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ɸʅʆʊɸʎɯʗ 

ɼʫʥʘʻʚʩʴʢʠʡ ʄ. ʉ. ʄʝʭʘʥʽʟʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 113 

ʇʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ. ï ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʂʠʾʚ. ï 2023. 

ɿʘʛʘʣʴʥʘ ʧʨʦʙʣʝʤʘʪʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʤʝʨʝʞ, ʟʦʢʨʝʤʘ, ʤʝʨʝʞ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ (ʄʃʇ), ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʨʦʟʚʠʪʦʢ ʨʝʛʽʦʥʽʚ ʢʨʘʾʥʠ ʟʘ ʩʪʨʘʪʝʛʽʾ ʝʢʦʥʦʤʽʯʥʦʾ 

ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ. ɺ ʨʦʙʦʪʽ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʷʢ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʤ ʦʩʥʦʚʘʤ, 

ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʠʤ, ʧʨʠʢʣʘʜʥʠʤ, ʨʦʟʨʘʭʫʥʢʘʤ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʘʥʘʣʽʟ ʪʘ ʨʦʟʨʦʙʢʘ 

ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ 

ʤʦʜʝʣʝʡ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ ʥʘ ʨʝʘʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʜʘʥʠʭ 

ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣ̫ʛʘʻ 

ʚ ʨʦʟʨʦʙʮʽ ʥʦʚʽʪʥʽʭ ʧʨʦʛʨʘʤʥʦ-ʢʦʤʧôʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ ʧʦʢʚʘʨʪʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʮʽʣʴʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʝʢʩʧʦʨʪʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʚ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʠʭ ʨʽʰʝʥʴ. 

ʇʦʜʽʙʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʄʽʥʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʽʥʰʠʤʠ ʦʨʛʘʥʘʤʠ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʽʩʮʝʚʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʥʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʝʢʩʧʦʨʪʫ ʜʣʷ 

ʊʝʨʥʦʧʽʣʴʱʠʥʠ (ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ ɻʦʨʙʘʯʫʢ ɺ.ʄ., ʅʝʙʦʪʦʚ ʇ.ɻ. 2018), 

ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ (ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ  ɻʦʨʙʘʯʫʢ ɺ.ʄ., ʐʧʠʛʘ ʉ.ʇ. 2018) ʪʘ 

ʃʫʛʘʥʱʠʥʠ (ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ  ɻʦʨʙʘʯʫʢ ɺ.ʄ., ʉʠʤʦʥʦʚ ɼ.ɯ. 2018). 
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ɿʤʽʩʪ ʜʠʩʝʨʪʘʮʽʾ. ʋ ʚʩʪʫʧʽ ʚʠʢʣʘʜʝʥʽ ʦʙˇʨʫʥʪʫʚʘʥʥ ̫ ʚʠʙʦʨʫ ʪʝʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʤʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣ̔ʜʞʝʥʥʷ, ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʢʨʠʪʘ 

ʧʨʘʢʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ ʪʘ ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺ ʨʦʟʜʽʣʽ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʢʠ ʱʦʜʦ ʪʝʦʨʽʾ ʪʘ ʤʝʪʦʜʦʣʦʛʽʾ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʤʝʨʝʞ, ʟʦʢʨʝʤʘ, ʤʝʨʝʞ̔ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ (ʄʃʇ), 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʝʢʦʥʦʤʽʯʥʦʾ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʨʝʛʽʦʥʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʽʥʥʦʚʘʮʽʡʥʫ ʽʛʨʦʚʫ ʤʦʜʝʣʴ ʤʝʨʝʞʽ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʷʜʫ ʨʦʟʜʨʽʙʥʠʭ ʪʦʨʛʽʚʮʽʚ ʧʨʦʜʫʢʪʦʤ ʽ ʨʷʜʫ ʨʠʥʢʽʚ ʟʙʫʪʫ ʜʘʥʦʛʦ 

ʧʨʦʜʫʢʪʫ, ʜʝ ʨʦʟʜʨʽʙʥʽ ʪʦʨʛʽʚʮʽ ʥʝʢʦʦʧʝʨʘʪʠʚʥʦ ʢʦʥʢʫʨʫʶʪʴ, ʤʘʢʩʠʤʽʟʫʶʯʠ ʩʚʦʾ 

ʩʧʦʜʽʚʘʥʽ ʧʨʠʙʫʪʢʠ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʩʚʦʾʭ ʦʧʪʠʤʘʣʴʥʠʭ ʪʨʘʥʩʘʢʮʽʡ ʜʣʷ 

ʧʨʦʜʫʢʪʫ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʥʝʣʽʥʽʡʥʽ 

ʙʶʜʞʝʪʥʽ ʦʙʤʝʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ ʜʣ ̫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ 

ʨʚ̔ʥʦʚʘʞʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ ʄʃʇ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʽʪʝʨʘʪʠʚʥʠʡ 

ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʜʘʻ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ 

ʪʨʘʥʩʘʢʮʽʡ ʧʨʦʜʫʢʪʫ, ʨʽʚʥʽʚ ʙʝʟʧʝʢʠ ʪʘ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʙʶʜʞʝʪʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. 

ɺ ʨʦʟʜʽʣʽ 2 ʜʦʩʣʽʜʞʝʥʦ ʩʪʦʭʘʩʪʠʯʥʽ ʤʝʪʦʜʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘ 

ʫʤʦʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ɿʦʢʨʝʤʘ, ʚʧʝʨʰʝ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʦ ʾʤʦʜʝʣ ̔ʽʥʥʦʚʘʮʽʡ 

ɹʘʩʩʘ ʜʦ ʧʦʰʠʨʝʥʥʷ ʚʘʢʮʠʥʘʮʽʡ. ʆʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ 

ʦʯʽʢʫʚʘʥʫ ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʫ ʜʦ ʤʦʤʝʥʪʫ ʧʝʨʚʠʥʥʦʾ ʟʘʢʫʧʽʚʣʽ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʪʦʚʘʨʫ 

(ʦʪʨʠʤʘʥʥʷ ʚʘʢʮʠʥʠ ʧʨʦʪʠ COVID-19) ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʠʤ ʧʦʢʫʧʮʝʤ 

(ʛʨʦʤʘʜʷʥʠʥʦʤ). ɺʨʘʭʦʚʘʥʦ ʚʧʣʠʚ ʧʦʢʫʧʮʽʚ-ʥʦʚʘʪʦʨʽʚ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ 

ʧʨʠʜʙʘʪʠ (ʟʘʩʪʦʩʫʚʘʪʠ) ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʨʦʜʫʢʪ ʚʽʜʨʘʟʫ ʟ ʡʦʛʦ ʧʦʷʚʦʶ, ʘ ʪʘʢʦʞ 

ʚʧʣʠʚ ʧʦʢʫʧʮʽʚ-ʥʘʩʣʽʜʫʚʘʯʽʚ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ, ʱʦʜʦ ʢʫʧʽʚʣʽ (ʟʘʩʪʦʩʫʚʘʥʥʷ) 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʧʝʚʥʠʤ ʣʘʛʦʤ, ʧʽʩʣʷ ʪʦʛʦ ʷʢ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʨʦʜʫʢʪ 

ʥʘʩʠʯʫʻ ʨʠʥʦʢ ʪʘ ʟôʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰʝ ʚʽʜʛʫʢʽʚ ʱʦʜʦ ʥʴʦʛʦ ʚʽʜ ʧʦʢʫʧʮʽʚ-ʥʦʚʘʪʦʨʽʚ. 
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ɺ ʨʦʟʜʽʣʽ 3 ʜʦʩʣʽʜʞʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ 

ʨʠʥʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʪʘ ʚ ʩʬʝʨʽ ʜʝʨʞʘʚʥʠʭ ʤʘʢʨʦʬʫʥʢʮʽʡ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʬʫʥʢʮʽʶ ʨʝʘʢʮʽʾ ʧʦʩʣʽʜʦʚʥʠʢʘ (ʧʨʦʚʘʡʜʝʨʘ ɯʥʪʝʨʥʝʪ ʩʝʨʚʽʩʫ) (ISP) 

ʥʘ ʨʽʰʝʥʥʷ ʣʽʜʝʨʘ (ʢʦʥʪʝʥʪ ʧʨʦʚʘʡʜʝʨʘ). ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢ ʮʽʥʫ 

ʧʦʩʣʫʛʠ, ʯʘʩʪʢʫ ʜʦʭʦʜʫ ʢʦʥʪʝʥʪ ʧʨʦʚʘʡʜʝʨʘ, ʦʙʩʷʛ ʨʠʥʢʫ, ʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ 

ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʨʝʞʽ ʧʨʦʚʘʡʜʝʨ ɯʥʪʝʨʥʝʪ ʩʝʨʚʽʩʫ 

ʚʠʨʽʰʫʻ ʷʢʦʶ ʤʽʨʦʶ ʨʦʟʰʠʨʠʪʠ ʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘʷʚʥʦʾ ʤʝʨʝʞʽ. 

ɺ ʨʦʟʜʽʣʽ 4 çɸʣʛʦʨʠʪʤʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʮʽʣʴʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʝʢʩʧʦʨʪʫ 

ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷè ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʝʢʩʧʦʨʪʫ ʨʝʛʽʦʥʫ. ʇʨʦʚʝʜʝʥʦ ʪʘʢʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʊʝʨʥʦʧʽʣʴʱʠʥʠ (ʩʧʽʚʘʚʪʦʨʠ ɻʦʨʙʘʯʫʢ ɺ.ʄ., ʅʝʙʦʪʦʚ ʇ.ɻ. 2018), 

ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ (ʩʧʽʚʘʚʪʦʨʠ ɻʦʨʙʘʯʫʢ ɺ.ʄ., ʐʧʠʛʘ ʉ.ʇ. 2018) ʪʘ ʃʫʛʘʥʱʠʥʠ 

(ʩʧʽʚʘʚʪʦʨʠ ɻʦʨʙʘʯʫʢ ɺ.ʄ., ʉʠʤʦʥʦʚ ɼ.ɯ. 2018). ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʣʝʞʘʪʴ 

ʚ ʦʩʥʦʚʽ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʽʦʥʽʚ, ʟʦʢʨʝʤʘ 

ʰʣʷʭʦʤ ʟʘʧʦʟʠʯʝʥʥʷ ʢʨʘʱʠʭ ʧʨʘʢʪʠʢ ʫʧʨʘʚʣʽʥʥʷ ʨʘʡʦʥ̔ ʚ ʣʽʜʝʨʽʚ. 

ɿʘʛʘʣʦʤ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʦʙʦʪʠ ʪʘʢʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ: 

ɸʪʦʻʚʘ ʂ.ʃ., ɹʽʜʶʢʘ ʇ.ɯ., ɹʦʛʜʘʥʦʚʘ ɺ.ʃ., ɺʦʟʥʷʢ ɻ., ɻʘʡʚʦʨʦʥʩʴʢʦʛʦ ɸ.ɸ., 

ɻʣʫʰʢʦʚʘ ɺ.ʄ., ɻʦʨʙʘʯʫʢʘ ɺ.ʄ., ɻʫʣʷʥʠʮʴʢʦʛʦ ʃ.ʌ., ɭʨʤʦʣʴʻʚʘ ʖ.ʄ., 

ɿʘʛʦʨʦʜʥʴʦʛʦ ɸ.ɻ., ɿʘʩʣʘʚʩʴʢʦʛʦ ɺ.ɸ., ɿʛʫʨʦʚʩʴʢʦʛʦ ʄ.ɿ., ʂʠʨʠʣʶʢʘ ɺ.ʉ., 

ʂʣʴʦʙʠ ʊ., ʂʥʦʧʦʚʘ ʇ.ʉ., ʂʫʟʴʤʝʥʢʘ ɺ.ʄ., ʃʝʪʠʯʝʩʚʴʢʦʛʦ ʆ.ʆ., ʄʘʢʘʨʝʥʢʦ ʆ.ʉ., 

ʄʠʭʘʣʝʚʠʯʘ ɺ.ʉ., ʅʦʨʢʽʥʘ ɺ.ɯ., ʅʦʚʦʩʴʦʣʦʚʦʾ ʅ.ɸ., ʇʝʧʝʣʷʻʚʘ ɺ.ɸ., 

ʉʝʤʝʥʦʚʦ ʾʅ.ɺ., ʉʝʨʛʽʻʥʢʦ ɯ.ɺ., ʉʪʝʮʶʢʘ ʇ.ɯ., Akerlof G.A., Arrow K.J., Basar T., 

Bass F.M., Costinot A., Daniele P., Ferguson N., Gabay D., Maheswaran R., Mera K., 

Nagurney A., Nash J., Samuelson P.A., Shetty N.G., Stiglitz J., Vickrey W., Wilson R. 

ʂʣʁʯʦʚʽ ʩʣʦʚʘ: ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʷ, ʽʥʚʝʩʪʠʮʽʾ, ʤʝʨʝʞʘ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ, 

ʨʝʛʽʦʥʘʣʴʥʘ ʝʢʦʥʦʤʽʢʘ, ʨʽʚʥʦʚʘʛʘ ʅʝʰʘ, ʨʦʟʧʦʜʽʣ ʜʦʭʦʜʽʚ ʽ ʬʘʢʪʦʨʽʚ, ʩʠʩʪʝʤʘ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪ̫ ʨʽʰʝʥʴ (ʉʇʇʈ), ʩʪʦʭʘʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʫʩʧʽʣʴʥʠʡ 

ʜʦʙʨʦʙʫʪ, ʬʽʥʘʥʩʦʚʽ ʢʨʠʟʠ. 
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ANNOTATION  

Dunaievskyi M.S. Mechanisms for improving the efficiency of decentralized 

systems and their application. ï Qualifying scientific work on the rights of the manuscript. 

The dissertation on completion of Philosophy Doctor scientific degree on specialty 

113 Applied mathematics. ï V.M. Glushkov Institute of Cybernetics of NAS of Ukraine, 

Kyiv . ï 2023. 

General scope of research issues ï efficiency of decentralized networks, in 

particular, supply chain networks (SCN), information and communication networks, 

development of the country's regions according to the strategy of economic 

decentralization. The paper pays attention to both theoretical and methodological bases, 

and practical, applied, calculations based on real statistical regional data. 

The aim of the work is the study of decentralized systems, analysis and 

development of mechanisms to increase their efficiency based on mathematical 

algorithms and models, the application of the proposed solutions to real economic data 

of the regions of Ukraine. 

Scientific novelty and practical significance of the obtained results is the 

development of innovative software and computer tools for quarterly assessment of 

economic efficiency and target structure of exports of the regions of Ukraine, which may 

be the basis of the macroeconomic decision support system. Such system has the 

prospect of implementation in the Ministry of Economy of Ukraine, and can also be 

used by other public administration bodies and local governments to make optimal 

decisions at the local level. According to the developed algorithms, an assessment of the 

economic efficiency of the regions of Ukraine and the estimation of the optimal 

structure of exports for Ternopil region (co-authored with Gorbachuk V.M., Nebotov 

P.G. 2018), Kirovograd region (co-authored with Gorbachuk V.M., Shpyga S.P. 2018) 

and Luhansk region (co-authored with Gorbachuk V.M., Simonov D.I. 2018). 
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Dissertation content. The intro duction presents the rationale for choosing a 

research topic, the purpose and objectives of the study, research methods, as well as 

reveals the practical significance and scientific novelty of the results. 

Section 1 presents developments regarding the theory and methodology of 

decentralized networks, in particular, supply chain networks (SC), information and 

communication networks, and economic decentralization of regions. 

An innovative game model of a supply chain network consisting of a number of 

retailers of a product and a number of markets for that product as developed, where 

retailers compete non-cooperatively to maximize their expected profits by determining 

their optimal transactions for the product, as well as the optimal cybersecurity 

investments included in non-linear budget constraints. 

It is established that to solve the problem of finding equilibrium investments in 

cybersecurity of SC, it is possible to propose an iterative algorithm, which at each 

iteration gives an explicit relationship for product transactions, security levels and 

Lagrange multipliers associated with budget constraints. 

In section 2 stochastic methods of decision support under conditions of uncertainty 

are investigated. 

In particular, the application of Bass diffusion model of innovations to the spread 

of vaccinations is substantiated for the first time. The formula was obtained which 

allows to estimate the expected length of time until the moment of the initial purchase of 

an innovative product (receiving a vaccine against COVID-19) by an arbitrarily selected 

buyer (citizen). The influence of innovative buyers who make a decision to purchase 

(use) an innovative product immediately upon its appearance, as well as the influence of 

imitator buyers who make a decision to purchase (use) an innovative product with a 

certain lag, after the innovative product saturates the market and more information and 

feedback about it from innovative buyers is available, are took into consideration. 

In section 3 mathematical methods for supporting decision-making in the market of 

information and communication services and in state macrofunctions are researched. 
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The reaction function of the follower (Internet service provider) (ISP) to the 

decision of the leader (content of the provider) is established. Taking into account such 

basic parameters as the price of the service, the content provider's share of income, the 

market volume, costs per unit of expansion and maintenance of network capacity, the 

Internet service provider decides to what extent to expand the existing network capacity.  

In section 4 çAlgorithms for evaluating the efficiency and target export structure of 

the regions of Ukraine and their applicationè, an algorithm for evaluating the efficiency 

and an algorithm for finding the optimal structure of the region's exports have been 

developed. According to the developed algorithms, an assessment of the economic 

efficiency of the regions of Ukraine and the estimation of the optimal structure of 

exports for Ternopil region (co-authored with Gorbachuk V.M., Nebotov P.G. 2018), 

Kirovograd region (co-authored with Gorbachuk V.M., Shpyga S.P. 2018) and Luhansk 

region (co-authored with Gorbachuk V.M., Simonov D.I. 2018). The proposed 

algorithms are the basis of the mechanisms for increasing the economic efficiency of 

regions, in particular, by borrowing the best management practices of leading districts. 

The works of the following homeland and foreign scientists were analyzed: 

Atoiev K.L., Bidiuk P.I., Bohdanov V.L., Voznyak H., Haivoronskyi A.A., 

Hlushkov V.M., Gorbachuk V.M., Hulianytskyi L.F., Yermoliev Yu.M., 

Zagorodniy A.H., Zaslavskyi V.A., Zghurovskyi M.Z., Kyryliuk  V.S., Kloba T, 

Knopov P.S., Kuzmenko V.M., Letychevskyi O.O., Makarenko O.S., 

Mykhalevych V.S., Norkin V.I., Novosolova N.A., Pepeliaiev V.A., Semenova N.V., 

Serhiienko I.V., Stetsiuk P.I., Akerlof G.A., Arrow K.J., Basar T., Bass F.M., 

Costinot A., Daniele P., Ferguson N., Gabay D., Maheswaran R., Mera K., Nagurney A., 

Nash J., Samuelson P.A., Shetty N.G., Stiglitz J., Vickrey W., Wilson R. 

Key words: decentralization, investments, supply chain network, regional economy, 

Nash equilibrium, income and factor distribution, decision support system (DSS), 

stochastic modeling, social welfare, financial crises. 
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ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ ɿɼʆɹʋɺɸʏɸ 

ʇʫʙʣʽʢʘʮʽʾ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʧʨʦʽʥʜʝʢʩʦʚʘʥʠʭ ʫ ʙʘʟʘʭ ʜʘʥʠʭ  

Web of Science Core Collection ʪʘ/ʘʙʦ Scopus 

1. Gorbachuk V., Dunaievskyi M., Suleimanov S.-B. Modeling of agency problems in 

complex decentralized systems under information asymmetry. IEEE Conference on 

Advanced Trends in Information Theory (December 18ï20, 2019, Kyiv, Ukraine). Kyiv : 

Taras Shevchenko National University of Kyiv , 2019. P. 449ï454. 

DOI: 10.1109/ATIT49449.2019.9030498 

2. Gorbachuk V.M., Dunaievskyi M.S., Syrku A.A., Suleimanov S.-B. Substantiating 

the diffusion model of innovation implementation and its application to vaccine 

propagation. Cybernetics and Systems Analysis. 2022, January. Vol. 58. No. 1. P. 84ī94. 

DOI: 10.1007/s10559-022-00438-1 

3. Gorbachuk V., Dunaievskyi M. Nash equilibrium and its modern applications. 

Modern optimization methods for decision making under risk and uncertainty. A.A. 
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196ī224. DOI: 10.1201/9781003260196 

ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʥʘ ʜʘʪʫ ʦʧʫʙʣʽʢʫʚʘʥʥʷ ʜʦ ʧʝʨʝʣʽʢʫ 

ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 113 

4. ɻʦʨʙʘʯʫʢ ɺ.ʄ., ɼʫʥʘʻʚʩʴʢʠʡ ʄ.ʉ., ʄʦʨʦʟʦʚ ʆ.ʆ. ʈʽʚʥʦʚʘʞʥʽ ʽʥʚʝʩʪʠʮʽʾ ʫ 

ʢʽʙʝʨʙʝʟʧʝʢʫ ʤʝʨʝʞʽ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ. ɺʽʩʥʠʢ ʂʠʾʚʩʴʢʦʛʦ ʫʥʽʚʝpʩʠʪʝʪʫ. ʉʝpʽʷ: 

ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʥʘʫʢʠ. 2017. ˉ 2. ʉ. 47ï52. 
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ʅ̔ ʢʦʣʝʥʢʦ ɼ.ɯ. ɼʦ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʽ ʬʽʥʘʥʩʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚᾷʷ ʨʘʡʦʥʽʚ ɿʘʧʦʨʽʞʯʠʥʠ. ʂʽʙʝʨʥʝʪʠʢʘ ʪʘ 

ʢʦʤʧԁʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ. 2020. ˉ 4. ʉ. 87ī99. 

DOI: 10.34229/2707-451X.20.4.6 

6. ɼʫʥʘʻʚʩʴʢʠʡ ʄ.ʉ., ʃʝʬʪʝʨʦʚ ʆ.ɺ., ɹʦʣʴʰʘʢʦʚ ɺ.ʄ. ɺʠʢʦʨʠʩʪʘʥʥʷ 
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9. ɻʘʡʚʦʨʦʥʩʴʢʠʡ ʆ.ʆ., ɻʦʨʙʘʯʫʢ ɺ.ʄ., ɼʫʥʘʻʚʩʴʢʠʡ ʄ.ʉ. ʉʪʨʘʪʝʛʽʯʥʘ ʚʟʘʻʤʦʜʽʷ 

ʧʨʦʚʘʡʜʝʨʽʚ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ. ʇʨʦʙʣʝʤʠ ʢʝʨʫʚʘʥʥ ̫ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠ. 2021. ˉ 6. ʉ. 102ī113. 

DOI: 10.34229/1028-0979-2021-6-10 
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ɺʉʊʋʇ 
 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʊʝʨʤʽʥ çɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷè ʫ çɺʝʣʠʢʦʤʫ ʪʣʫʤʘʯʥʦʤʫ 

ʩʣʦʚʥʠʢʫ ʩʫʯʘʩʥʦʾ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠè ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʟʘ ʷʢʦ ʾ

ʯʘʩʪʠʥʘ ʬʫʥʢʮʽʡ ʮʝʥʪʨʘʣʴʥʦʾ ʚʣʘʜʠ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʤʽʩʮʝʚʠʭ ʦʨʛʘʥʽʚ 

ʩʘʤʦʫʧʨʘʚʣʽʥʥʷ. ʇʜ̔ ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʫʧʨʘʚʣʽʥʥʷ ʪʫʪ ʽ 

ʥʘʜʘʣʽ ʚ ʜʠʩʝʨʪʘʮʽʾ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʩʪʫʧʽʥʴ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ 

ʨʽʚʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʦʩʣʫʛ ʧʨʠ ʥʘ̫ʚʥʠʭ ʦʙʤʝʞʝʥʥʷʭ ʥʘ ʬʘʢʪʦʨʠ ʧʨʘʮʽ ʪʘ 

ʢʘʧ̔ʪʘʣʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤʠ 

ʧʝʨʝʚʘʛʘʤʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʢʨʘʾʥʠ ʥʘ ʨʽʚʥʽ ʨʝʛʽʦʥʽʚ, 

ʧʦʰʫʢʫ ʢʨʘʱʠʭ ʩʪʨʘʪʝʛ̔ʡ ʨʦʟʚʠʪʢʫ, ʚʠʷʚʣʝʥʥʷ ʥʝʟʘʜʽʷʥʠʭ ʪʘ ʥʝʜʦʚʠʢʦʨʠʩʪʘʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʘʙʦ ʧʦʩʠʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʣʘʙʢʠʭ ʬʘʢʪʦʨʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʜʦʩʷʛʥʝʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʾ ʝʢʦʥʦʤʽʢʠ ʟʘʛʘʣʦʤ ʥʘ ʧʨʦʪʠʚʘʛʫ ʤʝʥʰ ʛʥʫʯʢʦʤʫ 

ʫʟʘʛʘʣʴʥʶʶʯʦʤʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʘʛʨʝʛʦʚʘʥʠʭ ʜʘʥʠʭ. 

ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʋʢʨʘʾʥʘ ʘʢʪʠʚʥʦ ʧʝʨʝʙʫʜʦʚʫʻ ʤʽʞʥʘʨʦʜʥʫ ʩʪʨʫʢʪʫʨʫ 

ʝʢʩʧʦʨʪʫ ʟʤ̔ʱʫʶʯʠ ʧʨʽʦʨʠʪʝʪ ʷʢ ʥʘ ɭʚʨʦʧʝʡʩʴʢʠʡ ʪʘʢ ʽ ʥʘ ɸʟʽʡʩʴʢʠʡ ʨʝʛʽʦʥʠ, ʪʘ 

ʟʤʝʥʰʫʶʯʠ ʯʘʩʪʢʫ ʤʽʞʥʘʨʦʜʥʦʾ ʪʦʨʛʽʚʣʽ ʟ ʢʨʘʾʥʘʤʠ ʉʅɼ. ɺ ʙʽʣʴʰ 

ʚʠʩʦʢʦʢʦʥʢʫʨʝʥʪʥʦʤʫ ʝʢʦʥʦʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʨʦʩʪʘʻ ʨʦʣʴ ʷʢʦʩʪʽ, ʽʥʥʦʚʘʮʽʡ, 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʜʽʷʥʥʷ ʬʘʢʪʦʨʽʚ ʧʨʘʮʽ ʪʘ ʢʘʧʽʪʘʣʫ ʥʝ ʪʽʣʴʢʠ ʥʘ ʨʽʚʥʽ ʢʨʘʾʥʠ 

ʟʘʛʘʣʦʤ, ʘʣʝ ʡ ʥʘ ʨʽʚʥʽ ʨʝʛʽʦʥʽʚ ʟʦʢʨʝʤʘ. ɹʽʣʴʰʦʾ ʚʘʛʠ ʥʘʙʫʚʘʻ ʝʬʝʢʪʠʚʥʩ̔ʪʴ 

ʚʟʘʻʤʦʜʽʾ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʝʢʪʦʨʫ ʟ ʜʝʨʞʘʚʥʠʤʠ ʽʥʩʪʠʪʫʮʽʷʤʠ. ʋʢʨʘʾʥʘ ʟ ʚʽʜʥʦʩʥʦ 

ʚʠʩʦʢʠʤ ʽʥʜʝʢʩʦʤ ʣʶʜʩʴʢʦʛʦ ʢʘʧʽʪʘʣʫ, ʜʝʤʦʢʨʘʪʠʯʥʠʤ ʫʩʪʨʦʻʤ, ʚʽʜʢʨʠʪʩ̔ʪʶ ʜʦ 

ʥʘʡʢʨʘʱʠʭ ʧʨʘʢʪʠʢ ʚʝʜʝʥʥʷ ʙʽʟʥʝʩʫ, ʧʨʘʛʥʝʥʥʷʤ ʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʻ ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ. 

ʅʦʚʽʪʥʶ ʨʝʬʦʨʤʫ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʨʦʟʧʦʯʘʪʦ 2014 ʨʦʢʫ ʟ ʧʨʠʡʥʷʪʪʷʤ 

ʢʦʥʮʝʧʮʽʾ ʨʝʬʦʨʤʠ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨ̫ʜʫʚʘʥʥʷ ʪʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʚʣʘʜʠ 

ʚ ʋʢʨʘʾʥʽ, ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥ ʜʦ ʇʦʜʘʪʢʦʚʦʛʦ ʪʘ ɹʶʜʞʝʪʥʦʛʦ ʢʦʜʝʢʩʽʚ ʚ ʯʘʩʪʠʥʽ 

ʬʽʥʘʥʩʦʚʦʾ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ, ʧʨʠʡʥʷʪʪʷ ʟʘʢʦʥʽʚ ʋʢʨʘʾʥʠ  ʧʨʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʪʘ 
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ʜʦʙʨʦʚʽʣʴʥʝ ʦʙôʻʜʥʘʥʥʷ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. ʇʨʠʡʥʷʪʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ 

ʘʢʪʠ ʪʘ ʟʤʽʥʠ ʜʦ ʽʩʥʫʶʯʠʭ ʟʘʢʦʥʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʘʤʢʦʚʠʤ ʧʦʣʦʞʝʥʥʷʤ 

ɭʚʨʦʧʝʡʩʴʢʦʾ ʭʘʨʪʽʾ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ (1985ʨ.) ʪʘ ʟʘʢʣʘʜʘʶʪʴ ʬʫʥʜʘʤʝʥʪ 

ʬʦʨʤʫʚʘʥʥʷ ʦʙôʻʜʥʘʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ (ʆʊɻ). ɿʤʽʩʪ ʤʽʩʮʝʚʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʛʘʨʘʥʪʦʚʘʥʦʤʫ ʜʝʨʞʘʚʦʶ ʧʨʘʚʽ ʪʘ ʤʦʞʣʠʚʦʩʪʷʭ ʩʘʤʠʭ 

ʆʊɻ ʚʠʨʽʰʫʚʘʪʠ ʚ ʤʝʞʘʭ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʯʘʩʪʠʥʫ ʛʨʦʤʘʜʩʴʢʠʭ ʧʦʚʥʦʚʘʞʝʥʴ. 

ʆʊɻ ʦʪʨʠʤʘʣʠ ʧʦʚʥʦʚʘʞʝʥʥʷ ʪʘ ʨʝʩʫʨʩ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʪʘ ʦʙʣʘʩʥʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʟʦʢʨʝʤʘ ï ʟʘʨʘʭʫʚʘʥʥʷ ʜʦ ʤʩ̔ʮʝʚʠʭ ʙʶʜʞʝʪʽʚ ʆʊɻ 60% ʧʦʜʘʪʢʫ ʥʘ ʜʦʭʦʜʠ 

ʬʽʟʠʯʥʠʭ ʦʩʽʙ ʥʘ ʚʣʘʩʥʽ ʧʦʚʥʦʚʘʞʝʥʥʷ. ʊʘʢʦʞ, ʥʘ ʤʽʩʮʷʭ ʟʘʣʠʰʘʶʪʴʩʷ 100% 

ʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʧʦʜʘʪʢʽʚ: ʻʜʠʥʦʛʦ, ʥʘ ʧʨʠʙʫʪʦʢ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʬʽʥʘʥʩʦʚʠʭ ʫʩʪʘʥʦʚ 

ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʪʘ ʧʦʜʘʪʢʫ ʥʘ ʤʘʡʥʦ (ʥʝʨʫʭʦʤʽʩʪʴ, ʟʝʤʣʷ, ʪʨʘʥʩʧʦʨʪ). ʆʊɻ 

ʤʘʶʪɹ ʧʨʷʤʽ ʤʽʞʙʶʜʞʝʪʥ̔ ʚʽʜʥʦʩʠʥʠ ʟ ʜʝʨʞʘʚʥʠʤ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʝʣʝʛʦʚʘʥʠʭ 

ʜʝʨʞʘʚʦʶ ʧʦʚʥʦʚʘʞʝʥʴ ʾʤ ʥʘʜʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʪʨʘʥʩʬʝʨʪʠ (ʜʦʪʘʮʽʾ, ʦʩʚʽʪʥʷ ʪʘ 

ʤʝʜʠʯʥʘ ʩʫʙʚʝʥʮʽʾ, ʩʫʙʚʝʥʮʽʷ ʥʘ ʨʦʟʚʠʪʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʛʨʦʤʘʜ ʪʦʱʦ). ɺʣʘʩʥʽ 

ʜʦʭʦʜʠ ʤʽʩʮʝʚʠʭ ʙʶʜʞʝʪʽʚ ʟ 2014 ʧʦ 2019 ʨʽʢ ʟʙʽʣʴʠhʣʠʩʷ ʥʘ 200 ʤʣʨʜ. ʛʨʥ. (ʟ 68,6 

ʤʣʨʜ. ʛʨʥ. ʜʦ 267 ʤʣʨʜ. ʛʨʥ) (https://www.kmu.gov.ua/).  

ʅʘʜ ʨʝʬʦʨʤʦʁ  ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʧʨʘʮʶʶʪʴ ʇʨʝʟʠʜʝʥʪ ʋʢʨʘʾʥʠ, ʆʬʽʩ 

ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ, ɻʦʣʦʚʥʠʡ ʜʝʧʘʨʪʘʤʝʥʪ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʪʘ ʢʘʜʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʘ ɼʝʧʘʨʪʘʤʝʥʪ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ, ʂʦʤʽʪʝʪ ɺʝʨʭʦʚʥʦʾ 

ʈʘʜʠ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʜʝʨʞʘʚʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʨʝʛʽʦʥʘʣʴʥʦʾ ʧʦʣʽʪʠʢʠ ʪʘ 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʄʽʥʽʩʪʝʨʩʪʚʦ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜ ʪʘ ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʠ, 

ɸʩʦʮʽʘʮʽʷ ʩʽʣʴʩʴʢʠʭ, ʩʝʣʠʱʥʠʭ ʨʘʜ ʪʘ ʦʙ'ʻʜʥʘʥʠʭ ʛʨʦʤʘʜ, ʋʢʨʘʾʥʩʴʢʘ ʘʩʦʮʽʘʮʽʷ 

ʨʘʡʦʥʥʠʭ ʪʘ ʦʙʣʘʩʥʠʭ ʨʘʜ, ɸʩʦʮʽʘʮʽʷ ʦʙ'ʻʜʥʘʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ, ɸʩʦʮʽʘʮʽʷ 

ʤʽʩʪ ʋʢʨʘʾʥʠ, ʆʙʣʘʩʥʽ ʜʝʨʞʘʚʥʽ ʘʜʤʽʥʽʩʪʨʘʮʽʾ, ʈʘʡʦʥʥʽ ʨʘʜʠ, ʈʘʡʦʥʥʽ ʜʝʨʞʘʚʥʽ 

ʘʜʤ̔ ʥʽʩʪʨʘʮʽʾ, ʇʨʦʛʨʘʤʘ "U-LEAD ʟ ɭʚʨʦʧʦʁ ". 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʥʘʚʝʜʝʥʝ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ, ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʨʦʙʢʠ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

https://www.kmu.gov.ua/
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ʤʘʪʝʤʘʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʦʜʝʣʝʡ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥ ɹʥʘ 

ʨʝʘʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʜʘʥʠʭ ʨʝʛʽʦʥʚ̔ ʋʢʨʘʾʥʠ ʚʠʛʣʷʜʘʻ ʮʽʣʢʦʤ ʦʙˇʨʫʥʪʦʚʘʥʦʶ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʏʘʩʪʠʥʘ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʽʚ 

ɯʥʩʪʠʪʫʪʫ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥ̔ ɺ.ʄ. ɻʣʫh ʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ: 

ʧʨʦʝʢʪ çʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦ-ʢʦʤʧôʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ ʧʦʢʚʘʨʪʘʣʴʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʮʽʣʴʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʝʢʩʧʦʨʪʫ ʨʝʛʽʦʥʽʚ 

ʋʢʨʘʾʥʠè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0118U001706) 2018 ʨ.; 

ʤʽʞʥʘʨʦʜʥʠʡ ʧʨʦʝʢʪ ʅʦʨʚʝʛʽʾ, ʋʢʨʘʾʥʠ, ɻʨʫʟʽʾ, ʄʦʣʜʦʚʠ çʇʦʛʣʠʙʣʝʥʘ ʩʧʽʣʴʥʘ 

ʦʩʚ̔ʪʥʴʦ-ʥʘʫʢʦʚʘ ʧʨʦʛʨʘʤʘ ʟ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʝʨʚʽʩʘʭ ʚ 

ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʟʤʽʥ: ʨʦʟʰʠʨʝʥʘ 

ʚʝʨʩʽʷè CPEA-LT-2016/10003 (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0118U006686) ʟ 2018 ʨ.; 

ʧʨʦʝʢʪ çʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʦʢʫʤʝʥʪʦʦʨʽʻʥʪʦʚʘʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0118U001111) ʫ 2020ī2022 ʨʨ.; 

ʧʨʦʝʢʪ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ çɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʪʘ 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʚ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ ʽ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʟʘ ʫʤʦʚ ʢʦʥʬʣʽʢʪʫ ʪʘ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0120U105242) ʫ 2020 ʨ.; 

ʧʨʦʝʢʪ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ çɸʥʘʣ̔ʪʠʯʥʽ ʤʝʪʦʜʠ ʪʘ 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥ̫ ʚ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ ʽ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʟʘ ʫʤʦʚ ʢʦʥʬʣʽʢʪʫ ʪʘ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0121U111617) ʫ 2021 ʨ.; 

ʧʨʦʝʢʪ çʈʦʟʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʪʘ ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʧʦ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʱʦʜʦ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ɸɯʉ ʇʨʝʟʠʜʽʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0121U112884) ʫ 2021 ʨ.; 

ʧʨʦʝʢʪ ɺʽʜʜʽʣʝʥʥʷ ʮʽʣʴʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ ʧʨʠ ʅɸʅ ʋʢʨʘʾʥʠ çʄʦʜʝʣʽ ʽ ʤʝʪʦʜʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʢʽʙʝʨʽʥʬʨʘʩʪʨʫʢʪʫʨ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝ̒ʩʪʨʘʮʽʾ 0122U002465) ʟ 2022 ʨ.; 
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ʧʨʦʝʢʪ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ çɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʪʘ 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʚ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ ʽ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʟʘ ʫʤʦʚ ʢʦʥʬʣʽʢʪʫ ʪʘ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽ ʾ0123U102943) ʫ 2023 ʨ.; 

ʧʨʦʝʢʪ çʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʘʨʭʽʪʝʢʪʫʨʠ ʮʠʬʨʦʚʽʟʦʚʘʥʠʭ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʨʝʻʩʪʨʽʚ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0123U100813) ʟ 2923 ʨ.; 

ʧʨʦʝʢʪ çʈʦʟʨʦʙʠʪʠ ʤʦʜʝʣʽ ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʠʩʥʦʩʪʽ ʪʘ ʩʘʤʦʧʽʜʩʠʣʝʥʥʷ ʜʣ̫  

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0123U103045) ʟ 2023 ʨ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʘʥʘʣʽʟ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʦʜʝʣʝʡ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ ʥʘ ʨʝʘʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʜʘʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. ʉʝʨʝʜ 

ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ: 

1. ɼʦʩʣʽʜʠʪʠ ʧʦʥʷʪʪʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ̔ʛʨʦʚʫ ʤʦʜʝʣ ɹ

ʤʝʨʝʞʽ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʚʝʩʪʠʮʽʡ ʫʯʘʩʥʠʢʽʚ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ. 

2. ɼʦʩʣʽʜʠʪʠ ʩʪʦʭʘʩʪʠʯʥʽ ʤʝʪʦʜʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘ ʫʤʦʚ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʦ ʾʤʦʜʝʣ ̔

ʽʥʥʦʚʘʮʽʡ ɹʘʩʩʘ ʜʦ ʧʦʰʠʨʝʥʥʷ ʚʘʢʮʠʥʘʮʽʡ. 

3. ɼʦʩʣʽʜʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʨʠʥʢʫ 

ʽʥʬʦʨʤʘʮ̔ʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʪʘ ʚ ʩʬʝʨʽ ʜʝʨʞʘʚʥʠʭ ʤʘʢʨʦʬʫʥʢʮʽʡ. 

3.1 ɿʦʢʨʝʤʘ, ʟʘʩʪʦʩʫʚʘʪʠ ʤʦʜʝʣ ɹ ʐʪʘʢʝʣʴʙʝʨʛʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʠʥʢʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʥʪʝʥʪ ʧʨʦʚʘʡʜʝʨʘ ʪʘ ʧʨʦʚʘʡʜʝʨʘ ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ. 

ɺʩʪʘʥʦʚʠʪʠ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʠʡʥʷʪʪ ̫ʨʽʰʝʥʴ ʥʘ ʪʘʢʦʤʫ ʨʠʥʢʫ. 

3.2 ʈʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʮʽʣʴʦʚʦʾ ʜʦʩʷʞʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʪʦʚʘʨʥʦʛʦ ʝʢʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʪʘ ʾʾ ʨʝʛʽʦʥʽʚ. 

4. ʈʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʽʦʥʫ ʪʘ ʟʘʩʪʦʩʫʚʘʪʠ ʡʦʛʦ ʥʘ 

ʨʝʘʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʜʘʥʠʭ ʊʝʨʥʦʧʽʣʴʱʠʥʠ, ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ ʪʘ ʃʫʛʘʥʱʠʥʠ. 
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ɺʠʜʽʣʠʪʠ ʢʣʘʩʪʝʨʠ ʣʽʜʝʨʠ ʢʦʞʥʦʾ ʽʟ ʦʙʣʘʩʪʝʡ. ʆʮʽʥʠʪʠ ʝʢʩʧʦʨʪʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʚʽʜʧʦʚʽʜʥʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʮʽʣʴʦʚʦʾ ʜʦʩʷʞʥʦʾ ʩʪʨʫʢʪʫʨʠ ʝʢʩʧʦʨʪʫ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʝʢʦʥʦʤʽʯʥʘ ʩʠʩʪʝʤʘ, ʤʝʨʝʞʘ 

ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ, ʨʠʥʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ, ʝʬʝʢʪʠʚʥ̔ʩʪɹ  

ʨʝʛʽʦʥʽʚ ʪʘ ʾʭ ʨʦʟʚʠʪʦʢ ʟʘ ʩʪʨʘʪʝʛʽʾ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥ ̫ ï ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ (ʟʦʢʨʝʤʘ ʤʦʜʝʣʴ ʟʨʦʩʪʘʥʥʷ ʝʢʦʥʦʤʽʢʠ ʟ ʚʠʨʦʙʥʠʯʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʂʦʙʙʘïɼʫʛʣʘʩʘ) 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʘʪʝʤʘʪʠʯʥʦ-ʝʢʦʥʦʤ̔ʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʪʘʪʠʩʪʠʯʥʠʡ 

ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ, ʝʤʧʽʨʠʯʥʠʡ ʘʥʘʣʽʟ, ʧʦʨʽʚʥʷʥʥʷ, ʽʜʝʘʣʽʟʘʮʽʷ, ʬʦʨʤʘʣʽʟʘʮʽʷ, 

ʘʙʩʪʨʘʛʫʚʘʥʥʷ, ʽʥʜʫʢʮʽʷ ʪʘ ʜʝʜʫʢʮʽʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʘʣʛʦʨʠʪʤ 

ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʮʽʣʴʦʚʦʾ 

ʜʦʩʷʞʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʦʚʘʨʥʦʛʦ ʝʢʩʧʦʨʪʫ. ɺʧʝʨʰʝ ʜʣʷ ʨʷʜʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʚʠʢʦʥʘʥʦ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʨʝʘʣʴʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʽʪʝʨʘʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥ̫ ʟʘʜʘʯʽ ʧʦʰʫʢʫ 

ʨʽʚʥʦʚʘʞʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ ʄʃʇ, ʷʢʠʡ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʜʘʻ ʚ ʷʚʥʦʤʫ 

ʚʠʛʣʷʜʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʪʨʘʥʩʘʢʮʽʡ ʧʨʦʜʫʢʪʫ, ʨʽʚʥʽʚ ʙʝʟʧʝʢʠ ʪʘ ʤʥʦʞʥʠʢʽʚ 

ʃʘʛʨʘʥʞʘ, ʧʦʚôʷʟʘʥʠʭ ʟ ʙʶʜʞʝʪʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. 

ɺʧʝʨʰʝ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʫʟ̔ʡʥʦʾ ʤʦʜʝʣʽ ʽʥʥʦʚʘʮʽʡ ɹʘʩʩʘ ʜʦ 

ʧʦʰʠʨʝʥʥʷ ʚʘʢʮʠʥʘʮʽʡ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ 

ʧʨʦʛʨʘʤʥʦ-ʢʦʤʧôʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ ʧʦʢʚʘʨʪʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʮʽʣʴʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʝʢʩʧʦʨʪʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚ 

ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʠʭ ʨʽʰʝʥʴ. ʇʦʜʽʙʥʘ ʩʠʩʪʝʤʘ 

ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʄʽʥʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʽʥʰʠʤʠ ʦʨʛʘʥʘʤʠ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʽʩʮʝʚʦʛʦ 
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ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨ̔h ʝʥʴ ʥʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥ.̔ 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ ʦʪʨʠʤʘʥʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʦʧʫʙʣʽʢʦʚʘʥʦ ʨʷʜ ʩʪʘʪʝʡ, ʚ ʷʢʠʭ 

ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʘʢʪʦʨʽʚ ʧʨʘʮʽ ʪʘ 

ʢʘʧʽʪʘʣʫ, ʨʦʟʨʘʭʦʚʘʥʽ ʮʽʣʴʦʚʽ ʩʪʨʫʢʪʫʨʠ ʝʢʩʧʦʨʪʫ ʊʝʨʥʦʧʽʣʴʱʠʥʠ (ɻʦʨʙʘʯʫʢ ɺ.ʄ., 

ʅʝʙʦʪʦʚ ʇ.ɻ. 2018), ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ (ɻʦʨʙʘʯʫʢ ɺ.ʄ., ʐʧʠʛʘ ʉ.ʇ. 2018) ʪʘ 

ʃʫʛʘʥʱʠʥʠ (ɻʦʨʙʘʯʫʢ ɺ.ʄ., ʉʠʤʦʥʦʚ ɼ.ɯ. 2018). 

ʆʩʦʙʠʩʪʠʤ ʚʥʝʩʢʦʤ ʚ ʧʫʙʣʽʢʘʮʽʷʭ 1, 3, 4, 6ï13, 15ï19, 24ï26, 28, 29, 32, 36, 37, 

40ï42, 44 ʟ ʥʘʚʝʜʝʥʦʛʦ ʚ ʘʥʦʪʘʮʽʾ ʩʧʠʩʢʫ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ  ̒ ʯʘʩʪʠʥʘ 

ʜʦʩʣʽʜʞʝʥ ɹʪʘ ʨʦʟʨʦʙʢʠ ʢʦʥʮʝʧʮʽ.ʾ ʆʩʦʙʠʩʪʠʤ ʚʥʝʩʢʦʤ ʚ ʧʫʙʣʽʢʘʮʽʷʭ 2, 5, 20, 27, 

30, 31, 33ï35, 38, 39, 43 ̒  ʘʥʘʣʽʟ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʫʙʣʽʢʘʮʽʾ. ʈʝʟʫʣʪɹʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʦʚʝʜʝʥʠʭ ʝʤʧʽʨʠʯʥʠʭ ʦʮʽʥʦʢ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 86 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ. ʉʝʨʝʜ ʥʠʭ ʪʨʠ ʧʫʙʣʽʢʘʮʽʾ ʚʥʝʩʝʥʽ ʜʦ 

ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Scopus, 8 ʧʫʙʣʽʢʘʮʽʡ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ, 4 ʨʦʟʜʽʣʠ ʫ ʤʦʥʦʛʨʘʬʽʷʭ ʚʠʜʘʥʠʭ ʫ ʜʝʨʞʘʚʘʭ ɭʉ, 29 ʧʫʙʣʽʢʘʮʽʡ ʚ 

ʽʥʰʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, 42 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʇʫʙʣʽʢʘʮʽʾ [1ï3] ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʥʘʫʢʦʤʝʪʨʠʯʥʦʶ ʙʘʟʦʶ Scopus. ɺ [1] 

ʜʦʩʣʽʜʞʝʥʦ ʜʦʩʚʽʜ ʫʩʧʽʰʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʢʨʘʾʥʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʤʝʭʘʥ̔ ʟʤ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʚʥʽʚ ʬʘʢʪʦʨʽʚ ʧʨʘʮʽ ʪʘ ʢʘʧʽʪʘʣʫ ʨʝʛʽʦʥʫ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʂʦʙʙʘ-ɼʫʛʣʘʩʘ, ʟʘʟʥʘʯʝʥʦ ʬʘʢʪʦʨʠ ʜʠʥʘʤʯ̔ʥʦʛʦ ʬʦʨʤʫʚʘʥʥ ̫

ʤʽʞʨʝʛʽʦʥʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. ɺ [2] ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʦ ʾ

ʤʦʜʝʣ ̔ ʽʥʥʦʚʘʮʽʡ ɹʘʩʩʘ ʜʦ ʧʦʰʠʨʝʥʥʷ ʚʘʢʮʠʥʘʮʽʡ. ʈʠʥʦʢ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʻ 

ʧʨʠʢʣʘʜʦʤ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʜʦ ʢʦʥʢʫʨʝʥʮʽʾ ʘʢʪʠʚʥʦ 

ʟʘʣʫʯʘʶʪʴʩʷ ʥʦʚ̔ ʚʠʨʦʙʥʠʢʠ ʪʦʚʘʨʫ. ɺ [3] ʜʦʩʣʽʜʞʝʥʦ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʨʽʚʥʦʚʘʛʠ 

ʅʝʰʘ, ï ʫʟʘʛʘʣʴʥʝʥʝ ʧʦʥʷʪʪʷ ʨʽʚʥʦʚʘʛʠ ʂʫʨʥʦ ʥʘ ʢʽʣʴʢʦʭ ʛʨʘʚʮʽʚ (ʫʯʘʩʥʠʢʽʚ 

ʨʠʥʢʫ), ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʜʽʻ ʚʠʢʣʶʯʥʦ ʫ ʩʚʦʾʭ ʚʣʘʩʥʠʭ ʽʥʪʝʨʝʩʘʭ, ʪʦʙʪʦ 

ʥʝʢʦʦʧʝʨʘʪʠʚʥʦ. ʈʽʚʥʦʚʘʛʘ ʅʝʰʘ ʜʦʟʚʦʣʠʣʘ ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʧʦʫhʢʫ 

ʨʚ̔ʥʦʚʘʞʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ ʢ̔ ʙʝʨʙʝʟʧʝʢʫ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ 
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ʤʝʨʝʞʽ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ (ʄʃʇ) [4]. ɼʦʩʣʽʜʞʝʥʥ̫ ʚ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ 

ʥʘʜʘʣʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [5] (ʚ ʘʩʧʝʢʪʽ ʨʝʛʽʦʥʘʣʴʥʦʾ ʧʦʣʽʪʠʢʠ) ʪʘ [6] (ʚ 

ʘʩʧʝʢʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣ̫ ʤʦʜʝʣʶʚʘʥʥʷ). ɺ ʧʫʙʣʽʢʘʮʽʷʭ 

[7ï11] ʜʦʩʣʽʜʞʝʥʘ ʪʝʤʘʪʠʢʘ ʝʚʦʣʶʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʭʤʘʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʚʟʘʻʤʦʜʽʾ ʫʯʘʩʥʠʢʽʚ ʨʠʥʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ. 

ɿʦʢʨʝʤʘ ʚ ʧʫʙʣʽʢʘʮʽʾ [9] ʚʩʪʘʥʦʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥʫ ʬʫʥʢʮʽʶ ʨʝʘʢʮʽʾ ʧʦʩʣʽʜʦʚʥʠʢʘ 

(ʧʨʦʚʘʡʜʝʨʘ ɯʥʪʝʨʥʝʪ ʩʝʨʚʽʩʫ) (ISP) ʥʘ ʨʽʰʝʥʥʷ ʣʽʜʝʨʘ (ʢʦʥʪʝʥʪ ʧʨʦʚʘʡʜʝʨʘ) (CP). 

ɺʘʛʦʤʠʡ ʚʧʣʠʚ ʥʘ ʜʦʩʣ̔ʜʥʠʮʴʢʠʡ ʩʚʽʪʦʛʣʷʜ ʟʜʦʙʫʚʘʯʘ ʤʘʣʠ ʧʫʙʣʽʢʘʮʽʾ [12ï27]. 

ʇʫʙʣʽʢʘʮʽʷ [12] ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʠʥʠʢʥʝʥʥʷ 

ʬʽʥʘʥʩʦʚʠʭ ʢʨʠʟ. ʇʫʙʣʽʢʘʮʽʾ [13ï16], [18], [20ï26] ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʜʝʣʝʡ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘ ʫʤʦʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ, 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʪʘ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ ʪʘʢʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

çIEEE Conference on Advanced Trends in Information Theoryè (December 18ï20, 

2019, Kyiv, Ukraine) [1]; 

 çʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠè (17ī18 ʞʦʚʪʥʷ 2017 ʨ., ʂʠʾʚ, 

ʋʢʨʘʥʾʘ) [28]; 

çɻʣʦʙʘʣʴʥʽ ʚʠʤʽʨʠ ʟʘʭʠʩʪʫ ʝʢʦʥʦʤ̔ʯʥʦʾ ʢʦʥʢʫʨʝʥʮʽʾè (27 ʞʦʚʪʥʷ 2017 ʨ., 

ʂʠʾʚ, ʋʢʨʘʾʥʘ) [29]; 

çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʚʟʘʻʤʦʜʽʾè (8ï10 ʣʠʩʪʦʧʘʜʘ 2017 ʨ., ʂʠʾʚ, 

ʋʢʨʘʾʥʘ) [30]; 

 çɻʣʫʰʢʦʚʩʴʢʽ ʯʠʪʘʥʥè̫ (13 ʛʨʫʜʥʷ 2017 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [31]; 

çʉʫʯʘʩʥʘ ʽʥʬʦʨʤʘʪʠʢʘ: ʧʨʦʙʣʝʤʠ, ʜʦʩʷʛʥʝʥʥʷ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫè (13ï

15 ʛʨʫʜʥʷ 2017 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [32]; 

 çɻʣʦʙʘʣʴʥʽ ʚʠʤʽʨʠ ʟʘʭʠʩʪʫ ʝʢʦʥʦʤ̔ʯʥʦʾ ʢʦʥʢʫʨʝʥʮʽèʾ (28 ʣʶʪʦʛʦ 2018 ʨ., 

ʂʠʾʚ, ʋʢʨʘʾʥʘ) [33]; 



30 

çNonlinear analysis and applicationsè (April  12, 2018, Kyiv, Ukraine) [34]; 

çɯʥʥʦʚʘʮʽʡʥ̔ ʽʜʝʾ ʚ ʝʢʦʥʦʤʽʯʥʽʡ ʥʘʫʮʽ: ʧʦʰʫʢʠ ʚʠʨʽʰʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʙʣʝʤè 

(19ï20 ʢʚʽʪʥʷ 2018 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [35]; 

 çɯʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ï 2018è (20 ʢʚʽʪʥʷ 2018 ʨ., ɾʠʪʦʤʠʨ, 

ʋʢʨʘʾʥʘ) [36]; 

 çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷè (14ī19 ʪʨʘʚʥʷ 

2018 ʨ., ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʾʥʘ) [37]; 

çɿʜʦʨʦʚôʷ ʽ ʩʫʩʧʽʣʴʥʽ ʚʠʤʽʨʠ ʚ ʘʢʘʜʝʤʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʧʦʟʘ ʥʠʤè (23 ʪʨʘʚʥʷ 

2018 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [38]; 

çPDMU-2018è (July 3ï8, 2018, LankaranïBaku, Azerbaijan) [39]; 

 çʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣ ʚʁʘʥʥʷ, ʧʨʠʩʚʷʯʝʥʘ 250-

ʨʽʯʯʶ ʟ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ɾʘʥʘ ɹʘʪʠʩʪʘ ɾʦʟʝʬʘ ʌʫʨôʻè (17ī21 ʚʝʨʝʩʥʷ 2018 ʨ., 

ʍʝʨʩʦʥ, ʋʢʨʘʾʥʘ) [40]; 

 çʂʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭè (15ï17 ʞʦʚʪʥʷ 2018 ʨ., 

ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ) [41]; 

Modelare matematica, optimizare si tehnologii  informationale. (November 12ï16, 

2018, Chisinau, Moldova) [42]; 

çʇʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠè (14ï16 ʥʦʷʙʨʷ 2018 ʛ., 

ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ) [43]; 

 çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʚʟʘʻʤʦʜʽʾè (20ï21 ʣʠʩʪʦʧʘʜʘ 2018 ʨ., ʂʠʾʚ, 

ʋʢʨʘʾʥʘ) [44]; 

çɻʣʫʰʢʦʚʩʴʢʽ ʯʠʪʘʥʥʷè (21 ʣʠʩʪʦʧʘʜʘ 2018 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [45]; 

çʅʝʡʨʦʥʘʫʢʠ ʪʘ ʢʦʛʥʽʪʠʚʥʽ ʩʠʩʪʝʤʠ ʚ ʝʢʦʥʦʤʽʮʽè (19 ʣʶʪʦʛʦ 2019 ʨ., ʂʠʾʚ, 

ʋʢʨʘʾʥʘ) [46]; 

çɯʥʥʦʚʘʮʽʡʥʽ ʽʜʝʾ ʚ ʝʢʦʥʦʤʽʯʥʽʡ ʥʘʫʮʽ: ʧʦʰʫʢʠ ʚʠʨʽʰʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʙʣʝʤè 

(11ï12 ʢʚʽʪʥʷ 2019 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [47]; 

çʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʽʥʪʝʣʝʢʪè (15ï20 ʢʚʽʪʥʷ 2019 ʨ., ʋʞʛʦʨʦʜ, ʋʢʨʘʾʥʘ) [48]; 

çʊʝʦʨʽʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥɹè (15ï20 ʢʚʽʪʥʷ 2019 ʨ., ʋʞʛʦʨʦʜ, ʋʢʨʘʾʥʘ) [49]; 
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çNorwegian-Eurasian workshop on new resilience challenges in ecologicalï

economic problems at the digital eraè (ʂʠʾʚ, ʚʝʨʝʩʝʥʴ 23-25, 2019);  

çʋʜʦʩʢʦʥʘʣʶʚʘʥʥʷ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷè (8ï10 ʞʦʚʪʥʷ 2019 ʨ., ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ) [50]; 

çʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤè (20ï22 

ʣʠʩʪʦʧʘʜʘ 2019 ʨ., ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) [51]; 

çʊʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʧʫʙʣʽʯʥʠʭ ʪʘ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ 

ʚ ʫʤʦʚʘʭ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʦʾ ʥʝʩʪʘʙ̔ʣʴʥʦʩʪʽè (29 ʩʽʯʥʷ 2020 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [52]; 

çʇʨʦʙʣʝʤʠ ʤʽʞʥʘʨʦʜʥʦʾ ʤʽʛʨʘʮʽʾ: ʦʮʽʥʢʘ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʨʽʰʝʥʥʷè (16 

ʪʨʘʚʥʷ 2020 ʨ., ʆʜʝʩʘ, ʋʢʨʘʾʥʘ) [53]; 

 çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷè (18ï19 ʪʨʘʚʥʷ 

2020 ʨ., ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʾʥʘ) [54]; 

çInternational Conference High Performance Computing HPC-UA 2020è (6ī7 

November 2020, Kyiv, Ukraine) [55]; 

 çʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤè (18ï20 

ʣʠʩʪʦʧʘʜʘ 2020 ʨ., ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) [56]; 

çɻʣʫʰʢʦʚʩʴʢʽ ʯʠʪʘʥʥʷè (18 ʛʨʫʜʥʷ 2020 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [57]; 

çInternational Conference on Software Engineeringè (April 12ī14 2021, Kyiv, 

Ukraine) [58]; 

çGlobal and regional problems of informatization in society and nature using 

2021è (13ï14 May 2021, Kyiv, Ukraine) [59]; 

çModern Stochastics: Theory and Applications Vè (June 1ī4 2021, Kyiv, Ukraine) [60]; 

 çActual problems of fundamental scienceè (1ï5 June 2021, Lutsk, Ukraine) [61]; 

çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷè (5ï10 ʣʠʧʥʷ 2021ʨ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʾʥʘ) [62]; 

çɽʢʦʥʦʤʽʢʘ. ʌʽʥʘʥʩʠ. ɹʽʟʥʝʩ. ʇʘʨʘʜʠʛʤʘʣʴʥʽ ʟʨʫʰʝʥʥʷ ʚ ʝʢʦʥʦʤʽʯʥʽʡ ʪʝʦʨʽʾ 

ʍʍɯ ʩʪ.è (28 ʚʝʨʝʩʥʷ ï 1 ʞʦʚʪʥʷ 2021 ʨ., ʂʠʾʚ, ʋʢʨʘʥʾʘ) [63]; 
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 çɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʨʽʰʝʥʥʷ ï ʉʠʤʧʦʟʽʫʤè (29 ʚʝʨʝʩʥʷ 2021 ʨ., ʂʠʾʚ ī ʋʞʛʦʨʦʜ, 

ʋʢʨʘʾʥʘ) [64]; 

çMathematical Modeling, Optimization and Information Technologiesè (November 

15ï19 2021, Chisinau (Moldova), Kyiv (Ukraine), Batumi (Georgia)) [65]; 

çɻʣʫʢhʦʚʩʢɹʽ ʯʠʪʘʥʥʷè (2 ʛʨʫʜʥʷ 2021 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [66]; 

çNonlinear analysis and applicationsè (April 4ī6 2022, Kyiv, Ukraine) [67]; 

çʇʝʨʩʧʝʢʪʠʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡ ʫ ʘʪʦʤʥʫ ʝʥʝʨʛʝʪʠʢʫè (30 ʚʝʨʝʩʥʷ 

2022 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [68]; 

 çʇʨʦʙʣʝʤʠ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʩʚʽʪʠ: ʚʠʢʣʠʢʠ ʩʫʯʘʩʥʦʩʪʽè (11ī12 ʞʦʚʪʥʷ 

2022 ʨ., ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ) [69]; 

 çInformation Technology and Implementationè (December 01 2022, Kyiv, 

Ukraine) [70]; 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (17ï19 ʞʦʚʪʥʷ 2017 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [71]; 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (18ï19 ʞʦʚʪʥʷ 2018 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [72]; 

 çʇʠʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʯʠʩʣʝʥʴè  (24 ï27 ʚʝʨʝʩʥʷ 2019 ʨ., ʂʠʾʚ, 

ʋʢʨʘʾʥʘ) [73]. 

ɯʥʰʽ ʧʫʙʣʽʢʘʮʽ.ʾ ʇʫʙʣʽʢʘʮʽ ʾ [74ï103] ʤʽʩʪʷʪʴ ʨʝʟʫʣʴʪʘʪʠ ʩʫʤʽʞʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʘʙʦ ʻ ʽʥʰʠʤʠ ʬʘʭʦʚʠʤʠ ʧʫʙʣʽʢʘʮʽʷʤʠ, ʟʦʢʨʝʤʘ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʪʘ 

ʝʢʦʥʦʤʽʯʥʠʤʠ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ. ʇʫʙʣʽʢʘʮʽʾ ʝʢʦʥʦʤʽʯʥʦʛʦ ʥʘʧʨʷʤʫ [83ï90], [92ï

99], [101ï103] ʨʦʟʢʨʠʚʘʶʪʴ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʮʽʣʴʦʚʦʾ ʜʦʩʷʞʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʪʦʚʘʨʥʦʛʦ ʝʢʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʪʘ ʾʾ ʨʝʛʽʦʥʽʚ, ʘ ʪʘʢʦʞ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʝʛʽʦʥʫ. ɿʜʽʡʩʥʝʥʦ ʪʘʢʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ɿʘʢʘʨʧʘʪʪʷ, ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ, 

ɿʘʧʦʨʽʞʯʠʥʠ, ʆʜʝʱʠʥʠ, ʄʠʢʦʣʘʾʚʱʠʥʠ, ʊʝʨʥʦʧʽʣʴʱʠʥʠ, ʃʫʛʘʥʱʠʥʠ. ʇʫʙʣ̔ʢʘʮʽʾ 

[75] ʪʘ [76]  ̒ʨʦʟʜʽʣʘʤʠ ʤʦʥʦʛʨʘʬʽʡ ʧʨʠʩʚʷʯʝʥʠʭ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʫʚʘʛʘ ʜʦ 

ʷʢʦʾ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʥʘ ʬʦʥʽ ʧʦʰʠʨʝʥʥʷ ʚʽʨʫʩʫ Cvoid-19. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʨʽʚʝʥʴ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʫ ʮʽʡ 

ʩʬʝʨʽ, ʘ ʪʘʢʦʞ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʙʘʣʘʥʩ ʤʞ̔ ʨʠʟʠʢʘʤʠ ʚ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ 
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ʪʘ ʨʠʟʠʢʘʤʠ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʧʘʜʫ. ɺ ʧʫʙʣʽʢʘʮʽʷʭ [81] ʪʘ [82] ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʪʝʤʘʪʠʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʘʥʦʪʘʮʽʾ, 

ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 223 

ʥʘʡʤʝʥʫʚʘʥ,ɹ ʪʘ ʜʦʜʘʪʢʽʚ. ʄʽʩʪʠʪʴ 40 ʪʘʙʣʠʮ.ɹ ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 

242 ʩʪʦʨʽʥʢʠ. 
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ʈʆɿɼɯʃ 1. ɽɺʆʃʖʎɯʗ ʇʆʅʗʊʊʗ ɽʌɽʂʊʀɺʅʆʉʊɯ 

                    ɼɽʎɽʅʊʈɸʃɯɿʆɺɸʅʀʍ ʉʀʉʊɽʄ 

 

1.1 ʆʛʣʷʜ ʣ̔ʪʝʨʘʪʫʨʠ 
 

ɺ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʣʫʟʷʭ ʚʘʞʣʠʚʦʶ ʻ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʤʽʱʝʥʥʷ ʜʝʷʢʦʛʦ ʧʦʜʽʣʴʥʦʛʦ ʨʝʩʫʨʩʫ. 

ʇʨʠʢʣʘʜʘʤʠ ʻ ʤʝʥʝʜʞʤʝʥʪ ɯʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʫ, ʨʦʟʧʦʜʽʣ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ 

ʫʯʘʩʥʠʢʽʚ ʙʝʟʜʨʦʪʦʚʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, ʨʦʟʤʽʱʝʥʥʷ ʢʘʧʽʪʘʣʫ ʩʝʨʝʜ ʝʣʝʤʝʥʪ̔ ʚ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʚʠʙʽʨ (ʝʢʩʧʦʨʪʥʦʾ) ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʨʝʛʽʦʥʽʚ ʜʝʨʞʘʚʠ 

ʪʦʱʦ. ʉʝʨʝʜ ʧʦʜʽʙʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚ̔ ʜʦʤʽ ʝʬʝʢʪʠʚʥʽ ʤʝʭʘʥʽʟʤʠ ʨʦʟʤʽʱʝʥʥʷ 

ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʩʠʛʥʘʣʘʤ [104], ʷʢʽ ʤʘʢʩʠʤʽʟʫʶʪʴ ʩʫʩʧʽʣʴʥʠʡ ʜʦʙʨʦʙʫʪ [105] ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʨʝʩʫʨʩʫ ʱʦʜʦ ʩʠʛʥʘʣʽʟʫʚʘʥʴ ʽ ʦʙʯʠʩʣʝʥʴ. ɿʘ ʧʝʚʥʠʭ 

ʫʤʦʚ ʜʞʝʨʝʣʦʤ ʩʠʛʥʘʣʽʚ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʜʠʥʘʤʽʢʘ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʢʣʘʜ, ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʩʫʩʽʜʥʽʭ ʜʝʨʞʘʚ [106]. ɼʣʷ ʢʣʘʩʫ ʪʘʢʠʭ ʤʝʭʘʥʽʟʤʽʚ ʦʪʨʠʤʫʶʪʴʩʷ ʤʝʞʽ 

ʚʠʛʨʘʰʽʚ, ʙʫʜʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʭʝʤ, ʷʢʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʮʠʭ ʤʝʞ ʟ ʜʦʚʽʣʴʥʦʶ 

ʪʦʯʥʽʩʪʶ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʣʦʢʘʣʥɹʘ ʩʪʽʡʢʘ ʩʭʝʤʘ ʫʟʛʦʜʞʝʥʥʷ ʜʣʷ ʚʩʴʦʛʦ ʢʣʘʩʫ, 

ʤʦʜʝʣʶʶʪʴʩʷ ʚʠʛʨʘʰʽ ʪʘ ʤʽʨʠ ʝʬʝʢʪʠʚʥʦʩʪʽ [104]. 

ɿʘʩʘʜʠ ʪʘ ʤʘʡʙʫʪʥʻ ʽʥʬʦʨʤʘʮ̔ʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʂʊ), ʦʩʦʙʣʠʚʦ 

ʤʝʨʝʞ ʽ ʩʠʩʪʝʤ ʟʚô̫ ʟʢʫ, ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʩʠʥʪʝʟ ʥʝʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʤʘʩʰʪʘʙ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʽ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʚʣʘʩʥʦʩʪʽ ʾʭ ʝʣʝʤʝʥʪʽʚ ʫʥʝʤʦʞʣʠʚʣʶʪʁɹ  ʧʨʠʡʥʷʪʪʷ 

ʩʚʦʻʯʘʩʥʠʭ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʨʽʰʝʥʴ [107]. ʊʦʤʫ ʢʣʽʻʥʪʠ, ʷʢʽ ʙʘʞʘʶʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʤʘʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʦʢʘʣʴʥʫ ʽʥʬʦʨʤʘʮ̔ ʶ 

ʜʣʷ ʧʝʨʝʛʦʚʦʨʽʚ ʧʨʦ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ, ʯʘʩʪʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʯʝʨʝʟ ʝʣʝʢʪʨʦʥʥʽ 

ʩʣʫʞʙʠ. ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (quality-of-service, QoS), ʦʪʨʠʤʫʚʘʥʘ ʢʽʥʮʝʚʠʤʠ 

ʩʧʦʞʠʚʘʯʘʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʚʝʜʽʥʢʦʶ ʧʦʧʫʣʷʮʽʾ ʢʣʽʻʥʪʽʚ (ʘʙʦ ʾʭʥʽʭ ʝʣʝʢʪʨʦʥʥʠʭ 
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ʘʛʝʥʪʽʚ (proxies)), ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʟʚʝʨʪʘʶʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʯʘʩʪʢʠ ʜʝʬʽʮʠʪʥʦʛʦ 

ʩʧʽʣʴʥʦʛʦ ʨʝʩʫʨʩʫ. ʍʦʯʘ ʥʘʷʚʥʽ ʧʨʦʪʦʢʦʣʠ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʜʘʯʝʶ (transmission control protocol, TCP)) ʥʝ ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʜʦ ʢʦʥʢʨʝʪʥʠʭ 

ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʦʷʚʘ ʦʜʥʦʨʘʥʛʦʚʠʭ (peer-to-peer, P2P) ʟʘʩʪʦʩʫʥʢʽʚ, 

ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ ʛʦʣʦʩʫ ʽ ʚʽʜʝʦ ʧʝʨʝʜʙʘʯʘʻ ʝʚʦʣʶʮʽʶ ʜʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽʰʠʭ ʩʣʫʞʙ 

(ʘʛʝʥʪʽʚ), ʷʢʽ ʯʽʪʢʽʰʝ ʚʨʘʭʦʚʫʶʪʴ ʫʧʦʜʦʙʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʯʠ ʧʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʥʢʫ 

ʡ ʘʜʘʧʪʫʶʪʴ ʩʚʦʾ ʜʽʾ ʜʣʷ ʢʨʘʱʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʢʥ̔ʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʊʘʢʘ 

ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʝʛʦʾʩʪʠʯʥʠʤʠ ʘʛʝʥʪʘʤʠ, ʷʢʽ ʢʦʥʢʫʨʫʁ ʪʴ ʟʘ ʩʧʽʣʴʥʠʡ ʧʨʦʜʫʢʪ, 

ʫʤʦʞʣʠʚʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʪʝʦʨʝʪʠʢʦ-ʽʛʨʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʷʢ 

ʦʩʥʦʚʥʠʭ ʟʘʩʦʙʽʚ ʘʥʘʣʽʟʫ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʦʟʤʽʱʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ. 

ʂʣʶʯʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʙ̔ʣʴʰʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ (ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʥʘ ʣʘʥʮʽ (link) ɯʥʪʝʨʥʝʪʫ ʯʠ ʩʫʧʫʪʥʠʢʘ, ʙʫʬʝʨʥʠʡ ʧʨʦʩʪʽʨ, ʦʙʩʛ̫ ʭʤʘʨʥʦʛʦ ʩʭʦʚʠʱʘ 

ʜʘʥʠʭ) ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ɯʂʊ (ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ 

ʧʨʦʮʝʩʦʨʘ, ʦʙʩʷʛ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ, ʜʠʩʢʦʚʠʡ ʧʨʦʩʪʽʨ) ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʷʢ ʜʦʚʽʣʴʥʦ ʧʦʜʽʣʴʥʠʡ ʨʝʩʫʨʩ ʚ ʩʠʣʫ ʚʝʣʠʯʠʥʠ ʾʭʥʴʦʾ ʻʤʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ, ʷʢʫ 

ʤʦʞʥʘ ʟʤ̔ ʥʶʚʘʪʠ ʜʣʷ ʢʦʞʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʯʠ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ. ʇʦʩʪʘʻ 

ʧʦʪʨʝʙʘ ʚ ʦʙ̌ʨʫʥʪʫʚʘʥʥʽ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʤʽʱʝʥʥʷ ʧʦʜʽʣʴʥʠʭ ʨʝʩʫʨʩʚ̔, ʟʘʣʝʞʥʦʛʦ ʚʽʜ 

ʤʝʪʨʠʢ ʦʙʯʠʩʣʝʥʴ ʽ ʩʠʛʥʘʣʽʟʫʚʘʥʴ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʣʫʟʷʭ. ɸʫʢʮʽʦʥʠ ʘʢʮʽʡ [108] 

(ʘʚʪʦʨ ʨʦʙʦʪʠ ī ʅʦʙʝʣʽʚʩʴʢʠʡ ʣʘʫʨʝʘʪ 2020 ʨ., ʪʨʠ ʘʩʧʽʨʘʥʪʠ ʷʢʦʛʦ ʪʝʞ ʩʪʘʣʠ 

ʅʦʙʝʣʽʚʩʴʢʠʤʠ ʣʘʫʨʝʘʪʘʤʠ) ʪʘ ʫʟʘʛʘʣʴʥʝʥʠʡ ʘʫʢʮʽʦʥ ɺʽʢʨʽ (ʅʦʙʝʣʽʚʩʴʢʠʡ ʣʘʫʨʝʘʪ 

1996 ʨ.) [109], ʷʢʠʡ ʻ ʧʨʠʢʣʘʜʦʤ ʤʝʭʘʥʽʟʤʫ ɺʽʢʨʽīʂʣʘʨʢʘīɻʨʦʫʚʟʘ [109ï111], 

ʧʦʪʨʝʙʫʶʪʴ ʚʜ̔ ʢʦʞʥʦʛʦ ʘʛʝʥʪʘ ʧʦʜʘʚʘʪʠ ʩʠʛʥʘʣ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʩʶ ʩʪʨʫʢʪʫʨʫ 

ʦʮʽʥʶʚʘʥʥʷ ʮʠʤ ʘʛʝʥʪʦʤ, ʧʝʨʝʜʙʘʯʘʶʯʠ ʥʝʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʫʶʯʠʭ 

ʟʘʜʘʯ. ʇʦʜʽʣ ʨʝʩʫʨʩʫ ʥʘ ʧʘʢʝʪʠ ʧʨʠʡʥʷʪʥʠʭ ʨʦʟʤʽʨ̔ʚ ʚʝʩʪʠʤʝ ʜʦ NP-ʧʦʚʥʦʾ ʟʘʜʘʯʽ ʫ 

ʚʝʣʠʢʦʤʫ ʢʦʤʙʽʥʘʪʦʨʥʦʤʫ ʧʨʦʩʪʦʨʽ [112]. ɼʣʷ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʚ ɯʥʪʝʨʥʝʪʽ ʚʚʝʜʝʥʦ 

ʧʦʥʷʪʪʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ (smart) ʨʠʥʢʽʚ, ʜʝ ʧʘʢʝʪʠ ʧʝʨʝʥʦʩʠʪʠʤʫʪʴ ʮʽʥʠ ʧʦʧʠʪʫ 

(bids), ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʧʦʚʜ̔ʥʠʡ ʨʽʚʝʥʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [113]. ʍʦʯʘ ʤʦʜʝʣʴ 

ʪʘʢʠʭ ʨʠʥʢʽʚ ʤʦʞʝ ʚʝʩʪʠ ʜʦ ʪʦʛʦ, ʱʦ ʨʝʩʫʨʩ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʥʝ ʥʘ ʧʦʚʥʫ 



36 

ʧʦʪʫʞʥʽʩʪʴ, ʽ ʚʠʤʘʛʘʪʠ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʩʪʘʚʦʢ ʘʙʦ ʟʘʷʚʦʢ, ʧʦʥʷʪʪʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʥʦʚʘʥʦʛʦ ʥʘ ʜʘʥʠʭ ʨʠʥʢʫ, ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ 

ʟʙʝʨʽʛʘʣʦʩ ̫ʽ ʧʦhʠʨʶʚʘʣʦʩʷ. ʋʟʘʛʘʣʴʥʶʶʯʠ ʘʫʢʮʽʦʥ ɺʽʢʨʽ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʘʫʢʮʽʦʥ ʧʨʦʛʨʝʩʠʚʥʦʾ ʜʨʫʛʦʾ ʮʽʥʠ, ʷʢʠʡ ʚʠʤʘʛʘʻ ʜʚʦʚʠʤʽʨʥʦʛʦ ʩʠʛʥʘʣʽʟʫʚʘʥʥʷ ʪʘ 

ʦʙʩʷʛʫ ʦʙʯʠʩʣʝʥʴ 2( )O N  ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʱʝʥʥʷ ʨʝʩʫʨʩʽʚ, ʜʝ N  ī ʯʠʩʣʦ 

ʢʦʥʢʫʨʫʁʯʠʭ ʘʛʝʥʪʽʚ [114]. ʍʦʯʘ ʪʘʢʠʡ ʘʫʢʮʽʦʥ ʤʘʻ ʤʘʡʞʝ ʦʧʪʠʤʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʙʘʞʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʢʨʠʪʪʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʘ ʧʨʘʢʪʠʮʽ ʚʽʥ ʥʝ ʜʘʻ 

ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʯʘʩʫ ʧʝʨʝʜ ʟʘʢʨʠʪʪʷʤ ʘʫʢʮʽʦʥʫ, ʱʦ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ 

ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʘʛʘʪʦɹʭ ʚʠʩʦʢʦʜʠʥʘʤʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɹʽʣʴʰʽʩʪʴ ʨʦʙʽʪ ʟ ʨʦʟʤʽʱʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʭʘʥ̔ ʟʤʽ 

ʧʨʦʧʦʨʮʽʡʥʦ ʩʧʨʘʚʝʜʣʠʚʦʛʦ (proportionally fair, PF) ʤʝʭʘʥʽʟʤʫ ʮʽʥʦʫʪʚʦʨʝʥʥʷ [107, 

115]. ʆʜʥʘʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮɹ ʦʛʦ ʤʝʭʘʥʽʟʤʫ ʮʽʥʦʫʪʚʦʨʝʥʥʷ (ʚʜ̔ʥʦʩʥʦ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʩʫʩʧʽʣʴʥʦʛʦ ʜʦʙʨʦʙʫʪʫ) ʚʪʨʘʯʘʻʪʴʩʷ ʧʨʠ ʢʦʥʢʫʨʝʥʮʽʾ ʯʠ ʢʦʦʧʝʨʘʮʽʾ ʘʛʝʥʪʽʚ, ʢʦʣʠ 

ʚʦʥʠ ʚʢʣʶʯʘʶʪʴ ʫ ʩʚʦʾ ʩʪʨʘʪʝʛʽʾ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʮʽʥʦʶ ʪʘ ʟʘʷʚʢʘʤʠ, 

ʧʝʨʝʪʚʦʨʶʶʯʠ ʤʝʭʘʥʽʟʤ ʥʘ ʘʫʢʮʽʦʥ [116, 117]. ɺʦʜʥʦʯʘʩ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʫʢʮʽʦʥʫ ʥʝ ʤʝʥʰʘ 75% ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʫʢʮʽʦʥʫ [117]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʧʽʜʚʠɦ ʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦ 87.5% ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʫʢʮʽʦʥʫ ʜʣʷ 2N= , ʘʣʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʝʱʦ ʩʧʘʜʘʻ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ N  [118]. 

ʋʚʘʛʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʤʝʭʘʥʽʟʤʠ ʟ ʦʜʥʦʚʠʤʽʨʥʠʤ ʩʠʛʥʘʣʽʟʫʚʘʥʥʷʤ ʪʘ ʚʘʨʪʽʩʪʁ  

( )O N  ʦʙʯʠʩʣʝʥʴ ʜʣ̫  ʧʦʰʫʢʫ ʨʦʟʤʽʱʝʥʴ N  ʩʠʛʥʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʮʽ ʤʝʭʘʥʽʟʤʠ 

ʟʘʜʘʶʪʴ ʤʽʥʽʤʘʣʴʥʽ ʨʽʚʥʽ ʢʦʞʥʦʛʦ ʜʦʚʽʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ ʧʦʜʽʣʴʥʦʛʦ ʨʝʩʫʨʩʫ. ʍʦʯʘ 

PF-ʘʫʢʮʽʦʥ (ʟ PF-ʤʝʭʘʥʽʟʤʦʤ ʮʽʥʦʫʪʚʦʨʝʥʥʷ) ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʧʨʠ ʧʦʯʘʪʢʦʚʦʤʫ 

ʨʦʟʰʠʨʝʥʥʽ, ʢʦʣʠ ʚʘʨʪʦʩʪʽ ʻ ʚ̔ʜʦʤʠʤʠ ʘʧʨʽʦʨʽ, ʘ ʩʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʻ 

ʧʨʦʧʦʨʮʽʡʥʦʶ ʩʠʛʥʘʣʘʤ, ʮʝʡ ʘʫʢʮʽʦʥ ʟʘʛʘʣʦʤ ʥʝ ʙʫʚʘʻ ʝʬʝʢʪʠʚʥʠʤ. ʄʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʥʝʩʢ̔ʥʯʝʥʥʠʡ ʧʽʜʢʣʘʩ ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʩʠʛʥʘʣʘʤ 

ʨʦʟʤʽʱʝʥʥʷ (efficient signal proportional allocation, ESPA), ʷʢʽ ʟʘʚʞʜʠ ʤʘʢʩʠʤʽʟʫʶʪʴ 

ʩʫʩʧʽʣʴʥʠʡ ʜʦʙʨʦʙʫʪ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʥʘʙʦʨʫ ʘʛʝʥʪʽʚ ʟ ʢʚʘʟʽʣʽʥʽʡʥʠʤʠ 
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ʢʦʨʠʩʥʦʩʪʷʤʠ [119]. ʆʪʞʝ, ESPA-ʤʝʭʘʥ̔ʟʤʠ ʻ ʦʧʪʠʤʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ ʜʣ ̫

ʨʦʟʤʽʱʝʥʥʷ ʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ, ʢʦʣʠ ʮʽʣʴʦʚʠʤʠ ʤʝʪʨʠʢʘʤʠ ʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ (ʩʫʩʧʽʣʴʥʠʡ ʜʦʙʨʦʙʫʪ ʜʣʷ ʩʪʨʘʪʝʛ̔ʯʥʠʭ ʘʛʝʥʪʽʚ), ʦʙʯʠʩʣʶʚʘʣʴʥʘ 

ʚʘʨʪʽʩʪʴ ʽ ʧʨʦʩʪʽʨ ʩʠʛʥʘʣʽʟʫʚʘʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ ʧʽʜʢʣʘʩʫ, ʤʦʞʥʘ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʘʢʫ ʚʪʦʨʠʥʥʫ ʤʝʪʨʠʢʫ, ʷʢ ʛʝʥʝʨʫʚʘʥʥʷ ʚʠʨʫʯʢʠ, ʟʙʝʨʽʛʘʯʁʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. ɼʣʷ ʢʣʘʩʫ ESPA-ʤʝʭʘʥʟ̔ʤʽʚ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʤʝʞʽ ʚʠʨʫʯʢʠ ʽ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʧʦʩʦʙʠ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʤʝʞ ʟ ʜʦʚʽʣʴʥʦʶ ʪʦʯʥʽʩʪʶ. ʊʘʢʦʞ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʣʦʢʘʣʴʥʦ ʩʪʽʡʢʠʡ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʧʨʦʪʦʢʦʣ ʫʟʛʦʜʞʝʥʥʷ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʽʣʶʩʪʨʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ESPA-

ʤʝʭʘʥʽʟʤ̔ ʚ ʽ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʚʠʨʫʯʢʠ [119]. 

 

1.2 ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʤʝʨʝʞʽ 
 

ɿʤʽʰʘʥʫ ʝʢʦʥʦʤʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʜʝ ʫʨʷʜ ʧʨʦʜʦʚʞʫʻ ʚʽʜʽʛʨʘʚʘʪʠ ʛʦʣʦʚʥʽ ʨʦʣʽ ʚ 

ʝʢʦʥʦʤʽʮʽ, ʚ ʷʢʽʡ ʨʠʥʦʢ ʩʪʘ̒ ʜʝʜʘʣʽ ʙʽʣʴʰʦʶ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ, ʤʦʞʥʘ ʚʙʫʜʫʚʘʪʠ ʫ 

ʩʪʘʥʜʘʨʪʥʫ ʤʦʜʝʣʴ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʦʙʣʝʤʫ ʘʛʝʥʪʩʪʚʘ ʤʽʞ 

ʮʝʥʪʨʘʣʴʥʠʤ ʽ ʤʽʩʮʝʚʠʤʠ ʫʨʷʜʘʤʠ. ʑʦʙ ʩʪʠʤʫʣʶʚʘʪʠ ʤʽʩʮʝʚʠʭ ʢʝʨʽʚʥʠʢʽʚ, 

ʮʝʥʪʨʘʣʴʥʠʡ ʫʨʷʜ ʟʘʧʨʦʚʘʜʞʫʻ ʝʢʦʥʦʤʽʯʥʝ ʟʤʘʛʘʥʥʷ, ʷʢʝ ʛʝʥʝʨʫ̒  ʥʝ ʣʠʰʝ 

ʟʘʜʫʤʘʥʽ ʩʪʠʤʫʣʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʽʩʮʝʚʠʭ ʝʢʦʥʦʤʽʢ, ʘʣʝ ʡ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ ʧʨʦʝʢʪʠ 

ʜʣ̫ ʦʪʨʠʤʘʥʥʷ ʰʚʠʜʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʩʢʣʘʜʥʽʡ ʫʨʷʜʦʚʽʡ ʩʠʩʪʝʤʽ, ʜʝ ʮʝʥʪʨʘʣʴʥʠʡ 

ʫʨʷʜ ʩʧʽʚʧʨʘʮʶʻ ʟ ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʫʨʷʜʘʤʠ ʥʘ ʨʽʚʥʷʭ ʧʨʦʚʽʥʮʽʾ, ʤʽʩʪʘ, ʨʘʡʦʥʫ, 

ʩʝʣʠʱʘ, ʨʝʛ̔ʦʥʘʣʴʥʽ ʫʨʷʜʠ ʻ ʛʦʣʦʚʥʠʤʠ ʛʨʘʚʮʷʤʠ ʚ ʝʢʦʥʦʤʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ, 

ʟʜʽʡʩʥʶʶʯʠ ʧʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ ʬ̔ ʩʢʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʨʦʟʚʠʪʦʢ 

ʪʘʢʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʽʥʩʪʠʪʫʪʽʚ ʪʘ ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʨʝʛʽʦʥʘʣʴʥʠʭ ʨʽʚʥʷʭ, 

ʷʢ ʚʽʜʢʨʠʪʪʷ ʥʦʚʠʭ ʨʠʥʢʽʚ ʽ ʧʦʙʫʜʦʚʘ ʜʦʨ̔ʛ, ʤʘʛʽʩʪʨʘʣʝʡ ʪʘ ʘʝʨʦʧʦʨʪʽʚ; 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʘʚʪʦʥʦʤʽʶ ʚ ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʧʦʜʘʪʢʦʚʠʭ ʧʠʪʘʥʥʷʭ, ʢʝʨʽʚʥʠʢʠ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʫʨʷʜʽʚ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʮʝʥʪʨʘʣʴʥʠʤ ʫʨʷʜʦʤ, ʘ ʥʝ ʦʙʠʨʘʶʪʴʩʷ 

ʤʽʩʮʝʚʠʤʠ ʚʠʙʦʨʮʷʤʠ. ʂʣʶʯʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ 
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ʢʝʨʽʚʥʠʢʽʚ  ̒ʚʩʪʘʥʦʚʣʝʥʝ ʮʝʥʪʨʘʣʴʥʠʤ ʫʨʷʜʦʤ ʟʤʘʛʘʥʥʷ ʤʽʞ ʯʠʥʦʚʥʠʢʘʤʠ ʨʽʟʥʠʭ 

ʨʝʛʽʦʥʽʚ ʦʜʥʘʢʦʚʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨ̔ ʚʥʷ, ʷʢʝ ʟʘʦʭʦʯʫʻ ʪʠʭ, ʭʪʦ ʜʦʩʷʛʘʻ ʰʚʠʜʢʦʛʦ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʽ ʢʘʨʘʻ ʪʠʭ, ʫ ʢʦʛʦ ʪʝʤʧʠ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʚʠʷʚʣʷʶʪʴʩʷ ʥʘʡʤʝʥʰʠʤʠ. ʎ  ̫ ʩʠʩʪʝʤʘ ʬʽʩʢʘʣʴʥʦʛʦ ʬʝʜʝʨʘʣʽʟʤʫ ʩʫʪʪʻʚʦ 

ʩʪʠʤʫʣʶʚʘʣʘ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʢʠʭ ʜʝʨʞʘʚ, ʥʘʜʘʶʯʠ ʤʽʩʮʝʚʠʤ 

ʯʠʥʦʚʥʠʢʘʤ ʷʢ ʬʽʩʢʘʣʴʥʽ ʙʶʜʞʝʪʠ, ʪʘʢ ʽ ʢʘʨôʻʨʥʫ ʤʦʪʠʚʘʮʽʶ. ʆʜʥʘʢ ʪʘʢʝ 

ʩʪʠʤʫʣʶʚʘʥʥʷ ʤʦʞʝ ʚʝʩʪʠ ʪʘʢʦʞ ʜʦ ʧʦʚʝʜʽʥʢʠ ʤʽʩʮʝʚʠʭ ʢʝʨʽʚʥʠʢʽʚ, ʦʨʽʻʥʪʦʚʘʥʦʾ 

ʥʘ ʰʚʠʜʢʽ (ʪʘʢʪʠʯʥʽ) ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʷʛʥʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ. 

ʅʝʭʘʡ ʝʢʦʥʦʤʽʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ M  ʨʝʛʽʦʥʽʚ, ʘ ʨʝʛʽʦʥ Mi ,...,1=  ʫ ʧʝʨʽʦʜ 

,...2,1,0=t  ʤʘʻ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ itG  ʷʢ ʛʨʦʤʘʜʩʴʢʠʡ ʧʨʦʜʫʢʪ, ʩʪʚʦʨʝʥʠʡ ʤʽʩʮʝʚʠʤ 

ʫʨʷʜʦʤ ʽ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʤʽʩʮʝʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʎʠʤ ʧʨʦʜʫʢʪʦʤ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʫ, ʤʦʩʪʠ, ʧʦʨʪʠ ʽ ʤʘʛʽʩʪʨʘʣʽ. ʋ ʰʠʨʰʦʤʫ ʩʝʥʩʽ 

ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ itG  ʷʢ ʟʘʭʦʜʠ ʽ ʩʪʨʘʪʝʛʽʾ, ʚʞʠʪʽ ʫʨʷʜʦʤ ʜʣʷ ʧʽʜʪʨʠʤʫʚʘʥʥ ̫  ̔

ʩʪʠʤʫʣʶʚʘʥʥʷ ʤʽʩʮʝʚʠʭ ʨʠʥʢʫ ʡ ʝʢʦʥʦʤʽʢʠ. ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʬʽʨʤʘ ʚʠʙʠʨʘʻ 

ʢʘʧʽʪʘʣ ʽ ʧʨʘʮʶ, ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷ ʤʽʩʮʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʊʦʤʫ itG  ʩʣʫʞʠʪʴ 

ʧʨʷʤʠʤ ʢʘʥʘʣʦʤ ʜʣʷ ʚʧʣʠʚʫ ʫʨʷʜʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʝʢʦʥʦʤʽʢʫ. ɺʨʘʭʦʚʫʶʯʠ 

ʨʽhʝʥʥʷ ʬʽʨʤ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʮʽ ʪʘ ʢʘʧʽʪʘʣʫ, ʨʝʛʽʦʥʘʣʥɹʘ ʝʢʦʥʦʤʽʢʘ 

ʚʠʷʚʣʷʻ ʧʦʩʪʽʡʥʠʡ ʨʽʚʝʥʴ ʚʽʜʜʘʯʽ ʚʽʜʥʦʩʥʦ itG , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʦʜʝʣʽ ʝʥʜʦʛʝʥʥʦʛʦ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʟʘ ʷʢʫ ʇʦʣ ʈʦʤʝʨ ʫʜʦʩʪʦʻʥʠʡ ʅʦʙʝʣʽʚʩʴʢʦʾ ʧʨʝʤʽʾ 2018 ʨ. 

ʋ ʩʪʘʥʜʘʨʪʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʤʽʩʮʝʚʠʡ ʚʠʧʫʩʢ ʨʝʛʽʦʥʫ i  ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʦʙʥʠʯʦʶ ʬʫʥʢʮʽʻʶ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ ʬʽʨʤʠ aa -= 1)()( ititititit GLKAY , ʜʝ itA  ï 

ʤʽʩʮʝʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, itK  ï ʦʙʩʷʛ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʧʽʪʘʣʫ, itL  

ï ʤʽʩʮʝʚʽ ʚʠʪʨʘʪʠ ʧʨʘʮʽ, a ï ʯʘʩʪʢʘ ʢʘʧʽʪʘʣʫ ʫ ʚʠʧʫʩʢʫ, )1( a-  ï ʯʘʩʪʢʘ ʧʨʘʮʽ ʫ 

ʚʠʧʫʩʢʫ [1]. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʽʩʮʝʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ itA  ʻ ʦʜʥʘʢʦʚʦ  ̔

ʥʝʟʘʣʝʞʥʦ ʨʦʟʧʦʜʽʣʝʥʦʶ ʚ ʯʘʩʽ. ʎʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʦʞʝ ʤʘʪʠ ʧʝʚʥʫ 

ʤʽʞʨʝʛʦ̔ʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʥʘʧʨʠʢʣʘʜ, ʩʪʨʫʢʪʫʨʫ, ʟʘʣʝʞʥʫ ʚʽʜ ʟʜʽʙʥʦʩʪʝʡ 
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ʤʽʩʮʝʚʦʛʦ ʢʝʨʽʚʥʠʮʪʚʘ, ʟʘʣʝʞʥʠʭ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʜ ʢʘʨôʻʨʥʠʭ ʩʪʠʤʫʣʽʚ, ʘ ʪʘʢʦʞ 

ʚʽʜ ʩʧʽʣʴʥʦʛʦ ʜʣʷ ʚʩʽʭ ʨʝʛʽʦʥʽʚ ʰʦʢʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʋ ʢʦʞʥʠʡ ʧʝʨʽʦʜ ,...2,1,0=t  ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘ ʬʽʨʤʘ ʨʝʛʽʦʥʫ Mi ,...,1=  

ʩʧʦʯʘʪʢʫ ʩʧʦʩʪʝʨʽʛʘʻ ʧʦʪʦʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ itA , ʘ ʧʦʪʽʤ ʦʙʠʨʘʻ ʪʘʢʽ ʦʙʩʷʛʠ itK , 

itL , ʷʢ ̔ʤʘʢʩʠʤʽʟʫʶʪʴ ʾʾ ʧʨʠʙʫʪʦʢ 

 itititit KRLY -F- ,       (1.1) 

ʜʝ itF  ï ʢʦʥʢʫʨʝʥʪʥʘ ʟʘʨʧʣʘʪʘ, ʘ R ï ʦʨʝʥʜʥʘ ʩʪʘʚʢʘ ʢʘʧʽʪʘʣʫ, ʨʽʚʥʘ ʚʽʜʩʦʪʢʦʚʽʡ 

ʩʪʘʚʮʽ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʫʤʦʚʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʘʢʩʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ 1.1 ʦʪʨʠʤʫʻʤʦ: 
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ʇʽʜʩʪʘʚʠʚʠh ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ itK  ʫ ʬʫʥʢʮʽʶ 1.1 ʜʽʩʪʘʻʤʦ ʦʧʪʠʤʘʣʴʥʠʡ 
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ʷʢʠʡ ʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʤ ʦʙʩʷʛʫ itG ; ʚ ʩʠʣʫ ʨʽʚʥʷʥʥʷ 1.3 ʦʧʪʠʤʘʣʴʥʠʡ ʦʙʩʷʛ 

ʢʘʧʽʪʘʣʫ ʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʤ ʦʙʩʷʛʫ itG , ʘ ʚ ʩʠʣʫ ʨʽʚʥʷʥʥʷ 1.2 ʦʧʪʠʤʘʣʴʥʠʡ 

ʦʙʩʷʛ ʟʘʨʧʣʘʪʠ ʪʝʞ ʻ ʧʨʦʧʦʨʮʽʡʥʠʤ itG : 
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ʗʢʱʦ ʧʨʘʮʷ ʻ ʤʦʙʽʣʴʥʦʶ ʤʽʞ ʨʝʛʽʦʥʘʤʠ, ʪʦ ʦʙʩʷʛ ʟʘʨʧʣʘʪʠ 

ʧʽʜʚʠʱʫʚʘʪʠʤʝʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʤʽʛʨʘʮʽʾ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ ʜʦ ʨʝʛʽʦʥʽʚ ʟ ʚʠʱʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ itG , ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʟʤʘʛʘʥʥʷ ʤʽʞ ʢʝʨʽʚʥʠʢʘʤʠ ʨʝʛʽʦʥʽʚ.  
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ʉʪʚʦʨʶʁʯʠ ʙʽʣʴʰʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʨʝʛʽʦʥʫ, ʤʽʩʮʝʚʠʡ ʫʨʷʜ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʽʩʮʝʚʦʾ ʬʽʨʤʠ. ʊʦʤʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʽʥʚʝʩʪʠʮʽʾ ʩʣʫʞʘʪʴ 

ʢʣʶʯʦʚʠʤ ʢʘʥʘʣʦʤ ʧʨʷʤʦʛʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʤʽʩʮʝʚʦʾ ʝʢʦʥʦʤʽʢʠ ʚʽʜ ʤʽʩʮʝʚʦʛʦ 

ʫʨʷʜʫ. ʇʨʦʪʝ ʤʽʩʮʝʚʠʡ ʫʨʷʜ ʟʽʰʪʦʚʭʫʻʪʴʩʷ ʟ ʧʠʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʩʚʦʛʦ 

ʬʽʩʢʘʣʴʥʦʛʦ ʙʶʜʞʝʪʫ ʤʽʞ ʽʥʚʝʩʪʠʮʽʷʤʠ (ʫ ʤʩ̔ʮʝʚʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ) ʪʘ 

ʩʧʦʞʠʚʘʥʥʷʤ (ʫʨʷʜʦʚ̔ ʚʠʪʨʘʪʠ). 

ʋ ʨʦʙʦʪʽ [73] ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʙʘʟʦʚʘ ʪʝʦʨʽʷ ʛʣʦʙʘʣʴʥʠʭ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ. 

ʅʝʭʘʡ ʩʚʽʪʦʚʘ ʝʢʦʥʦʤʢ̔ʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʦʚʽʣʴʥʦʾ ʢʣ̔ʴʢʦʩʪʽ ʢʨʘʾʥ, ʷʢʽ ʤʘʶʪʴ ʦʜʠʥ 

ʚʠʨʦʙʥʠʯʠʡ ʬʘʢʪʦʨ (ʬʘʢʪʦʨ ʧʨʘʮʽ) ʽ ʚʠʨʦʙʣʷʁʪɹ  ʦʜʠʥ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʢʦʥʪʠʥʫʫʤ ʧʨʦʤʽʞʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʂʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʦʩʣʽʜʦʚʥʠʭ ʩʪʘʜʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʤʽʞʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʫ ʧʨʦʮʝʩʽ ʷʢʦʛʦ 

ʪʨʘʧʣʷʻʪʴʩʷ ʙʨʘʢ. ʄʦʞʥʘ ʜʦʚʝʩʪʠ, ʱʦ ʽʩʥʫʻ ʻʜʠʥʘ ʨʽʚʥʦʚʘʛʘ ʚʽʣʴʥʦʾ ʪʦʨʛʽʚʣʽ, ʚ ʷʢʽʡ 

ʢʨʘʾʥʠ ʟ ʥʠʞʯʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʙʨʘʢʫ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ 

ʧʽʟʥʽʰʠʭ ʩʪʘʜʽʷʭ ʚʠʨʦʙʥʠʮʪʚʘ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʮʶ ʧʨʦʩʪʫ ʪʝʦʨʝʪʠʯʥʫ ʙʘʟʫ, ʤʦʞʥʘ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʬʦʨʤʫ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʢʨʘʾʥ. 

ʗʚʠʱʝ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʧʨʠʚʝʨʪʘʻ ʚ ʦʜʥʘʢʦʚʽʡ ʤʽʨʽ ʫʚʘʛʫ 

ʨʦʟʨʦʙʥʠʢʽʚ ʩʪʨʘʪʝʛʽʡ, ʜʽʣʦʚʠʭ ʣʽʜʝʨʽʚ, ʝʢʦʥʦʤʽʩʪʽʚ. ʄʦʞʣʠʚʽʩʪʴ ʪʨʘʥʩʢʦʨʜʦʥʥʦʾ 

ʬʨʘʛʤʝʥʪʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʚʧʣʠʚʘʻ ʥʘ ʦʙʩʛ̫ʠ, ʨʠʩʠ ʽ ʥʘʩʣʽʜʢʠ ʤʽʞʥʘʨʦʜʥʦʾ 

ʪʦʨʛʽʚʣʽ. ɿʘʣʠʘhʶʪʴʩʷ ʚʽʜʢʨʠʪʠʤʠ ʧʠʪʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʚʧʣʠʚʫ ʛʣʦʙʘʣʴʥʠʭ ʽ 

ʣʦʢʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʥʘ ʫʯʘʩʪʴ ʨʽʟʥʠʭ ʢʨʘʾʥ ʚ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʩʘʤʦʤʫ 

ʣʘʥʮʶʛʫ ʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʟʤʽʚ ʚʧʣʠʚʫ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʥʘ 

ʚʟʘ̒ʤʦʟʘʣʝʞʥʽʩʪʴ ʜʝʨʞʘʚ. 

ʆʩʢʽʣʴʢʠ ʚ ʤʦʜʝʣʷʭ ʟʘʛʘʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ ʟ ʜʦʚʽʣʥɹʦʶ (ʚʝʣʠʢʦʶ) ʢʽʣʴʢʽʩʪʶ 

ʪʦʚʘʨʽʚ ʽ ʢʨʘʾʥ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʘʞʢʦ 

ʦʪʨʠʤʘʪʠ ʟʨʦʟʫʤʽʣʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʩʪʘʪʠʢʠ, ʪʦ ʧʦʪʨʽʙʥʘ ʧʨʦʩʪʘ ʪʝʦʨʽʷ 

ʪʦʨʛʽʚʣʽ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ. ɼʣ̫ ʮʴʦʛʦ ʧʦʪʨʽʙʥ ̔ʜʝʷʢʽ ʽʜʝʾ ʱʦʜʦ ʽ̒ ʨʘʨʭʽʡ 

ʫ ʤʦʜʝʣʷʭ ʯʘʩʪʢʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʜʣ ̫ ʟʘʢʨʠʪʦʾ ʝʢʦʥʦʤʽʢʠ. ɿʦʩʝʨʝʜʠʤʦʩʷ ʥʘ 

ʩʝʨʝʜʦʚʠɦ ʽ, ʚ ʷʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʦ ʻ ʧʦʩʣʽʜʦʚʥʠʤ ʽ ʤʦʞʝ ʤʽʩʪʠʪʠ ʙʨʘʢ. ʄʦʜʝʣʽ 
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ʽʻʨʘʨʭʽʡ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʦ ʚʠʚʯʝʥʥʷ ʧʠʪʘʥʴ ʤʽʞʥʘʨʦʜʥʦʾ ʪʦʨʛʽʚʣʽ. ʅʘʧʨʠʢʣʘʜ, 

ʤʦʜʝʣʴ ʝʢʦʥʦʤʽʢʠ ʟʥʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʢʦʨʜʦʥʥʠʭ 

ʧʘʨʦʩʧʦʣʫʯʝʥʴ ʤʽʞ ʘʛʝʥʪʘʤʠ ʟ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʟʜʽʙʥʦʩʪʷʤʠ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʜʣʷ ʥʝʨʽʚʥʦʩʪʽ ʫ ʜʘʥʽʡ ʜʝʨʞʘʚʽ. ʅʝʨʽʚʥʽʩʪʴ ʫ ʜʝʨʞʘʚʽ ʚʥʘʩʣʽʜʦʢ ʽʻʨʘʨʭʽʡ ʧʨʠ 

ʪʦʨʛʽʚʣʽ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʪʘʢʦʞ ʚ ʽʥʰʠʭ ʤʦʜʝʣʷʭ. ʇʨʠʧʫʩʢʘʻʪʴʩ̫, ʱʦ ʚʩʝ ʥʘʩʝʣʝʥʥʷ 

ʜʘʥʦʾ ʜʝʨʞʘʚʠ ʤʘʻ ʦʜʥʘʢʦʚʽ ʟʜʽʙʥʦʩʪʽ. ʅʝʭʘʡ ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʧʨʦʙʣʝʤʘ ʬʽʨʤʠ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʢʽʥʮʝʚʦʛʦ ʪʦʚʘʨʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʥʘʥʥʽ ʚʠʨʦʙʥʠʯʠʭ ʩʪʘʜʽʡ [ ]1,0Íj , ʜʝ 

ʙʽʣʴʰʠʡ ʽʥʜʝʢʩ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴhʽʡ ʙʣʠʟʴʢʦʩʪ ̔ʜʦ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ (ʥʠʞʯʽʡ 

ʩʪʘʜʽʾ ʪʝʯʽʾ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʥʷ). ʇʦʟʥʘʯʠʤʦ ()jx  ʚʭʽʜʥʠʡ ʦʙʩʷʛ (ʚʭʽʜ) ʩʫʤʽʩʥʠʭ (ʟ 

ʬʽʨʤʦʶ) ʧʨʦʤʽʞʥʠʭ ʧʦʩʣʫʛ, ʷʢʽ ʥʘʜʘʻ ʬʽʨʤʽ ʧʦʩʪʘʯʘʣʴʥʠʢ ʥʘ ʩʪʘʜʽʾ j  (ʷʢʱʦ ʮʽ 

ʧʦʩʣʫʛʠ ʥʝʩʫʤʽʩʥʽ, ʪʦ () 0=jx ). ʊʦʜʽ ʦʙʩʷʛ ʚʠʧʫʩʢʫ ʢʽʥʮʝʚʦʛʦ ʪʦʚʘʨʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʷʢʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 
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ʜʝ q ï ʧʘʨʘʤʝʪʨ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, [ ]1,0Ía  ï ʧʘʨʘʤʝʪʨ ʩʠʤʝʪʨʠʯʥʦʛʦ ʩʪʫʧʝʥʷ ʟʘʤʽʥʠ 

ʩʝʨʝʜ ʚʭʦʜʽʚ ʩʪʘʜʽʡ, ()jI  ï ʽʥʜʠʢʘʪʦʨʥʘ ʬʫʥʢʮʽʷ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ  ʜʦʨʽʚʥʶʻ 1 ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʚʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʩʪʘʜʽʡ [ ]ji ,0Í  ʽ ʜʦʨʽʚʥʶʻ 0 ʚ ʨʝʰʪʽ ʚʠʧʘʜʢʽʚ. ʍʦʯʘ 

ʚʠʨʦʙʥʠʮʪʚʦ ʚʠʤʘʛʘʻ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʩʪʘʜʽʡ, ʜʦʜʘʪʥʽʩʪʴ a ʛʘʨʘʥʪʫʻ ʜʦʜʘʪʥʽʩʪʴ 

ʚʠʧʫʩʢʫ ʧʨʠ ʥʝʩʫʤʽʩʥʦʩʪʽ ʚʭʦʜʽʚ ʥʘ ʜʝʷʢʠʭ ʩʪʘʜʽ̫ʭ: ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ 

ʫʩʽʭ ʩʪʘʜʽʡ ʟ ʽʥʞʝʥʝʨʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʤʦʞʥʘ ʜʦʧʫʩʢʘʪʠ ʾʭ ʜʝʷʢʫ ʟʘʤʽʥʶʚʘʥʽʩʪʴ 

ʯʝʨʝʟ ʪʝ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʽʚ ʬʦʨʤʫʶʪʴ ʦʙʩʷʛ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʟ 

ʫʨʘʭʫʚʘʥʥʤ̫ ʡʦʛʦ ʷʢʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʚʠʨʦʙʥʠʮʪʚʦ ʘʚʪʦʤʦʙʽʣʷ ʚʠʤʘʛʘʻ ʯʦʪʠʨʠ 

ʢʦʣʝʩʘ, ʜʚʽ ʬʘʨʠ, ʦʜʥʝ ʢʝʨʤʦ ʪʦʱʦ, ʘʣʝ ʮʽʥʥʽʩʪʴ ʮʴʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ 

ʪʠʧʦʚʦ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʧʦʩʣʫʛ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʮʠʭ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʜʝ ʚʠʱʘ 

ʷʢʽʩʪʴ ʧʝʚʥʠʭ ʯʘʩʪʠʥ ʦʟʥʘʯʘʪʠʤʝ ʛ̔ ʨʫh ʷʢʽʩʪʴ ʽʥʰʠʭ. 

ʉʪʠʤʫʣ ʬʽʨʤʠ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʚʠʷʚʣʷʻ ʩʠʩʪʝʤʘʪʠʯʥʫ ʤʽʥʣʠʚʽʩʪʴ 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʧʦʣʦʞʝʥʥʷ (ʚʠʱʝ ʯʠ ʥʠʞʯʝ ʪʝʯʽʾ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʥʷ) 
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ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʣʘʩʪʠʯʥʽʩʪʶ ʧʦʧʠʪʫ 

ʥʘ ʢʽʥʮʝʚʠʡ ʪʦʚʘʨ. ʄʦʞʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʽ ʜʞʝʨʝʣʘ ʘʩʠʤʝʪʨʽʾ ʧʦʤʽʞ ʚʠʨʦʙʥʠʢʽʚ 

ʢʽʥʮʝʚʠʭ ʪʦʚʘʨʽʚ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ. 

ʇʝʨʝʚʘʛʠ ʩʧʦʞʠʚʘʯʽʚ ʥʘ ʨʠʥʢʘʭ  ʟʙʫʪʫ ʚʽʜʦʙʨʘʞʘʶʪʴ ʬʫʥʢʮʽʾ ʮʽʥʠ ʧʦʧʠʪʫ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʙʩʷʛʫ ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʪ ʽ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʫ ʤʝʨʝʞʽ 

ʣʘʥʮʶʛ̔ʚ ʧʦʩʪʘʯʘʥʥʷ (ʄʃʇ). ʊʦʜʽ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʢʽʙʝʨʘʪʘʢ ʷʢ 

ʄʃʇ, ʪʘʢ ʽ ʢʦʞʥʦʛʦ ʪʦʨʛʽʚʮʷ ʦʢʨʝʤʦ. ɺʽʜʧʦʚʽʜʥʽ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ ʅʝʰʘ ʤʦʞʥʘ 

ʚʠʟʥʘʯʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʜʘʯʽ ʨʦʟʚôʷʟʘʥʥʷ ʧʝʚʥʦʾ ʚʘʨʽʘʮʽʡʥʦʾ ʥʝʨʽʚʥʦʩʪʽ.  

