

u u
t

x x
w w

µ µ
= +

µ µ
, (2.50) 

 1 2
22 2211 2222

1 2

u u
t

x x
w w

µ µ
= +

µ µ
.  

ʇʦʜʘʣʴʰʽ ʩʧʨʦʱʝʥʥʷ ʚʠʜʫ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʾ c, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʫ (2.48), ʫ ʚʠʛʣʷʜʽ ʢʦʤʙʽʥʘʮʽʾ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɺʠʛʣʷʜ ʪʘʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʬʫʥʢʮʽʾ c ʩ̔ʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʴʦʛʦ, ʨʽʚʥʠʤʠ ʯʠ ʥʽ ̒ ʢʦʨʝʥʽ 1n  ʪʘ 2n  

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.49). 
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ʈʽʚʥʽ ʢʦʨʝʥʽ ( 1 2n n= ). 

ʌʫʥʢʮʽʷ c ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ ʫ ʚʠʛʣʷʜʽ 

 2 2 3xc c c= + , (2.51) 

ʧʨʠʯʦʤʫ ʬʫʥʢʮʽʾ 2c, 3c ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ 

 
2 2

1 2 32 2

1 2

, 0n
x x

c c
å õµ µ

+ =æ ö
µ µç ÷

. (2.52) 

ʇʨʠ ʮʴʦʤʫ ʬʫʥʢʮʽʷ c, ʷʢ ʣʝʛʢʦ ʧʝʨʝʚʽʨʠʪʠ, ʻ ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ (2.48).  

ɼʘʣʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘʤʽʥ ʬʫʥʢʮʽʡ 

 2
1 3 2

2

,  
x

c
j c j

µ
=- =-

µ
,  

 2
1 2

1 1

( ),  ,  F
z z

j j
j j j

µ µ
=- + =- F=

µ µ
 (2.53) 

ʨʘʟʦʤ ʽʟ ʟʘʤʽʥʦʶ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ 

 ( )
1/2

1 1 2z n x
-

=  (2.54) 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʰʫʢʘʥʦʾ ʬʦʨʤʠ ʧʦʜʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʟʘʤʽʥʠ, ʦʩʪʘʪʦʯʥʦ ʦʪʨʠʤʫʻʤʦ [12, 21, 113, 185] 
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, (2.55) 

 ( )
2

22 44 1 1 2 2 1 1 1 1 1 2

1 1 1

F F
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è øµ µF µ
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ʊʫʪ 

 ( )( )
1 1

1 1111 1122 1212 1 2112 1111m nw w w w w
- -= + - , 

1

1 2112 2121 1d mw w-= + ,  

 
1

2 2112 2121 22 1d mw w-= + -, ( )( )( )
1 1

1

1 1 2211 1 2222 1 2 1212l n m n dw w w
- -

-= - + , (2.56) 

 ( ) ( )( )
1 1

1

2 1 2211 1 2 2222 1 2 12121l n m m n dw w w
- -

-è ø= - + + -
ê ú , 44 1212c w= .  

ʇʦʪʝʥʮʽʘʣʴʥʽ ʬʫʥʢʮʽʾ F , j, Fʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ ʚ ʟʤʽʥʥʠʭ 1x ,

1z : 

 
2 2

2 2

1 1

, , 0F
x z

j
å õµ µ

+ F=æ ö
µ µç ÷

. (2.57) 

ʅʝʨʽʚʥʽ ʢʦʨʝʥʽ ( 1 2n ņ ). 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʾ c ʫ ʚʠʛʣʷʜʽ 

 2 3c c c= + ,  
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1 2
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x x

c
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+ =æ ö
µ µç ÷

, 
2 2

2 32 2

1 2

0n
x x
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å õµ µ

+ =æ ö
µ µç ÷

, (2.58) 

ʟʘʤʽʥʠ ʬʫʥʢʮʽʡ 

 2 3
1 2

2 2

,  
x x

c c
j j

µ µ
=- =-

µ µ
 (2.59) 

ʪʘ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ 2x  

 ( )
1/2

2,  1,2i iz n x i
-

= = , (2.60) 

ʧʨʠʭʦʜʠʤʦ [12, 21, 113, 185] ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʴ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʫ ʬʦʨʤʽ 

 ( )1 1 2

1

u
x
j j

µ
= +
µ

,  
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 ( ) ( )
1/2 1/2

1 2
2 1 1 2 2
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u m n m n
z z
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= +

µ µ
;  
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t c d l d l
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,  
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1 1 2

t c d n d n
x z z

j j- -è øµ µ µ
= +é ù
µ µ µê ú

; (2.61) 

ʜʝ 

 44 1212c w= ; 
1

2112 1212j jd mw w-= + , ( )( )
1

1111 2112 1122 1212j jm nw w w w
-

= - + ,  

 ( )( ) ( )
1 1

1

1 2222 2211 1212j j j jl m n d nw w w
- -

-= -  ( 1,2j = ). (2.62) 

ʇʦʪʝʥʮʽʘʣʠ 1j, 2j  ʻ ʛʘʨʤʦʥʽʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʩʚʦʾʭ ʟʤʽʥʥʠʭ 

 
2 2

2 2

1 1

0,  1,2i i
x z

j
å õµ µ

+ = =æ ö
µ µç ÷

. (2.63) 

2.4.2 ɿʘʛʘʣʴʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ 

ɼʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʛʘʣʴʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ 

ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʤʦʞʥʘ ʧʦʜʘʪʠ ʪʘʢ [12, 21, 113, 185]: 

 
2

1

1 11

1 2

u q
x x

c- µ=
µ µ

,  

 
2

1

2 22 2

1

u q
x

c-µ=-
µ

,  

 ( ) 2

1

1111 11 22 1212 1122 211

2 2
2

11

1 2 2

2 2
æ æ æ æp

x x
q qq

x
c- -ë ûµ µ µ

è ø=- +ì üê úµ µí ý
- +

µ
;  

 1 2
11 1111 1122 11

1 2

æ æ
u u

t q p
x x

µ µ
= + +

µ µ
, (2.64) 
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 1 2
12 1212 1221

2 1

æ æ
u u

t
x x

µ µ
= +

µ µ
,  

 1 2
21 2112 2121

2 1

æ æ
u u

t
x x

µ µ
= +

µ µ
,  

 1 2
22 2211 2222 22

1 2

æ æ
u u

t q p
x x

µ µ
= + +

µ µ
,  

ʬʫʥʢʮʽʷ c ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ (2.48), ʘ ʢʦʨʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

 ( )
1/2

2 2 2 1

1,2 22 11 2112 1221æ ,æn c c q q- -= ° -   

 ( )2 2 1

1221 2222 11 22 1111 11 22 1122 1212æ æ æ 2 æ æ2  q q q qc - -= + - + . (2.65) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʮʝʜʫʨʫ, ʘʥʘʣʦʛʽʯʥʫ ʚʠʢʣʘʜʝʥʽʡ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʧʫʥʢʪʽ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ, ʦʪʨʠʤʫʻʤʦ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʧʦʜʘʥʥʷ ʫ ʚʠʛʣʷʜʽ 

(2.55) ʜʣʷ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ (1 2n n= ) ʽ ʫ ʚʠʛʣʷʜʽ (2.61) ʜʣʷ ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ (

1 2n ņ ). 

ʇʨʠ ʮʴʦʤʫ ʫ ʨʘʟʽ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ [12, 21, 113, 185] 

 
1

1 11 22 1 m q q n-= , 2 1m = ,  

 ( ) ( )1 1

2222 1 11 22 1111 1212 1122 1

1

1 221 1 12112æ æ æ 2æ æl q nn q qm q-
-

-è ø= ³
ê ú

+ - - -   

 ( )1 1

2112 2121 1 121

1

2æ æ æm- -
-

³ + , (2.66) 

 ( ) ( )1 1

2222 1 11 22 1111 1212 1122 1

1

1 222 1 12112æ æ æ 2æ 3 æl q nn q qm q-
-

-è ø= ³
ê ú

+ - - -   

 ( )1 1

2112 1212 2 1212

1

æ æ 1 æ2 m- -
-

+ -³ ,  

ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ 

 
1

11 22 i im q q n-= ;  
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 ( ) ( )1 1

2222 1 11 22 1111 1122 1212 11 22 21

1

1 12æ æ 2æ æ æi il q nn q qm q-
-

-è ø= ³
ê ú

+ - - -  (2.67) 

 ( )( )
1

1 1

2112 1212 1212

1

æ æ æi im n
- -

- -+³  ( 1,2i = ),  

ʘ ʱʦʜʦ ʚʝʣʠʯʠʥ 44ʩ , jd , 1,2j = , ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ w ʟʘʤʽʥʶʶʪʴʩʷ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ æ.  

ʂʦʥʢʨʝʪʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ ʮʠʭ ʪʝʥʟʦʨʽʚ ʫ ʚʠʧʘʜʢʫ 

ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʨʦʙʦʪʽ, ʜʘʶʪʴʩʷ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʧʽʜʧʫʥʢʪʽ. 

2.4.3 ʏʦʪʠʨʠ ʤʦʜʝʣʽ ʽʟʦʪʨʦʧʥʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʪʽʣ 

ɹʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʣʠʰʝ ʦʜʥʦʨʽʜʥʽ ʽʟʦʪʨʦʧʥʽ ʛʽʧʝʨʧʨʫʞʥʽ ʤʘʪʝʨʽʘʣʠ. 

ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʽʚ w ʪʘ æ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʥʘ ʧʦʭʽʜʥʠʤʠ ʚʽʜ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʘ 

ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ, ʫ ʨʘʟʽ ʨʝʘʣʽʟʘʮʽʾ ʦʜʥʦʨʽʜʥʦʛʦ ʜʦʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʫ ʚʠʧʘʜʢʫ 

ʧʣʦʩʢʦʾ ʟʘʜʘʯʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ ï ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʜʦʚʞʝʥʥʷ 1l ʽ 

2l ( 3 1l=  ʧʨʠ ʦʜʥʦʚʽʩʥʦʤʫ ʩʪʠʩʢʫ). ʋʢʘʟʘʥʽ ʧʘʨʘʤʝʪʨʠ ʥʝ ʻ ʥʝʟʘʣʝʞʥʠʤʠ, ʘ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʠʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʦ  ʁ
0

22 0s = . ʊʦʤʫ ʥʘʜʘʣʽ ʙʫʜʝʤʦ 

ʚʚʘʞʘʪʠ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ ʟʘʟʥʘʯʝʥʠʭ ʪʝʥʟʦʨʽʚ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʽ ʟʘʛʘʣʴʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʾʭ ʨʦʟʚôʷʟʢʽʚ ʻ 

ʬʫʥʢʮʽʷʤʠ ʧʘʨʘʤʝʪʨʫ 1l. 

ʅʘʧ̔ʚʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʤʝʞʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʽ ʷʢʠʡ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʛʘʣʴʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ 

ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ ʧʨʦ ʩʪʽʡʢʽʩʪʴ 

ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ, ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʨʦʟʚôʷʟʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʩʪʠʩʣʠʚʽ 

ʘʙʦ ʥʝʩʪʠʩʣʠʚʽ ʢʦʤʧʦʥʝʥʪʠ ʪʽʣʘ. 
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ʃʠʰʝ ʥʘ ʝʪʘʧʽ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʠʡ ʻ 

ʬʽʥʘʣʴʥʠʤ ʝʪʘʧʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʢʨʝʪʠʟʘʮʽʷ 

ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʥʟʦʨʽʚ w ʯʠ æ. 

ɹʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʦʪʠʨʠ ʚʠʜʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʨʽʟʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʡ ʛʘʨʤʦʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ [155, 170] (ʤʘʪʝʨʽʘʣ 

ɼʞʦʥʘ; ʨʽʚʥʽ ʢʦʨʝʥ)̔ ʽ ʢʚʘʜʨʘʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ [113] (ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʩʧʨʦʱʝʥʥʷʤʠ ʜʣʷ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʽʡ; ʥʝʨʽʚʥʽ ʢʦʨʝʥʽ) ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ, ʘ 

ʪʘʢʦʞ ʧʦʪʝʥʮʽʘʣ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ [2] (ʨʽʚʥʽ ʢʦʨʝʥʽ) ʽ ʧʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ 

[220] (ʥʝʦʛʫʢʽʚʩʴʢʠʡ ʤʘʪʝʨʽʘʣ; ʥʝʨʽʚʥʽ ʢʦʨʝʥʽ ) ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. 

ɼʚʦʢʦʥʩʪʘʥʪʥʽ ʛʘʨʤʦʥʽʯʥʠʡ ʽ ʢʚʘʜʨʘʪʠʯʥʠʡ ʧʨʫʞʥʽ ʧʦʪʝʥʮʽʘʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʚʦʤʘ ʩʪʘʣʠʤʠ m ʽ n, ʚ ʪʦʡ ʯʘʩ ʷʢ ʦʜʥʦʢʦʥʩʪʘʥʪʥʽ 

ʧʦʪʝʥʮʽʘʣʠ ɹʘʨʪʝʥʻʚʘ-ʍʘʟʘʥʦʚʠʯʘ ʽ ʊʨʝʣʦʘʨʘ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʦʜʥʽʻʶ 

ʧʨʫʞʥʦʶ ʩʪʘʣʦʶ m. 

ʆʩʢʽʣʴʢʠ ʫ ʨʘʟʽ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʩʽ ʟʘʟʥʘʯʝʥʽ ʧʦʪʝʥʮʽʘʣʠ ʤʦʜʝʣʶʶʪʴ 

ʪʘʢʦʞ ʽ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʽ ʪʽʣʘ, ʘ ʩʪʘʣʽ m ʽ n ʧʝʨʝʭʦʜʷʪʴ, ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʦʜʫʣʽ 

ʞʦʨʩʪʢʦʩʪʽ ʽ ʢʦʝʬʽʮʽʻʥʪʠ ʇʫʘʩʩʦʥʘ ʢʣʘʩʠʯʥʦʾ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, 

ʜʦʤʦʚʠʤʦʩʷ ʜʘʣʽ ʥʘʟʠʚʘʪʠ ʾʭ ʤʦʜʫʣʝʤ ʞʦʨʩʪʢʦʩʪʽ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ 

ʤʘʪʝʨʽʘʣʽʚ, ʚʟʷʚʰʠ ʜʦ ʫʚʘʛʠ ʟʘʟʥʘʯʝʥʝ ʟʘʫʚʘʞʝʥʥʷ. 

ɯʥʰʽ ʧʨʫʞʥʽ ʩʪʘʣʽ (ʘʙʦ ʾʭ ʘʥʘʣʦʛʠ) ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚ 

ʩʪʘʥʜʘʨʪʥʠʡ ʩʧʦʩʽʙ: 

ʤʦʜʫʣʴ ʖʥʛʘ: 

 2  (1 )E m n= + ; (2.68) 

ʧʝʨʰʠʡ ʧʘʨʘʤʝʪʨ ʃʷʤʝ:  
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 2
1 2

n
l m

n
=

-
  (2.69) 

(ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ (2.68) ʩʣʽʜ ʧʦʢʣʘʩʪʠ 0.5n= ). 

ʅʘʩʘʤʢʽʥʝʮʴ ʥʘʚʝʜʝʤʦ ʚʠʨʘʟʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʥʟʦʨʽʚ 

ʜʣʷ ʦʟʥʘʯʝʥʠʭ ʤʦʜʝʣʝʡ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʨʘʟʦʤ ʽʟ ʚʠʨʘʟʘʤʠ ʜʣʷ ʢʦʨʝʥʽʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʫʢʦʨʦʯʝʥʥʷ 2l ʪʘ ʜʦʢʨʠʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʢʫ 
0

11s . 

 

ʇʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ: 

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

2 11 1 1l n n l
-

-= - - , 
0 1

11 1 2 12  ( )( )s m l l l-= - ;  

 ( )1111 2222 2 1 2 2w w nm n m= = - +, ( )1122 2211 2 1 2w w nm n= = - , (2.70) 

 ( )1212 2121 2 1 22w w ml l l= = + , ( )2112 1221 1 1 22w w ml l l= = + .  

ʂʚʘʜʨʘʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ (ʤʘʣʽ ʜʝʬʦʨʤʘʮʽʾ): 

1
1

11
0

1
2

n
l m

s-= +
+

, 1
1

0
2 11n

m

s- = + , ( )12 1 1
2v

l
l

l
l
-= -
+

,  

 
0

11 1

4 ( )
( 1)

2

m l m
s l

l m

+
= -

+
;  

 
0

1111 112w l m s= + +, 2222 2w l m= + , 1122 2211w w l= =, (2.71) 

 1212 2121w w m= = , 
0

2112 1221 11w w m s= = + .  

ʇʦʪʝʥʮʽʘʣ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ: 

 
2

1 2 1n n l= = , 
1

2 1l l-= , 
0 2

11 1 2 12 ( )( )s m l l l-= - ;  

 
2

1111 1 2æ 2ml l-= , 
1

2222 2æ 2ml-= ,  

 1122 2211æ æ 0= =, ( )
1

2112 1221 1 2æ æ 2m l l
-

= = + , (2.72) 
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 ( )
11

2121 1212 1 2 1 2æ æ 2  m l l l l
--= = + .  

ʇʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ: 

 1 1n = , 
2 2

2 1 2n l l-= , 
1

2 1l l-= , 
0 2

11 10 12 (1 )Cs l-= - , 102Cm= ;  

 ( )2

1111 10 1 2æ 2 1ʉ l l-= + , 2222 10æ 4ʉ= ,  

 1122 2211æ æ 0= =, 1221 2112 10æ æ 2ʉ= = , (2.73) 

2

2121 1212 10 1 2æ æ 2ʉl l-= = . 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʨʦʟʜʽʣʫ 

ɺ ʨʦʟʜʽʣʽ ʚʠʢʣʘʜʝʥʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʣʽʥʝʘʨʠʟʦʚʘʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʦʜʝʨʞʘʥʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʽʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ 

ʣʽʥʝʘʨʠʟʘʮʽʾ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʫ ʧ. 2.1.  

ɹʘʟʫʶʯʠʩʴ ʥʘ ʫʢʘʟʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʧʦʙʫʜʦʚʘʥʘ ʧʦʩʪʘʥʦʚʢʘ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʟʘʜʘʯʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʦʢʨʠʪʠʯʥʠʡ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʚ ʪʽʣʽ ʻ ʦʜʥʦʨʽʜʥʠʤ. ʋ ʨʘʟʽ, ʢʦʣʠ ʮʝʡ ʩʪʘʥ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʽ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ 

ʜʘʶʪʴʩʷ ʟʘʛʘʣʴʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ 

ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ. 

ʆʢʨʝʤʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʧʦʙʫʜʦʚʽ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʽʟʦʪʨʦʧʥʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʚʝʜʝʥʦ ʥʝʦʙʭʽʜʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʯʦʪʠʨʠ ʢʦʥʢʨʝʪʥʽ 

ʢʦʥʩʪʠʪʫʪʠʚʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʜʽʣʘʭ ʜʠʩʝʨʪʘʮʽʾ. 
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ʈʆɿɼɯʃ 3 ʉʊʀʉʂ ʅɸʇɯɺʆɹʄɽɾɽʅʀʍ ɹɯʐɸʈʆɺʀʍ 

ʉʀʉʊɽʄ ʇʈʀ ɾʆʈʉʊʂʆʄʋ ɿôɭɼʅɸʅʅɯ ɯ 

ɻʃɸɼʂʆʄʋ ʇʈʆʂʆɺɿʋɺɸʅʅɯ ʂʆʄʇʆʅɽʅʊɯɺ 

ʎʝʡ ʨʦʟʜʽʣ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʩʪʽʡʢʦʩʪʽ 

ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʧʨʠ ʩʪʠʩʢʫ. ɹʽʰʘʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʽʟʥʠʭ ʦʜʥʦʨʽʜʥʠʭ 

ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʥʘʧʽʚʦʙʤʝʞʝʥʦʾ ʧʽʜʢʣʘʜʢʠ ʪʘ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ. 

ʉʪʠʩʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʜʦʚʞ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ 

ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʘʙʦ ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ ʪʝʨʪʷ ʦʜʥʝ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʨʤʽʥʦʣʦʛʽʾ [18, 19], ʪʘʢʽ ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ ʚʽʜʧʦʚʽʜʘʶʪʴ 

çʥʘʡʩʠʣʴʥʽʰʦʤʫè ʪʘ çʥʘʡʩʣʘʙʰʦʤʫè ʪʠʧʘʤ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ.  

 ɽʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʪʦʥʢʠʤ ʧʦʢʨʠʪʪʷʤ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʩʪʠʩʢʫ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʘ [199, 

202, 203, 204, 225] (ʛʥʫʯʢʽ ʜʘʪʯʠʢʠ, ʜʠʩʧʣʝʾ ʪʦʱʦ), ʨʦʙʦʪʦʪʝʭʥʽʢʘ [148] ʪʘ 

ʙʽʦʤʝʜʠʯʥʘ ʽʥʞʝʥʝʨʽʷ [88, 93, 168, 174, 214]. ɹʘʛʘʪʦ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

ʧʨʠʩʚʷʯʝʥʦ ʚʠʧʘʜʢʫ ʽʜʝʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʧʽʜʢʣʘʜʢʦʶ ʪʘ ʧʣʽʚʢʦʶ. 

ɺʠʧʘʜʦʢ, ʢʦʣʠ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ʙʝʟ ʪʝʨʪʷ, ʚʠʚʯʝʥʠʡ ʥʝʜʦʩʪʘʪʥʦɹ, ʭʦʯʘ ʤʘʻ ʚʘʞʣʠʚʝ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ [58, 

59, 96, 97, 103, 202, 215, 216, 223]. 

ɿ ʦʛʣʷʜʫ ʥʘ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʷʢ ʩʠʩʪʝʤʠ, ʫ 

ʷʢʠʭ ʪʦʚʩʪʘ ʧʦʜʘʪʣʠʚʘ ʧʽʜʢʣʘʜʢʘ ʚʢʨʠʪʘ ʪʦʥʢʦʶ ʞʦʨʩʪʢʽʰʦʶ ʧʣʽʚʢʦʶ, ʪʘʢ ʽ ʪʽ, 

ʜʝ ʞʦʨʩʪʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʚ̔ ʩʧʽʚʩʪʘʚʥʘ. 

 ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʦʩʫʶʪʴʩʷ ʧʝʨʰʦʛʦ ʪʠʧʫ 

ʩʠʩʪʝʤ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [166, 188]), ʦʩʢʽʣʴʢʠ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʪʘʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʽʷʭ, ʱʦ ʨʦʙʠʪʴ ʟʘʩʪʦʩʦʚʥʠʤʠ ʥʘʙʣʠʞʝʥʽ 

ʤʦʜʝʣʽ [49, 50, 82]. ʋ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤ ʽʟ ʧʦʨʽʚʥʷʥʦʶ ʞʦʨʩʪʢʽʩʪʶ ʢʦʤʧʦʥʝʥʪʽʚ 
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(ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [57, 87]) ʘʥʘʣʽʟ ʫʩʢʣʘʜʥʝʥʠʡ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʣʫʯʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʠʭ ʪʝʦʨʽʡ ʪʘ ʤʦʜʝʣʝʡ ʛʽʧʝʨʧʨʫʞʥʠʭ ʪʽʣ. 

 ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʚ ʤʝʞʘʭ ʩʪʨʦʛʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʊʃʊʉɼʊ ʚʧʝʨʰʝ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟʘʜʘʯʽ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʠʩʢ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ 

ʛʽʧʝʨʧʨʫʞʥʦʛʦ ʪʽʣʘ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʾʭ 

ʟôʻʜʥʘʥʥʷ. ɼʣʷ ʢʦʞʥʦʛʦ ʚʠʧʘʜʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʛʘʣʴʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ 

ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ (2.55), (2.61) ʛʨʘʥʠʯʥʘ ʟʘʜʘʯʘ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʚʩʽ ʯʦʪʠʨʠ ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ 

ʢʦʨʝʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ (2.49), (2.65). 

 ʆʜʝʨʞʘʥʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʨʘʥʩʮʝʥʜʝʥʪʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʪʠʩʣʠʚʠʭ 

ʽ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʽʟ ʜʦʚʽʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʯʠʩʝʣʴʥʦ. ɼʣʷ ʥʠʟʢʠ ʢʦʥʢʨʝʪʥʠʭ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ 

ʘʥʘʣʽʟʫʶʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʦʛʦ ʫʢʦʨʦʯʝʥʥʷ ʪʘ 

ʢʨʠʪʠʯʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ, 

ʘ ʪʘʢʦʞ ʯʫʪʣʠʚʽʩʪʴ ʮʠʭ ʟʥʘʯʝʥʴ ʜʦ ʩʪʨʫʢʪʫʨʠ ʾʭ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ. 

ʇʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʽʜʦʤʠʤʠ ʥʘʙʣʠʞʝʥʠʤʠ ʙʘʣʢʦʚʠʤʠ 

ʤʦʜʝʣʷʤʠ ʪʘ ʦʮʽʥʶʶʪʴʩʷ ʤʝʞʽ ʾʭ ʟʘʩʪʦʩʦʚʥʦʩʪʽ. ʋ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ 

ʊʨʝʣʦʘʨʘ ʪʘʢʦʞ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʝʣʽʥʽʡʥʦʛʦ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. ʅʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʜʘʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʯʠʩʣʦʚʠʭ ʩʠʤʫʣʷʮʽʡ. 

 ʋ ʟʘʚʝʨʰʝʥʥʽ ʨʦʟʜʽʣʫ ʨʝʟʫʣʴʪʘʪʠ ʢʨʠʪʠʯʥʦ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ 

ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʬʦʨʤʫʣʶʶʪʴʩʷ ʚʠʩʥʦʚʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʟʜʽʣʽ, ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ ʘʚʪʦʨʘ 

[36, 33, 76, 160, 161]. 
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3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ  

 ɺ ʫʤʦʚʘʭ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʨʘʤʢʘʭ ʩʪʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ʪʨʠʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ ʨʦʟʛʣʷʥʝʤʦ ʥʘʧʽʚʦʙʤʝʞʝʥʝ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʝ ʽʟʦʪʨʦʧʥʝ ʪʽʣʦ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ: 

ʥʘʧʽʚʦʙʤʝʞʝʥʦʾ ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʽʜʢʣʘʜʢʠ ç1è (2 0x ¢ ) ʽ ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʣʽʚʢʠ 

ʧʦʢʨʠʪʪʷ ç2è (20 x h¢ ¢). ɻʨʘʥʠʯʥʘ ʧʦʚʝʨʭʥʷ ʪʽʣʘ 2x h=  ʥʝʥʘʚʘʥʪʘʞʝʥʘ. ʊʘʢʝ 

ʪʽʣʦ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʙʽʰʘʨʦʤ ʘʙʦ ʙʽʰʘʨʦʚʦʶ ʩʠʩʪʝʤʦʶ. 

 ʈʦʟʛʣʷʜʘʻʤʦ ʜʚʘ ʪʠʧʠ ʟôʻʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 2 0x ¢  ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ: 

ʞʦʨʩʪʢʝ ʟôʻʜʥʘʥʥʷ (ʨʠʩ. 3.1.ʘ) ʪʘ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʙʝʟ ʪʝʨʪʷ (ʨʠʩ. 3.1.ʙ). ʇʝʨʰʠʡ 

ʪʠʧ ʟôʻʜʥʘʥʥʷ («perfectly bonded components») ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ 

ʽʜʝʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʽ ʟʘʙʝʟʧʝʯʫʻ ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʥʟʦʨʫ 

ʥʘʧʨʫʞʝʥʴ ʽ ʚʝʢʪʦʨʫ ʧʝʨʝʤʽʱʝʥʴ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ. ɼʨʫʛʠʡ ʪʠʧ («perfectly 

lubricated components») ʜʦʧʫʩʢʘʻ ʨʦʟʨʠʚ ʣʠʰʝ ʜʦʪʠʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʘ 

ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʅʘ ʨʠʩʫʥʢʘʭ ʜʨʫʛʠʡ ʪʠʧ ʟʚôʷʟʢʫ ʙʫʜʝʤʦ 

ʧʦʟʥʘʯʘʪʠ ʢʨʫʞʝʯʢʘʤʠ, ʷʢ ʮʝ ʟʨʦʙʣʝʥʦ ʥʘ ʨʠʩ. 3.1.ʙ. 

 ʅʝʭʘʡ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ ʩʪʠʩʢʘʶʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ 

1Ox  ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ 

 
0( ) 0(1) 0(2)

11 11 11,  1,2;  ʽ const is s s= = ¸  (3.1) 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ ʦʜʥʘʢʦʚʽ ʫʢʦʨʦʯʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ 1Ox  ʜʣʷ ʦʙʦʭ 

ʢʦʤʧʦʥʝʥʪʽʚ: ʧʽʜʢʣʘʜʢʠ ʪʘ ʧʣʽʚʢʠ 

 
1 2

1 1 1 constl l l= = = , 1 1l< , (3.2) 

ʜʝ 
1

1l, 
2

1l  ï ʢʦʝʬʽʮʽʻʥʪʠ ʫʢʦʨʦʯʝʥʥʷ ʧʽʜʢʣʘʜʢʠ ʪʘ ʧʣʽʚʢʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ 

ʩʪʠʩʢʘʶʯʠʤʠ ʟʫʩʠʣʣʷʤʠ 
0(1)

11s  ʪʘ 
0(2)

11s , ʚʽʜʧʦʚʽʜʥʦ. 
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(ʘ) 

 

(ʙ) 

 

(ʚ) 

ʈʠʩ. 3.1 ï ɹʽʰʘʨʦʚʘ ʩʠʩʪʝʤʘ ʧʨʠ ʩʪʠʩʢʫ: ʘ ï ʟʘ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ; ʙ ï ʟʘ ʛʣʘʜʢʦʛʦ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ; ʚ ï ʟʤʦʨʱʫʚʘʥʥʷ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ʧʨʠ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʷʭ. 
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ɺ (3.1), (3.2) ʽ ʥʘʜʘʣʽ ʚʝʨʭʥʽʤ ʽʥʜʝʢʩʦʤ ç1è (ʽʥʦʜʽ ï ʚ ʜʫʞʢʘʭ) ʧʦʟʥʘʯʝʥʽ 

ʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ, ʘ ʚʝʨʭʥʽʤ ʽʥʜʝʢʩʦʤ ç2è 

(ʽʥʦʜʽ ï ʚ ʜʫʞʢʘʭ) ï ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ç2è. ɺʝʨʭʥʽʤ ʽʥʜʝʢʩʦʤ ñ0ò, ʷʢ ʽ 

ʨʘʥʽʰʝ, ʧʦʟʥʘʯʘʶʪʴʩʷ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʦʢʨʠʪʠʯʥʦʛʦ 

(ʥʝʟʙʫʨʝʥʦʛʦ) ʩʪʘʥʫ, ʘ ʟʙʫʨʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ ʥʝ ʧʦʟʥʘʯʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤ 

ʽʥʜʝʢʩʦʤ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʢʨʠʪʠʯʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʚ ʢʦʞʥʽʡ 

ʟ ʦʙʣʘʩʪʝʡ ç1è ʽ ç2è ʻ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʤ, ʦʜʥʦʨʽʜʥʠʤ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʘʤʠ ʜʣʷ ʧʝʨʝʤʽʱʝʥʴ (ʜʠʚ. ʧʧ. 2.1, 2.4) 

 
0( )

1 1 1( 1)iu xl= - , 1,2i = . (3.3) 

 ʈʝʘʣʽʟʘʮʽʷ ʦʜʥʦʨʽʜʥʦʛʦ ʜʦʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ (3.3) ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ 

ʨʽʚʥʦʚʘʛʠ (2.55), (2.61). 

 ɺʽʜʥʦʩʥʽ ʫʢʦʨʦʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʙʽʰʘʨʫ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪ ʫʢʦʨʦʯʝʥʥʷ 1l ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

 
1 2

1 1 1 11e e e l= = = -. (3.4) 

ʇʨʠʧʫʱʝʥʥʷ ʧʨʦ ʦʜʥʦʨʽʜʥʽʩʪʴ ʜʦʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʚ ʢʦʤʧʦʥʝʥʪʘʭ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʻ ʪʠʧʦʚʦʶ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʚ ʤʝʞʘʭ ʊʃʊʉɼʊ 

(ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [18, 110, 116]). ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʩʪʠʩʢ ʥʘ 

ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʽ ʜʠʩʢʠ ʘʙʦ, ʱʦ 

ʢʦʤʧʦʥʦʚʢʘ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʞʝ ʧʽʩʣʷ ʧʨʠʢʣʘʜʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʦʢʨʝʤʠʭ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ. ɼʨʫʛʠʡ ʟ ʥʘʟʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʪʠʧʦʚʠʤ ʜʣʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʜʦʧʫʩʢʘʶʪʴ ʟʤʦʨʱʫʚʘʥʥʷ 

ʧʣʽʚʢʠ, ʟʦʢʨʝʤʘ, ʚʥʘʩʣʽʜʦʢ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (ʘʙʦ 

ʟʚʫʞʫʚʘʥʥʷ) ʩʢʣʘʜʦʚʠʭ ʘʙʦ ʫʢʦʨʦʯʝʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʩʣʷ 

ʟʥ̫ʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʪʷʛʥʝʥʦʾ ʧʣʽʚʢʠ [224], ʪʘ ʜʣʷ 
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ʙʽʦʣʦʛʽʯʥʠʭ ʜʚʦʰʘʨʦʚʠʭ ʪʢʘʥʠʥ, ʧʽʜ ʯʘʩ ʨʦʩʪʫ ʪʘ ʨʦʟʚʠʪʢʫ ʷʢʠʭ, ʥʘ ʧʦʚʝʨʭʥʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʤʦʨʰʢʫʚʘʪʠʡ ʚʽʟʝʨʫʥʦʢ, ʩʧʨʠʯʠʥʝʥʠʡ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ 

ʥʘʧʨʫʞʝʥʴ ʚ ʦʙʦʭ ʰʘʨʘʭ [88, 214]. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʫ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ 

ʟôʻʜʥʘʥʥʷ (ʨʠʩ. 3.1.ʘ) ʟʘʧʠʰʫʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

(2) (2)

22 210,  0t t= = 2 1( , 0 )x h x= ¢ <¤; 

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

22 22 21 21,  t t t t= =  2 1( 0,  0 )x x= ¢ <¤; (3.5) 

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

2 2 1 1,  u u u u= =  2 1( 0,  0 )x x= ¢ <¤. 

ʋ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ (ʨʠʩ. 3.1.ʙ) ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 

ʤʘʶʪʴ ʚʠʛʣʷʜ 

(2) (2)

22 210,  0t t= = 2 1( , 0 )x h x= ¢ <¤; 

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

22 22 21 21,  t t t t= =  2 1( 0,  0 )x x= ¢ <¤; (3.6) 

 
(1) (2) (2)

2 2 21,  0u u t= = 2 1( 0,  0 )x x= ¢ <¤.  

ɺ (3.5), (3.6) 
( ) ,  , , 1,2i

klt i k l =  ʻ ʟʙʫʨʝʥʥʷʤʠ ʢʦʤʧʦʥʝʥʪ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ 

ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ ʇʽʦʣʠïʂʽʨʭʛʦʬʘ t  (ʜʠʚ. (2.2), (2.12), (2.37)). 

ʉʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʚʽʜʥʦʩʥʽ ʫʢʦʨʦʯʝʥʥʷ (3.4), ʟʘ 

ʷʢʠʭ ʩʠʩʪʝʤʘ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʰʫʢʘʻʪʴʩʷ 

ʪʘʢʝ ʧʝʨʰʝ ʟʥʘʯʝʥʥʷ 1l (ʧʨʠ ʡʦʛʦ ʟʤʝʥʰʝʥʥʽ ʧʦʯʠʥʘʶʯʠ ʟʽ ʟʥʘʯʝʥʥʷ 1 1l= , 

ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʫ), ʧʨʠ ʷʢʦʤʫ ʟʘ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʠʩʢʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʦʜʥʦʨʽʜʥʘ ʟʘʜʘʯʘ ʤʘʻ 

ʥʝʪʨʠʚʽʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ. ʆʩʪʘʥʥʻ ʩʚʽʜʯʠʣʦ ʙ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʩʫʤʽʞʥʦʛʦ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ (ʨʠʩ. 3.1.ʚ) ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʫʢʦʨʦʯʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʧʦʟʥʘʯʘʪʠʤʝʤʦ 1

re, ʜʣʷ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ï 1

se. 

ʂʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʩʬʦʨʤʦʚʘʥʦʾ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ʙʫʜʝʤʦ 
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ʧʦʟʥʘʯʘʪʠ 
rl (ʨʠʩ. 3.1.ʚ) ʪʘ 

sl, ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʦʞ ʜʦʤʦʚʠʤʦʩʴ ʥʘʜʘʣʽ 

ʥʘʟʠʚʘʪʠ ʟʥʘʯʝʥʥʷ 1

re, 1

se ï ʢʨʠʪʠʯʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʟʤʦʨʱʫʚʘʥʥʷ ʘʙʦ 

wrinkling-ʜʝʬʦʨʤʘʮʽʷʤʠ, ʷʢ ʮʝ ʧʨʠʡʥʷʪʦ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ ʟʥʘʯʝʥʥʷ 

ʥ̔ʞʝʥʝʨʥʦʾ ʜʝʬʦʨʤʘʮʽʾ (engineering strain), ʘ ʥʝ ʛʦʣʦʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʥʟʦʨʘ 

ʜʝʬʦʨʤʘʮʽʡ ɻʨʽʥʘ (2.38) ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʥʘʧʨʷʤʢʦʤ. 

ʆʧʠʩʘʥʘ ʝʡʣʝʨʦʚʘ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʪʦʥʢʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʪʦʚʩʪʽʰʽʡ 

ʧʽʜʢʣʘʜʮʽ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʽ ʭʚʠʣʝʧʦʜʽʙʥʦʛʦ 

ʚʽʟʝʨʫʥʢʘ (ʨʠʩ. 3.1.ʚ), ʚʽʜʦʤʘ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʽʜ ʥʘʟʚʦʶ çwrinklingè 

(ʟʤʦʨʱʫʚʘʥʥʷ). ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʟʤʦʨʱʫʚʘʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʙʽʦʤʝʜʠʯʥʽʡ ʛʘʣʫʟʷʭ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. ʋ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟʤʦʨʱʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʥʝ ʻ ʙʘʞʘʥʠʤ ʷʚʠʱʝʤ, ʟʥʘʯʝʥʥʷ 1

re, 1

se 

ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʧʦʯʘʪʢʦʚʠʤ ʝʪʘʧʦʤ ʨʫʡʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ [18, 93, 145]. ɹʽʣʴʰ ʜʦʢʣʘʜʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʦʛʣʷʜʦʤ ʣʽʪʝʨʘʪʫʨʠ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʫ ʈʦʟʜʽʣʽ 1. 

3.2 ɻʨʘʥʠʯʥʽ ʟʘʜʘʯʽ ʜʣʷ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ 

ɿʚʝʜʝʤʦ ʟʘʜʘʯʽ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (3.5) (ʞʦʨʩʪʢʝ ʟôʻʜʥʘʥʥʷ, ʨʠʩ. 

3.1.ʘ) ʪʘ (3.6) (ʛʣʘʜʢʝ ʧʨʦʢʦʚʟʫʚʘʥʥʷ, ʨʠʩ. 3.1.ʙ) ʜʦ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ, 

ʟʘʧʠʩʘʥʠʭ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ. 

ʂʦʣʠ ʜʣʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʦʜʥʽʻʾ ʟʽ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʧʘʜʦʢ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ ( 1 2

i i in n n= =) ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 

(2.48), ʟʘʛʘʣʴʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ (2.55) ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ 

ʨʽʚʥʦʚʘʛʠ (2.41) ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ ʘʙʦ (2.42) ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʫ ʚʠʧʘʜʢʫ 

ʧʣʦʩʢʦʾ ʟʘʜʘʯʽ ʜʣʷ ʦʜʥʦʨʽʜʥʦʛʦ ʜʦʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ (3.3) ʟʨʫʯʥʦ ʧʦʜʘʪʠ ʫ 

ʚʠʛʣʷʜʽ  
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( ) ( )

( )

1

1 1

Fi i
i

iu z
x x

jµ µ
=- -
µ µ

;  

 
( )

( ) ( ) ( )

2 1 2 2

F
F

i
i i i i i i

i

i

u p p p z
z

µ
= + F +

µ
;  

 
( )

( ) ( ) ( )

21 1 2 2

1

F
F

i
i i i i i i

i

i

t k k k z
x z

è øµ µ
= + F +é ù
µ µê ú

; (3.7) 

 
( ) ( ) 2 ( )

( )

22 4 5 5 2

F Fi i i
i i i i

i

i i i

t k k k z
z z z

µ µF µ
= + +

µ µ µ
, 2

i i

x
z

n
=- ,  

ʜʝ 

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

1 1 2 21 ,  i i i i i i ip n m m p n m
- -

= + - =- ;  

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

1 44 1 2 2 1 44 1,  i i i i i i i i ik n c d d k n c d
- -

= - =- ; (3.8) 

( )4 44 1 1 2 2 5 44 1 1,  i i i i i i i i i ik c d l d l k c d l= - =- . 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʧʘʜʦʢ ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ ( 1 2

i in ņ ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.48), ʟʘʛʘʣʴʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ (2.61) 

ʟʘʧʠʰʝʤʦ ʪʘʢ: 

 ( )( ) ( ) ( )

1 1 2

1

i i iu
x
j j

µ
= +
µ

;  

 
( ) ( )

( ) 1 2
2 1 2( ) ( )

1 2

i i
i i i

i i
u p p

z z

j jµ µ
= +
µ µ

;  

 
( ) ( )

( ) 1 2
21 1 2( ) ( )

1 1 1 2

i i
i i i

i i
t k k

x z x z

j jµ µ
= +
µ µ µ µ

; (3.9) 

 

( ) ( )

2 ( ) 2 ( )
( ) 1 2
22 4 52 2

( ) ( )

1 2

i i
i i i

i i
t k k

z z

j jµ µ
= +

µ µ
, ( ) 2i

j i

j

x
z

n
=- , 1,2i = ,  

ʜʝ 
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() ( )
1/2 1/2

1 1 1 2 2 2,  i i i i i ip n m p n m
- -

= = ; 

 () ( )
1/2 1/2

1 1 44 1 2 2 44 2,  i i i i i i i ik n c d k n c d
- -

= = ; (3.10) 

4 44 1 1 5 44 2 2,  i i i i i i i ik c d l k c d l= = . 

ɺ (3.7), (3.9) ʧʦʪʝʥʮʽʘʣʴʥʽ ʬʫʥʢʮʽʾ 
( ) ( ) ( ) ( )F ,  ,  , ,  , 1,2i i i i

j i jj jF =  ʻ 

ʛʘʨʤʦʥʽʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʩʚʦʾʭ ʘʨʛʫʤʝʥʪʽʚ. 

ʇʦʜʘʣʴʰʠʡ ʭʽʜ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʤʙʽʥʘʮʽʾ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʨʝʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, ʟʘʧʠʩʘʥʠʭ 

ʜʣʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ 
1 1

1 2,  n n  ʪʘ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ 

2 2

1 2,  n n . ʆʙʤʝʞʫʶʯʠʩʴ ʚʠʧʘʜʢʦʤ ʧʨʫʞʥʠʭ ʪʽʣ (ʢʦʨʝʥʽ ʨʽʚʥʷʥʴ ʜʽʡʩʥʽ), ʜʦ 

ʨʦʟʛʣʷʜʫ ʤʘʻʤʦ ʯʦʪʠʨʠ ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ, ʢʦʞʥʫ ʟ ̫ʢʠʭ ʥʝʦʙʭʽʜʥʦ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʦʢʨʝʤʦ: 

i. 
1 1 2 2

1 2 1 2,  n n n n= =  ï ʜʣʷ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʨʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ 

ʨʽʚʥʽ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.7)); 

ii. 
1 1 2 2

1 2 1 2,  n n n n¸ ¸  ï ʜʣʷ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʨʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ 

ʥʝʨʽʚʥʽ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.9)); 

iii.  
1 1 2 2

1 2 1 2,  n n n n= ¸  ï ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʢʦʨʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʨʽʚʥʷʥʴ ʨʽʚʥʽ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.7)), ʘ ʜʣʷ ʤʘʪʝʨʽʘʣʫ 

ʧʣʽʚʢʠ ï ʥʝʨʽʚʥʽ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.9)); 

iv. 
1 1 2 2

1 2 1 2,  n n n n¸ =  ï ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʢʦʨʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʨʽʚʥʷʥʴ ʥʝʨʽʚʥʽ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.9)), ʘ ʜʣʷ 

ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ï ʨʽʚʥʽ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.7)). 

ʅʘʜʘʣʽ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ ʜʝʪʘʣʴʥʦ ʚʠʢʣʘʜʝʤʦ ʫ 

ʚʠʧʘʜʢʘʭ (ʽ) ʪʘ (ʽʽ). ɺʠʧʘʜʢʠ (ʽʽʽ) ʽ (ʽv) ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. 
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3.2.1 ɾʦʨʩʪʢʝ ʟôʻʜʥʘʥʥʷ  

 ʇʽʜʩʪʘʚʣʷʶʯʠ (3.7) ʘʙʦ (3.9) ʚ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (3.5), ʦʜʝʨʞʫʻʤʦ ʥʘʩʪʫʧʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʘʜʘʯʽ, ʟʦʙʨʘʞʝʥʦ ʾ ʥʘ ʨʠʩ. 3.1.ʘ, ʷʢʽ 

ʟʘʧʠʩʘʥʽ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ 

 ʜʣʷ ʚʠʧʘʜʢʫ (ʽ) 

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

1 2 2 1

1 1 1 2

F F
0k k k h

x x x z

µ µF µ
+ - =

µ µ µ µ
 2 1 1( = , 0 )z h x- ¢ <¤, 

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

4 5 5 1 2

1 1 2

F F
0k k k h

z z z

µ µF µ
+ - =

µ µ µ
 2 1 1( = , 0 )z h x- ¢ <¤; 

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

1 2 1 2

1 1 1 1

F F
k k k k

x x x x

µ µF µ µF
+ = +

µ µ µ µ
 1( =0,  0 )jz x¢ <¤, 

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

1 1 2 2

4 5 4 5

1 1 2 2

F F
k k k k

z z z z

µ µF µ µF
+ = +

µ µ µ µ
 1( =0,  0 )jz x¢ <¤, (3.11) 

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

1 2 1 2F Fp p p p+ F = + F 1( =0,  0 )jz x¢ <¤, 

 
(1) (2)

1 1x x

j jµ µ
=

µ µ
 1( =0,  0 )jz x¢ <¤ (

1 (2)

h
h

n
= ); 

 ʜʣʷ ʚʠʧʘʜʢʫ (ʽʽ) 

(2) (2)
2 21 2
1 2(2) (2)

1 1 1 2

0k k
x z x z

j jµ µ
+ =

µ µ µ µ
, 

(2)

1( , 0 )j jz h x=- ¢ <¤, 

( ) ( )

2 (2) 2 (2)
2 21 2
4 52 2

(2) (2)

1 2

0k k
z z

j jµ µ
+ =

µ µ
 

(2)

1( , 0 )j jz h x=- ¢ <¤; 

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

1 1 2 21 2 1 2
1 2 1 2(1) (1) (2) (2)

1 1 1 2 1 1 1 2

k k k k
x z x z x z x z

j j j jµ µ µ µ
+ = +

µ µ µ µ µ µ µ µ
 

( )

1( 0, 0 )i

jz x= ¢ <¤,  

 

( ) ( ) ( ) ( )

2 (1) 2 (1) 2 (2) 2 (2)
1 1 2 21 2 1 2
4 5 4 52 2 2 2

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

1 2 1 2

k k k k
z z z z

j j j jµ µ µ µ
+ = +

µ µ µ µ
 

( )

1( 0, 0 )i

jz x= ¢ <¤, (3.12) 
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(1) (1) (2) (2)
1 1 2 21 2 1 2
1 2 1 2(1) (1) (2) (2)

1 2 1 2

p p p p
z z z z

j j j jµ µ µ µ
+ = +

µ µ µ µ
 

( )

1( 0, 0 )i

jz x= ¢ <¤, 

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

1 2 1 2

1 1x x
j j j j

µ µ
+ = +

µ µ
 

( )

1( 0, 0 )i

jz x= ¢ <¤ (
(2)j

j

h
h

n
= ). 

3.2.2 ɻʣʘʜʢʝ ʧʨʦʢʦʚʟʫʚʘʥʥʷ  

 ʇʽʜʩʪʘʚʣʷʶʯʠ (3.7) ʘʙʦ (3.9) ʚ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (3.6), ʦʜʝʨʞʫʻʤʦ ʥʘʩʪʫʧʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʘʜʘʯʽ, ʟʦʙʨʘʞʝʥʦ ʾ ʥʘ ʨʠʩ. 3.1.ʙ, ʷʢʽ 

ʟʘʧʠʩʘʥʽ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ 

 ʜʣʷ ʚʠʧʘʜʢʫ (ʽ) 

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

1 2 2 1

1 1 1 2

F F
0k k k h

x x x z

µ µF µ
+ - =

µ µ µ µ
 2 1 1( = , 0 )z h x- ¢ <¤, 

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

4 5 5 1 2

1 1 2

F F
0ik k k h

z z z

µ µF µ
+ - =

µ µ µ
 2 1 1( = , 0 )z h x- ¢ <¤; 

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

1 2 1 2

1 1 1 1

F F
k k k k

x x x x

µ µF µ µF
+ = +

µ µ µ µ
 1( =0,  0 )jz x¢ <¤, 

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

1 1 2 2

4 5 4 5

1 1 2 2

F F
k k k k

z z z z

µ µF µ µF
+ = +

µ µ µ µ
 1( =0,  0 )jz x¢ <¤, (3.13) 

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

1 2 1 2F Fp p p p+ F = + F 1( =0,  0 )jz x¢ <¤, 

(2) (2)
2 2

1 2

1 1

F
0k k

x x

µ µF
+ =

µ µ
 2 1( =0,  0 )z x¢ <¤ (

1 (2)

h
h

n
= ); 

 ʜʣʷ ʚʠʧʘʜʢʫ (ʽʽ) 

(2) (2)
2 21 2
1 2(2) (2)

1 1 1 2

0k k
x z x z

j jµ µ
+ =

µ µ µ µ
, 

(2)

1( , 0 )j jz h x=- ¢ <¤, 

( ) ( )

2 (2) 2 (2)
2 21 2
4 52 2

(2) (2)

1 2

0k k
z z

j jµ µ
+ =

µ µ
 

(2)

1( , 0 )j jz h x=- ¢ <¤; 
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(1) (1) (2) (2)

1 1 2 21 2 1 2
1 2 1 2(1) (1) (2) (2)

1 1 1 2 1 1 1 2

k k k k
x z x z x z x z

j j j jµ µ µ µ
+ = +

µ µ µ µ µ µ µ µ
 

( )

1( 0, 0 )i

jz x= ¢ <¤,  

 

( ) ( ) ( ) ( )

2 (1) 2 (1) 2 (2) 2 (2)
1 1 2 21 2 1 2
4 5 4 52 2 2 2

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

1 2 1 2

k k k k
z z z z

j j j jµ µ µ µ
+ = +

µ µ µ µ
 

( )

1( 0, 0 )i

jz x= ¢ <¤, (3.14) 

(1) (1) (2) (2)
1 1 2 21 2 1 2
1 2 1 2(1) (1) (2) (2)

1 2 1 2

p p p p
z z z z

j j j jµ µ µ µ
+ = +

µ µ µ µ
 

( )

1( 0, 0 )i

jz x= ¢ <¤, 

(2) (2)
2 21 2
1 2(2) (2)

1 1 1 2

0k k
x z x z

j jµ µ
+ =

µ µ µ µ
 

(2)

1( 0, 0 )jz x= ¢ <¤ (
(2)j

j

h
h

n
= ). 

3.3 ʊʨʘʥʩʮʝʥʜʝʥʪʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʤʦʨʱʫʚʘʥʥʷ 

ʅʝ ʦʙʤʝʞʫʶʯʠ ʟʘʛʘʣʴʥʦʩʪʽ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʤʝʪʨʽʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

(ʨʠʩ. 3.1.ʘ,ʙ) ʚʽʜʥʦʩʥʦ ʦʩʽ 2Ox , ʟʘ ʘʥʘʣʦʛʽʻʶ ʜʦ ʟʘʜʘʯ ʜʣʷ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ [21, 

116, 185], ʧʨʝʜʩʪʘʚʠʤʦ ʥʝʚʽʜʦʤʽ ʧʦʪʝʥʮʽʘʣʴʥʽ ʬʫʥʢʮʽʾ ʫ ʚʠʛʣʷʜʽ ʢʦʩʠʥʫʩ-

ʨʦʟʢʣʘʜʽʚ ʌʫʨôʻ [51] ʟ ʧʘʨʘʤʝʪʨʦʤ h ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ 1x . 

ɼʣʷ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ 

 1(1)

1 1 1

0

F ( , ) ( ) cos dzx z A e xhh h h
¤

-=ñ ,  

 1(1)

1 1 1

0

( , ) ( ) cos dzx z B e xhh h h
¤

-F =ñ ,  

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

10

cos d
F ( , ) ( )cosh ( ) ( )sinh ( )

sinh

x
x z C h z C h z

h

h h
h h h h

h

¤

= + + +ñ ,  

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

10

cos d
( , ) ( )cosh ( ) ( )sinh ( )

sinh

x
x z D h z D h z

h

h h
h h h h

h

¤

F = + + +ñ , (3.15) 

 1(1)

1 1 1

0

d
( , ) ( ) coszx z B e xh h

j h h
h

¤

-=-ñ ,  
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 [ ](2) 1
1 2 2 1 2 1 1 2

10

cos d
( , ) ( )cosh ( ) ( )sinh ( )

sinh

x
x z D h z D h z

h

h h
j h h h h

h h

¤

= + + +ñ ;  

ʜʣʷ ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ 

 
(1)
1(1) (1) 1

1 1 1

0

cos d
( , ) ( )

z x
x z A e

h h h
j h

h

¤

-
=ñ ,  

 
(1)
2(1) (1) 1

2 1 2

0

cos d
( , ) ( )

z x
x z B e

h h h
j h

h

¤

-
=ñ , (3.16) 

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

10

cos d
( , ) ( )cosh ( ) ( )sinh ( )

sinh

x
x z C h z C h z

h

h h
j h h h h

h h

¤

è ø= + + +ê úñ ,  

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

20

cos d
( , ) ( )cosh ( ) ( )sinh ( )

sinh

x
x z D h z D h z

h

h h
j h h h h

h h

¤

è ø= + + +ê úñ . 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ (3.15), (3.16), ʟʦʢʨʝʤʘ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʘʨʥʦʩʪʽ ʬʫʥʢʮʽʡ 

( )

2 1 1( , )iu x z  ʽ ʥʝʧʘʨʥʦʩʪʽ ʬʫʥʢʮʽʡ 
( )

1 1 1( , )iu x z  ʚʽʜʥʦʩʥʦ ʢʦʦʨʜʠʥʘʪʠ 1x, ʪʦʤʫ ʜʘʣʽ 

ʨʦʟʛʣʷʜʘʻʤʦ ʣʠʰʝ ʟʥʘʯʝʥʥʷ 1 0x ² . ʂʨʽʤ ʪʦʛʦ, ʮʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʚ ʥʝʦʙʤʝʞʝʥʽʡ ʟʘ 2x  ʦʙʣʘʩʪʽ ç1è ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʟʘʪʫʭʘʥʥʷ ʥʘʧʨʫʞʝʥʴ ʽ ʧʝʨʝʤʽʱʝʥʴ ʧʨʠ 2x ­-¤. 

3.3.1 ɾʦʨʩʪʢʝ ʟôʻʜʥʘʥʥʷ 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʜʘʣʽ (3.15) ʘʙʦ (3.16) ʚ (3.11) ʘʙʦ (3.12), ʚʽʜʧʦʚʽʜʥʦ, 

ʦʪʨʠʤʘʻʤʦ ʫ ʨʘʟʽ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ ʥʘʩʪʫʧʥʽ ʩʠʩʪʝʤʠ 

ʰʝʩʪʠ ʦʜʥʦʨʽʜʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʰʝʩʪʠ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ( )Ah , ( )Bh , 

1( )C h , 2( )C h , 1( )D h , 2( )D h : 

ʜʣʷ ʚʠʧʘʜʢʫ (ʽ) 

2 2 2

1 1 2 2 2 1 0k C k C k Dm- + =; 

2 2 2

5 1 4 2 5 2 0k C k C k Dm - - =; 
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1 1 2 2 2 2

1 2 1 1 1 2 2 1 2 2coth coth 0k A k B k C k C k D k Dm m+ - Ö - - Ö - =; 

 
1 1 2 2 2 2

4 5 4 1 4 2 5 1 5 2coth coth 0k A k B k C k C k D k Dm m+ + + Ö + + Ö =; (3.17) 

1 1 2 2 2 2

1 2 1 1 1 2 2 1 2 2coth coth 0p A p B p C p C p D p Dm m+ - Ö - - Ö - =; 

1 2coth 0B D Dm+ + Ö = ( )1hm h= . 

ʜʣʷ ʚʠʧʘʜʢʫ (ʽʽ) 

 
2 2

1 2 2 2 0k C k Dg + =,  

 
2 2

4 1 5 1 0k C k Dg + =,  

 
1 1 2 2 2 2

1 2 1 1 1 2 1 2 1 2 2 2coth coth 0k A k B k C k C k D k Dm m+ + + + + =,  

 
1 1 2 2 2 2

4 5 4 1 1 4 2 5 1 2 5 2coth coth 0k A k B k C k C k D k Dm m- - + + + + =, (3.18) 

 
1 1 2 2 2 2

1 2 1 1 1 2 1 2 1 2 2 2coth coth 0p A p B p C p C p D p Dm m+ + + + + =,  

 1 1 2 1 2 2coth coth 0A B C C D Dm m- - + + + + = 2

1

sinh
( ,  )

sinh
j jh

m
m h g

m
= = .  

ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

re ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ: 1e ʜʦʨʽʚʥʶʻ ʧʝʨʰʦʤʫ ʟʥʘʯʝʥʥʶ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ, ʧʦʯʠʥʘʶʯʠ ʟʽ 

ʟʥʘʯʝʥʥʷ 1 0e= , ʟʘ ʷʢʦʛʦ ʚʠʟʥʘʯʥʠʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.17) (ʫ ʚʠʧʘʜʢʫ (ʽ)), 

(3.18) (ʫ ʚʠʧʘʜʢʫ (ʽʽ)) ʘʙʦ ʘʥʘʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʜʣʷ ʨʝʰʪʠ ʜʚʦʭ 

ʚʠʧʘʜʢʽʚ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʥʫʣʴ ʧʨʠ ʜʝʷʢʦʤʫ ʟʥʘʯʝʥʥʽ 0rh h= >, ʪʦʙʪʦ ʢʦʣʠ 

ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

 det 0r

jM =  ( 1,4j = ), (3.19) 

ʜʝ 
r

jM  ï ʤʘʪʨʠʮʷ ʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ j  ʟ 

ʧʝʨʝʣʽʢʫ ʚʠʧʘʜʢʽʚ (ʽ) ï (ʽv). 

ʂʨʠʪʠʯʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʫ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʘʢ: 
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2r

r

p
l

h
= . (3.20) 

3.3.2 ɻʣʘʜʢʝ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʜʘʣʽ (3.15) ʘʙʦ (3.16) ʚ (3.13) ʘʙʦ (3.14), ʚʽʜʧʦʚʽʜʥʦ, 

ʦʪʨʠʤʘʻʤʦ ʫ ʨʘʟʽ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ ʥʘʩʪʫʧʥʽ 

ʩʠʩʪʝʤʠ ʰʝʩʪʠ ʦʜʥʦʨʽʜʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʰʝʩʪʠ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ( )Ah , 

( )Bh , 1( )C h , 2( )C h , 1( )D h , 2( )D h : 

ʜʣʷ ʚʠʧʘʜʢʫ (ʽ) 

2 2 2

1 1 2 2 2 1 0k C k C k Dm- + =; 

2 2 2

5 1 4 2 5 2 0k C k C k Dm - - =; 

1 1 2 2 2 2

1 2 1 1 1 2 2 1 2 2coth coth 0k A k B k C k C k D k Dm m+ - Ö - - Ö - =; 

 
1 1 2 2 2 2

4 5 4 1 4 2 5 1 5 2coth coth 0k A k B k C k C k D k Dm m+ + + Ö + + Ö =; (3.21) 

1 1 2 2 2 2

1 2 1 1 1 2 2 1 2 2coth coth 0p A p B p C p C p D p Dm m+ - Ö - - Ö - =; 

2 2 2 2

1 1 1 2 2 1 2 2coth coth 0k C k C k D k Dm mÖ + + Ö + =; 

ʜʣʷ ʚʠʧʘʜʢʫ (ʽʽ) 

 
2 2

1 2 2 2 0k C k Dg + =,  

 
2 2

4 1 5 1 0k C k Dg + =,  

 
1 1 2 2 2 2

1 2 1 1 1 2 1 2 1 2 2 2coth coth 0k A k B k C k C k D k Dm m+ + + + + =,  

 
1 1 2 2 2 2

4 5 4 1 1 4 2 5 1 2 5 2coth coth 0k A k B k C k C k D k Dm m- - + + + + =, (3.22) 

 
1 1 2 2 2 2

1 2 1 1 1 2 1 2 1 2 2 2coth coth 0p A p B p C p C p D p Dm m+ + + + + =,  

 
2 2 2 2

1 1 1 2 1 2 1 2 2 2coth coth 0k C k C k D k Dm m+ + + =.  
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ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ, ʫ 

ʨʘʟʽ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

se

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʪʘʢʦʛʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

 det 0s

jM =  ( 1,4j = ), (3.23) 

ʜʝ 
s

jM  ï ʤʘʪʨʠʮʷ ʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ j  ʟ 

ʧʝʨʝʣʽʢʫ ʚʠʧʘʜʢʽʚ (ʽ) ï (ʽv). (ʫ ʚʠʧʘʜʢʫ (ʽ) ʮʝ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (3.21), ʫ ʚʠʧʘʜʢʫ 

(ʽʽ) ï ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (3.22)). 

ʂʨʠʪʠʯʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʫ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: 

 
2s

s

p
l

h
= . (3.24) 

ʊʨʘʥʩʮʝʥʜʝʥʪʥʽ ʨʽʚʥʷʥʥʷ (3.19), (3.23) ʦʜʝʨʞʘʥʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʜʣʷ ʜʦʚʽʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ.  

ʑʦʙ ʟʘʧʠʩʘʪʠ ʥʝʦʙʭʽʜʥʝ ʨʽʚʥʷʥʥʷ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʘʟʽ 

ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ 

(ʩʪʠʩʣʠʚʠʡ ʤʘʪʝʨʽʘʣ, ʨʽʚʥʽ ʢʦʨʝʥʽ), ʩʣʽʜ ʧʽʜʩʪʘʚʠʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʥʟʦʨʘ w (2.70) ʷʢ ʬʫʥʢʮʽʾ 1 11e l= -  ʚ ʬʦʨʤʫʣʠ (2.56), ʘ 

ʦʜʝʨʞʘʥʽ ʚʠʨʘʟʠ ï ʚ ʬʦʨʤʫʣʠ (3.8), ʚʠʟʥʘʯʠʚʰʠ ʢʦʝʬʽʮʽʻʥʪʠ ,  j j

i ik p , ʷʢʽ 

ʬʽʛʫʨʫʶʪʴ ʚ ʨʽʚʥʷʥʥʽ (3.17), ʷʢ ʬʫʥʢʮʽʾ 1e. 

ʅʠʞʯʝ ʥʘ ʧʨʠʢʣʘʜʽ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧ. 2.4.3 ʧʨʦʚʦʜʠʪʴʩʷ 

ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʭ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ (3.19), (3.23), ʪʘ ʢʨʠʪʠʯʥʠʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ (3.20), (3.24) ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʰʘʨʫ. ʊʘʢʦʞ 
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ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʚ ʯʘʩʪʠʥʥʠʭ 

ʚʠʧʘʜʢʘʭ ʫ ʤʝʞʘʭ ʽʥʰʠʭ ʧʽʜʭʦʜʽʚ. 

3.4 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ  

ɸʥʘʣʽʟ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʷʚʽ 

ʟʤʦʨʰʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʩʪʠʩʢʫ, ʧʨʦʚʦʜʠʤʦ ʥʘ ʦʩʥʦʚʽ 

ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʷʥʴ (3.19), (3.23). ʉʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʚʠʧʘʜʦʢ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʪʽʣʘ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ (ʨʠʩ. 3.1.ʘ). ʋ ʨʘʟʽ ʞʦʨʩʪʢʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʥʘʙʣʠʞʝʥʠʭ ʙʘʣʢʦʚʠʭ ʧʽʜʭʦʜʽʚ, ʘ 

ʪʘʢʦʞ ʥʘʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ 

ʯʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʪʠʧʫ (2.70) ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ ʽ ʧʦʪʝʥʮʽʘʣ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ (2.72) ʪʘ 

ʧʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ (2.73) ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. 

3.4.1 ʂʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ  

ʅʘ ʨʠʩ. 3.2 ï 3.11 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʫ ʨʘʟʽ 

ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ (ʨʠʩ. 3.1.ʘ), ʢʦʣʠ ʾʾ ʩʢʣʘʜʦʚʽ ʦʧʠʩʫʶʪʴʩʷ 

ʦʜʥʠʤ ʽ ʪʠʤ ʩʘʤʠʤ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ. 

ɼʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ ʩʢʣʘʜʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ (3.19) ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʪʘʢʠʭ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ 

ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ 

 2 1/g m m=  (3.25) 

ʪʘ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʽʚ 1 2,  n n. 

 ɼʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʩʢʣʘʜʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ (3.19) ʟʘʣʝʞʘʪʴ 

ʪʽʣʴʢʠ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ (3.25). 
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 ʆʙʤʝʞʠʤʦʩʴ ʚ ʨʘʟʽ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʨʦʟʛʣʷʜʦʤ ʚʠʧʘʜʢʫ, ʢʦʣʠ 1g² , 

ʪʦʙʪʦ ʢʦʣʠ ʩʤʫʛʘ ʞʦʨʩʪʢʽʰʘ ʟʘ ʧʽʜʢʣʘʜʢʫ. ʇʨʠʨʦʜʘ ʪʘʢʦʛʦ ʦʙʤʝʞʝʥʥʷ ʙʫʜʝ 

ʚʠʩʚʽʪʣʝʥʘ ʥʠʞʯʝ. 

ʈʠʩʫʥʢʠ 3.2 ï 3.5 ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (2.70) 

(ʩʪʠʩʣʠʚʽ ʪʽʣʘ, ʨʽʚʥʽ ʢʦʨʝʥʽ).  

ɿʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ 1

re ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʝʡ g  ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 3.2, 3.4. ɻʨʘʬʽʢ ʥʘ ʨʠʩ. 3.2 ʧʦʙʫʜʦʚʘʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʰʢʘʣʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʧʦʢʨʠʪʪʷ. ɼʘʥʽ ʛʨʘʬʽʢʘ ʥʘ ʨʠʩ. 3.4 ʽʣʶʩʪʨʫʶʪʴ ʚʠʧʘʜʦʢ, ʢʦʣʠ 

ʤʘʪʝʨʽʘʣʠ ʪʽʣʘ ʩʧʽʚʩʪʘʚʥʽ ʟʘ ʞʦʨʩʪʢʽʩʪʶ (1 10g¢ ¢ ). 

ʅʘ ʨʠʩ. 3.3, 3.5 ʥʘʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ, ʥʦʨʤʦʚʘʥʦʾ ʥʘ ʪʦʚʱʠʥʫ ʧʣʽʚʢʠ ( /r hl ), ʚʽʜ ʧʘʨʘʤʝʪʨʫ g, ʦʙʨʘʭʦʚʘʥʽ ʟʘ 

ʬʦʨʤʫʣʦʶ (3.20). 

ʂʨʠʚʽ ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʽʚ ʙʽʰʘʨʫ: 

 1 2 0.1,  0.3, 0.499n n n= = = . (3.26) 

ʈʠʩʫʥʢʠ 3.6 ï 3.9 ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ 

(2.72) (ʥʝʩʪʠʩʣʠʚʽ ʪʽʣʘ, ʨʽʚʥʽ ʢʦʨʝʥʽ). ɿʘʣʝʞʥʦʩʪʽ 1 ( )r ge  ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 3.6, 

3.8; ʟʘʣʝʞʥʦʩʪʽ /r hl  ʚʽʜ g  ï ʥʘ ʨʠʩ. 3.7, 3.9. 

ʅʘ ʨʠʩ. 3.10, 3.11 ʩʫʮʽʣʴʥʠʤʠ ʢʨʠʚʠʤʠ ʟʦʙʨʘʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ 1 ( )r ge  ʜʣʷ 

ʚʠʧʘʜʢʫ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ (2.73) (ʥʝʩʪʠʩʣʠʚʽ ʪʽʣʘ, ʥʝʨʽʚʥʽ 

ʢʦʨʝʥʽ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʪʘ ʣʽʥʽʡʥʦʾ ʰʢʘʣ, ʚʽʜʧʦʚʽʜʥʦ.  
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ʈʠʩ. 3.2 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

re ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ. 

 
ʈʠʩ. 3.3 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʥʦʨʤʦʚʘʥʦʾ ʥʘ ʪʦʚʱʠʥʫ ʧʣʽʚʢʠ (/r hl ) ʚʽʜ 

ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ.  
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ʈʠʩ. 3.4 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

re ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ. 

 
ʈʠʩ. 3.5 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʥʦʨʤʦʚʘʥʦʾ ʥʘ ʪʦʚʱʠʥʫ ʧʣʽʚʢʠ (/r hl ) ʚʽʜ 

ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ.
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ʈʠʩ. 3.6 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʟʤʦʨʱʫʚʘʥʥʷ 1

re ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʝʡ g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘï

ʍʘʟʘʥʦʚʠʯʘ. 

 

 
 

ʈʠʩ. 3.8 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʟʤʦʨʱʫʚʘʥʥʷ 1

re ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʝʡ g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘï

ʍʘʟʘʥʦʚʠʯʘ. 

 

 

 
 

ʈʠʩ. 3.7 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ, ʥʦʨʤʦʚʘʥʦʾ ʥʘ ʪʦʚʱʠʥʫ ʧʣʽʚʢʠ (

/r hl ) ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ g  ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. 

 

 
 

ʈʠʩ. 3.9 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ, ʥʦʨʤʦʚʘʥʦʾ ʥʘ ʪʦʚʱʠʥʫ ʧʣʽʚʢʠ (

/r hl ) ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ g  ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. 
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ʈʠʩ. 3.10 ï ɿʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

re ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ (ʥʝʦʛʫʢʽʚʩʴʢʠʡ ʤʘʪʝʨʽʘʣ). 

 
ʈʠʩ. 3.11 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

re ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ (ʥʝʦʛʫʢʽʚʩʴʢʠʡ ʤʘʪʝʨʽʘʣ).  
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3.4.2 ɿʘʜʘʯʽ ʜʣʷ ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ 

ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʥʘʚʝʜʝʥʽʡ ʩʝʨʽʾ ʨʠʩʫʥʢʽʚ ʚ ʯʘʩʪʠʥʥʦʤʫ ʚʠʧʘʜʢʫ, ʘ ʩʘʤʝ, ʢʦʣʠ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʢʣʘʜʢʠ ʽ ʧʦʢʨʠʪʪʷ ʻ ʦʜʥʘʢʦʚʠʤʠ, ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʚʽʜʦʤʠʤʠ ʫ ʣʽʪʝʨʘʪʫʨʽ ʟʥʘʯʝʥʥʷʤʠ ʘʥʘʣʦʛʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʜʣʷ ʦʜʥʦʨʽʜʥʦʾ 

ʧʽʚʧʣʦʱʠʥʠ [61, 87, 113, 115, ]. 

ɺ ʪʘʙʣ. 3.1. ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘʚʝʜʝʥʽ 

ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 1

hpe , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʝʨʭʥʝʚʽʡ 

ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʦʜʥʦʨʽʜʥʦʾ ʧʽʚʧʣʦʱʠʥʠ ʧʨʠ ʩʪʠʩʢʫ. ɼʣʷ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʫʢʘʟʘʥʝ ʟʥʘʯʝʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʠʩʣʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʧʦʪʝʥʮʽʘʣ 1

hpe  

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ 0.5 

ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ 0.423 

ʊʨʝʣʦʘʨʘ 0.456 

ʊʘʙʣ. 3.1 ï ʂʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

 ʦʜʥʦʨʽʜʥʦʾ ʧʣʦʱʠʥʠ ʧʨʠ ʩʪʠʩʢʫ. 

ʋ ʨʘʟʽ, ʢʦʣʠ ʧʽʜʢʣʘʜʢʘ ʞʦʨʩʪʢʽʰʘ ʟʘ ʧʣʽʚʢʫ ʧʦʢʨʠʪʪʷ ( 1g< ), ʦʩʪʘʥʥʷ ʥʝ 

ʟʜʘʪʥʘ ʦʙʤʝʞʫʚʘʪʠ ʧʨʘʛʥʝʥʥʷ ʧʽʜʢʣʘʜʢʠ ʜʦ ʜʝʬʦʨʤʘʮʽʾ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʠʭ 1 1( )r hpge e=  ʧʨʠ 1g<. ʎʝ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʟʘʛʘʣʴʥʠʤʠ ʤʽʨʢʫʚʘʥʥʷʤʠ ʩʪʦʩʦʚʥʦ ʦʮʽʥʦʢ ʢʨʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ [18, 19]. 

ʊʦʞ, ʢʦʣʠ 1g<  ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʚ ʙʽʰʘʨʦʚʽʡ ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʤʝʭʘʥʽʟʤʦʤ, ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ, ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʘʥʠʤʠ 

ʪʘʙʣ.3.1.  

ʉʬʦʨʤʫʣʴʦʚʘʥʠʡ ʚʠʩʥʦʚʦʢ ʟʥʘʡʜʝ ʜʦʜʘʪʢʦʚʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ ʨʦʟʜʽʣʘʭ 

4, 5 ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʠʩʢʫ ʘʥʘʣʦʛʽʯʥʦʛʦ ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʠʭ ʜʝʬʝʢʪʽʚ. 
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3.4.3 ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦʩʠʪʴ ʜʦʙʨʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (3.19) ʽ ʬʦʨʤʫʣʠ (3.20), ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʫ ʢʣʘʩʠʯʥʽʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ 

ʨʦʙʦʪʽ [224] ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʜʦʚʞʠʥʫ ʭʚʠʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʫ 

ʟʤʦʨʱʫʚʘʥʥʷ ʪʦʥʢʦʛʦ ʧʣʘʪʠʥʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʪʦʚʱʠʥʦʶ 42 ʥʤ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ 

ʥʘ ʢʘʫʯʫʢʦʚʽʡ ʧʽʜʢʣʘʜʮʽ (ʜʠʚ. ʨʠʩ. 3.12). ʇʽʜʭʽʜ ʧʦʣʷʛʘʚ ʫ ʥʘʢʣʘʜʘʥʥʽ ʰʘʨʘ 

ʧʣʽʚʢʠ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʥʘʪʷʛʥʫʪʫ ʝʣʘʩʪʦʤʝʨʥʫ ʧʽʜʢʣʘʜʢʫ. ʇʽʩʣʷ ʟʥʷʪʪʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʪʷʛʥʝʥʥ ̫ʧʣʽʚʢʘ ʬʘʢʪʠʯʥʦ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʜʽʻʶ ʩʪʠʩʢʘʶʯʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ. ʇʦʚʝʨʭʥʝʚʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʷʚʣʷʻʪʴʩʷ, ʢʦʣʠ ʩʪʠʩʢʘʶʯʝ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʣʽʚʮʽ ʧʝʨʝʚʠʱʠʪʴ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ; ʧʽʩʣʷ ʮʴʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ 

ʬʦʨʤʫʶʪʴʩʷ ʟʤʦʨʰʢʠ, ʱʦ ʟʤʝʥʰʫʻ ʝʥʝʨʛʽʶ ʜʝʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

ʜʣʷ ʢʘʫʯʫʢʫ 

 1 1.1 ʄʇʘE = , 1 0.5n= ; (3.27) 

ʜʣʷ ʧʣʘʪʠʥʠ 

 2 160 ɻʇʘE = , 2 0.36n= . (3.28) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʣʘʪʠʥʦʚʦʾ ʧʣʽʚʢʠ ʩʧʦʩʪʝʨʽʛʘʚʩʷ 

ʚʽʟʝʨʫʥʦʢ ʟ ʚʽʜʥʦʩʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 

 238.1hl =  (3.29) 

 

ʈʠʩ. 3.12 ï ɿʤʦʨʱʫʚʘʥʥʷ ʧʣʘʪʠʥʦʚʦʾ 

ʧʣʽʚʢʠ ʥʘ ʢʘʫʯʫʢʦʚʽʡ ʧʽʜʢʣʘʜʮʽ [224].

ʊʝʦʨʝʪʠʯʥʘ ʚʽʜʥʦʩʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʷʢʘ ʚʠʟʥʘʯʘʣʘʩʴ ʟ ʨʽʚʥʷʥʥʷ (3.19) ʡ 

ʬʦʨʤʫʣʠ (3.20) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʜʣʷ ʧʣʘʪʠʥʠ 

ʪʘ ʩʢʣʘʣʘ: 

ʢʦʣʠ ʛʫʤʦʚʠʡ ʤʘʪʝʨʽʘʣ ʦʧʠʩʫʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ 
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 219.498rl= ; (3.30) 

ʢʦʣʠ ʛʫʤʦʚʠʡ ʤʘʪʝʨʽʘʣ ʦʧʠʩʫʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ 

 219.499rl= . (3.31) 

ʇʦʭʠʙʢʘ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ (3.29) ʽ ʪʝʦʨʝʪʠʯʥʠʤʠ (3.30), (3.31) 

ʟʥʘʯʝʥʥʷʤʠ ʩʢʣʘʣʘ ʤʝʥʰʝ 10%, ʱʦ ʻ ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʠʤ. ʂʨʽʤ ʪʦʛʦ, 

ʙʣʠʟʴʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʠʩʣʠʚʦʾ ʧʽʜʢʣʘʜʢʠ ʥʝʦʛʫʢʽʚʩʴʢʠʤ ʽ 

ʛʘʨʤʦʥʽʯʥʠʤ ʤʘʪʝʨʽʘʣʘʤʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʧʣʘʪʠʥʦʚʦʾ 

ʧʣʽʚʢʠ ʚ ʜʘʥʦʤʫ ʨʘʟʽ ʮʽʣʢʦʤ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʚ ʤʝʞʘʭ ʧʽʜʭʦʜʽʚ ʣʽʥʽʡʥʦʾ 

ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʥʘ ʱʦ ʪʘʢʦʞ ʚʢʘʟʫʶʪʴ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [224]. 

ʂʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʢʣʘʜʽ, ʚʠʟʥʘʯʝʥʽ 

ʟ ʨʽʚʥʷʥʥʷ (3.19), ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʩʢʣʘʣʠ ~0.02%. 

3.4.4 ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ: ʯʠʩʣʦʚʽ ʩʠʤʫʣʷʮʽʾ  

ɺ ʨʦʙʦʪʽ [188] ʚʠʚʯʘʣʘʩʷ ʟʘʢʨʠʪʠʯʥʘ ʧʦʚʝʜʽʥʢʘ ʭʚʠʣʝʧʦʜʽʙʥʦʛʦ ʧʘʪʝʨʥʘ 

ʥʘ ʧʦʚʝʨʭʥʽ ʙʽʰʘʨʫ ʩʢʽʥʯʝʥʥʦʾ ʪʦʚʱʠʥʠ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʠʣʽʢʦʥʦʚʦʾ 

ʧʽʜʢʣʘʜʢʠ (ʤʘʪʝʨʽʘʣ PDMS (ʧʦʣʽʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ)), ʷʢʘ ʧʦʢʨʠʪʘ ʪʦʥʢʦʶ 

ʧʦʣʽʤʝʨʥʦʶ ʧʣʽʚʢʦʶ. ɺ ʷʢʦʩʪʽ ʧʣʽʚʢʠ ʚʠʩʪʫʧʘʣʠ ʤʘʪʝʨʽʘʣʠ PEDOT:PSS 

(ʧʦʣʽ(3,4-ʝʪʠʣʝʥʜʽʦʢʩʠʪʽʦʬʝʥ): ʧʦʣʽʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ) ʪʘ P3HT:PCBM (ʧʦʣʽ(3-

ʛʝʢʩʠʣʪʽʦʬʝʥ): ʤʝʪʠʣʦʚʠʡ ʝʬʽʨ ʬʝʥʠʣ-C61 ʤʘʩʣʷʥʦʾ ʢʠʩʣʦʪʠ) [156, 204]. ʊʘʢʽ 

ʩʫʯʘʩʥʽ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʛʥʫʯʢʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʽʨʦʢ. 

 ɸʚʪʦʨʠ [188] ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʪʠʩʢ ʙʽʰʘʨʫ ʟ ʥʘʚʝʜʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʫʤʦʚʘʭ ʫʟʘʛʘʣʴʥʝʥʦʾ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ («generalized plane strain») ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʩʠʩʪʝʤʽ ABAQUS ʫ ʤʝʞʘʭ 

ʛʝʦʤʝʪʨʠʯʥʦ-ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʽʚʦʙʤʝʞʝʥʦʾ ʧʽʜʢʣʘʜʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʜʦ ʪʦʚʱʠʥʠ ʧʽʜʢʣʘʜʢʠ 1:10000. 

ʇʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʤʦʚ ʫʟʘʛʘʣʴʥʝʥʦʾ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ 
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ʟʘʤʽʩʪʴ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʤʘʻ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʟʥʘʯʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ, ʧʨʠ ʪʦʤʫ, ʱʦ 

ʢʨʠʪʠʯʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʠʪʴʩʷ. 

 ʇʨʠʡʤʘʣʠʩʷ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʤʘʪʝʨʽʘʣʫ 

PEDOT:PSS [188]: 

 2 22000 ʄʇʘ,  0.35E n= = ; (3.32) 

ʪʘ ʜʣʷ ʤʘʪʝʨʽʘʣʫ P3HT:PCBM [188]: 

 2 27300 ʄʇʘ,  0.35E n= = ; (3.33) 

ʜʣʷ ʥʝʩʪʠʩʣʠʚʦʛʦ ʤʘʪʝʨʽʘʣʫ PDMS [188] 

 1 22.97 ʄʇʘ, 0.495E n= = . (3.34) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʣʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʣʠ ʦʜʝʨʞʘʥʽ (ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʟ ʯʠʩʣʦʚʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʛʨʘʬʽʢʽʚ ʨʦʙʦʪʠ [188]): 

ʜʣʷ ʧʣʽʚʢʠ PEDOT:PSS 

 1 10.0089, / 37.1r r he l= = ; (3.35) 

ʜʣʷ ʧʣʽʚʢʠ P3HT:PCBM 

 1 10.0037, / 56.3r r he l= = . (3.36) 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʨʽʚʥʷʥʥʷ (3.19) ʨʘʟʦʤ ʽʟ ʬʦʨʤʫʣʦʶ (3.20) ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʟ ʧʨʫʞʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (3.32) ï (3.34) 

ʤʘʻʤʦ: 

ʜʣʷ ʧʣʽʚʢʠ PEDOT:PSS 

 1 10.0075, / 36.6r r he l= = ; (3.37) 

ʜʣʷ ʧʣʽʚʢʠ P3HT:PCBM 
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 1 10.0032, / 56.1r r he l= = . (3.38) 

ʇʦʨʽʚʥʷʥʥʷ ʜʝʤʦʥʩʪʨʫʻ ʛʘʨʥʫ ʫʟʛʦʜʞʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʦʮʽʥʮʽ 

ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ (ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ, ʚʽʜʧʦʚʽʜʥʦ, 1.4% ʽ 0.3%). 

ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʷʢ ʽ ʧʝʨʝʜʙʘʯʘʣʠ ʘʚʪʦʨʠ [188], ʫ ʨʘʟʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʚ ʫʤʦʚʘʭ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʨʘʤʢʘʭ ʧʽʜʭʦʜʽʚ ʊʃʊʉɼʊ 

ʚʠʷʚʠʣʠʩʷ ʤʝʥʰʠʤʠ ʟʘ ʪʽ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ [188] (ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ, ʚʽʜʧʦʚʽʜʥʦ, 

16% ʽ 14%). 

3.4.5 ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ: ʥʝʣʽʥʽʡʥʠʡ ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ 

ʂʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʫ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʦʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʽʧʝʨʧʨʫʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʠʚʯʘʣʠʩʷ ʚ ʣʽʪʝʨʘʪʫʨʽ ʣʠʰʝ ʜʣʷ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʤʘʪʝʨʽʘʣʽʚ. 

ɺ ʦʩʥʦʚʥʦʤʫ ʨʦʟʛʣʷʜʘʣʠʩʷ ʥʝʩʪʠʩʣʠʚʽ ʤʘʪʝʨʽʘʣʠ ʟ ʧʨʫʞʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʝʦʛʫʢʽʚʩɹʢʦʤʫ ʤʘʪʝʨʽʘʣʫ. ʋ ʨʦʙʦʪʽ [87] 

ʧʨʦʚʝʜʝʥʦ ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʫ ʟ ʥʝʦʛʫʢʽʚʩʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʫʤʦʚʘʭ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜʢʣʘʜʢʠ ʟ ʧʦʧʝʨʝʜʥʽʤ 

ʨʦʟʪʷʛʫʚʘʥʥʷʤ ʽ ʙʝʟ ʥʴʦʛʦ. 

ʅʘ ʨʠʩ. 3.10 ʢʨʠʚʘ, ʧʦʙʫʜʦʚʘʥʘ ʯʝʨʚʦʥʠʤʠ ʤʘʨʢʝʨʘʤʠ, ʻ ʯʠʩʣʦʚʦʶ 

ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ ʚʽʜʧʦʚʽʜʥʦʾ ʢʨʠʚʦʾ ʟ ʨʠʩ. 2 ʨʦʙʦʪʠ [87]. ʂʨʠʚʽ ʥʘ ʨʠʩ. 3.10 

ʯʫʜʦʚʦ ʫʟʛʦʜʞʫʶʪʴʩʷ. 

ɺ ʽʥʰʽʡ ʨʦʙʦʪʽ ʪʠʭ ʩʘʤʠʭ ʘʚʪʦʨʽʚ [86] ʜʦʢʣʘʜʥʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʪʽʣ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʦʚʝʨʭʥʝʚʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʚ ʥʘʧʽʚʦʙʤʝʞʝʥʦʤʫ ʦʜʥʦʨʽʜʥʦʤʫ ʪʽʣʽ ʟ 

ʥʝʦʛʫʢʽʚʩʴʢʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʧʣʠʚ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʚ ʚʠʛʣʷʜʽ ʢʦʨʦʪʢʦʾ ʤʽʞʬʘʟʥʦʾ 

ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʙʫʜʝ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʟʜʽʣʽ 5 ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʊʘʢʦʞ ʚʠʚʯʘʣʠʩʷ ʡ ʽʥʰʽ ʤʝʭʘʥʽʟʤʠ ʧʨʦʷʚʫ ʬʝʥʦʤʝʥʫ ʧʦʚʝʨʭʥʝʚʦʾ 

ʥʝʩʪʽʡʢʦʩʪʽ ʚ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʪʽʣʘʭ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ 
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ʛʘʨʤʦʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ [85, 227]. ɺ ʫʩʽʭ ʧʝʨʝʣʽʯʝʥʠʭ ʨʦʙʦʪʘʭ ʢʦʤʧʦʥʝʥʪʠ 

ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʙʫʚʘʣʠ ʚ ʫʤʦʚʘʭ ʽʜʝʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ. 

3.4.6 ɺʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ ʥʘ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ʈʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.3.2 ï 3.5 ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʪʠʧʫ ʚ ʨʘʟʽ ʦʜʥʘʢʦʚʦʾ ʩʪʠʩʣʠʚʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ (3.26), ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 

ʟʤʝʥʰʫʶʪʴʩʷ, ʪʦʜʽ ʷʢ ʢʨʠʪʠʯʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ï ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ʅʘ ʨʠʩ. 3.13 ʟʦʙʨʘʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʤʦʨʱʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʫ ʇʫʘʩʩʦʥʘ, ʱʦ ʩʪʘʥʦʚʠʪʴ 0.001, ʜʦ 

ʟʥʘʯʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ, ʚʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʫ ʇʫʘʩʩʦʥʘ 0.499, ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ g. ʋʢʘʟʘʥʘ ʚʝʣʠʯʠʥʘ  

 
1 2 1 2

1 10.001 0.499
( ) ( ) : ( )r r

v v v v
g g gd e e

= = = =
=  (3.39) 

ʚʠʟʥʘʯʘʣʘʩʴ ʟ (3.19) ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʽ ʜʝʤʦʥʩʪʨʫʻ ʚʧʣʠʚ 

ʩʪʠʩʣʠʚʦʩʪʽ ʥʘ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʧʨʦ ʷʢʠʡ ʡʰʣʦʩʷ ʚʠʱʝ. 

 ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ ʙʽʰʘʨʫ ʥʘ ʢʨʠʪʠʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ ʦʜʥʘʢʦʚʠʭ ʟʘ ʞʦʨʩʪʢʽʩʪʶ (1g=) ʚʽʜʩʫʪʥʽʡ; ʜʘʣʽ 

ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʣʽʚʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ ʮʝʡ 

ʚʧʣʠʚ ʩʧʦʯʘʪʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʧʦʪʽʤ ʘʩʠʤʧʪʦʪʠʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 22%º . 

ɺʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ ʻ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʫ 

 max 12.1g =  (3.40) 

ʽ ʩʪʘʥʦʚʠʪʴ ʪʨʦʭʠ ʙʽʣʴʰʝ 40%. 

 ʅʘ ʨʠʩ. 3.14 ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ 

1 ( )r ve  ( 1 2v v v= =) ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʤʝʭʘʥʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ g . ʅʘ ʨʠʩ. 3.15 

ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 1e ï ʟʥʘʯʝʥʥʷ  
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ʈʠʩ. 3.13 ï ɿʘʣʝʞʥʽʩʪʴ ( )gd  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ. 

 

 

 

ʈʠʩ. 3.14 ï ɿʘʣʝʞʥʦʩʪʽ 1 ( )r ve  (
1 2v v v= =) ʜʣʷ 

ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ.

 
 

ʈʠʩ. 3.15 ï ɿʘʣʝʞʥʦʩʪʽ 1( )ve  (
1 2v v v= =) ʜʣʷ 

ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ.
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ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʥʦʨʤʦʚʘʥʠʭ ʜʦ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫ ʚʠʧʘʜʢʫ 

ʥʝʩʪʠʩʣʠʚʦʛʦ ʪʽʣʘ (1 2 0.499v v v= = = ) ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ g . 

ʗʢ ʙʘʯʠʤʦ, ʜʣʷ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʫ g  ʟʘʣʝʞʥʽʩʪʴ 

1 ( )r ve  ʥʝ ʻ ʣʽʥʽʡʥʦʶ, ʪʦʜʽ ʷʢ ʜʣʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʣʽʚʢʠ 

ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʙʣʠʟʴʢʘ ʜʦ ʣʽʥʽʡʥʦʾ. 

ʋ ʨʦʙʦʪʽ [57] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ ʥʘ 

ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ 

ʽʥʪʝʨʬʝʡʩʫ. ʉʢʣʘʜʦʚʽ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʷʢ ʛʽʧʝʨʧʨʫʞʥʽ ʩʪʠʩʣʠʚʽ 

ʥʝʦʛʫʢʽʚʩʴʢʽ ʤʘʪʝʨʽʘʣʠ.  

ɺ ʪʘʙʣ. 3.2 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ, ʦʜʝʨʞʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʨʦʙʦʪʠ [57] ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʛʝʟʠʚʥʘ ʞʦʨʩʪʢʽʩʪʴ ʧʨʷʤʫʻ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ (ʥʘʚʦʜʷʪʴʩʷ 

ʜʘʥʥʽ ʯʠʩʣʦʚʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʛʨʘʬʽʢʽʚ), ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ (3.19). ɼʣʷ ʚʠʧʘʜʢʫ 1 2 0.001v v v= = =  ʪʘ 1/ 3v=  

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ, ʘ ʜʣʷ ʚʠʧʘʜʢʫ 

0.487v=  ï ʧʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ (ʥʝʦʛʫʢʽʚʩʢɹʠʡ ʥʝʩʪʠʩʣʠʚʠʡ 

ʤʘʪʝʨʽʘʣ). ɹʽʣʽ ʢʦʤʽʨʢʠ ʚ ʪʘʙʣ. 3.2 ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪʘʤ ʨʦʙʦʪʠ [57], ʘ ʩʽʨʽ 

ï ʨʝʟʫʣʴʪʘʪʘʤ ʮʴʦʛʦ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 0.001v=  1/ 3v=  0.487v=  

2 1/ 2E E =  
0.385 0.345 0.310 

0.389 0.353 0.298 

2 1/ 10E E =  
0.155 0.125 0.106 

0.155 0.126 0.106 

2 1/ 100E E =  
0.032 0.027 0.024 

0.032 0.026 0.024 

ʊʘʙʣ. 3.2 ï ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʟ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [57]. 



 

112 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʫʻ ʛʘʨʥʫ ʫʟʛʦʜʞʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 4%. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʦʢʨʠʪʪʷ 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʣʘʜʠ ʮʷ ʚʽʜʤʽʥʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʠʚ. ʧ. 3.5.1). 

ʅʘ ʦʩʪʘʥʦʢ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʫ 

ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʽ 

ʩʣʘʙʢʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ʫ 

ʚʠʧʘʜʢʫ ʚʽʜʥʦʩʥʦ ʤʘʣʠʭ ʟʥʘʯʝʥʴ 1g> . 

3.4.7 ʄʦʜʝʣʴ ʧʽʜʢʣʘʜʢʠ ʩʢʽʥʯʝʥʥʦʾ ʪʦʚʱʠʥʠ 

ʅʠʟʢʘ ʩʫʯʘʩʥʠʭ ʨʦʙʽʪ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʦʨʱʫʚʘʥʥʷ ʪʦʥʢʠʭ ʞʦʨʩʪʢʠʭ 

ʧʣʽʚʦʢ ʥʘ ʧʦʜʘʪʣʠʚʠʭ ʧʽʜʢʣʘʜʢʘʭ ʚʠʚʯʘʻ ʚʧʣʠʚ ʪʦʚʱʠʥʠ ʧʽʜʢʣʘʜʢʠ ʥʘ 

ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʠʩʢʫ. 

ʗʢ ʧʨʠʢʣʘʜ ʧʨʦʚʝʜʝʤʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʜʝʨʞʘʥʠʭ ʟ ʯʠʩʝʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (3.19), ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ [166]. 

ɺ ʫʢʘʟʘʥʽʡ ʨʦʙʦʪʽ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʫ ʩʢʽʥʯʝʥʥʦʾ ʪʦʚʱʠʥʠ 

ʜʦʩʣʽʜʞʫʚʘʣʦʩʴ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʙʠʜʚʽ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʠ ʻ ʥʝʩʪʠʩʣʠʚʠʤʠ, ʫ 

ʜʚʘ ʩʧʦʩʦʙʠ: ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʙʘʣʦʢ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʦʙʤʝʞʝʥʽʩʪʴ 

ʪʦʚʱʠʥʠ ʩʠʩʪʝʤʠ, ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ ʥʝʦʛʫʢʽʚʩʴʢʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʧʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʊʨʝʣʦʘʨʘ) ʚ ʧʘʢʝʪʽ ANSYS. 

ʅʘ ʨʠʩ. 3.16 ʪʘ 3.17 ʧʦʨʽʚʥʶʶʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʢʨʠʪʠʯʥʠʭ ʙʝʟʨʦʟʤʽʨʥʠʭ ʜʦʞʠʥ ʭʚʠʣʴ, ʦʜʝʨʞʘʥʠʭ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (3.19) ʡ ʬʦʨʤʫʣʠ (3.20) ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ 

ʘʚʪʦʨʘʤʠ [166] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʽ ʯʠʩʣʦʚʦʾ ʩʠʤʫʣʷʮʽʾ.  
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ʈʠʩ. 3.16 ï ʂʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

re: ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ [166]. 

 
ʈʠʩ. 3.17 ï ʂʨʠʪʠʯʥʽ ʙʝʟʨʦʟʤʽʨʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ 1 /r hl : ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ [166]. 
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ʅʘ ʨʠʩʫʥʢʘʭ ʪʨʠʢʫʪʥʠʤʠ ʤʘʨʢʝʨʘʤʠ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʫʢʘʟʘʥʦʾ 

ʯʠʩʣʦʚʦʾ ʩʠʤʫʣʷʮʽʾ, ʘ ʢʨʠʚʠʤʠ ʪʦʛʦ ʞ ʢʦʣʴʦʨʫ ï ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʙʘʣʢʦʚʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ. ʏʝʨʚʦʥʠʡ, ʩʘʣʘʪʦʚʠʡ, ʩʠʥʽʡ, ʙʣʘʢʠʪʥʠʡ ʪʘ ʨʦʞʝʚʠʡ ʢʦʣʴʦʨʠ 

ʚʠʟʥʘʯʘʶʪʴ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʧʣʽʚʢʘ ʪʦʥʰʘ ʟʘ ʧʽʜʢʣʘʜʢʫ ʫ 2, 5, 10, 30 ʪʘ 50 ʨʘʟʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ. 

 ʂʨʫʛʣʠʤʠ ʤʘʨʢʝʨʘʤʠ ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʝʥʮʽʘʣʫ 

ʊʨʝʣʦʘʨʘ ʪʘ ʬʦʨʤʫʣʘʤ (3.19) ʽ (3.20). 

 ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʤʦʜʝʣʴ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʦʾ ʧʽʜʢʣʘʜʢʠ ʟʘʩʪʦʩʦʚʥʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʫ 

ʨʘʟʽ, ʢʦʣʠ ʧʣʽʚʢʘ ʪʦʥʰʘ ʚʽʜ ʥʝʾ ʫ 10 ʪʘ ʙʽʣʴʰʝ ʨʘʟʽʚ, ʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ï ʫ 30 ʪʘ ʙʽʣʴʰʝ ʨʘʟʽʚ. 

 ɼʦʜʘʪʢʦʚʦ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʜʝʱʦ ʢʨʘʱʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʯʠʩʣʦʚʠʭ ʩʠʤʫʣʷʮʽʡ, ʥʽʞ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʦʜʝʨʞʘʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʚ ʨʦʙʦʪʽ [166] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʝʦʤʝʪʨʠʯʥʦ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʙʘʣʦʢ ʜʣʷ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ ʪʽʣ. 

 ɿʘʩʪʦʩʦʚʥʽʩʪʴ ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʪʦʥʢʦʾ ʧʣʽʚʢʠ ʥʘ ʥʘʧʽʚʦʙʤʝʞʝʥʽʡ ʧʽʜʢʣʘʜʮʽ 

ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʫʥʢʪʽ. 

3.5 ɸʥʘʣʽʟ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ 

ɼʣʷ ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ 

ʢʨʠʪʠʯʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ, 

ʦʙʦʚôʷʟʢʦʚʠʤ ʻ ʾʭʥʻ ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ 

ʤʝʞʘʭ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʅʘʡʙʽʣʴʰ ʟʘʩʪʦʩʦʚʥʦʶ ʻ ʥʘʩʪʫʧʥʘ ʽʥʞʝʥʝʨʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ: 
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ʈʽʚʥʷʥʥʷ (3.41) ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ [56, 60, 224] ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʘʻ ʢʨʠʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ 

ʟʤʦʨʱʫʚʘʥʥʷ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʾ ʧʣʽʚʢʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ʙʽʣʴʰ ʧʦʜʘʪʣʠʚʽʡ 

ʣʽʥʽʡʥʦ-ʧʨʫʞʥʽʡ ʥʘʧʽʚʦʙʤʝʞʝʥʽʡ ʧʽʜʢʣʘʜʮʽ, ʚ ʧʨʠʧʫʱʝʥʥʽ ʽʜʝʘʣʴʥʦ ʟʚ'ʷʟʘʥʠʭ 

ʰʘʨʽʚ ʪʘ ʥʝʭʪʫʻ ʟʩʫʚʥʠʤ ʟʯʝʧʣʝʥʥʷʤ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʢʨʠʪʠʯʥʫ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 
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ʉʫʮʽʣʴʥʽ ʢʨʠʚʽ ʥʘ ʛʨʘʬʽʢʫ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 3.18, ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ʧʦʯʘʪʢʫ ʫʪʚʦʨʝʥʥʷ ʟʤʦʨʰʦʢ 1

re ʚʽʜ 

ʟʥʘʯʝʥʥʷ 2 1E E  ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʖʥʛʘ ʤʘʪʝʨʽʘʣʽʚ ʩʠʩʪʝʤʠ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ 

ʟ ʨʽʚʥʷʥʥʷ (3.19). ɿʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʾ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 
r hl  ʚʽʜ 

ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.19. ɼʣʷ ʦʙʦʭ ʩʢʣʘʜʦʚʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʪʘ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʇʫʘʩʩʦʥʘ 1 2 0.1n n= = , 1 2 0.3n n= = , 1 2 0.499n n= = . 

ʂʨʠʚʽ ʟ ʢʨʫʛʣʠʭ ʤʘʨʢʝʨʽʚ ʥʘ ʨʠʩ. 3.18, 3.19 ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʪʠʯʥʠʤ 

ʟʥʘʯʝʥʥʷʤ 1

ʩe ʪʘ 
ʩl ʚʽʜʧʦʚʽʜʥʦ, ʦʪʨʠʤʘʥʠʤ ʟʘ ʬʦʨʤʫʣʘʤʠ (3.41) ʪʘ (3.42) ʜʣʷ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ 1 2n n= . 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʽʥʞʝʥʝʨʥʽ ʬʦʨʤʫʣʠ (3.41) ʪʘ (3.42)

ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʦʙʠʜʚʘ ʤʘʪʝʨʽʘʣʠ ʙʽʰʘʨʫ ʻ ʥʝʩʪʠʩʣʠʚʠʤʠ (

1 2 0.499n n= = ). ʗʢ ʽ ʦʯʽʢʫʚʘʣʦʩʷ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ 2 1E E  (ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʤʝʥʰʝʥʥʶ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ), ʨʦʟʙʽʞʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʤʝʥʰʫʻʪʴʩʷ.  
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ʈʠʩ. 3.18 ï ɿʘʣʝʞʥʦʩʪʽ 1

re (ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ, ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ) ʪʘ 1

ʩe (ʢʨʫʛʣʽ 

ʤʘʨʢʝʨʠ) ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʖʥʛʘ. 

 

ʈʠʩ. 3.19 ï ɿʘʣʝʞʥʦʩʪʽ 1

rl  (ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ, ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ) ʪʘ 1

ʩl  (ʢʨʫʛʣʽ 

ʤʘʨʢʝʨʠ) ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʖʥʛʘ.  
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ʑʦʙ ʚʩʪʘʥʦʚʠʪʠ, ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʷʢʦʾ ʟ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ (ʟ ʪʠʭ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʨʦʙʦʪʽ), ʥʘʡʢʨʘʱʝ ʘʧʨʦʢʩʠʤʫʶʪʴ 

ʥʘʚʝʜʝʥʽ ʽʥʞʝʥʝʨʥʽ ʬʦʨʤʫʣʠ, ʨʦʟʛʣʷʥʝʤʦ ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (

1 2 0.499n n= = ), ʧʦʪʝʥʮʽʘʣ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ ʪʘ ʧʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ. 

ɼʘʥʽ ʨʠʩʫʥʢʘ 3.20 ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘʡʢʨʘʱʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʜʝʨʞʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ (3.41), ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 

ʅʘ ʨʠʩ. 3.21 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ 1 1/r cl l l=  ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʖʥʛʘ 2 1E E  ʜʣʷ ʙʽʰʘʨʽʚ ʨʽʟʥʦʾ ʩʪʠʩʣʠʚʦʩʪʽ ʟ 

ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ. 

ɺ ʨʦʙʦʪʽ [173] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʬʦʨʤʫʣʠ, ʫʪʦʯʥʝʥʽ ʚʽʜʥʦʩʥʦ ʬʦʨʤʫʣ 

(3.41) ʪʘ (3.42), ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʟʩʫʚʥʦʛʦ ʟʫʩʠʣʣʷ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʠʩʪʝʤʠ ʧʣʽʚʢʘ/ʧʽʜʢʣʘʜʢʘ: 
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ʋ ʪʘʙʣʠʮʽ 3.3 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

re

, ʦʪʨʠʤʘʥʽ ʟ ʨʦʟʚ'ʷʟʢʫ ʨʽʚʥʷʥʥʷ (3.19) ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʛʘʨʤʦʥʽʯʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ 

 

*

1 1 1 1

1 2 *

1 1

100%,   100%

r ʩ r

ʩ

e e e e
d d

e e

- -
= Ö = Ö,  (3.45) 

ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʽʜʥʦʩʥʫ ʨʦʟʙʽʞʥʽʩʪʴ ʮʠʭ ʟʥʘʯʝʥʴ ʚʽʜ ʟʥʘʯʝʥʴ, ʦʪʨʠʤʘʥʠʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʣʠʞʝʥʠʭ ʬʦʨʤʫʣ (3.41) ʪʘ (3.43).  
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ʈʠʩ. 3.20 ï ɿʘʣʝʞʥʦʩʪʽ 1

re (ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ) ʪʘ 1

ʩe (ʢʨʫʛʣʽ ʤʘʨʢʝʨʠ) ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ 

ʖʥʛʘ. 

 

ʈʠʩ. 3.21 ï ɿʘʣʝʞʥʦʩʪʽ 1 1/r cl l l=  ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʖʥʛʘ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ.  
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g  

1 2 0.1n n= =  1 2 0.3n n= =  1 2 0.499n n= =  

1

re 1d, % 2d , % 1

re 1d, % 2d , % 1

re 1d, % 2d , % 

10 0.146642 30.89 13.03 0.128766 14.93 8.59 0.110050 1.77 1.77 

100 0.030404 25.96 8.77 0.026888 11.40 5.25 0.023923 0.89 0.89 

500 0.010082 22.13 5.47 0.009023 9.31 3.27 0.008225 0.37 0.37 

1000 0.006287 20,90 4.40 0.005650 8.64 2.64 0.005188 0.24 0.24 

10000 0.001325 18.23 2.10 0.001201 7.19 1.27 0.001120 0.05 0.05 

ʊʘʙʣʠʮʷ 3.3 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (3.19), ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʬʦʨʤʫʣʘʤʠ (3.41) ʪʘ (3.43), ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.22 ï 3.24. 

ʅʘ ʨʠʩ. 3.22 ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 

ʤʦʜʫʣʽʚ ʖʥʛʘ 2 1E E  ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

re, ʥʦʨʤʦʚʘʥʦʾ ʜʦ 

ʟʥʘʯʝʥʴ 1

ʩe (ʬʦʨʤʫʣʘ (3.41)), ʘ ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ ï ʜʦ ʟʥʘʯʝʥʴ 
*

1e (ʬʦʨʤʫʣʘ 

(3.43)). ʉʠʥʽ ʢʨʠʚʽ ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (

1 2 0.499n n= =  ʪʘ 1 2 0.3n n= = ), ʬʽʦʣʝʪʦʚʘ ʢʨʠʚʘ ï ʜʣʷ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ( 1 2 0.3n n= = ). 

ʈʠʩʫʥʦʢ 3.23 ʧʨʝʟʝʥʪʫʻ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʘ 2 1E E  ʢʨʠʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʷ ʟʤʦʨʱʫʚʘʥʥʷ 1

re, ʥʦʨʤʦʚʘʥʦʾ ʜʦ ʟʥʘʯʝʥʴ
*

1e (ʬʦʨʤʫʣʘ (3.43)), ʜʣʷ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʛʘʨʤʦʥʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʽʚ ʙʽʰʘʨʫ. 

ɿʘʣʝʞʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

re, 

ʥʦʨʤʦʚʘʥʦʾ ʜʦ ʟʥʘʯʝʥʴ 
*

1e (ʬʦʨʤʫʣʘ (3.43)), ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʖʥʛʘ ʜʣʷ 

ʚʠʧʘʜʢʫ ʥʝʩʪʠʩʣʠʚʦʾ ʥʘʧʽʚʦʙʤʝʞʝʥʦʾ ʧʽʜʢʣʘʜʢʠ, ʧʦʢʨʠʪʦʾ ʪʦʥʢʦʶ ʧʣʽʚʢʦʶ, 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.24. ʄʘʪʝʨʽʘʣ ʧʣʽʚʢʠ ʤʦʜʝʣʶʻʪʴʩʷ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ 2 0.3n= , ʘ ʥʝʩʪʠʩʣʠʚʘ ʧʽʜʢʣʘʜʢʘ  
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ʈʠʩ. 3.22 ï ɿʘʣʝʞʥʦʩʪʽ 1 1/r ʩe e e=  (ʰʪʨʠʭʦʚʘʥʘ ʢʨʠʚʘ) 
*

1 1/re e e=  (ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ) ʚʽʜ 
2 1E E  

 

ʈʠʩ. 3.23 ï ɿʘʣʝʞʥʦʩʪʽ 
*

1 1/re e e=  ʚʽʜ 
2 1E E . 

 

ʈʠʩ. 3.24 ï ɿʘʣʝʞʥʦʩʪʽ 
*

1 1/re e e=  ʚʽʜ 
2 1E E .  
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ʤʦʜʝʣʶʻʪʴʩʷ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ ʘʙʦ ʛʘʨʤʦʥʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ1 0.499n= . 

ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʬʦʨʤʫʣʘ (3.43) ʧʨʘʮʶʻ ʪʠʤ 

ʢʨʘʱʝ, ʯʠʤ ʤʝʥʰ ʩʪʠʩʣʠʚʠʤ ʻ ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʥʘʙʣʠʞʝʥʽ ʬʦʨʤʫʣʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʦʤʝʪʨʠʯʥʦ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ 

ʙʘʣʦʢ ʜʣʷ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ ʪʽʣ, ʫ ʚʠʧʘʜʢʫ ʙʽʰʘʨʽʚ ʽʟ ʜʦʩʪʘʪʥʴʦ ʩʪʠʩʣʠʚʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʟ̔ ʟʘʜʦʚʽʣʴʥʦʶ ʪʦʯʥʽʩʪʶ ʜʣʷ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 10%. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʢʣʘʜʦʚʽ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʩʣʘʙʢʦ ʩʪʠʩʣʠʚʽ ʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʧʠʩʘʥʽ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ, ʥʘʙʣʠʞʝʥʽ ʬʦʨʤʫʣʠ ʟʙʝʨʽʛʘʶʪʴ 

ʭʦʨʦʰʫ ʪʦʯʥʽʩʪʴ ʥʘʚʽʪʴ ʜʣʷ ʙʽʣʴʰʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ɯ ʚʩʝ ʞ ʧʨʠ ʜʝʬʦʨʤʘʮʽʷʭ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʚʢʘʟʘʥʠʡ ʧʦʨʽʛ ʫ 10%, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʣʠʞʝʥʠʭ ʣʽʥʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʚʠʜʘʻʪʴʩʷ ʥʝʙʘʞʘʥʠʤ ʧʨʠ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʥʘ ʧʦʚʝʨʭʥʝʚʫ ʩʪʽʡʢʽʩʪʴ ʧʨʠ 

ʩʪʠʩʢʫ. ʉʫʤʘʨʥʘ ʧʦʭʠʙʢʘ, ʟʘʢʣʘʜʝʥʘ ʚ ʥʘʙʣʠʞʝʥʠʭ ʧʽʜʭʦʜʘʭ, ʬʦʨʤʫʻʪʴʩʷ ʟʽ 

ʩʧʨʦʱʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʽʚʢʠ ʽʥʰʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʦʙôʻʢʪʦʤ ï ʙʘʣʢʦʶ ʪʘ 

ʩʧʨʦʙʠ ʦʧʠʩʘʪʠ ʧʨʦʮʝʩ, ʷʢʠʡ ʜʣʷ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʘʟʥʘʻ ʩʫʪʪʻʚʦʛʦ 

ʚʧʣʠʚʫ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʟʘʢʣʘʜʝʥʦ ʾ ʫ ʩʪʨʫʢʪʫʨʽ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʋʢʘʟʘʥʠʡ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚ ʧ. 3.7 ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʪʘ ʚ 

ʧʧ. 4.8, 5.9 ʫ ʚʠʧʘʜʢʫ ʟʘʜʘʯ ʜʣʷ ʪʽʣ ʟ ʤʽʞʬʘʟʥʠʤʠ ʜʝʬʝʢʪʘʤʠ. 

3.6 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ɺ ʮʴʦʤʫ ʧʫʥʢʪʽ ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʫ ʧʨʠ ʩʪʠʩʢʫ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʡʦʛʦ 
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ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʢʦʚʟʫʶʪʴ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʙʝʟ ʪʝʨʪʷ (ʨʠʩ. 3.1.ʙ). 

ʂʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (3.23); ʢʨʠʪʠʯʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ïʟ 

ʬʦʨʤʫʣʠ (3.24). ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʦʙʠʜʚʘ ʤʘʪʝʨʽʘʣʠ ʙʽʰʘʨʫ 

ʦʧʠʩʫʶʪʴʩʷ ʦʜʥʠʤ ʽ ʪʠʤ ʩʘʤʠʤ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ. 

ʅʘ ʨʠʩ. 3.25 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ 

1

se ʚʽʜ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ʜʦ 

ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ 2 1/g m m= . ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʛʘʨʠʬʤʽʯʥʦʾ 

ʰʢʘʣʠ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ g, ʷʢʠʡ ʚʢʣʶʯʘʻ ʷʢ 

ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʣʽʚʢʘ ʞʦʨʩʪʢʽʰʘ ʟʘ ʧʽʜʢʣʘʜʢʫ, ʪʘʢ ʽ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʞʦʨʩʪʢʽʰʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʻ ʧʽʜʢʣʘʜʢʘ. 

ʂʨʠʚʽ ʥʘ ʨʠʩ. 3.25 ʧʦʙʫʜʦʚʘʥʦ ʜʣʷ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ 

ʤʘʪʝʨʽʘʣʽʚ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ: 1 20.001,  0.499n n= = , 1 20.3,  0.3n n= = , 

1 20.499,  0.001n n= = . ɺʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʪʠʧʫ. 

ɼʘʥʽ ʨʠʩ. 3.25 ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ 0g­  (ʞʦʨʩʪʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʧʽʜʢʣʘʜʢʠ ʥʝʦʙʤʝʞʝʥʦ ʟʨʦʩʪʘʻ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

ʧʦʢʨʠʪʪʷ) ʟʘ ʙʫʜʴ-ʷʢʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʽʚ, ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʥʝʩʪʽʡʢʦʩʪʽ ʢʫʩʢʦʚʦ-

ʦʜʥʦʨʽʜʥʦʾ ʧ̔ ʚʧʣʦʱʠʥʠ (ʙʽʰʘʨʫ), ʧʨʷʤʫʻ ʜʦ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʥʝʩʪʽʡʢʦʩʪʽ ʦʜʥʦʨʽʜʥʦʾ ʧ̔ ʚʧʣʦʱʠʥʠ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ ʤʘʪʝʨʽʘʣʫ 

ʟ̔ ʘʥʘʣʦʛʽʯʥʠʤ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ (ʜʠʚ. ʪʘʙʣ. 3.1): 

 1 1

s hpe e­  ʧʨʠ 0g­ . (3.46) 

ɸʥʘʣʽʟ ʯʠʩʝʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʘʨʽʘʥʪʫ ʞʦʨʩʪʢʦʛʦ 

ʟʘʢʨʽʧʣʝʥʥʷ, ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʩʪʠʩʣʠʚʦʩʪʽ ʧʽʜʢʣʘʜʢʠ, ʪʘʢ ʽ ʚʽʜ ʩʪʠʩʣʠʚʦʩʪʽ  
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ʈʠʩ. 3.25 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

se ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ. 

 

ʈʠʩ. 3.26 ï ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥ 
1 2,  d d ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ.  
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ʈʠʩ. 3.27 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

se ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. 

 

ʈʠʩ. 3.28 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

se ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ.  
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ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ. ʇʨʠ ʮʴʦʤʫ 1

se ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 2n  ʧʨʠ 

ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ 1n ʽ g  ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 1n ʧʨʠ 

ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ 2n  ʽ g .  ʂʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʩʪʠʩʣʠʚʽʩʪʴ, ʟʙʽʛʘʶʪʴʩʷ.  

ʗʢ ʧʨʠʢʣʘʜ ʫ ʪʘʙʣ. 3.4 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 1

se ʜʣʷ 

ʨʽʟʥʠʭ ʧʘʨ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ ʧʨʠ 10g= . ʋ ʚʠʧʘʜʢʫ ʦʜʥʘʢʦʚʦʾ 

ʩʪʠʩʣʠʚʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ( 1 2n n= ) ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 

1 0.0972se= . 

 
2n  

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 

1n  

0.05

5 
0.0972 0.0942 0.0912 0.0880 0.0847 0.0814 0.0779 0.0743 0.0705 

0.1 0.1002 0.0972 0.0940 0.0908 0.0875 0.0840 0.0804 0.0767 0.0728 

0.15 0.1035 0.1004 0.0972 0.0939 0.0904 0.0869 0.0832 0.0793 0.0753 

0.2 0.1071 0.1039 0.1006 0.0972 0.0936 0.0900 0.0862 0.0822 0.0781 

0.25 0.1111 0.1078 0.1043 0.1008 0.0972 0.0934 0.0895 0.0854 0.0811 

0.3 0.1154 0.1120 0.1085 0.1048 0.1011 0.0972 0.0931 0.0889 0.0845 

0.35 0.1202 0.1167 0.1131 0.1093 0.1054 0.1014 0.0972 0.0928 0.0882 

0.4 0.1255 0.1219 0.1182 0.1143 0.1102 0.1061 0.1017 0.0972 0.0924 

0.45 0.1316 0.1278 0.1239 0.1199 0.1157 0.1114 0.1068 0.1021 0.0972 

ʊʘʙʣʠʮʷ 3.4 ïʂʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ 1

se ʧʨʠ 10g=  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 1n , 2n  (ʧʦʪʝʥʮʽʘʣ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ). 

ɻʨʘʬʽʢ ʥʘ ʨʠʩ. 3.26 ʧʦʢʘʟʫʻ ʟʘʣʝʞʥʦʩʪʽ 
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1 2 1 2

1 1 10.499, 0.001 0.001, 0.499
( ) ( ) : ( )s s

v v v v
g g gd e e

= = = =
= ,  

 
1 2 1 2

2 0.499, 0.001 0.001, 0.499
( ) ( ) : ( )s s

v v v v
g g gd l l

= = = =
= . (3.47) 

ɼʘʥʽ ʨʠʩ. 3.26 ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ ʥʘ 

ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. 

ɺʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʇʫʘʩʩʦʥʘ, ʥʘ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1

se ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ 

ʧʦʢʨʠʪʪʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ ʽ ʩʷʛʘʻ 250%. ɺ ʪʦʡ ʞʝ ʯʘʩ 

ʢʨʠʪʠʯʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʟʘʟʥʘʻ ʟʥʘʯʥʦ ʤʝʥʰʦʛʦ ʚʧʣʠʚʫ, ʷʢʠʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 

30%. 

ʅʘ ʨʠʩ. 3.27, 3.28 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʤʦʨʱʫʚʘʥʥʷ 1

se ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 2 1/g m m=  ʜʣʷ ʚʠʧʘʜʢʫ ʥʝʩʪʠʩʣʠʚʠʭ 

ʪʽʣ. ʈʠʩʫʥʦʢ 3.27 ʚʽʜʧʦʚʽʜʘʻ ʧʨʫʞʥʦʤʫ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ, ʘ 

ʨʠʩ. 3.28 ï ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ. 

ɼʣʷ ʫʢʘʟʘʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (3.46), 

ʪʘʢʦʞ ʟʘʣʠʰʘʻʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤ. 

