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1. ɺɺɽɼɽʅʀɽ 
 

ʊʦʣʢʦʚʳʡ ʩʣʦʚʘʨʴ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʉ.ʀ. ʆʞʝʛʦʚʘ ʦʧʨʝʜʝʣʷʝʪ 

ʪʦʣʧʫ ʢʘʢ çʩʢʦʧʣʝʥʠʝ ʣʶʜʝʡ, ʩʙʦʨʠʱʝè, ʩʣʦʚʘʨʴ ɺ.ʀ. ɼʘʣʷ - ʢʘʢ 

çʥʝʦʨʛʘʥʠʟʦʚʘʥʥʦʝ ʩʢʦʧʣʝʥʠʝè. ɺ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ʙʣʠʟʢʠʭ ʧʦ 

ʟʥʘʯʝʥʠʶ ʪʝʨʤʠʥʦʚ ʙʦʣʴʰʝ: crowd ï ʩʢʦʧʣʝʥʠʝ ʣʶʜʝʡ; mob ï ʘʢʪʠʚ-

ʥʦʝ, ʘʛʨʝʩʩʠʚʥʦʝ ʩʢʦʧʣʝʥʠʝ ʣʶʜʝʡ; herd ï ʩʪʘʜʦ; flock ï ʩʢʦʧʣʝʥʠʝ 

ʦʜʥʦʨʦʜʥʳʭ ʞʠʚʦʪʥʳʭ ï ʩʪʘʷ (ʞʠʚʦʪʥʳʭ ʠʣʠ ʨʳʙ); swarm - ʩʢʦʧʣʝ-

ʥʠʝ ʥʘʩʝʢʦʤʳʭ, ʨʦʡ. 

ʊʝʨʤʠʥ ʫʧʨʘʚʣʝʥʠʝ ʪʦʣʧʦʡ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪ ʥʝ-

ʩʢʦʣʴʢʦ ʫʩʪʦʡʯʠʚʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʋʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʘʛʝʥʪʦʚ (ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʠ, ʠʟʙʝʞʘʥʠʝ 

ʩʪʦʣʢʥʦʚʝʥʠʡ, ʦʙʭʦʜ ʧʨʝʧʷʪʩʪʚʠʡ, ʩʦʭʨʘʥʝʥʠʝ ʬʦʨʤʘʮʠʠ ʠ ʪ. ʜ.). 

ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩ 

ʥʘʯʘʣʘ 2000-ʭ ʛʛ. ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʦʙʰʠʨʥʳʝ ʦʙʣʘʩʪʠ ï ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʝ ʠ ʠʤʠʪʘʮʠʦʥʥʳʝ (ʘʛʝʥʪʥʳʝ) ʤʦʜʝʣʠ (ʩʤ. ʦʙʟʦʨʳ ʘʛʝʥʪʥʳʭ 

ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʪʦʣʧʳ ʚ [37, 70, 77, 85], ʭʨʝʩʪʦʤʘʪʠʡʥʳʤ ʧʨʠʤʝ-

ʨʦʤ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ ʵʚʘʢʫʘʮʠʠ ʠʟ ʧʦʤʝʱʝʥʠʡ). ɺ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ 

ʦʙʣʘʩʪʝʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʳʩʷʯʠ ʩʪʘʪʝʡ ʠ ʜʝʩʷʪʢʠ ʦʙʟʦʨʦʚ. ʆʪʜʝʣʴ-

ʥʳʡ ʘʩʧʝʢʪ ï ʚʳʙʦʨ ʥʘʙʦʨʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ çʬʠʟʠʯʝʩʢʠʤè ʤʝʨʘʤ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʦʣʧʫ (ʚ ʮʝʣʷʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʚʢʠ, ʤʘʩʩʦʚʳʭ 

ʙʝʩʧʦʨʷʜʢʦʚ ʠ ʪ. ʜ.) ï ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʝʜʤʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʦʚʝʜʝʥʠʝʤ (ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʡ) ʪʦʣʧʳ. ɿʜʝʩʴ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʙʦʣʴʰʠʭ ʥʘʧʨʘʚʣʝʥʠʷ ï ʛʫʤʘʥʠʪʘʨʥʳʝ ʜʝʩʢ-

ʨʠʧʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʚ ʨʘʤʢʘʭ ʩʦʮʠʘʣʴʥʦʡ ʧʩʠʭʦʣʦʛʠʠ, ʪʦʯʥʝʝ, 

ʝʝ ʨʘʟʜʝʣʘ ï ʧʩʠʭʦʣʦʛʠʠ ʪʦʣʧʳ [31, 44, 45, 48, 50, 63, 80, 98, 109]) ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʢʨʘʪʢʠʡ ʦʙʟʦʨ [91]). 

ɺ ʧʦʩʣʝʜʥʝʤ ʤʦʞʥʦ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʇʝʨʚʦʝ ï ʤʦʜʝʣʠ ʢʦʤʘʥʜ (ʩʦʚʤʝʩʪʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʛʨʫʧʧʘʤʠ ʣʶʜʝʡ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ 

ʬʘʢʪʦʨʘʭ ï ʩʤ. ʦʙʟʦʨ ʚ ʢʥʠʛʝ [55] ʠ [82]). 

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʠ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦ-

ʪʘ, ʠʥʠʮʠʠʨʦʚʘʥʦ ʩʪʘʚʰʠʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʪʘʪʴʝʡ [102] ʠ ʤʦʥʦ-

ʛʨʘʬʠʝʡ [117], ʧʦʨʦʜʠʚʰʠʤʠ ʮʝʣʫʶ ʣʘʚʠʥʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪ.ʥ. ʢʦʥʬʦʨʤʥʦʛʦ, ʧʦʨʦʛʦʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ (ʪ.ʝ. ʧʨʠʥʷʪʠʷ ʘʛʝʥʪʘʤʠ ʨʝʰʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, 

ʢʘʢʘʷ ʜʦʣʷ ʠʣʠ ʯʠʩʣʦ ʘʛʝʥʪʦʚ ʠʟ ʠʭ ʦʢʨʫʞʝʥʠʷ ʫʞʝ ʧʨʠʥʷʣʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ) ï ʩʤ. ʦʙʟʦʨ r[5, 6, 40, 69]) ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʝ-
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ʜʝʥʠʷ ʪʦʣʧʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷ-

ʱʝʥʥʳʭ ʦʧʠʩʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʪʦʣʧʳ, ʥʘ ʩʝʛʦʜʥʷ ʬʦʨʤʘʣʴʥʳʝ ʧʦʩʪʘ-

ʥʦʚʢʠ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʪʦʣʧʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʘʥʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʪʦʣʧ. ɺ ʨʘʤ-

ʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʪʦʣʧʘ (mob) ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʝʜʠʥʝʥʘ ʝʜʠʥʳʤ ʦʙʲʝʢʪʦʤ ʚʥʠʤʘʥʠʷ, ʪ.ʝ. ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʢʘʢ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ, ʘ ʝʝ ʯʣʝʥʳ ï ʣʶʜʠ (ʘʛʝʥ-

ʪ )r ï ʤʦʛʫʪ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʠʣʠ ʥʝ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʜʝʡʩʪʚʠʷ, ʪ.ʝ., ʫʩʣʦʚʥʦ ʛʦʚʦʨʷ, ʙʳʪʴ ʘʢʪʠʚʥʳʤʠ (ʜʝʡʩʪʚʦʚʘʪʴ, 

ʥʘʧʨʠʤʝʨ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʢʦʪʦʨʦʝ ʨʝʰʝʥʠʝ, ʠʣʠ ʧʨʠʥʠʤʘʪʴ ʫʯʘ-

ʩʪʠʝ ʚ ʙʝʩʧʦʨʷʜʢʘʭ ʠ ʪ.ʧ.) ʠʣʠ ʧʘʩʩʠʚʥʳʤʠ (ʙʝʟʜʝʡʩʪʚʦʚʘʪʴ). ʉʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʫʧʨʘʚʣʝʥʠʝ ʪʦʣʧʦʡ ʵʪʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

(ʢʘʢ ʧʨʘʚʠʣʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ) ʥʘ ʥʝʝ ʚ ʮʝʣʦʤ ʠʣʠ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʘʛʝʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʠʭ ʧʦʚʝ-

ʜʝʥʠʷ [114]. ɽʩʣʠ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʠʟʘʮʠʷ ʠʣʠ 

ʤʠʥʠʤʠʟʘʮʠʷ ʯʠʩʣʘ ʠʣʠ ʜʦʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʪʦ ʠʤʝʥʥʦ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʢʨʠʪʝʨʠ ̫ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʜʣʷ ʘʥʘʣʠʟʘ ʪʦʣʧʳ ʩʫʱʝʩʪʚʝʥʥʳ ʠ ʘʢʪʠʚʥʦʩʪʴ ʘʛʝʥʪʦʚ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʥʠʤʠ, ʪʦ ʪʦʣʧʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʪ.ʥ. ʘʢʪʠʚʥʦʡ ʩʝʪʝʚʦʡ ʩʪʨʫʢʪʫʨ r(ɸʉʉ). ɼʨʫʛʠʤʠ 

ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ɸʉʉ ʷʚʣʷʶʪʩʷ ʩʦʮʠʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʦʥʣʘʡʥʦʚʳʝ 

ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʠ ʪ.ʜ. ʊ.ʢ. ʥʝʢʦʪʦʨʳʝ ʤʦʜʝʣʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʧʨʠʤʝʥʠʤʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʪʦʣʧʦʡ, ʥʦ ʠ ʜʣʷ ʙʦʣʝʝ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ɸʉʉ, ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʫʯʘʷʭ ʙʫʜʝʤ ʫʧʦʪ-

ʨʝʙʣʷʪʴ ʪʝʨʤʠʥ çɸʉʉè. 

ɺ ʨʘʙʦʪʘʭ [53, 54] ʚʳʜʝʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʦʧʠʩʘʥʠʷ ʠ ʘʥʘ-

ʣʠʟʘ ɸʉʉ. ʅʘ ʧʝʨʚʦʤ (ʥʠʞʥʝʤ) ʫʨʦʚʥʝ ʩʝʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ çʚ 

ʮʝʣʦʤè. ɿʜʝʩʴ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʤʝʪʦʜʳ ʩʝʤʘʥ-

ʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʨ. ʊʘʢʦʝ ʘʛʨʝʛʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʞʥʦ 

ʫʩʣʦʚʥʦ ʩʯʠʪʘʪʴ ʤʘʢʨʦʤʦʜʝʣʴʶ ɸʉʉ. ʅʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʩ ʧʦʤʦʱʴʶ 

ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʉʉ. 

ʅʘ ʪʨʝʪʴʝʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʦʪʜʝʣʴʥʳʭ ʘʛʝʥʪʦʚ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʩʯʠʪʘʪʴ ʤʠʢʨʦʤʦʜʝʣʴʶ ɸʉʉ. ɿʜʝʩʴ ʩʧʝʢʪʨ ʚʦʟʤʦʞ-

ʥʳʭ ʤʦʜʝʣʝʡ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢ ï ʤʘʨʢʦʚʩʢʠʝ ʤʦʜʝʣʠ (ʚ ʪʦʤ ʯʠʩʣʝ ï 

ʤʦʜʝʣʠ ʢʦʥʩʝʥʩʫʩʘ), ʢʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ, ʤʦʜʝʣʠ ʜʠʬʬʫʟʠʠ ʠʥʥʦʚʘ-

ʮʠʡ, ʤʦʜʝʣʠ ʟʘʨʘʞʝʥʠʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ (ʩʤ. ʦʙʟʦʨ ʚ ʢʥʠʛʝ [25]). ʅʘ 

ʯʝʪʚʝʨʪʦʤ ʫʨʦʚʥʝ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
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ʠʣʠ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʘʚʷʪʩʷ ʠ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʥʘ ʪʨʝʪʴʝʤ ʠ ʯʝʪʚʝʨʪʦʤ ʫʨʦʚʥʷʭ ʦʧʝʨʠʨʫʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʠʢ-

ʨʦʤʦʜʝʣʷʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʪʜʝʣʴʥʳʭ ʘʛʝʥʪʦʚ. ʀ, 

ʥʘʢʦʥʝʮ, ʥʘ ʧʷʪʦʤ ʫʨʦʚʥʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʪʠʚʦ-

ʙʦʨʩʪʚʘ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʙʲʝʢʪʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ɸʉʉ 

ʢʘʞʜʳʡ ʚ ʩʚʦʠʭ ʠʥʪʝʨʝʩʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʧʧʘʨʘʪ ʪʝʦ-

ʨʠʠ ʠʛʨ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʨʝʬʣʝʢʩʠʚʥʳʭ ʠʛʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʦʧʠʩʘʥʠʷ ɸʉʉ ʠʤʝʝʪʩʷ 

ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʚʦʟʤʦʞʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʪʦ-

ʨʳʭ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʚʦʝʦʙʨʘʟʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ, ʧʦʣʴʟʫ-

ʷʩʴ ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʩʦʙʠʨʘʝʪ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʝʨʝʜ ʥʠʤ ʟʘʜʘʯʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞ-

ʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ 

ʠ ʤʝʪʦʜʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʧʝʮʠʬʠʢʘ ɸʉʉ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʦʣʧʳ 

ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʟʘʩʪʘʚʣʷʝʪ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʠ ʨʘʟʚʠʚʘʪʴ ʩʚʦʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʙʦʣʴʰʫʶ 

ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʥʝʧʦʣʥʫʶ 

ʥʘʙʣʶʜʘʝʤʦʩʪʴ, ʥʘʣʠʯʠʝ ʤʥʦʛʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʠ 

ʩʫʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤʠ ʠʥʪʝʨʝʩʘʤʠ ʠ ʪ.ʜ. 

ʈʘʟʥʦʨʦʜʥʦʩʪʴ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ) ʦʧʠʩʘʥʠʷ ɸʉʉ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʝʩʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʘʩʧʝʢʪʦʚ ʝʝ 

ʨʘʩʩʤʦʪʨʝʥʠʷ [54], ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʠʟʙʝʞʥʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʦʪʤʝ-

ʯʝʥʥʦʡ ʚʳʰʝ ʩʧʝʮʠʬʠʢʠ ɸʉʉ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʭʦʪʝʣʦʩʴ ʙʳ ʫʤʝʪʴ 

ʧʨʝʦʜʦʣʝʚʘʪʴ ʧʨʦʙʣʝʤʳ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ [51]: ʚ ʪ.ʯ. ʘʙʩʪʨʘʛʠʨʦʚʘʪʴ-

ʩʷ ï ʥʝ ʪʝʨʷʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʤʠʢʨʦʤʦʜʝʣʝʡ ʢ 

ʤʘʢʨʦʤʦʜʝʣʷʤ, ʦʧʝʨʠʨʫʶʱʠʤ ʘʛʨʝʛʠʨʦʚʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʠ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ɸʉʉ ʚ ʪʝʨʤʠʥʘʭ 

ʤʘʢʨʦʤʦʜʝʣʝʡ. 

ʀʟʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ 

ʩʪʨʫʢʪʫʨʫ. ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʢʨʘʪʢʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ 

ʧʦʨʦʛʦʚʦʛʦ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʚʩʝʭ ʨʝʘʣʠ-

ʟʦʚʘʥʥʳʭ ʥʠʞʝ ʧʦʜʭʦʜʦʚ. ʊʨʝʪʠʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʟʫ ʚʟʘʠʤʦ-

ʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʤʦʜʝʣʷʤʠ ɸʉʉ ʠ ʧʨʦʙʣʝʤʘʤ ʠʭ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ. ʏʝʪʚʝʨʪʳʡ, ʧʷʪʳʡ ʠ ʰʝʩʪʦʡ ʨʘʟʜʝʣʳ ʩʦʜʝʨʞʘʪ ʩʪʘʪʠʯʝʩʢʠʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʠ ʪʝʦʨʝʪʠʢʦ-

ʠʛʨʦʚʳʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʪʦʣʧʦʡ. ʉʝʜʴʤʦʡ ʠ ʚʦʩʴʤʦʡ ʨʘʟʜʝʣʳ 

ʚʢʣʶʯʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʪʦʣʧʦʡ (ʚ ʜʠʩʢʨʝʪʥʦʤ ʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ), ʜʝʚʷʪʳʡ ʠ ʜʝʩʷʪʳʡ ʨʘʟʜʝʣʳ ï ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʤʦʜʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʪʠʚʦʙʦʨʩʪʚʘ. ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ 
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ï ʦʜʠʥʥʘʜʮʘʪʦʤ ï ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ çʩʧʦʥʪʘʥʥʦʛʦè 

ʚʦʟʙʫʞʜʝʥʠʷ ʪʦʣʧʳ. ɿʘʢʣʶʯʝʥʠʝ ʩʦʜʝʨʞʠʪ ʢʨʘʪʢʦʝ ʦʙʩʫʞʜʝʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʢʫʱʠʭ ʠ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ  ̄16-

19-10609. 

 

 

2. ʄʆɼɽʃʀ ʇʆʈʆɻʆɺʆɻʆ 

ʂʆʃʃɽʂʊʀɺʅʆɻʆ ʇʆɺɽɼɽʅʀʗ 
 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʡ ʩʝʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ (ʧʨʠʤʝʨʘʤʠ 

ʷʚʣʷʶʪʩʷ ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ [25] ʠʣʠ ʪʦʣʧʘ [11]), ʚʢʣʶʯʘʶʱʝʡ ʥʝ-

ʩʢʦʣʴʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ. ʂʘʞʜʳʡ ʘʛʝʥʪ ʤʦʞʝʪ ʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ (ʧʨʠʥʠʤʘʪʴ ʦʜʥʦ ʠʟ ʜʚʫʭ ʨʝʰʝ-

ʥʠʡ): ç1è (ʜʝʡʩʪʚʦʚʘʪʴ, ʙʳʪʴ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʙʝʩʧʦʨʷʜʢʘʭ) ʠʣʠ ç0è (ʙʝʟʜʝʡʩʪʚʦʚʘʪʴ, ʙʳʪʴ ʚ 

ʥʦʨʤʘʣʴʥʦʤ, ʥʝʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ). 

ʇʨʠ ʧʨʠʥʷʪʠʠ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ ʢʘʞʜʳʡ ʘʛʝʥʪ ʚʝʜʝʪ ʩʝʙʷ ʢʦʥ-

ʬʦʨʤʥʦ ï ʧʨʠʥʠʤʘʝʪ ʚʦ ʚʥʠʤʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʩʦʮʠʘʣʴʥʦʝ ʜʘʚʣʝ-

ʥʠʝ [31, 45, 71], ʪ.ʝ. ʧʦʚʝʜʝʥʠʝ (ʥʘʙʣʶʜʘʝʤʦʝ ʠʣʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ) 

ʩʚʦʝʛʦ ʦʢʨʫʞʝʥʠʷ: ʝʩʣʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ (ʠʣʠ ʜʦʣʷ) ʝʛʦ çʩʦʩʝ-

ʜʝʡè ʜʝʡʩʪʚʫʝʪ, ʪʦ ʠ ʦʥ ʜʝʡʩʪʚʫʝʪ. ʄʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ/ʜʦʣʷ ʜʝʡʩʪ-

ʚʫʶʱʠʭ ʩʦʩʝʜʝʡ, ʧʨʠ ʢʦʪʦʨʦʡ çʚʦʟʙʫʞʜʘʝʪʩʷè ʜʘʥʥʳʡ ʘʛʝʥʪ, ʥʘʟʳ-

ʚʘʝʪʩʷ ʝʛʦ ʧʦʨʦʛʦʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʤʦʜʝʣʠ 

ʘʥʪʠʢʦʥʬʦʨʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʠʣʠ ʧʦʚʝʜʝʥʠʷ, ʦʧʠʩʳʚʘʝʤʦʛʦ ʢʘʢ 

çʩʤʝʩʴè ʢʦʥʬʦʨʤʠʟʤʘ ʠ ʘʥʪʠʢʦʥʬʦʨʤʠʟʤʘ ï ʩʤ. [7]. 

ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʷʭ ʧʦʨʦʛʦʚʦʛʦ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝ-

ʥʠʷ (ʩʤ. ʦʙʟʦʨ [5, 6]), ʷʚʣʷʶʱʠʭʩʷ ʨʘʟʚʠʪʠʝʤ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ 

ʄ. ɻʨʘʥʦʚʝʪʪʝʨʘ [102], çʨʘʚʥʦʚʝʩʥʦʝè (ʚ ʨʘʤʢʘʭ ʜʠʥʘʤʠʢʠ ʢʦʣʣʝʢ-

ʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ) ʩʦʩʪʦʷʥʠʝ ʪʦʣʧʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚ ʘʛʝʥʪʦʚ (ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠʥʷʪʳʡ ʚ [38, 39]). ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʳʭ 

ʤʦʜʝʣʝʡ ʧʦʨʦʛʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ [9], ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʦʚ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʜʝʪʝʨʤʠʥʠʨʫʷ ʤʥʦʞʝʩʪʚʦ 

ʨʘʚʥʦʚʝʩʠʡ ʅʵʰʘ ʠʛʨʳ ʘʛʝʥʪʦʚ. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʦʜʝʣʴ ʙʣʠʟʢʘ ʢ ʘʛʝʥʪ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʤʦʜʝʣʷʤ, ʪʘʢʠʤ ʢʘʢ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʢʨʫ-
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ʞʝʥʠʷ (bounded-neighborhood model) ʠ ʤʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʩʦʩʝʜʩʪʚʘ (spatial proximity model) ʊ. ʐʝʣʣʠʥʛʘ [117]. 

ʀʤʝʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (ʩʦʮʠʘʣʴ-

ʥʦʡ ʩʝʪʠ, ʪʦʣʧʳ ʠ ʪ.ʧ.) ʦʪ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚ, ʤʦʞʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʣʝʜʥʠʤʠ, ʥʘʧʨʠʤʝʨ, ʧʦʠʩʢʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʠʟʤʝʥʷʶʱʝʛʦ ʧʦʨʦʛʠ ʘʛʝʥʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʚʦ-

ʜʷʱʝʛʦ ʩʠʩʪʝʤʫ ʚ ʪʨʝʙʫʝʤʦʝ ʨʘʚʥʦʚʝʩʠʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʪʦʣʧʳ ï ʤʥʦʞʝʩʪʚʘ N = {1, 2, é, n} ʘʛʝʥ-

ʪʦʚ. ɸʛʝʥʪ i  N ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʩʚʦʠʤ ʚʣʠʷʥʠʝʤ tji Ó 0 

ʥʘ ʘʛʝʥʪʘ j ï ʪʝʤ çʚʝʩʦʤè, ʩ ʢʦʪʦʨʳʤ ʢ ʝʛʦ ʤʥʝʥʠʶ ʧʨʠʩʣʫʰʠʚʘʝʪʩʷ 

(ʠʣʠ ʝʛʦ ʜʝʡʩʪʚʠʷ ʫʯʠʪʳʚʘʝʪ) ʧʦʩʣʝʜʥʠʡ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ j ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʥʦʨʤʠʨʦʚʢʠ: 

×i Í j tji = 1, tii = 0. ɺʦ-ʚʪʦʨʳʭ, ʘʛʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤ ʨʝʰʝʥʠʝʤ 

xi  {0; 1}. ɺ-ʪʨʝʪʴʠʭ ï ʩʚʦʠʤ ʧʦʨʦʛʦʤ i  [0; 1], ʦʧʨʝʜʝʣʷʶʱʠʤ, 

ʙʫʜʝʪ ʣʠ ʘʛʝʥʪ ʜʝʡʩʪʚʦʚʘʪʴ ʧʨʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʙʩʪʘʥʦʚʢʝ (ʚʝʢʪʦʨʝ 

1 1 1( ,..., , ,..., )i i i nx x x x x  ʨʝʰʝʥʠʡ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʢʨʦʤʝ i-

ʛʦ). ʌʦʨʤʘʣʴʥʦ ʜʝʡʩʪʚʠʝ xi i-ʛʦ ʘʛʝʥʪʘ ʦʧʨʝʜʝʣʠʤ ʢʘʢ ʥʘʠʣʫʯʰʠʡ 

ʦʪʚʝʪ (BR ï best response) ʥʘ ʩʣʦʞʠʚʰʫʶʩʷ ʦʙʩʪʘʥʦʚʢʫ (ʚ ʥʘʩʪʦʷ-

ʱʝʡ ʨʘʙʦʪʝ ʧʨʠʥʷʪʘ ʥʝʟʘʚʠʩʠʤʘʷ ʚʥʫʪʨʠ ʨʘʟʜʝʣʦʚ ʥʫʤʝʨʘʮʠʷ ʬʦʨ-

ʤʫʣ; ʧʨʠ ʩʩʳʣʢʝ ʥʘ ʬʦʨʤʫʣʫ ʜʨʫʛʦʛʦ ʨʘʟʜʝʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʦʡʥʘʷ 

ʥʫʤʝʨʘʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʩʥʘʯʘʣʘ ʥʦʤʝʨ ʧʦʩʣʝʜʥʝʛʦ): 

(1) xi = BRi( ix ) = 

1,ʝʩʣʠ ,

0,ʝʩʣʠ .

ij j i

j i

ij j i

j i

t x

t x
 

ʇʦʚʝʜʝʥʠʝ, ʦʧʠʩʳʚʘʝʤʦʝ ʜʘʥʥʳʤ ʚʳʨʘʞʝʥʠʝʤ, ʥʘʟʳʚʘʝʪʩʷ ʧʦ-

ʨʦʛʦʚʳʤ ï ʩʤ. ʦʙʟʦʨ [5, 6]. ʈʘʚʥʦʚʝʩʠʝʤ ʅʵʰʘ ʙʫʜʝʪ ʚʝʢʪʦʨ Nx  

ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʦʚ, ʪʘʢʦʡ ʯʪʦ Nx  = BR( Nx ), ʛʜʝ 

BR( Nx ) = (BR1( 1x ), é, BRn( nx )). 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʚʝʜʝʥʥʫʶ ʚ [11] ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʢʦʣʣʝʢʪʠʚʥʦ-

ʛʦ ʧʦʚʝʜʝʥʠʷ: ʚ ʥʘʯʘʣʴʥʳʡ (ʥʫʣʝʚʦʡ) ʤʦʤʝʥʪ ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ 

ʚʩʝ ʘʛʝʥʪʳ ʙʝʟʜʝʡʩʪʚʫʶʪ, ʜʘʣʝʝ ʚ ʢʘʞʜʳʡ ʠʟ ʧʦʩʣʝʜʫʶʱʠʭ ʤʦʤʝʥʪʦʚ 

ʚʨʝʤʝʥʠ ʘʛʝʥʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʜʝʡʩʪʚʫʶʪ ʚ ʩʦʦʪʚʝʪʩʪ-

ʚʠʠ ʩ ʧʨʦʮʝʜʫʨʦʡ ʧʦʨʦʛʦʚʦʛʦ ʥʘʠʣʫʯʰʝʛʦ ʦʪʚʝʪʘ (1). 

