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ɺʚʝʜʝʥʠʝ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ, ʭʠʤʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʜʲʷʚʣʷʶʪ ʚʩʝ ʥʦʚʳʝ ʠ ʥʦʚʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʳʨʴʶ ʠ ʩʚʦʠʤ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʘʤ [1]. ʇʨʦʠʟʚʦʜʩʪʚʦ ʚ ʵʪʠʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʪʚʝʯʘʶʱʝʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ, ʪʝʩʥʦ 

ʩʚʷʟʘʥʦ ʩ ʤʝʭʘʥʠʢʦʡ ʩʧʣʦʰʥʳʭ ʩʨʝʜ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ ʧʦ 

ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʠʩʭʦʜʥʳʝ ʠ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʯʘʩʪʦ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʠʟ ʩʫʙʩʪʨʘʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʥʝʰʥʠʭ ʩʠʣʦʚʳʭ ʧʦʣʝʡ ʠ ʜʦʧʦʣʥʠʪʝʣɹ ʥʳʭ 

ʦʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʨʝʜʘʭ ʚʦʟʥʠʢʘʝʪ ʢʦʥʚʝʢʪʠʚʥʳʡ 

ʤʘʩʩʦʧʝʨʝʥʦʩ ʠ ʨʘʟʣʠʯʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʦʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ 

ʧʝʨʝʥʦʩʦʤ ʪʝʧʣʘ ʚ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʯʪʦ ʩʠʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʨʦʮʝʩʩʦʤ [2]. 

ʃʦʢʘʣʴʥʦʩʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʦʧʠʩʳʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠ ̫ ʠʥʪʝʛʨʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʬʦʨʤʫʣ, ʘ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʥʝʠʟʚʝʩʪʥʳʭ ʧʦʣʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ, ʟʘʯʘʩʪʫʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʥʪʝʟ ʬʠʟʠʢʠ, ʭʠʤʠʠ ʠ 

ʢʦʣʦʩʩʘʣʴʥʦ ʩʣʦʞʥʳʭ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʝʪʦʢ, ʤʥʦʛʦʪʦʯʝʯʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ. ɿʘʯʘʩʪʫʶ ʜʘʞʝ ʤʠʢʨʦʬʣʶʠʜʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʩʠʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʭ 

ʧʦʚʝʜʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʥʝʦʜʥʦʨʦʜʥʳʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 
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ʇʨʠʯʠʥʦʡ ʣʦʢʘʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʚ ʩʧʦʣʦʰʥʦʩʨʝʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʧʘʜʳ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʨʦʣʠ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɺ 

ʭʦʜʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʯʘʩʪʫʶ 

ʧʨʠʭʦʜʠʪʩʷ ʦʪʢʘʟʳʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʨʦʩʪʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʬʦʨʤʫʣ, ʥʦ ʠ 

ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʦʜʝʣʝʡ ʚ ʚʠʜʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʢʦʥʦʚ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ [4], ʚ 

ʠʟʚʝʩʪʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʪʝʨʤʦʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ [5], ʚ ʫʨʘʚʥʝʥʠʷʭ 

ʤʝʞʬʘʟʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ [6] ʨʘʟʣʠʯʥʳʝ ʯʣʝʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʚʦʣʴʥʦ 

ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʦʪʦʢʠ ʚ ɻʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʠʤʝʶʪ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ ʠ ʣʠʥʝʡʥʳ ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʣʘʤ [7]. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʪʦʯʥʦʩʪʴ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʜʣʷ ʧʦʪʦʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʛʨʘʥʠʯʝʥʘ 

ʧʝʨʚʳʤʠ ʯʣʝʥʘʤʠ ʨʘʟʣʦʞʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʝʱʝ ʦʜʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʚ ʭʦʜʝ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʘʥʪʘʤʠ. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʯʘʩʪʦ ʵʪʦʛʦ ʙʳʚʘʝʪ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʤʥʦʛʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ 

ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, 

ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ. ʆʜʥʘʢʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʤʘʪʠʢʘ 

ʜʘʣʝʢʦ ʥʝ ʠʩʯʝʨʧʘʥʘ, ʠ ʧʨʝʜʣʘʛʘʝʤʘ ̫ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʠʭ ʯʠʩʣʫ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʪʝʦʨʠʶ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ 

ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʵʚʦʣʶʮʠ ʁʪʝʯʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʣʦʢʘʣʴʥʳʝ 
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ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʘ ʠʤʝʥʥʦ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʷʟʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʫʢʘʟʘʥʥʳʝ 

ʤʦʜʝʣʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʠ 

ʜʝʩʦʨʙʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʪʦʞʝ ʣʦʢʘʣʴʥʦ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʥʘ 

ʤʝʞʬʘʟʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʝʣʠ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʚʝʨʭʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʪʨʝʙʫʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʚʝʢʪʠʚʥʳʤʠ ʨʝʞʠʤʘʤʠ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʠ ʯʠʩʣʝʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʝʡ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʣʦʢʘʣʴʥʳʤʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʚʷʟʢʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʠʩʪʝʤʘʭ; ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʯʝʪʘ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʬʘʢʪʦʨʘ ʣʦʢʘʣʴʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʜʣʷ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ 

ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ 

ʯʠʩʣʝʥʥʳʝ ʧʦʜʭʦʜʳ, ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ. ɺ ʠʭ 

ʯʠʩʣʦ ʚʭʦʜʷʪ: ʪʝʭʥʠʢʘ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʪʝʨʤʠʥʘʭ 

ʨʷʜʦʚ, ʤʝʪʦʜʳ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʤʝʪʦʜʦʚ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1) ʋʩʪʘʥʦʚʣʝʥʘ ʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʧʨʠ 

ʩʤʝʥʝ ʦʜʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʜʨʫʛʠʤ ʚ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ, 

ʨʘʚʥʦʤʝʨʥʦ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʩʥʠʟʫ. ɼʣʷ ʜʘʥʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʚʳʷʚʣʝʥ ʚʘʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ 
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ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʢʦʥʢʫʨʝʥʮʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ. 

2) ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʚ ʪʦʥʢʠʭ 

ʢʘʧʠʣʣʷʨʘʭ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʚ 

ʟʘʜʘʯʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʩʤʝʩʷʤʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦʩʪʘʥʦʚʢʘʤʠ. 

3) ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʧʣʝʥʢʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʜʠʥʘʤʠʢʫ ʪʦʯʢʠ 

ʩʪʘʛʥʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʝʦʜʥʦʨʦʜʥʦʤ ʥʘʛʨʝʚʝ ʩʚʝʨʭʫ. ɼʣʷ 

ʩʣʫʯʘʷ ʨʘʩʪʚʦʨʠʤʦʛʦ ʩʫʨʬʘʢʪʘʥʪʘ ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʙʣʘʩʪʠ ʥʝʡʪʨʘʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʠ ʩʪʨʫʡʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʝʩʫʱʝʛʦ ʧʨʠʤʝʩʴ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1) ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʥʥʳʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʦʜʝʣʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʣʘʙʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʵʪʠʭ ʪʝʯʝʥʠʡ. 

2) ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʣʝʥʢʠ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʠ 

ʨʘʩʪʚʦʨʠʤʦʛʦ ʩʫʨʬʘʢʪʘʥʪʘ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʟʢʦʛʦ ʟʘʟʦʨʘ ʚ ʷʯʝʡʢʝ 

ʍʝʣʝ ï ʐʦʫ ʩ ʫʯʝʪʦʤ ʪʝʨʤʦ- ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʠ ʘʥʘʣʠʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʢʦʥʚʝʢʪʠʚʥʳʤ ʜʚʠʞʝʥʠʝʤ ʚ ʦʙʲʝʤʝ.  

3) ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʤʝʪʘʣʣʦʚ ʚ ʪʦʥʢʠʭ ʢʘʧʠʣʣʷʨʘʭ. ʋʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ 

ʧʝʨʝʥʦʩ ʢʦʤʧʦʥʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʦʡ ʩʠʣʦʡ, ʜʝʡʩʪʚʫʶʱʝʡ ʚʜʦʣʴ 

ʥʝʩʤʘʯʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

4) ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʨʘʟʜʝʣʝʥʠʶ ʥʘ ʢʦʤʧʦʥʝʥʪ rʙʠʥʘʨʥʳʭ ʨʘʩʧʣʘʚʦʚ 

ʤʝʪʘʣʣʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʥʘʢʣʦʥʥʦʤ ʪʦʥʢʦʤ ʢʘʧʠʣʣʷʨʝ. 

5) ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʥʘʨʥʦʛʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʢʦʥʪʝʡʥʝʨʝ ʧʨʠ ʧʦʤʦʱʠ 

ʥʝʩʤʘʯʠʚʘʝʤʦʛʦ ʥʝʦʜʥʦʨʦʜʥʦ ʥʘʛʨʝʪʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʝʨʞʥʷ. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʦʜʥʦʨʦʜʥʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʪʝʯʝʥʠʡ ʚ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ, ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʷʭ. ʇʝʨʝʥʦʩ ʤʘʩʩʳ ʠ ʪʝʧʣʦʦʪʚʦʜ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʆʪʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʮʝʥʘʨʠʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʯʝʥʠʷ, 

ʫʤʝʥʠʝ ʫʧʨʘʚʣʷʪʴ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ, ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʥʘ ʪʦʪ 

ʠʣʠ ʠʥʦʡ ʥʫʞʥʳʡ ʨʝʞʠʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳʤʠ ʧʨʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ. 

ʄʦʜʝʣʴ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʵʬʬʝʢʪʘ 

ʨʘʟʜʝʣʝʥʠʷ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʚ ʪʦʥʢʠʭ ʢʘʧʠʣʣʷʨʘʭ, 

ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʫʜʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʧʣʘʚʦʚ ʚ 

ʤʠʢʨʦʬʣʶʠʜʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʧʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʧʦʣʫʯʝʥʠʠ ʩʚʝʨʭʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʣʝʥʦʢ ʇɸɺ ʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦ ʥʘʛʨʝʪʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʝʩʫʱʝʡ ʞʠʜʢʦʩʪʠ, ʨʘʩʰʠʨʷʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ɺʳʷʚʣʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʫʨʬʘʢʪʘʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʘ ɺʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʌ (ʅʐ-9176.2016.1), ʘ ʪʘʢʞʝ ʛʨʘʥʪʘ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ (ʇʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʢʠ ʅʘʫʯʥʳʭ ʰʢʦʣ 

ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ˉ ʉ-26/788). ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʛʣʘʚʘʭ 3 ʠ 4, 

ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ˉ 16-01-00662-ʘ. 



10 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʩʝ ʟʘʜʘʯʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʙʳʣʠ ʠʥʠʮʠʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ʇʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʘʞʜʦʡ ʠʟ ʛʣʘʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʥʦʪʳ ʠʤʝʁɦ ʝʛʦʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʣʥʦʩʪʴʶ 

ʩʦʛʣʘʩʫʶʪʩʷ c ʦʧʳʪʦʤ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʚ 

ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʥʘ ʠʟʚʝʩʪʥʳʭ ʟʘʜʘʯʘʭ. ʇʨʠʤʝʥʷʚʰʠʝʩʷ ʚ ʭʦʜʝ ʨʘʩʯʝʪʦʚ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʪʘʥʜʘʨʪʥʦ ʚʝʨʠʬʠʮʠʨʦʚʘʣʠʩʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʩʝʛʜʘ 

ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʧʨʝʜʤʝʪ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ 

ʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ. ʊʦʯʥʦʩʪʴ ʨʘʟʥʦʩʪʥʳʭ ʬʦʨʤʫʣ ʠ ʛʫʩʪʦʪʘ 

ʩʝʪʦʢ ʚʩʝʛʜʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʧʨʠʝʤʣʝʤʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʛʨʝʰʥʦʩʪʝʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʩʝʤʠʥʘʨʘʭ ʠ ʩʲʝʟʜʘʭ: 

- ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ñʇʝʨʤʩʢʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʫʯʥʳʝ ʯʪʝʥʠʷò (ʇʝʨʤʴ, 2015, 2016, 2018); 

- ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ñʌʠʟʠʢʘ ʜʣʷ 

ʇʝʨʤʩʢʦʛʦ ʢʨʘʷò (ʇʝʨʤʴ, 2015, 2016); 

- ɺʪʦʨʦʡ ʚʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ ñʅʘʫʢʘ ʙʫʜʫʱʝʛʦ ï ʥʘʫʢʘ 

ʤʦʣʦʜʳʭò (ʂʘʟʘʥʴ, 2016); 

- First International Conference on Multiscale Applications of Surface Tension 

(Belgium, Brussels, 2016); 

- ɿʠʤʥ̫̫ ʰʢʦʣʘ ʧʦ ʤʝʭʘʥʠʢʝ ʩʧʣʦʰʥʳʭ ʩʨʝʜ (ʇʝʨʤʴ, 2017, 2019); 

- ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ ñʅʝʨʘʚʥʦʚʝʩʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʧʣʦʰʥʳʭ 

ʩʨʝʜʘʭò (ʇʝʨʤʴ, 2017); 
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- 12-th International Conference ñTwo-Phase Systems for Space and Ground 

Applicationsò (Novosibirsk, 2017); 

- VI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬ. ʩ ʫʯʘʩʪʠʝʤ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ (ɹʘʨʥʘʫʣ, 2017); 

- XXIII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ñʅʝʣʠʥʝʡʥʳʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪòɹ (ɿʚʝʥʠʛʦʨʦʜ, 2018); 

- The Third Russian Conference on Magnetohydrodynamics (Perm, 2018); 

- ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬ. ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ ʤʝʭʘʥʠʢʝ (ʊʦʤʩʢ, 2018); 

- ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʲʝʟʜ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ (ʋʬʘ, 2019); 

ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʢʦʥʬʝʨʝʥʮʠʡ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 10-ʦʤ ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʩʝʤʠʥʘʨʝ ñʌʠʟʠʢʦʭʠʤʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤò (ʄʦʩʢʚʘ, 2019, ʨʫʢ. ʘʢʘʜ. 

ʃ.ɹ. ɹʦʡʥʦʚʠʯ), ʇʝʨʤʩʢʦʤ ʛʦʨʦʜʩʢʦʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʩʝʤʠʥʘʨʝ ʠʤʝʥʠ 

ʧʨʦʬ. ɻ.ɿ. ɻʝʨʰʫʥʠ, ɽ.ʄ. ɾʫʭʦʚʠʮʢʦʛʦ ʠ ɼ.ɺ. ʃʶʙʠʤʦʚʘ (ʇʝʨʤʴ, 2017, 2018, 

ʥʦʤʝʨʘ ʟʘʩʝʜʘʥʠʡ 1470, 1492, 1496, ʨʫʢ. ʧʨʦʬ. ʊ.ʇ. ʃʶʙʠʤʦʚʘ) ʠ ʥʘʫʯʥʦʤ 

ʩʝʤʠʥʘʨʝ ʢʘʬʝʜʨʳ ʅʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʤʠʢʨʦʩʠʩʪʝʤʥʦʡ ʪʝʭʥʠʢʠ ʇɻʅʀʋ 

(ʇʝʨʤʴ, 2019, ʨʫʢ. ʧʨʦʬ. ɸ.ɹ. ɺʦʣʳʥʮʝʚ). 

ʇʫʙʣʠʢʘʮʠʠ ʠ ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [8ï36,114], ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ 8 ʩʪʘʪʝʡ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ [10,12,13,15,21,25,30,32], ʠʟ ʥʠʭ 7 

ʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ Scopus ʠ Web of Science. ɺʩʝ 

ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ, ʧʦʣʫʯʝʥʳ ʠ 

ʦʙʨʘʙʦʪʘʥʳ ʜʠʩʩʝʨʪʘʥʪʦʤ ʣʠʯʥʦ. ɸʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʦʩʪʘʣʴʥʳʤʠ 

ʩʦʘʚʪʦʨʘʤʠ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 148 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʜʝʨʞʠʪ 52 ʨʠʩʫʥʢʘ ʠ 5 ʪʘʙʣʠʮ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 158 ʩʪʨʘʥʠʮ. 
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ɻʣʘʚʘ 1. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ 

 

 
1.1 ʂʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩ ʚ ʞʠʜʢʠʭ ʩʨʝʜʘʭ ʩ ʫʯʝʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

 
ʆʜʥʠʤ ʠʟ ʧʝʨʚrʭ ʦʙʩʪʦʷʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ 

ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʧʦʜʦʛʨʝʚʝ ʩʥʠʟʫ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ ɻ.ʌ. ʇʫʪʠʥʘ ʠ 

ɽ.ɸ. ʊʢʘʯʝʚʦʡ [37]. ʐʠʨʦʢʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʠʟ ʧʣʝʢʩʠʛʣʘʩʘ, ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʤʝʜʥʳʝ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ. ɺʳʩʦʪʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʷʯʝʡʢʠ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 2 ʜʦ 8 ʩʤ, 

ʜʣʠʥʘ ï ʦʪ 1.5 ʜʦ 13 ʩʤ, ʘ ʪʦʣʱʠʥʘ ï ʦʪ 1 ʜʦ 4 ʤʤ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ 

ʩʘʤʠʤʠ ʘʚʪʦʨʘʤʠ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʧʦʣʫʯʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʦʣʦʩʪʷʭ, 

ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʚʜʚʦʝ ʤʝʥʴʰʝ ʚʳʩʦʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʵʣʝʷ ʜʣʷ 

ʧʦʣʦʩʪʝʡ ʩ ʨʘʟʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʝʯʝʥʠʡ 

ʧʨʠ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʨʦʩʪʦʤ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʚʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʪʘʢ ʠ ʪʝʨʤʦʧʘʨʥʳʝ ʠʟʤʝʨʝʥʠʷ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʝʦʜʦʣʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʵʣʝʷ ʚ 

ʧʦʣʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʝ ʦʜʥʦʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ. ʉ ʨʦʩʪʦʤ 

ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʫ ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʛʣʦʚʳʝ 

ʚʠʭʨʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʟʘʢʨʫʪʢʦʡ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʵʪʦ ʪʝʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʠ ʚʦʟʥʠʢʘʝʪ 

ʜʚʫʭʚʠʭʨʝʚʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ, ʪʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ, ʢʦʪʦʨʳʡ, ʧʦ ʩʫʪʠ, 

ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʦʜʥʦʚʠʭʨʝʚʦʡ ʠ ʜʚʫʭʚʠʭʨʝʚʦʡ ʤʦʜʳ. 
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ʇʦʜʨʦʙʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʥʢʫʨʝʥʮʠʠ ʥʠʞʥʠʭ ʤʦʜ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʚ ʨʘʙʦʪʝ ɼ.ɺ. ʃʶʙʠʤʦʚʘ ʠ ɺ.ʀ. ʏʝʨʥʘʪʳʥʩʢʦʛʦ [38]. ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ɹʫʩʩʠʥʝʩʢʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʧʦʣʦʩʪʠ ʩ ʰʠʨʦʢʠʤʠ ʛʨʘʥʷʤʠ ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ, 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʵʣʝʷ 

ʜʣʷ ʨʘʟʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜ: 
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.  (1.1) 

ɿʜʝʩʴ n ʠ m ï ʮʝʣʳʝ ʯʠʩʣʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʪʝʯʝʥʠʷ ʚʜʦʣʴ 

ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʚʝʨʪʠʢʘʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, L ï ʜʣʠʥʘ, H ï ʚʳʩʦʪʘ ʧʦʣʦʩʪʠ. ʀʟ 

ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʷ ʧʨʠ ʤʘʣʳʭ 

ʥʘʜʢʨʠʪʠʯʥʦʩʪʷʭ ʜʣʷ ʧʦʣʦʩʪʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ L ʠ H. ɼʘʣʝʝ, ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʪʦʜʘ ɻʘʣʝʨʢʠʥʘ-ʂʘʥʪʦʨʦʚʠʯʘ, ʯʠʩʣʝʥʥʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ 

ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʀʥʪʝʨʝʩʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʫʤʝʨʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʳʝ, ʪʘʢ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʪʝʯʝʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʚʩʝʛʦ ʣʠʰʴ 12 ʤʦʜ (5 ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ, ʠ 

7 ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ʠʟ ʪʨʝʭ ʧʨʦʩʪʝʡʰʠʭ ʘʤʧʣʠʪʫʜ ʩʦʚʧʘʜʘʝʪ ʩ ʪʨʠʧʣʝʪʦʤ 

ʃʦʨʝʥʮʘ [39], ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʣʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ 

ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʪʝʯʝʥʠʷʤ, ʬʦʨʤʠʨʫʝʤʳʤ ʚ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ ʩ 

ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʰʠʨʦʢʠʤʠ ʛʨʘʥʷʤʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [40] 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʯʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ 

ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʠʙʨʘʮʠʡ, ʧʨʦʜʦʣʴʥʳʭ ʰʠʨʦʢʠʤ ʛʨʘʥʷʤ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚʥʝʰʥʝʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
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ʧʦʥʠʞʘʝʪ ʧʦʨʦʛ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ ʚʩʝʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʘʜʠʝʥʪʫ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʧʦʣʦʩʪʠ 

ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʚʝʩʦʤʦʩʪʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʣʷ ʧʦʨʦʛʘ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ ʪʦʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʢʨʠʪʠʯʝʩʢʠʭ ʯʠʩʝʣ ʈʵʣʝʷ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ɿʜʝʩʴ Rav ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʚʠʙʨʘʮʠʦʥʥʳʡ ʘʥʘʣʦʛ ʯʠʩʣʘ ʈʵʣʝʷ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʯʠʩʣʦʤ ɻʝʨʰʫʥʠ [41,42].  