3.7 ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʪʠʧʫ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʘ ʚʝʣʠʯʠʥʠ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ɺ ʜʘʥʦʤʫ ʧʫʥʢʪʽ, ʚʠʭʦʜʷʯʠ ʟ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʜʣʷ 

ʙʽʰʘʨʽʚ ʟ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʧ. 3.4), ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ 

ʙʽʰʘʨʽʚ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ ʪʝʨʪʷ (ʧ. 3.6), ʜʘʻʪʴʩʷ ʩʪʠʩʣʠʡ 

ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʧʦʩʣʘʙʣʝʥʥʷ ʘʜʛʝʟʽʾ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʩʠʩʪʝʤʠ ʥʘ ʚʝʣʠʯʠʥʠ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, çʥʘʡʩʣʘʙʰʠʡè ʪʠʧ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʤʦʜʝʣʶʻʪʴʩʷ ʫʤʦʚʘʤʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʥʘ 

ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ. 
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ʅʘ ʨʠʩ. 3.29 ï 3.31 ʰʪʨʠʭʦʚʽ ʢʨʠʚʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʢʨʠʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ 1

re ʜʣʷ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʧʣʽʚʢʠ ʫ ʚʠʧʘʜʢʫ ʽʜʝʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ 

ʧʦʚʝʨʭʥʝʶ ʧʣʽʚʢʠ ʪʘ ʧʽʜʢʣʘʜʢʦʶ (ʨʽʚʥʷʥʥʷ (3.19)), ʘ ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ ï 

ʟʥʘʯʝʥʥʷʤ 1

se ʫ ʚʠʧʘʜʢʫ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʙʝʟ ʪʝʨʪʷ (ʨʽʚʥʷʥʥʷ (3.23)). ʈʠʩ. 3.29 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʛʘʨʤʦʥʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ( 

1 2 0.3n n= = ), ʨʠʩ. 3.30 ï ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ, ʘ ʨʠʩ. 3.31 ï ʧʦʪʝʥʮʽʘʣʦʤ 

ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. 

ʋ ʨʘʟʽ ʦʩʣʘʙʣʝʥʥʷ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʚʦʰʘʨʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʩʧʦʯʘʪʢʫ ʙʫʣʠ ʞʦʨʩʪʢʦ ʟ'ʻʜʥʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʥʘ ʜʝʷʢʠʭ 

ʜʽʣʷʥʢʘʭ ʤʝʞʽ ʧʦʜʽʣʫ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʨʦʟʨʠʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʦʥ ʢʦʚʟʘʥʥʷ (ʟ 

ʪʝʨʪʷʤ ʘʙʦ ʙʝʟ ʥʴʦʛʦ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1e ʜʣʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʮʽʻʾ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦʙ ʚʽʜʧʦʚʽʜʥʽ 

ʪʦʯʢʠ ʥʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 3.29 ï 3.31 ʧʦʪʨʘʧʣʷʣʠ ʚ ʩʽʨʽ ʦʙʣʘʩʪʽ, ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʞ 

çʚʝʨʭʥʴʦʶè ʰʪʨʠʭʦʚʦʶ ʪʘ çʥʠʞʥʴʦʶè ʩʫʮʽʣʴʥʦʶ ʢʨʠʚʠʤʠ. ʇʦʜʽʙʥʽ ʧʠʪʘʥʥʷ 

ʜʣʷ ʚʠʧʘʜʢʫ ʰʘʨʫʚʘʪʦʛʦ ʥʝʦʙʤʝʞʝʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʨʦʟʛʣʷʜʘʣʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ 

[145]. 

ʗʢ ʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 3.30 ʧʦʢʘʟʘʥʦ ʢʨʠʚʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʚ'ʷʟʢʫ ʟʘʜʘʯʽ 

ʧʨʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʫ, ʱʦ 

ʩʪʠʩʢʘʻʪʴʩʷ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ, ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʜʦʚʞʠʥʘ ʟʦʥʠ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʪʦʚʱʠʥʫ ʧʣʽʚʢʠ, ʘ ʤʘʪʝʨʽʘʣʠ 

ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ. ɿʘʟʥʘʯʝʥʘ ʟʘʜʘʯʘ ʜʝʪʘʣʴʥʦ ʚʠʚʯʝʥʘ ʚ 

ʨʦʟʜʽʣʽ 5. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʚʠʧʘʜʢʘʭ ʚʧʣʠʚ ʥʘʷʚʥʦʩʪʽ ʟʦʥ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʣʽʚʢʠ 

ʚʽʜʥʦʩʥʦ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ. ʆʜʥʘʢ, ʧʨʠ ʚʽʜʥʦʩʥʦ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ 

2 1g m m=  ʦʩʣʘʙʣʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʽʣʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ.  
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ʈʠʩ. 3.29 ï ɿʘʣʝʞʥʦʩʪʽ 1 ( )s ge  (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ) ʪʘ 1 ( )r ge  (ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ) ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ. 

 

ʈʠʩ. 3.30 ï ɿʘʣʝʞʥʦʩʪʽ 1 ( )s ge  (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ) ʪʘ 1 ( )r ge  (ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ) ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ.  
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ʈʠʩ. 3.31 ï ɿʘʣʝʞʥʦʩʪʽ 1 ( )s ge  (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ) ʪʘ 1 ( )r ge  (ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ) ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. 

 

ʈʠʩ. 3.32 ï ɿʘʣʝʞʥʦʩʪʽ ( )ged  ʪʘ ( )gld  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ.  
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ʅʘ ʛʨʘʬʽʢʫ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 3.32, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʛʘʨʠʬʤʽʯʥʦʾ 

ʰʢʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʪʘ 

ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʜʣʷ ʙʽʰʘʨʫ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ 

ʪʝʨʪʷ, ʥʦʨʤʦʚʘʥʠʭ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʙʽʰʘʨʫ ʟ ʽʜʝʘʣʴʥʠʤ ʢʦʥʪʘʢʪʦʤ 

ʢʦʤʧʦʥʝʥʪʽʚ 

 1 1/ ;  /s r s r

e ld e e d l l= = ,  

ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ 2 1g m m= . ʂʨʠʚʽ ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ 

ʚʠʧʘʜʢʫ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. 

 ɼʘʥʽ ʥʘ ʨʠʩ. 3.32 ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʫ ʚʠʧʘʜʢʫ 

ʞʦʨʩʪʢʠʭ ʧʣʽʚʦʢ ʥʘ ʧʦʜʘʪʣʠʚʠʭ ʧʽʜʢʣʘʜʢʘʭ, ʷʢʠʡ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʢʦʣʘ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʥʘʷʚʥʽʩʪʴ ʟʦʥ ʧʦʩʣʘʙʣʝʥʥʷ ʟʚôʷʟʢʫ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʥʝ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʢʨʠʪʠʯʥʦʾ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ, ʢʦʣʠ ʧʣʽʚʢʘ ʞʦʨʩʪʢʽʰʘ ʟʘ ʧʽʜʢʣʘʜʢʫ ʫ 100 

ʨʘʟʽʚ, ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʜʣʷ ʧʨʦʢʦʚʟʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ ~2% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʂʦʣʠ ʞ ʧʣʽʚʢʘ ʞʦʨʩʪʢʽʰʘ ʟʘ ʧʽʜʢʣʘʜʢʫ ʫ 1000 ʨʘʟʽʚ, ʮʷ ʚʝʣʠʯʠʥʘ ʩʪʘʥʦʚʠʪʴ 

ʚʞʝ ʤʝʥʰʝ 0.5%. 

3.8 ɺʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʚʝʣʠʯʠʥʠ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ 

ʈʝʟʫʣʴʪʘʪʠ ʧ. 3.5 ʧʦʢʘʟʘʣʠ, ʱʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʣʽʚʢʘ ʧʦʢʨʠʪʪʷ ʩʫʪʪʻʚʦ 

ʞʦʨʩʪʢʽʰʘ ʟʘ ʧʽʜʢʣʘʜʢʫ, ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ 

ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʜʚʦʭ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʭ ʩʝʨʝʜʦʚʠʱ ʤʦʞʫʪʴ ʙʫʪʠ ʟ 

ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʣʠʞʝʥʠʭ ʬʦʨʤʫʣ 

(3.41) ï (3.44). ɺ ʮʴʦʤʫ ʨʘʟʽ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʻ ʤʘʣʠʤʠ ʽ, 

ʦʯʝʚʠʜʥʦ, ʥʝ ʟʘʟʥʘʶʪʴ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʧʨʠ ʟʤʽʥʽ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ, 

ʷʢʠʤʠ ʦʧʠʩʫʶʪʴʩʷ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ. 
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ɯʥʰʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ 

ʩʧʽʚʩʪʘʚʥʽ ʟʘ ʞʦʨʩʪʢʽʩʪʶ, ʘʙʦ ʢʦʣʠ ʞʦʨʩʪʢʽʰʠʤ ʟ ʜʚʦʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʤʘʪʝʨʽʘʣ 

ʧʽʜʢʣʘʜʢʠ (ʜʠʚ. ʨʠʩ. 3.20): ʷʢʱʦ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʻ 

ʚʝʣʠʢʠʤʠ, ʣʽʥʽʡʥʽ ʤʦʜʝʣʽ ʥʝ ʟʘʩʪʦʩʦʚʥʽ, ʘ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ʩʢʣʘʜʦʚʠʭ ʪʽʣ ʻ ʟʥʘʯʥʠʤ. 

ɼʦʩʣʽʜʠʤʦ ʷʢ ʧʨʠʢʣʘʜ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟʘ 

ʽʜʝʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʚʠʢʦʥʘʥʽ ʟ ʥʝʩʪʠʩʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ 

ʦʜʥʠʤ ʽʟ ʜʚʦʭ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ: ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ ʘʙʦ 

ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ. 

ʅʘ ʨʠʩ. 3.33 ʟʦʙʨʘʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ 1 ( )r ge  ʜʣʷ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ 

ʦʟʥʘʯʝʥʠʭ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʚʩʽ ʯʦʪʠʨʠ ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ; 

ʚʽʜʧʦʚʽʜʥʽ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʢʨʠʚʠʭ ʥʘ ʨʠʩ. 3.33 ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 3.5. ʏʝʨʚʦʥʘ 

ʢʨʠʚʘ ʥʘ ʨʠʩʫʥʢʫ ʚʽʜʧʦʚʽʜʘʻ ʥʘʙʣʠʞʝʥʽʡ ʬʦʨʤʫʣʽ (3.43). 

ʂʨʠʚʘ ʇʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʽʜʢʣʘʜʢʠ ʇʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʣʽʚʢʠ 

«1» ʊʨʝʣʦʘʨʘ ʊʨʝʣʦʘʨʘ 

«2» ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ ʊʨʝʣʦʘʨʘ 

«3» ʊʨʝʣʦʘʨʘ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ 

«4» ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ 

ʊʘʙʣʠʮʷ 3.5 ï ʇʦʟʥʘʯʝʥʥʷ ʜʣʷ ʢʨʠʚʠʭ ʥʘ ʨʠʩ. 3.33. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʥʝʣʽʥʽʡʥʽʩʪʴ, ʷʢʘ ʟʘʢʣʘʜʝʥʘ ʚ ʩʪʨʫʢʪʫʨʫ 

ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʜʦʩʪʘʪʥʴʦ ʩʫʪʪʻʚʦ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʚʝʣʠʯʠʥʠ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʊʘʢ, ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʣʽʚʢʘ ʽ ʧʽʜʢʣʘʜʢʘ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʫ ʞʦʨʩʪʢʽʩʪʴ (1g= ), ʮʝʡ ʚʧʣʠʚ ʩʪʘʥʦʚʠʪʴ 8%; ʢʦʣʠ ʧʣʽʚʢʘ ʚ ʧôʷʪʴ 

ʨʘʟʽʚ ʞʦʨʩʪʢʽʰʘ ʟʘ ʧʽʜʢʣʘʜʢʫ (5g= ) ï 2.5%. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʤʝʥʰʝʥʥ̔  

ʚʝʣʠʯʠʥʠ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʝʞ 

ʟʤʝʥʰʫʻʪʴʩʷ: ʧʨʠ 10g= , ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʚʠʤ ç1è ï ç4è ʥʘ ʨʠʩ.   
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ʈʠʩ. 3.33 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

re ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

g  ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. ɺʠʧʘʜʦʢ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ. 

 

ʈʠʩ. 3.34 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 1

se ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

g  ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. ɺʠʧʘʜʦʢ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ.  
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3.33 ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 1%. ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ 

ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʷʛʘʻ ʙʽʣʴʰʝ 15% ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷ 1.3gº . 

ʂʨʽʤ ʪʦʛʦ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʥʘʧʽʚʦʙʤʝʞʝʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ. 

ʇʝʨʝʭʽʜ ʚʽʜ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʜʦ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ ʥʘ ʢʨʠʚʠʭ ç1è ï «4» 

ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʥʽ ʤʝʭʘʥʽʟʤʫ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʟʥʘʯʝʥʥʽ 

ʧʘʨʘʤʝʪʨʫ g  (ʜʠʚ. ʧ. 3.4.2). ʗʢʱʦ ʤʘʪʝʨʽʘʣʠ ʩʢʣʘʜʦʚʠʭ ʙʽʰʘʨʫ ʦʧʠʩʫʶʪʴʩʷ 

ʦʜʥʠʤ ʽ ʪʠʤ ʩʘʤʠʤ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ, ʮʷ ʟʤʽʥʘ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ 

ʞʦʨʩʪʢʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʟʨʽʚʥʶʶʪʴʩʷ (0 1g =). ʗʢʱʦ ʞ ʧʨʫʞʥʽ ʧʦʪʝʥʮʽʘʣʠ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʽʟʥʽ, ʪʦ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 0g  ʻ ʙʣʠʟʴʢʠʤ, ʘʣʝ ʥʝ 

ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʂʦʣʠ 0g g¢ , ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʟʙʽʛʘʻʪʴʩʷ ʟ ʤʝʥʰʠʤ ʽʟ ʟʥʘʯʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʚʝʨʭʥʝʚʽʡ ʚʪʨʘʪʽ 

ʩʪʽʡʢʦʩʪʽ ʦʜʥʦʨʽʜʥʦʾ ʧʽʚʧʣʦʱʠʥʠ ʧʨʠ ʩʪʠʩʢʫ (ʜʠʚ. ʪʘʙʣ. 3.1), ʷʢʘ ʚʠʢʦʥʘʥʘ ʟ 

ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʘʙʦ ʟ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ. 

ɻʨʘʬʽʢ ʥʘ ʨʠʩ. 3.34 ʧʦʢʘʟʫʻ ʟʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʥʷ 1

se ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ g  ʜʣʷ ʙʽʰʘʨʽʚ ʫ ʚʠʧʘʜʢʫ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʠʢʣʘʜ 

ʢʦʤʙʽʥʘʮʽʾ ʜʚʦʭ ʥʝʩʪʠʩʣʠʚʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ 

ʛʘʨʤʦʥʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ (1 2 0.499n n= = ), ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ ʪʘ 

ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʟʥʘʯʝʥʥʷ 1

se 

ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 10%, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʥʘʜʟʚʠʯʘʡʥʫ ʚʘʞʣʠʚʽʩʪʴ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʜʚʦʰʘʨʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʥʝʩʪʠʩʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 
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ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʨʦʟʜʽʣʫ 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚ ʤʝʞʘʭ ʪʨʠʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʧʨʝʟʝʥʪʦʚʘʥʦ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ 

ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʩʪʠʩʢʫ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʛʨʘʥʠʯʥʫ 

ʟʘʜʘʯʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʫ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ ï 

ʩʢʣʘʜʦʚʠʭ ʟʘʛʘʣʴʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ 

ʨʽʚʥʦʚʘʛʠ, ʟʚʝʜʝʥʦ ʜʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʯʘʪʢʫ ʟʤʦʨʱʫʚʘʥʥʷ ʪʦʥʢʦʾ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ, 

ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ʙʽʣʴʰ ʪʦʚʩʪʽʡ ʧʽʜʢʣʘʜʮʽ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʜʘʣʠʩʷ ʜʚʘ ʪʠʧʠ 

ʟôʻʜʥʘʥʥʷ ʧʣʽʚʢʠ ʟ ʧʽʜʢʣʘʜʢʦʶ: ʞʦʨʩʪʢʝ ʟôʻʜʥʘʥʥʷ ʪʘ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʙʝʟ 

ʪʝʨʪʷ. 

ʊʨʘʥʩʮʝʥʜʝʥʪʥʽ ʨʽʚʥʷʥʥʷ ʦʜʝʨʞʘʥʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʙʽʰʘʨʽʚ ʽʟ 

ʩʪʠʩʣʠʚʠʭ ʘʙʦ ʥʝʩʪʠʩʣʠʚʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʨʫʞʥʽ ʧʦʪʝʥʮʽʘʣʠ 

ʷʢʠʭ ʻ ʜʦʚʽʣʴʥʠʤʠ. ʏʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʣʷ ʥʠʟʢʠ 

ʢʦʥʢʨʝʪʥʠʭ ʦʜʥʦ- ʪʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ, ʧʦʢʘʟʘʣʠ 

ʛʘʨʥʝ ʫʟʛʦʜʞʝʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ ʚ ʯʘʩʪʠʥʥʠʭ 

ʚʠʧʘʜʢʘʭ ʟʘʜʘʯʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ɿʦʢʨʝʤʘ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʯʠʩʣʦʚʠʭ ʩʠʤʫʣʷʮʽʡ, ʚʠʢʦʥʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʨʽʟʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʢʝʪʘʭ, 

ʪʘ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʣʽʥʽʡʥʦʛʦ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʆʢʨʝʤʦ ʙʫʣʦ ʚʠʚʯʝʥʦ ʧʠʪʘʥʥʷ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʥʘʙʣʠʞʝʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʬʦʨʤʫʣ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʤʦʨʱʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʘʣʢʦʚʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʣʷ ʙʽʰʘʨʽʚ ʽʟ ʣʽʥʽʡʥʦ-ʧʨʫʞʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʤʝʞʘʭ ʛʝʦʤʝʪʨʠʯʥʦ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ. 
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ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ: 

1. ʋ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʽʚ ʽʟ ʧʣʽʚʢʘʤʠ, ʷʢʽ ʤʝʥʰ 

ʞʦʨʩʪʢʽ ʟʘ ʧʽʜʢʣʘʜʢʫ, ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ, 

ʘʥʘʣʦʛʽʯʥʠʤ ʪʦʤʫ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʦʜʥʦʨʽʜʥʦʾ ʧʽʚʧʣʦʱʠʥʠ; ʚʽʜʧʦʚʽʜʥʽ 

ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʟʙʽʛʘʶʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷʤʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʚʝʨʭʥʝʚʽʡ ʥʝʩʪʽʡʢʦʩʪʽ ʦʜʥʦʨʽʜʥʦʾ ʧʽʚʧʣʦʱʠʥʠ. 

2. ʋ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʤʦʨʱʫʚʘʥʥʷ ʧʨʷʤʫʶʪʴ ʜʦ ʟʥʘʯʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʚʝʨʭʥʝʚʽʡ ʥʝʩʪʽʡʢʦʩʪʽ 

ʦʜʥʦʨʽʜʥʦʾ ʧʽʚʧʣʦʱʠʥʠ, ʢʦʣʠ ʞʦʨʩʪʢʽʩʪʴ ʧʽʜʢʣʘʜʢʠ ʥʝʦʙʤʝʞʝʥʦ ʟʨʦʩʪʘʻ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʧʣʽʚʢʠ. 

3. ʋ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʤʦʨʱʫʚʘʥʥʷ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʠʩʣʠʚʦʩʪʽ ʧʽʜʢʣʘʜʢʠ ʧʨʠ ʤʘʣʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ g. ɼʣʷ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ 

ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 

4. ʄʦʜʝʣʴ ʥʘʧʽʚʦʙʤʝʞʝʥʦʾ ʧʽʜʢʣʘʜʢʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʽʚ ʽʟ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʘʩʪʦʩʦʚʥʘ ʜʣʷ 

ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʧʣʽʚʢʘ ʪʦʥʰʘ ʟʘ ʧʽʜʢʣʘʜʢʫ ʫ 10 ʪʘ ʙʽʣʴʰʝ ʨʘʟʽʚ. 

5. ʌʦʨʤʫʣʠ, ʦʜʝʨʞʘʥʽ ʚ ʨʘʤʢʘʭ ʙʘʣʢʦʚʠʭ ʥʘʙʣʠʞʝʥʴ, ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴ 

ʚʠʧʘʜʦʢ ʙʽʰʘʨʫ ʽʟ ʥʝʩʪʠʩʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʪʠʧʫ. ɺ ʫʩʽʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʬʦʨʤʫʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʥʠʤʠ ʣʠʰʝ ʜʣʷ 

ʜʦʩʪʘʪʥʴʦ ʧʦʜʘʪʣʠʚʠʭ ʧʽʜʢʣʘʜʦʢ, ʢʦʣʠ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʤʝʥʰʽ 10%. 

6. ʋ ʚʠʧʘʜʢʫ ʥʝʩʪʠʩʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʧʣʠʚ ʧʦʩʣʘʙʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʥʠʤʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʣʽʚʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʞʦʨʩʪʢʦʩʪʽ 

ʧʽʜʢʣʘʜʢʠ. ʂʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʩʪʠʩʣʠʚʽ ï ʮʝʡ ʚʧʣʠʚ ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʘʯʥʠʤ 

ʥʘʚʽʪʴ ʜʣʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ g, ʧʝʨʝʜʫʩʽʤ ʯʝʨʝʟ ʯʫʪʣʠʚʽʩʪʴ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʩʪʠʩʣʠʚʦʩʪʽ ʙʽʰʘʨʫ. 
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7. ɺʧʣʠʚ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʷʢʘ ʟʘʢʣʘʜʝʥʘ ʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʫ 

ʚʠʧʘʜʢʫ ʚʝʣʠʢʠʭ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʝ ʩʷʛʘʪʠ 15% ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ 

ʙʽʰʘʨʽʚ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʊʃʊʉɼʊ ʫ ʧʦʻʜʥʘʥʥʽ ʟʽ ʩʪʨʦʛʦʶ 

ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʜʘʯ ʚ ʤʝʞʘʭ ʮʽʻʾ ʪʝʦʨʽʾ ʚʠʷʚʠʣʦʩʴ ʝʬʝʢʪʠʚʥʦʶ ʤʝʪʦʜʠʢʦʶ ʜʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʫ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʫ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ. ɸʚʪʦʨ ʚʚʘʞʘʻ ʜʦʮʽʣʴʥʠʤ 

ʧʦʜʘʣʴʰʝ ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʜʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯ ʜʣʷ ʦʙʤʝʞʝʥʠʭ ʦʙʣʘʩʪʝʡ ʫ ʚʠʛʣʷʜʽ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʾ 

ʩʤʫʛʠ ʪʘ ʟʘʜʘʯ ʧʨʦ ʩʪʽʡʢʽʩʪʴ ʩʪʨʫʢʪʫʨ ʟ ʜʚʦʰʘʨʦʚʠʤʠ ʧʦʢʨʠʪʪʷʤʠ, ʚʠʚʯʝʥʥʷ 

ʟʤʦʨʱʫʚʘʥʥʷ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʢʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʜʘʣʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʦʙʦʪʽ ʧʨʠ ʚʠʚʯʝʥʽ 

ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʽʚ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʠʭ ʜʝʬʝʢʪʽʚ. ʇʨʠ ʮʴʦʤʫ, ʟʘʜʘʯʽ, ʱʦ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʈʦʟʜʽʣʽ 3, ʩʣʫʛʫʚʘʪʠʤʫʪʴ ʛʨʘʥʠʯʥʠʤʠ ʚʠʧʘʜʢʘʤʠ ʟʘʜʘʯ ʜʣʷ ʪʽʣ 

ʟ ʜʝʬʝʢʪʘʤʠ çʥʫʣʴʦʚʦʾ ʜʦʚʞʠʥʠè ʪʘ çʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʠʤʠè ʜʝʬʝʢʪʘʤʠ. 
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ʈʆɿɼɯʃ 4 ʉʊʀʉʂ ʅɸʇɯɺʆɹʄɽɾɽʅʀʍ ɹɯʐɸʈʆɺʀʍ 

ʉʀʉʊɽʄ ɿ ɾʆʈʉʊʂʆ ɿôɭɼʅɸʅʀʄʀ 

ʂʆʄʇʆʅɽʅʊɸʄʀ ɺɿɼʆɺɾ ʄɯɾʌɸɿʅʆɰ ʊʈɯʑʀʅʀ 

ɼʘʥʠʡ ʨʦʟʜʽʣ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʦʚʠʭ 

ʩʠʩʪʝʤ ʧʨʠ ʾʭ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ (ʚʽʜʰʘʨʫʚʘʥʥʷ). 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʧʦʟʘ ʪʨʽʱʠʥʦʶ ʞʦʨʩʪʢʦ 

ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ; ʚʠʧʘʜʦʢ, ʢʦʣʠ ʮʽ ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ ʪʝʨʪʷ, 

ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʟʜʽʣ ̔6 ʜʠʩʝʨʪʘʮʽʾ. 

ʅʘʪʝʧʝʨ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʻʜʠʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʚ ʙʠ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʽʚ ʧʨʠ ʾʭ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʛʦ 

ʚʽʜʰʘʨʫʚʘʥʥʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʚʽʜʰʘʨʫʚʘʥʥʷ. ʅʘʚʽʪʴ ʫ ʤʝʞʘʭ ʬʽʟʠʯʥʦ 

ʣʽʥʽʡʥʠʭ ʤʦʜʝʣʝʡ ʥʘʷʚʥʽ ʥʘʙʣʠʞʝʥʽ ʧʽʜʭʦʜʠ ʟʘʩʪʦʩʦʚʥʽ ʣʠʰʝ ʜʦ ʦʢʨʝʤʠʭ 

ʚʠʧʘʜʢʽʚ ï ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʭ ʪʘ ʜʦʩʪʘʪʥʴʦ ʢʦʨʦʪʢʠʭ ʚʽʜʰʘʨʫʚʘʥʴ [240], ï ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʣʠʰʝ ʦʜʠʥ ʟ ʜʚʦʭ ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʤʦʞʝ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʴ ʚ ʥʘʧʽʚʦʙʤʝʞʝʥʦʤʫ ʙʽʰʘʨʽ, ʘʣʝ ʥʝ ʾʭʥʶ ʚʟʘʻʤʦʜʽʶ [107, 173, 

189, 218]. 

ʗʢʱʦ ʜʦʚʞʠʥʘ ʥʘʷʚʥʦʛʦ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʜʝʬʝʢʪʫ ʜʦʩʠʪʴ ʤʘʣʘ ʧʦʨʽʚʥʷʥʦ 

ʟ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ, ʡʦʛʦ ʥʘʷʚʥʽʩʪʶ ʥʝʭʪʫʶʪʴ, ʨʦʟʛʣʷʜʘʶʯʠ ʜʝʬʝʢʪ 

ʷʢ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ [188], ʷʢʠʡ ʥʝ ʚʧʣʠʚʘʻ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʥʘ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʜʦ ʨʦʟʛʣʷʜʫ 

ʙʝʨʫʪʴ ʟʘʜʘʯʫ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʭ 

ʩʝʨʝʜʦʚʠʱ (ʙʝʟ ʜʝʬʝʢʪʽʚ). ʆʟʥʘʯʝʥʘ ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʘ ʚ ʨʦʟʜʽʣʽ 3, ʪʘʤ ʞʝ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʥʘʙʣʠʞʝʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʚʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ï ʟʤʦʨʱʫʚʘʥʥʷ (ʨʠʩ. 3.1.ʚ). 
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ʈʠʩ. 4.1 ï ɺʠʧʫʯʫʚʘʥʥʷ ʪʦʥʢʦʾ ʧʣʽʚʢʠ ʥʘ ʥʘʧʽʚʦʙʤʝʞʝʥʽʡ ʧʽʜʢʣʘʜʮʽ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʢʨʠʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʤʝʥʰʫʶʪʴʩʷ ʽ ʟʘ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʥʘʙʣʠʞʝʥʽ ʧʽʜʭʦʜʠ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʣʠʰʝ ʟʤʦʨʱʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ʩʪʘʶʪʴ ʥʝʟʘʩʪʦʩʦʚʥʠʤʠ. 

ʗʢʱʦ ʜʦʚʞʠʥʘ ʪʨʽʱʠʥ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ, ʜʦʤʽʥʫʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʻ çbucklingè (ʟ ʘʥʛʣ. çʚʠʧʫʯʫʚʘʥʥʷè, ʜʠʚ. ʨʠʩ. 4.1). 

ʇʨʠʙʣʠʟʥʘ ʦʮʽʥʢʘ ʢʨʠʪʠʯʥʠʭ buckling-ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʝ ʙʫʪʠ ʥʘʜʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ «ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ», ʫ ʤʝʞʘʭ ʷʢʦʛʦ ʚʽʜʰʘʨʦʚʘʥʘ ʯʘʩʪʠʥʘ 

ʧʣʽʚʢʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʙʘʣʢʘ (ʯʠ ʩʤʫʛʘ) ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʥʘ ʪʦʨʮʷʭ [240]. ʇʨʠ ʮʴʦʤʫ ʪʘʢʝ çʙʘʣʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷè ʤʘʻ ʥʠʟʢʫ ʦʯʝʚʠʜʥʠʭ 

ʥʝʜʦʣʽʢʽʚ. ʇʦ-ʧʝʨʰʝ, ʡʦʛʦ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʧʨʠ ʩʫʪʪʻʚʠʭ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ (ʚʽʜʰʘʨʫʚʘʥʥʷ) ʜʦ ʪʦʚʱʠʥʠ ʰʘʨʫ ʧʦʢʨʠʪʪʷ 

(ʪʦʙʪʦ ʢʦʣʠ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʦʜʝʣʴ «ʪʦʥʢʦʾ» ʙʘʣʢʠ ʯʠ ʩʤʫʛʠ). ʇʦ-ʜʨʫʛʝ, 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʩʪʠʩʢʘʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʨʘʥʠʭ ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʪʦʨʮʷʭ ʙʘʣʢʠ 

(ʩʤʫʛʠ); ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʽʜ ʞʦʨʩʪʢʦʛʦ ʟʘʱʝʤʣʝʥʥʷ ʜʦ 

ʚʽʣʴʥʦʛʦ ʦʧʠʨʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ 4 

ʨʘʟʠ ʜʣʷ ʩʤʫʛʠ ʧʨʠ ʾʾ ʦʜʥʦʦʩʥʦʤʫ ʩʪʠʩʢʫ [133].  

ɺʟʘʻʤʦʜʽʷ ʞ ʤʽʞ ʜʚʦʤʘ ʤʝʭʘʥʽʟʤʘʤʠ ï ʟʤʦʨʱʫʚʘʥʥʷʤ ʪʘ ʚʠʧʫʯʫʚʘʥʥʷʤ, 

ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʥʘʪʫʨʥʠʭ ʽ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ, ʜʦʩ̔ ʚʟʘʛʘʣʽ ʥʝ 

ʟʥʘʭʦʜʠʣʘ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙʛʨʫʥʪʫʚʘʥʥʷ, ʘ ʻʜʠʥʦʛʦ ʩʧʦʩʦʙʫ ʚʠʟʥʘʯʝʥʥʷ 
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ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪ ̔ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʽʚ ʟ 

ʤʽʞʬʘʟʥʠʤʠ ʪʨʽʱʠʥʘʤʠ, ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʦ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʛʽʧʝʨʧʨʫʞʥʦʾ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 

ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʩʪʨʦʛʦʾ 

ʧʦʩʪʘʥʦʚʢʠ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʊʃʊʉɼʊ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʛʘʣʴʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ (2.55), 

(2.61) ʛʨʘʥʠʯʥʘ ʟʘʜʘʯʘ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ 

ʬʫʥʢʮʽʡ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʜʦʧʦʚʥʝʥʦʾ ʜʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ. 

ʎ  ̫ ʩʠʩʪʝʤʘ ʦʜʝʨʞʫʻʪʴʩʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʽ 

ʥʝʩʪʠʩʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ ʫ ʨʘʟʽ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʚʠʧʘʜʢʽʚ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʨʝʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʘʤ ʩʢʣʘʜʦʚʠʭ ʙʽʰʘʨʫ (ʜʠʚ. ʧ. 3.2). ʇʨʦʚʦʜʠʪʴʩʷ ʩʪʨʦʛʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʜʘʶʪʴʩʷ ʬʽʟʠʯʥʽ 

ʧʦʷʩʥʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙʤʝʞʝʥʴ. 

ʏʠʩʣʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ɹʫʙʥʦʚʘ ï ɻʘʣʴʦʨʢʽʥʘ. ɸʥʘʣʽʟʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨ 

ʧʨʘʢʪʠʯʥʦʾ ʟʙʽʞʥʦʩʪʽ ʪʘ ʦʧʠʩʫʶʪʴʩʷ ʧʽʜʭʦʜʠ ʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʥʝʚʣʘʩʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ï ʩʢʣʘʜʦʚʠʭ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʇʝʨʰʠʡ ʝʪʘʧ 

ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ ʟʘʜʘʯʘʭ ʜʣʷ ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ. 

ʂʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʥʠʟʢʠ ʢʦʥʢʨʝʪʥʠʭ 

ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʽ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. ʇʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ 

ʟʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʽʚ, 

ʚʠʚʯʘʻʪʴʩʷ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽ.ʾ 
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ɼʘʣʽ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʶ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʦʜʝʨʞʘʥʠʤʠ ʚ ʤʝʞʘʭ ʥʘʙʣʠʞʝʥʠʭ ʧʽʜʭʦʜʽʚ, ʦʢʨʝʤʦ ʜʣʷ ʚʽʜʥʦʩʥʦ ʜʦʚʛʠʭ ʽ 

ʢʦʨʦʪʢʠʭ ʪʨʽʱʠʥ. ɺʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʠ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʥʘʙʣʠʞʝʥʠʭ ʬʦʨʤʫʣ. 

ʊʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʦʚʠʭ ʩʠʤʫʣʷʮʽʡ, 

ʚʠʢʦʥʘʥʠʭ ʽʥʰʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ. 

ʋ ʟʘʚʝʨʰʝʥʥʽ ʨʦʟʜʽʣʫ ʨʝʟʫʣʴʪʘʪʠ ʢʨʠʪʠʯʥʦ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ 

ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʬʦʨʤʫʣʶʶʪʴʩʷ ʚʠʩʥʦʚʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʟʜʽʣʽ, ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ ʘʚʪʦʨʘ [3, 

34, 38, 71, 75, 76, 78, 159]. 

4.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ɺ ʫʤʦʚʘʭ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʨʘʤʢʘʭ ʩʪʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ʪʨʠʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ ʨʦʟʛʣʷʥʝʤʦ ʥʘʧʽʚʦʙʤʝʞʝʥʝ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʝ ʪʽʣʦ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ: ʥʘʧʽʚʦʙʤʝʞʝʥʦʾ 

ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʽʜʢʣʘʜʢʠ ç1è (2 0x ¢ ) ʽ ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ç2è (

20 x h¢ ¢). ɻʨʘʥʠʯʥʘ ʧʦʚʝʨʭʥʷ ʪʽʣʘ 2x h=  ʻ ʥʝʥʘʚʘʥʪʘʞʝʥʦ .ʁ 

 

ʈʠʩ. 4.2 ï ɹ̔ ʰʘʨʦʚʘ ʩʠʩʪʝʤʘ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. 

ʇʨʷʤʦʣʽʥʽʡʥʘ ʤʝʞʘ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ 2 0x =  ʤʽʩʪʠʪʴ ʚʽʜʢʨʠʪʫ 

ʤʽʞʬʘʟʥʫ ʥʝʥʘʚʘʥʪʘʞʝʥʫ ʪʨʽʱʠʥʫ (ʚʽʜʰʘʨʫʚʘʥʥʷ) ʜʦʚʞʠʥʠ 2ʘ (ʨʠʩ. 4.2); ʧʦʟʘ 

ʪʨʽʱʠʥʦʶ ʤʘʪʝʨʽʘʣʠ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ. 
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ʅʝʭʘʡ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʙʽʰʘʨʦʚʘ ʩʠʩʪʝʤʘ ʩʪʠʩʢʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦ ʜʦʢʨʠʪʠʯʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʪʽʣʽ, ʻ 

ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʤ, ʦʜʥʦʨʽʜʥʠʤ ʽ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʘʤʠ (3.1) ï (3.4). 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʟʘʧʠʰʫʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

(2) (2)

22 210,  0t t= = 2 1( = , 0 )x h x¢ <¤; 

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

22 22 21 21,  t t t t= =  2 1( 0,  0 )x x= ¢ <¤; 

 
(2) (2)

21 22 0,   0t t= = 2 1( 0,  )x x a= ¢ ; (4.1) 

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

1 1 2 2,  u u u u= =  2 1( =0, )x x a> . 

ʉʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʚʽʜʥʦʩʥʽ ʫʢʦʨʦʯʝʥʥʷ (3.4), ʟʘ 

ʷʢʠʭ ʩʠʩʪʝʤʘ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʰʫʢʘʻʪʴʩʷ 

ʪʘʢʝ ʧʝʨʰʝ ʟʥʘʯʝʥʥʷ 1l (ʧʨʠ ʡʦʛʦ ʟʤʝʥʰʝʥʥʽ ʧʦʯʠʥʘʶʯʠ ʟʽ ʟʥʘʯʝʥʥʷ 1 1l= , 

ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʫ), ʧʨʠ ʷʢʦʤʫ ʟʘ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʠʩʢʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʦʜʥʦʨʽʜʥʘ ʟʘʜʘʯʘ ʤʘʻ 

ʥʝʪʨʠʚʽʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ. ʆʩʪʘʥʥʻ ʩʚʽʜʯʠʣʦ ʙ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʩʫʤʽʞʥʦʛʦ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ (ʨʠʩ. 4.2) ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʶ ʨʫʡʥʫʚʘʥʥʷ [5, 6], ʨʦʟʨʦʙʣʝʥʦʛʦ ʫ ʤʝʞʘʭ 

ʊʃʊʉɼʊ, ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʥʦʛʦ ʩʪʠʩʢʘʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʥʘʯʝʥʥʶ ʚʽʜʥʦʩʥʦʛʦ ʫʢʦʨʦʯʝʥʥʷ 1e, ʷʢʝ ʚʠʟʥʘʯʝʥʝ ʽʟ ʫʢʘʟʘʥʦʾ ʫʤʦʚʠ, ʷʚʣʷʻ 

ʩʦʙʦʶ ʪʝʦʨʝʪʠʯʥʫ ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘ ʩʪʠʩʢ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, 

ʧʦʯʘʪʢʦʚʠʡ ʝʪʘʧ ʨʫʡʥʫʚʘʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 4.2) ʘʩʦʮʽʶʻʪʴʩʷ ʟ 

ʚʪʨʘʪʦʶ ʾʾ ʩʪʽʡʢʦʩʪʽ. 

4.2 ɻʨʘʥʠʯʥʽ ʟʘʜʘʯʽ ʜʣʷ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ 

ɿʚʝʜʝʤʦ ʟʘʜʘʯʫ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (4.1) ʜʦ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ ï ʩʢʣʘʜʦʚʠʭ 
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ʧʨʝʜʩʪʘʚʣʝʥʴ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ (2.41), 

(2.42). 

ʆʩʢʽʣʴʢʠ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 4.2) ʻ ʛʽʧʝʨʧʨʫʞʥʠʤʠ 

ʩʪʠʩʣʠʚʠʤʠ ʘʙʦ ʥʝʩʪʠʩʣʠʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʟ ʜʦʚʽʣʴʥʦ ʁʬʦʨʤʦʶ ʧʨʫʞʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʜʦ ʨʦʟʛʣʷʜʫ ʤʘʻʤʦ ʯʦʪʠʨʠ ʦʢʨʝʤʽ ʚʠʧʘʜʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʤʦʞʣʠʚʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʨʝʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʨʽʚʥʷʥʴ (2.48), ʟʘʧʠʩʘʥʠʭ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ (ʜʠʚ. ʧ. 3.2). 

ʗʢʱʦ ʜʣʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʘʪʝʨʽʘʣʫ ʙʽʰʘʨʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʧʘʜʦʢ 

ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ (1 2

i i in n n= =), ʪʦ ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤʠ 

(3.7) ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ. 

ʗʢʱʦ ʜʣʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʘʪʝʨʽʘʣʫ ʙʽʰʘʨʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʧʘʜʦʢ 

ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ (1 2

i in ņ ), ʪʦ ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤʠ (3.9)

ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ. 

ʗʢ ʽ ʜʣʷ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʪʽʣʘ ʙʝʟ ʜʝʬʝʢʪʫ (ʈʦʟʜʽʣ 3), ʧʨʦʽʣʶʩʪʨʫʻʤʦ ʭʽʜ 

ʨʦʟʚôʷʟʘʥʥʷ ʫ ʚʠʧʘʜʢʘʭ (ʽ) ʪʘ (ʽʽ), ʪʦʙʪʦ ʢʦʣʠ ʜʣʷ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ 

ʨʝʘʣʽʟʫʪʁʴʩʷ ʚʠʧʘʜʢʠ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ 
1 1 2 2

1 2 1 2,  n n n n= =  ʘʙʦ ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ 

1 1 2 2

1 2 1 2,  n n n n¸ ¸, ʚʽʜʧʦʚʽʜʥʦ. ɺʠʧʘʜʢʠ (ʽʽʽ) ʽ (ʽv) ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. 

 ʇʽʜʩʪʘʚʣʷʶʯʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.7) ʫ ʚʠʧʘʜʢʫ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ ʘʙʦ (3.9) ʫ 

ʚʠʧʘʜʢʫ ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ ʚ ʧʝʨʰʽ ʜʚʘ ʨʷʜʢʠ ʢʨʘʡʦʚʠʭ ʫʤʦʚ (4.1), ʦʜʝʨʞʫʻʤʦ 

ʥʘʩʢʨʽʟʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟʘʜʘʯʽ, ʧʦʜʘʥʽ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ 

ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ: 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

 
(2) (2) 2 (2)

2 2 2

1 2 2 1

1 1 1 2

F F
0k k k h

x x x z

µ µF µ
+ - =

µ µ µ µ
 2 1 1( = , 0 )z h x- ¢ <¤, 

 
(2) (2) 2 (2)

2 2 2

4 5 5 1 2

2 2 2

F F
0k k k h

z z z

µ µF µ
+ - =

µ µ µ
 2 1 1( = , 0 )z h x- ¢ <¤; 
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(1) (1) (2) (2)
1 1 2 2

1 2 1 2

1 1 1 1

F F
k k k k

x x x x

µ µF µ µF
+ = +

µ µ µ µ
 1( =0,  0 )jz x¢ <¤

, (4.2) 

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

1 1 2 2

4 5 4 5

1 1 2 2

F F
k k k k

z z z z

µ µF µ µF
+ = +

µ µ µ µ 
1( =0,  0 )jz x¢ <¤

 1 (2)

h
h

n
= ; 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 
(2) (2)

2 21 2
1 2(2) (2)

1 1 1 2

0k k
x z x z

j jµ µ
+ =

µ µ µ µ
 

(2)

1( = , 0 )j jz h x- ¢ <¤, 

 

( ) ( )

2 (2) 2 (2)
2 21 2
4 52 2

(2) (2)

1 2

0k k
z z

j jµ µ
+ =

µ µ
 

(2)

1( = , 0 )j jz h x- ¢ <¤; 

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

1 1 2 21 2 1 2
1 2 1 2(1) (1) (2) (2)

1 1 1 2 1 1 1 2

k k k k
x z x z x z x z

j j j jµ µ µ µ
+ = +

µ µ µ µ µ µ µ µ
, 

( )

1( 0, 0 )i

jz x= ¢ <¤, (4.3) 

 

( ) ( ) ( ) ( )

2 (1) 2 (1) 2 (2) 2 (2)
1 1 2 21 2 1 2
4 5 4 52 2 2 2

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

1 2 1 2

k k k k
z z z z

j j j jµ µ µ µ
+ = +

µ µ µ µ
, 

( )

1( 0, 0 )i

jz x= ¢ <¤ (
(2)

j

j

h
h

n
= ). 

ɸʥʘʣʦʛʽʯʥʦ, ʜʣʷ ʪʨʝʪʴʦʛʦ ʨʷʜʢʘ (4.1), ʽʥʪʝʛʨʫʶʯʠ ʧʝʨʰʫ ʟ ʫʤʦʚ ʧʦ 1ʭ, 

ʧʨʠʭʦʜʠʤʦ ʜʦ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ çʥʘ ʪʨʽʱʠʥʽè: 

ʜʣʷ ʚʠʧʘʜʢʫ çʽ»  

 

2 (2) 2 (2)

1 2Fk k const+ F =
 

2 1( =0, )z x a¢ ,  

 

(2) (2)
2 2

4 5

2 2

F
0k k

z z

µ µF
+ =

µ µ
 2 1( =0, )z x a¢ ; (4.4) 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 
(2) (2)

2 21 2
1 2(2) (2)

1 2

k k const
z z

j jµ µ
+ =

µ µ
 

(2)

1( 0, )jz x a= ¢ ,  

 

( ) ( )

2 (2) 2 (2)
2 21 2
4 52 2

(2) (2)

1 2

0k k
z z

j jµ µ
+ =

µ µ
 

(2)

1( 0, )jz x a= ¢ , (4.5) 
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ʘ ʜʣʷ ʯʝʪʚʝʨʪʦʛʦ ʨʷʜʢʘ (4.1) ʧʽʩʣʷ ʜʝʷʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ [21, 185] ï ʜʦ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ çʧʦʟʘ ʪʨʽʱʠʥʦʶè: 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

 
(1) (2)

1 2z z

µF µF
=

µ µ
 1( 0, )jz x a= >  1( 0, )jz x a= > , 

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

1 2 1 2F Fp p p p+ F = + F 1( 0, )jz x a= > ; (4.6) 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 

( ) ( ) ( ) ( )

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

1 2 1 2

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

1 2 1 2z z z z

j j j jµ µ µ µ
+ = +

µ µ µ µ
 

( )

1( 0, )i

jz x a= > , 

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

1 1 2 21 2 1 2
1 2 1 2(1) (1) (2) (2)

1 2 1 2

p p p p
z z z z

j j j jµ µ µ µ
+ = +

µ µ µ µ
 

( )

1( 0, )i

jz x a= >  (4.7) 

ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʫʤʦʚʠ: 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

 

1 2

(1) (2)

1 1

1 20 00 0

a a

z z

dx dx
z z

= =

µF µF
=

µ µñ ñ  (4.8) 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 

( ) ( ) ( ) ( )
(1)

(2)

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

1 2 1 2
1 12 2 2 2

(1) (1) (2) (2)
0 01 2 1 2

0
0

d d

j
j

a a

z
z

x x
z z z z

j j j j

=
=

å õ å õ
µ µ µ µæ ö æ ö+ = +
æ ö æ öµ µ µ µ
ç ÷ ç ÷
ñ ñ , (4.9) 

ʟʘʧʠʩʘʥʠʭ ʫ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ. 

4.3 ʉʠʩʪʝʤʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʘʜʘʯ ̔

ʇʨʝʜʩʪʘʚʠʤʦ ʥʝʚʽʜʦʤʽ ʧʦʪʝʥʮʽʘʣʴʥʽ ʛʘʨʤʦʥʽʯʥʽ ʬʫʥʢʮʽʾ 

( ) ( ) ( ) ( )F ,  ,  , ,  , 1,2i i i i

j i jj jF =  ʫ ʚʠʛʣʷʜʽ ʢʦʩʠʥʫʩ-ʨʦʟʢʣʘʜʽʚ ʌʫʨôʻ ʟ ʧʘʨʘʤʝʪʨʦʤ 
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l ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ 1x, ʟʙʝʨʽʛʰʠ ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʴ (3.15), (3.16) ʫ ʚʠʧʘʜʢʫ 

çʽè ʪʘ çʽʽè, ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘʜʦʚʦʣʴʥʷʶʯʠ ʩʧʦʯʘʪʢʫ ʥʘʩʢʨʽʟʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (4.2) ((4.3)), 

ʧʨʠʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ( )Al, 

( )B l, 1( )C l , 2( )C l, 1( )D l , 2( )D l: 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

 
1 1 2 2 2 2

1 2 1 1 1 2 2 1 2 2coth coth 0k A k B k C k C k D k Dm m+ - Ö - - Ö - =, 

 
1 1 2 2 2 2

4 5 4 1 4 2 5 1 5 2coth coth 0k A k B k C k C k D k Dm m+ + + Ö + + Ö =,  

 
2 2 2

1 1 2 2 2 1 0k C k C k Dm- + =, (4.10) 

 
2 2 2

5 1 4 2 5 2 0k C k C k Dm - - = ( )1hm l= ; 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

2 2

1 2 2 2 0k C k Dg + =, 

 
2 2

4 1 5 1 0k C k Dg + =, 

 
1 1 2 2 2 2

1 2 1 1 1 2 1 2 1 2 2 2coth coth 0k A k B k C k C k D k Dm m+ + + + + =, (4.11) 

 
1 1 2 2 2 2

4 5 4 1 1 4 2 5 1 2 5 2coth coth 0k A k B k C k C k D k Dm m- - + + + + = 2

1

sinh
( ,  )

sinh
j jh

m
m l g

m
= = . 

ɺʠʟʥʘʯʘʶʯʠ ( )Al, ( )B l, 1( )D l  ʽ 2( )D l ʯʝʨʝʟ 1( )C l , 2( )C l, ʦʪʨʠʤʘʻʤʦ: 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

 
( ) ( )1

1 2 3 1 4 5 6 2coth cothA s s s C s s s Cm m m m m m-è ø=-D + + Ö + + + Öê ú, 

 ( ) ( )1

1 2 3 1 4 5 6 2coth cothB r r r C r r r Cm m m m m m-è ø=D + + Ö + + + Öê ú,  

 
2

1
1 1 22

2

k
D C C

k
m=- + , (4.12) 
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2

4
2 1 22

5

k
D C C

k
m= - , 

1 1 1 1

4 2 5 1k k k kD= - , 

( )1 2 2 1 2 2 2

1 2 4 2 2 5 1 2s k k k k k k k= - , 
1 2

2 5 2s k k= , 
1 2

3 2 5s k k= , ( )1 2 2 1 2 2 2

4 5 5 1 5 2 4 5s k k k k k k k= - , 

5 3s s= , 6 2s s= , ( )1 2 2 1 2 2 2

1 1 4 2 1 5 1 2r k k k k k k k= - , 
1 2

2 4 2r k k= , 

1 2

3 1 5r k k= , ( )1 2 2 1 2 2 2

4 4 5 1 4 2 4 5r k k k k k k k= - , 5 3r r= , 6 2r r= ; 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 ( ) ( )1 1 2 1 1 2 1

2 4 5 1 5 1 2 2A k k l k m C k k l k n C-è ø=-D - + -
ê ú, 

 ( ) ( )1 1 2 1 1 2 1

1 4 4 1 4 1 1 2B k k l k m C k k l k n C-è ø=-D - + + - +
ê ú, 

 
2

4
1 12

5

k
D C

k
g=- , (4.13) 

 
2

1
2 22

2

k
D C

k
g=- , 

 2 1coth cothl g m m= - , 
2 2

2 2 4
1 2

5

k k
m k

k
g= - , 

2 2
2 1 5
4 2

2

k k
n k

k
g= - . 

ʇʽʜʩʪʘʚʣʷʶʯʠ (3.15), (3.16) ʚ (4.4), (4.5) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (4.12) ((4.13)), 

ʫʤʦʚʠ çʥʘ ʪʨʽʱʠʥʽè ʧʨʠʡʤʫʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

( )1 2 1

0

( ) coth ( ) cos dC k C x constm l m m l l l
¤

è ø+ - + =ê úñ  1( )x a¢ , 

 ( )1 2 1

0

coth ( ) ( ) cos d 0k C C xl m m l m l l l
¤

è ø+ + =ê úñ  1( )x a¢ ; (4.14) 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 
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2

1 1 2 1

0

( ) ( ) cos dmC k lC x constl l l l
¤

è ø- =ê úñ  1( )x a¢ , 

 2

4 1 2 1

0

( ) ( ) cos d 0k lC nC xl l l l l
¤

è ø- + =ê úñ  1( )x a¢ . (4.15) 

ɸʥʘʣʦʛʽʯʥʦ, ʫʤʦʚʠ çʧʦʟʘ ʪʨʽʱʠʥʦʶè (4.6), (4.7) ʟʘʧʠʰʫʪʴʩʷ ʪʘʢ: 

 
1 1

0

Y ( )cos d 0xl l l
¤

=ñ ,  

 
2 1 1

0

Y ( )cos d 0,  ( )x x al l l l
¤

= >ñ , (4.16) 

1 1 1 2 2Y ( ) ( ) ( )C Cl a l a l= + , 2 1 1 2 2Y ( ) ( ) ( )C Cl b l b l= + , 

ʜʝ ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

1 0 1 2 3( ) coth cothx a a x a x a x xa = + + + , 

 2 0 3 1( ) cothx b a x a x xa = + + , 

 1 0 3 1( ) cothx c d x d x xb = + + , 

 2 0 1 2 3( ) coth cothx d d x d x d x xb = + + + ; (4.17) 

2 2 2 2

4 2 5 1

2 2

2 5

k k k k
k

k k

-
= , 

1 1

1 2 1 1
0

r p s p
a

-
=

D
, 

1 1
2 2 2 2 1

1 2

r p s p
a p

-
=- +

D
, 

2
2 21

2 2 12

2

k
a p p

k
= - , 

1 1

3 2 3 1
3

r p s p
a

-
=

D
, 

2 1 1
2 24 4 2 4 1

0 1 22

5

k r p s p
b p p

k

-
=- + +

D
, 

2

1 1
0 2

2

k r
c

k
=- +

D
, 

4
0

r
d =
D

, 5
1 1

r
d = +

D
, 

2

4
2 2

5

k
d

k
=- , 6

3

r
d =
D

; 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 
1 1 1 1 1 1 1 1 2

2 2 21 2 2 1 2 4 1 5 4
1 4 1 2 2

5

p k p k p k p k k
k l m p p

k
a g

- + - +
= + + -

D D
,  
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1 1 1 1 1 1 1 1 2

2 2 21 5 2 4 2 1 1 2 1
2 1 1 1 2 22

2

coth coth
p k p k p k p k k

k l m p p
k

a m g m
- + - +

= + + -
D D

,  

 
1 1 1 1 2

2 2 1 4 5 4
1 4 1 12

5

coth coth
k k k k k

k l m
k

b m g m
- + - +

= + - +
D D

, (4.18) 

 
1 1 1 1 2

2 5 4 1 2 1
2 1 2

2

1
k k k k k

k l m
k

b g
- + - +

= + - +
D D

. 

ɼʦʜʘʪʢʦʚʘ ʫʤʦʚʘ (4.8), (4.9) ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ çʽè ʪʘ çʽè ʧʨʠʡʤʝ ʚʠʛʣʷʜ 

 
2

0

Y ( )sin d 0al l l
¤

=ñ . (4.19) 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦʙ ʚʠʙʨʘʪʠ ʬʫʥʢʮʽʾ 1 2Y ( ),  Y ( )l l 

ʪʘʢʠʤ ʯʠʥʦʤ [52], ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʨʽʚʥʷʥʥʷ (4.16) ʪʦʪʦʞʥʦ. ɺʠʙʝʨʝʤʦ ʮʽ 

ʬʫʥʢʮʽʾ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

( )2

1
0

Y ( ) cos cos d
a

t t a tl j l l-= -ñ , ( )3

2 1
0

Y ( ) cos cos d
a

h t t a tl y l l-=- -ñ , (4.20) 

ʜʝ ( )tj , ( )ty  ï ʥʦʚʽ ʥʝʚʽʜʦʤʽ ʬʫʥʢʮʽʾ, ʥʝʧʝʨʝʨʚʥʦ-ʜʠʬʝʨʝʥʮʽʡʦʚʥʽ ʥʘ [ ]0,ʘ. 

ʇʦʢʘʞʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʱʦ ʚʠʙʽʨ ʬʫʥʢʮʽʾ 2 Y ( )l  ʫ ʚʠʛʣʷʜʽ (4.20)

ʟʘʜʦʚʦʣʴʥʷʻ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ʚ (4.16). 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ [47, 48] ʽʥʪʝʛʨʘʣʘ 

 
0

/ 2,  0
sin cos

d / 4,  

0,  0.

q p
px qx

x q p
x

q p

p

p
¤

¢ <ë
î
= =ì
î > ²í

ñ .  (4.21) 

ʇʽʜʩʪʘʚʣʷʶʯʠ (4.20) ʚ (4.16) ʽ ʚʨʘʭʦʚʫʶʯʠ (4.21), ʦʜʝʨʞʫʻʤʦ 
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( )1 12

0 0

1
( ) cos cos d cos d

a

h t t a t xy l l l l
l

¤

- - =ñ ñ

( ) ( )1 12 0
0 0

1
( ) cos cos ( ) sin d cos d

a
a

h t t a t t t xl l l l l l
l

¤ è ø
- Y - - Y - =é ù

ê ú
ñ ñ  

( ) ( )1 12 0
0 0

1
( ) cos cos ( ) sin d cos d

a
a

h t t a t t t xl l l l l l
l

¤ è ø
=- Y - - Y - =é ù

ê ú
ñ ñ  

1
1

0 0

sin cos d
( ) d 0

a
t x

h t t
l l l

l

¤

=- Y =ñ ñ , 1x a t> ², 

ʜʝ 
0

( ) ( )d

t

t t tyY =ñ , (0) 0Y = . 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʟʥʘʯʝʥʥʷʤ ʽʥʰʦʛʦ ʽʥʪʝʛʨʘʣʫ [47, 48] 

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

3

0

sin sin sin
d

16

ax bx cx
x a b c a b c a b c a b c

x

p
e

¤

è ø= + + - + - - - + + - -
ê úñ , 

 sgn( )a b ce= - -; 0e= , ʷʢʱʦ a b c= +, (4.22) 

ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʫʤʦʚʠ (4.19) ʤʘʻʤʦ 

( )2 3

1 0 0 0

1 1
Y ( )sin d ( ) cos cos d sin d

a

a t t a t a
h

l l l y l l l l
l

¤ ¤

- = - =ñ ñ ñ  

( )
3

0 0

cos cos sin
( )  d dt

a t a a
t

l l l
y l

l

¤è ø-
= =é ù

ê ú
ñ ñ  

 
3

0 0

sin  sin  sin
2 22 ( )  d dt

a
a t a t

a
t

l l l
y l

l

¤
+ -è ø

é ù
= =é ù

é ù
ê ú

ñ ñ  (4.23) 

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

0 0

2 ( ) 2 dt ( ) dt 0
8 4

a a

t a a t a t t a t
p p
y yè ø= - + - - = - =
ê úñ ñ . 

ʆʪʞʝ, ʜʦʜʘʪʢʦʚʘ ʫʤʦʚʘ (4.19), ʚʨʘʭʦʚʫʶʯʠ (4.23), ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʪʘʢ  
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 ( )2 2

1

0

( ) dt 0

a

h t a ty- - =ñ . (4.24) 

ɺʠʨʘʟʠʚʰʠ ʜʘʣʽ ʟ (4.16) 1( )C l , 2( )C l ʯʝʨʝʟ 1Y ( )l , 2Y ( )l: 

( )1

1 2 1 2 2( ) Y YC d l b a-= - , 

 ( )1

2 1 1 1 2( ) Y YC d l b a-= - +  ( 1 2 2 1( )d l ab a b= - ) (4.25) 

ʪʘ ʧʽʜʩʪʘʚʠʚʰʠ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʚ (4.14), (4.16) ʜʣʷ ʙʝʟʨʦʟʤʽʨʥʠʭ ʟʤʽʥʥʠʭ 

1 1

1,  a x a tx h- -¹ ¹  ʧʨʠʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ  

 

()

()

1

1

0 0

1

2 2

0 0

(cos cos )cos
( ) d d

(cos cos )cos
( ) d d 0,

j

j

P f

P g

lh l lx
l l h h

l

lh l lx
l l h h

l

¤

¤

è ø-
+é ù

ê ú

è ø-
+ =é ù
ê ú

ñ ñ

ñ ñ

  

 

()

()

1

1 2

0 0

1

2 3

0 0

(cos cos )cos
( ) d d

(cos cos )cos
( ) d d 0,

j

j

Q f

Q g const

lh l lx
l l h h

l

lh l lx
l l h h

l

¤

¤

è ø-
+é ù

ê ú

è ø-
+ - =é ù
ê ú

ñ ñ

ñ ñ

 (4.26) 

 0 1,  0 1,  1,4jx h¢ < ¢ ¢ = 

ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʙʝʟʨʦʟʤʽʨʥʠʭ ʬʫʥʢʮʽʡ ( ) ( ),  ( ) ( )f a a g a ax j x x y x¹ ¹  ʪʘ 

ʥʝʚʽʜʦʤʦʾ ʢʦʥʩʪʘʥʪʠ const, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʜʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ (4.24). 

