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ɸʅʆʊɸʎɯʗ 

ɺʘʚʨʠʯʫʢ ʇ.ɻ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ 

ʜʚʦʬʘʟʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʪʘ ʨʽʜʠʥʠ ʚ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ï ʅʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽ ̫ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.05.02 ï ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʤʝʪʦʜʠ. ī ʎʝʥʪʨ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ɯʥʩʪʠʪʫʪʫ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ 

ʤʝʭʘʥʽʢʠ ʽ ʤʘʪʝʤʘʪʠʢʠ ʽʤ. ʗ. ʉ. ʇʽʜʩʪʨʠʛʘʯʘ ʅɸʅ ʋʢʨʘʾʥʠ; ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽ-

ʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʄʆʅ ʋʢʨʘʾʥʠ, ʃʴʚʽʚ, 2018. 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʮʝʩʽʚ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʪʘ ʚʦʜʠ ʚ 

ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʪʘ ʨʦʟʨʦʙʣʝʥʥʶ ʤʝʪʦʜʽʚ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ 

ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʛʘʟʫ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʦʜʥʦʛʦ ʬʘʢʪʦʨʫ. ʋ ʨʦʙʦʪʽ ʨʦʟʚ'ʷʟʘʥʦ 

ʟʘʚʜʘʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚ ʛʘʣʫʟʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ. ʋ ʚʩʪʫʧi ʟʘʟʥʘʯʝʥʦ ʘʢʪʫʘʣʴʥiʩʪʴ ʧʨʦʙʣʝʤ, ʦʙʛʨʫʥʪʦ-

ʚʘʥʦ ʤʝʪʫ ʪʘ ʦʩʥʦʚʥi ʟʘʚʜʘʥʥʷ ʜʦʩʣiʜʞʝʥʴ. ʆʧʠʩʘʥʦ ʟʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ ʪʘ ʪʝʤʘʤʠ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ i ʧʨʘʢʪʠʯʥʫ ʮiʥʥiʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪiʚ. ɿʘʟʥʘʯʝʥʦ ʜʘʥi ʧʨʦ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ, ʘʧʨʦʙʘʮiʶ 

ʨʝʟʫʣʴʪʘʪiʚ ʨʦʙʦʪʠ ʪʘ ʧʫʙʣiʢʘʮiʾ.ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʮʝʩ ʨʫʭʫ 

ʛʘʟʫ ʚ ʧʽʜʟʝʤʥʦʤʫ ʩʭʦʚʠʱʽ ʛʘʟʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʦʜʥʦʛʦ ʬʘʢʪʦʨʫ. ʈʦʟʛʣʷʥʫʪʦ 

ʚʠʤʦʛʠ ʜʦ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘʢʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʦʜʘʥʦ 

ʩʧʦʩʦʙʠ ʦʙʨʦʙʢʠ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʛʣʷʜ ʨʦʟʚʠʪʢʫ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦʤʝʭʘʥʽʢʠ, ʜʦʩʣʽʜʞʝʥʥ ̫ʬ̔ ʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʫʭʫ ʛʘʟʫ, ʜʚʦʬʘʟʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ, ʤʝʪʦʜʽʚ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʛʘʟʦʚʦʾ ʜʠʥʘʤʽʢʠ, ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʦʧʝʨʘʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʙʫʜʦʚʠ ʘʜʘʧʪʠʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʤʘʩʦʧʝʨʝ-

ʥʦʩʫ, ʟʦʢʨʝʤʘ, ʧʦʰʠʨʝʥʥʷ ʛʘʟʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʚ ʧʦʨʠʩʪʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ (ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱʘʭ ʛʘʟʫ), ʧʦʰʠʨʝʥʥʷ ʜʦʤʽʰʢʦʚʠʭ ʨʝʯʦʚʠʥ ʚ 
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ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ˇʨʫʥʪʫ, ʪʘ ʨʝʛʫʣʷʨʠʟʫʶʯʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʽ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʨʫʛʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʶ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʟʘʤʽʱʝʥʥʷ ʛʘʟʫ ʚʦʜʦʶ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʽʜʦʰʦʚʥʦʾ 

ʚʦʜʠ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʠʩʢʫ ʚʦʜʠ ʫ ʚʦʜʦʥʦʩʥʦʤʫ ʰʘʨʽ, ʚʠʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʥʘ ʤʝʞʽ ʛʘʟʦʚʦʜʷʥʦʛʦ 

ʢʦʥʪʫʨʫ, ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʛʘʟʦʚʦʜʷʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʤʝʪʦʶ 

ʥʝʜʦʧʫʱʝʥʥʷ ʟʘʚʦʜʥʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ. ʇʨʠʚʝʜʝʥʦ ʟʘʜʘʯʽ ʛʽʜʨʘʚʣʽʯʥʦʾ ʫʚôʷʟʢʠ 

ʩʠʩʪʝʤʠ ñʧʣʘʩʪ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʛʘʟʫ ï ʛʘʟʦʟʙʽʨʥʠʡ ʧʫʥʢʪò ʪʘ ʘʣʛʦʨʠʪʤʠ ʾʭ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ. ʇʦʜʘʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʘʚʣʽʯʥʦʾ ʫʚôʷʟʢʠ 

ʢʦʣʝʢʪʦʨʥʦʛʦ ʩʧʦʩʦʙʫ ʟʙʦʨʫ ʛʘʟʫ ʚ ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱʘʭ ʘʥʘʣʽʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ. 

ʇʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʨʷʜʫ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ, ʘ ʩʘʤʝ: ʟʥʘʭʦ-

ʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʦʚʱʠʥʠ ʚʦʜʷʥʦʛʦ ʰʘʨʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʽʜʥʷʪʪʷ ʛʘʟʦʚʦʜʷʥʦʛʦ 

ʢʦʥʪʘʢʪʫ, ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥʠ, ʪʠʩʢʫ ʥʘ ʛʘʟʦʟʙʽʨʥʦʤʫ 

ʧʫʥʢʪʽ, ʪʠʩʢʫ ʥʘ ʥʠʞʥʽʡ ʤʝʞʽ ʚʦʜʷʥʦʛʦ ʰʘʨʫ, ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠ-

ʱʘ; ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʪʠʩʢʦʤ ʥʘ ʛʘʟʦʟʙʽʨʥʦʤʫ ʧʫʥʢʪʽ, ʧʣʘʩʪʦʚʠʤ 

ʪʠʩʢʦʤ ʪʘ ʰʚʠʜʢʽʩʪʶ ʧʽʜʥʷʪʪʷ ʛʘʟʦʚʦʜʷʥʦʛʦ ʢʦʥʪʘʢʪʫ, ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥʠ, ʪʠʩʢʫ ʥʘ ʥʠʞʥʽʡ ʤʝʞʽ ʚʦʜʷʥʦʛʦ ʰʘʨʫ, ʪʦʚʱʠʥʠ ʚʦʜʷʥʦʛʦ 

ʰʘʨʫ, ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʜʝʙʽʪʦʤ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʧʣʘʩʪʦʚʠʤ ʪʠʩʢʦʤ ʪʘ ʰʚʠʜʢʽʩʪʶ ʧʽʜʥʷʪʪʷ ʛʘʟʦʚʦʜʷʥʦʛʦ ʢʦʥʪʘʢʪʫ, 

ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʠʩʢʫ ʥʘ ʛʘʟʦʟʙʽʨʥʦʤʫ ʧʫʥʢʪʽ, ʪʠʩʢʫ ʥʘ ʥʠʞʥʽʡ ʤʝʞʽ 

ʚʦʜʷʥʦʛʦ ʰʘʨʫ, ʪʦʚʱʠʥʠ ʚʦʜʷʥʦʛʦ ʰʘʨʫ, ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʥʘʡʜʝʥʽ ʚ ʭʦʜʽ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʝʙʽʪʦʤ ʩʚʝʨʜʣʦ-

ʚʠʥʠ, ʪʠʩʢʦʤ ʥʘ ʛʘʟʦʟʙʽʨʥʦʤʫ ʧʫʥʢʪʽ, ʧʣʘʩʪʦʚʠʤ ʪʠʩʢʦʤ ʪʘ ʰʚʠʜʢʽʩʪʶ ʧʽʜʥʷʪʪʷ 

ʛʘʟʦʚʦʜʷʥʦʛʦ ʢʦʥʪʘʢʪʫ ʜʘʶʪʴ ʟʤʦʛʫ ʢʦʨʝʛʫʚʘʪʠ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ 

ʟʘʚʦʜʥʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʜʝʧʨʝʩʽʾ ʪʠʩʢʽʚ ʫ ʧʣʘʩʪʽ ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʙʝʟʚʦʜʥʦʛʦ 

ʜʝʙʽʪʫ. ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ  ʜʠʬʫʥ-

ʜʫʚʘʥʥ ̫ʛʘʟʫ ʫ ʚʦʜʫ ʧʨʠ ʨʦʙʦʪʽ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʛʘʟʫ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ 

ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣ ̔ʜʠʬʫʟʽʾ ʛʘʟʽʚ ʫ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʫʨʘʭʫ-
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ʚʘʥʥʷʤ ʢʦʥʚʝʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʩʠ ʜʠʬʫʥʜʦʚʘʥʦʛʦ ʛʘʟʫ ʫ ʚʦʜʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʣʷ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʜʠʬʫʥʜʦʚʘʥʦʛʦ ʛʘʟʫ ʫ ʚʦʜʽ ʧʨʠ ʨʦʙʦʪʽ 

ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʛʘʟʫ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ, ʪʠʩʢʫ ʥʘ ʤʝʞʽ 

ʧʦʜʽʣʫ ñʛʘʟ-ʚʦʜʘò ʪʘ ʪʠʩʢʫ ʥʘ ʥʠʞʥʽʡ ʤʝʞʽ ʚʦʜʠ ʥʘ ʢʽʣʴʢʽʩʪʴ ʜʠʬʫʥʜʦʚʘʥʦʛʦ 

ʛʘʟʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʠʬʫʥʜʦʚʘʥʠʡ ʛʘʟ ʚ ʙʽʣʴʰʦʩʪʽ ʨʦʟʤʽʱʝʥʠʡ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʰʘʨʫ ʚʦʜʠ, ʘ ʪʘʢʦʞ, ʱʦ ʥʘ ʢʽʣʴʢʽʩʪʴ ʜʠʬʫʥʜʦʚʘʥʦʛʦ ʛʘʟʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʪʘ ʨʦʟʤʽʨʠ ʧʣʘʩʪʫ. ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ ʤʘʻ 

ʪʘʢʦʞ ʪʠʩʢ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ñʛʘʟ-ʚʦʜʘò ʪʘ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʪʠʩʢ ʥʘ ʥʠʞʥʽʡ ʤʝʞʽ 

ʜʣʷ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʚʠʪʽʩʥʝʥʥʷ ʛʘʟʫ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʨʷʜʫ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ, ʟʦʢʨʝʤʘ, ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʠʬʫʥʜʦʚʘʥʦʛʦ ʛʘʟʫ, ʟʥʘʭʦ-

ʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪ̔ ʤʘʩʠ ʜʠʬʫʥʜʦʚʘʥʦʛʦ ʛʘʟʫ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʪʦʱʦ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʭʦʜʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʘʶʪʴ ʟʤʦʛʫ 

ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ ʚ ʧʣʘʩʪʘʭ ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱ ʛʘʟʫ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ 

ʢʦʨʝʛʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧ̔ ʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʛʘʟʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʜʠʬʫʥʜʫʚʘʥʥʷ 

ʛʘʟʫ ʚ ʚʦʜʫ ʧʨʠ ʨʦʙʦʪʽ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʛʘʟʫ. ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ ʧʨʦʮʝʩʫ ʨʫʭʫ ʛʘʟʫ ʚ ʧʽʜʟʝʤʥʦʤʫ ʩʭʦʚʠʱʽ ʛʘʟʫ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʟʘʢʦʥʪʫʨʥʦʾ ʚʦʜʠ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʚʽʜʙʠʨʘʥʥʷ 

ʛʘʟʫ ʧʨʠ ʩʪʘʣʽʡ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʨʫʭʫ ʫ ʚʠʙʽʡʥʽʡ ʟʦʥʽ ʥʘ ʦʩʥʦʚʽ ʧʦʩʣʽʜʦʚʥʦʾ ʟʤʽʥʠ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ. ʇʦʙʫʜʦʚʘʥʦ ʛʽʜʨʘʚʣʽʯʥʫ ʫʚôʷʟʢʫ ʧʨʦʮʝʩʫ ʟʘʤʽʱʝʥʥʷ ʛʘʟʫ 

ʚʦʜʦʶ ʟʘʫʩʪʘʣʝʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ 

ʪʠʩʢʽʚ ʛʘʟʫ ʪʘ ʚʦʜʠ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ñʛʘʟ-ʚʦʜʘò, ʪʠʩʢʫ ʚʦʜʠ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ 

ʢʦʥʪʫʨʽ ʚʦʜʠ. ʇʦʙʫʜʦʚʘʥʦ ʙʘʣʘʥʩʦʚʫ ʤʦʜʝʣʴ ʟʘʤʽʱʝʥʥʷ ʛʘʟʫ ʚʦʜʦʶ. ʇʨʦʚʝʜʝʥʽ 

ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʝʤʝʥʪʠ ʜʘʣʠ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʚʠʩʦʪʫ ʩʪʦʚʧʘ ʚʦʜʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʝʩʧʣʫʘʪʘʮʽʾ ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱ ʛʘʟʫ, ʚʩʪʘʥʦʚʠʪʠ 

ʨʷʜ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʘʜʘʧʪʦʚʘʥʦ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʽʪʝʨʘʮʽʡʥʽ ʤʝʪʦʜʠ 

ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʚʠʱʝ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʫ ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱʘʭ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʛʘʟʫ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʦʜʥʦʛʦ ʬʘʢʪʦʨʫ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʘʥʠʭ ʤʦʜʝʣʝʡ. ʆʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʣʠ ʟʤʦʛʫ 
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ʜʦʩʣʽʜʠʪʠ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʙʦʪʫ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʛʘʟʫ, ʪʘ 

ʢʦʨʝʛʫʚʘʪʠ ʾʭ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʛʘʟʫ. 

ʆʜʝʨʞʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ: ʧʦʙʫʜʫʚʘʪʠ 

ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʙʦʪʫ ʧʽʜʟʝʤʥʦʛʦ 

ʩʭʦʚʠʱʘ ʛʘʟʫ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʽʜʦʰʦʚʥʦ ʾʘʙʦ ʢʦʥʪʫʨʥʦʾ ʚʦʜʠ; ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʛʘʟʦʚʦʜʷʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʤʝʪʦʶ ʥʝʜʦʧʫʱʝʥʥʷ ʟʘʚʦʜʥʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ; 

ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ, ʥʘʷʚʥʦʛʦ ʫ ʚʦʜʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʩʢʫ ʚ ʧʣʘʩʪʽ ʧʽʜʟʝʤʥʦʛʦ 

ʩʭʦʚʠʱʘ ʛʘʟʫ; ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʠʭ 

ʧʨʦʛʨʘʤ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ 

ʛʘʟʫ ʧʨʠ ʚʦʜʦʥʘʧʽʨʥʦʤʫ ʨʝʞʠʤʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʬʽʣʴʪʨʘʮʽʷ ʛʘʟʫ ʪʘ ʚʦʜʠ, 

ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ, ʜʠʬʫʟʽʷ, ʢʦʥʚʝʢʮʽʷ, ʧʽʜʟʝʤʥʝ ʩʭʦʚʠʱʝ ʛʘʟʫ, ʛʘʟʦʚʦʜʷʥʠʡ 

ʢʦʥʪʘʢʪ, ʛʘʟʦʟʙʽʨʥʠʡ ʧʫʥʢʪ. 
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ABSTRACT 

Vavrychuk P. Mathematical modeling and numerical analysis of two-phase filtration 

of gas and water in a porous medium. ï On the right of manuscript. 

The Thesis for Ph.D degree in Technical Sciences in specialty 01.05.02 ï 

ñMathematical modeling and computational methodsò. ï Centre for Mathematical 

Modelling of Pidstryhach IAPMM of NAS of Ukraine; ī Lviv Polytechnic National 

University of Ministry of Education and Science of Ukraine, Lviv, 2018. 