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʨʚ̔ʥʦʚʘʞʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ ʄʃʇ 

ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʽʪʝʨʘʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʜʘʻ ʚ ʷʚʥʦʤʫ 

ʚʠʛʣʷʜʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʪʨʘʥʩʘʢʮʽʡ ʧʨʦʜʫʢʪʫ, ʨʽʚʥʽʚ ʙʝʟʧʝʢʠ ʪʘ ʤʥʦʞʥʠʢʽʚ 

ʃʘʛʨʘʥʞʘ, ʧʦʚôʷʟʘʥʠʭ ʟ ʙʶʜʞʝʪʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. ʎʝʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʨʦʟ ʚôʷʟʢʽʚ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʯʠʩʝʣʴʥʠʭ ʧʨʠʢʣʘʜ̔ ʚ 

ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ ʄʃʇ. 

ʏʠʩʝʣʴʥʽ ʧʨʠʢʣʘʜʠ, ʩʢʘʞʽʤʦ, ʜʣʷ ʢʽʙʝʨʘʪʘʢʠ ʥʘ ʋʢʨʘʾʥʫ 27 ʯʝʨʚʥʷ 2017 ʨ., 

ʩʧʨʠʷʪʠʤʫʪʴ ʛʣʠʙʰʦʤʫ ʨʦʟʫʤʽʥʥʶ ʚʧʣʠʚʫ ʜʦʜʘʪʢʦʚʠʭ ʨʦʟʜʨʽʙʥʠʭ ʪʦʨʛʽʚʮʽʚ, 

ʙ ʜʁʞʝʪʥʠʭ ʟʤʽʥ, ʬʫʥʢʮʽʡ ʮʽʥʠ ʧʦʧʠʪʫ, ʬʽʥʘʥʩʦʚʠʭ ʟʙʠʪʢʽʚ ʥʘ ʨʽʚʥʦʚʘʞʥʽ 

ʪʨʘʥʩʘʢʮ̔ ʾ ʧʨʦʜʫʢʪʫ ʪʘ ʽʥʚʝʩʪʠʮʽʾ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʘ ʪʘʢʦʞ ʥʘ ʚʨʘʟʣʠʚʽʩʪʴ ʄʃʇ ʯʠ 

ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ ʧʨʠ ʙʶʜʞʝʪʥʠʭ ʦʙʤʝʞʝʥʥʷʭ. 

ʋ ʨʦʙʦʪʽ [4] ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʪʝʦʨʝʪʠʢʦ-ʽʛʨʦʚʘ ʤʦʜʝʣʴ ʄʃʇ ʽʥʚʝʩʪʠʮ̔ʡ ʫ 

ʢʙ̔ʝʨʙʝʟʧʝʢʫ, ʢ̫ʘ ʩʢʣʘʜʘ̒ ʪɹʩʷ ʟ ʨʦʟʜʨʽʙʥʠʭ ʪʦʨʛʽʚʮʽʚ   ʽ ʨʠʥʢʽʚ ʧʦʧʠʪʫ. 

ʈʦʟʜʨʽʙʥʠʤʠ ʪʦʨʛʽʚʮʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʜʘʚʮʽ ʩʧʦʞʠʚʯʠʭ ʪʦʚʘʨʽʚ, 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʙʦ ʬʽʥʘʥʩʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʉʫʪʪʻʚʦ, ʱʦʙ ʪʘʢʽ ʪʦʨʛʽʚʮʽ 

ʧʨʘʮʶʚʘʣʠ ʚ ʦʜʥʽʡ ʛʘʣʫʟʽ ʪʘ ʩʚʦʾʤʠ ʨʽʰʝʥʥ̫ʤʠ ʤʦʛʣʠ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʰʝʥʥʷ ʽʥʰʠʭ 

ʪʦʨʛʽʚʮʽʚ ʛʘʣʫʟʽ ʩʪʦʩʦʚʥʦ ʦʙʩʷʛʫ ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʨʽʚʥʷ ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ. 

ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʚʽʨʥʦ ʦʮʽʥʶʚʘʪʠ ʽʥʚʝʩʪʠʮʽʾ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʬʦʨʤʫʶʯʠ 

ʫ̫ ʚʣʝʥʥʷ ʧʨʦ ʩʧʨʘʚʞʥʶ ʮʽʥʥʽʩʪʴ ʘʢʪʠʚʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʦ 

ʽʛʨʦʚʫ ʤʦʜʝʣʴ ʤʝʨʝʞʽ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʷʜʫ ʨʦʟʜʨ̔ ʙʥʠʭ 
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ʪʦʨʛʽʚʮʽʚ ʧʨʦʜʫʢʪʦʤ ʽ ʨʷʜʫ ʨʠʥʢʽʚ ʟʙʫʪʫ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʜʝ ʨʦʟʜʨʽʙʥʽ ʪʦʨʛʽʚʮʽ 

ʥʝʢʦʦʧʝʨʘʪʠʚʥʦ ʢʦʥʢʫʨʫʶʪʴ, ʤʘʢʩʠʤʽʟʫʶʯʠ ʩʚʦʾ ʩʧʦʜʽʚʘʥʽ ʧʨʠʙʫʪʢʠ ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʩʚʦʾʭ ʦʧʪʠʤʘʣʴʥʠʭ ʪʨʘʥʩʘʢʮʽʡ ʜʣʷ ʧʨʦʜʫʢʪʫ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʘʣʴʥʠʭ 

ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʥʝʣʽʥʽʡʥʽ ʙʶʜʞʝʪʥ̔  ʦʙʤʝʞʝʥʥʷ. 

ʅʝʚʽʜôʻʤʥʠʡ ʨʽʚʝʥʴ is  ʢʽʙʝʨʙʝʟʧʝʢʠ ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ i  ʦʙʤʝʞʝʥʠʡ ʟʚʝʨʭʫ 

ʟʘʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤ siu : 10 <¢¢ sii us , ʜʝ 1=is  ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʥʽʡ ʙʝʟʧʝʮʽ (ʷʢʘ 

ʤʦʞʝ ʥʝ ʜʦʩʷʛʘʪʠʩʷ), ʘ 0=is  ï ʚ̔ ʜʩʫʪʥʦʩʪʽ ʙʝʟʧʝʢʠ. ʅʘʙʫʪʪ̫ ʨʽʚʥʷ   ʙʝʟʧʝʢʠ 

ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʬʫʥʢʮʽʻʶ   ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʚʠʪʨʘʪ: ]1)1[()( 5.0 --= -

iiii ssh a  ʜʝ 

ʤʥʦʞʥʠʢ ia ʜʦʟʚʦʣʷʻ ʨʦʟʨʽʟʥʷʪʠ ʤʘʩʰʪʘʙʠ ʽ ʧʦʪʨʝʙʠ ʨʦʟʜʨʽʙʥʠʭ ʪʦʨʛʚ̔ʮʽʚ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ  ʫʩʧʽʰʥʦʾ ʢʽʙʝʨʘʪʘʢʠ ʥʘ ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ i  

ʩʪʘʥʦʚʠʪʴ )1)(1( ssp ii --= , ʜʝ ä
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s
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1
 ï ʨʽʚʝʥʴ ʢʽʙʝʨʙʝʟʧʝʢʠ ʄʃʇ, sv -=1  ï 

ʨʽʚʝʥɹ ʚʨʘʟʣʠʚʦʩʪʽ ʄʃʇ, ii sv -=1  ï ʨʽʚʝʥʴ ʚʨʘʟʣʠʚʦʩʪʽ ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ i . 

ɺʠʟʥʘʯʠʤʦ ʬʫʥʢʮʽʶ ʮʽʥʠ ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʪ ʥʘ ʨʠʥʢʫ ʟʙʫʪʫ j : ),(),(Ĕ sdsQ jj rr = , 

ʜʝ mnRQ +Í  ï ʤʘʪʨʠʮʷ ʪʨʘʥʩʘʢʮʽʡ 
ijQ  ʥʘ ʚʩʽʭ n  ʨʠʥʢʘʭ ʟʙʫʪʫ ʚʩʽʭ m ʨʦʟʜʨʽʙʥʠʭ 

ʪʦʨʛʽʚʮʽʚ, nRd +Í  ï ʚʝʢʪʦʨ ʦʙʩʷʛʽʚ 
jd  ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʪ ʥʘ ʚʩʽʭ n  ʨʠʥʢʘʭ ʟʙʫʪʫ, 

mRs +Í  ï ʚʝʢʪʦʨ ʨʽʚʥʽʚ is  ʙʝʟʧʝʢʠ ʚʩʽʭ m ʪʦʨʛʽʚʮʽʚ. ɺʚʘʞʘʻʤʦ, ʱʦ ʚʩʽ ʨʦʟʜʨʽʙʥʽ 

ʪʦʨʛʽʚʮʽ ʥʝʢʦʦʧʝʨʘʪʠʚʥʦ ʢʦʥʢʫʨʫʶʪʴ ʽ ʢʦʞʥʠʡ ʟ ʥʠʭ ʤʘʢʩʠʤ̔ʟʫ̒ ʩʚʦʶ ʩʧʦʜʽʚʘʥʫ 

ʢʦʨʠʩʥʽʩʪʴ, ʦʙʠʨʘʶʯʠ ʩʚʦʾ ʟʥʘʯʝʥʥʷ iQ ),,( 1 ini QQ 2= , is . ɹʘʞʘʥʦ ʟʥʘʡʪʠ ʪʘʢʠʡ 

ʥʘʙ̔ʨ ʟʥʘʯʝʥʴ Ô
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** ),( , ʧʨʠ ʷʢʠʭ m ʨʦʟʜʨʽʙʥʠʭ ʪʦʨʛʽʚʮʽʚ ʧʝʨʝʙʫʚʘʶʪʴ 

ʫ ʩʪʘʥ̔ ʨʽʚʥʦʚʘʛʠ ʫ ʩʝʥʩʽ ʂʫʨʥʦïʅʝhʘ. ʃʘʫʨʝʘʪ ʅʦʙʝʣʽʚʩʴʢʦʾ ʧʨʝʤ̔ʾ 1994 ʨ. ɼʞʦʥ 

ʅʝʰ (John Nash) ʫʟʘʛʘʣʴʥʠʚ ʧʦʥʷʪʪʷ ʨʽʚʥʦʚʘʛʠ ʂʫʨʥʦ ʥʘ ʢʽʣʴʢʦʭ ʛʨʘʚʮʽʚ, ʢʦʞʥʠʡ ʟ 

ʷʢʠʭ ʜʽʻ ʚʠʢʣʶʯʥʦ ʫ ʩʚʦʾʭ ʚʣʘʩʥʠʭ ʽʥʪʝʨʝʩʘʭ, ʪʦʙʪʦ ʥʝʢʦʦʧʝʨʘʪʠʚʥʦ. ʅʘʙʽʨ 

ʟʥʘʯʝʥʴ KsQ Í),( **  ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʦʚʘʛʦʶ ʅʝʰʘ ʜʣʷ ʄʃʇ, ʷʢʱʦ ʜʣʷ ʢʦʞʥʦʛʦ 

ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ mi ,,12=  ʤʘʻ ʤʽʩʮʝ " iii KsQ Í),(  ʥʝʨʽʚʥʽʩʪʴ 



44 

,,,,,,,(()),(( **

1

*

1

*

1

**

miiiii QQQQQUEsQUE 22 +-² )),,,,,, **

1

*

1

*

1 miii sssss 22 +- , 

ʪʦʙʪʦ ʙʫʜʴ-ʷʢʠʡ ʪʦʨʛʽʚʝʮɹ i  ʥʝ ʤʦʞʝ ʚ ʦʜʥʦʩʪʦʨʦʥʥʴʦʤʫ ʧʦʨʷʜʢʫ ʟʙʽʣʴʰʠʪʠ ʩʚʡ̔ 

ʦʯʽʢʫʚʘʥʠʡ ʧʨʠʙʫʪʦʢ. ʇʨʠʧʫʩʪʠʤʦ, ʫ ʢʦʞʥʦʛʦ ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ mi ,,12=  

ʩʧʦʜʽʚʘʥʘ ʢʦʨʠʩʥʽʩʪʴ ʥʝʧʝʨʝʨʚʥʦ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʡ ʫʚʽʛʥʫʪʘ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʠʭ 

iQ , is. ʊʦʜʽ ʨʽʚʥʽ ʪʨʘʥʩʘʢʮʽʡ ʧʨʦʜʫʢʪʫ ʽ ʙʝʟʧʝʢʠ KsQ Í),( **  ʻ ʨʽʚʥʦʚʘʞʥʠʤʠ ʟʘ 

ʅʝʰʝʤ ʜʣʷ ʄʃʇ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʚʘʨʽʘʮʽʡʥʘ ʥʝʨʽʚʥʽʩʪʴ 

( )( )( )0
,

)(
)),((

1

*
**

*

1 1

**

¢-
µ

µ
+-

µ

µ
äää
== =

m

i

ii

i

i
ijij

m

i

n

j ij

i ss
s

sQUE
QQ

Q

sQUE
" KsQ Í),( . (1.4) 

ʆʩʢʽʣʴʢʠ ʥʝʣʽʥʽʡʥʽ ʦʙʤʝʞʝʥʥʷ ʫ ʜʦʧʫʩʪʠʤʽʡ ʤʥʦʞʠʥʽ K  ʤʦʞʫʪʴ 

ʫʩʢʣʘʜʥʶʚʘʪʠ ʯʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʚʘʨʽʘʮʽʡʥʦʾ ʥʝʨʽʚʥʦʩʪʽ (1.4) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʥʦʞʥʠʢ ʃʘʛʨʘʥʞʘ 0²il  ʜʣʷ ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʦʙʤʝʞʝʥʥʷ. ɺʝʢʪʦʨ ),,( *** lsQ  ʻ 

ʨʦʟʚôʷʟʢʦʤ ʚʘʨʽʘʮʽʡʥʦʾ ʥʝʨʽʚʥʦʩʪʽ 1.4 ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʻ ʨʦʟʚôʷʟʢʦʤ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʚʘʨʽʘʮʽʡʥʦʾ ʥʝʨʽʚʥʦʩʪʽ 

+-
µ

µ
ää
= =

)(
),,( *

1 1

***

ijij

m

i

n

j ij

i QQ
Q

sQL l
)(

),,(
)(

),,( *

1

***
*

1

***

ii

m

i i

i
ii

m

i i

i sQL
ss

s

sQL
ll

l

ll
-

µ

µ
+-

µ

µ
ää
==

, 

ʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʣʘʛʨʘʥʞ̔ ʘʥ (Lagrangian): 

  ])([)),(( iiiiii BshsQUEL -+= l ,  iii

i

i Bsh
sQL

-=
µ

µ
)(

),,( ***

l

l
. 

 

1.3 ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ  ̔ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ 

 

ʉʪʦʭʘʩʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ, 

ʧʦʪʨʝʙʫʶʯʠ ʚʽʜ ʨʦʟʨʦʙʥʠʢʘ ʽʥʪʫʾʮʽʾ, ʨʦʟʫʤʽʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʨʦʙʣʝʤʠ. ʂʦʞʥʘ ʤʦʜʝʣɹ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʮʽʣʷʤʠ, ʧʨʦʮʝʩʘʤʠ ʨʽʰʝʥʥʷ ʪʘ ʾʭʥʽʤʠ ʦʙʤʝʞʝʥʥʷʤʠ, 

ʚʟʘ̒ʤʦʟʚôʷʟʢʘʤʠ ʮʽʣʝʡ ʪʘ ʦʙʤʝʞʝʥʴ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, 

ʱʦ ʤʦʜʝʣʴ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ ʧʝʚʥʫ ʧʝʨʝʚʘʛʫ ʧʦʨʽʚʥʷʥʦ ʟ 
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ʘʥʘʣʦʛʽʯʥʦʶ ʤʦʜʝʣʣʶ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʊʘʢʘ 

ʧʝʨʝʚʘʛʘ ʻ ʚʠʤʽʨʶʚʘʥʦʶ ʽ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʚʯʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʍʦʯʘ ʟʘʛʘʣʴʥʽ ʤʦʜʝʣʽ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʟʘʜʘʯ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʥʝʚʜ̔ʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʮʽ ʤʦʜʝʣʽ ʟʘʣʠʰʘʶʪʴʩʷ 

ʫʟʘʛʘʣʴʥʝʥʥʷʤʠ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚ ʷʢʠʭ 

ʯʘʩʪʠʥʘ ʜʘʥʠʭ ʥʝ ʻ ʪʦʯʥʦ ʚʽʜʦʤʦʶ. ʊʠʧʦʚʽ ʨʠʩʠ ʪʘʢʠʭ ʜʘʥʠʭ ï ʤʥʦʞʠʥʥʽʩʪʴ 

ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥ ɹʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ ʨʽʰʝʥʥʷ, ʜʠʩʢʨʝʪʥʽʩʪʴ ʯʘʩʦʚʠʭ ʧʝʨʽʦʜʽʚ ʜʣ ̫

ʨʽʰʝʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʷʢ ʮʽʣʴʦʚʠʭ 

ʬʫʥʢʮʽʡ ʯʠ ʦʙʤʝʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʡʤʦʚʽʨʥʽʩʥʽ ʨʦʟʧʦʜʽʣʠ ʥʝʚʽʜʦʤʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʇʨʦʪʝ ʮʽ ʨʠʩʠ ʥʝ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʩʫʤʽʞʥʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ï ʩʪʘʪʠʩʪʠʯʥʦʾ ʪʝʦʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʘʥʘʣʽʟʫ ʨʽʰʝʥʴ, ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʤʘʨʢʦʚʩʴʢʠʭ ʘʙʦ ʥʘʧʽʚʤʘʨʢʦʚʩʴʢʠʭ ʧʨʦʮʝʩʽʚ ʨʽʰʝʥʴ, 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ.  ɿʘʜʘʯʫ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ 

ʷʢ ʫ ʨʦʟʰʠʨʝʥʽʡ ʬʦʨʤʽ (ʢʦʣʠ ʢʦʞʥʽʡ ʤʦʞʣʠʚʽʡ ʨʝʘʣʽʟʘʮʽʾ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʘ 

ʚ̔ ʜʧʦʚʽʜʘʻ ʧʝʚʥʠʡ ʚʝʢʪʦʨ ʨʽʰʝʥʥʷ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ), ʪʘʢ ʽ ʚ ʥʝʚ̫ʥʽʡ ʬʦʨʤʽ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʤʦʜʝʣʽ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʘʶʪʴ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʤʦʜʝʣʷʤʠ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [80]. 

ɹʘʯʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʩʣʫʛ, ʦʩʥʦʚʘʥʝ ʥʘ ʤʦʜʝʣʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ, 

ʧʝʨʝʜʙʘʯʘʣʦ ʤʘʩʰʪʘʙʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʚʩʽʻʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʘʣʫʟʽ ʫ XXI  

ʩʪʦʣʪ̔ʪʽ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʩʣʫʛʠ ʩʪʘʥʫʪʴ ʜʦʩʪʫʧʥʠʤʠ ʥʘ ʚʠʤʦʛʫ, ʷʢ 

ʥ̔ʰʽ ʢʦʤʫʥʘʣʴʥʽ ʧʦʩʣʫʛʠ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ï ʧʦʩʣʫʛʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʪʝʣʝʬʦʥʥʦʛʦ ʟʚôʷʟʢʫ. ɸʥʘʣʦʛʽʯʥʦ ʢʦʨʠʩʪʫʚʘʯʽ 

ʤʘʶʪʴ ʧʣʘʪʠʪʠ ʧʨʦʚʘʡʜʝʨʘʤ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʦʪʨʠʤʫʶʪʴ ʜʦʩʪʫʧ ʜʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʩʣʫʛ. ʊʘʢʦʞ, ʩʧʦʞʠʚʘʯʘʤ ʙʽʣɹh ʝ ʥʝ ʧʦʪʨʽʙʥʦ ʚʢʣʘʜʘʪʠ ʚʝʣʠʢʽ 

ʢʦhʪʠ ʯʠ ʤʘʪʠ ʪʨʫʜʥʦʱʽ ʧʨʠ ʧʦʙʫʜʦʚ̔ ʪʘ ʧʽʜʪʨʠʤʮʽ ʩʢʣʘʜʥʦʾ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʜʦʮʽʣʴʥʠʤ, ʢʦʣʠ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʧʨʷʤʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʷʢ ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ ʩʝʥʩʽ, ʪʘʢ 
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ʽ ʚ ʩʝʥʩʽ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙôʻʤʫ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣ̫ ʟʘʜʘʯ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʜʘʥʠʤʠ. ʋ ʪʘʢʽʡ 

ʤʦʜʝʣʽ ʢʦʨʠʩʪʫʚʘʯʽ ʦʪʨʠʤʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʧʦʩʣʫʛ, ʚʠʭʦʜʷʯʠ ʟʽ ʩʚʦʾʭ ʚʠʤʦʛ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ ʙʘʟʫʚʘʥʥʷ ʧʦʩʣʫʛ. ɼʦ 2007 ʨ. ʮʷ ʤʦʜʝʣʴ ʙʫʣʘ ʚʽʜʦʤʘ ʷʢ 

ʩʣʫʞʙʦʚʽ ʦʙʯʠʩʣʝʥʥʷ, ʘ ʟʛʦʜʦʤ ï ʷʢ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ (ʍʆ). ʍʆ ʯʘʩʪʦ ʦʟʥʘʯʘʻ 

ʥ̔ʬʨʘʩʪʨʫʢʪʫʨʫ ʷʢ ʭʤʘʨʫ, ʟ ʷʢʦʾ ʬʽʟʠʯʥʽ ʪʘ ʶʨʠʜʠʯʥʽ ʦʩʦʙʠ ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʜʦʩʪʫʧ ʜʦ ʟʘʩʪʦʩʫʥʢʽʚ ʷʢ ʩʝʨʚʽʩʽʚ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʩʚʽʪʫ ʥʘ ʚʠʤʦʛʫ. ʍʆ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ ʥʦʚʫ ʧʘʨʘʜʠʛʤʫ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʦʩʣʫʛ, ʱʦ ʧʽʜʪʨʠʤʫʁ ʪɹ ʩʷ ʥʘʡʩʫʯʘʩʥʽʰʠʤʠ ʮʝʥʪʨʘʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʁ ʪʴ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʜʣʷ ʢʦʥʩʦʣʽʜʘʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʍʆ ʥʘʜʘʶʪʴ ʥʝ ʣʠʰʝ ʥʘʜʟʚʠʯʘʡʥʦ ʛʥʫʯʢʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ ʩʠʩʪʝʤ ʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʘʣʝ ʡ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʜʦʜʘʪʢʦʚʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʯʠ ʬʫʥʢʮʽʾ ʚ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦ 

ʟʘʙʝʟʧʝʯʝʥʠʭ ɯʊ-ʨʝʩʫʨʩʽʚ ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽʰʦʶ ʤʦʞʣʠʚʽʩʪʶ, ʥʽʞ ʧʨʠʜʙʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʇɿ, ʧʦʪʨʝʙʠ ʚ ʢ̫ʠʭ ʻ ʦʙʤʝʞʝʥʠʤʠ ʚ ʯʘʩʽ, ʘ ʨʦʟʤʽʨ 

ʢ̫ʠʭ ʥʝʧʨʦʩʪʦ ʦʮʽʥʶʚʘʪʠ: ʩʘʤʝ ʮʝ ʩʪʘʣʦ ʚʠʨʽʰʘʣʴʥʦʶ ʧʝʨʝʚʘʛʦʶ ʍʆ ʽ ʩʧʨʠʣ̫ʦ 

ʰʚʠʜʢʦʤʫ ʧʦʰʠʨʝʥʥʶ ʍʆ ʫ ʩʚʽʪʽ [8]. 

ʈʦʟʫʤʽʥʥʷ ʨʦʣʽ ʧʨʦʚʘʡʜʝʨʽʚ ʭʤʘʨʥʠʭ ʧʦʩʣʫʛ ʫ ʣʘʥʮʶʛʫ ʚʘʨʪʦʩʪʽ, ʚʠʟʥʘʯʝʥʥʷ 

ʽʻʨʘʨʭʽʾ ʧʦʪʨʽʙʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʭʦʜʽʚ ʽ ʚʠʪʨʘʪ, ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ, 

ʚʜ̔ʦʙʨʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ ʚʠʤʘʛʘʣʦ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʚʽʜ 

ʩʧʽʣʢʫʚʘʥʥʷ ʷʢ ʟ ʢʝʨʽʚʥʠʮʪʚʦʤ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʦʤʧʘʥʽʡ (ʤʝʥʝʜʞʝʨʘʤʠ ʽ 

ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʧʨʦʜʫʢʪʽʚ), ʪʘʢ ʽ ʟ ʧʨʦʚʘʡʜʝʨʘʤʠ ʭʤʘʨʥʠʭ ʧʦʩʣʫʛ (ʙʽʟʥʝʩ-

ʤʝʥʝʜʞʝʨʘʤʠ, ʬʥ̔ʘʥʩʦʚʠʤʠ ʢʝʨʽʚʥʠʢʘʤʠ, ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘʤʠ ʧʦʩʣʫʛ). ʄʦʜʝʣʴ 

ʙʨʦʢʝʨʘ ʭʤʘʨʥʠʭ ʧʦʩʣʫʛ ʚʠʤʘʛʘʻ ʚʪʦʨʠʥʥʠʭ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʮʽʾ, ʨʽʯʥʽ ʟʚʽʪʠ, ʚʽʜʢʨʠʪʽ ʜʘʥʽ ʚʝʙ-ʩʘʡʪʽʚ ʫʯʘʩʥʠʢʽʚ ʣʘʥʮʶʛʘ 

ʚʘʨʪʦʩʪʽ. ʈʽʟʥʽ ʭʤʘʨʥʽ ʙʨʦʢʝʨʠ ʧʦ-ʨʽʟʥʦʤʫ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʚʠʙʦʨʫ ʚʘʞʣʠʚʠʭ ʨʽʰʝʥʴ 

ʜʣʷ ʩʚʦʛʦ ʙʽʟʥʝʩʫ. ʈʽhʝʥʥʷ ʤʦʞʫʪʴ ʩʪʦʩʫʚʘʪʠʩʷ ʮʽʥʦʫʪʚʦʨʝʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ. ʇʦ ʤʽʨʽ ʪʦʛʦ, ʷʢ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ɯʥʪʝʨʥʝʪ-ʟôʻʜʥʘʥʥʷ 

ʩʪʘʶʪʴ ʪʝʭʥʦʣʦʛʽʷʤʠ ʽ ʧʦʩʣʫʛʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʠʤʠ ʥʘ 
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ʰʠʨʦʢʽ ʛʣʦʙʘʣʴʥʽ ʨʠʥʢʠ, ʚʠʥʠʢʘʶʪʴ ʧʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʨʠʥʢʽʚ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʩʫʩʧʽʣʴʥʦʛʦ ʜʦʙʨʦʙʫʪʫ, ʫʯʘʩʪʽ ʚ ʥʠʭ ʧʨʦʚʘʡʜʝʨʽʚ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʧʦʩʣʫʛ ʽ 

ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʨʦʝʢʪ Iridium ʛʣʦʙʘʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʬʽʨʤʠ Motorola 

ʟʘʚʝʨʰʠʚʩʷ ʫ 1990-ʭ ʨʦʢʘʭ ʚʥʘʩʣ̔ʜʦʢ ʧʦʜʽʙʥʠʭ ʧʠʪʘʥɹ, ʚʧʝʨʰʝ ʜʦʩʷʛʰʠ ʤʝʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘʢʦʛʦ ʟʚôʷʟʢʫ. ʆʩʢʽʣʴʢʠ ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʽʥʥʦʚʘʮʽʡʥʽʩʪʶ, ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽʩʪʶ ʪʘ ʜʠʥʘʤʽʯʥʽʩʪʶ, 

ʪʦ ʜʣʷ ʥʠʭ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʽʜʦʤʽ ʤʦʜʝʣʽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʨʦʪʝ 

ʬʫʥʢʮʽʾ ʧʦʧʠʪʫ ʫ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʻ ʛʽʧʝʨʙʦʣ̔ʯʥʠʤʠ, ʘ ʥʝ ʣʽʥʽʡʥʠʤʠ. ʂʨʽʤ ʪʦʛʦ, 

ʧʦʜʽʙʥʽ ʤʦʜʝʣʽ ʻ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʪʘ ʚʢʣʯʁʘʶʪʴ ʧʨʦʚʘʡʜʝʨʽʚ ʟ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʢʦʥʢʫʨʝʥʮʽʾ. ɺ ʝʢʦʩʠʩʪʝʤʽ ɯʥʪʝʨʥʝʪʫ ʚʘʞʣʠʚʠʤʠ ʻ ʟʚôʷʟʢʠ ʤʽʞ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ 

ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ (Internet service providers, ISPs) ʷʢ ʦʧʝʨʘʪʦʨʘʤʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʪʘ ʧʨʦʚʘʡʜʝʨʘʤʠ ʧʦʩʣʫʛ ʢʦʥʪʝʥʪʫ, ʦʩʦʙʣʠʚʦ 

ʧʦʪʫʞʥʠʤʠ ʧʨʦʚʘʡʜʝʨʘʤʠ ʚʽʜʝʦʢʦʥʪʝʥʪʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʪʨʝʙʫʻ ʥʦʚʠʭ ̔ʥʚʝʩʪʠʮʽʡ ʫ 

ʩʧʨʦʤʦʞʥʽʩʪʴ ʤʝʨʝʞʽ, ʪʦ ʤʦʪʠʚʘʮʽʷ ʜʦ ʪʘʢʠʭ ʽʥʚʝʩʪʠʮʽʡ ʤʘʻ ʙʫʪʠ ʷʢ ʫ ʧʨʦʚʘʡʜʝʨʽʚ 

ʚʽʜʝʦʢʦʥʪʝʥʪʫ, ʪʘʢ ʽ ʫ ISPs. ɼʣʷ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʧʨʦʚʘʡʜʝʨʘʤʠ ɯʥʪʝʨʥʝʪ-

ʧʦʩʣʫʛ ʽ ʢʦʥʪʝʥʪ-ʧʨʦʚʘʡʜʝʨʘʤʠ ʚ ɯʥʪʝʨʥʝʪ-ʝʢʦʩʠʩʪʝʤʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʯʠʩʣʶʚʘʥʽ 

ʤʦʜʝʣʽ, ʦʩʥʦʚʘʥʽ ʥʘ ʧʦʙʫʜʦʚʽ ʬʫʥʢʮʽʡ ʚʠʛʨʘʰʫ ʚʩʽʭ ʫʯʘʩʥʠʢʚ̔ ʮ̔ ʻʾ ʝʢʦʩʠʩʪʝʤʠ. 

ɺʚʝʜʝʥʥʷ ʧʣʘʪʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʢʦʥʪʝʥʪʫ ʤʦʪʠʚʫʚʘʪʠʤʝ ʧʨʦʚʘʡʜʝʨʽʚ ɯʥʪʝʨʥʝʪ-

ʧʦʩʣʫʛ ʜʦ ʽʥʚʝʩʪʠʮʽʡ ʫ ʧʽʜʚʠʱʝʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʝʡ ʤʝʨʝʞʽ, ʷʢʘ ʤʘʻ ʪʨʝʥʜ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ. ɺʦʜʥʦʯʘʩ ʪʘʢʠʡ ʧʝʨʝʛʣʷʜ ʧʦʨʫʰʫʚʘʪʠʤʝ ʧʨʠʥʮʠʧʠ 

ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʤʝʨʝʞʽ, ʱʦ ʜʘʻ ʧʽʜʩʪʘʚʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʟʘʜʘʯ ʤʽʥʽʤʽʟʘʮʽʾ 

ʧʦʨʫʰʝʥʴ ʫʤʦʚ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʤʝʨʝʞʽ ʪʘ ʤʘʢʩʠʤʽʟʘʮʽʾ ʩʫʩʧʽʣʴʥʦʛʦ ʜʦʙʨʦʙʫʪʫ 

ɯʥʪʝʨʥʝʪ-ʝʢʦʩʠʩʪʝʤʠ. ʄʦʜʝʣ ̔ʚʢʘʟʫʶʪʴ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʚʘʡʜʝʨ̔ ʚ 

ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ, ʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ ʧʦʧʠʪʫ ʪʘ ʚʠʩʦʢʦʾ ʮ̔ʥʦʚʦʾ ʝʣʘʩʪʠʯʥʦʩʪʽ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʦʩʣʫʛ. ɼʣʷ ʚʟʘʻʤʦʜʽʾ CP ʪʘ ISPs ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʦʜʝʣʣʶ 

ʐʪʘʢʝʣʴʙʝʨʛʘ, ʜʝ ʣʽʜʝʨ ʧʦʚʜ̔ʦʤʣʷʻ ʩʚʦʻ ʨ̔ ʝhʥʥʷ ʧʦʩʣʽʜʦʚʥʠʢʫ, ʷʢʠʡ ʦʧʪʠʤʽʟʫʻ 

ʩʚʦʶ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʥʘ ʦʩʥʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. CP ʤʘʢʩʠʤʽʟʫʻ ʩʚʽʡ 
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ʧʨʠʙʫʪʦʢ ï ʜʦʭʽʜ ʚʜ̔ ʥʘʜʘʥʥʷ ʢʦʥʪʝʥʪʫ ʤʽʥʫʩ ʯʘʩʪʢʘ ʧʣʘʪʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʟ 

ʚʠʪʨʘʪʘʤʠ [9], ʪʦʙʪʦ 

}),(;0max{)},(;min{])1([ 00 WWpDEepDWWEcxpPCP ---+--= ww ww , 

ʜʝ p  ï ʮʥ̔ʘ ʧʦʩʣʫʛʠ, c  ï ʚʠʪʨʘʪʠ ʥʘ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ, x  ï ʯʘʩʪʢʘ ʜʦʭʦʜʫ CP, 

ʧʝʨʝʨʘʭʦʚʘʥʘ ʜʦ ISP, 0W  ï ʽʩʥʫʶʯʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʤʝʨʝʞʽ, W  ï ʤʦʞʣʠʚʝ 

ʨʦʟʰʠʨʝʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ, ),( wpD  ï (ʚʠʧʘʜʢʦʚʠʡ) ʧʦʧʠʪ ʥʘ ʧʦʩʣʫʛʫ ʟʘ ʮʽʥʦʶ p  

ʜʣʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ w, e ï ʘʣʪɹʝʨʥʘʪʠʚʥʘ ʚʘʨʪʽʩʪʴ ʥʝʟʘʜʦʚʦʣʝʥʦʛʦ ʧʦʧʠʪʫ, 

wE  ï ʦʧʝʨʘʪʦʨ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ.. ISP ʤʘʢʩʠʤʽʟʫʻ ʩʚʽʡ ʧʨʠʙʫʪʦʢ ï ʜʦʭʽʜ 

ʚ̔ ʜ ʬʽʢʩʦʚʘʥʦʾ ʘʙʦʥʧʣʘʪʠ ʚʽʜ ʢʣʽʻʥʪʽʚ ʧʣʶʩ ʯʘʩʪʢʘ ʜʦʭʦʜʫ CP, ʧʝʨʝʨʘʭʦʚʘʥʘ ʜʦ ISP 

ʯʝʨʝʟ ʧʣʘʪʥʠʡ ʧʝʨʝʛʣʷʜ, ʤʽʥʫʩ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ, 

ʪʦʙʪʦ )()},(;min{ 00 WWqWrpDWWExpCPISP +--++= ww , ʜʝ C  ï ʘʙʦʥʝʥʪʩʴʢʘ 

ʧʣʘʪʘ (ʚʚʘʞʘʻʤʦ, ʱʦ ʚʩʷ ʧʦʧʫʣʷʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʽʜʧʠʩʘʥʘ ʜʦ ɯʥʪʝʨʥʝʪʫ ʟʘ 

ʬʽʢʩʦʚʘʥʫ ʧʣʘʪʫ), r  ï ʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ ʨʦʟʰʠʨʝʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʨʝʞʽ, q  ï 

ʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʨʝʞʽ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ CP ʻ ʣʽʜʝʨʦʤ ʟ ʨʠʥʢʦʚʦʶ ʚʣʘʜʦʶ ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ. ʊʦʜʽ 

ʨʽʰʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʧʨʠʡʤʘʶʪʴʩʷ ʫ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

1) CP ʦʙʠʨʘ ̒ʮʽʥʫ p  ʧʦʩʣʫʛʠ ʪʘ ʯʘʩʪʢʫ x  ʩʚʦʛʦ ʜʦʭʦʜʫ ʚʽʜ ʥʘʜʘʥʥʷ ʢʦʥʪʝʥʪʫ, 

ʷʢʘ ʧʝʨʝʨʘʭʦʚʫʚʘʪʠʤʝʪʴʩʷ ʜʦ ISP ʫ ʨʘʤʢʘʭ ʫʛʦʜʠ ʧʨʦ ʧʝʨʝʛʣʷʜ ʢʦʥʪʝʥʪʫ; 

2) ʢʦʨʠʩʪʫʚʘʯʽ, ʟʥʘʶʯʠ ʮ̔ʥʫ p, ʬʦʨʤʫʶʪʴ ʧʦʧʠʪ ʥʘ ʧʦʩʣʫʛʫ ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 
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3) ISP, ʟʥʘʶʯʠ ʩʚʦʶ ʯʘʩʪʢʫ x  ʽ ʧʦʧʠʪ ),( wpD  ʥʘ ʧʦʩʣʫʛʫ ʜʣʷ ʚʠʧʘʜʢʦʚʦʾ 

ʟʤʽʥʥʦʾ w ʟ ʚʽʜʦʤʠʤ ʨʦʟʧʦʜʽʣʦʤ H, ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʦʙʩʷʛ W  ʨʦʟʰʠʨʝʥʥʷ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʨʝʞʽ, ʤʘʢʩʠʤʽʟʫʶʯʠ ʩʚʽʡ ʩʧʦʜʽʚʘʥʠʡ ʧʨʠʙʫʪʦʢ; 

4) CP, ʟʥʘʶʯʠ ʧʦʚʝʜʽʥʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ISP, ʦʙʠʨʘʻ ʪʘʢʽ ʟʥʘʯʝʥʥʷ p  ʪʘ x , 

ʷʢʽ ʤʘʢʩʠʤʽʟʫʶʪʴ ʩʧʦʜʽʚʘʥʠʡ ʧʨʠʙʫʪʦʢ. 

ɿ ʮʠʭ ʫʤʦʚ ʚʠʧʣʠʚʘʻ ʬʫʥʢʮʽʷ ʨʝʘʢʮʽʾ ʧʦʩʣʽʜʦʚʥʠʢʘ (ISP) ʥʘ ʨʽʰʝʥʥʷ ʣʽʜʝʨʘ (CP): 
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1.4 ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʩʠʩʪʝʤʘʭ ʝʢʦʥʦʤʽʢʠ, ʝʢʦʣʦʛʽʾ, ʦʭʦʨʦʥʠ ʟʜʦʨʦʚô ̫

 

ʆʮʽʥʶʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʻ ʛʦʣʦʚʥʦʶ ʟʘʜʘʯʝʶ ʢʣʘʩʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʽ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʪʝʦʨʽʾ ʥʘʚʯʘʥʥʷ. ʅʘ ʧʨʘʢʪʠʮʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʣʦ ʚʠʙʽʨʦʢ, ʧʨʠʯʦʤʫ 

ʚʠʙʽʨʢʠ ʟʩʫʚʘʶʪʴʩʷ, ʘ ʰʫʢʘʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʽʥʰʠʤʠ ʱʽʣʴʥʦʩʪʷʤʠ. ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʯʘʣʥɹʠʭ ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ʚʠʙʽʨʦʢ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʚʩʽʭ ʚʠʤʽʨʽʚ, ʭʦʯʘ ʙʘʛʘʪʴʦʤ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʘʤ ʮʝ ʥʝ ʚʜʘʻʪʴʩʷ. 

ʆʪʞʝ, ʧʦʪʨʽʙʥʽ ʤʝʪʦʜʠ, ʷʢ̔ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʽʚ ʜʣʷ ʤʘʣʠʭ 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ. ʗʢʱʦ ʜʘʥʽ ʟʙʠʨʘʶʪʴʩʷ ʟʽ ʟʩʫʚʦʤ, ʪʦ ʙʫʜʴ-ʷʢʽ ʟʥʘʥʥʷ ʧʨʦ ʮʝʡ ʟʩʫʚ 

ʧʦʣ̔ ʧʰʫʚʘʪʠʤʫʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʙʘʯʝʥʥʷ.  

ʂʦʣʠ ʦʮʽʥʶʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʱʽʣʴʥʦʩʪʝʡ ʥʘ ʥʘʙʦʨʘʭ ʜʘʥʠʭ (ʩʠʛʥʘʣʽʚ), ʱʦ 

ʧʝʨʝʪʠʥʘʶʪʴʩ̫ ʯʠ ʚʧʦʨʷʜʢʦʚʫʶʪʴʩʷ, ʪʦ ʩʧʽʣʴʥʠʡ ʜʣʷ ʱʽʣʴʥʦʩʪʝʡ ʩʠʛʥʘʣ 

ʧʦʣʽʧʰʫʚʘʪʠʤʝ ʪʦʯʥʽʩʪɹ ʦʢʨʝʤʠʭ ʦʮʽʥʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʨʽʙʥʽ ʤʝʪʦʜʠ 

ʤʥʦʞʠʥʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, ʱʦ ʟʙʘʣʘʥʩʦʚʫʶʪʴ ʦʢʨʝʤʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʘʙʽʨ ʜʘʥʠʭ 

ʪʘ ʩʧʽʣʴʥʫ ʽʥʬʦʨʤʘʮʽʁ ʧʨʦ ʥʘʙʦʨʠ ʜʘʥʠʭ. 

ʗʢʱʦ ʧʠʪʘʥʥʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʝʥʪʨʦʧʽʾ (ʯʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʽʚ ɻʽʙʙʩʘ) 

ʚʠʚʯʘʣʦ ʙʘʛʘʪʦ ʘʚʪʦʨʽʚ, ʪʦ ʧʠʪʘʥʥ̫  ʚʠʙʦʨʫ ʧʽʜʭʦʜʷʱʠʭ ʦʙʤʝʞʝʥʴ ʜʣʷ ʰʫʢʘʥʦʛʦ 

ʨʦʟʧʦʜ̔ʣʫ ʧʦʪʨʝʙʫʻ ʦʢʨʝʤʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʤʝʪʦʜʽʚ ʤʘʢʩʠʤʽʟʘʮʽʾ ʝʥʪʨʦʧʽʾ ʪʘ ʚʽʨʦʛʽʜʥʦʩʪʽ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʻʜʠʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʛʘʨʘʥʪʫʻ ʾʭʥʶ ʟʙʽʞʥʽʩʪʴ ʽ ʩʪʘʪʠʩʪʠʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʦʙ̌ʨʫʥʪʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʦʤʠʭ 

ʤʝʪʦʜʽʚ ʨʝʛʫʣʷʨʠʟʘʮʽʾ ʟ ʮʽʣʴʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ ʫ ʩʪʘʥʜʘʨʪʥʠʭ ʥʦʨʤʘʭ, ʘ ʪʘʢʦʞ ʽʟ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʮʽʣʦɹʚʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʤʘʶʪʴ ʢʨʘʱʽ ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ, ʧʨʦ ʟʩʫʚ ʦʪʨʠʤʘʥʥʷ 
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ʚʠʙ̔ʨʢʠ, ʧʨʦ ʽʥʰʽ ʩʧʦʩʦʙʠ ʦʮʽʥʶʚʘʥʥʷ ʱʣ̔ɹ ʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʟʘʜʘʯʽ ʧʨʦ ʤʘʢʩʠʤʘʣʴʥʫ ʝʥʪʨʦʧʽʶ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʦʚʽ ʘʣʛʦʨʠʪʤʠ 

ʡ ʜʦʚʝʩʪʠ ʾʭʥʶ ʟʙʽʞʥʽʩʪʴ, ʫʟʘʛʘʣɹʥʁ ʶʯʠ ʤʝʪʦʜʠ, ʦʩʥʦʚʘʥʽ ʥʘ ʪʝʦʨʽʾ ʢʦʤʧʘʢʪʥʦʩʪʽ, 

ʽʥʬʦʨʤʘʮ̔ʡʥʽʡ ʛʝʦʤʝʪʨʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ [71]. 

ɿʘʛʘʣʦʤ ʧʨʦʙʣʝʤʘ ʤʘʢʩʠʤʽʟʘʮʽʾ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʝʤʧʽʨʠʯʥʽ 

ʩʝʨʝʜʥʽ ʦʟʥʘʢ ʤʘʡʞʝ ʟʘʚʞʜʠ ʥʝ ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ ʾʭʥʽʤ ʽʩʪʠʥʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ, ʘ 

ʪʦʤʫ ʮʽʣʴʦʚʠʡ ʨʦʟʧʦʜʽʣ ʥʝ ʟʘʜʦʚʦʣʴʥʷʪʠʤʝ ʦʙʤʝʞʝʥʥʷʤ, ʷʢʽ ʥʘʢʣʘʜʘʶʪʩɹ ̫ʥʘ 

ʨʝʟʫʣʴʪʫʶʯʝ ʦʙʤʝʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʙʣʝʤʘ ʫʩʢʣʘʜʥʶʻʪɹʩʷ ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ 

ʚʠʙʽʨʦʢ. ʇʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʤʘʢʩʠʤʽʟʘʮʽʾ ʝʥʪʨʦʧʽʾ ʷʢ ʤʘʢʩʠʤʽʟʘʮʽʾ ʚʽʨʦʛʽʜʥʦʩʪʽ ʪʘ 

ʟʚʫʞʝʥʥʽ ʰʫʢʘʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʜʦ ʢʣʘʩʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʤʦʞʣʠʚʘ 

ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʦʮʽʥʦʢ. 

ʈʦʟʨʦʙʣʝʥʦ ʽʥʪʝʛʨʦʚʘʥʫ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʦʙôʻʜʥʘʣʘ ʚ ʩʦʙ̔ ʘʩʧʝʢʪʠ 

ʘʛʨʦʥʦʤʽʾ, ʛʽʜʨʦʣʦʛʽʾ ʪʘ ʝʢʦʥʦʤʽʢʠ ʪʘ ʚʢʘʟʫʻ ʥʘ ʥʘʡʢʨʘʱʽ ʧʨʘʢʪʠʢʠ 

ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ ʚʘʨʪʦ ʟʘʩʪʦʩʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʩʮʝʚʠʭ ʫʤʦʚ [81]. 

ɸʛʨʦʩʝʢʪʦʨ ʋʢʨʘʾʥʠ ʤʘʻ ʩʫʪʪʻʚʠʡ ʧʦʪʝʥʮʽʘʣ ʨʦʩʪʫ, ʚʠʢʣʠʢʘʁʯʠ ʚʽʜʧʦʚʽʜʥʠʡ 

ʽʥʪʝʨʝʩ ʩʝʨʝʜ ʽʥʦʟʝʤʥʠʭ ʽʥʚʝʩʪʦʨʽʚ ʽ ʚʽʪʯʠʟʥʷʥʠʭ ʧʦʣʽʪʠʢʽʚ, ʪʘ ʻ ʣʦʢʦʤʦʪʠʚʦʤ 

ʫʢʨʘʾʥʩʴʢʦʾ ʝʢʦʥʦʤʽʢʠ, ʜʝ ʡʦʛʦ ʯʘʩʪʢʘ ʫ ʚʘʣʦʚʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʜʫʢʪʽ ʋʢʨʘʾʥʠ 

ʟʨʦʩʪʘʻ. ɹʽʣʴʰ ʪʦʛʦ, ʽʥʚʝʩʪʠʮʽʡʥʘ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʪʘ ̔ʥʪʝʨʝʩ ʜʦ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ 

ʧʦʩʠʣʶʪʁʴʩʷ ʟ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʻʚʨʦʽʥʪʝʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʩʢʽʣʴʢʠ 

ʚʠʨʦʙʥʠʮʪʚʦ ʤʦʞʝ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʪʦ ʚʠʥʠʢʘʻ 

ʧʠʪʘʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʘʛʨʦʙʽʟʥʝʩʫ. 

ʇʝʨʝʥʘʩʠʯʝʥʥʷ ʚʦʜʦʡʤ ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ (ʚʢʣʶʯʘʶʯʠ ʬʦʩʬʦʨ ʪʘ 

ʥ̔ ʪʨʘʪʠ), ʱʦ ʚʠʢʣʠʢʘʻ ʾʭ ʮʚʽʪʽʥʥʷ, ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʧʨʠʚʝʨʪʘ ̒ʜʦ ʩʝʙʝ ʫʚʘʛʫ ʚ ʋʢʨʘʾʥʽ 

ʪʘ ʩʚʽʪʽ ʟ ʦʛʣʷʜʫ ʥʘ ʚʽʜʯʫʪʥʠʡ ʚʧʣʠʚ ʥʘ ʚʩʶ ʝʢʦʩʠʩʪʝʤʫ, ʨʠʙʘʣʴʩʪʚʦ, ʪʫʨʠʟʤ, ʷʢʽʩʪʴ 

ʧʠʪʥʦʾ ʚʦʜʠ. 

ɿʘʙʨʫʜʥʝʥʥʷ ʬʦʩʬʦʨʦʤ ʘʙʦ ʡʦʛʦ ʥʘʜʣʠʰʦʢ ʫ ʚʦʜʥʽʡ ʝʢʦʩʠʩʪʝʤʽ ʻ 

ʧʝʨʰʦʧʨʠʯʠʥʦʶ ʝʚʪʨʦʬ̔ʾ . ʃʦʢʘʣʴʥʽ (ʪʦʯʢʦʚʽ) ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜʥʦʩʥʦ ʣʝʛʢʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʘ ʚʟʷʪʠ ʧʽʜ ʢʦʥʪʨʦʣʴ. ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ 
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ʟʘʣʠʰʘʚʩʷ ʟʤʠʚ ʟ ʧʦʣʽʚ. ʑʦʥʘʡʤʝʥʰʝ 60% ʬʦʩʬʦʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ 

ï ʮʝ ʚʠʤʠʪʠʡ ʬʦʩʬʦʨ, ʜʦʥʝʩʝʥʠʡ ʨʽʯʢʦʚʦʶ ʩʠʩʪʝʤʦʶ. 

ʆʜʥʘʢ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʽ ʤʦʜʝʣʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʪʦʭʘʩʪʠʯʥʫ ʧʨʠʨʦʜʫ ʝʢʦʩʠʩʪʝʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʽʥʪʝʛʨʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʩʪʦʭʘʩʪʠʯʥʘ ʤʦʜʝʣʴ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ ʨʽʟʥʠʭ 

ʙ̔ʟʥʝʩ-ʧʨʘʢʪʠʢ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʨʽʚʝʥʴ ʬʦʩʬʦʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ 

ʥʝʚʠʟʥʘʯʝʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ʄʦʜʝʣʴ ʤʘ̒  ʜʦʩʠʪʴ ʫʟʘʛʘʣʴʥʝʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʤʦʞʝ 

ʤʦʜʠʬʽʢʫʚʘʪʠʩʷ ʧʽʜ ʫʤʦʚʠ ʢʦʥʢʨʝʪʥʦʾ ʤʽʩʮʝʚʦʩʪʽ. ʇʨʦʩʪʝ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʩʚ̔ʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʫ ʤʦʜʝʣʽ ʩʪʦʭʘʩʪʠʢʠ 

ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʦʪʨʠʤʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʠ ʨʝʢʦʤʝʥʜʘʮʽʾ. 

ɸʥʘʣʽʟ ʨʝʟʫʣɹʪʘʪʽʚ ʤʦʜʝʣʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʟʥʘʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʪʽʣʴʢʠ ʟʘ ʩʫʚʦʨʽʰʠʭ ʟʘʭʦʜʽʚ ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʭʦʜʘʤʠ, 

ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʽ ʤʦʜʝʣʽ: ʩʪʦʭʘʩʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʧʦʥʫʻ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʩʬʦʨʥʠʭ ʜʦʙʨʠʚ ʥʘ ʧʨʠʥʘʡʤʥʽ 14%, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʝ 

ʦʙʦʚôʷʟʢʦʚʝ ʙʽʣʴʰ ʨʘʥʥʻ ʪʘ ʪʨʠʚʘʣʝ ʚʠʨʦʱʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʢʫʣʴʪʫʨ. ɹʽʣʴʰ ʪʦʛʦ, 

ʷʢɦʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʟʤʽʥʫ ʢʣ̔ ʤʘʪʫ, ʩʫʚʦʨʽʩʪʴ ʟʘʭʦʜʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʱʝ ʚʠʱʦʶ. 

ʉʪʦʭʘʩʪʠʯʥʘ ʤʦʜʝʣʴ ʩʫʪʪʻʚʦ ʚʜʦʩʢʦʥʘʣʶʻ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʫ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʩʦʮʽʘʣʥɹʦʛʦ ʜʦʙʨʦʙʫʪʫ, ʷʢʠʡ ʚʦʥʘ ʥʘʤʘʛʘʻʪʩɹʷ ʤʘʢʩʠʤʽʟʫʚʘʪʠ. ɿʘʛʘʣʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚ ʝʢʦʥʦʤʽʮʽ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʤʦʞʝ ʥʘʜʘʚʘʪʠ ʥʘʜʽʡʥʽʰʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ ʟʘ ʫʤʦʚ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʨʠʟʠʢʫ ʧʦʨʽʚʥʷʥʦ ʟ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʤʠ ʤʦʜʝʣʤ̫ʠ, ʚ ʷʢʠʭ 

ʜʦʤʽʥʫʻ ʧʽʜʭʽʜ ʩʮʝʥʘʨʥʦʛʦ ʘʥʘʣʽʟʫ. ʋ ʨʦʙʦʪʽ [81] ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʦʭʘʩʪʠʯʥʫ 

ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʤʦʜʝʣʴ, ʱʦ ʧʨʦʧʦʥʫʻ ʟʙʘʣʘʥʩʦʚʘʥʝ ʫʧʨʘʚʣʽʥʩʴʢʝ ʨʽʰʝʥʥ̫ ʜʣʷ 

ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ ʷʢ ʱʦʜʦ ʨʽʚʥʷ ʧʨʠʙʫʪʢʦʚʦʩʪʽ, ʪʘʢ ʽ ʱʦʜʦ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠɦʘ ʚʠʢʠʜʘʤʠ ʬʦʩʬʦʨʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʰʠʨʦʢʦ ʚʽʜʦʤʠʭ 

ʜʝʪʝʨʤʽʥʩ̔ʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʚʨʘʭʦʚʫ̒ ʪʴʩʷ ʬʘʢʪʦʨ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. 

ʋ ʨʦʙʦʪʽ [2] ʜʦʢʣʘʜʥʦ ʚʠʚʯʘʶʪʴʩʷ ʧʝʨʝʜʫʤʦʚʠ ʪʘ ʧʨʠʧʫ ʝɦʥʥʷ ʢʣʘʩʠʯʥʦʾ 

ʤʦʜʝʣʽ ɹʘʩʩʘ ʧʦʰʠʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡ ʟ ʤʝʪʦʶ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʤʦʜʝʣ ʚʁʘʥʥʷ 

ʘʢʪʫʘʣʴʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʘʥʜʝʤʽʻʶ. ʄʦʜʝʣʴ ɹʘʩʩʘ ʜʦʚʝʣʘ 
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ʩʚʦʶ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʜʦ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʽ 

ʨʝʪʝʣʴʥʽ  ʤʘʪʝʤʘʪʠʯʥʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʝʣʽ ʟ ʤʝʪʦʶ ʾʾ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ, ʧʦʫhʢʫ ʧʘʨʘʤʝʪʨʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʟʤʽʥʥʠʭ, 

ʨ̌ʫʥʪʫʶʯʠʩʴ ʥʘ ʪʝʦʨʽʷʭ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʩʪʘʪʪʽ 

ʦʪʨʠʤʘʥʦ ʨʝʘʣʽʩʪʠʯʥ̔ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ɹʘʩʩʘ ʜʣʷ 

ʚʘʢʮʠʥʘʮʽʡ ʫ ɹʽʣʦʨʫʩʽ ʪʘ ʋʢʨʘʾʥʠ ʥʘ ʪʠʞʥʝʚʠʭ ʜʘʥʠʭ ʧʝʨ ʦhʛʦ ʧʽʚʨʽʯʯʷ 2021 ʨ. ʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʽʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʽʥʰʠʭ ʜʝʨʞʘʚ, ʘ ʪʘʢʦʞ 

ʦʙʣʘʩʪʝʡ ʽ ʨʘʡʦʥʽʚ ʋʢʨʘʥʾʠ. 

ʆʩʥʦʚʥʝ ʧʨʠʧʫʱʝʥʥʷ ʫ ʜʠʬʫʟʽʡʥʽʡ ʤʦʜʝʣʽ ɹʘʩʩʘ ʧʦʧʠʪʫ ʧʝʨʰʦʾ ʧʦʢʫʧʢʠ: 

ʡʤʦʚʽʨʥʽʩʪʴ )(TP  ʪʦʛʦ, ʱʦ ʧʝʨʚʠʥʥʽ ʟʘʢʫʧʽʚʣʽ ʟʜʽʡʩʥʶʚʘʪʠʤʫʪʴʩʷ ʫ ʤʦʤʝʥʪ ʯʘʩʫ 

T  ʟʘ ʫʤʦʚʠ, ʱʦ ʜʦ ʮʴʦʛʦ ʟʘʢʫʧ̔ʚʣʽ ʥʝ ʟʜʽʡʩʥʁ ʚʘʣʠʩʷ, ʻ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʯʠʩʣʘ 

)(TY  ʧʦʧʝʨʝʜʥʽʭ ʧʦʢʫʧʮʽʚ, ʪʦʙʪʦ )()( TY
m

q
pTP += , ʜʝ 0)0( =Y , pP =)0(  ī 

ʢʦʥʩʪʘʥʪʘ, (ʚʽʜʦʙʨʘʞʘʻ ʚʘʞʣʠʚʽʩʪʴ ʥʦʚʘʪʦʨʽʚ ʫ ʩʦʮʽʘʣʴʥʽʡ ʩʠʩʪʝʤʽ), 
m

q
 ī 

ʢʦʝʬʽʮʽʻʥʪ ʥʘʭʠʣʫ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ, ʧʘʨʘʤʝʪʨ q  ʥʘʟʠʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʽʤʽʪʘʮʽʾ. 
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ʟʘʢʫʧʽʚʣʶ ʧʨʦʜʫʢʪʫ ʚ ʜʝʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʩʚʦʛʦ ʞʠʪʪʷ, ʪʦ ʦʯʢ̔ʫʚʘʥʘ ʪʨʠʚʘʣʽʩʪʴ T  

ʯʘʩʫ ʜʦ ʪʘʢʦʾ ʟʘʢʫʧʽʚʣʽ, ʩʪʘʥʦʚʠʪʠʤʝ 
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ɺ ʨʦʙʦʪʽ [82] ʜʦʩʣʽʜʞʝʥʦ ʤʦʜʝʣʴ ʽʥʪʝʛʨʦʚʘʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ  ʱʦʜʦ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ ʧʦʪʝʥʮʽʡʥʦʾ ʧʨʦʧʦʟʠʮʽʾ 

ʨʝʩʫʨʩʽʚ ʽ ʩʫʩʧʽʣʴʥʦʛʦ ʟʘʧʠʪʫ, ʧʨʠʡʤʘʪʠ ʚʽʜʧʦʚ̔ʜʥʽ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʽʥʪʝʛʨʦʚʘʥʫ ʜʠʥʘʤʯ̔ʥʫ ʤʦʜʝʣɹ, ʱʦ 

ʦʙôʻʜʥʘʣʘ ʚ ʩʦʙʽ ʥʝ ʪʽʣʴʢʠ ʜʦʚʦʣʽ ʩʢʣʘʜʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʦʜʥʠʤʠ, ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʪʘ ʧʨʦʜʦʚʦʣʴʯʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʘ ʡ ʚʧʣʠʚ ʧʨʠʡʥʷʪʠʭ 

ʨʽʝhʥɹ  ʚ ʮʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʝʢʦʥʦʤʽʯʥʽ, ʧʦʣʪ̔ʠʯʥʽ, ʩʦʮʽʘʣʴʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ 

ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʩʫʩʧʽʣʴʩʪʚʘ. ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʦʧʪʠʤʘʣʴʥʫ 

ʩʪʨʘʪʝʛʽʶ ʫʧʨʘʚʣʽʥʥʷ WEF-ʨʝʩʫʨʩʘʤʠ, ʨʦʟʫʤʽʪʠ, ̫ʢ ʨʽʰʝʥʥʷ, ʧʨʠʡʥʷʪʽ ʚ ʦʜʥʽʡ 

ʩʠʩʪʝʤʽ, ʚʧʣʠʚʘʪʠʤʫʪʴ ʥʘ ʽʥʰʽ ʩʠʩʪʝʤʠ, ʢ̫ ʧʦʪʝʥʮʽʡʥʘ ʰʢʦʜʘ ʜʦʚʢʽʣʣʶ 

ʦʙʤʝʞʫʚʘʪʠʤʝ ʧʨʦʧʦʟʠʮʽʶ ʮʠʭ ʨʝʩʫʨʩʽʚ. ʎʷ ʤʦʜʝʣʴ ʽʥʪʝʛʨʦʚʘʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ  ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ ʧʨʦʧʦʟʠʮʽʾ ʚʦʜʥʠʭ, 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʧʨʦʜʦʚʦʣʴʯʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʩʫʩʧʽʣʴʥʦʛʦ ʟʘʧʠʪʫ ʥʘ ʥʠʭ, 

ʧʨʠʡʤʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʦʧʪʠʤʘʣʴʥ ̔ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɺʦʜʥʽ, ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʧʨʦʜʦʚʦʣʴʯʽ ʨʝʩʫʨʩʠ ʻ ʙʘʟʦʚʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʘʷʚʥʽʩʪʴ, 

ʷʢʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʚʠʟʥʘʯʘʻ ʜʦʙʨʦʙʫʪ ʥʘʮʽʾ. ʉʠʩʪʝʤʠ ʾʭ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʚôʷʟʘʥʠʤʠ. ʊʘʢ, ʛʽʜʨʦʨʝʩʫʨʩʠ 

ʧʦʪʨʽʙʥʽ ʚ ʝʥʝʨʛʦʛʝʥʝʨʘʮʽʾ ʧʨʘʢʪʠʯʥʦ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʥʠʮʪʚʘ, ï 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʽ ʟʘʢʽʥʯʫʶʯʠ ʦʯʠʩʥʠʤʠ ʟʘʭʦʜʘʤʠ. ʊʽ 

ʞ ʚʦʜʥʽ ʨʝʩʫʨʩʠ ʥʝʦʙʭʽʜʥʽ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʜʽ̫ʣʥɹʦʩʪʽ (ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʜʣʷ ʟʨʦʰʫʚʘʥʥʷ ʧʦʣʽʚ, ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʙʨʠʚ, ʟʙʝʨʝʞʝʥʥʷ ʫʨʦʞʘ)ʁ. ɿʥʦʚʫ ʞ ʪʘʢʠ 

ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʻ ʢʣʶʯʦʚʠʤʠ ʫ ʩʪʚʦʨʝʥʥʽ ʪʘ 

ʟʙʝʨʝʞʝʥʥʽ ʧʨʦʜʦʚʦʣʴʩʪʚʘ. ʊʘʢʦʞ, ʜʦ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʘʨʪʦ ʜʦʜʘʪʠ ʚʧʣʠʚ ʥʘ 

ʩʦʮ̔ʦʝʢʦʥʦʤ̔ʯʥʽ ʧʨʦʮʝʩʠ ʚ ʩʫʩʧʽʣʴʩʪʚʽ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɺʠʱʝʥʘʚʝʜʝʥʽ 

ʚʟʘ̒ʤʦʟʚôʷʟʢʠ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ WEF (water-energy-food) 

nexus. ɿʘʙʝʟʧʝʯʝʥʥʷ ʟʛʘʜʘʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʦʩʦʙʣʠʚʦ  ʘʢʪʫʘʣʴʥʝ ʚ ʩʫʯʘʩʥʦʤʫ 

ʛʣʦʙʘʣʽʟʦʚʘʥʦʤʫ ʩʚʽʪʽ ʟ ʧʦʥʘʜ 7,6 ʤʣʨʜ. ʥʘʩʝʣʝʥʥʷ, ʷʢʝ ʧʨʦʜʦʚʞʫʻ ʰʚʠʜʢʦ 

ʟʨʦʩʪʘʪʠ: ʟʘ ʦʥʦʚʣʝʥʠʤʠ ʦʮʽʥʢʘʤʠ ʆʆʅ, ʜʦ 2050 ʨ. ʥʘʩʝʣʝʥʥʷ ʟʨʦʩʪʝ ʥʘ 30%. 
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ʉʧʘʣʘʭʠ ʽʥʬʝʢʮʽʡʥʠʭ ʭʚʦʨʦʙ ʪʘ ʧʘʥʜʝʤʽʷ COVID-19 ʟʦʢʨʝʤʘ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʩʝʨʡʦʟʥʠʤ ʚʠʢʣʠʢʦʤ ʚ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʟʜʦʨʦʚôʷ. ʉʪʘʥʦʤ ʥʘ 8 ʚʝʨʝʩʥʷ 

2020 ʨ., ʟʘ ʜʘʥʠʤʠ ʋʥʽʚʝʨʩʠʪʝʪʫ ɼʞʦʥʘ ʍʦʧʢʽʥʩʘ, ʚ ʩʚʽʪʽ ʙʫʣʦ ʽʥʬʽʢʦʚʘʥʦ 

ʢʦʨʦʥʘʚʽʨʫʩʥʦʶ ʭʚʦʨʦʙʦʶ ʧʦʥʘʜ 27 ʤʣʥ. ʦʩʽʙ, ʪʘ ʟʘʬʽʢʩʦʚʘʥʦ ʧʦʥʘʜ 890 ʪʠʩ. 

ʣʝʪʘʣʴʥʠʭ ʚʠʧʘʜʢʽʚ. ɿʘ ʜʘʥʠʤʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʩʣʫʞʙʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʋʢʨʘʾʥʠ 

(ʅʉɿʋ), ʚ ʋʢʨʘʾʥʽ ʙʫʣʦ ʽʥʬʽʢʦʚʘʥʦ ʧʦʥʘʜ 140 ʪʠʩ. ʦʩʽʙ ʽ ʟʘʬʽʢʩʦʚʘʥʦ ʧʦʥʘʜ 3 ʪʠʩ. 

ʣʝʪʘʣʴʥʠʭ ʚʠʧʘʜʢ̔ʚ. 

ɿʚʦʨʦʪʥʦʶ ʩʪʦʨʦʥʦʶ ʚʠʢʣʠʢʽʚ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʦʩʪʽ: ʥʘ ʩʴʦʛʦʜʥʽ ʪʘʢʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʻ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʥʘʡʢʨʘʱʽ 

ʧʨʘʢʪʠʢʠ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʥʘ ʦcʥʦʚʽ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʠʢ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ (data driven decision making) ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʇʨʠ ʮʴʦʤʫ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʤʘ̒ ʧʝʨʝʜʙʘʯʘʪʠ ʚʟʘʻʤʦʚʧʣʠʚ ʨʽʰʝʥʴ ʚ ʩʬʝʨʽ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʪʘ ʨʽh ʝʥʴ ʱʦʜʦ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ: 

ʥʘʧʨʠʢʣʘʜ, ʧʦʜʦʣʘʥʥʷ ʩʴʦʛʦʜʥʽʰʥʭ̔ ʥʘʩʣʽʜʢʽʚ COVID-19 ʰʣʷʭʦʤ ʩʫʪʪʻʚʦʛʦ 

ʧʦʤôʷʢʰʝʥʥʷ ʤʦʥʝʪʘʨʥʦʾ ʧʦʣʽʪʠʢʠ ʤʦʞʝ ʚʝʩʪʠ ʜʦ ʟʨʦʩʪʘʥʥʷ ʙʦʨʛʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʘʡʙʫʪʥ̔ ʧʦʢʦʣʽʥʥʷ. 

ɼʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʤʦʞʣʠʚʦ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʷʢʝ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʧʦʪʫʞʥʠʡ 

ʬʫʥʢʮʽʦʥʘʣ. ɽʚʦʣʶʮʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) 

ʩʧʽʣʴʥʦʪʘʤʠ ʝʥʪʫʟʽʘʩʪʽʚ ʩʦʮ̔ʘʣʴʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʽʥʩʪʠʪʫʮʽʡ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ ʥʘ 

ʩʴʦʛʦʜʥʽ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧʥʽʩʪʴ ʨʦʟʨʦʙʦʢ ʟ ʚʽʜʢʨʠʪʠʤ ʜʦʩʪʫʧʦʤ ʽ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʡ̔, ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʈʦʟʨʦʙʢʠ ʇɿ ʚ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚôʷ ʥʝ ʻ ʚʠʥʷʪʢʦʤ. 

ɺʽʜʥʦʩʥʦ ʰʠʨʦʢʝ ʢʦʣʦ ʇɿ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʩʧʦʯʘʪʢʫ  ʨʦʟʨʦʙʣʷʣʦʩʷ 

ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʠʤʠ ʽʥʩʪʠʪʫʮʽʷʤʠ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʣʫʞʙʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ, ʘ ʜʘʣ̔ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʜʣʷ ʰʠʨʦʢʦʾ ʛʨʦʤʘʜʩʴʢʦʩʪʽ. ɿʘʛʘʣʦʤ ʜʘʥʝ 

ʇɿ ʙʫʣʦ ʘʜʘʧʪʦʚʘʥʦ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʟʦʩʝʨʝʜʞʫʶʯʠʩʴ ʥʘ ʚʠʢʣʠʢʘʭ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʘʜʘʧʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ʇɿ ʛʨʫʧʠ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦʶ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʪʘ ʟʨʫʯʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʚʫʟʴʢʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ. 

ʉʪʦʭʘʩʪʠʯʥʽ ʤʦʜʝʣʽ ʥʘʜʘʶʪʴ ʙʽʣʴʰʝ ʬʫʥʢʮʽʦʥʘʣʫ, ʧʨʦʪʝ ʜʝʱʦ ʚʪʨʘʯʘʶʪʴ ʚ 

ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʜʘʶʪʴ ʘʛʝʥʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʽ ʤʦʜʝʣ̔, ʘʣʝ ʾʭ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʧʦʪʨʝʙʫʻ ʚʦʣʦʜʽʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʘʚʠʯʢʘʤʠ ʥʘʧʠʩʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ. ɼʦʩʠʪʴ ʧʦʪʫʞʥʦʶ ʻ 

ʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ Indemics (Interactive Epidemic Simulation), ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ. ɺ ʨʦʙʦʪʽ [6] ʟʜʽʡʩʥʝʥʦ ʦʛʣʷʜ ʧʝʨʩʧʝʢʪʠʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʛʦ ʇɿ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʝʧʜ̔ʝʤʽʦʣʦʛʽʯʥʠʭ ʪʨʝʥʜʽʚ. 

ʈʦʟʛʣʷʥʫʪʦ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ, ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʤʦʞʣʠʚʽ ʘʩʧʝʢʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʇɿ. 

ʊʝʭʥʦʣʦʛʽʾ, ʱʦ ʻ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʟʘʩʪʦʩʫʚʘʥʴ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʤʘʁʪʴ ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʪʨʝʥʜʠ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʟʘʢʦʥʦʤ ʄʫʨʘ, ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʦʨʘ 

ʧʦʜʚʦʶʚʘʣʘʩʷ ʢʦʞʥʽ ʧʽʚʪʦʨʘ ʨʦʢʠ ʚ ʤʠʥʫʣʦʤʫ ʩʪʦʣʽʪʪʽ. ɿʘʟʥʘʯʝʥʽ ʪʨʝʥʜʠ ʚʘʞʣʠʚʽ 

ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʧʨʦʤʦʞʥʦʩʪʝʡ ʤʘʡʙʫʪʥʽʭ ʦʙʯʠʩʣ ʚʁʘʣʴʥʠʭ 

ʩʠʩʪʝʤ, ʷʢʽ ʧʨʦʝʢʪʫʶʪʴʩʷ ʪʘ ʧʨʦʛʨʘʤʫʶʪʴʩʷ. ɿ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʢʦʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʚʽʨʢʠ ʽ ʧʝʨʝʛʣʷʜʫ, ʚʨʘʭʦʚʫʶʯʠ ʥʦʚʽʪʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟʙʦʨʫ ʡ 

ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ [7]. 
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1.5 ʈʽʚʥʦʚʘʞʥʽ ʽʥʚʝʩʪʠʮʽʾ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ ʤʝʨʝʞʽ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ 

 

ʊʝʦʨʝʪʠʢʦ-ʽʛʨʦʚʘ ʤʦʜʝʣʴ ʄʃʇ ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʨʦʟʜʨʽʙʥʠʭ ʪʦʨʛʽʚʮʽʚ mi ,,12=  ʽ ʨʠʥʢʽʚ ʧʦʧʠʪʫ nj ,,12= . ʈʦʟʜʨʽʙʥʠʤʠ 

ʪʦʨʛʽʚʮʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʜʘʚʮ̔ ʩʧʦʞʠʚʯʠʭ ʪʦʚʘʨʽʚ, ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʙʦ 

ʬʽʥʘʥʩʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʉʫʪʪʻʚʦ, ʱʦʙ ʪʘʢʽ ʪʦʨʛʽʚʮʽ ʧʨʘʮʶʚʘʣʠ ʚ ʦʜʥʽʡ ʛʘʣʫʟʽ ʪʘ 

ʩʚʦʾʤʠ ʨʽʰʝʥʥʷʤʠ ʤʦʛʣʠ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʰʝʥʥ̫ ʽʥʰʠʭ ʪʦʨʛʽʚʮʽʚ ʛʘʣʫʟʽ ʩʪʦʩʦʚʥʦ 

ʦʙʩʷʛʫ ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʨʽʚʥʷ ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ. ʇʨʠ ʮɹʦʤʫ ʚʘʞʣʠʚʦ ʚʽʨʥʦ 

ʦʮʽʥʶʚʘʪʠ ʽʥʚʝʩʪʠʮʽʾ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʬʦʨʤʫʶʯʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʧʨʘʚʞʥʶ ʮʽʥʥʽʩʪʴ 

ʘʢʪʠʚʽʚ ʽʥʪʝʣʝʢʪʫʘʣɹʥʦʾ ʚʣʘʩʥʦʩʪʽ. 

ʈʦʟʜʨʽʙʥʽ ʪʦʨʛʽʚʮʽ ʽ ʨʠʥʢʠ ʟʙʫʪʫ ʬʦʨʤʫʶʪʴ ʜʚʦʯʘʩʪʠʥʥʫ ʩʪʨʫʢʪʫʨʫ ʄʃʇ. 

ʉʧʦʯʘʪʢʫ ʚʠʟʥʘʯʠʤʦ ʦʙʤʝʞʝʥʥʷ ʢʦʞʥʦʛʦ ʨʦʟʜʨ̔ʙʥʦʛʦ ʪʦʨʛʽʚʮ̫, ʘ ʧʦʪʽʤ ï ʡʦʛʦ 

ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ. ʇʦʧʠʪ 
jd  ʥʘ ʧʨʦʜʫʢʪ ʥʘ ʨʠʥʢʫ ʟʙʫʪʫ j  ʤʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʨʽʚʥʷʥʥʶ ʟʙʝʨʝʞʝʥʥʷ ʧʦʪʦʢʫ 

ä
=

=
m

i

ijj Qd
1

, nj ,,12= ,      (1.5) 

ʜʝ 
ijQ  ï ʥʝʚʽʜôʻʤʥʠʡ ʦʙʩʷʛ ʧʨʦʜʫʢʪʫ ʫ ʪʨʘʥʩʘʢʮʽʾ ʤʽʞ ʨʦʟʜʨʽʙʥʠʤ ʪʦʨʛʽʚʮʝʤ i  ʪʘ 

ʩʧʦʞʠʚʘʯʘʤʠ ʨʠʥʢʫ ʟʙʫʪʫ j, ʦʙʤʝʞʝʥʠʡ ʟʚʝʨʭʫ ʟʘʜʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ijQ : 

ijij QQ ¢¢0 .       (1.6) 

ʅʘ ʚʽʜʤʽʥʫ ʚ̔ʜ ʤʦʜʝʣʽ [120], ʪʫʪ ʢʦʞʥʠʡ ʪʦʨʛʽʚʝʮʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʻʶ 

ʤʝʞʝʶ ijQ . ʅʝʚʽʜôʻʤʥʠʡ ʨʽʚʝʥʴ is  ʢʽʙʝʨʙʝʟʧʝʢʠ ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ i  ʦʙʤʝʞʝʥʠʡ 

ʟʚʝʨʭʫ ʟʘʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤ siu : 

10 <¢¢ sii us ,      (1.7) 

ʜʝ 1=is  ʚ̔ ʜʧʦʚʽʜʘʻ ʧʦʚʥʽʡ ʙʝʟʧʝʮʽ (ʷʢʘ ʤʦʞʝ ʥʝ ʜʦʩʷʛʘʪʠʩʷ), ʘ 0=is  ï ʚʽʜʩʫʪʥʦʩʪʽ 

ʙʝʟʧʝʢʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʦʜʝʣʽ [120], ʪʫʪ ʢʦʞʥʠʡ ʪʦʨʛʽʚʝʮʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʾʤ 

ʟʥʘʯʝʥʥʷʤ 1<siu . 
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ʅʘʙʫʪʪʷ ʨʽʚʥʷ is  ʙʝʟʧʝʢʠ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʬʫʥʢʮʽʻʶ )( ii sh  ʽʥʚʝʩʪʠʮʽʡʥʠʭ 

ʚʠʪʨʘʪ, ʷʢʘ ʧʨʠʧʫʩʢʘʻʪʴʩʷ ʥʝʧʝʨʝʨʚʥʦ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʶ ʡ ʦʧʫʢʣʦʶ. ʊʦʜʽ ʜʣʷ 

ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ i  ʧʦʚʥʘ ʙʝʟʧʝʢʘ ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʥ̔ʚʝʩʪʠʮʽʷʤ ¤=)1(ih , ʘ 

ʚʜ̔ʩʫʪʥʽʩʪʴ ʙʝʟʧʝʢʠ ï ʡʦʛʦ ʽʥʚʝʩʪʠʮʽʷʤ 0)0( =ih . ʊʘʢʦʶ ʬʫʥʢʮʽʻʶ ʻ, ʥʘʧʨʠʢʣʘʜ, 

ʥʝʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ 

]1)1[()( 5.0 --= -

iiii ssh a ,     (1.8) 

ʜʝ ʤʥʦʞʥʠʢ ia ʜʦʟʚʦʣʷʻ ʨʦʟʨʽʟʥʷʪʠ ʤʘʩʰʪʘʙʠ ʽ ʧʦʪʨʝʙʠ ʨʦʟʜʨʽʙʥʠʭ ʪʦʨʛʽʚʮʽʚ 

[120ï122]. ʋ ʤʦʜʝʣʷʭ [120ï122] ʬʫʥʢʮʽʾ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʚʠʪʨʘʪ ʥʘ ʢʽʙʝʨʙʝʟʧʝʢʫ 

ʚʭʦʜʠʣʠ ʣʠʰʝ ʚ ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʾ ʦʩʽʙ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ (ʆʇʈ), ʘʣʝ ʥʝ 

ʚʭʦʜʠʣʠ ʫ ʙʶʜʞʝʪʥʽ ʦʙʤʝʞʝʥʥʷ. 

ʅʝʭʘʡ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ mi ,,12=  ʡʦʛʦ ʙʶʜʞʝʪ (budget) ʥʘ 

ʽʥʚʝʩʪʠʮʽʾ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ ʦʙʤʝʞʝʥʠʡ ʟʚʝʨʭʫ ʟʘʜʘʥʦʶ ʚʝʣʠʯʠʥʦʶ iB : 

iii Bsh ¢)( .       (1.9) 

ʅʝʭʘʡ, ʡʤʦʚʽʨʥʽʩʪʴ ʫʩʧʽʰʥʦʾ ʢʽʙʝʨʘʪʘʢʠ ʥʘ ʨʦʟʜʨ̔ʙʥʦʛʦ ʪʦʨʛʽʚʮʷ i  ʩʪʘʥʦʚʠʪʴ 

)1)(1( ssp ii --= ,      (1.10) 

ʜʝ ä
=

=
m

k

ks
m

s
1

1
 ï ʨʽʚʝʥʴ ʢʽʙʝʨʙʝʟʧʝʢʠ ʄʃʇ, sv -=1  ï ʨʽʚʝʥʴ ʚʨʘʟʣʠʚʦʩʪʽ  ʄʃʇ, 

ii sv -=1  ï ʨʽʚʝʥʴ ʚʨʘʟʣʠʚʦʩʪʽ ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮ̫ i. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʧ̔ʚʚʽʜʥʦʰʝʥʥʷ (1.5) ʚʠʟʥʘʯʠʤʦ ʬʫʥʢʮʽʶ ʮʽʥʠ ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʪ ʥʘ ʨʠʥʢʫ j  

),(),(Ĕ sdsQ jj rr = , 

ʜʝ mnRQ +Í  ï ʤʘʪʨʠʮʷ ʪʨʘʥʩʘʢʮʽʡ ijQ  ʥʘ ʚʩʽʭ n  ʨʠʥʢʘʭ ʟʙʫʪʫ ʚʩʽʭ m ʨʦʟʜʨʽʙʥʠʭ 

ʪʦʨʛʽʚʮʽʚ, nRd +Í  ï ʚʝʢʪʦʨ ʦʙʩʷʛʽʚ jd  ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʪ ʥʘ ʚʩʽʭ n  ʨʠʥʢʘʭ ʟʙʫʪʫ, 

mRs +Í  ï ʚʝʢʪʦʨ ʨʽʚʥʽʚ is  ʙʝʟʧʝʢʠ ʚʩʽʭ m ʨʦʟʜʨʽʙʥʠʭ ʪʦʨʛ̔ʚʮʽʚ. ʉʧʦʞʠʚʯʽ ʧʝʨʝʚʘʛʠ 

ʱʦʜʦ ʧʨʦʜʫʢʪʫ ʚʠʨʘʞʘʶʪʴʩʷ ʦʙʩʷʛʘʤʠ ʧʦʧʠʪʫ, ʘ ʪʘʢʦʞ ʙʝʟʧʝʢʦʶ ʚʽʜʧʦʚʽʜʥʦʾ 

ʄʃʇ: ʤʘʙʫʪʴ, ʩʧʦʞʠʚʘʯʽ ʛʦʪʦʚʽ ʧʣʘʪʠʪʠ ʟʘ ʚʠʱʫ ʤʝʨʝʞʝʚʫ ʙʝʟʧʝʢʫ, ʘʣʝ ʪʘʢʘ 

ʛʦʪʦʚʥʽʩʪ ɹ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʁ ʜʣʷ ʨʽʟʥʠʭ ʩʧʦʞʠʚʘʯʽʚ. ɼʦ ʪʦʛʦ ʞ, ʽʩʥʫʻ 
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ʽʥʬʦʨʤʘʮʽʡʥʘ ʘʩʠʤʝʪʨ̔ʷ ʤʽʞ ʨʦʟʜʨʽʙʥʠʤʠ ʪʦʨʛʽʚʮʷʤʠ ʪʘ ʩʧʦʞʠʚʘʯʘʤʠ [123] (ʘʚʪʦʨ 

ʨʦʙʦʪʠ [123] ï ʅʦʙʝʣʽʚʩʴʢʠʡ ʣʘʫʨʝʘʪ 2001 ʨ.): ʢʦʞʥʠʡ ʨʦʟʜʨʽʙʥʠʡ ʪʦʨʛʽʚʝʮʴ i  ʟʥʘʻ 

ʩʚʦʾ ʽʥʚʝʩʪʠʮʽʾ )( ii sh  ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʘ ʢʦʞʥʠʡ ʩʧʦʞʠʚʘʯ ʫ̫ʚʣʷʻ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥɹ s  

ʢʽʙʝʨʙʝʟʧʝʢʠ. 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʽʙʝʨʘʪʘʢʠ ʪʘ ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʧʨʠʙʫʪʦʢ ʨʦʟʜʨʽʙʥʦʛʦ 

ʪʦʨʛʽʚʮʷ i  ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʡʦʛʦ ʚʠʨʫʯʢʦʶ ʪʘ ʚʠʪʨʘʪʘʤʠ 

( )öö
÷

õ

æ
æ

ç

å
+-= äää

===

n

j

ijij

n

j

iji

n

j

jiji QcQcsQQsQf
111

),(Ĕ),( r ,   (1.11) 

ʜʝ ic  ï ʚʠʪʨʘʪʠ ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ i, ʧʦʚôʷʟʘʥʽ ʟ ʧʦʚʦʜʞʝʥʥʷʤ ʪʘ ʦʙʨʦʙʢʦʶ 

ʧʨʦʜʫʢʪʫ, )( ijij Qc  ï ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʪʨʘʥʩʘʢʮʽʻʶ ʤʽʞ ʨʦʟʜʨʽʙʥʠʤ ʪʦʨʛʽʚʮʝʤ i  

ʪʘ ʨʠʥʢʦʤ ʟʙʫʪʫ j . 

ɺʨʘʭʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 1.10, ʦʯʽʢʫʚʘʥʘ ʬʥ̔ʘʥʩʦʚʘ ʰʢʦʜʘ ʨʦʟʜʨʽʙʥʦʛʦ 

ʪʦʨʛʽʚʮʷ i  ʚʽʜ ʢʽʙʝʨʘʪʘʢʠ ʩʪʘʥʦʚʠʪʴ 

iii DpDE =)( ,     (1.12) 

ʜʝ iD<0  ï ʬ̔ ʥʘʥʩʦʚʘ ʰʢʦʜʘ, ʷʢʫ ʟʘʟʥʘʻ ʨʦʟʜʨʽʙʥʠʡ ʪʦʨʛʦʚʝʮʴ i  ʧʨʠ ʫʩʧʽʰʥʽʡ 

ʢʽʙʝʨʘʪʘʮʽ. 

ʊʦʜʽ, ʚʨʘʭʦʚʫʯʁʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 1.10 ï 1.12, ʩʧʦʜʽʚʘʥʘ ʢʦʨʠʩʥʽʩʪʴ 

ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ i  ʩʪʘʥʦʚʠʪʴ 

--+-= ]),([),()1()( iiiiii DsQfpsQfpUE  

=- )( ii sh )(),( iiiii shDpsQf -- ,   (1.13) 

ʜʝ )( ii sh  ï ʥ̔ʚʝʩʪʠʮʽʡʥʽ ʚʠʪʨʘʪʠ ʮʴʦʛʦ ʪʦʨʛʦʚʮʷ ʥʘ ʢʽʙʝʨʙʝʟʧʝʢʫ. ɺʨʘʭʦʚʫʶʯʠ 

ʥʝʨʽʚʥʦʩʪʽ (1.6), (1.7), (1.9), ʜʦʧʫʩʪʠʤʫ ʤʥʦʞʠʥʫ ʜʣʷ ʪʦʨʛʦʚʮʷ i  ʧʦʟʥʘʯʠʤʦ 

jQQsQK ijijiii "¢¢¹ 0:),{( ; sii us ¢¢0 ; })( iii Bsh ¢ .  (1.14) 

ɺʚʘʞʘʻʤʦ, ʱʦ ʚʩʽ ʨʦʟʜʨʽʙʥʽ ʪʦʨʛʽʚʮʽ ʥʝʢʦʦʧʝʨʘʪʠʚʥʦ ʢʦʥʢʫʨʫʶʪʴ ʫ ʧʦʩʪʘʯʘʥʥʽ 

ʦʜʥʦʨʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ (ʧʨʦʜʫʢʪ ʤʦʞʝ ʙʫʪʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʤ [124]), ʘ ʢʦʞʥʠʡ ʟ 

ʥʠʭ ʤʘʢʩʠʤʽʟʫʻ ʩʚʦʶ ʩʧʦʜʽʚʘʥʫ ʢʦʨʠʩʥʽʩʪʴ, ʦʙʠʨʘʶʯʠ ʩʚʦʾ ʟʥʘʯʝʥʥ̫  
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iQ ),,( 1 ini QQ 2= , is. ɹʘʞʘʥʦ ʟʥʘʡʪʠ ʪʘʢʠʡ ʥʘʙʽʨ ʟʥʘʯʝʥʴ Ô
=

¹Í
m

i

iKKsQ
1

** ),( , ʧʨʠ 

ʷʢʠʭ m ʨʦʟʜʨʽʙʥʠʭ ʪʦʨʛʽʚʮʽʚ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʫ ʩʝʥʩʽ ʂʫʨʥʦïʅʝʰʘ. 

ʃʘʫʨʝʘʪ ʅʦʙʝʣʽʚʩʢɹʦ ʾʧʨʝʤʽʾ 1994 ʨ. ʅʝʰ ʫʟʘʛʘʣʴʥʠʚ ʧʦʥʷʪʪʷ ʨʽʚʥʦʚʘʛʠ ʂʫʨʥʦ ʥʘ 

ʢʽʣʴʢʦʭ ʛʨʘʚʮʽʚ (ʆʇʈ), ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʜʽʻ ʚʠʢʣʶʯʥʦ ʫ ʩʚʦʾʭ ʚʣʘʩʥʠʭ ʽʥʪʝʨʝʩʘʭ, 

ʪʦʙʪʦ ʥʝʢʦʦʧʝʨʘʪʠʚʥʦ. 

ʅʘʙʽʨ ʟʥʘʯʝʥʴ KsQ Í),( **  ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʦʚʘʛʦʶ ʅʝʰʘ ʜʣʷ ʄʃʇ, ʷʢʱʦ ʜʣʷ 

ʢʦʞʥʦʛʦ ʨʦʟʜʨʙ̔ʥʦʛʦ ʪʦʨʛʽʚʮʷ mi ,,12=  ʤʘʻ ʤʽʩʮʝ " iii KsQ Í),(  ʥʝʨʽʚʥʽʩʪʴ 

,,,,,,,(()),(( **

1

*

1

*

1

**

miiiii QQQQQUEsQUE 22 +-² )),,,,,, **

1

*

1

*

1 miii sssss 22 +- ,  (1.15) 

ʪʦʙʪʦ ʙʫʜʴ-ʷʢʠʡ ʨʦʟʜʨʽʙʥʠʡ ʪʦʨʛʽʚʝʮʴ i  ʥʝ ʤʦʞʝ ʚ ʦʜʥʦʩʪʦʨʦʥʥʴʦʤʫ ʧʦʨʷʜʢʫ 

ʟʙʽʣʴʰʠʪʠ ʩʚ̔ʡ ʦʯʽʢʫʚʘʥʠʡ ʧʨʠʙʫʪʦʢ ʧʦʨʽʚʥʷʥʦ ʟ ʨʽʚʥʦʚʘʛʦʶ ʅʝʰʘ, ʦʙʠʨʘʯʁʠ ʩʚʦʾ 

ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ iQ , is . 

ʑʦʙ ʥʝʨʽʚʥʦʩʪʽ (1.15) ʟʚʝʩʪʠ ʜʦ ʚʘʨʽʘʮʽʡʥʦ ʾʥʝʨʽʚʥʦʩʪʽ, ʩʧʦʯʘʪʢʫ ʜʦʚʝʜʝʤʦ, 

ʱʦ ʜʦʧʫʩʪʠʤʘ ʤʥʦʞʠʥʘ K  ʦʧʫʢʣʘ. ɺ ʩʠʣʫ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (1.8) ʽ (1.9) ʮʷ ʤʥʦʞʠʥʘ 

ʤ̔ ʩʪʠʪʴ ʥʝʣʽʥʽʡʥʽ ʦʙʤʝʞʝʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʦʧʫʩʪʠʤʦʾ ʤʥʦʞʠʥʠ ʙʘʛʘʪʴʦʭ 

ʤʝʨʝʞʝʚʠʭ ʨʽʚʥʦʚʘʞʥʠʭ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷʤ ʤʝʨʝʞ ʤʽʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʯʘʥʥʷ ʯʠ ʬʽʥʘʥʩʦʚʠʤʠ ʧʦʩʣʫʛʘʤʠ [125ï127]. 

ʃʝʤʘ 1. ʗʢʱʦ )( ii sh  ï ʦʧʫʢʣʘ ʬʫʥʢʮʽʷ, mi ,,12= , ʪʦ ʜʦʧʫʩʪʠʤʘ ʤʥʦʞʠʥʘ K  

ʪʝʞ ʦʧʫʢʣʘ. 

ɼʦʚʝʜʝʤʦ ʩʧʦʯʘʪʢʫ ʦʧʫʢʣʽʩʪʴ ʤʥʦʞʠʥʠ :{ RsK ii Í¹ })( iii Bsh ¢ . 

ʉʧʨʘʚʜʽ, ʜʣ ̫ 1

is , ii Ks Í2 , ]1,0[Íl  ʤʘʻʤʦ ²¢ iii Bsh )( 1 )( 2

ii sh , ʟʚʽʜʢʠ ʚ ʩʠʣʫ 

ʦʧʫʢʣʦʩʪʽ )( ii sh  ʚʠʧʣʠʚʘʻ  

¢-+ ])1([ 21

iii ssh ll iiiiiii BBBshsh =-+¢-+ )1()()1()( 21 llll , 

ʪʦʙʪʦ iii Kss Í-+ 21 )1( ll . 
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ʆʩʢʽʣʴʢʠ ʤʥʦʞʠʥʘ iK   ̒ ʧʝʨʝʪʠʥʦʤ ʦʧʫʢʣʠʭ ʤʥʦʞʠʥʠ 
iK , ʤʦʞʠʥʠ 

ʜʚʦʩʪʨʦʥʥʥʽʭ ʦʙʤʝʞʝʥʴ (1.7) ʽ ʤʥʦʞʠʥʠ ʜʚʦʩʪʦʨʦʥʥʽʭ ʦʙʤʝʞʝʥʴ (1.6), ʪʦ ʻ ʦʧʫʢʣʦʶ. 

ʊʦʜ̔ ʜʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ ʦʧʫʢʣʠʭ ʤʥʦʞʠʥ Ô
=

¹
m

i

iKK
1

 ʪʘʢʦʞ ʻ ʦʧʫʢʣʦʶ ʤʥʦʞʠʥʦʶ. 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʬʫʥʢʮʽʾ )( ii sh  ʥ̔ʚʝʩʪʠʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʬʦʨʤʫʣʦʶ (1.5), ʟʘ ʫʤʦʚʠ (1.7) ʤʘʶʪʴ ʤʽʩʮʝ ʥʝʨʽʚʥʦʩʪʽ 

( ) 01
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)]1()1(5.0[
)( 5.115.0 <-=-³--=
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µ ---

i
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ii ss
s

sh a
a ,      
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µ ---
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ii ss
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sh aa
,   (1.16)  

ʪʦ ʮʷ ʬʫʥʢʮʽʷ ʦʧʫʢʣʘ. 

ʊʝʦʨʝʤʘ 1. ʇʨʠʧʫʩʪʠʤʦ, ʫ ʢʦʞʥʦʛʦ ʨʦʟʜʨʽʙʥʦʛʦ ʪʦʨʛʽʚʮʷ mi ,,12=  ʩʧʦʜʽʚʘʥʘ 

ʢʦʨʠʩʥʽʩʪʴ ʥʝʧʝʨʝʨʚʥʦ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʡ ʫʚʽʛʥʫʪʘ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʠʭ iQ , is. ʊʦʜʽ 

ʨʽʚʥʽ ʪʨʘʥʩʘʢʮʽʡ ʧʨʦʜʫʢʪʫ ʽ ʙʝʟʧʝʢʠ KsQ Í),( **  ʻ ʨ̔ʚʥʦʚʘʞʥʠʤʠ ʟʘ ʅʝʰʝʤ ʜʣʷ 

ʄʃʇ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʚʘʨʽʘʮʽʡʥʘ ʥʝʨʽʚʥʽʩʪʴ 
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ʜʝ ʚ ʩʠʣʫ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (1.10), (1.11), (1.13) ʤʘʶʪʴ ʤʽʩʮʝ ʨʽʚʥʦʩʪʽ 
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ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʦʧʫʢʣʽʩʪʶ ʜʦʧʫʩʪʠʤʦʾ ʤʥʦʞʠʥʠ K  ʟʘ ʣʝʤʦʶ 1. ɿʘ ʫʤʦʚ 

ʪʝʦʨʝʤʠ 1 ʨʦʟʚô̫ʟʘʥʥʷ ʟʘʜʘʯ ̔ʨʽʚʥʦʚʘʛʠ ʅʝʰʘ ʨʽʚʥʦʩʠʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʶ ʚʽʜʧʦʚʽʜʥʦ ʾ

ʚʘʨʽʘʮʽʡʥʦʾ ʥʝʨʽʚʥʦʩʪʽ [128]. ʇʝʨʝʧʠʰʝʤʦ ʚʘʨʽʘʮʽʡʥʫ ʥʝʨʽʚʥʽʩʪʴ (1.15) ʫ 

ʩʪʘʥʜʘʨʪʥʽʡ ʬʦʨʤʽ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ 

0),( ** ²-XXXF KÍ"X ,     (1.18) 

ʜʝ nRF ­K:  ï ʜʝʷʢʘ ʟʘʜʘʥʘ ʥʝʧʝʨʝʨʚʥʘ ʬʫʥʢʮʽʷ, K ï ʟʘʤʢʥʫʪʘ ʦʧʫʢʣʘ ʤʥʦʞʠʥʘ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʠʤʦ ʚʝʢʪʦʨ-ʩʪʦʚʧʮʽ ),( sQX =  ʪʘ ))(),(()( 21 XFXFXF =  

ʚʠʤʽʨʥʦʩʪʽ )( mnm + , ʱʦ ʧʨʠ KX =KÍ  ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʽʚʥʷʥʥʷʤ 

)(
)),(( 1

**

XF
Q

sQUE
ij

ij

i =
µ

µ
, )(

)),(( 2

**

XF
s

sQUE
i

i

i =
µ

µ
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ʊʘʢ ̔ ʨʽʚʥʷʥʥʷ ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ, ʢʦʣʠ ʦʧʝʨʘʪʦʨ )(XF  ʤʘʻ ʚʣʘʩʪʠʚʦʩʪ̔ 

ʧʦʪʝʥʮʽʡʥʦʩʪʽ [129]. 

ɿʘ ʫʤʦʚ (1.16) ʪʘ 
iji QB =¤= , 1¢isu  [120] ʟʘʜʘʯʘ (1.17) ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʜʽʙʥʦʾ  

ʟʘʜʘʯʽ [120], ʱʦ ʤʘʻ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʫ ʜʦʧʫʩʪʠʤʫ ʤʥʦʞʠʥʫ. 

ʊʝʦʨʝʤʘ 2. ɺʘʨʽʘʮʽʡʥʘ ʥʝʨʽʚʥʽʩʪʴ (1.18) ʤʘʻ ʨʦʟʚôʷʟʦʢ =*X KsQ Í),( ** . 

ɼʽʡʩʥʦ, ʚʘʨʽʘʮʽʡʥʘ ʥʝʨʽʚʥʽʩʪʴ (1.18) ʤʘʻ ʨʦʟʚôʷʟʦʢ, ʷʢʱʦ ʬʫʥʢʮʽʷ )(XF  

ʥʝʧʝʨʝʨʚʥʘ, ʘ ʜʦʧʫʩʪʠʤʘ ʤʥʦʞʠʥʘ K ʢʦʤʧʘʢʪʥʘ [130]. 

ʊʝʦʨʝʤʘ 3. ɺʘʨʽʘʮʽʡʥʘ ʥʝʨʽʚʥʽʩʪʴ (1.18) ʤʘʻ ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ =*X KsQ Í),( ** . 

ɼʦʩʪʘʪʥʴʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʬʫʥʢʮʽʷ )(XF  ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʘ ʥʘ K [130]: 
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0),()( 2121 >-- XXXFXF KÍ" 21, XX , 21 XX ¸ . 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʬʫʥʢʮʽʷ )(XF   ̒ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʦʶ ʥʘ K, ʷʢʱʦ ʾʾ ʷʢʦʙʽʘʥ 

)(XFÐ  ʻ ʧʦʟʠʪʠʚʥʦ ʚʠʟʥʘʯʝʥʠʤ ʥʘ K. 

ʆʩʢʽʣʴʢʠ ʥʝʣʽʥʽʡʥʽ ʦʙʤʝʞʝʥʥʷ 1.9 ʫ ʜʦʧʫʩʪʠʤʽʡ ʤʥʦʞʠʥʽ K  ʤʦʞʫʪʴ 

ʫʩʢʣʘʜʥʶʚʘʪʠ ʯʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʚʘʨʽʘʮʽʡʥʦʾ ʥʝʨʽʚʥʦʩʪʽ 1.17, ʪʦ ʚʠʚʝʜʝʤʦ 

ʘʣʪɹʝʨʥʘʪʠʚʥʫ ʚʘʨʽʘʮʽʡʥʫ ʥʝʨʽʚʥʽʩʪʴ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʥʦʞʥʠʢ ʃʘʛʨʘʥʞʘ 0²il  

ʜʣʷ ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʦʙʤʝʞʝʥʥʷ. ʇʦʟʥʘʯʠʤʦ mR+Íl  ʚʝʢʪʦʨ ʫʩʽʭ ʮʠʭ ʤʥʦʞʥʠʢʽʚ. 

ʊʦʜʽ ʟʘʤʽʩʪʴ ʜʦʧʫʩʪʠʤʦʾ ʤʥʦʞʠʥʠ (1.14) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʤʥʦʞʠʥʫ 

jQQsQ ijijiii "¢¢¹K 0:),{(1 ; }0 sii us ¢¢ , 

ʘ ʟʘʤʩ̔ʪʴ ʤʥʦʞʠʥʠ K  ï ʤʥʦʞʠʥʫ Ô
=

+ K³=K
m

i

i

mR
1

12 . 

ʊʝʦʨʝʤʘ 4. ɺʝʢʪʦʨ 2*** ),,( KÍlsQ  ʻ ʨʦʟʚôʷʟʢʦʤ ʚʘʨʽʘʮʽʡʥʦʾ ʥʝʨʽʚʥʦʩʪʽ (1.17) 

ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʻ ʨʦʟʚôʷʟʢʦʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʚʘʨʽʘʮʽʡʥʦʾ ʥʝʨʽʚʥʦʩʪʽ 
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" 2),,( KÍlsQ , 

ʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʣʘʛʨʘʥʞʽʘʥ (Lagrangian) 

])([)),(( iiiiii BshsQUEL -+= l , iii
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʨʽʚʥʦʚʘʞʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ 

ʢʽʙʝʨʙʝʟʧʝʢʫ ʄʃʇ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʽʪʝʨʘʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʥʘ ʢʦʞʥʽʡ 

ʽʪʝʨʘʮʽʾ ʜʘʻ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʪʨʘʥʩʘʢʮʽʡ ʧʨʦʜʫʢʪʫ, ʨʽʚʥʽʚ 

ʙʝʟʧʝʢʠ ʪʘ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ, ʧʦʚôʷʟʘʥʠʭ ʟ ʙʶʜʞʝʪʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. 
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1.6 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʚʥʦʚʘʛ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ 
 

ʋ ʙʘʟʦʚʽʡ ʪʝʦʨʽʾ ʛʣʦʙʘʣʴʥʠʭ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ ʩʚʽʪʦʚʘ ʝʢʦʥʦʤʽʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʦʚʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʨʘʾʥ, ʷʢʽ ʤʘʶʪʴ ʦʜʠʥ ʚʠʨʦʙʥʠʯʠʡ ʬʘʢʪʦʨ 

(ʬʘʢʪʦʨ ʧʨʘʮʽ) ʽ ʚʠʨʦʙʣʷʶʪʴ ʦʜʠʥ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ, ʱʦ ʧʦʪʨʝʙʫʻ ʢʦʥʪʠʥʫʫʤ 

ʧʨʦʤʽʞʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʂʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʩʪʘʜʽʡ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʤʽʞʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʫ ʧʨʦʮʝʩʽ ʷʢʦʛʦ ʪʨʘʧʣʷʻʪʴʩʷ ʙʨʘʢ. ʄʦʞʥʘ 

ʜʦʚʝʩʪʠ, ʱʦ ʽʩʥʫʻ ʻʜʠʥʘ ʨʽʚʥʦʚʘʛʘ ʚʽʣʴʥʦʾ ʪʦʨʛʽʚʣʽ, ʚ ʷʢʽʡ ʢʨʘʾʥʠ ʟ ʥʠʞʯʠʤʠ 

ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʙʨʘʢʫ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʩʧʝʮʽʘʣ̔ ʟʫʶʪʴʩʷ ʥʘ ʧʽʟʥʽʰʠʭ ʩʪʘʜʽʷʭ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʉʧʠʨʘʯʁʠʩʴ ʥʘ ʮʶ ʧʨʦʩʪʫ ʪʝʦʨʝʪʠʯʥʫ ʙʘʟʫ, ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʬʦʨʤʫ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʢʨʘʾʥ. 

ʗʚʠʱʝ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʧʨʠʚʝʨʪʘʻ ʚ ʦʜʥʘʢʦʚʽʡ ʤʽʨʽ ʫʚʘʛʫ 

ʨʦʟʨʦʙʥʠʢʽʚ ʩʪʨʘʪʝʛʽʡ, ʜʽʣʦʚʠʭ ʣʽʜʝʨʽʚ, ʝʢʦʥʦʤʽʩʪʽʚ. ʄʦʞʣʠʚʽʩʪʴ ʪʨʘʥʩʢʦʨʜʦʥʥʦʾ 

ʬʨʘʛʤʝʥʪʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʚʧʣʠʚʘʻ ʥʘ ʦʙʩʷʛʠ, ʨʠʩʠ ʽ ʥʘʩʣʽʜʢʠ ʤʽʞʥʘʨʦʜʥʦʾ 

ʪʦʨʛʽʚʣʽ. ɿʘʣʠʰʘʶʪʴʩʷ ʚʽʜʢʨʠʪʠʤʠ ʧʠʪʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʚʧʣʠʚʫ ʛʣʦʙʘʣʴʥʠʭ ʽ 

ʣʦʢʘʣɹʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʥʘ ʫʯʘʩʪʴ ʨʽʟʥʠʭ ʢʨʘʾʥ ʚ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʩʘʤʦʤʫ 

ʣʘʥʮʶʛʫ ʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʟʤʽʚ ʚʧʣʠʚʫ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʥʘ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʜʝʨʞʘʚ.  

ʆʩʢʽʣʴʢʠ ʚ ʤʦʜʝʣʷʭ ʟʘʛʘʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ ʟ ʜʦʚʽʣʴʥʦʶ (ʚʝʣʠʢʦʶ) ʢʽʣʴʢʽʩʪʶ 

ʪʦʚʘʨʽʚ ʽ ʢʨʘʾʥ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʘʞʢʦ 

ʦʪʨʠʤʘʪʠ ʟʨʦʟʫʤʽʣʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʦʨʽʚʥʷʣɹ ʥʦʾ ʩʪʘʪʠʢʠ, ʪʦ ʧʦʪʨʽʙʥʘ ʧʨʦʩʪʘ ʪʝʦʨʽʷ 

ʪʦʨʛʽʚʣʽ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʽ ʜʝʷʢʽ ʽʜʝʾ ʱʦʜʦ ʽʻʨʘʨʭʽʡ 

ʫ ʤʦʜʝʣʷʭ ʯʘʩʪʢʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʟʘʢʨʠʪʦʾ ʝʢʦʥʦʤʽʢʠ. ɿʦʩʝʨʝʜʠʤʦʩʷ ʥʘ 

ʩʝʨʝʜʦʚʠʱʽ, ʚ ʷʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʦ ʻ ʧʦʩʣʽʜʦʚʥʠʤ ʽ ʤʦʞʝ ʤʽʩʪʠʪʠ ʙʨʘʢ. ʄʦʜʝʣʽ 

ʽʻʨʘʨʭʽʡ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʦ ʚʠʚʯʝʥʥʷ ʧʠʪʘʥʴ ʤʽʞʥʘʨʦʜʥʦʾ ʪʦʨʛʽʚʣʽ. ʅʘʧʨʠʢʣʘʜ, 

ʤʦʜʝʣʴ ʝʢʦʥʦʤʽʢʠ ʟʥʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʢʦʨʜʦʥʥʠʭ 

ʧʘʨʦʩʧʦʣʫʯʝʥʴ ʤʽʞ ʘʛʝʥʪʘʤʠ ʟ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʟʜʽʙʥʦʩʪʷʤʠ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʜʣʷ ʥʝʨʽʚʥʦʩʪʽ ʫ ʜʘʥʽʡ ʜʝʨʞʘʚʽ. ʅʝʨʽʚʥʽʩʪʴ ʫ ʜʝʨʞʘʚʽ ʚʥʘʩʣʽʜʦʢ ʽʻʨʘʨʭʽʡ ʧʨʠ 
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ʪʦʨʛʽʚʣʽ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʪʘʢʦʞ ʚ ʽʥʰʠʭ ʤʦʜʝʣʷʭ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʚʩʝ ʥʘʩʝʣʝʥʥʷ 

ʜʘʥʦʾ ʜʝʨʞʘʚʠ ʤʘʻ ʦʜʥʘʢʦʚʽ ʟʜʽʙʥʦʩʪʽ. 

ʅʝʭʘʡ ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʧʨʦʙʣʝʤʘ ʬʽʨʤʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʽʥʮʝʚʦʛʦ ʪʦʚʘʨʫ 

ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʥʘʥʥʽ ʚʠʨʦʙʥʠʯʠʭ ʩʪʘʜʽʡ ]1,0[Íj , ʜʝ ʙʽʣʴʰʠʡ ʽʥʜʝʢʩ ʚʽʜʧʦʚʽʜʘʻ 

ʙʽʣʴʰʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ (ʥʠʞʯʽʡ ʩʪʘʜʽʾ ʪʝʯʽʾ ʣʘʥʮʶʛʘ 

ʧʦʩʪʘʯʘʥʥʷ) [131]. ʇʦʟʥʘʯʠʤʦ )( jx  ʚʭʽʜʥʠʡ ʦʙʩʷʛ (ʚʭʽʜ) ʩʫʤʽʩʥʠʭ (ʟ ʬʽʨʤʦʶ) 

ʧʨʦʤʽʞʥʠʭ ʧʦʩʣʫʛ, ʷʢʽ ʥʘʜʘʻ ʬʽʨʤʽ ʧʦʩʪʘʯʘʣʴʥʠʢ ʥʘ ʩʪʘʜʽʾ j  (ʷʢʱʦ ʮʽ ʧʦʩʣʫʛʠ 

ʥʝʩʫʤʽʩʥʽ, ʪʦ 0)( =jx ). ʊʦʜʽ ʦʙʩʷʛ ʚʠʧʫʩʢʫ ʢʽʥʮʝʚʦʛʦ ʪʦʚʘʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ 

ʷʢʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 
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djjIjxmq ,     (1.19) 

ʜʝ q ï ʧʘʨʘʤʝʪʨ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, )1,0(Ía  ï ʧʘʨʘʤʝʪʨ ʩʠʤʝʪʨʠʯʥʦʛʦ ʩʪʫʧʝʥʷ 

ʟʘʤʽʥʠ ʩʝʨʝʜ ʚʭʦʜʽʚ ʩʪʘʜʽʡ, )( jI  ï ʽʥʜʠʢʘʪʦʨʥʘ ʬʫʥʢʮʽ,̫ ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʜʦʨʽʚʥʶʻ 1 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʚʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʩʪʘʜʽʡ ),0[ jiÍ   ̔ʜʦʨ̔ ʚʥʶʻ 0 ʚ ʨʝʰʪʽ ʚʠʧʘʜʢʽʚ. ʍʦʯʘ 

ʚʠʨʦʙʥʠʮʪʚʦ ʚʠʤʘʛʘʻ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʩʪʘʜʽʡ, ʜʦʜʘʪʥʽʩʪʴ a ʛʘʨʘʥʪʫʻ ʜʦʜʘʪʥʽʩʪʴ 

ʚʠʧʫʩʢʫ ʧʨʠ ʥʝʩʫʤʽʩʥʦʩʪʽ ʚʭʦʜʽʚ ʥʘ ʜʝʷʢʠʭ ʩʪʘʜʽʷʭ: ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ 

ʫʩʽʭ ʩʪʘʜʽʡ ʟ ʽʥʞʝʥʝʨʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʤʦʞʥʘ ʜʦʧʫʩʢʘʪʠ ʾʭ ʜʝʢ̫ʫ ʟʘʤʽʥʶʚʘʥʽʩʪʴ 

ʯʝʨʝʟ ʪʝ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʽʚ ʬʦʨʤʫʶʪʴ ʦʙʩʷʛ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʷʢʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʚʠʨʦʙʥʠʮʪʚʦ ʘʚʪʦʤʦʙʽʣʷ ʚʠʤʘʛʘ̒ ʯʦʪʠʨʠ 

ʢʦʣʝʩʘ, ʜʚʽ ʬʘʨʠ, ʦʜʥʝ ʢʝʨʤʦ ʪʦʱʦ, ʘʣʝ ʮʽʥʥʽʩʪʴ ʮʴʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ 

ʪʠʧʦʚʦ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʧʦʩʣʫʛ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʮʠʭ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʜʝ ʚʠʱʘ 

ʷʢ̔ʩʪʴ ʧʝʚʥʠʭ ʯʘʩʪʠʥ ʦʟʥʘʯʘʪʠʤʝ ʛʽʨʰʫ ʷʢʽʩʪʴ ʽʥʰʠʭ. 

ɺʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ 1.19 ʩʭʦʞʘ ʥʘ ʟʚʠʯʘʡʥʫ ʬʫʥʢʮʽʶ ʟ ʧʦʩʪʽʡʥʦʶ 

ʝʣʘʩʪʠʯʥʽʩʪʶ ʟʘʤʽʥʠ (constant elasticity of substitution, CES) ʟ ʥʝʩʢ̔ʥʯʝʥʥʦʶ 

ʢʽʣɹʢʽʩʪʶ ʚʭʦʜʽʚ, ʘʣʝ ʽʥʜʠʢʘʪʦʨʥʘ ʬʫʥʢʮʽʷ )( jI  ʧʦʨʦʜʞʫʻ, ʧʦ ʩʫʪʽ, ʧʦʩʣʽʜʦʚʥʫ 
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ʪʝʭʥʦʣʦʛʽʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʤʫ, ʱʦ ʥʠʞʯʽ ʩʪʘʜʽʾ ʪʝʯʽʾ ʻ ʤʘʨʥʠʤʠ ʧʨʠ ʥʝʚʠʢʦʥʘʥʥʽ 

ʚʠʱʠʭ ʩʪʘʜʽʡ. 

ʊʝʭʥʦʣʦʛʽʶ (1.19) ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʬʦʨʤʽ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʧʨʘʚʠʣʦ ʃʝʡʙʥʽʮʘ: 
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ʆʪʞʝ, ʛʨʘʥʠʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʠʧʫʩʢʫ, ʚʥʝʩʝʥʝ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʥʘ ʩʪʘʜʽʾ m 

ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʘʜʘʻʪʴʩʷ ʧʨʦʩʪʦʶ ʬʫʥʢʮʽʻʁ ʂʦʙʙʘïɼʫʛʣʘʩʘ, ʟʘʣʝʞʥʦʶ ʚʽʜ 

ʩʫʤʽʩʥʦʛʦ ʚʭʦʜʫ ʮʴʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʡ ʦʙʩʷʛʫ ʚʠʧʫʩʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʩʪʽ, 

ʚʠʨʦʙʣʝʥʦʛʦ ʜʦ ʮʽʻʾ ʩʪʘʜʽʾ (ʧʨʦʤʽʞʥʦʛʦ ʚʭʦʜʫ ʜʦ ʩʪʘʜʽʾ m). 

ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʷʢʽ ʤʘʢʩʠʤʽʟʫʶʪʴ ʩʚʦ ʾ

ʧʨʠʙʫʪʢʠ [132]. ɺʦʥʠ ʤʦʞʫʪʴ ʟʘʣʫʯʘʪʠʩʷ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʤʽʞʥʠʭ ʚʭʦʜʽʚ ʬʽʨʤʠ 

ʘʙʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʥʝ ʩʪʦʩʫʻʪʴʩʷ ʢʽʥʮʝʚʦʛʦ ʪʦʚʘʨʫ ʬʽʨʤʠ. ʅʝʭʘʡ 

ʢʦʞʥʦʤʫ ʧʨʦʤʽʞʥʦʤʫ ʚʭʦʜʫ (ʧʨʦʜʫʢʪʫ) ʚʟʘʻʤʥʦ ʦʜʥʦʟʥʘʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʡ 

ʧʦʩʪʘʯʘʣʴʥʠʢ, ʟ ʷʢʠʤ ʬʽʨʤʘ ʧʦʚʠʥʥʘ ʫʢʣʘʩʪʠ ʢʦʥʪʨʘʢʪ. ʂʦʞʥʠʡ ʧʦʩʪʘʯʘʣʴʥʠʢ ʤʘʻ 

ʟʜʽʡʩʥʠʪʠ ʧʝʚʥʫ ʽʥʚʝʩʪʠʮʽʶ ʫ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʫʤʽʩʥʦʛʦ ʚʭʦʜʫ. ʗʢʱʦ ʚʭʽʜ ʥʘʣʘʰʪʦʚʘʥʠʡ ʚʠʢʣʶʯʥʦ ʧʽʜ ʚʠʨʦʙʥʠʢʘ ʢʽʥʮʝʚʦʛʦ 

ʪʦʚʘʨʫ, ʪʦ ʮʽʥʥʽʩʪʴ ʮʴʦʛʦ ʚʭʦʜʫ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʦʢʫʧʮʽʚ ʨʽʚʥʘ 0. ʍʦʯʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʦʜʞʫʻ ʘʩʠʤʝʪʨʽʾ, ʚʩʽ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ (ʚʩʽʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ) ʚʚʘʞʘʻʤʦ ʩʠʤʝʪʨʠʯʥʠʤʠ ʟʘ ʛʨʘʥʠʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʽʥʚʝʩʪʠʮʽʾ, 

ʨʽʚʥʠʤʠ c: ʦʜʠʥʠʮʷ ʽʥʚʝʩʪʠʮʽʡ ʛʝʥʝʨʫʻ ʦʜʠʥʠʮʶ ʧʦʩʣʫʛ ʩʫʤʩ̔ʥʦʛʦ ʚʭʦʜʫ ʩʪʘʜʽʾ j  

ʜʣʷ ʧʦʻʜʥʘʥʥʷ ʟ ʚʭʦʜʘʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʚʠʱʠʭ ʩʪʘʜʽʡ ʪʝʯʽʾ. ʅʝʩʫʤʽʩʥʽ ʚʭʦʜʠ 

ʤʦʞʫʪʴ ʚʠʨʦʙʣʷʪʠʩʷ ʚʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ (ʚʢʣʶʯʘʶʯʠ ʬʽʨʤʫ) ʟ ʥʫʣʴʦʚʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʙʝʟ ʚʘʨʪʦʩʪʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʽʥʮʝʚʦʛʦ ʪʦʚʘʨʫ ʽ ʙʝʟ ʰʢʦʜʠ 

ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. 
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ɿ ʪʦʯʢʠ ʟʦʨʫ ʩʧʦʞʠʚʘʯʽʚ ʢʽʥʮʝʚʠʡ ʪʦʚʘʨ ʻ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʤ, ʙʦ ʥʘʣʝʞʠʪʴ ʜʦ 

ʛʘʣʫʟʽ, ʚ ʷʢʽʡ ʬʽʨʤʠ ʚʠʨʦʙʣʷʶʪʴ ʢʦʥʪʠʥʫʫʤ ʪʦʚʘʨʽʚ, ʘ ʩʧʦʞʠʚʯʽ ʧʝʨʝʚʘʛʠ ʤʘʶʪʴ 

ʚʣʘʩʪʠʚʽʩʪʴ CES ʟ ʝʣʘʩʪʠʯʥʽʩʪʶ 
r-1

1
 ʧʦʤ̔ʞ ʮʠʭ ʪʦʚʘʨʽʚ ( )1,0(Ír ). ʅʝʭʘʡ 

ʥʘʨʘʭʦʚʘʥʘ ʩʫʙʢʦʨʠʩʥʽʩʪʴ (sub-utility) ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʪʦʚʘʨʽʚ ʛʘʣʫʟʽ ʜʦʨʽʚʥʶʻ 
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dqU ,     (1.20) 

ʜʝ )(~wq  ï ʦʙʩʷʛ ʩʧʦʞʠʚʘʥʥʷ ʪʦʚʘʨʫ w (ʫ ʬʽʟʠʯʥʠʭ ʦʜʠʥʠʮʷʭ) ʷʢʦʩʪʽ )(wj , W ï 

ʤʥʦʞʠʥʘ ʪʦʚʘʨʽʚ. ʄʦʞʥʘ ʜʦʚʝʩʪʠ, ʱʦ ʤʘʢʩʠʤʽʟʘʮʽʷ ʬʫʥʢʮʽʾ (1.20) ʧʨʠ 

ʙʶʜʞʝʪʥʦʤʫ ʦʙʤʝʞʝʥʥʽ 
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=
w

www Edqp )(~)(  

ʜʘʻ ʩʧʦʞʠʚʯʠʡ ʧʦʧʠʪ, ʷʢʠʡ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ CES ʟ ʝʣʘʩʪʠʯʥʩ̔ʪʶ 
r-1

1
 ( E  

ʧʦʟʥʘʯʝʥʦ ʚʠʪʨʘʪʠ (expenditure), ʘ )(wp  ï ʮʽʥʫ ʪʦʚʘʨʫ). ʂʨʽʤ ʪʦʛʦ, ʥʝʷʚʥʘ ʬʫʥʢʮʽʷ 

ʚʠʨʫʯʢʠ ʬʽʨʤʠ, ʱʦ ʧʨʦʜʘʻ ʪʦʚʘʨ, ʻ ʫʚʽʛʥʫʪʦʶ ʟʘ ʦʙʩʷʛʦʤ ʚʠʧʫʩʢʫ )()(~)( wjww qq =  

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʩʪʽ. ʊʦʜʽ ʚʠʨʫʯʢʘ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʢʽʥʮʝʚʦʛʦ ʪʦʚʘʨʫ ʨʽʚʥʘ 
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djjIjxAmqAr , 

ʜʝ A ï ʜʝʷʢʠʡ ʧʘʨʘʤʝʪʨ ʟʩʫʚʫ ʧʦʧʠʪʫ ʛʘʣʫʟʽ, ʝʢʟʦʛʝʥʥʠʡ ʜʣʷ ʬʽʨʤʠ. 

ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʧʦʚʥʽ ʢʦʥʪʨʘʢʪʠ, ʚ ʷʢʠʭ ʬʽʨʤʘ ʤʘʻ ʧʦʚʥʠʡ ʢʦʥʪʨʦʣɹ ʥʘʜ 

ʫʩʽʤʘ ʽʥʚʝʩʪʠʮʽʷʤʠ, ʘ ʚʽʜʪʘʢ ʥʘʜ ʚʭʽʜʥʠʤʠ ʧʦʩʣʫʛʘʤʠ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ: ʜʣʷ ʢʦʞʥʦʛʦ 

ʚʭʦʜʫ ]1,0[Íj  ʬʽʨʤʘ ʟʜʽʡʩʥʶʻ ʢʦʥʪʨʘʢʪʥʫ ʧʨʦʧʦʟʠʮʽʶ )](),([ jsjx , ʟʘ ʷʢʦʶ 

ʧʦʩʪʘʯʘʣʴʥʠʢ ʟʦʙʦʚôʷʟʘʥʠʡ ʥʘʜʘʪʠ ʦʙʩʷʛ )( jx  ʩʫʤ̔ʩʥʠʭ ʚʭʦʜʽʚ, ʷʢ ʧʝʨʝʜʙʘʯʝʥʦ ʫ 

ʢʦʥʪʨʘʢʪʽ, ʚ ʦʙʤʽʥ ʥʘ ʧʣʘʪʽʞ )( js . ʆʩʢʽʣʴʢʠ ʬʽʨʤʘ ʤʘʻ ʩʪʠʤʫʣ ʜʦʪʨʠʤʫʚʘʪʠʩʷ 

ʧʨʠʨʦʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʦ 1)( =jI  " j, ʘ ʬʽʨʤʘ, ʰʫʢʘʶʯʠ 
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ʦʧʪʠʤʘʣɹʥʠʡ ʧʦʚʥʠʡ ʢʦʥʪʨʘʢʪ, ʤʘʢʩʠʤʽʟʫʻ ʟʘ ʚʩʽʤʘ ʜʦʧʫʩʪʠʤʠʤʠ ʢʦʥʪʨʘʢʪʥʠʤʠ 

ʧʨʦʧʦʟʠʮʽʷʤʠ )](),([ jsjx  " ]1,0[Íj  ʩʚʽʡ ʧʨʠʙʫʪʦʢ 
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arrq  

ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ )()( jxcjs ² . ʈʦʟʚô̫ʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʜʘʻ ʦʜʥʘʢʦʚʽ ʜʣʷ 

ʚʩʽʭ ʧʨʦʤʽʞʥʠʭ ʚʭʦʜʽʚ ʨʽʚʥʽ ʽʥʚʝʩʪʠʮʽʡ )( jx  ʽ ʧʣʘʪʝʞʽʚ )()( jxcjs =  " j  (ʟʚʽʜʢʠ 

ʯʠʩʪʠʡ ʚʠʛʨʘʰ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʻ ʥʫʣʴʦʚʠʤ).  

ɼʣʷ ʚʪʽʣʝʥʥʷ ʧʦʚʥʠʭ ʢʦʥʪʨʘʢʪʽʚ ʚʘʞʣʠʚʦ, ʱʦʙ ʩʫʜʦʚʠʡ ʧʦʨʷʜʦʢ ʙʫʚ ʟʜʘʪʥʠʤ 

ʚʝʨʠʬʽʢʫʚʘʪʠ ʪʦʯʥʫ ʚʘʨʪʽʩʪʴ ʚʭʽʜʥʠʭ ʧʦʩʣʫʛ, ʷʢʽ ʥʘʜʘʁʪʴʩʷ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ 

ʨ̔ ʟʥʠʭ ʩʪʘʜʽʡ. ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʩʫʜ ʟʘʛʘʣʦʤ ʥʝ ʻ ʟʜʘʪʥʠʤ ʚʝʨʠʬʽʢʫʚʘʪʠ ʪʝ, ʻ 

ʚʭʦʜʠ ʩʫʤʽʩʥʠʤʠ ʯʠ ʥʽ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʜʘʥʽ ʩʫʤʽʩʥʠʤʠ ʚʭʦʜʘʤʠ ʧʦʩʣʫʛʠ 

ʟʘʧʠʩʘʥʠʤ ʫ ʢʦʥʪʨʘʢʪʽ ʧʦʣʦʞʝʥʥʷʤ ʯʠ ʥʽ. ɺʦʜʥʦʯʘʩ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʬʽʨʤʘ ʥʝ ʻ 

ʩʭʠʣʴʥʦʶ ʫʢʣʘʜʘʪʠ ʟʚôʷʟʫʶʯʽ (ʶʨʠʜʠʯʥʦ ʦʙʦʚôʷʟʢʦʚʽ) ʢʦʥʪʨʘʢʪʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʦʙʩʷʛʫ ʚʭʦʜʽʚ ʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ ʩʫʤʽʩʥʦʩʪʽ, ʙʦ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʤʦʞʫʪʴ ʤʘʪʠ 

ʩʪʠʤʫʣ ʜʦ ʜʝʰʝʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝʩʫʤʽʩʥʠʭ (ʟ ʬʽʨʤʦʁ) ʚʭʦʜʽʚ ʽ ʚʠʤʘʛʘʪʠ ʚʽʜ 

ʬʽʨʤʠ ʧʣʘʪʝʞʽ. ʄʦʞʥʘ ʫʷʚʠʪʠ, ʱʦ ʢʦʥʪʨʘʢʪʠ, ʟʘʣʝʞʥʽ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʠʨʫʯʢʠ, 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʽʥʚʝʩʪʠʮ̔ʡʥʽ ʩʪʠʤʫʣʠ ʜʣʷ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʘʣʝ ʫ ʜʘʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʟ ʢʦʥʪʠʥʫʫʤʦʤ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʦʜʽʙʥʽ ʢʦʥʪʨʘʢʪʠ ʥʝ ʤʘʪʠʤʫʪʴ 

ʮʽʥʥʦʩʪʽ, ʙʦ ʟʚʦʜʠʪʠʤʫʪʴʩʷ ʜʦ ʥʫʣʴʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʽʚʥʽʚ. ʊʦʤʫ ʧʨʠʨʦʜʥʦ 

ʚʠʚʯʘʪʠ ʩʠʪʫʘʮʽʾ, ʚ ʷʢʠʭ ʫʤʦʚʠ ʦʙʤʽʥʫ ʤʽʞ ʬʨ̔ʤʦʶ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʥʝ ʻ 

ʞʦʨʩʪʢʠʤʠ ʫ ʚʪʽʣʶʚʘʥʦʤʫ ex-ante ʢʦʥʪʨʘʢʪʽ. ʌʘʢʪʠʯʥʦ ʚʚʘʞʘʻʪʴʩʷ, ʦɦ ʧʦʯʘʪʢʦʚʠʡ 

ʢʦʥʪʨʘʢʪ ʣʠʰʝ ʚʢʘʟʫʻ ʪʝ, ʻ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʚʝʨʪʠʢʘʣʴʥʦ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʟ ʬʽʨʤʦʶ ʯʠ 

ʥʽ (ʟʘʣʠʰʘʶʯʠʩʴ ʥʝʟʘʣʝʞʥʠʤʠ). 

ɿʛʘʜʘʥʠʡ ʥʝʜʦʣʽʢ ʟʚô̫ ʟʫʶʯʦʛʦ ʢʦʥʪʨʘʢʪʫ ʧʦʨʦʜʞʫʻ ʚʽʜʦʤʫ ʧʨʦʙʣʝʤʫ 

ʟʘʪʨʠʤʢʠ (holdup). ʌʘʢʪʠʯʥʠʡ ʧʣʘʪʽʞ ʢʦʥʢʨʝʪʥʦʤʫ ʧʦʩʪʘʯʘʣʴʥʠʢʫ (ʩʢʘʞʽʤʦ, ʩʪʘʜʽʾ 

m) ʻ ʧʨʝʜʤʝʪʦʤ ʜʚʦʩʪʦʨʦʥʥʽʭ ʧʝʨʝʛʦʚʦʨ̔ʚ ʣʠʰʝ ʧʽʩʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʭʦʜʫ ʩʪʘʜʽʾ m 

ʡ ʦʪʨʠʤʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʬʽʨʤʠ ʽʥʩʧʝʢʪʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪ ʮʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʝʭʘʡ 
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ʮʽ ʧʝʨʝʛʦʚʦʨʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʚʦʩʪʦʨʦʥʥʽʭ ʧʝʨʝʛʦʚʦʨʽʚ ʥʘ ʽʥʰʠʭ ʩʪʘʜʽʭ̫. 

ʆʩʢʽʣʴʢʠ ʧʨʦʤʽʞʥʠʡ ʚʭʽʜ ʚʚʘʞʘʻʪʴʩʷ ʩʫʤʽʩʥʠʤ ʪʽʣʴʢʠ ʟ ʚʠʧʫʩʢʦʤ ʬʽʨʤʠ, ʪʦ ʨʝʰʪʘ 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʥʘ ʩʪʘʜʽʾ ʧʝʨʝʛʦʚʦʨʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʫʣʷ. ʊʦʤʫ 

ʢʚʘʟʽʨʝʥʪʠ ʫ ʧʝʨʝʛʦʚʦʨʠ ʤʽʞ ʬʽʨʤʦʶ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʟʘʜʘʶʪʴʩʷ ʧʨʠʨʦʩʪʦʤ 

ʚʥʝʩʢʫ ʚ ʟʘʛʘʣʴʥʫ ʚʠʨʫʯʢʫ, ʧʦʨʦʜʞʝʥʠʤ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ m ʥʘ ʩʪʘʜʽʾ ʧʝʨʝʛʦʚʦʨʽʚ. 

ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʮʴʦʛʦ ʚʥʝʩʢʫ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʬʽʨʤʘ ʩʧʽʣʢʫʻʪʴʩʷ ʟ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ 

ʚʠʢʣʶʯʥʦ ʟ ʤ̔ʨʢʫʚʘʥʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʟʘʚʞʜʠ ʤʦʞʝ ʚ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʤʫ ʧʦʨʷʜʢʫ ʚʠʢʦʥʘʪʠ ʜʘʥʫ ʩʪʘʜʽʶ ʰʣʷʭʦʤ ʚʣʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʥʝʩʫʤʽʩʥʦʛʦ ʚʭʦʜʫ. ʊʘʢʝ ʞʦʨʩʪʢʝ ʧʨʠʧʫʱʝʥʥʷ ʤʦʞʥʘ ʧʦʩʣʘʙʠʪʠ ʤʦʞʣʠʚʽʩʪʶ 

ʯʘʩʪʢʦʚʠʭ ʢʦʥʪʨʘʢʪʽʚ: ʢʦʣʠ ʯʘʩʪʢʘ ʽʥʚʝʩʪʠʮʽʡ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʚʝʨʠʬʽʢʫʻʪʴʩʷ ʽ 

ʚʠʟʥʘʯʘʻʪɹʩʷ ʢʦʥʪʨʘʢʪʦʤ, ʪʦ ʬʽʨʤʘ ʤʦʞʝ ʩʢʦʨʠʩʪʘʪʠʩʷ ʬʦʨʤʘʣʴʥʠʤ ʢʦʥʪʨʘʢʪʦʤ 

ʜʣ̫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʩʫʤʽʩʥʠʭ ʚʭʽʜʥʠʭ ʧʦʩʣʫʛ ʧʦʩʪʘʯʘʣʴʥʠʢʘ, 

ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. ʗʢ ʥʘʩʣʽʜʦʢ, 1)( =jI  " mj< , 

ʘ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʢʽʥʮʝʚʦʛʦ ʪʦʚʘʨʫ, ʛʘʨʘʥʪʦʚʘʥʘ ʜʦ ʩʪʘʜʽʾ m, ʟʘʜʘʻʪʴʩʷ 
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ɿʘ ʪʝʦʨʽʻʶ ʧʨʘʚ ʚʣʘʩʥʦʩʪʽ ʜʣʷ ʤʝʞ ʬʽʨʤʠ, ʝʬʝʢʪʠʚʥʘ ʧʝʨʝʛʦʚʦʨʥʘ ʩʠʣʘ ʬʽʨʤʠ 

ʩʪʦʩʦʚʥʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʚʦʣʦʜʽʻ ʬʽʨʤʘ ʮʠʤ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʯʠ ʥʽ. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʣʘʩʥʽʩʪɹ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʻ 

ʜʞʝʨʝʣʦʤ ʨʠʥʢʦʚʦʾ ʚʣʘʜʠ ʫ ʩʝʥʩʽ ʟʜʘʪʥʦʩʪʽ ʬʽʨʤʠ ʜʽʩʪʘʚʘʪʠ ʙʽʣʴʰʫ ʯʘʩʪʢʫ 
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ʨʠʥʢʦʚʦʛʦ ʥʘʜʣʠʰʢʫ ʚʽʜ ʽʥʪʝʛʨʦʚʘʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʦʨ̔ ʚʥʷʥʦ ʟ ʥʝ 

ʽʥʪʝʛʨʦʚʘʥʠʤʠ. ʂʦʣʠ ʢʦʥʪʨʘʢʪʠ ʻ ʥʝʧʦʚʥʠʤʠ, ʪʦ ʬʘʢʪ ʢʦʥʪʨʦʣʶ ʽʥʪʝʛʨʘʪʦʨʦʤ 

(ʬʽʨʤʦʶ) ʬʽʟʠʯʥʠʭ ʘʢʪʠʚʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʟʚʦʣʷʪʠʤʝ ʽʥʪʝʛʨʘʪʦʨʫ ʜʠʢʪʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʘʢʪʠʚʽʚ, ʷʢʝ ʩʭʠʣʷʪʠʤʝ ʧʦʜʽʣ ʨʠʥʢʦʚʦʛʦ ʥʘʜʣʠʰʢʫ ʥʘ ʩʚʦʶ 

ʢʦʨʠʩʪʴ. ɼʣʷ ʧʨʦʩʪʦʪʠ ʥʝ ʜʝʪʘʣʽʟʫʚʘʪʠʤʝʤʦ ʧʨʠʨʦʜʫ ʪʘʢʠʭ ʧʝʨʝʛʦʚʦʨʽʚ ex-post ʽ 

ʧʨʠʧʫʩʢʘʪʠʤʝʤʦ, ʱʦ ʬʽʨʤʘ ʦʪʨʠʤʫʚʘʪʠʤʝ ʯʘʩʪʢʫ Vb  ʜʦʜʘʪʢʦʚʦʛʦ ʚʥʝʩʢʫ ʫ 

ʚʘʨʪʽʩʪʴ (1.21), ʢʦʣʠ ʧʦʩʪʘʯʘʣʴʥʠʢ ʻ ʽʥʪʝʛʨʦʚʘʥʠʤ, ʽ ʤʝʥʰʫ ʯʘʩʪʢʫ VO bb <  ʮʴʦʛʦ 

ʚʥʝʩʢʫ, ʢʦʣʠ ʧʦʩʪʘʯʘʣʴʥʠʢ ʻ ʥʝʽʥʪʝʛʨʦʚʘʥʠʤ. 

ʄʦʜʝʣʴ ʟ ʢʦʥʪʠʥʫʫʤʦʤ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ 0­e  

ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʟ M  ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʢʦʥʪʨʦʣʶʻ ʯʘʩʪʠʥʫ 

M

1
=e  ʢʦʥʪʠʥʫʫʤʫ ʧʨʦʤʽʞʥʠʭ ʚʭʦʜʽʚ. 

 

1.7 ɸʣʛʦʨʠʪʤʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʮʽʣʴʦʚʦʾ ʩʪʨʫʢʪʫʨʠ  

      ʝʢʩʧʦʨʪʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ 

 

ɻʣʦʙʘʣʴʥʝ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʛʦʩʪʨʶʻ 

ʤʽʞʥʘʨʦʜʥʫ ʢʦʥʢʫʨʝʥʮʽʶ, ʘʢʪʫʘʣʴʥʫ ʜʣʷ ʋʢʨʘʾʥʠ. ɻʝʪʝʨʦʛʝʥʥʽʩʪʴ ʢʨʘʾʥ ʩʧʦʥʫʢʘʻ 

ʬʽʨʤʠ ʜʦ ʙʽʣʴʰʦʛʦ ʨʽʚʥʦʚʘʞʥʦʛʦ (ʟʘ ʅʝh ʝʤ) ʧʦʜʘʪʢʫ ʚ (ʙʽʣʴʰʽʡ) ʢʨʘʾʥʽ 1 (ʜʦ 

ʧʦʜʘʪʢʦʚʦʾ ʘʩʠʤʝʪʨʽʾ), ʘ ʚʽʜʪʘʢ ʜʦ ʟʚʽʪʫʚʘʥʥʷ ʬʽʨʤʘʤʠ ʙʽʣʴʰʦʛʦ ʧʨʠʙʫʪʢʫ ʚ 

(ʤʝʥʰʽʡ) ʢʨʘʾʥʽ 2. ʗʢʱʦ ʢʨʘʥʾʘ 1 ʧʽʜʚʠʱʫʻ ʩʚʦʶ ʧʦʜʘʪʢʦʚʫ ʩʪʘʚʢʫ, ʪʦ ʟʙʽʣʴʰʫʻ 

ʧʦʜʘʪʢʦʚʫ ʙʘʟʫ ʢʨʘʾʥʠ 2  ̔ʩʪʠʤʫʣ ʢʨʘʾʥʠ 2 ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʚʦʻʾ ʧʦʜʘʪʢʦʚʦʾ ʩʪʘʚʢʠ, ʽ 

ʥʘʚʧʘʢʠ: ʧʦʜʘʪʢʠ ʢʨʘʾʥ  1, 2 ʻ ʩʪʨʘʪʝʛʽʯʥʠʤʠ ʜʦʧʦʚʥʶʚʘʯʘʤʠ.  ʇʦʜʘʪʢʦʚʘ 

ʢʦʥʢʫʨʝʥʮʽʷ ʚʝʜʝ ʜʦ ʚʪʨʘʪʠ ʧʦʜʘʪʢʦʚʦʾ ʙʘʟʠ ʢʨʘʾʥʠ 1. ʇʨʠ ʮʴʦʤʫ (ʩʫʤʘʨʥʠʡ) 

ʟʚʽʪʥʠʡ ʧʨʠʙʫʪʦʢ ʬʽʨʤ ʫ ʢʨʘʾʥʽ 1 ʧʝʨʝʚʠʱʫʻ ʟʚʽʪʥʠʡ ʧʨʠʙʫʪʦʢ ʫ ʢʨʘʾʥʽ 2, ʘ 

ʬʽʩʢʘʣʥɹʽ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʢʨʘʾʥʽ 1 ʧʝʨʝʚʠʱʫʶʪʴ ʬʽʩʢʘʣʴʥʽ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʢʨʘʾʥʽ 2. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʽʞʥʘʨʦʜʥʘ ʧʦʜʘʪʢʦʚʘ ʢʦʥʢʫʨʝʥʮʽʷ ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʤʽʞʥʘʨʦʜʥʦʶ 

ʧʦʜʘʪʢʦʚʦʶ ʢʦʦʧʝʨʘʮʽʻʶ ʟʘ ʩʚʽʪʦʚʽ ʢʦʨʧʦʨʘʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʟʩʫʚʫ 

ʟʚʽʪʥʠʭ ʧʨʠʙʫʪʢʽʚ ʩʝʨʝʜ ʨʽʟʥʠʭ ʢʨʘʾʥ [84]. 

ʂʄʋ ʩʚʦʾʤ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ˉ 77-ʨ ʚʽʜ 23.01.2019 ʟʘʪʚʝʨʜʠʚ ʧʣʘʥ ʨʝʘʣʽʟʘʮʽʾ 

ʥʦʚʦʛʦ ʝʪʘʧʫ ʨʝʬʦʨʤʫʚʘʥʥʷ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʣʘʜʠ ʚ ʋʢʨʘʾʥʽ ʥʘ 2019ï2021 ʨʨ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʟʘʭʦʜʽʚ ʚʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ: ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʦʩʥʦʚʠ ʜʣʷ ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʚ ʚʣʘʜʠ 

ʥʘ ʨʽʚʥʽ ʛʨʦʤʘʜ ʽ ʨʘʡʦʥʽʚ; ʧʝʨʝʜʘʯʘ ʧʦʚʥʦʚʘʞʝʥʴ ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʦʨʛʘʥʘʤ 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ; ʩʪʚʦʨʝʥʥʷ ʥʘʣʝʞʥʦʾ ʨʝʩʫʨʩʥʦʾ ʙʘʟʠ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʧʦʚʥʦʚʘʞʝʥʴ ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ. 

ɿʘʜʣʷ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘʢʦʛʦ ʨʽʚʥʷ ʩʣʽʜ ʚʠʭʦʜʠʪʠ ʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʦʥʦʤʽʢʦ-ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ. 

ɺ ʨʦʙʦʪʽ [83] ʨʦʟʛʣʷʥʫʪʦ ʡ ʝʤʧʽʨʠʯʥʦ ʦʮʥ̔ʝʥʦ ʩʧʚ̔ʚʽʜʥʦʰʝʥʥʷ ʨʷʜʫ ʨʝʩʫʨʩʥʠʭ 

ʬʘʢʪʦʨʽʚ ʪʘ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʛʝʦʛʨʘʬʽʯʥʦ ʩʫʤʽʞʥʠʤʠ ʨʘʡʦʥʘʤʠ 

ɼʥʽʧʨʦʧʝʪʨʦʚʱʠʥʠ, ʄʠʢʦʣʘʾʚʱʠʥʠ ʪʘ ʍʝʨʩʦʥʱʠʥʠ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʨ̔ʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʚʽʜʦʙʨʘʞʘʻ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʨʦʟʚʠʪʢʫ ʟʘ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʪʘ ʚʢʘʟʫʻ ʥʘ 

ʥʘʡʢʨʘʱʽ ʧʨʘʢʪʠʢʠ ʡʦʛʦ ʚʪʽʣʝʥʥʷ. ɻʝʦʛʨʘʬʽʯʥʘ ʙʣʠʟʴʢʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʛʽʦʥʽʚ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʢʣʶʯʘʻ ʛʝʪʝʨʦʛʝʥʥʠʡ ʚʧʣʠʚ ʟʦʚʥʽh ʥʽʭ ʬʘʢʪʦʨʽʚ, ʟʘʣʠʰʘʶʯʠ 

ʢʣʶʯʦʚʝ ʤʽʩʮʝ ʩʘʤʝ ʤʽʩʮʝʚʽʡ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ. ʇʦʣʽʪʠʢʘ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʢʨʠʪʦʩʪʽ ʨʝʛʽʦʥʽʚ ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦʶ ʜʣ̫ ʩʪʠʤʫʣʶʚʘʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʘ ʚʽʜʪʘʢ ʽ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ. 

ɯʥʚʝʩʪʠʮʽʾ ʚ ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘ ʦʩʚʽʪʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʠʛʣʷʜʘʶʪʴ 

ʜʦʩʠʪʴ ʥʝʧʦʛʘʥʠʤ ʩʪʨʘʪʝʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʦʙôʻʜʥʘʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ 

(ʆʊɻ). ʆʜʥʘʢ ʜʣʷ ʧʦʚʥʦʮʥ̔ʥʦʛʦ ʫʩʧʽʭʫ ʮʴʦʛʦ ʥʝʜʦʩʪʘʪʥʴʦ. ʂʨʘʱʽ ʰʣʷʭʠ 

ʩʧʦʣʫʯʝʥʥʷ ʤʘʶʪʴ ʚʝʩʪʠ ʜʦ ʧʦʞʚʘʚʣʝʥʥʷ ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʽʥʚʝʩʪʠʮʽʾ 

ʚ ʦʩʚʽʪʫ ï ʜʦ ʥʘʣʝʞʥʦ ʧʽʜʛʦʪʦʚʣʝʥʦʛʦ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. 

ɯʥʰʠʡ ʘʩʧʝʢʪ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ï ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʚ̔ ʜʥʦʩʠʥ ʟ 

ʧʦʪʝʥʮʽʡʥʠʤʠ ʽʥʚʝʩʪʦʨʘʤʠ, ʧʦʰʫʢ ʥʝʨʝʘʣʽʟʦʚʘʥʠʭ ʝʢʩʧʦʨʪʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 



71 

ʨʝʛʽʦʥʫ, ʚʠʚʯʝʥʥʷ ʢʨʘʱʠʭ ʧʨʘʢʪʠʢ ʩʫʩʽʜʥʽʭ ʫʩʧʽʰʥʠʭ ʆʊɻ, ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ 

ʫʤʦʚ ʚʝʜʝʥʥʷ ʙʽʟʥʝʩʫ ʪʘ ʧʨʦʷʚʫ ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʾ ʽʥʽʮʽʘʪʠʚʠ. 

ʅʝʭʘʡ ʨʝʛʽʦʥ (ʦʙʣʘʩʪʴ) i  ʋʢʨʘʾʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ in  ʨʘʡʦʥʽʚ (ʽ ʤʽʩʪ), ʜʣʷ ʷʢʠʭ 

ʥʘʷʚʥʘ ʧʦʥʦʚʣʶʚʘʣʥɹʘ ɦ ʦʢʚʘʨʪʘʣʴʥʘ ʩʪʘʪʠʩʪʠʢʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. ɸʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʦ̔ʥʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʢʨʦʢʽʚ [90, 92ï94, 97, 98, 102]. 

ʂʨʦʢ 1. ʆʙʠʨʘʻʤʦ ʧʝʨʽʦʜ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ, ʧʦʯʠʥʘʶʯʠ ʟ 2016 ʨ. 

(ʨʘʥʽʰʝ 2016 ʨʦʢʫ ʩʪʘʪʠʩʪʠʢʘ ʚ ʨʦʟʨʽʟʽ ʨʘʡʦʥʽʚ ʥʝ ʦʧʨʠʣʶʜʥʶʚʘʣʘʩʴ) 

ʂʨʦʢ 2. ʌʦʨʤʫʻʪʴʩʷ ʚʝʢʪʦʨ ʜʘʥʠʭ W, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʦʾ 

ʥʘʨʘʭʦʚʘʥʦʾ ʟʘʨʦʙʪ̔ʥʦʾ ʧʣʘʪʠ tW  (ʛʨʥ.) ʰʪʘʪʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʢʦʞʥʦʤʫ ʚʢʘʟʘʥʦʤʫ 

ʢʚʘʨʪʘʣʽ ʜʣʷ ʢʦʞʥʦʛʦ ʨʘʡʦʥʫ =j 0, 1, 2,é, in  (ʨʘʡʦʥ ʟ ʽʥʜʝʢʩʦʤ 0 ʚʜ̔ʧʦʚʽʜʘʻ 

ʨʝʛʽʦʥʫ i  ʚ ʮ̔ ʣʦʤʫ). 

ʂʨʦʢ 2.1. ʌʦʨʤʫʻʪʴʩʷ ʚʝʢʪʦʨ ʜʘʥʠʭ L, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʢʚʘʨʪʘʣʴʥʦʾ 

ʥʘʨʘʭʦʚʘʥʦʾ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ tt WL 3=  (ʛʨʥ.) ʰʪʘʪʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ (ʦʙʩʷʛʫ ʧʨʘʮʽ) ʫ 

ʢʦʞʥʦʤʫ ʚʢʘʟʘʥʦʤʫ ʢʚʘʨʪʘʣʽ (ʜʣʷ ʢʦʞʥʦʛʦ ʨʘʡʦʥʫ =j 0, 1, 2,é, in ). 

ʂʨʦʢ 3. ʌʦʨʤʫʻʪʴʩʷ ʚʝʢʪʦʨ ʜʘʥʠʭ N, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ tN  

(ʦʩʽʙ) ʥʘʷʚʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʥʘ ʢʽʥʝʮʴ ʢʚʘʨʪʘʣʫ t . 

ʂʨʦʢ 4. ʌʦʨʤʫʻʪʴʩʷ ʚʝʢʪʦʨ ʜʘʥʠʭ Ca, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ, ʦʙʩʷʛʫ ʦʩʚʦʻʥʠʭ 

(ʚʠʢʦʨʠʩʪʘʥʠʭ) ʢʘʧ̔ʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ä
=

=
u

It

tu CC  (ʪʠʩ. ʛʨʥ.) ʟʘ ʧʝʨʽʦʜ T _u  

ʧʝʨʰʠʭ =u I, II , III , IV  ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ T . 

ʂʨʦʢ 5. ʗʢʱʦ ʜʣʷ ʜʝʷʢʦʛʦ u  ʥʝ ʦʧʨʠʣʶʜʥʝʥʦ ʟʥʘʯʝʥʥʷ uC  ʨʘʡʦʥʫ k, ʪʦ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʨʽʟʥʠʮʷ CD  ʤʽʞ ʟʥʘʯʝʥʥʷʤ uC  (ʚʽʜʧʦʚʽʜʥʦʛʦ) ʨʝʛʽʦʥʫ ʽ ʩʫʤʦʶ 

ʚʜ̔ʦʤʠʭ ʟʥʘʯʝʥʴ uC  ʨʘʡʦʥʽʚ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʮʷ ND  ʤʞ̔ ʟʥʘʯʝʥʥʷʤ 0N  ʨʝʛʽʦʥʫ ʽ 

ʩʫʤʦʶ ʟʥʘʯʝʥʴ jN  ʮʠʭ ʨʘʡʦʥʽʚ. 

ʂʨʦʢ 5.1. ɻʝʥʝʨʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 
N

Ck
u

D

DN
C =  ʜʣʷ ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʨʘʡʦʥʫ k . 
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ʂʨʦʢ 6. ʌʦʨʤʫʻʪʴʩʷ ʚʝʢʪʦʨ ʜʘʥʠʭ C, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥ ̫ʦʙʩʷʛʫ tC  (ʪʠʩ. 

ʛʨʥ.) ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʟʘ ʢʚʘʨʪʘʣ t . 

ʂʨʦʢ 6.1. ʌʦʨʤʫʻʪʴʩʷ ʚʝʢʪʦʨ ʜʘʥʠʭ K, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ 
t

t
t

N

C
K =  

(ʛʨʥ.) ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʟʘ ʢʚʘʨʪʘʣ t . 

ʂʨʦʢ 7. ʌʦʨʤʫʻʪʴʩʷ ʚʝʢʪʦʨ ʜʘʥʠʭ S, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ tS  (ʪʠʩ. 

ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʝʬʥ̔ʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʚ ʢʚʘʨʪʘʣʽ t . 

ʂʨʦʢ 8. ʗʢʱʦ ʜʣʷ t  ʥʝ ʦʧʨʠʣʜʁʥʝʥʦ ʟʥʘʯʝʥʥʷ tS  ʨʘʡʦʥʫ i , ʪʦ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʨʽʟʥʠʮʷ SD  ʤʽʞ ʟʥʘʯʝʥʥʷʤ tS  ʨʝʛʽʦʥʫ ʽ ʩʫʤʦʶ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʴ tS  ʨʘʡʦʥʽʚ, ʘ ʪʘʢʦʞ 

ʨʽʟʥʠʮʷ NSD  ʤʽʞ ʟʥʘʯʝʥʥʷʤ 0N  ʨʝʛ̔ʦʥʫ ʽ ʩʫʤʦʶ ʟʥʘʯʝʥʴ jN  ʮʠʭ ʨʘʡʦʥʽʚ. 

ʂʨʦʢ 8.1. ɻʝʥʝʨʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 
NS

Si
t

D

DN
S =  ʜʣʷ ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʨʘʡʦʥʫ i . 

ʂʨʦʢ 9. ʌʦʨʤʫʻʪʴʩʷ ʚʝʢʪʦʨ ʜʘʥʠʭ I, ʱʦ ʤʽʩʪʠʪ ɹʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ ä
=

=
u

It

tu II  

(ʪʠʩ. ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ (ʪʦʚʘʨʽʚ, ʧʦʩʣʫʛ) ʙʝʟ ʇɼɺ ʪʘ ʘʢʮʠʟʫ 

ʟʘ ʧʝʨʽʦʜ T _u  ʧʝʨhʠʭ =u I, II , III , IV  ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ T . 

ʂʨʦʢ 10. ʗʢʱʦ ʜʣʷ ʜʝʷʢʦʛʦ u  ʥʝ ʦʧʨʠʣʶʜʥʝʥʦ ʟʥʘʯʝʥʥʷ uI  ʨʘʡʦʥʫ m, ʪʦ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʨʽʟʥʠʮʷ ID  ʤʽʞ ʟʥʘʯʝʥʥʷʤ uI  ʨʝʛ̔ʦʥʫ  ̔ʩʫʤʦʶ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʴ uI  

ʨʘʡʦʥʽʚ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʮʷ NID  ʤʽʞ 0N  ʨʝʛ̔ʦʥʫ ʽ ʩʫʤʦʶ ʟʥʘʯʝʥʴ jN  ʮʠʭ ʨʘʡʦʥʽʚ. 

ʂʨʦʢ 10.1. ɻʝʥʝʨʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 
NI

Im
u

D

DN
I =  ʜʣʷ ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʨʘʡʦʥʫ m. 

ʂʨʦʢ 11. ʌʦʨʤʫʻʪʴʩʷ ʚʝʢʪʦʨ ʜʘʥʠʭ I, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥ ̫ʦʙʩʷʛʫ tI  (ʪʠʩ. 

ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʢʚʘʨʪʘʣ t . 
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ʂʨʦʢ 12. ʌʦʨʤʫʻʪʴʩʷ ʚʝʢʪʦʨ ʜʘʥʠʭ Y, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ 
t

tt
t

N

IS
Y

+
=  

(ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʽ ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ 

ʜʫʰʫ (ʥʘʷʚʥʦʛʦ) ʥʘʩʝʣʝʥʥʷ ʟʘ ʢʚʘʨʪʘʣ t . 

ʂʨʦʢ 13. ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʙʫʜʦʚʠ ʢʨʦʩ-ʩʝʢʮʽʡʥʦʾ ʨʝʛʨʝʩʽʾ 

cLbKaY ttt ++= lnlnln  ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘʣʠʰʢʠ tjR  ʬʫʥʢʮʽʾ ʜʣʷ ʚʩʽʭ ʨʘʡʦʥʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ =j 1, 2,é, in . 

ʂʨʦʢ 14. ʗʢʱʦ trtrtrtr RcLbKaY +++= lnlnln , 0>trR , ʪʦ ʨʘʡʦʥ r  ʤʘʻ 

ʧʦʨʽʚʥʷʥʦ ʚʠʱʫ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʢʚʘʨʪʘʣʽ t  ʽ ʥʘʚʧʘʢʠ.  

ɿʘʫʚʘʞʠʤʦ, ɦ ʦ ʚ ʝʤʧʽʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ 1̧+ba .  

ɿʘ ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʩʪʘʙʽʣʴʥʠʤʠ ʣʽʜʝʨʘʤʠ ʊʝʨʥʦʧʽʣʴʱʠʥʠ (ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ ʟʘ 2017ï2018 ʨʨ.) ʻ ʢʣʘʩʪʝʨʠ: 1) ʩʫʤʽʞʥʽ ʂʨʝʤʝʥʝʮʴʢʠʡ, ɿʙʘʨʘʟʴʢʠʡ, 

ʃʘʥʦʚʝʮʴʢʠʡ, ʂʦʟʽʚʩʴʢʠʡ ʨʘʡʦʥʠ, ʤ. ʊʝʨʥʦʧʽʣʴ, ʤ. ɹʝʨʝʞʘʥʠ; 2) ʩʫʤʽʞʥʽ 

ɻʫʩʷʪʠʥʩʴʢʠʡ, ʏʦʨʪʢʽʚʩʴʢʠʡ ɹʦʨʱʽʚʩʴʢʠʡ ʨʘʡʦʥʠ, ʤ. ʏʦʨʪʢʽʚ [98]. ʆʮ̔ʥʝʥʠʡ 

ʧʦʪʝʥʮʽʡʥʠʡ ʝʢʩʧʦʨʪ ʦʙʣʘʩʪʽ ʥʘ 64% ʧʝʨʝʚʠʱʫʻ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ. 

ɿʘ ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʩʪʘʙʽʣʴʥʠʤʠ ʣʜ̔ʝʨʘʤʠ ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ (ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ ʟʘ 2017ï2018 ʨʨ.) ʻ 4 ʢʣʘʩʪʝʨʠ: 1) ʩʫʤʽʞʥʽ ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 

ʂʨ̔ʦʚʦʛʨʘʜʩʴʢʠʡ, ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʠʡ, ʅʦʚʦʫʢʨʘʾʥʩʴʢʠʡ ʨʘʡʦʥʠ, ʤ. ɿʥʘʤôʷʥʢʘ, ʤ. 

ʆʣʝʢʩʘʥʜʨʽʷ, ʤ. ʉʚʽʪʣʦʚʦʜʩʴʢ, ʉʚ̔ʪʣʦʚʦʜʩʴʢʠʡ ʨʘʡʦʥ; 2) ɼʦʣʠʥʩʴʢʠʡ ʨʘʡʦʥ; 3) 

ɻʦʣʦʚʘʥʽʚʩʴʢʠʡ ʨʘʡʦʥ; 4) ɻʘʡʚʦʨʦʥʩʴʢʠʡ ʨʘʡʦʥ [92]. ʇʦʪʝʥʮʽʡʥʦ ʜʦʩʷʞʥʠʡ 

ʝʢʩʧʦʨʪ ʦʙʣʘʩʪʽ ʥʘ 54% ʧʝʨʝʚʠʱʫʻ ʧʦʪʦʯʥʽ ʦʙʩʷʛʠ ʝʢʩʧʦʨʪʫ. 

ɿʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʝʢʦʥʦʤ̔ʢʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʬʝʨʠ ʧʦʩʣʫʛ ʩʪʘʙʽʣʴʥʠʤʠ 

ʣʜ̔ʝʨʘʤʠ ʃʫʛʘʥʱʠʥʠ (ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟʘ 2017ï2018 ʨʨ.) ʻ ʜʚʘ ʢʣʘʩʪʝʨʠ: 1) ʩʫʤʽʞʥʽ 

ʤ. ʈʫʙʽʞʥʝ, ʂʨʝʤʽʥʩʴʢʠʡ, ʅʦʚʦʘʡʜʘʨʩʴʢʠʡ, ʉʪʘʨʦʙʽʣʴʩʢʠʡ, ɹʽʣʦʚʦʜʩʴʢʠʡ, 

ʇʦʧʘʩʥʷʥʩʴʢʠʡ ʨʘʡʦʥʠ; 2) ʧʨʠʢʦʨʜʦʥʥʽ ʅʦʚʦʧʩʢʦʚʩʴʢʠʡ, ʄʘʨʢʽʚʩʴʢʠʡ ʽ 

ʄʽʣʦʚʩʴʢʠʡ ʨʘʡʦʥʠ [102]. ɿʘʛʘʣʦʤ ʧʦʪʝʥʮʽʡʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʦʨʪʫ ʨʝʛʽʦʥʫ ʥʘ 43% 

ʚʠʝɦ ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ. 
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ʈʆɿɼɯʃ 2. ʉʊʆʍɸʉʊʀʏʅɯ ʄɽʊʆɼʀ ʇɯɼʊʈʀʄʂʀ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ 

                    ɿɸ ʋʄʆɺ ʅɽɺʀɿʅɸʏɽʅʆʉʊɯ 

 

2.1 ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʥʪʠʣʴʥʦʾ ʨʝʛʨʝʩʽʾ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ  

      ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ 

 

ʂʚʘʥʪʠʣʴʥʘ ʨʝʛʨʝʩʽʷ ʚʠʩʫʚʘ̒ ʤʦʞʣʠʚʽʩʪʴ ʰʠʨʰʦʛʦ ʧʦʛʣʷʜʫ ʥʘ ʩʪʘʪʠʩʪʠʢʫ ʽ 

ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʟʤʽʥʥʠʤʠ. ʇʨʦʩʪʘ ʟʘʤʽʥʘ ʩʦʨʪʫʚʘʥʥʷ ʽ 

ʨʘʥʞʫʚʘʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʙʽʨʢʠ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʜʦʟʚʦʣʷʻ ʫʟʘʛʘʣʴʥʶʚʘʪʠ 

ʩʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣ.̔ ʇʦʜʽʙʥʦ ʜʦ ʪʦʛʦ, ʷʢ ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤ ʢʚʘʜʨʘʪʽʚ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʶʚʘʪʠ ʙʘʛʘʪʦ ʤʦʜʝʣʝʡ ʜʣʷ ʬʫʥʢʮʽʡ ʫʤʦʚʥʠʭ ʩʝʨʝʜʥʽʭ, ʤʽʥʽʤʽʟʘʮʽʷ ʧʨʦʩʪʦʾ 

ʘʩʠʤʝʪʨʠʯʥʦʾ ʚʝʨʩʽʾ ʘʙʩʦʣʁʪʥʠʭ ʧʦʭʠʙʦʢ ʜʘʻ ʦʮʽʥʢʠ ʜʣʷ ʫʤʦʚʥʠʭ ʢʚʘʥʪʠʣʴʥʠʭ 

ʬʫʥʢʮʽʡ. ɼʣʷ ʣʽʥʽʡʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʙʯʠʩʣʝʥʥʷ ʧʦʣʝʛʰʫʻʪʴʩʷ ʯʝʨʝʟ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʷʢ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥ̫. 

ʌʦʨʤʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʚʦʾʩʪʦʩʪʽ ʜʣʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʝʜʫʪʴ ʜʦ 

ʥʦʚʦʾ ʪʝʦʨʽʾ ʨʘʥʛʦʚʠʭ ʩʪʘʪʠʩʪʠʢ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʩʥʦʚʢʽʚ. 

ʈʝʛʨʝʩʽʡʥʘ ʢʨʠʚʘ, ʧʦ ʩʫʪʽ, ʜʘʻ ʟʘʛʘʣʴʥʝ ʨʝʟʶʤʝ ʜʣʷ ʩʝʨʝʜʥʽʭ ʨʦʟʧʦʜʽʣʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʥʦʞʠʥ ̔ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʄʦʞʥʘ ʜʽʩʪʘʪʠ ʧʦʚʥʽʰʫ ʢʘʨʪʠʥʫ ʮʽʻʾ 

ʤʥʦʞʠʥʠ, ʦʙʯʠʩʣʠʚʰʠ ʢʽʣɹʢʘ ʨʽʟʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʢʨʠʚʠʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ 

ʚʽʜʩʦʪʢʦʚʠʤ ʪʦʯʢʘʤ ʨʦʟʧʦʜʽʣʽʚ. ʆʩʢʽʣʴʢʠ ʟʘʟʚʠʯʘʡ ʥʝ ʙʫʜʫʶʪʴ ʪʘʢʠʭ ʢʨʠʚʠʭ, ʪʦ 

ʨʝʛʨʝʩʽʷ ʯʘʩʪʦ ʜʘʻ ʜʦʚʦʣʽ ʥʝʧʦʚʥʫ ʢʘʨʪʠʥʫ ʤʥʦʞʠʥʠ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʇʦʜ̔ʙʥʦ ʜʦ 

ʪʦʛʦ, ʷʢ ʩʝʨʝʜʥʻ ʜʘʻ ʥʝʧʦʚʥʫ ʢʘʨʪʠʥʫ ʨʦʟʧʦʜʽʣʫ, ʨʝʛʨʝʩʽʡʥʘ ʢʨʠʚʘ ʜʘʻ ʥʝʧʦʚʥʫ 

ʢʘʨʪʠʥʫ ʜʣʷ ʤʥʦʞʠʥʠ ʨʦʟʧʦʜʽʣʽʚ. ʂʚʘʥʪʠʣʴʥʘ ʨʝʛʨʝʩʽʷ ʧʨʦʧʦʥʫʻ ʚʩʝʙʽʯʥʫ 

ʩʪʨʘʪʝʛʽʶ ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʢʘʨʪʠʥʠ. 

ʆʩʢʽʣʴʢʠ ʩʝʨʝʜʥʻ ʨʽʜʢʦ ʻ ʟʘʜʦʚʽʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʚʽʪʴ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʦʜʥʽʻʾ ʚʠʙʽʨʢʠ [133], ʪʦ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʽʨʠ ʨʦʟʢʠʜʫ, ʘʩʠʤʝʪʨʽʾ 

(skewness), ʝʢʩʮʝʩʫ (kurtosis), ʢʦʨʦʙʢʦʚʽ ʛʨʘʬʽʢʠ (boxplots), ʛʽʩʪʦʛʨʘʤʠ ʽ ʩʢʣʘʜʥʽʰʝ 
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ʦʮʽʥʶʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ. ʑʦʙ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦʜʽʙʥʝ ʚ ʨʝʛʨʝʩʽʾ, ʧʦʚʝʨʭʥʽ ʫʤʦʚʥʦʛʦ 

ʩʝʨʝʜʥʴʦʛʦ, ʦʮʽʥʝʥʽ ʥʘʡʤʝʥhʠʤʠ ʢʚʘʜʨʘʪʘʤʠ, ʩʣʽʜ ʜʦʧʦʚʥʶʚʘʪʠ ʢʽʣʴʢʦʤʘ 

ʦʮʽʥʝʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʫʤʦʚʥʠʭ ʢʚʘʥʪʠʣʽʚ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʦʮʽʥʶʚʘʯʘ ʨʝʛʨʝʩʽʾ 

ʤʝʜʽʘʥʠ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʘʥʘʣʦʛʠ ʜʣʷ ʨʝʛʨʝʩʽʾ ʽʥʰʠʭ ʢʚʘʥʪʠʣʽʚ. 

ɹʫʜʴ-ʷʢʫ ʜʽʡʩʥʦʟʥʘʯʥʫ ʚʠʧʘʜʢʦʚʫ ʟʤʽʥʥʫ X  ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʾʾ 

ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ, ʱʦ ʚʠʨʘʞʘʻʪʩɹʷ ʯʝʨʝʟ ʡʤʦʚʽʨʥʽʩʪʴ P  ʷʢ )()( xXPxF ¢=  ʪʘ ʻ 

ʥʝʧʝʨʝʨʚʥʦʶ ʩʧʨʘʚʘ; t-ʢʚʘʥʪʠʣʴ ʟʤʽʥʥʦʾ X " )1,0(Ít  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

})(:inf{)(1 tt ²=- xFxF . 

ʄʝʜʽʘʥʘ ʟʤʽʥʥʦʾ X  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ )5.0(1 =- tF . ʂʚʘʥʪʠʣʽ ʚʠʥʠʢʘʶʪʴ ʟ 

ʧʨʦʩʪʦ,ʾ ʘʣʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ. ʅʝʭʘʡ ʫ ʧʨʦʩʪʽʡ ʪʝʦʨʝʪʠʯʥʽʡ 

ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚʪʨʘʪʠ ʟʘʜʘʶʪʴʩʷ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ 

))0(()( <-= uIuu trt , ʜʝ ʧʨʠ ʜʝʷʢʦʤʫ )1,0(Ít  ʪʨʝʙʘ ʟʥʘʡʪʠ ʪʘʢʝ ʟʥʘʯʝʥʥʷ xu Ĕ=  

(ʪʦʯʢʦʚʫ ʦʮʽʥʢʫ), ʷʢʝ ʤʽʥʽʤʽʟʫʻ ʦʯʽʢʫʚʘʥʽ ʚʪʨʘʪʠ; 
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ɼʣ̫ ʬʫʥʢʮʽʾ )(utr  ʚʠʚʯʘʣʘʩʷ ʜʦʧʫʩʪʠʤʽʩʪʴ ʢʚʘʥʪʠʣʴʥʦʛʦ ʦʮʽʥʶʚʘʯʘ. ɼʣʷ 

ʧʦʩʪʝʨʽʦʨʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ F  ʚʠʧʘʜʢʦʚʦʾ ʟʤʽʥʥʦʾ X  ʪʨʝʙʘ ʤʽʥʽʤʽʟʫʚʘʪʠ 
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ʆʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ F  ʤʦʥʦʪʦʥʥʘ, ʪʦ ʙʫʜʴ-ʷʢʠʡ ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ 

})(:{ t=xFx  ʤʽʥʽʤʽʟʫʻ ʦʯʽʢʫʚʘʥʽ ʚʪʨʘʪʠ. ʂʦʣʠ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽ ʾ ʻ 

ʻʜʠʥʠʤ, ʪʦ )(Ĕ 1t-=Fx ; ʢʦʣʠ ʪʘʢʠʡ ʨʦʟʚôʷʟʦʢ ʥʝ ʻ ʻʜʠʥʠʤ, ʪʦ ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʟʥʘʯʝʥʴ 
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t ʩʣʽʜ ʚʠʙʨʘʪʠ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ )(Ĕ 1t-=Fx , ʚʚʘʞʘʶʯʠ, ʱʦ ʝʤʧʽʨʠʯʥʘ 

ʢʚʘʥʪʠʣʴʥʘ ʬʫʥʢʮʽʷ ʥʝʧʝʨʝʨʚʥʘ ʟʣʽʚʘ. 

ʇʨʠʨʦʜʥʦ, ʱʦ ʦʮʽʥʚʁʘʯ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʯʢʠ ʧʨʠ ʘʩʠʤʝʪʨʠʯʥʠʭ ʣʽʥʽʡʥʠʭ 

ʚʪʨʘʪʘʭ ʚʝʜʝ ʜʦ ʢʚʘʥʪʠʣʽʚ, ʙʦ ʧʨʠ ʩʠʤʝʪʨʠʯʥʠʭ ʚʪʨʘʪʘʭ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʚʪʨʘʪ 

ʜʘʻ ʤʝʜʽʘʥʫ. ʇʨʠ ʘʩʠʤʝʪʨʠʯʥʠʭ ʣʽʥʽʡʥʠʭ ʚʪʨʘʪʘʭ ʪʦʯʢʦʚʠʡ ʦʮʽʥʶʚʘʯ, ʡʤʦʚʽʨʥʦ, 

ʚʝʩʪʠʤʝ ʜʦ ʧʦʣʦʛʽʰʦʾ ʛʽʣʢʠ ʛʨʘʥʠʯʥʠʭ ʚʪʨʘʪ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʛʨʘʥʠʯʥʽ ʚʪʨʘʪʠ 

ʥʝʜʦʦʮʽʥʢʠ ʚʪʨʠʯʽ ʙʽʣʴʰʽ, ʥʽʞ ʧʝʨʝʦʮʽʥʢʠ, ʪʦ ʪʨʝʙʘ ʚʠʙʠʨʘʪʠ ʪʘʢʝ ʟʥʘʯʝʥʥʷ xĔ, ʜʣʷ 

ʷʢʦʛʦ )Ĕ( xXP ¢  ʚʪʨʠʯʽ ʧʝʨʝʚʠʱʫʻ )Ĕ( xXP > , ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ xĔ ʥʘ ʨʽʚʥʽ 75 

ʧʨʦʮʝʥʪʠʣʽʚ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ F . 

ʆʩʢʽʣʴʢʠ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ ʘʩʠʤʝʪʨʽʻʶ 

(ʥʘʧʨʠʢʣʘʜ, ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ ʡʤʦʚʽʨʥʩ̔ʪʶ ʢʘʪʘʩʪʨʦʬʽʯʥʦʾ ʧʦʜʽʾ), ʪʦ ʜʣʷ ʾʭ 

ʦʮʽʥʶʚʘʥʥʷ ʚʘʨʪʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʚʘʥʪʠʣʴʥʫ ʨʝʛʨʝʩʽʶ [134]. 

 

2.2 ɺʘʨʪʦʩʪʽ ʜʦʩʢʦʥʘʣʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʨʽʰʝʥʥ ̫

 

ʗʢʱʦ ʨʝʟʫʣʴʪʘʪ w ʤʘʻ ʨʦʟʧʦʜʽʣ )(wF ʽ ʚʜ̔ʧʦʚʽʜʘʻ ʚʠʛʨʘʰʫ ),( wxr , ʪʦ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʟʥʘʯʝʥʥʷ ))(( wFxx=  ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʝʚʥʦʾ ʟʘʜʘʯʽ 

ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʦ x  ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʚ̔ʘʥʥ̫ 

=]|),([ FxrE ww ñ
w

ww )(),( Fdxr .    (2.1) 

ʗʢʱʦ ʦʩʥʦʚʥʽ ʧʠʪʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ ʧʦʰʫʢʦʤ 

ʚʠʜʫ ʬʫʥʢʮʽʾ ),( wxr  ʪʘ ʟʤʽʥʘʤʠ ʚ ʨʦʟʧʦʜʽʣʽ ))(()( xFF ww= , ʪʦ ʫ ʩʪʘʪʠʩʪʠʯʥʽʡ 

ʪʝʦʨʽʾ ʧʨʠʡʥ̫ ʪʪʷ ʨʽʰʝʥʴ ʦʩʥʦʚʥʠʤ ʧʠʪʘʥʥʷʤ ʻ ʤʘʢʩʠʤʽʟʘʮʽʷ ʧʦ x  ʬʫʥʢʮʽʾ (2.1). 

ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʮʝ ʥʘ ʧʨʦʩʪʦʤʫ ʧʨʠʢʣʘʜʽ ʬʝʨʤʝʨʩʪʚʘ. ʅʝʭʘʡ ʫ ɭʚʨʦʧʽ ʬʝʨʤʝʨ, 

ʩʧʝʮʘ̔ʣʽʟʫʶʯʠʩʴ ʥʘ ʚʠʨʦʱʫʚʘʥʥʷ ʧʰʝʥʠʮʽ, ʢʫʢʫʨʫʜʟʠ ʽ ʙʫʨʷʢʫ ʥʘ ʩʚʦʾʭ 500 ʘʢʨʘʭ 

(5 ʛʘ) ʟʝʤʣʽ, ʫ ʧʝʨʽʦʜ ʤʽʞ ʟʙʦʨʦʤ ʫʨʦʞʘʶ ʪʘ ʧʦʩʽʚʥʦʶ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ 

ʚʠʜʽʣʝʥʥʷ ʧʣʦʱ 1x , 2x  ʽ 3x  ʧʽʜ ʮʽ ʢʫʣʴʪʫʨʠ 1, 2 ʽ 3 ʚʽʜʧʦʚʽʜʥʦ. 
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ʎʝʡ ʬʝʨʤʝʨ ʟʥʘʻ, ʱʦ ʜʣʷ ʛʦʜʽʚʣʽ ʭʫʜʦʙʠ ʧʦʪʨʽʙʥʦ ʧʨʠʥʘʡʤʥʽ 200 ʪ ʧʰʝʥʠʮʽ ʪʘ 

240 ʪ ʢʫʢʫʨʫʜʟʠ. ʎʽ ʢʦʨʤʠ ʤʦʞʫʪʴ ʚʠʨʦʱʫʚʘʪʠʩʷ ʥʘ ʬʝʨʤʽ ʯʠ ʢʫʧʫʚʘʪʠʩʷ ʚ 

ʦʧʪʦʚʠʢʘ. ɹʫʜʴ-ʷʢʠʡ ʥʘʜʣʠʰʦʢ ʧʰʝʥʠʮʽ ʯʠ ʢʫʢʫʨʫʜʟʠ ʧʨʦʜʘʚʘʪʠʤʝʪʴʩʷ. ʇʨʦʪ̫ʛʦʤ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʝʩʷʪʠʨʽʯʥʦʛʦ ʧʝʨʽʦʜʫ ʩʝʨʝʜʥʽ ʮʽʥʠ ʧʨʦʜʘʞʫ ʧʰʝʥʠʮʽ ʪʘ ʢʫʢʫʨʫʜʟʠ 

ʦʧʪʦʚʠʢʫ ʩʪʘʥʦʚʠʣʠ 1701=P  ʜʦʣ./ʪ ʪʘ 1502 =P  ʜʦʣ./ʪ ʚʽʜʧʦʚʽʜʥʦ, ʧʝʨʝʚʠʱʫʶʯʠ ʥʘ 

40% ʮʽʥʠ ʢʫʧʽʚʣʽ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʨʞʽ ʦʧʪʦʚʠʢʘ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ). ʂʨʽʤ 

ʪʦʛʦ, ʦʯʽʢʫʚʘʥʘ ʮʽʥʘ ʧʨʦʜʘʞʫ ʙʫʨʷʢʫ ʜʦʨʽʚʥʶʻ 363 =P  ʜʦʣ./ʪ, ʘʣʝ ʥʘ ʡʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʦ ʬʝʨʤʝʨ ʤʘʻ ʢʚʦʪʫ (quota) =q 6000 ʪ, ʚʚʝʜʝʥʫ ɭʚʨʦʧʝʡʩʴʢʦʶ 

ʂʦʤʽʩʽʻʶ: ʙʫʜʴ-ʷʢʠʡ ʥʘʜʣʠʰʦʢ ʙʫʨʷʢʫ ʧʨʦʜʘʚʘʪʠʤʝʪʴʩʷ ʟʘ ʮʽʥʦʶ 104 =P  ʜʦʣ./ʪ 

(ʪʦʤʫ ʧʦʥʘʜʢʚʦʪʦʚʠʡ ʙʫʨʷʢ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʽʥʰʠʤ ʨʠʥʢʦʚʠʤ ʪʦʚʘʨʦʤ). ɺʠʭʦʜʷʯʠ ʟ 

ʤʠʥʫʣʦʛʦ ʜʦʩʚʽʜʫ, ʬʝʨʤʝʨ ʟʥʘʻ, ʱʦ ʩʝʨʝʜʥʷ ʫʨʦʞʘʡʥʽʩʪʴ ʥʘ ʡʦʛʦ ʟʝʤʣʽ ʩʪʘʥʦʚʠʪʴ 

5.21=y  ʪ/ʘʢʨ, 32 =y  ʪ/ʘʢʨ, 203 =y  ʪ/ʘʢʨ ʜʣʷ ʧʰʝʥʠʮʽ, ʢʫʢʫʨʫʜʟʠ, ʙʫʨ̫ʢʫ 

ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠʧʫʩʪʠʤʦ, ʚʠʪʨʘʪʠ ʬʝʨʤʝʨʘ ʥʘ ʦʙʨʦʙʢʫ ʧʣʦʱ ʧʽʜ ʧ ʝhʥʠʮʶ, 

ʢʫʢʫʨʫʜʟʫ, ʙʫʨʷʢ ʩʪʘʥʦʚʣʷʪʴ 1501=c  ʜʦʣ./ʘʢʨ, 2302 =c  ʜʦʣ./ʘʢʨ, 

2603 =c  ʜʦʣ./ʘʢʨ. ʚʽʜʧʦʚʽʜʥʦ. 

ʆʙʤʝʞʝʥʥ̫ʤʠ ʬʝʨʤʝʨʘ ʻ 

500321 ¢++ xxx ,      (2.2) 

2001111 ²-+ sdxy ,      (2.3) 

2402222 ²-+ sdxy ,     (2.4) 

ʜʝ id  ʪʘ isï ʦʙʩʷʛ ʢʫʧʽʚʣʽ (ʧʦʧʠʪʫ) ʪʘ ʦʙʩʷʛ ʧʨʦʜʘʞʫ ʢʫʣʴʪʫʨʠ i  ʚʽʜʧʦʚʽʜʥʦ ʟʘ 

ʮʽʥʘʤʠ , ,1=i 2. ʅʝʭʘʡ ʬʝʨʤʝʨ ʤʽʥʽʤʽʟʫʻ ʩʚʦʾ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ 

---++++= 22112211332211 4.14.1 sPsPdPdPxcxcxcC  

=--- };0max{};min{ 334333 qxyPxyqP  

--+-+++= )4.1()4.1( 222111332211 sdPsdPxcxcxc  

}6000;0max{};6000min{ 334333 --- xyPxyP ,   (2.5) 
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ʦʙʠʨʘʶʯʠ ʥʝʚʽʜô̒ ʤʥʽ ʟʥʘʯʝʥʥʷ 
1x , 

2x ,
3x ,

1d ,
2d ,

1s ,
2s . ʆʩʢʽʣʴʢʠ ʟʘʜʘʯʘ (2.2)ï(2.5) ʻ 

ʥʝʛʣʘʜʢʦʶ, ʚʚʝʜʝʤʦ ʜʦʜʘʪʢʦʚʫ ʟʤʽʥʥʫ 
3s  ʜʣʷ ʦʙʩʷʛʫ 

33xy  ʧʨʦʜʘʞʫ ʙʫʨʷʢʫ ʧʨʠ 

qxy ¢33 , ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʫ ʟʤʽʥʥʫ 4s  ʜʣʷ ʦʙʩʷʛʫ )( 33 qxy -  ʧʨʦʜʘʞʫ ʙʫʨʷʢʫ ʧʨʠ 

qxy >33 . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ (2.2)ï(2.5) ʥʝʛʣʘʜʢʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦ 
1x , 

2x , 
3x , 

1d , 
2d , 

1s , 
2s , 

3s , 
4s  ʬʫʥʢʮʽʾ 

--+-+++= )4.1()4.1( 222111332211 sdPsdPxcxcxcC 4433 sPsP -   (2.6) 

ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ (2.2)ï(2.4), ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷʭ 

qs ¢3 ,       (2.7) 

3343 xyss ¢+ .     (2.8) 

ʊʦʜʽ, ʟʘʩʪʦʩʦʚʫʶʯʠ MS Excel Solver, ʟʥʘʭʦʜʠʤʦ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ: 

120*

1 =x , 80*

2 =x , 300*

3 =x , 0*

1 =d , 0*

2 =d , 

100*

1 =s , 0*

2 =s , 6000*

3 =s , 0*

4 =s .    (2.9) 

ʇʨʠ ʮʴʦʤʫ ʥʝʨʽʚʥʽʩʪʴ (2.6) ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʷʢ ʨʽʚʥʽʩʪʴ, ʘ ʟʥʘʡʜʝʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

--+-+++= )4.1()4.1( *

2

*

22

*

1

*

11

*

33

*

22

*

11

* sdPsdPxcxcxcC =- *

44

*

33 sPsP  

--³+-³+³+³+³= )004.1(150)10004.1(17030026080230120150  

118600010600036 -=³-³-  [ʜʦʣ.],  

ʧʨʠʯʦʤʫ ʚʝʣʠʯʠʥʘ )( *C-  ʦʟʥʘʯʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ ʬʝʨʤʝʨʘ. 

ʆʪʞʝ, ʬʝʨʤʝʨ ʚʠʜʽʣʷʻ ʜʦʩʪʘʪʥʴʦ ʧʣʦʱʽ ʧʽʜ ʙʫʨʷʢ, ʦɦʙ ʚʠʡʪʠ ʥʘ ʩʚʦʶ ʢʚʦʪʫ 

q . ʅʘʩʪʫʧʥʠʤ ʧʨ̔ ʦʨʠʪʝʪʦʤ ʬʝʨʤʝʨʘ ʻ ʧʰʝʥʠʮʷ, ʯʘʩʪʠʥʫ ʷʢʦʾ ʤʦʞʥʘ ʧʨʦʜʘʪʠ. 

ʂʫʢʫʨʫʜʟʘ ʚʠʨʦʱʫʻʪʴʩʷ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʦʙʤʝʞʝʥʥʷ 2.4 ʷʢ ʨʚ̔ʥʦʩʪʽ. 

ʋ ʧʝʚʥʦʤʫ ʩʝʥʩʽ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥ̫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʨʦʩʪʦʛʦ ʝʚʨʠʩʪʠʯʥʦʛʦ 

ʧʨʘʚʠʣʘ ʚʠʜʽʣʝʥʥ ̫ʧʣʦʱʽ ʫ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʧʨʠʙʫʪʢʫ ʥʘ ʘʢʨ. ʇʨʦʪʝ ʦʙʤʝʞʝʥʥʷ 

ʥʘ ʩʽʚʦʟʤʽʥʫ ʯʠ ʦʧʣʘʪʫ ʧʨʘʮʽ ʫʩʢʣʘʜʥʶʚʘʪʠʤʫʪʴ ʧʦʰʫʢ ʦʧʪʠʤʫʤʫ. 
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ɺʦʜʥʦʯʘʩ ʬʝʨʤʝʨ ʤʘʚ ʨʽʟʥʽ ʫʨʦʞʘʡʥʦʩʪ̔ ʜʣʷ ʦʜʥʽʻʾ ʡ ʪʽʻʾ ʩʘʤʦʾ ʢʫʣʴʪʫʨʠ ʚ 

ʨʽʟʥʽ ʨʦʢʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʯʝʨʝʟ ʧʦʛʦʜʥʽ ʫʤʦʚʠ. ɹʽʣʴʰʽʩʪʴ ʢʫʣɹ ʪʫʨ ʧʦʪʨʝʙʫʻ 

ʚʦʣʦʛʠ ʧʨʦʪʷʛʦʤ ʢʽʣʢɹʦʭ ʪʠʞʥʽʚ ʧʽʩʣʷ ʩʽʷʥʥʷ ʯʠ ʩʘʜʞʘʥʥʷ, ʘ ʪʘʢʦʞ ʪʝʧʣʘ ʧʨʦʪʷʛʦʤ 

ʨʝʰʪʠ ʧʝʨʽʦʜʫ ʚʠʨʦʱʫʚʘʥʥʷ. ʅʘʜʤʽʨʥʝ ʪʝʧʣʦ ʤʦʞʝ ʚʝʩʪʠ ʜʦ ʧʦʩʫʭʠ ̔ ʟʥʠʞʝʥʥʷ 

ʫʨʦʞʘʡʥʦʩʪ̔, ʘʣʝ ʩʫʭʘ ʧʦʛʦʜʘ ʙʘʞʘʥʘ ʧʽʜ ʯʘʩ ʟʙʦʨʫ ʫʨʦʞʘʶ. ʊʦʤʫ ʩʧʦʩʪʝʨʽʛʘʁ ʪɹ ʩʷ 

ʢʦʣʠʚʘʥʥ̫ ʫʨʦʞʘʡʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʾ, ʷʢʽ ʩʷʛʘʶʪʴ ʾʾ ʯʚʝʨʪʽ. ʊʘʢ ̔ʤʽʥʣʠʚʦʩʪʽ 

ʫʨʦʞʘʡʥʦʩʪʽ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʨʝʪʥʠʭ ʢʦʨʝʣʴʦʚʘʥʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʟʤʽʥʥʠʭ, ʘ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʧʝʨʝʨʚʥʠʭ ʥʝʢʦʨʝʣʴʦʚʘʥʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʟʤʽʥʥʠʭ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʣʠʚ̔  ʬʣʫʢʪʫʘʮʽ ʾʮʽʥ. 

ʍʦʯʘ ʚ ʟʘʜʘʯʽ (2.2)ï(2.4), (2.6)ï(2.8) ʯʠʩʣʦ ʜʦʧʫʩʪʠʤʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʜʽʣʝʥʥʷ 

ʧʣʦʱ ʧʽʜ ʢʫʣʴʪʫʨʠ ʻ ʚʝʣʠʯʝʟʥʠʤ, ʩʪʦʭʘʩʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʟʥʘʭʦʜʠʪʠ ʥʘʡʢʨʘʠɦʡ ʟ ʥʠʭ. ɿʘʣʝʞʥʽʩʪʴ ʫʨʦʞʘʡʥʦʩʪʝʡ ʢʫʣʴʪʫʨ ʚʽʜ ʧʦʛʦʜʠ ʚʝʜʝ ʜʦ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʂʦʣʠ ʜʽʣʷʥʢʠ ʜʣʷ ʩʽʷʥʥʷ (ʩʘʜʞʘʥʥʷ) ʯʠ ʥʘʙʦʨʠ ʢʫʣʴʪʫʨ ʻ ʥʦʚʠʤʠ, ʪʦ ʬʝʨʤʝʨ 

ʥʝ ʤʘʪʠʤʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʫʨʦʞʘʡʥʦʩʪʽ. ʊʦʤʫ ʬʝʨʤʝʨ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝ, ʤʘʙʫʪʴ, ʜʝʷʢʠʡ ʘʧʨʦ̔ʨʥʠʡ ʨʦʟʧʦʜʽʣ ʫʨʦʞʘʡʥʦʩʪʽ, ʷʢʠʡ 

ʫʪʦʯʥʚʁʘʪʠʤʝ ʟ ʯʘʩʦʤ. ʊʘʢʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʚʣʘʩʪʠʚʘ ʩʪʘʪʠʩʪʠʯʥʡ̔ ʪʝʦʨʽʾ 

ʧʨʠʡʥʷʪʪʷ ʨʽh ʝʥʴ. ʗʢʱʦ ʧʨʠ ʮʴʦʤʫ ʜʦʧʫʩʪʠʤʫ ʧʣʦʱʫ ʧʽʜ ʢʦʞʥʫ ʢʫʣʴʪʫʨʫ 

ʚʠʤʽʨʶʚʘʪʠ ʚʝʣʠʢʠʤʠ ʜʽʣʷʥʢʘʤʠ (ʩʢʘʞ̔ʤʦ, ʜʽʣʷʥʢʘʤʠ ʧʦ 50 ʘʢʨʽʚ), ʪʦ ʯʠʩʣʦ 

ʜʦʧʫʩʪʠʤʠʭ ʚʘʨʽʘʥʪʽʚ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ. ʊʦʜʽ ʬʝʨʤʝʨ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʧʝʨʝʙʽʨʥʽ ʘʣʛʦʨʠʪʤʠ ʯʠ ʧʨʦʮʝʜʫʨʠ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʫʪʦʯʥʶʶʯʠ ʩʚʦʾ 

ʛ̔ ʧʦʪʝʟʠ ʧʨʦ ʨʦʟʧʦʜʽʣʠ ʫʨʦʞʘʡʥʦʩʪʽ ʢʫʣʴʪʫʨ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʮʽʣʴʦʚʽʡ ʬʫʥʢʮʽʾ (2.1) ʬʝʨʤʝʨ ʟʘʤʽʥʶʻ ʨʦʟʧʦʜʽʣ F  ʥʘ 

))(()( xFF ww= , ʚʨʘʭʦʚʫʶʯʠ ʯʘʩʪʢʦʚʠʡ ʚʠʙʽʨ )(Fxx=  ʽ ʜʝʷʢʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ w. 

ʂʦʣʠ ʤʥʦʞʠʥʘ X  ʻ ʥʝʚʝʣʠʢʦʶ ʩʢʽʥʯʝʥʥʦʶ, ʪʦ ʟʘʤʽʩʪʴ ʧʨʦʮʝʜʫʨ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥ̫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʝʨʝʙʽʨʥʽ ʘʣʛʦʨʠʪʤʠ ʩʪʘʪʠʩʪʠʯʥʦ ʾ ʪʝʦʨʽʾ 

ʧʨʠʡʥʷʪʪʷ ʨʽh ʝʥʴ. 
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ʉʮʝʥʘʨʥʠʡ ʘʥʘʣʽʟ ʧʨʠʧʫʩʢʘʻ ʜʝʷʢʫ ʢʦʨʝʣʷʮʽʶ ʧʦʤʽʞ ʫʨʦʞʘʡʥʦʩʪʝʡ ʨʽʟʥʠʭ 

ʢʫʣʴʪʫʨ. ʋ ʩʧʨʦʱʝʥʦʤʫ ʩʮʝʥʘʨʥʦʤʫ ʘʥʘʣʽʟʽ ʫʨʦʞʘʡʥʦʩʪʽ ʚʩʽʭ ʢʫʣʴʪʫʨ ʻ ʩʝʨʝʜʥʤ̔ʠ 

ʫ ʟʚʠʯʘʡʥʠʡ ʩʝʟʦʥ (ʨʽʢ), ʚʠʱʠʤʠ ʩʝʨʝʜʥʽʭ (ʩʢʘʞʽʤʦ, ʥʘ 20%) ʫ ʢʨʘʱʠʡ ʩʝʟʦʥ ʽ 

ʥʠʞʯʠʤʠ ʩʝʨʝʜʥʽʭ (ʥʘ 20%) ʫ ʛʽʨʰʠʡ ʩʝʟʦʥ. ɼʣʷ ʧʨʦʩʪʦʪʠ ʚʚʘʞʘʻʤʦ, ʦɦ ʧʦʛʦʜʥʽ 

ʫʤʦʚʠ ʡ ʫʨʦʞʘʾ ʬʝʨʤʝʨʘ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʽʥʠ. 

ʌʝʨʤʝʨ ʟʥʘʻ ʩʚʦʾ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ (2.9) ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ ʩʝʟʦʥʫ, 

ʨʦʟʫʤʽʯʁʠ, ʱʦ ʚʦʥʠ ʯʫʪʣʠʚʽ ʜʦ ʫʨʦʞʘʡʥʦʩʪʽ. ɼʣʷ ʢʨʘʱʦʛʦ ʩʝʟʦʥʫ ʟʘʜʘʯʘ (2.2)ï

(2.4), (2.6)ï(2.8) ʟʘʤʽʩʪʴ iy  ʚʠʢʦʨʠʩʪʦʚʫʻ i

b

i yy 2.1=  ʽ ʤʘʻ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥ̫ : 

33.183*

1 =x , 67.66*

2 =x , 250*

3 =x , 0*

1 =d , 0*

2 =d , 

350*

1 =s , 0*

2 =s , 6000*

3 =s , 0*

4 =s .    (2.10) 

ʎʠʤ ʟʥʘʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ 

--+-+++= )4.1()4.1( *

2

*

22

*

1

*

11

*

33

*

22

*

11

* sdPsdPxcxcxcC =- *

44

*

33 sPsP  

--³+-³+³+³+³= )004.1(150)35004.1(17025026067.6623033.183150  

167667010600036 -=³-³-  [ʜʦʣ.]. 

ɼʣʷ ʛʽʨʰʦʛʦ ʩʝʟʦʥʫ ʟʘʜʘʯʘ (2.2)ï(2.4), (2.6)ï(2.8) ʟʘʤʽʩʪʴ iy  ʚʠʢʦʨʠʩʪʦʚʫʻ 

i

w

i yy 8.0=  ʽ ʤʘʻ ʪʘʢʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ: 

100*

1 =x , 25*

2 =x , 375*

3 =x , 0*

1 =d , 180*

2 =d , 

0*

1 =s , 0*

2 =s , 6000*

3 =s , 0*

4 =s .    (2.11) 

ʎʠʤ ʟʥʘʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤ̔ ʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ 

--+-+++= )4.1()4.1( *

2

*

22

*

1

*

11

*

33

*

22

*

11

* sdPsdPxcxcxcC =- *

44

*

33 sPsP  

--³+-³+³+³+³= )01804.1(150)004.1(17037526025230100150  

59950010600036 -=³-³-  [ʜʦʣ.]. 

ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ (2.10) ʧʦʷʩʥʶʶʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʚʠʩʦʢʠʭ ʫʨʦʞʘʡʥʦʩʪʷʭ 

ʧʦʪʨʽʙʥʦ ʤʝʥʰʝ ʧʣʦʱʽ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ (ʟʘ ʦʙʤʝʞʝʥʥʷʤʠ (2.3) ʽ (2.4)) 

ʦʙʩʷʛʽʚ ʧʰʝʥʠʮʽ ʪʘ ʢʫʢʫʨʫʜʟʠ, ʘ ʪʘʢʦʞ ʙʫʨʷʢʫ (ʟʘ ʦʙʤʝʞʝʥʥʷʤʠ (2.7) ʽ (2.8)). ʇʨʠ 

ʮʴʦʤʫ ʨʝʰʪʘ ʧʣʦʱʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʰʝʥʠʮʽ ʥʘ ʧʨʦʜʘʞ. ʇʨʠ ʥʠʟʴʢʠʭ 
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ʫʨʦʞʘʡʥʦʩʪʷʭ ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ ʧʣʦʱʽ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʦʙʩʷʛʽʚ 

ʧʰʝʥʠʮʽ ʽ ʢʫʢʫʨʫʜʟʠ, ʘ ʪʘʢʦʞ ʙʫʨʷʢʫ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ (2.11) 

ʦʙʤʝʞʝʥʥʷ (2.4) ʟʘʜʦʚʦʣʴʥ̫ʪʠʤʝʪʴʩʷ ʧʨʠ ʟʘʢʫʧʽʚʣʽ ʢʫʢʫʨʫʜʟʠ. 

ʇʦʨʽʚʥʷʥʥʷ ʥʘʙʦʨʽʚ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥɹ  (2.9)ï(2.11) ʩʚʽʜʯʠʪʴ, ʱʦ ʢʦʣʠʚʘʥʥʷ 

ʫʨʦʞʘʡʥʦʩʪʽ ʫ ʤʝʞʘʭ 20% ʚʽʜ ʩʝʨʝʜʥʴʦʾ (ʫ ʤʝʞʘʭ ʚʽʜʥʦʰʝʥʥ ̫ 1505.18.0/2.1 == % 

ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʘʢʩʠʤʫʤʦʤ ʽ ʤʽʥʽʤʫʤʦʤ) ʚʝʜʝ ʜʦ ʧʦʤʪ̔ʥʦ ʙʽʣʴʰʠʭ ʢʦʣʠʚʘʥʴ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʬʝʨʤʝʨʘ: ʢʦʣʠʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʧʣʦʱʽ ʧʽʜ ʧʰʝʥʠʮʶ ʚʽʜ 100 

ʜʦ 183.33 ʘʢʨʽʚ (ʫ ʤʝʞʘʭ ʚʽʜʥʦʰʝʥʥʷ 183.33%), ʦʧʪʠʤʘʣʥɹʦʾ ʧʣʦʱʽ ʧʽʜ ʢʫʢʫʨʫʜʟʫ ï 

ʚʽʜ 25 ʜʦ 80 ʘʢʨʽʚ (ʫ ʤʝʞʘʭ ʚʽʜʥʦʰʝʥʥʷ 3202.325/80 == %), ʦʧʪʠʤʘʣʴʥʦʾ ʧʣʦʱʽ 

ʧʽʜ ʙʫʨʷʢ ï ʚʽʜ 250 ʜʦ 375 ʘʢʨʽʚ (ʫ ʤʝʞʘʭ ʚʽʜʥʦʰʝʥʥʷ 1505.1250/375 == %), 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʙʫʪʢʫ ï ʚʜ̔ 59950 ʜʦ 167667 ʜʦʣ. (ʫ ʤʝʞʘʭ ʚʽʜʥʦʰʝʥʥʷ 

28080.259950/167667 == %). 

ʍʦʯʘ ʬʝʨʤʝʨ ʤʦʞʝ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʤʠ ʧʨʦʛʥʦʟʘʤʠ ʧʦʛʦʜʠ ʜʣʷ 

ʫʪʦʯʥʝʥʥʷ ʩʚʦʾʭ ʨʽʰʝʥʴ ʽ ʟʥʠʞʝʥʥʷ ʾʭʥʴʦʾ ʯʫʪʣʠʚʦʩʪʽ, ʥʝʤʘʻ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʠʭ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʨʦʛʥʦʟʽʚ ʥʘ ʧʽʚʨʦʢʫ ʚʧʝʨʝʜ. ʊʦʤʫ ʜʣʷ ʬʝʨʤʝʨʘ ʟʘʚʞʜʠ ʻ ʨʠʟʠʢ 

ʚʠʧʘʜʢʫ 04 >s , ʘ ʪʘʢʦʞ ʚʠʧʘʜʢʫ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ )( 3sq- , ʟʚʘʞʘʶʯʠ ʥʘ 

ʚʜ̔ʥʦʰʝʥʥʷ 3606.310/36/ 43 ===PP %. 

ʆʪʞʝ, ʬʝʨʤʝʨ ʫʩʚʽʜʦʤʣʶʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʜʦʩʢʦʥʘʣʦʛʦ ʨʽʰʝʥʥʷ, ʱʦ 

ʜʘʚʘʪʠʤʝ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʦʙʩʪʘʚʠʥ, ʘ ʪʦʤʫ ʧʨʘʛʥʝ ʦʮʥ̔ʢʠ 

ʚʠʛʨʘʰʽʚ ʽ ʚʪʨʘʪ ʚʽʜ ʢʦʞʥʦʛʦ ʨʽʰʝʥʥʷ ʚ ʢʦʞʥʽʡ ʩʠʪʫʘʮʽʾ. ʌʝʨʤʝʨ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ 

1x , 2x , 3x  ʧʨʦ ʚʠʜ̔ʣʝʥʥʷ ʟʝʤʣʽ ʧʽʜ ʢʫʣʴʪʫʨʠ, ʘʣʝ ʥʝ ʤʘʻ ʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʩʪʦʩʦʚʥʦ 

ʧʨʦʜʘʞʫ 1s , 2s , 3s , 4s  ʪʘ ʟʘʢʫʧʽʚʣʽ 1d , 2d  ʢʫʣʴʪʫʨ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʨʦʞʘʡʥʦʩʪʝʡ 

1y , 2y , 3y  (ʟʘ ʦʙʤʝʞʝʥʥʷʤʠ (3), (4), (8)). ʅʝʭʘʡ ʽʥʜʝʢʩ (index) 3,2,1=i  ʩʮʝʥʘʨʽʶ 

ʚʽʜʧʦʚʽʜʘ ̒ ʢʨʘʱʦʤʫ, ʟʚʠʯʘʡʥʦʤʫ, ʛʽʨʰʦʤʫ ʩʝʟʦʥʫ ʚʽʜʧʦʚʽʜʥʦ. ʊʦʜ ̔ ʢʦʞʥʦʤʫ 

ʩʮʝʥʘʨʽʶ 3,2,1=i  ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʚʦʾ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ is1 , is2 , is3 , is4 , id1 , id2 , 

iy1 , iy2 , iy3 . 
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ʗʢʱʦ ʬʝʨʤʝʨ ʤʘʢʩʠʤʽʟʫʻ ʩʚʽʡ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʩʧʦʜʽʚʘʥʠʡ ʧʨʠʙʫʪʦʢ, ʚʚʘʞʘʻ 

ʚʩʽ ʤʦʞʣʠʚʽ ʩʮʝʥʘʨʽʾ 3,2,1=i  ʨʽʚʥʦʡʤʦʚʽʨʥʠʤʠ ʪʘ ʻ ʥʝʡʪʨʘʣʴʥʠʤ ʜʦ ʨʠʟʠʢʫ, ʪʦ 

ʤʽʥ̔ʤʽʟʫʻ ʩʚʦʶ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ 

ä
=

=
3

1j

jj xcC ])4.1()4.1([
3

1
4433222

3

1

111 iiii

i

ii sPsPsdPsdP ---+-+ä
=

 (2.12) 

ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ (2.2) ʪʘ ʤʦʜʠʬʽʢʘʮʽʷʭ ʦʙʤʝʞʝʥʴ (2.3), (2.4), (2.7), (2.8) 

2001111 ²-+ iii sdxy , 3,2,1=i ,     (2.13) 

2402222 ²-+ iii sdxy , 3,2,1=i ,     (2.14) 

qs i ¢3 , 3,2,1=i ,      (2.15) 

3343 xyss iii ¢+ , 3,2,1=i ,      (2.16) 

ʜʝ b

jj yy =1 , jj yy =2 , w

jj yy =3 , 3,2,1=j . ʄʦʜʝʣʴ (2.12)ï(2.16) ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʨʽʰʝʥʴ ʚʽʜʦʤʘ ʷʢ ʟʘʜʘʯʘ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʨʦʟʰʠʨʝʥʽʡ ʬʦʨʤʽ, 

ʦʩʢʽʣʴʢʠ ʚʨʘʭʦʚʫʻ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʟʤʽʥʥʽ is1 , is2 , is3 , is4 , id1 , id2 , 3,2,1=i , 

ʨʽʝhʥʴ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʜʣʷ ʚʩʽʭ ʩʮʝʥʘʨʽʾʚ. ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (2.12)ï

(2.16) ʟʘʜʘʻʪʴʩʷ ʨʽʰʝʥʥʷʤʠ ʧʝʨʰʦʛʦ ʝʪʘʧʫ (ʷʢʽ ʧʨʠʡʤʘʶʪʴʩʷ ʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʽ ʟʙʦʨʫ ʫʨʦʞʘʶ) 

170*

1 =x , 80*

2 =x , 250*

3 =x , 

ʘ ʪʘʢʦʞ ʨʽʰʝʥʥʷʤʠ ʜʨʫʛʦʛʦ ʝʪʘʧʫ 

0*

11=d *
21d= , 

310*

11=s , 48*

21=s , 6000*

31=s , 0*

41=s , 

0*

12=d *

22d= , 

225*

12=s , 0*

22=s , 5000*

32 =s , 0*

42=s , 

0*

13=d , 48*

23=d , 

140*

13=s , 0*

23=s , 4000*

33=s , 0*

43=s .   (2.17) 

ʎʠʤ ʨʽʰʝʥʥʷʤ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 
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*
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1
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1
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11 iiii

i

ii sPsPsdPsdP  

+³+³+³= 25026080230170150  

+³-³--³+-³+ ]010600036)4804.1(150)31004.1(170[
3

1
 

+³-³--³+-³+ ]010500036)004.1(150)22504.1(170[
3

1
 

108390]010400036)0484.1(150)14004.1(170[
3

1
-=³-³--³+-³+  [ʜʦʣ.]. 

ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦʙ ʫʥʠʢʘʪʠ ʧʨʦʜʘʞʫ ʙʫʨʢ̫ʘ ʟʘ 

ʥʝʚʠʛ̔ʜʥʦʶ ʮʽʥʦʶ 4P, ʜʦʪʨʠʤʫʶʯʠʩʴ ʦʙʤʝʞʝʥʥʷ (2.7) ʷʢ ʨʽʚʥʦʩʪʽ ʧʨʠ ʩʮʝʥʘʨʽʾ 1, ʘ 

ʪʘʢʦʞ ʷʢ ʩʪʨʦʛʦʾ ʥʝʨʽʚʥʦʩʪʽ ʧʨʠ ʩʮʝʥʘʨʽʷʭ 2 ʽ 3. ʇʣʦʱʘ ʧʽʜ ʢʫʢʫʨʫʜʟʫ ʚʠʜʽʣʷʻʪʩɹʷ 

ʪʘʢ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʷʪʠ ʦʙʤʝʞʝʥʥʶ (2.4) ʧʨʠ 2322 0 dd ==  ʪʘ 023>d , ʘ ʨʝʰʪʘ ʧʣʦʱʽ 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʧʰʝʥʠʮʶ, ʥʘʜʣʠʰʦʢ ʷʢʦʾ (ʟʘ ʦʙʤʝʞʝʥʥʷʤ (2.3)) ʤʦʞʥʘ ʧʨʦʜʘʪʠ 

ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʩʮʝʥʘʨʽʾ. ʇʨʠ ʪʦʯʥʦʤʫ ʧʨʦʛʥʦʟʽ ʬʝʨʤʝʨ ʜʦʪʨʠʤʫʚʘʪʠʤʝʪʴʩʷ 

ʦʙʤʝʞʝʥʥʷ (2.7) ʷʢ ʨʽʚʥʦʩʪʽ ʟʘʚʞʜʠ, ʘ ʥʝ ʣʠʰʝ ʧʨʠ ʩʮʝʥʘʨʽʾ 1. 

ʋ ʨʝʘʣʴʥʦʩʪʽ ʬʝʨʤʝʨ ʥʝ ʤʘʻ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫ, ʘ ʪʦʤʫ ʚʠʤʫʰʝʥʠʡ 

ʙʘʣʘʥʩʫʚʘʪʠ (ʭʝʜʞʫʚʘʪʠ) ʩʚʦʾ ʨʽʰʝʥʥʷ ʚʽʜʥʦʩʥʦ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ. ɽʬʝʢʪ 

ʭʝʜʞʫʚʘʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʩʧʦʜʽʚʘʥʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ. ʇʨʠʧʫʩʪʠʤʦ, 

ʫʨʦʞʘʡʥʦʩʪʽ ʟʤʽʥʶʶʪʴʩʷ ʮʠʢʣʽʯʥʦ: ʧʽʩʣʷ ʨʦʢʫ ʽʟ ʩʮʝʥʘʨʽʻʤ 1 ʡʜʝ ʨʽʢ ʽʟ ʩʮʝʥʘʨʽʻʤ 

2, ʘ ʧʽʩʣʷ ʨʦʢʫ ʽʟ ʩʮʝʥʘʨʽʻʤ 2 ʡʜʝ ʨʽʢ ʽʟ ʩʮʝʥʘʨʽʻʤ 3. ʌʝʨʤʝʨ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (2.9), 

(2.10), (2.11) ʧʨʠ ʩʮʝʥʘʨʽʾ 1, 2, 3 ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʜʘʻ ʡʦʤʫ ʧʨʠʙʫʪʦʢ 167667, 118600, 

59950 ʜʦʣ. ʚʽʜʧʦʚʽʜʥʦ, ʘʙʦ ʚ ʩʝʨʝʜʥʴʦʤʫ 115406
3

59950118600167667
=

++
 [ʜʦʣ.] . 

ʗʢɦ ʦ ʫʨʦʞʘʡʥʦʩʪʽ ʟʤʽʥʶʶʪʴʩʷ ʥʝ ʮʠʢʣʽʯʥʦ, ʘ ʚʠʧʘʜʢʦʚʦ, ʪʦ ʧʨʠ ʪʦʯʥʦʤʫ 

ʧʨʦʛʥʦʟʽ ʬʝʨʤʝʨ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (2.9), (2.10), (2.11) ʧʨʠ ʩʮʝʥʘʨʽʾ 1, 2, 3 

ʚʽʜʧʦʚʽʜʥʦ, ʦʪʨʠʤʫʶʯʠ ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʧʝʨʽʦʜʽ ʩʧʦʜʽʚʘʥʠʡ ʧʨʠʙʫʪʦʢ 115406 

ʜʦʣ. ʥʘ ʨʽʢ. 
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ɿʘ ʚʽʜʩʫʪʥʦʩʪ ̔ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫ ʩʮʝʥʘʨʽʶ ʬʝʨʤʝʨ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (2.17), 

ʦʪʨʠʤʫʶʯʠ ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʧʝʨʽʦʜʽ ʩʧʦʜʽʚʘʥʠʡ ʧʨʠʙʫʪʦʢ 108390 ʜʦʣ. ʥʘ ʨʽʢ, ʱʦ 

ʤʝʥʰʝ ʘʥʘʣʦʛʽʯʥʦʛʦ ʧʨʠʙʫʪʢʫ ʧʨʠ ʪʦʯʥʦʤʫ ʧʨʦʛʥʦʟʽ ʥʘ ʩʫʤʫ 115406 ï 108390 = 

7016 [ʜʦʣ.], ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʩʧʦʜʽʚʘʥʦʶ ʚʘʨʪʩ̔ʪʶ ʜʦʩʢʦʥʘʣʦʾ ʽʥʬʦʨʤʘʮʽʾ (expected 

value of perfect information, EVPI). ʆʪʞʝ, ʥʘʩʣʽʜʢʦʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʻ ʚʪʨʘʪʘ 

ʧʨʠʙʫʪʢʫ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫ ʩʮʝʥʘʨʽʶ ʬʝʨʤʝʨ ʤʦʞʝ ʦʨʽʻʥʪʫʚʘʪʠʩʷ 

ʥʘ ʫʩʝʨʝʜʥʝʥʠʡ ʩʮʝʥʘʨʽʡ 2, ʧʨʠʡʤʘʶʯʠ ʨʽʰʝʥʥʷ (2.9) ʩʧʦʜʽʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 

(expected value solution) ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ: 

120*

1 =x , 80*

2 =x , 300*

3 =x .     (2.18) 

ʄʘʶʯʠ ʨʽʰʝʥʥʷ (2.18) ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʠ (ʢʨʘʱʦʤʫ) 

ʩʮʝʥʘʨʽʾ 1=i  ʬʝʨʤʝʨ ʦʙʠʨʘʻ ʨʽʝhʥʥʷ 11s , 21s , 31s , 41s , 11d , 21d , ʷʢʽ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʦʙʤʝʞʝʥʥʷʭ (2.13)ï(2.16) 

11111203 sd -+³ 2001111111 ²-+= sdxy , 

2121806.3 sd -+³ 2402121221 ²-+= sdxy , 

600031 =¢qs , 

300363314131 ³=¢+ xyss , 

ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʘʪʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 148000-  ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (2.6). 

ɸʥʘʣʦʛʽʯʥʦ, ʤʘʶʯʠ ʨʽʰʝʥʥʷ (2.18) ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʠ 

ʩʮʝʥʘʨʽʾ 2=i  ʬʝʨʤʝʨ ʦʙʠʨʘʻ ʨʽʰʝʥʥʷ 12s , 22s , 32s , 42s , 12d , 22d  (ʨʽʰʝʥʥʷ (2.9)), ʷʢʽ 

ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʤʝʞʝʥʥʷʭ (2.13)ï(2.16) 

12121205.2 sd -+³ 2001212112 ²-+= sdxy , 

2222803 sd -+³ 2402222222 ²-+= sdxy , 

600032 =¢qs , 

300303324232 ³=¢+ xyss , 

ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʘʪʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 118600-  ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (2.6). 
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ʅʘʨʝʰʪʽ, ʤʘʶʯʠ ʨʽʰʝʥʥ̫ (2.18) ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʠ 

(ʛʽʨh ʦʤʫ) ʩʮʝʥʘʨʽʾ 3=i  ʬʝʨʤʝʨ ʦʙʠʨʘʻ ʨʽʰʝʥʥʷ 13s , 23s , 33s , 43s , 13d , 23d , ʷʢʽ ʧʨʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʤʝʞʝʥʥ̫ ʭ (2.13)ï(2.16) 

13131202 sd -+³ 2001313113 ²-+= sdxy , 

2323804.2 sd -+³ 2402323223 ²-+= sdxy , 

600033 =¢qs , 

300243334333 ³=¢+ xyss , 

ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʘʪʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 55120-  ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (2.6). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʽʙʥʘ ʜʚʦʢʨʦʢʦʚʘ ʦʧʪʠʤʽʟʘʮʽʷ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʧʝʨʽʦʜʽ ʜʘʻ 

ʱʦʨʽʯʥʠʡ ʧʨʠʙʫʪʦʢ 107240
3

55120118600148000
=

++
 [ʜʦʣ.], ʷʢʠʡ ʤʝʥh ʠʡ 

ʧʨʠʙʫʪʢʫ 108390 [ʜʦʣ.], ʷʢʠʡ ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʰʝʥʥʷʤ (2.17) ʟʘʜʘʯʽ (ʦʜʥʦʢʨʦʢʦʚʦʾ) 

ʩʪʦʭʘʩʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ (2.12)ï(2.16), ʥʘ ʚʘʨʪʽʩʪʴ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʨʽʰʝʥʥʷ (value of 

the stochastic solution, VSS) 108390 ï 107240 = 1150 [ʜʦʣ.]. 

ʆʪʞʝ, ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʩʪʦʭʘʩʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʘʻ ʚʠʛʨʘʰ, ʥʝ ʤʝʥʰʠʡ 

ʚʠʛʨʘʰʫ, ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʬʽʥʘʥʩʦʚʠʤ ʧʦʩʝʨʝʜʥʠʢʦʤ. ʋ ʜʘʥʽʡ ʟʘʜʘʯʽ ʬʝʨʤʝʨʘ EVPI 

ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ VSS, ʘʣʝ ʻ ʟʘʜʘʯʽ ʩʪʦʭʘʩʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʜʝ VSS > EVPI. 

ɺʝʣʠʯʠʥʠ VSS ʪʘ EVPI ʤʦʪʠʚʫʶʪʴ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʩʪʦʭʘʩʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ: EVPI ʚʠʤʽʨʶʻ ʮʽʥʥʽʩʪʴ ʪʦʯʥʦʛʦ ʟʥʘʥʥʷ ʧʨʦ ʤʘʡʙʫʪʥ,̒ ʘ 

VSS ï ʮ̔ ʥʥʽʩʪʴ ʟʥʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʽʚ ʤʘʡʙʫʪʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʻ ʙʣ̔ʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʦʟʧʦʜʽʣʠ ʤʘʡʙʫʪʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʽʞ ʪʦʯʥʦʛʦ 

ʟʥʘʥʥʷ ʧʨʦ ʤʘʡʙʫʪʥʻ. ʗʢʱʦ ʧʨʦʛʥʦʟʠ, ʚʠʙʽʨʢʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʽh ʝ 

ʜʽʟʥʘʚʘʪʠʩʷ ʧʨʦ ʤʘʡʙʫʪʥʻ, ʪʦ ʚʝʣʠʯʠʥʘ EVPI ʤʦʞʝ ʩʣʫʞʠʪʠ ʧʽʜʩʪʘʚʦʶ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʧʨʦʛʥʦʟʽʚ, ʚʠʙʽʨʦʢ ʽ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʘʛʘʣʦʤ ʟʘʜʘʯʘ ʬʝʨʤʝʨʘ ï ʮʝ ʩʪʦʭʘʩʪʠʯʥʘ ʟʘʜʘʯʘ ʚʠʙʦʨʫ ʨʽʰʝʥʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʝʷʢʽ ʚʠʧʘʜʢʦʚʽ ʧʦʜʽʾ. ʊʘʢʽ ʨʽʰʝʥʥʷ ʥʘʟʠʚʘʶʪʴ ʨʽʰʝʥʥʷʤʠ 

ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʽ ʧʦʟʥʘʯʘʶʪʴ ʚʝʢʪʦʨʦʤ x
C
. ʇʽʩʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ 
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʷ w (ʩʮʝʥʘʨʽʡ i) ʜʣʷ ʜʝʷʢʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʘ )(wx
C

 

(ʚʝʢʪʦʨʘ x
C
), ʱʦ ʜʘʻ ʧʦʚʥʫ ̔ʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ )(wy

C
 ʜʨʫʛʦʛʦ 

ʝʪʘʧʫ, ʷʢʝ ʢʦʨʠʛʫʻ ʨʽh ʝʥʥʷ x
C

. 

ʋ ʟʘʜʘʯʽ ʬʝʨʤʝʨʘ ʚʠʧʘʜʢʦʚʠʡ ʚʝʢʪʦʨ ï ʮʝ ʤʥʦʞʠʥʘ ʫʨʦʞʘʡʥʦʩʪʝʡ ʽ 

ʢʦʨʠʛʫʁ ʯʠʭ ʜʽʡ ʧʨʦʜʘʞʫ ʽ ʢʫʧʽʚʣʽ ʧʨʦʜʫʢʪʽʚ. ʊʦʜʽ ʮʷ ʟʘʜʘʯʘ ʬʦʨʤʫʣʶʻʪʴʩ̫ ʷʢ 

ʜʚʦʝʪʘʧʥʘ ʟʘʜʘʯʘ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʬʽʢʩʦʚʘʥʦʶ ʨʝʢʫʨʩʽʻʶ, ʱʦ 

ʟʘʜʘʻʪʴʩʷ ʤʘʪʨʠʮʝʶ W , ï ʟʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦ 0
CC
²x  ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

))(,( wx
CCCC

xQExcT +      (2.19) 

ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ 

bxA
CC
= , 

ʜʝ: 
0)(

min))(,( CC

CC
²

=
w

wx
y

xQ })()()(|)()({ xThyWyqT CCCCC
wwwww -= ; E  ʦʟʥʘʯʘʻ ʤʘʪʝʤʘʪʠʯʥʝ 

ʩʧʦʜʽʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʘ )(wx
C
, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚʠʧʘʜʢʦʚʠʭ ʚʝʢʪʦʨʽʚ )(wTq
C

, )(wTh
C

 ʽ ʤʘʪʨʠʮʽ )(wT  ʚʽʜʧʦʚʽʜʥʦʾ ʚʠʤʽʨʥʦʩʪʽ; 

ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʤʘʪʨʠʮʷ A ʽ ʚʝʢʪʦʨ b
C

 ʤʘʶʪʴ ʚʠʤʽʨʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʤʽʨʥʦʩʪʽ ʚʝʢʪʦʨʘ x
C
. ʌʫʥʢʮʽʶ 

))(,()( wx
CCC

xQExf =  

ʥʘʟʠʚʘʶʪʴ ʬʫʥʢʮʽʻʶ ʚʘʨʪʦʩʪʽ ʨʝʢʫʨʩʽʾ (recourse value function). 

ʋ ʟʘʜʘʯʽ ʬʝʨʤʝʨʘ ʚʠʧʘʜʢʦʚʠʡ ʚʝʢʪʦʨ )(wx
C

 ʻ ʜʠʩʢʨʝʪʥʦʶ ʟʤʽʥʥʦʶ, ʷʢʘ 

ʧʨʠʡʤʘʻ ʪʽʣʴʢʠ 3 ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ, ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ʚʠʧʘʜʢʦʚʦʾ ʤʘʪʨʠʮʽ 

)(wT . ʊʦʜʽ ʧʨʠ ʩʮʝʥʘʨ̔ ʾ i  ʟʘʜʘʯʫ (2.12)ï(2.16) ʬʝʨʤʝʨʘ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʷʢ ʟʘʜʘʯʫ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦ 1s , 2s , 3s , 4s , 1d , 2d , 

=),( ixQ
C

432211 1036150210170238 ssdsds ---+-   (2.20) 
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200)( 1111 ²-+ sdxit , 

240)( 2222 ²-+ sdxit , 
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3343 )( xitss ¢+ , 

60003 ¢s , 

s
C

, 0
CC
²d , 

ʜʝ )(it j
 ï ʮʝ ʫʨʦʞʘʡʥʽʩʪʴ ʢʫʣʴʪʫʨʠ j  ʧʨʠ ʩʮʝʥʘʨʽʾ (ʩʪʘʥʽ ʧʨʠʨʦʜʠ) i. ɺʠʧʘʜʢʦʚʠʡ 

ʚʝʢʪʦʨ ),,()( 321 ttt
CCCC

=wx  ʟʘʜʘʯʽ (2.19) ʟʘʜʘʶʪʴ ʪʨʠ ʚʝʢʪʦʨʠ ʫʨʦʞʘʡʥʦʩʪʽ 

)(),(),( 321 ititit
CCC
, ʘʙʦ ʪʨʠ ʨʽʟʥʽ ʚʝʢʪʦʨʠ ))1(),1(),1(( 3211 ttt=x

C
, ))2(),2(),2(( 3212 ttt=x
C

, 

))3(),3(),3(( 3213 ttt=x
C

 ʟʘʜʘʯʽ (2.20). 

ʄʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʚʠʧʘʜʢʦʚʠʡ ʚʝʢʪʦʨ )(wx
C

 ʬʘʢʪʠʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʮʝʥʘʨʽʶ 

3,2,1=i . ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʟʘʜʘʯʽ (2.20) ʨʽʰʝʥʥʷ 1s , 2s , 3s , 4s , 1d , 2d  ʥʝʚ̫ʥʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʮʝʥʘʨʽʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʫ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʷʢ ʫ 

ʨʦʟʰʠʨʝʥʽʡ ʬʦʨʤʽ (2.12)ï(2.16) (ʢʦʣʠ ʢʦʞʥʽʡ ʤʦʞʣʠʚʽʡ ʨʝʘʣʽʟʘʮʽʾ ʚʠʧʘʜʢʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʠʡ ʚʝʢʪʦʨ ʨʽʰʝʥʥʷ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ), ʪʘʢ ʽ ʚ ʥʝʷʚʥʽʡ ʬʦʨʤʽ 

(2.19) ʘʙʦ (2.20). 