ɺ ʨʘʙʦʪʝ [43] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ 

ʟʘʜʘʯʘ, ʘʥʘʣʦʛʠʯʥʘʷ [37], ʧʨʘʚʜʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʙʨʘʣʦʩʴ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʘʷ 

ʢʘʨʪʘ ʨʝʞʠʤʦʚ ʜʣʷ ʧʦʣʦʩʪʠ 2:20:40. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʷʯʝʡʢʝ ʩ 

ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʛʨʘʥʷʤʠ ʫʩʣʦʞʥʝʥʠʝ ʪʝʯʝʥʠʷ ʧʨʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʥʘʨʘʩʪʘʥʠʠ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ 

ʩʪʝʥʢʘʤʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʩʣʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚʦʟʥʠʢʘʝʪ ʦʜʥʦʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ, ʘ 

ʟʘʪʝʤ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʈʵʣʝʷ ʨʦʞʜʘʝʪʩʷ ʜʚʫʭʚʠʭʨʝʚʦʝ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʜʚʠʞʝʥʠʝ. ʂʦʛʜʘ ʦʥʦ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʚ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʫʣʴʩʘʮʠʦʥʥʳʡ ʨʝʞʠʤ. 

ʆʥ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʨʘʩʪʘʥʠʷ ʚʦʟʤʫʱʝʥʠʡ, ʥʘʨʫʰʘʶʱʠʭ ʩʠʤʤʝʪʨʠʶ 

ʜʚʫʭʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ, ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʚʠʭʨʝʡ ʥʘʯʠʥʘʝʪ ʚʳʪʝʩʥʷʪʴ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ. ʅʦ ʧʨʠ ʜʘʥʥʦʡ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʦʜʥʦʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ 

ʪʦʞʝ ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ. ɺ ʠʪʦʛʝ, ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʝʙʘʥʠʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʫʛʣʦʚʦʛʦ ʚʠʭʨʷ ʥʘ ʬʦʥʝ ʦʩʥʦʚʥʦʛʦ, ʪʦʞʝ 

ʧʫʣʴʩʠʨʫʶʱʝʛʦ, ʥʦ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ. ʈʘʟʤʝʨʳ 
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ʫʛʣʦʚʦʛʦ ʚʠʭʨʷ ʤʝʥʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʜʦʩʪʠʛʘʶʪ ʧʨʠʤʝʨʥʦ ʪʨʝʪʠ 

ʚʳʩʦʪʳ ʧʦʣʦʩʪʠ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʘʥʥʳʡ ʨʝʞʠʤ ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʡ ʦʙʣʘʩʪʠ ʯʠʩʝʣ ʈʵʣʝʷ. ʆʜʥʘʢʦ 

ʦʥ ʙʳʣ ʥʝ ʪʦʣʴʢʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʥʦ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥ 

ʪʝʦʨʝʪʠʯʝʩʢʠ [43]. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʚʦʜʠʪ ʢ ʨʦʞʜʝʥʠʶ 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʛʦ ʨʝʞʠʤʘ ʩ ʧʝʨʝʟʘʤʳʢʘʥʠʝʤ ʫʛʣʦʚʳʭ 

ʚʠʭʨʝʡ, ʥʘʙʣʶʜʘʚʰʝʛʦʩʷ ʝʱʝ ʚ [37]. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ ʜʚʫʭ 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʨʘʙʦʪʘʭ [44,45]. ɹʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʜʣʷ ʨʘʟʥʳʭ ʥʘʜʢʨʠʪʠʯʥʦʩʪʝʡ, ʯʪʦ ʪʝʯʝʥʠʷʤ ʦʙʦʠʭ ʪʠʧʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʙʦʨ ʨʘʟʣʠʯʥʳʭ ʢʨʘʪʥʳʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʦʪ. ʇʨʠ ʩʤʝʥʝ ʦʜʥʦʛʦ 

ʪʝʯʝʥʠʷ ʜʨʫʛʠʤ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʣʝʙʘʥʠʡ ʢʘʯʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ. ʇʦ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʫʣʴʩʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʣʝʛʢʘ ʚʠʜʦʠʟʤʝʥʝʥʥʦʝ 

ʥʝʧʨʝʨʳʚʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʧʝʨʝʟʘʤʳʢʘʥʠʝʤ 

ʫʛʣʦʚʳʭ ʚʠʭʨʝʡ. ʕʪʦ ʪʝʯʝʥʠʝ ʠʤʝʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ ʪʦʣʴʢʦ 

ʚʠʟʫʘʣʴʥʦ ʢʘʞʝʪʩʷ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ñʥʝʜʦʨʘʟʚʠʪʳʡò 

ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʡ ʨʝʞʠʤ ʩ ʧʝʨʝʟʘʤʳʢʘʥʠʝʤ ʫʛʣʦʚʳʭ ʚʠʭʨʝʡ. 

ʇʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʵʬʬʝʢʪʦʚ, 

ʧʦʣʫʯʘʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʪʝʤ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʩʪʘʥʜʘʨʪʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ 

ʛʨʫʙʦʡ ʠ ʚ ʥʝʡ ʪʨʝʙʫʝʪʩʷ ʫʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʫʧʦʤʷʥʫʪʴ ʟʘʜʘʯʫ ʦ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ 

ʚ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ [46], ʛʜʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ ʩʠʣʴʥʦʚʷʟʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦ ʥʘʛʨʝʪʳʭ ʪʝʢʫʯʠʭ ʩʨʝʜʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ 

ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʣʦʞʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʫʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʚʷʟʢʦʩʪʠ ʧʦʟʚʦʣʠʣʦ ʦʙʲʷʩʥʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʩʠʤʤʝʪʨʠʠ ñʚʝʨʭ-ʥʠʟò ʫ ʪʠʧʠʯʥʦʛʦ 
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ʜʣʷ ʜʘʥʥʦʡ ʧʦʣʦʩʪʠ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʛʦ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ. ʉʥʘʯʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʘ ʟʘʪʝʤ ʨʘʩʰʠʨʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʦʜʪʚʝʨʜʠʣʘ, ʯʪʦ ʚʝʨʭʥʠʝ ʚʠʭʨʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʙʦʣʝʝ ʭʦʣʦʜʥʦʡ 

ʦʙʣʘʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʪ ʧʦ ʨʘʟʤʝʨʘʤ ʥʠʞʥʠʝ ʚʠʭʨʠ ʚ ʙʦʣʝʝ 

ʛʦʨʷʯʝʡ ʦʙʣʘʩʪʠ. ʈʘʥʝʝ ʚ [37] ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʥʝ ʧʨʦʷʚʣʷʣ ʩʝʙʷ, ʧʦʩʢʦʣʴʢʫ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʷʟʢʦʩʪʠ ʫ ʚʦʜʳ ʧʦʯʪʠ ʥʘ 2 

ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʯʝʤ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ [47,48]. 

ɺʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʷʟʢʦʩʪʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ. ɺ ʨʘʙʦʪʝ [49] ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ ʩ ʣʦʢʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ 

ʧʘʨʘʤʝʪʨʘ ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʚʝʢʪʠʚʥʦʝ ʜʚʠʞʝʥʠʝ 

ʞʠʜʢʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʤ. ɺ ʧʨʦʪʠʚʦʚʝʩ ʵʪʦʤʫ ʫʩʠʣʠʚʘʝʪʩʷ 

ʧʨʦʛʨʝʚ ʧʦʣʦʩʪʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʝʝ ʚʳʛʦʜʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʳʡ ʨʝʞʠʤ, ʯʝʤ ʢʦʥʚʝʢʪʠʚʥʳʡ. 

ɽʱʝ ʦʜʥʦ ʷʨʢʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʨʝʜʳ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ [50,51], ʛʜʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʝʯʝʥʠʷ, ʦʙʨʘʟʫʝʤʳʝ 

ʚ ʧʨʦʮʝʩʩʝ ʩʤʝʰʠʚʘʥʠʷ ʜʚʫʭ ʭʠʤʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʩʨʝʜ ʚ ʪʦʥʢʦʤ ʧʣʦʩʢʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʝʘʢʪʦʨʝ. ʆʙʲʷʩʥʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ 

ʭʝʤʦʢʦʥʚʝʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʫʯʝʪʫ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɿʜʝʩʴ ʢʨʘʡʥʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʯʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʚʩʝʛʜʘ ʪʨʝʙʫʝʪ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ɺ ʨʘʙʦʪʝ [52] ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʧʣʦʩʢʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʣʦʝ ʞʠʜʢʦʩʪʠ 

ʧʨʠ ʫʯʝʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʏʠʩʣʝʥʥʦ ʚʳʧʦʣʥʝʥ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʦʷʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʵʪʦʪ ʵʬʬʝʢʪ. ʄʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ 
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ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʨʝʞʠʤʦʚ ʜʚʫʤʝʨʥʦʡ 

ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ. ʅʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥʚʝʢʪʠʚʥʳʭ ʜʚʠʞʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʩʴʤʘ 

ʩʧʝʮʠʬʠʯʝʥ, ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʞʠʜʢʦʩʪʝʡ ʦʥ ʥʝʟʥʘʯʠʪʝʣʝʥ, ʯʪʦʙʳ 

ʥʘʙʣʶʜʘʪʴʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʉʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʜʠ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʯʪʦ ʨʦʣʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʪʝʯʝʥʠʡ ʧʦʩʚʷʱʝʥʦ ʦʙʰʠʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. ɿʜʝʩʴ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ ʠ ʚ ʤʝʨʫ ʧʨʦʩʪʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʣʦʡ ʞʠʜʢʦʩʪʠ. ɻʣʘʚʥʳʤ ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʷ ʚ ʨʘʤʢʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʝʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʢʦʥʚʝʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʦʡ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʞʠʤʘ. ɸ ʠʤʝʥʥʦ, ʧʨʠ ʧʦʜʦʛʨʝʚʝ ʩʣʦʷ 

ʩʥʠʟʫ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʢʦʥʢʫʨʝʥʮʠʷ ʥʘʜʢʨʠʪʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʚʠʜʝ 

ʜʚʫʭʤʝʨʥʳʭ ʚʘʣʦʚ ʠ ʪʨʝʭʤʝʨʥʳʭ ʷʯʝʝʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʳ. ɺ ʨʘʙʦʪʝ [53] 

ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʚʟ̫ʢʦʩʪʠ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʚ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʷʯʝʡʢʘʭ ʚ ʚʠʜʝ ʧʦʜʲʝʤʥʦʛʦ ʠʣʠ ʦʧʫʩʢʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʮʝʥʪʨʝ ʷʯʝʡʢʠ. ʇʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʫʢʘʟʘʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʣʠʥʝʡʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ, ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ [54] ʠʟʤʝʥʝʥʠʝ ʧʦʨʦʛʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʲʷʩʥʝʥʳ 

[55,56] ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʦʞʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʠʧ ʪʝʯʝʥʠʷ. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ [57] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʷʯʝʠʩʪʦʡ 
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ʩʪʨʫʢʪʫʨʳ ʚ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʠʤ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚ ʢʦʪʦʨʦʤ ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ 

ʤʦʞʝʪ ʦʪʚʝʯʘʪʴ ʟʘ ʧʦʪʝʨʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ 

ʙʝʩʢʦʥʝʯʥʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʣʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʤʦʥʦʪʦʥʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʇʠʨʩʦʥʘ [58]. ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʨʤʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ 

ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʥʚʝʢʮʠʠ ʚʥʝʩʣʠ ʂʦʰʤʠʜʝʨ [59ï61] ʠ ʅʠʣʜ [62]. 

ʉʢʨʫʧʫʣʝʟʥʳʡ ʘʥʘʣʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʧʨʦʩʘʤʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʚ ʧʦʜʦʛʨʝʚʘʝʤʦʤ ʩʥʠʟʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʣʦʝ, 

ʢʦʛʜʘ ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʞʠʜʢʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʣʦʢʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ, ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʠʟʚʝʩʪʥʳʭ ʠ ʚʝʩʴʤʘ ʦʙʩʪʦʷʪʝʣʴʥʳʭ 

ʦʙʟʦʨʥʳʭ ʨʘʙʦʪʘʭ ɸ.ɺ. ɻʝʪʣʠʥʛʘ [63,64]. 

ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʡ ʵʬʬʝʢʪ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʠʯʠʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢʠʤʠ-ʪʦ 

ʜʨʫʛʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʥʦ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʦʩʥʦʚʥʦʡ 

ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʚ ʭʦʜʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʈ.ɺ. ɹʠʨʠʭ [65] ʨʘʩʩʤʦʪʨʝʣ ʦʩʥʦʚʥʦʝ ʪʝʯʝʥʠʝ, ʠʤʝʶʱʝʝ ʯʠʩʪʦ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʫʶ ʧʨʠʨʦʜʫ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʚ ʙʝʩʢʦʥʝʯʥʦʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʣʦʝ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢʦʛʜʘ ʚʜʦʣʴ ʥʝʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ [66], 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ [65], ʧʦʩʚʷʱʝʥʦ ʨʝʰʝʥʠʶ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʦʡ ʟʘʜʘʯʠ ʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʣʦʝ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʩ ʧʨʦʜʦʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʣʷ ʙʘʣʘʥʩʘ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʢʣʶʯʘʣʦ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚ ʜʦʧʦʣʥʝʥʠʝ ʫʯʠʪʳʚʘʣʦ ʢʨʠʚʠʟʥʫ ʧʦʚʝʨʭʥʦʩʪʠ. 
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1.2 ɺʣʠʷʥʠʝ ʧʣʝʥʦʢ ʩʫʨʬʘʢʪʘʥʪʘ ʥʘ ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʪʝ, ʚ ʢʦʪʦʨʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

ʇʦʤʠʤʦ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʨʬʘʢʪʘʥʪʘ ʠʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ʊʘʢ, ʥʘʥʝʩʝʥʠʝ ʥʘ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʦʣʝʢʫʣ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʠʪʫʘʮʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʢ ʣʦʢʘʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʢʘʧʠʣʣʷʨʥʦʛʦ ʪʝʯʝʥʠʷ. ɺ [67,68] ʠʟʫʯʝʥʦ 

ʧʦʚʝʜʝʥʠʝ ʧʣʝʥʢʠ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʩʫʨʬʘʢʪʘʥʪʘ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʚʝʨʪʠʢʘʣʴʥʳʡ 

ʟʘʟʦʨ. ʂʘʢ ʠ ʚ ʨʘʙʦʪʝ [66], ʦʜʥʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʙʦʢʦʚʘʷ ʩʪʝʥʢʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʧʦʣʦʩʪʠ ʷʚʣʷʝʪʩʷ ʛʦʨʷʯʝʡ, ʜʨʫʛʘʷ ï ʭʦʣʦʜʥʦʡ, ʠ ʚʜʦʣʴ ʚʩʝʛʦ ʦʙʲʝʤʘ 

ʥʘʚʷʟʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʦʝ 

ʩʦʟʜʘʝʪ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʦʝ ʪʝʯʝʥʠʝ, ʩʤʝʱʘʶʱʝʝ ʧʣʝʥʢʫ ʇɸɺ ʢ ʭʦʣʦʜʥʦʡ 

ʩʪʝʥʢʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʘʜʠʝʥʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʨʬʘʢʪʘʥʪʘ, ʢʦʪʦʨʳʡ ʩʪʨʝʤʠʪʩʷ ʩʛʝʥʝʨʠʨʦʚʘʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʢʘʧʠʣʣʷʨʥʦʝ ʪʝʯʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ 

ʩʪʦʨʦʥʫ, ʪ.ʝ. ʢ ʛʦʨʷʯʝʡ ʩʪʝʥʢʝ. ʅʘ ʩʪʘʜʠʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʙʘʣʘʥʩ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʧʦʨʦʞʜʘʝʪ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʧʣʝʥʢʠ, ʢʦʛʜʘ ʩʦʩʫʱʝʩʪʚʫʶʪ ʧʦʣʥʦʩʪʴʶ 

ñʦʪʢʨʳʪʳʡò ʫʯʘʩʪʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʥʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʠ 

ñʧʦʢʨʳʪʘʷò ʩʫʨʬʘʢʪʘʥʪʦʤ ʦʙʣʘʩʪʴ. ʀʭ ʨʘʟʜʝʣʷʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʪʦʯʢʘ 

ʩʪʘʛʥʘʮʠʠ, ʢʦʪʦʨʘʷ ʩ ʭʦʨʦʰʝʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʨʘʟʤʝʨʦʚ ʦʢʥʘ, ʩʚʦʙʦʜʥʦʛʦ ʦʪ 

ʇɸɺ, ʚ ʨʘʙʦʪʝ [67] ʚʚʦʜʠʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ʫʧʨʫʛʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦ 

ʩʫʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʪʝʨʤʦ- ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʢʘʧʠʣʣʷʨʥʳʭ 
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ʩʠʣ 0 C TE c Ts s= D . ɿʜʝʩʴ ʩ0 ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʨʬʘʢʪʘʥʪʘ, ȹT ï 

ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʙʦʢʦʚʳʤʠ ʩʪʝʥʢʘʤʠ; sT ʠ sC ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ʊʘʢʞʝ, ʵʪʠʤʠ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴʥʘʷ ʬʦʨʤʫʣʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ 

ʩʪʘʛʥʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ E. 

ʉʥʦʩ ʧʣʝʥʢʠ ʩʫʨʬʘʢʪʘʥʪʘ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʤ ʪʝʯʝʥʠʝʤ, ʧʨʝʜʩʢʘʟʘʥʥʳʡ 

ʚ [68], ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥ ɸ.ʀ. ʄʠʟʝʚr ʤ ʠ ɸ.ɺ. ʐʤʳʨʦʚʳʤ 

[13,69]. ɼʣʷ ʦʧʳʪʦʚ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʷʯʝʡʢʘ ʍʝʣʝ ï 

ʐʦʫ ʩ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʝʨʭʫ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʘ ʨʦʣʴ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʛʨʘʣʘ ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʧʦʟʚʦʣʠʣʠ ʨʝʘʣʠʟʦʚʘʪʴ ʣʠʥʝʡʥʦʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʷʯʝʡʢʠ. ɺʤʝʩʪʦ ʛʦʨʷʯʝʡ 

ʠ ʭʦʣʦʜʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʦʢ ʧʦʣʦʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʟʜʘʚʘʣʘʩʴ ʣʘʤʧʦʡ ʥʘʢʘʣʠʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʥʘʛʨʝʚʘ ʩʚʝʨʭʫ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʨʦʧʫʩʢʘʥʠʝʤ ʩʚʝʪʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʣʠʥʟ ʪʘʢ, ʯʪʦʙʳ ʚʜʦʣʴ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦʝ ʢ ʣʠʥʝʡʥʦʤʫ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ñʟʘʢʨʳʪʫʶò ʠ ñʦʪʢʨʳʪʫʶò 

ʯʘʩʪʠ, ʥʦ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʩʪʘʛʥʘʮʠʠ ʚ ʦʧʳʪʘʭ ʠʤʝʣʦ ʩʠʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʬʦʨʤʫʣʳ, ʧʦʣʫʯʝʥʥʦʡ ʚ [68]. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʧʳʪʦʚ [13,69] 

ʚʳʧʦʣʥʠʣʠ ɼ.ɸ. ɹʨʘʮʫʥ, ɺ.ɸ. ɼʝʤʠʥ ʠ ʄ.ʀ. ʇʝʪʫʭʦʚ [13,32,33]. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʜʘʣʠ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ.  

ɻʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʧʦ ʧʦʩʪʘʥʦʚʢʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ [13,68] ʷʚʣʷʝʪʩʷ 

ʨʘʙʦʪʘ [70] ʩ ʧʣʝʥʢʦʡ ʩʫʨʬʘʢʪʘʥʪʘ, ʠʩʧʳʪʳʚʘʶʱʝʡ ʜʚʫʤʝʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, 

ʢʦʛʜʘ ʧʣʝʥʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʦʪʢʨʳʪʦʡ ʢʶʚʝʪʝ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʮʝʥʪʨʝ ʢʶʚʝʪʳ ʚ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ 
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ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʚʦʟʥʠʢʘʝʪ ʣʠʥʠʷ ʩʪʘʛʥʘʮʠʠ, ʨʘʟʜʝʣʷʶʱʘʷ ʚʥʫʪʨʝʥʥʶʶ, ʦʯʠʱʝʥʥʫʶ ʦʪ 

ʩʫʨʬʘʢʪʘʥʪʘ ʦʙʣʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʧʝʨʠʬʝʨʠʡʥʫʶ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸɺ ʫ ʧʝʨʠʬʝʨʠʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʯʝʥʠʷ ʚ ʦʙʲʝʤʝ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʪʘʢ 

ʠ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʦʙʣʘʩʪʝʡ ʩ ʦʧʫʩʢʥʳʤ ʠ ʧʦʜʲʝʤʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ 

ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʪʨʝʭʤʝʨʥʦʡ. ʇʨʠʯʝʤ ʩʪʝʧʝʥʴ ʪʨʝʭʤʝʨʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʛʨʝʚʘ ʠ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʣʝʥʢʠ 

ʩʫʨʬʘʢʪʘʥʪʘ. ɺ ʮʝʥʪʨʝ ʢʶʚʝʪʳ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʨʘʜʠʘʣʴʥʳʤ ʠ ʥʘʧʨʘʚʣʝʥʦ ʦʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʢʶʚʝʪʳ ʢ 

ʧʝʨʠʬʝʨʠʠ. ʇʣʝʥʢʘ ʩʫʨʬʘʢʪʘʥʪʘ ʩʥʦʩʠʪʩʷ ʨʘʜʠʘʣʴʥʳʤ ʪʝʯʝʥʠʝʤ ʢ ʚʥʝʰʥʝʡ 

ʛʨʘʥʠʮʝ ʧʦʣʦʩʪʠ ʠ ʟʘʥʠʤʘʝʪ ʩʦʧʦʩʪʘʚʠʤʫʶ ʧʣʦʱʘʜʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʞʠʜʢʦʩʪʴ ʧʦʜʥʳʨʠʚʘʝʪ ʧʦʜ ʧʣʝʥʢʫ 

ʇɸɺ, ʪʝʯʝʥʠʝ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫ ʥʝʛʦ ʚʦʟʥʠʢʘʝʪ ʘʟʠʤʫʪʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜ ʧʣʝʥʢʦʡ ʩʫʨʬʘʢʪʘʥʪʘ ʚʦʟʥʠʢʘʝʪ 

ʩʠʩʪʝʤʘ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʘʟʠʤʫʪʘʣʴʥʳʭ 

ʚʠʭʨʝʡ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʢʘʧʠʣʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʳʤ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʦʤʫ ʠ ʠʥʦʛʜʘ ʩʘʤ ʙʝʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʠʣ 

ʤʦʞʝʪ ʧʦʨʦʞʜʘʪʴ ʪʝʯʝʥʠʷ. ʌʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ 

ʥʘʯʠʥʘʝʪ ʚʳʭʦʜʠʪʴ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʚ ʤʠʢʨʦʬʣʶʠʜʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʊʘʢ, ʚ 

ʨʘʙʦʪʘʭ [71,72] ʚ ʥʝʧʦʜʚʠʞʥʫʶ ʞʠʜʢʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʣʘʩʴ 

ʠʟʥʘʯʘʣʴʥʦ ʦʜʥʦʨʦʜʥʘʷ ʧʣʝʥʢʘ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʩʫʨʬʘʢʪʘʥʪʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʚʦʜʠʣʩʷ ʨʘʩʪʚʦʨʠʤʳʡ ʩʫʨʬʘʢʪʘʥʪ, ʧʨʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʪʦʨʦʛʦ ʚʜʦʣʴ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚʦʟʥʠʢʘʣʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʛʨʘʜʠʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʛʝʥʝʨʠʨʦʚʘʚʰʠʝ ʢʦʥʚʝʢʪʠʚʥʳʡ ʤʘʩʩʦʧʝʨʝʥʦʩ ʚ ʦʙʲʝʤʝ. 

ʅʝʪʨʠʚʠʘʣʴʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʝʯʝʥʠʷ 



22 

 

ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʚʦʟʥʠʢʘʶʪ ʧʦʨʦʛʦʚʳʤ ʦʙʨʘʟʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ 

ʷʯʝʡʢʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʨʬʘʢʪʘʥʪʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʠ ʟʘʜʘʯʠ ʠ ʨʝʞʠʤʦʚ ʥʘʛʨʝʚʘ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʝʩʴʤʘ 

ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʚʥʝʰʥʝʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɺ ʨʘʙʦʪʘʭ [73,74] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʚʝʜʝʥʠʝ ʜʝʢʘʥʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʶʚʝʪʝ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʢʦʪʦʨʦʡ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʳʣ ʨʘʩʧʦʣʦʞʝʥ 

ʪʦʯʝʯʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴ. ʇʦʣʦʞʝʥʠʝ ʥʘʛʨʝʚʘʪʝʣʷ ʚʥʫʪʨʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʤʦʞʥʦ ʙʳʣʦ ʠʟʤʝʥʷʪʴ ʚʜʦʣʴ ʦʩʠ ʢʶʚʝʪʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ 

ʥʘʛʨʝʚʘ ʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʶʚʝʪʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʪʦʨʦʦʙʨʘʟʥʦʝ ʪʝʯʝʥʠʝ, ʧʨʦʷʚʣʷʚʰʝʝ ʩʝʙʷ ʚ ʚʠʜʝ ʤʦʥʦʪʦʥʥʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ 

ʨʘʩʪʝʢʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ 

ʥʘʛʨʝʚʘʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʪʘʢʞʝ ʚʦʟʥʠʢʘʣʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʝ 

ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʝʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʠʣʠ ʩʧʠʨʘʣʴʥʳʭ ʨʘʩʢʨʫʯʠʚʘʶʱʠʭʩʷ ʚʦʣʥ. 

ɼʘʞʝ ʙʝʟ ʫʯʝʪʘ ʪʝʨʤʦ- ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʟʘʜʘʯʘ ʦ 

ʪʦʯʥʦʤ ʧʦʣʦʞʝʥʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʪʨʠʚʠʘʣʴʥʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʜʦʙʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʢʦʛʜʘ 

ʠʤʝʝʪ ʤʝʩʪʦ ʩʪʝʢʘʥʠʝ ʪʦʥʢʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ, ʚʦʟʤʦʞʥʳ ʪʝʯʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʫʝʜʠʥʝʥʥʳʭ 

ʚʦʣʥ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ [75], ʧʨʦʚʝʜʝʥʥʳʝ ʇ.ʃ. ʂʘʧʠʮʝʡ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚ ʪʦʥʢʠʭ ʩʪʝʢʘʶʱʠʭ ʩʣʦʷʭ ʞʠʜʢʦʩʪʠ, ʬʦʨʤʘ ʤʝʞʬʘʟʥʦʡ 

ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʢʘʧʠʣʣʷʨʥʳʤʠ ʩʠʣʘʤʠ, ʥʘʣʠʯʠʝ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʨʦʞʜʘʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʩʦʣʠʪʦʥʥʦʛʦ ʪʠʧʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʚʦʣʥʦʚʦʡ ʭʘʨʘʢʪʝʨ ʜʘʥʥʦʛʦ ʪʝʯʝʥʠʷ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʣʩʷ ʢʘʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ. ʅʝʢʦʪʦʨʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ 

ʨʝʟʦʥʘʥʩʥʳʤ ʷʚʣʝʥʠʷʤ ʚ ʩʪʝʢʘʶʱʠʭ ʧʣʝʥʢʘʭ [76,77]. ʈʘʟʚʠʪʠʝ ʙʦʣʝʝ 

ʩʣʦʞʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʯʝʪʦʤ 
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ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʟʘ ʩʯʝʪ ʘʜʩʦʨʙʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦ 

ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ-ʛʘʟ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʚ ʨʘʙʦʪʝ [78]. ɺ ʥʝʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʝʡʩʪʚʠʝ ʧʝʨʝʢʨʝʩʪʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʤʦʜ ʚ ʩʧʝʢʪʨʘʭ ʚʦʟʤʫʱʝʥʠʡ. 

ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʨʦʣʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʬʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʚ ʭʦʜʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ, ʟʘʞʘʪʦʛʦ ʤʝʞʜʫ ʜʚʫʤʷ ʪʚʝʨʜʳʤʠ ʪʦʨʮʘʤʠ. 

ɼʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʢʘʧʠʣʣʷʨʥʳʡ ʤʦʩʪ, 

ʩʚʦʙʦʜʥʳʝ ʙʦʢʦʚʳʝ ʛʨʘʥʠʮʳ ʢʦʪʦʨʦʛʦ ʫʜʝʨʞʠʚʘʶʪʩʷ ʩʠʣʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ. ʇʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʚ ʪʘʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʚʝʩʴʤʘ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʝʝ ʙʣʠʟʦʩʪʴʶ ʧʦ ʧʦʩʪʘʥʦʚʢʝ ʢ 

ʫʩʣʦʚʠʷʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʳʨʘʱʠʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʥʘʛʨʝʚʝ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ʠ ʦʭʣʘʞʜʝʥʠʠ 

ʪʦʨʮʦʚ ʚ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʦʟʤʦʞʥʦ ʨʘʟʚʠʪʠʝ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʪʝʯʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʆʩʦʙʝʥʥʦ ʩʣʦʞʥʳʤʠ 

ʢʦʥʚʝʢʪʠʚʥʳʝ ʨʝʞʠʤʳ ʩʪʘʥʦʚʷʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʜʢʨʠʪʠʯʥʦʩʪʷʭ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ [79,80] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʣʦʞʥʳʝ ʪʨʝʭʤʝʨʥʳʝ 

ʪʝʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʣʠʯʠʝʤ ʙʝʛʫʱʠʭ ʚ ʘʟʠʤʫʪʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʩʠʩʪʝʤʝ ʧʦʨʦʛʦʚʳʤ ʦʙʨʘʟʦʤ. ɺ 

ʨʘʙʦʪʝ [81] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ ʚʝʩʴʤʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʚʠʩʷʪ 

ʦʪ ʚʳʩʦʪʳ ʞʠʜʢʦʛʦ ʤʦʩʪʘ, ʘ ʠʤʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʘʩʧʝʢʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ L/R 

ʧʨʠʚʦʜʠʪ ʢ ʭʘʦʪʠʟʘʮʠʠ ʪʝʯʝʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ 

ʩʧʝʢʪʨʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʝʩʣʠ ʧʦʤʝʩʪʠʪʴ ʢʘʧʠʣʣʷʨʥʳʡ ʤʦʩʪ ʚ ʩʧʝʮʠʘʣʴʥʫʶ 

ʪʝʧʣʦʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʪʨʫʙʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʚʥʠʚʘʪʴ ʦʢʨʫʞʘʶʱʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʪʦ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʪʝʯʝʥʠʡ, ʜʝʣʘʷ ʠʭ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʤʠ. ɺ ʨʘʙʦʪʝ [82] ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʞʠʜʢʦʤ ʤʦʩʪʝ ʩ ʫʯʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 



24 

 

ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʘʟʠʤʫʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʘʚʜʘ ʦʥ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʥʘʜʢʨʠʪʠʯʥʦʩʪʷʭ, ʧʦʩʢʦʣʴʢʫ 

ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʳʤ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʭ 

ʪʝʯʝʥʠʡ ʚ ʞʠʜʢʦʤ ʤʦʩʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʥʘʛʨʝʚʘ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ. ʊʘʢ, ʚ [83] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʦʛʦ ʵʬʬʝʢʪʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʜʦʣʴ ʞʠʜʢʦʡ ʟʦʥʳ, ʠ ʪʝʯʝʥʠ ̫

ʚʦʟʜʫʭʘ, ʦʙʜʫʚʘʶʱʝʛʦ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʦʙʜʫʚʘ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʧʦʛʘʩʠʪʴ 

ʵʬʬʝʢʪ ʄʘʨʘʥʛʦʥʠ.  

ɺ ʨʘʙʦʪʝ [84] ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʪʝʨʤʦʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʢʦʣʦʥʥʘ, 

ʥʘʧʦʣʥʝʥʥʘʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʞʠʜʢʦʩʪʴ,ʁ ʚ ʢʦʪʦʨʦʡ ʜʦʧʫʩʢʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʬʬʝʢʪʘ ʉʦʨʝ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʡ ʥʘʛʨʝʚʘ ʥʝʫʩʪʦʡʯʠʚʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʨʤʦʜʠʬʬʫʟʠʠ. 

ɿʘʜʘʯʠ ʩ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʡ ʵʬʬʝʢʪ, ʤʦʛʫʪ ʙʳʪʴ ʦʩʣʦʞʥʝʥʳ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʊʘʢ, 

ʚ [85] ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ 

ʫʯʠʪʳʚʘʣʦʩʴ ʠʩʧʘʨʝʥʠʝ ʩ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʞʠʜʢʦʩʪʴ-ʛʘʟ. ɸʚʪʦʨʘʤʠ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʦ ʪʦʯʥʦʤʫ 

ʨʝʰʝʥʠʶ ʜʣʷ ʜʚʫʭʬʘʟʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʠʩʧʘʨʝʥʠʝʤ ʠ 

ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʜʝʣʘ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫ 

ʠʩʢʨʠʚʣʝʥʥʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ɺ [86] ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʪʦʯʝʯʥʦʛʦ ʥʘʛʨʝʚʘ 

ʛʨʘʥʠʮ rʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ-ʛʘʟ ʦʪ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʜʝʡʩʪʚʠʝ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʠʤʝʣʦ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʨʝʣʴʝʬʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʣʦ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʝʤʳʤ ʷʚʣʝʥʠʷʤ. 
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ʇʣʝʥʦʯʥʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʪʚʝʨʜʦʡ ʛʨʘʥʠʮʳ ʩʚʷʟʘʥʦ ʩ ʪʘʢʦʡ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʟʘʜʘʯʝʡ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʪʝʧʣʦʦʪʚʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʤʠʢʨʦʬʣʶʠʜʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʇʦʤʠʤʦ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʣʠʷʶʪ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʊʘʢ, ʚ 

ʨʘʙʦʪʘʭ ʆ.ɸ. ʂʘʙʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [87,88] ʠʟʫʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ 

ʪʦʥʢʦʡ ʧʣʝʥʢʠ, ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ 

ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʷʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʭʠʭ ʧʷʪʝʥ, ʥʘʨʫʰʘʶʱʝʝ ʧʨʦʬʠʣʴ 

ʪʝʯʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʮʝʩʩ ʪʝʧʣʦʦʪʚʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʣʫ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʧʣʝʥʢʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʢʘʟʳʚʘʶʪʩʷ ʢʘʢ ʥʘ ʧʨʦʮʝʩʩʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʪʘʢ ʠ ʥʘ ʩʘʤʦʤ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʙʣʘʜʘʝʪ ʩʪʨʫʢʪʫʨʦʡ ʚ ʚʠʜʝ 

ʩʠʩʪʝʤʳ ʤʠʢʨʦʢʘʥʘʣʦʚ, ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʤʦʛʫʪ ʫʜʝʨʞʠʚʘʪʴ 

ʞʠʜʢʦʩʪʴ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʧʦʧʘʜʘʥʠʷ ʚ ʢʘʥʘʚʢʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʫ  ʁʩʫʧʝʨʛʠʜʨʦʬʦʙʥʫ  ʁʧʦʚʝʨʭʥʦʩʪʴ, 

ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʟʘ ʩʯʝʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ [89,90]. 

ʇʨʠ ʦʙʲʷʩʥʝʥʠʠ ʧʦʚʝʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʯʘʩʪʦ 

ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʠ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʪʘʢ ʠ ʚ ʦʙʲʝʤʝ ʠ ʧʝʨʝʭʦʜʠʪʴ ʠʟ 

ʦʜʥʦʡ ʬʘʟʳ ʚ ʜʨʫʛʫʶ. ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʭʦʜʘ ʩʫʨʬʘʢʪʘʥʪʘ ʠʟ 

ʦʙʲʝʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʦʙʨʘʪʥʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚ ʨʘʩʯʝʪ 

ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʠ ʜʝʩʦʨʙʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʙʘʣʘʥʩ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʥʘʣʠʯʠʝ ʤʦʣʝʢʫʣ ʇɸɺ ʚ ʦʙʲʝʤʝ ʩʧʦʩʦʙʥʦ ʦʢʘʟʳʚʘʪʴ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ. ɺ ʤʠʢʨʦʬʣʶʠʜʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʦʙʲʝʤʥʦʡ ʬʘʟʳ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʝʩʴʤʘ ʥʝʦʞʠʜʘʥʥʦʤʫ 

ʧʦʚʝʜʝʥʠʶ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʨʘʙʦʪʘʤʠ [91,92]. ɺ ʥʠʭ 
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ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʢʘʧʣʠ ʭʣʦʨʙʝʥʟʦʣʘ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʧʣʦʩʢʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʣʦʝ. ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ 

ʤʦʣʝʢʫʣʳ ʩʫʨʬʘʢʪʘʥʪʘ (ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ) ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ 

ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ, ʩʦʟʜʘʚʘʷ ʛʨʘʜʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʪʝʯʝʥʠʶ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʟʘ ʩʯʝʪ ʜʝʩʦʨʙʮʠʠ 

ʩʧʠʨʪ ʧʨʦʥʠʢʘʝʪ ʚ ʦʙʲʝʤ ʢʘʧʣʠ, ʩʦʟʜʘʚʘʷ ʪʝʯʝʥʠʝ ʚ ʥʝʡ. ʃʶʙʦʧʳʪʥʳʡ ʵʬʬʝʢʪ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʝʩʣʠ ʢʘʧʣʶ ʧʦʤʝʩʪʠʪʴ ʚ ʨʘʩʪʚʦʨ ʩ ʥʘʯʘʣʴʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʧʝʨʝʧʘʜʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʪʦʢʦʚ ʚʝʱʝʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʝʛʦ ʧʝʨʝʥʦʩ ʚʙʣʠʟʠ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʥʘʩʳʱʝʥʠʝʤ ʠʣʠ ʦʙʝʜʥʝʥʠʝʤ 

ʛʨʘʥʠʮʳ ʩʫʨʬʘʢʪʘʥʪʦʤ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʤ 

ʟʘʪʫʭʘʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ ʢʘʧʣʝ ʥʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇɸɺ. 