ʆʩʪʘʥʥʷ ʞ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʧʦʜʘʻʪʴʩʷ ʪʘʢ: 

 ()( )
1

2

0

1 d 0g h h h- =ñ . (4.27) 
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ʌʫʥʢʮʽʾ 1 2 1 2,  ,  ,  j j j jP P Q Q  ʚ ʷʜʨʘʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (4.26) ï ʚʽʜʦʤʽ 

ʬʫʥʢʮʽʾ, ʘ ʽʥʜʝʢʩ 1,4j =  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʚʠʧʘʜʢʦʤ (ʽ) ï (iv). 

ɼʣʷ ʚʠʧʘʜʢʫ çʽè 

 
( ) ( )( ) ( )

~ ~1/2 1/2 1/2
(2) (2) (2)

2 1

11 ~

coth ( ) ( )
( )

( )

k n x n x x n x x
P ʭ

x

b b b b b

d

- - -

+ Ö - Ö
= , 

 
( ) ( )( ) ( )

~ ~1/2 1/2 1/2
(2) (2) (2)

2 1

21 ~

coth ( ) ( )
( )

( )

k n x n x x n x x
P x

x

b b a b a

d

- - -

- - Ö + Ö
=

,

 

 
( ) ( ) ( )( )

~ ~1/2 1/2 1/2
(2) (2) (2)

2 1

11 ~

( ) coth ( )
( )

( )

n x x k n x n x x
Q x

x

b b b b b

d

- - -

Ö + - Ö
= , (4.28) 

 
( ) ( ) ( )( )

~ ~1/2 1/2 1/2
(2) (2) (2)

2 1

21 ~

( ) coth ( )
( )

( )

n x x k n x n x x
Q x

x

b a b b a

d

- - -

Ö + - + Ö
= ; 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 

~ ~ ~ ~ ~ ~ ~ ~
2 2

4 2 1 1 4 2
12 22~ ~

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

( ) ( )

k l x x n x x n x x k l x x
P x P x

x x

b b a a

d d

- - +
= = , 

 

~ ~ ~ ~ ~ ~ ~ ~
2 2

2 1 1 1 1 2
12 22~ ~

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

( ) ( )

m x x k l x x k l x x m x x
Q x Q x

x x

b b a a

d d

+ - -
= = , (4.29) 

ʜʝ ʬʫʥʢʮʽʾ, ʷʢʽ ʧʦʟʥʘʯʝʥʽ çʪʠʣʴʜʦʶè ʟʛʦʨʠ, ʟʙʽʛʘʶʪʴʩʷ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʙʝʟ çʪʠʣʴʜʠè, ʚ ʫʩʽʭ ʩʢʣʘʜʦʚʠʭ ʷʢʠʭ ʟʘʤʽʩʪʴ 1 2,  ,  m m m ʧʦʢʣʘʜʝʥʦ, 

ʚʽʜʧʦʚʽʜʥʦ, ( )
1/2

(2)n bl
-

, ( )
1/2

(2)

1n bl
-

 ʘʙʦ ( )
1/2

(2)

2n bl
-

, ʜʝ h ab= . 

ɸʥʘʣʦʛʽʯʥʦʶ ʻ ʽ ʩʪʨʫʢʪʫʨʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʨʝʰʪʽ ʜʚʦʭ ʚʠʧʘʜʢʘʭ 

(çiʽʽè ʪʘ çʽvè) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʨʝʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 
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ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ. ʇʨʠ ʮʴʦʤʫ, ʢʦʣʠ ʜʣʷ 

ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʤʘʻ ʤʽʩʮʝ ʚʠʧʘʜʦʢ ʨʽʚʥʠʭ, ʘ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ï 

ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ (ʚʠʧʘʜʦʢ çʽʽʽè, 
1 1 2 2

1 2 1 2, n n n n= ¸ ), ʩʪʨʫʢʪʫʨʘ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʻ ʘʥʘʣʦʛʽʯʥʦʶ ʜʦ ʩʪʨʫʢʪʫʨʠ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (4.29) ʫ 

ʚʠʧʘʜʢʫ çʽʽè, ʘ ʚ ʦʩʪʘʥʥʴʦʤʫ ʟ ʤʦʞʣʠʚʠʭ ʚʠʧʘʜʢʽʚ (ʚʠʧʘʜʦʢ çivè, 

1 1 2 2

1 2 1 2, n n n n¸ = ) ï ʜʦ ʩʪʨʫʢʪʫʨʠ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (4.28) ʫ ʚʠʧʘʜʢʫ çʽè. 

ɺʨʘʭʦʚʫʶʯʠ ʛʨʦʤʽʟʜʢʽʩʪʴ ʫʢʘʟʘʥʠʭ ʨʽʚʥʷʥʴ, ʾʭ ʷʚʥʠʡ ʚʠʛʣʷʜ ʫ ʪʝʢʩʪʽ ʨʦʙʦʪʠ 

ʥʝ ʥʘʚʦʜʠʪʴʩʷ. 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʩʢʘʟʘʥʝ ʚʠʱʝ, ʨʝʟʶʤʫʻʤʦ, ʱʦ ʟʘʜʘʯʘ ʧʨʦ ʩʪʠʩʢʘʥʥʷ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʾ ʧʽʚʧʣʦʱʠʥʠ, ʱʦ ʫʪʚʦʨʝʥʘ ʞʦʨʩʪʢʠʤ ʟôʻʜʥʘʥʥʷʤ ʜʚʦʭ 

ʩʪʠʩʣʠʚʠʭ ʘʙʦ ʥʝʩʪʠʩʣʠʚʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ï ʥʘʧʽʚʦʙʤʝʞʝʥʦʾ 

ʧʽʜʢʣʘʜʢʠ ʽ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ï ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʙʫʣʘ ʟʚʝʜʝʥʘ ʜʦ 

ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʌʨʝʜʛʦʣʴʤʘ 

ʧʝʨʰʦʛʦ ʨʦʜʫ, ʜʦʧʦʚʥʝʥʦʾ ʧʝʚʥʦʶ ʜʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʧʨʠ ʜʦʚʽʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʽʣʘ. 

ʂʦʥʢʨʝʪʠʟʘʮʽʷ ʤʦʜʝʣʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʝʪʘʧʽ ʯʠʩʝʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ, ʷʢʠʡ ʻ 

ʬʽʥʘʣʴʥʠʤ ʝʪʘʧʦʤ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʙʣʝʤʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ (4.26), (4.27) ʥʘ ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʘ 
1 2

1 1 1 1l l l= = < (ʘʙʦ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

1 11e l= -). ʇʘʨʘʤʝʪʨ 1l (ʢʦʝʬʽʮʽʻʥʪ ʫʢʦʨʦʯʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ 1ʆʭ) 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʪʘ ʩʢʣʘʜʥʠʤ ʥʝʣʽʥʽʡʥʠʤ ʯʠʥʦʤ ʚʭʦʜʠʪʴ ʜʦ 

ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (4.26). 

4.4 ɼʦʩʣʽʜʞʝʥʥʷ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʅʝʧʝʨʝʨʚʥʽʩʪʴ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (4.26) ʧʦʨʫʰʫʻʪʴʩʷ ʣʠʰʝ ʫ 

ʪʘʢʠʭ ʜʚʦʭ ʚʠʧʘʜʢʘʭ: 
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1) ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

 
1 1 1 1

4 2 5 1 0k k k kD¹ - = (4.30) 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʟ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʪʠʧʫ (4.10), (4.11) ʢʦʝʬʽʮʽʻʥʪʠ ( )Al, 

( )B l ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ 1( )C l , 2( )C l ʥʝʻʜʠʥʠʤ ʯʠʥʦʤ.  

ɿʥʘʯʝʥʥʷ 1

hpe , ʷʢʝ ʦʪʨʠʤʫʻʪʴʩʷ ʟ (4.30), ʻ ʢʨʠʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʝʨʭʥʝʚʽʡ ʥʝʩʪʽʡʢʦʩʪʽ ʧʽʚʧʣʦʱʠʥʠ (ʟ ʤʘʪʝʨʽʘʣʫ «1» ʘʙʦ «2») ʙʝʟ 

ʪʨʽʱʠʥʠ (ʜʠʚ. ʪʘʙʣ. 3.1) ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʜʦʤ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ɿ 

ʬʽʟʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʦʯʝʚʠʜʥʦ, ʱʦ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 1e ʟʘʜʘʯʽ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʣʝʞʘʪʴ ʚ ʦʙʣʘʩʪʽ 

 1 10 hpe e< < , (4.31) 

ʫ ʷʢʽʡ ʨʽʚʥʽʩʪʴ (4.30) ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. 

2) ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

 1 2 2 1( ) ( ) ( ) ( ) ( ) 0 ( 0)x x x x x xd a b a b¹ - = > (4.32) 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʤʝʥʥʠʢʠ ʬʫʥʢʮʽʡ 1 2 1 2,  ,  ,  j j j jP P Q Q , ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʥʫʣʴ. 

ɼʦʩʣʽʜʞʫʚʘʪʠ ʪʨʘʥʩʮʝʥʜʝʥʪʥʝ ʨʽʚʥʷʥʥʷ (4.32), ʷʢʝ ʤʽʩʪʠʪʴ ʩʪʝʧʝʥʝʚʽ ʪʘ 

ʛʽʧʝʨʙʦʣʽʯʥʽ (ʘʙʦ ʧʦʢʘʟʥʠʢʦʚʽ) ʬʫʥʢʮʽʾ ʪʘ ʩʢʣʘʜʥʠʤ ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʘʣʠʭ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ ʙʽʰʘʨʫ, ʥʝʦʙʭʽʜʥʦ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ 

ʢʦʤʙʽʥʘʮʽʾ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʢʦʥʩʪʘʥʪʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

(2.72), (2.73), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʨʦʙʦʪʽ, ʯʣʝʥʠ ʨʽʚʥʷʥʥʷ (4.32) ʥʝ ʟʘʣʝʞʘʪʴ 

ʦʢʨʝʤʦ ʚʽʜ ʞʦʨʩʪʢʦʩʪʝʡ 1m ʪʘ 2m  ʤʘʪʝʨʽʘʣʽʚ, ʘ ʟʘʣʝʞʘʪʴ ʪʽʣʴʢʠ ʚʽʜ ʾʭʥʴʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ 2 1g m m= . ʋ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʜʚʦʢʦʥʩʪʘʥʪʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 
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(2.70), (2.71) ʯʣʝʥʠ ʨʽʚʥʷʥʥʷ (3.2) ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ 2 1g m m=  ʪʘ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʽʚ 1n ʪʘ 2n . 

ɼʣʷ ʦʙʦʭ ʪʠʧʽʚ ʧʦʪʝʥʮʽʘʣʽʚ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʩʧʽʣʴʥʠʡ ʚʠʩʥʦʚʦʢ 

ʩʪʦʩʦʚʥʦ ʨʽʚʥʷʥʥʷ (4.32): 

ʷʢʱʦ 1g¢, ʪʦʙʪʦ ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ ç1è ʻ ʞʦʨʩʪʢʽʰʠʤ ʟʘ ʤʘʪʝʨʽʘʣ 

ʧʦʢʨʠʪʪʷ ç2è (ʘʙʦ ʞʦʨʩʪʢʦʩʪʽ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ ʦʜʥʘʢʦʚʽ), ʪʦ ʨʽʚʥʷʥʥʷ ʥʝ ʤʘʻ 

ʜʦʜʘʪʥʠʭ ʢʦʨʝʥʽʚ ʜʣʷ ʚʩʽʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ 1e ʟ ʦʙʣʘʩʪʽ (4.31); 

ʷʢʱʦ 1g>, ʪʦʙʪʦ ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ç2è ʻ ʞʦʨʩʪʢʽʰʠʤ ʟʘ ʤʘʪʝʨʽʘʣ 

ʧʽʜʢʣʘʜʢʠ ç1è, ʪʦ ʨʽʚʥʷʥʥʷ ʤʘʻ ʜʦʜʘʪʥʽ ʢʦʨʝʥʽ ʧʨʠ ʜʝʷʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʧʘʨʘʤʝʪʨʘ 1e ʟ ʦʙʣʘʩʪʽ (4.31) ʜʣʷ ʢʦʞʥʦʛʦ ʬʽʢʩʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ g. ʇʨʠ 

ʮʴʦʤʫ ʥʘʡʧʝʨʰʝ ʟʥʘʯʝʥʥʷ 
1
e ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ, ʧʦʯʠʥʘʶʯʠ ʟ 

1
0e= , ʧʨʠ ʷʢʦʤʫ 

ʨʽʚʥʷʥʥʷ (4.32) ʤʘʻ ʜʦʜʘʪʥʠʡ ʢʦʨʽʥʴ, ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷʤ 
1

re, ʷʢʝ ʚʠʟʥʘʯʘʻ 

ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʝʞʽ 

ʧʦʜʽʣʫ ʜʚʦʭ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʜʠʚ. ʈʦʟʜʽʣ 3) ʜʣʷ ʪʦʛʦ ʩʘʤʦʛʦ 

ʬʽʢʩʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ g . 

ɿ ʬʽʟʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʦʯʝʚʠʜʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʪʨʽʱʠʥʠ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ, ʱʦ ʧʦ-ʩʫʪʽ ʝʢʚʽʚʘʣʝʥʪʥʦ ʚʪʨʘʪʽ ʚôʷʟʽ ʥʘ ʯʘʩʪʠʥʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ, 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘʢʠʭ ʷʢ 

ʢʨʠʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ [18], ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ 

ʙʽʰʘʨʫ ʟôʻʜʥʘʥʽ ʫʟʜʦʚʞ ʚʩʽʻʾ ʣʽʥʽʾ ʧʦʜʽʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʫ 

ʚʠʛʣʷʜʽ (4.30), (4.32) ʤʘʶʪʴ ʯʽʪʢʝ ʬʽʟʠʯʥʝ ʪʣʫʤʘʯʝʥʥʷ, ʽ ʰʫʢʘʥʝ ʢʨʠʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ 1e ʣʝʞʠʪʴ ʚ ʦʙʣʘʩʪʽ 

 1 10 re e< < , (4.33) 
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ʫ ʷʢʽʡ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʘʯʽ ʬʫʥʢʮʽʾ 

1 2 1 2,  ,  ,  j j j jP P Q Q , ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (4.26), ʻ 

ʥʝʧʝʨʝʨʚʥʠʤʠ. 

ʋ ʚʠʧʘʜʢʫ çʽè ʩʧʨʘʚʝʜʣʠʚʽ ʥʘʩʪʫʧʥʽ ʘʩʠʤʧʪʦʪʠʢʠ ʫʢʘʟʘʥʠʭ ʬʫʥʢʮʽʡ: 

 1 2 1 2( ),  ( ),  ( ),  ( ) 0,P x P x Q x Q x­  ʧʨʠ 0x­ ; 

 0 2
1

0 0 2 0 0 2 2 2 0 0

( )
( ) ,

k d d
P x

a d a d a d a d b c

+
­

+ + + -
 ʧʨʠ x­¤, 

 0
2

0 0 2 0 0 2 2 2 0 0

( ) ,
kb

P x
a d a d a d a d b c

-
­

+ + + -
 ʧʨʠ x­¤, (4.34) 

 0
1

0 0 2 0 0 2 2 2 0 0

( ) ,
kc

Q x
a d a d a d a d b c

­
+ + + -

 ʧʨʠ x­¤, 

 0 2
2

0 0 2 0 0 2 2 2 0 0

( )
( ) ,

k a a
Q x

a d a d a d a d b c

- +
­

+ + + -
 ʧʨʠ x­¤. 

ɺʠʭʦʜʷʯʠ ʟ ʘʩʠʤʧʪʦʪʠʢ (4.34), ʥʝʚʘʞʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʩʽ ʥʝʚʣʘʩʥʽ 

ʽʥʪʝʛʨʘʣʠ (ʚʽʜ 0 ʜʦ ¤) ʫ (4.26), ʷʢʽ ʻ ʷʜʨʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ, ʻ ʟʙʽʞʥʠʤʠ ʜʣʷ ʚʩʽʭ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ  ,x h ʽ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ 1 10 re e< < . ɺʠʧʘʜʢʠ çʽʽè ï çivè ʚʠʚʯʘʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. 

4.5 ʏʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʅʠʞʯʝ ʢʦʨʦʪʢʦ ʚʠʢʣʘʜʘʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯ 

ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʜʥʦʨʽʜʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʽ 

ʜʨʫʛʦʛʦ ʨʦʜʫ, ʢʦʣʠ ʰʫʢʘʥʠʡ ʧʘʨʘʤʝʪʨ ʩʢʣʘʜʥʠʤ ʯʠʥʦʤ ʚʭʦʜʠʪʴ ʜʦ ʷʜʨʘ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ . 

ʆʪʞʝ, ʥʝʭʘʡ { }( )ix x ï ʜʦʚʽʣʴʥʘ ʧʦʚʥʘ ʥʘ [ ]0,  1
 
ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʦ-

ʥʝʟʘʣʝʞʥʠʭ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ. ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʦʤ ɹʫʙʥʦʚʘïɻʘʣʴʦʨʢʽʥʘ 
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[44, 176], ʥʝʚʽʜʦʤʽ ʬʫʥʢʮʽʾ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ 

ʢʽʥʮʝʚʦʛʦ ʯʠʩʣʘ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ ï ʧʝʨʰʠʭ N ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ: 

 
1

( ) ( )
N

i i

i

f ax x x
=

=ä , (4.35) 

ʜʝ ( )f xï ʰʫʢʘʥʘ ʬʫʥʢʮʽʷ, ia  ï ʥʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ. ɿʘʧʠʩʫʶʯʠ ʫʤʦʚʠ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʣʽʚʠʭ ʯʘʩʪʠʥ ʦʜʥʦʨʽʜʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʢʦʦʨʜʠʥʘʪʥʠʤ 

ʬʫʥʢʮʽʷʤ ( )ix x, ʦʪʨʠʤʫʻʤʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʱʦʜʦ ʥʝʚʽʜʦʤʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ia. ʅʝʭʘʡ ʤʘʻʤʦ, ʥʘʧʨʠʢʣʘʜ, ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

 
1

0

( , ) ( ) 0K f dx h h h=ñ . (4.36) 

ʊʦʜʽ ʢʦʝʬʽʮʽʻʥʪʠ ia  ʘʧʨʦʢʩʠʤʘʮʽʾ (4.35) ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ʧʝʨʰʠʤʠ N 

ʢʦʦʨʜʠʥʘʪʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ 

 ( )
1

, 0
N

i j i

i

K ax x
=

Ö =ä , 1,j N= , (4.37) 

ʜʝ ʧʨʠʡʥʷʪʦ ʧʦʟʥʘʯʝʥʥʷ 

( )
1 1

0 0

, ( , ) ( ) ( )i j i jK K d dx x x h x h h x x x
å õ

=æ ö
ç ÷
ñ ñ . 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʘʟʥʘʯʝʥʘ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʷʢ ʜʦ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ, ʪʘʢ ʽ ʜʨʫʛʦʛʦ ʨʦʜʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʪʠʧʫ (4.37), ʜʦ ʷʢʦʾ ʟʚʦʜʠʪʴʩʷ 

ʚʠʭʽʜʥʘ ʟʘʜʘʯʘ, ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʧʝʨʰʦʛʦ ʟʥʘʯʝʥʥʷ 1 0e<  (ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ 1e, ʧʦʯʠʥʘʶʯʠ ʟʽ ʟʥʘʯʝʥʥʷ 0), ʧʨʠ ʷʢʦʤʫ ʚʢʘʟʘʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʥʝ 

ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ. ʊʦʙʪʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 1e ʧʨʠ ʷʢʦʤʫ ʚʠʟʥʘʯʥʠʢ 

ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʪʠʧʫ (4.37) ʦʙʝʨʪʘʻʪʴʩʷ ʚ ʥʫʣʴ. ʋ ʧʨʦʛʨʘʤʽ 
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ʦʙʯʠʩʣʝʥʴ ʨʝʘʣʽʟʦʚʘʥʦ ʧʦʢʨʦʢʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 1e ʥʘ ʚʝʣʠʯʠʥʫ 1eD  ʟ 

ʬʽʢʩʘʮʽʻʶ ʟʤʽʥʠ ʟʥʘʢʘ ʚʠʟʥʘʯʥʠʢʘ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ. ʋʪʦʯʥʝʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 1e ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʩʣʽʜʦʚʥʠʤ ʧʦʜʽʣʦʤ ʽʥʪʝʨʚʘʣʫ, ʫ ʷʢʦʤʫ 

ʚʠʟʥʘʯʥʠʢ ʟʤʽʥʶʻ ʟʥʘʢ, ʥʘʚʧʽʣ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʂʨʠʪʠʯʥʘ ʚʝʣʠʯʠʥʘ 1e ʦʙʯʠʩʣʶʻʪʴʩʷ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦ 

ʟʨʦʩʪʘʶʯʦʛʦ ʥʘ ʦʜʠʥʠʮʶ ʯʠʩʣʘ N ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ; ʧʨʦʮʝʩ 

ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʨʘʢʪʠʯʥʦʾ ʟʙʽʞʥʦʩʪʽ. 

4.5.1 ɿʘʜʘʯʘ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ 

ɸʧʨʦʢʩʠʤʫʶʯʠ ʥʝʚʽʜʦʤʽ ʬʫʥʢʮʽʾ ( )f x , ( )g x  ʚ (4.26), (4.27) ʫ ʚʠʛʣʷʜʽ 

ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʧʝʨʰʠʭ N ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ ʧʦʚʥʦʾ ʥʘ [0,1]  ʩʠʩʪʝʤʠ 

ʬʫʥʢʮʽʡ 21,  , ,...x x  

1 1

1 1

( ) ,  ( )
N N

j j

j j
j j

f f g gx x x x- -

= =

= =ä ä , 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʧʠʩʘʥʦʾ ʚʠʱʝ ʧʨʦʮʝʜʫʨʠ, ʧʨʠʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʾ 

ʩʠʩʪʝʤʠ ʦʜʥʦʨʽʜʥʠʭ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʦʟʤʽʨʥʦʩʪʽ (2 1) (2 1)N N+ ³ + ʚʽʜʥʦʩʥʦ 

ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʽʚ 
j

f , 
j

g  ʪʘ ʜʝʷʢʦʾ ʥʝʚʽʜʦʤʦʾ ʩʪʘʣʦʾ ʩ: 

 (1) (1)

1 1

0
N N

ijm j ijm j
j j

f f g g
= =

+ =ä ä , 

 (2) (2)

1 1

0
N N

ijm j ijm j im
j j

f f g g c c
= =

+ + Ö =ä ä , (4.38) 

 (3)

1

0
N

jm j
j

g g
=

=ä  ( 1,i N= , 1,4m= ). 

ʂʦʝʬʽʮʽʻʥʪʠ ʩʠʩʪʝʤʠ (4.38) ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 
1 1

(1) 1 1

1
0 0 0

(cos cos )cos
( ) d d dj i

ijm m
f P

lh l lx
l l h h x x

l

¤
- -ë - ûè ø

=ì üñ ñ ñé ùê úí ý
; 
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1 1

(1) 1 1

2 2
0 0 0

(cos cos )cos
( ) d d dj i

ijm m
g P

lh l lx
l l h h x x

l

¤
- -ë - ûè ø

=ì üñ ñ ñé ùê úí ý
; 

 
1 1

(2) 1 1

1 2
0 0 0

(cos cos )cos
( ) d d dj i

ijm m
f Q

lh l lx
l l h h x x

l

¤
- -ë - ûè ø

=ì üñ ñ ñé ùê úí ý
; (4.39) 

 
1 1

(2) 1 12

2
0 0 0

( ) (cos cos )cos
d d dj im

ijm

Q
g

l lh l lx
l h h x x

l l

¤
- -ë - ûè ø

=ì üñ ñ ñé ùê úí ý
; 

 
1

im
c

i
= , 

(3) 2

( 2)
jm

g
j j

=
+

 ( , 1,i j N= , 1,4m= ). 

ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʥʘʚʝʜʝʤʦ ʚʠʛʣʷʜ ʩʠʩʪʝʤʠ (4.38) ʱʝ ʡ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ 

 

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

11 1 11 1

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

1 1

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

11 1 11 1 1

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

1 1

(3) (3)

1

. . . . 0

. . . . . . . . .

. . . . . . . . .

. . . . 0

. . . .

. . . . . . . . .

. . . . . . . . .

. . . .

0 . . 0 . . 0

N N

N NN N NN

N N

N NN N NN N

N

f f g g

f f g g

f f g g c

f f g g c

g g

å õ
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö³
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
ç ÷

1

1

0

. .

. .

.

.

. .

. .

.

0

N

N

f

f

g

g

c

å õ å õ
æ ö æ ö
æ ö æ ö
æ ö æ ö
æ ö æ ö
æ ö æ ö
æ ö æ ö=
æ ö æ ö
æ ö æ ö
æ ö æ ö
æ ö æ ö
æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

. 

ʅʘʡʩʢʣʘʜʥʽʰʠʤ ʝʪʘʧʦʤ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (4.38) 

ʻ ʝʬʝʢʪʠʚʥʘ ʨʝʘʣʽʟʘʮʽʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʫ ʢʦʝʬʽʮʽʻʥʪʘʭ (4.39) ʩʠʩʪʝʤʠ. 

ɼʝʷʢʽ ʘʩʧʝʢʪʠ ʧʨʦʮʝʜʫʨʠ ʮʴʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʥʠʞʯʝ. 

4.5.2 ʄʝʪʦʜʠʢʘ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 
( ) ( ),  n n

ij ijm ijm
k f g=  ʩʠʩʪʝʤʠ ʦʜʥʦʨʽʜʥʠʭ ʣʽʥʽʡʥʠʭ 

ʨʽʚʥʷʥʴ (4.38) ʟʘ ʬʦʨʤʫʣʘʤʠ (4.39) ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ 

ʥʝʚʣʘʩʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʚʠʛʣʷʜʫ 
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0

(cos cos )cos
( ) d

j
P

lh l lx
l l

l

¤ -
ñ , 1j =  ʘʙʦ 2,  

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʘʥʽ ʫ ʥʘʩʪʫʧʥʽʡ ʬʦʨʤʽ: 

0

(cos cos )cos
( ) d

j
P

lh l lx
l l

l

¤ -
=ñ  

 ( )
0

(cos cos )cos
( ) d ( , )

jj
P P P I

e lh l lx
l l x h

l
¤ ¤

-
= - +ñ , (4.40) 

 
0

(cos cos )cos
( , ) d ,  1,2

j j
I j

lh l lx
x h l

l

¤ -
= =ñ . 

ɺ (4.40) e ï ʪʘʢʝ ʜʦʜʘʪʥʝ ʯʠʩʣʦ, ʜʣʷ ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ( )ʈe 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʥʷ ʾʾ ʩʢʽʥʯʝʥʦʾ ʛʨʘʥʠʮʽ (ʜʠʚ. (4.34)) 

( )  ʧʨʠ ʈ ʈl l
¤

­ ­¤ 

ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ ʟʘʜʘʥʫ ʤʘʣʫ ʚʝʣʠʯʠʥʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʽ ʽʥʪʝʛʨʘʣʠ 

0

sin  sin 1
d ln

2

ax bx a b
x

x a b

¤ +
=ñ

-
 (a b̧); 

2
0

sin  sin
d min( , )

2

ax bx
x a b

x

p¤

=ñ , 

ʦʜʝʨʞʫʻʤʦ ʚʠʨʘʟʠ ʜʣʷ ʽʥʪʝʛʨʘʣʽʚ ,  1,2
j

I j = : 

1
0

(cos cos )cos
( , ) dI

lh l lx
x h l

l

¤ -
= =ñ  

 

( ) ( ) ( ) ( )

0 0

1 2 1 1 2 1
sin  sin sin  sin

2 2 2 2d d

l h x l h l h x l h

l l
l l

¤ ¤

+ + - + - -

= + =ñ ñ (4.41) 

2

2 2

1 1 1 1 1 1
ln ln ln

2 2 2

x x x

h x h x h x

+ - -
= + =

+ - -
; 
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 2 2
0

(cos cos )cos
( , ) dI

lh l lx
x h l

l

¤ -
= =ñ  

 

( ) ( ) ( ) ( )

2 2
0 0

1 2 1 1 2 1
sin  sin sin  sin

2 2 2 2d d

l h x l h l h x l h

l l
l l

¤ ¤

+ + - + - -

= + =ñ ñ (4.42) 

1 2 1 1 2 1
min , min ,

2 2 2 2 2 2

p h x h p h x h+ + - + - -è ø è ø
= + =é ù é ù

ê ú ê ú
 

( )1 min 1 2 ;1
4

p
h h x h= - + + - -è øê ú. 

ɿʤʽʥʠʚʰʠ ʧʦʨʷʜʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ (4.39), ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ (4.40) ï 

(4.42) ʢʦʝʬʽʮʽʻʥʪʠ ʩʠʩʪʝʤʠ (4.38) ʤʦʞʥʘ ʧʦʜʘʪʠ ʪʘʢ 

 
1 1

1 1

0 0 0

( ) 1
cos d cos cos d dj i

ij n

P P
k

j

e l
h lh h l x lx x l

l

- -¤
è øå õ-

= - +ñ ñ ñé ùæ ö
ç ÷ê ú

 

 
1 1

1 1

0 0

    ( , ) d d ,  , 1, ,  1,2j i

n
P I i j N nx mh h x x- -

¤

è ø+ = =ñ ñé ùê ú
 (4.43) 

ʋ ʚʠʧʘʜʢʫ 1n=  ʽʥʪʝʛʨʘʣ ʫ ʜʨʫʛʦʤʫ ʜʦʜʘʥʢʫ ʚ (4.43), ʱʦ ʤʽʩʪʠʪʴ 

ʽʥʪʝʛʨʦʚʘʥʫ ʣʦʛʘʨʠʬʤʽʯʥʫ ʦʩʦʙʣʠʚʽʩʪʴ, ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ 

ʪʠʧʫ 
0

( ) ln df x ʭ ʭ
¤

ñ , ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʢʚʘʜʨʘʪʫʨʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʽʟ ʟʘʟʥʘʯʝʥʦʶ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ [47, 48], ʪʘ 

ʽʥʪʝʛʨʘʣʽʚ ʙʝʟ ʦʩʦʙʣʠʚʦʩʪʽ.  

ʋ ʚʠʧʘʜʢʫ 2n=  ʽʥʪʝʛʨʘʣ ʚ ʜʨʫʛʦʤʫ ʜʦʜʘʥʢʫ ʚ (4.43) ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ 

ʘʥʘʣʽʪʠʯʥʦ: 

1 1
1 1

2
0 0

( , ) d d ,  , 1,
2 ( 1)

j iI i j N
ij i j

p
x mh h x x- -è ø = =ñ ñé ùê ú + +

. 

ɯʥʪʝʛʨʘʣʠ ʚʽʜ 0 ʜʦ 1, ʷʢʽ ʤʽʩʪʠʪʴ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʚ (4.43), ʪʘʢʦʞ ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ ʘʥʘʣʽʪʠʯʥʦ, ʚʟʷʚʰʠ ʜʦ ʫʚʘʛʠ ʬʦʨʤʫʣʫ 
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( ) ( )
[ ][ ]

2 2 1

2 ( 1) 2

0 02 2 1

! 1 1
cos dt sin ( 1) cos ( 1)

2 ! 2 1 !

i k i k

i k ki i

k kk k

i t t
t t t t

i k i k
l l l

l l l

- - -

-

= = +

è ø
= - + -ä äñ é ù

- - -ê ú
 

([ ]ʭ ï ʮʽʣʘ ʯʘʩʪʠʥʘ ʯʠʩʣʘ ʭ). 

ʏʠʩʝʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʝʰʪʠ ʚʠʟʥʘʯʝʥʠʭ ʽʥʪʝʛʨʘʣʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ (4.38), ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʢʚʘʜʨʘʪʫʨʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ ɻʘʫʩʩʘ  

1

( ) ( )
2

b n

i i n
ia

b a
f y dy f y Rw

=

-
= +äñ , 

ʜʝ ʧ ï ʯʠʩʣʦ ʚʫʟʣʽʚ, 
2 2

i i

b a b a
y x

- +å õ å õ
= +æ ö æ ö
ç ÷ ç ÷

ï ʚʫʟʣʠ ʢʚʘʜʨʘʪʫʨʥʦʾ ʬʦʨʤʫʣʠ,  

i
x  ï i - ʪʠʡ ʥʫʣʴ ʤʥʦʛʦʯʣʝʥʘ ʃʝʞʘʥʜʨʘ ( )

n
P x  ʥʘ [ ]1,  1- , 

( )( )
2

2

2

1 ( )
i

i n i
x P x

w=
¡-

 

ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, 
n

R  ï ʟʘʣʠʰʢʦʚʠʡ ʯʣʝʥ (ʚʝʣʠʯʠʥʠ 
i

x , 
i
w ʜʣʷ ʨʽʟʥʦʛʦ 

ʯʠʩʣʘ ʚʫʟʣʽʚ ʧ ʥʘʚʝʜʝʥʦ, ʥʘʧʨʠʢʣʘʜ, ʫ ʪʘʙʣʠʮʷʭ [54]). ʇʨʠ ʮʴʦʤʫ ʧʨʦʤʽʞʦʢ 

ʽʥʪʝʛʨʫʚʘʥʥʷ [ ],a b  (ʟʘʟʚʠʯʘʡ ʮʝ ʧʨʦʤʽʞʦʢ [ ]0,1  ʘʙʦ [ ]0,e, ʜʠʚ. (4.43)) 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʢ̔ ʣʴʢʽʩʪʴ 

ʧʨʦʤʽʞʢʽʚ ʤʝʥʰʦʾ ʜʦʚʞʠʥʠ. 

4.5.3 ɸʥʘʣʽʟ ʧʨʘʢʪʠʯʥʦʾ ʟʙʽʞʥʦʩʪʽ 

ʍʘʨʘʢʪʝʨ ʟʙʽʞʥʦʩʪʽ ʦʧʠʩʘʥʦʛʦ ʚ ʧʧ. 4.5.1, 4.5.2 ʤʝʪʦʜʫ ʯʠʩʝʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ N ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪʥʠʭ 

ʬʫʥʢʮʽʡ ʽʣʶʩʪʨʫʻʪʴʩʷ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʷʭ 4.1 ï 4.3. 

ʋ ʪʘʙʣʠʮʷʭ ʥʘʚʝʜʝʥʽ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1 11e l= -  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ /h ab= . ʊʘʙʣʠʮʷ 4.1 ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ ʦʧʠʩʫʶʪʴʩʷ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʪʠʧʫ, ʪʘʙʣ. 4.2 ï ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ, ʪʘʙʣ. 4.3 ï ʧʦʪʝʥʮʽʘʣʦʤ   
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b N  
1 2 3 4 5 

0.05 0.013 0.003 0.003 0.002 0.002 

0.1 0.015 0.008 0.008 0.007 0.007 

0.15 0.019 0.014 0.016 0.014 0.014 

0.2 0.024 0.022 0.024 0.022 0.022 

0.25 0.030 0.031 0.033 0.032 0.032 

0.3 0.036 0.040 0.043 0.041 0.041 

0.35 0.043 0.049 0.052 0.051 0.051 

0.4 0.051 0.058 0.062 0.061 0.061 

0.45 0.058 0.067 0.071 0.071 0.071 

0.5 0.066 0.076 0.080 0.080 0.080 

0.55 0.074 0.085 0.089 0.089 0.089 

0.6 0.081 0.093 0.097 0.097 0.097 

0.65 0.089 0.101 0.105 0.106 0.106 

0.7 0.096 0.108 0.113 0.113 0.113 

0.75 0.103 0.115 0.119 0.120 0.120 

0.8 0.109 0.121 0.126 0.127 0.127 

ʊʘʙʣʠʮʷ 4.1 ï ʇʨʘʢʪʠʯʥʘ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 
1
e ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ( 5g= ,
1 2 0.3n n= = ). 

b N  
1 2 3 4 5 

0.1 0.015 0.008 0.009 0.007 0.007 

0.2 0.024 0.022 0.024 0.023 0.023 

0.3 0.037 0.041 0.044 0.042 0.042 

0.4 0.052 0.060 0.063 0.063 0.063 

0.5 0.068 0.078 0.082 0.081 0.081 

0.6 0.084 0.094 0.098 0.098 0.098 

0.7 0.098 0.108 0.111 0.111 0.111 

0.8 0.110 0.119 0.122 0.122 0.122 

ʊʘʙʣʠʮʷ 4.2 ï ʇʨʘʢʪʠʯʥʘ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 
1
e ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ ( 5g= ).  
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b N  
1 2 3 4 5 

0.1 0.012 0.008 0.009 0.007 0.007 

0.2 0.024 0.022 0.024 0.023 0.023 

0.3 0.037 0.041 0.044 0.042 0.042 

0.4 0.052 0.060 0.063 0.063 0.063 

0.5 0.069 0.078 0.082 0.082 0.082 

0.6 0.084 0.095 0.098 0.099 0.099 

0.7 0.098 0.108 0.112 0.112 0.112 

0.8 0.110 0.120 0.123 0.124 0.124 

ʊʘʙʣʠʮʷ 4.3 ï ʇʨʘʢʪʠʯʥʘ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 
1
e ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ ( 5g= ). 

 

ʈʠʩ. 4.4 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʧʨʠ 100g= ; ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʧʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ, ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ï ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (
1 2 0.3n n= = ).  
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ʊʨʝʣʦʘʨʘ. ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 
1
e ʫ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʚʠʟʥʘʯʘʣʠʩʷ ʟ 

ʪʦʯʥʽʩʪʶ ʜʦ ʪʨʴʦʭ ʟʥʘʯʫʱʠʭ ʮʠʬʨ; ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ 

ʙʽʰʘʨʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ 
2 1
/ 5g m m= =; ʢʦʝʬʽʮʽʻʥʪʠ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʘʟʽ 

ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʩʪʘʥʦʚʠʣʠ 
1 2

0.3n n= = . 

 ʅʘ ʛʨʘʬʽʢʫ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 4.3, ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ 
1
( )e b ʧʨʠ 

ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʫ 100g=  ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʦʨʜʠʥʘʪʥʠʭ 

ʬʫʥʢʮʽʡ. ɼʣʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ, ʜʣʷ 

ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ï ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (
1 2

0.3n n= = ). 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʪʘʙʣ. 4.1 ï 4.3 ʪʘ ʨʠʩ. 4.3 ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚ ʪʨʠ ʟʥʘʯʫʱʽ ʮʠʬʨʠ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʦʩʪʘʪʥʽʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 4N=  ʘʙʦ 5N=  ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʫ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ 

ʪʨʽʱʠʥʠ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʘʚʪʦʨʠ ʨʦʙʽʪ [21, 110, 116, 185] ʟ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʜʘʯ ʜʣʷ ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʚʢʘʟʫʚʘʣʠ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʪʨʠʤʘʥʥʷ 

3N=  ʘʙʦ 4N=  ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʾ ʞ ʪʦʯʥʦʩʪʽ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ɹʫʙʥʦʚʘ ï ɻʘʣʴʦʨʢʽʥʘ. 

4.6 ɸʥʘʣʽʟ ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʋ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (4.26), (4.27) ʚʽʜʥʦʩʥʦ ʢʨʠʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 
1
e ï 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʫʢʦʨʦʯʝʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ 

ʪʦʥʢʦʾ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ʥʘ ʙʽʣʴʰ ʪʦʚʩʪʽʡ ʧʽʜʢʣʘʜʮʽ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ 

ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ (ʚʽʜʰʘʨʫʚʘʥʥʷ). ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ɹʫʙʥʦʚʘ ï ɻʘʣʴʦʨʢʽʥʘ ʫ ʩʧʦʩʽʙ, ʷʢʠʡ ʦʧʠʩʘʥʦ ʚ ʧ.4.5. 

ʇʝʨʰʠʡ ʝʪʘʧ ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʚ 

ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ. 
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 ɼʘʣʽ ʜʣʷ ʥʠʟʢʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʢʦʥʢʨʝʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ï ʧʦʪʝʥʮʽʘʣʫ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʪʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ, ʘ ʪʘʢʦʞ 

ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ ʪʘ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ 

ʪʽʣ ï ʘʥʘʣʽʟʫʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʙʽʰʘʨʫ. 

4.6.1 ɿʘʜʘʯʽ ʜʣʷ ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ 

ɺ ʧʨʘʮʷʭ [21, 110, 116, 185] ʫ ʤʝʞʘʭ ʊʃʊʉɼʊ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʟʘʜʘʯʽ 

ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʠʩʢ ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʽʚʧʣʦʱʠʥʠ ʚʟʜʦʚʞ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʾ ʪʨʽʱʠʥʠ. 

 ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʜʝʨʞʘʥʠʭ ʘʚʪʦʨʘʤʠ ʫʢʘʟʘʥʠʭ ʨʦʙʽʪ, ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (4.26), 

(4.27) ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʢʠ ʪʘ ʧʽʜʢʣʘʜʢʠ 

ʦʜʥʘʢʦʚʽ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.4 ï 4.6. 

 ʉʫʮʽʣʴʥʽ ʢʨʠʚʽ 
1
( )e b, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ /h ab=  

ï ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ (ʚʽʜʥʦʩʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ ʪʨʽʱʠʥʠ ʜʦ 

ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ʚʽʜʥʝʩʝʥʦʾ ʜʦ ʧʦʣʦʚʠʥʠ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ) ʥʘ ʨʠʩʫʥʢʘʭ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʚʷʟʢʫ ʟʘʜʘʯʽ (4.26), (4.27), ʘ ʢʨʠʚʽ ʟ ʢʨʫʛʣʠʭ ʤʘʨʢʝʨʽʚ ï 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʩʣʽʜʞʝʥʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʟʘʜʘʯʽ ʜʣʷ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ. 

 ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʤʦʥʩʪʨʫʻ ʾʭ ʚʽʜʤʽʥʥʫ ʫʟʛʦʜʞʝʥʽʩʪʴ. 

 ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ /h ab= , ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʤʝʥʰʝʥʥʶ ʜʦʚʞʠʥʠ ʜʝʬʝʢʪʫ, ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ 1e ʘʩʠʤʧʪʦʪʠʯʥʦ ʧʨʷʤʫʶʪʴ ʜʦ ʟʥʘʯʝʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʦʚʝʨʭʥʝʚʽʡ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʦʜʥʦʨʽʜʥʦʾ ʧʽʚʧʣʦʱʠʥʠ ʽʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

(ʜʠʚ. ʪʘʙʣ. 3.1) 

 1 1
( ) hpe b e­  ʧʨʠ b­¤, (4.44)  
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ʈʠʩ. 4.4 ï ɿʘʣʝʞʥʦʩʪʽ 

1( )e b ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

(
1 2 0.3n n= = ). 

 
ʈʠʩ. 4.5 ï ɿʘʣʝʞʥʦʩʪʽ 

1( )e b ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘï

ʍʘʟʘʥʦʚʠʯʘ. 

 
ʈʠʩ. 4.6 ï ɿʘʣʝʞʥʦʩʪʽ 

1( )e b ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ.  
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ʪʦʙʪʦ ʜʦ ʟʥʘʯʝʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʚôʷʟʢʫ ʘʥʘʣʦʛʽʯʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ ʙʝʟ 

ʜʝʬʝʢʪʫ. 

 ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʥʝʦʙʤʝʞʝʥʦʾ ʧʣʦʱʠʥʠ ʚʟʜʦʚʞ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʨʽʱʠʥʠ [15, 21, 113] ʪʘ ʚ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʾ 

ʧʣʦʱʠʥʠ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ [119, 121, 122, 123] ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 1e 

ʪʘʢʦʞ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ 
1

hpe  (ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʾ ʧʽʚʧʣʦʱʠʥʠ) ʘʙʦ 

ʤʝʥʰʦʤʫ ʽʟ ʟʥʘʯʝʥʴ 
1

hpe  ʜʣʷ ʩʢʣʘʜʦʚʠʭ (ʫ ʚʠʧʘʜʢʫ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʾ 

ʧʽʚʧʣʦʱʠʥʠ). 

4.6.2 ʂʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (4.38) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʛʨʘʬʽʢʘʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 4.7 ï 4.10 ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʦʙʠʜʚʘ ʤʘʪʝʨʽʘʣʠ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʪʠʧʫ (2.70) ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʇʫʘʩʩʦʥʘ 
1 2

0.3n n= = . 

ɺʠʭʦʜʷʯʠ ʟ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʦʚʝʜʽʥʢʠ ʬʫʥʢʮʽʡ (4.32) ʫ ʟʥʘʤʝʥʥʠʢʘʭ 

ʧʽʜʽʥʪʝʛʨʘʣʴʥʠʭ ʚʠʨʘʟʽʚ (4.28) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʷʢʠʡ ʟ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʙʽʰʘʨʫ ï ʧʣʽʚʢʘ ʘʙʦ ʧʽʜʢʣʘʜʢʘ ï ʤʘʻ ʚʠʱʫ ʞʦʨʩʪʢʽʩʪʴ, ʨʝʟʫʣʴʪʘʪʠ ʟ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 1e ʟʘʜʘʯʽ ʜʣʷ ʥʘʦʯʥʦʩʪʽ ʧʦʜʘʥʦ ʦʢʨʝʤʦ ʜʣʷ 

ʚʠʧʘʜʢʽʚ 1g¢  ʪʘ 1g> . 

ʅʘ ʨʠʩ. 4.7 ʫ ʨʘʟʽ, ʢʦʣʠ ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ ʞʦʨʩʪʢʽʰʠʡ ʟʘ ʤʘʪʝʨʽʘʣ 

ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ, ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 1e ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ /h ab=  ʧʨʠ ʜʝʷʢʠʭ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ 

1g¢  ï ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

ʧʦʢʨʠʪʪʷ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʦʢʨʠʪʪʷ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ (ʪʦʙʪʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ  
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ʈʠʩ. 4.7 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

(
1 2 0.3n n= = ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 1g¢ . 

 

ʈʠʩ. 4.8 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

(
1 2 0.3n n= = ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 1g> .  
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ʧʘʨʘʤʝʪʨʘ g) ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ 

ʩʪʽʡʢʦʩʪʽ, ʟʤʝʥʰʫʶʪʴʩʷ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ /h ab=  (ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ 

ʟʤʝʥʰʝʥʥʶ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʬʽʢʩʦʚʘʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ 

ʘʙʦ ʟʙʽʣʴʰʝʥʥʶ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʬʽʢʩʦʚʘʥʦʾ ʜʦʚʞʠʥʠ 

ʪʨʽʱʠʥʠ) ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1e ʪʘʢʦʞ ʟʙʽʣʴʰʫʶʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʤʘʻ ʤʽʩʮʝ 

ʘʩʠʤʧʪʦʪʠʢʘ (4.44), ʘʥʘʣʦʛʽʯʥʘ ʜʦ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ (1g= ) 

1 1
( ) 0.5hpe b e­ =  ʧʨʠ b­¤, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʧʽʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʫ ʚʠʧʘʜʢʫ ʜʦʩʪʘʪʥʴʦ 

ʪʦʚʩʪʠʭ ʧʣʽʚʦʢ ʧʦʢʨʠʪʪʷ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʫ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʽʥʽʮʽʶʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʦʶ ʚʪʨʘʪʦʶ ʩʪʽʡʢʦʩʪʽ ʦʜʥʽʻʾ ʩ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ. 

ɼʦʢʣʘʜʥʽʰʝ ʚʟʘʻʤʦʜʽʷ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ 

ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣʘʭ, ʚʠʚʯʘʻʪʴʩʷ ʧ. 4.7. 

ɿʘʣʝʞʥʦʩʪʽ 1( )e b ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʣʽʚʢʘ ʧʦʢʨʠʪʪʷ ʞʦʨʩʪʢʽʰʘ ʟʘ 

ʧʽʜʢʣʘʜʢʫ (1g>) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.8. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ ʧʨʫʞʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (
1 2

0.3n n= = ). 

ɺ ʮʴʦʤʫ ʨʘʟʽ ʩʧʨʘʚʝʜʣʠʚʘ ʥʘʩʪʫʧʥʘ ʘʩʠʤʧʪʦʪʠʢʘ ʜʣʷ ʜʦʩʪʘʪʥʴʦ 

ʢʦʨʦʪʢʠʭ ʪʨʽʱʠʥ: 

 1 1
( ) re b e­  ʧʨʠ b­¤, (4.45) 

ʜʝ 1
re ï ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟ 

ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʟʥʘʯʝʥʥʽ ʚʽʜʥʦʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ 
2 1
/ 1g m m= >, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ (3.19). 

 ɻʨʘʥʠʯʥʠʡ ʧʝʨʝʭʽʜ (4.45) ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʩʦʙʦʶ 

ʦʜʝʨʞʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʪʘʢʠʭ ʜʚʦʭ ʟʘʜʘʯ: ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʟ ʞʦʨʩʪʢʦ 

ʟôʻʜʥʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʫ ʚʠʧʘʜʢʘʭ 
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ʚʽʜʩʫʪʥʦʩʪʽ ʥʘ ʥʽʡ ʜʝʬʝʢʪʽʚ ʽ ʚ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʫ ʪʠʧʫ ʚʽʜʰʘʨʫʚʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʧʝʨʰʘ ʟ ʮʠʭ ʟʘʜʘʯ, ʷʢʘ ʨʦʟʚôʷʟʘʥʘ ʚ ʨʦʟʜʽʣʽ 3 ʨʦʙʦʪʠ, ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʛʨʘʥʠʯʥʠʡ ʚʠʧʘʜʦʢ ʟʘʜʘʯʽ ʧʨʦ çʪʨʽʱʠʥʫ ʥʫʣʴʦʚʦʾ ʜʦʚʞʠʥʠè. 

 ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ 1g¢, ʫ ʚʠʧʘʜʢʫ 1g>  ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1e ʟʤʝʥʰʫʶʪʴʩ ̫

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʣʽʚʢʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ, ʢʦʣʠ 

ʜʦʚʞʠʥʘ ʪʨʽʱʠʥʠ ʩʪʘʥʦʚʠʪʴ ʜʚʽ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ (/ 1h ab= =), ʟʙʽʣʴʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ ʧʦʢʨʠʪʪʷ ʚʜʚʽʯʽ (ʟʘ ʬʽʢʩʦʚʘʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ) ʟ 5g=  ʜʦ 

10g=  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫ 1.36 ʨʘʟʠ. ʇʨʠ 

ʘʥʘʣʦʛʽʯʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʞʦʨʩʪʢʦʩʪʽ ʧʣʽʚʢʠ ʟ 10g=  ʜʦ 20g=  ʢʨʠʪʠʯʥʘ 

ʜʝʬʦʨʤʘʮʽʷ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1.46 ʨʘʟʠ, ʘ ʟ 50g=  ʜʦ 100g=  ï ʫ 1.58 ʨʘʟʠ. 

 ɺʠʭʦʜʷʯʠ ʟ (4.45), ʤʦʞʥʘ ʟʘʢʣʶʯʠʪʠ, ʱʦ ʜʣʷ ʜʦʩʪʘʪʥʴʦ ʢʦʨʦʪʢʠʭ 

ʤʽʞʬʘʟʥʠʭ ʪʨʽʱʠʥ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ʻ ʞʦʨʩʪʢʽʰʠʤ ʥʽʞ 

ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ, ʪʘʢʠʡ ʜʝʬʝʢʪ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ, ʷʢʘ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʥʝ ʚʧʣʠʚʘʻ 

ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʦʙʨʘʭʦʚʘʥʠʭ ʜʣʷ ʪʽʣʘ ʙʝʟ ʜʝʬʝʢʪʫ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʚʰʠ ʧʝʚʥʫ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʣʷ 

ʢʦʞʥʦʛʦ ʬʽʢʩʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 
0 2 1

1g m m= > ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢʝ ʟʥʘʯʝʥʥʷ 

0 0
( )gb , ʱʦ ʜʣʷ ʚʩʽʭ ʟʥʘʯʝʥʴ 

0 0
( )gb b²  ʥʘʷʚʥʽʩʪʴ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʚ ʤʝʞʽ 

ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ (ʟ ʧʨʠʡʥʷʪʥʦʶ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʦʯʥʽʩʪʶ) ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ 

ʪʽʣʘ ʚʟʜʦʚʞ ʮʽʻʾ ʤʝʞʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʠ 
0 0
( )gb b<  

ʚʠʟʥʘʯʘʣʴʥʠʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʭʘʥʽʟʤʫ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʫ ʻ ʥʘʷʚʥʽʩʪʴ 

ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ, ʘ ʧʨʠ 
0 0
( )gb b²  ï ʩʪʨʫʢʪʫʨʥʘ ʦʩʦʙʣʠʚʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ (ʥʘʷʚʥʽʩʪʴ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ). 

ɺ ʪʘʙʣʠʮʽ 4.4 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ 
0 0
( )gb , 

0 2 1
1g m m= > ʧʨʠ ʟʘʜʘʥʽʡ ʪʦʯʥʦʩʪʽ 

1 1 1
1%r re e e- <  ʜʣʷ ʙʽʰʘʨʫ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (

1 2
0.3n n= = ). 
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0
g  2 5 10 20 50 100 

0 0
( )gb  3.3 2.3 1.9 1.7 1.3 1 

ʊʘʙʣʠʮʷ 4.4 ï ʄʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 
0
b. 

ʉʬʦʨʤʫʣʴʦʚʘʥʠʡ ʚʠʩʥʦʚʦʢ ʤʦʞʥʘ ʧʦʜʘʪʠ ʽ ʟ ʽʥʰʦʛʦ ʨʘʢʫʨʩʫ, ʷʢʱʦ 

ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʫ / 1h ab= = ʘʩʦʮʽʶʚʘʪʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ 

ʧʦʢʨʠʪʪʷ, ʢʦʣʠ ʜʦʚʞʠʥʘ ʜʝʬʝʢʪʫ ʻ ʩʪʘʣʦ .ʁ  

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 20g=  ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʫʪʨʠʯʽ ʟ 

0.1b=  ʜʦ 0.3b=  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 
1
e ʫ 5.1 ʨʘʟʠ. ʇʨʠ ʥʘʩʪʫʧʥʦʤʫ 

ʟʙʽʣʴʰʝʥʽ ʪʦʚʱʠʥʠ ʚ 3 ʨʘʟʠ ï ʜʦ 0.9b=  ï ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʙʽʣʴʰʫʶʪʴʩʷ 

ʱʝ ʚ 2.3 ʨʘʟʠ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ʥʝ ʤʘʻ 

ʽʥʞʝʥʝʨʥʦʛʦ ʩʝʥʩʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʤʽʮʥʝʥʥʷ ʪʘʢʦʛʦ ʙʽʰʘʨʫ ʥʘ ʩʪʠʩʢ: 

ʟʙʽʣʴʰʝʥʥʷ b ʟ 0.9 ʜʦ 2.7 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 
1
e ʤʝʥʰʝ ʥʽʞ ʫ 1.1 ʨʘʟʠ. 

ʅʘ ʛʨʘʬʽʢʫ, ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ. 4.9, ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ (2.70) 
0(1)

1 11 1/ 2s s m=- , ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ, ʚʽʜ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ 

h ab= . ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (

1 2
0.3n n= = ). ʍʘʨʘʢʪʝʨ ʥʘʚʝʜʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʭʘʨʘʢʪʝʨʫ 

ʟʘʣʝʞʥʦʩʪʽ 
1
( )e b. ʉʫʮʽʣʴʥʽ ʢʨʠʚʽ ʥʘ ʨʠʩ. 4.10 ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʘʣʝʞʥʦʩʪʽ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 
1
e ʚʽʜ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ 
2 1

1g m m= > ʧʨʠ ʜʝʷʢʠʭ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ h ab= . ʐʪʨʠʭʦʚʘ ʢʨʠʚʘ ʥʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʚʽʜʧʦʚʽʜʘʻ ʟʘʣʝʞʥʦʩʪʽ 

ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 
1

re ʚʽʜ ʧʘʨʘʤʝʪʨʘ g . 

ʅʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.10 ʜʘʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʫʟʛʦʜʞʝʥʽʩʪʴ ʟʘʜʘʯ ʜʣʷ ʪʽʣʘ ʟ 

ʜʝʬʝʢʪʦʤ ʪʘ ʙʝʟ ʥʴʦʛʦ, ʘ ʪʘʢʦʞ ʚʠʩʥʦʚʢʠ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʽ ʫ ʬʦʨʤʫʣʽ (4.45) ʪʘ 

ʪʘʙʣ. 4.4.  
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ʈʠʩ. 4.9 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )s b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

(
1 2 0.3n n= = ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ g . 

 

ʈʠʩ. 4.10 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )ge  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

(
1 2 0.3n n= = ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ b.  
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4.6.3 ʂʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʧʦʪʝʥʮʽʘʣ ɹʘʨʪʝʥʻʚʘï

ʍʘʟʘʥʦʚʠʯʘ 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (4.38) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʛʨʘʬʽʢʘʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 4.11, 4.12 ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʦʙʠʜʚʘ ʤʘʪʝʨʽʘʣʠ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘï

ʍʘʟʘʥʦʚʠʯʘ (2.72) ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. 

ʅʘ ʨʠʩ. 4.11 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 1e ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ /h ab=  ʧʨʠ ʜʝʷʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʧʘʨʘʤʝʪʨʘ g . 

ɸʥʘʣʽʟ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 4.11, ʧʦʢʘʟʫʻ, ʱʦ ʭʘʨʘʢʪʝʨ ʥʘʚʝʜʝʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʚʠʧʘʜʢʫ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ 

(ʧ. 4.6.1). ʊʘʢ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ, ʤʘʻ ʤʽʩʮʝ 

ʥʘʩʪʫʧʥʘ ʘʩʠʤʧʪʦʪʠʢʘ 
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 ʧʨʠ b­¤. (4.46) 

ʅʘ ʛʨʘʬʽʢʫ, ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ. 4.12, ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ (2.72) 
0(1)

1 11 1/ 2s s m=-  ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ h ab= . 

ɼʣʷ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ ʟʘʣʠʰʘʶʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤʠ 

ʚʩʽ ʷʢʽʩʥʽ ʚʠʩʥʦʚʢʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ. 

ʋ ʪʘʙʣʠʮʽ 4.5 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ 
0 0
( )gb , 

0 2 1
1g m m= > (ʜʠʚ. ʧ. 4.6.2) 

ʧʨʠ ʟʘʜʘʥʽʡ ʪʦʯʥʦʩʪʽ 1% ʜʣʷ ʙʽʰʘʨʫ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. 

0
g  2 3 5 10 20 100 

0 0
( )gb  3.1 2.5 2.2 1.8 1.5 1 

ʊʘʙʣʠʮʷ 4.5 ï ʄʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ 
0
b.  



 

174 

 

 

ʈʠʩ. 4.11 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ g . 

 

ʈʠʩ. 4.12 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )s b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ g .  
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4.6.4 ʂʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʧʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (4.38) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʛʨʘʬʽʢʘʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 4.13 ï 4.16, ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʦʙʠʜʚʘ ʤʘʪʝʨʽʘʣʠ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ (2.73) 

ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. 

ɼʣʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ ʟʘʣʠʰʘʶʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʚʩʽ 

ʷʢʽʩʥʽ ʚʠʩʥʦʚʢʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʜʣʷ ʽʥʰʠʭ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ 

ʛʽʧʝʨʧʨʫʞʥʠʭ ʪʽʣ (ʜʠʚ. ʧʧ. 4.6.2, 4.6.3). 

ʅʘ ʛʨʘʬʽʢʘʭ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 4.13, ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ ʟʘʣʝʞʥʦʩʪʝʡ 

1
( )e b ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʜʦ 

ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ g . 

