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ʇʆɼɸʎʀ ʆ ʄɽʅʊʆʈʋ ʀ ʏʃɸʅʆɺʀʄɸ ʂʆʄʀʉʀɱɽ 

 

 

 

ʄʝʥʪʦʨ: 

ʇʨʦʬ. ʜʨ ʀʚʘʥ ʐʢʦʢˀʝʚ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

 

 

ʏʣʘʥʦʚʠ ʢʦʤʠʩʠʿʝ: 

ʇʨʦʬ. ʜʨ ʀʚʘʥ ʐʢʦʢˀʝʚ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʇʨʦʬ. ʜʨ ʅʠʢʦʣʘ ʈʘʿʘʢʦʚʠ˂, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʜʨ ʅʠʥʝʣ ʏʫʢʘʣʝʚʩʢʠ, ʥʘʫʯʥʠ ʩʘʚʝʪʥʠʢ, ʠʥʩʪʠʪʫʪ ʄʠʭʘʿʣʦ ʇʫʧʠʥ 

ʇʨʦʬ. ʜʨ ɼʝʿʘʥ ʊʦʰʠ˂, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ɼʦʮ. ʜʨ ʇʨʝʜʨʘʬ ʉʪʝʬʘʥʦʚ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

 

 

 

 

 

 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ: _________________. 
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ʄɽʊʆɼɽ ʆɼʈɽɫʀɺɸɳɸ ʈɸʉʇʆʃʆɾʀɺʆɻ ʇʈɽʅʆʉʅʆɻ 

ʂɸʇɸʎʀʊɽʊɸ ʋ ɺʀʉʆʂʆʅɸʇʆʅʉʂʀʄ ʇʈɽʅʆʉʅʀʄ 

ʄʈɽɾɸʄɸ ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʉʂʆɻ ʉʀʉʊɽʄɸ 

 

ʈʝʟʠʤʝ 

ʊʨʝʥʜ ʫʚʦʹʝˁʘ ʪʨʞʠʰʪʘ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʝʢʪʦʨ ʩʝ ʧʨʦʰʠʨʠʦ ʧʦ ʮʝʣʦʤ ʩʚʝʪʫ. 

ʋ ʦʚʘʢʚʦʤ ʦʢʨʫʞʝˁʫ ʧʦʪʨʦʰʘʯʠ ʪʝʞʝ ʜʘ ʩʤʘˁʝ ʩʚʦʿʝ ʨʘʯʫʥʝ ʟʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨ-

ʛʠʿʫ ʠʟʙʦʨʦʤ ʩʥʘʙʜʝʚʘʯʘ ʢʦʿʠ ʥʘʿʚʠʰʝ ʦʜʛʦʚʘʨʘ ˁʠʭʦʚʠʤ ʧʦʪʨʝʙʘʤʘ. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʦʜ ʧʨʝʥʦʩʥʠʭ ʤʨʝʞʘ ʩʝ ʟʘʭʪʝʚʘ ʜʘ ʦʙʝʟʙʝʜʝ ʜʦʚʦˀʘʥ ʢʘʧʘʮʠʪʝʪ ʟʘ ʧʨʝʥʦʩ 

ʝʥʝʨʛʠʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʤʝʨʦʚʠʤʘ ʧʨʠ ʪʦʤʝ ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʘʜʝʢʚʘʪʘʥ ʥʠʚʦ ʧʦʫʟʜʘ-

ʥʦʩʪʠ ʠ ʢʚʘʣʠʪʝʪʘ ʩʥʘʙʜʝʚʘˁʘ ʩʚʠʭ ʧʦʪʨʦʰʘʯʘ. ʋ ʧʨʦʰʣʦʩʪʠ ʩʫ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤʠ 

ʧʣʘʥʠʨʘʥʠ ʜʘ ʩʝ ʩʫʩʨʝ˂ʫ ʠ ʨʘʜʝ ʩʘʤʦ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ ʫʥʘʧʨʝʜ ʜʦʛʦʚʦʨʝʥʠʭ ʪʨʘʥ-

ʩʘʢʮʠʿʘ ʠʟʤʝʹʫ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʥʠʭ ʣʦʢʘʮʠʿʘ (ʫʯʝʩʥʠʢʘ). ʇʦʿʘʚʦʤ ʜʝʨʝʛʫʣʠʩʘʥʦʛ 

ʦʢʨʫʞʝˁʘ ʙʨʦʿ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʟʥʘʯʘʿʥʦ ʨʘʩʪʝ ʠ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʦʛ 

ʩʠʩʪʝʤʘ ˂ʝ ʤʦʨʘʪʠ ʜʘ ʦʜʨʞʘʚʘʿʫ ʧʦʫʟʜʘʥ ʠ ʩʠʛʫʨʘʥ ʨʘʜ ʩʠʩʪʝʤʘ ʫ ʧʨʠʩʫʩʪʚʫ ʦʚʠʭ 

ʪʨʘʥʩʘʢʮʠʿʘ. ɿʙʦʛ ʦʚʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʨʘʟʚʠʪʠ ʥʦʚʝ ʤʝʪʦʜʝ ʠ ʘʣʘʪʝ ʢʦʿʠ ˂ʝ ʧʦʤʦ˂ʠ 

ʦʧʝʨʘʪʦʨʠʤʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʜʘ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʙʠʣʘʪʝʨʘʣʥʠʭ 

ʪʨʘʥʩʘʢʮʠʿʘ ʥʘ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ. 

ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʟʘʭʪʝʚʘ ʢʦʿʠ ʩʝ ʥʘʤʝ˂ʝ ʧʨʝʥʦʩʥʠʤ ʤʨʝʞʘʤʘ ʿʝ ʦʤʦʛʫ˂ʘʚʘˁʝ 

ʥʝʜʠʩʢʨʠʤʠʥʘʪʦʨʥʦʛ ʧʨʠʩʪʫʧʘ ʩʚʠʤ ʫʯʝʩʥʠʮʠʤʘ ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

ɼʘ ʙʠ ʧʦʩʪʦʿʘʣʘ ʟʜʨʘʚʘ ʢʦʥʢʫʨʝʥʮʠʿʘ ʥʘ ʪʨʞʠʰʪʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦʪʨʝʙʥʦ ʿʝ 

ʦʤʦʛʫ˂ʠʪʠ ʠ ʪʨʛʦʚʠʥʫ ʠʟ ʩʫʩʝʜʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ. ʋ ʮʠˀʫ ʦʩʪʚʘʨʠʚ-

ʘˁʘ ʦʚʘʢʚʝ ʪʨʛʦʚʠʥʝ ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʘʣʠ ʠ ʦʙʿʘʚˀʠʚʘʪʠ ʚʨʝʜʥʦʩʪʠ ʨʘʩʧʦ-

ʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ɸʊʉ) ʟʘ ʩʚʘʢʠ ʠʥʪʝʨʚʘʣ ʥʘ ʢʦʤʝ ʩʝ ʚʨʰʠ ʪʨʛʦʚʠ-

ʥʘ. ʉʪʘʪʠʯʢʘ ʚʨʝʜʥʦʩʪ ATC-ʘ ʧʨʝʜʩʪʘʚˀʘ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ ʪʨʘʥʩʘʢʮʠʿʝ ʢʦʿʘ ʩʝ 

ʤʦʞʝ ʧʨʝʥʝʪʠ ʢʨʦʟ ʩʠʩʪʝʤ ʫ ʦʜʨʝʹʝʥʦʤ ʩʤʝʨʫ ʠ ʧʨʝʩʝʢʫ ʘ ʜʘ ʩʝ ʧʨʠ ʪʦʤʝ ʥʝ ʥʘʨʫ-

ʰʝ ʨʝʣʝʚʘʥʪʥʘ ʦʛʨʘʥʠʯʝˁʘ. ʄʝʪʦʜʝ ʢʦʿʝ ʩʝ ʙʘʚʝ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ 

ʩʝ ʜʝʣʝ ʥʘ ʣʠʥʝʘʨʥʝ (ʢʦʿʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʧʨʠʙʣʠʞʥʫ ʚʨʝʜʥʦʩʪ) ʠ ʠʪʝʨʘʪʠʚʥʝ ʤʝʪʦʜʝ. 

ʆʙʝʟʙʝʹʠʚʘˁʝʤ ʜʦʚʦˀʥʝ ʚʝʣʠʯʠʥʝ ɸʊʉ-ʘ ʦʤʦʛʫ˂ʠ˂ʝ ʩʝ ʩʣʦʙʦʜʥʘ ʠ ʝʢʦʥʦʤʠʯʥʘ 

ʪʨʛʦʚʠʥʘ ʥʘ ʰʠʨʝʤ ʧʦʜʨʫʯʿʫ ʢʦʿʝ ʤʦʞʝ ʜʘ ʦʙʫʭʚʘʪʘ ʚʠʰʝ ʩʫʩʝʜʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨ-

ʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ. 
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ɱʝʜʘʥ ʦʜ ʮʠ ʝˀʚʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʨʘʟʚʦʿ ʥʦʚʝ ʧʨʦʮʝʜʫʨʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʨʘʩʧʦ-

ʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʠʟʤʝʹʫ ʜʚʘ ʯʚʦʨʘ ʠʣʠ ʦʙʣʘʩʪʠ. ʆʩʥʦʚʥʘ ʧʨʝʜʥʦʩʪ 

ʨʘʟʚʠʿʝʥʝ ʧʨʦʮʝʜʫʨʝ ʿʝ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʿʝʜʥʦʩʪʘʚʥʦ ʫʢˀʫʯʠʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʚʠʜʦ-

ʚʘ ʪʨʘʥʩʘʢʮʠʿʘ, ʢʘʦ ʠ ʫʚʘʞʘʚʘˁʝ ʩʚʠʭ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʩʝ ʤʦʛʫ ʠʩʢʘʟʘʪʠ ʤʘʪʝʪʘʪʠ-

ʯʢʠʤ ʧʫʪʝʤ. ʈʘʟʚʠʿʝʥʘ ʧʨʦʮʝʜʫʨʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʫʧʦʪʨʝʙʠ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʠʩʪʫʧʘ ʠ ʢʦʤʙʠʥʦʚʘˁʝʤ ˁʠʭʦʚʠʭ ʜʦʙʨʠʭ ʦʩʦʙʠʥʘ. 

ʅʘʣʘʞʝˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʩʝ ʤʦʞʝ ʧʦʩʪʘʚʠʪʠ ʠ ʢʘʦ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ 

ʢʦʿʠ ʿʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʨʝʰʘʚʘʥ ʧʦʤʦ˂ʫ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠ-

ʿʝ. ʂʦʨʠʰ˂ʝʥʝ ʩʫ ʜʚʝ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ 

ʠ ʘʣʛʦʨʠʪʘʤ ʮʨʥʝ ʨʫʧʝ, ʟʘ ʨʝʰʘʚʘˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ. ɻʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʿʝ ʠʟʘʙ-

ʨʘʥ ʟʘʪʦ ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʩʪʘʥʜʘʨʜʥʠʭ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʿʝ. ʋ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʿʝ ʜʦʜʘʪʥʦ ʫʥʘʧʨʝʹʝʥ ʧʦʙʦˀʰʘʚʘˁʝʤ ʦʧʝʨʘʮʠʿʝ 

ʤʫʪʠʨʘˁʘ ʭʨʦʤʦʟʦʤʘ. ʅʘ ʧʦʯʝʪʢʫ ʧʨʦʮʝʩʘ ʦʧʝʨʘʮʠʿʫ ʤʫʪʠʨʘˁʘ ʿʝ ʤʦʛʫ˂ʝ ʚʨʰʠʪʠ 

ʥʘ ʩʚʠʤ ʙʠʪʦʚʠʤʘ, ʰʪʦ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʰʠʨʫ ʧʨʝʪʨʘʛʫ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ, ʜʦʢ ʿʝ 

ʥʘ ʢʘʩʥʠʿʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʤʫʪʘʮʠʿʘ ʜʦʟʚʦˀʝʥʘ ʩʘʤʦ ʥʘ ʙʠʪʦʚʠʤʘ ʢʦʿʠ ʠʤʘʿʫ ʥʠʞʠ 

ʪʝʞʠʥʩʢʠ ʬʘʢʪʦʨ. ɼʨʫʛʦ ʧʦʙʦˀʰʘˁʝ ʩʝ ʦʛʣʝʜʘ ʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʠ ʘʫʪʦ ʢʦʨʝʢʮʠʿʝ 

ʥʘʿʚʝ˂ʝ ʤʦʛʫ˂ʝ ʩʥʘʛʝ ʪʨʘʥʩʘʢʮʠʿʝ. ʊʨʝ˂ʝ ʧʦʙʦˀʰʘˁʝ ʩʝ ʦʛʣʝʜʘ ʫ ʫʧʦʪʨʝʙʠ ʚʠʰʝ 

ʤʝʪʦʜʘ ʩʝʣʝʢʮʠʿʝ ʠ ʫʢʨʰʪʘˁʘ ʭʨʦʤʦʟʦʤʘ ʯʠʤʝ ʩʝ ʧʦʙʦˀʰʘʚʘ ʧʨʦʮʝʩ ʧʨʝʪʨʘʛʝ 

ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ ʠ ʠʟʙʝʛʘʚʘʿʫ ʩʝ ʣʦʝh ʦʩʦʙʠʥʝ ʩʚʘʢʝ ʧʦʿʝʜʠʥʘʯʥʝ ʤʝʪʦʜʝ ʩʝʣʝʢ-

ʮʠʿʝ ʠʣʠ ʫʢʨʰʪʘˁʘ. ɿʙʦʛ ʦʚʠʭ ʧʦʙʦˀʰʘˁʘ ʧʦʚʝ˂ʘʥʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʠ ʙʨʟʠʥʘ ʠʟʨʘ-

ʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʠʯʥʠ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ. 

ʅʦʚʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʥʘʣʘʞʝˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʿʝ ʪʝʩʪʠʨʘʥʘ ʥʘ ʜʚʘ ʨʝʘʣʥʘ ʠʥʞʠ-

ˁʝʨʩʢʘ ʧʨʦʙʣʝʤʘ. ʇʨʚʠ ʧʨʦʙʣʝʤ ʩʝ ʦʜʥʦʩʠ ʥʘ ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ 

ʙʠʣʘʪʝʨʘʣʥʠʭ ʠ ʤʫʣʪʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ. ʋ ʦʢʚʠʨʫ ʦʚʦʛ 

ʧʨʦʙʣʝʤʘ ʧʨʠʤʝʥʦʤ ʧʨʝʜʣʦʞʝʥʦʛ ʘʣʛʦʨʠʪʤʘ ʨʝʰʘʚʘʥʘ ʩʫ ʠ ʟʘʛʫʰʝˁʘ ʫ ʧʨʝʥʦʩʥʦʿ 

ʤʨʝʞʠ ʢʦʿʘ ʥʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʦʩʪʦʿʘˁʘ ʚʠʰʝ ʠʩʪʦʚʨʝʤʝʥʠʭ ʙʠʣʘʪʝʨʘʣʥʠʭ 

ʪʨʘʥʩʘʢʮʠʿʘ. ʇʦʩʤʘʪʨʘʥ ʿʝ ʫʪʠʮʘʿ ʨʝʜʦʩʣʝʜʘ ʧʨʦʧʫʰʪʘˁʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢ-

ʮʠʿʘ ʫ ʮʠˀʫ ʰʪʦ ʚʝ˂ʝʛ ʧʨʝʥʦʩʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ. ʋʟ ʤʘʣʝ 

ʤʦʜʠʬʠʢʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʿʝ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠ-

ʤʘʣʥʝ ʧʨʦʮʝʥʪʫʘʣʥʝ ʧʨʝʨʘʩʧʦʜʝʣʝ ʩʥʘʛʝ ʤʫʣʪʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʦ ʧʨʦʜʘʚ-

ʮʠʤʘ ʠ ʢʫʧʮʠʤʘ ʫ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʥʘʿʚʝ˂ʝ ʨʘʟʤʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ 

ʜʚʝ ʦʙʣʘʩʪʠ. ʇʨʦʨʘʯʫʥ ʿʝ ʠʟʚʨʰʝʥ ʥʘ ʩʪʘʥʜʘʨʜʥʦʿ Iɽɽɽ 30 ʩʘʙʠʨʥʠʯʢʦʿ ʤʨʝʞʠ, ʟʘ 
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ʿʝʜʥʦ ʙʘʟʥʦ ʩʪʘˁʝ. ʅʘ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʉʨʙʠʿʝ ʠ ʎʨʥʝ ɻʦʨʝ ʪʝʩʪʠʨʘʥ ʿʝ ʧʨʝʜʣʦʞʝ-

ʥʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʠʟʤʝʹʫ ʦʚʠʭ 

ʦʙʣʘʩʪʠ. ʅʘʯʠʥ ʥʘ ʢʦʿʠ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʦʜʨʝʹʫʿʫ ʧʨʝʢʦʛʨʘʥʠʯʥʠ 

ʢʘʧʘʮʠʪʝʪ ʿʝ ʧʦʩʣʫʞʠʦ ʟʘ ʬʦʨʤʠʨʘˁʝ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ ʠ ʫʧʨʘʚˀʘʯʢʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ. ɼʨʫʛʠ ʧʨʦʙʣʝʤ ʩʝ ʦʜʥʦʩʠ ʥʘ ʥʘʣʘʞʝˁʝ 

ʦʧʪʠʤʘʣʥʝ ʚʝʣʠʯʠʥʝ ʠ ʣʦʢʘʮʠʿʝ PV ʝʣʝʢʪʨʘʥʝ. ʇʨʠʤʝʥʦʤ ʨʘʟʚʠʿʝʥʦʛ ʘʣʛʦʨʠʪʤʘ ʠ 

ʫʧʦʪʨʝʙʦʤ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ ʩʘ ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʠʤʘ ʥʘʣʘʞʝʥʘ ʿʝ ʣʦʢʘʮ-

ʠʿʘ ʟʘ ʠʟʛʨʘʜˁʫ PV ʝʣʝʢʪʨʘʥʝ ʪʘʢʦ ʜʘ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʠʟ ʦʜʘʙʨʘʥʦʛ ʯʚʦʨʘ ʢʘ ʦʩʪʘ-

ʣʠʤ ʯʚʦʨʦʚʠʤʘ ʫ ʤʨʝʞʠ ʙʫʜʝ ʤʘʢʩʠʤʘʣʥʘ. ʂʨʠʪʨʠʿʫʤʩʢʘ ʬʫʥʢʮʠʿʘ ʩʘ ʪʝʞʠʥʩʢʠʤ 

ʬʘʢʪʦʨʠʤʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʫ ʩʚʨʭʫ ʨʝʰʘʚʘˁʘ ʦʚʦʛ ʧʨʦʙʣʝʤʘ. 
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METHODS FOR DETERMINATION OF AVAILABLE TRANSFER 

CAPACITY IN HIGH -VOLTAGE TRANSMISSION NETWORK  

 

Abstract 

The introduction of the competitive market into the electrical power industry has spread 

all over the world. In this setting, it is expected that customers can save money on their 

electricity bills by selecting the adequate suppliers for their needs. On the other hand, 

transmission companies are required to provide sufficient capacity for power 

transmission in both ways while maintaining the acceptable level of reliability and 

quality of supply to all customers. In the past, transmission systems were planned and 

operated to handle a limited number of wheeling transactions between the members of 

the interconnected power system. In a deregulated environment, the number of bilateral 

transactions will grow rapidly and system operators are expected to operate their 

systems securely and reliably in order to accommodate these transactions. New methods 

and tools will then be required to help the system operators evaluate the impact of 

different bilateral transactions on the operation of the systems. 

One of the main requirements imposed on the transmission networks is to provide non-

discriminatory access to all of the participants of the electricity market. In order to have 

fair competition in the electricity market it is essential to enable the trade between the 

neighboring power systems. With the aim of achieving this kind of trade it is necessary 

to provide and post the value of available transfer capacity (ATC) for each interval in 

which the trade is conducted. The static value of available transfer capacity is the 

maximum power that can be transmitted through the system in a certain direction 

without violating any of the system constraints. Methods that calculate the value of 

ATC are divided into linear (which calculate the approximate value) and iterative 

methods. Ensuring a sufficient amount of ATC will enable the undisturbed and 

economical trade in the wider area that can include more neighboring power systems. 

The aim of this dissertation is to introduce a new procedure for the calculation of the 

available transfer capacity between two nodes or areas. The main advantage of this 

method is that it enables simple inclusion of various types of transactions, including 

consideration of all constraints that can be expressed mathematically. The developed 
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procedure is based on the use of several different approaches and on the combination of 

their good features. 

