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ɸʅʆʊɸʎɯʗ 

 

ʉʻʣʶʪʽʥ ɭ.ʂ. ʌʨʘʛʤʝʥʪʘʨʥʽ ʤʦʜʝʣʽ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 113 ï ʇʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ. ï ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ɿʘʧʦʨʽʞʞʷ, 2021. 

 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʫʟʘʛʘʣʴʥʝʥʥʶ ʽ ʨʦʟʨʦʙʮʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʦʩʥʦʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʈʦʟʛʣʷʥʫʪʽ 

ʚ ʜʠʩʝʨʪʘʮʽʾ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʽʜ ʯʘʩ ʧʦʰʫʢʫ 

ʨʦʟʚôʷʟʢʽʚ ʫ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʟʘʜʘʯʽ 

ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʤʝʪʫ ʪʘ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʢʘʟʘʥʦ ʾʭ ʟʚôʷʟʦʢ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. 

ɺʠʟʥʘʯʝʥʦ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋ ʨʦʟʜʽʣʽ 1 ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʪʝʤʘʪʠʢʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʥʘʧʨʷʤʢʽʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʨʦʟʚôʷʟʢʦʤ 

ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʈʦʟʛʣʷʥʫʪʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʟʘʜʘʯʽ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʾʭ ʨʦʟʚôʷʟʢʽʚ. ɼʦʩʣʽʜʞʝʥʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ʽʩʥʫʶʯʠʭ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ.  

ɺʠʷʚʣʝʥʦ, ʱʦ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʟʚʦʣʷʻ 

ʚʽʜʥʝʩʪʠ ʮʶ ʟʘʜʘʯʫ ʜʦ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ. ʄʘʡʞʝ ʚʩʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʚʽʜʰʫʢʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʦʜʥʽʻʾ ʬʫʥʢʮʽʾ ï 
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ʦʜʥʦʛʦ ʢpʽʪʝpʽʶ. ʊʦʤʫ ʦʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʦʢpʽʪʝpʽʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʻ 

ʾʾ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʦʜʥʦʢpʽʪʝpʽʘʣʴʥʦʶ ʟ ʦʜʥʠʤ ʫʟʘʛʘʣʴʥʝʥʠʤ ʢʨʠʪʝʨʽʻʤ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ, ʱʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ (Nearest Neighbor), ʂ-ʥʘʡʙʣʠʞʯʦʛʦ 

ʩʫʩʽʜʘ (k-Nearest Neighbor); ʙʘʡʻʩʦʚʩʴʢʽ ʤʝʨʝʞʽ (Bayesian Networks); ʽʥʜʫʢʮʽʷ 

ʜʝʨʝʚ ʨʽʰʝʥʴ; ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (neural networks), ʤʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ; 

ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ, ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ; ʢʣʘʩʠʬʽʢʘʮʽʷ cbr ï ʤʝʪʦʜʦʤ ʘʙʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ɸʣʝ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʩʝʙʝ ʧʦʢʘʟʘʣʠ 

ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʚʘʞʢʦʨʦʟʚôʷʟʫʚʘʥʠʤʠ 

(ʩʢʣʘʜʥʠʤʠ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʥʩʽ), ʦʩʢʽʣʴʢʠ ʜʦ ʥʠʭ ʧʦʣʽʥʦʤʽʘʣʴʥʦ ʟʚʦʜʠʪʴʩʷ 

ʭʦʯʘ ʙ ʦʜʥʘ NP-ʧʦʚʥʘ ʟʘʜʘʯʘ. ɼʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝʚʽʜʦʤʽ ʘʣʛʦʨʠʪʤʠ 

ʧʦʰʫʢʫ ʪʦʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʧʨʦʩʪʽʰʠʭ, ʥʽʞ ʧʦʚʥʠʡ ʧʝʨʝʙʽʨ ʚʩʽʭ ʜʦʧʫʩʪʠʤʠʭ 

ʨʦʟʚ'ʷʟʢʽʚ ʟʘʜʘʯʽ. ʊʦʤʫ ʻ ʩʝʥʩ ʰʫʢʘʪʠ ʧʨʦʩʪʽ ʥʘʙʣʠʞʝʥʽ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʭʦʯ ʽ ʥʝ 

ʜʘʶʪʴ ʪʦʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ, ʘʣʝ ʤʘʶʪʴ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ. ʉʝʨʝʜ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʚʠʜʽʣʷʻʪʴʩʷ ʢʣʘʩ çʞʘʜʽʙʥʠʭè ʘʣʛʦʨʠʪʤʽʚ. 

ɺʠʜʽʣʝʥʦ ʥʝʚʠʨʽʰʝʥʽ ʟʘʜʘʯ̔ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʟʦʢʨʝʤʘ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʧʘʤʫ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ, ʟʦʙʨʘʞʝʥʴ ʪʘ ʤʦʚʣʝʥʥʷ ʚ ʷʢʦʩʪʽ ʮʠʬʨʦʚʦʛʦ ʧʘʨʦʣʶ, ʦʧʠʩ 

ʤʽʢʨʦʤʘʪʨʠʮʽ ɼʅʂ ʪʦʱʦ. 

ʋ ʨʦʟʜʽʣʽ 2 ʥʘʚʝʜʝʥʦ ʨʷʜ ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʨʦʙʦʪʽ ʪʘ ʩʪʦʩʫʶʪʴʩʷ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʦʙôʻʢʪʫ çʬʨʘʛʤʝʥʪʘʨʥʘ ʩʪʨʫʢʪʫʨʘè. 

ɺʠʚʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʦʢ 

ʟ ʢʘʪʝʛʦʨʽʻʶ çʦʧʫʢʣʽʩʪʴè ʪʘ ʟʘʜʘʯʝʶ ʧʦʢʨʠʪʪʷ ʛʨʘʬʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʧʦʥʷʪʪʷ 

ʤʝʪʘʝʚʨʠʩʪʠʢʠ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʽʰʝʥʴ ʫ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʦʢ ʤʽʞ ʟʘʜʘʯʝʶ ʦʧʪʠʤʘʣʴʥʦʾ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ. 
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ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʜʠʩʢʨʝʪʥʠʭ ʤʥʦʞʠʥʘʭ ʤʘʶʪʴ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʘʛ. ɿʦʢʨʝʤʘ, ʚʦʥʠ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʝʣʽʥʽʡʥʽ 

ʟʘʣʝʞʥʦʩʪʽ, ʥʝʧʦʜʽʣʴʥʽʩʪʴ ʦʙ'ʻʢʪʽʚ, ʚʨʘʭʦʚʫʶʪʴ ʣʦʛʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, 

ʘ ʪʘʢʦʞ çʷʢʽʩʥʽè ʚʠʤʦʛʠ. ɸʣʝ ʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʙʘʛʘʪʦ 

ʦʙʤʝʞʝʥʴ, ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʚʽʜʦʤʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʊʦʤʫ ʜʣʷ ʪʘʢʠʭ 

ʟʘʜʘʯ ʻ ʚʠʧʨʘʚʜʘʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʝʚʨʠʩʪʠʢ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʾʭ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʛʣʦʙʘʣʴʥʦʛʦ 

ʦʧʪʠʤʫʤʫ (ʛʽʧʦʪʝʟʘ ʧʨʦ ʽʩʥʫʚʘʥʥʷ çʚʝʣʠʢʦʾ ʜʦʣʠʥʠè ʜʣʷ ʟʘʜʘʯ ʥʘ ʤʽʥʽʤʫʤ ʘʙʦ 

çʮʝʥʪʨʘʣʴʥʦʛʦ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫè ʜʣʷ ʟʘʜʘʯ ʥʘ ʤʘʢʩʠʤʫʤ). 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʙʣʝʤʘ ʧʦʰʫʢʫ ʧʦʯʘʪʢʦʚʠʭ ʧʦʧʫʣʷʮʽʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʝʚʦʣʶʮʽʡʥʦ-ʬʨʘʛʤʝʥʪʘʨʥʦʾ ʤʦʜʝʣʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʧʦʢʨʠʪʪʷ (ʘʙʦ ʨʦʟʙʠʪʪʷ) 

ʧʨʦʩʪʦʨʫ ʧʝʨʝʩʪʘʥʦʚʦʢ ʦʧʫʢʣʠʤʠ ʤʥʦʞʠʥʘʤʠ. 

ʋ ʨʦʟʜʽʣʽ 3 ʨʦʟʛʣʷʥʫʪʦ ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ ʟʽʨʢʘʤʠ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʡʧʨʦʩʪʽʰʽ ʚʘʨʽʘʥʪʠ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ ʧʦʢʨʠʪʪʷ: ʟʘʜʘʥʠʡ ʛʨʘʬ , ʨʝʙʨʘ ʷʢʦʛʦ E 

ʟʚʘʞʝʥʽ ʬʫʥʢʮʽʻʶ . ɿʥʘʡʪʠ ʧʽʜʤʥʦʞʠʥʫ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ ʟ ʥʝʧʝʨʝʪʠʥʥʠʭ 

ʧʦ ʚʝʨʰʠʥʘʭ ʟʽʨʦʢ ʫ ʮʴʦʤʫ ʛʨʘʬʽ, ʦʙ'ʻʜʥʘʥʥʷ ʷʢʠʭ ʤʽʩʪʠʪʴ ʚʩʽ ʚʝʨʰʠʥʠ ʛʨʘʬʫ G. 

ʇʦʙʫʜʦʚʘʥʦ ʬʨʘʛʤʝʥʪʘʨʥʫ ʤʦʜʝʣʴ ʟʘʜʘʯʽ. ʄʥʦʞʠʥʦʶ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʻ ʤʥʦʞʠʥʘ E ʚʩʽʭ ʨʝʙʝʨ ʛʨʘʬʫ, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʥʫʤʝʨʫʶʪʴʩʷ ʯʠʩʣʘʤʠ 1,2,...,m. 

ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʫ ʧʨʠʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʬʨʘʛʤʝʥʪʫ: ʘʙʦ ʨʝʙʨʦ  ʤʘʻ 

ʨʽʚʥʦ ʦʜʥʫ ʩʧʽʣʴʥʫ ʚʝʨʰʠʥʫ ʟ ʦʜʥʽʻʶ ʟ ʟʽʨʦʢ ʬʨʘʛʤʝʥʪʘ ʽ ʮʷ ʚʝʨʰʠʥʘ ï ʮʝʥʪʨ 

ʟʽʨʢʠ, ʘʙʦ ʮʝ ʨʝʙʨʦ ʥʝ ʤʘʻ ʟʘʛʘʣʴʥʠʭ ʚʝʨʰʠʥ ʟ ʫʞʝ ʦʙʨʘʥʠʤʠ ʨʝʙʨʘʤʠ. 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʜʦʚʽʣʴʥʽ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʨʝʙʝʨ ʛʨʘʬʫ, ʢʦʞʥʝ ʟ ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ 

ʧʝʨʝʩʪʘʥʦʚʢʦʶ ʟ ʛʨʫʧʠ ʧʝʨʝʩʪʘʥʦʚʦʢ . 
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ʈʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ï ʦʜʥʽ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʘ 

ʘʢʪʫʘʣʴʥʠʭ ʚ ʥʘʰ ʯʘʩ, ʱʦ ʤʘʶʪʴ ʤʘʩʦʚʠʡ ʭʘʨʘʢʪʝʨ.  

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʧʨʦ ʨʦʟʧʦʜʽʣ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʜʝʤʦʥʩʪʨʫʻ ʤʝʪʦʜ ʨʦʶ ʯʘʩʪʦʢ ʽʟ ʧʽʜʙʦʨʦʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʦʮʽʘʣʽʟʘʮʽʾ ʪʘ 

ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ɺ ʪʦʤʫ ʯʠʩʣʽ, ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʻ 

ʢʨʘʱʠʤʠ ʟʘ ʨʝʟʫʣʴʪʘʪʠ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ ʻ ʜʦʩʠʪʴ ʚʽʜʦʤʠʤ ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʜʘʥʦʾ ʟʘʜʘʯʽ. ɹʽʣʴʰʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʠ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ 

ʥʘʡʛʽʨʰʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʫʩʽʤʘ ʨʦʟʛʣʷʥʫʪʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ɺʠʟʥʘʯʝʥʘ 

ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʨʦʶ ʯʘʩʪʦʢ ʪʘ ʬʨʘʛʤʝʥʪʘʨʥʦʾ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʾʭ 

ʤʦʜʠʬʽʢʘʮʽʡ. 

ʋ ʨʦʟʜʽʣʽ 4 ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʛʨʘʤʥʽ ʨʝʘʣʽʟʘʮʽʾ ʛʝʥʝʨʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ 

ʛʨʘʬʽʚ ʪʘ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ.  

ʅʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʽʾ ʛʨʘʬʽʚ ʟ 50 ʚʝʨʰʠʥʘʤʠ ʫ ʨʦʟʨʽʜʞʝʥʦʤʫ (50 ʨʝʙʝʨ) 

ʪʘ ʥʘʩʠʯʝʥʦʤʫ (500 ʨʝʙʝʨ) ʚʘʨʽʘʥʪʘʭ. ʈʦʟʨʽʜʞʝʥʠʡ ʛʨʘʬ ʥʝ ʻ ʟʚ'ʷʟʢʦʚʠʤ, ʦʩʢʽʣʴʢʠ 

ʢʦʞʥʘ ʡʦʛʦ ʚʝʨʰʠʥʘ ʟ'ʻʜʥʘʥʘ ʪʽʣʴʢʠ ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʽʥʰʠʭ ʚʝʨʰʠʥ; 

ʥʘʩʠʯʝʥʠʡ ʛʨʘʬ, ʙʝʟʩʫʤʥʽʚʥʦ, ʻ ʟʚ'ʷʟʢʦʚʠʤ, ʪʦʤʫ ʱʦ ʢʦʞʥʘ ʡʦʛʦ ʚʝʨʰʠʥʘ ʧʦʚ'ʷʟʘʥʘ 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʟ 20 ʽʥʰʠʤʠ ʚʝʨʰʠʥʘʤʠ.  

ʈʦʟʛʣʷʥʫʪʦ ʨʝʘʣʽʟʘʮʽʶ ʩʪʚʦʨʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʨʝʙʝʨ. ɼʣʷ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʝʨʰʠʥ V ʛʝʥʝʨʫʶʪʴʩʷ ʜʦʚʽʣʴʥʽ ʨʝʙʨʘ, ʪʦʙʪʦ ʧʘʨʠ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʚʽʜ 0 ʜʦ V-1. 

ʈʝʟʫʣʴʪʘʪʦʤ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʙʫʜʝ ʜʦʚʽʣʴʥʠʡ ʤʫʣʴʪʠʛʨʘʬ ʟ ʧʝʪʣʷʤʠ. ɹʫʜʴ-ʷʢʘ ʧʘʨʘ 

ʤʦʞʝ ʤʽʩʪʠʪʠ ʜʚʘ ʦʜʥʘʢʦʚʠʭ ʯʠʩʣʘ (ʪʦʙʪʦ ʤʦʞʣʠʚʽ ʧʝʪʣʽ); ʽ ʙʫʜʴ-ʷʢʘ ʧʘʨʘ ʤʦʞʝ 

ʧʦʚʪʦʨʠʪʠʩʷ ʢʽʣʴʢʘ ʨʘʟʽʚ (ʪʦʙʪʦ ʤʦʞʣʠʚʽ ʧʘʨʘʣʝʣʴʥʽ ʨʝʙʨʘ). ʇʨʦʛʨʘʤʘ ʛʝʥʝʨʫʻ 

ʨʝʙʨʘ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʥʘʙʝʨʝʪʴʩʷ E ʨʝʙʝʨ; ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʜʘʣʝʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ 

ʨʝʙʝʨ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘ ʨʝʘʣʽʟʘʮʽʻʶ. ʗʢʱʦ ʚʠʜʘʣʷʪʠ ʧʘʨʘʣʝʣʴʥʽ ʨʝʙʨʘ, ʪʦ ʚ 

ʥʘʩʠʯʝʥʠʭ ʛʨʘʬʘʭ ʢʽʣʴʢʽʩʪʴ ʛʝʥʝʨʫʶʪʴʩʷ ʨʝʙʝʨ ʙʫʜʝ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ 
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ʚʠʢʦʨʠʩʪʘʥʠʭ ʨʝʙʝʨ (E); ʪʦʤʫ ʜʘʥʠʡ ʤʝʪʦʜ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʨʦʟʨʽʜʞʝʥʠʭ ʛʨʘʬʽʚ.  

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʨʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʛʨʘʬʽʚ ʟʘ ʜʦʧʦʤʦʛʠ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʽʥʰʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ 

ʩʝʨʽʾ ʟʘʜʘʯ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʢ ʥʘ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʴʥʠʭ ʟʘʜʘʯ, ʚ ʷʢʽʡ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʜʠʩʢʨʝʪʥʠʭ ʟʘʜʘʯ, ʱʦ ʜʦʧʫʩʢʘʶʪʴ ʬʨʘʛʤʝʥʪʘʨʥʫ ʤʦʜʝʣʴ, ʙʫʣʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʨʷʜʫ ʤʝʪʘʝʚʨʠʩʪʠʢ. ɿʦʢʨʝʤʘ, ʨʝʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ, ʤʝʪʦʜ ʽʪʝʨʘʪʠʚʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ, ʤʝʪʦʜ ʽʤʽʪʘʮʽʾ 

ʚʽʜʧʘʣʫ, ʝʚʦʣʶʮʽʡʥʦ-ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ, ʤʝʪʦʜ ʧʝʨʝʤʽʰʘʥʠʭ ʩʪʨʠʙʘʶʯʠʭ 

ʞʘʙ. ʋ ʧʨʦʛʨʘʤʽ ʨʝʘʣʽʟʦʚʘʥʽ ʛʝʥʝʨʘʪʦʨ ʚʠʧʘʜʢʦʚʠʭ ʟʘʚʜʘʥʴ ʟ ʨʽʟʥʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ, ʙʘʟʘ ʜʘʥʠʭ ʟʘʚʜʘʥʴ ʽ ʧʨʦʛʨʘʤʘ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ. 

ɼʣʷ ʟʘʜʘʯʽ ʧʦʢʨʠʪʪʷ ʛʨʘʬʘ ʟʽʨʢʘʤʠ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʙʘʟʽ 53 

ʚʠʧʘʜʢʦʚʦ ʟʛʝʥʝʨʦʚʘʥʠʭ ʟʘʚʜʘʥʴ. ʈʦʟʛʣʷʜʘʣʠʩʷ ʟʚ'ʷʟʢʦʚʽ ʛʨʘʬʠ ʟ ʯʠʩʣʦʤ ʚʝʨʰʠʥ 

ʚʽʜ 20 ʜʦ 50 ʽ ʟ ʱʽʣʴʥʽʩʪʶ ʨʝʙʝʨ 0,5-0,8. ɼʣʷ ʢʦʞʥʦʾ ʟ ʟʘʜʘʯ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʬʨʘʛʤʝʥʪʘʨʥʫ ʤʦʜʝʣʴ ʽ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʛʨʫʧʘ ʘʣʛʦʨʠʪʤʽʚ (ʚʠʧʘʜʢʦʚʠʡ ʧʦʰʫʢ, 

ʝʚʦʣʶʮʽʡʥʦ-ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ, ʤʝʪʦʜ ʽʤʽʪʘʮʽʾ ʚʽʜʧʘʣʫ ʪʦʱʦ). ʇʘʨʘʤʝʪʨʠ 

ʘʣʛʦʨʠʪʤʽʚ ʧʽʜʙʠʨʘʣʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʙʫʣʘ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʞʦʜʝʥ ʟ ʥʠʭ ʥʝ ʚʦʣʦʜʽʻ 

ʷʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʧʝʨʝʜ ʽʥʰʠʤʠ. ʎʝ ʧʦʙʽʯʥʦ ʧʽʜʪʚʝʨʜʞʫʻ ʚʽʜʦʤʫ ʪʝʦʨʝʤʫ çʧʨʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʙʝʟʢʦʰʪʦʚʥʠʭ ʦʙʽʜʽʚè ʜʣʷ ʤʝʪʘʝʚʨʠʩʪʠʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʫʤʦʚʘʭ 

ʨʝʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʫʤʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝ ʦʜʥʫ, ʘ ʢʽʣʴʢʘ ʤʝʪʘʝʚʨʠʩʪʠʢ ʽ 

ʚʠʙʠʨʘʪʠ ʥʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ. ʈʦʟʛʣʷʥʫʪʠʡ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʤʝʪʦʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʰʫʢʫ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯ 
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ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʦ ʧʦʙʫʜʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʢʦʤʧ'ʶʪʝʨʥʫ 

ʩʠʩʪʝʤʫ ʜʣʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ. ʇʨʠʯʦʤʫ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʙʫʜʫʪʴ ʧʨʦʛʨʘʤʠ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʘʝʚʨʠʩʪʠʢ, ʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʤʦʜʝʣʝʡ ʽ 

ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʾʚ. 

  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʨʘʛʤʝʥʪʘʨʥʘ ʤʦʜʝʣʴ, ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʛʝʥʝʪʠʯʥʠʡ 

ʘʣʛʦʨʠʪʤ, ʤʝʪʦʜ ʩʪʨʠʙʘʶʯʠʭ ʞʘʙ, ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ.  
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ABSTRACT 

 

Selyutin E.K. Fragmentary models in optimal classification problems. ï 

Qualifying scientific work on the rights of the manuscript. 

The dissertation on competition of a scientific degree of the doctor of philosophy 

on a specialty 113 Applied Mathematics. ï Zaporizhzhya National University, 

Zaporizhzhya, 2021. 

 

The dissertation is devoted to the generalization and development of the theoretical 

basis for the mathematical apparatus for constructing and researching fragmentary 

models and metaheuristics methods for solving a classification problem. The models and 

methods considered in the thesis can be used for resolving many scientific and practical 

problems, including the problem of manufactory location. 

The introduction substantiates the relevance of the study, formulates major goals 

and objectives of the research, shows their connection with scientific programs. Defined 

research methods, scientific novelty and practical significance of the results. 

The Chapter 1 shows the overview of the results on the subject of the dissertation 

work. The choice of directions of further research related to the solution of the optimal 

classification problem is substantiated. The existing problems of optimal classification 

and methods of searching for their solutions are considered and analyzed. The 

computational complexity of existing problems of classification is investigated.  

It was found that setting the task of finding the optimal classification allows you 

to attribute this task to multicritical. Almost all mathematical optimization methods are 

designed to find the optimal solution of one function ï one copy. Therefore, one of the 

solutions to multi-copy problems is to bring it to a single-key with one generalized 

criterion. 

https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/major+goals+and+objectives
https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/major+goals+and+objectives
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It was analyzed that the methods of the nearest neighbor (Nearest Neighbor),              

K-Nearest Neighbor (k-Nearest Neighbor) were used to solve the classification problem 

for quite a long time; Bayesian Networks; induction of decision trees; neural networks, 

method of reference vectors; statistical methods, in particular, linear regression; 

classification CBR ï by method or by means of genetic algorithms. But metaheuristic 

methods have shown themselves to be more effective. 

It was found that most optimal classification tasks are difficult to solve (complex 

in the computational sense), since at least one NP-complete problem is polynomially 

reduced to them. For such problems, today unknown algorithms for finding an exact 

solution are easier than a complete selection of all permissible solutions to the problem. 

Therefore, it makes sense to look for simple approximate algorithms that, although they 

do not give an accurate solution, but have high performance. Among such algorithms 

stands out class of "greedy" algorithms. 

Unsolved classification tasks such as e-mail spam recognition, images and speech 

as a digital password, description of DNA microarray are highlighted. 

The Chapter 2 provides a number of basic concepts and results that are used in 

the work and relate to the "fragmentary structure" combinatoric object. The peculiarities 

and properties of fragmentary structures were studied, the connection with the category 

"bulge" and the task of covering graphs was established. The concept of meta-heuristics 

is studied and metaheuristic methods of searching for optimal solutions in the problem 

of classification are analyzed. The connection between the task of optimal permutation 

and classification has been established. 

It is determined that the problems of optimal classification on discrete sets have a 

large number of advantages. In particular, they adequately reflect nonlinear 

dependencies, the indivisibility of objects, take into account logical and technological 

restrictions, as well as "high-quality" requirements. But in applied tasks, as a rule, many 
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limitations complicate the applicability of known algorithms. Therefore, for such tasks, 

the use of meta-heuristics is justified. 

It was found that experimental studies of the distribution of local optimums 

indicate a high concentration of them near of the global optimum (the hypothesis about 

the existence of a "great valley" for minimum tasks or "central mountain range" for 

maximum tasks). 

It is shown that the problem of finding initial populations for the implementation 

of an evolutionary-fragmentary model is reduced to the task of covering (or breaking) 

the permutation space with convex sets. 

The Chapter 3 discusses the fragmentary algorithm for covering graph stars. The 

simplest options for the task of placing production in terms of the classification task are 

analyzed, as well as metaheuristic algorithms finding optimal solutions to complex 

production placement tasks are given. 

The coverage problem is formulated: a given graph  whose edges E are 

weighted by a function . Find a subset of the minimum weight of non-

intersecting vertices of stars in this graph, the union of which contains all the vertices of 

the G`s graph. 

A fragmentary model of the problem is constructed. The set of elementary 

fragments is the E set of all edges of the graph, the elements of which are numbered 1,2, 

..., m.  

The condition of joining an elementary fragment is determined: either the edge 

 has exactly one common vertex with one of the stars of the fragment and this 

vertex is the center of the star, or this edge has no common vertices with the already 

selected edges. Arbitrary orderings of the edges of the graph are considered, each of 

which is described by a permutation from the group of permutations  . 

The problems of production location, the most common and relevant in current 

time and which have a mass character, are considered. 
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It is determined that the best results in solving the problem of distribution of 

economic burden considering the impact on the environment demonstrate the method of 

swarming of particles with the selection of coefficients of socialization and 

personalization based on a genetic algorithm. In particular, these results are better than 

the results of the genetic algorithm, which is well known for solving this problem. 

Moreover, the results of the genetic algorithm are the worst in comparison with all the 

considered algorithms. The expediency of using the method of particle swarm and 

fragmentary model, as well as their modifications is determined. 

The Chapter 4 proposed software implementations for generating random graphs 

and solving the classification problem using metaheuristic algorithms. A comparison of 

the efficiency of the algorithms was performed.  

An algorithm for generating graphs with 50 vertices in sparse (50 edges) and 

saturated (500 edges) variants is given. A sparse graph is not connected, since each of its 

vertices is connected to only a small number of other vertices; a saturated graph is 

undoubtedly connected, because each of its vertices is associated with an average of 20 

other vertices. 

The implementation of creating random edges is considered. For a given number 

of vertices V, arbitrary edges are generated, which means pairs of random numbers from 

0 to V-1. The result is likely to be an arbitrary multigraph with loops. Any pair can 

contain two identical numbers (possible loops), and any pair can be repeated several 

times (parallel edges are possible). The program generates edges until E edges are typed; 

the decision to remove the parallel edges remains to be implemented. If you delete the 

parallel edges, then in saturated graphs the number of generated edges will be much 

greater than the number of used edges (E); therefore, this method is usually used for 

sparse graphs. 
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The quality of metaheuristic algorithms for solving the classification problem 

based on the generation of random graphs is evaluated by comparing the results of this 

algorithm with other algorithms on a fairly large series of problems. 

To estimate the effectiveness of metaheuristics on fragmentary structures, a 

program for evaluating the effectiveness of various model problems was developed, 

where for many discrete problems that allow a fragmentary model, universal algorithms 

of a number of metaheuristics have been implemented. In particular, the method of 

random search, the method of iterative local search, the method of simulation of 

annealing, the evolutionary-fragmentary algorithm, the method of mixed jumping frogs 

are implemented. 

For the problem of covering the graph with stars, a numerical experiment was 

performed based on 53 randomly generated problems. Connected graphs with the 

number of vertices from 20 to 50 and with edges` density of 0.5-0.8 were considered. A 

fragmentary model was built for each of the problems and a group of algorithms was 

used (random search, evolutionary-fragmentary algorithm, annealing simulation method, 

etc.). The parameters of the algorithms were selected so that the complexity of the 

calculations was approximately the same. 

The results of comparing different algorithms show that none of them has a clear 

advantage over the others. This indirectly confirms the well-known "No free lunch" 

theorem for metaheuristics. Thus, in the conditions of real operation, it is reasonable to 

apply not one, but several metaheuristics and choose the best result. The method of 

using fragmentary models for finding suboptimal solutions to classification problems 

considered in the dissertation allows building a relatively universal computer system for 

such problems. Moreover, the programs of realization of metaheuristics will be 

universal, and the methods of construction of fragmentary models and algorithms of 

calculation of values of criteria will be individual. 
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ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʎʝʡ ʥʘʧʨʷʤʦʢ ʧʦʢʣʠʢʘʥʠʡ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʫʩʠʣʣʷ ʦʩʦʙʠ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (ʆʇʈ), ʚ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʟʘʜʘʯ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʻ ʢʣʘʩʠʬʽʢʘʮʽʷ. ʎʷ 

ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʟʘʜʘʯʘ ʟʥʘʡʰʣʘ ʜʦʩʠʪʴ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʚ ʬʽʥʘʥʩʦʚʽʡ ʩʬʝʨʽ 

(ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʜʘʯʫ ʢʨʝʜʠʪʫ ʢʣʽʻʥʪʫ ʙʘʥʢʫ), ʤʝʜʠʮʠʥʽ (ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʟʘʭʚʦʨʶʚʘʥʴ), ʪʝʭʥʽʮʽ (ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽ ʟʚʫʢʫ) ʪʦʱʦ.  

ɺ ʋʢʨʘʾʥʽ ʦʩʥʦʚʥʠʤ ʥʘʫʢʦʚʠʤ ʮʝʥʪʨʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʢʨʝʪʥʠʭ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʻ ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʽʤ. ɺ. ʄ. ɻʣʫʰʢʦʚʘ 

(ʘʢʘʜʝʤʽʢ ʅɸʅʋ ɯ. ɺ. ʉʝʨʛʽʻʥʢʦ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ɺ. ɺ. ʐʠʣʦ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. 

ɻ. ʇ. ɼʦʥʝʮʴ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ʅ. ɺ. ʉʝʤʝʥʦʚʘ ʪʘ ʽʥ.). ɺ ʂʨʦʧʠʚʥʠʮʴʢʦʤʫ 

ʨʦʟʚôʷʟʫʚʘʥʥʷʤ ʟʘʜʘʯ ʥʘ ʛʨʘʬʘʭ ʟʘʡʤʘʻʪʴʩʷ ʰʢʦʣʘ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. 

ɸ. ʗ. ʇʝʪʨʝʥʶʢʘ. ɺ ɿʘʧʦʨʽʞʞʽ ʚ ʦʙʣʘʩʪʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʜʠʩʢʨʝʪʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʘʮʶʻ ʰʢʦʣʘ ɺ. ʆ. ʇʝʨʝʧʝʣʠʮʽ (ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ɺ. ʆ. ʇʝʨʝʧʝʣʠʮʷ, 

ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ɯ. ɺ. ʂʦʟʽʥ, ʜ.ʝ.ʥ., ʧʨʦʬ. ʅ. ʂ. ʄʘʢʩʠʰʢʦ) ʪʘ ʃ. ʅ. ʉʝʨʛʻʻʚʦʾ. 

ɿʘʜʘʯʘʤʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʡʤʘʶʪʴʩʷ ʚ ʭʘʨʢʽʚʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʰʢʦʣʽ 

ʘʢʘʜʝʤʽʢʘ ʅɸʅ ʋʢʨʘʾʥʠ ɺ. ʃ. ʈʚʘʯʦʚʘ ʪʘ ʯʣʝʥʘ-ʢʦʨʝʩʧʦʥʜʝʥʪʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʖ. ɻ. ʉʪʦʷʥʘ, ʘ ʪʘʢʦʞ ʜ.ʬ.-ʤ.ʥ. ʉ. ɺ. ʗʢʦʚʣʝʚʘ ʽ ʜ.ʬ.-ʤ.ʥ. ʄ. ɺ. ʅʦʚʦʞʠʣʦʚʦʾ. ʋ 

ɼʥʽʧʨʽ ʧʨʘʮʶʻ ʚʽʜʦʤʘ ʥʘʫʢʦʚʘ ʰʢʦʣʘ ʯʣʝʥʘ-ʢʦʨʝʩʧʦʥʜʝʥʪʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʆ. ʄ. ʂʽʩʝʣʴʦʚʦʾ, ʘ ʪʘʢʦʞ ʢ.ʬ.-ʤ.ʥ., ʜʦʮ. ɺ. ɸ. ʊʫʨʯʠʥʠ, ʱʦ ʜʦʩʣʽʜʞʫʻ 

ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʟʘʜʘʯʽ ʨʦʟʙʠʪʪʷ. 

ɺ ɭʚʨʦʧʽ ʫ 1975 ʨ. ʙʫʣʘ ʟʘʩʥʦʚʘʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ, The 

Association of European Operational Research Societies (EURO), ʷʢʘ ʻ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʄʽʞʥʘʨʦʜʥʦʾ ʌʝʜʝʨʘʮʽʾ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ (The International 
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Federation of Operational Research Societies, IFORS). EURO ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʙʦʯʽ 

ʛʨʫʧʠ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʦʢʨʝʤʠʤʠ ʧʠʪʘʥʥʷʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ, ʟʦʢʨʝʤʘ, 

ʨʦʙʦʯʘ ʛʨʫʧʘ ESICUP (EURO Special Interest Group on Cutting and Packing) ʧʨʘʮʶʻ 

ʥʘʜ ʟʘʜʘʯʘʤʠ ʨʦʟʢʨʦʶ ʪʘ ʫʧʘʢʦʚʢʠ, ʨʦʙʦʯʘ ʛʨʫʧʘ VeRoLog (EURO Working Group 

on Vehicle Routing and Logistics) ʟʘʡʤʘʻʪʴʩʷ ʟʘʜʘʯʘʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʣʦʛʽʩʪʠʢʠ. 

ɿʘʜʘʯʘʤʠ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʡʤʘʶʪʴʩʷ ʚʯʝʥʽ ɯʥʩʪʠʪʫʪʫ ʤʘʪʝʤʘʪʠʢʠ ʽʤ. 

ʉ. ʃ. ʉʦʙʦʣʻʚʘ (ʜ.ʬ.-ʤ.ʥ. ɽ. ʍ. ɻʽʤʘʜʽ, ʜ.ʬ.-ʤ.ʥ. ʉ. ɺ. ʉʝʚʘʩʪʴʷʥʦʚ, ʜ.ʬ.-ʤ.ʥ. 

ʖ. ɸ. ʂʦʯʝʪʦʚ, ʜ.ʬ.-ʤ.ʥ. ʆ. ʆ. ʂʦʣʦʢʦʣʦʚ, ʜ.ʬ.-ʤ.ʥ. ɺ. ɺ. ʉʝʨʚʘʭ, ʜ.ʬ.-ʤ.ʥ. 

ɺ. ʇ. ɯʣʴôʻʚ). ɺ ɹʽʣʦʨʫʩʽ ʚ ʮ̔ ʡ ʩʬʝʨʽ ʧʨʘʮʶʶʪʴ ʜ.ʬ.-ʤ.ʥ. ɺ. ʆ. ɭʤʝʣʽʯʝʚ, ʜ.ʬ.-ʤ.ʥ. 

ɺ. ʄ. ʂʦʪʦʚ. 

ɻʽʙʨʠʜʥʽ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʽʟʥʦʛʦ ʨʦʜʫ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʦʙʤʝʞʠʪʠ ʦʙʣʘʩʪʴ 

ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ ʪʘ ʟʥʘʡʪʠ ʩʫʙʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ. ʆʪʞʝ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʙʦʪʘ, 

ʱʦ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʻ ʩʚʦʻʯʘʩʥʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 

ʢʘʬʝʜʨʽ ʝʢʦʥʦʤʽʯʥʦʾ ʢʽʙʝʨʥʝʪʠʢʠ ɿʘʧʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʄʆʅʋ 

ʚ ʤʝʞʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʪʝʤ: çʄʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʩʠʩʪʝʤ ʤʝʪʦʜʘʤʠ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭè 

(  ̄ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ 0115U006765), çɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʝʪʦʜʠ ʧʦʰʫʢʫ 

ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʧʨʠʢʣʘʜʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯè 

(  ̄ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ 0120U000375). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʠʭ 

ʩʪʨʫʢʪʫʨ ʪʘ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 
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- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 

ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʾʭ ʨʦʟʚôʷʟʢʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ; 

- ʜʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʜʠʩʢʨʝʪʥʽʡ ʤʥʦʞʠʥʽ; 

- ʚʩʪʘʥʦʚʠʪʠ ʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʽʟ ʟʘʜʘʯʝʶ ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ 

ʟʽʨʢʘʤʠ ʪʘ ʟʘʜʘʯʝʶ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ; 

- ʜʦʩʣʽʜʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ʽʩʥʫʶʯʠʭ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ; 

- ʜʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ, 

ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʘʝʚʨʠʩʪʠʢ; 

- ʨʦʟʨʦʙʠʪʠ ʬʨʘʛʤʝʥʪʘʨʥʽ ʤʦʜʝʣʽ ʜʣʷ ʧʦʰʫʢʫ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ 

ʨʽʰʝʥʴ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ; 

- ʜʦʚʝʩʪʠ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʩʷʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ; 

- ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜʠ ʜʦ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʢ; 

- ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʛʝʥʝʨʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʛʨʘʬʽʚ ʪʘ 

ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ; 

- ʧʨʦʚʝʩʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʜʠʩʢʨʝʪʥʽ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʬʨʘʛʤʝʥʪʘʨʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʧʦʰʫʢʫ 

ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʜʠʩʢʨʝʪʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʨʠ ʨʦʟʚôʷʟʘʥʽ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʫ ʜʠʩʝʨʪʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʝʦʨʽʾ ʬʨʘʛʤʝʥʪʘʨʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʪʝʦʨʽʾ ʛʨʘʬʽʚ, ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʝʦʨʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, 

ʪʝʦʨʽʾ ʤʥʦʞʠʥ, ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʘʤʢʘʭ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ:  
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ɺʧʝʨʰʝ: 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʠʟʢʫ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʜʣʷ ʧʦʰʫʢʫ 

ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ; 

- ʜʦʚʝʜʝʥʦ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʩʷʞʥʦʩʪʽ ʜʣʷ ʧʦʰʫʢʫ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʫ 

ʤʝʞʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ; 

ʋʜʦʩʢʦʥʘʣʝʥʦ: 

- ʥʠʟʢʫ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ (ʣʦʢʘʣʴʥʠʡ ʧʦʰʫʢ, ʝʚʦʣʶʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ, 

ʤʝʪʦʜ ʩʪʨʠʙʘʶʯʠʭ ʞʘʙ ʪʘ ʽʥ.) ʜʣʷ ʨʦʟʚôʷʟʢʫ, ʟʦʢʨʝʤʘ, ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ; 

ɼʽʩʪʘʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ: 

- ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʢ; 

- ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʛʨʘʬʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʙʦʪʘ ʤʘʻ ʷʢ ʪʝʦʨʝʪʠʯʥʫ, 

ʪʘʢ ʽ ʧʨʠʢʣʘʜʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ. ʈʦʟʨʦʙʣʝʥʽ ʬʨʘʛʤʝʥʪʘʨʥʦ-ʝʚʦʣʶʮʽʡʥʽ ʤʦʜʝʣʽ 

ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʚʠʛʣʷʜʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ɿʘʧʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʩʫʪʴ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʦʜʝʨʞʘʥʽ ʟʜʦʙʫʚʘʯʝʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʧʫʙʣʽʢʘʮʽʷʭ, ʷʢʽ ʚʠʜʘʥʽ 

ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ: ʬʦʨʤʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʩʪʨʠʙʘʶʯʠʭ ʞʘʙ; ʧʨʠʥʮʠʧ 

ʜʽʾ ʝʚʦʣʶʮʽʡʥʦ-ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ; ʦʧʠʩ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʷʢ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ; ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʦʩʦʚʥʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʪʘ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ 

ʩʝʤʽʥʘʨʘʭ: ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʄʘʪʝʤʘʪʠʯʥʝ ʪʘ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤè (ʤ. ɼʥʽʧʨʦ, 2019, 2020 ʨ.), 



23 

 

çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʪʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘè (ʤ. ʂʨʠʚʽʡ ʈʽʛ, 2019 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʣʘʜʝʥʦ ʫ 8 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʦʙʦʪʘʭ, ʩʝʨʝʜ ʷʢʠʭ: 4 ʩʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ ʽ ʟʙʽʨʥʠʢʘʭ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʽʚ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ, ʟʘʪʚʝʨʜʞʝʥʠʭ ʄʆʅ ʋʢʨʘʾʥʠ, 1 ʩʪʘʪʪʷ ʚ 

ʞʫʨʥʘʣʽ, ʱʦ ʽʥʜʝʢʩʫʻʪʴʩʷ ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʽʡ ʙʘʟʽ SCOPUS, 4 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʚ 

ʟʙʽʨʥʠʢʘʭ ʧʨʘʮʴ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 101 ʥʘʡʤʝʥʫʚʘʥʥʷ 

(11 ʩʪʦʨʽʥʦʢ) ʪʘ 4 ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 153 ʩʪʦʨʽʥʢʠ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ 123 ʩʪʦʨʽʥʢʠ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ 10 ʨʠʩʫʥʢʽʚ ʽ 8 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1. ɿɸɼɸʏɯ ʂʃɸʉʀʌɯʂɸʎɯɰ. ʄʆɼɽʃɯ ɯ ʄɽʊʆɼʀ 

 

 

1.1 ɿʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʆʧʪʠʤʘʣʴʥʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʉɹ ʦʛʦʜʥʽ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘʢʦʧʠʯʝʥʦ ʚʝʣʠʢʽ ʦʙʩʷʛʠ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʽʟʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʪʘ ʥʝʤʘʪʝʨʽʘʣʴʥʽ ʩʫʪʥʦʩʪʽ, ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʧʦʚʝʜʽʥʢʫ ʪʘ ʟʚôʷʟʢʠ. ʆʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʘʩʠʚʽʚ ʧʦʣʝʛʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ.  

ʂʣʘʩʠʬʽʢʘʮʽʷ ʷʢ ʥʘʡʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʠʡ ʥʘʫʢʦʚʠʡ ʤʝʪʦʜ ʧʽʟʥʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʟʥʘʭʦʜʠʪʠ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʠʪʘʥʥʷ ʜʣʷ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʝʡ 

ʜʦʩʣʽʜʞʝʥʴ ˈ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʟʥʘʥʴ ʰʣʷʭʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ 

ʜʘʥʠʭ ʚ ʥʘʦʯʥʽ ʩʪʨʫʢʪʫʨʠ. ɿʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʥʠʢʘʻ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʦʙʣʘʩʪʷʭ ʽ 

ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ: ʧʨʠ ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʽ, ʧʨʠ ʦʮʽʥʮʽ ʽ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ. ʏʘʩʪʦ ʤʘʶʯʠ 

ʧʨʦʩʪʝ ʬʦʨʤʫʣʶʚʘʥʥʷ, ʟʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʽ 

ʥʝʦʜʥʦʟʥʘʯʥʦʶ. ɹʽʣʴʰ ʪʦʛʦ, ʽʥʦʜʽ ʧʨʠ ʩʧʨʦʙʘʭ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʥʠʢʘʶʪʴ ʮʽʢʘʚʽ 

ʧʘʨʘʜʦʢʩʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʙ'ʻʜʥʘʥʥʷʤ ʚ ʦʜʠʥ ʢʣʘʩ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ʈʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʻ ʟʥʘʯʥʫ ʯʘʩʪʢʫ 

ʩʫʙ'ʻʢʪʠʚʽʟʤʫ, ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʮʽʥʦʢ, ʥʝʯʽʪʢʠʭ, ʥʝʬʦʨʤʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ. ʏʘʩʪʦ ʥʘ 

ʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚʧʣʠʚʘʶʪʴ ʧʨʽʦʨʠʪʝʪʠ ʦʩʦʙʠ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (ʆʇʈ). ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʙʫʜʦʚʠ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʥʘ ʦʩʥʦʚʽ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ 

ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʩʦʙʣʠʚʦ ʯʘʩʪʦ ʮʷ ʩʠʪʫʘʮʽʷ ʚʠʥʠʢʘʻ ʚ ʪʠʭ ʦʙʣʘʩʪʷʭ ʟʥʘʥʴ, ʚ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʠʩʣʦʚʽ ʦʮʽʥʢʠ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʽ ʷʚʠʱ, ʚ ʩʠʣʫ ʯʦʛʦ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʝʯʽʪʢʠʭ ʦʮʽʥʦʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʴ çʩʭʦʞʽè, çʧʦʜʽʙʥʽè. 

ɸʥʘʣʽʟ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ ʚʨʘʭʦʚʫʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 
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ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʾʭ ʦʙʨʦʙʢʠ. ɿʦʢʨʝʤʘ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʽʾ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʦʱʦ.  

ɿʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ð ʮʝ ʟʘʜʘʯʘ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʦʙ'ʻʢʪʽʚ ʘʙʦ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʘʧʨʽʦʨʥʦ ʟʘʜʘʥʽ ʛʨʫʧʠ, ʟʚʘʥʽ ʢʣʘʩʠ, ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʾ ʟ ʷʢʠʭ ʚʦʥʠ 

ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʩʭʦʞʠʤʠ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ, ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ 

ʦʟʥʘʢʠ. ʇʨʠ ʮʴʦʤʫ ʨʽʰʝʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʥʘʯʝʥʴ ʘʪʨʠʙʫʪʽʚ [2]. 

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʥʘʩʪʫʧʥʽ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ï ʩʠʩʪʝʤʥʠʡ ʨʦʟʧʦʜʽʣ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʝʜʤʝʪʽʚ, ʷʚʠʱ, 

ʧʨʦʮʝʩʽʚ ʟʘ ʨʦʜʘʤʠ, ʚʠʜʘʤʠ, ʪʠʧʘʤʠ, ʟ ʷʢʠʤʠ-ʥʝʙʫʜʴ ʽʩʪʦʪʥʠʤʠ ʦʟʥʘʢʘʤʠ ʜʣʷ 

ʟʨʫʯʥʦʩʪʽ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ; ʫʛʨʫʧʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʦʥʷʪʴ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʾʭ ʫ 

ʧʝʚʥʦʤʫ ʧʦʨʷʜʢʫ, ʱʦ ʚʽʜʙʠʚʘʻ ʩʪʫʧʽʥʴ ʮʽʻʾ ʩʭʦʞʦʩʪʽ [2]. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ï ʚʧʦʨʷʜʢʦʚʘʥʘ ʟʘ ʜʝʷʢʠʤ ʧʨʠʥʮʠʧʦʤ ʤʥʦʞʠʥʘ ʦʙ'ʻʢʪʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʧʦʜʽʙʥʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ (ʦʜʥʘ ʘʙʦ ʜʝʢʽʣʴʢʘ ʚʣʘʩʪʠʚʦʩʪʝʡ), ʦʙʨʘʥʠʭ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʭʦʞʦʩʪʽ ʘʙʦ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʮʠʤʠ ʦʙ'ʻʢʪʘʤʠ [24]. 

ɺʚʝʜʝʤʦ ʧʦʥʷʪʪʷ çʢʣʘʩʠʬʽʢʘʮʽʾè ʪʘ ʦʧʠʰʝʤʦ ʪʝʨʤʽʥʠ, ʧʦʚôʷʟʘʥʽ ʟ ʥʝʶ [24].  

ʂʣʘʩʠʬʽʢʫʚʘʪʠ ʦʙ'ʻʢʪ ð ʦʟʥʘʯʘʻ, ʚʢʘʟʘʪʠ ʥʦʤʝʨ (ʯʠ ʥʘʟʚʫ) ʢʣʘʩʫ, ʜʦ ʷʢʦʛʦ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʘʥʠʡ ʦʙ'ʻʢʪ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʫ ð ʥʦʤʝʨ ʘʙʦ ʥʘʡʤʝʥʫʚʘʥʥʷ ʢʣʘʩʫ, ʱʦ ʚʠʜʘʻʪʴʩʷ 

ʘʣʛʦʨʠʪʤʦʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʜʘʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʦʙ'ʻʢʪʫ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʠʤʘʛʘʻ ʜʦʪʨʠʤʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʧʨʘʚʠʣ: 

ī ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʦʜʥʫ ʦʩʥʦʚʫ; 

ī ʜʽʣʝʥʥʷ ʧʦʚʠʥʥʝ ʙʫʪʠ ʧʨʦʧʦʨʮʽʡʥʠʤ, ʪʦʙʪʦ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʚʠʜʦʚʠʭ ʧʦʥʷʪʴ 

ʧʦʚʠʥʝʥ ʜʦʨʽʚʥʶʚʘʪʠ ʦʙôʻʤʫ ʜʽʣʝʥʦʛʦ ʨʦʜʦʚʦʛʦ ʧʦʥʷʪʪʷ; 

ī ʯʣʝʥʠ ʜʽʣʝʥʥʷ ʧʦʚʠʥʥʽ ʚʟʘʻʤʥʦ ʚʠʢʣʶʯʘʪʠ ʦʜʠʥ ʦʜʥʦʛʦ, ʾʭ ʦʙôʻʤʠ ʥʝ ʧʦʚʠʥʥʽ 

ʧʝʨʝʭʨʝʱʫʚʘʪʠʩʷ; 
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ī ʜʽʣʝʥʥʷ ʧʦʚʠʥʥʝ ʙʫʪʠ ʧʦʩʣʽʜʦʚʥʠʤ. 