ʆʙʦʟʥʘʯʠʤ 

(2) Q0 = Ï, Q1 = { i  N | i = 0}, 
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Qk = Qkï1 { i  N | 
1,k

ij

j Q j i

t   i},   k = 1, 2, é, n ï 1. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ Q0  Q1  é  Qn  N. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ T = { tij} 

ʤʘʪʨʠʮʫ ʚʣʠʷʥʠʡ ʘʛʝʥʪʦʚ, ʯʝʨʝʟ  = ( 1, 2, é, n) ï ʚʝʢʪʦʨ ʠʭ ʧʦʨʦ-

ʛʦʚ. ɺʳʯʠʩʣʠʤ ʩʣʝʜʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ: 

(3) q(ʊ, ) = min { k = 0, 1n  | Qk+1 = Qk}.  

ʈʘʚʥʦʚʝʩʠʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ (ʈʂʇ) ʦʧʨʝʜʝʣʷʶʪ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [11]: 

(4) 
( , )*

( , )

1,  ʝʩʣʠ ,
( , )

0,  ʝʩʣʠ \ ;

q T

i

q T

i Q
x T

i N Q
 i  N. 

ɺʝʣʠʯʠʥʘ  

(5) x
*
 =

( , )# q TQ

n
 = 

*1
( , )i

i N

x T
n

 
(ʛʜʝ # ʦʙʦʟʥʘʯʘʝʪ ʤʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʦʣʶ ʜʝʡʩʪ-

ʚʫʶʱʠʭ ʚ ʈʂʇ ʘʛʝʥʪʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʚ ʦʩʥʦʚʥʦʤ, ʪ.ʥ. ʘʥʦʥʠʤ-

ʥʳʡ ʩʣʫʯʘʡ (ʢʦʛʜʘ ʛʨʘʬ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ: 

tij = 1/(n ï 1)). ɺ ʘʥʦʥʠʤʥʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʝ (1) ʧʨʠʤʝʪ ʚʠʜ 

(6) xi = BRi( ix ) = 

1
1,ʝʩʣʠ ,

1

1
0,ʝʩʣʠ .

1

j i

j i

j i

j i

x
n

x
n

 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ F( ): [0; 1]  [0; 1] ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʨʦʛʦʚ ʘʛʝʥʪʦʚ (F( ) ï ʥʝʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘ 

ʝʜʠʥʠʯʥʦʤ ʦʪʨʝʟʢʝ, ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʥʝʧʨʝʨʳʚʥʘʷ ʩʣʝʚʘ ʠ ʠʤʝʶʱʘʷ 

ʧʨʝʜʝʣ ʩʧʨʘʚʘ), ʯʝʨʝʟ {xt [0; 1]} t  0 ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʦʣʝʡ 

ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ (ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʨʝʤʝʥʠ, ʛʜʝ t ʦʙʦʟʥʘʯʘʝʪ 

ʥʦʤʝʨ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ (ʰʘʛʘ)). 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʟʚʝʩʪʥʘ ʜʦʣʷ xk ʘʛʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ k-

ʤ ʰʘʛʝ (k = 0, 1, é). ɼʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶ-

ʱʝʝ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʜʠʥʘʤʠʢʫ ʜʦʣʠ 

ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ [5, 6, 10, 102] (ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʪʝʦʨʠʠ 

ʢʦʥʬʦʨʤʥʦʛʦ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ çʫʨʘʚʥʝʥʠ-

ʝʤ ɻʨʘʥʦʚʝʪʪʝʨʘè): 

(7) xl+1 = F(xl),  l = k, k + 1, é . 
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ʇʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (7) ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʯʘʣʴʥʦʡ 

ʪʦʯʢʦʡ x0 (ʥʠʞʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ x0 = 0) ʠ ʪʦʯʢʘʤʠ ʧʝʨʝ-

ʩʝʯʝʥʠʷ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ F() ʩ ʙʠʩʩʝʢʪʨʠʩʦʡ ʧʝʨʚʦʛʦ ʢʚʘʜʨʘʥʪʘ (ʚ 

ʩʠʣʫ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʜʥʠʤ ʠʟ ʨʘʚʥʦʚʝʩʠʡ ʚʩʝʛʜʘ 

ʷʚʣʷʝʪʩʷ ʝʜʠʥʠʮʘ) [10, 11, 46, 61, 102]: 

(8) F(x) = x. 

ʋʩʪʦʡʯʠʚʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ, ʚ ʢʦʪʦʨʳʭ ʛʨʘʬʠʢ 

ʬʫʥʢʮʠʠ F() ʧʝʨʝʩʝʢʘʝʪ ʙʠʩʩʝʢʪʨʠʩʫ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʥʝʡ çʩʣʝʚʘ 

ʩʚʝʨʭʫè. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ inf : 0,1 ,y x x F x x  ʥʘʠʤʝʥʴʰʠʡ 

ʦʪʣʠʯʥʳʡ ʦʪ ʥʫʣʷ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ (8). ʈʘʚʥʦʚʝʩʠʝʤ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ (ʘ ʪʘʢʞʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [11], ʨʘʚʥʦʚʝʩʠʝʤ ʅʵʰʘ ʠʛʨʳ 

ʘʛʝʥʪʦʚ) ʙʫʜʝʪ ʪʦʯʢʘ 

(9) 
* ,ʝʩʣʠ 0, ,

0,ʠʥʘʯʝ.

y z y F z z
x  

ɺ ʩʠʣʫ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʘʣʠ-

ʟʦʚʘʣʦʩʴ ʦʪʣʠʯʥʦʝ ʦʪ ʥʫʣʷ ʈʂʇ, ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

F(0) > 0. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʟʘʜʘʥʥʦʤ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʜʦʣʝ ʜʝʡ-

ʩʪʚʫʶʱʠʭ ʚ ʥʫʣʝʚʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʘʛʝʥʪʦʚ) ʧʦʚʝʜʝʥʠʝ ʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ (7) ʠ ʝʝ ʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʦʷʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪ-

ʚʘʤʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚ ʘʛʝʥʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʪʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʪʦʣʧʦʡ. 

ʉʧʦʩʦʙʳ ʪʘʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʷʪʴ ʨʘʚ-

ʥʦʚʝʩʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʧʦʨʦʛʦʚ, ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

 

 

3. ʄʀʂʈʆ- ʀ ʄɸʂʈʆʄʆɼɽʃʀ 
 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʦʜʝʣʝʡ ɸʉʉ: ʤʘʢʨʦ- ʠ ʤʠʢʨʦʧʠʩʘʥʠʷ [4, 12]. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ ʠʟ ʥʠʭ ʩʪʨʫʢʪʫʨʘ ʩʚʷʟʝʡ ʚ ʩʝʪʠ ʘʛʨʝʛʠʨʫʝʪʩʷ, 

ʠ ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ çʚ ʩʨʝʜʥʝʤè. ɺ ʨʘʤʢʘʭ ʚʪʦʨʦʛʦ 

ʧʦʜʭʦʜʘ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʘ ʚʣʠʷʥʠʡ ʘʛʝʥʪʦʚ 

ʠ ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. ɼʘʥʦ ʩʨʘʚʥʝʥʠʝ ʵʪʠʭ ʜʚʫʭ 
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ʧʦʜʭʦʜʦʚ ʥʘ ʧʨʠʤʝʨʝ ʧʦʨʦʛʦʚʦʡ ʤʦʜʝʣʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩ 

ʝʜʠʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʨʦʛʦʤ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

3.1. ʄʠʢʨʦʤʦʜʝʣʴ 

 

ʇʫʩʪʴ N = {1, 2, ..., n} ï ʤʥʦʞʝʩʪʚʦ ʘʛʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ɸʉʉ, 

ʦʧʠʩʳʚʘʝʤʫʶ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʛʨʘʬʦʤ R = (N , E), ʛʜʝ E  N  N ï 

ʤʥʦʞʝʩʪʚʦ ʜʫʛ. ɸʛʝʥʪʳ ʚ ʩʝʪʠ ʚʣʠʷʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ï ʥʘʣʠʯʠʝ ʜʫʛʠ 

(i, j) ʦʪ ʚʝʨʰʠʥʳ i ʢ ʚʝʨʰʠʥʝ j ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʚʝʨʠʶ i-ʛʦ ʘʛʝʥʪʘ ʢ j-

ʤʫ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ N
in
(i) = { j  N |  (j; i)  E} ʤʥʦʞʝʩʪʚʦ çʩʦʩʝ-

ʜʝʡè ï ʘʛʝʥʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ i-ʛʦ ʘʛʝʥʪʘ, ʯʝʨʝʟ N
out

(i) = { j  N |  

(i; j)  E} ï ʤʥʦʞʝʩʪʚʦ ʘʛʝʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʚʣʠʷʝʪ i-ʡ ʘʛʝʥʪ, 

n
out

(i) = # N
out

(i), n
in
(i) = # N

in
(i), ʛʜʝ # ʦʟʥʘʯʘʝʪ ʤʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ.  

ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʘʛʝʥʪʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʤʘʪ-

ʨʠʮʝʡ ʧʨʷʤʦʛʦ ʚʣʠʷʥʠʷ/ʜʦʚʝʨʠʷ A = ||aij|| ʨʘʟʤʝʨʥʦʩʪʠ n  n, ʛʜʝ 

aij  0 ʦʙʦʟʥʘʯʘʝʪ ʩʪʝʧʝʥʴ ʜʦʚʝʨʠʷ i-ʛʦ ʘʛʝʥʪʘ j-ʤʫ ʘʛʝʥʪʫ (ʠʣʠ, ʯʪʦ 

ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʤ, ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ j-ʛʦ ʘʛʝʥʪʘ ʥʘ i-ʛʦ 

ʘʛʝʥʪʘ;  j  N
in
(i) aij = 0) [26]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

ʥʦʨʤʠʨʦʚʢʠ:  i  N 
1

n

ij

j

a  = 1.  

ɽʩʣʠ i-ʡ ʘʛʝʥʪ ʜʦʚʝʨʷʝʪ j-ʤʫ, ʘ j-ʡ ʜʦʚʝʨʷʝʪ k-ʤʫ, ʪʦ ʵʪʦ ʦʟʥʘʯʘ-

ʝʪ: k-ʡ ʘʛʝʥʪ ʢʦʩʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ i-ʛʦ ʠ ʪ. ʜ., ʪ. ʝ. ʚʦʟʤʦʞʥʳ çʮʝʧʦʯ-

ʢʠè ʢʦʩʚʝʥʥʳʭ (ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ) ʚʣʠʷʥʠʡ [25]. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʫ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ ʠʤʝʝʪʩʷ ʤʥʝʥʠʝ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʚʦʧʨʦʩʫ. ʄʥʝʥʠʝ ʚʩʝʭ ʘʛʝʥʪʦʚ 

ʩʝʪʠ ʦʪʨʘʞʘʝʪ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ 
0
 ʨʘʟʤʝʨʥʦʩʪʠ n ʜʝʡʩʪʚʠʪʝʣʴʥʦʟʥʘʯ-

ʥʳʭ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʥʘʯʘʣʴʥʳʭ ʤʥʝʥʠʡ. ʇʨʠʤʝʨʘʤʠ ʤʥʝʥʠʡ ʩʣʫ-

ʞʘʪ ʩʪʝʧʝʥʴ ʛʦʪʦʚʥʦʩʪʠ ʜʝʡʩʪʚʦʚʘʪʴ, ʧʨʦʛʦʣʦʩʦʚʘʪʴ ʟʘ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʢʘʥʜʠʜʘʪʘ, ʧʨʠʦʙʨʝʩʪʠ ʪʦʪ ʠʣʠ ʠʥʦʡ ʪʦʚʘʨ ʠ ʪ. ʜ. ï ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʷ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʤʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [25]. 

ɸʛʝʥʪʳ ʚ ɸʉʉ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ, ʦʙʤʝʥʠʚʘʷʩʴ ʤʥʝʥʠʷʤʠ. ʕʪʦʪ 

ʦʙʤʝʥ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʥʝʥʠʝ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ ʤʝʥʷʝʪʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʤʥʝʥʠʡ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʤ ʜʘʥʥʳʡ ʘʛʝʥʪ ʜʦʚʝʨʷʝʪ. ɹʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʤʥʝʥʠʝ i-ʛʦ ʘʛʝʥʪʘ ɗk

i   
1
 ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ k ʨʘʚʥʦ 

[24, 25, 92] 
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(1) 
1k k

i ij j

j N

a , k = 1, 2, é . 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 
k
 = (

1ɗ
k
, 

2ɗ
k
, é, ɗk

n
) ʩʦʩʪʦʷʥʠʝ ɸʉʉ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ k. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʦʩʪʠʞʠʤ ʢʦʥʩʝʥʩʫʩ ï ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

(ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʦʙʤʝʥʝ ʤʥʝʥʠʷʤʠ) ʤʥʝʥʠʷ ʘʛʝʥʪʦʚ ʩʭʦʜʷʪʩʷ ʢ 

ʝʜʠʥʦʤʫ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤʫ (ʠʪʦʛʦʚʦʤʫ) ʚʝʢʪʦʨʫ ʤʥʝʥʠʡ lim k

k
 

(ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʪʘʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ 

ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ [18, 72]). ʊʦʛʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 

(2)  = A  
0
, 

ʛʜʝ lim k

k
A A . ʀʟʚʝʩʪʥʦ (ʩʤ. ʩʩʳʣʢʠ ʚ ʢʥʠʛʝ [25]), ʯʪʦ, ʝʩʣʠ ʜʦʩ-

ʪʠʞʠʤ ʢʦʥʩʝʥʩʫʩ, ʪʦ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ A  ʦʜʠʥʘʢʦʚʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʪʘʢ ʢʘʢ ʚʝʢʪʦʨ  ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʵʪʦ ʦʙʦʟʥʘʯʝʥʠʝ ʩʢʘʣʷʨʦʤ. ʆʙʦʟʥʘʯʠʤ i-ʡ 

ʵʣʝʤʝʥʪ ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʪʨʦʢʠ ʵʪʦʡ ʤʘʪʨʠʮʳ ʯʝʨʝʟ ia , i  N. 

ɺ ʢʘʯʝʩʪʚʝ çʘʣʴʪʝʨʥʘʪʠʚʳè ʤʦʜʝʣʠ (2) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʙʱʝʛʦ ʠʪʦʛʦʚʦʛʦ ʤʥʝʥʠʷ ʘʛʝʥʪʦʚ ʦʪ ʠʭ ʥʘʯʘʣʴʥʳʭ ʤʥʝʥʠʡ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʧʫʪʘʮʠʡ [23, 25, 27] ʘʛʝʥʪʦʚ 

{ r i  [0; 1]} i  N, ʛʜʝ 
1

n

j

j

r  = 1:  = 0

1

ɗ
n

j j

j

r . 

ɼʣʷ ʤʠʢʨʦʤʦʜʝʣʠ (1) ʤʦʞʥʦ ʩʪʘʚʠʪʴ ʠ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝ-

ʥʠ,̫ ʚʣʠʷʷ ʥʘ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʤʤʫʥʠʢʘʮʠʠ ʘʛʝʥʪʦʚ ʠ ʪ.ʜ. (ʩʤ. 

[1, 25, 32, 72, 116]). 

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʦʪ ʤʠʢʨʦʤʦʜʝʣʠ ʉʉ, ʫʯʠʪʳʚʘʶʱʝʡ ʧʦʧʘʨʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʛʝʥʪʦʚ, ʢ ʝʝ ʘʛʨʝʛʠʨʦʚʘʥʥʦʤʫ ʦʧʠʩʘʥʠʶ ʚ ʪʝʨʤʠʥʘʭ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ (ʤʥʝʥʠʡ, ʨʝʧʫʪʘʮʠʡ ʠ ʜʨ.). 

 

3.2. ʄʘʢʨʦʤʦʜʝʣʴ 

 

ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʛʨʘʬʘ G ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʚʝʨʦʷʪ-

ʥʦʩʪʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʚʭʦʜʷʱʠʭ ʠ ʠʩʭʦʜʷʱʠʭ ʜʫʛ. ʆʙʦʟʥʘ-

ʯʠʤ ʠʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʝʨʝʟ P
in
(k) ʠ P

out
(k), k = 0, 1n . 

ɿʥʘʷ ʚʝʢʪʦʨ ʥʘʯʘʣʴʥʳʭ ʤʥʝʥʠʡ ʘʛʝʥʪʦʚ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤɻ-

ʧʠʨʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʤʥʝʥʠʡ: 
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0ɗ
F (x) = 

1

n
#{ i  N | 

0ɗi
  x}.  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʡ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʦʟʥʘʯʠʤ 

0 ( )P x . 

ʄʘʢʨʦʤʦʜʝʣʴʶ ɸʉʉ ʥʘʟʦʚʝʤ ʩʦʚʦʢʫʧʥʦʩʪʴ {n, P
in
(k), P

out
(k), 

0ɗ
( )P x }, ʧʨʠʯʝʤ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʉʉ ʪʘʢʦʚʘ, ʯʪʦ 

ʜʦʩʪʠʞʠʤ ʢʦʥʩʝʥʩʫʩ. 

ɺʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʭʦʜʘ ʦʪ ʤʠʢʨʦʦʧʠʩʘʥʠʷ ʢ 

ʤʘʢʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʥʘʦʙʦʨʦʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦ-ʨʘʟʥʦʤʫ ʤʦʛʫʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʣʠʷʪʝʣʴʥʦʩʪʴ ʠ ʨʝʧʫʪʘʮʠʷ ʘʛʝʥʪʦʚ. ʊʘʢ, ʩʝʛʦʜʥʷ 

ʠʟʚʝʩʪʥʳ ʜʚʝ ʦʩʥʦʚʥʳʝ (ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ, ʙʘʟʦʚʳʝ) 

ʤʦʜʝʣʠ ʚʣʠʷʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (çʜʠʬʬʫʟʠʠè) ʘʢʪʠʚʥʦʩʪʠ ï 

ʠʥʬʦʨʤʘʮʠʠ, ʤʥʝʥʠʡ ʠ ʪ. ʧ. - ʚ ʉʉ: ʣʠʥʝʡʥʘʷ ʧʦʨʦʛʦʚʘʷ ʤʦʜʝʣʴ 

(Linear Threshold Model ï LTM) [ 102] ʠ ʤʦʜʝʣʴ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʩʢʘ-

ʜʦʚ (Independent Cascade Model ï ICM) [100, 105]. ɺ ʠʭ ʨʘʤʢʘʭ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʢʣʶʯʝʚʳʝ ʟʘʜʘʯʠ (ʩʤ. ʪʘʢʞʝ ʰʝʩʪʦʡ ʨʘʟʜʝʣ ʥʘ-

ʩʪʦʷʱʝʡ ʨʘʙʦʪʳ) ï ʤʘʢʩʠʤʠʟʘʮʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ (ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʙʶʜʞʝʪʝ ʚʳʙʨʘʪʴ ʥʘʯʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʦʟʙʫʞʜʘʝ-

ʤʳʭ ʘʛʝʥʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʦʟʙʫʞʜʝʥʠʝ ʙʫʜʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʤ) ʠ ʨʘʥʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʙʶʜʞʝʪʝ ʚʳʙʨʘʪʴ ʨʘʟʤʝʱʝʥʠʝ ʚ ʩʝʪʠ çʜʝʪʝʢʪʦʨʦʚè, 

ʤʠʥʠʤʠʟʠʨʫʶʱʝʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ) 

[27, 57, 90, 105]. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [105], ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘ-

ʪʘʭ ʘʥʘʣʠʟʘ ʩʫʙʤʦʜʫʣʷʨʥʳʭ ʬʫʥʢʮʠʡ ʤʥʦʞʝʩʪʚ [112], ʙʳʣʦ ʧʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʤʥʦʞʝʩʪʚʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʦʟʙʫʞʜʘʝʤʳʭ 

ʘʛʝʥʪʦʚ NP-ʪʨʫʜʥʳ ʜʣʷ ʦʙʝʠʭ ʤʦʜʝʣʝʡ, ʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʞʘʜʥʳʡ 

ʵʚʨʠʩʪʠʯʝʩʢʠʡ (1 ï 1/e)-ʦʧʪʠʤʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ.  

ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ. ʇʝʨʚʳʡ ʢʣʘʩʩ ʧʨʝʜʧʦʣʦʞʝʥʠʡ (R.1 ï R.3) ʧʦʟʚʦʣʷ-

ʝʪ, ʟʥʘʷ ʛʨʘʬ G, ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʠʪʴ ʨʝʧʫʪʘʮʠʠ ʘʛʝʥ-

ʪʦʚ (ʠʥʦʛʜʘ ʪʘʢʞʝ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʪʝʨʤʠʥ çʚʣʠʷʪʝʣʴʥʦʩʪʴè ʘʛʝʥʪʦʚ).  

R.1. ʈʝʧʫʪʘʮʠʷ ʘʛʝʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ ʘʛʝʥʪʦʚ, ʥʘ ʢʦʪʦ-

ʨʳʭ ʦʥ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ, ʪ. ʝ.  

(3) r i = 
( )

( )

out

out

j N

n i

n j
, i  N. 
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R.2. ʈʝʧʫʪʘʮʠʷ ʘʛʝʥʪʘ ʚ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʡ ʜʦʩʪʠʞʠʤ ʢʦʥʩʝʥʩʫʩ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ ʚʝʩʦʤ, ʩ ʢʦʪʦʨʳʤ ʝʛʦ ʥʘʯʘʣʴʥʦʝ ʤʥʝʥʠʝ ʚʭʦʜʠʪ ʚ 

ʠʪʦʛʦʚʦʝ ʦʙʱʝʝ ʤʥʝʥʠʝ, ʪ. ʝ.  

(4) r i = ia , i  N. 

R.3. ʈʝʧʫʪʘʮʠʷ ʘʛʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ PageRank (ʩʤ., 

ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʫ [107]), ʪ. ʝ. ʚʝʢʪʦʨ ʨʝʧʫʪʘʮʠʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʩ-

ʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ  

(5) r i = 
( ) ( )in

j

out

j N i

r

n j
, i  N. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʧʠʩʢʠ ʧʦʜʦʙʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦʪʢʨʳʪʳʝ ï 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ï ʩʤ., ʥʘʧʨʠʤʝʨ, [27], 

ʦʙʦʩʥʦʚʳʚʘʷ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷʤ.  

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʢʣʘʩʩ ʧʨʝʜʧʦʣʦʞʝʥʠʡ (R.1 ï R.3) 

ʤʦʞʥʦ ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʨʝʧʫʪʘʮʠʷ (3) 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʪʝʧʝʥʠ ʫʟʣʘ ʛʨʘʬʘ G, ʘ ʚʝʢʪʦʨ ʨʝʧʫʪʘʮʠʡ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʤʧʠʨʠʯʝʩʢʦʝ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝ-

ʥʝʡ ʚʝʨʰʠʥ ʛʨʘʬʘ; ʚʝʢʪʦʨ ʨʝʧʫʪʘʮʠʠ (4) ï ʠʥʚʘʨʠʘʥʪʥʦʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʚʣʠʷʥʠʡ ʘʛʝʥʪʦʚ; ʚ ʨʘʤʘʭ ʚʳʨʘʞʝʥʠʷ (5) ʨʝʧʫʪʘʮʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʪʝʧʝʥʠ ʫʟʣʘ ʛʨʘʬʘ G ʩ ʫʯʝʪʦʤ çʦʧʦʩʨʝʜʦʚʘʥʥʳʭè 

ʚʣʠʷʥʠʡ.  

ɺʪʦʨʦʡ ʢʣʘʩʩ ʧʨʝʜʧʦʣʦʞʝʥʠʡ (I.1, I.2) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝʟʘʚʠʩʠ-

ʤʦʩʪʴ ʤʠʢʨʦʧʘʨʘʤʝʪʨʦʚ ʉʉ ʚ ʤʘʢʨʦʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ. 

I .1. ʈʝʧʫʪʘʮʠʷ ʘʛʝʥʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʤʥʝʥʠʷ ʠ ʥʘʦʙʦʨʦʪ. 

I .2. ʅʘʯʘʣʴʥʳʝ ʤʥʝʥʠʷ ʘʛʝʥʪʦʚ ʥʝʟʘʚʠʩʠʤʳ, ʠ ʥʘʯʘʣʴʥʦʝ ʤʥʝʥʠʝ 

ʘʛʝʥʪʘ i ʥʝ ʟʘʚʠʩʠʪ ʦʪ N
in
(i) ʠ N

out
(i).  

