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ʂʦʣʠ ʧʨʦʾʟʜʠʰ ʧʦʥʘʜ ʇʩʣʦʤ, ʣʫʢʘʤʠ, ʱʦ ʧʨʦʪʷʛʥʫʣʠʩʴ ʤʽʞ ʩʝʣʘʤʠ ʍʦʨʽʰʢʠ, 

ʇʘʰʝʥʥʘ ʪʘ ʇʨʠʣʽʧʢʘ,  ʤʠʤʦʚʦʣʽ ʩʧʘʜʘʻ ʜʫʤʢʘ, ʱʦ ʥʽʷʢʽ ʟʘʤʦʨʩʴʢʽ ʯʫʜʝʩʘ ʽ ʢʨʘʩʦʪʠ  ʥʝ 

ʟʨʽʚʥʷʶʪʴʩʷ ʽʟ ʪʘʢʦʶ ʣʘʛʽʜʥʦʶ, ʩʢʨʦʤʥʦʶ, ʘʣʝ ʥʝʚʠʤʦʚʥʦ ʧʨʝʢʨʘʩʥʦʶ ʧʨʠʨʦʜʦʶ ʮʴʦʛʦ 

ʢʫʪʦʯʢʘ ʇʦʣʪʘʚʱʠʥʠ. ʊʦʞ ʥʝ ʜʠʚʥʦ, ʱʦ ʟʜʘʚʥʘ ʮʷ ʟʝʤʣʷ ʙʫʣʘ ʱʝʜʨʘ ʥʝ ʪʽʣʴʢʠ ʭʣʽʙʦʤ, ʘʣʝ ʡ 

ʪʘʣʘʥʪʘʤʠ. ʊʫʪ ʥʘʨʦʜʞʫʚʘʣʠʩʴ ʧʦʝʪʠ ʽ ʧʠʩʴʤʝʥʥʠʢʠ, ʭʫʜʦʞʥʠʢʠ ʪʘ  ʚʯʝʥʽ, ʷʢʽ ʚʥʝʩʣʠ 

ʚʝʣʠʯʝʟʥʠʡ ʚʢʣʘʜ ʫ ʩʢʘʨʙʥʠʮʶ ʢʫʣʴʪʫʨʠ ʣʶʜʩʪʚʘ.  ʏʽʣʴʥʝ ʤʽʩʮʝ ʚ ʮʽʡ ʩʣʘʚʥʽʡ ʢʦʛʦʨʪʽ ʥʘʰʠʭ 

ʟʝʤʣʷʢʽʚ ʥʘʣʝʞʠʪʴ ʚʠʜʘʪʥʦʤʫ ʤʘʪʝʤʘʪʠʢʫ, ʟʽ ʩʚʽʪʦʚʠʤ ʽʤʝʥʝʤ ï ʄʠʭʘʡʣʫ ɺʘʩʠʣʴʦʚʠʯʫ 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʤʫ, ʷʢʠʡ ʟʘʚʜʷʢʠ ʛʦʩʪʨʦʪʽ ʪʘ ʩʤʽʣʠʚʦʩʪʽ ʩʚʦʛʦ ʨʦʟʫʤʫ, ʛʣʠʙʠʥʽ ʘʥʘʣʽʪʠʯʥʠʭ 

ʟʜʽʙʥʦʩʪʝʡ ʪʘ ʰʠʨʦʢʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʦʩʚʽʪʽ ʟʘʣʠʰʠʚ ʥʘʤ ʫ ʩʧʘʜʦʢ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʰʦʨʷʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʷʢʽ ʥʝʧʽʜʚʣʘʜʥʽ ʯʘʩʫ.  

ʅʘʨʦʜʠʚʩʷ ʄʠʭʘʡʣʦ ɺʘʩʠʣʴʦʚʠʯ 24 (12) ʚʝʨʝʩʥʷ 1801 ʨ. ʫ ʩʝʣʽ ʇʘʰʝʥʥʘ ʂʦʙʝʣʷʮʴʢʦʛʦ 

ʧʦʚʽʪʫ ʇʦʣʪʘʚʩʴʢʦʾ ʛʫʙʝʨʥʽʾ. ʈʦʜʠʥʘ ʆʩʪʨʦʛʨʘʜʩʴʢʠʭ ʧʦʭʦʜʠʪʴ ʽʟ ʢʦʟʘʮʴʢʦʾ ʩʪʘʨʰʠʥʠ. ɹʘʪʴʢʦ 

ï ɺʘʩʠʣʴ ɯʚʘʥʦʚʠʯ ï ʙʫʚ ʧʦʤʽʱʠʢʦʤ ʩʝʨʝʜʥʴʦʛʦ ʜʦʩʪʘʪʢʫ,  ʤʘʪʠ ï ɯʨʠʥʘ ɸʥʜʨʽʾʚʥʘ 

ʋʩʪʠʤʦʚʠʯ, ʽʟ ʨʦʜʠʥʠ ʯʠʥʦʚʥʠʢʘ, ʙʫʣʘ ʣʘʛʽʜʥʦʶ ʪʘ ʜʙʘʡʣʠʚʦʶ ʛʦʩʧʦʜʠʥʝʶ. ʄʠʭʘʡʣʦ ʙʫʚ 

ʯʝʪʚʝʨʪʦʶ ʜʠʪʠʥʦʶ, ʤʘʚ ʩʪʘʨʰʦʛʦ ʙʨʘʪʘ ʁʦʩʠʧʘ, ʩʝʩʪʝʨ ʆʣʝʥʫ ʡ ʄʘʨʽʶ ʪʘ ʤʦʣʦʜʰʦʛʦ ʙʨʘʪʘ 

ɸʥʜʨʽʷ. ʋ ʜʦʩʠʪʴ ʧʘʪʨʽʘʨʭʘʣʴʥʽʡ ʩʽʤôʾ ʆʩʪʨʦʛʨʘʜʩʴʢʠʭ ʟʙʝʨʽʛʘʣʠʩʷ ʟʚʠʯʘʾ ʙʘʪʴʢʽʚ ʽ ʨʦʟʤʦʚʠ 

ʚʝʣʠʩʴ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ. ʄʠʭʘʡʣʦ ʥʘ ʚʩʝ ʞʠʪʪʷ ʟʙʝʨʽʛ ʫ ʩʦʙʽ ʧʨʠʷʟʥʴ ʪʘ ʣʶʙʦʚ ʜʦ ʩʚʦʻʾ 

ʜʦʤʽʚʢʠ, ʜʦ ʨʽʜʥʦʛʦ ʢʨʘʶ. ɿʘ ʩʚʽʜʯʝʥʥʷʤ ʙʽʦʛʨʘʬʘ, ʞʚʘʚʠʡ ʄʠʰʢʦ ʱʝ ʚ ʨʘʥʥʴʦʤʫ ʜʠʪʠʥʩʪʚʽ 

ʚʠʷʚʣʷʚ ʨʽʜʢʽʩʥʫ ʩʧʦʩʪʝʨʝʞʣʠʚʽʩʪʴ ʽ ʧʨʠʨʦʜʥʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʚʠʤʽʨʫ ʷʢʦʾʩʴ ʨʝʯʽ ʘʙʦ ʽʛʨʘʰʢʠ.  

ʇʦʯʘʪʢʦʚʫ ʦʩʚʽʪʫ ʤʦʣʦʜʠʡ ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʦʪʨʠʤʘʚ ʫ ʇʦʣʪʘʚʩʴʢʽʡ ʛʽʤʥʘʟʽʾ. ʊʫʪ 

ʄʠʭʘʡʣʦ ʥʝ ʚʽʜʟʥʘʯʘʚʩʷ ʦʩʦʙʣʠʚʦʶ ʩʪʘʨʘʥʥʽʩʪʶ, ʭʦʯ ʙʫʚ ʧʦʤʽʯʝʥʠʡ ʷʢ ʞʚʘʚʠʡ ʪʘ ʟʜʽʙʥʠʡ 

ʭʣʦʧʯʠʢ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʙʘʪʴʢʦ ʟʘʙʨʘʚ ʄʠʭʘʡʣʘ ʟ 3-ʛʦ ʢʣʘʩʫ ʛʽʤʥʘʟʽʾ (ʚʩʴʦʛʦ ʙʫʣʦ 4). 

ʄʦʣʦʜʠʡ ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʤʨʽʷʚ ʧʨʦ ʚʽʡʩʴʢʦʚʫ ʩʣʫʞʙʫ. ɸʜʞʝ ʥʘ ʪʦʡ ʯʘʩ ʜʣʷ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʫʩʽʭ ʜʚʦʨʷʥʩʴʢʠʭ ʨʦʜʽʚ ʩʘʤʦʶ ʙʘʞʘʥʦʶ ʽ ʧʦʯʝʩʥʦʶ ʙʫʣʘ ʢʘʨôʻʨʘ ʚʽʡʩʴʢʦʚʦʛʦ. ɸʣʝ ʙʘʪʴʢʦ, 

ʧʽʩʣʷ ʧʝʚʥʠʭ ʨʦʟʜʫʤʽʚ ʽ ʚʘʛʘʥʴ, ʟʘ ʧʦʨʘʜʦʶ ʜʷʜʴʢʘ ʧʦ ʤʘʪʝʨʽ ʇ. ɸ. ʋʩʪʠʤʦʚʠʯʘ, ʚʠʨʽʰʠʚ 

ʥʘʧʨʘʚʠʪʠ ʄʠʭʘʡʣʘ ʜʦ ʍʘʨʢʦʚʘ ʜʣʷ ʚʩʪʫʧʫ ʜʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʄʠʭʘʡʣʦ ʫʤʦʚʣʷʚ ʙʘʪʴʢʘ ʚʽʜʜʘʪʠ 

ʡʦʛʦ ʭʦʯʘ ʙ ʫ ʧʽʭʦʪʥʠʡ ʧʦʣʢ ʜʦ ʂʨʝʤʝʥʯʫʢʘ, ʘʣʝ ʪʦʡ ʚʠʷʚʠʚʩʷ ʥʝʧʦʭʠʪʥʠʤ.  

ʋ ʧʝʨʰʽ ʜʚʘ ʨʦʢʠ ʄʠʭʘʡʣʦ, ʭʦʯʘ ʽ ʥʘʤʘʛʘʚʩʷ ʚʯʠʪʠʩʴ ʩʪʘʨʘʥʥʦ, ʘʣʝ ʦʩʦʙʣʠʚʦʛʦ ʭʠʩʪʫ 

ʥʝ ʧʦʢʘʟʘʚ, ʚʩʝ ʱʝ ʤʨʽʷʚ ʧʨʦ ʚʽʡʩʴʢʦʚʫ ʩʣʫʞʙʫ. ɯ ʪʫʪ ʪʝʞ, ʷʢ  ʢʘʞʫʪʴ, ʚʪʨʫʪʠʣʘʩʷ ʜʦʣʷ.  ʅʘ 

ʧʦʯʘʪʢʫ 1818 ʨ. ʚʽʥ ʧʝʨʝʾʭʘʚ ʥʘ ʢʚʘʨʪʠʨʫ ʚʠʢʣʘʜʘʯʘ ʤʘʪʝʤʘʪʠʢʠ ʫʥʽʚʝʨʩʠʪʝʪʫ ɸʥʜʨʽʷ 

ʌʝʜʦʨʦʚʠʯʘ ʇʘʚʣʦʚʩʴʢʦʛʦ, ʷʢʠʡ ʩʪʘʚ ʜʣʷ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʽʩʪʠʥʥʠʤ ʫʯʠʪʝʣʝʤ ʟ ʚʝʣʠʢʦʾ 

ʣʽʪʝʨʠ,  ʣʶʜʠʥʦʶ, ʱʦ ʜʘʣʘ ʡʦʤʫ ʧʫʪʽʚʢʫ ʚ ʞʠʪʪʷ. ʇʘʚʣʦʚʩʴʢʠʡ ʧʝʨʰʠʤ ʟʚʝʨʥʫʚ ʫʚʘʛʫ ʥʘ 

ʥʝʟʚʠʯʘʡʥʽ ʟʜʽʙʥʦʩʪʽ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʽ ʜʦʚʽʚ ʡʦʤʫ ʚʩʶ ʥʝʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʡʦʛʦ ʶʥʘʮʴʢʠʭ 

ʟʘʭʦʧʣʝʥʴ ʪʘ ʧʨʦʙʫʜʠʚ ʫ ʥʴʦʛʦ ʮʽʢʘʚʽʩʪʴ ʜʦ ʥʘʫʢʠ ʡ ʟʘʭʦʧʣʝʥʥʷ ʤʘʪʝʤʘʪʠʢʦʶ. ʉʣʽʜʫʶʯʠ 

ʜʦʙʨʽʡ ʧʦʨʘʜʽ ʩʚʦʛʦ ʫʯʠʪʝʣʷ, ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʝʥʝʨʛʽʡʥʦ ʚʟʷʚʩʷ ʟʘ ʟʘʥʷʪʪʷ ʽ ʫʞʝ ʯʝʨʝʟ 2ï3 

ʤʽʩʷʮʽ ʟʜʠʚʫʚʘʚ ʇʘʚʣʦʚʩʴʢʦʛʦ ʩʚʦʾʤʠ ʫʩʧʽʭʘʤʠ. ʇʦʪʽʤ ʇʘʚʣʦʚʩʴʢʠʡ ʟʛʘʜʫʚʘʚ, ʱʦ ʚʽʥ ʦʜʨʘʟʫ 

ʟʨʦʟʫʤʽʚ, ʷʢʘ ʚʝʣʠʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʙʫʣʘ ʤʽʞ ʥʠʤ ʽ ʆʩʪʨʦʛʨʘʜʩʴʢʠʤ. ɺʽʥ ʤʦʞʝ ʟʘʚʜʷʢʠ ʚʝʣʠʢʽʡ 

ʧʨʘʮʽ ʪʽʣʴʢʠ ʜʦʙʨʝ ʟʘʩʚʦʾʪʠ ʫʞʝ ʚʽʜʦʤʠʡ ʤʘʪʝʨʽʘʣ ʽ ʧʝʨʝʜʘʚʘʪʠ ʡʦʛʦ ʽʥʰʠʤ, ʘ ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ 

ʤʘʚ ʭʠʩʪ ʜʦ ʪʦʛʦ, ʱʦʙ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʝ.  

ʇʘʚʣʦʚʩʴʢʠʡ ʫʚʽʚ ʄʠʭʘʡʣʘ ʫ ʢʦʣʦ ʫʯʥʽʚ ʽ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʦʜʽʰʥʴʦʛʦ ʨʝʢʪʦʨʘ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʊ. ʌ. ʆʩʠʧʦʚʩʴʢʦʛʦ, ʷʢʠʡ ʟʘ ʬʘʭʦʤ ʪʝʞ ʙʫʚ ʤʘʪʝʤʘʪʠʢʦʤ, ʜʫʞʝ ʧʦʨʷʜʥʦʶ, 

ʚʽʜʜʘʥʦʶ ʩʚʦʾʡ ʩʧʨʘʚʽ ʣʶʜʠʥʦʶ. ɿʘʭʦʧʣʝʥʥʷ ʥʘʚʯʘʥʥʷʤ ʜʘʣʦ ʩʢʦʨʦ ʧʦʟʠʪʠʚʥʽ ʥʘʩʣʽʜʢʠ. ʋ 

1820 ʨ., ʄ.ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʙʣʠʩʢʫʯʝ ʩʢʣʘʚ ʽʩʧʠʪʠ ʥʘ ʟʚʘʥʥʷ ʤʘʛʽʩʪʨʘ ʽ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʨʝʢʪʦʨʦʤ ʊ. ʌ. ʆʩʠʧʦʚʩʴʢʠʤ ʜʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ.  ɸʣʝ ʦʪʨʠʤʘʪʠ ʮʝʡ ʜʠʧʣʦʤ ʡʦʤʫ ʥʝ 

ʩʫʜʠʣʦʩʷ. ʋ ʮʝʡ ʯʘʩ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʥʘʩʪʫʧ ʨʝʘʢʮʽʡʥʠʭ ʩʠʣ ʚ ʫʩʽʭ ʩʬʝʨʘʭ ʩʫʩʧʽʣʴʥʦʛʦ ʞʠʪʪʷ 
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ʽ, ʟʦʢʨʝʤʘ, ʚ ʦʩʚʽʪʽ. ɺ ʍʘʨʢʽʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʙʫʣʦ ʟʤʽʱʝʥʦ ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʚʠʢʣʘʜʘʯʘ, 

ʚʠʜʘʪʥʦʛʦ ʧʝʜʘʛʦʛʘ ʊ. ʌ. ʆʩʠʧʦʚʩʴʢʦʛʦ. ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ, ʷʢ ʙʣʠʟʴʢʘ ʜʦ ʢʦʣʠʰʥʴʦʛʦ ʨʝʢʪʦʨʘ 

ʣʶʜʠʥʘ, ʧʦʪʨʘʧʠʚ ʫ ʧʨʠʥʠʟʣʠʚʫ ʜʣʷ ʥʴʦʛʦ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʚʽʥ ʙʫʚ ʧʨʠʤʫʰʝʥʠʡ ʢʽʣʴʢʘ ʨʘʟ 

ʩʢʣʘʜʘʪʠ ʫʩʽ ʽʩʧʠʪʠ.  ʄʠʭʘʡʣʦ ʚʽʜʤʦʚʣʷʻʪʴʩʷ ʚʽʜ ʜʠʧʣʦʤʘ ʍʘʨʢʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ ʫ 

ʪʨʘʚʥʽ 1822 ʨ. ʚʠʨʫʰʠʚ ʜʦ ʇʘʨʠʞʘ, ʱʦʙ ʧʨʦʜʦʚʞʠʪʠ ʧʦʜʘʣʴʰʝ ʥʘʚʯʘʥʥʷ.   

ʋ ʇʘʨʠʞʽ ʄʠʭʘʡʣʦ ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ, ʧʦʧʨʠ ʤʘʪʝʨʽʘʣʴʥʽ ʪʨʫʜʥʦʱʽ, ʥʘʧʦʣʝʛʣʠʚʦ 

ʧʨʘʮʶʻ. ɺʽʥ ʚʽʜʚʽʜʫʻ ʣʝʢʮʽʾ ʥʘ ʬʘʢʫʣʴʪʝʪʽ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ ʇʘʨʠʟʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʚ 

ʇʦʣʽʪʝʭʥʽʯʥʽʡ ʰʢʦʣʽ ʪʘ ʫ ʌʨʘʥʮʫʟʴʢʦʤʫ ʢʦʣʝʜʞʽ, ʜʝ ʚʠʢʣʘʜʘʣʠ ʚʽʜʦʤʽ ʚʯʝʥʽ ʪʦʛʦ ʯʘʩʫ. ʊʨʦʭʠ 

ʧʽʟʥʽʰʝ ʄʠʭʘʡʣʦ ʟʫʩʪʨʽʚʩʷ ʟ ʧʦʩʣʘʥʮʝʤ ʽʟ ʈʦʩʽʾ, ʟʜʽʙʥʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ɺ. ʗ. ɹʫʥʷʢʦʚʩʴʢʠʤ. 

ɺʽʜʪʦʜʽ ʫ ʥʠʭ ʩʢʣʘʣʠʩʷ ʜʨʫʞʥʽ ʚʽʜʥʦʩʠʥʠ. ʂʨʽʤ ʩʣʫʭʘʥʥʷ ʣʝʢʮʽʡ ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʩʪʘʚ 

ʚʽʜʚʽʜʫʚʘʪʠ ʟʘʩʽʜʘʥʥʷ ʇʘʨʠʟʴʢʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ. ʋ ʚʽʜʜʽʣʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ ʚʽʥ 

ʩʧʽʣʢʫʚʘʚʩʷ ʟ ʃʘʧʣʘʩʦʤ, ʃʝʞʘʥʜʨʦʤ, ʇʫʘʩʩʦʥʦʤ, ʂʦʰʽ, ɸʤʧʝʨʦʤ, ʟ ʤʝʭʘʥʽʢʘʤʠ ʅʘʚôʻ, ʇʨʦʥʽ, 

ʬʽʟʠʢʘʤʠ ɸʨʘʛʦ, ʌʨʝʥʝʣʝʤ, ɻʝʡ-ʃʁ ʩʩʘʢʦʤ ʪʘ ʽʥʰʠʤʠ ʚʠʜʘʪʥʠʤʠ ʫʯʝʥʠʤʠ ʪʦʛʦ ʯʘʩʫ. 

ʋ ʣʠʩʪʦʧʘʜʽ 1826 ʨ. ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʧʨʝʜʩʪʘʚʠʚ ʜʦ ʇʘʨʠʟʴʢʦʾ ʘʢʘʜʝʤʽʾ ʩʚʦʶ ʧʝʨʰʫ 

ʥʘʫʢʦʚʫ ʨʦʙʦʪʫ çʄʝʤʫʘʨʠ ʧʨʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʠʣʴ ʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʙʘʩʝʡʥʽè. ɺʦʥʘ ʙʫʣʘ  

ʩʭʚʘʣʴʥʦ ʦʮʽʥʝʥʘ ʂʦʰʽ ʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʦ ʜʨʫʢʫ ʽ ʟôʷʚʠʣʘʩʷ ʚ çʇʨʘʮʷʭè ʇʘʨʠʟʴʢʦʾ ʘʢʘʜʝʤʽʾ 

ʚ 1832 ʨ. ʇʨʦ ʥʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʨʦʙʦʪʠ ʩʚʽʜʯʠʪʴ ʪʦʡ ʬʘʢʪ, ʱʦ ʱʝ ʫ 1816 ʨʦʮʽ ʇʘʨʠʟʴʢʘ 

ɸʢʘʜʝʤʽʷ  ʦʙôʷʚʠʣʘ ʩʧʝʮʽʘʣʴʥʠʡ ʢʦʥʢʫʨʩ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʾ ʟʘʜʘʯʽ. ʋ 1824-1827 ʨʦʢʘʭ 

ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʧʨʝʜʩʪʘʚʠʚ ʱʝ ʢʽʣʴʢʘ ʥʘʫʢʦʚʠʭ ʪʨʘʢʪʘʪʽʚ. ʎʽ ʨʦʙʦʪʠ ʟʤʽʮʥʠʣʠ ʡʦʛʦ 

ʨʝʧʫʪʘʮʽʶ ʷʢ  ʫʯʝʥʦʛʦ ʽ ʧʦʚʘʛʫ ʜʦ ʥʴʦʛʦ ʙʘʛʘʪʴʦʭ ʬʨʘʥʮʫʟʴʢʠʭ ʤʘʪʝʤʘʪʠʢʽʚ.  

ʅʘ ʧʦʯʘʪʢʫ 1828 ʨ. ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʟʘʣʠʰʠʚ ʇʘʨʠʞ ʪʘ ʚʽʜʧʨʘʚʠʚʩʷ ʫ ʈʦʩʽʶ. ʇʦ 

ʧʨʠʙʫʪʪʽ ʜʦ ʉ.ʇʝʪʝʨʙʫʨʛʘ ʄ.ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʥʝʛʘʡʥʦ ʙʫʚ ʚʟʷʪʠʡ ʥʘ ʜʝʷʢʠʡ ʯʘʩ ʧʽʜ ʩʝʢʨʝʪʥʠʡ 

ʥʘʛʣʷʜ ʧʦʣʽʮʽʾ, ʭʦʯ ʩʘʤ ʚʽʥ ʮʴʦʛʦ, ʤʦʞʣʠʚʦ, ʽ ʥʝ ʟʥʘʚ ʜʦ ʢʽʥʮʷ ʞʠʪʪʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʧʝʨʝʜ 

ʚʽʜôʾʟʜʦʤ ʜʦ ʨʦʜʠʥʠ ʥʘ ʋʢʨʘʾʥʫ, ʄʠʭʘʡʣʦ ɺʘʩʠʣʴʦʚʠʯ ʧʦʜʘʚ ʜʦ ʇʝʪʝʨʙʫʨʟʴʢʦʾ ʘʢʘʜʝʤʽʾ 

ʨʦʙʦʪʫ çɿʘʤʽʪʢʘ ʧʨʦ ʦʜʠʥ ʽʥʪʝʛʨʘʣ, ʱʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʩʬʝʨʦʾʜʽʚè, ʚʦʩʝʥʠ 

ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʧʨʝʜʩʪʘʚʠʚ ʱʝ ʜʚʽ ʨʦʙʦʪʠ ʟ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʯʠʩʣʝʥʥʷ. ʎʽ ʨʦʙʦʪʠ ʙʫʣʠ 

ʥʘʩʪʽʣʴʢʠ ʩʭʚʘʣʴʥʦ ʩʧʨʠʡʥʷʪʽ ʨʦʩʽʡʩʴʢʠʤʠ ʘʢʘʜʝʤʽʢʘʤʠ, ʱʦ ʘʢʘʜʝʤʽʢʠ ʂʦʣʣʽʥʩ, ʌʫʩ ʪʘ 

ɺʠʰʥʝʚʩʴʢʠʡ ʫ ʛʨʫʜʥʽ 1828ʨ. ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʦʙʨʘʪʠ ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʥʘ ʚʘʢʘʥʪʥʫ 

ʧʦʩʘʜʫ ʘʜôʶʥʢʪʘ ɸʢʘʜʝʤʽʾ ʟ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. 

ʊʨʠʜʮʷʪʴ ʪʨʠ ʨʦʢʠ, ʧʦʥʘʜ ʧʦʣʦʚʠʥʫ ʞʠʪʪʷ ï ʟ ʤʦʤʝʥʪʫ ʧʦʚʝʨʥʝʥʥʷ ʟ ʇʘʨʠʞʫ ʡ ʜʦ 

ʦʩʪʘʥʥʽʭ ʜʥʽʚ ʩʚʦʛʦ ʞʠʪʪʷ ï ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʙʫʚ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʇʝʪʝʨʙʫʨʟʴʢʦʶ ɸʢʘʜʝʤʽʻʶ 

ʥʘʫʢ. ʉʧʦʯʘʪʢʫ ʚ ʷʢʦʩʪʽ ʘʜôʶʥʢʪʘ, ʧʽʩʣʷ ʮʴʦʛʦ ʝʢʩʪʨʘʦʨʜʠʥʘʨʥʦʛʦ ʪʘ, ʥʘʨʝʰʪʽ, ʦʨʜʠʥʘʨʥʦʛʦ 

ʧʨʦʬʝʩʦʨʘ, ʘʢʘʜʝʤʽʢʘ. ʃʝʚʦʚʫ ʯʘʩʪʢʫ ʩʚʦʾʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʥʘʜʨʫʢʫʚʘʚ ʫ 

ʧʨʘʮʷʭ ɸʢʘʜʝʤʽʾ. ɸʣʝ ʙʘʛʘʪʦ ʨʦʙʽʪ ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʟʘʙʫʣʦʩʷ, ʘʙʦ ʚʟʘʛʘʣʽ ʙʫʣʦ ʟʘʛʫʙʣʝʥʦ. ʊʘʢ, 

ʡʦʛʦ ʫʯʝʥʴ ʉʘʙʽʥʽʥ ʫ ʩʚʦʾʭ ʩʧʦʛʘʜʘʭ 1883 ʪʘ 1901 ʨʦʢʘʭ ʥʘʚʦʜʠʪʴ ʩʧʠʩʦʢ ʽʟ 48 ʨʦʙʽʪ. ʋ 

ʨʘʜʷʥʩʴʢʽ ʯʘʩʠ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʱʝ ʙʘʛʘʪʦ ʥʝʚʽʜʦʤʠʭ ʽ ʥʘ ʮʝʡ ʯʘʩ ʚʚʘʞʘʶʪʴ, ʱʦ ʪʘʢʠʭ ʨʦʙʽʪ 

ʙʣʠʟʴʢʦ ʩʦʪʥʽ.  ʋʩʽ ʜʦʩʣʽʜʥʠʢʠ ʨʦʟʜʽʣʷʶʪʴ ʟʜʦʙʫʪʢʠ ʥʘ ʪʘʢʽ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʬʽʟʠʢʠ, ʤʝʭʘʥʽʢʠ ʪʘ ʯʠʩʪʦʛʦ ʘʥʘʣʽʟʫ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʬʽʟʠʢʘ ï ʮʝ ʛʘʣʫʟʴ, ʫ ʷʢʽʡ ʨʦʟʧʦʯʘʣʘʩʴ ʥʘʫʢʦʚʘ ʜʽʷʣʴʥʽʩʪʴ 

ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ.  ɺʞʝ ʧʝʨʰʘ ʨʦʙʦʪʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ çʇʨʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʠʣʴ ʫ 

ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʙʘʩʝʡʥʽè, ʙʫʣʘ ʧʨʠʩʚʷʯʝʥʘ ʧʨʦʙʣʝʤʽ, ʱʦ ʞʠʚʦ ʮʽʢʘʚʠʣʘ ʫ ʪʦʡ ʯʘʩ  

ʬʨʘʥʮʫʟʴʢʠʭ ʤʘʪʝʤʘʪʠʢʽʚ: ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ  ʭʚʠʣʴ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ. ʅʘʡʩʫʪʪʻʚʽʰʝ ʫ 

ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʫ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʪʝ, ʱʦ ʚʽʥ ʫʧʝʨʰʝ ʜʦʩʣʽʜʠʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʠʣʴ ʥʘ 

ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʦʙʤʝʞʝʥʦʤʫ ʩʦʩʫʜʽ ʽ ʤʘʻ ʚʠʟʥʘʯʝʥʫ ʛʣʠʙʠʥʫ.  ɼʦ ʮʴʦʛʦ 

ʨʦʟʛʣʷʜʘʣʠʩʷ (ʃʘʧʣʘʩ, ʃʘʛʨʘʥʞ) ʣʠʰʝ ʥʝʦʙʤʝʞʝʥʽ ʚʠʧʘʜʢʠ ʟ ʤʘʣʦʶ ʛʣʠʙʠʥʦʶ. ʄʠʭʘʡʣʦ 

ɺʘʩʠʣʴʦʚʠʯ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ ʜʘʻ ʦʨʠʛʽʥʘʣʴʥʠʡ ʚʠʚʽʜ ʪʝʦʨʽʾ ʭʚʠʣʴ ʤʘʣʦʾ ʘʤʧʣʽʪʫʜʠ, ʧʦʪʽʤ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʦʜʽʣʫ ʟʤʽʥʥʠʭ ʪʘ ʨʦʟʢʣʘʜʝʥʥʷ ʫ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʡ ʨʷʜ ʧʦʪʝʥʮʽʘʣʫ 

ʰʚʠʜʢʦʩʪʽ ʟʚʦʜʠʪʴ ʟʘʜʘʯʫ ʜʦ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʟʛʦʜʦʤ ʦʪʨʠʤʘʣʦ ʥʘʟʚʫ ʨʽʚʥʷʥʥʷ ɹʝʩʩʝʣʷ. ʊʨʦʭʠ 

ʧʽʟʥʽʰʝ, ʚʞʝ ʚ ʇʝʪʝʨʙʫʨʟʽ, ʚʽʥ ʟʨʦʙʠʚ ʜʦʧʦʚʽʜʴ ʱʦʜʦ ʧʨʦʜʦʚʞʝʥʥʷ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʠʣʴ ʚ ʙʘʩʝʡʥʽ, ʱʦ ʤʘʻ ʬʦʨʤʫ ʢʨʫʛʦʚʦʛʦ ʩʝʢʪʦʨʘ  

ɿʘʛʘʣʦʤ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ 15 ʨʦʙʽʪ ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ. 

ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʾʭ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʟʘʜʘʯ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʧʣʘ, ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʽ 
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ʛʽʜʨʦʜʠʥʘʤʽʢʠ. ʅʘʡʙʽʣʴʰʝ ʥʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʡʦʛʦ ʨʦʙʦʪʠ ʟ ʪʝʦʨʽʾ ʪʝʧʣʦʪʠ. ʎʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʢʨʽʤ ʪʦʛʦ, ʱʦ ʤʽʩʪʷʪʴ ʥʘʡʚʘʞʣʠʚʽʰʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʜʦ ʪʝʦʨʽʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʧʣʘ, ʤʘʶʪʴ ʚʝʣʠʯʝʟʥʝ ʟʘʛʘʣʴʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʚ ʥʠʭ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʘʢʣʘʜʝʥʽ ʦʩʥʦʚʠ ʜʣʷ ʨʷʜʫ ʚʘʞʣʠʚʠʭ ʪʝʦʨʽʡ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʚ ʥʘʰ 

ʯʘʩ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʫ ʥʠʭ ʜʦʚʝʜʝʥʽ ʪʝʦʨʝʤʠ, ʱʦ ʻ ʦʜʥʠʤʠ ʽʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ  ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ.  

ɹʣʠʟʴʢʦ ʜʚʘʜʮʷʪʠ  ʨʦʙʽʪ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʠʤ ʚ  ʦʙʣʘʩʪʽ ʤʝʭʘʥʽʢʠ. 

