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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʣʦʞʥʝʥʠʶ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʨʝʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʨʝʜʩʪʚʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʨʫʧʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʝʰʘʪʴ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʈʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʦʪ ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʦ 

ʛʣʦʙʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʩʝʡ ʩʪʨʘʥʳ. 

ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚʳʜʝʣʷʶʪʩʷ ʦʩʦʙʦʡ ʩʣʦʞʥʦʩʪʴʶ ʩʨʝʜʠ ʧʨʦʯʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʟʥʘʥʘ ʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʟʘʢʦʥʦʤ ʈʌ ˉ 261 ï ʌɿ çʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʦ 

ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠ ʦ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʦʪ 23.10.2009 ʛ. ɺ ʦʙʣʘʩʪʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ, 

ʧʨʠʯʝʤ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʵʪʠ ʟʘʜʘʯʠ ʯʘʩʪʦ 

ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ, ʥʝʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤʠ, ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʤʠ, 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʤʠ. ʊʨʫʜʦʝʤʢʦʩʪʴ ʪʘʢʠʭ ʟʘʜʘʯ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʢʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʟʘʜʘʯʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʷʚʣʷʶʪʩʷ: ʟʘʜʘʯʘ ʚʳʙʦʨʘ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʵʣʝʢʪʨʦʩʝʪʝʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʘʤʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ, 

ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ 
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ʨʘʟʤʳʢʘʥʠʷ ʩʝʪʠ, ʫʧʨʘʚʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ɺʦʧʨʦʩʘʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ɼ.ɸ. ɸʨʟʘʤʘʩʮʝʚʘ, ɸ.ʉ. ɹʝʨʜʠʥʘ, 

ɸ.ɸ. ɻʝʨʘʩʠʤʝʥʢʦ, ɺ.ʄ. ʄʘʥʫʩʦʚʘ, ʉ.ɸ. ʈʝʰʝʪʦʚʘ, ɽ.ɺ. ʎʚʝʪʢʦʚʘ, ɺ.ʉ. ʍʘʯʘʪʨʷʥʘ, 

ɺ.ɸ. ʉʪʝʥʥʠʢʦʚʘ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʥʦʞʠʪʝʣʠ ʃʘʛʨʘʥʞʘ, ʨʘʟʙʠʝʥʠʝ ʟʘʜʘʯʠ ʥʘ 

ʧʦʜʟʘʜʘʯʠ, ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ, ʛʨʘʜʠʝʥʪʥʳʝ ʤʝʪʦʜʳ. ʀʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʯʝʪʢʘʷ 

ʣʦʛʠʢʘ. ɺr ʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʩʣʦʞʥʳʝ 

ʪʦʧʦʣʦʛʠʠ ʧʨʦʩʪʨʘʥʩʪʚ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ 

ʤʝʪʦʜʦʚ. ʆʛʨʘʥʠʯʝʥʠʷ ʩʚʷʟʘʥʳ ʢʘʢ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʣʠ 

ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʩ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ. 

ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʢʦʪʦʨʦʤ ʵʢʩʧʝʨʪʥʦʤ ʟʥʘʥʠʠ, 

ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʧʨʠʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʥʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ 

ɺ.ʃ. ɹʝʨʝʩʥʝʚʘ, ʌ. ɻʣʦʚʝʨʘ, ɼ. ɼʞʝʣʘʪʪʘ, ʖ.ɸ. ʂʦʯʝʪʦʚʘ, ʃ.ɸ. ʈʘʩʪʨʠʛʠʥʘ, ʉ. 

ʉʢʠʝʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʳʭ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʞʘʜʥʳʭ ʵʚʨʠʩʪʠʢ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʛʣʦʙʘʣʴʥʦ ʦʧʪʠʤʘʣʴʥʳʤ, ʪʘʢ ʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʨʝʰʝʥʠʷʤʠ, 

ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ 

ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʣʠʟʢʦʛʦ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʰʝʥʠʷ ʟʘ ʚʨʝʤʷ, 

ʜʦʧʫʩʪʠʤʦʝ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʘʣʛʦʨʠʪʤ ʠʤʠʪʘʮʠʠ 

ʦʪʞʠʛʘ, ʵʚʦʣʶʮʠʦʥʥʳʝ ʠ ʨʦʝʚʳʝ ʘʣʛʦʨʠʪʤʳ. ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʪʦʜʘʤ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʠʩʢʘ ʠ ʦʩʥʦʚʘʥʳ ʥʘ ʠʜʝʷʭ, ʚʟʷʪʳʭ ʠʟ ʧʨʠʨʦʜʳ. ʇʨʠ ʵʪʦʤ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʩʭʦʜʠʤʦʩʪʴ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʦʧʪʠʤʫʤʫ ʟʘʜʘʯʠ ʜʦʢʘʟʳʚʘʝʪʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʝʯʥʳʭ ʮʝʧʝʡ ʄʘʨʢʦʚʘ. ʄʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʦʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʜʣʷ ʢʘʞʜʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʠ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʨʝʘʣʠʟʘʮʠʡ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ 

ʟʘʜʘʯ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʪʦʯʥʦʩʪʴ, ʩʭʦʜʠʤʦʩʪʴ, ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʠ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʊʝʨʤʠʥ çʨʦʝʚʦʡ ʠʥʪʝʣʣʝʢʪè ʧʨʝʜʣʦʞʝʥ ʚ ʢʦʥʮʝ 1980-ʭ ʛʦʜʦʚ ʍ. ɹʝʥʠ ʠ 

ʎ. ɺʘʥʛʦʤ. ʇʝʨʚʳʤʠ ʨʦʝʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʧʦʣʫʯʠʚʰʠʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʩʪʘʣʠ 

ʘʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ ɼʞ. ʂʝʥʥʝʜʠ ʠ ʈ. ʕʙʝʨʭʘʨʪʘ ʠ ʘʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʄ. 

ɼʦʨʠʛʦ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʟʥʠʢ ʨʷʜ ʥʦʚʳʭ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʥʦ ʝʱʝ ʥʝ ʩʦʟʜʘʥʳ 

ʯʝʪʢʠʝ ʪʝʨʤʠʥʦʣʦʛʠ ̫ʠ ʢʣʘʩʩʠʬʠʢʘʮʠ.̫ ʇʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʥʝʨʝʰʝʥʥʳʭ ʟʘʜʘʯ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘʠʙʦʣʴʰʝʡ ʩʣʦʞʥʦʩʪʴʶ ʚ ʧʨʠʤʝʥʝʥʠʠ 

ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʥʘʩʪʨʦʡʢʘ ʠ ʜʦʨʘʙʦʪʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʧʦʜʙʦʨ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʘʭ ʟʘʜʘʯ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʦ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ ʃ.ɸ. ɻʣʘʜʢʦʚʘ, ɺ.ɺ. 

ʠ ɺ.ʄ. ʂʫʨʝʡʯʠʢʦʚ, ɸ.ʇ. ʂʘʨʧʝʥʢʦ, ɺ.ɹ. ʃʝʙʝʜʝʚʘ, ʄ. ɼʦʨʠʛʦ, ʄ. ʇʝʜʝʨʩʝʥʘ, ʖ. 

ʐʠ, ʈ. ʕʙʝʨʭʘʨʪʘ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ 

ʨʦʝʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʥʦ ʤʝʪʦʜʠʢ ʠʭ ʚʳʙʦʨʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʳʭ 

ʩʣʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʦʙʱʝʥʥʦ ʥʘʟʚʘʪʴ ʩʣʦʞʥʦʩʪʷʤʠ ʘʜʘʧʪʘʮʠʠ, 

ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ 

ʧʨʘʢʪʠʢʝ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʘʜʘʧʪʠʚʥʳʭ 

ʩʚʦʡʩʪʚ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʩʦʟʜʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝʝhʥʠʷ ʟʘʜʘʯ 

ʦʧʪʠʤʠʟʘʮʠʠ. 

ʈʝʰʝʥʠʶ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ 

ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ: ʃ.ɸ. ɻʣʘʜʢʦʚʘ, ɸ.ɸ. 

ʂʘʞʘʨʦʚʘ, ʖ.ɸ. ʂʦʯʝʪʦʚʘ, ɽ.ɸ. ʂʦʯʝʛʫʨʦʚʦʡ, ɺ.ɺ. ʂʫʨʝʡʯʠʢʘ, ɺ.ʄ. ʂʫʨʝʡʯʠʢʘ, 

ɹ.ʂ., ɺ.ɹ. ʠ ʆ.ɹ. ʃʝʙʝʜʝʚʳʭ, ʆ.ɻ. ʠ ʕ.ɸ. ʄʦʥʘʭʦʚʳʭ, ɺ.ɻ. ʉʝʢʘʝʚʘ, ɺ.ɼ. 

ʌʨʦʣʦʚʩʢʦʛʦ, ʀ.ɸ. ʍʦʜʘʰʠʥʩʢʦʛʦ, ʉ.ɼ. ʐʪʦʚʙʳ, A. Abraham, A. Carlisle, C. Chen, 

M. Dorigo, G. Dozier, R.C. Eberhart, J. Kennedy, Y. Lee, M. Pedersen, Y. Valle, Y. Shi, 

X.-S. Yang, H. Yoshida ʠ ʜʨʫʛʠʭ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ.  

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ. 
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ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʨʘʙʦʪʳ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ, ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʨʘʙʦʪʢʝ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʠʥʪʝʨʬʝʡʩʘ ʤʝʞʜʫ ʘʣʛʦʨʠʪʤʘʤʠ ʠ 

ʟʘʜʘʯʘʤʠ ʠ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʝʰʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ. 

ʇʦʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯʠ: 

1) ʠʩʩʣʝʜʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ; 

2) ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʝʰʝʥʠʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʣʦʞʥʳʤʠ ʚʟʘʠʤʦʩʚʷʟʷʤʠ, ʚʳʩʦʢʦʡ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʤʦʜʝʣʝʡ, ʥʘʣʠʯʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 

ʢʨʠʪʝʨʠʝʚ, ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ; 

3) ʚʳʧʦʣʥʠʪʴ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʢʦʥʮʝʧʮʠʠ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʨʦʚʝʩʪʠ 

ʯʝʪʢʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʘʣʛʦʨʠʪʤʦʚ, ʚʚʝʩʪʠ ʪʝʨʤʠʥʦʣʦʛʠʶ, ʚʳʜʝʣʠʪʴ ʦʙʱʠʝ ʠ 

ʯʘʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ; 

4) ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʠʭ ʧʨʦʩʪʦʛʦ, 

ʙʳʩʪʨʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ 

ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʫʩʣʦʚʠʷ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ; 

5) ʘʧʨʦʙʠʨʦʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; 

6) ʧʦʜʪʚʝʨʜʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʥʘ NP-ʪʨʫʜʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ, ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ; 
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7) ʩʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʬʦʨʤʘʪʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʥʪʝʛʨʠʨʫʝʤʦʡ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʧʨʠʤʝʥʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʢʘʣʝʥʜʘʨʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ, 

ʘ ʪʘʢʞʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʨʦʝʚʳʭ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʄʝʪʦʜ rʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʘʢ ʦʙʱʝʥʘʫʯʥʳʝ (ʘʥʘʣʠʟ, ʩʠʥʪʝʟ, ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝ), ʪʘʢ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ. ʂ 

ʧʦʩʣʝʜʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʧʨʠʤʝʥʝʥʳ ʨʦʝʚʳʝ ʠ ʵʚʦʣʶʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ: 

1) ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʱʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ, 

ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʝʜʠʥʘʷ ʜʣʷ 

ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʪʝʨʤʠʥʦʣʦʛʠʷ ʠ ʩʠʩʪʝʤʘ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚʳʜʝʣʷʪʴ ʦʙʱʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ; 

2) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʢ 

ʫʩʣʦʚʠʷʤ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʫʩʪʨʘʥʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʨʦʝʚʳʤ ʘʣʛʦʨʠʪʤʦʤ ʠ ʤʦʜʝʣʴʶ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʜʣʷ 

ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʘʣʛʦʨʠʪʤʦʤ ʠ ʤʦʜʝʣʴʶ ʠ ʩʭʝʤʘ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

3) ʧʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʟʥʘʯʝʥʠʡ ʠʭ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜ ʦʪʜʝʣʴʥʳʝ ʚʠʜʳ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ; ʧʦʢʘʟʘʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʇʨʦʚʝʜʝʥʘ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʩʦʟʜʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ 
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ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʈʘʟʨʘʙʦʪʘʥ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʳʤʠ ʨʝʘʣʠʟʘʮʠʷʤʠ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʤʦʜʝʣʷʤʠ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʠʟʣʦʞʝʥʳ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʠʭ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ. ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤ: ʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʣʫʙʦʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʝʢʪʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ, ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʘ, ʢʦʨʨʝʢʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, 

ʜʘʶʱʠʤʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠ ʘʥʘʣʠʟʦʤ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʈʝʘʣʠʟʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠ ̫ʠʩʪʦʯʥʠʢʦʚ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʜʩʪʘʥʮʠʡ ɸʆ çʋʨʘʣʴʩʢʠʡ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪr ʨʝʢʦʤʝʥʜʦʚʘʥ r ʜʣʷ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʧʝʨʝʚʦʦʨʫʞʝʥʠʶ 

ʧʦʜʩʪʘʥʮʠʡ ʢʦʤʙʠʥʘʪʘ, ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʵʪʦ ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘ 15ï22 % ʩʦ ʩʨʦʢʦʤ 

ʦʢʫʧʘʝʤʦʩʪʠ 3 ʛʦʜʘ ʜʣʷ ʥʝʨʝʛʫʣʠʨʫʝʤʳʭ ʫʩʪʘʥʦʚʦʢ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʠ 3,5 ʛʦʜʘ ʜʣʷ ʨʝʛʫʣʠʨʫʝʤʳʭ ʫʩʪʘʥʦʚʦʢ. 
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ʉʦʟʜʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʠ 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ çʄʝʪʦʜʳ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠè ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘ ʢʘʬʝʜʨʝ 

çʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡè ʧʨʠ ʧʨʝʧʦʜʘʚʘʥʠʠ ʜʠʩʮʠʧʣʠʥ 

çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷè, çʆʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷè ʠ çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝè, ʘ ʪʘʢʞʝ ʧʨʠ 

ʥʘʧʠʩʘʥʠʠ ʙʘʢʘʣʘʚʨʩʢʠʭ, ʤʘʛʠʩʪʝʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ ʠ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʘʩʧʠʨʘʥʪʦʚ ʢʘʬʝʜʨʳ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1) ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʧʪʠʤʠʟʠʨʫʝʤʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʫʧʨʦʩʪʠʣʠ ʨʝʘʣʠʟʘʮʠʶ ʠ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ; 

2) ʵʬʬʝʢʪʠʚʥʘʷ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠʤʝʝʪ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʘ: ʚʦ-ʧʝʨʚʳʭ, ʫʩʪʨʘʥʝʥʠʝ ʪʝʩʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʨʝʘʣʠʟʘʮʠʝʡ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʦʜʝʣʷʤʠ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʩʠʩʪʝʤ, ʚʦ-ʚʪʦʨʳʭ, ʥʘʩʪʨʦʡʢʘ ʟʥʘʯʝʥʠʡ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʣʘʩʩ ʟʘʜʘʯ ï 

ʧʝʨʚʦʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʤʝʞʜʫ 

ʘʣʛʦʨʠʪʤʦʤ ʠ ʟʘʜʘʯʝʡ, ʪʘʢ ʯʪʦ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ ʘʣʛʦʨʠʪʤʘ 

ʯʝʨʥʳʤ ʷʱʠʢʦʤ, ʢʘʢ ʠ ʘʣʛʦʨʠʪʤ ʜʣʷ ʟʘʜʘʯʠ, ʚʪʦʨʦʝ ʟʘ ʩʯʝʪ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; 

3) ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʷʚʣʷʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʷʪʴ ʘʜʘʧʪʘʮʠʶ ʘʣʛʦʨʠʪʤʘ 

ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʣʘʩʩ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ; 

4) ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʶʪ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ 

ʙʝʟ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜ ʦʪʜʝʣʴʥʳʝ ʢʣʘʩʩʳ ʟʘʜʘʯ, ʟʘ ʩʯʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ; 

5) ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʰʘʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
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ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʨʘʟʣʠʯʥʳʝ 

ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ çSimulinkè ʠ çRastrWinè. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʙʦʪʘ ʜʦʢʣʘʜʳʚʘʣʘʩʴ ʠ ʦʙʩʫʞʜʘʣʘʩʴ ʥʘ 

ʨʘʩʰʠʨʝʥʥʳʭ ʟʘʩʝʜʘʥʠʷʭ ʢʘʬʝʜʨʳ çʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡè 

ʌɻɹʆʋ ɺʆ çʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-

ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʩʪʦʷʥʠʝ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ ʵʥʝʨʛʝʪʠʢʠè (ʊʦʤʩʢ, 21ï23 

ʦʢʪʷʙʨʷ 2014 ʛ.), XI ʄʝʞʜʫʥʘʨʦʜʥʘʷ IEEE ʉʠʙʠʨʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʠ ʩʚʷʟʠ SIBCON-2015 (ʆʤʩʢ, 21ï23 ʤʘʷ 2015 ʛ.), VII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʕʣʝʢʪʨʦʪʝʭʥʠʢʘ. ʕʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʷ. ʕʥʝʨʛʝʪʠʢʘè (ʅʦʚʦʩʠʙʠʨʩʢ, 09ï12 ʠʶʥʷ 

2015 ʛ.), X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʆʙʲʝʢʪʥʳʝ 

ʩʠʩʪʝʤʳè (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 10ï12 ʤʘʷ 2015 ʛ.), XIII ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷè (ʅʦʚʦʩʠʙʠʨʩʢ, 03ï06 ʦʢʪʷʙʨʷ 2016 ʛ.), 2nd International 

Conference on Energy Production and Management (ɸʥʢʦʥʘ, 06ï08 ʩʝʥʪʷʙʨʷ 2016 ʛ), 

2nd International Conference on Industrial Engineering, Applications and Manufacturing 

(ʏʝʣʷʙʠʥʩʢ, 19ï20 ʤʘʷ 2016 ʛ.), 18th International Scientific Conference on Electric 

Power Engineering, (ʂʦʫʪʳ ʥʘʜ ɼʝʩʥʦʡ, 17ï19 ʤʘʷ 2017 ʛ.), II ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʦʚè (ɽʢʘʪʝʨʠʥʙʫʨʛ, 19 ʤʘʷ 2017 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 33 ʨʘʙʦʪʳ, ʠʟ ʥʠʭ 

14 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ 

ʥʘʫʢ (ʚ ʪʦʤ ʯʠʩʣʝ 5 ʩʪʘʪʝʡ ʚ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ Web 

of Science / Scopus), 4 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ 

ʜʣʷ ʕɺʄ, 6 ʩʪʘʪʝʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, 2 ʩʪʘʪʴʠ ʚ ʩʙʦʨʥʠʢʘʭ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, 7 

ʧʫʙʣʠʢʘʮʠʡ ʚ ʩʙʦʨʥʠʢʘʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʠ 

ʥʘʫʯʥʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ 4 ʩʪʘʪʴʠ ʚ ʩʙʦʨʥʠʢʘʭ, 
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ʠʥʜʝʢʩʠʨʫʝʤʳʭ Web of Science). ʆʙʱʠʡ ʦʙʲʝʤ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘï 13,96 ʘ.ʣ., 

ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ï 10,28 ʘ.ʣ. 

ʃʠʯʥʦʝ ʫʯʘʩʪʠʝ ʘʚʪʦʨʘ ʚ ʧʦʣʫʯʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʢʘʟʘʥʥʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʣʠʯʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʵʚʦʣʶʮʠʦʥʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʠʭ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ ʠ ʜʦʢʣʘʜʦʚ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʳʧʦʣʥʝʥʘ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʘʩʧʦʨʪʦʤ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.13.01 çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠè 

(ʦʪʨʘʩʣʴ ʥʘʫʢ: ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ) ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʥʦʤʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʫʥʢʪʘʤ ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ): 

4) çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠè; 

5) çʈʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠè; 

10) çʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠ ʧʨʠʥʷʪʠʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠ ̫ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ 

ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 182 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ ʯʝʪʳʨʝʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 197 ʩʪʨʘʥʠʮ.  
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1. ʆʙʟʦʨ ʠ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ 

 

ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʧʦʜʨʘʟʜʝʣʝ 1.1 ʜʘʥ ʢʨʘʪʢʠʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ ʨʘʟʚʠʪʠʷ 

ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʨʠʚʝʜʝʥʳ ʩʧʦʩʦʙʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʚ. ɺ ʧʦʜʨʘʟʜʝʣʝ 

1.2 ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʦʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʝʨʝʙʦʨʝ ʨʝʰʝʥʠʡ, ʜʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠ 

ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɺ ʧʦʜʨʘʟʜʝʣʝ 1.3 ʦʧʠʩʘʥʘ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʨʠʚʝʜʝʥʘ ʭʨʦʥʦʣʦʛʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʦʝʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʫʢʘʟʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʨʫʜʥʦʩʪʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. 

 

1.1. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ 

 

ʂʦʨʥʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʪʷʥʫʪʩʷ ʝʱʝ ʢʦ ʚʨʝʤʝʥʠ ʟʘʨʦʞʜʝʥʠʷ ʧʝʨʚʳʭ 

ʮʠʚʠʣʠʟʘʮʠʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪ, ʦʨʛʘʥʠʟʘʮʠʷ 

ʤʘʨʰʨʫʪʦʚ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʧʨʦʙʣʝʤʳ ʙʳʣʠ ʘʢʪʫʘʣʴʥʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 

ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʠʭ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠ 

ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʟʘʜʘʯ, ʩʪʘʚʰʠʭ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ, ʬʦʨʤʫʣʠʨʦʚʘʣʠʩʴ ʫʞʝ ʚ ʜʨʝʚʥʦʩʪʠ ʚ ʬʦʨʤʝ ʣʝʛʝʥʜ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʨʝʚʥʝʛʨʝʯʝʩʢʘʷ ʣʝʛʝʥʜʘ ʦ ɼʠʜʦʥʝ, ʬʠʥʠʢʠʡʩʢʦʡ ʮʘʨʠʮʝ, ʩʪʘʣʘ 

ʧʦʜʩʧʦʨʴʝʤ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʜʘʯʠ ʦʙ ʦʭʚʘʪʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʥʠʪʴʶ 

ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ [ɿʝʣʴʜʦʚʠʯ, 1972]. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʵʪʘ ʠ ʨʷʜ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ 

ʟʘʣʦʞʠʣʠ ʦʩʥʦʚʳ ʪʦʛʦ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʝ ʩʪʘʣʦ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʚʘʨʠʘʮʠʦʥʥʳʤ ʠʩʯʠʩʣʝʥʠʝʤ. ɺ XVII ʚʝʢʝ ʫʯʝʥʳʝ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʟʘʜʘʯʘʤʠ, ʛʜʝ 

ʥʘʠʣʫʯʰʠʝ ʨʝʰʝʥʠʷ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʫʧʨʘʚʣʷʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʥʦ ʠ ʦʪ ʚʳʙʦʨʘ 

ʬʫʥʢʮʠʠ ʚ ʮʝʣʦʤ. ʇʦʟʜʥʝʝ ʀ. ɹʝʨʥʫʣʣʠ ʚ 1696 ʛʦʜʫ, ʧʦʜʤʝʯʘʷ ʩʧʝʮʠʬʠʢʫ ʟʘʜʘʯ 

ʪʘʢʦʛʦ ʨʦʜʘ, ʧʨʝʜʣʘʛʘʝʪ ʤʘʪʝʤʘʪʠʢʘʤ ʟʘʜʘʯʫ ʦ ʙʨʘʭʠʩʪʦʭʨʦʥʝ ʠ, ʧʦ ʩʦʚʝʪʫ 

ʃʝʡʙʥʠʮʘ, ʥʘ ʢʦʥʢʫʨʩʥʦʡ ʦʩʥʦʚʝ [ʇʝʪʨʦʚ, 2005]. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʤʥʦʛʠʤʠ 

ʤʘʪʝʤʘʪʠʢʘʤʠ ʨʝʰʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʚʘʨʠʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʥʦ ʯʝʩʪʴ 
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ʦʪʢʨʳʪʠʷ ʦʙʱʝʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʚʘʨʠʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʧʨʠʥʘʜʣʝʞʠʪ ʃʝʦʥʘʨʜʫ 

ʕʡʣʝʨʫ. ʇʦʟʜʥʝʝ ʤʝʪʦʜ ʕʡʣʝʨʘ ʙʳʣ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʃ. ʃʘʛʨʘʥʞʝʤ. 

ʕʧʦʭʫ ʨʘʟʚʠʪʠʷ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʪʘʢʞʝ ʵʧʦʭʦʡ 

ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʥʝʧʨʝʨʳʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʣʠʩʴ ʠ 

ʜʠʩʢʨʝʪʥʳʝ ʤʝʪʦʜʳ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʣʦʩʴ ʩʣʝʜʩʪʚʠʝʤ ʫʜʘʯʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʤʥʦʛʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʟʘʜʘʯ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʠʣʠ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʊʘʢ, 

ʚ ʨʘʙʦʪʝ [Schrijver, 2005] ʚʳʜʝʣʷʝʪʩʷ ʩʝʤʴ ʪʠʧʦʚ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʧʨʠʚʦʜʠʪʩʷ ʠʭ ʠʩʪʦʨʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʦ 1960 ʛʦʜʘ. ɹʳʣʦ ʙʳ ʥʝʚʝʨʥʳʤ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʧʦʷʚʠʣʘʩʴ ʚ ʢʘʢʦʡ-ʪʦ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʤʦʤʝʥʪ ʠʩʪʦʨʠʠ, ʦʜʥʘʢʦ ʟʘʨʦʞʜʝʥʠʝ ʪʘʢʦʚʦʡ ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʳʚʘʶʪ ʩ ʠʤʝʥʘʤʠ ɻ. 

ʃʝʡʙʥʠʮʘ ʠ ʃ. ʕʡʣʝʨʘ [ɺʘʪʫʪʠʥ, 2016]. ʇʝʨʚʦʛʦ ʥʘʟʳʚʘʶʪ ʦʪʮʦʤ ʢʦʤʙʠʥʘʪʦʨʠʢʠ 

[ɹʝʣʣ, 1979], ʘ ʨʘʙʦʪʳ ʚʪʦʨʦʛʦ ʧʦʣʦʞʠʣʠ ʥʘʯʘʣʦ ʨʘʟʚʠʪʠʶ ʪʝʦʨʠʠ ʛʨʘʬʦʚ. ʐʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʯʘʣʠ ʧʦʣʫʯʘʪʴ ʩ ʢʦʥʮʘ XIX ï 

ʥʘʯʘʣʘ XX ʚʝʢʘ, ʢʦʛʜʘ ʧʨʝʞʜʝ ʯʠʩʪʦ ʫʤʦʟʨʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʣʠ ʧʦʣʫʯʘʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʵʢʦʥʦʤʠʢʠ.  

ʂʘʢ ʠ ʚʦ ʤʥʦʛʠʭ ʥʘʫʢʘʭ ʍʍ ʚʝʢ ʠ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʠʣʩʷ ʦʯʝʥʴ 

ʧʣʦʜʦʪʚʦʨʥʳʤ ʩʪʦʣʝʪʠʝʤ. ɺ ʵʪʫ ʵʧʦʭʫ ʧʦʧʦʣʥʝʥʠʝ ʙʦʛʘʪʩʪʚʘ ʥʘʩʪʦʷʱʝʛʦ ʧʨʝʜʤʝʪʘ 

ʩʚʷʟʘʥʦ ʩ ʠʤʝʥʘʤʠ ɼ. ʅʝʡʤʘʥʘ, ʃ. ʂʘʥʪʦʨʦʚʠʯʘ, ɼ. ɼʘʥʮʠʛʘ ï ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʘʤʠ 

ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; ʈ. ɹʝʣʣʤʘʥʘ ï ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠ;̫ ɹ. 

ʕʛʝʨʚʘʨʠ, ɸ. ʂʦʣʤʦʛʦʨʦʚʘ, ʂ. ʐʝʥʥʦʥʘ, ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. ʅʝʢʦʪʦʨʦʝ ʧʨʝʩʳʱʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʫʨʦʚʳʤʠ ʘʙʩʪʨʘʢʪʥʳʤʠ ʤʦʜʝʣʷʤʠ ʥʝ ʤʦʛʣʦ ʥʝ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʚʟʷʪʳʝ ʠʟ ʜʨʫʛʠʭ ʜʠʩʮʠʧʣʠʥ. ʈʝʯʴ ʠʜʝʪ ʦʙ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʠʤʠʪʠʨʫʶʱʠʭ ʧʦʚʝʜʝʥʠʝ çʞʠʚʳʭè ʠʣʠ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʨʘʙʦʪʝ [ɻʘʨʘʥʠʯʠʥ, 

2003] ʜʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʫʪʚʝʨʞʜʝʥʠʶ, ʯʪʦ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʧʦʷʚʣʝʥʠʷ ʪʘʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ ʅ. ɺʠʥʝʨʘ çʂʠʙʝʨʥʝʪʠʢʘè [ɺʠʥʝʨ, 

1983], ʘ ʪʘʢʞʝ ʨʦʩʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ. ʇʦʜʨʦʙʥʳʡ ʠ ʛʣʫʙʦʢʠʡ 

ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥ ʚ ʤʦʥʦʛʨʘʬʠʠ [Weise, 2009]. 

ʆʪʜʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʚ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʝʨʚʳʝ ʘʣʛʦʨʠʪʤʳ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʜʣʷ ʨʝʰʝʥʠʷ 
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ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ ʢʦʥʮʘ 50-ʭ, ʥʘʯʘʣʘ 60-ʭ 

ʛʦʜʦʚ XX ʚʝʢʘ. ɿʘʪʝʤ ʜʦ ʩʝʨʝʜʠʥʳ 80-ʭ ʛʦʜʦʚ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠ ̫

ʧʨʠʦʩʪʘʥʦʚʠʣʦʩʴ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʥʝ ʧʦʟʚʦʣʷʣʠ ʥʘʡʪʠ ʛʣʦʙʘʣʴʥʳʡ 

ʵʢʩʪʨʝʤʫʤ ʟʘʜʘʯʠ ʠ ʯʘʩʪʦ ʜʘʞʝ ʥʝ ʜʘʚʘʣʠ ʜʦʩʪʘʪʦʯʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʥʝʤʫ. ʅʦʚʳʡ 

ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʩʚʷʟʘʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʚʨʠʩʪʠʢ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʥʘʣʦʛʠʷʭ ʩ ʧʨʠʨʦʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ, ʢʦʣʣʝʢʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʥʘʩʝʢʦʤʳʭ, ʙʘʢʪʝʨʠʡ, ʧʪʠʮ. ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʩʪʦʭʘʩʪʠʯʥʦʩʪʴ ʠ ʜʦʧʫʩʢ ʫʭʫʜʰʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʰʝʥʠʡ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʠʪʝʨʘʮʠʷʭ. ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʳʭ ʮʝʧʝʡ ʄʘʨʢʦʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʚʝʨʦʷʪʥʦʩʪʥʫʶ 

ʩʭʦʜʠʤʦʩʪʴ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʦʧʪʠʤʫʤʫ [ʂʦʯʝʪʦʚ, 2000]. 

ʂ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʩʣʝʜʫʶʱʠʝ: 

- ʧʦʠʩʢ ʩ ʟʘʧʨʝʪʘʤʠ; 

- ʠʤʠʪʘʮʠ ̫ʦʪʞʠʛʘ; 

- ʛʝʥʝʪʠʯʝʩʢʠʝ (ʵʚʦʣʶʮʠʦʥʥʳʝ) ʘʣʛʦʨʠʪʤʳ; 

- ʨʦʝʚʦʡ ʠʥʪʝʣʣʝʢʪ. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʠ ʨʦʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʙʲʝʜʠʥʝʥʳ ʚ ʢʣʘʩʩ 

ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʥʘʟʚʘʥʥʳʭ ʪʘʢ ʧʦ ʧʨʠʯʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʧʫʣʷʮʠʠ 

ʨʝʰʝʥʠʡ, ʪʦ ʝʩʪʴ ʤʥʦʞʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶ ʤʝʞʜʫ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʧʦʣʥʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ. ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʠʭ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥ rʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʫʥʢʪʘʭ ʧʦʜʨʘʟʜʝʣʘ 1.2.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʠʟʥʘʢʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʤʝʪʦʜʝ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ. ʇʦ 

ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ ʤʝʪʦʜʳ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʪʨʠ ʙʦʣʴʰʠʝ ʢʘʪʝʛʦʨʠʠ ʧʦ ʢʨʠʪʝʨʠʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘ ʩʣʫʯʘʡʥʦʩʪʠ:  

- ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ; 
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- ʩʣʫʯʘʡʥʳʝ (ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ). 

ɺ ʨʘʙʦʪʝ [ɾʠʣʠʥʩʢʘʩ, 1989] ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, 

ʪʦ ʝʩʪʴ ʠʤʝʶʱʠʝ ʧʨʠʟʥʘʢʠ ʢʘʢ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʧʨʦʚʝʩʪʠ 

ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʜʚʘ ʢʣʘʩʩʘ, ʘ ʬʦʨʤʘʣʴʥʫʶ ʛʨʘʥʠʮʫ ʤʝʞʫ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʚʝʩʪʠ ʦʯʝʥʴ ʩʣʦʞʥʦ. ʅʘ ʨʠʩʫʥʢʝ 1.1. ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʠʟ ʨʘʙʦʪʳ [Weise, 2009]. 

ʄʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʛʫʪ ʪʘʢʞʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴʩʷ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʜʘʯʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʨʘʙʦʪʝ [Biegler, 2004] ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʢʨʠʪʝʨʠʶ ʪʠʧʫ ʤʥʦʞʝʩʪʚʘ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ X: 

ʥʝʧʨʝʨʳʚʥʦʤʫ ʠʣʠ ʜʠʩʢʨʝʪʥʦʤʫ (ʨʠʩʫʥʦʢ 1.2): 

- ʎʃʇ ï ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ; 

- ʅʃʇ ï ʅʝʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ; 

- ʂʇ ï ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ; 

- ʀʆ ï ʠʤʠʪʘʮʠʷ ʦʪʞʠʛʘ; 

- ɻɸ ï ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. 

ʇʦ ʢʨʠʪʝʨʠʶ ʛʣʘʜʢʦʩʪʠ ʠ ʥʘʣʠʯʠʷ ʫ ʬʫʥʢʮʠʠ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʪʨʠ ʢʣʘʩʩʘ: 

- ʧʨʷʤʳʝ ʤʝʪʦʜʳ ʥʝ ʪʨʝʙʫʶʪ ʥʠʯʝʛʦ ʢʨʦʤʝ ʚʳʯʠʩʣʝʥʠʡ ʢʨʠʪʝʨʠʷ ʚ ʪʦʯʢʘʭ 

ʧʨʠʙʣʠʞʝʥʠʡ; 

- ʤʝʪʦʜʳ 1-ʛʦ ʧʦʨʷʜʢʘ ʪʨʝʙʫʶʪ ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʚʳʭ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʫʥʢʮʠʠ ʢʨʠʪʝʨʠʷ; 

- ʤʝʪʦʜʳ 2-ʛʦ ʧʦʨʷʜʢʘ ʪʨʝʙʫʶʪ ʚʳʯʠʩʣʝʥʠʷ ʚʪʦʨʳʭ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʫʥʢʮʠʠ ʢʨʠʪʝʨʠʷ. 

ʇʦʚʩʝʤʝʩʪʥʦʝ ʫʧʦʪʨʝʙʣʝʥʠʝ ʧʦʥʷʪʠʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʧʫʩʪʴ ʜʘʞʝ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ, ʧʦʨʦʜʠʣʦ ʦʛʨʦʤʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʟʘʜʘʯ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʟʥʠʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʥʘʫʢʠ, ʢʦʪʦʨʘʷ ʪʝʩʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ.  
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ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ 

ʛʝʦʤʝʪʨʠʷ

ʄʝʪʦʜ ʚʝʪʚʝʡ ʠ 

ʛʨʘʥʠʮ

ʇʦʠʩʢ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʩʦʩʪʦʷʥʠʡ

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ

ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ

ɸʣʛʦʨʠʪʤʳ ʄʦʥʪʝ-

ʂʘʨʣʦ

ʉʣʫʯʘʡʥʳʡ ʧʦʠʩʢ

ʀʤʠʪʘʮʠʷ ʦʪʞʠʛʘ

ʇʦʠʩʢ ʩ ʟʘʧʨʝʪʘʤʠʕʚʦʣʶʮʠʦʥʥʳʝ 

ʘʣʛʦʨʠʪʤʳ 

ʅʘʧʨʘʚʣʝʥʥʳʡ 

ʧʝʨʝʙʦʨ ʄʦʥʪʝ-

ʂʘʨʣʦ

ʕʚʦʣʶʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ

ɻʝʥʝʪʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ

ʕʚʦʣʶʮʠʦʥʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ

ʉʠʩʪʝʤʘ 

ʦʙʫʯʘʶʱʝʛʦʩʷ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ

ʕʚʦʣʶʮʠʦʥʥʘʷ 

ʩʪʨʘʪʝʛʠʷ

ɻʝʥʝʪʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ

ʄʝʤʝʪʠʯʝʩʢʠʡ 

ʘʣʛʦʨʠʪʤ

ɻʘʨʤʦʥʠʯʝʩʢʠʡ 

ʧʦʠʩʢ

ʈʦʝʚʳʡ ʠʥʪʝʣʣʝʢʪ

ɸʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ 

ʤʫʨʘʚʴʸʚ

ɸʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ

ʄʷʛʢʠʝ ʚʳʯʠʩʣʝʥʠʝ

ʀʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ (ʀʀ) 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʠʥʪʝʣʣʝʢʪ

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʵʚʦʣʶʮʠʷ

ʉʪʘʥʜʘʨʪʥʦʝ 

ʛʝʥʝʪʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ

ʃʠʥʝʡʥʦʝ 

ʛʝʥʝʪʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ

ʋʧʨʘʚʣʷʝʤʦʝ 

ʛʨʘʤʤʘʪʠʯʝʩʢʠ 

ʛʝʥʝʪʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ

ʈʠʩʫʥʦʢ 1.1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʢʨʠʪʝʨʠʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ 
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ʆʧʪʠʤʠʟʘʮʠʷ

ɼʠʩʢʨʝʪʥʘʷ ʅʝʧʨʝʨʳʚʥʘʷ

ʃʇ, ʂʇ

ʅʃʇ

ɹʝʟ ʧʨʦʠʟʚʦʜʥʦʡ

ʉʫʨʨʦʛʘʪʥʳʝ 

ʤʦʜʝʣʠ
ʀʆ, ɻɸ

ʎʃʇ

ʉʤʝʰʘʥʥʦʝ 

ʎʃʇ ʠ ʅʃʇ

ɻʣʦʙʘʣʴʥʘʷ 

ʦʧʪʠʤʠʟʘʮʠʷ
 

ʈʠʩʫʥʦʢ 1.2 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʧʦ 

ʩʚʦʡʩʪʚʘʤ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 

 

1. ɿʘʜʘʯʠ ʥʘʟʥʘʯʝʥʠʷ ï ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʯʠ ʩʝʪʝʚʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ, ʢ ʧʨʠʤʝʨʫ, 

ʨʘʙʦʪʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʪʘʢ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʙʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪʳ. 

2. ʊʨʘʥʩʧʦʨʪʥʳʝ ʟʘʜʘʯʠ ï ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʢʘʢ ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʝʨʝʚʦʟʦʢ. 

3. ɿʘʜʘʯʠ ʦʪʳʩʢʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ï ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʘʜʘʯʫ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʨʤʠʥʘʣʦʚ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʜʘʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʪʦʢ ʢʣʠʝʥʪʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʘʠʚʘʶʱʠʭ 

ʪʝʨʤʠʥʘʣʦʚ. 

4. ʆʪʳʩʢʘʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ï ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʟʘʜʘʯʫ ʦʪʳʩʢʘʥʠʷ ʪʘʢʦʡ ʩʝʪʠ ʘʚʪʦʜʦʨʦʛ ʤʝʞʜʫ ʚʩʝʤʠ ʛʦʨʦʜʘʤʠ ʚ ʨʝʛʠʦʥʝ, 

ʯʪʦʙʳ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʘʢʦʡ ʜʦʨʦʛʠ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʘ. ʇʦʭʦʞʠʝ ʟʘʜʘʯʠ 

ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʵʥʝʨʛʝʪʠʢʝ, ʩʝʪʷʭ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʪ. ʜ. 

5. ʆʪʳʩʢʘʥʠʝ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ï ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʩʦʛʣʘʩʥʦ 

ʟʘʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ. ɿʘʜʘʯʠ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ ʨʝʰʘʶʪʩʷ ʚ GPS-ʥʘʚʠʛʘʪʦʨʘʭ, ʜʣʷ 
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ʦʪʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ, ʚʝʜʫʱʝʡ ʢ ʨʝʰʝʥʠʶ 

ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʟʘʜʘʯʠ, ʚ ʦʙʣʘʩʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʜʣʷ ʥʘʠʩʢʦʨʝʡʰʝʡ ʧʝʨʝʜʘʯʠ 

ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ. 

6. ɿʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ ï ʦʥʘ ʞʝ çʟʘʜʘʯʘ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘè. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ, ʟʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʦʡʪʠ ʚʩʝ 

ʚʝʨʰʠʥʳ ʜʘʥʥʦʛʦ ʛʨʘʬʘ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʢʨʠʪʝʨʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʫʪʠ 

ʠ/ʠʣʠ ʩʪʦʠʤʦʩʪʠ ʟʘʪʨʘʪ ʥʘ ʜʦʨʦʛʫ ʠ ʜʨ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʙʟʦʨʘ ʩʭʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʠʚʝʜʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠʟ [Biegler, 2004], ʛʜʝ ʘʚʪʦʨ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ 

ʦʙʰʠʨʥʳʡ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʥʦ ʠ ʫʢʘʟʳʚʘʝʪ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ 

ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʪʠʧʫ ʟʘʜʘʯ (ʊʘʙʣʠʮʘ 1.1). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʟʘʜʘʯʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʝʜʝʥʳ ʢ ʫʢʘʟʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1.1 ʢʣʘʩʩʘʤ. 

ɿʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʯʘʩʪʦ 

ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʠʭ ʨʝʰʝʥʠʷ. ʂʦʥʝʯʥʦ, ʥʝ ʢʘʞʜʘʷ ʟʘʜʘʯʘ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʫʢʘʟʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

1. ʅʝʣʠʥʝʡʥʦʩʪʴ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯʘʭ ʠ ʢʨʠʪʝʨʠʡ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚ ʩʠʣʫ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʩʠʩʪʝʤʝ.  

2. ɺʳʩʦʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ. ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʴʠʨʫʝʤʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʣʴʪʝʨʥʘʪʠʚ ʢʘʢ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʷ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ 

n ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ m ʟʥʘʯʝʥʠʡ, 

ʦʙʱʝʝ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ mn.  

3. ʄʥʦʞʝʩʪʚʦ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ. ʅʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʣʴʪʝʨʥʘʪʠʚ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ. 

ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ, ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʚ 

ʣʦʢʘʣʴʥʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ. 
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ʊʘʙʣʠʮʘ 1.1 ï ʂʣʘʩʩʳ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʩ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ 
ʆʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ 
ʃʇ 

ʉʤʝʰʘʥʥʦʝ 

ʎʃʇ ʠ ʃʇ 

ʂʇ ʠ 

ʚʳʧʫʢʣʦʝ 
ʅʃʇ 

ʉʤʝʰʘʥʥʦʝ 

ʎʃʇ ʠ ʅʃʇ 

ɻʣʦʙʘʣʴʥʘʷ 

ʆʧʪ-ʠ  ̫
ʀʆ/ɻɸ 

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʩʠʥʪʝʟ 

ʉʠʥʪʝʟ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʩʝʪʝʡ 

x x  x x x x 

ʉʠʥʪʝʟ 

ʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʩʝʪʝʡ 

x x  x x x x 

ʉʦʨʪʠʨʦʚʱʠʢʠ 

 
 x   x   

ʈʝʛʫʣʷʪʦʨʳ 

 
x   x x x  

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 
   x x  x 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ 
   x x   

ʆʧʝʨʘʮʠʠ 

ʇʣʘʥʠʨʦʚʘʥʠʝ 

 
x x   x  x 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʩʫʨʩʦʚ 

 

x x   x   

ʆʧʪʠʤʠʟʘʮʠʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 
x  x x    

ʋʧʨʘʚʣʝʥʠʝ 

ʃʠʥʝʡʥʳʝ ʤʦʜʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ 
x  x     

ʅʝʣʠʥʝʡʥʳʝ 

ʤʦʜʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ 

   x  x  

ɻʠʙʨʠʜʥʳʝ 

ʤʦʜʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ 

 x  x x   

 

4. ʅʝʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʩʪʴ. ʄʥʦʛʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʟʘʜʘʯʠ ʥʝ ʠʤʝʶʪ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʠ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʙʳʣʦ ʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ. ʕʪʦ 

ʦʪʥʦʩʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʟʘʜʘʯʘʤ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʦ ʠ ʢ ʜʨʫʛʠʤ ʟʘʜʘʯʘʤ, 

ʚ ʢʦʪʦʨʳʭ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ.  
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5. ʄʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʚʝʣʠʯʠʥ, ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ 

(ʫʧʨʘʚʣʷʪʴ ʢʦʪʦʨʳʤ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʨʝʙʫʝʪʩʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʥʝ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ, ʥʦ ʩʪʨʫʢʪʫʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

6. ʄʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʩʪʴ. ʊʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʥʝʩʢʦʣʴʢʦ 

ʬʫʥʢʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʠ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʀ ʢʨʦʤʝ 

ʢʨʠʪʝʨʠʝʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʥʘʩʢʦʣʴʢʦ ʫʩʧʝʰʥʦ ʩʠʩʪʝʤʘ ʚʳʧʦʣʥʷʝʪ ʩʚʦʠ ʬʫʥʢʮʠʠ, 

ʚʘʞʥʳ ʢʨʠʪʝʨʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʟʘʪʨʘʪʘʤʠ 

ʚʨʝʤʝʥʠ. 

7. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʘʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʥʝ ʦʪʥʦʩʠʪʩʷ 

ʢ ʟʘʜʘʯʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʦʣʴʢʦ ʫʧʨʘʚʣʝʥʠʷ. ʉʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʩʠʩʪʝʤʘ 

ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʘʞʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. 

 

1.2. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

 

1.2.1. ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ 

 

ʇʦʣʥʳʡ ʧʝʨʝʙʦʨ ʠʣʠ ʤʝʪʦʜ çʛʨʫʙʦʡ ʩʠʣʳè (ʦʪ ʘʥʛʣ. Brute force) ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, 

ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʝʨʝʙʦʨʘ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ. 

ʊʨʫʜʦʝʤʢʦʩʪʴ ʤʝʪʦʜʘ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʧʨʷʤʦ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʢʦʤʙʠʥʘʮʠʡ, 

ʧʦʵʪʦʤʫ ʚ ʟʘʜʘʯʘʭ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʨʝʰʝʥʠʝ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʜʥʝʡ, ʣʝʪ ʠ ʜʘʞʝ ʜʦʣʴʰʝ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ 

ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʟʥʘʯʝʥʠʡ n ʧʝʨʝʤʝʥʥʳʭ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ m ʟʥʘʯʝʥʠʡ, ʪʦ ʧʨʠʜʝʪʩʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ mn ʢʦʤʙʠʥʘʮʠʡ. ɼʣʷ 

ʥʝʩʣʦʞʥʦʡ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʟʘʜʘʯʠ ʩ n = 16 ʠ m = 8 ʯʠʩʣʦ ʢʦʤʙʠʥʘʮʠʡ ʩʦʩʪʘʚʠʪ 

2,815 Ŀ 1014 ʚʘʨʠʘʥʪʦʚ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʤʠʣʣʠʦʥʘ ʚʘʨʠʘʥʪʦʚ ʚ ʩʝʢʫʥʜʫ ʧʦʪʨʝʙʫʝʪʩʷ 

9 ʣʝʪ ʜʣʷ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ. 
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ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩ ʟʘʜʘʯ, ʚ ʦʩʥʦʚʥʦʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ, ʛʜʝ 

ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʷʚʣʷʝʪʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʦʟʤʦʞʥʳʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚʨʝʤʷ ʧʦʜʙʦʨʘ ʧʨʦʩʪʝʡʰʝʛʦ ʧʘʨʦʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ n 

ʙʠʪʦʚ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 2n ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʧʘʨʦʣʝ 

[ʂʦʨʤʝʥ, 2005]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [Chv§tal, 1972; ʂʦʨʤʝʥ, 2005; ʉʢʠʝʥʘ, 

2013], ʤʝʪʦʜ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ 

ʨʝʰʝʥʠʷ ʠʣʠ ʵʬʬʝʢʪʠʚʥʳʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ, 

ʢʘʢ ʦʙʥʘʨʫʞʝʥʠʝ ʢʦʣʣʠʟʠʡ ʭʝʰ-ʬʫʥʢʮʠʡ ʠ ʧʦʠʩʢ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ. 

ɼʣʷ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʢʘʯʝʩʪʚʦ ʦʪʜʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʚʝʨʠʪʴ ʤʦʞʥʦ ʦʯʝʥʴ 

ʙʳʩʪʨʦ ʠ ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʝʚʝʣʠʢʘ, ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʤʦʞʝʪ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʨʘʩʯʝʪʦʚ. 

ʇʨʠ ʵʪʦʤ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʧʨʦʩʪʦʪʫ, 

ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [ʈʦʜʠʦʥʦʚ, 2014]. 

ʄʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ. ʆʯʝʚʠʜʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʤʝʪʦʜʘ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʷʚʣʷʝʪʩʷ ʦʪʩʝʯʝʥʠʝ ʯʘʩʪʠ ʟʘʚʝʜʦʤʦ ʥʝʵʬʬʝʢʪʠʚʥʳʭ 

ʚʘʨʠʘʥʪʦʚ. ɺ 1960 ʛʦʜʫ ʃʝʥʜ ʠ ɼʦʠʛ ʚ ʨʘʙʦʪʝ [Land, 1960] ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʡ ʤʝʪʦʜ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʄʝʪʦʜ ʤʦʞʥʦ ʢʨʘʪʢʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʧʝʨʝʙʦʨ ʨʝʰʝʥʠʡ ʩ ʦʪʩʝʚʦʤ ʧʦʜʤʥʦʞʝʩʪʚ, ʟʘʚʝʜʦʤʦ ʥʝ 

ʩʦʜʝʨʞʘʱʠʭ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʌʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʠʥʠʤʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [ɻʦʥʯʘʨʦʚ, 

2005]: 

ʇʫʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʚʠʜʘ:  

f(X) Ÿ min, X ɴD, 

ʛʜʝ f(X) ï ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ (ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ), D ï ʢʦʥʝʯʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʠʣʠ ʦʙʣʘʩʪʴ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ.  

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ d Ṗ D. ʌʫʥʢʮʠʶ b(d), 

ʩʪʘʚʷʱʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ d ʝʛʦ ʨʘʟʙʠʝʥʠʝ ʥʘ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ d1, ..., dn, 

ʥʘʟʳʚʘʪʁ ʚʝʪʚʣʝʥʠʝʤ. ʌʫʥʢʮʠʷ ʅ(d), ʪʘʢʘʷ ʯʪʦ H(d) Ò min f(X); X ᶰ d, ʥʘʟʳʚʘʝʪʩʷ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʬʫʥʢʮʠʠ. 
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ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ ʠʤʝʝʪʩʷ ʥʘʠʣʫʯʰʝʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ (ʨʝʢʦʨʜʦʤ) X0 ʠ ʧʦʜʤʥʦʞʝʩʪʚʘ t1, t2, ..., tL ʝʱʝ ʥʝ ʧʨʦʚʝʨʝʥʥʳʭ ʨʝʰʝʥʠʡ. ʅʘ 

ʧʝʨʚʦʤ ʰʘʛʝ L = 1, t1 = D, X0 ï ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʡ ʵʣʝʤʝʥʪ ʠʟ ʤʥʦʞʝʩʪʚʘ D ʠʣʠ 

ʞʝ ʧʨʦʩʪʦ ʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ. ʐʘʛ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʦʚʝʨʢʠ ʝʱʝ ʥʝ ʧʨʦʩʤʦʪʨʝʥʥʳʭ 

ʨʝʰʝʥʠʡ. ʄʥʦʞʝʩʪʚʦ tj ʦʪʩʝʢʘʝʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʟ ʫʩʣʦʚʠʡ:  

- H(tj) Ó f(X0);  

- H(tj) < f(X0) ʠ ʥʘʡʜʝʥʦ yj  ɴtj, ʜʣʷ ʢʦʪʦʨʦʛʦ f(yj) = min f(X) = H(tj); X ɴ  tj.  

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʥʘʡʜʝʥʦ ʥʦʚʦʝ ʥʘʠʣʫʯʰʝʝ ʨʝʰʝʥʠʝ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʤʝʥʘ 

ʨʝʢʦʨʜʘ X0 = yj. ʇʫʩʪʴ t1, t2, ... , tM (M Ò L) ï ʥʝ ʦʪʩʝʯʝʥʥʳʝ ʤʥʦʞʝʩʪʚʘ (ʦʪʩʝʯʝʥʳ 

ʤʥʦʞʝʩʪʚʘ ʩ ʥʦʤʝʨʘʤʠ M + 1, ..., L). ɽʩʣʠ M = 0, ʪʦ X0 ï ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʘʣʛʦʨʠʪʤ 

ʟʘʚʝʨʰʘʝʪʩʷ. ʀʥʘʯʝ ʩʨʝʜʠ t1, ..., tM ʚʳʙʠʨʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ 

ʚʝʪʚʣʝʥʠʷ b(t1) = (d1, ..., dn), ʜʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ d1, ..., dn, t2, ... , tM, ʢʦʪʦʨʳʝ 

ʥʫʤʝʨʫʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪ 1 ʜʦ L. ʅʘ ʵʪʦʤ ʰʘʛ ʟʘʚʝʨʰʘʝʪʩʷ ʠ ʥʘʯʠʥʘʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ, ʧʦʩʢʦʣʴʢʫ ʚʝʩʴʤʘ ʫʜʦʙʥʦʡ ʦʢʘʟʳʚʘʝʪʩʷ 

ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʘʣʛʦʨʠʪʤʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɺʨʝʤʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʝʥʥʳʤ ʥʘ ʧʨʘʢʪʠʢʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ 

ʩʣʝʜʫʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʦʩʦʙʳʝ ʧʨʘʚʠʣʘ ʚʝʪʚʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ, ʯʪʦ 

ʧʨʠʚʦʜ ʢ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʦʪ ʦʧʳʪʘ ʠ ʫʤʝʥʠʡ ʘʚʪʦʨʘ 

ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʥʘʠʭʫʜʰʝʤ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤ, ʨʝʘʣʠʟʫʶʱʠʡ ʤʝʪʦʜ ʚʝʪʚʝʡ 

ʠ ʛʨʘʥʠʮ, ʤʦʞʝʪ ʩʚʝʩʪʠʩʴ ʢ ʧʦʣʥʦʤʫ ʧʝʨʝʙʦʨʫ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ, ʧʨʦʩʪʦʪʘ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʕɺʄ. ʇʦʩʣʝʜʥʝʝ ʩʚʦʡʩʪʚʦ, ʦʜʥʘʢʦ, ʟʘʚʠʩʠʪ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʥʝ 

ʚʩʝʛʜʘ ʤʦʞʥʦ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʘʚʠʣʘ ʚʝʪʚʣʝʥʠʷ. 