ʊʨʝʪʠʡ ʢʣʘʩʩ ʧʨʝʜʧʦʣʦʞʝʥʠʡ (A.1 ï A.3) ʧʦʟʚʦʣʷʝʪ, ʟʥʘʷ ʛʨʘʬ G 

ʠ/ʠʣʠ ʨʝʧʫʪʘʮʠʠ ʘʛʝʥʪʦʚ, ʥʘʭʦʜʠʪʴ ʤʘʪʨʠʮʫ A ʚʣʠʷʥʠʷ/ʜʦʚʝʨʠʷ. 

A.1. ɸʛʝʥʪ i ʦʜʠʥʘʢʦʚʦ ʜʦʚʝʨʷʝʪ ʚʩʝʤ ʘʛʝʥʪʘʤ ʠʟ ʤʥʦʞʝʩʪʚʘ 

N
in
(i), ʪ. ʝ. aij = 

1

( )inn i
, i  N, j  N

in
(i). 

A.2. ɼʦʚʝʨʠʝ ʘʛʝʥʪʘ i ʘʛʝʥʪʫ j  N
in
(i) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʝʧʫʪʘ-

ʮʠʠ ʧʦʩʣʝʜʥʝʛʦ, ʪ. ʝ. aij = 
( )in

j

k N i k

r

r
, i  N, j  N

in
(i). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʦʜʷ ʪʝ ʠʣʠ ʠʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʦʙʱʠʭ 

ʩʚʦʡʩʪʚʘʭ ɸʉʉ, ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʠʭ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʤʦʜʝʣʷʤʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʢʨʘʪʢʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʤʘʢʨʦʤʦʜʝʣʝʡ ɸʉʉ ʦʪʤʝ-

ʪʠʤ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʘʜʝʢʚʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʩʣʫʞʠʪ ʪʝʦʨʠʷ ʩʣʫʯʘʡʥʳʭ 

ʛʨʘʬʦʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʦʙʟʦʨʳ [30, 65, 111], ʤʦʥʦʛʨʘʬʠʠ [36, 86] ʠ 

ʫʯʝʙʥʠʢ [94]), ʩʦʟʜʘʪʝʣʷʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʇ. ʕʨʜʦʰ ʠ ɸ. ʈʝʥʴʠ 

[97]. ʕʪʦʪ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʩʝʛʦʜʥʷ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʢ ʩʦʮʠʘʣʴʥʳʤ, ʥʦ ʠ ʢ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ, ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʜʨʫʛʠʤ ʩʝʪʷʤ, ʩʝʪʷʤ ʥʘʫʯʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʜʨ. (ʩʤ. ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʚ ʨʘʙʦʪʘʭ [30, 

78, 94, 111]).  

ɽʩʣʠ ʚ ʛʨʘʬʝ ɸʉʉ ʜʫʛʘ ʤʝʞʜʫ ʣʶʙʦʡ ʧʘʨʦʡ ʚʝʨʰʠʥ ʩʫʱʝʩʪʚʫʝʪ 

ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩ ʦʜʠʥʘʢʦʚʦʡ (ʜʣʷ ʣʶʙʳʭ ʧʘʨ) ʚʝʨʦʷʪʥʦʩʪʴʶ (ʵʪʦ ʠ 

ʧʦʜʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʚʳʚʦʜʠʪʴʩʷ ʠʟ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʘ ï ʩʤ. ʨʘʙʦʪʳ [78, 95, 96]), ʪʦ ʠʤʝʝʤ ʙʠʥʦʤʠ-

ʘʣʴʥʦʝ (ʧʫʘʩʩʦʥʦʚʩʢʦʝ ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ï ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ 

ʚʝʨʰʠʥ ʛʨʘʬʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʠʥʮʠʜʝʥʪʥʳʭ ʜʫʛ. ʊʘʢʠʝ ʛʨʘʬʳ 

ʥʘʟʳʚʘʶʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤʠ, ʠʣʠ ʛʨʘʬʘʤʠ ʕʨʜʦʰʘ ï ʈʝʥʴʠ. 

ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʠ ʀʥʪʝʨʥʝʪ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʦʥʣʘʡʥʦʚʳʭ ʩʦʮʠ-

ʘʣʴʥʳʭ ʩʝʪʝʡ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤʠ, ʘ ʩʪʝʧʝʥʥʳʤʠ 

çʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠè (ʩ ʪʷʞʝʣʳʤʠ ʭʚʦʩʪʘʤʠ) P
in
(k) ʠ P

out
(k) ʯʠʩʣʘ 

ʠʥʮʠʜʝʥʪʥʳʭ ʜʫʛ [78, 83, 84]. ʀʤʝʥʥʦ ʵʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ 

(P
in
(k) k

ï
, ʛʜʝ ʜʣʷ ʨʝʘʣʴʥʳʭ ʩʝʪʝʡ 1 <  < 4) ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʠʞʝ ʚ 

ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ. ʀʤʝʷ ʛʨʘʬ, ʟʘʜʘʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤʠ ʩʚʦʠʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʤʦʞʥʦ ʚ ʨʘʤʢʘʭ ʚʚʝʜʝʥʥʳʭ 

ʚ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʷʪʴ ʤʘʢʨʦʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ (ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʚʣʠʷʥʠʷ, ʨʝʧʫʪʘʮʠʠ, ʜʦʚʝʨʠʷ 

ʠ ʪ. ʧ.  

 

3.3. ʄʦʜʝʣʴ ʧʦʨʦʛʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ 

 

ʅʘ ʧʨʠʤʝʨʝ ʧʦʨʦʛʦʚʦʡ ʤʦʜʝʣʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʘʛʝʥ-

ʪʦʚ ʚ ɸʉʉ (ʩʤ. ʪʘʢʞʝ ʚʪʦʨʦʡ ʨʘʟʜʝʣ) ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʨʘʩʩʤʦʪʨʠʤ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʤʠʢʨʦ- ʠ ʤʘʢʨʦ-ʦʧʠʩʘʥʠʡ. 

ʄʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʤʥʝʥʠʡ ʘʛʝʥʪʦʚ ʚ ʉʉ (ʩʤ. ʚʳʰʝ) ʦʧʝʨʠʨʫʶʪ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ ï ʝʛʦ ʤʥʝʥʠʝʤ, ʘ 

ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʪʨʘʞʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʛʝʥʪʦʚ. ʊʘʢ ʥʘʟʳ-
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ʚʘʝʤʳʝ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʤʦʜʝʣʠ ɸʉʉ ʙʦʛʘʯʝ ï ʚ ʥʠʭ, ʧʦʤʠʤʦ çʚʥʫʪ-

ʨʝʥʥʠʭè ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʝʨʝʤʝʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʘ ï ʧʨʠʥʠʤʘʝʤʳʝ ʠʤ ʨʝʰʝʥʠʷ. ʈʝʰʝʥʠʷ ʵʪʠ ʟʘʚʠʩʷʪ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʘʢ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʛʝʥʪʘ (ʝʛʦ ʤʥʝʥʠʷ, 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ), ʪʘʢ ʠ, ʙʳʪʴ ʤʦʞʝʪ, ʦʪ ʤʥʝʥʠʡ 

ʠ/ʠʣʠ ʜʝʡʩʪʚʠʡ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ (ʚʩʝʭ, ʠʣʠ ʩʦʩʝʜʝʡ, ʠʣʠ ʟʘʜʘʥʥʦʡ 

ʛʨʫʧʧʳ ʘʛʝʥʪʦʚ). ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʚʝʜʝʥʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʤʦʜʝʣʴ ʧʦʨʦʛʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ (ʩʤ. ʦʧʠʩʘʥʠʝ ʦʙʱʠʭ ʪʝʦʨʝʪʠ-

ʢʦ-ʠʛʨʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʦʨʦʛʦʚʦʛʦ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʚ ʨʘʙʦʪʘʭ [5, 6, 10]). 

ʇʫʩʪʴ ɸʉʉ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʘʛʝʥʪʦʚ ={1,2,..., }N n , 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʜʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ï 

ʜʝʡʩʪʚʦʚʘʪʴ ʠʣʠ ʙʝʟʜʝʡʩʪʚʦʚʘʪʴ. ɺʳʙʦʨ i-ʛʦ ʘʛʝʥʪʘ ʦʙʦʟʥʘʯʠʤ 

ʯʝʨʝʟ {0; 1}ix , ʛʜʝ =1ix  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʛʝʥʪ ʜʝʡʩʪʚʫʝʪ, ʘ = 0ix  ï 

ʙʝʟʜʝʡʩʪʚʫʝʪ. ʇʫʩʪʴ ʥʘ ʨʝʰʝʥʠʝ ʘʛʝʥʪʘ i  ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ 
in

iD N i  ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ ï ʝʛʦ ʩʦʩʝʜʝʡ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʝʰʝ-

ʥʠʝ ʘʛʝʥʪʘ i  ʜʝʡʩʪʚʦʚʘʪʴ ʠʣʠ ʙʝʟʜʝʡʩʪʚʦʚʘʪʴ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʧʦʨʦʛʘ 

[0, 1]i  ʠ ʜʦʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʩʦʩʝʜʝʡ: ʝʩʣʠ ʜʝʡʩʪʚʫʶʪ ʙʦʣʝʝ i  |Di| 

ʚʣʠʷʶʱʠʭ ʥʘ i-ʛʦ ʘʛʝʥʪʘ ʩʦʩʝʜʝʡ, ʪʦ ʦʥ ʪʦʞʝ ʜʝʡʩʪʚʫʝʪ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʥʝʥʠʝʤ ʦʪʜʝʣʴʥʦʛʦ ʘʛʝʥʪʘ ʷʚʣʷʝʪʩʷ ʵʪʦʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʨʦʛ [0, 1]i . ʇʫʩʪʴ ʩʪʨʫʢʪʫʨʘ ɸʉʉ ʪʘʢʦʚʘ, ʯʪʦ 

ʜʦʩʪʠʞʠʤ ʢʦʥʩʝʥʩʫʩ, ʪ. ʝ. ʩʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʶ (3) ʩʫʱʝʩʪʚʫʝʪ 

ʝʜʠʥʦʝ ʤʥʝʥʠʝ , ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʩʝʭ ʘʛʝʥʪʦʚ, 

ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚʳʰʝ. ʕʪʦ ʝʜʠʥʦʝ ʤʥʝʥʠʝ ʙʫʜʝʤ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʥʘʟʳʚʘʪʴ ʝʜʠʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʨʦʛʦʤ ʘʛʝʥʪʦʚ. 

ʇʦʚʝʜʝʥʠʝ ʘʛʝʥʪʘ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʥʘʠʣʫʯʰʝʛʦ ʦʪʚʝʪʘ (Best Response) ï ʩʤ. ʚʳʨʘʞʝʥʠʝ (2.1): 

(6) 

1, ,

=
0, , ,

i

i

j i

j D

i i i

j i

j D

x d

x BR x
x d i N

 

ʛʜʝ i id D  ʯʠʩʣʦ ʩʦʩʝʜʝʡ ʘʛʝʥʪʘ i N. ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʤʦʜʝʣʴ 

ʧʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ (6), ʤʠʢʨʦʤʦʜʝʣʴʶ ʩ ʝʜʠʥʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʨʦʛʦʤ. 

ʇʝʨʝʡʜʝʤ ʢ ʚʝʨʦʷʪʥʦʩʪʥʦʤʫ ʤʘʢʨʦʦʧʠʩʘʥʠʶ ʤʦʜʝʣʠ ʧʦʨʦʛʦʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʘʛʝʥʪʳ ʥʝʨʘʟʣʠʯʠʤʳ, ʠ ʯʠʩʣʦ ʩʦʩʝʜʝʡ 
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ʘʛʝʥʪʘ ï ʵʪʦ ʮʝʣʦʝ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ :1 1d d n . ʄʳ ʥʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤ ʩʝʪʠ, ʚ ʢʦʪʦʨʳʭ ʥʝʪ ʘʛʝʥʪʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʩʦʩʝʜʝʡ (d = 0), ʪʘʢ 

ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʠʝ ʘʛʝʥʪʳ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (6) ʙʫʜʫʪ ʚʩʝ-

ʛʜʘ ʙʝʟʜʝʡʩʪʚʦʚʘʪʴ. ʇʫʩʪʴ : 1,2,..., 1 [0,1]inM d P d n  ī 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʯʠʩʣʦ ʩʦʩʝʜʝʡ ʙʫʜʝʪ ʨʘʚʥʦ d. ʈʘʩʩʤʦʪʨʠʤ 

ʫʩʨʝʜʥʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʛʝʥʪʦʚ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʨʝ-

ʤʝʥʠ. ʇʫʩʪʴ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʤ ʰʘʛʝ ʜʝʡʩʪʚʫʝʪ q ʘʛʝʥʪʦʚ. ʈʘʩʩʯʠʪʘʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʯʠʩʣʘ ʘʛʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʣʝʜʫʶ-

ʱʝʤ ʰʘʛʝ, ʝʩʣʠ ʠʭ ʧʦʚʝʜʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʦʪʚʝʪʦʤ (6). 

ʉʥʘʯʘʣʘ ʚʳʯʠʩʣʠʤ ʚʝʨʦʷʪʥʦʩʪʠ Gn ʩʦʙʳʪʠʡ, ʟʘʢʣʶʯʘʶʱʠʭʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʨʦʚʥʦ k ʩʦʩʝʜʝʡ ʘʛʝʥʪʘ ʜʝʡʩʪʚʫʶʪ. ɺʩʝʛʦ ʩʫʱʝʩʪʚʫʝʪ 1

d

nC  

ʚʘʨʠʘʥʪʦʚ ʪʦʛʦ, ʯʪʦ ʘʛʝʥʪ ʠʤʝʝʪ d ʩʦʩʝʜʝʡ. ʏʠʩʣʦ ʪʘʢʠʭ ʚʘʨʠʘʥʪʦʚ, 

ʯʪʦ ʠʤʝʥʥʦ ʩʨʝʜʠ d ʩʦʩʝʜʝʡ ʜʘʥʥʦʛʦ ʘʛʝʥʪʘ ʙʫʜʝʪ ʨʦʚʥʦ k Ò d 

ʜʝʡʩʪʚʫʶʱʠʭ (ʠʟ q ʜʝʡʩʪʚʫʶʱʠʭ ʚʦ ʚʩʝʡ ʩʝʪʠ ʘʛʝʥʪʦʚ) ʨʘʚʥʦ k

qC , ʘ 

ʯʠʩʣʦ ʚʘʨʠʘʥʪʦʚ ʪʦʛʦ, ʯʪʦ ʩʨʝʜʠ ʵʪʠʭ ʩʦʩʝʜʝʡ ʙʫʜʝʪ d ï k ʠʟ n ï 1 ï q 

ʙʝʟʜʝʡʩʪʚʫʶʱʠʭ ʨʘʚʥʦ 1

d k

n qC . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 

ʨʦʚʥʦ k ʠʟ d ʩʦʩʝʜʝʡ ʘʛʝʥʪʘ ʜʝʡʩʪʚʫʶʪ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [75]:  

(7) 
1

1

, ,

k d k

q n q

n d

n

C C
G q d k

C
. 

ɺʳʯʠʩʣʠʤ ʚʝʨʦʷʪʥʦʩʪʴ Pn ʪʦʛʦ, ʯʪʦ ʘʛʝʥʪ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʧʦʜ 

ʚʣʠʷʥʠʝʤ q ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ ʚʦ ʚʩʝʡ ʩʝʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʘʛʝʥʪ 

ʜʝʡʩʪʚʦʚʘʣ, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (6), ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʙʦʣʝʝ ʯʝʤ 

ɗ d ʝʛʦ ʩʦʩʝʜʝʡ ʜʝʡʩʪʚʦʚʘʣʠ. ʀʩʢʦʤʘʷ ʚʝʨʦʷʪʥʦʩʪʴ , ,n nP P q d  

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʚʝʨʦʷʪʥʦʩʪʝʡ (7) ʧʦ ʚʩʝʤ :k d k d 

([ ] ʦʙʦʟʥʘʯʘʝʪ ʮʝʣʫʶ ʯʘʩʪʴ ʯʠʩʣʘ): 

(8) 
1

1 0 1

, , , , 1

k d kdd
q n q

n n i d
k d k n

C C
P q d G q d k

C
. 

ɺʝʨʦʷʪʥʦʩʪʴ (8) ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʜʦʣʝ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʣʝʜʫʶ-

ʱʝʤ ʰʘʛʝ ʘʛʝʥʪʦʚ ʩ ʯʠʩʣʦʤ ʩʦʩʝʜʝʡ d. ɿʥʘʯʠʪ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ ʜʦʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʘʛʝʥʪʦʚ 

(9) 
1

1

, , ,
n

n n

d

F q P q d M d . 
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ʀʪʘʢ, ʜʠʥʘʤʠʢʫ ʯʠʩʣʘ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ ʨʝʢʫʨʨʝʥʪʥʦʡ ʩʭʝʤʳ:  

(10) 1 ,k n kq nF q . 

ʀʩʩʣʝʜʫʝʤ ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ (9) ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʯʠʩʣʦ 

ʘʛʝʥʪʦʚ n ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ. ʇʨʠ ʵʪʦʤ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ (7) ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʙʣʠʞʝʥʦ ʙʠʥʦʤʠʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ p = q / n ([75]): 

1, /
, , , , 1

d kk k

n dn p q n
G q d k b p d k C p p . 

ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʣʷ d ʯʠʩʣʘ ʩʦʩʝʜʝʡ ʘʛʝʥʪʘ ʙʦʣʝʝ, ʯʝʤ ʠʭ 

ʜʦʣʷ ɗ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ (8),  

1, /
0

, , , , 1 , ,
d

n n p q n
k

P q d B p d b p d k. 

ʊʦʛʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ (9) ʠ ʜʠʥʘʤʠ-

ʢʫ ʜʦʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ: 

(11) 
1

1

, , ,
n

B

n

d

F p B p d M d , 

(12) 1 ,B

k n kp F p . 

ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

(12), ʤʘʢʨʦʤʦʜʝʣʴʶ ʩ ʝʜʠʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʨʦʛʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʛʦʚʳʭ ʤʦʜʝʣʝʡ ʥʘʯʘʣʠʩʴ ʩʦ ʩʪʘʚʰʝʡ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʄ. ɻʨʘʥʦʚʝʪʪʝʨʘ [102], ʢʦʪʦʨʘʷ ʚʢʨʘʪʮʝ 

ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʩʝ ʘʛʝʥʪʳ ʷʚʣʷʶʪʩʷ ʩʦʩʝʜʷʤʠ ʜʨʫʛ ʜʨʫʛʘ 

(ʛʨʘʬ R ʢʦʤʤʫʥʠʢʘʮʠʡ - ʧʦʣʥʳʡ), ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ ʘʛʝʥʪʦʚ ʥʝ ʦʛʦʚʘ-

ʨʠʚʘʝʪʩʷ. ʂʘʞʜʳʡ ʘʛʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʨʦʛʦʤ ï ʝʩʣʠ ʜʦʣʷ ʜʝʡʩʪ-

ʚʫʶʱʠʭ ʘʛʝʥʪʦʚ ʙʦʣʴʰʝ ʵʪʦʛʦ ʧʦʨʦʛʘ, ʪʦ ʦʥ ʜʝʡʩʪʚʫʝʪ. ʇʨʠʯʝʤ 

ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʨʦʛʘ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F . 

ʇʫʩʪʴ ʜʦʣʷ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʰʘʛʝ k  ʨʘʚʥʘ kr

. ɿʥʘʯʠʪ, ʚʩʝ ʘʛʝʥʪʳ, ʧʦʨʦʛʠ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ kr , ʘ ʠʭ ʯʠʩʣʦ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʚʥʦ kF r , ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʨʘʚʝʜʣʠʚʦ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

(13) 1k kr F r . 

ʄʘʢʨʦʤʦʜʝʣʴ ʩ ʝʜʠʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʨʦʛʦʤ (12) 

ʵʢʚʠʚʘʣʝʥʪʥʘ ʤʦʜʝʣʠ ɻʨʘʥʦʚʝʪʪʝʨʘ (13) ʚ ʩʣʝʜʫʶʱʝʤ ʩʤʳʩʣʝ. 
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ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʟʚʝʩʪʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (11). ʊʦʛʜʘ ʤʦʞʥʦ ʧʦ-

ʩʪʨʦʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʦʜʝʣʴ ɻʨʘʥʦʚʝʪʪʝʨʘ, ʧʨʠʥʷʚ 

, , 0,1B

nF p F p p . ʆʙʨʘʪʥʦ, ʧʫʩʪʴ ʟʘʜʘʥʘ ʤʦʜʝʣʴ ɻʨʘʥʦ-

ʚʝʪʪʝʨʘ ʩ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚ F. ʈʝʰʠʤ ʯʠʩʣʝʥʥʦ 

ʫʨʘʚʥʝʥʠʝ (11) ʦʪʥʦʩʠʪʝʣʴʥʦ ( )M  (ʧʦʠʩʢ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʪʠʧʘ 

(11) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʫʶ ʟʘʜʘʯʫ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ M ʧʦʣ-

ʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʘʢʨʦ-ʤʦʜʝʣʴ ʩ ʝʜʠʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʨʦ-

ʛʦʤ. 

ɺ ʨʘʙʦʪʝ [10] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝ-

ʩʠʷ ʚ ʤʦʜʝʣʠ ɻʨʘʥʦʚʝʪʪʝʨʘ (F(x) = x) ʵʢʚʠʚʘʣʝʥʪʥʳ ʫʩʣʦʚʠʷʤ ʨʘʚʥʦ-

ʚʝʩʠʷ ʅʵʰʘ ʚ ʤʠʢʨʦʤʦʜʝʣʠ ʩ ʝʜʠʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʨʦʛʦʤ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʛʨʘʬ ʚʣʠʷʥʠʡ ʘʛʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ: 

1,id n i N. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʠʤʝʷ ʤʘʢʨʦʤʦʜʝʣʴ ʧʦʨʦʛʦʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʘʛʝʥʪʦʚ ʚ ɸʉʉ, ʤʦʞʥʦ ʣʝʛʢʦ ʚʳʯʠʩʣʷʪʴ ʝʝ ʨʘʚʥʦʚʝʩʥʳʝ 

ʩʦʩʪʦʷʥʠʷ. 

ɺʳʰʝ ʧʨʦʙʣʝʤʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʤʦʜʝʣʷʤʠ ɸʉʉ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʚʦʧʨʦ-

ʩʳ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʦʧʠʩʘʥʠʡ ʜʨʫʛ ʜʨʫʛʫ çʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦè ʠʩʩʣʝʜʫʶʪʩʷ ʥʠʞʝ ʠ ʚ ʨʘʙʦʪʝ [4] ʥʘ ʧʨʠʤʝʨʝ ʨʷʜʘ 

ʦʥʣʘʡʥʦʚʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴ-

ʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʬʠʟʠʯʝʩʢʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʤʘʢʨʦʤʦʜʝʣʝʡ ɸʉʉ 

(ʩʤ. ʩʪʘʪʴʶ [15] ʠ ʦʙʟʦʨ [69]), ʘ ʪʘʢʞʝ ʧʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

ʫʧʨʘʚʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ 

[1, 25, 57] ʟʘʜʘʯʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ɸʉʉ, ʦʧʠʩʳʚʘʝʤʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ 

(1) ʠʣʠ (6)). 

 

3.4. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʠʤʠʪʘʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ  

 

ɺ ʥʘʩʪʦʷʱʝʤ ʧʦʜʨʘʟʜʝʣʝ, ʥʘʧʠʩʘʥʥʦʤ ʩʦʚʤʝʩʪʥʦ ʩ 

ɸ.ɺ. ɹʘʪʦʚʳʤ, ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʚʝʜʝʥʥʳʭ ʚ 

ʚʳʰʝ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʉʉ ʧʦ ʜʘʥʥʳʤ ʠʟ ʨʝʘʣʴʥʳʭ 

ʦʥʣʘʡʥʦʚʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ (ʉʉ) ï Facebook, LiveJournal ʠ 

Twitter. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʷʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤʠʪʘʮʠ-

ʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʘʥʦ ʠʭ ʩʨʘʚʥʝʥʠʝ [4]. 
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ɺr ʰʝ ʙʳʣʠ ʚʚʝʜʝʥʳ ʧʦʥʷʪʠʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʤʦʜʝʣʝʡ ɸʉʉ ʩ 

ʝʜʠʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʨʦʛʦʤ 0, 1 . 

ɺ ʤʠʢʨʦʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʘ ʚ ʨʘʤʢʘʭ ʠʛʨʦʚʦʛʦ ʧʦʜʭʦʜʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʝʛʦ ʥʘʠʣʫʯʰʝʛʦ ʦʪʚʝʪʘ BRi (Best Response) ï 

ʘʛʝʥʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʝ ʚ ʢʘʞʜʦʤ 

ʧʝʨʠʦʜʝ ʚʨʝʤʝʥʠ k: 

(14) 

1

1

1

1, ,

=
0, .

i

i

k

j i

j Dk k

i i i k

j i

j D

x d

x BR x
x d

, 1,2,...,i N n , 

ʛʜʝ i id D  ï ʯʠʩʣʦ ʩʦʩʝʜʝʡ ʘʛʝʥʪʘ i, Di ï ʤʥʦʞʝʩʪʚʦ ʝʛʦ ʩʦʩʝʜʝʡ, 

1 1 1 1 1 1

1 2 1 1, ,..., , ,...,
k k k k k k

i i i nx x x x x x  ï ʦʙʩʪʘʥʦʚʢʘ ʜʣʷ ʘʛʝʥʪʘ i. 