ʉʝʨʝʜ ʥʠʭ ï ʜʚʘ ʚʝʣʠʢʠʭ ʢʫʨʩʠ: çʂʫʨʩ ʥʝʙʝʩʥʦʾ ʤʝʭʘʥʽʢʠè  ʪʘ çʃʝʢʮʽʾ ʟ ʘʥʘʣʽʪʠʯʥʦʾ 

ʤʝʭʘʥʽʢʠè.  ɺʦʥʠ ʙʫʣʠ ʦʨʠʛʽʥʘʣʴʥʦ ʧʦʙʫʜʦʚʘʥʽ ʽ ʩʪʘʥʦʚʣʷʪʴ ʟʥʘʯʥʠʡ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʽ ʚ 

ʥʘʰʽ ʜʥʽ. ʇʨʦ ʨʦʙʦʪʠ ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʫ ʛʘʣʫʟʽ ʘʥʘʣʽʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʄ. ɭ. ɾʫʢʦʚʩʴʢʠʡ 

ʚʽʜʟʥʘʯʘʚ, ʱʦ çʫ ʚʩʽʭ ʡʦʛʦ ʧʨʘʮʷʭ ʛʦʣʦʚʥʘ ʫʚʘʛʘ ʢʦʥʮʝʥʪʨʫʚʘʣʘʩʷ ʥʝ ʥʘ ʨʦʟʚôʷʟʢʫ ʦʢʨʝʤʠʭ 

ʟʘʜʘʯ, ʘ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʛʘʣʴʥʠʭ ʪʝʦʨʽʡè. ɿ ʦʩʦʙʣʠʚʦʶ ʣʶʙʦʚôʶ ʚʽʥ ʟʘʡʤʘʚʩʷ 

ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʤʝʪʦʜʫ ʃʘʛʨʘʥʞʘ ʧʨʦ ʤʦʞʣʠʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʪʝʦʨʝʤ 

ʜʠʥʘʤʽʢʠ ʥʘ ʩʘʤʠʭ ʟʘʛʘʣʴʥʠʭ ʦʩʥʦʚʘʭ.  

ʋ 1839 ʨʦʮʽ ʧʦʯʘʚʩʷ ʥʦʚʠʡ ʝʪʘʧ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ. ʎʘʨʩʴʢʠʡ 

ʫʨʷʜ ʟʨʦʙʠʚ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʙʘʣʽʩʪʠʢʠ. ʂʽʣʴʢʘ ʧʨʘʮʴ ʫʯʝʥʦʛʦ 

ʧʨʠʩʚʷʯʝʥʽ ʟʘʜʘʯʘʤ ʧʦ ʟʦʚʥʽʰʥʽʡ ʙʘʣʽʩʪʠʮʽ ʧʨʦ ʨʫʭ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʥʘʨʷʜʘ ʷʢ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ï 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ. ɺʩʣʽʜ ʟʘ ʇʫʘʩʩʦʥʦʤ ʄʠʭʘʡʣʦ ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʩʢʘʟʘʚ ʪʫʪ ʩʚʦʻ 

ʥʦʚʝ ʩʣʦʚʦ. 

ʄɸʊɽʄɸʊʀʏʅʀʁ ɸʅɸʃɯɿ. ʋ ʩʪʘʪʪʽ çʅʦʪʘʪʢʘ ʱʦʜʦ ʪʝʦʨʽʾ ʪʝʧʣʦʪʠè,  1828 ʨ. ʙʫʣʘ 

ʚʠʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʱʦ ʫʚʽʡʰʣʘ ʫ ʩʢʘʨʙʥʠʮʶ ʣʶʜʩʴʢʦʾ ʜʫʤʢʠ ʽ ʟʘʨʘʟ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʫʩʽʭ 

ʧʽʜʨʫʯʥʠʢʘʭ ʟ  ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʧʽʜ ʥʘʟʚʦʶ ʬʦʨʤʫʣʠ 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ-ɻʘʫʩʩʘ. ʎʷ ʬʦʨʤʫʣʘ, ʱʦ ʧʦʚ'ʷʟʫʻ ʽʥʪʝʛʨʘʣ, ʫʟʷʪʠʡ ʧʦ ʦʙ'ʻʤʫ, ʽʟ ʧʦʚʝʨʭʥʝʚʠʤ 

ʽʥʪʝʛʨʘʣʦʤ ʧʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʤʝʞʫʻ ʮʝʡ ʦʙ'ʻʤ, ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʆʩʪʨʦʛʨʘʜʩʴʢʠʤ ʜʦ 

ʨʦʟʚ'ʷʟʘʥʥʷ  ʜʝʷʢʠʭ ʟʘʜʘʯ  ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ  ʪʝʧʣʘ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ. ɺʦʥʘ ʙʫʣʘ ʫʟʘʛʘʣʴʥʝʥʘ 

ʆʩʪʨʦʛʨʘʜʩʴʢʠʤ ʥʘ ʚʠʧʘʜʦʢ n-ʢʨʘʪʥʦʛʦ ʽʥʪʝʛʨʘʣʫ ʚ ʨʦʙʦʪʽ 1834 ʨ. çʄʝʤʫʘʨʠ ʧʨʦ ʦʙʯʠʩʣʝʥʥʷ  

ʚʘʨʽʘʮʽʾ ʢʨʘʪʥʠʭ ʽʥʪʝʛʨʘʣʽʚè.  ʋ ʜʚʦʭ ʧʽʟʥʽʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ  çʇʨʦ ʦʜʥʝ ʟʘʫʚʘʞʝʥʥʷ ʱʦʜʦ 

ʚʠʟʥʘʯʝʥʠʭ ʽʥʪʝʛʨʘʣʽʚ,  ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʝʦʨʽʾ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴè, 1840 ʨ. ʪʘ çʇʨʦ 

ʦʜʠʥ ʚʠʟʥʘʯʝʥʠʡ ʽʥʪʝʛʨʘʣè, 1860ʨ.,  ʚʯʝʥʠʡ ʚʠʚʯʠʚ ʾʾ ʦʢʨʝʤʽ ʮʽʢʘʚʽ ʚʠʧʘʜʢʠ. ɼʦ ʪʝʦʨʽʾ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʘʣʛʝʙʨʘʾʯʥʠʭ ʬʫʥʢʮʽʡ ʚʽʜʥʦʩʷʪʴʩʷ ʧ'ʷʪʴ ʩʪʘʪʝʡ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ. ʈʦʙʦʪʠ 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʶʪʴ ʥʝ ʣʠʰʝ ʽʩʪʦʨʠʯʥʝ ʟʥʘʯʝʥʥʷ: ʚʦʥʠ ʫʚʽʡʰʣʠ 

ʚ ʩʫʯʘʩʥʫ ʤʘʪʝʤʘʪʠʢʫ ʷʢ ʥʝʚʽʜ'ʻʤʥʘ ʩʢʣʘʜʦʚʘ ʾʾ ʯʘʩʪʠʥʘ ʽ  ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʨʦʟʜʽʣʠ, ʙʝʟ 

ʷʢʠʭ ʩʫʯʘʩʥʘ ʤʘʪʝʤʘʪʠʢʘ ʥʝ ʤʦʞʝ ʦʙʽʡʪʠʩʴ.  

ʈʷʜ ʨʦʙʽʪ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʩʪʦʩʫʶʪʴʩʷ ʧʠʪʘʥʴ ʘʣʛʝʙʨʠ, ʪʝʦʨʽʾ ʯʠʩʝʣ ʽ ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʝʡ.  

ʊʚʦʨʯʽ ʟʜʦʙʫʪʢʠ ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʙʫʣʠ ʚʠʩʦʢʦ ʦʮʽʥʝʥʽ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ, ʁʦʤʫ 

ʙʫʣʦ ʧʨʠʩʚʦʻʥʦ ʨʷʜ ʧʦʯʝʩʥʠʭ ʚʯʝʥʠʭ ʟʚʘʥʴ. ʊʘʢ, ʫ 1834 ʨʦʮʽ ʚʽʥ ʙʫʚ ʦʙʨʘʥʠʡ  ʯʣʝʥʦʤ 

ɸʤʝʨʠʢʘʥʩʴʢʦʾ ɸʢʘʜʝʤʽʾ ʥʘʫʢ, ʫ 1841 ʨʦʮʽ ï ʯʣʝʥʦʤ ʊʫʨʠʥʩʴʢʦʾ ɸʢʘʜʝʤʽʾ, ʫ 1853 ʨʦʮʽ ï 

ʯʣʝʥʦʤ ʈʠʤʩʴʢʦʾ ɸʢʘʜʝʤʽʾ ʽ ʫ 1856 ʨʦʮʽ ï ʯʣʝʥʦʤ-ʢʦʨʝʩʧʦʥʜʝʥʪʦʤ ʇʘʨʠʞʩʴʢʦʾ ɸʢʘʜʝʤʽʾ. 

ʋʩʝ ʩʚʦʻ ʞʠʪʪʷ ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ  ʥʘʧʨʫʞʝʥʦ ʧʨʘʮʶʚʘʚ ʽ ʷʢ ʚʠʢʣʘʜʘʯ, ʧʝʜʘʛʦʛ. 

ʁʦʛʦ ʪʨʫʜʦʚʠʡ ʰʣʷʭ  ʨʦʟʧʦʯʘʚʩʷ ʱʝ ʫ ʌʨʘʥʮʽʾ, ʜʝ ʚʽʥ ʟ ʫʩʧʽʭʦʤ ʚʠʢʣʘʜʘʚ ʚ ʣʽʮʝʾ ɻʝʥʨʽʭʘ IV  ʽ 

ʦʪʨʠʤʘʚ ʩʭʚʘʣʴʥʠʡ ʚʽʜʛʫʢ ʚʽʜ ʢʝʨʽʚʥʠʮʪʚʘ ʣʽʮʝʶ, ʥʘ ʱʦ ʻ ʜʦʢʫʤʝʥʪʘʣʴʥʽ ʩʚʽʜʦʮʪʚʘ. ʇʦ 

ʧʨʠʾʟʜʽ ʫ ʉ. ʇʝʪʝʨʙʫʨʛ, ʧʽʩʣʷ ʦʙʨʘʥʥʷ ʡʦʛʦ ʘʢʘʜʝʤʽʢʦʤ,  ʚʽʜ ʦʪʨʠʤʫʻ ʟʘʧʨʦʰʝʥʥʷ ʥʘ 

ʚʠʢʣʘʜʘʥʥʷ ʤʘʪʝʤʘʪʠʢʠ ʚ ʦʬʽʮʝʨʩʴʢʠʭ ʢʣʘʩʘʭ ʄʦʨʩʴʢʦʛʦ ʢʘʜʝʪʩʴʢʦʛʦ ʢʦʨʧʫʩʫ, ʧʦʪʽʤ ï ʥʘ 

ʚʠʢʣʘʜʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʘʩʪʨʦʥʦʤʽʾ ʜʦ ɯʥʩʪʠʪʫʪʫ ʢʦʨʧʫʩʫ ʽʥʞʝʥʝʨʽʚ ʰʣʷʭʽʚ 

ʩʧʦʣʫʯʝʥʥʷ, ʘ ʟ ʩʽʯʥʷ 1832 ʨ. ʨʦʟʧʦʯʘʚ ʚʠʢʣʘʜʘʮʴʢʫ ʜʽʷʣʴʥʽʩʪʴ ʫ ɻʦʣʦʚʥʦʤʫ ʧʝʜʘʛʦʛʽʯʥʦʤʫ 

ʽʥʩʪʠʪʫʪʽ. ɿʘʥʷʪʪʷ ʙʘʣʽʩʪʠʢʦʶ ʟʙʣʠʟʠʣʦ ʡʦʛʦ ʟ ʚʠʱʠʤ ʚʽʡʩʴʢʦʚʠʤ ʢʝʨʽʚʥʠʮʪʚʦʤ ʽ ʧʝʚʥʦʶ 

ʤʽʨʦʶ ʩʧʨʠʷʣʦ ʟʘʧʨʦʰʝʥʥʶ ʡʦʛʦ ʫ ʩʝʨʝʜʠʥʽ 1840 ʨ. ʜʦ ʚʠʢʣʘʜʘʥʥʷ ʚ ɻʦʣʦʚʥʦʤʫ ʽʥʞʝʥʝʨʥʦʤʫ 

ʫʯʠʣʠʱʽ, ʘ ʚ ʩʝʨʧʥʽ 1841 ʨ. ʚʽʥ ʙʫʚ ʧʨʠʟʥʘʯʝʥʠʡ ʚʠʢʣʘʜʘʯʝʤ ɻʦʣʦʚʥʦʛʦ ʘʨʪʠʣʝʨʽʡʩʴʢʦʛʦ 

ʫʯʠʣʠʱʘ. ɼʦ ʢʽʥʮʷ ʩʚʦʛʦ ʞʠʪʪʷ ʚʽʥ ʟʘʣʠʰʘʚʩʷ ʧʨʦʬʝʩʦʨʦʤ ʮʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ.  
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ɿ ʧʦʷʚʦʶ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʫ ʮʠʭ ʟʘʢʣʘʜʘʭ, ʷʢʽ ʟʛʦʜʦʤ ʙʫʣʠ ʧʝʨʝʪʚʦʨʝʥʽ ʚ ʘʢʘʜʝʤʽʾ, 

ʤʘʪʝʤʘʪʠʢʘ ʽʟ ʜʨʫʛʦʨʷʜʥʦʛʦ ʧʨʝʜʤʝʪʘ ʩʪʘʣʘ ʧʨʦʚʽʜʥʦʶ, ʘ ʤʘʪʝʤʘʪʠʯʥʘ ʦʩʚʽʪʘ ʚʠʭʦʚʘʥʮʽʚ 

ʟʥʘʯʥʦ ʟʨʦʩʣʘ.  

ʃʝʢʮʽʾ, ʱʦ ʚʽʥ ʯʠʪʘʚ, ʚʽʜʟʥʘʯʘʣʠʩʷ ʧʦʚʥʦʪʦʶ, ʩʪʨʦʛʠʤ ʪʘ ʪʦʯʥʠʤ ʚʠʢʣʘʜʦʤ.  

ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʙʫʚ ʟʘʣʫʯʝʥʠʡ ʷʢ ʛʦʣʦʚʘ ʢʦʤʽʪʝʪʫ ʜʦ ʚʠʚʯʝʥʥʷ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 

ʥʘʚʯʘʣʴʥʠʭ ʧʣʘʥʽʚ ʽ ʧʨʦʛʨʘʤ ʪʘ ʜʦ ʩʢʣʘʜʘʥʥʷ ʧʦʩʽʙʥʠʢʽʚ ʟ ʫʩʽʭ ʨʦʟʜʽʣʽʚ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʤʝʭʘʥʽʢʠ ʜʣʷ ʚʽʡʩʴʢʦʚʦ-ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ. 1847 ʨ. ʙʫʣʘ ʟʘʩʥʦʚʘʥʘ ʧʦʩʘʜʘ ʛʦʣʦʚʥʦʛʦ 

ʩʧʦʩʪʝʨʽʛʘʯʘ ʟʘ ʚʠʢʣʘʜʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ ʫ ʚʽʡʩʴʢʦʚʦ-ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ, ʥʘ ʷʢʫ 

ʙʫʣʦ ʧʨʠʟʥʘʯʝʥʦ ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ. ʅʘʰ ʟʝʤʣʷʢ ʚʚʘʞʘʚʩʷ ʧʝʨʰʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ʈʦʩʽʾ.  

ɺʝʣʠʢʘ ʨʦʙʦʪʘ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʠʤ ʧʦ ʩʪʚʦʨʝʥʥʶ ʧʽʜʨʫʯʥʠʢʽʚ ʪʘ 

ʧʦʩʽʙʥʠʢʽʚ ʟ ʨʽʟʥʠʭ ʨʦʟʜʽʣʽʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʡʦʛʦ ʧʝʜʘʛʦʛʽʯʥʽ ʧʦʛʣʷʜʠ ʟ ʯʘʩʦʤ 

ʟʤʽʥʶʚʘʣʠʩʴ, ʘʣʝ ʧʦʩʪʫʧʦʚʦ ʩʢʣʘʣʠʩʴ ʫ ʧʝʚʥʫ ʩʠʩʪʝʤʫ, ʚʠʢʣʘʜʝʥʫ ʥʠʤ ʩʧʽʣʴʥʦ ʟ ɯ. ɸ. ɹʣʫʤʦʤ 

ʫ ʢʥʠʞʮʽ çʈʦʟʜʫʤʠ ʧʨʦ ʚʠʢʣʘʜʘʥʥʷè. ɸʚʪʦʨʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʦʩʚʽʪʠ, ʟʦʢʨʝʤʘ 

ʪʝʭʥʽʯʥʦʾ, ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ. ɿʘʚʜʷʢʠ ʡʦʛʦ ʫʚʘʟʽ ʪʘ ʤʘʡʩʪʝʨʥʦʩʪʽ, ʫ ʇʝʪʝʨʙʫʨʟʽ ʙʫʣʘ 

ʩʪʚʦʨʝʥʘ ʧʦʪʫʞʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʰʢʦʣʘ, ʚʠʭʦʚʘʥʮʽ ʷʢʦʾ ʟʛʦʜʦʤ ʩʪʘʣʠ ʚʠʢʣʘʜʘʯʘʤʠ ʤʘʪʝʤʘʪʠʢʠ 

ʪʘ ʩʧʨʠʷʣʠ ʧʣʽʜʥʦʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʥʘʥʴ.  

ʊʘʢ, ʙʘʛʘʪʦ ʡʦʛʦ ʫʯʥʽʚ ʩʪʘʣʠ ʜʽʡʩʥʦ ʛʦʨʜʽʩʪʶ ʚʽʪʯʠʟʥʷʥʦʾ ʥʘʫʢʠ, ʟʦʢʨʝʤʘ:  

ɯ. ɸ. ɺʠʰʥʝʛʨʘʜʩʴʢʠʡ ï ʟʘʩʥʦʚʥʠʢ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ; ʄ. ʇ. ʇʝʪʨʦʚ ï 

ʟʘʩʥʦʚʥʠʢ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷ ʽ ʘʚʪʦʨ  ʢʣʘʩʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʪʝʦʨʽʾ 

ʤʝʭʘʥʽʟʤʽʚ; ʆ. ʄ. ʊʠʭʦʤʘʥʜʨʠʮʴʢʠʡ, ɭ .ɯ. ɹʝʡʝʨ, ɼ. ʄ. ɼʝʣʘʨʶ, ɭ. ʌ. ʉʘʙʽʥʽʥ ï ʚʽʜʦʤʽ 

ʧʨʦʬʝʩʦʨʠ ʤʘʪʝʤʘʪʠʢʠ, ʘ ʪʘʢʦʞ ʙʘʛʘʪʦ ʽʥʰʠʭ ʤʘʪʝʤʘʪʠʢʽʚ ʪʘ ʚʠʜʘʪʥʠʭ ʽʥʞʝʥʝʨʽʚ. ʊʘʢʦʞ 

ʚʘʨʪʦ ʟʛʘʜʘʪʠ ʱʦ ʡʦʛʦ ʫʯʥʷʤʠ ʧʦ ɻʦʣʦʚʥʦʤʫ ʇʝʜʘʛʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʫ ʙʫʣʠ ɼ. ɯ. ʄʝʥʜʻʣʻʻʚ, 

ʄ. ʆ. ɼʦʙʨʦʣʶʙʦʚ. 

ʅʘʚʽʪʴ ʯʝʨʝʟ ʙʘʛʘʪʦ ʨʦʢʽʚ ʫʯʥʽ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʟʛʘʜʫʚʘʣʠ ʡʦʛʦ ʣʝʢʮʽʾ ʟ ʚʝʣʠʢʦʶ 

ʚʜʷʯʥʽʩʪʶ ʽ ʣʶʙʦʚôʶ. ɺʽʥ ʙʫʚ ʣʶʜʠʥʦʶ ʚʝʩʝʣʦʾ ʚʜʘʯʽ ʽ ʣʶʙʠʚ ʫʧʨʦʜʦʚʞ ʣʝʢʮʽʾ ʚʩʪʘʚʠʪʠ 

ʷʢʽʡʩʴ ʞʘʨʪ ʘʙʦ ʘʥʝʢʜʦʪ, ʘʣʝ ʚʩʽ ʚʦʥʠ ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʜʦ ʦʜʥʽʻʾ ʤʝʪʠ ï ʟʘʦʭʦʯʝʥʥʶ 

ʩʪʫʜʝʥʪʩʪʚʘ ʜʦ ʥʘʫʢʠ. ʊʦʤʫ ʩʢʨʽʟʴ ʫ ʥʴʦʛʦ ʙʫʣʠ ʩʚʦʾ ɸʨʭʽʤʝʜʠ, ʅʴʶʪʦʥʠ, ɼʝʢʘʨʪʠ. 

çʄʘʪʝʤʘʪʠʢʘ ʥʝ ʟʥʘʻ ʽʥʰʠʭ ʘʚʪʦʨʠʪʝʪʽʚ, ʦʢʨʽʤ ʟʘʢʦʥʽʚ ʣʦʛʽʢʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʥʷʪʴè, ï ʯʘʩʪʦ ʥʘʛʘʜʫʚʘʚ ʄʠʭʘʡʣʦ ɺʘʩʠʣʴʦʚʠʯ ʩʪʫʜʝʥʪʘʤ.  

ɿʘ ʩʚʦʶ ʧʣʽʜʥʫ ʧʝʜʘʛʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʙʫʚ ʫʜʦʩʪʦʻʥʠʡ 

ʜʝʨʞʘʚʥʠʭ ʥʘʛʦʨʦʜ: ʦʨʜʝʥʽʚ ʉʚ. ɸʥʥʠ 1-ʛʦ ʽ 2-ʛʦ ʩʪʫʧʝʥʷ, ʉʚ. ɺʦʣʦʜʠʤʠʨʘ 3-ʛʦ ʽ 4-ʛʦ 

ʩʪʫʧʝʥʷ, ʉʚ. ʉʪʘʥʽʩʣʘʚʘ 1-ʛʦ ʩʪʫʧʝʥʷ, ʘ ʪʘʢʦʞ ʚʽʜʟʥʘʢ ʟʘ ʙʝʟʜʦʛʘʥʥʫ ʩʣʫʞʙʫ. ʁʦʛʦ ʙʫʣʦ 

ʦʙʨʘʥʦ ʧʦʯʝʩʥʠʤ ʧʨʦʬʝʩʦʨʦʤ ɻʦʣʦʚʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ, ʂʘʟʘʥʩʴʢʦʛʦ, ʂʠʾʚʩʴʢʦʛʦ, 

ʄʦʩʢʦʚʩʴʢʦʛʦ ʪʘ ʉ. ʇʝʪʝʨʙʫʨʟʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʽʚ. 

ɺʣʽʪʢʫ 1861 ʨ. ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ, ʧʽʜ ʯʘʩ ʚʽʜʧʦʯʠʥʢʫ ʫ ʩʚʦʻʤʫ ʤʘʻʪʢʫ ʥʘ 

ʇʦʣʪʘʚʱʠʥʽ, ʪʷʞʢʦ ʟʘʭʚʦʨʽʚ. ʇʦʧʨʠ ʥʝʟʜʫʞʘʥʥʷ ʚʽʥ ʚʦʩʝʥʠ ʟʙʠʨʘʻʪʴʩʷ ʫ ʉ. ʇʝʪʝʨʙʫʨʛ, 

ʦʩʢʽʣʴʢʠ ʪʘʤ ʯʝʢʘʣʘ ʡʦʛʦ ʨʦʙʦʪʘ. ɸʣʝ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʥʝ ʜʦʟʚʦʣʠʚ ʡʦʤʫ ʟʘʚʝʨʰʠʪʠ ʮʶ ʧʦʜʦʨʦʞ 

ʽ ʚʽʥ ʟʤʫʰʝʥʠʡ ʙʫʚ ʟʫʧʠʥʠʪʠʩʴ ʚ ʇʦʣʪʘʚʽ, ʜʝ 20 ʛʨʫʜʥʷ 1861 ʨ. (1 ʩʽʯʥʷ 1862 ʨ.) ʄ. ɺ. 

ʆʩʪʨʦʛʨʘʜʩʴʢʠʡ ʧʦʤʝʨ.  ʇʦʭʦʚʘʥʦ ʄʠʭʘʡʣʘ ɺʘʩʠʣʴʦʚʠʯʘ ʚ ʩʝʣʽ ʇʘʰʝʥʥʘ (ʥʘ ʜʘʥʠʡ ʯʘʩ ʮʝ 

ʂʦʟʝʣʴʱʠʥʩʴʢʠʡ ʨʘʡʦʥ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣ.),  ʜʝ ʢʦʣʠʩʴ ʙʫʚ ʨʦʜʦʚʠʡ ʤʘʻʪʦʢ ʡʦʛʦ ʙʘʪʴʢʽʚ, ʟʚʽʜʢʠ 

ʚʽʥ ʧʨʠʡʰʦʚ ʫ ʩʚʽʪ.  

ʇʘʤ'ʷʪʴ ʧʨʦ ʚʠʜʘʪʥʦʛʦ ʫʯʝʥʦʛʦ, ʷʢʠʡ ʩʚʦʻʶ ʪʠʪʘʥʽʯʥʦʶ ʧʨʘʮʝʶ, ʪʚʦʨʯʦʶ ʥʘʩʥʘʛʦʶ 

ʦʪʨʠʤʘʚ ʙʘʛʘʪʦ ʚʠʜʘʪʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʙʫʜʝ ʰʘʥʫʚʘʪʠʩʷ ʚʽʯʥʦ ʚʜʷʯʥʠʤʠ ʥʘʱʘʜʢʘʤʠ. 

 

ʂʠʨʠʣʘʭʘ ʅ. ɻ. 
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ʄʅʆɻʆʉʃʆʁʅɸʗ ʇʈɽɼɺɸʈʀʊɽʃʔʅʆ ʅɸʇʈʗɾɽʅʅɸʗ ʇʆʃʆʉɸ  

ʇʈʀ ɺʆɿɼɽʁʉʊɺʀʀ ʇʆɼɺʀɾʅʆʁ ʅɸɻʈʋɿʂʀ 

 

ɻʣʫʭʦʚ ʖ. ʇ. 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ  ʠʤʝʥʠ ʉ. ʇ. ʊʠʤʦʰʝʥʢʦ ʅɸʅ ʋʢʨʘʠʥʳ, 

ʂʨʝʤʝʥʯʫʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄʠʭʘʠʣʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʈɸɹʆʊʓ. ʉʣʦʠʩʪʳʝ ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʶʪʩʷ ʣʠʰʴ ʚʜʦʣʴ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ. ʆʥʠ 

ʪʝʭʥʦʣʦʛʠʯʥʳ ʠ ʧʨʦʩʪʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ. ʉʣʦʠʩʪʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʟʚʫʢʦʚʦʡ ʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ, ʚʦʣʥʦʚʦʜʦʚ, ʩʦʛʣʘʩʫʶʱʠʭ ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʝʚ, 

ʬʠʣʴʪʨʦʚ ʧʨʦʜʦʣʴʥʳʭ ʠʣʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ, ʵʬʬʝʢʪʠʚʥʳʭ ʜʝʤʧʬʠʨʫʶʱʠʭ ʧʦʢʨʳʪʠʡ. ɺ 

ʤʝʭʘʥʠʢʝ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʨʝʜ ʤʦʜʝʣʠʨʫʶʪʩʷ 

ʧʦʚʝʜʝʥʠʷ ʩʦʩʫʜʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʣʦʠʩʪʳʭ ʠ ʚʦʣʦʢʥʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʧʨʝʛʨʘʜ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʧʨʦʥʠʢʘʥʠʶ ʫʜʘʨʥʠʢʦʚ. ɺ ʦʧʪʠʢʝ ʠ ʨʘʜʠʦʬʠʟʠʢʝ ʩ ʧʦʤʦʱʴʶ 

ʩʣʦʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʫʧʨʘʚʣʷʶʪ ʩʧʝʢʪʨʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ɺ ʪʝʧʣʦʬʠʟʠʢʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʦʛʨʘʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ 

ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ.  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʪʝʣʘʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ. ɺ ʨʘʙʦʪʝ 

ʧʨʠʚʝʜʝʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠʪʦʛʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʟʘʜʘʯ ʦ ʚʦʟʤʫʱʝʥʠʠ ʧʦʜʚʠʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʥʘʛʨʫʟʢʦʡ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʦʩʥʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ 

ʣʠʥʝʘʨʠʟʠʨʦʚʘʥʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʪʝʣ ʩ ʥʘʯʘʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ [6]. 

ʄɸʊɽʈʀɸʃʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ. ʆʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʧʦʣʦʩʘ, ʣʝʞʘʱʘʷ ʥʘ ʞʝʩʪʢʦʤ ʦʩʥʦʚʘʥʠʠ ʠʣʠ ʫʧʨʫʛʦʤ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʅʘʛʨʫʟʢʘ ʜʚʠʞʝʪʩʷ ʧʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʩʣʦʷ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ.  

ɻʨʘʥʠʯʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʝʚ ʧʣʦʩʢʠʝ ʠ ʧʘʨʘʣʣʝʣʴʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʦʣʱʠʥʘ ʩʣʦʝʚ 

ʧʨʦʠʟʚʦʣʴʥʘʷ.  

ʕʣʝʤʝʥʪʳ ʩʣʦʠʩʪʦʡ ʩʨʝʜʳ ʩʦʩʪʦʷʪ ʠʟ ʩʞʠʤʘʝʤʳʭ ʠʣʠ ʥʝʩʞʠʤʘʝʤʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʧʨʷʞʝʥʥʳʭ ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʦʡ ʫʧʨʫʛʦʛʦ ʧʦʪʝʥʮʠʘʣʘ.  

ʀʟʫʯʘʝʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʣʦʠʩʪʦʡ ʩʨʝʜʳ ʠ ʦʩʥʦʚʘʥʠʝʤ: 

ʞʝʩʪʢʠʡ ʠ ʥʝʞʝʩʪʢʠʡ. 

ʅʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʣʦʝʚ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʘʨʪʠʥʘ ʜʝʬʦʨʤʘʮʠʡ ʠʥʚʘʨʠʘʥʪʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ ʚ 

ʜʚʠʞʫʱʝʡʩʷ ʚʤʝʩʪʝ ʩ ʥʘʛʨʫʟʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʊʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʢʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʥʘʯʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʋʢʘʟʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʣʠʥʝʘʨʠʟʠʨʦʚʘʥʥʫʶ ʪʝʦʨʠʶ ʫʧʨʫʛʦʩʪʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʢʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʩʣʦʚʠʡ 

ʢʦʥʪʘʢʪʘ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ.  

ʈʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ɺ ʦʙʣʘʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʌʫʨʴʝ ʟʘʜʘʯʠ ʦʙ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʜʚʠʞʝʥʠʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʧʨʷʞʝʥʥʦʡ ʫʧʨʫʛʦʡ ʩʨʝʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ ʩʚʦʜʷʪʩʷ ʢ ʨʝʰʝʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ.  

ʈʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʱʝʤ ʚʠʜʝ ʜʣʷ ʩʣʫʯʘʝʚ ʥʝʨʘʚʥʳʭ ʠ ʨʘʚʥʳʭ ʢʦʨʥʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʵʣʝʤʝʥʪʦʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʨʝʜʳ, 

ʫʩʣʦʚʠʡ ʠʭ ʩʦʧʨʷʞʝʥʠʷ ʠ ʜʣʷ ʣʶʙʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʥʘʛʨʫʟʢʠ.  
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ʇʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʥʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɺʓɺʆɼʓ. ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʢʦʨʥʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʥʘʯʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʥʝʩʞʠʤʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʫʧʨʫʛʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʪʠʧʘ ɹʘʨʪʝʥʝʚʘ-ʍʘʟʘʥʦʚʠʯʘ [3] ʠ 

ʩʞʠʤʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʫʧʨʫʛʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʪʠʧʘ [2] . 

ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʩʪʘʥʦʚʦʢ ʨʝʰʝʥʳ ʟʘʜʘʯʠ ʜʣʷ ʧʦʣʦʩʳ, ʣʝʞʘʱʝʡ ʥʘ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ [1], ʜʣʷ ʧʦʣʦʩʳ, ʣʝʞʘʱʝʡ ʥʘ ʞʝʩʪʢʦʤ ʦʩʥʦʚʘʥʠʠ [4],  ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʡ 

ʧʦʣʦʩʳ, ʣʝʞʘʱʝʡ ʥʘ ʞʝʩʪʢʦʤ ʦʩʥʦʚʘʥʠʠ [5].  
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ʇɸʈɸʃɽʃɯɿɸʎɯʗ ʏʀʉɽʃʔʅʆɻʆ ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ ʈʆɿʈʀɺɯɺ  

ɯ ɿôɭɼʅɸʅʔ ɼʃʗ ʈʆɿɺôʗɿʋɺɸʅʅʗ ɿɸɼɸʏ ʇʃʆʉʂʆɰ ʊɽʆʈɯɰ ʇʈʋɾʅʆʉʊɯ 

 

ɼʠʷʢ ɯ. ɯ., ɿʘʷʮʴ ʄ. ɺ., ʄʘʢʘʨ ɯ. ɻ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ, ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʽ ʤʝʪʦʜ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄɻɽ). ʂʦʞʝʥ ʽʟ ʤʝʪʦʜʽʚ ʤʘʻ ʩʚʦʾ 

ʭʘʨʘʢʪʝʨʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʦʙʣʘʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʝʨʝʢʦʥʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʄɻɽ ʻ ʟʤʝʥʰʝʥʥʷ ʥʘ ʦʜʠʥʠʮʶ ʛʝʦʤʝʪʨʠʯʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ 

ʟʘʜʘʯʽ. ɻʨʘʥʠʯʥʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʾ 

ʯʘʩʪʠʥʠ ʪʽʣʘ ʚʝʜʝ ʜʦ ʟʥʘʯʥʦ ʤʝʥʰʦʾ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ. ɼʦ ʧʦʟʠʪʠʚʥʠʭ 

ʷʢʦʩʪʝʡ ʄɻɽ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ, ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ, 

ʧʦʭʠʙʢʠ ʚʥʦʩʷʪʴʩʷ ʣʠʰʝ ʧʨʠ ʟʘʜʦʚʦʣʝʥʥʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ɼʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʫ 

ʥʝʦʙʤʝʞʝʥʠʭ ʦʙʣʘʩʪʷʭ, ʟʦʢʨʝʤʘ ʟʘʜʘʯ ʘʢʫʩʪʠʢʠ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʫ, ʧʝʨʝʚʘʛʠ ʄɻɽ ʻ 

ʥʝʟʘʧʝʨʝʯʥʠʤʠ.  