Finding the value of ATC can be set as an optimization problem which, in this 

dissertation, is solved by using metaheuristic methods of optimization. For the purpose 

of solving this optimization problem, two of metaheuristic optimization methods are 

used, genetic algorithm and black hole algorithm. Genetic algorithm was chosen 

because it represents one of the standard optimization methods. In this dissertation, 

genetic algorithm is further improved by introducing new operation of chromosome 

mutation. At the beginning of the process, operation of mutation can be performed on 

all bits, which results in a wider search space, while in the latter iterations mutation is 

allowed only on the bits that have lower weighting factor. The second improvement is 

reflected in the implementation of auto correction of maximum possible power of the 

transaction. The third improvement is reflected in the use of multiple methods of 

selection and crossover of chromosomes, thereby improving the process of search 

within the search space, and avoiding the bad qualities of each method of selection or 

crossover. Because of these improvements the efficiency and speed of calculation of the 

ATC value are increased compared to classical genetic algorithm. 

The new procedure for finding the value of ATC is tested on two real engineering 

problems. The first problem relates to the determination of the ATC value of bilateral 

and multilateral transactions in the transmission network. By using the proposed 

algorithm congestion in the transmission network can be solved, which arise as a 

consequence of the existence of multiple bilateral transactions. The effect of the order of 

establishing the transaction is observed in the order of higher electricity transmission 

between the two areas. With minor modifications, the proposed algorithm can be used 

to determine the optimal percentage of redistribution of power of multilateral 

transactions by sellers and buyers in order to achieve the maximum power exchange 

between the two areas. The calculation is done on IEEE 30 bus system, for one base 

case. On the transmission network of Serbia and Montenegro the proposed algorithm 

was tested for calculating the available transmission capacity between these areas. The 

way in which the transmission system operators determine the cross-border capacity is 

used for forming the criterion function and control variables of this optimization 

method. The second problem is related to the determination of optimal size and location 
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of PV power plants with the aim of maximizing the value of ATC from the selected 

node to other nodes in the network. Aiming to solve this optimization problem the 

proposed algorithm was used with the criteria function that uses weight factors. 

 

Keywords: Available Transfer Capacity, Genetic algorithm, Black Hole algorithm, 

electricity market. 

Scientific field: Technical science ï Electrical engineering 
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1. ʋɺʆɼ 

 

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʝʢʪʦʨ ʿʝ ʧʨʝʪʨʧʝʦ ʟʥʘʯʘʿʥʝ ʧʨʦʤʝʥʝ ʫ ʧʦʩʣʝʜˁʝ ʜʚʝ ʜʝʮʝʥʠʿʝ 

ʧʨʝʣʘʟʝ˂ʠ ʠʟ ʚʝʨʪʠʢʘʣʥʦ ʠʥʪʝʛʨʠʩʘʥʦʛ ʫ ʜʝʨʝʛʫʣʠʩʘʥʠ ʩʠʩʪʝʤ. ʈʘʟʚʠʿʝʥʠ ʩʫ ʨʘʟʣʠ-

ʯʠʪʠ ʤʦʜʝʣʠ ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʩʝ ʪʨʫʜʝ ʜʘ ʦʙʝʟʙʝʜʝ ʧʨʘʚʠʯʘʥ, 

ʧʦʫʟʜʘʥ ʠ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ ʧʨʦʠʟʚʦʜˁʝ, ʪʨʛʦʚʠʥʝ, ʧʨʝʥʦʩʘ ʠ ʜʠʩʪʨʠʙʫʮʠʿʝ ʝʣʝʢ-

ʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʇʦʩʣʝ ʧʨʚʠʭ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʫ ʙʠʣʠ ʧʦʚʝʟʘʥʠ ʩʘ ʬʦʨʤʠʨʘˁʝʤ 

ʪʨʞʠʰʪʘ ʚʝ˂ ʿʝ ʧʦʩʪʘʣʦ ʿʘʩʥʦ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫʚʘʞʘʚʘʪʠ ʬʠʟʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ 

ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʨʘʜʠ ʜʦʙʨʦʛ ʤʦʜʝʣʦʚʘˁʘ ʪʨʞʠʰʪʘ. ɼʦʙʨʠ ʤʦʜʝʣʠ ʪʨʞʠʰʪʘ ˂ʝ 

ʜʘʚʘʪʠ ʜʦʙʨʝ ʩʠʛʥʘʣʝ ʠʥʚʝʩʪʠʪʦʨʠʤʘ, ʘʣʠ ʠ ʩʘʤʠʤ ʧʨʦʠʟʚʦʹʘʯʠʤʘ ʠ ʧʦʪʨʦʰʘʯʠʤʘ. 

ɻʣʘʚʥʠ ʮʠˀʝʚʠ ʜʝʨʝʛʫʣʘʮʠʿʝ ʩʫ ʦʩʥʠʚʘˁʝ ʦʪʚʦʨʝʥʦʛ ʪʨʞʠʰʪʘ, ʩʪʚʘʨʘˁʝ ʦʪʚʦʨʝ-

ʥʦʛ ʧʨʠʩʪʫʧʘ ʧʨʝʥʦʩʥʦʤ ʩʠʩʪʝʤʫ, ʝʬʠʢʘʩʥʘ ʪʨʞʠʰʥʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʧʦʤʦ˂ʫ ʮʝʥʘ. 