ʄʝʪʘ ʧʨʦʮʝʩʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʥʦʟʫʶʯʽ ʘʪʨʠʙʫʪʠ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʦʪʨʠʤʫʻ 

ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʛʦ ʘʪʨʠʙʫʪʘ. ʇʨʦʮʝʩ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʨʦʟʙʠʪʪʽ ʤʥʦʞʠʥʠ 

ʦʙ'ʻʢʪʽʚ ʥʘ ʢʣʘʩʠ ʟʘ ʧʝʚʥʠʤ ʢʨʠʪʝʨʽʻʤ. 

ʂʣʘʩʠʬʽʢʘʪʦʨʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʷʢʘʩʴ ʩʫʪʥʽʩʪʴ, ʱʦ ʚʠʟʥʘʯʘʻ, ʷʢʦʤʫ ʟ 

ʚʠʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ ʥʘʣʝʞʠʪʴ ʦʙ'ʻʢʪ ʟʘ ʚʝʢʪʦʨʦʤ ʦʟʥʘʢ. 

ɿʘʜʘʯʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʜʠʩʝʨʪʘʮʽʾ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʘʜʘʯʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʥʦʞʠʥʠ ʜʦʚʽʣʴʥʦʾ ʧʨʠʨʦʜʠ [28]. 

ʆʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʋ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʬʦʨʤʫʣʶʻʪʴʩʷ 

ʘʢʩʽʦʤʘʪʠʯʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʥʷʪʴ ʙʽʥʘʨʥʠʭ ʚʽʜʥʦʩʠʥ ʽ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʥʘ 

ʢʣʘʩʠ. ɺʝʩʴ ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʤʦʞʥʘ ʟʥʘʡʪʠ, ʥʘʧʨʠʢʣʘʜ, 

ʚ [57, 59, 69]. 

ɿʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʤʥʦʞʠʥʽ X ï ʮʝ ʟʘʜʘʯʘ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ X ʥʘ 

ʥʝʧʝʨʝʩʽʯʥʽ ʢʣʘʩʠ, ʪʦʙʪʦ, ʮʝ ʟʘʜʘʯʘ ʧʦʰʫʢʫ ʪʘʢʦʛʦ ʩʽʤʝʡʩʪʚʘ ʧʽʜʤʥʦʞʠʥ {Xa} 

ʤʥʦʞʠʥʠ X, ʜʣʷ ʷʢʦʾ ʚʠʢʦʥʘʥʽ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ. 

ɺʠʟʥʘʯʝʥʥʷ 1.1. ʉʠʩʪʝʤʘ C ʤʥʦʞʠʥ Xa ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʟʙʠʪʪʷʤ ʤʥʦʞʠʥʠ ʍ, 

ʷʢʱʦ ʚʦʥʘ ʟʘʜʦʚʦʣʴʥʷʻ ʪʘʢʠʤ ʫʤʦʚʘʤ: 

 

1. 
( )[ ]X C X Xa a" Í Ì

; 

2. 
( )[ ]X C Xa a" Í ¸Å

;     (1.1) 

3. 
( )( )[ ]X C X ʉ X X X Xa b a b a b" Í " Í ¸  ¸Å

; 

4. [ ]X Xa
a

Ì . 

ʧʨʠ ʮʴʦʤʫ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ C ʥʘʟʠʚʘʶʪʴ ʢʣʘʩʘʤʠ ʨʦʟʙʠʪʪʷ. 
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ɿ ʟʘʜʘʥʠʤ ʨʦʟʙʠʪʪʷʤ C ʧʦʚ'ʷʟʘʥʦ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ~, ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʥʦʰʝʥʥʷ ~ ʮʝ ʻʜʠʥʝ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʜʣʷ ʷʢʦʛʦ ʝʣʝʤʝʥʪʠ C ʻ 

ʢʣʘʩʘʤʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ [69]. ʅʘʛʘʜʘʻʤʦ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ï ʮʝ 

ʙʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʝʬʣʝʢʩʠʚʥʦʩʪʽ, ʩʠʤʝʪʨʠʯʥʦʩʪʽ ʽ 

ʪʨʘʥʟʠʪʠʚʥʦʩʪʽ: 1) x X" Í x x 2) ,x y X" Í  x y y x  3) , ,x y z X" Í  

,x y y z x z . 

ʅʘʚʝʜʝʤʦ ʥʘʡʧʨʦʩʪʽʰʽ ʧʨʠʢʣʘʜʠ ʢʣʘʩʠʬʽʢʘʮʽʡ. 

1. ʅʘʧʨʷʤʠ ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ R
n
\{0} ï ʢʣʘʩʠ ʦʜʥʘʢʦʚʦ 

ʩʧʨʷʤʦʚʘʥʠʭ ʚʝʢʪʦʨʽʚ. ɼʚʘ ʥʝʥʫʣʴʦʚʠʭ ʚʝʢʪʦʨʠ ʝʢʚʽʚʘʣʝʥʪʥʽ, ʷʢʱʦ ʚʦʥʠ ʦʜʥʘʢʦʚʦ 

ʩʧʨʷʤʦʚʘʥʽ; 

2. ɿʘʣʠʰʢʠ ʟʘ ʥʘʪʫʨʘʣʴʥʠʤ ʤʦʜʫʣʝʤ n. ɼʚʘ ʮʽʣʠʭ ʯʠʩʣʘ ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ 

ʢʣʘʩʫ ʚ ʪʦʤʫ ʽ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ ʢʨʘʪʥʘ n; 

3. ʂʦʤʧʦʥʝʥʪʠ ʟʚ'ʷʟʥʦʩʪʽ ʚ ʛʨʘʬʽ. ɼʚʽ ʚʝʨʰʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʽ, ʷʢʱʦ ʚʦʥʠ 

ʣʝʞʘʪʴ ʚ ʦʜʥʽʡ ʢʦʤʧʦʥʝʥʪʽ ʟʚ'ʷʟʥʦʩʪʽ. 

ɹʫʜʴ-ʷʢʝ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʥʘ ʤʥʦʞʠʥʽ X ʧʦʨʦʜʞʫʻ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʥʘ ʮʽʡ ʤʥʦʞʠʥʽ. ʂʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʪʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʽ ʧʦ ʚʢʣʶʯʝʥʥʶ 

ʥʝʧʝʨʝʩʽʯʥʽ ʢʣʘʩʠ ʧʦʧʘʨʥʦ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ ʝʣʝʤʝʥʪʘʤʠ ʮʽʻʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ɿ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʥʦʩʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʚʠʧʣʠʚʘʻ, ʱʦ ʢʣʘʩʠ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʧʦʧʘʨʥʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. 

ʅʘʚʝʜʝʤʦ ʜʚʘ ʘʣʛʦʨʠʪʤʠ ʫʪʚʦʨʝʥʥʷ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʟ ʟʘʜʘʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʥʘ ʢʽʥʮʝʚʽʡ ʤʥʦʞʠʥʽ X [57]. 

ʇʝʨʰʠʡ ʟ ʥʠʭ ʣʽʥʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʂʨʦʢ 0. ʆʙʠʨʘʻʪʴʩʷ ʜʦʚʽʣʴʥʝ ʫʧʦʨʷʜʢʫʚʘʥʥʷ (ʥʫʤʝʨʘʮʽʷ) ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ 

X: 1 2, ,..., nx x x XÍ . ɺʠʟʥʘʯʘʻʪʴʩʷ ʩʧʠʩʦʢ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʷʢʠʡ 

ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʧʦʨʦʞʥʽʡ. 

ʉʽʤʝʡʩʪʚʦ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʪʘʢʦʞ ʧʦʨʦʞʥʴʦ. 

ʂʨʦʢ i. ʆʙʠʨʘʻʪʴʩʷ ʯʝʨʛʦʚʠʡ ʝʣʝʤʝʥʪ xi ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 
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ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ X ʽ ʧʦʩʣʽʜʦʚʥʦ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟʽ ʩʧʠʩʢʦʤ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʚʞʝ 

ʚʠʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ʗʢʱʦ ʝʣʝʤʝʥʪ xi ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʧʨʝʜʩʪʘʚʥʠʢʫ 

xk ʢʣʘʩʫ Xk, ʪʦ ʮʝʡ ʝʣʝʤʝʥʪ xi ʜʦʜʘʻʪʴʩʷ ʚ ʢʣʘʩ Xk. ʗʢʱʦ ʝʣʝʤʝʥʪ xi ʥʝ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʞʦʜʥʦʤʫ ʟ ʝʣʝʤʝʥʪʽʚ ʩʧʠʩʢʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʢʣʘʩʽʚ, ʪʦ ʝʣʝʤʝʥʪ 

ʟʘʥʦʩʠʪʴʩʷ ʚ ʩʧʠʩʦʢ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʽ ʚʠʟʥʘʯʘʻ ʥʦʚʠʡ ʢʣʘʩ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. 

ɸʣʛʦʨʠʪʤ ʟʘʢʽʥʯʫʻ ʨʦʙʦʪʫ, ʢʦʣʠ ʚʩʽ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ X ʙʫʜʫʪʴ ʨʦʟʥʝʩʝʥʽ 

ʧʦ ʢʣʘʩʘʭ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʻ ʩʧʠʩʦʢ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʩʬʦʨʤʦʚʘʥʠʭ 

ʢʣʘʩʽʚ ʽ ʩʽʤʝʡʩʪʚʦ Xk, k = 1, m, m  n ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʅʘʚʝʜʝʤʦ ʦʧʠʩ ʱʝ ʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ʎʝ 

ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ. 

ʂʨʦʢ 0. ʗʢ ʽ ʚ ʣʽʥʽʡʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʦʙʠʨʘʻʪʴʩʷ ʜʦʚʽʣʴʥʝ ʫʧʦʨʷʜʢʫʚʘʥʥʷ 

(ʥʫʤʝʨʘʮʽʷ) ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ X: 1 2, ,..., nx x x XÍ . ɺʠʟʥʘʯʘʻʪʴʩʷ ʩʧʠʩʦʢ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʷʢʠʡ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ ʧʦʨʦʞʥʽʡ. ʄʥʦʞʠʥʘ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʪʘʢʦʞ ʧʦʨʦʞʥʷ. 

ʂʨʦʢ 1. ʇʦʙʫʜʦʚʘ ʩʧʠʩʢʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ. ʇʝʨʝʚʽʨʷʶʪʴʩʷ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ 

X ʚ ʦʙʨʘʥʦʤʫ ʧʦʨʷʜʢʫ. ʂʦʞʝʥ ʟ ʝʣʝʤʝʥʪʽʚ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ ʩʧʠʩʢʫ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ. ʗʢʱʦ ʝʣʝʤʝʥʪ xi ʥʝ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʞʦʜʥʦʤʫ ʝʣʝʤʝʥʪʫ ʩʧʠʩʢʫ, ʪʦ 

ʮʝʡ ʝʣʝʤʝʥʪ xi ʟʘʥʦʩʠʪʴʩʷ ʚ ʩʧʠʩʦʢ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʽ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ X. ʂʨʦʢ 

ʟʘʢʽʥʯʫʻʪʴʩʷ, ʢʦʣʠ ʚʩʽ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ʧʝʨʝʚʽʨʝʥʽ ʽ ʧʦʙʫʜʦʚʘʥʦ ʩʧʠʩʦʢ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ. 

ʂʨʦʢ 2. ʇʦʙʫʜʦʚʘ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ʇʦʩʣʽʜʦʚʥʦ ʧʝʨʝʚʽʨʷʶʪʴʩʷ 

ʝʣʝʤʝʥʪʠ ʩʧʠʩʢʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʚ ʧʦʨʷʜʢʫ ʾʭ ʜʦʜʘʚʘʥʥʷ ʚ ʮʝʡ ʩʧʠʩʦʢ. ɼʣʷ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʩʧʠʩʢʫ ʚ ʤʥʦʞʠʥʽ X ʚʠʜʽʣʷʶʪʴʩʷ ʚʩʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʡʦʤʫ ʝʢʚʽʚʘʣʝʥʪʥʽ, ʽ ʟ 

ʥʠʭ ʬʦʨʤʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʢʣʘʩ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʧʽʩʣʷ ʯʦʛʦ ʝʣʝʤʝʥʪʠ 

ʩʬʦʨʤʦʚʘʥʦʛʦ ʢʣʘʩʫ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʤʥʦʞʠʥʠ X. ʂʨʦʢ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʢʦʣʠ ʚʩʽ 

ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ X ʨʦʟʥʝʩʝʥʽ ʟʘ ʢʣʘʩʘʤʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ (ʤʥʦʞʠʥʘ ʩʪʘʣʘ 

ʧʦʨʦʞʥʴʦʶ). 
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ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʚʠʙʦʨʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʻ ʪʘʢʠʤ ʞʝ, ʷʢ ʽ ʣʽʥʽʡʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ. ʊʨʫʜʦʤʽʩʪʢʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʚʠʙʦʨʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʫ 

ʣʽʥʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʊʦʤʫ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʟʘʟʚʠʯʘʡ ʣʠʰʝ ʜʣʷ ʚʠʙʦʨʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ (ʂʨʦʢ 1), ʘʙʦ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʢʣʘʩʽʚ, ʷʢʱʦ ʧʨʝʜʩʪʘʚʥʠʢʠ ʢʣʘʩʽʚ ʚʞʝ ʟʘʜʘʥʽ (ʂʨʦʢ 2). 

ɺʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʩʪʫʧʥʠʭ ʪʠʧʽʚ. 

1) ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʦʧʠʩ ð ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʚʠʧʘʜʦʢ. ʂʦʞʝʥ ʦʙ'ʻʢʪ 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʩʚʦʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʦʟʥʘʢʘʤʠ. ʆʟʥʘʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʯʠʩʣʦʚʠʤʠ ʘʙʦ ʥʝʯʠʩʣʦʚʠʤʠ. 

2) ʄʘʪʨʠʮʷ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʦʙ'ʻʢʪʘʤʠ. ʂʦʞʝʥ ʦʙ'ʻʢʪ ʦʧʠʩʫʻʪʴʩʷ ʚʽʜʩʪʘʥʷʤʠ ʜʦ 

ʚʩʽʭ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɿ ʮʠʤ ʪʠʧʦʤ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʧʨʘʮʶʶʪʴ 

ʜʝʷʢʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ, ʤʝʪʦʜ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ, ʤʝʪʦʜ ʧʦʪʝʥʮʽʡʥʠʭ ʬʫʥʢʮʽʡ. 

3) ʏʘʩʦʚʠʡ ʨʷʜ ʘʙʦ ʩʠʛʥʘʣ ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʤʽʨʽʚ ʫ ʯʘʩʽ. ʂʦʞʝʥ ʚʠʤʽʨ ʤʦʞʝ 

ʧʨʝʜʩʪʘʚʣʷʪʠʩʷ ʯʠʩʣʦʤ, ʚʝʢʪʦʨʦʤ, ʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ð ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ 

ʦʧʠʩʦʤ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʚ ʮʝʡ ʯʘʩ ʯʘʩʫ. 

ɿʫʩʪʨʽʯʘʶʪʴʩʷ ʽ ʩʢʣʘʜʥʽʰʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʚʭʽʜʥʽ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʛʨʘʬʽʚ, ʪʝʢʩʪʽʚ, ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʠʪʽʚ ʜʦ ʙʘʟʠ ʜʘʥʠʭ ʪʦʱʦ. ʗʢ ʧʨʘʚʠʣʦ, ʚʦʥʠ 

ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʧʝʨʰʦʛʦ ʘʙʦ ʜʨʫʛʦʛʦ ʚʠʧʘʜʢʫ ʰʣʷʭʦʤ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʪʘ ʚʠʣʫʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂʣʘʩʠʬʽʢʘʮʽʶ ʩʠʛʥʘʣʽʚ ʪʘ ʟʦʙʨʘʞʝʥʴ ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ ʨʦʟʧʽʟʥʘʚʘʥʥʷʤ 

ʦʙʨʘʟʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʠʧʠ ʢʣʘʩʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ɼʚʦʢʣʘʩʦʚʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ ʚ ʪʝʭʥʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ 

ʚʠʧʘʜʢʦʤ, ʷʢʠʡ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʽʰʠʭ ʟʘʚʜʘʥʴ. 

ɹʘʛʘʪʦʢʣʘʩʦʚʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʘʻ ʤʽʩʮʝ, ʢʦʣʠ ʯʠʩʣʦ ʢʣʘʩʽʚ ʜʦʩʷʛʘʻ ʙʘʛʘʪʴʦʭ 

ʪʠʩʷʯ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʽʻʨʦʛʣʽʬʽʚ ʘʙʦ ʟʣʠʪʦʛʦ ʤʦʚʣʝʥʥʷ), ʟʘʜʘʯʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʪʘʻ ʽʩʪʦʪʥʦ ʚʘʞʯʦʶ. 
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ɯʩʥʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ, ʚ ʷʢʠʭ ʯʠʩʣʦ ʢʣʘʩʽʚ 

ʥʝʚʽʜʦʤʦ ʽ ʤʘʻ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʚ ʭʦʜʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʘʻ 

ʧʨʦʙʣʝʤʘ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʾ ʚ ʷʢʦʤʫʩʴ ʩʝʥʩʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʋ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ 

ʟʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ ʜʦ ʛʨʫʧʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. ʊʦʤʫ ʜʣʷ 

ʾʾ ʚʠʨʽʰʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʧʘʨʘʤʝʪʨʠ, ʚʘʨʽʶʶʯʠ ʷʢʽ 

ʤʦʞʥʘ ʙʫʜʝ ʟ ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʚʠʙʨʘʪʠ ʦʜʥʫ, ʥʘʡʢʨʘʱʫ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʢʨʠʪʝʨʽʶ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ [24]. 

ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʛʽʧʦʪʝʟʽ ʢʦʤʧʘʢʪʥʦʩʪʽ ʦʙʨʘʟʽʚ, ʟʜʘʻʪʴʩʷ ʧʨʠʨʦʜʥʠʤ ʚʚʘʞʘʪʠ, 

ʱʦ ʟʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʠʤ ʢʨʘʱʝ, ʯʠʤ ʙʣʠʞʯʝ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ 

ʪʦʯʢʠ ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʢʣʘʩʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʠʤ ʢʨʘʱʝ, ʯʠʤ ʜʘʣʽ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʢʣʘʩʠ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɿ ʪʦʯʢʠ ʟʦʨʫ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʧʨʠʡʥʷʪʦʛʦ ʚ ʪʝʦʨʽʾ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʙʣʠʟʴʢʦʩʪʽ ʪʦʯʦʢ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʠʤʠ ʘʙʦ ʾʭ ʧʦʪʝʥʮʽʘʣ. 

ʊʦʤʫ ʚ ʷʢʦʩʪʽ ʤʽʨʠ ʙʣʠʟʴʢʦʩʪʽ ʪʦʯʦʢ ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʫ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ çʚʣʘʩʥʠʡ 

ʧʦʪʝʥʮʽʘʣè ʢʣʘʩʫ 
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ʜʝ NA ï ʯʠʩʣʦ ʦʙ'ʻʢʪʽʚ ʚ ʢʣʘʩʽ, ʧʨʠ ʮʴʦʤʫ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢ, ʱʦ j 

ʧʨʠʡʤʘʻ ʚʩʽ ʟʥʘʯʝʥʥʷ ʚʽʜ 1 ʜʦ n, ʘ p ï ʜʣʷ ʢʦʞʥʦʛʦ j ʚʩʝ ʟʥʘʯʝʥʥʷ, ʙʽʣʴʰʽ, ʥʽʞ j; 

NA (NA ï 1) / 2 ï (ʯʠʩʣʦ ʩʧʦʣʫʯʝʥʴ ʟ NA ʧʦ 2 ) ï ʢʽʣʴʢʽʩʪʴ ʯʣʝʥʽʚ ʩʫʤʠ.  

 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʌ(ɸ,ɸ) ʧʨʦʧʦʨʮʽʡʥʠʡ ʩʫʤʽ ʧʦʪʝʥʮʽʘʣʽʚ, ʚʟʘʻʤʥʦ 

ʩʪʚʦʨʶʚʘʥʠʭ ʦʜʠʥ ʥʘ ʦʜʥʦʤʫ ʚʩʽʤʘ ʪʦʯʢʘʤʠ ʢʣʘʩʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʌ(ɸ ɸ) ʪʠʤ 

ʙʽʣʴʰʝ, ʯʠʤ ʪʽʩʥʽʰʝ ʤʽʞ ʩʦʙʦʶ ʨʦʟʪʘʰʦʚʘʥʽ ʪʦʯʢʠ ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʫ, ʥʽʞ 

ʢʦʤʧʘʢʪʥʽʰʝ ʢʣʘʩ. 
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ɺʚʝʜʝʤʦ ʚʝʣʠʯʠʥʫ çʩʝʨʝʜʥʴʦʛʦ ʚʣʘʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫè ʜʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ: 
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ʜʝ k ï ʯʠʩʣʦ ʢʣʘʩʽʚ ʫ ʢʣʘʩʠʬʽʢʘʮʽʾ.  

 

ʗʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʤʽʞ ʩʦʙʦʶ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ, ʪʦ ʚʝʣʠʯʠʥʘ F1 

ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦʶ ʫ ʪʽʡ ʟ ʥʠʭ, ʚ ʷʢʽʡ ʪʦʯʢʠ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʣʝʞʘʪʴ 

ʥʘʡʙʽʣʴʰ ʪʽʩʥʦ. ɺʝʣʠʯʠʥʫ F1 ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʟʘ ʧʝʨʰʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ, ʘ ʾʾ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʦʧʪʠʤʘʣʴʥʦʾ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʮʴʦʛʦ ʢʨʠʪʝʨʽʶ. 

ɼʨʫʛʠʤ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʝʣʠʯʠʥʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʙʣʠʟʴʢʽʩʪʴ ʢʣʘʩʽʚ ʤʽʞ ʩʦʙʦʶ. ʗʢ ʮʶ ʚʝʣʠʯʠʥʫ ʧʨʠʡʤʝʤʦ 
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ä ,     (1.4) 

ʜʝ k ï ʯʠʩʣʦ ʢʣʘʩʽʚ ʫ ʢʣʘʩʠʬʽʢʘʮʽʾ,  

ʌ(ɸi,ɸj) ï ʤʝʞʘ ʙʣʠʟʴʢʦʩʪʽ ʤʽʞ ʢʣʘʩʘʤʠ ɸi ʽ ɸj.  

 

ʇʽʜʩʫʤʦʚʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʪʘʢ, ʱʦ i ʧʨʠʡʤʘʻ ʚʩʽ ʟʥʘʯʝʥʥʷ ʚʽʜ 1 ʜʦ k, ʘ 

ʟʥʘʯʝʥʥʷ j ʚʠʙʠʨʘʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ i ʚʠʙʠʨʘʶʪʴʩʷ ʪʘʢ, ʱʦʙ ʚʦʥʠ ʙʫʣʠ ʙʽʣʴʰʝ i. 

ʗʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʤʽʞ ʩʦʙʦʶ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ, ʪʦ ʚʝʣʠʯʠʥʘ F2, 

ʦʯʝʚʠʜʥʦ, ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʘ ʫ ʪʽʡ ʟ ʥʠʭ, ʜʝ ʢʣʘʩʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʨʦʟʪʘʰʦʚʘʥʽ ʜʘʣʽ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɺʝʣʠʯʠʥʫ F2 ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʟʘ ʜʨʫʛʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ, ʘ ʾʾ 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʦʧʪʠʤʘʣʴʥʦʾ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʮʴʦʛʦ ʢʨʠʪʝʨʽʶ. 
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ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʥʘʡʢʨʘʱʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʥʦʞʠʥʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʽʘʥʪʫ, ʪʦʙʪʦ ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʧʝʨʝʚʘʛ ʤʽʞ ʧʝʚʥʦʶ ʤʥʦʞʠʥʦʶ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ. ɺʘʨʽʘʥʪ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʠʡ ʦʙʨʘʣʠ ʟʘ ʦʜʥʠʤ 

ʢʨʠʪʝʨʽʻʤ, ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʧʨʠʡʥʷʪʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʽʥʰʦʛʦ, ʥʝ ʤʝʥʰ 

ʚʘʞʣʠʚʦʛʦ ʢʨʠʪʝʨʽʶ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʝʬʝʢʪʫ ʧʨʠʡʥʷʪʪʷ ʦʩʪʘʪʦʯʥʦʛʦ 

ʨʽʰʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʠʪʠ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡ ʟʘ ʟʥʘʯʝʥʥʷʤʠ 

ʾʭ ʦʙʦʭ ʢʨʠʪʝʨʽʾʚ. 

ʊʘʢʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ 

ʮʶ ʟʘʜʘʯʫ ʜʦ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ. 

ʄʘʡʞʝ ʚʩʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʚʽʜʰʫʢʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʦʜʥʽʻʾ ʬʫʥʢʮʽʾ ï ʦʜʥʦʛʦ ʢpʽʪʝpʽʶ. ʊʦʤʫ ʦʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ 

ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʦʢpʽʪʝpʽʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʻ ʾʾ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʦʜʥʦʢpʽʪʝpʽʘʣʴʥʦʶ ʟ 

ʦʜʥʠʤ ʫʟʘʛʘʣʴʥʝʥʠʤ ʢʨʠʪʝʨʽʻʤ. 

ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʥʘʡʢʨʘʱʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʰʫʢʘʥʠʡ ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʨʠʪʝʨʽʡ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʪʘʢʠʤ, ʱʦʙ ʥʘʡʢʨʘʱʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʽʜʧʦʚʽʜʘʣʘ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʦʤʫ 

F1 ʽ, ʦʜʥʦʯʘʩʥʦ, ʱʦʜʦ ʤʘʣʦʤʫ F2. ɺ ʷʢʦʩʪʽ ʪʘʢʦʛʦ ʢʨʠʪʝʨʽʶ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʠʡ, 

ʥʘʧʨʠʢʣʘʜ, 

 

                                      1 2(1 )F F Fa a= - - .     (1.5) 

 

ʇʘʨʘʤʝʪʨ  Ŭɴ [0,1]  ʟʘʜʘʻʪʴʩʷ ʘʧʨʽʦʨʽ, ʘʙʦ ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʜʝʷʢʠʭ ʟʦʚʥʽʰʥʽʭ 

ʤʽʨʢʫʚʘʥʴ. 

ʊʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟ ʜʝʢʽʣʴʢʦʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ 

ʩʫʢʫʧʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ, ʜʣʷ ʷʢʦʾ ʢʨʠʪʝʨʽʡ F ʧʨʠʡʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʦʯʝʚʠʜʥʦ, 

ʻ ʚ ʧʝʚʥʦʤʫ ʩʝʥʩʽ ʦʙ'ʻʢʪʠʚʥʦ ʦʧʪʠʤʘʣʴʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ. 
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ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʅʝʭʘʡ ʟʘʜʘʥʘ ʢʽʥʮʝʚʘ 

ʜʠʩʢʨʝʪʥʘ ʤʥʦʞʠʥʘ ɸ, ʷʢʝ ʤʘʻ ʙʫʪʠ ʨʦʟʙʠʪʘ ʥʘ ʢʣʘʩʪʝʨʠ. ʇʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ ɸ 

ʜʦʨʽʚʥʶʻ n. ʅʝʭʘʡ AN ï ʤʥʦʞʠʥʘ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʨʦʟʙʠʪʪʽʚ ʤʥʦʞʠʥʠ ɸ. ʅʘ 

ʤʥʦʞʠʥʽ AN ʚʚʝʜʝʥʘ ʤʝʪʨʠʢʘ 

 

( , ) max min ( , ) (1 )max min ( , )AN x yr a r V h a r V h= + - ,    (1.6) 

ʜʝ 1 1, , ( ,..., ), ( ,..., ), ( , )k sx y AN x y pV V h h V hÍ = = -ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʠʙʽʨʢʘʤʠ , Ah VÍ . 

 

ʅʝʭʘʡ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ ɸ ʽʩʥʫʻ ʜʝʷʢʘ ʤʥʦʞʠʥʘ P = {p1, p2, ..., pn} 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʈʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʦʟʥʘʢʠ pi ʝʣʝʤʝʥʪʘ aj 

ʤʥʦʞʠʥʠ ɸ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ bij. ʊʦʜʽ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ aj ʤʥʦʞʠʥʠ ɸ ʚʽʜʧʦʚʽʜʘʻ 

ʚʝʢʪʦʨ ʟʥʘʯʝʥʴ ʦʟʥʘʢ Bj = (b1j, ..., bij, ..., blj). 

ɺʩʽʡ ʤʥʦʞʠʥʽ A ʚʽʜʧʦʚʽʜʘʻ ʤʥʦʞʠʥʘ ʚʝʢʪʦʨʽʚ ʚʠʤʽʨʶʚʘʥʴ B = {B1, ..., Bn}. 

ʅʝʭʘʡ m << n . ɿʘʜʘʯʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʥʘ ʦʩʥʦʚʽ 

ʜʘʥʠʭ ʤʥʦʞʠʥ ɺ, ʨʦʟʙʠʪʠ ʤʥʦʞʠʥʫ ʦʙ'ʻʢʪʽʚ ɸ ʥʘ m ʢʣʘʩʪʝʨʽʚ ɸ1, ..., ɸm ʪʘʢ, ʱʦʙ 

ʢʦʞʝʥ ʦʙ'ʻʢʪ ʥʘʣʝʞʘʚ ʦʜʥʦʤʫ ʽ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʫ, ʽ ʱʦʙ ʦʙ'ʻʢʪʠ, ʷʢʽ ʥʘʣʝʞʘʪʴ 

ʦʜʥʦʤʫ ʢʣʘʩʪʝʨʫ ʙʫʣʠ ʩʭʦʞʠʤʠ, ʘ ʪʽ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʨʽʟʥʠʤ ʢʣʘʩʪʝʨʘʤ ʙʫʣʠ ʙ 

ʥʝʩʭʦʞʠʤʠ ʧʨʠ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʧʦʥʷʪʪʷʭ ʩʭʦʞʦʩʪʽ ʽ ʥʝʩʭʦʞʦʩʪʽ. 

ɹʽʣʴʰ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʨʦʟʙʠʪʪʷ ʥʘ ʢʣʘʩʪʝʨʠ 

ʤʥʦʞʠʥʠ ɸ ʙʝʟ ʦʙʤʝʞʝʥʴ ʥʘ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ m. ʂʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ m ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. 

ʈʽʰʝʥʥʷʤ ʥʘʚʝʜʝʥʠʭ ʟʘʚʜʘʥʴ ʻ ʨʦʟʙʠʪʪʷ, ʷʢʝ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʽ ʜʦʩʪʘʚʣʷʻ ʦʧʪʠʤʫʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (ʢʨʠʪʝʨʽʶ).  

 

1.2 ʇʦʥʷʪʪʷ ʚʽʜʩʪʘʥʽ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ɼʣʷ ʧʦʰʫʢʫ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ, ʟʦʢʨʝʤʘ, ʚʽʜʩʪʘʥʴ ɻʝʤʤʽʥʛʘ, ʄʘʥʭʝʪʪʝʥʩʴʢʘ ʤʝʪʨʽʢʘ, 
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ʚʽʜʩʪʘʥʴ ʄʽʥʢʦʚʩʴʢʦʛʦ, ɽʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ. 

ɽʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ ʻ ʜʦʮʽʣʴʥʦʶ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʦʟʥʘʢʠ ʦʜʥʦʛʦ ʪʠʧʫ. ɼʣʷ ʨʝʧʨʝʟʝʥʪʘʮʽʾ ʦʟʥʘʢ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʄʘʥʭʝʪʪʝʥʩʴʢʫ ʤʝʪʨʠʢʫ [1]. 

ɼʣʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʭʽʜ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʥʘʙʽʨ 

ʽʤʦʚʽʨʥʦʩʪʝʡ ʝʣʝʤʝʥʪʫ, ʱʦ ʥʘʣʝʞʠʪʴ ʢʣʘʩʫ. ʅʘʧʨʠʢʣʘʜ, ʡʤʦʚʽʨʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʘʭʦʚʘʥʘ ʷʢ  

 

0

0 1

( ) ,
N

P O
N N
=

+
      (1.7) 

ʜʝ P(0) ï ʮʝ ʡʤʦʚʽʨʥʽʩʪʴ ʯʣʝʥʩʪʚʘ ʢʣʘʩʫ 0,  

0N , 1N   ï ʯʠʩʣʘ ʩʫʩʽʜʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʽʚ 0 ʽ 1, ʚʽʜʧʦʚʽʜʥʦ [27]. 

 

ɿʥʘʯʝʥʥʷ k ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ. 

ʇʨʦʪʝ ʚʠʙʽʨ ʟʥʘʯʝʥʥʷ k ʻ ʥʝʪʨʠʚʽʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ʄʝʥʰʽ ʟʥʘʯʝʥʥʷ k ʰʚʠʜʰʝ ʟʘ 

ʚʩʝ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʥʘʙʦʨʘʭ ʜʘʥʠʭ ʽʟ ʚʝʣʠʢʠʤ 

ʰʫʤʦʤ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʧʨʠʤʽʨʥʠʢ ʥʘʙʦʨʫ ʪʨʝʥʫʚʘʥʴ ʪʝʧʝʨ ʤʘʻ ʙʽʣʴʰʫ ʚʘʛʫ ʚ 

ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ɹʽʣʴʰʽ ʚʝʣʠʯʠʥʠ k ʟʥʠʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ. 

ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʮʴʦʛʦ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʟʘʥʘʜʪʦ ʚʠʩʦʢʝ, ʤʦʜʝʣʴ ʤʦʞʝ ʧʝʨʝʥʘʚʯʠʪʠʩʴ, 

ʱʦ ʟʨʦʙʠʪʴ ʤʝʞʽ ʢʣʘʩʫ ʤʝʥʰ ʯʽʪʢʠʤʠ ʽ ʟʥʦʚʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ. ʗʢ 

ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʙʨʘʪʠ k, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ ʥʠʞʯʝ: 

 

                                                         k n= .  (1.12) 

 

ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘʚʜʘʥʴ ʟ ʨʽʚʥʦʶ ʢʽʣʴʢʽʩʪʶ ʢʣʘʩʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʙʨʘʪʠ 

ʥʝʧʘʨʥʫ k, ʦʩʢʽʣʴʢʠ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʚʠʢʣʶʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʽʯʠʻʾ 

ʧʽʜ ʯʘʩ ʧʽʜʨʘʭʫʥʢʫ ʙʽʣʴʰʦʩʪʽ ʛʦʣʦʩʽʚ. ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʧʦʛʘʥʘ 
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ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʥʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ. ʆʪʞʝ, ʷʢʱʦ ʦʜʠʥ ʢʣʘʩ 

ʟʥʘʯʥʦ ʜʦʤʽʥʫʻ ʥʘʜ ʽʥʰʠʤʠ, ʪʦ ʚʽʥ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʤʘʪʠʤʝ ʙʽʣʴʰʝ ʩʫʩʽʜʽʚ ʮʴʦʛʦ 

ʢʣʘʩʫ ʯʝʨʝʟ ʾʭ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ. 

 

1.3 ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ. ʉʢʣʘʜʥʽʩʪʴ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʈʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʶʪʴ ʨʽʟʥʫ ʯʘʩʦʚʫ ʩʢʣʘʜʥʽʩʪʴ, ʽ ʚʠʷʚʣʝʥʥʷ ʪʦʛʦ, ʷʢʽ 

ʘʣʛʦʨʠʪʤʠ çʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʽè, ʘ ʷʢʽ çʘʙʩʦʣʶʪʥʦ ʥʝʝʬʝʢʪʠʚʥʽè, ʟʘʚʞʜʠ ʙʫʜʝ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʩʠʪʫʘʮʽʾ. ʆʜʥʘʢ ʪʝʦʨʝʪʠʢʠ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʽ 

ʘʥʘʣʽʟʦʤ ʘʣʛʦʨʠʪʤʽʚ, ʧʨʦʧʦʥʫʶʪʴ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʦʜʠʥ 

ʧʨʦʩʪʠʡ ʧʽʜʭʽʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʨʦʷʩʥʠʪʠ ʩʠʪʫʘʮʽʶ. ʁʜʝʪʴʩʷ ʧʨʦ ʨʽʟʥʠʮʶ 

ʤʽʞ ʧʦʣʽʥʦʤʽʘʣʴʥʠʤʠ ʽ ʝʢʩʧʦʥʝʥʪʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ [19, 26, 56]. 

ʇʦʣʽʥʦʤʽʘʣʴʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʘʙʦ ʘʣʛʦʨʠʪʤʦʤ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ 

ʥʘʟʠʚʘʻʪʴʩʷ ʘʣʛʦʨʠʪʤ, ʫ ʷʢʦʛʦ ʯʘʩʦʚʘ ʩʢʣʘʜʥʽʩʪʴ ʜʦʨʽʚʥʶʻ O(p (n)), ʜʝ p(n) ï ʜʝʷʢʘ 

ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʬʫʥʢʮʽʷ, ʘ n ï ʚʭʽʜʥʘ ʜʦʚʞʠʥʘ. 

ɸʣʛʦʨʠʪʤʠ, ʯʘʩʦʚʘ ʩʢʣʘʜʥʽʩʪʴ ʷʢʠʭ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʧʦʜʽʙʥʽʡ ʦʮʽʥʮʽ, 

ʥʘʟʠʚʘʶʪʴʩʷ ʝʢʩʧʦʥʝʥʪʥʠʤʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝ ʚʠʟʥʘʯʝʥʥʷ ʚʢʣʶʯʘʻ ʽ ʪʘʢʽ 

ʬʫʥʢʮʽʾ, ʷʢ n
logn
, ʭʦʯʘ ʚʦʥʠ ʽ ʥʝ ʻ ʧʦʣʽʥʦʤʽʘʣʴʥʠʤʠ, ʘʣʝ ʟʘʟʚʠʯʘʡ ʥʝ ʚʚʘʞʘʶʪʴʩʷ 

ʝʢʩʧʦʥʝʥʪʥʠʤʠ. ɹʽʣʴʰʽʩʪʴ ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ï ʮʝ ʧʨʦʩʪʦ ʚʘʨʽʘʥʪʠ 

ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʦʣʽʥʦʤʽʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʟʘʟʚʠʯʘʡ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʚʜʘʻʪʴʩʷ ʙʽʣʴʰ ʛʣʠʙʦʢʦ ʧʨʦʥʠʢʥʫʪʠ ʚ ʩʫʪʴ 

ʨʦʟʚ'ʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ. 

ʎʷ ʪʦʯʢʘ ʟʦʨʫ, ʱʦ ʨʦʟʨʽʟʥʷʻ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʦʣʽʥʦʤʽʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ, ʘ ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʽ, ʻ ʚʽʜʧʨʘʚʥʠʤ ʧʫʥʢʪʦʤ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʚʘʞʢʦʨʦʟʚôʷʟʫʚʘʥʠʭ ʟʘʜʘʯ ʽ ʪʝʦʨʽʾ NP-ʧʦʚʥʠʭ ʟʘʜʘʯ. 
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NP-ʧʦʚʥʘ ʟʘʜʘʯʘ ï ʚ ʪʝʦʨʽʾ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʪʝʦʨʽʾ ʩʢʣʘʜʥʦʩʪʽ ʮʝ ʟʘʜʘʯʘ, ʱʦ 

ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ NP ʪʘ ʚʩʽ ʟʘʜʘʯʽ ʟ ʢʣʘʩʫ NP ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʥʝʾ ʟʘ 

ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʯʘʩ [19].  

ʂʣʘʩ ʟʘʜʘʯ NP-ʧʦʚʥʦʪʠ, ʪʦʙʪʦ NP-ʧʦʚʥʠʭ ʟʘʜʘʯ ï ʧʦʚʥʠʭ ʜʣʷ 

ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʯʘʩʫ ï ʮʝ ʢʣʘʩ ʟʘʚʜʘʥʴ, ʥʽ ʜʣʷ ʦʜʥʽʻʾ ʟ ʷʢʠʭ ʥʝ 

ʚʜʘʣʦʩʷ ʟʥʘʡʪʠ ʘʣʛʦʨʠʪʤʫ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ [19]. 

ʋ ʮʴʦʤʫ ʢʣʘʩʽ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜʢʣʘʩ P ʟʘʜʘʯ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʟʘ ʯʘʩ, 

ʦʙʤʝʞʝʥʠʡ ʧʦʣʽʥʦʤʦʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʫʤʦʚʠ ʟʘʜʘʯʽ. ʆʯʝʚʠʜʥʦ P Ṗ NP. 

ʎʝʥʪʨʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʩʢʣʘʜʥʦʩʪʽ ʻ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝ ʯʠ 

ʩʧʽʚʧʘʜʘʶʪʴ ʢʣʘʩʠ P ̔  NP [19]. 

ʋ ʢʣʘʩʽ NP ʚʠʷʚʣʝʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ NP-ʧʦʚʥʽ ʟʘʜʘʯʽ, ʜʦ ʷʢʠʭ ʟʚʦʜʠʪʴʩʷ ʟʘ 

ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʯʘʩ ʙʫʜʴ-ʷʢʘ ʟʘʜʘʯʘ ʢʣʘʩʫ NP. ʋ ʮʴʦʤʫ ʩʝʥʩʽ NP-ʧʦʚʥʽ ʟʘʜʘʯʽ 

ʜʘʶʪʴ ʝʪʘʣʦʥ ʩʢʣʘʜʥʦʩʪʽ. 

ɿʘʜʘʯʫ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʚʘʞʢʦʨʦʟʚôʷʟʫʚʘʥʦʶ (ʩʢʣʘʜʥʦʶ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ 

ʩʝʥʩʽ), ʷʢʱʦ ʜʦ ʥʝʾ ʧʦʣʽʥʦʤʽʘʣʴʥʦ ʟʚʦʜʠʪʴʩʷ ʭʦʯʘ ʙ ʦʜʥʘ NP-ʧʦʚʥʘ ʟʘʜʘʯʘ. ʋ ʪʘʢʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʙʽʣʴʰʽʩʪʴ ʟ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʩʢʣʘʜʥʠʤʠ ʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʥʩʽ. ʆʛʣʷʜ NP-ʧʦʚʥʠʭ ʟʘʜʘʯ ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʚ [19, 22, 23, 26, 64].  

ɼʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝʚʽʜʦʤʽ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʪʦʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ 

ʧʨʦʩʪʽʰʠʭ, ʥʽʞ ʧʦʚʥʠʡ ʧʝʨʝʙʽʨ ʚʩʽʭ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚ'ʷʟʢʽʚ ʟʘʜʘʯʽ. 

ʊʦʤʫ ʻ ʩʝʥʩ ʰʫʢʘʪʠ ʧʨʦʩʪʽ ʥʘʙʣʠʞʝʥʽ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʭʦʯ ʽ ʥʝ ʜʘʶʪʴ ʪʦʯʥʦʛʦ 

ʨʦʟʚ'ʷʟʢʫ, ʘʣʝ ʤʘʶʪʴ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ. ʉʝʨʝʜ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʠʜʽʣʷʻʪʴʩʷ ʢʣʘʩ 

çʞʘʜʽʙʥʠʭè ʘʣʛʦʨʠʪʤʽʚ. 

 

https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%B0%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC%D1%96%D0%B2
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_%D0%BE%D0%B1%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D1%8C
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_NP
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1.4 ʄʝʪʦʜʠ ʧʦʰʫʢʫ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʆʩʢʽʣʴʢʠ ʟʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʫ ʧʝʚʥʦʤʫ ʩʝʥʩʽ ʯʘʩʪʢʦʚʠʤ ʚʠʧʘʜʢʦʤ ʟʘʜʘʯʽ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʨʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʢʣʘʩʪʝʨʽʚ (ʢʣʘʩʽʚ), ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʂʦʭʦʥʝʥʘ, ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ ʨʦʟʙʠʪʪʽʚ ʪʘ ʤʝʪʦʜʽ ʽʜʝʘʣʴʥʦʾ ʪʦʯʢʠ.  

ɼʘʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʘ ʢʨʠʪʝʨʽʾ. ʇʝʨʰʠʡ ʧʨʠʧʫʩʢʘʻ, ʱʦ ʚʽʨʥʝ 

ʨʦʟʙʠʪʪʷ ʥʘ ʢʣʘʩʪʝʨʠ ï ʮʝ ʨʦʟʙʠʪʪʷ ʟ ʥʘʡʙʽʣʴʰʦʶ ʯʘʩʪʦʪʦʶ, ʦʪʨʠʤʘʥʝ ʥʝʡʨʦʥʥʦʶ 

ʤʝʨʝʞʝʶ ʂʦʭʦʥʝʥʘ.  

ɿʛʽʜʥʦ ʧʝʨʰʦʤʫ ʢʨʠʪʝʨʽʶ ʧʨʦʚʦʜʠʪʴʩʷ ʩʝʨʽʷ ʟʘʧʫʩʢʽʚ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ 

ʬʦʨʤʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʨʦʟʙʠʪʪʽʚ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʩʧʨʦʙ. ɿʘ 

ʨʦʟʙʠʪʪʷʤʠ ʙʫʜʫʻʪʴʩʷ ʤʘʪʨʠʮʷ, ʜʝ ʨʷʜʢʘʤ ʚʽʜʧʦʚʽʜʘʻ ʤʥʦʞʠʥʘ ʦʙôʻʢʪʽʚ P, ʘ 

ʩʪʦʚʧʯʠʢʘʤ ï ʢʣʘʩʪʝʨʠ ʨʦʟʙʠʪʪʽʚ , 1,lQ l k= . ɽʣʝʤʝʥʪ ʤʘʪʨʠʮʽ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  
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ʜʝ 
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ʂʦʞʥʽʡ ʤʘʪʨʠʮʽ ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʛʨʘʬ. ɼʣʷ ʢʦʞʥʦʛʦ ʨʝʙʨʘ ʛʨʘʬʫ 

ʚʢʘʟʫʻʪʴʩʷ ʦʮʽʥʢʘ c(e), ʷʢ ʩʠʣʘ ʟʚôʷʟʢʫ i-ʛʦ ʚʫʟʣʘ ʟ j-ʤ, ʷʢʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʨʘʬʫ, ʚ ʷʢʦʤʫ ʩʫʤʘʨʥʘ ʦʮʽʥʢʘ 

ʨʝʙʝʨ ï ʤʘʢʩʠʤʘʣʴʥʘ. ʎʝʡ ʛʨʘʬ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʙʠʪʪʶ ʟ ʥʘʡʙʽʣʴʰʦʶ ʯʘʩʪʦʪʦʶ. 

ʗʢʱʦ ʩʠʣʘ ʟʚôʷʟʢʫ ʤʽʞ -̔ʤ ʪʘ j-ʤ ʦʙôʻʢʪʘʤʠ ʙʽʣʴʰʝ 0 ï ʾʭ ʚʽʜʥʦʩʷʪʴ ʜʦ ʦʜʥʦʛʦ 

ʢʣʘʩʪʝʨʫ, ʽʥʘʢʰʝ ï ʜʦ ʨʽʟʥʠʭ.  

ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʢʨʠʪʝʨʽʶ ʻ ʨʦʟʙʠʪʪʷ ʚʠʙʽʨʢʠ ʦʙ'ʻʢʪʽʚ ʥʘ ʷʢʦʤʦʛʘ ʤʝʥʰʝ 

ʯʠʩʣʦ ʢʣʘʩʪʝʨʽʚ, ʪʦʤʫ ʜʣʷ ʦʮʽʥʢʠ ʦʜʝʨʞʘʥʠʭ ʨʦʟʙʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʨʫʛʠʡ 

ʢʨʠʪʝʨʽʡ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʷʢ ʦʧʪʠʤʽʟʘʮʽʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ: 

 

maxi

i M

F f g
Í

=- + ä ,  (1.15) 

ʜʝ if  ï ʩʫʤʘ ʚʽʜʩʪʘʥʝʡ ʪʦʯʦʢ ʢʣʘʩʪʝʨʫ ʚʽʜ ʮʝʥʪʨʫ ʢʣʘʩʪʝʨʫ ʧʦ ʚʩʽʭ ʢʣʘʩʪʝʨʘʭ, 

1,i M= ,  

M ï ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʨʦʟʙʠʪʪʷ,  

g ï ʩʫʤʘʨʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʽʚ. 

 

ɼʘʥʠʡ ʢʨʠʪʝʨʽʡ ʜʘʻ ʟʤʦʛʫ ʟʥʘʭʦʜʠʪʠ ʨʦʟʚôʷʟʢʠ ʩʝʨʝʜ ʨʦʟʙʠʪʪʽʚ ʟ ʙʽʣʴʰʦʶ 

ʧʦʪʫʞʥʽʩʪʶ.  