ʇʦʠʩʢ ʩ ʚʦʟʚʨʘʪʦʤ. ʊʝʨʤʠʥ çbacktrackingè (ʧʦʠʩʢ ʩ ʚʦʟʚʨʘʪʦʤ ʠʣʠ ʧʝʨʝʙʦʨ 

ʩ ʚʦʟʚʨʘʪʦʤ) ʙʳʣ ʚʚʝʜʝʥ ʚ 1950 ʛʦʜʫ ʘʤʝʨʠʢʘʥʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ɼʝʨʨʠʢʦʤ ɻʝʥʨʠ 
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ʃʝʤʝʨʦʤ [Freuder, 2006]. ɻʦʚʦʨʠʪʴ ʦ ʯʴʝʤ-ʪʦ ʧʨʠʦʨʠʪʝʪʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʥʝʢʦʨʨʝʢʪʥʦ ʚʚʠʜʫ ʝʛʦ ʦʯʝʚʠʜʥʦʩʪʠ. ʉʫʪʴ ʧʦʠʩʢʘ ʩ ʚʦʟʚʨʘʪʦʤ ʩʦʩʪʦʠʪ ʚ 

ʨʘʩʰʠʨʝʥʠʠ ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʯʘʩʪʠʯʥʦʛʦ ʨʝʰʝʥʠʷ. ɽʩʣʠ ʨʘʩʰʠʨʝʥʠʝ 

ʪʝʢʫʱʝʛʦ ʯʘʩʪʠʯʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ, ʪʦ ʘʣʛʦʨʠʪʤ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ 

ʧʨʦʰʣʳʭ ʨʘʥʝʝ ʥʘʡʜʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʝʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʅʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ 

ʨʘʟʤʝʱʝʥʠʠ 8 ʬʝʨʟʝʡ: ʨʘʩʧʦʣʦʞʠʪʴ 8 ʬʝʨʟʝʡ ʥʘ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʝ ʪʘʢ, ʯʪʦʙʳ ʥʠ 

ʦʜʠʥ ʬʝʨʟʴ ʥʝ ʤʦʛ ʙʳʪʴ ʧʦʙʠʪ ʜʨʫʛʠʤ ʬʝʨʟʝʤ. ʇʝʨʚʳʡ ʬʝʨʟʴ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ 

ʥʝʢʦʪʦʨʦʡ ʢʣʝʪʢʝ ʜʦʩʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʜʨʫʛʠʭ. ɽʩʣʠ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʤʝʱʝʥʠʝ ʬʝʨʟʝʡ ʥʝʚʦʟʤʦʞʥʦ ʪʘʢ, ʯʪʦʙʳ ʦʜʠʥ ʥʝ ʙʠʣ ʜʨʫʛʦʛʦ, ʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪ ʥʘ ʰʘʛ ʥʘʟʘʜ, ʠ ʧʨʝʜʳʜʫʱʠʡ ʬʝʨʟʴ ʤʝʥʷʝʪ ʧʦʣʦʞʝʥʠʝ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ʩ ʤʝʪʦʜʦʤ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ, ʧʦʩʢʦʣʴʢʫ ʪʦʪ 

ʷʚʣʷʝʪʩʷ, ʚ ʩʫʱʥʦʩʪʠ, ʝʛʦ ʨʘʩʰʠʨʝʥʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ. ɼʨʫʛʠʝ ʤʦʜʠʬʠʢʘʮʠʠ 

çʙʵʢʪʨʵʢʠʥʛʘè ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʦʜ ʥʘʟʚʘʥʠʷʤʠ: ʤʝʪʦʜ ʧʦʠʩʢʘ ʚ ʛʣʫʙʠʥʫ, ʤʝʪʦʜ 

ʧʨʦʙ ʠ ʦʰʠʙʦʢ ʠ ʜʨ. 

ʇʦʠʩʢ ʩ ʚʦʟʚʨʘʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʠ ʢʘʢ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ. ɼʣʷ 

ʵʪʦʛʦ ʧʨʦʮʝʜʫʨʘ ʚʳʙʦʨʘ ʥʦʚʦʛʦ ʨʝʰʝʥʠʷ ʜʝʣʘʝʪʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ. ʆʜʥʘʢʦ 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʦʨʘ ʥʦʚʦʛʦ ʨʝʰʝʥʠʷ. ʊʘʢ, ʝʩʣʠ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʰʘʛ ʧʝʨʝʭʦʜʘ ʙʫʜʝʪ ʚʝʣʠʢ, ʪʦ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚ 

ʣʦʢʘʣʴʥʦʤ ʵʢʩʪʨʝʤʫʤʝ ʠ ʥʝ ʚʳʡʪʠ ʠʟ ʥʝʛʦ. ɽʩʣʠ ʞʝ ʰʘʛ ʤʘʣ, ʪʦ ʘʣʛʦʨʠʪʤ ʙʫʜʝʪ 

ʨʘʙʦʪʘʪʴ ʩʣʠʰʢʦʤ ʜʦʣʛʦ. ɼʘʣʝʝ ʚ ʢʣʘʩʩʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ 

ʤʝʪʦʜ ʠʤʠʪʘʮʠʠ ʦʪʞʠʛʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʚʳʭʦʜʠʪʴ ʠʟ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ. 

ɻʨʘʜʠʝʥʪʥʳʝ ʤʝʪʦʜʳ. ʂʣʘʩʩ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʛʨʘʜʠʝʥʪʳ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʝʝ ʦʧʪʠʤʫʤʘ, ̫ ʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʟ-ʟʘ ʠʭ 

ʧʨʦʩʪʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ; ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʩʚʦʶ ʧʨʦʩʪʦʪʫ, 

ʘʣʛʦʨʠʪʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, ʘ 

ʠʤʝʥʥʦ: ʝʜʠʥʦʞʜʳ ʜʦʩʪʠʛʥʫʚ ʣʦʢʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ, ʦʥʠ ʫʞʝ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʩʧʦʩʦʙʥʳʤʠ ʚʳʙʨʘʪʴʩʷ ʠʟ ʥʝʛʦ. ʗʨʢʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʷʚʣʷʝʪʩʷ 
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ʤʝʪʦʜ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ, ʢʦʪʦʨʳʡ ʚʝʩʴʤʘ ʢʦʨʦʪʢʦ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʦʨʤʫʣʦʡ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

ὢ ὢ ϽɳὪὢ , 

ʛʜʝ Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʧʨʠ ʛʨʘʜʠʝʥʪʝ ʬʫʥʢʮʠʠ f(X). ʂ ʩʦʞʘʣʝʥʠʶ, ʩʪʦʣʴ 

ʧʨʦʩʪʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝ ʣʠʰʝʥʘ ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʠʤʝʥʥʦ: ʧʣʦʭʠʝ ʫʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ 

ʠ ʤʘʣʘʷ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ. ʕʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʨʠ ʧʦʤʦʱʠ 

ʥʝʢʦʪʦʨʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʥʘʧʨʠʤʝʨ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʅʴʶʪʦʥʘ (ʠʣʠ ʅʴʶʪʦʥʘ ï ʈʘʬʩʦʥʘ) ʩ ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʦʨʤʫʣʦʡ: 

ὢ ὢ  Ͻɳ Ὢὢ ϽɳὪὢ , 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʠ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʫʯʝʪʫ ʚʪʦʨʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ɸʣʛʦʨʠʪʤ 

ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʪʢʨʳʪ ʘʚʪʦʨʘʤʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

[Levenberg, 1944; Marquardt 1963], ʠ ʷʚʣʷʝʪʩʷ ʧʦ ʩʫʪʠ ʦʙʲʝʜʠʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ 

ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ.  

ʄʦʜʠʬʠʢʘʮʠʷ, ʠʟʚʝʩʪʥʘʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ, ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʚ ʤʘʰʠʥʥʦʤ 

ʦʙʫʯʝʥʠʠ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, [Pedersen 2010a; ɹʫʨʘʢʦʚ, 2013].  

ʉʠʤʧʣʝʢʩ-ʤʝʪʦʜ (ʠʣʠ ʘʣʛʦʨʠʪʤ ɼʘʥʮʠʛʘ) ï ʧʦʧʫʣʷʨʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʧʝʨʝʙʦʨʘ ʚʝʨʰʠʥ 

ʚʳʧʫʢʣʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɸʣʛʦʨʠʪʤ ʧʦʣʫʯʠʣ ʩʚʦʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢ ʩʘʤʦʤʫ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʝ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʥʝʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʇʨʠʚʝʜʝʤ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ ʧʫʪʝʤ ʩʦʩʪʘʚʣʝʥʠʷ 

ʩʠʤʧʣʝʢʩ-ʪʘʙʣʠʮ [ʉʠʜʦʨʢʠʥ, 2015; ʆʧʪʠʤʠʟʘʮʠʷ, 2017]. ʇʫʩʪʴ xj ï ʩʚʦʙʦʜʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ; yi ï ʙʘʟʠʩʥʳʝ ʧʝʨʝʤʝʥʥʳʝ (i = 1én); Bi ï ʩʚʦʙʦʜʥʳʝ ʯʣʝʥʳ; aij  ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʩʚʦʙʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʦʛʨʘʥʠʯʝʥʠʡ ʚʠʜʘ 

(j = 1ém): 

ώ ὦ ὥὼ ὥὼ Ễ ὥὼ Ễὥ ὼ  

ʇʫʩʪʴ L ï ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ: 
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ὒ ὧ ὼ ὼ Ễ ὼ Ễὼ ᴼάὥὼ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ ʟʘʜʘʯʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʚʝʜʝʥʘ ʢ 

ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʝ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ-ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʢʨʠʪʝʨʠʷ ʠ ʩʦʩʪʘʚʣʝʥʘ 

ʩʠʤʧʣʝʢʩ-ʪʘʙʣʠʮʘ ʧʫʪʝʤ ʟʘʧʠʩʠ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʩʪʨʦʢʠ, ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʦʤʝʨʦʤ i.  

ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʘʩʯʝʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʤʝʥʘ ʦʜʥʦʡ 

ʩʚʦʙʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʘ ʦʜʥʫ ʙʘʟʠʩʥʫʶ, ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʤʧʣʝʢʩ-

ʪʘʙʣʠʮʳ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʄʝʪʦʜ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ. ʈʘʥʝʝ ʚ ʨʘʟʜʝʣʝ 1 ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʜʦʩʪʠʞʝʥʠʠ ʃ. ʃʘʛʨʘʥʞʘ ʚ ʥʘʯʘʣʝ XVIII ʚʝʢʘ, ʢʦʪʦʨʳʡ ʥʘ ʦʩʥʦʚʝ 

ʨʘʙʦʪ ʃ. ʕʡʣʝʨʘ ʩʦʟʜʘʣ ʧʝʨʝʜʦʚʦʡ ʜʣʷ ʝʛʦ ʚʨʝʤʝʥʠ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʧʦʟʞʝ ʧʦʣʫʯʠʣ ʝʛʦ ʠʤʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʜʭʦʜʠʪ ʢʘʢ ʜʣʷ 

ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʥʝʣʠʥʝʡʥʦʛʦ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ ʵʢʦʥʦʤʠʢʠ, ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʥʝʨʛʝʪʠʢʠ. 

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʘ [ɸʢʫʣʠʯ, 1986]: 

ʇʫʩʪʴ űi(X) ʝʩʪʴ i-ʦʝ ʠʟ m ʦʛʨʘʥʠʯʝʥʠʡ. ʉʦʩʪʘʚʠʤ ʬʫʥʢʮʠʶ ʃʘʛʨʘʥʞʘ ʚ ʚʠʜʝ 

ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʬʫʥʢʮʠʠ f(X) ʠ ʬʫʥʢʮʠʡ űi(X) ʚʟʷʪʳʭ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, 

ʥʘʟʳʚʘʝʤʳʤʠ ʤʥʦʞʠʪʝʣʷʤʠ ʃʘʛʨʘʥʞʘ ï ɚi: 

ὒὢȟ‗ Ὢὢ ‗• ὢȢ 

ʉʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʠʟ n+m ʫʨʘʚʥʝʥʠʡ, ʧʨʠʨʘʚʥʷʚ ʢ ʥʫʣʶ ʯʘʩʪʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ L(X, ɚ) ʧʦ xj ʠ ɚi. 

ɽʩʣʠ ʧʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʦʚ xjô ʠ ɚiô, 

ʪʦ Xô ʤʦʞʝʪ ʙʳʪʴ ʫʩʣʦʚʥʳʤ ʵʢʩʪʨʝʤʫʤʦʤ, ʪʦ ʝʩʪʴ ʨʝʰʝʥʠʝʤ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ. 

ʇʨʦʚʝʨʠʪʴ ʵʢʩʪʨʝʤʘʣʴʥʦʩʪʴ ʪʦʯʝʢ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʝʥʠʷ 

ʚʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠ ʃʘʛʨʘʥʞʘ L. ʇʦʟʜʥʝʝ ʤʝʪʦʜ ʃʘʛʨʘʥʞʘ ʙʳʣ ʦʙʦʙʱʝʥ 

ʂʫʥʦʤ ʠ ʊʘʢʢʝʨʦʤ ʚ ʨʘʙʦʪʝ [Kuhn, 2014], ʛʜʝ ʙʳʣʠ ʚʧʝʨʚʳʝ ʥʘʡʜʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ 

ʫʩʣʦʚʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʦʙʱʝʤ ʚʠʜʝ. 

ʄʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʊʝʨʤʠʥ çʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʙʳʣ ʚʧʝʨʚʳʝ ʫʧʦʪʨʝʙʣʝʥ ʈʠʯʘʨʜʦʤ ɹʝʣʣʤʘʥʦʤ ʚ 1940 ʛ. ʜʣʷ 
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ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʛʜʝ ʦʪʚʝʪ ʥʘ ʦʜʥʫ ʟʘʜʘʯʫ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʧʦʩʣʝ ʨʝʰʝʥʠʷ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʝʡ. ʇʦʟʜʥʝʝ ʪʝʨʤʠʥ 

ʙʳʣ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʝʨʝʦʧʨʝʜʝʣʝʥ ʚ 1954 ʛ. [Bellman, 1954]. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ ʣʠʥʝʡʥʦʛʦ ʠ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʦʜʥʦʵʪʘʧʥʳʝ ʧʦʪʦʤʫ, ʯʪʦ ʨʝʰʝʥʠʝ ʚ ʥʠʭ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʣʠ, ʛʦʚʦʨʷ ʠʥʘʯʝ, ʟʘ ʦʜʠʥ ʰʘʛ. ʄʝʪʦʜ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦʵʪʘʧʥʦʝ ʨʝʰʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʧʦʜʟʘʜʘʯ. ʅʘʭʦʞʜʝʥʠʝ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʤʝʪʦʜʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ 

ʦʪʳʩʢʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʯʘʩʪʥʦʡ ʟʘʜʘʯʠ, ʷʚʣʷʶʱʝʡʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʠʩʭʦʜʥʦʡ 

ʙʦʣʴʰʦʡ ʟʘʜʘʯʠ. ʇʨʠʥʮʠʧ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʨʝʰʠʪʴ ʢʘʞʜʫʶ ʧʦʜʟʘʜʘʯʫ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ, ʩʦʢʨʘʪʠʚ ʪʝʤ ʩʘʤʳʤ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʯʠʩʣʝʥʠʡ. ʇʨʠʚʝʜʝʤ ʥʘʠʙʦʣʝʝ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʥʝʢʦʪʦʨʦʡ ʟʘʜʘʯʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [ɸʢʫʣʠʯ, 1986]. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʘʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ S ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʢʦʪʦʨʦʤ 

ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ S0 ʠ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʝʤʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʧʨʘʚʣʝʥʠʷ X 

ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʠʟ ʟʘʜʘʥʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ S0 ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʥʝʯʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ Sʢʦʥ. ʂʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠ ̫ X ʦʮʝʥʠʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ f(X). ʅʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ 

ʫʧʨʘʚʣʝʥʠʡ ʪʘʢʦʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʨʠʪʝʨʠʡ f(X) ʧʨʠʥʠʤʘʝʪ ʥʘʠʣʫʯʰʝʝ (ʤʠʥʠʤʘʣʴʥʦʝ 

ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ) ʟʥʘʯʝʥʠʝ. 

ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

- ʟʘʜʘʯʘ ʦ ʥʘʠʙʦʣʴʰʝʡ ʦʙʱʝʡ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; 

- ʟʘʜʘʯʘ ʦ ʚʳʯʠʩʣʝʥʠʠ ʯʠʩʝʣ ʌʠʙʦʥʘʯʯʠ; 

- ʟʘʜʘʯʘ ʦ ʧʦʨʷʜʢʝ ʧʝʨʝʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ; 

- ʟʘʜʘʯʘ ʦ ʨʘʥʮʝ; 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʝʟʘʚʠʩʠʤʦʝ ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ ʚ ʜʝʨʝʚʝ. 

ɾʘʜʥʳʝ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʦʤʠʤʦ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʜʦʢʘʟʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ, ʚ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ 

ʠʤʝʶʪ ʤʝʩʪʦ ʙʳʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʞʘʜʥʳʝ ʘʣʛʦʨʠʪʤʳ.  
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ʆʩʥʦʚʦʡ ʞʘʜʥʭr ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʣʦʢʘʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ. ʊʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʵʬʬʝʢʪʠʚʥʳ ʚ 

ʟʘʜʘʯʘʭ, ʚ ʩʘʤʦʡ ʧʨʠʨʦʜʝ ʢʦʪʦʨʳʭ ʟʘʣʦʞʝʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʣʦʢʘʣʴʥʦ 

ʦʧʪʠʤʘʣʴʥʳʭ ʚʳʙʦʨʦʚ ʧʨʠʚʦʜʠʪ ʛʣʦʙʘʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ [ʉʢʠʝʥʘ, 2013]. 

ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ [Dijkstra, 1959] ʥʘʭʦʞʜʝʥʠʷ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʚ 

ʛʨʘʬʝ ʷʚʣʷʝʪʩʷ ʞʘʜʥʳʤ, ʧʦʪʦʤʫ ʯʪʦ ʥʘ ʢʘʞʜʦʤ ʰʘʛʫ ʠʱʫʪ ʚʝʨʰʠʥʫ ʩ ʥʘʠʤʝʥʴʰʠʤ 

ʚʝʩʦʤ, ʚ ʢʦʪʦʨʦʡ ʝʱʝ ʥʝ ʙʳʣʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʥʦʚʣʷʶʪ ʟʥʘʯʝʥʠʷ ʜʨʫʛʠʭ ʚʝʨʰʠʥ. 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʟʳʚʘʶʪ ʵʚʨʠʩʪʠʯʝʩʢʠʤ, ʪʦ ʝʩʪʴ ʚʳʙʨʘʥʥʳʡ ʤʝʪʦʜ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʥʦ ʧʨʠʥʠʤʘʝʪʩʷ 

ʜʦʧʫʩʪʠʤʳʤ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚʨʝʤʝʥʠ 

ʨʝʰʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʜʘʯʝ ʦ ʨʶʢʟʘʢʝ, ʜʝʡʩʪʚʫʷ ʩʦʛʣʘʩʥʦ ʞʘʜʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʢʘʞʜʳʡ ʨʘʟ ʚʳʙʠʨʘʪʴ ʧʨʝʜʤʝʪ ʩ ʥʘʠʙʦʣʴʰʝʡ ʫʜʝʣʴʥʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʩʨʝʜʠ ʪʝʭ, ʢʦʪʦʨʳʝ ʝʱʝ ʥʝ ʟʘʛʨʫʞʝʥʳ. ɺ ʪʘʢʦʡ ʟʘʜʘʯʝ ʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʥʦ ʫʞʝ ʜʣʷ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʦ 

ʨʶʢʟʘʢʝ ʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ, ʪʘʢ ʠ ʢ ʨʝʰʝʥʠʶ, 

ʢʦʪʦʨʦʝ ʦʯʝʥʴ ʜʘʣʝʢʦ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ [ʉʢʠʝʥʘ, 2013]. 

ʉʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʛʦ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʫʣʠʨʦʚʘʥʠʶ 

ʞʘʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʩʚʦʡ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʚʝʜʝʪ 

ʣʠ ʜʘʥʥʳʡ ʢʦʥʢʨʝʪʥʳʡ ʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ ʷʚʣʷʶʪʩʷ ʣʠ ʧʦʜʤʥʦʞʝʩʪʚʘ 

ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʘʪʨʦʠʜʦʤ [Edmonds, 1971]. ɽʩʣʠ ʵʪʦ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ 

ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʈʘʜʦ-ʕʜʤʦʥʜʩʘ [Rado, 1942] ʢ ʟʘʜʘʯʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ 

ʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ. ʅʘʠʙʦʣʝʝ ʦʙʱʠʤ 

ʦʙʨʘʟʦʤ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ ʪʘʢ: 

ʇʫʩʪʴ X ï ʥʦʩʠʪʝʣʴ ʤʘʪʨʦʠʜʘ (ʤʥʦʞʝʩʪʚʦ ʚʟʚʝʰʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ), ʘ I ï 

ʩʝʤʝʡʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʤʥʦʞʝʩʪʚ X. 

ɼʣʷ ʚʩʝʭ i ʦʪ 0 ʜʦ |X| ʩʪʨʦʠʪʩʷ ʤʥʦʞʝʩʪʚʦ Ai  ɴI ʤʦʱʥʦʩʪʠ i, ʚʝʩ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʩʨʝʜʠ ʚʝʩʦʚ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʪʦʡ ʞʝ ʤʦʱʥʦʩʪʠ. 

A0 = ɲ  ʥʘ ʥʫʣʝʚʦʡ ʠʪʝʨʘʮʠʠ. 
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ʉʪʨʦʷʪʩʷ ʤʥʦʞʝʩʪʚʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Ai = Ai-1 + {x}, ʛʜʝ x ï ʤʠʥʠʤʘʣʴʥʳʡ 

ʠʟ ʵʣʝʤʝʥʪʦʚ y  ɴX\Ai ʪʘʢʠʭ, ʯʪʦ Ai  ᷾{ y}  ɴI. 

ʆʪʚʝʪ ʟʘʜʘʯʠ ï An, ʛʜʝ n ï ʨʘʥʛ X. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʞʘʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʨʘʙʦʪʳ, ʪʘʢ ʢʘʢ ʥʘ ʨʝʰʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ ʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʰʘʛʘ ʙʝʟ ʫʯʝʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʰʘʛʦʚ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʞʘʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʦʛʦ ʨʝʰʝʥʠ ̫ʠ ʫʩʣʦʚʠʡ 

ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ [ʂʦʨʤʝʥ, 2005; ʉʢʠʝʥʘ, 2013]. ɾʘʜʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʠʤʝʪʴ ʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʠ ʧʝʨʝʭʦʜʷʪ ʠʟ ʢʣʘʩʩʘ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʚ ʢʣʘʩʩ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ɼʣʷ ʦʪʜʝʣʴʥʳʭ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʞʘʜʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʢʘʟʘʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʩʭʦʜʠʤʦʩʪʴ 

ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʦʧʪʠʤʫʤʫ ʟʘʜʘʯʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ [ʂʦʯʝʪʦʚ, 2000].  

 

1.2.2. ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

 

ʉʣʫʯʘʡʥʳʡ ʧʦʠʩʢ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʨʦʠʟʚʦʣʴʥʫ  ʁʩʣʫʯʘʡʥʫ  ʁʛʝʥʝʨʘʮʠʷ ʨʝʰʝʥʠʡ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʫʯʝʪʘ ʢʘʯʝʩʪʚʘ ʨʘʥʝʝ 

ʧʨʦʚʝʨʝʥʥʳʭ ʨʝʰʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʦʨʦʤ ʩʨʝʜʠ ʥʠʭ ʥʘʠʣʫʯʰʝʛʦ. ɺ ʨʘʙʦʪʝ 

[ʉʢʠʝʥʘ, 2013] ʫʢʘʟʘʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʣʫʯʘʡʥʳʡ ʧʦʠʩʢ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

1. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʠʤʝʝʪʩʷ ʚʳʩʦʢʘ ̫ ʜʦʣ̫ ʨʝʰʝʥʠʡ ʩ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ. ʅʘʧʨʠʤʝʨ, ʧʦʠʩʢ ʙʦʣʴʰʠʭ ʧʨʦʩʪʳʭ ʯʠʩʝʣ. 

2. ʊʦʧʦʣʦʛʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʪʘʢʦʚʘ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʮʝʥʢʠ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʚʦʜʳ ʦ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ, ʜʘʞʝ ʚ ʫʟʢʦʡ ʣʦʢʘʣʴʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ. 

ʇʨʦʩʪʝʡʰʠʡ ʧʨʠʤʝʨ ï ʧʦʜʙʦʨ ʢʣʶʯʘ ʢ ʰʠʬʨʫ, ʢʦʛʜʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʷʚʣʷʝʪʩʷ 

ʪʦʣʴʢʦ çʧʦʜʭʦʜʠʪ / ʥʝ ʧʦʜʭʦʜʠʪè.  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜ ʧʨʦʠʟʚʦʣʴʥʦʡ ʚʳʙʦʨʢʠ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʘʢ ʢʘʢ ʪʘʢʠʝ ʟʘʜʘʯʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʦʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʭʦʨʦʰʠʭ ʨʝʰʝʥʠʡ ʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʜʥʦʨʦʜʥʦʩʪʠ [ʈʘʩʪʨʠʛʠʥ, 1968; 

ʉʢʠʝʥʘ, 2013]. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʤʥʦʞʝʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʪʦʜʘ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʵʨʠʩʪʠʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʜʥʦʛʦ ʠʟ ʚʠʜʥʳʭ ʜʝʷʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʚ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʃ. ɸ. ʈʘʩʪʨʠʛʠʥʘ [ʈʘʩʪʨʠʛʠʥ, 1968]. ʊʘʢʞʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʚ ʩʣʫʯʘʡʥʦʛʦ 

ʧʦʠʩʢʘ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [Malek, 1989]. 

ʇʦʠʩʢ ʩ ʚʦʟʚʨʘʪʦʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʚ ʢʦʪʦʨʦʤ, ʚʤʝʩʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʝʨʝʙʦʨʘ 

ʚʘʨʠʘʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʛʦ ʚʝʢʪʦʨʘ ʟʥʘʯʝʥʠʡ 

ʧʝʨʝʤʝʥʥʳʭ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ. 

ɸʣʛʦʨʠʪʤ ʩ ʧʘʨʥʦʡ ʧʨʦʙʦʡ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ, 

ʚ ʢʦʪʦʨʦʤ ʥʘ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʚʳʙʠʨʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ 

ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ. ʊʦ ʝʩʪʴ ʝʩʣʠ ʥʘ k ï ʦʤ ʰʘʛʝ, ʚʝʢʪʦʨ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʙʳʣ ʨʘʚʝʥ Xk, ʪʦ ʥʘ k+1 ʰʘʛʝ Xk+1 = Xk Ñ ɚɝ, ʛʜʝ ɝ ï ʩʣʫʯʘʡʥʦʝ ʨʝʰʝʥʠʝ; 

ɚ ï ʚʝʣʠʯʠʥʘ ʧʨʦʙʥʦʛʦ ʰʘʛʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ 

ʘʣʛʦʨʠʪʤʘ, ʚʳʯʠʩʣʝʥʥʦʝ ʠʩʭʦʜʷ ʠʟ ʥʘʠʣʫʯʰʝʛʦ ʧʨʝʜʳʜʫʱʝʛʦ ʟʥʘʯʝʥʠʷ. 

ɸʣʛʦʨʠʪʤ ʥʘʠʣʫʯʰʝʡ ʧʨʦʙʳ. ʅʘ ʠʩʭʦʜʥʦʡ ʪʦʯʢʝ ʜʝʣʘʝʪʩʷ m ʩʣʫʯʘʡʥʳʭ ʰʘʛʦʚ 

ʠ ʟʘʧʦʤʠʥʘʝʪʩʷ ʪʦʪ ʰʘʛ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʣ ʢ ʥʘʠʤʝʥʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ʢʨʠʪʝʨʠʷ. 

ʈʘʙʦʯʠʡ ʰʘʛ ʜʝʣʘʝʪʩʷ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ m 

ʩʣʫʯʘʡʥʳʭ ʰʘʛʦʚ ʚʳʙʨʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʩʝ ʙʦʣʝʝ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʘʧʨʘʚʣʝʥʠʶ 

ʘʥʪʠʛʨʘʜʠʝʥʪʘ. 

ɸʣʛʦʨʠʪʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ. ʀʟ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʝʣʘʝʪʩʷ m 

ʩʣʫʯʘʡʥʳʭ ʰʘʛʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ, 

ʚ ʧʨʝʜʝʣʝ ʧʨʠ m Ÿ Ð ʧʨʠʙʣʠʞʘʶʱʘʷʩʷ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʛʨʘʜʠʝʥʪʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʤʝʪʦʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʙʦʯʝʛʦ ʰʘʛʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ m. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʳʯʥʦʝ 

ʯʠʩʣʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʪʨʝʙʫʝʪ ʥʝ ʤʝʥʝʝ n ʧʨʦʙʥʳʭ ʰʘʛʦʚ. 

ʄʦʜʠʬʠʢʘʮʠʠ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ 

ʫʚʝʣʠʯʠʚʘʶʪ ʝʛʦ ʩʣʦʞʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʥʘʩʪʨʦʡʢʠ ʵʚʨʠʩʪʠʯʝʩʢʠʭ 



33 
 

ʧʨʘʚʠʣ, ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʤʝʪʦʜʘ. ɼʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ 

ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘʜʘʯʠ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ. ʄʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʘʚʪʦʥʘʩʪʨʦʡʢʘ, ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʦʡ ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [ʈʘʩʪʨʠʛʠʥ, 1969]. ʆʜʥʘʢʦ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʥʘʩʪʨʦʡʢʫ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʳʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʦʚʘʪʴ ʠ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʠ ʨʘʟʤʝʨʥʦʩʪʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. 

ʇʦʠʩʢ ʩ ʟʘʧʨʝʪʘʤʠ. ɺ 1986 ʛʦʜʫ ʘʤʝʨʠʢʘʥʩʢʠʡ ʫʯʝʥʳʡ ʌ. ɻʣʦʚʝʨ ʚ ʨʘʙʦʪʝ 

[Glover, 1986] ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʠʨʫ ʧʨʠʥʮʠʧ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, 

ʥʘʟʚʘʥʥʳʡ ʧʦʠʩʢʦʤ ʩ ʟʘʧʨʝʪʘʤʠ (ʦʪ ʘʥʛʣ. Tabu search), ʢʦʪʦʨʳʡ ʠʤ ʞʝ 

ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʚ 1989ï90 ʛʛ. ʚ ʨʘʙʦʪʘʭ [Glover, 1989; Glover, 1990]. ɼʘʥʥʳʡ 

ʧʨʠʥʮʠʧ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʫ ʧʦʠʩʢʘ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʚ 

ʣʦʢʘʣʴʥʦʤ ʦʧʪʠʤʫʤʝ, ʘ ʧʝʨʝʤʝʱʘʪʴʩʷ ʤʝʞʜʫ ʦʧʪʠʤʫʤʘʤʠ, ʚ ʧʦʧʳʪʢʘʭ ʥʘʡʪʠ ʩʨʝʜʠ 

ʥʠʭ ʛʣʦʙʘʣʴʥʳʡ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʵʬʬʝʢʪʘ ʧʘʤʷʪʠ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʟʘʧʦʤʠʥʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ 

ʰʘʛʘʭ ʘʣʛʦʨʠʪʤʘ ʠ ʚʥʦʩʠʪʴ ʠʭ ʚ ʩʧʠʩʦʢ ʟʘʧʨʝʪʦʚ Tabu(Xk). ɿʘʧʨʝʱʘʷ ʚʦʟʚʨʘʱʘʪʴʩʷ 

ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ, ʘʣʛʦʨʠʪʤ ʪʘʢʞʝ ʟʘʧʨʝʱʘʝʪ ʥʝʢʦʪʦʨʫʶ ʦʢʨʝʩʪʥʦʩʪʴ ʵʪʦʛʦ 

ʨʝʰʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʭʦʜʠʪʴ ʠʟ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʧʦʠʩʢʘʭ ʜʨʫʛʦʛʦ.  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ ʧʦʠʩʢʘ ʩ ʟʘʧʨʝʪʘʤʠ [Glover, 2013]. 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʦʢʨʝʩʪʥʦʩʪʴ Np(X) Ṓ N(X), ʛʜʝ ʚʩʝ ʵʣʝʤʝʥʪ r

ʦʢʨʝʩʪʥʦʩʪʠ J  ɴN(X) ʚʢʣʶʯʘʪʁʩʷ ʚ ʤʥʦʞʝʩʪʚʦ Np(X) ʩ ʥʝʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ p. 

ɺʝʨʦʷʪʥʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ Np(X) ʤʦʞʝʪ 

ʩʦʚʧʘʜʘʪʴ ʩ N(X) ʠʣʠ ʥʘʦʙʦʨʦʪ ʙʳʪʴ ʧʫʩʪʳʤ. ʐʘʛʠ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ɺʳʙʨʘʪʴ ʥʘʯʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ 

X0  ɴD ʠ ʧʦʣʦʞʠʪʴ 

f* = f (X0), Tabu (X0) =  ɲ, k = 0. 

2. ʇʦʢʘ ʥʝ ʚʳʧʦʣʥʝʥ ʢʨʠʪʝʨʠʡ ʦʩʪʘʥʦʚʢʠ: 

2.1. ʉʬʦʨʤʠʨʦʚʘʪʴ ʦʢʨʝʩʪʥʦʩʪʴ Np(Xk). 
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2.2. ɽʩʣʠ Np(Xk) = ,ɲ ʪʦ Xk+1 = Xk, ʠʥʘʯʝ ʥʘʡʪʠ Xk+1 ʪʘʢʦʡ, ʯʪʦ     

          f(Xk+1) = min { f(J) | J  ɴNp(Xk) \ Tabu (Xk)}.  

2.3. ɽʩʣʠ f* > f(Xk+1), ʪʦ f* = f(Xk+1). 

2.4. ʇʦʣʦʞʠʪʴ k = k+1 ʠ ʦʙʥʦʚʠʪʴ ʩʧʠʩʦʢ ʟʘʧʨʝʪʦʚ Tabu(Xk). 

ʇʘʨʘʤʝʪʨʳ p ʠ l, (ʛʜʝ l ï ʜʣʠʥʘ ʩʧʠʩʢʘ ʟʘʧʨʝʪʦʚ) ʷʚʣʷʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʤʠ 

ʜʣʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʚʳʙʦʨ ʠʭ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ 

ʟʘʜʘʯʠ, ʪʘʢ ʠ ʦʪ ʤʦʱʥʦʩʪʠ ʦʢʨʝʩʪʥʦʩʪʠ. ʇʦ ʟʥʘʯʝʥʠ ʁʧʘʨʘʤʝʪʨʘ l, ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʚʳʜʝʣʠʪʴ ʪʨʠ ʪʠʧʘ ʧʘʤʷʪʠ: ʢʨʘʪʢʦʩʨʦʯʥʫʶ, ʩʨʝʜʥʝʩʨʦʯʥʫʶ ʠ ʜʦʣʛʦʩʨʦʯʥʫʶ 

[Malek, 1989]. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʠʭ ʥʘʠʤʝʥʦʚʘʥʠʡ, ʚʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʧʘʤʷʪʠ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, ʢʘʢ ʩʢʘʟʘʥʦ ʚ [Malek, 1989], ʦʜʥʦʡ ʣʠʰʴ 

ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʨʝʰʝʥʠʷ, 

ʧʨʝʚʦʩʭʦʜʷʱʝʛʦ ʪʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʦʙʳʯʥʳʤʠ ʣʦʢʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʠʩʢʘ, ʥʦ ʩʨʝʜʥʝʩʨʦʯʥʘʷ ʠ ʜʦʣʛʦʩʨʦʯʥʘʷ ʧʘʤʷʪʴ ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʘʣʛʦʨʠʪʤ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʩʭʦʜʠʪʩʷ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʵʢʩʪʨʝʤʫʤʫ ʟʘʜʘʯʠ [ʂʦʯʝʪʦʚ, 2000]. 

ɸʣʛʦʨʠʪʤ ʠʤʠʪʘʮʠʠ ʦʪʞʠʛʘ ʙʳʣ ʩʦʟʜʘʥ ʚ 1980-ʝ ʛʦʜ ,r ʝʛʦ ʘʚʪʦʨʳ: ʉʢʦʪʪ 

ʂʠʨʢʧʘʪʨʠʢ, ɼʘʥʠʝʣʴ ɾʝʣʘʪʪ, ʄʘʨʠʦ ɺʝʯʠ ʠ ɺʣʘʜʦ ʎʝʨʥʠ [Kirkpatrick, 1983]. 

ʄʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʦʩʦʙʦʡ ʚʝʨʩʠʝʡ ʘʣʛʦʨʠʪʤʘ ʄʝʪʨʦʧʦʣʠʩʘ [Metropolis, 1953]. 

ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʘʣʦʛʠʡ ʩ ʧʨʦʮʝʩʩʦʤ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʚʝʱʝʩʪʚʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʚʝʱʝʩʪʚʦ ʦʭʣʘʞʜʘʝʪʩʷ ʠ ʦʪʚʝʨʜʝʚʘʝʪ, ʘ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʝʛʦ ʤʦʣʝʢʫʣ ʧʘʜʘʝʪ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [ɹʫʨʘʢʦʚ, 2013; 

ʉʢʠʝʥʘ 2013]: 

1. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʣʫʯʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ: T = Tmax. 

ʅʦʤʝʨ ʠʪʝʨʘʮʠʠ k = 1. 

2. ɺʳʙʠʨʘʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ (ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ) X = X0. 

3. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʨʠʪʝʨʠʡ f(X). 

4. ɸʨʛʫʤʝʥʪ ʧʦʣʫʯʘʝʪ ʩʣʫʯʘʡʥʦʝ ʧʨʠʨʘʱʝʥʠʝ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʦʛʣʘʩʥʦ 

ʚʳʙʨʘʥʥʦʡ ʩʭʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ Xǋ= X + ȹX. 

5. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʨʠʪʝʨʠʡ f(X'). 
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6. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ȹf = f(Xǋ) - f(X). 

7. ɽʩʣʠ ȹf < 0, ʪʦ X = Xǋ (ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʦ ʝʩʪʴ ʢ 

ʥʦʚʦʤʫ ʨʝʰʝʥʠʶ). 

8. ɽʩʣʠ ȹf > 0, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ (ʨʝʰʝʥʠʝ Xǋ) 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὴЎὪ ÅØÐ
ЎὪ

ὯὝ
 

ʛʜʝ k ï ʢʦʥʩʪʘʥʪʘ, ʨʝʛʫʣʠʨʫʶʱʘʷ ʙʳʩʪʨʦʪʫ ʩʭʦʜʠʤʦʩʪʠ ʘʣʛʦʨʠʪʤʘ. 

ɿʘʪʝʤ p(ȹf) ʩʨʘʚʥʠʚʘʝʪʩʷ ʩʦ ʩʣʫʯʘʡʥʳʤ ʯʠʩʣʦʤ n ɴ  [0,1]. 

ɽʩʣʠ p(ȹf) > n, ʪʦ X = Xǋ, ʠʥʘʯʝ X ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

9. ʊʝʤʧʝʨʘʪʫʨʘ T ʫʤʝʥʴʰʘʝʪʩʷ, ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪ ʢ ʰʘʛʫ 4, ʠ ʪʘʢ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ T ʥʝ ʫʤʝʥʴʰʠʪʩʷ ʜʦ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. ʌʦʨʤʫʣʘ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʨʘʟʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʘʣʛʦʨʠʪʤʘ, ʦʙʳʯʥʦ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Ὕ
Ὕ

ὩϽ
 

 

ʛʜʝ vt ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʜʘʶʱʠʡ ʙʳʩʪʨʦʪʫ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

10. ʅʦʤʝʨ ʰʘʛʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ: k = k + 1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ T ʙʦʣʴʰʘʷ, ʘʣʛʦʨʠʪʤ ʦʪʞʠʛʘ 

ʤʦʞʝʪ ʜʝʣʘʪʴ ʙʦʣʴʰʠʝ ʰʘʛʠ ʜʘʞʝ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʟʥʘʯʝʥʠʝ 

ʤʠʥʠʤʠʟʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʧʦʧʘʩʪʴ ʚ ʦʢʨʝʩʪʥʦʩʪʴ ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ 

ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Tmax ʠ ʟʘʜʘʪʴ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ ʘʣʛʦʨʠʪʤʘ ʠʤʠʪʘʮʠʠ 

ʦʪʞʠʛʘ, ʥʘʧʨʠʤʝʨ, ʘʜʘʧʪʠʚʥʳʡ ʦʪʞʠʛ [ʉʢʠʝʥʘ, 2013], ʘʣʛʦʨʠʪʤ ʢʚʘʥʪʦʚʦʛʦ ʦʪʞʠʛʘ 

[Finnila, 1994]. ɸʣʛʦʨʠʪʤ ʠʤʠʪʘʮʠʠ ʦʪʞʠʛʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ. ɼʦʢʘʟʘʥʘ ʝʛʦ ʩʭʦʜʠʤʦʩʪʴ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʵʢʩʪʨʝʤʫʤʫ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʪʦʧʦʣʦʛʠʠ ʟʘʜʘʯʠ [Bertsimas, 1993; ʂʦʯʝʪʦʚ, 2000]. ʅʝʜʦʩʪʘʪʢʦʤ ʘʣʛʦʨʠʪʤʘ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʙʦʨʘ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʥʦʤʝʨʘ ʠʪʝʨʘʮʠʠ ʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ. ɹʝʟ 
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ʪʘʢʦʡ ʥʘʩʪʨʦʡʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ 

[ʉʢʠʝʥʘ, 2013].  

ʕʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. ɺ 1954 ʛʦʜʫ ʚʳʰʣʘ ʨʘʙʦʪʘ ʅʠʣʴʩʘ ɹʘʨʠʯʝʣʣʠ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ 

[Barricelli, 1954]. ʕʪʦ ʧʦʩʣʫʞʠʣʦ ʥʘʯʘʣʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʵʚʦʣʶʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ. ʇʨʠʤʝʥʝʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʧʦʩʣʝ 

ʧʫʙʣʠʢʘʮʠʠ ʨʘʙʦʪ ʀʥʛʦ ʈʝʭʝʥʙʝʨʛʘ ʠ ʍʘʥʩʘ-ʇʘʫʣʷ ʐʚʝʬʝʣʷ ʚ 1960ï70-ʭ ʛʛ. ɺ 

ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʣʝʞʠʪ ʘʥʘʣʦʛʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, ʥʦ ʦʪʙʠʨʘʶʪʩʷ ʨʝʰʝʥʠʷ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ [ɽʤʝʣʴʷʥʦʚ, 2003; ɻʣʘʜʢʦʚ, 2009; ʂʦʯʝʪʦʚ, 2017]. ʈʝʝhʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʭʨʦʤʦʩʦʤʦʡ ʠʣʠ 

ʦʩʦʙʴʶ, ʘ ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ ʥʘʟʳʚʘʶʪ 

ʧʦʧʫʣʷʮʠʝʡ. ʈʝʰʝʥʠʝ-ʦʩʦʙʴ ʦʮʝʥʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ, 

ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʜʘʥʥʦʤ ʨʝʰʝʥʠʠ. ʈʝʰʝʥʠʷ ʩ ʣʫʯʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʢʨʠʪʝʨʠʷ ʦʪʙʠʨʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʫʶ ʠʪʝʨʘʮʠʶ ʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʨʝʰʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʙʫʜʫʪ ʩʦʟʜʘʥʳ ʥʘ ʵʪʦʡ ʠʪʝʨʘʮʠʠ (ʜʦʯʝʨʥʷʷ ʧʦʧʫʣʷʮʠʡ ʠʣʠ ʧʦʪʦʤʩʪʚʦ). 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʤʝʭʘʥʠʟʤʘ ʵʚʦʣʶʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʝʝ ʘʩʧʝʢʪʘʭ ʤʦʛʫʪ 

ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʧʦ-ʨʘʟʥʦʤʫ [ɻʣʘʜʢʦʚ, 2006; ɹʘʪʠʱʝʚ, 2007; ʇʘʥʯʝʥʢʦ, 2007]. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʷʚʣʷʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʵʚʦʣʶʮʠʦʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ [ɻʣʘʜʢʦʚ, 2009; ʂʘʨʧʝʥʢʦ, 2012]: ʘʣʛʦʨʠʪʤ ʨʘʩʪʫʱʠʭ ʜʝʨʝʚʴʝʚ; 

ʩʦʨʥʷʢʦʚʳʡ ʘʣʛʦʨʠʪʤ; ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʧʦʠʩʢ; ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ; ʢʫʣʴʪʫʨʥʳʡ 

ʘʣʛʦʨʠʪʤ; ʢʫʢʫʰʢʠʥ ʧʦʠʩʢ; ʘʣʛʦʨʠʪʤ ʵʚʦʣʶʮʠʠ ʨʘʟʫʤʘ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʵʚʦʣʶʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʝʜʦʩʪʘʪʢʘʤʠ ï ʥʝʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʠ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʯʝʪʦʚ ʢʨʠʪʝʨʠʷ. ʂʨʠʪʠʢʠ 

ʩʧʨʘʚʝʜʣʠʚʦ ʫʢʘʟʳʚʘʶʪ ʠ ʥʘ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʵʚʦʣʶʮʠʷ ʠ ʚ 

ʧʨʠʨʦʜʝ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ. ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʣʛʦʨʠʪʤ, ʧʦʵʪʦʤʫ ʦʥ ʧʦʜʨʦʙʥʝʝ ʦʧʠʩʘʥ ʥʠʞʝ. 
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ʂʘʢ ʧʨʘʚʠʣʦ, ɻɸ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʫ ʩ ʩʦʟʜʘʥʠʷ ʥʘʯʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʢʘʢ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʅʘ ʢʘʞʜʦʡ 

ʠʪʝʨʘʮʠʠ ʩʦʟʜʘʝʪʩʷ ʥʦʚʘʷ ʧʦʧʫʣʷʮʠʷ ʨʝʰʝʥʠʡ ʧʫʪʝʤ ʩʝʣʝʢʮʠʠ, ʩʢʨʝʱʠʚʘʥʠʷ ʠ 

ʤʫʪʘʮʠʠ. ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʦʩʦʙʴ ʧʦʧʫʣʷʮʠʠ, ʦʪʙʠʨʘʶʪʩʷ ʜʚʘ ʠʣʠ ʙʦʣʝʝ 

ʨʦʜʠʪʝʣʴʩʢʠʭ ʦʩʦʙʝʡ. ʇʨʠ ʵʪʦʤ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʥʝʢʦʪʦʨʦʛʦ ʨʝʰʝʥʠʷ ʢʘʢ 

ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʟʥʘʯʝʥʠʶ ʢʨʠʪʝʨʠʷ, ʧʦʣʫʯʝʥʥʦʤʫ ʥʘ ʵʪʦʤ 

ʨʝʰʝʥʠʠ. ɺ ʭʦʜʝ ʩʢʨʝʱʠʚʘʥʠʷ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ ʧʨʘʚʠʣʫ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ 

ʵʣʝʤʝʥʪʘʤʠ ʭʨʦʤʦʩʦʤ (ʢʨʦʩʩʠʥʛʦʚʝʨʦʤ). ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʧʨʘʚʠʣ 

ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʜʚʫʭ ʭʨʦʤʦʩʦʤ ʥʘ ʜʚʝ ʯʘʩʪʠ ʢʘʞʜʦʡ ʠ ʦʙʤʝʥ ʵʪʠʤʠ ʯʘʩʪʷʤʠ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.3. ʇʦʣʫʯʝʥʥʦʝ ʢʨʦʩʩʠʥʛʦʚʝʨʦʤ ʨʝʰʝʥʠʝ ʩ ʥʝʢʦʪʦʨʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʫʪʠʨʫʝʪ, ʪʦ ʝʩʪʴ ʧʨʠʤʝʥʷʝʪʩʷ ʠʟʤʝʥʷʶʱʝʝ ʟʥʘʯʝʥʠʡ, ʟʘʧʠʩʘʥʥʳʭ ʚ 

ʭʨʦʤʦʩʦʤʝ (ʛʝʥʦʚ). ʀʟʤʝʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ 

ʧʨʠʙʘʚʣʷʝʪʩʷ ʢ ʪʝʢʫʱʝʤʫ ʟʥʘʯʝʥʠʶ ʛʝʥʘ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʟʘʤʝʥʘ ʙʝʟ ʫʯʝʪʘ 

ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʘʧʳ ʦʪʙʦʨʘ, ʩʢʨʝʱʠʚʘʥʠʷ ʠ ʤʫʪʘʮʠʠ ʧʦʚʪʦʨʷʶʪʩʷ ʜʣʷ ʥʦʚʦʡ 

ʧʦʧʫʣʷʮʠʠ ʠ ʪʘʢ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʢʠ ʘʣʛʦʨʠʪʤʘ. ɺ ʢʘʞʜʦʤ ʚʥʦʚʴ 

ʧʦʣʫʯʝʥʥʦʤ ʧʦʢʦʣʝʥʠʠ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʭʦʨʦʰʠʝ ʠ ʧʣʦʭʠʝ ʨʝʰʝʥʠ ̫

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ. ɿʘ ʩʯʝʪ ʦʪʙʦʨʘ ʣʫʯʰʠʭ ʨʝʰʝʥʠʡ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʩʨʝʜʥʝʝ ʢʘʯʝʩʪʚʦ ʧʦʧʫʣʷʮʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʨʠʪʝʨʠʷ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʏʘʩʪʦ 

ʚ ʘʣʛʦʨʠʪʤʝ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʠʣʫʯʰʠʭ ʭʨʦʤʦʩʦʤ ʪʝʢʫʱʝʡ ʧʦʧʫʣʷʮʠʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʩʣʝʜʫʶʱʫʶ ʧʦʧʫʣʷʮʠʶ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ 

[ʂʦʯʝʪʦʚ, 2000] ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʥʘʠʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ɻɸ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʭʦʜʠʪʩʷ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʵʢʩʪʨʝʤʫʤʫ.  

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʇʨʠʤʝʨ ʢʨʦʩʩʠʥʛʦʚʝʨʘ 

0 3 1 4 2 5 7 0 

7 6 2 3 3 0 5 1 

0 3 1 4 2 5 5 1 

7 6 2 3 3 0 7 0 



38 
 

1.3. ɸʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

 

1.3.1. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

 

ʇʦʜʦʙʥʦ ʪʦʤʫ ʢʘʢ ʚ ʧʨʠʨʦʜʝ ʦʙʨʘʟʦʚʘʣʦʩʴ ʢʦʣʣʝʢʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʩʣʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʦʪʙʦʨʘ, ʪʘʢ ʠ ʚ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʣʝʜ ʟʘ ʵʚʦʣʶʮʠʦʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʧʦʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʠʣʠʩʴ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʙʨʘʟʦʚʘʚ ʛʨʫʧʧʫ ʤʝʪʦʜʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ 1989 ʛʦʜʫ 

ʧʦʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʍʝʨʘʨʜʦ ɹʝʥʠ ʠ ɺʘʥ ʎʟʠʥʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʢʣʝʪʦʯʥʳʤ ʘʚʪʦʤʘʪʘʤ, 

ʚ ʢʦʪʦʨʦʡ ʚʧʝʨʚʳʝ ʬʠʛʫʨʠʨʫʝʪ ʪʝʨʤʠʥ çʨʦʝʚʦʡ ʠʥʪʝʣʣʝʢʪè (Swarm Intelligence) 

[Beni, 1993]. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʝ 

ʧʦʷʚʠʣʠʩʴ ʨʘʥʴʰʝ ʜʨʫʛʠʭ ʠ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʈʀ ʚ ʨʝʰʝʥʠʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ: ʘʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ ʠ ʤʫʨʘʚʴʠʥʳʡ ʘʣʛʦʨʠʪʤ. ɸʚʪʦʨʳ 

ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʠ ʚʜʦʭʥʦʚʣʝʥʳ ʤʦʜʝʣʷʤʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʧʨʠʨʦʜʝ 

ʠ ʩʤʦʛʣʠ ʠʭ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ.  

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʤʦʜʝʣʝʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʢʦʣʣʝʢʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʩʪʘʣʘ 

ʤʦʜʝʣʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʪʠʮ ʚ ʩʪʘʝ, ʩʦʟʜʘʥʥʘʷ ʚ 1986 ʛʦʜʫ ʂʨʝʡʛʦʤ ʈʝʡʥʦʣʴʜʩʦʤ 

[Reynolds, 1987]. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʤʦʜʝʣʠ, ʦʥʘ ʜʘʚʘʣʘ ʧʨʘʚʜʦʧʦʜʦʙʥʫʶ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʪʘʠ. ɼʞ. ʂʝʥʥʝʜʠ ʠ ʈ. ʕʙʝʨʭʘʨʪ ʚ 1995 

ʛʦʜʫ ʧʨʝʜʣʦʞʠʣʠ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʧʨʝʨʳʚʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ. 

ɸʚʪʦʨʳ ʥʘʟʚʘʣʠ ʝʛʦ ʘʣʛʦʨʠʪʤʦʤ ʨʦʷ ʯʘʩʪʠʮ (Particle Swarm Optimization ï PSO) 

[Kennedy, 1995]. ʆʥʠ ʦʪʪʘʣʢʠʚʘʣʠʩʴ ʦʪ ʤʦʜʝʣʠ ʈʝʡʥʦʣʴʜʩʘ, ʠ ʙʣʠʟʢʦʡ ʢ ʥʝʡ ʨʘʙʦʪ r

ʍʝʧʧʥʝʨʘ ʠ ɻʨʝʥʘʜʝʨʘ [Heppner, 1990]. ɸʚʪʦʨʳ ʥʝ ʥʘʧʨʷʤʫʶ ʩʢʦʧʠʨʦʚʘʣʠ 

ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʧʪʠʮ ʚ ʩʪʘʝ, ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʂʝʥʥʝʜʠ ʠ ʕʙʝʨʭʘʨʪ ʩʪʨʝʤʠʣʠʩʴ 

ʜʦʩʪʠʯʴ ʠʤʠʪʘʮʠʠ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʧʨʘʚʠʣ 

ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ ʧʨʝʪʝʨʧʝʣ 

ʤʥʦʞʝʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ, ʢʦʪʦʨʳʝ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʬʦʨʤʫʣʠʨʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʤʠ 

ʫʯʝʥʳʤʠ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ, ʥʘʧʨʠʤʝʨ, ʤʦʜʠʬʠʢʘʮʠʠ ʩʘʤʦʛʦ ʕʙʝʨʭʘʨʪʘ 

ʩʦʚʤʝʩʪʥʦ ʩ ʖʭʠ ʐʠ [Shi, 1998a, Shi, 1999]. 
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ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʘʟʚʠʚʘʣʦʩʴ ʠ ʚʪʦʨʦʝ ʫʢʘʟʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʠʤʝʶʱʝʝ 

ʦʙʰʠʨʥʫʶ ʠʩʪʦʨʠʶ, ʢʦʪʦʨʘʷ ʢʦʨʥʷʤʠ ʫʭʦʜʠʪ ʪʘʢʞʝ ʚ ʙʠʦʣʦʛʠʶ. ɺ 1959 ʛʦʜʫ ʇʴʝʨ-

ʇʦʣʴ ɻʨʘʩʩʝ ʠʟʣʦʞʠʣ ʪʝʦʨʠʶ ʩʪʠʛʤʝʨʛʠʠ [Dorigo, 1996], ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʢʦʣʦʥʠʠ ʪʝʨʤʠʪʦʚ. ʉʪʠʛʤʝʨʛʠʷ ï ʤʝʭʘʥʠʟʤ ʩʧʦʥʪʘʥʥʦʛʦ ʥʝʧʨʷʤʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʥʜʠʚʠʜʘʤʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʦʩʪʘʚʣʝʥʠʠ ʠʥʜʠʚʠʜʘʤʠ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʤʝʪʦʢ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʜʘʣʴʥʝʡʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʨʫʛʠʭ 

ʠʥʜʠʚʠʜʦʚ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʧʪʠʮʘʤʠ, ʩʦʦʙʱʘʶʱʠʤʠ ʜʨʫʛ ʜʨʫʛʫ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʝʨʝʤʝʱʝʥʠʠ, ʧʦʩʪʘʥʦʚʢʘ ʤʝʪʦʢ ʤʫʨʘʚʴʷʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʥʘʣʦʛ ʵʣʝʤʝʥʪʘ, 

ʧʝʨʝʜʘʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʦʜʥʦʛʦ ʘʛʝʥʪʘ ʘʣʛʦʨʠʪʤʘ ʢ ʜʨʫʛʦʤʫ. ʌʦʨʤʘʣʴʥʦʝ 

ʚʦʧʣʦʱʝʥʠʝ ʘʣʛʦʨʠʪʤʫ ʜʘʝʪ ʄʘʨʢʦ ɼʦʨʠʛʦ [Dorigo, 1996] ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ, ʥʘʯʠʥʘʷ 

ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʚ 1992 ʛʦʜʫ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʨʦʞʜʝʥʠʝʤ ʜʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ʄʫʨʘʚʴʠʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʨʝʰʝʥʠʠ ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʟʘʜʘʯ ʠ ʟʘʜʘʯ ʥʘ ʛʨʘʬʘʭ [ʐʪʦʚʙʘ, 2003]. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ ʘʣʛʦʨʠʪʤʘ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʬʝʨʦʤʦʥʘ ʥʘ ʣʫʯʰʠʭ 

ʥʘʡʜʝʥʥʳʭ ʧʫʪʷʭ [St¿tzle, 1997].  

ʈʦʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʦʩʥʦʚʘʥʳ ʥʘ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʝ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ, ʤʦʛʫʪ 

ʙʳʪʴ ʦʧʠʩʘʥʳ ʢʦʥʝʯʥʳʤʠ ʮʝʧʷʤʠ ʄʘʨʢʦʚʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ 

ʩʭʦʜʠʤʦʩʪʠ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʦʧʪʠʤʫʤʫ ʟʘʜʘʯʠ [ʂʦʯʝʪʦʚ, 2000]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʠʟʚʝʩʪʥʳ ʜʝʩʷʪʢʠ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʪʘʙʣʠʮʝ 1.2 ʫʢʘʟʘʥʳ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʠʟ ʥʠʭ.  