ʇʨʦʪʝ, ʚʨʘʭʫʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʨʦʟʨʘʭʫʥʦʢ 

ʦʙʦʣʦʥʦʢ, ʻ ʢʣʘʩʠʯʥʠʤʠ ʦʙʣʘʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʄʉɽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʄɻɽ ʜʣʷ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʠʭ ʬʦʨʤʫʣʶʚʘʥʴ ʽ ʫʩʢʣʘʜʥʶʻ ʯʠʩʝʣʴʥʫ 

ʨʝʘʣʽʟʘʮʽʶ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʝʪʦʜ ʚʪʨʘʯʘʻ ʧʝʨʚʠʥʥʫ ʧʨʦʩʪʦʪʫ ʽ ʧʨʠʚʘʙʣʠʚʽʩʪʴ. 

ɺʽʜʪʘʢ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ, ʷʢʽ ʤʽʩʪʷʪʴ ʧʽʜʦʙʣʘʩʪʽ ʟ ʨʽʟʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ 

ʯʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʩʢʽʥʯʝʥʥʠʭ ʪʘ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʨʘʤʢʘʭ ʦʜʥʽʻʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ, ʱʦ 

ʧʦʻʜʥʫʻ ʧʝʨʝʚʘʛʠ ʦʙʦʭ ʤʝʪʦʜʽʚ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʫʩʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʘʜʘʯʽ. ʆʢʨʽʤ ʪʦʛʦ, ʦʜʥʽʻʶ ʽʟ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ ʜʦ ʩʫʯʘʩʥʠʭ ʯʠʩʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ʄɸʊɽʈɯɸʃʀ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ. ɯʜʝʷ ʧʦʙʫʜʦʚʠ ʤʝʪʦʜʽʚ ʨʦʟʙʠʪʪʷ ʥʘ 

ʧʽʜʦʙʣʘʩʪʽ ʻ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʘ ʽ ʧʨʠʨʦʜʥʷ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʜʝʷʢʝ ʝʣʽʧʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʟʘʜʘʥʝ ʥʘ 

ʜʚʦ, ʘʙʦ ʪʨʠʚʠʤʽʨʥʽʡ ʦʙʣʘʩʪʽ W, ʟ ʟʘʜʘʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. ʊʘʢʘ ʦʙʣʘʩʪʴ ʚʽʜʧʦʚʽʜʥʦ 
ʜʦ ʧʝʚʥʠʭ ʝʤʧʽʨʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʧʽʜʦʙʣʘʩʪʝʡ, ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ  

ʨʠʩ 1.  

 
ʈʠʩ. 1 ï ʈʦʟʙʠʪʪʷ ʦʙʣʘʩʪʽ 

 

ʅʘ ʢʦʞʥʽʡ ʟ ʥʠʭ ʚʠʭʽʜʥʝ ʨʽʚʥʷʥʥʷ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʜʝʷʢʠʤ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ. ɺʘʨʪʦ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʦʙʤʝʞʝʥʴ ʥʘ ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʧʽʜʦʙʣʘʩʪʝʡ ʥʝʤʘʻ. ʋ ʚʠʧʘʜʢʫ ʥʝʩʫʤʽʩʥʠʭ ʩʽʪʦʢ 

ʥʘ ʛʨʘʥʠʮʽ ʟôʻʜʥʘʥʥʷ ʫʤʦʚʫ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ, ʪʘʢ 

ʟʚʘʥʠʭ, ʤʦʨʪʘʨʥʠʭ ʬʫʥʢʮʽʡ [6]. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʨʽʚʥʦʩʪʽ ʥʦʨʤʘʣʴʥʠʭ ʧʦʭʽʜʥʠʭ, ʣʦʢʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʦʧʝʨʘʪʦʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʉʪʻʢʣʦʚʘ-ʇʫʘʥʢʘʨʝ ʚ ʜʠʩʢʨʝʪʥʦʤʫ ʚʠʛʣʷʜʽ. ɺʘʨʽʘʮʽʡʥʝ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʫ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʫ ʈʽʪʮʘ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ 

ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʥʘ ʛʨʘʥʠʮʽ ʟôʻʜʥʘʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʤʥʦʞʥʠʢʽʚ 

ʃʘʛʨʘʥʞʘ. ʊʘʢʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʝʜʫʢʦʚʘʥʦʾ ʥʘ ʩʢʝʣʝʪ ʜʝʢʦʤʧʦʟʠʮʽʾ, ʧʨʠʯʦʤʫ ʟ ʟʘʜʘʥʠʤ 
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ʧʝʚʥʠʤ ʧʦʯʘʪʢʦʚʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʨʦʟʚôʷʟʢʫ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʽʪʝʨʘʮʽʡʥʽ ʤʝʪʦʜʠ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʾ ʩʠʩʪʝʤʠ. 

ɺʀʉʅʆɺʂʀ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʧʦʙʫʜʦʚʫ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʘʩʧʝʢʪʠ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʽʚ ʨʦʟʨʠʚʽʚ ʪʘ ʟôʻʜʥʘʥʴ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. ʈʝʘʣʽʟʘʮʽʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʝʭʥʽʯʥʦ ʩʢʣʘʜʥʽʰʦʶ ʟʘ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʩʢʽʥʯʝʥʥʠʭ ʯʠ 

ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʜʥʘʢ, ʚʽʥ ʤʘʻ ʚʘʛʦʤʽ ʧʝʨʝʚʘʛʠ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ 

ʟʘʜʘʯ ʽʟ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʪʘ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ, ʟʦʢʨʝʤʘ:  

1) ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʘʨʘʣʝʣʠʪʠ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʴ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ 

ʧʽʜʦʙʣʘʩʪʷʭ ʚʠʢʦʥʫʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ;  

2) ʦʪʨʠʤʘʥʘ ʟʘʛʘʣʴʥʘ ʤʘʪʨʠʮʷ ʻ ʢʨʘʱʝ ʦʙʫʤʦʚʣʝʥʦʶ, ʥʽʞ ʤʘʪʨʠʮʷ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ;   

3) ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ h-ʘʜʘʧʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʫ ʧʽʜʦʙʣʘʩʪʷʭ;  

4) ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʚʨʘʭʫʚʘʪʠ ʬʽʟʠʯʥʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʜʘʯʽ, ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʙʦʨʫ ʩʧʦʩʦʙʫ ʧʦʜʽʣʫ ʥʘ ʧʽʜʦʙʣʘʩʪʽ,  ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʪʨʠʙʢʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʫ ʥʝʦʜʥʦʨʽʜʥʠʭ ʟʘʜʘʯʘʭ. 

ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʚʘʨʽʘʥʪʠ ʯʠʩʝʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʨʦʟʨʠʚʽʚ ʪʘ ʟôʻʜʥʘʥʴ ʥʘ ʦʩʥʦʚʽ 

ʩʢʽʥʯʝʥʥʦʝʣʝʤʝʥʪʥʠʭ ʪʘ ʛʨʘʥʠʯʥʦʝʣʝʤʝʥʪʥʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ, ʘ ʪʘʢʦʞ ʚʘʨʽʘʥʪ ʾʭ ʦʙôʻʜʥʘʥʥʷ, 

ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʧʝʨʝʚʘʛʠ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ. 

ʆʙʯʠʩʣʝʥʥʷ ʫ ʧʽʜʦʙʣʘʩʪʷʭ ʨʝʘʣʽʟʦʚʘʥʦ ʧʘʨʘʣʝʣʴʥʦ ʫ ʦʢʨʝʤʠʭ ʧʦʪʦʢʘʭ. ɼʦʩʣʽʜʞʝʥʦ  

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʏʠʩʝʣʴʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ʧʨʦʚʝʜʝʥʽ ʥʘ ʟʚʠʯʘʡʥʦʤʫ ʜʚʦʷʜʝʨʥʦʤʫ ʧʨʦʮʝʩʦʨʽ Intel Core i5,  ʟʘʩʚʽʜʯʫʶʪʴ 

ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʥʘ 15 % ʧʨʠ ʧʦʜʽʣʽ ʥʘ ʜʚʽ ʧʽʜʦʙʣʘʩʪʽ. ʋ ʧʝʨʩʧʝʢʪʠʚʽ 

ʨʦʟʨʦʙʣʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʨʦʟʨʠʚʽʚ ʽ ʟôʻʜʥʘʥʴ ʥʘ ʦʩʥʦʚʽ ʄʉɽ 

ʽ ʄɻɽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ ʢʣʘʩʪʝʨʽ. 
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ʂ ɺʆʇʈʆʉʋ ʆ ɹɽʉʉɽʊʆʏʅʆʄ ʇʆɼʍʆɼɽ ɺ ʈɽɸʃʀɿɸʎʀʀ 

ʈɽɻʀʆʅɸʃʔʅʆ-ʉʊʈʋʂʊʋʈʅʆɻʆ ʄɽʊʆɼɸ ʇʈʀ ʈɽʐɽʅʀʀ 

ʊʈɽʍʄɽʈʅʆʁ ʅɽʉʊɸʎʀʆʅɸʈʅʆʁ ɿɸɼɸʏʀ ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ 

 

ʃʠʩʠʥʘ ʆ. ʖ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʈɸɹʆʊʓ. ʇʨʠ ʘʥʘʣʠʟʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ ʪʨʝʭʤʝʨʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʠʩʘʥʠʝʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʤʝʪʨʠʠ. ʕʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʨʝʰʝʥʠʡ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ. ɹʝʩʩʝʪʦʯʥʳʝ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʵʪʠʭ ʥʶʘʥʩʦʚ, ʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʨʠʚʣʝʯʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʨʝʩʫʨʩʦʝʤʢʠʭ ʨʝʘʣʠʟʘʮʠʡ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʨʝʛʠʦʥʘʣʴʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʝʪʦʜʘ [1] ʚ ʩʠʤʙʠʦʟʝ ʩ 

ʙʝʩʩʝʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ [2]. 

ʄɸʊɽʈʀɸʃʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ. ʈʝʛʠʦʥʘʣʴʥʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʤʝʪʦʜ 

ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤʫʣ ʚʠʜʘ  

( )1 0, ..., nu B j= F F +, 

ʛʜʝ ʢʘʞʜʦʡ ʠʟ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪ iF  ʚ ʦʙʣʘʩʪʠ W ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʜʦʙʣʘʩʪʴ rW . 

ʇʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʪʝʦʨʠʠ R- ʬʫʥʢʮʠʡ. ʅʝʦʧʨʝʜʝʣʝʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ iF  ʩʪʨʦʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʣʠʞʝʥʠʡ ʧʦʣʠʥʦʤʘʤʠ ʏʝʙʳʰʝʚʘ, ʃʝʞʘʥʜʨʘ ʠ ʪ.ʜ.  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʜʝʠ ʨʘʟʙʠʝʥʠʷ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ 

ʥʘ ʨʝʛʠʦʥʳ ʠ ʦʧʠʩʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʩ ʧʦʤʦʱʴʶ R- ʘʧʧʘʨʘʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʛʦ 

ʙʘʟʠʩʘ ʜʣʷ ʬʫʥʢʮʠʡ iF  ʚʳʙʠʨʘʶʪʩʷ ʘʪʦʤʘʨʥʳʝ ʨʘʜʠʘʣʴʥʳʝ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ 

1 2 3( , , )Horp x x x . ʊʦʛʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠʟ ʧʨʦʝʢʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʢʦʣʣʦʢʘʮʠʠ [3]. 

ʉʫʪʴ ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʆʙʣʘʩʪʴ ʨʝʰʝʥʠʷ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʧʦʜʦʙʣʘʩʪʠ (ʨʝʛʠʦʥʳ), ʧʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ: 

- ʚʝʨʦʷʪʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʧʦʜʦʙʣʘʩʪʠ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʙʠʝʥʠʷ ʦʙʣʘʩʪʠ ʥʘ ʧʨʦʩʪʳʝ ʧʦʜʦʙʣʘʩʪʠ. 

ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʘʟʙʠʝʥʠʷ ʦʩʦʙʦ ʚʳʜʝʣʷʶʪʩʷ ʧʦʜʦʙʣʘʩʪʠ ʩ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ.  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʨʝʰʝʥʠʷ ʚ ʢʘʞʜʦʡ ʧʦʜʦʙʣʘʩʪʠ. ʇʨʠ 

ʵʪʦʤ ʛʨʘʥʠʮʳ ʩʪʳʢʦʚʢʠ ʦʙʣʘʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʥʫʪʨʝʥʥʶʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʦʙʱʝʡ 

ʧʦʩʪʘʥʦʚʢʝ: 

( , )
[ ( , )] ( , ) ( , ), 0 ,

(0, ) ( ), ( )

[ ( )] ( , ) ( , ), , 0

u t x
L u t x c k u t x f t x t T x

t

u x x x

B u x u t x g t x x t

r

j

µë
¹ - D = < < <¤ ÍW

î µ
î

= Í W+µW =Wì
î

¹ = ÍµW >î µW µW
í

, 

ʛʜʝ ʬʫʥʢʮʠʷ f  ʦʧʨʝʜʝʣʷʝʪ ʤʦʱʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, r - ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, c  

- ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, k  - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʊʝʧʣʦʚʦʝ ʧʦʣʝ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ, ʪʦ ʝʩʪʴ 

ʬʫʥʢʮʠʝʡ ( , )u t x ; W - ʦʛʨʘʥʠʯʝʥʥʘʷ ʤʥʦʛʦʩʚʷʟʥʘʷ ʦʙʣʘʩʪʴ ʠʟ 3E , ( )1 2 3, ,x x x x= .  

ʀʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 

ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʤʛʦʣʴʮʘ. ʇʨʦʚʝʜʝʥʠʝ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʰʝʥʠʝ 

ʚ ʢʘʞʜʦʤ ʨʝʛʠʦʥʝ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ 
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1 2 3( , , )Horp x x x  [4]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʦʨ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʦʙʫʩʣʦʚʣʝʥ ʠʭ 

ʩʚʦʡʩʪʚʘʤʠ. ʌʫʥʢʮʠʷ 1 2 3( , , )Horp x x x : 

¶ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʦʨʦʞʜʝʥʥʦʛʦ 

ʦʧʝʨʘʪʦʨʦʤ ɻʝʣʴʤʛʦʣʴʮʘ; 

¶ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʣʘʩʩʫ C¤ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ; 

¶ ʷʚʣʷʝʪʩʷ ʬʠʥʠʪʥʦʡ ʩ ʥʦʩʠʪʝʣʝʤ ʚ ʚʠʜʝ ʰʘʨʘ. 

ʇʫʩʪʴ 
1

n

r

r=

Wä  - ʩʠʩʪʝʤʘ ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʜʦʙʣʘʩʪʝʡ, ʧʦʢʨʳʚʘʶʱʘʷ ʟʘʜʘʥʥʫʶ 

ʦʙʣʘʩʪʴ W. ʇʨʠʯʝʤ, ʵʪʦ ʧʦʢʨʳʪʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʘʞʜʘʷ ʪʦʯʢʘ ʦʙʣʘʩʪʠ W ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʣʷ ʦʜʥʦʡ ʠʟ ʧʦʜʦʙʣʘʩʪʝʡ.  

ʉʪʨʫʢʪʫʨʫ ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ  

( )

( )

( )

1 1 2 3 1

2 1 2 3 2

1 2 3

, , ,

, , ,

... ... ...

, , ,r r

u x x x

u x x x
u

u x x x

ÍWë
î

ÍWî
=ì
î
î ÍWí

. 

ʈʝʰʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʧʦʜʦʙʣʘʩʪʠ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʢʘʢ 

( )i iu B= F ʚ rW , ( 1, 2, ...,i r= ). 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪ iF  ʚʳʙʝʨʝʤ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ 

1 2 3

1

( , , )
n

i j

j

c Horp x x x
=

F =ä . 

ʇʨʠ ʵʪʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ jc  ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʨʝʛʠʦʥʘ ʢ 

ʨʝʛʠʦʥʫ. ʋʩʣʦʚʠʷ ʩʪʳʢʦʚʢʠ ʨʝʛʠʦʥʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʩʦʧʨʷʞʝʥʠʷ. 

ɺʓɺʆɼʓ. ʇʦʩʢʦʣʴʢʫ ʧʦʩʪʨʦʝʥʠʝ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʜʨʦʙʠʤʦ, ʪʦ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʵʢʦʥʦʤʠʷ ʨʝʩʫʨʩʦʚ ʢʦʤʧʴʶʪʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʘʟʙʠʝʥʠʝ ʥʘ ʧʦʜʦʙʣʘʩʪʠ ʧʦʟʚʦʣʠʪ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ ʟʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʨʘʜʠʫʩʘ ʥʦʩʠʪʝʣʷ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʘ 

ʪʘʢʞʝ ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʰʘʛʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʝʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ.  
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ʆ ʇʈʀʄɽʅɽʅʀʀ ʇʈʆɽʂʎʀʆʅʅʆ-ʀʊɽʈɸʊʀɺʅʆɻʆ ʄɽʊʆɼɸ 

ʂ ʂʈɸɽɺʆʁ ɿɸɼɸʏɽ ɼʃʗ ʉʀʉʊɽʄʓ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ  

ʉ ʀʄʇʋʃʔʉʅʓʄ ɺʆɿɼɽʁʉʊɺʀɽʄ ʀ ʇɸʈɸʄɽʊʈɸʄʀ 

 

ʃʠʩʪʦʧʘʜʦʚʘ ɺ. ɺ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ «ʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ» 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʈɸɹʆʊʓ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʧʨʦʝʢʮʠʦʥʥʦ-ʠʪʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ [1-3], ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʠʜʝʠ ʢʘʢ ʧʨʦʝʢʮʠʦʥʥʳʭ, 

ʪʘʢ ʠ ʠʪʝʨʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. ʆʥʠ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʨʘʟʣʠʯʥʳʤ  ʟʘʜʘʯʘʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʄɸʊɽʈʀɸʃʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ. ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʝʢʮʠʦʥʥʦ-ʠʪʝʨʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʢ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ 

ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

( )
( ) ( ) ( ) ( , ( ), ), , [0, ]i

dx t
A t x t B t F t x t t t T I

dt
l l t+ + = ¸ Í =,   (1) 

( 0) ( 0) , , 1, 1, (0, ),i i i i i i iC x D x t i p Tt t g t t+ - - = = = - Í   (2) 

( )ʌ x a= ,       (3) 

ʛʜʝ ( ), ( )A t B t  - ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʠ [0, ]t TÍ  ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʘ m m³  ʠ m l³  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

1 2( , ,..., ),ll l l l=  1 2( ) ( ( ), ( ),..., ( )), (0; )m ix t x t x t x t Tt= Í  - ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, : ,m l mF I R R R³ ³  , , 1, 1i iC D i p= - - ʧʦʩʪʦʷʥʥʳʝ m m³  - 

ʤʝʨʥʳʝ ʤʘʪʨʠʮʳ, , 1, 1;m
i R i pgÍ = - 1 2( ) ( ( ), ( ),..., ( )),Vʌ ʭ ʌ ʭ ʌ ʭ ʌ ʭ v m l= = + - ʚʝʢʪʦʨ, 

ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʛʦ ï ʣʠʥʝʡʥʳʝ ʦʛʨʘʥʠʯʝʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʳ ʥʘ ʢʣʘʩʩʝ ʢʫʩʦʯʥʦ-

ʥʝʧʨʝʨʳʚʥʳʭ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ ʩ ʨʘʟʨʳʚʘʤʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʨʠ , 1, 1; v
it i p Rt a= = - Í. 

ɺ ʜʦʢʣʘʜʝ  ʠʩʩʣʝʜʫʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1)-(3) ʩ ʧʦʤʦʱʴʶ 

ʩʚʝʜʝʥʠʷ ʝʸ ʢ ʨʘʚʥʦʩʠʣʴʥʦʡ ʩʠʩʪʝʤʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ  

0 0

( ) [ ; ( ) ( , ) ( ) , ( ) ( ) ].

T T

u t F t h t G t s u s ds ɻ s u s dss= + +ñ ñ  

ɼʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʢ ʠʩʭʦʜʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ ʧʨʦʝʢʮʠʦʥʥʦ-

ʠʪʝʨʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ, ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʝʛʦ ʩʭʦʜʠʤʦʩʪʠ. 
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3. ʃʫʯʢʘ ɸ.ʖ. ʇʨʦʝʢʮʠʦʥʥʦ-ʠʪʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ.-ʂʠʝʚ: ʅʘʫʢ. ʜʫʤʢʘ, 1980.-264ʩ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇɸʈɸʄɽʊʈʀʏɽʉʂʀʍ ʂʆʃɽɹɸʅʀʁ ʄʅʆɻʆʉʃʆʁʅʓʍ 

ʇʃɸʉʊʀʅ ʉʃʆɾʅʆʁ ʌʆʈʄʓ ʉ ʇʆʄʆʑʔʖ ʄɽʊʆɼɸ R-ʌʋʅʂʎʀʁ 

 

ʄʘʟʫʨ ʆ. ʉ., ʊʢʘʯʝʥʢʦ ɺ. ɺ.  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʈɸɹʆʊʓ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʘʩʪʠʥ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʠʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʘʚʠʘ-, ʤʘʰʠʥʦ-, ʨʘʢʝʪʦʩʪʨʦʝʥʠʠ, ʘ 

ʪʘʢʞʝ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʪʝʨʶ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ 

ʚʦʟʤʦʞʥʦʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʨʝʟʦʥʘʥʩʝ.  

ʈʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ 

ʟʘʥʠʤʘʶʪʩʷ ʤʥʦʛʠʝ ʫʯʝʥʳʝ [1-3]. ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʨʘʙʦʪʝ [3]. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʥʳʭ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ, ʚʦʧʨʦʩ ʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʷʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʘʩʪʠʥ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚʩʝ ʝʱʝ ʠʟʫʯʝʥ ʥʝʜʦʩʪʘʪʦʯʥʦ..   

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʦʨʠʠ R-ʬʫʥʢʮʠʡ 

(RFM), ʚʘʨʠʘʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʘʭ, ʠʟʣʦʞʝʥʥʳʭ ʘ ʨʘʙʦʪʝ ɹʦʣʦʪʠʥʘ ɺ.ɺ. [4]. 

ʈʘʥʝʝ ʵʪʦʪ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʣʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʜʥʦʩʣʦʡʥʳʭ ʠʟʦʪʨʦʧʥʳʭ ʠ ʦʨʪʦʪʨʦʧʥʳʭ 

ʧʣʘʩʪʠʥ ʩʦ ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ ʧʣʘʥʘ [5-6]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʦʪ ʤʝʪʦʜ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʘʩʪʠʥ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ.  

ʄɸʊɽʈʀɸʃʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ. ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʛʦʩʣʦʡʥʫʶ 

ʧʣʘʩʪʠʥʫ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʪʦʣʱʠʥʳ h ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ 

ʤʝʞʜʫ ʩʣʦʷʤʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʣʘʩʪʠʥʘ ʥʘʛʨʫʞʝʥʘ ʚ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ ʩʪʘʪʠʯʝʩʢʦʡ ʠʣʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ P, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʧʦʩʪʦʷʥʥʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʛʠʧʦʪʝʟʘʭ ʂʠʨʭʛʦʬʘ-ʃʷʚʘ. ɺ ʦʧʝʨʘʪʦʨʥʦʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ: 
( ) ( ) ( ),11211 wCNlvCLuCL ijijij -=+

     (1) 
( ) ( ) ( ),22221 wCNlvCLuCL ijijij -=+

     (2) 

( ) ( ) .
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 ɿʜʝʩʴ ijij DC , - ʧʨʠʚʝʜʝʥʥʳʝ ʞʝʩʪʢʦʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ [7], ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʣʠʥʝʡʥʳʭ 

ʦʧʝʨʘʪʦʨʦʚ 3,2,1,, =jiLij , ʘ ʪʘʢʞʝ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʦʧʝʨʘʪʦʨʦʚ 2,1, =kNlk  ʠʤʝʶʪ ʪʘʢʦʡ ʞʝ ʚʠʜ, 

ʢʘʢ ʠ ʨʘʙʦʪʝ [8]. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʦʧʦʣʥʷʝʪʩʷ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʚʠʜ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʥʘʛʨʫʞʝʥʠʷ ʛʨʘʥʠʮʳ ʧʣʘʩʪʠʥʳ. 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩ ʧʦʤʦʱʴʶ RFM ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʦʢʨʠʪʠʯʝʩʢʦʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʣʘʩʪʠʥʳ ʢʘʢ ʨʝʰʝʥʠʝ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ. ɿʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ 

ʟʘʜʘʯʠ ʦ ʢʦʣʝʙʘʥʠʷʭ ʧʣʘʩʪʠʥʳ, ʩʞʠʤʘʝʤʦʡ ʢʦʥʪʫʨʥʳʤʠ ʩʠʣʘʤʠ ʚ ʩʨʝʜʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɿʥʘʷ 

ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ { }cccc wvuU ,,=
C

, ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ (1-3) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ  

( ) () ( ),,,, 1 yxwtytyxw cÖ=  
( ) () ( ) () ( ),,,,, 2

2
11 yxutyyxutytyxu c Ö+Ö=      (4) 

( ) () ( ) () ( )yxvtyyxvtytyxv c ,,,, 2
2
11 Ö+Ö= , 

ʛʜʝ ʧʝʨʝʤʝʱʝʥʠʷ ( ) ( )yxvyxu ,,, 22  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1-2), ʧʨʘʚʳʝ ʯʘʩʪʠ 

ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʶʪʩʷ ʢʘʢ ( ) ( )cijcij wCNlwCNl 21 , . ʕʪʘ ʟʘʜʘʯʘ, ʢʘʢ ʠ ʧʨʝʜʳʜʫʱʠʝ, ʨʝʰʝʥʘ ʩ 

ʧʦʤʦʱʴʶ RFM ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʘʨʠʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʈʠʪʮʘ. ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (4) ʚ 

ʫʨʘʚʥʝʥʠʝ (3), ʠ ʧʨʠʤʝʥʷʷ ʤʝʪʦʜ ɹʫʙʥʦʚʘ-ɻʘʣʝʨʢʠʥʘ, ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʶ: 
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( ) 0)()()( 3
11

2
1 =Ö++¡¡ tytyty L bw .      (5) 

ʂʦʵʬʬʠʮʠʝʥʪ b ʫʨʘʚʥʝʥʠʷ (5) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʘʢʦʡ ʞʝ ʬʦʨʤʫʣʝ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [7]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (5) ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ɹʫʙʥʦʚʘ-

ɻʘʣʝʨʢʠʥʘ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ  ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʝʤ ʥʝʣʠʥʝʡʥʦʡ ʠ ʣʠʥʝʡʥʦʡ 

ʦʩʥʦʚʥʳʤʠ ʯʘʩʪʦʪʘʤʠ LN W= /wn  ʠ ʘʤʧʣʠʪʫʜʦʡ A ʚ ʚʠʜʝ  

.
4

3
1 2Abn +=

 
ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʘ ʧʷʪʠʩʣʦʡʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʧʣʘʩʪʠʥʘ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʩʚʦʙʦʜʥʦ ʦʧʝʨʪʘʷ ʠ ʞʝʩʪʢʦ ʟʘʱʝʤʣʝʥʥʘʷ) ʠ 

ʩʧʦʩʦʙʘʤʠ ʫʢʣʘʜʢʠ ʩʣʦʝʚ ((0Á/90Á)s, (90°/0°)s, (45°/-45°)s, (30°/-30°)s, (60°/-60°)s). ʇʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ [2]. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʦʥ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʦʜʭʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ɺ.ɺ. ɹʦʣʦʪʠʥʳʤ [4]. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʢʚʘʜʨʘʪʥʘʷ ʧʣʘʩʪʠʥʘ ʩ ʢʚʘʜʨʘʪʥʳʤ ʚʳʨʝʟʦʤ ʚ ʮʝʥʪʨʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʦʚ ʚʳʨʝʟʘ, ʩʧʦʩʦʙʘ ʫʢʣʘʜʢʠ 

ʩʣʦʝʚ ʠ ʚʠʜʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʯʘʩʪʦʪʥʳʡ ʧʘʨʘʤʝʪʨ, ʦʙʣʘʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ.  

ɺʓɺʆɼʓ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʘʩʪʠʥ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʪʘʪʠʯʝʩʢʦʡ 

ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʩʨʝʜʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʄʝʪʦʜ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ, 

ʥʘʧʠʩʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ POLE-RL, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʧʣʘʩʪʠʥ 

ʩ ʚʳʙʨʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʦʝʚ, ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʬʦʨʤʦʡ ʧʣʘʥʘ, ʛʨʘʥʠʮʘ ʢʦʪʦʨʦʡ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ RFM.  
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ʉʀʄɽʊʈɯʁʅʀʁ ɸʅɸʃɯɿ ʅɽʃɯʅɯʁʅʆɻʆ ʈɯɺʅʗʅʅʗ  

ʂʆʃʄʆɻʆʈɯɺʉʔʂʆɻʆ ʊʀʇʋ ɯ ɯʅɺɸʈɯɸʅʊʅɯ ʈʆɿɺôʗɿʂʀ ɿɸɼɸʏɯ ʂʆʐɯ 

 

ʉʪʦʛʥʽʡ ɺ. ɯ., ʂʫʚʽʢʘ ʄ. ɺ., ʉʪʝʧʘʥʝʥʢʦ ʆ. ʖ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚ 

ʘʨʩʝʥʘʣʽ ʜʦʩʣʽʜʥʠʢʘ ʻ ʫ ʥʘʷʚʥʦʩʪʽ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ. ɹʽʣʴʰʝ ʮʴʦʛʦ, 

ʷʢʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟ ʜʦʚʽʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʪʦ ʚʟʘʛʘʣʽ ʚʽʜʩʫʪʥʽ 

ʟʘʛʘʣʴʥʽ ʤʝʪʦʜʠ ʜʣʷ ʾʭ ʪʦʯʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ. ʎʷ ʩʠʪʫʘʮʽʷ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ, ʷʢʱʦ ʥʝʣʽʥʽʡʥʝ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʜʝʷʢʽʡ ʤʦʜʝʣʽ, ʤʘʻ ʥʝʪʨʠʚʽʘʣʴʥʽ ʩʠʤʝʪʨʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɿʘ ʮʽʻʾ ʫʤʦʚʠ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʦʙʫʜʦʚʠ ʨʦʟʚô̫ ʟʢʽʚ ʨʽʚʥʷʥʴ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʪʫʞʥʽ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʛʨʫʧ ʪʘ ʘʣʛʝʙʨ ʃʽ. 

ʄɸʊɽʈɯɸʃʀ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ 

ʢʦʣʤʦʛʦʨʽʚʩʴʢʦʛʦ ʪʠʧʫ 

),(uFuuuu
yxxt
=--      (1) 

ʜʝ F  - ʜʝʷʢʘ ʥʝʧʝʨʝʨʚʥʘ ʬʫʥʢʮʽʷ ʟʤʽʥʥʦʾ ( ),,, yxtuu=  ʷʢʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʟʘʜʘʯʘʭ 

ʬʽʥʘʥʩʦʚʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʪʝʦʨʽʾ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʝʦʨʽʾ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ [1,2]. 

ʐʠʨʦʢʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʚʠʛʣʷʜʫ (1) ʚʠʢʣʠʢʘʶʪʴ ʙʝʟʟʘʧʝʨʝʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷ  ʪʘ ʧʦʙʫʜʦʚʠ ʪʦʯʥʠʭ ʨʦʟʚô̫ ʟʢʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ʛʨʫʧʦʚʦʛʦ ʘʥʘʣʽʟʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ [3], ʜʦʩʣʽʜʞʝʥʦ 

ʩʠʤʝʪʨʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʚʥʷʥʥʷ (1)  ʽ ʦʪʨʠʤʘʥʽ ʚʩʽ ʩʧʝʮʠʬʽʢʘʮʽʾ ʬʫʥʢʮʽʾ F, ʜʣʷ ʷʢʠʭ 
ʨʽʚʥʷʥʥʷ ʤʘʻ ʥʝʪʨʠʚʽʘʣʴʥʫ  ʩʠʤʝʪʨʽ.ʁ 

ɼʣʷ ʢʦʞʥʦʛʦ ʽʟ ʦʪʨʠʤʘʥʠʭ ʽʥʚʘʨʽʘʥʪʥʠʭ ʨʽʚʥʷʥʴ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʜʥʦ- ʽ 

ʜʚʦʚʠʤʽʨʥʠʭ ʧʽʜʘʣʛʝʙʨ ʘʣʛʝʙʨ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʻ ʩʠʤʝʪʨʽʡʥʘ ʨʝʜʫʢʮʽʷ ʜʦ 

ʨʽʚʥʷʥʴ ʤʝʥʰʦʾ ʨʦʟʤʽʨʥʦʩʪʽ  ̔ʜʦ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ . 