The presented work is devoted to research of filtration process of gas and water 

in porous medium and development of finding parameters methods of an 

underground gas storage work in the presence of water factor. The task of the 

scientific and technical character in the field of mathematical modeling and 

computational methods is solved. The introduction indicates the urgency of the 

problems, the purpose-oriented goal and the main tasks of the research. The 

connection of work with scientific programs and themes is described. The scientific 

novelty and practical value of the obtained results are formulated. The data on the 

personal contribution of the author, the analysis of the results of the work and 

publication are indicated. The first section analyzes the process of gas movement in 

the underground storage of gas in the presence of water factor. The requirements for 

constructing a mathematical model of such physical processes are considered. The 

method of processing the input information is given. An overview of the development 

of fundamental research in the field of underground hydromechanics, the study of 

physical and mathematical models of gas motion, two-phase gas filtration, methods 

of solving gas dynamics equations, theoretical bases of operational methods is 

presented. Based on the literature review and the analysis of existing methods for 

solving problems of information processing and mathematical physics, the necessity 

of constructing adaptive mathematical models of mass transfer processes, in 

particular, the propagation of gas in pipelines, gas filtration in porous media 

(underground gas storage), the distribution of impurity substances in near-surface 

Soil layers and regularizing methods for solving problems of mathematical physics 
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and processing of experimental data, oriented on the use of a priori informs ation The 

second section is devoted to the mathematical modeling of the process of interchange 

of gas with water in the presence of plantar water. In this section, mathematical 

models of finding the distribution of water pressure in the aquifer, determining the 

pressure at the boundary of the gas-water circuit, determining the velocity of the gas-

water contact, in order to prevent flooding of the well, have been developed. The 

tasks of the hydraulic linkage of the "reservoir of an underground storage of gas - gas 

collection point" system and algorithms of their solution are given. The algorithm of 

calculation of parameters of a hydraulic coupling of collector method of gas 

collection in underground storages is given in an analytical way. Numerical 

experiments on a number of tasks, in particular: finding the dependence of the 

thickness of the water layer and the speed of raising the gas-water contact, with given 

wells, pressure at the gas collection point, pressure on the lower boundary of the 

water layer, parameters of the porous medium; finding of the relationship between 

pressure at the gas collection point, reservoir pressure and the speed of raising the 

gas-water contact, with given wells, pressure on the lower boundary of the water 

layer, the thickness of the water layer, parameters of the porous medium; finding the 

dependence between the discharge of the well, reservoir pressure and the speed of 

raising the gas-water contact, at a given pressure at the gas collection point, pressure 

on the lower boundary of the water layer, the thickness of the water layer, parameters 

of the porous medium. Found in the course of a numerical experiment, the ratio 

between the discharge of the well, the pressure at the gas collection point, the 

reservoir pressure and the speed of raising the gas-water contact make it possible to 

correct the input data to prevent the flooding of the well. The results of the study can 

be used to calculate the pressure depression in the reservoir during the determination 

of the boundary anhydrous debit. The third section is devoted to the mathematical 

modeling of the process of diffusion of gas into water during operation of an 

underground gas storage facility. In this section mathematical models of gas diffusion 

in porous media are constructed taking into account the convective component, 

finding the mass of diffused gas in water. An approach was developed for estimating 
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the amount of diffused gas in water during operation of an underground gas storage 

facility. The influence of the diffusion coefficient, the pressure at the interface 

between the "gas-water" and the pressure at the bottom of the water on the amount of 

diffused gas is studied. It is shown that the diffused gas is mostly located in the upper 

part of the water layer, and also that the diffusion gas is significantly influenced by 

the diffusion coefficient and the size of the formation. Significant influence on the 

amount of gas also has pressure on the border of the gas-water separation and the 

insignificant effect of pressure on the lower limit to maintain gas displacement. 

Numerous experiments on a number of tasks, including the determination of the 

number of diffused gas, the dependence of the mass of diffused gas on the diffusion 

coefficient, etc., have been carried out. The results obtained during the computational 

experiments allow to estimate the amount of gas in underground gas storage layers 

and allow to adjust the parameters of underground gas storage to reduce 

dyfunduvannya gas in the water while working underground gas storage. The fourth 

section is devoted to the mathematical modeling of the gas flow process in 

underground gas storage in the presence of water flow. In this section, the process of 

gas removal at a steady speed of its movement in the vibe zone based on the 

successive change of stationary states is investigated. A hydraulic connection of the 

process of replacing methane with water from the massed mass transfer system was 

constructed. The mathematical models of determination of gas and water pressures on 

the interface between "gas-water", water pressure on the external contour of water are 

developed. The balance model of replacing the gas with water was constructed. The 

conducted numerical experiments made it possible to estimate the height of the water 

column, which must be maintained for the efficient exploitation of underground gas 

storage facilities, to establish a number of relationships between different parameters 

of the porous medium. 

Numerical-analytical iterative methods for solving the above tasks are adapted. 

Recommendations concerning the operation of underground gas storage in the 

presence of water factor are proposed. New numerical-analytical models of gas 

filtration in underground storage facilities and operation of underground gas storage 
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in the presence of water factor, as well as methods of their research are proposed in 

the work. The obtained theoretical results made it possible to investigate the para-

meters that influence the operation of underground gas storage and the possibility to 

correct them accordingly in order to improve the operation of underground gas 

storage. The results obtained in the thesis resulted in: construction of algorithms for 

calculating the parameters that influence the work of the underground gas storage in 

the presence of plantar or contour water; estimation of the speed of gas-water contact 

in order to prevent flooding of the well; estimation of the amount of gas available in 

water, depending on the pressure in the formation of underground gas storage; 

development of the mathematical support and a package of applications for 

finding the parameters of the effective operation of underground gas storage in water 

pressure mode. 

Keywords: mathematical modelling, filtration of gas and water, porous 

medium, diffusion, convection, underground gas storage, gas-water contact, gas 

collection point. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɹʽʣʴʰʽʩʪʴ ʩʭʦʚʠʱ ʛʘʟʫ ʩʪʚʦʨʝʥʦ ʫ ʚʠʩʥʘʞʝʥʠʭ 

ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱʘʭ. ʊʠʩʢ ʛʘʟʫ, ʷʢʠʡ ʚ ʥʠʭ ʟʙʝʨʽʛʘʚʩʷ, ʙʫʚ ʥʝ ʤʝʥʰʠʤ, ʥʽʞ 

ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʧʨʠ ʩʫʪʪʻʚʦʤʫ ʥʝʜʦʚʘʥʪʘʞʝʥʥʽ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦ-

ʚʠʱʘ ʛʘʟʫ ʟʛʽʜʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ, ʯʘʩʪʠʥʘ ʛʘʟʦʩʭʦʚʠʱ ʝʢʩ-

ʧʣʫʘʪʫʻʪʴʩʷ ʧʨʠ ʧʣʘʩʪʦʚʠʭ ʪʠʩʢʘʭ, ʥʠʞʯʠʭ ʟʘ ʛʽʜʨʦʩʪʘʪʠʯʥʽ. ʉʣʽʜ ʦʯʽʢʫʚʘʪʠ, ʱʦ 

ʚʦʜʥʠʡ ʬʘʢʪʦʨ ʚʧʣʠʚʫ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʇʉɻ ʙʫʜʝ ʧʦʩʠʣʶʚʘʪʠʩʷ. 

 ɺʧʣʠʚ ʚʦʜʥʦʛʦ ʬʘʢʪʦʨʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʉɻ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʉɻ 

(ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʥʠʢʥʝʥʥʷ/ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʚʦʜʥʦʛʦ ʬʘʢʪʦʨʫ ʯʠ, ʤʦʞʣʠʚʦ, ʚ 

ʤʘʢʩʠʤʘʣʴʥʽʡ ʤʽʨʽ ʡʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʥʘ ʨʝʞʠʤ ʝʢʩʧʣʫʘʪʘʮʽʾ) ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ 

ʧʣʘʥʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʾʭ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʩʫ ʨʫʭʫ ʛʘʟʦʚʦʜʷʥʦʛʦ ʢʦʥʪʘʢʪʫ ʜʦ ʩʚʝʨʜʣʦʚʠʥʠ.  

 ʂʨʽʤ ʮʴʦʛʦ, ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʋʢʨʘʾʥʠ ʻ ʚʠʜʦʙʫʪʦʢ ʥʘʬʪʠ 

ʪʘ ʛʘʟʫ (ʛʘʟʦʢʦʥʜʝʥʩʘʪʫ) ʽʟ ʚʠʩʥʘʞʝʥʠʭ ʨʦʜʦʚʠʱ. ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ 

ʫ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʡʢʣʽʥʛ-ʧʨʦʮʝʩʫ (ʚʠʪʽʩʥʝʥʥʷ ʨʽʜʠʥʦʶ ʯʠ 

ʛʘʟʦʤ). 

 ɽʬʝʢʪʠʚʥʘ ʨʦʟʨʦʙʢʘ ʚʫʛʣʝʚʦʜʥʝʚʠʭ, ʟʦʢʨʝʤʘ ʛʘʟʦʢʦʥʜʝʥʩʦʚʘʥʠʭ ʨʦʜʦʚʠʱ, 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʛʘʟʦʚʠʭ ʩʭʦʚʠʱ ʟ ʧʣʘʩʪʘʤʠ-ʢʦʣʝʢʪʦʨʘʤʠ ʟ ʥʘʷʚʥʦʶ ʧʽʜʦʰʦʚʥʦʶ 

ʪʘ ʢʦʥʪʫʨʥʦʶ ʚʦʜʦʶ ʚʠʤʘʛʘʶʪʴ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʰʚʠʜʢʦʟʙʽʞʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʷʢʥʘʡʤʝʥʰʦʾ ʩʢʣʘʜʥʦʩʪʽ.  

 ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ  ̒ʨʦʟʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ 

ʦʧʠʩʫʻ ʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʬʽʣʴʪʨʘʮʽʡʥʽ, ʜʠʬʫʟʽʡʥʽ, ʢʦʥʚʝʢʪʠʚʥʽ ʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʉɻ. ʈʦʟʨʘʭʫʥʢʠ ʨʝʞʠʤʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʪʠ 

ʟʛʘʜʘʥʠʭ ʧʨʦʮʝʩʽʚ ʷʢ ʻʜʠʥʦʾ ʪʝʨʤʦʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʻ ʦʩʥʦʚʥʠʤʠ ʧʠʪʘʥʥʷʤʠ 

ʧʨʠ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫ. ʎʽ ʧʠʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚô̫ ʟʫʚʘʪʠ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʨʝʢʦʤʝʥ-
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ʜʘʮʽʡ ʟ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʚʽʜʙʦʨʫ ʪʘ ʟʘʢʘʯʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʠ 

ʢʦʨʝʛʫʚʘʥʥʽ ʧʨʦʝʢʪʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ.  

 ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʯʝʨʧʥʦʾ ʪʝʦʨʽʾ ʜʣʷ ʦʧʠʩʫ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʧʣʘʩʪʘʭ-ʢʦʣʝʢʪʦʨʘʭ ʛʘʟʦʚʠʭ ʩʭʦʚʠʱ ʟ ʢʦʥʪʫʨʥʦʶ 

ʪʘ ʧʽʜʦʰʦʚʥʦʶ ʚʦʜʦʶ, ʥʘ ʩʴʦʛʦʜʥʽ ʱʝ ʥʝ ʽʩʥʫʻ. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʘ-

ʮʽʾ ʪʘ ʨʫʭʫ ʜʚʦʬʘʟʥʠʭ ʩʝʨʝʜʦʚʠʱ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʱʝ ʡ ʩʪʫʧʝʥʝʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʡʦʛʦ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ. ʊʘʢʦʞ ʥʘ ʛʘʟʦʩʭʦ-

ʚʠʱʘʭ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʜʝʙʽʪ ʩʚʝʨʜʣʦʚʠʥ ʚ ʦʧʝʨʘʪʠʚʥʠʭ ʫʤʦʚʘʭ ʥʝ ʟʘʤʽʨʶʻʪʴʩʷ. 

ɿʘʤʽʨʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʩʚʝʨʜʣʦʚʠʥ. ʊʦʤʫ ʜʣʷ 

ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʦʮʽʥʶʚʘʥʥʷ ʜʝʙʽʪʽʚ ʩʚʝʨʜʣʦʚʠʥ ʟʘ 

ʟʘʜʘʥʦʛʦ ʪʠʩʢʫ ʥʘ ʛʘʟʦʟʙʽʨʥʦʤʫ ʧʫʥʢʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʘʤʽʨʽʚ ʪʠʩʢʽʚ ʥʘ 

ʛʠʨʣʘʭ ʩʚʝʨʜʣʦʚʠʥ ʽ ʟʘʤʽʨʽʚ ʧʣʘʩʪʦʚʠʭ ʪʠʩʢʽʚ. ʎʝ ʚʠʤʘʛʘʻ ʧʦʙʫʜʦʚʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ, ʷʢʽ ʟʘ ʟʘʤʽʨʷʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʪʠʩʢ, ʚʠʪ-

ʨʘʪʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʘʨʽʚ ʚʦʜʠ ʫ ʛʘʟʽ ʪʦʱʦ) ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫʪʦʯʥʠʪʠ ʷʢ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ, ʪʘʢ ʽ ʟʜʽʡʩʥʠʪʠ ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʜʚʦʬʘʟʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʪʘ 

ʨʽʜʠʥʠ ʚ ʪʘʢʦʤʫ ʩʢʣʘʜʥʦʤʫ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

 ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʚ ʨʘʤʢʘʭ ʧʣʘʥʦʚʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ 

ʎʝʥʪʨʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ɯʇʇʄʄ ʽʤʝʥʽ ʗ.ʉ.ʇʽʜʩʪʨʠʛʘʯʘ ʅɸʅ 

ʋʢʨʘʾʥʠ ʪʘ ʇɸʊ çʋʢʨʪʨʘʥʩʛʘʟè, ʚ ʷʢʠʭ ʘʚʪʦʨ ʚʠʩʪʫʧʘʚ ʷʢ ʚʠʢʦʥʘʚʝʮʴ, ʟʦʢʨʝʤʘ: 

¶ ñʅʝʩʪʘʮʽʦʥʘʨʥʽ ʟʘʜʘʯʽ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʚ ʥʝʦʜʥʦʨʽʜʥʠʭ ʧʦʨʠʩʪʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʚ ʛʘʟʦʚʦʤʫ ʽ ʚʦʜʦʥʘʧʽʨʥʦʤʫ ʨʝʞʠʤʘʭ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʽ ʩʪʦʢʘʤʠò (ʜʝʨʞ. ʨʝʻʩʪʨ. ˉ 0107U000356);  

¶ ñʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʪʘ ʧʝʨʝʥʦʩʫ ʚ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʦʢʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʦʩʝʨʝʜʞʝʥʠʭ ʜʞʝʨʝʣ ʽ ʩʪʦʢʽʚò (ɯ ʢʚ. 2012 ïɯV ʢʚ. 2016); 

¶ ñʈʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 
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ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱ ʛʘʟʫ. ʇʦʙʫʜʦʚʘ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʚʽʜʙʦʨʫ-ʟʘʢʘʯʫʚʘʥʥʷ 

ʛʘʟʫ ʚ ʧʽʜʟʝʤʥʽ ʩʭʦʚʠʱʘò (ʜʝʨʞ. ʨʝʻʩʪʨ. ˉ 0107U005812); 

¶ ñʈʦʟʨʦʙʣʝʥʥʷ ʧʽʜʩʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʛʘʟʦʧʨʦʚʦʜʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʜʠʩʧʝʪʯʝʨʩʴʢʦ-

ʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʛʘʟʫ ʚ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠò (ʜʝʨʞ. 

ʨʝʻʩʪʨ.  ̄0110U004141); 

¶  ñʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʚ ʥʝʦʜʥʦʨʽʜ-

ʥʠʭ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʨʫʭʦʤʠʤʠ ʛʨʘʥʠʮʷʤʠ ʨʦʟʜʽʣʫ ʛʘʟ-ʚʦʜʘò ʈʦʟ-

ʜʽʣ 1 çʇʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʣʴʪ-

ʨʘʮʽʾ ʛʘʟʫ ʪʘ ʨʽʜʠʥʠ ʚ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠè ʜʦ 

ʜʦʛʦʚʦʨʫ ˉ 1 ʚʽʜ 17 ʙʝʨʝʟʥʷ 2014 ʨ. ʟʛʽʜʥʦ ʟ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʇʨʝʟʠʜʽʾ 

ʅɸʅ ʋʢʨʘʾʥʠ ʚʽʜ 05.03.2014, ˉ142. 

ʋ ʨʘʤʢʘʭ ʮʠʭ ʨʦʙʽʪ ʟʜʦʙʫʚʘʯ ʨʦʟʨʦʙʠʚ ʧʽʜʭʦʜʠ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʜʚʦʬʘʟʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʪʘ ʨʽʜʠʥʠ ʚ ʧʦʨʠʩʪʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. 

 ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ 

ʤʦʜʝʣʝʡ, ʤʝʪʦʜ̔ʚ, ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ  ʚʩʝʩʪʦʨʦʥ-

ʥʴʦʛʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʚʦʜʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʨʝʞʠʤ ʥʘʛʥʽʪʘʥʥʷ  ̔ʚʽʜʙʠʨʘʥʥʷ ʛʘʟʫ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʷʭ̔ʚ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ ʇʉɻ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʫ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʟʘʚʜʘʥʥʷ: 

¶ ʚʠʚʯʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʨʦʙʦʪʠ ʦʙôʻʢʪʽʚ, ʷʢʽ ʟʘʜʽʷʥʽ ʚ ʧʨʦʮʝʩʽ ʚʽʜʙʦʨʫ ʫ 

ʚʠʧʘʜʢʫ ʨʦʜʦʚʠʱ, ʚʽʜʙʦʨʫ ʪʘ ʟʘʢʘʯʫʚʘʥʥʷ ʛʘʟʫ ʚ ʧʽʜʟʝʤʥʽ ʩʭʦʚʠʱʘ ʟ 

ʚʦʜʦʥʘʧʽʨʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʧʣʘʩʪʽʚ ï ʢʦʣʝʢʪʦʨʽʚ; 

¶ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʦʢʨʝʤʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʩʠʩʪʝʤʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ ʫ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʬʽʣʴʪʨʘʮʽʡʥʽ, ʜʠʬʫʟʽʡʥʽ, 

ʢʦʥʚʝʢʪʠʚʥʽ ʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ; 
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¶ ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʟʘʤʽʱʝʥʥʷ ʛʘʟʫ ʚʦʜʦʶ ʟʘʣʝʞʥʦ 

ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʇʉɻ ʪʘ ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ɻɺʂ; 

¶ ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ 

ʜʝʬʫʥʜʫʚʘʥʥʷ ʛʘʟʫ ʫ ʚʦʜʫ ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʇʉɻ; 

¶ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ (ʪʠʩʢ ʥʘ ʛʘʟʦʟʙʽʨʥʦʤʫ ʧʫʥʢʪʽ, ʜʝʙʽʪ ʩʚʝʨʜʣʦ-

ʚʠʥʠ, ʧʣʘʩʪʦʚʠʡ ʪʠʩʢ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʽʜʥʷʪʪʷ ɻɺʂ) ʧʣʘʩʪʫ ʪʘ ʛʘʟʫ ʥʘ 

ʨʦʙʦʪʫ ʇʉɻ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʦʜʥʦʛʦ ʬʘʢʪʦʨʫ ʟ ʤʝʪʦʶ ʢʦʨʝʛʫʚʘʥʥʷ ʾʭ ʜʣʷ ʧʦ-

ʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʉɻ. 

 ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʪʘ ʚʦʜʠ ʚ ʧʦʨʠʩʪʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʪʘ ʨʦʙʦʪʘ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʛʘʟʫ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʦʜʥʦʛʦ ʬʘʢʪʦʨʫ. 

 ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚ ʧʦʨʠʩʪʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʩʢʣʘʜʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʨʦʟʚʠʪʦʢ ʧʽʜʭʦʜʽʚ ʜʦ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʢʦ-

ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʫ ʟʘʤʽʱʝʥʥʷ ʛʘʟʫ ʚʦʜʦʶ ʽ ʥʘʚʧʘʢʠ. 

 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʟʘʩʪʦʩʦʚʘʥʠʤʠ ʚ ʨʦʙʦʪ,̔  ̒

ʘʥʘʣʽʟ ʽ ʦʙʨʦʙʢʘ ʟʘʤʽʨʷʥʠʭ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʜʘʥʠʭ, ʽʥʪʝʛʨʘʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʨʷʤʠʭ ʪʘ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʬʽʟʠʢʠ, ʟʘʩʦʙʠ ʧʦʙʫʜʦʚʠ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

 ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʨʦʟʚôʷʟʘʥʦ 

ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ - ʘʥʘʣʽʪʠʢʦ-ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝ-

ʩʫ ʚʟʘʻʤʦʟʘʤʽʱʝʥʥʷ ʛʘʟʫ ʚʦʜʦʶ ʟ ʤʝʪʦʶ ʥʝʜʦʧʫʱʝʥʥʷ ʟʘʚʦʜʥʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ 

ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʛʘʟʫ ʫ ʚʦʜʽ. 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

¶ ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʥʫ ʤʦʜʝʣʴ ʨʫʭʫ ʛʘʟʫ ʚ ʇʉɻ, ʷʢʘ ʦʧʠʩʫʻ ʫ 

ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʬʽʣʴʪʨʘʮʽʡʥʽ, ʜʠʬʫʟʽʡʥʽ, ʢʦʥʚʝʢʪʠʚʥʽ ʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʨʦʟʨʦʙʠʪʠ ʧʽʜʭʽʜ ʜʣʷ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ 

ʜʠʬʫʥʜʦʚʘʥʦʛʦ ʛʘʟʫ ʫ ʚʦʜʫ ʧʨʠ ʨʦʙʦʪʽ ʇʉɻ; 
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¶ ʚʧʝʨʰʝ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʫʭʫ ʛʘʟʫ ʚ ʇʉɻ ʧʨʠ ʥʘʷʚ-

ʥʦʩʪʽ ʧʽʜʦʰʦʚʥʦʾ ʘʙʦ ʢʦʥʪʫʨʥʦʾ ʚʦʜʠ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ɻɺʂ ʟ ʤʝʪʦʶ ʥʝʜʦʧʫʱʝʥʥʷ ʟʘʚʦʜʥʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ; 

¶ ʘʜʘʧʪʦʚʘʥʦ ʽʩʥʫʶʯʽ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʽʪʝʨʘʮʽʡʥʽ ʤʝʪʦʜʠ ʜʣʷ ʫʪʦʯ-

ʥʝʥʥʷ ʨʫʭʦʤʦʾ ʤʝʞʽ ʧʦʜʽʣʫ ñʛʘʟ-ʚʦʜʘò ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʽʪʝʨʘʮʽʡʥʽ 

ʧʨʦʮʝʜʫʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ ʤʘʩʦʧʝʨʝʥʦʩʫ ʪʘ ʛʘʟʦʚʦʾ 

ʜʠʥʘʤʽʢʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ (ʪʠʩʢ ʥʘ ɻɿʇ, ʜʝʙʽʪ ʩʚʝʨʜʣʦʚʠʥʠ, 

ʧʣʘʩʪʦʚʠʡ ʪʠʩʢ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʽʜʥʷʪʪʷ ɻɺʂ) ʨʦʙʦʪʠ ʇʉɻ. 

 ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ 

ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʫ ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱʘʭ ʪʘ ʨʦʙʦʪʠ 

ʇʉɻ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʦʜʥʦʛʦ ʬʘʢʪʦʨʫ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʣʠ ʟʤʦʛʫ ʜʦʩʣʽʜʠʪʠ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʦʙʦʪʫ ʇʉɻ, ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʝʛʫʚʘʪʠ ʾʭ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʦʙʦʪʠ 

ʇʉɻ. 

ʆʜʝʨʞʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ: 

¶ ʧʦʙʫʜʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʦʙʦʪʫ ʇʉɻ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʽʜʦʰʦʚʥʦ ʾʘʙʦ ʢʦʥʪʫʨʥʦʾ ʚʦʜʠ; 

¶ ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ɻɺʂ ʟ ʤʝʪʦʶ ʥʝʜʦʧʫʱʝʥʥʷ ʟʘʚʦʜʥʝʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥʠ; 

¶ ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ, ʥʘʷʚʥʦʛʦ ʫ ʚʦʜʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʩʢʫ ʚ ʧʣʘʩʪʽ ʇʉɻ; 

¶ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʇʉɻ ʧʨʠ ʚʦʜʦʥʘʧʽʨʥʦʤʫ 

ʨʝʞʠʤʽ. 

ʏʘʩʪʠʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʦʛʦ ʽ ʧʨʘʢʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʧʝʮʢʫʨʩʫ ñʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚò ʜʣʷ 

ʩʪʫʜʝʥʪʽʚ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ ʪʘ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʦʧʝʨʘʪʠʚʥʠʭ ʪʘ ʧʨʦʛʥʦʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʇʉɻ ʚ ɼʂ 

ñʋʢʨʪʨʘʥʩʛʘʟò ʅɸʂ ñʅʘʬʪʦʛʘʟò ʋʢʨʘʾʥʠ. 
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ɼʦ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʜʘʥʦ ʘʢʪʠ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʙʦʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ. 

 ɺʽʨʦʛʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʨʦʛʽʩʪʶ 

ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ ʪʘ ʾʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʙʦʚʘʥʽ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʤʦʜʝʣʴʥʠʭ ʟʘʜʘʯʘʭ. 

ʆʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʪʘ ʟʙʽʞʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʷʢ ʪʝʦʨʝʪʠʯʥʦ, ʪʘʢ ʽ ʚ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

 ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʧʦʩʪʘʚʣʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʚʜʘʥʴ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. 

ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʘʪʴ: [88, 149] - 

ʧʽʜʛʦʪʦʚʢʘ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʝʨʠʬʽʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ; [23, 87] - ʧʦʙʫʜʦʚʘ 

ʘʣʛʦʨʠʪʤʫ ʟʥʘʭʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ɻɺʂ ʟ ʤʝʪʦʶ ʥʝʜʦʧʫʱʝʥʥʷ ʟʘʚʦʜʥʝʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥʠ; [99, 150] - ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʫ ʨʫʭʫ ʛʘʟʫ ʚ ʇʉɻ; [90, 96] - ʘʥʘ-

ʣʽʟ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʇʉɻ ʪʘ ʧʦʙʫʜʦʚʘ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ. ʋ ʚʩʽʭ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʨʽʟʥʦʛʦ ʨʽʚʥʷ: ɼʝʩʷʪʘ ʚʽʜʢʨʠʪʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʩʪʠʪʫʪʫ 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʥʘʫʢ (17-18 ʪʨʘʚʥʷ 2012 ʨʦʢʫ, 

ʃʴʚʽʚ); V ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çʅʝʣʽʥʽʡʥʽ ʧʨʦʙʣʝʤʠ ʘʥʘʣʽʟʫè 

(19-21 ʚʝʨʝʩʥʷ 2013 ʨʦʢʫ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ 

"ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʪʝʨʤʦʤʝʭʘʥʽʢʠ" (22-24 ʚʝʨʝʩʥʷ 2016 ʨʦʢʫ, ʃʴʚʽʚ); 

ʂʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ "ʇʽʜʩʪʨʠʛʘʯʽʚʩʴʢʽ ʯʠʪʘʥʥʷ - 2017" (23-25 ʪʨʘʚʥʷ 

2017 ʨʦʢʫ, ʃʴʚʽʚ). 

ʋ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʜʦʧʦʚʽʜʘʣʘʩʴ ʽ ʦʙʛʦʚʦʨʶʚʘʣʘʩʴ ʥʘ 

ʩʝʤʽʥʘʨʘʭ ʎʝʥʪʨʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ɯʥʩʪʠʪʫʪʫ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ 

ʤʝʭʘʥʽʢʠ ʽ ʤʘʪʝʤʘʪʠʢʠ ʽʤ. ʗ.ʉ.ʇʽʜʩʪʨʠʛʘʯʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò, ɯʥʩʪʠʪʫʪʫ 
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ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʤʝʭʘʥʽʢʠ ʽ ʤʘʪʝʤʘʪʠʢʠ ʽʤ. ʗ.ʉ.ʇʽʜʩʪʨʠʛʘʯʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʢʘʬʝʜʨʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʇʨʠʢʘʨʧʘʪʩʴʢʦʛʦ ʥʘʮʽʦʥʘ-

ʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ, ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ. 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʾ, 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 9 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ: 5 ʩʪʘʪʝʡ, ʟ ʥʠʭ 4 ʩʪʘʪʪʽ ʫ 

ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 1 ʩʪʘʪʪʷ ʫ ʥʘʫʢʦʚʦʤʫ ʧʝʨʽʦʜʠʯʥʦʤʫ 

ʚʠʜʘʥʥ ̔ʽʥʰʦʾ ʜʝʨʞʘʚʠ, ʟ ʷʢʠʭ 2 ʩʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ, 4 ʧʫʙʣʽʢʘʮʽʾ ʚ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ.  

 ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 153 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ 

ʜʦʜʘʪʢʽʚ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 143 ʩʪʦʨʽʥʢʘʭ, ʤʽʩʪʠʪʴ 114 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ 

ʪʝʢʩʪʫ, 20 ʨʠʩʫʥʢʽʚ ʪʘ 19 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1 

ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ ʊɸ ɸʅɸʃɯɿ ʇʈʆɹʃɽʄʀ 

 

1.1 ɸʥʘʣʽʟ ʪʘ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ 

 ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʫ ʟʚôʷʟʢʫ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʟʘʧʘʩʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ 

ʧʦʩʪʽʡʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʩʝ ʛʦʩʪʨʽʰʝ ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʦʱʘʜʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ɿʛʘʜʘʥʘ ʧʨʦʙʣʝʤʘ ʧʦ-

ʚôʷʟʘʥʘ ʱʝ ʽ ʟ ʪʠʤ, ʱʦ ʚʠʜʦʙʫʪʦʢ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʘʧʽʪʘʣʴʥʠʭ ʟʘʪʨʘʪ. ʆʩʢʽʣʴʢʠ ʦʜʥʠʤ ʽʟ ʜʞʝʨʝʣ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʻ ʛʘʟ, ʪʦ ʨʦʟʚʠʪʦʢ 

ʧʽʜʟʝʤʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ ʚ ʩʚʽʪʽ ʟʫʤʦʚʠʚ ʨʦʟʚʠʪʦʢ ʚʽʜʧʦʚʽʜʥʠʭ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʥʘʩʪʫʧʥʠʭ ʦʙʣʘʩʪʷʭ: 

- ʛʘʟʦʚʘ ʜʠʥʘʤʽʢʘ [1-7, 10, 20, 27, 42-45, 56, 59, 106, 115-117, 131-134, 139-

141, 143-145]; 

- ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʩʪʦʩʦʚʥʦ ʧʨʦʙʣʝʤ ʤʘʩʦ-

ʧʝʨʝʥʦʩʫ ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ ʨʽʜʠʥ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʛʘʣʫʟʽ ʥʘʨʦʜʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ [12, 16, 34, 47, 69, 79, 93, 138]; 

- ʤʘʩʦʧʝʨʝʥʦʩ ʬʣʶʾʜʽʚ ʚ ʩʢʣʘʜʥʠʭ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [28, 32, 51, 79, 

82, 116-118, 133, 139-141, 144]; 

- ʨʦʟʨʦʙʢʘ ʘʥʘʣʽʪʠʯʥʠʭ, ʯʠʩʝʣʴʥʠʭ ʽ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟ-

ʚôʷʟʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʘʜʘʯ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ ʟʙʽʞʥʦʩʪʽ, ʦʮʽʥʢʘ 

ʰʚʠʜʢʦʜʽʾ ʪʘ ʩʢʣʘʜʥʦʩʪʽ [25, 35-37, 53, 54, 67, 69, 85, 86, 115, 121, 125]; 

- ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʛʘʟʫ ʚ ʪʨʫʙʦʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞʘʭ [8, 9, 18, 

19, 20, 34, 35, 42-44, 55, 62, 70-73, 81, 82, 94, 108] ʪʘ ʩʢʣʘʜʥʠʭ ʧʦʨʠʩʪʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ [79, 86, 91, 110, 126, 133, 136]. 

 ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʘʜʘʯʽ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ, ʻ ʥʝʣʽʥʽʡʥʠʤʠ, ʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʚ ʫʤʦʚʘʭ ʟʥʘʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʦʱʦ. ʊʦʤʫ, 

ʜʦ ʧʦʷʚʠ ʰʚʠʜʢʦʜʽʶʯʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 
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ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɿ 

ʧʦʷʚʦʶ ʰʚʠʜʢʦʜʽʶʯʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ, ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʽ ʨʦʟʚʠʪʢʦʤ 

ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʧʦʯʘʚʩʷ ʨʦʟʚʠʪʦʢ, ʷʢ 

ʫʪʦʯʥʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢ ʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʚ ʮʽʣʦʤʫ [34, 35, 37, 77-79, 113-115].  

 ʇʽʜʟʝʤʥʝ ʩʭʦʚʠʱʝ ʛʘʟʫ (ʥʘ ʨʠʩ. 1.1 ʧʦʢʘʟʘʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ 

ʥʘʡʙʽʣʴʰʦʛʦ ʚ ʋʢʨʘʾʥʽ ɹʽʣʴʯʝ-ɺʦʣʠʮʴʢʦʛʦ ʇʉɻ) ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚʩʽʻʾ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʝʟʦʥʥʠʭ ʧʝʨʝʧʘʜʽʚ ʧʦʩʪʘʯʘʥʥʷ ʛʘʟʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʘ ʽʥʰʠʭ ʨʝʟʝʨʚʽʚ. ʉʠʩʪʝʤʘ ʧʽʜʟʝʤʥʦʛʦ ʟʙʝ-

ʨʽʛʘʥʥʷ ʛʘʟʫ  ̒ʚʘʞʣʠʚʦ  ʁʪʝʭʥʦʣʦʛʽʯʥʦ  ʁʩʢʣʘʜʦʚʦ  ʁʣʘʥʢʦ  ʁʻʜʠʥʦʾ ʩʠʩʪʝʤʠ 

ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ ʢʨʘʾʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʽʩʪʴ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʪʨʘʥʟʠʪ 

ʛʘʟʫ ʯʝʨʝʟ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʫ ʩʠʩʪʝʤʫ ʢʨʘʾʥʠ. 

 

ʈʠʩ. 1.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɹʽʣʴʯʝ-ɺʦʣʠʮʴʢʦʛʦ ʇʉɻ 

ʇʉɻ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ:  

¶ ʛʘʟʦʧʨʦʚʽʜ-ʧʽʜʢʣʶʯʝʥʥʷ;  



25 

 

¶ ʚʥʫʪʨʽʰʥʴʦʧʨʦʤʠʩʣʦʚʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʽ ʛʘʟʦʟʙʽʨʥʽ ʢʦʣʝʢʪʦʨʠ; 

¶ ʛʘʟʦʟʙʽʨʥʽ ʧʫʥʢʪʠ; 

¶ ʢʦʤʧʨʝʩʦʨʥʽ ʩʪʘʥʮʽʾ; 

¶ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʛʘʟʫ; 

¶ ʩʚʝʨʜʣʦʚʠʥʠ ʨʽʟʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ; 

¶ ʧʣʘʩʪ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ (ʥʘ ʨʠʩ. 1.2 ʧʦʢʘʟʘʥʦ ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʝʨʝʨʽʟ 

ʧʣʘʩʪʫ ʇʉɻ); 

¶ ʜʦʧʦʤʽʞʥʽ ʩʧʦʨʫʜʠ ʪʘ ʽʥʰʽ ʦʙô̒ ʢʪʠ. 