 

1.3.2. ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʛʠʙʢʦʩʪʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤʳ ʈʀ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ [Poli, 2007; 

ɿʘʡʮʝʚ, 2010; Thangaraj, 2011; ɹʘʨʘʥʶʢ, 2015]. 

1. ʇʦʩʪʨʦʝʥʠʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʘʣʛʦʨʠʪʤʳ ʈʀ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʩʝʪʝʡ, ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʜʘʥʥʳʭ ʚ ʩʝʪʷʭ 

[ʏʫʨʘʢʦʚ, 2006; Zhang 2007; Zhao, 2010; ʊʦʢʰʦʪʦʚ, 2016]. 
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ʊʘʙʣʠʮʘ 1.2 ï ʇʝʨʝʯʝʥʴ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʅʘʟʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʉʩʳʣʢʘ ʥʘ 

ʠʩʪʦʯʥʠʢ(ʠ) 

ɸʚʪʦʨ(ʳ) ɻʦʜ 

ɸʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ [Dorigo, 1996] ʄ. ɼʦʨʠʛʦ ʠ ɺ. ʄʘʥʴʝʟʟʦ 1991 

ɸʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ [Kennedy, 1995] ɼʞ. ʂʝʥʥʝʜʠ ʠ 

ʈ. ʕʙʝʨʭʘʨʪ 

1995 

ʉʪʦʭʘʩʪʠʯʝʩʢʠʡ 

ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʠʩʢ 

[Bishop, 1989] ʄ. ɹʠʰʦʧ 1989 

ɸʣʛʦʨʠʪʤ ʨʦʝʥʠʷ ʙʘʢʪʝʨʠʡ [Passino, 2002] ʂ. ʇʘʩʩʠʥʦ 2002 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʧʦʠʩʢ [Birbil, 2003] ʀ. ɹʠʨʙʠʣʴ 2003 

ɸʣʛʦʨʠʪʤ ʧʯʝʣ [Karaboga, 2005; 

Pham, 2005] 

ɼ. ʂʘʨʘʙʦʛʘ / ɼ. ʌʘʤ ʠ 

ʜʨ. 

2005 

ɸʣʛʦʨʠʪʤ ʜʠʥʘʤʠʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢ 

[Rabanal, 2007] ʇ.ʈʘʙʘʥʘʣ, ʀ.ʈʦʜʨʠʛʝʩ, 

ʌ.ʈʫʙʠʦ 

2007 

ʇʦʠʩʢ ʢʦʩʷʢʦʤ ʨʳʙ [Filho, 2008] ɹ. ʌʠʣʦ 2008 

ʆʙʝʟʴʷʥʠʡ ʘʣʛʦʨʠʪʤ [Zhao, 2008] ʊ. ɺʘʥʰʝʥʛ, ʈ. ɼʞʘʦ 2008 

ɸʣʛʦʨʠʪʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʢʘʧʝʣʴ ʚʦʜʳ 

[Hossein, 2008] ʍʤ.-ʐ. ʍʦʩʝʡʥʠ 2008 

ɸʣʛʦʨʠʪʤ ʣʝʪʫʯʠʭ ʤʳʰʝʡ [Yang, 2010b] Cʠʥ-ʐʝ ʗʥʛ 2008 

ɸʣʛʦʨʠʪʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʦʠʩʢʘ  

[Rashedi, 2009] ʕ. ʈʘʰʝʜʠ 2009 

ɸʣʛʦʨʠʪʤ ʩʚʝʪʣʷʯʢʦʚ  [Yang, 2010a] Cʠʥ-ʐʝ ʗʥʛ  2010 

ɸʣʛʦʨʠʪʤ ʩʪʘʠ ʚʦʣʢʦʚ  [Wu, 2014] ʍ.-ʐ. ɺʫ, ʌ.-ʄ. ɾʘʥʛ 2014 

 

2. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʢʦʤʙʠʥʘʮʠʡ (ʤʘʨʰʨʫʪʳ, 

ʢʘʣʝʥʜʘʨʥʳʝ ʧʣʘʥʳ, ʟʘʜʘʯʠ ʨʘʩʢʨʦʷ). ɼʘʥʥʳʝ ʟʘʜʘʯʠ ʦʙʳʯʥʦ ʩʚʦʜʷʪʩʷ ʢ NP-

ʪʨʫʜʥʳʤ ʟʘʜʘʯʘʤ (ʤʦʜʠʬʠʢʘʮʠʷʤ ʟʘʜʘʯ ʢʦʤʤʠʚʦʷʞʝʨʘ, ʨʘʩʢʨʘʩʢʠ ʛʨʘʬʦʚ, 

ʧʦʢʨʳʪʠʷ, ʦ ʢʣʠʢʝ, ʪʨʘʥʩʧʦʨʪʥʳʭ) [Alexandrov, 1999; Dorigo 2006; Lui 2007; 

ʂʫʨʝʡʯʠʢ, 2010; ʂʫʨʝʡʯʠʢ, 2011; ʃʝʙʝʜʝʚ, 2010; ʃʝʚʘʥʦʚ, 2010; ʌʨʦʣʦʚʩʢʠʡ, 2011; 

ʃʝʙʝʜʝʚ, 2012; ʄʘʪʨʝʥʠʥ, 2013c; ʂʦʯʝʛʫʨʦʚʘ, 2014]. 

3. ɸʣʛʦʨʠʪʤʳ ʈʀ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʜʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʦʙʲʝʢʪʦʚ. ɸʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ [Pedersen, 2010a; ʄʘʪʨʝʥʠʥ, 2016; Garcia-Galan, 2015; 

ʍʦʜʘʰʠʥʩʢʠʡ, 2017a; 2017b], ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʙʦʨʘ ʧʨʠʟʥʘʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʪʝʤ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [ɸʥʬʠʣʦʬʴʝʚ, 2017]. 



41 
 

4. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʣʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ: ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʠʤʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ [Yoshida, 

2000; Alrashidi, 2006; Lee, 2007; Mahadevan, 2010; Jamian, 2012; Dazahra 2016; 

Manusov, 2016; 2017a, ʄʘʥʫʩʦʚ, 2017a]. 

5. ʆʪʜʝʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ, ʨʘʟʨʘʙʦʪʢʝ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʛʝʥʦʚ, ʤʘʛʥʠʪʦʵʥʮʝʬʘʣʦʛʨʘʬʠʠ, [Eberhart, 1999; Poli, 2007; Pedersen, 2010a; 

ʉʘʤʠʛʫʣʠʥʘ, 2016; ʉʘʨʠʥ, 2017]. 

6. ɼʨʫʛʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ: ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ, 

ʤʝʪʘʣʣʫʨʛʠʷ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʨʘʙʦʪʢʘ 

ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ [Beni, 1993; Poli, 2007], ʤʘʨʢʝʪʠʥʛ [ʅʠʢʠʬʦʨʦʚʘ, 2016]. 

 

1.3.3. ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʱʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʩʪʦʷʚʰʝʡʩʷ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʘʣʛʦʨʠʪʤʦʤ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ.  

1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ. ʆʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʛʨʫʧʧʳ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʦʜʥʘʢʦ ʝʜʠʥʦʡ ʯʝʪʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʫʪʘʥʠʮʝ ʚ ʪʝʨʤʠʥʘʭ. ʅʘʧʨʠʤʝʨ, ʯʘʩʪʦ ʜʘʞʝ 

ʩʧʝʮʠʘʣʠʩʪʳ, ʟʥʘʢʦʤʳʝ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ, ʨʦʷ ʯʘʩʪʠʮ, ʨʦʷ ʧʯʝʣ, ʥʝ 

ʠʩʧʦʣʴʟʫʶʪ ʦʙʲʝʜʠʥʷʶʱʠʡ ʠʭ ʪʝʨʤʠʥ çʨʦʝʚʦʡ ʠʥʪʝʣʣʝʢʪè. ʍʦʪʷ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʧʨʠʤʝʨʳ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦ ʨʘʟʣʠʯʥʳʤʠ ʨʝʘʣʠʟʘʮʠʷʤʠ ʤʝʪʦʜʘ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʵʚʦʣʶʮʠʦʥʥʳʤʠ ʠ ʨʦʝʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

2. ʊʝʨʤʠʥʦʣʦʛʠ.̫ ʅʝʪ ʯʝʪʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʦʥʷʪʠʡ çʤʝʪʦʜè ʠ çʘʣʛʦʨʠʪʤè. ɺ 

ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥʳ çʤʝʪʦʜ ʨʦʷ ʯʘʩʪʠʮè, ʥʦ 

çʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤè; çʤʫʨʘʚʴʠʥʳʡ ʘʣʛʦʨʠʪʤè ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, çʤʝʪʦʜ 

ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚè. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʧʦʥʷʪʠʷ, ʦʙʱʠʝ ʧʦ ʩʚʦʝʤʫ ʩʤʳʩʣʫ ʜʣʷ 
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ʤʥʦʛʠʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʝ ʢʘʢ çʬʠʪʥʝʩʩ-ʬʫʥʢʮʠʷè, çʤʠʛʨʘʮʠʷè, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʪʜʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʜʣʷ ʜʨʫʛʠʭ ʪʦ ʞʝ 

ʩʘʤʦʝ ʧʦʥʷʪʠʝ ʦʙʦʟʥʘʯʘʝʪʩʷ ʜʨʫʛʠʤʠ ʪʝʨʤʠʥʘʤʠ. 

3. ʆʙʲʷʩʥʝʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʝʩʧʝʮʠʘʣʠʩʪʘʤ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʥʝʧʨʠʚʳʯʥʳʤʠ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʪʝʨʤʠʥʘʤʠ, ʚʟʷʪʳʤʠ ʠʟ ʦʧʠʩʘʥʠʷ ʧʨʠʨʦʜʳ: 

çʬʝʨʦʤʦʥè; çʧʦʧʫʣʷʮʠʷè; çʤʫʪʘʮʠʷè; çʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴè; çʛʠʙʝʣʴè; çʨʦʡè ʠ 

ʜʨʫʛʠʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʚʘʝʪ ʪʨʫʜʥʦ ʧʦʥʷʪʴ, ʢʘʢ ʠʤʝʥʥʦ ʩʚʷʟʘʪʴ ʨʦʝʚʦʡ ʘʣʛʦʨʠʪʤ 

ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ. 

ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʭ ʥʘʩʪʨʦʡʢʝ ʠ ʜʦʨʘʙʦʪʢʝ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʚʠʜr ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʠ ʚʳʙʦʨʝ 

ʟʥʘʯʝʥʠʡ ʠʭ ʧʘʨʘʤʝʪʨʦʚ: [Shi, 1998; Bergh, 2001; Carlisle, 2001; Eberhart, 2001; 

ʐʪʦʚʙʘ, 2003; ʏʫʨʘʢʦʚ, 2006; Dorigo, 2006; ɻʣʘʜʢʦʚ, 2009; ɿʘʡʮʝʚ, 2010; ʂʫʨʝʡʯʠʢ, 

2010; Pedersen, 2010a; ʂʫʨʝʡʯʠʢ, 2011; Abraham, 2011; ʂʘʨʧʝʥʢʦ, 2012; ʃʝʙʝʜʝʚ, 

2013; Manusov, 2017a]. 

ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚʳʧʦʣʥʝʥʦ ʧʦ ʘʣʛʦʨʠʪʤʫ ʨʦʷ ʯʘʩʪʠʮ, 

ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʦʙʟʦʨʦʚ [Bergh, 2001; Trelea, 2003; Pedersen, 2010a]. ʄʥʦʛʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʢ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʣʠʷʶʪ ʥʘ ʩʭʦʜʠʤʦʩʪʴ 

ʯʘʩʪʠʮ. ʆʜʥʘʢʦ ʄ. ʇʝʜʝʨʩʝʥ [Pedersen, 2010a] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʤʥʝʥʠʝ, 

ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʩʭʦʜʠʤʦʩʪʴ ʨʦʷ ʪʝʩʥʦ ʩʚʷʟʘʥʳ, ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʚʟʷʪʳʤ, ʘ ʩʭʦʜʠʤʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʨʦʷ ʯʘʩʪʠʮ ʢ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʯʪʦ ʪʦʯʢʘ ʩʭʦʜʠʤʦʩʪʠ ʙʫʜʝʪ 

ʦʧʪʠʤʫʤʦʤ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʦʯʢʘ ʧʨʠʪʷʞʝʥʠʷ 

ʯʘʩʪʠʮ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʪʦ ʝʩʪʴ ʫʣʫʯʰʝʥʠʷ, ʥʘʡʜʝʥʥʳʝ ʯʘʩʪʠʮʘʤʠ, ʥʝ ʚʣʠʷʶʪ 

ʥʘ ʠʭ ʜʘʣʴʥʝʡʰʠʝ ʧʝʨʝʤʝʱʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʟʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʯʘʩʪʠʮʘ, ʘ 

ʥʝ ʚʝʩʴ ʨʦʡ. ʉʪʦʭʘʩʪʠʯʥʦʩʪʴ ʫʩʪʨʘʥʷʝʪʩʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʦʞʠʜʘʥʠʡ, ʪʘʢ ʯʪʦ ʫʯʠʪʳʚʘʶʪʩʷ ʫʩʨʝʜʥʝʥʥʳʝ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʧʦʚʝʜʝʥʠʷ 

ʯʘʩʪʠʮʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ ʘʥʘʣʠʟʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʩʪʨʘʥʷʶʪʩʷ ʚʩʝ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ, ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. ʕʙʝʨʭʘʨʪ ʠ ʝʛʦ ʩʦʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ 
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ʤʦʜʠʬʠʢʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʠʥʝʨʮʠʷ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ 

[Eberhart, 2000]. ɺ ʨʘʙʦʪʝ [Fan, 2002] ʚʚʝʜʝʥ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ 

ʩʫʞʘʝʪ ʛʨʘʥʠʮʳ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʩ ʮʝʣʴʶ ʩʬʦʢʫʩʠʨʦʚʘʪʴ 

ʧʦʠʩʢ ʙʣʠʞʝ ʢ ʢʦʥʮʫ ʧʨʦʮʝʩʩʘ ʦʧʪʠʤʠʟʘʮʠʠ. ɺʘʥ ɹʝʨʛʦʤ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʤʦʜʠʬʠʢʘʮʠʡ [Bergh, 2001] ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʩʭʦʜʠʤʦʩʪʠ 

ʯʘʩʪʠʮ [Carlisle, 2001; Pedersen, 2010a].  

ʉʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ ʠ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ. ʅʦ ʥʠ ʦʜʥʘ ʠʟ 

ʤʦʜʠʬʠʢʘʮʠʡ ʥʝ ʩʪʘʣʘ ʧʦʧʫʣʷʨʥʝʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʝʨʩʠʡ. ʂʘʞʜʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʥʝʩʝʪ ʚ ʩʝʙʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʵʚʨʠʩʪʠʯʝʩʢʦʝ ʫʩʣʦʞʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ, ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ 

ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ (ʯʠʩʣʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʯʠʩʣʦ ʢʦʤʙʠʥʘʮʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʨʘʚʠʣ ʠ ʪ.ʜ.). ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʜʘʯʘ ʥʘʩʪʨʦʡʢʠ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʠʭ ʧʦʥʠʤʘʥʠʷ, 

ʠʟʫʯʝʥʠʷ, ʚʳʙʦʨʘ ʪʦʣʴʢʦ ʫʩʣʦʞʥʷʝʪʩʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʩʪʨʦʡʢʘ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʣʠʙʦ 

ʚʨʫʯʥʫʶ, ʯʪʦ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʯʝʤ ʩʘʤʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (ʄ. ʇʝʜʝʨʩʝʥ 

ʥʘʟʳʚʘʝʪ ʪʘʢʦʡ ʩʧʦʩʦʙ ʪʨʘʜʠʮʠʦʥʥʳʤ, ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʠ ʩʘʤʳʤ 

ʥʝʵʬʬʝʢʪʠʚʥʳʤ [Pedersen, 2010a]), ʣʠʙʦ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʘʚʠʣ, 

ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʦʞʝ ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʜʩʪʨʦʡʢʦʡ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʦʧʷʪʴ ʞʝ ʫʩʣʦʞʥʷʝʪ ʘʣʛʦʨʠʪʤ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ 

ʦʧʪʠʤʠʟʘʮʠʠ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʨʦʝʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʥʦ ʤʝʪʦʜʠʢ ʠʭ ʚʳʙʦʨʘ 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʳʭ ʩʣʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʦʙʱʝʥʥʦ ʥʘʟʚʘʪʴ 

ʩʣʦʞʥʦʩʪʷʤʠ ʘʜʘʧʪʘʮʠʠ, ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʄʝʪʦʜʳ ʥʘʩʪʨʦʡʢʠ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʩʣʫʞʠʚʰʠʝ 

ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠʟʣʦʞʝʥʳ 

ʚ ʨʘʟʜʝʣʝ 2. 
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1.4. ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 1 

 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʠʩʪʦʨʠʠ ʠʭ 

ʨʘʟʚʠʪʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʩʣʦʞʥʘʷ ʪʦʧʦʣʦʛʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ, ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʩʪʴ, ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴ, ʥʘʣʠʯʠʝ 

ʢʘʢ ʜʠʩʢʨʝʪʥʳʭ, ʪʘʢ ʠ ʥʝʧʨʝʨʳʚʥʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʠ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʟʘʜʘʯ, ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ. 

ʇʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʝʰʝʥʠʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʝ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ, ʠʤʝʶʱʠʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʷ ʩ 

ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ ʠʣʠ ʦʯʝʥʴ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʷ ʩ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ. ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʭʘʥʠʟʤʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, 

ʩʦʟʜʘʥʥʳʭ ʧʨʠʨʦʜʦʡ ʟʘ ʤʠʣʣʠʦʥʳ ʣʝʪ ʠ ʧʨʠ ʵʪʦʤ ʠʤʝʶʱʠʭ ʩʪʨʦʛʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʦʨʠʠ ʤʘʨʢʦʚʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 

ɺʳʷʚʣʝʥʳ ʪʨʫʜʥʦʩʪʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʧʨʘʢʪʠʢʝ: ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʪʝʨʤʠʥʦʣʦʛʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʨʦʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʟʘʜʘʯ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜ ʨʘʟʣʠʯʥʳʝ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʘʣʛʦʨʠʪʤʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʦʚʳʰʝʥʠʠ ʠʭ ʘʜʘʧʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʟʘʜʘʯʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʠ, ʚ ʢʦʥʝʯʥʦʤ, 

ʩʯʝʪʝ, ʫʣʫʯʰʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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2. ɸʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

 

ʈʘʟʜʝʣ 2 ʧʦʩʚʷʱʝʥ ʦʧʠʩʘʥʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʈʀ ʠ ʧʦʚʳʰʝʥʠʶ ʠʭ ʘʜʘʧʪʠʚʥʳʭ 

ʩʚʦʡʩʪʚ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʧʦʵʪʦʤʫ 

ʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʠ ʫʜʦʙʥʦʤ ʚ ʧʨʠʤʝʥʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʝ 

ʠʭ ʨʝʰʝʥʠʷ. ʈʘʟʜʝʣ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʧʦʜʨʘʟʜʝʣʦʚ. ʇʦʜʨʘʟʜʝʣ 2.1 ʦʧʠʩʳʚʘʝʪ 

ʩʠʩʪʝʤʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʈʀ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʘʣʝʝ ʪʝʨʤʠʥʦʣʦʛʠʶ, 

ʩʭʝʤʫ ʨʘʙʦʪʳ ʚʩʝʭ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʠʥʮʠʧ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʜʝʣʴʶ 

ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʇʦʜʨʘʟʜʝʣ 2.2 ʩʦʜʝʨʞʠʪ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʭʝʤ ʦʧʠʩʘʥʠʷ ʧʷʪʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʦʝʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ: ʨʦʷ ʯʘʩʪʠʮ, ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ, ʨʦʷ ʩʚʝʪʣʷʯʢʦʚ, ʢʦʩʷʢʘ ʨʳʙ ʠ ʨʦʷ ʧʯʝʣ. 

ʇʦʜʨʘʟʜʝʣ 2.3 ʧʦʩʚʷʱʝʥ ʘʜʘʧʪʘʮʠʠ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜ ʫʩʣʦʚʠʷ ʨʝʰʘʝʤʳʭ 

ʟʘʜʘʯ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʜʩʪʨʦʡʢʫ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ 

ʞʝ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʚʦ-ʚʪʦʨʳʭ, 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʟʥʘʯʝʥʠʡ ʠʭ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʄʝʪʦʜʠʢʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʈʀ ʦʧʠʩʘʥʳ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.4.  

 

2.1. ʉʠʩʪʝʤʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

 

2.1.1. ɺʚʝʜʝʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 

 

ʂʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 1, ʨʦʡ ʷʚʣʷʝʪʩʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʥʦʞʝʩʪʚʘ ʧʨʦʩʪʳʭ ʠ ʦʜʥʦʦʙʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʢʦʩʚʝʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʮʝʣʠ. ɺ ʨʘʟʣʠʯʥʳʭ ʦʧʠʩʘʥʠʷʭ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʦʥʷʪʠʷ ʵʣʝʤʝʥʪʘ. ɺ ʨʘʙʦʪʝ 

[Reynolds, 1987] ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ çboidsè, ʦʜʥʘʢʦ ʦʥʦ ʥʝ ʩʪʘʣʦ 

ʦʙʱʝʧʨʠʥʷʪʳʤ, ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʘ 
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çʘʛʝʥʪè ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ, ʥʘʧʨʠʤʝʨ, [ʂʫʨʝʡʯʠʢ, 2017; Ilie, 2013]. 

ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʪʝʨʤʠʥʘ ʚʦʟʥʠʢʘʝʪ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʙʦʣʝʝ 

ʰʠʨʦʢʠʤ ʧʦʥʷʪʠʝʤ ʘʛʝʥʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʩ ʧʦʥʷʪʠʝʤ 

ʘʛʝʥʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʟʥʘʯʝʥʠʠ ʘʚʪʦʥʦʤʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɽʩʣʠ ʚ 

ʢʦʥʮʝʧʮʠʠ ʈʀ ʵʣʝʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʷʚʣʷʝʪʩʷ ʧʨʠʤʠʪʠʚʥʳʤ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ 

ʧʦʚʝʜʝʥʠʶ ʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʨʦʷ ʝʜʠʥʦʦʙʨʘʟʥʳ, ʪʦ ʚ ʤʫʣʴʪʠʘʛʝʥʪʥr ʭ ʩʠʩʪʝʤʘʭ 

ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʛʝʥʪʦʚ, ʦʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʩʣʦʞʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ.  

ɺ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʜ ʘʛʝʥʪʦʤ ʤʦʞʝʪ 

ʧʦʥʠʤʘʪʴʩʷ ʩʣʦʞʥʳʡ ʦʙʲʝʢʪ. ʊʘʢ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʚ ʟʘʜʘʯʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʦʙʤʝʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʘʛʝʥʪʦʤ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, 

ʧʦʪʨʝʙʠʪʝʣʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʜʘʞʝ ʨʝʛʠʦʥ ʠʣʠ ʩʪʨʘʥʘ [ʈʳʞʦʚ, 2014]. ɿʘʜʘʯʘ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩ ʨʘʟʚʠʪʠʝʤ ʤʘʣʦʡ ʛʝʥʝʨʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʣʥʝʯʥʦʡ, ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʠ ʵʪʦʤ ʧʦʜ ʘʛʝʥʪʦʤ ʧʦʥʠʤʘʝʪʩʷ ʦʪʜʝʣʴʥʳʡ 

ʘʢʪʠʚʥʳʡ (ʛʝʥʝʨʠʨʫʶʱʠʡ) ʧʦʪʨʝʙʠʪʝʣʴ. ʅʦ ʧʨʘʚʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʛʝʥʪʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʘ çʘʛʝʥʪè ʙʫʜʝʪ ʥʝʩʪʠ ʜʚʘ ʩʤʳʩʣʘ ï ʘʢʪʠʚʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʠ 

ʵʣʝʤʝʥʪ ʨʦʷ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʝʪ ʢ ʜʚʫʩʤʳʩʣʝʥʥʦʩʪʠ ʠ ʥʝʷʩʥʦʩʪʷʤ ʧʨʠ 

ʦʧʠʩʘʥʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʠ ʝʝ ʨʝʰʝʥʠʷ.  

ʉʫʱʝʩʪʚʫʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʚ, ʚʟʷʪʳʭ ʠʟ 

ʧʨʠʨʦʜʥʦʡ ʦʩʥʦʚʳ ʘʣʛʦʨʠʪʤʘ: çʧʯʝʣʘè, çʤʫʨʘʚʝʡè, çʩʚʝʪʣʷʯʦʢè ʠ ʪ.ʧ. ɼʘʥʥʳʡ 

ʧʫʩʪʴ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʝʜʠʥʫʶ ʩʭʝʤʫ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʈʀ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʩʣʫʯʘʝ ʛʠʙʨʠʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʦʟʥʠʢʘʶʪ ʩʣʠʰʢʦʤ ʛʨʦʤʦʟʜʢʠʝ ʪʝʨʤʠʥʳ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [ʃʝʙʝʜʝʚ, 2013] ï çʘʛʝʥʪ-ʧʯʝʣʦʤʫʨʘʚʝʡè. 

ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʦʪʢʘʟ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʠʥʘ çʘʛʝʥʪè ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʝʨʤʠʥʦʚ. ɺʤʝʩʪʦ ʵʪʦʛʦ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ çʯʘʩʪʠʮʘè. ʋ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʝʩʪʴ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ: 
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- ʪʝʨʤʠʥ çʯʘʩʪʠʮʘè ʧʦ ʩʚʦʝʡ ʩʝʤʘʥʪʠʢʝ ʫʞʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʤʠʪʠʚʥʦʩʪʴ ʠ, 

ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʝʜʠʥʦʦʙʨʘʟʠʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʨʤʠʥʘ çʘʛʝʥʪè; 

- ʪʝʨʤʠʥ ʥʝ ʚʭʦʜʠʪ ʚ ʢʦʥʬʣʠʢʪ ʩ ʪʝʨʤʠʥʦʤ çʘʛʝʥʪè, ʠʤʝʶʱʠʤ ʢʘʢ ʩʭʦʜʩʪʚʦ, 

ʪʘʢ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ;  

- ʪʝʨʤʠʥ ʷʚʣʷʝʪʩʷ ʦʩʤʳʩʣʝʥʥʳʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ çboidè (ʥʝʧʝʨʝʚʦʜʠʤʦʛʦ ʢ ʪʦʤʫ 

ʞʝ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ); 

- ʪʝʨʤʠʥ çʯʘʩʪʠʮʘè ʠʤʝʝʪ ʪʦʯʥʳʡ ʘʥʘʣʦʛ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ï çparticleè; 

- ʪʝʨʤʠʥ ʥʝ ʧʨʠʚʷʟʘʥ ʥʠ ʢ ʦʜʥʦʤʫ ʠʟ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʨʦʤʝ 

ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ. 

ʇʦʩʣʝʜʥʠʡ ʧʫʥʢʪ ʥʝʦʙʭʦʜʠʤʦ ʧʦʷʩʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ. ɸʣʛʦʨʠʪʤ ʨʦʷ 

ʯʘʩʪʠʮ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʧʝʨʚʳʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʠʭʩʷ ʨʦʝʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʥʘʨʘʚʥʝ ʩ ʘʣʛʦʨʠʪʤʦʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ. ʀ ʦʥ ʦʩʥʦʚʘʥ ʥʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʧʪʠʮ [Kennedy, 1995], ʦʜʥʘʢʦ ʘʚʪʦʨʳ 

ʧʨʝʜʫʩʤʦʪʨʠʪʝʣʴʥʦ ʟʘʤʝʥʠʣʠ ʩʣʦʚʦ çʧʪʠʮʘè (çbirdè) ʥʘ ʩʣʦʚʦ çʯʘʩʪʠʮʘè 

(çparticleè). ɺʧʦʩʣʝʜʩʪʚʠʠ ʘʚʪʦʨʳ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʈʀ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʞʜʳʡ 

ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʪʝʨʤʠʥ, ʯʪʦ ʚʥʦʩʠʣʦ ʟʘʧʫʪʘʥʥʦʩʪʴ ʚ ʦʙʱʫʶ ʢʦʥʮʝʧʮʠʶ. ʇʦʵʪʦʤʫ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʝʨʤʠʥ çʯʘʩʪʠʮʘè ʚʳʙʨʘʥ ʢʘʢ ʝʜʠʥʳʡ ʜʣʷ ʚʩʝʭ ʘʣʛʦʨʠʪʤʦʚ ʈʀ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ ʩʣʦʞʥʦʩʪʴ ʚ ʨʘʟʜʝʣʝʥʠʠ 

ʪʝʨʤʠʥʦʚ çʘʣʛʦʨʠʪʤè ʠ çʤʝʪʦʜè. ʇʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥʳ çʤʝʪʦʜ ʨʦʷ 

ʯʘʩʪʠʮè, ʥʦ çʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤè (ʦʥ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʨʦʝʚʳʤ, ʵʪʦ ʧʨʠʤʝʨ, 

ʧʦʢʘʟʳʚʘʶʱʠʡ, ʯʪʦ ʩʫʱʥʦʩʪʠ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʘʙʩʪʨʘʢʮʠʠ ʠʤʝʥʫʶʪʩʷ ʨʘʟʥʳʤʠ 

ʪʝʨʤʠʥʘʤʠ); çʤʫʨʘʚʴʠʥʳʡ ʘʣʛʦʨʠʪʤè ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, çʤʝʪʦʜ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚè. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘʟʳʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʦʝʚʳʝ ʘʣʛʦʨʠʪʤʳ 

ʘʣʛʦʨʠʪʤʘʤʠ. 

ɺ ʨʘʙʦʪʝ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ. 

f(X) ï ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠʣʠ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʜʣʷ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ 

ʥʘʡʪʠ ʥʘʠʣʫʯʰʝʝ (ʤʠʥʠʤʘʣʴʥʦʝ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ) ʟʥʘʯʝʥʠʝ, ʜʘʣʝʝ, ʝʩʣʠ ʵʪʦ ʥʝ 

ʦʛʦʚʦʨʝʥʦ ʦʩʦʙʦ, ʙʫʜʝʪ ʧʦʜʨʘʟʫʤʝʚʘʪʴʩʷ ʤʠʥʠʤʫʤ; 

Ὢ Ὢὢ  ÁÒÇ ÍÉÎ
ᶰ

ὪὢȢ 
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X ï ʚʝʢʪʦʨ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʣʠ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

D ï ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ X, D Ë R|X|, ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ; 

|S| ï ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʨʦʷ; 

S = { s1, s2,é, s|S| } ï ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʯʘʩʪʠʮ ʨʦʷ; 

Xij ï ʚʝʢʪʦʨ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ i-ʡ ʯʘʩʪʠʮʳ ʥʘ j-ʡ ʠʪʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ, 

ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ, ʝʝ ʧʦʟʠʮʠʷ. 

Xij
best ï ʥʘʠʣʫʯʰʝʝ ʧʦʣʦʞʝʥʠʝ i-ʡ ʯʘʩʪʠʮʳ ʦʪ ʧʝʨʚʦʡ ʜʦ j-ʡ ʠʪʝʨʘʮʠʠ; 

Xopt ï ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ; 

fopt ï ʥʘʠʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ; 

Xj
best ï ʥʘʠʣʫʯʰʝʝ ʨʝʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʘʣʛʦʨʠʪʤʦʤ ʦʪ ʧʝʨʚʦʡ ʜʦ j-ʡ 

ʠʪʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ; 

Xfinal
best ï ʥʘʠʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢ ʤʦʤʝʥʪʫ 

ʟʘʚʝʨʰʝʥʠʷ ʘʣʛʦʨʠʪʤʘ; 

Rnd(a; b) ï ʚʝʢʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʦʪ a ʜʦ b. 

 

2.1.2. ʈʦʝʚʦʡ ʘʣʛʦʨʠʪʤ ʢʘʢ ʩʠʩʪʝʤʘ 

 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʈʀ ʩ ʧʦʟʠʮʠʡ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ 

ʧʨʦʚʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʧʦʥʷʪʠʷʤʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʈʀ. ʀʩʧʦʣʴʟʦʚʘʥʳ 

ʧʦʥʷʪʠʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟ [ʂʨʘʩʦʚ, 2000]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʠʞʝ ʦʧʠʩʘʥʠʷ 

ʚʧʝʨʚʳʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ [ʄʘʪʨʝʥʠʥ, 2013a; 

2015; 2016]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʠʷ ʧʝʨʝʩʤʦʪʨʝʥʳ ʠ ʥʝʩʢʦʣʴʢʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʢʣʶʯʝʥ ʪʝʨʤʠʥ çʘʛʝʥʪè.  

1. çʉʠʩʪʝʤʘ ʝʩʪʴ ʥʝʯʪʦ ʮʝʣʦʝè. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʦʡ, ʨʘʟʜʝʣʝʥʥʳʡ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʯʘʩʪʠʮʳ, ʥʝ ʩʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

2. çʉʠʩʪʝʤʘ ʝʩʪʴ ʦʨʛʘʥʠʟʦʚʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦè. ʈʦʡ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ 

ʯʘʩʪʠʮ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʨʘʚʠʣʘʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. 
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3. çʉʠʩʪʝʤʘ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʚʝʱʝʡ, ʩʚʦʡʩʪʚ ʠ ʦʪʥʦʰʝʥʠʡè. ʇʦʜ ʚʝʱʘʤʠ 

ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ ʯʘʩʪʠʮʳ, ʧʦʜ ʩʚʦʡʩʪʚʘʤʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʣʦʞʝʥʠʷ, ʧʦʜ 

ʦʪʥʦʰʝʥʠʷʤʠ ï ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʨʦʷ. 

4. çʉʠʩʪʝʤʘ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè. ʇʦ 

ʩʫʪʠ, ʦʪʣʠʯʠʝ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʰʴ ʚʦ ʚʚʝʜʝʥʠʠ ʧʦʥʷʪʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʣʷ ʨʦʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. 

5. çʉʠʩʪʝʤʘ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʦʚ, ʤʥʦʞʝʩʪʚʦ ʚʳʭʦʜʦʚ, ʤʥʦʞʝʩʪʚʦ 

ʩʦʩʪʦʷʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʦʧʝʨʘʪʦʨʘʤʠ ʧʝʨʝʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚè. ʅʘ ʚʭʦʜ ʨʦʷ 

ʧʦʜʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ, ʩʦʩʪʦʷʥʠʷ ʨʦʷ ï ʵʪʦ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʝʛʦ ʯʘʩʪʠʮ ʥʘ j-ʡ 

ʠʪʝʨʘʮʠʠ, ʦʧʝʨʘʪʦʨʳ ʧʝʨʝʭʦʜʦʚ ʟʘʜʘʶʪʩʷ ʘʣʛʦʨʠʪʤʦʤ ʨʘʙʦʪʳ ʨʦʷ, ʚʳʭʦʜʦʤ 

ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʝʝ ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ Xfinal
best. 

ɺʳʜʝʣʠʤ ʦʙʱʠʝ ʜʣʷ ʚʩʝʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʥʷʪʠʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʠʩʪʝʤʥʦʛʦ ʦʧʠʩʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʪʝʨʤʠʥʳ ʠʟ [ʂʨʘʩʦʚ, 2000]. 

1. ʕʣʝʤʝʥʪ. çʇʦʜ ʵʣʝʤʝʥʪʦʤ ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʧʨʦʩʪʝʡʰʫʶ ʥʝʜʝʣʠʤʫʶ 

ʯʘʩʪʴ ʩʠʩʪʝʤʳè. ʕʣʝʤʝʥʪʦʤ ʨʦʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʮʘ. 

2. ʇʦʜʩʠʩʪʝʤʘ. çʉʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʵʣʝʤʝʥʪʳ ʥʝ ʩʨʘʟʫ, ʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʨʘʩʯʣʝʥʝʥʠʝʤ ʥʘ ʧʦʜʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʙʦʣʝʝ ʢʨʫʧʥʳʝ, ʯʝʤ ʵʣʝʤʝʥʪʳ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ, ʯʝʤ 

ʩʠʩʪʝʤʘ ʚ ʮʝʣʦʤè. ʂʦʥʮʝʧʮʠʷ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʦʧʫʩʢʘʝʪ ʚʳʜʝʣʝʥʠʝ ʛʨʫʧʧ 

ʯʘʩʪʠʮ. ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʩʠʪʫʘʮʠʠ: 

- ʩʚʷʟʠ ʤʝʞʜʫ ʯʘʩʪʠʮ ʚ ʛʨʫʧʧʝ ʩʠʣʴʥʝʝ, ʯʝʤ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʛʨʫʧʧ (ʦʩʪʨʦʚʢʦʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ); 

- ʚʳʜʝʣʷʝʪʩʷ ʛʨʫʧʧʘ ʯʘʩʪʠʮ ʩ ʦʩʦʙʳʤ ʧʦʚʝʜʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʥʝ 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʜʳʜʫʱʝʤ ʦʧʳʪʝ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʘʣʛʦʨʠʪʤʘ (ʨʘʟʚʝʜʯʠʢʠ ʚ ʤʝʪʦʜʝ ʨʦʷ ʧʯʝʣ). 

3. çʉʪʨʫʢʪʫʨʘ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠè. 

ʉʪʨʫʢʪʫʨʘ ʨʦʝʚʳʭ ʩʠʩʪʝʤ ʟʘʜʘʝʪʩʷ ʧʨʘʚʠʣʘʤʠ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʠʮ ʠ ʦʙʤʝʥʦʤ 
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ʠʥʬʦʨʤʘʮʠʝʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʮʝʥʪʨʘ, ʢʦʪʦʨʳʡ 

ʫʧʨʘʚʣʷʣ ʙʳ ʯʘʩʪʠʮʘʤʠ ʥʘʧʨʷʤʫʶ. 

4. ʉʚʷʟʴ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʦʧʳʪʦʤ. 

5. ʉʦʩʪʦʷʥʠʝ. çʇʦʥʷʪʠʝʤ "ʩʦʩʪʦʷʥʠʝ" ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʤʛʥʦʚʝʥʥʫʶ 

ʬʦʪʦʛʨʘʬʠʶ, "ʩʨʝʟ" ʩʠʩʪʝʤʳè. ʇʦʜ ʩʦʩʪʦʷʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʯʘʩʪʠʮ, 

ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʜʣʷ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʦʧʳʪʦʤ (ʥʘʠʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ Xj
best, ʚʝʩʘ 

ʜʫʛ ʛʨʘʬʘ ʩ ʬʝʨʦʤʦʥʦʤ ʠ ʪ.ʜ.), ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ ʚʝʢʪʦʨʘ ʚʘʨʴʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʘʠʣʫʯʰʝʝ ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ.  

6. ʇʦʚʝʜʝʥʠʝ. çɽʩʣʠ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʜʨʫʛʦʝ, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʦʥʘ ʦʙʣʘʜʘʝʪ ʧʦʚʝʜʝʥʠʝʤè [ʂʨʘʩʦʚ, 2000]. ʇʦʚʝʜʝʥʠʝ ʨʦʷ 

ʟʘʜʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʨʘʙʦʪʳ ʨʦʷ, ʢʦʪʦʨʳʡ ʧʝʨʝʚʦʜʠʪ ʤʥʦʞʝʩʪʚʦ 

ʯʘʩʪʠʮ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ. 

7. ɺʥʝʰʥʷʷ ʩʨʝʜʘ. çʇʦʜ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʧʦʥʠʤʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʥʝ ʚʭʦʜʷʪ ʚ ʩʠʩʪʝʤʫ, ʥʦ ʠʟʤʝʥʝʥʠʝ ʠʭ ʩʦʩʪʦʷʥʠʷ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳè. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʨʝʜʦʡ ʷʚʣʷʝʪʩʷ ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ, ʪʦ ʝʩʪʴ 

ʢʨʠʪʝʨʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. 

8. ʈʘʚʥʦʚʝʩʠʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʨʘʟʚʠʪʠʝ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʵʪʠ ʧʦʥʷʪʠʷ ʩʚʷʟʘʥʳ ʩʦ ʩʭʦʜʠʤʦʩʪʴʶ ʘʣʛʦʨʠʪʤʦʚ. ʉʭʦʜʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʟʚʠʪʠʝ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʥʘʙʦʨʘ 

ʨʝʰʝʥʠʡ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʣʠ ʙʣʠʟʢʦʛʦ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ. ʇʨʠ ʵʪʦʤ 

ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʳʩʪʨʦʡ ʩʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʢʘʢ ʢ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ, ʪʘʢ ʠ ʢ ʥʝʢʦʪʦʨʦʤʫ ʣʦʢʘʣʴʥʦʤʫ ʵʢʩʪʨʝʤʫʤʫ, ʜʘʣʝʢʦʤʫ ʦʪ 

ʦʧʪʠʤʘʣʴʥʦʛʦ. ʅʠʟʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʩʪʴ 

ʚ ʦʙʣʘʩʪʴ ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʠ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʳʭʦʜʘ ʠʟ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦʛʦ ʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

9. ʎʝʣʴʶ ʨʦʷ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʪʘʢʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ ʚʘʨʴʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ X, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʣ ʙʳ ʥʘʠʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ f(X). 

ɼʦʩʪʠʞʝʥʠʝ ʮʝʣʠ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ, ʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 
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ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʷʟʘʥʘ ʩ ʥʘʭʦʞʜʝʥʠʝ ʙʣʠʟʢʠʭ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʷʤ ʟʘ ʢʦʨʦʪʢʦʝ 

ʚʨʝʤʷ ʚ ʪʝʭ ʟʘʜʘʯʘʭ, ʛʜʝ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʥʝʧʨʠʤʝʥʠʤʳ ʠʣʠ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ ʢʨʘʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʩʣʝʜʫʶʱʝʝ. ʈʀ ʠʩʧʦʣʴʟʫʝʪ ʤʥʦʞʝʩʪʚʦ ʯʘʩʪʠʮ ʢʘʢ ʵʣʝʤʝʥʪʳ; ʧʨʘʚʠʣʘ ʠʭ 

ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʢ ʧʨʘʚʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʈʀ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚʘ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤʳ ʈʀ ʷʚʣʷʶʪʩʷ 

ʵʚʨʠʩʪʠʯʝʩʢʠʤʠ, ʠʭ ʨʘʙʦʪʘ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘʢʦʥʝʮ, ʘʣʛʦʨʠʪʤ ʈʀ ʠʤʝʝʪ ʥʝʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʥʘʜʩʠʩʪʝʤʦʡ. ʀʟ ʜʘʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʰʝʩʪʴ ʢʣʶʯʝʚʳʭ ʧʦʥʷʪʠʡ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

1. ʄʥʦʞʝʩʪʚʦ ʯʘʩʪʠʮ S. 

2. ʉʨʝʜʩʪʚʦ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ M. 

3. ɸʣʛʦʨʠʪʤ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ A. 

4. ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ P. 

5. ɺʭʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʠʟʚʥʝ I. 

6. ɺʳʭʦʜ ʜʣʷ ʦʪʧʨʘʚʢʠ ʜʘʥʥʳʭ ʚʦʚʥʝ O. 

 

2.1.3. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʨʦʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ 

 

ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ʈʀ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ. 

1. ɻʝʥʝʨʘʮʠʷ ʥʘʯʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʯʘʩʪʠʮ. ʅʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʥʜʦʤʠʟʘʮʠʠ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʯʘʩʪʠʮʳ. ʅʦʤʝʨ ʠʪʝʨʘʮʠʠ j=1. 

2. ɺʳʯʠʩʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʢʘʢ ʬʫʥʢʮʠʠ ʦʪ ʧʦʟʠʮʠʠ 

ʯʘʩʪʠʮ rf(Xij). ɼʣʷ ʦʪʜʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʪʘʢʠʭ ʢʘʢ, ʘʣʛʦʨʠʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ, 

ʚʳʯʠʩʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ ʜʣʷ ʥʠʭ 

ʚʪʦʨʦʡ ʰʘʛ ʥʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ʧʨʦʧʫʩʢʘʝʪʩʷ. 
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3. ʇʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮ (ʤʠʛʨʘʮʠʷ). ʅʘ ʵʪʦʤ ʰʘʛʝ ʨʝʘʣʠʟʫʝʪʩʷ ʛʣʘʚʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ï ʚʳʧʦʣʥʝʥʠʝ ʢʘʞʜʦʡ ʯʘʩʪʠʮʝʡ ʩʚʦʠʭ 

ʜʝʡʩʪʚʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ:  

- ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʘʚʠʣ ʠ ʦʧʳʪʘ; 

- ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʜʨʫʛʠʤʠ ʯʘʩʪʠʮʘʤʠ ʨʦʷ; 

- ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

4. ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʟʘʚʝʨʰʝʥʠʷ. ɽʩʣʠ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʝʥʦ, ʧʨʦʮʝʩʩ 

ʟʘʚʝʨʰʘʝʪʩʷ, ʟʥʘʯʝʥʠʝ Xfinal
best ʙʫʜʝʪ ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʠʥʘʯʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ 2 (ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʝʨʘ ʠʪʝʨʘʮʠʠ j ʥʘ ʝʜʠʥʠʮʫ).  

ʋʩʣʦʚʠʝ ʟʘʚʝʨʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʛʦ 

ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ, ʠʣʠ ʦʙʥʘʨʫʞʝʥʠʝʤ ʨʝʰʝʥʠʷ ʥʝ ʭʫʞʝ ʫʢʘʟʘʥʥʦʛʦ ʢʘʢ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ, ʠʣʠ ʩʪʘʛʥʘʮʠʝʡ ʧʦʠʩʢʘ (Xj
best ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ ʘʣʛʦʨʠʪʤʘ). 

ɸʥʘʣʠʟ ʪʨʝʪʴʝʛʦ ʰʘʛʘ ʘʣʛʦʨʠʪʤʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʦʪʥʦʩʠʪʩʷ ʣʠ ʦʥ ʢ 

ʘʣʛʦʨʠʪʤʘʤ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʘʭ, ʚ ʬʦʨʤʫʣʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʦʚʝʜʝʥʠʝ ʯʘʩʪʠʮ, ʝʩʪʴ ʣʠʙʦ ʵʣʝʤʝʥʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʥʘʠʣʫʯʰʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ, ʥʘʡʜʝʥʥʳʤʠ ʚʩʝʤ ʨʦʝʤ, ʣʠʙʦ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ 

ʧʦʟʠʮʠʷ ʯʘʩʪʠʮ ʨʦʷ (ʮʝʥʪʨ ʪʷʞʝʩʪʠ), ʛʜʝ ʚʝʩʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʟʥʘʯʝʥʠʶ 

ʢʨʠʪʝʨʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʟʠʮʠʠ ʯʘʩʪʠʮʳ. ʊʘʢ, ʚ ʘʣʛʦʨʠʪʤʝ ʨʦʷ ʯʘʩʪʠʮ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʠʣʫʯʰʝʝ 

ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʚʩʝʭ ʯʘʩʪʠʮ ʠ ʚʩʝʭ ʚʳʧʦʣʥʝʥʥʳʭ ʠʪʝʨʘʮʠʡ Xj
best, ʚ ʘʣʛʦʨʠʪʤʝ ʨʦʷ 

ʧʯʝʣ ï ʥʝʩʢʦʣʴʢʦ ʥʘʠʣʫʯʰʠʭ ʧʦʟʠʮʠʡ ʯʘʩʪʠʮ, ʚ ʦʙʝʟʴʷʥʴʝʤ ʧʦʠʩʢʝ ï ʮʝʥʪʨ ʪʷʞʝʩʪʠ. 

ɺ ʘʣʛʦʨʠʪʤʝ ʤʫʨʘʚʴʠʥʦʡ ʢʦʣʦʥʠʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʬ, ʚʝʩʘ ʜʫʛ 

ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʯʘʩʪʠʮ ʧʦ ʥʝʤʫ.  

ɺ ʦʪʣʠʯʠʠ ʦʪ ʨʦʝʚʦʛʦ ʧʨʠʥʮʠʧʘ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ, ʚ ɻʚʦʣʶʮʠʦʥʥʳʭ 

ʘʣʛʦʨʠʪʤʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʩʚʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʚʤʝʩʪʦ ʥʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʮʝʩʩ ʦʪʙʦʨʘ ʨʝʰʝʥʠʡ ʩ ʥʘʠʣʫʯʰʠʤ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ. 
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2.1.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʦʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ 

 

ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʘ ʈʀ ʠ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, 

ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʠʥʪʝʨʬʝʡʩ ʠ ʘʣʛʦʨʠʪʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʨʠʩʫʥʦʢ 2.1). ʇʦʜ 

ʤʦʜʝʣʴʶ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʦʥʠʤʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠʣʠ ʧʨʦʛʨʘʤʤʥʘʷ 

ʤʦʜʝʣʴ, ʥʘ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ (ʘʣʴʪʝʨʥʘʪʠʚ). ʄʦʜʝʣʴʶ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʦʙʲʝʢʪ, ʥʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʘʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

1. ɸʣʛʦʨʠʪʤ ʈʀ ʧʦʣʫʯʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʯʝʨʝʟ 

ʚʭʦʜ Idim. ʕʪʘ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʥʫ ʚʝʢʪʦʨʘ X. 

2. ɸʣʛʦʨʠʪʤ ʈʀ ʛʝʥʝʨʠʨʫʝʪ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ 

ʯʘʩʪʠʮ. ʂʘʞʜʘʷ ʯʘʩʪʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʠʥ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʇʦʜʨʘʟʜʝʣ 

2.3.1 ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʠʤʝʥʥʦ ʧʦʟʠʮʠʷ ʯʘʩʪʠʮʳ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʘ ʚ ʨʝʰʝʥʠʝ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ. 

3. ɺʩʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʡ ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʯʝʨʝʟ ʚʳʭʦʜ Ovar. 

4. ʇʦʣʫʯʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ (ʢʨʠʪʝʨʠʝʚ). 

5. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʘʣʛʦʨʠʪʤ ʈʀ ʯʝʨʝʟ ʚʭʦʜ Icrit.  

6. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʶʪ ʥʘ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ 2. ʃʠʙʦ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʟʘʚʝʨʰʝʥʠʷ 

ʘʣʛʦʨʠʪʤʘ, ʪʦ ʨʝʟʫʣʴʪʘʪ ʝʛʦ ʨʘʙʦʪʳ (ʥʘʠʣʫʯʰʝʝ ʥʘʡʜʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠʣʠ ʤʥʦʞʝʩʪʚʦ 

ʘʣʴʪʝʨʥʘʪʠʚ) ʧʝʨʝʜʘʝʪʩʷ ʚ ʥʘʜʩʠʩʪʝʤʫ ʯʝʨʝʟ ʚʳʭʦʜ Obest. 

ʅʘ ʨʠʩʫʥʢʝ 2.1 ʫʪʦʣʱʝʥʠʝʤ ʚʳʜʝʣʝʥʳ ʣʠʥʠʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʤʥʦʛʦʢʨʘʪʥʦ 

ʚʳʧʦʣʥʷʝʤʳʡ ʦʙʤʝʥ ʚʘʨʠʘʥʪʘʤʠ ʨʝʰʝʥʠʡ ʦʪ ʘʣʛʦʨʠʪʤʘ ʢ ʤʦʜʝʣʠ ʠ ï ʚ ʦʙʨʘʪʥʫʶ 

ʩʪʦʨʦʥʫ ï ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʨʝʰʝʥʠʡ.  

ʇʨʠʚʝʜʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʜʝʣʴ 

ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʢʨʠʪʝʨʠʷ ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʦʝʚʦʡ ʘʣʛʦʨʠʪʤ. 

ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʨʫʛ ʜʣʷ ʜʨʫʛʘ ʯʝʨʥʳʝ ʷʱʠʢʠ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʘ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʦʜʝʣʠ 

ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʨʦʝʚʳʝ 

ʘʣʛʦʨʠʪʤʳ ʢ ʨʘʟʣʠʯʥʳʤ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʤ ʟʘʜʘʯʘʤ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʝʪ ʚʥʝʩʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʥʠ ʚ ʘʣʛʦʨʠʪʤʝ, ʥʠ ʚ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʆʪʩʫʪʩʪʚʠʝ 

ʪʝʩʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ ʠ ʘʣʛʦʨʠʪʤʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ 

ʘʣʛʦʨʠʪʤʦʚ ʈʀ.  

 

2.2. ʆʧʠʩʘʥʠʷ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʝ 

 

2.2.1. ɸʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ 

 

ɸʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ (PSO ï Particle Swarm Optimization) ʙʳʣ ʠʟʥʘʯʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʩʪʘʡ ʧʪʠʮ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʝ 

[Reynolds, 1987]. ɺ 1995 ʛʦʜʫ ɼʞ. ʂʝʥʥʝʜʠ ʠ ʈ. ʕʙʝʨʭʘʨʪ ʧʨʝʜʣʦʞʠʣʠ ʵʪʦʪ ʘʣʛʦʨʠʪʤ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʝʧʨʝʨʳʚʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ [Eberhart, 1995]. ɿʘʪʝʤ 

ʘʣʛʦʨʠʪʤ ʙʳʣ ʜʦʨʘʙʦʪʘʥ ʫʢʘʟʘʥʥʳʤʠ ʘʚʪʦʨʘʤʠ ʠ ʆ. ʐʠ [Kennedy, 1995; Shi, 1998a] 

ɸʣʛʦʨʠʪʤ ʈʀ 

ʄʦʜʝʣʴ 

ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ 

Obest 

Ovar 

Idim 

Icrit 

ʅʘʡʜʝʥʥʦʝ ʥʘʠʣʫʯʰʝʝ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʣʠ 

ʤʥʦʞʝʩʪʚʦ 

ʘʣʴʪʝʨʥʘʪʠʚ 

ʄʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ 

ʟʘʜʘʯʠ 

ɿʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʠ 

ʚʳʧʦʣʥʠʤʦʩʪʴ ʦʛʨʘʥʠʯʝʥʠʡ 

ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʨʝʰʝʥʠʡ  

ʈʘʟʤʝʨʥʦʩʪʴ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ 

ʟʘʜʘʯʠ 
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ʜʦ ʪʦʡ ʚʝʨʩʠʠ, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ 

ʚ ʨʘʟʜʝʣʝ 1, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ ʘʣʛʦʨʠʪʤʘ, ʥʦ ʥʠ ʦʜʥʘ ʠʟ ʥʠʭ ʥʝ 

ʩʪʘʣʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʱʝʧʨʠʥʷʪʦʡ, ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ.  

ʉʪʘʷ ʧʪʠʮ ʜʝʡʩʪʚʫʝʪ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʦ, ʪʘʢ ʢʘʢ ʦʜʥʦʡ ʧʪʠʮʝ ʩʣʦʞʥʦ ʙʳʩʪʨʦ 

ʥʘʡʪʠ ʠʩʪʦʯʥʠʢʠ ʧʠʱʠ, ʪʦʣʴʢʦ ʝʩʣʠ ʧʪʠʮʳ ʙʫʜʫʪ ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ, ʚʩʷ 

ʩʪʘʷ ʩʤʦʞʝʪ ʚʳʞʠʪʴ. ɺ ʘʣʛʦʨʠʪʤʝ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʦʙʱʘʷ ʧʘʤʷʪʴ, ʩʫʪʴ ʢʦʪʦʨʦʡ ʚ ʪʦʤ, ʯʪʦ, ʥʘʠʣʫʯʰʝʝ 

ʨʝʰʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʨʦʝʤ, ʠʟʚʝʩʪʥʦ ʚʩʝʤ ʝʛʦ ʯʘʩʪʠʮʘʤ. 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʈʀ (ʧʦʜʨʘʟʜʝʣ 2.1), ʘʣʛʦʨʠʪʤ ʨʦʷ 

ʯʘʩʪʠʮ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ PSO = { S, M, A, P, I, O}.  

ʄʥʦʞʝʩʪʚʦ ʯʘʩʪʠʮ S = { s1, s2,é,s|S|}, |S| ï ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ. ʅʘ j-ʡ 

ʠʪʝʨʘʮʠʠ i-ʷ ʯʘʩʪʠʮʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ sij = { Xij,Vij, X
best

ij}, ʛʜʝ Xij={ x1
ij, 

x2
ij,é, xl

ij,}  ï ʚʝʢʪʦʨ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ),  

Vij = { v1
ij,v

2
ij,é, v

l
ij}  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮʳ, Xbest

ij = {b1
ij, b

2
ij,é, b

l
ij} ï ʥʘʠʣʫʯʰʝ 

ʧʦ ʟʥʘʯʝʥʠʶ ʬʠʪʥʝʩʩ-ʬʫʥʢʮʠʠ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ ʩʨʝʜʠ ʚʩʝʭ ʧʦʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʦʥʘ ʟʘʥʠʤʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʦʪ 1-ʡ ʜʦ j-ʡ ʠʪʝʨʘʮʠʡ, l ï ʢʦʣʠʯʝʩʪʚʦ 

ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʉʨʝʜʩʪʚʦ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ M = Xj
best ï 

ʥʘʠʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʩʨʝʜʠ ʚʩʝʭ ʯʘʩʪʠʮ ʦʪ 1-ʡ ʜʦ j-ʡ ʠʪʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ. ʕʪʦʪ ʚʝʢʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʩʚʝʥʥʳʡ ʦʙʤʝʥ ʦʧʳʪʦʤ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. 