ʈʷʜ  ʦʪʨʠʤʘʥʠʭ ʨʝʜʫʢʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʚʜʘʣʦʩʷ ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ ʽ ʦʪʨʠʤʘʪʠ ʪʦʯʥʽ 

ʨʦʟʚô̫ ʟʢʠ  ʨʽʚʥʷʥʥʷ (1). 

ʊʘʢʦʞ ʜʣʷ ʨʽʚʥʷʥʥʷ (1) ʟ ʥʘʡʚʠʱʠʤʠ ʩʠʤʝʪʨʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ )0( ¹F  

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʂʦʰʽ ʟ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ  

( ) ).,(;;0 yxgyxu =       (2) 

ɼʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ g  ʚ ʫʤʦʚʽ (2) ʦʪʨʠʤʘʥʽ ʽʥʚʘʨʽʘʥʪʥʽ ʨʦʟʚô̫ ʟʢʠ ʟʘʜʘʯʽ ʂʦʰʽ. 

ɺʀʉʅʆɺʂʀ. ʗʢʱʦ ʥʝʣʽʥʽʡʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʟ ʯʘʩʪʠʥʥʠʤʠ ʧʦʭʽʜʥʠʤʠ ʤʘʻ 

ʥʝʪʨʠʚʽʘʣʴʥʽ ʩʠʤʝʪʨʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦ ʮʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʟʠʩʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʦʧʝʨʘʪʦʨʠ ʘʣʛʝʙʨʠ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʜʣʷ ʡʦʛʦ ʩʠʤʝʪʨʽʡʥʦʾ ʨʝʜʫʢʮʽʾ ʜʦ ʨʽʚʥʷʥʴ ʤʝʥʰʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ, ʷʢʽ ʽʥʢʦʣʠ ʚʜʘʻʪʴʩʷ ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ. 
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ʂʝʨʽʚʥʠʢ ʩʝʢʮʽʾ ʧʨʦʬ. ɺʘʥʽʥ ɺʽʢʪʦʨ ɸʥʪʦʥʦʚʠʯ, 

 ʧʨʦʬ. ɻʫʯʝʥʢʦ ʄʠʢʦʣʘ ɯʚʘʥʦʚʠʯ 
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ʏʀʉʃʆɺʆ-ɸʉʀʄʇʊʆʊʀʏʅɽ ʅɸɹʃʀɾɽʅʅʗ ʈʆɿɺôʗɿʂɯɺ ʇʈʆʉʊʆʈʆɺʀʍ 

ʄʆɼɽʃʔʅʀʍ ɿɸɼɸʏ ʇʈʆʎɽʉʋ ɸɽʈʆɹʅʆɻʆ ʆʏʀʑɽʅʅʗ ʉʊɯʏʅʆɰ ɺʆɼʀ 

 

ɹʦʤʙʘ ɸ. ʗ.  

ʈʽʚʥʝʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʛʫʤʘʥʽʪʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʉʘʬʦʥʠʢ ɸ. ʇ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ʄʝʪʦʜʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʤʘʶʪʴ ʨʷʜ 

ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ (ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʪʦʢʩʠʯʥʽʩʪʴ, ʩʢʣʘʜʥʘ ʩʫʤʽʰ  ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ) [1]. ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʟʘʩʥʦʚʘʥʦ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʚʝʣʠʢʦʛʦ ʚʽʪʯʠʟʥʷʥʦʛʦ ʡ ʟʘʢʦʨʜʦʥʥʦʛʦ ʜʦʩʚʽʜʫ. ʆʩʢʽʣʴʢʠ ʩʪʽʯʥʽ ʚʦʜʠ ʤʦʞʫʪʴ 

ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʚ ʥʠʭ ʙʘʢʪʝʨʽʡ (ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ 

ʢʽʣʴʢʦʩʪʽ ʞʠʚʠʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʢʩʠʯʥʽʩʪʴ ʽ ʪ.ʜ.), ʫ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ 

ʥʝʦʙʭʽʜʥʘ ʧʝʨʝʚʽʨʢʘ ʧʨʠʜʘʪʥʦʩʪʽ ʚʦʜʠ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʙʘʢʪʝʨʽʡ [2]. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ 

ʚʦʜʠ ʫ ʚʦʜʦʡʤʘʭ, ʟʜʽʡʩʥʶʚʘʥʝ ʟʛʽʜʥʦ ʽʩʥʫʶʯʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ, ʧʝʨʝʚʘʞʥʦ ʦʜʥʦʚʠʤʽʨʥʠʭ, 

ʤʦʜʝʣʝʡ (ʜʣʷ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʠʭ ʥʦʨʤʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ) ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʥʝʦʙʭʽʜʥʠʡ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʨʷʜ ʚʘʞʣʠʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʟʦʢʨʝʤʘ, ʚʟʘʻʤʦʜʽʷ ʙʘʢʪʝʨʽʡ, ʦʨʛʘʥʽʯʥʦʾ ʽ ʙʽʦʣʦʛʽʯʥʦ ʥʝʦʢʠʩʥʶʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʚ 

ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʄɸʊɽʈɯɸʃʀ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʫ ʟʘʜʘʯʫ, ʱʦ 

ʦʧʠʩʫʻ ʚ ʢʦʤʧʣʝʢʩʽ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʘʢʪʝʨʽʡ, ʦʨʛʘʥʽʯʥʦʾ ʽ ʙʽʦʣʦʛʽʯʥʦ ʥʝʦʢʠʩʥʶʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ ʚ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ( )z 0,G G= ³ ¤ (ʨʠʩ. 1): 
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, ( )* ,B M t , ( )* ,U M t  ð ʜʦʩʪʘʪʥʴʦ ʛʣʘʜʢʽ ʬʫʥʢʮʽʾ, ʫʟʛʦʜʞʝʥʽ ʤʽʞ ʩʦʙʦʶ ʥʘ 

ʨʝʙʨʘʭ ʦʙʣʘʩʪʽ G , M  ð ʜʦʚʽʣʴʥʘ ʪʦʯʢʘ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʚʝʨʭʥʽ; 
1

*s q e-= , ( )
1

*Sh qr e
-

=  

( * *, S Sq q q qe e= = ), ( ), ,x y zj j=  ð ʬʽʣʴʪʨʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ (
*

*0 j j j< ¢ ¢ <¤), ʢ ð 

ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ ʩʝʨʝʜʦʚʠʱʘ, n
C

 ð ʟʦʚʥʽʰʥʷ ʥʦʨʤʘʣʴ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʚʝʨʭʥʽ [3, 4]. ʊʫʪ 

ʨʽʚʥʽʩʪʴ ʥʫʣʶ ʥʦʨʤʘʣʴʥʠʭ ʧʦʭʽʜʥʠʭ ʚʽʜ ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ ʚʟʜʦʚʞ ʯʦʪʠʨʴʦʭ ʧʦʚʝʨʭʦʥʴ ʪʝʯʽʾ ʻ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʫʤʦʚʘʤʠ ʥʝʧʨʦʥʠʢʥʦʩʪʽ, ʘ ʚʟʜʦʚʞ ʜʽʣʷʥʢʠ ʚʠʭʦʜʫ CDD C* * ï ʫʤʦʚʘʤʠ 

çʰʚʠʜʢʦʛʦ ʚʽʜʚʝʜʝʥʥʷè (ʫʤʦʚʠ ɺʝʨʠʛʽʥʘ). 
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ʈʠʩ. 1. ï ʇʨʦʩʪʦʨʦʚʘ ʬʽʟʠʯʥʘ ʦʙʣʘʩʪʴ Gz (ʙʽʦʬʽʣʴʪʨ) (ʘ) ʪʘ ʚʽʜʧʦʚʽʜʥʘ ʾʡ  

ʦʙʣʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 
wG  (ʙ) 

ʋ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʬʽʣʴʪʨʘʮʽʡʥʘ ʟʘʜʘʯʘ (3) ð (4) ʥʘ ʧʨʦʩʪʦʨʦʚʝ ʢʦʥʬʦʨʤʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ wG G
z

: , ʜʝ { *

w w ( , , ) : ,G jy h j j j*= = < < }**0 , 0Q Qy h< < < < ð 

ʚʽʜʧʦʚʽʜʥʘ G
z

 ʦʙʣʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ; ( ), ,x y zy y= , ( ), ,x y zh h=  ï ʬʫʥʢʮʽʾ ʪʝʯʽʾ 

ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʷʞʝʥʽ ʟ ( ), ,x y zj j= , ʘ ʩʘʤʝ ʪʘʢʽ, ʱʦ: grad grad gradj y h= ³ , ʻ ʨʦʟʚôʷʟʘʥʦʶ 

[3], ʟʦʢʨʝʤʘ, ʧʦʙʫʜʦʚʘʥʦ ʜʠʥʘʤʽʯʥʫ ʩʽʪʢʫ ʽ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ v
C
, ʦʙʯʠʩʣʝʥʦ ʬʽʣʴʪʨʘʮʽʡʥʫ 

ʚʠʪʨʘʪʫ 
*

*Q Q Q= Ö. ʊʦʜʽ, ʟʜʽʡʩʥʠʚʰʠ ʟʘʤʽʥʫ ʟʤʽʥʥʠʭ ( ), ,x xjy h= , ( ), ,y yjy h= , 

( ), ,z zjy h= , ʙʫʣʦ ʧʝʨʝʡʜʝʥʦ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʫʟʽʡʥʦ-ʤʘʩʦʦʙʤʽʥʥʦʾ ʟʘʜʘʯʽ 

ʜʣʷ ʦʙʣʘʩʪʽ ( )w 0,G Gw= ³ ¤, ʨʦʟʚôʷʟʦʢ ʷʢʦʾ ʟ ʪʦʯʥʽʩʪʶ 2( )O e  ʚ ʧʨʠʧʫʱʝʥʥʽ ʩʠʣʴʥʦʾ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (2) ʚʟʜʦʚʞ ʨʝʙʝʨ ʪʘ ʚ ʢʫʪʦʚʠʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʽ Gw 

(ʜʠʚ. ʥʘʧʨ. 10) ʙʫʚ ʟʥʘʡʜʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʨʷʜʽʚ [3, 4]. 

ɺʀʉʅʆɺʂʀ. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʩʪʦʨʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʦʧʠʩʫʻ ʦʩʥʦʚʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʦʾ ʚʦʜʠ ʫ ʙʽʦʬʽʣʴʪʨʽ ʽ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ 

ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʦʾ ʟʘʜʘʯʽ. ʆʜʝʨʞʘʥʽ ʬʦʨʤʫʣʠ ʪʘ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ ʻ 

ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ (ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʨʦʟʤʽʨʽʚ ʬʽʣʴʪʨʘ ʪʦʱʦ). ʗʢ ʧʦʢʘʟʫʶʪʴ 

ʨʦʟʨʘʭʫʥʢʠ, ʧʽʩʣʷ ʧʝʚʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʤʦʞʥʘ ʧʨʠʧʠʥʠʪʠ ʧʦʜʘʯʫ ʙʘʢʪʝʨʽʡ ʫ ʙʽʦʬʽʣʴʪʨ ʽ ʮʝ 

ʥʝ ʚʧʣʠʥʝ ʥʘ ʨʽʩʪ ʙʘʢʪʝʨʽʡ ʫ ʬʽʣʴʪʨʽ, ʘ ʪʘʢʦʞ ʥʘ ʧʨʦʮʝʩ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʴ ʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʜʘʥʥʷ ʬʦʨʤʠ ʬʽʣʴʪʨʘ ʚʽʜʽʛʨʘʻ 

ʩʫʪʪʻʚʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʦʟʘʷʢ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʷʢ ʜʦ ʟʙʽʣʴʰʝʥʥʷ (ʟʤʝʥʰʝʥʥʷ) 

ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʪʘʢ ʽ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ ʟʘʛʘʣʦʤ. 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʅɽʃɯʅɯʁʅʀʍ ʇʈʆʎɽʉɯɺ ɺʀʊɯʉʅɽʅʅʗ 

ɺ ʇʈʆʉʊʆʈʆɺʆ ɺʀʂʈʀɺʃɽʅʀʍ ʅɸʌʊʆɻɸɿʆɺʀʍ ʇʃɸʉʊɸʍ 

 

ɹʦʤʙʘ ɸ. ʗ., ʊʝʨʝʙʫʩ ɸ. ɺ., ʗʨʦʱʘʢ ʉ. ɺ. 

ʈʽʚʥʝʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʛʫʤʘʥʽʪʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʥʘʬʪʦʛʘʟʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʥʘ ʽʥʪʝʥʩʠʚʥʽ ʤʝʪʦʜʠ ʚʠʜʦʙʫʪʢʫ 

ʥʘʬʪʠ ʽ ʛʘʟʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʤʘʛʘʻ ʧʦʙʫʜʦʚʠ ʷʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʽʣʴʢʽʩʥʦʾ 

ʦʮʽʥʢʠ ʧʨʦʮʝʩʽʚ ʨʦʟʨʦʙʢʠ ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʣʦʱ. ʈʦʟʨʦʙʣʝʥʫ ʫ [2-4] ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʰʠʨʝʥʦ ʥʘ ʚʠʧʘʜʢʠ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯ ʙʘʛʘʪʦʬʘʟʥʦʾ 

ʬʽʣʴʪʨʘʮʽʾ ʫ ʧʨʦʩʪʦʨʦʚʦ ʚʠʢʨʠʚʣʝʥʠʭ ʧʣʘʩʪʘʭ. 

ʄɸʊɽʈɯɸʃ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʘʬʪʦʛʘʟʦʚʠʭ ʧʣʘʩʪʘʭ ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʜʘʻʪʴʩʷ ʚʚʝʩʪʠ ʘʧʨʦʢʩʠʤʘʮʽʶ 

ʪʨʠʚʠʤʽʨʥʦʾ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʪʝʯʽʾ ʨʫʭʦʤ ʧʦ ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʦʚʝʨʭʥʷʭ ʩʪʨʫʤʫ [2]. ʈʦʟʛʣʷʥʫʪʦ 

ʧʨʦʮʝʩ ʜʚʦʬʘʟʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʫ ʧʣʘʩʪʽ (ʜʝʷʢʽʡ ʦʙʣʘʩʪʽ * * * *
* * * *G A B C D A B C Dt= , ( , , )x y zt= ) 

ʦʙʤʝʞʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʚʚʦʜʠʪʴʩʷ ʦʨʪʦʛʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ x, h, z 

(ʜʠʚ., ʨʠʩ. 1) ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʨʽʚʥʷʥʥʷ ʥʝʧʨʦʥʠʢʥʠʭ ʧʽʜʦʰʚʠ * * * *A B C D  ʪʘ ʢʨʽʚʣʽ 

* * * *A B C D  ʧʣʘʩʪʘ ʫ ʮʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʤʦʞʥʘ ʙʫʣʦ ʟʘʧʠʩʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʫ ʚʠʛʣʷʜʽ: 

1 constz z= =  ʽ 2 constz z= = , ʘ ʨʽʚʥʷʥʥʷ ʨʝʰʪʠ ʦʙʤʝʞʫʁ ʯʠʭ ʬʽʣʴʪʨʘʮʽʡʥʫ ʦʙʣʘʩʪʴ 

ʧʦʚʝʨʭʦʥʴ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: {* *
* * ( , , ) :A A B B x h z=  }* ( , ) 0f x h= , 

* *
* *C C D D ={( , , ) :x h z }* ( , ) 0f x h=  (ʝʢʚʽʧʦʪʝʥʮʽʘʣʽ), {* *

* * ( , , ) :A D A D x h z=  }* ( , ) 0g x h= , 

* *
* *B C C B = {( , , ) :x h z }* ( , ) 0g x h=  (ʧʦʚʝʨʭʥʽ ʪʝʯʽʾ).  

  

z

x

h

z

h

x

*A

*A

*D

*D

*C

*C

*B

 
ʈʠʩ. 1. ï ɺʠʢʨʠʚʣʝʥʠʡ ʧʣʘʩʪ ʦʙʤʝʞʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  

ɺʚʝʜʝʥʥʷʤ ʧʣʦʩʢʦ ʾʦʙʣʘʩʪ ̔ʟʤʽʥʠ ( , )x h (Gz ) ʪʘ ʥʘ ʦʩʥʦʚʽ ʤʽʨʢʫʚʘʥʴ, ʟʘʢʣʘʜʝʥʠʭ ʫ 

[3, 4], ʟʘʢʦʥ ɼʘʨʩʽ ʪʘ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʪʝʯʽʾ ʜʣʷ ʢʦʞʥʦʾ ʟ ʨʽʜʠʥ ʚ ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ( , , )x h z, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʛʣʷʜʽ: 1 1
1 1 1

1 1 1 2

( , ) ,
kk kk

H H
x h

j j
u u u

m x m h

å õµ µ
= =æ ö

µ µç ÷

" "C
, 2u=
C

 

2 2
2 2

2 1 2 2

( , ) ,
kk kk

H H
x h

j j
u u

m x m h

å õµ µ
= =æ ö

µ µç ÷

" "
, 

2

1

2 3 1 3( ) ( )l lH H H H
z

x h

z

u u

x h

µ µå
+ +æ

µ µç
ñ 1 2 3 0lsH H H d

t
s z

µ õ
+ =ö

µ÷
, 

1,2l = , ʜʝ 1( , )s M t , 2( , )s M t  ʚʽʜʧʦʚʽʜʥʦ ʥʘʩʠʯʝʥʦʩʪʽ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʬʪʦʶ ʪʘ ʚʦʜʦʶ 

ʚ ʜʝʷʢʽʡ ʙʽʞʫʯʽʡ ʪʦʯʮʽ M  ʧʣʘʩʪʘ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t  ( 1 2 1s s+ =), s, k  ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʨʠʩʪʦʩʪʽ 

ʪʘ ʘʙʩʦʣʶʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ˇʨʫʥʪʫ, 1 1( )k k s=" " , 2 2( )k k s=" "  ï ʚʽʜʥʦʩʥʽ ʬʘʟʦʚʽ ʧʨʦʥʠʢʥʦʩʪʽ 

( 2s s= ); lu
C

, lm ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ lïʪʦʾ ʬʘʟʠ, 
2 2 2

1H X Y Zx x x= + + , 

2H = 
2 2 2X Y Zh h h= + + , 

2 2 2
3H X Y Zz z z= + +  ï ʧʘʨʘʤʝʪʨʠ ʃʘʤʝ, ( , , )x X x h z= , ( , , )y Yx h z= , 

( , , )z Zx h z=  ï ʟʘʜʘʥʽ ʥʝʧʝʨʝʨʚʥʦ-ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʬʫʥʢʮʽʾ, ʱʦ ʧʦʚôʷʟʫʶʪʴ ʬʽʟʠʯʥʽ ʜʝʢʘʨʪʦʚʽ 
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ʢʦʦʨʜʠʥʘʪʠ ʟ ʚʚʝʜʝʥʠʤʠ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ( , , )x h z. ɿʚʽʜʩʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ 

1 2u u u= +
C C C

 ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʪʝʯʽʾ, ʦʜʝʨʞʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

1 2

( , ) ( ) ,k s
H H

x h
x h

j j
u u u

å õ
= = æ ö

ç ÷

C
,                                                  (1) 

2

1

2 3 1 3( ) ( )
0

H H H H
d

z
x h

z

u u
z

x h

µ µå õ
+ =æ ö

µ µç ÷
ñ ,                                       (2) 

2

1

2 3 1 3( ( ) ) ( ( ) )H H f s H H f s
z

x h

z

u u

x h

µ µå
+ +æ

µ µç
ñ 1 2 3 0

s
H H H d

t
s z

µõ
=ö

µ÷
,                 (3) 

ʜʝ 
" "

1 2

1 2

( ) ( )
( )

kk s kk s
k s

m m
= + , 

"

" "
21

1 22 1

( )
( )

( ) ( )

k s
f s

k s k s

m

m m
=

+
. ʐʣʷʭʦʤ ʧʜ̔ʩʪʘʥʦʚʢʠ (1) ʚ (2-3) ʪʘ ʟʤʽʥʠ 

ʧʦʨʷʜʢʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʪʘ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥ,ɹ ʷʢʘ 

ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʘʡʦʚʠʭ ʪʘ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʚʠʪʽʩʥʝʥʥʷ ʫ ʧʨʦʩʪʦʨʦʚʦ 

ʚʠʢʨʠʚʣʝʥʦʤʫ ʧʣʘʩʪʽ ʟʤʽʥʥʦʾ ʪʦʚʱʠʥʠ: 

 1 2 0K K
j j

x x h h

å õ å õµ µ µ µ
+ =æ ö æ ö

µ µ µ µç ÷ ç ÷
, 3 4 5 0

s
K K K

t

j j

x x h h

å õ å õµ µ µ µ µ
+ + =æ ö æ ö

µ µ µ µ µç ÷ ç ÷
, (4) 

ʜʝ 
2

1

1

1
2 3 1( , ) ( )K k s H H H d

z

z

x h z-=ñ , 
2
( , )K x h=

2

1

1
1 3 2( )k s H H H d

z

z

z-

ñ , 
2

3

1

1 2 3( , )K H H H d

z

z

x h s z=ñ , 

2

4

1

1
2 3 1( , ) ( ) ( )K k s f s H H H d

z

z

x h z-=ñ , 
5
( , )K x h=

2

1

1
1 3 2( ) ( )k s f s H H H d

z

z

z-

ñ  ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʛʝʦʤʝʪʨʽʶ ʪʘ ʬʽʣʴʪʨʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʘʩʪʘ. ɺʽʜʧʦʚʽʜʥʽ ʩʠʩʪʝʤʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ (2)-

(3) ʛʨʘʥʠʯʥʽ ʪʘ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: 

*
*( , ) 0f xh

j j
=
= , *

*

( , ) 0f xh
j j

=
= , 

*
* ( , ) 0 ( , ) 0

0
g gn nxh xh

j j

= =

µ µ
= =

µ µ
, 

*
*( , ) 0f

s s
xh=

= , 
0

( , , )
t

s sx h z
=
=" . (5) 

ɺʀʉʅʆɺʂʀ. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʜʚʦʬʘʟʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʚ ʧʨʦʩʪʦʨʦʚʦ ʚʠʢʨʠʚʣʝʥʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʧʣʘʩʪʘʭ ʟʤʥ̔ʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʦʙʤʝʞʝʥʠʭ ʥʝʧʨʦʥʠʢʥʠʤʠ ʧʽʜʦʰʚʦʶ ʪʘ ʢʨʽʚʣʝʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʥʘ ʥʝʾ, ʚʠʚʯʠʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʚ ʧʨʠʚʠʙʽʡʥʠʭ ʟʦʥʘʭ.  
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ʄɸʊɽʈʀɸʃʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ. ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʚ 

ʩʠʩʪʝʤʝ ʛʘʟ-ʨʝʰʝʪʢʘ ʫʧʨʫʛʠʭ ʧʨʦʬʠʣʝʡ ʧʨʠ ʚʥʝʩʝʥʠʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ 

ʜʚʠʞʝʥʠʝ ʧʨʦʬʠʣʝʡ. ʆʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʚ ʭʘʨʘʢʪʝʨʝ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʳʭ 

ʚʦʣʥ ʧʦ ʤʝʞʧʨʦʬʠʣʴʥʳʤ ʢʘʥʘʣʘʤ ʨʝʰʝʪʦʢ ʜʚʫʭ ʪʠʧʦʚ ʥʘ ʨʝʞʠʤʘʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. 

ʆʪʤʝʯʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʫ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʩʯʝʪʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʧʦ 

ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʬʦʥʫ ʫʜʘʨʥʦʡ ʚʦʣʥʝ. 

ʇʦʛʨʝʰʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʬʘʟʳ ʠ ʘʤʧʣʠʪʫʜʳ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ 

ʥʘ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʤʫʱʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʵʨʦʫʧʨʫʛʦʡ ʩʠʩʪʝʤʳ. ʂ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ, 

ʧʨʠʤʝʥʷʝʤʳʤ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʝʰʝʥʠʡ ʪʘʢʠʭ ʟʘʜʘʯ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʪʦʯʥʦʩʪʠ. 

ɺʓɺʆɼʓ. ʅʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯʘʭ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʨʘʟʥʦʩʪʥʳʭ 

ʩʭʝʤ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩ ʫʜʘʨʥʳʤʠ 

ʚʦʣʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʦʨʷʜʢʦʤ ʩʣʘʙʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ.  
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʉʊɸʎɯʆʅɸʈʅʆɰ ɼʀʌʋɿɯɰ ɺ ʈɽɻʋʃʗʈʅʀʍ 

ʉʊʈʋʂʊʋʈɸʍ ɿɸ ʇɽʈɯʆɼʀʏʅʆɻʆ ʍɸʈɸʂʊɽʈʋ ʂʆʅɺɽʂʊʀɺʅʀʍ ʗɺʀʑ 

 

ɻʦʥʯʘʨʫʢ ɺ. ɭ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

ɼʤʠʪʨʫʢ ɺ. ɸ. 

ʎʝʥʪʨ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ɯʇʇʄʄ ʽʤʝʥʽ  ʗ. ʉ. ʇʽʜʩʪʨʠʛʘʯʘ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʥʠʟʢʠ ʬʽʟʠʯʥʠʭ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʫʟʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʙʘʛʘʪʦʬʘʟʥʠʭ ʦʙôʻʢʪʘʭ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ ʢʽʣʴʢʽʩʥʠʡ ʪʘ ʷʢʽʩʥʠʡ ʚʧʣʠʚ ʩʫʪʪʻʚʦ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ. ɿʦʢʨʝʤʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ 

ʪʦʯʥʽ ʨʦʟʚôʷʟʢʠ ʢʦʥʢʨʝʪʥʠʭ ʢʦʥʪʘʢʪʥʦ-ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʧʨʦʮʝʩʽʚ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʜʣʷ 

ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʩʠʩʪʝʤ, ʫ ʪ.ʯ. ʧʨʦʩʪʦʨʦʚʦ ʨʝʛʫʣʷʨʥʠʭ. ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ 

ʜʠʬʫʟʽʡʥʦʛʦ ʪʠʧʫ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʻ 

ʥʝʝʬʝʢʪʠʚʥʠʤ. ʊʦʤʫ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʢʨʝʤʦ ʚ ʢʦʥʪʘʢʪʫʶʯʠʭ ʦʙʣʘʩʪʷʭ [1]. 

ʄɸʊɽʈɯɸʃʀ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ. ʋ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʚʠʧʘʜʢʫ ʪʦʯʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʢʦʥʪʘʢʪʥʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʜʠʬʫʟʽʾ ʜʦʤʽʰʢʦʚʦʾ ʨʝʯʦʚʠʥʠ ʫ ʜʚʦʬʘʟʥʦʤʫ ʰʘʨʽ 

ʨʝʛʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʥʦʩʫ ʪʽʣʴʢʠ ʚ ʦʜʥʽʡ ʬʘʟʽ 

ʧʨʠ ʜʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʜʞʝʨʝʣ ʤʘʩʠ ʟʘ ʥʝʽʜʝʘʣʴʥʠʭ ʫʤʦʚ ʤʘʩʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʥʘ ʤʽʞʬʘʟʥʠʭ 

ʛʨʘʥʠʮʷʭ ʟʥʘʡʜʝʥʦ ʫ ʚʠʛʣʷʜʽ 
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ʊʫʪ ¤ic  - ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʦʙʣʘʩʪʽ iW , 0=x , 0xx=  - ʛʨʘʥʠʮʽ ʪʽʣʘ, Dv  - ʢʦʝʬʽʮʽʻʥʪ, ʟʘʣʝʞʥʠʡ 

ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ iD  ʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ v ; L , l  - ʰʠʨʠʥʠ 

ʦʙʣʘʩʪʝʡ 1W  ʽ 2W , ¤ng~  ʪʘ ¤mg~  ʚʠʟʥʘʯʝʥʽ ʟ ʫʤʦʚʠ ʩʪʨʠʙʢʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʤʝʞʽ ʢʦʥʪʘʢʪʫ [1]. 

ʆʪʨʠʤʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʬʫʥʢʮʽʶ ʫʩʝʨʝʜʥʝʥʦʾ ʟʘ ʟʤʽʥʥʦʶ y  ʧʦ ʰʠʨʠʥʽ ʪʽʣʘ ʩʫʤʘʨʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʦʚʦʾ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʚʚʦʜʠʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ñ ñ
+

¤¤¤

+
+

+
=

L lL

L

dyyxc
lL

dyyxc
lL

xc

0

21 ),(
1

),(
1

)( . (3) 

ɼʦʩʣʽʜʞʝʥʦ ʪʝʧʝʨ ʚʧʣʠʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʧʦʚʝʜʽʥʢʫ ʪʘ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʯʘʩʪʠʥʦʢ, ʫʩʝʨʝʜʥʝʥʦʾ ʧʦ ʰʠʨʠʥʽ ʚʠʜʽʣʝʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʽʣʘ. ʏʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʬʫʥʢʮʽʾ 

)(x¤c  ʧʨʦʚʝʜʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (4) ʫ ʙʝʟʨʦʟʤʽʨʥʠʭ ʟʤʽʥʥʠʭ ʽ ʧʦʜʘʥʽ ʥʘ ʨʠʩ.1-2. ʈʠʩ.1 

ʽʣʶʩʪʨʫʻ ʨʦʟʧʦʜʽʣʠ )(x¤c  ʜʣʷ ʚʝʣʠʢʠʭ (ʨʠʩ.ʘ) ʽ ʤʘʣʠʭ (ʨʠʩ.b) ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʰʚʠʜʢʦʩʪʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ v
%
. ʂʨʠʚʽ 1-5 ʚʽʜʧʦʚʽʜʘʶʪʴ =v

%
1; 2; 3; 4; 5 ʥʘ ʨʠʩ.ʘ ʽ 

v
%
=0.1; 0.2; 0.3; 0.4; 0.5 ʥʘ ʨʠʩ.b. ʅʘ ʨʠʩ.2 ʟʦʙʨʘʞʝʥʦ ʨʦʟʧʦʜʽʣʠ ʬʫʥʢʮʽʾ ʫʩʝʨʝʜʥʝʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ d  (ʨʠʩ.ʘ) ʪʘ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ 

ʜʞʝʨʝʣ ʤʘʩʠ (ʨʠʩ.b). ʅʘ ʨʠʩ.2ʘ ʩʫʮʽʣʴʥʽ ʢʨʠʚi 1-5 ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ d =0.01; 0.1; 0.3; 

0.5; 1 ʧʨʠ v
%
=3, ʘ ʰʪʨʠʭʦʚʽ ʣʽʥʽʾ - ʧʨʠ v

%
=0.3, ʘ ʥʘ ʨʠʩ.2b ʢʨʠʚʽ 1-4 ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 

)2(
0

)1(
0 cc =0.1; 0.2; 0.3; 0.4.  
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ʈʠʩ.1. ï ɿʘʣʝʞʥʽʩʪʴ ʬʫʥʢʮʽʾ ʫʩʝʨʝʜʥʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʣʷ ʚʝʣʠʢʠʭ (ʨʠʩ.ʘ) ʽ ʤʘʣʠʭ (ʨʠʩ.b) 

ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ 
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ʈʠʩ.2. ï ɿʘʣʝʞʥʽʩʪʴ ʬʫʥʢʮʽʾ ʫʩʝʨʝʜʥʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʰʝʥʥʷ d  

(ʨʠʩ.ʘ) ʪʘ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʜʞʝʨʝʣ ʤʘʩʠ (ʨʠʩ.b) 

ɺʀʉʅʆɺʂʀ. ʏʠʩʣʦʚʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʨʦʟʧʦʜʽʣʽʚ ʫʩʝʨʝʜʥʝʥʦʾ ʧʦ ʰʠʨʠʥʽ 

ʚʠʜʽʣʝʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʽʣʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʘʨʘʢʪʝʨʥʝ ʨʽʟʢʝ ʾʾ ʧʨʠʧʦʚʝʨʭʥʝʚʝ ʟʨʦʩʪʘʥʥʷ (ʙʽʣʷ 

ʧʦʚʝʨʭʥʽ, ʜʝ ʜʽʻ ʜʞʝʨʝʣʦ ʤʘʩʠ). ɼʣʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʤʦʥʦʪʦʥʥʝ ʟʨʦʩʪʘʥʥʷ ʬʫʥʢʮʽʾ )(x¤c  (ʨʠʩ.1ʘ) ʽ ʨʽʟʢʝ ʧʘʜʽʥʥʷ ʜʦ 

ʥʫʣʷ ʙʽʣʷ ʛʨʘʥʠʮʽ ʪʽʣʘ 0x=x . ʇʨʠʯʦʤʫ ʯʠʤ ʙʽʣʴʰʠʤ ʻ ʚʝʣʠʯʠʥʘ v
%
, ʪʠʤ ʜʦʚʰʠʤ ʻ ʧʨʦʤʽʞʦʢ 

ʟʨʦʩʪʘʥʥʷ ʫʩʝʨʝʜʥʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʪʠʤ ʙʽʣʴʰʦʛʦ ʤʘʢʩʠʤʫʤʫ ʚʦʥʘ ʜʦʩʷʛʘʻ (ʢʨʠʚʘ 5 ʥʘ 

ʨʠʩ.1ʘ). ɼʣʷ ʤʘʣʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʤʦʞʣʠʚʘ ʧʦʷʚʘ ʷʚʥʦ 

ʚʠʨʘʞʝʥʦʛʦ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ (ʙʽʣʷ ʜʞʝʨʝʣʘ ʤʘʩʠ) ʤʘʢʩʠʤʫʤʫ ʬʫʥʢʮʽʾ )(x¤c  (ʢʨʠʚʘ 1 ʥʘ 

ʨʠʩ.1b). 

ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ d  ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ )(x¤c  ʥʘ 

ʚʩʴʦʤʫ ʧʨʦʤʽʞʢʫ (ʨʠʩ.2ʘ). ʇʨʦʪʝ, ʷʢʱʦ ʜʣʷ ʤʘʣʠʭ v
%

 ʪʘʢʝ ʟʤʝʥʰʝʥʥʷ ʻ ʥʝʟʥʘʯʥʠʤ, ʪʦ ʜʣʷ 

ʚʝʣʠʢʠʭ v
%

 ʥʘ ʧʨʦʤʽʞʢʫ ]10;6[Íx  ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ d  ʥʘ ʬʫʥʢʮʽʶ 

)(x¤c . ɼʣʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ v
%

 ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʜʞʝʨʝʣ ʤʘʩʠ 

)1(
0

)2(
0 cc  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ )(x¤c  ʥʘ ʜʽʣʷʥʮʽ ʨʽʟʢʦʛʦ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʾʾ 

ʟʤʝʥʰʝʥʥʷ ʥʘ ʽʥʪʝʨʚʘʣʽ ʧʦʣʦʛʦʛʦ ʟʨʦʩʪʘʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʰʘʨʫ 0x=x  (ʨʠʩ.2b).  

 

ʃɯʊɽʈɸʊʋʈɸ 

 

1. ʏʘʧʣʷ ɭ.ʗ., ʏʝʨʥʫʭʘ ʆ.ʖ., ɼʤʠʪʨʫʢ ɺ.ɸ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ ʫ ʜʚʦʬʘʟʥʠʭ ʪʽʣʘʭ ʨʝʛʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʫ ʚ ʦʜʥʽʡ ʟ ʬʘʟ//ʄʘʰʠʥʦʟʥʘʚʩʪʚʦ. - 2010. -  ̄5 (144). - C.10-15. 
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METHOD OF BEST EFFORT TRAFIC REGULATION BASED  

ON THE ACTIVE -RESONANCE TRAFFIC LOSSES IMPACT PROBING  

 

Guchenko M.I., Poznyak E.V., Ivanova M.M, Slavko H.G., Kostenko P.G. 

Kremenchuk Mychailo Ostrogradsky National University 

 

TOPICALITY OF THE STUDY. A persistent growing of transmission rates and volumes of 

different traffic in nowadays computer networks are emphasizes an issue of an effective traffic 

regulation in network nodes. Commonly a traffic regulation problem in computer networks is 

solved by static traffic prioritizing and simple QoS provisioning mechanisms, but quite frequently 

traffic regulation can be accomplished only in dynamic and adaptive manner. Aggregated network 

traffic usually can be divided into high priority flows which need a strong QoS guaranties 

provisioning, and traffic with low or middle priorities which have to be transmitted by best effort 

policy. An aggregated traffic in broadband network channel may also consist of a huge number of 

flows, which makes an impossible to provide right priority for each of them. 

Modern QoS-based feedback control strategies for a network traffic well described in [1,2]. 

In study [1] was represented a Priority-based Feedback Flow Control System (PFFCS) framework 

which provides adaptively maximizing of low priority flows while maintaining high priority flows 

at a desired level based on: proposed multi-layered flow rate constrain algorithms and defined series 

of malicious-based packet discarding policies. In [2] was described QoS strategies for main two 

types of best effort traffic and was proposed feedback control framework and utility functions for 

TCP traffic (which is 90% of whole traffic in Internet). Both traffic feedback control frameworks 

utilize only classical proportional-integral-derivative (PID) traffic regulators, which are not optimal 

with a view to dynamics and complexity of network environment. 

The aim of this study is to analyze performance capabilities of the active-resonance traffic 

feedback control method for best effort traffic QoS supporting. 

MATERIALS AND RESULTS OF THE STUDY. The dynamic network traffic flows 

model was developed by means of Matlab dynamic systems simulation tools. The network model 

consists of traffic sender, receiver and network node, which provides traffic feedback control. In 

this model the both approaches of traffic control from [1,2] was combined into single QoS 

supporting framework. Traffic flows from the sender is divided in the controlled node into high 

priority traffic with already reserved bandwidth and best effort policy traffic, which is in turn 

divided into short-term (every flow with <10 seconds duration) and long-term (>10 s. duration) 

traffic flows. For short-term ("mice") flows should be provided minimum delays of transmission, 

but since they become long-term ("elephants") they regulation goals will be: maximization of 

available bandwidth utilizing for aggregated best effort traffic and maintaining fair bandwidth 

sharing between long-term flows. 

Traffic generated by sender consisted of one constant bit rate high priority flow, based on 

UDP protocol, and several flows of best effort traffics, which are sent by TCP transport protocol. 

Fairness and effectiveness of bandwidth allocation in large time scale (depends on RTT value) for 

TCP Reno and Westwood can be accomplished by using equations in Table 1, which was shown in 

[3] for OS Linux kernel. 

 

 Equilibrium functions 

TCP Reno 

RTTtp )(
5.1  

TCP Westwood 

)(

)(1

min)(

1

tp

tp

RTTRTTRTT

-

-
 

Table 1. Equilibrium rates for widely used TCP protocols in terms of packet losses and delays 

(where p(t) ï loss rate; RTT, RTTmin ï mean packets round trip time, minimum RTT) 
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Thereby right mean values of traffic rates for aforementioned TCP protocols can be set by 

choosing the corresponding constant values of the TCP-packets drop rates (like, for example, p1 and 

p2 values represented in Fig.1). But quite often TCP can have a priori unknown or sometimes even 

maliciously aggressive transmission policy, which can be controlled by using adaptive algorithms. 

Work [1] utilizes only classical PID regulation for similar task, but such regulators as: neural 

networks, fuzzy or proposed active-resonance one, seems can give an improved adaptive regulation 

in a complex network conditions. 

 
Fig.1 - Example of the TCP's window dependence on the packet losses  

 

This work introduces an active-resonance algorithm of the packet dropping impact probing 

on the TCP traffic rates. The active-resonance traffic regulation method was described in [4], where 

it successfully used for RTT delays regulation. It can be shown that an effective performance of the 

active-resonance packet dropping algorithm can be guaranteed in the following conditions: 

1) Constant value of the controlled variable first derivative during the two control cycles: 

)()()()( 0123 tytytyty -º- , where y(ti) ï mean traffic rate during i-th time interval; 

2) Proportionality of the packet loss rates (dp(ti)) impact on the traffic rates derivatives: 

( )
( ))()(2)(

)()(2)(

)(

)(

123

012

2

1

tytyty
tytyty

tdp

tdp
+Ö-

+Ö-
º    (1) 

3) Tolerance of the regulation to small errors in values of the controlled variables. 

Active-resonance regulation has significantly less computational complexity than classical 

neural networks algorithms and can be used when aggregated traffic consists of a huge number of 

flows with a priory unknown transmission policies. 
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ʏʀʉʃʆɺʀʁ ʈʆɿɺôʗɿʆʂ ɿɸɼɸʏɯ ʄɽʍɸʅɯʂʀ ʂʆʅʉʊʈʋʂʎɯʁ  

ɿɸ ɼʆʇʆʄʆɻʆʖ ʄʉɽ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄʆʈʊɸʈʅʀʍ ʌʋʅʂʎɯʁ 

 

ɼʠʷʢ ɯ .ɯ., ʉʘʚʫʣʘ ʗ. ɻ., ʗʱʫʢ ʖ. ʆ., ʉʪʷʛʘʨ ɸ. ʆ.  

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ  

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʧʨʠʨʦʜʥʽ ʪʘ ʽʥʞʝʥʝʨʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʻ 

ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʟʘ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ, ʤʘʶʪʴ ʪʨʽʱʠʥʠ ʯʠ ʪʦʥʢʽ ʚʢʣʶʯʝʥʥʷ ï ʧʨʦʰʘʨʢʠ ʤʘʣʦʾ 

ʪʦʚʱʠʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʧʣʠʚʦʤ ʪʦʥʢʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʦʩʥʦʚʥʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʪʘʢʠʭ ʛʘʣʫʟʝʡ ʥʘʫʢʠ ʷʢ ʤʝʭʘʥʽʢʘ, ʤʝʜʠʮʠʥʘ, ʙʽʦʣʦʛʽʷ, ʝʢʦʣʦʛʽʷ, 

ʛʝʦʬʽʟʠʢʘ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʩʧʦʩʽʙ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʨʪʘʨʥʠʭ ʬʫʥʢʮʽʡ ʥʘ ʤʝʞʽ ʚʢʣʶʯʝʥʥʷ. 

ʄɸʊɽʈɯɸʃʀ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʫʞʥʝ ʪʽʣʦ, ʱʦ ʟʘʡʤʘʻ 

ʦʙʣʘʩʪʴ 2

1 RÍW  ʟ ʣʽʧʰʠʮʝʚʦʶ ʛʨʘʥʠʮʝʶ G ʪʘ ʚʢʣʶʯʝʥʥʷ, ʱʦ ʟʘʡʤʘʻ ʦʙʣʘʩʪʴ 2
2 RÍW . 

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ )(xuk , ),( 21 xxx=  ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʴ ʪʦʯʦʢ ʪʽʣʘ ʚ ʦʙʣʘʩʪʽ kW  ʚʟʜʦʚʞ 1x  ʪʘ 2x  

ʚʽʜʧʦʚʽʜʥʦ. ʅʝʭʘʡ k
ijs  ʪʘ kije , 2,1, =ji  ï ʪʝʥʟʦʨʠ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʚʽʜʧʦʚʽʜʥʦ. 

ɺʽʜʦʤʦ[2], ʱʦ ʜʣʷ ʪʽʣʘ, ʷʢʝ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ, ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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, ( ) kxx WÍ21,  

ʜʝ kif ï ʟʦʚʥʽʰʥʽ ʦʙôʻʤʥʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʪʽʣʦ. 

ʈʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʫ ʧʝʨʝʤʽʱʝʥʥʷʭ ʫ ʚʠʧʘʜʢʫ ʽʟʦʪʨʦʧʥʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʤʘʪʠʤʝ 

ʚʠʛʣʷʜ [2] 

( )( )( ) kkkkkk fuudiv
CCC
=D+Ð+- mml . 

ʊʫʪ kl , kmï ʢʦʝʬʽʮʽʝʥʪʠ ʃʷʤʝ. 

ʇʦʧʝʨʝʜʥʻ ʨʽʚʥʷʥʥʷ ʜʦʧʦʚʥʠʤʦ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʫ ʢʦʞʥʽʡ ʦʙʣʘʩʪʽ 

01 =
vu , 02 =

vu , Dx GÍ . 

011=
vs , 012 =

vs , Nx GÍ . 

ʜʝ  

22111 nunuuv += , 22112 tt uuuv += , 

2112

2

11111 nnnv sss += , 2212111112 tstss nnv += , 

n
C
ïʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ, t

C
ïʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʜʦʪʠʯʥʽʡ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʛʨʘʥʠʮʽ G.  

ɼʦ ʮʴʦʛʦ ʜʦʜʘʤʦ ʫʤʦʚʠ ʩʧʨʷʞʝʥʥʷ ʥʘ ʩʧʽʣʴʥʽʡ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʝʡ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ 

ʨʽʚʥʦʩʪʽ ʚʝʢʪʦʨʽʚ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʥʦʨʤʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʮʽʻʾ ʟʘʜʘʯʽ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʄʉɽ, 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʣʘʙʢʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ, ʜʝ ʟʘ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʡ ʚʽʟʴʤʝʤʦ 

ʬʫʥʢʮʽʾ-ʰʘʧʦʯʢʠ. 

ʋʤʦʚʠ ʩʧʨʷʞʝʥʥʷ ʚʨʘʭʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʨʪʘʨʥʠʭ ʬʫʥʢʮʽʡ [3], ʧʨʦʚʽʚʰʠ ʪʘʢ 

ʟʚʘʥʝ ñcʢʣʝʶʚʘʥʥʷò ʥʘ ʩʧʽʣʴʥʽʡ ʛʨʘʥʠʮʽ ʜʚʦʭ ʦʙʣʘʩʪʝʡ, ʷʢʫ ʧʦʟʥʘʯʠʤʦ 12G . ɼʣʷ ʮʴʦʛʦ 

ʥʘʢʣʘʜʝʤʦ ʫʤʦʚʫ ʩʣʘʙʢʦʾ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʥʘ 12G  [3]: 

( )
12

1 2
12 0iu u dm

G

- G =ñ , 

ʜʝ im ï ʜʝʷʢʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʥʘ 12G . ʇʦʟʥʘʯʠʤʦ { }ispanmL= . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʨʽʘʮʽʡʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 
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ɿʥʘʡʪʠ ( )( ),u VlÍ ³L ʪʘʢʽ, ʱʦ 

( )

( )
1 2 12 1 2

12

1 2
1 2 1 2 1 1 2 2

1 2 12 1 2

1 2
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,
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i i
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j j
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v v
d d u u d f v d f v d v V

x x

u u d

s s l

m m

W W G W W

G

µ µ
W + W + - G = W + W " Í

µ µ

- G = "

ñ ñ ñ ñ ñ

ñ

 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʟʘʜʘʯʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʢʦʞʥʦʾ 

ʦʙʣʘʩʪʽ ʥʝʟʘʣʝʞʥʦ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʤʦʞʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʚʢʣʶʯʝʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. 

ʏʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʪʽʣʘ ʽʟ ʚʢʣʶʯʝʥʥʷʤ, ʩʭʝʤʘʪʠʯʥʦ 

ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ. 1.  

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʪʝʩʪʦʚʦʾ ʟʘʜʘʯʽ 

ɺʀʉʅʆɺʂʀ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ñcʢʣʝʶʚʘʥʥʷò ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʨʪʘʨʥʠʭ ʬʫʥʢʮʽʡ, ʻ ʘʜʝʢʚʘʪʥʠʤʠ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʧʨʘʮʶʚʘʪʠ ʽʟ ʢʦʞʥʦʶ ʽʟ ʦʙʣʘʩʪʝʡ ʥʝʟʘʣʝʞʥʦ. 

 

ʃɯʊɽʈɸʊʋʈɸ 

1. ʉʘʚʫʣʘ ʗ.ɻ. ʏʠʩʣʦʚʠʡ ʘʥʘʣʽʟ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʚʘʨʽʘʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. ï 

ʃʴʚʽʚ: ɺʠʜʘʚʥʠʯʠʡ ʮʝʥʪʨ ʃʅʋ ʽʤ. ɯ. ʌʨʘʥʢʘ. ð 2004. ð 221 ʩ. 
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// SIAM Journal on Numerical Analysis. ð 2000. ð 38, ˉ3. ð P. 989-1012. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʅɸʇʈʋɾɽʅʆɻʆ ʉʊɸʅʋ ɻʅʋʏʂʆɰ ʂʈʋɻʃʆɰ ʇʃɸʉʊʀʅʂʀ  

ɺ ʈɸʄʂɸʍ ʄʆɼɽʃɯ ʂɸʈʄɸʅɸ 

 

ɼʷʢʽʚ ɺ. ɺ., ʉʝʥʴʢʽʚ ʃ. ʄ., ʏʝʢʫʨʽʥ ɺ. ʌ.  

ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʤʝʭʘʥʽʢʠ ʽ ʤʘʪʝʤʘʪʠʢʠ ʽʤʝʥʽ  ʗ. ʉ. ʇʽʜʩʪʨʠʛʘʯʘ 

ʅɸʅ ʋʢʨʘʾʥʠ 

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ ʩʢʣʘ [1] ʚʠʥʠʢʘʻ 

ʟʘʜʘʯʘ ʦʩʝʩʠʤʝʪʨʠʯʥʦʛʦ ʟʛʠʥʫ ʢʨʫʛʣʦʾ ʧʣʘʩʪʠʥʢʠ 1 ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʣʽʥʜʨʠʯʥʦ-ʧʨʠʟʤʘʪʠʯʥʠʭ 

ʦʧʦʨʠ 2 ʪʘ ʧʫʘʥʩʦʥʘ 3 (ʨʠʩ.1). ɼʽʘʤʝʪʨ ʧʣʘʩʪʠʥʢʠ a  ʻ ʙʽʣʴʰʠʤ ʟʘ ʜʽʘʤʝʪʨ ʦʧʦʨʠ 1r . ʇʦʜʽʙʥʘ 

ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʘ ʚ ʨʘʤʢʘʭ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʤʘʣʠʭ ʧʨʦʛʠʥʽʚ ʫ ʨʦʙʦʪʽ [2]. 

 
 

ʈʠʩ.1. ï ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʣʘʩʪʠʥʢʠ. 

ʄɸʊɽʈɯɸʃ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ. ʋ ʚʠʧʘʜʢʫ ʛʥʫʯʢʠʭ ʧʣʘʩʪʠʥʦʢ (ʟʘ ʤʘʣʠʭ 

ʟʥʘʯʝʥʴ ʮʠʣʽʥʜʨʠʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ) ʪʘ ʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫʤʦʚʘ ʤʘʣʦʩʪʽ ʧʨʦʛʠʥʽʚ w  

ʧʦʨʽʚʥʷʥʦ ʽʟ ʪʦʚʱʠʥʦʶ h  ʧʣʘʩʪʠʥʢʠ ʤʦʞʝ ʧʦʨʫʰʫʚʘʪʠʩʷ. ʇʨʠ ʮʴʦʤʫ ʤʝʤʙʨʘʥʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ. ɼʣʷ ʮʠʭ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʫʻʤʦ 

ʚʽʜʦʤʫ ʤʦʜʝʣʴ ʂʘʨʤʘʥʘ, ʷʢʘ ʫ ʚʠʧʘʜʢʫ ʦʩʴʦʚʦʾ ʩʠʤʝʪʨʽʾ, ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ [3]. 

 ( ) ( )
2 2

2

1 2 2 22 2

P P h d d w d dw
D w r r r r

r r r dr dr dr dr
d d

p p

å õF F
D =- - + - + +æ ö

ç ÷
  (1) 

 
2

2

2

E dw d w

r dr dr
D F=-   (2) 

ʊʫʪ ()rF=F  ï ʬʫʥʢʮʽʷ ʥʘʧʨʫʞʝʥʴ, r  ï ʨʘʜʽʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ, ( )( )3 2/ 12 1D Eh n= -  ï

ʮʠʣʽʥʜʨʠʯʥʘ ʞʦʨʩʪʢʽʩʪʴ, Eï ʤʦʜʫʣʴ ʖʥʛʘ, v  ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ, Pïʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺ ʨʘʤʢʘʭ ʮʽʻʾ ʤʦʜʝʣʽ ʨʘʜʽʘʣʴʥʽ rs  ʪʘ ʢʦʣʦʚʽ js  ʥʘʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʩʫʤʘ ʟʛʠʥʘʣʴʥʠʭ 

rs", js" ʪʘ ʤʝʤʙʨʘʥʥʠʭ rs , js  ʥʘʧʨʫʞʝʥʴ: 

2 2

66
,r

r

MM

h h

j

js s= =" " , 
2

2

1
,r

d d

r dr dr
js s

F F
= = , 

ʜʝ 
2

2
,r

d w v dw
M D

dr r dr

å õ
=- +æ ö

ç ÷
 

2

2

v dw d w
M D

r dr dr
j

å õ
=- +æ ö

ç ÷
. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʟʛʽʜʥʦ ʨʠʩ.1. ʤʦʜʝʣʶʚʘʪʠʤʝʤʦ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ:  

2

0 0 1 2
0, , 0, 0,r r r r r a

dw d w dw
w w

dr r drdr
= = = =

å õn
= ¸¤ = + =æ ö

æ ö
ç ÷

    0 0 , 0r r a
d d

dr dr
= =

F F
= = . (3) 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʤʘʣʽʩʪʴ ʥʝʣʽʥʽʡʥʦʛʦ ʜʦʜʘʥʢʫ ʫ ʨʽʚʥʷʥʥʷ (1), ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (1) ï (3) 

ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʣʷ ʧʨʦʛʠʥʫ ʧʦʜʘʤʦ ʫ ʚʠʛʣʷʜʽ [3]  

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

/ 0w r fw r w= ,  (4) 

ʜʝ f  ï ʥʝʚʽʜʦʤʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʨʦʛʠʥ ʧʣʘʩʪʠʥʢʠ ʚ ʪʦʯʮʽ 0r= , ()(0)w r ï 

ʨʦʟʚ'ʷʟʦʢ ʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ  
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() ( ) ( )

()
() ()

() ()

02
1 2

0 0 02
0 0

0 0 1 2

1
,

4

0, , 0, 0,r r r r r a

w r r r r

dw d w dw
w w

dr r drdr
= = = =

D =-d - +d -

å õn
æ ö= ¸¤ = + =
æ ö
ç ÷

  (5) 

ʘ ʬʫʥʢʮʽʶ ʥʘʧʨʫʞʝʥʴ ʰʫʢʘʪʠʤʝʤʦ ʷʢ ʨʦʟʚôʷʟʦʢ ʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ 

 ()
() () () ()1 1 1 12

12
02

, 0 , 0r r a
E dw d w d d

r dr dr drdr
= =

F F
D F =- = =  (6) 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʜʘʥʥʷ (4), ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ (6) ʚʘʨʽʘʮʽʡʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ 

(1)- (3), ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʧʨʠʚʝʣʦ ʜʦ ʢʫʙʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʩʪʦʩʦʚʥʦ ʥʝʚʽʜʦʤʦʛʦ ʧʘʨʘʤʝʪʨʘ f . ʎʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʻʜʠʥʠʡ ʜʽʡʩʥʠʡ ʢʦʨʽʥʴ.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʪʨʠʤʘʥʦʛʦ ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʽ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ (1)ï(3) 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʣʘʩʪʠʥʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ.  

ʅʘ ʨʠʩ.2 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʧʨʦʛʠʥʫ / (0)f f w=" "  ( (0)w"  ï 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʛʠʥ, ʧʦʨʘʭʦʚʘʥʠʡ ʟʘ ʣʽʥʽʡʥʦʶ ʪʝʦʨʽʻʶ) ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 

( )8 2 210 /12 1d h= -n ʧʨʠ 6P/ 2 10P Eh -= p = ʤ. ʪʘ 1 0,11r =  ʤ. ʂʨʠʚʽ 1 ʪʘ 2 ʦʪʨʠʤʘʥʦ ʧʨʠ 

0,14a= ʤ ʜʣʷ ʚʠʧʘʜʢʽʚ 2 0,26r = ʤ ʪʘ 2 0,055r = ʤ ʚʽʜʧʦʚʽʜʥʦ.  

ɺʀʉʅʆɺʂʀ. ɺʝʣʠʯʠʥʘ f" ʟ ʨʦʩʪʦʤ d  ʧʨʷʤʫʻ ʜʦ 1 ʽ, ʷʢ ʙʘʯʠʤʦ ʥʘ ʨʠʩ. 2, ʨʽʟʥʠʮʷ ʤʽʞ 

ʧʨʦʛʠʥʘʤʠ, ʦʙʯʠʩʣʝʥʠʤʠ ʟʘ ʪʝʦʨʽʻʶ ʂʘʨʤʘʥʘ ʪʘ ʟʘ ʣʽʥʽʡʥʦʶ ʪʝʦʨʽʻʶ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥʦʢ ʩʪʘʻ 

ʤʝʥʰʦʶ ʟʘ 5% ʧʨʠ 100dº . 
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ʈʠʩ.2. ï  ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʧʨʦʛʠʥʫ f" ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʞʦʨʩʪʢʦʩʪʽ d . 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ ʩʢʣʘ [1] ʟʘ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʽʣʽʥʜʨʠʯʥʦ-ʧʨʠʟʤʘʪʠʯʥʠʭ ʧʫʘʥʩʦʥʘ ʪʘ ʦʧʦʨʠ. 

 

ʃɯʊɽʈɸʊʋʈɸ 

1. ʏʝʢʫʨʽʥ ɺ.ʌ., ʃʫʯʢʦ ʁ.ʁ., ʄʘʨʛʦʣʽʥ ɸ.ʄ., ɼʷʢʽʚ ɺ.ɺ. ʄʝʪʦʜʠʢʘ ʧʨʠʩʢʦʨʝʥʠʭ 
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ɺʀɿʅɸʏɽʅʅʗ ɸɽʈʆɼʀʅɸʄɯʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʃʆʇɸʊʆʂ 

ɼɯʖʏʀʍ ɻɸɿʆʇɽʈɽʂɸʏʋʖʏʀʍ ɸɻʈɽɻɸʊɯɺ ʄɽʊʆɼɸʄʀ 

ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

 

ɿʘʤʽʭʦʚʩʴʢʠʡ ʃ. ʄ., ʆʣʽʡʥʠʢ ɸ. ʇ. 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ʇʨʠ ʘʥʘʣʽʟʽ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ (ɻʇɸ) ʢʦʤʧʨʝʩʦʨʥʠʭ ʩʪʘʥʮʽʡ ʚʠʥʠʢʘʻ ʜʚʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ - 

ʦʮʽʥʢʘ ʨʝʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʣʦʧʘʪʦʢ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʘʛʨʝʛʘʪʫ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʣʦʧʘʪʢʠ ʥʘ ʾʾ ʘʝʨʦʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ ʚʩʴʦʛʦ ʘʛʨʝʛʘʪʫ. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʦʚôʷʟʘʥʽ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʚʽʟʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʛʽʜʨʦʘʝʨʦʤʝʭʘʥʽʮʽ ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʘʪʠ ʝʬʝʢʪʠʚʥʽ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ɻʇɸ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʚʠʚʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʦʛʦ ʦʙʪʽʢʘʥʥʷ ʢʨʠʣʦʚʠʭ ʧʨʦʬʽʣʽʚ , ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʽʜʦʤʠʭ ʧʽʜʭʦʜʘʭ [1], ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʌʨʝʜʛʦʣʴʤʘ ɯɯ ʨʦʜʫ. 

ʄɸʊɽʈɯɸʃʀ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ 

ʚʠʢʣʘʜʦʢ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʧʦ 

ʧʨʦʬʽʣʶ ʣʦʧʘʪʢʠ , ʷʢʝ ʻ ʨʽʚʥʷʥʥʷʤ ʌʨʝʜʛʦʣʴʤʘ ɯɯ ʨʦʜʫ: 
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ʜʝVq- ʜʦʪʠʯʥʘ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ; 
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   (2) 

ʜʝ () () () ()0 0, , ,x y x yq q q q - ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʧʨʦʬʽʣʶ ʚ ʪʦʯʢʘʭ q ʪʘ 0qʩʧʝʮʽʘʣʴʥʦ 

ʦʙʨʘʥʦʾ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚʽʜʧʦʚʽʜʥʦ; 

() () ()( )0 0 0cos sinx y Vq q a q a¤F = + ,    (3) 

ʜʝ V¤- ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʱʦ ʥʘʙʽʛʘʻ ʥʘ ʣʦʧʘʪʢʫ, a- ʢʫʪ ʘʪʘʢʠ ʧʨʦʬʽʣʶ. ʌʫʥʢʮʽʷ y(q) ʟʘʜʘʻ 

ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʧʨʦʬʽʣʶ, ʚʦʥʘ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʣʦʧʘʪʢʠ, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʜʣʷ ʾʾ ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʚʥʠʡ ʘʧʘʨʘʪ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʇʽʩʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (1) 

ʰʣʷʭʦʤ ʧʝʨʝʭʦʜʫ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ (2) ʧʨʠ 0q q=  ʟʥʘʭʦʜʷʪʴʩʷ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʬʽʣʶ - 

ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʜʫʢʪʠʚʥʦʛʦ ʦʧʦʨʫ, ʧʽʜʽʡʤʘʣʴʥʦʾ ʩʠʣʠ ʪʘ ʤʦʤʝʥʪʫ, ʷʢʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ: 

- ʢʦʝʬʽʮʽʻʥʪ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ ʣʦʧʘʪʽ: 
2 2

2 2

0

( )
[1 ] ( )

( ) ( )
x

V
C y d
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¡ ¡+ñ ;     (4) 

- ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʽʡʤʘʣʴʥʦʾ ʩʠʣʠ: 
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V
C x d
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q q

¡= -
¡ ¡+ñ ;    (5) 

- ʢʦʝʬʽʮʽʻʥʪ ʦʙʝʨʪʦʚʦʛʦ ʤʦʤʝʥʪʫ: 
2 2

2 2
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[1 ]( ( ) ( ) ( ) ( ))
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V
C x x y y d

x y

p

q q q q q q q
q q

¡ ¡= - +
¡ ¡+ñ .   (6) 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʌʨʝʜʛʦʣʴʤʘ ɯɯ ʨʦʜʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʯʠʩʝʣʴʥʠʡ 

ʤʝʪʦʜ, ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʨʽʚʥʷʥʥʷ (1) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʽʻʾ ʟ ʬʦʨʤʫʣ 
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ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ [2] ʚ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʚ ʷʢʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʨʽʚʥʷʥʴ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʦʯʦʢ iq. ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ 

ʝʣʽʧʪʠʯʥʠʭ ʧʨʦʬʽʣʽʚ ï ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʨʝʘʣʴʥʽʡ 

ʬʽʟʠʯʥʽʡ ʢʘʨʪʠʥʽ ʧʨʦʮʝʩʫ, ʚʠʷʚʣʝʥʦ ʧʨʘʢʪʠʯʥʦ ʪʦʯʥʝ ʩʧʽʚ ʧʘʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʝʣʽʧʪʠʯʥʠʭ ʧʨʦʬʽʣʽʚ ʟʘ ʤʝʪʦʜʦʤ ʜʠʩʢʨʝʪʥʠʭ ʚʠʭʦʨʽʚ ʪʘ 

ʤʝʪʦʜʦʤ ʢʦʥʬʦʨʤʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ [3]. ʈʦʟʨʘʭʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʦʙʪʽʢʘʥʥʷ ʜʣʷ 

ʝʣʽʧʪʠʯʥʠʭ ʧʨʦʬʽʣʽʚ ʟ ʨʽʟʥʠʤ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ, ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʝʣʽʧʪʠʯʥʠʭ ʧʨʦʬʽʣʽʚ, ʚ 

ʷʢʠʭ ʚʝʨʭʥʷ ʪʘ ʥʠʞʥʷ ʧʦʚʝʨʭʥʷ ʻ ʬʨʘʛʤʝʥʪʘʤʠ ʝʣʽʧʩʘ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʤʘʣʠʭ ʥʘ 

ʧʽʚʦʩʝʡ, ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʚʢʘʟʘʥʦʛʦ ʪʠʧʫ ʧʨʦʬʽʣʽʚ ʜʣʷ ʨʽʟʥʠʭ ʢʫʪʽʚ ʘʪʘʢʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʬʽʛʫʨʘʮʽʷ ʧʨʦʬʽʣʽʚ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ ʙʫʪʠ ʥʘʙʣʠʞʝʥʘ ʝʣʽʧʪʠʯʥʦʶ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʥʘʙʣʠʞʝʥʥʷ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʝʘʣʴʥʠʭ ʧʨʦʬʽʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʥʦʛʦʯʣʝʥʽʚ ɽʨʤʽʪʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʦʜʝʨʞʘʪʠ ʘʥʘʣʽʪʠʯʥʝ ʧʦʜʘʥʥʷ ʬʦʨʤʠ ʧʨʦʬʽʣʷ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ y(q) ʟ ʛʣʘʜʢʠʤʠ ʧʦʭʽʜʥʠʤʠ. 

ʇʨʠ ʮʴʦʤʫ ʚʜʘʻʪʴʩʷ ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʩʫʪʪʻʚʠʭ ʧʦʭʠʙʦʢ ʩʘʤʝ 

ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʥʘʯʝʥʴ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ ʚʢʘʟʘʥʦʾ ʬʫʥʢʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʦʜʦʚʞʝʥʽ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʫ ʦʙʪʽʢʘʥʥʷ ʣʦʧʘʪʢʠ 

ʪʘ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʪʦʯʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʩʧʦʩʦʙʽʚ ʟʘʜʘʥʥʷ ʬʫʥʢʮʽʾ y(q).   

ɺʀʉʅʆɺʂʀ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ 

ʪʝ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʦʙʪʽʢʘʥʥʷ ʧʨʦʬʽʣʽʚ ʽʜʝʘʣʴʥʦʶ ʨʽʜʠʥʦʶ ʪʘ ʾʾ 

ʯʠʩʝʣʴʥʘ ʨʝʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʪʘ ʘʥʘʣʽʟʫ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʣʦʧʘʪʝʡ ʦʩʴʦʚʦʛʦ ʢʦʤʧʨʝʩʦʨʘ ɻʇɸ, ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʪʘ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʽʜʪʚʝʨʜʞʝʥʘ ʰʣʷʭʦʤ ʧʘʨʘʣʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ (ʤʝʪʦʜ 

ʜʠʩʢʨʝʪʥʠʭ ʚʠʭʦʨʽʚ, ʤʝʪʦʜ ʢʦʥʬʦʨʤʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ). ɺʢʘʟʘʥʠʡ ʧʽʜʭʽʜ ʨʝʘʣʽʟʦʚʘʥʠʡ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʚʠʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʘʥʘʣʽʪʠʯʥʦʤʫ ʧʦʜʘʥʥʽ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʧʨʦʬʽʣʽʚ ʣʦʧʘʪʽ ʢʨʠʣʦʚʦʛʦ ʪʠʧʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʭ ʧʦʣʽʥʦʤʽʚ. 

ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʪʘʢʦʞ ʜʣʷ ʚʠʚʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʥʘ ʽʥʰʠʭ ʦʙôʻʢʪʘʭ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʬʪʠ ʽ ʛʘʟʫ ï ʥʘʧʨʠʢʣʘʜ, ʦʙʪʽʢʘʥʥʷ ʜʽʣʷʥʦʢ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚʽʪʨʦʚʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʛʽʨʩʴʢʠʭ ʫʤʦʚʘʭ.  
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ʄɽʊʆɼʀ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ɺ ɿɸɼɸʏɸʍ ʂʆʅʊʈʆʃʖ 

ɺʀʊʆʂɯɺ ʈɯɼʀʅ ɿ ʊʈʋɹʆʇʈʆɺʆɼɯɺ 

 

ɿʘʤʽʭʦʚʩʴʢʠʡ ʃ. ʄ., ʐʪʘʻʨ ʃ. ʆ. 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ɿʤʽʥʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʷʢʘ ʟʫʤʦʚʣʝʥʘ 

ʚʠʥʠʢʥʝʥʥʷʤ ʽ ʨʦʟʚʠʪʢʦʤ ʜʝʬʝʢʪʽʚ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʧʦʰʢʦʜʞʝʥʥʷʤ ʘʙʦ 

ʥʝʷʢʽʩʥʠʤ ʧʨʦʚʝʜʝʥʥʷʤ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʧʨʦʩʽʜʘʥʥʷʤ ˇʨʫʥʪʫ, ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʪʘʢʦʞ ʜʦ 

ʧʦʷʚʠ ʚʠʪʦʢʽʚ. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ, ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʦʜʥʦʟʥʘʯʥʫ 

ʪʘ ʦʧʝʨʘʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʽʩʮʝ ʧʦʷʚʠ ʚʠʪʦʢʫ ʟ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʯʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ, ʫ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʟʨʦʩʪʘʶʪʴ ʤʘʪʝʨʽʘʣʴʥʽ ʚʪʨʘʪʠ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʟʙʠʪʢʠ. ɺʠʥʠʢʘʻ 

ʟʘʜʘʯʘ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ 

ʚʠʪʦʢʽʚ ʪʘ ʚʠʚʯʝʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʝʯʽʾ ʚ ʫʢʘʟʘʥʽʡ ʟʦʥʽ. 

ʄɸʊɽʈɯɸʃʀ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʧʦʷʚʽ ʚʠʪʦʢʽʚ ʨʽʜʠʥ ʟ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʨʦʟʛʣʷʥʫʪʦ ʥʘʩʪʫʧʥʽ ʤʦʜʝʣʽ: 

ï ʤʦʜʝʣʴ ʪʝʯʽʾ ʚôʷʟʢʦʾ ʨʽʜʠʥʠ ʧʦ ʪʨʫʙʽ ʟ ʢʨʫʛʣʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ (ʪʝʯʽʷ 
ʇʫʘʟʝʡʣʷ), ʷʢʘ ʩʣʫʞʠʪʴ ʚʠʭʽʜʥʦʶ ʤʦʜʝʣʣʶ ʜʣʷ ʦʮʽʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʚ 

ʧʝʨʝʨʽʟʽ, ʩʝʨʝʜʥʴʦʾ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ ʪʘ ʾʾ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ; 

ï ʤʦʜʝʣʴ ʦʙʪʽʢʘʥʥʷ ʧʣʘʩʪʠʥʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʚʽʜʙʦʨʫ ʚʽʜʙʦʨʫ ʨʽʜʠʥʠ 
ʯʝʨʝʟ ʾʾ ʧʦʚʝʨʭʥʶ ʟʘ ʫʤʦʚʠ ʩʪʘʣʦʛʦ ʪʠʩʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʨʦʬʽʣʴ ʧʦʚʟʜʦʚʞʥʴʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʪʘʢʦʛʦ ʨʦʜʫ; 

ï ʤʦʜʝʣʴ ʦʙʪʽʢʘʥʥʷ ʧʣʘʩʪʠʥʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʚʽʜʙʦʨʫ ʨʽʜʠʥʠ ʯʝʨʝʟ ʾʾ 
ʧʦʚʝʨʭʥʶ ʟʘ ʫʤʦʚʠ, ʱ ʪʠʩʢ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ ʧʦ ʧʦʚʟʜʦʚʞʥʽʡ ʢʦʦʨʜʠʥʘʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʜʝʨʞʘʪʠ ʫʪʦʯʥʝʥʫ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʬʽʣʶ ʧʦʚʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ; 

ï ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʪʝʯʽʾ ʚôʷʟʢʦʾ ʨʽʜʠʥʠ ʚ ʪʨʫʙʽ ʟʘ ʥʘʷʚʥʦʩʪʽ 
ʜʝʬʝʢʪʽʚ ʧʦʚʝʨʭʥʽ, ʯʝʨʝʟ ʷʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʙʽʨ ʨʽʜʠʥʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 

ʅʘʚôʻ ï ʉʪʦʢʩʘ ʪʘ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʽʚ; 

ï ʤʦʜʝʣʴ ʪʝʯʽʾ ʨʽʜʠʥʠ ʧʦ ʧʨʦʪʷʛʣʽʡ ʪʨʫʙʽ ʚ ʜʦʧʫʱʝʥʥʽ, ʱʦ ʟʤʽʥʘ ʨʘʜʽʘʣʴʥʦʾ ʪʘ 
ʧʦʣʷʨʥʦʾ ʢʦʤʧʦʥʝʥʪ ʰʚʠʜʢʦʩʪʽ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʪʝʯʽʶ ʻ ʤʘʣʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʧʣʠʚʦʤ 

ʧʦʚʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʦʜʥʦʚʠʤʽʨʥʦʾ ʪʝʯʽʾ ʨʽʜʠʥʠ ʧʦ ʪʨʫʙʽ; 

ï ʤʦʜʝʣʴ ʘʢʫʩʪʠʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʦʜʥʦʚʠʤʽʨʥʦʾ ʪʝʯʽʾ ʨʽʜʠʥʠ ʧʦ 
ʪʨʫʙʽ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʪʝʯʽʾ ʤʘʣʦ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʜʦʚʞʠʥʽ ʪʨʫʙʠ, ʘ 

ʰʚʠʜʢʽʩʪʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʤʦʜʝʣʽ, ʻ ʰʚʠʜʢʽʩʪʶ ʧʦʰʠʨʝʥʥʷ ʤʘʣʠʭ ʟʙʫʨʝʥʴ ʫ ʨʽʜʠʥʽ. ʉʘʤʝ 

ʮʷ ʤʦʜʝʣʴ, ʷʢ ʧʦʢʘʟʘʥʦ, ʥʘʡʢʨʘʱʝ ʚʽʜʦʙʨʘʞʘʻ ʩʪʨʫʢʪʫʨʫ ʪʝʯʽʾ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʠʪʦʢʽʚ ʨʽʜʠʥʠ ʟ 

ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʧʣʦʩʢʠʭ ʭʚʠʣʴ ʚ ʩʝʨʝʜʦʚʠʱʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʽʜʦʤʽ ʨʽʚʥʷʥʥʷ ʘʢʫʩʪʠʢʠ [1] ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ: 
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ʜʝ u ï ʰʚʠʜʢʽʩʪʴ ʟʙʫʨʝʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨ ï ʪʠʩʢ ʚ ʮʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

ʈʦʟʚô̫ ʟʦʢ ʨʽʚʥʷʥʴ ʘʢʫʩʪʠʢʠ ʧʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ ɼʘʣʘʤʙʝʨʘ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ: 
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( ) ( ) 1
( , ) ( )

2 2

x at

x at

x at x at
p x t d

a

f f
y x x

+

-

+ + -
= + ñ     (2) 

ʜʝ a ï ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ ʚ ʩʝʨʝʜʦʚʠʱʽ. ɺʢʘʟʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʠʪʦʢʫ ʧʨʦʜʫʢʪʫ ʚ ʜʦʩʪʘʪʥʴʦ ʧʨʦʪʷʛʣʽʡ ʪʨʫʙʽ, ʜʣʷ ʷʢʦʾ 

ʰʚʠʜʢʽʩʪʴ ʧʨʦʜʫʢʪʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʦʚʠʤʽʨʥʦʶ ʚʝʣʠʯʠʥʦʶ. ɼʣʷ ʮʴʦʛʦ 

ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʩʪʨʫʢʪʫʨʫ ʬʫʥʢʮʽʡ 

(1). ʋ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʬʫʥʢʮʽʷ ( )xf ʚʚʘʞʘʻʪʴʩʷ ʘʙʦ ʩʪʘʣʦʶ, ʘʙʦ 
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ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʢʦʦʨʜʠʥʘʪʠ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʩʪʨʫʢʪʫʨʘ ʟʘʣʝʞʥʦʩʪʽ ( )xy ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ï 

ʚ ʪʠʭ ʟʦʥʘʭ ʪʨʫʙʠ, ʜʝ ʚʠʪʦʢ ʧʨʦʜʫʢʪʫ ʚʽʜʩʫʪʥʽʡ, ʰʚʠʜʢʽʩʪʴ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʷʢ ʩʝʨʝʜʥʶ 

ʚʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʨʽʜʠʥʠ ʧʦ ʪʨʫʙʽ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʽʜ ʜʽʻʶ ʧʝʨʝʧʘʜʫ 

ʪʠʩʢʫ [2] (ʪʝʯʽʷ ʇʫʘʟʝʡʣʷ). ʗʢʱʦ ʞ ʥʘ ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ ʥʘʷʚʥʠʡ ʚʽʜʙʽʨ ʨʽʜʠʥʠ, ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʦʩʝʨʝʜʥʝʥʫ ʧʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʢʦʦʨʜʠʥʘʪʽ ʚʝʣʠʯʠʥʫ 

ʧʦʚʟʜʦʚʞʥʴʦʾ ʰʚʠʜʢʦʩʪʽ u: 

1 exp( )OV y
u U

n
¤

è ø
= - -é ù

ê ú
      (3) 

ʜʝ n- ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ, U¤- ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʥʘ ʜʦʩʪʘʪʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʦʥʠ 

ʚʽʜʙʦʨʫ, OV - ʰʚʠʜʢʽʩʪʴ ʚʽʜʙʦʨʫ ʨʽʜʠʥʠ, y ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʪʽʥʢʠ ʪʨʫʙʠ. ɿʘʣʝʞʥʽʩʪʴ (2) ʻ 

ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʧʨʦʬʽʣʶ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ 

ʚʽʜʙʽʨ ʨʽʜʠʥʠ ʟ ʚʢʘʟʘʥʦʶ ʰʚʠʜʢʽʩʪʶ [2]. ʋ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʪʠʩʢʫ 

ʧʦ ʜʦʚʞʠʥʽ ʪʨʫʙʠ 0p kx p= +  ʟʘʤʽʩʪʴ ʟʘʣʝʞʥʦʩʪʽ (3) ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʜʫ: 

0

0 0

2 2

0 0

2

20 0 0 0

0 0(1 ) (1 )

V y

V L V L

kL U V kL V Vky k k
u e

V V V V
V e V e
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n n

r rn n

r r r
rn r

-
¤ ¤

- -

è ø
- -é ù= - + - +

é ù
- -é ùê ú

,  (4) 

ʜʝ r- ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ. 

ʆʩʢʽʣʴʢʠ [1]: 

2

1( )x a
x

y
y r

µ
=-

µ
      (5) 

ʪʦ ʬʫʥʢʮʽʷ ( )xy ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝʧʝʨʝʨʚʥʦʶ ʪʘ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʶ, ʪʦʤʫ ʜʣʷ ʾʾ ʟʘʜʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʧʘʨʘʪ ʽʥʪʝʨʧʦʣʷʮʽʾ ʚ ʪʦʯʢʘʭ ʨʦʟʨʠʚʫ ï ʥʘ ʛʨʘʥʠʮʷʭ ʟʦʥʠ ʚʠʪʦʢʫ. 

ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʟʘʜʘʯʽ ʟʘʜʘʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʯʥʠʭ 

ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ ʧʨʦ ʨʫʭ ʚôʷʟʢʦʾ ʨʽʜʠʥʠ. ɺʢʘʟʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʝʪʘʣʦʥʥʘ 

ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʩʮʷ ʚʠʪʦʢʫ. 

ɺʀʉʅʆɺʂʀ. ʈʦʟʛʣʷʥʫʪʦ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʚʠʟʥʘʯʝʥʦ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʾ ʟ 

ʥʘʚʝʜʝʥʠʭ ʤʦʜʝʣʝʡ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʪʦʢʽʚ ʨʽʜʠʥʠ ʟ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʦʜʝʨʞʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʥʘʙʣʠʞʝʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʪʝʯʽʾ ʨʽʜʠʥʠ 

ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʠʪʦʢʽʚ. 
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ʇʈʀʄɽʅɽʅʀɽ ɺɽʁɺʃɽʊʆɺ ɼʃʗ ʆɹʈɸɹʆʊʂʀ ʄɽɼʀʎʀʅʉʂʀʍ ʉʀɻʅɸʃʆɺ 

 

ʂʦʙʳʣʴʩʢʘʷ ɽ. ɹ., ʂʦʥʜʨʫʢ ɸ. ʆ. 

ʂʨʝʤʝʥʯʫʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄʠʭʘʠʣʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʈɸɹʆʊʓ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʜʠʮʠʥʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠʤʝʝʪ ʩʣʦʞʥʳʝ 

ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʩʠʛʥʘʣʳ ʩʦʩʪʦʷʪ ʠʟ ʙʣʠʟʢʠʭ ʧʦ 

ʚʨʝʤʝʥʠ, ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ, ʙʣʠʟʢʠʭ ʧʦ 

ʯʘʩʪʦʪʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [1]. ɼʣʷ ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʥʫʞʝʥ ʤʝʪʦʜ, 

ʩʧʦʩʦʙʥʳʡ ʦʙʝʩʧʝʯʠʪʴ ʭʦʨʦʰʝʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʧʦ ʯʘʩʪʦʪʝ, ʠ ʧʦ ʚʨʝʤʝʥʠ. ʇʝʨʚʦʝ ʪʨʝʙʫʝʪʩʷ 

ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚʪʦʨʦʝ ï ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. ʅʘʣʦʞʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘʪʨʫʜʥʷʝʪ ʠʟʚʣʝʯʝʥʠʝ 

ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʯʘʩʪʠ ʩʠʛʥʘʣʘ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ï ʬʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʘ ʩ ʮʝʣʴʶ 

ʦʯʠʩʪʢʠ ʝʛʦ ʦʪ ʰʫʤʘ.  

ʄɸʊɽʈʀɸʃʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ. ɿʘʧʠʩʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʜʮʘ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʨʜʮʘ. ʆʙʳʯʥʦ ʧʨʦʠʟʚʦʜʷʪ ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦʝʢʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʩʝʨʜʮʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʣʦʩʢʦʩʪʷʭ. ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʕʂɻ ï ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʜʚʫʤʷ ʩʣʝʜʫʶʱʠʤʠ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʠʤʧʫʣʴʩʘʤʠ R, ʦʪʨʘʞʘʶʱʠʡ 

ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ. ɺʳʷʚʣʝʥʠʝ ʠʤʧʫʣʴʩʦʚ R ʠʣʠ ʢʦʤʧʣʝʢʩʦʚ QRS ʷʚʣʷʝʪʩʷ 

ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʕʂɻ. ɿʘʜʘʯʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʣʦʞʥʷʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʣʠʪʝʣʴʥʘʷ 

ʟʘʧʠʩʴ ʢʘʨʜʠʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʧʦ ʍʦʣʪʝʨʫ. ʉʠʛʥʘʣ ʕʂɻ 

ʧʦʤʠʤʦ ʟʘʧʠʩʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʜʮʘ ʩʦʜʝʨʞʠʪ ʰʫʤʦʚʫʶ ʜʦʙʘʚʢʫ.ʐʫʤʦʚʳʝ 

ʜʦʙʘʚʢʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʦʪʜʝʣʠʪʴ ʧʨʦʩʪʝʡʰʠʤʠ ʬʠʣʴʪʨʘʤʠ,  ʦʜʥʘʢʦ 

ʧʨʠ ʵʪʦʤ ʬʠʣʴʪʨ ʚʣʠʷʝʪ ʪʘʢʞʝ ʥʘ ʠʤʧʫʣʴʩʳ ʢʦʤʧʣʝʢʩʘ QRS, çʨʘʟʤʳʚʘʷè ʠʭ. ɺʝʡʚʣʝʪ-ʘʥʘʣʠʟ 

ʧʦʟʚʦʣʷʝʪ  ʫʯʠʪʳʚʘʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʛʥʘʣʘ. 

ɺʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʩʠʛʥʘʣʳ, ʣʝʛʢʦ 

ʚʳʷʚʣʷʪʴ ʠʭ ʣʦʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʚʨʝʤʝʥʥʫʶ 

ʣʦʢʘʣʠʟʘʮʠʶ ʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ. ʆʜʥʘʢʦ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ 

ʥʝʦʙʭʦʜʠʤ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʦʞʝʥʠʷ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʣʠʷʥʠʷ ʪʠʧʘ 

ʙʘʟʠʩʥʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʕʂɻ ʚʳʙʨʘʥʳ ʚʝʡʚʣʝʪʳ 

ʍʘʘʨʘ, ɼʦʙʝʰʠ, ʉʠʤʣʝʪʘ, ʂʦʡʬʣʝʪʘ ʠ ɺ-ʩʧʣʘʡʥʦʚʳʝ ʙʠʦʨʪʦʛʦʥʘʣʴʥʳʝ ʚʝʡʚʣʝʪʳ ʨʘʟʣʠʯʥʳʭ 

ʧʦʨʷʜʢʦʚ [2]. 

ɺʓɺʆɼʓ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚʝʡʚʣʝʪ-ʬʠʣʴʪʨʘʮʠʷ ʕʂɻ ʩʠʛʥʘʣʘ. ʌʠʣʴʪʨ ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʤʘʩʰʪʘʙʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʚʳʜʝʣʷʝʪ ʠʟ ʩʠʛʥʘʣʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʨʦʥʥʠʤ ʰʫʤʦʤ. ʀʟʤʝʥʷʷ 

ʤʘʩʰʪʘʙ ʬʠʣʴʪʨʘ, ʥʝʪʨʫʜʥʦ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʰʫʤʦʚ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. M. Akay, Wavelet Applications in Medicine, IEEE Spectrum, 1997, Vol. 34, No. 5, pp. 50-

56. 

2. F. Yang, W. Liao, Modeling and Decomposition of HRV Signals with Wavelet Transforms, 

IEEE Engineering in Medicine and Biology, 1997, Vol. 16, No. 4, pp. 17-22. 

 



ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

41 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ɺʀʉʆʂʆ ʊɽʄʇɽʈɸʊʋʈʅʆɰ  ɼʀʌʋɿɯɰ  

ʋ ɺʀʈʆɹɯ ʇɯɼ ʏɸʉ ʉʇɯʂɸʅʅʗ 

 

ʃʷʰʝʥʢʦ ɺ. ʇ., ɻʨʠʛʦʨʦʚʘ ʊ. ɸ., ɹʨʠʣʴ ʊ. ʉ. 

ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ  

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ʆʩʥʦʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʫ ʧʦʨʦʰʢʦʚʽʡ 

ʤʝʪʘʣʫʨʛʽʾ ʻ ʧʨʦʮʝʩ ʩʧʽʢʘʥʥʷ ʩʧʨʝʩʦʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ [1]. ʇʽʜ ʯʘʩ 

ʩʧʽʢʘʥʥʷ ʟʘʢʣʘʜʘʻʪʴʩʷ ʧʽʜˇʨʫʥʪʷ ʥʝʦʙʭʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ. ʋʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʜʠʬʫʟʽʾ ʨʝʯʦʚʠʥʠ. ʋ ʧʨʦʮʝʩʽ ʩʧʽʢʘʥʥʷ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʭʘʦʪʠʯʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʜʠʬʫʟʽʷ ʣʝʛʢʦʧʣʘʚʢʠʭ ʜʦʤʽʰʦʢ ʪʘ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʧʦ ʛʨʘʥʠʮʷʤ ʟʝʨʝʥ ʜʦ 

ʧʦʚʝʨʭʥʽ. ʎʝ ʩʧʨʠʷʻ ʦʯʠʱʝʥʥʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʚʠʨʦʙʫ. 

ʐʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʜʠʬʫʟʽʾ ʜʦʤʽʰʦʢ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʫ ʧʨʦʮʝʩʽ ʩʧʽʢʘʥʥʷ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʽʢʘʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ ʫ ʚʠʨʦʙʽ.  

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʢʦʧʣʘʚʢʠʭ ʜʦʤʽʰʦʢ C  ʧʽʜ ʯʘʩ ʩʧʽʢʘʥʥʷ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʜʣʷ ʨʽʚʥʷʥʥʷ ʜʠʬʫʟʽʾ ʫ ʘʥʽʟʦʪʨʦʧʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɺʠʨʽʙ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʜʚʦʢʦʤʧʦʥʝʥʪʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʦʜʥʘ ʽʟ 

ʢʦʤʧʦʥʝʥʪ ʷʢʦʛʦ ʤʘʻ ʟʥʘʯʥʦ ʥʠʞʯʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʥʽʞ ʽʥʰʘ. ʗʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʧʽʢʘʥʥʷ ʚʠʨʦʙʫ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʦʜʥʽʻʾ ʽʟ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪ, ʪʦ ʮʝ ʽ 

ʩʧʨʠʷʻ ʜʠʬʫʟʽʾ ʮʽʻʾ ʢʦʤʧʦʥʝʥʪʠ ʧʦ ʛʨʘʥʠʮʷʤ ʟʝʨʝʥ ʜʦ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ ʪʘ ʯʝʨʝʟ ʥʝʾ ʟʘ ʤʝʞʽ 

ʚʠʨʦʙʫ. ʆʩʢʽʣʴʢʠ ʫ ʚʠʨʦʙʽ ʜʞʝʨʝʣʘ ʜʠʬʫʟʘʥʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʟʤʝʥʰʫʶʪʴʩʷ ʟ 

ʯʘʩʦʤ, ʪʦ ʧʨʦʮʝʩ ʜʠʬʫʟʽʾ ʣʦʢʘʣʽʟʫʻʪʴʩʷ. ʇʦʙʫʜʦʚʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʚʠʤʘʛʘʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʙʣʽʢʫ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, 

ʱʦ ʟʤʽʥʶʶʪʴʩʷ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ.  

ʄɸʊɽʈɯɸʃʀ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ. ʈʦʟʛʣʷʥʝʤʦ ʬʨʘʛʤʝʥʪ ʱʦʡʥʦ 

ʩʧʨʝʩʦʚʘʥʦʛʦ ʚʠʨʦʙʫ ʫ ʚʠʛʣʷʜʽ ʩʢʽʥʯʝʥʦʛʦ ʮʠʣʽʥʜʨʘ, ʷʢʠʡ ʧʦʤʽʱʝʥʦ ʫ ʧʽʯ ʜʣʷ ʩʧʽʢʘʥʥʷ. ʋ 

ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʧʨʠ 0t= , ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʫ ʚʠʨʦʙʽ 

ʧʦʩʪʽʡʥʽ. ʇʽʜ ʯʘʩ ʨʦʟʽʛʨʽʚʘʥʥʷ, ʧʨʠ 0t> , ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʪʘ ʣʝʛʢʦʧʣʘʚʢʠʭ 

ʜʦʤʽʰʦʢ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ, ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʫ ʫʟʜʦʚʞ ʦʜʥʽʻʾ ʘʙʦ ʫʩʽʭ 

ʢʦʦʨʜʠʥʘʪ ʟʽ ʰʚʠʜʢʽʩʪʶ { }, ,P r z tv v v v=
C

, ʱʦ ʟʘ ʤʦʜʫʣʝʤ ʥʝ ʧʝʨʝʚʠʱʫʻ 8 410 10- -· ʤ/ʩ, ʪʘ 

ʚʠʪʨʘʪʘʤʠ ʥʘ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ. ɼʽʶʯʽ ʽʟ ʟʦʚʥʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʧʨʠʚʦʜʷʪʴ ʜʦ ʥʘʛʨʽʚʘʥʥʷ ʚʠʨʦʙʫ, ʘ 

ʣʝʛʢʦʧʣʘʚʢʽ ʜʦʤʽʰʢʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʥʴʦʤʫ, ʜʠʬʫʥʜʫʶʪʴ ʜʦ ʧʦʚʝʨʭʥʽ ʪʘ ʯʝʨʝʟ ʥʝʾ ʥʘʟʦʚʥʽ. 

ʑʽʣʴʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʪʦʢʽʚ ʜʠʬʫʟʘʥʪʘ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʥʮʝʥʪʨʘʮʽʾ C  ʪʘ 

ʢʦʦʨʜʠʥʘʪʠP  ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ ʯʝʨʝʟ ( , , )f f T C P= . ʋ ʤʝʞʘʭ ʜʘʥʦʾ ʟʘʜʘʯʽ ʩʪʦʢʠ ʨʝʯʦʚʠʥʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ ʙʽʯʥʫ ʧʦʚʝʨʭʥʶ ʪʘ ʚʝʨʭʥʶ ʦʩʥʦʚʫ ʮʠʣʽʥʜʨʘ. ʅʠʞʥʷ ʦʩʥʦʚʘ ʮʠʣʽʥʜʨʘ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 0T . 

ʅʝʭʘʡ ʚʠʨʽʙ ʟʘʡʤʘʻ ʦʙʣʘʩʪʴ W, ʦʙʤʝʞʝʥʫ ʧʦʚʝʨʭʥʝʶ µW. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʯʝʨʝʟ 

ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʮʽʻʾ ʦʙʣʘʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʠʬʫʟʽʷ ʨʝʯʦʚʠʥʠ ʟʘ ʟʘʢʦʥʦʤ 0
C

D C
n
b

µ
+ =

µ
, ʘ 

ʫʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ ʜʽʶʪʴ ʩʪʦʢʠ ( , , )f C T P . ɿʘʟʚʠʯʘʡ ʮʝʡ ʧʦʪʽʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʧʽʢʘʥʥʷ ʪʘ ʢʦʦʨʜʠʥʘʪ. ʊʫʪ bï ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ, Dï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ. ʋʩʽ 

ʪʝʧʣʦʬʽʟʠʯʥʽ ʡ ʜʠʬʫʟʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʚʘʞʘʶʪʴʩʷ ʚʽʜʦʤʠʤʠ.  

ʊʦʜʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ ʜʦʤʽʰʦʢ ʪʘ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ 

ʚʠʨʦʙʫ ʧʽʜ ʯʘʩ ʩʧʽʢʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʜʣʷ ʨʽʚʥʷʥʥʷ ʜʠʬʫʟʽʾ 

( ) ( , , ), , 0,tmD C div vC mC f C T P P tD - - = ÍW >
C

   (1) 

ʜʝ mï ʢʦʝʬʽʮʽʻʥʪ ʧʦʨʠʩʪʦʩʪʽ ʚʠʨʦʙʫ, Pv ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʜʦʤʽʰʦʢ ʫ ʥʘʧʨʷʤʽ ʦʜʥʽʻʾ ʟ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ, ( )( ) ,div vC v gradC=
C C

, divgradD=  - ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ.  
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ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1) ʧʦʚʠʥʝʥ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʽʜʧʦʚʽʜʥʠʤ ʧʦʯʘʪʢʦʚʠʤ ʪʘ 

ʢʨʘʡʦʚʠʤ ʫʤʦʚʘʤ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʢʦʧʣʘʚʢʠʭ ʜʦʤʽʰʦʢ ʪʘ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (1) ʧʦʚôʷʟʘʥʦ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ, 

ʚʠʢʣʠʢʘʥʠʤʠ ʬʫʥʢʮʽʻʶ ( , , )f C T P  ʩʪʦʢʽʚ. ɺʦʥʘ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʫ 

ʩʧʽʢʘʥʥʷ. 

ʋ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʦʜʝʨʞʫʻʤʦ ʙʽʣʴʰ ʧʨʦʩʪʫ ʜʚʦʚʠʤʽʨʥʫ ʢʨʘʡʦʚʫ 

ʟʘʜʘʯʫ ʜʣʷ ʩʣʘʙʢʦ ʥʝʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʪʠʧʫ ʫ ʦʙʣʘʩʪʽ 

{ }00 , 0 , 0t r r z l tW = < < < < > 

2

2

1
( ( ) ) ( , , ),z

C C C C
mD r v f T C P

r r r z z t

µ µ µ µ µ
+ - - =
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0( , ,0)C r z C= ,      (3) 

0 0(r 0 ) ,    (r )C , ,t C C ,l,t C= = ,     (4) 
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µ
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µ
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ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ 

ʨʦʜʫ. ʈʽʚʥʷʥʥʷ (2) ʦʧʠʩʫʻ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʽ ʣʝʛʢʦʧʣʘʚʢʠʭ ʜʦʤʽʰʦʢ ʫ 

ʚʠʨʦʙʽ. ʇʦʜʘʣʴʰʝ ʩʧʨʦʱʝʥʥʷ ʟʘʜʘʯʽ (2)ï(6) ʧʦʚ'ʷʟʘʥʦ ʟ ʧʝʨʝʭʦʜʦʤ ʜʦ ʨʦʟʛʣʷʜʫ ʩʝʨʝʜʥʽʭ ʧʦ 

ʨʘʜʽʫʩʫ ʧʦʣʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ  
0

2

0 0

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

r

C r z t C z t C r z t rdr
r

@ = ñ .    (7) 

ʊʦʜʽ ʟʘʣʫʯʠʚʰʠ ʫʤʦʚʫ (5) ʤʦʞʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʫʩʝʨʝʜʥʝʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ 

( , )C z t  ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʪʘ ʜʦʤʽʰʦʢ ʫʟʜʦʚʞ ʨʘʜʽʫʩʘ ʫʩʝʨʝʜʠʥʽ ʚʠʨʦʙʫ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʟʘʜʘʯʽ  
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ʈʦʟʚôʷʟʫʻʤʦ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ (8)-(10) ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ.  

ʇʨʦʚʝʜʝʥʽ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ. ʇʦʙʫʜʦʚʘʥʽ ʧʦʣʷ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ ʧʽʜ ʯʘʩ 

ʩʧʽʢʘʥʥʷ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʦʙʨʦʙʢʠ. 

ɺʀʉʅʆɺʂʀ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʧʽʜ ʯʘʩ  ʢʦʥʪʨʦʣʶ 

ʩʧʽʢʘʥʥʷ ʚʠʨʦʙʽʚ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʟʘʜʘʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʩʧʽʢʘʥʥʷ ʪʘ ʚʽʜʧʘʣʽʚ. 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ɿʄɯʅʀ ʆɹ'ɭʄʋ 

ɻɸɿʆɺʆɰ ɹʋʃʔɹɸʐʂʀ ʇʈʀ ʌɯʂʉʆɺɸʅɯʁ ʂɯʃʔʂʆʉʊɯ ɻɸɿʆɺʆɰ ʌɸɿʀ 

 

ʄʘʣʴʢʦ ɸ. ʆ. 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ʇʨʠ ʚʠʤʽʨʶʚʘʥʽ ʤʽʞʬʘʟʥʦʛʦ ʥʘʪʷʛʫ ʤʝʪʦʜʘʤʠ ʚ ʦʩʥʦʚʽ 

ʷʢʠʭ ʣʝʞʠʪʴ ʫʪʚʦʨʝʥʥʷ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ ʥʘ ʪʦʨʮʽ ʢʘʧʽʣʷʨʘ ʚʘʞʣʠʚʦʶ ʻ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʟʤʽʥʠ ʡʦʛʦ ʦʙ'ʻʤʫ ʚʽʜ ʩʧʦʩʦʙʫ ʧʦʜʘʯʽ ʛʘʟʦʚʦʾ ʬʘʟʠ ʚ ʤʝʥʽʩʢ. ʅʝʚʽʜʦʤʦ ʷʢ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ 

ʦʙ'ʻʤ ʤʝʥʽʩʢʘ, ʽ ʱʦ ʙʫʜʝ ʚ ʤʦʤʝʥʪ, ʢʦʣʠ ʙʫʣʴʙʘʰʢʘ ʟʨʠʚʘʻʪʩʷ ʟ ʪʦʨʮʷ ʢʘʧʽʣʷʨʘ ʽ ʷʢ ʮʝ 

ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʫʪʚʦʨʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʮʝ ʜʦʩʣʽʜʠʪʠ ʜʦʩʠʪʴ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʦʩʢʽʣʴʢʠ ʷʢʱʦ ʧʨʦʮʝʩ ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʡ, ʘʙʦ ʤʘʻ ʤʽʩʮʝ ʷʚʠʱʝ ʛʽʩʪʝʨʝʟʠʩʫ, ʚ 

ʜʝʪʘʣʷʭ ʟʘʬʽʢʩʫʚʘʪʠ ʮʶ ʟʤʽʥʫ ʦʙ'ʻʤʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ. 

ʄɸʊɽʈɯɸʃʀ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ. ɼʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʢʘʧʽʣʷʨʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʣʴʙʘʰʢʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʾʾ ʦʙ'ʻʤʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʩʧʨʦʱʝʥʘ ʽʤʽʪʘʮʽʡʥʘ ʩʭʝʤʘ (ʨʠʩ. 1). 

ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʦ ʧʨʦʮʝʩ ʟʤʽʥʠ ʦʙ'ʻʤʫ ʢʘʧʽʣʷʨʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʣʴʙʘʰʢʠ ʰʣʷʭʦʤ 

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʣʫʥʞʝʨʘ (ʥʘʟʚʝʤʦ ʮʝʡ ʧʨʦʮʝʩ ʚʠʪʠʩʢʫʚʘʥʥʷ). ʇʨʠ ʨʫʩʽ 

ʧʣʫʥʞʝʨʘ ʚʥʠʟ (ʧʝʨʚʠʥʥʝ ʧʦʣʦʞʝʥʥʷ, ʟʦʙʨʘʞʝʥʥʷ ʨʠʩ. 1ʘ) ʛʘʟ ʧʦʩʪʫʧʘʻ ʚ ʤʝʥʽʩʢ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʘ ʡʦʛʦ ʦʙ'ʻʤʫ ʨʠʩ.1ʙ. ʇʨʠ ʟʚʦʨʦʪʥʦʤʫ ʭʦʜʫ ʧʣʫʥʞʝʨʘ, ʥʘʚʧʘʢʠ, ʛʘʟʦʚʘ 

ʬʘʟʘ ʧʝʨʝʭʦʜʠʪʴ ʟ ʤʝʥʽʩʢʘ ʚ ʩʠʩʪʝʤʫ ʧʦʜʘʯʽ.  

 
ʘ)    ʙ) 

ʘ) ʧʝʨʚʠʥʥʠʡ ʩʪʘʥ,     ʙ) ʪʝʢʫʯʠʡ ʩʪʘʥ 

ʈʠʩʫʥʦʢ 1 - ʇʨʦʮʝʩ ʚʠʪʠʩʢʘʥʥʷ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ 

ɿ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʦʙ'ʻʤʫ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ 

ʽʟʦʪʝʨʤʽʯʥʠʡ, ʦʩʢʽʣʴʢʠ ʦʙ'ʻʤ ʨʽʜʠʥʠ ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ ʙʽʣʴʰʝ ʦʙ'ʻʤʫ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ, ʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʽʜʠʥʠ ʥʝʟʨʽʚʥʷʥʦ ʙʽʣʴʰʝ ʛʘʟʦʚʦʾ ʬʘʟʠ. ɼʦ ʪʦʛʦ ʞ ʧʨʦʮʝʩ ʧʨʦʭʦʜʠʪʴ ʚ ʜʫʞʝ 

ʤʘʣʝʥʴʢʦʤʫ ʦʙ'ʻʤʽ. ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʽ ʚʚʘʞʘʶʯʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʛʘʟʦʚʦʾ ʬʘʟʠ ʚ 

ʩʠʩʪʝʤʽ "ʂʘʤʝʨʘ - ʢʘʧʽʣʷʨʥʘ ʧʦʚʝʨʭʥʷ" ʻ ʚʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʘ, ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ ʩʪʘʥʫ 

ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ : 

RT
m

PV
m
=       (1) 

ʤʦʞʥʘ ʩʢʘʟʘʪʠ: 

constPV=       (2) 

ɺʠʭʦʜʷʯʠ ʟ (2) ʧʨʦʮʝʩ ʚʠʪʠʩʢʫʚʘʥʥʷ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʣʝʞʥʦʩʪʽ: 

)VVV)(ghPP(V)ghP( aa +D-rD++=rD+ s 00     (3) 

ʜʝ aP  - ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ, rD - ʨʽʟʥʠʮʷ ʱʽʣʴʥʦʩʪʽ ʢʦʥʪʘʢʪʫʶʯʠʭ ʬʘʟ, h  - ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ 

ʢʘʧʽʣʷʨʘ, 0V  - ʧʦʯʘʪʢʦʚʠʡ ʦʙ'ʻʤ ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ, sP  - ʥʘʜʤʽʨʥʠʡ ʪʠʩʢ ʩʪʚʦʨʝʥʠʡ 

ʢʘʧʽʣʷʨʥʠʤʠ ʩʠʣʘʤʠ, VD  - ʟʤʽʥʘ ʦʙ'ʻʤʫ ʢʘʤʝʨʠ ʟʘ ʨʘʭʫʥʦʢ ʨʫʭʫ ʧʦʨʰʥʷ, V - ʦʙ'ʻʤ ʛʘʟʦʚʦʾ 

ʙʫʣʴʙʘʰʢʠ, ʱʦ ʫʪʚʦʨʠʣʘʩʷ. ʋ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʣʽʚʘ ʯʘʩʪʠʥʘ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ (ʨʠʩ 1ʘ), ʘ ʧʨʘʚʘ 

ʩʪʘʥʫ (ʨʠʩ. 1ʙ). 
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ʆʩʢʽʣʴʢʠ ʪʠʩʢ ʛʽʜʨʦʩʪʦʚʧʘ ʨʽʜʠʥʠ ghrD  ʧʦʩʪʽʡʥʠʡ, ʽ ʥʝʟʥʘʯʥʠʡ ʧʦʨʽʚʥʷʥʦ ʟ 

ʘʪʤʦʩʬʝʨʥʠʤ ʪʠʩʢʦʤ aP , ʜʦ ʪʦʛʦ ʞ ʚʭʦʜʠʪʴ ʚ ʨʘʤʢʠ ʚʘʨʽʘʮʽʾ aP , ʪʦ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʾʤ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ, ʪʦ: 

)VVV)(PP(VP aa +D-+= s 00      (4) 

ɿʚʽʜʢʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʦʙ'ʻʤʫ ʚʠʜʘʚʣʶʚʘʥʦʛʦ ʧʦʨʰʥʝʤ VD  ʚ̔ ʜ ʦʙ'ʻʤʫ 

ʙʫʣʴʙʘʰʢʠ V : 

s+
+=D

PP

P
VVV

a

a
0       (5) 

ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʟʥʘʯʝʥʥʷ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʥʽʩʢʘ, ʷʢʽ ʧʨʠʚʝʜʝʥʽ ʜʦ 

ʨʘʜʽʫʩʫ ʢʘʧʽʣʷʨʘ, ʜʣʷ ʨʽʟʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʩʪʘʥʽʚ ʨʦʩʪʫ ʙʫʣʴʙʘʰʢʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʦʙ'ʻʤ ʽ 

ʪʠʩʢ : 
3r/VVr = ,      (6) 

gr

P
Pr

rD
= .      (7) 

ʈʝʟʫʣʴʪʘʪʦʤ ʻ ʪʘʙʣʠʯʥʽ ʟʥʘʯʝʥʴ ʟʘʣʝʞʥʦʩʪʝʡ )V(P rr  ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ 2
ra . ʈʝʘʣʴʥʦ 

ʦʪʨʠʤʘʥʽ ʪʘʙʣʠʯʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʫʣʴʙʘʰʮʽ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʪʦʨʮʽ ʢʘʧʽʣʷʨʘ 

ʨʘʜʽʫʩʦʤ 1 ʤʤ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 
31010010 -)( 3  ʅ/ʤ  

ʗʢʽʩʥʫ ʢʘʨʪʠʥʫ ʟʘʣʝʞʥʦʩʪʽ )V(P rr  ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩ.2. 

             

rP

 

rV

 

12 =ra  
22 =ra  

32 =ra  42 =ra  
52 =ra  

72 =ra  
62 =ra  

82 =ra  
92 =ra  

102 =ra  
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ʘ)    ʙ) 

ʈʠʩʫʥʦʢ 2 - ɿʘʣʝʞʥʽʩʪʴ ʪʠʩʢʫ ʚʽʜ ʦʙ'ʻʤʫ 

ʅʘ ʨʠʩ.2ʙ ʧʨʠʚʝʜʝʥʠʡ ʚʠʨʽʟʘʥʠʡ ʬʨʘʛʤʝʥʪ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ.2ʘ) ʟ ʷʚʥʦ 

ʚʠʨʘʞʝʥʠʤ ʚʠʛʠʥʦʤ. ʇʨʠ ʚʠʪʠʩʢʫʚʘʥʥʽ ʛʘʟʦʚʦʾ ʬʘʟʠ ʦʙ'ʻʤ ʤʝʥʽʩʢʘ ʨʦʩʪʝ ʫ ʥʘʧʨʷʤʽ 1-2. ʋ 

ʪʦʯʮʽ 2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ 2-3, ʪʦʙʪʦ ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʡ ʨʽʩʪ ʦʙ'ʻʤʫ ʤʝʥʽʩʢʘ. ʅʘʩʪʫʧʥʘ 

ʧʦʜʘʯʘ ʛʘʟʦʚʦʾ ʬʘʟʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʩʪʫ ʤʝʥʽʩʢʘ ʫ ʥʘʧʨʷʤʽ 3-4. ɿʚʦʨʦʪʥʽʡ ʭʽʜ ʧʦʨʰʥʷ ʚʽʜ 

ʪʦʯʢʠ 4 ʡʜʝ ʫ ʥʘʧʨʷʤʽ 4-3-5. ʋ ʪʦʯʮʽ 5 ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʦʙ'ʻʤʫ ʤʝʥʽʩʢʘ ʫ ʥʘʧʨʷʤʽ 

5-6. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʦʙ'ʻʤʫ ʩʠʩʪʝʤʠ ʧʨʦʮʝʩ ʡʜʝ ʫ ʥʘʧʨʷʤʽ 6-1. 

ɺʀʉʅʆɺʂʀ. ʇʨʠ ʮʠʢʣʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʪʠʩʢʫʚʘʥʥʷ - ʚʪʷʛʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʚʥʠʡ 

ʝʬʝʢʪ ʛʽʩʪʝʨʝʟʠʩʫ. ʇʨʠʯʦʤʫ ʘʤʧʣʽʪʫʜʘ ʧʝʪʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʚʠʥʥʦʛʦ ʦʙ'ʻʤʫ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʥʘʪʷʛʫ. 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʆʇʊʀʄɸʃʔʅʀʍ ʇɸʈɸʄɽʊʈɯɺ 

ɽʅɽʈɻʆɽʂʆʅʆʄɯʏʅʀʍ ɹʋɼɯɺɽʃʔ ɼʃʗ ʃɯʊʅʔʆɻʆ ʇɽʈɯʆɼʋ 

 

ʄʘʨʪʠʥʦʚ ɺ. ʃ. 

ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ 

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʘ 

ʝʥʝʨʛʦʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʟʚʠʯʘʡʥʠʭ ʙʫʜʽʚʝʣʴ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʟʘʭʠʩʪʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ 

ʚʽʜ ʧʝʨʝʛʨʽʚʫ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ (ʥʘʜʤʽʨʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʯʝʨʝʟ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʣʽ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ 

ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ. 

ʊʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ 

ʙʫʜʽʚʣʽ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʫʪʝʧʣʶʚʘʯʘ ʧʦ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ (ʜʦ 20 %), ʘ ʪʘʢʦʞ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʧʦʨʮʽʡ.  

ɺʠʨʽʰʝʥʥʶ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ  ʙʫʜʽʚʝʣʴ ʧʨʠʩʚʷʯʝʥʦ ʨʦʙʦʪʠ [1], 

ʘʣʝ ʚ ʥʠʭ ʚʠʟʥʘʯʘʣʠʩʷ ʦʧʪʠʤʘʣʴʥʽ ʧʨʦʧʦʨʮʽʾ ʙʫʜʽʚʝʣʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʽʟʘʮʽʾ ʪʝʧʣʦʚʪʨʘʪ 

ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʧʦʨʮʽʡ. ʋ ʨʦʙʦʪʘʭ [2] ʦʢʨʝʤʦ 

ʦʧʪʠʤʽʟʫʚʘʣʘʩʷ ʬʦʨʤʘ ʙʫʜʽʚʣʽ ʪʘ ʦʢʨʝʤʦ ʧʘʨʘʤʝʪʨʠ ʫʪʝʧʣʝʥʥʷ ʥʝʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʫʜʽʚʣʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ  ʢʦʥʩʪʨʫʢʮʽʡ. ʋ 

ʨʦʙʦʪʽ [3] ʨʦʟʛʣʷʜʘʣʘʩʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʝʥʝʛʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʨʦʟʨʘʭʫʥʢʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʠ ʪʘ ʨʦʟʧʦʜʽʣʫ ʫʪʝʧʣʶʚʘʯʘ ʧʦ ʧʦʚʝʨʭʥʽ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʮʠʣʽʥʜʨʠʯʥʦʾ ʙʫʜʽʚʣʽ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʛʨʽʚʫ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʩʦʥʷʯʥʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ (ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ï ʬʦʨʤʠ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʫʪʝʧʣʶʚʘʯʘ) ʟʘ ʢʨʠʪʝʨʽʻʤ  ʤʽʥʽʤʽʟʘʮʽʾ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʄɸʊɽʈɯɸʃʀ ʊɸ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ.  ɼʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʷʪʦ 

ʙʫʜʽʚʣʶ ʫ ʤ. ʉʽʤʬʝʨʦʧʦʣʴ, ʱʦ ʤʘʻ ʬʦʨʤʫ ʮʠʣʽʥʜʨʘ, ʚʝʨʪʠʢʘʣʴʥʽ ʩʪʽʥʠ (ʧʦʯʘʪʢʦʚʠʡ ʦʧʽʨ 

ʪʝʧʣʦʚʪʨʘʪʘʤ 2,8 ʤ
2
 ʂ
ʦ
/ɺʪ ). ʆʩʥʦʚʘ ʮʠʣʽʥʜʨʘ ï ʢʦʣʦ ʟ ʨʘʜʽʫʩʦʤ 3,7979 ʤ. ʎʠʣʽʥʜʨʠʯʥʘ 

ʧʦʚʝʨʭʥʷ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʧʣʦʱʠʥʘʤʠ (ʨʠʩ. 1). ʂʦʞʥʽʡ ʛʨʘʥʽ ʚʽʜʧʦʚʽʜʘʻ ʮʝʥʪʨʘʣʴʥʠʡ ʢʫʪ ia  

ʪʘ (ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ) ʨʘʜʽʫʩ ʢʦʣʘ Ri. ʇʣʦʱʘ ʛʨʘʥʽ ʜʦʨʽʚʥʶʻ:  
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ʈʠʩ. 1. ï ɽʥʝʨʛʦʝʢʦʥʦʤʽʯʥʘ ʙʫʜʽʚʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʛʨʘʥʽ ʙʫʜʽʚʣʽ ʤʦʞʣʠʚʦ ʟʦʙʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ 

ʥʝʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ ʟ ʜʝʢʽʣʴʢʦʤʘ ʟʤʽʥʥʠʤʠ [ 3]. 
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SKQ ez .    (2) 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʛʨʘʥʥʦʾ ʙʫʜʽʚʣʽ ʧʨʠ ʮʴʦʤʫ 

ʤʽʥʽʤʽʟʫʻʪʴʩʷ  ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʠʩʪʝʤʦʶ ʦʙʤʝʞʝʥʴ: 
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   ʆʧʪʠʤʘʣʴʥʠʡ ʦʧʽʨ ʪʝʧʣʦʚʪʨʘʪʘʤ ʩʪʽʥʠ 
(ʥʝʧʨʦʟʦʨʦʾ ʢʦʥʩʪʨʫʢʮʽʾ)

 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʟʠʤʫʪʘ ʧʨʠ ʢʫʪʽ ʥʘʭʠʣʫ 90

 ʟʘ ʯʝʨʚʝʥʴ-ʩʝʨʧʝʥʴ ʜʣʷ 45 ʇʥ.ʰ. ʤ2 ʂ/ɺʪ
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ʆʧʽʨ ʪʝʧʣʦʚʪʨʘʪʘʤ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ

ʫʪʝʧʣʶʚʘʯʘ
ɯʩʥʫʶʯʠʡ ʦʧʽʨ ʪʝʧʣʦʚʪʨʘʪʘʤ

ɸʟʠʤʫʪ ʧʣʦʱʠʥʠ

    

Qoʧʪ=f(Aʙ)

ʢʽiʙ QQQ ää -D=D ,     (3) 

minD ʙQ .       (4)  

ʂʽʣʴʢʽʩʪʴ ʫʪʝʧʣʶʚʘʯʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ 

constSRSR ʚʽʚʽcmʽcmi =Ö+Ö ää .     (5) 

ɸʣʝ ʦʙʤʝʞʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʦʧʦʨʫ ʪʝʧʣʦʚʪʨʘʪʘʤ ʫʪʝʧʣʶʚʘʯʘ 

71 ¢¢ ʩʪʽR ,       7.05.0 ¢¢ ʚiR .    (6) 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ SOLAR, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʜʝʢʽʣʴʢʘ 

ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʽʚʣʽ ʦʜʥʦʯʘʩʥʦ. ʋ ʧʨʦʛʨʘʤʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴ [3] . 

ʇʨʠ ʦʧʪʠʤʽʟʘʮʽʾ  ʬʦʨʤʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʙʫʜʽʚʣʽ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʫʪʝʧʣʶʚʘʯʘ  ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ (ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ) ʩʢʦʨʦʯʝʥʥʷ 

ʪʝʧʣʦ ʥʘʜʭʦʜʞʝʥʥʷ (ʨʠʩ. 2) ʩʪʘʥʦʚʠʣʦ 17,84 %. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ï ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʫʪʝʧʣʶʚʘʯʘ. 

ɺʀʉʅʆɺʂʀ. ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʠ  SOLAR ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ ʙʫʜʽʚʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ  ʜʣʷ ʟʘʭʠʩʪʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜ ʧʝʨʝʛʨʽʚʫ. ɿʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ 

ʬʦʨʤʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʙʫʜʽʚʣʽ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʫʪʝʧʣʶʚʘʯʘ ʧʦ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ï ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʩʪʘʥʦʚʠʣʦ 17,84 %. 

ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʨʦʧʦʨʮʽʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʙʫʜʽʚʣʽ. ɼʘʥʫ ʧʨʦʛʨʘʤʫ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʝʥʝʨʛʦʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʟʚʠʯʘʡʥʠʭ ʙʫʜʽʚʝʣʴ. 
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ɯʩʥʫʶʯʘ ʬʦʨʤʘ ʙʫʜʽʚʣʽ  (ɺʠʭʽʜʥʠʡ ʈʘʜʽʫʩ ʉʝʢʪʦʨʘ ʤ)

ʆʧʪʠʤʘʣʴʥʘ ʬʦʨʤʘ (ʈʘʜʽʫʩ ʉʝʢʪʦʨʘ ʤ)

  

Rʦʧʪ = f(Aʙ)
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʃʆʉʂʆɻʆ ʊɽʏɽʅʀʗ ɾʀɼʂʆʉʊʀ 

ʉʆ ʉɺʆɹʆɼʅʆʁ ʇʆɺɽʈʍʅʆʉʊʔʖ 

 

ʆʧʘʥʘʩʝʥʢʦ ɺ. ɸ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʈɸɹʆʊʓ. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʢʦʨʧʫʩʘ ʩʫʜʦʚ. ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʤʥʦʛʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʦʚ ʢʘʯʢʠ  ʩʫʜʦʚ ʠ ʥʘʛʨʫʟʦʢ ʩʣʫʞʠʪ ʛʠʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ, 

ʢʦʪʦʨʘʷ ʩʚʦʜʠʪ ʪʨʝʭʤʝʨʥʫʶ ʟʘʜʘʯʫ ʦʙʪʝʢʘʥʠʷ ʩʫʜʦʚ, ʢ ʦʙʪʝʢʘʥʠʶ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ. ɺ 

ʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʜʚʫʤʝʨʥʦʡ ʟʘʜʘʯʠ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʩʯʠʪʘʝʪʩʷ ʤʘʣʦʡ. ʇʨʠ 

ʜʚʠʞʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ, ʢʦʛʜʘ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʤʘʣʳʤʠ, ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʛʘʨʤʦʥʠʯʝʩʢʠʭ, ʧʨʠʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. ɹʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʥʝʣʠʥʝʡʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʦ ʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʚʳʟʚʘʥʥʦʡ ʜʚʠʞʝʥʠʝʤ 

ʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʢʦʥʪʫʨʘ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʧʝʨʝʩʝʢʘʝʪ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʜʣʷ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʢʦʥʪʫʨʘ ʩʝʯʝʥʠʷ ʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɾʠʜʢʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʠʜʝʘʣʴʥʦʡ ʠ ʥʝʩʞʠʤʘʝʤʦʡ ʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ. ʇʨʠ ʢʦʥʝʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʢʦʛʜʘ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʦʰʝʥʘ ʧʦʰʘʛʦʚʳʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʜʚʠʞʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʩ ʨʘʩʯʝʪʦʤ ʪʝʯʝʥʠʷ ʚ ʢʘʞʜʳʡ 

ʤʦʤʝʥʪ ʢʦʤʧʣʝʢʩʥʳʤ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʄɻʕ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 

ʢʦʣʣʦʢʘʮʠʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʠʩʪʝʤʳ [1,2] ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 

ʨʝʰʝʥʠʷ ʚ ʦʩʦʙʳʭ ʪʦʯʢʘʭ (ʟʦʥʝ ʩʪʳʢʘ ʯʘʩʪʝʡ ʢʦʥʪʫʨʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ). ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʤʝʩʪʦ ʤʝʪʦʜʘ ʢʦʣʣʦʢʘʮʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʨʝʰʝʥʠʝ ʚʜʦʣʴ ʚʩʝʡ ʛʨʘʥʠʮʳ ʟʘʤʢʥʫʪʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ, ʪʘʢ ʠ ʤʝʞʜʫ ʥʠʤʠ [4]. 

ʄɸʊɽʈʀɸʃʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ. ʉʦʛʣʘʩʥʦ ʄʅʂ ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʥʝʚʷʟʢʠ ʤʝʞʜʫ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʷʤʠ 

ʠʥʪʝʛʨʘʣʘ ʂʦʰʠ. 
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ʇʨʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʦʣʠʥʦʤʘʤʠ 

ʕʨʤʠʪʘ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ (ʢʣʘʩʩ ʛʣʘʜʢʦʩʪʠ ʉ
1
) ʠʥʪʝʛʨʘʣ ʂʦʰʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ [2] 
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ʛʜʝ Ui ʠ Vi ʢʦʵʬʬʠʮʠʝʥʪʳ ñʚʣʠʷʥʠʷò, wi, w¡i ïʫʟʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʡ. ʇʨʝʜʩʪʘʚʠʤ (1) ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʩ ʫʯʝʪʦʤ (2) 
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Wk - ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ "ʚʣʠʷʥʠʷ" { }kkk VUW ,= ; kL  - ʚʝʢʪʦʨ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ 

ʚʳʨʘʞʝʥʠʡ, k, m ï ʥʦʤʝʨ ʫʟʣʦʚʳʭ ʪʦʯʝʢ. 

ʆʙʱʠʡ ʚʠʜ ʨʘʟʨʝʰʘʶʱʝʡ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʫʩʣʦʚʠʷ (3) ä
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ʚʝʢʪʦʨ ʥʝʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ. 
),( mk

P  ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ kmH  

ʧʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʫʟʣʦʚʳʭ ʟʥʘʯʝʥʠʷʭ; )(ms  ï ʩʚʦʙʦʜʥʳʝ ʯʣʝʥʳ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ 

ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ kmH  ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʫʟʣʦʚʳʭ ʟʥʘʯʝʥʠʷʭ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʚʳʯʠʩʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ v, 

ʜʘʚʣʝʥʠʝ ʠʟ ʠʥʪʝʛʨʘʣʘ ɹʝʨʥʫʣʣʠ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʞʝʩʪʢʠʡ ʢʦʥʪʫʨ. 

dxgy
v

t
F ñ

G

öö
÷

õ
ææ
ç

å
--

µ

µj
r=

2
2

2

 - ʧʦʣʥʘʷ; dx
v

t
Fd ñ

G

öö
÷

õ
ææ
ç

å
-

µ

µj
r=

2
2

2

 - ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ.  

ʄʝʪʦʜ ʨʝʘʣʠʟʦʚʘʥ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʝ [4] ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥ ʥʘ ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʯʘʭ, ʠʤʝʶʱʠʭ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ 

ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʢʣʠʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ V = 5ʤ/ʩ. ʠ ʥʘʯʘʣʴʥʦʤ ʟʘʛʣʫʙʣʝʥʠʠ 0,5 ʤ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ʂʫʤʤʠʥʩʘ ʠ 

ʤʝʪʦʜʦʤ ɺʘʛʥʝʨʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʧʨʘʢʪʠʢʝ. ɼʣʷ ʜʘʥʥʦʛʦ 

ʧʨʠʤʝʨʘ ʜʦ ʧʦʛʨʫʞʝʥʠʷ ʥʘ ʛʣʫʙʠʥʫ 2 ʤʝʪʨʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ɼʘʣʝʝ 

ʫʨʘʚʥʝʥʠʝ ʂʫʤʤʠʥʩʘ ʚ ʩʠʣʫ ʣʠʥʝʡʥʦʩʪʠ ʧʝʨʝʦʮʝʥʠʚʘʝʪ çʵʬʬʝʢʪʘ ʧʘʤʷʪʠè, ʘ ʚ ʤʝʪʦʜʝ 

ɺʘʛʥʝʨʘ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʦʜʥʷʪʠʝ ʫʨʦʚʥʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 
ʈʠʩ. 1 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʛʠʜʨʦʜʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ 

ɺʓɺʆɼʓ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʯʠʩʣʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʵʬʬʝʢʪʘ çʧʘʤʷʪʠè ʧʨʠ ʨʘʩʯʝʪʘʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. 
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ɺʓʏʀʉʃʀʊɽʃʔʅʓɽ ʄɽʊʆɼʓ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʆɹʅɸʈʋɾɽʅʀʗ 

ɸʉʊɽʈʆʀɼʆɺ ʀ ʀʍ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɺ ʇʈʆɻʈɸʄʄɽ COLITEC  (CLT ) 

 

ʉʘʚʘʥʝʚʠʯ ɺ. ɽ., ʊʢʘʯʝʚ ɺ. ʅ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ɹʨʶʭʦʚʝʮʢʠʡ ɸ. ɹ., ʂʦʞʫʭʦʚ ɸ. ʄ., ɺʣʘʩʝʥʢʦ ɺ. ʇ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʩʧʳʪʘʥʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ɼʠʢʦʚ ɽ. ʅ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ, ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʠʢʨʦʛʨʘʬʠʠ 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʊɽʄʓ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʠʩʢʘ ʘʩʪʝʨʦʠʜʦʚ ʬʦʨʤʠʨʫʶʪ ʟʘ 

ʥʦʯʴ ʩʥʠʤʢʠ ʥʘʩʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʥʝʙʘ, ʯʪʦ ʯʝʣʦʚʝʢ ʙʣʠʥʢʦʚʘʥʠʝʤ ʥʝ ʤʦʞʝʪ ʠʭ 

ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʟʘ ʪʨʝʙʫʝʤʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ. ʆʩʦʙʝʥʥʦ ʩʝʨʴʝʟʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ 

ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʢʘʜʨʦʚ ʚʦʟʥʠʢʘʶʪ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʩʠʣʴʥʳʭ 

ʰʠʨʦʢʦʧʦʣʴʥʳʭ ʘʩʪʨʦʛʨʘʬʦʚ, ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʘʩʪʝʨʦʠʜʦʚ ʩʦ ʩʣʘʙʳʤ ʚʠʜʠʤʳʤ ʙʣʝʩʢʦʤ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʘʩʪʝʨʦʠʜʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʚʠʟʫʘʣʴʥʦʡ ʧʨʦʚʝʨʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʄɸʊɽʈʀɸʃʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʳ 

ʷʚʣʷʶʪʩʷ ʩʝʨʠʷ ʇɿʉ-ʢʘʜʨʦʚ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʫʯʘʩʪʢʘ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ, ʘ ʪʘʢʞʝ ʟʚʝʟʜʥʳʡ 

ʢʘʪʘʣʦʛ. ɺ ʤʦʜʫʣʝ ʚʥʫʪʨʠʢʘʜʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʯʝʪ ʜʝʬʝʢʪʥʳʭ ʧʠʢʩʝʣʝʡ ʇɿʉ-

ʤʘʪʨʠʮʳ; ʨʘʟʙʠʝʥʠʝ ʢʘʜʨʦʚ ʥʘ ʧʦʜʩʝʨʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʙʘʟʦʚʦʛʦ ʢʘʜʨʘ; ʩʣʦʞʝʥʠʝ ʢʘʜʨʦʚ 

ʧʦʜʩʝʨʠʡ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʩʠʛʥʘʣʘ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʫʧʝʨʢʘʜʨʦʚ 

ʩʦʛʣʘʩʥʦ [1]; ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʩʝʣʝʢʮʠʷ ʩʠʛʥʘʣʦʚ ʦʪ ʥʝʙʝʩʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʩʫʧʝʨʢʘʜʨʘʭ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʨʦʛʦʤ ʟʥʘʯʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʚʝʨʪʢʠ ʤʝʞʜʫ ʧʨʠʥʷʪʳʤ 

ʠʟʣʫʯʝʥʠʝʤ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʠʢʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʬʦʨʤʦʡ ʦʞʠʜʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ɿʘʪʝʤ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʢʦʦʨʜʠʥʘʪ ʠ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ ʥʘ ʩʫʧʝʨʢʘʜʨʘʭ (ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʪʤʝʪʦʢ) ʧʦ ʤʝʪʦʜʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ [2]; ʦʙʲʝʜʠʥʝʥʠʝ ʩʫʧʝʨʢʘʜʨʦʚ ʦʜʥʦʡ ʧʦʜʩʝʨʠʠ ʩʦʛʣʘʩʥʦ 

[1]; ʦʮʝʥʢʘ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʦʚ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʝ [3] 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʤʝʪʦʢ. ʆʪʤʝʪʢʠ ʩʦʜʝʨʞʘʪ 

ʦʮʝʥʢʠ ʘʤʧʣʠʪʫʜ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʥʝʙʝʩʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʉʂ ʇɿʉ-ʤʘʪʨʠʮʳ ʙʘʟʦʚʦʛʦ ʢʘʜʨʘ.  

ɺ ʤʦʜʫʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʪʘʣʦʛʘ ʥʝʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ (ʚʥʫʪʨʝʥʥʠʡ 

ʢʘʪʘʣʦʛ) ʦʪʙʨʘʢʦʚʳʚʘʶʪʩʷ ʦʙʲʝʢʪʳ, ʥʝʧʦʜʚʠʞʥʳʝ ʥʘ ʩʝʨʠʠ ʢʘʜʨʦʚ.  

ʆʪʤʝʪʢʠ ʦʪ ʥʝʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪʦʞʜʝʩʪʚʣʷʶʪʩʷ ʩ ʦʙʲʝʢʪʘʤʠ ʟʚʝʟʜʥʦʛʦ ʢʘʪʘʣʦʛʘ 

ʚ ʤʦʜʫʣʝ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʨʝʰʝʥʠʝʤ ʚʝʥʛʝʨʩʢʠʤ ʤʝʪʦʜʦʤ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʥʘ 

ʜʚʫʜʦʣʴʥʦʤ ʛʨʘʬʝ, ʦʜʥʘ ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʤʝʪʢʠ ʢʘʜʨʘ, ʘ ʚʪʦʨʘʷ ï ʦʙʲʝʢʪʳ 

ʟʚʝʟʜʥʦʛʦ ʢʘʪʘʣʦʛʘ.  

ɺ ʤʦʜʫʣʝ ʦʮʝʥʢʠ ʚʠʜʠʤʦʛʦ ʙʣʝʩʢʘ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʚʠʜʠʤʦʛʦ ʙʣʝʩʢʘ 

ʦʙʲʝʢʪʦʚ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ [4]; ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʦʛʘ ʦʪʙʨʘʢʦʚʢʠ ʧʦ ʚʠʜʠʤʦʤʫ ʙʣʝʩʢʫ. 

ɺ ʤʦʜʫʣʝ ʦʪʙʨʘʢʦʚʢʠ ʧʦ ʚʠʜʠʤʦʤʫ ʙʣʝʩʢʫ ʦʩʪʘʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʪʝ ʦʪʤʝʪʢʠ, ʦʮʝʥʢʘ ʚʠʜʠʤʦʛʦ 

ʙʣʝʩʢʘ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʧʦʨʦʛʘ. 

ɺ ʤʦʜʫʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʪʨʘʝʢʪʦʨʠʠ ʥʘ 

ʦʩʥʦʚʝ ʥʘʢʦʧʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʦʚ, ʚʜʦʣʴ ʚʦʟʤʦʞʥʳʭ 

ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ. ɼʘʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʟʥʘʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʦʚ, ʜʦʧʫʩʢʘʶʱʝʛʦ 

ʤʥʦʛʦʵʪʘʧʥʫʶ ʨʝʘʣʠʟʘʮʠʶ. ʄʥʦʛʦʟʥʘʯʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʢʦʧʠʪʴ ʩʠʛʥʘʣʳ 

ʚʜʦʣʴ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʥʝʙʝʩʥʳʭ ʪʝʣ. ɺ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʮʝʥʢʘ ʚʠʜʠʤʦʛʦ ʙʣʝʩʢʘ ʦʙʲʝʢʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʤʦʜʫʣʷ 

ʬʦʨʤʠʨʫʶʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʤʝʪʦʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʤʫ ʦʙʲʝʢʪʫ ʩ ʥʝʥʫʣʝʚʳʤ ʚʠʜʠʤʳʤ 

ʜʚʠʞʝʥʠʝʤ.  