 

ʈʠʩ. 1.2. ɺʝʨʪʠʢʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʧʣʘʩʪʫ ʇʉɻ 

 ʋ ʟʚô̫ ʟʢʫ ʟ ʩʫʪʪʻʚʠʤ ʥʝʜʦʚʘʥʪʘʞʝʥʥʷʤ ʇʉɻ ʟʛʽʜʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ, ʯʘʩʪʠʥʘ ʛʘʟʦʩʭʦʚʠʱ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʧʨʠ ʧʣʘʩʪʦʚʠʭ ʪʠʩʢʘʭ 

ʥʠʞʯʠʭ ʟʘ ʛʽʜʨʦʩʪʘʪʠʯʥ,̔ ʪʦʤʫ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʚʨʘʭʦʚʫʚʘʥʥʷ ʚʦʜʥʦʛʦ 

ʬʘʢʪʦʨʫ ʧʨʠ ʨʦʙʦʪʽ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʛʘʟʫ. ʅʘʷʚʥʽʩʪʴ ʚʦʜʠ ʟʥʘʡʜʝʥʦ ʧʨʘʢ-

ʪʠʯʥʦ ʫ ʚʩʽʭ ʛʘʟʦʚʠʭ ʩʭʦʚʠʱʘʭ (ʨʦʜʦʚʠʱʘʭ), ʩʪʚʦʨʝʥʠʭ ʫ ʚʠʩʥʘʞʝʥʠʭ 

ʨʦʜʦʚʠʱʘʭ. ɰ ʾʢʽʣʴʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʫ ʟʥʘʯʥʠʭ ʤʝʞʘʭ. ɺʦʜʘ ʫʪʨʠʤʫʻʪʴʩʷ ʫ ʧʦʨʘʭ 

ʚ ʦʩʥʦʚʥʦʤʫ ʢʘʧʽʣʷʨʥʠʤʠ ʽ ʘʜʩʦʨʙʮʽʡʥʠʤʠ ʩʠʣʘʤʠ. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʩ̔ʪʶ 

ʧʨʠʪʦʢʫ ʛʘʟʫ ʜʦ ʩʚʝʨʜʣʦʚʠʥʠ ʻ ʟʥʘʯʥʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʫ ʧʨʠʚʠʙʽʡʥʽʡ ʟʦʥʽ ʧʣʘʩʪʫ. ʋ 
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ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʚʠʙʽʡʥʫ 

ʜʽʣʷʥʢʫ ʨʘʜʽʫʩʦʤ ʜʦ 1 ʤ ʧʨʠʧʘʜʘʻ ʫ ʨʝʘʣʴʥʠʭ ʧʣʘʩʪʘʭ-ʢʦʣʝʢʪʦʨʘʭ ʧʨʠ ʥʝʟʥʘʯ-

ʥʠʭ ʜʝʙʽʪʘʭ ʽ ʩʪʘʮʽʦʥʘʨʥʽʡ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʟʘ ʟʘʢʦʥʦʤ ɼʘʨʩʽ ʙʽʣʷ 50% ʫʩʽʭ ʚʪʨʘʪ 

ʪʠʩʢʫ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʜʝʧʨʝʩʽʾ ʥʘ ʧʣʘʩʪ ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʦʢʦʣʽ ʩʚʝʨʜʣʦʚʠʥʠ 

ʟʨʦʩʪʘʶʪʴ. ʊʘʢʦʞ ʟʨʦʩʪʘʻ ʚʽʜʧʦʚʽʜʥʘ ʜʦʣʷ ʟʘʛʘʣʴʥʠʭ ʚʪʨʘʪ ʪʠʩʢʫ, ʷʢʘ ʧʨʠʧʘʜʘʻ 

ʥʘ ʧʨʠʚʠʙʽʡʥʫ ʟʦʥʫ ʧʣʘʩʪʫ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʢʦʥʘʣʦʛʦ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʨʦʟʢʨʠʪʪʷ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʧʦʨʫʰʝʥʥʷ ʟʘʢʦʥʫ ɼʘʨʩʽ ʪʘ ʧʨʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʨʠʪʦʢʫ ʛʘʟʫ ʜʦ 

ʩʚʝʨʜʣʦʚʠʥʠ. ɺ ʫʤʦʚʘʭ ʚʦʜʦʥʘʧʽʨʥʦʛʦ ʨʝʞʠʤʫ ʚʝʣʠʯʠʥʘ ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʦʢʦʣʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʽʜʪʷʛʫʚʘʥʥʷ ʢʦʥʫʩʫ ʚʦʜʠ, ʱʦ ʦʙʤʝʞʫʻ 

ʚʝʣʠʯʠʥʫ ʾʾ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʝʙʽʪʫ. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʦʩʭʦʚʠʱ ʻ 

ʾʭ ʧʽʢʦʚʽʩʪʴ (ʩʫʤʘʨʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʽʜʙʽʨ ʛʘʟʫ ʟʘ ʟʘʜʘʥʠʡ ʯʘʩ) ʪʘ ʤʽʥʽʤʘʣʴʥʽ 

ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʚʽʜʙʦʨʽʚ ʽ ʟʘʢʘʯʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʥʘ ʧʨʘʢʪʠʮʽ ʚ ʢʦʞʥʦʤʫ ʽʟ 

ʩʭʦʚʠʱ ʻ ʥʘʷʚʥʦʶ ʚʦʜʘ, ʪʦ ʮʝ ʚʠʤʘʛʘʻ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʛʘʟʦʛʽʜʨʦʜʠʥʘ-

ʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʚ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʊʦʤʫ ʜʣʷ ʩʠʩʪʝʤ 

ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷ ʦʮʽʥʢʠ ʜʝʙʪ̔ʽʚ ʩʚʝʨʜʣʦʚʠʥ ʟʘ ʟʘʜʘʥʦʛʦ ʪʠʩ-

ʢʫ ʥʘ ɻɿʇ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʘʤʽʨʽʚ ʪʠʩʢʽʚ ʥʘ ʛʠʨʣʘʭ ʩʚʝʨʜʣʦʚʠʥ ʽ ʟʘʤʽʨʽʚ 

ʧʣʘʩʪʦʚʠʭ ʪʠʩʢʽʚ. ʎʝ ʚʠʤʘʛʘʻ ʧʦʙʫʜʦʚʠ ʚʽʜʧʦʚʽʜʥʠʭ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʤʝʪʦʜʽʚ, ʷʢʽ ʟʘ ʟʘʤʽʨʷʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʪʠʩʢ, ʚʠʪʨʘʪʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʘʨʽʚ ʚʦʜʠ 

ʫ ʛʘʟʽ ʪʦʱʦ) ʜʦʟʚʦʣʷʶʪʴ ʫʪʦʯʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ. ʅʘ ʨʠʩ. 1.3. ʧʦʢʘʟʘʥʦ 

ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʟô̒ ʜʥʘʥʥʷ ñʤʘʛʽʩʪʨʘʣʴʥʠʡ ʛʘʟʦʧʨʦʚʽʜ ï ʧʽʜʟʝʤʥʝ ʩʭʦʚʠʱʝ 

ʛʘʟʫò ʪʘ ʧʨʠʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʚʽʜʙʠʨʘʥʥʽ 

(ʟʘʢʘʯʫʚʘʥʥʽ) ʛʘʟʫ ʟ ʇʉɻ.  
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ʈʠʩ 1.3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ñʄʘʛʽʩʪʨʘʣʴʥʠʡ ʛʘʟʦʧʨʦʚʽʜ ï ʧʽʜʟʝʤʥʝ ʩʭʦʚʠʱʘ ʛʘʟʫò 

 

 

1.2 ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʨʫʭʫ ʛʘʟʫ ʚ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʪʘ 

ʦʙʨʦʙʢʘ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

 ɸʜʝʢʚʘʪʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʘʤ ʨʫʭʫ ʛʘʟʫ ʚ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ, ʥʘʷʚʥʦʾ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʪʦʧʦʣʦʛʽʾ, ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʪʦʱʦ. ʉʬʦʨʤʫʣʶʻʤʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʩʢʣʘʜʦʚʠʭ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ [79, 130, 151]. 

ʇʽʜ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʫʤʽʶʪʴ: 

¶ ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ; 

¶ ʧʦʙʫʜʦʚʘ ʧʦʯʘʪʢʦʚʦ-ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; 
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¶ ʘʥʘʣʽʟ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʨʽʚʥʷʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ ʛʨʘʥʠʮʽ ʜʽʾ ʧʦʙʫʜʦʚʘʥʠʭ ʨʽʚʥʷʥʴ; 

¶ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʮʝʩʫ (ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʷʥ-

ʥʷ ʘʙʦ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ); 

¶ ʤʝʪʦʜʠ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ; 

¶ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʜʘʧʪʘʮʽʾ ʪʘ ʩʧʦʩʦʙʽʚ ʾʭ ʟʥʘʭʦʜʞʝʥʥʷ. 

ɺʠʤʦʛʠ ʜʦ ʤʦʜʝʣʝʡ:  

¶ ʘʜʘʧʪʠʚʥʽʩʪʴ ʚ ʟʘʜʘʥʠʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʤʝʞʘʭ; 

¶ ʚʨʘʭʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʽʚ; 

¶ ʘʜʝʢʚʘʪʥʝ ʚʨʘʭʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʾ; 

¶ ʘʜʝʢʚʘʪʥʝ ʚʨʘʭʫʚʘʥʥʷ ʤʽʩʮʝʚʠʭ ʦʧʦʨʽʚ ï ʫʩʝʨʝʜʥʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ; 

¶ ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʘʙʦ ʧʦʙʫʜʦʚʘ ʽʪʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨ. 

ɺʠʤʦʛʠ ʜʦ ʚʭʽʜʥʠʭ ʜʘʥʠʭ: 

 ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ï ʚʭʽʜʥʽ ʜʘʥʽ ʧʦʚʠʥʥʽ: 

¶ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʤʦʜʝʣʽ; 

¶ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʬʦʨʤʫʣ ʜʘʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʫʪʦʯʥʝʥʥʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʚ ʥʠʭ ʚʭʦʜʷʪʴ; 

¶ ʜʘʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʷʥʥʷ ʟʘʤʽʨʷʥʠʭ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʜʘʥʠʭ. 

 ʊʦʯʥʽʩʪʴ ʚʢʣʶʯʘʻ: 

¶ ʪʦʯʥʽʩʪ ɹʘʜʘʧʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ; 

¶ ʪʦʯʥʽʩʪ ɹʚʭʽʜʥʠʭ ʜʘʥʠʭ; 

¶ ʪʦʯʥʽʩʪ ɹʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ. 

 ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ: 

¶ ʘʜʘʧʪʘʮʽʶ ʤʦʜʝʣʽ; 

¶ ʧʦʙʫʜʦʚʫ ʧʦʯʘʪʢʦʚʦ-ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; 

¶ ʘʥʘʣʽʟ ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ɺʠʤʦʛʠ ʜʦ ʤʝʪʦʜʽʚ: 

 ɿʙʽʞʥʽʩʪʴ ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʥʠʮʴ ʟʘʩʪʦʩʫʚʘʥʥʷ; ʯʠʩʣʦʚʽ 

ʤʝʪʦʜʠ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʫʚʘʪʠ ʨʦʟʚôʷʟʢʠ ʚ ʦʩʦʙʣʠʚʠʭ ʟʦʥʘʭ. 

 ʊʦʯʥʽʩʪʴ ï ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʧʦʭʠʙʢʫ ʟʥʠʟʫ; ʘʥʘʣʽʪʠʯʥʽ 

ʤʝʪʦʜʠ, ʦʩʢʽʣʴʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʚôʷʟʢʠ ʻ ʫ ʚʠʛʣʜ̫ʽ ʨʷʜʽʚ, ʚʠʤʘʛʘʶʪʴ 

ʨʝʛʫʣʷʨʠʟʘʮʽʾ ʦʧʝʨʘʮʽʾ ʩʫʤʫʚʘʥʥʷ. 

 ʏʘʩ ʨʝʘʣʽʟʘʮʽʾ ï ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ: 

¶ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʥʘ ʚʝʣʠʢʽ ʧʨʦʤʽʞʢʠ ʚʽʜʩʪʫʧʘʻ ʥʘ ʜʨʫʛʠʡ ʧʣʘʥ; 

¶ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ  ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʪʘʢʠʤ, ʱʦʙ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʠʡʥʷʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʽʰʝʥʥʷ; 

¶ ʷʢʱʦ ʦʩʪʘʥʥ ̫ʚʠʤʦʛʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

(ʧʦ ʤʦʞʣʠʚʦʩʪʽ) ʽʥʰʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ. 

 ʊʦʯʥʽʩʪʴ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ï ʧʦʚʠʥʥʘ ʙʫʪʠ ʪʘʢʦʶ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ: 

¶ ʚ ʤʝʞʘʭ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʘ ʚʢʘʟʘʥʦʤʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ 

ʧʨʦʤʽʞʢʫ; 

¶ ʩʧʽʚʤʽʨʥʘ ʟ ʪʦʯʥʽʩʪʶ ʚʭʽʜʥʠʭ ʜʘʥʠʭ; 

¶ ʟʤʽʥʘ ʪʦʧʦʣʦʛʽʾ ʥʝ ʧʦʚʠʥʥʘ ʧʨʠʚʦʜʠʪʠ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

 ʇʨʦʮʝʩʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙô̒ ʢʪʘʭ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ, ʦʧʠʩʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʣʽʥʽʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ 

(ʟʚʠʯʘʡʥʠʤʠ ʘʙʦ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ) ʘʙʦ ʥʝʣʽʥʽʡʥʠʤʠ ʘʣʛʝʙʨʘʾʯʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʻ ʧʦʢʘʟʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʠʣʘʜʽʚ, 

ʷʢʽ ʚʽʜʦʤʽ ʟ ʥʝʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʚ ʥʝʝʢʚʽʜʠʩʪʘʥʪʥʠʭ ʪʦʯʢʘʭ.  

 ɼʦ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʙô̒ ʢʪʽʚ ɻʊʉ ʚʽʜʥʦʩʷʪʴʩʷ: 

¶ ʥʝʣʽʥʽʡʥʽʩʪʴ; 
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¶ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʪʘ ʚʽʜ 

ʰʫʢʘʥʦʛʦ ʨʽʰʝʥʥʷ (ʟʦʢʨʝʤʘ ʧʘʨʘʤʝʪʨʫ ʩʪʠʩʢʫ); 

¶ ʚʘʨʽʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚ ʟʥʘʯʥʠʭ ʤʝʞʘʭ (ʟʦʢʨʝʤʘ ʜʦʚʞʠʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ ʜʦ ʜʝʩʷʪʢʽʚ ʢʽʣʦʤʝʪʨʽʚ); 

¶ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ. 

 ʆʩʢʽʣʴʢʠ, ʧʨʠ ʬʦʨʤʫʣʶʚʘʥʥʽ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʢʨʘʡʦʚʽ ʫʤʦʚʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʟʘʤʽʨʷʥʠʤʠ ʜʘʥʠʤʠ  ̔ ʚʽʜʦʤʽ ʚ ʥʝʝʢʚʽʜʝʩʪʘʥʪʥʠʭ ʪʦʯʢʘʭ ʟ 

ʥʝʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʪʦ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʢʣʘʜʘʶʪʴ ʟʥʘʯʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʟʘʜʘʯ. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʨʽʰʝʥʥʷ: 

¶ ʦʩʢʽʣʴʢʠ ʚʭʽʜʥʽ ʜʘʥʽ ʜʠʩʢʨʝʪʥʽ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ 

ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ; 

¶ ʚʥʘʩʣʽʜʦʢ ʥʝʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽʩʥʫʻ 

ʤʽʥʽʤʘʣʴʥʠʡ ʢʨʦʢ, ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʭʦʜʠʪʴ ʚʪʨʘʪʘ 

ʟʥʘʯʥʠʭ ʮʠʬʨ; 

¶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʘʧʨʦʢ-

ʩʠʤʘʮʽʶ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʘ ʪʝʞ ʚʥʦʩʠʪʴ ʧʝʚʥʠʡ ʚʢʣʘʜ ʚ ʩʫʤʘʨʥʫ 

ʧʦʭʠʙʢʫ. 

 ɺʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʥʝʣʽʥʽʡʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʦ ʣʠʰʝ ʚ 

ʦʢʨʝʤʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʚʠʧʘʜʢʘʭ. ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʚʠʭʽʜʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʧʨʠ-

ʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʜʣʷ 

ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʠʩʣʦʚʽ ʘʙʦ ʥʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ. ʃʽʥʝʘʨʠʟʘʮʽʷ ʚʠʭʽʜʥʦʾ ʟʘ-

ʜʘʯʽ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ ʚʠʭʽʜʥʠʭ ʟʘʢʦʥʽʚ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʤʦʜʝʣʴ 

ʧʦʙʫʜʦʚʘʥʘ. ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʻ ʣʽʥʝʘʨʠʟʘʮʽʷ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʟ 

ʧʦʙʫʜʦʚʦʶ ʥʝʚôʷʟʢʠ, ʷʢʘ ʫʪʦʯʥʶʻ ʨʽʰʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʽʪʝʨʘʮʽʾ ʟʥʘʡʜʝʥʝ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ. ʄʦʜʝʣʴ ʢʦʞʥʦʛʦ ʊʆ ʻ ʘʜʝʢʚʘʪʥʦʶ ʚ ʧʝʚʥʠʭ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʠʭ ʤʝʞʘʭ, ʦʩʢʽʣʴʢʠ ʦʜʥʽʻʶ ʽʟ ʧʨʠʯʠʥ ʻ ʪʝ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ ʤʦʜʝʣʴ. ɺʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ ʘʥʘʣʽ-

ʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʤʦʞʣʠʚʦ. ʅʘʚʽʪʴ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʘʢʽ 
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ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʽ, ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʜʝ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ 

ʯʠʩʣʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ, ʷʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʥʝ ʟʘʚʞʜʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘ-

ʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʧʦʙʫʜʦʚʘ ʪʘ 

ʨʦʟʚô̫ ʟʘʥʥʷ ʦʙʝʨʥʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʥʠʭ ʟʘʜʘʯ ʘʙʦ ʧʦʙʫʜʦʚʘ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟ ʤʝʪʦʶ ʫʪʦʯʥʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

 ʇʦʨʷʜ ʟ ʪʠʤ, ʱʦ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʫʞʝ ʙʘʛʘʪʴʦʭ 

ʦʙôʻʢʪʽʚ, ʦʜʥʦʨʽʜʥʽ ʦʙôʻʢʪʠ ʤʘʶʪʴ ʨʽʟʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ (ʥʘʧʨʠʢʣʘʜ, 

ʜʦʚʞʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʻ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ ʜʦ ʜʝʩʷʪʢʽʚ ʢʽʣʦʤʝʪʨʽʚ, ʢʨʘʥʠ 

ʨʽʟʥʦʛʦ ʪʠʧʫ ʪʦʱʦ). ʗʢ ʚʽʜʦʤʦ, ʚ ʣʽʪʝʨʘʪʫʨʽ ʢʨʘʡʦʚʽ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ 

ʚʠʨʽʰʫʶʪʴʩʷ ʚ ʢʘʥʦʥʽʯʥʠʭ ʬʦʨʤʘʭ ʪʘ ʰʣʷʭʦʤ ʟʚʝʜʝʥʥʷ ʜʦʚʽʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯ-

ʥʠʭ ʨʦʟʤʽʨʽʚ ʜʦ ʦʜʠʥʠʯʥʠʭ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʤʝʪʦʜ. ʗʢʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʦʜʥʘʢʦʚʽ ʊʆ ʨʽʟʥʦʛʦ 

ʨʦʟʤʽʨʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʤʝʪʦʜ, ʧʝʨʝʚʘʞʥʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʪʦ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʨʦʟʙʠʪʪʷ ʥʘ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ. ʆʩʢʽʣʴʢʠ ʚʠʟʥʘʯʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʪʦʤʫ ʚʠʙʠʨʘʶʪʴ 

ʧʝʚʥʫ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʨʦʟʙʠʪʪʷ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʢʦʨʦʪʢʠʭ ʪʨʫʙʦʧʨʦ-

ʚʦʜʽʚ ʟʘ ʨʘʭʫʥʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʪʨʘʯʘʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʯʥʠʭ ʟʥʘʯʫ ʠɦʭ 

ʮʠʬʨ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʧʦʭʠʙʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʦʙôʻʢʪʠ ʧʦʪʨʽʙʥʦ ʤʦʜʝʣʶʚʘʪʠ ʟ ʚʨʘʭʫʚʘʥʥʷ ʾʭ ʧʨʠʨʦʜʥʠʭ ʨʦʟʤʽʨʽʚ.  

 ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, 

ʧʨʠʡʤʘʶʪʴʩʷ ʘʙʦ ʪʘʙʣʠʯʥʠʤʠ, ʘʙʦ ʥʦʤʽʥʘʣʴʥʠʤʠ, ʛʝʦʤʝʪʨʽʷ ʊʆ - ʢʘʥʦʥʽʯʥʦʶ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʨʦʟʤʽʨʠ ʊʆ, ʟʜʝʙʽʣʴʰʦʛʦ, ʥʝ ʻ ʢʘʥʦʥʽʯʥʠʤʠ, ʥʘʧʨʠʢʣʘʜ, ʪʨʫʙʦʧʨʦ-

ʚʦʜʠ ʥʝ ʻ ʣʽʥʽʡʥʠʤʠ ʽ ʧʨʦʭʦʜʷʪʴ ʚ ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʋ ʟʚôʷʟʢʫ ʟ 

ʪʠʤ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʥʝʦʙʭʽʜʥʦ ʙʫʜʫʚʘʪʠ ʜʦʜʘʪʢʦ-

ʚʽ ʘʣʛʦʨʠʪʤʠ, ʟʦʢʨʝʤʘ ʬʦʨʤʫʣʶʚʘʪʠ ʦʙʝʨʥʝʥʽ ʢʦʝʬʽʮʽʻʥʪʥʽ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʬʽʟʠʢʠ. 

 ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʟʤʽʥʶʻʪʴʩʷ ʷʢ ʟʘ ʜʦʚʞʠʥʦʶ, ʪʘʢ ʽ ʧʦ ʧʝʨʝʨʽʟʫ ʪʨʫʙʠ. 

ɺʦʥʘ ʟʘʣʝʞʠʪʴ ʽ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʟʘʣʷʛʘʶʪʴ ʪʨʫʙʦʧʨʦʚʦʜʠ. ɺʩʪʘʥʦʚʠʪʠ 

ʪʘʢʫ ʟʘʣʝʞʥʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʽ ʥʝʤʘʻ ʧʦʪʨʝʙʠ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘ-
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ʪʫʨʠ ʧʦ ʧʝʨʝʨʽʟʫ ʪʘ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ ʻ ʥʝʟʥʘʯʥʠʤʠ ʽ ʾʭ ʚʨʘʭʫʚʘʥʥʷ ʻ ʟʘ ʤʝʞʘʤʠ 

ʪʦʯʥʦʩʪʽ ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯʽ. ʊʦʤʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʫʭʫ ʛʘʟʫ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʩʪʘʮʽʦʥʘʨʥʫ ʽʟʦʪʝʨʤʽʯʥʫ ʤʦʜʝʣʴ ʟʘ ʨʽʟʥʠʭ 

ʢʨʘʡʦʚʠʭ ʫʤʦʚ.  

 ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ ʙʘʛʘʪʴʦʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʜʦʩʪʘʪʥʴʦ ʤʘʪʠ ʨʽʰʝʥʥʷ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʨʫʭʫ ʛʘʟʫ. ɺ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ɻʊʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ-

ʩʷ ʽʪʝʨʘʮʽʡʥʽ ʧʨʦʮʝʜʫʨʠ. ɿʙʽʞʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ ʰʫʢʘʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʟʘ ʷʢʠʡ ʜʦʮʽʣʴʥʦ ʚʟʷʪʠ ʚʘʨʽʘʥʪ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ 

ʤʦʜʝʣʽ.  

 ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʆʩʥʦʚ-

ʥʠʤʠ ʟ ʥʠʭ ʻ ʩʧʝʢʪʨʘʣʴʥʽ ʚ ʪʘʢʠʭ ʙʘʟʠʩʘʭ, ʜʝ ʽʩʥʫʶʪʴ ʰʚʠʜʢʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʎʝ, 

ʟʦʢʨʝʤʘ, ʙʘʟʠʩʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʍʘʘʨʘ, ʋʦʣʰʘ  ʽ ʜʝʷʢʽ ʽʥʰʽ. ɿ ʧʨʠ-

ʚʝʜʝʥʦʛʦ ʚ ʣʽʪʝʨʘʪʫʨʽ ʘʥʘʣʽʟʫ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʦʥʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʝ ʚʩʽʤ 

ʚʠʤʦʛʘʤ, ʷʢʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʩʪʘʚʣʷʪʴʩʷ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ.  ɿʘ 

ʦʩʪʘʥʥʽʡ ʯʘʩ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʟʘʜʘʯ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʥʘʙʫʣʠ ʽʥʰʽ ʦʨʪʦʛʦʥʘʣʴʥʽ ʙʘʟʠʩʠ, ʟʦʢʨʝʤʘ ʙʘʟʠʩʠ ʢʣʘʩʠʯʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʤʥʦʛʦʯʣʝʥʽʚ ʗʢʦʙʽ. 

 ʉʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʬʫʥʢʮʽʾ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʧʠʩʫ ʬʽʟʠʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʟʦʙʨʘʞʫʶʪʴʩʷ ʟʙʽʞʥʠʤʠ ʨʷʜʘʤʠ ʟʘ ʜʘʥʠʤ ʙʘʟʠʩʦʤ. ɺ ʪʝʦʨʽʾ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʨʷʜʽʚ ʥʘʚʦʜʷʪʴʩʷ ʪʝʦʨʝʤʠ, ʚ ʷʢʠʭ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʫʤʦʚʠ 

ʟʙʽʞʥʦʩʪʽ [31, 142, 152]. ʉʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʟʚʦʜʷʪʴʩʷ ʜʦ 

ʦʙʯʠʩʣʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʩʧʝʢʪʨʽʚ, ʘ ʩʧʦʩʦʙʠ ʾʭ ʦʙʯʠʩʣʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʜʫ 

ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

 ʅʝʭʘʡ ʤʥʦʛʦʯʣʝʥʠ ( )nu x  ʦʨʪʦʛʦʥʘʣʴʥʽ ʥʘ ʧʨʦʤʽʞʢʫ [ ]a b,  ʽ ʬʫʥʢʮʽʷ ( )xj  

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʨʷʜʦʤ ʟʘ ʜʘʥʠʤʠ ʤʥʦʛʦʯʣʝʥʘʤʠ  
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x u x
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 ɺʽʜʦʤʦ [31, 142, 152], ʱʦ ( 1N+ )-ʡ ʦʨʪʦʛʦʥʘʣʴʥʠʡ ʤʥʦʛʦʯʣʝʥ ʤʘʻ 1N+  

ʜʽʡʩʥʠʡ ʢʦʨʽʥʴ, ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʜʦ ʧʨʦʤʽʞʢʫ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ. ʊʦʜʽ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʩʧʝʢʪʨʽʚ 
nj  ʤʘʻ ʤʽʩʮʝ ʦʧʪʠʤʘʣʴʥʘ ʚ 

2L  ʢʚʘʜʨʘʪʫʨʥʘ 

ʬʦʨʤʫʣʘ 

 2

0

( ) ( ),
N

n j n j j

j

u x xj r j
=

=ä  (1.2) 

ʜʝ jx  ī ʢʦʨʝʥʽ ʤʥʦʛʦʯʣʝʥʘ
1( )Nu x+
, ʪʦʙʪʦ  

1( ) 0N ju x+ = , 2 2

0

( )
N

j i j

i

u xr
=

= .ä  

 ɼʣʷ ʤʥʦʛʦʯʣʝʥʽʚ ʗʢʦʙʽ 
( )( ) ( )n nu x P xa b,= , ʬʦʨʤʫʣʠ (1.1) ʪʘ (1.2) ʙʫʜʫʪʴ 

ʪʘʢʠʤʠ [98]: 
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ʜʝ ʧʦʟʥʘʯʝʥʦ:  

 
1 1

2
( )

(1 ) (1 )
( ),

( )

i i
N i i

n i

x x
x

P x

a b

a b
h j

- -

,
,

- +
=

è øê ú

 

 
2

1

2 2

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

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

N N N
W

N N N N

a b a b a b

a b a b

+ -G + + G + + + + +
=

+ !G + + + + + + +
 

 ( ) ( ) 0 1 1,n iP x i Na b, = , = , + 

 1 ( 1) ( 1)
2

(2 1) ( 1)
n

N N
r

N N N

a b a b

a b a b

+ + G + + G + +
= .

! + + + G + + +
       (1.5) 



34 

 

 ʅʝʭʘʡ ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ  ʬʫʥʢʮʽʾ ()ixj  ʟʘʜʘʶʪʴʩʷ ʟ ʜʝʷʢʦʶ ʧʦʭʠʙʢʦʶ 

e, ʪʦʙʪʦ ( ) ( )x x
i i

j j e= +. ʊʦʜʽ ʟ ʬʦʨʤʫʣʠ (1.2) ʤʘʻʤʦ  

()
( )

() ()( )
1 ,

1
x P x x dxn n n n
a b

j w j e j e j= + = + Dñ
-

,     (1.6) 

ʜʝ  
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1 ,

1
x P x dxn n
a b

j wD =ñ
-

. 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʨʽʚʥʽʩʪʴ (1.6) ʚ ʨʷʜ (1.1), ʦʪʨʠʤʫʻʤʦ  

() ()
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() ()
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()
, ,

0 0

nx x P x x P xn n n
rn nn
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j w ew j

¤ ¤
= + Dä ä

= =
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w e

¤
= +ä

=
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ʊʘʢʠʤ ʯʠʥʦʤ, ʪʦʯʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʦʾ ʬʫʥʢʮʽʾ ʪʘʢʘ ʞ, ʷʢ ʽ ʪʦʯʥʽʩʪʴ ʚʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ɿʘʫʚʘʞʠʤʦ, ʱʦ  ʘʥʘʣʦʛʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʩʧʨʘʚʝʜʣʠʚʠʡ ʜʣʷ ʜʦʚʽʣʴʥʦʾ  

ʦʨʪʦʛʦʥʘʣʴʥʦʾ  ʩʠʩʪʝʤʠ  ʬʫʥʢʮʽʡ.  

 ʗʢ ʧʨʘʚʠʣʦ, ʥʘ ʧʨʘʢʪʠʮʽ ʪʦʯʢʠ ʟʘʤʽʨʽʚ ʩʠʛʥʘʣʫ ()F t ʚ ʪʦʯʢʘʭ 
it  ʨʦʟʤʽʱʝʥʽ 

ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ. ɿʛʽʜʥʦ ʦʟʥʘʯʝʥʥʷ [31]: 
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ɿʛʽʜʥʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʟʤʽʩʪʫ ʦʟʥʘʯʝʥʦʛʦ ʽʥʪʝʛʨʘʣʫ ʈʽʤʘʥʘ, ʮʝ ʻ ʧʣʦʱʘ 

ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʪʨʘʧʝʮʽʾ. ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ()F t  ʚʽʜʦʤʽ ʚ ʪʦʯʢʘʭ 
it , ʪʦ 

ʧʣʦʱʫ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʪʨʘʧʝʮʽʾ ʥʘ ʧʨʦʤʽʞʢʫ [ ]1,i it t-  ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ 

ʙʘʛʘʪʴʤʘ ʩʧʦʩʦʙʘʤʠ, ʟʦʢʨʝʤʘ ʧʨʷʤʦʢʫʪʥʦʶ ʪʨʘʧʝʮʽʻʶ. ʊʦʜʽ  
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ɿʘʜʘʥʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ()F t  ʚ ʪʦʯʢʘʭ 
it . ɿʘ ʦʟʥʘʯʝʥʥʷʤ ʫʩʝʨʝʜʥʝʥʥʷ ʬʫʥʢʮʽʾ 

ʥʘ ʧʨʦʤʽʞʢʫ [ ]0,t lÍ  ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ [31]: 

()
0

1
l

cF F t dt
l
=ñ . 

ʅʝʭʘʡ ʬʫʥʢʮʽʷ ()F t  ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʨʷʜʦʤ [31]: 

() ()
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n
n

n n

F
F t p t

r

¤

=

=ä , 

ʜʝ ()np t  ī ʤʥʦʛʦʯʣʝʥʠ, ʦʨʪʦʛʦʥʘʣʴʥʽ ʥʘ ʧʨʦʤʽʞʢʫ [ ]0,t lÍ , 
nr  ī ʥʦʨʤʫʶʯʠʡ 

ʤʥʦʞʥʠʢ. ʊʦʜʽ 

() ()
0

1
l

n nF F t p t dt
l
= ñ . 

ɿʘ ʫʤʦʚʠ ʦʜʠʥʠʯʥʦʾ ʚʘʛʦʚʦʾ ʬʫʥʢʮʽʾ  

()0

0

1
l

cF F t dt F
l
= =ñ , 

ʪʦʙʪʦ ʥʫʣʴʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʨʦʟʢʣʘʜʫ ʟʘ ʫʤʦʚʠ ʦʜʠʥʠʯʥʦʾ 

ʚʘʛʦʚʦʾ ʬʫʥʢʮʽʾ ʻ ʥʝ ʱʦ ʽʥʰʝ, ʷʢ ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘ ʧʨʦʤʽʞʢʫ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ. 
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 ɿʛʽʜʥʦ ʧʦʙʫʜʦʚʠ ʥʫʣʴʦʚʠʡ ʪʘ ʧʝʨʰʠʡ ʢʦʝʬʽʮʽʻʥʪʠ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ 

ʨʦʟʢʣʘʜʫ ʻ ʚʽʜʧʦʚʽʜʥʦ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʪʘ ʜʠʩʧʝʨʩʽʻʶ (ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯ-

ʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ). 

ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 

 ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʤʽʨʷʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʦʚʞʠʥʦʶ 122 ʢʤ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 1,388 ʤ, ʧʦʜʘʥʠʭ ʚ 

ʪʘʙʣ. 1.1, ʜʝ ʧʦʟʥʘʯʝʥʦ: t  ï ʯʘʩ; p  ï ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ. 

ʊʘʙʣʠʮʷ 1.1. ɿʥʘʯʝʥʥʷ ʪʠʩʢʫ ʚ ʫʩʪʘʣʝʥʦʤʫ (
ʩʪp ) ʪʘ ʥʝʫʩʪʘʣʝʥʦʤʫ (

ʥʝʩʪp ) 

ʨʝʞʠʤʘʭ ʨʫʭʫ ʛʘʟʫ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʽʚ (t ). 

ʩʪp  
ʥʝʩʪp  t  ʩʪp  

ʥʝʩʪp  t  ʩʪp  
ʥʝʩʪp  t  

65,57 68,62 3441 65,6 68,31 2726 65,83 62,9 2013 

65,36 68,42 3372 65,3 68,2 2711 65,83 62,7 2011 

65,57 68,28 3295 65,51 68,05 2614 65,59 62,9 1980 

65,36 68,17 3246 65,51 67,91 2611 65,38 62,67 1975 

65,57 68,06 3231 65,75 67,76 2605 65,75 62,96 1971 

65,36 67,92 3194 65,35 67,62 2575 65,3 62,7 1936 

65,57 68,07 3129 65,56 67,44 2550 65,53 62,47 1929 

65,35 68,27 3111 65,32 67,29 2521 65,33 62,27 1915 

65,56 68,47 3105 65,69 67,09 2518 65,64 62,48 1911 

65,35 68,68 3096 65,69 66,85 2516 65,37 62,7 1891 

65,59 68,89 3090 65,47 66,73 2306 65,68 62,91 1881 

65,36 69,09 3087 65,7 66,56 2300 65,28 63,14 1840 



37 

 

ʩʪp  
ʥʝʩʪp  t  ʩʪp  

ʥʝʩʪp  t  ʩʪp  
ʥʝʩʪp  t  

65,36 69,29 3085 65,44 66,44 2245 65,48 63,37 1830 

65,59 69,5 3058 66,04 66,32 2241 65,77 63,66 1822 

65,59 69,7 3056 65,67 66,22 2230 65,77 63,71 1820 

65,36 69,91 3041 65,44 66,09 2197 65,4 63,82 1801 

65,58 70,11 3035 65,44 66,26 2195 65,62 63,95 1792 

65,33 70,32 3010 65,81 66,14 2190 65,62 63,89 1790 

65,56 70,52 2985 65,47 66,02 2125 65,35 63,77 1762 

65,33 70,76 2974 66,25 65,81 2121 65,35 63,64 1760 

65,6 70,63 2960 65,4 65,6 2115 65,74 63,52 1756 

65,37 70,51 2896 65,15 65,4 2104 65,33 63,42 1741 

65,58 70,3 2890 65,4 65,19 2079 65,6 63,67 1735 

65,37 70,08 2885 65,83 64,93 2071 65,4 63,45 1535 

65,57 69,88 2861 65,46 64,78 2060 65,61 63,62 1532 

65,31 69,68 2850 65,25 64,56 2058 65,61 63,51 1530 

65,56 69,47 2810 65,25 64,35 2056 65,39 63,66 1525 

65,33 69,26 2806 65,7 64,14 2050 65,59 63,89 1521 

65,54 69,05 2795 65,41 63,93 2045 65,35 63,68 1491 

65,31 68,84 2785 64,88 63,72 2043 65,56 63,89 1480 

65,53 68,57 2761 64,88 63,52 2041 65,34 64,09 1245 

65,3 68,44 2750 65,8 63,32 2035 65,57 64,3 1211 

 



38 

 

 ʅʘ ʦʩʥʦʚʽ ʧʦʜʘʥʠʭ ʟʥʘʯʝʥʴ ʦʙʯʠʩʣʝʥʽ ʥʫʣʴʦʚʠʡ ʪʘ ʧʝʨʰʠʡ ʢʦʝʬʽʮʽʻʥʪʠ 

ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʨʦʟʢʣʘʜʫ (1.2) ʜʣʷ ʤʥʦʛʦʯʣʝʥʽʚ ʃʝʞʘʥʜʨʘ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ 

ʟʥʘʯʝʥʥʷ 
0 165,4535,   =-0,0220j j= .  