ɺ ʨʘʙʦʪʘʭ [93,94] ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʙ ʦʙʪʝʢʘʥʠʠ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʧʫʟʳʨʷ ʚʥʝʰʥʠʤ ʧʦʪʦʢʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʇɸɺ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʪʘʢ ʞʝ ʢʘʢ ʚ 

[68] ʚʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: 

ʩʚʦʙʦʜʥʳʡ ʫʯʘʩʪʦʢ ʠ ʟʘʥʷʪʳʡ ʩʫʨʬʘʢʪʘʥʪʦʤ. ʅʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʫʞʠʣʘ ʤʝʞʬʘʟʥʦʡ 

ʛʨʘʥʠʮʝʡ ʚʩʧʣʳʚʘʶʱʝʛʦ ʧʫʟʳʨʴʢʘ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʥʘ ʢʦʪʦʨʳʡ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʥʦʩʠʣʘʩʴ ʦʜʥʦʨʦʜʥʘʷ ʪʦʥʯʘʡʰʘʷ ʧʣʝʥʢʘ 

ʨʘʩʪʚʦʨʠʤʦʛʦ ʩʫʨʬʘʢʪʘʥʪʘ. ʇʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ñʧʝʨʝʜʥʠʡò ʧʦʣʶʩ ʧʫʟʳʨʴʢʘ 

ʧʦʣʥʦʩʪʴʶ ʦʯʠʱʘʣʩʷ ʦʪ ʩʫʨʬʘʢʪʘʥʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʝʯʝʥʠʝ ʚʥʝʰʥʝʡ 

ʞʠʜʢʦʩʪʠ, ʦʙʪʝʢʘʶʱʝʝ ʧʫʟʳʨʝʢ, ʩʤʝʱʘʣʦ ʧʣʝʥʢʫ ʚ ʩʪʦʨʦʥʫ ñʟʘʜʥʝʛʦò 

ʧʦʣʶʩʘ, ʢʦʪʦʨʳʡ ʚʩʝʛʜʘ ʦʩʪʘʚʘʣʩʷ ʟʘʢʨʳʪʳʤ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʧʣʝʥʦʢ ʩʫʨʬʘʢʪʘʥʪʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʙʘʥʘʣʴʥʦ ʦʩʣʦʞʥʝʥʦ ʥʘʣʠʯʠʝʤ ʛʠʛʘʥʪʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ [95,96]. ʂ ʧʨʠʤʝʨʫ, ʝʩʣʠ 

ʤʦʣʝʢʫʣʳ ʩʫʨʬʘʢʪʘʥʪʘ ʷʚʣʷʶʪʩʷ ʛʦʤʦʣʦʛʘʤʠ, ʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʝ 

ʤʝʩʪʦ ʦʥʠ ʟʘʥʠʤʘʶʪ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
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ʜʨʫʛ ʩ ʜʨʫʛʦʤ (ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ), ʘ 

ʪʘʢʞʝ ʩ ʘʜʩʦʨʙʝʥʪʦʤ, ʯʪʦ ʨʝʛʫʣʠʨʫʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʚʝʜʝʥʠʝ ʢʘʞʜʦʛʦ ʇɸɺ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʨʝʪʥʦʡ 

ʠʟʦʪʝʨʤʦʡ ʩʦʩʪʦʷʥʠʷ [97,98]. ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ 

ʦʧʠʩʘʪʴ ʝʛʦ ʦʪʢʣʠʢ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʠʟʦʪʝʨʤʘ 

ɻʝʥʨʠ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʠʟʦʪʝʨʤʘ ʩʧʨʘʚʝʜʣʠʚʘ ʪʦʣʴʢʦ ʧʨʠ 

ʥʝʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʜʥʘʢʦ ʚʦ ʤʥʦʛʠʭ 

ʨʘʙʦʪʘʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠ ʧʦʩʚʷʱʝʥʥʳʭ ʪʝʨʤʦ- ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-

ʢʘʧʠʣʣʷʨʥʦʤʫ ʵʬʬʝʢʪʫ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠʤʝʥʥʦ ʦʥʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʥʘʩʳʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʨʬʘʢʪʘʥʪʦʤ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʠʟʦʪʝʨʤʝ ʃʝʥʛʤʶʨʘ [99]. ɺ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʦʣʝʢʫʣʳ ʩʫʨʬʘʢʪʘʥʪʘ ʷʚʣʷʶʪʩʷ ʠʦʥʘʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʙʲʝʤʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʠʟʦʪʝʨʤʦʡ ʌʨʫʤʢʠʥʘ [100].  

ɺ ʧʨʦʮʝʩʩʝ ʟʘʧʦʣʥʝʥʠʷ ʤʦʣʝʢʫʣʘʤʠ ʇɸɺ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʧʦʩʣʝʜʥʠʭ [97,101]. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ, ʤʦʣʝʢʫʣʳ ʩʚʦʙʦʜʥʦ 

ʟʘʥʠʤʘʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ.ʝ. ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʚʩʝʡ 

ʧʣʦʩʢʦʩʪʠ. ʂʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʟʘʧʦʣʥʷʝʪʩʷ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʙʣʠʞʝʥʠʶ ʤʦʣʝʢʫʣ ʇɸɺ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʫʩʠʣʝʥʠʶ 

ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʯʘʩʪʠ ʤʦʣʝʢʫʣ 

ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʬʠʣʴʥʳʤʠ, ʘ ʢʘʢʠʝ ʛʠʜʨʦʬʦʙʥʳʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʟʘʥʠʤʘʝʤʦʡ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʦʣʝʢʫʣʳ ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ ʚ 

ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʫʶ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʫʶ ʫʧʘʢʦʚʢʫ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ: ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ (ʦʪ ʩʘʤʦʡ ʨʘʟʨʝʞʝʥʥʦʡ ʢ ʙʦʣʝʝ ʧʣʦʪʥʦʡ) 

ʚʳʜʝʣʷʶʪ ʛʘʟʦʦʙʨʘʟʥʦʝ, ʞʠʜʢʦʨʘʩʰʠʨʝʥʥʦʝ, ʞʠʜʢʦʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʝ ʠ 

ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʷ ʩʫʨʬʘʢʪʘʥʪʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʧʦʣʥʝ 
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ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ. ʀʟʦʪʝʨʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʠʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʣʫʯʘʝ ʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʨʘʟʥʳʝ ʨʘʟʤʝʨʳ, ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ 

[102,103]. 

 

1.3 ʈʘʟʜʝʣʝʥʠʝ ʙʠʥʘʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ 

 

ʕʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʣʦʢʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ, 

ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ, ʢʘʩʘʣʠʩʴ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʧʨʠ 

ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʠ ʧʨʦʩʪʝʡʰʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʵʬʬʝʢʪʦʚ ʜʦʣʞʥʘ ʩʠʣʴʥʦ ʩʥʠʞʘʪʴʩʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʪʝʨʤʦʜʠʬʬʫʟʠʦʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʤʝʩʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʣʷʝʪʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚʩʝ ʞʝ ʜʦʣʞʥʦ ʩʦʭʨʘʥʷʪʴʩʷ ʜʘʞʝ ʧʨʠ ʦʯʝʥʴ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʀ ʵʪʠ ʷʚʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʞʠʜʢʠʭ 

ʤʝʪʘʣʣʘʭ. ɸ ʠʤʝʥʥʦ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʩʧʣʘʚʘʭ 

ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ [104], 

ʚʷʟʢʦʩʪʠ [105], ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ [106,107] ʠ ʜʘʞʝ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ [108]. ɽʩʣʠ ʨʝʯʴ ʟʘʭʦʜʠʪ ʦ ʩʤʝʩʷʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʘʩʧʣʘʚʦʚ, ʪʦ ʟʘʤʝʪʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ, ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ, 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ [109], ʠ ʚ ʜʦʧʦʣʥʝʥʠʝ 

ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ [110]. ɺʩʝ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʞʠʜʢʠʭ ʤʝʪʘʣʣʘʭ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʪʝ ʞʝ ʤʝʭʘʥʠʟʤʳ 

ʨʘʟʚʠʪʠʷ ʢʦʥʚʝʢʪʠʚʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʪʦ ʠ ʚ ʦʙʳʯʥʳʭ ʞʠʜʢʦʩʪʷʭ. 

ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʧʦʨʦʞʜʘʝʪ ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʥʘʯʘʣʘ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʥʘʭʦʜʷʪ 
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ʢʘʢʦʝ-ʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʵʬʬʝʢʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʟʥʘʯʘʣʴʥʦ 

ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʪʢʨʳʪ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʀ.ɺ. ɻʘʚʨʠʣʠʥʘ [111] ʠ ʜʦʣʛʦʝ ʚʨʝʤʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ 

ʦʩʪʘʚʘʣʩʷ ʘʙʩʦʣʶʪʥʦ ʥʝʦʙʲʷʩʥʠʤʳʤ. ʊʦʥʢʠʡ ʘʣʫʥʜʦʚʳʡ ʠʣʠ ʢʚʘʨʮʝʚʳʡ 

ʢʘʧʠʣʣʷʨ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 40 ʜʦ 220 ʤʤ, ʘ 

ʜʠʘʤʝʪʨ ʩʦʩʪʘʚʣʷʣ 0.8 ï 1.2 ʤʤ, ʟʘʧʦʣʥʷʣʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʴʶ 

ʞʠʜʢʠʭ ʣʝʛʢʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ (SnïPb, Cd-Bi ʠʣʠ AlïSi) ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʧʦʤʝʱʘʣʩʷ ʚ ʧʝʯʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʛʜʘ ʦʙʘ ʢʦʤʧʦʥʝʥʪʘ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʧʫʩʪʷ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 1 ʯ ʝʛʦ 

ʚʳʥʠʤʘʣʠ ʠ ʥʝʤʝʜʣʝʥʥʦ ʦʩʪʫʞʘʣʠ. ʇʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʘʜʛʝʟʠʠ ʘʣʫʥʜʦʚʦʝ 

ʧʦʢʨʳʪʠʝ ʫʜʘʣʷʣʦʩʴ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʫʯʘʣʦʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʧʣʘʚʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʷʭ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʫʢʘʟʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʚ ʧʝʯʠ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʱʫʪʠʤʦʝ ʧʨʦʜʦʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʤʝʩʠ 

ʧʦʨʷʜʢʘ 5 ï 20 %. ʂʦʥʝʯʥʳʡ ʧʨʦʬʠʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʜʦʣʴ ʢʘʧʠʣʣʷʨʘ ʙʳʣ 

ʙʣʠʟʦʢ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʦʪʚʝʯʘʣ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʚʳʩʦʪʦʡ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʦʙʨʘʟʮʦʤ, 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʜʦʣʴ ʢʘʧʠʣʣʷʨʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʨʦʞʜʝʥʳ ʟʘʧʨʦʩʦʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʩʚʝʨʭ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʋʢʘʟʘʥʥʳʝ ʩʧʣʘʚʳ ʧʨʦʠʟʚʦʜʠʣʠ 

ʩʤʝʰʝʥʠʝʤ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʢʦʪʦʨʳʭ 

ʙʳʣʦ ʥʝ ʤʝʥʝʝ 99.9 % ʦʪ ʚʝʩʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʧʦ 

ʩʦʩʪʘʚʫ ʩʤʝʩʝʡ ʨʘʩʧʣʘʚʳ ʧʝʨʝʛʨʝʚʘʣʠ ʥʘ 300 ï 400 ÁC ʚʳʰʝ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ 

ʠ ʪʱʘʪʝʣʴʥʦ ʤʝʭʘʥʠʯʝʩʢʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʝʨʝʛʨʝʚ ʦʙʝʩʧʝʯʠʚʘʣ ʧʦʣʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʣ ʦʙʲʝʜʠʥʝʥʠʝ ʨʦʜʩʪʚʝʥʥʳʭ ʘʪʦʤʦʚ ʚ ʢʣʘʩʪʝʨʳ. 
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ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʩ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʤ ʢʦʥʝʯʥʳʤ ʧʝʨʝʧʘʜʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦ ʩʤʝʩʴʶ ʫʛʣʝʨʦʜʘ ʠ 

ʨʘʩʧʣʘʚʘ ʯʫʛʫʥʘ [112]. 

ʇʦʧʳʪʢʘ ʦʙʲʷʩʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ [111,112] ʟʘ ʩʯʝʪ ʩʝʜʠʤʝʥʪʘʮʠʠ 

ʢʣʘʩʪʝʨʦʚ ʘʪʦʤʦʚ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʚ [113]. ʆʜʥʘʢʦ ʵʪʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʥʝ ʥʘʰʝʣ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ʈʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʢʘʟʘʣʦʩʴ 

ʥʘ ʤʥʦʛʦ ʧʦʨʷʜʢʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʘʞʝ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ 

ʢʨʫʧʥʳʭ ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʚʦʦʙʱʝ ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʯʫʞʝʨʦʜʥʳʭ 

ʘʪʦʤʦʚ. ɺ ʭʦʜʝ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚ ʵʪʠʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʠʭ 

ʨʘʜʠʫʩ, ʢʦʪʦʨʳʡ ʚ ʪʝʦʨʠʠ ʠʛʨʘʣ ʨʦʣʴ ʧʦʜʛʦʥʦʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪʘʢ ʠ ʦʩʪʘʣʠʩʴ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ. ʇʦʧʳʪʢʘ ʦʮʝʥʠʪʴ ʨʘʜʠʫʩ ʵʪʠʭ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʪʦʞʝ ʥʝ ʜʘʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ɼʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʵʬʬʝʢʪʘ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ 

ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʚ [114] ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʜʝʩʦʨʙʮʠʦʥʥʦʛʦ ʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʥʦʩʘ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʩʪʝʥʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʘʧʠʣʣʷʨʘ, ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʧʝʯʠ, ʚʩʝʛʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʛʨʘʜʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. ɺ ʨʘʤʢʘʭ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʵʪʦʪ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʛʨʘʝʪ ʨʦʣʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʣʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʤʘʪʝʨʠʘʣʘ ʢʘʧʠʣʣʷʨʘ (ʘʣʫʥʜʘ ʠʣʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ), ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʛʨʘʥʷʭ ʠʤʝʝʪ ʤʝʩʪʦ ʫʩʣʦʚʠʝ ʥʝʩʤʘʯʠʚʘʥʠʷ. ɸʣʫʥʜ ʠ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ ʚʝʩʴʤʘ 

ʩʧʝʮʠʬʠʯʝʩʢʠ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʞʠʜʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʟʘ ʩʯʝʪ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ 

ʚ ʵʥʝʨʛʠʠ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʟʚʝʩʪʥʦ [115], ʯʪʦ ʫʩʣʦʚʠʝʤ 

ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʚʝʨʜʦʡ ʛʨʘʥʠʮʳ ʩ ʞʠʜʢʦʩʪʴʶ ʥʘʜ ʩʠʣʘʤʠ ʤʝʞʯʘʩʪʠʯʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ ʩʘʤʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ ʘʣʫʥʜ ʠ ʢʚʘʨʮʝʚʦʝ 
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ʩʪʝʢʣʦ, ʘʜʛʝʟʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʩʣʘʙʦʡ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʞʠʜʢʦʩʪʠ). 

ɽʩʣʠ ʞʠʜʢʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʨʘʩʧʣʘʚ ʤʝʪʘʣʣʘ, ʪʦ ʵʬʬʝʢʪ ʥʝʩʤʘʯʠʚʘʝʤʦʩʪʠ 

ʩʪʘʥʦʚʠʪʩʷ ʦʱʫʪʠʤʦ ʙʦʣʝʝ ʩʠʣʴʥʳʤ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʢʦʩʚʝʥʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʩ ʦʙʨʘʟʮʘʤʠ ʧʨʠ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʳʜʝʨʞʢʠ ʚ ʧʝʯʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʘʙʩʦʣʶʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʬʬʝʢʪ ʨʘʟʜʝʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʩʣʘʙʝʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ 

ʩʪʝʥʢʘʭ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʘʧʠʣʣʷʨʘ, ʥʘʛʨʝʚʘʝʤʦʛʦ ʩʚʝʨʭʫ, ʚʦʟʥʠʢʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʦʤʫ ʵʬʬʝʢʪʫ. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʘʧʠʣʣʷʨʝ ʦʙʲʷʩʥʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʦʙʲʝʤʥʦʡ ʬʘʟ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʦʚ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ, ʘ 

ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʧʦʣʟʫʱʝʛʦ ʪʝʯʝʥʠʷ ʚ ʦʙʲʝʤʝ ʢʘʧʠʣʣʷʨʘ. 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʚ ʘʣʫʥʜʦʚʳʭ ʠ ʢʚʘʨʮʝʚʳʭ 

ʢʘʧʠʣʣʷʨʘʭ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʠʤʝʝʪ ʤʝʩʪʦ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʢʘʨʪʠʥʘ, ʯʝʤ 

ʧʦʣʥʦʝ ʥʝʩʤʘʯʠʚʘʥʠʝ. ɻʨʘʥʠʮʳ ʢʘʧʠʣʣʷʨʦʚ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ. ʄʝʣʴʯʘʡʰʠʝ ʧʫʟʳʨʴʢʠ ʛʘʟʘ 

ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʧʝʨʪʳʤʠ ʚ ʧʦʨʘʭ ʥʘʥʦʤʝʪʨʦʚʳʭ ʨʘʟʤʝʨʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʤʝʩʪʦ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ʕʪʠ ʧʦʨʳ ʥʝʧʨʝʨʳʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʣʫʯʘʡʥʦʤ 

ʧʦʨʷʜʢʝ ʧʦʢʨʳʚʘʶʪ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʅʘ ʪʘʢʠʭ ʧʦʨʘʭ ʚʦʟʥʠʢʘʝʪ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʘʷ ʩʠʣʘ, ʢʦʪʦʨʘʷ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʚʠʞʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʡ ʢʦʤʧʦʥʝʥʪ [116,117]. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʚʦʟʤʦʞʥʦ [118,119], ʥʦ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʘʣʫʥʜʘ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦ ʛʝʦʤʝʪʨʠʠ ʧʦʨ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʜʦʙʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʘʣʫʥʜʘ ʠʣʠ ʢʚʘʨʮʘ ʥʝ ʠʟʚʝʩʪʥʳ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʝ ʢʨʘʝʚʳʝ 

ʫʩʣʦʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚ ï ʪʚʝʨʜʘʷ ʛʨʘʥʠʮʘ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ, ʪʘʢ ʢʘʢ 

ʧʦʜʛʦʥʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʪʦʣʴʢʦ ʙʦʣʴʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʜʝʣʴ ʧʦʣʥʦʡ ʥʝʩʤʘʯʠʚʘʝʤʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʨʘʩʧʣʘʚ ï ʪʚʝʨʜʘʷ 
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ʛʨʘʥʠʮʘ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʝʭʘʥʠʢʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʣʶʙʦʡ ʠʟ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʠʩʭʦʜʷ ʠʟ ʙʦʣʝʝ ʦʙʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʘ ʠʤʝʥʥʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʅʝʪ ʥʠʢʘʢʠʭ ʩʦʤʥʝʥʠʡ ʚ ʪʦʤ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʜʦʩʪʠʛʘʝʪ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʦʜʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʧʨʦʩʪʳʤ ʩʣʫʯʘʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʣʝʙʘʥʠʷʤʠ 

ʠʣʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʣʦʞʥʦʝ ʥʝʨʝʛʫʣʷʨʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʆʜʥʘʢʦ, ʧʨʝʞʜʝ ʯʝʤ 

ʚʳʡʪʠ ʥʘ ʨʝʞʠʤ ʫʩʪʘʥʦʚʣʝʥʠʷ, ʩʠʩʪʝʤʘ ʟʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʥʦʞʝʩʪʚʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʢ ʢʦʪʦʨʳʤ ʥʠʢʦʛʜʘ 

ʙʦʣʴʰʝ ʥʝ ʚʦʟʚʨʘʱʘʝʪʩʷ. ʊʘʢ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʢʦʥʚʝʢʪʠʚʥʫʶ 

ʩʠʩʪʝʤʫ, ʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ, ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʪʝʯʝʥʠʡ. ʇʨʠ ʩʤʝʥʝ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚʝʩʴʤʘ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʣʦʞʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʜʚʠʞʝʥʠʡ, ʧʨʝʞʜʝ ʯʝʤ ʦʥʘ ʜʦʩʪʠʛʥʝʪ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ. ʊʘʢʞʝ, ʫ 

ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʥʘʙʦʨʝ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʩʪʦʷʥʠʡ.  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ 

ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ: ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʢʨʠʪʝʨʠʡ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ 

ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʠ ʤʦʞʥʦ ʣʠ ʜʣʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʘʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ? ɺ ʨʘʤʢʘʭ ʟʘʤʢʥʫʪʳʭ 

ʩʠʩʪʝʤ ʪʘʢʦʡ ʧʨʠʥʮʠʧ ʚʳʪʝʢʘʝʪ ʠʟ ʚʪʦʨʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ: ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʘ 

ʩʪʨʝʤʠʪʩʷ ʢ ʪʘʢʦʤʫ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʵʥʪʨʦʧʠʠ [120ï122]. ʅʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʦʙʦʩʥʦʚʳʚʘʶʱʠʭ ʜʘʥʥʳʡ ʧʨʠʥʮʠʧ, ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʜʠʪʴʩʷ ʚ ʝʛʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʨʘʚʥʦʚʝʩʥʳʝ 
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ʩʠʩʪʝʤʳ, ʪʦ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʧʨʠʥʮʠʧʦʤ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, 

ʯʪʦ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʦ ʪʦ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ. ɼʘʥʥʳʡ ʚʦʧʨʦʩ ʘʢʪʠʚʥʦ 

ʦʙʩʫʞʜʘʝʪʩʷ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ. ʆʜʥʘʢʦ, ʧʦʧʳʪʢʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʜʥʦʟʥʘʯʥʦ ʟʘʢʦʥ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʦʯʪʝʥʠʷʤ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʯʘʩʪʦ ʥʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠ ʦʧʳʪʘʤʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʦʩʪʘʝʪʩʷ 

ʥʝʨʝʰʝʥʥʳʤ ʚʦʧʨʦʩ ʙʫʜʝʪ ʣʠ ʵʚʦʣʶʮʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʤʘʢʩʠʤʫʤʫ ʠʣʠ ʤʠʥʠʤʫʤʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ, ʯʪʦ ʦʩʪʘʚʣʷʝʪ ʥʝʢʦʪʦʨʫʶ 

ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ ʧʨʠ ʦʮʝʥʢʝ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʟʘʢʦʥʳ ʤʘʢʩʠʤʫʤʘ ʠʣʠ ʤʠʥʠʤʫʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ 

ʧʨʦʠʩʭʦʜʷʪ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʥʮʠʧʦʚ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ. ɽʩʣʠ 

ʩʣʝʜʦʚʘʪʴ [123], ʪʦ ʚʧʝʨʚʳʝ ʪʘʢʦʡ ʧʨʠʥʮʠʧ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʩʣʝ ʦʙʦʙʱʝʥʠʷ 

ʂʠʨʭʛʦʬʦʤ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʮʝʧʝʡ. ʉʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʪʦʢʠ ʚ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʮʝʧʠ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ. 