ɸʣʛʦʨʠʪʤ A ʦʧʠʩʳʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ 

ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩ ʥʝʢʦʪʦʨʳʤʠ ʜʦʧʦʣʥʝʥʠʷʤʠ, ʚʚʝʜʝʥʥʳʤʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

1. ɻʝʥʝʨʘʮʠʷ ʥʘʯʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʯʘʩʪʠʮ (j=1): 

ὢ ὙὲὨπȠρȟὭ ρȟȢȢȟȿὛȿ , 

ὠ ὙὲὨɼȠɼȟὭ ρȟȢȢȟȿὛȿ , 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʚʦʜʠʪʩʷ ʥʘʩʪʨʘʠʚʘʝʤʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʯʘʩʪʠʮ.  

ὢ ὢȟὭ ρȟȢȢȟȿὛȿ . 
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ʇʨʦʠʟʚʦʣʴʥʦ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʣʫʯʰʘʷ ʧʦʟʠʮʠʷ (ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʬʠʪʥʝʩʩ-

ʬʫʥʢʮʠʡ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʘʠʣʫʯʰʘʷ ʧʦʟʠʮʠʷ): 

ὢ ὢ  . 

2. ɺʳʯʠʩʣʝʥʠʝ ʬʠʪʥʝʩʩ-ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ. ʆʙʥʦʚʣʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ὢ . 

ὢ ὢȟὪὢ Ὢὢ  ȟὭ ρȟȢȢȟȿὛȿ ,    

ɺʳʯʠʩʣʝʥʠʝ f(X) ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ, ʩ ʧʦʤʦʱʴʶ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʧʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (Ovar, Icrit) (ʨʠʩʫʥʦʢ 2.1). 

3. ʇʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ:  

ὠ ὠʖ ɻ ὢ ὢ ὙὲὨπȠρ 

ɻ ὓ ὢ ὙὲὨπȠρȟὭ ρȟȢȢȟȿὛȿ          , (2.1) 

ὠ ÃÌÁÍÐὠ ȠɼȠɼȟὭ ρȟȢȢȟȿὛȿ , 

ὢ  ÃÌÁÍÐὢ ὠ ȠπȠρȟὭ ρȟȢȢȟȿὛȿ , 

4. ɽʩʣʠ ʥʘ j-ʦʡ ʠʪʝʨʘʮʠʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʦʩʪʘʥʦʚʢʠ, ʪʦ ʟʥʘʯʝʥʠʝ ὢ

 ὢ  ʧʦʜʘʝʪʩʷ ʥʘ ʚʳʭʦʜ Obest. ʀʥʘʯʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʠʪʝʨʘʮʠʠ 2. 

ɺʝʢʪʦʨ P = {Ŭ1, Ŭ2, ɤ, ɓ} ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. ʂʦʵʬʬʠʮʠʝʥʪʳ Ŭ1 ʠ Ŭ2 

ʦʧʨʝʜʝʣʷʶʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʝʧʝʥʴ ʫʯʝʪʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʛʨʫʧʧʦʚʦʛʦ ʦʧʳʪʘ 

ʯʘʩʪʠʮ. ʂʦʵʬʬʠʮʠʝʥʪ ɤ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʝʨʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʚʚʝʩʪʠ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʯʘʩʪʠʮ, ʢʦʵʬʬʠʮʠʝʥʪ ɓ. ɺ ʦʨʠʛʠʥʘʣʴʥʦʤ ʘʣʛʦʨʠʪʤʝ ʨʦʷ ʯʘʩʪʠʮ [Eberhart, 1995], ʘ 

ʪʘʢʞʝ ʨʘʙʦʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ [Pedersen, 

2010a; Pedersen, 2010b; Shi, 1998b] ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʨʘʟʤʝʨʦʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ, ʪʘʢ ʯʪʦ ʟʘ ʦʜʠʥ ʰʘʛ ʯʘʩʪʠʮʘ ʤʦʞʝʪ 

ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠ ̫ʢʦʦʨʜʠʥʘʪʳ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ. ʆʜʥʘʢʦ, 

ʢʦʛʜʘ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʧʦʚʳʰʘʝʪʩʷ 
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ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʧʫʩʢʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ. ɺʚʝʜʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʩʥʠʞʘʝʪ ʨʠʩʢ ʧʨʦʧʫʩʢʘ 

ʦʢʨʝʩʪʥʦʩʪʠ ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʦʜʭʦʜ ʥʝ ʫʩʣʦʞʥʷʪ ʘʣʛʦʨʠʪʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʦ 

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʩʢʦʨʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ [Fan, 2002]. ʅʦ ʥʘ ʙʦʣʝʝ 

ʧʦʟʜʥʠʭ ʠʪʝʨʘʮʠʷʭ ʘʣʛʦʨʠʪʤʘ ʯʘʩʪʠʮʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠ ʥʝ ʨʘʟʛʦʥʷʶʪʩʷ ʜʦ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʝʡ, ʪʘʢ ʢʘʢ ʨʘʟʥʦʩʪʠ (Xij
best ï Xij) ʠ (M ï Xij) ʚ ʚʳʨʘʞʝʥʠʠ (2.1) ʫʤʝʥʴʰʘʶʪʩʷ, 

ʢʦʛʜʘ ʯʘʩʪʠʮʳ ʨʦʷ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʧʦʤʦʛʘʝʪ ʠʟʙʝʛʘʪʴ ʧʨʦʧʫʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʦʧʪʠʤʫʤʦʚ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʠʪʝʨʘʮʠʷʭ ʘʣʛʦʨʠʪʤʘ, ʧʦʢʘ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʚʳʩʦʢʠ. ɽʩʣʠ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ɓ ʨʘʚʝʥ 

ʝʜʠʥʠʮʝ, ʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʨʦʷ 

ʯʘʩʪʠʮ.  

2.2.2. ɸʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ 

 

ɸʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ (Ant Colony Optimization ï ACO) ʧʨʝʜʣʦʞʝʥ ʚ 

ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʛʦʜʫ ʙʝʣʴʛʠʡʩʢʠʤ ʫʯʝʥʳʤ ʄʘʨʢʦ ɼʦʨʠʛʦ [Dorigo, 1996; 2006]. 

ʄʫʨʘʚʴʠ ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʠʭ ʧʫʪʝʡ ʩ ʧʦʤʦʱʴʶ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʙʘʟʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ [Dorigo, 1996; ʐʪʦʚʙʘ, 2003]. 

ʄʫʨʘʚʝʡ ʧʨʠ ʩʚʦʝʤ ʜʚʠʞʝʥʠʠ ʦʩʪʘʚʣʷʝʪ ʦʩʦʙʳʝ ʚʝʱʝʩʪʚʘ ï ʬʝʨʦʤʦʥ.r ɼʨʫʛʠʝ 

ʤʫʨʘʚʴʠ ʨʝʘʛʠʨʫʶʪ ʥʘ ʵʪʠ ʚʝʱʝʩʪʚʘ, ʪʘʢ ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʧʫʪʠ 

ʧʨʦʰʣʦ ʤʫʨʘʚʴʝʚ, ʪʝʤ ʩʠʣʴʥʝʝ ʟʘʧʘʭ ʥʘ ʥʝʤ, ʠ ʪʝʤ ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʤʫʨʘʚʝʡ 

ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʪʦʤʫ ʞʝ ʧʫʪʠ. ʄʫʨʘʚʴʠ, ʥʘʰʝʜʰʠʝ ʧʫʪʴ, ʦʪʥʠʤʘʶʱʠʡ ʤʝʥʴʰʝ 

ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʦʪ ʤʫʨʘʚʝʡʥʠʢʘ ʜʦ ʠʩʪʦʯʥʠʢʘ ʧʠʱʠ, ʫʩʧʝʚʘʶʪ ʧʨʦʡʪʠ ʧʦ 

ʥʝʤʫ ʯʘʱʝ, ʧʦʵʪʦʤʫ ʠʭ ʤʘʨʰʨʫʪ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʟʘʤʝʪʥʳʤ ʠ ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʫʨʘʚʴʝʚ. ʄʝʥʝʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʫʪʠ ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʶʪ 

ʟʘʧʘʭ, ʪʦ ʝʩʪʴ ʧʨʦʧʘʜʘʶʪ. ɸʣʛʦʨʠʪʤ ʩʚʦʜʠʪʩʷ ʢ ʦʙʭʦʜʫ ʚʟʚʝʰʝʥʥʦʛʦ ʛʨʘʬʘ, ʜʫʛʠ 

ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʧʘʨʘʤʝʪʨ, ʥʘʟʳʚʘʝʤʳʡ ʬʝʨʦʤʦʥʦʤ ʠʣʠ ʢʦʣʠʯʝʩʪʚʦʤ ʬʝʨʦʤʦʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʣʝʞʠʪ ʢʦʩʚʝʥʥʳʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ ʯʝʨʝʟ ʦʩʦʙʫʶ ʩʨʝʜʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚʟʚʝʰʝʥʥʳʤ ʛʨʘʬʦʤ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʜʘʯʫ 
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ʚ ʚʠʜʝ ʥʘʭʦʞʜʝʥʠʷ ʢʨʘʪʯʘʡʰʝʛʦ ʤʘʨʰʨʫʪʘ ʥʘ ʚʟʚʝʰʝʥʥʦʤ ʛʨʘʬʝ. ʂʣʘʩʩʠʯʝʩʢʠʡ 

ʤʫʨʘʚʴʠʥʳʡ ʘʣʛʦʨʠʪʤ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʰʝʥʠʝ ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ 

ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʦʵʪʦʤʫ ʚʝʢʪʦʨʦʤ ʫʧʨʘʚʣʷʝʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʟʣʦʚ ʛʨʘʬʘ ʢʘʢ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦ 

ʥʝʢʦʪʦʨʦʤʫ ʢʨʠʪʝʨʠʶ ʤʘʨʰʨʫʪ. 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʈʀ (ʧʦʜʨʘʟʜʝʣ 2.1), ʘʣʛʦʨʠʪʤ ʨʦʷ 

ʯʘʩʪʠʮ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ACO = { S, M, A, P, I, O}.  

ʄʥʦʞʝʩʪʚʦ ʯʘʩʪʠʮ (ʤʫʨʘʚʴʝʚ) S = { s1, s2,é,s|S|}, |S| ï ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ. ʅʘ 

j-ʡ ʠʪʝʨʘʮʠʠ i-ʷ ʯʘʩʪʠʮʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ sij = { Xij,Tij,}, ʛʜʝ Xij = { x1
ij, 

x2
ij,é, x

l
ij}  ï ʚʝʢʪʦʨ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʟʣʦʚ ʛʨʘʬʘ), Tij 

= { t1ij,t
2
ij,é, t

l
ij}  ï ʚʝʢʪʦʨ ʙʫʣʝʚʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʙʳʣ ʣʠ l-ʡ ʫʟʝʣ 

ʧʦʩʝʱʝʥ i-ʡ ʯʘʩʪʠʮʝʡ ʥʘ j-ʡ ʠʪʝʨʘʮʠʠ (ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚʩʝ ʝʛʦ 

ʢʦʤʧʦʥʝʥʪʳ ʨʘʚʥʳ 0). 

ʉʨʝʜʩʪʚʦʤ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʩʣʫʞʠʪ 

ʛʨʘʬ M = { F, R}, ʢʘʞʜʘʷ ʜʫʛʘ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʜʚʘ ʚʝʩʘ: ʧʝʨʝʤʝʥʥʳʡ ʠ ʧʦʩʪʦʷʥʥʳʡ. 

ʇʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʞʝʪ ʠ ʥʝ ʙʳʪʴ. ɺ ʟʘʜʘʯʘʭ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʠʭ ʧʫʪʝʡ, 

ʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ. 

ʇʦʵʪʦʤʫ ʛʨʘʬ ʄ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʛʨʘʬʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʥʦ ʨʘʟʥʳʤʠ ʚʝʩʘʤʠ ʜʫʛ (F ʠ R): 

F = 

ʐ Ễ ʐ
ể Ệ ể
ʐ Ễ ʐ

 , R = 

ὶ Ễ ὶ
ể Ệ ể
ὶ Ễ ὶ

 , 

ʛʜʝ Űk1k2 ï ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʦʤʦʥʘ ʥʘ ʜʫʛʝ, ʩʦʝʜʠʥʷʶʱʝʡ k1-ʡ ʠ k2-ʡ ʫʟʣʳ ʛʨʘʬʘ F, rk1k2 

ï ʚʝʩ (ʜʣʠʥʘ) ʜʫʛʠ, ʩʦʝʜʠʥʷʶʱʝʡ k1-ʡ ʠ k2-ʡ ʫʟʣʳ ʛʨʘʬʘ R, ʧʨʠ ʵʪʦʤ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

Űk1k2 Í Űk2k1 ʠ rk1k2 Í rk2k1. 

ɸʣʛʦʨʠʪʤ ɸ ʦʧʠʩʳʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮ. 

1. ɻʝʥʝʨʘʮʠʷ ʥʘʯʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʯʘʩʪʠʮ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ, ʢʘʞʜʘʷ 

ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʘ ʚ ʩʣʫʯʘʡʥʦʤ ʫʟʣʝ ʛʨʘʬʘ ʠʣʠ ʚ ʟʘʜʘʥʥʦʤ. ɽʩʣʠ ʯʘʩʪʠʮʘ 

ʧʦʤʝʱʝʥʘ ʚ ʫʟʝʣ k, ʪʦ 

x1
i1=k, tki1=1. 
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ʅʘ ʢʘʞʜʫʶ ʜʫʛʫ ʥʘʥʦʩʠʪʩʷ ʥʝʢʦʪʦʨʦʝ ʥʝʥʫʣʝʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʦʤʦʥʘ 

Űij = Űmin . 

2. ʇʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ. ɺ ʘʣʛʦʨʠʪʤʝ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʥʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ 

(j = 1) ʚʪʦʨʦʡ ʰʘʛ ʧʨʦʧʫʩʢʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ. 

ɼʣʷ ʧʨʦʯʠʭ ʰʘʛʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʜʝʡʩʪʚʠʷ:  

- ʚʳʯʠʩʣʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ: Ὢὢ ȟὭ ρȟȢȢȟȿὛȿ, ʆʙʥʦʚʣʝʥʠʝ 

ʥʘʠʣʫʯʰʝʛʦ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ὢ . 

- ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʦʤʦʥʘ, ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʥʘʥʝʩʪʠ ʥʘ ʜʫʛʫ, 

ʩʦʝʜʠʥʷʶʱʫʶ ʫʟʣʳ k1 ʠ k2 (ʬʝʨʦʤʦʥ ʜʣʷ i-ʡ ʯʘʩʪʠʮʳ ʥʘʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʥʘ ʪʝ ʜʫʛʠ, 

ʢʦʪʦʨʳʝ ʚʦʰʣʠ ʚ ʤʘʨʰʨʫʪ Xij): 

Ў†

ɾ

Ὢὢ
ȟ̃ ὢ Ὧ ̒̌̆̅̔̆̓ ̒̑́̈̔ ̈ ́Ὧ

πȟ̉ ̘̎́̆

                     ςȢς 

† † Ў†  

ȟὭ ρȟȢȢȟȿὛȿ , k1=1,.., l , k1=1,.., l 

- ʫʩʠʣʝʥʠʝ ʬʝʨʦʤʦʥʘ ʥʘ ʥʘʠʣʫʯʰʝʤ ʠʟʚʝʩʪʥʦʤ ʧʫʪʠ: 

ʐ ÍÉÎʐ Ͻ ʇȟʐ  

- ʧʝʨʝʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʦʤʦʥʘ ʥʘ ʚʩʝʤ ʛʨʘʬʝ ʩ ʫʯʝʪʦʤ ʠʩʧʘʨʝʥʠʷ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ: 

ʃ ʍϽʐ Ўʐ ȟὯ ρȟȢȢȟὰȟὯ ρȟȢȢȟὰ ȟ 

ʐ
ʃȟʃ ʐ
ʐ ȟʃ ʐ

. 

3. ʇʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ. ɺ ʢʘʞʜʦʤ ʫʟʣʝ k ʯʘʩʪʠʮʘ ʚʳʙʠʨʘʝʪ, ʚ ʢʘʢʦʡ ʠʟ ʝʱʝ 

ʥʝ ʧʦʩʝʱʝʥʥʳʭ ʫʟʣʦʚ ʧʝʨʝʡʪʠ. ʇʨʠ ʵʪʦʤ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʚ m-ʡ ʫʟʝʣ ʨʘʚʥʘ 

(ʠʥʜʝʢʩʳ i ʠ j, ʦʧʨʝʜʝʣʷʶʱʠʝ ʯʘʩʪʠʮʫ ʠ ʠʪʝʨʘʮʠʶ, ʟʜʝʩʴ ʦʧʫʱʝʥʳ): 

  
Ͻ

В Ͻȟ

 ȟὸ π

πȟὸ ρ

 .       (2.3) 
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ɿʜʝʩʴ h(rkm) ï ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ ʦʪ ʚʝʩʘ ʜʫʛʠ, ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ  

h(rkm) = rkm . 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʨʦʟʳʛʨʳʰʘ ʧʦ ʞʨʝʙʠʶ 

ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ, ʚ ʢʘʢʦʡ ʫʟʝʣ m ʜʦʣʞʥʘ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʯʘʩʪʠʮʘ. ʇʨʠ ʵʪʦʤ 

tm = 1, ʥʦʤʝʨ ʫʟʣʘ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʤʘʨʰʨʫʪ ʯʘʩʪʠʮʳ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʭʦʜʘ ʚʝʢʪʦʨ 

ʧʦʩʝʱʝʥʥʳʭ ʫʟʣʦʚ T ʦʙʥʫʣʷʝʪʩʷ. 

4. ɽʩʣʠ ʥʘ j-ʦʡ ʠʪʝʨʘʮʠʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʦʩʪʘʥʦʚʢʠ, ʪʦ ʟʥʘʯʝʥʠʝ ὢ

 ὢ  ʧʦʜʘʝʪʩʷ ʥʘ ʚʳʭʦʜ Obest. ʀʥʘʯʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʠʪʝʨʘʮʠʠ 2. 

ɺʝʢʪʦʨ P = {Ŭ, ɓ, ɔ, ɚ, ɟ} ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʣʛʦʨʠʪʤʘ. ʂʦʵʬʬʠʮʠʝʥʪ Ŭ ʚʣʠʷʝʪ 

ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʬʝʨʦʤʦʥʘ ʥʘ ʜʫʛʝ ʠ ʚʝʨʦʷʪʥʦʩʪʴʶ ʝʝ ʚʳʙʦʨʘ 

ʯʘʩʪʠʮʝʡ. ʂʦʵʬʬʠʮʠʝʥʪ ɓ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʚʝʩʘ ʜʫʛʠ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʝʝ 

ʚʳʙʦʨʘ. ʂʦʵʬʬʠʮʠʝʥʪ ɔ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʬʝʨʦʤʦʥʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ɚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʚʣʝʯʝʥʠʶ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʢ 

ʥʘʠʣʫʯʰʝʤʫ ʥʘʡʜʝʥʥʦʤʫ ʨʝʰʝʥʠ,ʁ ʢʘʢ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ. ʂʦʵʬʬʠʮʠʝʥʪ ɛ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʣʠʥʝʡʥʦʩʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʬʝʨʦʤʦʥʘ, ʥʘʥʦʩʠʤʦʛʦ ʥʘ ʜʫʛʠ ʤʘʨʰʨʫʪʘ 

ʦʪ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʦʙʭʦʜʝ ʛʨʘʬʘ ʧʦ ʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ. 

ʂʦʵʬʬʠʮʠʝʥʪ ɟ ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʷʝʤʦʩʪʠ ʬʝʨʦʤʦʥʘ.  

 

2.2.3. ɸʣʛʦʨʠʪʤ ʨʦʷ ʩʚʝʪʣʷʯʢʦʚ 

 

ɸʣʛʦʨʠʪʤ ʩʚʝʪʣʷʯʢʦʚ (FireFly), ʢʘʢ ʠ ʚʩʝ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʤʝʱʝʥʠʠ ʯʘʩʪʠʮ (ʩʚʝʪʣʷʯʢʦʚ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. ɹʳʣ 

ʧʨʝʜʣʦʞʝʥ ʚ 2008 ʛʦʜʫ ʐ. ʗʥʛʦʤ [Yang, 2010b]. ʇʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ 

ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʩʚʝʪʣʷʯʢʦʚ, ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʚʠʜʠʪ 

çʩʚʝʪè ʦʪ ʩʚʦʠʭ ʩʦʩʝʜʝʡ, ʥʦ ʷʨʢʦʩʪʴ çʩʚʝʪʘè ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ. ʏʘʩʪʠʮʘ ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ ʩʦʩʝʜʝʡ ʩ ʣʫʯʠhʤ, ʯʝʤ ʫ ʥʝʝ, ʟʥʘʯʝʥʠʝʤ 

ʢʨʠʪʝʨʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʠ ʚʦ ʚʩʝʭ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʘʭ, ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʯʘʩʪʠʮ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʦʭʘʩʪʠʯʥʦʩʪʴ. 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʈʀ (ʧʦʜʨʘʟʜʝʣ 2.1), ʘʣʛʦʨʠʪʤ ʩʚʝʪʣʷʢʦʚ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ FFO = {S, M, A, P, I, O}.  
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ʄʥʦʞʝʩʪʚʦ ʯʘʩʪʠʮ (ʩʚʝʪʣʷʯʢʦʚ) S = {s1, s2,é,s|S| }, |S| ï ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ. 

ʅʘ j-ʡ ʠʪʝʨʘʮʠʠ i-ʷ ʯʘʩʪʠʮʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ sij = {Xij }, ʛʜʝ Xij={x1
ij, 

x2
ij,é, x

l
ij} ï ʚʝʢʪʦʨ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ), l ï ʢʦʣʠʯʝʩʪʚʦ 

ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʉʨʝʜʩʪʚʦʤ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʩʣʫʞʠʪ 

ʚʝʢʪʦʨ M = { f(X1j), f(X2j),é, f(X|s|j)} ï ʷʨʢʦʩʪʠ ʩʚʝʯʝʥʠʡ ʯʘʩʪʠʮ. ʉʚʝʯʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʕʪʦʪ ʚʝʢʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʩʚʝʥʥʳʡ 

ʦʙʤʝʥ ʦʧʳʪʦʤ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. 

ɸʣʛʦʨʠʪʤ A ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮ. 

1. ɻʝʥʝʨʘʮʠʷ ʥʘʯʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʯʘʩʪʠʮ (j=1): 

ὢ ὙὲὨπȠρȟὭ ρȟȢȢȟȿὛȿ . 

ʇʨʦʠʟʚʦʣʴʥʦ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʣʫʯʰʘʷ ʧʦʟʠʮʠʷ: 

ὢ ὢ  . 

2. ɺʳʯʠʩʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʦ ʢʘʞʜʦʡ ʯʘʩʪʠʮʝ. ʆʙʥʦʚʣʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ 

ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ὢ . 

ά  Ὢὢ ȟὭ ρȟȣȟȿὛȿ 

ɺʳʯʠʩʣʝʥʠʝ f(X) ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʜʘʯʠ, ʢʫʜʘ ʠʟ 

ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʫʧʘʶʪ ʚʝʢʪʦʨʳ Xij , ʘ ʨʝʟʫʣʴʪʘʪʳ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʘʣʛʦʨʠʪʤ 

3. ʇʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ.  

ὢ ὢ ὺὢȟὢ ᶻὢ  ὢ  z ὙὲὨρȠρ ȟ 

ὭȟὯ ρȟȣȟȿὛȿȟὭ Ὧȟ  

ὢὭὮρ  ÃÌÁÍÐὢὭὮὠὭὮρȠπȠρȟὭ ρȟȢȢȟȿὛȿ 

ʌʫʥʢʮʠʷ v(Xij, Xkj) ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʪʷʛʘʪʝʣʴʥʦʩʪʴ k-ʦʡ ʯʘʩʪʠʮʳ ʜʣʷ j-ʡ ʯʘʩʪʠʮʳ 

ʥʘ j-ʡ ʠʪʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ: 

ὺὢȟὢ

ɼ

ρ ɾὶὢȟὢ
ȟά ά

πȟ Ὢὢ Ὢὢ

ȟὭ ρȟȣȟȿὛȿ 

ʛʜʝ r(Xij, Xkj) ï ʜʝʢʘʨʪʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ.   
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4. ɽʩʣʠ ʥʘ j-ʦʡ ʠʪʝʨʘʮʠʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʦʩʪʘʥʦʚʢʠ, ʪʦ ʟʥʘʯʝʥʠʝ ὢ  

ʧʦʜʘʝʪʩʷ ʥʘ ʚʳʭʦʜ O. ʀʥʘʯʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʠʪʝʨʘʮʠʠ 3.2. 

ɺʝʢʪʦʨ P = {Ŭ, ɓ, ɔ} ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʣʛʦʨʠʪʤʘ. ʂʦʵʬʬʠʮʠʝʥʪ Ŭ ʚʣʠʷʝʪ ʥʘ 

ʫʨʦʚʝʥʴ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ, ʯʝʤ ʦʥ ʥʠʞʝ, ʪʝʤ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ 

ʙʦʣʝʝ ʦʧʨʝʜʝʣʝʥʦ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦ. ʂʦʵʬʬʠʮʠʝʥʪ rɓ ʠ ɔ ʦʧʨʝʜʝʣʷʁ ʪ ʩʪʝʧʝʥʴ 

ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʇʨʠ ʥʫʣʝʚʦʤ 

ʟʥʘʯʝʥʠʠ ɓ ʘʣʛʦʨʠʪʤ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʩʣʫʯʘʡʥʳʡ ʧʦʠʩʢ. ʇʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ɔ 

ʨʘʩʩʪʦʷʥʠʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʠʪʷʞʝʥʠʝ ʯʘʩʪʠʮ, ʘ ʯʝʤ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ɔ, ʪʝʤ 

ʙʳʩʪʨʝʝ ʫʙʳʚʘʝʪ ʩʪʝʧʝʥʴ ʧʨʠʪʷʞʝʥʠʷ ʯʘʩʪʠʮ ʩ ʨʦʩʪʦʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

 

2.2.4. ɸʣʛʦʨʠʪʤ ʢʦʩʷʢʘ ʨʳʙ 

 

ɸʣʛʦʨʠʪʤ ʢʦʩʷʢʘ ʨʳʙ (Fish School Search, FSS) ʩʦʟʜʘʥ ʚ 2008 ʛ. ɹ. ʌʠʣʦ ʠ ʃ. 

ʅʝʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʳʙ ʚ ʢʦʩʷʢʝ.  

ʂʘʞʜʘʷ ʯʘʩʪʠʮʘ ʚʳʧʦʣʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʧʝʨʝʤʝʱʝʥʠʡ:  

- ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʧʳʪʘ; 

- ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʘ ʚʩʝʛʦ ʨʦʷ.  

ʇʝʨʝʤʝʱʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʘ ʨʦʷ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʬʘʟ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ, ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʷʭ ʥʘʧʨʷʤʫʶ ʫʯʠʪʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʣʠʰʴ 

ʧʨʦʰʣʦʡ ʠʪʝʨʘʮʠʠ. ɺʘʞʥʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʨʠʪʝʨʠʡ ʜʦʣʞʝʥ ʙʳʪʴ 

ʥʝʦʪʨʠʮʘʪʝʣʝʥ ʥʘ ʚʩʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ: f(X) Ó 0, X  ɴD. 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʈʀ (ʧʦʜʨʘʟʜʝʣ 2.1), ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʙʦʙʱʝʥʥʦʛʦ ʦʧʠʩʘʥʠ,̫ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʢʦʩʷʢʦʤ ʨʳʙ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ  

FSS = {S, M, A, P, I, O}.  

ʄʥʦʞʝʩʪʚʦ ʯʘʩʪʠʮ (ʨʳʙ) S = { s1, s2, é, s|S|}, |S| ï ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ. ʅʘ j-ʡ 

ʠʪʝʨʘʮʠʠ i-ʘʷ ʯʘʩʪʠʮʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ sij = { Xij, Vij, wij}, ʛʜʝ Xij = { x1
ij, 

x2
ij, é, x

l
ij}  ï ʚʝʢʪʦʨ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ), l ï ʨʘʟʤʝʨʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ, Vij = { v1
ij, v

2
ij, é, v

l
ij}  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮʳ, wij 

ï ʚʝʩ i- ʡ ʯʘʩʪʠʮʳ ʥʘ j-ʡ ʠʪʝʨʘʮʠʠ. 
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ʉʨʝʜʩʪʚʦʤ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ M ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ ʠʟ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʢʘʣʷʨʦʤ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʟʚʝʰʝʥʥʫʶ ʩʫʤʤʫ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʯʘʩʪʠʮ, ʘ ʚʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ ʜʣʠʥʦʡ l ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʟʚʝʰʝʥʥʳʡ ʮʝʥʪ ʪʷʞʝʩʪʠ ʚʩʝʛʦ ʢʦʩʷʢʘ, M = {mS
j, ʉj}.  

ɸʣʛʦʨʠʪʤ A ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮ. 

1. ɻʝʥʝʨʘʮʠʷ ʥʘʯʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʯʘʩʪʠʮ (j=1): 

ὢ ὙὲὨπȟρȟὭ ρȟȢȢȟȿὛȿ 

ύ
ύ

ς
ȟὭ ρȟȢȢȢȟȿὛȿ 

ʛʜʝ wmax ï ʦʜʠʥ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ. 

2. ɺʳʯʠʩʣʝʥʠʝ ʬʠʪʥʝʩʩ-ʬʫʥʢʮʠʡ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʥʘ ʪʝʢʫʱʝʡ j-ʡ ʠʪʝʨʘʮʠʠ: 

Ὢὢ  Ὥ ρȟȢȢȢȟȿὛȿȢ ʆʙʥʦʚʣʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ὢ . 

3. ʇʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʜʠʡ, ʧʦʵʪʦʤʫ ʚʚʦʜʠʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʠʪʝʨʘʮʠʷ j+0,5. ʆʥʘ ʩʣʫʞʠʪ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʬʦʨʤʫʣ. 

3.1. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʩʦʩʪʦʷʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟ ʪʨʝʭ 

ʰʘʛʦʚ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʣʫʯʘʡʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ: 

ὠ ȟ ὙὲὨρȠρὺ ȟὭ ρȟȢȢȢȟȿὛȿȢ 

ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʩ ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʩ ʫʯʝʪʦʤ 

ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ:  

ὢ ȟ  ÃÌÁÍÐὢ ὠ ȟȠπȠ ρȟὭ ρȟȢȢȟȿὛȿ 

ʅʘ ʪʨʝʪɹʝʤ ʰʘʛʝ ʯʘʩʪʠʮʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʧʨʝʜʳʜʫʱʫʶ ʧʦʟʠʮʠʶ, ʝʩʣʠ 

ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʚ ʥʦʚʦʡ ʧʦʟʠʮʠʠ ʭʫʞʝ: 

ὢ ȟ

ὢ ȟȟὪὢ ȟ Ὢὢ

ὢȟὪὢ ȟ Ὢὢ
ȟὭ ρȟȢȢȢȟȿὛȿȢ 

3.3.2. ʀʥʩʪʠʥʢʪʠʚʥʦ-ʢʦʣʣʝʢʪʠʚʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʯʘʩʪʠʮʘʤʠ 

ʚʤʝʩʪʝ ʩ ʦʜʠʥʘʢʦʚʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʩʢʦʨʦʩʪʴʶ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʦʙʲʝʢʪ 

ʜʣʷ ʢʦʩʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ mS
j: 

ά  
В ὠ ȟ Ὢὢ ȟ Ὢὢ

В Ὢὢ ȟ Ὢὢ
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ὢ ȟ ὢ ȟ ά ȟὭ ρȟȢȢȟȿὛȿ 

ὢ ȟ  ÃÌÁÍÐὢ ȟȠπȠ ρȟὭ ρȟȢȢȟȿὛȿ 

3.3.3. ʂʦʣʣʝʢʪʠʚʥʦ-ʚʦʣʝʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʧʦʟʠʮʠʡ ʚʩʝʭ ʯʘʩʪʠʮ, ʥʦ ʢʘʞʜʘʷ ʩʦʚʝʨʰʘʝʪ ʝʛʦ ʧʦ-ʩʚʦʝʤʫ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʩʘ ʯʘʩʪʠʮ: 

ύ ȟ ὧὰὥάὴύ
Ὢὢ ȟ  Ὢὢ

ÍÁØὪὢ ȟ ȟὪὢ
ȠρȠ ύ   Ὥ ρȟȢȢȟȿὛȿȟ 

ɽʩʣʠ ʧʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʡ ʢʘʯʝʩʪʚʦ ʧʦʟʠʮʠʡ ʨʦʷ ʚ ʩʨʝʜʥʝʤ ʫʣʫʯʰʠʣʦʩʴ, ʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥɹ ʰʝʥʠʝ (ʩʫʞʝʥʠʝ) ʪʝʢʫʱʝʡ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ. ʀʥʘʯʝ ʦʙʣʘʩʪʴ ʧʦʠʩʢʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦʙʳ ʘʣʛʦʨʠʪʤ ʩʤʦʛ ʚʳʡʪʠ ʠʟ ʣʦʢʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ, ʚ ʢʦʪʦʨʳʡ, 

ʚʦʟʤʦʞʥʦ, ʧʦʧʘʣ. ɺʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʚʩʝʛʦ ʨʦʷ: 

ὅ  
Вύ ȟὢ ȟ

Вύ ȟ
 Ὥ ρȟ ȢȢȢȟȿὛȿȢ   

ʇʝʨʝʤʝʱʝʥʠʷ ʧʨʠ ʢʦʣʣʝʢʪʠʚʥʦ-ʚʦʣʝʚʦʤ ʧʣʘʚʘʥʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ: 

ὢ
ὢ ȟ ὺέὰϽὢ ȟ ὅ ȟύί ȟ  ύί ȟ

ὢ ȟ ὺέὰϽὢ ȟ ὅ ȟύί ȟ  ύί ȟ

ȟὭ ρȟ ȢȢȢȟȿὛȿ ȟ 

ʛʜʝ wsj+0,5 ï ʩʫʤʤʘ ʚʝʩʦʚ ʚʩʝʭ ʯʘʩʪʠʮ ʥʘ ʪʝʢʫʱʝʡ ʩʪʘʜʠʠ, vol ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ 

ʰʘʛʘ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ 

ὺέὰὙὲὨπȠρϽὺέὰȟ  

ʛʜʝ volmax ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʨʘʟʤʝʨ ʰʘʛʘ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʧʦʟʠʮʠʠ ʯʘʩʪʠʮ, ʥʫʞʥʦ ʫʯʝʩʪʴ ʛʨʘʥʠʮʳ 

ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ: 

ὢ  ÃÌÁÍÐὢ ȠπȠ ρȟὭ ρȟȢȢȟȿὛȿ 

 

ɺʝʢʪʦʨ P = { vmax, volmax, wmax} ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ. ʂʦʵʬʬʠʮʠʝʥʪʳ vmax, volmax 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʢʦʣʣʝʢʪʠʚʥʦ-ʚʦʣʝʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʫʣʠʨʫʝʪ 

ʚʣʠʷʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʘʣʛʦʨʠʪʤʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ wmax ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠʮʳ, 

ʯʪʦʙʳ ʘʣʛʦʨʠʪʤ ʥʝ ʙʳʣ ʧʦʜʚʝʨʞʝʥ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʴ 

ʪʝʢʫʱʝʛʦ ʥʘʠʣʫʯʰʝʛʦ ʠʟʚʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

 

2.2.5. ɸʣʛʦʨʠʪʤ ʨʦʷ ʧʯʝʣ 

 

ɸʣʛʦʨʠʪʤ ʨʦʷ ʧʯʝʣ (Artificial Bee Colony Algorithm ʠʣʠ Bees Algorithm) 

ʨʘʟʨʘʙʦʪʘʥ ʛʨʫʧʧʦʡ ʘʚʪʦʨʦʚ ʠ ʦʧʫʙʣʠʢʦʚʘʥ ʚ 2005 ʛʦʜʫ [Pham, 2005; 

Karaboga, 2005]. ʇʦʚʝʜʝʥʠʝ ʧʯʝʣ ʤʦʞʥʦ ʫʧʨʦʱʝʥʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʈʦʡ ʦʪʧʨʘʚʣʷʝʪ ʧʯʝʣ-ʨʘʟʚʝʜʯʠʢʦʚ ʚ ʩʣʫʯʘʡʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʜʣʷ ʧʦʠʩʢʘ ʥʝʢʪʘʨʘ. 

ʂʦʛʜʘ ʨʘʟʚʝʜʯʠʢʠ ʚʝʨʥʫʪʩʷ, ʦʥʠ ʩʦʦʙʱʘʪ ʨʦʶ ʦ ʥʘʡʜʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʠ ʧʨʦʯʠʝ 

ʧʯʝʣʳ ʦʪʧʨʘʚʷʪʩʷ ʥʘ ʥʠʭ ʟʘ ʥʝʢʪʘʨʦʤ. ʇʨʠʯʝʤ ʨʘʟʚʝʜʯʠʢʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʩʝʛʜʘ 

ʧʨʦʠʟʚʦʣʴʥʦ, ʥʝ ʫʯʠʪʳʚʘʷ ʧʨʝʜʳʜʫʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɸʣʛʦʨʠʪʤ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʩʨʝʜʠ ʚʩʝʭ ʯʘʩʪʠʮ ʚʳʙʠʨʘʝʪ nb ʣʫʯʰʠʭ ʧʦ 

ʟʥʘʯʝʥʠʶ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʟʘʪʝʤ ʩʨʝʜʠ ʧʨʦʯʠʭ ʯʘʩʪʠʮ ʦʪʙʠʨʘʝʪʩʷ ng 

ʣʫʯʰʠʭ, ʥʘʟʳʚʘʝʤʳʭ çʚʳʙʨʘʥʥʳʤʠè ʠʣʠ çʧʝʨʩʧʝʢʪʠʚʥʳʤʠè. ɿʘʜʘʝʪʩʷ ʧʨʘʚʠʣʦ 

ʯʪʦʙ  rʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʞʜʦʡ ʧʘʨʦʡ ʧʦʟʠʮʠʡ ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ ʤʥʦʞʝʩʪʚʝ nb ẕ 

ng ʧʦʟʠʮʠʡ ʥʝ ʧʨʝʚʳʰʘʣʠ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʝʩʣʠ ʜʚʝ 

ʧʦʟʠʮʠʠ ʙʣʠʟʢʠ, ʪʦ ʭʫʜʰʘʷ ʠʟ ʥʠʭ ʧʦ ʟʥʘʯʝʥʠʶ ʢʨʠʪʝʨʠʷ ʦʪʙʨʘʩʳʚʘʝʪʩʷ. 

ʆʧʨʝʜʝʣʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʟʠʮʠʠ (ʤʥʦʞʝʩʪʚʦ ʣʫʯʰʠʭ Nb, ʠ ʤʥʦʞʝʩʪʚʦ 

ʚʳʙʨʘʥʥʳʭ N
g), ʟʘʧʦʤʠʥʘʶʪʩʷ ʠ ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʚ ʦʢʨʝʩʪʥʦʩʪʴ ʢʘʞʜʦʡ ʣʫʯʰʝʡ 

ʧʦʟʠʮʠʠ ʚʳʩʳʣʘʝʪʩʷ cb ʯʘʩʪʠʮ, ʘ ʢʘʞʜʦʡ ʚʳʙʨʘʥʥʦʡ cg. ʏʘʩʪʠʮʘ, ʦʪʧʨʘʚʣʷʝʤʘ ʚ 

ʦʢʨʝʩʪʥʦʩʪʴ ʥʝʢʦʪʦʨʦʛʦ ʫʯʘʩʪʢʘ, ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʩʣʫʯʘʡʥʦʡ ʪʦʯʢʝ ʚʥʫʪʨʠ ʵʪʦʡ 

ʦʢʨʝʩʪʥʦʩʪʠ. ʊʘʢ ʚ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʢʨʝʩʪʥʦʩʪʴ ʫʯʘʩʪʢʘ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ 

(x, y) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ([x ï rx; x+rx], [y ï ry; y+ry]), ʛʜʝ rx ʠ ry ï 

ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨr ʘʣʛʦʨʠʪʤʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʜʣʷ ʨʦʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʝʥʦ ʦʙʣʘʩʪʴʶ [0, 1], 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʜʠʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ rx ʧʦ ʚʩʝʤ ʠʟʤʝʨʝʥʠʷʤ. ʅʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ 
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ʘʣʛʦʨʠʪʤʘ ʯʘʩʪʠʮʳ-ʨʘʟʚʝʜʯʠʢʠ ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʩʣʫʯʘʡʥʳʝ ʧʦʟʠʮʠʠ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʚʩʝʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʦʧʠʩʘʥʠʷ 

ʘʣʛʦʨʠʪʤʦʚ ʈʀ (ʧʦʜʨʘʟʜʝʣ 2.1), ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤ 

ʨʦʷ ʧʯʝʣ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ  

ABCO = { S, M, A, P, I, O}.  

ʄʥʦʞʝʩʪʚʦ ʯʘʩʪʠʮ (ʧʯʝʣ) S = {s1, s2, é, s|S|}, |S| ï ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ. ʅʘ j-ʡ 

ʠʪʝʨʘʮʠʠ i-ʷ ʯʘʩʪʠʮʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ sij = { Xij}, ʛʜʝ Xij = { x1
ij, x

2
ij, é, 

xl
ij}  ï ʚʝʢʪʦʨ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ), l ï ʨʘʟʤʝʨʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. 

ʉʨʝʜʩʪʚʦʤ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ M  ̫ ʚʣʷʝʪʩʷ ʩʧʠʩʦʢ ʣʫʯʰʠʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʦʟʠʮʠʡ, ʥʘʡʜʝʥʥʳʭ ʥʘ j-ʡ ʠʪʝʨʘʮʠʠ. ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʵʚʦʣʶʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʪʙʠʨʘʶʪʩʷ ʥʝ ʯʘʩʪʠʮʳ, ʘ ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦʟʠʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ,  

M = {Nij
b
, Nkj

g}, i = 1, ..., nb, k = 1, ..., ng
. 

ɸʣʛʦʨʠʪʤ A ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮ. 

1. ɻʝʥʝʨʘʮʠʷ ʥʘʯʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʯʘʩʪʠʮ (j=1): 

ὢ ὙὲὨπȠρȟὭ ρȟȢȢȟȿὛȿ , 

ʛʜʝ ns ï ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ-ʨʘʟʚʝʜʯʠʢʦʚ. 

2. ɺʳʯʠʩʣʝʥʠʝ ʬʠʪʥʝʩʩ-ʬʫʥʢʮʠʡ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʥʘ ʪʝʢʫʱʝʡ j-ʡ ʠʪʝʨʘʮʠʠ: 

Ὢὢ  Ὥ ρȟȢȢȢȟȿὛȿ. ʆʙʥʦʚʣʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ὢ . 

3. ʇʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ. 

3.1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʙʦʨʘ ʣʫʯʰʠʭ Nij
b ʠ ʥʘʙʦʨʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ Nkj

g 

ʥʘʡʜʝʥʥʳʭ ʥʘ (jï1)-ʡ ʠʪʝʨʘʮʠʠ ʧʦʟʠʮʠʡ. ʉʨʝʜʠ ʧʦʟʠʮʠʡ ʚʩʝʭ ʯʘʩʪʠʮ ʚʳʙʠʨʘʝʪʩʷ 

Nij
b ʥʘʠʣʫʯʰʠʭ ʧʦ ʟʥʘʯʝʥʠʶ ʢʨʠʪʝʨʠʷ, ʩʨʝʜʠ ʦʩʪʘʚʰʠʭʩʷ ʝʱʝ Nij

g ʥʘʠʣʫʯʰʠʭ. ʇʨʠ 

ʵʪʦʤ ʩʨʝʜʠ ʚʳʙʨʘʥʥʳʭ ʧʦʟʠʮʠʡ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʣʠʟʢʠʭ. ɼʚʝ ʧʦʟʠʮʠʠ Xy ʠ Xz 

ʩʯʠʪʘʶʪʩʷ ʙʣʠʟʢʠʤ, ʝʩʣʠ ʦʥʠ ʙʣʠʞʝ ʧʦʨʦʛʘ ʭʦʪʷ ʙʳ ʧʦ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʝ: 

ὰɱ ὼ ὼ ὶὼ Ȣ 
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3.2. ʇʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮ-ʨʘʙʦʯʠʭ. ɺ ʦʢʨʝʩʪʥʦʩʪʴ ʢʘʞʜʦʡ ʣʫʯʰʝʡ ʧʦʟʠʮʠʠ 

ʦʪʧʨʘʚʣʷʝʪʩʷ cb ʯʘʩʪʠʮ, ʚ ʦʢʨʝʩʪʥʦʩʪʴ ʢʘʞʜʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ cg ʯʘʩʪʠʮʳ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʚʘʨʠʘʥʪʘʭ ʘʣʛʦʨʠʪʤʘ ʢʦʣʠʯʝʩʪʚʦ ʦʪʧʨʘʚʣʷʶʱʠʭʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʴ 

ʫʯʘʩʪʢʘ ʯʘʩʪʠʮ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʢʘʯʝʩʪʚʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʥʦ 

ʚ ʜʘʥʥʦʤ ʦʧʠʩʘʥʠʠ ʵʪʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʟʠʮʠʠ ʚʩʝʭ ʯʘʩʪʠʮ-

ʨʘʙʦʯʠʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ: 

ὢ  ὔ ὙὲὨρȠρϽὶὥὨȟὭ ρȟ ȢȢȢȟὲȟὯ ρȟ ȢȢȢȟὧ   

ὢ  ὔ ὙὲὨρȠρϽὶὥὨȟὭ ρȟȢȢȢȟὲȟὯ ρȟ ȢȢȢȟὧ ȟ  

ʉ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ: 

ὢ  ÃÌÁÍÐὢ ȠπȠ ρȟὭ ρȟȢȢȟὲὧ ὲὧ 

3.3. ʇʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮ-ʨʘʟʚʝʜʯʠʢʦʚ. ʏʘʩʪʠʮʳ ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʩʣʫʯʘʡʥʳʝ 

ʧʦʟʠʮʠʠ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ: 

ὢ  ὙὲὨπȠρȟὭ ρȟ ȢȢȢȟὲȢ 

ʂʦʵʬʬʠʮʠʝʥʪʳ (ʧʘʨʘʤʝʪʨʳ) ʘʣʛʦʨʠʪʤʘ P = {ns, nb, ng, ʩb, cg, rad, rx} . 

ʂʦʵʬʬʠʮʠʝʥʪ rad ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʩʪʠ ʯʘʩʪʠʮ ʧʨʠ ʦʪʧʨʘʚʣʝʥʠʠ 

ʥʘ ʧʦʟʠʮʠʠ, ʪʦ ʝʩʪʴ ʨʘʟʤʝʨʳ ʠʭ ʦʢʨʝʩʪʥʦʩʪʝʡ. ʂʦʵʬʬʠʮʠʝʥʪ rx ʦʧʨʝʜʝʣʷʝʪ 

ʤʠʥʠʤʘʣʴʥʦʝ ʚʦʟʤʦʞʥʦʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʦʟʠʮʠʷʤʠ ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ ʤʥʦʞʝʩʪʚʝ 

ʣʫʯʰʠʭ ʠ ʚʳʙʨʘʥʥʳʭ ʧʦʟʠʮʠʡ. ʂʦʵʬʬʠʮʠʝʥʪʳ ns, nb, ng, ʩb, ʩg ʦʟʥʘʯʘʶʪ ʢʦʣʠʯʝʩʪʚʦ 

ʯʘʩʪʠʮ-ʨʘʟʚʝʜʯʠʢʦʚ (ns), ʯʘʩʪʠʮ, ʦʪʧʨʘʚʣʷʝʤʳʭ ʥʘ ʣʫʯʰʠʝ ʫʯʘʩʪʢʠ (nb), ʯʘʩʪʠʮ, 

ʦʪʧʨʘʚʣʷʝʤʳʭ ʥʘ ʚʳʙʨʘʥʥʳʝ ʫʯʘʩʪʢʠ (ng), ʠ ʯʠʩʣʦ ʣʫʯʰʠʭ ʠ ʚʳʙʨʘʥʥʳʭ ʫʯʘʩʪʢʦʚ 

(ʩb ʠ ʩg). ʉʫʤʤʘ ns + nbʩb + ngʩg ʨʘʚʥʘ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʯʘʩʪʠʮ ʨʦʷ |S|. 

 

2.2.6. ɺʳʜʝʣʝʥʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʯʝʨʪ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʦʧʠʩʘʥʠʡ ʘʣʛʦʨʠʪʤʦʚ ʈʀ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʝʪ ʢʘʞʜʳʡ ʠʟ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʤʠʤʦ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ 

ʈʀ (ʪʘʙʣʠʮʘ 2.1). 
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ʊʘʙʣʠʮʘ 2.1 ï ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ɸʣʛʦʨʠʪʤ ʆʩʦʙʝʥʥʦʩʪʠ 

ʈʦʷ ʯʘʩʪʠʮ 

- ʥʘʩʪʨʘʠʚʘʝʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʚʘʞʥʦʩʪʴʶ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʦʧʳʪʘ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʜʠʝʥʪʘ; 

- ʠʥʝʨʮʠʷ, ʧʨʠʩʫʱʘʷ ʜʚʠʞʝʥʠʶ ʯʘʩʪʠʮ. 

ʂʦʣʦʥʠʠ 

ʤʫʨʘʚʴʝʚ 

- ʧʦʟʠʪʠʚʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ; 

- ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʧʫʪʠ ʥʘ ʛʨʘʬʝ; 

- ʩʥʠʞʝʥʠʝ ʚʘʞʥʦʩʪʠ ʦʧʳʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʧʨʦʰʣʳʭ 

ʠʪʝʨʘʮʠʷʭ ʩʦ ʚʨʝʤʝʥʝʤ. 

ʈʦʷ ʩʚʝʪʣʷʯʢʦʚ 

 

- ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʠʩʧʳʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʚʩʝʭ ʯʘʩʪʠʮ, 

ʟʘʥʠʤʘʶʱʠʭ ʧʦʣʦʞʝʥʠʷ ʣʫʯʰʝ, ʯʝʤ ʦʥʘ ʩʘʤʘ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʜʠʝʥʪʘ; 

- ʚʣʠʷʥʠʝ ʯʘʩʪʠʮ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʥʠʤʠ. 

ʂʦʩʷʢʘ ʨʳʙ 

- ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʥʘ ʵʪʘʧʝ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʜʠʝʥʪʘ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʮʝʥʪʨʘ ʪʷʞʝʩʪʠè ʯʘʩʪʠʮ. 

ʈʦʷ ʧʯʝʣ 

- ʯʘʩʪʴ ʯʘʩʪʠʮ ʚʳʧʦʣʥʷʝʪ ʧʦʣʥʦʩʪʴʶ ʩʣʫʯʘʡʥʳʡ ʧʦʠʩʢ, ʥʝ 

ʠʩʧʦʣʴʟʫʷ ʥʠ ʩʚʦʡ, ʥʠ ʢʦʣʣʝʢʪʠʚʥʳʡ ʦʧʳʪ; 

- ʟʘʧʨʝʪ ʥʘ ʩʭʦʜʠʤʦʩʪʴ ʚʩʝʭ ʯʘʩʪʠʮ ʚ ʦʜʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. 

 

ɺʳʙʠʨʘʷ ʫʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʛʠʙʨʠʜʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʈʀ, ʵʬʬʝʢʪʠʚʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʘʩʩʦʚ ʟʘʜʘʯ. ɼʣʷ ʟʘʜʘʯ 

ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʛʨʘʬʘʭ ʝʩʪʝʩʪʚʝʥʥʳʤ ʙʫʜʝʪ ʚʳʙʦʨ ʘʣʛʦʨʠʪʤʘ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦ ʩʚʦʡ ʧʨʠʨʦʜʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ ʥʝʢʦʪʦʨʦʛʦ ʤʘʨʰʨʫʪʘ ʥʘ 

ʛʨʘʬʝ. ɼʣʷ ʟʘʜʘʯ ʥʝʧʨʝʨʳʚʥʦʡ ʥʝʜʠʥʘʤʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ 

ʨʝʰʝʥʠʝ ʢʘʢ ʤʦʞʥʦ ʣʫʯʰʝ ʠ ʜʦʩʪʘʪʦʯʥʳʡ ʟʘʧʘʩ ʚʨʝʤʝʥʠ, ʧʦʜʦʡʜʫʪ ʘʣʛʦʨʠʪʤʳ, ʚ 

ʷʚʥʦʤ ʚʠʜʝ ʠʩʧʦʣʴʟʫʶʱʠʝ ʛʨʘʜʠʝʥʪ: ʨʦʷ ʯʘʩʪʠʮ, ʨʦʷ ʩʚʝʪʣʷʯʢʦʚ, ʢʦʩʷʢʘ ʨʳʙ, 

ʧʦʩʢʦʣʴʢʫ ʠʭ ʯʘʩʪʠʮʳ ʩʭʦʜʷʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʴ ʵʢʩʪʨʝʤʫʤʘ ʠ ʟʘʪʝʤ ʰʘʛ ʠʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʩʥʠʞʘʝʪʩʷ, ʘʣʛʦʨʠʪʤ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴ ʚ ʣʦʢʘʣʴʥʳʡ ʧʦʠʩʢ ʚʦ ʚʩʝ 

ʫʤʝʥʴʰʘʶʱʝʡʩʷ ʦʢʨʝʩʪʥʦʩʪʠ ʵʢʩʪʨʝʤʫʤʘ. ɺ ʟʘʜʘʯʘʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʥʘʧʨʦʪʠʚ, ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʨʦʷ ʧʯʝʣ ʠ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ, ʧʦʩʢʦʣʴʢʫ 

ʚ ʥʠʭ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʦʪ ʩʭʦʜʠʤʦʩʪʠ ʚʩʝʭ ʯʘʩʪʠʮ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʦʜʥʦʛʦ ʨʝʰʝʥʠʷ: ʟʘʧʨʝʪ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʚʩʝʭ ʯʘʩʪʠʮ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʜʥʦʛʦ ʨʝʰʝʥʠʷ 
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ʠ ʩʣʫʯʘʡʥʳʡ ʧʦʠʩʢ (ʘʣʛʦʨʠʪʤ ʨʦʷ ʧʯʝʣ), ʩʥʠʞʝʥʠʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʥʘʡʜʝʥʥʳʭ 

ʨʘʥʝʝ ʧʫʪʝʡ ʟʘ ʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ (ʘʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ). ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʘʣʛʦʨʠʪʤʳ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʝʝ 

ʥʘʭʦʜʠʪʴ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ. 

 

2.3. ɸʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜ ʫʩʣʦʚʠʷ ʟʘʜʘʯ 

 

2.3.1. ʀʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʘʣʛʦʨʠʪʤʘʤʠ ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤʠ ʟʘʜʘʯʘʤʠ 

 

ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʦʚ ʈʀ ʠ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʦʧʠʩʘʥʘ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.1.4 ʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. ʆʜʥʘʢʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜ ʩʧʝʮʠʬʠʢʫ ʟʘʜʘʯʠ ʠ ʠʭ ʧʨʦʩʪʦʡ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʤʦʜʝʣʷʤʠ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʥʮʠʧʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʡ ʯʘʩʪʠʮ ʚ ʢʦʥʢʨʝʪʥʳʝ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ 

ʟʘʜʘʯʠ ʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ. 