ʊʘʙʣʠʮʷ 1.2. ɿʥʘʯʝʥʥʷ ʧʝʨʰʠʭ ʪʨʴʦʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ ʪʠʩʢʫ ʚ ʨʷʜ ʟʘ 

ʤʥʦʛʦʯʣʝʥʘʤʠ ʃʝʞʘʥʜʨʘ ʟʘ ʩʪʘʮʽʦʥʘʨʥʦʛʦ (ʩʪʘʮʽʦʥʘʨ) ʪʘ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ (ʥʝʩʪʘʮʽʦʥʘʨ) ʨʫʭʫ ʛʘʟʫ. 

N 

ʩʪʘʮʽʦʥʘʨ ʥʝʩʪʘʮʽʦʥʘʨ 

F0 F1 F2 F0 F1 F2 

20 65,5304 -0,1108 3,8603 63,0763 0,6783 4,0807 

25 65,525 -0,0715 2,7262 63,1008 0,4642 3,3597 

30 65,5259 -0,0637 2,1005 63,2187 0,0612 3,2366 

35 65,5117 -0,0112 1,3491 63,5404 -0,7882 3,1628 

40 65,5407 -0,0845 1,6021 64,164 -1,8828 3,021 

45 65,5555 -0,0895 7,5527 65,0998 -2,5757 7,5264 

50 65,5488 -0,0549 5,3194 65,3663 -2,7597 5,1843 

55 65,5294 0,0124 3,4739 65,7914 -3,0852 3,3002 

60 65,5213 0,0334 2,6812 66,0704 -3,3753 2,6087 

65 65,5172 0,0377 2,0642 66,4614 -3,8549 2,2061 

70 65,5132 0,0445 1,6964 66,7107 -4,0817 1,7621 

75 65,5118 0,0454 1,5197 66,8133 -4,0823 1,3349 

80 65,5082 0,0495 1,2411 66,9097 -3,7776 0,1959 

85 65,5019 0,052 0,8449 67,1146 -3,2811 -1,1796 
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 ʋ ʧʝʨʰʽʡ ʢʦʣʦʥʮʽ ʪʘʙʣ. 1.2 ʧʦʜʘʥʽ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʝʨʰʠʭ ʟʘʤʽʨʽʚ 

ʪʠʩʢʫ ʟ ʪʘʙʣ. 1.1, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʌʫʨôʻ-ʃʝʞʘʥʜʨʘ. 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʥʫʣʴʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʌʫʨôʻ-ʃʝʞʘʥʜʨʘ ʚʠʟʥʘʯʘʻ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʟʘʤʽʨʷʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʨʦʤʽʞʢʫ. ʆʩʢʽʣʴʢʠ 

ʫ ʚʠʧʘʜʢʫ ʤʥʦʛʦʯʣʝʥʽʚ ʃʝʞʘʥʜʨʘ ()1P t t=, ʪʦ ʟʘ ʦʟʥʘʯʝʥʥʷʤ [31]: 

()() ()1 1

0 0

1 1
l l

F F t p t dt F t tdt
l l
= =ñ ñ . 

 ʆʩʪʘʥʥʷ ʬʦʨʤʫʣʘ ʚʠʨʘʞʘʻ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʜʘʥʠʭ ʚ ʪʘʙʣ. 1.1 ʪʘ 1.2 ʧʦʢʘʟʫʻ, ʱʦ ʮʶ ʚʝʣʠʯʠʥʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʭʘʨʘʢʪʝʨʫ ʨʫʭʫ ʛʘʟʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ.  

 ʇʦʙʫʜʫʻʤʦ ʬʦʨʤʫʣʫ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʦʙôʻʤ ʛʘʟʫ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʽ. ʄʘʶʪʴ ʤʽʩʮʝ ʬʦʨʤʫʣʠ [10, 47, 132, 143]: 

0 0M V Vr r= = , 

p zRTr= , 

1

1
z

fp
=
+

, 

( )( ) 924 0.21 273.15 0.98692327 10f T -= - - ³ Ö. 

 ʊʫʪ , ,M Vr  ï ʤʘʩʘ, ʛʫʩʪʠʥʘ, ʦʙôʻʤ ʛʘʟʫ ʚ ʨʦʙʦʯʠʭ ʫʤʦʚʘʭ ʚʽʜʧʦʚʽʜʥʦ, 

R - ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, T  - ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ 
0 0, Vr  ï ʚʽʜʧʦʚʽʜ-

ʥʦ ʛʫʩʪʠʥʘ ʪʘ ʦʙôʻʤ ʛʘʟʫ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ. ʗʢʱʦ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʥʘ 

ʧʦʯʘʪʢʫ 
0p  ʪʘ ʚ ʢʽʥʮʽ 

kp  ʪʨʫʙʦʧʨʦʚʦʜʫ, ʪʦ ʡʦʛʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [98]: 

2

0

0

2

3

k
c

k

p
p p

p p

å õ
= +æ ö

+ç ÷
. 



40 

 

 ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʠʪʦʤʘ ʟʤʽʥʘ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʛʘʟʫ 
vqD  ʟʘ ʯʘʩ, ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 
0cp  ʜʦ 

1cp , ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨ-

ʤʫʣʦʶ [98]: 

( )1 0
1 0

0

1c c
v c c

p p
q p p

RTr

-
D = + +è øê ú. 

 ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʥʘʡʪʠ ʟʤʽʥʫ ʟʘʧʘʩʫ ʛʘʟʫ 
0QD  ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʥʝʦʙʭʽʜʥʦ 

ʚʝʣʠʯʠʥʫ 
vqD  ʜʦʤʥʦʞʠʪʠ ʥʘ ʢʦʨʠʩʥʠʡ ʦʙôʻʤ ʪʨʫʙʦʧʨʦʚʦʜʫ V, ʪʦʙʪʦ 

0 vQ q VD =D . 

 ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʜʘʥʦʾ ʚʠʱʝ ʮʠʬʨʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʧʦʢʘʟʘʥʽ ʫ ʚʠʛʣʜ̫ʽ ʛʨʘʬʽʢʽʚ. 

 

ʈʠʩ.1.1. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʟʘʧʘʩʫ ʛʘʟʫ ʚ ʪʨʫʙʽ ʜʦʚʞʠʥʦʶ 122 ʢʤ 

ʜʽʘʤʝʪʨʦʤ 1.388 ʤ, ʦʙʯʠʩʣʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʟʘʤʽʨʷʥʠʭ ʜʘʥʠʭ ʚʭʽʜʥʦʛʦ ʪʘ 

ʚʠʭʽʜʥʦʛʦ ʪʠʩʢʽʚ ʯʝʨʝʟ ʢʦʞʥʽ ʜʚʽ ʛʦʜʠʥʠ 
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ʈʠʩ.1.2. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʟʘʧʘʩʫ ʛʘʟʫ ʚ ʪʨʫʙʽ ʜʦʚʞʠʥʦʶ 122 ʢʤ 

ʜʽʘʤʝʪʨʦʤ 1.388 ʤ, ʦʙʯʠʩʣʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʟʘʤʽʨʷʥʠʭ ʜʘʥʠʭ ʚʭʽʜʥʦʛʦ ʪʘ 

ʚʠʭʽʜʥʦʛʦ ʪʠʩʢʽʚ ʯʝʨʝʟ ʢʦʞʥʽ ʜʝʩʷʪʴ ʛʦʜʠʥ 

 

 

ʈʠʩ.1.3. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʟʘʧʘʩʫ ʛʘʟʫ ʚ ʪʨʫʙʽ ʜʦʚʞʠʥʦʶ 122 ʢʤ 

ʜʽʘʤʝʪʨʦʤ 1.388 ʤ, ʦʙʯʠʩʣʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʟʘʤʽʨʷʥʠʭ ʜʘʥʠʭ ʚʭʽʜʥʦʛʦ ʪʘ 

ʚʠʭʽʜʥʦʛʦ ʪʠʩʢʽʚ ʯʝʨʝʟ ʢʦʞʥʽ ʜʚʘʜʮʷʪʴ ʯʦʪʠʨʠ ʛʦʜʠʥʠ 
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ʈʠʩ.1.4. ɿʘʣʝʞʥʽʩʪʴ ʟʘʧʘʩʫ ʛʘʟʫ ʚ ʪʨʫʙʽ ʜʦʚʞʠʥʦʶ 122 ʢʤ ʜʽʘʤʝʪʨʦʤ 

1.388 ʤ, ʦʙʯʠʩʣʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʣʝʥʠʭ ʟʘʤʽʨʷʥʠʭ ʜʘʥʠʭ ʚʭʽʜʥʦʛʦ ʪʘ 

ʚʠʭʽʜʥʦʛʦ ʪʠʩʢʽʚ ʯʝʨʝʟ ʢʦʞʥʽ ʜʚʘʜʮʷʪʴ ʯʦʪʠʨʠ ʛʦʜʠʥʠ. 

 

ʈʠʩ.1.5. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʟʘʧʘʩʫ ʛʘʟʫ ʚ ʪʨʫʙʽ ʜʦʚʞʠʥʦʶ 122 ʢʤ 

ʜʽʘʤʝʪʨʦʤ 1,388 ʤ, ʦʙʯʠʩʣʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʣʝʥʠʭ ʟʘʤʽʨʷʥʠʭ ʜʘʥʠʭ 

ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʦʛʦ ʪʠʩʢʽʚ ʯʝʨʝʟ ʢʦʞʥʽ ʜʚʘʜʮʷʪʴ ʯʦʪʠʨʠ ʛʦʜʠʥʠ 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʩʧʝʨʝʤʝʥʪʽʚ ʩʣʽʜʫʶʪʴ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʆʩʢʽʣʴʢʠ, ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʜʦʚʞʠʥʠ ʽʥʪʝʨʚʘʣʫ ʙʫʜʝ ʥʘʨʦʩʪʘʪʠ ʧʦʭʠʙʢʘ, 

ʪʦ ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʪʘʢʝ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ 

ʚʠʙʽʨʢʠ, ʧʨʠ ʷʢʽʡ ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 0j  ʙʫʜʝ 

ʩʪʘʙʽʣʴʥʠʤ. 
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2. ʗʢʱʦ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʚʠʙʽʨʢʠ 
0l  ʟʥʘʡʜʝʥʝ, ʪʦ, ʚʠʙʠʨʘʶ-

ʯʠ ʥʦʚʠʡ ʧʦʯʘʪʦʢ ʚʽʜʣʽʢʫ, ʦʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ 
0j . ʇʨʠ ʫʩʪʘʣʝʥʦʤʫ 

ʧʨʦʮʝʩʽ 
0j  ʧʦʚʠʥʥʦ ʙʫʪʠ ʩʪʘʙʽʣʴʥʠʤ ʚ ʤʝʞʘʭ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ. 

3. ɿʥʘʡʜʝʥʠʡ ʽʥʪʝʨʚʘʣ ʩʪʘʙʽʣʴʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ 
0j  ʽ ʩʘʤʝ ʡʦʛʦ ʟʥʘʯʝʥʥʷ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʝʡ. 

4. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʦʙʯʠʩʣʶʻʪʴʩʷ  

( )
( ) ()()( )() ( )( )( )( ), ,

1 1 1 1

11 0

1 N

n i i i i n i i i n i

in

t t F t x P x F t x P x
r t t

a b a b
j w w- - - -

=

è ø= - +
ê ú-

ä . 

5. ɿʘ ʟʥʘʡʜʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 
nj  ʦʙʯʠʩʣʶʻʪʴʩʷ ʘʧʨʦʢʩʠʤʦ-

ʚʘʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ 

( )

0

( ) ( )n
n

n n

x P x
r

a bj
j

¤
,

=

=ä . 

6. ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʟʘʧʘʩʫ ʛʘʟʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʪʘ ʟʤʽʥʠ ʟʘʧʘʩʫ ʛʘʟʫ ʧʦʧʝ-

ʨʝʜʥʷ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʪʘʙʽʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɸʥʘʣʽʟ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ (ʟʘʤʽʨʷʥʠʭ ʜʘʥʠʭ) ʩʪʦʩʦʚʥʦ ʭʘʨʘʢʪʝʨʫ ʨʫʭʫ ʧʦʢʘʟʫʻ, ʱʦ 

ʥʘʷʚʥʽ ʚ ʦʙʯʠʩʣʝʥʥʷʭ ʚʽʜʭʠʣʝʥʥʷ (ʨʠʩ. 1.2) ʧʦʚôʷʟʘʥʽ ʟ ʛʨʫʙʠʤʠ ʧʦʤʠʣ-

ʢʘʤʠ ʘʙʦ ʧʨʦʤʘʭʘʤʠ ʚ ʧʨʦʮʝʩʽ. 

 

1.3 ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ 

 ʆʩʦʙʣʠʚʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʨʽʜʠʥʠ ʚ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʧʦʯʘʣʠ 

ʩʠʩʪʝʤʘʪʠʯʥʦ ʚʠʚʯʘʪʠʩʴ ʱʝ ʚ ʩʝʨʝʜʠʥʽ XIX ʩʪʦʣʽʪʪʷ. ɺ 1856 ʨʦʮʽ  ʬʨʘʥʮʫʟʩɹʢʠʡ 

ʽʥʞʝʥʝʨ ɸʥʨʽ ɼʘʨʩʽ ʚʩʪʘʥʦʚʠʚ ʟʘʢʦʥ ʬʽʣʴʪʨʘʮʽʾ, ʷʢʠʡ ʚʠʨʘʞʘʻ ʣʽʥʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʬʽʣʴʪʨʘʮʽʾ ʽ ʛʨʘʜʽʻʥʪʦʤ ʪʠʩʢʫ [13, 144]: 

k dp

dx
u

m
=- . 

 ʇʨʠ ʩʫʤʽʩʥʦʤʫ ʨʫʩʽ ʚ ʧʣʘʩʪʽ ʚʦʜʠ ʽ ʛʘʟʫ ʨʽʟʥʠʭ ʬʘʟ ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ 

ʬʘʟʦʚʦʾ ʧʨʦʥʠʢʥʦʩʪʽ [13, 144] ʟʘ ʬʦʨʤʫʣʘʤʠ 
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1g

g

g

k p

x
u

m

µ
=-

µ
, 2w

w

w

k p

x
u

m

µ
=-

µ
, 

ʜʝ 1 2,p p  ï ʚʽʜʧʦʚʽʜʥʦ ʪʠʩʢ ʫ ʛʘʟʦʚʽʡ (g) ʽ ʚʦʜʥʽʡ (w) ʬʘʟʘʭ. ɰʭ ʨʽʟʥʠʮʷ ʨʽʚʥʘ 

ʢʘʧʽʣʷʨʥʦʤʫ ʪʠʩʢʫ. ʇʨʠ ʬʽʣʴʪʨʘʮʽʾ ʚʦʜʠ ʯʠ ʛʘʟʫ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʤʘʻʤʦ 

k p
g

z
u r

m

µå õ
=- +æ ö

µç ÷
. 

ɺ ʦʩʪʘʥʥʽʭ ʬʦʨʤʫʣʘʭ ( )1 2 3, , ,p p x x x t=
 
ï ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚ ʩʝʨʝʜʦʚʠʱʽ, r ï  ʛʫʩ-

ʪʠʥʘ ʬʣʶʾʜʫ, g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, k  ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʦʩʪʽ 

ʩʝʨʝʜʦʚʠʱʘ, m ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʬʣʶʾʜʫ. 

 ʇʽʟʥʽʰʝ ʬʨʘʥʮʫʟʩɹ ʢʠʤ ʚʯʝʥʠʤ ɾ.ɼʶʧʶʽ ʙʫʣʦ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʜʦʩʣʽʜʞʝʥʠʡ ʟʘʢʦʥ ɼʘʨʩʽ, ʦʪʨʠʤʘʚʰʠ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʝʙʽʪʫ ʩʚʝʨʜʣʦ-

ʚʠʥʠ. 

 ɿʘʛʘʣʴʥʽ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʬʽʣʴʪʨʘʮʽʾ, ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʽ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ 

ʨʷʜʫ ʟʘʜʘʯ ʧʨʦ ʧʨʠʪʽʢ ʚʦʜʠ ʜʦ ʩʚʝʨʜʣʦʚʠʥʠ ʙʫʣʠ ʚʧʝʨʰʝ ʚʠʢʦʥʘʥʠʤʠ ʚʽʜʦʤʠʤ 

ʨʦʩʽʡʩʴʢʠʤ ʤʝʭʘʥʽʢʦʤ ʄ.ɭ.ɾʫʢʦʚʩʴʢʠʤ. 

 ʇʝʨʰʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʦʙʣʘʩʪʽ ʥʘʬʪʦʛʘʟʦʚʦʾ ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦʤʝʭʘʥʽʢʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʃ.ʉ.ʃʝʡʙʝʥʟʦ-

ʥʦʤ. ɺʽʥ ʚʠʚʽʚ ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʛʘʟʫ ʪʘ ʛʘʟʦʚʘʥʦʾ ʨʽʜʠʥʠ, ʩʬʦʨʤʫʣʶ-

ʚʘʚ ʟʘʜʘʯʽ ʚʠʪʽʩʥʝʥʥʷ ʥʘʬʪʠ ʚʦʜʦʶ, ʧʨʦʚʽʚ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʧʘʩʽʚ ʥʘʬʪʠ ʽ ʛʘʟʫ. 