ʉʦʤʥʝʚʘʪʴʩʷ ʚ ʧʨʠʛʦʜʥʦʩʪʠ ʟʘʢʦʥʘ ʤʠʥʠʤʫʤʘ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ 

ʫʢʘʟʘʥʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʥʝ ʧʨʠʭʦʜʠʪʩʷ, ʦʜʥʘʢʦ, ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ (ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ) ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʝʨʴʝʟʥʳʤʠ ʫʧʨʦʱʝʥʠʷʤʠ ʩʠʩʪʝʤʳ, 

ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʦʡ ʧʨʠʥʮʠʧ ʥʝʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʨʘʩʯʝʪʦʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʫʤʘ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʫ [123,124] ʠʟ ʜʚʫʭ ʨʝʟʠʩʪʦʨʦʚ R1 ʠ R2, 

ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʠʪ ʪʦʢ J = J1 + J2. ɼʣʷ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ ʜʠʩʩʠʧʠʨʫʝʤʘʷ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʵʥʝʨʛʠʷ ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 

( )
22 2 2

1 1 2 2 1 1 1 2E J R J R J R J J R= + = + - . 

ʉʯʠʪʘʷ ʦʙʱʠʡ ʪʦʢ J ʧʦʩʪʦʷʥʥʳʤ, ʤʦʞʥʦ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʜʘʥʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʧʦ J1: 
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( )1 1 1 2
1

2 2
E

J R J J R
J

µ
= - -

µ
. 

ʇʨʦʠʟʚʦʜʥʘʷ ʦʪ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ ʧʨʠ 

( )1 2 1 2J R J R R= + . 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʘʥʥʳʡ ʪʦʢ ʤʠʥʠʤʠʟʠʨʫʝʪ ʵʥʝʨʛʠʶ ʜʠʩʩʠʧʘʮʠʠ, ʘ ʩ 

ʜʨʫʛʦʡ ʷʚʣʷʝʪʩʷ ʪʦʢʦʤ, ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʟʘʢʦʥʘ ʆʤʘ. 

ɽʩʣʠ ʩʪʨʝʤʠʪʴʩʷ ʧʦʣʫʯʠʪʴ ʜʣʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʟʠʩʪʦʨʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ ʩ 

ʦʙʱʠʤ ʨʝʟʝʨʚʫʘʨʦʤ, ʠʤʝʶʱʠʤ ʪʝʤʧʝʨʘʪʫʨʫ T. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʟʚʝʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

S E T= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʚʳʪʝʢʘʝʪ 

ʠʟ ʧʨʠʥʮʠʧʘ ʥʘʠʤʝʥʴʰʝʡ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ, ʥʘ ʧʨʠʤʝʨʝ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʵʥʝʨʛʠʷ ʜʠʩʩʠʧʘʮʠʠ ʤʠʥʠʤʘʣʴʥʘ ʠ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʟʘʢʦʥʫ ʆʤʘ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʦʙʱʝʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ɽʩʣʠ 

ʨʘʩʩʤʦʪʨʝʪʴ ʦʪʜʝʣʴʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ T1 ʠ T2 ʜʣʷ ʢʘʞʜʦʛʦ 

ʨʝʟʠʩʪʦʨʘ, ʪʦ ʤʠʥʠʤʫʤ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚʦʟʥʠʢʥʝʪ ʧʨʠ 

1

2 1 2
1

2 1 2

R J R R
J

T T T

-
å õ

= +æ ö
ç ÷

, 

ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ ʆʤʘ. 

ʇʦʧʳʪʢʫ ʧʦʣʫʯʝʥʠʷ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʥʪʨʦʧʠʠ ʠʟ ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ [125]. ɿʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʩʠʩʪʝʤʘ ʠʟ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʫʨʦʚ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʠ 

ʨʝʟʠʩʪʦʨʘʤʠ. ʆʩʥʦʚʥʦʝ ʜʦʧʫʱʝʥʠʝ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʪʦʤ, ʯʪʦ ʚʥʝʰʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʨʝʟʠʩʪʦʨʦʚ ʙʳʣʘ ʦʜʠʥʘʢʦʚʦʡ. ʊʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠʥʮʠʧ ʤʠʥʠʤʫʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ. ʇʨʘʚʜʘ 

ʘʚʪʦʨʳ ʩʪʘʪʴʠ ʥʘʟʚʘʣʠ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠʥʮʠʧʦʤ ʤʘʢʩʠʤʫʤʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ, ʪʘʢ ʢʘʢ ʚ ʨʘʩʯʝʪʘʭ ʠʤʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʙʦʪʘ, 
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ʩʦʚʝʨʰʝʥʥʘʷ ʨʝʟʠʩʪʦʨʘʤʠ, ʘ ʥʝ ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʥʘ ʥʠʭ. ʕʪʦ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʘʣʠʯʠʝ ʪʦʢʘ ʚ ʨʝʟʠʩʪʦʨʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʦʞʝʥʥʦʡ ʨʘʟʥʦʩʪʴʶ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʯʪʦ ʥʝ ʠʤʝʝʪ ʥʠʯʝʛʦ ʦʙʱʝʛʦ ʩ ʧʦʪʦʢʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ, 

ʥʘʧʨʠʤʝʨ, ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ, ʦʯʝʚʠʜʥʦ, ʟʘʚʠʩʝʪʴ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʝʨʚʫʘʨʘ. 

ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʧʦʥʷʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʚ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ [124]. ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ 

ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʙʝʩʢʦʥʝʯʥʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʣʦʡ ʞʠʜʢʦʩʪʠ ʩ 

ʪʚʝʨʜʳʤʠ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ ʛʨʘʥʷʤʠ. ʅʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʨʘʚʥʦʤʝʨʥʳʡ ʧʦʜʦʛʨʝʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʥʘʣʠʯʠʠ 

ʪʝʧʣʦʚʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʨʘʟʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ɺʦ ʚʨʝʤʷ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ɹʫʩʩʠʥʝʩʢʘ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ 2 ʩʣʫʯʘʷ: ʢʦʥʚʝʢʮʠʷ 

ʧʨʦʜʦʣʴʥʳʭ ʚʘʣʠʢʦʚ ʠ ʢʦʥʚʝʢʮʠʷ ʧʦʧʝʨʝʯʥʳʭ ʚʘʣʠʢʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʚʢʣʘʜʦʚ ʧʦʣʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ 

(ʪʝʧʣʦʧʨʦʚʦʜʥʦʛʦ, ʚʷʟʢʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ) ʦʪ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʠ 

ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʚʢʣʘʜ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ 

ʦʩʪʘʣʴʥʳʤʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʦʜʯʠʥʷʝʪʩʷ 

ʧʨʠʥʮʠʧʫ ʤʠʥʠʤʫʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ. 

ʇʦʜʨʦʙʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʧʨʠʚʝʜʝʥʦ ʚ [126]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʯʘʷ 

ʬʦʨʤʫʣʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ ʟʜʝʩʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʪʦʢʦʚ ʚʜʦʣʴ ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʣʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʤʘʣʳʭ ʥʘʜʢʨʠʪʠʯʥʦʩʪʝʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʩʣʦʞʥʳʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʆʜʥʦʨʦʜʥʳʝ 

ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʚʳʯʠʩʣʷʣʠʩʴ ʧʦ ʩʨʝʜʥʝʤʫ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʚʷʟʢʠʝ 
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ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʯʣʝʥʳ ʩʯʠʪʘʣʠʩʴ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʩʣʦʞʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ 

ʩʝʨʴʝʟʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʦʡ ʬʦʨʤʫʣʳ. ʇʦʜʦʙʥʝr 

ʫʧʨʦʱʝʥʠ ̫ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʧʨʠʚʦʜʷʪ ʢ ʩʝʨʴʝʟʥʳʤ 

ʦʛʨʘʥʠʯʝʥʠʷʤ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʚ ʟʘʜʘʯʘʭ ʦ ʧʦʠʩʢʝ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʠʥʮʠʧʘ ʥʘʠʤʝʥʴʰʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʚ ʨʘʤʢʘʭ ʧʨʠʙʣʠʞʝʥʠʷ [126] 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʘ ʠʤʝʥʥʦ, 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʠ ʧʝʨʝʭʦʜ ʢ ʧʝʨʚʦʤʫ ʢʨʠʪʠʯʝʩʢʦʤʫ ʜʚʠʞʝʥʠʶ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʦʞʥʘ ̫ ʢʦʥʢʫʨʝʥʮʠ ̫ ʤʝʞʜʫ ʜʦʧʫʩʪʠʤʳʤʠ ʧʝʨʚʳʤʠ 

ʢʨʠʪʠʯʝʩʢʠʤʠ ʜʚʠʞʝʥʠʷʤʠ ʥʝ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ ʩʠʩʪʝʤʳ, ʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʘʨʠʘʮʠʦʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʧʝʨʝʭʦʜ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʩʤʝʥʷʝʪ ʧʨʝʜʳʜʫʱʝʝ ʩʦʛʣʘʩʥʦ 

ʣʠʥʝʡʥʦʤʫ ʘʥʘʣʠʟʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʊʘʢʦʝ ʫʧʨʦʱʝʥʠʝ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ [37,38], ʛʜʝ ʜʘʞʝ ʧʨʠ 

ʫʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ 

ʨʝʞʠʤʳ, ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʚʠʩʷʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠ.̫ ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʦʙʱʝʝ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ, ʚ ʢʦʪʦʨʦʤ ʫʯʠʪʳʚʘʪʁʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʧʦʪʦʢʦʚ, ʧʦʣʥʳʡ ʚʠʜ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [7], ʘ ʚʦ-ʚʪʦʨʳʭ, ʢʘʢ 

ʫʪʚʝʨʞʜʘʝʪʩʷ ʚ [127], ʧʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʪʨʝʙʫʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʌ. ɸʪʪʘʨʜ ʚ ʫʞʝ ʫʧʦʤʷʥʫʪʳʭ 

ʨʘʙʦʪʘʭ [124,126,127] ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʬʠʟʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʥʷʪʠʝ ʵʥʪʨʦʧʠʠ ʧʝʨʝʭʦʜʘ, ʢʦʪʦʨʫʶ ʦʥ 

ʥʘʟʳʚʘʝʪ ʚʪʦʨʦʡ ʵʥʪʨʦʧʠʝʡ. 
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ɻʣʘʚʘ 2. ɺʣʠʷʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ ʪʝʧʣʦʚʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ 

 

 
2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ 

 

ɺ ʭʦʜʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʣʠ 

ʦʙʲʷʩʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʯʘʩʪʦ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʠʝ 

ʟʘʜʘʯʠ ʧʫʪʝʤ ʧʨʝʥʝʙʨʝʞʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʦʩʣʦʞʥʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚ ʨʦʣʠ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʷʟʢʦʩʪʠ ʠʣʠ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʨʠʚʠʟʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝʠʜʝʘʣʴʥʦʩʪʴ ʪʝʧʣʦʚʳʭ 

ʫʩʣʦʚʠʡ ʥʘ ʛʨʘʥʠʮʘʭ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʧʦʜʦʙʥʳʝ ʫʧʨʦʱʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʴ ʧʨʦʪʝʢʘʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʦʮʝʩʩʳ. 

ɹʳʚʘʶʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʫʧʨʦʱʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʧʦʪʦʤ ʥʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʘ ʫʯʝʪ ʦʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʥʘʦʙʦʨʦʪ, 

ʩʥʠʤʘʝʪ ʦʪʤʝʯʝʥʥʦʝ ʚʳʨʦʞʜʝʥʠʝ ʠ ʧʦʟʚʦʣʷʝʪ ʦʪʩʝʷʪʴ ʥʝʨʝʘʣʠʟʫʝʤʳʝ ʚ ʦʧʳʪʝ 

ʨʝʰʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʥʘʠʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪ.ʢ. ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ, ʢʘʢʠʝ 

ʠʤʝʥʥʦ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʧʨʝʜʝʣʷʶʱʠʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤʳ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʷʟʢʦʩʪʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʚʫʭʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʩ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʢʨʫʪʢʦʡ 

ʚʠʭʨʝʡ ʚ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ, ʨʘʚʥʦʤʝʨʥʦ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʩʥʠʟʫ. 

ʗʯʝʡʢʘ ʍʝʣʝ ï ʐʦʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʩʪʴ ʚ ʬʦʨʤʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʦʜʥʘ ʠʟ ʩʪʦʨʦʥ ʢʦʪʦʨʦʛʦ ʤʥʦʛʦ ʤʝʥʴʰʝ 

ʜʚʫʭ ʜʨʫʛʠʭ (ʨʠʩ. 2.1). ɸʥʘʣʦʛʠʯʥʦ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ [43,46,128], ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʷʯʝʡʢʫ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʪʦʨʦʥ 2d:L:H = 2:20:40. ɼʣʷ ʪʘʢʦʡ ʧʦʣʦʩʪʠ ʠʟʫʯʠʤ 
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ʢʦʥʚʝʢʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʧʦʜʦʛʨʝʚʝ ʩʥʠʟʫ ʠ ʥʘʣʠʯʠʠ ʧʦʣʷ ʪʷʞʝʩʪʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʧʨʦʩʪʦʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

[42] ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ɜ = ɜ0(1 ï eT), ʛʜʝ e ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʈʠʩ. 2.1. ʗʯʝʡʢʘ ʍʝʣʝ ï ʐʦʫ 

 

ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʧʨʝʜʝʣʴʥʳʭ 

ʩʣʫʯʘʷ: 1) ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠ 2) ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʫʟʢʠʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʝʡ. ʇʨʠ ʵʪʦʤ ʰʠʨʦʢʠʝ ʛʨʘʥʠ ʦʙʣʘʜʘʣʠ ʢʦʥʝʯʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʪʘʢ, ʯʪʦʙʳ ʠʤʝʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʢɻʩʧʝʨʠʤʝʥʪʫ, ʚ ʢʦʪʦʨʦʤ ʧʦʣʦʩʪʴ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʘ ʧʣʝʢʩʠʛʣʘʩʦʚʳʤʠ 

ʧʣʘʩʪʠʥʘʤʠ ʪʦʣʱʠʥʦʡ 2 · 3 ʩʤ. ʅʘ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʥʷʭ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʦʧʨʝʜʝʣʝʥʥʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʠʩʪʝʤʘ ʙʝʟʨʘʟʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ɹʫʩʩʠʥʝʩʢʘ [4,7] ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʷʟʢʦʩʪʠ [42]: 

( ) ( ) ( ) ɔTTTTp
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vvvvv
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, (2.1) 
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 ( ) TT
t

T
ȹPr =Ð+

µ

µ
v , 0div =v .  (2.2) 

ɿʜʝʩʴ v, p, T ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ, ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ɔ ï 

ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

(2.1) ï (2.2) ʩʦʜʝʨʞʠʪ ʙʝʟʨʘʟʤʝʨʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʯʠʩʣʘ ʈʵʣʝʷ ʠ 

ʇʨʘʥʜʪʣʷ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ: 

 
c
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ɜ
= , k e= Ū, (2.3) 

ʛʜʝ ɜ0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ 

[47]; ɢ, ɓ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 

Ū ï ʭʘʨʘʢʪʝʨʥʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʚʝʨʪʠʢʘʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʨʘʚʥʦʤ 

ʧʦʣʫʪʦʣʱʠʥʝ ʩʣʦʷ d, g ï ʚʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ.  

ɿʘ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ, ʚʨʝʤʝʥʠ, ʩʢʦʨʦʩʪʠ, ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʙʨʘʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: d, d2/ɜ0, ɢ/d, ɟɜ0ɢ/d
2, Ū (r ï ʩʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ). ʏʠʩʣʦ ʇʨʘʥʜʪʣʷ ʚ ʨʘʩʯʝʪʘʭ ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʨʠʥʠʤʘʣʦʩʴ 

ʨʘʚʥʳʤ Pr = 6, ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʜʝ. 

ʅʘ ʚʩʝʭ ʛʨʘʥʠʮʘʭ ʧʦʣʦʩʪʠ ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ ʞʠʜʢʦʩʪʠ: 

0
ũ
=v . ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʰʠʨʦʢʠʭ 

ʛʨʘʥʷʭ ʠʤʝʝʪ ʚʠʜ: 

( )0
ũ

TTa
z

T
--=

µ

µ
, 

ʛʜʝ a ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, T0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʙʨʘʣʘʩʴ ʟʘ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʙʣʠʞʝʥʠʷ ʧʣʦʩʢʠʭ 

ʪʨʘʝʢʪʦʨʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʚʚʝʩʪʠ ʬʫʥʢʮʠʶ ʪʦʢʘ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʴ: 

y

Ɋ
x
µ

µ
=v , 

x

Ɋ
y

µ

µ
-=v ,  

yx

y x
j

µµ
= -
µ µ

vv
. 
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ʇʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚ ʪʝʨʤʠʥʘʭ ñʚʠʭʨʴ 

ï ʬʫʥʢʮʠʷ ʪʦʢʘò ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ: 

( ) ( ), , cos
2

z
Ɋ x y t

py= ,  ( ) ( )( )2, , 1 cos
2

a zT y x y t pq
p

=- + + , 

ʛʜʝ ɣ ʠ ɗ ï ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʣʷ ʘʤʧʣʠʪʫʜʳ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ 

ʦʪʢʣʦʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʣʠʥʝʡʥʦʛʦ ʧʨʦʬʠʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ 

ʦʩʨʝʜʥʝʥʠʷ ʧʦ ʧʦʧʝʨʝʯʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (2.1) ï (2.2) ʙʫʜʝʪ 

ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

2 2 2

2 2 2

8 16
1 k k 1

3 Pr 43

a
+ y

t x y y x x y

j y j y j j jp
q j

p p

å õµ µ µ µ µ µ µå õå õ å õ= - + - + + - +æ öæ öæ öæ öµ µ µ µ µ µ µç ÷ç ÷ç ÷ç ÷
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Pr 1 1

3
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a
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y y yq q q
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( ) ( )2 2

2 2 2

2 4 2
1

a a a a

x y

q q
q

pp

+ +å õå õµ µ
+ + + -æ öæ öµ µç ÷ç ÷

, 

2 2

2 2x y

y y
j
µ µ
= +
µ µ

. 

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʪʝʧʣʦʚʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʟʢʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʝʡ, ʢʦʪʦʨʳʝ ʚʦ 

ʚʚʝʜʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʤʠ: ʧʨʠ x = 0, L: ɗ = 0 (ʠʜʝʘʣʴʥʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʳʝ ʛʨʘʥʠ); 0xqµ µ = (ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʟʢʠʝ 

ʛʨʘʥʠ). ʋʟʢʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘʥʠ ʚʩʝʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠʜʝʘʣʴʥʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ (y = 0, H: ɗ = 0). ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ 

ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʤʠ: 
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x = 0, x = L: 0
y

y
y
µ
= =
µ

, 

y = 0, y = H:  0
x

y
y
µ
= =
µ

. 