ɺ ʦʧʠʩʘʥʠʷʭ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ 

ʦʪ 0 ʜʦ 1 ʧʦ ʚʩʝʤ ʫʧʨʘʚʣʷʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʟʘʜʘʯʠ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

ʘʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʠʱʝʪ ʨʝʰʝʥʠʷ ʥʘ ʛʨʘʬʝ, ʘ ʥʝ ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

(ʢʦʵʬʬʠʮʠʝʥʪʳ) ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʨʘʙʦʪʫ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʧʘʟʦʥʘ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʧʦʟʠʮʠʡ ʯʘʩʪʠʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʩʚʝʪʣʷʯʢʦʚ ʩʫʱʝʩʪʚʫʝʪ ʥʝʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʯʘʩʪʠʮ ʦʪ ʨʘʩʩʪʦʷʥʠ ̫ʤʝʞʜʫ ʥʠʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʝʩʣʠ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʦʪ 0 ʜʦ 100, ʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʩʝʨʝʜʠʥʳ (50) ʜʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ (100) ʙʫʜʝʪ ʨʘʚʥʦ 50. ɽʩʣʠ ʞʝ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʷʪʴ 

ʚ ʜʨʫʛʠʭ ʝʜʠʥʠʮʘʭ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʦʪ 0 ʜʦ 1, ʠ ʪʦ ʞʝ ʨʘʩʩʪʦʷʥʠʝ ʦʢʘʞʝʪʩʷ 

ʨʘʚʥʳʤ 0,5, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʚʝʜʝʥʠʝ ʯʘʩʪʠʮ ʦʢʘʞʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʠʤ ʜʣʷ 

ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ, ʧʦ ʩʫʪʠ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ. ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʦʜʦʙʥʳʡ 

ʧʨʠʤʝʨ ʠʟ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʧʯʝʣ. ʂʦʵʬʬʠʮʠʝʥʪʳ rad ʠ rx ʚ ʘʣʛʦʨʠʪʤʝ ʨʦʷ ʧʯʝʣ 

ʟʘʜʘʶʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʩʪʦʷʥʠʷ ʨʘʩʩʝʠʚʘʥʠʷ ʯʘʩʪʠʮ ʠ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ, ʚ ʢʦʪʦʨʳʝ ʦʪʧʨʘʚʣʷʶʪʩʷ ʯʘʩʪʠʮʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 
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ʨʘʟʤʝʨʘ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʠʟʤʝʥʠʪʩʷ, ʝʩʣʠ 

ʥʝ ʫʚʝʣʠʯʠʪʴ ʥʘ ʪʫ ʞʝ ʤʝʨʫ ʠ ʫʢʘʟʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʘʨʘʤʝʪʨʳ 

ʘʣʛʦʨʠʪʤʘ ʧʨʠʜʝʪʩʷ ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴ ʜʘʞʝ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʩʝʛʦ ʣʠʰʴ ʠʟʤʝʥʠʣʠʩʴ 

ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ ʚ ʤʦʜʝʣʠ (ʯʘʩʳ ʚʤʝʩʪʦ ʩʝʢʫʥʜ, ʢʠʣʦʤʝʪʨʳ ʚʤʝʩʪʦ 

ʤʠʣʴ ʠ ʪ.ʧ.). 

ɹʦʣʝʝ ʪʦʛʦ, ʝʩʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʦ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʦʙʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʢʘʞʜʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʟʘʜʘʯʠ ʧʦʜʙʦʨʘ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʦʪ 0 ʜʦ 1 ʧʦ ʚʩʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʧʝʨʝʚʦʜʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʧʦʣʦʞʝʥʠʡ ʯʘʩʪʠʮ ʚ ʟʥʘʯʝʥʠʷ 

ʫʧʨʘʚʣʷʝʤʳʭ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʤʦʞʥʦ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ ʧʦʟʠʮʠʷ ʯʘʩʪʠʮʳ  

 

X = {x1, x2, é, xl},  

ʘ ʚʝʢʪʦʨ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ  

Y = {y1, y2, é, yl}.  

ɺ ʩʣʫʯʘʝ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʠʡ  

ai Ò yi Ò bi, I = 1, é, l ,     (2.4) 

ʧʦʣʫʯʠʤ ʦʪʦʙʨʘʞʝʥʠʝ 

yi = xi (bi ï ai) + ai, I = 1, é, l.     (2.5) 

ʀʣʠ, ʠʩʧʦʣʴʟʫʷ ʚʝʢʪʦʨʥʫʶ ʟʘʧʠʩʴ:  

Y = XǓ(B ï A) + A.      (2.6) 

ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʣʫʯʘʠ. ʆʥʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʘʭ 3 ʠ 4 ʥʘ ʧʨʠʤʝʨʘʭ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʠʟ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʢʘʣʝʥʜʘʨʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʯʘʩʪʦ 

ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʥʝʠʟʚʝʩʪʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʠʪʴ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʣʠ 
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ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʝʢʦʪʦʨʦʝ ʨʝʰʝʥʠʝ, ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ 

ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʧʦʪʦʢʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʝʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦ ʠ ʪʦ ʞʝ 

ʟʥʘʯʝʥʠʝ ʦʜʥʦʡ ʫʧʨʘʚʣʷʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʤʦʞʝʪ ʢʘʢ ʫʜʦʚʣʝʪʚʦʨʷʪʴ, ʪʘʢ ʠ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʜʨʫʛʠʭ ʧʝʨʝʤʝʥʥʳʭ.  

ɺ ʟʘʜʘʯʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʧʦʟʠʮʠʶ ʯʘʩʪʠʮʳ ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ ʚ ʜʠʩʢʨʝʪʥʳʡ ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʜʠʥʦʦʙʨʘʟʥʦʛʦ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʈʀ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʘʣʛʦʨʠʪʤʦʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʠʨʫʝʤʳʤ ʦʙʲʝʢʪʦʤ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ 

ʧʨʠʤʝʥʝʥʠʷ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʘʜʘʧʪʘʮʠʠ ʧʫʪʝʤ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ. 

 

2.3.2. ʄʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʷ 

 

ɺʪʦʨʳʤ ʘʩʧʝʢʪʦʤ ʘʜʘʧʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʘʣʛʦʨʠʪʤʦʚ ʈʀ ʧʦʜ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ NFL-ʪʝʦʨʝʤʝ [Wolpert, 1997; Wolpert, 2013], ʥʝʣʴʟʷ ʩʦʟʜʘʪʴ ʘʣʛʦʨʠʪʤ, 

ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʚʩʝʤ ʤʥʦʞʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʟʘʜʘʯ. ɼʘʞʝ 

ʨʘʟʣʠʯʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʟʘʜʘʯ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʦʵʪʦʤʫ ʥʘʡʪʠ ʧʘʨʘʤʝʪʨʳ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ 

ʥʘʠʣʫʯʰʠʤʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʟʘʜʘʯ ʠʣʠ ʟʘʨʘʥʝʝ ʧʨʝʜʩʢʘʟʘʪʴ ʟʥʘʯʝʥʠʷ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʟʘʜʘʯʠ ʥʝʚʦʟʤʦʞʥʦ. ɺ ʦʙʟʦʨʝ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ɸ.ʇ. ʂʘʨʧʝʥʢʦ ʜʝʣʘʝʪ ʦʙʦʙʱʘʶʱʠʡ ʚʳʚʦʜ, ʯʪʦ ʚʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʈʀ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʥʠʭ ʩʚʦʙʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʠʣʴʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʜʥʘʢʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʬʦʨʤʘʣʴʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʚʳʙʦʨʫ ʠʭ ʟʥʘʯʝʥʠʡ [ʂʘʨʧʝʥʢʦ, 2012]. 

ʆʯʝʥʴ ʯʘʩʪʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʚʦʜʷʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜʙʦʨʳ 

ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʟʘʪʝʤ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘʭ, 

ʜʘʚʰʠʭ ʚ ʩʨʝʜʥʝʤ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʄ. ɼʦʨʠʛʦ, ʘʚʪʦʨ ʤʫʨʘʚʴʠʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, 

ʧʠʰʝʪ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʘʮʠʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ: 
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çThe values tested were: Ŭ{ɴ0; 0,5; 1; 2; 5}, ɓ{ɴ0; 1; 2; 5}, ɟ{ɴ0,3; 0,5; 0,7; 0,9; 0,999} 

and Qɴ {1; 100; 10000}è [Dorigo, 1996]. ɺ ʨʘʙʦʪʝ [ʏʫʨʘʢʦʚ, 2006] ʫʢʘʟʘʥʦ, ʯʪʦ 

ʘʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʚʳʙʠʨʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɺ ʢʥʠʛʝ [ʉʢʠʝʥʘ, 2013] ʘʚʪʦʨ ʧʠʰʝʪ, ʯʪʦ ʥʘʩʪʨʦʡʢʘ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʫʩʠʣʠʡ ʠ 

ʚʨʝʤʝʥʠ, ʯʝʤ ʨʝʘʣʠʟʘʮʠʷ. ɸʥʘʣʦʛʠʯʥʳʝ ʦʧʠʩʘʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ 

ʧʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʘʤ, ʥʝ ʪʦʣʴʢʦ ʨʦʝʚʳʤ [ʃʦʧʘʪʠʥ, 2005; 

ʇʣʦʪʥʠʢʦʚ, 2011; Pedersen, 2010a]. ʊʘʢ, ʄ. ʇʝʜʝʨʩʝʥ, ʧʨʦʚʦʜʠʚʰʠʡ ʛʣʫʙʦʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʝʪʦʜʘʤ ʫʣʫʯʰʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ ʧʠʰʝʪ 

ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠ ʧʨʦʩʪʝʡʰʠʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʧʦʚʝʜʝʥʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʨʫʯʥʫʶ, ʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʛʨʘʥʠʯʝʥ ʚ ʩʚʦʝʤ ʤʘʩʰʪʘʙʝ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ 

ʥʘʩʪʨʦʡʢʘ ʧʨʦʚʦʜʠʪʩʷ ʚʨʫʯʥʫʶ (ʠʥʪʫʠʪʠʚʥʦ), ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʤʝʪʦʜʠʢʝ, ʥʦ ʩʣʠʰʢʦʤ ʧʨʠʤʠʪʠʚʥʦʡ [Pedersen, 2010a]. 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ 

ʘʣʛʦʨʠʪʤʦʚ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʵʚʨʠʩʪʠʢ. ʀʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʂ 

ʧʝʨʚʦʡ ʦʪʥʦʩʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʘʚʠʣʘ, ʚʳʚʝʜʝʥʥʳʝ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʠ ʧʨʦʚʝʨʝʥʥʳʝ ʥʘ ʥʝʢʦʪʦʨʦʤ ʢʣʘʩʩʝ ʟʘʜʘʯ. ʀʭ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʘʚʠʣ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʢʣʘʩʩʘ ʨʝʰʘʝʤʳʭ 

ʟʘʜʘʯ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʤʝʞʜʫ ʘʣʛʦʨʠʪʤʘʤʠ. ʅʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʷ ʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ [Pedersen, 2010a; Gandomi, 2016; Fan, 2002; Zhou, 2016]. ʅʦ ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʨʘʙʦʪʘʭ ʧʨʘʚʠʣʘ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʈʀ.  

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ, ʩʫʪʴ ʢʦʪʦʨʳʭ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ 

ʈʀ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʪʜʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʪʦʨʦʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʜʠʥ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʘʜʩʪʨʦʡʢʦʡ, ʫʣʫʯʰʘʶʱʝʡ 

ʨʝʟʫʣʴʪʘʪʳ ʜʨʫʛʦʛʦ, ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ, ʘʣʛʦʨʠʪʤʘ ʚ ʨʝʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʤʥʦʛʦ ʧʨʦʱʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ, ʯʝʤ ʨʫʯʥʘʷ ʠʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʩʪʨʦʡʢʘ ʚ ʧʨʦʮʝʩʩʝ 
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ʨʝʰʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʨʫʛʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʚ ʩʚʦʠʭ ʨʝʘʣʠʟʘʮʠʷʭ ʨʦʝʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. 

ʉʣʦʞʥʦʩʪʷʤʠ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʩʪʨʦʠʪʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʘʨʘʤʝʪʨʳ 

ʤʝʪʘ-ʦʧʪʠʤʠʟʘʪʦʨʘ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʜ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʟʜʝʩʴ 

ʧʦʥʠʤʘʝʪʩʷ ʧʝʨʝʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʭʦʨʦʰʝʡ ʨʘʙʦʪʝ ʥʘ ʟʘʜʘʯʘʭ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ, ʥʦ ʧʣʦʭʦʡ ʥʘ ʜʨʫʛʠʭ ʟʘʜʘʯʘʭ. 

 

2.3.3. ʉʭʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʘʜʘʧʪʘʮʠʠ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʪʦʨʘ ʚʳʙʨʘʥ ʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʣʛʦʨʠʪʤ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʝʥʦ, ʩʦʛʣʘʩʥʦ NFL-ʪʝʦʨʝʤʝ ʥʝʚʦʟʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ 

ʘʣʛʦʨʠʪʤ ʥʘ ʚʩʝʚʦʟʤʦʞʥʳʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʋʟʢʘʷ ʥʘʩʪʨʦʡʢʘ ʘʣʛʦʨʠʪʤʘ ʈʀ ʠ 

ʥʝ ʪʨʝʙʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʢʘʞʜʦʡ ʨʝʰʘʝʤʦʡ 

ʟʘʜʘʯʠ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦ 

ʚʳʯʠʩʣʷʪʴ ʢʨʠʪʝʨʠʡ, ʪʦ ʝʩʪʴ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪʳ ʥʘ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʳ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʵʪʦ ʫʭʦʜʠʪ ʩʣʠʰʢʦʤ ʤʥʦʛʦ 

ʚʨʝʤʝʥʠ ʥʝ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʥʦ ʜʘʞʝ ʠ ʜʣʷ ʧʨʦʝʢʪʥʦʡ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʥʘʡʪʠ ʥʝ ʥʘʠʣʫʯʰʠʝ ʧʘʨʘʤʝʪʨʳ ʘʣʛʦʨʠʪʤ ʈʀ, ʘ 

ʚʳʡʪʠ ʠʟ ʦʙʣʘʩʪʠ ʥʠʟʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ɻɸ ʧʦʜʭʦʜʠʪ 

ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʪʙʦʨʦʤ, ʢʦʛʜʘ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʚʳʞʠʚʘʥʠʷ, ʘ ʥʝ 

ʜʦʩʪʠʞʝʥʠʷ ʠʜʝʘʣʘ. ɺ ʨʘʙʦʪʝ [ʇʘʥʯʝʥʢʦ, 2007] ʧʨʠʚʦʜʷʪʩʷ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ɻɸ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʦʧʪʠʤʠʟʘʮʠʠ ʫʢʘʟʘʥʥʳʝ 

ʜʦʩʪʦʠʥʩʪʚʘ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ: 

- ɻɸ ʥʝ ʪʨʝʙʫʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʚʝʜʝʥʠʠ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ï ʚ 

ʟʘʜʘʯʝ ʥʘʩʪʨʦʡʢʠ ʧʘʨʦʤʝʨʦʚ ʈʀ ʪʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦʣʫʯʠʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ; 

- ɻɸ ʩʧʦʩʦʙʥʳ ʚʳʭʦʜʠʪʴ ʠʟ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ; 

- ɻɸ ʧʨʦʩʪʳ ʚ ʨʝʘʣʠʟʘʮʠʠ ï ʚʘʞʥʦ, ʯʪʦ ʜʘʞʝ ʧʨʦʩʪʳʝ ʚʝʨʩʠʠ ɻɸ 

(ʦʜʥʦʪʦʯʝʯʥʳʡ ʢʨʦʩʩʠʥʛʦʚʝʨ, ʚʳʙʦʨ ʜʚʫʭ ʨʦʜʠʪʝʣʝʡ) ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʝʜʴ ʠʥʘʯʝ ʚʦʟʥʠʢʥʝʪ ʝʱʝ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʥʘʩʪʨʦʡʢʠ 

ʵʚʨʠʩʪʠʢ ʩʘʤʦʛʦ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʪʦʨʘ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʚ ɻɸ, ʯʘʩʪʴ ʠʟ ʥʠʭ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʥʝ ʠʤʝʝʪ ʙʦʣʴʰʦʛʦ 

ʟʥʘʯʝʥʠʷ: 

- ɻɸ ʥʝ ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʥʘʡʪʠ ʛʣʦʙʘʣʴʥʳʡ ʦʧʪʠʤʫʤ ï ʪʘʢʘʷ ʟʘʜʘʯʘ 

ʠ ʥʝ ʩʪʘʚʠʪʩʷ ʧʝʨʝʜ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʪʦʨʦʤ; 

- ɻɸ ʩʣʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʩʝʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ï ʘʥʘʣʦʛʠʯʥʦ; 

- ɻɸ ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʚ ʨʝʰʝʥʠʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʡ ï ʟʘʜʘʯʘ ʥʘʩʪʨʦʡʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ ʈʀ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢʦʚʳʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʟʘʜʘʯʘ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ ʈʀ ʠʤʝʝʪ ʥʝʤʥʦʛʦ 

ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʨʷʜʢʘ 3ï6 ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʟʘʢʦʜʠʨʦʚʘʪʴ 

ʚʝʢʪʦʨʦʤ ʯʠʩʝʣ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʛʦ ɻɸ, ʩʫʱʝʩʪʚʫʶʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʚʳʙʦʨʫ 

ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ [ʇʘʥʯʝʥʢʦ, 2007]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ɻɸ ʩ 

ʦʜʥʦʪʦʯʝʯʥʳʤ ʢʨʦʩʩʠʥʛʦʚʝʨʦʤ, ʜʚʫʤʷ ʨʦʜʠʪʝʣʷʤʠ, ʚʝʨʦʷʪʥʦʩʪʴʶ ʢʨʦʩʩʠʥʛʦʚʝʨʘ 

80 %, ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʫʪʘʮʠʠ 10 %, ʨʘʟʤʝʨʦʤ ʧʦʧʫʣʷʮʠʠ 50 ʭʨʦʤʦʩʦʤ. 

ɺ ʠʪʦʛʝ ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʧʦʩʦʙ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʰʘʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘ 

ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʪʦʨ, ʚʳʧʦʣʥʷʶʱʠʡ 

ʥʘʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 

ʛʝʥʳ. ʆʜʠʥ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʡ ʭʨʦʤʦʩʦʤʝ. ʇʦʣʫʯʝʥʥʦʝ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʧʝʥʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʜʘʥʥʦʡ ʭʨʦʤʦʩʦʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʤʠʪʘʮʠʷ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ ʈʀ. 

ɸʣʛʦʨʠʪʤ ʘʜʘʧʪʘʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʧʩʝʚʜʦʢʦʜʘ.  

1. ʉʦʟʜʘʪʴ ʧʦʧʫʣʷʮʠʶ ʭʨʦʤʦʩʦʤ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ ʈʀ: 

chromosomei = random(pmin j, pmax j); i = 1,é, nga ; j = 1, é, np 

2. ɺʳʧʦʣʥʠʪʴ mga ʨʘʟ: 

2.1. ʈʘʩʩʯʠʪʘʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ, ʚʳʧʦʣʥʠʚ ʨʝʰʝʥʠʝ ʦʙʫʯʘʶʱʠʭ ʟʘʜʘʯ ʘʣʛʦʨʠʪʤʦʤ ʈʀ: 
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ρ

Ὧ
ὶόὲͅίύὥὶάὧὬὶέάέίέάὩὭȟὭ ρȟȢȢȟὲ  

2.2. ʉʦʭʨʘʥʠʪʴ ʥʘʠʣʫʯʰʠʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʝʩʣʠ ʦʥ ʙʳʣ ʥʘʡʜʝʥ: 

if  fitnessi < best_fitness  

  best_fitness = fitnessi 

best_parameter = chromosomei 

2.3. ɺʳʧʦʣʥʠʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʦʧʝʨʘʪʦʨʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ: 

        ʩʝʣʝʢʮʠʶ, ʩʢʨʝʱʠʚʘʥʠʝ, ʤʫʪʘʮʠʶ. 

3. ʉʦʭʨʘʥʠʪʴ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ best_parameter ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʩʝʚʜʦʢʦʜʝ ʚ ʧʫʥʢʪʝ 2.1 ʧʦʜʯʝʨʢʥʫʪʦ, ʯʪʦ ʦʥ ʧʨʠʤʝʥʷʪʩʷ ʥʝ 

ʜʣʷ ʦʜʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʘ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʟʘʜʘʯ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ (ʠʭ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʙʫʯʘʶʱʠʤʠ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʝʨʝʥʘʩʪʨʦʡʢʠ ʥʘ 

ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʘʣʛʦʨʠʪʤʘ ʈʀ ʦʢʘʞʫʪʩʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʦʪʣʠʯʘʶʱʠʭʩʷ ʟʘʜʘʯ. 

ʉʭʝʤʘ ʨʘʙʦʪʳ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.2. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʵʚʦʣʶʮʠʦʥʥʦʡ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ 

 

˭͊͒͊;͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙

˽͔͙͍͙͔ͪͦͭͪͦ͊ͤ͟ Χ͍͔͙͔̂ͨͪ͊ͤ͡ Χ Χ

˾͔͍͚ͦͦ ͎͙͊ͦͪͭͣ͡

˾͚ͦ ;͙͊ͫͭͼ˴ͦ ͙ͦͤ͡Ύ ͍ͣͯͪ͊Έ͔͍Χ ˨͎͙͔ͪͯ ˢ˾ˮ

˥͔͔͙ͤͭ;͔͙͚ͫ͟ ͎͙͊ͦͪͭͣ͡

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʅʘʩʪʨʦʡʢʘ ʘʣʛʦʨʠʪʤʘ ʈʀ 
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ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʘʜʘʧʪʘʮʠʠ (ʠʥʪʝʨʬʝʡʩ ʧʣʶʩ ʤʝʪʘ-

ʦʧʪʠʤʠʟʘʮʠʷ) ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

- ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ 

ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ; 

- ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʥʮʠʧʳ ʠ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʠ; 

- ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʜʣʷ ʚʩʝʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. 

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʣʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, 

ʭʦʪʷ ʩ ʨʘʟʚʠʪʠʝʤ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʥʦ ʦʙʦʡʪʠ ʧʫʪʝʤ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʨʘʩʯʝʪʦʚ ʥʘ ʫʨʦʚʥʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

 

2.4. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

 

ɺ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʠʝʤʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʦʚ ʈʀ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʘʣʛʦʨʠʪʤʳ ʈʀ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 

2.4.1. ɺʳʙʦʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ 

 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʦʯʝʥʴ ʚʘʞʝʥ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ 

ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ. ʄʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘʙʦʨ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʢʪʫʨ ʠʣʠ 

ʤʘʪʨʠʮ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʠ ʵʢʦʥʦʤʠʠ ʧʘʤʷʪʠ. ɿʘʤʝʪʠʤ, 

ʯʪʦ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʩʘʤʦʡ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʯʘʩʪʠʮ, ʢʦʛʜʘ 

ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʤʘʩʩʠʚ ʠʣʠ ʚʝʢʪʦʨ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʷʟʥʳʡ ʩʧʠʩʦʢ, 

ʘ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʧʯʝʣ ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʠʤʝʥʠʪʴ ʪʘʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ, ʢʘʢ 

ʧʠʨʘʤʠʜʘ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʥʝʤ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʥʘʙʦʨ 

ʯʘʩʪʠʮ ʩ ʥʘʠʣʫʯʰʠʤ ʟʥʘʯʝʥʠʝʤ ʬʠʪʥʝʩʩ-ʬʫʥʢʮʠʠ. 

ɺ ʘʣʛʦʨʠʪʤʝ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʩʚʦʜʠʪʩʷ ʢ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʦʙʭʦʜʫ ʛʨʘʬʘ ʠ 

ʠʟʤʝʥʝʥʠʶ ʬʝʨʦʤʦʥʘ ʥʘ ʝʛʦ ʜʫʛʘʭ, ʧʦʩʢʦʣʴʢʫ ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʘ ʦʯʝʥʴ ʚʘʞʝʥ. 
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ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʛʨʘʬʘ ʙʫʜʝʪ 

ʥʘʙʦʨ ʫʟʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʧʠʩʦʢ ʜʫʛ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʫʢʘʟʘʪʝʣʴ ʥʘ 

ʩʦʩʝʜʥʠʡ ʫʟʝʣ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʚʝʩ ʠ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʦʤʦʥʘ). 

ʆʜʥʘʢʦ ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʛʨʘʬ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʠ 

ʤʘʪʨʠʮʳ ʬʝʨʦʤʦʥʘ. ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʙʫʜʝʪ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʦʱʝ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʚʦ-

ʚʪʦʨʳʭ, ʤʝʥʴʰʝ ʧʦ ʦʙʲʝʤʫ ʪʨʝʙʫʝʤʦʡ ʧʘʤʷʪʠ (ʥʝ ʥʫʞʥʦ ʭʨʘʥʠʪʴ ʩʧʠʩʢʠ ʫʢʘʟʘʪʝʣʝʡ 

ʚ ʢʘʞʜʦʤ ʫʟʣʝ), ʚ-ʪʨʝʪʴʠʭ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʘʣʛʦʨʠʪʤ ʩ ʪʘʢʠʤ ʛʨʘʬʦʤ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ 

ʙʳʩʪʨʝʝ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ ʨʘʟʤʝʨʥʦʩʪʴʶ N ʧʫʥʢʪʦʚ ʤʘʪʨʠʮʳ 

ʙʫʜʫʪ ʠʤʝʪʴ ʨʘʟʤʝʨ NĬN, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʘ ʙʫʜʝʪ ʨʘʚʥʦ ʚʝʩʫ ʜʫʛʠ ʤʝʞʜʫ 

ʧʫʥʢʪʘʤʠ i ʠ j ʜʣʷ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʠ ʢʦʣʠʯʝʩʪʚʫ ʬʝʨʦʤʦʥʘ ʜʣʷ ʤʘʪʨʠʮʳ ʬʝʨʦʤʦʥʘ. 

ʀʤʝʝʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʤʘʪʨʠʮʳ: ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ʠʣʠ 

ʦʜʥʦʤʝʨʥʳʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʵʣʝʤʝʥʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʚʘ ʠʥʜʝʢʩʘ i, j. ɺʦ ʚʪʦʨʦʤ ï ʦʜʠʥ, ʜʣʷ ʵʣʝʤʝʥʪʘ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʤʘʪʨʠʮʳ, ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʠʥʜʝʢʩ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ NĬi + j ʠ ʵʪʦʤ ʚʘʨʠʘʥʪ ʣʫʯʰʝ ʧʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʨʝʩʥʦʡ ʘʨʠʬʤʝʪʠʢʠ, ʪʦ ʝʩʪʴ ʦʧʝʨʘʮʠʡ ʩ 

ʫʢʘʟʘʪʝʣʷʤʠ ʚʤʝʩʪʦ ʠʥʜʝʢʩʘʮʠʠ (ʝʩʣʠ ʚʳʙʨʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ) ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʥʦʛʠʝ 

ʦʧʝʨʘʮʠʠ, ʪʨʝʙʫʶʱʠʝ ʦʙʭʦʜʘ ʚʩʝʭ ʜʫʛ ʛʨʘʬʘ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ (ʠʩʧʘʨʝʥʠʝ 

ʬʝʨʦʤʦʥʘ, ʦʯʠʩʪʢʘ, ʠʥʠʮʠʘʣʠʟʘʮʠʷ) ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʧʨʦʩʪʳʤ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʫʢʘʟʘʪʝʣʷ ʧʦ ʚʩʝʤʫ ʤʘʩʩʠʚʫ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʥʫʞʥʳʭ ʜʝʡʩʪʚʠʡ ʥʘʜ 

ʢʘʞʜʳʤ ʵʣʝʤʝʥʪʦʤ. 

 

2.4.2. ʋʯʝʪ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ  

 

ɺʦ ʤʥʦʛʠʭ ʘʣʛʦʨʠʪʤʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ, ʥʦ ʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʣʛʦʨʠʪʤʦʤ. 

ʅʘʧʨʠʤʝʨ, ʚ ʬʦʨʤʫʣʘʭ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ, ʩʚʝʪʣʷʯʢʦʚ ʠ ʧʯʝʣ f(X) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʫʯʰʝʡ ʧʦʟʠʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. ɸ ʚ ʬʦʨʤʫʣʘʭ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʦʪ ʟʥʘʯʝʥʠʷ 
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ʢʨʠʪʝʨʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʟʘʚʠʩʠʪ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʦʤʦʥʘ, ʥʘʥʦʩʠʤʦʝ ʥʘ ʛʨʘʬ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʙʦʨʘ ʨʝʙʝʨ ʛʨʘʬʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʤʦʞʝʪ ʠʤʝʪʴ 

ʥʝʢʦʪʦʨʫʶ ʧʦʩʪʦʷʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ fconst, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, 

ʯʝʤ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʠ fvar(X), ʪ. ʝ. 

f(X) = fconst + fvar(X) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʬʠʪʥʝʩʩ-ʬʫʥʢʮʠʡ 

ʯʘʩʪʠʮ ʤʘʣʳ. ɽʩʣʠ ʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ 100 ʨʘʟ ʙʦʣʴʰʝ ʜʠʘʧʘʟʦʥʘ 

ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʠ, ʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʬʠʪʥʝʩʩʘʤʠ ʯʘʩʪʠʮ 

ʩʦʩʪʘʚʠʪ ʚʩʝʛʦ 1 %. 

ʀʟ ʜʚʫʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʘʙʟʘʮʝʚ ʩʣʝʜʫʝʪ ʧʨʦʩʪʦʡ ʚʳʚʦʜ: ʝʩʣʠ ʢʨʠʪʝʨʠʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʠ ʝʛʦ ʧʦʩʪʦʷʥʥʘʷ ʯʘʩʪʴ 

ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʠʟʤʝʥʷʝʤʫʶ ʯʘʩʪʴ, ʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ ʦʯʝʥʴ 

ʩʠʣʴʥʦ ʫʧʘʩʪʴ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʧʨʠʚʝʜʝʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʙʦʨʘ ʚʩʝʭ ʯʘʩʪʠʮ ʥʘ ʵʪʘʧʝ ʩʝʣʝʢʮʠʠ ʙʫʜʝʪ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʘʯʝʩʪʚʘ ʠʭ ʧʦʟʠʮʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. ɸ 

ʚ ʘʣʛʦʨʠʪʤʝ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʦʤʦʥʘ, ʥʘʥʦʩʠʤʦʝ ʥʘ ʨʝʙʨʘ ʛʨʘʬʘ, 

ʙʫʜʝʪ ʪʘʢʞʝ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʡʜʝʥʥʦʛʦ ʢʘʞʜʦʡ 

ʯʘʩʪʠʮʝʡ ʤʘʨʰʨʫʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤʳ ʣʠʰʘʶʪʩʷ ʦʜʥʦʛʦ ʠʟ ʩʚʦʠʭ ʛʣʘʚʥʳʭ 

ʩʚʦʡʩʪʚ ï ʫʯʝʪʘ ʦʧʳʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʠʪʝʨʘʮʠʷʭ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʧʨʠʤʝʥʝʥʠʝ ʵʚʦʣʶʮʠʦʥʥʦʡ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ ʤʦʞʝʪ ʙʳʪʴ 

ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʟʜʝʩʴ ʫʯʝʪʘ ʧʦʩʪʦʷʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʩʧʦʩʦʙʳ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʥʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ʚʳʙʨʘʪʴ ʥʘʠʤʝʥʴʰʝʝ 

ʥʘʡʜʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʠʥʷʪʴ ʝʛʦ ʟʘ ʧʨʠʤʝʨʥʫʶ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ (fappr) ʠ ʟʘʪʝʤ 

ʚʳʯʠʪʘʪʴ ʝʛʦ ʥʘ ʚʩʝʭ ʠʪʝʨʘʮʠʷʭ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ. ʃʠʙʦ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʩʦʭʨʘʥʠʪʴ ʥʘʠʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ, ʠ ʧʨʠ 

ʩʣʝʜʫʶʱʝʤ ʟʘʧʫʩʢʝ ʚʳʯʠʪʘʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʪʥʝʩʩʦʚ ʯʘʩʪʠʮ. 

ʅʫʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ ʥʝ ʚʩʝ ʘʣʛʦʨʠʪʤʳ ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʶʪ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 
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ʟʥʘʯʝʥʠʷʤʠ ʢʨʠʪʝʨʠ,̫ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʚ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ, ʝʩʣʠ ʬʠʪʥʝʩʩ 

ʢʘʢʦʡ-ʣʠʙʦ ʯʘʩʪʠʮʳ ʦʢʘʞʝʪʩʷ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ fappr. 

 

2.4.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʦʮʝʜʫʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʨʠʣʦʞʝʥʠʷ ʚʦ 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʪʘʥʦʚʠʪʴ ʨʘʩʯʝʪʳ ʠ ʢʦʨʨʝʢʪʥʦ ʟʘʚʝʨʰʠʪʴ ʨʘʙʦʪʫ 

ʧʨʠʣʦʞʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʞʝʣʘʪʝʣʴʥʦ ʩʦʦʙʱʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʦʜʝ ʨʝʰʝʥʠʷ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ: 

- ʧʨʠʣʦʞʝʥʠʝ ʥʠʢʘʢ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʦ ʚʨʝʤʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ; 

- ʧʨʠʣʦʞʝʥʠʝ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʩ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʥʘ ʧʨʦʮʝʩʩ ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʙʨʘʙʦʪʢʠ ʝʛʦ ʜʝʡʩʪʚʠʡ; 

- ʚʳʯʠʩʣʝʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʜʠʘʣʦʛʘ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʘ 

ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʧʦʪʦʢʘ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʨʘʩʯʝʪʦʚ, ʪʘʢ ʢʘʢ ʧʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʷʝʪ ʚʳʯʠʩʣʝʥʠʷ ʙʝʟ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʕʪʦʪ ʚʘʨʠʘʥʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʨʝʘʣʠʟʦʚʘʪʴ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʥʘʤʥʦʛʦ ʫʩʪʫʧʘʝʪ ʧʦ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʟ-ʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʧʘʫʟ ʚ ʨʘʩʯʝʪʘʭ, ʥʦ ʚʦ ʚʨʝʤʷ ʵʪʠʭ ʦʩʪʘʥʦʚʦʢ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʧʝʨʘʮʠʠ.  

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʯʪʠ ʥʝ ʫʩʪʫʧʘʝʪ 

ʧʝʨʚʦʤʫ ʧʦ ʩʢʦʨʦʩʪʠ (ʚ ʩʣʫʯʘʝ ʤʥʦʛʦʷʜʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ) ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʬʫʥʢʮʠʠ ʚʳʚʦʜʘ ʩʦʦʙʱʝʥʠʡ ʦ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ, ʥʦ ʢʦʨʨʝʢʪʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ. 
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2.4.4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

 

ʇʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤʳ ʈʀ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚ ʧʨʦʩʪʳʭ 

ʯʘʩʪʠʮ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʭ ʨʘʙʦʪʫ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʩʩʦʨʘʭ ʠʣʠ ʷʜʨʘʭ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. ʈʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʦʚ ʈʀ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʩʪʦ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʤʝʱʝʥʠʝ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʠʪʝʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ, ʢʘʢ ʠ ʚʳʯʠʩʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʦ 

ʢʘʞʜʦʡ ʠʟ ʥʠʭ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʩʪʦʪʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʈʀ 

ʦʙʲʷʩʥʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʘ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ. ʏʝʤ ʧʨʦʱʝ ʢʦʩʚʝʥʥʳʡ ʦʙʤʝʥ, ʪʝʤ ʧʨʦʱʝ ʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ 

ʘʣʛʦʨʠʪʤʘ ʈʀ. ɺ ʘʣʛʦʨʠʪʤʝ ʨʦʷ ʯʘʩʪʠʮ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʝʝ 

ʧʨʦʩʪʦ ʠ ʵʬʬʝʢʪʠʚʥʦ, ʧʦʩʢʦʣʴʢʫ ʩʨʝʜʩʪʚʦʤ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ M ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ 

ʢʦʦʨʜʠʥʘʪ ʥʘʠʣʫʯʰʝʛʦ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʝʤʠ 

ʯʘʩʪʠʮʘʤʠ ʜʣʷ ʯʪʝʥʠʷ, ʘ ʜʣʷ ʟʘʧʠʩʠ ʪʦʣʴʢʦ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʥʘʭʦʞʜʝʥʠʷ ʣʫʯʰʝʛʦ 

ʨʝʰʝʥʠʷ. 

ʈʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʘʷ 

ʟʘʜʘʯʘ. ʆʙʭʦʜ ʛʨʘʬʘ ʢʘʞʜʦʡ ʯʘʩʪʠʮʝʡ ʠ ʚʳʯʠʩʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ ʯʘʩʪʠʮ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʠʪʝʨʘʮʠʠ. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʛʨʘʬʘ ʠ 

ʠʩʧʘʨʝʥʠʝ ʬʝʨʦʤʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʜʣʷ ʢʘʞʜʦʡ ʜʫʛʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʪʘʣʴʥʳʭ ʜʫʛ. 

ʇʦʵʪʦʤʫ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʵʪʘʧʳ ʣʝʛʢʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʜʘʶʪʩʷ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʶ, ʥʦ ʵʪʘʧ ʥʘʥʝʩʝʥʠʷ ʬʝʨʦʤʦʥʘ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʘʢʢʫʨʘʪʥʦʛʦ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ. ɼʦʧʫʩʪʠʤ, ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʨʝʙʨʝ ʛʨʘʬʘ ʠʤʝʝʪʩʷ Ű ʬʝʨʦʤʦʥʘ, ʠ ʜʚʝ ʯʘʩʪʠʮʳ, ʫʧʨʘʚʣʷʝʤʳʝ ʜʚʫʤʷ ʧʦʪʦʢʘʤʠ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʳʪʘʶʪʩʷ ʥʘʥʝʩʪʠ ʥʘ ʵʪʦ ʨʝʙʨʦ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʦʤʦʥʘ Ű1 ʠ Ű2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʬʝʨʦʤʦʥʘ ʜʦʣʞʥʦ ʩʪʘʪʴ Ű + Ű1 + Ű2, ʥʦ 

ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʣʝʜʫʶʱʘʷ ʩʠʪʫʘʮʠʷ:  

- ʯʘʩʪʠʮʘ 1 ʧʨʦʯʠʪʘʣʘ ʟʥʘʯʝʥʠʝ Ű; 

- ʯʘʩʪʠʮʘ 2 ʧʨʦʯʠʪʘʣʘ ʟʥʘʯʝʥʠʝ Ű; 

- ʯʘʩʪʠʮʘ 1 ʚʳʯʠʩʣʠʣʘ Ű1ô = Ű + Ű1 ʠ ʟʘʧʠʩʘʣʘ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚʤʝʩʪʦ Ű; 

- ʯʘʩʪʠʮʘ 2 ʚʳʯʠʩʣʠʣʘ Ű2ô = Ű + Ű2 ʠ ʟʘʧʠʩʘʣʘ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚʤʝʩʪʦ Ű1ô. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʬʝʨʦʤʦʥʘ ʥʘ ʨʝʙʨʝ ʩʪʘʥʝʪ Ű + Ű2, ʘ ʜʘʥʥʳʝ ʦ ʪʦʤ, 

ʯʪʦ ʧʝʨʚʘʷ ʯʘʩʪʠʮʘ ʧʨʦʰʣʘ ʧʦ ʜʘʥʥʦʤʫ ʨʝʙʨʫ, ʧʨʦʩʪʦ ʧʨʦʧʘʜʫʪ. ʕʪʦ ʤʦʞʝʪ ʩʠʣʴʥʦ 

ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ, ʚʝʜʴ ʤʦʛʫʪ ʧʨʦʧʘʩʪʴ ʜʘʥʥʳʝ ʦ ʙʣʠʟʢʦʤ ʢ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʫʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʣʠʙʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʵʪʘʧʘ, ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʙʣʦʢʠʨʦʚʦʢ, 

ʪʦ ʝʩʪʴ ʧʦʢʘ ʦʜʠʥ ʧʦʪʦʢ ʚʳʧʦʣʥʷʝʪ ʯʪʝʥʠʝ ʠ ʧʝʨʝʟʘʧʠʩʴ ʬʝʨʦʤʦʥʘ ʥʘ ʨʝʙʨʝ, ʜʦʩʪʫʧ 

ʢ ʨʝʙʨʫ ʙʣʦʢʠʨʫʝʪʩʷ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʦʪʦʢʦʚ. ɺʳʙʦʨ ʚʘʨʠʘʥʪʘ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʘ ʛʨʘʬʘ ʠ ʯʠʩʣʘ ʯʘʩʪʠʮ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʙʦʣʴʰʦʤ ʨʘʟʤʝʨʝ ʛʨʘʬʘ 

ʠ ʤʘʣʦʤ ʯʠʩʣʝ ʯʘʩʪʠʮ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʜʦʩʪʫʧʘ ʥʠʟʢʘ, ʠ ʚʪʦʨʦʡ 

ʚʘʨʠʘʥʪ ʙʫʜʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. ʇʨʠ ʙʦʣʴʰʦʤ ʞʝ ʢʦʣʠʯʝʩʪʚʝ ʯʘʩʪʠʮ ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʪʨʘʪʠʪʴʩʷ ʥʘ ʫʧʨʘʚʣʝʥʠʝ 

ʜʦʩʪʫʧʦʤ. ʇʦ ʟʘʢʦʥʫ ɸʤʜʘʣʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʪʝʤ ʚʳʰʝ, 

ʯʝʤ ʙʦʣʴʰʝ ʜʦʣʷ ʚʳʯʠʩʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʘʨʘʣʣʝʣʝʥʳ [ʕʭʪʝʨ, 2010]. 

Ὓὴ ὥ      (2.7) 

ʛʜʝ  

- S(p) ï ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʫʩʢʦʨʝʥʠʝ, ʪ.ʝ. ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʩʷ ʩʢʦʨʦʩʪʴ 

ʨʘʙʦʪʳ ʟʘ ʩʯʝʪ ʧʘʨʘʣʣʝʣʠʟʤʘ; 

- p ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʨʦʚ; 

- a ï ʜʦʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʚʳʯʠʩʣʝʥʠʡ. 

ʀʟ ʟʘʢʦʥʘ ɸʤʜʘʣʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʚʦʜʠʪʴ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʠʩʧʦʣʴʟʫʝʪ 

ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʦʚ ʈʀ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ. ʀʩʭʦʜʥʘʷ ʧʦʧʫʣʷʮʠʷ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʯʘʩʪʠ ʧʦ 

ʯʠʩʣʫ ʷʜʝʨ, ʠ ʚʳʯʠʩʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʘʣʛʦʨʠʪʤʘʤʠ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʘʨʘʣʣʝʣʴʥʦ. ʆʪʙʦʨ ʠ ʩʢʨʝʱʠʚʘʥʠʝ ʚʳʧʦʣʥʷʶʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʥʘ ʵʪʘʧʝ ʨʘʙʦʪʳ 

ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʪʦʨʘ, ʧʦʵʪʦʤʫ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʘʝʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʈʀ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʠʟ 

ʨʦʝʚ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʱʠʝ ʜʘʥʥʳʝ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩʳ ʣʝʛʢʦ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ. 

ʅʘ ʨʠʩʫʥʢʝ 2.3 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʨʦʚ ʠʣʠ ʷʜʝʨ 
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ʧʦʚʳʰʘʝʪʩʷ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʈʀ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʤ 

ʚʳʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ ʠ ʯʝʤ ʥʠʞʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ ʈʀ.  

 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʨʘʩʯʝʪʦʚ ʘʜʘʧʪʠʚʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʈʀ 

 

2.5. ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 2 

 

ʇʨʦʚʝʜʝʥ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʥʦʚʘʷ ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ, ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɺʚʝʜʝʥʘ ʠ 

ʦʙʦʩʥʦʚʘʥʘ ʝʜʠʥʘʷ ʜʣʷ ʚʩʝʭ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʪʝʨʤʠʥʦʣʦʛʠʷ. ʆʧʠʩʘʥʳ ʦʙʱʠʝ ʜʣʷ 

ʥʠʭ ʧʨʠʥʮʠʧʳ ʠ ʩʭʝʤʘ ʨʘʙʦʪʳ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʦʙʱʠʝ ʠ ʫʥʠʢʘʣʴʥʳʝ ʜʣʷ 

ʢʘʞʜʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʠʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ ʙʦʣʴʰʫʶ ʠʣʠ 

ʤʝʥʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʘʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʘʞʜʳʡ ʘʣʛʦʨʠʪʤ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʧʫʪʝʤ ʟʘʜʘʥʠʷ ʥʘʙʦʨʘ 

ʯʘʩʪʠʮ S, ʩʨʝʜʩʪʚʘ ʜʣʷ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʦʧʳʪʦʤ M, ʧʨʘʚʠʣ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ 

A, ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ P, ʘ ʪʘʢʞʝ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝʡ I, O (ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʢʘʥʘʣʳ). ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ 

ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ, ʧʦʚʳʰʝʥʠʝ 

ʛʠʙʢʦʩʪʠ ʠ ʧʝʨʝʥʦʩʠʤʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 
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ʠʥʪʝʣʣʝʢʪʘ ʧʫʪʝʤ ʚʳʙʦʨʘ ʥʫʞʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. 

ɸʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʚ ʦʙʦʩʦʙʣʝʥʥʫʶ ʛʨʫʧʧʫ 

ʩʨʝʜʠ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʠʤʝʶʪ ʦʙʱʠʝ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ 

ʨʘʙʦʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʦʣʣʝʢʪʠʚʥʳʭ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʯʘʩʪʠʮ 

ʠ ʢʦʩʚʝʥʥʦʤ ʦʙʤʝʥʝ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʥʮʠʧʦʚ ʦʪʙʦʨʘ, ʧʦ ʢʦʪʦʨʳʤ 

ʨʘʙʦʪʘʶʪ ʵʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

ʆʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʠʤʝʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʘ: ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʨʝʘʣʠʟʘʮʠʡ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʦʜʝʣʴʶ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ (ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝʡ); ʥʘʩʪʨʦʡʢʘ 

ʟʥʘʯʝʥʠʡ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʢʣʘʩʩ ʟʘʜʘʯ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʘʣʛʦʨʠʪʤʦʤ ʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝʡ 

ʤʝʞʜʫ ʥʠʤʠ ʚʚʝʜʝʥ ʠʥʪʝʨʬʝʡʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʠʪʴ ʠʭ ʩʦʝʜʠʥʝʥʠʝ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʥʷʪʴ ʯʪʦ-ʣʠʙʦ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʘʣʛʦʨʠʪʤʦʚ ʠʣʠ ʚ 

ʤʦʜʝʣʷʭ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʩʠʩʪʝʤ. ʅʝʦʙʭʦʜʠʤʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʫʯʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʜʠʩʢʨʝʪʥʦʩʪʴ, ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʠʥʪʝʨʬʝʡʩʝ. ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ 

ʘʣʛʦʨʠʪʤʘ ʯʝʨʥʳʤ ʷʱʠʢʦʤ, ʢʘʢ ʠ ʘʣʛʦʨʠʪʤ ʜʣʷ ʟʘʜʘʯʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʝʜʠʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʟʘʜʘʯ ʥʝʧʨʝʨʳʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʛʠʙʨʠʜʥʳʭ ʟʘʜʘʯ, ʜʣʷ ʟʘʜʘʯ ʫʩʣʦʚʥʦʡ ʠʣʠ 

ʙʝʟʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜ ʨʝʰʘʝʤʳʝ 

ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʙʘʟʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʝʡ ʚ ʧʨʠʨʦʜʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʦʚʠʟʥʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʦʪʜʝʣʝʥʠʷ 

ʘʣʛʦʨʠʪʤʘ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʪ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʝʨʝʥʘʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʨʦʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʫʪʝʤ ʤʝʪʘ-ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʠʭʦʜʠʣʦʩʴ ʧʨʠʤʝʥʷʪʴ ʜʘʞʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ. 

ʀʟʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʠʭ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ.  
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3. ɸʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ 

 

ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚ 

ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ʇʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʪʝʪ, 

ʧʦ ʧʨʦʛʥʦʟʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ [ʉʝʤʝʥʦʚ, 2014], ʢ 2050 ʛʦʜʫ ʦʥʦ ʫʚʝʣʠʯʠʪʩʷ ʚʜʚʦʝ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [Artunov, 2017], ʜʘʞʝ ʧʦʣʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʥʝ ʨʝʰʠʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚʝʪʨʘ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ ʜʣʷ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʥʘʨʫʰʘʝʪ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ, ʩʦʟʜʘʝʪ ʘʢʫʩʪʠʯʝʩʢʠʡ ʰʫʤ; ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʪʨʝʙʫʶʪ ʟʘʪʦʧʣʝʥʠʷ 

ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʥʘʨʫʰʘʶʪ ʤʠʛʨʘʮʠʶ ʨʳʙ; ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʪʘʢʞʝ 

ʪʨʝʙʫʝʪ ʚʳʜʝʣʝʥʠʷ ʧʣʦʱʘʜʝʡ ʠ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʢʣʠʤʘʪ. ʇʦʵʪʦʤʫ 

ʵʬʬʝʢʪ ʦʪ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʫʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʚʳʛʦʜʳ, ʥʦ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ. 

ɺ ʨʘʙʦʪʝ ʨʝʰʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʟʘʜʘʯ (ʥʝʧʨʝʨʳʚʥʳʝ, ʢʦʤʙʠʥʘʪʦʨʥʳʝ, 

ʛʠʙʨʠʜʥʳʝ; ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ), ʯʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʜʘʧʪʠʚʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʈʘʟʜʝʣ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʦʜʨʘʟʜʝʣʦʚ ʠ ʟʘʢʣʶʯʝʥʠʷ. 

ʇʦʜʨʘʟʜʝʣ 3.1 ʦʧʠʩʳʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ (ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʤʦʱʥʦʩʪʝʡ) ʜʣʷ ʛʣʫʙʦʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɿʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ, ʠʤʝʝʪ 

ʥʝʩʢʦʣʴʢʦ ʢʨʠʪʝʨʠʝʚ, ʚʳʩʦʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʠ 

ʥʝʧʨʝʨʳʚʥʳʭ, ʠ ʜʠʩʢʨʝʪʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʠ ʢʘʢ ʟʘʜʘʯʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠ ʢʘʢ ʟʘʜʘʯʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʜʨʘʟʜʝʣ 3.2 ʧʦʩʚʷʱʝʥ 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ 

ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʟʘʜʘʯʝ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠ ʚʦ ʚʨʝʤʷ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɺ ʧʦʜʨʘʟʜʝʣʝ 3.3 ʧʨʠʚʦʜʠʪʩʷ 

ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʦʜʝʣʝʡ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ.  
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3.1. ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʟʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

 

ɺʦʧʨʦʩʳ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʜʨʦʙʥʦ ʦʩʚʝʱʝʥʳ ʚ ʨʘʙʦʪʘʭ 

[ɻʣʫʰʢʦʚ, 1975; ʂʘʙʳʰʝʚ, 2012; ʄʘʥʫʩʦʚ, 2017b]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 

ʣʠʥʠʷʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. ɿʘʜʘʯʘ ʘʢʪʫʘʣʴʥʘ ʚ ʩʝʪʷʭ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʡ: ʦʪ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʦ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʩʪʨʘʥʳ. 

ʇʝʨʝʜʘʯʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʟʘ ʝʝ ʩʯʝʪ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʣʝʟʥʘ ̫ʨʘʙʦʪʘ, ʥʦ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʪʠʚʥʦʛʦ 

ʪʦʢʘ ʚ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʟʘʥʠʤʘʝʪ ʯʘʩʪʴ ʩʝʯʝʥʠʷ ʢʘʙʝʣʷ, ʩʥʠʞʘʷ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʚʘʜʨʘʪʫ ʧʦʣʥʦʛʦ ʪʦʢʘ. ɺʣʠʷʥʠʝ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ўὖ σὍὙ
Ὓ

Ὗ
Ὑ
ὖ ὗ

Ὗ
Ὑ

ὖ

Ὗ
Ὑ
ὗ

Ὗ
Ὑ 

 

ʂʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʵʢʦʥʦʤʠʶ ʨʘʩʭʦʜʦʚ 

ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʥʦ ʠ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠ ʪʝʧʣʦʚʦʛʦ ʚʳʜʝʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ.  

ɺ ʨʘʙʦʪʝ [ʂʨʘʩʥʠʢ, 2004] ʧʨʠʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʦʪ 

ʧʦʚʳʰʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ: 

1. ʀʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʦʢʘ 

Ὅ
ὖ ὗ

Ѝσ Ὗ
 

ʫʭʫʜʰʘʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʝʯʝʥʠʷ 

ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʥʦʚʳʭ ʤʘʛʠʩʪʨʘʣʝʡ.  

2. ʀʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ  

Ўὖ
ὖ ὗ

Ὗ
Ὑ 
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ʧʝʨʝʨʘʩʭʦʜʫʝʪʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ. 

3.  ʀʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ 

ЎὟ
ὖὙ ὗὢ

Ὗ
 

ʩʥʠʞʘʝʪʩʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʭʫʜʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

 

3.1.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʣʫʙʦʢʫʶ 

ʢʦʤʧʝʥʩʘʮʠʶ, ʢʦʛʜʘ ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ (ʂʋ, ʠʩʪʦʯʥʠʢʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ) ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʝʝ ʦʩʥʦʚʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ.  

ʆʙʱʝʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʚʳʨʘʙʦʪʢʘ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʡ ʥʦʨʤʘʣʴʥʦʡ 

ʨʘʙʦʪʳ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʪʘʢ ʠ ʧʨʠʝʤʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

[ɾʝʣʝʟʢʦ, 1981]. ɺʦʟʥʠʢʘʝʪ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʜʠʩʢʨʝʪʥʦ-ʥʝʧʨʝʨʳʚʥʘʷ ʟʘʜʘʯʘ 

ʚʳʙʦʨʘ ʫʟʣʦʚ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʚʳʙʦʨʘ ʠʭ ʤʦʱʥʦʩʪʝʡ 

[ʄʘʥʫʩʦʚ, 2017b]. ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠʤʝʝʪ ʜʚʘ ʢʨʠʪʝʨʠʷ: ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʤʠʥʠʤʫʤ ʟʘʪʨʘʪ ʥʘ ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ. ʅʘʠʙʦʣʝʝ 

ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʩʚʝʜʝʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʢ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ 

ʩʯʠʪʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʩʚʝʨʪʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʠ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʠ ʟʘʪʨʘʪʳ ʥʘ ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ 

ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʠʥ ʢʨʠʪʝʨʠʡ ï ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ W. ʂʨʠʪʝʨʠʡ ʙʫʜʝʪ 

ʫʯʠʪʳʚʘʪʴ ʩʪʦʠʤʦʩʪ ɹʝʜʠʥʠʮʳ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʴ ʝʜʠʥʠʮʳ 

ʤʦʱʥʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ. ʉʪʦʠʤʦʩʪʴ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʨʠʬʦʤ, ʘ ʩʪʦʠʤʦʩʪʴ ʝʜʠʥʠʮʳ ʤʦʱʥʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ 

ʫʩʪʘʥʦʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʦʪʥʦʰʝʥʠʝ ʮʝʥʳ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ 

ʢ ʝʝ ʤʦʱʥʦʩʪʠ [ʊʨʝʪʴʷʢʦʚʘ, 2015]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʵʥʝʨʛʦʩʠʩʪʝʤʘ ʜʦʣʞʥʘ 

ʩʦʭʨʘʥʷʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢ ʢʨʠʪʝʨʠʶ ʜʦʙʘʚʣʝʥʘ ʰʪʨʘʬʥʘʷ ʬʫʥʢʮʠʷ. ɽʩʣʠ ʜʣʷ 
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ʚʘʨʠʘʥʪʘ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʢ ʟʥʘʯʝʥʠʶ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʙʘʚʣʷʝʪʩʷ ʰʪʨʘʬ, ʟʥʘʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʯʝʤ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὡ ὗ ὧ ὗ ὧὸЎὖὗ Ὃὗ ᴼάὭὲ                          σȢρ  

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ: Qmin i < Qi < Qmax i , ʛʜʝ 

Qi ï ʤʦʱʥʦʩʪʴ ʂʋ ʚ i-ʤ ʫʟʣʝ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ Qmax i = 0 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ  

i-ʤ ʫʟʣʝ ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʞʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʂʋ; 

ccu ï ʩʨʝʜʥʷʷ ʮʝʥʘ ʟʘ ʝʜʠʥʠʮʫ ʤʦʱʥʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ;  

cp ï ʮʝʥʘ ʟʘ ʢɺʪĿʯ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ, ʚ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʂʋ; 

t ï ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʚ ʯʘʩʘʭ; 

ȹP(Q)ï ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʝʪʠ; 

G(Q) ï ʰʪʨʘʬʥʘʷ ʬʫʥʢʮʠʷ; 

i ï ʠʥʜʝʢʩ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ: i = 1, 2, 3, é, n. 

 

3.1.2. ʇʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʩʪʦʯʥʠʢʦʚ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

 

ʉʣʦʞʥʦʩʪʴʶ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ 

ʨʘʩʯʝʪʘ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠ ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʧʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʢʘʢ ʯʝʨʥʦʛʦ ʷʱʠʢʘ, ʢʦʪʦʨʳʡ ʠʩʩʣʝʜʫʝʪ ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʥʝ ʧʨʦʥʠʢʘʷ ʚʥʫʪʨʴ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʈʀ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʧʦʟʠʮʠʝʡ 

ʯʘʩʪʠʮʳ X ʠ ʚʝʢʪʦʨʦʤ-ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ Q. ɺ ʩʣʫʯʘʝ ʩʣʦʞʥʦʡ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ 

ʤʘʢʩʠʤʘʣʴʥʘ ̫ ʚʦʟʤʦʞʥʘʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʚ ʢʘʞʜʦʤ 
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ʦʪʜʝʣʴʥʦʤ ʫʟʣʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʝʥʩʘʮʠʠ ʚ ʜʨʫʛʠʭ ʫʟʣʘʭ ʠ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦ, ʪʘʢ 

ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. 