 

2.3 ʄʦʜʝʣʶʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʢʨʠʟ 

 

ɻʨʦʰʽ ʡ ʨʽʚʥʽ ʮʽʥ ʚʽʜʽʛʨʘʶʪʴ ʧʝʚʥʫ ʨʦʣʴ ʫ ʧʦʜʽʣʽ ʨʠʟʠʢʚ̔. ʊʦʤʫ ʛʨʦʰʽ ʪʘ 

ʢʨʝʜʠʪ, ʚʠʟʥʘʯʘʶʯʠ ʨʽʚʥʽ ʮʽʥ ʘʢʪʠʚʽʚ, ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʫ ʟʘʧʦʙʽʛʘʥʥʽ ʢʨʠʟ. ɺʽʜʦʤʦ, 

ʱʦ ʦʙʩʷʛʠ ʛʨʦʰʝʡ ʽ ʥʘʷʚʥʠʭ ʢʨʝʜʠʪʽʚ ʚʘʞʣʠʚʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʽʥ ʘʢʪʠʚʽʚ. ʎʽ 

ʦʙʩʷʛʠ ʙʫʣʠ ʚʘʞʣʠʚʠʤʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʬʽʥʘʥʩʦʚʠʭ ʙʫʣʴʙʘʰʦʢ. ʉʧʝʢʫʣʷʪʠʚʥʠʡ 

ʘʞʽʦʪʘʞ ʥʘʙʠʨʘ ̒ʦʙʝʨʪʽʚ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʮʠʭ ʦʙʩʷʛʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʝʤʧʽʨʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʦʥʝʪʘʨʥʦ ʾʧʦʣʽʪʠʢʠ ʪʘ 

ʙʫʣʴʙʘʰʢʠ ʮʽʥ ʘʢʪʠʚʽʚ, ʥʝ ʙʫʣʦ ʫʩʪʘʣʝʥʦʾ ʪʝʦʨʽʾ ʮʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ [135]. 

ʇʫʙʣʽʢʘʮʽʷ [136] ʥʘʫʢʦʚʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʢʘ ɻʫʚʝʨʽʚʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʉʪʝʥʬʦʨʜʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ ʎʝʥʪʨʫ ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ɻʘʨʚʘʨʜʩʴʢʦʛʦ 
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ʫʥʽʚʝʨʩʠʪʝʪʫ ʅʽʣʘ ʌʝʨʛʶʩʦʥʘ (Niall Ferguson) ʧʨʠʩʚʷʯʝʥʘ ʥʘʫʢʦʚʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ 

ʝʚʦʣʶʮʽʾ ʬʽʥʘʥʩʦʚʦʾ ʽʩʪʦʨʽʾ ʩʚʽʪʫ ʪʘ ʤʽʩʪʠʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʥʪʝʢʩʪ ʪʘ ʧʦʷʩʥʝʥʥʷ 

ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʧʨʦʮʝʩ̔ ʚ ʬʽʥʘʥʩʦʚʠʭ ʨʽʰʝʥʴ.  

ɹʘʥʢʽʚʩʴʢʘ ʢʨʠʟʘ ʽ ʢʨʠʟʘ ʦʙʤʽʥʥʦʛʦ ʢʫʨʩʫ ʧʝʨʝʥʦʩʷʪʴʩʷ ʥʘ ʨʝʘʣʴʥʫ ʝʢʦʥʦʤʽʢʫ, 

ʧʦʨʦʜʞʫʶʯʠ ʨʝʮʝʩʽʶ [137, 138]. ʊʘʢʽ ʢʨʠʟʠ ʪʨʘʧʠʣʠʩʷ ʚ ʋʢʨʘʾʥʽ ʫ 2014ï2017 ʨʨ., 

ʘʣʝ ʥʝ ʜʽʩʪʘʣʠ ʥʘʣʝʞʥʦʛʦ ʧʦʷʩʥʝʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ [95] ʻ ʨʦʟʨʦʙʢʘ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʙʫʣʴʙʘʰʢʘʤʠ ʮʽʥ ʘʢʪʠʚʽʚ, 

ʬʽʥʘʥʩʦʚʠʤʠ ʢʨʠʟʘʤʠ ʽ ʬʫʥʢʮʽʷʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʘʥʢʫ (ʎɹ). 

ʈʦʟʧʘʜ ʙʫʣʴʙʘʰʢʠ ʃʦʫ (John Law, 1671ï1729) [136] ʚʽʜʢʠʥʫʚ ʨʦʟʚʠʪʦʢ 

ʬʽʥʘʥʩʦʚʦʾ ʩʠʩʪʝʤʠ ʌʨʘʥʮʽʾ ʥʘ ʮʽʣʽ ʧʦʢʦʣʽʥʥʷ: ʫ ʬʨʘʥʮʫʟʽʚ ʚʢʦʨʽʥʠʣʘʩʷ ʥʝʜʦʚʽʨʘ 

ʜʦ ʧʘʧʝʨʦʚʠʭ ʛʨʦʰʝʡ  ʽ ʬʦʥʜʦʚʦʛʦ ʨʠʥʢʫ. ʌʽʩʢʘʣʴʥʘ ʢʨʠʟʘ ʬʨʘʥʮʫʟɹʢʦʾ ʤʦʥʘʨʭʽʾ 

ʟʘʣʠʰʠʣʘʩʷ ʥʝʚʠʨʽʰʝʥʦʶ ʟʘ ʯʘʩʠ ʧʨʘʚʣʽʥʥʷ ʃʫʾ XIV ʪʘ ʡʦʛʦ ʥʘʩʪʫʧʥʠʢʘ ʃʫʾ XVI. 

ɹʝʟ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʽʙʨʘʥʽ ʧʦʜʘʪʢʠ ʧʨʦʩʪʦ ʚʠʪʨʘʯʘʣʠʩʷ. 

ɺʣʘʜʘ ʙʝʟʫʩʧʽʰʥʦ ʚʜʘʚʘʣʘʩʷ ʜʦ ʨʽʟʥʠʭ ʨʝʬʦʨʤ. ɺʨʝʪh-̔ʨʝʰʪ, ʢʦʨʦʣʽʚʩʴʢʝ 

ʙʘʥʢʨʫʪʩʪʚʦ ʧʨʠʩʢʦʨʠʣʦ ɺʝʣʠʢʫ ʬʨʘʥʮʫʟʴʢʫ ʨʝʚʦʣʶʮʽʶ 1789ï1799 ʨʨ. 

ʉʧʝʢʫʣʷʪʠʚʥʠʡ ʘʞʽʦʪʘʞ ʥʘʙʠʨʘʻ ʦʙʝʨʪʽʚ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʛʨʦʰʝʡ ʽ 

ʥʘʚ̫ʥʠʭ ʢʨʝʜʠʪʽʚ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʽʥ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʪʘʢʦʤʫ 

ʟʙʽʣʴʰʝʥʥʶ. ɿʙʽʣʴʰʝʥʥʷ ʢʨʝʜʠʪʽʚ ʧʨʠ ʬʽʥʘʥʩʦʚʽʡ ʣʽʙʝʨʘʣʽʟʘʮʽʾ ʚʠ̫ʚʣ̫ʣʦʩʷ 

ʚʘʞʣʠʚʠʤ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ, ʜʝ ʮʽʥʠ ʘʢʪʠʚʽʚ ʟʨʦʩʪʘʣʠ, ʘ ʧʦʪʽʤ ʨʽʟʢʦ ʩʧʘʜʘʣʠ. 

ɺʜ̔ʦʤʠʡ ʧʨʠʢʣʘʜ ʪʘʢʦʛʦ ʷʚʠʱʘ ï ʨʽʟʢʝ ʧʽʜʚʠʱʝʥʥʷ ʮʽʥ ʘʢʮʽʡ (ʮʽʥʥʠʭ ʧʘʧʝʨʽʚ, ʎʇ) 

ʽ ʥʝʨʫʭʦʤʦʩʪʽ ʚ ʗʧʦʥʽʾ ʥʘʧʨʠʢʽʥʮʽ 1980-ʭ ʨʨ. ʟ ʥʘʩʪʫʧʥʠʤ ʾʭ ʩʧʘʜʦʤ ʫ 1990 ʨ. 

ʌ̔ ʥʘʥʩʦʚʘ ʣʙ̔ʝʨʘʣʽʟʘʮʽʷ ʧʨʦʪʷʛʦʤ 1980-ʭ ʨʨ. ʽ ʧʨʘʛʥʝʥʥʷ ʜʦ ʟʤʽʮʥʝʥʥʷ ʜʦʣʘʨʘ 

ʉʐɸ ʥʘʧʨʠʢʽʥʮʽ 1980-ʭ ʨʨ. ʩʧʨʠʷʣʦ ʟʙʽʣʴʰʝʥʥʶ ʢʨʝʜʠʪʥʦʾ ʤʘʩʠ. ʇʨʦʪʷʛʦʤ 

ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ 1980-ʭ ʨʨ. ʮʽʥʠ ʘʢʪʠʚʽʚ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʣʠ, ʩʷʛʥʫʚʰʠ, ʚʨʝʰʪʽ-

ʨʝʰʪ, ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ʋ 1985 ʨ. ʽʥʜʝʢʩ Nikkei 225 ʜʦʨʽʚʥʶʚʘʚ ʙʣʠʟʴʢʦ 

10000, ʘ 19 ʛʨʫʜʥʷ 1989 ʨ. ʩʷʛʥʫʚ ʨʽʚʥʷ 38916. ʅʦʚʠʡ ʛʦʣʦʚʘ ʧʨʘʚʣʽʥʥʷ ɹʘʥʢʫ 

ʗʧʦʥ̔ʾ ʨʦʟʧʦʯʘʚ ʞʦʨʩʪʢʽʰʫ ʤʦʥʝʪʘʨʥʫ ʧʦʣʽʪʠʢʫ, ʜʦʣʘʶʯʠ ʽʥʬʣʷʮʽʶ ʽ ʟʚʝʨʪʘʶʯʠ 

ʤʝʥʰʝ ʫʚʘʛʠ ʥʘ ʢʫʨʩ ʜʦʣʘʨʘ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʨʽʟʢʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʩʦʪʢʦʚʠʭ 
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ʩʪʘʚʦʢ ʥʘ ʧʦʯʘʪʢʫ 1990-ʭ ʨʨ. [139]. ʋ ʧʝʨʰʦʤʫ ʧʽʚʨʽʯʯʽ 1990 ʨ. Nikkei 225 ʰʚʠʜʢʦ 

ʩʧʘʜʘʚ, ʘ 1 ʞʦʚʪʥʷ 1990 ʨ. ʚʧʘʚ ʜʦ ʨʽʚʥʷ 20222: ʙʫʣʴʙʘʰʢʘ ʣʫʩʥʫʣʘ. ʅʘ ʧʦʯʘʪʢʫ 

1990-ʭ ʨʨ. ʚ ʗʧʦʥʽʾ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʬʽʥʘʥʩʦʚʽ ʩʢʦʨʦʯʝʥʥʷ ʡ ʜʝʬʦʣʪʠ. ʈʦʟʧʘʜ 

ʙʫʣʴʙʘʰʢʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʚ ʥʘ ʨʝʘʣʴʥʠʡ ʩʝʢʪʦʨ, ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʷʢʦʛʦ ʫ 1990-ʭ 

ʨʨ. ʢʦʣʠʚʘʣʠʩʷ ʥʘʚʢʦʣʦ ʥʫʣʷ. ʊʘʢʽ ʪʝʤʧʠ ʙʫʣʠ ʥʝʪʠʧʦʚʠʤʠ ʜʣʷ ʧʽʩʣʷʚʦʻʥʥʦʾ 

ʝʢʦʥʦʤʽʢʠ ʗʧʦʥʽʾ. 

ʇʦʜʽʙʥʽ ʧʦʜʽʾ ʪʨʘʧʣʷʣʠʩʷ ʚ ʅʦʨʚʝʛʽʾ, ʌʽʥʣʷʥʜʽʾ, ʐʚʝʮʽʾ ʫ 1980-ʭ ʨʨ. [140]. 

ʋ ʅʦʨʚʝʛʽʾ ʚʽʜʥʦʰʝʥʥʷ ʙʘʥʢʽʚʩʴʢʠʭ ʧʦʟʠʢ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʚʘʣʦʚʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʜʫʢʪʫ (ɺɺʇ) ʟʨʦʩʣʦ ʚʽʜ 40% ʫ 1984 ʨ. ʜʦ 68% ʫ 1988 ʨ. ʧʨʠ 

ʧʦʤʽʪʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʮʽʥ ʘʢʪʠʚʽʚ, ʽʥʚʝʩʪʠʮʽʡ, ʩʧʦʞʠʚʘʥʥʷ. ʉʧʘʜ ʮʽʥ ʥʘ ʥʘʬʪʫ 

ʩʧʨʠʷʚ ʨʦʟʧʘʜʫ ʬʽʥʘʥʩʦʚʦʾ ʙʫʣʴʙʘʰʢʠ ʽ ʩʧʨʠʯʠʥʠʚ ʥʘʡʩʝʨʡʦʟʥʽʰʫ ʧʽʩʣʷʚʦʻʥʥʫ 

ʙʘʥʢʽʚʩʴʢʫ ʢʨʠʟʫ ʽ ʨʝʮʝʩʽʶ ʅʦʨʚʝʛʽʾ. 

ʋ ʌʽʥʣʷʥʜʽʾ ʽʥʬʣʷʮʽʡʥʠʡ ʙʶʜʞʝʪ 1987 ʨ. ʩʧʨʠʯʠʥʠʚ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʢʨʝʜʠʪʥʦʾ ʤʘʩʠ. ɺʽʜʥʦʰʝʥʥʷ ʙʘʥʢʽʚʩʴʢʠʭ ʧʦʟʠʢ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ɺɺʇ ʟʨʦʩʣʦ ʚʽʜ 

55% ʫ 1984 ʨ. ʜʦ 90% ʫ 1990 ʨ. ʇʨʦʪʛ̫ʦʤ 1987ï1988 ʨʨ. ʮʽʥʠ ʥʘ ʞʠʪʣʦ ʟʨʦʩʣʠ ʥʘ 

68%. ɼʣʷ ʚʛʘʤʫʚʘʥʥʷ ʢʨʝʜʠʪʥʦʛʦ ʙʫʤʫ ʫ 1989 ʨ. ʎɹ ʌʽʥʣʷʥʜʽʾ ʟʙʽʣʴʰʠʚ ʚʽʜʩʦʪʢʦʚʽ 

ʩʪʘʚʢʠ ʽ ʨʝʟʝʨʚʥʽ ʚʠʤʦʛʠ, ʘʣʝ ʫ 1990ï1991 ʨʨ. ʩʠʪʫʘʮʽʶ ʧʦʛʽʨʰʠʚ ʩʧʘʜ ʪʦʨʛʽʚʣʽ ʟ 

ʉʈʉʈ: ʮʽʥʠ ʘʢʪʠʚʽʚ ʩʧʘʜʘʣʠ, ʘ ʙʘʥʢʠ ʰʫʢʘʣʠ ʧʽʜʪʨʠʤʢʠ ʫʨ̫ ʜʫ. ɺɺʇ ʌʽʥʣʷʥʜʽʾ 

ʟʥʠʟʠʚʩʷ ʥʘ 7%. 

ʋ ʐʚʝʮ̔ ʾ ʩʪʽʡʢʝ ʟʙʽʣʴʰʝʥʥʷ ʢʨʝʜʠʪʥʦʾ ʤʘʩʠ ʥʘʧʨʠʢʽʥʮʽ 1980-ʭ ʨʨ. ʧʨʠʟʚʝʣʦ 

ʜʦ ʙʫʤʫ ʨʠʥʢʫ ʥʝʨʫʭʦʤʦʩʪʽ. ʋ ʜʨʫʛʦʤʫ ʧʽʚʨʽʯʯʽ 1990 ʨ. ʚʥʘʩʣʽʜʦʢ ʞʦʨʩʪʢʽʰʦʾ 

ʤʦʥʝʪʘʨʥʦʾ ʧʦʣʽʪʠʢʠ ʚʽʜʩʦʪʢʦʚʽ ʩʪʘʚʢʠ ʟʨʦʩʣʠ, ʘ ʫ 1991 ʨ. ʙʘʛʘʪʦ ʙʘʥʢʽʚ ʤʘʣʦ 

ʩʝʨʡʦʟʥʽ ʪʨʫʜʥʦʱʽ ʯʝʨʝʟ ʧʦʧʝʨʝʜʥʽ ʧʦʟʠʢʠ, ʦʩʥʦʚʘʥʽ ʥʘ ʽʥʬʣʷʮʽʡʥʠʭ ʮʽʥʘʭ ʘʢʪʠʚʽʚ. 

ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʚʪʨʫʯʘʥʥʷ ʫʨʷʜʫ ʐʚʝʮʽʾ ʪʘ ʨʝʮʝʩʽʾ. 

ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʥʦʚʦʧʦʩʪʘʣʦʾ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ, ʱʦ ʟʘʟʥʘʣʘ ʧʦʜʽʙʥʦʾ 

ʧʨʦʙʣʝʤʠ, ʻ ʄʝʢʩʠʢʘ. ʅʘ ʧʦʯʘʪʢʫ 1990-ʭ ʨʨ. ʧʽʩʣʷ ʧʨʠʚʘʪʠʟʘʮʽʾ ʙʘʥʢʽʚ ʚʽʜʙʫʣʘʩʷ 

ʬʽʥʘʥʩʦʚʘ ʣʽʙʝʨʘʣʽʟʘʮʽʷ, ʷʢʘ ʟʥʷʣʘ ʨʝʟʝʨʚʥʽ ʚʠʤʦʛʠ. ʏʘʩʪʢʘ ʫ ɺɺʇ ʙʘʥʢʽʚʩʴʢʠʭ 

ʢʨʝʜʠʪʽʚ ʧʨʠʚʘʪʥʠʤ ʥʝʬʽʥʘʥʩʦʚʠʤ ʫʩʪʘʥʦʚʘʤ ʟʨʦʩʣʘ ʚʽʜ 10% ʥʘʧʨʠʢʽʥʮʽ 1980-ʭ ʨʨ. 
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ʜʦ 40% ʫ 1994 ʨ. ʅʘ ʧʦʯʘʪʢʫ 1990-ʭ ʨʨ. ʬʦʥʜʦʚʠʡ ʨʠʥʦʢ ʧʦʤʽʪʥʦ ʟʨʦʩʪʘʚ. ʆʜʥʘʢ 23 

ʙʝʨʝʟʥʷ 1994 ʨ. ʧʦʩʪʨʽʣʘʤʠ ʚʧʨʠʪʫʣ ʙʫʚ ʫʙʠʪʠʡ ʢʘʥʜʠʜʘʪ ʫ ʧʨʝʟʠʜʝʥʪʠ ʄʝʢʩʠʢʠ 

ʂʦʣʦʩʽʦ-ʄʫʨʨʽʝʪʘ (Colosio-Murrieta, 1950ï1994), ʚ ʢʘʨôʻʨʽ ʷʢʦʛʦ ʻ ʥʘʚʯʘʥʥʷ ʚ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʇʝʥʩʠʣʴʚʘʥʽʾ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʄʽʞʥʘʨʦʜʥʦʤʫ ʽʥʩʪʠʪʫʪʽ ʧʨʠʢʣʘʜʥʦʛʦ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣ̔ ʟʫ (International Institute for Applied Systems Analysis, IIA SA); ʟ 

IIASA ʧʦʩʪʽʡʥʦ ʫʩʧʽʰʥʦ ʩʧʽʚʧʨʘʮʶʻ ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ.ɻʣʫʰʢʦʚʘ 

ʅɸʅ ʋʢʨʘʾʥʠ. ʌʽʥʘʥʩʦʚʘ ʙʫʣʴʙʘʰʢʘ ʣʫʩʥʫʣʘ ʧʽʩʣʷ ʮʴʦʛʦ ʟʘʤʘʭʫ ʽ ʧʦʯʘʪʢʫ 

ʟʙʨʦʡʥʦʛʦ ʧʦʚʩʪʘʥʥʷ ʤʽʩʮʝʚʠʭ ʤʝʰʢʘʥʮʽʚ ʧʨʦʪʠ ʣʘʪʠʬʫʥʜʠʩʪʽʚ ʫ ʧʨʦʚʽʥʮʽʾ ʏʽʷʧʘʩ 

(Chiapas) ʫ 1994 ʨ. ɺʧʘʣʠ ʮʽʥʠ ʘʢʮʽʡ ʪʘ ʽʥʰʠʭ ʘʢʪʠʚʽʚ, ʩʪʘʣʘʩʷ ʙʘʥʢʽʚʩʴʢʘ ʢʨʠʟʘ, 

ʦʙʚʘʣʠʣʘʩʷ ʥʘʮʽʦʥʘʣʴʥʘ ʚʘʣʶʪʘ, ʨʦʟʧʦʯʘʣʘʩʷ ʚʘʞʢʘ ʨʝʮʝʩʽʷ. 

ɺʠʱʝʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʚʢʘʟʫʶʪʴ ʥʘ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʽʩʪʦʪʥʠʤʠ 

ʧ̔ ʜʚʠʱʝʥʥʷʤʠ ʮʽʥ ʘʢʪʠʚʽʚ (ʧʦʟʠʪʠʚʥʠʤʠ ʙʫʣʴʙʘʰʢʘʤʠ) ʽ ʛʨʦʰʦʚʦ-ʢʨʝʜʠʪʥʦʶ 

ʧʦʣʽʪʠʢʦʶ, ʘ ʪʘʢʦʞ ʥʘ ʪʝ, ʱʦ ʨʦʟʧʘʜ ʙʫʣʴʙʘʰʢʠ ʤʦʞʝ ʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ 

ʧʨʦʙʣʝʤ: ʩʧʘʜ ʮʽʥ ʘʢʪʠʚʽʚ ʚʝʜʝ ʜʦ ʪʠʩʢʽʚ ʥʘ ʙʘʥʢʽʚʩʴʢʠʡ ʩʝʢʪʦʨ. ɹʘʥʢʠ, ʱʦ ʻ 

ʜʝʨʞʘʪʝʣʷʤʠ ʥʝʨʫʭʦʤʦʩʪʽ ʪʘ ʎʇ, ʮʽʥʘ ʷʢʠʭ ʩʧʘʜʘʻ (ʯʠ ʧʦʟʠʢ ʚʣʘʩʥʠʢʘʤ ʮʠʭ 

ʘʢʪʠʚʽʚ), ʯʘʩʪʦ ʧʦʪʨʘʧʣʷʶʪʴ ʧʜ̔ ʩʝʨʡʦʟʥʠʡ ʪʠʩʢ ʟʤʝʥʰʝʥʥʷ ʘʢʪʠʚʽʚ ʧʨʠ 

ʬʽʢʩʦʚʘʥʠʭ ʟʦʙʦʚôʷʟʘʥʥʷʭ. ʊʦʜʽ ʙʘʥʢʠ ʟʤʫʰʝʥʽ ʚʽʜʢʣʠʢʘʪʠ ʧʦʟʠʢʠ, ʧʦʟʙʘʚʣʷʶʯʠʩʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʘʢʪʠʚʽʚ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʩʠʣʶʻ ʧʨʦʙʣʝʤʫ ʩʧʘʜʫ ʮʽʥ ʘʢʪʠʚʽʚ ï 

ʧʨʦʙʣʝʤʫ ʥʝʛʘʪʠʚʥʦʾ ʙʫʣʴʙʘʰʢʠ. ʅʝʛʘʪʠʚʥʽ ʙʫʣʴʙʘʰʢʠ, ʜʝ ʮʽʥʠ ʘʢʪʠʚʽʚ ʟʘʥʘʜʪʦ 

ʩʧʘʜʘʶʪʴ, ʤʦʞʫʪʴ ʰʢʦʜʠʪʠ ʙʘʥʢʽʚʩʴʢʽʡ ʩʠʩʪʝʤʽ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ 

ʫʩʢʣʘʜʥʶʚʘʪʠ ʧʨʦʙʣʝʤʠ ʨʝʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ. ɻʨʦʰʦʚʦ-ʢʨʝʜʠʪʥʘ ʧʦʣʽʪʠʢʘ ʤʦʞʝ ʷʢ 

ʩʧʨʠʷʪʠ ʧʦʟʠʪʠʚʥʠʤ ʮʽʥʦʚʠʤ ʙʫʣʴʙʘʰʢʘʤ, ʪʘʢ ʽ ʟʘʧʦʙʽʛʘʪʠ ʥʘʜʤʽʨʥʦ ʥʝʛʘʪʠʚʥʠʤ 

ʮʽʥʦʚʠʤ ʙʫʣʴʙʘʰʢʘʤ. ʋ ʥʘʚʝʜʝʥʠʭ ʧʨʠʢʣʘʜʘʭ ʅʦʨʚʝʛʽʾ, ʌʽʥʣʷʥʜʽʾ, ʐʚʝʮʽʾ, 

ʄʝʢʩʠʢʠ ʮʽʥʠ ʘʢʪʠʚʽʚ ʰʚʠʜʢʦ ʚʽʜʥʦʚʠʣʠʩʷ, ʘ ʟʦʚʥʽʰʥʽ ʝʬʝʢʪʠ ʜʣʷ ʨʝʘʣʴʥʦʾ 

ʝʢʦʥʦʤʽʢʠ ʚʠʷʚʠʣʠʩʷ ʥʝʪʨʠʚʘʣʠʤʠ. ɺʦʜʥʦʯʘʩ ʚ ʗʧʦʥʽʾ ʮʽʥʠ ʘʢʪʠʚʽʚ ʜʦʚʛʦ (ʜʦ 

2005 ʨ.) ʥʝ ʚʽʜʥʦʚʣʶʚʘʣʠʩʷ, ʘ ʨʝʘʣʴʥʘ ʝʢʦʥʦʤʽʢʘ ʚʠʷʚʣʷʣʘ ʤʝʥhʫ ʨʦʙʘʩʪʥʽʩʪʴ. 

ɺʽʜʦʤʘ ʪʝʦʨʽʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʟʙʽʣʴʰʝʥʥʷʤ ʢʨʝʜʠʪʥʦʾ ʤʘʩʠ ʽ ʧʦʟʠʪʠʚʥʠʤʠ 

ʙʫʣʴʙʘʰʢʘʤʠ, ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʦʙʣʝʤʽ ʘʛʝʥʪʩʪʚʘ (agency problem) [141]. ɹʘʛʘʪʦ 
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ʽʥʚʝʩʪʦʨʽʚ ʫ ʥʝʨʫʭʦʤʽʩʪʴ ʽ ʬʦʥʜʦʚʠʡ ʨʠʥʦʢ ʦʪʨʠʤʫʪʁʴ ʩʚʦʾ ʽʥʚʝʩʪʠʮʽʡʥ̔  ʢʦʰʪʠ ʽʟ 

ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ. ʗʢʱʦ ʢʽʥʮʝʚʽ ʥʘʜʘʚʘʯʽ ʢʦʰʪʽʚ ʥʝ ʟʜʘʪʥʽ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʢʨʝʪʥʦʾ ʽʥʚʝʩʪʠʮʽʾ, ʪʦ ʚʠʥʠʢʘʻ ʢʣʘʩʠʯʥʘ ʧʨʦʙʣʝʤʘ ʟʩʫʚʫ ʨʠʟʠʢʫ 

(risk-shifting). ɿʩʫʚ ʨʠʟʠʢʫ ʟʙʽʣʴʰʫʻ ʚʽʜʜʘʯʫ ʥʘ ʽʥʚʝʩʪʠʮʽʶ ʚ ʨʠʟʠʢʦʚʽ ʘʢʪʠʚʠ ʽ 

ʩʧʦʥʫʢʘʻ ʽʥʚʝʩʪʦʨʽʚ ʟʙʽʣʴʰʫʚʘʪʠ ʮʽʥʠ ʚʠʱʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʽʚʥʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʠʨʽʰʘʣʴʥʦʶ ʜʝʪʝʨʤʽʥʘʥʪʦʶ ʮʽʥ ʘʢʪʠʚʽʚ ʻ ʦʙʩʷʛ ʥʘʜʘʥʠʭ ʢʨʝʜʠʪʽʚ. ʇʨʦʮʝʩ 

ʬʽʥʘʥʩʦʚʦʾ ʣʽʙʝʨʘʣʽʟʘʮʽʾ, ʟʙʽʣʴʰʫʶʯʠ ʢʨʝʜʠʪʥʫ ʤʘʩʫ ʽ ʩʪʚʦʨʶʶʯʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʱʦʜʦ ʤʘʡʙʫʪʥʴʦʾ ʜʠʥʘʤʽʢʠ ʪʘʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ, ʟʘ ʧʨʦʙʣʝʤʠ ʘʛʝʥʪʩʪʚʘ ʤʦʞʝ ʚʝʩʪʠ 

ʜʦ ʙʫʣʴʙʘʰʢʠ ʮʽʥ ʘʢʪʠʚʽʚ. 

ɼʦ ʧʦʟʠʪʠʚʥʠʭ ʙʫʣʴʙʘʰʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʣʠ ʜʦ ʟʛʘʜʘʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʢʨʠʟ, ʚʝʜʝ 

ʧʝʚʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʜʽʡ. 

ʉʧʦʯʘʪʢʫ ʤʘʻ ʤʽʩʮʝ ʧʝʚʥʘ ʬʽʥʘʥʩʦʚʘ ʣʽʙʝʨʘʣʽʟʘʮʽʷ, ʷʢʘ ʚʝʜʝ ʜʦ ʧʦʤʽʪʥʦʛʦ 

ʟʙʽʣʴh ʝʥʥʷ ʢʨʝʜʠʪʥʦʾ ʤʘʩʠ. ɹʘʥʢʠ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʁʪʴ ʦʙʩʷʛ ʧʦʟʠʢ. ɼʝʷʢʽ ʧʦʟʠʢʠ 

ʬʥ̔ʘʥʩʫʶʪʴ ʥʦʚʽ ʽʥʚʝʩʪʠʮʽʾ. ɹʘʛʘʪʦ ʮʠʭ ʽʥʚʝʩʪʠʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʫʧʽʚʣʽ 

ʪʘʢʠʭ ʘʢʪʠʚʽʚ, ʷʢ ʘʢʮʽʾ ʪʘ ʥʝʨʫʭʦʤʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʧʨʦʧʦʟʠʮʽʷ ʧʦʜʽʙʥʠʭ ʘʢʪʠʚʽʚ ʻ 

ʬʽʢʩʦʚʘʥʦʶ, ʪʦ ʾʭ ʮʽʥʠ ʟʨʦʩʪʘʶʪʴ ʚʠʱʝ ʾʭʥʽʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʽʚʥʽʚ. ʇʦʩʪʘʶʪʴ 

ʧʨʦʙʣʝʤʠ ʢʦʨʦʪʢʦʛʦ ʧʨʦʜʘʞʫ (short selling) ï ʧʨʦʜʘʞʫ çʚʝʜʤʝʜʷʤʠè ʮʽʥʥʠʭ 

ʧʘʧʝʨʽʚ, ʷʢʠʭ ʚʦʥʠ ʥʝ ʤʘʶʪʴ (ʷʢʽ ʧʦʟʠʯʘʶʪʴ ʫ ʙʨʦʢʝʨʽʚ), ʩʧʦʜʽʚʘʶʯʠʩʴ ʥʘ 

ʟʥʠʞʝʥʥʷ ʮʽʥ ʽ ʧʨʦʚʝʜʝʥʥʷ ʦʙʝʨʥʝʥʦʾ ʦʧʝʨʘʮʽʾ. ʊʘʢʠʡ ʧʨʦʜʘʞ ʻ ʨʠʟʠʢʦʚʘʥʠʤ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʪʘʢʠʡ ʧʨʦʜʘʞ ʥʝ ʜʘʻ ʮʽʥʘʤ ʟʥʠʞʫʚʘʪʠʩʷ ʜʦ ʨʽʚʥʷ, ʧʝʨʝʜʙʘʯʝʥʦʛʦ 

ʩʪʘʥʜʘʨʪʥʦʶ ʪʝʦʨʽʻʶ. ʇʨʦʮʝʩ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʪʨʠʚʘʻ ʜʦ ʪʠʭ ʧʽʨ, ʢʦʣʠ a) ʩʪʘʻʪʴʩʷ 

ʧʝʚʥʘ ʨʝʘʣʴʥʘ ʧʦʜʽʷ, ʷʢʘ ʦʟʥʘʯʘʻ ʤʘʣʽ ʚʽʜʜʘʯʽ ʥʘ ʘʢʪʠʚʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʪʘ/ʘʙʦ b) 

ʎɹ ʟʤʫʰʝʥʠʡ ʦʙʤʝʞʠʪʠ ʢʨʝʜʠʪʥʫ ʤʘʩʫ, ʟʘʧʦʙʽʛʘʶʯʠ ʽʥʬʣ̫ʮʽʾ ʡ çʧʝʨʝʛʨʽʚʫè 

(çoverheatingè) ʝʢʦʥʦʤʽʢʠ. ʅʘʩʣʽʜʢʦʤ ʧʦʜʽʡ a) ʪʘ/ʘʙʦ b) ʻ ʨʽʟʢʠʡ ʩʧʘʜ ʮʽʥ ʘʢʮʽʡ ʽ 

ʥʝʨʫʭʦʤʦʩʪʽ. ɺʠʥʠʢʘʻ ʙʘʥʢʽʚʩʴʢʘ ʢʨʠʟʘ, ʙʦ ʘʢʪʠʚʠ ʚ ʮʽʥʘʭ ʧʦʟʠʪʠʚʥʦʾ ʙʫʣʴʙʘʰʢʠ 

ʚʠʩʪʫʧʘʣʠ ʚ ʷʢʦʩʪʽ ʢʨʝʜʠʪʥʦʾ ʟʘʩʪʘʚʠ. ʊʘʢʦʞ ʤʦʞʣʠʚʘ ʢʨʠʟʘ ʦʙʤʽʥʥʦʛʦ ʢʫʨʩʫ, ʢʦʣʠ 

ʽʥʚʝʩʪʦʨʠ ʚʠʚʦʜʷʪʴ ʩʚʦʾ ʢʦʰʪʠ ʟ ʢʨʘʾʥʠ, ʘ ʎɹ ʢʨʘʾʥʠ ʟʘʭʠʱʘʻ ʙʘʥʢʽʚʩʴʢʫ ʩʠʩʪʝʤʫ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʦʙʤʽʥʥʠʡ ʢʫʨʩ. 
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ʍʦʯʘ ʧʦʜʽʙʥʽ ʙʫʣʴʙʘʰʢʠ ʽ ʢʨʠʟʠ ʯʘʩʪʦ ʧʦʚôʷʟʫʶʪʴ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʜʘʥʦʾ 

ʢʨʘʾʥʠ, ʚ ʥʘʚʝʜʝʥʠʭ ʧʨʠʢʣʘʜʘʭ ʗʧʦʥʽʾ, ʅʦʨʚʝʛʽʾ, ʌʽʥʣʷʥʜʽʾ, ʐʚʝʮʽʾ, ʄʝʢʩʠʢʠ 

ʚʜ̔ʙʫʚʘʣʘʩʷ ʚʠʱʝʟʘʟʥʘʯʝʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʜʽʡ. ʊʦʤʫ ʪʘʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʟʘʛʘʣʴʥʠʤ ʷʚʠʱʝʤ, ʷʢʝ ʦʭʦʧʣʶʻ ʧʦʷʚʫ ʙʫʣʴʙʘʰʢʠ, ʨʝʘʢʮʽʶ ʙʘʥʢʽʚʩʴʢʦʾ 

ʩʠʩʪʝʤʠ, ʨʦʟʧʘʜ ʙʫʣʴʙʘʰʢʠ. 

ʋ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʝʣʷʭ ʮʽʥʦʫʪʚʦʨʝʥʥ̫  ʘʢʪʠʚʽʚ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʣʶʜʠ 

ʥ̔ʚʝʩʪʫʶʪʴ ʩʚʦʾ ʚʣʘʩʥʽ ʛʨʦʰʽ. ɺʽʜʧʦʚʽʜʥʠʡ ʨʽʚʝʥʴ ʮʽʥ ʥʘʟʠʚʘʶʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ. ɻʦʚʦʨʷʪʴ, ʱʦ ʥʘʩʪʘʻ ʙʫʣʴʙʘʰʢʘ, ʢʦʣʠ ʮʽʥʘ ʘʢʪʠʚʫ ʟʨʦʩʪʘʻ ʚʠʱʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʨʽʚʥʷ [142]. ʇʨʠ ʮʴʦʤʫ ʣʶʜʠ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʽʥʚʝʩʪʠʮʽʡʥʽ 

ʨʽʰʝʥʥʷ, ʙʝʨʫʪʴ ʧʦʟʠʢʠ ʯʝʨʝʟ ʜʝʬʦʣʪ ʽ ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ ʣʠhʝ ʚʠʱʫ ʯʘʩʪʠʥʫ 

ʨʦʟʧʦʜʽʣʫ ʚʽʜʜʘʯ ʥʘ ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ [141; 143]. ʊʦʜʽ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟʩʫʚʫ 

ʨʠʟʠʢʫ, ʘ ʮʽʥʘ ʨʠʟʠʢʦʚʦʛʦ ʘʢʪʠʚʫ ʟʨʦʩʪʘʻ ʚʠʱʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʨʽʚʥʷ, 

ʩʪʚʦʨʶʶʯʠ ʙʫʣʴʙʘʰʢʫ. 

ɼʦʩʣʽʜʠʤʦ ʨʘʮʽʦʥʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʣʶʜʝʡ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʽʥʚʝʩʪʠʮʽʡʥʽ 

ʨʽʰʝʥʥʷ, ʨʦʟʨʘʭʦʚʫʶʯʠ ʥʘ ʚʟʷʪʽ ʧʦʟʠʢʠ. ʋ ʚʠʧʘʜʢʫ ʜʝʬʦʣʪʫ ʚʦʥʠ ʨʦʟʨʘʭʦʚʫʶʪʴ ʥʘ 

ʦʙʤʝʞʝʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʧʦʟʠʢʦʜʘʚʮʽ ʥʝ ʤʦʞʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ 

ʨʠʟʠʢʦʚʘʥʽʩʪʶ ʽʥʚʝʩʪʦʚʘʥʠʭ ʧʨʦʝʢʪʽʚ, ʪʦ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʘʛʝʥʪʩʪʚʘ. ʋ ʚʠʧʘʜʢʫ 

ʥʝʨʫʭʦʤʦʩʪʽ ʮʷ ʧʨʦʙʣʝʤʘ ʦʯʝʚʠʜʥʘ. ʋ ʚʠʧʘʜʢʫ ʎʇ ʽʩʥʫʶʪʴ ʢʨʘʡʥʽ ʤʝʞʽ, ʷʢʽ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʣʶʜʷʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʨʘʪʠ ʧʦʟʠʢʠ ʜʣʷ ʽʥʚʝʩʪʫʚʘʥʥʷ ʚ ʜʘʥʠʡ ʎʇ. ʋ 

ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʽʥʚʝʩʪʠʮʽʡʥʽ ʨʽʰʝʥʥʷ ʥʘ ʨʠʥʢʫ ʚʠʟʥʘʯʘʶʪʴ ʥʝ ʬʽʟʠʯʥʽ, ʘ 

ʶʨʠʜʠʯʥʽ ʦʩʦʙʠ ï ʽʥʩʪʠʪʫʮʽʡʥʽ ʽʥʚʝʩʪʦʨʠ (ʤʝʥʝʜʞʝʨʠ). ɼʣʷ ʽʥʩʪʠʪʫʮʽʡʥʦʛʦ 

ʤʝʥʝʜʞʝʨʘ ʪʝʞ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʘʛʝʥʪʩʪʚʘ ʟ ʙʦʨʛʦʚʠʤʠ ʢʦʥʪʨʘʢʪʘʤʠ. ʂʨʽʤ ʪʦʛʦ, 

ʩʪʨʫʢʪʫʨʘ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʦʜʽʙʥʘ ʜʦ ʙʦʨʛʦʚʦʛʦ ʢʦʥʪʨʘʢʪʫ: ʷʢʱʦ ʘʢʪʠʚʠ, ʚ ʷʢʽ 

ʽʥʚʝʩʪʫʶʪʴ ʤʝʥʝʜʞʝʨʠ, ʻ ʫʩʧʽʰʥʠʤʠ, ʪʦ ʤʝʥʝʜʞʝʨʠ ʟʘʣʫʯʘʶʪʴ ʙʽʣʴʰʝ ʢʦʰʪʽʚ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʽ ʪʦʤʫ ʜʽʩʪʘʶʪʴ ʚʠʱʽ ʧʣʘʪʝʞʽ; ʷʢʱʦ ʞ ʘʢʪʠʚʠ ʥʝ ʻ ʫʩʧʽʰʥʠʤʠ, ʪʦ 

ʤʝʥʝʜʞʝʨʠ ʩʧʣʘʯʫʶʪʴ ʰʪʨʘʬʠ ʽ ʨʠʟʠʢʫʶʪʴ ʩʪʘʪʠ ʟʚʽʣʴʥʝʥʠʤʠ. ʎʷ ʩʪʨʫʢʪʫʨʘ 

ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʾ, ʘʥʘʣʦʛʽʯʥʽ ʜʦ ʬʫʥʢʮʽʡ ʦʙʤʝʞʝʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ [142]. 
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ʅʘ ʢʦʞʥʫ ʦʜʠʥʠʮʶ ʙʝʟʨʠʟʠʢʦʚʦʛʦ ʘʢʪʠʚʫ, ʽʥʚʝʩʪʦʚʘʥʫ ʫ ʧʝʨʽʦʜ ʯʘʩʫ 1=t , ʫ 

ʧʝʨʽʦʜ 2=t  ʦʯʽʢʫʻʪʴʩʷ ʚʠʛʨʘʰ 1.5; ʮʝ ʦʟʥʘʯʘʻ ʜʠʩʢʦʥʪ =r 50%. ʇʨʠʧʫʩʪʠʤʦ, 

ʪʘʢʠʡ ʘʢʪʠʚ ʤʘʻ ʟʤʽʥʥʫ ʧʨʦʧʦʟʠʮʽʶ. ʅʘ ʦʜʠʥʠʮʶ ʨʠʟʠʢʦʚʦʛʦ ʘʢʪʠʚʫ A, ʢʫʧʣʝʥʫ ʟʘ 

ʮʽʥʦʶ P  ʫ ʧʝʨ̔ʦʜ ʯʘʩʫ 1=t , ʫ ʧʝʨʽʦʜ 2=t  ʦʯʽʢʫʻʪʴʩʷ ʚʠʥʘʛʦʨʦʜʘ R, ʨʽʚʥʘ 6 ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ 0.25 ʽ ʨʽʚʥʘ 1 ʟ ʽʤʦʚʽʨʥʽʩʪʶ 0.75; ʟʘʛʘʣʴʥʘ ʦʯʽʢʫʚʘʥʘ ʚʠʥʘʛʦʨʦʜʘ ʚʽʜ 

ʘʢʪʠʚʫ A ʨʽʚʥʘ =ER 6Ĭ0.25+1Ĭ0.75=1.5+0.75=2.25. ʇʨʠʧʫʩʪʠʤʦ, ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ 

ʤʘʻ ʬʽʢʩʦʚʘʥʫ ʧʨʦʧʦʟʠʮʽʶ, ʨʽʚʥʫ 1. 

ʅʝʭʘʡ ʫ ʧʝʨʽʦʜ ʯʘʩʫ 1=t  ʢʦʞʥʠʡ ʟ ʜʚʦʭ ʽʥʚʝʩʪʦʨʽʚ ʤʘʻ ʩʪʘʪʢʠ, ʨʽʚʥʽ 1, ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʾʭ ʽʥʚʝʩʪʫʻ. ʗʢʱʦ ʢʦʞʥʠʡ ʽʥʚʝʩʪʦʨ ʥʝʡʪʨʘʣʥɹʠʡ ʜʦ ʨʠʟʠʢʫ, ʪʦ 

ʛʨʘʥʠʯʥʽ ʚʽʜʜʘʯʽ ʥʘ ʦʙʠʜʚʘ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʘʢʪʠʚʠ ʤʘʶʪʴ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤʠ: 

1

5.125.2
=

P
,    )1(15.1

5.1

25.2
rPF +³=== .  (2.21) 

ʆʯʽʢʫʚʘʥʠʡ ʚʠʛʨʘʰ 1.5 ʥʘ ʦʜʠʥʠʮʶ ʽʥʚʝʩʪʠʮʽʡ ʫ ʙʝʟʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ ʟʘ ʮʽʥʦʶ 

1 ʻ ʪʘʢʠʤ ʩʘʤʠʤ, ʷʢ ʥʘ 
5.1

1
 ʦʜʠʥʠʮʴ ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ ʟʘ ʮʽʥʦʶ FP . 

ʆʪʞʝ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʮʽʥʘ ʨʠʟʠʢʦʚʦʛʦ ʘʢʪʠʚʫ ï ʮʝ ʤʘʡʙʫʪʥʷ ʚʘʨʪʽʩʪʴ ʚʠʛʨʘʰʫ 

ʧʨʠ ʜʘʥʦʤʫ ʜʠʩʢʦʥʪʽ ʯʠ ʜʘʥʽʡ ʘʣʴʪʝʨʥʘʪʠʚʥʽʡ ʚʘʨʪʦʩʪʽ. ɹʫʜʴ-ʷʢʫ ʚʠʱʫ ʮʽʥʫ ʮʴʦʛʦ 

ʘʢʪʠʚʫ ʥʘʟʠʚʘʶʪʴ ʙʫʣʴʙʘʰʢʦʚʦʶ. 

ʅʝʭʘʡ ʪʝʧʝʨ ʫ ʧʝʨʽʦʜ ʯʘʩʫ 1=t  ʢʦʞʥʠʡ ʽʥʚʝʩʪʦʨ ʥʝ ʤʘʻ ʚʣʘʩʥʠʭ ʩʪʘʪʢʽʚ, ʘʣʝ 

ʤʦʞʝ ʙʨʘʪʠ ʧʦʟʠʢʠ ʧʽʜ ʢʨʝʜʠʪʥʫ ʩʪʘʚʢʫ ==
3

1
lr 0.333 ʜʣʷ ʢʫʧʽʚʣʽ ʘʢʪʠʚʽʚ. ʆʙʩʷʛ 

ʧʦʟʠʢ ʥʝ ʧʝʨʝʚʠʱʫʻ 1: ʷʢʱʦ ʽʥʚʝʩʪʦʨ ʙʝʨʝ ʧʦʟʠʢʫ ʦʙʩʷʛʦʤ 1, ʪʦ ʚʽʜʜʘʻ ʩʫʤʫ 1.33, 

ʷʢʱʦ ʟʜʘʪʥʠʡ ʚʽʜʜʘʪʠ ʮʶ ʩʫʤʫ; ʷʢʱʦ ʞ ʽʥʚʝʩʪʦʨ ʥʝ ʟʜʘʪʥʠʡ ʚʽʜʜʘʪʠ ʮʶ ʩʫʤʫ, ʪʦ 

ʧʦʟʠʢʦʜʘʚʝʮʴ ʤʘʻ ʧʨʘʚʦ ʧʨʝʪʝʥʜʫʚʘʪʠ ʥʘ ʙʫʜ-ɹʱʦ, ʱʦ ʻ ʚ ʽʥʚʝʩʪʦʨʘ. 

ʂʦʣʠ ʽʥʚʝʩʪʦʨ ʙʝʨʝ ʧʦʟʠʢʫ ʦʙʩʷʛʦʤ 1 ʪʘ ʽʥʚʝʩʪʫʻ ʾʾ ʫ ʙʝʟʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ, ʪʦ 

ʜʽʩʪʘʻ ʛʨʘʥʠʯʥʫ ʚʽʜʜʘʯʫ  

=-lrr 0.5ï0.33=0.17.     (2.22) 
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ʂʦʣʠ ʞ ʽʥʚʝʩʪʦʨ ʙʝʨʝ ʧʦʟʠʢʫ ʦʙʩʷʛʦʤ 1 ʪʘ ʽʥʚʝʩʪʫʻ ʫ ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ X, ʪʦ 

ʢʫʧʫʻ ʦʙʩʷʛ 
5.1

11
=

FP
 ʮʴʦʛʦ ʘʢʪʠʚʫ ʟʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʮʽʥʦ .ʁ ʇʨʠ ʚʠʥʘʛʦʨʦʜʽ 

=R 6 ʽʥʚʝʩʪʦʨ ʚʽʜʜʘʻ ʧʦʟʠʢʦʜʘʚʮʶ ʩʫʤʫ 1.33, ʟʘʣʠʰʘʶʯʠ ʨʝʰʪʫ ʩʦʙʽ, ʘ ʧʨʠ 

ʚʠʥʘʛʦʨʦʜʽ =R 1 ʽʥʚʝʩʪʦʨ ʥʝ ʟʜʘʪʥʠʡ ʚʽʜʜʘʪʠ ʧʦʟʠʢʦʜʘʚʮʶ ʧʦʪʨʽʙʥʫ ʩʫʤʫ ʽ 

ʧʦʟʠʢʦʜʘʚʝʮʴ ʟʘʙʠʨʘʻ ʮʶ ʚʠʥʘʛʦʨʦʜʫ, ʟʘʣʠʰʘʶʯʠ ʽʥʚʝʩʪʦʨʘ ʙʝʟ ʚʠʛʨʘʰʫ. 

ʆʯʽʢʫʚʘʥʘ ʛʨʘʥʠʯʥʘ ʚ̔ ʜʜʘʯʘ ʽʥʚʝʩʪʦʨʫ ʥʘ ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ ʨʽʚʥʘ 

=³+öö
÷

õ
ææ
ç

å
-³ 075.033.16

1
25.0

FP
0.25 (4ï1.33)=0.25Ĭ2.67=0.67>0.17. (2.23) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʽʥʚʝʩʪʦʨʘ ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ ʚʠʛʽʜʥʽʰʠʡ, ʥʽʞ ʙʝʟʨʠʟʠʢʦʚʠʡ. 

ɺʦʜʥʦʯʘʩ ʜʣʷ ʧʦʟʠʢʦʜʘʚʮʷ ʙʝʟʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ ʚʠʛʽʜʥ̔h ʠʡ, ʥʽʞ ʨʠʟʠʢʦʚʠʡ: ʧʨʠ 

ʽʥʚʝʩʪʠʮʽʾ ʫ ʙʝʟʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ ʧʦʟʠʢʦʜʘʚʝʮʴ ʜʽʩʪʘʻ 1.33, ʘ ʧʨʠ ʽʥʚʝʩʪʠʮʽʾ ʫ 

ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ ʧʦʟʠʢʦʜʘʚʝʮʴ ʜʽʩʪʘ ̒

0.25Ĭ
3

4
+0.75Ĭ=

5.1

1
===

³+

6

5

3

5.2

3

275.01
0.83. 

ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʩʫʤʘʨʥʠʡ ʚʠʛʨʘʰ ʥ̔ʚʝʩʪʦʨʘ ʽ ʧʦʟʠʢʦʜʘʚʮʷ ʜʦʨʽʚʥʶʻ FP : 

0.17+1.33=1.5=0.67+0.83. 

ʈʠʟʠʢ ʜʝʬʦʣʪʫ ʜʦʟʚʦʣʷʻ ʟʤʽʩʪʠʪʠ ʚʠʛʨʘʰ 0.67ï0.17=0.5 ʚʽʜ ʧʦʟʠʢʦʜʘʚʮʷ ʜʦ 

ʧʦʟʠʯʘʣʴʥʠʢʘ (ʽʥʚʝʩʪʦʨʘ). ʆʩʢʽʣʴʢʠ ʧʦʟʠʢʦʜʘʚʝʮʴ ʥʝ ʩʧʦʩʪʝʨ̔ʛʘʻ ʟʘ ʨʠʟʠʢʦʚʘʥʽʩʪʶ 

ʧʨʦʝʢʪʽʚ ʧʦʟʠʯʘʣʴʥʠʢʘ, ʪʦ ʥʝ ʤʦʞʝ ʟʘʧʦʙʽʛʘʪʠ ʽʥʚʝʩʪʫʚʘʥʥʶ ʫ ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ 

[144; 145] (ʦʜʠʥ ʟ ʘʚʪʦʨʽʚ ʨʦʙʦʪʠ [145] ï ʅʦʙʝʣʽʚʩʴʢʠʡ ʣʘʫʨʝʘʪ 2001 ʨ.). 

ɿʘ ʨʽʚʥʦʚʘʞʥʦ ʾʮʽʥʠ XP  ʨʠʟʠʢʦʚʦʛʦ ʘʢʪʠʚʫ X ʚʠʛʨʘʰʽ (2.22) ʽ (2.23) ʦʜʥʘʢʦʚ̔: 
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XX PP
=-lrr 0.5ï0.33=0.17

3

5.0
= ,     (2.24) 

5.01
5.13

=-
³

XP
,    FX PP =>= 5.13 . 

ʆʪʞʝ, ʨʽʚʥʦʚʘʞʥʘ ʮʽʥʘ ʟʘ ʧʨʦʙʣʝʤʠ ʘʛʝʥʪʩʪʚʘ ʚʠʷʚʣʷʻʪʴʩʷ ʙʫʣʴʙʘʰʢʦʚʦʶ. 
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ɿʛʽʜʥʦ ʽʟ ʩʪʘʥʜʘʨʪʥʦʶ ʪʝʦʨʽʻʶ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʬʽʥʘʥʩʽʚ, ʬʽʨʤʠ, ʷʢʽ 

ʟʜʡ̔ʩʥʶʁʪʴ ʽʥʚʝʩʪʠʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʙʦʨʛʫ, ʥʝ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʠ ʥʘ ʚʝʣʠʯʠʥʫ ʯʠʩʪʦʾ 

ʧʦʪʦʯʥʦʾ ʚʘʨʪʦʩʪʽ; ʟʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʘʢʪʠʚʽʚ ʟʘ ʧʨʦʙʣʝʤʠ ʘʛʝʥʪʩʪʚʘ, 

ʪʘʢʽ ʬʽʨʤʠ ʢʫʧʫʶʪʴ ʨʠʟʠʢʦʚʽ ʘʢʪʠʚʠ ʟʘ ʙʫʣʴʙʘʰʢʦʚʠʤʠ ʮʽʥʘʤʠ. 

ɿʘʤʽʩʪʴ ʘʢʪʠʚʫ X ʨʦʟʛʣʷʥʝʤʦ ʘʢʪʠʚ Y, ʱʦ ʤʘʻ ʪʫ ʩʘʤʫ ʦʯʽʢʫʚʘʥʫ ʚʠʥʘʛʦʨʦʜʫ 

ʯʠ ʪʦʡ ʩʘʤʠʡ ʩʧʨʝʜ, ʟʙʝʨʽʛʘʶʯʠʡ ʩʝʨʝʜʥʻ (mean-preserving spread): ʫ ʧʝʨʽʦʜ 2=t  

ʦʯʽʢʫʻʪʴʩʷ ʚʠʥʘʛʦʨʦʜʘ R, ʨʽʚʥʘ 9 ʟ ʽʤʦʚʽʨʥʽʩʪʶ 0.25 ʽ ʨʽʚʥʘ 0 ʟ ʽʤʦʚʨ̔ʥʩ̔ʪʶ 0.75; 

ʟʘʛʘʣʴʥʘ ʦʯʽʢʫʚʘʥʘ ʚʠʥʘʛʦʨʦʜʘ ʚʽʜ ʘʢʪʠʚʫ Y ʨʽʚʥʘ =ER 9Ĭ0.25+0Ĭ0.75=2.25. ʎʽʥʘ 

ʘʢʪʠʚʫ Y ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (2.24): 
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,  FXY PPP =>=>=

³

³³
= 5.135.4
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293
. 

ɺʝʣʠʯʠʥʘ ʟʩʫʚʫ ʨʠʟʠʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʠʟʠʢʦʚʘʥʦʩʪʽ ʘʢʪʠʚʫ: ʯʠʤ ʙʽʣʴʰʠʡ 

ʨʠʟʠʢ, ʪʠʤ ʙʽʣʴʰʠʡ ʧʦʪʝʥʮʽʘʣ ʟʩʫʚʫ ʨʠʟʠʢʫ ʽ ʪʠʤ ʚʠʱʘ ʮʽʥʘ ʘʢʪʠʚʫ. 

ɺʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʘʢʮʽʾ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʘʥʽʡ ʙʫʣʠ 

ʥʘʡʢʨʘʱʠʤʠ ʧʽʜ ʯʘʩ ʙʫʤ̔ʚ ʬʦʥʜʦʚʦʛʦ ʨʠʥʢʫ ʷʢ ʫ 1920-ʭ ʨʨ., ʪʘʢ ʽ ʫ 1990-ʭ ʨʨ. ʋ 

1920-ʭ ʨʨ. ʥʘʡʢʨʘʱʠʤʠ ʙʫʣʠ ʘʢʮʽʾ ʨʘʜʽʦʢʦʤʧʘʥʽʡ ʪʘ ʢʦʤʫʥʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

[146], ʘ ʫ 1990-ʭ ʨʨ. ï ʘʢʮʽʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʦʤʧʘʥʽʡ, ʟʘʩʦʙʽʚ ʤʘʩʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʛʘʣʫʟʝʡ ʚʽʜʧʦʯʠʥʢʫ ʽ ʥʦʚʽʪʥʭ̔ ʪʝʭʥʦʣʦʛʡ̔. ʉʘʤʝ ʮʽ ʘʢʮʽʾ ʤʘʣʠ ʥʘʡʤʝʥʰ 

ʚʠʟʥʘʯʝʥ̔ ʚʠʛʨʘʰʽ. 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʴ ʻ ʪʝ, ʯʦʤʫ ʙʘʥʢʠ ʛʦʪʦʚʽ ʥʘʜʘʚʘʪʠ ʧʦʟʠʢʠ 

ʽʥʚʝʩʪʦʨʘʤ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʟʥʘʪʠ ʜʝʬʦʣʪʫ. ʂʦʣʠ ʽʥʚʝʩʪʦʨ ʙʝʨʝ ʧʦʟʠʢʫ ʜʣʷ ʢʫʧʽʚʣʽ 

ʘʢʪʠʚʫ X (ʧʨʦʧʦʟʠʮʽʷ ʷʢʦʛʦ ʨʽʚʥʘ 1) ʟʘ ʨʽʚʥʦʚʘʞʥʦʶ ʮʽʥʦʁ 3=XP , ʪʦ ʢʫʧʫʻ ʦʙʩʷʛ 

3

11
=

XP
 ʮɹ ʦʛʦ ʘʢʪʠʚʫ: ʷʢʱʦ ʧʦʟʠʢʦʜʘʚʮʽ ʤʘʶʪʴ ʢʦʰʪʠ ʦʙʩʷʛʦʤ 10 ʜʣʷ 10 

ʧʦʟʠʯʘʣʴʥʠʢʽʚ (ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʙʝʨʝ ʧʦʟʠʢʫ ʦʙʩʷʛʦʤ 1), ʪʦ 3 ʧʦʟʠʯʘʣʴʥʠʢʠ 

ʧʦʚʥʽʩʪʶ ʚʠʢʫʧʦʚʫʶʪʴ ʘʢʪʠʚ X, ʘ 7 ʧʦʟʠʯʘʣʴʥʠʢʽʚ ʢʫʧʫʶʪʴ ʙʝʟʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ. 
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ʊʦʜʽ 30% ʧʦʟʠʯʘʣʴʥʠʢʽʚ ʽʥʚʝʩʪʫʶʪʴ ʚ ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ, ʘ 70% ï ʚ ʙʝʟʨʠʟʠʢʦʚʠʡ; 

ʦʯʽʢʫʚʘʥʠʡ ʚʠʛʨʘʰ ʙʘʥʢʫ (ʧʦʟʠʢʦʜʘʚʮʽʚ ʽ ʚʢʣʘʜʥʠʢʽʚ) ʥʘ ʦʜʠʥʠʮʶ ʧʦʟʠʢʠ 

ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʜʚʦʭ ʜʦʜʘʥʢʽʚ 
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ʇʝʨ ʠhʡ ʜʦʜʘʥʦʢ ï ʮʝ ʚʠʛʨʘʰ ʙʘʥʢʫ ʚʽʜ 30% ʽʥʚʝʩʪʦʨʽʚ ʚ ʘʢʪʠʚ X: ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ 0.25 ʚʠʥʘʛʦʨʦʜʘ ʨʽʚʥʘ 6, ʘ ʽʥʚʝʩʪʦʨ ʚʽʜʜʘʻ ʥʘʣʝʞʥʫ ʩʫʤʫ 1.33; ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ 0.75 ʚʠʥʘʛʦʨʦʜʘ ʨʽʚʥʘ 1, ʽʥʚʝʩʪʦʨ ʥʝ ʟʜʘʪʥʠʡ ʚʽʜʜʘʪʠ ʥʘʣʝʞʥʫ ʩʫʤʫ 

1.33, ʘ ʙʘʥʢ ʟʘʙʠʨʘʻ ʦʙʩʷʛ 
3

1
 ʘʢʪʠʚʫ X, ʷʢʠʡ ʜʘʚ ʚʠʥʘʛʦʨʦʜʫ 1. ɼʨʫʛʠʡ ʜʦʜʘʥʦʢ ï 

ʮʝ ʚʠʛʨʘʰ ʙʘʥʢʫ ʚʽʜ 70% ʽʥʚʝʩʪʦʨʽʚ ʫ ʙʝʟ ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʚʽʜʜʘʻ 

ʥʘʣʝʞʥʫ ʩʫʤʫ 1.33. 

ʋ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʙʘʥʢʽʚʩʴʢʦʤʫ ʩʝʢʪʦʨʽ ʟʘʟʥʘʯʝʥʠʡ ʚʠʛʨʘʰ ʙʘʥʢʫ ʡʜʝ 

ʚʢʣʘʜʥʠʢʘʤ, ʥʘ ʷʢʠʭ ʧʨʠʧʘʜʘʻ ʪʷʛʘʨ ʧʨʦʙʣʝʤʠ ʘʛʝʥʪʩʪʚʘ ʧʨʠ ʩʝʛʤʝʥʪʘʮʽʾ 

ʬʽʥʘʥʩʦʚʠʭ ʨʠʥʢʽʚ: ʚʢʣʘʜʥʠʢʠ ʽ ʙʘʥʢʠ ʥʝ ʤʘʶʪʴ ʜʦʩʪʫʧʫ ʜʦ ʘʢʪʠʚʽʚ, ʚ ʷʢʽ 

ʽʥʚʝʩʪʫʶʪʴ ʧʦʟʠʯʘʣʴʥʠʢʠ ʥʘ ʚʟʷʪʽ ʢʨʝʜʠʪʠ; ʷʢʙʠ ʚʢʣʘʜʥʠʢʠ ʽ ʙʘʥʢʠ ʤʘʣʠ ʪʘʢʠʡ 

ʜʦʩʪʫʧ, ʪʦ ʽʥʚʝʩʪʫʚʘʣʠ ʙ ʫ ʙʝʟʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ, ʘ ʥʝ ʫ ʜʝʧʦʟʠʪʠ. 

ʋ ʥʘʚʝʜʝʥʠʭ ʧʨʠʢʣʘʜʘʭ ʘʛʨʝʛʦʚʘʥʠʡ ʦʙʩʷʛ B  ʥʘʷʚʥʠʭ ʫ ʙʘʥʢʘʭ ʢʨʝʜʠʪʽʚ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʎɹ (ʚʩʪʘʥʦʚʣʶʶʯʠ ʨʝʟʝʨʚʥʽ ʚʠʤʦʛʠ ʽ ʚʠʟʥʘʯʘʶʯʠ ʦʙʩʷʛ ʘʢʪʠʚʽʚ ʷʢ 

ʨʝʟʝʨʚʥʝ ʧʦʢʨʠʪʪʷ), ʽ ʚʽʜʩʦʪʢʦʚʘ ʩʪʘʚʢʘ lr  ʚʚʘʞʘʣʠʩʷ ʝʢʟʦʛʝʥʥʠʤʠ, ʘʣʝ ʦʢʨʽʤ ʮʴʦʛʦ 

ʚʦʥʠ ʻ ̔ ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ. 

ɺʽʜʜʘʯʘ ʥʘ ʙʝʟʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʨʘʥʠʯʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʢʘʧʽʪʘʣʫ ʚ ʝʢʦʥʦʤʽʮʽ ʢʨʘʾʥʠ. ʎʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʩʷʛʫ 

x  ʩʧʦʞʠʚʯʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʽʥʚʝʩʪʫʻʪʴʩʷ ʫ ʧʝʨʽʦʜ 1=t  ʽ ʜʘʻ ʦʙʩʷʛ )(xf  

ʧʨʦʜʫʢʮʽʾ ʫ ʧʝʨʽʦʜ 2=t  ʧʨʠ ʜʘʥʽʡ ʚʠʨʦʙʥʠʯʽʡ ʪʝʭʥʦʣʦʛʽʾ. ʗʢʱʦ ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ 

ʤʘʻ ʬʽʢʩʦʚʘʥʫ ʧʨʦʧʦʟʠʮʽʶ 1 ʽ ʮʽʥʫ P, ʪʦ ʫ ʧʝʨʽʦʜ 1=t  ʤʘʻ ʤʽʩʮʝ ʙʶʜʞʝʪʥʝ 



97 

ʦʙʤʝʞʝʥʥʷ PBx -= . ʗʢʱʦ xxf 3)( = , ʪʦ ʚ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʙʘʥʢʽʚʩʴʢʦʤʫ ʩʝʢʪʦʨʽ 

(ʥʘ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʨʠʥʢʫ ʧʦʟʠʢ, ʜʝ ʢʦʞʥʠʡ ʽʥʚʝʩʪʦʨ ʟʜʘʪʥʠʡ ʙʨʘʪʠ ʚ ʢʦʞʥʦʤʫ 

ʙʘʥʢʫ ʧʦʟʠʢʫ, ʥʝ ʙʽʣʴʰʫ B ) 

PBx
xfrl

-
==¡=

5.15.1
)( .   (2.25) 

ʏʠʩʣʦ ʙʘʥʢʚ̔ ʥʦʨʤʫʻʤʦ ʜʦ 1 (ʘʙʦ 100%); ʯʠʩʣʦ ʽʥʚʝʩʪʦʨʽʚ ʪʝʞ ʥʦʨʤʫʻʤʦ ʜʦ 1. 

ʇʨʠ ʩʪʘʚʮʽ, ʥʠʞʯʽʡ ʨʽʚʥʷ (2.25), ʧʦʧʠʪ ʥʘ ʚʟʷʪʪʷ ʙʘʥʢʽʚʩʴʢʠʭ ʧʦʟʠʢ ʜʣʷ 

ʽʥʚʝʩʪʫʚʘʥʥʷ ʫ ʙʝʟʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ ʙʫʚ ʙʠ ʥʝʩʢʽʥʯʝʥʥʠʤ. ʇʨʠ ʩʪʘʚʮʽ, ʚʠʱʽʡ ʨʽʚʥʷ 

(2.25), ʧʦʧʠʪ ʥʘ ʚʟʪ̫ʪʷ ʪʘʢʠʭ ʧʦʟʠʢ ʙʫʚ ʙʠ ʥʫʣʴʦʚʠʤ; ʦʩʪʘʥʥʻ ʩʫʧʝʨʝʯʠʪʴ 

ʚʣʘʩʪʠʚʦʩʪʽ ¤=¡)(xf . ɯʥʚʝʩʪʦʨʫ ʙʘʡʜʫʞʝ ʢʫʧʫʚʘʪʠ ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ X ʟʘ ʮʽʥʦʶ P  

ʯʠ ʥʽ, ʷʢʱʦ ʡʦʛʦ ʚʠʛʨʘʰ ʚʽʜ ʪʘʢʦʾ ʽʥʚʝʩʪʠʮʽʾ ʥʫʣʴʦʚʠʡ [9]: 

PBP
r

P
l

-
³-=³+ö

÷

õ
æ
ç

å
-³=

5.1

4

1

4

6
075.06

1
25.00 ,   (2.26) 

 

PPB 5.16 =- , PBP -=4 , )(162 PBP -= , 016162 =-+ BPP , 

B
BB

BP +°-=
+°-

=
³³+°-

= 448
2

416416

2

16141616
)(

2

. (2.27) 

ɺ ʩʠʣʫ 0>P  ʤʘʻʤʦ BP ++-= 448 . ʊʦʜʽ ʧʨʠ 5=B  ʤʘʤ̒ʦ 

43485448448 =³+-=++-=++-= BP ,   5.1
45

5.15.1
=

-
=

-
=

PB
rl . 

ʎɹ ʫʧʨʘʚʣʷʻ ʨʽʚʥʝʤ ʚʽʜʩʦʪʢʦʚʠʭ ʩʪʘʚʦʢ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʣʝʞʥʦʩʪʽ (2.25) ʽ 

ʨʽʚʥʝʤ ʮʽʥ ʘʢʪʠʚʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʣʝʞʥʦʩʪʽ (2.27). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʾ 

ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (2.21), ʟʘʣʝʞʥʽʩʪʴ (2.27) ʻ ʥʝʣʽʥʽʡʥʦʶ, ʧʨʠʯʦʤʫ 
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ʄʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʧʨʠ ʜʦʩʠʪʴ ʟʘʛʘʣʴʥʠʭ ʫʤʦʚʘʭ ʤʘʻ ʤʽʩʮʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʥʝʨʽʚʥʽʩʪʴ FPP> : ʟʘ ʧʨʦʙʣʝʤʠ ʘʛʝʥʪʩʪʚʘ, ʟʤʽʥʠ B  ʤʦʞʫʪʴ ʚʝʩʪʠ 

ʜʦ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʠʭ ʟʤʽʥ P . 

ʅʘ ʧʨʘʢʪʠʮʽ ʎɹ ʤʘʻ ʦʙʤʝʞʝʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʦʙʩʷʛʦʤ B: ʟʥʘʯʝʥʥʷ 

B  ʻ ʚʠʧʘʜʢʦʚʠʤ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʫ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʝʨʝʚʘʛʘʭ, ʫ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʯʠ ʟʦʚʥʽʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱ̔ ʎɹ ʩʪʚʦʨʶʶʪʴ ʱʝ ʙ̔ ʣʴʰʫ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʪʦʩʦʚʥʦ B. ʎʷ  ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʘ ʚ ʢʨʘʾʥʘʭ, ʜʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʽʥʘʥʩʦʚʘ ʣʽʙʝʨʘʣʽʟʘʮʽʷ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʮʽʻʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʜʦʜʘʻʤʦ ʚ ʤʦʜʝʣʴ ʧʝʨʽʦʜ ʯʘʩʫ 0=t : ʫ ʯʘʩ ʤʽʞ ʧʝʨʽʦʜʘʤʠ 0 ʪʘ 1 ʽʩʥʫʻ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʪʦʩʦʚʥʦ ʨʽʚʥʷ B  ʫ ʧʝʨʽʦʜ 1=t  ï ʬʽʥʘʥʩʦʚʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪ.ɹ ʎ̫ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʧʨʠʯʠʥʶʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʱʦʜʦ ʮʽʥ ʘʢʪʠʚʽʚ ʫ ʧʝʨʽʦʜ 1=t . 

ʆʩʢʣ̔ʴʢʠ ʧʦʚʝʜʥ̔ʢʘ ʽʥʚʝʩʪʦʨʽʚ, ʷʢ ̔ ʙʝʨʫʪʴ ʙʘʥʢʽʚʩʴʢʽ ʧʦʟʠʢʠ ʫ ʧʝʨʽʦʜ 0, ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʦʾ ʮʽʥʦʚʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʪʦ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʦʙʣʝʤʠ ʘʛʝʥʪʩʪʚʘ ʽ 

ʟʩʫʚʫ ʨʠʟʠʢʫ: ʮʽʥʘ ʨʠʟʠʢʦʚʦʛʦ ʘʢʪʠʚʫ ʫ ʧʝʨʽʦʜ 0 ʚʽʜʦʙʨʘʞʘʻ ʪʘʢʫ ʮʽʥʦʚʫ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʽ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʡʦʛʦ ʮʥ̔ʫ ʫ ʧʝʨʽʦʜ 1. ʅʝʭʘʡ ʟʥʘʯʝʥʥʷ B  

ʜʦʨʽʚʥʶʻ 5 ʘʙʦ 7 ʟ ʽʤʦʚʽʨʥʽʩʪʶ 0.5. ɺ ʩʠʣʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.27) ʤʘʻʤʦ 

45448448)5( =++-=++-== BBP , 

)5(427.57448448)7( ==>=++-=++-== BPBBP , 

ʘ ʚ ʩʠʣʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.25) ï 

5.1
45

5.15.1
)5( =
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==

PB
Brl , 14.1

27.57

5.15.1
)7( =

-
=

-
==

PB
Brl . 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.26) ʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʮʽʥʦʫʪʚʦʨʝʥʥʷ 

ʨʠʟʠʢʦʚʦʛʦ ʘʢʪʠʚʫ (ʟ ʚʠʱʦʶ ʡʤʦʚʽʨʥʦʶ ʮʽʥʦʶ) ʚ ʧʝʨʽʦʜ 0: 
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033.1233.12)( 00

2

0 =-+ BPP , 

ʟʚʽʜʢʠ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 6
2

75
0 =

+
=B  ʚʠʧʣʠʚʘ̒ 

=
³³++-

==
2

633.12433.1233.12
)6(

2

00 BP 4.42 ))7(),5(( ==Í BPBP , 

=
-

=
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42.46

5.15.1
)6(

00

00
PB

Brl 1.19. 

ʇʨʠ ʪʦʤʫ ʩʘʤʦʤʫ ʩʝʨʝʜʥʴʦʤʫ 6
2

84
0 =

+
=B  ʜʣʷ ʟʥʘʯʝʥʴ 4 ʘʙʦ 8 ʟ ʽʤʦʚʽʨʥʽʩʪʶ 

0.5 ʤʘʻ ʤʽʩʮʝ ʙʽʣʴʰʘ ʬʽʥʘʥʩʦʚʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. ɺ ʩʠʣʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.27)  

=++-=++-== 4448448)4( BBP 3.31, 

)4(31.386.58448448)8( ==>=++-=++-== BPBBP , 

ʘ ʚ ʩʠʣʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.25) ï 
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Brl . 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.26) ʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʮʽʥʦʫʪʚʦʨʝʥʥʷ 

ʨʠʟʠʢʦʚʦʛʦ ʘʢʪʠʚʫ (ʟ ʚʠʱʦʶ ʡʤʦʚʽʨʥʦʶ ʮʽʥʦʶ) ʚ ʧʝʨʽʦʜ 0: 
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ɿʩʫʚ ʬʽʥʘʥʩʦʚʦʛʦ ʨʠʟʠʢʫ ʚʽʜʙʫʚʘʪ̒ɹʩʷ ʧʦʜʽʙʥʦ ʜʦ ʟʩʫʚʫ ʨʝʘʣʥɹʦʛʦ ʨʠʟʠʢʫ. 

ʆʯʽʢʫʚʘʥʘ ʚʠʥʘʛʦʨʦʜʘ ʚʽʜ ʨʠʟʠʢʦʚʦʛʦ ʘʢʪʠʚʫ X ʘʙʦ Y ʫ ʧʝʨʽʦʜ 2 ʩʪʘʥʦʚʠʪʴ 2.25, 

ʧʦʟʘʷʢ ʫ ʧʝʨʽʦʜ 1 ʡʦʛʦ ʮʽʥʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 4.42 ʜʦ 4.61: ʨʠʥʢʦʚʘ ʮʽʥʘ ʤʦʞʝ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʨʽʚʝʥʴ. ʄʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥ̫ ʢʨʝʜʠʪʥʦʾ ʤʘʩʠ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʧʦʨʦʜʞʫʻ ʩʫʪʪʻʚʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʱʦʜʦ ʚʝʣʠʯʠʥʠ 

ʙʫʣʴʙʘʰʢʠ ʽ ʤʦʤʝʥʪʫ ʾʾ ʨʦʟʧʘʜʫ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʣʙ̔ʝʨʘʣʽʟʘʮʽʾ ʝʢʦʥʦʤʽʢʠ. 

ɺʠʱʝʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʽʥʠ ʨʠʟʠʢʦʚʦʛʦ 

ʘʢʪʠʚʫ ʚ ʧʝʨʽʦʜ 0 ʚʘʞʣʠʚʽ ʦʯʽʢʫʚʘʥʥʷ ʩʪʦʩʦʚʥʦ ʘʛʨʝʛʦʚʘʥʦʾ  ʢʨʝʜʠʪʥʦʾ ʤʘʩʠ B . 

ʂʦʣʠ ʮʷ ʤʘʩʘ ʟʨʦʩʪʘʻ, ʪʦ ʮʽʥʠ ʘʢʪʠʚʽʚ ʧʽʜʚʠʱʫʶʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʘʪʠ 

ʜʝʬʦʣʪʫ; ʢʦʣʠ ʞ ʮʷ ʤʘʩʘ ʩʧʘʜʘʻ, ʪʦ ʮʽʥʠ ʘʢʪʠʚʽʚ ʟʥʠʞʫʶʪʴʩʷ, ʱʦ ʩʪʚʦʨʶʻ ʜʝʬʦʣʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʞʣʠʚʘ ʜʠʥʘʤʽʢʘ ʘʛʨʝʛʦʚʘʥʦʾ ʢʨʝʜʠʪʥʦʾ ʤʘʩʠ. ʆʯʽʢʫʚʘʥʥʷ ʩʪʦʩʦʚʥʦ 

ʮʽʻʾ ʜʠʥʘʤʽʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʰʝʥʥʷ ʽʥʚʝʩʪʦʨʽʚ ʧʨʦ ʪʝ, ʩʢʽʣʴʢʠ ʙʨʘʪʠ ʧʦʟʠʢ ʽ ʟʘ 

ʩʢʽʣʴʢʠ ʢʫʧʫʚʘʪʠ ʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ. ʗʢʱʦ ʚʝʣʠʯʠʥʘ B  ʤʝʥʰʘ ʦʯʽʢʫʚʘʥʦʾ ʯʠ ʥʠʞʯʘ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʨʽʚʥʽʚ, ʪʦ ʽʥʚʝʩʪʦʨʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʥʝʩʧʨʦʤʦʞʥʠʤʠ 

ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʩʚʦʾ ʙʦʨʛʠ, ʱʦ ʦʟʥʘʯʘʻ ʜʝʬʦʣʪ: ʜʝʬʦʣʪ ʤʦʞʝ ʩʪʘʪʠʩʷ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʟʨʦʩʪʘʥʥʽ B  [141]. ʗʢʱʦ ʚʝʣʠʯʠʥʘ B  ʙʣʠʟʴʢʘ ʜʦ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʨʽʚʥʽʚ, ʘʣʝ ʥʠʞʯʘ ʥʠʭ, ʪʦ ʜʝʬʦʣʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʡʞʝ ʥʘʧʝʚʥʝ.  

ʌʽʥʘʥʩʦʚʘ ʩʠʩʪʝʤʘ ʻ ʜʦʩʠʪʴ ʢʨʠʭʢʦʶ ʽ ʚʨʘʟʣʠʚʦʶ, ʧʦʪʨʝʙʫʁʯʠ ʥʘʣʝʞʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ̔ ʩʫʩʧʽʣʴʥʦʛʦ ʥʘʛʣʷʜʫ. ʅʘʜʤʽʨʥʝ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʘʢʪʠʚʽʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʘʨʪʽʩʪʶ ʨʝʘʣʴʥʠʭ ʙʣʘʛ ʷʢ̔ ʚʦʥʠ ʛʝʥʝʨʫʶʪʴ ʻ ʦʟʥʘʢʦʶ ʟʘʨʦʜʞʝʥʥʷ ʬʽʥʘʥʩʦʚʦʾ 

ʙʫʣʴʙʘʰʢʠ, ï ʮʝʥʪʨʘʣɹʥʠʡ ʙʘʥʢ ʢʨʘʾʥʠ ʻ ʪʽʻʶ ʽʥʩʪʠʪʫʮʽʻʶ, ʷʢʘ ʧʦʚʠʥʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʮʽʥʦʚʫ ʩʪʘʙʣ̔ɹ ʥʽʩʪʴ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘʛʣ̫ʜ ʟʘ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʶ 

ʘʛʨʝʛʘʪʽʚ ʛʨʦʰʦʚʦʾ ʤʘʩʠ, ʽʥʬʣʷʮʽʾ, ʚʽʜʩʦʪʢʦʤ ʨʝʬʽʥʘʥʩʫʚʘʥʥʷ ʪʘ ʧʨʦʜʫʢʪʠʚʥ̔ʩʪʶ 

ʨʝʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ, ʫʥʠʢʘʶʯʠ ʥʘʜʤʽʨʥʦʛʦ ʧʝʨʝʛʨʽʚʫ ʝʢʦʥʦʤʽʢʠ, ʫʪʚʦʨʝʥʥʷ 

ʮʽʥʦʚʠʭ ʙʫʣʴʙʘʰʦʢ ʪʘ ʾʭ ʢʨʘʭʫ ʱʦ ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʦʜʠʪɹ ʜʦ ʨʝʮʝʩʽʾ. 
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2.4 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʦʾ ʤʦʜʝʣʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡ  

      ʪʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʧʦʰʠʨʝʥʥʷ ʚʘʢʮʠʥʘʮʽʡ 

 

ʋ ʩʪʘʪʪʽ [2] ʜʦʢʣʘʜʥʦ ʚʠʚʯʘʶʪʴʩʷ ʧʝʨʝʜʫʤʦʚʠ ʪʘ ʧʨʠʧʫʱʝʥʥʷ ʢʣʘʩʠʯʥʦʾ 

ʤʦʜʝʣʽ ɹʘʩʩʘ ʧʦʰʠʨʝʥʥʷ ̔ʥʥʦʚʘʮʽʡ ʟ ʤʝʪʦʶ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʘʢʪʫʘʣʴʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʘʥʜʝʤʽʻʶ. ʄʦʜʝʣʴ ɹʘʩʩʘ ʜʦʚʝʣʘ 

ʩʚʦʶ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʜʦ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʥʘʚʝʜʝʥʽ ʨʝʪʝʣʴʥʽ  

ʤʘʪʝʤʘʪʠʯʥʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʝʣ̔  ʟ ʤʝʪʦʶ ʾʾ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ, 

ʧʦʰʫʢʫ ʧʘʨʘʤʝʪʨʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʟʤʽʥʥʠʭ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ 

ʪʝʦʨʽʷʭ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʩʪʘʪʪʽ ʦʪʨʠʤʘʥʦ 

ʨʝʘʣʽʩʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣ ̔ɹʘʩʩʘ ʜʣʷ ʚʘʢʮʠʥʘʮʡ̔ ʫ 

ɹʽʣʦʨʫʩʽ ʪʘ ʋʢʨʘʾʥʠ ʥʘ ʪʠʞʥʝʚʠʭ ʜʘʥʠʭ ʧʝʨʰʦʛʦ ʧʽʚʨʽʯʯʷ 2021 ʨ. ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʽʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʽʥʰʠʭ ʜʝʨʞʘʚ, ʘ ʪʘʢʦʞ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. 

ʂʣʘʩʠʯʥʘ ʧʫʙʣʽʢʘʮʽʷ [147] ʫ 2004 ʨ. ʙʫʣʘ ʥʘʟʚʘʥʘ ɯʥʩʪʠʪʫʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʝʨʘʮ̔ʡ ʪʘ ʫʧʨʘʚʣ̔ʥʩɹʢʠʭ ʥʘʫʢ (Institute for Operations Research and the 

Management Sciences, INFORMS) ʦʜʥʽʻʶ ʟ ʜʝʩʷʪʠ ʥʘʡʚʧʣʠʚʦʚʽʰʠʭ ʟʘ ʚʩʶ ʽʩʪʦʨʽʶ 

ʞʫʨʥʘʣʫ çManagement Scienceè (ʥʘ 2021 ʨ. ʮʷ ʩʪʘʪʪʷ ʤʘʻ ʧʦʥʘʜ 10 ʪʠʩʷʯ 

ʮʠʪʫʚʘʥʴ), ʷʢʠʡ ʚʠʜʘʻʪʴʩʷ ʟ 1954 ʨ. ʽ ʥʘ 2021 ʨ. ʤʘʚ h-ʽʥʜʝʢʩ 255 ʫ ʢʚʘʨʪʠʣʽ Q1.  

ʇʦʯʠʥʘʶʯʠ ʟ 1990 ʨ., ʊʦʚʘʨʠʩʪʚʦ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʥʘʫʢ INFORMS ʧʨʠʩʫʜʞʫʻ 

ʧʨʝʤʽʶ ʌʨʝʥʢʘ ɹʘʩʩʘ ʟʘ ʥʘʡʢʨʘʱʫ ʧʫʙʣʽʢʘʮʽʶ ʫ ʚʠʜʘʥʥʷʭ INFORMS ʟ 

ʜʦʢʪʦʨʩʴʢʠʭ ʜʠʩʝʨʪʘʮʽʡ. ʌʨʝʥʢ ɹʘʩʩ ʙʫʚ ʧʝʨʰʠʤ ʣʘʫʨʝʘʪʦʤ ʧʨʝʤʽʾ ʆᾷɼʝʣʣʘ 

ɸʤʝʨʠʢʘʥʩʴʢʦʾ  ʘʩʦʮʽʘʮʽʾ ʤʘʨʢʝʪʠʥʛʫ (ɸɸʄ) 1979 ʨ. ʟʘ ʧʫʙʣʽʢʘʮʽʶ [148], ʣʘʫʨʝʘʪʦʤ 

ʧʨʝʤʽʾ ʂʦʥʚʝʨʩʘ (ʟʘʧʦʯʘʪʢʦʚʘʥʦʾ ʫ 1946 ʨ.) ɸɸʄ 1986 ʨ., ʧʨʝʤʽʾ ʃʽʪʪʣʘ (ʧʝʨʰʦʛʦ 

ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʪʘ ʧʝʨʰʦʛʦ ʧʨʝʟʠʜʝʥʪʘ INFORMS) 

INFORMS (ʟʘʧʦʯʘʪʢʦʚʘʥʦʾ ʫ 1982 ʨ.) 1988 ʨ. ʟʘ ʥʘʡʢʨʘʱʫ ʧʫʙʣʽʢʘʮʽʶ ʟ 

ʤʝʥʝʜʞʤʝʥʪʫ ʯʠ ʤʘʨʢʝʪʠʥʛʫ [149] (ʮʷ ʧʫʙʣʽʢʘʮʽʷ ʚʠʡʰʣʘ ʧʽʩʣʷ ʜʚʦʭ 

ʜʦʦʧʨʘʮʶʚʘʥʴ), ʧʨʝʤʽʾ ʄʝʡʥʘʨʜʘ (ʟʘʧʦʯʘʪʢʦʚʘʥʦʾ ʫ 1974 ʨ.) 1991 ʨ. ʟʘ ʢʨʘʱʫ 

ʧʫʙʣʽʢʘʮʽʶ ʚ ʞʫʨʥʘʣʽ çJournal of Marketingè [150] (ʮʷ ʧʫʙʣʽʢʘʮʽʷ ʻ ʩʢʦʨʦʯʝʥʠʤ 
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ʚʘʨʽʘʥʪʦʤ ʧʦʜʘʥʦʛʦ ʜʦ ʨʝʜʘʢʮʽʾ ʞʫʨʥʘʣʫ ʤʘʪʝʨʽʘʣʫ), ʧʨʝʤʽʾ ʏʝʨʯʽʣʣʷ 

(ʟʘʧʦʯʘʪʢʦʚʘʥʦʾ ʫ 1996 ʨ.) ɸɸʄ 2002 ʨ., ʧʨʝʤʽʾ ʇʘʨʣʽʥʘ (ʟʘʧʦʯʘʪʢʦʚʘʥʦʾ ʫ 1945 ʨ.) 

ɸɸʄ ʪʘ ʋʦʨʪʦʥʩʴʢʦʾ ʰʢʦʣʠ ʙʽʟʥʝʩʫ (ʟʘʩʥʦʚʘʥʦʾ ʫ 1881 ʨ.; ʥʘʡʢʨʘʱʦʾ ʰʢʦʣʠ 

ʙʽʟʥʝʩʫ ʩʚʽʪʫ ʟʘ ʨʝʡʪʠʥʛʦʤ çFinancial Timesè) 2003 ʨ. 

ɿʛʘʜʘʥʘ ʢʣʘʩʠʯʥʘ ʧʫʙʣʽʢʘʮʽʷ [147] ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʧʨʠʥʪʽ [151] ʽʟ ʜʝʱʦ 

ʟʤʽʥʝʥʦʶ ʥʘʟʚʦ.ʁ ʋ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʟʥʘʯʝʥʠʡ ʧʨʝʧʨʠʥʪ [151] ʦʩʥʦʚʘʥʠʡ ʥʘ ʜʦʧʦʚʽʜʽ 

ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ [152]: ʝʚʦʣʶʮʽʷ ʚʽʜ ʜʦʧʦʚʽʜʽ ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ ʜʦ ʧʨʝʧʨʠʥʪʫ ʡ 

ʟʘʚʝʨʰʝʥʦʾ ʞʫʨʥʘʣʴʥʦ ʾ ʧʫʙʣʽʢʘʮʽʾ ʻ ʧʝʨʝʚʽʨʝʥʠʤ ʰʣʷʭʦʤ ʜʦʩʷʛʥʝʥʥʷ ʷʢʽʩʥʠʭ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

2.4.1  ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʥʜʝʤʽʾ ʬʘʭʽʚʮʽ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʘʥʘʣʽʟʫ ʪʘ 

ʦʮʽʥʶʚʘʥʥʷ ʝʚʦʣʁʮʽʡʥʠʭ ʤʦʜʝʣʝʡ [153ī158], ʟʦʢʨʝʤʘ, ʜʦ ʜʠʬʫʟʽʡʥʦʾ ʤʦʜʝʣ̔  ɹʘʩʩʘ 

[159, 160]. ʂʦʤʝʥʪʘʨʽ ʬʘʭʽʚʮʽʚ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ɹʘʩʩʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʰʠʨʝʥʥʷ ʧʘʥʜʝʤʽʾ ʟʦʩʝʨʝʜʞʫʚʘʣʠʩʷ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ [160, 161], 

ʟʘʭʦʜʽʚ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚô ̫ [160, 162], ʥʝʚʠʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ [134, 160, 163, 164], 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ [1, 160, 165]. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ ɹʘʩʩʘ ʟʘʩʣʫʛʦʚʫʻ 

ʜʦʢʣʘʜʥʦʛʦ ʚʠʚʯʝʥʥʷ, ʘ ʾʾ ʚʠʩʥʦʚʢʠ ī ʨʝʪʝʣʴʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥ ̫ ʚʠʩʥʦʚʢʽʚ 

ʢʣʘʩʠʯʥʦʾ ʧʫʙʣʽʢʘʮʽʾ [147], ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʝ ʣʠʰʝ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʽʥʬʽʢʦʚʘʥʠʭ ʦʩʽʙ, ʘʣʝ ʽ ʜʦ ʜʠʥʘʤʽʢʠ ʚʘʢʮʠʥʦʚʘʥʠʭ ʦʩʽʙ ʥʘ 

ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ. ʅʘʩʘʤʧʝʨʝʜ, ʟʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʤʦʜʝʣʽ ɹʘʩʩʘ ʽʥʥʦʚʘʮʽʻʶ ʚʚʘʞʘʪ̒ʴʩʷ 

ʩʧʦʞʠʚʘʥʥʷ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʠʤ ʥʘ ʩʫʯʘʩʥʦʤʫ ʬʘʨʤʘʮʝʚʪʠʯʥʦʤʫ ʨʠʥʢʫ ʻ ʪʘ ʯʠ 

ʥ̔ʰʘ ʚʘʢʮʠʥʘ [162]. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ʧʦʯʘʪʢʦʚʠʭ ʟʘʢʫʧʽʚʝʣʴ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʤʦʞʥʘ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʫ ʤʦʜʝʣʴ, ʘ ʪʘʢʦʞ ʧʝʨʝʚʽʨʠʪʠ ʾʾ ʥʘ ʝʤʧ̔ʨʠʯʥʠʭ ʜʘʥʠʭ 

ʩʧʦʞʠʚʯʠʭ ʪʦʚʘʨʽʚ ʪʨʠʚʘʣʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʩʢʘʞʽʤʦ, ʥʘ ʜʘʥʠʭ ʧʨʦʜʘʞʽʚ 
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ʢʦʣʴʦʨʦʚʠʭ ʪʝʣʝʚʽʟʦʨʽʚ 1960-ʭ ʨʦʢʽʚ [147]. ʆʩʥʦʚʥʝ ʧʨʠʧʫʱʝʥʥʷ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʫ 

ʪʦʤʫ, ʱʦ ʮʽ ʪʝʨʤʽʥʠ ʧʦʚôʷʟʘʥʽ ʟ ʢʽʣʴʢʽʩʪʶ ʧʦʧʝʨʝʜʥʽʭ ʧʦʢʫʧʮʽʚ. ʋ ʧʦʚʝʜʽʥʮʽ ʤʦʜʝʣʽ 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʽʥʥʦʚʘʮʽʡʥʫ ʪʘ ʽʤʽʪʘʮʡ̔ʥʫ ʩʢʣʘʜʦʚʽ. ʅʘ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʟʘʜʦʚʽʣʴʥʦ ʧʝʨʝʜʙʘʯʘʻ ʧʽʢ ʧʨʦʜʘʞʽʚ ʽ ʤʦʤʝʥʪ ʮʴʦʛʦ ʧʽʢʫ. 

ʎʷ ʤʦʜʝʣʴ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʧʝʨʚʠʥʥʠʭ ʟʘʢʫʧʽʚʝʣʴ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʭʘʨʘʢʪʝʨʥʠʭ ʥʦʚʠʭ ʟʘʛʘʣʴʥʠʭ ʢʣʘʩʽʚ ʧʨʦʜʫʢʪʽʚ: ʨʦʟʨʽʟʥʷʶʪʴʩʷ 

ʥʦʚʽ ʢʣʘʩʠ ʧʨʦʜʫʢʪʽʚ ʽ ʥʦʚʽ ʙʨʝʥʜʠ ʯʠ ʤʦʜʝʣʽ ʩʪʘʨʠʭ ʢʣʘʩʽʚ ʧʨʦʜʫʢʪʽʚ (ʷʢʠʭ 

ʢʫʧʫʶʪʴ ʯʘʩʪʽʰʝ). 

ɼʣʷ ʥʦʚʠʭ ʙʨʝʥʜʽʚ ʘʙʦ ʧʨʦʜʫʢʪʽʚ ʚʽʜʦʤʽ ʤʦʜʝʣʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʧʨʦʜʘʞʽʚ ʜʦ ʧʝʚʥʦʾ ʘʩʠʤʧʪʦʪʠ: ʧʨʦʜʘʞʽ ʰʚʠʜʢʦ ʟʨʦʩʪʘʶʪʴ ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ 

ʩʚʦʛʦ ʧʽʢʫ, ʘ ʧʦʪʽʤ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ ʥʘ ʧʝʚʥʦʤʫ ʨʽʚʥʽ ʥʠʞʯʝ ʧʽʢʫ. ʉʪʘʙʽʣʽʟʫʶʯʠʡ 

ʝʬʝʢʪ ʧʦʷʩʥʶʻʪʴʩʷ ʚ̔ ʜʥʦʩʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʨʝʟʝʨʚʥʦʾ ʟʘʢʫʧʽʚʝʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʧʨʦʜʘʞʽʚ ʽ ʟʥʠʞʝʥʥʷʤ ʩʢʣʘʜʦʚʦʾ ʧʦʯʘʪʢʦʚʠʭ ʟʘʢʫʧʽʚʝʣʴ. 

ɼʦʚʛʦʩʪʨʦʢʦʚʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʜʘʞ̔ ʚ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʪʨʝʙʫʻ ʥʝ ʣʠʰʝ 

ʥ̔ʪʫʾʮʽʾ, ʘʣʝ ʡ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦ ʧʦʚôʷʟʘʥʦ ʟ ʤʦʜʝʣʷʤʠ 

ʟʘʨʘʞʝʥʥʷ, ̫ʢʽ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʧʽʜʝʤʽʦʣʦʛʽʾ [166, 167]. 

ʇʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʧʦʚʝʜʽʥʢʠ ʫ ʧʝʚʥʠʡ ʤʽʨʽ ʧʦʜʽʙʥʽ ʜʦ ʪʝʦʨʝʪʠʯʥʠʭ ʢʦʥʮʝʧʮ̔ʡ, ʷʢʽ 

ʧʦʩʪʘʶʪʴ ʫ ʣʽʪʝʨʘʪʫʨʽ ʟ ʧʨʠʡʥʷʪʪʷ ʪʘ ʜʠʬʫʟʽʾ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ [168], ʘ ʪʘʢʦʞ ʜʦ 

ʜʝʷʢʠʭ ʤʦʜʝʣʝʡ ʥʘʚʯʘʥʥʷ [169]. ʇʨʠʩʫʪʥʽʩʪʴ ʷʚʥʠʭ ʧʦʚʝʜʽʥʢʦʚʠʭ ʧʨʠʧʫʱʝʥʴ 

ʚʜ̔ʨʽʟʥʷʻ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʦʜʝʣʴ ʚʽʜ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʠʭ ʥʘ ʣʦʛʥʦʨʤʘʣʴʥʦʤʫ 

ʨʦʟʧʦʜʽʣʽ, ʪʘ ʽʥʰʠʭ ʤʦʜʝʣʝʡ ʟʨʦʩʪʘʥʥ̫ ʧʨʦʜʘʞʽʚ. 

ʋ ʟʘʛʘʣʴʥʠʭ ʪʝʦʨʽʷʭ ʧʨʠʡʥʷʪʪʷ ʪʘ ʜʠʬʫʟʽʾ (ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ) ʥʦʚʠʭ ʽʜʝʡ ʯʠ 

ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʩʦʮʽʘʣʴʥʽʡ ʩʠʩʪʝʤ̔ [169] ʥʝʧʨʦʩʪʦ ʨʦʟʨʽʟʥʷʪʠ ʧʨʠʧʫʱʝʥʥʷ ʪʘ 

ʥʘʩʣʽʜʢʠ, ʧʦʪʨʽʙʥʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ʧʨʠʡʥʷʪʪʷ ʥʦʚʠʭ ʽʜʝʡ ʯʠ ʧʨʦʜʫʢʪʽʚ. 

ʗʢʦɦ ʦʩʦʙʘ ʚʠʨʽʰʫʻ ʧʨʠʡʥʷʪʠ ʽʥʥʦʚʘʮ̔ ʁʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʽʰʝʥʴ ʽʥʰʠʭ ʦʩʽʙ ʫ 

ʩʦʮ̔ʘʣʴʥʽʡ ʩʠʩʪʝʤʽ, ʪʦ ʪʘʢʫ ʦʩʦʙʫ ʥʘʟʠʚʘʶʪʴ ʥʦʚʘʪʦʨʦʤ: ʟʘʟʚʠʯʘʡ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, 

ʱʦ ʥʦʚʘʪʦʨʠ ī ʪʽ, ʭʪʦ ʧʝʨʰʠʤʠ ʚʧʨʦʚʘʜʞʫʶʪʴ ʽʥʥʦʚʘʮʽʶ. ʉʝʨʝʜ ʧʦʜʽʙʥʠʭ ʦʩʽʙ 

ʚʠʜʽʣʷʶʪʴ ʪʘʢʽ ʢʣʘʩʠ ʥʘʩʣʽʜʫʚʘʯʽʚ (adopters) ʽʥʥʦʚʘʮʽʾ, ʟʘ ʭʨʦʥʦʣʦʛʽ̒ʁ  ʨʽʰʝʥʴ 
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ʧʨʠʡʥʷʪʠ ʽʥʥʦʚʘʮʽʶ: 1) ʥʦʚʘʪʦʨʠ; 2) ʨʘʥʥʽ ʥʘʩʣʽʜʫʚʘʯʽ; 3) ʨʘʥʥʷ ʙʽʣʴʰʽʩʪɹ ; 4) ʧʽʟʥʷ 

ʙ̔ ʣʴʰʽʩʪʴ; 5) ʚʽʜʩʪʘʶʯʽ. 

ɺʠʜʽʣʷʶʯʠ ʦʢʨʝʤʦ ʥʦʚʘʪʦʨʽʚ, ʥʘʩʣʽʜʫʚʘʯʽ (ʽʥʥʦʚʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʚʝʜʽʥʢʠ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʽʦʜʘʤʠ ʯʘʩʫ, ʢʦʣʠ ʚʦʥʠ ʚʠʨʽʰʫʚʘʣʠ ʧʨʠʡʤʘʪʠ ʽʥʥʦʚʘʮʽʶ, ī 

ʪʠʩʢʘʤʠ ʩʦʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʟʨʦʩʪʘʣʠ ʥʘ ʧʽʟʥʽʰʠʭ ʥʘʩʣʽʜʫʚʘʯʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʯʠʩʣʘ ʧʦʧʝʨʝʜʥʽʭ ʥʘʩʣʽʜʫʚʘʯʽʚ. ʋ ʤʘʪʝʤʘʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʢʣʘʩʠ 2)ī5) ʤʦʞʥʘ 

ʦʙôʻʜʥʘʪʠ ʚ ʛʨʫʧʫ ʽʤʽʪʘʪʦʨʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʦʚʘʪʦʨʽʚ, ʽʤʽʪʘʪʦʨʠ ʻ ʟʘʣʝʞʥʠʤʠ ʚʽʜ 

ʧʝʨʦ̔ʜ̔ʚ ʯʘʩʫ ʨʽʰʝʥʴ ʽʥʰʠʭ ʯʣʝʥʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʠ ʽʥʥʦʚʘʮʽʶ. ɼʦ 

ʥʦʚʘʪʦʨʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʝʨʰʽ 2.5 % ʥʘʩʣʽʜʫʚʘʯʽʚ [169], ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʧʝʚʥʠʤʠ 

ʩʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʠʤʠ ʷʢʦʩʪʷʤʠ ʽ ʻ ʟʜʘʪʥʠʤʠ ʜʦ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ 

ʥʦʚʘʪʦʨʘʤʠ. ʅʦʚʘʪʦʨʠ ʥʝ ʻ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʧʝʨʽʦʜʽʚ ʯʘʩʫ ʨʽʰʝʥʴ ʽʥʰʠʭ ʯʣʝʥʽʚ 

ʩʦʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʠ ʽʥʥʦʚʘʮʽ.ʁ ʇʨʠ ʨʦʟʛʦʨʪʘʥʥʽ ʧʨʦʮʝʩʫ ʥʘʩʣʽʜʫʚʘʥʥʷ 

ʪʠʩʢ ʥʘ ʥʦʚʘʪʦʨʽʚ ʱʦʜʦ ʧʨʠʡʥʷʪʪʷ ʽʥʥʦʚʘʮʽ ʾʨʘʜʰʝ ʩʧʘʜʘʻ, ʘ ʥʝ ʟʨʦʩʪʘʻ. 

 

2.4.2. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣ  ɹ

 

ʄʦʜʝʣʴ ʟʨʦʩʪʘʥʥʷ ʽ ʩʧʘʜʫ ʧʦʧʠʪʫ ʥʘ ʧʦʩʣʽʜʦʚʥ̔  ʧʦʢʦʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʽʥʥʦʚʘʮʽʡ ʤʘʻ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʝʬʝʢʪʠ ʜʠʬʫʟʽʾ ʪʘ ʟʘʤʽʱʝʥʥʷ (ʟʘʤʽʥʠ). ɺʽʜʦʤʦʶ ʻ 

ʜʠʬʫʟʽʡʥʘ ʤʦʜʝʣʴ ɹʘʩʩʘ ʧʦʧʠʪʫ ʧʝʨʰʦʾ ʧʦʢʫʧʢʠ [147, 151, 152]. ʎʷ ʤʦʜʝʣʴ ʤʘʻ 

ʧʦʚʝʜʽʥʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ, ʷʢʝ ʫʟʛʦʜʞʫ̒ʪʩɹ̫  ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚ ʩʦʮʽʘʣʴʥʠʭ 

ʥʘʫʢʘʭ ʱʦʜʦ ʧʨʠʡʥʷʪʪʷ (ʥʘʩʣ̔ ʜʫʚʘʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ) ʽ ʜʠʬʫʟʽʾ ʽʥʥʦʚʘʮʽʡ [169], 

ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʜʽʾ ʧʨʠʡʥʷʪʪʷ ʫ ʤʦʤʝʥʪ ʯʘʩʫ T  ʟʘ ʫʤʦʚʠ, ʱʦ ʜʦ 

ʮʴʦʛʦ ʧʨʠʡʥʷʪʪʷ ʥʝ ʚʽʜʙʫʚʘʣʦʩʷ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥ̔  ʪʝʦʨʽʾ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ʧʝʨʚʠʥʥʠʭ ʟʘʢʫʧʽʚʝʣʴ ʥʦʚʦʛʦ 

ʩʧʦʞʠʚʯʦʛʦ ʧʨʦʜʫʢʪʫ ʚʠʩʫʚʘʻʪʴʩʷ ʦʩʥʦʚʥʝ ʧʨʠʧʫʱʝʥʥʷ: ʡʤʦʚʨ̔ʥʽʩʪʴ )(TP  ʪʦʛʦ, 

ʱʦ ʧʝʨʚʠʥʥʽ ʟʘʢʫʧʽʚʣʽ ʟʜʽʡʩʥʶʚʘʪʠʤʫʪʴʩʷ ʫ ʤʦʤʝʥʪ ʯʘʩʫ T  ʟʘ ʫʤʦʚʠ, ʱʦ ʜʦ ʮʴʦʛʦ 

ʟʘʢʫʧʽʚʣʽ ʥʝ ʟʜʽʡʩʥʶʚʘʣʠʩʷ, ʻ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʯʠʩʣʘ )(TY  ʧʦʧʝʨʝʜʥʽʭ 

ʧʦʢʫʧʮʽʚ, ʘʙʦ 
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)()( TY
m

q
pTP += ,     (2.28) 

ʜʝ 0)0( =Y , pP =)0(  ī ʢʦʥʩʪʘʥʪʘ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʚʽʜʦʙʨʘʞʘʻ ʚʘʞʣʠʚʽʩʪʴ ʥʦʚʘʪʦʨʽʚ 

ʫ ʩʦʮʽʘʣʴʥʽʡ ʩʠʩʪʝʤʽ (ʢʦʝʬʽʮʽʻʥʪ ʽʥʥʦʚʘʮʽʾ), 
m

q
 ī ʢʦʝʬʽʮʽʻʥʪ ʥʘʭʠʣʫ ʣʽʥʽʡʥʦʾ 

ʬʫʥʢʮʽʾ, ʧʘʨʘʤʝʪʨ q  ʥʘʟʠʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʽʤʽʪʘʮʽʾ. 

ʆʩʢʽʣʴʢʠ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʦʨʫ ʤʘʩʰʪʘʙʫ ʯʘʩʫ, ʪʦ ʤʦʞʥʘ 

ʚʠʙʨʘʪʠ ʪʘʢʫ ʦʜʠʥʠʮʶ ʚʠʤʽʨʫ ʯʘʩʫ, ʱʦ p  ʚʽʜʦʙʨʘʞʘʪʠʤʝ ʯʘʩʪʢʫ ʥʦʚʘʪʦʨʽʚ ʩʝʨʝʜ 

ʫʩʽʭ ʥʘʩʣʽʜʫʚʘʯʽʚ [169]. ɼʦʙʫʪʦʢ )(TY
m

p
 ʚʽʜʦʙʨʘʞʘʻ ʪʠʩʢ, ʷʢʠʡ ʜʽ̒ ʥʘ ʽʤʽʪʘʪʦʨʽʚ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ ʧʦʧʝʨʝʜʥʽʭ ʧʦʢʫʧʮʽʚ. ɼʣʷ ʤʝʥʰʠʭ ʟʥʘʯʝʥʴ T  ʨʦʣʴ ʥʦʚʘʪʦʨʽʚ 

ʻ ʙʽʣʴʰʦʶ, ʥʽʞ ʽʤʽʪʘʪʦʨʽʚ. 

ɿʛʘʜʘʥʝ ʦʩʥʦʚʥʝ ʧʨʠʧʫʱʝʥʥʷ ʪʝʦʨʽʾ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚ ʨʘʤʢʘʭ 

ʥʝʧʝʨʝʨʚʥʦʾ  ʤʦʜʝʣʽ ʪʘ ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ ʤʦʤʝʥʪʫ ʯʘʩʫ ʧʝʨʚʠʥʥʠʭ ʟʘʢʫʧʽʚʝʣʴ, 

ʥʘʟʠʚʘʶʯʠ ʚʽʨʦʛʽʜʥʽʩʪʶ ʣʽʥʽʡʥʫ ʯʘʩʪʠʥʫ ʨʽʚʥʦʩʪʽ (2.28). 

a) ʅʝʭʘʡ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʜʫʢʪʫ ʙʫʜʝ ʟʜʽʡʩʥʝʥʦ m ʡʦʛʦ 

ʧʝʨʚʠʥʥʠʭ ʟʘʢʫʧʽʚʝʣʴ. ʆʩʢʽʣʴʢʠ ʜʘʥʠʡ ʧʨʦʜʫʢʪ ʢʫʧʫʶʪʴ ʨʽʜʢʦ, ʪʦ ʢʽʣʴʢʽʩʪʴ ʡʦʛʦ 

ʦʜʠʥʠʯʥʠʭ ʧʨʦʜʘʞʽʚ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʯʠʩʣʫ ʡʦʛʦ ʧʝʨʚʠʥʥʠʭ ʟʘʢʫʧʽʚʝʣʴ ʧʨʦʪʷʛʦʤ 

ʪʽʻʾ ʯʘʩʪʠʥʠ ʯʘʩʦʚʦʛʦ ̔ʥʪʝʨʚʘʣʫ, ʜʝ ʚʽʜʩʫʪʥʽ ʡʦʛʦ ʧʨʦʜʘʞʽ ʥʘ ʟʘʤʽʥʫ: ʧʽʩʣʷ ʧʦʯʘʪʢʫ 

ʧʨʦʜʘʞʽʚ ʧʨʦʜʫʢʪʫ ʥʘ ʟʘʤʽʥʫ ʚʦʥʠ ʩʢʣʘʜʘʪʠʤʫʪʴʩʷ ʷʢ ʟ ʧʝʨʚʠʥʥʠʭ ʟʘʢʫʧʚ̔ʝʣʴ, ʪʘʢ ʽ 

ʟʘʢʫʧʽʚʝʣʴ ʥʘ ʟʘʤʽʥʫ. ʊʦʜʽ ʯʘʩʪʢʘ ʧʦʧʝʨʝʜʥʽʭ ʧʦʢʫʧʮʽʚ ʩʝʨʝʜ ʧʝʨʚʠʥʥʠʭ ʟʘʢʫʧʽʚʝʣʴ 

ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ T  ʧʝʨʠhʭ ʧʝʨʚʠʥʥʠʭ ʟʘʢʫʧʽʚʝʣʴ ʩʪʘʥʦʚʠʪʠʤʝ 

m

TY
TF

)(
)( = ,    0

)0(
)0( ==

m

Y
F ,   (2.29) 

ʚʠʟʥʘʯʘʶʯʠ ʯʘʩʪʢʫ ʨʝʰʪʠ ʧʦʢʫʧʮʽʚ (ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʨʠʥʢʦʚʠʡ ʧʦʧʠʪ) ʷʢ )(1 TF- . 

ʇʝʨʚʠʥʥʽ ʟʘʢʫʧʽʚʣʽ ʧʨʦʜʫʢʪʫ ʟʜʽʡʩʥʶʶʪʴ ʥʦʚʘʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʝʨʰʠʡ 

ʜʦʜʘʥʦʢ ʨʽʚʥʦʩʪʽ (2.28), ʪʘ ʽʤʽʪʘʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʨʽʚʥʦʩʪʽ 
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(2.28) ʽ ʚ ʧʝʚʥʦʤʫ ʩʝʥʩʽ ʥʘʚʯʘʶʪɹʩʷ ʫ ʧʦʧʝʨʝʜʥʽʭ ʧʦʢʫʧʮʽʚ. ʏʠʩʣʦ )(TY  ʧʦʧʝʨʝʜʥʽʭ 

ʧʦʢʫʧʮʽʚ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʥʦʚʘʪʦʨʽʚ ʧʽʜ ʯʘʩ ʾʭ ʧʝʨʚʠʥʥʠʭ ʟʘʢʫʧʽʚʝʣʴ. 

b) ɺʨʘʭʦʚʫʶʯʠ ʨʽʚʥʦʩʪʽ (2.28) ʽ (2.29), ʚʽʨʦʛʽʜʥʽʩʪʴ ʟʘʢʫʧʽʚʣʽ ʧʨʦʜʫʢʪʫ ʚ 

ʤʦʤʝʥʪ ʯʘʩʫ T  ʟʘ ʫʤʦʚʠ, ʱʦ ʜʦ ʮʴʦʛʦ ʟʘʢʫʧʽʚʣʽ ʥʝ ʟʜʽʡʩʥʶʚʘʣʠʩʷ, ʜʦʨʽʚʥʶʻ 

)()(
)(1

)(
TFqpTP

TF

Tf
+==

-
,     (2.30) 

ʜʝ pPf == )0()0( , ñ=
T

tdtfTF
0

)()( , )(tf  ī ʬʫʥʢʮʽʷ ʱʽʣʴʥʦʩʪʽ ʚ ʯʘʩʽ (time) t . 