 ʋ ʧʨʘʮʷʭ ʈ.ʂʦʣʣʽʥʟʘ, ʄ.ʄʘʩʢʝʪʘ, ʉ.ɹʘʢʣʽ, ʈ.ʐʽʣʩʶʽʟʘ, ʋ. ʍʝʨʝʪʘ ʜʦʩʣʽ-

ʜʞʫʻʪʴʩʷ ʜʚʦʬʘʟʥʘ ʬʽʣʴʪʨʘʮʽʷ, ʧʨʠʪʽʢ ʧʨʫʞʥʦʾ ʨʽʜʠʥʠ ʜʦ ʩʚʝʨʜʣʦʚʠʥʠ, ʛʽʜʨʦ-

ʜʠʥʘʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʩʫʚʘʥʥʷ ʚʦʜʠ ʫ ʤʝʞʽ ʛʘʟʦʚʠʭ ʚʽʜʢʣʘʜʽʚ. 

 ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʬʽʣʴʪʨʘʮʽʾ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʚʠʚʯʝʥʥʷʤ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʧʨʦʮʝʩʽʚ ʨʫʭʫ ʛʘʟʫ ʪʘ ʨʽʜʠʥʠ ʚ ʩʢʣʘʜʥʠʭ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦ-

ʚʠʱʘʭ ʧʨʠ ʪʠʭ ʯʠ ʽʥʰʠʭ ʛʨʘʥʠʯʥʠʭ ʪʘ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ. 

 ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʨʫʭʫ ʛʘʟʫ ʚ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʩʬʦʨʤʫ-

ʣʴʦʚʘʥʽ ʪʘ ʜʦʩʣʽʜʞʝʥʽ ʚ ʨʦʙʦʪʘʭ ɯ.ɸ.ʏʘʨʥʦʛʦ, ɸ.ɺ.ɸʣʝʢʩʘʥʜʨʦʚʘ, ʄ.ɻ.ʉʫʜʘʨʻʚʘ, 
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ɭ.ɯ.ʗʢʦʚʣʻʚʘ, ʉ.ɸ.ɹʦʙʨʦʚʩʢʦʛʦ, ʇ.ʇ.ʂʦʩʪʨʦʙʽʷ, ʗ.ɼ.ʇôʷʥʠʣʘ, ʄ.ɸ.ɾʽʜʢʦʚʦʾ, 

ʗ.ɺ.ɻʨʫʜʟʘ, ɸ.ɼ.ʊʽʚʷʰʝʚʘ, ʅ.ʄ.ʇʨʠʪʫʣʠ, ʄ.ɻ.ʇʨʠʪʫʣʠ, ɹ.ɺ. ɻʝʨʠ ʪʘ ʽʥʰʠʭ ʚʯʝ-

ʥʠʭ. ʄʝʪʦʜʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʛʘʟʦʚʦʾ ʜʠʥʘʤʽʢʠ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ 

ʌ.ɻ.ʊʝʤʧʝʣʷ, ʄ.ɸ.ɾʽʜʢʦʚʦʾ, ɸ.ɺ.ɸʣʝʢʩʘʥʜʨʦʚʘ, ʄ.ɻ.ʇʨʠʪʫʣʠ, ʗ.ɼ.ʇôʷʥʠʣʘ, 

ʅ.ʄ.ʇʨʠʪʫʣʠ,  ɭ.ɯ.ʗʢʦʚʣʻʚʘ, ʄ.ɻ.ʉʫʭʘʨʻʚʘ ʪʘ ʽʥʰʠʭ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʫʚʘʞʠ-

ʪʠ, ʱʦ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʛʘʟʫ ʪʘ ʨʽʜʠʥʠ ʜʦʧʦʚʥʶʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤʠ ʜʠʬʫʟʽʾ, ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʜʝʩʦʨʙʮʽʾ, ʘʙʩʦʨʙʮʽʾ ʪʘ ʽʥ. ʅʘʙʣʠʞʝ-ʥʦʤʫ 

ʨʦʟʚô̫ ʟʫʚʘʥʥʶ ʪʘʢʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʧʨʠʩʚʷʯʝʥʽ ʧʨʘʮʽ ɾ.ʄʽʣʣʝʨʘ, 

ʈ.ɻʘʣʣʘʛʝʨʘ, ʂ.ʄʦʨʪʦʥʘ, ɼ.ʅʦʨʨʽ, ʗ.ɻ.ʉʘʚʫʣʠ, ɺ.ɺ.ɯʚʘʥʦʚʘ, ʃ.ɺ.ʂʘʥʪʦʨʦʚʠʯʘ, 

ɺ.ɯ.ʂʨʠʣʦʚʘ, ɻ.ɯ.ʄʘʨʯʫʢʘ, ʄ.ʄ.ʃʘʚʨʝʥʪʴʻʚʘ, ʄ.ɻ.ʇʨʠʪʫʣʠ, ʗ.ɼ.ʇôʷʥʠʣʘ, 

ʅ.ʄ.ʇʨʠʪʫʣʠ, ʌ.ɻ.ʊʝʤʧʝʣʷ, ɯ.ɸ.ʏʘʨʥʦʛʦ, ɸ.ɺ.ʃʠʢʦʚʘ, ɺ.ʉ.ɼʝʡʥʝʢʠ, ɺ.ɯ.ʄʠʪʨʦ-

ʧʦʣʴʩʴʢʦʛʦ, ɸ.ɸ.ʉʘʤʘʨʩʴʢʦʛʦ, ʆ.ʉ.ʃʠʤʘʨʯʝʥʢʘ, ʈ.ɺ.ʍʝʤʤʽʥʛʘ ʪʘ ʽʥʰʠʭ. 

 ʇʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʣʘʩʪʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʨʦʜʦʚʠʱ ʧʨʠʨʦʜʥʠʭ 

ʛʘʟʽʚ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʘʟʦʚʠʭ ʩʭʦʚʠʱ, ʪʘʢʦʞ ʦʧʠʩʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤʠ ʜʠʬʝʨʝʥ-

ʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʾʭ 

ʨʦʙʦʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʣʘʩʪʘ ʟʘ ʢʦʣʝʢʪʦʨʩʴʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʜʦʚʽʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʽʟʥʦʜʝʙʽʪʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʨʦʩʫ-

ʚʘʥʥʷ ʤʝʞʽ ʨʦʟʜʽʣʫ ñʛʘʟ-ʚʦʜʘò ʽ ʪʘʢ ʜʘʣʽ, ʥʝʦʙʭʽʜʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʠʬʝʨʝʥ-

ʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʥʝʫʩʪʘʣʝʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʪʘ ʚʦʜʠ ʟʘ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʯʘʪʢʦʚʠʭ 

ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

 ʂʦʣʝʢʪʦʨʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ, ʤʽʥʣʠ-

ʚʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ ʧʣʘʩʪʘ. ʇʦʪʫʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʧʦ ʧʣʦʱʽ  ʛʘʟʦ-

ʚʦʛʦ ʧʦʢʣʘʜʫ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʜʫʞʝ ʰʠʨʦʢʠʭ ʤʝʞʘʭ (ʚʽʜ ʢʽʣʴʢʦʭ ʤʝʪʨʽʚ ʜʦ 

ʜʝʩʷʪʢʽʚ ʢʽʣʦʤʝʪʨʽʚ). ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʦʥʠʢʥʦʩʪʽ ʽ ʧʦʨʠʩʪʦʩʪʽ ʧʣʘʩʪʘ ʟʘʟʥʘʶʪʴ 

ʟʥʘʯʥʠʭ ʟʤʽʥ ʷʢ ʟʘ ʚʠʩʦʪʦʶ ʽ ʧʣʦʱʝʶ ʛʘʟʦʚʦʛʦ ʧʦʢʣʘʜʫ, ʪʘʢ ʽ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱ ʛʘʟʫ. 

 ɼʦ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʤʘʩʦʧʝʨʝʥʦʩʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ:  
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¶ ʚʽʜʩʫʪʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʦʜʘʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʯʘʩʪʦ ʚʽʜʦʤʽ ʪʽʣʴʢʠ ʚ 

ʥʝʨʝʛʫʣʷʨʥʠʭ ʪʦʯʢʘʭ (ʟʦʢʨʝʤʘ ʟʘʜʘʯʽ ʤʘʩʦʧʝʨʝʥʦʩʫ ʪʘ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʚ 

ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱʘʭ);  

¶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦ ʨʝʘʣʴʥʠʭ 

ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ;  

¶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʧʝʚʥʠʭ ʚʠʧʘʜʢʘʭ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʢʽʥʮʝʚʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ (ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ).  

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʥʝ ʚ ʫʩʽʭ ʤʝʪʦʜʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ-

ʚʝʜʝ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ.  

 ʊʘʢ, ʟʦʢʨʝʤʘ, ʦʧʠʩʘʥʥʷ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ ʫ ʩʝʨʝʜʦʚʠʱʘʭ ʽʟ ʩʢʣʘʜʥʦʶ 

ʚʥʫʪʨʽʰʥʴʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ 

ʤʘʣʠʤ ʧʘʨʘʤʝʪʨʦʤ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦʶ ʩʢʣʘʜʦʚʦʶ, ʧʦʙʫʜʦʚʘ ʨʦʟʚôʷʟʢʫ ʷʢʠʭ ʪʘ ʾʭ 

ʯʠʩʣʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʚôʷʟʘʥʝ ʽʟ ʟʥʘʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. 

ʂʨʽʤ ʮʴʦʛʦ, ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʟʘʜʘʯʽ ʤʘʩʦʧʝʨʝʥʦʩʫ, ʦʩʦʙʣʠʚʦ ʟʘʜʘʯʽ ʛʘʟʦʚʦʾ 

ʜʠʥʘʤʽʢʠ ʽ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʚ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʙʝʟʧʝʯʝʥʽ 

ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʢʨʘʡʦʚʠʤʠ ʜʘʥʠʤʠ ʚ ʥʝʨʝʛʫʣʷʨʥʠʭ ʪʦʯʢʘʭ ʟ ʥʝʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. 

ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʪʨʝʙʠ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʩʭʝʤ ʾʭ ʨʦʟʚôʷʟʫʚʘʥʥʷ, ʷʢʽ ʫʟʛʦ-

ʜʞʫʶʪʴʩʷ ʟ ʽʩʥʫʶʯʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʇʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʪʝʤʧʝ-

ʨʘʪʫʨʥʠʭ ʟʘʜʘʯ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʧʨʠʭʦʜʠʤʦ ʜʦ 

ʟʦʙʨʘʞʝʥʴ, ʦʙʝʨʥʝʥʥʷ ʷʢʠʭ ʥʝʤʦʞʣʠʚʝ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. ʆʩʥʦʚʦʶ ʜʣʷ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʻ ʩʧʝʢʪʨʘʣʴʥʝ ʧʦʜʘʥʥʷ 

ʬʫʥʢʮʽʡ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʪʘ ʧʦʯʘʪʢʦʚʠʭ ʽ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʙʘʟʠʩʘʭ. 

 ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʦʧʝʨʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʟʘʢʣʘʜʝʥʦ ʚ ʧʨʘʮʷʭ ɺ.ɸ.ɼʽʪʢʽʥʘ, 

ɸ.ʇ.ʇʨʫʜʥʠʢʦʚʘ, ʗ.ʄʽʢʫʩʽʥʩʴʢʦʛʦ ʪʘ ʾʭʥʽʭ ʫʯʥʽʚ. ʇʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ ʯʘʩʪʦ 

ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʦʙʝʨʥʝʥʥʷ ʽʥʪʝʛʨʘʣʫ ʃʘʧʣʘʩʘ. ɼʦʩʣʽʜʞʝʥʥʶ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 
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ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ɺ.ɸ.ɼʽʪʢʽʥʘ, ɸ.ʇ.ʇʨʫʜʥʽʢʦʚʘ, ɺ.ʄ.ɸʤʝʨʙʘʻʚʘ, ɺ.ɯ.ʂʨʠʣʦʚʘ, 

ʅ.ʉ.ʉʢʦʙʣʽ, ɼʞ.ʋʽʜʜʝʨʘ, ʉ.ɸ.ɹʘʡʤʫʣʴʪʜʽʥʦʚʦʾ, ɺ.ʄ.ʈʷʙʦʚʘ, ɼʞ.ɺʣʦʭʘ, ʈ.ɹʝʣʣ-

ʤʘʥʘ, ʈ.ʇʽʩʩʝʥʩʘ ʡ ʽʥʰʠʭ.  

 ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʩʠʩʪʝʤ ʩʧʨʷ-

ʞʝʥʥʷ ʾʭ ʽʟ ʚʠʢʦʥʘʚʩʴʢʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʤʝʭʘʥʽʟʤʘʤʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚ 

ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠʡʤʘʪʠ ʽ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ 

ʨʽʰʝʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʘʚʠʪʠ ʽ ʨʦʟʚôʷʟʘʪʠ ʢʦʤʧʣʝʢʩ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. ɺʢʘʟʘʥʽ ʧʨʦʙʣʝʤʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʨʦʙʦʪʘʭ ɺ.ʉ.ɼʝʡʥʝʢʠ, 

ɯ.ɺ.ʉʝʨʛʽʻʥʢʘ, ɺ.ɺ.ʉʢʦʧʝʮʴʢʦʛʦ, ɸ.ɻ.ɭʚʜʦʢʠʤʦʚʘ, ɸ.ɼ.ʊʝʚʷʝhʚʘ, ɺ.ɺ.ɼʫʙʨʦʚʩʴ-

ʢʦʛʦ, ʄ.ʅ.ʂʫʣʠʢʘ, ɹ.ʃ.ʂʫʯʠʢʘ, ʖ.ɯ.ʄʘʢʩʠʤʦʚʘ, ʈ.ʄ.ʂʣʝʤʬʫʩʘ. 

 ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ ʚʠʧʣʠʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʙʫʜʦʚʠ ʘʜʘʧʪʠʚʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʤʘʩʦʧʝʨʝʥʦʩʫ, ʟʦʢʨʝʤʘ, ʧʦʰʠʨʝʥʥʷ ʛʘʟʫ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʚ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ (ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱʘʭ 

ʛʘʟʫ), ʧʦʰʠʨʝʥʥʷ ʜʦʤʽʰʢʦʚʠʭ ʨʝʯʦʚʠʥ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ˇʨʫʥʪʫ, ʪʘ 

ʨʝʛʫʣʷʨʠʟʫʶʯʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʽ ʦʙʨʦʙʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʋ ʚʠʧʘʜʢʫ ʧʨʠʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤʫ ʟʘʜʘʥʥʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʚʠʛʣʷʜʽʚ ʧʦʯʘʪʢʦʚʦ-

ʢʨʘʡʦʚʠʭ ʫʤʦʚ. ʄʝʪʦʜʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʧʦʚʠʥʥʽ ʜʦʟʚʦʣʷʪʠ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʦʯʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ, ʚʠʢʣʶʯʘʪʠ ʥʘʨʦʩʪʘʥʥʷ ʤʘʰʠʥʥʦʾ ʧʦʭʠʙʢʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʧʨʽʦʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʰʫʢʘʥʠʭ ʧʦʣʽʚ ʚ ʧʝʚʥʠʭ 

ʦʙʣʘʩʪʷʭ.  

 ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʽʩʥʫʶʯʠʭ ʪʘ ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʟʘʜʘʯ.  
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1.4 ɺʠʩʥʦʚʢʠ ʜʦ ʈʦʟʜʽʣʫ 1 

 ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ, 

ʦʢʨʝʩʣʝʥʦ ʾʾ ʤʽʩʮʝ ʫ ʚʠʨʽʰʝʥʥʽ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʛʘʟʦʚʦʾ ʜʠʥʘʤʽʢʠ ʚ 

ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞʘʭ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʙʫ-

ʜʦʚʠ ʘʜʘʧʪʠʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʤʘʩʦʧʝʨʝʥʦʩʫ ʪʘ ʧʦʩʪʘʥʦʚʢʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ. ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʤʦ-

ʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ.  
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ʈʆɿɼɯʃ 2. 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʈʋʍʋ ɻɸɿʋ ɺ 

ʇɯɼɿɽʄʅʆʄʋ ʉʍʆɺʀʑɯ ɻɸɿʋ ɿɸ ʅɸʗɺʅʆʉʊɯ ʇɯɼʆʐʆɺʅʆɰ ɺʆɼʀ 

 

2.1 ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ 

 ɽʢʩʧʣʫʘʪʘʮʽʷ ʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʽʟ ʧʽʜʦʰʦʚʥʦʶ ʚʦʜʦʶ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʜʝʬʦʨʤʘʮʽʻʶ ʧʦʚʝʨʭʥʽ ʛʘʟʦʚʦʜʷʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʦʥʫʩʫ ʚʦʜʠ. ʋ ʨʘʟʽ 

ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʜʝʧʨʝʩʽʾ ʪʘ ʜʝʙʽʪʫ ʚʦʜʘ ʧʨʦʨʠʚʘʻʪʴʩʷ ʥʘ ʚʠʙʽʡ 

ʩʚʝʨʜʣʦʚʠʥʠ. ʊʦʤʫ ʚ ʧʣʘʩʪʘʭ ʽʟ ʧʽʜʦʰʦʚʥʦʶ ʚʦʜʦʶ ʚʽʜʙʽʨ ʛʘʟʫ ʟʽ ʩʚʝʨʜʣʦʚʠʥ 

ʦʙʤʝʞʫʶʪʴ ʜʦʧʫʩʪʠʤʦʶ ʜʝʧʨʝʩʽʻʶ ʥʘ ʧʣʘʩʪ (ʛʨʘʥʠʯʥʠʤ ʙʝʟʚʦʜʥʠʤ ʜʝʙʽʪʦʤ). 