ɼʣʷ ʢʨʠʚʠʭ ʥʘ ʨʠʩʫʥʢʫ ʟʘʣʠʰʘʻʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʦʶ ʘʩʠʤʧʪʦʪʠʢʘ (4.46), 

ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʦʜʥʦʨʽʜʥʦʾ 

ʧʽʚʧʣʦʱʠʥʠ ʟ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ ʩʪʘʥʦʚʠʪʴ [87] 

 
1

0.456hpe = . (4.47) 

ʅʘ ʨʠʩ. 4.14, 4.15 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʾ 
1
e ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ g  ʧʨʠ ʜʝʷʢʠʭ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ b. ʐʪʨʠʭʦʚʘ ʢʨʠʚʘ ʥʘ ʛʨʘʬʽʢʫ ʨʠʩ. 4.15, ʷʢʠʡ 

ʧʦʙʫʜʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʰʢʘʣʠ, ʚʽʜʧʦʚʽʜʘʻ ʟʘʣʝʞʥʦʩʪʽ 

1
( )r ge  ï ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʫ ʟʽ ʩʢʣʘʜʦʚʠʭ ʟ 

ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ, ʚʠʟʥʘʯʝʥʦʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ 

ʨʽʚʥʷʥʥʷ (3.19). 

ʅʘ ʛʨʘʬʽʢʫ, ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ. 4.16, ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ (2.73) 
0(1)

1 11 1/ 2s s m=- , ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ, ʚʽʜ ʟʥʘʯʝʥʥʷ h ab= .  
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ʈʠʩ. 4.13 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ g . 

 

ʈʠʩ. 4.14 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )ge  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ b. 
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ʈʠʩ. 4.15 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )ge  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ b. 

 

ʈʠʩ. 4.16 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )s b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ  ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ g .  
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4.6.5 ʂʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʢʚʘʜʨʘʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (4.38) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʛʨʘʬʽʢʘʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 4.17, 4.18, ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʦʙʠʜʚʘ ʤʘʪʝʨʽʘʣʠ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʢʚʘʜʨʘʪʠʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ 

(2.71) ʫ ʨʘʟʽ ʤʘʣʠʭ ʜʦʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ɼʣʷ ʮʴʦʛʦ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘʢʦʞ ʟʘʣʠʰʘʶʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʚʩʽ 

ʷʢʽʩʥʽ ʚʠʩʥʦʚʢʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʜʣʷ ʽʥʰʠʭ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ 

ʛʽʧʝʨʧʨʫʞʥʠʭ ʪʽʣ (ʜʠʚ. ʧʧ. 4.6.2 ï 4.6.4). 

ʈʠʩʫʥʦʢ 4.17 ʧʨʝʟʝʥʪʫʻ ʟʘʣʝʞʥʦʩʪʽ 
1
( )e b ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ 

g  ʜʣʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ ʩʢʣʘʜʦʚʠʭ ʙʽʰʘʨʫ 
1 2

0.3n n= = . 

ʅʘ ʛʨʘʬʽʢʫ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 4.18 ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ 
1
( )e b ʧʨʠ 

ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ 2g=  ʜʣʷ ʪʘʢʠʭ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 
1 2

n n n= = : 

0.1, 0.2, 0.3, 0.4n= . 

ɼʘʥʽ ʨʠʩ. 4.18 ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ 

ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ, ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʠ ʚʽʜ ʩʪʠʩʣʠʚʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ. ʋ 

ʚʠʧʘʜʢʫ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʫʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʷʛʘʻ 20%. 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʠʩʣʠʚʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʙʽʰʘʨʫ (ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ n), ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 
1
e ʟʤʝʥʰʫʶʪʴʩʷ. 

ɺ ʥʘʩʪʫʧʥʦʤʫ ʧʫʥʢʪʽ ʥʘ ʧʨʠʢʣʘʜʽ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ 

ʜʝʪʘʣʴʥʽʰʝ ʚʠʚʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʟʜʘʪʥʦʩʪʽ 

ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʜʦ ʩʪʠʩʣʠʚʦʩʪʽ. 
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ʈʠʩ. 4.17 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ  

(
1 2 0.3n n= = ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ g . 

 

ʈʠʩ. 4.18 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ  

ʟʘ ʨʽʟʥʠʭ 
1 2n n n= =  ʧʨʠ 3g= .  
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4.6.6 ɺʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ ʥʘ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ɼʦʩʣʽʜʠʤʦ ʚʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʙʤʝʞʠʤʦʩʴ ʨʦʟʛʣʷʜʦʤ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʦʙʠʜʚʘ ʢʦʤʧʦʥʝʥʪʠ ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʽ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʪʠʩʣʠʚʦʩʪʽ, ʪʦʙʪʦ, ʢʦʣʠ 

 
1 2
n n n= =. (4.48) 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʞʦʨʩʪʢʽʩʪʴ ʧʣʽʚʢʠ ʤʝʥʰʘ ʟʘ 

ʞʦʨʩʪʢʽʩʪʴ ʧʽʜʢʣʘʜʢʠ (
2 1
/ 1g m m= <). ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʚ ʮʴʦʤʫ ʨʘʟʽ 

ʭʘʨʘʢʪʝʨ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚ ʙʽʰʘʨʦʚʽʡ ʩʠʩʪʝʤʽ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʚʠʧʘʜʢʫ 

ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ [21, 116, 185]. ʋʢʘʟʘʥʘ ʘʥʘʣʦʛʽʷ ʧʦʰʠʨʶʻʪʴʩʷ ʽ ʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 
1
e ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ n ʧʨʠ 

ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʫ ʞʦʨʩʪʢʦʩʪʽ g . 

 ʗʢ ʧʦʢʘʟʫʶʪʴ ʜʘʥʽ ʛʨʘʬʽʢʘ ʥʘ ʨʠʩ. 4.19, ʷʢʠʡ ʧʨʝʟʝʥʪʫʻ ʟʘʣʝʞʥʦʩʪʽ 

1
( )e b ʧʨʠ ʟʥʘʯʝʥʥʽ 0.5g=  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ n, ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʷʢ ʽ ʚ 

ʟʘʜʘʯʽ ʜʣʷ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ, ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʠʩʣʠʚʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʙʽʰʘʨʫ. 

 ɺʦʜʥʦʯʘʩ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ n ʽʥʰʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ (2.70) 

0(1)

1 11 1/ 2s s m=- , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ, ï ʻ ʩʫʪʪʻʚʦʶ. ɺʽʜʧʦʚʽʜʥʽ 

ʟʘʣʝʞʥʦʩʪʽ 
1
( )s b ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.20 ʜʣʷ ʪʦʛʦ ʞ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʝʡ 0.5g= . 

 ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʠʩʣʠʚʦʩʪʽ ʪʽʣʘ, 

ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ ʪʝʞ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʋ ʚʠʧʘʜʢʫ, ʱʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1s, ʦʙʯʠʩʣʝʥʽ ʜʣʷ ʟʥʘʯʝʥʥʷ 0.499n= , 

ʧʝʨʝʚʠʱʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 0.001n=  ʚ 2 ʨʘʟʠ ʜʣʷ ʚʩʽʭ ʟʥʘʯʝʥʴ 

ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ /h ab= .  
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ʈʠʩ. 4.19 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ 
1 2n n n= =  ʧʨʠ 0.5g= . 

 

ʈʠʩ. 4.20 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )s b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ 
1 2n n n= =  ʧʨʠ 0.5g= .  
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ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʞʦʨʩʪʢʽʩʪʴ ʧʣʽʚʢʠ ʙʽʣʴʰʘ ʟʘ 

ʞʦʨʩʪʢʽʩʪʴ ʧʽʜʢʣʘʜʢʠ (
2 1
/ 1g m m= >). 

ʅʘ ʛʨʘʬʽʢʘʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 4.21 ï 4.23, ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ 
1
( )e b 

ʜʣʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ 0.001n= , 0.1, 0.2, 0.3, 0.499 ʧʨʠ 

ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ 2g= , 5g=  ʡ 10g= , ʚʽʜʧʦʚʽʜʥʦ. 

 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʠʩʣʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʪʽʣʘ (ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ n), ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʙʽʣʴʰʫʶʪʴʩʷ. ʇʦʜʽʙʥʠʡ ʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ ʽʥʰʠʭ ʩʧʦʨʽʜʥʝʥʠʭ ʟʘʜʘʯ 

ʧʨʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʪʽʣ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ 

ʪʨʽʱʠʥ. ʅʘʧʨʠʢʣʘʜ, ʘʥʘʣʦʛʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ 

ʤʘ̒ ʤʽʩʮʝ ʫ ʚʠʧʘʜʢʫ ʧʨʦʩʪʦʨʦʚʦʾ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʧʽʚʧʨʦʩʪʦʨʫ ʚʟʜʦʚʞ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʾ ʪʨʽʱʠʥʠ [21, 68, 116] ʘʙʦ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ ʥʝʦʙʤʝʞʝʥʦʛʦ ʪʽʣʘ 

ʚʟʜʦʚʞ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʪʨʽʱʠʥ [21, 116, 137]. 

 ʅʘ ʨʠʩ. 4.24, 4.25 ʧʦʜʘʥʦ ʟʘʣʝʞʥʦʩʪʽ 
1
( )e n ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ b ʟʘ ʬʽʢʩʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ 2g=  ʪʘ 50g= , ʚʽʜʧʦʚʽʜʥʦ. 

 ɻʨʘʬʽʢ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 4.26, ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʟʤʽʥʫ ʚʧʣʠʚʫ 

ʩʪʠʩʣʠʚʦʩʪʽ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʠʩʪʝʤʠ ʟʽ 

ʟʤʽʥʦʶ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ b. ʅʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʜʣʷ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ n ʽ ʟʥʘʯʝʥʥʷ 2g=  ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ ʟʘʣʝʞʥʦʩʪʽ 

 
1 2 1 2

1 1 0.499
( ) ( ) : ( )

v v v vn
d b e b e b

= = = =
=  (4.49) 

ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 
1
e, ʥʦʨʤʦʚʘʥʠʭ ʥʘ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʞ ʧʘʨʘʤʝʪʨʘ ʜʣʷ 

ʚʠʧʘʜʢʫ ʥʝʩʪʠʩʣʠʚʦʛʦ ʪʽʣʘ ʧʨʠ ʘʥʘʣʦʛʽʯʥʠʭ ʟʥʘʯʝʥʥʷʭ b ʽ g . 

 ɼʘʥʽ ʨʠʩ. 4.26 ʩʚʽʜʯʘʪʴ: ʱʦ ʙʽʣʴʰʘ ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ, ʪʦ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ   
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ʈʠʩ. 4.21 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ 
1 2n n n= =  ʧʨʠ 2g= . 

 

ʈʠʩ. 4.22 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ 
1 2n n n= =  ʧʨʠ 5g= .  
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ʈʠʩ. 4.23 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ 
1 2n n n= =  ʧʨʠ 10g= . 

 

ʈʠʩ. 4.24 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e n ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ b ʧʨʠ 2g= .  



 

185 

 

 

ʈʠʩ. 4.25 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e n ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ b ʧʨʠ 50g= . 

 

ʈʠʩ. 4.26 ï ɿʘʣʝʞʥʦʩʪʽ ( )d b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ 
1 2n n n= =  ʧʨʠ 2g= .  
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ʧʘʨʘʤʝʪʨʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 
1
e ʤʘʻ ʩʪʠʩʣʠʚʽʩʪʴ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ. 

 ɺʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ, ʘ ʪʘʢʦʞ ʘʩʠʤʧʪʦʪʠʯʥʫ ʧʦʚʝʜʽʥʢʫ (4.45), 

ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ ʥʘ ʢʨʠʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ 
1
e ʤʦʞʥʘ ʦʮʽʥʠʪʠ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʜʘʥʠʤʠ ʨʠʩ. 3.13 (ʧ. 3.4.6.). 

4.6.7 ɺʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ P3HT:PCBM ʪʘ PEDOT:PSS ʧʣʽʚʦʢ ʧʦʢʨʠʪʪʷ ʥʘ 

PDMS ʧʽʜʢʣʘʜʮʽ 

ʅʘ ʧʨʠʢʣʘʜʽ ʜʚʦʭ ʢʦʥʢʨʝʪʥʠʭ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʢʨʠʪʪʷʤ ʧʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʪʠʩʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ 

ʩʪʽʡʢʦʩʪʽ ʪʦʥʢʦʾ ʧʣʽʚʢʠ ʥʘ ʥʝʩʪʠʩʣʠʚʽʡ ʧʽʜʢʣʘʜʮʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʝʩʪʠʩʣʠʚʘ PDMS ʧʽʜʢʣʘʜʢʘ ʚʢʨʠʪʘ ʪʦʥʢʠʤʠ 

ʧʣʽʚʢʘʤʠ ʟ ʤʘʪʝʨʽʘʣʽʚ PEDOT:PSS ʘʙʦ P3HT:PCBM. ʇʨʫʞʥʽ ʢʦʥʩʪʘʥʪʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʦ ʚ (3.32) ï (3.34) (ʜʠʚ. ʧ. 3.4.4).  

ʅʝʩʪʠʩʣʠʚʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ ʙʫʜʝʤʦ ʤʦʜʝʣʶʚʘʪʠ ʧʨʫʞʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ, ʘ ʤʘʪʝʨʽʘʣʠ ʧʣʽʚʦʢ ï ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ. 

ɿʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 
1
e ʚʽʜ ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ lgb ʟʦʙʨʘʞʝʥʦ ʩʫʮʽʣʴʥʠʤʠ ʢʨʠʚʠʤʠ ʥʘ ʨʠʩ. 4.27, 4.28. ʇʨʠ ʮʴʦʤʫ 

ʨʠʩʫʥʦʢ 4.27 ʚʽʜʧʦʚʽʜʘʻ ʧʣʽʚʮʽ PEDOT:PSS, ʘ ʨʠʩ. 4.28 ï ʧʣʽʚʮʽ P3HT:PCBM. 

ʐʪʨʠʭʦʚʽ ʧʨʷʤʽ ʥʘ ʨʠʩʫʥʢʘʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʪʠʯʥʠʤ ʜʝʬʦʨʤʘʮʽʷʤ 

ʟʤʦʨʱʫʚʘʥʥʷ 
1

re ʪʦʥʢʦʾ ʧʣʽʚʢʠ, ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʦʾ ʟ ʥʘʧʽʚʦʙʤʝʞʝʥʦʶ 

ʧʽʜʢʣʘʜʢʦʶ, ʫ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʬʝʢʪʫ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ (3.19).  

ʋ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʴ ʧʨʫʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (3.32) ï (3.34) ʜʣʷ ʢʦʤʙʽʥʘʮʽʾ 

ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʟʤʦʨʱʫʚʘʥʥʷ ʜʣʷ ʧʣʽʚʢʠ ʟ PEDOT:PSS ʩʪʘʥʦʚʠʪʴ 

 
1

0.007488re= , (4.50) 
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ʘ ʜʣʷ ʧʣʽʚʢʠ ʟ P3HT:PCBM ʮʝ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 

 1
0.003165re=  (4.51) 

(ʧʦʨʽʚʥʷʪʠ ʟ (3.37), (3.38) ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʙʦʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ). 

 ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʫ ʧ. 3.5, ʥʘʙʣʠʞʝʥʫ ʦʮʽʥʢʫ ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ 
*

1
e (ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʬʝʢʪʫ) ʤʦʞʥʘ ʜʘʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʣʠʞʝʥʦʾ ʬʦʨʤʫʣʠ (3.43). ʇʦʢʣʘʚʰʠ ʜʣʷ ʥʝʩʪʠʩʣʠʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ PDMS 
1

0.5n= , ʜʣʷ ʧʣʽʚʢʠ PEDOT:PSS ʟ (3.43) ʦʪʨʠʤʫʻʤʦ  

 
*

1
0.007516e= , (4.52) 

ʘ ʜʣʷ ʧʣʽʚʢʠ ʟ P3HT:PCBM ʤʘʻʤʦ 

 
*

1
0.003170e= . (4.53) 

ɿʥʘʯʝʥʥʷʤ 
*

1
e ʥʘ ʨʠʩ. 4.27 ʽ ʨʠʩ. 4.28 ʚʽʜʧʦʚʽʜʘʶʪʴ ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʽ 

ʧʨʷʤʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘʷʚʥʦʩʪʽ ʤʽʞʬʘʟʥʦʛʦ ʚʽʜʰʘʨʫʚʘʥʥʷ ʥʘ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʧʣʽʚʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.6, ʜʝ ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ  

1 1

1

r

r

e e
d

e

-
=  

ʜʣʷ ʦʙʦʭ ʢʦʤʙʽʥʘʮʽʡ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʜʝʷʢʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ /h ab= . 

ʤʘʪʝʨʽʘʣ 

ʧʣʽʚʢʠ 

b 

0.01 0.1 0.2 0.3 0.4 0.5 1 

PEDOT:PSS 0.991 0.576 0.202 0.076 0.028 0.013 0.0008 

P3HT:PCBM 0.978 0.333 0.091 0.019 0.006 0.002 0.0007 

ʊʘʙʣʠʮʷ 4.6 ï ʂʮʽʥʢʘ ʚʧʣʠʚʫ ʤʽʞʬʘʟʥʦʛʦ ʚʽʜʰʘʨʫʚʘʥʥʷ ʥʘ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʣʽʚʢʠ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʾʾ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ.  
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ʈʠʩ. 4.27 ï ʂʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ: ʧʣʽʚʢʠ PEDOT:PSS 

ʥʘ ʧʽʜʢʣʘʜʮʽ PDMS. 

 

 

 

ʈʠʩ. 4.28 ï ʂʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ: ʧʣʽʚʢʠ P3HT:PCBM 

ʥʘ ʧʽʜʢʣʘʜʮʽ PDMS. 
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4.7 ɺʟʘʻʤʦʜʽʷ wrinkling - ʽ buckling-ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ɺ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʜʚʦʭ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʪʦʥʢʦʾ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ʥʘ ʙʽʣʴʰ ʧʦʜʘʪʣʠʚʽʡ ʥʘʧʽʚʦʙʤʝʞʝʥʽʡ 

ʧʽʜʢʣʘʜʮʽ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʘʢʘ ʩʠʩʪʝʤʘ ʩʪʠʩʢʘʻʪʴʩʷ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ 

ʪʨʽʱʠʥʠ. 

ʇʝʨʰʠʡ ʟ ʥʠʭ ʚʽʜʦʤʠʡ ʚ ʣʽʪʝʨʘʪʫʨʽ ʷʢ wrinkling (çʟʤʦʨʱʫʚʘʥʥʷè, ʨʠʩ. 

3.1.ʚ). ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, wrinkling-ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 

ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʭʚʠʣʝʧʦʜʽʙʥʦʛʦ ʚʽʟʝʨʫʥʢʘ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʜʣʷ 

ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʙʝʟ ʜʝʬʝʢʪʽʚ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ. ʊʘʢʦʞ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ, ʱʦ 

ʫʢʘʟʘʥʠʡ ʤʝʭʘʥʽʟʤ ʙʫʜʝ ʜʦʤʽʥʫʶʯʠʤ ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʪʽʣʘ ʟ ʚʽʜʥʦʩʥʦ 

ʢʦʨʦʪʢʠʤʠ ʤʽʞʬʘʟʥʠʤʠ ʜʝʬʝʢʪʘʤʠ. ɺ ʨʦʟʜʽʣʽ 3 ʜʠʩʝʨʪʘʮʽʾ ʜʝʪʘʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʽʚ ʙʝʟ ʜʝʬʝʢʪʽʚ, ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʥʘʙʣʠʞʝʥʠʭ ʬʦʨʤʫʣ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʪʘʢʠʭ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ. 

ʇʨʠ ʩʪʠʩʢʫ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʟ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʤʠ ʜʝʬʝʢʪʘʤʠ ʩʣʽʜ 

ʦʯʽʢʫʚʘʪʠ, ʱʦ ʜʦʤʽʥʫʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʫʜʝ buckling 

(çʚʠʧʫʯʫʚʘʥʥʷè, ʨʠʩ. 4.1). 

ʅʠʞʯʝ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (4.26), (4.27), ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʜʚʦʭ 

ʥʘʙʣʠʞʝʥʠʭ ʧʽʜʭʦʜʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ buckling-ʜʝʬʦʨʤʘʮʽʡ, ʘ ʪʘʢʦʞ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʤʦʨʱʫʚʘʥʥʷ ʧʣʽʚʢʠ. ɹʫʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʪʨʽʱʠʥ (ʚʽʜʰʘʨʫʚʘʥʴ) 

çʧʨʦʤʽʞʥʦʾè ʜʦʚʞʠʥʠ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʫ ʙʽʰʘʨʽ ʻ ʽʩʪʦʪʥʦ 

ʥʠʞʯʠʤ, ʥʽʞ ʮʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ. ʇʨʠ ʮʴʦʤʫ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʜʘʥʠʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽʥʰʠʭ ʘʚʪʦʨʽʚ. 
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4.7.1 çʂʦʨʦʪʢʽè ʚʽʜʰʘʨʫʚʘʥʥʷ 

ɿʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 
1
e ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘʜʘʯʽ h ab= , ʚʠʟʥʘʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ (4.26), (4.27) ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʫ ʨʘʟʽ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ, ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 4.29 ʢʨʠʚʦʶ «1». 

ɺʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʩʪʘʣʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʠʩʪʝʤʠ 

ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʜʣʷ ʜʘʥʠʭ ʥʘ ʨʠʩ 4.29 ʻ ʪʘʢʠʤʠ: 

 
2 1 1 2

2 ,  0.3E E n n= = = . (4.54) 

ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ 

h ab=  (ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʤʝʥʰʝʥʥʶ ʜʦʚʞʠʥʠ ʤʽʞʬʘʟʥʦʛʦ ʚʽʜʰʘʨʫʚʘʥʥʷ) 

ʚʧʣʠʚ ʜʝʬʝʢʪʫ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʉʫʮʽʣʴʥʘ ʧʨʷʤʘ ç2è ʥʘ ʨʠʩ. 4.29 ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʚôʷʟʢʫ ʘʥʘʣʦʛʽʯʥʦʾ ʟʘʜʘʯʽ 

ʙʝʟ ʤʽʞʬʘʟʥʦʛʦ ʜʝʬʝʢʪʫ (ʜʠʚ. ʨʠʩ. 3.1.ʘ). 

ʊʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚ'ʷʟʘʥʥʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (3.19) ʜʣʷ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʛʘʨʤʦʥʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʪʘ ʟʥʘʯʝʥʥʽ ʧʨʫʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (4.54), 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʚʽʜʥʦʩʥʦʛʦ ʫʢʦʨʦʯʝʥʥʷ ʟʤʦʨʱʫʚʘʥʥʷ ʩʪʘʥʦʚʠʣʦ 

 
1

0.3577re= .  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, 

ʦʪʨʠʤʘʥʝ ʥʘ ʦʩʥʦʚʽ ʥʘʙʣʠʞʝʥʦʾ ʬʦʨʤʫʣʠ (3.43), ʩʪʘʥʦʚʠʪʴ 

 
*

1
0.3467e=   

ʽ ʚʽʜʧʦʚʽʜʘʻ ʰʪʨʠʭʦʚʽʡ ʧʨʷʤʽʡ ç3è ʥʘ ʨʠʩ. 4.29. 

ʑʝ ʦʜʠʥ ʧʨʠʢʣʘʜ ʟʘʣʝʞʥʦʩʪʽ 
1
( )e b ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʨʠʚʦʶ ç1è ʥʘ ʨʠʩ 

4.30. ɿʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʩʪʘʣʠʭ, ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʠʤ ʨʠʩ. 4.30, ʻ ʥʘʩʪʫʧʥʠʤʠ: 

 
2 1 1 2

3 ,  0.499E E n n= = = . (4.55)  
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ʈʠʩ. 4.29 ï ʂʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʨʫʞʥʠʭ ʩʪʘʣʠʭ (4.54). 

 

 

ʈʠʩ. 4.30 ï ʂʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʨʫʞʥʠʭ ʩʪʘʣʠʭ (4.55).  
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ʉʫʮʽʣʴʥʘ ʧʨʷʤʘ «2» ʚʽʜʧʦʚʽʜʘʻ ʜʝʬʦʨʤʘʮʽʷʤ ʧʦʯʘʪʢʫ ʟʤʦʨʱʫʚʘʥʥʷ 

ʧʣʽʚʢʠ ʥʘ ʥʘʧʽʚʦʙʤʝʞʝʥʽʡ ʧʽʜʢʣʘʜʮʽ 

 
1

0.2472re= ,  

ʘ ʧʫʥʢʪʠʨʥʘ ʧʨʷʤʘ «3» ï ʢʨʠʪʠʯʥʠʤ ʜʝʬʦʨʤʘʮʽʷʤ, ʦʙʯʠʩʣʝʥʠʤ ʟʘ 

ʥʘʙʣʠʞʝʥʦʶ ʬʦʨʤʫʣʦʶ (3.43) 

 
*

1
0.25e= .  

ʅʘ ʨʠʩ. 4.31 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 
1
e, 

ʥʦʨʤʦʚʘʥʦʛʦ ʜʦ ʡʦʛʦ ʟʥʘʯʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʯʘʪʢʫ ʟʤʦʨʱʫʚʘʥʥʷ 
1

re, 

ʦʪʨʠʤʘʥʠʤ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (3.43), ʚʽʜ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ g  ʜʣʷ 

ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ h ab=  (
1 2

0.3n n= = ). ɺʠʢʦʨʠʩʪʘʥʘ 

ʣʦʛʘʨʠʬʤʽʯʥʘ ʰʢʘʣʘ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʨʘʟʽ, ʢʦʣʠ ʤʘʪʝʨʽʘʣʠ ʙʽʰʘʨʫ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʇʫʘʩʩʦʥʘ, ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʖʥʛʘ ʪʘ 

ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʞʦʨʩʪʢʦʩʪʽ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʙʽʛʘʶʪʴʩʷ. 

ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ, ʫ ʨʘʟʽ, ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʧʣʽʚʢʘ ʞʦʨʩʪʢʽʰʘ ʟʘ 

ʧʽʜʢʣʘʜʢʫ, ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʧʦʯʘʪʢʫ ʟʤʦʨʱʫʚʘʥʥʷ ʧʝʨʝʚʠʱʫʶʪʴ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ ʟ ʪʨʽʱʠʥʦʶ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 

ʥʘ 3% ʜʣʷ ʚʽʜʰʘʨʫʚʘʥʴ, ʜʦʚʞʠʥʘ ʷʢʠʭ ʤʝʥʰʝ ʩʪʘʥʦʚʠʪʴ 0.2 ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ. 

ɿʽ ʩʢʘʟʘʥʦʛʦ ʚʠʱʝ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʭ ʚʽʜʰʘʨʫʚʘʥʴ ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʜʝʬʦʨʤʘʮʽʷʤʠ ʩʚʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʤʽʥʫʶʯʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʧʦʚʝʨʭʥʝʚʦʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʧʽʜʢʣʘʜʢʘ/ʪʦʥʢʘ ʧʣʽʚʢʘ ʻ 

çʟʤʦʨʱʫʚʘʥʥʷè (ʨʠʩ 3.1.ʚ). 

4.7.2 çɼʦʚʛʽè ʚʽʜʰʘʨʫʚʘʥʥʷ 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʚʽʜʥʦʩʥʦ ʜʦʚʛʽ ʨʦʟʰʘʨʫʚʘʥʥʷ. 

ʋ ʨʦʙʦʪʘʭ [92, 240] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʦʪʨʠʤʘʥʦ 

ʪʘʢʫ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ buckling-ʜʝʬʦʨʤʘʮʽʡ ʧʦʯʘʪʢʫ   
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ʈʠʩ. 4.31 ï ɿʘʣʝʞʥʦʩʪʽ 1 1/ re e ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ 

(
1 2 0.3n n= = ). 

 

ʈʠʩ. 4.32 ï ɿʘʣʝʞʥʦʩʪʽ 0

1 1/e e ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ g  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ 

(
1 2 0.3n n= = ).  
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ʚʠʧʫʯʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ ʚ ʦʙʣʘʩʪʽ ʥʘʜ ʪʨʽʱʠʥʦʶ: 

 
2

0 2

1 ,  
12

h

a

p
e b b= = . (4.56) 

ʌʦʨʤʫʣʘ (4.56) ʦʜʝʨʞʘʥʘ ʜʣʷ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ. 

ʏʘʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʚ ʦʙʣʘʩʪʽ ʚʽʜʰʘʨʫʚʘʥʥʷ ʤʦʜʝʣʶʚʘʣʘʩʷ ʙʘʣʢʦʶ, ʥʘ 

ʪʦʨʮʷʭ ʷʢʦʾ ʟʘʜʘʥʽ ʫʤʦʚʠ ʞʦʨʩʪʢʦʛʦ ʟʘʱʝʤʣʝʥʥʷ, ʘ ʜʝʬʦʨʤʘʮʽʻʶ ʧʽʜʢʣʘʜʢʠ 

ʥʝʭʪʫʚʘʣʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʦʩʪʘʥʥʽʤ ʧʨʠʧʫʱʝʥʥʷʤ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʨʘʟʫ (4.56) ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʫʞʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʽʚ ʩʠʩʪʝʤʠ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ. 

ʅʘ ʨʠʩ. 4.29 ʯʝʨʚʦʥʘ ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ ç4è ʪʘ ʢʨʫʛʣʽ ʤʘʨʢʝʨʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʜʝʬʦʨʤʘʮʽʡ ʧʦʯʘʪʢʫ ʚʠʧʫʯʫʚʘʥʥʷ 
0

1e, ʦʪʨʠʤʘʥʠʤ ʥʘ 

ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ (4.56). 

ʊʘʢ, ʜʣʷ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ 0.1h ab= <  ʨʝʟʫʣʴʪʘʪʠ 

ʜʣʷ ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʦʪʨʠʤʘʥʽ ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (4.26), (4.27), ʪʘ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (4.56), ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 10%. 

ɼʣʷ ʟʥʘʯʝʥʴ 0.01h ab= <  ʮʷ ʚʽʜʤʽʥʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 1%. ʊʘʢʽ ʞ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣ ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʫ ʨʘʟʽ 

ʩʪʠʩʥʝʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʥʘʧʽʚʦʙʤʝʞʝʥʦʛʦ ʪʽʣʘ ʚʟʜʦʚʞ ʧʨʠʧʦʚʝʨʭʥʝʚʦʾ 

ʜʠʩʢʦʧʦʜʽʙʥʦʾ ʪʨʽʱʠʥʠ ʦʪʨʠʤʘʥʦ ʚ [79, 110]. 

ɿʽ ʩʢʘʟʘʥʦʛʦ ʚʠʱʝ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʚʽʜʥʦʩʥʦ ʜʦʚʛʠʭ 

ʚʽʜʰʘʨʫʚʘʥʴ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʜʝʬʦʨʤʘʮʽʡ ʩʚʦʾʭ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʜʦʤʽʥʫʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʦʚʝʨʭʥʝʚʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʧʽʜʢʣʘʜʢʘ/ʪʦʥʢʘ 

ʧʣʽʚʢʘ ʻ çʚʠʧʫʯʫʚʘʥʥʷè. 

ɺʠʚʯʠʤʦ ʤʝʞʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʣʠʞʝʥʦʾ ʬʦʨʤʫʣʠ (4.56), ʜʣʷ 

ʚʽʜʰʘʨʫʚʘʥʥʷ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ 0.1b¢ . 
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ʅʘ ʨʠʩ. 4.32 ʧʦʜʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 1e, ʥʦʨʤʦʚʘʥʠʭ ʜʦ 

ʟʥʘʯʝʥʴ ʜʝʬʦʨʤʘʮʽʡ ʧʦʯʘʪʢʫ ʚʠʧʫʯʫʚʘʥʥʷ 
0

1e, ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ 

(4.56), ʚʽʜ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ g. ʈʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʢʠ 

0.02;0.03;0.05;0.07;0.1b= ( 1 2 0.3n n= = ). 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʬʦʨʤʫʣʘ (4.56) ʧʨʘʮʶʻ ʪʠʤ ʢʨʘʱʝ, ʯʠʤ 

ʜʦʚʰʠʤ ʻ ʨʦʟʰʘʨʫʚʘʥʥʷ ʽ ʯʠʤ ʞʦʨʩʪʢʽʰʦʶ ʻ ʧʽʜʢʣʘʜʢʘ ʱʦʜʦ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ. 

ʂʨʽʤ ʪʦʛʦ, ʢʦʣʠ ʧʽʜʢʣʘʜʢʘ ʽʩʪʦʪʥʦ ʞʦʨʩʪʢʽʰʘ ʟʘ ʧʣʽʚʢʫ ( 0.1g¢ ), ʪʦ ʢʨʠʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ 1e (ʷʢ ʽ ʟʥʘʯʝʥʥʷ 
0

1e) ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ 

ʖʥʛʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ [240]. 

ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ [240] ʷʢ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʖʥʛʘ, 

ʧʨʠ ʷʢʦʤʫ ʥʘʙʣʠʞʝʥʘ ʬʦʨʤʫʣʘ (4.56) ʟʘʩʪʦʩʦʚʥʘ, ʚʢʘʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 3g= . 

ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʟʘ ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʖʥʛʘ 3g<

ʜʝʬʦʨʤʘʮʽʻʶ ʧʽʜʢʣʘʜʢʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ buckling-

ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʎʝʡ ʬʘʢʪ ʧʜ̔ʪʚʝʨʜʞʫʻʪʴʩʷ ʽ ʜʘʥʠʤʠ ʨʠʩ. 4.32, 

ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1e ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʴ 
0

1e ʜʣʷ 

ʚʽʜhʘʨʫʚʘʥʥʷ 0.1b¢  ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 15%, ʢʦʣʠ 3g< . 

ʅʘ ʛʨʘʬʽʢʫ, ʧʦʜʘʥʦʤʫ ʥʘ ʨʠʩ. 4.33, ʫ ʨʘʟʽ ʚʽʜʥʦʩʥʦ ʜʦʚʛʠʭ ʚʽʜʰʘʨʫʚʘʥʴ  

( 0.05b¢ ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 1( )e b ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʰʝʥʥʷ 

ʤʦʜʫʣʽʚ ʖʥʛʘ 2g¢ . 

ʂʨʠʚʽ ʥʘ ʛʨʘʬʽʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʪʠʧʫ ( 1 2 0.3n n= = ). ʆʙʯʠʩʣʝʥʥʷ ʜʣʷ ʽʥʰʠʭ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʜʦʚʞʠʥ ʚʽʜʰʘʨʫʚʘʥʥʷ ʧʨʠ ʪʘʢʠʭ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʽʷʭ, 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 1e ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʘʪʴ ʥʽ ʚʽʜ ʩʪʠʩʣʠʚʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʥʽ ʚʽʜ ʚʠʜʫ ʾʭʥʴʦʾ ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ. ʇʫʥʢʪʠʨʥʘ ʢʨʠʚʘ ʥʘ 
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ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʧʫʯʫʚʘʥʥʷ 
0

1e, 

ʦʪʨʠʤʘʥʠʤ ʟʘ ʬʦʨʤʫʣʦ  ʁ(4.56). 

ʋ ʪʘʙʣʠʮʽ 4.7 ʫ ʨʘʟʽ, ʢʦʣʠ ʛʝʦʤʝʪʨʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ 

0.03b= , ʜʣʷ ʥʠʟʢʠ ʟʥʘʯʝʥʴ ʚʽʜʥʦʰʝʥʥʷ ʤʦʜʫʣʽʚ ʖʥʛʘ 2 1g E E=  ʧʦʜʘʥʦ 

ʚʝʣʠʯʠʥʠ 

0

1 1

0

1

100%
e e

d
e

-
= Ö , 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʩʥʫ ʨʦʟʙʽʞʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ 1e, 

ʚʠʟʥʘʯʥʠʭ ʟ (4.26), (4.27), ʪʘ ʟʥʘʯʝʥʥʷ 
0 4

1 7.0481 10e -= Ö , ʦʪʨʠʤʘʥʦʛʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ (4.56). 

 

ʈʠʩ. 4.33 ï ɿʘʣʝʞʥʦʩʪʽ 1 ( )e b ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (
1 2 0.3n n= = ) ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ g  (ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ) ʪʘ ʟʘʣʝʞʥʽʩʪʴ 0

1 ( )e b (ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ). 

2 1g E E=  0.001 0.01 0.1 1 3 10 50 

,  %d  3.55 3.56 3.58 3.95 4.78 6.90 12.25 

ʊʘʙʣʠʮʷ 4.7 ï ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʬʦʨʤʫʣʠ (4.56) ʧʨʠ 0.03b= . 
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4.7.3 ɺʟʘʻʤʦʜʽʷ ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ʋ ʨʘʟʽ ʤʽʞʬʘʟʥʠʭ ʚʽʜʰʘʨʫʚʘʥʴ çʩʝʨʝʜʥʴʦʾè (ʧʨʦʤʽʞʥʦʾ) ʜʦʚʞʠʥʠ ʞʦʜʥʘ 

ʟ ʥʘʙʣʠʞʝʥʠʭ ʬʦʨʤʫʣ (3.43), (4.56) ʥʝ ʜʘʻ ʟʘʜʦʚʽʣʴʥʦʾ ʦʮʽʥʢʠ ʢʨʠʪʠʯʥʦʭ 

ʚʽʜʥʦʩʥʠʭ ʫʢʦʨʦʯʝʥʴ ʚ ʙʽʰʘʨʦʚʽʡ ʩʠʩʪʝʤʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ 

ʧʨʠ ʩʪʠʩʢʫ. ʋ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (4.54) (ʨʠʩ. 4.28) ʧʽʜ 

ʨʦʟʰʘʨʫʚʘʥʥʷʤʠ çʩʝʨʝʜʥʴʦʾè ʜʦʚʞʠʥʠ ʤʦʞʥʘ ʨʦʟʫʤʽʪʠ ʪʽ, ʜʣʷ ʷʢʠʭ 

0.1 5b¢ ¢. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʣʷ ʪʘʢʠʭ ʨʦʟʰʘʨʫʚʘʥʴ ʤʝʭʘʥʽʟʤ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʥʝ ʤʘʻ ʭʘʨʘʢʪʝʨʫ ʯʠʩʪʦʛʦ buckling ʘʙʦ wrinkling, ʘʣʝ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ. ʇʨʦ ʤʦʞʣʠʚʽʩʪʴ çʩʧʽʚʽʩʥʫʚʘʥʥʷè ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʪʘʢʦʞ ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʽ ʚ ʣʽʪʝʨʘʪʫʨʽ [172, 173, 189, 218]. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʥʘʙʣʠʞʝʥʠʭ ʧʽʜʭʦʜʽʚ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʘʜʘʯʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʫ ʨʘʟʽ ʟʥʘʯʝʥʴ ʧʨʫʞʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ (4.55), ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ [107]. 

ʋ [240] ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʣʘʩʪʠʥ von 

K§rm§n ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʝ ʪʨʘʥʩʮʝʥʜʝʥʪʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ buckling-ʜʝʬʦʨʤʘʮʽʡ be, ʱʦ ʜʦʟʚʦʣʷʻ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʦʨʤʫʣʠ 

(4.56), ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʜʘʪʣʠʚʽʩʪʴ ʧʽʜʢʣʘʜʢʠ: 
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ʋ ʨʽʚʥʷʥʥʽ (4.57) 
0

1e ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ (4.56); ʢʦʝʬʽʮʽʻʥʪʠ 11A , 

12A , 22A  ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʜʝʷʢʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʧʨʫʞʥʦʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ,  D Da b (ʧʘʨʘʤʝʪʨʠ 

ɼʫʥʜʫʨʩʘ) [107] 
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ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ h ab= . 

ʋ ʟʛʘʜʘʥʽʡ ʨʦʙʦʪʽ [107] ʪʘ ʨʷʜʽ ʽʥʰʠʭ ʩʫʯʘʩʥʠʭ ʧʫʙʣʽʢʘʮʽʡ (ʜʠʚ., 

ʥʘʧʨʠʢʣʘʜ, [173]) ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʧʽʜʭʽʜ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ 

ʪʦʥʢʦʾ ʧʣʽʚʢʠ, ʞʦʨʩʪʢʦ ʟ'ʻʜʥʘʥʦʾ ʟ ʥʘʧʽʚʦʙʤʝʞʝʥʦʶ ʧʽʜʢʣʘʜʢʦʶ, ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʪʨʽʱʠʥʠ (ʨʦʟʰʘʨʫʚʘʥʥʷ) ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ. 

ɼʣʷ ʚʽʜʥʦʩʥʦ ʜʦʚʛʠʭ ʚʽʜʰʘʨʫʚʘʥʴ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ 

ʨʽʚʥʷʥʥʷ (4.57), ʧʦʢʠ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʜʦʚʞʠʥʠ ʚʽʜʰʘʨʫʚʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʙʽʣʴʰʝʥʥʶ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʮʽ ʜʝʬʦʨʤʘʮʽʾ ʥʝ ʜʦʩʷʛʥʫʪʴ ʟʥʘʯʝʥʴ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ, ʷʢʽ ʦʙʯʠʩʣʶʶʪʩʴʷ ʟʘ ʥʘʙʣʠʞʝʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ (3.41) ʘʙʦ (3.43) ʧʨʠ ʜʝʷʢʦʤʫ ʟʥʘʯʝʥʥʽTb b=  

 
*

1be e= ʧʨʠ Tb b= . (4.58) 

ɿʘ ʧʦʜʘʣʴʰʦʛʦ ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ ʚʽʜʰʘʨʫʚʘʥʥʷ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʬʦʨʤʫʣʘʤʠ (3.41) ʘʙʦ (3.43). 

ɿʘʟʥʘʯʝʥʠʡ ʧʽʜʭʽʜ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʫ [107] ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ɼʫʥʜʫʨʩʘ: 

 
0.5Da = , 0Db = ,  

ʱʦ ʧʨʘʢʪʠʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʚʠʧʘʜʢʫ (4.55). 

ʅʘ ʨʠʩ. 4.34 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢʽ ʜʘʥʽ ʜʣʷ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʧʘʜʢʫ. ʏʝʨʚʦʥʘ 

ʩʫʮʽʣʴʥʘ ʧʨʷʤʘ «1» ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʤʦʨʱʫʚʘʥʥʷ ( 1e
*
), ʦʪʨʠʤʘʥʠʤ ʟʘ ʬʦʨʤʫʣʦʶ (3.43). ʏʝʨʚʦʥʘ ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ 

«2» ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʧʫʯʫʚʘʥʥʷ (be), 

ʦʪʨʠʤʘʥʠʤ ʟ ʨʽʚʥʷʥʥʷ (4.57) ʧʨʠ ʟʘʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʫʞʥʦʾ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ. ʎʷ ʢʨʠʚʘ ʧʦʙʫʜʦʚʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʣʦʚʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʜʘʥʠʭ ʨʦʙʦʪʠ [107] (ʨʠʩ. 4.ʘ ʮʽʻʾ ʧʫʙʣʽʢʘʮʽʾ).  
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ʈʠʩ. 4.34 ï ʇʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʙʣʠʞʝʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʣʷ 3g= , 1 2 0.5n n= = . 

 

ʈʠʩ. 4.35 ï ʇʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʙʣʠʞʝʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʣʷ 1000g= , 1 2 1/ 3n n= = .  
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ʏʝʨʚʦʥʘ ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ ʢʨʠʚʘ ç3è ʥʘ ʨʠʩ. 4.34 ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ 

ʜʝʬʦʨʤʘʮʽʡ 
0

1e, ʦʪʨʠʤʘʥʠʤ ʟʘ ʥʘʙʣʠʞʝʥʦʶ ʬʦʨʤʫʣʦʶ (4.56). 

ɹʣʘʢʠʪʥʘ ʢʨʠʚʘ ç4è ʥʘ ʨʠʩ. 4.34 ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ 1e, 

ʦʪʨʠʤʘʥʠʤ ʟ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (4.26), (4.27) ʫ ʚʠʧʘʜʢʫ 

(4.55) ʜʣʷ ʙʽʰʘʨʫ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʽ 

ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʚʽʡ ç1è ʥʘ ʨʠʩ. 4.28. 

ɿʝʣʝʥʘ ʢʨʠʚʘ ç5è ʥʘ ʨʠʩ. 4.34 ʚʽʜʧʦʚʽʜʘʻ ʙ̔h ʘʨʫ ʽʟ ʜʚʦʭ ʥʝʩʪʠʩʣʠʚʠʭ 

ʥʝʦʛʫʢʽʚʩɹʢʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʨʫʞʥʠʡ ʧʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ) ʟ ʘʥʘʣʦʛʽʯʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʝʡ. ʋ ʨʘʟʽ ʢʦʤʙʽʥʘʮʽʾ ʜʚʦʭ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʢʨʠʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ 1e, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʫ ʫʪʚʦʨʝʥʥʷ ʟʤʦʨʰʦʢ, ʚʠʟʥʘʯʝʥʝ ʟ ʨʽʚʥʷʥʥʷ 

(3.19), ʩʪʘʥʦʚʠʪʴ 

1 0.229re= . 

ɿʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʝʣʠʯʠʥʘʤ 1

re, ʜʣʷ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʫ ʙʽʰʘʨʫ 

ʧʦʜʘʥʦ ʥʘ 4.34 ʬʨʘʛʤʝʥʪʘʤʠ ʪʦʯʢʦʚʠʭ ʢʨʠʚʠʭ. 

ʊʦʯʢʘ Tʥʘ ʛʨʘʬʽʮʽ ʚʽʜʧʦʚʽʜʘʻ ʬʦʨʤʫʣʽ (4.58). 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʠʡ ʚʠʱʝ 

ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʧʽʜʭʽʜ ʥʝ ʜʘʻ ʭʦʨʦʰʦʾ ʦʮʽʥʢʠ ʜʣʷ ʚʽʜʰʘʨʫʚʘʥʴ 

ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ, ʜʣʷ ʷʢʠʭ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ, 

ʦʯʝʚʠʜʥʦ, ʟʘ ʟʤʽʰʘʥʠʤ ʤʝʭʘʥʽʟʤʦʤ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʥʘʯʝʥʥʽ 1b=, ʪʦʙʪʦ 

ʢʦʣʠ ʜʦʚʞʠʥʘ ʚʽʜʰʘʨʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʜʚʽ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ, 

ʟʥʘʯʝʥʥʷ 1e, ʦʪʨʠʤʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʥʘ 33% ʤʝʥʰʝ ʟʥʘʯʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʤʝʞʘʭ ʥʘʙʣʠʞʝʥʦʛʦ ʧʽʜʭʦʜʫ. 

ɼʣʷ ʙʽʰʘʨʫ ʟ ʥʝʦʛʫʢʽʚʩɹʢʠʭ ʢʦʤʧʦʥʝʥʪ ʮʝ ʚʽʜʤʽʥʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 29%. 

ʇʨʠ ʮʴʦʤʫ ʜʣʷ çʜʦʚʛʠʭè ʚʽʜʰʘʨʫʚʘʥʴ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, 

ʦʪʨʠʤʘʥʽ ʟ ʨʽʚʥʷʥʥʷ (4.57), ʙʝʟʫʤʦʚʥʦ, ʜʘʶʪʴ ʥʘʙʘʛʘʪʦ ʢʨʘʱʫ ʦʮʽʥʢʫ 

ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʟ ʟʘʜʘʯʽ (4.26), (4.27) ʥʽʞ ʟʥʘʯʝʥʥʷ (4.56). 
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4.7.4 ʄʘʣʽ ʜʝʬʦʨʤʘʮʽʾ 

ʋ ʢʣʘʩʠʯʥʽʡ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ (ʚ ʽʥʞʝʥʝʨʥʦʤʫ ʨʦʟʫʤʽʥʥʽ) 

ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʤʘʣʠʤʠ, ʷʢʱʦ ʚʦʥʠ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʟʥʘʯʝʥʴ ~1-2%. ɼʣʷ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʘʟʽ ʪʘʢʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ 

ʘʩʧʝʢʪʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʘ ʤʦʜʝʣʴ, 

ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʢʦʥʽ ɻʫʢʘ. ʋʩʽ ʥʘʙʣʠʞʝʥʽ ʬʦʨʤʫʣʠ, ʟʛʘʜʘʥʽ ʫ ʮʽʡ ʨʦʙʦʪʽ, ʘ 

ʩʘʤʝ (3.41) ï (3.44), (4.56), (4.57), ʦʪʨʠʤʘʥʽ ʜʣʷ ʪʘʢʠʭ ʬʽʟʠʯʥʦ ʣʽʥʽʡʥʠʭ ʪʽʣ. 

ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʮʴʦʛʦ ʧʦʨʦʛʘ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜʥʦʩʷʪʴ ʜʦ ʩʢʽʥʯʝʥʥʠʭ 

(ʚʝʣʠʢʠʭ) ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʛʦ ʪʽʣʘ ʚʞʝ ʥʝ ʟʘʚʞʜʠ ʻ 

ʚʠʧʨʘʚʜʘʥʠʤ. ɿʦʢʨʝʤʘ, ʚʝʣʠʢʽ ʜʝʬʦʨʤʘʮʽʾ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʚʪʨʘʪʽ 

ʩʪ̔ʡʢʦʩʪʽ ʪʦʥʢʦʾ ʧʣʽʚʢʠ ʥʘ ʪʦʚʩʪʽʡ ʧʽʜʢʣʘʜʮʽ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʤʘʪʝʨʽʘʣʠ ʪʘʢʦʛʦ 

ʙʽʰʘʨʫ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʫ ʞʦʨʩʪʢʽʩʪʴ ( 0)1g , ʘ ʚʽʜʰʘʨʫʚʘʥʥʷ ʥʘ ʽʥʪʝʨʬʝʡʩʽ 

ʘʙʦ ʢʦʨʦʪʢʝ, ʘʙʦ ʚʽʜʩʫʪʥʻ. 

ʇʦʧʨʠ ʮʝ, ʬʦʨʤʫʣʠ (3.41) ï (3.44) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʧʦʯʘʪʢʫ ʟʤʦʨʱʫʚʘʥʥʷ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ [87], ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʜʣʷ 

ʥʝʩʪʠʩʣʠʚʠʭ ʽ ʩʣʘʙʢʦ ʩʪʠʩʣʠʚʠʭ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ, ʤʦʞʫʪʴ ʜʘʚʘʪʠ 

ʜʦʩʠʪʴ ʭʦʨʦʰʫ ʦʮʽʥʢʫ ʮʠʭ ʟʥʘʯʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʝʣʽ 

ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʛʦ ʪʽʣʘ, ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʚʝʣʠʢʠʭ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʅʘʙʣʠʞʝʥʘ ʬʦʨʤʫʣʘ (4.56), ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʟʘʩʪʦʩʦʚʥʘ ʣʠʰʝ ʜʣʷ 

çʜʦʚʛʠʭè ʚʽʜʰʘʨʫʚʘʥʴ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʣʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ (ʜʠʚ. ʨʠʩ. 4.32). ʆʪʞʝ, ʧʦʭʠʙʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʽ, ʟʫʤʦʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʩʧʨʦʱʝʥʥʷʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʛʝʦʤʝʪʨʠʯʥʦ 

ʣʽʥʽʡʥʦʶ ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʜʘʯʽ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʙʘʣʦʢ ʪʘ ʥʝʭʪʫʚʘʥʥʷʤ 

ʧʦʜʘʪʣʠʚʽʩʪʶ ʧʽʜʢʣʘʜʢʠ. 

ʈʽʚʥʷʥʥʷ (4.57) ʪʘʢʦʞ ʦʪʨʠʤʘʥʦ ʚ ʨʘʤʢʘʭ ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ, ʘʣʝ 

ʚʞʝ ʟ̔ ʟʘʣʫʯʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʙʝʟ ʟʘʟʥʘʯʝʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ. 
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ʇʨʠ ʪʦʤʫ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ ʪʽʣʘ, ʷʢ ʽ ʨʘʥʽʰʝ, ʚʚʘʞʘʶʪʴʩʷ ʣʽʥʽʡʥʦ-

ʧʨʫʞʥʠʤʠ, ʽʟ ʨʠʩ. 4.34 ʚʠʜʥʦ, ʱʦ ʥʘʚʽʪʴ ʟʘ ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

0.5b= , ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʦʨʷʜʢʫ 10% (0.098be= , 

1 0.095;0.088e= ), ʨʽʚʥʷʥʥʷ (4.57) ʜʘʻ ʧʨʠʡʥʷʪʥʫ ʦʮʽʥʢʫ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 1e. 

ʆʜʥʘʢ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ b ʪʦʯʥʽʩʪʴ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟʥʠʞʫʻʪʴʩʷ, ʽ ʜʣʷ 0.6 5b¢ ¢ ʮʝʡ ʧʽʜʭʽʜ, ʷʢ ʽ ʨʽʚʥʷʥʥʷ 

(4.57) ʟʦʢʨʝʤʘ, ʩʪʘʶʪʴ ʥʝʧʨʠʜʘʪʥʠʤʠ. ʇʠʪʘʥʥʷ ʧʨʦ ʪʝ, ʧʦʚôʷʟʘʥʘ ʮʷ ʧʦʭʠʙʢʘ ʟʽ 

ʩʧʨʦʱʝʥʥʷʤʠ ʙʘʣʢʦʚʦʾ ʤʦʜʝʣʽ ʯʠ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʣʽʥʽʡʥʦʾ ʧʨʫʞʥʦʩʪʽ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ. 

ʋ ʨʦʙʦʪʽ [173] ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʝʩʪʽʡʢʦʩʪʽ ʧʣʽʚʢʠ ʥʘ 

ʧʦʜʘʪʣʠʚʽʡ ʧʽʜʢʣʘʜʮʽ ʚʠʟʥʘʯʘʣʠʩʷ ʜʣʷ ʚʠʧʘʜʢʫ 

 2 1 1 21000,  1 / 3E E n n= = =  (4.59) 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ 

ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʢʣʘʜʦʚʠʭ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʫ ʜʘʥʦʤʫ ʨʘʟʽ 

ʧʦʚʥʽʩʪʶ ʚʠʧʨʘʚʜʘʥʘ, ʚʨʘʭʦʚʫʶʯʠ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʦʯʘʪʢʫ 

ʟʤʦʨʱʫʚʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.43) 

 
*

1 0.00543e= . (4.60) 

ʇʨʠ ʮʴʦʤʫ ʘʥʘʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʙʯʠʩʣʝʥʝ ʤʝʪʦʜʘʤʠ ʨʦʙʦʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (3.19) ʜʣʷ ʢʦʤʙʽʥʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʨʫʞʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʩʪʘʥʦʚʠʣʦ 

1 0.00555re= . 

ʅʘ ʨʠʩ. 4.35 (ʦʙʠʜʚʽ ʣʦʛʘʨʠʬʤʽʯʥʽ ʰʢʘʣʠ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 

ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 1e ʚʽʜ ʧʽʚʜʦʚʞʠʥʠ ʚʽʜʰʘʨʫʚʘʥʥʷ a ʜʣʷ ʚʠʧʘʜʢʫ (4.59), 

ʥʦʨʤʦʚʘʥʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ (4.60) ʽ 
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ʜʦ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ (ʫʪʚʦʨʝʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʧʘʪʝʨʥʫ), ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.44). 

ʏʝʨʚʦʥʘ ʩʫʮʽʣʴʥʘ ʧʨʷʤʘ ç1è ʥʘ ʨʠʩ 4.35 ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ (1e
*
). ʏʝʨʚʦʥʘ ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ «2» 

ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʧʫʯʫʚʘʥʥʷ ( be), ʦʪʨʠʤʘʥʠʤ ʟ 

ʨʽʚʥʷʥʥʷ (4.57) ʫ ʚʠʧʘʜʢʫ (4.59). ʂʨʫʛʣʽ ʤʘʨʢʝʨʠ ʟʘʜʘʶʪʴ ʢʨʠʚʫ «3», 

ʧʦʙʫʜʦʚʘʥʫ ʘʚʪʦʨʘʤʠ [173] ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʧʦʜʘʥʦ ʯʠʩʣʦʚʫ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʜʘʥʠʭ ʨʦʙʦʪʠ [173] (ʨʠʩ. 8 ʮʽʻʾ ʧʫʙʣʽʢʘʮʽʾ)). 

ɿʨʝʰʪʦʶ, ʙʣʘʢʠʪʥʘ ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ «4» ʧʦʙʫʜʦʚʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (4.26), (4.27) ʜʣʷ ʙʽʰʘʨʫ ʟʽ ʩʢʣʘʜʦʚʠʭ ʽʟ ʧʨʫʞʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ. 

ɼʘʥʽ ʛʨʘʬʽʢʘ ʨʠʩ. 4.35 ʩʚʽʜʯʘʪʴ ʧʨʦ ʭʦʨʦʰʫ ʫʟʛʦʜʞʝʥʽʩʪʴ ʽʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ [173]. ɺʽʜʤʽʥʥʽʩʪʴ ʞʝ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜ 

ʥʘʙʣʠʞʝʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʚʽʜʰʘʨʫʚʘʥʥʷ çʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠè 

(ʪʘʢʠʤʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʽʜʰʘʨʫʚʘʥʥʷ ʜʣʷ ʷʢʠʭ 

0.06 0.25b¢ ¢ ) ʟʘʣʠʰʘʻʪʴʩʷ ʩʫʪʪʻʚʠʤ ʽ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 0.1b=  ʩʢʣʘʜʘʻ 30%. 

ʋʢʣʘʜʘʻʤʦ, ʱʦ ʥʝ ʪʽʣʴʢʠ ʧʨʠ ʚʝʣʠʢʠʭ, ʘʣʝ ʽ ʧʨʠ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʽʷʭ 

ʽʩʥʫʻ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʦʾ ʜʦʚʞʠʥʠ ʤʽʞʬʘʟʥʦʛʦ ʜʝʬʝʢʪʫ, ʧʨʠ ʷʢʠʭ ʥʽ 

ʬʦʨʤʫʣʘ ʦʧʠʩʘʥʽ ʥʘʙʣʠʞʝʥʽ ʧʽʜʭʦʜʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʡʥʷʪʥʦʾ ʪʦʯʥʦʩʪʽ. 

ʊʦʤʫ, ʜʣʷ ʚʽʜʰʘʨʫʚʘʥʴ ʪʘʢʦʾ ʧʨʦʤʽʞʥʦʾ ʜʦʚʞʠʥʠ ʥʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʷʢ 

ʚʥʝʩʢʦʤ ʤʝʭʘʥʽʟʤʫ buckling, ʪʘʢ ʽ ʚʥʝʩʢʦʤ ʤʝʭʘʥʽʟʤʫ wrinkling ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

4.8 ɺʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʚʝʣʠʯʠʥʠ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ɿ ʨʠʩ. 4.34 ʚʠʜʥʦ, ʱʦ ʪʠʧ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʷʢʠʤʠ ʦʧʠʩʫʶʪʴʩʷ 

ʩʢʣʘʜʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ, ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʟʥʘʯʝʥʥʷ 
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ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝʡ ʚʧʣʠʚ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʪʠʤ ʙʽʣʴʰʠʤ, 

ʱʦ ʚʠʱʽ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ. 

ʅʘ ʨʠʩ. 4.36 ï 4.39 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 1( )e b ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʢʦʤʙʽʥʘʮʽʡ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ. 

ʅʘ ʨʠʩ. 4.36, 4.37 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ ʻ ʥʝʩʪʠʩʣʠʚʠʤʠ ʽ ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ ʯʠ 

ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. ʈʦʟʛʣʷʥʫʪʦ ʚʩʽ ʯʦʪʠʨʠ ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ 

ʢʦʤʙʽʥʘʮʽʡ ʮʠʭ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ. 

ʈʠʩ. 4.36 ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ 1.5g= , ʨʠʩ. 4.37 ï ʚʠʧʘʜʢʫ 4g= . 

ʇʦʟʥʘʯʝʥʥʷ ʜʣʷ ʢʨʠʚʠʭ ʥʘ ʨʠʩʫʥʢʘʭ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.5. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʫ ʨʘʟʽ ʙʽʣʴʰ ʞʦʨʩʪʢʠʭ 

ʧʣʽʚʦʢ ʧʦʢʨʠʪʪʷ, ʟʘʣʝʞʥʽʩʪʴ 1e ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ b ʙʽʣʴʰʦʶ 

ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘʧʽʚʦʙʤʝʞʝʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ. ʇʨʠ ʮʴʦʤʫ ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ 1.5g=  ʚʧʣʠʚ 

ʩʪʨʫʢʪʫʨʠ ʧʦʪʝʥʮʽʘʣʫ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 13%, ʘ ʧʨʠ 4g=  ï ʥʝ ʧʝʨʝʚʠʱʫʻ 

3%. 