ɺ ʤʦʜʫʣʝ ʘʤʧʣʠʪʫʜʥʦ-ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʄʅʂ-ʦʮʝʥʢʘ 
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ʧʘʨʘʤʝʪʨʦʚ ʦʙʥʘʨʫʞʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʪʨʘʝʢʪʦʨʠʡ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʘʩʪʝʨʦʠʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ.  

ɺ ʤʦʜʫʣʝ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʝʟʫʣʴʪʘʪʘ ʥʘʙʣʶʜʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʨʘʝʢʪʦʨʠʠ ʘʩʪʝʨʦʠʜʫ.  

ʇʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʙʘʟʝ ɸʥʜʨʫʰʝʚʩʢʦʡ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ (ɸɸʆ) ʠ ʨʦʩʩʠʡʩʢʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʝʤʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ISON-NM [5]. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʤʘʷ 2010 ʧʦ ʘʧʨʝʣʴ 2011 ʛʦʜʘ ʚ ɸɸʆ 

ʙʳʣʦ ʦʪʢʨʳʪʦ 43 ʥʦʚʳʭ ʘʩʪʝʨʦʠʜʘ [6], ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʨʚʦʝ ʦʪʢʨʳʪʠʝ ʘʩʪʝʨʦʠʜʘ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʚ ʉʅɻ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʚ ʦʙʩʝʨʚʘʪʦʨʠʠ ISON-NM 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦ ʢʦʣʠʯʝʩʪʚʦ ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʘʩʪʝʨʦʠʜʦʚ [7], ʧʨʠ ʵʪʦʤ ʚ ʧʝʨʠʦʜ ʩ 

ʜʝʢʘʙʨʷ 2010 ʧʦ ʘʧʨʝʣʴ 2011 ʛʦʜʘ ʙʳʣʦ ʦʪʢʨʳʪʦ 363 ʥʦʚʳʭ ʘʩʪʝʨʦʠʜʘ [6]. 

10 ʜʝʢʘʙʨʷ 2010 ʛʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ ʦʪʢʨʳʪʘ ʢʦʤʝʪʘ C/2010 X1 

(Elenin) [8 ï 10], ʩʪʘʚʰʘʷ ʧʝʨʚʦʡ ʢʦʤʝʪʦʡ, ʦʪʢʨʳʪʦʡ ʨʦʩʩʠʡʩʢʠʤ ʘʩʪʨʦʥʦʤʦʤ ʩ 1990 ʛʦʜʘ [11]. 
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ʉʊʈʋʂʊʋʈʅʆ-ʈɸɿʅʆʉʊʅʓɽ ʄʆɼɽʃʀ ʊɽʇʃʆɺʓʍ ʇʈʆʎɽʉʉʆɺ  

ɺ ʆɹʃɸʉʊʗʍ ʉʃʆɾʅʆʁ ʌʆʈʄʓ  

ʉ ɺʓʉʆʂʆʀʅʊɽʅʉʀɺʅʓʄ ʅɽʉʊɸʎʀʆʅɸʈʅʓʄ ʊɽʇʃʆʆɹʄɽʅʆʄ ʅɸ ɻʈɸʅʀʎɽ 

 

ʉʣʝʩʘʨʝʥʢʦ ɸ. ʇ., ʂʦʙʨʠʥʦʚʠʯ ʖ. ʆ. 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʤʝʥʠ  ɸ. ʅ. ʇʦʜʛʦʨʥʦʛʦ ʅɸʅ ʋʢʨʘʠʥʳ 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʈɸɹʆʊʓ. ʈʘʟʚʠʪʠʝ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʜʨʫʛʦʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚʳʜʚʠʥʫʣʦ ʨʷʜ ʧʨʦʙʣʝʤʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʤʠ 

ʪʝʧʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩ ʙʦʣʴʰʠʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʨʝʤʝʥʠ. ʕʪʠ ʧʨʦʮʝʩʩʳ 

ʦʧʠʩʳʚʘʶʪʩʷ ʢʨʘʝʚʳʤʠ ʟʘʜʘʯʘʤʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʡ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʣʝʤʝʥʪʝ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʟʘ ʩʦʪʳʝ ʜʦʣʠ ʩʝʢʫʥʜʳ ʥʘ ʪʳʩʷʯʫ ʠ ʙʦʣʝʝ ʛʨʘʜʫʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʘʞʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚʩʪʨʝʯʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʇʨʦʙʣʝʤʘ ʪʦʯʥʦʛʦ ʫʯʝʪʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʦʙʣʘʩʪʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, 

ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʤʠʨʦʚʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʥʝ ʙʳʣʘ ʨʝʰʝʥʘ ʚ ʩʠʣʫ ʪʨʫʜʥʦʩʪʝʡ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʚʧʝʨʚʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨ ʨʝʰʝʥʠʷ ʪʦʯʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʜʘʞʝ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʢʨʠʪʝʨʠʡ ɹʠʦ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʤʦʛʫʪ ʠʤʝʪʴ ʣʶʙʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ ʜʘʞʝ 

ʠʤʧʫʣʴʩʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʄɸʊɽʈʀɸʃʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ. ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ 
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ʅʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʨʠʟʤʳ ʩʦ 
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ʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ ʚʳʙʝʨʝʤ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʩ ʦʩʮʠʣʣʠʨʫʶʱʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʨʝʜʳ ʠ ʢʨʠʪʝʨʠʝʤ ɹʠʦ: 
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lkC ,  - ʥʝʠʟʚʝʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; ),,(0 FʦyxF  ʬʫʥʢʮʠʷ, ʪʦʯʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʥʝʦʜʥʦʨʦʜʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ; ),,(, Foyxlkc  - ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ, 

ʪʦʯʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʦʜʥʦʨʦʜʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ;)( ),( yPxP lk  - 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʣʠʥʦʤʳ ʏʝʙʳʰʝʚʘ; )y,x(W1  ʠ )y,x(W2 - PS-ʦʧʝʨʘʮʠʠ [1] ʜʣʷ ʧʣʘʩʪʠʥʳ, 

)y,x(DW1  ʠ )y,x(DW2  - ʧʨʦʠʟʚʦʜʥʳʝ )y,x(W1  ʠ )y,x(W2 ʧʦ ʭ ʠ ʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ 

ʬʠʢʩʘʮʠʝʡ ʬʫʥʢʮʠʠ ʥʘ ʛʨʘʥʠʮʝ.  

ɼʠʩʢʨʝʪʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʦʩʪʨʦʠʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʧʦʚʳʰʝʥʥʦʛʦ ʧʦʨʷʜʢʘ 

ʪʦʯʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʤ ʨʘʟʥʦʩʪʥʫʶ ʩʭʝʤʫ, ʪʨʝʭʩʣʦʡʥʫʶ ʧʦ ʚʨʝʤʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ 

ʧʷʪʠʩʣʦʡʥʫʶ ʪʠʧʘ çʷʱʠʢè ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ: 
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ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʨʝʦʙʨʘʟʫʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʚ 

ʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʦ ʫʨʘʚʥʝʥʠʡ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʠʟʚʝʩʪʥʳʭ ʚ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʚʥʦ ʠ ʥʘʡʜʝʤ ʥʝʠʟʚʝʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʀʥʪʝʨʧʦʣʠʨʫʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦ 

ʚʨʝʤʝʥʠ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʟʤʳ ʜʣʷ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ. 

ɺ ʊʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʦʯʢʘʭ ʧʨʠʟʤʳ ʜʣʷ ʪʨʝʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʥʘ 

ʠʨʨʝʛʫʣʷʨʥʦʤ ʵʪʘʧʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʛʨʝʚʘ, ʘ ʪʘʢ ʞʝ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʢʪʝ 

900 ʫʟʣʦʚ, ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 0.001 Fo, ʠʩʧʦʣʴʟʫʷ 55 ʢʦʦʨʜʠʥʘʪʥʳʭ ʬʫʥʢʮʠʡ. 

 

ʊʘʙʣʠʮʘ 1 ï ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʠʟʤʳ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. 

Fo (0;0) (0.5;0.5) (1;1) emax, % 

0.001 2793.083 960.811 7.529 0.502 

0.01 147.244 143.481 141.427 0.0154 

0.02 437.110 248.609 149.635 0.0203 

 

ɺʓɺʆɼʓ. ʉʪʨʫʢʪʫʨʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʤʦʜʝʣʠ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʝʛʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʩʪʨʫʢʪʫʨʳ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ. ʄʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʠ-ʥʝʩʧʝʮʠʘʣʠʩʪʳ.  

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʉʣʝʩʘʨʝʥʢʦ, ɸ.ʇ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝʣʠʥʝʡʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʙʘʟʝ ʚʘʨʠʘʮʠʦʥʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ 

ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʤʝʪʦʜʦʚ [ʊʝʢʩʪ] / ɸ.ʇ. ʉʣʝʩʘʨʝʥʢʦ, ʅ.ɸ. ʉʘʬʦʥʦʚ // ʇʨʦʙʣʝʤʳ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. - 2010. - ʊ.13, ˉ6. - ʉ. 58-63. 
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ʊɽʄʇɽʈɸʊʋʈʅʆɽ ʈɸʉʇʈɽɼɽʃɽʅʀɽ ɺ ɼɺʀɾʋʑɽʁʉʗ ʇʈʆɺʆʃʆʂɽ 

ʉ ɺʅʋʊʈɽʅʅʀʄ ʀʄʇʋʃʔʉʅʓʄ ʀʉʊʆʏʅʀʂʆʄ ʊɽʇʃɸ 

 

ʊʨʦʠʮʢʠʡ ʆ. ɸ. 

ʀʥʩʪʠʪʫʪ  ʤʘʰʠʥʦʚʝʜʝʥʠʷ   ʠʤʝʥʠ  ɸ. ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ, ʅʇʇ çʀʥʩʪʠʪʫʪ  ʕʇɼʄè 

ʃʷʰʝʥʢʦ ɺ. ʇ., ʂʦʙʳʣʴʩʢʘʷ ɽ. ɹ. 

ʂʨʝʤʝʥʯʫʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄʠʭʘʠʣʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʈɸɹʆʊʓ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʥʢʦʡ ʠ ʩʚʝʨʭʪʦʥʢʦʡ 

ʧʨʦʚʦʣʦʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʬʦʨʤʠʨʦʚʘʪʴ ʚ ʤʝʪʘʣʣʝ ʩʧʝʮʠʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʥʠʞʘʪʴ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʊʘʢʘʷ ʧʨʦʚʦʣʦʢʘ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʥʘ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʝ. 

ʕʣʝʢʪʨʦʧʣʘʩʪʠʯʝʩʢʦʝ ʚʦʣʦʯʝʥʠʝ (ʕʇɺ)  ʧʨʦʚʦʣʦʢʠ  ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ  ʠʣʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʦʢʘʟʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʚʦʡʩʪʚʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʘ. ɺʦ ʚʨʝʤʷ ʕʇɺ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ  

ʪʦʢʘ, ʚ ʟʦʥʝ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ (ɿɼʄ) ʚʥʫʪʨʠ ʚʦʣʦʢʠ ʜʝʡʩʪʚʫʝʪ ʦʪʢʨʳʪʳʡ ʚ 1968 ʛ. 

ʵʣʝʢʪʨʦʧʣʘʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (ʕʇʕ)[1]. 

ɺ ʩʠʣʫ ʜʝʡʩʪʚʠʷ ʕʇʕ ʦʧʝʨʘʮʠʷ ʕʇɺ ʠʩʭʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʧʨʦʪʝʢʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ 

ʧʦʥʠʞʝʥʥʳʭ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʫʩʠʣʠʷʭ [1]. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʩʧʦʩʦʙʘ ʕʇɺ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʙʦʙʱʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ [2], ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚʦ ʚʨʝʤʷ ʕʇɺ ʧʨʦʠʩʭʦʜʠʪ ʩʥʷʪʠʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʠ 

ʧʦʚʳʰʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʪʦʥʢʦʡ ʠ ʩʚʝʨʭʪʦʥʢʦʡ ʧʨʦʚʦʣʦʢʠ. 

ʅʘʢʦʥʝʮ, ʚ ʩʠʣʫ ʫʚʝʣʠʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʩʦʟʜʘʥʠʷ ʫʤʝʨʝʥʥʦ ʞʝʩʪʢʦʡ 

ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʪʝʢʩʪʫʨʳ ʚʥʫʪʨʠ ʧʨʦʚʦʜʦʚ, ʢʘʙʝʣʠ ʠ ʨʘʙʦʯʠʝ ʧʨʦʚʦʜʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ ʕʇɺ, ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʠ  ʥʘʜʝʞʥʦʩʪʴʶ [3].  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʝʨʭʪʦʥʢʦʡ ʧʨʦʚʦʣʦʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʄɸʊɽʈʀɸʃʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ ʥʘ ʕʇɼ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʝ ʧʦʜʚʝʜʝʥʠʷ ʪʦʢʘ. ɺ ʦʩʥʦʚʫ ʵʪʦʡ ʤʦʜʝʣʠ 

ʙʳʣʘ ʧʦʣʦʞʝʥʘ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʚʠʞʫʱʝʡʩʷ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʨʝʜʳ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʢʦʛʜʘ ʠʤʧʫʣʴʩʥʳʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ, ʚʳʟʚʘʥʥʳʡ 

ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ, ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʦʨʜʠʥʘʪ, ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʩ ʧʦʤʦʱʴʶ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ  
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ʛʜʝ ,l a ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, 

,e s ï ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʠ ʧʦʩʪʦʷʥʥʘʷ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ, 0r  ï ʨʘʜʠʫʩ, ʬʫʥʢʮʠʷ ( , , )W z t T ʚ 

ʩʣʫʯʘʝ ʟʘʚʠʩʠʤʦʩʪʠ  ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ  ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʚʠʜ  
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11 2( , , ) ( ) ( )W z t T f z f T= ,      (5) 

12 2( , , ) ( ) ( )W z t T f t f T= ,      (6) 

ʛʜʝ, 0,r bï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʦʚʦʣʦʢʠ.  

ʌʫʥʢʮʠʠ 1 ( , )if z t ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʤʦʛʫʪ  ʠʤʝʪʴ 
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ɺʝʣʠʯʠʥʳ 0 0, , ,m n l t  ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʯʘʩʪʦʪʫ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (1)-(4) ʥʘʡʜʝʥʦ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ. ɼʘʥʥʳʝ ʜʣʷ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʝ ʞʝ, ʯʪʦ ʠ ʜʣʷ  ʵʢʩʧʝʨʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʤʳʭ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʩʣʦʚʠʷʭ [2]. 

ɺʓɺʆɼʓ. ʈʘʩʯʝʪʳ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʮʠʥʢʘ ʠ 

ʚʦʣʴʬʨʘʤʘ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʷʤʦʛʦ 

ʠʟʤʝʨʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʠ ʥʘʛʨʝʚʘʥʠʷ. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʤʠ ʚʦ ʚʨʝʤʷ ʝʝ ʠʟʤʝʨʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ. ʕʪʠ ʨʘʩʯʝʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦ ʚʨʝʤʷ ʦʙʘʙʦʪʢʠ 

ʧʨʦʚʦʣʦʢʠ ʠʤʧʫʣʴʩʥʳʤ ʪʦʢʦʤ ʧʦʚʳʰʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʦʪʦʤʫ ʪʝʨʤʠʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʦʮʝʩʩʘ ʕʇɺ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʨʦʚʦʣʦʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʕʇɺ ʧʨʦʚʦʣʦʢ. ɺ ʩʣʫʯʘʝ ʚʦʣʦʯʝʥʠʷ ʪʦʥʢʦʡ 

ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 100 ʤʢʤ ʦʥʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ ʢʦʩʚʝʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʚʠʞʫʱʝʡʩʷ ʧʨʦʚʦʣʦʢʠ  ʚ ʟʦʥʝ ʧʦʜʚʝʜʝʥʠʷ ʢʘʢ ʠʤʧʫʣʴʩʥʦʛʦ ʪʘʢ ʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 
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ʇɸʈɸʃʃɽʃʔʅʓɽ ɺʓʏʀʉʃɽʅʀʗ R-ʌʋʅʂʎʀʁ  

ɺ çAUTOOMEGAè ʉ ʇʆʄʆʑʔʖ ʊɽʍʅʆʃʆɻʀʀ CUDA 

 

ʋʚʘʨʦʚ ʈ. ɸ. 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʤʝʥʠ ɸ. ʅ. ʇʦʜʛʦʨʥʦʛʦ ʅɸʅ ʋʢʨʘʠʥʳ 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʈɸɹʆʊʓ. ʇʨʦʙʣʝʤʘ ʘʜʝʢʚʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ 

ʚʳʯʠʩʣʝʥʠʡ ʩʪʦʠʪ ʦʩʪʨʦ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʮʝʣʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ.  ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʤ, ʯʪʦ ʟʘʜʘʯʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʥʘʙʦʨ ʤʝʥʴʰʠʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʝʰʝʥʠʡ, ʢʘʢ ʬʠʟʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʥʳʭ, ʠ ʦʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ CUDA, ʩʫʱʝʩʪʚʫʶʱʘʷ ʚ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʘʭ ʢʦʤʧʘʥʠʠ nVidia 8-ʦʡ ʩʝʨʠʠ ʠ 

ʚʳʰʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʚʳʯʠʩʣʝʥʠʡ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʫʩʠʣʝʥʥʳʡ ʤʝʪʦʜʦʤ R-ʬʫʥʢʮʠʡ ʧʨʦʮʝʩʩ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʝʡ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʚ ʜʚʫʤʝʨʥʳʭ ʦʙʣʘʩʪʷʭ 

ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʩʩʝʪʦʯʥʦʛʦ ʤʝʪʦʜʘ ʥʘʪʫʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (Natural 

Elements Method) ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ. 

ʄɸʊɽʈʀɸʃʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʣʝʡ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʨʘʝʚʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʧʝʮʠʬʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʣʝʡ ï ʠʭ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ ʭʘʨʘʢʪʝʨʘ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʫʯʠʪʳʚʘʝʤʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ, ʥʦ ʠ ʦʪ ʬʦʨʤʳ, ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʦʣʷ 

ʚʦʟʙʫʞʜʘʶʪʩʷ. ʅʘʣʠʯʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʚʫʭ ʨʘʟʥʦʨʦʜʥʳʭ ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʠ ï 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ï ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ [1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ R-ʬʫʥʢʮʠʡ (RFM). 

ʀʩʧʦʣʴʟʫʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ R-ʬʫʥʢʮʠʡ, ʧʦʟʚʦʣʠʚʰʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʨʝʰʠʪʴ 

ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ 

çAutoOmegaè, ʚʦ ʚʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʚʠʜʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʨʠʤʠʪʠʚʦʚ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ ʧʦʣʦʞʝʥʠʝ ʠ ʨʘʟʤʝʨʳ, ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ, ʠ ʰʠʨʠʥʫ ʢʦʣʴʮʘ, ʚ ʩʣʫʯʘʝ ʜʚʫʩʚʷʟʥʦʡ ʦʙʣʘʩʪʠ. ʇʦ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʦʧʦʨʥʳʝ ʬʫʥʢʮʠʠ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʧʨʠʤʠʪʠʚʦʚ ʠ ʧʦ ʧʨʠʟʥʘʢʫ çʚʥʫʪʨʝʥʥʦʩʪʴèïçʚʥʝʰʥʦʩʪʴè ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʝʜʠʢʘʪʥʘʷ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʠ ʩʦʩʪʘʚʥʦʛʦ ʦʙʲʝʢʪʘ. ʊʘʢʦʡ ʤʝʪʦʜ ʙʳʣ ʥʘʟʚʘʥ ʤʝʪʦʜʦʤ ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʨʠʤʠʪʠʚʦʚ [3]. 

ɺʭʦʜʷʱʠʡ ʚ ʩʠʩʪʝʤʫ ʪʨʘʥʩʣʷʪʦʨ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦ ʩʦʟʜʘʥʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ ʥʘ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʷʟʳʢʝ (ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ 

POLYE-RL ʠʣʠ MATLAB) ʠ ʟʘʧʫʩʪʠʪʴ ʝʸ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝʪ ʢʘʨʪʠʥʘ ʣʠʥʠʡ ʫʨʦʚʥʷ ʬʫʥʢʮʠʠ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ 

ʩʠʩʪʝʤʝ çAutoOmegaè. 

ʉ ʮʝʣʴʶ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʜʣʷ ʟʘʜʘʯ ʨʘʩʯʝʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʣʘʪʝ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ, ʦʪʜʘʶʱʠʤʠ ʪʝʧʣʦ ʩ ʠʟʚʝʩʪʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ [4], ʜʣʷ ʟʘʜʘʯ ʨʘʩʯʝʪʘ ʤʝʪʘʣʣʦʧʨʦʢʘʪʥʳʭ ʠʟʜʝʣʠʡ ʩ ʠʟʚʝʩʪʥʳʤ ʧʨʦʬʠʣʝʤ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʪʘʢʠʭ ʢʘʢ ʨʝʣʴʩ (ʨʠʩ. 1), ʰʧʫʥʪ ʃʘʨʩʝʥʘ. 
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ʈʠʩ. 1 - ʄʦʜʝʣʴʥʳʡ ʤʝʪʘʣʣʦʧʨʦʢʘʪʥʳʡ ʧʨʦʬʠʣʴ ʧʦʩʪʨʦʝʥʥʳʡ ʚ AutoOmega (ʩʣʝʚʘ) ʠ ʣʠʥʠʠ 

ʫʨʦʚʥʷ ʬʫʥʢʮʠʠ ʝʛʦ ʛʨʘʥʠʮʳ ʚ POLYE (ʩʧʨʘʚʘ) 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʥʘʪʫʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(NEM). ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʛʦ ʤʦʞʥʦ ʢʘʢ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʪʝʨʧʦʣʷʥʪʦʚ ʩʠʙʩʦʥʦʚʳ ʠ ʥʝʩʠʙʩʦʥʦʚʳ ʬʫʥʢʮʠʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʨʧʦʣʷʥʪʦʚ ʩʝʪʢʘ ʥʝ 

ʪʨʝʙʫʝʪʩʷ. ʂʣʶʯʝʚʳʝ ʨʘʟʣʠʯʠʷ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʶʪ NEM ʦʪ ʄʂʕ, ʣʝʞʘʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠ 

ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʬʦʨʤʳ, ʠ ʚ ʤʝʪʦʜʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ 

ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʰʘʛʠ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʦʙʦʠʭ 

ʤʝʪʦʜʦʚ.  

ɺʓɺʆɼʓ. ʆʨʠʝʥʪʠʨʦʚʘʥʥʘʷ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʨʝʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʢʘʢ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʪʘʢ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʪʝʭʥʦʣʦʛʠʷ CUDA ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʠ ʧʨʠʤʝʥʝʥʘ ʢ ʨʘʟʣʠʯʥʳʤ ʵʪʘʧʘʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ R-ʬʫʥʢʮʠʡ. ɺʳʜʝʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ, ʚ ʮʝʣʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ CUDA ʧʦʟʚʦʣʠʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ. 
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ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʤʝʪʦʜʦʤ R-

ʬʫʥʢʮʠʡ // ʕʣʝʢʪʨʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ï 2009. ï ʊ.31, ˉ4. ï ʉ. 79-87. 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɺʀʇɸɼʂʆɺʆɻʆ ʇʆʃʗ ʂʆʅʎɽʅʊʈɸʎɯɰ 

ʋ ɼɺʆʌɸɿʅʆʄʋ ʇɯɺʇʈʆʉʊʆʈɯ ɿ ɽʈʃɸʅɻɯɺʉʔʂʀʄ ʈʆɿʇʆɼɯʃʆʄ ɺʂʃʖʏɽʅʔ  

 

ʏʝʨʥʫʭʘ ʆ. ʖ., ɹʽʣʫʱʘʢ ʖ. ɯ. 

ʎʝʥʪʨ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ɯʇʇʄʄ ʽʤʝʥʽ  ʗ. ʉ . ʇʽʜʩʪʨʠʛʘʯʘ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɹʆʊʀ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʦʭʦʨʦ-

ʥʦʶ ʜʦʚʢʽʣʣʷ ʚʽʜ ʪʝʭʥʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʨʦʮʝʩʠ ʤʘʩʦʧʝʨʝ-

ʥʦʩʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʩʢʣʘʜʥʠʭ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʽʜʦʤʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʦʣʴʦʚʠʡ ʚʤʽʩʪ ʦʢʨʝʤʠʭ ʪʠʧʽʚ ʚʢʣʶʯʝʥʴ, ʾʭʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠ-

ʚʦʩʪʽ ʪʘ ʦʢʨʝʤʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʨʦʪʝ ʢʦʥʢʨʝʪʥʝʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ï ʥʝʚʽʜʦʤʝ, ʪʦʙʪʦ 

ʪʘʢʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʝʤʦ ʚʚʘʞʘʪʠ ʚʠʧʘʜʢʦʚʠʤʠ. ɺ ʨʦʙʦʪʽ ʚʠʧʘʜʢʦʚʽ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜ-

ʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʫ ʜʚʦʬʘʟʥʦʤʫ ʰʘʨʫʚʘʪʦʤʫ ʧʽʚʧʨʦʩʪʦʨʽ, ʚ ʷʢʦʤʫ ʚʢʣʶʯʝʥʥʷ 

ʨʦʟʪʘʰʦʚʘʥʽ ʟʘ ʨʽʟʥʠʤʠ ʚʠʧʘʜʢʘʤʠ ʝʨʣʘʥʛʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ (ʨʠʩ. 1). 

                
ʘ                                                                    b 

ʈʠʩ. 1. ï ʄʦʞʣʠʚʽ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʜʣʷ ʨʽʟʥʠʭ ʚʠʧʘʜʢʽʚ 

ʝʨʣʘʥʛʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʢʣʶʯʝʥʴ 

ʄɸʊɽʈɯɸʃʀ ɯ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ. ʇʨʦʮʝʩ ʜʠʬʫʟʽʾ ʜʦʤʽʰʢʦʚʦʾ ʨʝʯʦʚʠʥʠ ʚ 

ʪʘʢʠʭ ʪʽʣʘʭ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʜʠʬʫʟʽʾ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʤʠ ʜʣʷ ʢʦʞʥʦʾ ʟ ʬʘʟ: 
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ʜʝ ),( tzc j  ï ʚʠʧʘʜʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʢʦʚʠʭ ʯʘʩʪʠʥʦʢ; jr  ï ʛʫʩʪʠʥʘ, jd  ï ʢʽʥʝʪʠʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʥʦʩʫ ʚ ʦʙʣʘʩʪʽ jW , jn  ï ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʬʘʟʠ j , ijW  ï i -ʪʘ ʦʜʥʦʟʚôʷʟʥʘ 

ʦʙʣʘʩʪʴ ʬʘʟʠ j , jni ,1= , 1,0=j . 

ɺ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʜʦʤʽʰʢʦʚʘ ʨʝʯʦʚʠʥʘ ʙʫʣʘ ʚʽʜʩʫʪʥʷ ʚ ʪʽʣʽ, ʘ ʜʘʣʽ ʥʘ ʛʨʘʥʠʮʽ 

ʧʽʚʧʨʦʩʪʦʨʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʾʾ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ 
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ʅʘ ʤʽʞʬʘʟʥʠʭ ʛʨʘʥʠʮʷʭ ʥʘʢʣʘʜʝʥʦ ʫʤʦʚʠ ʥʝʽʜʝʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʜʣʷ ʬʫʥʢʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʾ: 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʧʘʨʘʪ ʪʝʦʨʽʾ ʫʟʘʛʘʣʴʥʝʥʠʭ ʬʫʥʢʮʽʡ ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ (1), (3), (4) 

ʟʚʝʜʝʥʘ ʜʦ ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʫ ʚʩʴʦʤʫ ʪʽʣʽ, ʷʢʝ ʷʚʥʦ ʚʨʘʭʦʚʫʻ ʩʪʨʠʙʢʠ ɯ-ʛʦ ʨʦʜʫ ʬʫʥʢʮʽʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʾʾ ʧʦʭʽʜʥʦʾ ʥʘ ʛʨʘʥʠʮʷʭ ʢʦʥʪʘʢʪʫ. ʆʪʨʠʤʘʥʽʡ ʢʨʘʡʦʚʽʡ ʟʘʜʘʯʽ ʧʦʩʪʘʚʣʝʥʦ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʢʚʽʚʘʣʝʥʪʥʝ ʽʥʪʝʛʨʦʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʨʦʟʚôʷʟʘʥʦ ʤʝʪʦʜʦʤ 

ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ. ʈʦʟʚôʷʟʦʢ ʦʪʨʠʤʘʥʦ ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ ʅʝʡʤʘʥʘ, ʪʦʙʪʦ 
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ʋʩʝʨʝʜʥʝʥʥʷ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʦʚʦʾ ʨʝʯʦʚʠʥʠ (5) ʧʨʦʚʝʜʝʥʦ ʟʘ ʘʥʩʘʤʙʣʝʤ 

ʢʦʥʬʽʛʫʨʘʮʽʡ ʬʘʟ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʨʣʘʥʛʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʢʣʶʯʝʥʴ ʟ ʧʘʨʘʤʝʪʨʘʤʠ (n , m) 

ʽ ʦʧʠʩʫʻ ʧʨʦʤʽʞʦʢ ʜʦ n  ʧʦʜʽʡ ʧʨʦʮʝʩʫ ʇʫʘʩʦʥʘ ʟ ʧʘʨʘʤʝʪʨʦʤ m [2]. ɻʫʩʪʠʥʘ ʝʨʣʘʥʛʽʚʩʴʢʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ 
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ʈʦʟʛʣʷʥʫʪʽ ʥʘʩʪʫʧʥʽ ʚʠʧʘʜʢʠ ʨʦʟʧʦʜʽʣʫ (6): 1) 1=n  ï ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ (ʨʠʩ. 1a); 2) 

2,3,2=n  (ʨʠʩ. 1b). ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʦʚʦʾ ʨʝʯʦʚʠʥʠ 

ʦʙʤʝʞʠʣʠʩʴ ʧʝʨʰʠʤʠ ʜʚʦʤʘ ʯʣʝʥʘʤʠ ʨʷʜʫ (5) ʽ ʚʨʘʭʫʚʘʚʰʠ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʧʘʜʢʦʚʦʾ ñʬʫʥʢʮʽʾ 

ʩʪʨʫʢʪʫʨʠò )(zijh . ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʫʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʘ 

ʘʥʩʘʤʙʣʝʤ ʢʦʥʬʽʛʫʨʘʮʽʡ ʬʘʟ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʦʚʠʭ ʯʘʩʪʠʥʦʢ: 
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ʜʝ ),( znn ¡mg  ï ʥʝʧʦʚʥʘ ʛʘʤʘ-ʬʫʥʢʮʽʷ. ʇʽʜʩʪʘʚʠʚʰʠ ʫ (7) ʚʽʜʧʦʚʽʜʥʽ ʚʠʨʘʟʠ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʦʤʽʰʢʠ ʚ ʦʜʥʦʨʽʜʥʦʤʫ ʧʽʚʧʨʦʩʪʦʨʽ ʪʘ ʬʫʥʢʮʽʾ ɻʨʽʥʘ, ʟʥʘʡʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʬʦʨʤʫʣʫ ʜʣʷ 

ʫʩʝʨʝʜʥʝʥʦʛʦ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʩʪʚʦʨʝʥʝ ʚʽʜʧʦʚʽʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

              
ʈʠʩ. 2. ï ʈʦʟʧʦʜʽʣʠ ʫʩʝʨʝʜʥʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʯʘʩʫ ʜʣʷ 

10 (ʨʠʩ. a) ʪʘ 0,1 (ʨʠʩ. b) 

ʅʘ ʨʠʩ. 2 ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʭʘʨʘʢʪʝʨʥʽ ʨʦʟʧʦʜʽʣʠ ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʘ ʘʥʩʘʤʙʣʝʤ ʢʦ-

ʥʬʽʛʫʨʘʮʽʡ ʬʘʟ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʦʚʦʾ ʨʝʯʦʚʠʥʠ ʟʘ ʝʨʣʘʥʛʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʢʣʶ-

ʯʝʥʴ, ʧʦʜʘʥʦʛʦ ʥʘ ʨʠʩ. 1ʘ, ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. 

ɺʀʉʅʆɺʂʀ. ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ ʘʥ-

ʩʘʤʙʣʝʤ ʢʦʥʬʽʛʫʨʘʮʽʡ ʬʘʟ ʧʦʣʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʛʨʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʫ ʜʚʦʬʘʟʥʦʤʫ ʧʽʚʧʨʦʩʪʦʨʽ 

ʟ ʝʨʣʘʥʛʽʚʩʴʢʠʤ ʨʦʟʧʦʜʽʣʦʤ ʚʢʣʶʯʝʥʴ. ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʰʘʨʫʚʘʪʦʤʫ ʧʽʚʧʨʦʩʪʦʨʽ 

ʻ ʙʽʣʴʰʦʶ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚ ʦʜʥʦʨʽʜʥʦʤʫ ʪʽʣʽ ʥʘ ʚʩʴʦʤʫ ʧʨʦʤʽʞʢʫ. 
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