 ɺʦʜʘ ʜʦ ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥʠ ʨʫʭʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʤʽʞ 

ʛʠʨʣʦʤ ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ ɻɺʂ [87]. ʆʧʽʨ ʨʫʭʦʚʽ ʚʦʜʠ ʯʠʥʠʪʴ ʾʾ ʚʘʛʘ ʡ ʦʧʽʨ ʩʝʨʝ-

ʜʦʚʠʱʘ (ʪʠʩʢ ʛʘʟʫ, ʧʦʨʠʩʪʽʩʪʴ ʽ ʧʨʦʥʠʢʥʽʩʪʴ). ɺʘʛʘ ʩʪʦʚʧʘ ʚʦʜʠ G  ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ  

G mg gShr= = , 

ʜʝ S ï ʧʣʦʱʘ ʦʩʥʦʚʠ, g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, r ï ʛʫʩʪʠʥʘ ʚʦʜʠ, h ï

ʚʠʩʦʪʘ ʩʪʦʚʧʘ ʚʦʜʠ. Cʚʦʻʶ ʯʝʨʛʦʶ, ʧʽʜʥʽʤʘʣʴʥʘ ʩʠʣʘ ʚʥʘʩʣʽʜʦʢ ʜʝʧʨʝʩʽʾ ʪʠʩʢʫ 

ʙʫʜʝ 

F pS=D . 

ɺʦʜʘ ʙʫʜʝ ʨʫʭʘʪʠʩʷ ʜʦ ʚʠʙʦʶ ʟʘ ʫʤʦʚʠ  

F G² , 

ʘʙʦ 

p ghrD ² . 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ ʧʦʯʘʪʢʫ ʨʫʭʫ ʪʘʢʘ:F G= , ʟʚʽʜʢʠ  

p ghrD = . 
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ɺ ʦʩʪʘʥʥʽʡ ʬʦʨʤʫʣʽ ʥʝ ʬʽʛʫʨʫʻ ʧʣʦʱʘ ʦʩʥʦʚʠ. ʊʦʤʫ ʨʫʭ ʧʽʜʦʰʦʚʥʦʾ ʚʦʜʠ ʜʦ 

ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥʠ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʚ ʧʣʦʩʢʦʤʫ ʙʝʟʤʝʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʪʦʚʱʠʥʦ  ʁ sl (ʨʠʩ.2.1). 

 

ʈʠʩ. 2.1. ʇʨʦʮʝʩ ʟʘʤʽʱʝʥʥʷ ʛʘʟʫ ʚʦʜʦʶ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʽʜʦʰʦʚʥʦʾ ʚʦʜʠ 

 

 ʈʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʚʦʜʠ ( , )p x t  ʫ ʧʣʦʩʢʦʤʫ ʙʝʟʤʝʞʥʦʤʫ ʩʝʨʝ-

ʜʦʚʠʱʽ ʪʦʚʱʠʥʦ  ʁ l ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʦʟʚôʷʟʦʢ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪ-

ʨʘʮʽʾ [87]: 

2
kh p p

g mh
x x t

r a
m

è øµ µ µå õ
+ =æ öé ùµ µ µç ÷ê ú

. 

 ʆʩʢʽʣʴʢʠ ʚʦʜʘ ʚʚʘʞʘʻʪʴʩʷ ʥʝʩʪʠʩʣʠʚʦʶ ʨʽʜʠʥʦʶ, ʪʦ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ 

ʙʫʜʝ 

2
kh p p

mh
x x t

a
m

å õµ µ µ
=æ ö

µ µ µç ÷
,    (2.1) 

ʜʝ k ï ʧʨʦʥʠʢʥʽʩʪʴ ʧʣʘʩʪʫ, m ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʚʦʜʠ, a ï ʢʦʝʬʽʮʽʻʥʪ 

ʚʦʜʦʥʘʩʠʯʝʥʦʩʪʽ, m ï ʧʦʨʠʩʪʽʩʪʴ ʧʣʘʩʪʫ. ʆʩʢʽʣʴʢʠ ʪʦʚʱʠʥʘ ʧʣʘʩʪʫ ʚʚʘʞʘʻʪʴʩʷ 

ʩʪʘʣʦʶ, ʪʦ ʨʽʚʥʷʥʥʷ (2.1) ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

2
k p p

m
x x t

a
m

å õµ µ µ
=æ ö

µ µ µç ÷
. 
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 ʂʨʘʡʦʚʠʤʠ ʫʤʦʚʘʤʠ ʚʚʘʞʘʻʤʦ ʪʘʢʽ: ʥʘ ʥʠʞʥʽʡ ʛʨʘʥʠʮʽ ʰʘʨʫ ʪʠʩʢ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʩʪʘʣʠʤ, ʨʽʚʥʠʤ ʛʽʜʨʦʩʪʘʪʠʯʥʦʤʫ 
np ; ʥʘ ʚʝʨʭʥʽʡ ʛʨʘʥʠʮʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʘʚʣʽʯʥʦʾ ʫʚôʷʟʢʠ ñɻɿʇ-ʚʠʙʽʡʥʘ ʟʦʥʘ-ɻɺʂò ʽ ʪʘʢʦʞ 

ʚʚʘʞʘʻʪʴʩʷ ʩʪʘʣʠʤ vp . ʇʦʯʘʪʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚʦʜʠ ʫ ʚʦʜʷʥʦʤʫ ʰʘʨʽ  

( )0( ,0)p x g h xr= + ,     0 x l< <, 

ʜʝ 
0h  ï ʚʠʩʦʪʘ ʜʦ ʛʦʨʠʟʦʥʪʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

 ɿʘ ʪʘʢʠʭ ʫʤʦʚ, ʩʪʘʚʠʤʦ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

¶ ʟʘ ʟʘʜʘʥʠʤʠ ʪʠʩʢʦʤ ʥʘ ɻɿʇ ʪʘ ʜʝʙʽʪʦʤ ʩʚʝʨʜʣʦʚʠʥʠ, ʟʥʘʡʪʠ ʪʠʩʢ ʥʘ ʚʝʨʭ-

ʥʽʡ ʛʨʘʥʠʮʽ ɻɺʂ; 

¶ ʟʘ ʟʘʜʘʥʠʤ ʪʠʩʢʦʤ ʥʘ ʥʠʞʥʽʡ ʛʨʘʥʠʮʽ ʚʦʜʷʥʦʛʦ ʰʘʨʫ ʪʘ ʟʥʘʡʜʝʥʠʤ ʪʠʩʢʦʤ 

ʥʘ ʚʝʨʭʥʽʡ ʛʨʘʥʠʮʽ ɻɺʂ, ʟʥʘʡʪʠ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚʦʜʠ ʫ ʚʦʜʦʥʦʩʥʦʤʫ ʰʘʨʽ; 

¶ ʚʨʘʭʦʚʫʶʯʠ ʟʥʘʡʜʝʥʠʡ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚʦʜʠ ʫ ʚʦʜʦʥʦʩʥʦʤʫ ʰʘʨʽ, ʪʠʩʢ ʥʘ 

ʚʝʨʭʥʽʡ ʛʨʘʥʠʮʽ ɻɺʂ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʧʨʦʥʠʢ-

ʥʽʩʪʴ , ʧʦʨʠʩʪʽʩʪʴ ʽ ʪʦʚʱʠʥʫ ʧʣʘʩʪʫ, ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ, ʢʦʝʬʽʮʽʻʥʪ 

ʛʘʟʦʥʘʩʠʯʝʥʦʩʪʽ ʪʦʱʦ), ʟʥʘʡʪʠ ʰʚʠʜʢʽʩʪʴ ʧʽʜʥʷʪʪʷ ɻɺʂ; 

¶ ʟʥʘʡʰʦʚʰʠ ʚʠʱʝ ʦʧʠʩʘʥʽ ʧʘʨʘʤʝʪʨʠ, ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʟʥʘʭʦʜʞʝʥʥʷ 

ʨʫʭʫ ɻɺʂ ʧʨʠ ʚʽʜʙʠʨʘʥʥʽ ʛʘʟʫ ʟ ʇʉɻ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʟʘʚʦʜʥʝʥʥʷ ʩʚʝʨʜ-

ʣʦʚʠʥʠ. 

 

2.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽ ʾʛʘʟʫ ʚ ʧʦʨʠʩʪʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ 

 ʌʽʣʴʪʨʘʮʽʷ ʛʘʟʫ ʚ ʧʣʘʩʪʽ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʚʠʧʘʜʢʫ 

ʦʧʠʩʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ [23]: 

31 2

2 2 2

1 1 2 2 3 3

2 4
xx x

n st

k hk h k hp p p p
mh mhqp

x z x x z x x z x t z
a

m m m

å õå õ å õµ µ µ µ µ µ µå õ
+ + = + ,æ öæ ö æ ö æ ö

µ µ µ µ µ µ µç ÷ç ÷ ç ÷ç ÷
    (2.2) 

ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ ʪʨʴʦʭʚʠʤʽʨʥʽʡ ʦʙʣʘʩʪʽ 
3

3 RW Ë , ʷʢʫ ʟʘʡʤʘʻ ʧʣʘʩʪ ʇʉɻ. ʅʘ 3W  

ʟʘʜʘʥʘ ʤʥʦʞʠʥʘ ʪʦʯʦʢ (ʩʚʝʨʜʣʦʚʠʥ) ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 1 2 3{ , , }i i ix x x , 1,...,i n= , ʪʘ 
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ʟʥʘʯʝʥʥʷ ʪʠʩʢʽʚ 
1 2 3 0( , , , )i i ip x x x t  ʚ ʮʠʭ ʪʦʯʢʘʭ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 

0t . ɺ ʨʽʚʥʷʥʥʽ (2.2) 

ʧʦʟʥʘʯʝʥʦ: uk  ï ʧʨʦʥʠʢʥʽʩʪʴ ʧʣʘʩʪʫ ʚ ʥʘʧʨʷʤʽ u , m ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ, 

z ï ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʣʠʚʦʩʪʽ, h ï ʪʦʚʱʠʥʘ ʧʣʘʩʪʫ, m ï ʧʦʨʠʩʪʽʩʪʴ ʧʣʘʩʪʫ, naï 

ʢʦʝʬʽʮʽʻʥʪ ʛʘʟʦʥʘʩʠʯʝʥʦʩʪʽ, q  ï ʛʫʩʪʠʥʘ ʚʽʜʙʦʨʫ, stp  ï ʟʥʘʯʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʪʠʩʢʫ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ (pst = 0,1033 Mʇʘ, Tɸ = 293 K). 

 ʈʽʚʥʷʥʥʷ (2.2) ʻ ʥʝʣʽʥʽʡʥʠʤ ʟʘ ʪʠʩʢʦʤ. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʡʦʛʦ ʨʦʟʚôʷʟʢʫ ʥʘ ʧʨʘʢʪʠʮʽ ʻ ʟʘʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʚ ʨʦʙʦʯʠʭ ʽ ʟʘʤʽʨʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʪʘ ʫʤʦʚʘ ʥʝʧʨʦʥʠʢʥʦʩʪʽ ʥʘ ʛʨʘʥʠʮʽ. ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʘ ʥʝʢʘʥʦʥʽʯʥʽʩʪʴ ʦʙʣʘʩʪʽ 3W, ʘʥʘʣʽʪʠʯʥʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʝ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʣʠʰʝ 

ʚ ʯʘʩʪʢʦʚʠʭ ʚʠʧʘʜʢʘʭ.  

 ʇʣʘʩʪʠ ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱ ʛʘʟʫ, ʷʢ ʽ ʨʦʜʦʚʠʱ, ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʥʝʟʥʘʯʥʫ 

ʪʦʚʱʠʥʫ. ɿʤʽʥʘ ʪʠʩʢʫ ʥʘ ʪʘʢʦʤʫ ʧʝʨʝʧʘʜʽ ʚʠʩʦʪ ʻ ʥʝʟʥʘʯʥʦʶ ʽ ʥʝʶ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ.  

 ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚ ʦʙʣʘʩʪʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʪʦ ʨʽʚʥʷʥʥʷ (2.2) 

ʜʦʮʽʣʴʥʦ ʟʘʧʠʩʘʪʠ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ɺʨʘʭʦʚʫʶʯʠ ʱʦ ʦʙʣʘʩʪʴ ʩʚʝʨ-

ʜʣʦʚʠʥʠ ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʩʽʤ ʩʭʦʚʠʱʝʤ ʻ ʥʝʚʝʣʠʢʦʶ, ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ 

ʨʽʚʥʷʥʥʷ (2.2), ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʘʣʠʤʠ ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ ʥʘ ʜʝʷʢʦʤʫ ʧʨʦʤʽʞʢʫ 

ʯʘʩʫ. ɿʘ ʪʘʢʠʭ ʜʦʧʫʱʝʥʴ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ [23]: 

2

2
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1p p D p

r r r p t

µ µ µ
+ =

µ µ µ
,       (2.3) 

ʜʝ r  ï ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʧʨʦʚʝʜʝʥʠʡ ʟ ʮʝʥʪʨʫ ʩʚʝʨʜʣʦʚʠʥʠ, 
0,p pï ʧʦʯʘʪʢʦʚʝ ʟʥʘ-

ʯʝʥʥʷ ʪʠʩʢʫ ʪʘ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʥʘ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʽ, D  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ. ɿʘ 
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ʄʦʜʝʣʴ ʂʉ ʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ [87]: 

2 2 2

n kp p qq s- = ,            (2.4) 

ʜʝ q ʪʘ s ï ʜʝʷʢʽ ʩʪʘʣʽ. 

ʉʧʘʜ ʪʠʩʢʫ ʥʘ ʤʽʩʮʝʚʠʭ ʦʧʦʨʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

2

,
2

p
u
r xD =        (2.5) 

ʜʝ u ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʛʘʟʫ, x ï ʢʦʝʬʽʮʽʻʥʪ ʤʽʩʮʝʚʦʛʦ ʦʧʦʨʫ, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴ-

ʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

Re
KB

A
x x= + . 

ʊʫʪ A ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʝʞʥʠʡ ʚʽʜ ʚʠʜʫ ʤʽʩʮʝʚʦʛʦ ʦʧʦʨʫ, ʂɺx  ï ʢʦʝʬʽʮʽʻʥʪ ʤʽʩʮʝ-

ʚʦʛʦ ʦʧʦʨʫ ʫ ʢʚʘʜʨʘʪʠʯʥʽʡ ʟʦʥʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ [23]: 

2.50.4ʧʝʨQ Q D
m

² =
D

. 

 ʌʦʨʤʫʣʘ (2.5) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʝʤʧʽʨʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʨʽʟʥʦʛʦ ʨʦʜʫ ʤʽʩʮʝʚʠʭ ʦʧʦʨʽʚ, ʟʦʢʨʝʤʘ, ʧʦʚʦʨʦʪʽʚ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʪʨʽʡ-

ʥʠʢʽʚ, ʧʨʠʩʪʨʦʾʚ ʟʚʫʞʝʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʚʽʜʢʨʠʪʪʷ ʪʘ ʟʘʢʨʠʪʪʷ 

ʢʨʘʥʽʚ ʪʦʱʦ. 

 

2.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʚʦʜʠ ʫ 

ʚʦʜʦʥʦʩʥʦʤʫ ʘhʨʽ 

 ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʰʘʨ ʪʦʚʱʠʥʠ l, 0 < x < l. ɿʥʘʯʝʥʥʷ ʪʠʩʢʽʚ ʥʘ ʛʨʘʥʠʮʷʭ ʨʽʚʥʽ 

1( )tj  ʪʘ 2( )tj . ʇʦʯʘʪʢʦʚʠʡ ʪʠʩʢ ( )f x . ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ 

ʥʘʩʪʫʧʥʦʤʫ [87]:  

ʟʥʘʡʪʠ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ ʜʠʬʫʟʽʾ 

2

2
, (0 ), [0, ],

p p
x l t

tx

µ µ
k = < < Í ¤

µµ
    (2.6) 
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ʟʘ ʢʨʘʡʦʚʠʭ ʪʘ ʧʦʯʘʪʢʦʚʦʾ ʫʤʦʚ 

1(0, ) ( )p t tj= ,   
2( , ) ( )p l t tj= ,   ( ,0) ( )p x f x= .  

ʊʫʪ 
k

m

a
k

m
= , ʜʝ a ï ʦʙôʻʤʥʠʡ ʤʦʜʫʣʴ ʥʘʧʨʫʞʝʥʦʩʪʽ ʚʦʜʠ, k  ï ʧʨʦʥʠʢʥʽʩʪʴ 

ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, m ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ, m ï ʧʦʨʠʩʪʽʩʪʴ ʧʣʘʩʪʫ. 

ʈʦʟʚôʷʟʢʦʤ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ (2.6) ʻ ʬʫʥʢʮʽʷ [87]: 

2 2

2
1 0

2
( , ) exp sin ( )sin

l
n t n x n y

p x t f y dy
l l l l

k p p p¤ èå õ
= - +éæ ö

ç ÷ ê
ä ñ  

2 2

1 22

0

exp ( ) ( 1) ( )

t

nn n y
y y dy

l l

pk k p
j j

øå õ
è ø+ - - ùæ öê ú

ç ÷ ú
ñ . 

ʉʪʦʩʦʚʥʦ ʬʽʣʴʪʨʘʮʽʾ ʚʦʜʠ, ʟʘ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʢʨʘʡʦʚʠʭ ʫʤʦʚ, ʟʥʘʯʝʥʥʷ ʜʨʫʛʦʛʦ 

ʽʥʪʝʛʨʘʣʘ ʚ ʦʩʪʘʥʥʽʡ ʬʦʨʤʫʣʽ, ʚʨʘʭʦʚʫʶʯʠ ʩʪʘʣ ̔ʛʨʘʥʠʯʥ ̔ʫʤʦʚʠ 

1(0, )p t constj= ¹ ,    2( , )p l t constj= ¹ , 

ʟʥʘʭʦʜʠʤʦ ʘʥʘʣʽʪʠʯʥʦ. ʊʦʜʽ ʦʪʨʠʤʫ̒ ʤʦ 

( )
2 2

2 1
1 2 1 2

1

2 ( 1)
( , ) exp sin

n

n

x n t n x
p x t

l n l l

j j k p p
j j j

p

¤

=

å õ- -
= + - + - +æ ö

ç ÷
ä  

2 2

2
1 0

2
exp sin ( )sin

l

n

n t n x n y
f y dy

l l l l

k p p p¤

=

å õ
+ -æ ö

ç ÷
ä ñ . 

ʆʩʢʽʣʴʢʠ  

( )0( )f x g h xr= + , 

ʪʦ 

1 2

0 0

( 1)
( )sin sin

l l nn y n y l
f y dy g y dy g

l l n

p p
r r

p

+-
= =ñ ñ . 

 

 














































































































































