ɿʜʝʩʴ 0;1
k

ix , ʛʜʝ ( ) 1k

ix  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʛʝʥʪ ʜʝʡʩʪʚʫʝʪ, ʘ 

( ) 0k

ix  ï ʙʝʟʜʝʡʩʪʚʫʝʪ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ k. 

ʄʘʢʨʦʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʜʦʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ 
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B p d C p p  ï ʬʫʥʢʮʠʷ ʦʪ ʙʠʥʦʤʠʘʣʴʥʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ, M(d) ï ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʩʦʩʝʜʝʡ d ʚ 

ʛʨʘʬʝ ɸʉʉ (ʩʤ. ʚʳʰʝ). 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʠ ʩʨʘʚʥʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʪʝʦʨʝʪʠ-

ʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (14) ʠ (15) ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʠʟ 

ʨʝʘʣʴʥʳʭ ʦʥʣʘʡʥʦʚʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ (ʉʉ). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʜʣʷ ʤʠʢʨʦʤʦʜʝʣʠ (14) ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ, ʜʣʷ ʤʘʢʨʦʤʦʜʝʣʠ (15) ï ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʘʧʧʨʦʢʩʠʤʘʮʠʡ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (16). 

ʉʚʷʟʠ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ ʨʝʘʣʴʥʦʡ ʉʉ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ G. ʆʨʠʝʥʪʘʮʠʷ ʨʝʙʨʘ ʛʨʘʬʘ ʦʪ ʦʜʥʦʛʦ 
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ʘʛʝʥʪʘ (ʫʟʣʘ) ʢ ʜʨʫʛʦʤʫ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʚʣʠʷʥʠʝ ʦʜʥʦʛʦ ʘʛʝʥʪʘ 

ʥʘ ʜʨʫʛʦʛʦ. ɺ ʤʠʢʨʦʤʦʜʝʣʷʭ ʷʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʬ ʚʣʠʷʥʠʷ, ʘ ʚ 

ʤʘʢʨʦʤʦʜʝʣʷʭ ï ʝʛʦ ʤʘʢʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ M  

ʯʠʩʣʘ ʩʦʩʝʜʝʡ. ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʢʨʦ-

ʤʦʜʝʣʠ (15), ʘ ʠʤʝʥʥʦ ʠʟ ʪʦʛʦ, ʯʪʦ ʯʠʩʣʦ ʘʛʝʥʪʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩ-

ʪʘʪʦʯʥʦ ʚʝʣʠʢʦ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʘʥʥʳʝ ʦ ʧʦʜʦʙʥʳʭ ʩʚʷʟʷʭ ʚʣʠʷ-

ʥʠʷ ʚ ʪʨʝʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ: ʨʫʩʩʢʦʷʟʳʯʥʳʝ ʩʝʛʤʝʥʪʳ ʉʉ Facebook 

(F), LiveJournal (L) ʠ Twitter (T). 

ʊʘʢ, ʚ ʩʝʪʠ Facebook ʦʧʨʝʜʝʣʝʥʥʳʡ ʘʛʝʥʪ ʩʚʷʟʘʥ ʩʦ ʩʚʦʠʤʠ 

ʜʨʫʟʴʷʤʠ, ʯʪʦ ʤʦʞʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʩʚʷʟʠ ʚʣʠʷʥʠʷ ʵʪʠʭ 

ʜʨʫʟʝʡ ʥʘ ʘʛʝʥʪʘ. ɺ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ LiveJournal ʠ Twitter ʚ ʢʘʯʝʩʪ-

ʚʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʚʷʟʝʡ ʚʣʠʷʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʜʧʠʩʢʠ 

ʘʛʝʥʪʘ ʥʘ ʧʨʦʩʤʦʪʨ ʠ ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ. 

ɺʦ ʚʩʝʭ ʪʨʝʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʜʘʥʥʦʛʦ 

ʘʛʝʥʪʘ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʝʛʦ ʩʦʩʝʜʷʤʠ (ʩʤ. ʚʳʨʘʞʝʥʠʝ (1)). 

ɺ ʊʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʤʘʢʨʦʧʦʢʘʟʘʪʝʣʠ ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʉʉ: 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʩʦʩʝʜʝʡ (MaxFrnds), ʯʠʩʣʦ ʘʛʝʥʪʦʚ (Users), 

ʯʠʩʣʦ ʘʛʝʥʪʦʚ ʩ ʥʝʥʫʣʝʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʩʝʜʝʡ (Nonzero users), 

ʦʙʱʝʝ ʯʠʩʣʦ ʩʚʷʟʝʡ (Links) ʠ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʦʩʝʜʝʡ ʫ ʘʛʝʥʪʦʚ ʩ 

ʥʝʥʫʣʝʚʳʤ ʯʠʩʣʦʤ ʩʦʩʝʜʝʡ (AvgF = Links / Nonzero users). 

 

ʊʘʙʣ. 1. ʄʘʢʨʦʧʦʢʘʟʘʪʝʣʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ 

ʉʉ 
MaxFrn

ds 
Users 

Nonzero 

users 
Links AvgF 

Facebook 4 199 3 250 580 3 084 017 77 639 757 50,35 

Live 

Journal 

2 499 5 758 706 3 586 959 124 729 288 34,77 

Twitter 759 313 ~41 700 000 35 427 738 1 418 363 662 40,04 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣ. 1, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʉʉ ʢʦʣʠʯʝʩʪʚʦ ʘʛʝʥ-

ʪʦʚ ʚʝʣʠʢʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʚʠʥʫʪʴ ʛʠʧʦʪʝʟʫ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ 

ʥʠʭ ʤʘʢʨʦʤʦʜʝʣʠ (15). 

ɺ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (16) ʤʘʢʨʦʤʦʜʝʣʠ (15) ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʚʝʨʦʷʪʥʦʩʪʴ B(p, d, ɗ) ʪʦʛʦ, ʯʪʦ ʜʦʣʷ p ʠʟ ʯʠʩʣʘ d 

ʘʛʝʥʪʦʚ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ M  ʯʠʩʣʘ ʩʦʩʝʜʝʡ ʚ 

ʉʉ. ʆʧʨʝʜʝʣʷʪʴ ʵʪʠ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʧʦ-ʨʘʟʥʦʤʫ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ 

ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ɿʘʜʘʯʘ 1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ M  ʚ ʫʢʘ-

ʟʘʥʥʳʭ ʪʨʝʭ ʉʉ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʟʘʜʘʯʠ ʩʪʨʦʷʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ FM , LM  ʠ TM , ʠ ʠʱʫʪʩʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ 

ʠʭ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ ʬʫʥʢʮʠʠ FM , LM  ʠ TM . 

ɿʘʜʘʯʘ 2. ʇʦʩʪʨʦʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʧʦʨʦʛʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʟʘʜʘʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʦʪʚʝʪʦʤ (14). 

ʊʘʢ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʠʩʴ ʩʣʫ-

ʯʘʡʥʦ ʚʳʙʨʘʥʥʳʝ ʘʛʝʥʪʳ ʠ ʚʳʯʠʩʣʷʣʦʩʴ, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (14), 

ʯʠʩʣʦ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ. ɿʘʪʝʤ ʨʝʟʫʣʴʪʘʪ 

ʫʩʨʝʜʥʷʣʩʷ ʧʦ ʩʣʫʯʘʡʥʳʤ ʤʥʦʞʝʩʪʚʘʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʙʨʘʥʥʳʭ 

ʘʛʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʩʝʤʝʡʩʪʚʦ ʬʫʥʢʮʠʡ (ʟʘʚʠʩʷ-

ʱʝʝ ʦʪ ʧʘʨʘʤʝʪʨʘ ɗ), ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʜʨʫʛʠʤʠ ʬʫʥʢʮʠʷʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʜʨʫʛʠʭ ʟʘʜʘʯ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʤ. ʪʘʙʣ. 5). 

ɿʘʜʘʯʘ 3. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʩʠʛʤʦʚʠʜʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʨʘʤʢʘʭ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 2. 

ɿʘʜʘʯʘ 4. ʅʘʭʦʞʜʝʥʠʝ ʩʝʤʝʡʩʪʚʘ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (3) 

(ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʧʘʨʘʤʝʪʨʘ ɗ), ʚ ʢʦʪʦʨʳʝ ʚʤʝʩʪʦ  ʧʦʜʩʪʘʚʣʷʶʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʝʡ ʫʟʣʦʚ ʛʨʘʬʦʚ ʩʚʷʟʝʡ 

ʜʣʷ ʪʨʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʘʣʴʥʳʭ ʉʉ - ,  ʠ . 

ɿʘʜʘʯʘ 5 ʘʥʘʣʦʛʠʯʥʘ ʯʝʪʚʝʨʪʦʡ, ʥʦ ʚʤʝʩʪʦ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʫʥʢ-

ʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʠ FM , 

LM  ʠ TM , ʥʘʡʜʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 1. 

ɿʘʜʘʯʘ 6. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 2-5. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 2 ï 5 ʧʨʠʤʝʥʷʣʠʩʴ ʜʚʘ ʤʝʪʦʜʘ: ʘʥʘʣʠʟ ʵʤʧʠ-

ʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ. ʉʭʝʤʫ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʊʘʙʣ. 2. 

 

ʊʘʙʣ. 2. ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 2 ï 5 

ʄʦʜʝʣʴ 

ʄʝʪʦʜ 

ɸʥʘʣʠʟ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʄʠʢʨʦʤʦʜʝʣʴ ʉʉ ɿʘʜʘʯʘ 2 ɿʘʜʘʯʘ 3 

ʄʘʢʨʦʤʦʜʝʣʴ ʉʉ ɿʘʜʘʯʘ 4 ɿʘʜʘʯʘ 5 

M

FM LM TM
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ɿʘʜʘʯʘ 7. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʜʠʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ-

ʛʦ ʧʦʨʦʛʘ  ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʠ ɻʨʘʥʦʚʝʪʪʝʨʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ ʉʉ.  

ʇʝʨʝʡʜʝʤ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ ʠ ʦʧʠʩʘʥʠʶ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ.  

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ M(Ā) ʯʠʩʣʘ ʩʦʩʝʜʝʡ 

ʘʛʝʥʪʦʚ ʚ ɸʉʉ (ʟʘʜʘʯʘ 1). ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʥʣʘʡʥʦʚʳʭ ʉʉ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ 

ʩʦʩʝʜʝʡ ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʫʟʣʦʚ ʙʦʣʴ-

ʰʠʭ ʉʉ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʪʝʧʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʳ [78, 83, 84]). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʉʉ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 1, ʛʜʝ ʚ ʜʚʦʡ-

ʥʦʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ (ʢʦʛʜʘ ʧʦ ʦʙʝʠʤ ʦʩʷʤ ʦʪʣʦʞʝʥʳ 

ʣʦʛʘʨʠʬʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ) ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʵʤʧʠʨʠ-

ʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʯʠʩʣʘ ʩʦʩʝʜʝʡ ,  ʠ . ʊʘʢ 

ʢʘʢ ʩʪʝʧʝʥʥʘʷ ʬʫʥʢʮʠʷ ʚ ʜʚʦʡʥʦʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʠʤʝʝʪ 

ʚʠʜ ʧʨʷʤʦʡ ʩ ʥʘʢʣʦʥʦʤ a ʠ ʟʥʘʯʝʥʠʝʤ ʚ ʥʫʣʝ b, ʪʦ ʙʳʣʘ ʥʘʡʜʝʥʘ 

ʥʘʠʣʫʯʰʘʷ ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʉʉ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣ. 3. 

ʆʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʜʘʣʝʝ.  

 

ʊʘʙʣ. 3. ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʡ MF(Ā), ML(Ā) ʠ MT(Ā) 

ʌʫʥʢʮʠʷ a b c_real a_pareto 

 ï2,181 3,274 26,628 0,688 

 ï2,208 2,828 16,878 0,765 

 ï1,802 ï0,196 1,8233 0,799 
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ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʯʠʩʣʘ ʩʦʩʝʜʝʡ ʘʛʝʥʪʦʚ 

ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʝʝ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ: 

ʘ ï CC Facebook; ʙ ï CC LiveJournal; ʚ ï ʉʉ Twitter 

 

ʂʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʝʡ ʫʟʣʦʚ ʛʨʘʬʘ G ʜʣʷ ʤʘʣʦʛʦ ʯʠʩʣʘ 

ʩʦʩʝʜʝʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʙʣʠʞʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʷʤʦʡ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ çʩʨʝʟʘʥʥʳʤè ʣʠʥʝʡʥʳʤ ʘʧʧʨʦʢʩʠʤʘʮʠʷʤ ,  ʠ 

, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 2 (ʩʤ. ʪʘʢʞʝ ʪʘʙʣ. 4).  
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ʈʠʩ. 2. ɻʨʘʬʠʢʠ çʩʨʝʟʘʥʥʦʡè ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʠ ʄ(Ā): 

ʘ ï CC Facebook; ʙ ï CC LiveJournal; ʚ ï ʉʉ Twitter 

 

ɹʳʣʘ ʚʳʙʨʘʥʘ ʠʤʝʥʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʘʷ ʧʨʷ-

ʤʘʷ ʜʣʷ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʩʦʩʝʜʝʡ, ʧʦʩʢʦʣʴʢʫ: 

ï ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʥʦʨʤʠʨʦʚʢʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ï ʧʣʦʱʘʜʴ ʧʦʜ ʛʨʘʬʠʢʦʤ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʝʜʠʥʠʮʝ; 

ʝʩʣʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʦʨʤʠʨʦʚʢʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʪʦ ʠʟʤʝʥʷʶʪʩʷ 
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ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʪʝʧʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʥʷʝʪʩʷ 

ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ;  

ï çʩʨʝʟʘʥʥʘʷè ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʜʘʝʪ ʤʝʥʴʰʫʶ ʦʰʠʙʢʫ 

R-ʢʚʘʜʨʘʪ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʷʤʠ: ʢʘʢ ʘʣʴʪʝʨʥʘʪʠ-

ʚʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʘʨʝʪʦ (ʩ 

ʧʘʨʘʤʝʪʨʦʤ a_pareto, ʩʤ. ʊʘʙʣ. 3), ʢʦʪʦʨʘʷ ʚ ʜʚʦʡʥʦʤ ʣʦʛʘʨʠʬʤʠʯʝ-

ʩʢʦʤ ʤʘʩʰʪʘʙʝ ʠʤʝʝʪ ʚʠʜ ʧʨʷʤʦʡ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣ. 4, çʩʨʝʟʘʥʥʘʷè 

ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʠʙʣʠʞʘʝʪ ʵʤʧʠʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʣʫʯʰʝ.  

ɿʥʘʯʝʥʠʝ c  ʘʨʛʫʤʝʥʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʣʠʥʝʡʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʝʨʝʭʦʜʠʪ ʚ çʥʘʢʣʦʥʥʫʶè:  

exp , ,

exp , ,

a

a

b c d c
M d

b d d c
 

ʚʳʯʠʩʣʷʣʦʩʴ (ʩʤ. ʟʥʘʯʝʥʠʷ c_real ʚ ʊʘʙʣ. 3) ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʥʦʨ-

ʤʠʨʦʚʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 
1

1
n

d

M d . 

 

ʊʘʙʣ. 4. ʊʦʯʥʦʩʪʴ çʩʨʝʟʘʥʥʦʡè ʣʠʥʝʡʥʦʡ 

ʠ ʇʘʨʝʪʦ-ʘʧʧʨʦʢʩʠʤʘʮʠʡ (R-ʢʚʘʜʨʘʪ) 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʉʉ çʉʨʝʟʘʥʥʘʷè ʣʠʥʝʡʥʘʷ ʇʘʨʝʪʦ 

Facebook 0,962 0,916 

LiveJournal 0,929 0,884 

Twitter 0,849 0,849 

 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʝʡ ʛʨʘ-

ʬʦʚ ʨʝʘʣʴʥʳʭ ʉʉ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʣʝʝ ʚ ʨʘʤʢʘʭ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 4, ʧʝʨʝʡʜʝʤ ʢ ʦʧʠʩʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʘʛʝʥʪʦʚ ʚ ʤʠʢʨʦʤʦʜʝʣʠ (14). 

ʇʦʩʪʨʦʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʨʦʛʦ-

ʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩ ʥʘʠʣʫʯʰʠʤ ʦʪʚʝʪʦʤ (14) (ʟʘʜʘʯʘ 2). ʀʤʠʪʘʮʠʦʥ-

ʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʣʦ ʚ ʩʣʝʜʫʶʱʝʤ. ɺ ʉʉ Facebook ʠ 

LiveJournal, ʟʘʜʘʥʥʳʭ ʩʚʦʠʤʠ ʛʨʘʬʘʤʠ ʩʚʷʟʝʡ, ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

çʚʦʟʙʫʞʜʘʣʦʩʴè ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ q ʘʛʝʥʪʦʚ (ʜʦʣʷ q/n  [0; 1]). ɼʘʣʝʝ 

ʧʦ ʬʦʨʤʫʣʝ (14) ʜʣʷ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ ʚʳʯʠʩʣʷʣʩʷ ʝʛʦ ʥʘʠʣʫʯʰʠʡ 

ʦʪʚʝʪ (ʜʝʡʩʪʚʦʚʘʪʴ ʠʣʠ ʙʝʟʜʝʡʩʪʚʦʚʘʪʴ). ʇʦʣʫʯʘʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʦʣʷ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (15) ï ʵʪʦ ʟʥʘʯʝʥʠʝ 
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ʬʫʥʢʮʠʠ / ,nF q n . ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʚʪʦʨʷʣʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ , ʣʝʞʘʱʠʭ ʥʘ ʦʪʨʝʟʢʝ [0; 1]. ʆʪʥʦ-

ʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ / ,nF q n  ʩʦʩʪʘʚʣʷʣʦ 

ʧʦʨʷʜʢʘ 0,001 ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ (ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʩʚʷʟʘʥ ʩʦ 

ʩʣʫʯʘʡʥʦʩʪʴʶ ʚʳʙʦʨʘ ʤʥʦʞʝʩʪʚʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʦʟʙʫʞʜʸʥʥʳʭ 

ʘʛʝʥʪʦʚ). ʂʨʠʚʳʝ / ,nF q n  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ɗ 

ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʈʠʩ. 3.  

 

  

 

0          0,2         0,4          0,6          0,8       q/n  

 Fn (q/n, ɗ) 

0,9 
 

0,8 
 

0,7 
 

0,6 
 

0,5 
 

0,4 
 

0,3 
 

0,2 
 

0,1 
 

 

ʘ 

 

q



30 

 

   

 0           0,2         0,4         0,6         0,8        q/n  

 

  Fn (q/n, ɗ) 

0,9 
 

0,8 
 

0,7 
 

0,6 
 

0,5 
 

0,4 
 

0,3 
 

0,2 
 

0,1 
 

 

ʙ 

 

 

 

0          0,2         0,4         0,6         0,8     q/n 

 
Fn (q/n, ɗ) 

0,9 
 

0,8 
 

0,7 
 

0,6 
 

0,5 
 

0,4 
 

0,3 
 

0,2 
 

0,1 
 

 

 
ʚ 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʨʦʛʦʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ: ʘ ï CC Facebook; ʙ ï CC LiveJournal; ʚ ï ʉʉ Twitter; 

        ï ɗ = 0;       ï ɗ = 0,1;       ï ɗ = 0,2;       ï ɗ = 0,3;      ï ɗ = 0,4; 

*   ï ɗ = 0,5;      ï ɗ = 0,6;        ï ɗ = 0,7;      ï ɗ = 0,8;      ï ɗ = 0,9 
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ʇʦʣʫʯʠʚ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʝʨʝʡʜʝʤ 

ʢ ʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʬʫʥʢʮʠʡ Fn(p, ɗ), ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ (ʟʘʜʘʯʘ 3). ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʩʝʤʝʡʩʪʚʘ ʬʫʥʢʮʠʡ Fn(p, ɗ) ʜʣʷ ʢʘʞʜʦʡ 

ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʉʉ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʙʣʶʜʝʥʠʷ: 

ï ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʩʠʛʤʦʠʜ (ʈʠʩ. 4); 

ï ʢʨʠʚʳʝ ,nF p  ʠʤʝʶʪ ʧʝʨʝʛʠʙ ʧʨʠ ɗp . 

ʉ ʫʯʸʪʦʤ ʵʪʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʩʝʤʝʡʩʪʚʘ 

ʬʫʥʢʮʠʡ: 

, , , , arctg( ( ))f p p  

ʠ 

, , , ,
1

p
g p

e
. 

ʀʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʬʫʥʢʮʠʠ f() ʠ g()ʜʦʣʞʥʳ ʷʚʣʷʪʴʩʷ ʬʫʥʢʮʠʷʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʣʫʯʘʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ (ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʘʨʘʤʝʪʨʘ 

ɚ) ʩʝʤʝʡʩʪʚʘ ʬʫʥʢʮʠʡ: 

(17) 
arctg( ) arctg

, ,
arctg( 1 ) arctg

p
f p , 

1
1 1

, ,
11

p

q

e e
g p

ee
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ 3 ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʦʜʥʦʛʦ ʥʝʠʟ-

ʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ɚ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ,ɗ,ɚf p  ʠʣʠ 

,ɗ,ɚg p  ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʨʠʙʣʠʞʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ, ʠ ʚʳʙʦʨʫ ʩʝʤʝʡʩʪʚʘ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʦʝ ʜʘʸʪ ʤʝʥʴʰʫʶ ʦʰʠʙ-

ʢʫ ʧʨʠʙʣʠʞʝʥʠʷ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʚʩʝʭ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʝʡ ʣʫʯʰʝ ʧʨʠʙʣʠʞʘʶʪʩʷ ʩʝʤʝʡʩʪʚʦʤ ʬʫʥʢʮʠʡ (17), ʧʨʠ ʵʪʦʤ 

ʤʠʥʠʤʫʤ ʦʰʠʙʢʠ ʧʨʠʙʣʠʞʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ɚF  = 13,01, ɚL

 = 9,18, 7,34T  (ʛʨʘʬʠʢ ʜʣʷ ʉʉ Facebook ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩ. 4). 
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ʈʠʩ. 4. ʇʨʠʙʣʠʞʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ Fn(p, ɗ) (ʪʦʯʢʠ) 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʝʤʝʡʩʪʚʦʤ f(p, ɗ, ɚF) (ʩʝʪʢʘ) 

ʜʣʷ ʩʦʮʠʘʣʴʥʦʡ cʝʪʠ Facebook 

 

ʅʘʣʠʯʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʠ (16) ʜʘʸʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʘʛʝʥ-

ʪʦʚ (ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʝʜʠʥʦʛʦ ʧʦʨʦʛʘ ɗ), ʯʪʦ ʚʘʞʥʦ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʜʣʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʉʉ. 

ʄʘʢʨʦʤʦʜʝʣʴ (2) ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʠʩʣʘ ʩʦʩʝʜʝʡ ʚ ʛʨʘʬʝ (ʟʘʜʘʯʘ 4). ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʜʘʥʥʘʷ 

ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʩʝʤʝʡʩʪʚʘ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

(ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʧʘʨʘʤʝʪʨʘ ) ʤʘʢʨʦʤʦʜʝʣʠ (3), ʚ ʢʦʪʦʨʳʭ ʷʚʥʦ ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ , ʪ. ʝ. ʚ ʚʳʨʘʞʝʥʠʠ 

(3) ʚʤʝʩʪʦ  ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʩʪʝʧʝʥʝʡ ʫʟʣʦʚ ʛʨʘʬʦʚ ʩʚʷʟʝʡ ʜʣʷ ʪʨʝʭ ʉʉ ï ,  ʠ 

. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 5.  
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ʚ 

ʈʠʩ. 5. ʄʘʢʨʦʤʦʜʝʣʴ (2) ʩ ʵʤʧʠʨʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʠʩʣʘ 

ʩʦʩʝʜʝʡ ʚ ʛʨʘʬʝ: ʘ ï CC Facebook; ʙ ï CC LiveJournal; ʚ ï ʉʉ Twitter; 

        ï ɗ = 0;       ï ɗ = 0,1;       ï ɗ = 0,2;       ï ɗ = 0,3;      ï ɗ = 0,4; 

*   ï ɗ = 0,5;      ï ɗ = 0,6;        ï ɗ = 0,7;      ï ɗ = 0,8;      ï ɗ = 0,9 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʦ ʩʝʤʝʡʩʪʚʦ ʬʫʥʢʮʠʡ (16). ʇʝʨʝʡʜʸʤ ʢ 

ʠʭ ʨʘʩʩʤʦʪʨʝʥʠʶ, ʠʩʧʦʣʴʟʫʷ çʩʨʝʟʘʥʥʳʝè ʣʠʥʝʡʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 1. 

 

ʄʘʢʨʦʤʦʜʝʣʴ (15) ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʩʦʩʝʜʝʡ, 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ (ʟʘʜʘʯʘ 5). 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʧʦʜʦʙʥʘ ʟʘʜʘʯʝ 4, ʥʦ ʚʤʝʩʪʦ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ,  

ʠ . ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 6. 
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ʚ 

ʈʠʩ. 6. ʄʘʢʨʦʤʦʜʝʣʴ (2) ʩ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ: ʘ ï CC Facebook; ʙ ï CC LiveJournal; ʚ ï ʉʉ Twitter; 

        ï ɗ = 0;       ï ɗ = 0,1;       ï ɗ = 0,2;       ï ɗ = 0,3;      ï ɗ = 0,4; 

*   ï ɗ = 0,5;      ï ɗ = 0,6;        ï ɗ = 0,7;      ï ɗ = 0,8;      ï ɗ = 0,9 

 

ɺʠʜʥʦ, ʯʪʦ ʩʝʤʝʡʩʪʚʦ ʬʫʥʢʮʠʡ (16) ʢʘʯʝʩʪʚʝʥʥʦ ʘʥʘʣʦʛʠʯʥʦ ʧʦ-

ʣʫʯʝʥʥʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʉʉ. 