ʇʦʵʪʦʤʫ ʚʝʢʪʦʨ X ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʪʘʢ ʯʪʦ ʤʦʱʥʦʩʪʴ 

ʢʘʞʜʦʡ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὗ
ὼὗ  ȟὼὗ  ὗ

πȟὼὗ  ὗ
ȟὭ ρȟȣȟὲ                        σȢς 

ɻʜʝ ʧʦʤʠʤʦ ʚʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʦʙʦʟʥʘʯʝʥʠʡ j ï ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ, Qmin 

ï ʚʝʣʠʯʠʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʡ ʤʦʱʥʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʚʦ ʠʟʙʝʞʘʥʠʝ ʟʘʪʨʘʪ ʥʘ ʫʩʪʘʥʦʚʢʫ ʙʣʠʟʢʠʭ ʢ ʥʫʣʶ ʨʝʘʢʪʠʚʥʳʭ 

ʤʦʱʥʦʩʪʝʡ. 

 

3.1.3. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʟʘʜʘʯʝ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʜʩʪʘʥʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ çɸʥʛʘʨʩʢʠʡ ʵʣʝʢʪʨʦʣʠʟʥʳʡ 

ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè. ɺ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʧʦʜʩʪʘʥʮʠʠ ʠʤʝʝʪʩʷ 14 ʫʟʣʦʚ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʂʋ ʚ ʫʟʣʘʭ ʩ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤʠ ʰʢʘʬʘʤʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʘʩʦʩʳ, ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ, 

ʩʠʩʪʝʤʘ ʧʦʜʢʘʯʠʚʘʶʱʠʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʘʣʛʦʨʠʪʤʘ 

ʨʦʷ ʯʘʩʪʠʮ (ʦʙʦʟʥʘʯʝʥ ʈʏ ʙʝʟ ʘʜʘʧʪʘʮʠʠ ʠ ɸʈʏ ʩ ʘʜʘʧʪʘʮʠʝʡ) ʠ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʧʯʝʣ 

(ʈʇ ʠ ɸʈʇ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.1 ʠ 3.2. ɺ ʪʘʙʣʠʮʝ 3.2 ʠ ʥʘ 

ʨʠʩʫʥʢʝ 3.1 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʛʣʫʙʦʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ 

ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʈʀ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 19,6 % ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ 

8,6 % ʜʣʷ ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ 4 ʛʦʜʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 289 ʪʳʩʷʯ ʨʫʙʣʝʡ ʜʣʷ ʦʜʥʦʡ 

ʩʝʢʮʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2,312 ʤʣʥ. ʨʫʙʣʝʡ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʩʥʠʞʝʥʠʷʤʠ ʧʦʪʝʨʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʈʀ ʙʝʟ ʘʜʘʧʪʘʮʠʠ ʠ ʩ ʘʜʘʧʪʘʮʠʝʡ ʨʘʚʥʘ 

8,65 % ʟʘ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ 4 ʛʦʜʘ. 
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ɸʣʛʦʨʠʪʤʳ ʨʦʷ ʯʘʩʪʠʮ ʠ ʨʦʷ ʧʯʝʣ ʧʦʢʘʟʘʣʠ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʘʠʣʫʯʰʝʝ 

ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ ʘʣʛʦʨʠʪʤʦʤ ʨʦʷ ʯʘʩʪʠʮ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʘʧʨʠʦʨʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʝʚʦʟʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ, ʧʦʵʪʦʤʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʘʢ ʤʦʞʥʦ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʨʝʰʝʥʠʷ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʂʘʢ 

ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʫʩʣʦʚʠʡ (ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ) ʘʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ ʧʨʦʠʛʨʘʝʪ ʩʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʫ ʨʦʷ ʧʯʝʣ. 

 

ʊʘʙʣʠʮʘ 3.1 ï ʈʝʟʫʣʴʪʘʪʳ ʘʣʛʦʨʠʪʤʦʚ ʚ ʟʘʜʘʯʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʋ 

ɸʣʛʦʨʠʪʤ ʂʨʠʪʝʨʠʡ 

ʟʘʜʘʯʠ (3.1) 

W, ʪʳʩ. ʨʫʙ. 

ʇʦʪʝʨʠ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ȹP, ʢɺʪ 

ʉʫʤʤʘʨʥʘʷ 

ʤʦʱʥʦʩʪʴ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʢɺʘʨ  

tg(ű) 

ɹʝʟ 

ʦʧʪʠʤʠʟʘʮʠʠ 

3353 40,55 0 0,55 

ʈʏ 3082 33,17 1129,8 0,138 

ɸʈʏ 3064 32,59 1231,3 0,1 

ʈʇ 3087 33,22 1132,7 0,12 

ɸʈʇ 3068 32,64 1230,0 0,1 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʈʝʟʫʣʴʪʘʪʳ ʘʣʛʦʨʠʪʤʦʚ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʚ ʟʘʜʘʯʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʋ 

 

W(t), ʪʳʩ. ʨʫʙ. 

t, ʣʝʪ 
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ʊʘʙʣʠʮʘ 3.2 ï ʈʝʟʫʣʴʪʘʪʳ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

ʇʝʨʠʦʜ ʌʠʥʘʥʩʦʚʳʡ ʵʬʬʝʢʪ ʦʪ ʢʦʤʧʝʥʩʘʮʠʠ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʪʳʩ. ʨʫʙ. 

ʈʏ ɸʈʏ ʈʇ ɸʈʇ 

1 -1491 -1639 -1506 -1644 

2 -270 -322 -294 -336 

3 950 994 918 973 

4 2171 2311 2131 2281 

5 3391 3627 3343 3589 

6 4612 4944 4555 4897 

7 5832 6260 5768 6206 

8 7053 7577 6980 7514 

 

 

3.1.5. ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʟʤʝʱʝʥʠʷ ʫʩʪʘʥʦʚʦʢ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚ ʩʝʪʷʭ 0,4 ʢɺ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ɸʆ çʋʕʍʂè 

 

ɼʣʷ ɸʆ çʋʨʘʣʴʩʢʠʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ (tg(ű)) ʥʘ ʱʠʪʘʭ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʥʘʧʨʷʞʝʥʠʝʤ 0,4 ʢɺ 

ʧʦʜʩʪʘʥʮʠʠ ʈ-12 (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ï ʑʉʅ-0,4 ʢɺ ʧ/ʩʪ. ʈ-12) ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʠʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ ʨʘʟʤʝʱʝʥʠʷ ʫʩʪʘʥʦʚʦʢ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 

ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ ʩʭʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧ/ʩʪ. ʈ-12 ʦʪ ʧʝʨʝʜʘʯʠ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʟʤʝʱʝʥʠʷ 

ʫʩʪʘʥʦʚʦʢ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ (ʋʂʈʄ) ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʧʨʦʚʝʨʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʛʣʫʙʦʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʋʂʈʄ ʩ ʚʦʟʤʦʞʥʦʩʪʴ ʁ

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʙʝʟ ʦʥʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.3ï3.7, ʧʨʠ 

ʵʪʦʤ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: ȹP ï ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 

ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ, ʢɺʪ; W ï ʝʞʝʛʦʜʥʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 

ʨʫʙʣʷʭ; SQ ï ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢɺɸʨ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʣʫʙʦʢʘʷ ʢʦʤʧʝʥʩʘʮʠʷ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʧʨʝʜʧʨʠʷʪʠʶ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ 
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ʧʝʨʝʜʘʯʝ ʝʝ ʧʦ ʵʣʝʢʪʨʦʩʝʪʷʤ 0,4 ʢɺ ʥʘ 1.7 ʢɺʪ (22,2 %) ʢʘʢ ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʥʝʨʝʛʫʣʠʨʫʝʤʳʭ ʋʂʈʄ, ʪʘʢ ʠ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʨʝʛʫʣʠʨʫʝʤʳʭ ʋʂʈʄ. 

 

ʊʘʙʣʠʮʘ 3.3 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʢʮʠʡ ʙʝʟ ʋʂʈʄ 

ʅʦʤʝʨ 

ʩʝʢʮʠʠ 
tg(j) ȹP W 

1 ʩʝʢʮʠʷ 0,574076 4,37969 93447,1 

2 ʩʝʢʮʠʷ 0,622325 3,24849 69311,3 
 

ʊʘʙʣʠʮʘ 3.4 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʢʮʠʡ ʩ ʋʂʈʄ ʙʝʟ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʅʦʤʝʨ 

ʩʝʢʮʠʠ 
tg(j) ȹP W 

1 ʩʝʢʮʠʷ 0,1 3,444 73488 

2 ʩʝʢʮʠʷ 0,1 2,49284 53188,4 

 

ʊʘʙʣʠʮʘ 3.5 ï ɿʥʘʯʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʋʂʈʄ ʙʝʟ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʅʦʤʝʨ  

ʩʝʢʮʠʠ 
SQ ȹP W 

1 ʩʝʢʮʠʷ 129,641 51856,4 19959,1 

2 ʩʝʢʮʠʷ 113,31 45324,1 16123 

 

ʊʘʙʣʠʮʘ 3.6 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʢʮʠʡ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʋʂʈʄ 

ʅʦʤʝʨ 

ʩʝʢʮʠʠ 
tg(j) ȹP W 

1 ʩʝʢʮʠʷ 0,113 3,4525 73664,2 

2 ʩʝʢʮʠʷ 0,152 2,5178 53721 

 

ʊʘʙʣʠʮʘ 3.7 ï ɿʥʘʯʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʨʝʛʫʣʠʨʫʝʤʳʝ ʋʂʈʄ 

ʅʦʤʝʨ  

ʩʝʢʮʠʠ 
SQ ȹP W 

1 ʩʝʢʮʠʷ 126,181 69399,3 19782,9 

2 ʩʝʢʮʠʷ 102,009 56154,5 15590,3 

 

ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚ ʛʦʜʦʚʦʤ ʠʩʯʠʩʣʝʥʠʠ ʩʦʩʪʘʚʠʪ 14,9 ʄɺʪĀʯ ʠʣʠ: 

- ʜʣʷ ʥʝʨʝʛʫʣʠʨʫʝʤʳʭ ʋʂʈʄ 36,1 ʪʳʩ. ʨʫʙ. ʩʦ ʩʨʦʢʦʤ ʦʢʫʧʘʝʤʦʩʪʠ ʚ ʩʨʝʜʥʝʤ 

2.7 ʛʦʜʘ; 

- ʜʣʷ ʨʝʛʫʣʠʨʫʝʤʳʭ ʋʂʈʄ 35,4 ʪʳʩ. ʨʫʙ. ʩʦ ʩʨʦʢʦʤ ʦʢʫʧʘʝʤʦʩʪʠ ʚ ʩʨʝʜʥʝʤ 

3,55 ʛʦʜʘ. 

ʇʨʦʚʝʜʝʥʥʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʜʣʷ 
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ʩʝʢʮʠʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ɸʆ çʋʨʘʣʴʩʢʠʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè, 

ʧʦʣʫʯʝʥ ʘʢʪ ʦ ʚʥʝʜʨʝʥʠʠ. 

 

3.1.6. ʆʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘʤʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʇʨʠʚʝʜʝʥʥʘʷ ʟʘʜʘʯʘ (3.1) ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʠ ʢʘʢ 

ʟʘʜʘʯʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʷʤʠ ʂʋ ʫʞʝ ʧʦʩʣʝ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʚ ʫʟʣʘʭ 

ʩʝʪʠ, ʪʦ ʝʩʪʴ ʢʘʢ ʟʘʜʘʯʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʚʷʟʠ ʩ 

ʨʘʟʚʠʪʠʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

[ʈʫʜʝʥʢʦ, 2000; ʉʝʤʝʥʦʚ, 2014; ʌʠʣʠʧʧʦʚʘ, 2016] ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʠʣʫʯʰʠʭ ʩʧʦʩʦʙʦʚ ʫʯʝʪʘ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʏʪʦʙʳ ʧʨʦʚʝʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ 

ʫʩʪʘʥʦʚʦʢ. ɿʘʜʘʯʝʡ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘ ̫

ʨʝʛʫʣʠʨʦʚʢʘ ʤʦʱʥʦʩʪʝʡ ʦʩʪʘʚʰʠʭʩʷ ʂʋ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ. ʂʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʙʣʠʟʦʢ ʢ ʢʨʠʪʝʨʠʶ 3.1, ʥʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪ 

ʩʫʤʤʘʨʥʳʝ ʤʦʱʥʦʩʪʠ ʂʋ, ʧʦʩʢʦʣʴʢʫ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʂʋ ʫʞʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʟʣʘʭ ʩʝʪʠ: 

ὡ ὗ Ўὖὗ Ὃὗ ᴼάὭὲ                                      σȢσ  

 

ʋʧʨʘʚʣʝʥʠʝ ʧʦʧʫʣʷʮʠʦʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʚ ʜʠʥʘʤʠʯʝʩʢʠ 

ʤʝʥʷʶʱʠʭʩʷ ʟʘʜʘʯʘʭ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʘ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʧʫʣʮ̫ʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʝ. 

1. ɺ ʤʦʤʝʥʪ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʟʘʚʝʨʰʠʪʴ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʠ ʩʨʘʟʫ 

ʞʝ ʟʘʧʫʩʪʠʪʴ ʘʣʛʦʨʠʪʤ ʜʣʷ ʥʦʚʦʡ ʟʘʜʘʯʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ 

ʫʩʣʦʚʠʡ. ʈʝʰʝʥʠʝ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʥʘʙʦʨʘ ʥʝʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ 

ʩʪʘʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʧʫʣʷʮʠʦʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʚʳʭʦʜʠʪʴ ʠʟ 
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ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ, ʥʦ ʥʘʢʦʧʣʝʥʥʳʡ ʨʘʥʝʝ ʦʧʳʪ ʪʝʨʷʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ 

ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʜʘʣʝʝ ʠʤʝʥʫʝʪʩʷ çʩ ʧʝʨʝʟʘʧʫʩʢʦʤè. 

2. ɺ ʤʦʤʝʥʪ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʥʝ ʚʳʧʦʣʥʷʪʴ ʥʠʢʘʢʠʭ ʚʥʝʰʥʠʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʦʧʫʣʷʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʥʝʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʷʭ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ ʥʘʡʪʠ ʥʦʚʦʝ ʦʧʪʠʤʘʣʴʥʦʝ 

(ʠʣʠ ʭʦʪʷ ʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ) ʨʝʰʝʥʠʝ. ʆʜʥʘʢʦ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʫʩʣʦʚʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʥʝ ʚʳʡʪʠ ʠʟ ʪʝʢʫʱʝʛʦ ʦʢʨʝʩʪʥʦʩʪʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʜʘʣʝʝ 

ʠʤʝʥʫʝʪʩʷ çʙʝʟ ʧʝʨʝʟʘʧʫʩʢʘè. 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʩʚʦʡʩʪʚ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʙʳʣ 

ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʨʦʷ ʧʯʝʣ. 

ʇʦʩʢʦʣʴʢʫ ʦʥ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʨʘʙʦʪʳ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʭʨʘʥʠʪ ʥʝʩʢʦʣʴʢʦ 

ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʝʰʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʡ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʭʦʜʠʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʜʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ. ʊʘʢʞʝ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʠ ɻɸ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʦ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʧʫʪʴ ʙʝʟ ʧʝʨʝʟʘʧʫʩʢʘ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʷ ʯʘʩʪʠʮ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʘ 

ʘʣʛʦʨʠʪʤ ʨʦʷ ʧʯʝʣ ʵʬʬʝʢʪʠʚʥʝʝ ʙʝʟ ʧʝʨʝʟʘʧʫʩʢʘ, ʪʘʢ ʢʘʢ ʠʟ ʪʨʝʭ ʫʢʘʟʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʪʦʣʴʢʦ ʘʣʛʦʨʠʪʤ ʨʦʷ ʧʯʝʣ ʠʤʝʝʪ ʩʧʝʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ, ʟʘʧʨʝʱʘʶʱʠʝ 

ʙʦʣʴʰʠʥʩʪʚʫ ʯʘʩʪʠʮ ʥʘʭʦʜʠʪʩɹʷ ʚ ʥʝʙʦʣʴʰʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʦʜʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʟʘʢʣʶʯʘʣʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʘʣʛʦʨʠʪʤ, ʨʘʙʦʪʘʶʱʠʡ ʩ 

ʧʝʨʝʟʘʧʫʩʢʦʤ ʠʣʠ ʙʝʟ ʥʝʛʦ, ʥʘʭʦʜʠʣ ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʤʝʥʷʣʠʩʴ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʘʟʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʂʋ, ʯʪʦʙʳ 

ʘʣʛʦʨʠʪʤ ʨʝʰʠʣ ʟʘʜʘʯʫ ʩ ʠʟʤʝʥʠʚʰʠʤʠʩʷ ʫʩʣʦʚʠʷʤʠ. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. 

1. ɿʘʧʫʩʪʠʪʴ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠ ̫ʟʘʜʘʯʠ (3.3) ʩ ʥʘʯʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ. 

2. ʇʦ-ʦʯʝʨʝʜʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʩ ʂʋ. 

2.1. ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʦʪʢʘʟ ʂʋ. 

2.2. ɽʩʣʠ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ ʩ ʧʝʨʝʟʘʧʫʩʢʦʤ, ʪʦ ʟʘʧʫʩʪʠʪʴ ʝʛʦ ʟʘʥʦʚʦ. 

2.3. ʆʩʪʘʥʦʚʠʪʴ ʘʣʛʦʨʠʪʤ ʯʝʨʝʟ 200 ʪʳʩʷʯ ʠʪʝʨʘʮʠʡ ʧʦʩʣʝ ʦʪʢʘʟʘ ʂʋ. 
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ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʯʘʩʪʦ ʪʨʝʙʫʝʪʩʷ ʨʝʰʘʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʦʯʝʥʴ ʚʘʞʥʘ ʩʢʦʨʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʟʘʧʠʩʴ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʩʪʘ, ʧʷʪʠʩʦʪ, ʪʳʩʷʯʠ ʠ ʜʚʫʭ ʪʳʩʷʯ ʠʪʝʨʘʮʠʡ. ɺʳʧʦʣʥʝʥʠʝ 

200 ʪʳʩʷʯ ʠʪʝʨʘʮʠʡ ʥʫʞʥʦ ʙʳʣʦ ʪʦʣʴʢʦ ʜʣʷ ʦʮʝʥʢʠ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɺ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʵʪʦ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʩ ʫʯʝʪʦʤ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʨʘʩʯʝʪ ʢʨʠʪʝʨʠʷ ʜʣʷ 

ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.8. 

 

ʊʘʙʣʠʮʘ 3.8 ï ʇʘʨʘʤʝʪʨʳ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʂʋ 

ɸʣʛʦʨʠʪʤ 
ʂʦʣʠʯʝʩʪʚʦ 

ʯʘʩʪʠʮ 
ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʈʦʷ ʯʘʩʪʠʮ 100 Ŭ1 = 2,03 Ŭ2 = 2,32, ɤ = 0,87, ɓ = 0,9 

ʈʦʷ ʧʯʝʣ 100 
ns = 10, nb = 15, ng = 10, ʩb = 4, cg = 3, 

 rad = 0,01, rx = 0,05 

ɻʝʥʝʪʠʯʝʩʢʠʡ 100 pxover = 0,9, pmutation = 0,2 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.9ï3.11. ɺ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ 

ʫʢʘʟʘʥ ʠʩʧʦʣʴʟʫʝʤʳʡ ʘʣʛʦʨʠʪʤ ʠ ʩʧʦʩʦʙ ʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ: (ʇ) ï ʩ 

ʧʝʨʝʟʘʧʫʩʢʦʤ, (ɹʇ) ï ʙʝʟ ʧʝʨʝʟʘʧʫʩʢʘ. ɺ ʪʘʙʣʠʮʝ 3.9 ʚʦ ʚʪʦʨʦʤ ʩʪʦʣʙʮʝ ʫʢʘʟʘʥ 

ʥʦʤʝʨ ʂʋ, ʦʪʢʘʟ ʢʦʪʦʨʦʡ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʚ ʜʘʥʥʦʤ ʟʘʧʫʩʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉʣʝʜʫʶʱʠʝ ʟʘ ʥʠʤ ʩʪʦʣʙʮʳ ʩʦʜʝʨʞʘʪ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʧʦʩʣʝ ʫʢʘʟʘʥʥʦʛʦ ʚ 

ʩʢʦʙʢʘʭ ʚ ʟʘʛʦʣʦʚʢʝ ʩʪʦʣʙʮʘ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʥʳʭ ʠʪʝʨʘʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʚʩʝʤ ʂʋ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.10 ʠ 3.11 ʠ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.2 ʠ 3.3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ.  ʇʨʦʚʝʜʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢɻʩʧʝʨʠʤʝʥʪʳ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʚʦʜʦʚ. 

1. ɸʣʛʦʨʠʪʤ ʨʦʷ ʧʯʝʣ ʵʬʬʝʢʪʠʚʝʥ ʚ ʟʘʜʘʯʘʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʧʨʠʯʝʤ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʘʣʛʦʨʠʪʤʦʤ ʩ ʧʝʨʝʟʘʧʫʩʢʦʤ ʠ ʙʝʟ ʥʝʛʦ ʦʢʘʟʘʣʘʩʴ 

ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ (0,1%). ʇʨʠ ʧʨʘʚʠʣʴʥʦ ʥʘʩʪʨʦʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʯʘʩʪʠʮʳ 

ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʧʯʝʣ ʚʩʝʛʜʘ ʨʘʩʩʨʝʜʦʪʦʯʝʥʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʵʢʩʪʨʝʤʫʤʘʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʢʘʢ ʫʯʠʪʳʚʘʪʴ ʨʘʥʝʝ ʥʘʡʜʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʪʘʢ ʠ ʥʘʭʦʜʠʪʴ ʥʦʚʳʝ. 
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2. ʍʦʪʷ ʘʣʛʦʨʠʪʤ ʨʦʷ ʧʯʝʣ ʥʘʭʦʜʠʪ ʥʦʚʦʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʙʳʩʪʨʦ (ʟʘ 

ʧʝʨʚʳʝ ʩʪʦ ʠʪʝʨʘʮʠʡ), ʟʘʪʝʤ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ. 

ɺʦʟʤʦʞʥʦ, ʜʝʣʦ ʚ ʧʯʝʣʘʭ-ʨʘʟʚʝʜʯʠʢʘʭ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʧʦʣʥʦʩʪʴʶ 

ʥʝʟʘʚʠʩʠʤʳʡ ʩʣʫʯʘʡʥʳʡ ʧʦʠʩʢ, ʧʦʵʪʦʤʫ ʯʝʤ ʙʦʣʴʰʝ ʠʪʝʨʘʮʠʡ ʚʳʧʦʣʥʝʥʦ, ʪʝʤ 

ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʠʤʠ ʥʦʚʦʛʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ. ʕʪʦʪ 

ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

3. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʧʝʨʝʟʘʧʫʩʢ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ, ʯʪʦʙʳ ʘʣʛʦʨʠʪʤ 

ʩʤʦʛ ʚʳʭʦʜʠʪʴ ʠʟ ʣʦʢʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʩʦʙʠʨʘʶʪʩʷ 

ʯʘʩʪʠʮʳ ʧʦʩʣʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ. 

 

ʊʘʙʣʠʮʘ 3.9 ï ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ (3.2) 

ɸʣʛʦʨʠʪʤ ʂʋ ȹP(100), ʢɺʪ ȹP(500), ʢɺʪ ȹP(1000), ʢɺʪ 
ȹP(2000), 

ʢɺʪ 

ȹP(20000), 

ʢɺʪ 

ɸʈʏ (ʇ) 1 312,02 311,92 311,92 311,92 311,9 

ɸʈʏ (ɹʇ) 1 324,48 324,48 324,48 324,48 324,48 

ɸʈʇ (ʇ) 1 311,99 311,42 310,97 310,7 306,14 

ɸʈʇ (ɹʇ) 1 311,8 311,37 310,93 310,77 310,34 

ɻɸ (ʇ) 1 346,34 346,34 344,27 333,88 316,42 

ɻɸ (ɹʇ) 1 343,28 339,19 339,19 335,69 318,15 

ɸʈʏ (ʇ) 7 311,32 311,31 311,31 311,31 311,31 

ɸʈʏ (ɹʇ) 7 318,06 318,06 318,06 318,06 318,06 

ɸʈʇ ʩ (ʇ) 7 311,54 311,02 310,87 310,8 304,43 

ɸʈʇ (ɹʇ) 7 311,36 311,09 310,96 310,68 300,57 

ɻɸ (ʇ) 7 354,69 344,42 344,42 338,26 315,68 

ɻɸ (ɹʇ) 7 345,26 345,26 345,26 342,53 319,4 

ɸʈʏ ʩ (ʇ) 9 352,67 352,67 352,67 352,67 352,67 

ɸʈʏ (ɹʇ) 9 392,46 392,46 392,46 392,46 392,46 

ɸʈʇ (ʇ) 9 324,59 324,09 323,9 323,55 315,19 

ɸʈʇ (ɹʇ) 9 324,19 323,54 323,36 323,15 321,44 

ɻɸ (ʇ) 9 392,87 392,87 392,87 392,87 368,21 

ɻɸ (ɹʇ) 9 408,93 396,98 387,31 387,31 366,19 

ɸʈʏ (ʇ) 12 358,78 358,78 358,78 358,78 358,78 

ɸʈʏ (ɹʇ) 12 398,97 398,97 398,97 398,97 398,97 

ɸʈʇ (ʇ) 12 330,12 329,61 329,36 329,03 318,74 

ɸʈʇ (ɹʇ) 12 329,83 329,06 328,83 328,63 321,72 

ɻɸ (ʇ) 12 409,76 407,65 399,73 392,86 382,14 

ɻɸ (ɹʇ) 12 415,28 409,39 408,97 399,58 377,26 

ɸʈʏ (ʇ) 13 311,57 311,57 311,56 311,56 311,56 

ɸʈʏ (ɹʇ) 13 322,89 322,89 322,89 322,89 322,89 

ɸʈʇ (ʇ) 13 311,58 311,4 311,33 311,23 300,08 

ɸʈʇ (ɹʇ) 13 311,07 310,91 310,91 310,76 304,81 

ɻɸ (ʇ) 13 352,56 342,97 340,22 332,53 312,68 

ɻɸ (ɹʇ) 13 344,4 344,4 344,4 327,93 319,65 
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ʈʠʩʫʥʦʢ 3.2 ï ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʘʣʛʦʨʠʪʤʦʚ, ʩʨʝʜʥʠʭ ʦʪʢʣʦʥʝʥʠʡ 

 

 

  
 

ʈʠʩʫʥʦʢ 3.3 ï ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʘʣʛʦʨʠʪʤʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

 

ʆʪʢʣʦʥʝʥʠʝ, % 

ʆʪʢʣʦʥʝʥʠʝ, % 
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ʊʘʙʣʠʮʘ 3.10 ï ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʘʣʛʦʨʠʪʤʦʚ, ʩʨʝʜʥʠʭ ʦʪʢʣʦʥʝʥʠʡ 

ɸʣʛ. 

ʦʪʢʣʦʥʝʥʠʝ ȹP ʦʪ ʥʘʠʣʫʯʰʝʛʦ ʧʦʩʣʝ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ 

ʠʪʝʨʘʮʠʡ, % 

100 500 1000 2000 200000 

ɸʈʏ (ʇ) 4,132 4,127 4,125 4,123 4,118 

ɸʈʏ (ɹʇ) 8,025 8,024 8,024 8,024 8,024 

ɸʈʇ (ʇ) 2,728 2,652 2,612 2,563 0,597 

ɸʈʇ (ɹʇ) 2,617 2,551 2,522 2,475 0,492 

ɻɸ (ʇ) 17,057 14,606 13,486 11,323 6, 530 

ɻɸ (ɹʇ) 13,952 13,064 12,633 11,687 6,897 
 

ʊʘʙʣʠʮʘ 3.11 ï ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʘʣʛʦʨʠʪʤʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ɸʣʛ. 

ʦʪʢʣʦʥʝʥʠʝ ȹP ʦʪ ʥʘʠʣʫʯʰʝʛʦ ʧʦʩʣʝ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ 

ʠʪʝʨʘʮʠʡ, % 

100 500 1000 2000 200000 

ɸʈʏ (ʇ) 12,565 12,565 12,565 12,565 12,565 

ɸʈʏ (ɹʇ) 25,173 25,173 25,173 25,173 25,173 

ɸʈʇ (ʇ) 4,072 3,982 3,9372 3,883 2,065 

ɸʈʇ (ɹʇ) 3,852 3,795 3,784 3,735 1,981 

ɻɸ (ʇ) 28,558 27,896 25,411 24,643 19,893 

ɻɸ (ɹʇ) 30,289 28,442 28,309 25,363 18,361 

 

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ ʧʦʩʣʝʜʩʪʚʠʷ 

ʦʪʢʘʟʦʚ ʂʋ, ʠʭ ʨʝʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʠ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʚʦ ʚʨʝʤʝʥʠ ʥʝ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ. ʏʪʦʙʳ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʠʙʣʠʞʝʥʥʦʝ ʢ ʨʝʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʢʘʟʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʜʦʙʘʚʠʪʴ ʚ ʤʦʜʝʣʴ ʠʟʤʝʥʝʥʠʷ 

ʥʘʛʨʫʟʦʢ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 

3.1.7. ɼʚʫʭʢʨʠʪʝʨʠʘʣʴʥʘʷ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʆʧʪʠʤʠʟʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ ʨʘʟʤʝʱʝʥʠʷ ʂʋ (3.1) ʤʦʞʥʦ 

ʥʝ ʩʚʦʜʠʪʴ ʢ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ, ʘ ʨʝʰʘʪʴ, ʫʯʠʪʳʚʘʷ ʦʙʘ ʢʨʠʪʝʨʠʷ ʧʦ-ʦʪʜʝʣʴʥʦʩʪʠ 

(ʧʦʵʪʦʤʫ ʰʪʨʘʬʥʘʷ ʬʫʥʢʮʠʷ ʪʦʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʙʦʠʭ ʢʨʠʪʝʨʠʷʭ): 
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ὗ Ὃὗ ᴼάὭὲ 

Ўὖὗ Ὃὗ ᴼάὭὲ     (3.4) 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʩ ʜʚʫʤʷ ʢʨʠʪʝʨʠʷʤʠ ʚʤʝʩʪʦ ʩʚʝʨʪʢʠ ʢʨʠʪʝʨʠʝʚ ʚ ʦʜʠʥ 

ʠʣʠ ʧʝʨʝʚʦʜʘ ʦʜʥʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ ʚ ʨʘʟʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ ʜʘʝʪ ʣʠʮʫ, ʧʨʠʥʠʤʘʶʱʝʤʫ 

ʨʝʰʝʥʠʷ, ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʘʨʠʘʥʪʘʭ ʫʣʫʯʰʝʥʠʷ ʩʠʩʪʝʤʳ, ʢʨʦʤʝ 

ʪʦʛʦ, ʧʦʣʫʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʘʣʴʪʝʨʥʘʪʠʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʷ ʮʝʥ ʠ ʨʘʩʯʝʪʥʦʛʦ 

ʧʝʨʠʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʟʘʜʘʯʫ ʧʨʠʰʣʦʩʴ ʙʳ ʨʝʰʘʪʴ ʜʣʷ 

ʢʘʞʜʦʡ ʢʦʤʙʠʥʘʮʠʠ ʮʝʥ ʠ ʧʝʨʠʦʜʘ (ccu, cp ʠ t) ʚ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

ʟʘʜʘʯʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʈʀ. ɸʣʛʦʨʠʪʤ rʈʀ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥ rʢ 

ʨʝʰʝʥʠʶ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ. ʅʦ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʪʘʢʠʭ ʟʘʜʘʯ ʘʣʛʦʨʠʪʤ ʨʦʷ ʩʚʝʪʣʷʯʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʚʳʧʦʣʥʷʝʪ 

ʦʯʝʨʝʜʥʦʡ ʰʘʛ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʚʩʝ ʯʘʩʪʠʮʳ, ʟʘʥʠʤʘʶʱʠʝ ʣʫʯʰʠʝ ʧʦʟʠʮʠʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʘʣʛʦʨʠʪʤʫ ʣʫʯʰʝ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʤʧʨʦʤʠʩʩʥʳʝ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʚ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯʘʭ. ʅʘ ʨʠʩʫʥʢʝ 3.4 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ. 

ʅʘ ʯʝʪʚʝʨʪʫ ʁʯʘʩʪʠʮʫ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʚʩʝ ʯʘʩʪʠʮʳ, ʢʨʦʤʝ ʚʪʦʨʦʡ ʠ ʜʝʚʷʪʦʡ. 

ɺʣʠʷʥʠʝ ʧʝʨʚʦʡ, ʰʝʩʪʦʡ ʠ ʚʦʩʴʤʦʡ ʯʘʩʪʠʮ ʤʝʥʴʰʝ, ʯʝʤ ʪʨʝʪʴʝʡ, ʧʷʪʦʡ ʠ ʩʝʜʴʤʦʡ, 

ʪʘʢ ʢʘʢ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʤʠ ʠ ʯʝʪʚʝʨʪʦʡ ʯʘʩʪʠʮʝʡ ʚʳʰʝ, ʘ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ ʧʨʠʪʷʞʝʥʠʝ ʯʘʩʪʠʮ, ʚʣʠʷʥʠʝ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʨʘʩʩʪʦʷʥʠʷ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 

2.2.3): 

ὺὢȟὢ

ɼ

ρ ɾὶὢȟὢ
 ȟ ɱ ʃ Ὢὢ ὪὯ

πȟɰʃ Ὢὢ ὪὯ

  

 

ʛʜʝ ɗ ï ʠʥʜʝʢʩ ʢʨʠʪʝʨʠʷ, r(Xij, Xkj) ï ʜʝʢʘʨʪʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ɓ ʠ ɔ 

ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʣʛʦʨʠʪʤʘ. 
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ʈʠʩʫʥʦʢ 3.4 ï ɺʣʠʷʥʠʝ ʜʚʫʭ ʢʨʠʪʝʨʠʝʚ ʥʘ ʯʘʩʪʠʮʫ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʩʚʝʪʣʷʯʢʦʚ  

 

ʕʢʩʧʝʨʠʤʝʥʪ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʬʨʘʛʤʝʥʪ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʊʘʜʞʠʢʠʩʪʘʥʘ (ʨʠʩʫʥʦʢ 3.5). ʅʦʤʝʨʘ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʂʋ, ʦʙʚʝʜʝʥʳ. ʇʦʣʫʯʝʥʥʦʝ ʘʜʘʧʪʠʚʥʳʤ 

ʘʣʛʦʨʠʪʤʦʤ ʨʦʷ ʩʚʝʪʣʷʯʢʦʚ ʤʥʦʞʝʩʪʚʦ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 3.12 ʠ ʥʘ 

ʨʠʩʫʥʢʝ 3.6. 

 

ʈʠʩʫʥʦʢ 3.5 ï ʌʨʘʛʤʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʜʚʫʭʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʋ 
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ʈʠʩʫʥʦʢ 3.6 ï ɺʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʜʚʫʭʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ 

 

ʊʘʙʣʠʮʘ 3.12 ï ɺʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʜʚʫʭʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʛʣʫʙʦʢʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ 

ʅʦʤʝʨ 

ʨʝʰʝʥʠʷ 
ʇʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʄɺʪ ʄʦʱʥʦʩʪʴ ʂʋ, ʄɺʘʨ 

1 1,233 3,319 

2 1,239 2,970 

3 1,245 2,958 

4 1,247 2,903 

5 1,253 2,474 

6 1,258 2,427 

7 1,259 2,387 

8 1,264 2,284 

9 1,265 2,279 

10 1,274 2,154 

11 1,286 1,926 

12 1,303 1,884 

13 1,310 1,855 

14 1,319 1,625 

15 1,323 1,597 

16 1,340 1,451 

17 1,364 0,503 

18 1,446 0,187 

0,00

0,20

0,40

0,60

0,80

1,00

1,20

1,40

1,60

1,80

2,00

2,20

2,40

2,60

2,80

3,00

3,20

3,40

3,60

1,220 1,240 1,260 1,280 1,300 1,320 1,340 1,360 1,380 1,400 1,420 1,440 1,460

17

16

Ўὖὗ ,  

ʄɺʪ 

ὗȟ̇ ˏ́̑ 

 

18 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʘʨʘʭ ʨʝʰʝʥʠʡ ʠʟ ʪʘʙʣʠʮʳ 3.12 

ʦʜʥʦ ʨʝʰʝʥʠʝ ʣʫʯʰʝ ʧʦ ʧʦʪʝʨʷʤ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʘ ʚʪʦʨʦʝ ʣʫʯʰʝ ʧʦ ʟʘʪʨʘʪʘʤ 

ʥʘ ʂʋ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʢʘʞʜʦʡ ʧʘʨʝ ʦʜʥʦ ʨʝʰʝʥʠʝ ʣʫʯʰʝ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ, ʜʨʫʛʦʝ ï ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʩ ʜʚʫʤʷ ʢʨʠʪʝʨʠʷʤʠ 

ʚʤʝʩʪʦ ʩʚʝʨʪʢʠ ʢʨʠʪʝʨʠʝʚ ʚ ʦʜʠʥ ʠʣʠ ʧʝʨʝʚʦʜʘ ʦʜʥʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ ʚ ʨʘʟʨʷʜ 

ʦʛʨʘʥʠʯʝʥʠʡ ʜʘʝʪ ʣʠʮʫ, ʧʨʠʥʠʤʘʶʱʝʤʫ ʨʝʰʝʥʠʷ, ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʚʘʨʠʘʥʪʘʭ ʫʣʫʯʰʝʥʠʷ ʩʠʩʪʝʤʳ. ʊʘʢ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʠʡ 

ʧʨʝʜʝʣ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩ̫: ʨʝʰʝʥʠʝ ˉ18 ʣʠʰʴ ʥʝʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʨʝʰʝʥʠʷ ˉ17 ʧʦ 

ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʭʫʞʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʣʦʞʝʥʠʡ ʚ ʂʋ. ʄʝʞʜʫ ʨʝʰʝʥʠʷʤʠ ˉ16 ʠ ˉ17 ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʪʨʝʙʫʝʪ ʥʘʤʥʦʛʦ ʤʝʥʴʰʠʭ ʠʥʚʝʩʪʠʮʠʡ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ, ʢʦʛʜʘ ʩʨʝʜʠ ʢʨʠʪʝʨʠʝʚ ʯʘʩʪʴ 

ʚʣʠʷʝʪ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʘ ʯʘʩʪʴ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʣʠʮʫ, 

ʧʨʠʥʠʤʘʶʱʝʤʫ ʨʝʰʝʥʠʝ, ʩʦʙʣʶʜʘʪʴ ʙʘʣʘʥʩ ʪʘʢʪʠʯʝʩʢʠʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

 

3.2. ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

 

ʇʦʤʠʤʦ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʦʜ ʥʘʛʨʫʟʢʦʡ (ʈʇʅ) 

[ʉʠʜʦʨʢʠʥ 1974; ɾʤʘʢ, 2002] ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʟʘʜʘʯʠ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ 

ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʟʣʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʙʘʣʘʥʩʘ ʚʳʨʘʙʦʪʢʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʚʦʜʘʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʟʘʜʘʯʝʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʆʙʱʝʝ ʯʠʩʣʦ ʚʩʝʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ-ʢʦʤʙʠʥʘʮʠʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʠʩʭʦʜʷ ʠʟ ʢʦʣʠʯʝʩʪʚʘ ʨʝʛʫʣʠʨʫʝʤʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ (n) ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʘʥʮʘʧʬ (m). ʆʙʱʝʝ ʯʠʩʣʦ ʢʦʤʙʠʥʘʮʠʡ ʩʦʩʪʘʚʣʷʝʪ mn. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʠʪʴ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʥʝʚʦʟʤʦʞʥʦ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʢʦʤʙʠʥʘʪʦʨʥʘʷ ʟʘʜʘʯʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ NP-ʪʨʫʜʥʳʭ ʟʘʜʘʯʘ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʝʝ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʧʦʣʦʞʝʥʠʷ ʘʥʮʘʧʬ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʙʠʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʩ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʢʘʞʜʦʡ ʠʟ ʥʠʭ [Robbins, 2016; Quevedo, 2017], ʣʠʙʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ, ʯʘʩʪʦ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ 

[ɾʤʘʢ, 2002; Spatti, 2010]. ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʥʘʭʦʜʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ ʠ, ʛʣʘʚʥʦʝ, 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʫʩʣʦʚʠʷ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠ ʪʦʧʦʣʦʛʠʠ 

ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʩʠʩʪʝʤ [ʃʶʙʯʝʥʢʦ, 2008; Keller, 2016; Manusov 2017]. 

 

3.2.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

 

ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʝʪʠ ʧʫʪʝʤ ʥʘʩʪʨʦʡʢʠ ʧʦʣʦʞʝʥʠʡ ʘʥʮʘʧʬ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʪ ʜʠʩʢʨʝʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʧʫʩʪʠʤʳʤʠ 

ʧʦʣʦʞʝʥʠʷʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʩʦʙʣʶʜʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ: 

ȹP(Transf) Ÿ min       (3.5) 

Transf = { t1, t2, ,é, tn}       (3.6) 

1 Ò ti Ò m, i = 1, é, n      (3.7) 

Stability(Transf) = 1.       (3.8) 
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ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ, ʚʦ-ʧʝʨʚʳʭ, ʥʘʭʦʜʠʣ ʙʳ ʨʝʰʝʥʠʝ ʟʘ 

ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ, ʚʦ-ʚʪʦʨʳʭ, ʧʦʟʚʦʣʠʣ ʙʳ ʠʩʢʘʪʴ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ 

ʟʘʜʘʯʠ, ʢʘʢ ʯʝʨʥʦʛʦ ʷʱʠʢʘ. ɺʪʦʨʦʝ ʪʨʝʙʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʴʶ 

ʠʥʪʝʛʨʘʮʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʜʣʷ ʨʘʩʯʝʪʦʚ ʨʝʞʠʤʦʚ ʵʣʝʢʪʨʦʩʝʪʝʡ. ɼʣʷ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʤʧʣʝʢʩ çRastrWinè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ ʨʝʞʠʤʘ ʜʣʷ ʟʘʜʘʥʥʳʭ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʧʦʣʦʞʝʥʠʡ ʘʥʮʘʧʬ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʇʨʦʩʪʳʤ ʚ 

ʨʝʘʣʠʟʘʮʠʠ, ʙʳʩʪʨʳʤ ʚ ʨʘʩʯʝʪʘʭ ʠ ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʥʝʢʦʪʦʨʳʡ ʫʨʦʚʝʥʴ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʝʨʝʙʦʨ, 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [ʉʠʜʦʨʢʠʥ, 1974; ʄʘʥʫʩʦʚ, 2017a]. 

1. ɿʘʜʘʪ ɹʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʘʥʮʘʧʬ ʚʩʝʭ ʨʝʛʫʣʠʨʫʝʤʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ.  

2.  ʇʫʩʪʴ k ï ʥʦʤʝʨ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʥʘʯʘʪʴ ʩ k = 1.  

3.  ɽʩʣʠ k Ò n, ʪʦ ʧʝʨʝʡʪʠ ʢ ʧʫʥʢʪʫ 4. ʀʥʘʯʝ ʢ ʧʫʥʢʪʫ 6. 

4.  ɺʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ʜʣʷ ʚʩʝʭ 15 ʚʦʟʤʦʞʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʘʥʮʘʧʬ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ k. ʇʦʣʦʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚ ʣʠʥʠʷʭ ʩʝʪʠ ʥʘʠʤʝʥʴʰʠʝ, ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ.  

5. ʋʩʪʘʥʦʚʠʪʴ k = k + 1. ʇʝʨʝʡʪʠ ʢ ʧʫʥʢʪʫ 3. 

6.  ɽʩʣʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʫʥʢʪʦʚ 4 ʠ 5 ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʣʫʯʰʝʥʠʝ 

ʢʨʠʪʝʨʠʷ, ʪʦ ʟʘʚʝʨʰʠʪʴ ʨʘʙʦʪʫ. ʀʥʘʯʝ ʧʝʨʝʡʪʠ ʢ ʧʫʥʢʪʫ 2. 

ɸʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪ ʣʦʢʘʣʴʥʳʡ ʧʦʠʩʢ, ʧʝʨʝʙʠʨʘʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʘʥʮʘʧʬ ʢʘʞʜʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦ ʦʯʝʨʝʜʠ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʤʘʣʦ, ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʟʘ 1ï3 ʧʨʦʭʦʜʘ ʧʦ ʚʩʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤ 

ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠʣʠ ʨʝʰʝʥʠʝ, ʙʣʠʟʢʦʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ. ʅʦ ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʚʳʩʦʢʦʡ ʠʟ-ʟʘ 

ʧʦʧʘʜʘʥʠʷ ʚ ʦʜʥʠ ʠ ʪʝ ʞʝ ʣʦʢʘʣʴʥʳʝ ʵʢʩʪʨʝʤʫʤʳ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ. ʕʪʦʪ 

ʥʝʜʦʩʪʘʪʦʢ ʧʨʠʩʫʱ ʠ ʜʨʫʛʠʤ ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ, ʦʧʪʠʤʠʟʠʨʫʶʱʠʤ ʯʘʩʪʠ 

ʩʠʩʪʝʤʳ ʧʦ-ʦʪʜʝʣʴʥʦʩʪʠ [Robbins, 2016]. ɺ ʨʘʙʦʪʝ [ɾʤʘʢ, 2002] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʯʠʩʣʘ ʌʠʙʦʥʘʯʯʠ, ʣʠʙʦ 

ʥʝʯʝʪʢʫʶ ʣʦʛʠʢʫ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ 

ʧʝʨʝʙʠʨʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ. ʅʦ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ ʦʩʪʘʝʪʩʷ ʪʘʢʠʤ ʞʝ, ʢʘʢ 
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ʠ ʫ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʝʨʝʙʦʨʘ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʘʧʧʘʨʘʪʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ 

ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʥʝʯʝʪʢʠʭ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʠ ʧʨʘʚʠʣ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʳʙʦʨ 

ʧʦʣʦʞʝʥʠʡ ʘʥʮʘʧʬ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʪʫʘʮʠʠ [Spatti, 2010]. 

 

3.2.2. ʇʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ 

ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ (ʚʝʢʪʦʨ X) ʠ 

ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (ʚʝʢʪʦʨ T). ʇʦʩʢʦʣʴʢʫ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ X ʧʨʠʥʠʤʘʶʪ 

ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1 (ʚʢʣʶʯʘʷ 0, ʥʦ ʥʝ 1), ʧʦʣʫʯʠʤ ʦʪʦʙʨʘʞʝʥʠʝ: 

ti = ỗ mxi + 1 Ộ, i = 1, é, n.     (3.9) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʦʞʝʥʠʝ ʘʥʮʘʧʬʳ i-ʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʦʢʨʫʛʣʝʥʥʦʝ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʧʨʦʠʟʚʝʜʝʥʠʝ xi ʥʘ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʧʦʣʦʞʝʥʠʡ 

ʘʥʮʘʧʬʳ i-ʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɺʳʯʠʩʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ȹP(Transf) ʠ ʧʨʦʚʝʨʢʘ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ Stability(Transf) ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ 

ʤʦʜʝʣʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. 

 

3.2.3. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʟʘʜʘʯʝ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʙʨʘʥ ʬʨʘʛʤʝʥʪ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

[ʄʘʥʫʩʦʚ, 2017]. ɼʘʥʥʳʝ ʧʦ 17 ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.13. ɺ ʪʘʙʣʠʮʝ 3.13 ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

- Id ï ʥʦʤʝʨ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; 

- AT ï ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ; 

- 3ʦʙʤ ï ʪʨʝʭʦʙʤʦʪʦʯʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ; 

- ɺʅ ï ʥʦʤʝʨ ʫʟʣʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

- ʉʅ ï ʥʦʤʝʨ ʫʟʣʘ ʩʨʝʜʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

- ʅʅ ï ʥʦʤʝʨ ʫʟʣʘ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  
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ʊʘʙʣʠʮʘ 3.13 ï ʀʩʧʦʣʴʟʫʝʤʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ˉ ʊʠʧ ɺʅ ʉʅ ʅʅ 

1 ɸʊ 7 9 8 

2 ɸʊ 7 9 8 

3 ɸʊ 15 20 16 

4 ɸʊ 15 20 16 

5 ɸʊ 15 20 16 

6 ɸʊ 1 3 2 

7 ɸʊ 1 3 2 

8 ɸʊ 24 25 41 

9 ɸʊ 24 25 42 

10 3ʦʙʤ 4 6 5 

11 3ʦʙʤ 4 6 5 

12 3ʦʙʤ 21 23 22 

13 3ʦʙʤ 21 23 22 

14 3ʦʙʤ 11 18 45 

15 3ʦʙʤ 17 18 19 

16 3ʦʙʤ 17 18 19 

17 3ʦʙʤ 14 13 12 

 

ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʈʇʅ ʩ 15 ʩʪʫʧʝʥʷʤʠ ʠ ʰʘʛʦʤ ʤʝʞʜʫ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 1.78. ʉʚʝʜʝʥʠʷ ʧʦ ʫʟʣʘʤ ʩʝʪʠ ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ 3.14. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʵʣʝʢʪʨʦʩʝʪʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.15. ɺ ʩʪʨʦʢʘʭ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ Idʘʥʮ ʧʨʠʚʝʜʝʥʳ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʨʘʟʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʣʦʞʝʥʠʷ ʘʥʮʘʧʬ. ʉʪʨʦʢʘ çʇʦʪʝʨʠ, 

ʄɺʪè ʩʦʜʝʨʞʠʪ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʣʠʥʠʷʭ. ʉʪʨʦʢʘ çʕʬʬʝʢʪ, ʄɺʪè 

ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʧʦʪʝʨʠ ʩʥʠʟʠʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʝʨʝʙʦʨ ʚʳʧʦʣʥʷʣʩʷ ʚ ʧʝʨʚʳʡ ʨʘʟ ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʟʘʪʝʤ ʚʦ ʚʪʦʨʦʡ ʩ ʩʝʤʥʘʜʮʘʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʜʚʫʭ 

ʨʘʟʥʳʭ ʩʪʦʣʙʮʘʭ (ʅʇ 1, ʅʇ 17, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʣʷ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ (PSO) 

ʫʢʘʟʘʥʦ ʯʠʩʣʦ ʰʘʛʦʚ ʘʣʛʦʨʠʪʤʘ ʠ ʟʥʘʯʝʥʠʝ ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ, ɓ. 
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ʊʘʙʣʠʮʘ 3.14 ï ʇʘʨʘʤʝʪʨʳ ʥʘʧʨʷʞʝʥʠʷ, ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ ʚ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ 

ˉ 
Uʥʦʤ. 

ʢɺ 
P, ʄɺʪ Q, ʄɺʘʨ ˉ 

Uʥʦʤ, 

ʢɺ 
P, ʄɺʪ Q, ʄɺʘʨ 

1 230 179,5 134,6 25 115 0 0 

2 11 28 19,6 30 11 -70 -46,1 

3 115 163 117,4 31 11 -60 -39,5 

4 115 0 0 32 230 0 0 

5 11 0 0 33 230 0 0 

6 38 18,5 12,9 34 230 0 0 

7 230 109 76,3 35 230 0 0 

8 11 0 0 36 230 0 0 

9 115 0 0 37 230 0 0 

10 230 -459 -302,7 38 230 0 0 

11 230 0 0 39 230 0 0 

12 7 4 2,4 40 230 0 0 

13 38 12 8,4 41 11 -70 -24,5 

14 230 0 0 42 11 -70 -46,1 

15 230 0 0 43 230 0 0 

16 11 14 9,8 45 11 -60 -29,9 

17 230 0 0 44 230 0 0 

18 38 45 30,1 46 230 0 0 

19 11 15 9,3 47 230 0 0 

20 115 124 86,8 48 115 0 0 

21 115 0 0 49 115 0 0 

22 11 8,4 6,3 50 115 0 0 

23 38 20 13,6 51 115 0 0 

24 230 0 0     

 

3.2.4. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʟʘʜʘʯʝ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

 

ɸʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʝʤ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʝʨʝʙʦʨ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝʛʦ ʣʠʰʴ 50 ʠʪʝʨʘʮʠʡ. ʅʫʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 50 ʠ 500 ʠʪʝʨʘʮʠʷʤʠ ʚʳʧʦʣʥʷʣʠʩʴ ʢʘʢ 2 ʨʘʟʣʠʯʥʳʭ 

ʟʘʧʫʩʢʘ.  ɹʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʨʦʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʘ ʚʳʙʦʨ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ɓ ʨʘʚʥʳʤ 0,3 ʜʘʣ ʥʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ (ɓ 

= 1,0) ʯʘʩʪʠʮʳ ʯʘʩʪʦ çʧʨʦʣʝʪʘʶʪè ʤʠʤʦ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʭ 
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ʵʢʩʪʨʝʤʫʤʦʚ, ʠ ʜʘʞʝ ʧʦʧʘʚ ʚ ʥʠʭ, ʤʦʛʫʪ ʧʦ ʠʥʝʨʮʠʠ ʚʳʡʪʠ ʦʙʨʘʪʥʦ. ʇʨʠ ʵʪʦʤ 

ʩʣʠʰʢʦʤ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ (ɓ = 0,1) ʫʭʫʜʰʘʝʪ ʚʨʝʤʷ ʧʦʠʩʢʘ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ, ʦʪʩʶʜʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʨʝʰʝʥʠʷʭ ʧʨʠ 50 ʠ 500 

ʠʪʝʨʘʮʠʷʭ. ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʝʪʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩ 

48,01 ʄɺʪ ʜʦ 45,83 ʄɺʪ, ʪ.ʝ. ʥʘ 2,18 ʄɺʪ ʠʣʠ 4,5 %. ʕʪʘ ʚʝʣʠʯʠʥʘ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʥʦʤʠʶ 19 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ ʝʞʝʛʦʜʥʦ.  

ɺ ʥʘʠʣʫʯʰʝʤ ʨʝʰʝʥʠʠ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʘʥʮʘʧʬ ʨʘʚʥʦ 9. ɸʧʨʠʦʨʠ ʤʦʞʥʦ 

ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʙʣʠʟʢʠʤ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 

16, ʪʘʢ ʢʘʢ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʥʠʞʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ ʨʘʜʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʚ ʢʦʪʦʨʳʭ 

ʚʟʘʠʤʥʳʝ ʚʣʠʷʥʠʷ ʩʝʛʤʝʥʪʦʚ ʩʝʪʠ ʩʣʘʙʳʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ 

ʨʘʜʠʘʣʴʥʳʭ ʩʝʪʝʡ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʝ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʘ. 