ɼʣʷ ʟʚʘʞʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʦʭ ʢʨʠʪʝʨʽʾʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ʽʜʝʘʣʴʥʦʾ ʪʦʯʢʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʪʦʯʢʘ ʟ ʜʚʦʤʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ï ʥʘʡʢʨʘʱʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʦʙʦʭ ʢʨʠʪʝʨʽʾʚ. ʇʨʘʚʠʣʦ ʚʠʙʦʨʫ ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʘʣʴʪʝʨʥʘʪʠʚʠ, 

ʱʦ ʤʘʻ ʦʮʽʥʢʫ ʥʘʡʙʣʠʞʯʫ ʜʦ ʽʜʝʘʣʴʥʦʾ ʪʦʯʢʠ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʚʝʢʪʦʨʫ ʦʟʥʘʢ ʦʙôʻʢʪʫ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ʨʽʟʥʦʨʽʜʥʠʤ ʛʨʫʧʘʤ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʨʷʤʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ʄʝʪʦʜ ʧʦʙʫʜʦʚʠ ʚʝʢʪʦʨʫ ʦʟʥʘʢ ʧʦʣʷʛʘʻ ʫ ʨʝʘʣʽʟʘʮʽʾ ʜʚʦʭ ʝʪʘʧʽʚ: 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢʽʡ ʚʽʜʧʦʚʽʜʘʻ ʜʝʷʢʝ ʯʠʩʣʦ Q, ʪʘ ʧʦʙʫʜʦʚʠ ʚʝʢʪʦʨʫ 

ʦʟʥʘʢ ʦʙ'ʻʢʪʫ ʟʘ ʯʠʩʣʦʤ Q. ɼʘʥʽ ʝʪʘʧʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʚ 

ʘʣʛʦʨʠʪʤʘʭ ɸ1 ʪʘ ɸ2. 
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ʅʦʚʘ ʚʠʙʽʨʢʘ ʬʦʨʤʫʻʪʴʩʷ ʽʟ ʚʝʢʪʦʨʽʚ ʟ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʽʚ ʧʦʪʦʯʥʠʭ ʚʠʙʽʨʦʢ; ʚʽʜʧʦʚʽʜʥʘ ʾʡ ʪʦʯʢʘ ʟ ʚʽʜʨʽʟʢʫ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʪʦʯʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʦʯʥʠʤ ʚʠʙʽʨʢʘʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ɸ1 ʻ 

ʟʥʘʡʜʝʥʘ ʪʦʯʢʘ Q, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʽʡ ʚʠʙʽʨʮʽ. ʇʦʙʫʜʦʚʘ ʚʝʢʪʦʨʫ ʦʟʥʘʢ ʟʘ 

ʯʠʩʣʦʤ Q ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʘʣʛʦʨʠʪʤʽ ɸ2. 

ɼʣʷ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʙʽʣʴʰ ʥʽʞ ʥʘ ʜʚʽ ʛʨʫʧʠ, ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ɸ1 ʪʘ ɸ2. 

ɺʠʜʽʣʠʚʰʠ ʢʽʣʴʢʽʩʥʽ ʦʟʥʘʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʜʘʥʠʡ ʢʦʨʧʫʩ ʦʙ'ʻʢʪʽʚ ʪʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʠʡ ʤʝʪʦʜ, ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʰʠʨʦʢʠʡ ʢʣʘʩ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ʅʘʚʝʜʝʥʦ ʦʮʽʥʢʠ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʇʽʜ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʨʦʟʫʤʽʻʪʴʩʷ 

ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  

ʃʝʤʘ 1.1. ʅʝʭʘʡ n ï ʨʦʟʤʽʨʥʽʩʪʴ ʚʝʢʪʦʨʫ ʦʟʥʘʢ ʦʙ'ʻʢʪʫ ʦʜʥʦʝʣʝʤʝʥʪʥʦʾ 

ʚʠʙʽʨʢʠ; e ï ʟʘʜʘʥʘ ʪʦʯʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ɸ1 (ʜʦʚʞʠʥʘ ʚʽʜʨʽʟʢʫ, ʦʜʥʘ ʟ ʢʨʘʡʥʽʭ ʪʦʯʦʢ 

ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʽʡ ʚʠʙʽʨʮʽ); W ï ʢʽʣʴʢʽʩʪʴ ʚʘʛʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ 

ʥʝʡʨʦʥʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʟʩʫʚʠ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʚʠʭʽʜʥʠʭ ʥʝʡʨʦʥʽʚ. ʊʦʜʽ ʦʮʽʥʢʘ 

ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ɸ1 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʝʣʝʤʝʥʪʥʦʾ ʚʠʙʽʨʢʠ ʩʢʣʘʜʘʻ: 

2

1
log ( )N O W
e
Ö . 

ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʚʯʘʣʴʥʽ ʚʠʙʽʨʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʤʥʦʞʠʥʫ ʦʙôʻʢʪʽʚ, ʤʘʻ 

ʤʽʩʮʝ ʊʝʦʨʝʤʘ 1.1. ʅʝʭʘʡ N ï ʨʦʟʤʽʨʥʽʩʪʴ ʚʝʢʪʦʨʫ ʦʟʥʘʢ ʜʣʷ ʦʙ'ʻʢʪʽʚ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʚʠʭʽʜʥʠʡ ʦʧʠʩ ʷʢʠʭ ʟʘʜʘʻʪʴʩʷ ʛʨʫʧʘʤʠ ʦʟʥʘʢ; P ï ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ 

(ʧʨʠʢʣʘʜʽʚ) ʫ ʚʠʙʽʨʮʽ; e ï ʟʘʜʘʥʘ ʪʦʯʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ɸ1; W ï ʢʽʣʴʢʽʩʪʴ ʚʘʛʦʚʠʭ 

ʟʚ'ʷʟʢʽʚ ʤʽʞ ʥʝʡʨʦʥʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʟʩʫʚʠ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʚʠʭʽʜʥʠʭ ʥʝʡʨʦʥʽʚ. ʊʦʜʽ 

ʜʣʷ ʘʣʛʦʨʠʪʤʫ ɸ1 ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʽʥʢʘ: 2

1
log ( )N O WP
e
Ö . 
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ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ʧʨʠʢʣʘʜ ʚʠʜʫ T ï ʧʨʠʢʣʘʜ, ʜʣʷ ʷʢʦʛʦ ʚʝʢʪʦʨ ʧʦ ʦʜʥʽʡ ʟ ʛʨʫʧ 

ʦʟʥʘʢ ʥʝ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʴ, ʘ ʧʦ ʽʥʰʽʡ ʛʨʫʧʽ ʦʟʥʘʢ ʡʦʛʦ ʨʦʟʤʽʨʥʽʩʪʴ ʜʦʨʽʚʥʶʻ N 

(ʜʦʚʞʠʥʽ ʚʝʢʪʦʨʫ ï ʧʨʠʢʣʘʜʫ). ʊʦʜʽ ʜʣʷ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʫ ʚʠʙʽʨʮʽ ʦʙôʻʢʪʽʚ ʟ 

ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʛʨʫʧ ʦʟʥʘʢ ʤʘʶʪʴ ʤʽʩʮʝ: 

ʅʘʩʣʽʜʦʢ 1.1. ʅʝʭʘʡ N ï ʨʦʟʤʽʨʥʽʩʪʴ ʚʝʢʪʦʨʫ ʦʟʥʘʢ ʜʣʷ ʦʙ'ʻʢʪʽʚ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʱʦ ʚʢʣʶʯʘʻ ʦʟʥʘʢʠ ʚʩʽʭ ʛʨʫʧ, ʷʢʽ ʚʠʜʽʣʝʥʽ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ʗʢʱʦ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʽʟ P ʧʨʠʢʣʘʜʽʚ ʤʽʩʪʠʪʴ ʧʨʠʢʣʘʜ ʚʠʜʫ T, ʪʦ ʦʮʽʥʢʘ 

ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ɸ1 ʜʦʨʽʚʥʶʻ: 2

1
log ( )N O WP
e
Ö . 

ʅʘʩʣʽʜʦʢ 1.2. ʗʢʱʦ ʫ ʚʠʙʽʨʮʽ ʟ P ʧʨʠʢʣʘʜʽʚ ʻ ʧʨʠʢʣʘʜ ʚʠʜʫ T ʧʦ ʛʨʫʧʽ a ʪʘ 

ʧʨʠʢʣʘʜ ʚʠʜʫ T ʧʦ ʛʨʫʧʽ b, ʪʦ ʦʮʽʥʢʘ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ɸ1 ʩʢʣʘʜʘʻ: 

2

1
2 log ( )N O WP

e
Ö . 

ʅʘʩʣʽʜʦʢ 1.3. ʗʢʱʦ ʫ ʚʠʙʽʨʮʽ ʟ ʈ ʧʨʠʢʣʘʜʽʚ ʻ ʧʨʠʢʣʘʜ ʚʠʜʫ T ʪʘ ʧʨʠʢʣʘʜ, ʜʣʷ 

ʷʢʦʛʦ ʦʜʥʘ ʟ ʛʨʫʧ ʦʟʥʘʢ ʦʙʤʝʞʝʥʘ ʧʦ ʜʦʚʞʠʥʽ ʟʥʘʯʝʥʥʷʤ ʉ, ʪʦ ʦʮʽʥʢʘ ʩʢʣʘʜʥʦʩʪʽ 

ʜʣʷ ʘʣʛʦʨʠʪʤʫ ɸ1 ʩʢʣʘʜʘʻ: 2
1

( ) log ( )N C O WP
e

+ Ö . 

ɼʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ: 

ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ (Nearest Neighbor), ʂ-ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ (k-Nearest Neighbor) 

[1]; ʙʘʡʻʩʦʚʩʴʢʽ ʤʝʨʝʞʽ (Bayesian Networks); ʽʥʜʫʢʮʽʷ ʜʝʨʝʚ ʨʽʰʝʥʴ [19]; ʥʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ (neural networks), ʤʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ [52, 58]; ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, 

ʟʦʢʨʝʤʘ, ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ; ʢʣʘʩʠʬʽʢʘʮʽʷ cbr ï ʤʝʪʦʜʦʤ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʨʦʟʛʣʷʥʫʪʦ ʚ [58]. 

ɼʝʨʝʚʘ ʨʽʰʝʥʴ (decision trees) ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ 

ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɼʝʨʝʚʘ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʚʽʟʫʘʣʴʥʦ ʽ ʘʥʘʣʽʪʠʯʥʦ 

ʦʮʽʥʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʙʦʨʫ ʨʽʟʥʠʭ ʨʽʰʝʥʴ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʛʘʣʫʟʽ ʩʪʘʪʠʩʪʠʢʠ 

ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʣʷ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ. ɺʧʝʨʰʝ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʍʦʚʽʣʝʥʜʦʤ ʽ ʍʘʥʪʦʤ (Hoveland, Hunt) ʥʘʧʨʠʢʽʥʮʽ 50-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ.  
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ɼʝʨʝʚʘ ʨʽʰʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʢʦʣʠ ʢʦʞʥʝ ʨʽʰʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʟʫʣʴʪʘʪʫ ʧʦʧʝʨʝʜʥʽʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʙʦ ʜʝʷʢʠʭ ʟʘʜʘʥʠʭ ʫʤʦʚ, ʱʦ ʟ'ʷʚʣʷʶʪʴʩʷ ʟ ʧʝʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ. 

ɼʝʨʝʚʘ ʨʽʰʝʥʴ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴʩʷ ʜʝʨʝʚʘʤʠ ʚʠʨʽʰʘʣʴʥʠʭ ʧʨʘʚʠʣ, ʜʝʨʝʚʘʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʽ ʨʝʛʨʝʩʽʾ. ʗʢʱʦ ʟʘʣʝʞʥʘ (ʮʽʣʴʦʚʘ) ʟʤʽʥʥʘ ʧʨʠʡʤʘʻ ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ 

ï ʮʝ ʟʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʱʦ ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ʧʨʠʡʤʘʻ ʙʝʟʧʝʨʝʨʚʥʽ ʟʥʘʯʝʥʥʷ, ʪʦ 

ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʯʠʩʝʣʴʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɼʝʨʝʚʦ ʨʽʰʝʥʴ, ʧʦʜʽʙʥʦ ʡʦʛʦ çʧʨʦʪʦʪʠʧʫè ʟ ʞʠʚʦʾ ʧʨʠʨʦʜʠ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʛʽʣʦʢ ʟ ʘʪʨʠʙʫʪʘʤʠ (ʚʽʜ ʥʠʭ ʟʘʣʝʞʠʪʴ ʨʝʟʫʣʴʪʘʪ ï ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ), ʣʠʩʪʽʚ ʟʽ 

ʟʥʘʯʝʥʥʷʤʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (ʚʠʨʽʰʘʣʴʥʽ ʚʝʨʰʠʥʠ ï ʨʝʟʫʣʴʪʘʪ ʚʠʙʦʨʫ ʧʝʚʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʘʪʨʠʙʫʪʘ), ʘ ʪʘʢʦʞ ʚʫʟʣʽʚ ï ʚʠʧʘʜʢʦʚʠʭ ʚʝʨʰʠʥ, ʚ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʟ ʧʝʚʥʦʛʦ ʤʦʤʝʥʪʫ . çɿʨʦʩʪʘʻè ʜʝʨʝʚʦ ʜʦ ʪʠʭ ʧʽʨ, 

ʧʦʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʥʝ ʧʦʯʥʫʪʴ ʧʦʚʪʦʨʶʚʘʪʠʩʷ. 

ʄʝʪʦʶ ʧʨʦʮʝʩʫ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʻ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ, ʟʘ 

ʷʢʦʶ ʤʦʞʥʘ ʙʫʣʦ ʙ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʚʠʧʘʜʢʠ ʽ ʚʠʨʽʰʫʚʘʪʠ, ʷʢʽ ʟʥʘʯʝʥʥʷ ʤʦʞʝ 

ʧʨʠʡʤʘʪʠ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ, ʤʘʶʯʠ ʥʘ ʚʭʦʜʽ ʢʽʣʴʢʘ ʟʤʽʥʥʠʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ. 

ID3. ɺ ʦʩʥʦʚʽ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʣʝʞʠʪʴ ʧʦʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ ï 

ʪʦʙʪʦ, ʤʽʨʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ (ʟʚʦʨʦʪʥʽʡ ʜʦ ʤʽʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʢʦʨʠʩʥʦʩʪʽ ʚʝʣʠʯʠʥʠ). ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʡ ʘʪʨʠʙʫʪ, ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʨʘʭʫʚʘʪʠ ʝʥʪʨʦʧʽʶ ʚʩʽʭ ʥʝʚʠʢʦʨʠʩʪʘʥʠʭ ʦʟʥʘʢ ʱʦʜʦ ʪʝʩʪʦʚʠʭ ʟʨʘʟʢʽʚ ʽ ʚʠʙʨʘʪʠ 

ʪʦʡ, ʜʣʷ ʷʢʦʛʦ ʝʥʪʨʦʧʽʷ ʤʽʥʽʤʘʣʴʥʘ. ʎʝʡ ʘʪʨʠʙʫʪ ʽ ʚʚʘʞʘʪʠʤʝʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʜʦʮʽʣʴʥʦʶ ʦʟʥʘʢʦʶ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

C5. ʎʝʡ ʘʣʛʦʨʠʪʤ ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʝʪʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ, 

ʟʦʢʨʝʤʘ, çʫʩʽʢʘʪʠè ʛʽʣʢʠ ʜʝʨʝʚʘ, ʷʢʱʦ ʚʦʥʦ ʟʘʥʘʜʪʦ ʩʠʣʴʥʦ çʨʦʟʨʦʩʪʘʻʪʴʩʷè, ʘ 

ʪʘʢʦʞ ʧʨʘʮʶʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʟ ʘʪʨʠʙʫʪʘʤʠ-ʢʘʪʝʛʦʨʽʷʤʠ, ʘ ʡ ʟ ʯʠʩʣʦʚʠʤʠ. ɸʣʛʦʨʠʪʤ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʪʠʤ ʞʝ ʧʨʠʥʮʠʧʦʤ, ʱʦ ʽ ʡʦʛʦ ʧʦʧʝʨʝʜʥʠʢ; ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ 
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ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʙʠʪʪʷ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ ʥʝʟʘʣʝʞʥʦʾ ʯʠʩʣʦʚʦʾ ʟʤʽʥʥʦʾ ʥʘ ʢʽʣʴʢʘ 

ʽʥʪʝʨʚʘʣʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʙʫʜʝ ʘʪʨʠʙʫʪʦʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʚʠʭʽʜʥʘ ʤʥʦʞʠʥʘ 

ʜʽʣʠʪʴʩʷ ʥʘ ʧʽʜʤʥʦʞʠʥʠ. ɿʨʝʰʪʦʶ, ʷʢʱʦ ʜʝʨʝʚʦ ʚʠʭʦʜʠʪʴ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʤ, 

ʤʦʞʣʠʚʝ ʟʚʦʨʦʪʥʝ ʫʛʨʫʧʦʚʘʥʥʷ ï ʢʽʣʴʢʦʭ ʚʫʟʣʽʚ ʚ ʦʜʠʥ ʣʠʩʪ. ʇʨʠ ʮʴʦʤʫ, ʦʩʢʽʣʴʢʠ 

ʧʝʨʝʜ ʧʦʙʫʜʦʚʦʶ ʜʝʨʝʚʘ ʧʦʤʠʣʢʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʞʝ ʚʨʘʭʦʚʘʥʘ, ʚʦʥʘ ʥʝ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. 

CART. ɸʣʛʦʨʠʪʤ ʨʦʟʨʦʙʣʝʥʠʡ ʟ ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ ʪʘʢ ʟʚʘʥʠʭ ʙʽʥʘʨʥʠʭ ʜʝʨʝʚ 

ʨʽʰʝʥʴ ï ʪʦʙʪʦ ʪʠʭ ʜʝʨʝʚ, ʢʦʞʝʥ ʚʫʟʦʣ ʷʢʠʭ ʧʨʠ ʨʦʟʙʠʪʪʽ çʜʘʻè ʪʽʣʴʢʠ ʜʚʦʭ 

ʥʘʱʘʜʢʽʚ. ɻʨʫʙʦ ʢʘʞʫʯʠ, ʘʣʛʦʨʠʪʤ ʜʽʻ ʰʣʷʭʦʤ ʧʦʜʽʣʫ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʥʦʞʠʥʠ 

ʧʨʠʢʣʘʜʽʚ ʨʽʚʥʦ ʥʘʚʧʽʣ ï ʧʦ ʦʜʥʽʡ ʛʽʣʮʽ ʡʜʫʪʴ ʪʽ ʧʨʠʢʣʘʜʠ, ʚ ʷʢʠʭ ʧʨʘʚʠʣʦ 

ʚʠʢʦʥʫʻʪʴʩʷ (ʧʨʘʚʠʡ ʥʘʱʘʜʦʢ), ʟʘ ʽʥʰʦʶ ï ʪʽ, ʚ ʷʢʠʭ ʧʨʘʚʠʣʦ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ 

(ʣʽʚʠʡ ʥʘʱʘʜʦʢ). ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʧʨʦʮʝʩʽ çʟʨʦʩʪʘʥʥʷè ʥʘ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʜʝʨʝʚʘ 

ʘʣʛʦʨʠʪʤ ʧʨʦʚʦʜʠʪʴ ʧʝʨʝʙʽʨ ʚʩʽʭ ʘʪʨʠʙʫʪʽʚ, ʽ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʨʦʟʙʠʪʪʷ ʚʠʙʠʨʘʻ 

ʪʦʡ, ʷʢʠʡ ʤʘʢʩʠʤʽʟʫʻ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ, ʦʙʯʠʩʣʶʚʘʥʦʛʦ ʟʘ ʤʘʪʝʤʘʪʠʯʥʦʶ 

ʬʦʨʤʫʣʦʶ ʽ ʟʘʣʝʞʥʦʛʦ ʚʽʜ ʚʽʜʥʦʩʠʥ ʯʠʩʣʘ ʧʨʠʢʣʘʜʽʚ ʫ ʧʨʘʚʦʤʫ ʪʘ ʣʽʚʦʤʫ ʥʘʱʘʜʢʽʚ 

ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʨʠʢʣʘʜʽʚ. 

ɸʣʛʦʨʠʪʤʠ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚ ʨʽʰʝʥʴ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

1. ɺʠʜ ʨʦʟʛʘʣʫʞʝʥʥʷ ï ʙʽʥʘʨʥʝ (binary), ʤʥʦʞʠʥʥʝ (multi-way). 

2. ʂʨʠʪʝʨʽʾ ʨʦʟʛʘʣʫʞʝʥʥʷ ï ʝʥʪʨʦʧʽʷ, Gini, ʽʥʰʽ. 

3. ʄʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʧʨʦʧʫʱʝʥʠʭ ʟʥʘʯʝʥʴ. 

4. ʇʨʦʮʝʜʫʨʘ ʩʢʦʨʦʯʝʥʥʷ ʛʽʣʦʢ ʘʙʦ ʚʽʜʩʽʢʘʥʥʷ. 

5. ʄʦʞʣʠʚʦʩʪʽ ʚʠʪʷʛʫʚʘʥʥʷ ʧʨʘʚʠʣ ʟ ʜʝʨʝʚ. 

ɾʦʜʝʥ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʥʝ ʤʦʞʥʘ ʘʧʨʽʦʨʽ ʚʚʘʞʘʪʠ ʥʘʡʢʨʘʱʠʤ ʘʙʦ 

ʜʦʩʢʦʥʘʣʠʤ, ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʘʻ 

ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʦ ʽ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. 
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ʅʘʡʙʽʣʴʰ ʩʝʨʡʦʟʥʘ ʚʠʤʦʛʘ, ʷʢʝ ʟʘʨʘʟ ʧʨʝʜ'ʷʚʣʷʻʪʴʩʷ ʜʦ ʘʣʛʦʨʠʪʤʽʚ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʜʝʨʝʚ ʨʽʰʝʥʴ ï ʮʝ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʜʦ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʚʠʙʽʨʦʢ 

ʜʘʥʠʭ. 

ɼʝʨʝʚʘ ʧʨʠʡʥʷʪʴ ʨʽʰʝʥʴ ï ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʽ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʧʦʤʦʛʠ ʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ. ʇʦʙʫʜʦʚʘ ʜʝʨʝʚ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʻ ʥʘʦʯʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʽʥʰʠʤ ʽ ʨʦʟʽʙʨʘʪʠʩʷ ʚ ʩʪʨʫʢʪʫʨʽ ʜʘʥʠʭ, ʩʪʚʦʨʠʪʠ ʧʨʘʮʶʶʯʫ 

ʤʦʜʝʣʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʘʥʠʭ, ʷʢʠʤʠ ʙ çʚʝʣʠʢʠʤʠè ʚʦʥʠ ʥʝ ʙʫʣʠ. 

ʇʝʨʝʚʘʛʠ ʜʝʨʝʚ ʨʽʰʝʥʴ: 

1. ɯʥʪʫʾʪʠʚʥʽʩʪʴ ʜʝʨʝʚ ʨʽʰʝʥʴ. ʂʣʘʩʠʬʽʢʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 

ʜʝʨʝʚʘ ʨʽʰʝʥʴ, ʻ ʽʥʪʫʾʪʠʚʥʦʶ ʽ ʩʧʨʦʱʫʻ ʨʦʟʫʤʽʥʥʷ ʨʦʟʚ'ʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ. ʈʝʟʫʣʴʪʘʪ 

ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʜʝʨʝʚ ʨʽʰʝʥʴ, ʥʘ ʚʽʜʤʽʥʫ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ "ʯʦʨʥʽ ʷʱʠʢʠ", ʣʝʛʢʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʜʝʨʝʚ ʨʽʰʝʥʴ ʥʝ ʩʪʽʣʴʢʠ ʚʘʞʣʠʚʘ ʧʨʠ ʚʽʜʥʝʩʝʥʥʽ 

ʥʦʚʦʛʦ ʦʙ'ʻʢʪʘ ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʫ, ʘʣʝ ʡ ʢʦʨʠʩʥʘ ʧʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʤʦʜʝʣʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʮʽʣʦʤʫ. ɼʝʨʝʚʦ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʻ ʟʨʦʟʫʤʽʪʠ ʽ ʧʦʷʩʥʠʪʠ, ʯʦʤʫ 

ʢʦʥʢʨʝʪʥʠʡ ʦʙ'ʻʢʪ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʣʘʩʫ. 

2. ɼʝʨʝʚʘ ʨʽʰʝʥʴ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʧʨʘʚʠʣʘ ʟ ʙʘʟʠ ʜʘʥʠʭ 

ʧʨʠʨʦʜʥʦʶ ʤʦʚʦʶ. ʇʨʠʢʣʘʜ ʧʨʘʚʠʣʘ: ʗʢʱʦ ɺʽʢ>35 ʽ ɼʦʭʽʜ>2000, ʪʦ ʚʠʜʘʪʠ 

ʢʨʝʜʠʪ. 

3. ɼʝʨʝʚʘ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʤʦʜʝʣʽ ʚ ʪʠʭ 

ʦʙʣʘʩʪʷʭ, ʜʝ ʘʥʘʣʽʪʠʢʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʟʥʘʥʥʷ. 

4. ɸʣʛʦʨʠʪʤ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʥʝ ʚʠʤʘʛʘʻ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʙʦʨʫ 

ʚʭʽʜʥʠʭ ʘʪʨʠʙʫʪʽʚ (ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ). ʅʘ ʚʭʽʜ ʘʣʛʦʨʠʪʤʫ ʤʦʞʥʘ ʧʦʜʘʚʘʪʠ ʚʩʽ 

ʽʩʥʫʶʯʽ ʘʪʨʠʙʫʪʠ, ʘʣʛʦʨʠʪʤ ʩʘʤ ʚʠʙʝʨʝ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʽ ʩʝʨʝʜ ʥʠʭ, ʽ ʪʽʣʴʢʠ ʚʦʥʠ 

ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ. ʋ ʧʦʨʽʚʥʷʥʥʽ, ʥʘʧʨʠʢʣʘʜ, ʟ ʥʝʡʨʦʥʥʠʤʠ 

ʤʝʨʝʞʘʤʠ, ʮʝ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʨʦʙʦʪʫ, ʦʩʢʽʣʴʢʠ ʚ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞʘʭ ʚʠʙʽʨ ʢʽʣʴʢʦʩʪʽ ʚʭʽʜʥʠʭ ʘʪʨʠʙʫʪʽʚ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩ ʥʘʚʯʘʥʥʷ. 
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5. ʊʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ, ʩʪʚʦʨʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʨʝʚ ʨʽʰʝʥʴ, ʧʦʨʽʚʥʷʥʥʘ ʟ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʙʫʜʦʚʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ (ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ). 

6. ʈʦʟʨʦʙʣʝʥʦ ʨʷʜ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚ ʨʽʰʝʥʥʷ ʥʘ ʥʘʜʚʝʣʠʢʠʭ ʙʘʟʘʭ ʜʘʥʠʭ; ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʫʪ 

ʦʟʥʘʯʘʻ, ʱʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʯʠʩʣʘ ʧʨʠʢʣʘʜʽʚ ʘʙʦ ʟʘʧʠʩʽʚ ʙʘʟʠ ʜʘʥʠʭ ʯʘʩ, ʱʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʥʘʚʯʘʥʥʷ, ʪʦʙʪʦ ʧʦʙʫʜʦʚʘ ʜʝʨʝʚ ʨʽʰʝʥʴ, ʟʨʦʩʪʘʻ ʣʽʥʽʡʥʦ. 

ʇʨʠʢʣʘʜʠ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ: SLIQ, SPRINT. 

7. ʐʚʠʜʢʠʡ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ. ʅʘ ʧʦʙʫʜʦʚʫ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʜʝʨʝʚ ʨʽʰʝʥʴ ʧʦʪʨʽʙʥʦ ʟʥʘʯʥʦ ʤʝʥʰʝ ʯʘʩʫ, 

ʥʽʞ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

8. ɹʽʣʴʰʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʜʝʨʝʚ ʨʽʰʝʥʴ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʩʧʝʮʽʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʧʫʱʝʥʠʭ ʟʥʘʯʝʥʴ. 

ɹʘʛʘʪʦ ʢʣʘʩʠʯʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʠʨʽʰʫʻʪʴʩʷ 

ʟʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʪʽʣʴʢʠ ʟ ʯʠʩʣʦʚʠʤʠ ʜʘʥʠʤʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʧʨʘʮʶʶʪʴ ʽ ʟ ʯʠʩʣʦʚʠʤʠ, ʽ ʟ ʢʘʪʝʛʦʨʽʘʣʴʥʠʤʠ ʪʠʧʘʤʠ ʜʘʥʠʭ. 

ɹʘʛʘʪʦ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʻ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ, ʽ ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ 

ʟʘʟʜʘʣʝʛʽʜʴ ʤʘʪʠ ʧʝʚʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʥʘʧʨʠʢʣʘʜ, ʟʥʘʪʠ ʚʠʜ ʤʦʜʝʣʽ, ʤʘʪʠ ʛʽʧʦʪʝʟʫ 

ʧʨʦ ʚʠʜ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʤʽʥʥʠʤʠ, ʧʨʠʧʫʩʢʘʪʠ, ʷʢʠʡ ʚʠʜ ʨʦʟʧʦʜʽʣʫ ʤʘʶʪʴ ʜʘʥʽ. 

ɼʝʨʝʚʘ ʨʽʰʝʥʴ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʘʢʠʭ ʤʝʪʦʜʽʚ, ʙʫʜʫʶʪʴ ʥʝʧʘʨʘʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʟʜʘʪʥʽ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, ʚ ʷʢʠʭ ʚʽʜʩʫʪʥʷ ʘʧʨʽʦʨʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʠʜ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʜʘʥʠʤʠ. 

ʇʦʪʫʞʥʠʤ ʢʣʘʩʦʤ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʤʝʪʦʜʠ ʜʠʩʢʨʠʤʽʥʘʮʽʾ, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʚʯʘʥʥʽ. ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʨʝʜ ʤʝʪʦʜʽʚ ʜʘʥʦʾ ʛʨʫʧʠ ʟʜʦʙʫʣʠ 

ʷʜʝʨʥʽ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʝʨʰʦʶ ʢʦʥʮʝʧʮʽʻʶ ʷʜʝʨʥʦʛʦ ʧʽʜʭʦʜʫ ʩʪʘʚ 

ʤʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɺ. ɺʘʧʥʽʢʦʤ ʫ 1992 ʨ. ɺʽʥ ʦʜʝʨʞʘʚ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʨʦʟʚôʷʟʢʫ ʮʽʣʦʛʦ ʨʷʜʫ ʟʘʜʘʯ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ, 



45 

 

ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʾ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʽʥ. ʇʦʜʘʣʴʰʠʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʤʝʪʦʜʫ 

ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ, ʜʣʷ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ ʙʝʟ ʣʽʥʽʡʥʦ-ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, 

ʩʪʘʣʘ ʨʝʘʣʽʟʘʮʽʷ ʧʦʙʫʜʦʚʠ ʚʠʨʽʰʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ ʫ ʢʣʘʩʽ ʥʝʣʽʥʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɺ. ɺʘʧʥʽʢʦʤ ʪʘ ʉ. ɹʫʨʛʝʩʦʤ ʫ 1995 ʨ. ɸʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʩʝʨʝʜ 

ʤʝʪʦʜʽʚ ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʦʪʨʠʤʘʚ ɹʘʡʻʩʦʚʩʴʢʠʡ ʧʽʜʭʽʜ, ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ, ʟʘʜʘʥʠʭ ʥʘʙʦʨʦʤ ʘʪʨʠʙʫʪʽʚ. 

ʄʦʜʠʬʽʢʘʮʽʻʶ ɹʘʡʻʩʦʚʩʴʢʦʛʦ ʧʽʜʭʦʜʫ ʩʪʘʣʠ ʙʘʡʻʩʦʚʩʴʢʽ ʤʝʨʝʞʽ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ 

ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʥʝʧʨʘʚʦʤʽʨʥʽʩʪʶ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʫʤʦʚʥʫ 

ʥʝʟʘʣʝʞʥʽʩʪʴ ʘʪʨʠʙʫʪʽʚ ʦʙôʻʢʪʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʘʚʠʣʘ ɹʘʡʻʩʘ.  

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʤʝʪʦʜʘʤ ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʻ ʤʝʪʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʦʙʯʠʩʣʝʥʥʽ ʚʽʜʩʪʘʥʝʡ: ʤʝʪʦʜ k-ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ, ʤʝʪʦʜ ʤʽʨʢʫʚʘʥʥʷ ʟʘ 

ʘʥʘʣʦʛʽʻʶ (Case Based Reasoning, CBR), ʢʣʘʩʠʬʽʢʘʪʦʨ ʈʦʰʝ. ɺʦʥʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʬʘʟʠ ʥʘʚʯʘʥʥʷ ʪʘ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʤʝʪʦʜʽʚ, ʨʦʙʦʪʘ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʟʙʝʨʝʞʝʥʥʽ ʜʘʥʠʭ ʫ ʧʘʤôʷʪʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ.  

ʅʝʧʘʨʘʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘ ʤʽʨʦʶ ʩʭʦʞʦʩʪʽ ʟ ʝʪʘʣʦʥʥʠʤʠ 

ʢʣʘʩʘʤʠ ʜʽʶʪʴ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ.  

1.  ʆʙʯʠʩʣʶʻʤʦ ʩʧʝʮʽʘʣʴʥʫ ʬʫʥʢʮʽʶ ï ʤʽʨʫ ʩʭʦʞʦʩʪʽ jd( X , )P  ʤʽʞ ʦʙôʻʢʪʦʤ X ʽ 

ʢʣʘʩʦʤ j .P  ɿʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʬʫʥʢʮʽʾ ʩʭʦʞʦʩʪʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʘʢʽ ʬʫʥʢʮʽʾ ʩʭʦʞʦʩʪʽ: 

ʬʫʥʢʮʽʷ ʤʽʨʠ ʙʣʠʟʴʢʦʩʪʽ 

1

ʌʄɹ ; 1 2

j

i j

/ n

j i
X ÎP

d (X,P ) d(X,X ) j , , ..., K .
è ø
= =Ôé ù
ê ú  

ʚʽʜʩʪʘʥʴ ʜʦ ʮʝʥʪʨʘ ,c i E id ( X , ) d ( X , )P = m ʜʝ E id ( X , )m ï ʝʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ, imï ʚʝʢʪʦʨ 

ʩʝʨʝʜʥʽʭ ʢʣʘʩʫ ;iP  

ʧʦʪʝʥʮʽʘʣʴʥʘ ʬʫʥʢʮʽʷ 

1
,

j i

i j
X

i

d ( X , ) d ( X ,X )
n

P P
ÍP

P = ä

 ʜʝ 
1

21j E i jd ( X ,X ) d ( X ,X ) ,
-

P
è ø= +aê ú 0.a>  

ʚʽʜʩʪʘʥʴ ʄʘʭʘʣʘʥʦʙʽʩʘ 
1 ,

T
iM i i id ( X , ) ( X ) ( X )-P = -m -mä  ʜʝ im ʽ i-ä ʚʽʜʧʦʚʽʜʥʦ ʚʝʢʪʦʨ 

ʩʝʨʝʜʥʽʭ ʽ ʢʦʚʘʨʽʘʮʽʡʥʘ ʤʘʪʨʠʮʷ ʢʣʘʩʫ i .P  
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2.  ʆʙôʻʢʪ X ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ,iP  ʷʢʱʦ , , , 1, 2, ..., ,i jd( X , ) d( X , ) i j i j KP < P ¸ =  ʜʣʷ 

ʬʫʥʢʮʽʡ , , ʌʄɹ M Cd d d  ʽ , , , ¹ , , 1, 2, , ,i jd(X P )> d(X P ) i j i j ... K=  ʜʣʷ ʬʫʥʢʮʽʾ dP. 

 

1.5 ʅʝʚʠʨʽʰʝʥʽ ʧʨʦʙʣʝʤʠ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʊʠʧʠ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʦʙʨʘʥʠʭ ʦʟʥʘʢ, ʾʭ ʧʦʻʜʥʘʥʥʷ ʽ ʧʨʦʮʝʜʫʨʠ ʨʦʟʧʦʜʽʣʫ ʧʦʥʷʪʴ, 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʦʞʝ ʙʫʪʠ: 

1) ʧʨʦʩʪʦʶ ï ʨʦʟʧʦʜʽʣ ʨʦʜʦʚʦʛʦ ʧʦʥʷʪʪʷ ʪʽʣʴʢʠ ʟʘ ʦʟʥʘʢʦʶ ʽ ʪʽʣʴʢʠ ʦʜʠʥ ʨʘʟ 

ʜʦ ʨʦʟʢʨʠʪʪʷ ʚʩʽʭ ʚʠʜʽʚ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʜʠʭʦʪʦʤʽʷ, ʧʨʠ ʷʢʽʡ 

ʯʣʝʥʘʤʠ ʧʦʜʽʣʫ ʙʫʚʘʶʪʴ ʪʽʣʴʢʠ ʜʚʘ ʧʦʥʷʪʪʷ, ʢʦʞʥʝ ʟ ʷʢʠʭ ʩʫʧʝʨʝʯʠʪʴ ʽʥʰʦʤʫ 

(ʪʦʙʪʦ ʜʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠʥʮʠʧ: çɸ ʽ ʥʝ ɸè); 

2) ʩʢʣʘʜʥʦʶ ï ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʜʽʣʫ ʦʜʥʦʛʦ ʧʦʥʷʪʪʷ ʟʘ ʨʽʟʥʠʤʠ 

ʦʩʥʦʚʘʤʠ ʽ ʩʠʥʪʝʟʫ ʪʘʢʠʭ ʧʨʦʩʪʠʭ ʜʽʣʝʥʴ ʚ ʻʜʠʥʝ ʮʽʣʝ. 

ʈʦʟʨʽʟʥʷʶʪʴ: 

ī ʜʦʧʦʤʽʞʥʫ (ʰʪʫʯʥʫ) ʢʣʘʩʠʬʽʢʘʮʽʶ, ʷʢʘ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟʘ ʟʦʚʥʽʰʥʴʦʶ 

ʦʟʥʘʢʦʶ ʽ ʩʣʫʞʠʪʴ ʜʣʷ ʥʘʜʘʥʥʷ ʤʥʦʞʠʥʽ ʧʨʝʜʤʝʪʽʚ (ʧʨʦʮʝʩʽʚ, ʷʚʠʱ) ʧʦʪʨʽʙʥʦʛʦ 

ʧʦʨʷʜʢʫ; 

ī ʧʨʠʨʦʜʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʷʢʘ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟʘ ʽʩʪʦʪʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʥʫʪʨʽʰʥʶ ʩʧʽʣʴʥʽʩʪʴ ʧʨʝʜʤʝʪʽʚ ʽ ʷʚʠʱ. ɺʦʥʘ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʽ 

ʚʘʞʣʠʚʠʤ ʟʘʩʦʙʦʤ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʦʤʫ ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʽ ʟʘʢʨʽʧʣʶʻ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʦʙ'ʻʢʪʽʚ, ʱʦ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ. 

ʅʘʚʝʜʝʤʦ ʜʝʢʽʣʴʢʘ ʘʢʪʫʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ ʥʝʚʠʨʽʰʝʥʠʭ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʘʮʽʾ (ʪʘʙʣ. 1.1).  

ʊʘʙʣʠʮʷ 1.1 ï ʅʝʚʠʨʽʰʝʥʽ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 ̄ ʅʘʟʚʘ ʟʘʜʘʯʽ ʄʝʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʆʧʠʩ ʟʘʜʘʯʽ ʪʘ ʾʾ ʚʠʨʽʰʝʥʥʷ 

1 ʉʧʘʤ 

ʝʣʝʢʪʨʦʥʥʦʶ 

ɺʠʟʥʘʯʠʪʠ, ʯʠ ʻ 

ʝʣʝʢʪʨʦʥʥʠʡ ʣʠʩʪ 

ʩʧʘʤʦʤ ʽ ʯʠ ʧʦʚʠʥʝʥ ʚʽʥ 

ʄʝʪʦʜ, ʷʢʠʡ ʪʫʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʩʣʽʚ ʪʘ 

ʨʦʟʜʽʣʦʚʠʭ ʟʥʘʢʽʚ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʧʦʚʽʜʦʤʣʝʥʥʷʭ. 
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 ̄ ʅʘʟʚʘ ʟʘʜʘʯʽ ʄʝʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʆʧʠʩ ʟʘʜʘʯʽ ʪʘ ʾʾ ʚʠʨʽʰʝʥʥʷ 

ʧʦʰʪʦʶ ʙʫʪʠ ʜʦʩʪʘʚʣʝʥʠʡ ʫ 

ʧʘʧʢʫ çʅʝʙʘʞʘʥʘ 

ʧʦʰʪʘè 

ʅʘʙʽʨ ʽʟ 57 ʪʘʢʠʭ ʩʣʽʚ ʽ ʨʦʟʜʽʣʦʚʠʭ ʟʥʘʢʽʚ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʙʠʨʘʶʪʴ ʜʦʩʣʽʜʥʠʢʠ. 

2 ʈʦʟʧʽʟʥʘʚʘʥʥʷ 

ʨʫʢʦʧʠʩʥʠʭ 

ʮʠʬʨ 

ɯʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ 

ʦʜʥʦʟʥʘʯʥʠʭ ʮʠʬʨ 0 - 9. 

ɼʣʷ ʢʦʤʧ'ʶʪʝʨʘ ʟʦʙʨʘʞʝʥʥʷ ʻ ʤʘʪʨʠʮʝʶ, ʽ ʢʦʞʝʥ 

ʧʽʢʩʝʣʴ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʟʘʧʠʩʫ ʚ 

ʤʘʪʨʠʮʽ. ʂʦʞʝʥ ʟʘʧʠʩ ʻ ʮʽʣʠʤ ʯʠʩʣʦʤ, ʱʦ 

ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʚʽʜ 0 

(ʯʦʨʥʠʡ) ʜʦ 255 (ʙʽʣʠʡ). ʆʪʞʝ, ʥʝʦʙʨʦʙʣʝʥʽ ʜʘʥʽ 

ʤʦʞʥʘ ʧʦʜʘʚʘʪʠ ʥʘ ʢʦʤʧ'ʶʪʝʨ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʝʟ 

ʚʠʣʫʯʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʬʫʥʢʮʽʡ. ʄʘʪʨʠʮʶ 

ʟʦʙʨʘʞʝʥʴ ʩʢʘʥʫʚʘʣʠ ʨʷʜʦʤ ʟʘ ʨʷʜʢʘʤʠ, ʘ ʧʦʪʽʤ 

ʨʦʟʪʘʰʦʚʫʚʘʣʠ ʫ ʚʝʣʠʢʠʡ 256-ʤʽʨʥʠʡ ʚʝʢʪʦʨ. ʎʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʚʭʽʜ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ. 

3 ʉʝʛʤʝʥʪʘʮʽʷ 

ʟʦʙʨʘʞʝʥʴ 

ɯʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʫ 

ʧʨʠʨʦʜʥʠʭ ʯʠ 

ʪʝʭʥʦʛʝʥʥʠʭ ʨʝʛʽʦʥʘʭ 

ʎʽ ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ 512 Ĭ 512 ʧʽʢʩʝʣʽʚ ʽ ʟʥʦʚʫ ʞ 

ʪʘʢʠ ʪʦʤʫ, ʱʦ ʮʝ ʟʦʙʨʘʞʝʥʥʷ ʚ ʤʘʩʰʪʘʙʘʭ ʩʽʨʦʛʦ, 

ʤʠ ʤʦʞʝʤʦ ʧʨʝʜʩʪʘʚʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʩʝʣʽʚ 

ʮʠʬʨʘʤʠ ʚʽʜ 0 ʜʦ 255. ʫ ʮʽʡ ʧʨʦʙʣʝʤʽ ʥʝʦʙʭʽʜʥʝ 
ʚʠʣʫʯʝʥʥʷ ʬʫʥʢʮʽʾ. ʉʪʘʥʜʘʨʪʥʠʡ ʤʝʪʦʜ ʚʠʣʫʯʝʥʥʷ 

ʬʫʥʢʮʽʡ ʫ ʧʨʦʙʣʝʤʽ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ - 

ʨʦʟʜʽʣʠʪʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʙʣʦʢʠ ʧʽʢʩʝʣʽʚ ʘʙʦ 

ʩʬʦʨʤʫʚʘʪʠ ʦʢʦʣʠ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ.  

4 ʈʦʟʧʽʟʥʘʚʘʥʥʷ 

ʤʦʚʣʝʥʥʷ 

ɯʜʝʥʪʠʬʽʢʫʚʘʪʠ ʛʦʣʦʩ ʪʘ 

ʩʣʦʚʘ ʫ ʩʤʘʨʪʬʦʥʽ, 

ʦʭʦʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʪʦʱʦ 

ʅʝʦʙʭʽʜʥʽ ʜʘʥʽ ʚʢʣʶʯʘʶʪʴ ʚʠʙʽʨʢʫ ʘʤʧʣʽʪʫʜʠ 

ʛʦʣʦʩʫ ʚ ʜʠʩʢʨʝʪʥʠʭ ʯʘʩʦʚʠʭ ʪʦʯʢʘʭ (ʯʘʩʦʚʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʬʦʨʤʘʭ ʭʚʠʣʴ. ʋ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʦʜʥʘ ʘʙʦ ʢʽʣʴʢʘ ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ 

ʯʘʩʪʦʪʘ. ʄʦʚʥʠʡ ʩʠʛʥʘʣ ʧʦ ʩʫʪʽ ʩʪʘʻ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʚʝʢʪʦʨʽʚ ʯʘʩʪʦʪʠ.  

5 ʆʧʠʩ 

ʤʽʢʨʦʤʘʪʨʠʮʽ 

ʝʢʩʧʨʝʩʽʾ ɼʅʂ 

ɺʠʷʚʠʪʠ ʪʠʧʠ 

ʟʘʭʚʦʨʶʚʘʥʴ ʘʙʦ ʪʢʘʥʠʥ 

ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʽʚ 

ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ 

ɼʣʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ, ʚʟʷʪʦʛʦ ʟ ʪʢʘʥʠʥʠ ʧʝʚʥʦʛʦ 

ʪʠʧʫ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʚʠʤʽʨʶʻʪʴʩʷ ʨʽʚʝʥʴ ʝʢʩʧʨʝʩʽʾ 

ʜʫʞʝ ʚʝʣʠʢʦʾ ʢʦʣʝʢʮʽʾ ʛʝʥʽʚ. ɺʭʽʜʥʽ ʜʘʥʽ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʜʘʥʠʭ.  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ ʚʠʥʠʢʘʻ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʣʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, 

ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʣʦʛʽʩʪʠʢʠ, ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʪʦʱʦ. ʅʘ 

ʞʘʣʴ, ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢ ʽ ʙʽʣʴʰʽʩʪʴ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʻ NP-ʚʘʞʢʦʶ. 

ɼʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ: 

ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, ʂ-ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ; ʙʘʡʻʩʦʚʩʴʢʽ ʤʝʨʝʞʽ; ʽʥʜʫʢʮʽʷ ʜʝʨʝʚ 

ʨʽʰʝʥʴ; ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ; ʤʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ; ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ, 

ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ; ʢʣʘʩʠʬʽʢʘʮʽʷ cbr ï ʤʝʪʦʜʦʤ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ. 

ʅʘ ʨʘʟʽ ʟʘʣʠʰʠʣʦʩʷ ʙʘʛʘʪʦ ʧʨʠʢʣʘʜʥʠʭ ʥʝʚʠʨʽʰʝʥʠʭ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʟʦʢʨʝʤʘ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʧʘʤʫ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ, ʟʦʙʨʘʞʝʥʴ ʪʘ ʤʦʚʣʝʥʥʷ ʚ ʷʢʦʩʪʽ 

ʮʠʬʨʦʚʦʛʦ ʧʘʨʦʣʶ, ʦʧʠʩ ʤʽʢʨʦʤʘʪʨʠʮʽ ɼʅʂ ʪʦʱʦ. 
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ʈʆɿɼɯʃ 2. ɼʀʉʂʈɽʊʅɯ ɿɸɼɸʏɯ ʂʃɸʉʀʌɯʂɸʎɯɰ. ɸʃɻʆʈʀʊʄʀ ʅɸ 

ʆʉʅʆɺɯ ʄɽʊɸɽɺʈʀʉʊʀʂ 

 

 

2.1 ɿʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʜʠʩʢʨʝʪʥʽʡ ʤʥʦʞʠʥʽ 

 

ʆʩʥʦʚʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʩʴʦʛʦʜʥʽ ʟʘʚʜʘʥʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʻ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʥʘ ʜʠʩʢʨʝʪʥʽʡ ʤʥʦʞʠʥʽ. 

ʂʣʘʩʪʝʨʠʟʘʮʽʷ ï ʦʙôʻʜʥʘʥʥʷ ʚ ʛʨʫʧʠ ʩʭʦʞʠʭ ʦʙôʻʢʪʽʚ ï ʦʜʥʝ ʟ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʫ ʛʘʣʫʟʽ Data Mining. ʉʧʠʩʦʢ ʧʨʠʢʣʘʜʥʠʭ ʛʘʣʫʟʝʡ, ʜʝ 

ʚʦʥʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʻ ʜʦʩʠʪʴ ʰʠʨʦʢʠʤ: ʩʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʴ, ʤʘʨʢʝʪʠʥʛ, 

ʤʝʜʠʮʠʥʘ, ʘʥʘʣʽʟ ʪʝʢʩʪʽʚ ʪʦʱʦ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʯʘʩʪʦ ʚʠʩʪʫʧʘʻ 

ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʚ ʘʥʘʣʽʟʽ ʜʘʥʠʭ [11]. 

ɿʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ ʟʘ ʜʝʷʢʠʤ ʧʨʠʥʮʠʧʦʤ ʥʘ 

ʦʩʥʦʚʽ ʤʥʦʞʠʥʠ ʦʙôʻʢʪʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢʽ ʤʘʶʪʴ ʧʦʜʽʙʥʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ 

ʦʟʥʘʢʠ, ʪʘ ʟʘʨʘʭʫʚʘʥʥʷ ʥʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʦ ʦʜʥʦʛʦ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʭ ʢʣʘʩʽʚ.  