ʉʪʨʦʛʦʝ ʩʨʘʚʥʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 6.  

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 2 ï 5 (ʟʘʜʘʯʘ 6). ʈʝʰʠʚ 

ʟʘʜʘʯʠ 2 ʠ 3 (ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʤʠʢ-

ʨʦʤʦʜʝʣʠ (14)), ʘ ʪʘʢʞʝ ʟʘʜʘʯʠ 4 ʠ 5 (ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʡ ʤʘʢʨʦʤʦʜʝʣʠ (15)), ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ï 

ʩʤ. ʊʘʙʣ. 5, ʚ ʟʘʛʦʣʦʚʢʘʭ ʩʪʦʣʙʮʦʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʪʩʷ ʧʘʨʳ ʥʦʤʝ-

ʨʦʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʟʘʜʘʯ. 

 

ʊʘʙʣ. 5. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

(ʟʥʘʯʝʥʠʝ R-ʢʚʘʜʨʘʪ)  

ʉʉ 
ɿʘʜʘʯʠ 

2 ʠ 4 

ɿʘʜʘʯʠ 

2 ʠ 5 

ɿʘʜʘʯʠ 

4 ʠ 5 

ɿʘʜʘʯʠ 

2 ʠ 3 

ɿʘʜʘʯʠ 

3 ʠ 4 

ɿʘʜʘʯʠ 

3 ʠ 5 

Facebook 0,9976 0,9932 0,9911 0,9973 0,9973 0,9907 

LiveJournal 0,9999 0,9872 0,9872 0,9960 0,9960 0,9855 

Twitter 0,9998 0,9631 0,9642 0,9949 0,9950 0,9599 

 

ɺʠʜʥʦ, ʯʪʦ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʦʧʠʩʘʥʠʷ ʜʘʶʪ ʩʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ 

(ʩʤ. ʧʘʨʳ ʟʘʜʘʯ 2 ʠ 3, 2 ʠ 4, 3 ʠ 4). ɹʣʠʟʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʡ 
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    0        0,2        0,4         0,6        0,8      q/n  
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ʟʘʜʘʯ 2 ʠ 5, 3 ʠ 5, 4 ʠ 5 ʤʝʥʴʰʝ, ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʪʦʠʪ ʚʦʧʨʦʩ ʥʘʭʦ-

ʞʜʝʥʠʷ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʙʳ ʣʫʯʰʝ ʧʨʠʙʣʠʞʘʣʘ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʩʪʝʧʝʥʝʡ ʛʨʘʬʘ M . 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʚ ɸʉʉ (ʟʘʜʘʯʘ 7). ʂʘʢ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʦʚ ʚ ʤʦʜʝʣʠ ʩ ʝʜʠʥʳʤ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʤ ʧʦʨʦʛʦʤ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʦʨʦʛʦʚʦʤʫ ʧʦʚʝʜʝʥʠʶ ʚ ʤʦʜʝʣʠ 

ɻʨʘʥʦʚʝʪʪʝʨʘ. ɼʣʷ ʧʦʩʣʝʜʥʝʡ ʚʘʞʥʳ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʦʞʝʥʠʡ 

ʨʘʚʥʦʚʝʩʠʷ (ʪʦʯʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʫʨʘʚʥʝʥʠʝʤ ,nF p p), ʢʘʢ 

ʠʭ ʯʠʩʣʦ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʧʝʨʝʩʝʯʝʥʠʝ ʙʠʩʩʝʢʪʨʠʩʳ ʧʝʨʚʦʛʦ ʢʚʘʜ-

ʨʘʥʪʘ ʚ ʪʦʯʢʝ ʨʘʚʥʦʚʝʩʠʷ çʩʣʝʚʘ-ʩʚʝʨʭʫè). ʆʪʚʝʪʠʤ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʉʉ. ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʢʨʠʚʳʭ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʭ ʥʘ ʈʠʩ. 3 - ʈʠʩ. 6, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ  ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʥʘʙʦʨʳ ʧʦʣʦʞʝʥʠʡ 

ʨʘʚʥʦʚʝʩʠʷ (ʠʭ ʯʠʩʣʦ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʨ.). 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʦʡ ,nF p  ʩ ʜʠʘʛʦʥʘʣʴʶ 

ʝʜʠʥʠʯʥʦʛʦ ʢʚʘʜʨʘʪʘ, ʣʝʞʘʱʘʷ ʚʥʫʪʨʠ ʠʥʪʝʨʚʘʣʘ (0; 1), ʷʚʣʷʝʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ, ʪʘʢ ʢʘʢ ʢʨʠʚʘʷ ,nF p  

ʧʝʨʝʩʝʢʘʝʪ ʜʠʘʛʦʥʘʣʴ çʩʥʠʟʫ ʚʚʝʨʭè. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩ. 3, ʵʪʦ ʩʚʦʡʩʪʚʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ 

  [ 0,1; 0,9] ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʇʨʠ ʵʪʦʤ 

ʪʦʯʢʠ q = 0 ʠ q = 1 ʷʚʣʷʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʨʘʚʥʦʚʝʩʠʷ. 

ɽʩʣʠ ʞʝ ɗ Ò 0,1, ʪʦ ʚ ʩʠʩʪʝʤʝ ʠʤʝʶʪʩʷ ʜʚʘ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝ-

ʩʠʷ: ʪʦʯʢʘ q = 0 ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ, ʘ 

ʪʦʯʢʘ q = 1 ï ʫʩʪʦʡʯʠʚʳʤ.  

ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠ   0,9, ʚ ʩʠʩʪʝʤʝ ʠʤʝʶʪʩʷ ʜʚʘ ʧʦʣʦʞʝʥʠʷ ʨʘʚ-

ʥʦʚʝʩʠʷ: ʪʦʯʢʘ q = 0 ̫ ʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ, ʘ 

q = 1 ï ʥʝʫʩʪʦʡʯʠʚʳʤ.  

ʀʩʭʦʜʷ ʠʟ ʈʠʩ. 7, ʤʦʞʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝ-

ʩʠʷ ʜʣʷ ʨʝʢʫʨʨʝʥʪʥʦʡ ʧʨʦʮʝʜʫʨʳ (2) ʤʘʢʨʦʤʦʜʝʣʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 0p  ʠ ʝʜʠʥʳʤ ʧʦʨʦʛʦʤ 

. ʊʘʢ, ʝʩʣʠ ʚʝʢʪʦʨ 0,p  ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ II  (ʩʤ. ʈʠʩ. 7), ʪʦ ʧʨʦ-

ʮʝʩʩ (2) ʟʘʚʝʨʰʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ p = 0. ɽʩʣʠ ʚʝʢʪʦʨ 

0,p  ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ I, ʪʦ ʧʨʦʮʝʩʩ (2) ʟʘʚʝʨʰʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 

ʨʘʚʥʦʚʝʩʠʷ p = 1. 
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ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʦʡ Fn(p, ɗ) 

ʩ ʜʠʘʛʦʥʘʣʴʶ ʝʜʠʥʠʯʥʦʛʦ ʢʚʘʜʨʘʪʘ ʦʪ ʝʜʠʥʦʛʦ ʧʦʨʦʛʘ ɗ: 

         - Facebook;         - LiveJournal;           - Twitter 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʘʢʨʦʤʦʜʝʣʠ 

ɸʉʉ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 

ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʚʘ ʚʘʞʥʳʭ ʚʳʚʦʜʘ. 

ɺʝʨʦʷʪʥʦʩʪʥʦʝ ʦʧʠʩʘʥʠʝ ʤʘʢʨʦʤʦʜʝʣʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʠʢʨʦʦʧʠ-

ʩʘʥʠʝʤ: ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʦʨʦʰʦ ʩʦʚʧʘʣʠ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʨʝʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʝʡ ʛʨʘʬʘ ʩʚʷʟʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʘʩʰʪʘʙʦʚ 

ʠ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʦʚ ʩʚʷʟʝʡ ʨʝʘʣʴʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʠʭ ʤʘʢʨʦ-

ʤʦʜʝʣʠ (15) ʢʘʯʝʩʪʚʝʥʥʦ ʦʯʝʥʴ ʧʦʭʦʞʠ: ʠʤʝʶʪ ʚʠʜ ʩʠʛʤʦʠʜʳ ʠ 

ʭʦʨʦʰʦ ʧʨʠʙʣʠʞʘʶʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʩʝʤʝʡʩʪʚʦʤ ʬʫʥʢʮʠʡ (17) ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ɚ. 

 

 

4. ɼɽʊɽʈʄʀʅʀʈʆɺɸʅʅʓɽ ʄʆɼɽʃʀ 

ʋʇʈɸɺʃɽʅʀʗ ʊʆʃʇʆʁ 
 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʦʨʦʛʦʚʘʷ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ 

ʛʨʫʧʧʳ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʧʨʠʥʠʤʘʷ ʙʠʥʘʨʥʳʝ ʨʝʰʝʥʠʷ (ʜʝʡʩʪʚʦʚʘʪʴ 

ʠʣʠ ʙʝʟʜʝʡʩʪʚʦʚʘʪʴ), ʫʯʠʪʳʚʘʶʪ ʚʳʙʦʨ ʜʨʫʛʠʭ ʯʣʝʥʦʚ ʛʨʫʧʧʳ. 
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ʇʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʦʛʘʤʠ ʠ ʨʝʧʫʪʘʮʠʝʡ 

ʘʛʝʥʪʦʚ ʚ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ʘʛʝʥʪʦʚ, ʚʳʙʠʨʘʶʱʠʭ ʨʝʰʝʥʠʝ 

çʜʝʡʩʪʚʦʚʘʪʴè [11]. 

 

4.1. ʇʦʨʦʛʦʚʘʷ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʪʦʣʧʳ 

 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʪʦʣʧʳ ï ʤʥʦʞʝʩʪʚʦ N = {1, 2, é, n} ʘʛʝʥ-

ʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʳʙʠʨʘʝʪ ʦʜʥʦ ʠʟ ʜʚʫʭ ʨʝʰʝʥʠʡ ï ç1è 

(ʜʝʡʩʪʚʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʙʝʩʧʦʨʷʜʢʘʭ) ʠʣʠ ç0è 

(ʙʝʟʜʝʡʩʪʚʦʚʘʪʴ). ɸʛʝʥʪ i  N ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤ: 

ï ʚʣʠʷʥʠʝʤ ʥʘ ʜʨʫʛʦʛʦ ʘʛʝʥʪʘ tji Ó 0 ï ʪʝʤ çʚʝʩʦʤè, ʩ ʢʦʪʦʨʳʤ ʢ 

ʝʛʦ ʤʥʝʥʠʶ ʧʨʠʩʣʫʰʠʚʘʝʪʩʷ ʠʣʠ ʝʛʦ ʜʝʡʩʪʚʠʷ ʫʯʠʪʳʚʘʝʪ ʜʨʫʛʦʡ 

ʘʛʝʥʪ j; ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ j ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ 

ʥʦʨʤʠʨʦʚʢʠji

i j

t  = 1, tii = 0;  

ï ʨʝʰʝʥʠʝʤ xi  {0; 1};  

ï ʧʦʨʦʛʦʤ i  [0; 1], ʦʧʨʝʜʝʣʷʶʱʠʤ, ʙʫʜʝʪ ʣʠ ʘʛʝʥʪ ʜʝʡʩʪʚʦ-

ʚʘʪʴ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʙʩʪʘʥʦʚʢʝ (ʧʨʠ ʚʝʢʪʦʨʝ xïi ʨʝʰʝʥʠʡ ʚʩʝʭ ʦʩ-

ʪʘʣʴʥʳʭ ʘʛʝʥʪʦʚ). ʌʦʨʤʘʣʴʥʦ, ʜʝʡʩʪʚʠʝ xi i-ʛʦ ʘʛʝʥʪʘ ʦʧʨʝʜʝʣʠʤ ʢʘʢ 

ʥʘʠʣʫʯʰʠʡ ʦʪʚʝʪ (best response ï BR) ʥʘ ʩʣʦʞʠʚʰʫʶʩʷ ʦʙʩʪʘʥʦʚʢʫ: 

(1) xi = BRi(xïi) = 

1,ʝʩʣʠ ,

0,ʝʩʣʠ .

ij j i

j i

ij j i

j i

t x

t x
 

ʇʦʚʝʜʝʥʠʝ, ʦʧʠʩʳʚʘʝʤʦʝ ʚʳʨʘʞʝʥʠʝʤ (1), ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʦʛʦ-

ʚʳʤ. ʈʘʚʥʦʚʝʩʠʝʤ ʅʵʰʘ ʙʫʜʝʪ ʚʝʢʪʦʨ xN ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʦʚ ʪʘʢʦʡ, ʯʪʦ 

xN = BR(xN) [29, 110]. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʘʙʦʪʦʡ [9] ʩʣʝʜʫʶʱʫʶ ʤʦʜʝʣʴ ʜʠ-

ʥʘʤʠʢʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ: ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʩʝ 

ʘʛʝʥʪʳ ʙʝʟʜʝʡʩʪʚʫʶʪ, ʜʘʣʝʝ ʚ ʢʘʞʜʳʡ ʠʟ ʧʦʩʣʝʜʫʶʱʠʭ ʤʦʤʝʥʪʦʚ 

ʚʨʝʤʝʥʠ ʘʛʝʥʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʜʝʡʩʪʚʫʶʪ ʚ ʩʦʦʪʚʝʪʩʪ-

ʚʠʠ ʩ ʧʨʦʮʝʜʫʨʦʡ (1). ʆʙʦʟʥʘʯʠʤ 

(2) Q0 = { i  N | i = 0}, 

Qk = Qkï1 { i  N | 

1,k

ij

j Q j i

t   i},  k = 1, 2, é, n ï 1. 

ʆʯʝʚʠʜʥʦ Q0  Q1  é  Qnï1  Qn = N. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 

T = { tij} ʤʘʪʨʠʮʫ ʚʣʠʷʥʠʡ ʘʛʝʥʪʦʚ, ʯʝʨʝʟ  = ( 1, 2, é , n) ï ʚʝʢʪʦʨ 

ʠʭ ʧʦʨʦʛʦʚ. ɺʳʯʠʩʣʠʤ ʩʣʝʜʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ: 
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(3) q(ʊ, ) = min { k = 0, 1n  | Qk+1 = Qk}.  

ʈʘʚʥʦʚʝʩʠʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ x
*
 (ʈʂʇ) ʦʧʨʝʜʝʣʠʤ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

(4) 
( , )*

( , )

1,  ʝʩʣʠ ,
( , )

0,  ʝʩʣʠ \ , .

q T

i

q T

i Q
x T

i N Q i N
 

ʋʪʚʝʨʞʜʝʥʠʝ 4.1. ɼʣʷ ʣʶʙʳʭ ʤʘʪʨʠʮ ʚʣʠʷʥʠʷ T ʠ ʧʦʨʦʛʦʚ ʘʛʝʥ-

ʪʦʚ  ʈʂʇ (4) ʩʫʱʝʩʪʚʫʝʪ, ʝʜʠʥʩʪʚʝʥʥʦ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʘʚʥʦ-

ʚʝʩʠʡ ʅʵʰʘ ʜʣʷ ʠʛʨʳ ʩ ʥʘʠʣʫʯʰʠʤ ʦʪʚʝʪʦʤ (1). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ 4.1. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʝʨʝʪʩʷ 

ʤʠʥʠʤʫʤ ʚ ʚʳʨʘʞʝʥʠʠ (3), ʥʝ ʧʫʩʪʦ. ʇʨʝʜʧʦʣʦʞʠʤ ʧʨʦʪʠʚʥʦʝ, ʪ. ʝ. 

ʯʪʦ ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʧʫʩʪʦ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʤʥʦʞʝʩʪʚ Q0  Q1  é  Qnï1  Qn ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʦʚʧʘʜʘʶʱʠʭ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʞʜʦʝ ʧʦʩʣʝʜʫʶʱʝʝ ʤʥʦʞʝʩʪʚʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʨʝʜʳʜʫʱʝʛʦ, ʢʘʢ ʤʠʥʠʤʫʤ, ʥʘ ʦʜʠʥ ʵʣʝʤʝʥʪ. ʅʦ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ ʠʤʝʶʪʩʷ n + 1 ʤʥʦʞʝʩʪʚ, ʘ ʵʣʝʤʝʥʪʦʚ n. ʇʨʠʰʣʠ ʢ ʧʨʦʪʠʚʦʨʝ-

ʯʠʶ. 

ɽʜʠʥʩʪʚʝʥʥʦʩʪʴ ʩʣʝʜʫʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʈʂʇ (4) ʠ ʝʜʠʥʩʪʚʝʥ-

ʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ (3). 

ʇʫʩʪʴ 
* ( ,ɗ)x T  ï ʈʂʇ. ɿʥʘʯʠʪ ʚʩʝ ʘʛʝʥʪʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʤʥʦ-

ʞʝʩʪʚʫ 
( , )q TQ , ʜʝʡʩʪʚʫʶʪ. ʅʦ, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʷʤ (1) ʠ (2) ʵʪʦʪ 

ʚʳʙʦʨ ʩʦʚʧʘʜʘʝʪ ʩ ʠʭ ʥʘʠʣʫʯʰʠʤʠ ʦʪʚʝʪʘʤʠ. ɺʩʝ ʘʛʝʥʪʳ, ʧʨʠʥʘʜʣʝ-

ʞʘʱʠʝ ʤʥʦʞʝʩʪʚʫ 
( , )\ q TN Q , ʙʝʟʜʝʡʩʪʚʫʶʪ. ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ (2) 

ʠ (3) ʜʣʷ ʵʪʠʭ ʘʛʝʥʪʦʚ 
( , )q T

ij i

j Q

t , 
( , )\ q Ti N Q . ʉʦʛʣʘʩʥʦ ʚʳʨʘʞʝ-

ʥʠʶ (1) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʠʣʫʯʰʠʤ ʦʪʚʝʪʦʤ ʷʚʣʷʝʪʩʷ ʙʝʟʜʝʡʩʪʚʠʝ. 

ɿʥʘʯʠʪ xi = BRi(x-i) ʜʣʷ ʚʩʝʭ i, ʠ 
* ( ,ɗ)x T  ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝʤ ʅʵʰʘ. 

ʋʪʚʝʨʞʜʝʥʠʝ 4.1 ʜʦʢʘʟʘʥʦ. Å (ʩʠʤʚʦʣ çÅè ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʦʙʦʟʥʘʯʘʝʪ 

ʦʢʦʥʯʘʥʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʧʨʠʤʝʨʘ ʠ ʪ.ʧ.). 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʈʂʇ ʢʦʥʩʪʨʫʢʪʠʚʥʦ (ʩʤ. ʚʳʨʘʞʝ-

ʥʠʷ (2) ï (4)) ï ʩʣʦʞʥʦʩʪʴ ʝʛʦ ʚʳʯʠʩʣʝʥʠʷ ʥʝʚʝʣʠʢʘ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ, ʝʩʣʠ ʦʪʩʫʪʩʪʚʫʶʪ ʘʛʝʥʪʳ ʩ ʥʫʣʝʚʳʤʠ ʧʦʨʦʛʘʤʠ, ʪʦ 

ʙʝʟʜʝʡʩʪʚʠʝ ʚʩʝʭ ʘʛʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʈʂʇ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʪʦʪ ʬʘʢʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘ-
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ʥʠʝ ʥʘ çʟʘʯʠʥʱʠʢʦʚè ï ʘʛʝʥʪʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʝ çʜʝʡʩʪʚʦ-

ʚʘʪʴè ʜʘʞʝ ʢʦʛʜʘ ʦʩʪʘʣʴʥʳʝ ʙʝʟʜʝʡʩʪʚʫʶʪ. 

ʄʦʜʝʣʴ ʩ ʨʝʧʫʪʘʮʠʝʡ. ʆʙʦʟʥʘʯʠʤ ʩʨʝʜʥʝʝ ʚʣʠʷʥʠʝ ʘʛʝʥʪʘ j  N 

ʥʘ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʘʛʝʥʪʦʚ ʯʝʨʝʟ 
1

1
j ij

i j

r t
n

. ʅʘʟʦʚʝʤ r j ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʡ ʨʝʧʫʪʘʮʠʝʡ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʪʝʤ çʚʝʩʦʤè, ʩ ʢʦʪʦʨʳʤ ʢ ʝʛʦ 

ʤʥʝʥʠʶ ʧʨʠʩʣʫʰʠʚʘʶʪʩʷ ʠʣʠ ʝʛʦ ʜʝʡʩʪʚʠʷ ʫʯʠʪʳʚʘʶʪ ʦʩʪʘʣʴʥʳʝ 

ʘʛʝʥʪʳ. ɺʣʠʷʥʠʝ ʚ ʤʦʜʝʣʠ ʩ ʨʝʧʫʪʘʮʠʝʡ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʚʝʢʪʦʨʦʤ r = { r i} i  N.  

ɼʝʡʩʪʚʠʝ xi i-ʛʦ ʘʛʝʥʪʘ ʚ ʤʦʜʝʣʠ ʩ ʨʝʧʫʪʘʮʠʝʡ ʦʧʨʝʜʝʣʠʤ ʢʘʢ 

ʥʘʠʣʫʯʰʠʡ ʦʪʚʝʪ ʥʘ ʩʣʦʞʠʚʰʫʶʩʷ ʦʙʩʪʘʥʦʚʢʫ: 

xi = BRi(xïi) = 

1,ʝʩʣʠ ,

0,ʝʩʣʠ .

j j i

j i

j j i

j i

r x

r x
 

ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʤʦʜʝʣʠ ʩ ʨʝʧʫʪʘʮʠʝʡ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʘʥʦ-

ʥʠʤʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʨʝʧʫʪʘʮʠʠ ʚʩʝʭ ʘʛʝʥʪʦʚ ʦʜʠʥʘʢʦʚʳ ʠ ʨʘʚʥʳ 

1

1
ir

n
. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʦʛʦʚ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʮʝʣʳʝ 

ʯʠʩʣʘ m1, m2, é, mn, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʚʝʢʪʦʨ ʧʦʨʦʛʦʚ m. ʋʧʦʨʷʜʦ-

ʯʠʤ ʘʛʝʥʪʦʚ ʚ ʧʦʨʷʜʢʝ ʥʝʫʙʳʚʘʥʠʷ ʧʦʨʦʛʦʚ: m1  m2  é  mn ʠ, 

ʩʯʠʪʘʷ m0 = 0, mn+1 > n, ʦʧʨʝʜʝʣʠʤ ʯʠʩʣʦ p(m)  {0, é, n}:  

p(m) = min { k  N  {0}  | mk  k, mk+1 > k}.  

ʊʦʛʜʘ ʈʂʇ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ: 
*

ix  = 1, i = 1, ( )p m ; 
*

ix

 = 0, i = ( ) 1,p m n, ʪ. ʝ. ʜʝʡʩʪʚʦʚʘʪʴ ʙʫʜʫʪ ʧʝʨʚʳʝ p(m) ʘʛʝʥʪʦʚ (ʚ 

ʩʣʫʯʘʝ p(m) = 0 ʩʯʠʪʘʝʤ, ʯʪʦ ʚʩʝ ʘʛʝʥʪʳ ʙʝʟʜʝʡʩʪʚʫʶʪ).  

ɺ ʨʘʙʦʪʝ [9] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʚʥʦʚʝʩʠʝ ʅʵʰʘ ʚ ʘʥʦʥʠʤʥʦʡ ʤʦʜʝ-

ʣʠ ʤʦʞʥʦ ʥʘʡʪʠ, ʨʝʰʘʷ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

(5) F(p) = p, 

ʛʜʝ : iF p i N m p  ï ʯʠʩʣʦ ʘʛʝʥʪʦʚ ʩ ʧʦʨʦʛʘʤʠ, ʤʝʥʴʰʠʤʠ p. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʈʂʇ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ (5). 

ʀʪʘʢ, ʟʥʘʷ ʧʦʨʦʛʠ ʠ ʨʝʧʫʪʘʮʠʠ ʘʛʝʥʪʦʚ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʈʂʇ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ï ʝʩʣʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʷʪʴ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʠ/ʠʣʠ ʧʦʨʦʛʠ ʘʛʝʥʪʦʚ, ʪʦ ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ 

ʜʝʣʘʪʴ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʫʝʤʦʛʦ ʈʂʇ, ʧʨʠʯʝʤ ʠʩʭʦʜʷ 
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ʠʟ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ, ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʮʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ʘʛʝʥʪʦʚ, ʚʳʙʠ-

ʨʘʶʱʠʭ ʨʝʰʝʥʠʝ çʜʝʡʩʪʚʦʚʘʪʴè.  

ɸʛʨʝʛʠʨʦʚʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʦʩʪʦʷʥʠʷ ʪʦʣʧʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʯʠʩʣʦ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ: K(T, ) = |Qq(T, )|. 

ɺ ʤʦʜʝʣʠ ʩ ʨʝʧʫʪʘʮʠʝʡ ʚʤʝʩʪʦ ʤʘʪʨʠʮʳ T ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚʝʢʪʦʨ 

r. ɺ ʘʥʦʥʠʤʥʦʤ ʩʣʫʯʘʝ K(m) = p(m). 