ʅʘ ʨʠʩ. 4.38 ʫ ʚʠʧʘʜʢʘʭ 20; 50;  100g=  ʧʦʨʽʚʥʷʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʙʽʰʘʨʽʚ ( 1 2 0.3v v= = ), ʢʦʣʠ ʦʙʠʜʚʘ ʤʘʪʝʨʽʘʣʠ ʪʽʣʘ 

ʦʧʠʩʫʶʪʴʩʷ ʢʚʘʜʨʘʪʠʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ (ʩʠʥʽ ʢʨʠʚʽ) ʘʙʦ ʧʦʪʝʥʮʽʘʣʦʤ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (ʙʣʘʢʠʪʥʽ ʢʨʠʚʽ).  

ʈʠʩ. 4.39 ʧʨʠʩʚʷʯʝʥʠʡ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʝʩʪʠʩʣʠʚʘ ʧʽʜʢʣʘʜʢʘ ʧʦʢʨʠʪʘ 

ʩʪʠʩʣʠʚʦʶ ʧʣʽʚʢʦʶ. ɺʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʩʪʘʥʦʚʠʪʴ 2.5g= . ʇʣʽʚʢʘ 

ʦʧʠʩʫʻʪʴʩʷ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ( 2 0.3v = ), ʘ ʧʽʜʢʣʘʜʢʘ ï 

ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ (ʢʨʠʚʘ ç1è), ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘ ï ʍʘʟʘʥʦʚʠʯʘ   
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ʈʠʩ. 4.36 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 1e ʚʽʜ ʧʘʨʘʤʝʪʨʘ b ʧʨʠ 1.5g=  

ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. 

 

ʈʠʩ. 4.37 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 1e ʚʽʜ ʧʘʨʘʤʝʪʨʘ b ʧʨʠ 4g=  

ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ.  
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ʈʠʩ. 4.38 ï ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 1e ʚʽʜ ʧʘʨʘʤʝʪʨʫ b 

ʜʣʷ ʜʚʦʭ ʤʦʜʝʣʝʡ ʩʪʠʩʣʠʚʠʭ ʪʽʣ (
1 2 0.3n n= = ). 

 

ʈʠʩ. 4.39 ï ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 1e ʚʽʜ ʧʘʨʘʤʝʪʨʫ b 

ʜʣʷ ʩʪʠʩʣʠʚʦʾ ʧʣʽʚʢʠ (
2 0.3n= ) ʥʘ ʥʝʩʪʠʩʣʠʚʽʡ ʧʽʜʢʣʘʜʮʽ.  
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(ʢʨʠʚʘ ç2è) ʯʠ ʛʘʨʤʦʥʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ 1 0.499v =

(ʢʨʠʚʘ ç3è). 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 4.36 ï 4.39, ʥʘʚʽʪʴ ʜʣʷ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʠ ʧʦʨʽʚʥʷʥʥʠʭ ʞʦʨʩʪʢʦʩʪʷʭ ʤʘʪʝʨʽʘʣʽʚ [150] 

ʬʽʟʠʯʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ, ʟʘʢʣʘʜʝʥʘ ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʤʦʞʝ 

ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪ: ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʚʠʙʦʨʫ ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʫ ʨʘʟʽ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʜʣʷ ʜʦʩʠʪʴ ʢʦʨʦʪʢʠʭ ʪʨʽʱʠʥ (ʜʦʩʠʪʴ ʪʦʚʩʪʠʭ ʧʦʢʨʠʪʪʽʚ) ʟʥʘʥʥʷ ʣʠʰʝ 

ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪʽ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. ɹʝʟ ʘʜʝʢʚʘʪʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟ 

ʩʪʽʡʢʦʩʪʽ ʚʪʨʘʯʘʻ ʥʘʜʽʡʥʽʩʪʴ ʥʘʚʽʪʴ ʥʘ ̔ʥʞʝʥʝʨʥʦʤʫ ʨʽʚʥʽ. ʎʝʡ ʬʘʢʪ ʨʦʙʠʪʴ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʬʦʨʤʠ ʧʦʪʝʥʮʽʘʣʫ ʽʩʪʦʪʥʠʤ ʯʠʥʥʠʢʦʤ ʧʨʠ ʚʠʙʦʨʽ ʤʘʪʝʨʽʘʣʽʚ 

ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʛʥʫʯʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʂʦʣʠ ʞ ʪʨʽʱʠʥʘ ʜʦʩʠʪʴ ʜʦʚʛʘ (ʧʦʢʨʠʪʪʷ 

ʜʦʩʠʪʴ ʪʦʥʢʝ), ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʝʥʰ ʽʩʪʦʪʥʠʡ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʨʦʟʜʽʣʫ 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚ ʤʝʞʘʭ ʪʨʠʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʧʨʝʟʝʥʪʦʚʘʥʦ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ 

ʩʪʽʡʢʦʩʪʽ ʛʽʧʝʨʧʨʫʞʥʦʾ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʾ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ, 

ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ (ʚʽʜʰʘʨʫʚʘʥʥʷ). 

ɻʨʘʥʠʯʥʫ ʟʘʜʘʯʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʫ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ 

ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ 

ʟʚʝʜʝʥʦ ʜʦ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ, 

ʜʦʧʦʚʥʝʥʦʾ ʜʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʥʫʪʦ ʚʩʽ ʯʦʪʠʨʠ ʤʦʞʣʠʚʽ 

ʚʠʧʘʜʢʠ ʢʦʤʙʽʥʘʮʽʡ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʨʝʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, 

ʟʘʧʠʩʘʥʠʭ ʜʣʷ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ. ʎʝ ʜʦʟʚʦʣʷʻ 
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ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʟʛʽʜʥʦ ʟ ʧʦʣʦʞʝʥʥʷʤʠ ʊʃʊʉɼʊ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʧʦʯʘʪʢʦʤ 

(ʩʪʘʨʪʦʤ) ʨʫʡʥʫʚʘʥʥʷ ʪʽʣʘ, ʨʦʟʚôʷʟʘʥʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʜʦʚʽʣʴʥʦʾ 

ʢʦʤʙʽʥʘʮʽʾ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʩʪʠʩʣʠʚʠʭ ʘʙʦ ʥʝʩʪʠʩʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʦʜʝʨʞʘʥʦʾ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʾʭʥʽʭ ʷʜʝʨ. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʦʙʣʘʩʪʽ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʤʘʶʪʴ ʩʪʨʦʛʝ ʬʽʟʠʯʥʝ ʧʦʷʩʥʝʥʥʷ, ʷʢʝ ʧʦʣʷʛʘʻ ʫ ʚʽʜʤʽʥʥʦʩʪʽ 

ʭʘʨʘʢʪʝʨʫ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʾʾ ʩʢʣʘʜʦʚʠʭ. 

ʈʝʘʣʽʟʘʮʽʷ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʟʘʜʘʯʽ ʧʨʦʚʝʜʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ɹʫʙʥʦʚʘ ï ɻʘʣʴʦʨʢʽʥʘ, ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʷʢʦʛʦ ʫʢʘʟʘʥʘ ʩʠʩʪʝʤʘ ʟʚʝʜʝʥʘ ʜʦ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ 

ʦʜʥʦʨʽʜʥʠʭ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʘ ʢʨʠʪʠʯʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ 

ʫʢʦʨʦʯʝʥʥʷ, ʷʢʠʡ ʥʝʣʽʥʽʡʥʠʤ ʯʠʥʦʤ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʾʾ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʝʬʝʢʪʠʚʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤ 

ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʟʚʝʜʝʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʥʝʚʣʘʩʥʠʭ ʽʥʪʝʛʨʘʣʽʚ 

ʧʝʨʰʦʛʦ ʨʦʜʫ ʜʦ ʽʥʪʝʛʨʘʣʽʚ ʈʽʤʘʥʘ ʥʘ ʩʢʽʥʯʝʥʥʦʤʫ ʧʨʦʤʽʞʢʫ ʪʘ ʥʝʚʣʘʩʥʠʭ 

ʽʥʪʝʛʨʘʣʽʚ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʤʫ ʧʨʦʤʽʞʢʫ, ʷʢʽ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʘʥʘʣʽʪʠʯʥʦ. 

ɸʥʘʣʽʟ ʧʨʘʢʪʠʯʥʦʾ ʟʙʽʞʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʤʝʪʦʜʫ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚ ʪʨʠ ʟʥʘʯʫʱʽ ʮʠʬʨʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʠʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ, ʜʦʩʪʘʪʥʽʤ ʻ ʫʪʨʠʤʘʥʥʷ 5-ʪʠ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʫ ɹʫʙʥʦʚʘïɻʘʣʴʦʨʢʽʥʘ. 

ʏʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʣʷ ʜʚʦʭ ʤʦʜʝʣʝʡ ʩʪʠʩʣʠʚʠʭ ʽ ʜʚʦʭ ʤʦʜʝʣʝʡ ʥʝʩʪʠʩʣʠʚʠʭ 

ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʘʣʽʜʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 
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ʧʦʨʽʚʥʷʥʥʷ ʟ ʛʨʘʥʠʯʥʠʤʠ ʚʠʧʘʜʢʘʤʠ: ʟʘʜʘʯʘʤʠ ʜʣʷ ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ, ʷʢʽ ʙʫʣʠ 

ʜʦʩʣʽʜʞʝʥʽ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʟʘʜʘʯʝʶ ʜʣʷ ʪʨʽʱʠʥʠ çʥʫʣʴʦʚʦʾ 

ʜʦʚʞʠʥʠè ʷʢʘ ʜʦʩʣʽʜʞʝʥʘ ʚ ʨʦʟʜʽʣʽ 3 ʜʘʥʦʾ ʨʦʙʦʪʠ. 

ʆʢʨʝʤʦ ʜʣʷ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʭ ʪʘ ʚʽʜʥʦʩʥʦ ʜʦʚʛʠʭ ʪʨʽʱʠʥ ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʥʘʙʣʠʞʝʥʠʭ ʛʝʦʤʝʪʨʠʯʥʦ ʣʽʥʽʡʥʠʭ ʪʘ 

ʥʝʣʽʥʽʡʥʠʭ ʙʘʣʢʦʚʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʣʠʰʝ ʦʜʠʥ ʟ ʜʚʦʭ ʤʦʞʣʠʚʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʩʪʠʩʢʫ ʙʽʰʘʨʫ. ɺ ʮʴʦʤʫ ʞ 

ʧʘʨʘʛʨʘʬʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʢʽʥʯʝʥʥʦ-

ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʛʦ ʙʽʰʘʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʚ 

ʨʦʙʦʪʽ ʽʥʰʠʭ ʘʚʪʦʨʽʚ. 

ʅʘʦʩʪʘʥʦʢ ʜʦʩʣʽʜʞʝʥʦ ʧʠʪʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʚʠʙʦʨʫ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʧʣʽʚʢʠ ʪʘ 

ʧʽʜʢʣʘʜʢʠ. 

 

ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ: 

1. ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ 

ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʘʩʧʝʢʪʽ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʘʣʝʞʘʪʴ ʪʽʣʴʢʠ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ; ʜʣʷ 

ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʪʠʩʣʠʚʠʭ ʪʽʣ ï ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʪʘ 

ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ. 

2. ʂʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʣʽʚʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ ʟʘ 

ʬʽʢʩʦʚʘʥʦʾ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ. 

3. ʂʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ (ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ 

ʧʣʽʚʢʠ) ʟʘ ʬʽʢʩʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʪʽʣʘ. 



 

210 

 

4. ɼʣʷ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʭ ʪʨʽʱʠʥ (ʜʦʩʪʘʪʥʴʦ ʪʦʥʢʠʭ ʧʦʢʨʠʪʪʽʚ) ʚʪʨʘʪʘ 

ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʚʠʧʫʯʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʧʣʽʚʢʠ 

ʚ ʦʙʣʘʩʪʽ ʥʘʜ ʚʽʜʰʘʨʫʚʘʥʥʷʤ (ʨʠʩ. 4.1). ʇʨʠ ʮʴʦʤʫ 

a. ʗʢʱʦ ʞʦʨʩʪʢʽʰʠʤ ʟ ʜʚʦʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ, ʪʦ 

ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʽʜ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ ʻ 

ʙʣʠʟʴʢʠʤ ʜʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ, ʘ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʩʣʘʙʢʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʽʣʘ. 

b. ɻʝʦʤʝʪʨʠʯʥʦ ʣʽʥʽʡʥʘ ʙʘʣʢʦʚʘ ʤʦʜʝʣʴ ʜʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʭʠʙʢʫ ʫ 

15% ʜʣʷ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ: 3,  0.1g b< ¢ . ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ʧʽʜʚʠʱʫʻʪʴʩʷ. 

c. ʊʨʘʥʩʮʝʥʜʝʥʪʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʠʧʫʯʫʚʘʥʥʷ, 

ʦʜʝʨʞʘʥʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʦʾ ʙʘʣʢʦʚʦʾ ʤʦʜʝʣʽ, ʜʘʻ 

ʢʨʘʱʫ ʦʮʽʥʢʫ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʥʽʞ ʣʽʥʽʡʥʘ ʤʦʜʝʣʴ, ʪʘ ʟʘʩʪʦʩʦʚʥʘ ʥʘʚʽʪʴ 

ʜʦ ʚʽʜʥʦʩʥʦ ʞʦʨʩʪʢʠʭ ʧʦʢʨʠʪʪʽʚ. ʇʨʦʪʝ ʽ ʮʷ ʤʦʜʝʣʴ ʟʘʩʪʦʩʦʚʥʘ ʪʽʣʴʢʠ 

ʜʣʷ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʭ ʪʨʽʱʠʥ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʤʝʭʘʥʽʟʤʫ 

ʟʤʦʨʱʫʚʘʥʥʷ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

5. ɼʣʷ ʜʦʩʪʘʪʥʴʦ ʢʦʨʦʪʢʠʭ ʪʨʽʱʠʥ (ʜʦʩʪʘʪʥʴʦ ʪʦʚʩʪʠʭ ʧʦʢʨʠʪʪʽʚ) ʚʪʨʘʪʘ 

ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʟʤʦʨʱʫʚʘʥʥʷ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ (ʨʠʩ. 3.1.ʘ). ʇʨʠ ʮʴʦʤʫ 

a. ʗʢʱʦ ʞʦʨʩʪʢʽʰʠʤ ʟ ʜʚʦʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ, ʪʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ʘʩʠʤʧʪʦʪʠʯʥʦ ʧʨʷʤʫʶʪʴ ʜʦ ʤʝʥʰʦʛʦ ʟ ʜʚʦʭ ʟʥʘʯʝʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʦʚʝʨʭʥʝʚʽʡ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʦʜʥʦʨʽʜʥʦʾ ʧʽʚʧʣʦʱʠʥʠ, ʚʠʢʦʥʘʥʦʾ ʟ 

ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʘʙʦ ʧʽʜʢʣʘʜʢʠ. 

b. ʗʢʱʦ ʞʦʨʩʪʢʽʰʠʤ ʟ ʜʚʦʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʤʘʪʝʨʽʘʣ ʧʣʽʚʢʠ, ʪʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ 
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ʘʩʠʤʧʪʦʪʠʯʥʦ ʧʨʷʤʫʶʪʴ ʜʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʤʦʨʱʫʚʘʥʥʷ ʘʥʘʣʦʛʽʯʥʦʛʦ ʙʽʰʘʨʫ ʙʝʟ ʜʝʬʝʢʪʫ, ʦʜʝʨʞʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 3. 

c. ɼʣʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 1,  10g b> ²  ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, 

ʦʙʨʘʭʦʚʘʥʽ ʫ ʨʘʟʽ ʪʽʣʘ ʙʝʟ ʜʝʬʝʢʪʫ, ʧʝʨʝʚʠʱʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʪʽʣʘ ʟ ʤʽʞʬʘʟʥʦʶ ʪʨʽʱʠʥʦʶ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 3%. 

d. ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʪʨʽʱʠʥʠ, ʥʘʷʚʥʽʩʪʴ ʷʢʦʾ ʤʦʞʥʘ ʥʝ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʽʮʥʦʩʪʽ ʙʽʰʘʨʫ ʥʘ 

ʩʪʠʩʢ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʣʽʚʢʠ. 

6. ɼʣʷ ʪʨʽʱʠʥ ʧʨʦʤʽʞʥʦʾ ʜʦʚʞʠʥʠ ʞʦʜʝʥ ʟ ʥʘʙʣʠʞʝʥʠʭ ʧʽʜʭʦʜʽʚ, ʷʢʠʡ 

ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʦʜʠʥ ʟ ʤʝʭʘʥʽʟʤʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ, ʥʝ ʻ ʟʘʩʪʦʩʦʚʥʠʤ, ʘ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ 

ʚʟʘʻʤʦʜʽʾ ʤʝʭʘʥʽʟʤʽʚ ʚʠʧʫʯʫʚʘʥʥʷ ʪʘ ʟʤʦʨʱʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʣʽʥʽʡʥʦ-

ʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʨʘʟʽ ʤʘʣʠʭ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʨʝʟʫʣʴʪʘʪʠ, ʦʜʝʨʞʘʥʽ 

ʚ ʨʦʙʦʪʽ, ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ. 

7. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʜʣʷ ʦʙʦʭ ʩʢʣʘʜʦʚʠʭ 

ʙʽʰʘʨʫ ʫ ʚʠʧʘʜʢʫ ʾʭ ʦʜʥʘʢʦʚʦʾ ʩʪʠʩʣʠʚʦʩʪʽ 

a. ʗʢʱʦ ʞʦʨʩʪʢʽʰʠʤ ʟ ʜʚʦʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ, ʪʦ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʠʩʣʠʚʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʽʣʘ. ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʢʘʟʘʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

b. ʗʢʱʦ ʞʦʨʩʪʢʽʰʠʤ ʟ ʜʚʦʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʤʘʪʝʨʽʘʣ ʧʣʽʚʢʠ, ʪʦ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ. ʇʨʠ ʮʴʦʤʫ ʚʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʘ ʤʘʢʩʠʤʘʣʴʥʘ 

ʚʝʣʠʯʠʥʘ ʚʧʣʠʚʫ ʩʷʛʘʻ 40%. 
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8. ʋ ʨʘʟʽ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʦʥʢʦʧʣʽʚʢʦʚʘ ʩʠʩʪʝʤʘ 

ʜʝʤʦʥʩʪʨʫʻ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʠʙʦʨʫ ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ 

ʥʝʣʽʥʽʡʥʦʩʪʽ, ʟʘʢʣʘʜʝʥʦʾ ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ. ʇʨʠ ʟʤʽʥʽ 

ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ ʦʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʥʘ ʜʝʩʷʪʢʠ ʚʽʜʩʦʪʢʽʚ ʧʨʠ 

ʥʝʟʤʽʥʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʙʽʰʘʨʫ. 

 

ʉʫʢʫʧʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʨʦʟʜʽʣʘʭ 3 ʽ 4, ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʩʪʫʧʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ 

ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʠʭ ʪʨʽʱʠʥ. ʉʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʘʜʘʯʘ ʧʨʦ ʩʪʠʩʢ ʪʽʣʘ ʙʝʟ 

ʜʝʬʝʢʪʫ ʟʘ ʤʝʪʦʜʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʚ ʨʦʟʜʽʣʽ 3. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʪʽʤ 

ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʪʽʣʘ ʟ ʤʽʞʬʘʟʥʠʤ ʜʝʬʝʢʪʦʤ çʥʫʣʴʦʚʦʾ 

ʜʦʚʞʠʥʠè ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʠʩʢʫ ʪʘʢʦʛʦ ʞ ʪʽʣʘ, ʧʦʩʣʘʙʣʝʥʦʛʦ ʤʽʞʬʘʟʥʦʶ 

ʪʨʽʱʠʥʦ.ʁ ʊʘʢʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʽ 

ʩʣʫʛʫʻ ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʾʭ ʚʘʣʽʜʘʮʽʾ. 

ɸʚʪʦʨ ʚʙʘʯʘʻ ʜʦʮʽʣʴʥʠʤ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ 

ʤʝʞʘʭ ʊʃʊʉɼʊ ʧʽʜʭʦʜʫ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ 

ʪʨʽʱʠʥʠ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʩʤʫʛ, ʷʢʽ ʤʦʜʝʣʶʶʪʴ ʪʘʢʦʞ ʪʦʥʢʦʧʣʽʚʢʦʚʽ 

ʤʘʪʝʨʽʘʣʠ ʟ ʧʽʜʢʣʘʜʢʦʶ ʩʢʽʥʯʝʥʥʦʾ ʪʦʚʱʠʥʠ. 

 

ʅʠʞʯʝ ʦʧʠʩʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʙʫʜʝ ʚʧʝʨʰʝ ʚʠʢʦʨʠʩʪʘʥʦ ʜʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʠʩʢʫ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʚʟʜʦʚʞ ʜʝʬʝʢʪʫ 

ʽʥʰʦʛʦ ʪʠʧʫ ï ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʮʴʦʤʫ ʨʘʟʽ 

ʟʘʜʘʯʽ ʜʣʷ ʜʝʬʝʢʪʫ çʥʫʣʴʦʚʦʾ ʜʦʚʞʠʥʠè ʚʽʜʧʦʚʽʜʘʻ ʪʘ ʩʘʤʘ, ʱʦ ʽ ʜʣʷ ʪʨʽʱʠʥʠ, 

ʟʘʜʘʯʘ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʟ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɿʘʜʘʯʽ ʞ ʜʣʷ 
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çʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦʛʦè ʜʝʬʝʢʪʫ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʯʘ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʟ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʧʨʦʢʦʚʟʫʶʪʴʩʷ ʙʝʟ ʪʝʨʪʷ, ʷʢʘ ʪʝʞ ʜʦʩʣʽʜʞʝʥʘ ʚ ʈʦʟʜʽʣʽ 3 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 
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ʈʆɿɼɯʃ 5 ʉʊʀʉʂ ʅɸʇɯɺʆɹʄɽɾɽʅʀʍ ɹɯʐɸʈʆɺʀʍ 

ʉʀʉʊɽʄ ɿ ɾʆʈʉʊʂʆ ɿôɭɼʅɸʅʀʄʀ 

ʂʆʄʇʆʅɽʅʊɸʄʀ ɺɿɼʆɺɾ ʄɯɾʌɸɿʅʆɰ ɿʆʅʀ 

ɻʃɸɼʂʆɻʆ ʇʈʆʂʆɺɿʋɺɸʅʅʗ 

ʎʝʡ ʨʦʟʜʽʣ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʛʽʧʝʨʧʨʫʞʥʠʭ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʟ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠ ʾʭ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ. 

ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʫ ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʽʜʝʘʣʴʥʝ 

ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʧʣʽʚʢʦʶ ʪʘ ʧʽʜʢʣʘʜʢʦʶ ʚʟʜʦʚʞ ʫʩʽʻʾ ʤʝʞʽ ʧʦʜʽʣʫ ʥʝ ʟʘʚʞʜʠ 

ʚʽʜʧʦʚʽʜʘʻ ʜʽʡʩʥʦʩʪʽ ʯʝʨʝʟ ʨʽʟʥʽ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʤʽʞʬʘʟʥʦʾ ʘʜʛʝʟʽʾ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʙʽʰʘʨʦʚʫ ʩʠʩʪʝʤʫ ʟ ʪʘʢʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ ʥʘʙʽʨ 

ʜʝʬʝʢʪʽʚ ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʙʘʛʘʪʴʦʭ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤʘʭ ʛʥʫʯʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ 

ʘʙʦ ʙʽʦʤʝʜʠʯʥʠʭ ʽʥʪʝʨʬʝʡʩʘʭ ʚʽʜʥʦʩʥʝ ʟʤʘʱʝʥʥʷ ʥʘ ʢʦʨʦʪʢʠʭ ʜʽʣʷʥʢʘʭ ʤʝʞʽ 

ʧʦʜʽʣʫ ʧʽʜʢʣʘʜʢʠ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʣʽʚʢʠ ʻ ʜʦʧʫʩʪʠʤʠʤ ʷʚʠʱʝʤ [202]. 

ʆʪʞʝ, ʜʣʷ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʘʜʛʝʟʽʷ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʧʦʩʣʘʙʣʝʥʘ, ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʫ ʪʘʢʫ ʦʮʽʥʢʫ ʢʨʠʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ 1e ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ [145]: 

 1 1 1

s re e e¢ ¢ , (5.1) 

ʜʝ 1 1,  s re e ï ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʫ ʙʝʟ ʜʝʬʝʢʪʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ, ʫ ʨʘʟʽ ʧʨʦʢʦʚʟʫʶʯʠʭ ʙʝʟ ʪʝʨʪʷ ʪʘ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

(ʜʠʚ. ʈʦʟʜʽʣ 3). 

ʆʮʽʥʢʘ (5.1) ʦʩʦʙʣʠʚʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʪʘʢ ʟʚʘʥʠʭ çʜʝʬʝʢʪʽʚ ʟʽ ʟ'ʻʜʥʘʥʠʤʠ 

ʙʝʨʝʛʘʤʠè. ʎʽ ʤʦʜʝʣʴʥʽ ʜʝʬʝʢʪʠ ʻ ʽʜʝʘʣʽʟʘʮʽʻʶ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʧʨʠʨʦʜʠ ʤʽʞʰʘʨʦʚʦʛʦ ʢʦʥʪʘʢʪʫ. ɺ ʮʴʦʤʫ ʨʘʟʽ ʚʟʘʻʤʦʜʽʷ 
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ʰʘʨʽʚ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʝ ʢʦʚʟʘʥʥʷ, 

ʘʣʝ ʤʽʞ ʰʘʨʘʤʠ ʚʩʝ ʱʝ ʥʝʤʘʻ ʟʘʟʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʤʦʣʝʢʫʣʷʨʥʽ ʣʘʥʮʶʛʠ ʚ 

ʜʝʷʢʠʭ ʚʠʜʘʭ ʢʣʝʡʦʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʪʦʱʦ). ɼʣʷ ʜʝʬʝʢʪʽʚ ʟʽ ʟ'ʻʜʥʘʥʠʤʠ ʙʝʨʝʛʘʤʠ 

ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʟʙʫʨʝʥʴ ʥʘʧʨʫʞʝʥʴ ʪʘ ʧʝʨʝʤʽʱʝʥʴ. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʠʡ ʚʠʜ ʜʝʬʝʢʪʫ ʟʽ ʟôʻʜʥʘʥʠʤʠ 

ʙʝʨʝʛʘʤʠ, ʷʢʠʡ ʤʦʜʝʣʶʻ ʥʘʡʩʣʘʙʰʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʽʣʘ, ï ʟʦʥʫ 

ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ï ʥʘ ʙʝʨʝʛʘʭ ʷʢʦʾ ʟʙʫʨʝʥʥʷ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. 

 ʋ ʨʘʟʽ ʧʦʜʘʣʴʰʦʛʦ ʧʦʩʣʘʙʣʝʥʥʷ ʘʜʛʝʟʽʾ ʤʽʞ ʙʝʨʝʛʘʤʠ ʜʝʬʝʢʪʫ, 

ʤʦʞʣʠʚʦʶ ʻ ʚʪʨʘʪʘ ʟʚôʷʟʢʫ ʟ ʚʽʜʨʠʚʦʤ ʧʣʽʚʢʠ ʚʽʜ ʧʽʜʢʣʘʜʢʠ ʪʘ ʫʪʚʦʨʝʥʥʷʤ, ʚ 

ʨʝʰʪʽ, ʪʨʽʱʠʥʠ (ʚʽʜʰʘʨʫʚʘʥʥʷ) ʚ ʮʽʡ ʦʙʣʘʩʪʽ (ʜʠʚ. ʈʦʟʜʽʣ 4). 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʛʽʧʝʨʧʨʫʞʥʦʾ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 

ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʩʪʨʦʛʦʾ ʧʦʩʪʘʥʦʚʢʠ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʊʃʊʉɼʊ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʛʘʣʴʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ 

ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ (2.55), (2.61), ʛʨʘʥʠʯʥʘ ʟʘʜʘʯʘ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʚ ʪʝʨʤʽʥʘʭ 

ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʜʦʧʦʚʥʝʥʦʾ ʜʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ. 

ʋʢʘʟʘʥʝ ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʝ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ 

ʩʪʠʩʣʠʚʠʭ ʽ ʥʝʩʪʠʩʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ ʫ ʨʘʟʽ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʚʠʧʘʜʢʽʚ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʨʝʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʘʤ ʩʢʣʘʜʦʚʠʭ ʙʽʰʘʨʫ (ʜʠʚ. ʧ. 3.2). 

ʇʨʦʚʦʜʠʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʘ 

ʜʘʶʪʴʩʷ ʬʽʟʠʯʥʽ ʧʦʷʩʥʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙʤʝʞʝʥʴ. ʏʠʩʣʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ɹʫʙʥʦʚʘ ï 

ɻʘʣʴʦʨʢʽʥʘ. 

ʂʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʥʠʟʢʠ ʢʦʥʢʨʝʪʥʠʭ 

ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʽ ʥʝ ʩʪʠʩʣʠʚʠʭ ʪʽʣ. ʇʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ 

ʟʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʽʚ 

ʙʽʰʘʨʫ, ʚʠʚʯʘʻʪʴʩʷ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʆʢʨʝʤʦ ʚʠʚʯʘʻʪʴʩʷ ʚʧʣʠʚ ʥʘʷʚʥʦʩʪʽ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʧʣʽʚʢʠ ʪʘ ʧʽʜʢʣʘʜʢʠ 

ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʢʦʨʦʪʢʦʾ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʥʘ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺ ʢʦʥʪʝʢʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʦʟʜʽʣʫ 4, 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʚʪʨʘʪʠ ʟʚôʷʟʢʫ ʤʽʞ ʙʝʨʝʛʘʤʠ ʜʝʬʝʢʪʫ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. 

ʅʘ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʜʽʣʫ ʨʝʟʫʣʴʪʘʪʠ ʢʨʠʪʠʯʥʦ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ 

ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʬʦʨʤʫʣʶʶʪʴʩʷ ʚʠʩʥʦʚʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʟʜʽʣʽ, ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʧʫʙʣʽʢʘʮʽʷʭ ʘʚʪʦʨʘ 

[35, 74, 77]. 

5.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ɺ ʫʤʦʚʘʭ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʨʘʤʢʘʭ ʩʪʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ʪʨʠʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ ʨʦʟʛʣʷʥʝʤʦ ʥʘʧʽʚʦʙʤʝʞʝʥʝ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʝ ʽʟʦʪʨʦʧʥʝ ʪʽʣʦ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

ʥʘʧʽʚʦʙʤʝʞʝʥʦʾ ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʽʜʢʣʘʜʢʠ ç1è (2 0x ¢ ) ʽ ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʣʽʚʢʠ 

ʧʦʢʨʠʪʪʷ ç2è (20 x h¢ ¢). ɻʨʘʥʠʯʥʘ ʧʦʚʝʨʭʥʷ ʪʽʣʘ 2x h=  ʥʝʥʘʚʘʥʪʘʞʝʥʘ. 

ʇʨʷʤʦʣʽʥʽʡʥʘ ʤʝʞʘ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ 2 0x =  ʤʽʩʪʠʪʴ ʟʦʥʫ ʛʣʘʜʢʦʛʦ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʜʦʚʞʠʥʠ 2ʘ (ʨʠʩ. 5.1), ʧʦʟʘ ʷʢʦʶ ʤʘʪʝʨʽʘʣʠ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ 

ʤʽʞ ʩʦʙʦʶ. 
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ʈʠʩ. 5.1 ï ɹ̔ ʰʘʨʦʚʘ ʩʠʩʪʝʤʘ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʛʣʘʜʢʦʛʦ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ. 

ʅʝʭʘʡ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʙʽʰʘʨʦʚʘ ʩʠʩʪʝʤʘ ʩʪʠʩʢʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦ ʜʦʢʨʠʪʠʯʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʪʽʣʽ, ʻ 

ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʤ, ʦʜʥʦʨʽʜʥʠʤ ʽ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʘʤʠ (3.1) ï (3.4). 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʟʘʧʠʰʫʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

(2) (2)

22 210,  0t t= = 2 1( = , 0 )x h x¢ <¤; 

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

22 22 21 21 2 2,  ,  t t t t u u= = =  2 1( 0,  0 )x x= ¢ <¤; 

 
(2)

21 0t =  2 1( 0,  )x x a= ¢ ; (5.2) 

(1) (2)

1 1u u=  2 1( =0, )x x a> . 

ʉʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʚʽʜʥʦʩʥʽ ʫʢʦʨʦʯʝʥʥʷ (3.4), ʟʘ 

ʷʢʠʭ ʩʠʩʪʝʤʘ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʰʫʢʘʻʪʴʩʷ 

ʪʘʢʝ ʧʝʨʰʝ ʟʥʘʯʝʥʥʷ 1l (ʧʨʠ ʡʦʛʦ ʟʤʝʥʰʝʥʥʽ ʧʦʯʠʥʘʶʯʠ ʟʽ ʟʥʘʯʝʥʥʷ 1 1l= , 

ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʫ), ʧʨʠ ʷʢʦʤʫ ʟʘ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʠʩʢʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʦʜʥʦʨʽʜʥʘ ʟʘʜʘʯʘ ʤʘʻ 

ʥʝʪʨʠʚʽʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ. ʆʩʪʘʥʥʻ ʩʚʽʜʯʠʣʦ ʙ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʩʫʤʽʞʥʦʛʦ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ (ʨʠʩ. 5.1) ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ. 
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5.2 ɻʨʘʥʠʯʥʽ ʟʘʜʘʯʽ ʜʣʷ ʛʘʨʤʦʥʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ɿʘ ʘʥʦʣʦʛʽʻʶ ʟ ʪʠʤ, ʷʢ ʮʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚ ʈʦʟʜʽʣʽ 4 (ʧ. 4.2), ʟʚʝʜʝʤʦ 

ʟʘʜʘʯʫ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (5.2) ʜʦ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ, ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʚ 

ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ ï ʩʢʣʘʜʦʚʠʭ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ (2.41), (2.42). 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ʫ ʨʘʟʽ, ʷʢʱʦ ʜʣʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʘʪʝʨʽʘʣʫ 

ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʧʘʜʦʢ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ (1 2

i i in n n= = ), 

ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤʠ (3.7) ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ. ʗʢʱʦ ʞ 

ʜʣʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʘʪʝʨʽʘʣʫ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʧʘʜʦʢ 

ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ (1 2

i in ņ ), ʪʦ ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤʠ (3.9)

ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ. 

ʗʢ ʽ ʚ ʈʦʟʜʽʣʘʭ 3 ʪʘ 4 ʧʨʦʽʣʶʩʪʨʫʻʤʦ ʭʽʜ ʨʦʟʚôʷʟʘʥʥʷ ʫ ʚʠʧʘʜʢʘʭ (ʽ) ʪʘ 

(ʽʽ), ʪʦʙʪʦ ʢʦʣʠ ʜʣʷ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚʠʧʘʜʢʠ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ 

1 1 2 2

1 2 1 2,  n n n n= =  ʘʙʦ ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ 
1 1 2 2

1 2 1 2,  n n n n¸ ¸, ʚʽʜʧʦʚʽʜʥʦ. ɺʠʧʘʜʢʠ (ʽʽʽ) ʽ 

(ʽv) ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. 

 ʇʽʜʩʪʘʚʣʷʶʯʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.7) ʫ ʚʠʧʘʜʢʫ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ ʘʙʦ (3.9) ʫ 

ʚʠʧʘʜʢʫ ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ ʚ ʢʨʘʡʦʚʽ ʫʤʦʚʠ (5.2), ʦʜʝʨʞʫʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 

ʟʘʜʘʯʽ, ʧʦʜʘʥʽ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

 
(2) (2) 2 (2)

2 2 2

1 2 2 1

1 1 1 2

F F
0k k k h

x x x z

µ µF µ
+ - =

µ µ µ µ
 2 1 1( = , 0 )z h x- ¢ <¤, 

 
(2) (2) 2 (2)

2 2 2

4 5 5 1 2

2 2 2

F F
0k k k h

z z z

µ µF µ
+ - =

µ µ µ
 2 1 1( = , 0 )z h x- ¢ <¤, 

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

1 1 2 2

1 2 1 2

1 1 1 1

F F
k k k k

x x x x

µ µF µ µF
+ = +

µ µ µ µ
 1( =0,  0 )jz x¢ <¤, 
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(1) (1) (2) (2)

1 1 2 2

4 5 4 5

1 1 2 2

F F
k k k k

z z z z

µ µF µ µF
+ = +

µ µ µ µ 
1( =0,  0 )jz x¢ <¤, (5.3)

 

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

1 2 1 2F Fp p p p+ F = + F 1( 0, 0 )jz x= ¢ <¤; 

 
2 (2) 2 (2)

1 2Fk k const+ F =
 

2 1( =0, )z x a¢ ; 

 
(1) (2)

1 2z z

µF µF
=

µ µ
 1( 0, )jz x a= >  

1 (2)

h
h

n
=  

ʪʘ ʜʦʜʘʪʢʦʚʫ ʫʤʦʚʫ 

 

1 2

(1) (2)

1 1

1 20 00 0

a a

z z

dx dx
z z

= =

µF µF
=

µ µñ ñ ; (5.4) 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 
(2) (2)

2 21 2
1 2(2) (2)

1 1 1 2

0k k
x z x z

j jµ µ
+ =

µ µ µ µ
, 

(2)

1( = , 0 )j jz h x- ¢ <¤,  

 

( ) ( )

2 (2) 2 (2)
2 21 2
4 52 2

(2) (2)

1 2

0k k
z z

j jµ µ
+ =

µ µ
 

(2)

1( = , 0 )j jz h x- ¢ <¤; 

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

1 1 2 21 2 1 2
1 2 1 2(1) (1) (2) (2)

1 1 1 2 1 1 1 2

k k k k
x z x z x z x z

j j j jµ µ µ µ
+ = +

µ µ µ µ µ µ µ µ
 

( )

1( 0, 0 )i

jz x= ¢ <¤, 

 

( ) ( ) ( ) ( )

2 (1) 2 (1) 2 (2) 2 (2)
1 1 2 21 2 1 2
4 5 4 52 2 2 2

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

1 2 1 2

k k k k
z z z z

j j j jµ µ µ µ
+ = +

µ µ µ µ
 

( )

1( 0, 0 )i

jz x= ¢ <¤, (5.5) 

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

1 1 2 21 2 1 2
1 2 1 2(1) (1) (2) (2)

1 2 1 2

p p p p
z z z z

j j j jµ µ µ µ
+ = +

µ µ µ µ
 

( )

1( 0, 0 )i

jz x= ¢ <¤; 

 
(2) (2)

2 21 2
1 2(2) (2)

1 2

k k const
z z

j jµ µ
+ =

µ µ
, 

(2)

1( 0, )jz x a= ¢ ; 

 

( ) ( ) ( ) ( )

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

1 2 1 2

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

1 2 1 2z z z z

j j j jµ µ µ µ
+ = +

µ µ µ µ
, 

( )

1( 0, )i

jz x a= >  
(2)j

j

h
h

n
=  
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ʪʘ ʜʦʜʘʪʢʦʚʫ ʫʤʦʚʫ 

 

( ) ( ) ( ) ( )
(1)

(2)

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

1 2 1 2
1 12 2 2 2

(1) (1) (2) (2)
0 01 2 1 2

0
0

d d

j
j

a a

z
z

x x
z z z z

j j j j

=
=

å õ å õ
µ µ µ µæ ö æ ö+ = +
æ ö æ öµ µ µ µ
ç ÷ ç ÷
ñ ñ  (5.6). 

5.3 ɯʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟʘʜʘʯʽ 

ʇʨʝʜʩʪʘʚʠʤʦ ʥʝʚʽʜʦʤʽ ʧʦʪʝʥʮʽʘʣʴʥʽ ʛʘʨʤʦʥʽʯʥʽ ʬʫʥʢʮʽʾ 

( ) ( ) ( ) ( )F ,  ,  , ,  , 1,2i i i i

j i jj jF =  ʫ ʚʠʛʣʷʜʽ ʢʦʩʠʥʫʩ-ʨʦʟʢʣʘʜʽʚ ʌʫʨôʻ ʟ ʧʘʨʘʤʝʪʨʦʤ 

l ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ 1x, ʟʙʝʨʽʛʰʠ ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʴ (3.15), (3.16)ʫ ʚʠʧʘʜʢʫ 

çʽè ʪʘ çʽʽè, ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘʜʦʚʦʣʴʥʷʶʯʠ ʩʧʦʯʘʪʢʫ ʥʘʩʢʨʽʟʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ï ʧʝʨʰʽ ʧôʷʪʴ ʫʤʦʚ ʚ 

(5.3) ((5.5)), ʧʨʠʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ 

ʬʫʥʢʮʽʡ ( )Al, ( )B l, 1( )C l , 2( )C l, 1( )D l , 2( )D l: 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

1 1 2 2 2 2

1 2 1 1 1 2 2 1 2 2coth coth 0k A k B k C k C k D k Dm m+ - Ö - - Ö - =, 

1 1 2 2 2 2

4 5 4 1 4 2 5 1 5 2coth coth 0k A k B k C k C k D k Dm m+ + + Ö + + Ö =, 

 
2 2 2

1 1 2 2 2 1 0k C k C k Dm- + =, (5.7) 

2 2 2

5 1 4 2 5 2 0k C k C k Dm - - =, 

1 1 2 2 2 2

1 2 1 1 1 2 2 1 2 2coth coth 0p A p B p C p C p D p Dm m+ - Ö - - Ö - = ( )1hm l= ; 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 
2 2

1 2 2 2 0k C k Dg + =, 

 
2 2

4 1 5 1 0k C k Dg + =, 

 
1 1 2 2 2 2

1 2 1 1 1 2 1 2 1 2 2 2coth coth 0k A k B k C k C k D k Dm m+ + + + + =,   

 
1 1 2 2 2 2

4 5 4 1 1 4 2 5 1 2 5 2coth coth 0k A k B k C k C k D k Dm m- - + + + + =, (5.8) 
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1 1 2 2 2 2

1 2 1 1 1 2 1 2 1 2 2 2coth coth 0p A p B p C p C p D p Dm m+ + + + + = 2

1

sinh
( ,  )

sinh
j jh

m
m l g

m
= = . 

 ɺʠʟʥʘʯʠʤʦ ʩʧʦʯʘʪʢʫ ( )Al, ( )B l, 1( )D l  ʪʘ 2( )D l ʯʝʨʝʟ ʬʫʥʢʮʽʾ 1( )C l , 

2( )C m, ʚʠʢʦʨʠʩʪʘʚʰʠ ʧʝʨʰʽ ʯʦʪʠʨʠ ʨʽʚʥʷʥʥʷ ʚ (5.7) ((5.8)). ʄʘʻʤʦ 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

 ( )
1 2 1 2

1

1 2 1 2 3 4 5 6,  coth ,  cothc c c cA s C s C s s s s s s s sm m m m m m-=-D + = + + Ö = + + Ö, 

 ( )
1 2 1 2

1

1 2 1 2 3 4 5 6,  coth ,  coth ,c c c cB r C r C r r r r r r r rm m m m m m-=D + = + + Ö = + + Ö(5.9) 

 
2

1
1 1 22

2

k
D C C

k
m=- + , 

 
2

4
2 1 22

5

k
D C C

k
m= - , 

ʜʝ  

1 1 1 1

4 2 5 1k k k kD= - , 

( )1 2 2 1 2 2 2

1 2 4 2 2 5 1 2s k k k k k k k= - , 
1 2

2 5 2s k k= , 
1 2

3 2 5s k k= , ( )1 2 2 1 2 2 2

4 5 5 1 5 2 4 5s k k k k k k k= - , 

5 3s s= , 6 2s s= , ( )1 2 2 1 2 2 2

1 1 4 2 1 5 1 2r k k k k k k k= - , 
1 2

2 4 2r k k= , 

1 2

3 1 5r k k= , ( )1 2 2 1 2 2 2

4 4 5 1 4 2 4 5r k k k k k k k= - , 5 3r r= , 6 2r r= ; 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 ( ) ( )1 1 2 1 1 2 1

2 4 5 1 5 1 2 2A k k l k m C k k l k n C-è ø=-D - + -
ê ú,  

 ( ) ( )1 1 2 1 1 2 1

1 4 4 1 4 1 1 2B k k l k m C k k l k n C-è ø=-D - + + - +
ê ú, 

 

2

4
1 12

5

k
D C

k
g=- , (5.10) 

 
2

1
2 22

2

k
D C

k
g=- , 

ʜʝ 
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 2 1coth cothl g m m= - , 
2 2

2 2 4
1 2

5

k k
m k

k
g= - ,

2 2
2 1 5
4 2

2

k k
n k

k
g= - . 

ɼʘʣʽ, ʟ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ (5.7) ((5.8)), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (5.9) ((5.10)), 

ʦʜʝʨʞʫʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 1( )C m   ̔ 2( )C m  ʫ ʚʠʛʣʷʜʽ: 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

 1 2 2 1( ) ( ) ( ),  ( ) ( ) ( )ʉ q ʉ q q ql l l l l l= = ,  

 
1 1

2 2 2 2
1 1 2 2 1 1 2

1 1 2 2 2

2

( ) cothc c

p k p k
q p s p r p

k
l m m

å õ-
=- + - D+ ÖDæ ö

ç ÷
, (5.11) 

 
2 2

2 2 2 2
1 1 21 5 2 4

1 1 2 22

5

( ) cothc c

p k p k
q p s p r p

k
l m m

å õ-
= - + D+ ÖDæ ö

ç ÷
;  

ʜʣʷ ʚʠʧʘʜʢʫ çʽ»̔ 

 1 2 2 1( ) ( ) ( ),  ( ) ( ) ( )ʉ q ʉ q q ql l l l l l= = ,  

 
1 1 1 1 1 1 1 1 2

2 2 21 2 2 1 2 4 1 5 4
1 4 1 2 2

5

( )
p k p k p k p k k

q k l m p p
k

l g
- -

= + - +
D D

, (5.12) 

 
1 1 1 1 1 1 1 1 2

2 2 21 5 2 4 2 1 1 2 1
2 1 1 1 2 22

2

( ) coth coth
p k p k p k p k k

q k l m p p
k

l m g m
- + - +

= + + -
D D

.  

ʆʩʪʘʥʥʽ ʜʚʽ ʫʤʦʚʠ ʚ (5.3) ((5.5)) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (5.9), (5.11) ((5.10), 

(5.12)) ʧʨʠʚʦʜʷʪʴ ʜʦ ʧʘʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

 2 1
0

( ) ( ) cos dr C x constl l l l
¤

Ö =ñ  1( )x a¢ ; (5.13) 

 [ ]2 1
0

( ) ( ) ( ) ( ) cos d 0q v w C xl l l l l l l
¤

+ Ö =ñ  1( )x a> , (5.14) 

ʜʝ: 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

 
2 2 2 2

4 2 5 1

2 2

2 5

( ) coth ,  
k k k k

r q k k
k k

m l m m
-

= + - = ,  
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 1

2

1

2

2

 coth
cr k

v
k
m m= - +

D
, (5.15) 

 2

2

4

2

5

 coth
cr k

w
k

m m= + -
D

;  

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 
2

1( )r mq k ll= - , 

 
1 1 1 1 2

2 2 1 4 5 4
4 1 12

5

( ) coth coth
k k k k k

v k l m
k

l m g m
- -

= + - +
D D

, (5.16) 

 
1 1 1 1 2

2 5 4 1 2 1
1 2

2

( ) 1
k k k k k

w k l m
k

l g
- -

= + - +
D D

.  

ɼʦʜʘʪʢʦʚʘ ʫʤʦʚʘ (5.4), (5.6) ʟʘʧʠʰʝʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

 [ ]2

0

( ) ( ) ( ) ( )sin d 0q v w C al l l l l l l
¤

+ =ñ . (5.17) 

ʇʦʜʘʣʴʰʠʡ ʧʨʦʮʝʩ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʫ ʟʚʝʜʝʥʥʽ ʧʘʨʥʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (5.13), (5.14) ʜʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʌʨʝʜʛʦʣʴʤʘ 

ʧʝʨʰʦʛʦ ʨʦʜʫ, ʟʘʧʠʩʘʥʦʛʦ ʥʘ ʦʜʠʥʠʯʥʦʤʫ ʧʨʦʤʽʞʢʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʢʣʘʜʝʤʦ ʚ 

ʨʽʚʥʷʥʥʽ (5.14) 

 [ ] ( )3

2 1

0

( ) ( ) ( ) ( ) ( ) cos cos d

a

q v w C h t t a tl l l l l y l l-+ =- -ñ , (5.18) 

ʜʝ ( )ty  ï ʥʝʚʽʜʦʤʘ ʥʝʧʝʨʝʨʚʥʦ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʬʫʥʢʮʽʷ ʥʘ ʽʥʪʝʨʚʘʣʽ [ ]0,ʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ (5.18) ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʜʦʚʦʣʴʥʠʪʠ ʨʽʚʥʷʥʥʷ 

(5.14) çʧʦʟʘ ʟʦʥʦʶ ʧʨʦʢʦʚʟʫʚʘʥʥʷè (ʜʠʚ. ʧ. 4.3), ʪʦʜʽ ʷʢ ʨʽʚʥʷʥʥʷ çʥʘ ʟʦʥʽ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷè (5.13) ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʌʨʝʜʛʦʣʴʤʘ 

ʧʝʨʰʦʛʦ ʨʦʜʫ 
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 ()
1

0

( , ) d ,K g constx h h h=ñ  (5.19) 

,  0 1,  0 1h ab x h= ¢ < ¢ ¢ 

ʜʣʷ ʙʝʟʨʦʟʤʽʨʥʠʭ ʟʤʽʥʥʠʭ 

1 1

1,  a x a tx h- -¹ ¹  

ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʦʾ ʙʝʟʨʦʟʤʽʨʥʦʾ ʬʫʥʢʮʽʾ 

( ) ( )g a ax y x¹ , 

ʪʘ ʥʝʚʽʜʦʤʦʾ ʢʦʥʩʪʘʥʪʠ const, ʷʢʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʜʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ (5.17). 

ʆʩʪʘʥʥʷ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ()( )
1

2

0

1 d 0g h h h- =ñ . (5.20) 

ʗʜʨʦ ( , )K x h ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (5.19) ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

 
3

0

(cos cos )cos
( , ) ( ) djK H

lh l lx
x h l l

l

¤
-

=ñ  ( 1,4j = ), (5.21) 

ʜʝ ʽʥʜʝʢʩ 1,4j =  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʚʠʧʘʜʢʦʤ (ʽ) ï (iv). ʊʘʢ, 

ʜʣʷ ʚʠʧʘʜʢʫ çʽè 

 
( ) ( ) ( )

~1/2 1/2 1/2
(2) (2) (2)

1 ~ ~ ~

( ) coth
( )

( ) ( ) ( )

k n x q x n x n x
H x

q x v x w x

b b b
- - -

- + Ö + Ö
=

+

; (5.22) 

ʜʣʷ ʚʠʧʘʜʢʫ çʽʽè 

 

~ ~ ~
2

1
2 ~ ~ ~

( )
( )

( ) ( ) ( )

mq x k l
H x

q x v x w x

-
=

+
. (5.23) 
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ɺ (5.22), (5.23) ʬʫʥʢʮʽʾ, ʷʢʽ ʧʦʟʥʘʯʝʥʽ çʪʠʣʴʜʦʶè ʟʛʦʨʠ, ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʘʥʘʣʦʛʽʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʙʝʟ çʪʠʣʴʜʠè, ʚ ʫʩʽʭ ʩʢʣʘʜʦʚʠʭ ʷʢʠʭ ʟʘʤʽʩʪʴ 

1 2,  ,  m m m ʧʦʢʣʘʜʝʥʦ, ʚʽʜʧʦʚʽʜʥʦ, ( )
1/2

(2)n bl
-

, ( )
1/2

(2)

1n bl
-

 ʘʙʦ ( )
1/2

(2)

2n bl
-

, ʜʝ 

h ab= . 

ɸʥʘʣʦʛʽʯʥʦʶ ʻ ʽ ʩʪʨʫʢʪʫʨʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʨʝʰʪʽ ʜʚʦʭ ʚʠʧʘʜʢʘʭ 

(çiʽʽè ʪʘ çʽvè) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʨʝʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 

ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʽ ʫ ʨʘʟʽ ʟʘʜʘʯʽ 

ʧʨʦ ʤʽʞʬʘʟʥʫ ʪʨʽʱʠʥʫ, ʢʦʣʠ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʤʘʻ ʤʽʩʮʝ ʚʠʧʘʜʦʢ 

ʨʽʚʥʠʭ, ʘ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ï ʥʝʨʽʚʥʠʭ ʢʦʨʝʥʽʚ (ʚʠʧʘʜʦʢ çʽʽʽè, 

1 1 2 2

1 2 1 2, n n n n= ¸ ), ʩʪʨʫʢʪʫʨʘ ʬʫʥʢʮʽʾ 3( )H x  ʻ ʘʥʘʣʦʛʽʯʥʦʶ ʜʦ ʩʪʨʫʢʪʫʨʠ ʬʫʥʢʮʽʾ 

2( )H x  ʫ ʚʠʧʘʜʢʫ çʽʽè, ʘ ʚ ʦʩʪʘʥʥʴʦʤʫ ʟ ʤʦʞʣʠʚʠʭ ʚʠʧʘʜʢʽʚ (ʚʠʧʘʜʦʢ çivè, 

1 1 2 2

1 2 1 2, n n n n¸ = ) ï ʜʦ ʩʪʨʫʢʪʫʨʠ ʬʫʥʢʮʽʾ 1( )H x  ʫ ʚʠʧʘʜʢʫ çʽè. ɺʨʘʭʦʚʫʶʯʠ 

ʛʨʦʤʽʟʜʢʽʩʪʴ ʫʢʘʟʘʥʠʭ ʨʽʚʥʷʥʴ, ʾʭ ʷʚʥʠʡ ʚʠʛʣʷʜ ʚ ʪʝʢʩʪʽ ʨʦʙʦʪʠ ʥʝ ʥʘʚʦʜʠʪʴʩʷ. 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʩʢʘʟʘʥʝ ʚʠʱʝ, ʨʝʟʶʤʫʻʤʦ, ʱʦ ʟʘʜʘʯʫ ʧʨʦ ʩʪʠʩʢʘʥʥʷ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʾ ʧʽʚʧʣʦʱʠʥʠ, ʱʦ ʫʪʚʦʨʝʥʘ ʞʦʨʩʪʢʠʤ ʟôʻʜʥʘʥʥʷʤ ʜʚʦʭ 

ʩʪʠʩʣʠʚʠʭ ʘʙʦ ʥʝʩʪʠʩʣʠʚʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ï ʥʘʧʽʚʦʙʤʝʞʝʥʦʾ 

ʧʽʜʢʣʘʜʢʠ ʽ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ï ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ʙʫʣʦ ʟʚʝʜʝʥʦ ʜʦ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʜʦʧʦʚʥʝʥʦʛʦ ʧʝʚʥʦʶ ʜʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ, ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʠ ʜʦʚʽʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʽʣʘ. ʂʦʥʢʨʝʪʠʟʘʮʽʷ ʤʦʜʝʣʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ 

ʥʘ ʝʪʘʧʽ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʡ ʻ ʬʽʥʘʣʴʥʠʤ ʝʪʘʧʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʘʜʘʯʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʙʣʝʤʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ (5.19), (5.20) ʥʘ ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʘ 
1 2

1 1 1 1l l l= = < (ʘʙʦ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

1 11e l= -). ʇʘʨʘʤʝʪʨ 1l (ʢʦʝʬʽʮʽʻʥʪ ʫʢʦʨʦʯʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ 1ʆʭ) 
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ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʪʘ ʩʢʣʘʜʥʠʤ ʥʝʣʽʥʽʡʥʠʤ ʯʠʥʦʤ ʚʭʦʜʠʪʴ ʜʦ 

ʷʜʨʘ (5.21) ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (5.19). 

5.4 ɼʦʩʣʽʜʞʝʥʥʷ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʥʘ ʰʣʷʭʫ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʻ ʚʠʚʯʝʥʥʷ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʷʜʨʘ (5.21) ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (5.19). ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʻʶ ʽʟ ʟʘʜʘʯʝʶ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ 

ʪʨʽʱʠʥʠ (ʜʠʚ. ʧ. 4.4). 

ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʫ ʨʘʟʽ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ , ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʨʦʙʦʪʽ (2.70) ï (2.73), ʷʢʱʦ ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ʞʦʨʩʪʢʽʰʠʡ ʟʘ ʤʘʪʝʨʽʘʣ 

ʧʽʜʢʣʘʜʢʠ ʪʦ, ʬʫʥʢʮʽʷ ( )jH x , ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʷʜʨʘ (5.21), ʻ ʥʝʧʝʨʝʨʚʥʦʶ ʜʣʷ 

0x> , ʘ ʚʽʜʧʦʚʽʜʥʠʡ ʥʝʚʣʘʩʥʠʡ ʽʥʪʝʛʨʘʣ ʟʙʽʞʥʠʡ ʜʣʷ ʚʩʽʭ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ 

ʟʤʽʥʥʠʭ  ,x h, ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ (5.1). 

ʗʢʱʦ ʤʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ʤʝʥʰ ʞʦʨʩʪʢʠʡ, ʥʽʞ ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ, ʪʦ 

ʬʫʥʢʮʽʷ( )H x , ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʷʜʨʘ (5.21), ʻ ʥʝʧʝʨʝʨʚʥʠʤ ʜʣʷ 0x> , ʘ 

ʚʽʜʧʦʚʽʜʥʠʡ ʥʝʚʣʘʩʥʠʡ ʽʥʪʝʛʨʘʣ ʫ (5.21) ʟʙʽʞʥʠʡ ʜʣʷ ʚʩʽʭ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ 

ʟʤʽʥʥʠʭ ,x h ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢʘ ʫʤʦʚʘ : 

 1 1 1

s hpe e e< <  (5.24) 

ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʤʘʶʪʴ ʩʪʨʦʛʝ ʬʽʟʠʯʥʝ 

ʧʦʷʩʥʝʥʥʷ (ʜʠʚ. ʈʦʟʜʽʣ 3, ʜʝ ʚʚʦʜʷʪʴʩʷ ʚʝʣʠʯʠʥʠ 1 1 1,  ,  hp s re e e ʪʘ ʚʩʪʫʧ ʜʦ 

ʈʦʟʜʽʣʫ 5). ɼʽʡʩʥʦ, ʟʘʜʘʯʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 3.1.ʘ ʪʘ 3.1.ʙ, ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʛʨʘʥʠʯʥʽ ʚʠʧʘʜʢʠ ʟʘʜʘʯ,̔ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩʫʥʢʫ 5.1, ʜʣʷ 

ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ çʥʫʣʴʦʚʦʾ ʜʦʚʞʠʥʠè ʪʘ ʟʦʥʠ ʢʦʚʟʘʥʥʷ «ʥʝʩʢʽʥʯʝʥʥʦʾ 

ʜʦʚʞʠʥʠè, ʚʽʜʧʦʚʽʜʥʦ. 
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5.5 ʏʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ. ɸʥʘʣʽʟ 

ʧʨʘʢʪʠʯʥʦʾ ʟʙʽʞʥʦʩʪʽ. 

ʏʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ (5.19) ʨʘʟʦʤ ʟ ʫʤʦʚʦʶ (5.20) ʨʝʘʣʽʟʦʚʘʥʝ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ɹʫʙʥʦʚʘ ï ɻʘʣʴʦʨʢʽʥʘ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʪʠʤ, ʷʢ ʮʝ ʙʫʣʦ 

ʟʨʦʙʣʝʥʦ ʚ ʧ. 4.5 ʜʣʷ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. 