 

ʊʘʙʣʠʮʘ 3.15 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ɸʣʛʦʨʠʪʤ 
ʀʩʭʦʜʥʦʝ 

ʨʝʰʝʥʠʝ 

ʅʇ 

1 

ʅʇ 

17 

PSO 

50 

ʰʘʛʦʚ, 

ɓ = 0,1 

PSO 

500 

ʰʘʛʦʚ, 

ɓ = 0,1 

PSO 

50 

ʰʘʛʦʚ, 

ɓ = 0,3 

PSO 500 

ʰʘʛʦʚ, 

ɓ = 0,3 

PSO 

50 

ʰʘʛʦʚ, 

ɓ = 1,0 

PSO 

500 

ʰʘʛʦʚ, 

ɓ = 1,0 

ʇʦʪʝʨʠ, 

ʄɺʪ 
48,01 46,32 47,28 46,08 45,90 45,88 45,83 46,23 46,21 

ʕʬʬʝʢʪ, 

ʄɺʪ 
0 1,69 0,73 1,93 2,11 2,13 2,18 1,78 1,80 

Idʘʥʮ 1 2 11 2 9 10 10 8 11 10 

Idʘʥʮ 2 2 6 2 9 8 10 8 8 8 

Idʘʥʮ 3 6 10 6 11 12 14 10 12 11 

Idʘʥʮ 4 6 7 11 8 11 14 10 12 16 

Idʘʥʮ 5 6 10 10 10 12 14 10 12 10 

Idʘʥʮ 6 6 6 6 9 10 9 8 7 5 

Idʘʥʮ 7 6 6 6 8 9 8 7 8 16 

Idʘʥʮ 8 6 7 10 10 10 12 10 10 11 

Idʘʥʮ 9 6 10 7 10 11 8 10 7 11 

Idʘʥʮ 10 2 2 2 6 10 4 9 9 8 

Idʘʥʮ 11 2 2 2 9 10 4 7 9 10 

Idʘʥʮ 12 6 6 6 8 7 8 9 2 10 

Idʘʥʮ 13 6 6 6 10 7 8 8 2 10 

Idʘʥʮ 14 6 10 6 11 12 6 10 7 10 

Idʘʥʮ 15 6 7 4 6 10 4 6 8 16 

Idʘʥʮ 16 6 6 5 7 10 4 16 7 8 

Idʘʥʮ 17 6 12 12 8 8 11 4 2 16 

ʉʨʝʜʥ. Idʘʥʮ 5 7 6 9 10 9 9 8 11 
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3.3. ʆʧʪʠʤʠʟʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ɿʘʜʘʯʘ ʚʘʞʥʘ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʦʚ, ʦʮʝʥʢʠ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʩʦʩʪʘʚʣʝʥʠʷ ʛʨʘʬʠʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ [ʈʫʜʝʥʢʦ, 

2000; Hippert, 2001; ʂʦʩʪʠʥ 2016]. ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʤʝʶʱʠʭʩʷ ʥʘʙʣʶʜʝʥʠʡ 

ʩʦʟʜʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʨʘʬʠʢʘ ʥʘʛʨʫʟʢʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʛʨʘʬʠʢ ʥʘʛʨʫʟʢʠ ʧʦ 

ʤʝʩʷʮʘʤ ʢʘʢ ʩʫʤʤʫ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʪʨʝʥʜʘ ʠ ʜʚʫʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ʄʦʜʝʣʴ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

P(t) = a0 + a1 + a2sin(w2t + ű2) + a3sin(w3t + ű3)   (3.10) 

ʂʘʯʝʩʪʚʦ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 В
ȿ ᶻȿ

ρππ Ϸ                                                (3.11) 

ʛʜʝ n ï ʯʠʩʣʦ ʤʝʩʷʮʝʚ ʚ ʚʳʙʦʨʢʝ 

Pi ï ʠʟʚʝʩʪʥʦʝ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʤʦʱʥʦʩʪʠ, ʄɺʪ; 

Pi
* ï ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʠ (3.3) ʟʥʘʯʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʤʦʱʥʦʩʪʠ, ʄɺʪ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʈʀ ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʘʚʠʣʘ ʧʝʨʝʚʦʜʘ ʧʦʟʠʮʠʠ ʯʘʩʪʠʮʳ X ʚ ʚʝʢʪʦʨ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ  

Coeff = {a0, a1, a2, w2, ű2, a3, w3, ű3}.  

ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʟʘʜʘʪʴ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ  

Coeff_min = {a0
min, a1

min, ..., ű3
min},  Coeff_max = {a0

max, a1
max, é, ű3

max}  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ: 

Coeff = (Coeff _max ï Coeff _min) Ǔ X + Coeff _min.  
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ʕʢʩʧʝʨʠʤʝʥʪ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʦʪʨʝʙʣʝʥʠʷ ʇʘʤʠʨʘ ʩ 2007 ʧʦ 2016 ʛʛ. ʧʦ ʜʘʥʥʳʤ Oɸʆ çʇʘʤʠʨ ʕʥeʨʜʞʠè 

(ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ). ʂʘʯʝʩʪʚʦ ʨʝʰʝʥʠʡ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʨʘʚʥʠʚʘʣʦʩʴ ʩ 

ʢʘʯʝʩʪʚʦʤ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʨʫʯʥʳʤ ʧʦʜʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɼʇʌ) ʩ 

ʛʨʘʜʠʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ. ʇʦʩʣʝʜʥʠʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ɼʇʌ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ɼʇʌ 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʧʦʩʪʦʷʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʛʥʘʣʘ ʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ [ʇʦʪʘʧʦʚ, 2016]. ʇʦʣʫʯʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ 

(3.10) a0, a2, w2, ű2, a3, w3, ű3 ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʤ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ (ʢʦʵʬʬʠʮʠʝʥʪ a0 ʧʦʣʫʯʘʝʪ 

ʥʫʣʝʚʦʝ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ɼʇʌ ʥʝ ʜʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʜʘ). 

ʇʨʠʤʝʥʝʥʠʝ ɼʇʌ ʩ ʥʘʠʩʢʦʨʝʡʰʠʤ ʩʧʫʩʢʦʤ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʥʦ 

ʠʤʝʝʪ ʥʘʠʚʳʩʰʫʶ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ. ʈʫʯʥʦʡ ʧʦʜʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʙʫʝʪ 

ʥʘʠʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʦʪ ʯʝʣʦʚʝʢʘ, ʟʘʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.16. 

 

ʊʘʙʣʠʮʘ 3.16 ï ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʜʝʣʠ ʛʨʘʬʠʢʘ 

ʥʘʛʨʫʟʢʠ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ 

(3.10) ʠ ʦʰʠʙʢʘ (3.11) 

ʈʫʯʥʘʷ 

ʥʘʩʪʨʦʡʢʘ 

ɼʇʌ + 

ʛʨʘʜʠʝʥʪ 
ɸʈʀ ʈʀ 

ὥ, ʄɺʪ 18,95 18,95 18,9 19,25 

ὥ, ʄɺʪ 0,0043 0,0048 0,0047 -0,0022 

ὥ, ʄɺʪ 8,8 8,8 2,49 7,48 

ύ, ɻʮ 0,5237 0,5239 5,2382 6,8 

ű2 1,009 1,009 2,135 0,61 

ὥ, ʄɺʪ 2,59 2,59 8,59 -0,11 

ύ, ɻʮ 1,047 1,047 5,76 4,57 

ű3 0,785 0,785 2,172 0,25 

ŭ (3.3), % 6,95 6,94 6,8 11,38 

 

 

ɿʘʪʝʤ ʫʞʝ ʥʘʩʪʨʦʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʜʨʫʛʦʡ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ, 

ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʜʘʧʪʘʮʠʠ. ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʪʦʞʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ 

ʜʣʷ ʵʪʦʡ ʚʳʙʦʨʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 3.17. ɺ ʩʪʨʦʢʝ 
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çʇʘʤʠʨè ʝʱʝ ʨʘʟ ʫʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʩ 

ʥʘʩʪʨʦʡʢʦʡ ʨʦʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ), ʚ ʩʪʨʦʢʝ çʆʕʉ ʉʠʙʠʨʠè ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʚʪʦʨʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʥʘʩʪʨʦʝʥʥʦʛʦ ʨʦʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ). 

 

ʊʘʙʣʠʮʘ 3.17 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʜʝʣʝʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ 

ʕʕʉ ʈʫʯʥʘʷ ʥʘʩʪʨʦʡʢʘ 
ɼʇʌ + 

ʛʨʘʜʠʝʥʪ 
ɸʈʀ ʈʀ 

ʇʘʤʠʨ 6,95 6,94 6,8 11,4 

ʆʕʉ ʉʠʙʠʨʠ 4,5 4,0 2,38 10,8 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʈʀ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ 

ʧʦʜʙʠʨʘʪʴ ʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʝʡ ʚ ʟʘʜʘʯʘʭ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ 

ʵʪʦʤ ʧʨʠʤʝʥʝʥʠʝ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʝʟ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ 

ʙʳʩʪʨʦ, ʥʦ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʨʫʯʥʦʤ 

ʧʦʜʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʣʫʯʰʝʥʠʝʤ ʤʝʪʦʜʦʤ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʦʜʦʙʨʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʘʶʪ ʫʣʫʯʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʦʡ ʟʘʜʘʯʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ, ʥʦ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʟʘʜʘʯ ʪʘʢʦʛʦ ʞʝ ʢʣʘʩʩʘ. 

 

3.4. ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 3 

 

ʈʘʩʢʨʳʪʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘ ̫ʛʠʙʨʠʜʥʘʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʡ 

ʠ ʤʦʱʥʦʩʪʝʡ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʫʟʣʘʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʠ 

ʛʣʫʙʦʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ɿʘʜʘʯʘ ʠʤʝʝʪ ʜʚʘ ʢʨʠʪʝʨʠʷ: 

ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʠʭ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ. ɿʘʜʘʯʘ 

ʠʤʝʝʪ ʩʚʦʡʩʪʚʘ ʢʘʢ ʜʠʩʢʨʝʪʥʦʡ, ʪʘʢ ʠ ʥʝʧʨʝʨʳʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʤʦʱʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ ʥʝʧʨʝʨʳʚʥʳ, ʥʦ ʤʝʩʪʘ ʠʭ ʜʦʧʫʩʪʠʤʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 



111 
 

ʜʠʩʢʨʝʪʥʳ. ʇʦʢʘʟʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠ ʢʘʢ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ, ʠ ʢʘʢ 

ʜʚʫʭʢʨʠʪʝʨʠʘʣʴʥʦʡ. ɼʣʷ ʩʚʝʜʝʥʠʷ ʜʚʫʭ ʢʨʠʪʝʨʠʝʚ ʚ ʦʜʠʥ ʠʩʧʦʣʴʟʦʚʘʥ ʧʝʨʝʩʯʝʪ ʚ 

ʩʫʤʤʫ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʥʝʜʨʝʥʠʝ ʛʣʫʙʦʢʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ. ʆʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʢʘʢ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ, ʣʠʮʦ, 

ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʘʝʪ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʘʨʠʘʥʪʘʭ 

ʫʣʫʯʰʝʥʠʷ ʩʠʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʩʨʝʜʠ ʢʨʠʪʝʨʠʝʚ ʯʘʩʪʴ ʚʣʠʷʝʪ ʥʘ 

ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʯʘʩʪʴ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʝ ʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʙʘʣʘʥʩ 

ʪʘʢʪʠʯʝʩʢʠʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: ʧʦʜʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ɸʥʛʘʨʩʢʦʛʦ 

ʵʣʝʢʪʨʦʣʠʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ, ʧʦʜʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʆɸ 

çʋʨʘʣʴʩʢʠʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè, ʬʨʘʛʤʝʥʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʊʘʜʞʠʢʠʩʪʘʥʘ. ʇʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 5ï20 % ʧʨʠ ʩʨʦʢʝ ʦʢʫʧʘʝʤʦʩʪʠ 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ 3ï5 ʣʝʪ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʘʥʘʣʦʛʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʝ ʟʘʜʘʯʠ ʠʣʠ ʟʘʜʘʚʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʩ ʨʦʝʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʙʝʟ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʠ ʜʨʫʛʠʤʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʛʨʘʜʠʝʥʪʥʳʝ ʤʝʪʦʜʳ). 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʡ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʳʰʝ ʥʘ 2ï9 %, ʯʝʤ ʨʦʝʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʙʝʟ ʘʜʘʧʪʘʮʠʠ. 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʫʩʣʦʚʠʷ ʢʦʪʦʨʳʭ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʰʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʜʘʯʘʭ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ, ʚʘʞʥʦ 

ʧʦʥʠʤʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʘʣʛʦʨʠʪʤ ʨʦʷ ʧʯʝʣ. ʇʦʩʢʦʣʴʢʫ ʦʥ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʨʘʙʦʪʳ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʭʨʘʥʠʪ 

ʥʝʩʢʦʣʴʢʦ ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʝʰʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ 
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ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʭʦʜʷʪʩʷ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʦʜʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ 

ʩʚʦʡʩʪʚ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʧʯʝʣ ʜʣʷ ʧʝʨʝʥʦʩʘ ʚ ʜʨʫʛʠʝ ʨʦʝʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʩ ʮʝʣʴʶ 

ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʤʠ ʜʣʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ.  

ɸʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

ʚʳʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 110ï220 ʢɺ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʘʧʪʠʚʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩ 48,01 ʄɺʪ ʜʦ 45,83 ʄɺʪ (2,18 ʄɺʪ). 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʣʘʩʩ ʟʘʜʘʯ ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʦʡ ʪʦʧʦʣʦʛʠʝʡ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʦʢʘʟʳʚʘʶʪʩʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ 

ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʘʧʨʘʚʣʝʥʥʦʤ ʧʝʨʝʙʦʨʝ, ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣʘʭ ʠʣʠ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ. ʋʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʜʘʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʣʴʢʦ ʜʣʷ 

ʨʘʜʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʚʟʘʠʤʥʳʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʦʚ ʩʝʪʠ ʩʣʘʙʳʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ 28,9 % 

ʚʳʰʝ, ʯʝʤ ʵʬʬʝʢʪ ʦʪ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. 
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4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʟʘʜʘʯʝ 

ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

 

ʈʘʟʜʝʣ 4 ʧʦʩʚʷʱʝʥ ʧʨʠʤʝʥʝʥʠ ʁʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʂʇ). ɿʘʜʘʯʘ ʂʇ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʣʘʩʪʠ ʩʨʘʚʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʧʨʠʯʠʥʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ NP-ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʦʙʣʘʜʘʝʪ ʪʝʤʠ ʞʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʩʣʦʞʥʦʩʪʷʤʠ, ʯʪʦ ʠ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ɺʦ-ʚʪʦʨʳʭ, ʟʘʜʘʯʝ ʂʇ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ 

ʦʥʘ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʪʝʩʪʦʚʘʷ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ-ʪʨʝʪʴʠʭ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ 

ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʤʥʦʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ. ʈʘʟʜʝʣ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʧʦʜʨʘʟʜʝʣʦʚ, ʨʘʩʢʨʳʚʘʶʱʠʭ ʩʦʜʝʨʞʘʪʝʣʴʥʦʝ 

ʦʧʠʩʘʥʠʝ ʟʘʜʘʯʠ ʂʇ (ʧʦʜʨʘʟʜʝʣ 4.1), ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʟʘʜʘʯʠ ʂʇ ʢʣʘʩʩʘ job-

shop (4.2), ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ (4.3), ʦʧʠʩʘʥʠʝ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʠʤʝʥʝʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʈʀ (4.4), ʦʧʠʩʘʥʠʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ (4.5). 

 

4.1. ʉʦʜʝʨʞʘʪʝʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʟʘʜʘʯʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

 

ɺʦ ʚʩʝʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʣʷʪ ɹ

ʨʘʩʧʠʩʘʥʠʷ ʠ ʧʣʘʥʳ. ʋʚʝʣʠʯʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʩʦʩʪʘʚʣʝʥʠʷ ʧʣʘʥʦʚ ʠ ʨʘʟʚʠʪʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ ʦʪʜʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠ ̫ʦʧʝʨʘʮʠʡ ï ʪʝʦʨʠʠ ʨʘʩʧʠʩʘʥʠʡ. ɺʘʞʥʦʩʪʴ ʟʘʜʘʯ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘʯʘʣʘ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʪʴ ʩ XX ʚʝʢʘ ʩ ʨʘʟʚʠʪʠʝʤ ʢʦʥʚʝʡʝʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʯʘʣʠʩʴ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ, 

ʊʝʨʤʠʥ çʪʝʦʨʠʷ ʨʘʩʧʠʩʘʥʠʡè ʚʚʝʜʝʥ ʈ. ɹʝʣʣʤʘʥʦʤ ʚ 1956 ʛʦʜʫ [ʃʘʟʘʨʝʚ, 2011]. 

ɺʘʞʥʦʩʪʴ ʟʘʜʘʯ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦ ʥʘʯʘʣʘ XX ʚʝʢʘ ʙʳʣʘ ʥʝʚʳʩʦʢʦʡ, ʥʦ ʥʘʯʘʣʘ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʦʪʦʯʥʦʛʦ ʢʦʥʚʝʡʝʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ɻʝʥʨʠ ʌʦʨʜʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʣʦʞʠʣ ʨʘʟʙʠʚʘʪʴ ʨʘʙʦʪʳ ʥʘ ʥʝʙʦʣʴʰʠʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ 
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ʦʧʝʨʘʮʠʠ, ʠ ʨʘʙʦʪʘʤʠ ɻʝʥʨʠ ɻʘʥʪʘ ʥʘʜ ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʫʢʦʚʦʜʩʪʚʘ 

ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ.  

ɿʘʜʘʯʠ ʪʝʦʨʠʠ ʨʘʩʧʠʩʘʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʟʘʜʘʯ ʢʦʤʙʠʥʘʪʦʨʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʣʠ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ. ɸʢʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ 

ʨʘʩʧʠʩʘʥʠʡ ʥʘʯʘʣʠʩʴ ʩ 50-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʚʦʧʨʦʩʦʚ ʪʝʦʨʠʠ 

ʨʘʩʧʠʩʘʥʠʡ ʚ ʪʦ ʚʨʝʤʷ ʩʪʘʣʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʜʘʯ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʩʣʦʞʥʦʩʪʠ 

[ʃʘʟʘʨʝʚ, 2011]. ʆʙʟʦʨʳ ʧʦ ʟʘʜʘʯʘʤ ʪʝʦʨʠʠ ʨʘʩʧʠʩʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ 

ɻʵʨʠ ʠ ɼʞʦʥʩʦʥʘ, [Johnson, 1954], ʃʦʫʝʨʘ [Lawler, 2993], ʊʘʥʘʝʚʘ [ʊʘʥʘʝʚ, 1989], 

ɹʨʫʢʝʨʘ ʠ ʜʨ. [Brucker, 2006]. 

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ: çʊʝʦʨʠʷ ʨʘʩʧʠʩʘʥʠʡ ï ʵʪʦ ʨʘʟʜʝʣ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ, ʚ ʢʦʪʦʨʦʤ ʩʪʨʦʷʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʂʇ (ʪ.ʝ. ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ) ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ 

ʜʝʡʩʪʚʠʡ ʩ ʫʯʝʪʦʤ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡè [ʃʘʟʘʨʝʚ, 2011]. 

ɿʘʜʘʯʠ ʂʇ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʣʘʥʠʨʦʚʘʥʠʝ ʚʦ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ ʩʦʩʪʘʚʣʝʥʠʝ 

ʫʢʘʟʘʥʠʡ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʢʘʢʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ. ʊʘʢʠʝ 

ʫʢʘʟʘʥʠʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʟʳʚʘʶʪʩʷ ʨʘʩʧʠʩʘʥʠʝʤ. ɼʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʠʪʫʘʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʨʘʩʧʠʩʘʥʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʨʘʩʧʠʩʘʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʤʥʦʞʝʩʪʚʫ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʵʪʦʤʫ 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʨʘʩʧʠʩʘʥʠʡ ʠ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʵʪʠ ʢʨʠʪʝʨʠʷʤʠ ʨʘʩʧʠʩʘʥʠʷ. ɿʘʜʘʯʘ ʂʇ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʮʝʣʴʶ, 

ʤʦʜʝʣʴʶ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʙʦʨʦʤ ʪʨʝʙʦʚʘʥʠʡ (ʨʘʙʦʪ), ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ, ʢʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ. ʂʣʶʯʝʚʳʤʠ ʧʦʥʷʪʠʷʤʠ ʚ 

ʪʝʦʨʠʠ ʨʘʩʧʠʩʘʥʠʡ ʷʚʣʷʶʪʩʷ çʨʘʙʦʪʘè (çʪʨʝʙʦʚʘʥʠʝè) ʠ çʨʝʩʫʨʩè (ʠʩʧʦʣʥʠʪʝʣʴè).  

ʈʘʙʦʪʳ ʩʦʩʪʦʷʪ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʰʝʥʠʷʭ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʧʨʝʜʰʝʩʪʚʦʚʘʥʠʷ ʤʝʞʜʫ ʨʘʙʦʪʘʤʠ. ʆʪʥʦʰʝʥʠʝ 

ʧʨʝʜʰʝʩʪʚʦʚʘʥʠʷ ʟʘʜʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʪʘʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʯʘʩʪʦ ʥʘʯʘʣʦ ʦʜʥʠʭ ʨʘʙʦʪ ʟʘʚʠʩʠʪ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʜʨʫʛʠʭ (ʧʦʜʛʦʪʦʚʢʘ 

ʩʪʘʥʢʘ ʢ ʦʙʨʘʙʦʪʢʝ ʠʟʜʝʣʠʷ ʜʦʣʞʥʘ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʦʙʨʘʙʦʪʢʝ), ʭʦʪʷ ʚʦʟʤʦʞʥʳ ʠ 

ʜʨʫʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɺ ʟʘʜʘʯʘʭ ʂʇ ʧʦʤʠʤʦ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʨʘʙʦʪʘʤʠ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ: ʢʨʘʡʥʠʝ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʨʘʙʦʪ, ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʨʝʩʫʨʩʘʤ, ʩʨʦʢʠ, ʨʘʥʴʰʝ 

ʢʦʪʦʨʳʭ ʥʝʣʴʟʷ ʥʘʯʠʥʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʙʦʪʳ, ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ (ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʫʜʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʨʝʩʫʨʩ, ʨʘʟʣʠʯʥʳʝ ʧʨʘʚʠʣʘ ʠ ʪʨʝʙʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʠ ʪ.ʜ.). 

ʆʧʨʝʜʝʣʠʚ ʪʠʧʳ ʨʘʙʦʪ, ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʩʫʨʩʳ ʧʦ ʢʘʞʜʦʡ ʠʟ ʥʠʭ, ʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʨʘʙʦʪʘʤʠ, ʥʘʣʠʯʠʝ ʨʝʩʫʨʩʦʚ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʦʩʪʨʦʠʚ ʤʦʜʝʣʴ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ, ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʪʦʨʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʩʦʩʪʘʚʠʪʴ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʧʠʩʘʥʠʝ, ʝʩʣʠ ʪʘʢʦʝ ʩʫʱʝʩʪʚʫʝʪ, ʠʣʠ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ ʥʝʚʦʟʤʦʞʥʦ. ʉʦʜʝʨʞʘʪʝʣʴʥʦ 

ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤʠ, ʪ.ʝ. ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʳʙʦʨʝ 

ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʚʘʨʠʘʥʪʦʚ (ʨʘʩʧʠʩʘʥʠʡ, ʜʦʧʫʩʢʘʝʤʳʭ ʫʩʣʦʚʠʷʤʠ 

ʟʘʜʘʯʠ) ʪʝʭ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʳ ʜʦʩʪʠʞʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ (ʦʧʪʠʤʘʣʴʥʦʛʦ) 

ʟʥʘʯʝʥʠ ̫ʢʨʠʪʝʨʠʷ. ʇʦʜ ʦʧʪʠʤʘʣʴʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ, 

ʟʘʪʨʘʪʳ ʨʝʩʫʨʩʦʚ, ʧʨʠʙʳʣʴ ʠ ʧʨʦʯʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

 

4.2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ job-shop 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [ʊʘʥʘʝʚ, 1989], ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ ʂʇ ʩʚʷʟʘʥʳ 

ʩ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤʠ ʦʙʩʣʫʞʠʚʘʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʶʪʩʷ 

ʩʠʩʪʝʤ,r ʚ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠ ̫ʨʘʟʜʝʣʝʥ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ 

(ʦʧʝʨʘʮʠʡ). ʇʨʠ ʩʫʱʝʩʪʚʫʶʱʝʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʂʇ ʠʟ ʨʘʙʦʪʳ [ʊʘʥʘʝʚ, 1989]. ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ. ɼʘʥʳ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʪʨʝʙʦʚʘʥʠʡ N = { 1, 2, é, n} ʠ ʢʦʥʝʯʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʧʨʠʙʦʨʦʚ M = { 1, 2, é, m}. ɺ ʢʘʯʝʩʪʚʝ ʪʨʝʙʦʚʘʥʠʡ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʨʘʙʦʪʳ, ʟʘʢʘʟʳ, ʧʘʨʪʠʠ ʜʝʪʘʣʝʡ ʠ ʪ.ʧ. ɺ ʢʘʯʝʩʪʚʝ ʪʨʝʙʦʚʘʥʠʡ ï ʩʪʘʥʢʠ, ʙʨʠʛʘʜʳ, 

ʠʩʧʦʣʥʠʪʝʣʠ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ i-ʛʦ ʪʨʝʙʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʡ. ʉʪʘʜʠʠ q (1 Ò q Ò Ri) ʪʨʝʙʦʚʘʥʠʷ i 
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ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʨʠʙʦʨʦʚ Mi
q. ʇʨʠʙʦʨ ʤʦʞʝʪ 

ʦʙʩʣʫʞʠʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʪʨʝʙʦʚʘʥʠʝ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʂʘʞʜʦʝ ʪʨʝʙʦʚʘʥʠʝ 

i  ɴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ʁ

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠʙʦʨʘʤʠ: 

Li = (l1 
i, l2 

i, é, lri 
i). 

ɺʨʝʤʝʥʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʪʘʜʠʠ q ʪʨʝʙʦʚʘʥʠʷ i ʠʟʚʝʩʪʥʳ (tiq) 

ʜʣʷ ʚʩʝʭ ʩʪʘʜʠʡ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ. ʀʩʢʦʤʳʡ ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ ʷʚʣʷʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʁ { s1(t), s2(t),é, sm(t)} ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʩʣʝʚʘ 

ʬʫʥʢʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʟʘʜʘʥʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 0 Ò t <Ð ʠ ʧʨʠʥʠʤʘʝʪ 

ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ N  

s={ s1(t), s2(t),é, sm(t)}  

ɽʩʣʠ sl(t
ô) = i , sl(t

ô) Í 0 , l  ɴM , i  ɴN , ʪʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tô ʧʨʠʙʦʨ l 

ʦʙʩʣʫʞʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʝ i. ɽʩʣʠ sl(t
ô) = 0, ʪʦ ʚ ʵʪʦʤ ʤʦʤʝʥʪ ʧʨʠʙʦʨ ʥʝ ʦʙʩʣʫʞʠʚʘʝʪ 

ʥʠ ʦʜʥʦ ʠʟ ʪʨʝʙʦʚʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

- ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʛʦʪʦʚʳ ʢ ʚʳʧʦʣʥʝʥʠʶ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (t = t0); 

- ʥʠ ʦʜʥʘ ʠʟ ʩʪʘʜʠʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʨʚʘʥʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ; 

- ʧʨʠʙʦʨ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʩʪʘʜʠʠ ʩʨʘʟʫ ʞʝ, ʢʘʢ ʪʦʣʴʢʦ ʦʥ 

ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʠ ʚʳʧʦʣʥʝʥʳ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʩʪʘʜʠʠ ʜʘʥʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ. 

ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʧʫʥʢʪʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʳʤ, ʥʦ ʥʝ ʥʝʦʙʭʦʜʠʤʳʤ 

ʧʨʠʟʥʘʢʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʘ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʦʝʚ ʧʨʠʙʦʨʦʚ. 

ʅʫʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ ʥʘʭʦʞʜʝʥʠʝ ʥʝ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʘ ʣʠʰʴ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʚʩʝʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʨʝʰʝʥʠʷ ʫʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʥʝʧʨʦʩʪʫʶ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ 

ʟʘʜʘʯʫ. ʈʘʩʯʝʪ ʢʘʯʝʩʪʚʘ (ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ) ʨʘʩʧʠʩʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʚʨʝʤʝʥʠ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ. ɺ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʳ ʠ 

ʜʨʫʛʠʝ ʢʨʠʪʝʨʠʠ. 

ʉʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʠʜʥʳ ʫʞʝ ʥʘ ʵʪʘʧʝ ʝʝ 

ʧʦʩʪʘʥʦʚʢʠ. ʆʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʧʦʩʪʨʦʝʥʠ̫ ʨʘʩʧʠʩʘʥʠʡ, ʪʘʢ ʢʘʢ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʤʦʜʝʣʴ ʟʘʜʘʯʠ ʠ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 
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ʚʳʨʘʞʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ ʪʝʦʨʠʠ ʨʘʩʧʠʩʘʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢ NP-ʪʨʫʜʥʳʤ, ʧʦ 

ʦʮʝʥʢʘʤ [Rinnooy, 1975], ʠʭ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 80 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʟʘʜʘʯ. 

ʉʨʝʜʠ ʟʘʜʘʯ ʂʇ ʚ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʢʣʘʩʩʘ çjob-shopè, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʠʤʝʥʥʦ ʦʥʠ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʟʘʜʘʯ ʢʣʘʩʩʘ çopen-shopè ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʥʳʡ 

ʧʦʨʷʜʦʢ ʩʪʘʜʠʡ ʚ ʢʘʞʜʦʤ ʪʨʝʙʦʚʘʥʠʠ, ʘ ʦʪ ʟʘʜʘʯ ʢʣʘʩʩʘ çflow-shopè ï ʨʘʟʣʠʯʠʷ ʚ 

ʧʦʨʷʜʢʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʟʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ɿʘʜʘʯʘ ʂʇ ʢʣʘʩʩʘ çjob-shopè ʦʪʥʦʩʠʪʩʷ 

ʢ NP-ʪʨʫʜʥʳʤ, ʝʩʣʠ ʧʨʠʙʦʨʦʚ ʙʦʣʴʰʝ ʜʚʫʭ [ʃʘʟʘʨʝʚ, 2011; ʊʘʥʘʝʚ, 1989].  ʂʘʢ 

ʧʦʢʘʟʘʥʦ ʚ [Gromicho, 2012], ʯʠʩʣʦ ʢʦʤʙʠʥʘʮʠʡ ʜʣʷ ʟʘʜʘʯʠ çjob-shopè ʩ n 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ m ʧʨʠʙʦʨʘʤʠ (ʪʨʝʙʦʚʘʥʠʝ ʩʦʜʝʨʞʠʪ m ʩʪʘʜʠʡ) ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʝ (n!)m. ɺ ʪʘʙʣʠʮʝ 4.1 ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ, 

ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʂʇ ʧʦʣʥʳʤ ʧʝʨʝʙʦʨʦʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʨʘʟʤʝʨʥʦʩʪʠ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʮʝʥʢʘ ʦʜʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʥʠʤʘʝʪ 

ʣʠʰʴ 10-10 ʩʝʢʫʥʜ [Puchta, 2004].  

 

ʊʘʙʣʠʮʘ 4.1 ï ɺʨʝʤʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ 

ʈʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ 

(ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʦʚʘʥʠʡ, 

ʩʪʘʜʠʡ ʠ ʧʨʠʙʦʨʦʚ) 

ɺʨʝʤʷ ʨʝʰʝʥʠʷ ʧʦʣʥʳʤ 

ʧʝʨʝʙʦʨʦʤ 

25 0,0034 ʩʝʢʫʥʜʳ 

50 31 ʯʘʩ 

75 1,2 Ā 105 ʣʝʪ 

100 4 Ā 1012 ʣʝʪ 

  

4.3. ʆʙʟʦʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

 

4.3.1. ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʚ ʟʘʜʘʯʘʭ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

 

ʇʝʨʝʙʦʨʥʳʝ ʤʝʪʦʜʳ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʢʦʤʙʠʥʘʪʦʨʥʳʭ 

ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ, ʥʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 4.1, ʜʘʞʝ 

ʠʩʧʦʣʴʟʫʷ ʦʯʝʥʴ ʤʦʱʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʟʘʜʘʯʠ ʩ ʜʝʩʷʪʢʘʤʠ ʪʨʝʙʦʚʘʥʠʡ 

ʠ ʧʨʠʙʦʨʦʚ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ ʨʝʰʠʪʴ ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʥʝʚʦʟʤʦʞʥʦ. 

ʆʙʲʝʤ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʝʨʝʙʦʨʘ. 
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ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʜʘʯʠ ʂʇ ʢʘʢ ʟʘʜʘʯʠ 

ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [ʊʘʥʘʝʚ, 1989]. ʅʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʣʠʰʴ ʜʣʷ ʟʘʜʘʯ çjob-shopè ʤʘʣʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʠʣʠ ʞʝ ʧʨʠ ʜʚʫʭ ʧʨʠʙʦʨʘʭ (ʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʪʨʝʭ), ʚ ʦʩʪʘʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʜʢʣʘʩʩʘ ʟʘʜʘʯ ʂʇ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʚʝʪʚʝʡ 

ʠ ʛʨʘʥʠʮ [Brucker, 1994]. ʂʘʞʜʦʤʫ ʫʟʣʫ ʜʝʨʝʚʘ ʧʦʠʩʢʘ, ʪʦ ʝʩʪʴ ʧʦʜʤʥʦʞʝʩʪʚʫ 

ʜʦʧʫʩʪʠʤʳʭ ʯʘʩʪʠʯʥʳʭ ʧʣʘʥʦʚ, ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʢʨʠʪʝʨʠʷ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʦʮʝʥʢʘ ʜʣʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʫʟʣʦʚ ʜʝʨʝʚʘ (ʧʦʣʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʥʳʭ 

ʧʣʘʥʦʚ) ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʘ. ʆʮʝʥʢʘ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʥʝʦʙʭʦʜʠʤʘ, ʯʪʦʙʳ ʦʪʙʨʘʩʳʚʘʪʴ ʧʦʜʤʥʦʞʝʩʪʚʘ ʯʘʩʪʠʯʥʦ 

ʧʦʩʪʨʦʝʥʥʳʭ ʧʣʘʥʦʚ, ʟʘʚʝʜʦʤʦ ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ, ʵʪʦʪ 

ʧʨʠʝʤ ʩʦʢʨʘʱʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʧʦʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʤʝʪʦʜʘ 

ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ, 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʜʣʷ ʟʘʜʘʯ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʅʦ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʘ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ ʚ ʟʘʜʘʯʘʭ ʂʇ ʟʘʪʨʫʜʥʝʥʦ ʚ ʩʣʫʯʘʷʭ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʠʟ-ʟʘ ʦʛʨʦʤʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʠ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʚʦʟʥʠʢʘʝʪ ʩʣʦʞʥʦʩʪʴ ʩ ʦʮʝʥʢʦʡ ʩʦʩʪʘʚʣʷʝʤʦʛʦ ʧʣʘʥʘ ʧʦ 

ʯʘʩʪʠʯʥʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ. 

ɻʨʘʜʠʝʥʪʥʳʝ ʤʝʪʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʛʨʘʜʠʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʚ ʟʘʜʘʯʘʭ ʂʇ 

ʪʘʢʞʝ ʟʘʪʨʫʜʥʝʥʦ, ʪʘʢ ʢʘʢ ʟʘʜʘʯʠ ʥʝ ̫ʚʣʷʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤʠ, ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ çʦʚʨʘʞʥʦʩʪʠè ʠ ʤʥʦʞʝʩʪʚʦ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʟʘʜʘʯʠ ʦʙʣʘʜʘʶʪ ʚʩʝʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʨʠʪʠʯʝʩʢʠ ʩʥʠʞʘʶʱʠʤʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʘʜʠʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʜʘʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʚʨʘʪʦʚ ʠʟ-ʟʘ 

ʧʦʧʘʜʘʥʠʡ ʚ ʣʦʢʘʣʴʥʳʝ ʵʢʩʪʨʝʤʫʤʳ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʦʠʟʚʦʜʥʫʶ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. 

ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʨʠʤʝʨʳ ʞʘʜʥrʭ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʜʣʷ ʟʘʜʘʯ 

ʂʇ ʜʘʥʳ ʚ [ʉʝʢʘʝʚ, 2005], ʥʘʧʨʠʤʝʨ: çʚʳʙʠʨʘʪʴ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʵʪʘʧ, ʚʳʧʦʣʥʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʟʘʚʝʨʰʠʪʩʷ ʢʘʢ ʤʦʞʥʦ ʨʘʥʴʰʝè. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʩʥʦʚʘʥʳ ʥʘ 

ʨʘʩʩʪʘʥʦʚʢʝ ʧʨʠʦʨʠʪʝʪʦʚ ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠʣʠ 
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ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʧʨʘʚʠʣ. ʊʘʢ ʢʘʢ ʩʧʦʩʦʙʦʚ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ ʠ ʚʘʨʠʘʮʠʡ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʪʦʜʘ. 

ɼʘʞʝ ʦʯʝʥʴ ʩʣʦʞʥʳʝ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʥʝɻʬʬʝʢʪʠʚʥʳʤʠ [ʂʦʯʝʪʦʚ 2005; ʂʦʨʤʝʥ, 2005; ʉʢʠʝʥʘ, 2013]. ʊʘʢ ʚ ʨʘʙʦʪʝ 

[ʂʦʯʝʪʦʚ, 2005] ʦʧʠʩʘʥʳ ʞʘʜʥʳʝ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʂʇ, ʧʨʠ ʵʪʦʤ ʫʢʘʟʘʥʦ, ʯʪʦ ʵʚʨʠʩʪʠʢʠ ʤʦʛʫʪ ʜʘʚʘʪʴ ʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʦʧʪʠʤʫʤʘ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʷʪʴ ʠʭ ʪʨʫʜʦʝʤʢʦʡ 

ʧʨʦʮʝʜʫʨʦʡ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ. ʃʦʢʘʣʴʥʳʡ ʧʦʠʩʢ ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʚ ʤʝʪʦʜʝ, 

ʥʘʟʚʘʥʥʦʤ ʘʚʪʦʨʘʤʠ çShifting Bottleneck Procedureè [Adams, 1991], ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʤʝʪʦʜʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʚʦʟʚʨʘʪ ʢ ʨʘʥʝʝ 

ʩʦʩʪʘʚʣʝʥʥʳʤ ʨʘʩʧʠʩʘʥʠʷʤʠ ʜʣʷ ʠʭ ʧʝʨʝʦʧʪʠʤʠʟʘʮʠʠ. ʊʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʘʣʛʦʨʠʪʤʳ, ʢʦʤʙʠʥʠʨʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʵʚʨʠʩʪʠʢʠ ʠ ʣʦʢʘʣʴʥʳʝ ʧʨʘʚʠʣʘ [Fisher, 

1963; ʅʦʨʝʥʢʦʚ, 1999; ʉʝʢʘʝʚ, 2005]. 

 

4.3.2. ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʟʘʜʘʯʘʭ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʂʇ ʷʚʣʷʶʪʩʷ ʵʚʨʠʩʪʠʯʝʩʢʠʝ 

ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʢʦʩʚʝʥʥʦ ʫʯʠʪʳʚʘʝʪʩʷ ʦʧʳʪ ʧʨʝʜʳʜʫʱʠʭ 

ʨʝʰʝʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʮʝʧʷʤʠ ʄʘʨʢʦʚʘ ʠ ʜʦʢʘʟʘʪʴ 

ʠʭ ʩʭʦʜʠʤʦʩʪʴ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʦʧʪʠʤʫʤʫ ʟʘʜʘʯʠ [ʂʦʯʝʪʦʚ, 2000]. ʅʦ ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ 

ʩʭʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʚʝʣʠʢʦ, ʧʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʥʘʡʪʠ 

ʥʝ ʛʣʦʙʘʣʴʥʳʡ ʦʧʪʠʤʫʤ, ʘ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦʝ ʢ ʥʝʤʫ ʨʝʰʝʥʠʝ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʂʇ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʩʷ ʢʘʢ ʧʦʧʫʣʷʮʠʦʥʥʳʝ, ʪʘʢ ʠ ʥʝ 

ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʂ ʧʦʩʣʝʜʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʦʠʩʢ ʩ ʟʘʧʨʝʪʘʤʠ, 

ʠʤʠʪʘʮʠʷ ʦʪʞʠʛʘ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʦʚ ʦʪʥʦʩʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʱʘʪʝʣʴʥʦ 

ʥʘʩʪʨʘʠʚʘʪʴ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ. ʆʯʝʥʴ ʯʘʩʪʦ ʚ ʂʇ ʧʨʠʤʝʥʷʶʪ ʵʚʦʣʶʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ, ʦʩʦʙʝʥʥʦ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ [ʅʦʨʝʥʢʦʚ, 1999; ʉʝʢʘʝʚ, 2009; Harrabi, 

2017; Anshulika, 2017]. ɼʦʩʪʦʠʥʩʪʚʦʤ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ, ʢ 

ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ ʥʝʚʳʩʦʢʘʷ ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʟʘʜʘʯʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʩʣʦʞʥʦʡ 
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ʪʦʧʦʣʦʛʠʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʝʰʝʥʠʡ ʠ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʢʨʠʪʝʨʠʷ ʜʣʷ ʥʠʟʢʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʠ ʯʘʩʪʦ 

ʩʣʠʰʢʦʤ ʜʦʣʛʦʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ, ʪʘʢ ʢʘʢ çʦʧʝʨʘʮʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʠ 

ʤʫʪʘʮʠʠ ʦʙʳʯʥʦ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʝʨʝʭʦʜʦʚ ʜʘʝʪ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ 

ʠ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʥʘʠʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦè [ʉʢʠʝʥʘ, 2013]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʪʨʫʜʥʦ ʵʬʬʝʢʪʠʚʥʦ ʟʘʧʠʩʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʜʘʥʥʳʝ ʚ ʩʪʨʫʢʪʫʨʝ ʭʨʦʤʦʩʦʤʳ ʪʘʢ, ʯʪʦʙʳ ʦʧʝʨʘʮʠʠ 

ʤʫʪʘʮʠʠ ʠ ʢʨʦʩʩʠʥʛʦʚʝʨʘ ʥʝ ʧʨʠʚʦʜʠʣʠ ʢ ʩʣʠʰʢʦʤ ʩʠʣʴʥʳʤ ʠʩʢʘʞʝʥʠʷʤ 

ʨʘʩʧʠʩʘʥʠʡ [ʉʝʢʘʝʚ, 2005]. 

 

4.4. ʇʨʠʤʝʥʝʥʠʝ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʘʣʝʥʜʘʨʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ, ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʈʀ ʢ ʨʝʰʝʥʠʶ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʥʝ ʚ ʤʦʜʝʣʴ 

ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʥʝ ʚ ʘʣʛʦʨʠʪʤ ʈʀ, ʘ ʚ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʥʠʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʂʇ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʪʦʨʥʦʡ, ʘ ʩʨʝʜʠ ʘʣʛʦʨʠʪʤʦʚ ʈʀ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʱʝʪ ʨʝʰʝʥʠʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ (ʘʣʛʦʨʠʪʤʳ ʨʦʷ 

ʯʘʩʪʠʮ, ʨʦʷ ʧʯʝʣ, ʘʣʛʦʨʠʪʤ ʩʚʝʪʣʷʯʢʦʚ), ʣʠʙʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ, ʟʘʜʘʥʥʦʤ 

ʛʨʘʬʦʤ (ʘʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ). ɼʣʷ ʵʪʠʭ ʜʚʫʭ ʚʠʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʜʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʘ ʧʨʠʤʝʥʝʥʠʷ ʢ ʟʘʜʘʯʝ ʂʇ, ʜʣʷ ʢʦʪʦʨʦʡ ʩʘʤʘ ʟʘʜʘʯʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ. 

 

4.4.1. ɸʣʛʦʨʠʪʤʳ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʦʠʩʢʘ 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʂʇ ʘʣʛʦʨʠʪʤʘʤʠ ʈʀ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

ʧʦʠʩʢʘ, ʜʠʩʢʨʝʪʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʟʘʢʦʜʠʨʦʚʘʪʴ ʚ 

ʬʦʨʤʝ ʚʝʢʪʦʨʘ ʥʝʧʨʝʨʳʚʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ (ʧʦʟʠʮʠʠ ʯʘʩʪʠʮʳ). 

ʄʦʞʥʦ ʧʦʩʪʫʧʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʟʘʧʠʩʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʢʘʢ ʚʝʢʪʦʨ ʜʣʠʥʦʡ k 

ʮʝʣʳʭ ʯʠʩʝʣ: 
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Ὧ  ὶ  ȟ                                                          τȢρ 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʦʚʘʥʠʡ, ʘ r i ï ʢʦʣʠʯʝʩʪʚʦ ʵʪʘʧʦʚ i-ʛʦ ʪʨʝʙʦʚʘʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʩʦʩʪʦʷʥʠʝ ʯʘʩʪʠʮʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ k 

ʮʝʣʳʭ ʯʠʩʝʣ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʜʝʢʩʫ ʪʨʝʙʦʚʘʥʠʷ. ʅʦ ʚ ʪʘʢʦʡ 

ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʢ: ʧʦʩʢʦʣʴʢʫ i-ʝ ʪʨʝʙʦʚʘʥʠʝ ʥʝ 

ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚ ʨʝʰʝʥʠʝ ʙʦʣʝʝ r i ʨʘʟ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ 

ʫʩʣʦʚʠʷ ʧʨʠ ʢʘʞʜʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʯʘʩʪʠʮʳ ʨʦʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʝʰʝʥʠʷ ʚ ʩʣʫʯʘʝ 

ʥʝʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʝʥ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʨʝʰʝʥʠʷ. ʅʦʤʝʨʘ ʪʨʝʙʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: ʢʘʞʜʳʝ r i 

ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ i-ʤʫ ʪʨʝʙʦʚʘʥʠʶ, i= 1, 2, én. ɿʘʪʝʤ ʚʝʢʪʦʨ 

ʩʦʨʪʠʨʫʝʪʩʷ ʧʦ ʚʝʱʝʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ 

ʥʝʢʦʪʦʨʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʥʜʝʢʩʦʚ ʪʨʝʙʦʚʘʥʠʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʩ ʢʦʪʦʨʳʤ ʠ ʨʘʙʦʪʘʝʪ ʘʣʛʦʨʠʪʤ ʨʦʷ 

ʯʘʩʪʠʮ. ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ ʚʝʢʪʦʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ ʚ ʟʘʜʘʯʝ ʩ 

ʜʚʫʤʷ ʜʚʫʭʵʪʘʧʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʠʤʝʝʪ ʚʠʜ {0,93; 0,21; 0,72; 0,48}. ʉʪʘʚʠʤ 

ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʚʝʢʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʥʜʝʢʩʳ ʪʨʝʙʦʚʘʥʠʡ: {(0,63; 1), (0,21; 1), 

(0,72; 2), (0,48:2)}. ʇʦʩʣʝ ʩʦʨʪʠʨʦʚʢʠ ʧʦʣʫʯʘʝʤ {(0,21; 1), (0,48:2), (0,72; 2), (0,93; 

1)}, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʝʤʫ ʧʦʨʷʜʢʫ ʚʳʧʦʣʥʝʥʠʷ: 1-ʡ ʵʪʘʧ ʧʝʨʚʦʛʦ 

ʪʨʝʙʦʚʘʥʠʷ, 1-ʡ ʵʪʘʧ ʚʪʦʨʦʛʦ ʪʨʝʙʦʚʘʥʠʷ, 2-ʡ ʵʪʘʧ ʚʪʦʨʦʛʦ ʪʨʝʙʦʚʘʥʠʷ, 2-ʡ ʵʪʘʧ 

ʧʝʨʚʦʛʦ ʪʨʝʙʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 

1. ɿʘʧʠʩʘʪʴ ʚʝʢʪʦʨ ʵʪʘʧʦʚ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ, ʩʦʛʣʘʩʥʦ (4.1)  

L = {  l1 
1, l2 

1,é, lrn 
n}.  

2. ʇʨʠʩʦʝʜʠʥʠʪʴ ʢʘʞʜʦʤʫ ʵʪʘʧʫ ʧʦʟʠʮʠʶ ʯʘʩʪʠʮʳ (X). 

LX = {  (x1 l1 
1), (x2 l2 

1),é, (xk lrn 
n
 )},  

ʛʜʝ ʯʠʩʣʦ ʯʘʩʪʠʮ k ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʚʩʝʭ ʵʪʘʧʦʚ (4.1). 

3. ʆʪʩʦʨʪʠʨʦʚʘʪʴ ʚʝʢʪʦʨ LX ʧʦ ʫʙʳʚʘʥʠʶ X.  
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4. ʋʜʘʣʠʪʴ ʵʣʝʤʝʥʪʳ x ʠʭ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨ LX. 

5. ʇʦʣʫʯʝʥʥʳʡ ʚʝʢʪʦʨ L* ʝʱʝ ʩʦʜʝʨʞʠʪ ʠʩʢʦʤʳʡ ʧʦʨʷʜʦʢ ʧʨʠʦʨʠʪʝʪʦʚ 

ʵʪʘʧʦʚ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʤ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ ʚʥʫʪʨʠ 

ʦʪʜʝʣʴʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ. 

6. ɼʣʷ ʢʘʞʜʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʧʨʦʚʝʩʪʠ ʟʘʤʝʥʫ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ L* ʥʘ ʥʦʤʝʨʘ 

ʵʪʘʧʦʚ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʚ ʠʭ ʟʘʜʘʥʥʦʤ ʧʦʨʷʜʢʝ. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ. ʈʘʩʩʤʦʪʨʠʤ 3 ʪʨʝʙʦʚʘʥʠʷ ʧʦ 3 ʦʧʝʨʘʮʠʠ: 

l1 = {  l1 
1, l2 

1, l3 
1},   l2 = {  l1 

2, l2 
2, l3 

2},    l3 = {  l1 
3, l2 

3, l3 
3}.  

ʇʫʩʪʴ ʚʝʢʪʦʨ X = {0,11; 0,72; 0,57; 0,92; 0,43; 0,21; 0,12; 0,40; 0,33}. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝ ʩʦʨʪʠʨʦʚʢʠ 

LX = {{ l1 
2; 0,92}, { l2 

1; 0,72}, { l3 
1; 0,57}, { l2 

2; 0,43}, { l2 
3; 0,4}, { l3 

3; 0,33}, { l3 
2; 

0,21}, { l1 
3; 0,12}, {  l1

1; 0,11}}.  

ʆʢʦʥʯʘʪʝʣʴʥʦ ʠʩʢʦʤʳʡ ʚʝʢʪʦʨ L**  = {  l1 
2, l1 

1, l2 
1, l2 

2, l1 
3, l2 

3, l3 
2, l3 

3, l3 
1}.  

ɺʝʢʪʦʨ L**  ʧʦʢʘʟʳʚʘʝʪ ʥʝ ʧʦʨʷʜʦʢ ʥʘʯʘʣ ʚʳʧʦʣʥʝʥʠʷ ʵʪʘʧʦʚ, ʘ ʧʦʨʷʜʦʢ 

ʥʘʟʥʘʯʝʥʠ ̫ʵʪʘʧʘʤ ʧʦʟʠʮʠʠ ʚʦ ʚʨʝʤʝʥʥʦʤ ʛʨʘʬʠʢʝ ʦʙʨʘʙʦʪʢʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʚʦʟʤʦʞʥʳʤ ʚʨʝʤʝʥʝʤ ʥʘʯʘʣʘ. 

ʇʨʦʮʝʩʩ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʥʠʢʘʢ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʘʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ, ʝʛʦ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʯʘʩʪʴʶ ʙʣʦʢʘ ʚʳʯʠʩʣʝʥʠʷ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʘʷ ʛʠʙʢʦʩʪʴ ʘʣʛʦʨʠʪʤʘ: ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʧʨʦʯʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʜʘʯʠ ʂʇ ʥʝ ʧʨʠʚʝʜʫʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ. 

 

4.4.2. ɸʣʛʦʨʠʪʤʳ ʩ ʜʠʩʢʨʝʪʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʦʠʩʢʘ 

 

ʂʘʢ ʦʧʠʩʘʥʦ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.2.2, ʘʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʨʝʰʘʝʪ ʟʘʜʘʯʫ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʚʳʧʦʣʥʷʷ ʤʥʦʛʦʢʨʘʪʥʳʡ ʦʙʭʦʜ ʥʝʢʦʪʦʨʦʛʦ ʛʨʘʬʘ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʇ ʘʣʛʦʨʠʪʤʦʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʩʦʟʜʘʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʬʦʨʤʝ ʦʙʭʦʜʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ. 
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ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʠʩʘʥʠ ̫ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʦʧʨʝʜʝʣʠʪʴ, 

ʦʯʝʨʝʜʥʫʶ ʩʪʘʜʠʶ ʢʘʢʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʚʳʙʨʘʪʴ ʜʣʷ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʨʘʟʤʝʱʝʥʠʷ ʥʘ 

ʥʫʞʥʦʤ ʧʨʠʙʦʨʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫ ʛʨʘʬʘ ʙʫʜʝʪ k + 1 ʚʝʨʰʠʥ, k ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (4.1). ʇʝʨʚʘʷ ʚʝʨʰʠʥʘ ʛʨʘʬʘ ʩʦʝʜʠʥʝʥʘ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʨʝʙʨʘʤʠ 

ʪʦʣʴʢʦ ʩʦ ʚʪʦʨʦʡ ʚʝʨʰʠʥʦʡ, ʚʪʦʨʘʷ ʚʝʨʰʠʥʘ ʩʦʝʜʠʥʝʥʘ ʩ ʪʨʝʪʴʝʡ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʅʘʧʨʘʚʣʝʥʥʳʝ ʨʝʙʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ. ʏʘʩʪʠʮʘ ʜʚʠʛʘʝʪʩʷ ʧʦ ʛʨʘʬʫ, 

ʚʳʙʠʨʘʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʝʙʨʦ ï ʪʨʝʙʦʚʘʥʠʝ. ɽʩʣʠ ʪʨʝʙʦʚʘʥʠʝ ʧʦʧʘʣʦ ʚ ʤʘʨʰʨʫʪ 

ʩʪʦʣʴʢʦ ʨʘʟ, ʩʢʦʣʴʢʦ ʫ ʥʝʛʦ ʩʪʘʜʠʡ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʙʨʘ ʙʫʜʫʪ ʜʘʣʝʝ 

ʠʛʥʦʨʠʨʦʚʘʪʴʩʷ ʯʘʩʪʠʮʝʡ. 

ʇʦʷʩʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 4.1 ʠ 4.2. ʇʫʩʪʴ ʜʘʥ rʪʨʠ ʪʨʝʙʦʚʘʥʠʷ: 

A, B, C. ʊʨʝʙʦʚʘʥʠʝ A ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʪʘʜʠʡ, ʪʨʝʙʦʚʘʥʠʷ B ʠ C ʩʦʩʪʦʷʪ ʢʘʞʜʦʝ ʠʟ 

ʪʨʝʭ. ʏʠʩʣʦ k ʙʫʜʝʪ ʨʘʚʥʦ ʩʫʤʤʝ 2 + 3 + 3 = 8. ʀʩʭʦʜʥʳʡ ʛʨʘʬ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 

4.1. 

 

ʈʠʩʫʥʦʢ 4.1 ï ʇʨʠʤʝʨ ʛʨʘʬʘ 

 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʯʘʩʪʠʮʘ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʚʳʙʨʘʣʘ ʪʨʝʙʦʚʘʥʠʝ A, ʟʘʪʝʤ B ʠ ʦʧʷʪʴ 

ɸ.  ʊʨʝʙʦʚʘʥʠʝ ɸ ʩʦʜʝʨʞʠʪ ʜʚʝ ʩʪʘʜʠʠ, ʧʦʵʪʦʤʫ ʦʩʪʘʚʰʠʝʩʷ ʨʝʙʨʘ, ʦʙʦʟʥʘʯʝʥʥʳʝ 

ʥʘ ʨʠʩʫʥʢʝ ʙʫʢʚʦʡ ɸ, ʙʫʜʫʪ ʠʛʥʦʨʠʨʦʚʘʪʴʩʷ ʯʘʩʪʠʮʝʡ ʥʘ ʩʣʝʜʫʶʱʠʭ ʰʘʛʘʭ. ʇʫʩʪʴ 

ʥʘ ʥʠʭ ʯʘʩʪʠʮʘ ʚʳʙʠʨʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ C, C, B, C, ʪʦʛʜʘ ʚ ʫʟʣʝ ʛʨʘʬʘ ˉ8 

ʦʩʪʘʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ ʪʦʣʴʢʦ ʨʝʙʨʦ B. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʧʨʦʭʦʜʘ ʙʫʜʝʪ 

ʧʦʣʫʯʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ A, B, A, C, C, B, C, B. ʀʟ ʥʝʛʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʚʝʢʪʦʨ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʩʪʘʜʠʡ: 

L**  = { l1 
A, l1 

B, l2 
A, l1 

C, l2 
C, l2 

B, l3 
C, l3 

B}.  

ʄʘʨʰʨʫʪ ʯʘʩʪʠʮʳ ʧʦ ʛʨʘʬʫ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4.2. 

ɺʳʙʨʘʥʥʳʝ ʨʝʙʨʘ ʧʦʢʘʟʘʥʳ ʙʦʣʝʝ ʪʦʣʩʪʳʤʠ ʣʠʥʠʷʤʠ, ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ʨʝʙʨʘ, 

ʢʦʪʦʨʳʝ ʠʛʥʦʨʠʨʦʚʘʣʠʩʴ ʯʘʩʪʠʮʝʡ ʠʩʭʦʜʷ ʠʟ ʩʜʝʣʘʥʥʳʭ ʚʳʙʦʨʦʚ. 
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ʈʠʩʫʥʦʢ 4.2 ï ʇʨʠʤʝʨ ʧʨʦʭʦʜʘ ʯʘʩʪʠʮʳ ʧʦ ʛʨʘʬʫ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʟʘʜʘʯʠ ʦʙʭʦʜʘ ʚʟʚʝʰʝʥʥʦʛʦ 

ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʣʦʩʴ ʦʧʠʩʘʥʠʝ 

ʘʣʛʦʨʠʪʤʘ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ. ʆʜʥʘʢʦ, ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʢ ʵʪʠʤ ʫʩʣʦʚʠʷʤ 

ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʘʣʛʦʨʠʪʤʘ, ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʩʪʨʦʡʢʠ ʚ 

ʧʨʝʜʣʦʞʝʥʥʦʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʠʠ ʫʞʝ ʝʩʪʴ. ɼʦʩʪʘʪʦʯʥʦ ʚ ʩʧʠʩʦʢ ʚʝʨʰʠʥ 

ʛʨʘʬʘ, ʜʦʧʫʩʪʠʤʳʭ ʜʣʷ ʥʘʯʘʣʘ ʦʙʭʦʜʘ ʧʦʤʝʩʪʠʪʴ ʩʘʤʫʶ ʣʝʚʫʶ ʚʝʨʰʠʥʫ. ɻʨʘʬ ʥʝ 

ʷʚʣʷʝʪʩʷ ʚʟʚʝʰʝʥʥʳʤ, ʵʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʝʜʠʥʠʯʥʦʤʫ ʚʝʩʫ ʚʩʝʭ ʜʫʛ ʛʨʘʬʘ. ʕʪʦ 

ʨʘʚʥʦʟʥʘʯʥʦ ʥʫʣʝʚʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ Ŭ ʘʣʛʦʨʠʪʤʘ ʚ ʬʦʨʤʫʣʝ 2.3 (ʩʤ. 