ʆʙʦʟʥʘʯʠʤ ʚʝʢʪʦʨʳ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮ ʚʣʠʷʥʠʷ ʠ ʧʦ-

ʨʦʛʦʚ ʘʛʝʥʪʦʚ T
0
 ʠ 

0
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʫʩʪʴ ʟʘʜʘʥʳ ʤʥʦʞʝʩʪʚʘ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʚʣʠʷʥʠʡ ʠ ʧʦʨʦʛʦʚ ʘʛʝʥʪʦʚ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʊ 

ʠ , ʘ ʪʘʢʞʝ ʟʘʜʘʥʳ ʚʳʠʛʨʳʰ H(K) ʫʧʨʘʚʣʷʶʱʝʛʦ ʦʨʛʘʥʘ ï ʮʝʥʪʨʘ ï 

ʦʪ ʜʦʩʪʠʛʥʫʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʦʣʧʳ K ʠ ʝʛʦ ʟʘʪʨʘʪʳ C(T, , T
0
, 

0
) ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʨʝʧʫʪʘʮʠʡ ʠ ʧʦʨʦʛʦʚ ʘʛʝʥʪʦʚ. 

ʂʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ 

ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʮʝʥʪʨʘ, ʨʘʚʥʦʡ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʚʳʠʛʨʳʰʝʤ H() ʠ 

ʟʘʪʨʘʪʘʤʠ ʉ(). ʊʦʛʜʘ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʪ ʚʠʜ: 

(6) H(K(T, )) ï C(T, , T
0
, 

0
)  

,
max

T
. 

ɼʣʷ ʘʥʦʥʠʤʥʦʛʦ ʩʣʫʯʘʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ (6) ʧʨʠʤʝʪ ʩʣʝʜʫʶ-

ʱʠʡ ʚʠʜ: 

(7) H(p(m)) ï C(m, m
0
)  max

m M
, 

ʛʜʝ M ï ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʦʚ ʧʦʨʦʛʦʚ ʚ ʘʥʦ-

ʥʠʤʥʦʤ ʩʣʫʯʘʝ, ʘ m ʠ m
0
 ï ʢʦʥʝʯʥʳʡ ʠ ʥʘʯʘʣʴʥʳʡ ʚʝʢʪʦʨʳ ʧʦʨʦʛʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʦʙʱʝʡ ʟʘʜʘʯʠ (6), ʘ 

ʠʤʝʥʥʦ ï ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʦʛʘʤʠ ʜʣʷ ʘʥʦʥʠʤʥʦʛʦ ʩʣʫʯʘʷ ʠ 

ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʨʝʧʫʪʘʮʠʝʡ ʜʣʷ ʥʝʘʥʦʥʠʤʥʦʛʦ ʩʣʫʯʘʷ. 

 

4.2. ʋʧʨʘʚʣʝʥʠʝ ʧʦʨʦʛʘʤʠ 

 

ʇʫʩʪʴ ʟʘʜʘʯʘ ʮʝʥʪʨʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʯʠʩʣʦ 

ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ ʨʘʚʥʳʤ ʟʘʜʘʥʥʦʤʫ ʯʠʩʣʫ K
* 

 0, ʪ. ʝ. ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʛʦ ʈʂʇ ʩ ʯʠʩʣʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ K
*
, ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʛʦ ʩʪʘʨʦʝ ʈʂʇ ʩ ʯʠʩʣʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ p(m). 

ʉʦʜʝʨʞʘʪʝʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʮʝʥʪʨʘ ʫʤʝʥʴʰʠʪʴ 

ʯʠʩʣʦ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʈʂʇ ʘʛʝʥʪʦʚ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʮʝʥʪʨ, ʫʧʨʘʚ-

ʣʷʷ ʟʥʘʯʝʥʠʷʤʠ ʧʦʨʦʛʦʚ, ʜʦʣʞʝʥ ʧʝʨʝʚʝʩʪʠ ʧʦʣʦʞʝʥʠʝ ʈʂʇ ʚ ʪʦʯʢʫ, 
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ʩ ʯʠʩʣʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ K
*
. ɺ ʘʥʦʥʠʤʥʦʤ ʩʣʫʯʘʝ ʨʝʧʫʪʘʮʠʠ 

ʘʛʝʥʪʦʚ ʦʜʠʥʘʢʦʚʳ, ʠ ʟʘʜʘʯʘ (7) ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

(8) C(m, m
0
)  

*{ | ( ) }
min

m p K
. 

ʇʫʩʪʴ g ï ʥʝʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ ʦʪ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʘʨʛʫʤʝʥ-

ʪʘ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʤʦʜʫʣʶ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤ ʠ ʢʦʥʝʯʥʳʤ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦʨʦʛʘ ʫʧʨʘʚʣʷʝʤʦʛʦ ʘʛʝʥʪʘ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʟʘʪʨʘʪʳ 

ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʧʦʨʦʛʦʤ ʦʜʥʦʛʦ ʘʛʝʥʪʘ 

(9) 0 0,i i i i ic m m g m m . 

ʇʦ ʩʤʳʩʣʫ ʟʘʪʨʘʪ g(0) = 0. ʇʦʣʥʳʝ ʟʘʪʨʘʪʳ ʨʘʚʥʳ ʩʫʤʤʝ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʳʭ ʟʘʪʨʘʪ: 

(10) 0 0 0

1 1

, ,
n n

i i i i i

i i

C m m c m m g m m . 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʦʛʘʤʠ ʧʨʝʜʧʦʣʦʞʠʤ 

ʩʥʘʯʘʣʘ, ʯʪʦ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚ F( ) ï ʥʝʫʙʳʚʘʶʱʘʷ, 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʠʩʝʣ, ʥʝʧʨʝʨʳʚʥʘʷ 

ʩʣʝʚʘ ʠ ʠʤʝʶʱʘʷ ʧʨʝʜʝʣ ʩʧʨʘʚʘ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ. ʈʘʚʥʦʚʝʩʠʝʤ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (5), ʷʚʣʷʝʪʩʷ ʣʝʚʘʷ ʪʦʯʢʘ 

ʧʝʨʝʩʝʯʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚ ʩ ʙʠʩʩʝʢʪʨʠʩʦʡ ʧʝʨʚʦ-

ʛʦ ʢʚʘʜʨʘʥʪʘ. ʕʪʘ ʯʘʩʪʴ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʘ 

ʥʘ ʈʠʩ. 8; ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚ G(), ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʫʧʨʘʚʣʝʥʠʷ, ʠʟʦʙʨʘʞʝʥʘ ʞʠʨʥʦʡ ʣʠʥʠʝʡ.  
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ʈʠʩ. 8. ɺʠʜ ʥʘʯʘʣʴʥʦʡ (F) ʠ ʠʟʤʝʥʝʥʥʦʡ (G) 

ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚ 

 

ʊʘʢ ʢʘʢ p(m) ï ʤʠʥʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (5) (ʪʦʯʢʘ (4, 4) 

ʥʘ ʈʠʩ. 8), ʪʦ 

(11)  K < p(m)  F(K) > K. 

ɺʦʟʤʦʞʥʳ ʜʚʘ ʩʣʫʯʘʷ: F(0+) Ò K
*
 ʠ F(0+) > K

*
 (ʥʘʧʨʠʤʝʨ, K

*
 = 3 

ʠ K
*
 = 1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɽʩʣʠ F(0+) Ò K
*
, ʪʦ, ʨʝʰʠʚ ʫʨʘʚʥʝʥʠʝ F(K1) = 

 
K

*
, ʤʦʞʥʦ ʥʘʡʪʠ 

ʪʘʢʫʶ ʪʦʯʢʫ K1 = F
-1
(K

*
). 

ɺ ʩʠʣʫ ʚʳʨʘʞʝʥʠʷ (11) K
*
 = F(K1) > K1 = F

-1
(K

*
). ʇʨʦʮʝʩʩ ʫʧʨʘʚ-

ʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʮʝʥʪʨ ʠʟʤʝʥʷʝʪ ʚʩʝ ʧʦʨʦʛʠ, ʥʘʭʦʜʷ-

ʱʠʝʩʷ ʚʥʫʪʨʠ ʠʥʪʝʨʚʘʣʘ [F
ï1

(K
*
), K

*
), ʜʝʣʘʷ ʠʭ ʨʘʚʥʳʤʠ K

*
. ʅʦʚʘʷ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ G() ʙʫʜʝʪ ʨʘʚʥʘ K
*
 ʥʘ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ [F

-

1
(K

*
), K

*
]. ɿʥʘʯʠʪ G(K

*
) = K

*
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʦ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʈʂʇ ʩ ʯʠʩʣʦʤ ʜʝʡʩʪ-

ʚʫʶʱʠʭ ʘʛʝʥʪʦʚ K
*
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʮʝʣʷʤ ʮʝʥʪʨʘ. ʅʦʚʘʷ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ G() ʩʦʚʧʘʜʘʝʪ ʥʘ ʈʠʩ. 8 ʩʦ ʩʪʘʨʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ F() ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʚʥʝ ʠʥʪʝʨʚʘʣʘ [F
-1
(K

*
), K

*
). 

ɼʣʷ ʦʮʝʥʢʠ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʨʦʛʦʚ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʤʘʣʦ-

ʛʦ ʠʥʪʝʨʚʘʣʘ (t1, t2], ʦʢʨʫʞʘʶʱʝʛʦ ʪʦʯʢʫ t, ʚ ʪʦʯʢʫ K
*
 ʙʫʜʝʤ ʩʯʠʪʘʪʴ, 



45 

ʯʪʦ ʬʫʥʢʮʠʷ F ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʥʘ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ. 

ʇʦʩʢʦʣʴʢʫ ʯʠʩʣʦ ʘʛʝʥʪʦʚ ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʨʘʚʥʦ F(t2) ï F(t1), ʪʦ 

ʠʩʢʦʤʳʝ ʟʘʪʨʘʪʳ ʙʫʜʫʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳ 
*

2 1g K t F t F t . 

ʃʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʪʦʛʜʘ ʟʘʪʨʘʪʳ ʮʝʥʪʨʘ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʚ ʩʣʫ-

ʯʘʝ F(0) Ò K
*
 ʙʫʜʫʪ ʨʘʚʥʳ ʚʝʣʠʯʠʥʝ 

*

1 *

*

K

F K

g K t dF t . 

ɽʩʣʠ F(0+) > K
*
, ʪʦ ʫ [F(0+) ï K

*
] ʘʛʝʥʪʦʚ ʩ ʥʫʣʝʚʳʤʠ ʧʦʨʦʛʘʤʠ 

ʮʝʥʪʨ ʠʟʤʝʥʷʝʪ ʧʦʨʦʛʠ, ʜʝʣʘʷ ʠʭ ʨʘʚʥʳʤʠ K
*
. ɿʘʪʨʘʪʳ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʧʦʨʦʛʘ ʦʜʥʦʛʦ ʘʛʝʥʪʘ ʦʪ ʥʫʣʷ ʜʦ K
*
 ʙʫʜʫʪ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (9), 

ʨʘʚʥʳ g(K
*
). ɿʘʪʨʘʪʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʨʦʛʦʚ [F(0+) ï K

*
] ʘʛʝʥʪʦʚ ʩ 

ʥʫʣʝʚʳʤʠ ʧʦʨʦʛʘʤʠ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

g(K
*
)(F(0+) ï K

*
)
+
, ʛʜʝ ( )

+
 ʦʟʥʘʯʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ 

ʚ ʩʢʦʙʢʘʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʳʝ ʟʘʪʨʘʪʳ (10) ʮʝʥʪʨʘ 

(12) 

*

1 *

* * * *0
K

F K

ʩ K g K F K g K t dF t. 

ʋʪʚʝʨʞʜʝʥʠʝ 4.2. ɿʘʪʨʘʪʳ (12) ʤʠʥʠʤʘʣʴʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʮʝʥʪʨʦʤ ʈʂʇ ʩ ʯʠʩʣʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ K
*
.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ 4.2. ɺ ʩʠʣʫ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ 

F(), ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʝʣʠʯʠʥʳ F(K
*
), ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ 

(11) ʙʦʣʴʰʝ K
*
, ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʧʦʨʦʛʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʣʝʚʝʝ 

ʪʦʯʢʠ K
*
, ʥʘ ʪʘʢʫʶ ʚʝʣʠʯʠʥʫ, ʯʪʦʙʳ ʠʭ ʟʥʘʯʝʥʠʷ ʩʪʘʣʠ ʥʝ ʤʝʥʴʰʝ 

ʟʥʘʯʝʥʠʷ K
*
. 

ʇʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʷ ʟʘʪʨʘʪ g ʥʝʫʙʳʚʘʶʱʘʷ, ʪʦ ʠʟʤʝʥʝʥʠʝ ʟʥʘ-

ʯʝʥʠʡ ʧʦʨʦʛʦʚ, ʧʨʝʚʳʰʘʶʱʠʭ ʚʝʣʠʯʠʥʫ K
*
, ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʳʪʦʯʥʳʤ 

(ʥʝʦʧʨʘʚʜʘʥʥʳʤ) ʟʘʪʨʘʪʘʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʝʦʙ-

ʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʥʷʝʤʳʭ ʧʦʨʦʛʦʚ ʨʘʚʥʷʣʘʩʴ K
*
. 

ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ 

* * *

1

11

, ; , 1, ;
q q

i i q i i i i

ii

A a b b K a b i q F b F a F K K . 

ʋʧʨʘʚʣʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʤʝʱʝʥʠʠ ʚʩʝʭ ʧʦʨʦʛʦʚ, ʚʭʦʜʷ-

ʱʠʭ ʚ ʫʢʘʟʘʥʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʚ ʪʦʯʢʫ K
*
. ʆʯʝʚʠʜʥʦ, ʯʪʦ [F

ï

1
(K

*
), K

*
) . 
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ɿʘʪʨʘʪʳ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʥʦʞʝʩʪʚʝ A  

* *

1

i

i

bq

iA a

g K t dF t g K t dF t . 

ʉʨʘʚʥʠʤ ʧʦʣʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʨʦʛʦʚ ʠʟ ʠʥ-

ʪʝʨʚʘʣʘ [F
-1
(K

*
), K

*
) ʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ A . ʂʘʞʜʳʝ ʠʟ 

ʵʪʠʭ ʟʘʪʨʘʪ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʜʚʘ ʩʣʘʛʘʝʤʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

(13) 
1 * * 1 * * 1 * *

* * *

, , , \F K K A F K K F K K A

g K t dF t g K t dF t g K t dF t , 

(14) 

1 * * 1 * *

* * *

, \ ,A A F K K A F K K

g K t dF t g K t dF t g K t dF t . 

ʇʝʨʚʳʝ ʩʣʘʛʘʝʤʳʝ ʨʘʚʝʥʩʪʚ (13) ʠ (14) ʩʦʚʧʘʜʘʶʪ. 

ɽʩʣʠ ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʜʣʷ  ʤʥʦʞʝʩʪʚʘ A ʠ [F
-1
(K

*
), K

*
) ʤʦʛʫʪ ʨʘʟ-

ʣʠʯʘʪʴʩʷ, ʪʦ ʪʦʣʴʢʦ ʥʘ ʤʥʦʞʝʩʪʚʘʭ A\[F
-1
(K

*
), K

*
) ʠ [F

-1
(K

*
), K

*
)\A. ɺ 

ʩʠʣʫ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʞʝʩʪʚʘ , ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ: 

1 * * 1 * *\ , , \

i i i i

A F K K F K K A

F b F a F b F a . 

ɿʘʪʨʘʪʳ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʨʦʛʦʚ ʠʟ ʤʥʦʞʝʩʪʚ A\[F
ï1

(K
*
), K

*
) ʠ 

[F
ï1

(K
*
), K

*
)\A ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʥʠʟʫ ʠ ʩʚʝʨʭʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

(15) 
1 * *

1 * *1 * *

* *

\ ,
\ ,\ ,

min i i
t A F K K

A F K KA F K K

g K t dF t g K t F b F a
, 

(16) 
1 * *

1 * *1 * *

* *

, \
, \, \

max i i
t F K K A

F K K AF K K A

g K t dF t g K t F b F a
. 

ɺ ʩʠʣʫ ʤʦʥʦʪʦʥʥʦʩʪʠ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ 

ʥʝʨʘʚʝʥʩʪʚʦ: 

(17) 
1 * *1 * *

* *

\ ,, \

max min
t A F K Kt F K K A

g K t g K t . 

ʀʟ ʥʝʨʘʚʝʥʩʪʚ (15)-(17) ʩʣʝʜʫʝʪ, ʯʪʦ 

(18) 
1 * * 1 * *

* *

, \ \ ,F K K A A F K K

g K t dF t g K t dF t . 

ʀʟ ʚʳʨʘʞʝʥʠʡ (13), (14) ʠ (18) ʩʣʝʜʫʝʪ, ʯʪʦ 

1 * *

* *

, AF K K

g K t dF t g K t dF t . Å 

ʉʣʝʜʩʪʚʠʝ 4.1. ɺ ʦʧʪʠʤʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ 

ʧʦʨʦʛʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʠʥʪʝʨʚʘʣʫ [F
ï1

(K
*
), K

*
), ʝʩʣʠ K

*
 ʥʘʭʦʜʠʪʩʷ ʚ 
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ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ F
ï1

(). ɽʩʣʠ K
*
 ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʦʙʣʘʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ F
ï1

(), ʪʦ ʠʟʤʝʥʷʶʪʩʷ ʧʦʨʦʛʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ 

ʠʥʪʝʨʚʘʣʫ [0, K
*
). 

ʉʣʝʜʩʪʚʠʝ 4.2. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʦʛʘʤʠ ʥʝ ʟʘʚʠʩʠʪ 

ʚ ʷʚʥʦʤ ʚʠʜʝ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʈʂʇ.  

ʉʣʝʜʩʪʚʠʝ 4.3. ʇʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʈʂʇ ʥʝ ʫʩʪʦʡʯʠʚʦ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʘʣʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʨʦʛʦʚ ʚʣʝʚʦ ʦʪ ʪʦʯʢʠ K
*
 

çʫʚʦʜʠʪè ʩʠʩʪʝʤʫ ʚ ʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ (ʚ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝ-

ʥʠʷ ʩ ʙʠʩʩʝʢʪʨʠʩʦʡ (ʥʘʧʨʠʤʝʨ, ʥʘ ʈʠʩ. 8 - ʚ ʪʦʯʢʫ (4, 4)). ɼʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʫʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʧʦʨʦʛʠ ʧʨʘʚʝʝ ʦʪ ʪʦʯʢʠ K
*
. 

ʉʣʝʜʩʪʚʠʝ 4.4. ʈʝʟʫʣʴʪʘʪ ʫʪʚʝʨʞʜʝʥʠʷ 4.2 ʦʩʪʘʥʝʪʩʷ ʚ ʩʠʣʝ ʠ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʘʪʨʘʪʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʨʦʛʘ ʘʛʝʥʪʘ ʨʘʚʥʳ 
0 0/ ( )i i ig m m L m , ʛʜʝ L( ) ï ʣʶʙʘʷ ʠʟʤʝʨʠʤʘʷ ʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʶ-

ʱʘʷ ʬʫʥʢʮʠʷ ʦʪ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʧʦʨʦʛʘ. 

ʀʤʝʷ ʨʝʰʝʥʠʝ (12) ʟʘʜʘʯʠ (8) (ʜʘʣʝʝ ʚ ʇʨʠʤʝʨʘʭ 4.1 ʠ 4.2 ʜʣʷ 

ʨʷʜʘ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʧʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ), ʤʦʞʥʦ 

ʚʝʨʥʫʪʴʩʷ ʢ ʟʘʜʘʯʝ (7), ʢʦʪʦʨʘʷ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ 

ʩʢʘʣʷʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ: H(K
*
) ï c(K

*
)  

*
max

K
. 

ʇʨʠʤʝʨ 4.1. ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʨʦʛʠ 

ɗ /i im n. ʇʫʩʪʴ ʠʭ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇʘʨʝʪʦ ʩ ʧʦʢʘʟʘʪʝʣʝʤ Ŭ 1: 

(19) 
1

x
F x , 1x , ɓ 0. 

ʊʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 1 / (1 )f x x . 

ʆʙʨʘʪʥʘʷ ʬʫʥʢʮʠʷ ʢ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʦʪ-

ʨʝʟʢʝ 1
1

x  ʠ ʠʤʝʝʪ ʚʠʜ 
1/1 1F x x . 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʈʂʇ ʟʘʧʠʰʝʪʩʷ ʢʘʢ: 

(20) 1 0x x . 

ʇʫʩʪʴ p ï ʤʠʥʠʤʘʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ (20). ɺ 

ʩʠʣʫ ʩʪʨʦʛʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (19) / (1 ).p   

ɺʚʝʜʝʤ ʬʫʥʢʮʠʶ ʟʘʪʨʘʪ g x x . 
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ʇʫʩʪʴ ʮʝʣʝʚʘʷ ʪʦʯʢʘ ʨʘʚʥʦʚʝʩʠʷ 
*k  = K

*
 / n. ʊʦʛʜʘ ʟʘʪʨʘʪʳ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʵʪʦʛʦ ʈʂʇ, 
* / (1 )p k , 

(21) 

* *

1 * 1 *

* * * * *

1 1/
* *

*

* *

1

1
.

1 1 1

k k

F k F k

C k g k t dF t k F k k t dt

k kk
k k

 

ʇʫʩʪʴ ʪʝʧʝʨʴ 
*0 / (1 )k . ʊʦʛʜʘ ʨʘʩʭʦʜʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʵʪʦʛʦ 

ʈʂʇ 

(22) 

*

* * * * * *

0
1 1

k

C k k k g k t dF t k k  

*1 1
* *

* *

0

.
1 1 1 1 1

kk k
t dt k k  

 

 

Ŭ = 2 

Ŭ = 1,5 

                  0,1               0,2                0,3               k
* 

Ŭ = 1,3 

ʉ(k
*
) 
 
 

0,010 
 

 
0,008 

 
 

0,006 
 
 

0,004 
 
 

0,002 
 
 

0 

Ŭ = 1,75 

 

 
 

ʈʠʩ. 9. ʉʝʤʝʡʩʪʚʦ ʬʫʥʢʮʠʡ ʟʘʪʨʘʪ c(k
*
) ʥʘ ʫʧʨʘʚʣʝʥʠʝ (ʇʨʠʤʝʨ 4.1) 

 

ʉʝʤʝʡʩʪʚʦ ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ (21) ʠ (22) ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ  = 1,3; 1,5; 1,75; 2 ʠ ɓ = 0,25 ʠʟʦʙʨʘʞʝʥʦ ʥʘ 
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ʈʠʩ. 9. ɺʠʜʥʦ, ʯʪʦ ʟʘʪʨʘʪʳ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʦʢʘʟʘʪʝʣʷ Ŭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʘʨʝʪʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʝʩʣʠ ʧʦʨʦʛʠ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ (ʧʦʢʘʟʘʪʝʣʴ  ʤʝʥʴʰʝ), ʪʦ ʮʝʣʝʚʦʝ ʈʂʇ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʄʘʢʩʠʤʫʤ ʟʘʪʨʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʭ ʪʦʯʢʘʭ, ʛʜʝ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ çʜʘʣʝʢʘè ʦʪ ʙʠʩʩʝʢʪʨʠʩʳ ʧʝʨʚʦʛʦ ʢʚʘʜʨʘʥʪʘ 

(ʩʤ. ʪʘʢʞʝ ʈʠʩ. 8). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʨʦʛʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʛʝʥʪʦʚ ʥʫʞʥʦ ʠʟʤʝʥʷʪʴ ʥʘ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʪʨʘʪʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

ɼʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ  ʠ  ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʥʫ-

ʣʝʚʦʛʦ ʈʂʇ ʨʘʚʥʳ ʥʫʣʶ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʦʩʪʘʪʦʯʥʦ ʩʜʚʠʥʫʪʴ ʥʫʣʝ-

ʚʳʝ ʧʦʨʦʛʠ ʥʘ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʘʣʦʝ ʈʂʇ. ʊʘʢ 

ʯʪʦ, ʝʩʣʠ ʧʝʨʝʜ ʮʝʥʪʨʦʤ ʩʪʦʠʪ ʟʘʜʘʯʘ ʨʝʘʣʠʟʦʚʘʪʴ ʥʦʚʫʶ ʪʦʯʢʫ ʈʂʇ, 

ʤʝʥʴʰʫʶ, ʯʝʤ p (ʈʂʇ ʙʝʟ ʫʧʨʘʚʣʝʥʠʷ), ʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠ-

ʝʤ ʙʫʜʝʪ ʠʟʤʝʥʠʪʴ ʥʫʣʝʚʳʝ ʧʦʨʦʛʠ ʥʘ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ, ʪ. ʝ., ʜʨʫʛʠ-

ʤʠ ʩʣʦʚʘʤʠ, ʠʟʙʘʚʠʪʴ ʪʦʣʧʫ ʦʪ ʟʘʯʠʥʱʠʢʦʚ. Å 

ɺ ʇʨʠʤʝʨʝ 4.1 ʬʫʥʢʮʠʷ ʟʘʪʨʘʪ g() ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʨʦʛʦʚ ʥʝ ʟʘ-

ʚʠʩʠʪ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʨʦʛʦʚ ʘʛʝʥʪʦʚ, ʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʨʘʟʤʝʨʦʤ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʛʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʚ 

ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ ʜʨʫʛʫʶ ʬʫʥʢʮʠʶ ʟʘʪʨʘʪ, ʢʦʪʦʨʘʷ ʷʚʥʳʤ ʦʙʨʘ-

ʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʘ. 

ʇʨʠʤʝʨ 4.2. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʇʨʠʤʝʨʘ 4.1 ʬʫʥʢ-

ʮʠʷ ʟʘʪʨʘʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʨʦʛʦʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

(23) 1 2 1 2 1,g x x x x x. 

ʇʫʩʪʴ ʮʝʣʝʚʘʷ ʪʦʯʢʘ ʈʂʇ ʨʘʚʥʘ 
*k . ʊʦʛʜʘ ʟʘʪʨʘʪʳ ʜʣʷ 

* / (1 )p k  ʙʫʜʫʪ ʨʘʚʥʳ: 
* *

1 * 1 *
Ŭɓ Ŭɓ

* * * * * Ŭ 1

Ŭɓ Ŭɓ Ŭɓ *

Ŭ 1 1/
Ŭ * *

*

*

*

Ŭ
,

1 ɓ

Ŭ 1 ɓ ɓɓ
.