ʅʝʚʽʜʦʤʘ ʬʫʥʢʮʽʷ ( )g x  ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ 

ʧʝʨʰʠʭ N ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʭ 

ʚ ʽʥʪʝʨʚʘʣʽ [0,1] ʩʪʝʧʝʥʝʚʠʭ ʬʫʥʢʮʽʡ 
21,  , ,...x x  

 
1

1

( )
N

j

j

j

g gx x-

=

=ä . (5.25) 

ʇʽʜʩʪʘʚʣʷʶʯʠ (5.25) ʫ (5.19), (5.20) ʪʘ ʟʘʧʠʩʫʶʯʠ ʫʤʦʚʠ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʣʽʚʠʭ ʯʘʩʪʠʥ ʨʽʚʥʷʥʴ ʜʦ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ, ʦʪʨʠʤʫʻʤʦ 

ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʦʜʥʦʨʽʜʥʠʭ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʦʟʤʽʨʥʦʩʪʽ ( 1) ( 1)N N+ ³ +

ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ jg  ʪʘ ʜʝʷʢʦʾ ʥʝʚʽʜʦʤʦʾ ʢʦʥʩʪʘʥʪʠ ʩ: 

(1)

1

0
N

ij j i

j

g g c c
=

+ Ö =ä , 

 
(2)

1

0,  1,
N

j j

j

g g i N
=

= =ä . (5.26) 

ʂʦʝʬʽʮʽʻʥʪʠ ʮʽʻʾ ʩʠʩʪʝʤʠ ʟʘʜʘʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

(5.26), ʜʦ ʷʢʦʾ ʟʚʦʜʠʪʴʩʷ ʚʠʭʽʜʥʘ ʟʘʜʘʯʘ, ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʧʝʨʰʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 1 0e>  (ʟʘ ʟʙʽʣʴʰʝʥʥʷ, ʧʦʯʠʥʘʶʯʠ ʟʽ ʟʥʘʯʝʥʥʷ 1 0e= ), ʧʨʠ 

ʷʢʦʤʫ ʮ ̫ʩʠʩʪʝʤʘ ʤʘʻ ʥʝʪʨʠʚʽʘʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ. ʊʦʙʪʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʥʘʯʝʥʥʷ 

1e, ʧʨʠ ʷʢʦʤʫ ʚʠʟʥʘʯʥʠʢ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ (5.26) ʦʙʝʨʪʘʻʪʴʩʷ ʚ ʥʫʣʴ. 

ɺʠʟʥʘʯʝʥʝ ʪʘʢʠʤ ʯʠʥʦʤ ʟʥʘʯʝʥʥʷ 1e ʻ ʢʨʠʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʝʬʦʨʤʘʮʽʾ, ʟʘ 

ʷʢʦʛʦ ʙʽʰʘʨʦʚʘ ʩʠʩʪʝʤʘ ʧʽʜʢʣʘʜʢʘ/ʪʦʥʢʘ ʧʣʽʚʢʘ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ 

ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ. 

ʍʘʨʘʢʪʝʨ ʟʙʽʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʤʝʪʦʜʫ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ N ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ 

ʽʣʶʩʪʨʫʻʪʴʩʷ ʜʘʥʠʤʠ ʚ ʪʘʙʣʠʮʷʭ 5.1 ʪʘ 5.2. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʪʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʣʠʩʷ ʟ ʪʦʯʥʽʩʪʶ ʥʝ ʤʝʥʰʝ ʪʨʴʦʭ ʟʥʘʯʫʱʠʭ ʮʠʬʨ. 

ʋ ʪʘʙʣʠʮʷʭ ʥʘʚʝʜʝʥʦ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1e ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʦʾ 

ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ /h ab=  ʧʨʠ ʟʥʘʯʝʥʥʽ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ 2g= . ʊʘʙʣʠʮʷ 5.1 ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ 

ʙʽʰʘʨʫ ʦʧʠʩʫʶʪʴʩʷ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (
1 2

0.3n n= = ), 

ʪʘʙʣ. 5.2 ï ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘ ï ʍʘʟʘʥʦʚʠʯʘ. 

ʅʘ ʛʨʘʬʽʢʫ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 5.2, ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ 

ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ 
1
( )e b ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ 1.5g=  ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ. 

ɼʣʷ ʪʦʛʦ ʞ ʙʽʰʘʨʫ ʥʘ ʨʠʩ. 5.3 ʧʦʢʘʟʘʥʦ ʧʦʚʝʜʽʥʢʫ ʟʙʽʞʥʦʩʪʽ ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʽ ʦʜʥʽʻʾ ʪʦʯʢʠ ʥʘ ʛʨʘʬʽʢʫ ʨʠʩ. 5.2 ʜʣʷ ʢʽʣʴʢʦʭ ʟʥʘʯʝʥʴ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ b. ʋ ʚʩʽʭ ʧʨʦʪʝʩʪʦʚʘʥʠʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

10N=  ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʪʦʯʥʽʩʪʴ ʜʦ ʧ'ʷʪʠ ʟʥʘʯʫʱʠʭ 

ʮʠʬʨ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ 3ï4 ʮʠʬʨʠ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʙʫʣʦ 

ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜ ʯʦʪʠʨʴʦʭ ʜʦ ʰʝʩʪʠ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ.  
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b N  
2 3 4 5 6 7 

0.1 0.297 0.240 0.238 0.223 0.223 0.223 

0.15 0.286 0.230 0.228 0.224 0.224 0.224 

0.2 0.276 0.229 0.228 0.228 0.229 0.229 

0.25 0.266 0.231 0.231 0.231 0.231 0.231 

0.3 0.256 0.231 0.232 0.232 0.232 0.232 

0.35 0.246 0.234 0.235 0.235 0.235 0.235 

0.4 0.240 0.240 0.240 0.240 0.240 0.240 

0.45 0.247 0.246 0.247 0.247 0.246 0.246 

0.5 0.256 0.254 0.255 0.255 0.254 0.254 

0.55 0.266 0.263 0.263 0.263 0.262 0.262 

0.6 0.275 0.272 0.272 0.271 0.270 0.270 

0.65 0.284 0.280 0.280 0.280 0.279 0.279 

0.7 0.294 0.289 0.289 0.288 0.287 0.287 

0.75 0.302 0.297 0.297 0.296 0.295 0.295 

0.8 0.310 0.305 0.304 0.303 0.302 0.302 

ʊʘʙʣʠʮʷ 5.1 ï ʇʨʘʢʪʠʯʥʘ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 
1
e ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ( 2g= ,
1 2 0.3n n= = ). 

b N  
2 3 4 5 6 7 

0.1 0.241 0.207 0.207 0.204 0.203 0.203 

0.2 0.230 0.209 0.209 0.209 0.209 0.209 

0.3 0.220 0.214 0.214 0.215 0.214 0.214 

0.4 0.231 0.229 0.229 0.229 0.228 0.228 

0.5 0.251 0.247 0.247 0.247 0.246 0.246 

0.6 0.268 0.264 0.263 0.263 0.262 0.262 

0.7 0.278 0.275 0.275 0.274 0.274 0.274 

0.8 0.286 0.284 0.284 0.283 0.283 0.283 

ʊʘʙʣʠʮʷ 5.2 ï ʇʨʘʢʪʠʯʥʘ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 
1
e ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ ( 2g= ).  
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ʈʠʩ. 5.2 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʧʨʠ 1.5g=  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ. 

 

 

 
 

ʈʠʩ. 5.3 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )Ne  ʧʨʠ 1.5g=  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ b. 
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5.6 ɸʥʘʣʽʟ ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʋ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (5.26) ʚʽʜʥʦʩʥʦ ʢʨʠʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 
1
e ï ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʫʢʦʨʦʯʝʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʪʦʥʢʦʾ 

ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ ʥʘ ʙʽʣʴʰ ʪʦʚʩʪʽʡ ʧʽʜʢʣʘʜʮʽ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ 

ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ. 

ɼʣʷ ʥʠʟʢʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʢʦʥʢʨʝʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ï ʧʦʪʝʥʮʽʘʣʫ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ, ʘ ʪʘʢʦʞ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘ ï 

ʍʘʟʘʥʦʚʠʯʘ ʪʘ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ï ʘʥʘʣʽʟʫʶʪʴʩʷ 

ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʽʰʘʨʫ. 

5.6.1 ʂʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʛʨʘʬʽʢʘʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 5.4 ï 5.9 ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʦʙʠʜʚʘ ʤʘʪʝʨʽʘʣʠ ʙʽʰʘʨʫ ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (2.70). 

ʅʘ ʨʠʩ. 5.4, 5.5 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 1e ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ /h ab=  ʧʨʠ ʜʝʷʢʠʭ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʇʫʘʩʩʦʥʘ 1 2 0.3n n= = . 

ɺʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ 

(2.70) 
0(1)

1 11 1/ 2s s m=- , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ, ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ b ʧʦʜʘʥʽ ʥʘ ʨʠʩ. 5.6, 5.7. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʦʢʨʠʪʪʷ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ, ʟʤʝʥʰʫʶʪʴʩʷ.  
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ʈʠʩ. 5.4 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

(
1 2 0.3n n= = ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 0.1 3g¢ ¢. 

 

ʈʠʩ. 5.5 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

(
1 2 0.3n n= = ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 4 20g¢ ¢ .  
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ʈʠʩ. 5.6 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )s b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

(
1 2 0.3n n= = ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 0.1 3g¢ ¢. 

 

ʈʠʩ. 5.7 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

(
1 2 0.3n n= = ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 4 20g¢ ¢ .  
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ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ /h ab=  (ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ 

ʟʤʝʥʰʝʥʥʶ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʬʽʢʩʦʚʘʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ 

ʘʙʦ ʟʙʽʣʴʰʝʥʥʶ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʬʽʢʩʦʚʘʥʦʾ ʜʦʚʞʠʥʠ 

ʪʨʽʱʠʥʠ) ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1e ʪʘʢʦʞ ʟʙʽʣʴʰʫʶʪʴʩʷ. 

ɼʣʷ ʟʘʣʝʞʥʦʩʪʝʡ 1( )e b ʩʧʨʘʚʝʜʣʠʚʽ ʥʘʩʪʫʧʥʽ ʘʩʠʤʪʦʪʠʢʠ 

 
1 1
( , ) ( )sg ge b e­  ʧʨʠ 0b­ ; (5.28) 
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1
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 ʧʨʠ b­¤. (5.29) 

ɺ (5.28), (5.29) 1 1
,  r se e ï ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʦʨʱʫʚʘʥʥʷ 

ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʘʙʦ ʢʦʧʤʦʥʝʥʪʘʤʠ, 

ʱʦ ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ ʪʝʨʪʷ, ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʦʜʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʚ ʨʦʟʜʽʣʽ 3. 

ɸʩʠʤʧʪʦʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ (5.28) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘ ʥʝʦʙʤʝʞʝʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʜʦʚʞʠʥʠ ʤʽʞʬʘʟʥʦʛʦ ʜʝʬʝʢʪʫ ʟ ʧʨʦʢʦʚʟʫʶʯʠʤʠ ʙʝʨʝʛʘʤʠ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʮʴʦʛʦ ʜʝʬʝʢʪʫ (ʨʠʩ. 5.1) 

ʧʨʷʤʫʶʪʴ ʜʦ ʘʥʘʣʦʛʽʯʥʠʭ ʟʥʘʯʝʥʴ ʚ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʪʘʢʦʛʦ ʞ ʙʽʰʘʨʫ ʙʝʟ 

ʜʝʬʝʢʪʫ ʟ ʧʨʦʢʦʚʟʫʶʯʠʤʠ ʙʝʟ ʪʝʨʪʷ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʨʠʩ. 3.1.ʙ). ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʥʘʯʝʥʥʷʭ 1.5g=  ʪʘ 0.1b=  ʟʥʘʯʝʥʥʷ 1e ʚ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ ʟ 

ʟʦʥʦʶ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ 
1

 se ʤʝʥʰʝ ʥʽʞ ʥʘ 5%. 

ɿʘʣʝʞʥʽʩʪʴ (5.29) ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯ ʜʣʷ 

ʪʽʣʘ ʟ ʟʦʥʦʶ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʪʘ ʙʝʟ ʥʝʾ, ʷʢʘ ʤʘʣʘ ʤʽʩʮʝ ʽ ʫ ʚʠʧʘʜʢʫ ʟʘʜʘʯʽ ʧʨʦ 

ʤʽʞʬʘʟʥʫ ʪʨʽʱʠʥʫ (ʈʦʟʜʽʣ 4). ɺ ʜʘʥʦʤʫ ʨʘʟʽ ʟʘʜʘʯʘ ʟ ʛʝʦʤʝʪʨʠʯʥʦʶ ʩʭʝʤʦʶ 

ʨʠʩ. 3.1.ʘ ̫ʚʣʷʻ ʩʦʙʦʶ ʛʨʘʥʠʯʥʠʡ ʚʠʧʘʜʦʢ ʟʘʜʘʯʽ ʟʽ ʩʭʝʤʦʶ ʨʠʩ. 5.1 ʜʣʷ ʟʦʥʠ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ çʥʫʣʴʦʚʦʾ ʜʦʚʞʠʥʠè. ʇʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʶʪʴʩ ̫ʩʧʨʘʚʝʜʣʠʚʠʤʠ 

ʚʠʩʥʦʚʢʠ ʧʨʦ ʭʘʨʘʢʪʝʨ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ 
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ʞʦʨʩʪʢʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ ʧ. 4.6.2 ʜʣʷ b­¤. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʟʥʘʯʝʥʥʷʭ 1.5g=  ʪʘ 3b=  ʟʥʘʯʝʥʥʷ 1e ʚ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ ʟ ʟʦʥʦʶ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʥʷ 
1

 re ʤʝʥhʝ ʥʽʞ ʥʘ 1%. ɼʦʢʣʘʜʥʦ 

ʚʧʣʠʚ ʤʘʣʠʭ ʟʦʥ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʨʦʟʛʣʷʥʫʪʦ ʚ ʧ. 5.7. 

ɸʥʘʣʦʛʽʯʥʽ ʚʠʩʥʦʚʢʠ ʩʧʨʘʚʝʜʣʠʚʽ ʪʘʢʦʞ ʽ ʜʣʷ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

1s. 

ʅʘʦʯʥʦ ʭʘʨʘʢʪʝʨ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (5.28), (5.29) 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʛʨʘʬʽʢʠ, ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 5.8, 5.9. 

ɻʨʘʬʽʢ ʥʘ ʨʠʩ. 5.8 ʧʦʙʫʜʦʚʘʥʦ ʜʣʷ ʙʽʰʘʨʫ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʪʠʧʫ ʪʘ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʩʪʠʩʣʠʚʦʩʪʽ 1 2 0.3n n= = . ɻʨʘʬʽʢ ʥʘ ʨʠʩ. 5.9 

ʧʦʙʫʜʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʰʢʘʣʠ ʜʣʷ ʪʦʛʦ ʞ ʧʨʫʞʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 1 2 0.499n n= = . 

ʉʫʮʽʣʴʥʠʤʠ ʢʨʠʚʠʤʠ ʥʘ ʮʠʭ ʨʠʩʫʥʢʘʭ ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 1( )ge  ʧʨʠ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ 0.2;  0.5; 1b= . ʇʫʥʢʪʠʨʥʽ ʢʨʠʚʽ ʥʘ ʨʠʩʫʥʢʘʭ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʣʝʞʥʦʩʪʷʤ ʚʽʜ ʧʘʨʘʤʝʪʨʫ 2 1/g m m=  ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʤʦʨʱʫʚʘʥʥʷ 1

re (ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ ʢʦʤʧʦʥʝʥʪʠ; ʚʝʨʭʥʽ ʢʨʠʚʽ) ʪʘ 1

se 

(ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ ʪʝʨʪʷ; ʥʠʞʥʽ ʢʨʠʚʽ). 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʜʽʣʷʥʢʠ ʢʨʠʚʠʭ 1 1( ) 0.5r hpge e= =  ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʧʽʜʢʣʘʜʢʘ ʞʦʨʩʪʢʽʰʘ ʟʘ ʧʦʢʨʠʪʪʷ (1g<), ʘ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʘʥʘʣʦʛʽʯʥʠʤ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ (ʜʠʚ. ʧʧ. 3.4.2, 4.6.1, 

4.6.2). 

ʂʨʠʚʘ ʟ ʯʝʨʚʦʥʠʭ ʢʨʫʛʣʠʭ ʤʘʨʢʝʨʽʚ ʥʘ ʨʠʩ. 5.9 ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʪʠʯʥʠʤ 

ʜʝʬʦʨʤʘʮʽʷʤ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʫ ʟ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʦʙʯʠʩʣʝʥʠʤ ʥʘ ʦʩʥʦʚʽ ʥʘʙʣʠʞʝʥʦʾ ʬʦʨʤʫʣʠ (3.41) ʜʣʷ ʚʠʧʘʜʢʫ ʥʝʩʪʠʩʣʠʚʦʛʦ 

ʪʽʣʘ.  
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ʈʠʩ. 5.8 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )ge  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

(
1 2 0.3n n= = ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ b.

 

ʈʠʩ. 5.9 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )ge  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

(
1 2 0.499n n= = ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ b. 



 

237 

 

5.6.2 ʂʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʧʦʪʝʥʮʽʘʣ ɹʘʨʪʝʥʻʚʘï

ʍʘʟʘʥʦʚʠʯʘ ʽ ʧʦʪʝʥʮʽʘʣ ʊʨʝʣʦʘʨʘ 

ʅʘ ʨʠʩʫʥʢʘʭ 5.10 ï 5.13 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. 

ɻʨʘʬʽʢʠ ʥʘ ʨʠʩ. 5.10, 5.11 ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ 

ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ 

(2.72). ʅʘ ʨʠʩ. 5.10 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 1( )e b ʜʣʷ ʜʝʷʢʠʭ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ 2 1/g m m= . ʅʘ ʨʠʩ. 5.11 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʟʘʣʝʞʥʦʩʪʽ 1( )ge  ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

/h ab= . 

ɸʥʘʣʦʛʽʯʥʽ ʢʨʠʚʽ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ 

ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ, ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 5.12, 5.13. 

ɺʝʨʭʥʽ ʧʫʥʢʪʠʨʥʽ ʢʨʠʚʽ 1 ( )r ge  ʥʘ ʨʠʩ. 5.11, 5.13 ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʯʽ ʧʨʦ 

ʩʪʠʩʢ ʙʽʰʘʨʫ ʙʝʟ ʜʝʬʝʢʪʫ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʜʚʦʭ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʥʠʞʥʽ ʧʫʥʢʪʠʨʥʽ ʢʨʠʚʽ 1 ( )s ge  ï ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʙʝʟ 

ʜʝʬʝʢʪʫ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ ʪʝʨʪʷ. ʗʢ ʽ ʫ 

ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʘʨʥʘ ʫʟʛʦʜʞʝʥʽʩʪʴ 

ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ ʟ ʜʝʬʝʢʪʦʤ ʫ ʚʠʛʣʷʜʽ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʽ 

ʟʘʜʘʯ ʜʣʷ ʪʽʣʘ ʙʝʟ ʜʝʬʝʢʪʽʚ. 

ʂʨʠʚʘ ʟ ʢʨʫʛʣʠʭ ʤʘʨʢʝʨʽʚ ʥʘ ʨʠʩ. 5.13 ʻ ʯʠʩʣʦʚʦʶ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ 

ʢʨʠʚʦʾ ʟ ʨʦʙʦʪʠ [87] (ʜʠʚ. ʧ. 3.4.5). 

ʍʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʤʝʭʘʥʽʯʥʦʛʦ ʽ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʙʽʰʘʨʫ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʘʥʘʣʦʛʽʯʥʽ 

ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (ʜʠʚ. ʧ. 5.6.1). 

ʆʙʛʦʚʦʨʠʤʦ ʪʝʧʝʨ ʜʝʷʢʽ ʤʝʭʘʥʽʯʥʽ ʝʬʝʢʪʠ ʜʝʪʘʣʴʥʽʰʝ ʥʘ ʧʨʠʢʣʘʜʽ 

ʙʽʰʘʨʽʚ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ (ʨʠʩ. 5.12, 5.13).  
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ʈʠʩ. 5.10 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. 

 

 

ʈʠʩ. 5.11 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )ge  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ.  
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ʈʠʩ. 5.12 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ. 

 

 

ʈʠʩ. 5.13 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )ge  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ.  
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ʗʢ ʽ ʦʯʽʢʫʚʘʣʦʩʷ, ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʩʪʠʩʥʝʥʥʷ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ. ʎʝʡ ʝʬʝʢʪ 

ʥʘʡʙʽʣʴʰ ʚʠʨʘʞʝʥʠʡ ʜʣʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ, ʷʢʽ ʤ'ʷʢʰʽ ʟʘ ʧʽʜʢʣʘʜʢʫ ʘʙʦ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʶ ʟʘ ʞʦʨʩʪʢʽʩʪʶ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 2g= , ʪʦ ʧʨʠ ʧʦʪʦʚʱʝʥʥʽ 

ʧʦʢʨʠʪʪʷ ʚʪʨʠʯʽ ð ʚʽʜ / 0.3h ab= =  ʜʦ 0.9b=  ð ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1e 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʥʘ 35%. ʆʜʥʘʢ ʧʨʠ ʘʥʘʣʦʛʽʯʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ð ʚʽʜ 0.9b=  ʜʦ 

2.7b=  ð ʟʨʦʩʪʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 1%. ʇʦʜʘʣʴʰʝ ʧʦʪʦʚʱʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ 

ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʫʡʥʫʚʘʥʥʶ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʟʦʥʠ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʚʪʨʘʯʘʻ ʽʥʞʝʥʝʨʥʠʡ ʩʝʥʩ, ʦʩʢʽʣʴʢʠ ʢʨʠʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ ʽ ʥʝ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ. 

ɿ ʨʠʩ. 5.12 ʚʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʜʘʪʣʠʚʦʩʪʽ ʧʽʜʢʣʘʜʢʠ ʢʨʠʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ, 

ʟʤʝʥʰʫʶʪʴʩʷ. ʎʝ ʟʥʠʞʝʥʥʷ ʙʽʣʴʰ ʚʠʨʘʞʝʥʝ, ʷʢʱʦ ʧʣʽʚʢʘ ʞʦʨʩʪʢʽʰʘ ʟʘ 

ʧʽʜʢʣʘʜʢʫ ð ʧʦʜʽʙʥʘ ʧʦʚʝʜʽʥʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ ʚʠʧʘʜʢʫ ʜʝʬʝʢʪʫ ʫ 

ʚʠʛʣʷʜʽ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ (ʜʠʚ. ʈʦʟʜʽʣ 4). ʅʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʩʪʘʥʦʚʠʪʴ ʦʜʥʫ ʯʚʝʨʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʜʝʬʝʢʪʫ (0.5b= ), 

ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1e ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ 18% ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʘʨʘʤʝʪʨʘ 

2 1/g m m=  ʚʜʚʽʯʽ ʟ 0.5g=  ʜʦ 1g=, ʪʦʜʽ ʷʢ ʘʥʘʣʦʛʽʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʟ 1.5g=  ʜʦ 

3g=  ʜʘʻ ʚʞʝ ʟʤʝʥʰʝʥʥʷ ʥʘ 24%. 

ʆʜʥʘʢ, ʜʣʷ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʭ ʜʝʬʝʢʪʽʚ (ʪʦʙʪʦ ʜʦʩʪʘʪʥʴʦ ʪʦʥʢʠʭ ʧʣʽʚʦʢ), 

ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʦʰʘʨʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʷʢ ʫ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʽʰʦʾ, ʪʘʢ ʽ 

ʤ'ʷʢʰʦʾ ʧʣʽʚʢʠ) ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ð ʝʬʝʢʪ, ʷʢʠʡ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʟʘʜʘʯʘʭ ʟ ʪʨʽʱʠʥʘʤʠ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʜʽʙʥʦʶ 

ʞʦʨʩʪʢʽʩʪʶ (ʜʠʚ. ʧ. 4.7.2). 

ʎʽʢʘʚʦ, ʱʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʢʦʣʠ ʞʦʨʩʪʢʽʩʪʴ 

ʧʣʽʚʢʠ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʞʦʨʩʪʢʽʩʪʴ ʧʽʜʢʣʘʜʢʠ, ʢʨʠʚʘ ʤʘʡʞʝ çʚʠʨʽʚʥʶʻʪʴʩʷè. 

ʎʝ ʚʢʘʟʫʻ ʥʘ ʩʣʘʙʢʫ ʯʫʪʣʠʚʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʜʦ 
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ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ (ʟʦʢʨʝʤʘ, ʜʦ ʥʘʷʚʥʦʩʪʽ ʟʦʥʠ ʢʦʚʟʘʥʥʷ), ʟʘ 

ʫʤʦʚʠ ʟʙʝʨʝʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʮʽʣʽʩʥʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʩʪʽʡʢʽʩʪʴ ʚʪʨʘʯʘʻʪʴʩʷ ʧʨʠ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʽʷʭ, ʜʣʷ ʦʮʽʥʢʠ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʽʟ ʟʘʜʦʚʽʣʴʥʦʶ ʪʦʯʥʽʩʪʶ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʙʣʠʞʝʥʫ ʬʦʨʤʫʣʫ ʜʣʷ 

ʟʤʦʨʱʫʚʘʥʥʷ ʜʚʦʰʘʨʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʜʠʚ. ʈʦʟʜʽʣ 3). ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʚʞʝ ʧʨʠ 5g=  ʦʩʣʘʙʣʝʥʥʷ ʟʚôʷʟʢʽʚ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ, ʱʦ 

ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʧʦʷʚʽ ʟʦʥ ʢʦʚʟʘʥʥʷ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ 1e ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʚ 1.2 ʨʘʟʘ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʧʘʜʢʦʤ ʽʜʝʘʣʴʥʦʛʦ 

ʢʦʥʪʘʢʪʫ. 

ʆʧʠʩʘʥʠʡ ʚʠʱʝ ʝʬʝʢʪ, ʽʤʦʚʽʨʥʦ, ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ 

ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. ʗʢʱʦ ʞ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ ʚʠʢʦʥʘʥʽ 

ʟ̔  ʩʪʠʩʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʫʢʘʟʘʥʝ ʦʩʣʘʙʣʝʥʥʷ ʟʚôʷʟʢʽʚ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 1e ʥʘʚʽʪʴ ʜʣʷ ʜʦʩʪʘʪʥʴʦ ʞʦʨʩʪʢʠʭ 

ʧʣʽʚʦʢ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʩʣʫʛʫʻ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʟʥʘʯʝʥʴ 1e ʜʦ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʠʩʣʠʚʦʩʪʽ ʙʽʰʘʨʫ 1 2,  n n(ʜʠʚ. ʨʠʩ. 3.26 ʧ. 3.6). 

5.6.3 ɺʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ ʥʘ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ɼʦʩʣʽʜʠʤʦ ʚʧʣʠʚ ʩʪʠʩʣʠʚʦʩʪʽ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʗʢ ʽ ʫ ʨʘʟʽ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ (ʜʠʚ. ʧ. 

4.6.6), ʦʙʤʝʞʠʤʦʩʴ ʨʦʟʛʣʷʜʦʤ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʙʠʜʚʘ ʢʦʤʧʦʥʝʥʪʠ ʦʧʠʩʫʶʪʴʩʷ 

ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʪʠʩʣʠʚʦʩʪʽ, 

ʪʦʙʪʦ, ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ (4.48) 

ʅʘ ʛʨʘʬʽʢʘʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 5.14 ï 5.16, ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ 
1
( )e b 

ʜʣʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ 
1 2

0.001n n n= = = , 0.1, 0.2, 0.3, 0.499 ʧʨʠ 

ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ 2g= , 12g=  ʪʘ 100g= , ʚʽʜʧʦʚʽʜʥʦ. 

 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʠʩʣʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʪʽʣʘ (ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ n) ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ   
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ʈʠʩ. 5.14 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ 
1 2n n n= =  ʧʨʠ 2g= . 

 

ʈʠʩ. 5.15 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ 
1 2n n n= =  ʧʨʠ 12g= .  
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ʈʠʩ. 5.16 ï ɿʘʣʝʞʥʦʩʪʽ 
1( )e b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ 
1 2n n n= =  ʧʨʠ 100g= . 

 

ʈʠʩ. 5.17 ï ɿʘʣʝʞʥʦʩʪʽ ( )d b ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

ʟʘ ʨʽʟʥʠʭ 
1 2n n n= =  ʧʨʠ 12g= .  
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ʟʙʽʣʴʰʫʶʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʜʦʩʪʘʪʥʴʦ ʢʦʨʦʪʢʠʭ ʤʽʞʬʘʟʥʠʭ ʟʦʥ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ (ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ b) ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʩʪʠʩʣʠʚʦʩʪʽ 

ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ 

ʪʨʽʱʠʥʠ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ ʙʝʟ ʜʝʬʝʢʪʫ (ʜʠʚ. ʧ. 3.4.6). 

 ʋ ʨʘʟʽ, ʢʦʣʠ ʜʦʚʞʠʥʘ ʥʘʷʚʥʦʛʦ ʜʝʬʝʢʪʫ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ (ʧʣʽʚʢʘ 

ʧʦʢʨʠʪʪʷ ʜʦʩʪʘʪʥʴʦ ʪʦʥʢʘ), ʟʤʽʥʘ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ n ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ 

ʥʘ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ ʢʦʣʠ 

ʧʣʽʚʢʘ ʚʜʚʽʯʽ ʞʦʨʩʪʢʽʰʘ ʟʘ ʧʽʜʢʣʘʜʢʫ (2g= ) ʚʧʣʠʚ ʫʢʘʟʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ 

ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 1e ʥʝ ʧʝʨʝʚʠʱʫʻ 2% ʧʨʠ ʟʥʘʯʝʥʥʽ 0.5b= . 

 ɻʨʘʬʽʢ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 5.17, ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʟʤʽʥʫ ʚʧʣʠʚʫ 

ʩʪʠʩʣʠʚʦʩʪʽ ʙʽʰʘʨʫ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʠʩʪʝʤʠ ʟʽ ʟʤʽʥʦʶ 

ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ b. ʅʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

n ʽ ʟʥʘʯʝʥʥʷ 12g=  ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ ʟʘʣʝʞʥʦʩʪʽ 

 
1 2 1 2

1 1 0.499
( ) ( ) : ( )

v v v vn
d b e b e b

= = = =
=  

ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 
1
e, ʥʦʨʤʦʚʘʥʠʭ ʥʘ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʞ ʧʘʨʘʤʝʪʨʘ ʜʣʷ 

ʚʠʧʘʜʢʫ ʥʝʩʪʠʩʣʠʚʦʛʦ ʪʽʣʘ ʧʨʠ ʘʥʘʣʦʛʽʯʥʠʭ ʟʥʘʯʝʥʥʷʭ b ʽ g . 

5.7 ɺʧʣʠʚ ʤʽʞʬʘʟʥʦʾ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʫ 

ʋ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʟʦʩʝʨʝʜʞʝʥʦ ʫʚʘʛʫ ʥʘ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʦʚʞʠʥʘ 

ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʙʝʟ ʪʝʨʪʷ ʤʘʣʘ. ʊʘʢʠʡ ʜʝʬʝʢʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ, ʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʧʘʨʘʤʝʪʨʠ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʘʥʘʣʽʟʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʧʘʜʢʦʤ ʽʜʝʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ (ʪʦʙʪʦ, ʢʦʣʠ ʜʝʬʝʢʪ ʚʽʜʩʫʪʥʽʡ, ʜʠʚ.ʨʦʟʜʽʣ 3). 

ɺʽʜʦʤʦ, ʱʦ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʚ ʥʘʧʽʚʦʙʤʝʞʝʥʦʤʫ ʪʽʣʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ 

ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʘ ʚʪʨʘʪʘ 
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ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ. ɺʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʤʦʨʰʦʢ ʪʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ ʚ ʦʜʥʦʨʽʜʥʠʭ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ 

ʪʽʣʘʭ [86], ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [87], ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʪʽʣʦ ʟʘʟʥʘʻ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʩʠʩʪʝʤ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʥʫ ʞʦʨʩʪʢʽʩʪʴ 

(ʥʘʧʨʠʢʣʘʜ, ʫ [86] ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ 5g ). 

ʇʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʚʙʫʜʦʚʘʥʠʭ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʽʥʽʮʽʶʚʘʥʥʷ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [188]) ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʩʢʥ̔ʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʭ ʩʭʝʤ. ɺʙʫʜʦʚʘʥʽ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ï ʮʝ ʚʠʙʨʘʥʽ ʨʝʛʫʣʷʨʥʽ 

ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʤʝʞʝʶ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʙʽʰʘʨʫ. ʋ 

ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʚʧʣʠʚʦʤ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʟʚʠʯʘʡ 

ʥʝʭʪʫʶʪʴ ʯʝʨʝʟ ʾʾ ʤʘʣʠʡ ʨʦʟʤʽʨ. 

ɿ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 5.8, 5.9, 5.11, 5.13 ʚʠʜʥʦ, ʱʦ ʯʠʤ ʤʝʥʰʘ ʞʦʨʩʪʢʽʩʪʴ 

ʧʣʽʚʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ, ʪʠʤ ʢʦʨʦʪʰʘ ʜʦʚʞʠʥʘ ʟʦʥʠ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ, ʷʢʦʶ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʮʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʚʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ʪʽʣʘ ʙʝʟ 

ʜʝʬʝʢʪʫ. ʅʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ, ʧʨʠ 6g=  ʪʘ ; 

0,5; 1, ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ  ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʜʝʘʣʴʥʦʛʦ ʚʠʧʘʜʢʫ ʥʝ ʙʽʣʴʰʝ 

ʥʽʞ ʫ 1,13; 1,002; ʪʘ 1,001 ʨʘʟʽʚ, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ  ʮʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʟʨʦʩʪʘʶʪʴ ʜʦ 1,389; 1,162; ʪʘ 1,003, ʚʽʜʧʦʚʽʜʥʦ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʢʦʥʢʨʝʪʥʠʡ ʧʨʠʢʣʘʜ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ, ʷʢ ʫ ʚʠʧʘʜʢʫ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʧʦʨʽʚʥʷʥʥʦʶ ʞʦʨʩʪʢʽʩʪʶ ʥʘʷʚʥʽʩʪʴ ʢʦʨʦʪʢʦʾ ʟʦʥʠ ʢʦʚʟʘʥʥʷ 

ʚʧʣʠʚʘʻ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʤʦʨʱʫʚʘʥʥʷ ʙʽʰʘʨʫ. ɼʝʬʦʨʤʘʮʽʾ 

ʟʤʦʨʱʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʪʨʴʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʤʝʪʦʜʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʚ 

ʨʦʟʜʽʣʽ 3 (), ʤʝʪʦʜʦʤ ʟ ʨʦʙʦʪʠ [87] ʜʣʷ ʥʝʩʪʠʩʣʠʚʦʛʦ ʥʝʦʛʫʢʽʚʩʴʢʦʛʦ ʙʽʰʘʨʫ   
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ʈʠʩ. 5.18 ï ɿʘʣʝʞʥʦʩʪʽ ʧʨʠ ʜʣʷ ʨʽʟʥʠʭ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʦʞ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ , , .  
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( ) ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʣʠʞʝʥʦʾ ʬʦʨʤʫʣʠ (3.43), ʦʪʨʠʤʘʥʦʾ ʟ ʪʝʦʨʽʾ 

ʣʽʥʽʡʥʠʭ ʙʘʣʦʢ (). 

ɼʘʥʽ ʥʘ ʨʠʩ. 5.18 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʘʪʝʨʽʘʣ ʧʣʽʚʢʠ 

ʚʜʚʽʯʽ ʞʦʨʩʪʢʽʰʠʡ ʟʘ ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ (). ʈʦʟʛʣʷʥʫʪʦ ʯʦʪʠʨʠ ʚʠʧʘʜʢʠ: 

ï ʜʚʘ ʥʝʩʪʠʩʣʠʚʽ ʙʽʰʘʨʠ, ʟʤʦʜʝʣʴʦʚʘʥʽ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ( ) ʪʘ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʥʝʦʛʫʢʽʚʩʴʢʦʤʫ ʤʘʪʝʨʽʘʣʫ; 

ï ʜʚʘ ʩʪʠʩʣʠʚʽ ʙʽʰʘʨʠ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʧʨʠ ʟʥʘʯʝʥʥʷʭ

 ʽ . 

 ʅʘ ʨʠʩ. 5.18 ʚʽʜʨʽʟʢʠ ʩʫʮʽʣʴʥʠʭ ʧʨʷʤʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ  

(3.19), ʪʦʯʢʦʚʠʭ ï ʟʥʘʯʝʥʥʷʤ , ʚʽʜʨʽʟʢʠ ʧʨʷʤʠʭ ʟ ʢʨʫʛʣʠʭ ʤʘʨʢʝʨʽʚ ï 

ʟʥʘʯʝʥʥʷʤ . 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʧʣʠʚ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʥʝʟʥʘʯʥʠʤ, ʢʦʣʠ ʟʤʝʥʰʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʥʝ ʧʝʨʝʚʠʱʫʻ 5% 

ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʧʘʜʢʦʤ ʽʜʝʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ, ʪʦ ʜʦʧʫʩʪʠʤʘ (çʽʥʞʝʥʝʨʥʦ 

ʙʝʟʧʝʯʥʘè) ʜʦʚʞʠʥʘ ʜʝʬʝʢʪʫ (ʧʨʠ ) ʩʪʘʥʦʚʠʪʴ: 

ï  ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʥʝʦʛʫʢʽʚʩʴʢʠʭ ʪʘ ʥʝʩʪʠʩʣʠʚʠʭ ʛʘʨʤʦʥʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʚʽʜʧʦʚʽʜʥʦ; 

ï  ʪʘ  ʜʣʷ ʩʪʠʩʣʠʚʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ

 ʪʘ , ʚʽʜʧʦʚʽʜʥʦ, ʜʝ  ï ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ. 

5.8 ɺʧʣʠʚ ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʤʽʞ ʙʝʨʝʛʘʤʠ ʤʽʞʬʘʟʥʦʛʦ ʜʝʬʝʢʪʫ ʥʘ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʋ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʩʪʠʩʣʦ ʚʠʢʣʘʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʚʪʨʘʪʠ ʟʚôʷʟʢʫ ʤʽʞ 

ʙʝʨʝʛʘʤʠ ʜʝʬʝʢʪʫ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘ ʢʨʠʪʠʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ. 
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ɸʥʘʣʽʟ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥ ̔ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (4.38) ʫ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʜʘʯʽ ʥʘ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (5.26) ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ. 

ʅʘ ʛʨʘʬʽʢʘʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 5.19 ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ( ), ʪʘ ʥʘ ʨʠʩ. 5.20 ï ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ 

ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ, ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʜʣʷ ʜʚʦʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ:  ʪʘ 

. ʉʫʮʽʣʴʥʽ ʢʨʠʚʽ ʥʘ ʨʠʩʫʥʢʘʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ, ʘ ʰʪʨʠʭʦʚʽ ʢʨʠʚʽ ï ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. 

ʂʦʣʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʙʝʨʝʛʘʤʠ ʜʝʬʝʢʪʫ ʚʪʨʘʯʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʢʘʭ, ʪʦ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ  ʤʘʶʪʴ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦʙ ʚʽʜʧʦʚʽʜʥʽ ʪʦʯʢʠ 

ʥʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 5.19, 5.20 ʧʦʪʨʘʧʣʷʣʠ ʚ ʟʘʪʝʤʥʝʥʽ ʦʙʣʘʩʪʽ, ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʞ 

çʚʝʨʭʥʴʦʶè ʩʫʮʽʣʴʥʦʶ ʪʘ çʥʠʞʥʴʦʶè ʰʪʨʠʭʦʚʦʶ ʢʨʠʚʠʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʙʽʰʘʨʽʚ ʟ ʧʨʫʞʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ ʥʘʚʝʜʝʥʦ ʥʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 5.21, 5.22. 

ʂʨʠʚʽ  ʥʘ ʨʠʩ. 5.21 ʧʦʙʫʜʦʚʘʥʦ ʜʣʷ ʟʥʘʯʝʥʴ ; 3; 5. ʗʢ ʽ 

ʨʘʥʽʰʝ, ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʛʣʘʜʢʦʛʦ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ, ʰʪʨʠʭʦʚʽ ʢʨʠʚʽ ï ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. 

ɿʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʟʚôʷʟʢʫ ʤʽʞ ʙʝʨʝʛʘʤʠ ʜʝʬʝʢʪʫ ʥʘ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʽ ʟʙʣ̔ʴʰʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ  ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʜʘʥʠʤʠ 

ʨʠʩʫʥʢʘ 5.22. ʅʘ ʥʴʦʤʫ ʜʣʷ ; 3 ʪʘ 5 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ  ï 

ʚʽʜʥʦʰʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʜʦ ʢʨʠʪʠʯʥʦʾ  
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ʈʠʩ. 5.19 ï ɿʘʣʝʞʥʦʩʪʽ  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

( ) ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʽ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. 

 

ʈʠʩ. 5.20 ï ɿʘʣʝʞʥʦʩʪʽ  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ  

ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʽ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ.  
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ʈʠʩ. 5.21 ï ɿʘʣʝʞʥʦʩʪʽ  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ  

ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʽ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. 

 

ʈʠʩ. 5.22 ï ɿʘʣʝʞʥʦʩʪʽ  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʊʨʝʣʦʘʨʘ.  

1( )e b

( )d b



 

251 

 

ʜʝʬʦʨʤʘʮʽʾ ʫ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ï ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ . 

ʗʢ ʩʚʽʜʯʘʪʴ ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ, ʥʘʷʚʥʽʩʪʴ ʟʚ'ʷʟʢʫ ʤʽʞ ʙʝʨʝʛʘʤʠ 

ʤʽʞʬʘʟʥʦʛʦ ʜʝʬʝʢʪʫ ʚ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʤʫ ʥʘʧʽʚʦʙʤʝʞʝʥʦʤʫ ʪʽʣʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ  ʜʦʩʠʪʴ ʤʘʣʽ ʘʙʦ ʢʦʣʠ ʜʦʚʞʠʥʘ 

ʜʝʬʝʢʪʫ ʜʦʩʠʪʴ ʚʝʣʠʢʘ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ, ʢʦʣʠ ʜʦʚʞʠʥʘ ʤʽʞʬʘʟʥʦʛʦ ʜʝʬʝʢʪʫ 

ʜʦʨʽʚʥʶʻ ʧʦʜʚʦʻʥʽʡ ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ (), ʪʦ ʧʨʠ  ʢʨʠʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ ʚ ʟʘʜʘʯʽ ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʧʝʨʝʚʝʨʰʫʶʪʴ 

ʢʨʠʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ ʚ ʟʘʜʘʯʽ ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʚ 2.2 ʨʘʟʘ ʷʢ ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ, ʪʘʢ ʽ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. 

ʇʨʠ ʟʥʘʯʝʥʥʽ  ʫʢʘʟʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʻ ʤʝʥʰʠʤ ʪʘ ʩʪʘʥʦʚʠʪʴ 1.27 ʪʘ 1.48, 

ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʫ ʨʘʟʽ, ʢʦʣʠ ʜʦʚʞʠʥʘ ʜʝʬʝʢʪʫ ʜʦʩʪʘʪʥʴʦ ʤʘʣʘ (ʘʙʦ 

ʧʦʢʨʠʪʪʷ ʜʦʩʪʘʪʥʴʦ ʪʦʚʩʪʝ), ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ ʤʽʞ ʙʝʨʝʛʘʤʠ ʜʝʬʝʢʪʫ ʤʘʡʞʝ ʥʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

5.9 ɺʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʚʝʣʠʯʠʥʠ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʙʽʰʘʨʽʚ ʟ ʤʽʞʬʘʟʥʦʶ ʪʨʽʱʠʥʦʶ, ʜʣʷ ʙʽʰʘʨʽʚ ʟ 

ʤʽʞʬʘʟʥʦʶ ʟʦʥʦʶ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʫ ʨʘʟʽ, ʢʦʣʠ ʞʦʨʩʪʢʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʧʽʚ ʩʪʘʚʥʽ, ʚʠʙʽʨ ʾʭʥʴʦʾ ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʚʝʣʠʯʠʥʠ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, ʚʝʨʭʥʽʡ 

ʨʠʩ. 5.18). 

ʅʘ ʨʠʩ. 5.23 ï 5.26 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ  ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʢʦʤʙʽʥʘʮʽʡ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ.  
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ʈʠʩ. 5.23 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ  ʚʽʜ ʧʘʨʘʤʝʪʨʘ  

ʜʣʷ ʩʪʠʩʣʠʚʦʾ ʧʣʽʚʢʠ () ʥʘ ʥʝʩʪʠʩʣʠʚʽʡ ʧʽʜʢʣʘʜʮʽ 

 

ʈʠʩ. 5.24 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ  ʚʽʜ ʧʘʨʘʤʝʪʨʘ  ʧʨʠ  

ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ.  
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ʈʠʩ. 5.25 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ  ʚʽʜ ʧʘʨʘʤʝʪʨʘ  ʧʨʠ  

ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. 

 

ʈʠʩ. 5.26 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ  ʚʽʜ ʧʘʨʘʤʝʪʨʘ  ʧʨʠ  

ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ.  
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ʈʠʩ. 5.23 ʧʨʠʩʚʷʯʝʥʠʡ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʝʩʪʠʩʣʠʚʘ ʧʽʜʢʣʘʜʢʘ ʧʦʢʨʠʪʘ 

ʩʪʠʩʣʠʚʦʶ ʧʣʽʚʢʦʶ. ɺʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʩʪʘʥʦʚʠʪʴ . ʇʣʽʚʢʘ 

ʦʧʠʩʫʻʪʴʩʷ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ( ), ʘ ʧʽʜʢʣʘʜʢʘ ï 

ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ (ʢʨʠʚʘ ç1è), ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘ ï ʍʘʟʘʥʦʚʠʯʘ 

(ʢʨʠʚʘ ç2è) ʯʠ ʛʘʨʤʦʥʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ 

(ʢʨʠʚʘ ç3è). 

ʅʘ ʨʠʩ. 5.24 ï 5.26 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ ʻ ʥʝʩʪʠʩʣʠʚʠʤʠ ʽ ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʊʨʝʣʦʘʨʘ ʯʠ 

ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ. ʈʦʟʛʣʷʥʫʪʦ ʚʩʽ ʯʦʪʠʨʠ ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ 

ʢʦʤʙʽʥʘʮʽʡ ʮʠʭ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ. 

ʈʠʩʫʥʦʢ 5.24 ʧʨʠʩʚʷʯʝʥʠʡ ʚʠʧʘʜʢʫ , ʨʠʩ. 5.25 ï ʚʠʧʘʜʢʫ , 

ʨʠʩ. 5.26 ï ʚʠʧʘʜʢʫ . ʇʦʟʥʘʯʝʥʥʷ ʜʣʷ ʢʨʠʚʠʭ ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʜʘʥʽ ʚ ʪʘʙʣ. 

3.5. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʫ ʨʘʟʽ ʙʽʣʴʰ ʞʦʨʩʪʢʠʭ ʧʣʽʚʦʢ 

ʧʦʢʨʠʪʪʷ, ʟʘʣʝʞʥʽʩʪʴ  ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘʧʽʚʦʙʤʝʞʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʽʜʢʣʘʜʢʠ. ʋʢʘʟʘʥʠʡ ʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʫ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ 

(ʜʠʚ. ʧ. 4.8). 

ɺʦʜʥʦʯʘʩ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʚʽʜʥʦʩʥʦ 

ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ, ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ  ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ 

 ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʦʪʝʥʮʽʘʣʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 14%, ʧʨʠ ʮʴʦʤʫ ʟʘ  

ʮʝʡ ʚʧʣʠʚ ʤʝʥʰʝ 5%. ʆʩʪʘʥʥʻ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʤʘʣʠʭ 

ʜʝʬʦʨʤʘʮʽʷʭ ʧʨʫʞʥʽ ʧʦʪʝʥʮʽʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʙʦʪʽ, 

ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʜʣʷ ʣʽʥʽʡʥʦ ʧʨʫʞʥʠʭ ʽʟʦʪʨʦʧʥʠʭ 

ʪʽʣ. 
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ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʢʦʥʩʪʘʥʪʥʠʭ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

ʷʜʨʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (5.19) ʥʝ ʟʘʣʝʞʘʪʴ ʦʢʨʝʤʦ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ  ʽ , ʘʣʝ ʣʠʰʝ ʚʽʜ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ . 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 5.23 ï 5.26, ʥʘʚʽʪʴ ʜʣʷ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫ ʚʠʧʘʜʢʫ ʩʧʽʚʩʪʘʚʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ 

[150], ʬʽʟʠʯʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ, ʟʘʢʣʘʜʝʥʘ ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʤʘʻ 

ʧʦʤʽʪʥʠʡ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪ: ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʚʠʙʦʨʫ ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʫ ʚʠʧʘʜʢʫ ʚʝʣʠʢʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʥʘʚʽʪʴ ʜʣʷ ʪʦʥʢʠʭ ʧʦʢʨʠʪʪʽʚ, ʟʥʘʥʥʷ ʣʠʰʝ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪʽ 

ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. 

ɹʝʟ ʘʜʝʢʚʘʪʥʠʭ ʤʦʜʝʣʝʡ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚʪʨʘʯʘʻ 

ʥʘʜʽʡʥʽʩʪʴ ʥʘʚʽʪʴ ʥʘ ʽʥʞʝʥʝʨʥʦʤʫ ʨʽʚʥʽ. ʎʝʡ ʬʘʢʪ ʨʦʙʠʪʴ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʬʦʨʤʠ 

ʧʦʪʝʥʮʽʘʣʫ ʩʫʪʪʻʚʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʠʙʦʨʽ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʛʥʫʯʢʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

ʂʦʣʠ ʧʦʢʨʠʪʪʷ ʚʽʜʥʦʩʥʦ ʪʦʥʢʝ, ʚʠʙʽʨ ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ ʪʝʞ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʫ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ (ʈʦʟʜʽʣ 4) ʟʘ 

ʜʦʩʪʘʪʥʴʦ ʪʦʥʢʦʛʦ ʧʦʢʨʠʪʪʷ, ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʥʝʩʪʽʡʢʦʩʪʽ (ʱʦ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʤʝʭʘʥʽʟʤ ʚʠʧʫʯʫʚʘʥʥʷ) ʩʣʘʙʢʦ ʟʘʣʝʞʘʪʴ 

ʥʘʚʽʪʴ ʚʽʜ ʩʪʠʩʣʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʟʘ ʫʤʦʚʠ, ʱʦ ʾʭʥʷ ʞʦʨʩʪʢʽʩʪʴ ʜʦʩʪʘʪʥʴʦ 

ʙʣʠʟʴʢʘ [92, 240]. ʆʜʥʘʢ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʮʽ 

ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʥʘʯʥʦ ʥʠʞʯʽ, ʥʽʞ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʽʰʘʨʫ ʟ ʟʦʥʦʶ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʨʦʟʜʽʣʫ 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚ ʤʝʞʘʭ ʪʨʠʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʧʨʝʟʝʥʪʦʚʘʥʦ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ 
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ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ 

ʩʪʽʡʢʦʩʪʽ ʛʽʧʝʨʧʨʫʞʥʦʾ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʾ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ, 

ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ. 

ɻʨʘʥʠʯʥʫ ʟʘʜʘʯʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʫ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ 

ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ 

ʟʚʝʜʝʥʦ ʜʦ ̔ʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʜʦʧʦʚʥʝʥʦʛʦ 

ʜʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ, ʷʢʝ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʯʠʩʝʣʴʥʦ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ 

ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ (ʨʦʟʜʽʣ 4), ʨʦʟʛʣʷʥʫʪʦ ʚʩʽ ʯʦʪʠʨʠ ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ 

ʢʦʤʙʽʥʘʮʽʡ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʨʝʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, 

ʟʘʧʠʩʘʥʠʭ ʜʣʷ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʚôʷʟʘʥʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ 

ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʩʪʠʩʣʠʚʠʭ ʘʙʦ ʥʝʩʪʠʩʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʦʚʦʾ 

ʩʠʩʪʝʤʠ. 

ɼʣʷ ʦʜʝʨʞʘʥʦʛʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʡʦʛʦ ʷʜʨʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʦʙʣʘʩʪʽ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʤʘʶʪʴ ʩʪʨʦʛʝ ʬʽʟʠʯʥʝ ʧʦʷʩʥʝʥʥʷ. 

ʏʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʣʷ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʩʪʠʩʣʠʚʠʭ ʽ ʜʚʦʭ ʤʦʜʝʣʝʡ ʥʝʩʪʠʩʣʠʚʠʭ 

ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʘʣʽʜʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʛʨʘʥʠʯʥʠʤʠ ʚʠʧʘʜʢʘʤʠ ï ʟʘʜʘʯʘʤʠ ʜʣʷ ʪʽʣ ʟ ʜʝʬʝʢʪʦʤ çʥʫʣʴʦʚʦʾ 

ʜʦʚʞʠʥʠè (ʨʠʩ. 3.1.ʘ) ʪʘ çʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦʶè ʟʦʥʦʶ ʧʨʦʢʦʚʟʫʚʘʥʥʷ (ʨʠʩ. 

3.1.ʙ). 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʦʚʞʠʥʘ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʤʘʣʘ ʚʠʚʯʝʥʦ 

ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʪʘʢʦʾ ʤʽʞʬʘʟʥʦʾ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʅʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʘʜʘʯʘʭ ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʪʘ ʟʦʥʠ ʛʣʘʜʢʦʛʦ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʚʪʨʘʪʠ ʟʚôʷʟʢʫ ʤʽʞ ʙʝʨʝʛʘʤʠ ʜʝʬʝʢʪʫ ʤʝʞʽ 

ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʥʘ ʟʤʝʥʰʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʅʘʦʩʪʘʥʦʢ ʜʦʩʣʽʜʞʝʥʦ ʧʠʪʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʚʠʙʦʨʫ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʧʣʽʚʢʠ ʪʘ 

ʧʽʜʢʣʘʜʢʠ. 

 

ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ: 

1. ʗʢʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʝʡ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʙʽʰʘʨʦʚʦʾ 

ʩʠʩʪʝʤʠ ʚ ʟʘʜʘʯʽ ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʚ ʮʽʣʦʤʫ ʻ ʘʥʘʣʦʛʽʯʥʠʤ 

ʚʠʧʘʜʢʫ ʟʘʜʘʯʽ ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. ʅʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ 

ʨʦʟʜʽʣʽ 4, ʟʘʣʠʰʘʶʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʠʩʢʫ ʙʽʰʘʨʫ ʚʟʜʦʚʞ 

ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ: ʧʧ. 1, 2, 3, 5a, 5b, 5d, 7a, 7b, 8. 

2. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ (ʟʤʝʥʰʝʥʥʽ ʪʦʚʱʠʥʠ 

ʧʦʢʨʠʪʪʷ) ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʷʤʫʶʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʥʘʯʝʥʴ ʚ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʤʝʞʽ ʧʦʜʽʣʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ 

ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ ʪʝʨʪʷ (ʨʠʩ. 3.1.ʙ). 

3. ʗʢʱʦ ʞʦʨʩʪʢʽʰʠʤ ʟ ʜʚʦʭ ʤʘʪʝʨʽʘʣʽʚ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʻ ʤʘʪʝʨʽʘʣ 

ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ, ʪʦ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚ ʨʦʙʦʪʽ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘʷʚʥʽʩʪʴ 

ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʤʝʞʽ ʧʦʜʽʣʫ ʫ ʚʠʛʣʷʜʽ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʤʦʞʥʘ 

ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʠʩʢʫ 

ʧʨʠ ʟʥʘʯʝʥʥʷʭ . 

4. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʜʣʷ ʦʙʦʭ ʩʢʣʘʜʦʚʠʭ 

ʙʽʰʘʨʫ ʫ ʚʠʧʘʜʢʫ ʾʭ ʦʜʥʘʢʦʚʦʾ ʩʪʠʩʣʠʚʦʩʪʽ ʟʤʽʥʘ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 
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ʇʫʘʩʩʦʥʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʨʘʟʽ, 

ʢʦʣʠ ʜʦʚʞʠʥʘ ʥʘʷʚʥʦʛʦ ʜʝʬʝʢʪʫ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ (ʧʣʽʚʢʘ ʧʦʢʨʠʪʪʷ ʜʦʩʪʘʪʥʴʦ 

ʪʦʥʢʘ). 

5. ʗʢʱʦ ʜʦʚʞʠʥʘ ʤʽʞʬʘʟʥʦʾ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʤʘʣʘ ʘʙʦ 

ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ 

ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʝ, ʪʦ ʚʪʨʘʪʘ ʟʚôʷʟʢʫ ʤʽʞ ʙʝʨʝʛʘʤʠ ʜʝʬʝʢʪʫ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

6. ɺʠʙʽʨ ʢʦʥʩʪʠʪʫʪʠʚʥʦʾ ʤʦʜʝʣʽ ʙʣʠʟʴʢʠʭ ʟʘ ʞʦʨʩʪʢʽʩʪʶ ʢʦʤʧʦʥʝʥʪʽʚ 

ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʜʦʩʪʘʪʥʴʦ ʢʦʨʦʪʢʠʭ, ʘ ʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʟʘʜʘʯʽ ʧʨʦ ʤʽʞʬʘʟʥʫ ʪʨʽʱʠʥʫ, ʫ ʚʠʧʘʜʢʫ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʭ ʜʝʬʝʢʪʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʻ ʜʝʱʦ ʙʽʣʴʰʠʤ ʫ ʚʠʧʘʜʢʫ ʟʦʥʠ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. 

 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʛʨʘʥʠʯʥʠʡ ʚʠʧʘʜʦʢ ʜʝʬʝʢʪʫ ʟʽ ʟʚôʷʟʘʥʠʤʠ 

ʙʝʨʝʛʘʤʠ ï ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʞ ʘʥʘʣʦʛʽʯʥʦʾ ʟʘʜʘʯʽ ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʽʞ ʙʝʨʝʛʘʤʠ ʜʝʬʝʢʪʫ ʥʘʷʚʥʝ ʪʝʨʪʷ, ʙʝʟʩʫʤʥʽʚʥʦ, ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʫʪʪʻʚʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ. ʌʦʨʤʫʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʛʦ ʯʠ 

ʽʥʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʪʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʨʫʜʥʦʱʽʚ, ʷʢʽ 

ʩʪʘʥʦʚʣʷʪʴ ʧʨʝʜʤʝʪ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ 

ʪʝʨʪʷ ʤʽʞ ʙʝʨʝʛʘʤʠ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʤʘʻ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʦʪʞʝ ʚʠʩʥʦʚʢʠ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʜʘʯʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ ʙʝʟ ʤʽʞʬʘʟʥʦʛʦ ʜʝʬʝʢʪʫ (ʥʘʧʨʠʢʣʘʜ, 

ʧ. 3 ʚʠʩʥʦʚʢʽʚ) ʟʘʣʠʰʘʶʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʝʨʪʷ. 
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ʂʨʽʤ ʪʦʛʦ, ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʚʯʝʥʥʷ ʬʦʨʤ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʩʪʠʩʢʫ ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʥʘ 

ʤʝʞʽ ʧʦʜʽʣʫ. ʌʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʚ ʤʝʞʘʭ 

ʧʦʪʦʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ. ɸʚʪʦʨ 

ʧʨʠʧʫʩʢʘʻ, ʱʦ ʫ ʨʘʟʽ ʜʦʩʪʘʪʥʴʦ ʢʦʨʦʪʢʠʭ ʜʝʬʝʢʪʽʚ ʤʝʭʘʥʽʟʤ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʻ 

ʘʥʘʣʦʛʽʯʥʠʤ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʽ ʧʦʣʷʛʘʻ ʫ ʟʤʦʨʱʫʚʘʥʥʽ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ʂʦʣʠ ʞ ʟʦʥʘ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʘ, ʤʝʭʘʥʽʟʤ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ, ʡʤʦʚʽʨʥʦ, ʤʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

çʢʦʥʢʫʨʝʥʮʽʻʶè ʤʽʞ ʣʦʢʘʣʴʥʦʶ ʥʝʩʪʽʡʢʽʩʪʶ ʯʘʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ ʚ ʦʙʣʘʩʪʽ 

ʜʝʬʝʢʪʫ ʪʘ ʟʤʦʨʱʫʚʘʥʥʷʤ ʧʣʽʚʢʠ ʚ ʦʙʣʘʩʪʽ ʥʘʜ ʟʦʥʦʶ ʧʨʦʢʦʚʟʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 6 ʉʊʀʉʂ ʅɸʇɯɺʆɹʄɽɾɽʅʀʍ ɹɯʐɸʈʆɺʀʍ 

ʉʀʉʊɽʄ ɿ ʂʆʄʇʆʅɽʅʊɸʄʀ, ʑʆ ʇʈʆʂʆɺɿʋʖʊʔ, 

ɺɿɼʆɺɾ ʄɯɾʌɸɿʅʆɰ ʊʈɯʑʀʅʀ 

ʎʝʡ ʨʦʟʜʽʣ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʛʽʧʝʨʧʨʫʞʥʠʭ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ 

ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ ʪʝʨʪʷ, ʧʨʠ ʾʭ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʥʝʥʘʚʘʥʪʘʞʝʥʦʾ 

ʪʨʽʱʠʥʠ. 