ʇʦʨʝʜ ʩʚʝʛʘ ʥʘʚʝʜʝʥʦʛ ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʠ ʧʦʫʟʜʘʥ ʨʘʜ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ 

ʩʠʩʪʝʤʘ. ʆʚʠ ʮʠˀʝʚʠ ʩʫ ʦʩʪʚʘʨʠʚʠ ʩʘʤʦ ʘʢʦ ʩʝ ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʬʦʨʤʠʨʘ 

ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʚʘ ʦʛʨʘʥʠʯʝˁʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʠ ʘʢʦ ʩʝ ʫʚʘʞʝ ʥʝʧʨʝʜʚʠʹʝ-

ʥʠ ʫʩʣʦʚʠ ʨʘʜʘ, ʢʘʦ ʰʪʦ ʩʫ ʠʩʧʘʜʠ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ. 

ʋ ʜʝʨʝʛʫʣʠʩʘʥʠʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʧʨʦʠʟʚʦʹʘʯʠ ʠ ʧʦʪʨʦʰʘʯʠ ʜʝʣʝ 

ʟʘʿʝʜʥʠʯʫ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ ʟʘ ʨʘʟʤʝʥʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʋ ʦʚʘʢʚʦʤ ʦʢʨʫʞʝˁʫ 

ʧʦʪʨʦʰʘʯʠ ʪʝʞʝ ʜʘ ʥʘʙʘʚʝ ʰʪʦ ʿʝʬʪʠʥʠʿʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ, ʧʨʠ ʯʝʤʫ ʥʠʿʝ 

ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ ʧʨʦʠʟʚʦʹʘʯʠ ʥʘʣʘʟʝ ʫ ʠʩʪʦʿ ʠʣʠ ʩʫʩʝʜʥʦʿ ʦʙʣʘʩʪʠ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʝ 

ʧʦʪʨʦʰʘʯʠ. ʅʘ ʦʚʘʢʚʠʤ ʪʨʞʠʰʪʠʤʘ ʿʝ ʤʦʛʫ˂ʝ ʩʥʘʙʜʝʚʘˁʝ ʿʝʜʥʝ ʦʙʣʘʩʪʠ ʠʟ ʚʠʰʝ 

ʨʘʟʣʠʯʠʪʠʭ ʦʙʣʘʩʪʠ. ʆʚʦ ʟʘ ʧʦʩʣʝʜʠʮʫ ʤʦʞʝ ʠʤʘʪʠ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ ʠ ʟʘʛʫʰʝˁʝ 

ʦʜʨʝʹʝʥʠʭ ʢʦʨʠʜʦʨʘ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ, ʰʪʦ ʥʘʿʯʝʰ˂ʝ ʜʦʚʦʜʠ ʜʦ ʧʨʝʢʦʨʘʯʝˁʘ 

ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʝʣʝʤʝʥʘʪʘ, ʧʦʚʨʝʜʘ ʦʛʨʘʥʠʯʝˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʢʘʦ ʠ ʧʨʝʢʦ-

ʨʘʯʝˁʝ ʥʘʧʦʥʩʢʠʭ ʦʛʨʘʥʠʯʝˁʘ, ʰʪʦ ʧʨʦʫʟʨʦʢʫʿʝ ʜʨʘʩʪʠʯʥʦ ʩʤʘˁʝˁʝ ʩʠʛʫʨʥʦʩʪʠ 

ʩʠʩʪʝʤʘ. ʉʠʛʫʨʥʦʩʪ ʠ ʝʢʦʥʦʤʠʯʥʦʩʪ ʩʫ ʦʩʥʦʚʥʠ ʟʘʭʪʝʚʠ ʢʦʿʠ ʩʝ ʥʘʤʝ˂ʫ ʦʧʝʨʘʪʦʨʠ-

ʤʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ. 

ʆʧʪʠʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʫʚʝ˂ʘˁʝ ʦʧʰʪʝʛ ʜʦʙʨʘ ʤʦʞʝ ʩʝ ʧʦʩʪʠ˂ʠ 

ʦʪʚʘʨʘˁʝʤ ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʧʦʩʪʦʿʘˁʝʤ ʝʢʦʥʦʤʠʯʥʝ ʨʘʟʤʝʥʝ ʝʣʝʢ-

ʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʘ ʜʨʫʛʠʤ ʩʠʩʪʝʤʠʤʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʢʦ ʩʝ ʩʘʤʦ ʿʝʜʥʦ ʟʘʛʫʰʝ-

ˁʝ ʥʝ ʤʦʞʝ ʫʩʧʝʰʥʦ ʨʝʰʠʪʠ, ʮʝʣʦʢʫʧʘʥ ʩʠʩʪʝʤ ʩʝ ʜʦʚʦʜʠ ʫ ʚʝʦʤʘ ʦʧʘʩʥʫ ʩʠʪʫʘ-

ʮʠʿʫ. ɿʙʦʛ ʦʚʦʛʘ ʿʝ ʚʝʦʤʘ ʚʘʞʥʦ ʩʧʨʦʚʦʜʠʪʠ ʘʥʘʣʠʟʝ ʩʠʛʫʨʥʦʩʪʠ ʧʦʚʝʟʘʥʠʭ ʝʣʝʢ-



2 

 

ʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ. ʅʘʿʧʦʟʥʘʪʠʿʘ ʤʝʪʦʜʘ ʢʦʿʘ ʩʝ ʙʘʚʠ ʦʚʦʤ ʪʝʤʘʪʠʢʦʤ ʿʝ n-1 

ʪʠʧʘ. ɿʘ ʚʝʣʠʢʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʩʠʩʪʝʤʝ ʢʨʠʪʝʨʠʿʫʤ n-1 ʿʝ ʚʝʦʤʘ ʟʘʭʪʝʚʘʥ ʟʘʜʘ-

ʪʘʢ. ɿʘʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʨʘʥʛʠʨʘʪʠ ʚʦʜʦʚʝ ʥʘ ʢʦʿʠʤʘ ʩʝ ʟʘʛʫʰʝˁʘ ʥʘʿʯʝʰ˂ʝ ʜʝʰʘʚʘ-

ʿʫ, ʘ ʢʦʿʠ ʠʤʘʿʫ ʥʘʿʚʠʰʝ ʫʪʠʮʘʿʘ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ. 

ʈʘʜ ʠ ʜʠʟʘʿʥ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʠ ʿʝ ʫ ʧʨʦʰʣʦʩʪʠ ʧʣʘʥʠʨʘʥ ʪʘʢʦ ʜʘ ʧʦʜʤʠʨʫʿʝ ʧʦʪ-

ʨʝʙʝ ʩʦʧʩʪʚʝʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʠ ʜʘ ʩʝ ʩʫʩʨʝ˂ʝ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ ʙʠ-

ʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʝ ʩʫ ʦʩʪʚʘʨʠʚʘʥʝ ʠʟʤʝ˂ʫ ʦʜʘʙʨʘʥʦʛ ʜʝʣʘ ʢʦʨʠʩʥʠʢʘ 

ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ. ʆʚʘ ʫʩʣʫʛʘ ʿʝ ʥʘʿʯʝʰ˂ʝ ʙʠʣʘ 

ʩʝʢʫʥʜʘʨʥʝ ʧʨʠʨʦʜʝ, ʧʦʰʪʦ ʩʝ ʧʨʠʦʨʠʪʝʪ ʜʘʚʘʦ ʩʦʧʩʪʚʝʥʦʿ ʧʨʦʠʟʚʦʜˁʠ. ʋ ʜʝʨʝʛʫ-

ʣʠʩʘʥʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ ʙʨʦʿ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ˂ʝ ʟʥʘʯʘʿʥʦ 

ʧʦʨʘʩʪʠ ʪʘʢʦ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫʩʚʦʿʠʪʠ ʥʦʚʘ ʧʨʘʚʠʣʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ˂ʝ ʦʧʝʨʘʪʦʨ 

ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘʪʠ ʤʨʝʞʦʤ. 

ʇʦʪʨʝʙʘ ʟʘ ʜʨʫʛʘʯʠʿʠʤ ʥʘʯʠʥʦʤ ʫʧʨʘʚˀʘˁʘ ʩʠʩʪʝʤʦʤ ʫ ʜʝʨʝʛʫʣʠʩʘʥʦʤ ʦʢʨʫʞʝˁʫ 

ʥʘʩʪʘʣʘ ʿʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʦʤʝʥʫʪʠʭ ʧʨʦʙʣʝʤʘ. ʂʦʜ ʚʝʨʪʠʢʘʣʥʦ ʠʥʪʝʛʨʠʩʘʥʦʛ 

ʩʠʩʪʝʤʘ ʧʨʦʙʣʝʤʠ ʚʝʟʘʥʠ ʩʘ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝʤ ʠ ʟʘʛʫʰʝˁʝʤ ʚʦʜʦʚʘ, ʢʘʦ ʠ ʧʨʦʙʣʝʤʠ 

ʚʝʟʘʥʠ ʟʘ ʥʘʧʦʥʩʢʫ ʠ ʫʛʘʦʥʫ ʩʪʘʙʠʣʥʦʩʪ ʩʫ ʩʝ ʥʘʿʯʝʰ˂ʝ ʨʝʰʘʚʘʣʠ ʧʨʝʨʘʩʧʦʜʝʣʦʤ 

ʩʥʘʛʘ ʧʦ ʛʝʥʝʨʘʪʦʨʠʤʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʫ ʜʝʨʝʛʫʣʠʩʘʥʦʤ ʩʠʩʪʝʤʫ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʫʩʚʦʿʠʪʠ ʝʬʠʢʘʩʥʝ ʤʝʨʝ ʢʦʿʝ ʥʝ˂ʝ ʜʦʚʝʩʪʠ ʜʦ ʜʠʩʢʨʠʤʠʥʘʮʠʿʝ ʧʦʿʝʜʠʥʠʭ ʫʯʝʩʥʠʢʘ. 