 ɿʚʽʜʩʠ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʢʫʧʦʢ ʥʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ),0( T  ʩʪʘʥʦʚʠʪʴ 

0 0

( ) ( ) ( ) ( )

T T

m f t d t mF T Y T S t d t= = =ñ ñ ,    (2.31) 

ʜʝ ʚ ʩʠʣʫ ʨʽʚʥʦʩʪʽ (2.30) ʬʫʥʢʮʽʷ ʱʽʣʴʥʦʩʪʽ ʧʨʦʜʘʞʽʚ ʜʦʨʽʚʥʶʻ 

)()()( TPmtfmtS == [ )(1 TF- ] )(TP= [ )(TFmm- ], 

ʘ ʚ ʩʠʣʫ ʨʽʚʥʦʩʪʝʡ (2.30), (2.31) ʤʘʻʤʦ 

ñ+=+=

T

tdtS
m

q
pTFqpTP

0

)()()( ,   ñ==

T

tdtSTYTFm
0

)()()( : 

-=ö
ö

÷

õ

æ
æ

ç

å
-ù

ú

ø
é
ê

è
+= ññ mptdtSmtdtS

m

q
pTS

TT

00

)()()(  

2

000

)()()( ù
ú

ø
é
ê

è
-+- ñññ

TTT

tdtS
m

q
tdtSqtdtSp

m

q
TYpqmp --+= )()( [ )(TY ]2,    (2.32) 

=ù
ú

ø
é
ê

è
--+===

2
)()(

)(
)(

)(
m

TY
q

m

TY
pqp

m

TS
Tf

td

Fd
 

[ ]2)()()( TFqTFpqp --+= , 

ñ --+
=+

2)( FqFpqp

Fd
Ct . 

ʇʦʟʥʘʯʘʶʯʠ qa -= , pqb -= , pc=  ʽ ʚʨʘʭʦʚʫʶʯʠ  
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22222 )(424)(4 qpqpppqqqppqcab +=++-=+-=-  > 0, 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʘʥʘʣʽʪʠʯʥʠʤ ʚʠʨʘʟʦʤ ʽʥʪʝʛʨʘʣʫ ʚʽʜ ʨʘʮʽʦʥʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

=
-++

--+

-
=

++ñ cabbFa

cabbFa

cabFaFbʩ

Fd

42

42
ln

4

1
2

2

22
 

Fqq

Fqp

qppqFqpq

pqFqpq

qp 22

22
ln

1

2

2
ln

1

-

--

+
=

++--

----

+
= , 

ʘ ʪʘʢʦʞ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ 

q

p

qpqq

qp

qp
C -

+
=

³-

³--

+
=+ ln

1

022

022
ln

1
0 . 

ʆʪʞʝ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʜʦʜʘʪʥʽʩʪʴ ʟʥʘʯʝʥʴ p , q , F, ʦʪʨʠʤʫʻʤʦ: 

ù
ú

ø
é
ê

è

-

+

+
=

-

--

+
=+-

+
=+öö

÷

õ
ææ
ç

å

+ )1(
ln

1

)1(
ln

1
ln

1
ln

1

Fq

Fqp

qpFq

Fqp

qp
t

q

p

qp
t

q

p

qp
, 

ù
ú

ø
é
ê

è

-

+

+
=ù
ú

ø
é
ê

è

-

+

+
=
ý
ü
û

í
ì
ë

öö
÷

õ
ææ
ç

å
-ù
ú

ø
é
ê

è

-

+

+
=

)1(
ln

1

)1(

)(
ln

1
ln

)1(
ln

1

Fp

Fqp

qppFq

qFqp

qpq

p

Fq

Fqp

qp
t , 

[ ]{ } ù
ú

ø
é
ê

è

-

+
=+=+

)1(
ln)()(expln

Fp

Fqp
qptqpt , 

[ ] [ ] [ ] FqpqptFpqptFpqptp +=+-=+-+ )(exp)1()(exp)(exp , 

[ ] [ ] [ ]{ })(exp)(exp)(exp qptpqFqptFpFqpqptp ++=++=-+ , 

[ ]{ }
[ ] qqptp

qptp
F

++

-+
=

)(exp

1)(exp
< 1, 

[ ]{ }
[ ] qqpTp

qpTp
TF

++

-+
=

)(exp

1)(exp
)( .     (2.33) 

[ ] [ ] [ ]{ }
[ ]{ }

=
++

++-++++
==

2
)(exp

)(exp)(exp)(exp)(

qqptp

pqptpqqptpqptqpp

td

Fd
f  

[ ]
[ ]{ }2

2

)(exp

)(exp)(

qqptp

qptqpp

++

++
= ,    (2.34) 
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[ ]
[ ]{ }2

2

)(exp

)(exp)(
)(

qqptp

qptqppm
fmtS

++

++
== , 

[ ] [ ]{ }
[ ]{ }

-
++

++++
+=

4

2

2

)(exp

)(exp)(exp)(
)(

qqptp

qqptpqptqp
qppm

td

Sd
 

[ ]{ } [ ]
[ ]{ }

=
++

++++
+-

4

2

)(exp

)(exp)()(exp2
)(

qqptp

qptqppqqptp
qppm  

[ ]
[ ]{ } [ ]{ }

[ ]{ }4
3

)(exp

)(exp)(exp
)(exp)(

qqptp

qptpqqqptp
qptqppm

++

+-++
++= . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ pq²  ʽ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ t  ʬʫʥʢʮʽ̫ )(tS  ʟʨʦʩʪʘʻ, 

ʜʦʩʷʛʘʶʯʠ ʤʘʢʩʠʤʫʤʫ ʧʨʠ 

[ ])(exp0 qptpq +-= ,  [ ]
p

q
qpt =+ )(exp , öö

÷

õ
ææ
ç

å
=+

p

q
qpt ln)( , 

0
lnln* ²
+

-
==

qp

pq
tT  ʜʣʷ pq² ,    (2.35) 

ʚʠʤʘʛʘʶʯʠ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʽʤʽʪʘʮʽʾ. ʊʦʜʽ 

[ ] qp
p

q
qpt 1lnexp)(exp -=ù

ú

ø
é
ê

è
öö
÷

õ
ææ
ç

å
=+ , 

{ } q

qpm

q

qqpm

qqpp

qpqppm
TS

4

)(

4

)()(
)(

2

2

2

21

12
* +

=
+

=
+

+
=

-

-

.  (2.36) 

ɺʨʘʭʦʚʫʶʯʠ ʨʽʚʥʽʩʪʴ (2.32), ʤʘʻʤʦ 

)(
4

)( *
2

TS
q

qpm
=

+

m

q
TYpqmp --+= )()( * [ )( *TY ]2, 

2*222 4)()(44)( qTYpqqmqpmqpm --+=+ [ )( *TY ]2, 

0
2

)(

8

)(4
)(

2

* ²
-

=
°-

=
q

pqm

q

Dpqqm
TY ,    (2.37) 

ʜʝ ʜʠʩʢʨʠʤʽʥʘʥʪ ʜʦʨʽʚʥʶʻ 

[ ]=-+--= qpmqpmqpqqmD 2222222 4)(16)(16  
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[ ]=++--= qpqppqqm 4)()(16 2222  

0)422(16 222222 =+---+-= qpqqppppqqqm . 

ʗʢʱʦ ʞ q  < p, ʪʦ ʬʫʥʢʮʽʷ )(tS  ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʨʠ 0=t : 

[ ]
[ ]{ }

pm
qp

qppm

qqpp

qpqppm
fmS =

+

+
=

++³

+³+
==

2

2

2

2

)(

)(

)(0exp

)(0exp)(
)0()0( , (2.38) 

0)(
44

24

4

)(
)()0( 2

222
* ¢--=

---
=

+
-=- qp

q

m

q

qqppqp
m

q

qpm
pmTSS . 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʫʩʧʽʰʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʥʦʰʝʥʥʷ 
q

p
 ʻ ʙʣʠʟʴʢʠʤ ʜʦ 

0, ʪʦ ʦʙʩʷʛ S ʧʨʦʜʘʞʽʚ ʜʦʩʷʛʘʪʠʤʝ ʩʚʦʛʦ ʤʘʢʩʠʤʫʤʫ, ʢʦʣʠ ʩʫʢʫʧʥʠʡ ʦʙʩʷʛ 

ʧʨʦʜʘʞʽʚ ʥʘʙʣʠʞʘʪʠʤʝʪɹʩʷ ʜʦ 
2

m
 (ʧʝʨʝʚʠʱʫʶʯʠ ʢʨʠʪʠʯʥʫ ʤʘʩʫ [58, 170ī172]): 

öö
÷

õ
ææ
ç

å
-=

-
=

q

p
m

q

pqm
TY

22

1

2

)(
)( * . 

 

2.4.3 ʆʯʽʢʫʚʘʥʘ ʪʨʠʚʘʣʽʩʪʴ ʚʭʦʜʫ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʚ ʨʠʥʦʢ 

 

ʗʢɦʦ ʜʦʚ̔ʣʴʥʦ ʚʠʙʨʘʪʠ ʧʦʢʫʧʮʷ ʩʝʨʝʜ m ʧʦʢʫʧʮʽʚ, ʷʢʠʡ ʟʜʽʡʩʥʶʚʘʪʠʤʝ 

ʧʝʨʚʠʥʥʫ ʟʘʢʫʧʚ̔ʣʶ ʧʨʦʜʫʢʪʫ ʚ ʜʝʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʩʚʦʛʦ ʞʠʪʪʷ, ʪʦ ʦʯʽʢʫʚʘʥʘ 

ʪʨʠʚʘʣʽʩʪʴ T  ʯʘʩʫ ʜʦ ʪʘʢʦʾ ʟʘʢʫʧʽʚʣʽ, ʚʨʘʭʦʚʫʶʯʠ ʨʽʚʥʽʩʪʴ (2.34), ʩʪʘʥʦʚʠʪʠʤʝ 

[ ]
[ ]{ }ññ

¤¤

=
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++
==

0

2

2

0 )(exp

)(exp)(
)()( td

qqptp

qptqppt
tdtftTE  

zd
qpz

z

p
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qzp

z
p

zqp
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qzp

zqpp
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z
ñññ
¤

-

¤¤

+
=

+
=

+
³

+

+
³

+
=

1

21

1

2

1

2

2

)(

ln1

)(

ln

)()(

)(ln
. 

ʜʝ [ ])(exp qptz += , tdzqpzd )( += , )(ln qptz += . ɿʘʩʪʦʩʦʚʫʶʯʠ ʚʠʨʘʟ 

ñ +
+

+
-=

+ ax

x

aax

x
xd

ax

x
ln

1ln

)(

ln
2
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ʜʣʷ qpa 1-= , ʦʪʨʠʤʫʻʤʦ 

( )1

1 1

1 1 1 1 1
( ) ln ln ln 1 ln

1 1

p p q
E T p q

p q q q pp q p q

-

- -

ë û å õ+
= - = + =ì ü æ ö

+ + ç ÷í ý
. (2.39) 

ʇʨʦʜʫʢʪ ʧʨʠʡʤʘʁʪɹ  ʥʦʚʘʪʦʨʠ ʪʘ ʽʤʽʪʘʪʦʨʠ: ʥʦʚʘʪʦʨʠ ʤʘʪʠʤʫʪʴ ʙʽʣʴʰʝ 

ʟʥʘʯʝʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʧʨʦʜʫʢʪʫ, ʘʣʝ ʧʽʟʥʽʰʝ ʾʭ ʟʥʘʯʝʥʥʷ 

ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ ʽ ʟʙʽʣʴʰʫʚʘʪʠʤʝʪʴʩʷ ʟʥʘʯʝʥʥʷ ʽʤʽʪʘʪʦʨʽʚ. ʗʢʱʦ ʽʥʥʦʚʘʮʽʻʶ ʻ 

ʩʧʦʞʠʚʯʠʡ ʪʦʚʘʨ ʪʨʠʚʘʣʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ (ʩʢʘʞʽʤʦ, ʪʝʣʝʚʽʟʦʨ, ʛʘʟʦʥʦʢʦʩʘʨʢʘ, 

ʢʽʤʥʘʪʥʠʡ ʢʦʥʜʠʮʽʦʥʝʨ, ʩʪʽʣʴʥʠʢʦʚʠʡ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ), ʪʦ ʧʨʦʜʘʞʽ )(tS  

ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ, ʚ ʷʢʦʤʫ ʧʦʧʠʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʚʠʥʥʠʭ ʧʦʢʫʧʦʢ, ʙʫʜʫʪʴ 

ʧʨʦʧʦʨʮʽʡʥʠʤʠ ʬʫʥʢʮʽʾ )(tf  ʱʽʣʴʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʽʥʥʦʚʘʮʽ.ʾ ʗʢʱʦ ʞ ʧʨʦʜʘʞʽ 

ʚʢʣʶʯʘʶʪʴ ʧʦʚʪʦʨʥʽ ʯʠ ʙʘʛʘʪʦʨʘʟʦʚʽ ʧʦʢʫʧʢʠ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʪʦ ʨʽʚʥʽ 

ʧʨʠʡʥʪ̫ʪʷ ʧʨʦʜʫʢʪʫ ʽ ʧʨʦʜʘʞʽʚ ʧʨʦʜʫʢʪʫ ʚʠʤʽʨʶʶʪʴʩʷ ʦʢʨʝʤʦ. 

ʊʝʦʨʝʪʠʯʥʦ ʨʦʟʧʦʜʽʣʦʤ ʤʦʞʝ ʙʫʪʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʯʠ ʣʦʛʽʩʪʠʯʥʠʡ 

ʨʦʟʧʦʜʽʣ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ɺʝʡʙʫʣʣʘ (ɺʝʡʙʫʣʣ (1887ī1979) ʩʣʫʞʠʚ ʫ ʐʚʝʜʩʴʢʽʡ 

ʙʝʨʝʛʦʚʽʡ ʦʭʦʨʦʥʽ ʟ 1904 ʨ., ʦʪʨʠʤʘʚ ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ ʜʦʢʪʦʨʘ ʬ̔ʣʦʩʦʬʽʾ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ʋʧʧʩʘʣʘ ʫ 1932 ʨ.). ʆʩʢʽʣʴʢʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʧʝʨʝʜʙʘʯʘʻ 

ʧʨʦʮʝʩ ʙʝʟ ʧʘʤôʷʪʽ (memoryless), ʪʦ ʥʝ ʚʽʜʦʙʨʘʞʘʻ ʩʫʪʽ ʧʦʰʠʨʝʥʥʷ ʽʥʥʦʚʘʮʽʾ. 

ʃʦʛʽʩʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʽ ʨʦʟʧʦʜʽʣ ɺʝʡʙʫʣʣʘ ʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ, ʙʣʠʟʴʢʽ ʜʦ ʤʦʜʝʣʽ 

ɹʘʩʩʘ, ʥʘ ʜʘʥʠʭ ʙʘʛʘʪʴʦʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʘʣʝ ʥʝ ʥʘ ʜʘʥʠʭ ʢʽʣʴʢʦʭ ʩʧʦʩʪʝʨʝʞʝʥʴ: 

ʦʪʨʠʤʘʥʠʡ ʨʦʟʧʦʜʽʣ (2.33) ʜʘʻ ʢʨʘʱʽ ʧʨʦʛʥʦʟʠ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. ʃʦʛʽʩʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ɹʘʩʩʘ ʜʝʱʦ ʤʦʜʠʬʽʢʫʚʘʣʘʩʷ ʡ 

ʫʟʘʛʘʣʴʥʶʚʘʣʘʩʷ, ʚʢʣʶʯʘʶʯʠ ʜʠʬʫʟʽʡʥʽ ʤʦʜʝʣʽ. ɿ ʦʛʣʷʜʫ ʥʘ ʭʘʨʘʢʪʝʨ ʜʘʥʠʭ, 

ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʟʘʚʜʘʥʴ (ʥʘʙʣʠʞʝʥʦʛʦ) ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʜʘʞʽʚ ʙʽʣʴʰʦʩʪʽ ʥʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʽ (ʤʘʣʦʾ) ʢʽʣʴʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʽʩʥʫʶʪʴ ʩʫʪʪʻʚʽ ʪʨʫʜʥʦʱʽ ʟ 

ʥʘʜʽʡʥʦʶ ʝʢʩʪʨʘʧʦʣʷʮʽʻʶ ʧʦʯʘʪʢʦʚʦʛʦ ʰʣʷʭʫ ʟʙʫʪʫ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʫ: ʷʢʱʦ 

ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʚʜʦʩʢʦʥʘʣʝʥʽ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʙʫʪʫ, ʪʦ ʩʣʽʜ ʚʠʭʦʜʠʪʠ ʟ 



111 

ʦʙʤʝʞʝʥʦʩʪʽ ʜʘʥʠʭ. ʃʦʛʽʩʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ɹʘʩʩʘ [147, 151, 152] ʦʭʦʧʣʶʻ ʩʫʪʴ 

ʧʨʦʮʝʩʫ ʽʥʥʦʚʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʝʬʝʢʪʠ ʜʠʬʫʟʽʾ ʪʘ ʟʘʤʽʱʝʥʥʷ. 

 

2.4.4 ʆʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

 

ʇʝʨʝʭʦʜʷʯʠ ʚʽʜ ʙʘʟʦʚʦʾ ʥʝʧʝʨʝʨʚʥʦʾ ʤʦʜʝʣʽ (2.32) ʜʦ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ 
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ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʨʽʚʥʽʩʪʴ (2.36). ʆʪʞʝ, ʨʽʚʥʷʥʥʷ )()( **

1 TSYS TT =-  ʩʚʽʜʯʠʪʴ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʦʜʘʞʽʚ S ʷʢ ʬʫʥʢʮʽʾ ʯʘʩʫ ʟʙʽʛʘʻʪʴʩʷ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʧʨʦʜʘʞʽʚ S ʷʢ ʬʫʥʢʮʽʾ ʢʫʤʫʣʷʪʠʚʥʠʭ ʧʨʦʜʘʞʽʚ. 

ɼʣ̫  ʧʝʨʝʚʽʨʢʠ ʤʦʜʝʣʽ ɹʘʩʩʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʦʮʽʥʦʢ 

ʧʘʨʘʤʝʪʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʯʥʽ ʜʘʥʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʣʷ 11 ʨʽʟʥʠʭ ʩʧʦʞʠʚʯʠʭ 

ʪʦʚʘʨʽʚ ʪʨʠʚʘʣʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʫ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʯʘʩʫ (ʝʣʝʢʪʨʠʯʥʽ ʭʦʣʦʜʠʣʴʥʠʢʠ ʫ 

1920ī1940 ʨʨ. (ʧʝʨʽʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 1926ī1940 ʨʨ.); ʜʦʤʘʰʥʽ ʤʦʨʦʟʠʣʴʥʽ ʢʘʤʝʨʠ 

(ʧʝʨʽʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 1947ī1961 ʨʨ.), ʯʦʨʥʦ-ʙʽʣ̔ ʪʝʣʝʚʽʟʦʨʠ (ʧʝʨʽʦʜ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ 1949ī1961 ʨʨ.), ʢʽʤʥʘʪʥʽ ʢʦʥʜʠʮʽʦʥʝʨʠ (ʧʝʨʽʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

1950ī1961 ʨʨ.) ʫ 1946ī1961 ʨʨ.; ʩʫʰʘʨʢʠ ʜʣʷ ʙʽʣʠʟʥʠ (ʧʝʨʽʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

1950ī1961 ʨʨ.), ʛʘʟʦʥʦʢʦʩʘʨʢʠ (ʧʝʨʽʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 1949ī1961 ʨʨ.), ʘʚʪʦʤʘʪʠʯʥʽ 

ʢʘʚʦʚʘʨʢʠ (ʧʝʨʽʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 1951ī1961 ʨʨ.) ʫ 1948ī1961 ʨʨ.; ʧʘʨʦʚʽ ʧʨʘʩʢʠ 

(ʧʝʨʽʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 1950ī1961 ʨʨ.) ʫ 1949ī1960 ʨʨ.; ʧʦʤô̫ ʢʰʫʚʘʯ ̔ʚʦʜʠ (ʧʝʨʽʦʜ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ 1950ī1961 ʨʨ.), ʝʣʝʢʪʨʠʯʥʽ ʧʦʢʨʠʚʘʣʘ ʜʣʷ ʣʽʞʦʢ (ʧʝʨʽʦʜ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ 1950ī1961 ʨʨ.) ʫ 1949ī1961 ʨʨ.; ʧʨʦʛʨʘʚʘʯʽ (ʧʝʨʽʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

1953ī1958 ʨʨ.) ʫ 1952ī1961 ʨʨ.). ʇʝʨʽʦʜʠ ʯʘʩʫ ʚʠʟʥʘʯʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʩʫʙôʻʢʪʠʚʥʦʾ 

ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʨʦʜʫʢʪʫ, ʘ ʪʘʢʦʞ ʥʘ ʦʩʥʦʚʽ ʦʙʤʝʞʝʥʠʭ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʜʘʥʠʭ 

ʱʦʜʦ ʥʦʨʤ ʩʧʠʩʘʥʥʷ ʪʘ ʮʠʢʣʽʚ ʧʦʚʪʦʨʥʠʭ ʧʦʢʫʧʦʢ. ʆʙʠʨʘʣʠʩʷ ʪʘʢʽ ʧʝʨʽʦʜʠ ʯʘʩʫ, 

ʜʝ ʧʦʚʪʦʨʥʽ ʧʦʢʫʧʢʠ ʥʝ ʙʫʣʠ ʚʘʞʣʠʚʠʤʠ. ʆʩʥʦʚʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ī Statistical 

Abstract of the United States, ʧʫʙʣʽʢʘʮʽʷ ɹʶʨʦ ʧʝʨʝʧʠʩʫ ʥʘʩʝʣʝʥʥʷ ʉʐɸ (United 

Sates Census Bureau), ʫʩʪʘʥʦʚʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʪʦʨʛʽʚʣʽ ʉʐɸ (United Sates 

Department of Commerce). ʎʷ ʧʫʙʣʽʢʘʮʽʷ ʚʠʭʦʜʠʣʘ ʱʦʨʦʢʫ ʫ 1878ī2011 ʨʨ., 

ʦʧʠʩʫʶʯʠ ʩʦʮʽʘʣʴʥʽ, ʧʦʣʽʪʠʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʫʤʦʚʠ ʉʐɸ. 

ʂʨʽʤ ʦʮʽʥʦʢ a , b, c  ʫ ʨʝʛʨʝʩʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ (2.38) ʜʣʷ ʢʦʞʥʦʛʦ ʪʦʚʘʨʫ, ʙʫʣʠ 

ʦʙʯʠʩʣʝʥʽ ʾʭ ʜʠʩʧʝʨʩʽʾ as , bs , cs  ʚʜ̔ʧʦʚʽʜʥʦ, ʚʽʜʥʦʰʝʥʥʷ aa

1)( -s , bb

1)( -s , 
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cc

1)( -s , ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪ 2R  ʜʝʪʝʨʤʽʥʘʮʽʾ. ʊʦʜʽ, ʢʦʨʠʩʪʫʶʯʠʩʴ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (2.40), ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʦʮʽʥʢʠ m, p , q . ɼʣʷ ʢʦʞʥʦʛʦ ʪʦʚʘʨʫ 

ʨʝʛʨʝʩʽʡʥʘ ʦʮʽʥʢʘ c  ʤʘʻ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ, ʷʢ ʮʴʦʛʦ ʧʦʪʨʝʙʫʻ ʟʤʽʩʪ ʤʦʜʝʣʽ. ɼʣʷ 

ʢʦʞʥʦʛʦ ʪʦʚʘʨʫ ʦʮʽʥʢʠ m ʚʠʛʣʷʜʘʶʪʴ ʧʨʘʚʜʦʧʦʜʽʙʥʠʤʠ. ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʥʝʷʚʥʘ ʦʮʽʥʢʘ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʝʨʚʠʥʥʠʭ 

ʟʘʢʫʧʽʚʝʣʴ, ʷʢʽ ʙʫʜʫʪʴ ʟʜʽʡʩʥʝʥʽ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʜʫʢʪʫ: ʜʣʷ ʢʦʞʥʦʛʦ 

ʪʦʚʘʨʫ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʻ ʟʘʛʘʣʴʥʠʡ ʪʨʝʥʜ ʯʘʩʦʚʦʛʦ ʰʣʷʭʫ 

ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʘʞʽʚ, ʘ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʪʨʝʥʜʫ ʤʦʞʥʘ ʧʦʷʩʥʶʚʘʪʠ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʤʠ ʤʽʥʣʠʚʦʩʪʷʤʠ ʜʦʭʦʜʫ (ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʢʦʨʝʣʶʶʪʴʩʷ ʟ 

ʝʢʦʥʦʤʽʯʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʯʠ ʩʧʘʜʦʤ). ɼʣʷ ʢʦʞʥʦʛʦ ʪʦʚʘʨʫ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

ʟʘʜʦʚʽʣʴʥʦ ʧʝʨʝʜʙʘʯʘʻ ʧʽʢʦʚʠʡ ʦʙʩʷʛ ʧʨʦʜʘʞʽʚ ʽ ʤʦʤʝʥʪ ʯʘʩʫ ʡʦʛʦ ʜʦʩʷʛʥʝʥʥʷ. 

ɺ̔ʜʧʦʚʽʜʥʽʩʪɹ ʨ̔ʚʥ̫ʥʥʷ ʨʝʛʨʝʩʽʾ ʩʪʦʩʦʚʥʦ ʬʘʢʪʠʯʥʠʭ ʧʨʦʜʘʞʽʚ ʻ ʚʽʜʥʦʩʥʦ 

ʩʣʘʙʢʠʤ ʪʝʩʪʦʤ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʦʜʝʣʽ, ʦʩʢʽʣʴʢʠ ʧʦʣʷʛʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ ex post ʦʮʽʥʦʢ 

ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʟ ʜʘʥʠʤʠ. ʉʠʣʴʥʽʰʠʤ ʪʝʩʪʦʤ ʻ ʩʧʨʦʤʦʞʥʽʩʪʴ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ ʟʘ 

ʟʤʽʥʥʦʶ ʯʘʩʫ ʪʘ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʨʝʛʨʝʩʽʡʥʠʤʠ ʦʮʽʥʢʘʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ: 

ʜʣʷ ʢʦʞʥʦʛʦ ʪʦʚʘʨʫ, ʟʥʘʶʯʠ ʦʮʽʥʢʠ m, p , q , ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʤʦʤʝʥʪ ʯʘʩʫ 

ʧʽʢʫ ʧʨʦʜʘʞʽʚ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʦʩʪʽ (2.35) ʽ ʧʦʨʽʚʥʷʪʠ ʡʦʛʦ ʟ ʬʘʢʪʠʯʥʠʤ (ʧʝʨʽʦʜ ʯʘʩʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʧʨʦʜʘʞʽ ʚʧʝʨʰʝ ʧʝʨʝʚʠʱʠʣʠ ʟʥʘʯʝʥʥʷ pm , ʨʽʚʥʝ )0(S  ʚ 

ʩʠʣʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.38)); ʤʦʞʥʘ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʠʪʠ ʦʙʩʷʛ ʧʽʢʫ ʧʨʦʜʘʞʽʚ ʥʘ 

ʦʩʥʦʚʽ ʨʽʚʥʦʩʪʽ (2.36) ʽ ʧʦʨʽʚʥʷʪʠ ʡʦʛʦ ʟ ʬʘʢʪʠʯʥʠʤ. ɼʣʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʭʦʣʦʜʠʣʴʥʠʢʽʚ ʧʝʨʝʜʙʘʯʝʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʽʢʫ ʧʨʦʜʘʞʽʚ ʙʫʚ ʥʘʡʜʦʚʰʠʤ (ʙʣʠʟʴʢʦ 

20 ʨʦʢʽʚ), ʘ ʬʘʢʪʠʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʽʢʫ ʧʨʦʜʘʞʽʚ ʥʝ ʚʠʟʥʘʯʘʚʩʷ ʯʝʨʝʟ ʧʝʨʽʦʜ 

ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ. ʅʘʡʢʦʨʦʪʰʠʤ ʧʝʨʝʜʙʘʯʝʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʽʢʫ ʧʨʦʜʘʞʽʚ ʙʫʚ 

ʜʣʷ ʧʨʦʛʨʘʚʘʯʽʚ (5 ʨʦʢʚ̔), ʧʘʨʦʚʠʭ ʧʨʘʩʦʢ (7 ʨʦʢʽʚ), ʯʦʨʥʦ-ʙʽʣʠʭ ʪʝʣʝʚʽʟʦʨʽʚ ʽ 

ʩʫhʘʨʦʢ ʜʣʷ ʦʜʷʛʫ (8 ʨʦʢʽʚ). 

ɿʥʘʶʯʠ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ m, p , q, ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʘʪʠ ʧʨʦʜʘʞʽ  



114 

[ ]
[ ]{ }2

2

)(exp

)(exp)(
)(

qqptp

qptqppm
tS

++

++
=  

ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʡ ʦʮʽʥʶʚʘʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʜʣʷ 

ʢʦʞʥʦʛʦ ʪʦʚʘʨʫ, ʚʠʭʦʜʷʯʠ ʟ ʚʽʜʧʦʚʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʪʝʨʤʽʥʘʮʽʾ. 

ʅʘʡʤʝʥʰʦʶ ʮʷ ʚʝʣʠʯʠʥʘ ʚʠʷʚʠʣʘʩʷ ʜʣʷ ʯʦʨʥʦ-ʙʽʣʠʭ ʪʝʣʝʚʽʟʦʨʽʚ ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʠʭ 

(ʘʣʝ ʰʚʠʜʢʦʧʣʠʥʥʠʭ) ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʪʨʝʥʜʫ ʜʣʷ 1950 ʨ. ʽ 1958 ʨ., ʘʣʝ ʚʦʥʘ ʥʝ 

ʚʧʣʠʥʫʣʘ ʥʘ ʢʦʨʝʢʪʥʽʩʪʴ ʪʨʝʥʜʫ ʟʘʛʘʣʦʤ: ʜʣʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʪʦʚʘʨʽʚ ʤʦʜʝʣʴ 

ɹʘʩʩʘ ʙʫʣʘ ʧʝʨʝʚʽʨʝʥʘ ʽ ʚʝʨʠʬʽʢʦʚʘʥʘ. ʎʷ ʤʦʜʝʣʴ ʚʽʜʽʛʨʘʣʘ ʽ ʧʨʦʜʦʚʞʫʻ ʚʽʜʽʛʨʘʚʘʪʠ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʨʦʙʮʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʥʦʚʠʭ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʜʫʢʪ̔ʚ. 

ʇʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ ʥʦʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʻ ʚʘʢʮʠʥʠ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʽ (2.40) ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʜʘʥʠʤʠ [173] ʧʨʦ ʜʦʟʠ ʚʘʢʮʠʥʠ ʚʽʜ COVID-19, ʚʚʝʜʝʥʽ 

ʥʘ 100 ʦʩʽʙ (ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʚʝʜʝʥʠʭ ʜʦʟ, ʧʦʜʽʣʝʥʘ ʥʘ ʟʘʛʘʣʴʥʫ ʯʠʩʝʣʴʥʽʩʪʴ 

ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥʠ). ɼʣʷ ʚʘʢʮʠʥ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʜʝʢʽʣʴʢʦʭ ʜʦʟ, ʧʽʜʨʘʭʦʚʫʻʪʴʩʷ ʢʦʞʥʘ 

ʦʢʨʝʤʘ ʜʦʟʘ; ʦʩʢʽʣʴʢʠ ʦʜʥʘ ʽ ʪʘ ʞ ʦʩʦʙʘ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ ʦʜʥʽʻʾ ʜʦʟʠ, ʢʽʣʴʢʽʩʪ ɹ

ʜʦʟ ʥʘ 100 ʦʩʽʙ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 100 [173]. ʋ ʪʘʙʣ. 2.1 ʢʫʨʩʠʚʦʤ ʚʠʜʽʣʝʥʦ 

ʟʥʘʯʝʥʥʷ, ʷʢʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ, ʘʣʝ ʛʝʥʝʨʫʶʪʴʩʷ, ʟʦʢʨʝʤʘ, ʤʝʪʦʜʘʤʠ ʝʤʧʽʨʠʯʥʠʭ 

ʩʝʨʝʜʥʽʭ [154]: ʜʘʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʟʘ ʯʘʩʪʢʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʦʝʢʪʫ çɸʥʘʣʽʪʠʯʥʽ 

ʤʝʪʦʜʠ ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʚ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ ʽ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʟʘ ʫʤʦʚ 

ʢʦʥʬʣʽʢʪʫ ʥʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽè ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ (ʛʨʘʥʪ 

 ̄2020.02/0121). ɸʥʘʣʽʟʫʚʘʣʠʩʷ ʜʘʥʽ ʋʢʨʘʾʥʠ ʪʘ ɹʽʣʦʨʫʩʽ, ʚʨʘʭʦʚʫʶʯʠ ʫʩʧʽʰʥʠʡ 

ʜʦʩʚʽʜ ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʫ çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ, ʘʣʛʦʨʠʪʤʽʚ ʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ ʨʽʟʥʦʨʽʜʥʠʭ ʢʣʽʥʽʯʥʠʭ ʪʘ ʙʽʦʤʝʜʠʯʥʠʭ 

ʜʘʥʠʭ ʟ ʤʝʪʦʁ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʽʘʛʥʦʩʪʠʢʠ ʩʢʣʘʜʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴè (ʄ/99-2019, 

M/37-2020 ʟʘ ʧʽʜʪʨʠʤʢʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʪʘ ʥʘʫʢʠ ʋʢʨʘʾʥʠ), ʱʦ ʚʠʢʦʥʫʚʘʚʩʷ 

ɯʥʩʪʠʪʫʪʦʤ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ. ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ ʩʧʽʣʴʥʦ ʟ ʆʙôʻʜʥʘʥʠʤ 

ʽʥʩʪʠʪʫʪʦʤ ʧʨʦʙʣʝʤ ʽʥʬʦʨʤʘʪʠʢʠ ʅɸʅ ɹʽʣʦʨʫʩʽ (ʌ19ʋʂʈɻ-005 ʟʘ ʧʽʜʪʨʠʤʢʠ 

ɹʽʣʦʨʫʩʴʢʦʛʦ ʨʝʩʧʫʙʣ̔ʢʘʥʩʴʢʦʛʦ ʬʦʥʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ) [174ī177]. 
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ʆʙʯʠʩʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ MS Excel ʦʮʽʥʢʠ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʣʝʞʥʦʩʪʽ (2.40) ʥʘ ʜʘʥʠʭ ʪʘʙʣ. 2.1 ʻ ʟʘʜʦʚʽʣʴʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʧʨʘʢʪʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʜʨʫʛʦʤʫ ʧʽʚʨʽʯʯʽ 2021 ʨ. (ʪʘʙʣ. 2.2). 

ʊʘʙʣʠʮʷ 2.1. ɼʦʟʠ ʚʘʢʮʠʥʠ ʚʽʜ COVID-19, ʚʚʝʜʝʥʽ ʥʘ 100 ʦʩʽʙ, ʟʘ ʪʠʞʥʷʤʠ ʧʝʨʰʦʛʦ 

ʧʽʚʨʯ̔ʯʷ 2021 ʨ. 

ɼʘʪʘ  

ʂʨʘʾʥʘ 

ʋʢʨʘʾʥʘ ɹʽʣʦʨʫʩʴ 

23.02 - 0.22 

2.03 0.02 0.22 

9.03 0.05 0.22 

16.03 0.18 0.28 

23.03 0.36 0.39 

30.03 0.53 0.58 

6.04 0.73 0.85 

13.04 0.92 1.43 

20.04 1.09 2.24 

27.04 1.28 2.75 

4.05 1.74 3.04 

11.05 2.02 3.59 

18.05 2.19 4.33 

25.05 2.26 4.88 

1.06 2.40 5.61 

8.06 3.04 6.74 

15.06 3.58 7.65 

22.06 4.01 8.85 

29.06 4.42 9.40 

 

ʊʘʙʣʠʮʷ 2.2. ʆʮ̔ ʥʢʠ ʧʘʨʘʤʝʪʨʽʚ a, b, c ʨʝʛʨʝʩʽʾ (2.39), ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ m, p, q ʟ 

ʨʽʚʥʦʩʪʝʡ (2.41), (2.42), ʟʥʘʯʝʥʥʷ S(T*), Y(T*), T*, E(T) ʟ ʨʽʚʥʷʥʴ (2.36), (2.37), (2.32), (2.39) 

ʚʽʜʧʦʚʽʜʥʦ. 

ʂʨʘʾʥʘ / ʇʘʨʘʤʝʪʨ R2 a b 106 c m q 106 p S(T*) Y(T*) T*  E(T) 

ɹʽʣʦʨʫʩʴ 0.90 7.47 0.20 -115.07 1739 0.20 4298 91 851 19 19 

ʉʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ 
 

6.95 0.04 49.60 
       

ʋʢʨʘʾʥʘ 0.73 7.85 0.11 -33.16 3291 0.11 2384 94 1610 34 35 

ʉʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ 
 

6.50 0.08 180.42 
       

 

ɿʘ ʥʘʣʝʞʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʢʣʘʩʠʯʥʫ ʤʦʜʝʣʴ 

ɹʘʩʩʘ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ 
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ʧʘʥʜʝʤʽʻʶ, ʚ ʽʥʰʠʭ ʜʝʨʞʘʚʘʭ, ʘ ʪʘʢʦʞ ʚ ʦʙʣʘʩʪʷʭ ʽ ʨʘʡʦʥʘʭ ʋʢʨʘʾʥʠ. ʊʘʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʨʝʪʝʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʚʝʨʠʬʽʢʘʮʽʾ 

ʪʘ ʛʝʥʝʨʘʮʽʾ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʤʦʞʣʠʚʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʢʣʘʩʠʯʥʦʾ ʤʦʜʝʣʽ, ʨʦʟʚʠʪʢʫ ʡ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʩʫʯʘʩʥʽ ʨʦʟʧʦʜʽʣʝʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʥʘʫʢʦʚʦ-ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʅɸʅ ʋʢʨʘʾʥʠ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʥʠʭ ʟʘʩʦʙʽʚ ʽ ʟʘʭʦʜʽʚ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ [178]. 
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ʈʆɿɼɯʃ 3. ʄɸʊɽʄɸʊʀʏʅɯ ʄɽʊʆɼʀ ɼʃʗ ʇɯɼʊʈʀʄʂʀ ʇʈʀʁʅʗʊʊʗ 

                    ʈɯʐɽʅʔ ʅɸ ʈʀʅʂʋ ɯʅʌʆʈʄɸʎɯʁʅʆ-ʂʆʄʋʅɯʂɸʎɯʁʅʀʍ 

                    ʇʆʉʃʋɻ ʊɸ ɺ ʉʌɽʈɯ ɼɽʈɾɸɺʅʀʍ ʄɸʂʈʆʌʋʅʂʎɯʁ 

 

3.1 ʉʪʨʘʪʝʛʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʧʨʦʚʘʡʜʝʨʽʚ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ 

 

ɺ ʝʢʦʩʠʩʪʝʤʽ ɯʥʪʝʨʥʝʪʫ ʚʘʞʣʠʚʠʤʠ ʻ ʟʚôʷʟʢʠ ʤʽʞ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ɯʥʪʝʨʥʝʪ-

ʧʦʩʣʫʛ (Internet service providers, ISPs) ʷʢ ʦʧʝʨʘʪʦʨʘʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ 

ʪʘ ʧʨʦʚʘʡʜʝʨʘʤʠ ʧʦʩʣʫʛ ʢʦʥʪʝʥʪʫ, ʦʩʦʙʣʠʚʦ ʧʨʦʚʘʡʜʝʨʘʤʠ ʚʜ̔ʝʦʢʦʥʪʝʥʪʫ, ʱʦ 

ʧʝʨʝʜʙʘʯʘ̒ ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪ̔ ʧʦʪʨʝʙʫʻ ʥʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʤʝʨʝʞʽ, ʪʦ ʤʦʪʠʚʘʮʽʷ ʜʦ 

ʪʘʢʠʭ ʽʥʚʝʩʪʠʮʽʡ ʤʘʻ ʙʫʪʠ ʷʢ ʫ ʧʨʦʚʘʡʜʝʨʽʚ ʚʽʜʝʦʢʦʥʪʝʥʪʫ, ʪʘʢ ʽ ʫ ISPs.  

ʄʦʪʠʚʘʮʽʶ ʜʦ ʽʥʚʝʩʪʠʮʽʡ ʤʘʻ ʚʠʟʥʘʯʘʪʠ ʙʽʟʥʝʩ-ʤʦʜʝʣʴ, ʷʢʘ ʚʨʘʭʦʚʫ ̒ ISPs ʫ 

ʨʦʟʧʦʜʽʣʽ ʨʝʟʫʣʴʪʫʶʯʠʭ ʚʠʛʨʘʰʽʚ (ʦʩʥʦʚʥʠʭ ʛʨʦʰʦʚʠʭ ʧʦʪʦʢʽʚ). ʈʦʟʨʦʙʣʝʥʽ ʟʘʩʦʙʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ, ʜʝ ʧʨʦʚʘʡʜʝʨ ʢʦʥʪʝʥʪʫ (content provider, 

CP) ʤʘʻ ʟʥʘʯʥʫ ʨʠʥʢʦʚʫ ʚʣʘʜʫ, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ CP ʤʦʞʝ ʙʫʪʠ ʧʨʠʙʫʪʢʦʚʠʤ 

ʧʨʦʧʦʥʫʚʘʪʠ ʧʣʘʪʥʠʡ ʧʝʨʝʛʣʷʜ ʢʦʥʪʝʥʪʫ, ʪʘʢʠʤ ʯʠʥʦʤ ʧʝʨʝʜʘʶʯʠ ʜʦ ISPs ʯʘʩʪʠʥʫ 

ʜʦʭʦʜʽʚ ʚʽʜ ʥʘʜʘʥʥʷ ʢʦʥʪʝʥʪʫ ʽ ʩʪʠʤʫʣʶʶʯʠ ISPs ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʝʡ 

[179ī181]. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʤʦʞʣʠʚʘ ʫ ʚʠʧʘʜʢʫ ʝʬʝʢʪʠʚʥʠʭ ISPs (ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʪʨʘʪ 

ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ̔ ʨʦʟʰʠʨʝʥʥʷ) ʟʘ ʥʠʟʴʢʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʧʠʪʫ ʪʘ ʚʠʩʦʢʦ ʾ

ʝʣʘʩʪʠʯʥʦʩʪʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʦʩʣʫʛ. ʈʦʟʨʦʙʣʝʥʘ ʙʽʟʥʝʩ-ʤʦʜʝʣʴ ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʚʩʽʤ ʦʩʥʦʚʥʠʤ ʫʯʘʩʥʠʢʘʤ ʝʢʦʩʠʩʪʝʤʠ ɯʥʪʝʨʥʝʪʫ ï 

ʧʦʩʪʘʯʘʣʴʥʠʢʘʤ ʤʝʨʝʞʽ, ʧʨʦʚʘʡʜʝʨʘʤ ʢʦʥʪʝʥʪʫ ʽ ʧʦʩʣʫʛ, ʢʥ̔ʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ. 

ʂʨʽʤ ʪʦʛʦ, ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʽ ʧʨʦʚʘʡʜʝʨʠ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʧʦʩʣʫʛʠ 

ï ʚʽʜ ʚʠʢʣʶʯʥʦ ʧʦʩʣʫʛ ʤʝʨʝʞʽ ʜʦ ʚʠʢʣʶʯʥʦ ʧʦʩʣʫʛ ʢʦʥʪʝʥʪʫ. 
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3.1.1 ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʧʨʦʚʘʡʜʝʨʽʚ ʢʦʥʪʝʥʪʫ ʪʘ ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ 
 

ɼʣʷ ʚʟʘʻʤʦʜʽʾ CP ʪʘ ISPs ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʦʜʝʣʣʶ ʐʪʘʢʝʣʴʙʝʨʛʘ [182], ʜʝ 

ʣʽʜʝʨ ʧʦʚʽʜʦʤʣʷʻ ʩʚʦʻ ʨʽʰʝʥʥʷ ʧʦʩʣʽʜʦʚʥʠʢʫ, ʷʢʠʡ ʦʧʪʠʤʽʟʫʻ ʩʚʦʶ ʮʽʣʴʦʚʫ 

ʬʫʥʢʮʽʶ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʃʽʜʝʨ ʧʨʠʡʤʘʻ ʩʚʦʾ ʨʽʰʝʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ 

ʪʘʢʫ ʧʦʚʝʜʽʥʢʫ ʧʦʩʣʽʜʦʚʥʠʢʘ. ɼʣʷ ʧʨʦʩʪʦʪʠ ʧʦʯʥʝʤʦ ʟ ʚʠʧʘʜʢʫ ʻʜʠʥʦʾ ʧʦʩʣʫʛʠ, ʘ 

ʧʦʪʤ̔ ʧʝʨʝʡʜʝʤʦ ʜʦ ʚʠʧʘʜʢʫ ʢʽʣʴʢʦʭ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʧʦʩʣʫʛ. 

ʅʝʭʘʡ CP ʤʘʢʩʠʤʽʟʫʻ ʩʚʽʡ ʧʨʠʙʫʪʦʢ ï ʜʦʭʽʜ ʚʽʜ ʥʘʜʘʥʥʷ ʢʦʥʪʝʥʪʫ ʤʽʥʫʩ 

ʯʘʩʪʢʘ ʧʣʘʪʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʟ ʚʠʪʨʘʪʘʤʠ, ʪʦʙʪʦ 

}),(;0max{)},(;min{])1([ 00 WWpDEepDWWEcxpPCP ---+--= ww ww , (3.1) 

ʜʝ p  ï ʮʥ̔ʘ ʧʦʩʣʫʛʠ, c  ï ʚʠʪʨʘʪʠ ʥʘ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ, x  ï ʯʘʩʪʢʘ ʜʦʭʦʜʫ CP, 

ʧʝʨʝʨʘʭʦʚʘʥʘ ʜʦ ISP, 0W  ï ʽʩʥʫʶʯʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʤʝʨʝʞʽ, W  ï ʤʦʞʣʠʚʝ 

ʨʦʟʰʠʨʝʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ, ),( wpD  ï (ʚʠʧʘʜʢʦʚʠʡ) ʧʦʧʠʪ ʥʘ ʧʦʩʣʫʛʫ ʟʘ ʮʽʥʦʶ p  

ʜʣʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ w, e ï ʘʣʪɹʝʨʥʘʪʠʚʥʘ ʚʘʨʪʽʩʪʴ ʥʝʟʘʜʦʚʦʣʝʥʦʛʦ ʧʦʧʠʪʫ, 

wE  ï ʦʧʝʨʘʪʦʨ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ. ʊʫʪ ʨʽʰʝʥʥ̫ʤʠ CP ʻ p  ʪʘ x, ʨʽʰʝʥʥʷʤ 

ISP ʻ W, ʥʘʩʣʽʜʢʦʤ ʨʽʰʝʥʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʩʣʫʛʠ ʻ ),( wpD ; ʩ, e, 0W  ʻ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɺʠʪʨʘʪʠ CP ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ ï ʯʘʩʪʠʥʠ ʚʪʨʘʯʝʥʦʛʦ ʜʦʭʦʜʫ 

(ʟʘʣʝʞʥʦʾ ʚʽʜ x) ʚʽʜ ʥʘʜʘʥʥʷ ʢʦʥʪʝʥʪʫ ʽ ʯʘʩʪʠʥʠ ʚʪʨʘʯʝʥʦʾ ʢʣʽʻʥʪʩʴʢʦʾ ʚʘʨʪʦʩʪʽ 

(ʟʘʣʝʞʥʦʾ ʚʽʜ e) ʚʥʘʩʣʽʜʦʢ ʢʣʽʻʥʪʩʴʢʦʛʦ ʚʽʜʪʦʢʫ (churn) ʜʦ ʽʥʰʦʛʦ ʧʨʦʚʘʡʜʝʨʘ ʯʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʧʠʪʫ. 

ʇʨʠʧʫʩʪʠʤʦ, ISP ʤʘʢʩʠʤʽʟʫʻ ʩʚʽʡ ʧʨʠʙʫʪʦʢ ï ʜʦʭʽʜ ʚʽʜ ʬʽʢʩʦʚʘʥʦʾ ʘʙʦʥʧʣʘʪʠ 

ʚʽʜ ʢʣʽʻʥʪʽʚ ʧʣʶʩ ʯʘʩʪʢʘ ʜʦʭʦʜʫ CP, ʧʝʨʝʨʘʭʦʚʘʥʘ ʜʦ ISP ʯʝʨʝʟ ʧʣʘʪʥʠʡ ʧʝʨʝʛʣʷʜ, 

ʤʽʥʫʩ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ, ʪʦʙʪʦ 

)()},(;min{ 00 WWqWrpDWWExpCPISP +--++= ww ,  (3.2) 

ʜʝ C  ï ʘʙʦʥʝʥʪʩʴʢʘ ʧʣʘʪʘ (ʚʚʘʞʘʻʤʦ, ʱʦ ʚʩʷ ʧʦʧʫʣʷʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʽʜʧʠʩʘʥʘ ʜʦ 

ɯʥʪʝʨʥʝʪʫ ʟʘ ʬʽʢʩʦʚʘʥʫ ʧʣʘʪʫ), r  ï ʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ ʨʦʟʰʠʨʝʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʤʝʨʝʞʽ, q  ï ʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʨʝʞʽ. 
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ɿʘ ʝʤʧʽʨʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʛʽʧʝʨʙʦʣʽʯʥʘ ʬʫʥʢʮʽʷ ʧʦʧʠʪʫ ʥʘ ʽʥʬʦʨʤʘʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʧʨʦʜʫʢʪʠ ʪʘ ʧʦʩʣʫʛʠ ʤʘʻ ʧʦʩʪʽʡʥʫ ʝʣʘʩʪʠʯʥʽʩʪʴ g ʚʽʜʥʦʩʥʦ ʮʽʥʠ 

[183]: 
gp

M
D= , ʜʝ M  ï ʧʘʨʘʤʝʪʨ ʧʦʧʫʣʷʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʜʦʩʪʫʧʥʦʛʦ ʙʶʜʞʝʪʫ). 

ʄʦʜʠʬʽʢʫʻʤʦ ʮʶ ʬʫʥʢʮʽʶ ʪʘʢʠʤ ʯʠʥʦʤ: 

,
)(

)1(
),(

g

w
w

pa

M
pD

+

+
=      (3.3) 

ʜʝ a  ï ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʮʽʥʘ, ʷʢʘ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʧʘʨʘʤʝʪʨʘ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʱʦ ʩʧʦʚʽʣʴʥʶʻ 

ʟʨʦʩʪʘʥʥʷ ʬʫʥʢʮʽʾ ʧʦʧʠʪʫ ʜʣʷ ʤʘʣʠʭ ʟʥʘʯʝʥʴ ʮʽʥʠ p. ʍʦʯʘ ʚʩʽ ʧʘʨʘʤʝʪʨʠ g, M , a  

ʻ ʥʝʚʠʟʥʘʯʝʥʠʤʠ, ʚʨʘʭʦʚʫʚʘʪʠʤʝʤʦ ʾʾ ʪʽʣʴʢʠ ʤʥʦʞʥʠʢʦʤ )1( w+ , ʜʝ w ï ʚʠʧʘʜʢʦʚʘ 

ʟʤʽʥʥʘ ʟ ʬʫʥʢʮʽʻʶ H  ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʘ ʱʽʣʴʥʽʩʪʶ h. ʆʩʢʽʣʴʢʠ 

0),( ²wpD , ʪʦ 1-²w . 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ CP ʻ ʣʽʜʝʨʦʤ ʟ ʨʠʥʢʦʚʦʶ ʚʣʘʜʦʶ ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ. ʊʦʜʽ 

ʨʽʰʝʥʥ ̫ʚ ʩʠʩʪʝʤʽ ʧʨʠʡʤʘʶʪʴʩʷ ʫ ʪʘʢ̔ʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

1) CP ʦʙʠʨʘʻ ʮʽʥʫ p  ʧʦʩʣʫʛʠ ʪʘ ʯʘʩʪʢʫ x  ʩʚʦʛʦ ʜʦʭʦʜʫ ʚʽʜ ʥʘʜʘʥʥʷ ʢʦʥʪʝʥʪʫ, 

ʷʢʘ ʧʝʨʝʨʘʭʦʚʫʚʘʪʠʤʝʪʴʩʷ ʜʦ ISP ʫ ʨʘʤʢʘʭ ʫʛʦʜʠ ʧʨʦ ʧʝʨʝʛʣʷʜ ʢʦʥʪʝʥʪʫ; 

2) ʢʦʨʠʩʪʫʚʘʯʽ, ʟʥʘʶʯʠ ʮʽʥʫ p , ʬʦʨʤʫʶʪʴ ʧʦʧʠʪ ʥʘ ʧʦʩʣʫʛʫ ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3.3); 

3) ISP, ʟʥʘʶʯʠ ʩʚʦʶ ʯʘʩʪʢʫ x  ʽ ʧʦʧʠʪ ),( wpD  ʥʘ ʧʦʩʣʫʛʫ ʜʣʷ ʚʠʧʘʜʢʦʚʦʾ 

ʟʤʽʥʥʦʾ w ʟ ʚʽʜʦʤʠʤ ʨʦʟʧʦʜʽʣʦʤ H, ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʦʙʩʷʛ W  ʨʦʟʰʠʨʝʥʥʷ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʨʝʞʽ, ʤʘʢʩʠʤʽʟʫʶʯʠ ʩʚʽʡ ʩʧʦʜʽʚʘʥʠʡ ʧʨʠʙʫʪʦʢ (3.2); 

4) CP, ʟʥʘʶʯʠ ʧʦʚʝʜʽʥʢʫ ʢʦʨʠʩʪʫʚʘʯ̔ʚ ʪʘ ISP, ʦʙʠʨʘʻ ʪʘʢʽ ʟʥʘʯʝʥʥʷ p  ʪʘ x , 

ʷʢʽ ʤʘʢʩʠʤʽʟʫʶʪʴ ʩʧʦʜʽʚʘʥʠʡ ʧʨʠʙʫʪʦʢ (3.1). 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.3) ʫ ʮʽʣʴʦʚʽʡ ʬʫʥʢʮʽʾ (3.2), ʤʘʻʤʦ 

=+--++= )()},(;min{ 00 WWqWrpDWWExpCPISP ww  

00 )(}))(1(;min{ WqWqrpaMWWExpC -+-++++= -g
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ɿʘʟʥʘʯʠʤʦ, ʱʦ ʦʙʩʷʛ ʧʨʦʜʘʞʽʚ ʧʦʩʣʫʛʠ ʩʪʘʥʦʚʠʪʴ 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.3) ʽ (3.4) ʚ ʮʽʣʴʦʚʽʡ ʬʫʥʢʮʽʾ (3.1), CP 

ʤʘʢʩʠʤʽʟʫʻ ʧʦ 0²p , ]1,0[Íx  ʩʚ̔ ʡ ʧʨʠʙʫʪʦʢ 
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-+++--= - }))(1();,(min{])1([ *

0

g

w w paMxpWWEcxpPCP  

)},())(1(;0max{ *

0 xpWWpaMEe --++- -g

w w ,  (3.5) 

ʟʥʘʭʦʜʷʯʠ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ),,,,,,,( 0

** WecqraMpp g=  ʪʘ 

),,,,,,,( 0

** WecqraMxx g=  ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ [164]. ʆʪʞʝ, ʩʠʩʪʝʤʘ, 

ʱʦ ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʦʩʥʦʚʽ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʧʨʘʚʠʣ (ʢʨʦʢʽʚ) 1) ï 4), ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʠʟʥʘʯʘʪʠʤʝ ʩʪʨʘʪʝʛʽʯʥʽ ʟʥʘʯʝʥʥʷ *p , *x , ),( *** xpW . 

 

3.1.2 ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʧʨʦʚʘʡʜʝʨʽʚ  

         ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ 
 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥ̫ ʮʽʻʾ ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʧʘʨʘʤʝʪʨʽʚ ),,,,,,,( 0WecqraM g  ʜʘʻ ʧʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʜʣʷ ʚʘʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ. 

ʉʮʝʥʘʨʽʡ ʧʣʘʪʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʢʦʥʪʝʥʪʫ ʤʦʞʝ ʙʫʪʠ ʚʠʛʽʜʥʠʤ ʜʣʷ CP ʟʘ ʫʤʦʚʠ, 

ʱʦ ISP ʻ ʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʪʨʘʪ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʨʝʞʽ. 

ɿʥʘʯʝʥʥʷ )(pPCP  ʟ ʥʝʦʙʤʝʞʝʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ 0W  ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ 

),( xpPCP  ʟ ʧʣʘʪʥʠʤ  ʧʝʨʝʛʣʷʜʦʤ, ʷʢʝ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ),( 0WpPCP  ʟ ʦʙʤʝʞʝʥʦʶ 

ʩʧʨʦʤʦʞʥʽʩʪʶ 0W  ʽ ʚʽʣʴʥʠʤ ʧʝʨʝʛʣʷʜʦʤ [179ī181]. ɿʥʘʯʝʥʥʷ  ʬʫʥʢʮʽʡ )(pPCP , 

),( xpPCP , ),( 0WpPCP  ʟʙʽʛʘʶʪʴʩʷ ʧʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʠʭ ʮʽʥʘʭ p, ʙʦ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʧʠʪʫ ʜʦʩʪʘʪʥʴʦ ʬʘʢʪʠʯʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ. 

ʄʘʢʩʠʤʫʤ ʬʫʥʢʮʽʾ )(pPCP  ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʮʽʥʽ pp , ʘ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʽʾ 

),( 0WpPCP  ï ʧʨʠ ʮʽʥʽ pf pp > . ʄʘʢʩʠʤʫʤ ),( xpPCP  ʧʨʠ ʥʠʞʯʽʡ ʮʽʥʽ 

),( fpL pppp Í=  ʤʘʻ ʤʽʩʮʝ, ʢʦʣʠ ʜʣʷ CP ʚʠʛʽʜʥʦ ʥʘʜʘʚʘʪʠ ʧʣʘʪʥʠʡ ʧʝʨʝʛʣʷʜ 

ʢʦʥʪʝʥʪʫ, ʩʪʠʤʫʣʶʶʯʠ ʧʦʧʠʪ ʥʠʟʴʢʦʶ ʮʽʥʦʶ, ʘ ʪʘʢʦʞ ʩʪʠʤʫʣʶʶʯʠ ISP ʜʦ 

ʨʦʟʰʠʨʝʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʷʪʠ ʮʝʡ ʧʦʧʠʪ. ʄʘʢʩʠʤʫʤ ),( xpPCP  ʧʨʠ 

ʚʠʱʽʡ ʮʽʥʽ LH ppp >=  ʤʘʻ ʤʽʩʮʝ, ʢʦʣʠ ʜʣʷ CP ʥʝʚʠʛʽʜʥʦ ʥʘʜʘʚʘʪʠ ʧʣʘʪʥʠʡ 
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ʧʝʨʝʛʣʷʜ ʢʦʥʪʝʥʪʫ ʽ CP ʥʘʜʘʻ ʣʠʰʝ ʚʽʣʴʥʠʡ ʧʝʨʝʛʣʷʜ ʢʦʥʪʝʥʪʫ; ʪʦʤʫ ʧʨʠ ʜʦʩʠʪʴ 

ʚʝʣʠʢʠʭ ʮʽʥʘʭ p  ʟʘʣʝʞʥʽʩʪʴ ),( xpPCP  ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʟʘʣʝʞʥʽʩʪʶ ),( 0WpPCP . 

ʗʢʱʦ >),( xpP LCP ),( xpP HCP
, ʪʦ ʜʣʷ CP ʚʠʛʽʜʥʦ ʜʦʧʫʩʢʘʪʠ ʧʣʘʪʥʠʡ ʧʝʨʝʛʣʷʜ. 

ɺʦʜʥʦʯʘʩ ʟʥʘʯʝʥʥʷ ),( xpPISP  ʩʧʘʜʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʮʽʥʠ p , ʟʤʝʥʰʝʥʥʽ ʧʦʧʠʪʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.3), ʟʤʝʥʰʝʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʜʣʷ 

ʟʘʜʦʚʦʣʝʥʥʷ ʮʴʦʛʦ ʧʦʧʠʪʫ, ʟʤʝʥʰʝʥʥʽ ʩʪʠʤʫʣʶʚʘʥʥʷ ʟ ʙʦʢʫ CP ʜʦ ʨʦʟʰʠʨʝʥʥʷ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ISP. ʇʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʽʡ ʧʦʨʦʛʦʚʽʡ ʮʥ̔ʽ ),( HLT ppp Í  ʜʣʷ CP ʩʪʘʻ 

ʥʝʚʠʛʽʜʥʦ ʥʘʜʘʚʘʪʠ ʧʣʘʪʥʠʡ ʧʝʨʝʛʣʷʜ, ʘ ʟʥʘʯʝʥʥʷ ),( xpPISP  ʨʽʟʢʦ ʩʧʘʜʘʻ ʜʦ ʥʫʣʷ. 

ʇʨʦʪʝ ʧʝʨʝʚʘʛʘ ʧʣʘʪʥʦʛʦ ʧʝʨʝʛʣ̫ʜʫ ʽʩʥʫʻ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ISP ʻ ʜʦʩʠʪʴ 

ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʪʨʘʪ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ: ʧʨʠ 

ʟʥʠʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ISP ʮʽʥʘ Lp  ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʮʽʥʠ Hp . 

ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʙʽʣʴʰʘ ʥʝʚʠʟʥʘʯʝʥ̔ ʩʪɹ (ʜʠʩʧʝʨʩʽʷ) s ʧʦʧʠʪʫ ʚʝʜʝ ʜʦ 

ʙʽʣʴʰʦʾ ʥʝʩʭʠʣʴʥʦʩʪʽ CP ʜʦ ʨʠʟʠʢʫ, ʟʦʢʨʝʤʘ ʨʠʟʠʢʫ ʟʥʠʞʝʥʥʷ ʮʽʥʠ ʪʘ ʧʦʚôʷʟʘʥʦʛʦ 

ʨʠʟʠʢʫ ʥʘʜʘʥʥʷ ʧʣʘʪʥʦʛʦ ʧʝʨʝʛʣʷʜʫ. ʇʨʠ ʙʽʣʴʰʽʡ s CP ʥʘʤʘʛʘʻʪʴʩʷ ʭʝʜʞʫʚʘʪʠ 

ʙʽʣɹh ʠʡ ʨʠʟʠʢ ʰʣʷʭʦʤ ʧʽʜʚʠɦ ʝʥʥ̫ ʮʽʥʠ p  ʧʦʩʣʫʛʠ. ʊʦʜʽ ʚ ʩʠʣʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

(3.3) ʟʤʝʥʰʫʶʪʴʩʷ ʧʦʧʠʪ ʽ ʡʦʛʦ ʤʽʥʣʠʚʽʩʪʴ. ʇʨʠ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʨʽʚʥʷʭ s ʜʣʷ CP 

ʚʠʛ̔ʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʣʘʪʥʠʡ ʧʝʨʝʛʣʷʜ, ʱʦʙ ʩʪʠʤʫʣʶʚʘʪʠ ISP ʜʦ ʨʦʟʰʠʨʝʥʥʷ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʨʝʞʽ; ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ),( xpPISP  ʻ ʜʦʜʘʪʥʠʤ ʽ ʤʘʡʞʝ 

ʥʝʟʤʽʥʥʠʤ. ʇʨʠ ʚʝʣʠʢʠʭ ʨʽʚʥʷʭ s (ʧʨʠ ʨʽʚʥʷʭ s ʧʦʥʘʜ ʧʝʚʥʠʡ ʧʦʨʽʛ) CP 

ʧʽʜʚʠʱʫʻ ʮʽʥʫ p  ʧʦʩʣʫʛʠ, ʱʦʙ ʦʙʤʝʞʫʚʘʪʠ ʧʦʧʠʪ ʥʘ ʩ̔ʥʫʶʯʫ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʤʝʨʝʞʽ, ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʟʙʘʚʣʷʶʯʠ ISP ʧʨʠʙʫʪʢʫ. 

ʇʨʠʙʫʪʦʢ )(pPCP  ʩʧʘʜʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ s. ʇʦ-ʧʝʨʰʝ, ʧʽʜʚʠʱʝʥʥʷ ʮʽʥʠ p  

ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʧʠʪʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʢʦʨʦʯʝʥʥ ̫

ʧʨʠʙʫʪʢʫ. ʇʦ-ʜʨʫʛʝ, ʟʘʜʘʥʠʡ ʧʦʧʠʪ ʟ ʙʽʣʴʰʦʶ ʤ̔ʥʣʠʚʽʩʪʶ s ʟʤʝʥʰʫʚʘʪʠʤʝ 

ʧʨʠʙʫʪʦʢ CP, ʙʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʜʥʘʢʦʚʦʾ ʯʘʩʪʢʠ ʧʦʧʠʪʫ ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʚʽʜ CP 

ʙʽʣʴʰʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ; ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.1), ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʤʝʥʰʦʾ ʯʘʩʪʢʠ ʧʦʧʠʪʫ ʟʥʠʞʫʚʘʪʠʤʝ ʜʦʭʽʜ ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʦʙʩʷʛʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 
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ʚʦʜʥʦʯʘʩ ʰʪʨʘʬʫʚʘʪʠʤʝʪʴʩʷ ʟ ʤʥʦʞʥʠʢʦʤ e. ʇʨʠ ʮʴʦʤʫ ʧʦʪʨʝʙʘ ʫ ʙʽʣʴʰʽʡ 

ʩʧʨʦʤʦʞʥʦʩʪʽ )( 0 WW + , ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.2), ʟʙʽʣʴʰʫʚʘʪʠʤʝ 

ʧʨʠʙʫʪʦʢ ISP, ʘ ʪʘʢʦʞ ʚʽʜʜʘʯʘ ʚʽʜ ʽʥʚʝʩʪʠʮʽʡ, ʚʠʤʽʨʶʚʘʥʘ ʚʽʜʥʦʰʝʥʥʷʤ ʮʴʦʛʦ 

ʧʨʠʙʫʪʢʫ ʜʦ ʚʠʪʨʘʪ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ. ʆʜʥʘʢ ʧʨʠʙʫʪʦʢ ISP 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʣʠʰʝ ʧʨʠ ʧʣʘʪʥʦʤʫ ʧʝʨʝʛʣʷʜʽ, ʘ ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʚʽʣʴʥʠʡ ʧʝʨʝʛʣʷʜ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʠʡ ʩʧʘʜ ʧʨʠʙʫʪʢʫ ISP ʽ ʟʤʝʥʰʝʥʥ̫ ʧʨʠʙʫʪʢʫ CP, ʫʧʦʚʽʣʴʥʝʥʝ 

ʧʝʨʝʭʦʜʦʤ ʫ ʨʝʞʠʤ 0=x . 

ʇʦʢʘʞʝʤʦ, ʱʦ ʧʝʨʝʛʣʷʜ ʢʦʥʪʝʥʪʫ ʻ ʚʠʛʽʜʥʠʤ ʫ ʚʠʧʘʜʢʫ ʽʥʥʦʚʘʮʽʡʥʦʾ ʧʦʩʣʫʛʠ 

ʟ ʚʠʩʦʢʦʶ ʝʣʘʩʪʠʯʥʽʩʪʶ g ʧʦʧʠʪʫ. ʋ ʛʘʣʫʟʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʮʷ ʝʣʘʩʪʠʯʥ̔ʩʪʴ ʤʦʞʝ ʩʪʦʩʫʚʘʪʠʩ̫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʙʘʟʦʚʠʤʠ, 

ʫʩʪʘʣʝʥʠʤʠ, ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʦʩʣʫʛʘʤʠ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʥʦʚʠʤʠ ʧʦʩʣʫʛʘʤʠ. ʎʷ 

ʝʣʘʩʪʠʯʥʽʩʪʴ ʻ ʥʠʟʴʢʦʶ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʧʦʩʣʫʛ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʙʘʟʦʚʽ 

ʥʝʦʙʭʽʜʥʽ ʧʦʪʨʝʙʠ ʢʦʤʫʥʽʢʘʮʽʾ: ʟʘ ʙʘʛʘʪʴʤʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʜʣ ̫ʙʘʟʦʚʦʾ 

ʬʽʢʩʦʚʘʥʦʾ ʤʝʨʝʞʝʚʦʾ ʪʝʣʝʬʦʥʽʾ ʝʣʘʩʪʠʯʥʽʩʪʴ ʜʝʱʦ ʧʝʨʝʚʠʱʫʻ 1. ɼʣʷ ʥʦʚʠʭ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʦʩʣʫʛ, ʷʢʽ ʩʣʫʞʘʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʧʦʪʨʝʙʘʤ (ʥʘʧʨʠʢʣʘʜ, ʧʦʩʣʫʛ 

ʚʽʜʝʦ ʥʘ ʚʠʤʦʛʫ), ʝʣʘʩʪʠʯʥʽʩʪʴ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 2. 

ʗʢʱʦ CP ʥʘʜʘʻ ʙʘʟʦʚʽ ʧʦʩʣʫʛʠ ʟ ʝʣʘʩʪʠʯʥʩ̔ʪʁ  g ʚʽʜ ʥʠʟʴʢʦʾ ʜʦ ʩʝʨʝʜʥʴʦʾ, ʪʦ 

ʚʩʪʘʥʦʚʣʶʻ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʫ ʮʽʥʫ ʧʦʩʣʫʛ. ʇʨʠ ʪʘʢʽʡ ʝʣʘʩʪʠʯʥʦʩʪʽ ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʫ 

ʧʣʘʪʥʦʤʫ ʧʝʨʝʛʣʷʜʽ, ʙʦ ʽʩʥʫʶʯʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʥʘʜʘʥʥʷ ʮʠʭ ʧʦʩʣʫʛ. 

ʗʢʱʦ ʝʣʘʩʪʠʯʥʽʩʪʴ ʧʦʩʣʫʛʠ ʟʨʦʩʪʘʻ, ʪʦ ʾʾ ʩʧʦʞʠʚʘʥʥ̫ ʩʪʘʻ ʙʽʣʴʰ ʜʠʩʢʨʝʮʽʡʥʠʤ, ʘ 

ʦʧʪʠʤʘʣʴʥʘ ʮʽʥʘ CP ʧʦʩʪʫʧʦʚʦ ʩʧʘʜʘʻ. ʂʦʣʠ ʝʣʘʩʪʠʯʥʽʩʪʴ ʜʦʩʷʛʘʻ ʧʝʚʥʦʛʦ ʧʦʨʦʛʫ, 

ʪʦ ʜʣʷ CP ʩʪʘʻ ʚʠʛʽʜʥʽʰʠʤ ʥʘʜʘʚʘʪʠ ʧʣʘʪʥʠʡ ʧʝʨʝʛʣʷʜ, ʱʦʙ ʩʪʠʤʫʣʶʚʘʪʠ ISP 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʙʽʣʴʰʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʽ ʜʽʩʪʘʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʽʩʪʦʪʥʦ ʟʥʠʞʫʚʘʪʠ ʮ̔ ʥʫ 

ʜʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʦʧʠʪʫ. ʎʽʥʘ )(gp  ʧʽʩʣʷ ʽʩʪʦʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʧʦʚʽʣʴʥʦ 

ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ g.  

ʇʨʠʙʫʪʦʢ ),( gpPISP  ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʛʘʜʘʥʦʛʦ ʧʦʨʦʛʫ ʽ 

ʧʦʚʽʣʴʥʦ ʟʙʽʣɹhʫʚʘʪʠʤʝʪʴʩ̫ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʽ g. 
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ʇʨʠʙʫʪʦʢ ),( gpPCP  ʟʤʝʥʰʫʻʪʴʩʷ ʜʣʷ ʝʣʘʩʪʠʯʥʦʩʪʽ ʥʘ ʧʨʦʤʽʞʢʫ ʚʽʜ 1 ʜʦ 

ʟʛʘʜʘʥʦʛʦ ʧʦʨʦʛʫ (ʚʽʜ ʥʠʟʴʢʦʾ ʜʦ ʩʝʨʝʜʥʴʦʾ ʝʣʘʩʪʠʯʥʦʩʪʽ), ʙʦ ʟʥʠʞʝʥʥʷ ʮʽʥ ʥʝ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʜʦʩʪʘʪʥʽʤ ʟʙʽʣʴʰʝʥʥʤ̫ ʦʙʩ̫ʛʫ ʧʦʩʣʫʛ, ʷʢʠʡ ʟʘʣʠʰʘʻʪʴʩʷ 

ʦʙʤʝʞʝʥʠʤ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 0W  ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʠʤʫʣʽʚ ʜʣʷ 

ʨʦʟʰʠʨʝʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ ISP ʧʨʠ ʚʽʣʴʥʦʤʫ ʧʝʨʝʛʣʷʜʽ. ʂʦʣʠ CP ʧʝʨʝʭʦʜʠʪʴ ʜʦ 

ʧʣʘʪʥʦʛʦ ʧʝʨʝʛʣʷʜʫ, ʪʦ ʧʨʠʙʫʪʦʢ ),( gpPCP  ʧʦʯʠʥʘ̒ ʟʙ̔ʣʴhʫʚʘʪʠʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʝʣʘʩʪʠʯʥʦʩʪʽ g, ʙʦ ʪʦʜʽ ʩʪʘʻ ʜʦʩʪʫʧʥʦʶ ʙʽʣʴʰʘ ʩʧʨʦʤʦʞʥʽʩʪʴ. ʇʨʠ ʮʴʦʤʫ 

ʧʨʠʙʫʪʦʢ ),( gpPISP  ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ g, ʘʣʝ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ 

ʧʨʠʙʫʪʦʢ ),( gpPCP ; ʚʽʜʜʘʯʘ ʚʽʜ ʽʥʚʝʩʪʠʮʽʡ ISP ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʟʛʘʜʘʥʦʾ ʧʦʨʦʛʦʚʦʾ ʝʣʘʩʪʠʯʥʦʩʪʽ, ʘʣʝ ʩʧʘʜʘʻ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʽ 

ʝʣʘʩʪʠʯʥʦʩʪʽ g ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʝʙʠ ʨʦʟʰʠʨʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ISP ʚʠʤʽʨʶʻʪɹʩ̫  ʥʝ ʣʠhʝ ʚʽʜʜʘʯʝʶ ʥʘ ʽʥʚʝʩʪʠʮʽʾ, ʘʣʝ ʽ ʩʫʤʦʶ 

)( qr +  ʚʠʪʨʘʪ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ. ʋ ʚʠʧʘʜʢʫ ʝʬʝʢʪʠʚʥʦʛʦ 

ISP, ʟ ʚʠʪʨʘʪʘʤʠ )( qr +  ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʤʘʣʠʭ ʜʦ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ, ʜʣʷ CP ʚʠʛʽʜʥʦ 

ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʧʣʘʪʥʦʛʦ ʧʝʨʝʛʣʜ̫ʫ. ʂʦʣʠ ʚʠʪʨʘʪʠ ISP ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞ ̔

ʟʨʦʩʪʘʶʪʴ, ʩʧʘʜʘʻ ʚʽʜʥʦʰʝʥʥʷ ʚʚʝʜʝʥʦʾ ISP ʜʦʜʘʪʢʦʚʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʜʦ ʜʦʭʦʜʫ 

ʚʽʜ ʥʘʜʘʥʥʷ ʢʦʥʪʝʥʪʫ. ʊʦʜʽ CP ʤʦʞʝ: ʟʙʽʣʴʰʫʚʘʪʠ ʮʽʥʫ p  ʧʦʩʣʫʛʠ, ʱʦʙ 

ʟʤʝʥʰʫʚʘʪʠ ʧʦʧʠʪ ʜʦ ʤʝʥʰʦʾ ʜʦʩʪʫʧʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ; ʟʙʽʣʴʰʫʚʘʪʠ ʯʘʩʪʢʫ x  

ʜʦʭʦʜʫ CP, ʧʝʨʝʨʘʭʦʚʘʥʫ ʜʦ ISP, ʱʦʙ ʩʪʠʤʫʣʶʚʘʪʠ ISP ʜʦ ʨʦʟʰʠʨʝʥʥʷ 

ʩʧʨʦʤʦʞʥʦʩʪʽ. ʎʽ ʜʽʾ CP ʽʩʪʦʪʥʦ ʟʥʠʞʫʚʘʪʠʤʫʪʴ ʡʦʛʦ ʧʨʠʙʫʪʦʢ. 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʘʥʘʣʽʟʫ ʙʽʟʥʝʩ-ʤʦʜʝʣʽ, ʜʝ ʥʘʜʘʥʥʷʤ ʢʦʥʪʝʥʪʫ ʟʘʡʤʘʻʪʴʩʷ ʥʝ 

ʣʠhʝ CP, ʘʣʝ ʡ ISP, ʚʠʭʦʜʷʯʠ ʟ ʢʝʡʩʫ Deutsche Telekom. ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ 

ʧʣʘʪʥʠʡ ʧʝʨʝʛʣʷʜ ʤʦʞʝ ʙʫʪʠ ʚʠʛʽʜʥʠʤ ʷʢ ʜʣʷ CP, ʪʘʢ ʽ ʜʣʷ ISP. ʎʝʡ ʢʝʡʩ ʩʪʘʻ 

ʚʠʢʣʠʢʦʤ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʤʝʨʝʞʽ. 

ʇʨʠʧʫʩʪʠʤʦ, ISP ʧʨʦʧʦʥʫʻ ʢʽʣʴʢʘ ʧʦʩʣʫʛ ʟʘʙʝʟʧʝʯʝʥʥʷ ɯʥʪʝʨʥʝʪʦʤ, ʷʢʽ 

ʚʜ̔ʨʟ̔ʥ̫ ʪʁʴʩ̫ ʚhʠʜʢʦʩʪʷʤʠ ʟô̒ ʜʥʘʥʥʷ, ʪʦʙʪʦ ʷʢʽʩʪʶ ʜʦʩʚʽʜʫ (Quality of Experience, 

QoE) ï ʤʽʨʦʶ ʟʘʛʘʣʴʥʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ ʢʣʽʻʥʪʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʧʦʩʣʫʛʦʶ, ʷʢʽ, 
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ʥʘʩʘʤʧʝʨʝʜ, ʩʧʦʞʠʚʘʶʪʴ ʚʽʜʝʦʧʦʩʣʫʛʠ ʟ ʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ, ʤʘʶʯʠ ʚʢʘʟʘʥʠʡ ʣʽʤʪ̔ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʂʣʽʻʥʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʪʘʢʦʞ 

ʥʝʦʙʤʝʞʥʠʡ ʣʽʤʽʪ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʟʘ ʚʠʱʦʶ ʮʽʥʦʶ. ʂʨʽʤ ʪʦʛʦ, ISP ʥʘʜʘʻ ʩʚʦʶ 

ʚʣʘʩʥʫ ʢʦʥʪʝʥʪ-ʧʦʩʣʫʛʫ, ʢʦʥʢʫʨʫʶʯʠ ʟ ʽʩʥʫʶʯʠʤ ʧʨʦʚʘʡʜʝʨʦʤ CP ʚʽʜʝʦʢʦʥʪʝʥʪʫ, 

ʟ ʥʝʦʙʤʝʞʥʠʤ ʣʽʤʽʪʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʊʦʜʽ ISP ʧʦʨʫʰʫʚʘʪʠʤʝ ʧʨʠʥʮʠʧʠ 

ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʤʝʨʝʞ̔, ʙʦ ʧʦ-ʨʟ̔ʥʦʤʫ ʦʙʨʦʙʣʷʻ ʧʦʪʦʢʠ ʜʘʥʠʭ, ʛʝʥʝʨʦʚʘʥʽ 

ʧʦʜʽʙʥʠʤʠ ʧʦʩʣʫʛʘʤʠ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʇʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ ʚʠʥʠʢʣʘ, ʢʦʣʠ 

ʢʦʤʧʘʥʽʷ Deutsche Telekom ʧʨʠʡʥʷʣʘ ʨʽʰʝʥʥʷ ʧʨʦ ʦʙʨʦʙʢʫ ʩʚʦʻʾ ʚʣʘʩʥʦʾ 

ʚ̔ ʜʝʦʧʦʩʣʫʛʠ, ʢʦʥʢʫʨʫʶʯʠ, ʥʘʧʨʠʢʣʘʜ, ʟ ʧʦʩʣʫʛʦʶ YouTube ʚʽʜ Google. 

 

3.1.3 ʄʦʜʝʣʶʚʘʥʥʷ ʢʽʣʴʢʦʭ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ 

 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʪʨʴʦʭ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʧʦʩʣʫʛ. ʇʨʠʧʫʩʪʠʤʦ, ʥʘ ʨʠʥʢʫ 

ʧʨʦʧʦʥʫʶʪʴʩʷ 3 ʧʦʩʣʫʛʠ is , =i 1, 2, 3, ʧʨʠʯʦʤʫ ʢʦʞʥʘ ʧʦʩʣʫʛʘ ʤʘʻ ʜʚʘ 

ʢʦʤʧʦʥʝʥʪʠ ï ʢʦʥʪʝʥʪ ʽ ʧʽʜʢʣʶʯʝʥʥʷ. ʎʽ ʢʦʤʧʦʥʝʥʪʠ ʨʘʟʦʤ ʩʪʚʦʨʶʶʪʴ QoE ʜʣʷ 

ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʗʢʱʦ ʢʦʥʪʝʥʪ ʤʦʞʝ ʥʘʜʘʚʘʪʠʩʷ ʷʢ ISP, ʪʘʢ ʽ CP, ʪʦ 

ʧʽʜʢʣʶʯʝʥʥʷ ï ʣʠʰʝ ISP. 

ʅʝʭʘʡ ʧʦʩʣʫʛʘ 1s  ʤʘʻ ʢʦʥʪʝʥʪ, ʥʘʜʘʥʠʡ ʚʽʜ CP ʽ ʜʦʩʪʫʧʥʠʡ ʜʦ ʘʙʦʥʝʥʪʽʚ 

ʙʘʟʦʚʦʛʦ ʧʘʢʝʪʫ ɯʥʪʝʨʥʝʪ-ʧʽʜʢʣʶʯʝʥʥʷ ʟʘ ʬʽʢʩʦʚʘʥʦʶ ʮʽʥʦʶ 1C  ʟ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ 1V  ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʣʽʤʽʪʫ d  ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʠʟʴʢʦʶ ʰʚʠʜʢʽʩʪʶ 2V  

ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʣʽʤʽʪʫ. 

ʅʝʭʘʡ ʧʦʩʣʫʛʘ 2s  ʤʘʻ ʢʦʥʪʝʥʪ ʧʦʩʣʫʛʠ 1s, ʥʘʜʘʥʠʡ ʚʽʜ CP ʽ ʜʦʩʪʫʧʥʠʡ ʜʦ 

ʘʙʦʥʝʥʪʽʚ ʨʦʟʰʠʨʝʥʦʛʦ ʧʘʢʝʪʫ ɯʥʪʝʨʥʝʪ-ʧʽʜʢʣʶʯʝʥʥʷ ʟʘ ʬʽʢʩʦʚʘʥʦʶ ʮʽʥʦʶ 12 CC >  

ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ 1V  ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʙʩʷʛʫ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

ʅʝʭʘʡ ʧʦʩʣʫʛʘ 3s  ʤʘʻ ʢʦʥʪʝʥʪ, ʥʘʜʘʥʠʡ ʚʽʜ ISP ʽ ʜʦʩʪʫʧʥʠʡ ʜʦ ʘʙʦʥʝʥʪʽʚ 

ʙʘʟʦʚʦʛʦ ʧʘʢʝʪʫ ɯʥʪʝʨʥʝʪ-ʧʽʜʢʣʶʯʝʥʥʷ ʟʘ ʬʽʢʩʦʚʘʥʦʶ ʮʽʥʦʶ 1C  ʟ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ 1V  ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʙʩʷʛʫ ʟʘʚʘʥʪʘʞʝʥʥʷ. 



127 

ɼʦʩʣʽʜʠʤʦ ʧʦʧʠʪ ʘʙʦʥʝʥʪʘ (ʢʣʽʻʥʪʘ) ʥʘ ʮʽ ʧʦʩʣʫʛʠ, ʥʘʧʨʠʢʣʘʜ, ʧʦʧʠʪ ʥʘ 

ʦʢʨʝʤʽ ʧʦʩʣʫʛʠ 2s  ʪʘ 3s. ʗʢʱʦ p  ī ʮʽʥʘ ʟʘ ʦʜʠʥʠʮʶ ʢʦʥʪʝʥʪʫ, ʚʠʤʽʨʶʚʘʥʦʛʦ 

ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʪʦ ʥʝʭʘʡ, ʧʦʜʽʙʥʦ ʜʦ ʟʛʘʜʘʥʦʾ ʛʽʧʝʨʙʦʣʽʯʥʦʾ ʬʫʥʢʮʽʾ (3.3) 

ʧʦʧʠʪʫ, ʧʦʧʠʪ ʘʙʦʥʝʥʪʘ ʥʘ ʮʽ ʧʦʩʣʫʛʠ ʜʦʨʽʚʥʶʻ 

ipa

M
di g

)( +
=

, =i  2, 3,     (3.6) 

ʜʝ a  ī ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʚʘʨʪ̔ʩʪʴ ʜʣʷ ʢʣʽʻʥʪʘ, ʧʦʚô̫ ʟʘʥʘ ʽʟ ʩʧʦʞʠʚʘʥʥʷʤ ʦʜʠʥʠʮʽ 

ʧʦʩʣʫʛʠ, M  ī ʤʥʦʞʥʠʢ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦʭʦʜʫ ʢʣʽʻʥʪʘ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʙʽʣʴʰʦʤʫ 

ʟʥʘʯʝʥʥʶ ig ʚʽʜʧʦʚʽʜʘʻ ʚʠʱʠʡ ʨ̔ ʚʝʥʴ QoE. ɼʽʡʩʥʦ, ʧʨʠ ʙ̔ʣʴʰʦʤʫ ig ʩʧʦʞʠʚʘʥʥʷ 

id  ʟʨʦʩʪʘʻ ʰʚʠʜʰʝ ʟ̔ ʟʥʠʞʝʥʥʷʤ ʮʽʥʠ p  ʧʦʩʣʫʛʠ, ʘ ʧʨʠ 0=p  ʪʘ 2g > 3g 

ʤʘʪʠʤʝʤʦ 2d  > 3d  ʟʘ ʫʤʦʚʠ a  < 1. ʊʦʜʽ ʧʦʩʣʫʛʘ 2s  ʻ ʧʨʠʚʘʙʣʠʚʽʰʦʶ ʜʣʷ 

ʩʧʦʞʠʚʘʯʽʚ, ʥʽʞ ʧʦʩʣʫʛʘ 3s. ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ QoE ʜʣʷ ʧʦʩʣʫʛʠ 2s  ʻ ʚʠʱʠʤ, ʥʽʞ 

ʜʣʷ ʧʦʩʣʫʛʠ 3s: ʮʽ ʧʦʩʣʫʛʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʙʩʷʛʫ 

ʟʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʢʦʥʪʝʥʪ 2s  ʥʘʜʘʻʪʴʩʷ CP, ʘ ʢʦʥʪʝʥʪ 3s  ʥʘʜʘʻʪʴʩʷ ISP. 

ʆʩʢʽʣʴʢʠ ʧʨʠ ʧʦʧʠʪʽ ʥʠʞʯʝ ʦʙʩʷʛʫ d  ʧʦʩʣʫʛʠ 1s  ʪʘ 2s  ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʪʦ 

211 ggg == H  ʧʨʠ ʜʦʩʠʪʴ ʥʠʟɹʢʦʤʫ ʧʦʧʠʪʽ: 
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ʇʨʠ ʧʦʧʠʪʽ ʚʠʱʝ ʦʙʩʷʛʫ  d  ʰʚʠʜʢ̔ʩʪʴ ʟôʻʜʥʘʥʥʷ ʧʦʩʣʫʛʠ 1s  ʩʧʘʜʘʻ, 

ʟʥʠʞʫʶʯʠ ʨʽʚʝʥɹ  QoE ʪʘ ʟʤʝʥʰʫʶʯʠ ʝʣʘʩʪʠʯʥʽʩʪʴ 1g ʧʦʧʠʪʫ ʥʘ ʮʶ ʧʦʩʣʫʛʫ ʚʽʜ 

ʚʠʱʦʛʦ ʟʥʘʯʝʥʥʷ 211 ggg == H  ʜʦ ʥʠʞʯʦʛʦ ʟʥʘʯʝʥʥʷ L11 gg=  < 3g< H12 gg= . ʊʦʜʽ  
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ʅʘ ʧʨʦʤʽʞʢʫ ʟʥʘʯʝʥʴ p  ʚʽʜ a
d

M H
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  ʦʙʩʷʛ ʧʦʧʠʪʫ ʟʨʦʩʪʘʻ 

ʚʽʜ 
Hpa
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Lpa
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+
= . 

ʇʨʠʧʫʩʪʠʤʦ, ʘʙʦʥʝʥʪ ʚʠʙʠʨʘʻ ʦʜʥʫ ʟ ʧʦʩʣʫʛ is , =i 1, 2, 3, ʚʠʭʦʜʷʯʠ ʟ 

ʤʽʢʨʦʝʢʦʥʦʤʽʯʥʦʾ ʪʝʦʨʽʾ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʮʽʥ ʧʦʩʣʫʛ. ɿʘ ʮʽʻʶ ʪʝʦʨʽʻʶ, ʩʧʦʞʠʚʘʥʥʷ 

ʧʦʩʣʫʛʠ 
is  ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʢʦʨʠʩʥʦʩʪʽ ),( dpij  ʘʙʦʥʝʥʪʘ, 

ʢ̫ʠʡ ʤʘʢʩʠʤ̔ʟʫʻ ʮʶ ʬʫʥʢʮʽʶ, ʦʙʠʨʘʶʯʠ ʦʙʩʷʛ d  ʩʧʦʞʠʚʘʥʥʷ ʧʦʩʣʫʛʠ ʧʨʠ ʜʘʥʽʡ 

ʮʽʥʽ p  ʦʜʠʥʠʮʽ ʧʦʩʣʫʛʠ. ɼʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʜʦ ʨʠʟʠʢʫ ʩʧʦʞʠʚʘʯʘ ʮʷ ʬʫʥʢʮʽʷ 

ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

Cdpaddp ii -+-= )()(),( yj ,    (3.7) 

ʜʝ )(diy  ī ʢʦʨʠʩʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʦʙʩʷʛʫ d  ʧʦʩʣʫʛʠ is , dpa )( +  ī ʚʠʪʨʘʪʠ 

ʪʘʢʦʛʦ ʩʧʦʞʠʚʘʥʥʷ, iCC=  ī ʘʙʦʥʝʥʪʩʴʢʘ ʧʣʘʪʘ. ʌʫʥʢʮʽʷ ʧʦʧʠʪʫ 

),,()( MCpdpd ii =  ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʤʘʢʩʠʤʽʟʘʮʽʾ ʬʫʥʢʮ̔ʾ  ),( dpij  ʚʽʜʥʦʩʥʦ d. ʊʦʜʽ 

ʤʘʢʩʠʤʘʣʴʥʘ ʩʧʦʞʠʚʯʘ ʢʦʨʠʩʥʽʩʪʴ, ʧʦʚôʷʟʘʥʘ ʟʽ ʩʧʦʞʠʚʘʥʥʷʤ ʧʦʩʣʫʛʠ is  ʟʘ ʮʽʥʦʶ 

p, ʩʪʘʥʦʚʠʪʴ ))(,()( pdpp iii jb ¹ , =i 1, 2, 3. 

ɿʚ̔ ʜʩʠ ʚʠʧʣʠʚʘʻ ʧʨʘʚʠʣʦ ʩʧʦʞʠʚʘʥʥʷ ʧʦʩʣʫʛ ʘʙʦʥʝʥʪʦʤ, ʢʦʣʠ ʧʦʩʣʫʛʠ 1s , 2s  

ʧʨʦʧʦʥʫʶʪʴʩʷ ʟʘ ʮʽʥʦʶ 21 pp = , ʘ ʧʦʩʣʫʛʘ 3s  ī ʟʘ ʮʽʥʦʶ 3p : 

ʟʥʘʡʪʠ ʧʦʩʣʫʛʫ ks  ʪʘʢʫ, ʱʦ )()( iikk pp bb ² , =i 1, 2, 3; 

ʧʦʧʠʪ kd  ʥʘ ʧʦʩʣʫʛʫ ks  ʜʦʨʽʚʥʶʻ )()( 21 pdpd kk =  ʧʨʠ =k 1, 2 ʪʘ )( 3pdk  ʧʨʠ 

=k 3; 

ʧʦʧʠʪ id  ʥʘ ʧʦʩʣʫʛʫ is  ʜʦʨ̔ʚʥʶʻ 0 ʧʨʠ ki¸ . 

ɼʣʷ ʬʫʥʢʮʽʾ ʧʦʧʠʪʫ (3.6) ʬʫʥʢʮʽʷ ʢʦʨʠʩʥʦʩʪʽ (3.7) ʤʘʪʠʤʝ ʚʠʛʣʷʜ 
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ʟʚ̔ʜʢʠ ʚʠʧʣʠʚʘʪʠʤʝ ʦʙʤʝʞʝʥʥʷ ʘʙʦʥʧʣʘʪʠ (participation constraint) 
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CMpaddp i

ii ²++-
-gyj 1

)()(),( , =i 1, 2, 3. 

ɺʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʦʙʤʝʞʝʥʥʷ ʤʘʻ ʩʧʨʠʷʪʠ ʩʪʚʦʨʝʥʥʶ ʢʨʠʪʠʯʥʦʾ ʤʘʩʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʩʣʫʛ. 

 ɼʣʷ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʧʨʦʚʘʡʜʝʨʘʤʠ ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ ʽ ʢʦʥʪʝʥʪ-

ʧʨʦʚʘʡʜʝʨʘʤʠ ʚ ɯʥʪʝʨʥʝʪ-ʝʢʦʩʠʩʪʝʤʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʯʠʩʣʁ ʚʘʥ̔ ʤʦʜʝʣʽ, ʦʩʥʦʚʘʥʽ 

ʥʘ ʧʦʙʫʜʦʚʽ ʬʫʥʢʮʽʡ ʚʠʛʨʘʰʫ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʮʽʻʾ ʝʢʦʩʠʩʪʝʤʠ. ɺʚʝʜʝʥʥʷ ʧʣʘʪʥʦʛʦ 

ʧʝʨʝʛʣʷʜʫ ʢʦʥʪʝʥʪʫ ʤʦʪʠʚʫʚʘʪʠʤʝ ʧʨʦʚʘʡʜʝʨʽʚ ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ ʜʦ ʽʥʚʝʩʪʠʮʡ̔ ʫ 

ʧʽʜʚʠʱʝʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʝʡ ʤʝʨʝʞʽ, ʷʢʘ ʤʘʻ ʪʨʝʥʜ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ. 

ɺʦʜʥʦʯʘʩ ʪʘʢʠʡ ʧʝʨʝʛʣʷʜ ʧʦʨʫʰʫʚʘʪʠʤʝ ʧʨʠʥʮʠʧʠ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʤʝʨʝʞʽ, ʱʦ ʜʘʻ 

ʧʽʜʩʪʘʚʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʟʘʜʘʯ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʨʫʰʝʥʴ ʫʤʦʚ ʥʝʡʪʨʘʣʴʥʦʩʪʽ 

ʤʝʨʝʞʽ ʪʘ ʤʘʢʩʠʤʽʟʘʮʽʾ ʩʫʩʧ̔ʣʴʥʦʛʦ ʜʦʙʨʦʙʫʪʫ ɯʥʪʝʨʥʝʪ-ʝʢʦʩʠʩʪʝʤʠ. ʄʦʜʝʣʽ 

ʚʢʘʟʫʶʪʴ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪ ̔ ʧʨʦʚʘʡʜʝʨʽʚ ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ, 

ʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ ʧʦʧʠʪʫ ʪʘ ʚʠʩʦʢʦʾ ʮʽʥʦʚʦʾ ʝʣʘʩʪʠʯʥʦʩʪʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʦʩʣʫʛ. 

 

3.2 ɺʪʨʘʪʠ ʘʛʨʝʛʦʚʘʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨʽʚʥʦʩʪ ̔
 

ʎ̔ ʣʴ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽ ʤʦʞʝ ʩʫʧʝʨʝʯʠʪʠ ʮʽʣʽ ʤʘʢʩʠʤʽʟʘʮ̔ʾ  

ʘʛʨʝʛʦʚʘʥʦʛʦ ʚʠʧʫʩʢʫ ï ʮ̔ ʣʽ ʝʬʝʢʪʠʚʥʦʩʪʽ [34, 184, 185]. ʊʦʤʫ ʨʝʛʽʦʥʘʣʴʥʽ ʩʪʨʘʪʝʛʽʾ 

ʩʣʽʜ ʬʦʨʤʫʣʶʚʘʪʠ ʽ ʚʪʽʣʶʚʘʪʠ ʚʨʘʭʦʚʫʶʯʠ ʤʝʨʝʞʝʚ ̔ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʞ̔ 

ʘʛʨʝʛʦʚʘʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʶ ʨʽʚʥʽʩʪʶ [41, 186]. ʏʠʩʝʣʴʥʠʡ 

ʘʥʘʣʽʟ ʪʘʢʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥ̫ʤ ʜʘʥʠʭ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʻ ʩʢʣʘʜʥʦʶ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ [187]. 

ɸʚʪʦʨʦʤ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʦʛʣʷʜʫ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʻ ʬʨʘʥʮʫʟʴʢʠʡ ʤʘʪʝʤʘʪʠʢ ʽ 

ʢʘʪʦʣʠʮʴʢʠʡ ʪʝʦʣʦʛ ɹʣʝʟ ʇʘʩʢʘʣʴ (Blaise Pascal, 1623ï1662). ʋ ʢʥʠʟʽ çArs 

cogitandiè, ʚʠʜʘʥʽʡ ʫ 1662 ʨ. ʡʦʛʦ ʫʯʥʤ̫ʠ, ʚʽʥ ʧʨʠʧʠʩʫʻ ʯʝʥʮʶ ʟ ʇʦʨʪ-ʈʦʷʣʴ (Port-

Royal) ʪʘʢʫ ʜʫʤʢʫ: çʉʪʨʘʭ ʟʙʠʪʢʽʚ ʤʘʻ ʙʫʪʠ ʧʨʦʧʦʨʮʽʡʥʠʤ ʥʝ ʪʽʣʴʢʠ ʾʭ ʚʝʣʠʯʠʥʽ, 

ʘʣʝ ʽ ʡʤʦʚʽʨʥʦʩʪʽ ʾʭ ʥʘʩʪʘʥʥʷè. ʋ 1713 ʨ. ʧʦʜʽʙʥʫ ʢʥʠʛʫ çArs Conjectandiè (ʫ 
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ʧʝʨʝʢʣʘʜʽ ʟ ʣʘʪʠʥʠ ʥʘ ʘʥʛʣʽʡʩʴʢʫ ï çThe Art of Conjecturingè) ʦʧʫʙʣʽʢʫʚʘʚ 

ʰʚʝʡʮʘʨʩʴʢʠʡ ʤʘʪʝʤʘʪʠʢ ʗʢʦʙ ɹʝʨʥʫʣʣʽ (Jacob Bernulli, 1654ï1705). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʩʪʨʘʭʫʚʘʥʥʽ ʚʝʣʦ ʜʦ ʨʦʟʚʠʪʢʫ ʘʢʪʫʘʨʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ, ʦʜʥʠʤ ʟ ʥʘʨʽʞʥʠʭ ʢʘʤʝʥʽʚ ʷʢʦʾ ʻ ʧʦʥʷʪʪʷ ʦʯʽʢʫʚʘʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ. 

ʏʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʅ ʋʢʨʘʾʥʠ ʄ.ʁ. ʗʜʨʝʥʢʦ (1932ï2004) ʫ 1995 ʨ. ʚʽʜʥʦʚʠʚ ʫ 

ʂʠʾʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥ̔  ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ ʢʫʨʩ ʟ ʘʢʪʫʘʨʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ, ʷʢʠʡ ʯʠʪʘʚ ʘʢʘʜʝʤʽʢ ɸʅ ʋʢʨʘʾʥʠ ɼ.ʆ. ɻʨʘʚʝ (1863ï1939) ʫ ʯʘʩʠ 

ʋʢʨʘʾʥʩʴʢʦʾ ʥʘʨʦʜʥʦʾ ʨʝʩʧʫʙʣʽʢʠ. ʎʝʡ ʢʫʨʩ ʟʘʧʦʯʘʪʢʫʚʘʚ ʤʦʜʝʨʥʽʟʘʮʽʶ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʤʝʭʘʥʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʬʘʢʫʣʴʪʝʪʽ ʮʴʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʉʘʤʝ ʤʘʪʝʤʘʪʠʢʘʤ-ʪʝʦʨʝʪʠʢʘʤ, ʘ ʥʝ ʪʦʨʛʽʚʮ̫ʤ-ʧʨʘʢʪʠʢʘʤ ʚʜʘʣʦʩʷ ʟʘʢʣʘʩʪʠ 

ʦʩʥʦʚʠ ʩʫʯʘʩʥʠʭ ʪʝʦʨʽʡ ʩʪʨʘʭʫʚʘʥʥ̫, ʨʠʟʠʢʽʚ ʽ ʬʽʥʘʥʩʽʚ: ʟʽʙʨʘʥʽ ʩʪʨʘʭʦʚʽ ʚʥʝʩʢʠ ʥʝ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʨʦʟʧʦʜʽʣʷʶʪʴʩʷ, ʘ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʽʥʚʝʩʪʫʶʪʴʩʷ. 

ʈʝʛʽʦʥʘʣɹʥʽ ʝʢʦʥʦʤʽʯʥʽ ʩʪʨʘʪʝʛʽʾ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʯʘʩʪʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʦʣʽʧʰʝʥʥʷ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʧʫʩʢʫ ʽ ʜʦʭʦʜʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʘʛʨʝʛʦʚʘʥʦʛʦ ʚʠʧʫʩʢʫ. ɼʣʷ ʪʘʢʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʫ 

ʉʐɸ ʫ 1965 ʨ. ʧʨʠʡʥʷʪʦ ɿʘʢʦʥ ʧʨʦ ɸʧʧʘʣʘʯʩʴʢʠʡ ʨʝʛʽʦʥʘʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʽ ɿʘʢʦʥ 

ʧʨʦ ʛʨʦʤʘʜʩʴʢʽ ʨʦʙʦʪʠ ʡ ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ. ʗʢʱʦ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ 

ʢʦʥʢʫʨʝʥʪʥʠʤ ʨʠʥʢʦʤ ʤʘʢʩʠʤʽʟʫʻ ʘʛʨʝʛʦʚʘʥʠʡ ʚʠʧʫʩʢ [188] (ʦʜʠʥ ʟ ʘʚʪʦʨʽʚ ʨʦʙʦʪʠ 

[188] ï ʅʦʙʝʣʽʚʩʴʢʠʡ ʣʘʫʨʝʘʪ 1970 ʨ., ʘ ʽʥʰʠʡ ï ʅʦʙʝʣʽʚʩʴʢʠʡ ʣʘʫʨʝʘʪ 1987 ʨ.), ʪʦ 

ʙʫʜʴ-ʷʢʘ ʩʪʨʘʪʝʛʽʷ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽ ʟʥʠʞʫʚʘʪʠʤʝ 

ʘʛʨʝʛʦʚʘʥʠʡ ʚʠʧʫʩʢ, ʢʦʣʠ ʥʝʤʘʻ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʜʦʭʦʜʫ ʯʝʨʝʟ ʧʘʫʰʘʣʴʥʽ (lump sum) 

ʪʨʘʥʩʬʝʨʪʥʽ ʧʣʘʪʝʞʽ, ʷʢʽ ʥʝ ʯʽʧʘʶʪʴ ʚʣʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʘ. ɿʘ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʦʨʽʻʶ 

ʝʢʦʥʦʤʽʢʠ ʜʦʙʨʦʙʫʪʫ, ʪʘʢʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʜʦʭʦʜʫ ʤʦʞʥʘ ʜʦʩʷʛʘʪʠ ʯʝʨʝʟ 

ʧʘʫʰʘʣʴʥʽ ʧʦʜʘʪʢʠ ʽ ʜʦʧʦʤʦʛʠ [189]. ʇʨʦʪʝ ʚ ʨʝʘʣʴʥʦʩʪʽ ʥʘʷʚʥʽ ʟʘʩʦʙʠ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʜʦʭʦʜʫ (ʘʢʮʠʟʠ, ʧʦʜʘʪʢʠ ʥʘ ʥʝʨʫʭʦʤ̔ʩʪʴ, ʩʦʮʽʘʣʴʥʽ ʜʦʧʦʤʦʛʠ) 

ʥʘʧʝʚʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʠʤʫʣʠ ʣʶʜʝʡ ʜʦ ʧʨʘʮʽ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ 

ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʯʠʩʝʣʴʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ 
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ʘʛʨʝʛʦʚʘʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʶ ʨʽʚʥʽʩʪʶ ʽ ʟʥʘʡʪʠ ʪʘʢʽ 

ʚʟʘʻʤʦʟʚôʷʟʢʠ ʜʣʷ ʤʦʞʣʠʚʠʭ ʩʠʪʫʘʮʽʡ ʫ ʩʪʘʪʠʯʥʽʡ ʩʠʩʪʝʤʽ. 

ɺʠʭʦʜʠʪʠʤʝʤʦ ʟ ʧʨʦʩʪʠʭ ʧʨʠʧʫʱʝʥʴ: 1) ʽʩʥʫʻ ʜʚʘ ʚʠʜʠ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ 

(ʚʭʦʜʽʚ) ï ʧʨʘʮʷ (labor) L  ʽ ʢʘʧʽʪʘʣ (capital) K ; 2) ʚʭʦʜʠ ʽ ʚʠʭʽʜ (ʚʠʧʫʩʢ) ʻ 

ʦʜʥʦʨʽʜʥʠʤʠ ʽ ʚʠʤʽʨʚʁʘʥʠʤʠ ʫ ʬʽʟʠʯʥʠʭ ʦʜʠʥʠʮʷʭ; 3) ʚʠʧʫʩʢ ʢʦʞʥʦʛʦ ʨʝʛʽʦʥʫ ʻ 

ʬʫʥʢʮʽʻʶ ʚʭʦʜʽʚ, ʬʽʟʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʮʦɹʤʫ ʨʝʛʽʦʥʽ. ɼʣʷ ʨʝʛʽʦʥʫ ʷʢ ʚʽʜʢʨʠʪʦʾ 

ʩʠʩʪʝʤʠ ʚʠʧʫʩʢ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʚʭʦʜʽʚ ʫ ʤʝʞʘʭ ʨʝʛʽʦʥʫ, ʪʘʢ ʽ ʚʭʦʜʽʚ ʟʘ ʡʦʛʦ 

ʤʝʞʘʤʠ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʚʭʦʜʫ ʻ ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ: ʷʢʱʦ ʮʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʪʘʻ ʢʨʘʱʦʶ ʚ ʽʥʰʠʭ ʨʝʛʽʦʥʘʭ, ʪʦ ʚʠʧʫʩʢ ʜʘʥʦʛʦ ʨʝʛʽʦʥʫ ʣʠʝh 

ʚʠʛʨʘʚʘʪʠʤʝ. ʆʩʢʽʣʴʢʠ ʮʝʡ ʚʠʛʨʘʰ ʥʝ ʩʪʘʥʝ ʚʠʨʽʰʘʣʴʥʠʤ ʜʣʷ ʚʠʧʫʩʢʫ ʜʘʥʦʛʦ 

ʨʝʛʽʦʥʫ, ʪʦ ʧʨʠʧʫʱʝʥʥʷ 3) ʥʝ ʚʠʜʘʻʪɹʩʷ ʥʘʜʤʽʨʥʠʤ. 

ɿʘʟʚʠʯʘʡ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʚʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʜʘʪʥʦʾ 

ʛʨʘʥʠʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʢʦʞʥʠʤ ʚʭʦʜʦʤ ʽ ʟʤʝʥʰʫʚʘʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʨʽʚʥʷ 

ʟʘʤʽʥʠ ʤʽʞ ʚʭʦʜʘʤʠ. ʗʢʱʦ ʢʘʧʽʪʘʣʦʤ ʨʝʛʽʦʥʫ i  ʚʦʣʦʜʽʶʪʴ ʚʠʢʣʶʯʥʦ ʨʝʟʠʜʝʥʪʠ 

ʨʝʛ̔ʦʥʫ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʽʥʰʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʘʢʪʠʚʽʚ, ʪʦ ʜʦʭʽʜ ix  ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ 

ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʚʠʧʫʩʢʫ iX  ʜʦ ʯʠʩʝʣʴʥʦʩʪʽ iL  ʥʘʩʝʣʝʥʥʷ 

ʮʴʦʛʦ ʨʝʛʽʦʥʫ. ʆʙʯʠʩʣʝʥʥʷ ʪʘʢʦʛʦ ʜʦʭʦʜʫ ʩʣʽʜ ʤʦʜʠʬʽʢʫʚʘʪʠ, ʷʢʱʦ ʧʝʨʝʜ 

ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʚʭʦʜʽʚ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽ ʽʩʥʫʻ ʚʣʘʩʥʽʩʪʴ 

ʨʝʟʠʜʝʥʪʽʚ ʨʝʛʽʦʥʫ ʥʘ ʢʘʧʽʪʘʣ ʟʘ ʤʝʞʘʤʠ ʜʘʥʦʛʦ ʨʝʛʽʦʥʫ. 

ʇʨʠ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʨʠʧʫʱʝʥʥʷʭ ʫ ʢʦʦʨʜʠʥʘʪʘʭ (L , K ) ʧʦʙʫʜʫʻʤʦ 

ʽʟʦʢʚʘʥʪʠ iX  ʢʦʞʥʦʛʦ ʨʝʛʽʦʥʫ. ʆʩʢʽʣʴʢʠ ʥʘʩʝʣʝʥʥʷ ʟʘʛʘʣʦʤ ʩʪʘʥʦʚʠʪʴ ʧʦʨʽʚʥʷʥʦ 

ʩʪʘʣʫ ʯʘʩʪʢʫ ʨʦʙʦʯʦʾ ʩʠʣʠ, ʪʦ ʣʦʢʫʩʠ (ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ) ʦʜʥʘʢʦʚʠʭ 

ʚʝʣʠʯʠʥ ix  ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʫ ʪʠʭ ʞʝ ʢʦʦʨʜʠʥʘʪʘʭ ʷʢ ʨʘʜʽʘʣʴʥʽ ʢʨʠʚʽ, ʷʢʽ 

ʧʦʯʠʥʘʶʪʴʩʷ ʫ ʪʦʯʮʽ (0, 0). 

ʅʝʭʘʡ ʢʨʘʾʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʝʛʽʦʥʽʚ, ʘ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʛʽʦʥʫ ʚ ʙʫʜʴ-ʷʢʠʡ 

ʯʘʩ ʚʽʜʦʤʦ ʡʦʛʦ ʯʠʩʝʣʥɹʽʩʪʴ ʥʘʩʝʣʝʥʥʷ, ʦʙʩʷʛ ʨʦʙʦʯʦʾ ʩʠʣʠ ʽ ʥʘʷʚʥʦʛʦ ʢʘʧʽʪʘʣʫ. ʅʘ 

ʧʨʷʤʦʢʫʪʥʽʡ ʜʽʘʛʨʘʤʽ ɽʜʞʚʦʨʪʘ (Edgeworth) ʨʝʛʽʦʥʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʪʠʣʝʞʥʽ 
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ʚʝʨʰʠʥʠ, ʦʙʩʷʛʫ ʧʨʘʮʽ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʘ ʧʘʨʘ ʧʘʨʘʣʝʣʴʥʠʭ ʩʪʦʨʽʥ ʧʨʷʤʦʢʫʪʥʠʢʘ, 

ʦʙʩʷʛʫ ʢʘʧʽʪʘʣʫ ï ʜʨʫʛʘ ʧʘʨʘ. ʆʙʩʷʛ ʧʨʘʮʽ (ʢʘʧʪ̔ʘʣʫ) ʨʝʛʽʦʥʫ ʚʠʤʽʨʶʻʪʴʩʷ ʧʦ 

ʩʪʦʨʦʥʽ ʧʝʨʰʦʾ (ʜʨʫʛʦʾ) ʧʘʨʠ, ʧʦʯʠʥʘʶʯʠ ʟ ʚʽʜʧʦʚʽʜʥʦʾ ʚʝʨʰʠʥʠ. ʅʘ ʮʽʡ ʜʽʘʛʨʘʤʽ 

ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʽʟʦʢʚʘʥʪʠ ʘʛʨʝʛʦʚʘʥʦʛʦ ʚʠʧʫʩʢʫ  

21 XXX +=       (3.8) 

ʦʙʦʭ ʨʝʛʽʦʥʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ (ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʛʦ) ʨʦʟʧʦʜʽʣʫ ʧʨʘʮ̔ ʡ ʢʘʧʽʪʘʣʫ. 