ʉʪʠʩʢ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʟ ʧʨʦʢʦʚʟʫʶʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫ ʨʘʟʽ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʬʝʢʪʽʚ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʟʜʽʣʽ 3 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ʅʘ ʝʪʘʧʽ ʚʠʨʦʙʥʠʮʪʚʘ ʘʙʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʚ ʙʽʦʤʝʜʠʮʠʥʽ ʯʠ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮ,̔ ʥʘ ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ ʤʝʞʽ ʧʦʜʽʣʫ 

ʩʝʨʝʜʦʚʠʱ ʤʦʞʣʠʚʦʶ ʻ ʚʪʨʘʪʘ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʫʩʢʦʚʦ-

ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʪʘ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥʠ, ʙʝʨʝʛʠ ʷʢʦʾ ʥʝ ʢʦʥʪʘʢʪʫʶʪʴ. 

ɺʽʜʧʦʚʽʜʥʽ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʽʚ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ 

ʪʝʨʪʷ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʨʘʥʽʰʝ ʥʝ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ. 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʪʘʢʠʭ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʽʟ 

ʛʽʧʝʨʧʨʫʞʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʩʪʨʦʛʦʾ 

ʧʦʩʪʘʥʦʚʢʠ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʊʃʊʉɼʊ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʛʘʣʴʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ (2.55), 

ʛʨʘʥʠʯʥʘ ʟʘʜʘʯʘ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ 

ʬʫʥʢʮʽʡ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʌʨʝʜʛʦʣʴʤʘ 

ʧʝʨʰʦʛʦ ʨʦʜʫ. ʆʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʯʠʩʝʣʴʥʦ ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʙʣʘʩʪʽ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʡʦʛʦ ʷʜʨʘ. 
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ʆʩʢʽʣʴʢʠ ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʜʝʪʘʣʴʥʦ ʚʠʢʣʘʜʝʥʘ ʪʘ ʘʧʨʦʙʦʚʘʥʘ ʫ 

ʨʦʟʜʽʣʘʭ 3ï5, ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʣʠʰʝ ʦʜʠʥ ʽʟ ʯʦʪʠʨʴʦʭ ʤʦʞʣʠʚʠʭ 

ʚʠʧʘʜʢʽʚ, ï ʚʠʧʘʜʦʢ, ʢʦʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʟʘʧʠʩʘʥʽ ʜʣʷ ʧʨʫʞʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ ʤʘʶʪʴ ʨʽʚʥʽ ʢʦʨʝʥʽ ï ʷʢʠʡ ʻ ʥʘʡʙʽʣʴʰ ʧʦʢʘʟʦʚʠʤ 

ʜʣʷ ʘʥʘʣʽʟʫ. ɯʥʰʽ ʚʠʧʘʜʢʠ ʥʝ ʧʦʜʘʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʷʢʽʩʥʘ ʢʘʨʪʠʥʘ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʧʦʧʝʨʝʜʥʽʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʘ ʢʽʣʴʢʽʩʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ 

ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ. 

ʂʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʥʠʟʢʠ ʢʦʥʢʨʝʪʥʠʭ 

ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʽ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ. ʇʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ 

ʟʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʽʚ 

ʙʽʰʘʨʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ 

ʘʥʘʣʦʛʽʯʥʦʾ ʟʘʜʘʯʽ ʧʨʦ ʩʪʠʩʢ ʪʦʛʦ ʞ ʙʽʰʘʨʫ ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʤʽʞʬʘʟʥʠʭ 

ʜʝʬʝʢʪʽʚ (ʨʠʩ. 3.1.ʙ), ʷʢʘ ʻ ʛʨʘʥʠʯʥʠʤ ʚʠʧʘʜʢʦʤ ʟʘʜʘʯʽ ʜʣʷ ʪʨʽʱʠʥʠ çʥʫʣʴʦʚʦʾ 

ʜʦʚʞʠʥʠè. 

ɺ ʢʦʥʪʝʢʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʦʟʜʽʣʫ 4, 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʧʦʩʣʘʙʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʰʘʨʫ ʚ ʦʙʣʘʩʪʽ 

ʧʦʟʘ ʪʨʽʱʠʥʦʶ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʅʘ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʜʽʣʫ ʨʝʟʫʣʴʪʘʪʠ ʢʨʠʪʠʯʥʦ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ 

ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʬʦʨʤʫʣʶʶʪʴʩʷ ʚʠʩʥʦʚʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʟʜʽʣʽ, ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ ʘʚʪʦʨʘ 

[37, 78, 160]. 

6.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɻʨʘʥʠʯʥʘ ʟʘʜʘʯʘ ʜʣʷ ʛʘʨʤʦʥʽʯʥʠʭ 

ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ɺ ʫʤʦʚʘʭ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʨʘʤʢʘʭ ʩʪʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ʪʨʠʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ ʨʦʟʛʣʷʥʝʤʦ ʥʘʧʽʚʦʙʤʝʞʝʥʝ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʝ ʽʟʦʪʨʦʧʥʝ ʪʽʣʦ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ:  
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ʈʠʩ. 6.1 ï ɹ̔ ʰʘʨʦʚʘ ʩʠʩʪʝʤʘ ʟ ʧʨʦʢʦʚʟʫʶʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ 

ʪʨʽʱʠʥʠ. 

ʥʘʧʽʚʦʙʤʝʞʝʥʦʾ ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʽʜʢʣʘʜʢʠ ç1è ( ) ʽ ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʣʽʚʢʠ 

ʧʦʢʨʠʪʪʷ ç2è (). ɻʨʘʥʠʯʥʘ ʧʦʚʝʨʭʥʷ ʪʽʣʘ  ʻ ʥʝʥʘʚʘʥʪʘʞʝʥʦ .ʁ 

ʇʨʷʤʦʣʽʥʽʡʥʘ ʤʝʞʘ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ  ʤʽʩʪʠʪʴ ʚʽʜʢʨʠʪʫ 

ʤʽʞʬʘʟʥʫ ʥʝʥʘʚʘʥʪʘʞʝʥʫ ʪʨʽʱʠʥʫ (ʚʽʜʰʘʨʫʚʘʥʥʷ) ʜʦʚʞʠʥʠ  (ʨʠʩ. 6.1); ʧʦʟʘ 

ʪʨʽʱʠʥʦʶ ʢʦʤʧʦʥʝʥʪʠ ʪʽʣʘ ʧʨʦʢʦʚʟʫʶʪʴ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʙʝʟ ʪʝʨʪʷ. 

ʅʝʭʘʡ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʙʽʰʘʨʦʚʘ ʩʠʩʪʝʤʘ ʩʪʠʩʢʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦ ʜʦʢʨʠʪʠʯʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ, ʚ ʪʽʣʽ ʻ 

ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʤ, ʦʜʥʦʨʽʜʥʠʤ ʽ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʘʤʠ (3.1) ï (3.4). 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʟʘʧʠʰʫʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

  ; 

  ; 

  ; (6.1) 

  . 

ʉʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʚʽʜʥʦʩʥʽ ʫʢʦʨʦʯʝʥʥʷ (3.4), ʟʘ 

ʷʢʠʭ ʩʠʩʪʝʤʘ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʰʫʢʘʻʪʴʩʷ 

2 0x ¢

20 x h¢ ¢ 2x h=

2 0x =

2ʘ

(2) (2)

22 210,  0t t= = 2 1( = , 0 )x h x¢ <¤

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

22 22 21 21,  0,  0t t t t= = = 2 1( 0,  0 )x x= ¢ <¤

(2)

22 0t = 2 1( 0,  )x x a= ¢

(1) (2)

2 2u u= 2 1( =0, )x x a>
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ʪʘʢʝ ʧʝʨʰʝ ʟʥʘʯʝʥʥʷ  (ʧʨʠ ʡʦʛʦ ʟʤʝʥʰʝʥʥʽ ʧʦʯʠʥʘʶʯʠ ʟʽ ʟʥʘʯʝʥʥʷ , 

ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʫ), ʧʨʠ ʷʢʦʤʫ ʟʘ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʠʩʢʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʦʜʥʦʨʽʜʥʘ ʟʘʜʘʯʘ ʤʘʻ 

ʥʝʪʨʠʚʽʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ. ʆʩʪʘʥʥʻ ʩʚʽʜʯʠʣʦ ʙ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʩʫʤʽʞʥʦʛʦ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ (ʨʠʩ. 6.1) ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ. 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ ʪʠʤ, ʷʢ ʮʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚ ʨʦʟʜʽʣʘʭ 4 (ʧ. 4.2) ʪʘ 5 (ʧ. 

5.2), ʟʚʝʜʝʤʦ ʟʘʜʘʯʫ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (6.1) ʜʦ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ ï ʩʢʣʘʜʦʚʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʴ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ (2.41), 

(2.42). 

ʋ ʨʦʟʜʽʣʽ 6 ʧʨʦʽʣʶʩʪʨʫʻʤʦ ʭʽʜ ʨʦʟʚôʷʟʘʥʥʷ ʫ ʚʠʧʘʜʢʫ (ʽ) (ʜʠʚ. ʧ. 3.2), 

ʪʦʙʪʦ ʢʦʣʠ ʜʣʷ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʧʘʜʦʢ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ: . ɺʠʧʘʜʢʠ (ʽʽ) ï (ʽv) ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʦ. 

 ʇʽʜʩʪʘʚʣʷʶʯʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.7) ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʴ 

ʨʽʚʥʦʚʘʛʠ ʚ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (6.1), ʦʜʝʨʞʫʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟʘʜʘʯʽ, ʧʦʜʘʥʽ ʚ 

ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ 

 , 

 ,  ; 

 , 

 ,   (6.2) 
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  ; 

  . 

6.2 ɯʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟʘʜʘʯʽ 

ʇʨʝʜʩʪʘʚʠʤʦ ʥʝʚʽʜʦʤʽ ʧʦʪʝʥʮʽʘʣʴʥʽ ʛʘʨʤʦʥʽʯʥʽ ʬʫʥʢʮʽʾ 

 ʫ ʚʠʛʣʷʜʽ ʢʦʩʠʥʫʩ-ʨʦʟʢʣʘʜʽʚ ʌʫʨôʻ ʟ ʧʘʨʘʤʝʪʨʦʤ  ʟʘ 

ʢʦʦʨʜʠʥʘʪʦʶ , ʟʙʝʨʽʛʰʠ ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʴ (3.15). 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʜʘʤʦ ʚʠʟʥʘʯʥʠʢ (3.23) ʤʘʪʨʠʮʽ  ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.21) ʫ ʚʠʛʣʷʜʽ 

 , 

 ,  (6.3) 

 , . 

ɿʘʜʦʚʦʣʴʥʷʶʯʠ ʩʧʦʯʘʪʢʫ ʥʘʩʢʨʽʟʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ï ʧʝʨʰʽ ʧôʷʪʴ ʫʤʦʚ 

(6.2), ʧʨʠʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ 

, , , , , : 

 ; 

 ; 

 ; (6.4) 

 ; 

 , 

ʟ ʷʢʦʾ ʚʠʟʥʘʯʘʻʤʦ ʨʝʰʪʫ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ʯʝʨʝʟ : 
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 , 

 , 

 , (6.5) 

 , 

   

ɼʚʽ ʦʩʪʘʥʥʽ ʫʤʦʚʠ (6.4), ʚʨʘʭʦʚʫʶʯʠ (6.5), ʧʨʠʚʦʜʷʪʴ ʜʦ ʧʘʨʥʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

  , 

  ,  (6.6) 

 . 

ɼʘʣʽ ʟʚʝʜʝʤʦ (6.6) ʜʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ 

ʨʦʜʫ. 

ʇʦʢʣʘʜʝʤʦ ʚ (6.6) 

 , (6.7) 

ʜʝ  ð ʥʝʧʝʨʝʨʚʥʦ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʥʝʚʽʜʦʤʘ ʬʫʥʢʮʽʷ ʨʘʟʦʤ ʟʽ ʩʚʦʻʶ 

ʧʦʭʽʜʥʦʶ ʥʘ ʽʥʪʝʨʚʘʣʽ . 
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ʇʨʝʜʩʪʘʚʣʝʥʥʷ (6.7) ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʜʦʚʦʣʴʥʠʪʠ ʜʨʫʛʝ 

ʨʽʚʥʷʥʥʷ ʚ (6.6), ʪʦʜʽ ʷʢ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ 

 , 

 ,  (6.8) 

   

ʜʣʷ ʙʝʟʨʦʟʤʽʨʥʠʭ ʟʤʽʥʥʠʭ ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʦʾ ʙʝʟʨʦʟʤʽʨʥʦʾ 

ʬʫʥʢʮʽʾ . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʽʜʥʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ (6.8) ʧʨʦ ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʘ  (ʘʙʦ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

1e). ʇʘʨʘʤʝʪʨ 
 
ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʽ ʥʝʣʽʥʽʡʥʦ ʚʭʦʜʠʪʴ ʜʦ ʷʜʨʘ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (6.8). 

ɯʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (6.8) ʦʪʨʠʤʘʥʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ 

ʢʦʤʙʽʥʘʮʽʡ ʜʚʦʭ ʨʽʟʥʠʭ ʩʪʠʩʣʠʚʠʭ ʘʙʦ ʥʝʩʪʠʩʣʠʚʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʦʥʠ ʦʧʠʩʫʶʪʴʩʷ ʧʨʫʞʥʠʤʠ ʧʦʪʝʥʮʽʘʣʘʤʠ, ʜʣʷ ʷʢʠʭ ʤʘʶʪʴ 

ʤʽʩʮʝ ʚʠʧʘʜʢʠ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ. 

ʅʝʧʝʨʝʨʚʥʽʩʪʴ ʷʜʨʘ  ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʦʨʫʰʫʻʪʴʩʷ, ʢʦʣʠ 

ʜʣʷ ʜʝʷʢʦʛʦ ʟʥʘʯʝʥʥʷ  ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ (ʧʦʨʽʚʥʷʪʠ ʟ (3.23), 

(6.3)): 

 . (6.9) 

ɺʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ 3 ʩʪʦʩʦʚʥʦ ʙʽʰʘʨʽʚ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʱʦ ʧʨʦʢʦʚʟʫʶʪʴ, ʜʦʭʦʜʠʤʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʷʜʨʦ  ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

(6.8) ʻ ʥʝʧʝʨʝʨʚʥʠʤ ʜʣʷ ʚʩʽʭ , ʘ ʚʽʜʧʦʚʽʜʥʠʡ ʥʝʚʣʘʩʥʠʡ ʽʥʪʝʛʨʘʣ ʟʙʽʞʥʠʡ 
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ʜʣʷ ʚʩʽʭ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ  ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʽʣʘ ʟʘ 

ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʫʤʦʚʠ: 

 . (6.10) 

ʃʝʛʢʦ ʜʘʪʠ ʩʪʨʦʛʝ ʬʽʟʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʦʙʤʝʞʝʥʥʷ (6.10). 

ɼʽʡʩʥʦ, ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʫʢʦʨʦʯʝʥʥʷ ) ʚ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ, ʦʩʣʘʙʣʝʥʦʛʦ 

ʪʨʽʱʠʥʦʶ (ʨʠʩ. 6.1), ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʫ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ ʙʝʟ ʪʨʽʱʠʥʠ (ʨʠʩ. 3.1.ʙ). 

ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʜʘʯʫ, ʷʢʘ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ, 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʛʨʘʥʠʯʥʠʡ ʚʠʧʘʜʦʢ ʟʘʜʘʯʽ ʥʘ ʨʠʩ. 3.1.ʙ, ʜʣʷ ʪʨʽʱʠʥʠ 

çʥʫʣʴʦʚʦʾ ʜʦʚʞʠʥʠè. 

6.3 ʏʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ. ɸʥʘʣʽʟ 

ʧʨʘʢʪʠʯʥʦʾ ʟʙʽʞʥʦʩʪʽ. 

ʏʠʩʣʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (6.8) ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ɹʫʙʥʦʚʘ ï ɻʘʣʴʦʨʢʽʥʘ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʪʠʤ, ʷʢ ʮʝ ʟʨʦʙʣʝʥʦ ʚ 

ʧʧ. 4.5, 5.5. 

ʅʝʚʽʜʦʤʘ ʬʫʥʢʮʽʷ  ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ 

ʧʝʨʰʠʭ N ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʩʪʝʧʝʥʝʚʠʭ ʬʫʥʢʮʽʡ 

ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʦʶ ʚ ʽʥʪʝʨʚʘʣʽ [ 0,1 ] 

. 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʦʩʪʘʥʥʽʡ ʚʠʨʘʟ ʫ (6.8) ʪʘ ʧʨʠʧʫʩʢʘʶʯʠ ʫʤʦʚʠ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʣʽʚʠʭ ʯʘʩʪʠʥ ʨʽʚʥʷʥʴ ʜʦ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ, ʦʪʨʠʤʫʻʤʦ 
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ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʦʜʥʦʨʽʜʥʠʭ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʦʟʤʽʨʥʦʩʪʽ  ʚʽʜʥʦʩʥʦ 

ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ : 

 ,  (6.11) 

 . (6.12) 

ɿʤʽʥʶʶʯʠ ʧʦʨʷʜʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ ʫ (6.12), ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ : 

 . (6.13) 

ʍʘʨʘʢʪʝʨ ʟʙʽʞʥʦʩʪʽ ʤʝʪʦʜʫ ʯʠʩʣʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʽʣʴʢʦʩʪʽ N ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ, ʽʣʶʩʪʨʫʻʪʴʩʷ 

ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 6.1.  

ʋ ʪʘʙʣʠʮʽ 6.1 ʥʘʚʝʜʝʥʦ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 1e, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (6.12) ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʦʾ 

(ʥʦʨʤʦʚʘʥʦʾ ʥʘ ʧʦʣʦʚʠʥʫ ʜʦʚʞʠʥʠ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ) ʰʠʨʠʥʠ ʧʣʽʚʢʠ 

 ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ . ɼʘʥʽ ʥʘʚʝʜʝʥʦ ʜʣʷ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (). 

 

 

2 3 4 5 6 7 
 0.009 0.01 0.011 0.009 0.007 0.007 

 0.058 0.076 0.082 0.081 0.082 0.082 

 0.133 0.148 0.153 0.155 0.154 0.154 

 0.177 0.186 0.189 0.190 0.190 0.190 

 0.199 0.204 0.205 0.206 0.206 0.206 

ʊʘʙʣʠʮʷ 6.1 ï ʇʨʘʢʪʠʯʥʘ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ  ʜʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ( , ). 
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6.4 ɸʥʘʣʽʟ ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʋ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ 

ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (6.11) ʚʽʜʥʦʩʥʦ ʢʨʠʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ  ï ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʫʢʦʨʦʯʝʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʪʦʥʢʦʾ 

ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ, ʷʢʘ ʧʨʦʢʦʚʟʫʻ ʙʝʟ ʪʝʨʪʷ ʚʽʜʥʦʩʥʦ ʙʽʣʴʰ ʪʦʚʩʪʦʾ ʧʽʜʢʣʘʜʢʠ 

ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. 

ɼʣʷ ʧʨʫʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ  ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʜʣʷ ʩʪʠʩʣʠʚʠʭ ʪʽʣ, ʘ 

ʪʘʢʦʞ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʪʽʣ ʘʥʘʣʽʟʫʶʪʴʩʷ 

ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʙʽʰʘʨʫ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʛʨʘʬʽʢʘʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 6.2, 6.3 ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʦʙʠʜʚʘ ʤʘʪʝʨʽʘʣʠ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʪʠʧʫ (2.70) ( ) ʪʘ ʥʘ ʨʠʩ. 6.4, .6.5 ï ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘï

ʍʘʟʘʥʦʚʠʯʘ (2.72). 

ʅʘ ʨʠʩ. 6.2, 6.4 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ  ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ  ʧʨʠ ʜʝʷʢʠʭ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ . 

ʅʘ ʨʠʩ. 6.3, 6.5 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ  ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ . 

ɸʥʘʣʦʛʽʯʥʦ ʚʠʧʘʜʢʫ ʪʨʽʱʠʥʠ (ʨʦʟʜʽʣ 4) ʪʘ ʟʦʥʠ ʛʣʘʜʢʦʛʦ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ (ʨʦʟʜʽʣ 5) ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʜʚʦʭ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʭ ʩʝʨʝʜʦʚʠʱ, 

ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ  ʟʙʽʣʴʰʫʶʪʴʩʷ ʷʢ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ, ʪʘʢ ʽ ʟʽ ʟʤʝʥʰʝʥʥʷʤ   
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ʈʠʩ. 6.2 ï ɿʘʣʝʞʥʦʩʪʽ  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

( ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ . 

 

ʈʠʩ. 6.3 ï ɿʘʣʝʞʥʦʩʪʽ  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

( ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ .  
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1 2 0.3n n= = g
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ʈʠʩ. 6.4 ï ɿʘʣʝʞʥʦʩʪʽ  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ  

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ . 

 

ʈʠʩ. 6.5 ï ɿʘʣʝʞʥʦʩʪʽ  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ  

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ .  

1( )e b
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ʜʦʚʞʠʥʠ ʤʽʞʬʘʟʥʦʛʦ ʜʝʬʝʢʪʫ (ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ). ʇʨʠ ʮʴʦʤʫ ʚ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʘʚʝʜʣʠʚʦʶ ʻ ʘʩʠʤʧʪʦʪʠʢʘ 

  ʧʨʠ , (6.14) 

ʜʝ  ï ʢʨʠʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʟʤʦʨʱʫʚʘʥʥʷ ʧʣʽʚʢʠ ʥʘ ʥʘʧʽʚʦʙʤʝʞʝʥʽʡ 

ʧʽʜʢʣʘʜʮʽ ʫ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ (ʜʠʚ. ʈʦʟʜʽʣ 3). 

ɸʩʠʤʧʪʦʪʠʢʘ (6.14) ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʟʛʦʜʞʝʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ, ʱʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʟ ʨʦʟʚôʷʟʢʦʤ ʚʽʜʧʦʚʽʜʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ ʙʝʟ ʤʽʞʬʘʟʥʦʛʦ 

ʜʝʬʝʢʪʫ (ʨʠʩ. 3.1.ʙ). 

ʅʘ ʛʨʘʬʽʢʫ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 6.6 ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ 

ʙʽʰʘʨʫ ʦʧʠʩʫʶʪʴʩʷ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ (, 

), ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢʽ ʢʨʠʚʽ. 

ʉʫʮʽʣʴʥʘ ʢʨʠʚʘ ç1è ʥʘ ʨʠʩ. 6.6 ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ 

ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʨʠʩ. 4.2), ʢʨʠʚʘ ç2è ï ʚʠʧʘʜʢʫ 

ʟʦʥʠ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ (ʨʠʩ. 5.1), ʢʨʠʚʘ ç3è ï ʚʠʧʘʜʢʫ ʪʨʽʱʠʥʠ ʥʘ ʤʝʞʽ 

ʧʦʜʽʣʫ ʧʨʦʢʦʚʟʫʶʯʠʭ ʩʝʨʝʜʦʚʠʱ (ʨʠʩ. .6.1). 

ʐʪʨʠʭʦʚʘ ʪʘ ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ ʧʨʷʤʽ ʥʘ ʮʴʦʤʫ ʞ ʨʠʩʫʥʢʫ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʥʘʯʝʥʥʷʤ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʪʘ 

ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ, ʚʽʜʧʦʚʽʜʥʦ. 

ʈʠʩʫʥʦʢ 6.6. ʜʝʤʦʥʩʪʨʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʩʦʙʦʶ ʨʦʟʚôʷʟʢʽʚ ʚʩʽʭ ʟʘʜʘʯ, 

ʱʦ ʜʦʩʣʽʜʞʝʥʽ ʚ ʨʦʟʜʽʣʘʭ 3 ï 6. ɺʽʜʧʦʚʽʜʥʽ ʯʠʩʣʦʚʽ ʜʘʥʽ ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 6.2. 

ʅʘʦʩʪʘʥʦʢ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʨʘʟʽ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪʠ ʙʽʰʘʨʫ ʨʠʩ. 6.1 

ʦʧʠʩʫʶʪʴʩʷ ʧʨʫʞʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʟ ʨʽʚʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʇʫʘʩʩʦʥʘ, ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ  ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʠʩʣʠʚʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʽʣʘ, ʱʦ ʮʽʣʢʦʤ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧ. 3.6 (ʜʠʚ. ʪʘʙʣ. 

3.4). 
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ʈʠʩ. 6.6 ï ɿʘʣʝʞʥʦʩʪʽ  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

( ) ʧʨʠ  ʜʣʷ ʨʽʟʥʠʭ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ ʙʽʰʘʨʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʠʭ ʜʝʬʝʢʪʽʚ. 

 

 

ʢʨʠʚʘ 
 

0.2 0.3 0.4 0.5 0.75 1 1.25 1.5 2 

ç1è (ʨʠʩ. 4.2) 0.0235 0.0446 0.0672 0.0895 0.1385 0.1762 0.2042 0.2247 0.2505 

ç2è (ʨʠʩ. 5.1) 0.1933 0.1957 0.2064 0.2215 0.2578 0.2771 0.2812 0.2817 0.2818 

ç3è (ʨʠʩ. 6.1) 0.0214 0.0396 0.0582 0.0760 0.1126 0.1379 0.1544 0.1647 0.1751 

ʊʘʙʣʠʮʷ 6.2 ï ʏʠʩʣʦʚʽ ʜʘʥʽ ʜʝʷʢʠʭ ʪʦʯʦʢ ʛʨʘʬʽʢʫ ʥʘ ʨʠʩ. 6.6 
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6.5 ɸʥʘʣʽʟ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ çʜʦʚʛʠʭè 

ʪʨʽʱʠʥ 

ʈʦʟʛʣʷʜʘʶʯʠ ʩʪʠʩʢ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʽʟ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʟʜʦʚʞ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʭ ʤʽʞʬʘʟʥʠʭ ʪʨʽʱʠʥ (ʜʠʚ. ʧ. 4.7.2) 

ʙʫʣʦ, ʟʦʢʨʝʤʘ, ʩʧʦʩʪʝʨʝʞʝʥʦ ʥʘʩʪʫʧʥʝ. ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ (ʷʢʘ ʚ ʮʴʦʤʫ ʨʘʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʚʠʧʫʯʫʚʘʥʥʷ 

(ʨʠʩ. 4.1)), ʦʜʝʨʞʘʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʙʣʠʞʝʥʦʾ ʬʦʨʤʫʣʠ (4.56), 

ʧʝʨʝʚʠʱʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʟʥʘʯʝʥʥʷ, ʦʜʝʨʞʘʥʽ ʚ ʨʘʤʢʘʭ ʩʪʨʦʛʦʾ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʽ ʊʃʊʉɼʊ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 15% ʜʣʷ  ʪʘ . ɺ ʮʴʦʤʫ ʞ ʚʠʧʘʜʢʫ 

ʫʢʘʟʘʥʽ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ  ʩʣʘʙʢʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʙʽʰʘʨʫ (ʜʠʚ. ʨʠʩ. 4.32, 4.33). 

ʄʝʪʦʶ ʮʴʦʛʦ ʧʘʨʘʛʨʘʬʫ ʻ ʟôʷʩʫʚʘʥʥʷ, ʯʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʧʠʩʘʥʠʡ 

ʝʬʝʢʪ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʚôʷʟʦʢ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʪʽʣʘ ʚ ʦʙʣʘʩʪʽ ʧʦʟʘ ʪʨʽʱʠʥʦʶ 

ʧʦʩʣʘʙʣʶʻʪʴʩʷ ʽ ʯʠ ʟʘʣʠʰʘʻʪʴʩʷ ʬʦʨʤʫʣʘ (4.56) ʟʘʩʪʦʩʦʚʥʦʶ. 

ʅʘ ʛʨʘʬʽʢʫ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 6.7, ʜʣʷ ʚʽʜʥʦʩʥʦ ʜʦʚʛʠʭ ʤʽʞʬʘʟʥʠʭ 

ʪʨʽʱʠʥ (ʜʦʩʪʘʪʥʴʦ ʪʦʥʢʠʭ ʧʦʢʨʠʪʪʽʚ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʣʝʞʥʦʩʪʽ  

ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ( ). ʐʪʨʠʭʦʚʘ ʢʨʠʚʘ ʥʘ ʨʠʩ. 6.7 

ʚʽʜʧʦʚʽʜʘʻ ʬʦʨʤʫʣʽ ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ (4.56); ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ ï 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʟ ʛʝʦʤʝʪʨʠʯʥʦʶ ʩʭʝʤʦʶ ʥʘ ʨʠʩ. 6.1 ʧʨʠ 

ʫʢʘʟʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ , ʘ ʢʨʠʚʘ ʟ ʢʨʫʛʣʠʭ 

ʤʘʨʢʝʨʽʚ ʪʘʢʦʛʦ ʞ ʢʦʣʴʦʨʫ ï ʟʘʜʘʯʽ ʟʽ ʩʭʝʤʦʶ ʥʘ ʨʠʩ. 4.2 ʧʨʠ ʪʦʤʫ ʞ ʟʥʘʯʝʥʥʽ 

. 

ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʡ ʫ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʦʥʢʦʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ ʫ ʨʘʟʽ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʭ 

ʤʽʞʬʘʟʥʠʭ ʪʨʽʱʠʥ ʽ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʭ ʟʥʘʯʝʥʴ , ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʽʣʘ ʽ ʻ ʙʣʠʟʴʢʠʤʠ   
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ʈʠʩ. 6.7 ï ɿʘʣʝʞʥʦʩʪʽ  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ( ) ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ  (ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ ʪʘ ʢʨʫʛʣʽ ʤʘʨʢʝʨʠ) ʽ ʟʘʣʝʞʥʽʩʪʴ  (ʰʪʨʠʭʦʚʘ 

ʢʨʠʚʘ). 

 

ʈʠʩ. 6.8 ï ʟʘʣʝʞʥʦʩʪʽ  ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧ 
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ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

 ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ  ʫ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʧʣʽʚʢʠ 

ʚʽʜʥʦʩʥʦ ʧʽʜʢʣʘʜʢʠ ʻ ʤʝʥʰʠʤ ʟʘ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ʫ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 4% ʜʣʷ ʚʩʽʭ ʟʥʘʯʝʥʴ . 

ɻʨʘʬʽʢ ʥʘ ʨʠʩ. 6.8 ʽʣʶʩʪʨʫʻ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ , 

ʥʦʨʤʦʚʘʥʠʭ ʜʦ ʟʥʘʯʝʥʴ ʜʝʬʦʨʤʘʮʽʡ ʧʦʯʘʪʢʫ ʚʠʧʫʯʫʚʘʥʥʷ , ʦʪʨʠʤʘʥʠʭ ʥʘ 

ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ (4.56), ʚʽʜ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ . ʈʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʢʠ 

( ). 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 6.8 ʧʦʢʘʟʫʻ, ʱʦ ʢʨʠʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ  ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʴ  ʜʣʷ ʨʦʟʰʘʨʫʚʘʥʥʷ  ʥʝ ʙʽʣʴʰʝ 

ʥʽʞ ʥʘ ~20%, ʢʦʣʠ . ɼʣʷ  ʮʝ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʪ ɹ~15%, ʜʣʷ 

 ï ~12%, ʜʣʷ  ï ~8%, ʜʣʷ  ï ~6%. 

6.6 ɺʧʣʠʚ ʧʦʩʣʘʙʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʦʙʣʘʩʪʽ 

ʧʦʟʘ ʪʨʽʱʠʥʦʶ ʥʘ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʋ ʧʘʨʘʛʨʘʬʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʠʪʘʥʥʷ ʟʤʝʥʰʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ 

ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʩʪʠʩʢʫ 

ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʫ ʨʘʟʽ ʧʦʩʣʘʙʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʾʾ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɸʥʘʣʽʟ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʘ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (4.38) ʫ ʚʠʧʘʜʢʫ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʜʚʦʭ 

ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (6.11) 

ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ, ʱʦ ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ ʪʝʨʪʷ. 

ʅʘ ʛʨʘʬʽʢʘʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 6.9 ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ( ) ʪʘ ʥʘ ʨʠʩ. 6.10 ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘï

ʍʘʟʘʥʦʚʠʯʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ  

0.05b¢
1e

2g¢

1e

0

1e

g

0.01;0.02;0.05;0.07;0.1b=
1 2 0.3n n= =

1e
0

1e 0.1b¢

3g< 0.07b¢

0.05b¢ 0.02b¢ 0.01b¢

1 2 0.3n n= =



 

277 

 

 

ʈʠʩ. 6.9 ï ɿʘʣʝʞʥʦʩʪʽ  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ  

( ) ʜʣʷ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʽ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʧʦʟʘ ʪʨʽʱʠʥʦʶ. 

 

ʈʠʩ. 6.10 ï ɿʘʣʝʞʥʦʩʪʽ  ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ  

ʜʣʷ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʽ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʧʦʟʘ ʪʨʽʱʠʥʦʶ.  
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ʩʪʠʩʢʫ , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ, ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʜʣʷ ʜʚʦʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ:  ʪʘ . 

ʉʫʮʽʣʴʥʽ ʢʨʠʚʽ ʥʘ ʨʠʩʫʥʢʘʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ʧʣʽʚʢʠ ʚʽʜʥʦʩʥʦ ʧʽʜʢʣʘʜʢʠ (ʨʠʩ. 6.1), ʘ ʰʪʨʠʭʦʚʽ ʢʨʠʚʽ ï ʚʠʧʘʜʢʫ ʾʭ ʞʦʨʩʪʢʦʛʦ 

ʟôʻʜʥʘʥʥʷ (ʨʠʩ. 4.2). 

ʂʦʣʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʙʽʰʘʨʫ ʧʦʩʣʘʙʣʶʻʪʴʩʷ ʣʠʰʝ ʥʘ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʢʘʭ (ʥʘ ʮʠʭ ʜʽʣʷʥʢʘʭ ʫʪʚʦʨʶʶʪʩɹʷ ʟʦʥʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ), ʪʦ ʢʨʠʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ  ʤʘʶʪʴ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦʙ ʚʽʜʧʦʚʽʜʥʽ ʪʦʯʢʠ ʥʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 6.9, 

6.10 ʧʦʪʨʘʧʣʷʣʠ ʚ ʟʘʪʝʤʥʝʥʽ ʦʙʣʘʩʪʽ, ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʞ çʚʝʨʭʥʴʦʶè 

ʰʪʨʠʭʦʚʦʶ ʪʘ çʥʠʞʥʴʦʶè ʩʫʮʽʣʴʥʦʶ ʢʨʠʚʠʤʠ. 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ, ʧʦʩʣʘʙʣʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʫʩʢʦʚʦ-

ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʥʝʩʪʠʩʣʠʚʦʛʦ ʙʽʰʘʨʫ ʟ 

ʧʦʪʝʥʮʽʘʣʦʤ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ 

ʪʝʨʪʷ, ʟʥʘʯʝʥʥʷ  ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 47% ʫ ʧʦʨʽʚʥʷʥʥʷ ʟ ʘʥʘʣʦʛʽʯʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʜʣʷ ʪʦʛʦ ʙʽʰʘʨʫ ʟ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠ  ʽ 

. ʇʨʠ  ʫʢʘʟʘʥʝ ʟʤʝʥʰʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʚʞʝ 24%. 

ɿʙʽʣʴʰʝʥʥʷ ʚʧʣʠʚʫ ʧʦʩʣʘʙʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʽʣʘ ʥʘ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ  ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʤʝʭʘʥʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ  

ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʜʘʥʠʤʠ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 6.11 (ʧʦʪʝʥʮʽʘʣ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ) 

ʪʘ ʥʘ ʨʠʩ. 6.12 (ʧʦʪʝʥʮʽʘʣ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ). ʅʘ ʨʠʩʫʥʢʘʭ ʟʦʙʨʘʞʝʥʦ 

ʟʘʣʝʞʥʦʩʪʽ  ï ʚʽʜʥʦʰʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫ ʚʠʧʘʜʢʫ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ʧʦʟʘ ʪʨʽʱʠʥʦʶ ʜʦ ʢʨʠʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʚʟʜʦʚʞ ʮʽʻʾ ʦʙʣʘʩʪʽ ʽʥʪʝʨʬʝʡʩʫ ï ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ .  
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ʈʠʩ. 6.11 ï ɿʘʣʝʞʥʦʩʪʽ  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ( ). 

 

ʈʠʩ. 6.12 ï ɿʘʣʝʞʥʦʩʪʽ  ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ɹʘʨʪʝʥʻʚʘïʍʘʟʘʥʦʚʠʯʘ.  

( )d b 1 2 0.3n n= =

( )d b
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ɼʘʥʽ ʨʠʩʫʥʢʽʚ 6.11, 6.12 ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʧʣʠʚ ʫʤʦʚ 

ʢʦʥʪʘʢʪʫ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʟʘ ʬʽʢʩʦʚʘʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʰʘʨʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ  ʪʘ , ʷʢʘ ʚʠʚʯʘʣʘʩʷ ʚ ʧ. 

3.7. ʇʨʠ ʮʴʦʤʫ ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʮʝʡ ʚʧʣʠʚ ʻ ʙʽʣʴʰʠʤ 

ʽ ʩʷʛʘʻ ʤʘʡʞʝ 40%. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʨʦʟʜʽʣʫ 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚ ʤʝʞʘʭ ʪʨʠʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʧʨʝʟʝʥʪʦʚʘʥʦ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ 

ʩʪʽʡʢʦʩʪʽ ʛʽʧʝʨʧʨʫʞʥʦʾ ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ, ʩʢʣʘʜʦʚʽ ʷʢʦʾ ʧʨʦʢʦʚʟʫʶʪʴ ʦʜʥʘ 

ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ ʙʝʟ ʪʝʨʪʷ, ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. 

ɻʨʘʥʠʯʥʫ ʟʘʜʘʯʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʫ ʚ ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ 

ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦ ̔ʥʪʝʛʨʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ 

ʟʚʝʜʝʥʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʷʢʝ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʯʠʩʝʣʴʥʦ. ɼʣʷ ʦʜʝʨʞʘʥʦʛʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʷʜʨʘ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʦʙʣʘʩʪʴ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʤʘʶʪʴ ʩʪʨʦʛʝ ʬʽʟʠʯʥʝ ʧʦʷʩʥʝʥʥʷ. 

ʏʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʣʷ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʩʪʠʩʣʠʚʠʭ ʽ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʥʝʩʪʠʩʣʠʚʠʭ 

ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʘʣʽʜʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʛʨʘʥʠʯʥʠʤ ʚʠʧʘʜʢʦʤ ï ʟʘʜʘʯʝʶ ʜʣʷ ʪʽʣʘ ʟ ʤʽʞʬʘʟʥʠʤ ʜʝʬʝʢʪʦʤ 

çʥʫʣʴʦʚʦʾ ʜʦʚʞʠʥʠè (ʨʠʩ. 3.1.ʙ). 

ʅʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʘʜʘʯʽ ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʜʚʦʭ ʞʦʨʩʪʢʦ 

ʟôʻʜʥʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʰʘʨʫ (ʨʠʩ. 4.2) ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʜʘʯʽ ʜʣʷ 
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ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʧʨʦʢʦʚʟʫʶʪʴ ʙʝʟ ʪʝʨʪʷ (ʨʠʩ. 6.1) ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʧʦʩʣʘʙʣʝʥʥʷ 

ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʙʘʣʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʪʦʥʢʦʾ ʧʣʽʚʢʠ 

ʧʦʢʨʠʪʪʷ ʥʘ ʥʘʧʽʚʦʙʤʝʞʝʥʽʡ ʦʩʥʦʚʽ. 

 

ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ: 

1. ʗʢʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʝʡ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʙʽʰʘʨʦʚʦʾ 

ʩʠʩʪʝʤʠ ʚ ʟʘʜʘʯʽ ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʜʚʦʭ ʧʨʦʢʦʚʟʫʶʯʠʭ 

ʩʝʨʝʜʦʚʠʱ ʚ ʮʽʣʦʤʫ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʚʠʧʘʜʢʫ ʟʘʜʘʯʽ ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ 

ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ, ʱʦ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ. ʅʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ ʨʦʟʜʽʣʽ 4, ʟʘʣʠʰʘʶʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤʠ: ʧʧ. 1, 2, 3, 3a, 3b, 3d, 

4a, 5d. 

2. ɿ ̔ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʢʨʠʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ʘʩʠʤʧʪʦʪʠʯʥʦ ʧʨʷʤʫʶʪʴ ʜʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʦʨʱʫʚʘʥʥʷ 

ʘʥʘʣʦʛʽʯʥʦʛʦ ʙʽʰʘʨʫ (ʽʟ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʧʨʦʢʦʚʟʫʶʪʴ) ʙʝʟ ʜʝʬʝʢʪʫ, 

ʦʜʝʨʞʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 3. 

3. ɼʣʷ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʭ ʪʨʽʱʠʥ (ʜʦʩʪʘʪʥʴʦ ʪʦʥʢʠʭ ʧʦʢʨʠʪʪʽʚ), ʷʢʱʦ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ  ʜʦʩʪʘʪʥʴʦ ʤʘʣʽ, ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʣʘʙʢʦ ʟʘʣʝʞʘʪʴ ʥʝ ʣʠʝh ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʢʣʘʜʦʚʠʭ ʙʽʰʘʨʫ (ʜʠʚ. ʧ. 4.7.2), ʘ ʡ ʚʽʜ ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʤʽʞ ʥʠʤʠ ʚ ʦʙʣʘʩʪʽ 

ʧʦʟʘ ʪʨʽʱʠʥʦʶ. ʇʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʙʣʠʞʝʥʘ ʬʦʨʤʫʣʘ 

(4.56), ʭʦʯʘ ʪʦʯʥʽʩʪʴ ʾʾ ʟʥʠʞʫʻʪʴʩʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʧʘʜʢʦʤ ʞʦʨʩʪʢʦʛʦ 

ʟʘʢʨʽʧʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. 

2 1/g m m=



 

282 

 

4. ɺʧʣʠʚ ʧʦʩʣʘʙʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʽʣʘ ʥʘ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ  ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʤʝʭʘʥʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ 

. 

5. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʧʣʠʚ ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʟʘ ʬʽʢʩʦʚʘʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʰʘʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʤʽʞ 

ʟʥʘʯʝʥʥʷʤʠ  ʡ , ʪʘ ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʘʣʫ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʩʷʛʘʻ ʤʘʡʞʝ 

40%. 

 

ʉʫʢʫʧʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʨʦʟʜʽʣʘʭ 3 ï 6 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʭʦʨʦʰʫ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʨʦʟʚôʷʟʢʘʤʠ 

ʚʩʽʭ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ (ʤʦʚʘ ʡʜʝ ʧʨʦ ʟʘʜʘʯʽ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤ ʩʭʝʤʘʤʠ ʥʘ 

ʨʠʩʫʥʢʘʭ 3.1.ʘ, 3.1.ʙ, 4.2, 5.1 ʪʘ 6.1) ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ (ʜʠʚ. ʨʠʩ. 

6.6). ɺʘʨʪʦ ʱʝ ʨʘʟ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʮʷ ʫʟʛʦʜʞʝʥʽʩʪʴ ʥʝ ʣʠʰʝ ʚʽʜʧʦʚʽʜʘʻ 

ʬʽʟʠʯʥʠʤ ʤʽʨʢʫʚʘʥʥʷʤ, ʘ ʡ ʜʘʻ ʧʦʷʩʥʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʥʘ 

ʦʙʣʘʩʪʽ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʟʘʜʘʯʘʭ ʜʣʷ ʪʽʣ ʟ 

ʜʝʬʝʢʪʘʤʠ. 

ʉʢʘʟʘʥʝ ʚʠʱʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ 

ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ (ʚ ʤʝʞʘʭ ʊʃʊʉɼʊ) ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʧʨʠ ʾʭ 

ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʨʽʟʥʦʛʦ ʪʠʧʫ ʜʝʬʝʢʪʽʚ ʻ ʚʝʣʴʤʠ ʝʬʝʢʪʠʚʥʠʤ. ʋʟʘʛʘʣʴʥʶʶʯʠ, 

ʫʢʘʟʘʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʉʧʦʯʘʪʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʝʬʝʢʪʦʤ (ʘʙʦ ʨʷʜʦʤ ʜʝʬʝʢʪʽʚ). ɺʠʭʦʜʷʯʠ ʟ ʪʠʧʫ 

ʥʘʷʚʥʦʛʦ ʜʝʬʝʢʪʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʥʠʯʥʽ ʟʘʜʘʯʽ ʜʣʷ ʪʦʛʦ ʞ ʪʽʣʘ ʟ 

ʜʝʬʝʢʪʦʤ çʥʫʣʴʦʚʦʾ ʜʦʚʞʠʥʠè ʪʘ çʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʠʤ ʜʝʬʝʢʪʦʤè. ʎʽ ʟʘʜʘʯʽ 

(ʚ ʨʘʟʽ ʾʭ ʬʽʟʠʯʥʦʾ ʢʦʨʝʢʪʥʦʩʪʽ) ʨʦʟʚôʷʟʫʶʪʴ ʤʝʪʦʜʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʚ ʈʦʟʜʽʣʽ 

3. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʭʦʜʫ ʻ ʪʝ, ʱʦ ʬʦʨʤʘ 

/h ab=
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ʧʨʝʜʩʪʘʚʣʝʥʴ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ, ʷʢ ʽ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨôʻ ʾʭ ʛʘʨʤʦʥʽʯʥʠʭ 

ʩʢʣʘʜʦʚʠʭ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʨʦʟʛʣʷʜʫ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʜʝʬʝʢʪʦʤ.  

ʆʧʠʩʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʦʢʨʽʤ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʨʦʙʦʪʽ ʟʘʜʘʯ ʜʣʷ 

ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ, ʚʞʝ ʙʫʚ ʫʩʧʽʰʥʦ ʘʧʨʦʙʦʚʘʥʠʡ [37, 159] ʥʘ 

ʧʨʠʢʣʘʜʽ ʟʘʜʘʯ ʧʨʦ ʩʪʠʩʢ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʠʭ ʜʝʬʝʢʪʽʚ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ 

ʪʽʣʘ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʩʤʫʛʫ, ʟôʻʜʥʘʥʫ ʟ ʜʚʦʤʘ ʧʽʚʧʣʦʱʠʥʘʤʠ. ʇʦʜʽʙʥʠʤ 

ʯʠʥʦʤ, ʟʦʢʨʝʤʘ, ʤʦʜʝʣʶʶʪʴʩʷ ʰʘʨʫʚʘʪʽ ʢʦʤʧʦʟʠʪʠ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤʠ [18, 19] 

ʤʽʞʬʘʟʥʠʤʠ ʜʝʬʝʢʪʘʤʠ. 

ʆʩʪʘʥʥʻ ʧʠʪʘʥʥʷ, ʷʢʝ ʟʘʣʠʰʠʣʦʩʴ ʟôʷʩʫʚʘʪʠ ʚ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʝʞ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʧʨʝʟʝʥʪʦʚʘʥʦʛʦ 

ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʢʫʩʢʦʚʦ-

ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʽʣʴʰ ʥʽʞ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɿ ʮʽʻʁ, 

ʟʦʢʨʝʤʘ, ʤʝʪʦʶ ʚ ʟʘʢʣʶʯʥʦʤʫ ʨʦʟʜʽʣʽ 7 ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʘʜʘʯʘ ʧʨʦ ʩʪʠʩʢ 

ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʚʟʜʦʚʞ ʪʨʽʱʠʥʠ, ʱʦ ʥʝ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ 

ʧʽʜʢʣʘʜʢʠ ʪʘ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ. 
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ʈʆɿɼɯʃ 7 ʉʊʀʉʂ ʅɸʇɯɺʆɹʄɽɾɽʅʀʍ ɹɯʐɸʈʆɺʀʍ 

ʉʀʉʊɽʄ ɿ ɾʆʈʉʊʂʆ ɿôɭɼʅɸʅʀʄʀ 

ʂʆʄʇʆʅɽʅʊɸʄʀ ɺɿɼʆɺɾ ʊʈɯʑʀʅʀ, ʅɽ 

ʈʆɿʊɸʐʆɺɸʅʆɰ ʅɸ ʄɽɾɯ ʇʆɼɯʃʋ 

ʎʝʡ ʨʦʟʜʽʣ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʛʽʧʝʨʧʨʫʞʥʠʭ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʟ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠ ʾʭʥʴʦʤʫ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʪʨʽʱʠʥʠ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ 

ʤʘʪʝʨʽʘʣʽ ʧʽʜʢʣʘʜʢʠ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʤʝʞʽ ʾʭ ʧʦʜʽʣʫ. 

ʈʦʟʛʣʷʜ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʧʝʨʝʩʣʽʜʫʻ ʧʦʜʚʽʡʥʫ ʤʝʪʫ. ʇʝʨʰʘ ʙʫʣʘ 

ʦʢʨʝʩʣʝʥʘ ʚʠʱʝ, ʽ ʧʦʣʷʛʘʻ ʚ ʘʧʨʦʙʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ ʨʦʟʜʽʣʘʭ 4 ï 6 

ʧʽʜʭʦʜʫ ʜʦ ʟʘʜʘʯʽ ʜʣʷ ʪʽʣʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɺ ʜʘʥʦʤʫ ʨʘʟʽ 

ʪʨʴʦʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʣʫʛʫʶʪʴ ʧʣʽʚʢʘ ʧʦʢʨʠʪʪʷ ʪʘ ʜʚʽ ʦʙʣʘʩʪʽ ʤʘʪʝʨʽʘʣʫ 

ʧʽʜʢʣʘʜʢʠ: ʩʤʫʛʦʚʘ ʦʙʣʘʩʪʴ çʥʘʜ ʪʨʽʱʠʥʦʶè ʪʘ ʥʘʧʽʚʦʙʤʝʞʝʥʘ ʦʙʣʘʩʪʴ çʧʽʜè 

ʪʨʽʱʠʥʦʶ. ɼʨʫʛʘ ʤʝʪʘ ï ʟôʷʩʫʚʘʪʠ, ʯʠ ʟʤʽʥʶʶʪʴʩʷ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʟʘʜʘʯʽ ʜʣʷ ʪʨʽʱʠʥʠ, ʥʝ 

ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ, ʜʦ ʟʘʜʘʯʽ ʜʣʷ ʤʽʞʬʘʟʥʦʾ ʪʨʽʱʠʥʠ. ɯʥʰʠʤʠ 

ʩʣʦʚʘʤʠ, ʩʣʽʜ ʟôʷʩʫʚʘʪʠ, ʯʠ ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ ʛʨʘʥʠʯʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʧʝʨʰʦʾ ʟ 

ʫʢʘʟʘʥʠʭ ʟʘʜʘʯ ʜʦ ʜʨʫʛʦʾ. ʋ ʨʘʟʽ ʩʪʚʝʨʜʥʦʾ ʚʽʜʧʦʚʽʜʽ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʩʪʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʙʽʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʢʫʩʢʦʚʦ-

ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ (ʦʜʥʦʨʽʜʥʠʭ ʤʦʜʝʣʝʡ ʟ ʫʩʝʨʝʜʥʝʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [18, 19]). 

ʅʠʞʯʝ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʫ ʤʝʞʘʭ ʊʃʊʉɼʊ ʚʧʝʨʰʝ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʜʣʷ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ, ʱʦ 

ʩʪʠʩʢʘʻʪʴʩʷ ʚʟʜʦʚʞ ʪʨʽʱʠʥʠ, ʷʢʘ ʥʝ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʜʚʦʭ 

ʩʝʨʝʜʦʚʠʱ. ʊʘʢʘ ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʽʱʠʥʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʬʦʨʤʫʣʶʚʘʪʠ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʝ ʥʘ ʜʚʦʭ, ʘ ʥʘ ʪʨʴʦʭ ʣʽʥʽʷʭ (ʤʝʞʘ ʪʽʣʘ, ʤʝʞʘ 
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ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʪʽʣʘ, ʣʽʥʽʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʽʱʠʥʠ), ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ 

ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʽʞʥʠʭ ʚʠʢʣʘʜʦʢ. ʉʠʩʪʝʤʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʌʨʝʜʛʦʣʴʤʘ 

ʧʝʨʰʦʛʦ ʨʦʜʫ, ʜʦʧʦʚʥʝʥʘ ʜʝʷʢʦʶ ʜʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ, ʦʜʝʨʞʫʻʪʴʩʷ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʢʦʤʙʽʥʘʮʽʡ ʜʚʦʭ ʩʪʠʩʣʠʚʠʭ ʘʙʦ 

ʥʝʩʪʠʩʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʣʷ ʧʨʫʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʧʘʜʦʢ 

ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ. ʉʠʩʪʝʤʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʯʠʩʝʣʴʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ɹʫʙʥʦʚʘïɻʘʣʴʦʨʢʽʥʘ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʩʪʠʩʣʠʚʠʭ ʛʽʧʝʨʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʪʝʥʮʽʘʣʦʤ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʠʧʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚ ʟʘʜʘʯʽ, ʘʥʘʣʽʟʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨ ʾʭ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ ʨʘʟʽ, ʢʦʣʠ ʤʘʪʝʨʽʘʣʠ ʪʽʣʘ ʦʜʥʘʢʦʚʽ, 

ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ, ʪʘ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʨʽʱʠʥʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʙʣʠʟʴʢʦ ʜʦ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ, ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ 

ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʚ ʨʦʟʜʽʣʽ 4 ʜʣʷ ʤʽʞʬʘʟʥʦʾ 

ʪʨʽʱʠʥʠ. 

ʅʘ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʜʽʣʫ ʨʝʟʫʣʴʪʘʪʠ ʢʨʠʪʠʯʥʦ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʚ 

ʢʦʥʪʝʢʩʪʽ ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʬʦʨʤʫʣʶʶʪʴʩʷ ʚʠʩʥʦʚʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʟʜʽʣʽ, ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʧʫʙʣʽʢʘʮʽʾ ʘʚʪʦʨʘ 

[39]. 

7.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ɺ ʫʤʦʚʘʭ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʨʘʤʢʘʭ ʩʪʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ʪʨʠʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʽʣ ʨʦʟʛʣʷʥʝʤʦ ʥʘʧʽʚʦʙʤʝʞʝʥʝ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʝ ʽʟʦʪʨʦʧʥʝ ʪʽʣʦ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ: 

ʥʘʧʽʚʦʙʤʝʞʝʥʦʾ ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʽʜʢʣʘʜʢʠ ( ) ʽ ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʣʽʚʢʠ 

ʧʦʢʨʠʪʪʷ ç3» ( ). ɻʨʘʥʠʯʥʘ ʧʦʚʝʨʭʥʷ ʪʽʣʘ  ʥʝʥʘʚʘʥʪʘʞʝʥʘ. 

ʄʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ ʤʽʩʪʠʪʴ ʥʝʥʘʚʘʥʪʘʞʝʥʫ ʪʨʽʱʠʥʫ ʜʦʚʞʠʥʠ , ʷʢʘ 

2 0x ¢

20 x h¢ ¢
2x h=

2ʘ
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ʨʦʟʪʘʰʦʚʘʥʘ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʤʝʞʽ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ  ʥʘ 

ʚʽʜʩʪʘʥʽ  ʚʽʜ ʥʝʾ (ʈʠʩ. 7.1). ʇʦʟʘ ʪʨʽʱʠʥʦʶ ʤʘʪʝʨʽʘʣʠ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ. 

 

ʈʠʩ. 7.1 ï ɹ̔ ʰʘʨʦʚʘ ʩʠʩʪʝʤʘ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʧʨʠ ʩʪʠʩʢʫ ʚʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ 

ʪʨʽʱʠʥʠ. 

ʈʦʟʽʙôʻʤʦ ʦʙʣʘʩʪʴ, ʷʢʫ ʟʘʡʤʘʻ ʧʽʜʢʣʘʜʢʘ, ʥʘ ʦʙʣʘʩʪʽ ñ1ò () ʪʘ ñ2ò 

( ), ʚʚʘʞʘʶʯʠ, ʱʦ ʙʝʨʝʛʠ ʪʨʽʱʠʥʠ ʥʘʣʝʞʘʪʴ ʨʽʟʥʠʤ ʦʙʣʘʩʪʷʤ. 

ʇʨʠʧʠʩʫʚʘʪʠʤʝʤʦ ʥʘʜʘʣʽ ʽʥʜʝʢʩʠ ç1è, ç2è ʘʙʦ ç3è ʚʝʣʠʯʠʥʘʤ ʽ ʬʫʥʢʮʽʷʤ, ʷʢʽ 

ʚʽʜʥʦʩʷʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʦʙʣʘʩʪʝʡ ç1è, ç2è ʘʙʦ ç3è. ɺʝʨʭʥʽʤ ʽʥʜʝʢʩʦʤ ç0è, 

ʷʢ ʽ ʨʘʥʽʰʝ, ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʦʢʨʠʪʠʯʥʦʛʦ 

ʩʪʘʥʫ, ʘ ʟʙʫʨʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ ʥʝ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʜʦʜʘʪʢʦʚʠʤ ʽʥʜʝʢʩʦʤ. 

ʅʝʭʘʡ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʤʘʪʝʨʽʘʣʠ ʪʽʣʘ ʩʪʠʩʢʘʶʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ  

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ 

  (7.1) 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ ʦʜʥʘʢʦʚʽ ʫʢʦʨʦʯʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ  ʜʣʷ 

ʤʘʪʝʨʽʘʣʽʚ ʦʩʥʦʚʠ ʪʘ ʧʦʢʨʠʪʪʷ 

 , , (7.2) 

2 0ʭ=

0 0h >
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ʜʝ ,  ï ʢʦʝʬʽʮʽʻʥʪʠ ʫʢʦʨʦʯʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʽʚʧʣʦʱʠʥʠ ʪʘ ʩʤʫʛʠ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʽ ʩʪʠʩʢʘʶʯʠʤʠ ʟʫʩʠʣʣʷʤʠ  ʪʘ , ʚʽʜʧʦʚʽʜʥʦ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʟʘʧʠʰʫʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ;  

 ;  

 ; (7.3) 

 ;  

 .  

ʉʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʚʽʜʥʦʩʥʽ ʫʢʦʨʦʯʝʥʥʷ (3.4), ʟʘ 

ʷʢʠʭ ʩʠʩʪʝʤʘ ʧʽʜʢʣʘʜʢʘ/ʧʣʽʚʢʘ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʰʫʢʘʻʪʴʩʷ 

ʪʘʢʝ ʧʝʨʰʝ ʟʥʘʯʝʥʥʷ  (ʧʨʠ ʡʦʛʦ ʟʤʝʥʰʝʥʥʽ ʧʦʯʠʥʘʶʯʠ ʟʽ ʟʥʘʯʝʥʥʷ , 

ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʫ), ʧʨʠ ʷʢʦʤʫ ʟʘ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʠʩʢʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʦʜʥʦʨʽʜʥʘ ʟʘʜʘʯʘ ʤʘʻ 

ʥʝʪʨʠʚʽʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ. ʆʩʪʘʥʥʻ ʩʚʽʜʯʠʣʦ ʙ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʩʫʤʽʞʥʦʛʦ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ (ʨʠʩ. 7.1) ʙʽʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ. 

7.2 ɻʨʘʥʠʯʥʘ ʟʘʜʘʯʘ ʜʣʷ ʛʘʨʤʦʥʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ ʪʠʤ, ʷʢ ʮʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚ ʨʦʟʜʽʣʘʭ 4 ï 6, ʟʚʝʜʝʤʦ 

ʟʘʜʘʯʫ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (7.3) ʜʦ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ, ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʚ 

ʪʝʨʤʽʥʘʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ ï ʩʢʣʘʜʦʚʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ 

ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ (2.41), (2.42). 

ɺ ʨʦʟʜʽʣʽ 7 ʦʙʤʝʞʠʤʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʣʷ ʦʙʦʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʘ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚʠʧʘʜʦʢ ʨʽʚʥʠʭ ʢʦʨʝʥʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʨʽʚʥʷʥʴ: . 
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