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʜʠʩʢʨʝʪʥʽʡ ʤʥʦʞʠʥʽ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ 

ʥʘ ʪʘʢʽ ʧʠʪʘʥʥʷ. 

1. ɼʦʩʠʪʴ ʯʘʩʪʦ ʦʙôʻʢʪʠ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʦʟʥʘʢ, ʧʨʠʯʦʤʫ ʜʝʷʢʽ ʦʟʥʘʢʠ ʥʝ ʥʝʩʫʪʴ ʟʥʘʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ 

ʣʠʰʝ ʟʙʽʣʴʰʫʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ʜʘʥʠʭ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʽʚ, ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʫ ʚʝʣʠʢʦʤʫ ʦʙʩʷʟʽ ʧʘʤôʷʪʽ ʪʘ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ, ʱʦ ʨʦʙʠʪʴ 

ʜʝʷʢʽ ʤʝʪʦʜʠ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʪʘʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʩʘʤ ʦʙʠʨʘʪʠ ʦʟʥʘʢʠ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʟʥʘʥʥʷ ʧʨʝʜʤʝʪʘ, 

ʚʣʘʩʥʽ ʧʨʠʧʫʱʝʥʥʷ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

2. ʗʢʱʦ ʦʟʥʘʢʠ ʦʙôʻʢʪʽʚ ʚʠʤʽʨʶʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʦʜʠʥʠʮʷʭ ʘʙʦ ʩʠʣʴʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤʠ, ʜʦʮʽʣʴʥʦ ʟʚʝʩʪʠ ʾʭ ʜʦ ʻʜʠʥʦʛʦ ʤʘʩʰʪʘʙʫ. ʅʘʡʙʽʣʴʰʝ 
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ʚʞʠʚʘʥʦʶ ʟ ʪʘʢʠʭ ʧʨʦʮʝʜʫʨ ʻ ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ [11]. ʅʦʚʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  
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ʅʘʚʝʜʝʤʦ ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪʤʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʨʠʩ. 2.1. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.1. ʉʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʫ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

 

2.2 ɿʚ'ʷʟʦʢ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟ ʟʘʜʘʯʝʶ ʧʦʢʨʠʪʪʷ ʛʨʘʬʽʚ 

 

ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ, ʱʦ ʟʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʩʚʦʻʾ ʩʫʪʪʶ ʩʭʦʞʘ ʥʘ ʟʘʜʘʯʫ 

ʧʦʢʨʠʪʪʷ ʛʨʘʬʽʚ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʛʨʘʬʦʚʠʡ ʘʜʘʧʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ 

 

 

 

ʄʥʦʞʠʥʘ 

ʢʣʘʩʽʚ 

ʇʦʙʫʜʦʚʘ ʤʦʜʝʣʽ: 

ʙʘʡʻʩʽʚʩʴʢʝ ʢʣʘʩʠʬʽʢʘʮʽʡʥʝ 

ʧʨʘʚʠʣʦ; 

ʤʝʪʦʜ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ; 
ʣʽʥʽʡʥʘ ʜʠʩʢʨʠʤʽʥʘʥʪʥʘ 

ʬʫʥʢʮʽʷ; 

ʢʚʘʜʨʘʪʠʯʥʘ ʜʠʩʢʨʠʤʽʥʘʥʪʥʘ 

ʬʫʥʢʮʽʷ; 

ʬʫʥʢʮʽʷ ʤʽʨʠ ʙʣʠʟʴʢʦʩʪʽ; 
ʬʫʥʢʮʽʷ ʄʘʭʘʣʘʥʦʙʽʩʘ; 
ʚʽʜʩʪʘʥʴ ʜʦ çʮʝʥʪʨʽʚ 

ʢʣʘʩʪʝʨʽʚè; 
ʧʦʪʝʥʮʽʘʣʴʥʘ ʬʫʥʢʮʽʷ; 

ʽʥʰʽ ʤʝʪʦʜʠ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ʇʝʨʝʚʽʨʢʘ ʷʢʦʩʪʽ  
ʤʦʜʝʣʽ ï ʧʽʜʨʘʭʫʥʦʢ  

ʽʤʦʚʽʨʥʦʩʪʽ 

ʧʦʤʠʣʢʠ 

ɺʠʙʽʨ ʥʘʡʢʨʘʱʦʾ 

ʤʦʜʝʣʽ 

ʂʣʘʩʠʬʽʢʘʮʽʷ 

ʥʦʚʠʭ ʦʙôʻʢʪʽʚ  
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ʢʽʣʴʢʦʩʪʽ ʪʘ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ (ʢʣʘʩʽʚ) ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ [4]. ʉʭʝʤʘ 

ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.2. 

 

 

ʈʠʩ. 2.2. ʉʭʝʤʘ ʨʦʙʦʪʠ ʛʨʘʬʦʚʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʢʽʣʴʢʦʩʪʽ 

ʪʘ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ 

 

ʇʘʨʘʤʝʪʨ a ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ. ʇʘʨʘʤʝʪʨ ʊ ʟʘʜʘʻ 

ʧʦʨʦʛʦʚʫ ʚʝʣʠʯʠʥʫ. 

ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʥʦʞʠʥʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʦʙ'ʻʢʪʽʚ ʚ d-ʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʤʘʪʨʠʮʷ ʝʚʢʣʽʜʦʚʠʭ ʚʽʜʩʪʘʥʝʡ [ ]nmL l= , ʜʝ ij i jl X X= - , 

1, , 1,i n j m= = . 

ɸʣʛʦʨʠʪʤ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʫʟʣʠ ʛʨʘʬʫ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʤʝʞʽ 

ʢʣʘʩʪʝʨʥʠʭ ʦʙʣʘʩʪʝʡ, ʦʪʨʠʤʫʶʪʴ ʥʝʜʦʜʘʪʥʶ ʘʢʪʠʚʥʽʩʪʴ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ 

ʧʦʜʘʣʴʰʠʭ ʽʪʝʨʘʮʽʷʭ. ɯʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʟʙʽʛʘʻʪʴʩʷ ʜʦ ʪʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʢʦʣʠ ʚ 

ʢʦʞʥʽʡ ʦʙʣʘʩʪʽ ʢʣʘʩʪʝʨʘ ʟʘʣʠʰʘʻʪʴʩʷ ʣʠʰʝ ʦʜʠʥ ʘʢʪʠʚʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʦʙʨʘʟ ï 

ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ. ʇʨʦʪʝ ʤʦʞʣʠʚʠʡ ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ, ʢʦʣʠ ʚʠʥʠʢʘʶʪʴ 

ʟʛʫʩʪʢʠ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ (ʢʽʣʴʢʘ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ ʚ ʦʜʥʽʡ ʦʙʣʘʩʪʽ). ʇʨʠ ʮʴʦʤʫ 

ʯʠʩʣʦ ʚʫʟʣʽʚ ʟ ʧʦʟʠʪʠʚʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ɼʣʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ 
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ʨʦʟʨʦʙʣʝʥʦ ʙʣʦʢ ʘʜʘʧʪʘʮʽʾ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʢʦʨʝʢʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʢʦʨʝʢʪʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʘʣʛʦʨʠʪʤʫ ʽ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ʈʦʙʦʪʘ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʥʘʥʥʽ ʪʘʢʠʭ ʢʨʦʢʽʚ: 

ʂʨʦʢ 1. ɺʠʟʥʘʯʠʪʠ ʧʦʯʘʪʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʛʨʘʬʘ  

 

,n D r n= =,      (2.2) 

ʜʝ D  ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ D. 

 

ʂʨʦʢ 2. ɺʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ ʚʫʟʣʽʚ ʛʨʘʬʘ 

 

{}max max , , 1,ijl l i j n= = .     (2.3) 

 

ʂʨʦʢ 3. ɺʠʟʥʘʯʠʪʠ ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʘʣʛʦʨʠʪʤʫ 

 

max
max

0,1
0,5, , 0,1 , , 0

2

l
T T T q m qa= = D = = =,   (2.4) 

ʜʝ m ï ʥʘʧʝʨʝʜ ʟʘʜʘʥʝ ʥʘʪʫʨʘʣʴʥʝ ʯʠʩʣʦ. 

 

ʂʨʦʢ 4. ɺʠʟʥʘʯʠʪʠ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ 

 

2

2
,

0,

ij

ijij

ij

T
l T

l Tw

l T

ë
¢î

+=ì
î ²í

,      (2.5) 

ʜʝ , 1,i j n= . 

 

ʂʨʦʢ 5. ɺʠʟʥʘʯʠʪʠ ʧʦʯʘʪʢʦʚʽ ʘʢʪʠʚʥʦʩʪʽ ʚʫʟʣʽʚ ʛʨʘʬʘ 
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1

(0) , , 1,
n

i ij

j

s w i j n
=

= =ä .     (2.6) 

 

ʂʨʦʢ 6. ɺʩʪʘʥʦʚʠʪʠ ʽʥʜʝʢʩ ʽʪʝʨʘʮʽʾ k = 0. 

ʂʨʦʢ 7. ɺʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʘʢʪʠʚʥʦʩʪʝʡ ʚʫʟʣʽʚ ʛʨʘʬʘ 

 

.    (2.7) 

 

ʂʨʦʢ 8. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʛʨʘʬʘ, ʜʣʷ ʢʦʪʨʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

( 1) 0, 1,is k i r+ ¢ =, ʽ ʧʨʠʩʚʦʾʪʠ ʟʤʽʥʥʽʡ p. 

ʂʨʦʢ 9. ɿʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʛʨʘʬʘ 

 

1r r p= - ,      (2.8) 

 

ʚʧʦʨʷʜʢʫʚʘʪʠ ʤʥʦʞʠʥʫ ʽʥʜʝʢʩʽʚ ʘʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʛʨʘʬʘ, ʚʨʘʭʦʚʫʶʯʠ ʽʥʜʝʢʩʠ 

ʚʠʜʘʣʝʥʠʭ ʚʫʟʣʽʚ. 

ʂʨʦʢ 10. ʗʢʱʦ 1r r= , ʪʦʜʽ ʧʝʨʝʭʽʜ ʥʘ ʢʨʦʢ 11, ʽʥʘʢʰʝ 1, 1r r k k= = + ʽ ʧʝʨʝʭʽʜ ʥʘ 

ʢʨʦʢ 7. 

ʂʨʦʢ 11. ʆʙʯʠʩʣʠʪʠ ʚʽʜʩʪʘʥʽ ʤʽʞ ʪʦʯʢʘʤʠ ʘʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʛʨʘʬʘ 

 

, , 1,ij i jl X X i j n= - = .     (2.9) 

 

ʂʨʦʢ 12. ʆʙʯʠʩʣʠʪʠ ʤʽʥʽʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ ʘʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʛʨʘʬʘ 

 

min min{ , 1, }ijl l i j r= = .     (2.10) 
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ʂʨʦʢ 13. ʗʢʱʦ min max max0,5 ,l l q q< ¢ , ʪʦʜʽ , , 1T T T r n q q= +D = = + ʽ ʧʝʨʝʭʽʜ ʥʘ 

ʢʨʦʢ 4, ʽʥʘʢʰʝ ï ɿʋʇʀʅʂɸ. 

ʇʘʨʘʤʝʪʨ (0;1)aÍ . ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʤ ʻ ʟʥʘʯʝʥʥʷ 0,5a= , ʘ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʝ ʟʥʘʯʝʥʥʷ T ʩʪʘʥʦʚʠʪʴ 

0,1max{ }
, , 1,

2

ijl
T i j n= = .  

 

2.3. ʇʽʜʭʦʜʠ ʜʦ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʝʚʨʠʩʪʠʢ 

 

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʜʠʩʢʨʝʪʥʠʭ ʤʥʦʞʠʥʘʭ ʤʘʶʪʴ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʘʛ. ɿʦʢʨʝʤʘ, ʚʦʥʠ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʝʣʽʥʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ, 

ʥʝʧʦʜʽʣʴʥʽʩʪʴ ʦʙ'ʻʢʪʽʚ, ʚʨʘʭʦʚʫʶʪʴ ʣʦʛʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʘ ʪʘʢʦʞ 

çʷʢʽʩʥʽè ʚʠʤʦʛʠ. ɸʣʝ ʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʙʘʛʘʪʦ ʦʙʤʝʞʝʥʴ, ʷʢʽ 

ʫʩʢʣʘʜʥʶʶʪʴ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʚʽʜʦʤʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʊʦʤʫ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʻ 

ʚʠʧʨʘʚʜʘʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʝʚʨʠʩʪʠʢ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʪʝ, ʱʦ ʦʪʨʠʤʘʪʠ ʙʫʜʴ-ʷʢʽ 

ʛʘʨʘʥʪʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. ʆʜʥʘʢ 

ʧʨʠʢʣʘʜ ʞʠʚʦʾ ʧʨʠʨʦʜʠ ʧʦʢʘʟʫʻ, ʱʦ ʧʦʜʽʙʥʽ ʤʦʜʝʣʽ ʤʽʩʪʷʪʴ ʫ ʩʦʙʽ ʧʝʚʥʫ 

çʨʦʜʟʠʥʢʫè ï ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʫʞʝ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ. ʉʘʤʝ ʪʦʤʫ ʽʥʪʝʨʝʩ ʜʦ 

ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʩʣʘʙʰʘʻ ʽ ʚ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ ʚʘʨʪʦ 

ʦʯʽʢʫʚʘʪʠ ʣʠʰʝ ʘʢʪʠʚʽʟʘʮʽʾ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʇʝʨʝʚʘʛʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ: 

- ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ. ʌʘʢʪʠʯʥʦ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʧʦʙʫʜʫʚʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʜʦʩʪʘʪʥʴʦ ʫʷʚʠʪʠ ʧʨʦʩʪʽʨ ʜʦʧʫʩʪʠʤʠʭ 

ʨʽʰʝʥʴ ʚ ʷʢʦʤʫ-ʥʝʙʫʜʴ ʩʪʘʥʜʘʨʪʥʦʤʫ ʢʦʜʫʚʘʥʥʽ;  
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- ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʤʦʜʝʣʽ. ʊʘʢʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʨʘʢʪʠʯʥʦ 

ʜʣʷ ʙʫʜʴ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ;  

- ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʩʪʚʦʨʶʚʘʪʠ 

ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ; 

- ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ;  

- ʤʦʞʣʠʚʽʩʪʴ ʚʝʩʪʠ ʧʦʰʫʢ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ ʥʘ ʚʩʴʦʤʫ ʧʨʦʩʪʦʨʽ 

ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ.  

ɺʠʜʽʣʷʶʪʴ ʜʝʚ'ʷʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʝʚʨʠʩʪʠʢ [39]: 

1. ʄʝʪʘʝʚʨʠʩʪʠʢʘ ʻ ʩʪʨʘʪʝʛʽʻʶ, ʷʢʘ ʫʧʨʘʚʣʷʻ ʧʨʦʮʝʩʦʤ ʧʦʰʫʢʫ. 

2. ʄʝʪʦʶ ʤʝʪʘʝʚʨʠʩʪʠʢʠ ʻ ʝʬʝʢʪʠʚʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ (ʩʫʙ)ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 

3. ʄʝʪʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʧʨʦʩʪʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʜʦ ʩʢʣʘʜʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ. 

4. ʄʝʪʘʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʻ ʥʘʙʣʠʞʝʥʠʤ ʽ ʟʘʟʚʠʯʘʡ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʠʤ. 

5. ʄʝʪʘʝʚʨʠʩʪʠʢʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʭʘʥʽʟʤ, ʱʦ ʟʘʧʦʙʽʛʘʻ 

ʧʦʪʨʘʧʣʷʥʥʶ ʚ ʧʘʩʪʢʫ ʚ ʦʙʤʝʞʝʥʽʡ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ. 

6. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʤʝʪʘʝʚʨʠʩʪʠʢʠ ʜʦʧʫʩʢʘʶʪʴ ʘʙʩʪʨʘʢʪʥʠʡ ʦʧʠʩ. 

7. ʄʝʪʘʝʚʨʠʩʪʠʢʘ ʥʝ ʻ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʶ. 

8. ʄʝʪʘʝʚʨʠʩʪʠʢʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʙʣʝʤʥʦ ʦʨʽʻʥʪʦʚʘʥʝ ʟʥʘʥʥʷ ʚ 

ʬʦʨʤʽ ʝʚʨʠʩʪʠʢ, ʢʝʨʦʚʘʥʠʭ ʚʠʩʦʢʦʨʽʚʥʝʚʦʶ ʩʪʨʘʪʝʛʽʻʶ. 

9. ʇʝʨʝʜʦʚʽ ʤʝʪʘʝʚʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʩʚʽʜ, ʥʘʢʦʧʠʯʝʥʠʡ ʚ ʧʨʦʮʝʩʽ 

ʧʦʰʫʢʫ ʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʧʘʤ'ʷʪʽ, ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʦʰʫʢʦʤ. 

ʄʥʦʞʠʥʘ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʚʝʣʠʢʦʶ, ʽ 

ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʟʜʘʻʪʴʩʷ, ʱʦ ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʘʣʛʦʨʠʪʤʫ ʥʝ ʤʘʪʠʤʝ ʧʝʨʝʚʘʛ. ʆʜʥʘʢ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʚʠʩʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʾʭ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ [97 

ï 100]. ʎʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜʦʤʝ ʷʢ ʛʽʧʦʪʝʟʘ ʧʨʦ ʽʩʥʫʚʘʥʥʷ çʚʝʣʠʢʦʾ ʜʦʣʠʥʠè ʜʣʷ 
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ʟʘʜʘʯ ʥʘ ʤʽʥʽʤʫʤ ʘʙʦ çʮʝʥʪʨʘʣʴʥʦʛʦ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫè ʜʣʷ ʟʘʜʘʯ ʥʘ ʤʘʢʩʠʤʫʤ. 

ɻʽʧʦʪʝʟʘ 2.1. ɺ ʩʝʨʝʜʥʴʦʤʫ ʣʦʢʘʣʴʥʽ ʦʧʪʠʤʫʤʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʙʘʛʘʪʦ 

ʙʣʠʞʯʝ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ ʥʽʞ ʜʦ ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʦʾ ʪʦʯʮʽ. ɰʭ ʨʦʟʧʦʜʽʣ ʚ 

ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ ʥʝ ʻ ʨʽʚʥʦʤʽʨʥʠʤ. ɺʦʥʠ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʚ ʨʘʡʦʥʽ 

ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ, ʟʘʡʤʘʶʯʠ ʦʙʣʘʩʪʴ ʥʝʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ. 

ʎʷ ʛʽʧʦʪʝʟʘ ʯʘʩʪʢʦʚʦ ʧʦʷʩʥʶʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʗʢʱʦ ʚ ʧʦʧʫʣʷʮʽʾ ʟʙʠʨʘʶʪʴʩʷ ʣʦʢʘʣʴʥʽ ʦʧʪʠʤʫʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʽʧʦʪʝʟʠ 

ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ, ʽ ʯʝʨʛʦʚʝ ʨʽʰʝʥʥʷ ʦʙʠʨʘʻʪʴʩʷ ʜʝʩʴ ʤʽʞ ʜʚʦʤʘ 

ʜʦʚʽʣʴʥʠʤʠ ʣʦʢʘʣʴʥʠʤʠ ʦʧʪʠʤʫʤʫ, ʪʦ ʪʘʢʠʡ ʧʨʦʮʝʩ ʤʘʻ ʙʘʛʘʪʦ ʰʘʥʩʽʚ ʟʥʘʡʪʠ 

ʛʣʦʙʘʣʴʥʠʡ ʦʧʪʠʤʫʤ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʝʨʝʚʽʨʢʘ ʽ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʮʽʻʾ 

ʛʽʧʦʪʝʟʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʤʝʪʘʝʚʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʻ ʙʝʟʧʝʨʝʯʥʠʡ 

ʽʥʪʝʨʝʩ. ʊʘʢʦʞ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʷʢ ʟʤʝʥʰʫʚʘʪʠ ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ.  

 

2.4 ʆʧʫʢʣʽ ʤʥʦʞʠʥʠ ʚ ʤʝʪʨʠʯʥʠʭ ʧʨʦʩʪʦʨʘʭ 

 

ʆʜʥʠʤ ʟʽ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʧʫʢʣʠʭ ʤʥʦʞʠʥ. 

ʅʝʭʘʡ Xï ʜʝʷʢʘ ʥʝʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ ʪʦʯʦʢ. ʌʫʥʢʮʽʷ r, ʷʢʘ ʩʪʘʚʠʪʴ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʞʥʽʡ ʧʘʨʽ ʪʦʯʦʢ x , y  ʤʥʦʞʠʥʠ X  ʥʝʚʽʜôʻʤʥʝ ʯʠʩʣʦ ( ),x yr , 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʝʪʨʠʢʦʶ ʥʘ X, ʷʢʱʦ ʜʣʷ ʜʦʚʽʣʴʥʠʭ { }, ,x y z XÌ  ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ: 

1. ( ) ( ), ,x y y xr r= ; 

2. ( ), 0x yr =  Ú  x y= ; 

3. ( ) ( ) ( ), , ,x y x z z yr r r¢ +  (ʥʝʨʽʚʥʽʩʪʴ ʪʨʠʢʫʪʥʠʢʘ). 

ʆʟʥʘʯʝʥʥʷ 2.1. ʇʘʨʘ ( ),X r  ʥʘʟʠʚʘʻʪʴʩʷ ʤʝʪʨʠʯʥʠʤ ʧʨʦʩʪʦʨʦʤ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʥʘ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʤʥʦʞʠʥʽ X  ʤʦʞʥʘ ʟʘʜʘʪʠ ʨʽʟʥʽ ʤʝʪʨʠʢʠ, 

ʫʪʚʦʨʠʚʰʠ ʨʽʟʥʽ ʤʝʪʨʠʯʥʽ ʧʨʦʩʪʦʨʠ. ʗʢʱʦ ʥʘ X  ʟʘʜʘʥʦ ʬʽʢʩʦʚʘʥʫ ʤʝʪʨʠʢʫ r, ʪʦ 
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ʧʨʦʩʪʽʨ ( ),X r
 ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʧʨʦʩʪʦ ʣʽʪʝʨʦʶ X . 

ʆʟʥʘʯʝʥʥʷ 2.2. ʅʝʭʘʡ ( ),X r
 ï ʤʝʪʨʠʯʥʠʡ ʧʨʦʩʪʽʨ. ɺʽʜʢʨʠʪʦʶ (ʟʘʤʢʥʝʥʦʶ) 

ʢʫʣʝʶ ʨʘʜʽʫʩʘ 0e>  ʟ ʮʝʥʪʨʦʤ ʚ ʪʦʯʮʽ x XÍ  ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʘ 

() ( ){ }: ,O x y X x ye r e= Í <
   ( () ( ){ }: ,O x y X x ye r e= Í ¢

).   (2.11) 

 

ʆʟʥʘʯʝʥʥʷ 2.3. ʅʝʭʘʡ ( ),X r
 ï ʤʝʪʨʠʯʥʠʡ ʧʨʦʩʪʽʨ. ʄʥʦʞʠʥʘ A XÌ  

ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʢʨʠʪʦʶ, ʷʢʱʦ ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ x AÍ  ʽʩʥʫʻ ʚʽʜʢʨʠʪʘ ʢʫʣʷ 

()O x Ae Ì
.  

Cʠʩʪʝʤʘ rt  ʫʩʽʭ ʚʽʜʢʨʠʪʠʭ ʤʥʦʞʠʥ ʤʝʪʨʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ( ),X r
 ʻ ʪʦʧʦʣʦʛʽʻʶ 

ʥʘ ʤʥʦʞʠʥʽ X; ʮʷ ʪʦʧʦʣʦʛʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʪʦʧʦʣʦʛʽʻʶ, ʱʦ ʧʦʨʦʜʞʝʥʘ ʤʝʪʨʠʢʦʶ r. 

ʗʢʱʦ d  ï ʽʥʰʘ ʤʝʪʨʠʢʘ ʥʘ X  ʽ drt t=
, ʪʦ ʤʝʪʨʠʢʠ r ʽ d  ʥʘʟʠʚʘʶʪʴ ʪʦʧʦʣʦʛʽʯʥʦ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ. 

ʗʢʱʦ A XÌ , ʪʦ ʤʝʪʨʠʯʥʠʡ ʧʨʦʩʪʽʨ 
( ), A AA r ³  ʥʘʟʠʚʘʻʪʴʩʷ ʧʽʜʧʨʦʩʪʦʨʦʤ 

ʧʨʦʩʪʦʨʫ ( ),X r
. 

ʅʝʭʘʡ x  ï ʜʦʚʽʣʴʥʘ ʪʦʯʢʘ, ʘ A  ï ʜʦʚʽʣʴʥʘ ʧʽʜʤʥʦʞʠʥʘ ʤʝʪʨʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ 

( ),X r
. ʏʠʩʣʦ  

( ) ( ){ }, inf , :x A x y y Ar r= Í
      

(2.12) 

ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʩʪʘʥʥʶ ʚʽʜ ʪʦʯʢʠ ʜʦ ʤʥʦʞʠʥʠ , ʘ ʯʠʩʣʦ 

 

( ) ( ){ }, inf , : ,A B x y x A y Br r= Í Í
   (2.13) 

 

ʚʽʜʩʪʘʥʥʶ ʚʽʜ ʤʥʦʞʠʥʠ A  ʜʦ ʤʥʦʞʠʥʠ B XÌ . 
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ʇʽʜʤʥʦʞʠʥʘ A  ʤʝʪʨʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ X  ʦʙʤʝʞʝʥʘ, ʷʢʱʦ ʽʩʥʫʻ ʪʘʢʝ ʯʠʩʣʦ 

0M > , ʱʦ ( ),x y Mr <  ʜʣʷ ʚʩʽʭ x AÍ , y AÍ .  

ɼʽʘʤʝʪʨʦʤ ʤʥʦʞʠʥʠ A XÌ  ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʣʦ  

() ( ){ }diam sup , : ,A x y x A y Ar= Í Í .    (2.14) 

 

ʆʟʥʘʯʝʥʥʷ 2.4. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ( )nx  ʪʦʯʦʢ ʤʝʪʨʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ( ),X r  

ʥʘʟʠʚʘʻʪʴʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ, ʷʢʱʦ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ 0e>  ʽʩʥʫʻ ʪʘʢʠʡ ʥʦʤʝʨ 

0n NÍ , ʱʦ ( ),n mx xr e<  ʜʣʷ ʚʩʽʭ 0n n>  ʽ 0m n> . 

ʆʟʥʘʯʝʥʥʷ 2.5. ʄʝʪʨʠʯʥʠʡ ʧʨʦʩʪʽʨ ( ),X r  ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʚʥʠʤ, ʷʢʱʦ 

ʜʦʚʽʣʴʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʡʦʛʦ ʪʦʯʦʢ ʟʙʽʛʘʻʪʴʩʷ ʜʦ ʜʝʷʢʦʾ ʪʦʯʢʠ 

ʧʨʦʩʪʦʨʫ ( ),X r . 

ʉʧʨʘʚʝʜʣʠʚʘ ʥʘʩʪʫʧʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ (ʧʨʠʥʮʠʧ ʚʢʣʘʜʝʥʠʭ ʢʫʣʴ). ʄʝʪʨʠʯʥʠʡ ʧʨʦʩʪʽʨ ( ),X r  ʧʦʚʥʠʡ Ú  

ʜʦʚʽʣʴʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʝʧʦʨʦʞʥʽʭ ʚʢʣʘʜʝʥʠʭ ʟʘʤʢʥʝʥʠʭ ʢʫʣʴ ʟ ʧʨʷʤʫʶʯʠʤʠ ʜʦ 

ʥʫʣʷ ʨʘʜʽʫʩʘʤʠ ʤʘʻ ʨʽʚʥʦ ʦʜʥʫ ʩʧʽʣʴʥʫ ʪʦʯʢʫ. 

ʅʝʭʘʡ ( ), XX r , ( ), YY r  ï ʜʝʷʢʽ ʤʝʪʨʠʯʥʽ ʧʨʦʩʪʦʨʠ. 

ʆʟʥʘʯʝʥʥʷ 2.6. ɹʽʻʢʮʽʷ :f X Y  ʥʘʟʠʚʘʻʪʴʩʷ ʽʟʦʤʝʪʨʽʻʶ, ʘʙʦ 

ʽʟʦʤʝʪʨʠʯʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ, ʷʢʱʦ () ()( ) ( ), ,Y Xf x f y x yr r=  ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʧʘʨʠ 

ʪʦʯʦʢ x XÍ , x YÍ . ʇʨʠ ʮʴʦʤʫ ʧʨʦʩʪʦʨʠ ( ), XX r  ʽ ( ), YY r  ʥʘʟʠʚʘʶʪʴ 

ʽʟʦʤʝʪʨʠʯʥʠʤʠ. 

ɯʟʦʤʝʪʨʠʯʥʝ ʚʢʣʘʜʝʥʥʷ ʦʜʥʦʛʦ ʤʝʪʨʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ( ), XX r  ʚ ʽʥʰʠʡ 

ʤʝʪʨʠʯʥʠʡ ʧʨʦʩʪʽʨ ( ), YY r  ï ʮʝ ʽʟʦʤʝʪʨʽʷ ʧʨʦʩʪʦʨʫ ( ), XX r  ʥʘ ʜʝʷʢʠʡ ʧʽʜʧʨʦʩʪʽʨ 

ʧʨʦʩʪʦʨʫ ( ), YY r . 

ʆʟʥʘʯʝʥʥʷ 2.7. ʇʦʧʦʚʥʝʥʥʷʤ ʤʝʪʨʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ( ), XX r  ʥʘʟʠʚʘʻʪʴʩʷ 
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ʧʦʚʥʠʡ ʤʝʪʨʠʯʥʠʡ ʧʨʦʩʪʽʨ ( ),
X

X r  ʨʘʟʦʤ ʟ ʪʘʢʠʤ ʽʟʦʤʝʪʨʠʯʥʠʤ ʚʢʣʘʜʝʥʥʷʤ 

:i X X , ʱʦ ʤʥʦʞʠʥʘ ( )i X  ʩʢʨʽʟʴ ʱʽʣʴʥʘ ʚ X . 

ɼʦʚʽʣʴʥʠʡ ʤʝʪʨʠʯʥʠʡ ʧʨʦʩʪʽʨ ʤʘʻ ʧʦʧʦʚʥʝʥʥʷ ʪʘ ʚʩʽ ʧʦʧʦʚʥʝʥʥʷ ʦʜʥʦʛʦ ʡ 

ʪʦʛʦ ʞ ʤʝʪʨʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʽʟʦʤʝʪʨʠʯʥʽ ʤʽʞ ʩʦʙʦʶ. 

ʇʦʥʷʪʪʷ ʦʧʫʢʣʦʩʪʽ ʧʦʻʜʥʫʻ, ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʩʣʘʙʦ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʦʙʣʘʩʪʽ ʩʫʯʘʩʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʰʠʭ ʥʘʫʢ. ɺ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ, ʪʝʦʨʽʾ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʤʘʪʝʤʘʪʠʯʥʽʡ ʝʢʦʥʦʤʽʮʽ, ʪʦʤʦʛʨʘʬʽʾ, ʩʪʝʨʝʦʣʦʛʽʾ 

ʟʥʘʭʦʜʠʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʤ ʘʥʘʣʦʛʘʤ ʦʧʫʢʣʦʩʪʽ. ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʨʠʢʣʘʜ ï 

ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʨʦʙʣʝʤ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʡ ʙʘʛʘʪʴʦʭ ʢʦʤʧʣʝʢʩʥʠʭ 

ʟʤʽʥʥʠʭ. ɺ ʮʽʡ ʪʝʤʘʪʠʮʽ ʚ ʨʽʚʥʽʡ ʤʽʨʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ, 

ʪʦʧʦʣʦʛʽʷ ʡ ʦʧʫʢʣʠʡ ʘʥʘʣʽʟ.  

ʆʟʥʘʯʝʥʥʷ 2.8  ʄʥʦʞʠʥʘ nM RË  ʥʘʟʠʚʘʻʪʴʩʷ ʦʧʫʢʣʦʶ, ʷʢʱʦ ʨʘʟʦʤ ʽʟ 

ʜʚʦʤʘ ʩʚʦʾʤʠ ʪʦʯʢʘʤʠ ʚʦʥʘ ʤʽʩʪʠʪʴ ʽ ʚʽʜʨʽʟʦʢ, ʱʦ ʾʭ ʟ'ʻʜʥʫʻ. 

 ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʥʦʞʠʥʘ ʦʧʫʢʣʘ, ʷʢʱʦ ʾʾ ʧʝʨʝʪʠʥ ʟ ʜʦʚʽʣʴʥʦʶ ʧʨʷʤʦʶ 

ʟʚ'ʷʟʥʠʡ. ʇʦʨʫʯ ʽʟ ʮʠʤ ʦʟʥʘʯʝʥʥʷʤ ʽʩʥʫʻ ʧʦʥʷʪʪʷ ʣʽʥʽʡʥʦʾ ʦʧʫʢʣʦʩʪʽ. 

ʆʟʥʘʯʝʥʥʷ 2.9  ʄʥʦʞʠʥʘ nM RË  ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʽʡʥʦ ʦʧʫʢʣʦʶ, ʷʢʱʦ ʯʝʨʝʟ 

ʙʫʜʴ-ʷʢʫ ʪʦʯʢʫ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʥʝʾ ʧʨʦʭʦʜʠʪʴ ʛʽʧʝʨʧʣʦʱʠʥʘ, ʷʢʘ ʜʘʥʫ ʤʥʦʞʠʥʫ ʥʝ 

ʧʝʨʝʪʠʥʘʻ.  

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʥʦʞʠʥʘ ʣʽʥʽʡʥʦ ʦʧʫʢʣʘ, ʷʢʱʦ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʥʝʾ ʻ 

ʦʙ'ʻʜʥʘʥʥʷʤ ʛʽʧʝʨʧʣʦʱʠʥ. 

ʆʟʥʘʯʝʥʥʷ 2.10 ʄʥʦʞʠʥʘ nM RË  ʥʘʟʠʚʘʻʪʴʩʷ ʦʧʫʢʣʦʶ ʚʽʜʥʦʩʥʦ ʤʥʦʞʠʥʠ 

W ʘʬʽʥʥʠʭ ʣʽʥʽʡʥʠʭ ʧʽʜʤʥʦʛʦʚʠʜʽʚ ʚ R
n
, ʷʢʱʦ ʾʾ ʜʦʧʦʚʥʝʥʥʷ ʜʦ R

n
 ʻ ʦʙ'ʻʜʥʘʥʥʷʤ 

ʝʣʝʤʝʥʪʽʚ ʟ W.  

ʆʟʥʘʯʝʥʥʷ 2.11   ɼʣʷ ʜʦʚʽʣʴʥʦʾ ʤʥʦʞʠʥʠ nM RË  ʥʘʟʚʝʤʦ ʧʽʜʤʥʦʞʠʥʫ 

*M WË  ʩʧʨʷʞʝʥʦʶ ʜʦ ʤʥʦʞʠʥʠ E, ʷʢʱʦ * { |M l W l= Í  ʥʝ ʧʝʨʝʪʠʥʘʻ }M , 

ʚʽʜʧʦʚʽʜʥʦ 
*

** \n n

l M

M R l R
Í

= Ë  (ʦʩʪʘʥʥʷ ʬʦʨʤʫʣʘ ʢʦʨʝʢʪʥʘ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ 
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ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ W ʻ ʧʽʜʤʥʦʞʠʥʦʶ R
n
). 

ʄʥʦʞʠʥʘ X ʥʘʟʠʚʘʻʪʴʩʷ ʦʧʫʢʣʦʶ, ʷʢʱʦ ʚʦʥʘ ʤʽʩʪʠʪʴ ʚʩʷʢʠʡ ʚʽʜʨʽʟʦʢ, ʢʽʥʮʽ 

ʷʢʦʛʦ ʥʘʣʝʞʘʪʴ X, ʪʦʙʪʦ 1 2 1 2(1 ) , , , [0;1].x x X x x Xl l l+ - Í Í Í  

 

2.5. ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʤʝʪʘʝʚʨʠʩʪʠʢ ʥʘ ʦʩʥʦʚʽ ʧʦʥʷʪʪʷ ʦʧʫʢʣʦʩʪʽ 

 

ɼʦʚʝʜʝʥʦ [32-41], ʱʦ ʜʣʷ ʪʦʛʦ ʱʦʙ ʚ ʤʝʪʘʝʚʨʠʩʪʠʯʥʽʡ ʤʦʜʝʣʽ ʽʩʥʫʚʘʣʘ ʧʦʚʥʘ 

ʩʠʩʪʝʤʘ ʩʧʘʜʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʝʦʙʭʽʜʥʦ ʽ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʦʧʝʨʘʪʦʨ ʢʨʦʩʦʚʝʨʫ 

ʙʫʚ ʛʝʦʤʝʪʨʠʯʥʠʤ, ʪʦʙʪʦ, ʱʦʙ ʥʘ ʤʥʦʞʠʥʽ B ʽʩʥʫʚʘʣʘ ʤʝʪʨʠʢʘ 1: B B Rr +³   ʪʘʢʘ, 

ʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʨʦʟʚôʷʟʢʽʚ ,x y BÍ  ʙʫʣʘ ʩʧʨʘʚʝʜʣʠʚʦʶ ʨʽʚʥʽʩʪʴ 

( , ) ( , ( , )) ( , ( , ))x y x K x y y K x yr r r= + . 

ʇʦʚʝʨʥʝʤʦʩʴ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʫʢʣʦʾ ʤʥʦʞʠʥʠ. ʆʧʫʢʣʦʶ ʧʽʜʤʥʦʞʠʥʦʶ ʫ 

ʤʝʪʨʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʥʘʟʠʚʘʶʪʴ ʧʽʜʤʥʦʞʠʥʫ, ʷʢʘ ʨʘʟʦʤ ʟ ʙʫʜʴ-ʷʢʠʤʠ ʜʚʦʤʘ 

ʩʚʦʾʤʠ ʪʦʯʢʘʤʠ ʤʽʩʪʠʪʴ ʚʩʽ ʪʦʯʢʠ ʛʝʦʜʝʟʠʯʥʦʾ, ʱʦ ʮʽ ʜʚʽ ʪʦʯʢʠ ʟôʻʜʥʫʻ. ɿ ʪʝʦʨʝʤʠ 

ʚʠʧʣʠʚʘʻ ʪʚʝʨʜʞʝʥʥʷ, ʷʢʝ ʚʢʘʟʫʻ ʥʘ ʦʙʤʝʞʝʥʽʩʪʴ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʦʰʫʢʫ [85, 86]. 

ʆʧʫʢʣʠʤʠ ʤʥʦʞʠʥʘʤʠ ʻ ʚʽʜʨʽʟʦʢ, ʧʨʷʤʘ, ʧʽʚʧʣʦʱʠʥʘ, ʢʨʫʛ ʪʦʱʦ. 

ɼʣʷ ʝʚʦʣʶʮʽʡʥʦ-ʬʨʘʛʤʝʥʪʘʨʥʦʾ ʤʦʜʝʣʽ ʤʝʪʘʝʚʨʠʩʪʠʢʠ ʟ ʦʧʝʨʘʪʦʨʦʤ 

ʢʨʦʩʦʚʝʨʫ, ʱʦ ʟʙʝʨʽʛʘʻ ʚʽʜʥʦʩʥʠʡ ʧʦʨʷʜʦʢ ʩʣʽʜʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʽʚ, ʪʘ ʙʝʟ 

ʦʧʝʨʘʪʦʨʘ ʤʫʪʘʮʽʾ ʙʫʜʴ-ʷʢʠʡ ʨʦʟʚôʷʟʦʢ, ʦʪʨʠʤʘʥʠʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʨʦʩʦʚʝʨʫ, ʥʘʣʝʞʠʪʴ ʦʧʫʢʣʽʡ ʦʙʦʣʦʥʮʽ ʨʦʟʚôʷʟʢʽʚ ʟ ʧʦʯʘʪʢʦʚʦʾ ʧʦʧʫʣʷʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʙʣʝʤʘ ʧʦʰʫʢʫ ʧʦʯʘʪʢʦʚʠʭ ʧʦʧʫʣʷʮʽʡ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʝʚʦʣʶʮʽʡʥʦ-ʬʨʘʛʤʝʥʪʘʨʥʦʾ ʤʦʜʝʣʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʧʦʢʨʠʪʪʷ (ʘʙʦ 

ʨʦʟʙʠʪʪʷ) ʧʨʦʩʪʦʨʫ ʧʝʨʝʩʪʘʥʦʚʦʢ ʦʧʫʢʣʠʤʠ ʤʥʦʞʠʥʘʤʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ 

ʤʝʪʦʜʠʢʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ, ʘ ʩʘʤʝ ʧʦʨʽʚʥʷʥʥʷ: 

1) ʟ ʚʽʜʦʤʠʤ ʪʦʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ (ʜʣʷ ʟʘʜʘʯ ʥʝʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ); 

2) ʟ ʚʽʜʦʤʠʤʠ ʥʘʙʣʠʞʝʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ; 
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3) ʟ ʤʝʪʦʜʦʤ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ ʥʘ ʤʥʦʞʠʥʽ ʧʝʨʝʩʪʘʥʦʚʦʢ ʬʨʘʛʤʝʥʪʽʚ; 

4) ʟ ʪʦʯʥʠʤʠ ʪʘ ʥʘʙʣʠʞʝʥʠʤʠ ʨʦʟʚôʷʟʢʘʤʠ ʟ ʚʽʜʦʤʠʭ ʙʘʟ ʜʘʥʠʭ ʪʝʩʪʦʚʠʭ 

ʟʘʜʘʯ. 

 

2.6. ʌʨʘʛʤʝʥʪʘʨʥʽ ʩʪʨʫʢʪʫʨʠ ʽ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ 

 

ɺʠʤʦʛʘ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʛʝʥʝʪʠʯʥʠʭ, ʦʩʦʙʣʠʚʦ çʞʘʜʽʙʥʠʭè ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʧʦʰʫʢʫ ʨʦʟʚôʷʟʢʽʚ ʜʠʩʢʨʝʪʥʠʭ ʟʘʜʘʯ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʥʷʪʪʷ ʬʨʘʛʤʝʥʪʘʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ.  

ʆʟʥʘʯʝʥʥʷ. ʌʨʘʛʤʝʥʪʘʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘ ʩʢʽʥʯʝʥʥʽʡ ʤʥʦʞʠʥʽ X 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʽʤʝʡʩʪʚʦ ʾʾ ʧʽʜʤʥʦʞʠʥ ɽ ʟ ʪʘʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

 

1. EÅÍ ;  

2. , , , \{ }Y E Y y Y Y y ED Í ¸Å $ Í Í.        (2.15) 

 

ɽʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ E ʥʘʟʠʚʘʶʪʴʩʷ ʧʨʠʧʫʩʪʠʤʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

ɹʫʜʴ-ʷʢʠʡ ʧʨʠʧʫʩʪʠʤʠʡ ʬʨʘʛʤʝʥʪ ʬʨʘʛʤʝʥʪʘʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʞʝ ʙʫʪʠ 

ʧʦʙʫʜʦʚʘʥʠʡ ʟ ʧʦʨʦʞʥʴʦʾ ʤʥʦʞʠʥʠ çʞʘʜʽʙʥʠʤè ʘʣʛʦʨʠʪʤʦʤ, ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʷʢʦʛʦ ʜʦʜʘʻʪʴʩʷ ʦʜʠʥ ʝʣʝʤʝʥʪ ʜʦ ʚʞʝ ʧʦʙʫʜʦʚʘʥʦʾ ʧʽʜʤʥʦʞʠʥʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

ʟʥʦʚʫ ʫʪʚʦʨʝʥʘ ʧʽʜʤʥʦʞʠʥʘ ʥʘʣʝʞʠʪʴ ʬʨʘʛʤʝʥʪʘʨʥʽʡ ʩʪʨʫʢʪʫʨʽ. 

ʌʨʘʛʤʝʥʪʘʨʥʽ ʩʪʨʫʢʪʫʨʠ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʪʘʢʠʤʠ ʢʦʤʙʽʥʘʪʦʨʥʠʤʠ ʦʙôʻʢʪʘʤʠ 

ʷʢ ʤʘʪʨʦʾʜʠ ʪʘ ʛʨʠʜʦʾʜʠ. ɿʦʢʨʝʤʘ, ʙʫʜʴ-ʷʢʠʡ ʛʨʠʜʦʾʜ ʪʘ ʙʫʜʴ-ʷʢʠʡ ʤʘʪʨʦʾʜ ʻ 

ʬʨʘʛʤʝʥʪʘʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ʆʟʥʘʯʝʥʥʷ. ʈʘʥʛʦʤ ʧʽʜʤʥʦʞʠʥʠ A XÌ  ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ rg(A), ʱʦ 

ʜʦʨʽʚʥʶʻ ʤʘʢʩʠʤʘʣʴʥʽʡ ʟ ʧʦʪʫʞʥʦʩʪʝʡ ʧʨʠʧʫʩʪʠʤʠʭ ʬʨʘʛʤʝʥʪʽʚ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʫ 

ʤʥʦʞʠʥʽ A. 
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ʊʝʦʨʝʤʘ 2.3. ɼʣʷ ʪʦʛʦ ʱʦʙ ʬʨʘʛʤʝʥʪʘʨʥʘ ʩʪʨʫʢʪʫʨʘ ʙʫʣʘ ʤʘʪʨʦʾʜʦʤ, 

ʥʝʦʙʭʽʜʥʦ ʽ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʧʽʜʤʥʦʞʠʥ 1 2,A A XÌ  ʚʠʢʦʥʫʚʘʣʘʩʴ 

ʥʝʨʽʚʥʽʩʪʴ 

. 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʬʨʘʛʤʝʥʪʘʨʥʫ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʽʥʘʢʰʝ. 

ʌʨʘʛʤʝʥʪʘʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʧʘʨʫ ( , )XW= ß, ʜʝ X ï ʤʥʦʞʠʥʘ, ß ï 

ʙʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʥʘ ʤʥʦʞʠʥʽ X, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʘʢʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ: 

 

 

 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʥʦʚʽ ʧʨʠʧʫʩʪʠʤʽ ʬʨʘʛʤʝʥʪʠ ʟ ʚʞʝ ʥʘʷʚʥʠʭ 

ʰʣʷʭʦʤ ʾʭ ʦʙôʻʜʥʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʷʢʠʭ ʫʤʦʚ ʧʨʠʻʜʥʘʥʥʷ. 

ʄʘʢʩʠʤʘʣʴʥʠʤ ʧʨʠʧʫʩʪʠʤʠʤ ʬʨʘʛʤʝʥʪʦʤ ʬʨʘʛʤʝʥʪʘʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʪʘʢʠʡ 

ʧʨʠʧʫʩʪʠʤʠʡ ʬʨʘʛʤʝʥʪ, ʱʦ ʥʝ ʻ ʚʣʘʩʥʦʶ ʧʽʜʤʥʦʞʠʥʦʶ ʞʦʜʥʦʛʦ ʽʥʰʦʛʦ 

ʧʨʠʧʫʩʪʠʤʦʛʦ ʬʨʘʛʤʝʥʪʫ. 

çɾʘʜʽʙʥʠʡè ʘʣʛʦʨʠʪʤ ʥʘ ʬʨʘʛʤʝʥʪʘʨʥʽʡ ʩʪʨʫʢʪʫʨʽ ( , )XW= ß ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʧʦʨʷʜʢʫ ʬʨʘʛʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʧʫʩʪʠʤʠʡ ʬʨʘʛʤʝʥʪ ʟʘ 

ʯʠʩʣʦ ʢʨʦʢʽʚ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʯʠʩʣʘ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ X. 

ɺʚʝʜʝʥʥʷ ʧʦʥʷʪʪʷ ʬʨʘʛʤʝʥʪʘʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʻ ʟʤʦʛʫ ʧʦʙʫʜʫʚʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʚʝʣʠʢʦʛʦ ʢʣʘʩʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʟʦʢʨʝʤʘ,  ʧʦʛʘʰʝʥʥʷ 

ʚʟʘʻʤʦʟʘʙʦʨʛʦʚʘʥʦʩʪʽ, ʟʘʜʘʯʽ ʩʠʤʝʪʨʠʯʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʨʝʢʣʘʤʥʠʭ ʙʣʦʢʽʚ, ʟʘʜʘʯʽ 

ʨʦʟʢʨʦʶ [35, 37]. ʇʝʨʝʚʘʛʦʶ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʤʦʜʝʣʝʡ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʩʠʪʴ 

ʙʣʠʟʴʢʠʭ ʜʦ ʦʧʪʠʤʘʣʴʥʠʭ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ. ʉʫʙʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ ï 

ʨʽʰʝʥʥʷ, ʷʢʽʩʪʴ ʷʢʠʭ ʥʠʞʯʝ ʧʦ ʟʥʘʯʝʥʥʶ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʧʨʠʨʦʜʥʦʩʪʽ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ) ʥʽʞ ʦʧʪʠʤʘʣʴʥʠʭ [37]. 
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2.7. ɿʚʝʜʝʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ 

ʧʝʨʝʩʪʘʥʦʚʢʠ 

 

ɼʣʷ ʟʚʝʜʝʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʨʦʟʛʣʷʥʝʤʦ ʨʝʢʫʨʩʠʚʥʠʡ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʧʝʨʝʩʪʘʥʦʚʦʢ. ɺʽʥ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ 

ʦʜʠʥ ʝʣʝʤʝʥʪ ʬʽʢʩʫʻʪʴʩʷ ʚ ʢʽʥʮʽ, ʘ ʦʩʪʘʥʥʽ ʧʝʨʝʙʠʨʘʶʪʴʩʷ.  