ʀʟ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ [37,43,46], ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʥʝʡ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ. ɺʝʜʴ ʬʦʨʤʘ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʪʝʯʝʥʠ ̫ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ: ʛʝʦʤʝʪʨʠʠ 

ʧʦʣʦʩʪʠ, ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʯʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪ.ʜ. ʆʙʥʘʨʫʞʝʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʯʝʥʠʷ ʩʠʣʴʥʦ 

ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʥʘʙʦʨʝ ʚʥʝʰʥʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʜʚʠʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʢʘʞʜʦʝ ʠʟ ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʩʦʩʪʦʷʥʠʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʫʩʪʦʡʯʠʚʦ ʠ ʠʤʝʪʴ ʩʚʦʶ ʦʙʣʘʩʪʴ ʧʨʠʪʷʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʠʟʫʯʝʥʠʷ 

ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʷʟʢʦʩʪʠ, ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʘʢʪʫʘʣʴʥʘ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʧʨʠ 

ʚʘʨʴʠʨʫʝʤʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʢʨʝʪʥʦʛʦ 

ʪʝʯʝʥʠʷ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ, ʪʘʢʠʝ ʢʘʢ 

ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʠʣʠ ʝʛʦ ʙʦʣʝʝ ʦʙʱʫ  ʁʬʦʨʤʫ ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʪʘʢʫʶ ʚʝʣʠʯʠʥʫ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʚʦʟʤʦʞʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ, ʢʦʪʦʨʦʤʫ ʜʦʣʞʥʘ 

ʧʦʜʯʠʥʷʪʩɹʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ [127]. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʨʤʫʣʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʦʙʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʚ [7]. ɺ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ ʦʥʘ ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʠʜ 

2

1

EcPr
V

T T
S dV d

T T
W

å õåÐ õ Ð
æ ö= +æ öæ öç ÷ç ÷
ñ ñF , 
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ʛʜʝ F ï ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ, Tï ʙʝʟʨʘʟʤʝʨʥʘʷ ʘʙʩʦʣʶʪʥʘ ̫ʪʝʤʧʝʨʘʪʫʨʘ 

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

T a zT y x y t pq
Q p
= - + + , 

T0 = 293 K; Ec ï ʵʪʦ ʯʠʩʣʦ ʕʢʢʝʨʪʘ [129], ʢʦʪʦʨʦʝ ʨʘʚʥʦ ʚ ʧʨʠʥʷʪʳʭ ʝʜʠʥʠʮʘʭ 

ʠʟʤʝʨʝʥʠʷ  

2 2Ec
p
ʩ dŪc= . 

ɿʘ ʝʜʠʥʠʮʫ ʠʟʤʝʨʝʥʠʷ ʵʥʪʨʦʧʠʠ ʙʳʣʦ ʚʟʷʪʦ ɢ2/Qd2, ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʨ ï 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʀʟ-ʟʘ ʢʨʘʡʥʝ ʤʘʣʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ 

ʕʢʢʝʨʪʘ (Ec ~ 10-11) ʚʷʟʢʠʤ ʜʠʩʩʠʧʘʪʠʚʥʳʤ ʚʢʣʘʜʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ 

ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ. ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʠʤʝʝʪ ʩʤʳʩʣ ʦʙʲʝʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʥʪʨʦʧʠʠ çʧʦʜʩʠʩʪʝʤʳè, ʪ.ʝ. ʪʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ 

ʪʝʧʣʦʚʳʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ, ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ï ʵʪʦ çʨʝʟʝʨʚʫʘʨʥʳʡè ʚʢʣʘʜ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʦʪʦʢ ʵʥʪʨʦʧʠʠ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. 

ʊʘʢʞʝ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ ʧʦʜʩʠʩʪʝʤʳ ʙʫʜʝʪ ʚʩʝʛʜʘ 

ʜʘʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʢʣʘʜ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʨʝʟʝʨʚʫʘʨʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ [123,124], ʪʘʢ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʛʜʘ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʙʫʜʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʣʠʥʝʡʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ 0T T yQ= -, ʚʢʣʘʜ ʧʦʜʩʠʩʪʝʤʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ ʨʘʚʝʥ 
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ʠ ʙʫʜʝʪ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʟʥʘʢʘ ʨʘʚʝʥ ʚʢʣʘʜʫ ʩʦ ʩʪʦʨʦʥʳ ʛʨʘʥʠʮ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʩʪʦʷʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʦʣʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʥʪʨʦʧʠʠ V SS S S= +  ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 
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ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʵʣʝʷ ʥʝʠʟʙʝʞʥʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʠʪʠʝ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʨʘʟʨʫʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʜʘʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʢʣʘʜʳ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʨʝʞʠʤ ʙʫʜʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʩʚʦʠʤ ʟʥʘʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʜʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦʡ 

ʧʨʠ ʘʥʘʣʠʟʝ ʢʦʥʢʫʨʝʥʮʠʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʪʝʯʝʥʠʡ, ʥʝʞʝʣʠ ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ. 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʪʝʯʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʛʦ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ [43,46,128] ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ (ʩʨʘʚʥʝʥʠʝ ʚʝʣʦʩʴ ʧʦ ʧʦʨʦʛʦʚʦʤʫ ʟʥʘʯʝʥʠʶ ʤʦʜʳ n = 1, m = 1), 

ʩʥʘʯʘʣʘ ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʣʠʥʝʡʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʥʘʛʨʝʚ 

ʧʦʣʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʦ ʩʪʦʨʦʥʳ ʥʠʞʥʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʛʨʘʥʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʧʨʘʚʣʝʥ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, 

ʣʶʙʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʙʫʜʫʪ ʟʘʪʫʭʘʪʴ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ [130]. 

ʇʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʦʣʴʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʤʦʥʦʪʦʥʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ [38] ʚ ʩʠʩʪʝʤʫ ʚʥʦʩʠʣʠʩʴ 

ʤʦʥʦʪʦʥʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠ ̫ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʠʜʘ: 
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ɿʜʝʩʴ m ʠ n ï ʮʝʣʳʝ ʯʠʩʣʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʦʟʤʫʱʝʥʠʡ ʧʦ 

ʦʩʷʤ x ʠ y. ɻʨʘʥʠʮ r ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜ ʥʘʭʦʜʪ̫ʩʷ 
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ʇʨʠ k = 0 ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʯʠʩʣʘ ʈʵʣʝʷ ʚ ʧʨʝʜʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʩʦʚʧʘʜʘʶʪ ʩ ʠʟʚʝʩʪʥʳʤʠ ʬʦʨʤʫʣʘʤʠ (1.1), (1.2) [40] 

ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʭ (a = 0) ʠ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʰʠʨʦʢʠʭ ʛʨʘʥʝʡ (a 

Ÿ ¤), ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʣʘʚʝ 1. ɻʨʘʬʠʯʝʩʢʠ ʟʥʘʯʝʥʠʷ ʧʝʨʚʳʭ 

ʧʷʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.2. ɺʩʝ ʜʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʠ a = 0.2, ʯʪʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʝʢʩʠʛʣʘʩʫ ʧʨʠ ʪʦʣʱʠʥʝ ʩʪʝʥʦʢ 

2 ʩʤ. ʇʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʯʠʩʣʘ ʈʵʣʝʷ ʜʣʷ ʜʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʷʚʣʷʝʪʩʷ Ra å 0.8. 

 

ʈʠʩ. 2.2. ʇʦʨʦʛ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʧʝʨʚʳʭ ʧʷʪʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜ. ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʩʣʫʯʘʡ ʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ, 

ʰʪʨʠʭʦʚʳʝ ï ʩʣʫʯʘʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ ʜʣʷ e = 0.02 1/ʂ 

 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʦʨʦʛʦʚʳʭ ʯʠʩʝʣ ʈʵʣʝʷ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ 

k = ŮŪ, ʪ.ʝ. ʧʘʨʘʤʝʪʨ ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʭʘʨʘʢʪʝʨʥʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʠ e = 0.02 1/ʂ ʨʘʟʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨ Ū ʧʝʨʝʨʘʙʘʪʳʚʘʣʘʩʴ ʚ ʯʠʩʣʦ ʈʵʣʝʷ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʰʘʣʦʩʴ 

ʫʨʘʚʥʝʥʠʝ (2.5): 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʫʯʝʪ ʨʝʘʣʠʩʪʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʠʣʝʥʠʶ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜ 

ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. 

 

2.2 ʄʝʪʦʜ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʣʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ. ɸʣʛʦʨʠʪʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʷʚʥʦʡ ʩʭʝʤʦʡ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʦʩʥʦʚʘʥ ʥʘ ʜʚʫʭʧʦʣʝʚʦʡ ʤʝʪʦʜʠʢʝ [131]. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʙʳʣ ʥʘʧʠʩʘʥ ʥʘ ʷʟʳʢʝ Fortran-90. ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ. ʇʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ 

ʚʨʝʤʝʥʠ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʜʥʦʩʪʦʨʦʥʥʠʝ ʠ ʮʝʥʪʨʘʣʴʥʳʝ ʨʘʟʥʦʩʪʠ [132]. ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ ʚʳʙʠʨʘʣʩʷ ʠʟ 

ʩʦʦʙʨʘʞʝʥʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʧʨʦʮʝʜʫʨʳ. ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ 

ʧʨʦʩʪʳʭ ʠʪʝʨʘʮʠʡ [133]. ʅʘ ʛʨʘʥʠʮʘʭ ʧʦʣʦʩʪʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʠʭʨʷ 

ʩʢʦʨʦʩʪʠ ʧʨʠʤʝʥʷʣʠʩʴ ʠʟʚʝʩʪʥʳʝ ʬʦʨʤʫʣʳ ʊʦʤʘ [134]. 
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ʉʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ʧʨʦʚʝʨʷʣʘʩʴ ʩʨʘʚʥʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʠ ʪʦʢʘ ʜʣʷ ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʩʝʪʢʠ (ʊʘʙ. 2.1, 

ʨʠʩ. 2.3). ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʜʘʣʝʥʥʦʤ ʨʝʞʠʤʝ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ 

ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ñʇʘʨʘʣʣʝʣʴʥʳʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʚr ʯʠʩʣʝʥʠʷò ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ñʇɻʋ ï ʊʝʩʣʘò. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʠʩʢʦʤʳʭ ʧʦʣʝʡ ʥʘ ʜʠʩʢ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʚʦʣʶʮʠʶ ʧʦʣʝʡ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʨʘʩʯʝʪʦʚ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʩʝʯʝʥʠʠ ʢʘʥʘʣʘ 

ʙʳʣʦ ʚʳʙʨʘʥʦ 25:46.  

 

ʈʠʩ. 2.3. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʜʣʷ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ (%)  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʫʟʣʦʚ ʩʝʪʢʠ 

 

ʊʘʙʣʠʮʘ 2.1. ʉʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ 

 N1 N2 N1 N2 ɣmax ȹɣmax, % 

1 9 14 126 32.80  

2 11 18 198 31.68 ȹɣ12 = 3.511 

3 15 25 375 31.12 ȹɣ23 = 1.808 

4 17 29 493 30.68 ȹɣ34 = 1.425 

5 19 33 627 30.28 ȹɣ45 = 1.347 

6 21 35 735 29.88 ȹɣ56 = 1.336 

7 23 37 851 29.48 ȹɣ67 = 1.328 



47 

 

8 25 46 1150 29.09 ȹɣ78 = 1.339 

9 27 49 1323 28.72 ȹɣ89 = 1.312 

10 29 53 1537 28.35 ȹɣ910 = 1.304 

 

2.3 ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʨʘʩʯʝʪʳ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʉʥʘʯʘʣʘ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʚ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ ʚ ʧʨʝʜʝʣʝ e = 0 (ʦʜʥʦʨʦʜʥʘʷ 

ʚʷʟʢʦʩʪʴ). ʇʫʩʪʴ ʫʟʢʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʨʘʥʠ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʳ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [43] ʫʟʢʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʨʘʥʠ ʦʙʣʘʜʘʶʪ ʢʦʥʝʯʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ, ʢʘʢ ʙʫʜʝʪ ʚʠʜʥʦ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ 

ʦʙʩʫʞʜʝʥʠʷ, ʯʫʪʴ ʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʦ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʯʝʤ ʧʨʝʜʝʣ 

ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʟʢʠʭ ʛʨʘʥʝʡ. ʉʦʛʣʘʩʥʦ ʣʠʥʝʡʥʦʤʫ 

ʘʥʘʣʠʟʫ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ Ra å 0.8, ʚ 

ʷʯʝʡʢʝ ʨʦʞʜʘʝʪʩʷ ʦʜʥʦʚʠʭʨʝʚʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ (ʨʠʩ. 2.4a, 2.5a). 

           

ʈʠʩ. 2.4. ʇʦʣʷ ʬʫʥʢʮʠʡ ʪʦʢʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʜʣʷ ʩʣʫʯʘʷ 

ʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʭ ʫʟʢʠʭ ʛʨʘʥʝʡ, a) ï ʦʜʥʦʚʠʭʨʝʚʦʡ 

ʨʝʞʠʤ ʧʨʠ Ra = 1.6; b) ʠ c) ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʚʫʭʚʠʭʨʝʚʳʝ ʨʝʞʠʤʳ ʩ ñʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡò ʠ ñʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡò ʟʘʢʨʫʪʢʦʡ ʧʨʠ Ra = 2.7 
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʦʩʥʦʚʥʦʛʦ ʚʠʭʨʷ 

ʥʘʢʣʦʥʷʝʪʩʷ, ʘ ʚ ʫʛʣʘʭ ʧʦʷʚʣʷʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʟʘʩʪʦʡʥʳʝ ʟʦʥʳ, ʯʪʦ ʩʥʘʯʘʣʘ 

ʥʝʧʣʦʭʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ (ʨʠʩ. 2.5ʘ). ʆʜʥʘʢʦ, ʠʤʠʪʠʨʫʷ ʚ ʭʦʜʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪ, ʘ ʠʤʝʥʥʦ, ʤʝʜʣʝʥʥʦ ʧʨʦʜʚʠʛʘʷʩʴ 

ʚʚʝʨʭ ʧʦ ʧʘʨʘʤʝʪʨʫ, ʦʜʥʦʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʧʨʠ e = 0 ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʧʣʦʪʴ ʜʦ Ra = 1.9 (ʢʨʠʚʘʷ 1, ʨʠʩ. 2.6), ʧʦʩʣʝ ʯʝʛʦ ʚ ʩʠʩʪʝʤʝ 

ʨʦʞʜʘʝʪʩʷ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʫʣʴʩʘʮʠʦʥʥʳʡ ʨʝʞʠʤ. 

a
     

b
     

c
 

ʈʠʩ. 2.5. ʊʝʯʝʥʠʷ, ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [43]: ʘ) ʠ b) ï ʦʜʥʦʚʠʭʨʝʚʦʡ 

ʨʝʞʠʤ ʧʨʠ Ra = 0.9 ʠ 1.4; c) ï ʜʚʫʭʚʠʭʨʝʚʦʡ ʨʝʞʠʤ ʧʨʠ Ra = 1.5 

 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʜʥʦʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʬʘʥʪʘʩʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʫʣʴʩʘʮʠʦʥʥʳʤ ʨʝʞʠʤʦʤ. 

ʈʦʞʜʝʥʠʝ ʤʦʜʳ (2,1) ʧʨʠ Ra º 1.0 (ʨʠʩ. 2.2) ʠ ʝʝ ʥʝʣʠʥʝʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʦʩʥʦʚʥʦʡ ʤʦʜʦʡ (1,1) ʥʝ ʧʨʠʚʦʜʠʪ ʚʠʟʫʘʣʴʥʦ ʢ ʧʝʨʝʩʪʨʦʡʢʝ ʪʝʯʝʥʠʷ, ʪ.ʝ. 

ʤʦʜʘ (1,1) ʦʩʪʘʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ. ʕʪʦ ʷʚʥʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʥʘʙʣʶʜʝʥʠʷʤ, ʚ 

ʢʦʪʦʨʳʭ ʦʜʥʦʚʠʭʨʝʚʦʡ ʨʝʞʠʤ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ Ra å 1.5 ʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʝʨʝʭʦʜʠʪ ʚ ʜʚʫʭʚʠʭʨʝʚʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ (ʨʠʩ. 2.5c). 

ɽʱʝ ʦʜʥʘ ʙʦʣʝʝ ʩʝʨʴʝʟʥʘʷ ʥʝʩʪʳʢʦʚʢʘ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, 

ʯʪʦ ʚ ʨʘʩʯʝʪʘʭ, ʟʘʜʘʚʘʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʚʫʭʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʩ 

ʨʘʟʥʦʡ ʟʘʢʨʫʪʢʦʡ, ʤʦʞʥʦ ʥʘ ʨʘʚʥʳʭ ʧʨʘʚʘʭ ʨʝʘʣʠʟʦʚʘʪʴ ʦʙʘ ʨʝʞʠʤʘ (ʨʠʩ. 

2.4b, 2.4c). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʚʫʭʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʚʩʝʛʜʘ 
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ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʦʧʫʩʢʥʳʤ ʜʚʠʞʝʥʠʝʤ ʚ ʮʝʥʪʨʝ ʠ ʧʦʜʲʝʤʦʤ ʞʠʜʢʦʩʪʠ ʧʦ 

ʙʦʢʘʤ ʧʦʣʦʩʪʠ. ɺ ʜʦʧʦʣʥʝʥʠʝ, ʝʩʣʠ ʚ ʨʘʩʯʝʪʘʭ ʜʚʫʭʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʧʫʪʝʤ 

ʥʘʚʷʟʳʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚʩʝ ʞʝ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ, ʪʦ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʥʠʟ ʧʦ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ (ʢʨʠʚʳʝ 2 ʠ 3 ʥʘ ʨʠʩ. 2.6a) ʪʘʢʦʝ 

ʪʝʯʝʥʠʝ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʧʣʦʪʴ ʜʦ Ra = 1.1, ʛʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʥʦ ʥʠʢʦʛʜʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʊʦʣʴʢʦ ʧʨʠ ʯʠʩʣʘʭ ʈʵʣʝʷ Ra 

< 1.1 ʦʙʘ ʜʚʫʭʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʷ ʪʝʨʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ ʚ 

ʦʜʥʦʚʠʭʨʝʚʦʡ ʨʝʞʠʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʧʝʨʝʭʦʜʦʚ ʦʪ ʦʜʥʦʛʦ 

ʨʝʞʠʤʘ ʢ ʜʨʫʛʦʤʫ, ʥʝ ʩʦʚʩʝʤ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ. 

ɼʣʷ ʧʦʣʥʦʪʳ ʦʧʠʩʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʚ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ ʚ ʩʣʫʯʘʝ ʠʜʝʘʣʴʥʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʫʟʢʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʝʡ.  

ʇʨʠ ʜʚʠʞʝʥʠʠ ʚʚʝʨʭ ʧʦ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʠʟ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʯʠʩʣʘ ʈʵʣʝʷ Ra = 1.1, ʩʦʩʪʦʷʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʩʤʝʥʷʝʪʩʷ ʦʜʥʦʚʠʭʨʝʚʳʤ ʩʪʘʮʠʦʥʘʨʥʳʤ ʨʝʞʠʤʦʤ, ʢʦʪʦʨʦʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʦʙʣʘʜʘʝʪ ʫʛʣʦʚʳʤʠ ʚʠʭʨʷʤʠ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʩʥʦʚʥʦʤʫ ʪʝʯʝʥʠʶ ʟʘʢʨʫʪʢʦʡ (ʢʨʠʚʘʷ 1 ʥʘ ʨʠʩ. 2.6b ʠ 

ʨʠʩ. 2.7ʘ). ʕʪʦʪ ʬʘʢʪ ʧʨʦʪʠʚʦʨʝʯʠʪ ʵʢʩʧʝʨʠʤʝʥʪʫ, ʚ ʢʦʪʦʨʦʤ ʩʥʘʯʘʣʘ ʧʨʠ 

ʤʘʣʳʭ ʥʘʜʢʨʠʪʠʯʥʦʩʪʷʭ ʚʩʝʛʜʘ ʥʘʙʣʶʜʘʣʦʩʴ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʩʠʤʤʝʪʨʠʯʥʦʝ 

ʦʜʥʦʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʙʝʟ ʦʙʨʘʪʥʳʭ ʫʛʣʦʚʳʭ ʚʠʭʨʝʡ.  

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʩʯʝʪʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʦʜʠʥ ʠʟ ʫʛʣʦʚʳʭ ʚʠʭʨʝʡ ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ, ʚʳʪʝʩʥʷʷ ʪʝʤ ʩʘʤʳʤ 

ʦʩʥʦʚʥʦʝ ʪʝʯʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʚʠʭʨʴ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʫʛʣʫ ʧʦʛʣʦʱʘʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʪʝʯʝʥʠʝʤ. ʊʘʢ, ʦʜʥʦʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ ʪʝʨʷʝʪ ʩʚʦʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʜʚʫʭʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʧʨʠ Ra = 1.65. ɺ ʵʪʦʤ 

ʩʤʩrʣʝ ʧʦʜʦʙʥʳʡ ʩʮʝʥʘʨʠʡ ʧʝʨʝʩʪʨʦʡʢʠ ʪʝʯʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʙʣʠʞʝ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʫ. ʆʜʥʘʢʦ ʚ ʨʘʩʯʝʪʘʭ ʧʝʨʝʭʦʜ ʚ ʜʚʫʭʚʠʭʨʝʚʦʡ ʨʝʞʠʤ ʚʦʟʤʦʞʝʥ 
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ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʟʘ ʩʯʝʪ ʥʘʨʘʩʪʘʥʠʷ ʚʝʨʭʥʝʛʦ ʫʛʣʦʚʦʛʦ ʚʠʭʨʷ ʠ ʧʦʛʣʦʱʝʥʠʷ 

ʥʠʞʥʝʛʦ, ʪʘʢ ʠ ʧʫʪʝʤ ʥʘʨʘʩʪʘʥʠʷ ʥʠʞʥʝʛʦ ʚʠʭʨʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʚʝʨʭʥʝʛʦ. 

ɹʦʣʝʝ ʪʦʛʦ, ʚ ʨʘʩʯʝʪʘʭ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʫʭʚʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʢʘʢ ʩ 

ʧʦʜʲʝʤʥʳʤ (ʢʨʠʚʘʷ 3 ʥʘ ʨʠʩ. 2.6b, ʨʠʩ. 2.7b), ʪʘʢ ʠ ʩ ʦʧʫʩʢʥʳʤ ʜʚʠʞʝʥʠʝʤ ʚ 

ʩʝʨʝʜʠʥʝ ʧʦʣʦʩʪʠ (ʢʨʠʚʘʷ 2 ʥʘ ʨʠʩ. 2.6b, ʨʠʩ. 2.7c). ɺʳʙʦʨ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʢʨʫʪʢʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠ ʧʦʜʘʯʝ 

ʥʝʙʦʣʴʰʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʭʦʜʝ ʧʝʨʝʩʪʨʦʡʢʠ ʪʝʯʝʥʠʷ. 

 

ʈʠʩ. 2.6. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ ʦʪ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ 

ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ: ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʝ ʫʟʢʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʨʘʥʠ 

(a), ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʝ ʫʟʢʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʨʘʥʠ (b). 1 ï ʦʜʥʦʚʠʭʨʝʚʦʡ 

ʨʝʞʠʤ, 2 ï ʜʚʫʭʚʠʭʨʝʚʦʡ ʨʝʞʠʤ ʩ ʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʢʨʫʪʢʦʡ, 3 ï 

ʜʚʫʭʚʠʭʨʝʚʦʡ ʨʝʞʠʤ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʢʨʫʪʢʦʡ. 

 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʚʥʠʟ ʧʦ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʣʶʙʦʡ ʠʟ ʟʘʢʨʫʪʦʢ ʜʚʫʭʚʠʭʨʝʚʦʛʦ ʨʝʞʠʤʘ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʨʦʠʟʦʡʜʝʪ ʩʤʝʥʘ ʪʝʯʝʥʠʷ (Ra = 1.5) ʥʘ ʦʜʥʦʚʠʭʨʝʚʦʡ ʨʝʞʠʤ. ɺ ʠʪʦʛʝ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʫʟʢʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʝʡ ʠʛʨʘʝʪ 

ʥʝʢʦʪʦʨʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʮʝʥʘʨʠʷ ʫʩʣʦʞʥʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ 

ʚ ʷʯʝʡʢʝ ʍʝʣʝ ï ʐʦʫ.  
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ʈʠʩ. 2.7. ʇʦʣʷ ʬʫʥʢʮʠʡ ʪʦʢʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʨʦʜʥʦʡ 

ʚʷʟʢʦʩʪʠ ʠ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʫʟʢʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʝʡ a) ʦʜʥʦʚʠʭʨʝʚʦʡ 

ʨʝʞʠʤ ʧʨʠ Ra = 1.4; b) ʠ c) ʜʚʫʭʚʠʭʨʝʚʳʝ ʨʝʞʠʤʳ ʩ ñʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡò ʠ 

ñʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡò ʟʘʢʨʫʪʢʦʡ ʧʨʠ Ra = 1.6 

 

ʌʘʢʪ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʨʝʞʠʤʘ ʢ ʜʚʫʭʚʠʭʨʝʚʦʤʫ 

ʥʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʠʜʝ ʪʝʯʝʥʠʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʣʠ ʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʢʨʫʪʢʦʡ ʷʚʥʦ ʩʣʝʜʫʝʪ ʠʟ 

ʨʠʩ. 2.6. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʛʨʘʥʠʮʘʤʠ ʷʯʝʡʢʠ ʚʝʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ 

(ʢʨʠʚʘʷ 1) ʠ ʜʚʫʭʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʢʨʫʪʢʦʡ (ʢʨʠʚʘʷ 

3) ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥ̫̫  ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ ʜʚʫʭʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʩ ʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʟʘʢʨʫʪʢʦʡ ʚʩʝʛʜʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʠ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʵʥʪʨʦʧʠʠ ʪʝʯʝʥʠʷ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʟʘʢʨʫʪʢʦʡ (ʢʨʠʚʘ ̫2). ʉ 

ʨʦʩʪʦʤ ʯʠʩʣʘ ʈʵʣʝʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʵʥʪʨʦʧʠʠ ʦʜʥʦʚʠʭʨʝʚʦʛʦ 

ʪʝʯʝʥʠʷ ʠ ʜʚʫʭʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʢʨʫʪʢʦʡ (ʵʥʪʨʦʧʠʷ 

ʧʝʨʝʭʦʜʘ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʥʪʨʦʧʠʷ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ 

ʦʜʥʦʚʠʭʨʝʚʳʤ ʪʝʯʝʥʠʝʤ ʠ ʜʚʫʭʚʠʭʨʝʚʳʤ ʪʝʯʝʥʠʝʤ ʩ ʨʘʟʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʟʘʢʨʫʪʢʠ ʧʨʠ ʣʶʙʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ Ra ʧʨʠʤʝʨʥʦ 
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ʦʜʠʥʘʢʦʚʘ, ʪ.ʝ. ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʨʘʟʥʠʮʳ ʤʝʞʜʫ 

ʵʪʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʅʘʭʦʜʷʩʴ ʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ 

ʈʵʣʝʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʚʩʝʭ ʪʨʝʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʠ 

ʠʤʝʷ ʨʘʟʚʠʪʳʡ ʦʜʥʦʚʠʭʨʝʚʦʡ ʨʝʞʠʤ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ, 

ʜʦʩʪʘʪʦʯʥʦ ʚʥʝʩʪʠ ʚ ʩʠʩʪʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʦʟʤʫʱʝʥʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʩʦʚʝʨʰʠʪʴ ʦʜʠʥ ʠʣʠ ʜʨʫʛʦʡ ʧʝʨʝʭʦʜ. 

 

2.4 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ 

 

ʉʣʫʯʘʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ ʙʫʜʝʪ ʦʧʠʩʘʥ ʜʣʷ e å 0.02 1/ʂ, ʯʪʦ 

ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ [47]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʭ ʫʟʢʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʝʡ ʧʦʨʦʛʦʚʦʝ ʯʠʩʣʦ ʈʵʣʝʷ 

ʩʤʝʱʘʝʪʩʷ ʜʦ Ra å 0.95 ʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ. ɺ 

ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʦʜʥʦʚʠʭʨʝʚʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ (ʨʠʩ. 2.8ʘ), ʧʨʘʚʜʘ 

ʪʝʯʝʥʠʝ ʠʤʝʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʫʛʣʦʚʦʡ ʧʨʦʪʠʚʦʚʠʭʨʴ ʚ ʪʦʣʴʢʦ ʦʜʥʦʤ ʠʟ 

ʥʠʞʥʠʭ ʫʛʣʦʚ ʷʯʝʡʢʠ. ʆʜʥʘʢʦ, ʪʝʧʝʨʴ ʢʘʢʫʶ ʙʳ ʟʘʢʨʫʪʢʫ ʥʝ ʠʤʝʣʦ ʦʩʥʦʚʥʦʝ 

ʪʝʯʝʥʠʝ, ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʫʛʣʦʚʦʡ ʚʠʭʨʴ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʧʦʜʲʝʤʥʦʤʫ 

ʜʚʠʞʝʥʠʶ ʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʢʠ! ɸʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ ʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ, 

ʦʜʥʦʚʠʭʨʝʚʦʡ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʳʤ ʠ ʤʦʞʝʪ ʥʘʨʘʱʠʚʘʪʴ ʩʚʦʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʧʣʦʪʴ ʜʦ Ra = 2 (ʢʨʠʚʘʷ 1 ʥʘ ʨʠʩ. 2.9a). ʆʜʥʘʢʦ, ʜʘʣʝʝ ʵʪʦ 

ʪʝʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʩʠʤʤʝʪʨʠʠ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʫʛʣʦʚʦʡ ʚʠʭʨʴ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ 

ʚʙʣʠʟʠ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ ʜʦʩʪʠʛʘʝʪ ʨʘʟʤʝʨʦʚ ʚ ʪʨʝʪʴ ʚʳʩʦʪʳ ʧʦʣʦʩʪʠ. ɼʘʣʝʝ, 

ʦʥ ʚʩʝʛʜʘ ʧʝʨʝʩʪʨʘʠʚʘʝʪ ʪʝʯʝʥʠʝ ʚ ʜʚʫʭʚʠʭʨʝʚʦʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʟʘʢʨʫʪʢʦʡ. 

ɽʩʣʠ ʩʪʘʨʪʦʚʘʪʴ ʠʟ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʚʫʭʚʠʭʨʝʚʦʤʫ ʪʝʯʝʥʠʶ c ñʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡò ʠʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʟʘʢʨʫʪʢʦʡ (ʨʠʩ. 2.8ʙ, 2.8c), ʠ ʠʜʪʠ ʚʥʠʟ ʧʦ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ, ʪʦ ʪʘʢʞʝ ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 
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ʜʘʥʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʨʦʞʜʝʥʠʶ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʨʝʞʠʤʘ ʣʠʰʴ ʧʨʠ Ra = 1.15 

(ʢʨʠʚʳʝ 2 ʠ 3 ʥʘ ʨʠʩ. 2.9a). 

           

ʈʠʩ. 2.8. ʇʦʣʷ ʬʫʥʢʮʠʡ ʪʦʢʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʜʣʷ 

ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʭ ʫʟʢʠʭ ʛʨʘʥʝʡ ʚ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ; a) 

ʦʜʥʦʚʠʭʨʝʚʦʡ ʨʝʞʠʤ ʧʨʠ Ra = 1.2; b) ʠ c) ʜʚʫʭʚʠʭʨʝʚʳʝ ʨʝʞʠʤʳ ʩ ñʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡò ʠ ñʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡò ʟʘʢʨʫʪʢʦʡ ʧʨʠ Ra = 1.6 

 

ʈʠʩ. 2.9. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ ʦʪ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʜʣʷ 

ʩʣʫʯʘʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ: ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʝ ʫʟʢʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʨʘʥʠ (a), 

ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʝ ʫʟʢʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʨʘʥʠ (b): 1 ï ʦʜʥʦʚʠʭʨʝʚʦʡ ʨʝʞʠʤ, 

2 ï ʜʚʫʭʚʠʭʨʝʚʦʡ ʨʝʞʠʤ ʩ ʥʝ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʢʨʫʪʢʦʡ, 3 ï ʜʚʫʭʚʠʭʨʝʚʦʡ 

ʨʝʞʠʤ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʢʨʫʪʢʦʡ 
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ʈʠʩ. 2.10. ʇʦʣʷ ʬʫʥʢʮʠʡ ʪʦʢʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʜʣʷ ʠʜʝʘʣʴʥʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʫʟʢʠʭ ʛʨʘʥʝʡ ʚ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ; ʘ) ʠ b) 

ʦʜʥʦʚʠʭʨʝʚʦʡ ʨʝʞʠʤ ʧʨʠ Ra = 1.2 ʠ Ra = 1.4; c) ʠ d) ʜʚʫʭʚʠʭʨʝʚʳʝ ʨʝʞʠʤʳ ʩ ñʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡò ʠ ñʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡò ʟʘʢʨʫʪʢʦʡ ʧʨʠ Ra = 1.8 

 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʘʢʘʷ ʤʦʜʝʣʴ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʩʪʨʫʢʪʫʨʫ 

ʪʝʯʝʥʠʷ ʛʦʨʘʟʜʦ ʙʣʠʞʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ. ɺ ʨʘʩʯʝʪʘʭ ʦʪʨʘʞʘʝʪʩʷ ʜʘʞʝ ʬʘʢʪ 

ʥʘʣʠʯʠʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʯʠʩʝʣ ʈʵʣʝʷ, ʚ ʢʦʪʦʨʦʡ 

ʜʚʫʭʚʠʨʝʚʦʡ ʨʝʞʠʤ ʩʦʩʫʱʝʩʪʚʫʝʪ ʩ ʦʜʥʦʚʠʭʨʝʚʳʤ. 

ʅʘʢʦʥʝʮ ʠʩʩʣʝʜʫʝʤ ʚʣʠʷʥʠʝ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʫʟʢʠʭ ʛʨʘʥʝʡ ʚ ʩʣʫʯʘʝ e å 0.02 1/ʂ. ɿʜʝʩʴ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʵʣʝʷ 
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ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ Ra å 1.2. ʇʦʩʣʝ ʨʦʞʜʘʝʪʩʷ ʦʜʥʦʚʠʭʨʝʚʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʨʝʞʠʤ (ʨʠʩ. 2.10ʘ). ʉ ʨʦʩʪʦʤ ʯʠʩʣʘ ʈʵʣʝʷ ʩʠʤʤʝʪʨʠʷ ʵʪʦʛʦ ʪʝʯʝʥʠʷ 

ʥʘʨʫʰʘʝʪʩʷ, ʘ ʠʤʝʥʥʦ, ʚ ʫʛʣʘʭ ʷʯʝʡʢʠ ʦʙʨʘʟʫʶʪʩʷ ʚʠʭʨʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʦʩʥʦʚʥʦʤʫ ʪʝʯʝʥʠʶ ʟʘʢʨʫʪʢʦʡ (ʨʠʩ. 2.10b). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʠʣʫ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʷʟʢʦʩʪʠ ʥʠʞʥʠʡ ʚʠʭʨʴ 

ʚʩʝʛʜʘ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ ʚʝʨʭʥʝʛʦ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʧʳʪʦʤ. ʇʦʩʢʦʣʴʢʫ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʘʢ ʧʨʘʚʠʣʦ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ ʙʳʣʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ 

ʤʘʩʣʦ, ʫ ʢʦʪʦʨʦʛʦ e ʚ ʨʘʟʳ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʚʦʜʳ, ʵʬʬʝʢʪ ʧʦʜʦʙʥʦʛʦ ʥʘʨʫʰʝʥʠʷ 

ʩʠʤʤʝʪʨʠʠ ʧʨʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʇʨʘʥʜʪʣʷ ʙʫʜʝʪ ʚʳʨʘʞʝʥ ʩʠʣʴʥʝʝ. 

ʋʚʝʣʠʯʝʥʠʝ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, Ra = 1.55 ʩʪʘʥʦʚʠʪʩʷ 

ʪʦʯʢʦʡ ʙʠʬʫʨʢʘʮʠʠ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʦʪʦʨʦʡ ʚʚʝʨʭ ʧʦ ʧʘʨʘʤʝʪʨʫ ʥʠʞʥʠʡ 

ʫʛʣʦʚʦʡ ʚʠʭʨʴ ʥʘʯʠʥʘʝʪ ʚʳʪʝʩʥʷʪʴ ʦʩʥʦʚʥʦʝ ʪʝʯʝʥʠʝ (ʢʨʠʚʘʷ 1 ʥʘ ʨʠʩ. 2.8b). 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʩʥʦʚʥʦʝ ʪʝʯʝʥʠʝ ʧʦʛʣʦʱʘʝʪ ʚʝʨʭʥʠʡ ʫʛʣʦʚʦʡ ʚʠʭʨʴ. ɺ ʭʦʜʝ 

ʪʘʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʷʯʝʡʢʝ ʦʩʪʘʥʫʪʩʷ ʜʚʘ ʩʠʤʤʝʪʨʠʯʥʳʭ ʚʠʭʨʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʢʨʫʪʢʦʡ. ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʨʝʞʠʤʘ ʢ ʜʨʫʛʦʤʫ 

ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʠʤʤʝʪʨʠʠ ʤʝʞʜʫ ʫʛʣʦʚʳʤʠ ʚʠʭʨʷʤʠ ʪʝʧʝʨʴ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ. ɺʪʦʨʦʡ ʬʘʢʪʦʨ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʨʦʣʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʬʬʝʢʪʘ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʦʚ ʚʠʭʨʝʡ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʧʦʣʦʩʪʠ (ʨʠʩ. 2.5c ʠ 

2.10d).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʯʝʪʘʭ ʚʝʩ ʞʝ ʤʦʞʥʦ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʦʙʘ ʪʠʧʘ 

ʜʚʫʭʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʩ ʦʙʝʠʤʠ ʟʘʢʨʫʪʢʘʤʠ (ʨʠʩ. 2.10c, 2.10d), ʝʩʣʠ ʧʨʠ 

ʙʦʣʴʰʠʭ ʥʘʜʢʨʠʪʠʯʥʦʩʪʷʭ ʟʘʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ 

ʩʪʘʨʪʦʚʘʪʴ ʠʟ ʩʦʩʪʦ̫ʥʠʷ ʧʦʢʦ.̫ ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ʈʵʣʝʷ ʜʘʥʥʳʝ ʪʝʯʝʥʠʷ 

ʙʫʜʫʪ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʧʣʦʪʴ ʜʦ Ra = 1.6 (ʢʨʠʚʳʝ 2 ʠ 3 ʥʘ ʨʠʩ. 

2.9b), ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʩʪʨʦʷʪʩʷ ʚ ʦʜʥʦʚʠʭʨʝʚʦʡ ʨʝʞʠʤ. ʆʜʥʘʢʦ, ʩʧʝʮʠʘʣʴʥʦ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʜʦʙʥʳʝ ʫʩʣʦʚʠʷ ʥʠʢʦʛʜʘ ʥʝ ʨʝʘʣʠʟʦʚʳʚʘʣʠʩʴ. ʂʘʢ ʠ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʫʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʫʟʢʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʝʡ 

ʧʨʠʙʣʠʞʘʝʪ ʟʥʘʯʝʥʠʷ ʪʦʯʝʢ ʙʠʬʫʨʢʘʮʠʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ. 
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ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʫʯʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʚʷʟʢʦʩʪʠ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʩʮʝʥʘʨʠʡ ʨʘʟʚʠʪʠʷ ʪʝʯʝʥʠʡ, ʘ ʠʤʝʥʥʦ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ 

ʠʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʫ  ʁʧʝʨʝʩʪʨʦʡʢʫ ʚ ʜʚʫʭʚʠʭʨʝʚʦʡ 

ʨʝʞʠʤ ʩ ʧʦʜʲʝʤʥʳʤ ʪʝʯʝʥʠʝʤ ʚʙʣʠʟʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʦʢ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʚʫʭʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʡ (ʢʨʠʚʳʝ 1 ʠ 3 ʥʘ ʨʠʩ. 2.9) ʚʩʝʛʜʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦ, ʘ ʜʣʷ ñʥʝʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦò ʪʝʯʝʥʠʷ (ʢʨʠʚʘʷ 2) ï ʚʩʝʛʜʘ 

ʦʪʨʠʮʘʪʝʣʴʥʦ. ʆʜʥʘʢʦ, ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʠ 

ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʠʭʨʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʫʛʣʫ ʧʦʣʦʩʪʠ, ʩ ʨʦʩʪʦʤ 

ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʧʨʠʙʣʠʞʘʝʪ ʢʘʢ ʬʦʨʤʫ ʠʟʦʣʠʥʠʡ ʬʫʥʢʮʠʠ ʪʦʢʘ (ʨʠʩ. 2.10), 

ʪʘʢ ʠ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʥʥʦʛʦ ʪʝʯʝʥʠʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʜʚʫʭʚʠʭʨʝʚʦʤʫ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ ʜʘʥʥʦʛʦ ʪʝʯʝʥʠʷ 

ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʙʣʠʟʠ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ Ra = 2 (ʨʠʩ. 2.9a) ʠ Ra = 1.55 

(ʨʠʩ. 2.9b) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʜʥʦʚʠʭʨʝʚʳʤ ʪʝʯʝʥʠʝʤ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʚʷʟʢʦʩʪʠ 

(ʨʠʩ. 2.8). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʵʥʪʨʦʧʠʷ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʪʝʯʝʥʠʷʤʠ, 

ʥʘʙʣʶʜʘʚʰʠʤʠʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ʥʝʨʝʘʣʠʟʫʝʤʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ. ʇʨʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʟʜʝʣʝ 2.3, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʘʷ ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʯʠʥʷʝʪʩʷ 

ʚʘʨʠʘʮʠʦʥʥʦʤʫ ʧʨʠʥʮʠʧʫ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʧʝʨʝʭʦʜʘ. 
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ɻʣʘʚʘ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʚ ʙʠʥʘʨʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʘʭ ʥʘ ʥʝʩʤʘʯʠʚʘʝʤʳʭ ʛʨʘʥʠʮʘʭ 

ʧʦʣʦʩʪʠ 

 

 
3.1 ʂʦʥʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʚ ʜʚʫʤʝʨʥʦʤ ʪʦʥʢʦʤ ʢʘʥʘʣʝ ʩ 

ʥʝʩʤʘʯʠʚʘʝʤʳʤʠ ʛʨʘʥʠʮʘʤʠ 

 

3.1.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ  

 

ʇʨʦʙʣʝʤʘ ʨʘʟʜʝʣʝʥʠʷ ʩʣʦʞʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʞʠʜʢʦʩʪʝʡ ʥʘ ʢʦʤʧʦʥʝʥʪʳ, ʚ 

ʦʩʥʦʚʥʦʤ, ʩʦʧʨʷʞʝʥʘ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʦʛʘʱʝʥʠʷ ʠʣʠ, 

ʥʘʦʙʦʨʦʪ, ʦʙʝʜʥʝʥʠʷ ʠʩʪʠʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ. ɺ 

ʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʨʘʙʦʯʘʷ ʩʨʝʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʦʜʥʦʨʦʜʥʦ 

ʥʘʛʨʝʪʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʧʨʦʭʦʜʷʱʠʤʠ ʪʘʤ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʧʦʷʚʣʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ɺ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩ ʦʙʦʛʘʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʚʪʦʨʠʯʥʳʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʝʥʠʷ ʪʠʧʘ ʪʝʨʤʦʜʠʬʬʫʟʠʠ 

[135, 136], ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʝʟʥʳʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʩʴʤʘ 

ʥʠʟʢʠʤ, ʘ ʩʘʤʘ ʪʝʭʥʦʣʦʛʠʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦʡ ʢʘʢ ʧʦ ʟʘʪʨʘʪʘʤ ʵʥʝʨʛʠʠ, ʪʘʢ ʠ 

ʚʨʝʤʝʥʠ. 

ɼʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ 

ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʩʪʝʤʫ ʚʥʝʰʥʠʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʠʣʦʚʳʭ ʧʦʣʝʡ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʛʦʥʦʢ 

ʩʤʝʩʠ ʯʝʨʝʟ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʫʩʪʘʥʦʚʢʠ. ʊʘʢ, ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʧʨʠʭʦʜʠʪʩʷ 

ʧʨʦʧʫʩʢʘʪʴ ʝʝ ʯʝʨʝʟ ʮʝʣʳʡ ʢʘʩʢʘʜ ʮʝʥʪʨʠʬʫʛ ʠ ʩʦʯʝʪʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩ 
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ʧʨʦʮʝʜʫʨʦʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ 

ʢʘʞʜʦʤ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʪʘʧʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ ʥʘ ʘʪʦʤʘʨʥʦʤ (ʤʦʣʝʢʫʣʷʨʥʦʤ) 

ʫʨʦʚʥʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʟʘʜʘʯʘʤʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢʘʭ. ʆʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʬʠʟʠʢʠ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʠʢʨʦʬʣʶʠʜʠʯʝʩʢʠʤ ʷʚʣʝʥʠʷʤ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʪʦʥʢʠʭ 

ʢʘʥʘʣʘʭ. ʇʨʠʯʝʤ ʩʘʤʠ ʢʘʥʘʣʳ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʙʦʣʴʰʠʝ, ʥʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠʨʦʜʘ ʧʨʦʮʝʩʩʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʷʚʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʤʠʢʨʦʬʣʶʠʜʠʯʝʩʢʦʡ.  

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʵʬʬʝʢʪʦʚ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʝʱʝ 

ʚ 80-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʙʫʜʝʪ ʧʨʝʜʣʦʞʝʥʦ ʥʠʞʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ. 

 

ʈʠʩ. 3.1. ɻʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 
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ʈʘʩʩʤʦʪʨʠʤ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʢʘʧʠʣʣʷʨ, ʟʘʧʦʣʥʝʥʥʳʡ 

ʙʠʥʘʨʥʦʡ ʩʤʝʩʴʶ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʘ ʙʦʢʦʚʳʭ 

ʛʨʘʥʠʮʘʭ ʢʘʥʘʣʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ (ʨʠʩ. 3.1). ʇʦʜʦʙʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʢʪʠʚʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʧʝʯʘʭ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʤʝʪʘʣʣʦʚ: ʜʘʞʝ 

ʧʨʠ ʦʜʥʦʨʦʜʥʦʤ ʥʘʛʨʝʚʝ ʚʩʝʭ ʩʪʝʥʦʢ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʪʝʧʣʦʚʘʷ ʰʘʧʢʘ ʠʟ ʙʦʣʝʝ 

ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʜʣʠʥʥʦʛʦ 

ʢʘʧʠʣʣʷʨʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʵʪʫ ʢʘʤʝʨʫ, ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʝ 

ʧʨʦʜʦʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʘʛʨʝʚʫ ʩʚʝʨʭʫ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʦʜʥʦʛʦ ʜʦ 

ʧʷʪʠ ʛʨʘʜʫʩʦʚ ʤʝʞʜʫ ʪʦʨʮʘʤʠ ʫʞʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʡ 

ʤʘʩʩʦʧʝʨʝʥʦʩ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʩʝʛʨʝʛʘʮʠʠ ʨʘʩʧʣʘʚʘ. ɼʣʷ ʙʦʣʝʝ 

ʷʩʥʦʡ ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʟʘʜʘʯʘ 

ʨʝʰʘʣʘʩʴ ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ɼʘʣʝʝ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘ 

ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʢʘʧʠʣʣʷʨʘ ʩʧʨʘʚʝʜʣʠʚʦ ʫʩʣʦʚʠʝ ʧʦʣʥʦʛʦ ʥʝʩʤʘʯʠʚʘʥʠʷ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʩʚʦʙʦʜʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʥʠʢʘʝʪ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʘʷ ʩʠʣʘ, ʟʘʩʪʘʚʣʷʶʱʘʷ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʞʠʜʢʠʝ ʵʣʝʤʝʥʪʳ ʚʥʠʟ, ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʦʟʨʘʩʪʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʙʠʥʘʨʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʤʝʩʠ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ 

ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ [4]: 

( ) ( )
1

T Cp ɜ g T C
t

b b
r

µ
+ Ð =- Ð + D + -

µ

v
v v v ɔ, (3.1) 

( )
T

T T
t

c
µ
+ Ð = D

µ
v , div 0v , (3.2) 

( )
C

C D C
t

µ
+ Ð = D

µ
v , (3.3) 
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ʛʜʝ v, p, T, C ï ʧʦʣʷ ʩʢʦʨʦʩʪʠ, ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʷʞʝʣʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʠ, bT, bC ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, n, c, D ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, g ï ʚʝʣʠʯʠʥʘ 

ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ɔ ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. 

ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ 

ʫʯʝʪʦʤ ʥʘ ʥʝʡ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʜʝʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [6]: 

( )S S
S A DD k C k

t

G
G G G

µ
+Ð = D + -

µ
v , (3.4) 

ʛʜʝ G ï ʧʦʣʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʠ; DS, 

kA, kD ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʠʬʬʫʟʠʠ, ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ. 

ʀʥʜʝʢʩ s ʫ ʦʧʝʨʘʪʦʨʦʚ ʦʙʦʟʥʘʯʘʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʪʦʨʮʳ ʢʘʥʘʣʘ ʩʯʠʪʘʣʠʩʴ ʪʚʝʨʜʳʤʠ, ʠ ʥʘ ʥʠʭ ʜʣʷ 

ʧʨʦʩʪʦʪʳ ʩʪʘʚʠʣʦʩʴ ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʧʦʪʦʢʘ 

ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ ʛʨʘʥʠʮʫ. ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ 

ʥʝʩʤʘʯʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʳʚʦʜʠʪʩʷ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʩ 

ʫʯʝʪʦʤ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʦʪʦʢʦʚ ʚʝʱʝʩʪʚʘ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʷʚʣʝʥʠʷ 

ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ, ʟʘʧʠʰʝʤ ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʲʝʤʥʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʥʘ ʥʝʩʤʘʯʠʚʘʝʤʳʭ ʛʨʘʥʠʮʘʭ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [137]: 

x = 0:  A D

C
D k C k

x

µ
- =- +
µ

, 

x = L:  A D

C
D k C k

x

µ
- = -
µ

. 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ 

[138,139]. 

ɺ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3.1) ï (3.4) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

( ) ( )
1

Ra
Pr

p T C
t

µ
+ Ð =-Ð +D + -

µ

v
v v v ɔ, 



61 

 

( )Pr
T

T T
t

µ
+ Ð =D
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x
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, (3.5) 

 x = l: 
1
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C
k C k

x
+ -

µ
- = -

µ
, (3.6) 

 y = 0, y = h: 0
C

y y

Gµ µ
= =

µ µ
, v = 0, (3.7) 

ʛʜʝ 
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Tgɓ ŪL

ɜɢ
= , Pr

ɜ

ɢ
= , Sc

ɜ

D
= , ScS

S

ɜ

D
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Ak L
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ɜ
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2
Dk L

k
ɜ

-= . (3.8) 

Ra, Pr, Sc ï ʯʠʩʣʘ ʈʵʣʝʷ, ʇʨʘʥʜʪʣʷ ʠ ʐʤʠʜʪʘ; ScS ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʯʠʩʣʦ 

ʐʤʠʜʪʘ, l ʠ h ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʪʦʣʱʠʥʘ ʠ ʚʳʩʦʪʘ ʢʘʧʠʣʣʷʨʘ, Ū ï ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ k+ ʠ kï ʠʤʝʶʪ ʩʤʳʩʣ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ. ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ, ʦʙʲʝʤʥʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚʨʝʤʝʥʠ, ʩʢʦʨʦʩʪʠ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚʳʙʠʨʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: L, ŪɓT/ɓC, 

ŪɓTL/ɓC, L2/ɜ, ɢ/L, Ū, ɟɜɢ/L2. 

ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʚ ʪʝʨʤʠʥʘʭ ʬʫʥʢʮʠʠ ʪʦʢʘ y, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʢʦʨʦʩʪʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

x
y

yµ
=
µ

v , y
x

yµ
=-
µ

v . 

ɼʘʣʝʝ ʚʚʦʜʠʣʘʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʢʘʣʷʨʥʘʷ ʬʫʥʢʮʠʷ, ʨʘʚʥʘʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʟʥʘʢʘ ʟʘʚʠʭʨʝʥʥʦʩʪʠ: 

j y=D , 
2 2

2 2x y

µ µ
D= +
µ µ

. 
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ʋʨʘʚʥʝʥʠʷ ʚ ʪʝʨʤʠʥʘʭ ʫʢʘʟʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʙʫʜʫʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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, (3.11) 
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C . (3.12) 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʥʝʡʥʦ: s = s0 ï sTT (s0 

ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, sT ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʠʩʳʚʘʶʱʠʡ ʩʚʷʟʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ). ɺ ʠʪʦʛʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʚʦʙʦʜʥʳʭ ʛʨʘʥʠʮʘʭ ʟʘʜʘʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

x = 0:  
y

T

T

x y
h s
µ µ
=

µ µ

v
, 

x = L:  
y

T

T

x y
h s
µ µ
=-

µ µ

v
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ʛʜʝ h ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ. ʇʦʩʣʝ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʦʧʨʝʜʝʣʝʥʠʷ j ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ: 

 x = 0: Ma
T

y
j

µ
=-

µ
, (3.13) 

 x = l: Ma
T

y
j

µ
=

µ
. (3.14) 

ɿʜʝʩʴ Ma = sTŪL/hɢ ï ʯʠʩʣʦ ʄʘʨʘʥʛʦʥʠ. 

 

3.1.2 ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

 

ʅʘ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ 

ʜʦʩʪʠʛʥʫʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ 
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ʢʦʥʚʝʢʪʠʚʥʳʤ ʪʝʯʝʥʠʝʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʇʫʩʪʴ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʢʘʭ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ, ʧʨʠʯʝʤ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʧʨʘʚʣʝʥ ʚʚʝʨʭ. ʊʦʛʜʘ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚʥʫʪʨʠ 

ʢʘʧʠʣʣʷʨʘ, ʥʘ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʙʳʪ ɹ

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ: 

( ) ( ), ,
y

T x y x y
h
q= + . 

ɿʜʝʩʴ ɗ ï ʦʪʢʣʦʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʣʠʥʝʡʥʦʛʦ ʧʨʦʬʠʣʷ, h ï ʙʝʟʨʘʟʤʝʨʥʘʷ 

ʚʳʩʦʪʘ ʢʘʧʠʣʣʷʨʘ. ɽʩʣʠ ʧʦʣʘʛʘʪʴ ʪʝʯʝʥʠʝ ʧʦʣʟʫʱʠʤ, ʪʦ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

(3.9) ï (3.10) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʠ ʦʥʦ ʙʫʜʝʪ 

ʠʤʝʪɹ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ʊʘʢ, ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʢ ʦʜʥʦʨʦʜʥʦʤʫ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ [140]: 

 0yDD =, (3.15) 

ʘ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ï ʢ ʫʨʘʚʥʝʥʠʶ ʇʫʘʩʩʦʥʘ ʩ ʟʘʜʘʥʥʦʡ ʧʨʘʚʦʡ 

ʯʘʩʪʴʶ: 
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ʇʨʠ ʵʪʦʤ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʫʪ: 
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( ) ( ) ( ) ( ),0 , 0, 1, 0x x h y yq q q q= = = =. 

ɿʜʝʩʴ A = 1/h ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʈʝʰʝʥʠʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ 

ʥʘʡʪʠ ʚ ʚʠʜʝ ʨʷʜʦʚ [140,141]: 
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ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʝʡ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 3.1.4. 

 

3.1.3 ʄʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

 

ɺ ʦʙʱʝʡ ʧʦʩʪʘʥʦʚʢʝ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʭr ʫʨʘʚʥʝʥʠʡ (3.9) ï (3.12) ʩ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (3.5) ï (3.7), (3.13) ï (3.14) ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ ñʇɻʋ ï ʊʝʩʣʘò ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ 

ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ñʇʘʨʘʣʣʝʣʴʥʳʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷò. ʏʠʩʣʝʥʥʳʡ 

ʢʦʜ ʙʳʣ ʥʘʧʠʩʘʥ ʥʘ ʷʟʳʢʝ Fortran-90. ɼʣʷ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʷʚʥʦʡ ʩʭʝʤʦʡ [131], ʧʨʠ ʵʪʦʤ ʫʨʘʚʥʝʥʠʝ 

ʇʫʘʩʩʦʥʘ ʨʝʰʘʣʦʩʴ ʤʝʪʦʜʦʤ ʧʨʦʩʪʳʭ ʠʪʝʨʘʮʠʡ [133]. ʇʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪʘʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʜʥʦʩʪʦʨʦʥʥʠʝ ʠ ʮʝʥʪʨʘʣʴʥʳʝ ʨʘʟʥʦʩʪʠ [132]. ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ ʚʳʙʠʨʘʣʩʷ 

ʠʩʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʧʨʦʮʝʜʫʨʳ. ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʯʝʪʘ ʚ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʧʦʪʦʢʠ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʚ ʥʝʣʠʥʝʡʥʦʤ ʩʣʘʛʘʝʤʦʤ ʫʨʘʚʥʝʥʠʷ 
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ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʯʠʩʣʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʷʪʠʪʦʯʝʯʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ: 

0 1 2 3 4
25 48 36 16 3

12

f f f f ff

n h
° ° ° °

- + - +µ
=

µ D
. 

ɿʜʝʩʴ ʥʠʞʥʠʡ ʠʥʜʝʢʩ ʦʪʚʝʯʘʝʪ ʦʪʩʪʫʧʫ ʦʪ ʫʟʣʘ, ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʥʘʷ. ʇʨʦʠʟʚʦʜʥʘʷ ʙʝʨʝʪʩʷ ʧʦ ʚʳʜʝʣʝʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠ ʁn, ȹh ï ʰʘʛ 

ʩʝʪʢʠ ʚʜʦʣʴ ʫʢʘʟʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʅʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʣʫʞʠʣʠ ʥʝʚʦʟʤʫʱʝʥʥʳʝ ʧʦʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ (ɣ 

= 0), ʟʘʚʠʭʨʝʥʥʦʩʪʠ (ű = 0), ʦʙʲʝʤʥʦʡ (ʉ = 0.05) ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ũ = 0). ɺ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʢʘʧʠʣʣʷʨʘ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚʦʟʤʫʱʝʥʠʷ (T = 0), ʦʜʥʘʢʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʚʘʣʦʩʴ ʝʝ ʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢ, ʯʪʦʙʳ ʛʨʘʜʠʝʥʪ ʙʳʣ 

ʥʘʧʨʘʚʣʝʥ ʚʚʝʨʭ. ɼʣʷ ʥʘʙʦʨʘ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʠʨʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ (ʩʤ. 3.2.2): Ra = 0.005, Pr = 0.05, Sc = 300, ScS = 200, k+ = 

0.0001, kï = 0.054. ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʜʦʣʞʘʣʠʩʴ ʜʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 2000, ʯʪʦ 

ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1.5 ï 2 ʯ. 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʰʠʙʦʢ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʱʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

æE ʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ æɣmax ʜʣʷ ʨʘʟʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʫʟʣʦʚ ʚʜʦʣʴ ʦʩʝʡ x ʠ y (N1 ʠ N2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠ ʵʪʦʤ ʚʳʩʦʪʘ ʧʦʣʦʩʪʠ 

ʙʨʘʣʘʩʴ ʤʥʦʛʦ ʙʦʣʴʰʝ ʪʦʣʱʠʥʳ: h = 40, l = 1. ʈʝʟʫʣʴʪʘʪʳ ʩʭʦʜʠʤʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1 ʠ ʨʠʩ. 3.2. 

ʊʘʙʣʠʮʘ 3.1. ʉʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ 

 N1 N2 N1 N2 ȹE, % ȹɣmax, % 

1 11 161 1771   

2 13 177 2301 ȹE12 = 11.92 ȹɣ12 = 4.293 

3 15 199 2985 ȹE23 = 8.153 ȹɣ23 = 2.618 

4 17 229 3893 ȹE34 = 5.946 ȹɣ34 = 1.023 

5 19 265 5035 ȹE45 = 4.538 ȹɣ45 = 0.320 

6 21 311 6531 ȹE56 = 3.578 ȹɣ56 = 0.221 

7 23 369 8487 ȹE67 = 2.893 ȹɣ67 = 0.202 
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ʈʠʩ. 3.2 ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʧʦʣʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (%, ʢʨʠʚʘʷ 1) ʠ 

ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ (%, ʢʨʠʚʘʷ 2) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʫʟʣʦʚ ʩʝʪʢʠ. 

 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ, ʚ 

ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʙʦʯʘʷ ʩʝʪʢʘ 21:311. 

 

3.1.4 ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʂʘʢ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʨʷʜʦʚ, ʪʘʢ ʠ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚ ʢʘʧʠʣʣʷʨʝ ʚʦʟʥʠʢʘʝʪ ʤʝʜʣʝʥʥʦʝ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʜʚʫʭʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴ ʧʨʠʤʝʩʴ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʢʘʧʠʣʣʷʨʝ ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʠʟʥʘʯʘʣʴʥʦ ʦʜʥʦʨʦʜʥʦʡ 

ʩʤʝʩʠ ʥʘ ʢʦʤʧʦʥʝʥʪʳ. ʅʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʢʘʭ ʢʘʧʠʣʣʷʨʘ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʦʧʫʩʢʥʦʝ ʪʝʯʝʥʠʝ, ʠʟ-ʟʘ ʵʪʦʛʦ ʚ ʮʝʥʪʨʝ ʬʦʨʤʠʨʫʝʪʩ ̫ʧʦʜʲʝʤʥʦʝ ʜʚʠʞʝʥʠʝ 

(ʨʠʩ. 3.3, 3.4). ʇʨʠ ʫʤʝʨʝʥʥʳʭ ʯʠʩʣʘʭ ʄʘʨʘʥʛʦʥʠ ʨʘʟʤʝʨʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥʳ ~ 0.01 ʤʤ/ʩ. 

ʇʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʛʨʘʥʠʮʳ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʚʙʣʠʟʠ ʪʦʨʮʦʚ ʦʥʠ ʠʩʧʳʪʳʚʘʶʪ ʩʠʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ. 
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ʈʠʩ. 3.3. ʇʨʦʬʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʢʠ 

ʢʘʧʠʣʣʷʨʘ (a) ʠ ʚʜʦʣʴ ʧʦʧʝʨʝʯʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʚʳʩʦʪʝ y = h/6 (b). ʉʧʣʦʰʥʳʝ 

ʣʠʥʠʠ ï ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ. 1 ï Ma = 0.01, 2 ï Ma = 0.03, 3 ï Ma = 0.06, 4 ï Ma = 0.1 

 
 

ʈʠʩ. 3.4 ʇʦʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ (a, c), ʪʝʤʧʝʨʘʪʫʨʳ (b, d) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ (e) ʧʨʠ Ma = 

0.06: a, c ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, b, d, e ï ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 