1 ɓ 1 ɓ 1 Ŭ

k k

F k F k

C k g k k t dF t F k k tt dt
k

k kk
k

k

 

ʇʫʩʪʴ ʪʝʧʝʨʴ 
*0 ɓ/(1+ɓ)k . ʊʦʛʜʘ ʨʘʩʭʦʜʳ ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ 

ʙʫʜʫʪ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʝ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʥʫʣʝʚʳʝ 

ʧʦʨʦʛʠ ʥʘ ʚʝʣʠʯʠʥʫ k
*
, ʘ ʵʪʦ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (23), ʪʨʝʙʫʝʪ ʙʝʩʢʦ-

ʥʝʯʥʦ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʮʝʥʪʨ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 
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ʪʦʣʴʢʦ ʈʂʇ ʠʟ ʠʥʪʝʨʚʘʣʘ 
* (1 )p k . ʉʝʤʝʡʩʪʚʦ ʛʨʘʬʠʢʦʚ 

ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ Ŭ = 1,3; 1,5; 1,75; 

2 ʠ ɓ = 0,25 ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ. 10. Å 

 

 

ʉ(k
*
) 

 

 

 
0,03 

 

 

 
0,02 

 

 

 
0,01 

 

 

 
0 

 0,2         0,3         0,4          0,5         0,6          k
* 

 
ʈʠʩ. 10. ʉʝʤʝʡʩʪʚʦ ʬʫʥʢʮʠʡ ʟʘʪʨʘʪ c(k

*
) ʥʘ ʫʧʨʘʚʣʝʥʠʝ 

(ʇʨʠʤʝʨ 4.2) 

 

ɺ ʇʨʠʤʝʨʝ 4.2 ʬʫʥʢʮʠʷ ʟʘʪʨʘʪ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʦʙʣʘʜʘʝʪ ʣʝʛʢʦ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤ ʩʚʦʡʩʪʚʦʤ ʤʦʥʦʪʦʥʥʦʩʪʠ ï ʯʝʤ ʙʦʣʴʰʝ ʦʪʢʣʦʥʝ-

ʥʠʝ ʥʦʚʦʛʦ ʈʂʇ (ʨʝʘʣʠʟʫʝʤʦʛʦ ʮʝʥʪʨʦʤ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʨʦʛʘʤʠ ʘʛʝʥʪʦʚ) ʦʪ ʩʪʘʨʦʛʦ (ʚ ʦʪʩʫʪʩʪʚʠʠ ʫʧʨʘʚʣʝʥʠʷ), ʪʝʤ ʚʳʰʝ 

ʟʘʪʨʘʪʳ. 

 

4.3. ʋʧʨʘʚʣʝʥʠʝ ʨʝʧʫʪʘʮʠʝʡ 

 

ʇʫʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝ ʘʥʦʥʠʤʥʳʡ ʩʣʫʯʘʡ, ʧʦʨʦʛʠ ʘʛʝʥʪʦʚ ʬʠʢ-

ʩʠʨʦʚʘʥʳ, ʪ. ʝ. ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʨʝʧʫʪʘʮʠʝʡ. ʇʨʝʜʧʦ-

ʣʦʞʠʤ, ʯʪʦ ʟʘʜʘʯʘ ʮʝʥʪʨʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʯʠʩʣʦ 

ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ K
* 

 0. 

ʊʦʛʜʘ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʪ ʚʠʜ 
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C(r, , r
0
, )  

*
0(ɖ,ɗ )

{ɖ| | | }
min

q
r R Q K

. 

ɺ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʈʂʇ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʘʛʝʥʪʳ ʠʟ ʤʥʦʞʝʩʪʚʘ 

Qk, ʪ. ʝ. ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʥʝʨʘʚʝʥʩʪʚ: 

(24) 

0

\{ }

0

ɗ, ,

ɗ , \ .

k

k

j i k

j Q i

j i k

j Q

r i Q

r i N Q
 

ʌʠʢʩʠʨʫʝʤ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ P  N ʠ ʟʘʧʠʰʝʤ ʧʦ ʘʥʘʣʦʛʠʠ 

ʩ ʚʳʨʘʞʝʥʠʝʤ (24) ʫʩʣʦʚʠʷ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʥʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʨʝʧʫʪʘ-

ʮʠʡ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʘʛʝʥʪʳ ʠʟ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ: 

\{ }

ɗ , ,

ɗ , \ .

j i

j P i

j i

j P

r i P

r i N P
 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ c(P) ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʩʣʝʜʫʶ-

ʱʝʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ: 

(25) C(r, , r
0
, )  

: (24)
min
r

. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʟʘʜʘʯʝ (25) ʤʠʥʠʤʠʟʘʮʠʷ ʚʝʜʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ, 

ʦʧʠʩʳʚʘʝʤʦʤ n ʣʠʥʝʡʥʳʤʠ ʥʝʨʘʚʝʥʩʪʚʘʤʠ. ɽʩʣʠ ʠ ʟʘʪʨʘʪʳ ʣʠʥʝʡʥʳ 

(ʠʣʠ ʚʳʧʫʢʣʳ), ʪʦ ʵʪʦ ʟʘʜʘʯʘ ʣʠʥʝʡʥʦʛʦ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʧʫʢʣʦ-

ʛʦ) ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɿʥʘʯʝʥʠʝ c(P) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʫʧʨʘʚʣʝ-

ʥʠʝ ʨʝʧʫʪʘʮʠʝʡ ʘʛʝʥʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʝʡʩʪʚʫʶʪ ʘʛʝʥʪʳ ʠʟ ʤʥʦʞʝʩʪ-

ʚʘ P  N ʠ ʪʦʣʴʢʦ ʦʥʠ. ɽʩʣʠ ʟʘʜʘʯʘ ʮʝʥʪʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʯʠʩʣʦ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʨʘʚʥʦʝ ʟʘʜʘʥʥʦʤʫ ʯʠʩʣʫ 

K
* 

 0, ʪʦ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝ-

ʰʠʪʴ ʟʘʜʘʯʫ (25) ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ K
*
-ʵʣʝʤʝʥʪʥʳʭ ʤʥʦʞʝʩʪʚ P, ʘ ʟʘʪʝʤ 

ʚʳʙʨʘʪʴ ʪʦ ʤʥʦʞʝʩʪʚʦ P
*
, ʥʘ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʫʤ ʟʘʪʨʘʪ: 

P
*
 = arg 

*{ 2 : | | }
min

NP W W K
 c(P). 

 

4.4. ʈʝʬʣʝʢʩʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

 

ɺʳʰʝ ʨʘʩʩʤʦʪʨʝʥ  rʜʚʘ ʩʣʫʯʘʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʮʝʥʪʨʘ ï 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʨʦʛʠ ʘʛʝʥʪʦʚ ʠ ʥʘ ʠʭ ʨʝʧʫʪʘʮʠʠ. ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʬʣʝʢʩʠʚʥʦʛʦ  ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʮʝʥʪʨ ʚʦʟʜʝʡʩʪ-
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ʚʫʝʪ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʛʝʥʪʦʚ ʦ ʧʘʨʘʤʝʪʨʘʭ ʜʨʫʛ ʜʨʫʛʘ, ʥʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʠ ʪ. ʜ. [59, 60]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʤʝʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʙʝʨʝʤ ʧʦʨʦʛʠ ʘʛʝʥʪʦʚ. ʈʝʬʣʝʢʩʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʘʛʝʥʪʦʚ ʩʪʨʫʢʪʫʨ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʚʠʜʘ: 

ij - ʧʨʝʜʩʪʘʚʣʝʥʠʷ i-ʛʦ ʘʛʝʥʪʘ ʦ ʧʦʨʦʛʝ j-ʛʦ (ʩʪʨʫʢʪʫʨʘ ʠʥʬʦʨʤʠʨʦ-

ʚʘʥʥʦʩʪʠ ʚʪʦʨʦʛʦ ʨʘʥʛʘ ʠʣʠ ʛʣʫʙʠʥʳ ʜʚʘ); ijk ï ʧʨʝʜʩʪʘʚʣʝʥʠʷ i-ʛʦ 

ʘʛʝʥʪʘ ʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ j-ʛʦ ʘʛʝʥʪʘ ʦ ʧʦʨʦʛʝ k-ʛʦ ʘʛʝʥʪʘ (ʩʪʨʫʢʪʫʨʘ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ ʠʣʠ ʛʣʫʙʠʥʳ ʪʨʠ) ʠ ʪ. ʜ. ʆʙʣʘʜʘʷ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ, ʘʛʝʥʪʳ ʚʳʙʠʨʘʶʪ 

ʜʝʡʩʪʚʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʘʚʥʦʚʝʩʠʝʤ [73], ʚ ʢʦʪʦ-

ʨʦʤ ʢʘʞʜʳʡ ʘʛʝʥʪ ʚʳʙʠʨʘʝʪ ʩʚʦʠ ʜʝʡʩʪʚʠʷ ʢʘʢ ʥʘʠʣʫʯʰʠʡ ʦʪʚʝʪ ʥʘ 

ʪʝ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʚ ʨʘʤʢʘʭ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʦʣʞʥʳ ʚʳʙʨʘʪʴ 

ʦʧʧʦʥʝʥʪʳ. 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʳʜʫʱʠʭ ʧʦʜʨʘʟʜʝʣʦʚ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʪʨʝʙʫʝʤʦʤʫ ʈʂʇ, 

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʣʶʙʦʡ ʨʝʟʫʣʴʪʘʪ, ʜʦʩʪʠʞʠʤʳʡ ʧʫʪʝʤ 

ʨʝʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʛʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʧʦ ʘʥʘʣʦʛʠʠ ʨʝʘʣʠʟʦʚʘʥ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ (ʠʟʤʝʥʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʛʝʥʪʦʚ 

ʦ ʧʦʨʦʛʘʭ ʜʨʫʛ ʜʨʫʛʘ). ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʘʚ-

ʣʝʥʠʝ ʧʦʨʦʛʘʤʠ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʨʦʩʪʦ ʫʧʨʘʚʣʝʥʠʶ ʧʦʨʦʛʘʤʠ, ʙʫʜʫʯʠ 

ʧʨʠ ʵʪʦʤ, ʥʘʚʝʨʥʦʝ, ʙʦʣʝʝ ʤʷʛʢʠʤ, ʯʝʤ ʧʦʩʣʝʜʥʝʝ. 

ʆʜʥʘʢʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʟʘʜʘʯʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʝʜʝʥʠʝʤ ʪʦʣʧʳ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʘ ʧʨʦʙʣʝʤʘ. ʆʜʥʦ ʠʟ 

ʩʚʦʡʩʪʚ çʭʦʨʦʰʝʛʦè ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʝʛʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ [73] ï ʩʚʦʡʩʪʚʝ, ʟʘʢʣʶʯʘʶʱʝʤʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʘʛʝʥ-

ʪʳ ʥʘʙʣʶʜʘʶʪ ʚ ʨʝʘʣʴʥʦʩʪʠ ʪʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʭ ʦʞʠʜʘʣʠ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʪʦʣʧʳ ʢʘʞʜʳʡ 

ʘʛʝʥʪ ʘʧʦʩʪʝʨʠʦʨʠ ʥʘʙʣʶʜʘʝʪ ʯʠʩʣʦ ʘʛʝʥʪʦʚ, ʧʨʠʥʷʚʰʠʭ ʨʝʰʝʥʠʝ 

çʜʝʡʩʪʚʦʚʘʪʴè (ʦʪʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʟʘʠʤʥʦʡ ʥʘʙʣʶʜʘʝʤʦʩʪʴʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʝʡʩʪ-

ʚʠʡ). ʊʦʛʜʘ ʩʪʘʙʠʣʴʥʳʤ ʙʫʜʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʘʛʝʥʪ ʫʚʠʜʠʪ, ʯʪʦ ʨʝʘʣʴʥʦ ʜʝʡʩʪʚʫʝʪ ʨʦʚʥʦ ʩʪʦʣʴʢʦ 

ʘʛʝʥʪʦʚ, ʩʢʦʣʴʢʦ ʦʥ ʠ ʦʞʠʜʘʣ ʫʚʠʜʝʪʴ ʜʝʡʩʪʚʫʶʱʠʤʠ. ʊʨʝʙʦʚʘʥʠʝ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʮʝʥʪʨʘ ʠ ʘʛʝʥʪʦʚ ï ʝʩʣʠ (ʧʨʠ ʥʝʩʪʘʙʠʣʴʥʦʤ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ) ʘʛʝʥʪʳ ʦʜʠʥ ʨʘʟ ʫʩʦʤʥʷʪʩʷ ʚ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʩʦʦʙʱʘʝʤʦʡ ʮʝʥʪʨʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥʠ ʙʫʜʫʪ 

ʠʤʝʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʚ ʥʝʡ ʩʦʤʥʝʚʘʪʴʩʷ. 
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ʋʪʚʝʨʞʜʝʥʠʝ 4.3. ɺ ʘʥʦʥʠʤʥʦʤ ʩʣʫʯʘʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʪʘʙʠʣʴ-

ʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʝʡʩʪʚʫʶʪ ʩʪʨʦʛʦ 

ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʘʛʝʥʪʦʚ, ʯʝʤ ʚ ʈʂʇ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ 4.3. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ QɆ ʤʥʦʞʝʩʪ-

ʚʦ ʘʛʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʩʪʘʙʠʣʴʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʨʘʚʥʦʚʝ-

ʩʠʠ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʭ ʯʠʩʣʦ ʥʝ ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʘ ʜʝʡʩʪʚʫʶʱʠʭ 

ʚ ʈʂʇ |QɆ Ò |Qp( )|. ɺ ʩʠʣʫ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝ-

ʩʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ i  QɆ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ 

1 ( 1)j i

j i

Q x n . ɿʥʘʯʠʪ 1 ( 1) ip
Q n , ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, 

ʯʪʦ i  Qp( ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, QɆ  Qp( ). ɽʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʙʝʟʜʝʡʩʪ-

ʚʫʶʱʠʝ ʘʛʝʥʪʳ ʚ Qp( ) \ QɆ, ʪʦ ʜʣʷ ʥʠʭ ʵʪʦ ʨʘʚʥʦʚʝʩʠʝ ʥʝʩʪʘʙʠʣʴʥʦ. 

ʇʦʵʪʦʤʫ QɆ = Qp( ) ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ.  

çʅʝʛʘʪʠʚʥʳʡè ʨʝʟʫʣʴʪʘʪ ʫʪʚʝʨʞʜʝʥʠʷ 4.3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʣʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʦʨʦʛʦʚʳʤ ʧʦʚʝʜʝʥʠʝʤ ʪʦʣʧʳ. 

ʀʪʘʢ, ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʨʝʰʝʥʳ ʜʣʷ ʨʷʜʘ 

ʚʘʞʥʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʣʣʝʢʪʠʚʥʳʤ ʧʦʨʦʛʦ-

ʚʳʤ ʧʦʚʝʜʝʥʠʝʤ ʪʦʣʧʳ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʦʛʘʤʠ ʘʛʝʥʪʦʚ, ʨʝʧʫʪʘ-

ʮʠʝʡ ʘʛʝʥʪʦʚ ʠ ʧʫʪʝʤ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ ʵʪʠʭ ʚʠʜʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

 

 

5. ʉʊʆʍɸʉʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ 

ʋʇʈɸɺʃɽʅʀʗ ʊʆʃʇʆʁ  
 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʧʦʨʦʛʦʚʦʛʦ ʧʦʚʝ-

ʜʝʥʠʷ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʧʨʠʥʠʤʘʷ ʙʠʥʘʨʥʳʝ ʨʝʰʝʥʠʷ (ʜʝʡʩʪʚʦʚʘʪʴ 

ʠʣʠ ʙʝʟʜʝʡʩʪʚʦʚʘʪʴ), ʫʯʠʪʳʚʘʶʪ ʚʳʙʦʨ ʜʨʫʛʠʭ ʯʣʝʥʦʚ ʛʨʫʧʧʳ. 

ʉʪʘʚʠʪʩʷ ʠ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ï ʩʣʫʯʘʡʥʦʛʦ ʚʳʙʦʨʘ ʥʘ-

ʯʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʠ ʘʛʝʥʪʦʚ ʚ ʮʝʣʷʭ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʪʝʭ ʠʟ 

ʥʠʭ, ʢʪʦ ʚ ʨʘʚʥʦʚʝʩʠʠ ʚʳʙʠʨʘʝʪ ʨʝʰʝʥʠʝ çʜʝʡʩʪʚʦʚʘʪʴè [13]. 

ʅʠʞʝ ʦʧʠʩʘʥʳ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʦʛʦʚʳʤ 

ʧʦʚʝʜʝʥʠʝʤ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʤʥʦʞʝʩʪʚʦ ʘʛʝʥʪʦʚ, ʧʦʨʦʛʠ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʷʶʪʩʷ, ʠʣʠ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʦʨʦʛʦʚ, ʚʳʙʠʨʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ (ʩʤ. ʪʘʢʞʝ ʪʨʝʪʠʡ ʨʘʟʜʝʣ ʠ [12]). ʆʜʥʠʤ ʠʟ ʩʨʝʜʩʪʚ ʪʘʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʉʄʀ [60] ʠʣʠ 
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ʣʶʙʳʝ ʜʨʫʛʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ, ʤʦʪʠʚʘʮʠʦʥʥʳʝ 

ʠ/ʠʣʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ [114]) ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʛʝʥʪʦʚ (ʩʤ. ʦʙʟʦʨʳ 

ʚ [17, 20, 43, 47, 64, 74]). 

ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴ-

ʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ: ʦʙʥʫʣʷʶʪʩʷ (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

çʚʦʟʙʫʞʜʝʥʠèʁ) ʣʠʙʦ ʜʝʣʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤʠ (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

çʠʤʤʫʥʠʟʘʮʠʠè ï ʧʦʣʥʦʡ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʩʦʮʠʘʣʴʥʦʤʫ ʜʘʚʣʝ-

ʥʠʶ) ʧʦʨʦʛʠ ʟʘʜʘʥʥʦʡ ʜʦʣʠ ʘʛʝʥʪʦʚ, ʚʳʙʠʨʘʝʤʳʭ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘ-

ʟʦʤ. ʀʣʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʘʛʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʩ ʟʘʜʘʥʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʦʟʙʫʞʜʝʥ ʠʣʠ/ʠ ʠʤʤʫʥʠʟʠʨʦʚʘʥ. ʀ ʪ.ʜ. ʇʦʜʦʙʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʨʦʛʦʚ ʘʛʝʥʪʦʚ ʧʨʠʚʦʜʷʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʠʟʤʝʥʝʥʠʶ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʧʨʘʚʣʷʝʤʦʡ ʩʦʮʠʘʣʴʥʦʡ ʩʠʩʪʝ-

ʤʳ (ʩʝʪʠ, ʪʦʣʧʳ) ï ʩʤ. ʧʦʜʨʦʙʥʦʩʪʠ ʥʠʞʝ. 

ɽʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʦʛʦʚʳʤ ʧʦʚʝʜʝʥʠʝʤ (ʘ ʥʝ 

ʧʦʨʦʛʘʤʠ ʘʛʝʥʪʦʚ) ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ (ʩʤ. ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʶ ʚʠʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ [114]), ʪ.ʝ. ʚʥʝʜʨʝʥʠʝ ʚ ʩʦʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʛʝʥʪʦʚ ʩ ʥʫʣʝʚʳʤʠ (ʪʘʢʠʭ ʘʛʝʥʪʦʚ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʧʨʦʚʦʢʘʪʦʨʘʤʠ) ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ (ʪʘʢʠʭ ʘʛʝʥʪʦʚ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʠʤʤʫʥʠʟʘʪʦʨʘʤʠ) ʧʦʨʦʛʘʤʠ. ʇʨʠ ʵʪʦʤ ʨʘʚʥʦʚʝʩʠʝ ʩʦʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʯʠʩʣʘ ʚʥʝʜʨʝʥʥʳʭ ʘʛʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʛʦ ʪʠʧʘ. 

ɽʩʣʠ ʠʤʝʶʪʩʷ ʜʚʘ ʫʧʨʘʚʣʷʶʱʠʭ ʦʨʛʘʥʘ (ʮʝʥʪʨʘ), ʦʩʫʱʝʩʪʚ-

ʣʷʶʱʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʛʝʥ-

ʪʦʚ, ʪʦ ʪʘʢʫʶ ʩʠʪʫʘʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ [58] ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʪʠʚʦʙʦʨʩʪʚʦ [21, 22, 25, 

56] ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ. ʀʤʝʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʫʧʨʘʚʣʝʥʠʡ ʢʘʞʜʳʤ 

ʠʟ ʮʝʥʪʨʦʚ ʧʦʦʜʠʥʦʯʢʝ, ʤʦʞʥʦ ʩʪʘʚʠʪʴ ʟʘʜʘʯʠ ʦʧʠʩʘʥʠʷ ʠʭ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚ ʪʝʨʤʠʥʘʭ ʪʝʦʨʠʠ ʠʛʨ. 

ʅʘʯʥʝʤ ʩ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʦʛʘʤʠ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟ-

ʤʝʥʝʥʠʶ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚ, ʧʨʠʚʦʜʷʱʝʤʫ ʢ çʚʦʟʙʫʞ-

ʜʝʥʠʶè ʪʦʣʧʳ. 

 

5.1. ʋʧʨʘʚʣʝʥʠʝ çʚʦʟʙʫʞʜʝʥʠʝʤè ʪʦʣʧʳ 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʨʦʛʠ ʘʛʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F( ). ʀʪʘʢ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝ-

ʥʠʷʤʠ (2.7)-(2.9) ʈʂʇ ʪʦʣʧʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʨʦʛʦʚ ʘʛʝʥʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʧʨʘʚʣʝʥʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ 
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ʠʟʤʝʥʝʥʠʠ ʧʦʩʣʝʜʥʝʡ, ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʠʟʤʝ-

ʥʝʥʠʶ ʈʂʇ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʇʫʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨʦʛ ʢʘʞʜʦʛʦ 

ʘʛʝʥʪʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ ʤʦʞʝʪ ʩʪʘʪʴ ʨʘʚʥʳʤ ʥʫʣʶ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʜʣʷ ʚʩʝʭ ʘʛʝʥʪʦʚ ʚʝʨʦʷʪʥʦʩʪʴʶ   [0; 1]. ɼʘʥʥʫʶ ʤʦ-

ʜʝʣʴ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʤʦʜʝʣʴʶ I. ʊʘʢ ʢʘʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2.1) 

ʘʛʝʥʪʳ, ʠʤʝʶʱʠʝ ʥʫʣʝʚʳʝ ʧʦʨʦʛʠ, ʚʳʙʠʨʘʶʪ ʝʜʠʥʠʯʥʳʝ ʜʝʡʩʪʚʠʷ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʝʡʩʪʚʠʡ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ, ʪʦ ʧʘʨʘʤʝʪʨ  ʤʦʞʝʪ ʠʥ-

ʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʜʦʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʦʟʙʫʞʜʘʝʤʳʭ ʘʛʝʥʪʦʚ. 

ʋʪʚʝʨʞʜʝʥʠʝ 5.1. ɺ ʨʝʟʫʣʴʪʘʪʝ çʚʦʟʙʫʞʜʝʥʠʷè ʧʦʨʦʛʠ ʘʛʝʥʪʦʚ 

ʙʫʜʫʪ ʦʧʠʩʳʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

(1) F (x) =  + (1 ï ) F(x). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ 5.1. ʇʫʩʪʴ ʜʘʥ ʚʝʢʪʦʨ 

  = ( 1, é, n) ʥʝʟʘʚʠʩʠʤʳʭ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ (ʩ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝʤ F()) ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʅʘʜ ʵʪʠʤ ʚʝʢʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʝʝ ʩʣʫʯʘʡʥʦʩʪʴ): ʢʘʞʜʳʡ ʧʦʨʦʛ i ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ  ʤʦʞʝʪ ʦʙʥʫʣʠʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʧʦʣʫʯʘʝʤ ʜʨʫʛʦʡ ʩʣʫʯʘʡʥʳʡ ʚʝʢʪʦʨ ô, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʥʝʢʦʪʦʨʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ FŬ(Ā). ʅʘʡʜʝʤ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ô ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ i  = i i, ʛʜʝ 

P( i =  0) = , P( i =  1) = 1  , ʚʩʝ ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ {i, i} ʧʦ-

ʧʘʨʥʦ ʥʝʟʘʚʠʩʠʤʳ. 

ʅʘʡʜʸʤ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F () ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ i : 

0 1,i i i i i iF x P x P x P P x. 

ɺ ʩʠʣʫ ʥʝʟʘʚʠʩʠʤʦʩʪʠ i ʠ i, ʠʤʝʝʤ 

1, 1 1i i i iP x P P x F x , 

ʠ ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ (1). Å 

ʇʦʜʩʪʘʚʣʷʷ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (1) ʚ ʫʨʘʚʥʝʥʠʝ 

(2.8), ʤʦʞʥʦ ʥʘʡʪʠ Ŭ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʥʥʦʛʦ ʈʂʇ 

y: 

(2) (y) = 
( )

1 ( )

y F y

F y
. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (2) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ y  (0; 1] 

(y) < 0, ʪʦ ʜʘʥʥʦʝ ʈʂʇ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʤ ʚʠʜʦʤ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 
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ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ x
*
(Ŭ) ʈʂʇ (2.9), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (1), *

[0;1]

( )W x  - ʤʥʦʞʝʩʪʚʦ ʜʦʩʪʠʞʠʤʦʩʪʠ, ʪ.ʝ. 

ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʜʦʣʝʡ ʘʛʝʥʪʦʚ, ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʦ ʢʘʢ ʈʂʇ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʫʧʨʘʚʣʝʥʠʠ. 

ʇʨʦʩʪʦʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʠʜ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (1) ʧʦʟʚʦ-

ʣʷʝʪ ʣʝʛʢʦ ʧʦʣʫʯʘʪʴ ʦʪʚʝʪʳ ʥʘ ʤʥʦʛʠʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

ʋʪʚʝʨʞʜʝʥʠʝ 5.2. ɽʩʣʠ F( ) ï ʩʪʨʦʛʦ ʚʳʧʫʢʣʘʷ ʬʫʥʢʮʠʷ ʠ 

F(0) = 0, ʪʦ WŬ = [0; 1], ʪ.ʝ. ʚʳʙʦʨʦʤ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ  ʣʶʙʘʷ 

ʜʦʣʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʛʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ ʈʂʇ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ 5.2. ɺ ʩʠʣʫ ʫʩʣʦʚʠʷ F(0) = 0 ʛʨʘ-

ʥʠʮʳ ʝʜʠʥʠʯʥʦʛʦ ʦʪʨʝʟʢʘ ʨʝʘʣʠʟʫʶʪʩʷ ʢʘʢ ʈʂʇ ʧʨʠ ʥʫʣʝʚʳʭ ʠ 

ʝʜʠʥʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ Ŭ. 

ʌʠʢʩʠʨʫʝʤ ʧʨʦʠʟʚʦʣʴʥʫʶ ʪʦʯʢʫ x1  (0, 1). ɺ ʩʠʣʫ ʚʳʧʫʢʣʦʩʪʠ 

ʬʫʥʢʮʠʠ F() ʚʝʩʴ ʝʝ ʛʨʘʬʠʢ ʣʝʞʠʪ ʥʝ ʚʳʰʝ ʙʠʩʩʝʢʪʨʠʩʳ ʠ ʨʝʰʝʥʠʝ 

0  (x1) < 1 ʫʨʘʚʥʝʥʠʷ F (x1) = x1 ʩʫʱʝʩʪʚʫʝʪ. ʆʪʩʶʜʘ ʠ ʚ ʩʠʣʫ 

ʦʧʨʝʜʝʣʝʥʠʷ (2) ʩʣʝʜʫʝʪ 1 1 1 1 11F x x x F x x ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 1 1

1

11

x x
F x

x
, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ ʨʘʚʝʥʩʪʚʦ

1 1 10 1 0F x x F x .  

ʀʟ ʩʪʨʦʛʦʡ ʤʦʥʦʪʦʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʦʡ ʩʪʨʦʛʦ ʚʳʧʫʢʣʦʡ ʬʫʥʢ-

ʮʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ 

1 1

1 1

1 1

1

1 1

' 0 ' 0

0
1 1

x x

F x dx F x dx

F x
x x

1

1

1

1 1

' 0
1

1 1

x

F x dx
F x

x x
. 

ɼʘʣʝʝ, ʧʦʣʫʯʘʝʤ 

1 1 10 1 0F x x F x

1 1

1

1

1

1
1

1 1
1

x x

x
x

x
, 

ʪ.ʝ. ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ x1 ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ, ʪʘʢ ʢʘʢ ʛʨʘʬʠʢ 

ʬʫʥʢʮʠʠ F() ʧʝʨʝʩʝʢʘʝʪ ʙʠʩʩʝʢʪʨʠʩʫ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʥʝʡ çʩʣʝʚʘ ï 

ʩʚʝʨʭʫè. Å 

ɽʩʣʠ ʟʘʜʘʥ ʚʳʠʛʨʳʰ ʮʝʥʪʨʘ H(x) ʦʪ ʚʦʟʙʫʞʜʝʥʠʷ ʜʦʣʠ ʘʛʝʥʪʦʚ x 

ʠ ʝʛʦ ʟʘʪʨʘʪʳ ʩ( ) ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 
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ʪʦ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʝʤ ʪʦʣʧʳ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʥʘ ʢʘʢ 

(3) H(x
*
( )) ï ʩ( )  

[0;1]
max . 

ʇʨʠʤʝʨ 5.1. ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢ-

ʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

(I) FI(x) = x, 

(II) FII(x) = x
2
, 

(III ) FIII (x) = x . 

ɼʣʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (I)ï(III) ʧʦʣʫʯʘʝʤ ʠʟ (2): 

ï 
I
(y) = 0, ʪ.ʝ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʈʂʇ ʷʚʣʷʝʪʩʷ ʝʜʠ-

ʥʠʯʥʦʝ (W
I
 = {1});  

ï 
II
(y) = 

1

y

y
, x

II *
( ) = 

1 1 2

2 1
,WŬ

II
 = [0; 1]; 

ï 
III

(y) = ï y   0, ʪ.ʝ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʈʂʇ ʷʚʣʷ-

ʝʪʩʷ ʝʜʠʥʠʯʥʦʝ (WŬ
III

 = {1}).  Å 

ɺʦʟʤʦʞʥʦ çʜʠʥʘʤʠʯʝʩʢʦʝè ʦʙʦʙʱʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝ-

ʣʠ, ʢʦʛʜʘ ʚ ʢʘʞʜʳʡ ʧʝʨʠʦʜ t ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʢʘʞʜʳʡ ʘʛʝʥʪ 

ʤʦʞʝʪ ʥʝʟʘʚʠʩʠʤʦ ʚʦʟʙʫʜʠʪʴʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ  (ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʘʛʝʥʪ ʚʦʟʙʫʜʠʣʩʷ çʥʝʩʢʦʣʴʢʦ ʨʘʟè). ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʠʤ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

(4) F (t, x) = 1 ï (1 ï )
t
 + (1 ï )

t
 F(x),  t = 0, 1, 2, é . 

ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ çʜʠʥʘʤʠʯʝʩʢʦʛʦè ʦʙʦʙʱʝʥʠʷ ï ʢʦʛʜʘ ʚʝʨʦʷʪʥʦ-

ʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʚʨʝʤʝʥʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʟʣʠʯ-

ʥʳ ï ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥ ʢ ʩʣʫʯʘʶ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʣʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʘʷ ʜʚʫʤ ʧʝʨʠʦʜʘʤ ʚʨʝʤʝʥʠ ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʝʪ ʚʠʜ (1), ʛʜʝ 

(5)  = 1 + 2 ï 1 2. 

ʈʘʩʩʤʦʪʨʠʤ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ 

(ʤʦʜʝʣʴ II ) - ʢʦʛʜʘ ʢ ʤʥʦʞʝʩʪʚʫ N (ʥʘʧʦʤʥʠʤ, ʯʪʦ #N = n) ʜʦʙʘʚʣʷ-

ʶʪʩʷ k ʚʥʝʰʥʠʭ ʧʨʦʚʦʢʘʪʦʨʦʚ (ʤʥʦʞʝʩʪʚʦ K). ʆʥʠ ʠʤʝʶʪ ʧʦʨʦʛʠ 

i = 0   i  K  ʠ ʚʩʝʛʜʘ ʜʝʡʩʪʚʫʶʪ. ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 

ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʡ ʘʛʝʥʪ ʠʟ ʥʦʚʦʛʦ ʤʥʦʞʝʩʪʚʘ ʘʛʝʥʪʦʚ N  K 
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ʠʤʝʝʪ ʧʦʨʦʛ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʡ x, ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʡ: 

1) ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʚʳʙʨʘʥʥʳʡ ʘʛʝʥʪ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʠʤ 

ʧʨʦʚʦʢʘʪʦʨʦʤ, ʘ ʠʤʝʥʥʦ 
k

k n
; 

2) ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʚʳʙʨʘʥʥʳʡ ʘʛʝʥʪ ʥʝ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʠʤ 

ʧʨʦʚʦʢʘʪʦʨʦʤ ʠ ʝʛʦ ʧʦʨʦʛ ʥʝ ʧʨʝʚʳʰʘʝʪ x: 1
k

F x
k n

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʦ ʥʦʚʦʝ ʤʥʦʞʝʩʪʚʦ ʘʛʝʥʪʦʚ, ʧʦʨʦʛʠ ʢʦ-

ʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʚʝʣʠ-

ʯʠʥʘʤʠ ʩʦ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

(6) 1K

k k
F x F x

k n k n
. 

ɺ ʤʦʜʝʣʠ I ʚʝʨʦʷʪʥʦʩʪʴ , ʢʨʦʤʝ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʚʩʪʨʝʪʠʪʴ ʪʘʢʦʛʦ ʘʛʝʥʪʘ ʩ ʥʫʣʝʚʳʤ ʧʦʨʦʛʦʤ. ʇʦʵʪʦʤʫ ʨʘ-

ʟʫʤʥʦ ʚʚʝʩʪʠ ʪʦ ʞʝ ʦʙʦʟʥʘʯʝʥʠʝ ʠ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʩʪʨʝʪʠʪʴ ʚʥʝʰ-

ʥʝʛʦ ʧʨʦʚʦʢʘʪʦʨʘ ʚʦ ʚʪʦʨʦʡ ʤʦʜʝʣʠ: 
k

k n
. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (1) ʠ (6), ʚ ʩʣʫ-

ʯʘʝ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʪʦʣʴʢʦ ʦ çʚʦʟʙʫʞʜʝʥʠʠè ʯʘʩʪʠ ʘʛʝʥʪʦʚ, ʤʦʜʝʣʠ I 

ʠ II  ʷʚʣʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ. 

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ çʦʙʨʘʪʥʦʤʫè ʫʧʨʘʚʣʝʥʠʶ, ʘ ʠʤʝʥʥʦ ʢ ʩʥʠ-

ʞʝʥʠʶ ʚʦʟʙʫʞʜʝʥʠʷ, ʪ.ʝ. ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʠʤʤʫʥʠʟʘʮʠʠè ʪʦʣʧʳ. 

 

5.2. ʋʧʨʘʚʣʝʥʠʝ çʠʤʤʫʥʠʟʘʮʠʝʡè ʪʦʣʧʳ 

 

ʇʫʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨʦʛ ʢʘʞʜʦʛʦ 

ʘʛʝʥʪʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ ʤʦʞʝʪ ʩʪʘʪʴ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʜʣʷ ʚʩʝʭ ʘʛʝʥʪʦʚ ʚʝʨʦʷʪʥʦʩʪʴʶ   [0; 1]. ʊʘʢ ʢʘʢ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2.1), ʘʛʝʥʪʳ, ʠʤʝʶʱʠʝ ʝʜʠʥʠʯʥʳʝ ʧʦʨʦʛʠ, ʜʝʡʩʪʚʦ-

ʚʘʪʴ ʥʝ ʙʫʜʫʪ, ʪʦ ʧʘʨʘʤʝʪʨ  ʤʦʞʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʜʦʣʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ çʠʤʤʫʥʠʟʠʨʫʝʤʳʭè ʘʛʝʥʪʦʚ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʫʪʚʝʨ-

ʞʜʝʥʠʝʤ 5.1 ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ çʠʤʤʫʥʠʟʘʮʠʠè 

ʧʦʨʦʛʠ ʘʛʝʥʪʦʚ ʙʫʜʫʪ ʦʧʠʩʳʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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(7) F (x) = 
(1 ) ( ),  [0;1),

1, 1.

F x x

x
 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ x
*
( ) ʈʂʇ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ (7), ʯʝʨʝʟ Wɓ = *

[0;1]

( )x  ï ʤʥʦʞʝʩʪʚʦ ʜʦʩʪʠʞʠʤʦʩʪʠ. 

ʇʦʜʩʪʘʚʣʷʷ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (7) ʚ ʫʨʘʚʥʝʥʠʝ 

(2.8), ʤʦʞʥʦ ʥʘʡʪʠ , ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʥʥʦʛʦ ʈʂʇ 

y: 

(8) (y) = 1
( )

y

F y
. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (8) ʩʣʝʜʫʝʪ, ʯʪʦ, ʝʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ y  (0; 1] 

(y) < 0, ʪʦ ʜʘʥʥʦʝ ʈʂʇ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʤ ʚʠʜʦʤ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʋʪʚʝʨʞʜʝʥʠʝ 5.2ʘ. ɽʩʣʠ F( ) ï ʩʪʨʦʛʦ ʚʦʛʥʫʪʘʷ ʬʫʥʢʮʠʷ ʠ 

F(0) = 0, ʪʦ Wɓ = [0; 1], ʪ.ʝ. ʚʳʙʦʨʦʤ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɓ ʣʶʙʘʷ 

ʜʦʣʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʛʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ ʈʂʇ. 

ʋʪʚʝʨʞʜʝʥʠʝ 5.2ʘ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʘʥʘʣʦʛʠʯʥʦ ʫʪʚʝʨʞʜʝʥʠʶ 5.2. 

ʇʨʠʤʝʨ 5.2. ɼʣʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (I)ï(III) ʧʦʣʫʯʘʝʤ ʠʟ 

(8): 

ï 
I
(y) = 0, ʪ.ʝ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʈʂʇ ʷʚʣʷʝʪʩʷ ʥʫʣʝ-

ʚʦʝ (Wɓ
I
 = {0});  

ï 
II
(y) = 1 ï 

1

y
  0, ʪ.ʝ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʈʂʇ ʷʚʣ̫-

ʝʪʩʷ ʥʫʣʝʚʦʝ (Wɓ
II
 = {0});  

ï 
III

(y) = 1 ï y , x
III *

( ) = (1 ï )
2
, Wɓ

III
 = [0; 1].  

ʇʨʠʤʝʨ 5.3. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3) ʩ ʬʫʥʢʮʠʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (III). ʇʫʩʪʴ ʮʝʥʪʨ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʜʦʣʠ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʛʝʥʪʦʚ: H(x) = ï x, ʠ ʥʝʩʝʪ ʟʘʪʨʘʪʳ ʩ( ) =  , ʛʜʝ 

  0. ʇʦʣʫʯʠʤ ʟʘʜʘʯʫ  ï(1 ï )
2
 ï   

[0;1]
max. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ 

*
 = 1 ï 

2
 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʈʂʇ 

2

4
. Å 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʦʜʨʘʟʜʝʣʝ, ʤʦʜʝʣʴ II  - ʩʧʦʩʦʙ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʛʜʘ ʢ ʤʥʦʞʝʩʪʚʫ N ʜʦʙʘʚʣʷ-

ʶʪʩʷ l ʠʤʤʫʥʠʟʘʪʦʨʦʚ (ʤʥʦʞʝʩʪʚʦ L). ʀʤʤʫʥʠʟʘʪʦʨʳ ʥʝ ʜʝʡʩʪʚʫʶʪ 

ʥʠʢʦʛʜʘ ʠ ʠʤʝʶʪ ʧʦʨʦʛʠ i = 1  i  L. ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 
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ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʡ ʘʛʝʥʪ ʠʤʝʝʪ ʧʦʨʦʛ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʡ x < 1, 

ʨʘʚʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʚʳʙʨʘʥʥʳʡ ʘʛʝʥʪ ʥʝ ʷʚʣʷʝʪʩʷ ʠʤʤʫʥʠ-

ʟʘʪʦʨʦʤ ʠ ʝʛʦ ʧʦʨʦʛ ʥʝ ʧʨʝʚʳʰʘʝʪ x < 1, ʪ.ʝ. 1
l

F x
l n

. 

ʊʘʢ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʦʨʦʛ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʛʦ 

ʘʛʝʥʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʝʜʠʥʠʮʳ, ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʪʦ ʧʦʣʫʯʠʣʠ ʥʦʚʦʝ 

ʤʥʦʞʝʩʪʚʦ N  L ʘʛʝʥʪʦʚ, ʧʦʨʦʛʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʠ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʦ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

(9) 
1 , 1,

1, 1.

L

l
F x x

F x l n

x

 

ɺ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʚʝʨʦʷʪʥʦʩʪʴ , ʢʨʦʤʝ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʠʤʤʫʥʠ-

ʟʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʩʪʨʝʪʠʪʴ ʪʘʢʦʛʦ ʘʛʝʥʪʘ ʩ ʝʜʠʥʠʯʥʳʤ ʧʦʨʦʛʦʤ. ʇʦʵʪʦʤʫ 

ʨʘʟʫʤʥʦ ʚʚʝʩʪʠ ʪʦ ʞʝ ʦʙʦʟʥʘʯʝʥʠʝ ʠ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʩʪʨʝʪʠʪʴ 

ʚʥʝʰʥʝʛʦ ʠʤʤʫʥʠʟʘʪʦʨʘ ʚʦ ʚʪʦʨʦʡ ʤʦʜʝʣʠ: 
l

l n
. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (7) ʠ (9), ʚ ʩʣʫ-

ʯʘʝ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʪʦʣʴʢʦ ʦʙ ʠʤʤʫʥʠʟʘʮʠʠ ʯʘʩʪʠ ʘʛʝʥʪʦʚ, ʤʦʜʝʣʠ I 

ʠ II  ʷʚʣʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ. 

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠ ̫ʩʦ ʩʪʦʨʦ-

ʥʳ ʜʚʫʭ ʮʝʥʪʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ - ʧʦ ʚʦʟʙʫʞʜʝʥʠʶ ʠ ʠʤʤʫʥʠʟʘʮʠʠ 

ʪʦʣʧʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

5.3. ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʪʠʚʦʙʦʨʩʪʚʦ 

 

ɺʳʰʝ ʪʦʣʧʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʫʱʝʩʪʚ-

ʣʷʝʤʦʛʦ ʦʜʥʠʤ ʩʫʙʲʝʢʪʦʤ ï ʮʝʥʪʨʦʤ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʩʫʙʲʝʢʪʦʚ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʩʝʪʠ ʠ ʠʤʝʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʦʢʘʟʳʚʘʪʴ ʥʘ ʥʝʝ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟ-

ʜʝʡʩʪʚʠʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ 

[58]), ʚʦʟʥʠʢʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʩʫʙʲʝʢʪʘʤʠ, ʢʦʪʦʨʦʝ ʚ 

ʩʣʫʯʘʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʦʢʘʟʳʚʘʝʤʳʭ ʠʤʠ ʥʘ ʩʝʪʴ, 

ʥʘʟʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʦʪʠʚʦʙʦʨʩʪʚʦʤ (ʩʤ. ʦʙʟʦʨ ʚ [25]). 

ʊʘʢʠʝ ʩʠʪʫʘʮʠʠ ʦʙʳʯʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʠʛʨʦʡ ʚ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ 

ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ, ʧʨʠʯʝʤ ʚʳʙʠʨʘʝʤʳʝ ʮʝʥʪʨʘʤʠ ʩʪʨʘʪʝʛʠʠ ʦʧʨʝʜʝ-
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ʣʷʶʪ ʧʘʨʘʤʝʪʨʳ ʠʛʨʳ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ [114]. ʇʨʠʤʝʨʘʤʠ ʩʣʫʞʘʪ 

ʤʦʜʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʪʠʚʦʙʦʨʩʪʚʘ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ [21, 

56], ʥʘ ʢʦʛʥʠʪʠʚʥʳʭ ʢʘʨʪʘʭ [113] ʠ ʜʨ. ï ʩʤ. ʦʙʟʦʨ [52]. ʂʘʢ ʦʪʤʝʯʘ-

ʝʪʩʷ ʚ [57], ʚʦʟʤʦʞʥʳ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʫʧʨʘʚʣʝʥʯʝ-

ʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ çʥʝʩʠʤʤʝʪʨʠʯʥʳè ï ʥʘʧʨʠʤʝʨ, ʚ ʩʠʪʫʘʮʠʠ çʥʘʧʘ-

ʜʝʥʠʝ/ʟʘʱʠʪʘè ʦʜʠʥ ʮʝʥʪʨ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʥʘʯʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʘʛʝʥʪʦʚ, ʘ ʜʨʫʛʦʡ (ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʝʨʚʳʤ ʠʣʠ ʫʞʝ ʟʥʘʷ ʝʛʦ ʚʳʙʦʨ) 

ʠʟʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ ʠʣʠ/ʠ ʠʭ ʧʦʨʦʛʠ. ʊʘʢʠʝ 

ʩʠʪʫʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʠʛʨ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʪʠʚʦʙʦʨʩʪʚʘ, ʢʦʛʜʘ 

ʠʤʝʶʪʩʷ ʜʚʘ ʮʝʥʪʨʘ ʠ ʜʦʣʷ   [0, 1] ʘʛʝʥʪʦʚ çʚʦʟʙʫʞʜʘʝʪʩʷè ʧʝʨ-

ʚʳʤ ʮʝʥʪʨʦʤ, ʘ ʜʦʣʷ   [0, 1] ʘʛʝʥʪʦʚ çʠʤʤʫʥʠʟʠʨʫʝʪʩʷè (ʠʣʠ 

ʢʘʞʜʳʡ ʘʛʝʥʪ ʥʝʟʘʚʠʩʠʤʦ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʝʪ 

ʙʳʪʴ ʚʦʟʙʫʞʜʝʥ ʠʣʠ/ʠ ʠʤʤʫʥʠʟʠʨʦʚʘʥ) ʚʪʦʨʳʤ ʮʝʥʪʨʦʤ. ɼʣʷ ʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʠ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʝʩʣʠ ʥʝʢʦʪʦʨʳʡ ʘʛʝʥʪ ʚʦʟʙʫʞʜʘʝʪʩʷ ʠ 

ʠʤʤʫʥʠʟʠʨʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪʦ ʝʛʦ ʧʦʨʦʛ ʥʝ ʤʝʥʷʝʪʩʷ (ʤʦʜʝʣʴ I). 

ʊʦʛʜʘ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚ ʘʛʝʥ-

ʪʦʚ: 

(10) F , (x) = 
(1 )  (1  2 ) ( ),  [0;1),

1, 1.

F x x

x
 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ x
*
( , ) ʈʂʇ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʬʫʥʢʮʠʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ (10). ʆʙʦʟʥʘʯʠʤ ʪʘʢʞʝ 

,, inf : 0,1 ,y x x F x x  ʥʘʠʤʝʥʴʰʠʡ ʦʪʣʠʯʥʳʡ ʦʪ 

ʥʫʣʷ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ ,F x x. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2.7) ʠ (2.9) 

ʨʘʚʥʦʚʝʩʠʝʤ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʙʫʜʝʪ 

,*
, ,ʝʩʣʠ 0, , ,

,
0,ʠʥʘʯʝ.

y z y a F z z
x  

ʋʪʚʝʨʞʜʝʥʠʝ 5.3. ɼʣʷ ʣʶʙʦʛʦ   [0, 1] x
*
( , ) ʤʦʥʦʪʦʥʥʦ ʥʝ-

ʫʙʳʚʘʝʪ ʧʦ . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ 5.3. ʈʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʫʶ ʧʨʦʠʟ-

ʚʦʜʥʫʶ 
,F x  ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ x  [0, 1): 

, (1 )  (1  2 ) ( )

1 2 1 1 1 .

F x F x

F x F x F x
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ɿʘʤʝʪʠʤ, ʯʪʦ (1  )(1  F(x))  0 ʠ F(x)  0. ʇʦʣʫʯʘʝʤ 

, 0F x . ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 
2 1, ,F x F x  ʧʨʠ 2 1. 

ʀʟ ɻʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʪʦʛʦ, ʯʪʦ ʪʦʛʦ ʯʪʦ ʧʨʠ 2 > 1 

1

*

, 1( ) : ,F x x x x x  ʩʣʝʜʫʝʪ 
2

*

, 1( ) : ,F x x x x x . ɸ 

ʟʥʘʯʠʪ, x
*
( 2, )  x

*
( 1, ). Å 

ʋʪʚʝʨʞʜʝʥʠʝ 5.4. ɼʣʷ ʣʶʙʦʛʦ   [0,1] x
*
( , ) ʤʦʥʦʪʦʥʥʦ ʥʝ-

ʚʦʟʨʘʩʪʘʝʪ ʧʦ .  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ 5.4 ʘʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʫʪ-

ʚʝʨʞʜʝʥʠʷ 5.3. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ  WŬ,ɓ = 
2

*

( , ) [0;1]

( , )x  - ʤʥʦʞʝʩʪʚʦ ʜʦʩʪʠ-

ʞʠʤʦʩʪʠ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ V ,  ʤʥʦʞʝʩʪʚʦ ʜʦʩʪʠʞʠʤʳʭ ʨʘʚʥʦʚʝʩʠʡ, ʪ.ʝ 

ʤʥʦʞʝʩʪʚʦ ʪʝʭ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʳʙʦʨʝ ʥʝʢʦʪʦʨʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

( , ) ʦʢʘʟʳʚʘʶʪʩʷ ʪʦʯʢʘʤʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (ʈʂʇ). 

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ W ,   V , . ʊʦʯʢʠ ʤʥʦʞʝʩʪʚʘ V ,
 
ʷʚʣ̫-

ʶʪʩʷ ʪʦʯʢʘʤʠ, ʨʝʘʣʠʟʫʶʱʠʤʠ ʈʂʇ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʳʙʦʨʝ x0, ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʪʣʠʯʥʦʤ ʦʪ x0 = 0, ʧʨʠʥʷʪʦʛʦ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ. 

ʇʦʜʩʪʘʚʣʷʷ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (10) ʚ ʫʨʘʚʥʝʥʠʝ 

(2.7), ʤʦʞʥʦ ʥʘʡʪʠ ʧʘʨʳ (, ), ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʨʝʘʣʠʟʘʮʠʠ 

ʟʘʜʘʥʥʦʛʦ ʈʂʇ. 

ʇʨʠʤʝʨ 5.4. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩ-

ʩʤʦʪʨʠʤ ʚʳʨʘʞʝʥʠʝ (I), ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʝʤ 

(11) x
I*
( , ) = 

(1 )

2
. 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F
I

, (x) ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩ. 11. 

 












































































































































































