ʄʝʪʦʜ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʚʠʙʽʨ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʤʥʦʞʠʥʽ ʟ 

ʷʢʦʾ ʛʝʥʝʨʫʶʪʴʩʷ ʝʣʝʤʝʥʪʠ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʦʙôʻʢʪʘ ʽ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʩʧʨʘʚʘ 

ʥʘʣʽʚʦ. ʇʝʨʝʚʘʛʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʷʩʥʶʶʪʴʩʷ ʟʨʫʯʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʝʣʝʤʝʥʪʽʚ 

ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʦʙôʻʢʪʘ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘʧʨʘʚʣʝʥʦʛʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʝʨʝʢʣʠʢʘʻʪʴʩʷ ʟ ʚʽʜʦʤʠʤ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʘʨʽʘʥʪʽʚ, ʘʣʝ ʩʧʝʮʽʘʣʴʥʦ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ. 

ʗʢ ʚʽʜʦʤʦ, ʫ ʙʽʣʴʰʦʩʪʽ ʟʘʜʘʯ ʥʘ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʷʭ ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʝʨʘʭʦʚʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ, ʧʦʨʽʚʥʷʥʫ ʟ ʬʘʢʪʦʨʽʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ.  

ʄʝʪʦʜ ʦʙôʻʜʥʫʻ ʟʘʩʦʙʠ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʽ ʧʝʨʝʜʙʘʯʘʻ 

ʧʦʩʣʽʜʦʚʥʝ ʚʠʢʦʥʘʥʥʷ ʪʨʴʦʭ ʩʪʘʜʽʡ. 

1. ɻʝʥʝʨʫʚʘʥʥʷ ʫ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʟʘʜʘʥʦʾ ʢʦʤʙʽʥʘʪʦʨʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ. 

2. ʇʦʙʫʜʦʚʫ ʥʘ ʾʾ ʝʣʝʤʝʥʪʘʭ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ, ʜʝ ʜʫʛʘ ʚʽʜʧʦʚʽʜʘʻ 

ʩʧʘʜʘʥʥʶ ʟʥʘʯʝʥʴ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. 

3. ʇʦʙʫʜʦʚʫ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʥʘ ʯʘʩʪʢʦʚʦ 

ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʚʝʨʰʠʥʘʭ ʛʨʘʬʘ. 

ʎʝʡ ʤʝʪʦʜ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟ ʣʽʥʽʡʥʦʶ ʪʘ ʜʨʦʙʦʚʦ-

ʣʽʥʽʡʥʦʶ ʮʽʣʴʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ ʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘʭ, ʨʦʟʙʠʪʪʷʭ, ʩʧʦʣʫʯʝʥʥʷʭ ʪʘ 

ʨʦʟʤʽʱʝʥʥʷʭ.  

ɺʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʧʦʙʫʜʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ 
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ʧʝʨʝʩʪʘʥʦʚʢʠ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʣʽʥʽʡʥʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʻ ʟʘʜʘʯʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʽ ʚʠʙʦʨʫ ʝʣʝʤʝʥʪʘ ʧʝʨʝʩʪʘʥʦʚʢʠ. ʎʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʜʣʷ ʤʥʦʞʠʥʠ 

ʧʝʨʝʩʪʘʥʦʚʦʢ ( )n nP P N=  ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ ( )f x . 

ɼʣʷ ʛʨʘʬʽʚ ʤʥʦʛʦʛʨʘʥʥʠʢʽʚ ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʥʘʩʪʫʧʥʘ ʟʘʜʘʯʘ 

ʣʦʢʘʣʽʟʘʮʽʾ ʟʥʘʯʝʥʴ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ: ʟʥʘʡʪʠ ʤʥʦʞʠʥʫ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʚ ʷʢʠʭ 

ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʨʽʚʥʦ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʶ, ʪʦʙʪʦ 

 

* *arg ( ), ( )x f x f x y= =.      (2.16) 

 

ɿʘ ʫʤʦʚʠ, ʱʦ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʚ ʷʢʠʭ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʧʨʠʡʤʘʻ ʟʘʜʘʥʝ 

ʟʥʘʯʝʥʥʷ, ʽʩʥʫʶʪʴ ʥʝ ʟʘʚʞʜʠ, ʚʠʱʝʩʬʦʨʤʫʣʴʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʤʦʞʝ ʙʫʪʠ 

ʽʥʪʝʨʧʨʝʪʦʚʘʥʘ ʷʢ ʟʘʜʘʯʘ: ʚʠʟʥʘʯʠʪʠ ʤʥʦʞʠʥʫ ʧʘʨ ʧʝʨʝʩʪʘʥʦʚʦʢ ,x x, ʜʣʷ ʷʢʠʭ ʧʨʠ 

ʟʘʜʘʥʦʤʫ y  ʚʠʟʥʘʯʘʻʪʴʩʷ 

 

argmin ( ), argmax ( )x f x x f x= = .    (2.17) 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (2.16), (2.17) ʥʘ ʦʩʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʨʘʬʘ ʧʝʨʝʩʪʘʥʦʚʦʢ ï ʘʣʛʦʨʠʪʤ ʣʦʢʘʣʽʟʘʮʽʾ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ ʥʘ 

ʧʝʨʝʩʪʘʥʦʚʢʘʭ.  

ɺʩʪʘʥʦʚʣʝʥʥʷ ʛʘʤʽʣʴʪʦʥʦʚʦʛʦ ʰʣʷʭʫ ʚ ʛʨʘʬʽ ʧʝʨʝʩʪʘʥʦʚʦʢ ʜʦʟʚʦʣʷʻ 

ʨʦʟʛʣʷʥʫʪʠ ʧʦʯʘʪʢʦʚʫ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʧʝʨʝʩʪʘʥʦʚʦʢ ï ʚʝʨʰʠʥ ʛʨʘʬʘ ʟʘ 

ʟʥʘʯʝʥʥʷʤʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥʦʛʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ, 

ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʩʪʘʥʦʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʨʝʢʫʨʩʠʚʥʠʡ ʤʝʪʦʜ.  
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2.8 ɽʚʦʣʶʮʽʡʥʽ ʤʝʪʘʝʚʨʠʩʪʠʢʠ 

 

ʉʪʠʤʫʣʦʤ ʚʠʥʠʢʥʝʥʥʷ ʝʚʦʣʶʮʽʡʥʠʭ ʦʙʯʠʩʣʝʥʴ ʩʚʦʛʦ ʯʘʩʫ ʩʪʘʣʠ ʢʽʣʴʢʘ 

ʚʽʜʢʨʠʪʪʽʚ ʫ ʙʽʦʣʦʛʽʾ. ʉʘʤʽ ʝʚʦʣʶʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ: 

ī ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ 

ʜʠʩʢʨʝʪʥʠʭ ʟʤʽʥʥʠʭ, ʱʦ ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʥʘ ʨʝʢʦʤʙʽʥʘʮʽʾ ʛʝʥʽʚ; 

ī ʝʚʦʣʶʮʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʥʝʧʝʨʝʨʚʥʠʭ 

ʬʫʥʢʮʽʡ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʦʤʙʽʥʘʮʽʾ; 

ī ʝʚʦʣʶʮʽʡʥʽ ʩʪʨʘʪʝʛʽʾ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʥʝʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʢʦʤʙʽʥʘʮʽʾ; 

ī ʛʝʥʝʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʚʦʣʶʮʽʡʥʠʡ ʤʝʪʦʜ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ.  

ɯʜʝʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟʘʧʦʟʠʯʝʥʘ ʫ ʞʠʚʦʾ ʧʨʠʨʦʜʠ ʽ ʧʦʣʷʛʘʻ ʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʝʚʦʣʶʮʽʾ, ʮʽʣʴ ʷʢʦʾ ʻ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʫ ʩʢʣʘʜʥʽʡ 

ʢʦʤʙʽʥʘʪʦʨʥʽʡ ʟʘʜʘʯʽ. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʨʦʙʦʪʠ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘʩʪʫʧʥʘ. 

ʉʧʦʯʘʪʢʫ ʛʝʥʝʨʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʘ ʧʦʧʫʣʷʮʽʷ ʦʩʦʙʠʥ (ʽʥʜʠʚʽʜʫʫʤʽʚ), ʪʦʙʪʦ 

ʜʝʷʢʠʡ ʥʘʙʽʨ ʨʽʰʝʥʴ ʟʘʜʘʯʽ. ʗʢ ʧʨʘʚʠʣʦ, ʮʝ ʨʦʙʠʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. ʇʦʪʽʤ 

ʤʦʜʝʣʶʻʪʴʩʷ ʨʦʟʤʥʦʞʝʥʥʷ ʚʩʝʨʝʜʠʥʽ ʮʽʻʾ ʧʦʧʫʣʷʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʦʚʦ 

ʚʽʜʙʠʨʘʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʧʘʨ ʽʥʜʠʚʽʜʫʫʤʽʚ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʭʨʝʱʫʚʘʥʥʷ ʤʽʞ 

ʭʨʦʤʦʩʦʤʘʤʠ ʚ ʢʦʞʥʽʡ ʧʘʨʽ, ʘ ʦʪʨʠʤʘʥʽ ʥʦʚʽ ʭʨʦʤʦʩʦʤʠ ʚʪʽʣʶʶʪʴʩʷ ʚ ʧʦʧʫʣʷʮʽʶ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʋ ʛʝʥʝʪʠʯʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʦʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ 

ʧʨʠʨʦʜʥʴʦʛʦ ʚʽʜʙʦʨʫ ï ʯʠʤ ʧʨʠʩʪʦʩʦʚʘʥʽʰʠʡ ʽʥʜʠʚʽʜʫʫʤ (ʯʠʤ ʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʥʝ 

ʡʦʤʫ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ), ʪʠʤ ʟ ʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʽʥ ʙʫʜʝ ʙʨʘʪʠ 

ʫʯʘʩʪʴ ʫ ʩʭʨʝʱʫʚʘʥʥʽ. ʇʨʠ ʪʘʢʦʤʫ ʚʽʜʙʦʨʽ ʯʣʝʥʠ ʧʦʧʫʣʷʮʽʾ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ 

ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʶ ʟ ʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʙʫʜʫʪʴ ʯʘʩʪʽʰʝ ʚʠʙʠʨʘʪʠʩʷ, ʥʽʞ ʦʩʦʙʠʥʠ 

ʟ ʥʠʟʴʢʦʶ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʶ. ɼʣʷ ʢʦʞʥʦʛʦ ʽʥʜʠʚʽʜʫʫʤʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʢʨʦʩʠʥʛʦʚʝʨ, ʧʽʩʣʷ ʷʢʦʛʦ ʦʪʨʠʤʘʥʽ ʥʘʱʘʜʢʠ ʟʘʤʽʥʷʶʪʴ ʩʦʙʦʶ ʙʘʪʴʢʽʚ ʽ ʧʝʨʝʭʦʜʷʪʴ 



66 

 

ʜʦ ʤʫʪʘʮʽʾ. ʊʦʜʽ ʤʦʜʝʣʶʶʪʴʩʷ ʤʫʪʘʮʽʾ ï ʫ ʜʝʢʽʣʴʢʦʭ ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʠʭ ʦʩʦʙʠʥʘʭ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʜʝʷʢʽ ʛʝʥʠ. ʇʦʪʽʤ ʩʪʘʨʘ ʧʦʧʫʣʷʮʽʷ ʯʘʩʪʢʦʚʦ ʘʙʦ 

ʮʽʣʢʦʤ ʟʥʠʱʫʻʪʴʩʷ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʨʦʟʛʣʷʜʫ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ʇʦʧʫʣʷʮʽʷ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʚ ʙʽʣʴʰʦʩʪʽ ʨʝʘʣʽʟʘʮʽʡ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʤʽʩʪʠʪʴ ʩʪʽʣʴʢʠ ʞ ʦʩʦʙʠʥ, ʩʢʽʣʴʢʠ ʧʦʯʘʪʢʦʚʘ, ʘʣʝ ʚ ʩʠʣʫ ʚʽʜʙʦʨʫ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʫ 

ʥʽʡ ʫ ʩʝʨʝʜʥʴʦʤʫ ʚʠʱʘ. ʇʽʩʣʷ ʯʦʛʦ ʧʨʦʮʝʩʠ ʚʽʜʙʦʨʫ, ʩʭʨʝʱʫʚʘʥʥʷ ʡ ʤʫʪʘʮʽʾ 

ʧʦʚʪʦʨʶʶʪʴʩʷ ʚʞʝ ʜʣʷ ʮʽʻʾ ʧʦʧʫʣʷʮʽʾ, ʪʦʱʦ. ʋ ʢʦʞʥʦʤʫ ʥʘʩʪʫʧʥʦʤʫ ʧʦʢʦʣʽʥʥʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷ ʟʦʚʩʽʤ ʥʦʚʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯʽ, ʱʦ ʨʦʟʚôʷʟʫʻʪʴʩʷ. ʉʝʨʝʜ 

ʥʠʭ ʙʫʜʫʪʴ ʷʢ ʧʦʛʘʥʽ, ʪʘʢ ʽ ʭʦʨʦʰʽ, ʘʣʝ ʟʘʚʜʷʢʠ ʚʽʜʙʦʨʫ ʯʠʩʣʦ ʧʨʠʡʥʷʪʥʠʭ ʨʽʰʝʥʴ 

ʙʫʜʝ ʟʨʦʩʪʘʪʠ. ʈʦʙʦʪʘ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʽʪʝʨʘʮʽʡʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ, ʧʦʢʠ ʥʝ ʚʠʢʦʥʘʻʪʴʩʷ ʟʘʜʘʥʝ ʯʠʩʣʦ ʽʪʝʨʘʮʽʡ ʘʙʦ ʽʥʰʠʡ ʟʘʜʘʥʠʡ 

ʢʨʠʪʝʨʽʡ ʟʫʧʠʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʻ ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ 

ʧʘʨʘʜʠʛʤ ʰʠʨʦʢʦʾ ʦʙʣʘʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʘʢʪʠʚʥʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ, ʘ ʟ ʨʦʟʚʠʪʢʦʤ ʤʝʪʦʜʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ 

ʚʦʥʠ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ.  

ʇʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʜʽʣʷʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʚʝʣʠʢʠʭ ʢʘʪʝʛʦʨʽʡ. 

ʇʝʨʰʘ ʢʘʪʝʛʦʨʽʷ ʧʨʦʛʨʘʤ ï ʮʝ ʧʘʢʝʪʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʢʣʘʩʠʯʥʠʡ ʛʝʥʝʪʠʯʥʠʡ 

ʘʣʛʦʨʠʪʤ ʟ ʤʦʞʣʠʚʠʤ ʚʽʜʣʘʛʦʜʞʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʢʝʨʫʚʘʥʥʷ ʦʩʥʦʚʥʠʤʠ 

ʦʧʝʨʘʪʦʨʘʤʠ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʄʦʜʝʣʴ ʭʨʦʤʦʩʦʤʠ ʚ ʪʘʢʠʭ ʧʘʢʝʪʘʭ ʤʘʻ, ʷʢ 

ʧʨʘʚʠʣʦ, ʩʪʘʥʜʘʨʪʥʫ ʙʽʥʘʨʥʫ ʩʪʨʫʢʪʫʨʫ, ʘ ʬʫʥʢʮʽʷ ʚʽʜʙʦʨʫ ʟʘʜʘʥʘ ʦʜʥʠʤ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʚʠʨʘʟʦʤ. ɼʦ ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʚʽʜʥʦʩʷʪʴʩʷ: ʧʘʢʝʪ Evolver 4.0 ʢʦʤʧʘʥʽʾ 

Palisade Corp, ʧʘʢʝʪ GeneHunter ʢʦʤʧʘʥʽʾ Ward System Group, ʪʦʱʦ. ɯʩʪʦʪʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʮʠʭ ʤʝʪʦʜʽʚ ʻ ʧʨʠʚ'ʷʟʢʘ ʜʦ ʙʽʥʘʨʥʦʾ ʘʙʦ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʭʨʦʤʦʩʦʤʠ 

(ʭʨʦʤʦʩʦʤʘ ʥʝ ʤʦʞʝ ʤʘʪʠ ʩʢʣʘʜʥʦʾ ʩʪʨʫʢʪʫʨʠ). ɼʦ ʜʨʫʛʦʾ ʢʘʪʝʛʦʨʽʾ ʧʨʦʛʨʘʤ 

ʚʽʜʥʦʩʷʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 

ʟʘʚʜʘʥʴ. ɰʭ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʦʙʣʝʥʽ ʽ ʦʧʪʠʤʽʟʦʚʘʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʫʟʴʢʦʾ, 

ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʾ ʢʘʪʝʛʦʨʽʾ ʧʨʦʛʨʘʤ ʟʘʣʝʞʠʪʴ ʚʽʜ 
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ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ ʽ, ʟʦʢʨʝʤʘ, ʚʽʜ ʪʘʢʠʭ, ʷʢ ʛʝʥʝʪʠʯʥʽ ʦʧʝʨʘʪʦʨʠ ʽ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ ʩʧʦʩʦʙʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʽʰʝʥʥʷ ʥʘ ʭʨʦʤʦʩʦʤʽ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʮʠʭ ʯʠʥʥʠʢʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʩʪʽʡʢʦʩʪʽ ʧʦʰʫʢʫ, 

ʱʦ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʊʨʝʪʷ ʢʘʪʝʛʦʨʽʷ 

ʨʦʟʨʦʙʦʢ ʧʦ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʚʢʣʶʯʘʻ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʦʣʷʛʘʶʪʴ 

ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʠʭ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʾʭ 

ʟʙʽʞʥʦʩʪʽ ʽ ʚʠʨʦʜʞʝʥʦʩʪʽ (MATLAB 7.0, Evolvica, E2K). 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʠʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʨʦʟʨʦʙʢʘ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʚ ʷʢʠʭ ʜʝʷʢʘ ʢʣʶʯʦʚʘ ʽʜʝʷ (ʤʝʪʘʝʚʨʠʩʪʠʢʘ) ʩʣʫʛʫʻ 

ʙʘʟʠʩʦʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʢʨʦʢʦʚʠʭ ʦʙʯʠʩʣʝʥʴ ï ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ 

ʧʦʨʦʜʞʫʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʦʯʦʢ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʚʙʫʜʦʚʘʥʦʶ ʧʨʦʮʝʜʫʨʦʶ. ʗʢʱʦ 

ʚʙʫʜʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ï ʷʢʠʡʩʴ ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ, ʪʦ ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʛʽʙʨʠʜʥʠʤʠ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʛʽʙʨʠʜʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʨʦʙʣʷʣʘʩʷ ʥʘ ʙʘʟʽ ʜʚʦʭ ʢʦʥʮʝʧʮʽʡ: ʝʚʦʣʶʮʽʡʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʤʝʪʦʜʽʚ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ. ʊʦʤʫ ʩʘʤʝ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʽ 

ʛʽʙʨʠʜʥʽ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʘʣʠ ʧʦʟʠʪʠʚʥʽ ʷʢʦʩʪʽ, ʧʨʠʪʘʤʘʥʥʽ ʟʘʟʥʘʯʝʥʠʤ 

ʧʽʜʭʦʜʘʤ.  

ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʠ ʧʦʻʜʥʘʥʥʷ ʧʝʨʝʚʘʛ ɻɸ ʪʘ G-ʘʣʛʦʨʠʪʤʽʚ. ʋ 

ʧʝʨʰʦʤʫ ʽʟ ʮʠʭ ʛʽʙʨʠʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʥʘʟʚʘʥʦʤʫ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ɻɸ (ʄɻɸ) [], ʚ 

ʩʭʝʤʽ ʝʚʦʣʶʮʽʡʥʠʭ ʦʙʯʠʩʣʝʥʴ ʷʢ ʦʧʝʨʘʪʦʨ ʤʫʪʘʮʽʾ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ 

G-ʘʣʛʦʨʠʪʤʽʚ. ɺ ʯʘʩʪʠʥʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝʡ ʘʣʛʦʨʠʪʤ ʦʭʦʧʣʶʻ ʚʽʜʦʤʠʡ ʢʣʘʩ 

ʤʝʤʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʧʦʯʘʣʠ ʨʦʟʚʠʚʘʪʠʩʷ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ G-ʘʣʛʦʨʠʪʤʽʚ ʚ ʝʚʦʣʶʮʽʡʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ ʷʢ ʧʨʦʮʝʜʫʨʠ 

ʧʽʜʩʠʣʝʥʥʷ ʤʘʩʰʪʘʙʫ ʤʫʪʘʮʽʾ, ʷʢʝ ʙʫʣʦ ʟʜʽʡʩʥʝʥʝ ʚ ʄɻɸ, ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚ'ʷʟʢʫ ʧʦʨʽʚʥʷʥʦ ʟ ʘʚʪʦʥʦʤʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

G-ʘʣʛʦʨʠʪʤʽʚ ʪʘ ɻɸ. ʇʨʠ ʮʴʦʤʫ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 
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ʜʣʷ ʨʦʟʚ`ʷʟʘʥʥʷ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯ ʂʆ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʤʙʽʥʦʚʘʥʦʤʫ 

ʤʝʪʦʜʽ G-ʘʣʛʦʨʠʪʤʫ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ɻɸ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ, 

ʷʢʱʦ ʦʩʥʦʚʥʽ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ ʧʝʨʝʭʦʜʫ ʜʦ ʥʘʩʪʫʧʥʦʛʦ 

ʢʨʦʢʫ ʧʨʠ ʣʦʢʘʣʴʥʦʤʫ ʧʦʰʫʢʫ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ, ʟʤʽʥʶʚʘʪʠ ʫʟʛʦʜʞʝʥʦ ʟ 

ʜʠʥʘʤʽʢʦʶ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ɻɸ ʪʘ ʧʦʚʝʜʽʥʢʦʶ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ.  

ɺ ʽʥʰʦʤʫ ʘʣʛʦʨʠʪʤʽ, ʥʘʟʚʘʥʦʤʫ G-ɻɸ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʰʠʨʝʥʠʭ ʩʧʦʩʦʙʽʚ 

ʛʽʙʨʠʜʠʟʘʮʽʾ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ɻɸ ʚʠʩʪʫʧʘʻ ʥʝ ʷʢ ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ 

(ʤʝʪʘʝʚʨʠʩʪʠʢʘ), ʘ ʷʢ ʚʙʫʜʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ. ɸʣʛʦʨʠʪʤ G-ɻɸ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʘʚʪʦʤʘʪʠʯʥʫ ʘʜʘʧʪʘʮʽʶ ʩʚʦʾʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʭʦʜʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ: ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʩʣʘʙʣʝʥʥʷ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʧʦʰʫʢʫ ʫʤʦʚ ʧʨʠʡʥʷʪʪʷ ʜʦ ʨʦʟʛʣʷʜʫ 

ʚʘʨʽʘʥʪʽʚ ʨʦʟʚ`ʷʟʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʧʨʦʩʪʦʨʫ ʍ, ʱʦ ʤʦʞʫʪʴ 

ʧʨʦʛʣʷʜʘʪʠʩʷ ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʪʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʪʨʘʧʣʷʥʥʷ 

ʜʦ çʟʦʥʠ ʧʨʠʪʷʛʘʥʥʷè ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʨʦʟʚ`ʷʟʢʫ. 

 

2.9 ʈʦʡʦʚʽ ʤʝʪʘʝʚʨʠʩʪʠʢʠ 

 

ʈʦʡʦʚʠʡ ʽʥʪʝʣʝʢʪ (Swarm Intelligence) ʦʧʠʩʫʻ ʢʦʣʝʢʪʠʚʥʫ ʧʦʚʝʜʽʥʢʫ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʟʜʘʪʥʘ ʜʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. ɯʥʢʦʣʠ ʨʦʡʦʚʠʡ ʽʥʪʝʣʝʢʪ 

ʥʘʟʠʚʘʶʪʴ ʢʦʣʝʢʪʠʚʥʠʤ ʽʥʪʝʣʝʢʪʦʤ ʽ ʚʽʥ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʪʝʦʨʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʷʢ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ.  

 ʉʠʩʪʝʤʠ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ ʷʢ ʧʨʘʚʠʣʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʘʛʝʥʪʽʚ 

(ʤʫʣʴʪʠʘʛʝʥʪʥʘ ʩʠʩʪʝʤʘ), ʷʢʽ ʣʦʢʘʣʴʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ, ʘ ʪʘʢʦʞ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʉʘʤʽ ʘʛʝʥʪʠ ʟʘʟʚʠʯʘʡ ʜʦʩʠʪʴ ʧʨʦʩʪʽ, ʘʣʝ ʚʩʽ ʨʘʟʦʤ, 

ʚʟʘʻʤʦʜʽʶʯʠ, ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ ʨʦʡʦʚʠʡ ʽʥʪʝʣʝʢʪ. ʇʨʠʢʣʘʜʦʤ ʫ ʧʨʠʨʦʜʽ ʤʦʞʝ 

ʩʣʫʞʠʪʠ ʢʦʣʦʥʽʷ ʤʫʨʘʭ, ʨʽʡ ʙʜʞʽʣ, ʟʛʨʘʷ ʧʪʘʭʽʚ, ʢʦʩʷʢ ʨʠʙ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʨʦʡʦʚʠʭ ʤʝʪʘʝʚʨʠʩʪʠʢ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʝʚʦʣʶʮʽʡʥʽ 

ʦʧʝʨʘʪʦʨʠ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʨʽʰʝʥʴ. ʅʘʪʦʤʽʩʪʴ ʧʨʦʩʪʽʨ ʨʽʰʝʥʥʷ 
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ʤʦʜʠʬʽʢʫʻʪʴʩʷ ʜʣʷ ʟʘʦʭʦʯʝʥʥʷ ʚʠʙʦʨʫ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʧʨʠʟʚʝʣʠ ʜʦ 

ʛʘʨʥʠʭ ʨʽʰʝʥʴ ʫ ʧʦʧʝʨʝʜʥʽʭ ʽʪʝʨʘʮʽʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʛʝʥʝʨʫʶʪʴʩʷ ʘʙʩʦʣʶʪʥʦ ʥʦʚʽ 

ʨʽʰʝʥʥʷ ʚ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ, ʘ ʥʝ ʤʦʜʠʬʽʢʫʶʪʴʩʷ ʨʽʰʝʥʥʷ ʟ ʧʦʧʝʨʝʜʥʽʭ ʽʪʝʨʘʮʽʡ. 

ɸʣʛʦʨʠʪʤ ʢʦʣʦʥʽʾ ʤʫʨʘʭ (ʤʫʨʘʰʠʥʠʡ ʘʣʛʦʨʠʪʤ, ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ, ant colony optimization, ACO) ï ʦʜʠʥ ʟ ʝʬʝʢʪʠʚʥʠʭ 

ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʨʦʡʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʚôʷʟʢʽʚ 

ʟʘʜʘʯʽ ʢʦʤʽʚʦʷʞʝʨʘ, ʘ ʪʘʢʦʞ ʟʘʚʜʘʥʴ ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʽʚ ʥʘ ʛʨʘʬʘʭ. ɸʣʛʦʨʠʪʤ 

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʫ 3 ʝʪʘʧʠ (ʨʠʩ. 2.3): 

1. ʇʝʨʰʘ ʤʫʨʘʭʘ ʟʥʘʭʦʜʠʪʴ ʜʞʝʨʝʣʦ ʾʞʽ (F) ʯʝʨʝʟ ʷʢʠʡʩʴ ʰʣʷʭ (ʘ). ʇʦʪʽʤ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʛʥʽʟʜʘ (N), ʟʘʣʠʰʠʚʰʠ ʟʘ ʩʦʙʦʶ ʩʣʽʜ ʟ ʬʝʨʦʤʦʥʽʚ (b). 

2. ʄʫʨʘʭʠ ʚʠʙʠʨʘʶʪʴ ʙʫʜʴ-ʷʢʠʡ ʰʣʷʭ, ʘʣʝ ʰʣʷʭ, ʥʘ ʷʢʦʤʫ ʤʽʩʪʠʪʴʩʷ 

ʬʝʨʦʤʦʥ ʨʦʙʠʪʴ ʡʦʛʦ ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʽʰʠʤ ʷʢ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ. 

3. ʄʫʨʘʭʠ ʚʠʙʠʨʘʶʪʴ ʢʦʨʦʪʰʠʡ ʰʣʷʭ, ʘ ʟ ʯʘʩʦʤ ʽʥʰʽ ʰʣʷʭʠ ʚʪʨʘʯʘʶʪʴ 

ʱʽʣʴʥʽʩʪʴ ʬʝʨʦʤʦʥʦʚʦʛʦ ʩʣʽʜʫ. 

 

 

ʈʠʩ. 2.3. ʇʦʚʝʜʽʥʢʘ ʤʫʨʘʭ ʚ ʢʦʣʦʥʽʾ 
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ɹʜʞʦʣʠʥʠʡ ʘʣʛʦʨʠʪʤ (ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʩʣʽʜʫʚʘʥʥʷʤ ʙʜʞʦʣʠʥʦʾ 

ʢʦʣʦʥʽʾ, artificial bee colony optimization, ABC) ï ʦʜʠʥ ʟ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ 

ʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. ɿʦʢʨʝʤʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟ ʤʥʦʞʠʥʦʶ 

ʨʦʙʽʪ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʽʻʾ ʘʙʦ ʙʽʣʴʰʝ ʦʧʝʨʘʮʽʡ. 

ʄʝʪʦʜ ʨʦʶ ʯʘʩʪʠʥʦʢ, ʄʈʏ (Particle Swarm Optimization, PSO) ï ʤʝʪʦʜ 

ʯʠʩʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʥʝ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʪʦʯʥʦʛʦ 

ʛʨʘʜʽʻʥʪʘ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʬʫʥʢʮʽʾ. ʄʈʏ ʦʧʪʠʤʽʟʫʻ ʬʫʥʢʮʽʶ, ʧʽʜʪʨʠʤʫʶʯʠ 

ʧʦʧʫʣʷʮʽʶ ʤʦʞʣʠʚʠʭ ʨʦʟʚ'ʷʟʢʽʚ, ʥʘʟʚʘʥʠʭ ʯʘʩʪʢʘʤʠ, ʽ ʧʝʨʝʤʽʱʘʶʯʠ ʮʽ ʯʘʩʪʢʠ ʚ 

ʧʨʦʩʪʦʨʽ ʨʦʟʚôʷʟʢʽʚ ʟʛʽʜʥʦ ʽʟ ʧʨʦʩʪʦʶ ʬʦʨʤʫʣʦʶ. ʇʝʨʝʤʽʱʝʥʥʷ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ 

ʧʨʠʥʮʠʧʫ ʥʘʡʢʨʘʱʦʛʦ ʟʥʘʡʜʝʥʦʛʦ ʚ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʧʦʩʪʽʡʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʯʘʩʪʢʘʤʠ ʚʠʛʽʜʥʽʰʠʭ ʧʦʣʦʞʝʥʴ. 

ʄʝʪʦʜ ʨʦʶ ʯʘʩʪʠʥʦʢ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʤʘʢʩʠʤʫʤʫ ʪʘ 

ʤʽʥʽʤʫʤʫ ʬʫʥʢʮʽʡ, ʟʘʜʘʯʽ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

(ʥʘʡʯʘʩʪʽʰʝ, ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʽ ʨʦʟʧʽʟʥʘʥʥʷ ʟʦʙʨʘʞʝʥʴ), ʘ ʪʘʢʦʞ ʜʣʷ 

ʟʘʜʘʯ, ʪʠʧʦʚʠʭ ʜʣʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʧʝʨʝʩʫʚʘʥʥʷ ʘʛʝʥʪʽʚ ʨʦʶ. 

ʇʨʠʧʫʩʪʠʤʦ, ʽʩʥʫʻ ʙʝʟʣʽʯ D ï ʘʛʝʥʪʽʚ ʨʦʶ ὨὭ(Ὥ=1,é,ὲ), ʩʧʽʣʴʥʝ ʚʟʘʻʤʦʜʽʷ 

ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ὖ=ὴ1,éά .  

ɺʩʽ ʘʛʝʥʪʠ ὨὭ(Ὥ=1,é,ὲ) ʦʜʥʘʢʦʚʽ. ɸʛʝʥʪ ὨὭ  Ὀ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʦʙʤʽʥ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʟ ʜʝʷʢʦʶ ʧʽʜʤʥʦʞʠʥʦʶ ʘʛʝʥʪʽʚ ὨὭ  Ὀ ʷʢʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 

ʧʝʚʥʦʾ ʟʦʥʠ, ʦʙʤʝʞʝʥʦʾ ʨʘʜʽʫʩʦʤ R, ʷʢʫ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ çʟʦʥʦʶ ʚʠʜʠʤʦʩʪʽè. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʘʛʝʥʪʫ ὨὭ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʫʧʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʘʛʝʥʪʽʚ ʧʽʜʤʥʦʞʠʥʠ Di. 

ɸʛʝʥʪ ὨὭ  ʨʫʭʘʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʴ r  ʚʽʜ ʩʚʦʾʭ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ὴὭ  ὖ  ʦʧʝʨʘʪʦʨ ʥʘʜʘʻ ʢʦʞʥʦʤʫ ʘʛʝʥʪʫ 

ὨὭ ʢʘʨʪʫ ʧʦʪʝʥʮʽʘʣʽʚ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʨʫʭʫ ʚ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʢʫ. 
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ʆʜʥʘʢ, ʫ ʘʛʝʥʪʽʚ ʥʝʤʘʻ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʤʦʞʣʠʚʽ ʧʝʨʝʰʢʦʜʠ ʥʘ ʾʭ ʰʣʷʭʫ. ʋ ʤʽʨʫ 

ʨʫʭʫ ʫ ʢʦʞʥʦʛʦ ʘʛʝʥʪʫ ʬʦʨʤʫʻʪʴʩʷ ʚʣʘʩʥʘ ʧʦʪʝʥʮʽʡʥʘ ʢʘʨʪʠʥʘ ʩʚʽʪʫ. 

ʈʫʭ ʢʦʞʥʦʛʦ ʘʛʝʥʪʫ ὨὭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʧʨʷʤʢʦʤ xi ʽ ʟʥʘʯʝʥʥʷʤ 

ʧʦʪʝʥʮʽʘʣʫ ʦʙʨʘʥʦʛʦ ʰʣʷʭʫ qi. 

ʂʦʞʝʥ ʘʛʝʥʪ ʚʦʣʦʜʽʻ ʙʘʟʦʶ ʟʥʘʥʴ ʧʨʦ ʥʘʚʢʦʣʠʰʥʽʡ ʩʚʽʪ, ʷʢʫ ʚʽʥ ʧʦʧʦʚʥʶʻ ʧʦ 

ʰʣʷʭʫ ʧʨʦʭʦʜʞʝʥʥʷ (ʥʘ ʦʩʥʦʚʽ ʧʦʢʘʟʥʠʢʽʚ ʜʘʪʯʠʢʽʚ, ʤʝʪʦʜʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ, 

ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʩʫʩʽʜʽʚ, ʧʝʨʝʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ  

ʇʦʪʝʥʮʽʡʥʘ ʬʫʥʢʮʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ s ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʨʫʭʫ ʚ ʥʘʧʨʷʤʢʫ xt
i
 . ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʽʜʦʤʦʤʫ ʥʘʧʨʷʤʢʫ ʥʘ ʮʽʣʴ. st

i
 ʜʣʷ 

ʘʛʝʥʪʫ i ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʤʦʞʣʠʚʦ ʧʨʦʢʣʘʩʪʠ ʰʣʷʭ ήὸὭ= ήὸὭ( ὼὸὭ)={ὼὸὭ,ίὸὭ}.  

ʂʦʞʝʥ ʘʛʝʥʪ ʧʨʠ ʦʩʪʘʪʦʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʥʘʤʘʛʘʻʪʴʩʷ 

ʚʠʙʨʘʪʠ ʤʘʨʰʨʫʪ ʪʘʢ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʟʽʪʢʥʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʟʘʜʘʪʠ ʬʫʥʢʮʽʶ 

j(ὼὸὭ), ʷʢʘ ʚʽʜʭʠʣʷʻ ʨʫʭ ʫ ʚʠʧʘʜʢʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʘʛʝʥʪ i 

ʚʠʷʚʣʷʻ ʧʝʨʝʰʢʦʜʫ ʚ ʥʘʧʨʷʤʢʫ xt
i
  ʥʘ ʚʽʜʩʪʘʥʽ ʙʣʠʞʯʝ ʥʽʞ r.  

ɿʘʟʥʘʯʝʥʫ ʤʦʜʝʣʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ 2 ʨʦʟʜʽʣʫ 

 

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʘʻ ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʅʘ 

ʞʘʣʴ, ʚʦʥʘ ʻ NP-ʚʘʞʢʦʶ ʽ, ʢʨʽʤ ʪʦʛʦ, ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ, ʷʢʽ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʚʠʟʥʘʯʝʥʠʡ (ʥʝʧʨʷʤʠʡ) ʭʘʨʘʢʪʝʨ. ɼʦ ʪʦʛʦ ʞ ʫ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʜʘʯʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʙʘʛʘʪʦ ʦʙʤʝʞʝʥʴ, ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʚʽʜʦʤʠʭ 

ʘʣʛʦʨʠʪʤʽʚ. ʊʦʤʫ ʜʣʷ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʚʠʧʨʘʚʜʘʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʪʘʝʚʨʠʩʪʠʢ. 

ʇʨʠ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ ʛʽʧʦʪʝʟʘ ʚʝʣʠʢʦʾ ʜʦʣʠʥʠ, ʱʦ 

ʯʘʩʪʢʦʚʦ ʧʦʷʩʥʶʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʗʢʱʦ ʚ ʧʦʧʫʣʷʮʽʾ 
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ʟʙʠʨʘʶʪʴʩʷ ʣʦʢʘʣʴʥʽ ʦʧʪʠʤʫʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʽʧʦʪʝʟʠ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʚ 

ʦʜʥʦʤʫ ʤʽʩʮʽ, ʽ ʯʝʨʛʦʚʝ ʨʽʰʝʥʥʷ ʦʙʠʨʘʻʪʴʩʷ ʜʝʩʴ ʤʽʞ ʜʚʦʤʘ ʜʦʚʽʣʴʥʠʤʠ 

ʣʦʢʘʣʴʥʠʤʠ ʦʧʪʠʤʫʤʫ, ʪʦ ʪʘʢʠʡ ʧʨʦʮʝʩ ʤʘʻ ʙʘʛʘʪʦ ʰʘʥʩʽʚ ʟʥʘʡʪʠ ʛʣʦʙʘʣʴʥʠʡ 

ʦʧʪʠʤʫʤ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʜʦʣʠʥʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʫʢʣʽ ʤʥʦʞʠʥʠ.  

ɺʠʤʦʛʘ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʘ ʪʘʢʦʞ ʦʧʫʢʣʠʭ 

ʤʥʦʞʠʥ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʥʷʪʪʷ ʬʨʘʛʤʝʥʪʘʨʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺʚʝʜʝʥʥʷ ʧʦʥʷʪʪʷ 

ʬʨʘʛʤʝʥʪʘʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʻ ʟʤʦʛʫ ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʚʝʣʠʢʦʛʦ 

ʢʣʘʩʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʟʦʢʨʝʤʘ,  ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʘʩʣʽʜʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʩʪʨʫʢʪʫʨ ʻ ʟʚʝʜʝʥʥʷ ʟʘʜʘʯ 

ʦʧʪʠʤʽʟʘʮʽʾ ʜʦ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ 

ʨʦʟʛʣʷʥʫʪʦ ʨʝʢʫʨʩʠʚʥʠʡ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʧʝʨʝʩʪʘʥʦʚʦʢ. ɺʽʥ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ 

ʦʜʠʥ ʝʣʝʤʝʥʪ ʬʽʢʩʫʻʪʴʩʷ ʚ ʢʽʥʮʽ, ʘ ʦʩʪʘʥʥʽ ʧʝʨʝʙʠʨʘʶʪʴʩʷ.  

ʊʘʢʽ ʜʠʩʢʨʝʪʥʽ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʘʜʘʯʽ, ʷʢ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʜʦʧʫʩʢʘʶʪʴ ʬʦʨʤʫʣʶʚʘʥʥʷ, ʷʢ ʟʘʜʘʯʽ ʥʘ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʆʪʞʝ ʜʣʷ ʥʠʭ 

ʻ ʜʦʮʽʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʩʷʞʥʦʩʪʽ ʜʣʷ ʟʘʜʘʥʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ, 

ʷʢʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʟʘʜʘʯʽ ʢʣʘʩʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʘʢʝ ʚʧʦʨʷʜʢʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ, ʟʘ ʷʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʯʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ. 

ʗʢʱʦ ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʩʷʞʥʦʩʪʽ, ʪʦ ʪʦʯʥʠʡ 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʟʘʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʦ ʰʣʷʭʦʤ 

ʧʝʨʝʙʦʨʫ ʚʩʽʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʢʦʞʥʦʾ ʪʘʢʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ. ʆʜʥʘʢ, ʪʘʢʠʡ 

ʘʣʛʦʨʠʪʤ, ʙʝʟʫʤʦʚʥʦ, ʻ ʩʢʣʘʜʥʠʤ. ʗʢʱʦ ʦʙʤʝʞʠʪʠʩʷ ʥʝ ʚʩʽʤʘ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ, ʘ 

ʷʢʦʶʩʴ ʾʭ ʯʘʩʪʠʥʦʶ, ʦʙʨʘʥʦʶ ʟʘ ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ, ʪʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʟʥʽ 

ʚʘʨʽʘʥʪʠ ʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ. 

ʌʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʜʦʟʚʦʣʷʻ ʚʽʜʰʫʢʘʪʠ ʜʦʧʫʩʪʠʤʠʡ 

ʨʦʟʚ'ʷʟʦʢ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʦʪʨʠʤʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʥʘ ʮʴʦʤʫ ʨʦʟʚôʷʟʢʫ. ʆʜʥʘʢ 

ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʚ'ʷʟʦʢ, ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ 
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ʘʣʛʦʨʠʪʤʫ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ. ɼʣʷ ʧʦʰʫʢʫ ʥʘʙʣʠʞʝʥʠʭ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʦʜʝʣʴ, ʱʦ ʧʦʻʜʥʫʻ 

ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʪʘ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʽ, ʷʢʘ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʘ ʚ ʨʦʟʜʽʣʽ 4. 
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ʈʆɿɼɯʃ 3. ɿɸɼɸʏɸ ʈʆɿʄɯʑɽʅʅʗ ɺʀʈʆɹʅʀʎʊɺɸ 

 

 

3.1 ɿʘʜʘʯʘ ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ ʟʽʨʢʘʤʠ 

 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʟʘʜʘʯʫ ʧʦʢʨʠʪʪʷ ʛʨʘʬʘ ʟʽʨʢʘʤʠ, ʷʢʘ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʚ ʪʝʦʨʽʾ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʚ ʪʝʦʨʽʾ ʩʠʥʪʝʟʫ ʩʭʝʤ, ʚ ʟʘʜʘʯʘʭ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ 

ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ [36]. 

ɿʽʨʢʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʘʬ, ʱʦ ʽʟʦʤʦʨʬʥʠʡ ʧʦʚʥʦʤʫ ʜʚʦʜʦʣʴʥʦʤʫ ʛʨʘʬʫ , 

ʜʝ  (ʨʠʩ. 3.1). 

 

 

ʈʠʩ. 3.1. ɻʨʘʬ, ʱʦ ʻ ʟʽʨʢʦʶ 

 

ɿʘʜʘʯʘ ʧʦʢʨʠʪʪʷ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ. ɿʘʜʘʥʠʡ ʛʨʘʬ 

, ʨʝʙʨʘ ʷʢʦʛʦ E ʟʚʘʞʝʥʽ ʬʫʥʢʮʽʻʶ . ɿʥʘʡʪʠ ʧʽʜʤʥʦʞʠʥʫ 

ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ ʟ ʥʝʧʝʨʝʪʠʥʥʠʭ ʧʦ ʚʝʨʰʠʥʘʭ ʟʽʨʦʢ ʫ ʮʴʦʤʫ ʛʨʘʬʽ, ʦʙ'ʻʜʥʘʥʥʷ 

ʷʢʠʭ ʤʽʩʪʠʪʴ ʚʩʽ ʚʝʨʰʠʥʠ ʛʨʘʬʫ G. 

 

1 2( , ) : { , ,..., }, ( , ),t i i i iG V E T T T T T V E E= = = ¸Å 
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, 1,2,...,i j t" =  

i jV V =Åʟʘ ʫʤʦʚ i j̧  
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=  
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T er r
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= ää      (3.1) 

 

ɺʽʜʦʤʦ, ʱʦ ʟʘʜʘʯʘ ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ ʟʽʨʢʘʤʠ ʻ NP-ʩʢʣʘʜʥʦʶ [36]. 

ʇʦʙʫʜʫʻʤʦ ʬʨʘʛʤʝʥʪʘʨʥʫ ʤʦʜʝʣʴ ʟʘʜʘʯʽ. ʄʥʦʞʠʥʦʶ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʻ ʤʥʦʞʠʥʘ E ʚʩʽʭ ʨʝʙʝʨ ʛʨʘʬʫ, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʥʫʤʝʨʫʶʪʴʩʷ ʯʠʩʣʘʤʠ 

1,2,...,m. 

ʌʨʘʛʤʝʥʪʦʤ ʮʽʻʾ ʤʦʜʝʣʽ ʻ ʙʫʜʴ-ʷʢʠʡ ʧʽʜʛʨʘʬ ʚ ʛʨʘʬʽ, ʢʦʞʥʘ ʢʦʤʧʦʥʝʥʪʘ 

ʟʚ'ʷʟʥʦʩʪʽ ʷʢʦʛʦ ʻ ʟʽʨʢʦʶ. 

ʋʤʦʚʘ ʧʨʠʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʻ ʥʘʩʪʫʧʥʦʶ. ɸʙʦ ʨʝʙʨʦ  

ʤʘʻ ʨʽʚʥʦ ʦʜʥʫ ʩʧʽʣʴʥʫ ʚʝʨʰʠʥʫ ʟ ʦʜʥʽʻʶ ʟ ʟʽʨʦʢ ʬʨʘʛʤʝʥʪʘ ʽ ʮʷ ʚʝʨʰʠʥʘ ï ʮʝʥʪʨ 

ʟʽʨʢʠ, ʘʙʦ ʮʝ ʨʝʙʨʦ ʥʝ ʤʘʻ ʟʘʛʘʣʴʥʠʭ ʚʝʨʰʠʥ ʟ ʫʞʝ ʦʙʨʘʥʠʤʠ ʨʝʙʨʘʤʠ. 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʜʦʚʽʣʴʥʽ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʨʝʙʝʨ ʛʨʘʬʫ, ʢʦʞʥʝ ʟ ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ 

ʧʝʨʝʩʪʘʥʦʚʢʦʶ ʟ ʛʨʫʧʠ ʧʝʨʝʩʪʘʥʦʚʦʢ . 

ʈʦʟʛʣʷʥʝʤʦ ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʤʽʱʝʥʥʷ. 

ʉʢʣʘʜʘʻʪʴʩʷ ʩʧʠʩʦʢ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ (ʨʝʙʝʨ ʛʨʘʬʫ), ʫʧʦʨʷʜʢʦʚʘʥʠʡ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʷʢʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʯʠʩʝʣ 1,2,...,m. ɿʘ ʨʦʟʚôʷʟʦʢ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ 

ʢʨʦʮʽ ʚʠʙʠʨʘʻʪʴʩʷ ʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ. ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʘʣʛʦʨʠʪʤʫ ʚʠʙʠʨʘʻʤʦ 

ʯʝʨʛʦʚʠʡ ʧʦ ʧʦʨʷʜʢʫ ʬʨʘʛʤʝʥʪ (ʨʝʙʨʦ)  ʟʽ ʩʧʠʩʢʫ. ʗʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

ʧʨʠʻʜʥʘʥʥʷ, ʦʙʨʘʥʝ ʨʝʙʨʦ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʧʦʪʦʯʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʷʢ ʧʨʦʤʽʥʴ 

ʚʽʜʧʦʚʽʜʥʦʾ ʟʽʨʢʠ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʨʝʙʨʘ ʟʽ 

ʩʧʠʩʢʫ.  
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ɸʣʛʦʨʠʪʤ ʟʘʢʽʥʯʫʻ ʨʦʙʦʪʫ, ʢʦʣʠ ʩʧʠʩʦʢ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ (ʨʝʙʝʨ) 

ʙʫʜʝ ʧʦʨʦʞʥʽʤ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʜʦʧʫʩʪʠʤʝ ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ 

ʟʽʨʢʘʤʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʥʫʤʝʨʘʮʽʾ ʨʝʙʝʨ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʫʜʴ-ʷʢʝ ʥʘʧʝʨʝʜ ʟʘʜʘʥʝ ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ ʟʽʨʢʘʤʠ. ʊʦʤʫ ʤʘʻ ʤʽʩʮʝ 

ʪʝʦʨʝʤʘ ʜʦʩʷʞʥʦʩʪʽ [36]. 

ʊʝʦʨʝʤʘ 3.1. ɹʫʜʴ-ʷʢʠʡ ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʧʦʢʨʠʪʪʷ ʟʚʘʞʝʥʦʛʦ 

ʛʨʘʬʫ ʟʽʨʢʘʤʠ ʜʦʩʷʞʥʠʡ ʚ ʨʘʤʢʘʭ ʬʨʘʛʤʝʥʪʘʨʥʦʾ ʤʦʜʝʣʽ. 

ɼʦʚʝʜʝʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʜʦʧʫʩʪʠʤʝ ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ ʟʽʨʢʘʤʠ. ɺʧʦʨʷʜʢʫʻʤʦ 

ʟʽʨʢʠ, ʚ ʙʫʜʴ-ʷʢʦʤʫ ʧʦʨʷʜʢʫ, ʘ ʧʦʪʽʤ ʙʫʜʝʤʦ ʥʫʤʝʨʫʚʘʪʠ ʨʝʙʨʘ ʧʦʩʣʽʜʦʚʥʦ ʧʦ 

ʟʽʨʢʘʭ. ʈʘʥʽʰʝ ʥʫʤʝʨʫʻʤʦ ʨʝʙʨʘ ʧʝʨʰʦʾ ʟʽʨʢʠ, ʧʦʪʽʤ ʜʨʫʛʦʾ, ʽ ʪʘʢ ʜʘʣʽ. ʊʦʜʽ 

ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʟʘʜʘʥʦʾ ʥʫʤʝʨʘʮʽʾ ʨʝʙʝʨ ʧʦʙʫʜʫʻ ʧʦʪʨʽʙʥʝ ʧʦʢʨʠʪʪʷ. 

ʂʨʠʪʝʨʽʻʤ ʚ ʟʘʜʘʯʽ ʻ ʩʫʤʘʨʥʘ ʚʘʛʘ ʟʥʘʡʜʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʛʨʘʬʘ ʟʽʨʢʘʤʠ, 

ʦʪʨʠʤʘʥʦʛʦ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ʎʽʢʘʚʠʤ ʻ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʟʘʜʘʯʽ ʧʦʢʨʠʪʪʷ ʛʨʘʬʘ ʟʽʨʢʘʤʠ ï ʟʘʜʘʯʘ ʧʨʦ 

ʨʝʛʫʣʷʨʥʝ ʧʦʢʨʠʪʪʽ ʛʨʘʬʘ k-ʟʽʨʢʘʤʠ, ʪʦʙʪʦ ʟʚ'ʷʟʥʠʤʠ ʛʨʘʬʘʤʠ, ʫ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ 

ʦʜʥʘ ʚʝʨʰʠʥʘ ʤʘʻ ʩʪʝʧʽʥʴ k, ʘ ʚʩʽ ʽʥʰʽ 1. 

ɹʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʟʘʜʘʯʫ ʨʝʛʫʣʷʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʚʘʞʝʥʦʛʦ ʛʨʘʬʘ k-ʟʽʨʢʘʤʠ 

ʚ ʥʘʩʪʫʧʥʦʤʫ ʬʦʨʤʫʣʶʚʘʥʥʽ: ʟʥʘʡʪʠ ʥʘʙʽʨ ʥʝʧʝʨʝʪʠʥʘʥʠʭ ʧʽʜʛʨʘʬʽʚ ʚ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʛʨʘʬʽ ʟ n ʚʝʨʰʠʥʘʤʠ ʽ m ʨʝʙʨʘʤʠ, ʢʦʞʥʘ ʢʦʤʧʦʥʝʥʪʘ ʷʢʦʛʦ 

ʽʟʦʤʦʨʬʥʘ ʟʽʨʮʽ ʟ k ʧʨʦʤʝʥʷʤʠ, ʧʨʠʯʦʤʫ ʥʘʙʽʨ ʤʽʩʪʠʪʴ ʚʩʽ ʚʝʨʰʠʥʠ ʧʦʯʘʪʢʦʚʦʛʦ 

ʛʨʘʬʫ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʽʩʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʦʢʨʠʪʪʷ ʻ ʫʤʦʚʘ 

ʧʦʜʽʣʴʥʦʩʪʽ ʯʠʩʣʘ n ʥʘ ʯʠʩʣʦ k+1. 

ʌʦʨʤʘʣʴʥʦ ʟʘʜʘʯʘ ʧʨʦ ʨʝʛʫʣʷʨʥʝ ʧʦʢʨʠʪʪʷ k-ʟʽʨʢʘʤʠ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ. 

ʋ ʟʘʜʘʥʦʤʫ ʛʨʘʬʽ , ʨʝʙʨʘ ʷʢʦʛʦ E ʟʚʘʞʝʥʽ ʬʫʥʢʮʽʻʶ , 

ʟʥʘʡʪʠ ʧʽʜʤʥʦʞʠʥʫ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ ʥʝʧʝʨʝʪʠʥʘʥʠʭ ʧʦ ʚʝʨʰʠʥʘʭ k-ʟʽʨʦʢ, 
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ʦʙ'ʻʜʥʘʥʥʷ ʷʢʠʭ ʤʽʩʪʠʪʴ ʚʩʽ ʚʝʨʰʠʥʠ ʛʨʘʬʘ G. ɿʨʦʟʫʤʽʣʦ, ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʚ'ʷʟʦʢ 

ʟʘʜʘʯʘ ʤʘʪʠʤʝ ʣʠʰʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʯʠʩʣʦ ʚʝʨʰʠʥ ʛʨʘʬʘ G ʢʨʘʪʥʝ k+1, ʪʦʙʪʦ 

ʤʘʻ ʤʽʩʮʝ ʨʽʚʥʽʩʪʴ , ʜʝ t ï ʯʠʩʣʦ ʟʽʨʦʢ ʚ ʧʦʢʨʠʪʪʽ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʤʘʻ ʚʠʛʣʷʜ: 
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ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʟʘʜʘʯʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʬʨʘʛʤʝʥʪʘʨʥʘ ʤʦʜʝʣʴ [20-23], ʚ ʷʢʽʡ 

ʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʻ ʤʥʦʞʠʥʘ ʚʩʽʭ ʨʝʙʝʨ ʛʨʘʬʫ, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ 

ʥʫʤʝʨʫʶʪʴʩʷ ʯʠʩʣʘʤʠ 1,2,...,m. ʌʨʘʛʤʝʥʪʦʤ ʚ ʮʽʡ ʤʦʜʝʣʽ ʻ ʙʫʜʴ-ʷʢʠʡ ʧʽʜʛʨʘʬ ʫ 

ʛʨʘʬʽ, ʢʦʞʥʘ ʢʦʤʧʦʥʝʥʪʘ ʟʚ'ʷʟʥʦʩʪʽ ʷʢʦʛʦ ʻ ʟʽʨʢʦʶ ʟ ʯʠʩʣʦʤ ʚʝʨʰʠʥ ʥʝ ʙʽʣʴʰʝ k. 

ʋʤʦʚʘ ʧʨʠʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʻ ʪʘʢʦʶ. ɸʙʦ ʨʝʙʨʦ  ʤʘʻ ʪʽʣʴʢʠ 

ʦʜʥʫ ʩʧʽʣʴʥʫ ʚʝʨʰʠʥʫ ʟ ʦʜʥʽʻʶ ʟ ʟʽʨʦʢ ʬʨʘʛʤʝʥʪʘ, ʯʠʩʣʦ ʧʨʦʤʝʥʽʚ ʷʢʦʾ ʥʝ 

ʧʝʨʝʚʝʨʰʫʻ k, ̔  ʮʷ ʚʝʨʰʠʥʘ ï ʮʝʥʪʨ ʟʽʨʢʠ, ʘʙʦ ʮʝ ʨʝʙʨʦ ʥʝ ʤʘʻ ʟʘʛʘʣʴʥʠʭ ʚʝʨʰʠʥ ʟ 

ʫʞʝ ʦʙʨʘʥʠʤʠ ʨʝʙʨʘʤʠ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʜʦʚʽʣʴʥʽ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʨʝʙʝʨ ʛʨʘʬʫ. 

ʂʦʞʥʝ ʟ ʮʠʭ ʫʧʦʨʷʜʢʫʚʘʥʴ ʦʧʠʩʫʻʪʴʩʷ ʧʝʨʝʩʪʘʥʦʚʢʦʶ ʟ ʛʨʫʧʠ ʧʝʨʝʩʪʘʥʦʚʦʢ . 

ʌʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʤʽʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʉʢʣʘʜʘʻʪʴʩʷ 

ʩʧʠʩʦʢ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ (ʨʝʙʝʨ), ʫʧʦʨʷʜʢʦʚʘʥʠʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʷʢʦʾ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʯʠʩʝʣ 1,2,...,m. ɿʘ ʨʦʟʚôʷʟʦʢ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʢʨʦʮʽ ʚʠʙʠʨʘʻʪʴʩʷ 

ʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ. ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʘʣʛʦʨʠʪʤʫ ʚʠʙʠʨʘʻʤʦ ʯʝʨʛʦʚʠʡ ʧʦ ʧʦʨʷʜʢʫ 

ʬʨʘʛʤʝʥʪ (ʨʝʙʨʦ)  ʟʽ ʩʧʠʩʢʫ. ʗʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ʧʨʠʻʜʥʘʥʥʷ, ʦʙʨʘʥʝ 
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ʨʝʙʨʦ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʧʦʪʦʯʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʚ ʷʢʦʩʪʽ ʧʨʦʤʝʥʽʚ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʨʝʙʨʘ ʟʽ ʩʧʠʩʢʫ. ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʯʝʨʛʦʚʦʾ k-

ʟʽʨʢʠ, ʚʩʽ ʥʝ ʚʠʙʨʘʥʽ ʨʝʙʨʘ ʽʥʮʠʜʝʥʪʥʽ ʮʝʥʪʨʫ ʟʽʨʢʠ ʚʠʜʘʣʷʶʪʴʩʷ ʟʽ ʩʧʠʩʢʫ. 

ɸʣʛʦʨʠʪʤ ʟʘʢʽʥʯʫʻ ʨʦʙʦʪʫ, ʢʦʣʠ ʩʧʠʩʦʢ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ (ʨʝʙʝʨ) 

ʙʫʜʝ ʧʦʨʦʞʥʽʤ. ʗʢʱʦ ʧʽʩʣʷ ʮʴʦʛʦ ʥʝ ʚʩʽ ʚʝʨʰʠʥʠ ʛʨʘʬʘ G ʦʧʠʥʠʣʠʩʷ ʚ ʧʦʢʨʠʪʪʽ, 

ʪʦ ʜʦʜʘʶʪʴʩʷ ʙʨʘʢʫʶʯʽ ʨʝʙʨʘ, ʷʢʠʤ ʧʨʠʧʠʩʫʻʪʴʩʷ ʚʘʛʘ +Ð (ʰʪʨʘʬ). 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʜʦʧʫʩʪʠʤʝ ʧʦʢʨʠʪʪʷ ʛʨʘʬʘ 

k-ʟʽʨʢʘʤʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚʩʷʢʠʡ ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʚ'ʷʟʦʢ ʻ ʜʦʩʷʞʥʠʤ ʚ ʨʘʤʢʘʭ ʜʘʥʦʾ 

ʤʦʜʝʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʘʻ ʤʽʩʮʝ ʥʘʩʪʫʧʥʘ ʪʝʦʨʝʤʘ [36]. 

ʊʝʦʨʝʤʘ 3.2 ɹʫʜʴ-ʷʢʠʡ ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʧʦʢʨʠʪʪʷ ʟʚʘʞʝʥʦʛʦ 

ʛʨʘʬʘ k-ʟʽʨʢʘʤʠ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʥʘʣʝʞʥʦʛʦ ʚʠʙʦʨʫ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ. 

ɼʦʚʝʜʝʥʥʷ ʪʝʦʨʝʤʠ ʘʥʘʣʦʛʽʯʥʦ ʜʦʚʝʜʝʥʥʶ ʪʝʦʨʝʤʠ 3.2. 

ʂʨʠʪʝʨʽʻʤ ʚ ʟʘʜʘʯʽ ʻ ʩʫʤʘʨʥʘ ʚʘʛʘ ʟʥʘʡʜʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʛʨʘʬʘ k-ʟʽʨʢʘʤʠ, 

ʦʪʨʠʤʘʥʦʛʦ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʰʪʨʘʬʽʚ. 

ɿʘʜʘʯʘ ʧʦʢʨʠʪʪʷ ʛʨʘʬʘ ʟʽʨʢʘʤʠ ʤʘʻ ʬʨʘʛʤʝʥʪʘʨʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʙʫʜʴ-ʷʢʝ ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʝ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ [31,46]. ʆʪʞʝ, ʜʣʷ ʟʘʜʘʯʽ ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ ʻ 

ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʚʩʽ ʪʚʝʨʜʞʝʥʥʷ ʈʦʟʜʽʣʫ 2. ʂʨʽʤ ʪʦʛʦ, ʟʘʜʘʯʘ ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ 

ʥʘʣʝʞʠʪʴ ʜʦ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦ ʩʫʪʽ ʟʘʜʘʯʫ 

ʢʣʘʩʠʬʽʢʘʮʽʾ [87].  

 

3.2 ʅʘʡʧʨʦʩʪʽʰʽ ʚʘʨʽʘʥʪʠ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

 

ɿʘʜʘʯʽ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙôʻʢʪʽʚ ʻ ʧʦʰʠʨʝʥʠʤʠ ʪʘ 

ʘʢʪʫʘʣʴʥʠʤʠ ʚ ʥʘʰ ʯʘʩ ʽ ʤʘʶʪʴ ʤʘʩʦʚʠʡ ʭʘʨʘʢʪʝʨ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜʧʨʠʻʤʩʪʚʘ 
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ʪʦʨʛʽʚʣʽ, ʛʨʦʤʘʜʩʴʢʦʛʦ ʭʘʨʯʫʚʘʥʥʷ, ʧʦʙʫʪʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʦʰʪʦʚʽ 

ʚʽʜʜʽʣʝʥʥʷ ʪʦʱʦ ʧʦʚʠʥʥʽ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʪʘʢ, ʱʦʙ ʥʘʩʝʣʝʥʥʷ ʤʦʛʣʦ ʦʪʨʠʤʫʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʽ ʧʦʩʣʫʛʠ ʟ ʧʝʚʥʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʫʧʥʦʩʪʽ, ʽ, ʟ ʮʴʦʛʦ ʧʦʛʣʷʜʫ, ʱʦ ʙʽʣʴʰʝ 

ʾʭ, ʪʦ ʢʨʘʱʝ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʯʠʤ ʤʝʥʰʝ ʪʘʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʨʝʛʽʦʥʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʠʤ ʚʦʥʠ ʙʽʣʴʰʽ ʽ, ʦʪʞʝ, ʩʦʙʽʚʘʨʪʽʩʪʴ ʾʭ ʫʪʨʠʤʘʥʥʷ ʥʠʞʯʘ, ʪʦʙʪʦ 

ʽʩʥʫʻ ʧʝʚʥʘ ʩʫʧʝʨʝʯʥʽʩʪʴ ʤʽʞ ʜʦʩʪʫʧʥʽʩʪʶ ʪʘ ʨʝʥʪʘʙʝʣʴʥʽʩʪʶ. ʇʦʜʽʙʥʽ ʟʘʚʜʘʥʥʷ 

ʨʦʟʚôʷʟʫʶʪʴ ʤʽʩʮʝʚʽ, ʩʝʣʠʱʥʽ, ʩʽʣʴʩʴʢʽ ʦʨʛʘʥʠ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɸʥʘʣʦʛʽʯʥʽ 

ʟʘʜʘʯʽ ʚʠʥʠʢʘʶʪʴ ʪʘʢʦʞ ʫ ʢʝʨʽʚʥʠʢʽʚ ʢʦʤʝʨʮʽʡʥʠʭ ʬʽʨʤ: ʧʨʦʙʣʝʤʠ ʨʦʟʤʽʱʝʥʥʷ 

ʤʝʨʝʞʽ ʙʝʥʟʦʟʘʧʨʘʚʦʢ, ʪʦʨʛʦʚʠʭ ʚʽʜʜʽʣʝʥʴ ʚʝʣʠʢʠʭ ʪʦʨʛʦʚʠʭ ʬʽʨʤ, ʬʽʣʽʡ ʙʘʥʢʽʚ, 

ʙʫʜʽʚʝʣʴʥʠʭ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʧʘʥʽʡ ʪʦʱʦ. ʎʽ ʧʨʠʢʣʘʜʠ ʜʦʧʦʚʥʶʻ ʨʷʜ ʟʘʚʜʘʥʴ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʨʦʟʤʽʱʝʥʥʷʤ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʥʘʬʪʦʛʘʟʦʚʠʜʦʙʫʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʫʟʣʽʚ, ʽ ʚʩʽ ʚʦʥʠ 

ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʨʦʟʤʽʱʝʥʥʷ ʟ ʧʦʜʽʙʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ.  

ʗʢ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʟʘʜʘʯʘ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʜʦʧʫʩʢʘʻ ʨʽʟʥʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʱʦ ʚʠʧʨʘʚʜʦʚʫʻ ʘʢʘʜʝʤʽʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʾʾ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʇʨʝʜʩʪʘʚʠʤʦ ʬʦʨʤʘʣʽʟʘʮʽʶ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʚʠʛʣʷʜʽ.  

ɿʘʜʘʥʦ ʧʦʚʥʠʡ ʜʚʦʜʦʣʴʥʠʡ ʛʨʘʬ 
,n mK , ʨʝʙʨʘ ʷʢʦʛʦ ,

1, 1{( , )} i n j m

i ji j = =

= =  ʟʚʘʞʝʥʽ 

ʯʠʩʣʘʤʠ ,

1, 1{ } n m

ij i jw = =. 

ɼʚʽ ʛʨʫʧʠ ʧʦʧʘʨʥʦ ʥʝʩʫʤʽʞʥʠʭ ʚʝʨʰʠʥ ʛʨʘʬʘ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ 

ʩʧʦʞʠʚʘʯʽ ʽ ʧʫʥʢʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʘʛʘ ʨʝʙʨʘ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʚʘʨʪʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʽʻʥʪʘ. ʂʨʽʤ ʪʦʛʦ, ʢʦʞʥʽʡ ʚʝʨʰʠʥʽ-ʧʫʥʢʪʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ j ʧʨʠʧʠʩʘʥʘ ʚʘʛʘ 
ja . 

ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʯʘʩʪʢʦʚʦʛʦ ʛʨʘʬʘ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ, ʷʢʠʡ 

ʤʽʩʪʠʚ ʙʠ ʚʩʽ ʚʝʨʰʠʥʠ-ʩʧʦʞʠʚʘʯʽ ʽ ʯʘʩʪʠʥʫ ʚʝʨʰʠʥ-ʧʫʥʢʪʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʧʨʠʯʦʤʫ ʢʦʞʝʥ ʩʧʦʞʠʚʘʯ ʟ'ʻʜʥʘʥʠʡ ʣʠʰʝ ʟ ʦʜʥʠʤ ʧʫʥʢʪʦʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʠ 
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ʮʴʦʤʫ ʩʪʫʧʽʥʴ ʚʝʨʰʠʥʠ-ʧʫʥʢʪʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ j ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʚʝʣʠʯʠʥʠ K (ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʽʣʴʢʽʩʪʴ ʢʣʽʻʥʪʽʚ). ɹʫʜʝʤʦ ʰʫʢʘʪʠ ʨʦʟʚôʷʟʦʢ ʫ ʚʠʛʣʷʜʽ 

ʙʫʣʝʚʦʾ ʤʘʪʨʠʮʽ ,

1, 1{ } n m

ij i jx = =. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʧʨʦʮʝʩ ʟʘʜʘʥʥʷ ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʩʧʦʞʠʚʘʯʽʚ. 

ʅʝʭʘʡ ʤʥʦʞʠʥʘ  ʟʘʜʘʻ ʧʝʨʝʣʽʢ ʤʦʞʣʠʚʠʭ ʧʫʥʢʪʽʚ ʨʦʟʤʽʱʝʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʷʢʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʋ ʙʫʜʴ-ʷʢʦʤʫ ʟ ʧʫʥʢʪʽʚ 

 ʤʦʞʥʘ ʚʽʜʢʨʠʪʠ ʧʽʜʧʨʠʻʤʩʪʚʦ. ɺʝʣʠʯʠʥʘ  ʟʘʜʘʻ ʚʽʜʧʦʚʽʜʥʽ 

ʚʠʪʨʘʪʠ. ɺʽʜʢʨʠʪʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʦʞʝ ʚʠʨʦʙʣʷʪʠ ʧʨʦʜʫʢʮʽʶ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʚ 

ʥʝʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ.     

ʇʝʨʝʣʽʢ ʩʧʦʞʠʚʘʯʽʚ ʟʘʜʘʻʪʴʩʷ ʤʥʦʞʠʥʦʶ . ɼʣʷ ʢʦʞʥʦʾ ʧʘʨʠ  

ʚʽʜʦʤʘ ʚʝʣʠʯʠʥʘ  ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʜʦʩʪʘʚʢʫ ʧʨʦʜʫʢʮʽʾ 

ʩʧʦʞʠʚʘʯʝʚʽ. ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʥʘʡʪʠ ʪʘʢʫ ʤʥʦʞʠʥʫ  

ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʚʽʜʢʨʠʚʘʶʪʴʩʷ, ʱʦʙ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʟʘʜʦʚʦʣʴʥʠʪʠ 

ʧʦʪʨʝʙʠ ʚʩʽʭ ʩʧʦʞʠʚʘʯʽʚ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʚʝʜʝʥʠʭ ʧʦʟʥʘʯʝʥʴ ʦʧʪʠʤʽʟʘʮʽʡʥʘ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

    

     (3.3) 

 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʚʽʜʦʤʦʾ ʟʘʜʘʯʽ ʧʨʦ ʧʦʢʨʠʪʪʷ 

ʤʥʦʞʠʥʘʤʠ [23], ʪʦʤʫ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʯʠʩʣʘ NP-ʚʘʞʢʠʭ ʚ ʩʠʣʴʥʦʤʫ ʩʝʥʩʽ. ɼʣʷ 

ʨʦʟʚôʷʟʢʫ ʥʘʡʧʨʦʩʪʽʰʦʾ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʟʨʦʙʣʝʥʦ ʪʦʯʥʽ 

ʘʣʛʦʨʠʪʤʠ, ʥʘʙʣʠʞʝʥʽ ʘʣʛʦʨʠʪʤʠ ʟ ʛʘʨʘʥʪʦʚʘʥʠʤʠ ʦʮʽʥʢʘʤʠ ʪʦʯʥʦʩʪʽ, ʣʘʛʨʘʥʞʝʚʦʾ 

ʝʚʨʠʩʪʠʢʠ, ʽʤʦʚʽʨʥʽʩʥʽ ʽʪʝʨʘʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʰʫʢʫ. ɿʥʘʡʜʝʥʦ ʧʦʣʽʥʦʤʽʘʣʴʥʦ ʨʦʟʚ'ʷʟʘʥʽ ʢʣʘʩʠ ʟʘʜʘʯ. 
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ɿʘʜʘʯʘ ʨʦʟʤʽʱʝʥʥʷ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʩʪʦʩʦʚʥʦ ʧʦʪʫʞʥʦʩʪʝʡ ʧʽʜʧʨʠʻʤʩʪʚ ʻ 

ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʥʘʡʧʨʦʩʪʽʰʦʾ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʩʪʘʥʥʴʦʾ ʚ ʥʽʡ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʢʦʞʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʦʞʝ ʚʠʨʦʙʣʷʪʠ ʧʨʦʜʫʢʮʽʶ ʪʽʣʴʢʠ ʚ 

ʦʙʤʝʞʝʥʠʭ ʢʽʣʴʢʦʩʪʷʭ. ʊʘʢʝ ʧʨʠʨʦʜʥʝ ʽ ʚʘʞʣʠʚʝ ʧʨʠʧʫʱʝʥʥʷ ʟʣʝʛʢʘ ʟʤʽʥʶʻ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʽ ʩʠʣʴʥʦ ʫʩʢʣʘʜʥʶʻ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʢʫ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ. 

ɼʦʩʠʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʟʘʜʘʯʘ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʦʙʤʝʞʝʥʥʷʤʠ 

ʩʪʦʩʦʚʥʦ ʧʦʪʫʞʥʦʩʪʝʡ, ʟʘʜʘʯʘ ʧʨʦ p-ʤʝʜʽʘʥʫ, p-ʤʝʜʽʘʥʫ ʟ ʫʧʦʜʦʙʘʥʥʷʤʠ ʢʣʽʻʥʪʽʚ, 

ʧʨʦ (r|p)ïʮʝʥʪʨʦʽʜ ʽ ʢʦʥʢʫʨʝʥʪʥʘ ʟʘʜʘʯʘ ʨʦʟʤʽʱʝʥʥʷ, ʟʘʜʘʯʘ ʨʦʟʢʨʦʶ ʪʘ ʫʧʘʢʦʚʢʠ, 

ʟʘʜʘʯʘ ʧʨʦ ʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʜʘʯʘ ʩʢʣʘʜʘʥʥʷ ʨʦʟʢʣʘʜʫ [14, 22, 28].  

 

3.3 ʄʝʪʘʝʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʘʣʛʦʨʠʪʤʠ ʤʝʪʘʝʚʨʠʩʪʠʢʠ ʥʝ ʛʘʨʘʥʪʫʶʪʴ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʟʥʘʡʜʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʮʽ ʤʝʪʦʜʠ ʻ ʜʦʩʠʪʴ ʧʦʪʫʞʥʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʘʨʘʣʝʣʽʟʤ, ʪʦʙʪʦ ʧʦʰʫʢ ʨʦʟʚôʷʟʢʫ ʚʝʜʝʪʴʩʷ ʩʝʨʝʜ ʤʥʦʞʠʥ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ. ʆʪʞʝ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʢʪʠʯʥʦʩʪʽ, ʢʦʣʠ 

ʧʦʪʨʽʙʥʦ ʟʘ ʧʝʚʥʠʡ ʯʘʩ ʟʥʘʡʪʠ ʦʜʥʝ ʘʙʦ ʢʽʣʴʢʘ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ 

ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʟʘʜʘʯʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʘʻ ʪʨʠ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

1) ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʧʦʧʫʣʷʮʽʶ ʪʘ ʥʘʷʚʥʽ ʜʘʥʽ. ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦ ʧʦʪʦʯʥʽ çʧʦʛʘʥʽè ʨʦʟʚôʷʟʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʢʨʘʱʠʭ ʨʦʟʚôʷʟʢʽʚ; 
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2) ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ çʰʪʫʯʥʠʭè ʬʫʥʢʮʽʡ. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʟʘʜʘʯʘ 

ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʚʘʨʽʘʮʽʻʶ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʚ ʷʢʽʡ ʚʘʞʣʠʚʠʤ ʻ 

ʥʝʜʦʧʫʱʝʥʥʷ ʚʽʜʥʝʩʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʝʣʝʤʝʥʪʫ ʜʦ ʥʝʽʩʥʫʶʯʦʛʦ ʢʣʘʩʫ, 

ʜʦʮʽʣʴʥʠʤ ʻ ʚʚʝʜʝʥʥʷ ʰʪʨʘʬʥʦʾ ʬʫʥʢʮʽʾ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʪʨʘʬʥʦʾ ʬʫʥʢʮʽʾ ʜʦʧʦʤʘʛʘʻ ʰʚʠʜʢʦʤʫ ʟʥʘʭʦʜʞʝʥʥʶ 

ʨʦʟʚôʷʟʢʫ ʽ ʫʥʠʢʘʪʠ ʧʝʨʝʜʯʘʩʥʦʾ ʟʙʽʞʥʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ.  

ɯʜʝʷ ʤʝʪʦʜʫ ʰʪʨʘʬʥʦʾ ʬʫʥʢʮʽʾ ʧʦʣʷʛʘʻ ʚ ʧʦʛʽʨʰʝʥʥʽ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ 

ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ (fitness function) ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʦʷʚʽ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʭʨʦʤʦʩʦʤ ʫ 

ʛʝʥʝʪʠʯʥʦʤʫ ʘʣʛʦʨʠʪʤʽ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ, 

ʪʦ ʚʚʝʜʝʥʘ ʰʪʨʘʬʥʘ ʬʫʥʢʮʽʷ ʧʦʚʠʥʥʘ ʨʽʟʢʦ ʟʙʽʣʴʰʫʚʘʪʠ ʟʥʘʯʝʥʥʷ fitness function. ɯ 

ʥʘʚʧʘʢʠ, ʷʢʱʦ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʤʘʢʩʠʤʽʟʘʮʽʾ, ʪʦ ʰʪʨʘʬʥʫ ʬʫʥʢʮʽʶ ʩʣʽʜ 

ʧʦʙʫʜʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʦʥʘ ʨʽʟʢʦ ʟʤʝʥʰʫʚʘʣʘ ʟʥʘʯʝʥʥʷ fitness function. 

3) ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʟʤʽʥʥʽ ʤʦʜʝʣʽ. ʗʢʱʦ ʚ ʧʦʪʦʯʥʽʡ ʩʫʢʫʧʥʦʩʪʽ ʥʝʤʘʻ 

ʧʨʠʡʥʷʪʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʚʨʘʭʦʚʫʶʯʠ ʰʪʨʘʬʥʫ ʬʫʥʢʮʽʶ, ʥʝʦʙʭʽʜʥʦ ʤʦʜʠʬʽʢʫʚʘʪʠ 

ʦʩʪʘʥʥʶ. 

 

3.4 ʌʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

 

ʄʥʦʞʠʥʦʶ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʻ ʤʥʦʞʠʥʘ ʨʝʙʝʨ ʜʚʦʜʦʣʴʥʦʛʦ ʛʨʘʬʫ 

, ʷʢʽ ʥʫʤʝʨʫʶʪʴʩʷ ʯʠʩʣʘʤʠ 1,2,...,nm. ʌʨʘʛʤʝʥʪʦʤ ʟʘʜʘʯʽ ʻ ʙʫʜʴ-ʷʢʠʡ 

ʯʘʩʪʢʦʚʠʡ ʛʨʘʬ ʛʨʘʬʫ , ʢʦʞʥʘ ʢʦʤʧʦʥʝʥʪʘ ʷʢʦʛʦ ʻ ʟʽʨʢʦʶ ʟ ʯʠʩʣʦʤ ʧʨʦʤʝʥʽʚ 

ʥʝ ʧʝʨʝʚʘʞʘʶʯʠʤ K. 

ʌʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʤʽʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

- ʩʢʣʘʜʘʻʪʴʩʷ ʩʧʠʩʦʢ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ, ʫʧʦʨʷʜʢʦʚʘʥʠʡ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʜʝʷʢʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʨʝʙʝʨ; 

- ʚʠʙʠʨʘʻʪʴʩʷ ʯʝʨʛʦʚʝ ʧʦ ʧʦʨʷʜʢʫ ʨʝʙʨʦ (i, j) ʟʽ ʩʧʠʩʢʫ. ʂʣʽʻʥʪ ʟ ʥʦʤʝʨʦʤ i 

ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʟʘ ʧʫʥʢʪʦʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʥʦʤʝʨʦʤ j; 
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- ʚʩʽ ʽʥʰʽ ʨʝʙʨʘ, ʱʦ ʽʥʮʠʜʝʥʪʥʽ ʚʝʨʰʠʥʽ i ʚʠʜʘʣʷʶʪʴʩʷ ʟʽ ʩʧʠʩʢʫ; 

- ʘʣʛʦʨʠʪʤ ʟʘʢʽʥʯʫʻ ʨʦʙʦʪʫ, ʢʦʣʠ ʩʧʠʩʦʢ ʩʪʘʥʝ ʧʦʨʦʞʥʽʤ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʫʜʝ ʨʦʟʧʦʜʽʣ ʢʣʽʻʥʪʽʚ ʤʽʞ 

ʧʫʥʢʪʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʝ ʻ ʜʦʧʫʩʪʠʤʠʤ ʨʦʟʚôʷʟʢʦʤ ʨʦʟʛʣʷʥʫʪʦʾ ʟʘʜʘʯʽ. 

ʄʘʻ ʤʽʩʮʝ ʪʝʦʨʝʤʘ ʜʦʩʷʞʥʦʩʪʽ ʚ ʨʘʤʢʘʭ ʟʘʜʘʥʦʾ ʤʦʜʝʣʽ. 

ʊʝʦʨʝʤʘ 3.3. ɹʫʜʴ-ʷʢʠʡ ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʰʣʷʭʦʤ ʥʘʣʝʞʥʦʛʦ ʚʠʙʦʨʫ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ. 

ɼʦʚʝʜʝʥʥʷ ʪʝʦʨʝʤʠ ʘʥʘʣʦʛʽʯʥʦ ʜʦʚʝʜʝʥʥʶ ʪʝʦʨʝʤʠ 3.2. 

ɼʣʷ ʧʦʰʫʢʫ ʥʘʙʣʠʞʝʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʟʘʜʘʯʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʚʦʣʶʮʽʡʥʦ-ʬʨʘʛʤʝʥʪʘʨʥʫ ʤʦʜʝʣʴ ʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘʭ [23]. 

 

3.5 ʈʦʡʦʚʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

 

ɺʠʜʽʣʠʤʦ ʟʘʛʘʣʴʥʽ ʜʣʷ ʚʩʽʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʦʥʷʪʪʷ ʥʘ 

ʧʽʜʩʪʘʚʽ ʩʠʩʪʝʤʥʦʛʦ ʦʧʠʩʫ [36]. 

1. ɽʣʝʤʝʥʪ. ʇʽʜ ʝʣʝʤʝʥʪʦʤ ʧʨʠʡʥʷʪʦ ʨʦʟʫʤʽʪʠ ʥʘʡʧʨʦʩʪʽʰʫ ʥʝʧʦʜʽʣʴʥʫ 

ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ. ɽʣʝʤʝʥʪʦʤ ʨʦʶ ʻ ʯʘʩʪʢʘ. 

2. ʇʽʜʩʠʩʪʝʤʘ. ʂʦʥʮʝʧʮʽʷ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʦʧʫʩʢʘʻ ʚʠʜʽʣʝʥʥʷ ʛʨʫʧ 

ʯʘʩʪʦʢ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʽ ʪʘʢʽ ʩʠʪʫʘʮʽʾ: 

- ʟʚ'ʷʟʦʢ ʤʽʞ ʯʘʩʪʢʘʤʠ ʚ ʛʨʫʧʽ ʻ ʩʠʣʴʥʽʰʠʤ, ʥʽʞ ʤʽʞ ʯʘʩʪʢʘʤʠ ʟ ʨʽʟʥʠʭ ʛʨʫʧ 

(ʦʩʪʨʦʚʢʦʚʘ ʤʦʜʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʨʦʶ ʯʘʩʪʦʢ); 

- ʚʠʜʽʣʷʻʪʴʩʷ ʛʨʫʧʘ ʯʘʩʪʦʢ ʟ ʦʩʦʙʣʠʚʦʶ ʧʦʚʝʜʽʥʢʦʶ, ʷʢʽ, ʥʘʧʨʠʢʣʘʜ, ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʧʝʨʝʜʥʽʡ ʜʦʩʚʽʜ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʜʯʘʩʥʦʾ 

ʟʙʽʞʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ (ʨʦʟʚʽʜʥʠʢʠ ʚ ʤʝʪʦʜʽ ʨʦʶ ʙʜʞʽʣ). 
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3. ʉʪʨʫʢʪʫʨʘ. ʉʪʨʫʢʪʫʨʘ ʨʦʡʦʚʠʭ ʩʠʩʪʝʤ ʟʘʜʘʻʪʴʩʷ ʧʨʘʚʠʣʘʤʠ ʧʦʚʝʜʽʥʢʠ 

ʯʘʩʪʦʢ ʽ ʦʙʤʽʥʦʤ ʽʥʬʦʨʤʘʮʽʻʶ. ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʮʝʥʪʨʫ, 

ʷʢʠʡ ʫʧʨʘʚʣʷʚ ʙʠ ʯʘʩʪʢʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ. 

4. ɿʚ'ʷʟʦʢ ʤʽʞ ʯʘʩʪʢʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʥʝʧʨʷʤʦʛʦ ʦʙʤʽʥʫ ʜʦʩʚʽʜʦʤ. 

5. ʉʪʘʥ. ʇʽʜ ʩʪʘʥʦʤ (ʟʨʽʟʦʤ, ʦʧʠʩʦʤ ʩʠʩʪʝʤʠ ʚ ʦʢʨʝʤʠʡ ʤʦʤʝʥʪ) ʨʦʟʫʤʽʻʪʴʩʷ 

ʩʪʘʥ ʚʩʽʭ ʯʘʩʪʦʢ, ʩʪʘʥ ʦʙ'ʻʢʪʫ ʜʣʷ ʥʝʧʨʷʤʦʛʦ ʦʙʤʽʥʫ ʜʦʩʚʽʜʦʤ.  

6. ʇʦʚʝʜʽʥʢʘ. ʇʦʚʝʜʽʥʢʘ ʨʦʶ ʟʘʜʘʻʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ ʨʦʙʦʪʠ ʨʦʶ, ʷʢʠʡ 

ʧʝʨʝʚʦʜʠʪʴ ʤʥʦʞʠʥʫ ʯʘʩʪʦʢ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ. 

7. ɿʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʇʽʜ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʨʦʟʫʤʽʻʪʴʩʷ ʤʥʦʞʠʥʘ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʥʝ ʚʭʦʜʷʪʴ ʜʦ ʩʠʩʪʝʤʠ, ʘʣʝ ʟʤʽʥʘ ʾʭ ʩʪʘʥʫ ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʧʦʚʝʜʽʥʢʠ 

ʩʠʩʪʝʤʠ.  

8. ʈʽʚʥʦʚʘʛʘ, ʩʪʽʡʢʽʩʪʴ ʽ ʨʦʟʚʠʪʦʢ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ ʮʽ ʧʦʥʷʪʪʷ 

ʧʦʚ'ʷʟʘʥʽ ʟʽ ʟʙʽʞʥʽʩʪʶ ʘʣʛʦʨʠʪʤʽʚ. ɿʙʽʞʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ ʻ 

ʦʢʨʝʤʦʶ ʛʘʣʫʟʟʶ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʰʚʠʜʢʦʾ 

ʟʙʽʞʥʦʩʪʽ ʧʦʰʫʢʫ ʷʢ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʪʘʢ ʽ ʜʦ ʜʝʷʢʦʛʦ ʣʦʢʘʣʴʥʦʛʦ 

ʝʢʩʪʨʝʤʫʤʫ, ʜʘʣʝʢʦʤʫ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ. ʅʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʪʨʘʧʠʪʠ ʚ ʦʙʣʘʩʪʴ ʛʣʦʙʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ, ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʽ ʧʝʨʝʜʯʘʩʥʦʛʦ ʚʠʭʦʜʫ ʟ ʮʽʻʾ ʦʙʣʘʩʪʽ ʯʝʨʝʟ 

ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʢʣʘʜʥʝ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʈʦʙʦʪʘ ʨʦʡʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ. 

1. ɻʝʥʝʨʘʮʽʷ ʧʦʯʘʪʢʦʚʦʾ ʤʥʦʞʠʥʠ ʯʘʩʪʦʢ. ɼʝʷʢʠʤ ʯʠʥʦʤ, ʷʢ ʧʨʘʚʠʣʦ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʥʜʦʤʽʟʘʮʽʾ, ʚ ʧʨʦʩʪʦʨʽ ʧʦʰʫʢʫ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʥʦʞʠʥʘ ʯʘʩʪʦʢ S. 

ʅʦʤʝʨ ʽʪʝʨʘʮʽʾ j = 1. 

2. ʆʙʯʠʩʣʝʥʥʷ ʢʨʠʪʝʨʽʶ ʜʣʷ ʢʦʞʥʦʾ ʯʘʩʪʢʠ ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ ʧʦʟʠʮʽʾ ʯʘʩʪʢʠ 

f(Xij). ɼʣʷ ʦʢʨʝʤʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʪʘʢʠʭ ʷʢ, ʘʣʛʦʨʠʪʤʠ ʢʦʣʦʥʽʾ ʤʫʨʘʭ, ʦʙʯʠʩʣʝʥʥʷ 

ʢʨʠʪʝʨʽʶ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʩʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ, ʪʦʤʫ ʜʣʷ ʥʠʭ ʜʨʫʛʠʡ ʢʨʦʢ ʥʘ 

ʧʝʨʰʽʡ ʽʪʝʨʘʮʽʾ ʧʨʦʧʫʩʢʘʻʪʴʩʷ. 
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3. ʇʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʦʢ (ʤʽʛʨʘʮʽʷ). ʅʘ ʮʴʦʤʫ ʢʨʦʮʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʛʦʣʦʚʥʘ 

ʦʩʦʙʣʠʚʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ ï ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʶ ʯʘʩʪʠʥʢʦʶ ʩʚʦʾʭ 

ʜʽʡ ʥʘ ʧʽʜʩʪʘʚʽ: 

- ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʨʘʚʠʣ ʽ ʜʦʩʚʽʜʫ; 

- ʥʝʧʨʷʤʦʛʦ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʽʥʰʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʨʦʶ; 

- ʩʪʦʭʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

4. ʇʝʨʝʚʽʨʢʘ ʫʤʦʚʠ ʟʘʚʝʨʰʝʥʥʷ. ʗʢʱʦ ʫʤʦʚʘ ʚʠʢʦʥʘʥʘ, ʧʨʦʮʝʩ ʟʘʚʝʨʰʫʻʪʴʩʷ, 

ʟʥʘʯʝʥʥʷ X
final

best ʙʫʜʝ ʢʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʽʥʘʢʰʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 

2 (ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʦʤʝʨʘ ʽʪʝʨʘʮʽʾ j ʥʘ ʦʜʠʥʠʮʶ). 

ʉʬʦʨʤʫʣʶʻʤʦ ʟʘʜʘʯʫ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ 

ʘʣʛʦʨʠʪʤʦʤ ʨʦʶ ʯʘʩʪʦʢ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɼʘʥʦ n ʧʽʜʧʨʠʻʤʩʪʚ, ʢʦʞʥʝ ʟ ʷʢʠʭ 

ʚʠʧʫʩʢʘʻ ʧʝʚʥʠʡ ʦʜʥʦʪʠʧʥʠʡ ʧʨʦʜʫʢʪ. ɺʘʨʪʽʩʪʴ ʚʠʧʫʩʢʫ pi ʦʜʠʥʠʮʴ ʧʨʦʜʫʢʪʫ i-

ʪʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

iiiiii cpbpaf ++=
2

      (3.3) 

 

ɺʠʧʫʩʢ ʧʨʦʜʫʢʪʫ ʢʦʞʥʠʤ ʟ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ ʪʘʢʦʤʫ 

ʦʙʤʝʞʝʥʥʶ: 

 

min maxi i ip p p¢ ¢ .      (3.4) 

 

ʅʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʨʽʚʥʦ s ʦʜʠʥʠʮʴ ʧʨʦʜʫʢʪʫ, ʤʽʥʽʤʽʟʫʚʘʚʰʠ ʧʨʠ ʮʴʦʤʫ 

ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ. 

ʋ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʬʦʨʤʫʣʘʭ ai, bi, ci, pMini, pMaxi ï ʜʝʷʢʽ ʢʦʥʩʪʘʥʪʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ i-ʪʝ ʧʽʜʧʨʠʻʤʩʪʚʦ. 



86 

 

ɼʦʜʘʪʢʦʚʦ ʤʦʞʥʘ ʚʚʝʩʪʠ ʜʦʜʘʪʢʦʚʫ ʚʝʣʠʯʠʥʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʚʠʧʫʩʢʫ pi ʦʜʠʥʠʮʴ ʧʨʦʜʫʢʪʫ i-ʪʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʯʠ ʝʢʦʥʦʤʽʢʫ: 

 

iiiiii ppg gbl ++=
2

,    (3.5) 

ʜʝ il, ib, ig ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ i-ʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʠ ʝʢʦʥʦʤʽʢʠ.  

 

ʉʫʤʘʨʥʽ ʟʘʪʨʘʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʝʧʝʨ ʚʠʨʘʭʦʚʫʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 

iii hgfF +=
,      (3.6) 

ʜʝ h ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʧʦʢʘʟʫʻ ʚʘʛʫ ʬʘʢʪʦʨʫ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʯʠ ʝʢʦʥʦʤʽʢʫ ʫ ʟʘʛʘʣʴʥʽʡ ʬʫʥʢʮʽʾ ʟʘʪʨʘʪ. 

 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ h ʥʝ ʻ ʪʨʠʚʽʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʢʦʞʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ h ʤʘʻ ʟʤʽʥʶʚʘʪʠʩʴ. ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ 

ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ h: 

1) ʆʙʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ: 

 

2

2

max max

max max

i i i i
i

i i i i

a p b p c
h

p pl b g

+ +
=

+ +
 .    (3.7) 

 

2) ʇʽʜʧʨʠʻʤʩʪʚʘ ʩʦʨʪʫʶʪʴʩʷ ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʚʝʣʠʯʠʥʠ hi. 
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3) ʋ ʧʦʨʷʜʢʫ ʩʦʨʪʫʚʘʥʥʷ ʧʦ ʯʝʨʟʽ ʜʦʜʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ pmaxxi ʜʦ ʪʠʭ ʧʽʨ, 

ʧʦʢʠ ʦʪʨʠʤʘʥʘ ʩʫʤʘ ʥʝ ʩʪʘʥʝ ʙʽʣʴʰʝ ʘʙʦ ʨʽʚʥʦʶ ʟʘ ʟʥʘʯʝʥʥʷ s (ʦʯʝʚʠʜʥʦ, ʪʘʢʠʡ 

ʤʦʤʝʥʪ ʢʦʣʠʩʴ ʥʘʩʪʘʥʝ, ʽʥʘʢʰʝ ʟʘʜʘʯʘ ʥʝ ʤʘʻ ʨʦʟʚôʷʟʢʫ). 

4) ʋ ʷʢʦʩʪʽ ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ h ʧʨʠʡʤʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ hi ʦʩʪʘʥʥʴʦʛʦ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ [36]. 

 

3.6 ɸʣʛʦʨʠʪʤ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ ʜʣʷ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

 

ʇʨʝʜʩʪʘʚʠʤʦ ʤʫʨʘʰʠʥʠʡ ʘʣʛʦʨʠʪʤ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʦʛʦ ʥʘʙʦʨʫ ʢʦʤʘʥʜ:  

1. ʉʪʚʦʨʝʥʥʷ ʘʛʝʥʪʽʚ. 

2. ʇʦhʫʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʚôʷʟʢʫ. 

3. ɿʤʽʥʘ ʬʝʨʦʤʦʥʫ. 

4. ɼʦʧʦʤʽʞʥʽ ʜʽʾ (ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ).  

ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʮʽ ʢʨʦʢʠ.  

1. ʉʪʚʦʨʝʥʥʷ ʘʛʝʥʪʽʚ. 

ʇʦʯʘʪʢʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʜʝ ʨʦʟʤʽʱʫʻʪʴʩʷ ʘʛʝʥʪ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ ʽ ʦʙʤʝʞʝʥʴ ʟʘʜʘʯʽ. ɸʛʝʥʪʠ ʤʦʞʫʪʴ ʘʙʦ ʙʫʪʠ ʚ ʦʜʥʽʡ ʪʦʯʮʽ, ʘʙʦ ʚ ʨʽʟʥʠʭ ʟ 

ʧʦʚʪʦʨʝʥʥʷʤʠ, ʘʙʦ ʚ ʨʽʟʥʠʭ ʙʝʟ ʧʦʚʪʦʨʝʥʴ. 

ɺʢʘʟʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʬʝʨʦʤʦʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʥʘʯʝʥʥʷ ʥʝ 

ʙʫʣʠ ʥʫʣʴʦʚʠʤʠ.  

2. ʇʦʰʫʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʚôʷʟʢʫ. 

ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚʽʜʙʫʜʝʪʴʩʷ ʧʝʨʝʭʽʜ ʟ ʚʝʨʰʠʥʠ i ʚ j, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ:  

1
( ) ( )

( )
1

( ) ( )

ij

ij

ij

ij

ij

t
d

P t

t
d

a b

a b

t

t

=

ä
,     (3.8) 

ʜʝ tij(t) ï ʨʽʚʝʥʴ ʬʝʨʦʤʦʥʫ,  
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dij  ï ʝʚʨʠʩʪʠʯʥʘ ʚʽʜʩʪʘʥʴ,  

a,b ï ʢʦʥʩʪʘʥʪʥʽ ʧʘʨʘʤʝʪʨʠ.  

 

ʗʢʱʦ a=0, ʟ ʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʙʝʨʝʪʴʩʷ ʥʘʡʙʣʠʞʯʝ ʤʽʩʮʝ. ʗʢʱʦ b=0, 

ʚʠʙʽʨ ʙʫʜʝ ˇʨʫʥʪʫʚʘʪʠʩʷ ʣʠʰʝ ʥʘ ʬʝʨʦʤʦʥʠ. ɿʥʘʭʦʜʠʪʠ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ 

ʚʝʣʠʯʠʥʘʤʠ ʩʣʽʜ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʧʦʩʽʙ.  

3. ɿʤʽʥʘ ʬʝʨʦʤʦʥʫ . 

ʈʽʚʝʥʴ ʬʝʨʦʤʦʥʫ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

( 1) (1 ) ( )ij ij

k

Q
t t

L
t r t+ = - +ä ,     (3.9) 

ʜʝ ɟ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʘʨʦʚʫʚʘʥʥʷ,  

Lk(t) ï ʚʘʨʪʽʩʪʴ ʧʦʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ k-ʛʦ ʤʫʨʘʰʢʠ,  

Q ï ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʤʘʻ ʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ ʚʘʨʪʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ, 

k

Q

L
 ï  ʬʝʨʦʤʦʥ, ʷʢʠʡ ʚʽʜʢʣʘʜʘʻʪʴʩʷ k-ʤ ʤʫʨʘʭʦʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʙʨʦ.  