ʂʦʣʠ ʩʪʫʧʽʥʴ ʦʜʥʦʨʽʜʥʦʩʪʽ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ),( iii KLX  ʤʝʥʰʘ 1, =i 1, 2, ʪʦ 

ʪʦʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʛʨʝʛʦʚʘʥʦʛʦ ʚʠʧʫʩʢʫ X  ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

ʧʨʷʤʦʢʫʪʥʠʢʘ; ʢʦʣʠ ʞ ʜʣʷ ʷʢʦʾʩʴ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʮʷ ʩʪʫʧʽʥʴ ʥʝ ʤʝʥʰʘ 1, ʪʦ 

ʪʘʢʘ ʪʦʯʢʘ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʟʘ ʤʝʞʘʤʠ ʧʨʷʤʦʢʫʪʥʠʢʘ. ʋ ʪʨʠʚʽʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʪʘʢʦʶ ʪʦʯʢʦʶ ʻ ʦʜʥʘ ʟ ʚʝʨʰʠʥ. ɼʦʩʣʽʜʞʝʥʦ ʣʦʢʫʩʠ ʦʜʥʘʢʦʚʠʭ ʘʛʨʝʛʦʚʘʥʠʭ 

ʚʠʧʫʩʢʽʚ [190]. ʄʦʞʥʘ ʜʦʚʝʩʪʠ, ʱʦ ʟʛʘʜʘʥʘ ʪʦʯʢʘ ʻ ʢʦʥʢʫʨʝʥʪʥʦʶ ʨʽʚʥʦʚʘʛʦʶ 

[188]. ɹʫʜɹ-ʷʢʝ ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʥʘʩʣʽʜʢʦʤ ʨʠʥʢʦʚʠʭ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ. 

ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʦʙʨʘʞʘʪʠ ʤʽʞʨʝʛʽʦʥʘʣʴʥʫ ʨʽʚʥʽʩʪʴ ʟʘ ʨʦʟʧʦʜʽʣʦʤ 

ʜʦʭʦʜʫ. ɺʚʦʜʷʯʠ ʚʽʜʥʦʰʝʥʥʷ 

21

21

2

1
12

XL

LX

x

x
R ==       (3.9) 

ʨʽʚʥʦʩʪʽ, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʣʦʢʫʩʠ ʦʜʥʘʢʦʚʠʭ ʚʝʣʠʯʠʥ 12R  ʥʘ ʜʽʘʛʨʘʤʽ ɽʜʞʚʦʨʪʘ ï 

ʤʥʦʞʠʥʫ ʢʨʠʚʠʭ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʚʝʨʰʠʥʠ ʦʜʥʦʛʦ ʨʝʛʽʦʥʫ ʽ ʚʭʦʜʷʪʴ ʫ ʚʝʨʰʠʥʫ ʽʥʰʦʛʦ 

ʨʝʛʽʦʥʫ. ʎ̔  ʣʦʢʫʩʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʦ ʜʣʷ ʟʘʜʘʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʡ [190]. 

ʄʘʶʯʠ ʣʦʢʫʩʠ ʦʜʥʘʢʦʚʠʭ X  ʥʘ ʦʜʥʽʡ ʜʽʘʛʨʘʤʽ ʪʘ ʣʦʢʫʩʠ 12R  ʥʘ ʽʥʰʽʡ 

ʜʘ̔ʛʨʘʤʽ, ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʥʘʩʣʽʜʢʠ ʜʦʚʽʣʴʥʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʭʦʜʽʚ 

ʜʣʷ ʘʛʨʝʛʦʚʘʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʡ ʨʦʟʧʦʜʽʣ ʚʭʦʜʽʚ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʥʘʣʝʞʠʪʴ ʣʦʢʫʩʫ =12R 1. ʋ ʪʦʯʮʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʘʻ ʙʫʪʠ ʦʜʥʘʢʦʚʦʶ ʚʽʜʜʘʯʘ ʨʝʛʽʦʥʽʚ ʥʘ ʦʜʥʘʢʦʚʽ ʚʭʦʜʠ. 

ʂʦʥʢʫʨʝʥʪʥʘ ʨʽʚʥʦʚʘʛʘ ʟʘʛʘʣʦʤ ʥʝ ʦʟʥʘʯʘʻ ʨʽʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦʭʦʜʫ ʯʝʨʝʟ 1) 
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ʥʝʨʽʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚʣʘʩʥʦʩʪʽ ʢʘʧʽʪʘʣʫ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʥʝʨʽʚʥʽʩʪʶ ʨʦʟʧʦʜʽʣʫ 

ʜʦʭʦʜʽʚ ʚʽʜ ʢʘʧʽʪʘʣʫ, 2) ʨʝʛʽʦʥʘʣʴʥʫ ʥʝʨʽʚʥʽʩʪʴ ʪʘʢʠʭ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʽ 

ʥʝʨʫʭʦʤʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʫʛʽʜʜʷ ʯʠ ʢʦʧʘʣʴʥʽ, ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʥʝʨʽʚʥʽʩʪʶ 

ʨʦʟʧʦʜʽʣʫ ʨʝʥʪ ʚʽʜ ʥʠʭ. ʆʪʞʝ, ʽʩʥʫʻ ʚʠʙʽʨ (tradeoff) ʤʽʞ ʘʛʨʝʛʦʚʘʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʽ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʶ ʨʽʚʥʽʩʪʶ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʮʝʡ ʚʠʙʽʨ ʟ ʧʦʛʣʷʜʫ ʥʘʷʚʥʠʭ ʟʘʩʦʙʽʚ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʽ ʨʽʚʥʦʩʪʽ. 

ʂʦʣʠ ʧʝʨʝʨʦʟʧʦʜʽʣʠ ʥʘʩʝʣʝʥʥʷ (ʧʨʘʮʽ) ʽ ʢʘʧʽʪʘʣʫ ʻ ʧʦʣʽʪʠʯʥʦ ʜʦʧʫʩʪʠʤʠʤʠ, ʪʦ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʘ ʧʣʦʱʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʙʘʞʘʥʠʤ ʧʝʨʝʨʦʟʧʦʜʽʣʘʤ ʥʘ ʜʽʘʛʨʘʤʽ 

ɽʜʞʚʦʨʪʘ, ʟʘʜʘʻʪʴʩʷ ʪʦʯʢʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʛʨʝʛʦʚʘʥʦʛʦ ʚʠʧʫʩʢʫ ʥʘ ʢʦʞʥʦʤʫ 

ʣʦʢʫʩʽ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 12R . ʎʷ ʧʣʦʱʘ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʻ ʥʝʧʝʨʝʨʚʥʦʶ [190]. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʧʦʜʽʣʫ ʥʘʡʚʠʱʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʧʦʚʥʦʶ ʨʽʚʥʽʩʪʶ ʤʦʞʥʘ 

ʜʦʩʷʛʘʪʠ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʽ ʢʘʧʽʪʘʣʫ ʚ ʦʜʥʦʤʫ ʟ ʨʝʛʽʦʥʽʚ. ʂʦʣʠ 

ʜʦʧʫʩʪʠʤʠʤʠ ʻ ʧʝʨʝʨʦʟʧʦʜʽʣʠ ʢʘʧʽʪʘʣʫ, ʘʣʝ ʥʝ ʥʘʩʝʣʝʥʥʷ, ʪʦ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʘ 

ʧʣʦʱʘ ï ʮʝ ʣʽʥʽʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʫ ʧʦʯʘʪʢʦʚʦʛʦ ʧʝʨʝʨʦʟʧʦʜ̔ʣʫ 

ʧʘʨʘʣʝʣʴʥʦ ʜʨʫʛʽʡ ʧʘʨʽ ʩʪʦʨʽʥ ʧʨʷʤʦʢʫʪʥʠʢʘ ɽʜʞʚʦʨʪʘ; ʢʦʣʠ ʜʦʧʫʩʪʠʤʠʤʠ ʻ 

ʧʝʨʝʨʦʟʧʦʜʽʣʠ ʥʘʩʝʣʝʥʥʷ, ʘʣʝ ʥʝ ʢʘʧʽʪʘʣʫ, ʪʦ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʘ ʧʣʦʱʘ ï ʮʝ ʣʽʥʽʷ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʫ ʧʦʯʘʪʢʦʚʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʘʨʘʣʝʣʴʥʦ ʧʝʨʰʽʡ ʧʘʨʽ 

ʩʪʦʨʽʥ ʧʨʷʤʦʢʫʪʥʠʢʘ ɽʜʞʚʦʨʪʘ. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʘ ʧʣʦʱʘ ʧʨʠ 

ʜʦʧʫʩʪʠʤʠʭ ʧʝʨʝʨʦʟʧʦʜʽʣʘʭ ʦʙʦʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ (ʧʨʘʮʽ ʡ ʢʘʧʽʪʘʣʫ) ʥʝ ʛʽʨʰʘ 

(ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʟʘʻʤʦʦʙʤʽʥʫ) ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʦʾ ʧʣʦʱʽ ʧʨʠ 

ʜʦʧʫʩʪʠʤʦʤʫ ʧʝʨʝʨʦʟʧʦʜʽʣʽ ʣʠʰʝ ʦʜʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʬʘʢʪʦʨʘ. ɿʛʘʜʘʥ̔ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʽ ʧʣʦʱʽ ʤʦʞʥʘ ʚʽʜʦʙʨʘʞʘʪʠ ʫ ʢʦʦʨʜʠʥʘʪʘʭ ʝʬʝʢʪʠʚʥʦʩʪʽ  E  ʪʘ 12R , 

ʜʝ E )( 12R  ï ʚ̔ ʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʛʨʝʛʦʚʘʥʦʛʦ ʚʠʧʫʩʢʫ )( 12RX  ʧʨʠ ʜʘʥʦʤʫ 

12R  ʜʦ ʙʝʟʫʤʦʚʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʛʨʝʛʦʚʘʥʦʛʦ ʚʠʧʫʩʢʫ X .  

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʢʦʞʥʘ ʨʝʛʽʦʥʘʣʴʥʘ ʚʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ ï ʮʝ ʚʠʨʦʙʥʠʯʘ 

ʬʫʥʢʮʽʷ ʬʽʢʩʦʚʘʥʠʭ ʧʨʦʧʦʨʮʽʡ ʪʠʧʫ ɺʘʣʴʨʘʩʘ ï ʃʝʦʥʪʴʻʚʘ (Walras ï Leontief) 

(ʃʝʦʥʪʴʻʚ ï ʅʦʙʝʣʽʚʩʴʢʠʡ ʣʘʫʨʝʘʪ 1973 ʨ.): 
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ʎ ̔ʬʫʥʢʮʽʾ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʟʘʜʦʚʣ̔ʴʥʦ ʥʘʙʣʠʞʫʶʪʴ ʨʝʘʣʴʥʽ ʚʠʨʦʙʥʠʯʽ ʬʫʥʢʮʽʾ, 

ʘʣʝ ʩʧʨʦʱʫʶʪʴ ʘʥʘʣʽʪʠʯʥʫ ʧʦʙʫʜʦʚʫ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʠʭ ʧʣʦʱ. ʂʦʝʬʽʮʽʥ̒ʪʠ 
ia  

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʘʮʽ, ʘ ʢʦʝʬʽʮʽʻʥʪʠ ib  ï ʢʘʧʽʪʘʣʫ. 

ɿ ʫʤʦʚʠ (3.10) ʚʠʧʣʠʚʘʶʪʴ ʥʝʨʽʚʥʦʩʪʽ 
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X ¢ ,  LLLXaXa =+¢+ 212211  (3.11) 

1

1
1

b

K
X ¢ ,  

2

2
2

b

K
X ¢ ,  KKKXbXb =+¢+ 212211 .  (3.12) 

ʄʘʢʩʠʤʽʟʘʮʽʷ (3.8) ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ (3.11) ʽ (3.12) ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʧʦʫhʢʫ ʟʥʘʯʝʥʴ 1X , 2X  ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʜʦʜʘʪʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʘʭ 1a , 2a , 1b , 2b  ʡ ʘʛʨʝʛʦʚʘʥʠʭ ʚʝʣʠʯʠʥʘʭ L , K  ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ. 

ʗʢʱʦ ʤʘʢʩʠʤʽʟʘʮʽʷ ʚʝʜʝ ʜʦ ʮʽʣʢʦʚʠʪʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʜʥʦʛʦ ʟ ʚʭʦʜʽʚ ʫ 

ʧʝʚʥʦʤʫ ʨʝʛʽʦʥʽ, ʷʢʠʡ ʤʦʥʦʧʦʣʽʟʫʚʘʪʠʤʝ ʚʠʧʫʩʢ (ʦʜʥʦʨʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ), ʪʦ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʘ ʧʣʦʱʘ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʛʨʘʥʠʯʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʤʝʞʽ 

ʧʨʷʤʦʢʫʪʥʠʢʘ ɽʜʞʚʦʨʪʘ ʟ ʧʦʚʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʦʙʦʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ ʚ 

ʦʜʥʦʤʫ ʨʝʛʽʦʥʽ. ʊʦʜʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʚ ʽʥʰʦʤʫ ʨʝʛʽʦʥʽ ʧʦʥʷʪʪʷ 

ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽ ʚʪʨʘʯʘʪʠʤʝ ʩʝʥʩ. 

ʋʤʦʚʠ ʪʦʛʦ, ʱʦ ʨʦʟʚô̫ ʟʦʢ ʟʘʜʘʯʽ ʤʘʢʩʠʤʽʟʘʮʽʾ (3.8) ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ (3.11) ʽ 

(3.12) ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʦʩʪʽ ʧʨʷʤʦʢʫʪʥʠʢʘ ɽʜʞʚʦʨʪʘ, ï ʮʝ ʥʝʨʽʚʥʦʩʪʽ 

21 0 LL <> ,    21 0 KK <> . 

ɿʚʽʜʩʠ ʚ ʩʠʣʫ ʫʤʦʚʠ (3.10) ʤʘʻʤʦ 21 0 XX <> . ʗʢʱʦ (1X , 2X ) ï ʨʦʟʚô̫ ʟʦʢ 

ʜʘʥʦʾ ʟʘʜʘʯʽ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʦʩʪʽ ʧʨʷʤʦʢʫʪʥʠʢʘ ɽʜʞʚʦʨʪʘ (ʢʦʞʥʠʡ 

ʨʝʛʽʦʥ ʜʘʻ ʥʝʥʫʣʴʦʚʠʡ ʚʠʧʫʩʢ), ʪʦ ʢʦʞʥʠʡ ʨʝʛʽʦʥ ʧʦʚʥʩ̔ʪʶ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʚʦʾ 

ʚʠʨʦʙʥʠʯʽ ʬʘʢʪʦʨʠ, ʘ ʥʝʨʽʚʥʦʩʪʽ (3.11) ʽ (3.12) ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʷʢ ʨʽʚʥʦʩʪʽ: 

LXaXa =+ 2211 ,    KXbXb =+ 2211 ,   (3.13) 



135 

ʟʚʽʜʢʠ 

1

22
1

a

XaL
X

-
= ,    KXbXbXb

a

XaLb
=+=+

-
221122

1

221 )(
, 

KaXabXabLb 12122211 =+- ,   
2112

11
20

abab

LbKa
X

-

-
=< . 

ʆʩʪʘʥʥʷ ʥʝʨʽʚʥʽʩʪʴ ʨʽʚʥʦʩʠʣʴʥʘ ʚʠʢʦʥʘʥʥʶ ʘʙʦ ʧʘʨʠ ʥʝʨʽʚʥʦʩʪʝʡ 

02112 >- abab ,   011 >- LbKa ,   (3.14) 

ʘʙʦ ʧʘʨʠ ʥʝʨʽʚʥʦʩʪʝʡ 

02112 <- abab ,   011 <- LbKa .   (3.15) 

ɺ ʩʠʣʫ ʩʠʤʝʪʨʽʾ 
1221

22
10

abab

LbKa
X

-

-
=< . 

ʆʩʪʘʥʥʷ ʥʝʨʽʚʥʽʩʪʴ ʨʽʚʥʦʩʠʣʴʥʘ ʚʠʢʦʥʘʥʥʶ ʘʙʦ ʧʘʨʠ ʥʝʨʽʚʥʦʩʪʝʡ 

01221 >- abab ,   022 >- LbKa ,   (3.16) 

ʘʙʦ ʧʘʨʠ ʥʝʨʽʚʥʦʩʪʝʡ 

01221 <- abab ,   022 <- LbKa .   (3.17) 

ɿʘ ʚʠʢʦʥʘʥʥʷ ʧʘʨ ʥʝʨʽʚʥʦʩʪʝʡ (3.14), (3.17) ʤʘʻʤʦ ʦʙʤʝʞʝʥʥʷ 

ʢʘʧʽʪʘʣʦʦʟʙʨʦʻʥʦʩʪʽ 
1

1

2

2

b

a

K

L

b

a
<< , ʘ ʟʘ ʚʠʢʦʥʘʥʥʷ ʧʘʨ ʥʝʨʽʚʥʦʩʪʝʡ (3.15), (3.16) 

ʤʘʻʤʦ ʦʙʤʝʞʝʥʥʷ 
1

1

2

2

b

a

K

L

b

a
>> . 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.10) ʽ (3.13) ʦʟʥʘʯʘʶʪʴ 

1

1

1

1
1

b

K

a

L
X == ,    

2

2

2

2
2

b

K

a

L
X == ,  (3.18) 

ʟʚʽʜʢʠ 
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1
1

1

aL

X
x == ,  

22

2
2

1

aL

X
x == ,  

1

2

2

1
12

a

a

x

x
R == . (3.19) 

ʆʪʞʝ, ʧʨʠ 21 aa =  ʽʩʥʫʻ ʤʽʞʨʝʛʽʦʥʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʨʽʚʥʦʩʪʽ. 
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ʗʢʱʦ ʽʩʥʫʻ ʪʘʢʠʡ ʨʦʟʚô̫ ʟʦʢ ʜʘʥʦʾ ʟʘʜʘʯ̔, ʪʦ ʨʝʛʽʦʥʘʣʥɹʽ ʩʪʨʘʪʝʛʽʾ ʤʘʶʪʴ ʙʫʪʠ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʘʮʽ. 

ʇʨʠʧʫʩʪʠʤʦ ʪʝʧʝʨ, ʱʦ 
21 aa < . ʊʦʜʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.19) ʜʘʶʪʴ 

21 xx >  ʫ 

ʪʦʯʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʚ ʮʽʡ ʪʦʯʮʽ ʢʦʞʥʠʡ ʨʝʛʽʦʥ =i 1, 2 ʜʦʩʷʛʘʻ ʩʚʦʛʦ 

ʥʘʡʚʠʱʦʛʦ ʟʥʘʯʝʥʥʷ ix, ʪʦ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨ̔ ʚʥʦʩʪʽ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʣʠʰʝ ʟʘ 

ʨʘʭʫʥʦʢ ʘ) ʥʘʜʘʥʥʷ ʨʝʛʽʦʥʫ 1 ʥʘʜʣʠʰʢʦʚʦʾ ʧʨʘʮʽ ʪʘ/ʘʙʦ ʙ) ʚʠʣʫʯʝʥʥʷ ʟ ʨʝʛʽʦʥʫ 1 

ʜʝʷʢʦʛʦ ʢʘʧʽʪʘʣʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʠʧʫʩʢ ʨʝʛ̔ ʦʥʫ 1. ɺʨʘʭʦʚʫʶʯʠ ʨʽʚʥʦʩʪʽ (3.18), 

ʣʦʢʫʩʫ ʟ 112=R  ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
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ʇʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʘʛʨʝʛʦʚʘʥʦʛʦ ʚʠʧʫʩʢʫ ʥʘ ʣʦʢʫʩʽ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽ 

ʦʟʥʘʯʘʻ, ʱʦ ʚʪʨʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʠʨʦʙʥʠʯʽʡ ʬʫʥʢʮʽʾ (3.10) ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʦʩʦʙʫ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʾ ʨʽʚʥʦʩʪʽ ï ʩʧʦʩʦʙʫ ʘ) ʪʘ/ʘʙʦ ʙ). 

ʆʩʢʽʣʴʢʠ ʚ ʩʠʣʫ ʨʽʚʥʦʩʪʝʡ (3.18) ʤʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ 

ʘʛʨʝʛʦʚʘʥʦʤʫ ʚʠʧʫʩʢʫ 
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1
21

a

L
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XXX +=+= , ʪʦ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʚʥʝ 
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p 1=  ï ʯʘʩʪʢʘ (proportion) ʥʘʩʝʣʝʥʥʷ ʨʝʛʽʦʥʫ 1 ʫ ʥʘʩʝʣʝʥʥʽ ʢʨʘʾʥʠ. ɹʝʨʫʯʠ ʜʦ 

ʫʚʘʛʠ ʪʘʢʦʞ ʨʽʚʥʦʩʪʽ (3.19), ʜʽʩʪʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ 
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ʷʢʫ ʤʦʞʥʘ ʚʽʜʦʙʨʘʞʘʪʠ ʫ ʢʦʦʨʜʠʥʘʪʘʭ E , 
12R  ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ p . 

ɺʨʘʭʦʚʫʶʯʠ 1
2

1
12 >=

x

x
R  ʫ ʟʘʣʝʞʥʦʩʪʽ (13), ʟʥʘʯʝʥʥʷ E ( 12R ) ʩʧʘʜʘʻ ʟ ʨʦʩʪʦʤ p  

ʪʦʤʫ, ʱʦ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽ ʤʦʞʥʘ ʜʦʩʷʛʘʪʠ ʣʠʰʝ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ 

1x  ʜʦ ʨʽʚʥʷ 
2x . 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʨʝʛʽʦʥʘʣʴʥʽ ʚʠʨʦʙʥʠʯʽ ʬʫʥʢʮʽʾ ʻ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʂʦʙʙʘ ï ɼʫʛʣʘʩʘ (Cobb ï Douglas): 

11 )()( 1111

ba
KLcX = ,   22 )()( 2222

ba
KLcX = ,  (3.21) 

ʜʝ ic , ia, ib ï ʟʘʜʘʥʽ ʜʦʜʘʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, =i 1, 2. ɼʣʷ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ 

ʝʣʘʩʪʠʯʥʦʩʪʽ ʟʘʤʽʥʠ ʤʽʞ ʧʨʘʮʝʶ ʽ ʢʘʧʽʪʘʣʦʤ ʜʣʷ ʨʷʜʫ ʪʦʚʘʨʥʠʭ ʛʘʣʫʟʝʡ ʚʠʨʦʙʥʠʯʘ 

ʬʫʥʢʮʽʷ ʂʦʙʙʘ ï ɼʫʛʣʘʩʘ ʚʠʷʚʠʣʘʩʷ ʪʦʯʥʽʰʦʶ, ʥʽʞ ʚʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ ʬʽʢʩʦʚʘʥʠʭ 

ʧʨʦʧʦʨʮʽʡ [191]. 

ɿ ʨʽʚʥʦʩʪʝʡ (3.21) ʚʠʧʣʠʚʘʻ 

=+= 21 XXX +11 )()( 111

ba
KLc 22 )()( 112

ba
KKLLc -- .  (3.22) 

ʗʢʱʦ ʪʦʯʢʘ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʻ ʚʥʫʪʨʽʰʥʴʦʶ ʪʦʯʢʦʶ 

ʧʨʷʤʦʢʫʪʥʠʢʘ ɽʜʞʚʦʨʪʘ (ʪʦʙʪʦ LL << 10 , KK << 10 ), ʪʦ ʫʤʦʚʠ ʧʝʨhʦʛʦ ʧʦʨʷʜʢʫ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (3.22) ),( 11 KLX  ʧʦ 1L , 1K  ʜʘʶʪʴ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ 
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ʟʚʽʜʢʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ 
1L , 

1K  ʫ ʪʦʯʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʦʜʽ 
1

2

2

1
12

a

a
==

x

x
R , 

ʷʢ ʽ ʚ ʨʽʚʥʷʥʥʽ (3.19). ʆʪʞʝ, ʚʽʜʥʦʰʝʥʥ̫ ʨʽʚʥʦʩʪʽ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʚô̫ ʟʢʫ 

ʟʘʜʘʯʽ ʤʘʢʩʠʤʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʨʘʮʽ, ʘ 

ʫʤʦʚʦʶ ʽʩʥʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʨʽʚʥʦʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷ 
21 aa = . 

ɼʦʩʪʘʪʥʴʦʶ ʫʤʦʚʦʶ ʽʩʥʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯʽ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʟʤʝʥʰʫʚʘʥʘ ʚʽʜʜʘʯʘ ʚʽʜ ʤʘʩʰʪʘʙʫ ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʡ (3.21), 

ʪʦʙʪʦ 1<+ ii ba , =i 1, 2 [190]. ʍʦʯʘ ʜʝʷʢʽ ʛʘʣʫʟʽ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʟʙʽʣʴʰʫʚʘʥʫ 

ʚʽʜʜʘʯʫ ʚʽʜ ʤʘʩʰʪʘʙʫ, ʨʝʛʽʦʥʠ ʚ ʮʽʣʦʤʫ ʥʘʧʝʚʥʝ ʚʠʷʚʣ̫ʪʠʤʫʪʴ ʟʤʝʥʫhʚʘʥʫ ʚʽʜʜʘʯʫ 

ʚʽʜ ʤʘʩʰʪʘʙʫ ʪʦʤʫ, ʱʦ ʜʦ ʢʘʧʽʪʘʣʫ ʷʢ ʚʠʨʦʙʥʠʯʦʛʦ ʬʘʢʪʦʨʘ ʥʝ ʚʢʣʶʯʘʶʪʴʩʷ ʪʘʢʽ 

ʥʝʨʫʭʦʤʽ ʚʭʦʜʠ, ʷʢ ʟʝʤʣʷ, ʢʣʽʤʘʪ, ʧʽʜʟʝʤʥʽ ʢʦʧʘʣʠʥʠ. ʇʨʠ ʚʠʨʦʙʥʠʯʽʡ ʬʫʥʢʮʽʾ 

ʨʝʛʽʦʥʫ ʽʟ ʟʙʽʣʴʰʫʚʘʥʦʶ ʚʽʜʜʘʯʝʶ ʚʽʜ ʤʘʩʰʪʘʙʫ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽʡ 

ʨʦʟʚô̫ ʟʦʢ ʟʘʜʘʯʽ ʤʘʢʩʠʤʽʟʘʮʽʾ ʘʛʨʝʛʦʚʘʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʱʦ ʚʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ 

ʽʥʰʦʛʦ ʨʝʛʽʦʥʫ ʚʠʷʚʣʷʻ ʟʤʝʥʰʫʚʘʥʫ ʚʽʜʜʘʯʫ ʚʽʜ ʤʘʩʰʪʘʙʫ [190]; ʦʜʥʘʢ ʽʩʥʫʚʘʥʥʷ 

ʪʘʢʦʛʦ ʨʦʟʚô̫ ʟʢʫ ʤʘʣʦʡʤʦʚʽʨʥʝ ʪʦʤʫ, ʱʦ ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ ʙʫʜʴ-ʷʢʦʾ ʟ ʚʠʨʦʙʥʠʯʠʭ 

ʬʫʥʢʮʽʡ ʨʝʛʽʦʥʽʚ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʭʦʜʽʚ ʚ ʦʜʥʦʤʫ ʟ ʥʠʭ.  

ʇʨʠ ʦʜʥʘʢʦʚʠʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʷʭ (ʩʢʘʞʽʤʦ, 1=ic , 5.0=ia , 

3.0=ib , =i 1, 2) ʣʦʢʫʩʠ ʦʜʥʘʢʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʣʦʢʫʩʠ ʦʜʥʘʢʦʚʦ ʾʨʽʚʥʦʩʪʽ 

ʤʦʞʥʘ ʚʽʜʦʙʨʘʞʘʪʠ ʥʘ ʜʽʘʛʨʘʤʽ ɽʜʞʚʦʨʪʘ ʟʽ ʩʪʦʨʦʥʘʤʠ 
K

K1  ʽ 
L

L1. ɺʽʜʧʦʚʽʜʥʽ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʽ ʧʣʦʱʽ ʧʨʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʫʤʦʚʘʭ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʦʞʥʘ 

ʚʽʜʦʙʨʘʞʘʪʠ ʫ ʢʦʦʨʜʠʥʘʪʘʭ E , 12R ; ʧʨʠ ʮʴʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʚʽʩʴ 12R  

ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʪʘʢ, ʱʦ: a) ʚʝʣʠʯʠʥʠ 12R  ʽ 
12

1

R
 (ʥʘ ʮʽʡ ʦʩʽ) ʤʘʶʪʴ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ 

ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥ ̔ D  ʚʽʜ ʚʝʣʠʯʠʥʠ 112=R , ʘʣʝ ʫ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ; b) 

ʚʝʣʠʯʠʥʠ 012=R  ʽ ¤=12R  ʤʘʶʪʴ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʥʘ ʩʢʽʥʯʝʥʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʚʝʣʠʯʠʥʠ 112=R . ʉʝʨʝʜ ʙʘʛʘʪʴʦʭ ʬʫʥʢʮʽʡ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ a), b), ʤʦʞʥʘ 
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ʚʠʙʨʘʪʠ ʬʫʥʢʮʽʶ 1arctan
4

12-= RD
p

, ʧʨʠ ʷʢʽʡ ʚʽʩʴ ʟʥʘʯʝʥʴ 
12R  ʤʘʻ ʜʦʚʞʠʥʫ 2. 

ʇʨʠ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʷʭ (ʩʢʘʞʽʤʦ, 
21 1 cc == , 5.01=a , 

7.02=a , 3.01=b , 1.02=b ) ʣʦʢʫʩʠ ʦʜʥʘʢʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʣʦʢʫʩʠ ʦʜʥʘʢʦʚʦʾ 

ʨʽʚʥʦʩʪʽ ʤʦʞʥʘ ʚʽʜʦʙʨʘʞʘʪʠ ʥʘ ʜʽʘʛʨʘʤʽ ɽʜʞʚʦʨʪʘ ʟʽ ʩʪʦʨʦʥʘʤʠ 
K

K1  ʽ 
L

L1 . 

ɺʽʜʧʦʚʽʜʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʽ ʧʣʦʱʽ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʦʞʥʘ 

ʚʽʜʦʙʨʘʞʘʪʠ ʫ ʢʦʦʨʜʠʥʘʪʘʭ E , 
12R . 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʚʠʨʦʙʥʠʯʽʡ ʬʫʥʢʮʽʾ ʬʽʢʩʦʚʘʥʠʭ ʧʨʦʧʦʨʮʽʡ, ʥʘʡʚʠʱʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʛʨʝʛʦʚʘʥʦʛʦ ʚʠʧʫʩʢʫ ʟʘ ʦʙʤʝʞʝʥʥʷ 112=R  ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʥʘʩʝʣʝʥʥʷ ʽ ʚʽʜʥʦʰʝʥʥʷ ʨʽʚʥʦʩʪʽ ʧʨʠ ʮʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʜʦʧʫʩʪʠʤʽʩʪʴ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʬʘʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ 

ʚʽʜ ʩʪʫʧʝʥʷ iiih ba+=  ʦʜʥʦʨʽʜʥʦʩʪʽ (homogeneity) ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ. ɼʣʷ 

ʢʽʣʴʢʦʭ ʛʽʧʦʪʝʪʠʯʥʠʭ ʚʠʧʘʜʢʽʚ (ʢʦʤʙʽʥʘʮʽʡ ʟʥʘʯʝʥʴ }2.0,5.0,8.0{Íp , 

ý
ü
û

í
ì
ë
Í

3

4
,

2

3
,212R , }8.0,85.0,9.0,95.0{Íih ) ʙʫʣʦ ʟʥʘʡʜʝʥʦ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ E  ʥʘʡʚʠʱʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ 112=R  ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʧʝʨʝʪʠʥ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʦʾ ʧʣʦʱʽ ʟ ʚʽʩʩʶ 112=R ) ʧʝʨʝʚʠʱʫʻ 94% ʟʘ ʤʦʞʣʠʚʦʩʪʽ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʘʩʝʣʝʥʥʷ ʡ ʢʘʧʽʪʘʣʫ, ʧʝʨʝʚʠʱʫʻ 93% ʟʘ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʣʠʰʝ ʥʘʩʝʣʝʥʥʷ ʽ ʧʝʨʝʚʠʱʫʻ 82% ʟʘ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʪʽʣʴʢʠ ʢʘʧʽʪʘʣʫ 

[187]. ʎʝ ʚʽʜʥʦʰʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʚʠʱʫʻ 90%; ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 

ʨʦʩʪʦʤ 12R ; ʚʝʣʠʯʠʥʘ E  ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʚʽʜʥʦʩʥʦ ʤʘʣʠʭ 12R  ʽ ʛʨʘʥʠʯʥʠʭ 

ʟʥʘʯʝʥʥʷʭ p  (ʙʣʠʟʴʢʠʭ ʜʦ 1 ʯʠ 0), ʘ ʪʘʢʦʞ ʧʨʠ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ 12R  ʽ ʤʘʣʠʭ p; ʟʘ 

ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʘʩʝʣʝʥʥʷ ʚʝʣʠʯʠʥʘ E  ʻ ʟʘʛʘʣʦʤ ʻ ʙʽʣʴʰʦʶ, ʥʽʞ ʟʘ 

ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʢʘʧʽʪʘʣʫ, ʢʨʽʤ ʚʠʧʘʜʢʽʚ ʧʦʨʽʚʥʷʥʦ ʤʘʣʠʭ p  ʽ ʚʝʣʠʢʠʭ 

h; ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʦʙʦʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʜʘʻ 

ʧʽʜʚʠʱʝʥʥʷ ʚʝʣʠʯʠʥʠ E  ʧʦʥʘʜ 1% ʧʦʨʽʚʥʷʥʦ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʣʠʰʝ 
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ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʬʽʢʩʦʚʘʥʠʭ ʧʨʦʧʦʨʮʽʡ, ʧʨʠ 

ʚʠʨʦʙʥʠʯʽʡ ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ ʚʝʣʠʯʠʥʘ E  ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 

ʨʦʩʪʦʤ ʚʽʜʥʦʩʥʦʾ ʯʘʩʪʢʠ ʢʨʘʱʦʛʦ ʨʝʛʽʦʥʫ ʫ ʪʦʯʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʬʽʢʩʦʚʘʥʠʭ ʧʨʦʧʦʨʮʽʡ (ʽʟ ʩʪʫʧʝʥʝʤ 

ʦʜʥʦʨʽʜʥʦʩʪ̔ 1), ʧʨʠ ʚʠʨʦʙʥʠʯʽʡ ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ ʜʦʩʷʛʥʝʥʥʷ 

ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽ ʧʦʪʨʝʙʫʻ ʤʝʥʰʝ ʚʪʨʘʪ ʝʬʝʢʪʠʚʥʦʩʪʽ: ʩʪʫʧʽʥʴ 

ʦʜʥʦʨʽʜʥʦʩʪʽ 
ih  ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ E . ʉʧʨʘʚʜʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʷʜʫ 

ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʡ, ʚʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ ʂʦʙʙʘïɼʫʛʣʘʩʘ ʚʠʷʚʣʷʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʚʟʘʻʤʦʟʘʤʽʥʶʚʘʥʦʩʪʽ ʧʨʘʮʽ ʡ ʢʘʧʽʪʘʣʫ. ʆʩʢʽʣʴʢʠ ʩʧʨʘʚʞʥʽ ʘʛʨʝʛʦʚʘʥʽ ʚʠʨʦʙʥʠʯʽ 

ʬʫʥʢʮʽʾ ʥʘʣʝʞʘʪʴ ʢʣʘʩʫ, ʧʨʦʤʽʞʥʦʤʫ ʤʽʞ ʢʣʘʩʦʤ ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʡ ʬʽʢʩʦʚʘʥʠʭ 

ʧʨʦʧʦʨʮʽʡ ʽ ʢʣʘʩʦʤ ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʡ ʂʦʙʙʘïɼʫʛʣʘʩʘ [192], ʪʦ ʜʦʩʷʛʥʝʥʥʷ 

ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʤʝʪʴʩʷ ʤʝʥʰʠʤʠ ʚʪʨʘʪʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʰʣʷʭʦʤ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʘʩʝʣʝʥʥʷ (ʤʽʛʨʘʮʽʾ), ʥʽʞ ʰʣʷʭʦʤ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʢʘʧʽʪʘʣʫ.  

ʇʝʨʝʨʦʟʧʦʜʽʣ ʜʦʭʦʜʽʚ ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʨʦʟʨʦʙʦʢ ʫ ʢʨʘʾʥ̔. ʅʦʙʝʣʽʚʩʴʢʠʡ ʣʘʫʨʝʘʪ 2018 ʨ. ʈʦʤʝʨ ʧʦʷʩʥʶʻ ʨʦʣʴ ʪʝʭʥʽʯʥʠʭ 

ʜʦʩʷʛʥʝʥʴ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʽ ʡʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʤʠʩʣʦʚʦʾ 

ʨʝʚʦʣʶʮʽʾ. ʗʢʱʦ ʪʨʘʜʠʮʽʡʥʘ ʝʢʦʥʦʤʽʢʘ ʨʦʟʛʣʷʜʘʻ ʪʽʣʴʢʠ ʜʚʘ ʬʘʢʪʦʨʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ð ʢʘʧʽʪʘʣ ʽ ʧʨʘʮʶ, ʪʦ ʈʦʤʝʨ ʜʦʜʘʻ ʪʨʝʪʽʡ ð ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʥʘʥʥʷ. ʈʦʤʝʨ 

ʩʪʚʝʨʜʞʫʻ, ʱʦ ʥʝʫʨʷʜʦʚʽ ʡ ʫʨʷʜʦʚʽ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʛʣʠ ʙ ʩʧʨʠʷʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʽʥʥʦʚʘʮʽʷʤ, ʽʥʚʝʩʪʫʶʯʠ ʚ ʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʠ, ʧʦʯʠʥʘʶʯʠ ʽʟ ʟʘʛʘʣʴʥʦʾ ʽ 

ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʢʘʜʨʽʚ: ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʛʨʝʩʦʤ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʯʝʨʝʟ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʩʪʠʤʫʣʠ. 

ʆʜʠʥ ʟ ʚʠʩʥʦʚʢʽʚ ʈʦʤʝʨʘ: ʝʢʦʥʦʤʽʢʘ, ʷʢʘ ʚʦʣʦʜʽʻ ʨʝʩʫʨʩʘʤʠ ʣʶʜʩʴʢʦʛʦ 

ʢʘʧ̔ʪʘʣʫ ʪʘ ʨʦʟʚʠʥʝʥʦʶ ʥʘʫʢʦʶ, ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʤʘʻ ʢʨʘʱʽ ʰʘʥʩʠ ʥʘ 

ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʥʽʞ ʝʢʦʥʦʤʽʢʘ, ʧʦʟʙʘʚʣʝʥʘ ʮʠʭ ʧʝʨʝʚʘʛ. ɿ ʤʦʜʝʣʽ 

ʈʦʤʝʨʘ ʚʠʧʣʠʚʘʻ: ʢ̫ʱʦ ʦʜʥʽʡ ʬʽʨʤʽ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʥʦʫ-ʭʘʫ (know-how) ʯʠ 

ʽʥʥʦʚʘʮʽʾ, ʪʦ ʚ ʩʧʨʠʷʪʣʠʚʦʤʫ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽʥʰʠʤ ʬʽʨʤʘʤ ʥʘʙʘʛʘʪʦ 

ʣʝʛʰʝ ʥʘʚʯʠʪʠʩʷ ʚʞʝ ʜʦʩʷʛʥʫʪʦʤʫ. ʈʦʤʝʨ ʚʠʨʽʟʥʷʻ ʜ̔ʝʾ ʩʝʨʝʜ ʪʨʘʜʠʮʽʡʥʠʭ 
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ʧʨʦʜʫʢʪʽʚ: çʇʨʝʜʤʝʪʠ ʟʙʝʨ̔ʛʘʶʪʴ ʩʪʘʣʫ ʚʘʨʪʽʩʪʴ ʟʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ, ʧʦʟʘʷʢ ʽʜʝʾ 

ʤʘʶʪʴ ʚʝʣʠʯʝʟʥʫ ʚʘʨʪʽʩʪʴ ʟʘ ʧʝʨʰʫ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ ʽ ʧʨʘʢʪʠʯʥʦ ʥʫʣʴʦʚʫ ï ʟʘ 

ʢʦʞʥʫ ʥʘʩʪʫʧʥʫ ʦʜʠʥʠʮʶè. ʈʦʤʝʨ ʚʜʦʩʢʦʥʘʣʠʚ ʤʦʜʝʣʴ ʝʥʜʦʛʝʥʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʅʦʙʝʣʽʚʩʴʢʦʛʦ ʣʘʫʨʝʘʪʘ 1972 ʨ. ʂʝʥʥʝʪʘ ɽʨʨʦʫ (Kenneth Arrow, 1921ï

2017), ʟʘʧʨʦʚʘʜʠʚ ʧʘʨʘʤʝʪʨ ʟʥʘʥʥʷ ʷʢ ʬʘʢʪʦʨ ʚʠʨʦʙʥʠʮʪʚʘ, ʨʦʟʨʦʙʠʚ ʤʦʜʝʣʴ 

ʥʘʚʯʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʜʽʷʣʴʥʦʩʪʽ (learning-by-doing) ʽ ʟʘʩʪʦʩʫʚʘʚ ʾʾ ʜʦ ʤʘʢʨʦʝʢʦʥʦʤʽʢʠ 

(ɽʨʨʦʫ ï ʦʜʠʥ ʟ ʘʚʪʦʨʽʚ ʚʠʱʝʟʛʘʜʘʥʦʾ ʨʦʙʦʪʠ [192]). 

ʇʨʘʢʪʠʯʥʽ ʧʨʠʢʣʘʜʠ ̔ ʤʦʜʝʣ̔, ʦʩʥʦʚʘʥʽ ʥʘ ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʷʭ ʂʦʙʙʘï

ɼʫʛʣʘʩʘ, ʩʚʽʜʯʘʪʴ, ʱʦ ʜʦʩʷʛʥʝʥʥʷ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽ ʤʦʞʣʠʚʝ ʙʝʟ ʽʩʪʦʪʥʠʭ 

ʚʪʨʘʪ ʘʛʨʝʛʦʚʘʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ. 

 

3.3 ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʮʽʣʴʦʚʦʾ ʜʦʩʷʞʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʦʚʘʨʥʦʛʦ ʝʢʩʧʦʨʪʫ  

      ʋʢʨʘʾʥʠ ʪʘ ʾʾ ʨʝʛʽʦʥʽʚ 

 

ʅʘ ʟʫʩʪʨʽʯʽ ʚ ʅɸʅ ʋʢʨʘʾʥʠ 14 ʙʝʨʝʟʥʷ 2018 ʨ. ʅʘʜʟʚʠʯʘʡʥʠʡ ʽ ʇʦʚʥʦʚʘʞʥʠʡ 

ʇʦʩʦʣ ʈʝʩʧʫʙʣʽʢʠ ʂʦʨʝʷ ʧʘʥ ʃʽ ʗʥʛ-ɻʫ ʧʦʚʽʜʦʤʠʚ ʧʨʦ ʩʚʽʪʦʚʝ ʣʽʜʝʨʩʪʚʦ ʂʦʨʝʾ ʟʘ 

ʦʙʩʷʛʘʤʠ ʬʽʥʘʥʩʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʫʢʦʚʦʾ ʩʬʝʨʠ. ʋ ʢʦʨʝʡʩʴʢʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʪʘ 

ʚʣʘʜʥʠʭ ʢʦʣʘʭ ʧʘʥʫʻ ʧʝʨʝʢʦʥʘʥʽʩʪʴ ʫ ʪʦʤʫ, ʱʦ ʙʝʟ ʥʘʫʢʠ ʥʝʤʘʻ ʤʘʡʙʫʪʥʴʦʛʦ, ʘ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤʠ ʨʫh ʽʷʤʠ ʧʦʩʪʫʧʫ ʻ ʨʠʥʢʦʚʘ ʝʢʦʥʦʤʽʢʘ ʡ ʽʥʥʦʚʘʮʽʾ. 

ʇʨʝʟʠʜʝʥʪʦʚʽ ʈʝʩʧʫʙʣʽʢʠ ʂʦʨʝʷ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ ʢʦʤʽʪʝʪ, ʷʢʠʡ 

ʦʧʽʢʫʻʪʴʩʷ ʧʠʪʘʥʥʷʤʠ ʏʝʪʚʝʨʪʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽ ʾ [193]. ʁʦʛʦ ʘʥʘʣʦʛʦʤ ʚ 

ʋʢʨʘʾʥʽ ʚʚʘʞʘʻʪʴʩʷ ʅʘʮʽʦʥʘʣʴʥʘ ʨʘʜʘ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ï ʧʦʩʪʽʡʥʠʡ ʢʦʥʩʫʣʴʪʘʪʠʚʥʦ-ʜʦʨʘʜʯʠʡ ʦʨʛʘʥ ʧʨʠ ʂʘʙʽʥʝʪʽ ʄʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ, ʦʯʦʣʶʚʘʥʠʡ ʇʨʝʤôʻʨ-ʤʽʥʽʩʪʨʦʤ ʋʢʨʘʾʥʠ. ɺʦʜʥʦʯʘʩ ʝʢʩʧʦʨʪ ʂʦʨʝʾ 

ʨʦʟʚʠʚʘʚʩʷ ʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʥʘʯʥʦ ʰʚʠʜʰʝ, ʥʽʞ ʝʢʩʧʦʨʪ ʋʢʨʘʾʥʠ: ʪʦʚʘʨʥʠʡ ʝʢʩʧʦʨʪ 

ʂʦʨʝʾ ʟʘ 2016 ʨ. ʩʪʘʥʦʚʠʚ 495.418 ʤʣʨʜ. ʜʦʣ., ʱʦ ʫ ʧʦʥʘʜ 13 ʨʘʟʽʚ ʙʽʣʴʰʝ ʪʦʚʘʨʥʦʛʦ 

ʝʢʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʟʘ 2016 ʨ. ʇʨʠ ʮʴʦʤʫ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʜʦ 2003 ʨ. 

ʧʝʨʝʚʠʱʫʚʘʣʦ ʥʘʩʝʣʝʥʥʷ ʂʦʨʝʾ, ʘʣʝ ʯʝʨʝʟ ʜʝʩʪ̫ʠʨʽʯʯʷ, ʩʪʘʥʦʤ ʥʘ 2013 ʨ., 
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ʥʘʩʝʣʝʥʥʷ ʂʦʨʝʾ ʥʘ ʧʦʥʘʜ 5 ʤʣʥ. ʧʝʨʝʚʠʱʫʚʘʣʦ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ: ʟʘ ʜʘʥʠʤʠ 

World Economic Outlook ʄʽʞʥʘʨʦʜʥʦʛʦ ʚʘʣʶʪʥʦʛʦ ʬʦʥʜʫ (ʄɺʌ), ʫ 2013 ʨ. 

ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʩʪʘʥʦʚʠʣʦ 45.246 ʤʣʥ., ʘ ʂʦʨʝʾ ï 50.429 ʤʣʥ. ʄʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʦʜʥʠʤ ʟ ʥʘʩʣʽʜʢʽʚ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʛʦ ʝʢʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʻ 

ʧʦʛʽʨʰʝʥʥʷ ʜʝʤʦʛʨʘʬʽʯʥʦʾ, ʘ ʪʘʢʦʞ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʟʘʛʘʣʦʤ. 

ʅʘ ʟʛʘʜʘʥʽʡ ʟʫʩʪʨʽʯʽ ʇʦʩʦʣ ʂʦʨʝʾ ʥʘʛʘʜʘʚ, ʱʦ ʚ ʩʽʯʥʽ 2018 ʨ. ʙʫʣʦ ʧʽʜʧʠʩʘʥʦ 

ʄʝʤʦʨʘʥʜʫʤ ʧʨʦ ʧʦʨʦʟʫʤʽʥʥʷ ʤʽʞ ʅʘʮʽʦʥʘʣʴʥʠʤ ʪʝʭʥʽʯʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ 

ʋʢʨʘʾʥʠ (ʅʊʋʋ) çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ (ʂʇɯ) ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè ʪʘ ʋʥʽʚʝʨʩʠʪʝʪʦʤ ʍʘʥʴʷʥˇ (ʈʝʩʧʫʙʣʽʢʘ ʂʦʨʝʷ), ʷʢʠʡ, ʟʦʢʨʝʤʘ, 

ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʥʫʚʘʥʥʷ ʧʨʠ ʅʊʋʋ çʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʋʢʨʘʾʥʩʴʢʦ-

ʢʦʨʝʡʩʴʢʦʛʦ ʮʝʥʪʨʫ ʷʢ ʚʽʜʢʨʠʪʦʾ ʧʣʘʪʬʦʨʤʠ ʟ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʥʦʚʘʮʽʡ. 

ʇʦʩʦʣ ʚʠʩʣʦʚʠʚ ʩʧʦʜʽʚʘʥʥ,̫ ʱʦ ʅɸʅ ʋʢʨʘʾʥʠ ʧʽʜʪʨʠʤʘʻ ʪʘʢʽ ʩʧʽʣʴʥʽ ʽʥʽʮʽʘʪʠʚʠ 

ʜʚʦʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ, ʪʘ ʧʦʽʥʬʦʨʤʫʚʘʚ ʧʨʦ ʚʽʟʠʪ ʜʦ ʋʢʨʘʾʥʠ 28ï29 ʙʝʨʝʟʥʷ 2018 ʨ. 

ʜʝʣʝʛʘʮʽʾ ʧʨʦʚʽʜʥʦʾ ʢʦʨʝʡʩʴʢʦʾ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʫʩʪʘʥʦʚʠ ï 

ʂʦʨʝʡʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ (KIST), ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ ʥʘʡʙʽʣʴʰ 

ʥ̔ʥʦʚʘʮʽʡʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʽʥʩʪʠʪʫʪʽʚ ʩʚʽʪʫ. KIST, ʩʝʨʝʜ ʽʥʰʦʛʦ, ʧʨʦʧʦʥʫʻ 

ʦʩʚʽʪʥʽ ʧʦʩʣʫʛʠ (ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʤʘʛʽʩʪʨʘ ʡ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ), 

ʙʝʟʢʦʰʪʦʚʥʝ ʦʪʨʠʤʘʥʥʷ ʷʢʠʭ ʜʦʩʪʫʧʥʝ ʡ ʜʣʷ ʩʪʫʜʝʥʪʽʚ-ʽʥʦʟʝʤʮʽʚ. ʇʦʩʣʫʛʠ ʥʘʜʘʻ 

ʩʪʨʫʢʪʫʨʘ, ʱʦ ʬʫʥʢʮʽʦʥʫʻ ʧʨʠ ʮ̔ ʡ ʦʨʛʘʥʽʟʘʮʽʾ, ï KIST School. 

9 ʣʶʪʦʛʦ 2018 ʨ. ʥʘ ʦʬʽʮʽʡʥʽʡ ʮʝʨʝʤʦʥʽʾ ʚʽʜʢʨʠʪʪʷ ʟʠʤʦʚʦʾ ʆʣʽʤʧʽʘʜʠ ʚ ʂʦʨʝʾ 

ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʟʘʻʤʦʜʽʶ 1218 ʜʨʦʥʚ̔ ï ʢʚʘʜʢʦʧʪʝʨʽʚ Shooting Star ʬʽʨʤʠ 

Intel, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʩʚʽʪʣʦʚʠʭ ʚʠʩʪʘʚ. ʂʦʞʥʠʡ ʪʘʢʠʡ ʢʚʘʜʢʦʧʪʝʨ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ 

ʥʘʜʣʝʛʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʽʩʪʠʪɹ  ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʽ ʜʽʦʜʠ (light-emitting diodes, 

LEDs). ɼʣʷ ʚʟʘʻʤʦʜʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʭʥʦʣʦʛʽʶ Swarm ï ʧʽʜʭʽʜ ʜʦ ʢʦʦʨʜʠʥʘʮʽʾ 

ʩʠʩʪʝʤ ʟ ʙʘʛʘʪʴʦʭ ʧʨʦʩʪʠʭ ʬʽʟʠʯʥʠʭ ʨʦʙʦʪʽʚ, ɺʽʜʦʤʠʡ ʤʦʙ̔ʣʴʥʠʡ ʜʦʜʘʪʦʢ Swarm 

ʜʣʷ iOS, Android, Windows Phone 8.1, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʦʚʽʜʦʤʣʷʪʠ 

ʩʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʚ ʩʦʮʽʘʣʴʥʽʡ ʤʝʨʝʞʽ. ʊʝʭʥʦʣʦʛʽʷ Swarm ʚʠʥʠʢʣʘ ʥʘ ʧʝʨʝʪʠʥʽ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʙʽʦʣʦʛʽʾ ʢʦʤʘʭ, ʬʽʟʠʢʠ ʯʘʩʪʠʥʦʢ ʽ ʩʠʥʝʨʛʝʪʠʢʠ. ʉʚʽʪʣʦʚʘ 
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ʚʠʩʪʘʚʘ ʻ ʢʦʣʝʢʪʠʚʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʨʦʙʦʪʽʚ ʫ ʟʘʜʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʘ ʤʦʞʝ 

ʫʧʨʘʚʣʷʪʠʩʷ ʟ ʻʜʠʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ (ʢʦʤʘʥʜʥʦʛʦ ʧʫʥʢʪʫ), ʟʜʘʪʥʦʛʦ ʩʪʚʦʨʶʚʘʪʠ 

ʧʦʥʘʜ 4 ʤʣʨʜ. ʨʽʟʥʠʭ ʩʚʽʪʣʦʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʥʘ ʦʩʥʦʚʽ ʚʙʫʜʦʚʘʥʠʭ LEDs ʪʘ 

ʩʠʩʪʝʤʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʭʦʨʝʦʛʨʘʬʽʶ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʪʨʘʻʢʪʦʨʽʾ 

ʧʦʣʴʦʪʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʘ ʚʠʩʪʘʚʘ ʻ ʟʘʩʪʦʩʫʚʘʥʥʤ̫ ʥʦʚʽʪʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʦʩʦʣ ʂʦʨʝʾ ʟʘʫʚʘʞʠʚ, ʱʦ ʄɺʌ ʪʘ ʽʥʰ̔ ʤʽʞʥʘʨʦʜʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʚʚʘʞʘʶʪʴ 

ʩʘʤʝ ʧʦʚʩʶʜʥʝ ʧʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʧʦʨʫʢʦʶ ʨʝʘʣʽʟʘʮʽʾ 

ʥʘʡʦʧʪʠʤʽʩʪʠʯʥʽʰʦʛʦ ʩʮʝʥʘʨʽʶ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ï ʱʦʨʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʘʣʦʚʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʪʝʤʧʦʤ ʜʦ 20% ʚ ʦʩʷʞʥʽʡ ʧʝʨʩʧʝʢʪʠʚʽ [194]. 

ɿʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ [86]  ̒ ʨʦʟʨʘʭʫʥʦʢ ʮʽʣʴʦʚʦ ʾ ʜʦʩʷʞʥʦ ʾ ʩʪʨʫʢʪʫʨʠ 

ʝʢʩʧʦʨʪʫ ʥʘ ʜʘʥʠʭ ʋʢʨʘʾʥʠ ʪʘ ʦʜʥʦʛʦ ʟ ʾʾ ʨʝʛʽʦʥʽʚ, ʱʦʙ ʧʦʢʘʟʘʪʠ ʨʝʘʣʽʩʪʠʯʥʽʩʪʴ 

ʚʠʩʦʢʠʭ ʪʝʤʧʽʚ ʟʨʦʩʪʘʥʥʷ ɺɺʇ ʋʢʨʘʾʥʠ. 

ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʫ ʪʦʨʛʽʚʣʽ (International Trade Centre) [195], 

ʟʘʛʘʣʴʥʠʡ ʩʚʽʪʦʚʠʡ ʝʢʩʧʦʨʪ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻʪʴʩʷ ʟʘ ʦʩʥʦʚʥʠʤʠ ʛʨʫʧʘʤʠ ʪʦʚʘʨʽʚ 

(ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ɻʘʨʤʦʥʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ [196]), ʧʦʯʠʥʘʁ ʯʠ ʟ 2014 ʨ. 

(ʪʘʙʣ. 1.1 [86]). 

ɺʠʭʦʜʷʯʠ ʟ ʪʘʙʣ. 1.1 ʽ 1.2 [86], ʧʦʙʫʜʫʻʤʦ ʪʘʙʣ. 3.1.1, 3.1.2, 3.1.3. ʇʦʤʽʪʥʦ 

ʟʥʠʞʫʻʪʴʩʷ ʯʘʩʪʢʘ ktSW  (%) ʢʦʣʠʩʴ ʥʘʡʙʽʣʴʰʦʾ ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ =k 27 (ʧʘʣʠʚʘ 

ʤʽʥʝʨʘʣʴʥʽ; ʥʘʬʪʘ ʽ ʧʨʦʜʫʢʪʠ ʾʾ ʧʝʨʝʛʦʥʢʠ; ʙʽʪʫʤʽʥʦʟʥʽ ʨʝʯʦʚʠʥʠ; ʚʦʩʢʠ 

ʤʽʥʝʨʘʣʴʥʽ), ʥʘʛʘʜʫʶʯʠ ʧʨʦ ʢʨʠʣʘʪʠʡ ʚʠʩʣʽʚ çʂʘʤô̫ ʥʠʡ ʚʽʢ ʩʢʽʥʯʠʚʩʷ ʥʝ ʪʦʤʫ, ʱʦ 

ʩʢʽʥʯʠʣʦʩʷ ʢʘʤʽʥʥʷè ʪʘ ʧʨʦ ʏʝʪʚʝʨʪʫ ʧʨʦʤʠʩʣʦʚʫ ʨʝʚʦʣʶʮʽʶ [193]. ʎʷ ʛʨʫʧʘ ʤʘʻ 

ʥʘʡʚʠʱʽ ʜʠʩʧʝʨʩʽʶ kD  ʪʘ ʩʝʨʝʜʥʻ kA  ʜʣʷ ʚʠʙʽʨʢʠ ʨʦʢʽʚ =t 2006,é, 2016 (ʫ ʪʘʙʣ. 

3.1.1 ʟʥʘʯʝʥʥʷ ʟ ʚʠʩʦʢʦʶ ʜʠʩʧʝʨʩʽʻʶ ʚʠʜʽʣʝʥʦ ʞʠʨʥʠʤ). 

ʊʘʙʣ. 3.1.1, 3.1.2, 3.1.3 ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠʥʘʡʤʥʽ 70 ʪʦʚʘʨʥʠʭ ʛʨʫʧ ʤʘʶʪʴ ʩʪʽʡʢʫ 

ʯʘʩʪʢʫ k

tSW  (%) ʟ ʥʫʣʴʦʚʦʶ ʜʠʩʧʝʨʩʽʻʶ. ʆʜʥʘʢ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʬʽʥʘʥʩʦʚʦʶ 

ʪʝʦʨʽʻʶ, ʢʦʞʥʘ ʪʘʢʘ ʛʨʫʧʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʶ ʯʘʩʪʢʦʶ [137]. 
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ʊʘʙʣʠʮʷ 3.1.1 ʏʘʩʪʢʘ 
k

tSW  (%) ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ k=1,é, 99 ʫ ʟʘʛʘʣʴʥʦʤʫ ʩʚʽʪʦʚʦʤʫ 

ʝʢʩʧʦʨʪʽ ʟʘ ʨʦʢʘʤʠ =t 2006,é, 2016, ʾʾ ʩʝʨʝʜʥʻ 
kA  ʪʘ ʜʠʩʧʝʨʩʽʷ 

kD  

k / t  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 kA  
kD  

85 13.7 13.1 12.0 13.0 13.0 11.8 11.8 12.3 12.6 14.1 14.5 12.9 0.83 

84 13.2 13.0 12.2 12.3 11.9 11.4 11.3 11.1 11.4 11.7 11.8 11.9 0.47 

27 14.6 13.9 17.7 14.3 15.5 17.9 18.3 17.3 16.1 11.1 9.35 15.1 8.30 

87 8.43 8.58 7.76 6.88 7.20 7.05 7.12 7.18 7.40 8.05 8.48 7.65 0.41 

71 2.04 2.12 2.32 2.64 2.91 3.51 4.24 4.58 3.76 3.85 4.10 3.28 0.82 

39 3.23 3.24 3.00 3.17 3.21 3.12 3.10 3.19 3.30 3.37 3.42 3.21 0.01 

90 3.11 2.88 2.75 3.21 3.16 2.93 3.01 2.98 3.04 3.29 3.36 3.07 0.03 

30 2.41 2.48 2.50 3.41 2.94 2.54 2.56 2.59 2.72 3.02 3.10 2.75 0.10 

99 2.14 2.86 2.56 2.08 2.02 1.73 1.66 1.74 1.98 2.44 2.63 2.17 0.16 

29 2.49 2.49 2.31 2.49 2.45 2.43 2.43 2.39 2.30 2.25 2.18 2.38 0.01 

88 1.45 1.33 1.32 1.73 1.47 1.39 1.56 1.66 1.71 2.02 2.07 1.61 0.07 

72 2.76 3.07 3.25 2.24 2.57 2.64 2.32 2.10 2.18 1.98 1.89 2.45 0.20 

73 1.75 1.86 1.93 1.84 1.64 1.66 1.67 1.65 1.69 1.71 1.63 1.73 0.01 

94 1.15 1.18 1.11 1.19 1.11 1.06 1.15 1.21 1.29 1.45 1.47 1.21 0.02 

61 1.21 1.25 1.12 1.29 1.19 1.16 1.15 1.23 1.27 1.34 1.37 1.23 0.01 

62 1.32 1.23 1.14 1.27 1.12 1.10 1.05 1.10 1.24 1.34 1.36 1.21 0.01 

38 0.90 0.91 0.97 1.04 1.01 1.01 0.97 0.98 1.02 1.04 1.08 0.99 0.00 

40 1.00 1.01 0.98 1.01 1.12 1.28 1.20 1.10 1.03 1.02 1.02 1.07 0.01 

26 0.80 0.87 0.90 0.95 1.28 1.43 1.26 1.30 1.17 0.95 0.99 1.08 0.04 

76 1.15 1.14 1.03 0.91 0.97 0.96 0.86 0.86 0.91 0.99 0.98 0.98 0.01 

48 1.24 1.21 1.12 1.24 1.13 1.05 0.91 0.92 0.93 0.95 0.96 1.06 0.02 

64 0.62 0.60 0.58 0.67 0.64 0.63 0.64 0.68 0.75 0.82 0.85 0.68 0.01 

44 0.93 0.90 0.74 0.74 0.71 0.66 0.65 0.70 0.74 0.76 0.80 0.76 0.01 

89 0.77 0.78 0.92 1.19 1.15 1.06 0.86 0.78 0.74 0.83 0.77 0.90 0.03 

74 1.14 1.09 0.92 0.86 1.06 1.02 0.94 0.87 0.82 0.79 0.74 0.93 0.02 

33 0.55 0.56 0.54 0.64 0.59 0.57 0.57 0.60 0.63 0.68 0.73 0.61 0.00 

2 0.57 0.57 0.61 0.72 0.64 0.65 0.64 0.66 0.70 0.69 0.71 0.65 0.00 

3 0.53 0.49 0.45 0.57 0.54 0.53 0.52 0.55 0.59 0.62 0.68 0.55 0.00 

8 0.44 0.44 0.44 0.55 0.50 0.48 0.49 0.53 0.56 0.63 0.68 0.52 0.01 

22 0.57 0.59 0.57 0.65 0.58 0.58 0.59 0.60 0.60 0.64 0.67 0.60 0.00 

28 0.69 0.70 0.80 0.69 0.76 0.77 0.70 0.67 0.64 0.67 0.61 0.70 0.00 

10 0.42 0.53 0.66 0.63 0.56 0.65 0.66 0.65 0.64 0.63 0.60 0.60 0.01 

95 0.57 0.61 0.61 0.67 0.56 0.51 0.49 0.47 0.49 0.57 0.59 0.56 0.00 

12 0.27 0.31 0.40 0.48 0.45 0.46 0.51 0.53 0.53 0.53 0.56 0.46 0.01 

15 0.37 0.44 0.56 0.54 0.54 0.61 0.58 0.52 0.51 0.52 0.55 0.52 0.00 

32 0.48 0.47 0.43 0.47 0.46 0.45 0.43 0.43 0.44 0.45 0.46 0.45 0.00 

42 0.32 0.32 0.31 0.35 0.34 0.36 0.38 0.40 0.40 0.45 0.46 0.37 0.00 

4 0.40 0.44 0.45 0.48 0.47 0.46 0.44 0.50 0.52 0.46 0.46 0.46 0.00 

7 0.32 0.32 0.31 0.40 0.37 0.35 0.32 0.35 0.35 0.40 0.44 0.36 0.00 

70 0.44 0.43 0.41 0.44 0.42 0.40 0.39 0.40 0.39 0.41 0.43 0.41 0.00 
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ʊʘʙʣʠʮʷ 3.1.2 ʏʘʩʪʢʘ 
k

tSW  (%) ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ k=1,é, 99 ʫ ʟʘʛʘʣʴʥʦʤʫ ʩʚʽʪʦʚʦʤʫ 

ʝʢʩʧʦʨʪʽ ʟʘ ʨʦʢʘʤʠ =t 2006,é, 2016, ʾʾ ʩʝʨʝʜʥʻ 
kA  ʪʘ ʜʠʩʧʝʨʩʽʷ 

kD  

k / t  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 kA  
kD  

19 0.28 0.28 0.29 0.36 0.32 0.31 0.32 0.34 0.36 0.39 0.41 0.33 0.00 

21 0.28 0.28 0.28 0.35 0.31 0.31 0.31 0.33 0.35 0.38 0.41 0.33 0.00 

83 0.36 0.37 0.34 0.35 0.34 0.32 0.32 0.33 0.36 0.39 0.39 0.35 0.00 

63 0.31 0.30 0.28 0.35 0.32 0.31 0.31 0.33 0.35 0.37 0.38 0.33 0.00 

82 0.36 0.35 0.34 0.34 0.34 0.34 0.34 0.34 0.36 0.37 0.37 0.35 0.00 

20 0.30 0.32 0.31 0.37 0.32 0.31 0.31 0.32 0.33 0.35 0.37 0.33 0.00 

34 0.29 0.29 0.29 0.34 0.31 0.31 0.31 0.31 0.32 0.33 0.34 0.31 0.00 

52 0.43 0.38 0.33 0.35 0.39 0.39 0.37 0.38 0.34 0.34 0.33 0.37 0.00 

91 0.23 0.23 0.22 0.24 0.25 0.27 0.29 0.29 0.31 0.34 0.32 0.27 0.00 

31 0.24 0.29 0.47 0.33 0.36 0.42 0.41 0.35 0.34 0.39 0.31 0.36 0.00 

69 0.28 0.28 0.26 0.27 0.26 0.25 0.26 0.27 0.30 0.35 0.31 0.28 0.00 

96 0.18 0.17 0.16 0.19 0.18 0.17 0.24 0.25 0.27 0.29 0.31 0.22 0.00 

9 0.19 0.19 0.21 0.25 0.24 0.28 0.26 0.24 0.26 0.29 0.31 0.25 0.00 

68 0.28 0.28 0.27 0.27 0.25 0.24 0.24 0.26 0.28 0.31 0.31 0.27 0.00 

18 0.19 0.20 0.20 0.28 0.25 0.24 0.24 0.23 0.26 0.29 0.30 0.24 0.00 

17 0.25 0.22 0.21 0.28 0.30 0.30 0.29 0.27 0.25 0.25 0.28 0.26 0.00 

54 0.32 0.31 0.27 0.28 0.27 0.27 0.26 0.27 0.27 0.29 0.28 0.28 0.00 

16 0.24 0.24 0.24 0.28 0.25 0.25 0.26 0.26 0.26 0.27 0.28 0.26 0.00 

47 0.25 0.27 0.26 0.25 0.29 0.28 0.24 0.24 0.24 0.26 0.26 0.26 0.00 

24 0.22 0.22 0.21 0.28 0.23 0.22 0.24 0.24 0.24 0.25 0.26 0.24 0.00 

25 0.25 0.25 0.30 0.27 0.26 0.26 0.25 0.24 0.25 0.26 0.24 0.26 0.00 

49 0.33 0.32 0.31 0.36 0.31 0.28 0.24 0.24 0.24 0.23 0.23 0.28 0.00 

55 0.25 0.24 0.20 0.22 0.22 0.23 0.22 0.22 0.22 0.24 0.23 0.23 0.00 

60 0.18 0.18 0.16 0.18 0.18 0.17 0.17 0.17 0.18 0.20 0.20 0.18 0.00 

86 0.22 0.23 0.24 0.21 0.22 0.24 0.24 0.21 0.23 0.23 0.20 0.23 0.00 

97 0.14 0.15 0.13 0.13 0.12 0.11 0.13 0.13 0.15 0.18 0.18 0.14 0.00 

41 0.24 0.23 0.18 0.17 0.20 0.18 0.17 0.19 0.19 0.18 0.16 0.19 0.00 

35 0.14 0.14 0.14 0.16 0.15 0.14 0.14 0.15 0.16 0.16 0.16 0.15 0.00 

59 0.15 0.14 0.13 0.15 0.15 0.14 0.13 0.14 0.14 0.15 0.15 0.14 0.00 

56 0.13 0.13 0.12 0.14 0.13 0.13 0.12 0.13 0.13 0.15 0.15 0.13 0.00 

1 0.12 0.12 0.11 0.14 0.12 0.12 0.12 0.12 0.13 0.13 0.13 0.12 0.00 

6 0.13 0.12 0.12 0.14 0.12 0.12 0.11 0.12 0.12 0.12 0.13 0.12 0.00 

75 0.24 0.34 0.19 0.15 0.19 0.18 0.15 0.15 0.16 0.15 0.12 0.18 0.00 

11 0.08 0.09 0.10 0.11 0.09 0.10 0.10 0.10 0.10 0.11 0.11 0.10 0.00 

81 0.13 0.13 0.13 0.09 0.10 0.10 0.10 0.09 0.10 0.10 0.09 0.11 0.00 

57 0.10 0.10 0.09 0.10 0.09 0.09 0.08 0.08 0.09 0.09 0.09 0.09 0.00 

37 0.17 0.15 0.12 0.14 0.12 0.10 0.10 0.09 0.09 0.09 0.09 0.11 0.00 

79 0.16 0.16 0.08 0.08 0.09 0.09 0.08 0.07 0.08 0.09 0.09 0.10 0.00 

93 0.06 0.06 0.06 0.09 0.08 0.08 0.09 0.10 0.07 0.10 0.09 0.08 0.00 

51 0.11 0.11 0.09 0.08 0.09 0.09 0.08 0.08 0.08 0.08 0.08 0.09 0.00 
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ʊʘʙʣʠʮʷ 3.1.3 ʏʘʩʪʢʘ 
k

tSW  (%) ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ k=1,é, 99 ʫ ʟʘʛʘʣʴʥʦʤʫ ʩʚʽʪʦʚʦʤʫ 

ʝʢʩʧʦʨʪʽ ʟʘ ʨʦʢʘʤʠ =t 2006,é, 2016, ʾʾ ʩʝʨʝʜʥʻ 
kA  ʪʘ ʜʠʩʧʝʨʩʽʷ 

kD  

k / t  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 kA  
kD  

65 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.06 0.04 0.00 

5 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.05 0.05 0.05 0.00 

43 0.06 0.05 0.04 0.05 0.06 0.06 0.07 0.08 0.07 0.07 0.05 0.06 0.00 

67 0.03 0.03 0.02 0.03 0.03 0.03 0.04 0.04 0.05 0.05 0.05 0.04 0.00 

13 0.03 0.03 0.03 0.04 0.04 0.04 0.07 0.05 0.05 0.04 0.04 0.04 0.00 

78 0.04 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.00 

92 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.04 0.04 0.04 0.00 

80 0.03 0.04 0.04 0.03 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.04 0.00 

53 0.03 0.03 0.02 0.02 0.03 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.00 

36 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.00 

66 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.00 

46 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.00 

50 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.00 

45 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 

14 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.00 
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ʊʘʙʣʠʮ ̫3.2.1 ʏʘʩʪʢʘ 
k
tSU  (%) ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ k=1,é, 99 ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʢʩʧʦʨʪʽ ʋʢʨʘʾʥʠ 

ʟʘ ʨʦʢʘʤʠ =t 2006,é, 2016, ʾʾ ʥʘʙʣʠʞʝʥʝ 
kASU  ʪʘ ʮʽʣʴʦʚʝ 

kTSU  ʟʥʘʯʝʥʥʷ 

k / t  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 kASU  
kTSU  

85 3.33 4.54 4.25 5.61 4.93 4.66 4.70 4.95 4.97 5.19 5.47 5.61 5.61 

84 5.35 5.55 5.22 7.02 6.10 5.22 5.51 6.07 5.52 5.15 3.65 7.02 7.02 

27 6.66 5.34 6.14 5.37 7.12 8.32 5.30 4.53 3.73 1.28 2.18 8.32 8.32 

87 1.53 2.03 1.86 0.96 1.05 0.93 0.85 0.59 0.54 0.46 0.50 2.03 2.03 

71 0.32 0.30 0.22 0.21 0.14 0.15 0.20 0.19 0.30 0.22 0.10 0.32 0.32 

39 1.47 1.43 1.02 1.00 1.00 1.12 1.14 0.95 0.85 0.90 0.90 1.47 1.47 

90 0.40 0.41 0.36 0.70 0.49 0.41 0.42 0.46 0.43 0.41 0.32 0.70 0.70 

30 0.24 0.26 0.23 0.38 0.39 0.29 0.35 0.40 0.47 0.41 0.33 0.47 0.47 

99 1.04 0.86 0.45 0.78 0.66 0.55 0.60 0.91 0.24 0.29 0.35 1.04 1.04 

29 1.64 1.48 0.72 0.38 0.87 0.96 0.58 0.37 0.29 0.17 0.31 1.64 1.64 

88 0.62 0.51 0.34 0.49 0.24 0.47 1.35 0.50 0.46 0.50 0.08 1.35 1.35 

72 34.02 33.95 34.28 25.82 28.44 27.00 22.31 22.61 23.94 21.19 19.11 34.28 34.28 

73 6.16 5.91 5.28 4.90 3.88 4.16 4.13 4.09 3.15 2.41 2.01 6.16 6.16 

94 0.53 0.58 0.53 0.58 0.61 0.65 0.74 0.88 0.99 1.04 1.03 1.04 1.04 

61 0.28 0.27 0.19 0.26 0.24 0.24 0.23 0.26 0.25 0.25 0.42 0.42 0.42 

62 1.44 1.14 0.85 1.08 0.82 0.70 0.58 0.63 0.76 0.87 1.13 1.44 1.44 

38 0.43 0.39 0.35 0.48 0.35 0.28 0.24 0.26 0.24 0.23 0.25 0.48 0.48 

40 0.62 0.57 0.47 0.42 0.34 0.25 0.32 0.30 0.24 0.18 0.25 0.62 0.62 

26 2.38 2.24 3.22 3.38 5.01 5.73 4.81 6.19 6.44 5.81 6.44 6.44 6.44 

76 1.06 0.90 0.68 0.51 0.33 0.27 0.21 0.23 0.23 0.29 0.21 1.06 1.06 

48 1.34 1.41 1.17 1.76 1.60 1.41 1.47 1.71 1.58 1.40 1.17 1.76 1.17 

64 0.33 0.29 0.26 0.35 0.33 0.30 0.25 0.30 0.36 0.38 0.39 0.39 0.25 

44 1.57 1.68 1.20 1.67 1.61 1.58 1.54 1.81 2.34 2.90 3.89 3.89 1.20 

89 0.49 0.43 0.30 0.62 0.38 0.14 0.50 0.30 0.17 0.27 0.29 0.62 0.14 

74 0.79 0.70 0.46 0.45 0.52 0.37 0.29 0.26 0.30 0.31 0.28 0.79 0.26 

33 0.16 0.25 0.21 0.34 0.32 0.26 0.27 0.32 0.32 0.28 0.12 0.34 0.12 

2 0.09 0.21 0.11 0.20 0.18 0.29 0.46 0.55 0.71 0.99 0.64 0.99 0.09 

3 0.02 0.01 0.01 0.06 0.04 0.03 0.03 0.03 0.05 0.03 0.07 0.07 0.01 

8 0.39 0.29 0.26 0.44 0.41 0.32 0.29 0.22 0.27 0.40 0.50 0.50 0.22 

22 1.09 1.09 0.84 1.16 0.86 0.56 0.56 0.65 0.47 0.48 0.31 1.16 0.31 

28 2.83 2.34 2.40 1.73 2.20 2.62 2.47 2.75 2.19 2.54 2.80 2.83 1.73 

10 3.53 1.55 5.53 8.96 4.80 5.29 10.15 10.06 12.14 15.89 15.31 15.89 1.55 

95 0.18 0.14 0.12 0.19 0.20 0.15 0.14 0.15 0.18 0.19 0.30 0.30 0.12 

12 0.82 1.35 2.13 2.62 2.11 2.10 2.55 3.23 3.13 3.87 3.68 3.87 0.82 

15 2.53 3.49 2.91 4.52 5.09 4.97 6.07 5.54 7.09 8.65 10.36 10.36 2.53 

32 0.53 0.53 0.38 0.51 0.51 0.53 0.53 0.53 0.44 0.20 0.20 0.53 0.20 

42 0.06 0.08 0.07 0.07 0.09 0.06 0.05 0.06 0.07 0.10 0.09 0.10 0.05 

4 0.89 1.26 1.03 1.20 1.26 1.03 0.89 1.09 1.07 1.01 0.70 1.26 0.70 

7 0.23 0.14 0.12 0.40 0.23 0.19 0.20 0.18 0.24 0.25 0.47 0.47 0.12 

70 0.22 0.26 0.23 0.21 0.21 0.23 0.21 0.21 0.25 0.30 0.32 0.32 0.21 
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ʊʘʙʣʠʮʷ 3.2.2 ʏʘʩʪʢʘ 
k
tSU  (%) ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ k=1,é, 99 ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʢʩʧʦʨʪʽ ʋʢʨʘʾʥʠ 

ʟʘ ʨʦʢʘʤʠ =t 2006,é, 2016, ʾʾ ʥʘʙʣʠʞʝʥʝ 
kASU  ʪʘ ʮʽʣʴʦʚʝ 

kTSU  ʟʥʘʯʝʥʥʷ 

k / t  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 kASU  
kTSU  

19 0.30 0.34 0.37 0.52 0.49 0.50 0.55 0.65 0.72 0.70 0.56 0.72 0.30 

21 0.13 0.15 0.15 0.22 0.24 0.24 0.28 0.40 0.39 0.31 0.26 0.40 0.13 

83 0.19 0.17 0.14 0.23 0.21 0.19 0.20 0.22 0.23 0.27 0.26 0.27 0.14 

63 0.19 0.18 0.13 0.20 0.17 0.15 0.15 0.16 0.20 0.25 0.21 0.25 0.13 

82 0.12 0.12 0.09 0.09 0.07 0.06 0.05 0.06 0.04 0.05 0.04 0.12 0.04 

20 0.35 0.51 0.29 0.37 0.41 0.33 0.47 0.64 0.55 0.48 0.43 0.64 0.29 

34 0.20 0.13 0.14 0.21 0.20 0.17 0.19 0.24 0.27 0.19 0.14 0.27 0.13 

52 0.03 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.03 0.00 

91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 

31 2.60 2.69 2.98 2.16 1.83 2.66 2.60 1.85 1.29 1.40 1.05 2.98 1.05 

69 0.23 0.24 0.22 0.30 0.36 0.36 0.44 0.46 0.42 0.37 0.31 0.46 0.22 

96 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.21 0.15 0.20 0.21 0.01 

9 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.04 0.04 0.01 

68 0.22 0.23 0.23 0.21 0.21 0.21 0.20 0.25 0.22 0.20 0.22 0.25 0.20 

18 0.68 0.72 0.75 1.13 1.15 0.99 0.96 0.88 0.60 0.49 0.40 1.15 0.40 

17 0.30 0.32 0.25 0.42 0.40 0.35 0.50 0.41 0.27 0.44 0.76 0.76 0.25 

54 0.09 0.08 0.05 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.09 0.01 

16 0.06 0.07 0.06 0.10 0.09 0.07 0.09 0.09 0.06 0.03 0.06 0.10 0.03 

47 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 

24 0.29 0.37 0.33 0.54 0.42 0.34 0.39 0.46 0.62 0.92 1.62 1.62 0.29 

25 1.06 1.10 1.17 1.08 0.96 0.95 1.03 1.12 1.15 1.04 1.25 1.25 0.95 

49 0.20 0.14 0.13 0.27 0.23 0.21 0.18 0.26 0.25 0.22 0.22 0.27 0.13 

55 0.04 0.03 0.02 0.02 0.01 0.01 0.02 0.03 0.02 0.03 0.05 0.05 0.01 

60 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.01 0.03 0.01 

86 2.78 3.74 3.96 1.96 4.67 5.57 5.98 3.89 1.56 0.55 0.50 5.98 0.50 

97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

41 0.70 0.69 0.45 0.36 0.24 0.17 0.13 0.15 0.16 0.16 0.20 0.70 0.13 

35 0.16 0.14 0.11 0.09 0.10 0.10 0.10 0.09 0.15 0.15 0.11 0.16 0.09 

59 0.12 0.11 0.08 0.05 0.04 0.04 0.04 0.04 0.04 0.03 0.02 0.12 0.02 

56 0.08 0.07 0.06 0.08 0.06 0.04 0.05 0.06 0.09 0.14 0.15 0.15 0.04 

1 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.03 0.07 0.10 0.10 0.01 

6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 

75 0.02 0.04 0.03 0.03 0.04 0.03 0.02 0.03 0.04 0.02 0.02 0.04 0.02 

11 0.09 0.15 0.27 0.23 0.16 0.16 0.15 0.22 0.23 0.31 0.22 0.31 0.09 

81 0.42 0.30 0.20 0.18 0.19 0.21 0.23 0.20 0.25 0.25 0.22 0.42 0.18 

57 0.05 0.05 0.04 0.04 0.02 0.02 0.03 0.03 0.03 0.02 0.02 0.05 0.02 

37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

79 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.01 0.03 0.00 0.00 0.03 0.00 

93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.09 0.00 

51 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.01 
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ʊʘʙʣʠʮʷ 3.2.3 ʏʘʩʪʢʘ 
k
tSU  (%) ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ k=1,é, 99 ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʢʩʧʦʨʪʽ ʋʢʨʘʾʥʠ 

ʟʘ ʨʦʢʘʤʠ =t 2006,é, 2016, ʾʾ ʥʘʙʣʠʞʝʥʝ 
kASU  ʪʘ ʮʽʣʴʦʚʝ 

kTSU  ʟʥʘʯʝʥʥʷ 

k / t  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 kASU  
kTSU  

65 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.00 

5 0.03 0.02 0.01 0.01 0.02 0.01 0.01 0.02 0.03 0.05 0.03 0.05 0.01 

43 0.03 0.02 0.02 0.02 0.01 0.02 0.02 0.03 0.06 0.05 0.04 0.06 0.01 

67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 

13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

78 0.04 0.07 0.04 0.06 0.04 0.02 0.02 0.03 0.04 0.06 0.08 0.08 0.02 

92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

80 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 

53 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 

36 0.03 0.01 0.02 0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.01 

66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.02 0.00 

46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

14 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.08 0.16 0.15 0.10 0.16 0.00 

S            151.98 100.05 
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ʗʢʱʦ ʮʽʣʴ ï ʤʘʢʩʠʤʽʟʘʮʽʷ ʟʘʛʘʣʴʥʦʛʦ ʝʢʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʩʪʘʥʦʤ ʥʘ 2016 ʨ., ʪʦ 

ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ kSW2016 ʜʣʷ ʧʦʰʫʢʫ ʮʽʣʴʦʚʠʭ ʜʦʩʷʞʥʠʭ ʟʥʘʯʝʥʴ 

=kTSU kTSU2016 ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ. 

ʂʨʦʢ 1. ʇʝʨʝʥʫʤʝʨʫʻʤʦ ʚʩʽ ʪʦʚʘʨʥʽ ʛʨʫʧʠ k=1,é, 99 ʫ ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ 

j=1,é, 98, ʱʦ 120162016

+> jj SWSW . 

ʂʨʦʢ 2. ɺʠʟʥʘʯʘʻʤʦ 100=T . 

ʂʨʦʢ 3. ʆʙʠʨʘʻʤʦ ʧʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ 
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2016

0

2016 minmax
j

j

t
t

jj

t
t

j

j WUEWUEU =46697 ʤʣʥ. ʜʦʣ., ʱʦ ʥʘ 

=
-

37825

3782546697
23.46% ʧʝʨʝʚʠʱʫʻ ʾʾ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʫ 2016 ʨ. ʝʢʩʧʦʨʪ. ɼʣʷ 

20,...,2,1=j  ʫ ʪʘʙʣ. 3.2.1 ʚʠʜʽʣʝʥʦ ʞʠʨʥʠʤ ʟʥʘʯʝʥʥʷ k

tSU , ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

j

t
t

SUmax . 

ɼʦʩʷʛʥʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʝʢʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʜʦʟʚʦʣʠʣʦ ʙʠ ʟʙʽʣʴʰʠʪʠ ʾʾ ɺɺʇ ʥʘ 

46.697ï37.825=8.872 ʤʣʨʜ. ʜʦʣ., ʘʙʦ ʥʘ =
263.93

872.8
9.51% ʚʽʜʥʦʩʥʦ ʨʽʚʥʷ ɺɺʇ 93.263 

ʤʣʨʜ. ʜʦʣ. ʥʘ 2016 ʨ. ʟʘ ʜʘʥʠʤʠ World Economic Outlook ʄɺʌ. ɺʨʘʭʦʚʫʶʯʠ ʽʥʰʫ 

ʦʮʽʥʢʫ ʤʦʞʣʠʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ɺɺʇ ʋʢʨʘʾʥʠ [86], ʘ ʪʘʢʦʞ ʚʠʱʝʟʘʟʥʘʯʝʥʫ ʦʮʽʥʢʫ 
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ʇʦʩʣʘ ʂʦʨʝʾ ʚ ʋʢʨʘʾʥʽ, ʟʨʦʩʪʘʥʥʷ ɺɺʇ ʋʢʨʘʾʥʠ ʟ ʪʝʤʧʦʤ 10% ʻ ʨʝʘʣʽʩʪʠʯʥʠʤ, 

ʜʦʮʽʣʴʥʠʤ ʽ ʙʘʞʘʥʠʤ. 

ʆʪʞʝ, ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʪʘʙʣ. 3.1.1 ʽ 3.2.1 ʩʚʽʜʯʘʪʴ, ʱʦ ʩʝʨʝʜ ʫʩʽʭ 99 ʪʦʚʘʨʥʠʭ 

ʛʨʫʧ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 20 ʛʨʫʧ, ʧʨʽʦʨʠʪʝʪʥʠʭ ʜʣʷ ʋʢʨʘʾʥʠ: 

85 (ʝʣʝʢʪʨʠʯʥʽ ʤʘʰʠʥʠ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʾʭ ʯʘʩʪʠʥʠ; ʘʧʘʨʘʪʫʨʘ ʜʣʷ ʟʘʧʠʩʫ ʘʙʦ 

ʚʽʜʪʚʦʨʝʥʥʷ ʟʚʫʢʫ; ʪʝʣʝʚʽʟʽʡʥʘ ʘʧʘʨʘʪʫʨʘ ʜʣʷ ʟʘʧʠʩʫ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʽ 

ʟʚʫʢʫ, ʾʭ ʯʘʩʪʠʥʠ ʪʘ ʧʨʠʣʘʜʜʷ); 

84 (ʨʝʘʢʪʦʨʠ ʷʜʝʨʥʽ, ʢʦʪʣʠ, ʤʘʰʠʥʠ, ʦʙʣʘʜʥʘʥʥʷ ʽ ʤʝʭʘʥʽʯʥʽ ʧʨʠʩʪʨʦʾ; ʾʭ ʯʘʩʪʠʥʠ); 

27 (ʧʘʣʠʚʘ ʤʽʥʝʨʘʣʴʥʽ; ʥʘʬʪʘ ʽ ʧʨʦʜʫʢʪʠ ʾʾ ʧʝʨʝʛʦʥʢʠ; ʙʽʪʫʤʽʥʦʟʥʽ ʨʝʯʦʚʠʥʠ; 

ʚʦʩʢʠ ʤʽʥʝʨʘʣʴʥʽ); 

87 (ʟʘʩʦʙʠ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʢʨʽʤ ʟʘʣʽʟʥʠʯʥʦʛʦ ʘʙʦ ʪʨʘʤʚʘʡʥʦʛʦ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʾʭ ʯʘʩʪʠʥʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ); 

71 (ʧʝʨʣʠ ʧʨʠʨʦʜʥʽ ʘʙʦ ʢʫʣʴʪʠʚʦʚʘʥʽ, ʜʦʨʦʛʦʮʽʥʥʝ ʘʙʦ ʥʘʧʚ̔ʜʦʨʦʛʦʮʽʥʥʝ 

ʢʘʤʽʥʥʷ, ʜʦʨʦʛʦʮʽʥʥʽ ʤʝʪʘʣʠ, ʤʝʪʘʣʠ, ʧʣʘʢʦʚʘʥʽ ʜʦʨʦʛʦʮʽʥʥʠʤʠ ʤʝʪʘʣʘʤʠ, ʪʘ 

ʚʠʨʦʙʠ ʟ ʥʠʭ; ʙʽʞʫʪʝʨʽʷ; ʤʦʥʝʪʠ); 

39 (ʧʣʘʩʪʤʘʩʠ, ʧʦʣʽʤʝʨʥ̔ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʠʨʦʙʠ ʟ ʥʠʭ); 

90 (ʧʨʠʣʘʜʠ ʪʘ ʘʧʘʨʘʪʠ ʦʧʪʠʯʥʽ, ʬʦʪʦʛʨʘʬʽʯʥʽ, ʢʽʥʝʤʘʪʦʛʨʘʬʽʯʥʽ, ʢʦʥʪʨʦʣʴʥʽ, 

ʚʠʤ̔ ʨʚʁʘʣʴʥʽ, ʧʨʝʮʠʟʽʡʥʽ; ʤʝʜʠʯʥ ̔ʘʙʦ ʭʽʨʫʨʛʽʯʥʽ; ʾʭ ʯʘʩʪʠʥʠ ʪʘ ʧʨʠʣʘʜʜʷ); 

30 (ʬʘʨʤʘʮʝʚʪʠʯʥʘ ʧʨʦʜʫʢʮʽʷ); 

99 (ʪʦʚʘʨʠ, ʥʝ ʚʢʘʟʘʥʽ ʜʝʽʥʜʝ); 

29 (ʦʨʛʘʥʽʯʥ ̔ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ); 

88 (ʣ̔ʪʘʣʴʥʽ ʘʧʘʨʘʪʠ, ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʪʘ ʭʾ ʯʘʩʪʠʥʠ); 

72 (ʯʦʨʥʽ ʤʝʪʘʣʠ); 

73 (ʚʠʨʦʙʠ ʟ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ); 

94 (ʤʝʙʣʽ; ʧʦʩʪʽʣʴʥʽ ʨʝʯʽ, ʤʘʪʨʘʮʠ, ʤʘʪʨʘʮʥʽ ʦʩʥʦʚʠ, ʜʠʚʘʥʥʽ ʧʦʜʫʰʢʠ ʪʘ 

ʘʥʘʣʦʛʽʯʥʽ ʥʘʙʠʚʥʽ ʨʝʯʽ ʤʝʙʣʽʚ, ʩʚʽʪʠʣʴʥʠʢʠ ʪʘ ʦʩʚʽʪʣʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ, ʚ ʽʥʰʦʤʫ 

ʤʽʩʮʽ ʥʝ ʟʘʟʥʘʯʝʥʽ; ʩʚʽʪʣʦʚʽ ʧʦʢʘʞʯʠʢʠ, ʪʘʙʣʦ ʪʘ ʧʦʜʽʙʥʽ ʚʠʨʦʙʠ; ʟʙʽʨʥʽ ʙʫʜʽʚʝʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ); 
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61 (ʦʜʷʛ ʪʘ ʜʦʜʘʪʢʦʚʽ ʨʝʯʽ ʜʦ ʦʜʷʛʫ, ʪʨʠʢʦʪʘʞʥʽ); 

62 (ʦʜʷʛ ʪʘ ʜʦʜʘʪʢʦʚʽ ʨʝʯʽ ʜʦ ʦʜʷʛʫ, ʪʝʢʩʪʠʣʴʥʽ, ʢʨʽʤ ʪʨʠʢʦʪʘʞʥʠʭ); 

38 (ʨ̔ʟʥʦʤʘʥʽʪʥʘ ʭʽʤʽʯʥʘ ʧʨʦʜʫʢʮʽʷ); 

40 ʢʘʫʯʫʢ, ʛʫʤʘ ʪʘ ʚʠʨʦʙʠ ʟ ʥʠʭ); 

26 (ʨʫʜʠ, ʰʣʘʢ ʽ ʟʦʣʘ); 

76 (ʘʣʶʤʽʥʽʡ ʽ ʚʠʨʦʙʠ ʟ ʥʴʦʛʦ). 

ʉʝʨʝʜ 20 ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʨʽʦʨʠʪʝʪʥʠʭ ʛʨʫʧ ʪʽʣʴʢʠ 5 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʤ, 

ʱʦ ʾʭʥʷ ʤʘʢʩʠʤʘʣʴʥʘ ʧʦ t  ʯʘʩʪʢʘ 
0

t

j

t

U

U
 ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʢʩʧʦʨʪʽ ʋʢʨʘʾʥʠ ʧʝʨʝʚʠʱʫʻ 

ʩʝʨʝʜʥʴʦʩʚʽʪʦʚʫ ʯʘʩʪʢʫ jA , ï ʮʝ ʛʨʫʧʠ 72, 73, 62, 26, 76. ʉʝʨʝʜ ʦʩʪʘʥʥʽʭ ʣʠʰʝ 

ʩʚʽʪʦʚʠʡ ʝʢʩʧʦʨʪ ʛʨʫʧʠ 72 ʤʘʻ ʚʠʩʦʢʫ ʚʦʣʘʪʠʣʴʥʽʩʪʴ, ʧʦʟʘʷʢ ʚʠʩʦʢʫ ʚʦʣʘʪʠʣʴʥʽʩʪʴ 

ʤʘʶʪʴ ʪʘʢʦʞ ʧʨʦʚʽʜʥʽ ʩʚʽʪʦʚʽ ʝʢʩʧʦʨʪʥ ̔ ʛʨʫʧʠ 85, 84, 27, 87, 71, 99. ʊʘʢʘ 

ʚʦʣʘʪʠʣʴʥʽʩʪʴ ʧʽʜʪʚʝʨʜʞʫʻ ʬʽʥʘʥʩʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʠʟʠʢʦʤ ʽ ʚʽʜʜʘʯʝ ʁ

[194]. ʎʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʘʻ ʧ̔ ʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʧʦʪʨʝʙʠ ʧʽʜʛʦʪʦʚʢʠ ʢʘʜʨʽʚ 

ʋʢʨʘʾʥʠ, ʟʜʘʪʥʠʭ ʫʩʧʽʰʥʦ ʧʨʘʮʶʚʘʪʠ ʥʘ ʩʚʽʪʦʚʠʭ ʨʠʥʢʘʭ ʚ ʫʤʦʚʘʭ ʨʠʟʠʢʫ ʡ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʽʥʥʦʚʘʮʽʾ, ʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥ ̫ʽ ʨʦʟʨʦʙʢʠ [197]. 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʝʪhʘ ʪʦʚʘʨʥʠʭ ʛʨʫʧ ʥʝ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʾ 

ʚʦʣʘʪʠʣʴʥʦʩʪʽ ʜʣʷ ʩʚʽʪʫ. 

ʊʘʙʣ. 3.3.1, 3.3.2, 3.3.3 ʚʢʘʟʫʶʪʴ ʯʘʩʪʢʫ ktnSU  (%) ʝʢʩʧʦʨʪʫ k

tnU  ʢʦʞʥʦʾ 

ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ k=1,é, 99 ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʢʩʧʦʨʪʽ 0

tnU  ʆʜʝʱʠʥʠ ʟʘ ʨʦʢʘʤʠ 

=t 2006,é, 2016 [198ï201], ʚʠʭʦʜʷʯʠ ʟ ʪʘʙʣ. 4 [86]. ʅʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʪʘʢʦʾ 

ʯʘʩʪʢʠ ʚʠʟʥʘʯʘʻʪʴʩ̫ ʷʢ k

nASU
k

tn
t

SUmax= . 

ʊʦʜ̔ ʩʫʤʘ ʮʠʭ ʥʘʙʣʠʞʝʥʠʭ ʯʘʩʪʦʢ ʜʦʨʽʚʥʶʻ ä
=

=
99

1k

k

nn ASUS . 
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ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʧʨʠʨʦʜʥʝ ʦʙʤʝʞʝʥʥʷ ä
=

=
99

1

100
k

k

tnSU , =t 2006,é, 2016, 

ʘʥʘʣʦʛʽʯʥʦʛʦ ʦʙʤʝʞʝʥʥʷ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʜʣ̫ ʮʽʣʴʦʚʠʭ ʯʘʩʪʦʢ ʪʦʚʘʨʥʠʭ ʛʨʫʧ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʝʢʩʧʦʨʪʽ ʆʜʝʱʠʥʠ: ä
=

=
99

1

100
k

k

tnTSU  %, ʘʙʦ 1. 

ɿʘʛʘʣʴʥʠʡ ʝʢʩʧʦʨʪ ʆʜʝʱʠʥʠ ʟʘ ʨʽʢ t  ʜʦʨʽʚʥʶʻ 

=0

tnU ä ää
= ==

=³=
99

1

99

1

00
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1 k k

k

tntntn

k
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k

k

tn SUUUSUU . 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, )( 0

t

k

t

k

tn

t

k

t

kn

k

tn ESWWUEWUU ³³=³= , ʜʝ k

tE  ï ʩʚʽʪʦʚʠʡ ʝʢʩʧʦʨʪ 

ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ k  ʟʘ ʨʽʢ t  (ʪʘʙʣ. 1.1. ʽ 1.2 [86]), k

tnWU  ï ʯʘʩʪʢʘ ʝʢʩʧʦʨʪʫ ʆʜʝʱʠʥʠ 

ʚʽʜ ʩʚʽʪʦʚʦʛʦ ʫ ʮʽʡ ʛʨʫʧʽ (ʪʘʙʣ. 3.1 ʽ 3.2 [86]). ɿʚʽʜʩʠ 

=ä
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99
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k
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tntn TSUU ä ä
= =

³==
99

1

99

1
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k k
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tnt

k

tntn SWWUEUU . 

ʗʢʱʦ ʮʽʣʴ ï ʤʘʢʩʠʤʽʟʘʮʽʷ ʟʘʛʘʣʴʥʦʛʦ ʝʢʩʧʦʨʪʫ ʆʜʝʱʠʥʠ ʩʪʘʥʦʤ ʥʘ 2016 ʨ., ʪʦ 

ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ kSW2016 ʜʣʷ ʧʦʰʫʢʫ ʮʽʣʴʦʚʠʭ ʜʦʩʷʞʥʠʭ ʟʥʘʯʝʥʴ 
k

nTSU2016  

ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʩʢʣʘʜʘ̒ ʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ. 

ʂʨʦʢ 1. ʇʝʨʝʥʫʤʝʨʫʻʤʦ ʚʩʽ ʪʦʚʘʨʥʽ ʛʨʫʧʠ k=1,é, 99 ʫ ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ 

j=1,é, 98, ʱʦ 1

20162016

+> jj SWSW . 

ʂʨʦʢ 2. ɺʠʟʥʘʯʘʻʤʦ 100=T . 

ʂʨʦʢ 3. ʆʙʠʨʘʻʤʦ ʧʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥ̫ 

=j

nTSU2016

j
nASU

j

tn
t

SUmax= , j=1,é, 99. 

ʂʨʦʢ 4. ʗʢʱʦ ä
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2016 100
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nn TSUS , ʪʦ ʚʠʟʥʘʯʘʻʤʦ 1-=TT  ʪʘ ʦʙʯʠʩʣʶʻʤʦ 
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nTSU2016

T
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SUmin . 
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ɼʣʷ ʧʨʦʩʪʦʪʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʽʥʜʝʢʩ t, ʜʝ ʜʦʩʷʛʘʻʪʴʩʷ j

tn
t

SUmax , ï ʮʝ ʽʥʜʝʢʩ t , 

ʜʝ ʜʦʩʷʛʘʻʪʴʩʷ j

tn
t

WUmax . ɸʥʘʣʦʛʽʯʥʦ ʥʝʭʘʡ  ʽʥʜʝʢʩ t , ʜʝ ʜʦʩʷʛʘʻʪʴʩʷ j

tn
t

SUmin , ï 

ʮʝ ʽʥʜʝʢʩ, ʜʝ ʜʦʩʷʛʘʻʪʴʩʷ j

tn
t

WUmin . 

ʂʨʦʢ 5. ʗʢʱʦ 0100
99

1

2016 >-=D ä
=j

j

nn TSU , ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʥʘ ʢʨʦʢ 4, ʘ ʚ ʽʥʰʦʤʫ 

ʚʠʧʘʜʢʫ ʧʝʨʝʭʦʜʠʤʦ ʥʘ ʢʨʦʢ 5. 

ʂʨʦʢ 6. ɺʠʟʥʘʯʘʻʤʦ =T

nTSU2016 n

T

nASU D-  ʽ ʟʫʧʠʥʷʻʤʦʩʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʜʘʥʽ ʪʘʙʣ. 1.1 ʽ 1.2 [86] ʜʣʷ ʟʥʘʯʝʥʴ k

tE  ʩʚʽʪʦʚʦʛʦ ʝʢʩʧʦʨʪʫ (ʤʣʨʜ. 

ʜʦʣ.), ʜʘʥʽ ʪʘʙʣ. 5 [86] ʜʣʷ ʯʘʩʪʦʢ k

tnWU  ʝʢʩʧʦʨʪʫ ʆʜʝʱʠʥʠ ʚʽʜ ʩʚʽʪʦʚʦʛʦ (ʫ 

ʤʽʢʨʦʧʨʦʮʝʥʪʘʭ), ʘʣʛʦʨʠʪʤ ʟ ʢʨʦʢʽʚ 1ï6 ʟʥʘʭʦʜʠʪʴ ʚʝʣʠʯʠʥʫ ʮʽʣʴʦʚʦʛʦ ʟʘʛʘʣʴʥʦʛʦ 

ʝʢʩʧʦʨʪʫ ʆʜʝʱʠʥʠ 

)max(minmax 3030

2016

99

31

2016

29

1

2016

0

2016 ntn
t

j

j

tn
t

jj

tn
t

j

j

n WUEWUEWUEU D-+³+³= ää
==

= 

=1352 ʤʣʥ. ʜʦʣ.,  ʷʢʠʡ ʥʘ =
-

1520

13521520
11.07 % ʤʝʥʰʠʡ ʾʾ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ ʫ 

2016 ʨ. ʝʢʩʧʦʨʪʫ. ɼʣʷ 30,...,2,1=j  ʫ ʪʘʙʣ. 3.3.1 ʚʠʜʽʣʝʥʦ ʞʠʨʥʠʤ ʟʥʘʯʝʥʥʷ k

tnSU , 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ j

tn
t

SUmax . 

ʆʪʞʝ, ʩʝʨʝʜ ʫʩʽʭ 99 ʪʦʚʘʨʥʠʭ ʛʨʫʧ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 30, ʧʨʽʦʨʠʪʝʪʥʠʭ ʜʣʷ 

ʆʜʝʱʠʥʠ, ï ʮʝ 20 ʚʠʱʝʚʢʘʟʘʥʠʭ ʛʨʫʧ, ʜʣʷ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ 9 ʪʘʢʠʭ ʛʨʫʧ: 

48 (ʧʘʧʽʨ ʽ ʢʘʨʪʦʥ; ʚʠʨʦʙʠ ʟ ʧʘʧʝʨʦʚʦʾ ʤʘʩʠ, ʧʘʧʝʨʫ ʘʙʦ ʢʘʨʪʦʥʫ); 

64 (ʛʦʣʦʚʥ ̔ʫʙʦʨʠ ʪʘ ʾʭ ʯʘʩʪʠʥʠ); 

44 (ʜʝʨʝʚʠʥʘ ʽ ʚʠʨʦʙʠ ʟ ʜʝʨʝʚʠʥʠ; ʜʝʨʝʚʥʝ ʚʫʛʽʣʣʷ); 

89 (ʩʫʜʥʘ, ʯʦʚʥʠ ʪʘ ʽʥʰʽ ʧʣʘʚʫʯʽ ʟʘʩʦʙʠ); 

74 (ʤ̔ʜʴ ʽ ʚʠʨʦʙʠ ʟ ʥʝʾ); 

33 (ʝʬ̔ ʨʥʽ ʦʣʽʾ ʪʘ ʨʝʟʠʥʦʾʜʠ; ʧʘʨʬʫʤʝʨʥʽ, ʢʦʩʤʝʪʠʯʥʽ ʪʘ ʪʫʘʣʝʪʥʽ ʧʨʝʧʘʨʘʪʠ); 

2 (ʤôʷʩʦ ʪʘ ʾʩʪʽʚʥʽ ʩʫʙʧʨʦʜʫʢʪʠ); 
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ʊʘʙʣʠʮʷ 3.3.1 ʏʘʩʪʢʘ 
k
tnSU  (%) ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ k=1,é, 99 ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʢʩʧʦʨʪʽ ʆʜʝʱʠʥʠ 

ʟʘ ʨʦʢʘʤʠ =t 2006,é, 2016, ʾʾ ʥʘʙʣʠʞʝʥʝ 
k
nASU  ʪʘ ʮʽʣʴʦʚʝ 

k
nTSU  ʟʥʘʯʝʥʥʷ 

k / t  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 k
nASU  

k
nTSU  

85 3.88 3.65 1.71 1.30 2.02 2.54 3.27 2.83 2.30 2.37 2.70 3.88 3.88 

84 5.29 4.34 2.96 1.85 2.00 3.34 2.48 2.68 1.50 1.14 1.47 5.29 5.29 

27 0.42 1.87 33.68 28.70 27.65 1.18 6.21 7.63 7.18 0.08 0.11 33.68 33.68 

87 0.35 0.59 0.23 0.09 0.03 0.15 0.16 0.17 0.12 0.03 0.04 0.59 0.59 

71              

39 0.47 0.63 0.28 0.24 0.32 0.60 0.64 0.67 0.44 0.32 0.34 0.67 0.67 

90 0.96 0.85 0.44 0.44 0.42 0.51 0.46 0.43 0.40 0.33 0.37 0.96 0.96 

30 0.72 0.64 0.21 0.33 0.34 0.23 0.32 0.16 0.09 0.08 0.09 0.72 0.72 

99 0.10 0.01 0.13         0.13 0.13 

29 0.10 0.16 0.08 0.19 0.22 0.14 0.02 0.01 0.04 0.16 0.31 0.31 0.31 

88 0.83 1.07 0.20 0.19 0.07 0.02 0.40 0.38    1.07 1.07 

72 6.87 6.58 4.64 2.54 2.85 3.98 2.16 2.07 2.85 2.36 1.29 6.87 6.87 

73 3.28 3.00 1.49 0.62 0.70 2.08 1.95 2.38 1.36 0.84 0.90 3.28 3.28 

94 0.08 0.08 0.03 0.06 0.06 0.07 0.06 0.13 0.19 0.07 0.05 0.19 0.19 

61 0.03 0.04 0.04 0.07 0.07 0.08 0.12 0.13 0.07 0.03 0.05 0.13 0.13 

62 1.15 0.50 0.24 0.27 0.26 0.49 0.33 0.36 0.39 0.30 0.36 1.15 1.15 

38 0.04 0.55 0.36 0.45 0.53 0.55 0.13 0.07 0.05 0.07 0.05 0.55 0.55 

40 0.03 0.02 0.02 0.02 0.02 0.02 0.05 0.06 0.03 0.01 0.03 0.06 0.06 

26 0.07 0.06 0.00         0.07 0.07 

76 0.20 0.46 0.10 0.00 0.01 0.03 0.02 0.03 0.11 0.20 0.30 0.46 0.46 

48 0.31 0.31 0.18 0.27 0.27 0.39 0.39 0.53 0.42 0.33 0.30 0.53 0.53 

64 0.07 0.08 0.08 0.16 0.21 0.35 0.37 0.43 0.38 0.40 0.45 0.45 0.45 

44 0.94 0.65 0.29 0.32 0.26 0.50 0.31 0.37 0.40 0.74 0.89 0.94 0.94 

89 0.71 0.58 0.59 1.00 0.72 0.07 5.32 0.27 0.12 0.48 0.29 5.32 5.32 

74 3.27 2.48 0.75 1.03 1.60 3.20 1.11 0.13 0.03 0.02 0.00 3.27 3.27 

33 0.39 0.24 0.07 0.18 0.17 0.17 0.12 0.11 0.11 0.06 0.02 0.39 0.39 

2              

3 0.48 0.22 0.00 0.97 0.45 0.01 0.00 0.04 0.00 0.01 0.05 0.97 0.97 

8 0.85 0.48 0.96 2.28 1.41 4.60 1.03 0.34 0.51 0.64 1.80 4.60 4.60 

22 5.78 5.61 1.79 2.81 2.44 2.05 2.45 3.53 2.41 2.33 1.34 5.78 3.66 

28 20.69 15.08 11.94 3.22 12.01 18.97 15.24 20.35 14.43 14.55 2.65 20.69 2.65 

10 4.03 1.63 3.09 9.95 6.92 7.07 8.87 15.82 20.97 26.15 33.02 33.02 1.63 

95 0.18 0.21 0.13 0.18 0.15 0.21 0.19 0.25 0.15 0.10 0.18 0.25 0.10 

12 1.47 2.32 1.64 5.03 4.50 5.96 5.45 7.91 11.37 10.00 9.75 11.37 1.47 

15 2.82 14.26 9.53 10.44 11.37 9.38 10.65 6.73 11.32 12.29 21.01 21.01 2.82 

32 0.31 0.37 0.22 0.19 0.26 0.16 0.07 0.05 0.06 0.05 0.07 0.37 0.05 

42 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01    0.01 0.00 

4 0.08 0.16 0.08 0.22 0.09 0.11 0.12 0.54 0.44 0.44 0.41 0.54 0.08 

7 0.52 0.56 0.42 2.49 0.74 1.09 1.09 1.23 1.79 1.58 2.25 2.49 0.42 

70 0.16 0.25 0.30 0.14 0.01 0.04 0.06 0.07 0.08 0.07 0.10 0.30 0.01 
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ʊʘʙʣʠʮʷ 3.3.2 ʏʘʩʪʢʘ 
k
tnSU  (%) ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ k=1,é, 99 ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʢʩʧʦʨʪʽ ʆʜʝʱʠʥʠ 

ʟʘ ʨʦʢʘʤʠ =t 2006,é, 2016, ʾʾ ʥʘʙʣʠʞʝʥʝ 
k
nASU  ʪʘ ʮʽʣʴʦʚʝ 

k
nTSU  ʟʥʘʯʝʥʥʷ 

k / t  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 k
nASU  

k
nTSU  

19 0.11 0.15 0.09 0.12 0.07 0.06 1.05 0.14 0.21 0.27 0.26 1.05 0.06 

21 0.08 0.08 0.05 0.10 0.10 0.10 0.10 0.13 0.21 0.13 0.13 0.21 0.05 

83 1.38 0.83 0.44 0.87 0.77 0.89 0.58 0.77 0.56 0.42 0.72 1.38 0.42 

63 0.01 0.01 0.01 0.02 0.01 0.00 0.00 0.02 0.02 0.00 0.02 0.02 0.00 

82 0.02 0.36 0.11 0.22 0.29 0.01 0.01 0.01 0.02 0.01 0.02 0.36 0.01 

20 1.45 0.79 0.38 0.59 0.52 0.54 1.59 0.46 0.40 0.64 0.50 1.59 0.38 

34 0.10 0.15 0.09 0.12 0.14 0.12 0.17 0.14 0.12 0.05 0.04 0.17 0.04 

52 0.00 0.00 0.00 0.00 0.00       0.00 0.00 

91              

31 24.13 21.58 16.51 14.05 12.23 22.52 18.41 13.38 10.22 13.41 8.66 24.13 8.66 

69              

96 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.04 0.01 0.01 0.04 0.00 

9 0.06 0.00 0.02 0.08 0.02 0.23 0.17 0.10 0.22 0.06 0.12 0.23 0.00 

68 0.02 0.01 0.02 0.02 0.03 0.03 0.00 0.01 0.02 0.03 0.02 0.03 0.00 

18 0.63 0.86 0.45 0.48 0.43 0.32 0.17 0.16 0.12 0.05 0.03 0.86 0.03 

17 0.70 0.56 0.26 0.49 0.46 0.74 0.32 0.25 0.10 0.54 0.43 0.74 0.10 

54 0.12 0.09 0.02 0.03 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.12 0.00 

16 0.58 0.62 0.34 0.62 0.57 0.75 0.39 0.30 0.18 0.09 0.09 0.75 0.09 

47              

24              

25 0.04 0.01 0.15 0.02 0.01 0.00 0.06 0.00    0.15 0.00 

49 0.09 0.20 0.04 0.03 0.07 0.03 0.03 0.03 0.02 0.01 0.01 0.20 0.01 

55 0.00 0.00 0.01 0.01 0.01       0.01 0.00 

60 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00    0.01 0.00 

86 0.02 0.06 0.03 0.02 0.02 0.02 0.01 0.03    0.06 0.01 

97              

41 0.67 1.70 0.20 1.47 0.21 0.08 0.01 0.00 0.00 0.00 0.00 1.70 0.00 

35              

59 0.04 0.05 0.03         0.05 0.03 

56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00    0.00 0.00 

1              

6  0.01 0.00 0.00 0.00       0.01 0.00 

75              

11 0.03 0.11 0.49 0.17 0.07 0.10 0.04 0.14 0.07 0.30 0.17 0.49 0.03 

81              

57              

37 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 

79              

93              

51              
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3 (ʨʠʙʘ ʽ ʨʘʢʦʧʦʜʽʙʥʽ, ʤʦʣʶʩʢʠ ʪʘ ʽʥʰʽ ʚʦʜʷʥʽ ʙʝʟʭʨʝʙʝʪʥʽ); 

8 (ʩʾʪʽʚʥʽ ʧʣʦʜʠ ʪʘ ʛʦʨʽʭʠ; ʰʢʽʨʢʠ ʮʠʪʨʫʩʦʚʠʭ ʘʙʦ ʜʠʥʴ); 

ʉʝʨʝʜ ʪʘʢʠʭ 29 ʛʨʫʧ ʜʣʷ 5 ʛʨʫʧ (71, 99, 88, 26, 2) ʟʥʘʯʝʥʥʷ ʝʢʩʧʦʨʪʫ ʆʜʝʱʠʥʠ 

ʥʝ ʚʠʤʽʨʶʚʘʣʠʩʷ ʫ 2016 ʨ.  ʆʯʝʚʠʜʥʦ, ʮʽ 5 ʛʨʫʧ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʜʣʷ ʆʜʝɦ ʠʥʠ. 