ʧʦʜʨʘʟʜʝʣ 2.2.2). 

 

4.5. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯʘʭ 

 

4.5.1. ʆʧʠʩʘʥʠʝ ʥʘʙʦʨʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʦʧʠʩʘʥʥʦʛʦ ʚ ʧʫʥʢʪʘʭ 3 ʠ 5 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʟʘʜʘʯʘʭ ʂʇ, 

ʟʘʜʘʯʘʭ ʠʟ ʙʠʙʣʠʦʪʝʢʠ Operational Research Library [Beasley] (ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯ 

ʫʢʘʟʘʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ɻ), ʨʝʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʦʙʨʘʙʦʪʢʠ 

ʩʪʘʥʦʯʥʳʭ ʧʣʠʪ [ʉʝʢʘʝʚ, 2005]. ʅʘʠʣʫʯʰʠʝ ʠʟʚʝʩʪʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʟ Operational 

Research Library ʙʳʣʠ ʚʟʷʪʳ ʠʟ [Pezzella, 2000]. ʇʨʠʤʝʨ ʟʘʜʘʯʠ la01 ʧʨʠʚʝʜʝʥ ʚ 

ʪʘʙʣʠʮʝ 4.2. ʅʘʧʨʠʤʝʨ, ʪʨʝʙʦʚʘʥʠʝ çaè ʩʦʩʪʦʠʪ ʠʟ 5 ʵʪʘʧʦʚ, ʚʥʘʯʘʣʝ ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʧʨʠʙʦʨʝ çBè 21 ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʧʦʪʦʤ ʥʘ ʧʨʠʙʦʨʝ çAè 53 

ʝʜʠʥʠʮʳ ʚʨʝʤʝʥʠ ʠ ʪ.ʜ.  
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ʊʘʙʣʠʮʘ 4.2 ï ʇʨʠʤʝʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʟʘʜʘʯʠ job-shop (la01) 

ʊʨʝʙʦʚʘʥʠʝ ʇʨʠʙʦʨ ɺʨʝʤʷ ʇʨʠʙʦʨ ɺʨʝʤʷ ʇʨʠʙʦʨ ɺʨʝʤʷ ʇʨʠʙʦʨ ɺʨʝʤʷ ʇʨʠʙʦʨ ɺʨʝʤʷ 

a B 21 A 53 E 95 D 55 C 34 

b A 21 D 52 E 16 C 26 B 71 

c D 39 E 98 B 42 C 31 A 12 

d B 77 A 55 E 79 C 66 D 77 

e A 83 D 34 C 64 B 19 E 37 

f B 54 C 43 E 79 A 92 D 62 

g D 69 E 77 B 87 C 87 A 93 

h C 38 A 60 B 41 D 24 E 83 

i D 17 B 49 E 25 A 44 C 98 

j E 77 D 79 C 43 B 75 A 96 

 

ʊʘʢ ʢʘʢ ʘʣʛʦʨʠʪʤʳ ʈʀ ʷʚʣʷʶʪʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʟʘʚʠʩʷʪ ʦʪ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʪʘʢʠʤ 

ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʳʯʠʩʣʝʥʠʷʭ. ʇʦʪʦʤʫ ʦʜʥʦʛʦ ʟʘʧʫʩʢʘ ʘʣʛʦʨʠʪʤʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʵʪʦʤʫ 

ʯʘʩʪʦ ʘʣʛʦʨʠʪʤ ʟʘʧʫʩʢʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʯʪʦʙʳ ʚʳʙʨʘʪʴ ʣʫʯʰʝʝ ʨʝʰʝʥʠʝ. ɼʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʨʦʮʝʜʫʨʫ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʟʘʧʫʩʢʘ ʠ ʚʳʙʦʨʘ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠ ʟʘʪʝʤ ʚʟʷʪʴ 

ʩʨʝʜʥʠʡ ʠ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʠ ʧʦʢʘʞʫʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʥʘ ʥʝʢʦʪʦʨʦʤ ʥʘʙʦʨʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 

4.5.2. ɺʣʠʷʥʠʝ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

 

ɸʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʨʦʠʟʚʦʣʴʥʦ 

ʚʳʙʨʘʥʦ ʥʝʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ (la01, la15, la17, la21) [Beck, 2005] ʠ 

ʟʘʜʘʯʘ ʦʙʨʘʙʦʪʢʠ ʩʪʘʥʦʯʥʳʭ ʧʣʠʪ [ʉʝʢʘʝʚ, 2005] (3plity). ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʠʩʧʝʨʩʠʶ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʠ ʠʪʝʨʘʮʠʡ (20 ʯʘʩʪʠʮ 

ʠ 100 ʠʪʝʨʘʮʠʡ).  

ɹʳʣʦ ʩʛʝʥʝʨʠʨʦʚʘʥʦ 500 ʥʘʙʦʨʦʚ ʩʣʫʯʘʡʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ <Ŭ1, Ŭ2, ɤ, vmax>. 

ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʢʘʞʜʦʤʫ ʥʘʙʦʨʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʜʘʯʘ ʂʇ ʨʝʰʘʣʘʩʴ 
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100 ʨʘʟ. ɼʣʷ ʢʘʞʜʦʡ i-ʡ ʟʘʜʘʯʠ ʠ j-ʛʦ ʥʘʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 50 000 

ʢʦʨʪʝʞʝʡ ʚʠʜʘ <Ŭj
1, Ŭ

j
2, ɤ

j, vj
max, ű

ij
k>, ʛʜʝ ű

ij
k ʦʙʦʟʥʘʯʘʝʪ ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ i-ʡ ʟʘʜʘʯʠ 

ʥʘ k-ʤ ʟʘʧʫʩʢʝ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʥʘʙʦʨʝ <Ŭj
1, Ŭ

j
2, ɤ

j, vj
max>. ɿʘʪʝʤ ʚʳʙʠʨʘʣʠʩʴ ʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʘʞʜʳʤ ʜʝʩʷʪʠ ʟʘʧʫʩʢʘʤ űij
k ʠ ʚʳʯʠʩʣʷʣʦʩʴ ʠʭ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ: 

ʒᶻ  
ρ

ρπ
ÍÉÎ ʒ    

 

ɺʝʣʠʯʠʥʘ ű* ij ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ j-ʛʦ ʥʘʙʦʨʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ i-ʡ ʟʘʜʘʯʠ. ɺ ʠʪʦʛʝ, ʧʦ ʢʘʞʜʦʡ ʟʘʜʘʯʝ ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ 500 

ʢʦʨʪʝʞʝʡ ʚʠʜʘ <Ŭj
1, Ŭ

j
2, ɤ

j, ɓj, ű* ij>, ʩ ʢʦʪʦʨʳʤʠ ʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʩʣʝʜʫʝʪ ʥʘʯʘʪʴ ʩ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʝʰʝʥʠʷ ʧʦ ʢʘʞʜʦʡ ʠʟ ʟʘʜʘʯ. ʅʘ ʨʠʩʫʥʢʘʭ 4.3ï4.7 ʧʦʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʠʩʪʦʛʨʘʤʤʳ ʜʣʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ. ɼʣʷ ʟʘʜʘʯ ʩ ʥʘʠʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʴʶ (la01 ʠ 

3plity) ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʘʙʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ ʥʘʠʣʫʯʰʠʤʠ ʚʦʟʤʦʞʥʳʤʠ ʨʝʰʝʥʠʷʤʠ 

ʜʘʥʥʳʭ ʟʘʜʘʯ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʘʣʠ 

ʨʝʟʫʣʴʪʘʪʳ ʭʫʞʝ.  

ɼʣʷ ʟʘʜʘʯʠ ʥʘʠʙʦʣʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ (la21) ʜʦʣʷ ʥʘʙʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʜʘʚʰʠʭ ʨʝʰʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʥʘʠʣʫʯʰʝʤʫ ʠʟʚʝʩʪʥʦʤʫ ʨʝʰʝʥʠʶ, ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 1,4 

%, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʜʘʶʪ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʝʨʝʙʦʨʦʤ ʠʣʠ ʩʣʫʯʘʡʥʳʤ ʧʦʠʩʢʦʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʙʳ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʠ 

ʧʨʦʚʝʨʠʪʴ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ, ʯʪʦ ʥʝʧʨʠʝʤʣʝʤʦ ʧʨʠ ʨʝʰʝʥʠʠ 

ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. ɿʘʜʘʯʠ la15 ʠ la17 ʧʦ ʨʘʟʤʝʨʥʦʩʪʷʤ ʤʝʥʴʰʝ la21 

ʠ ʙʦʣʴʰʝ la01 ʠ 3plity, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʥʠʤ ʧʦʣʫʯʝʥʳ ʩ ʜʦʣʷʤʠ 

ʥʘʠʣʫʯʰʠʭ ʨʝʰʝʥʠʡ ʤʝʥʴʰʠʤʠ, ʯʝʤ ʚ la01 ʠ 3plity, ʥʦ ʙʦʣʴʰʠʤʠ, ʯʝʤ ʚ la21.  

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʂʇ 

ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʨʘʟʥʳʭ ʥʘʙʦʨʘʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʯʝʤ ʚʳʰʝ ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ, ʪʝʤ 

ʤʝʥʴʰʝ ʵʬʬʝʢʪʠʚʥʳʭ ʥʘʙʦʨʦʚ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʈʠʩʫʥʦʢ 4.3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ la01 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ la15 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ la17 
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ʈʠʩʫʥʦʢ 4.6 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ la21 

 

 

ʈʠʩʫʥʦʢ 4.7 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ 3plity 

 

ɸʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ. ɺ ʜʘʥʥʦʤ ʧʫʥʢʪʝ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʚʣʠʷʥʠʷ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʨʦʷ ʯʘʩʪʠʮ ʠ ʢʦʣʦʥʠʠ 

ʤʫʨʘʚʴʝʚ ʧʨʠʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

ʪʘʙʣʠʮʝ 4.3 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩ ʧʦʤʦʱʴʶ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢʘʢ ʥʘʠʣʫʯʰʠʝ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ. 

ɺ ʪʘʙʣʠʮʝ 4.3 ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

Iz ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʫʩʢʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʚʦʜʠʣʦʩʴ ʫʩʨʝʜʥʝʥʠʝ (ʩ 

ʦʜʠʥʘʢʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ); 

Lmin ï ʣʫʯʰʝʝ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ; 

Lavg ï ʫʩʨʝʜʥʝʥʥʦʝ ʧʦ Iz ʟʘʧʫʩʢʘʤ ʨʝʰʝʥʠʝ; 
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Imk ï ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʘʣʛʦʨʠʪʤʘ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ; 

Cant ï ʢʦʣʠʯʝʩʪʚʦ ʤʫʨʘʚʴʝʚ; 

ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʬʝʨʦʤʦʥʘ ʥʘ ʚʳʙʦʨ ʜʫʛʠ ʛʨʘʬʘ; 

ɔ ï ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʥʝʩʝʥʠʷ ʬʝʨʦʤʦʥʘ; 

ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʝʪʘ ʣʫʯʰʝʛʦ ʪʝʢʫʱʝʛʦ ʨʝʰʝʥʠʷ; 

ɛ ï ʥʝʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʥʝʩʝʥʠʷ ʬʝʨʦʤʦʥʘ; 

ɟ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʘʨʷʝʤʦʩʪʠ ʬʝʨʦʤʦʥʘ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʣʫʯʰʠʝ ʥʘʡʜʝʥʥʳʝ ʥʘʙʦʨʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʜʘʞʝ ʧʨʠ ʨʝʰʝʥʠʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʟʘʜʘʯʠ, ʧʦʠʩʢ 

ʚʟʘʠʤʦʩʚʷʟʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʠʭ ʢʦʨʨʝʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʨʘʙʦʪʳ. 

 

ʊʘʙʣʠʮʘ 4.3 ï ʇʨʠʤʝʨʳ ʣʫʯʰʠʭ ʥʘʙʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ 
ɿʘʜʘʯʘ I z Lmin Lavg Imk Cant Ŭ ɓ ɟ ɔ ɚ 

abz6 40 948 977,333 1000 100 0,63 2,0 0,696 28 1,3 

abz6 40 945 982,524 1000 100 1,1 1,0 0,499 900 1,3 

ft10 40 950 995,866 1000 100 0,63 1,2 0,7 1000 1,1 

ft10 20 951 1006,1 1000 50 0,3781 1,711 0,97 1108,7 2,277 

la10 20 784 805,4 1000 100 0,392 2,7701 0,2998 425,5387 1,9615 

la17 20 785 798,25 1000 100 0,0341 1,7968 0,5461 949,1535 4,5589 

la15 20 1207 1215,45 1000 100 0,531 1,72 0,663 1032 1,2 

3plity 10 657,55 662,075 30 10 0,2782 0,4251 0,4919 296,61 2,5373 

3plity 10 657,55 662,3275 30 10 0,1754 0,5705 0,3836 326,05 2,5083 

la01 10 666 670,2 200 20 0,2262 0,8665 0,6883 903,3459 2,0363 

la01 10 666 669,4 200 20 0,3542 0,6527 0,8001 120,8012 2,1305 

la21 10 1107 1150,9 2000 100 0,7478 1,1134 0,3488 790,57 2,2236 

 

4.5.3. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ (ʙʝʟ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʦʜʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ), ʯʪʦ ʦʪʨʘʞʝʥʦ 

ʚ ʪʘʙʣʠʮʝ 4.4 ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ ʠ 4.5 ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ. 

ɺʳʜʝʣʝʥʳ ʩʪʦʣʙʮʳ ʩ ʣʫʯʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦ ʧʨʠʤʝʥʝʥʠʷ ʘʜʘʧʪʘʮʠʠ ʠ ʧʦʩʣʝ. ɺ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʯʘʭ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʟʘʜʘʥʳ ʚ ʫʩʣʦʚʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʝʜʠʥʠʮʘʭ, ʥʦ ʟʘʜʘʯʘ ç3plityè ̫ʚʣʷʝʪʩʷ ʨʝʘʣʴʥʦʡ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʜʣʠʪʝʣʴʥʦʩʪʠ 
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ʠʟʤʝʨʷʣʠʩʴ ʚ ʯʘʩʘʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʙʫʜʝʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʩʝ 

ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʘʥʦʚ ʚ 

ʯʘʩʘʭ. 

 

ʊʘʙʣʠʮʘ 4.4 ï ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ 

 

ʊʘʙʣʠʮʘ 4.5 ï ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʢʦʣʦʥʠʠ 

ʤʫʨʘʚʴʝʚ 

 

ʀʟ ʪʘʙʣʠʮ 4.4 ʠ 4.5 ʚʠʜʥʦ, ʯʪʦ ʧʣʘʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʘʜʘʧʪʘʮʠʝʡ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʝʝ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʥʠʭ, ʥʦ ʜʘʞʝ ʠ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʨʫʯʥʦʤ ʧʦʜʙʦʨʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʪʝʤ, ʯʪʦ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʩʥʠʞʘʝʪ ʨʠʩʢ ʩʭʦʜʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʢ 

ʣʦʢʘʣʴʥʳʤ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʵʢʩʪʨʝʤʫʤʘʤ. ʂʨʦʤʝ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʰʝʥʠʡ, 

ɿʘʜʘʯʘ 

ʈʝʟʫʣʴʪʘʪ ʙʝʟ 

ʘʜʘʧʪʘʮʠʠ 
ʈʝʟʫʣʴʪʘʪ ʩ 

ʘʜʘʧʪʘʮʠʝʡ 

ʏʠʩʣʦ 

ʯʘʩʪʠʮ 

ʏʠʩʣʦ 

ʠʪʝʨʘʮʠʡ 
ʩʨʝʜʥʠʡ ʣʫʯʰʠʡ 

abz6 1003,6 951 943 100 100 

ft06 59,77 55 55 10 5 

ft10 992,1 937 937 300 300 

la01 690,97 666 666 100 20 

la10 963,47 958 958 10 5 

la15 1267,63 1217 1207 50 50 

la17 815,1 794 784 100 100 

la21 1143,17 1091 1085 500 500 

3plity 681,24 659,5 657,55 50 10 

ɿʘʜʘʯʘ 

ʈʝʟʫʣʴʪʘʪ ʙʝʟ 

ʘʜʘʧʪʘʮʠʠ 
ʈʝʟʫʣʴʪʘʪ ʩ 

ʘʜʘʧʪʘʮʠʝʡ 

ʏʠʩʣʦ 

ʯʘʩʪʠʮ 

ʏʠʩʣʦ 

ʠʪʝʨʘʮʠʡ 
ʩʨʝʜʥʠʡ ʣʫʯʰʠʡ 

abz6 1005,3 980 945 1000 100 

ft06 55,16 55 55 30 10 

ft10 1038,8 1017 950 1000 100 

la01 673,08 666 666 30 10 

la10 958 958 958 1000 100 

la15 1220,6 1211 1207 1000 100 

la17 809,32 796 784 1000 100 

la21 1168,1 1121 1107 1000 100 

3plity 664,782 657,55 657,55 30 10 
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ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʠ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʠʭ ʧʦʣʫʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʪʧʘʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʙʠʨʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʨʫʯʥʫʶ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʧʦʣʫʯʠʪʴ ʜʣʷ ʟʘʜʘʯʠ 

çabz6è ʨʝʟʫʣʴʪʘʪ ʣʫʯʰʝ 980 ʯʘʩʦʚ ʤʝʪʦʜʦʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʘʚʪʦʨʘʤ ʥʝ ʫʜʘʚʘʣʦʩʴ 

ʦʯʝʥʴ ʜʦʣʛʦʝ ʚʨʝʤʷ, ʧʦʢʘ ʥʝ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʠʜʝʷ ʦʙ ʘʜʘʧʪʘʮʠʠ, ʧʦʩʣʝ ʝʝ 

ʨʝʘʣʠʟʘʮʠʠ ʩʨʘʟʫ ʙʳʣ ʧʦʣʫʯʝʥ ʨʝʟʫʣʴʪʘʪ 945 ʯʘʩʦʚ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʥʘʠʣʫʯʰʠʭ 

[Pezzella, 2000] ʥʘ 0,2 %. 

 

4.5.4 ʉʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ 

 

ʂʘʢ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʨʘʙʦʪʝ [Pezzella, 2000] ʜʘʥʳ ʥʘʠʣʫʯʰʠʝ ʠʟʚʝʩʪʥʳʝ 

ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ Operational Research Library, ʧʦ ʟʘʜʘʯʝ ʦʙʨʘʙʦʪʢʠ ʧʣʠʪ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʦʜʷʪʩʷ ʚ [ʇʣʦʪʥʠʢʦʚ, 2011] ʠ [ʉʝʢʘʝʚ, 2009]. ʕʪʠ ʨʝʰʝʥʠʷ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʥʘʠʣʫʯʰʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ. 

ɺ ʪʘʙʣʠʮʝ 4.6 ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʦʣʦʥʠʠ 

ʤʫʨʘʚʴʝʚ ʩ ʫʢʘʟʘʥʥʳʤʠ ʥʘʠʣʫʯʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʇʦ ʤʥʦʛʠʤ ʪʝʩʪʦʚʳʤ ʟʘʜʘʯʘʤ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʩʦʚʧʘʣʠ ʩ ʥʘʠʣʫʯʰʠʤʠ ʠʟʚʝʩʪʥʳʤʠ, ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʟʘʜʘʯ 

ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʧʨʝʚʳʩʠʣʦ 1 %. ʅʘʠʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 5,63 %. 

ʋʯʠʪʳʚʘʷ ʧʦʛʨʝʰʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʩʝʛʜʘ ʚʦʟʥʠʢʘʶʪ ʚʦ ʚʨʝʤʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʪʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʯʝʥʴ ʙʣʠʟʢʠʤʠ. ɺ ʪʘʙʣʠʮʝ 4.7 

ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦʝ ʩʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʦʷ 

ʯʘʩʪʠʮ. 

ɼʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ ʪʘʢʞʝ ʧʦ ʤʥʦʛʠʤ ʪʝʩʪʦʚʳʤ ʟʘʜʘʯʘʤ 

ʨʝʰʝʥʠʷ ʩʦʚʧʘʣʠ ʩ ʥʘʠʣʫʯʰʠʤʠ ʠʟʚʝʩʪʥʳʤʠ, ʠ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʟʘʜʘʯ ʦʪʢʣʦʥʝʥʠʝ 

ʥʝ ʧʨʝʚʳʩʠʣʦ 1 %, ʥʘʠʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 2,38 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ ʧʦʢʘʟʘʣ ʨʝʟʫʣʴʪʘʪʳ ʙʣʠʞʝ ʢ ʥʘʠʣʫʯʰʠʤ 

ʠʟʚʝʩʪʥʳʤ, ʯʝʤ ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʟʘʜʘʯʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʟʘʜʘʯʫ ʚ ʚʠʜʝ ʛʨʘʬʘ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʨʘʙʦʪʳ 
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ʘʣʛʦʨʠʪʤʘ. ɺʦʟʤʦʞʥʦ, ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʟʘʜʘʯʠ ʂʇ ʜʣʷ ʨʝʰʝʥʠʷ ʘʣʛʦʨʠʪʤʦʤ 

ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʩ ʙʦʣʴʰʠʤ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘʜʘʯʠ. 

ʆʜʥʘʢʦ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʟʘʜʘʯʠ ʂʇ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʥʝ ʚʭʦʜʠʪ ʚ ʟʘʜʘʯʠ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʣʛʦʨʠʪʤʦʚ ʨʦʷ ʯʘʩʪʠʮ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ 

ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʠʣʠ ʜʨʫʛʦʛʦ ʘʣʛʦʨʠʪʤʘ ʈʀ, ʩʧʝʮʠʘʣʴʥʦ ʥʘʩʪʨʦʝʥʥʘʷ ʥʘ ʨʝʰʝʥʠʷ 

ʠʤʝʥʥʦ ʟʘʜʘʯ ʂʇ, ʪʦʯʥʦ ʪʘʢ ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʘ ʧʫʪʝʤ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʙʦʨʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜʘ. 

ʊʘʢʞʝ ʧʦ ʥʝʢʦʪʦʨʳʤ ʪʝʩʪʦʚʳʤ ʟʘʜʘʯʘʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʵʚʨʠʩʪʠʢ ʠ ʘʣʛʦʨʠʪʤʘ ʨʦʷ 

ʯʘʩʪʠʮ, ʩʧʝʮʠʘʣʴʥʦ ʥʘʩʪʨʦʝʥʥʦʛʦ ʧʦʜ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʂʇ [ʇʣʦʪʥʠʢʦʚ, 2011]. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.7. ʀʟ ʪʘʙʣʠʮʳ 4.7 ʚʠʜʥʦ, ʯʪʦ 

ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ ʧʦʢʘʟʘʣ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʚʩʝʤ ʟʘʜʘʯʘʤ ʠʟ 

ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ, ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ ʧʨʦʠʛʨʘʣ ʪʦʣʴʢʦ ʝʤʫ. 

ʇʨʠʯʝʤ ʚ ʨʘʙʦʪʝ [ʇʣʦʪʥʠʢʦʚ, 2011] ʧʨʠʚʦʜʷʪʩʷ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦ ʜʝʩʷʪʠ ʟʘʧʫʩʢʘʤ, ʘ ʥʝ ʧʦ ʦʜʥʦʤʫ, ʢʘʢ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ. 

 

ʊʘʙʣʠʮʘ 4.6 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩ ʥʘʠʣʫʯʰʠʤʠ 

ʠʟʚʝʩʪʥʳʤʠ 

ɿʘʜʘʯʘ 

ɸʜʘʧʪʠʚʥʳʡ 

ʘʣʛʦʨʠʪʤ ʨʦʷ 

ʯʘʩʪʠʮ 

ɸʜʘʧʪʠʚʥʳʡ 

ʘʣʛʦʨʠʪʤ 

ʢʦʣʦʥʠʠ 

ʤʫʨʘʚʴʝʚ 

ʃʫʯʰʠʡ 

ʠʟʚʝʩʪʥʳʡ 

ʨʝʟʫʣʴʪʘʪ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʣʫʯʰʠʭ, % 

abz6 943 945 943 0 

ft06 55 55 55 0 

ft10 937 950 930 0,753 

la01 666 666 666 0 

la10 958 958 958 0 

la15 1207 1207 1207 0 

la17 784 784 784 0 

la21 1073 1107 1048 2,386 

3plity 657,55 657,55 657,55 0 
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ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʩʨʘʚʥʝʥʠʠ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ. ʇʦʵʪʦʤʫ ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʦʯʝʥʴ 

ʙʣʠʟʢʦʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ, ʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ, ʘʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʈʀ 

ʧʨʠʤʝʥʷʪʴ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʩʤʳʩʣ ʧʦʪʨʘʪʠʪʴ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʧʣʘʥ ʢʘʢ ʤʦʞʥʦ ʣʫʯʰʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʘʟʚʠʪʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʜʘʧʪʠʚʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʤʝʥʝʝ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ, ʯʝʤ 

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ.  

 

ʊʘʙʣʠʮʘ 4.7 ï ʉʨʘʚʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʷ ʯʘʩʪʠʮ (ɸʈʏ) ʠ ʢʦʣʦʥʠʠ 

ʤʫʨʘʚʴʝʚ (ɸʂʄ) ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʵʚʨʠʩʪʠʢ (ʂʕ) ʠ ʨʦʷ ʯʘʩʪʠʮ (ʈʏ) 

ɿʘʜʘʯʘ ɸʈʏ ɸʂʄ ʂʕ ʈʏ 

ft06 55 55 55 55 

ft10 943 945 985 961 

la01 666 666 666 666 

la15 1207 1207 1263 1207 

la21 1073 1107 1129 1128 

 

4.5.5. ʋʩʪʦʡʯʠʚʦʩʪʴ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʠ 

 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

- ʙʳʣʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʨʘʥʳ ʪʨʠ ʟʘʜʘʯʠ ʂʇ ʠʟ ʥʘʙʦʨʘ ʟʘʜʘʯ Lawrence 

[Beck, 2000]: LA02, LA18 ʠ LA20; 

- ʘʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ ʙʳʣ ʩ ʧʦʤʦʱʴʶ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʠ 

ʥʘʩʪʨʦʝʥ ʥʘ ʫʢʘʟʘʥʥʳʝ ʪʨʠ ʟʘʜʘʯʠ, ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʧʨʦʮʝʜʫʨʝ; 

- ʥʘʩʪʨʦʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʟʘʧʫʱʝʥ ʜʣʷ ʜʨʫʛʠʭ ʟʘʜʘʯ ʚʳʙʦʨʢʠ; 

- ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ ʠʟ ʨʘʙʦʪ [Eberhart, 2001; Pedersen, 2010b]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʨʷʣʦʩʴ, ʙʫʜʝʪ ʣʠ ʘʜʘʧʪʘʮʠʷ, ʧʨʦʚʝʜʝʥʥʘʷ ʪʦʣʴʢʦ ʥʘ ʪʨʝʭ 

ʟʘʜʘʯʘʭ ʚʳʙʨʘʥʥʦʛʦ ʢʣʘʩʩʘ, ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʠ ʨʝʰʝʥʠʠ ʜʨʫʛʠʭ ʟʘʜʘʯ ʵʪʦʛʦ ʞʝ 

ʢʣʘʩʩʘ. 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟ [Eberhart, 2001]: 

PEberhart: Ŭ1 = 1,49445, Ŭ2 = 1,49445, ɤ = 0.729.  

ɺ ʨʘʙʦʪʝ [Pedersen, 2010b] ʧʨʠʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʥʘʙʦʨʳ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ ʠ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ ʘʣʛʦʨʠʪʤʘ. 

ɼʣʷ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʙʣʠʞʝ ʚʩʝʛʦ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

PPedersen: Ŭ1 = -0,2746, Ŭ2 = 4,8976, ɤ = -0,3488. 

ʆʙʝ ʫʢʘʟʘʥʥr ʝ ʨʘʙʦʪʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ɓ ʢʘʢ 

ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʚ ʥʠʭ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ʦʛʨʘʥʠʯʝʥʘ 

ʪʦʣʴʢʦ ʜʠʘʧʘʟʦʥʦʤ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. ɺ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʭʝʤʝ ʘʣʛʦʨʠʪʤʘ ʨʦʷ ʯʘʩʪʠʮ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ɓ, ʨʘʚʥʦʤʫ ʝʜʠʥʠʮʝ. 

ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʯʘʩʪʠʮ ʠ ʠʪʝʨʘʮʠʡ 

(50 ʯʘʩʪʠʮ ʠ 100 ʠʪʝʨʘʮʠʡ), ʧʦʩʢʦʣʴʢʫ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʚʳʯʠʩʣʝʥʠʝ ʢʨʠʪʝʨʠʷ (ʩʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ) ʟʘʥʠʤʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʨʝʤʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʯʠʩʣʦ ʯʘʩʪʠʮ ʠ ʠʪʝʨʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʨʦʷʚʠʪʩɹʷ 

ʚʣʠʷʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  

ɸʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ ʠʩʧʦʣʴʟʦʚʘʣ 50 ʭʨʦʤʦʩʦʤ ʠ 100 ʠʪʝʨʘʮʠʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʫʩʨʝʜʥʷʶʱʠʭ ʟʘʧʫʩʢʦʚ ʨʦʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ 

ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ ʜʝʩʷʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

Papso: Ŭ1 = 1,76428, Ŭ2 = 1,38203, ɤ = 0,730135, ɓ = 0,280868. 

ʊʘʙʣʠʮʘ 4.8 ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʣʫʯʰʠʝ ʧʦ ʜʝʩʷʪʠ 

ʟʘʧʫʩʢʘʤ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʚʦʜʷʪʩʷ ʥʘʠʣʫʯʰʠʝ ʠʟʚʝʩʪʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ. 

ɺʩʝ ʚʘʨʠʘʥʪʳ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ, ʙʣʠʟʢʠʝ ʢ ʥʘʠʣʫʯʰʠʤ. ʇʨʠ ʵʪʦʤ, 

ʜʦʧʫʩʪʠʚ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʠʟʚʝʩʪʥʳʝ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ, ʧʦʣʫʯʠʤ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟ ʨʘʙʦʪʳ [Eberhart, 2001] ʜʘʣʦ ʦʧʪʠʤʘʣʴʥʦʝ 
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ʨʝʰʝʥʠʝ ʧʦ 16 ʟʘʜʘʯʘʤ ʠʟ 21 (76 %), ʠʟ ʨʘʙʦʪʳ [Pedersen, 2010b] ʧʦ 11 (57 %), ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʥʘʡʜʝʥʥʳʝ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʡ, ʧʦ 17 (81 %). 

 

ʊʘʙʣʠʮʘ 4.8 ï ʋʩʨʝʜʥʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ɿʘʜʘʯʘ PEberhart PPedersen Papso Best known 

LA01 666 670 666 666 

LA02 658 663 658 655 

LA03 597 622 597 597 

LA04 590 594 590 590 

LA05 593 593 593 593 

LA06 926 926 926 926 

LA07 890 890 890 890 

LA08 863 863 863 863 

LA09 951 951 951 951 

LA10 958 958 958 958 

LA11 1222 1222 1222 1222 

LA12 1039 1039 1039 1039 

LA13 1150 1150 1150 1150 

LA14 1292 1292 1292 1292 

LA15 1207 1207 1207 1207 

LA16 979 982 956 945 

LA17 784 804 784 784 

LA18 859 896 859 848 

LA19 866 894 865 842 

LA20 911 950 907 902 

LA21 1123 1188 1128 1046 

ʉʫʤʤʘ 19124 19354 19101 18966 

ʉʫʤʤʘʨʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 158 388 135 0 

ʉʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʦʪʢʣʦʥʝʥʠʷ 7,52 18,48 6,43 0 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʩʪʨʦʡʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʘ ʧʦ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʯʠʩʣʫ ʟʘʜʘʯ ʥʝʢʦʪʦʨʦʛʦ ʢʣʘʩʩʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʦʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʜʨʫʛʠʭ ʟʘʜʘʯʘʭ ʵʪʦʛʦ ʢʣʘʩʩʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʘʜʘʧʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʢ ʚʘʨʠʘʮʠʠ ʫʩʣʦʚʠʡ.  

ʅʘʠʙʦʣʴʰʝʝ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʦʜʥʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 0,5 ʩʝʢʫʥʜʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʨʘ Intel Core i7 ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 2,4 ɻɻʮ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʣʦ 0,08 ʩʝʢʫʥʜʳ. ʊʘʢʦʡ ʨʘʟʙʨʦʩ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʳʤ 
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ʨʘʟʤʝʨʦʤ ʟʘʜʘʯ. ɺʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺʨʝʤʷ 

ʥʘʩʪʨʦʡʢʠ ʧʫʪʝʤ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 2 ʯʘʩʦʚ ʧʨʠ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʠ ʥʘ 4 ʷʜʨʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʨʦʚʥʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ. 

 

4.6. ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 4 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ 

ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʩʠʩʪʝʤ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʨʘʚʥʝʥʠʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ NP-ʪʨʫʜʥʳʝ ʟʘʜʘʯʠ ʢʘʣʝʥʜʘʨʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʢʣʘʩʩʘ job-shop, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʟʘʜʘʯʘʭ ʠʟ ʙʠʙʣʠʦʪʝʢʠ Operation Research Library.  

ɺ ʜʘʥʥʳʭ ʟʘʜʘʯʘʭ ʩʘʤʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʰʝʥʠʷ ʚ ʢʦʤʧʘʢʪʥʦʡ ʯʠʩʣʝʥʥʦʡ 

ʬʦʨʤʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʧʦ ʥʝʤʫ ʷʚʣʷʶʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ, 

ʟʘʪʨʫʜʥʷʶʱʠʤʠ ʧʨʠʤʝʥʝʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʇʦʵʪʦʤʫ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥ rʜʚʘ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʘ ʢ ʟʘʜʘʯʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʧʦʠʩʢ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ 

ʨʝʰʝʥʠʡ (ʢʘʢ ʘʣʛʦʨʠʪʤ ʨʦʷ ʯʘʩʪʠʮ) ʠ ʚ ʜʠʩʢʨʝʪʥʦʤ (ʢʘʢ ʘʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ 

ʤʫʨʘʚʴʝʚ). ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʝʥ ʦʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʧʨʠʤʝʥʝʥʠʷ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʚʳʜʚʠʥʫʪʳʡ ʚ ʨʘʙʦʪʝ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʘʣʛʦʨʠʪʤʘ 

ʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʠʟ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʧʦ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʭʝʤ. ʅʘ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʯʘʭ Operational Research Library ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤʳ 

ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʦʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ 

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʢʘʣʝʥʜʘʨʥʳʭ ʧʣʘʥʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʝʪʘ-

ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
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ʘʣʛʦʨʠʪʤʦʚ. ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʘʣʛʦʨʠʪʤʘ ʪʦʣʴʢʦ ʧʦʜ ʦʜʥʫ 

ʟʘʜʘʯʫ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʟʘʜʘʯʠ ʢ ʟʘʜʘʯʝ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʵʚʦʣʶʮʠʦʥʥʘʷ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʷ ʯʘʩʪʠʮ ʠ ʢʦʣʦʥʠʠ 

ʤʫʨʘʚʴʝʚ ʧʦʚʳʩʠʣʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʠʭ ʨʝʰʝʥʠʡ ʥʘ 0,3ï12 % 

(ʧʦʚʳʰʝʥʠʝ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʦʝ ʜʣʷ ʦʙʦʠʭ ʤʝʪʦʜʦʚ). ʇʦ ʙʦʣʴʰʠʥʩʪʚʫ ʟʘʜʘʯ (85 %) 

ʙʳʣʠ ʥʘʡʜʝʥʳ ʥʘʠʣʫʯʰʠʝ ʠʟʚʝʩʪʥʳʝ ʨʝʰʝʥʠʷ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯʘʭ ʨʝʟʫʣʴʪʘʪʳ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʘʠʣʫʯʰʠʭ, ʥʦ ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 2,5 %, ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ 

ʤʝʥʝʝ 1 %. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʜʘʧʪʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯ, ʧʦʜ ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʝʥʘ ʘʜʘʧʪʘʮʠʷ, ʥʦ 

ʠ ʜʣʷ ʜʨʫʛʠʭ ʟʘʜʘʯʘ ʪʦʛʦ ʞʝ ʢʣʘʩʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʘʜʘʧʪʘʮʠʠ 

ʥʘʩʪʨʦʝʥʥʳʝ ʨʦʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʝ ʪʦʣʴʢʦ ʚ 

ʨʝʞʠʤʝ ʧʨʦʝʢʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʥʦ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ. ʇʦ ʟʘʜʘʯʘʤ ʠʟ 

ʙʠʙʣʠʦʪʝʢʠ Operational Reserch Library ʚʨʝʤʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ, ʙʣʠʟʢʦʛʦ ʢ 

ʦʧʪʠʤʘʣʴʥʦʤʫ (ʦʪʢʣʦʥʝʥʠʝ 0ï2 %), ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,5 ʩʝʢʫʥʜʳ ʥʘ ʧʨʦʮʝʩʩʦʨʝ 

Core i7 ʙʝʟ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʨʘʩʯʝʪʦʚ. 
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5. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʈʘʟʜʝʣ 5 

ʦʧʠʩʳʚʘʝʪ ʵʪʘʧ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʦ ʫʨʦʚʥʷ 

ʢʦʥʝʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʜʨʘʟʜʝʣ 5.1 ʧʦʩʚʷʱʝʥ ʦʙʦʩʥʦʚʘʥʠʶ ʚʳʙʦʨʘ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʧʦʜʨʘʟʜʝʣʝ 5.2 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʦʜʨʘʟʜʝʣ 5.3 ʦʧʠʩʳʚʘʝʪ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʘʣʝʥʜʘʨʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʝʨʩʠʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ ʨʘʩʧʠʩʘʥʠʡ. ʇʦʜʨʘʟʜʝʣ 5.4 

ʦʧʠʩʳʚʘʝʪ ʧʨʠʣʦʞʝʥʠʝ, ʩʦʟʜʘʥʥʦʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ.  

 

5.1. ɺʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ 

 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʚʘʞʝʥ 

ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ̫ʩʨʝʜʘ 

ʨʘʟʨʘʙʦʪʢʠ. 

ɺʳʙʦʨ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɿʘʜʘʯʠ ʢʘʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ, ʪʘʢ ʠ 

ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ, ʠʤʝʶʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ. ʅʠʞʝ 

ʧʨʠʚʝʜʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʘʢʠʤ ʧʨʦʛʨʘʤʤʘʤ [ʄʘʪʨʝʥʠʥ, 2012]. 

1. ʅʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ ʚʘʞʥʦ 

ʜʣʷ ʇʆ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

2. ʇʨʦʩʪʦʪʘ ʠʥʪʝʛʨʘʮʠʠ ʇʆ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

3. ʇʨʦʜʫʤʘʥʥʳʡ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ. 

4. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ. 
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ɺʳʙʨʘʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʜʦʣʞʝʥ ʙʳʪʴ ʭʦʨʦʰʦ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʤ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ. ɺʩʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʣʫʯʰʝ ʜʨʫʛʠʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 

C++, C#, Java. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʪʬʦʨʤʳ ʷʟʳʢʘ C# ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʇʆ [ɻʨʦʩʩ, 2009]. ʆʥ ʠʤʝʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʩʪʦʡ ʩʠʥʪʘʢʩʠʩ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʣʠʟʢʫʶ ʢ C++ [ʊʨʦʝʣʩʝʥ, 2004]. ʍʦʪʷ C# ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʆʉ 

Windows, ʩʪʘʥʜʘʨʪ .NET ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ .NET ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʥʘʧʨʠʤʝʨ, ʧʨʦʝʢʪ Mono ʜʣʷ Unix-

ʧʦʜʦʙʥʳʭ ʆʉ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʙʦʣʴʰʠʭ ʧʦ ʦʙʲʝʤʫ ʚʳʯʠʩʣʝʥʠʷʭ ʜʣʷ 

ʥʘʢʦʧʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ 

ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʝ 

ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʷʟʳʢʝ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʣ ʙʳ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʘ ʠʤʝʥʥʦ 

C++. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʨʬʝʡʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʨʝʜʩʪʚʘ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠ ʧʨʦʯʝʝ, ʪʘʢ ʢʘʢ ʵʪʘ ʯʘʩʪʴ 

ʥʝʦʙʭʦʜʠʤʘ ʪʦʣʴʢʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʠ, ʦʯʝʚʠʜʥʦ, ʥʝ ʥʫʞʥʘ ʚ 

ʚʝʨʩʠʠ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʗʟʳʢ C++ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʦʜʝʨʞʠʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʩʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʠʤʝʥʝʥʠʷ (ʫʪʠʣʠʪʳ, 

ʜʨʘʡʚʝʨʘ, ʩʣʦʞʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʙʠʙʣʠʦʪʝʢʠ ʘʣʛʦʨʠʪʤʦʚ). 

ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʠʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ 

ʪʨʘʜʠʮʠʦʥʥʦʝ ʜʠʨʝʢʪʠʚʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. ʗʟʳʢ ʉ++ ʦʙʣʘʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ. 

ʅʘ ʷʟʳʢʝ C++ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʩʠʩʪʝʤ. 

ʗʟʳʢ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʪʘʢ, ʯʪʦʙʳ ʜʘʪʴ ʧʨʦʛʨʘʤʤʠʩʪʫ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʚʩʝʤʠ ʘʩʧʝʢʪʘʤʠ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʨʷʜʢʘ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ʇʨʦʛʨʘʤʤʳ, 

ʥʘʧʠʩʘʥʥʳʝ ʥʘ C++, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʩʪʫʧʘʶʪ ʚ ʩʢʦʨʦʩʪʠ ʪʦʣʴʢʦ ʩʦʟʜʘʥʥʳʤ 

ʥʘ ʘʩʩʝʤʙʣʝʨʝ ʧʨʠ ʫʩʣʦʚʠʠ ʨʝʘʣʠʟʘʮʠʠ ʘʩʩʝʤʙʣʝʨʥʦʛʦ ʢʦʜʘ ʩʧʝʮʠʘʣʠʩʪʦʤ ʦʯʝʥʴ 
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ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ̫ ʟʳʢ ʉ++ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʠʣʠ ʙʣʠʟʢʫʶ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ. 

ɺ ʠʪʦʛʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʷʟʳʢ ʉ++ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʦʟʜʘʥʠʷ 

ʥʝʩʣʦʞʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʠ ʷʟʳʢ C# ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʘʜʩʠʩʪʝʤʦʡ (ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 

ɹɼ, ʩʨʝʜʩʪʚʘʤʠ ʛʝʥʝʨʘʮʠʠ ʦʪʯʝʪʦʚ ʠ ʪ.ʜ.) ʚ ʧʨʦʛʨʘʤʤʘʭ, ʛʜʝ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ. 

ɺʳʙʦʨ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʦʟʜʘʥʠʷ 

ʧʨʦʛʨʘʤʤ ʥʘ ʉ++ ʷʚʣʷʶʪʩʷ MS Visual Studio, Borland C++ Builder ʠ Qt SDK. ɹr ʣ 

ʚʳʙʨʘʥ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ Qt, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʫʨʦʚʥʝʤ ʦʪ ʥʝʙʦʣʴʰʠʭ ʧʨʦʛʨʘʤʤ ʜʦ ʢʨʫʧʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ ʠ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʦʝ ʩʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʆʉ (Mac OS X, 

Windows, ʩʝʤʝʡʩʪʚʦ Linux ʠ ʜʨʫʛʠʭ) [ɹʣʘʥʰʝʪ, 2008; ʐʣʝʝ, 2012]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʨʝʜʳ Qt ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ʩʘʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠ ʩʦʟʜʘʥʥʦʛʦ ʧʨʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʥʘʣʠʯʠʝ ʚʩʝʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ: ʙʠʙʣʠʦʪʝʢʠ ʩʪʨʫʢʪʫʨ, ʜʘʥʥʳʭ ʠ 

ʘʣʛʦʨʠʪʤʦʚ, ʚʦʟʤʦʞʥʦʩʪʠ ʘʩʩʝʤʙʣʝʨʥʳʭ ʚʩʪʘʚʦʢ, ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ 

ʨʘʙʦʪʳ. ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ Qt ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚ ʟʘʨʫʙʝʞʥʳʭ, ʪʘʢ ʠ ʚ 

ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʷʭ ʠ ʧʨʦʝʢʪʘʭ. ʅʠʞʝ ʦʧʠʩʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Qt 

ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʷʟʳʢʘʭ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʠ ʢʘʢ ʩʨʝʜʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ [ʄʘʪʨʝʥʠʥ, 2013]. 

1. Open-source ʜʣʷ ʥʝʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

2. ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ. 

3. ʅʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʙʠʙʣʠʦʪʝʢ. 

4. ʕʬʬʝʢʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ C# ʚʳʙʨʘʥʘ Microsofr 

Visual Studio ʢʘʢ ʥʘʠʙʦʣʝʝ ʤʦʱʥʦʝ ʩʨʝʜʩʪʚʦ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʵʪʦʤ ʷʟʳʢʝ. 
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5.2. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʠʩʘʥʠʶ, ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʧʨʠʤʝʥʝʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʥʘ 

ʧʨʘʢʪʠʢʝ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʥʝʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʤʝʪʦʜʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. ʏʘʩʪʦ ʥʝʣʝʛʢʦ ʧʦʥʷʪʴ, ʢʘʢ ʠʤʝʥʥʦ ʧʨʠʤʝʥʠʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʘʣʛʦʨʠʪʤ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʜʘʯʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠʣʠ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ 

çSimulinkè ʦʪ çMatLabè ʠʣʠ çRastr Winè. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ, ʚʩʝ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠʤʝʶʪ 

ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʯʪʦ ʤʦʞʥʦ 

ʩʦʟʜʘʪʴ ʝʜʠʥʳʡ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʘʣʛʦʨʠʪʤʘʤʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ ʙʳʩʪʨʦ ʚʩʪʨʘʠʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʠʥʪʝʨʬʝʡʩ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʚʷʟʘʥ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʷʟʳʢʫ ʠʣʠ ʧʘʨʘʜʠʛʤʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʣʝʛʢʦ ʧʝʨʝʥʦʩʠʤʳʤ. ʇʦʵʪʦʤʫ ʥʠʞʝ ʜʘʝʪʩʷ ʨʷʜ 

ʧʨʠʤʝʨʦʚ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

 

5.2.1. ʇʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ 

 

ʆʙʲʝʢʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʨʘʤʢʘʭ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʘʞʜʳʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʣʘʩʩ. ʇʦʣʝʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʜʠʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʪʘʢʠʭ ʢʣʘʩʩʦʚ, 

ʯʪʦʙʳ ʧʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʷʣʦʩʴ ʝʜʠʥʦʦʙʨʘʟʥʦ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʰʘʙʣʦʥ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ çTemplate methodè, ʢʦʪʦʨʳʡ 

ʟʘʜʘʝʪ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʜʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʢʣʘʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʜʝʪʘʣʠ ʧʦʚʝʜʝʥʠʷ 

ʦʪʜʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʟʘʜʘʶʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʜʦʯʝʨʥʠʭ ʢʣʘʩʩʦʚ. ʆʙʱʠʤʠ ʜʣʷ 

ʜʦʯʝʨʥʠʭ ʢʣʘʩʩʦʚ ʙʫʜʫʪ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʘʣʛʦʨʠʪʤʘʤʠ, ʥʘʩʪʨʦʡʢʠ, 
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ʠʥʠʮʠʘʣʠʟʘʮʠʠ, ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʠ ʚʦʟʚʨʘʱʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʇʨʠʤʝʨ 

ʠʥʪʝʨʬʝʡʩʘ ʙʘʟʦʚʦʛʦ ʢʣʘʩʩʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++ ʧʨʠʚʝʜʝʥ ʥʠʞʝ. 

class Swarm  
{ 
public: 
Swarm(I_Task* ptr_task, int iteration_number, unsigned int swarm_size); 
virtual void set_parameters(const std::vector<double> parameter_vector) = 0; 
virtual void reset() = 0; 
virtual double run(); 
virtual double get_best(std::vector<double>* solution_vector) const; 
virtual ~Swarm() {}  
κκΧ 
}; 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʦʜʦʚ ʩ ʨʝʰʘʝʤʳʤʠ ʟʘʜʘʯʘʤʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʝʜʠʥʦʦʙʨʘʟʥʦʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʜʘʯʘʤʠ ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʥʝʢʦʪʦʨʳʡ ʠʥʪʝʨʬʝʡʩ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʟʜʝʩʴ ʢʘʢ I_Task, ʠʤʝʶʱʠʡ 

ʤʝʪʦʜ calc_criterion, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʡ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ 

f(X) ʠ ʧʨʠʥʠʤʘʝʪ ʫʧʨʘʚʣʷʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ X, ʘ ʚʦʟʚʨʘʱʘʝʪ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ f(X). 

ʅʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ++ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩ ʧʦʤʦʱʴʶ 

ʘʙʩʪʨʘʢʪʥʦʛʦ ʢʣʘʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʫʶʱʝʡ: 

class I_Task 
{ 
public: 
    virtual double calc_criterion(const std::vector<double>& parameter_vector) const = 0; 
    virtual unsigned int get_dimension() const = 0; 
    virtual ~I_Task() {} 
}; 

 

ɺ ʷʟʳʢʝ Java ʨʝʘʣʠʟʘʮʠʷ ʠʥʪʝʨʬʝʡʩʘ ʥʝʤʥʦʛʦ ʢʦʨʦʯʝ: 

public interface I_Task 
{ 
    double calc_criterion (double [] parameters); 
    int get_dimension(); 
}; 

ɿʘʪʝʤ ʚ ʢʣʘʩʩʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʤʦʜʝʣʴ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʫʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʪʦʜ getCriterion, ʘ ʩʘʤ ʢʣʘʩʩ ʜʦʣʞʝʥ ʥʘʩʣʝʜʦʚʘʪʴʩʷ ʦʪ ʢʣʘʩʩʘ 

ICriterionCalc (ʚ ʉ++) ʠʣʠ ʨʝʘʣʠʟʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩ ICriterionCalc (ʚ Java), ʥʘʧʨʠʤʝʨ 

ʜʣʷ ʟʘʜʘʯʠ ʍʠʤʤʝʣʴʙʣʘʫ: 

//C++ 
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class Himmelblau : public I_Task 
{ 
public: 
    virtual double calc_criterion(const std::vector<double>& parameter_vector) const; 
    virtual unsigned int get_dimension() const; 
}; 
 
double Himmelblau::calc_criterion(const std::vector<double>& parameter_vector) const 
{ 
    double x0 = parameter_vector[0], x1 = parameter_vector[1]; 
    return std::pow((x0*x0 + x1 ς 11.), 2) + pow((x0+ x1*x1 ς 7.), 2); 
} 
 
double unsigned int get_dimension()  const { return 2; } 
 
 
//Java 
public class Himmelblau implements I_Task 
{ 
    double calc_criterion (double [] parameters) 
    { 
        double x0 = arrDouble[0], x1 = arrDouble[1]; 
        return Math.pow((x0*x0 + x1 ς 11.), 2) + Math.pow((x0+ x1*x1 ς 7.), 2); 
    } 
    int get_dimension () { return 2; } 
} 

ʉʘʤ ʢʣʘʩʩ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʤʦʜʝʣʴ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʤʦʞʝʪ 

ʙʳʪʴ ʪʦʣʴʢʦ ʦʙʦʣʦʯʢʦʡ ʜʣʷ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʅʦ ʢʘʢʠʤ ʙʳ ʩʣʦʞʥʳʤ 

ʥʝ ʙʳʣʘ ʚʥʫʪʨʝʥʥʷʷ ʣʦʛʠʢʘ ʨʘʩʯʝʪʘ ʢʨʠʪʝʨʠʷ, ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʦʥʘ 

ʮʝʣʠʢʦʤ ʙʫʜʝʪ ʩʦʢʨʳʪʘ ʠʥʪʝʨʬʝʡʩʦʤ I_Task. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʠʥʪʝʨʬʝʡʩʝ 

ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ, ʧʦʤʠʤʦ ʚʳʯʠʩʣʝʥʠʷ ʢʨʠʪʝʨʠʷ, ʠʭ ʤʦʞʥʦ 

ʜʦʙʘʚʠʪʴ ʚ I_Task. ɽʩʣʠ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʥʫʞʥʦ ʙʫʜʝʪ ʟʘʤʝʥʠʪʴ ʢʨʠʪʝʨʠʡ, 

ʵʪʦ ʥʠʢʘʢ ʥʝ ʧʦʚʣʠʷʝʪ ʥʘ ʠʥʪʝʨʬʝʡʩ I_Task ʠ ʢʦʜ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. ɺʳʰʝ 

ʚ ʢʦʜʝ ʢʣʘʩʩʘ Swarm ʚ ʢʦʥʩʪʨʫʢʪʦʨ ʧʝʨʝʜʘʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʦʙʲʝʢʪ ʢʣʘʩʩʘ I_Task. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʣʘʛʦʜʘʨʷ ʧʦʣʠʤʦʨʬʠʟʤʫ, ʚ ʢʣʘʩʩʘʭ, ʨʝʘʣʠʟʫʶʱʠʭ ʘʣʛʦʨʠʪʤʳ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʤʦʞʥʦ ʚʳʟʳʚʘʪʴ ʚʳʯʠʩʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʯʝʨʝʟ ʤʝʪʦʜ calc_criterion 

ʠʥʪʝʨʬʝʡʩʘ I_Task ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʣʘʩʩʘ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʩɹʷ ʵʪʦ 

ʚʳʯʠʩʣʝʥʠʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʜʠʘʛʨʘʤʤʝ ʢʣʘʩʩʦʚ ʥʘ ʨʠʩʫʥʢʝ 5.1 (Particle Swarm 

Optimization ʠ Ant Colony Optimization ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʳ ʢʣʘʩʩʦʚ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʢʦʥʢʨʝʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʜ 
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ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʧʨʷʤʫʶ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥ ʩ ʢʦʜʦʤ ʢʣʘʩʩʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ 

ʨʝʰʘʝʤʫʶ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ. ʂʦʜ ʠʥʪʝʨʬʝʡʩʦʚ ʧʨʠʚʝʜʝʥ ʚ ʧʨʠʣʦʞʝʥʠʠ ɺ. 

 

ʈʠʩʫʥʦʢ 5.1 ï ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʩʚʷʟʴ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ  

 

5.2.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ çSimulinkè 

 

ʉʠʩʪʝʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çSimulinkè ʰʠʨʦʢʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʟʘʜʘʯʘʭ ʠʟ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʠʩʪʝʤ ʩʚʷʟʠ, 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʵʥʝʨʛʦʩʠʩʪʝʤ, ʩʠʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʚʦ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʧʦʩʢʦʣʴʢʫ çSimulinkè ʩʦʜʝʨʞʠʪ ʤʥʦʞʝʩʪʚʦ ʙʠʙʣʠʦʪʝʢ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʤʝʪʦʜʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʤʦʜʝʣʷʤʠ, ʘ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʳʤ ʠ 

ʧʨʦʩʪʳʤ. ɼʣʷ ʩʠʩʪʝʤʳ çSimulinkè ʧʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʘʣʛʦʨʠʪʤʦʤ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʦʜʝʣʴʶ ʩʠʩʪʝʤʳ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʛʣʘʚʝ 2, 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʅʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚ ʤʦʜʝʣʴ ʚʩʝʛʦ ʪʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʙʣʦʢʘ 

çSimulinkè. 

1. ɹʣʦʢ ʪʠʧʘ simout, ʩ ʠʤʝʥʝʤ, ʥʘʧʨʠʤʝʨ, SimoutFX, ʚ ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʚʘʪʴ 

ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ.  

2. ʂʦʥʩʪʘʥʪʫ constant ʩ ʠʤʝʥʝʤ Dimensionality, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʟʘʧʠʩʘʥʘ 

ʨʘʟʤʝʨʥʦʩʪʴ (ʨʘʟʤʝʨ ʚʝʢʪʦʨʘ X).  












































































