 

4. ɼʦʧʦʤʽʞʥʽ ʜʽʾ. 

ɺ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ 3 ʨʦʟʜʽʣʫ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʧʦʢʨʠʪʪʷ ʛʨʘʬʽʚ ʪʠʧʦʚʠʤʠ 

ʧʽʜʛʨʘʬʘʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʮʽ ʟʘʜʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʷʢ ʟʘʜʘʯʽ ʥʘ 

ʤʥʦʞʠʥʽ ʟ ʬʨʘʛʤʝʥʪʘʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʘ ʪʘʢʦʞ ʟʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɼʣʷ ʚʩʽʭ 

ʟʘʜʘʯ ʨʦʟʛʣʷʥʫʪʠʭ ʢʣʘʩʽʚ ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʜʦʧʫʩʪʠʤʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʧʦ ʟʘʜʘʥʽʡ ʧʝʨʝʩʪʘʥʦʚʮʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʤʘʻ ʧʦʣʽʥʦʤʽʘʣʴʥʫ 
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ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʜʠʩʝʨʪʘʮʽʾ ʟʘʜʘʯ ʥʘʙʣʠʞʝʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʠʤ ʩʪʘʥʜʘʨʪʥʠʤ ʝʚʦʣʶʮʽʡʥʦ-ʬʨʘʛʤʝʥʪʘʨʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ, ʙʘʟʦʚʘ ʤʥʦʞʠʥʘ ʷʢʦʛʦ ʻ ʤʥʦʞʠʥʦʶ ʧʝʨʝʩʪʘʥʦʚʦʢ. 

ʈʦʟʛʣʷʥʫʪʦ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʪʝʨʤʽʥʘʭ ʟʘʜʘʯʽ 

ʧʦʢʨʠʪʪʷ ʛʨʘʬʽʚ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʟʘʜʘʯʽ ʥʘʚʝʜʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʨʦʡʦʚʦʛʦ 

ʪʘ ʝʚʦʣʶʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ.  
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ʈʆɿɼɯʃ 4. ʇʈʆɻʈɸʄʅɯ ʈɽɸʃɯɿɸʎɯɰ ɸʃɻʆʈʀʊʄɯɺ ʇʆʐʋʂʋ 

ɿɸɼɸʏ ʆʇʊʀʄɸʃʔʅʆɰ ʂʃɸʉʀʌɯʂɸʎɯɰ 

 

 

4.1 ɻʝʥʝʨʘʮʽʷ ʚʠʧʘʜʢʦʚʠʭ ʛʨʘʬʽʚ 

 

ʈʦʟʛʣʷʥʝʤʦ ʜʦʢʣʘʜʥʽ ʧʨʠʢʣʘʜʠ ʛʨʘʬʽʚ (ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʚʢʘʟʘʥʘ ʚ 

ɼʦʜʘʪʢʘʭ ɸ, ɹ. ɺ), ʷʢʠʤʠ ʧʽʟʥʽʰʝ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ. ʅʘʚʝʜʝʤʦ ʜʚʘ ʚʠʧʘʜʢʦʚʠʭ ʛʨʘʬʠ. 

 

 

ʈʠʩʫʥʦʢ 4.1. ɼʚʘ ʚʠʧʘʜʢʦʚʠʭ ʛʨʘʬʠ 

 

ʆʙʠʜʚʘ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʠ ʤʽʩʪʷʪʴ ʧʦ 50 ʚʝʨʰʠʥ. ʈʦʟʨʽʜʞʝʥʠʡ ʛʨʘʬ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʨʠʩʫʥʢʫ ʤʽʩʪʠʪʴ 50 ʨʝʙʝʨ, ʘ ʥʘʩʠʯʝʥʠʡ ʛʨʘʬ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʠʩʫʥʢʫ ï 

500 ʨʝʙʝʨ. ʈʦʟʨʽʜʞʝʥʠʡ ʛʨʘʬ ʥʝ ʻ ʟʚ'ʷʟʢʦʚʠʤ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʡʦʛʦ ʚʝʨʰʠʥʘ 

ʟ'ʻʜʥʘʥʘ ʪʽʣʴʢʠ ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʽʥʰʠʭ ʚʝʨʰʠʥ; ʥʘʩʠʯʝʥʠʡ ʛʨʘʬ, 

ʙʝʟʩʫʤʥʽʚʥʦ, ʻ ʟʚ'ʷʟʢʦʚʠʤ, ʪʦʤʫ ʱʦ ʢʦʞʥʘ ʡʦʛʦ ʚʝʨʰʠʥʘ ʧʦʚ'ʷʟʘʥʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟ 

20 ʽʥʰʠʤʠ ʚʝʨʰʠʥʘʤʠ. ʎʽ ʜʽʘʛʨʘʤʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʢʣʘʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʽʚ 

ʢʨʝʩʣʝʥʥʷ ʜʦʚʽʣʴʥʠʭ ʛʨʘʬʽʚ (ʥʘ ʨʠʩʫʥʢʫ ʚʝʨʰʠʥʠ ʨʦʟʤʽʱʝʥʽ ʚ ʚʠʧʘʜʢʦʚʦ ʚʠʙʨʘʥʠʭ 

ʤʽʩʮʷʭ). 
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ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʨʝʘʣʽʟʘʮʽʶ ʩʪʚʦʨʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʨʝʙʝʨ. ɼʣʷ ʟʘʜʘʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ V ʛʝʥʝʨʫʶʪʴʩʷ ʜʦʚʽʣʴʥʽ ʨʝʙʨʘ, ʪʦʙʪʦ ʧʘʨʠ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʚʽʜ 0 

ʜʦ V-1 . ʈʝʟʫʣʴʪʘʪʦʤ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʙʫʜʝ ʜʦʚʽʣʴʥʠʡ ʤʫʣʴʪʠʛʨʘʬ ʟ ʧʝʪʣʷʤʠ. ɹʫʜʴ-

ʷʢʘ ʧʘʨʘ ʤʦʞʝ ʤʽʩʪʠʪʠ ʜʚʘ ʦʜʥʘʢʦʚʠʭ ʯʠʩʣʘ (ʪʦʙʪʦ ʤʦʞʣʠʚʽ ʧʝʪʣʽ); ʽ ʙʫʜʴ-ʷʢʘ ʧʘʨʘ 

ʤʦʞʝ ʧʦʚʪʦʨʠʪʠʩʷ ʢʽʣʴʢʘ ʨʘʟʽʚ (ʪʦʙʪʦ ʤʦʞʣʠʚʽ ʧʘʨʘʣʝʣʴʥʽ ʨʝʙʨʘ). ʇʨʦʛʨʘʤʘ 

ʛʝʥʝʨʫʻ ʨʝʙʨʘ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʥʘʙʝʨʝʪʴʩʷ E ʨʝʙʝʨ; ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʜʘʣʝʥʥʷ 

ʧʘʨʘʣʝʣʴʥʠʭ ʨʝʙʝʨ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘ ʨʝʘʣʽʟʘʮʽʻʶ. ʗʢʱʦ ʚʠʜʘʣʷʪʠ ʧʘʨʘʣʝʣʴʥʽ ʨʝʙʨʘ, 

ʪʦ ʚ ʥʘʩʠʯʝʥʠʭ ʛʨʘʬʘʭ ʢʽʣʴʢʽʩʪʴ ʛʝʥʝʨʫʶʪʴʩʷ ʨʝʙʝʨ ʙʫʜʝ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ 

ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʠʭ ʨʝʙʝʨ (E); ʪʦʤʫ ʜʘʥʠʡ ʤʝʪʦʜ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʨʦʟʨʽʜʞʝʥʠʭ ʛʨʘʬʽʚ.  

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʨʘʬʠ, ʷʢʽ ʤʦʜʝʣʶʶʪʴ ʢʘʨʪʠ, ʝʣʝʢʪʨʦʥʥʽ ʩʭʝʤʠ, 

ʨʦʟʢʣʘʜʫ, ʪʨʘʥʟʘʢʮʽʾ, ʤʝʨʝʞʽ ʪʘ ʽʥʰʽ ʨʝʘʣʴʥʽ ʩʠʪʫʘʮʽʾ, ʟʘʟʚʠʯʘʡ ʻ ʥʝ ʪʽʣʴʢʠ 

ʨʦʟʨʽʜʞʝʥʠʤʠ, ʘ ʡ ʣʦʢʘʣʴʥʠʤʠ ï ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʘʜʘʥʘ ʚʝʨʰʠʥʘ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʦʜʥʽʻʶ ʟ ʚʝʨʰʠʥ ʢʦʥʢʨʝʪʥʦʛʦ ʙʝʟʣʽʯʽ ʚʝʨʰʠʥ, ʚʠʱʝ, ʥʽʞ ʟ ʽʥʰʠʤʠ ʚʝʨʰʠʥʘʤʠ. ʗʢ 

ʧʦʢʘʟʫʶʪʴ ʪʘʢʽ ʧʨʠʢʣʘʜʠ, ʽʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʣʦʢʘʣʴʥʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʧʘʜʢʦʚʽ ʛʨʘʬʠ ʟ ʩʫʩʽʜʥʽʤʠ ʟʚ'ʷʟʢʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 4.2. ɺʠʧʘʜʢʦʚʽ ʛʨʘʬʠ ʟ ʩʫʩʽʜʥʽʤʠ ʟʚ'ʷʟʢʘʤʠ 

 

ʊʫʪ ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʜʚʦʭ ʤʦʜʝʣʝʡ ʨʦʟʨʽʜʞʝʥʠʭ ʛʨʘʬʽʚ. ɻʨʘʬ ʟ ʩʫʩʽʜʥʽʤʠ 

ʟʚ'ʷʟʢʘʤʠ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʠʩʫʥʢʫ ʤʽʩʪʠʪʴ 33 ʚʝʨʰʠʥʠ ʽ 99 ʨʝʙʝʨ, ʽ ʢʦʞʥʝ ʨʝʙʨʦ 
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ʤʦʞʝ ʟ'ʻʜʥʫʚʘʪʠ ʦʜʥʫ ʚʝʨʰʠʥʫ ʟ ʽʥʰʦʛʦ, ʷʢʱʦ ʾʭ ʽʥʜʝʢʩʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʙʽʣʴʰʝ 

ʥʽʞ ʥʘ 10 (ʧʦ ʤʦʜʫʣʶ V). ɽʚʢʣʽʜʘ ʛʨʘʬ ʟ ʩʫʩʽʜʥʽʤʠ ʟʚ'ʷʟʢʘʤʠ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ 

ʨʠʩʫʥʢʫ ʤʦʜʝʣʶʻ ʛʨʘʬʠ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʜʦʜʘʪʢʘʭ, ʜʝ ʚʝʨʰʠʥʠ ʧʨʠʚ'ʷʟʘʥʽ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʦʯʢʘʤ. ɼʣʷ ʚʝʨʰʠʥ ʦʙʨʘʥʽ ʚʠʧʘʜʢʦʚʽ ʪʦʯʢʠ ʥʘ 

ʧʣʦʱʠʥʽ, ʘ ʨʝʙʨʘ ʟ'ʻʜʥʫʶʪʴ ʙʫʜʴ-ʷʢʫ ʧʘʨʫ ʚʝʨʰʠʥ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʷʢʠʤʠ ʥʝ 

ʧʝʨʝʚʠʱʫʻ d. 

ʎʝʡ ʛʨʘʬ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʨʦʟʨʽʜʞʝʥʠʭ (177 ʚʝʨʰʠʥ ʽ 1001 ʨʝʙʨʦ). 

ɿʤʽʥʶʶʯʠ ʟʥʘʯʝʥʥʷ d, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬ ʙʫʜʴ-ʷʢʦʛʦ ʩʪʫʧʝʥʷ ʥʘʩʠʯʝʥʦʩʪʽ. 

ɻʨʘʬ, ʧʦʢʘʟʘʥʠʡ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʠʩ. 4.2, ʚʠʢʨʝʩʣʝʥʠʡ ʛʝʥʝʨʘʪʦʨʦʤ, ʷʢʠʡ 

ʚʠʙʠʨʘʻ ʥʘ ʧʣʦʱʠʥʽ V ʪʦʯʦʢ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʽʜ 0 ʜʦ 1, ʘ ʧʦʪʽʤ 

ʛʝʥʝʨʫʻ ʨʝʙʨʘ, ʱʦ ʟ'ʻʜʥʫʶʪʴ ʙʫʜʴ-ʷʢʽ ʜʚʽ ʪʦʯʢʠ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʷʢʠʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 

d. ʎʝ ï ɽʚʢʣʽʜʘ ʛʨʘʬ ʟ ʩʫʩʽʜʥʽʤʠ ʟʚ'ʷʟʢʘʤʠ. ʗʢʱʦ d ʥʝʚʝʣʠʢʘ, ʪʦ ʛʨʘʬ ʚʠʭʦʜʠʪʴ 

ʨʦʟʨʽʜʞʝʥʠʤ, ʘ ʷʢʱʦ d ʚʝʣʠʢʝ, ʪʦ ʛʨʘʬ ʥʘʩʠʯʝʥʠʡ. ʊʘʢʠʡ ʛʨʘʬ ʤʦʜʝʣʶʻ ʛʨʘʬʠ, ʟ 

ʷʢʠʤʠ ʤʠ ʩʪʠʢʘʻʤʦʩʷ ʧʨʠ ʨʦʙʦʪʽ ʟ ʢʘʨʪʘʤʠ, ʝʣʝʢʪʨʦʥʥʠʤʠ ʩʭʝʤʘʤʠ ʘʙʦ ʽʥʰʠʤʠ 

ʜʦʜʘʪʢʘʤʠ, ʜʝ ʚʝʨʰʠʥʠ ʧʨʠʚ'ʷʟʘʥʽ ʜʦ ʧʝʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʦʯʢʘʤ. ɰʭ ʥʝʚʘʞʢʦ 

ʫʷʚʠʪʠ ʥʘʦʯʥʦ, ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʥʘʦʯʥʦ ʧʦʙʘʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʦʜʽʙʥʠʭ ʜʦʜʘʪʢʽʚ.  

ʆʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʥʝʜʦʣʽʢʽʚ ʮʽʻʾ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʨʽʜʞʝʥʽ ʛʨʘʬʠ 

ʟʘʧʨʦʩʪʦ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʥʝʟʚ'ʷʟʥʠʤʠ; ʱʝ ʦʜʥʘ ʩʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʥʠʟʴʢʽʡ 

ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʦʷʚʠ ʚʝʨʰʠʥ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ, ʘ ʪʘʢʦʞ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʚʛʠʭ ʨʝʙʝʨ. 

ʇʨʠ ʙʘʞʘʥʥʽ ʤʦʞʥʘ ʚʚʝʩʪʠ ʚ ʮʽ ʤʦʜʝʣʽ ʟʤʽʥʠ ʜʣʷ ʫʩʫʥʝʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʛʨʘʬ ʪʨʘʥʟʘʢʮʽʡ. ʊʘʢʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʘʨ ʯʠʩʝʣ 

ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ ʩʧʠʩʦʢ ʪʝʣʝʬʦʥʥʠʭ ʚʠʢʣʠʢʽʚ ʚ ʤʽʩʮʝʚʽʡ ʪʝʣʝʬʦʥʥʽʡ ʩʪʘʥʮʽʾ, 

ʘʙʦ ʬʽʥʘʥʩʦʚʽ ʦʧʝʨʘʮʽʾ ʤʽʞ ʨʘʭʫʥʢʘʤʠ, ʘʙʦ ʙʫʜʴ-ʷʢʫ ʧʦʜʽʙʥʫ ʩʠʪʫʘʮʽʶ, ʷʢʱʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʪʨʘʥʟʘʢʮʽʾ ʤʽʞ ʜʚʦʤʘ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʠʤ ʧʨʠʩʚʦʻʥʦ ʫʥʽʢʘʣʴʥʽ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ. ʊʘʢʽ ʛʨʘʬʠ ʥʝ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʯʠʩʪʦ ʚʠʧʘʜʢʦʚʽ, ʘʜʞʝ ʜʝʷʢʽ 
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ʪʝʣʝʬʦʥʥʽ ʥʦʤʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʙʘʛʘʪʦ ʯʘʩʪʽʰʝ, ʥʽʞ ʽʥʰʽ, ʘ ʜʝʷʢʽ ʨʘʭʫʥʢʠ 

ʥʘʙʘʛʘʪʦ ʘʢʪʠʚʥʽʰʽ, ʥʽʞ ʽʥʰʽ. 

ʅʘ ʨʠʩ. 4.3 ʧʦʢʘʟʘʥʠʡ ʚʩʴʦʛʦ ʣʠʰʝ ʥʝʚʝʣʠʢʠʡ ʬʨʘʛʤʝʥʪ ʛʨʘʬʘ, ʷʢʠʡ ʤʦʞʥʘ 

ʚʠʷʚʠʪʠ ʚ ʢʦʤʧ'ʶʪʝʨʘʭ ʪʝʣʝʬʦʥʥʦʾ ʢʦʤʧʘʥʽʾ.  

 

 

ʈʠʩʫʥʦʢ 4.3. ɻʨʘʬ ʪʨʘʥʟʘʢʮʽʡ 

 

ʋ ʮʴʦʤʫ ʛʨʘʬʽ ʢʦʞʥʦʤʫ ʪʝʣʝʬʦʥʥʦʤʫ ʥʦʤʝʨʫ ʚʽʜʧʦʚʽʜʘʻ ʚʝʨʰʠʥʘ, ʘ ʢʦʞʥʝ 

ʨʝʙʨʦ, ʱʦ ʟ'ʻʜʥʫʻ ʧʘʨʫ i ʽ j, ʚʽʜʧʦʚʽʜʘʻ ʪʝʣʝʬʦʥʥʠʤ ʜʟʚʽʥʢʦʤ ʚʽʜ i ʜʦ j ʧʨʦʪʷʛʦʤ 

ʜʝʷʢʦʛʦ ʬʽʢʩʦʚʘʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ʎʝ ʙʝʟʣʽʯ ʨʝʙʝʨ ʻ ʤʫʣʴʪʠʛʨʘʬ ʚʝʣʠʯʝʟʥʠʭ 

ʨʦʟʤʽʨʽʚ. ɺʽʥ, ʧʨʠʨʦʜʥʦ, ʨʦʟʨʽʜʞʝʥʝ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʘʙʦʥʝʥʪ ʜʟʚʦʥʠʪʴ ʣʠʰʝ ʚ 
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ʤʽʟʝʨʥʫ ʯʘʩʪʠʥʫ ʚʩʽʭ ʜʦʩʪʫʧʥʠʭ ʪʝʣʝʬʦʥʽʚ. ʎʝʡ ʛʨʘʬ ʭʘʨʘʢʪʝʨʥʠʡ ʽ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʽʥʰʠʭ ʜʦʜʘʪʢʽʚ. ɸʥʘʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʝ, ʥʘʧʨʠʢʣʘʜ, ʤʽʩʪʠʪʠ ʢʨʝʜʠʪʥʘ 

ʢʘʨʪʢʘ ʬʽʥʘʥʩʦʚʦʾ ʫʩʪʘʥʦʚʠ ʽ ʟʘʧʠʩʠ ʢʨʝʜʠʪʥʦʾ ʽʩʪʦʨʽʾ.   

ɺʠʚʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʛʨʘʬʘʭ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʥʘ ʙʘʟʽ ʦʜʥʽʻʾ 

ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʜʝʣʝʡ, ʥʝ ʟʘʚʞʜʠ ʜʘʻ ʜʦʩʠʪʴ ʪʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʨʝʘʣʴʥʠʭ ʛʨʘʬʘʭ. ʆʜʥʘʢ ʛʝʥʝʨʘʪʦʨʠ ʛʨʘʬʽʚ, ʷʢʽ 

ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʚ ʜʘʥʦʤʫ ʧʫʥʢʪʽ, ʟʨʫʯʥʽ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʨʝʘʣʽʟʘʮʽʡ ʽ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ. ʇʝʨʰ ʥʽʞ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʛʨʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʭʦʯʘ ʙ ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ ʫʩʽʭ ʧʨʠʧʫʱʝʥʴ ʧʨʦ 

ʚʟʘʻʤʠʥʠ ʤʽʞ ʨʽʟʥʠʤʠ ʜʘʥʠʤʠ ʜʦʜʘʪʢʘ ʟ ʫʩʽʤʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ ʘʙʦ 

ʚʠʙʽʨʢʘʤʠ. ʊʘʢʘ ʧʝʨʝʚʽʨʢʘ ʜʦʮʽʣʴʥʘ ʧʨʠ ʨʦʙʦʪʽ ʚ ʙʫʜʴ-ʷʢʽʡ ʧʨʠʢʣʘʜʥʽʡ ʦʙʣʘʩʪʽ ʽ 

ʚʞʝ ʪʠʤ ʙʽʣʴʰʝ ʚʘʞʣʠʚʘ ʧʨʠ ʦʙʨʦʙʮʽ ʛʨʘʬʽʚ ʚ ʩʠʣʫ ʚʝʣʠʢʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʤʦʞʣʠʚʠʭ ʚʠʜʽʚ ʛʨʘʬʽʚ. 

 

4.2 ɽʚʦʣʶʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ 

 

ɺʽʜʦʤʦ, ʱʦ ʚ ʦʙʣʘʩʪʽ ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ 

ʥʘʧʨʷʤʢʠ: ʪʝʦʨʝʪʠʯʥʠʡ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ. 

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʩʧʨʷʤʦʚʘʥʽ ʚ ʦʩʥʦʚʥʦʤʫ 

ʥʘ ʧʦʙʫʜʦʚʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʚʠʭʦʜʷʯʠ ʟ ʷʢʠʭ ʚʠʜʘʶʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ 

ʚʠʙʦʨʫ ʪʠʭ ʯʠ ʽʥʰʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʭʝʤ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʦʙʯʠʩʣʶʶʪʴʩʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʽ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʽʚ.  

ɺ ʨʘʤʢʘʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ, 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʪʫʪ ʟʘʡʤʘʶʪʴ 

ʤʝʪʦʜʠ ʛʽʙʨʠʜʠʟʘʮʽʾ ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʤʝʪʦʜʽʚ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʽ 

ʘʣʛʦʨʠʪʤʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʟʘʜʘʯ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ 
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ʩʧʝʮʠʬʽʢʠ. ʇʠʪʘʥʥʷ ʧʨʦ ʧʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʨʽʰʫʶʪʴʩʷ ʰʣʷʭʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʪʫʪ ʚʽʜʽʛʨʘʻ 

ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʙʽʙʣʽʦʪʝʢ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ, ʨʦʟʤʽʱʝʥʠʭ ʫ ʤʝʨʝʞʽ 

ɯʥʪʝʨʥʝʪ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʥʠʢʫ ʧʦʨʽʚʥʶʚʘʪʠ ʩʚʦʾ ʨʝʟʫʣʴʪʘʪʠ ʟ ʨʦʙʦʪʘʤʠ 

ʽʥʰʠʭ ʘʚʪʦʨʽʚ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʥʘʩʪʫʧʥʽ ʨʝʩʫʨʩʠ: 

1) DIMACS Challenge II (http://dimacs.rutgers.edu);  

2) ʙʽʙʣʽʦʪʝʢʫ OR Library (http://mscmga.ms.ic.ac.uk/infoMtm1); 

3) ʙʽʙʣʽʦʪʝʢʫ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ ɯʥʩʪʠʪʫʪʫ ʤʘʪʝʤʘʪʠʢʠ ʽʤ. C.JI. ʉʦʙʦʣʻʚʘ 

(http://math.nsc.ru/AP/benchmarks/). 

 

4.3 ɹʽʙʣʽʦʪʝʢʘ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ, ʱʦ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ 

 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʦ ʛʝʥʝʨʘʪʦʨ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʩʪʚʦʨʶʚʘʪʠ ʤʘʪʨʠʮʶ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ {gij} ʽ ʤʘʪʨʠʮʶ ʧʦʪʨʝʙ {pij}  ʨʦʟʤʽʨʥʦʩʪʽ 100x100. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʜʦʚʦʛʦ 

ʯʠʩʣʘ, ʚʠʥʝʩʝʥʦʛʦ ʥʘ ʧʘʥʝʣʴ ʛʝʥʝʨʘʪʦʨʘ. ʉʬʦʨʤʦʚʘʥʽ ʤʘʪʨʠʮʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʧʠʩʘʥʽ ʫ ʚʠʛʣʷʜʽ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʫ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʬʘʡʣ ʟʘʧʠʩʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʨʷʜʦʢ ʤʘʪʨʠʮʴ 

{pij} ʽ {gij}. ʈʷʜʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ, ʧʦʜʽʣʷʶʪʴʩʷ ʩʠʤʚʦʣʦʤ 

ʥʦʚʦʛʦ ʨʷʜʢʘ. 

ʊʨʘʥʩʧʦʨʪʥʽ ʚʠʪʨʘʪʠ {gij} ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʽʥʪʝʨʚʘʣʫ [1 ~ 100]. ɺʝʣʠʯʠʥʠ {pij} 

ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʤʥʦʞʠʥʠ {1,2,3,4,5}. ɺʠʪʨʘʪʠ ʥʘ ʚʽʜʢʨʠʪʪʷ ʧʽʜʧʨʠʻʤʩʪʚ ʦʜʥʘʢʦʚʽ ʽ 

ʨʽʚʥʽ 100. 

http://dimacs.rutgers.edu/
http://mscmga.ms.ic.ac.uk/infoMtm1
http://math.nsc.ru/AP/benchmarks/
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ʇʨʝʜʩʪʘʚʠʤʦ ʪʨʠ ʟʘʜʘʯʽ: ʥʘʡʧʨʦʩʪʽʰʫ ʟʘʜʘʯʫ ʨʦʟʤʽʱʝʥʥʷ, ʟʘʜʘʯʫ 

ʨʦʟʤʽʱʝʥʥʷ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʧʦʪʫʞʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʙʘʛʘʪʦʩʪʘʜʽʡʥʫ ʟʘʜʘʯʫ 

ʨʦʟʤʽʱʝʥʥʷ (ʜʦʜʘʪʦʢ ɻ).  

ɺ ʩʚʦʶ ʯʝʨʛʫ ʚʩʽ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʤʽʞ ʩʦʙʦʶ 

ʩʧʦʩʦʙʦʤ ʧʦʨʦʜʞʝʥʥʷ ʤʘʪʨʠʮʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ. ɺʦʥʠ ʨʦʟʙʠʪʽ ʥʘ ʥʘʩʪʫʧʥʽ 

ʢʣʘʩʠ: 

1. ʇʨʠʢʣʘʜʠ ʥʘ ʜʦʩʢʦʥʘʣʠʭ ʢʦʜʘʭ (PCodes).   

2. ʇʨʠʢʣʘʜʠ ʥʘ ʰʘʭʽʚʥʠʮʽ (Chess).  

3. ʇʨʠʢʣʘʜʠ ʥʘ ʢʽʥʮʝʚʠʭ ʧʨʦʝʢʪʥʠʭ ʧʣʦʱʠʥʘʭ (FPP).  

4. ʇʨʠʢʣʘʜʠ ʟ ʚʝʣʠʢʠʤ ʨʦʟʨʠʚʦʤ ʧʦʜʚʽʡʥʦʩʪʽ (Gap -A, Gap -B, Gap -C).  

5. ʇʨʠʢʣʘʜʠ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ (Uniform).  

6. ʇʨʠʢʣʘʜʠ ʥʘ ʝʚʢʣʽʜʦʚʦʾ ʧʣʦʱʠʥʠ (Eucl).  

 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʧʨʦʩʪʽʰʫ ʟʘʜʘʯʫ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʣʷ ʚʩʽʭ ʢʣʘʩʽʚ 

| I | = | J |, ʚʘʨʪʽʩʪʴ ʚʽʜʢʨʠʪʪʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦʨʽʚʥʶʻ 3000 ʽ ʤʘʪʨʠʮʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ ʩʢʣʘʜʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʯʠʩʣʦ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ 

ʚʽʜʢʨʠʚʘʶʪʴʩʷ, ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʽʰʝʥʥʽ ʥʝ ʩʠʣʴʥʦ ʟʤʽʥʶʚʘʣʦʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ 

ʦʜʥʦʛʦ ʢʣʘʩʫ ʜʦ ʽʥʰʦʛʦ. ʂʣʘʩʠ PCodes ̔  Chess ʭʘʨʘʢʪʝʨʥʽ ʪʠʤ, ʱʦ ʜʣʷ ʥʠʭ ʯʠʩʣʦ 

ʩʪʨʦʛʠʭ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʱʦʜʦ ʦʢʦʣʠʮʽ ʜʦʜʘʪʠ - ʚʠʜʘʣʠʪʠ - ʟʨʦʩʪʘʻ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟ ʨʦʩʪʦʤ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʜʘʯʽ. ʂʣʘʩ FPP ʻ 

ʧʦʣʽʥʦʤʽʘʣʴʥʦ ʚʠʨʽʰʫʚʘʥʠʤ. ʂʣʘʩʠ Gap-A , Gap-B, Gap-C ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʨʦʟʨʠʚ 

ʧʦʜʚʽʡʥʦʩʪʽ, ʘ ʢʣʘʩʠ Uniform ʽ Eucl ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʥʘʙʣʠʞʝʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʟ ʛʘʨʘʥʪʦʚʘʥʠʤʠ ʦʮʽʥʢʘʤʠ ʪʦʯʥʦʩʪʽ. ʋ ʪʘʙʣ. 4.1 ʥʘʚʦʜʷʪʴʩʷ ʫʩʝʨʝʜʥʝʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʜʽʥʢʠ ʪʦʯʥʦʛʦ ʤʝʪʦʜʫ ʛʽʣʦʢ ʽ ʤʝʞ ʥʘ ʜʘʥʠʭ ʢʣʘʩʘʭ.  

 

 

 

https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/UFLP/uflp_pc.html
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/UFLP/uflp_chess.html
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/UFLP/uflp_fp.html
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/UFLP/uflp_dg.html
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/UFLP/uflp_unif.html
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/UFLP/uflp_eucl.html
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ʊʘʙʣʠʮʷ 4.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʜʽʥʢʠ ʪʦʯʥʦʛʦ ʤʝʪʦʜʫ ʛʽʣʦʢ ʽ ʤʝʞ ʥʘ 

ʜʘʥʠʭ ʢʣʘʩʘʭ 

ʂʣʘʩʠ ʏʠʩʣʦ ʽʪʝʨʘʮʽʡ 

ʅʦʤʝʨ 

ʽʪʝʨʘʮʽʾ, ʥʘ ʷʢʽʡ 

ʟʥʘʡʜʝʥʦ 

ʨʽʰʝʥʥʷ  

ʂʽʣʴʢʽʩʪʴ ʟʤʽʥ 

ʨʝʢʦʨʜʫ 

ʏʘʩ ʨʦʙʦʪʠ ( ʯʯ: 

ʤʤ: ʩʩ ) 

PCodes            374 264 371 646 11 00:00:15 

Chess            138 674 136 236 17 00:00:06 

FPP         6 656 713 6 652 295 27 00:05:20 

Gap -A       10 105 775 3 280 342 10 00:04:52 

Gap -B       30 202 621 14 656 960 22 00:12:24 

Gap -C 541 320 830 323 594 521 30 1:42:51 

Uniform                 9 834 2748 8 00:00:00 

Eucl                 1 084 552 5 00:00:00 

 

ʈʦʟʨʘʭʦʚʘʥʠʡ ʯʘʩ ʧʨʠʚʝʜʝʥʦ ʜʣʷ PC Pentium -IV, 1 800 MHz.  

ɼʣʷ ʧʨʠʢʣʘʜʽʚ ʟ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʧʨʦʚʝʜʝʥʦ ʥʘʩʪʫʧʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ. ɺʠʧʘʜʢʦʚʠʤ ʦʙʨʘʟʦʤ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʥʘ ʚʩʴʦʤʫ ʧʨʦʩʪʦʨʽ 

ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ ʛʝʥʝʨʫʻʪʴʩʷ 9000 ʧʦʯʘʪʢʦʚʠʭ ʪʦʯʦʢ. ɼʣ̫ ʢʦʞʥʦʾ ʟ ʥʠʭ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʘ ʧʨʦʮʝʜʫʨʘ ʣʦʢʘʣʴʥʦʛʦ ʩʧʫʩʢʫ ʱʦʜʦ ʦʢʦʣʠʮʽ ʜʦʜʘʪʠ -

 ʚʠʜʘʣʠʪʠ ï ʟʘʤʽʥʠʪʠ. 

ʋ ʧʽʜʩʫʤʢʫ ʦʪʨʠʤʘʻʤʦ ʤʥʦʞʠʥʫ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ. ɼʣʷ ʥʝʾ 

ʧʦʨʘʭʦʚʘʥʦ ʯʠʩʣʦ ʨʽʟʥʠʭ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ (N1) ʽ ʥʠʞʥʷ ʦʮʽʥʢʘ ʥʘ ʜʽʘʤʝʪʨ 

ʦʙʣʘʩʪʽ, ʟʘʡʤʘʥʦʾ ʣʦʢʘʣʴʥʠʤʠ ʦʧʪʠʤʫʤʫ (N2). ʂʨʽʤ ʪʦʛʦ ʜʣʷ ʢʦʞʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ 

ʦʧʪʠʤʫʤʫ ʧʽʜʨʘʭʦʚʘʥʦ ʯʠʩʣʦ ʽʥʰʠʭ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʽʜ 

ʜʘʥʦʛʦ ʥʘ ʚʽʜʩʪʘʥʽ ʥʝ ʙʽʣʴʰʝ r = 1, 2, 3, ... ʎʷ ʚʝʣʠʯʠʥʘ (Nr) ʻ ʩʝʨʝʜʥʴʦʶ ʜʣʷ ʚʩʽʭ 

ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ. ʋ ʪʘʙʣʠʮʽ 4.2 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʧʨʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʮʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ.    
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ʊʘʙʣʠʮʷ 4.2 ï ʉʝʨʝʜʥʽʡ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʦʰʫʢʫ ʣʦʢʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ 

ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʟʘʜʘʯ 

Class PCodes Chess FPP Gap -A Gap -B Gap -C Uniform Eucl 

N1 8868 8009 8987 6022 8131 8465 1018 40 

N2 55 50 51 36 42 41 33 21 

Nr , r = 10 3 3 1,1 53 18 14 31 13 

  

ʅʘ ʨʠʩ. 4.4 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ r = 1, ..., 100. ɺʦʥʠ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʘʥʽ ʢʣʘʩʠ ʧʦʤʽʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʝ ʪʽʣʴʢʠ ʟʘ 

ʢʽʣʴʢʽʩʪʶ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ, ʘ ʡ ʟʘ ʩʝʨʝʜʥʴʦʶ ʱʽʣʴʥʽʩʪʶ, ʽ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ, ʱʦ 

ʢʣʘʩ Eucl ʚʠʷʚʠʪʴʩʷ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʜʣʷ ʘʣʛʦʨʠʪʤʽʚ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ, ʘ 

ʢʣʘʩʠ PCodes , FPP G̔ap -C - ʥʘʡʙʽʣʴʰ ʚʘʞʢʠʤʠ.            

 

 

ʈʠʩ. 4.4. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʰʫʢʫ ʣʦʢʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ 

 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʧʦʪʫʞʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ 5 ʢʣʘʩʽʚ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʇʨʝʜʩʪʘʚʥʠʢʠ ʮʠʭ ʢʣʘʩʽʚ 
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ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʤʘʪʨʠʮʽ {pij} ʽ {gij} ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʦʙʩʷʛʠ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʆʙʤʝʞʝʥʥʷ ʜʣʷ ʚʩʽʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʢʦʞʥʦʤʫ ʢʣʘʩʽ ʦʜʥʘʢʦʚʽ ʽ ʨʽʚʥʽ 

10, 20, 30, 40 ʽ 50 ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʴ ʧʨʦʜʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ.   

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ ʜʦʜʘʪʢʫ ɻ. ɺʠʭʽʜʥʽ 

ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʪʝʢʩʪʦʚʠʭ ʬʘʡʣʽʚ ʜʦʩʪʫʧʥʽ ʚ ʧʝʨʰʦʤʫ ʩʪʦʚʧʯʠʢʫ 

ʪʘʙʣʠʮʽ. ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʦʪʨʠʤʘʥʽ ɯ.ʃ. ɺʘʩʠʣʴʻʚʠʤ 

(ɯʨʢʫʪʩʴʢ).     

ʈʦʟʛʣʷʥʝʤʦ ʙʘʛʘʪʦʩʪʘʜʽʡʥʫ ʟʘʜʘʯʫ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʜʠʥ ʟ 

ʥʘʡʙʽʣʴʰ ʚʘʞʢʠʭ ʢʣʘʩʽʚ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ 

ʘʥʘʣʦʛʽʻʶ ʟ ʢʣʘʩʦʤ Gap -ɸ ʜʣʷ ʥʘʡʧʨʦʩʪʽʰʦʾ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ. ʉʧʝʮʠʬʽʢʘ ʮʴʦʛʦ 

ʢʣʘʩʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʞʝʥ ʩʧʦʞʠʚʘʯ ʤʦʞʝ ʦʙʩʣʫʛʦʚʫʚʘʪʠʩʷ ʦʜʥʽʻʶ ʟ 10 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʘʥʮʶʞʢʽʚ. ɼʦ ʩʢʣʘʜʫ ʢʦʞʥʦʛʦ ʣʘʥʮʶʞʢʘ ʚʭʦʜʠʪʴ ʨʽʚʥʦ 4 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʽʜʢʨʠʪʪʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦʨʽʚʥʶʶʪʴ 

3000. ʈʦʟʤʽʨʥʽʩʪʴ ʪʝʩʪʦʚʠʭ ʧʨʠʢʣʘʜʽʚ ʻ ʥʘʩʪʫʧʥʦʶ: 50 ʧʽʜʧʨʠʻʤʩʪʚ, 100 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʘʥʮʶʞʢʽʚ, 100 ʩʧʦʞʠʚʘʯʽʚ.    

ʋ ʪʘʙʣ. 4.3 ʥʘʚʝʜʝʥʦ ʚʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ 30 ʪʝʩʪʦʚʠʭ 

ʧʨʠʢʣʘʜʽʚ. ʋ ʧʝʨʰʦʤʫ ʩʪʦʚʧʯʠʢʫ ʪʘʙʣʠʮʽ ʜʘʥʽ ʩʪʘʨʪʦʚʽ ʯʠʩʣʘ (ʢʦʜʠ) ʜʣʷ ʜʘʪʯʠʢʘ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʜʘʥʽ ʧʨʠʢʣʘʜʠ.  ɼʨʫʛʠʡ 

ʩʪʦʚʧʝʮʴ ʤʽʩʪʠʪʴ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʛʽʣʦʢ ʽ 

ʤʝʞ. ʋ ʪʨʝʪʴʦʤʫ ʩʪʦʚʧʮʽ ʥʘʚʝʜʝʥʦ ʦʮʽʥʢʠ ʨʦʟʨʠʚʫ ʧʦʜʚʽʡʥʦʩʪʽ. ɺ ʦʩʪʘʥʥʴʦʤʫ 

ʩʪʦʚʧʯʠʢʫ ʙʫʜʝ ʧʦʜʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ (ʥʦʤʝʨʘ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʧʽʜʧʨʠʻʤʩʪʚ). 

 

4.4 ɸʣʛʦʨʠʪʤ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ 

 

ɸʣʛʦʨʠʪʤ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ ï ʮʝ ʦʜʠʥ ʟ ʝʬʝʢʪʠʚʥʠʭ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʥʘ ʛʨʘʬʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʟʘʜʘʯʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ʇʨʦʛʨʘʤʘ, ʷʢʘ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʫʨʘʰʠʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ  

https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/UFLP/uflp_dg.html%23%25D0%259A%25D0%25BB%25D0%25B0%25D1%2581%25D1%2581%2520%25D0%2590#%D0%9A%D0%BB%D0%B0%D1%81%D1%81%20%D0%90
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/UFLP/uflp_dg.html%23%25D0%259A%25D0%25BB%25D0%25B0%25D1%2581%25D1%2581%2520%25D0%2590#%D0%9A%D0%BB%D0%B0%D1%81%D1%81%20%D0%90
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/UFLP/uflp_dg.html%23%25D0%259A%25D0%25BB%25D0%25B0%25D1%2581%25D1%2581%2520%25D0%2590#%D0%9A%D0%BB%D0%B0%D1%81%D1%81%20%D0%90
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ʊʘʙʣʠʮʷ 4.3 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ ʧʨʠʢʣʘʜʫ ʙʘʛʘʪʦʩʪʘʜʽʡʥʦʾ ʟʘʜʘʯʽ 

ʨʦʟʤʽʱʝʥʥʷ 

ʢʦʜ ʦʧʪʠʤʫʤ 

ʈʦʟʨʠʚ 

ʧʦʜʚʽʡʥʦʩʪʽ 

(%)  

ʅʦʤʝʨʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʚʽʜʢʨʠʚʘʶʪʴʩʷ 

471 69122  57,0 
3, 4, 7, 8, 10, 13, 17, 21, 22, 23, 24, 26, 27, 30, 31, 32, 36, 37, 38, 40, 46, 

48, 49 

472 69140  55,9 
1, 2, 3, 5, 7, 15, 16, 18, 19, 20, 22, 23, 26, 31, 32, 37, 38, 39, 41, 45, 46, 47, 

49 

473 72110  58,2 
1, 4, 7, 10, 11, 17, 18, 23, 24, 25, 27, 29, 30, 31, 32, 34, 35, 36, 38, 39, 40, 

43, 46, 48 

474 69119  56,5 
2, 3, 6, 9, 13, 14, 17, 19, 21, 22, 26, 27, 28, 32, 34, 40, 41, 44, 45, 46, 47, 

48, 49 

475 69121  56,5 
3, 6, 7, 8, 9, 14, 15, 17, 20, 22, 23, 25, 29, 30, 32, 33, 34, 35, 37, 39, 40, 42, 

45 

476 69141  57,0 
5, 11, 13, 17, 18, 19, 24, 26, 28, 30, 31, 32, 33, 37, 39, 40, 41, 43, 44, 45, 

47, 49, 50 

477 66109  54,7 
3, 4, 7, 9, 14, 15, 16, 20, 21, 22, 23, 24, 32, 34, 36, 37, 40, 43, 45, 46, 47, 

49 

478 72104  59,0 
1, 3, 5, 6, 9, 12, 14, 16, 17, 18, 19, 20, 23, 24, 27, 31, 32, 33, 37, 39, 42, 44, 

45, 49 

479 69123  56,5 
2, 3, 6, 8, 11, 13, 15, 16, 18, 23, 25, 29, 30, 34, 37, 39, 40, 41, 42, 43, 44, 

46, 50 

480 72132  58,1 
6, 7, 9, 13, 14, 17, 18, 19, 20, 21, 24, 28, 29, 33, 34, 36, 37, 38, 40, 41, 42, 

44, 47, 49 

481 69132  55,4 
1, 4, 7, 8, 10, 11, 13, 16, 20, 21, 23, 24, 25, 30, 31, 33, 34, 36, 43, 44, 45, 

46, 49 

482 69141  55,6 
3, 5, 6, 7, 13, 15, 16, 17, 20, 22, 23, 27, 30, 31, 36, 38, 39, 41, 42, 44, 45, 

47, 50 

483 72139  57,5 
4, 7, 8, 9, 11, 16, 18, 20, 23, 24, 27, 28, 31, 33, 34, 35, 36, 37, 42, 43, 44, 

45, 47, 48 

484 72131  56,9 
1, 2, 4, 7, 8, 10, 16, 18, 19, 21, 22, 24, 26, 27, 30, 32, 33, 35, 36, 39, 42, 44, 

45, 49 

485 75105  60,1 
1, 2, 9, 10, 13, 16, 17, 18, 19, 20, 22, 24, 25, 27, 28, 29, 32, 33, 39, 40, 41, 

42, 43, 44, 48 

486 72121  57,0 
1, 3, 8, 10, 11, 12, 18, 20, 21, 22, 23, 24, 26, 29, 30, 31, 32, 34, 36, 39, 41, 

43, 49, 50 

487 69138  55,6 
3, 4, 7, 8, 9, 11, 12, 15, 18, 20, 21, 24, 27, 30, 32, 33, 34, 36, 37, 39, 43, 47, 

50 

488 69137  56,3 
3, 4, 7, 8, 9, 11, 12, 15, 18, 20, 21, 24, 27, 30, 32, 33, 34, 36, 37, 39, 43, 47, 

50 

489 69107  56,2 
1, 2, 3, 4, 5, 6, 11, 12, 13, 15, 16, 17, 23, 24, 27, 30, 31, 32, 34, 35, 36, 42, 

46 

https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/471R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/472R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/473R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/474R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/475R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/476R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/477R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/478R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/479R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/480R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/481R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/482R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/483R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/484R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/485R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/486R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/487R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/488R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/489R4-A.txt
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ʢʦʜ ʦʧʪʠʤʫʤ 

ʈʦʟʨʠʚ 

ʧʦʜʚʽʡʥʦʩʪʽ 

(%)  

ʅʦʤʝʨʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʚʽʜʢʨʠʚʘʶʪʴʩʷ 

490 72112  58,1 
2, 7, 10, 11, 14, 16, 18, 19, 22, 24, 26, 31, 32, 33, 34, 40, 41, 42, 44, 45, 46, 

47, 49, 50 

491 72133  58,2 
3, 4, 5, 6, 7, 11, 17, 19, 20, 21, 23, 25, 26, 28, 31, 32, 33, 35, 36, 38, 39, 41, 

44, 47 

492 69112  53,7 
7, 9, 11, 12, 15, 16, 19, 21, 22, 23, 26, 29, 31, 34, 35, 37, 40, 41, 44, 47, 48, 

49, 50 

493 72137  57,8 
4, 5, 6, 7, 10, 12, 13, 16, 18, 19, 20, 21, 22, 23, 24, 27, 29, 31, 33, 35, 36, 

37, 39, 46 

494 72127  58,1 
1, 2, 3, 4, 8, 9, 12, 17, 20, 22, 23, 24, 30, 31, 34, 35, 36, 40, 42, 43, 45, 46, 

47, 48 

495 69142  56,3 
1, 2, 5, 7, 8, 13, 14, 16, 17, 19, 21, 23, 24, 25, 27, 29, 31, 32, 35, 38, 39, 49, 

50 

496 69122  55,9 
1, 3, 4, 5, 8, 14, 15, 18, 21, 22, 25, 26, 28, 29, 30, 32, 33, 34, 38, 42, 45, 46, 

48 

497 66138  53,4 
3, 7, 12, 13, 15, 16, 17, 19, 21, 22, 27, 32, 36, 38, 39, 40, 41, 42, 43, 46, 47, 

50 

498 72112  56,6 
1, 4, 6, 7, 8, 11, 14, 17, 23, 26, 28, 32, 33, 34, 35, 38, 39, 41, 43, 44, 46, 47, 

48, 49 

499 69135  55,6 
3, 5, 7, 8, 9, 10, 11, 13, 15, 17, 20, 21, 24, 25, 26, 28, 29, 30, 33, 34, 40, 42, 

44 

500 69136  55,9 
3, 5, 6, 8, 9, 13, 14, 19, 21, 22, 23, 26, 28, 32, 34, 37, 38, 40, 43, 45, 46, 48, 

49 

  

ʤʝʪʘʬʦʨʦʶ ʘʛʨʝʛʘʮʽʻʶ ʬʝʨʦʤʦʥʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʙʫʣʘ 

ʥʘʧʠʩʘʥʘ ʥʘ ʤʦʚʽ C++, ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ:  

1) ʦʙôʻʢʪ AntAlg() ï ʛʦʣʦʚʥʠʡ ʦʙôʻʢʪ ʧʨʦʛʨʘʤʠ, ʽʥʽʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ:  

1. n_alg ï ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʽʚ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ,  

2. k_alg ï ʢʽʣʴʢʽʩʪʴ ʨʽʰʝʥʴ,  

3. k_del ï ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʥʦʚʠʭ ʨʦʟʚôʷʟʢʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ,  

4. q_alg ï ʧʘʨʘʤʝʪʨ ʘʣʛʦʨʠʪʤʫ,  

5. xi ï ʧʘʨʘʤʝʪʨ ʘʣʛʦʨʠʪʤʫ,  

6. max_count ï ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ;  

https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/490R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/491R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/492R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/493R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/494R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/495R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/496R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/497R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/498R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/499R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/500R4-A.txt
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2) struct component { vector args ï ʤʘʩʠʚ ʟʤʽʥʥʠʭ;  

3) double func ï ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ;  

4) double weight ï ʚʘʛʘ ʮʴʦʛʦ ʨʦʟʚôʷʟʢʫ;  

5) dʦuble posib ï ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʙʦʨʫ ʮʴʦʛʦ ʨʦʟʚôʷʟʢʫ; };  

6) vector T_mas ï ʤʘʩʠʚ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʫʩʽʭ ʨʦʟʚôʷʟʢʽʚ, ʱʦ 

ʽʩʥʫʶʪʴ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ;  

7) ʤʝʪʦʜ gaussian_random (double mue, double sigma) ï ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʝʡ (ʬʫʥʢʮʽʷ ɻʘʫʩʘ) ʦʙʠʨʘʻ ʚʠʧʘʜʢʦʚʝ 

ʯʠʩʣʦ ʪʠʧʫ double, ʧʘʨʘʤʝʪʨʘʤʠ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ mue ï ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ, 

sigma - ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ;  

8) ʤʝʪʦʜ gauss_func (double mue, double sigma, double x) ï ʧʦʚʝʨʪʘʻ ʨʦʟʨʘʭʦʚʘʥʫ 

ʬʫʥʢʮʽʶ ɻʘʫʩʘ, ʜʝ mue ï ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ, sigma - ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ;  

9) ʤʝʪʦʜ make_T(double hypercube_a, double hypercube_b, int func_numb) ï 

ʩʪʚʦʨʶʻ ʧʦʯʘʪʢʦʚʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʘʣʛʦʨʠʪʤʫ, ʪʦʙʪʦ ʟʘʧʦʚʥʶʻ ʤʘʩʠʚ T_mas ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦ ʧʨʠʩʚʦʶʻ ʟʤʽʥʥʠʤ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ ʚʠʧʘʜʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚ ʤʝʞʘʭ 

ʛʽʧʝʨʢʫʙʫ ʤʽʞ ʚʠʟʥʘʯʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (hypercube_a, hypercube_b), ʪʘʢʦʞ 

ʧʝʨʰʦʯʝʨʛʦʚʦ ʦʙʯʠʩʣʶʻ ʟʘʜʘʥʫ ʧʘʨʘʤʝʪʨʦʤ func_numb ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʜʣʷ 

ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ ʽ ʩʦʨʪʫʻ ʨʽʰʝʥʥʷ;  

10) ʤʝʪʦʜ make_weight() ï ʦʙʯʠʩʣʶʻ ʚʘʛʠ ʚʩʽʭ ʟʥʘʡʜʝʥʠʭ ʨʦʟʚʻôʷʟʢʽʚ ʟʛʽʜʥʦ ʟʘ 

ʬʦʨʤʫʣʦʶ;  

11) ʤʝʪʦʜ random(double min, double max) ï ʛʝʥʝʨʫʻ ʚʠʧʘʜʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʠʧʫ 

double ʚ ʽʥʪʝʨʚʘʣʽ (min, max);  

12) ʤʝʪʦʜ T_sort() ï ʩʦʨʪʫʻ ʤʘʩʠʚ ʨʦʟʚôʷʟʢʽʚ ʟʛʽʜʥʦ ʟʥʘʯʝʥʴ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ; 

13) ʤʝʪʦʜ make_choice() ï ʚʠʢʦʥʫʻ ʚʽʜʙʽʨ ʨʽʰʝʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ 

ʥʘʙʦʨʫ ʟʛʽʜʥʦ ʟ ʚʠʱʝ ʦʟʥʘʯʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ;  

14) ʤʝʪʦʜ make_sigma(double xi, int l, int i) ï ʬʦʨʤʫʻ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʜʣʷ 

ʬʫʥʢʮʽʾ gaussian_random(double mue, double sigma) ʟʘ ʚʠʱʝ ʦʟʥʘʯʝʥʦʶ ʬʦʨʤʫʣʦʶ;  
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15) ʤʝʪʦʜ run() ï ʟʘʧʫʩʢʘʻ ʘʣʛʦʨʠʪʤ.  