ʊʘʙʣʠʮʷ 3.3.3 ʏʘʩʪʢʘ 
k
tnSU  (%) ʪʦʚʘʨʥʦʾ ʛʨʫʧʠ k=1,é, 99 ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʢʩʧʦʨʪʽ ʆʜʝʱʠʥʠ 

ʟʘ ʨʦʢʘʤʠ =t 2006,é, 2016, ʾʾ ʥʘʙʣʠʞʝʥʝ 
k
nASU  ʪʘ ʮʽʣʴʦʚʝ 

k
nTSU  ʟʥʘʯʝʥʥʷ 

k / t  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 k
nASU  

k
nTSU  

65 0.00 0.00 0.00         0.00 0.00 

5              

43              

67              

13              

78              

92              

80              

53              

36 0.01 0.01 0.03 0.01 0.01       0.03 0.01 

66              

46 0.00 0.00 0.00         0.00 0.00 

50              

45              

14 0.19 0.12 0.06 0.07 0.04 0.05 0.03 0.26 0.72 1.17 0.86 1.17 0.03 

nS             213 100 
 

ʉʝʨʝʜ ʪʘʢʠʭ 29 ʛʨʫʧ ʣʠʰʝ 7 ʛʨʫʧ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩ ̫ ʪʠʤ, ʱʦ kk

n AAS >  

(ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʢʘ ʛʨʫʧʠ ʚ ʝʢʩʧʦʨʪʽ ʆʜʝʱʠʥʠ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʯʘʩʪʢʠ ʩʚʽʪʦʚʦʛʦ ʝʢʩʧʦʨʪʫ ʛʨʫʧʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʩʚʽʪʦʚʦʤʫ ʝʢʩʧʦʨʪʽ), ï ʮʝ ʛʨʫʧʠ 27, 

72, 44, 89, 74, 3, 8. ʋ ʮʴʦʤʫ ʩʝʥʩʽ ʣʠʰʝ ʛʨʫʧʘ 72 ʻ ʩʧʽʣʴʥʦʶ ʜʣʷ ʆʜʝʱʠʥʠ ʡ 

ʋʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ. ʊʦʤʫ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʝʢʩʧʦʨʪʫ ʆʜʝʱʠʥʠ ʻ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʫʩʝʨʝʜʥʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʦʚʘʨʥʦʛʦ ʝʢʩʧʦʨʪʫ ʋʢʨʘʾʥʠ. 

ɼʣʷ ʋʢʨʘʾʥʠ ʪʘ ʆʜʝʱʠʥʠ ʩʝʨʝʜ 99 ʪʦʚʘʨʥʠʭ ʛʨʫʧ, ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʟʘ 

ɻʘʨʤʦʥʽʟʦʚʘʥʦʶ ʉʠʩʪʝʤʦʶ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 14 ʧʨʽʦʨʠʪʝʪʥʠʭ: 
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85 (ʝʣʝʢʪʨʠʯʥʽ ʤʘʰʠʥʠ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʾʭ ʯʘʩʪʠʥʠ; ʘʧʘʨʘʪʫʨʘ ʜʣʷ ʟʘʧʠʩʫ ʘʙʦ 

ʚʽʜʪʚʦʨʝʥʥʷ ʟʚʫʢʫ; ʪʝʣʝʚʽʟʽʡʥʘ ʘʧʘʨʘʪʫʨʘ ʜʣʷ ʟʘʧʠʩʫ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥ ̫ʽ 

ʟʚʫʢʫ, ʾʭ ʯʘʩʪʠʥʠ ʪʘ ʧʨʠʣʘʜʜʷ); 

84 (ʨʝʘʢʪʦʨʠ ʷʜʝʨʥʽ, ʢʦʪʣʠ, ʤʘʰʠʥʠ, ʦʙʣʘʜʥʘʥʥ̫  ʽ ʤʝʭʘʥʽʯʥʽ ʧʨʠʩʪʨʦʾ; ʾ ʭ ʯʘʩʪʠʥʠ); 

87 (ʟʘʩʦʙʠ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʢʨʽʤ ʟʘʣʽʟʥʠʯʥʦʛʦ ʘʙʦ ʪʨʘʤʚʘʡʥʦʛʦ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʾʭ ʯʘʩʪʠʥʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ); 

71 (ʧʝʨʣʠ ʧʨʠʨʦʜʥʽ ʘʙʦ ʢʫʣɹʪʠʚʦʚʘʥʽ, ʜʦʨʦʛʦʮʽʥʥʝ ʘʙʦ ʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʝ 

ʢʘʤʽʥʥʷ, ʜʦʨʦʛʦʮʽʥʥʽ ʤʝʪʘʣʠ, ʤʝʪʘʣʠ, ʧʣʘʢʦʚʘʥʽ ʜʦʨʦʛʦʮʽʥʥʠʤʠ ʤʝʪʘʣʘʤʠ, ʪʘ 

ʚʠʨʦʙʠ ʟ ʥʠʭ; ʙʽʞʫʪʝʨʽʷ; ʤʦʥʝʪʠ); 

39 (ʧʣʘʩʪʤʘʩʠ, ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʠʨʦʙʠ ʟ ʥʠʭ); 

90 (ʧʨʠʣʘʜʠ ʪʘ ʘʧʘʨʘʪʠ ʦʧʪʠʯʥʽ, ʬʦʪʦʛʨʘʬʽʯʥʽ, ʢʥ̔ʝʤʘʪʦʛʨʘʬʽʯʥʽ, ʢʦʥʪʨʦʣʴʥʽ, 

ʚʠʤʽʨʶʚʘʣʴʥʽ, ʧʨʝʮʠʟʽʡʥʽ; ʤʝʜʠʯʥʽ ʘʙʦ ʭʽʨʫʨʛʽʯʥʽ; ʾʭ ʯʘʩʪʠʥʠ ʪʘ ʧʨʠʣʘʜʜʷ); 

30 (ʬʘʨʤʘʮʝʚʪʠʯʥʘ ʧʨʦʜʫʢʮʽʷ); 

99 (ʪʦʚʘʨʠ, ʥʝ ʚʢʘʟʘʥʽ ʜʝʽʥʜʝ); 

29 (ʦʨʛʘʥʽʯʥʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ); 

88 (ʣ̔ʪʘʣʴʥʽ ʘʧʘʨʘʪʠ, ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ʪʘ ʾʭ ʯʘʩʪʠʥʠ); 

94 (ʤʝʙʣ;̔ ʧʦʩʪʽʣʴʥʽ ʨʝʯʽ, ʤʘʪʨʘʮʠ, ʤʘʪʨʘʮʥʽ ʦʩʥʦʚʠ, ʜʠʚʘʥʥʽ ʧʦʜʫʰʢʠ ʪʘ 

ʘʥʘʣʦʛʽʯʥʽ ʥʘʙʠʚʥ̔  ʨʝʯʽ ʤʝʙʣʽʚ, ʩʚʽʪʠʣʴʥʠʢʠ ʪʘ ʦʩʚʽʪʣʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ, ʚ ʽʥʰʦʤʫ 

ʤʩ̔ʮʽ ʥʝ ʟʘʟʥʘʯʝʥʽ; ʩʚʽʪʣʦʚʽ ʧʦʢʘʞʯʠʢʠ, ʪʘʙʣʦ ʪʘ ʧʦʜʽʙʥʽ ʚʠʨʦʙʠ; ʟʙʽʨʥʽ ʙʫʜʽʚʝʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ); 

61 (ʦʜʷʛ ʪʘ ʜʦʜʘʪʢʦʚʽ ʨʝʯʽ ʜʦ ʦʜʷʛʫ, ʪʨʠʢʦʪʘʞʥʽ); 

38 (ʨ̔ʟʥʦʤʘʥʽʪʥʘ ʭʽʤʽʯʥʘ ʧʨʦʜʫʢʮʽʷ); 

40 ʢʘʫʯʫʢ, ʛʫʤʘ ʪʘ ʚʠʨʦʙʠ ʟ ʥʠʭ). 

ʇʨʠ ʮʴʦʤʫ ʆʜʝʱʠʥʘ ʧʦʪʨʝʙʫʻ ʩʫʪʪʻʚʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʛʨʫʧʘʤʠ 

71, 99, 88, ʱʦ ʚʠʤʘʛʘʪʠʤʝ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʟʫʩʠʣʴ, ʧʽʜʛʦʪʦʚʢʠ ʢʘʜʨʽʚ, 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʥʘʣʝʞʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʜʝʨʞʘʚʥʠʭ ʬʫʥʢʮʽʡ [202]. 

ʈʝʘʣʽʟʘʮʽʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʜʦʩʞ̫ʥʠʭ ʯʘʩʪʦʢ ʮʠʭ ʛʨʫʧ ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʢʩʧʦʨʪʽ 

ʋʢʨʘʾʥʠ ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʦʯʽʢʫʚʘʥʝ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʥʘ ʨʽʚʥʽ ʙʣʠʟʴʢʦ 10 %. 
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ɼʦʩʷʛʥʝʥʥʷ ʢʨʘʱʦʾ ʝʢʩʧʦʨʪʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʚʠʟʥʘʯʝʥʦʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ (data-driven analysis), ʤʦʞʣʠʚʝ ʣʠʰʝ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʚʝʩʪʠʮʽʷʭ ʫ 

ʤʦʜʝʨʥʽʟʘʮʽʶ ʚʠʨʦʙʥʠʯʠʭ ʬʦʥʜʽʚ ʪʘ ʫ ʧʨʦʬʝʩʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʣʶʜʩʴʢʦʛʦ ʢʘʧʽʪʘʣʫ, 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʦʣʽʧʰʝʥʥʷ ʨʝʡʪʠʥʛʽʚ Doing Business. ʉʘʤʝ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʥʘ 

ʚʩʽʭ ʨ̔ ʚʥʷʭ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʚʽʜʥʠʤʠ ʢʨʘʾʥʘʤʠ ʩʚʽʪʫ ʷʢ 

ʬʘʢʪʦʨ ʫʩʧʽʰʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. 

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʮʽʣʴʦʚʦʾ ʜʦʩʷʞʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʪʦʚʘʨʥʦʛʦ ʝʢʩʧʦʨʪʫ. ɿʥʘʡʜʝʥʦ ʪʘʢʫ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʋʢʨʘʾʥʠ ʪʘ ʆʜʝʱʠʥʠ ʥʘ ʜʘʥʠʭ 

2006ï2016 ʨʨ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʙʽʣʴʰʫ ʜʠʚʝʨʩʠʬʽʢʘʮʽʶ, ʮʷ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʆʜʝʱʠʥʠ 

ʜʘʻ ʛʽʨʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʥʽʞ ʜʣʷ ʋʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ. ɹʽʣʴʰʦʤʫ ʝʢʩʧʦʨʪʫ ʚʽʜʧʦʚʽʜʘʻ 

ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʥʘ ʧʨʦʚʽʜʥʠʭ ʛʨʫʧʘʭ ʩʚʽʪʦʚʦʛʦ ʝʢʩʧʦʨʪʫ. ʎʽ ʛʨʫʧʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʱʠʤʠ ʨʠʟʠʢʘʤʠ. 
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ʈʆɿɼɯʃ 4. ɸʃɻʆʈʀʊʄʀ ʆʎɯʅʂʀ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊɸ ʎɯʃʔʆɺʆɰ 

                    ʉʊʈʋʂʊʋʈʀ ɽʂʉʇʆʈʊʋ ʈɽɻɯʆʅɯɺ ʋʂʈɸɰʅʀ ʊɸ 

                    ɰʍ ɿɸʉʊʆʉʋɺɸʅʅʗ 

 

4.1 ɼʠʥʘʤʽʢʘ ʽʥʜʝʢʩʽʚ ʚʠʷʚʣʝʥʦʾ ʧʦʨʽʚʥʷʣʴʥʦʾ ʧʝʨʝʚʘʛʠ ʃʫʛʘʥʱʠʥʠ ʟʘ  

      ʛʨʫʧʘʤʠ ʪʦʚʘʨʽʚ ʫ 2011ï2016 ʨʦʢʘʭ 

 

ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʫ ʪʦʨʛ̔ʚʣʽ (International Trade Centre), ʩʚʽʪʦʚʠʡ 

ʝʢʩʧʦʨʪ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻʪʴʩʷ ʟʘ ʦʩʥʦʚʥʠʤʠ ʛʨʫʧʘʤʠ ʪʦʚʘʨʽʚ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ɻʘʨʤʦʥʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ), ʧʦʯʠʥʶʯʠ ʟ 2014 ʨ., ʟʘ ʚʠʥʷʪʢʦʤ ʛʨʫʧ 88, 8, 

95, 7 (ʪʘʙʣ. 4.1). ʋ ʪʘʙʣ. 4.1 ʞʠʨʥʠʤ ʚʠʜʽʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʚʽʪʦʚʦʛʦ 

ʝʢʩʧʦʨʪʫ (ʫ ʥʦʤʽʥʘʣʴʥʠʭ ʜʦʣ.) ʟʘ ʮʠʤʠ ʛʨʫʧʘʤʠ: ʟʘ ʛʨʫʧʘʤʠ 27, 71, 29, 72, 99, 40, 

26, 48, 89, 74, 22, 28, 10, 12, 15, 70 ʤʘʢʩʠʤʘʣʴʥʠʡ ʝʢʩʧʦʨʪ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʜʦ 2014 ʨ. 

ʌʘʢʪ, ʦɦ ʟʘ ʧʝʨʝʚʘʞʥʦʶ ʙʽʣʴʰʩ̔ʪʶ ʪʦʚʘʨʥʠʭ ʛʨʫʧ ʤʘʢʩʠʤʫʤ ʝʢʩʧʦʨʪʫ 

ʩʧʦʩʪʝʨʛ̔ʘʚʩʷ ʫ 2014 ʨ., ʚʠʩʫʚʘʻ ʛʽʧʦʪʝʟʫ ʧʨʦ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʧʦʜʽʡ ʫ ʂʨʠʤʫ, ʥʘ 

ɼʦʥʝʯʯʠʥʽ ʽ ʃʫʛʘʥʱʠʥʽ ʥʘ ʩʚʽʪʦʚʫ ʪʦʨʛʽʚʣʶ ʪʦʚʘʨʘʤʠ, ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʷʢʦʾ ʫ 2016 

ʨ. ʩʪʘʚ ʤʝʥʰʠʤ ʨʽʚʥʷ ʢʨʠʟʦʚʦʛʦ 2008 ʨ. ʋ ʪʘʙʣ. 4.1 ʟʤʽʥʘ (%) ʦʟʥʘʯʘʻ ʟʙʽʣʴʰʝʥʥ̫ 

(ʥʦʤʽʥʘʣʴʥʦʛʦ) ʝʢʩʧʦʨʪʫ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ 2006 ʨ., ʜʦ ʨʦʢʫ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʫʤʫ 

ʥʝ ʨʘʥʽʰʝ 2014 ʨ., ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʝʢʩʧʦʨʪʫ ʜʦ 2016 ʨ., ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʨʦʢʫ 

ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʫʤʫ. 

ɿʘ ʜʘʥʠʤʠ ʦʧʨʠʣʶʜʥʝʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ, 

ʜʣʷ ʃʫʛʘʥʱʠʥʠ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʪʘʙʣ. 4.2, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʘʙʣ. 4.1. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʚʜ̔ʧʦʚʽʜʥʽʩʪʶ ʤʽʞ ʪʘʙʣ. 4.1 ʽ ʪʘʙʣ. 4.2, ʜʣʷ ʃʫʛʘʥʱʠʥʠ ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ ʤʦʜʠʬʽʢʦʚʘʥʽ ʽʥʜʝʢʩʠ ɹʘʣʘʩʩʘ ʚʠʷʚʣʝʥʦʾ ʧʦʨʽʚʥʷʣʴʥʦʾ ʝʢʩʧʦʨʪʥʦʾ 

ʧʝʨʝʚʘʛʠ ʷʢ ʚʽʜʥʦʰʝʥʥʷ (%) ʯʘʩʪʢʠ ʝʢʩʧʦʨʪʫ ʛʨʫʧʠ ʪʦʚʘʨʽʚ ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʢʩʧʦʨʪʽ 

ʃʫʛʘʥʱʠʥʠ ʜʦ ʘʥʘʣʦʛʽʯʥʦʾ ʯʘʩʪʢʠ ʩʚʽʪʫ. 
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ʊʘʙʣʠʮʷ 4.1. ʉʚʽʪʦʚʠʡ ʝʢʩʧʦʨʪ (ʤʣʨʜ. ʜʦʣ.) ʟʘ ʦʩʥʦʚʥʠʤʠ ʛʨʫʧʘʤʠ ʪʦʚʘʨʽʚ 

ɻʨʫʧʘ/ʈʽʢ 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 ɿʤʽʥʘ (%) 

ʋʩʴʦʛʦ 11953 13778 15973 12317 15065 18073 18459 18957 18970 16508 15862 159 

85 1634 1807 1918 1604 1962 2132 2195 2336 2404 2336 2330 147 

84 1575 1792 1947 1509 1795 2059 2082 2102 2160 1939 1893 137 

27 1740 1910 2828 1765 2329 3243 3394 3291 3048 1828 1535 45 

87 1008 1183 1240 848 1085 1274 1309 1355 1396 1325 1346 139 

71 244 292 370 325 439 634 778 864 720 633 638 74 

39 386 446 479 391 484 564 570 604 622 554 546 161 

90 372 397 440 396 476 530 555 564 575 543 536 155 

30 288 342 399 420 444 459 470 491 517 499 506 179 

29 298 343 368 306 369 439 447 452 435 371 351 78 

88 174 184 211 213 222 250 287 313 322 332 329 191 

72 329 423 520 275 387 477 428 398 414 328 302 58 

99 256 394 409 256 305 313 303 325 370 400 264 65 

73 209 256 308 227 247 301 306 312 319 281 259 153 

94 138 162 177 146 167 191 211 229 244 239 233 177 

61 145 172 178 159 179 209 212 232 240 222 218 166 

62 158 170 182 157 169 199 193 208 234 220 217 148 

38 107 125 154 128 152 183 178 185 192 170 172 180 

40 119 139 157 124 169 231 222 208 194 168 163 70 

26 96 121 144 117 193 258 237 249 234 159 160 62 

76 138 157 164 113 147 174 161 166 176 166 159 128 

48 148 166 179 153 170 189 168 173 175 157 154 81 

64 74 83 92 82 97 114 118 129 142 134 134 193 

44 111 124 118 91 106 120 119 132 140 125 128 126 

89 92 107 148 147 173 192 158 147 139 136 124 65 

74 136 150 148 106 159 185 174 166 156 130 119 64 

33 66 77 87 79 89 103 105 113 118 111 116 179 

2 68 79 98 88 97 117 118 125 132 114 114 194 

3 63 67 72 70 82 96 96 105 113 102 110 179 

8 53 61 71 67 76 87 91 100 105 104 109 206 

22 68 81 91 80 87 104 108 114 114 105 106 94 

28 82 96 128 85 115 140 130 126 122 111 100 71 

95 69 84 98 82 84 92 92 91 95 96 97 141 

10 50 72 105 78 85 117 120 123 120 103 95 77 

12 32 43 64 59 68 82 94 101 100 88 89 89 

15 45 61 90 66 81 111 107 99 97 86 87 79 

32 57 64 68 58 70 81 80 82 84 74 74 146 

42 39 44 50 43 52 66 69 75 77 75 73 198 

4 47 61 72 59 70 84 82 94 98 75 73 206 

7 38 45 49 49 56 62 59 66 67 66 70 182 

70 53 60 65 54 63 72 72 75 74 68 69 92 

23 32 40 53 51 56 65 73 82 83 72 69 257 

19 33 39 47 45 48 56 58 65 68 63 66 206 

21 33 39 45 44 47 55 57 63 67 62 65 201 
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ʊʘʙʣʠʮʷ 4.2. ɽʢʩʧʦʨʪ (ʪʠʩ.ʜʦʣ.) ʃʫʛʘʥʱʠʥʠ ʟʘ ʛʨʫʧʘʤʠ, ̔ ʥʜʝʢʩ ɹʘʣʘʩʩʘ (%) 

ɻʨʫʧʘ/ʈʽʢ 2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016 

ʋʩʴʦʛʦ 6505025 4192709 3543581 1902640 257772 435547 ɯʥʜʝʢʩ ɹʘʣʘʩʩʘ 

85 26913 30620 26041 13241 369 263 4 6 6 5 1 0 

84 114613 97079 87222 37930 4907 1209 15 21 22 18 16 2 

27 3027295 903562 346998 208034 6062 13583 259 117 56 68 21 32 

87 3499 2113 4542 1151 296 245 1 1 2 1 1 1 

71 8433 11364     4 6 0 0 0 0 

39 144731 85680 70551 37459 2699 2755 71 66 63 60 31 18 

90 10204 2638 5173 6223 2554 463 5 2 5 11 30 3 

30 5227 5779 6449 3092 1353 1233 3 5 7 6 17 9 

29 164767 115582 84286 43521 6298 12229 104 114 100 100 109 127 

88 85 2081     0 3 0 0 0 0 

72 1465458 1455501 1602233 954224 135404 302907 854 1498 2155 2301 2647 3656 

99       0 0 0 0 0 0 

73 85575 68829 46374 15997 1808 34 79 99 79 50 41 0 

94 1714 2050 1750 1284 664 343 2 4 4 5 18 5 

61 29763 40315 50234 24660 305 587 40 84 116 102 9 10 

62 22727 16322 17592 12334 7464 10419 32 37 45 53 217 175 

38 7940 10735 8975 7503 5391 5321 12 27 26 39 203 112 

40 2560 2727 2681 1216 392 352 3 5 7 6 15 8 

26 258 234    2 0 0 0 0 0 0 

76 34136 34819 34814 483 476 540 55 95 112 3 18 12 

48 72908 83543 96604 67249 55972 49626 107 219 299 384 2283 1174 

64       0 0 0 0 0 0 

44 587 471 358 304 201  1 2 1 2 10 0 

89       0 0 0 0 0 0 

74       0 0 0 0 0 0 

33       0 0 0 0 0 0 

2       0 0 0 0 0 0 

3       0 0 0 0 0 0 

8      949 0 0 0 0 0 32 

22 151 238     0 1 0 0 0 0 

28 150058 125655 131676 18162 614 272 298 427 559 149 36 10 

95 1328 1301 1429 752 186 175 4 6 8 8 12 7 

10   6891 1064 4659 5606 0 0 30 9 289 215 

12 3399 1378 1306 3553 2104 18 12 6 7 35 154 1 

15 21126 10077 6533 4332 1208  53 42 35 45 90 0 

32 1677 2483    0 6 14 0 0 0 0 

42       0 0 0 0 0 0 

4    15 1090  0 0 0 0 93 0 

7 150 185     1 1 0 0 0 0 

70 43956 32480 7742 4339 2883 3266 170 199 55 58 271 173 

23 10633 14036 14497 2960 2413 6673 46 85 95 36 215 354 

19 2102 4271 5319 944 105 52 10 32 44 14 11 3 

21 53 75 76 349 635  0 1 1 5 65 0 
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ʆʜʠʥ ʟ ʚʠʩʥʦʚʢʽʚ ʜʣʷ ʃʫʛʘʥʱʠʥʠ ʩʪʘʥʦʤ ʥʘ 2017 ʨ. ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʚʠʩʥʦʚʢʫ ʩʪʘʥʦʤ ʥʘ 2011 ʨ.: ʜʣʷ ʃʫʛʘʥʱʠʥʠ  ̒ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʦʟʧʦʯʘʪʠ 

ʚʠʨʦʙʥʠʮʪʚʦ ʟʘ ʪʦʚʘʨʥʠʤʠ ʛʨʫʧʘʤʠ 64 (ʚʟʫʪʪʷ, ʛʝʪʨʠ ʪʘ ʘʥʘʣʦʛʽʯʥʽ ʚʠʨʦʙʠ; ʾʭ 

ʯʘʩʪʠʥʠ), 74 (ʤʽʜʴ ʽ ʚʠʨʦʙʠ ʟ ʥʝʾ), 33 (ʝʬʽʨʥʽ ʦʣʽʾ ʪʘ ʨʝʟʠʥʦʾʜʠ; ʧʘʨʬʫʤʝʨʥʽ, 

ʢʦʩʤʝʪʠʯʥʽ ʪʘ ʪʫʘʣʝʪʥʽ ʧʨʝʧʘʨʘʪʠ), 2 (ʤô̫ ʩʦ ʪʘ ʽʥʰʽ ʾʩʪʽʚʥʽ ʩʫʙʧʨʦʜʫʢʪʠ), 3 (ʨʠʙʘ ʽ 

ʨʘʢʦʧʦʜʽʙʥʽ; ʤʦʣʶʩʢʠ ʪʘ ʽʥʰʽ ʚʦʜʷʥʽ ʙʝʟʭʨʝʙʝʪʥʽ), 42 (ʚʠʨʦʙʠ ʽʟ ʰʢʽʨʠ; ʰʦʨʥʦ-

ʩ̔ ʜʝʣʴʥʽ ʚʠʨʦʙʠ ʪʘ ʫʧʨʷʞ; ʜʦʨʦʞʥʽ ʨʝʯʽ; ʩʫʤʢʠ ʪʘ ʘʥʘʣʦʛʽʯʥʽ ʪʦʚʘʨʠ. ɺʘʞʣʠʚʽ ʚʠʜʠ 

ʜʽʷʣʴʥʦʩʪʽ ʟʘʚʞʜʠ ʧʦʚô̫ ʟʘʥʽ ʟ ʚʪʽʣʝʥʥʷʤ ʜʝʨʞʘʚʥʠʭ ʬʫʥʢʮʽʡ ʦʙʦʨʦʥʠ, ʟʘʢʦʥʥʦʩʪʽ ʽ 

ʧʨʘʚʦʧʦʨʷʜʢʫ, ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ʟʘʭʠʩʪʫ ʧʨʘʚ ʚʣʘʩʥʦʩʪʽ. 

 

4.2 ʇʦʢʚʘʨʪʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʥʦʤ̔ʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʮʽʣʴʦʚʦʾ   

      ʩʪʨʫʢʪʫʨʠ ʝʢʩʧʦʨʪʫ ʃʫʛʘʥʱʠʥʠ 

 

ʅʘ ʜʘʥʠʭ 2017ï2018 ʨʨ., ʢʦʣʠ ʦʧʨʠʣʶʜʥʶʚʘʣʠʩʷ ʢʘʧʽʪʘʣʴʥʽ ʽʥʚʝʩʪʠʮʽʾ ʨʘʡʦʥʽʚ 

ʋʢʨʘʾʥʠ, ʚʠʟʥʘʯʝʥʦ ʜʚʘ ʢʣʘʩʪʝʨʠ ï ʚʠʨʦʙʥʠʯʽ ʣʽʜʝʨʠ ʃʫʛʘʥʱʠʥʠ. ʆʜʠʥ ʟ ʢʣʘʩʪʝʨʽʚ 

ʚʢʣʶʯʘʻ ʚʩʽ ʚʠʱʽ ʥʘʚʯʘʣʴʥʽ ʟʘʢʣʘʜʠ ʃʫʛʘʥʱʠʥʠ, ʢʨʽʤ ʟʘʢʣʘʜʽʚ ʉʻʚʻʨʦʜʦʥʝʮʴʢʘ ʽ 

ʃʠʩʠʯʘʥʩʴʢʘ, ʜʝ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʚʠʱʘ ʩʝʨʝʜʥʴʦʾ ʧʦ ʨʘʡʦʥʘʭ ʦʙʣʘʩʪʽ. ɯʥʰʠʡ 

ʢʣʘʩʪʝʨ ʻ ʧʨʠʢʦʨʜʦʥʥʠʤ. ʇʽʩʣʷ ʛʝʥʝʨʘʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʜʘʥʠʭ ʟʥʘʡʜʝʥʦ ʦʮʽʥʢʠ 

ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʡ ʂʦʙʙʘïɼʫʛʣʘʩʘ ʪʘ ʟʘʣʠʰʢʠ ʨʝʛʨʝʩʽʾ ʜʣʷ ʰʝʩʪʠ ʢʚʘʨʪʘʣʽʚ 2017ï

2018 ʨʨ. ɼʣʷ ʩʫʯʘʩʥʦʾ ʃʫʛʘʥʱʠʥʠ ʚʠʨʦʙʥʠʯʠʡ ʬʘʢʪʦʨ ʧʨʘʮʽ ʻ ʟʥʘʯʥʦ ʚʘʞʣʠʚʽʰʠʤ, 

ʥʽʞ ʬʘʢʪʦʨ ʢʘʧʽʪʘʣʫ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʨʦʣʴ ʣʶʜʩʴʢʦʛʦ ʢʘʧʽʪʘʣʫ ʪʘ ʥʝʤʘʪʝʨʽʘʣʴʥʠʭ 

ʘʢʪʠʚʽʚ. ɺʠʩʥʦʚʢʠ ʟ ʝʢʩʧʦʨʪʫ ʜʣʷ ʃʫʛʘʥʱʠʥʠ ʩʪʘʥʦʤ ʥʘ 2017 ʨ. ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩ̫ 

ʚʽʜ ʚʠʩʥʦʚʢʫ ʩʪʘʥʦʤ ʥʘ 2011 ʨ.: ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʦʟʧʦʯʘʪʠ ʝʢʩʧʦʨʪ ʟʘ ʪʦʚʘʨʥʠʤʠ 

ʛʨʫʧʘʤʠ ʚʟʫʪʪʷ, ʚʠʨʦʙʽʚ ʽʟ ʰʢʽʨʠ, ʝʬʽʨʥʠʭ ʦʣʽʡ, ʤôʷʩʘ, ʨʠʙʠ, ʧʣʘʚʟʘʩʦʙʽʚ. ʉʪʽʡʢʝ 

ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʋʢʨʘʾʥʠ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʩʦʮʽʘʣʴʥʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʟʥʘʯʠʤʦʶ 

ʤʝʪʦʶ, ʱʦ ʚʠʤʘʛʘʻ ʤʽʞʜʠʩʮʠʧʣʥ̔ʘʨʥʠʭ ʟʫʩʠʣʴ, ʥʘʩʘʤʧʝʨʝʜ, ʟʘʩʦʙʘʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʨʠ. 
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ʇʝʨʝʚʘʛʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʨʦʟʨʦʙʢʠ ʧʝʨʝʜ ʽʥʰʠʤʠ ʧʦʣʷʛʘʻ ʫ ʜʠʥʘʤʽʯʥʽʡ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʥʦʚʠʭ ʦʧʝʨʘʪʠʚʥʠʭ ʜʘʥʠʭ, ʷʢʽ 

ʩʠʩʪʝʤʘʪʠʯʥʦ ʥʘʜʭʦʜʷʪʴ ʟ ʥʘʜʽʡʥʠʭ ʜʞʝʨʝʣ, ʪʘ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʦʙʤʝʞʝʥʴ, ʧʦʪʨʽʙʥʠʭ 

ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʁʚʘʥʥʷ. ʇʦʜʽʙʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʙʫʣʘ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʘ ʨʽʟʥʠʤʠ ʛʨʫʧʘʤʠ ʘʚʪʦʨʽʚ ʜʣʷ ʨʘʡʦʥʽʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ 

ʋʢʨʘʾʥʠ ī ʄʠʢʦʣʘʾʚʱʠʥʠ [97], ʊʝʨʥʦʧʽʣʴʱʠʥʠ [98], ɿʘʧʦʨʽʞʯʠʥʠ [93], ʂʠʾʚʱʠʥʠ 

[72], ʆʜʝɦʠʥʠ [94], ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ [92] ʪʘ ʽʥʰʠʭ. ɼʣʷ ʃʫʛʘʥʱʠʥʠ ʦʙʨʦʙʣʷʣʠʩʷ 

ʜʘʥʽ ʤʽʞʥʘʨʦʜʥʦʾ ʪʦʨʛʽʚʣʽ [29] ʽ ʧʨʦʚʦʜʠʚʩʷ ʘʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟ ʧʦʛʣʷʜʫ ʤʽʞʥʘʨʦʜʥʦʾ ʢʦʥʢʫʨʝʥʮʽʾ [203]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ [72, 92, 93, 94, 97, 98] ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʰʣʷʭʠ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʝʛʽʦʥʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʟ̔ʥʠʭ ʨʘʡʦʥʽʚ. 

ʆʮʥ̔ʠʤʦ ʩʫʤʘʨʥʝ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʨʘʡʦʥʽʚ ʃʫʛʘʥʱʠʥʠ. ʃʫʛʘʥʱʠʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 18 ʨʘʡʦʥʽʚ ʽ 14 ʤ̔ ʩʪ ʦʙʣʘʩʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʘʣʝ ʩʪʘʪʠʩʪʠʯʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʘʶʪʴ 12 ʨʘʡʦʥʽʚ ʽ 3 ʤʽʩʪʘ [204ï209], ʦʩʢʽʣʴʢʠ 6 ʨʘʡʦʥʽʚ ʽ 11 ʤʽʩʪ 

ʟʘʣʠʰʘʶʪʴʩʷ ʪʠʤʯʘʩʦʚʦ ʦʢʫʧʦʚʘʥʠʤʠ ʟ 2014 ʨ. ɼʣʷ ʟʨʦʩʪʘʥʥʷ ʝʢʩʧʦʨʪʫ ʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʃʫʛʘʥʱʠʥʠ ʧʦʪʨʽʙʥʦ ʧʣʘʥʦʤʽʨʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ. 

ɿʘ ʤʘʡʞʝ ʜʚʘ ʨʦʢʠ ʚʽʜ ʧʝʨʰʦʛʦ ʢʚʘʨʪʘʣʫ 2017 ʨ. (2017:I) ʜʦ 2018:III  

ʥʘʡʙʽʣʴʰʝ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʟʨʦʩʣʘ ʫ ʄʘʨʢʚ̔ʩʴʢʦʤʫ ʨʘʡʦʥʽ (ʥʘ 62%), ʘ ʥʘʡʤʝʥʰʝ ï ʫ 

ʉʚʘʪʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ (ʥʘ 27%) (ʪʘʙʣ. 4.3). ʇʦʢʚʘʨʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ 

ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʘʡʦʥʘʭ ʪʝʞ ʚʠʷʚʣʷʣʠ ʽʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ (ʪʘʙʣ. 4.4). ɿʘ ʟʘʛʘʣʴʥʦʶ 

ʬ̔ ʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʶ ʪʝʦʨʽʻʶ, ʚʠʱʽ ʤʽʥʣʠʚʦʩʪʽ ʡ ʨʠʟʠʢʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʚʠʱʠʤʠ ʚʽʜʜʘʯʘʤʠ. ʇʨʦ ʮʝ ʟʘʟʥʘʯʘʚ ʚʠʜʘʪʥʠʡ ʙʨʠʪʘʥʩʴʢʠʡ ʧʨʦʬʩʧʽʣʢʦʚʠʡ ʜʽʷʯ 

ʊʦʤʘʩ ɼʘʥʥʽʥʛ (Thomas Dunning, 1799ï1873): çʂʘʧʽʪʘʣ ʫʥʠʢʘʻ ʨʦʟʛʦʣʦʩʫ ʽ ʯʚʘʨʠ, 

ʚʠʨʽʟʥʷʶʯʠʩʴ ʧʦʣʦʭʣʠʚʦʶ ʥʘʪʫʨʦʶ; ʮʝ ʧʨʘʚʜʘ, ʘʣʝ ʥʝ ʚʩʷ ʧʨʘʚʜʘ. ʂʘʧʽʪʘʣ 

ʮʫʨʘʻʪʴʩʷ ʥʝʧʨʠʙʫʪʢʦʚʦʩʪʽ ʯʠ ʜʫʞʝ ʤʘʣʦʾ ʧʨʠʙʫʪʢʦʚʦʩʪʽ, ʷʢ ʇʨʠʨʦʜʘ ʥʝ ʪʝʨʧʠʪʴ 

ʧʦʨʦʞʥʝʯʽ [ʟʘ ɸʨʠʩʪʦʪʝʣʝʤ (384ï322 ʜʦ ʥ.ʝ.)]. ʇʨʠ ʘʜʝʢʚʘʪʥʦʤʫ ʧʨʠʙʫʪʢʫ ʢʘʧʽʪʘʣ 

ʜʫʞʝ ʩʤʽʣʠʚʠʡ. ɻʘʨʘʥʪʫʚʘʥʥʷ 10 ʚʽʜʩʦʪʢʚ̔ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʧʨʠʩʫʪʥʽʩʪʴ ʢʘʧʽʪʘʣʫ 
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ʩʢʨʽʟʴ; 20 ʚʽʜʩʦʪʢʽʚ ʥʘʜʘʚʘʪʠʤʝ ʡʦʤʫ ʞʚʘʚʽʩʪʴ; 50 ʚʽʜʩʦʪʢʽʚ ʚʠʷʚʣʷʪʠʤʝ ʡʦʛʦ 

ʧʦʟʠʪʠʚʥʫ ʟʫʭʚʘʣʽʩʪʴ; ʧʨʠ 100 ʚʽʜʩʦʪʢʘʭ ʢʘʧʽʪʘʣ ʛʦʪʦʚʠʡ ʟʥʝʚʘʞʘʪʠ ʚʩʽ ʣʶʜʩʴʢʽ 

ʟʘʢʦʥʠ; ʧʨʠ 300 ʚʽʜʩʦʪʢʘʭ ʥʝʤʘʻ ʥʽ ʟʣʦʯʠʥʫ, ʷʢʠʡ ʙʠ ʢʘʧʽʪʘʣ ʥʝ ʟʘʤʠʰʣʷʚ, ʥʽ 

ʨʠʟʠʢʫ, ʥʘ ʷʢʠʡ ʙʠ ʢʘʧʽʪʘʣ ʥʝ ʧʽʰʦʚ, ʥʝʟʚʘʞʘʶʯʠ ʥʝ ʧʨʠʤʘʨʥʽʩʪʴ ʰʘʥʩʽʚ ʡʦʛʦ 

ʚʣʘʩʥʠʢʘ. ʗʢʱʦ ʨʦʟʛʦʣʦʩ ʽ ʯʚʘʨʘ ʧʨʠʥʦʩʠʪʠʤʫʪʴ ʧʨʠʙʫʪʦʢ, ʪʦ ʢʘʧʽʪʘʣ 

ʟʘʦʭʦʯʫʚʘʪʠʤʝ ʽ ʪʝ, ʽ ʽʥʰʝ. ʂʦʥʪʨʘʙʘʥʜʘ ʡ ʨʘʙʦʪʦʨʛʽʚʣʷ ʨʦʟʣʦʛʦ ʜʦʚʦʜʷʪʴ ʚʩʝ 

ʚʠʱʝʥʘʚʝʜʝʥʝè [210]. ʅʘ ʮ ̔ʪʝʟʠ ʧʦʩʠʣʘʚʩʷ ʚʽʜʦʤʠʡ ʥʽʤʝʮʴʢʠʡ ʝʢʦʥʦʤʽʩʪ ʂʘʨʣ 

ʄʘʨʢʩ (Karl Marx, 1818ï1883). 

ʊʘʙʣʠʮʷ 4.3. ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʥʘʨʘʭʦʚʘʥʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ (wage) tW  (ʛʨʥ..) ʰʪʘʪʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ ʡ ʦʙʩʷʛ ʧʨʘʮʽ (labor) tt WL 3=  (ʛʨʥ.) ʚ ʢʚʘʨʪʘʣʽ t  [204ï209] 

 ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʟʘʨʧʣʘʪʘ tW  ʆʙʩʷʛ ʧʨʘʮʽ tL  

ʈʘʡʦʥ / ʇʝʨʽʦʜ 2017:I 2017:II 2017:III 2018:I 2018:II 2018:III 2017:I 2017:II 2017:III 2018:I 2018:II 2018:III 

ʤ.ʃʠʩʠʯʘʥʩʴʢ  5346 6094 5850 6460 6871 6839 16038 18282 17550 19380 20613 20517 

ʤ.ʈʫʙʽʞʥʝ  6422 6900 7081 7134 8381 8628 19266 20700 21243 21402 25143 25884 

ʤ.ʉ̒ʚʨ̒ʦʜʦʥʝʮʴʢ  6437 7093 7676 8025 8960 9495 19311 21279 23028 24075 26880 28485 

ɹʽʣʦʚʦʜʩʴʢʠʡ  4005 4540 5094 5043 5934 5904 12015 13620 15282 15129 17802 17712 

ɹʽʣʦʢʫʨʘʢʠʥʩʴʢʠʡ   4336 5206 5841 5144 6362 6371 13008 15618 17523 15432 19086 19113 

ʂʨʝʤʽʥʩʴʢʠʡ  4334 4839 4998 5419 5911 6368 13002 14517 14994 16257 17733 19104 

ʄʘʨʢ̔ʚʩʴʢʠʡ  4192 4754 5167 5455 6304 6783 12576 14262 15501 16365 18912 20349 

ʄʽʣʦʚʩʴʢʠʡ  4325 4844 4637 5380 6483 6706 12975 14532 13911 16140 19449 20118 

ʅʦʚʦʘʡʜʘʨʩʴʢʠʡ  5618 6235 6618 6914 7739 8150 16854 18705 19854 20742 23217 24450 

ʅʦʚʦʧʩʢʦʚʩʴʢʠʡ  4197 4574 5155 5052 5766 6016 12591 13722 15465 15156 17298 18048 

ʇʦʧʘʩʥʷʥʩʴʢʠʡ  5521 5970 6250 7267 7530 7887 16563 17910 18750 21801 22590 23661 

ʉʚʘʪʽʚʩʴʢʠʡ  4891 5210 5593 5421 5985 6236 14673 15630 16779 16263 17955 18708 

ʉʪʘʥʠʯʥʦ-ʃʫʛʘʥʩʴʢʠʡ  4334 4719 4981 5645 6775 6554 13002 14157 14943 16935 20325 19662 

ʉʪʘʨʦʙʽʣʴʩʴʢʠʡ  4591 5404 5357 5679 6658 6596 13773 16212 16071 17037 19974 19788 

ʊʨʦʾʮʴʢʠʡ  4615 5720 5714 5449 6639 6955 13845 17160 17142 16347 19917 20865 

 

ɿʘ ʬʘʢʪʠʯʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ ʩʘʤʦʨʝʛʫʣʷʮʽʾ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ ʯʝʨʝʟ 

ʩʫʯʘʩʥʽ ʬʽʥʘʥʩʦʚʽ ʨʠʥʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ, ʚʠʥʠʢʘʶʪʴ ʧʠʪʘʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʟʤʽʥ 
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ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ. ɼʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʮʽ ʧʠʪʘʥʥʷ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʩʬʝʨʠ 

ʧʦʩʣʫʛ (ʪʘʙʣ. 4.5) ʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʪʘʙʣ. 4.6). 

ʊʘʙʣʠʮʷ 4.4. ʆʩʚʦʻʥʦ (ʚʠʢʦʨʠʩʪʘʥʦ) ʢʘʧʽʪʘʣʴʥʠʭ ʽʚʝʩʪʠʮʽʡ ä
=

=
u

It
tu CC  (ʪʠʩ.ʛʨʥ.) ʟʘ ʧʝʨʽʦʜ 

2017_u  ʧʝʨʰʠʭ =u I, II , III , IV ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ [204ï209] ʡ ʦʙʩʷʛ tC  (ʪʠʩ.ʛʨʥ.) ʢʘʧʽʪʘʣʴʥʠʭ 

ʽʥʚʝʩʪʠʮʽʡ ʟʘ ʢʚʘʨʪʘʣ t  

 ʆʩʚʦʻʥʦ ʽʥʚʝʩʪʠʮʽʡ uC  ʟʘ ʧʝʨʽʦʜ ʂʘʧ̔ʪʘʣʴʥʽ ʽʥʚʝʩʪʠʮʽʾ tC  

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017_II  2017_III 2018:I 2018_III 2017:II 2017:III  2018:II 2018:III 

ʃʫʛʘʥʱʠʥʘ 541413 1054959 1782701 365187 1770544 513546 727742 618240 787117 

ʤ.ʃʠʩʠʯʘʥʩʴʢ  23654 54944 79854 29779 85707 31290 24910 18493 37435 

ʤ.ʈʫʙʽʞʥʝ  13511 56648 107494 34301 206788 43137 50846 80104 92383 

ʤ.ʉʻʚʻʨʦʜʦʥʝʮʴʢ  195488 338223 583305 108449 504651 142735 245082 176907 219295 

ɹʽʣʦʚʦʜʩʢɹʠʡ  6641 25871 52523 7875 63655 19230 26652 29269 26511 

ɹʽʣʦʢʫʨʘʢʠʥʩʴʢʠʡ   12194 36626 60807 6521 43921 24432 24181 10895 26505 

ʂʨʝʤʽʥʩʴʢʠʡ  36726 71446 121222 24097 134861 34720 49776 45269 65495 

ʄʘʨʢʽʚʩʴʢʠʡ  17975 26889 46294 14899 50190 8914 19405 14896 20395 

ʄʽʣʦʚʩʴʢʠʡ  13833 19838 40282 15124 39579 6005 20444 11247 13208 

ʅʦʚʦʘʡʜʘʨʩʴʢʠʡ  18479 45754 65515 6969 67782 27275 19761 28515 32298 

ʅʦʚʦʧʩʢʦʚʩʴʢʠʡ  25914 39204 72136 17410 60474 13290 32932 19192 23872 

ʇʦʧʘʩʥʷʥʩʴʢʠʡ  24006 49702 83855 17657 111400 25696 34153 33738 60005 

ʉʚʘʪʽʚʩʴʢʠʡ  44592 89108 132601 18634 95140 44516 43493 35668 40838 

ʉʪʘʥʠʯʥʦ-ʃʫʛʘʥʩʴʢʠʡ  13587 29749 66710 14643 77940 16162 36961 29541 33756 

ʉʪʘʨʦʙʣ̔ʴʩʴʢʠʡ  49826 102936 170692 16420 98774 53110 67756 30184 52170 

ʊʨʦʾʮʴʢʠʡ 44987 68021 96569 32409 124899 23034 28548 54322 38168 

 

ʋ ʪʘʙʣ. 4.4 ʦʙʯʠʩʣʝʥʦ ʽ ʢʫʨʩʠʚʦʤ ʚʠʜʽʣʝʥʦ ʢʚʘʨʪʘʣʴʥʽ ʦʮʽʥʢʠ tC  ʜʣʷ 

ʄʽʣʦʚʩʴʢʦʛʦ ʨʘʡʦʥʫ (ʧʨʠ =t 2017:I, 2017:II ). ʋ ʪʘʙʣ. 4.6 ʦʙʯʠʩʣʝʥʦ ̔ ʢʫʨʩʠʚʦʤ 

ʚʠʜʽʣʝʥʦ ʢʚʘʨʪʘʣʴʥʽ ʦʮʽʥʢʠ tI  ʜʣʷ ɹʽʣʦʢʫʨʘʢʠʥʩʴʢʦʛʦ, ʄʽʣʦʚʩʴʢʦʛʦ, 

ʅʦʚʦʧʩʢʦʚʩʴʢʦʛʦ ʨʘʡʦʥʽʚ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʥʠʭ ʜʘʥʽ uI  ʥʝ ʦʧʨʠʣʶʜʥʶʚʘʣʠʩʷ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʜʝʨʞʘʚʥʫ ʩʪʘʪʠʩʪʠʢʫè ʱʦʜʦ 

ʢʦʥʬʽʜʝʥʮ̔ ʡʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
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ʊʘʙʣʠʮʷ 4.5. ʏʠʩʝʣʴʥʽʩʪʴ tN  (ʦʩʽʙ) ʥʘʷʚʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʥʘ ʢʽʥʝʮʴ ʢʚʘʨʪʘʣʫ t  ʡ ʦʙʩʷʛ tS  

(ʪʠʩ.ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʚ ʢʚʘʨʪʘʣʽ t  

 ʅʘʷʚʥʝ ʥʘʩʝʣʝʥʥʷ tN  ʆʙʩʷʛ tS  ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ 

ʈʘʡʦʥ / ʇʝʨʽʦʜ 2017:I 2017:II 2017:III 2018:I 2018:II 2018:III 2017:I 2017:II 2017:III 2018:I 2018:III  

ʤ.ʃʫʛʘʥʩʴʢ 439189 434143 433535 432215 431428 430601      

ʤ.ɸʣʯʝʚʩʴʢ 109175 108264 108146 107932 107788 107602      

ʤ.ɸʥʪʨʘʮʠʪ 76422 75893 75821 75682 75594 75526      

ʤ.ɹʨʷʥʢʘ 52032 51734 51695 51547 51474 51430      

ʤ.ɻʦʣʫʙʽʚʢʘ 32889 32661 32619 32530 32474 32414      

ʤ.ɼʦʚʞʘʥʩʴʢ 96807 96098 96045 95965 95879 95791      

ʤ.ʂʘʜʽʾʚʢʘ 89563 88985 88880 88637 88506 88363      

ʤ.ʃʠʩʠʯʘʥʩʴʢ 114114 113374 112945 112270 112043 111688 38643 43970 47184 48911 52306 

ʤ.ʇʝʨʚʦʤʘʡʩʴʢ  37582 37200 37139 37021 36952 36879      

ʤ.ʈʦʚʝʥʴʢʠ 82512 81921 81849 81725 81640 81566      

ʤ.ʈʫʙʽʞʥʝ  58381 58006 57883 57642 57506 57411 20111 23258 21328 27607 29860 

ʤ.ʉʻʚʻʨʦʜʦʥʝʮʴʢ 116059 115245 114783 114491 114148 113905 588731 694616 632743 620005 799322 

ʤ.ʉʦʨʦʢʠʥʝ 102346 101714 101653 101487 101379 101247      

ʤ.ʍʨʫʩʪʘʣʴʥʠʡ 121399 120618 120511 120319 120193 120037      

ɸʥʪʨʘʮʠʪʽʚʩʴʢʠʡ  30375 30279 30260 30209 30173 30152      

ɹʽʣʦʚʦʜʩʴʢʠʡ  23672 23549 23440 23318 23276 23197 1267 1307 1272 3619 3086 

ɹʣ̔ʦʢʫʨʘʢʠʥʩʴʢʠʡ 19115 19002 18951 18835 18783 18697 2591 1724 2114 1766 2179 

ɼʦʚʞʘʥʩʴʢʠʡ 11754 11738 11724 11710 11702 11698      

ʂʨʝʤʽʥʩʴʢʠʡ  39607 39387 39246 38935 38795 38632 26401 16333 34749 19666 61090 

ʃʫʪʫʛʠʥʩʴʢʠʡ  66317 65842 65787 65670 65588 65498      

ʄʘʨʢʽʚʩʴʢʠʡ  14931 14826 14730 14629 14574 14513 858 1176 961 1062 1004 

ʄʽʣʦʚʩʴʢʠʡ  15226 15175 15142 15090 15053 15004 419 615 555 493 538 

ʅʦʚʦʘʡʜʘʨʩʴʢʠʡ  41238 41028 40875 40630 40519 40411 1255 1140 1938 1382 1777 

ʅʦʚʦʧʩʢʦʚʩʴʢʠʡ  34184 34005 33883 33801 33747 33647 5088 7933 14176 5965 14994 

ʇʝʨʝʚʘʣʴʩʴʢʠʡ  64089 63757 63706 63570 63514 63435      

ʇʦʧʘʩʥʷʥʩʴʢʠʡ  77258 76753 76480 75920 75662 75401 7024 8048 8277 10145 9317 

ʉʚʘʪʽʚʩʴʢʠʡ  35146 34801 34591 34288 34136 34002 27028 25346 32575 23655 31385 

ʉʣʦʚôʷʥʦʩʝʨʙʩʴʢʠʡ  48975 48713 48664 48574 48519 48438      

ʉʦʨʦʢʠʥʩʴʢʠʡ 29249 29163 29147 29112 29093 29068      

ʉʪʘʥʠʯʥʦ-ʃʫʛʘʥʩʴʢʠʡ  48353 48066 47949 47624 47489 47344 1054 2072 2121 1667 1753 

ʉʪʘʨʦʙʽʣʴʩʴʢʠʡ  44255 43987 43824 43561 43428 43230 42424 20705 43307 39089 43219 

ʊʨʦʾʮʴʢʠʡ  19869 19739 19652 19505 19453 19368 2639 1406 2322 2399 2025 
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ɺʠʱʝʟʘʟʥʘʯʝʥʽ ʨʘʡʦʥʠ ʬʦʨʤʫʶʪʴ ʨʷʜ ʨʘʡʦʥʽʚ, ʜʣʷ ʷʢʠʭ, ʚʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʨʝʰʪʠ 

ʨʘʡʦʥʽʚ (ʚʢʣʶʯʘʶʯʠ ʫʩʝʨʝʜʥʝʥʽ ʦʮʽʥʢʠ tI ) ʽ ʘʛʨʝʛʦʚʘʥʠʭ ʜʘʥʠʭ ʃʫʛʘʥʱʠʥʠ, 

ʦʙʯʠʩʣʝʥʦ ʩʫʤʘʨʥʫ ʯʠʩʝʣʴʥʽʩʪʴ tn  ʥʘʷʚʥʦʛʦ ʥʘʩʝʣʝʥʥ,̫ ʩʫʤʘʨʥʠʡ ʦʙʩʷʛ 
uI  

ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʧʝʨʽʦʜ 2017_u, ʩʫʤʘʨʥʠʡ ʦʙʩʷʛ tI  

ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʢʚʘʨʪʘʣ t  (ʪʘʙʣ. 4.6). ɼʣ̫  ʢʦʞʥʦʛʦ ʟ ʮʠʭ 

ʨʘʡʦʥʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʮʽʥʢʠ 
t

tu
u

n

Ni
I = , 

t

tt
t

n

Ni
I = , ʚʠʜʽʣʝʥʽ ʢʫʨʩʠʚʦʤ ʫ ʪʘʙʣ. 4.6.  

ʂʨʦʢʠ ʧʦʙʫʜʦʚʠ ʪʘʙʣ. 4.3ï4.6 ʥʘʟʠʚʘʶʪʴ ʛʝʥʝʨʘʮʽʻʶ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ. 

ʊʘʙʣʠʮʷ 4.6. ʆʙʩʷʛ ä
=

=
u

It
tu II  (ʪʠʩ.ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ (ʪʦʚʘʨʽʚ, 

ʧʦʩʣʫʛ) ʙʝʟ ʇɼɺ ʪʘ ʘʢʮʠʟʫ ʟʘ ʧʝʨʽʦʜ 2017_u  ʧʝʨʰʠʭ =u I, II , III , IV ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ ʡ ʦʙʩʷʛ tI  

(ʪʠʩ.ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʢʚʘʨʪʘʣ t  

 ʆʙʩʷʛ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ uI  ʆʙʩʷʛ ʧʨʦʜʫʢʮʽʾ tI  

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017_II 2017_III 2018:I 2018_III 2017:II 2017:III 2018:II 2018:III 

ʃʫʛʘʥʱʠʥʘ 9337969 13282222 17238228 7062411 17096215 3944252 3956006 5144771 4889033 

ʤ.ʃʠʩʠʯʘʥʩʴʢ  370470 627257 774937 539888 1109913 256788 147679 276785 293240 

ʤ.ʈʫʙʽʞʥʝ  1307383 2911556 4492725 1757371 5391109 1604174 1581169 1766838 1866900 

ʤ.ʉʻʚʻʨʦʜʦʥʝʮʴʢ  1694433 2252113 2901719 2187750 3796657 557680 649606 847077 761830 

ɹʽʣʦʚʦʜʩʴʢʠʡ  14450 46215 76084 18030 93478 31765 29870 35088 40360 

ɹʽʣʦʢʫʨʘʢʠʥʩʴʢʠʡ   990050 1025418 1053213 55723 80567 35368 27795 14298 10546 

ʂʨʝʤ̔ʥʩʴʢʠʡ  389233 686393 975246 301099 942118 297160 288852 308135 332884 

ʄʘʨʢʽʚʩʴʢʠʡ  93827 125007 142452 90758 125887 31179 17445 21633 13497 

ʄʽʣʦʚʩʢɹʠʡ  788622 818899 841525 44644 64653 30277 22627 11472 8538 

ʅʦʚʦʘʡʜʘʨʩʴʢʠʡ  1345595 2082025 2771186 1015118 2992229 736430 689161 984213 992898 

ʅʦʚʦʧʩʢʦʚʩʴʢʠʡ  1770540 1835035 1883067 100000 144988 64495 48033 25805 19183 

ʇʦʧʘʩʥʷʥʩʴʢʠʡ  294145 462980 845095 653656 1849059 168835 382116 730661 464743 

ʉʚʘʪʽʚʩʴʢʠʡ  31308 60161 78808 46570 123601 28853 18647 45825 31206 

ʉʪʘʥʠʯʥʦ-ʃʫʛʘʥʩʴʢʠʡ  8790 10939 13841 10147 22368 2149 2902 5240 6981 

ʉʪʘʨʦʙʽʣʴʩʴʢʠʡ  233048 322246 365522 227790 327450 89198 43276 59244 40416 

ʊʨʦʾʮʴʢʠʡ 6076 15979 22810 13869 32138 9904 6830 12458 5811 

 



169 

ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʜʘʥʠʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʣʽʜ ʟʥʘʡʪʠ ʢʚʘʨʪʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ 
t

tt
t

N

IS
Y

+
=  ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʝʬ̔ʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʽ ʨʝʘʣʽʟʦʚʘʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʙʩʷʛʫ 
t

t
t

N

C
K =  ʢʘʧʽʪʘʣʴʥʠʭ 

ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ (ʪʘʙʣ. 4.7). 

ʊʘʙʣʠʮʷ 4.7. ʆʙʩʷʛ tY  (ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʽ ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʘ ʜʫʰʫ (ʥʘʷʚʥʦʛʦ) ʥʘʩʝʣʝʥʥʷ, ʦʙʩʷʛ tK  (ʛʨʥ.) ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʥʷ ʟʘ ʢʚʘʨʪʘʣ t  

ʈʘʡʦʥ / ʇʝʨʽʦʜ 
ʆʙʩʷʛ tY  ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʆʙʩʷʛ tK  ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ 

2017:I 2017:II 2017:III  2018:I 2018:II 2018:III 2017:I 2017:II 2017:III 2018:I 2018:II 2018:III 

ʤ.ʃʠʩʠʯʘʥʩʴʢ 3585 2653 1725 5244 2941 3094 207 276 221 265 165 335 

ʤ.ʈʫʙʽʞʥʝ  22738 28056 27685 30967 31170 33038 231 744 878 595 1393 1609 

ʤ.ʉʻʚʻʨʦʜʦʥʝʮʴʢ 19672 10866 11172 24524 13290 13706 1684 1239 2135 947 1550 1925 

ɹʽʣʦʚʦʜʩʴʢʠʡ  664 1404 1329 928 1670 1873 281 817 1137 338 1257 1143 

ɹʽʣʦʢʫʨʘʢʠʥʩʴʢʠʡ 51930 1952 1578 3052 861 681 638 1286 1276 346 580 1418 

ʂʨʝʤʽʥʩʴʢʠʡ  10494 7959 8245 8238 9001 10198 927 882 1268 619 1167 1695 

ʄʘʨʢʽʚʩʴʢʠʡ  6342 2182 1250 6277 1574 999 1204 601 1317 1018 1022 1405 

ʄʽʣʦʚʩʴʢʠʡ  51822 2036 1531 2991 800 605 909 396 1350 1002 747 880 

ʅʦʚʦʘʡʜʘʨʩʴʢʠʡ  32660 17977 16908 25018 24333 24614 448 665 483 172 704 799 

ʅʦʚʦʧʩʢʦʚʩʴʢʠʡ  51943 2130 1836 3135 936 1016 758 391 972 515 569 709 

ʇʦʧʘʩʥ̫ʥʩʴʢʠʡ  3898 2305 5105 8743 9775 6287 311 335 447 233 446 796 

ʉʚʘʪʽʚʩʴʢʠʡ  1660 1557 1481 2048 2033 1841 1269 1279 1257 543 1045 1201 

ʉʪʘʥʠʯʥʦ-ʃʫʛʘʥʩʴʢʠʡ  204 88 105 248 139 184 281 336 771 307 622 713 

ʉʪʘʨʦʙʽʣʴʩʴʢʠʡ  6225 2499 1976 6127 1866 1935 1126 1207 1546 377 695 1207 

ʊʨʦʾʮʴʢʠʡ  439 573 466 834 687 405 2264 1167 1453 1662 2792 1971 

 

ʄʘʶʯʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʚʘʨʪʘʣʫ t  15 ʨʘʡʦʥʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ tjK  ʜʣʷ ʦʙʩʷʛʫ tK  

(ʛʨʥ.) ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, 15 ʨʘʡʦʥʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ tjL  

ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʦʙʩʷʛʫ tL  (ʛʨʥ.) ʧʨʘʮʽ ʰʪʘʪʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ, ʘ ʪʘʢʦʞ 15 ʨʘʡʦʥʥʠʭ 
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ʩʧʦʩʪʝʨʝʞʝʥʴ tjY  ʜʣʷ ʦʙʩʷʛʫ tY  (ʛʨʥ.) ʚʠʨʦʙʥʠʮʪʚʘ, =j 1,é, 15, ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ a , b, c  ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ 

b
t

a
t

c
t LKeY )()()(= , ʜʝ e ï ʦʩʥʦʚʘ ʥʘʪʫʨʘʣʴʥʠʭ ʣʦʛʘʨʠʬʤʽʚ. 

ʊʘʙʣʠʮʷ 4.8. ɿʥʘʯʝʥʥʷ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ a , b , c  ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ 

b
t

a
t

c
t LKeY )()()(=  ʪʘ ʾʭʥʽʭ ʧʦʭʠʙʦʢ, ʟʘʣʠʰʢʽʚ tjR  ʨʝʛʨʝʩʽʾ, ʤʥʦʞʠʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʪʝʨʤʽʥʘʮʽʾ 
2R  ʜʣʷ ʢʚʘʨʪʘʣʫ t  

ʈʘʡʦʥ / ʇʝʨʽʦʜ Kln  Lln  Yln  R  Kln  Lln  Yln  R  
2017:I 2017:II 

ʤ.ʃʠʩʠʯʘʥʩʴʢ 5.33 9.68 8.18 -0.50 5.62 9.81 7.88 -0.28 

ʤ.ʈʫʙʽʞʥʝ  5.44 9.87 10.03 0.77 6.61 9.94 10.24 1.04 

ʤ.ʉʻʚʻʨʦʜʦʥʝʮɹ ʢ 7.43 9.87 9.89 -0.04 7.12 9.97 9.29 -0.24 

ɹʽʣʦʚʦʜʩʴʢʠʡ  5.64 9.39 6.50 -1.44 6.71 9.52 7.25 0.29 

ɹʽʣʦʢʫʨʘʢʠʥʩʴʢʠʡ 6.46 9.47 10.86 2.41 7.16 9.66 7.58 -0.29 

ʂʨʝʤʽʥʩʴʢʠʡ  6.83 9.47 9.26 0.69 6.78 9.58 8.98 1.65 

ʄʘʨʢʽʚʩʴʢʠʡ  7.09 9.44 8.75 0.20 6.40 9.57 7.69 0.59 

ʄʽʣʦʚʩʴʢʠʡ  6.81 9.47 10.86 2.30 5.98 9.58 7.62 0.57 

ʅʦʚʦʘʡʜʘʨʩʴʢʠʡ  6.11 9.73 10.39 1.30 6.50 9.84 9.80 1.19 

ʅʦʚʦʧʩʢʦʚʩʴʢʠʡ  6.63 9.44 10.86 2.45 5.97 9.53 7.66 0.93 

ʇʦʧʘʩʥʷʥʩʴʢʠʡ  5.74 9.71 8.27 -0.65 5.81 9.79 7.74 -0.38 

ʉʚʘʪʽʚʩʴʢʠʡ  7.15 9.59 7.41 -1.61 7.15 9.66 7.35 -0.51 

ʉʪʘʥʠʯʥʦ-ʃʫʛʘʥʩʴʢʠʡ  5.64 9.47 5.32 -2.85 5.82 9.56 4.48 -2.37 

ʉʪʘʨʦʙʽʣʴʩʴʢʠʡ  7.03 9.53 8.74 -0.06 7.10 9.69 7.82 -0.22 

ʊʨʦʾʮʴʢʠʡ  7.72 9.54 6.08 -2.96 7.06 9.75 6.35 -1.99 

ʉʝʨʝʜʥʻ 6.47 9.58 8.76 0.00 6.52 9.70 7.85 0.00 

ʇʘʨʘʤʝʪʨ a  b  c  2R  a  b  c  2R  
ʆʮʽʥʢʘ 0.33 2.95 -21.60 0.27 0.36 5.44 -47.20 0.61 

ʇʦʭʠʙʢʘ 0.66 3.26 32.30  0.58 2.21 21.10  
 

ʋ ʪʘʙʣ. 4.8ī4.10 ʥʘʚʝʜʝʥʦ ʦʮʽʥʢʠ a , b, c  ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʾ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ 

cLbKaY ttt ++= lnlnln , ʟʥʘʡʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ MS Excel . ʗʢʱʦ ʚ ʢʚʘʨʪʘʣʽ t  ʜʣʷ 

ʨʘʡʦʥʫ k  ʤʘʻ ʤʽʩʮʝ tktktktk RcLbKaY +++= lnlnln  ʟ ʜʦʜʘʪʥʠʤ ʟʘʣʠʰʢʦʤ 

(residual) 0>tkR , ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʮʝʡ ʨʘʡʦʥ ʚʠʨʦʙʣʷʻ ʙʽʣʴʰʠʡ ʦʙʩʛ̫ tkY  

ʧʨʦʜʫʢʮʽʾ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, ʥʽʞ ʮʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʝʦʨʝʪʠʯʥʦ, ʚʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ 

ʦʙʩʷʛʽʚ ʬʘʢʪʦʨʽʚ ʚʠʨʦʙʥʠʮʪʚʘ tkK  ʽ tkL ; ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʮʝʡ ʨʘʡʦʥ ʚʠʷʚʣʷʻ 
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ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʚʠʱʫ ʧʝʨʝʜʙʘʯʝʥʦʾ. ʋ ʪʘʙʣ. 4.8ī4.10 ʞʠʨʥʠʤ ʚʠʜʽʣʝʥʦ 

ʟʥʘʯʝʥʥʷ, ʚʠʱʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ. 

ʊʘʙʣʠʮʷ 4.9. ɿʥʘʯʝʥʥʷ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ a , b , c  ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ 

b
t

a
t

c
t LKeY )()()(=  ʪʘ ʾʭʥʽʭ ʧʦʭʠʙʦʢ, ʟʘʣʠʰʢʽʚ tjR  ʨʝʛʨʝʩʽʾ, ʤʥʦʞʠʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʪʝʨʤʽʥʘʮʽʾ 
2R  ʜʣ̫ ʢʚʘʨʪʘʣʫ t  

 Kln  Lln  Yln  R  Kln  Lln  Yln  R  

ʈʘʡʦʥ / ʇʝʨʽʦʜ 2017:III 2018:I 

ʤ.ʃʠʩʠʯʘʥʩʴʢ 5.40 9.77 7.45 -0.48 5.58 9.87 8.56 -0.30 

ʤ.ʈʫʙʽʞʥʝ  6.78 9.96 10.23 1.01 6.39 9.97 10.34 0.76 

ʤ.ʉʻʚʻʨʦʜʦʥʝʮʴʢ 7.67 10.04 9.32 -0.45 6.85 10.09 10.11 -0.27 

ɹʽʣʦʚʦʜʩʴʢʠʡ  7.04 9.63 7.19 0.14 5.82 9.62 6.83 -0.50 

ɹʽʣʦʢʫʨʘʢʠʥʩʴʢʠʡ 7.15 9.77 7.36 -0.60 5.85 9.64 8.02 0.56 

ʂʨʝʤ̔ʥʩʴʢʠʡ  7.15 9.62 9.02 2.09 6.43 9.70 9.02 1.16 

ʄʘʨʢʽʚʩʴʢʠʡ  7.18 9.65 7.13 -0.02 6.93 9.70 8.74 0.79 

ʄʽʣʦʚʩʴʢʠʡ  7.21 9.54 7.33 0.90 6.91 9.69 8.00 0.14 

ʅʦʚʦʘʡʜʘʨʩʴʢʠʡ  6.18 9.90 9.74 0.97 5.14 9.94 10.13 0.89 

ʅʦʚʦʧʩʢʦʚʩʴʢʠʡ  6.88 9.65 7.52 0.39 6.24 9.63 8.05 0.66 

ʇʦʧʘʩʥʷʥʩʴʢʠʡ  6.10 9.84 8.54 0.15 5.45 9.99 9.08 -0.51 

ʉʚʘʪʽʚʩʴʢʠʡ  7.14 9.73 7.30 -0.37 6.30 9.70 7.62 -0.22 

ʉʪʘʥʠʯʥʦ-ʃʫʛʘʥʩʴʢʠʡ  6.65 9.61 4.65 -2.25 5.73 9.74 5.51 -2.52 

ʉʪʘʨʦʙʽʣʴʩʴʢʠʡ  7.34 9.68 7.59 0.20 5.93 9.74 8.72 0.63 

ʊʨʦʾʮʴʢʠʡ  7.28 9.75 6.14 -1.67 7.42 9.70 6.73 -1.28 

ʉʝʨʝʜʥʻ 6.88 9.74 7.77 0.00 6.20 9.78 8.36 0.00 

ʇʘʨʘʤʝʪʨ a  b  c  2R  a  b  c  2R  
ʆʮʽʥʢʘ 0.02 6.59 -56.62 0.66 0.12 6.30 -53.97 0.69 

ʇʦʭʠʙʢʘ 0.53 2.20 22.20  0.45 1.91 19.40  

 

ɿʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʝʢʦʥʦʤʽʢʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʬʝʨʠ ʧʦʩʣʫʛ (ʧʦʨʽʚʥʷʥʥʽ ʜʘʥʽ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ɼʝʨʞʩʪʘʪ ʥʝ ʚʠʤʽʨʶʚʘʚ) ʩʪʘʙʽʣʴʥʠʤʠ ʣʽʜʝʨʘʤʠ 

ʃʫʛʘʥʱʠʥʠ ʻ ʜʚʘ ʢʣʘʩʪʝʨʠ: 1) ʩʫʤʽʞʥʽ ʤ. ʈʫʙʽʞʥʝ, ʂʨʝʤʽʥʩʴʢʠʡ, ʅʦʚʦʘʡʜʘʨʩʴʢʠʡ 

ʨʘʡʦʥʠ, ʘ ʪʘʢʦʞ ʩʫʤʽʞʥʽ ʉʪʘʨʦʙʽʣʴʩʢʠʡ, ɹʽʣʦʚʦʜʩʴʢʠʡ, ʇʦʧʘʩʥʷʥʩʴʢʠʡ ʨʘʡʦʥʠ, ʜʝ 

ʫ ʧʝʨʽʦʜʠ 2018:II  ʪʘ 2018:III  ʧʦʢʘʟʥʠʢʠ ʧʦʣʽʧʰʠʣʠʩʷ; 2) ʧʨʠʢʦʨʜʦʥʥʠʡ 

ʅʦʚʦʧʩʢʦʚʩʴʢʠʡ ʨʘʡʦʥ, ʘ ʪʘʢʦʞ ʩʫʤʽʞʥʽ ʧʨʠʢʦʨʜʦʥʥʽ ʄʘʨʢʚ̔ʩʴʢʠʡ ʪʘ ʄʽʣʦʚʩʴʢʠʡ 

ʨʘʡʦʥʠ (ʜʦʜʘʪʦʢ 2, ʨʠʩ. 4.1). 

ʋ ʢʣʘʩʪʝʨʽ 1) ʧʨʘʮʶʻ ʙʽʣʴʰʽʩʪʴ ɺʅɿ ʦʙʣʘʩʪʽ. ʋ ʤ. ʈʫʙʽʞʥʝ ʧʨʘʮʶʶʪʴ 5 ɺʅɿ 

(ʃʫʛʘʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɯʥʩʪʠʪʫʪ ʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɼʘʣʷ, 
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ʇʝʨʚʦʤʘʡʩʴʢʠʡ ʽʥʜʫʩʪʨʽʘʣʴʥʦ-ʧʝʜʘʛʦʛʽʯʥʠʡ ʪʝʭʥʽʢʫʤ, ʈʫʙʽʞʘʥʩʴʢʠʡ 

ʽʥʜʫʩʪʨʽʘʣʴʥʦ-ʧʝʜʘʛʦʛʽʯʥʠʡ ʪʝʭʥʽʢʫʤ, ʈʫʙʽʞʘʥʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʪʝʭʥʽʢʫʤ ʽʤʝʥʽ 

ʆ.ɭ. ʇʦʨʘʡ-ʂʦʰʠʮʷ ʃʫʛʘʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ 

ʐʝʚʯʝʥʢʘ (ʆʣʝʢʩʘʥʜʨ ɭʚʛʝʥʦʚʠʯ ʇʦʨʘʡ-ʂʦʰʠʮʴ (1877ī1949) ī ʘʢʘʜʝʤʽʢ ʫ ʛʘʣʫʟʽ 

ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ)). ʋ ʤ. ʉʪʘʨʦʙʽʣʴʩʴʢ ī 5 (ʃʫʛʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʃʫʛʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʡʦʛʦ 

ʂʦʣʝʜʞ ʽ ʉʪʘʨʦʙʽʣʴʩʴʢʠʡ ʛʫʤʘʥʽʪʘʨʥʦ-ʧʝʜʘʛʦʛʽʯʥʠʡ ʢʦʣʝʜʞ,  ʉʪʘʨʦʙʽʣʴʩʴʢʠʡ 

ʤʝʜʠʯʥʠʡ ʢʦʣʝʜʞ). ɺ c. ɺʝʩʝʣʝ ʉʪʘʨʦʙʽʣʴʩʴʢʦʛʦ ʨʘʡʦʥʫ ī ʉʪʘʨʦʙʽʣʴʩʴʢʠʡ  

ʊʘʙʣʠʮʷ 4.10. ɿʥʘʯʝʥʥʷ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ a , b , c  ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ 
b

t

a

t

c

t LKeY )()()(=  ʪʘ ʾʭʥʽʭ ʧʦʭʠʙʦʢ, ʟʘʣʠʰʢʽʚ tjR  ʨʝʛʨʝʩʽʾ, ʤʥʦʞʠʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʪʝʨʤʽʥʘʮʽʾ 
2R  ʜʣʷ ʢʚʘʨʪʘʣʫ t  

 Kln  Lln  Yln  R  Kln  Lln  Yln  R  

ʈʘʡʦʥ / ʇʝʨʽʦʜ 2018:II 2018:III 

ʤ.ʃʠʩʠʯʘʥʩʴʢ 5.11 9.93 7.99 0.16 5.81 9.93 8.04 0.38 

ʤ.ʈʫʙʽʞʥʝ  7.24 10.13 10.35 0.94 7.38 10.16 10.41 1.03 

ʤ.ʉʻʚʻʨʦʜʦʥʝʮʴʢ 7.35 10.20 9.49 -0.39 7.56 10.26 9.53 -0.56 

ɹʽʣʦʚʦʜʩʴʢʠʡ  7.14 9.79 7.42 0.44 7.04 9.78 7.54 1.00 

ɹ̔ʣʦʢʫʨʘʢʠʥʩʴʢʠʡ 6.36 9.86 6.76 -0.64 7.26 9.86 6.52 -0.58 

ʂʨʝʤʽʥʩʴʢʠʡ  7.06 9.78 9.11 2.16 7.44 9.86 9.23 2.14 

ʄʘʨʢʽʚʩʴʢʠʡ  6.93 9.85 7.36 -0.03 7.25 9.92 6.91 -0.66 

ʄʽʣʦʚʩʴʢʠʡ  6.62 9.88 6.68 -0.87 6.78 9.91 6.41 -1.09 

ʅʦʚʦʘʡʜʘʨʩʴʢʠʡ  6.56 10.05 10.10 1.31 6.68 10.10 10.11 1.15 

ʅʦʚʦʧʩʢʦʚʩʴʢʠʡ  6.34 9.76 6.84 0.13 6.56 9.80 6.92 0.24 

ʇʦʧʘʩʥʷʥʩʴʢʠʡ  6.10 10.03 9.19 0.63 6.68 10.07 8.75 0.03 

ʉʚʘʪʽʚʩʴʢʠʡ  6.95 9.80 7.62 0.59 7.09 9.84 7.52 0.57 

ʉʪʘʥʠʯʥʦ-ʃʫʛʘʥʩʴʢʠʡ  6.43 9.92 4.93 -2.92 6.57 9.89 5.22 -2.11 

ʉʪʘʨʦʙʽʣʴʩʴʢʠʡ  6.54 9.90 7.53 -0.20 7.10 9.89 7.57 0.20 

ʊʨʦʾʮʴʢʠʡ  7.93 9.90 6.53 -1.30 7.59 9.95 6.00 -1.75 

ʉʝʨʝʜʥʻ 6.71 9.92 7.86 0.00 6.99 9.95 7.78 0.00 

ʇʘʨʘʤʝʪʨ a  b  c  2R  a  b  c  2R  
ʆʮ̔ ʥʢʘ 0.09 6.99 -62.06 0.61 -0.02 7.50 -66.69 0.67 

ʇʦʭʠʙʢʘ 0.53 2.62 25.96  0.71 2.44 23.74  

 

ʋ ʤ. ʃʠʩʠʯʘʥʩʴʢ ʧʨʘʮʶʶʪʴ 5 ɺʅɿ (ʃʠʩʠʯʘʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʛʽʨʥʠʯʦ-

ʽʥʜʫʩʪʨʽʘʣʴʥʠʡ ʢʦʣʝʜʞ, ʃʠʩʠʯʘʥʩʴʢʠʡ ʥʘʬʪʦʭʽʤʽʯʥʠʡ ʪʝʭʥʽʢʫʤ, ʃʠʩʠʯʘʥʩʴʢʠʡ 

ʧʝʜʘʛʦʛʽʯʥʠʡ ʢʦʣʝʜʞ, ʂʘʜʽʾʚʩʴʢʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʢʦʣʝʜʞ ʽ ɹʨʷʥʢʽʚʩʴʢʠʡ ʢʦʣʝʜʞ 

ʃʫʛʘʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ), ʫ 
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ʤ. ʉʻʚʻʨʦʜʦʥʝʮʴʢ ī 6 (ʃʫʛʘʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ ʽʤʝʥʽ 

ɽ.ʆ. ɼʽʜʦʨʝʥʢʘ (ɽʜʫʘʨʜ ʆʣʝʢʩʽʡʦʚʠʯ ɼʽʜʦʨʝʥʢʦ (1938ī2007) ʥʘʨʦʜʠʚʩʷ ʫ 

ʤ. ɺʦʨʦʰʠʣʦʚʛʨʘʜ, ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʇʨʅ ʋʢʨʘʾʥʠ), ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɼʘʣʷ ʪʘ ʡʦʛʦ ʉʻʚʻʨʦʜʦʥʝʮʴʢʠʡ 

ʭʽʤʽʢʦ-ʤʝʭʘʥʽʯʥʠʡ ʢʦʣʝʜʞ, ʃʫʛʘʥʩʴʢʠʡ ʪʘ ʉʻʚʻʨʦʜʦʥʝʮʴʢʠʡ ʽʥʩʪʠʪʫʪʠ ʇʨɸʊ çɺʅɿ 

ʄʽʞʨʝʛʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤè, ʉʻʚʻʨʦʜʦʥʝʮʴʢʠʡ ʢʦʣʝʜʞ 

ʢʫʣʴʪʫʨʠ ʽ ʤʠʩʪʝʮʪʚ ʽʤʝʥʽ ʉʝʨʛʽʷ ʇʨʦʢʦʬô̒ ʚʘ). 

ʃʫʛʘʥʱʠʥʘ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʇʦʪʝʥʮʽʡʥʠʡ ʨʽʚʝʥɹ ʝʢʩʧʦʨʪʫ ʨʝʛʽʦʥʫ ʥʘ 43% ʚʠʱʝ ʨʽʚʥʷ 2017ʨ. [102]. 

 

4.3 ʇʦʢʚʘʨʪʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʩʪʨʫʢʪʫʨʠ  

       ʝʢʩʧʦʨʪʫ ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ ʫ 2017ï2018 ʨʨ. 

 

ʅʘ ʜʘʥʠʭ 2017ï2018 ʨʨ. ʚʠʟʥʘʯʝʥʽ ʯʦʪʠʨʠ ʢʣʘʩʪʝʨʠ ʟ ʚʠʨʦʙʥʠʯʠʭ ʣʽʜʝʨʽʚ 

ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ. ʂʣʘʩʪʝʨʠ ʦʭʦʧʣʶʶʪʴ ʤʝʥhʝ ʧʦʣʦʚʠʥʠ ʨʘʡʦʥʽʚ ʦʙʣʘʩʪʽ. ʈʘʡʦʥʠ-

ʣʽʜʝʨʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʛʝʥʝʨʘʮʽʾ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ. ʇʽʩʣʷ ʛʝʥʝʨʘʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʜʘʥʠʭ ʟʥʘʡʜʝʥʦ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʡ ʂʦʙʙʘïɼʫʛʣʘʩʘ. ɼʦʩʷʞʥʠʡ ʝʢʩʧʦʨʪ 

ʦʙʣʘʩʪʽ ʥʘ 54% ʧʝʨʝʚʠʱʫʻ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ. 

ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʚʘʣʶʪʥʦʛʦ ʬʦʥʜʫ, ʫ 2018 ʨ. ʋʢʨʘʾʥʘ ʧʦʩʽʣʘ ʦʩʪʘʥʥʻ 

ʤʽʩʮʝ ʚ ɭʚʨʦʧʽ ʟʘ ʚʘʣʦʚʠʤ ʚʥʫʪʨʽʰʥʽʤ ʧʨʦʜʫʢʪʦʤ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ. ɼʣʷ 

ʛʨʦʤʘʜʷʥ ʋʢʨʘʾʥʠ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʤʝʪʦʶ, ʱʦ 

ʚʠʤʘʛʘʻ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʟʫʩʠʣʴ ʽ ʟʘʩʦʙʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʨʠ [35, 37]. 

ʅʘ 2018 ʨ. ʂʽʨʦʚʦʛʨʘʜʱʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 21 ʨʘʡʦʥʫ ʽ 4 ʤʽʩʪ ʦʙʣʘʩʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʜʣʷ ʷʢʠʭ ʥʘʷʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ [211ï216]. ʂʽʨʦʚʦʛʨʘʜʱʠʥʘ 

ʤʘʻ ʪʝʨʠʪʦʨʽʶ 24588 ʢʤ2, ʧʦʩʽʜʘʶʯʠ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ 14 ʤʽʩʮʝ ʩʝʨʝʜ 27 ʨʝʛʽʦʥʽʚ 

ʋʢʨʘʾʥʠ ʽ ʚʠʧʝʨʝʜʞʘʶʯʠ ʪʘʢʽ ʚʽʜʦʤʽ ʻʚʨʦʧʝʡʩʴʢʽ ʜʝʨʞʘʚʠ, ʷʢ  ʉʣʦʚʝʥʽʷ, 

ʏʦʨʥʦʛʦʨʽʷ, ʂʽʧʨ, ʃʶʢʩʝʤʙʫʨʛ, ʄʘʣʴʪʘ. ʂʽʨʦʚʦʛʨʘʜʱʠʥʘ ʤʘʻ ʥʘʷʚʥʝ ʥʘʩʝʣʝʥʥʷ 1,0 

ʤʣʥ. ʦʩʽʙ, ʧʦʩʽʜʘʶʯʠ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ 25 ʤʽʩʮʝ ʩʝʨʝʜ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʽ 
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ʚʠʧʝʨʝʜʞʘʶʯʠ ʪʘʢʽ ʻʚʨʦʧʝʡʩʴʢʽ ʜʝʨʞʘʚʠ, ʷʢ ʂʽʧʨ, ʏʦʨʥʦʛʦʨʽʷ, ʃʶʢʩʝʤʙʫʨʛ, 

ʄʘʣʴʪʘ, ɯʩʣʘʥʜʽʷ. ʂʦʞʥʘ ʟʛʘʜʘʥʘ ʜʝʨʞʘʚʘ ʻ ʯʣʝʥʦʤ ʆʨʛʘʥʽʟʘʮʽʾ 

ʇʽʚʥʽʯʥʦʘʪʣʘʥʪʠʯʥʦʛʦ ʜʦʛʦʚʦʨʫ (North Atlantic Treaty Organization, NATO; ʅɸʊʆ) 

ʽ ʤʘʻ ʟʥʘʯʥʠʡ ʝʢʩʧʦʨʪ ʫ 2017 ʨ. ʇʨʠ ʮʴʦʤʫ ʝʢʩʧʦʨʪ ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ ʟʘ ʢʦʨʜʦʥʠ 

ʋʢʨʘʾʥʠ ʫ 2017 ʨ. ʩʪʘʥʦʚʠʚ ʣʠʰʝ 0,4 ʤʣʨʜ. ʜʦʣ. 

ɼʣʷ ʟʨʦʩʪʘʥʥʷ ʝʢʩʧʦʨʪʫ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ ʧʦʪʨʽʙʥʦ ʧʣʘʥʦʤʽʨʥʦ 

ʟʙʽʣʴʰʫʚʘʪʠ ʦʙʩʷʛʠ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ ï ʧʨʘʮʽ ʡ ʢʘʧʽʪʘʣʫ. ɿʘ ʨʽʢ ʚʽʜ ʧʝʨʰʦʛʦ 

ʢʚʘʨʪʘʣʫ 2017 ʨ. (2017:I) ʜʦ 2018:II  ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʟʨʦʩʣʘ ʥʘʡʙʽʣʴʰʝ ʫ 

ʇʝʪʨʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ (ʥʘ 60%), ʘ ʥʘʡʤʝʥʰʝ ï ʫ ʂʦʤʧʘʥʽʾʚʩʴʢʦʤʫ ʨʘʡʦʥʽ (ʥʘ 24%) 

(ʪʘʙʣ. 4.11). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʩʝʟʦʥʽ 2018ï2019 ʨʨ. ʬʫʪʙʦʣʴʥʘ ʢʦʤʘʥʜʘ 

çɯʥʛʫʣʝʮʴè ʚʽʜ ʇʝʪʨʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʫʩʧʽʰʥʦ ʟʤʘʛʘʻʪʴʩʷ ʫ ʇʝʨʰʽʡ ʣʽʟʽ ʟ 

ʥʘʡʢʨʘʱʠʤʠ ʢʣʫʙʘʤʠ ɼʥʽʧʨʦʧʝʪʨʦʚʱʠʥʠ, ʍʘʨʢʽʚʱʠʥʠ (ʷʢʽ ʤʘʶʪʴ ʫʩʧʽʰʥʠʡ 

ʜʦʩʚʽʜ ʚʠʩʪʫʧʽʚ ʫ ʻʚʨʦʢʫʙʢʘʭ), ɺʦʣʠʥʽ, ʄʠʢʦʣʘʾʚʱʠʥʠ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʱʠʥʠ, 

ʉʫʤʱʠʥʠ, ʍʤʝʣʴʥʠʯʯʠʥʠ. 

ʇʦʢʚʘʨʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʘʡʦʥʘʭ ʚʠʷʚʣʷʣʠ ʽʩʪʦʪʥʽ 

ʢʦʣʠʚʘʥʥʷ (ʪʘʙʣ. 4.12). ɿʘ ʬʘʢʪʠʯʥʦʾ ʚ̔ ʜʩʫʪʥʦʩʪʽ ʩʘʤʦʨʝʛʫʣʷʮʽʾ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʯʠʭ 

ʬʘʢʪʦʨʽʚ ʯʝʨʝʟ ʩʫʯʘʩʥʽ ʬʽʥʘʥʩʦʚʽ ʨʠʥʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ, ʚʠʥʠʢʘʶʪʴ ʧʠʪʘʥʥʷ 

ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʟʤʽʥ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ. ɼʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʮ ̔ ʧʠʪʘʥʥʷ ʪʨʝʙʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʩʬʝʨʠ ʧʦʩʣʫʛ (ʪʘʙʣ. 4.13) ʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʪʘʙʣ. 4.14). 

ʋ ʪʘʙʣ. 4.13 ʜʣʷ ʨʷʜʫ ʨʘʡʦʥʽʚ (ʅʦʚʛʦʨʦʜʢʽʚʩʴʢʦʛʦ ʽ ʉʚʽʪʣʦʚʦʜʩʴʢʦʛʦ) ʜʘʥʽ tS  

ʥʝ ʦʧʨʠʣʶʜʥʶʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʜʝʨʞʘʚʥʫ 

ʩʪʘʪʠʩʪʠʢʫè ʱʦʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʛʝʥʝʨʫʚʘʣʠʩʷ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ [44]. ɸʥʘʣʦʛʽʯʥʦ ʫ ʪʘʙʣ. 4.14 ʜʣʷ ɹʣʘʛʦʚʽʱʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ (ʟʘ 2017:I, 

2017:II, 2017:III , 2017:IV), ʅʦʚʦʘʨʭʘʥʛʝʣʴʩʢʦʛʦ ʨʘʡʦʥʫ (ʟʘ 2017:I, 2017:II ), 

ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ (ʟʘ 2018:I), ɺʽʣʴʰʘʥʩʴʢʦʛʦ, ʂʦʤʧʘʥʽʾʚʩʴʢʦʛʦ, 

ʅʦʚʛʦʨʦʜʢʽʚʩʴʢʦʛʦ, ʆʥʫʬʨʽʾʚʩʴʢʦʛʦ ʨʘʡʦʥʽʚ ʜʘʥʽ uI  ʥʝ ʦʧʨʠʣʶʜʥʶʚʘʣʠʩʷ, ʘʣʝ 

ʛʝʥʝʨʫʚʘʣʠʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ [44]. 
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ʊʘʙʣʠʮʷ 4.11. ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʥʘʨʘʭʦʚʘʥʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ (wage) tW  (ʛʨʥ..) ʰʪʘʪʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ ʡ ʦʙʩʷʛ ʧʨʘʮʽ (labor) tt WL 3=  (ʛʨʥ.) ʚ ʢʚʘʨʪʘʣʽ t  [7ï12] 

 ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʟʘʨʧʣʘʪʘ tW  ʆʙʩʷʛ ʧʨʘʮʽ tL  

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017:II 2017:III  2017:IV 2018:I 2018:II 2017:I 2017:II 2017:III 2017:IV 2018:I 2018:II 

ʤ.ʂʨʦʧʠʚʥʠʮʴʢʠʡ 5267 5749 6102 6457 6612 7134 15801 17247 18306 19371 19836 21402 

ʤ.ɿʥʘʤôʷʥʢʘ 5797 6892 7602 7562 8026 8771 17391 20676 22806 22686 24078 26313 

ʤ.ʆʣʝʢʩʘʥʜʨʽʷ 4458 4782 5347 5311 5292 5933 13374 14346 16041 15933 15876 17799 

ʤ.ʉʚʽʪʣʦʚʦʜʩʴʢ 4621 4940 5149 5463 5661 6269 13863 14820 15447 16389 16983 18807 

ɹʣʘʛʦʚʽʱʝʥʩʴʢʠʡ  4279 4612 5309 4971 5688 5829 12837 13836 15927 14913 17064 17487 

ɹʦʙʨʠʥʝʮʴʢʠʡ 4744 5244 5731 5745 5531 6271 14232 15732 17193 17235 16593 18813 

ɺʣ̔ʴʰʘʥʩʴʢʠʡ 4576 5250 5248 5655 5230 6064 13728 15750 15744 16965 15690 18192 

ɻʘʡʚʦʨʦʥʩʴʢʠʡ 4405 5057 5398 5758 5546 6589 13215 15171 16194 17274 16638 19767 

ɻʦʣʦʚʘʥʽʚʩʴʢʠʡ 5355 5745 6275 6427 6533 7364 16065 17235 18825 19281 19599 22092 

ɼʦʙʨʦʚʝʣʠʯʢʽʚʩʴʢʠʡ 5684 6663 7197 7233 7727 8419 17052 19989 21591 21699 23181 25257 

ɼʦʣʠʥʩʴʢʠʡ 4565 5052 5355 5687 5734 6271 13695 15156 16065 17061 17202 18813 

ɿʥʘʤôʷʥʩʴʢʠʡ 4992 5711 5971 6191 6396 7362 14976 17133 17913 18573 19188 22086 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ 5385 5939 5975 6566 6600 7659 16155 17817 17925 19698 19800 22977 

ʂʦʤʧʘʥʽʾʚʩʴʢʠʡ 4670 5268 5479 5881 4881 5784 14010 15804 16437 17643 14643 17352 

ʄʘʣʦʚʠʩʢʽʚʩʴʢʠʡ 5776 6188 6274 7335 7997 9247 17328 18564 18822 22005 23991 27741 

ʅʦʚʛʦʨʦʜʢʽʚʩʴʢʠʡ 4542 5269 5907 5794 5685 6721 13626 15807 17721 17382 17055 20163 

ʅʦʚʦʘʨʭʘʥʛʝʣʴʩʴʢʠʡ 4463 5792 5149 5708 5476 6351 13389 17376 15447 17124 16428 19053 

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʠʡ 5083 5429 5352 6455 6096 6782 15249 16287 16056 19365 18288 20346 

ʅʦʚʦʫʢʨʘʾʥʩʴʢʠʡ 5069 5711 6051 6337 6058 7012 15207 17133 18153 19011 18174 21036 

ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʠʡ 6034 6311 6208 6616 6954 7643 18102 18933 18624 19848 20862 22929 

ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʠʡ 5000 5514 6293 6123 6175 7170 15000 16542 18879 18369 18525 21510 

ʆʥʫʬʨʽʾʚʩʴʢʠʡ 4510 5019 5513 5512 5164 5884 13530 15057 16539 16536 15492 17652 

ʇʝʪʨʽʚʩʴʢʠʡ 4415 5564 5689 5684 5883 7070 13245 16692 17067 17052 17649 21210 

ʉʚʽʪʣʦʚʦʜʩʴʢʠʡ 4989 6031 6450 6854 5975 6840 14967 18093 19350 20562 17925 20520 

ʋʩʪʠʥʽʚʩʴʢʠʡ 4792 5287 6451 5546 5762 6567 14376 15861 19353 16638 17286 19701 

 

ʂʨʦʢʠ ʧʦʙʫʜʦʚʠ ʪʘʙʣ. 4.11ï4.14 ʥʘʟʠʚʘʶʪʴ ʛʝʥʝʨʘʮʽʻʶ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ. 

ɻʝʥʝʨʦʚʘʥʽ ʜʘʥʽ ʚʠʜʽʣʝʥʦ ʢʫʨʩʠʚʦʤ. ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʜʘʥʠʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʣʽʜ ʟʥʘʡʪʠ ʢʚʘʨʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ 
t

tt
t

N

IS
Y

+
=  ʨʝʘʣʽʟʦʚʘʥʠʭ 

ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʽ ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʦʙʩʷʛʫ 
t

t
t

N

C
K =  ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ (ʪʘʙʣ. 4.15). 
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ʊʘʙʣʠʮʷ 4.12. ʆʩʚʦʻʥʦ (ʚʠʢʦʨʠʩʪʘʥʦ) ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ä
=

=
u

It
tu CC  (ʪʠʩ. ʛʨʥ.) ʟʘ 

ʧʝʨʽʦʜ 2017_u  ʧʝʨʰʠʭ =u I, II , III , IV ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ [7ï12] ʡ ʦʙʩʷʛ tC  (ʪʠʩ. ʛʨʥ.) ʢʘʧʽʪʘʣʴʥʠʭ 

ʽʥʚʝʩʪʠʮʽʡ ʟʘ ʢʚʘʨʪʘʣ t  

 ʆʩʚʦʻʥʦ uC  ʽʥʚʝʩʪʠʮʽʡ ʟʘ ʧʝʨʽʦʜ ʂʘʧʽʪʘʣʴʥʽ ʽʥʚʝʩʪʠʮʽʾ tC  

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017_II 2017_III  2017_IV 2018:I 2018_II 2017:II  2017:III 2017:IV 2018:II 

ʤ.ʂʨʦʧʠʚʥʠʮʴʢʠʡ  321160 854366 1620913 2583921 377739 720299 533206 766547 963008 342560 

ʤ.ɿʥʘʤôʷʥʢʘ 6930 27109 45976 66835 3745 10714 20179 18867 20859 6969 

ʤ.ʆʣʝʢʩʘʥʜʨʽʷ 17342 37771 79716 217957 298184 339452 20429 41945 138241 41268 

ʤ.ʉʚʽʪʣʦʚʦʜʩʴʢ 18297 59614 113317 251181 15532 36720 41317 53703 137864 21188 

ɹʣʘʛʦʚʽʱʝʥʩʴʢʠʡ  15477 48934 84932 112523 13884 34775 33457 35998 27591 20891 

ɹʦʙʨʠʥʝʮʴʢʠʡ 25944 47428 79678 133230 25997 79578 21484 32250 53552 53581 

ɺʽʣʴʰʘʥʩʴʢʠʡ 8835 19224 23489 29681 1982 4532 10389 4265 6192 2550 

ɻʘʡʚʦʨʦʥʩʴʢʠʡ 40750 62418 88702 121677 15218 26051 21668 26284 32975 10833 

ɻʦʣʦʚʘʥʽʚʩʴʢʠʡ 55643 118467 166883 264648 90830 119820 62824 48416 97765 28990 

ɼʦʙʨʦʚʝʣʠʯʢʽʚʩʴʢʠʡ 53842 95147 109525 160353 32308 55474 41305 14378 50828 23166 

ɼʦʣʠʥʩʴʢʠʡ 44583 97187 152072 191130 24926 44341 52604 54885 39058 19415 

ɿʥʘʤôʷʥʩʴʢʠʡ 41077 92410 125905 164593 14256 36961 51333 33495 38688 22705 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ 83628 148328 221980 331496 44335 109043 64700 73652 109516 64708 

ʂʦʤʧʘʥʽʾʚʩʴʢʠʡ 41060 80760 119938 159538 28316 48685 39700 39178 39600 20369 

ʄʘʣʦʚʠʩʢʽʚʩʴʢʠʡ 43372 93575 143296 198972 9641 61482 50203 49721 55676 51841 

ʅʦʚʛʦʨʦʜʢʽʚʩʴʢʠʡ 25418 83890 119612 166746 28601 63537 58472 35722 47134 34936 

ʅʦʚʦʘʨʭʘʥʛʝʣʴʩʴʢʠʡ 16153 57295 84672 116547 5760 12410 41142 27377 31875 6650 

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʠʡ 36612 86636 104883 149641 14028 39137 50024 18247 44758 25109 

ʅʦʚʦʫʢʨʘʾʥʩʴʢʠʡ 37097 101933 179444 235330 44912 127312 64836 77511 55886 82400 

ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʠʡ 15711 54457 106958 140829 15038 27577 38746 52501 33871 12539 

ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʠʡ 76571 175819 229642 281008 40552 118665 99248 53823 51366 78113 

ʆʥʫʬʨʽʾʚʩʴʢʠʡ 14043 29610 41657 61311 5962 18066 15567 12047 19654 12104 

ʇʝʪʨʽʚʩʴʢʠʡ 49371 157595 224244 274670 26726 59669 108224 66649 50426 32943 

ʉʚʽʪʣʦʚʦʜʩʴʢʠʡ 18461 29027 56430 103178 25688 57467 10566 27403 46748 31779 

ʋʩʪʠʥʽʚʩʴʢʠʡ 36473 95284 144944 172549 20828 50448 58811 49660 27605 29620 

 

ʄʘʶʯʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʚʘʨʪʘʣʫ t  25 ʨʘʡʦʥʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ tjK  ʜʣʷ ʦʙʩʷʛʫ tK  

(ʛʨʥ.) ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, 25 ʨʘʡʦʥʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ tjL  

ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʦʙʩʷʛʫ tL  (ʛʨʥ.) ʧʨʘʮʽ ʰʪʘʪʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ, ʘ ʪʘʢʦʞ 25 ʨʘʡʦʥʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ tjY  ʜʣʷ ʦʙʩʷʛʫ tY  (ʛʨʥ.) ʚʠʨʦʙʥʠʮʪʚʘ, =j 1,é, 25, ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ a , b, c  ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ 

b
t

a
t

c
t LKeY )()()(= , ʜʝ e ï ʦʩʥʦʚʘ ʥʘʪʫʨʘʣʴʥʠʭ ʣʦʛʘʨʠʬʤʽʚ. ʋ ʪʘʙʣ. 4.16, 4.17 
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ʥʘʚʝʜʝʥʦ ʦʮʽʥʢʠ a , b, c  ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʾ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ 

cLbKaY ttt ++= lnlnln , ʟʥʘʡʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ MS Excel. ʅʝʭʘʡ ʫ ʢʚʘʨʪʘʣʽ t  ʜʣʷ 

ʨʘʡʦʥʫ k  ʤʘʻ ʤʽʩʮʝ tktktktk RcLbKaY +++= lnlnln , ʜʝ 0>tkR . 

ʊʘʙʣʠʮʷ 4.13. ʏʠʩʝʣʴʥʽʩʪʴ tN  (ʦʩʽʙ) ʥʘʷʚʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʥʘ ʢʽʥʝʮʴ ʢʚʘʨʪʘʣʫ t  ʡ ʦʙʩʷʛ tS  

(ʪʠʩ.ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʚ ʢʚʘʨʪʘʣʽ t  [211ï216] 

 ʅʘʷʚʥʝ ʥʘʩʝʣʝʥʥʷ tN  ʆʙʩʷʛ tS  ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ 

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017:II 2017:III 2017:IV 2018:I 2018:II 2017:I 2017:II 2017:III 2017:IV 2018:I 2018:II 

ʤ.ʂʨʦʧʠʚʥʠʮʴʢʠʡ 237839 237283 237341 237175 236839 236438 701672 732999 709384 726125 740937 764277 

ʤ.ɿʥʘʤôʷʥʢʘ 28145 28146 28139 28004 27960 27896 750148 783319 820974 891868 918943 955119 

ʤ.ʆʣʝʢʩʘʥʜʨʽʷ 90519 90225 90103 89847 89636 89375 64477 69429 59761 69539 62885 63044 

ʤ.ʉʚʽʪʣʦʚʦʜʩʴʢ 52912 52797 52864 52745 52679 52651 39493 34621 36461 61364 51342 64718 

ɹʣʘʛʦʚʽʱʝʥʩʴʢʠʡ  22608 22547 22537 22436 22349 22286 1178 1569 1868 1919 1545 2284 

ɹʦʙʨʠʥʝʮʴʢʠʡ  25708 25619 25555 25448 25383 25339 961 1001 564 1114 936 996 

ɺʽʣʴʰʘʥʩʴʢʠʡ 12565 12551 12510 12417 12359 12301 448 220 159 217 283 359 

ɻʘʡʚʦʨʦʥʩʴʢʠʡ  37677 37539 37399 37254 37153 37068 3446 4709 5492 3184 2271 5147 

ɻʦʣʦʚʘʥʽʚʩʴʢʠʡ 30686 30584 30529 30400 30259 30146 10201 10783 20954 17321 17842 14410 

ɼʦʙʨʦʚʝʣʠʯʢʽʚʩʴʢʠʡ   33684 33628 33589 33433 33345 33297 776 1010 904 904 929 1085 

ɼʦʣʠʥʩʴʢʠʡ  33937 33836 33720 33547 33473 33401 24960 28106 23039 35153 24359 26716 

ɿʥʘʤôʷʥʩʴʢʠʡ  22699 22625 22515 22426 22350 22288 1716 1473 4803 9975 2094 6103 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ  36998 36940 36872 36833 36790 36749 16999 18714 19448 18933 16472 19591 

ʂʦʤʧʘʥʽʾʚʩʴʢʠʡ  15296 15232 15184 15131 15082 15046 542 607 541 630 340 339 

ʄʘʣʦʚʠʩʢʽʚʩʴʢʠʡ  42885 42700 42529 42377 42251 42139 7545 6687 6609 7202 6180 6904 

ʅʦʚʛʦʨʦʜʢʽʚʩʴʢʠʡ  15494 15494 15480 15403 15332 15295 293 789 800 746 600 1381 

ʅʦʚʦʘʨʭʘʥʛʝʣʴʩʴʢʠʡ  24453 24345 24245 24167 24099 24027 421 2342 3988 762 850 3574 

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʠʡ  28391 28373 28334 28203 28131 28012 4992 6448 6430 16089 8568 1214 

ʅʦʚʦʫʢʨʘʾʥʩʴʢʠʡ  41633 41472 41317 41093 40910 40831 2660 3358 3310 3999 4091 3932 

ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʠʡ  27021 26990 26926 26801 26675 26594 2143 2766 3126 3831 3198 4589 

ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʠʡ  35084 34950 34784 34683 34562 34458 25171 16932 31354 43955 25400 18150 

ʆʥʫʬʨʽʾʚʩʴʢʠʡ  18110 17980 17855 17767 17683 17648 6998 3591 4328 19337 8707 4734 

ʇʝʪʨʽʚʩʴʢʠʡ  23946 23866 23774 23671 23576 23489 995 1104 686 898 650 940 

ʉʚ̔ʪʣʦʚʦʜʩʴʢʠʡ  12226 12167 12153 12055 11997 11944 231 619 628 584 469 1078 

ʋʩʪʠʥʽʚʩʴʢʠʡ  13036 13047 13007 12934 12856 12797 184 249 198 255 210 372 

ʂʽʨʦʚʦʛʨʘʜʱʠʥʘ       1668653 1733441 1765809 1935904 1900098 1971055 

ʈʷʜ ʨʘʡʦʥʽʚ       524 1408 1428 1330 1069 2459 

 

ʊʦʜʽ ʮʝʡ ʨʘʡʦʥ ʚʠʨʦʙʣʷʻ ʙʽʣʴʰʠʡ ʦʙʩʷʛ tkY  ʧʨʦʜʫʢʮʽʾ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, ʥʽʞ 

ʮʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʝʦʨʝʪʠʯʥʦ, ʚʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʦʙʩʷʛʽʚ ʬʘʢʪʦʨʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

tkK  ʽ tkL ; ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʮʝʡ ʨʘʡʦʥ ʚʠʷʚʣʷʻ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʚʠʱʫ 

ʧʝʨʝʜʙʘʯʝʥʦʾ. ʋ ʪʘʙʣ. 4.16, 4.17 ʞʠʨʥʠʤ ʚʠʜʽʣʝʥʦ ʟʥʘʯʝʥʥʷ, ʚʠʱʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 
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ʩʝʨʝʜʥʴʦʛʦ. ɿʘ ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʩʪʘʙʽʣʴʥʠʤʠ ʣʽʜʝʨʘʤʠ ʻ 4 ʢʣʘʩʪʝʨʠ: 1) 

ʩʫʤʽʞʥ̔ ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ, ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʠʡ, 

ʅʦʚʦʫʢʨʘʾʥʩʴʢʠʡ ʨʘʡʦʥʠ, ʤ. ɿʥʘʤô̫ ʥʢʘ, ʤ. ʆʣʝʢʩʘʥʜʨʽʷ, ʤ. ʉʚ̔ʪʣʦʚʦʜʩʴʢ, 

ʉʚʽʪʣʦʚʦʜʩʴʢʠʡ ʨʘʡʦʥ; 2) ɼʦʣʠʥʩʴʢʠʡ ʨʘʡʦʥ; 3) ɻʦʣʦʚʘʥʽʚʩʴʢʠʡ ʨʘʡʦʥ; 4) 

ɻʘʡʚʦʨʦʥʩʴʢʠʡ ʨʘʡʦʥ. ʂʦʞʥʠʡ ʪʘʢʠʡ ʨʘʡʦʥ-ʣʽʜʝʨ ʥʝ ʧʦʪʨʝʙʫʚʘʚ ʛʝʥʝʨʘʮʽʾ 

ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ (ʜʦʜʘʪʦʢ 3, ʨʠʩ. 4.2). 