 

4.5 ʇʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

 

ʄʝʪʘʝʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʽ ʧʝʨʝʜʫʩʽʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʟʙʽʞʥʽʩʪʶ ʪʘ 

ʪʦʯʥʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ, ʾʭ ʧʨʠʪʘʤʘʥʥʽ ʨʽʟʥʽ ʩʪʫʧʝʥʽ ʫʯʘʩʪʽ ʆʇʈ, ʨʽʚʝʥʴ ʬʦʨʤʘʣʽʟʘʮʽʾ, 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʪʘ ʯʘʩ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʟʘ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʚ ʤʘʰʠʥʥʦʤʫ 

ʢʦʜʽ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʫʧʝʥʝʤ 

ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. ʊʦʯʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʭʠʙʢʦʶ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ: 

 

,    (4.1) 

ʜʝ ʨʽʰʝʥʥʷ, ʦʪʨʠʤʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʝʚʨʠʩʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ;  

 ï ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʝʢʩʪʨʝʤʫʤʫ;  

 ï ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚ ʪʦʯʮʽ. ʆʩʢʽʣʴʢʠ ʚ ʧʨʘʢʪʠʯʥʦ ʚʠʨʽʰʫʚʘʥʠʭ 

ʟʘʚʜʘʥʥʷʭ ʪʦʯʢʘ ʥʝʚʽʜʦʤʘ, ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʠʢʦʥʫʶʪʴ ʥʘ 

ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʥʷʭ ʽ ʚ ʷʢʦʩʪʽ ʧʨʠʡʤʘʶʪʴ ʥʘʡʢʨʘʱʝ ʟ ʚʽʜʦʤʠʭ ʨʽʰʝʥʴ. 

 

ɿʙʽʞʥʽʩʪʴ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʛʘʨʘʥʪʫʻʪʴʩʷ ʚʽʜʦʤʦʾ ʪʝʦʨʝʤʦʶ ʰʠʤ 

(ʪʝʦʨʝʤʦʶ ʰʘʙʣʦʥʽʚ, the schema theorem [15]). ʆʜʥʘʢ ʪʝʦʨʝʤʘ ʰʠʤ ʣʠʰʝ ʚ ʷʢʽʡʩʴ 

ʤʽʨʽ ʚʠʧʨʘʚʜʦʚʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʘʣʝ ʥʝ ʜʘʻ ʥʽʷʢʠʭ ʯʠʩʝʣʴʥʠʭ 

ʦʮʽʥʦʢ ʟʙʽʞʥʦʩʪʽ. ʊʦʤʫ ʨʦʟʫʤʥʠʤ ʚʠʜʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʨʦʙʦʪʠ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʟ ʽʥʰʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ɿʚʠʯʘʡʥʦ, ʭʦʪʽʣʦʩʷ ʙ ʦʪʨʠʤʘʪʠ ʯʠʩʝʣʴʥʽ ʦʮʽʥʢʠ 

ʟʙʽʞʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ, ʧʦʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ ʦʜʝʨʞʫʚʘʥʦʛʦ ʨʦʟʚôʷʟʢʫ. ʅʘ 

ʞʘʣʴ, ʜʣʷ ʟʘʜʘʯ, ʚ ʷʢʠʭ ʚʠʧʨʘʚʜʘʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʝʚʨʠʩʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʮʝ 

ʥʝ ʟʘʚʞʜʠ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. 
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ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʙʦʪʠ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʽʥʰʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ ʩʝʨʽʾ ʟʘʜʘʯ. 

ʇʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ: 

1) ʧʦʨʽʚʥʷʣʴʥʘ ʷʢʽʩʪʴ ï ʯʠʩʣʦ, ʱʦ ʧʦʢʘʟʫʻ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʚ ʩʝʨʽʾ ʟʘʜʘʯ 

ʨʝʟʫʣʴʪʘʪ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʮʠʤ ʪʠʧʦʤ ʘʣʛʦʨʠʪʤʽʚ, ʙʫʚ ʥʝ ʛʽʨʰʝ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʽʥʰʠʤʠ ʪʠʧʘʤʠ; 

2) ʨʝʡʪʠʥʛ ʟʘ ʧʨʘʚʠʣʦʤ ɹʦʨʜʘ ï ʩʫʤʘ ʙʘʣʽʚ, ʥʘʙʨʘʥʠʭ ʘʣʛʦʨʠʪʤʦʤ ʧʦ ʚʩʽʭ 

ʟʘʜʘʯʘʭ ʚʠʙʽʨʢʠ. ɿʘ ʧʝʨʰʝ ʤʽʩʮʝ ʘʣʛʦʨʠʪʤ ʦʪʨʠʤʫʻ 2 ʙʘʣʠ, ʟʘ ʜʨʫʛʝ ï 1 ʙʘʣ, ʟʘ 

ʪʨʝʪʻ ï 0 ʙʘʣʽʚ. 

ɸʣʝ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʨʽʚʥʷʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʚʦʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʜʦʩʠʪʴ 

ʚʘʞʢʠʤ ʟʘʚʜʘʥʥʷʤ. ʅʘ ʢʦʥʢʨʝʪʥʽʡ ʧʨʦʙʣʝʤʽ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʧʦʢʘʟʫʚʘʪʠ 

ʨʽʟʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʘʣʝ ʥʘ ʤʥʦʞʠʥʽ ʚʩʽʭ ʟʘʜʘʯ ʚʦʥʠ ʥʝʨʦʟʨʽʟʥʶʚʘʥʽ. ʎʝ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʧʣʘʪʠʪʠ ʟʘ ʧʝʨʰʽʩʪʴ ʫ ʨʦʟʚ'ʷʟʢʫ 

ʦʜʥʠʭ ʟʘʜʘʯ ʟʥʘʯʥʦ ʛʽʨʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘ ʽʥʰʠʭ ʟʘʜʘʯʘʭ. ɺ ʪʘʢʦʤʫ ʩʝʥʩʽ, ʫ 

ʧʦʰʫʢʫ ʥʝʤʘʻ ʙʝʟʢʦʰʪʦʚʥʠʭ ʩʥʽʜʘʥʢʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʛʽʜʥʦ ʟ ʐʘʬʬʝʨʦʤ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ ʟʙʝʨʽʛʘʻʪʴʩʷ. ɿʘʟʚʠʯʘʡ ʧʦʰʫʢ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ 

ʦʧʪʠʤʽʟʘʮʽʷ, ʽ ʮʝ ʚʝʜʝ ʜʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʙʝʟʢʦʰʪʦʚʥʠʭ ʩʥʽʜʘʥʢʽʚ ʥʝʤʘʻ ʪʘʢʦʞ 

ʚ ʦʧʪʠʤʽʟʘʮʽʾ. 

çʊʝʦʨʝʤʘ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʙʝʟʢʦʰʪʦʚʥʠʭ ʩʥʽʜʘʥʢʽʚ ɺʫʣʴʧʝʨʪʘ ʪʘ ʄʘʢʢʨʽʜʽè 

[101], ʷʢ ʜʦʩʣʽʚʥʦ ʟʘʟʥʘʯʝʥʦ ʩʘʤʠʤʠ ɺʫʣʴʧʝʨʪʦʤ ʽ ʄʘʢʢʨʽʜʽ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

çʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʴ-ʷʢʠʭ ʜʚʦʭ ʘʣʛʦʨʠʪʤʽʚ ʫ ʩʝʨʝʜʥʴʦʤʫ ʦʜʥʘʢʦʚʘ ʧʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ 

ʚʩʭ̔ ʤʦʞʣʠʚʠʭ ʟʘʜʘʯè. ʅʘʩʣʽʜʢʠ ʚʽʜʩʫʪʥʦʩʪʽ ʙʝʟʢʦʰʪʦʚʥʦʛʦ ʩʥʽʜʘʥʢʫ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʧʽʜʙʽʨ ʩʧʝʮʠʬʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʢʦʞʥʦʾ ʧʨʦʙʣʝʤʠ ʜʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʽʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʩʘʤʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦ ʚʩʽʻʾ 

ʤʥʦʞʠʥʠ ʟʘʜʘʯ. ɸʡʛʝʣʴ, ʊʫʩʩʦʥ ʪʘ ɯʥʛʣʠʰ ʫʢʣʘʣʠ ʩʧʽʣʴʥʫ ʫʛʦʜʥʫ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʙʝʟʢʦʰʪʦʚʥʦʛʦ ʩʥʽʜʘʥʢʫ ʚʟʘʛʘʣʽ. ɺʚʘʞʘʶʯʠ, ʱʦ ʬʽʟʠʯʥʦ ʮʝ ʤʦʞʣʠʚʦ, ʪʝʦʨʝʤʘ ʥʝ 
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ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ ʪʦʯʥʦ. ɼʨʦʩʪʝ, ɼʞʘʥʩʝʩ ʪʘ ɺʝʛʝʥʝʨ ʜʦʚʝʣʠ ʪʝʦʨʝʤʫ, ʷʢʫ ʚʦʥʠ 

ʽʥʪʝʨʧʨʝʪʫʶʪʴ ʷʢ çɹʝʟʢʦʰʪʦʚʥʠʭ ʩʥʽʜʘʥʢʽʚ (ʤʘʡʞʝ) ʥʝ ʽʩʥʫʻè, ʥʘ ʧʨʘʢʪʠʮʽ. 

ɼʣʷ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʩʫʪʽ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʦʧʪʠʤʽʟʘʪʦʨʘ-ʚʠʢʦʥʘʚʮʷ, ʷʢʦʤʫ 

ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ. ʄʘʶʯʠ ʜʝʷʢʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʥʠʢʥʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, 

ʦʧʪʠʤʽʟʘʪʦʨ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʟʥʘʥʥʷ ʜʣʷ ʚʠʙʦʨʫ ʜʦʩʪʘʪʥʴʦ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ. ʗʢʱʦ ʚʠʢʦʥʘʚʝʮʴ ʥʝ ʤʦʞʝ 

ʟʘʩʪʦʩʫʚʘʪʠ ʮʽ ʟʥʘʥʥʷ ʧʨʠ ʚʠʙʦʨʽ ʘʣʛʦʨʠʪʤʫ, ʘʙʦ ʚʟʘʛʘʣʽ ʥʝ ʤʘʻ ʪʘʢʠʭ ʟʥʘʥʴ, ʧʝʨʝʜ 

ʥʠʤ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ, ʯʠ ʽʩʥʫʶʪʴ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʟʘʛʘʣʦʤ ʧʦʢʘʟʫʶʪʴ ʥʘʡʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ ʨʝʘʣʴʥʠʭ ʟʘʜʘʯ. ɸʚʪʦʨʠ ʪʝʦʨʝʤʠ ʧʨʦ (ʤʘʡʞʝ) 

ʚʽʜʩʫʪʥʽʩʪʴ ʙʝʟʢʦʰʪʦʚʥʠʭ ʩʥʽʜʘʥʢʽʚ ʜʘʶʪʴ ʥʝʛʘʪʠʚʥʫ ʧʦ ʩʫʪʽ ʚʽʜʧʦʚʽʜʴ ʥʘ ʮʝ 

ʧʠʪʘʥʥʷ, ʘʣʝ ʟʘʣʠʰʘʶʪʴ ʤʽʩʮʝ ʜʣʷ ʜʝʷʢʠʭ ʨʝʟʝʨʚʘʮʽʡ, ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʥʘʩʢʽʣʴʢʠ 

ʪʝʦʨʝʤʘ ʟʘʩʪʦʩʦʚʘʥʘ ʜʦ ʚʠʢʦʥʘʚʮʷ. 

ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʤʘʡʞʝ ʟʘʛʘʣʴʥʠʡ ʦʧʪʠʤʽʟʘʪʦʨ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʠʡ. ɹʫʜʴ-

ʷʢʠʡ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʚʠʷʚʣʷʻ ʜʦʙʨʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʡʞʝ ʥʘ ʚʩʽʭ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʷʭ. 

ɸʣʛʦʨʠʪʤ ʤʦʞʝ ʧʝʨʝʚʝʨʰʠʪʠ ʽʥʰʠʡ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʞʦʜʝʥ ʟ ʥʠʭ ʥʝ 

ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʟʘʜʘʯʽ. ʄʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ, ʢʦʣʠ ʦʙʠʜʚʘ ʘʣʛʦʨʠʪʤʠ ʥʘʡʛʽʨʰʽ ʜʣʷ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ. ɺʫʣʴʧʝʨʪ ʪʘ ʄʘʢʢʨʽʜʽ ʨʦʟʨʦʙʠʣʠ ʩʠʩʪʝʤʫ ʦʮʽʥʢʠ çʟʙʽʛʫè 

ʤʽʞ ʘʣʛʦʨʠʪʤʦʤ ʪʘ ʟʘʜʘʯʝʶ. ʉʢʘʟʘʪʠ, ʱʦ ʦʜʠʥ ʘʣʛʦʨʠʪʤ ʢʨʘʱʠʡ ʟʘ ʽʥʰʠʡ ʫ 

ʨʦʟʚ'ʷʟʘʥʥʽ ʟʘʜʘʯʽ ð ʮʝ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʤʘʻ ʥʘ ʫʚʘʟʽ, ʱʦ ʦʜʠʥ ʟ ʘʣʛʦʨʠʪʤʽʚ 

ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʮʽʡ ʟʘʜʘʯʽ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʜʝʷʢʽ ʘʣʛʦʨʠʪʤʠ ʧʝʨʝʦʮʽʥʶʶʪʴ ʜʦʧʫʩʪʠʤʽ ʨʦʟʚ'ʷʟʢʠ. ʇʝʨʝʚʘʛʘ 

ʘʣʛʦʨʠʪʤʫ, ʱʦ ʥʽʢʦʣʠ ʥʝ ʧʝʨʝʦʮʽʥʶʻ ʨʦʟʚ'ʷʟʢʠ, ʥʘʜ ʪʠʤ, ʱʦ ʧʝʨʝʦʮʽʥʶʻ, ʥʝ 

ʦʙʦʚ'ʷʟʢʦʚʦ ʦʟʥʘʯʘʻ ʩʧʝʮʽʘʣʽʟʘʮʽʶ ʦʜʥʦʛʦ ʟ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʧʨʦʙʣʝʤʽ. 

ɼʣʷ ʤʘʡʞʝ ʚʩʽʭ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ, ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʮʽʣʢʦʤ ʚʠʧʘʜʢʦʚʘ. ʏʝʨʝʟ 

ʂʦʣʤʦʛʦʨʽʚʩʴʢʫ ʩʢʣʘʜʥʽʩʪʴ, ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʾ ʥʝ ʤʘʶʪʴ ʧʦʩʪʽʡʥʦʩʪʽ, ʷʢʫ ʤʽʛ ʙʠ 

ʚʠʢʦʨʠʩʪʘʪʠ ʘʣʛʦʨʠʪʤ. ʄʘʶʯʠ ʥʝʩʪʠʩʣʠʚʫ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ, ʥʝʤʘ ʧʽʜʩʪʘʚ ʜʣʷ 

ʚʠʙʦʨʫ ʧʝʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʗʢʱʦ ʦʙʨʘʥʠʡ ʘʣʛʦʨʠʪʤ ʙʽʣʴʰʽʩʪʴ ʯʘʩʫ ʧʦʢʘʟʫʻ ʜʦʙʨʫ 
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ʝʬʝʢʪʠʚʥʽʩʪʴ ð ʮʝ ʧʨʦʩʪʦ ʟʙʽʛ. 

ʅʘ ʧʨʘʢʪʠʮʽ, ʪʽʣʴʢʠ ʟʥʘʯʥʦ ʩʪʠʩʥʽ (ʜʘʣʝʢʽ ʚʽʜ ʚʠʧʘʜʢʦʚʦʩʪʽ) ʬʫʥʢʮʽʾ 

ʚʤʽʱʫʶʪʴʩʷ ʚ ʧʘʤ'ʷʪʴ ʢʦʤʧ'ʶʪʝʨʘ, ʽ ʥʝʤʘʻ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʜʠʥ ʘʣʛʦʨʠʪʤ ʚʠʜʘʻ 

ʜʦʙʨʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʚʩʽʭ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʷʭ. ɭ ʟʘʛʘʣʴʥʘ ʧʝʨʝʚʘʛʘ ʫ ʟʘʢʣʘʜʘʥʥʽ 

ʟʥʘʥʴ ʧʨʦ ʧʨʦʙʣʝʤʫ ʚ ʣʦʛʽʢʫ ʘʣʛʦʨʠʪʤʫ. ɺ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʨʝʟʫʣʴʪʘʪʠ NFL 

ʚʩʪʘʥʦʚʣʶʶʪʴ, ʫ ʟʚʫʞʝʥʦʤʫ ʩʝʥʩʽ, ʪʝʦʨʝʤʠ ʧʦʚʥʦʾ ʟʘʡʥʷʪʦʩʪʽ ʜʣʷ ʧʨʦʬʝʩʽʦʥʘʣʽʚ ʚ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʚʘʞʣʠʚʦ ʥʝ ʧʨʠʡʤʘʪʠ ʮʝʡ ʪʝʨʤʽʥ ʙʫʢʚʘʣʴʥʦ. ʇʦ-ʧʝʨʰʝ, ʣʶʜʠ ʟʘʟʚʠʯʘʡ 

ʤʘʶʪʴ ʥʝʜʦʩʪʘʪʥʴʦ ʟʥʘʥʴ ʜʣʷ ʨʦʙʦʪʠ. ʇʦ-ʜʨʫʛʝ, ʧʨʠʚʥʝʩʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʥʴ ʥʝ 

ʜʘʻ ʟʥʘʯʥʦʾ ʧʝʨʝʚʘʛʠ ʜʣʷ ʜʝʷʢʠʭ ʟʘʜʘʯ. ʅʘʨʝʰʪʽ, ʣʶʜʩʴʢʠʡ ʯʘʩ ʟʥʘʯʥʦ ʜʦʨʦʞʯʝ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʯʘʩʫ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʢʦʤʧʘʥʽʷ ʦʙʠʨʘʻ 

ʧʦʚʽʣʴʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʽʣʢʦʤ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ, ʘ ʥʝ ʰʚʠʜʢʫ 

ʦʧʪʠʤʽʟʘʮʽʶ, ʷʢʘ ʟʘʣʫʯʘʻ ʣʶʜʝʡ. ʅʘʩʣʽʜʢʠ NFL ʥʝ ʦʟʥʘʯʘʶʪʴ, ʱʦ ʥʝ ʚʘʨʪʦ 

ʟʜ̔ʡʩʥʶʚʘʪʠ çʧʦʩʪʨʽʣʠ ʚʩʣʽʧʫè ʧʨʠ ʨʦʟʚ'ʷʟʢʫ ʟʘʜʘʯ ʟ ʥʝʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. ʅʽʭʪʦ ʥʝ ʚʠʷʚʠʚ ʜʦʣʶ ʟʘʜʘʯ, ʚ ʷʢʽʡ ʘʣʛʦʨʠʪʤ ʟʤʦʞʝ ʟʥʘʡʪʠ ʛʘʨʥʝ 

ʨʽʰʝʥʥʷ ʰʚʠʜʢʦ. ʊʘʢʦʞ ʽʩʥʫʻ ʧʨʘʢʪʠʯʥʦ ʙʝʟʢʦʰʪʦʚʥʠʡ ʩʥʽʜʘʥʦʢ, ʱʦ ʥʝ 

ʢʦʥʬʣʽʢʪʫʻ ʩ ʟʘʛʘʣʴʥʦʶ ʪʝʦʨʽʻʶ. ɺʠʢʦʥʘʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ 

ʟʥʘʯʥʦ ʜʝʰʝʚʰʝ ʣʶʜʩʴʢʦʾ ʧʨʘʮʽ, ʥʘʚʽʪʴ ʟʘʨʘʜʠ ʛʘʨʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ. ʗʢʱʦ ʘʣʛʦʨʠʪʤ 

ʟʜʘʪʝʥ ʟʥʘʡʪʠ ʟʘʜʦʚʽʣʴʥʝ ʨʽʰʝʥʥʷ ʟʘ ʧʨʠʡʥʷʪʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ï ʤʘʣʝʥʴʢʠʡ 

ʚʢʣʘʜ ʧʨʠʥʽʩ ʟʥʘʯʥʠʡ ʧʨʠʙʫʪʦʢ. ʗʢʱʦ ʞ ʨʦʟʚ'ʷʟʦʢ ʥʝ ʟʥʘʡʜʝʥʦ ð ʧʦʥʝʩʝʥʽ ʚʪʨʘʪʠ  

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʢ ʥʘ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʴʥʠʭ ʟʘʜʘʯ, ʚ ʷʢʽʡ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʜʠʩʢʨʝʪʥʠʭ ʟʘʜʘʯ, ʱʦ ʜʦʧʫʩʢʘʶʪʴ ʬʨʘʛʤʝʥʪʘʨʥʫ ʤʦʜʝʣʴ, ʙʫʣʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʨʷʜʫ ʤʝʪʘʝʚʨʠʩʪʠʢ. 

ɿʦʢʨʝʤʘ, ʨʝʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ, ʤʝʪʦʜ ʽʪʝʨʘʪʠʚʥʦʛʦ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ, ʤʝʪʦʜ ʽʤʽʪʘʮʽʾ ʚʽʜʧʘʣʫ, ʝʚʦʣʶʮʽʡʥʦ-ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ, 

ʤʝʪʦʜ ʧʝʨʝʤʽʰʘʥʠʭ ʩʪʨʠʙʘʶʯʠʭ ʞʘʙ (ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ 4.5). 
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ʈʠʩ. 4.5. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʢ 

 

ʋ ʧʨʦʛʨʘʤʽ ʨʝʘʣʽʟʦʚʘʥʽ ʛʝʥʝʨʘʪʦʨ ʚʠʧʘʜʢʦʚʠʭ ʟʘʚʜʘʥʴ ʟ ʨʽʟʥʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ, ʙʘʟʘ ʜʘʥʠʭ ʟʘʚʜʘʥʴ ʽ ʧʨʦʛʨʘʤʘ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ. 

ɼʣʷ ʟʘʜʘʯʽ ʧʦʢʨʠʪʪʷ ʛʨʘʬʘ ʟʽʨʢʘʤʠ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʙʘʟʽ 

53 ʚʠʧʘʜʢʦʚʦ ʟʛʝʥʝʨʦʚʘʥʠʭ ʟʘʚʜʘʥʴ. ʈʦʟʛʣʷʜʘʣʠʩʷ ʟʚ'ʷʟʢʦʚʽ ʛʨʘʬʠ ʟ ʯʠʩʣʦʤ ʚʝʨʰʠʥ 

ʚʽʜ 20 ʜʦ 50 ʽ ʟ ʱʽʣʴʥʽʩʪʶ ʨʝʙʝʨ 0,5-0,8. ɼʣʷ ʢʦʞʥʦʾ ʟ ʟʘʜʘʯ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʬʨʘʛʤʝʥʪʘʨʥʫ ʤʦʜʝʣʴ ʽ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʛʨʫʧʘ ʘʣʛʦʨʠʪʤʽʚ (ʚʠʧʘʜʢʦʚʠʡ ʧʦʰʫʢ, 

ʝʚʦʣʶʮʽʡʥʦ-ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ, ʤʝʪʦʜ ʽʤʽʪʘʮʽʾ ʚʽʜʧʘʣʫ ʪʦʱʦ). ʇʘʨʘʤʝʪʨʠ 

ʘʣʛʦʨʠʪʤʽʚ ʧʽʜʙʠʨʘʣʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʙʫʣʘ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟʘ ʪʘʢʠʤʠ ʧʨʘʚʠʣʘʤʠ. 

ʇʨʘʚʠʣʦ 1. ʇʦʨʽʚʥʶʚʘʪʠ ʯʠʩʣʦ ʟʘʚʜʘʥʴ ʚ ʩʝʨʽʾ, ʜʝ ʘʣʛʦʨʠʪʤ ʦʪʨʠʤʘʚ ʧʝʨʰʝ 

ʤʽʩʮʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. 

ʇʨʘʚʠʣʦ 2. ʈʦʟʨʘʭʦʚʫʚʘʚʩʷ ʨʝʡʪʠʥʛ ʘʣʛʦʨʠʪʤʽʚ ʟʘ ʧʨʘʚʠʣʦʤ ɹʦʨʜʘ. ɿʘ 

ʦʩʪʘʥʥʻ ʤʽʩʮʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʜʘʚʘʣʦʩʷ 0 ʦʯʦʢ, ʟʘ ʧʝʨʝʜʦʩʪʘʥʥʻ 1 ʦʯʢʦ ʪʦʱʦ. ɿʘ 

ʧʝʨʰʝ ʤʽʩʮʝ ʜʘʚʘʣʦʩʷ K-1 ʦʯʢʦ, ʜʝ K ʯʠʩʣʦ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʙʨʘʣʠ ʫʯʘʩʪʴ ʚ 

ʧʦʨʽʚʥʷʥʥʽ. ɼʘʣʽ ʢʽʣʴʢʦʩʪʽ ʦʯʦʢ, ʥʘʙʨʘʥʠʭ ʘʣʛʦʨʠʪʤʦʤ, ʧʽʜʩʫʤʦʚʫʚʘʣʠʩʷ ʧʦ ʚʩʽʭ 
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ʟʘʚʜʘʥʴ ʩʝʨʽʾ. ɸʣʛʦʨʠʪʤʠ ʚʧʦʨʷʜʢʦʚʫʚʘʣʠʩʷ ʟʘ ʩʧʘʜʘʥʥʷʤ ʨʝʡʪʠʥʛʫ (ʨʠʩ. 4.6). 

 

 

ʈʠʩ. 4.6. ʇʦʙʫʜʦʚʘ ʨʝʡʪʠʥʛʫ ʘʣʛʦʨʠʪʤʽʚ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʞʦʜʝʥ ʟ ʥʠʭ ʥʝ 

ʚʦʣʦʜʽʻ ʷʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʧʝʨʝʜ ʽʥʰʠʤʠ. ʎʝ ʧʦʙʽʯʥʦ ʧʽʜʪʚʝʨʜʞʫʻ ʚʽʜʦʤʫ ʪʝʦʨʝʤʫ 

çʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʙʝʟʢʦʰʪʦʚʥʠʭ ʦʙʽʜʽʚè ʜʣʷ ʤʝʪʘʝʚʨʠʩʪʠʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʫʤʦʚʘʭ 

ʨʝʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʫʤʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝ ʦʜʥʫ, ʘ ʢʽʣʴʢʘ ʤʝʪʘʝʚʨʠʩʪʠʢ ʽ 

ʚʠʙʠʨʘʪʠ ʥʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ. ʈʦʟʛʣʷʥʫʪʠʡ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʤʝʪʦʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʰʫʢʫ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʦ ʧʦʙʫʜʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʢʦʤʧ'ʶʪʝʨʥʫ 

ʩʠʩʪʝʤʫ ʜʣʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ. ʇʨʠʯʦʤʫ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʙʫʜʫʪʴ ʧʨʦʛʨʘʤʠ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʘʝʚʨʠʩʪʠʢ, ʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʤʦʜʝʣʝʡ ʽ 

ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʾʚ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

ɽʬʝʢʪʠʚʥʽʩʪ ɹ ʘʣʛʦʨʠʪʤʽʚ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʝʥʝʨʦʚʘʥʠʭ 

ʡʤʦʚʽʨʥʽʩʥʠʭ ʛʨʘʬʦʚʠʭ ʤʦʜʝʣʝʡ. ɺ ʤʝʞʘʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʥʘ ʙʘʟʽ ʤʝʪʦʜʽʚ ʛʽʙʨʠʜʠʟʘʮʽʾ ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, 

ʤʝʪʦʜʽʚ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʽ ʘʣʛʦʨʠʪʤʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʟʘʜʘʯ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʩʧʝʮʠʬʽʢʠ. ʇʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ.  

ʇʨʠ ʮʴʦʤʫ ʦʜʥʦʟʥʘʯʥʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʝʨʝʚʘʛʫ ʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʥʘʜ ʽʥʰʠʤʠ ʟʨʦʙʠʪʠ ʥʝ ʤʦʞʥʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʪʝʦʨʝʤʫ çʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʙʝʟʢʦʰʪʦʚʥʠʭ ʦʙʽʜʽʚè. ʅʘʡʢʨʘʱʠʤ ʨʽʰʝʥʥʷʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʰʫʢʫ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

 

 

 



110 

 

ɺʀʉʅʆɺʂʀ 

 

 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ ʨʦʟʨʦʙʢʫ ʪʝʦʨʝʪʠʯʥʠʭ 

ʦʩʥʦʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʈʦʟʛʣʷʥʫʪʽ 

ʚ ʜʠʩʝʨʪʘʮʽʾ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʧʨʦʡʰʣʠ ʰʠʨʦʢʫ ʘʧʨʦʙʘʮʽʶ. ɺʦʥʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʽʜ ʯʘʩ ʧʦʰʫʢʫ ʨʦʟʚôʷʟʢʽʚ ʫ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʜʘʯʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʋ ʤʝʞʘʭ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʟʚʦʣʠʚ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘʡʯʘʩʪʽʰʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ: ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, ʂ-ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ; ʙʘʡʻʩʦʚʩʴʢʽ 

ʤʝʨʝʞʽ; ʽʥʜʫʢʮʽʷ ʜʝʨʝʚ ʨʽʰʝʥʴ; ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ; ʤʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ; 

ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ, ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ; ʢʣʘʩʠʬʽʢʘʮʽʷ cbr ï ʤʝʪʦʜʦʤ ʘʙʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʅʘ ʨʘʟʽ ʟʘʣʠʰʠʣʦʩʷ ʙʘʛʘʪʦ ʧʨʠʢʣʘʜʥʠʭ 

ʥʝʚʠʨʽʰʝʥʠʭ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʟʦʢʨʝʤʘ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʧʘʤʫ ʝʣʝʢʪʨʦʥʥʦʾ 

ʧʦʰʪʠ, ʟʦʙʨʘʞʝʥʴ ʪʘ ʤʦʚʣʝʥʥʷ ʚ ʷʢʦʩʪʽ ʮʠʬʨʦʚʦʛʦ ʧʘʨʦʣʶ, ʦʧʠʩ ʤʽʢʨʦʤʘʪʨʠʮʽ 

ɼʅʂ ʪʦʱʦ. 

2. ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʜʠʩʢʨʝʪʥʽʡ ʤʥʦʞʠʥʽ ʚʠʷʚʠʚ 

ʪʝ, ʱʦ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ ʚʠʥʠʢʘʻ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʣʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, 

ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʣʦʛʽʩʪʠʢʠ, ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʪʦʱʦ.  

3. ɺʩʪʘʥʦʚʣʝʥʦ ʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʽʟ ʟʘʜʘʯʝʶ ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ 

ʟʽʨʢʘʤʠ ʪʘ ʟʘʜʘʯʝʶ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʮʽ ʟʘʜʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʷʢ ʟʘʜʘʯʽ ʥʘ ʤʥʦʞʠʥʽ ʟ ʬʨʘʛʤʝʥʪʘʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɼʣʷ ʚʩʽʭ ʟʘʜʘʯ 

ʨʦʟʛʣʷʥʫʪʠʭ ʢʣʘʩʽʚ ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʜʦʧʫʩʪʠʤʦʛʦ ʨʦʟʚôʷʟʢʫ ʧʦ 
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ʟʘʜʘʥʽʡ ʧʝʨʝʩʪʘʥʦʚʮʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʤʘʻ ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʜʠʩʝʨʪʘʮʽʾ ʟʘʜʘʯ ʥʘʙʣʠʞʝʥʠʡ ʨʦʟʚôʷʟʦʢ ʤʦʞʝ 

ʙʫʪʠ ʟʥʘʡʜʝʥʠʤ ʩʪʘʥʜʘʨʪʥʠʤ ʝʚʦʣʶʮʽʡʥʦ-ʬʨʘʛʤʝʥʪʘʨʥʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʙʘʟʦʚʘ 

ʤʥʦʞʠʥʘ ʷʢʦʛʦ ʻ ʤʥʦʞʠʥʦʶ ʧʝʨʝʩʪʘʥʦʚʦʢ. 

4. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢ ʽ ʙʽʣʴʰʽʩʪʴ ʟʘʜʘʯ 

ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʻ NP-ʚʘʞʢʦʶ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʘ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʟʤʽʥʥʠʭ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʚʠʟʥʘʯʝʥʠʡ (ʥʝʧʨʷʤʠʡ) ʭʘʨʘʢʪʝʨ. ɼʦ 

ʪʦʛʦ ʞ ʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʙʘʛʘʪʦ ʦʙʤʝʞʝʥʴ, ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ 

ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʚʽʜʦʤʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʊʦʤʫ ʜʣʷ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ 

ʚʠʧʨʘʚʜʘʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʝʚʨʠʩʪʠʢ. 

5. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ ʛʽʧʦʪʝʟʘ ʚʝʣʠʢʦʾ 

ʜʦʣʠʥʠ, ʱʦ ʯʘʩʪʢʦʚʦ ʧʦʷʩʥʶʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ɻʦʣʦʚʥʦʶ ʾʭ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʥʘʩʪʫʧʥʘ: ʷʢʱʦ ʚ ʧʦʧʫʣʷʮʽʾ ʟʙʠʨʘʶʪʴʩʷ ʣʦʢʘʣʴʥʽ 

ʦʧʪʠʤʫʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʽʧʦʪʝʟʠ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ, ʽ ʯʝʨʛʦʚʝ 

ʨʽʰʝʥʥʷ ʦʙʠʨʘʻʪʴʩʷ ʜʝʩʴ ʤʽʞ ʜʚʦʤʘ ʜʦʚʽʣʴʥʠʤʠ ʣʦʢʘʣʴʥʠʤʠ ʦʧʪʠʤʫʤʫ, ʪʦ ʪʘʢʠʡ 

ʧʨʦʮʝʩ ʤʘʻ ʙʘʛʘʪʦ ʰʘʥʩʽʚ ʟʥʘʡʪʠ ʛʣʦʙʘʣʴʥʠʡ ʦʧʪʠʤʫʤ.  

6. ʈʦʟʨʦʙʣʝʥʦ ʬʨʘʛʤʝʥʪʘʨʥʫ ʤʦʜʝʣʴ ʜʣʷ ʧʦʰʫʢʫ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ  

ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʰʫʢʘʪʠ ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʚ'ʷʟʦʢ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʦʪʨʠʤʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʥʘ ʮʴʦʤʫ ʨʦʟʚôʷʟʢʫ. ʆʜʥʘʢ ʜʦʧʫʩʪʠʤʠʡ 

ʨʦʟʚ'ʷʟʦʢ, ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʚʟʘʛʘʣʽ 

ʢʘʞʫʯʠ, ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ. ɼʣʷ ʧʦʰʫʢʫ ʥʘʙʣʠʞʝʥʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ 

ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ, ʱʦ ʧʦʻʜʥʫʻ ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʪʘ ʛʝʥʝʪʠʯʥʽ 

ʘʣʛʦʨʠʪʤʽ. 

7. ɼʦʚʝʜʝʥʦ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʩʷʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʦʙʣʝʥʠʭ ʬʨʘʛʤʝʥʪʘʨʥʠʭ 

ʤʦʜʝʣʝʡ, ʦʩʢʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʜʦʧʫʩʪʠʤʝ 

ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ ʟʽʨʢʘʤʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʠʙʦʨʫ ʥʫʤʝʨʘʮʽʾ.  

8. ɺʠʷʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʤʦʞʝ ʙʫʪʠ ʜʦʩʣʽʜʞʝʥʘ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʟʛʝʥʝʨʦʚʘʥʠʭ ʡʤʦʚʽʨʥʽʩʥʠʭ ʛʨʘʬʦʚʠʭ ʤʦʜʝʣʝʡ. ɺ ʤʝʞʘʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʥʘ ʙʘʟʽ ʤʝʪʦʜʽʚ 

ʛʽʙʨʠʜʠʟʘʮʽʾ ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʤʝʪʦʜʽʚ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʽ ʘʣʛʦʨʠʪʤʽʚ, 

ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʟʘʜʘʯ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʩʧʝʮʠʬʽʢʠ.  

9. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʛʝʥʝʨʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʛʨʘʬʽʚ ʪʘ 

ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʇʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ.  

10. ʇʨʦʚʝʜʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʟʥʘʯʥʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʝʨʝʚʘʛʫ 

ʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘʜ ʽʥʰʠʤʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʪʝʦʨʝʤʫ çʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʙʝʟʢʦʰʪʦʚʥʠʭ ʦʙʽʜʽʚè. ʅʘʡʢʨʘʱʠʤ ʨʽʰʝʥʥʷʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʘʛʤʝʥʪʘʨʥʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʰʫʢʫ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ. 
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ɼʆɼɸʊʆʂ ɸ 

ʇʈʆɻʈɸʄʅɸ ʈɽɸʃɯɿɸʎɯʗ ʅɸʁʇʈʆʉʊɯʐʆɰ ɻɽʅɽʈɸʎɯɰ 

ɺʀʇɸɼʂʆɺʀʍ ɻʈɸʌɯɺ 

 

 

 

using System; 

using System.Text; 

using Utils; 

 

namespace SimpleGen 

{  

    class Program 

    {  

        static SymmetricalMatrix matrix; 

         

        static int getNumberFromKeyboard() 

        {  

            int n; 

            string s = Console.ReadLine(); 

            while (!int.TryParse(s, out n)) 

            {  

                Console.WriteLine("ʅʝʚʝʨʥʳʡ ʬʦʨʤʘʪ ʯʠʩʣʘ\n"); 

                s = Console.ReadLine(); 

            }  

            return n; 

        }  

                 

        static void Main(string[] args) 

        {  

            Console.WriteLine("----------------------------------------------------------------------------"); 

            Console.WriteLine("ʇʨʦʛʨʘʤʤʘ ʛʝʥʝʨʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʩʚʷʟʥʳʭ ʢʫʙʠʯʝʩʢʠʭ ʛʨʘʬʦʚ"); 

            Console.WriteLine("ʇʨʠʤʠʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ"); 

            Console.WriteLine("----------------------------------------------------------------------------"); 

            Console.WriteLine(""); 

 

            int size; //ʯʠʩʣʦ ʚʝʨʰʠʥ ʛʨʘʬʘ 

            int maxMatrixCount; //ʯʠʩʣʦ ʛʝʥʝʨʠʨʫʝʤʳʭ ʛʨʘʬʦʚ 

 

            Console.Write("ɺʚʝʜʠʪʝ ʯʝʪʥʦʝ ʯʠʩʣʦ (4 ʠ ʙʦʣʝʝ) ʚʝʨʰʠʥ ʛʨʘʬʘ: "); 

            size = getNumberFromKeyboard(); 

 

            while (size % 2 != 0 || size < 4) 

            {  

                if (size % 2 != 0) 
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                    Console.Write("ʏʠʩʣʦ ʚʝʨʰʠʥ ʛʨʘʬʘ ʜʦʣʞʥʦ ʙʳʪʴ ʯʝʪʥʳʤ. "); 

                if (size < 4) 

                    Console.Write("\nʏʠʩʣʦ ʚʝʨʰʠʥ ʢʫʙʠʯʝʩʢʦʛʦ ʛʨʘʬʘ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 3."); 

 

                Console.Write("\nɺʚʝʜʠʪʝ ʯʠʩʣʦ ʚʝʨʰʠʥ ʝʱʝ ʨʘʟ: "); 

                size = getNumberFromKeyboard(); 

            }  

 

            Console.Write("ɺʚʝʜʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʬʦʚ: "); 

            maxMatrixCount = getNumberFromKeyboard(); 

 

            Console.WriteLine(String.Format("\nɺʳʧʦʣʥʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ {0} ʢʫʙʠʯʝʩʢʠʭ ʛʨʘʬʦʚ ʩ {1} 

ʚʝʨʰʠʥʘʤʠ\n", 

                maxMatrixCount, size)); 

 

            //ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʝʜʠʥʠʮ ʚ ʚʝʨʭʥʝʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ 

            int count = size * 3 / 2; 

             

            //ʩʦʟʜʘʝʤ ʤʘʪʨʠʮʫ ʩʤʝʞʥʦʩʪʠ, ʟʘʧʦʣʥʷʷ ʝʸ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʝʜʠʥʠʮ 

            matrix = new SymmetricalMatrix(size); 

            for (int i = 0; i < count; i++) 

            {  

                matrix.data[i] = 1; 

            }  

 

            DateTime dStart = DateTime.Now; 

            //ʛʝʥʝʨʠʨʫʝʤ ʢʫʙʠʯʝʩʢʠʝ ʛʨʘʬʳ 

            int matrixCount = 0; 

            while (matrixCount < maxMatrixCount) 

            {  

                matrixCount++; 

                Console.WriteLine("ʄʘʪʨʠʮʘ ˉ" + matrixCount + ": "); 

                Console.WriteLine(RandomBuild()); 

            }  

 

            DateTime dStop = DateTime.Now; 

 

            TimeSpan timeInfo = dStop.Subtract(dStart); 

 

            Console.WriteLine(String.Format("ɻʝʥʝʨʘʮʠʷ ʟʘʚʝʨʰʝʥʘ ʟʘ {0} ʩʝʢ", 

timeInfo.TotalSeconds)); 

            Console.ReadLine(); 

        }  

 

        static Random rand = new Random(); 

        static SymmetricalMatrix RandomBuild() 

        {  
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            while (true) 

            {  

                for (int i = 0; i < matrix.data.Length - 1; i++) 

                {  

                    int ind = rand.Next(i, matrix.data.Length - 1); 

 

                    byte t = matrix.data[i]; 

                    matrix.data[i] = matrix.data[ind]; 

                    matrix.data[ind] = t; 

                }  

 

                if (matrix.IsCubicGraphMatrix() && matrix.IsConnectedGraphMatrix()) 

                    return matrix; 

         }  }  }  }  
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ɼʆɼɸʊʆʂ ɹ 

ʇʈʆɻʈɸʄʅɸ ʈɽɸʃɯɿɸʎɯʗ ɺʀʇɸɼʂʆɺʀʍ ʂʋɹɯʏʅʀʍ ɻʈɸʌɯɺ 

 

 

 

using System; 

using System.Text; 

using Utils; 

 

namespace GBJG//ʦʪ ʧʝʨʚʳʭ ʙʫʢʚ ʠʤʝʥ ʩʦʟʜʘʪʝʣʝʡ ʦʨʠʛʠʥʘʣʴʥʦʡ ʚʝʨʩʠʠ 

{  

    class Program 

    {  

        public static Random Rand = new Random(); 

         

        //ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʯʠʩʣʘ ʩ ʢʣʘʚʠʘʪʫʨʳ 

        static int getNumberFromKeyboard() 

        {  

            int n; 

            string s = Console.ReadLine(); 

            while (!int.TryParse(s, out n)) 

            {  

                Console.Write("ʅʝʚʝʨʥʳʡ ʬʦʨʤʘʪ ʯʠʩʣʘ. ɺʚʝʜʠʪʝ ʯʠʩʣʦ ʝʱʝ ʨʘʟ: "); 

                s = Console.ReadLine(); 

            }  

 

            return n; 

        }  

         

        static void Main(string[] args) 

        {  

            Console.WriteLine("----------------------------------------------------------------------------"); 

            Console.WriteLine("ʇʨʦʛʨʘʤʤʘ ʛʝʥʝʨʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʩʚʷʟʥʳʭ ʢʫʙʠʯʝʩʢʠʭ ʛʨʘʬʦʚ"); 

            Console.WriteLine("----------------------------------------------------------------------------"); 

            Console.WriteLine(""); 

             

            int size; //ʯʠʩʣʦ ʚʝʨʰʠʥ ʛʨʘʬʘ 

            int maxMatrixCount; //ʯʠʩʣʦ ʛʝʥʝʨʠʨʫʝʤʳʭ ʛʨʘʬʦʚ 

 

            Console.Write("ɺʚʝʜʠʪʝ ʯʝʪʥʦʝ ʯʠʩʣʦ (4 ʠ ʙʦʣʝʝ) ʚʝʨʰʠʥ ʛʨʘʬʘ: "); 

            size = getNumberFromKeyboard(); 

 

            while (size % 2 != 0 || size < 4) 

            {  

                if (size % 2 != 0) 

                    Console.Write("ʏʠʩʣʦ ʚʝʨʰʠʥ ʛʨʘʬʘ ʜʦʣʞʥʦ ʙʳʪʴ ʯʝʪʥʳʤ. "); 
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                if (size < 4) 

                    Console.Write("\nʏʠʩʣʦ ʚʝʨʰʠʥ ʢʫʙʠʯʝʩʢʦʛʦ ʛʨʘʬʘ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 3."); 

 

                Console.Write("\nɺʚʝʜʠʪʝ ʯʠʩʣʦ ʚʝʨʰʠʥ ʝʱʝ ʨʘʟ: "); 

                size = getNumberFromKeyboard(); 

            }  

 

            Console.Write("ɺʚʝʜʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʬʦʚ: "); 

            maxMatrixCount = getNumberFromKeyboard(); 

 

            Console.WriteLine(String.Format("\nɺʳʧʦʣʥʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ {0} ʢʫʙʠʯʝʩʢʠʭ ʛʨʘʬʦʚ ʩ {1} 

ʚʝʨʰʠʥʘʤʠ\n",  

                maxMatrixCount, size)); 

 

            DateTime dStart = DateTime.Now; 

 

            //ʛʝʥʝʨʠʨʫʝʤ ʢʫʙʠʯʝʩʢʠʝ ʛʨʘʬʳ 

            int matrixCount = 0; 

            while (matrixCount < maxMatrixCount) 

            {  

                Graph g = new Graph(size); 

                 

                matrixCount++; 

                Console.WriteLine("ʄʘʪʨʠʮʘ ˉ" + matrixCount + ": ");  

                Console.WriteLine(g); 

            }  

 

            DateTime dStop = DateTime.Now; 

 

            TimeSpan timeInfo = dStop.Subtract(dStart); 

 

            Console.WriteLine(String.Format("ɻʝʥʝʨʘʮʠʷ {0} ʢʫʙʠʯʝʩʢʠʭ ʛʨʘʬʦʚ ʩ {1} ʚʝʨʰʠʥʘʤʠ 

ʟʘʚʝʨʰʝʥʘ ʟʘ {2} ʩʝʢ",  

                maxMatrixCount, size, timeInfo.TotalSeconds)); 

            Console.ReadLine(); 

        }  

    }  

 

    //ʂʫʙʠʯʝʩʢʠʡ ʩʣʫʯʘʡʥʳʡ ʛʨʘʬ        

    class Graph 

    {  

        SymmetricalMatrix matrix;//ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ ʛʨʘʬʘ 

         

        public Graph(int size) 

        {  

            currSize = 4; 

            matrix = new SymmetricalMatrix(size); 




