ʊʘʙʣʠʮʷ 4.14. ʆʙʩʷʛ ä
=

=
u

It
tu II  (ʪʠʩ. ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ (ʪʦʚʘʨʽʚ, 

ʧʦʩʣʫʛ) ʙʝʟ ʇɼɺ ʪʘ ʘʢʮʠʟʫ ʟʘ ʧʝʨʽʦʜ 2017_u  ʧʝʨʰʠʭ =u I, II , III , IV ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ [211ï216] ʡ 

ʦʙʩʷʛ tI  (ʪʠʩ. ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʢʚʘʨʪʘʣ t  

 ʆʙʩʷʛ uI  ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʆʙʩʷʛ tI  ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017_II 2017_III 2017_IV 2018:I 2018_II 2017:II 2017:II I 2017:IV 2018:II  

ʤ.ʂʨʦʧʠʚʥʠʮʴʢʠʡ  3286007 5842485 8335011 11872914 3965518 7268343 2556478 2492526 3537903 3302825 

ʤ.ɿʥʘʤôʷʥʢʘ 39166 92337 154455 208766 29667 74774 53171 62119 54310 45106 

ʤ.ʆʣʝʢʩʘʥʜʨʽʷ 319211 670577 1056890 1462346 437560 850743 351367 386313 405456 413183 

ʤ.ʉʚʽʪʣʦʚʦʜʩʴʢ 1416074 2615751 3709651 4908957 1153983 2581874 1199677 1093900 1199306 1427890 

ɹʣʘʛʦʚʽʱʝʥʩʴʢʠʡ  783 947 1789 2335 7753 17404 164 842 546 9650 

ɹʦʙʨʠʥʝʮʴʢʠʡ 1065 2143 2744 3317 14137 58348 1078 601 574 44210 

ɺʽʣʴʰʘʥʩʴʢʠʡ 435 527 993 1292 126 543 92 466 299 416 

ɻʘʡʚʦʨʦʥʩʴʢʠʡ 83257 185139 302277 410148 60472 166771 101882 117138 107871 106300 

ɻʦʣʦʚʘʥʽʚʩʴʢʠʡ 469172 1112163 1655203 2286626 393268 1306025 642990 543041 631423 912757 

ɼʦʙʨʦʚʝʣʠʯʢʽʚʩʴʢʠʡ 6715 17139 25789 36861 8026 15263 10424 8650 11072 7238 

ɼʦʣʠʥʩʴʢʠʡ 32033 44150 46280 68679 26996 43809 12117 2130 22399 16813 

ɿʥʘʤôʷʥʩʴʢʠʡ 23437 49851 64940 80542 11514 40727 26414 15088 15602 29213 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ 285719 663961 1083983 1618248 368575 922130 378243 420022 534265 553554 

ʂʦʤʧʘʥʽʾʚʩʴʢʠʡ 530 639 1205 1575 154 664 110 566 370 510 

ʄʘʣʦʚʠʩʢʽʚʩʴʢʠʡ 4108 7535 11107 15870 3682 7474 3427 3573 4762 3793 

ʅʦʚʛʦʨʦʜʢʽʚʩʴʢʠʡ 537 650 1229 1603 156 675 114 578 374 518 

ʅʦʚʦʘʨʭʘʥʛʝʣʴʩɹ ʢʠʡ 5336 10672 16008 21211 5769 15434 5336 5336 5203 9665 

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʠʡ 190286 482112 734794 1105571 260635 527772 291826 252682 370776 267137 

ʅʦʚʦʫʢʨʘʾʥʩʴʢʠʡ 61161 142343 231525 329762 57218 149568 81182 89182 98237 92350 

ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʠʡ 3206 8862 22794 28450 3142 6283 5655 13932 5657 3142 

ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʠʡ 88974 100978 135869 281733 14370 29646 12004 34891 145865 15276 

ʆʥʫʬʨʽʾʚʩʴʢʠʡ 627 755 1417 1849 180 778 128 663 432 598 

ʇʝʪʨʽʚʩʴʢʠʡ 1988 4465 7032 10469 2707 5967 2477 2567 3437 3259 

ʉʚʽʪʣʦʚʦʜʩʴʢʠʡ 177638 328884 527230 644246 146396 233770 151246 198346 117016 87374 

ʋʩʪʠʥʽʚʩʴʢʠʡ 1078 2439 4776 6200 867 2134 1361 2337 1424 1267 

ʂʽʨʦʚʦʛʨʘʜʱʠʥʘ 6498541 12387502 18134990 25409570 6972873 14326917 5888961 5747488 7274580 7354044 

ʈʷʜ ʨʘʡʦʥʽʚ 2911 3518 6634 8655 617 2659     
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ʊʘʙʣʠʮʷ 4.15. ʆʙʩʷʛ 
tY  (ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʽ ʨʝʘʣʽʟʦʚʘʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʜʫʰʫ (ʥʘʷʚʥʦʛʦ) ʥʘʩʝʣʝʥʥʷ, ʦʙʩʷʛ tK  (ʛʨʥ.) ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʟʘ ʢʚʘʨʪʘʣ t  

 ʆʙʩʷʛ tY  ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʆʙʩʷʛ tK  ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ 

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017:II 2017:III 2017:IV 2018:I 2018:II 2017:I 2017:II  2017:III  2017:IV 2018:I 2018:II 

ʤ.ʂʨʦʧʠʚʥʠʮʴʢʠʡ 16766 13863 13491 17978 19872 17202 1350 2247 3230 4060 1595 1449 

ʤ.ɿʥʘʤôʷʥʢʘ 28045 29720 31383 33787 33927 35856 246 717 670 745 134 250 

ʤ.ʆʣʝʢʩʘʥʜʨʽʷ 4239 4664 4951 5287 5583 5328 192 226 466 1539 3327 462 

ʤ.ʉʚʽʪʣʦʚʦʜʩʴʢ 27509 23378 21382 23901 22881 28349 346 783 1016 2614 295 402 

ɹʣʘʛʦʚʽʱʝʥʩʴʢʠʡ  87 77 120 110 416 536 685 1484 1597 1230 621 937 

ɹʦʙʨʠʥʝʮʴʢʠʡ 79 81 46 66 594 1784 1009 839 1262 2104 1024 2115 

ɺʽʣʴʰʘʥʩʴʢʠʡ 70 25 50 42 33 63 703 828 341 499 160 207 

ɻʘʡʚʦʨʦʥʩʴʢʠʡ 2301 2839 3279 2981 1689 3007 1082 577 703 885 410 292 

ɻʦʣʦʚʘʥʽʚʩʴʢʠʡ 15622 21376 18474 21340 13586 30756 1813 2054 1586 3216 3002 962 

ɼʦʙʨʦʚʝʣʠʯʢʽʚʩʴʢʠʡ 222 340 284 358 269 250 1598 1228 428 1520 969 696 

ɼʦʣʠʥʩʴʢʠʡ 1679 1189 746 1716 1534 1303 1314 1555 1628 1164 745 581 

ɿʥʘʤôʷʥʩʴʢʠʡ 1108 1233 883 1141 609 1585 1810 2269 1488 1725 638 1019 

ʂ̔ ʨʦʚʦʛʨʘʜʩʴʢʠʡ 8182 10746 11919 15019 10466 15596 2260 1751 1998 2973 1205 1761 

ʂʦʤʧʘʥʽʾʚʩʴʢʠʡ 70 47 73 66 33 56 2684 2606 2580 2617 1877 1354 

ʄʘʣʦʚʠʩʢʽʚʩʴʢʠʡ 272 237 239 282 233 254 1011 1176 1169 1314 228 1230 

ʅʦʚʛʦʨʦʜʢʽʚʩʴʢʠʡ 54 58 89 73 49 124 1641 3774 2308 3060 1865 2284 

ʅʦʚʦʘʨʭʘʥʛʝʣʴʩʴʢʠʡ 235 315 385 247 275 551 661 1690 1129 1319 239 277 

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʠʡ 6878 10513 9145 13717 9570 9580 1290 1763 644 1587 499 896 

ʅʦʚʦʫʢʨʘʾʥʩʴʢʠʡ 1533 2038 2239 2488 1499 2358 891 1563 1876 1360 1098 2018 

ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʠʡ 198 312 634 354 238 291 581 1436 1950 1264 564 471 

ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʠʡ 3254 828 1904 5473 1151 970 2183 2840 1547 1481 1173 2267 

ʆʥʫʬʨʽʾʚʩʴʢʠʡ 421 207 280 1113 503 302 775 866 675 1106 337 686 

ʇʝʪʨʽʚʩʴʢʠʡ 125 150 137 183 142 179 2062 4535 2803 2130 1134 1402 

ʉʚʽʪʣʦʚʦʜʩʴʢʠʡ 14548 12482 16372 9755 12242 7406 1510 868 2255 3878 2141 2661 

ʋʩʪʠʥʽʚʩʴʢʠʡ 97 123 195 130 84 128 2798 4508 3818 2134 1620 2315 

 

ɼʣ̫ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʞʣʠʚʽ ʽʥʩʪʠʪʫʮʽʾ, ʷʢʠʤʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʫ ʝʨʫ ʻ 

ʚʠɦʽ ʥʘʚʯʘʣʴʥʽ ʟʘʢʣʘʜʠ (ɺʅɿ). ʋ ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ ʧʨʘʮʶʶʪʴ 19 ɺʅɿ ï 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ 

ɺʠʥʥʠʯʝʥʢʘ, ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʎʅʊʋ) 

ʪʘ ʡʦʛʦ ̔ʥʞʝʥʝʨʥʠʡ ʢʦʣʝʜʞ, ʃʴʦʪʥʘ ʘʢʘʜʝʤʽʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ɽʢʦʥʦʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ʈʦʙʝʨʪʘ ɽʣʴʚʦʨʪʽ ʪʘ ʡʦʛʦ 

ʝʢʦʥʦʤʽʢʦ-ʧʨʘʚʦʚʠʡ ʢʦʣʝʜʞ, ɯʥʩʪʠʪʫʪ ʨʦʟʚʠʪʢʫ ʣʶʜʠʥʠ ʪʘ ʁʨʠʜʠʯʥʠʡ ʢʦʣʝʜʞ 

ɺʅɿ çɺʽʜʢʨʠʪʠʡ ʤʽʞʥʘʨʦʜʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʦʟʚʠʪʢʫ ʣʶʜʠʥʠ çʋʢʨʘʾʥʘè, ɯʥʩʪʠʪʫʪ ʽ 
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ʢʦʣʝʜʞ ʧʨʠʚʘʪʥʦʛʦ ɺʅɿ çʋʥʚ̔ʝʨʩʠʪʝʪ ʩʫʯʘʩʥʠʭ ʟʥʘʥʴè, ʧʨʠʚʘʪʥʠʡ ɺʅɿ 

çʂʨʦʧʠʚʥʠʮʴʢʠʡ ʽʥʩʪʠʪʫʪ ʜʝʨʞʘʚʥʦʛʦ ʪʘ ʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷè,   

ʊʘʙʣʠʮʷ 4.16. ɿʥʘʯʝʥʥʷ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ a , b , c  ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ 

b
t

a
t

c
t LKeY )()()(=  ʪʘ ʾʭʥʽʭ ʧʦʭʠʙʦʢ, ʟʘʣʠʰʢʽʚ tjR  ʨʝʛʨʝʩʽʾ, ʤʥʦʞʠʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʪʝʨʤʽʥʘʮʽ ʾ
2R  ʜʣʷ ʢʚʘʨʪʘʣʫ t  

 Kln  Lln  Yln  tjR  Kln  Lln  Yln  tjR  Kln  Lln  Yln  tjR  

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017:I 2017:I 2017:I 2017:II 2017:II 2017:II 2017:II 2017:III 2017:III 2017:III  2017:III 

ʤ.ʂʨʦʧʠʚʥʠʮʴʢʠʡ 7.21 9.67 9.73 2.56 7.72 9.76 9.54 2.94 8.08 9.81 9.51 2.58 

ʤ.ɿʥʘʤôʷʥʢʘ 5.51 9.76 10.24 1.12 6.57 9.94 10.30 1.23 6.51 10.03 10.35 1.86 

ʤ.ʆʣʝʢʩʘʥʜʨʽʷ 5.26 9.50 8.35 0.84 5.42 9.57 8.45 0.61 6.14 9.68 8.51 1.79 

ʤ.ʉʚʽʪʣʦʚʦʜʩʴʢ 5.85 9.54 10.22 2.91 6.66 9.60 10.06 3.35 6.92 9.65 9.97 3.65 

ɹʣʘʛʦʚʽʱʝʥʩʴʢʠʡ 6.53 9.46 4.46 -1.80 7.30 9.54 4.34 -1.21 7.38 9.68 4.79 -1.58 

ɹʦʙʨʠʥʝʮʴʢʠʡ 6.92 9.56 4.37 -2.30 6.73 9.66 4.40 -2.65 7.14 9.75 3.82 -3.01 

ɺʽʣʴʰʘʥʩʴʢʠʡ 6.56 9.53 4.25 -2.45 6.72 9.66 3.21 -3.85 5.83 9.66 3.91 -2.79 

ɻʘʡʚʦʨʦʥʩʴʢʠʡ 6.99 9.49 7.74 1.63 6.36 9.63 7.95 0.75 6.56 9.69 8.10 1.43 

ɻʦʣʦʚʘʥʽʚʩʴʢʠʡ 7.50 9.68 9.66 2.61 7.63 9.75 9.97 3.28 7.37 9.84 9.82 2.57 

ɼʦʙʨʦʚʝʣʠʯʢʽʚʩʴʢʠʡ 7.38 9.74 5.40 -2.15 7.11 9.90 5.83 -2.43 6.06 9.98 5.65 -2.67 

ɼʦʣʠʥʩʴʢʠʡ 7.18 9.52 7.43 1.22 7.35 9.63 7.08 0.96 7.39 9.68 6.62 0.21 

ɿʥʘʤôʷʥʩʴʢʠʡ 7.50 9.61 7.01 0.44 7.73 9.75 7.12 0.57 7.30 9.79 6.78 -0.23 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ 7.72 9.69 9.01 2.09 7.47 9.79 9.28 2.19 7.60 9.79 9.39 2.45 

ʂʦʤʧʘʥʽʾʚʩʴʢʠʡ 7.90 9.55 4.25 -1.57 7.87 9.67 3.85 -1.99 7.86 9.71 4.29 -2.12 

ʄʘʣʦʚʠʩʢʽʚʩʴʢʠʡ 6.92 9.76 5.60 -2.41 7.07 9.83 5.47 -2.34 7.06 9.84 5.48 -1.86 

ʅʦʚʛʦʨʦʜʢʽʚʩʴʢʠʡ 7.40 9.52 3.98 -2.02 8.24 9.67 4.06 -1.38 7.74 9.78 4.49 -2.35 

ʅʦʚʦʘʨʭʘʥʛʝʣʴʩʴʢʠʡ 6.49 9.50 5.46 -1.12 7.43 9.76 5.75 -1.21 7.03 9.65 5.95 -0.34 

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʠʡ 7.16 9.63 8.84 1.88 7.47 9.70 9.26 2.79 6.47 9.68 9.12 2.48 

ʅʦʚʦʫʢʨʘʾʥʩʴʢʠʡ 6.79 9.63 7.33 0.12 7.35 9.75 7.62 0.67 7.54 9.81 7.71 0.69 

ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʠʡ 6.37 9.80 5.29 -3.45 7.27 9.85 5.74 -1.98 7.58 9.83 6.45 -0.70 

ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʠʡ 7.69 9.62 8.09 1.65 7.95 9.71 6.72 0.66 7.34 9.85 7.55 0.27 

ʆʥʫʬʨʽʾʚʩʴʢʠʡ 6.65 9.51 6.04 -0.48 6.76 9.62 5.33 -1.38 6.51 9.71 5.63 -1.15 

ʇʝʪʨʽʚʩʴʢʠʡ 7.63 9.49 4.82 -0.81 8.42 9.72 5.01 -0.61 7.94 9.74 4.92 -1.67 

ʉʚʽʪʣʦʚʦʜʩʴʢʠʡ 7.32 9.61 9.59 2.88 6.77 9.80 9.43 1.48 7.72 9.87 9.70 2.39 

ʋʩʪʠʥʽʚʩʴʢʠʡ 7.94 9.57 4.57 -1.39 8.41 9.67 4.82 -0.46 8.25 9.87 5.27 -1.91 

ʉʝʨʝʜʥʻ 6.97 9.60 6.87 0.00 7.27 9.72 6.82 0.00 7.17 9.78 6.95 0.00 

ʇʘʨʘʤʝʪʨ a  b  c  2R  
a  b  c  2R  

a  b  c  2R  
ʆʮʽʥʢʘ -0.76 6.83 -53.39 0.39 -1.08 6.81 -51.47 0.42 -0.26 5.32 -43.20 0.25 

ʇʦʭʠʙʢʘ 0.60 4.29 41.25  0.63 4.37 42.10  0.68 4.38 42.46  

 

ʎʝʥʪʨʘʣʥɹʦʫʢʨʘʾʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʇʨɸʊ çɺʅɿ çʄʽʞʨʝʛʽʦʥʘʣʴʥʘ ɸʢʘʜʝʤʽʷ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤè ʪʘ ʡʦʛʦ ʢʦʣʝʜʞ, ʢʦʦʧʝʨʘʪʠʚʥʠʡ ʢʦʣʝʜʞ ʝʢʦʥʦʤʽʢʠ ʽ ʧʨʘʚʘ 

ʽʤʝʥʽ ʄ.ʇ. ʉʘʷ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʩʧʦʞʠʚʩʧʽʣʢʠ, ʙʫʜʽʚʝʣʴʥʠʡ ʢʦʣʝʜʞ, ʤʝʜʠʯʥʠʡ 
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ʢʦʣʝʜʞ ʽʤʝʥʽ ɭ.ʁ. ʄʫʭʽʥʘ, ʤʫʟʠʯʥʠʡ ʢʦʣʝʜʞ, ʢʦʣʝʜʞ ʤʝʭʘʥʽʟʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ, ʢʦʣʝʜʞ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʪʦʨʛʽʚʣʽ. 

ʊʘʙʣʠʮʷ 4.17. ɿʥʘʯʝʥʥʷ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ a , b , c  ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ 
b

t

a

t

c

t LKeY )()()(=  ʪʘ ʾʭʥʽʭ ʧʦʭʠʙʦʢ, ʟʘʣʠʰʢʽʚ 
tjR  ʨʝʛʨʝʩ̔ ʾ, ʤʥʦʞʠʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʪʝʨʤʽʥʘʮʽʾ 
2R  ʜʣʷ ʢʚʘʨʪʘʣʫt  

 Kln  Lln  Yln  tjR  Kln  Lln  Yln  tjR  Kln  Lln  Yln  tjR  

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:IV 2017:IV 2017:IV 2017:IV 2018:I 2018:I 2018:I 2018:I 2018:II 2018:II 2018:II 2018:II 

ʤ.ʂʨʦʧʠʚʥʠʮʴʢʠʡ 8.31 9.87 9.80 1.51 7.37 9.90 9.90 2.28 7.28 9.97 9.75 2.54 

ʤ.ɿʥʘʤôʷʥʢʘ 6.61 10.03 10.43 2.44 4.90 10.09 10.43 2.48 5.52 10.18 10.49 2.11 

ʤ.ʆʣʝʢʩʘʥʜʨʽʷ 7.34 9.68 8.57 2.56 8.11 9.67 8.63 2.02 6.14 9.79 8.58 1.74 

ʤ.ʉʚʽʪʣʦʚʦʜʩʴʢ 7.87 9.70 10.08 3.40 5.69 9.74 10.04 3.77 6.00 9.84 10.25 3.18 

ɹʣʘʛʦʚʽʱʝʥʩʴʢʠʡ  7.11 9.61 4.70 -0.63 6.43 9.74 6.03 -0.48 6.84 9.77 6.28 -0.32 

ɹʦʙʨʠʥʝʮʴʢʠʡ 7.65 9.75 4.19 -2.67 6.93 9.72 6.39 -0.12 7.66 9.84 7.49 0.82 

ɺ̔ ʣʴʰʘʥʩʴʢʠʡ 6.21 9.74 3.73 -1.77 5.08 9.66 3.50 -2.15 5.33 9.81 4.14 -2.97 

ɻʘʡʚʦʨʦʥʩʴʢʠʡ 6.79 9.76 8.00 1.87 6.02 9.72 7.43 1.18 5.68 9.89 8.01 0.68 

ɻʦʣʦʚʘʥʽʚʩʴʢʠʡ 8.08 9.87 9.97 1.91 8.01 9.88 9.52 1.78 6.87 10.00 10.33 2.91 

ɼʦʙʨʦʚʝʣʠʯʢʽʚʩʴʢʠʡ 7.33 9.99 5.88 -2.40 6.88 10.05 5.59 -2.73 6.54 10.14 5.52 -2.46 

ɼʦʣʠʥʩʴʢʠʡ 7.06 9.74 7.45 1.17 6.61 9.75 7.34 0.73 6.37 9.84 7.17 0.19 

ɿʥʘʤôʷʥʩʴʢʠʡ 7.45 9.83 7.04 -0.20 6.46 9.86 6.41 -0.75 6.93 10.00 7.37 -0.04 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ 8.00 9.89 9.62 1.47 7.09 9.89 9.26 1.73 7.47 10.04 9.65 2.24 

ʂʦʤʧʘʥʽʾʚʩʴʢʠʡ 7.87 9.78 4.19 -3.03 7.54 9.59 3.49 -2.51 7.21 9.76 4.03 -2.45 

ʄʘʣʦʚʠʩʢʽʚʩʴʢʠʡ 7.18 10.00 5.64 -2.61 5.43 10.09 5.45 -2.63 7.11 10.23 5.54 -2.64 

ʅʦʚʛʦʨʦʜʢʽʚʩʴʢʠʡ 8.03 9.76 4.29 -2.96 7.53 9.74 3.90 -2.94 7.73 9.91 4.82 -2.07 

ʅʦʚʦʘʨʭʘʥʛʝʣʴʩʴʢʠʡ 7.18 9.75 5.51 -0.90 5.48 9.71 5.62 -0.41 5.62 9.85 6.31 -0.90 

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʠʡ 7.37 9.87 9.53 2.05 6.21 9.81 9.17 2.34 6.80 9.92 9.17 2.02 

ʅʦʚʦʫʢʨʘʾʥʩʢɹʠʡ 7.22 9.85 7.82 0.61 7.00 9.81 7.31 0.29 7.61 9.95 7.77 0.70 

ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʠʡ 7.14 9.90 5.87 -1.59 6.33 9.95 5.47 -2.11 6.16 10.04 5.67 -2.06 

ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʠʡ 7.30 9.82 8.61 1.58 7.07 9.83 7.05 -0.10 7.73 9.98 6.88 -0.24 

ʆʥʫʬʨʽʾʚʩʴʢʠʡ 7.01 9.71 7.01 1.01 5.82 9.65 6.22 0.42 6.53 9.78 5.71 -1.00 

ʇʝʪʨʽʚʩʴʢʠʡ 7.66 9.74 5.21 -1.58 7.03 9.78 4.96 -1.92 7.25 9.96 5.19 -2.00 

ʉʚ̔ ʪʣʦʚʦʜʩʴʢʠʡ 8.26 9.93 9.19 0.49 7.67 9.79 9.41 2.27 7.89 9.93 8.91 2.00 

ʋʩʪʠʥʽʚʩʴʢʠʡ 7.67 9.72 4.87 -1.75 7.39 9.76 4.43 -2.44 7.75 9.89 4.85 -1.95 

ʉʝʨʝʜʥʻ 7.43 9.81 7.09 0.00 6.64 9.81 6.92 0.00 6.80 9.93 7.20 0.00 

ʇʘʨʘʤʝʪʨ a  b  c  2R  
a  b  c  2R  

a  b  c  2R  
ʆʮʽʥʢʘ 0.87 7.37 -71.66 0.42 0.29 5.49 -48.86 0.34 -0.25 3.54 -26.32 0.23 

ʇʦʭʠʙʢʘ 0.83 4.03 39.57  0.49 3.33 33.39  0.54 3.35 33.22  

 

ɺ ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ ʟʘʨʝʻʩʪʨʦʚʘʥʽ, ʘʣʝ ʥʝ ʦʧʨʠʣʶʜʥʶʶʪʴ ʽʥʬʦʨʤʘʮʽʶ (ʥʘ 

ʩʘʡʪʽ www.vstup.info) 6 ɺʅɿ ï ʢʽʙʝʨʥʝʪʠʢʦ-ʪʝʭʥʽʯʥʠʡ ʢʦʣʝʜʞ, ʢʦʣʝʜʞ ʂʠʾʚʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʫʣʴʪʫʨʠ, ʢʦʣʝʜʞ ʩʪʘʪʠʩʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʩʪʘʪʠʩʪʠʢʠ, 

ʦʙʣʽʢʫ ʪʘ ʘʫʜʠʪʫ, ʬʘʢʫʣʴʪʝʪ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʫʣʴʪʫʨʠ ʽ 

http://www.vstup.info/
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ʤʠʩʪʝʮʪʚ,  ʚʜ̔ʜʽʣʝʥʥʷ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʟʘʦʯʥʦʛʦ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʬʘʢʫʣʴʪʝʪ ʤʝʥʝʜʞʤʝʥʪʫ ʽ ʙʽʟʥʝʩʫ ʂʠʾʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʫʣʴʪʫʨʠ. 

ɺ ʤ. ʆʣʝʢʩʘʥʜʨʽʷ ʧʨʘʮʶʶʪʴ 6 ɺʅɿ ï ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʢʦʣʝʜʞ, ʢʦʣʝʜʞ ʢʫʣʴʪʫʨʠ 

ʽ ʤʠʩʪʝʮʪʚ, ʧʝʜʘʛʦʛʽʯʥʠʡ ʢʦʣʝʜʞ ʽʤʝʥʽ ɺ.ʆ. ʉʫʭʦʤʣʠʥʩʴʢʦʛʦ, ʢʦʣʝʜʞ 

ɹʽʣʦʮʝʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ɹʅɸʋ), ʢʦʣʝʜʞ 

ʧʨʠʚʘʪʥʦʛʦ ɺʅɿ çʋʥʽʚʝʨʩʠʪʝʪ ʩʫʯʘʩʥʠʭ ʟʥʘʥʴè, ʤʝʜʠʯʥʝ ʫʯʠʣʠʱʝ. ʋ 

ʤ. ʉʚʽʪʣʦʚʦʜʩʴʢ ʧʨʘʮʶʻ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʢʦʣʝʜʞ ʎʅʊʋ. ʆʪʞʝ, ʫ ʢʣʘʩʪʝʨʽ 1) 

ʧʨʘʮʶʶʪʴ 26 ɺʅɿ. ʋ ʢʣʘʩʪʝʨʽ 4) ʧʨʘʮʶʻ ʻʜʠʥʠʡ ɺʅɿ ï ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʢʦʣʝʜʞ ʫ 

ʤ. ɻʘʡʚʦʨʦʥ; ʢʣʘʩʪʝʨʠ 3) ʽ 4) ʥʝ ʤʘʶʪʴ ɺʅɿ. ʇʦʟʘ ʢʣʘʩʪʝʨʘʤʠ 1)ï4) ʫ 

ʩʤʪ. ʂʦʤʧʘʥʽʾʚʢʘ ʧʨʘʮʶʻ ʢʦʣʝʜʞ ʚʝʪʝʨʠʥʘʨʥʦʾ ʤʝʜʠʮʠʥʠ ɹʅɸʋ, ʘ ʫ ʤ. ɹʦʙʨʠʥʝʮʴ 

ï ʢʦʣʝʜʞ ʽʤʝʥʽ ɺ. ʇʦʨʠʢʘ ɹʅɸʋ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʢʣʘʩʪʝʨʘʭ 1)ï4) ʧʨʘʮʶʶʪʴ 27 ʟ 

29 ɺʅɿ ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ, ʘ 19 ʟ 25 ʨʘʡʦʥʽʚ ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ ʥʝ ʤʘʶʪʴ ɺʅɿ. 

ʉʫʤʘʨʥʘ ʚʽʜʜʘʯʘ )( ba+  ʽʩʪʦʪʥʦ ʧʝʨʝʚʠʱʫʻ 1, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʽʣʴʰʫʚʘʥʫ 

ʚʽʜʜʘʯʫ ʚʽʜ ʤʘʩʰʪʘʙʫ, ʦʩʦʙʣʠʚʦ ʚʽʜ ʤʘʩʰʪʘʙʫ ʧʨʘʮ.̔ 

ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʫ ʪʦʨʛʽʚʣʽ [195], ʟʘʛʘʣʴʥʠʡ ʩʚʽʪʦʚʠʡ ʝʢʩʧʦʨʪ 

ʽʩʪʦʪʥʦ ʟʥʠʞʫʚʘʚʩʷ ʟʘ ʦʩʥʦʚʥʠʤʠ ʛʨʫʧʘʤʠ ʪʦʚʘʨʽʚ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ɻʘʨʤʦʥʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ [196]), ʧʦʯʠʥʘʶʯʠ ʟ 2014 ʨ. ʋ ʪʘʙʣ. 4.18, 4.19, 4.20 

ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ mW  ʩʚʽʪʦʚʦʛʦ ʝʢʩʧʦʨʪʫ ʜʣ ̫ʢʦʞʥʦʾ ʛʨʫʧʠ m ʪʦʚʘʨʽʚ, ʘ ʛʨʫʧʠ 

ʚʧʦʨʷʜʢʦʚʘʥʽ ʟʘ ʨʽʚʥʝʤ ʝʢʩʧʦʨʪʫ 2017 ʨ., ʜʝ ʛʨʫʧʽ 0 ʚʽʜʧʦʚʽʜʘʻ ʩʫʤʘʨʥʠʡ ʝʢʩʧʦʨʪ 

ä
=

99

1m
mW . ʆʩʢʽʣʴʢʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʝʢʩʧʦʨʪ tm

t
m EM max=  ʻ ʜʦʩʷʞʥʠʤ, ʪʦ ʜʦʩʷʞʥʠʤ 

 ̒ʨʽʯʥʠʡ ʝʢʩʧʦʨʪ mM4  ʛʨʫʧʠ m ʽ ʩʫʤʘʨʥʠʡ ʨʽʯʥʠʡ ʝʢʩʧʦʨʪ ä
=

=
99

1

4
m

mMM =0,638 

ʤʣʨʜ. ʜʦʣ. ʎʝ ʥʘ 54% ʧʝʨʝʚʠʱʫʻ ʝʢʩʧʦʨʪ ä
=

=
99

1
0

m
IVmIV EE =0,416 ʤʣʨʜ. ʜʦʣ. 

ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ ʫ 2017 ʨ. ʽ ʟʘʜʘʻ ʜʦʩʷʞʥʫ ʩʪʨʫʢʪʫʨʫ ʝʢʩʧʦʨʪʫ. 

ʂʽʨʦʚʦʛʨʘʜʱʠʥʘ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʨʦʟʨʦʙʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʽ ʩʚʦʾʭ ɺʅɿ, ʤʦʞʝ 

ʟʘʧʦʯʘʪʢʫʚʘʪʠ ʝʢʩʧʦʨʪ ʟʘ ʪʘʢʠʤʠ ʪʦʚʘʨʥʠʤʠ ʛʨʫʧʘʤʠ (ʫ ʧʦʨʷʜʢʫ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ):  
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ʊʘʙʣʠʮʷ 4.18. ɽʢʩʧʦʨʪ ä
=

=
u

It
tmum EE   ̔ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʚʘʨʪʘʣʴʥʠʡ ʝʢʩʧʦʨʪ mM  (ʪʠʩ. 

ʜʦʣ.) ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ ʟʘ ʛʨʫʧʘʤʠ =m 0,é, 99 ʟʘ ʧʝʨʽʦʜ 2017_u  ʧʝʨʠhʭ u  ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ [211ï

216], ʩʚʽʪʦʚʠʡ ʝʢʩʧʦʨʪ mW  (ʤʣʨʜ. ʜʦʣ.) ʟʘ 2017 ʨ. [195] 

 ʉʫʤʘʨʥʠʡ ʝʢʩʧʦʨʪ umE  ʂʚʘʨʪʘʣʴʥʠʡ ʝʢʩʧʦʨʪ tmE  mM  mM4  mW  

m/T 2017:I 2017_II 2017_III 2017_IV 2018:I 2018_II 2017:II 2017:III 2017:IV 2018:II ʂʚʘʨʪʘʣ ʈʽʢ 2017 
0 127876 214970 311575 415702 106194 241061 87095 96604 104127 134867 134867 539466 17581 

85 250 625 944 1542 585 1050 375 319 599 465 599 2394 2566 
84 17671 34819 53716 69407 17645 35110 17148 18897 15691 17465 18897 75589 2082 

27 3 9 16 24 2 11 7 6 9 9 9 34 1954 

87 332 933 1532 1812 390 929 601 599 280 539 601 2403 1440 
71             636 

39 33 93 184 286 106 172 60 91 103 66 106 426 595 
90 22 28 63 85 16 39 7 35 22 23 35 139 577 

30             534 
29 1158 2417 3318 4170 1180 2432 1259 901 852 1252 1259 5036 381 

72 5 6 54 54   1 49 0  49 195 372 

88 3 19 19 19 11 11 16 0 0 0 16 66 327 
99             321 

73 175 330 648 1200 751 1015 155 318 553 264 751 3006 283 
26 5903 14007 19467 27962 6618 13102 8105 5459 8496 6485 8496 33982 259 

94 556 1202 1497 2088 450 856 646 296 591 406 646 2583 243 

62 1093 2346 3987 4914 1215 2382 1253 121 53 1167 1253 5010 228 
61 6 9 130 183 15 211 3 355 154 196 355 1419 226 

38 145 689 1043 1198 159 287 544 355 154 128 544 2175 189 
40 425 773 1248 1631 401 833 349 475 384 433 475 1898 185 

76    2 4 4   2 0 4 16 177 
48 9 14 15 18 7 65 4 1 3 58 58 231 162 

74 1 52 277 619 284 802 52 225 342 518 518 2070 147 

64             144 
44 1530 3249 5093 6606 2055 4046 1719 1844 1513 1991 2055 8220 136 

89             135 
33 53 89 132 209 82 137 36 43 78 54 82 330 128 

2      130    130 130 520 125 

3             119 
95    37     37  37 148 116 

8 11 11 11 11  10 1 0 0 10 11 42 116 
22 1 3 5 5 1 1 2 2 1 1 2 8 115 

28  2 2 2   2 0 0  2 8 112 

10 33246 58243 70638 88033 22334 61448 24998 12394 17396 39114 39114 156458 103 
15 48118 64267 96000 133336 36631 77282 16149 31733 37336 40651 48118 192473 99 

12 1956 4474 12276 16012 3064 4277 2518 7802 3736 1213 7802 31206 98 
4 2417 4375 7914 11403 995 2308 1958 3539 3489 1313 3539 14157 85 

32 39 61 100 145 32 84 22 38 46 52 52 208 80 
42 0 5 6 6  7 5 1 0 7 7 26 78 

7 74 318 1619 2578 216 388 244 1301 959 173 1301 5204 72 

70  0 1 1  6 0 1 0 6 6 26 72 
19 150 372 616 941 215 425 222 244 326 210 326 1303 71 

23 6588 9524 12786 18484 6224 18689 2936 3262 5698 12465 12465 49861 70 
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ʊʘʙʣʠʮʷ 4.19. ɽʢʩʧʦʨʪ ä
=

=
u

It
tmum EE  ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʚʘʨʪʘʣʴʥʠʡ ʝʢʩʧʦʨʪ mM  (ʪʠʩ. 

ʜʦʣ.) ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ ʟʘ ʛʨʫʧʘʤʠ =m 1,é, 99 ʟʘ ʧʝʨʽʦʜ 2017_u  ʧʝʨʠhʭ u  ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ [211ï

216], ʩʚʽʪʦʚʠʡ ʝʢʩʧʦʨʪ mW  (ʤʣʨʜ. ʜʦʣ.) ʟʘ 2017 ʨ. [195] 

 ʉʫʤʘʨʥʠʡ ʝʢʩʧʦʨʪ umE  ʂʚʘʨʪʘʣʴʥʠʡ ʝʢʩʧʦʨʪ tmE  mM  mM4  mW  

m/T 2017:I 2017_II 2017_III  2017_IV 2018:I 2018_II 2017:II 2017:III  2017:IV 2018:II ʂʚʘʨʪʘʣ ʈʽʢ 2017 

21 230 948 1768 2131 572 1620 718 820 363 1048 1048 4193 69 

83 0 0 4 4 0 3 0 4 0 3 4 17 67 

82 5 20 23 40 31 48 15 3 18 17 31 123 65 

63 1 2 3 4 2 2 1 1 1 0 2 6 63 

20 130 198 257 419 82 146 68 59 162 64 162 648 62 

34 159 280 630 809 76 272 120 350 179 197 350 1402 59 

52 1 2 2 3 8 8 1 0 1 1 8 30 56 

69 52 73 73 90 22 47 21 0 17 24 52 208 53 

9             52 

96 0 0 10 10 13 13 0 10 0 1 13 52 51 

68 34 307 553 645 169 406 273 247 92 237 273 1091 51 

31      89    89 89 356 51 

91             50 

18 543 883 1129 1881 519 771 340 247 752 252 752 3008 49 

16 2 3 6 16 2 4 0 3 10 2 10 39 49 

47             48 

17 3875 6296 7462 9172 2197 6823 2421 1166 1710 4626 4626 18502 48 

54 0 1 9 11 0 0 0 9 2 0 9 34 47 

25 292 954 1989 2627 307 1095 662 1035 638 788 1035 4140 42 

24             42 

86 1 92 185 270 176 206 92 92 86 30 176 704 37 

49 14 131 152 173 26 41 117 22 21 15 117 468 37 

55 1 1 1 1 12 13 0 0 0 1 12 48 36 

60 0 0 1 1 0 0 0 0 0 0 0 2 35 

35    1     1  1 2 29 

97             28 

41 45 136 174 292 0 48 91 39 118 48 118 471 26 

59 1 1 1 1   0 0 0  1 5 25 

56 0 0 1 1 0 0 0 0 1 0 1 3 25 

1 418 1142 1626 1840 259 681 724 485 213 422 724 2895 22 

6             21 

75             20 

81 6 6 6 6 27 51 0 0 0 24 27 109 20 

79             19 

11 68 68 68 98 0 110 0 0 30 110 110 442 18 

57     0 0     0 2 15 

93             15 

37             15 

51  0 1 13 0 0 0 1 12 0 12 48 13 

58 0 0 0 1 0 0 0 0 0 0 0 1 12 

5 10 16 20 26 6 15 6 5 6 8 10 39 10 

65             9 

43             9 

71 (ʧʝʨʣʠ ʧʨʠʨʦʜʥʽ ʘʙʦ ʢʫʣʴʪʠʚʦʚʘʥʽ, ʜʦʨʦʛʦʮʽʥʥʝ ʘʙʦ ʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʝ ʢʘʤʽʥʥʷ, 

ʜʦʨʦʛʦʮʽʥʥʽ ʤʝʪʘʣʠ, ʤʝʪʘʣʠ, ʧʣʘʢʦʚʘʥʽ ʜʦʨʦʛʦʮʽʥʥʠʤʠ ʤʝʪʘʣʘʤʠ, ʪʘ ʚʠʨʦʙʠ ʟ ʥʠʭ; 
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ʙʽʞʫʪʝʨʽʷ; ʤʦʥʝʪʠ), 30 (ʬʘʨʤʘʮʝʚʪʠʯʥʘ ʧʨʦʜʫʢʮʽʷ), 64 (ʚʟʫʪʪʷ, ʛʝʪʨʠ ʪʘ ʘʥʘʣʦʛʽʯʥʽ 

ʚʠʨʦʙʠ; ʾʭ ʯʘʩʪʠʥʠ), 89 (ʩʫʜʥʘ, ʯʦʚʥʠ ʪʘ ʽʥʰʽ ʧʣʘʚʫʯʽ ʟʘʩʦʙʠ), 3 (ʨʠʙʘ ʽ 

ʨʘʢʦʧʦʜʙ̔ʥʽ, ʤʦʣʶʩʢʠ ʪʘ ʽʥʰʽ ʚʦʜʷʥʽ ʙʝʟʭʨʝʙʝʪʥ)̔, 47 (ʤʘʩʘ ʟ ʜʝʨʝʚʠʥʠ ʘʙʦ ʟ ʽʥʰʠʭ 

ʚʦʣʦʢʥʠʩʪʠʭ ʮʝʣʶʣʦʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʧʘʧʽʨ ʘʙʦ ʢʘʨʪʦʥ, ʦʜʝʨʞʘʥʽ ʟ ʚʽʜʭʦʜʽʚ ʪʘ 

ʤʘʢʫʣʘʪʫʨʠ), 24 (ʪʁʪʶʥ ʽ ʧʨʦʤʠʩʣʦʚʽ ʟʘʤʽʥʥʠʢʠ ʪʶʪʶʥʫ), 97 (ʪʚʦʨʠ ʤʠʩʪʝʮʪʚʘ, 

ʧʨʝʜʤʝʪʠ ʢʦʣʝʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʘʥʪʠʢʚʘʨʽʘʪ), 6 (ʞʠʚʽ ʜʝʨʝʚʘ ʪʘ ʽʥʰʽ ʨʦʩʣʠʥʠ; 

ʮʠʙʫʣʠʥʠ, ʢʦʨʽʥʥʷ ʪʘ ʽʥʰʽ ʘʥʘʣʦʛʽʯʥʽ ʯʘʩʪʠʥʠ ʨʦʩʣʠʥ; ʟʨʽʟʘʥʽ ʢʚʽʪʠ ʽ ʜʝʢʦʨʘʪʠʚʥʘ 

ʟʝʣʝʥ)ɹ, 75 (ʥ̔ʢʝʣʴ ʽ ʚʠʨʦʙʠ ʟ ʥʴʦʛʦ). 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʠʡ ʥʘʷʚʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʂʽʨʦʚʦʛʨʘʜʱʠʥʘ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʊʘʙʣʠʮʷ 4.20. ɽʢʩʧʦʨʪ ä
=

=
u

It
tmum EE  ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʚʘʨʪʘʣʴʥʠʡ ʝʢʩʧʦʨʪ mM  (ʪʠʩ. 

ʜʦʣ.) ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ ʟʘ ʛʨʫʧʘʤʠ =m 1,é, 99 ʟʘ ʧʝʨʽʦʜ 2017_u  ʧʝʨʰʠʭ u  ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ [211ï

216], ʩʚʽʪʦʚʠʡ ʝʢʩʧʦʨʪ mW  (ʤʣʨʜ. ʜʦʣ.) ʟʘ 2017 ʨ. [195] 

 ʉʫʤʘʨʥʠʡ ʝʢʩʧʦʨʪ umE  ʂʚʘʨʪʘʣʴʥʠʡ ʝʢʩʧʦʨʪ tmE   
mM  mM4  mW  

m/T 2017:I 2017_II 2017_III 2017_IV 2018:I 2018:II  2017:II 2017:III 2017:IV 2018:II ʂʚʘʨʪʘʣ ʈʽʢ 2017 

78             9 

67             8 

13             7 

92             6 

80             6 

36             4 

53             4 

66             3 

46             2 

50             2 

45             2 

14 19 52 65 88   34 13 24  34 134 1 

M            638091  
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4.4 ʇʦʢʚʘʨʪʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʩʪʨʫʢʪʫʨʠ  

      ʝʢʩʧʦʨʪʫ ʊʝʨʥʦʧʽʣʴʱʠʥʠ ʫ 2017ï2018 ʨʨ. 

 

ʅʘ ʜʘʥʠʭ 2017ï2018 ʨʨ. ʚʠʟʥʘʯʝʥʦ ʜʚʘ ʢʣʘʩʪʝʨʠ ʟ ʚʠʨʦʙʥʠʯʠʭ ʣʽʜʝʨʽʚ 

ʊʝʨʥʦʧʽʣʴʱʠʥʠ. ʂʣʘʩʪʝʨʠ ʦʭʦʧʣʶʁʪʴ ʤʝʥhʝ ʧʦʣʦʚʠʥʠ ʨʘʡʦʥʽʚ ʦʙʣʘʩʪʽ. ʈʘʡʦʥʠ-

ʣʽʜʝʨʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʛʝʥʝʨʘʮʽʾ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ. ʇʽʩʣʷ ʛʝʥʝʨʘʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʜʘʥʠʭ ʟʥʘʡʜʝʥʦ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʡ ʂʦʙʙʘïɼʫʛʣʘʩʘ. ɼʦʩʷʞʥʠʡ ʝʢʩʧʦʨʪ 

ʦʙʣʘʩʪʽ ʥʘ 64% ʧʝʨʝʚʠʱʫʻ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ. 

ʊʘʙʣʠʮʷ 4.21. ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʥʘʨʘʭʦʚʘʥʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ tW  (ʛʨʥ..) ʰʪʘʪʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ ʡ ʦʙʩʷʛ ʧʨʘʮʽ tt WL 3=  (ʛʨʥ.) ʚ ʢʚʘʨʪʘʣʽ t  [217ï223] 

 ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʟʘʨʧʣʘʪʘ tW  ʆʙʩʷʛ ʧʨʘʮʽ tL  

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017: 

I 

2017: 

II  

2017: 

III  

2017: 

IV 

2018: 

I 

2018: 

II  

2018: 

III  

2017: 

I 

2017: 

II  

2017: 

III  

2017: 

IV 

2018: 

I 

2018: 

II  

2018: 

III  ʤ.ʊʝʨʥʦʧʽʣʴ 5198 5882 6106 6600 6483 7208 7648 15594 17646 18318 19800 19449 21624 22944 

ʤ.ɹʝʨʝʞʘʥʠ 4671 6137 5992 6027 5583 6780 6567 14013 18411 17976 18081 16749 20340 19701 

ʤ.ʂʨʝʤʝʥʝʮʴ 4637 5063 5181 5340 5643 6030 5957 13911 15189 15543 16020 16929 18090 17871 

ʤ.ʏʦʨʪʢʽʚ 4709 5181 5661 6268 5892 6910 7082 14127 15543 16983 18804 17676 20730 21246 

ɹʝʨʝʞʘʥʩʴʢʠʡ 4574 5408 5399 5209 5414 6496 5729 13722 16224 16197 15627 16242 19488 17187 

ɹʦʨʱʽʚʩʴʢʠʡ 4342 4847 4690 5191 5096 5983 5594 13026 14541 14070 15573 15288 17949 16782 

ɹʫʯʘʮʴʢʠʡ 4643 5420 5241 5510 5933 7170 7257 13929 16260 15723 16530 17799 21510 21771 

ɻʫʩʷʪʠʥʩʴʢʠʡ 4335 4714 5019 5801 5416 6030 6324 13005 14142 15057 17403 16248 18090 18972 

ɿʘʣʽʱʠʮʴʢʠʡ 4290 4734 4681 4776 5237 5593 5806 12870 14202 14043 14328 15711 16779 17418 

ɿʙʘʨʘʟʴʢʠʡ 4223 4878 5096 5739 5567 6120 6091 12669 14634 15288 17217 16701 18360 18273 

ɿʙʦʨʽʚʩʴʢʠʡ 4416 4651 4908 4995 5011 5672 5847 13248 13953 14724 14985 15033 17016 17541 

ʂʦʟʽʚʩʴʢʠʡ 4583 5100 5267 6203 7545 8553 9836 13749 15300 15801 18609 22635 25659 29508 

ʂʨʝʤʝʥʝʮʴʢʠʡ 4615 5179 5406 5413 5301 6149 6379 13845 15537 16218 16239 15903 18447 19137 

ʃʘʥʦʚʝʮʴʢʠʡ 4512 5206 4906 5235 5437 6421 6948 13536 15618 14718 15705 16311 19263 20844 

ʄʦʥʘʩʪʠʨʠʩʴʢʠʡ 4662 5083 4895 5295 5261 5946 5611 13986 15249 14685 15885 15783 17838 16833 

ʇʽʜʚʦʣʦʯʠʩʴʢʠʡ 4596 5089 5171 5692 5663 6588 6945 13788 15267 15513 17076 16989 19764 20835 

ʇʽʜʛʘʻʮʴʢʠʡ 4158 4556 4254 4955 6407 8918 8735 12474 13668 12762 14865 19221 26754 26205 

ʊʝʨʝʙʦʚʣʷʥʩʴʢʠʡ 4346 4879 4900 5442 5645 6195 6002 13038 14637 14700 16326 16935 18585 18006 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ 5507 6437 6700 7876 7052 8492 8403 16521 19311 20100 23628 21156 25476 25209 

ʏʦʨʪʢʽʚʩʴʢʠʡ 4885 5730 5992 7234 6405 7527 7401 14655 17190 17976 21702 19215 22581 22203 

ʐʫʤʩʴʢʠʡ 4637 5163 5091 6563 5548 6396 6223 13911 15489 15273 19689 16644 19188 18669 

 

ɿʘ ʧʽʚʪʦʨʘ ʨʦʢʫ ʚʽʜ ʧʝʨʰʦʛʦ ʢʚʘʨʪʘʣʫ 2017 ʨ. (2017:I) ʜʦ 2018:III  ʟʘʨʦʙʽʪʥʘ 

ʧʣʘʪʘ ʫ ʂʦʟʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʟʨʦʩʣʘ ʥʘʡʙʽʣʴʰʝ (ʥʘ 115%), ʘ ʚ ʄʦʥʘʩʪʠʨʠʩʴʢʦʤʫ 
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ʨʘʡʦʥʽ ï ʥʘʡʤʝʥʰʝ (ʥʘ 20%) (ʪʘʙʣ. 4.21). ʇʦʢʚʘʨʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ 

ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʘʡʦʥʘʭ ʪʝʞ ʚʠʷʚʣʷʣʠ ʽʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ (ʪʘʙʣ. 4.22). 

ʊʘʙʣʠʮʷ 4.22. ʆʩʚʦʻʥʦ (ʚʠʢʦʨʠʩʪʘʥʦ) ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ä
=

=
u

It
tu CC  (ʪʠʩ. ʛʨʥ.) ʟʘ 

ʧʝʨʽʦʜ 2017_u  ʧʝʨʰʠʭ u  ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ [217ï223] ʡ ʦʙʩʷʛ tC  (ʪʠʩ. ʛʨʥ.) ʢʘʧʽʪʘʣʴʥʠʭ 

ʽʥʚʝʩʪʠʮʽʡ  

 ʆʩʚʦʻʥʦ uC  ʽʥʚʝʩʪʠʮʽʡ ʟʘ ʧʝʨʽʦʜ ʂʘʧʽʪʘʣʴʥʽ ʽʥʚʝʩʪʠʮʽʾ tC  

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017_II 2017_IV 2018:I 2018_II 2018_III 2017:II 2017:IV 2018:II 2018:III  

ʤ.ʊʝʨʥʦʧʽʣʴ 541960 1348914 3008723 497963 1088736 1806787 806954 969590 590773 718051 

ʤ.ɹʝʨʝʞʘʥʠ 4138 9607 38461 3144 9632 21758 5469 16112 6488 12126 

ʤ.ʂʨʝʤʝʥʝʮʴ 4106 19133 58080 10260 19525 39141 15027 26326 9265 19616 

ʤ.ʏʦʨʪʢʽʚ 7472 20435 51330 5007 12470 27246 12963 20791 7463 14776 

ɹʝʨʝʞʘʥʩʴʢʠʡ 769 5441 21886 1522 9857 25050 4672 5964 8335 15193 

ɹʦʨʱʽʚʩʴʢʠʡ 26133 54559 158937 19597 48419 87164 28426 67110 28822 38745 

ɹʫʯʘʮʴʢʠʡ 110080 230173 332428 61103 176088 239027 120093 65495 114985 62939 

ɻʫʩʷʪʠʥʩʴʢʠʡ 14871 54501 173004 52280 117617 208649 39630 70964 65337 91032 

ɿʘʣʽʱʠʮʴʢʠʡ 4712 25239 105046 37117 66264 97040 20527 49276 29147 30776 

ɿʙʘʨʘʟʴʢʠʡ 34398 87710 199185 27353 53331 114517 53312 52402 25978 61186 

ɿʙʦʨʽʚʩʴʢʠʡ 8361 20405 58051 18795 39198 50937 12044 27272 20403 11739 

ʂʦʟʽʚʩʴʢʠʡ 22871 46557 119526 30948 60056 122273 23686 40784 29108 62217 

ʂʨʝʤʝʥʝʮʴʢʠʡ 12024 19873 75602 10694 19860 38787 7849 29031 9166 18927 

ʃʘʥʦʚʝʮʴʢʠʡ 16437 33647 95920 7501 56948 168495 17210 32361 49447 111547 

ʄʦʥʘʩʪʠʨʠʩʴʢʠʡ 2360 12044 28990 1532 10565 27815 9684 9767 9033 17250 

ʇʽʜʚʦʣʦʯʠʩʴʢʠʡ 43741 129606 301342 35377 160636 250826 85865 97765 125259 90190 

ʇʽʜʛʘʻʮʴʢʠʡ 756 2907 9822 30 84582 109213 2151 5572 84552 24631 

ʊʝʨʝʙʦʚʣʷʥʩʴʢʠʡ 58023 106591 318486 48005 143111 236280 48568 134440 95106 93169 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ 158256 419365 1043421 348144 638583 1083270 261109 283035 290439 444687 

ʏʦʨʪʢʽʚʩʴʢʠʡ 37901 71309 247484 72161 118490 208405 33408 121527 46329 89915 

ʐʫʤʩʴʢʠʡ 15012 40202 92780 7535 31887 69722 25190 32794 24352 37835 

 

ʅʘ 2018 ʨ. ʊʝʨʥʦʧʽʣʴʱʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 17 ʨʘʡʦʥʽʚ ʽ 4 ʤʽʩʪ ʤʽʩʪ ʦʙʣʘʩʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʜʣʷ ʷʢʠʭ ʥʘʷʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ [217ï223]. ʊʝʨʥʦʧʽʣʴʱʠʥʘ 

ʤʘʻ ʪʝʨʠʪʦʨʽʶ 13824 ʢʤ2, ʧʦʩʽʜʘʶʯʠ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ 23 ʤʽʩʮʝ ʩʝʨʝʜ 27 ʨʝʛʽʦʥʚ̔ 

ʋʢʨʘʾʥʠ ʽ ʚʠʧʝʨʝʜʞʘʶʯʠ ʪʘʢʽ ʻʚʨʦʧʝʡʩʴʢʽ ʜʝʨʞʘʚʠ, ʷʢ ʏʦʨʥʦʛʦʨ̫̔ , ʂʽʧʨ, 

ʃʶʢʩʝʤʙʫʨʛ, ʄʘʣʴʪʘ. ʊʝʨʥʦʧʽʣʴʱʠʥʘ ʤʘʻ ʥʘʷʚʥʝ ʥʘʩʝʣʝʥʥʷ 1,0 ʤʣʥ. ʦʩʽʙ, 

ʧʦʩʽʜʘʶʯʠ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ 21 ʤʽʩʮʝ ʩʝʨʝʜ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʽ ʚʠʧʝʨʝʜʞʘʶʯʠ 

ʪʘʢʽ ʻʚʨʦʧʝʡʩʴʢʽ ʜʝʨʞʘʚʠ, ʷʢ ʂʽʧʨ, ʏʦʨʥʦʛʦʨʽʷ, ʃʶʢʩʝʤʙʫʨʛ, ɯʩʣʘʥʜʽʷ. ʋ 2017 ʨ. 

ʝʢʩʧʦʨʪ ʢʦʞʥʦʾ ʟʛʘʜʘʥʦʾ ʜʝʨʞʘʚʠ ʧʝʨʝʚʠʱʫʚʘʚ ʝʢʩʧʦʨʪ ʊʝʨʥʦʧʽʣʴʱʠʥʠ. 
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ɿʘ ʬʘʢʪʠʯʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ ʩʘʤʦʨʝʛʫʣʷʮʽʾ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ (ʧʨʘʮʽ ʡ 

ʢʘʧʽʪʘʣʫ) ʊʝʨʥʦʧʽʣʴʱʠʥʠ ʯʝʨʝʟ ʬʽʥʘʥʩʦʚʽ ʨʠʥʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ, ʚʠʥʠʢʘʶʪʴ 

ʧʠʪʘʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʟʤʽʥ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ. ɼʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʮʽ ʧʠʪʘʥʥʷ ʪʨʝʙʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʩʬʝʨʠ ʧʦʩʣʫʛ (ʪʘʙʣ. 4.23) ʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʪʘʙʣ. 4.24). 

ʊʘʙʣʠʮʷ 4.23. ʏʠʩʝʣʴʥʽʩʪʴ tN  (ʦʩʽʙ) ʥʘʷʚʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʥʘ ʢʽʥʝʮʴ ʢʚʘʨʪʘʣʫ t  ʡ ʦʙʩʷʛ tS  

(ʪʠʩ. ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʚ ʢʚʘʨʪʘʣʽ t  [217ï223] 

 ʅʘʷʚʥʝ ʥʘʩʝʣʝʥʥʷ tN  ʆʙʩʷʛ tS  ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ 

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017:II  2017:IV 2018:I 2018:II 2018:III 2017:I 2017:II 2017:IV 2018:I 2018:II 2018:III 

ʤ.ʊʝʨʥʦʧʽʣʴ 217753 217665 218653 219085 219683 221127 805076 1100582 1387971 982403 1743822 1797611 

ʤ.ɹʝʨʝʞʘʥʠ 19661 19632 19484 19441 19355 19289 5760 6399 7968 7120 7638 8926 

ʤ.ʂʨʝʤʝʥʝʮʴ 21341 21275 21235 21176 21167 21117 12527 11949 17035 9819 8912 11921 

ʤ.ʏʦʨʪʢʽʚ 29124 29076 29057 28985 28893 28768 12776 94742 74967 100868 103055 131246 

ɹʝʨʝʞʘʥʩʴʢʠʡ 21076 21007 20891 20812 20804 20764 20 21 23 23 30 2114 

ɹʦʨʱ̔ʚʩʴʢʠʡ 66894 66753 66399 66244 66124 65992 22223 19837 50095 17452 19454 30946 

ɹʫʯʘʮʴʢʠʡ 63451 63343 63110 63026 62930 62809 5945 7737 8564 7125 8853 10912 

ɻʫʩʷʪʠʥʩʴʢʠʡ 59830 59683 59321 59135 58975 58733 8939 9728 38467 20431 28444 12312 

ɿʘʣʽʱʠʮʴʢʠʡ 46498 46361 46059 45952 45822 45651 1444 1709 2304 2367 2710 6124 

ɿʙʘʨʘʟʴʢʠʡ 57503 57397 57083 56956 56808 56520 7304 8801 9532 7764 8500 16830 

ɿʙʦʨʽʚʩʴʢʠʡ 41361 41267 41035 40875 40747 40589 6479 7309 17614 10048 9040 13443 

ʂʦʟʽʚʩʴʢʠʡ 37832 37724 37489 37385 37222 37088 7718 1544 65964 16681 4151 3187 

ʂʨʝʤʝʥʝʮʴʢʠʡ 46850 46768 46584 46493 46360 46306 1680 2155 2788 2455 2609 2695 

ʃʘʥʦʚʝʮʴʢʠʡ 29552 29517 29325 29226 29106 28940 4288 3894 5769 5136 11525 5241 

ʄʦʥʘʩʪʠʨʠʩʴʢʠʡ 27672 27513 27151 26980 26814 26624 398 478 639 548 661 623 

ʇʽʜʚʦʣʦʯʠʩʴʢʠʡ 42194 42078 41868 41714 41596 41441 4270 5350 5074 5900 6942 5190 

ʇ̔ ʜʛʘʻʮʴʢʠʡ 18312 18251 18125 18044 17966 17864 876 506 340 952 539 724 

ʊʝʨʝʙʦʚʣʷʥʩʴʢʠʡ 65343 65186 64833 64641 64428 64157 20487 16252 70762 29367 18532 21000 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ 67139 67070 67093 67079 67064 67056 26779 31363 40171 53459 56102 63085 

ʏʦʨʪʢʽʚʩʴʢʠʡ 44479 44340 44130 43970 43824 43660 171 221 286 218 288 222 

ʐʫʤʩʴʢʠʡ 33464 33481 33387 33322 33234 33129 1184 1368 2991 1446 1122 1331 

 

ʋ ʪʘʙʣ. 4.24 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʜʝʨʞʘʚʥʫ ʩʪʘʪʠʩʪʠʢʫè 

ʱʦʜʦ ʢʦʥʬʽʜʝʥʮ̔ʡʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʨʷʜʫ ʨʘʡʦʥʽʚ (ʇʽʜʛʘʻʮʴʢʦʛʦ 

ʨʘʡʦʥʫ ʽ ʤ. ʂʨʝʤʝʥʝʮʴ) ʜʘʥʽ uI  ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʝ 

ʦʧʨʠʣʶʜʥʶʚʘʣʠʩʷ, ʘʣʝ ʛʝʥʝʨʫʚʘʣʠʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ [44]. 

ʂʨʦʢʠ ʧʦʙʫʜʦʚʠ ʪʘʙʣ. 4.21ï4.24 ʥʘʟʠʚʘʶʪʴ ʛʝʥʝʨʘʮʽʻʶ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ. ɼʣʷ 

ʛʝʥʝʨʘʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʜʘʥʠʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʣʽʜ ʟʥʘʡʪʠ ʢʚʘʨʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 
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ʦʙʩʷʛʫ 
t

tt
t

N

IS
Y

+
=  ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʽ ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʙʩʷʛʫ 
t

t
t

N

C
K =  ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ (ʪʘʙʣ. 4.25). 

ʊʘʙʣʠʮʷ 4.24. ʆʙʩʷʛ ä
=

=
u

It
tu II  (ʪʠʩ. ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ (ʪʦʚʘʨʽʚ, 

ʧʦʩʣʫʛ) ʙʝʟ ʇɼɺ ʪʘ ʘʢʮʠʟʫ ʟʘ ʧʝʨʽʦʜ 2017_u  ʧʝʨh ʠʭ =u I, II , III , IV ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ [217ï223] ʡ 

ʦʙʩʷʛ tI  (ʪʠʩ. ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʢʚʘʨʪʘʣ t  

 ʆʙʩʷʛ uI  ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʆʙʩʷʛ tI  ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017_II 2017_IV 2018:I 2018_II 2018_III 2017:II 2017:IV 2018:II  2018:III 

ʤ.ʊʝʨʥʦʧʽʣʴ 3097849 5145549 10469962 3516902 5773807 8157770 2047700 3224943 2256904 2383963 

ʤ.ɹʝʨʝʞʘʥʠ 30492 54090 137320 32855 72883 111207 23598 43708 40028 38325 

ʤ.ʂʨʝʤʝʥʝʮʴ 1427 3036 5925 1921 4598 7622 1608 1250 2677 3024 

ʤ.ʏʦʨʪʢʽʚ 27756 61545 144945 43577 106858 157269 33788 54544 63281 50411 

ɹʝʨʝʞʘʥʩʴʢʠʡ 7715 23508 57866 8255 21573 36890 15793 17032 13317 15317 

ɹʦʨʱʽʚʩʴʢʠʡ 135163 268318 531394 159646 362665 556270 133155 156779 203019 193605 

ɹʫʯʘʮʴʢʠʡ 16727 33902 76440 21036 41449 73162 17175 24210 20413 31713 

ɻʫʩʷʪʠʥʩʴʢʠʡ 95806 183819 884324 205647 330748 527581 88013 607991 125101 196833 

ɿʘʣʽʱʠʮʴʢʠʡ 29967 64181 125198 25714 48654 76770 34213 25705 22941 28116 

ɿʙʘʨʘʟʴʢʠʡ 80860 197489 745548 176428 381073 599021 116629 387030 204644 217948 

ɿʙʦʨʽʚʩʴʢʠʡ 29726 71206 173472 33977 86565 137699 41479 60129 52589 51134 

ʂʦʟʽʚʩʴʢʠʡ 55971 128965 512183 83835 372179 615769 72995 272006 288344 243591 

ʂʨʝʤʝʥʝʮʴʢʠʡ 77280 181013 365336 84215 188840 285924 103733 78065 104625 97084 

ʃʘʥʦʚʝʮʴʢʠʡ 160336 303081 572907 83418 193463 311955 142745 103659 110045 118492 

ʄʦʥʘʩʪʠʨʠʩʴʢʠʡ 21100 43302 112648 13738 43186 77601 22202 30357 29448 34415 

ʇʽʜʚʦʣʦʯʠʩʴʢʠʡ 147423 250945 504890 73227 190554 353669 103522 154161 117328 163114 

ʇʽʜʛʘʻʮʴʢʠʡ 1225 2604 5057 1637 3903 6448 1380 1060 2266 2545 

ʊʝʨʝʙʦʚʣʷʥʩʴʢʠʡ 77471 220567 559499 92765 228913 371210 143096 157560 136149 142297 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ 252649 664069 1706309 444488 1096262 1755218 411419 547345 651774 658956 

ʏʦʨʪʢʽʚʩʴʢʠʡ 183056 391629 1860683 354182 614670 836779 208574 1107912 260488 222110 

ʐʫʤʩʴʢʠʡ 8729 16169 32507 10478 20515 28089 7441 9160 10037 7575 

ʊʝʨʥʦʧʽʣʴʱʠʥʘ 4538728 8308986 19584413 5467938 10183356 15083924     

ʈʷʜ ʨʘʡʦʥʽʚ 2652 5640 10983 3558 8501 14070     

 

ʆʪʞʝ, ʜʣʷ ʢʦʞʥʦʛʦ ʢʚʘʨʪʘʣʫ t  ʻ 21 ʨʘʡʦʥʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ tjK  ʜʣʷ ʦʙʩʷʛʫ tK  

(ʛʨʥ.) ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʜʫh ʫ ʥʘʩʝʣʝʥʥʷ ʽ 21 ʨʘʡʦʥʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ tjL  

ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʦʙʩʷʛʫ tL  (ʛʨʥ.) ʧʨʘʮʽ ʰʪʘʪʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ. 
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ʊʘʙʣʠʮʷ 4.25. ʆʙʩʷʛ 
tY  (ʛʨʥ.) ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʝʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʽ ʨʝʘʣʽʟʦʚʘʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʜʫʰʫ (ʥʘʷʚʥʦʛʦ) ʥʘʩʝʣʝʥʥʷ, ʦʙʩʷʛ tK  (ʛʨʥ.) ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʟʘ ʢʚʘʨʪʘʣ t  

 ʆʙʩʷʛ tY  ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʆʙʩʷʛ tK  ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ 

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017:II 2017:IV 2018:I 2018:II 2018:III  2017:I 2017:II 2017:IV 2018:I 2018:II 2018:III 

ʤ.ʊʝʨʥʦʧʽʣʴ 15242 13106 19963 20537 18211 18910 2489 3707 4434 2273 2689 3247 

ʤ.ɹʝʨʝʞʘʥʠ 2532 1495 2608 2056 2463 2450 210 279 827 162 335 629 

ʤ.ʂʨʝʤʝʥʝʮ ɹ 1056 664 731 554 548 708 192 706 1240 485 438 929 

ʤ.ʏʦʨʪʢ̔ ʚ 1941 1601 4239 4983 5757 6315 257 446 716 173 258 514 

ɹʝʨʝʞʘʥʩʴʢʠʡ 1351 753 816 398 642 839 36 222 285 73 401 732 

ɹʦʨʱʽʚʩʴʢʠʡ 3007 2328 3038 2673 3364 3403 391 426 1011 296 436 587 

ɹʫʯʘʮʴʢʠʡ 1254 365 536 447 465 679 1735 1896 1038 969 1827 1002 

ɻʫʩ̫ʪʠʥʩʴʢʠʡ 2583 1624 10714 3823 2604 3561 249 664 1196 884 1108 1550 

ɿʘʣʽʱʠʮʴʢʠʡ 1626 769 640 611 560 750 101 443 1070 808 636 674 

ɿʙʘʨʘʟʴʢʠʡ 2389 2159 6928 3234 3752 4154 598 929 918 480 457 1083 

ɿʙʦʨʽʚʩʴʢʠʡ 1700 1162 1747 1077 1512 1591 202 292 665 460 501 289 

ʂʦʟʽʚʩʴʢʠʡ 2460 2140 7711 2689 7858 6654 605 628 1088 828 782 1678 

ʂʨʝʤʝʥʝʮʴʢʠʡ 2638 2254 1728 1864 2313 2155 257 168 623 230 198 409 

ʃʘʥʦʚʝʮʴʢʠʡ 6405 4981 3806 3030 4177 4275 556 583 1104 257 1699 3854 

ʄʦʥʘʩʪʠʨʠʩʴʢʠʡ 1725 821 1135 530 1123 1316 85 352 360 57 337 648 

ʇʽʜʚʦʣʦʯʠʩʴʢʠʡ 4476 2562 3799 1897 2988 4061 1037 2041 2335 848 3011 2176 

ʇʽʜʛʘʻʮʴʢʠʡ 1042 124 107 144 156 183 41 118 307 2 4706 1379 

ʊʝʨʝʙʦʚʣʷʥʩʴʢʠʡ 2167 2509 2991 1889 2401 2545 888 745 2074 743 1476 1452 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ 4762 6533 8756 7423 10555 10768 2357 3893 4219 5190 4331 6632 

ʏʦʨʪʢʽʚʩʴʢʠʡ 5097 4708 25110 8060 5951 5092 852 753 2754 1641 1057 2059 

ʐʫʤʩɹʢʠʡ 1251 258 353 358 336 269 449 752 982 226 733 1142 

 

ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʦʞ 21 ʨʘʡʦʥʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ tjY  ʜʣʷ ʦʙʩʷʛʫ tY  (ʛʨʥ.) 

ʚʠʨʦʙʥʠʮʪʚʘ, =j 1,é, 21, ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ a , b, c  

ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ b
t

a
t

c
t LKeY )()()(= , ʜʝ e ï ʦʩʥʦʚʘ 

ʥʘʪʫʨʘʣʴʥʠʭ ʣʦʛʘʨʠʬʤʽʚ. ʋ ʪʘʙʣ. 4.26, 4.27 ʥʘʚʝʜʝʥʦ ʦʮʽʥʢʠ a , b, c  ʧʘʨʘʤʝʪʨʽʚ 

ʬʫʥʢʮʽʾ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ cLbKaY ttt ++= lnlnln , ʟʥʘʡʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ MS 

Excel. ʗʢʱʦ ʫ ʢʚʘʨʪʘʣʽ t  ʜʣʷ ʨʘʡʦʥʫ k  ʤʘʻ ʤʽʩʮʝ tktktktk RcLbKaY +++= lnlnln , 

ʜʝ 0>tkR , ʪʦ ʮʝʡ ʨʘʡʦʥ ʚʠʨʦʙʣʷʻ ʙʽʣʴʰʠʡ ʦʙʩʷʛ tkY  ʧʨʦʜʫʢʮʽʾ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, 

ʥʽʞ ʮʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʝʦʨʝʪʠʯʥʦ, ʚʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ. 

tkK  ʽ tkL : ʮʝʡ ʨʘʡʦʥ ʚʠʷʚʣʷʻ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʚʠʱʫ ʧʝʨʝʜʙʘʯʝʥʦʾ. ʋ ʪʘʙʣ. 

4.26, 4.27 ʞʠʨʥʠʤ ʚʠʜʽʣʝʥʦ ʟʥʘʯʝʥʥʷ, ʚʠʱʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ. ɿʘ 
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ʝʢʦʥʦʤʯ̔ʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʩʪʘʙʽʣʴʥʠʤʠ ʣʽʜʝʨʘʤʠ ʻ ʢʣʘʩʪʝʨʠ: 1) ʩʫʤʽʞʥʽ 

ʂʨʝʤʝʥʝʮʴʢʠʡ, ɿʙʘʨʘʟʴʢʠʡ, ʃʘʥʦʚʝʮʴʢʠʡ, ʂʦʟʽʚʩʴʢʠʡ ʨʘʡʦʥʠ, ʤ. ʊʝʨʥʦʧʽʣʴ, 

ʤ. ɹʝʨʝʞʘʥʠ; 2) ʩʫʤʽʞʥʽ ɻʫʩʷʪʠʥʩʴʢʠʡ, ʏʦʨʪʢʽʚʩʴʢʠʡ ɹʦʨʱʽʚʩʴʢʠʡ ʨʘʡʦʥʠ, 

ʤ. ʏʦʨʪʢʽʚ (ʜʦʜʘʪʦʢ 4, ʨʠʩ. 4.3). 

ʊʘʙʣʠʮʷ 4.26. ɿʥʘʯʝʥʥʷ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ a , b , c  ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ 

b
t

a
t

c
t LKeY )()()(=  ʪʘ ʾʭʥʽʭ ʧʦʭʠʙʦʢ, ʟʘʣʠʰʢʽʚ tjR  ʨʝʛʨʝʩʽʾ, ʤʥʦʞʠʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʪʝʨʤʽʥʘʮʽʾ 
2R  ʜʣʷ ʢʚʘʨʪʘʣʫ t  

 Kln  Lln  Yln  tjR  Kln  Lln  Yln  tjR  Kln  Lln  Yln  tjR  

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:I 2017:I 2017:I 2017:I 2017:II 2017:II 2017:II 2017:II 2017:III 2017:III 2017:III 2017:III 

ʤ.ʊʝʨʥʦʧʽʣʴ 7.82 9.65 9.63 0.96 8.22 9.78 9.48 0.91 8.06 9.82 9.59 0.51 

ʤ.ɹʝʨʝʞʘʥʠ 5.35 9.55 7.84 0.14 5.63 9.82 7.31 -0.27 6.48 9.80 7.76 -0.12 

ʤ.ʂʨʝʤʝʥʝʮ ɹ 5.26 9.54 6.96 -0.69 6.56 9.63 6.50 -0.79 6.39 9.65 6.46 -0.87 

ʤ.ʏʦʨʪʢʽʚ 5.55 9.56 7.57 -0.21 6.10 9.65 7.38 0.21 5.85 9.74 8.36 1.12 

ɹʝʨʝʞʘʥʩʴʢʠʡ 3.60 9.53 7.21 0.05 5.40 9.69 6.62 -0.39 6.22 9.69 6.72 -0.62 

ɹʦʨʱʽʚʩʴʢʠʡ 5.97 9.47 8.01 0.33 6.05 9.58 7.75 0.85 6.33 9.55 7.55 0.59 

ɹʫʯʘʮʴʢʠʡ 7.46 9.54 7.13 -1.14 7.55 9.70 5.90 -2.07 6.37 9.66 6.02 -1.33 

ɻʫʩʷʪʠʥʩɹʢʠʡ 5.52 9.47 7.86 0.30 6.50 9.56 7.39 0.40 6.68 9.62 7.45 0.01 

ɿʘʣʽʱʠʮʴʢʠʡ 4.62 9.46 7.39 0.12 6.09 9.56 6.65 -0.19 6.49 9.55 6.69 -0.39 

ɿʙʘʨʘʟʴʢʠʡ 6.39 9.45 7.78 0.05 6.83 9.59 7.68 0.41 6.94 9.63 8.00 0.32 

ɿʙʦʨʽʚʩʴʢʠʡ 5.31 9.49 7.44 -0.10 5.68 9.54 7.06 0.47 5.53 9.60 7.09 0.56 

ʂʦʟʽʚʩʴʢʠʡ 6.40 9.53 7.81 -0.14 6.44 9.64 7.67 0.41 6.75 9.67 8.00 0.35 

ʂʨʝʤʝʥʝʮʴʢʠʡ 5.55 9.54 7.88 0.15 5.12 9.65 7.72 0.99 6.35 9.69 7.75 0.31 

ʃʘʥʦʚʝʮʴʢʠʡ 6.32 9.51 8.76 0.88 6.37 9.66 8.51 1.21 6.92 9.60 8.66 1.12 

ʄʦʥʘʩʪʠʨʠʩʴʢʠʡ 4.45 9.55 7.45 0.01 5.86 9.63 6.71 -0.28 5.57 9.59 7.28 0.72 

ʇʽʜʚʦʣʦʯʠʩʴʢʠʡ 6.94 9.53 8.41 0.30 7.62 9.63 7.85 0.07 7.47 9.65 7.83 -0.29 

ʇʽʜʛʘʻʮʴʢʠʡ 3.72 9.43 6.95 0.01 4.77 9.52 4.82 -1.29 4.30 9.45 4.65 -0.52 

ʊʝʨʝʙʦʚʣʷʥʩʴʢʠʡ 6.79 9.48 7.68 -0.23 6.61 9.59 7.83 0.65 7.08 9.60 8.02 0.37 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ 7.77 9.71 8.47 -0.34 8.27 9.87 8.78 -0.14 8.53 9.91 8.97 -0.77 

ʏʦʨʪʢʚ̔ʩʴʢʠʡ 6.75 9.59 8.54 0.33 6.62 9.75 8.46 0.69 7.12 9.80 9.01 0.67 

ʐʫʤʩʴʢʠʡ 6.11 9.54 7.13 -0.76 6.62 9.65 5.55 -1.84 6.38 9.63 5.54 -1.73 

ʉʝʨʝʜʥʻ 5.89 9.53 7.80 0.00 6.43 9.65 7.32 0.00 6.56 9.66 7.49 0.00 

ʇʘʨʘʤʝʪʨ a  b  c  2R  
a  b  c  2R  

a  b  c  2R  
ʆʮʽʥʢʘ 0.28 2.63 -18.89 0.68 0.44 3.67 -30.92 0.58 0.73 3.29 -29.03 0.77 

ʇʦʭʠʙʢʘ 0.12 2.09 19.57  0.26 2.66 24.88  0.28 2.38 21.79  

 

ɼʣʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʞʣʠʚʽ ʽʥʩʪʠʪʫʮʽʾ, ʷʢʠʤʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʫ ʝʨʫ ʻ 

ʚʠʱʽ ʥʘʚʯʘʣʴʥʽ ʟʘʢʣʘʜʠ (ɺʅɿ). ɺ ʤ. ʊʝʨʥʦʧʽʣʴ ʧʨʘʮʶʶʪʴ 15 ɺʅɿ ï ʊʝʨʥʦʧiʣʴʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ iʤʝʥi I.ʗ. ɻʦʨʙʘʯʝʚʩʴʢʦʛʦ, ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ  
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ʊʘʙʣʠʮʷ 4.27. ɿʥʘʯʝʥʥʷ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ a , b , c  ʬʫʥʢʮʽʾ ʂʦʙʙʘïɼʫʛʣʘʩʘ 

b
t

a
t

c
t LKeY )()()(=  ʪʘ ʾʭʥʽʭ ʧʦʭʠʙʦʢ, ʟʘʣʠʰʢʽʚ tjR  ʨʝʛʨʝʩʽʾ, ʤʥʦʞʠʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʪʝʨʤʽʥʘʮʽʾ 
2R  ʜʣʷ ʢʚʘʨʪʘʣʫ t  

 Kln  Lln  Yln  tjR  Kln  Lln  Yln  tjR  Kln  Lln  Yln  tjR  

ʈʘʡʦʥ/ʇʝʨʽʦʜ 2017:IV 2017:IV 2017:IV 2017:IV 2018:I 2018:I 2018:I 2018:I 2018:III 2018:III 2018:III 2018:III 

ʤ.ʊʝʨʥʦʧʽʣʴ 8.40 9.89 9.90 0.41 7.73 9.88 9.93 1.39 8.09 10.04 9.85 1.47 

ʤ.ɹʝʨʝʞʘʥʠ 6.72 9.80 7.87 0.14 5.09 9.73 7.63 0.66 6.44 9.89 7.80 0.47 

ʤ.ʂʨʝʤʝʥʝʮʴ 7.12 9.68 6.59 -1.10 6.18 9.74 6.32 -1.19 6.83 9.79 6.56 -0.96 

ʤ.ʏʦʨʪʢʽʚ 6.57 9.84 8.35 0.63 5.15 9.78 8.51 1.40 6.24 9.96 8.75 1.51 

ɹʝʨʝʞʘʥʩʴʢʠʡ 5.65 9.66 6.70 0.38 4.29 9.70 5.99 -0.54 6.60 9.75 6.73 -0.63 

ɹʦʨʱʽʚʩʴʢʠʡ 6.92 9.65 8.02 0.60 5.69 9.63 7.89 0.85 6.38 9.73 8.13 0.91 

ɹʫʯʘʮʴʢʠʡ 6.94 9.71 6.28 -1.35 6.88 9.79 6.10 -1.84 6.91 9.99 6.52 -1.13 

ɻʫʩʷʪʠʥʩʴʢʠʡ 7.09 9.76 9.28 1.35 6.78 9.70 8.25 0.56 7.35 9.85 8.18 0.32 

ɿʘʣʽʱʠʮʴʢʠʡ 6.98 9.57 6.46 -0.75 6.69 9.66 6.42 -1.16 6.51 9.77 6.62 -0.70 

ɿʙʘʨʘʟʴʢʠʡ 6.82 9.75 8.84 1.18 6.17 9.72 8.08 0.61 6.99 9.81 8.33 0.71 

ɿʙʦʨʽʚʩʴʢʠʡ 6.50 9.61 7.47 0.53 6.13 9.62 6.98 -0.23 5.67 9.77 7.37 0.55 

ʂʦʟʽʚʩʴʢʠʡ 6.99 9.83 8.95 0.89 6.72 10.03 7.90 -0.51 7.43 10.29 8.80 0.71 

ʂʨʝʤʝʥʝʮʴʢʠʡ 6.43 9.70 7.45 0.32 5.44 9.67 7.53 0.52 6.01 9.86 7.68 0.61 

ʃʘʥʦʚʝʮʴʢʠʡ 7.01 9.66 8.24 0.72 5.55 9.70 8.02 0.89 8.26 9.94 8.36 -0.08 

ʄʦʥʘʩʪʠʨʠʩʴʢʠʡ 5.89 9.67 7.03 0.46 4.04 9.67 6.27 -0.07 6.47 9.73 7.18 -0.10 

ʇʽʜʚʦʣʦʯʠʩʴʢʠʡ 7.76 9.75 8.24 -0.21 6.74 9.74 7.55 -0.22 7.69 9.94 8.31 0.21 

ʇʽʜʛʘʻʮʴʢʠʡ 5.73 9.61 4.67 -1.56 0.51 9.86 4.97 -0.17 7.23 10.17 5.21 -2.71 

ʊʝʨʝʙʦʚʣʷʥʩʴʢʠʡ 7.64 9.70 8.00 -0.20 6.61 9.74 7.54 -0.16 7.28 9.80 7.84 0.05 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ 8.35 10.07 9.08 -0.93 8.55 9.96 8.91 -0.20 8.80 10.13 9.28 0.44 

ʏʦʨʪʢʽʚʩʴʢʠʡ 7.92 9.99 10.13 0.77 7.40 9.86 8.99 0.64 7.63 10.01 8.54 0.44 

ʐʫʤʩʴʢʠʡ 6.89 9.89 5.87 -2.28 5.42 9.72 5.88 -1.23 7.04 9.83 5.59 -2.07 

ʉʝʨʝʜʥʻ 6.97 9.75 7.78 0.00 5.89 9.76 7.41 0.00 7.04 9.91 7.70 0.00 

ʇʘʨʘʤʝʪʨ a  b  c  2R  
a  b  c  2R  

a  b  c  2R  
ʆʮʽʥʢʘ 0.88 3.20 -29.51 0.71 0.47 2.24 -17.22 0.69 0.60 0.43 -0.75 0.43 

ʇʦʭʠʙʢʘ 0.40 2.35 21.20  0.13 2.01 19.42  0.40 1.98 18.15  

 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʊʅɽʋ) ʽ ʡʦʛʦ ʢʦʣʝʜʞ ʝʢʦʥʦʤʽʢʠ, ʧʨʘʚʘ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣɹʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɻʥʘʪʶʢʘ, ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʚ̔ʝʨʩʠʪʝʪ (ʊʅʊʋ) ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶ  ̫ʪʘ ʡʦʛʦ ʪʝʭʥʽʯʥʠʡ ʢʦʣʝʜʞ, ʧʨʠʚʘʪʥʠʡ ɺʅɿ 

çʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè, 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʇʨɸʊ çɺʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ çʄʽʞʨʝʛʽʦʥʘʣʴʥʘ 

ɸʢʘʜʝʤʽʷ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤè, ɻʘʣʠʮʴʢʠʡ ʢʦʣʝʜʞ ʽʤʝʥʽ 

ɺô̫ ʯʝʩʣʘʚʘ ʏʦʨʥʦʚʦʣʘ, ʢʦʣʝʜʞ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʪʦʨʛʽʚʣʽ, ʧʨʠʚʘʪʥʠʡ ɺʅɿ 
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çʄʝʜʠʯʥʠʡ ʢʦʣʝʜʞè, ʢʦʣʝʜʞ ɺʅɿ çɺʽʜʢʨʠʪʠʡ ʤʽʞʥʘʨʦʜʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʦʟʚʠʪʢʫ 

ʣʶʜʠʥʠ çʋʢʨʘʾʥʘè, ʢʦʦʧʝʨʘʪʠʚʥʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʢʦʣʝʜʞ, ʚʠʱʝ 

ʧʨʦʬʝʩʽʡʥʝ ʫʯʠʣʠʱʝ ʨʝʩʪʦʨʘʥʥʦʛʦ ʩʝʨʚʽʩʫ ʽ ʪʦʨʛʽʚʣʽ, ʜʝʨʞʘʚʥʝ ʤʫʟʠʯʥʝ ʫʯʠʣʠʱʝ 

ʽʤʝʥʽ ʉ. ʂʨʫʰʝʣʴʥʠʮʴʢʦʾ. 

ɺ ʤ. ʊʝʨʥʦʧʽʣʴ ʟʘʨʝʻʩʪʨʦʚʘʥʝ, ʘʣʝ ʥʝ ʦʧʨʠʣʶʜʥʶʶʻ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʩʘʡʪʽ 

www.vstup.info ʚʽʜʜʽʣʝʥʥʷ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʟʘʦʯʥʦʛʦ ʪʘ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʋ ʤ. ɹʝʨʝʞʘʥʠ ʧʨʘʮʶʻ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʚ̔ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ (ʅʋɹʽʇ) ʋʢʨʘʾʥʠ. 

ʋ ʤ. ɻʫʩʷʪʠʥ ʧʨʘʮʶʻ ʢʦʣʝʜʞ ʊʅʊʋ, ʘ ʚ ʤ. ɹʦʨʱʽʚ ʧʨʘʮʶʻ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʢʦʣʝʜʞ. 

ʋ ʤ. ʏʦʨʪʢʽʚ ʧʨʘʮʶʶʪʴ 4 ɺʅɿ ï ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ ʽ 

ʙʽʟʥʝʩʫ ʽ ʢʦʣʝʜʞ ʝʢʦʥʦʤʽʢʠ ʪʘ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ ʊʅɽʋ, ʤʝʜʠʯʥʠʡ ʢʦʣʝʜʞ, 

ʛʫʤʘʥʽʪʘʨʥʦ-ʧʝʜʘʛʦʛʽʯʥʠʡ ʢʦʣʝʜʞ ʽʤʝʥʽ ʆʣʝʢʩʘʥʜʨʘ ɹʘʨʚʽʥʩʴʢʦʛʦ. ʆʪʞʝ, ʫ 

ʢʣʘʩʪʝʨʽ 1) ʧʨʘʮʶʶʪʴ 16 ɺʅɿ, ʘ ʚ ʢʣʘʩʪʝʨʽ 2) ï 6 ɺʅɿ. 

ʇʦʟʘ ʢʣʘʩʪʝʨʘʤʠ ʧʨʘʮʶʶʪʴ 11 ɺʅɿ: ʫ ʤ. ʂʨʝʤʝʥʝʮʴ ï ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʢʦʣʝʜʞ 

(ʩ. ɹʽʣʦʢʨʠʥʠʮʷ), ʛʫʤʘʥʽʪʘʨʥʦ-ʧʝʜʘʛʦʛʽʯʥʘ ʘʢʘʜʝʤʽʷ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ ʪʘ ʾʾ 

ʧʝʜʘʛʦʛʽʯʥʠʡ ʢʦʣʝʜʞ, ʤʝʜʠʯʥʝ ʫʯʠʣʠʱʝ ʽʤʝʥʽ ɸʨʩʝʥʘ ʈʽʯʠʥʩʴʢʦʛʦ; ʫ ʤ. ɹʫʯʘʯ ï 

ʧʨʠʚʘʪʥʠʡ ɺʅɿ çɹʫʯʘʮʴʢʠʡ ʽʥʩʪʠʪʫʪ ʤʝʥʝʜʞʤʝʥʪʫ ʽ ʘʫʜʠʪʫè ʪʘ ʡʦʛʦ ʢʦʣʝʜʞ 

ʝʢʦʥʦʤʽʢʠ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ, ʢʦʣʝʜʞ ʇʦʜʽʣʴʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʘʛʨʘʨʥʦ-

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʩ. ʊʨʠʙʫʭʽʚʮ)̔; ʫ ʤ. ʊʝʨʝʙʦʚʣʷ ï ʚʠʱʝ ʫʯʠʣʠʱʝ ʢʫʣʴʪʫʨʠ, 

ʫ ʤ. ʇʽʜʛʘʡʮʽ ï ʧʨʠʚʘʪʥʠʡ ɺʅɿ çɻʘʣʠʮʴʢʠʡ ʤʝʜʠʯʥʠʡ ʢʦʣʝʜʞè, ʫ ʤ. ɿʙʦʨʽʚ ï 

ʢʦʣʝʜʞ ʊʅʊʋ, ʫ ʤ. ɿʘʣʽʱʠʢʠ ï ʘʛʨʘʨʥʠʡ ʢʦʣʝʜʞ ʽʤʝʥʽ ɭ. ʍʨʘʧʣʠʚʦʛʦ ʅʋɹʽʇ. 

ʊʘʢʠʤ ʯʠʥʦʤ, 10 ʟ 21 ʨʘʡʦʥʫ ʊʝʨʥʦʧʽʣʴʱʠʥʠ ʥʝ ʤʘʶʪʴ ɺʅɿ. 

ʋ ʪʘʙʣ. 4.22 ʜʣʷ ʇʽʜʛʘʻʮʴʢʦʛʦ ʨʘʡʦʥʫ ʜʘʥʽ tC  ʟʘ ʧʝʨʽʦʜʠ 2018:I  ̔2018:II  ʥʝ 

ʦʧʨʠʣʶʜʥʶʚʘʣʠʩʷ, ʘʣʝ ʛʝʥʝʨʫʚʘʣʠʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʘʛʨʝʛʦʚʘʥʠʭ ʜʘʥʠʭ 

ʊʝʨʥʦʧʽʣʴʱʠʥʠ. ʊʦʤʫ ʫ ʪʘʙʣ. 4.27  ʟʥʘʯʝʥʥʷ 2R  ʟʘ ʮ̔ ʧʝʨʽʦʜʠ ʚʠʷʚʠʣʦʩʷ ʥʠʞʯʠʤ. 

 

http://www.vstup.info/
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ʊʘʙʣʠʮʷ 4.28. ɽʢʩʧʦʨʪ ä
=

=
u

It
tmum EE  ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʚʘʨʪʘʣʴʥʠʡ ʝʢʩʧʦʨʪ mM  (ʪʠʩ. 

ʜʦʣ.) ʊʝʨʥʦʧʽʣʴʱʠʥʠ ʟʘ ʛʨʫʧʘʤʠ =m 0,é, 99 ʟʘ ʧʝʨʽʦʜ 2017_u  ʧʝʨʰʠʭ =u I, II , III , IV 

ʢʚʘʨʪʘʣʚ̔ ʨʦʢʫ [217ï223], ʩʚʽʪʦʚʠʡ ʝʢʩʧʦʨʪ mW  (ʤʣʨʜ. ʜʦʣ.) ʟʘ 2017 ʨ. [195] 

 ʉʫʤʘʨʥʠʡ ʝʢʩʧʦʨʪ umE  ʂʚʘʨʪʘʣʴʥʠʡ ʝʢʩʧʦʨʪ tmE  mM  mM4  mW  

m/T 2017:I 2017_II 2017_IV 2018:I 2018_II 2018_III 2017:II 2017:IV 2018:II 2018:III ʂʚʘʨʪʘʣ ʈʽʢ 2017 
0 92557 164714 380193 115723 229421 334844 72156 117361 113699 105422 117361 469446 17581 

85 31876 67339 152709 45959 97245 136072 35463 46784 51286 38827 51286 205144 2566 
84 627 1032 2132 621 1474 2177 404 495 853 703 853 3413 2082 

27             1954 

87 47 95 179 63 113 153 48 48 49 40 63 254 1440 
71 1259 2877 5613 2087 3965 5354 1618 1835 1878 1389 2087 8348 636 

39 1784 3763 7664 2347 4362 6436 1979 1839 2015 2074 2347 9389 595 
90 177 286 511 111 272 410 108 82 161 137 177 710 577 

30 193 321 612 56 122 184 128 136 66 62 193 771 534 
29 11 30 59 31 54 72 19 19 24 18 31 122 381 

72 302 583 1434 707 1099 1543 281 289 391 445 707 2830 372 

88             327 
99             321 

73 364 908 2079 663 1560 2516 544 499 897 956 956 3824 283 
26             259 

94 2089 4724 16252 4637 10751 18453 2635 5429 6114 7703 7703 30810 243 

62 1281 2362 4546  2620 3734 1080 1132 2620 1114 2620 10479 228 
61 20 20 190  86 214 0 32 86 128 139 554 226 

38  1 3 1 1 5 1 0 1 4 4 15 189 
40 4 5 14 13 42 56 1 3 30 14 30 118 185 

76 1 4 23 10 46 58 3 2 36 12 36 145 177 
48 65 353 943 136 521 1052 289 89 386 531 531 2123 162 

74 0 0 6 6 10 10 0 4 4 0 6 22 147 

64             144 
44 3150 6429 12145 3394 6763 9912 3279 2710 3369 3149 3394 13576 136 

89             135 
33 6 12 22  38 38 6 0 38 0 38 151 128 

2 5578 12631 31408 7347 17648 27574 7054 10730 10300 9927 10730 42919 125 

3             119 
95 261 1040 2492 417 1324 2604 779 401 907 1280 1280 5118 116 

8 125 223 1201 91 441 1475 98 284 350 1034 1034 4136 116 
22 0 0 1 6 9 23 0 0 3 15 15 58 115 

28             112 

10 18295 25495 54522 23838 43856 52824 7200 20191 20018 8968 23838 95350 103 
15 5837 9019 13779 3260 4880 8367 3182 1417 1620 3487 5837 23348 99 

12 4061 4922 24312 8619 9507 23492 861 9673 888 13985 13985 55939 98 
4 753 1559 5980 1388 2540 3681 806 2106 1152 1141 2316 9263 85 

32 0 0 10    0 10   10 39 80 
42 3 8 16 7 11 14 5 4 5 2 7 27 78 

7 258 831 2227 153 172 281 573 1220 18 110 1220 4879 72 

70 118 188 338 51 148 232 70 72 97 85 118 472 72 
19 105 297 543 166 514 779 192 100 348 265 348 1393 71 

23 1893 3105 4768 351 705 950 1212 739 354 245 1893 7572 70 
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ʊʘʙʣʠʮʷ 4.29. ɽʢʩʧʦʨʪ ä
=

=
u

It
tmum EE  ʽ ʤʘʢʩʠʤʘʣʥɹʠʡ ʢʚʘʨʪʘʣʴʥʠʡ ʝʢʩʧʦʨʪ mM  (ʪʠʩ. 

ʜʦʣ.) ʊʝʨʥʦʧʽʣʴʱʠʥʠ ʟʘ ʛʨʫʧʘʤʠ =m 1,é, 99 ʟʘ ʧʝʨʽʦʜ 2017_u  ʧʝʨhʠʭ =u I, II , III , IV  

ʢʚʘʨʪʘʣʽʚ ʨʦʢʫ [217ï223], ʩʚʽʪʦʚʠʡ ʝʢʩʧʦʨʪ mW  (ʤʣʨʜ. ʜʦʣ.) ʟʘ 2017 ʨ. [195] 

 ʉʫʤʘʨʥʠʡ ʝʢʩʧʦʨʪ umE  ʂʚʘʨʪʘʣʴʥʠʡ ʝʢʩʧʦʨʪ tmE  mM  mM4  mW  

m/T 2017:I 2017_II  2017_III  2017_IV 2018:I 2018_II 2018_III 2017:II 2017:III 2017:IV 2018:II 2018:III ʂʚʘʨʪʘʣ ʈʽʢ 2017 

21  12 12 12    12 0 0   12 48 69 

83 12 30 41 65 31 70 108 18 11 24 38 38 38 153 67 

82 14 45 58 75 12 26 51 30 13 17 15 25 30 121 65 

63 1 2 2 2  2 46 0 0 0 2 44 44 176 63 

20 1554 2273 4112 8306 3440 5262 7478 720 1839 4194 1822 2215 4194 16774 62 

34 31 40 48 49 13 72 84 9 9 1 59 12 59 235 59 

52   35 35     35 0   35 140 56 

69 1 1 1 1 0 0 0 0 0 0 0 0 1 6 53 

9 3 20 29 37 19 28 42 17 9 8 10 13 19 75 52 

96  1 3 3 2 2 2 1 2 0 0 0 2 7 51 

68 31 114 210 304 126 482 714 84 96 94 356 232 356 1424 51 

31               51 

91 116 235 341 450 135 246 340 119 106 110 112 94 135 538 50 

18  39 41 71 51 112 137 39 2 29 61 25 61 245 49 

17 524 1845 1845 1848 6 12 16 1321 0 3 5 5 1321 5286 48 

25 271 764 1156 1672 253 476 760 493 392 516 223 283 516 2063 42 

49 2 6 7 13 1 5 5 4 1 6 3 0 6 24 37 

55 1 1 1 1 20 20 21 0 0 0 0 1 20 80 36 

60      0 0     0 0 0 35 

35 2270 7020 12033 15107 2422 7333 11129 4750 5013 3074 4911 3796 5013 20052 29 

97 6309 1 1 1    -6308 0 0   6309 25234 28 

41  329 631 786 223 448 721 329 303 155 225 273 329 1315 26 

59 4 24 33 54 0 95 119 20 9 21 95 24 95 380 25 

56   3 3 26 41 48  3 0 14 7 26 105 25 

1     4 4 167    0 163 163 650 22 

6 299 466 554 692 171 346 408 167 88 138 174 62 299 1196 21 

81 0 0 0 0 0 0 0 0 0 0 0 0 0 1 20 

11 13 13 13 13 5 11 16 0 0 0 6 6 13 53 18 

57 0 0 0 0    0 0 0   0 0 15 

58 0 0 0 1  1 8 0 0 1 1 8 8 32 12 

5 27 27 48 65 49 105 185 0 21 17 57 79 79 317 10 

65 29 55 77 95 13 33 43 27 22 18 20 11 29 115 9 

43 484 821 1028 1575 725 1215 1358 338 206 547 489 144 725 2900 9 

53     1 1 1    0 0 1 3 4 

46 15 50 52 54 8 40 43 35 2 1 32 3 35 142 2 

14 6 18 49 66 28 40 51 12 31 17 12 12 31 122 1 

M              623325  
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ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʫ ʪʦʨʛ̔ ʚʣʽ [195], ʟʘʛʘʣʴʥʠʡ ʩʚʽʪʦʚʠʡ ʝʢʩʧʦʨʪ 

ʟʥʠʞʫʚʘʚʩʷ ʟʘ ʦʩʥʦʚʥʠʤʠ ʛʨʫʧʘʤʠ ʪʦʚʘʨʽʚ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ɻʘʨʤʦʥʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ [196]) ʟ 2014 ʨ. ʋ ʪʘʙʣ. 4.28, 4.29 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ mW  

ʩʚʽʪʦʚʦʛʦ ʝʢʩʧʦʨʪʫ ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ m ʪʦʚʘʨʽʚ. ɻʨʫʧʠ ʚʧʦʨʷʜʢʦʚʘʥʽ ʟʘ ʨʽʚʥʝʤ 

ʝʢʩʧʦʨʪʫ 2017 ʨ., ʜʝ ʛʨʫʧʽ 0 ʚʽʜʧʦʚʽʜʘʻ ʩʫʤʘʨʥʠʡ ʝʢʩʧʦʨʪ ä
=

99

1m
mW . ʆʩʢʽʣʴʢʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʝʢʩʧʦʨʪ tm
t

m EM max=  ʻ ʜʦʩ̫ʞʥʠʤ, ʪʦ ʜʦʩʷʞʥʠʤ ʻ ʨʽʯʥʠʡ ʝʢʩʧʦʨʪ 

mM4  ʛʨʫʧʠ m. 

ʊʦʜʽ ʜʦʩ̫ʞʥʠʤ ʻ ʩʫʤʘʨʥʠʡ ʨʽʯʥʠʡ ʝʢʩʧʦʨʪ ä
=

=
99

1

4
m

mMM =0,623 ʤʣʨʜ. ʜʦʣ. ʎʝ 

ʥʘ 64% ʧʝʨʝʚʠʱʫʻ ʝʢʩʧʦʨʪ ä
=

=
99

1
0

m
IVmIV EE =0,380 ʤʣʨʜ. ʜʦʣ. ʊʝʨʥʦʧʽʣʴʠɦʥʠ ʫ 

2017 ʨ. ʽ ʟʘʜʘʻ ʜʦʩʷʞʥʫ ʩʪʨʫʢʪʫʨʫ ʝʢʩʧʦʨʪʫ. ʋ ʪʘʙʣ. 4.29 ʥʝ ʚʢʘʟʘʥʽ ʜʘʥʽ ʟʘ ʛʨʫʧʘʤʠ 

45, 50, 66, 36, 80, 92, 13, 67, 78, 51, 37, 93, 79, 75, 86, 24, 54, 47, 16, ʷʢʽ ʫ 2017ï

2018 ʨʨ. ʚʚʘʞʘʶʪʴʩʷ ʥʫʣʴʦʚʠʤʠ ʽ ʥʝʧʨʽʦʨʠʪʝʪʥʠʤʠ ʯʝʨʝʟ ʥʠʟʴʢʫ ʤʽʩʪʢʽʩʪʴ ʾʭʥʽʭ 

ʩʚ̔ʪʦʚʠʭ ʨʠʥʢʽʚ. 

ʉʪʘʙʽʣʽʟʘʮʽʷ ʢʚʘʨʪʘʣʴʥʠʭ ʦʙʩʷʛʽʚ ʝʢʩʧʦʨʪʫ ʥʘ ʜʦʩʷʞʥʠʭ ʨ̔ ʚʥʷʭ ʫʩʽʭ ʪʦʚʘʨʥʠʭ 

ʛʨʫʧ ʽ ʟʘʧʦʯʘʪʢʫʚʘʥʥʷ ʝʢʩʧʦʨʪʫ ʟʘ ʛʨʫʧʘʤʠ 27, 88, 99, 26, 64, 89, 3, 28 ʟ ʚʠʩʦʢʦʶ 

ʤʽʩʪʢʽʩʪʶ ʩʚʽʪʦʚʠʭ ʨʠʥʢʽʚ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʨʦʟʨʦʙʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʽ ʩʚʦʾʭ ɺʅɿ, 

ʜʦʟʚʦʣʠʪ ɹʨʦʟʚʠʚʘʪʠ ʝʢʦʥʦʤʽʢʫ ʊʝʨʥʦʧʽʣʴʱʠʥʠ. 
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ɺʀʉʅʆɺʂʀ 
 

ʋ ʜʠʩʝʨʪʘʮʡ̔ʥʡ̔ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥ ̔ʩʠʩʪʝʤʠ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʤʝʭʘʥʽʟʤʠ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʦʜʝʣʝʡ, ʟʘʩʪʦʩʦʚʘʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥ ̔ ʨʽʰʝʥʥ ̫ ʥʘ ʨʝʘʣʴʥʠʭ 

ʝʢʦʥʦʤʽʯʥʠʭ ʜʘʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. ɺ ̫ ʢʦʩʪʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʜʦʩʣʽʜʞʝʥʦ ʤʝʨʝʞʽ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ, ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ, 

ʨʠʥʦʢ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʦʜʫʢʪʫ (ʥʘ ʧʨʠʢʣʘʜʽ ʚʘʢʮʠʥʠ ʧʨʦʪʠ COVID-19), ʨʦʟʚʠʪʦʢ 

ʨʝʛʽʦʥʽʚ ʢʨʘʾʥʠ ʟʘ ʩʪʨʘʪʝʛʽʾ ʝʢʦʥʦʤʽʯʥʦʾ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ. 

ʆʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥ ̔ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʽʛʨʦʚʫ ʤʦʜʝʣʴ ʤʝʨʝʞʽ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʨʷʜʫ ʨʦʟʜʨʽʙʥʠʭ ʪʦʨʛʽʚʮʽʚ ʧʨʦʜʫʢʪʦʤ ʽ ʨʜ̫ʫ ʨʠʥʢʽʚ ʟʙʫʪʫ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʜʝ 

ʨʦʟʜʨʽʙʥʽ ʪʦʨʛʽʚʮʽ ʥʝʢʦʦʧʝʨʘʪʠʚʥʦ ʢʦʥʢʫʨʫʶʪʴ, ʤʘʢʩʠʤʽʟʫʶʯʠ ʩʚʦʾ ʩʧʦʜʽʚʘʥʽ 

ʧʨʠʙʫʪʢʠ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʩʚʦʾʭ ʦʧʪʠʤʘʣʴʥʠʭ ʪʨʘʥʩʘʢʮʽʡ ʜʣʷ ʧʨʦʜʫʢʪʫ, ʘ 

ʪʘʢʦʞ ʦʧʪʠʤʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʥʝʣʽʥʽʡʥʽ ʙʶʜʞʝʪʥʽ 

ʦʙʤʝʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʨʽʚʥʦʚʘʞʥʠʭ 

ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʽʙʝʨʙʝʟʧʝʢʫ ʤʝʨʝʞʽ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʽʪʝʨʘʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʜʘʻ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʪʨʘʥʩʘʢʮʽʡ ʧʨʦʜʫʢʪʫ, ʨʽʚʥʽʚ ʙʝʟʧʝʢʠ ʪʘ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʙʶʜʞʝʪʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. 

2. ɺʧʝʨʰʝ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʦ ʾʤʦʜʝʣ ̔ʽʥʥʦʚʘʮʽʡ ɹʘʩʩʘ ʜʦ 

ʧʦʰʠʨʝʥʥʷ ʚʘʢʮʠʥʘʮʽʡ. ʆʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʦʯʽʢʫʚʘʥʫ 

ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʫ ʜʦ ʤʦʤʝʥʪʫ ʧʝʨʚʠʥʥʦʾ ʟʘʢʫʧʽʚʣʽ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʪʦʚʘʨʫ (ʦʪʨʠʤʘʥʥʷ 

ʚʘʢʮʠʥʠ ʧʨʦʪʠ COVID-19) ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʠʤ ʧʦʢʫʧʮʝʤ (ʛʨʦʤʘʜʷʥʠʥʦʤ). 

ɺʨʘʭʦʚʘʥʦ ʚʧʣʠʚ ʧʦʢʫʧʮʽʚ-ʥʦʚʘʪʦʨʽʚ, ʷʢ̔ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ ʧʨʠʜʙʘʪʠ 

(ʟʘʩʪʦʩʫʚʘʪʠ) ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʨʦʜʫʢʪ ʚʽʜʨʘʟʫ ʟ ʡʦʛʦ ʧʦʷʚʦʶ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ 

ʧʦʢʫʧʮʽʚ-ʥʘʩʣʽʜʫʚʘʯʽʚ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥ,̫ ʱʦʜʦ ʢʫʧʽʚʣʽ (ʟʘʩʪʦʩʫʚʘʥʥʷ) 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʧʝʚʥʠʤ ʣʘʛʦʤ, ʧʽʩʣʷ ʪʦʛʦ ʷʢ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʨʦʜʫʢʪ 
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ʥʘʩʠʯʫʻ ʨʠʥʦʢ ʪʘ ʟôʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʡ ʚʽʜʛʫʢʽʚ ʱʦʜʦ ʥʴʦʛʦ ʚʽʜ 

ʧʦʢʫʧʮʽʚ-ʥʦʚʘʪʦʨʽʚ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ ʬʫʥʢʮʽʶ ʨʝʘʢʮʽʾ ʧʦʩʣʽʜʦʚʥʠʢʘ (ʧʨʦʚʘʡʜʝʨʘ ɯʥʪʝʨʥʝʪ ʩʝʨʚʽʩʫ) ʥʘ 

ʨʽʰʝʥʥʷ ʣʽʜʝʨʘ (ʢʦʥʪʝʥʪ ʧʨʦʚʘʡʜʝʨʘ). ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢ ʮʽʥʫ 

ʧʦʩʣʫʛʠ, ʯʘʩʪʢʫ ʜʦʭʦʜʫ ʢʦʥʪʝʥʪ ʧʨʦʚʘʡʜʝʨʘ, ʦʙʩʷʛ ʨʠʥʢʫ, ʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ 

ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʨʝʞʽ ʧʨʦʚʘʡʜʝʨ ɯʥʪʝʨʥʝʪ ʩʝʨʚʽʩʫ 

ʚʠʨʽʰʫʻ ʷʢʦʶ ʤʽʨʦʶ ʨʦʟʰʠʨʠʪʠ ʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘʷʚʥʦʾ ʤʝʨʝʞʽ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʝʢʩʧʦʨʪʫ ʨʝʛʽʦʥʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʣʝʞʘʪʴ ʚ 

ʦʩʥʦʚʽ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʽʦʥʽʚ, ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ 

ʟʘʧʦʟʠʯʝʥʥʷ ʢʨʘʱʠʭ ʧʨʘʢʪʠʢ ʫʧʨʘʚʣʽʥʥʷ ʨʘʡʦʥ̔ ʚ ʣʽʜʝʨʽʚ, ʽʥʚʝʩʪʠʮʽʾ ʷʢʠʭ, ʜʣʷ 

ʧʨʠʢʣʘʜʫ, ʚ ʧʦʢʨʘʱʝʥʫ ʣʦʛʽʩʪʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʧʨʠʷʶʪʴ ʧʦʞʚʘʚʣʝʥʥʶ 

ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ ̔ʥʚʝʩʪʠʮʽʾ ʚ ʦʩʚʽʪʫ ʤʘʶʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪ ʛʘʨʥʦ 

ʧʜ̔ʛʦʪʦʚʣʝʥʠʡ ʢʚʘʣʽʬʽʢʦʚʘʥʠʡ ʢʘʜʨʦʚʠʡ ʧʦʪʝʥʮʽʘʣ. ɯʥʰʠʡ ʘʩʧʝʢʪ ʫʩʧʽʰʥʦʛʦ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ï ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʚʽʜʥʦʩʠʥ ʟ ʧʦʪʝʥʮʽʡʥʠʤʠ 

ʽʥʚʝʩʪʦʨʘʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʰʫʢ ʥʝʨʝʘʣʽʟʦʚʘʥʠʭ ʝʢʩʧʦʨʪʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʨʝʛʽʦʥʫ. ɿʘʛʘʣʦʤ, ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʚʝʜʝʥʥʷ ʙʽʟʥʝʩʫ ʪʘ ʧʨʦʷʚʫ 

ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʾ ʽʥʽʮʽʘʪʠʚʠ. 

5. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʘʥʘʣʽʟʫ ʨʝʘʣʴʥʠʭ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʠʭ 

ʜʘʥʠʭ ʟʥʘʡʜʝʥʦ ʨʘʡʦʥʠ ʣʽʜʝʨʠ ʊʝʨʥʦʧʽʣʴʱʠʥʠ, ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ ʪʘ ʃʫʛʘʥʱʠʥʠ. 

ʊʘʢʦʞ, ʦʮʽʥʝʥʦ ʝʢʩʧʦʨʪʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʘʥʠʭ ʨʝʛʽʦʥʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʥʘ 

ʨʝʘʣʴʥʠʭ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ ʚʠʢʦʥʘʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ɯʥʩʪʠʪʫʪʫ ʢʽʙʝʨʥʝʪʠʢʠ 

ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ çʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦ-ʢʦʤʧôʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ 

ʧʦʢʚʘʨʪʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʮʽʣʴʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʝʢʩʧʦʨʪʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠè ʚʽʜʜʽʣʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ 

(ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0118U0017306). 
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ʤʦʜʝʣʶʚʘʥʥʷè (8ï10 ʞʦʚʪʥʷ 2019 ʨ., ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ) [50]; 
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çʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤè (20ï22 

ʣʠʩʪʦʧʘʜʘ 2019 ʨ., ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) [51]; 

çʊʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʧʫʙʣʽʯʥʠʭ ʪʘ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ 

ʚ ʫʤʦʚʘʭ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽè (29 ʩʽʯʥʷ 2020 ʨ., ʂʠʚʾ, ʋʢʨʘʾʥʘ) [52]; 

çʇʨʦʙʣʝʤʠ ʤʽʞʥʘʨʦʜʥʦʾ ʤʽʛʨʘʮʽʾ: ʦʮʽʥʢʘ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʨʽʰʝʥʥʷè (16 

ʪʨʘʚʥʷ 2020 ʨ., ʆʜʝʩʘ, ʋʢʨʘʾʥʘ) [53]; 

 çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷè (18ï19 ʪʨʘʚʥ̫  

2020 ʨ., ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʾʥʘ) [54]; 

çInternational Conference High Performance Computing HPC-UA 2020è (6ī7 

November 2020, Kyiv, Ukraine) [55]; 

 çʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤè (18ï20 

ʣʠʩʪʦʧʘʜʘ 2020 ʨ., ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) [56]; 

çɻʣʫʰʢʦʚʩʴʢʽ ʯʠʪʘʥʥʷè (18 ʛʨʫʜʥʷ 2020 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [57]; 

çInternational Conference on Software Engineeringè (April 12ī14 2021, Kyiv, 

Ukraine) [58]; 

çGlobal and regional problems of informatization in society and nature using 

2021è (13ï14 May 2021, Kyiv , Ukraine) [59]; 

çModern Stochastics: Theory and Applications Vè (June 1ī4 2021, Kyiv, Ukraine) [60]; 

 çActual problems of fundamental scienceè (1ï5 June 2021, Lutsk, Ukraine) [61]; 

çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷè (5ï10 ʣʠʧʥ ̫2021ʨ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʾʥʘ) [62]; 

çɽʢʦʥʦʤʽʢʘ. ʌʽʥʘʥʩʠ. ɹʽʟʥʝʩ. ʇʘʨʘʜʠʛʤʘʣʴʥʽ ʟʨʫʰʝʥʥʷ ʚ ʝʢʦʥʦʤʽʯʥʽʡ ʪʝʦʨʽʾ 

ʍʍɯ ʩʪ.è (28 ʚʝʨʝʩʥʷ ï 1 ʞʦʚʪʥʷ 2021 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [63]; 

 çɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʨʽhʝʥʥʷ ï ʉʠʤʧʦʟʽʫʤè (29 ʚʝʨʝʩʥʷ 2021 ʨ., ʂʠʾʚ ī ʋʞʛʦʨʦʜ, 

ʋʢʨʘʥʾʘ) [64]; 

çMathematical Modeling, Optimization and Information Technologiesè (November 

15ï19 2021, Chisinau (Moldova), Kyiv (Ukraine), Batumi (Georgia)) [65]; 

çɻʣʫʰʢʦʚʩʴʢʽ ʯʠʪʘʥʥʷè (2 ʛʨʫʜʥʷ 2021 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [66]; 
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çNonlinear analysis and applicationsè (April 4ī6 2022, Kyiv, Ukraine) [67]; 

çʇʝʨʩʧʝʢʪʠʚʠ ʚʧʨʦʚʘʜʞʝʥʥ̫ ̔ʥʥʦʚʘʮʽʡ ʫ ʘʪʦʤʥʫ ʝʥʝʨʛʝʪʠʢʫè (30 ʚʝʨʝʩʥʷ 

2022 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [68]; 

 çʇʨʦʙʣʝʤʠ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʩʚʽʪʠ: ʚʠʢʣʠʢʠ ʩʫʯʘʩʥʦʩʪ̔è (11ī12 ʞʦʚʪʥʷ 

2022 ʨ., ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ) [69]; 

 çInformation Technology and Implementationè (December 01 2022, Kyiv, 

Ukraine) [70]; 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (17ï19 ʞʦʚʪʥʷ 2017 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [71]; 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (18ï19 ʞʦʚʪʥʷ 2018 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [72]; 

çʇʠʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʯʠʩʣʝʥʴè  (24 ï27 ʚʝʨʝʩʥʷ 2019 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ) [73]. 
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ɼʦʜʘʪʦʢ 2. ʇʦʨʽʚʥʷʣʴʥʘ ʝʬʝʢʪʠʚʥ̔ʩʪɹ ʨʘʡʦʥʽʚ ʃʫʛʘʥʱʠʥʠ 
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(ʧʦʟʥʘʯʝʥʽ ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ, 2 ʢʣʘʩʪʝʨʠ) (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʪʠʤʯʘʩʦʚʦ ʦʢʫʧʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ) (ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʟʘ I-IVʢʚ 2017 ʨ. ï I-III  ʢʚ. 2018 ʨ.) 
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ʟʘ ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ  (ʧʦʟʥʘʯʝʥʽ ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ) (ʥʘ ʦʩʥʦʚʽ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʟʘ ʧʝʨʽʦʜ I-IVʢʚ 2017 ʨ. ï I-III  ʢʚ. 2018 ʨ.) 