ʊʘʢʚʝ ʤʝʨʝ ʠʤʘʿʫ ʟʘ ʮʠˀ ʜʘ ʧʦʚʝ˂ʘʿʫ ʧʨʝʥʦʩʥʝ ʤʦʛʫ˂ʥʦʩʪʠ ʤʨʝʞʝ ʙʦˀʠʤ ʠʩʢʦ-

ʨʠʰ˂ʝˁʝʤ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʠʣʠ ʜʘ ʩʫʛʝʨʠʰʫ ʠʟʛʨʘʜˁʫ ʥʦʚʠʭ ʧʨʝʥʦʩʥʠʭ 

ʢʘʧʘʮʠʪʝʪʘ. 

ʆʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ ʙʘʚʠ ʦʜʨʝʹʠʚʘˁʝʤ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʫ 

ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʤ ʩʠʩʪʝʤʠʤʘ ʫʚʘʞʘʚʘʿʫ˂ʠ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʚʣʘʜʘʿʫ ʫ ʧʨʝʥʦʩʥʦʤ 

ʩʠʩʪʝʤʫ. ʆʚʘʿ ʢʦʥʮʝʧʪ ʿʝ ʧʦʟʥʘʪ ʠ ʧʦʜ ʥʘʟʠʚʦʤ ʤʦʛʫ˂ʥʦʩʪ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʘ 

(available transfer capability ï ATC) ʢʦʿʠ ʿʝ ʧʨʚʠ ʧʫʪ ʜʝʬʠʥʠʩʘʥ 1996 ʛʦʜʠʥʝ [1]. 

ʇʨʠʣʠʢʦʤ ʜʝʬʠʥʠʩʘˁʘ ʦʚʝ ʚʝʣʠʯʠʥʝ ʧʨʘʚˀʝʥʘ ʿʝ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʤʦʛʫ˂ʥʦʩʪʠ 

ʧʨʝʥʦʩʘ (transfer capability) ʠ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (transmission capacity). 

ʄʦʛʫ˂ʥʦʩʪ ʧʨʝʥʦʩʘ ʿʝ ʤʝʨʘ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʟʘʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʜʘ 

ʧʦʫʟʜʘʥʦ ʧʨʝʥʦʩʝ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʠʟ ʿʝʜʥʝ ʫ ʜʨʫʛʫ ʦʙʣʘʩʪ ʧʨʝʢʦ ʩʚʠʭ ʧʨʝʥʦʩ-

ʥʠʭ ʚʦʜʦʚʘ ʠʟʤʝʹʫ ʦʚʠʭ ʦʙʣʘʩʪʠ ʧʦʜ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠʤ ʫʩʣʦʚʠʤʘ [2]. ɱʝʜʠʥʠ-

ʮʘ ʢʦʿʦʤ ʩʝ ʦʟʥʘʯʘʚʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʥʦʩʘ ʿʝ MW. ʋ ʦʚʦʤ ʢʦʥʪʝʢʩʪʫ ʧʦʜ ʪʝʨʤʠʥʦʤ 

Ăʦʙʣʘʩʪñ ʤʦʞʝ ʩʝ ʧʦʩʤʘʪʨʘʪʠ ʮʝʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ, ʜʝʦ ʩʠʩʪʝʤʘ ʜʝʬʠʥʠ-
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ʩʘʥ ʛʨʘʥʠʮʘʤʘ ʪʨʞʠʰʪʘ, ʨʝʛʫʣʘʮʠʦʥʘ ʦʙʣʘʩʪ, ʜʝʦ ʨʝʛʠʦʥʘ ʠʣʠ ʙʠʣʦ ʢʦʿʠ ʜʝʦ ʦʜ 

ʩʚʝʛʘ ʥʘʚʝʜʝʥʦʛ. ɿʘ ʧʦʿʘʤ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʝʥʦʩʘ ʩʝ ʪʘʢʦʹʝ ʚʝʟʫʿʝ ʠ ʩʤʝʨ. ʆʜʥʦʩʥʦ, 

ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʥʦʩʘ ʠʟ ʦʙʣʘʩʪʠ ɸ ʫ ʦʙʣʘʩʪ ɹ ʥʠʿʝ ʦʙʘʚʝʟʥʦ ʿʝʜʥʘʢʘ ʤʦʛʫ˂ʥʦʩʪʠ 

ʧʨʝʥʦʩʘ ʠʟ ʦʙʣʘʩʪʠ ɹ ʫ ʦʙʣʘʩʪ ɸ. ʆʚʘ ʚʝʣʠʯʠʥʘ ʿʝ ʿʘʢʦ ʟʘʚʠʩʥʘ ʦʜ ʨʘʩʧʦʨʝʜʘ 

ʧʨʦʠʟʚʦʜˁʝ, ʧʨʦʤʝʥʝ ʧʦʪʨʦʰˁʝ ʠ ʩʘʤʦʛ ʩʪʘˁʘ ʫ ʧʨʝʥʦʩʥʦʤ ʩʠʩʪʝʤʫ ʪʦʢʦʤ 

ʧʦʩʤʘʪʨʘʥʦʛ ʧʝʨʠʦʜʘ. ʋ ʧʨʘʢʩʠ ʩʝ ʩʚʝ ʯʝʰ˂ʝ, ʧʦʛʦʪʦʚʦ ʫ ɽʚʨʦʧʠ, ʢʦʨʠʩʪʠ ʪʝʨʤʠʥ 

ʢʘʧʘʮʠʪʝʪ. ɸʢʦ ʙʠ ʩʝ ʩʪʨʦʛʦ ʛʣʝʜʘʣʦ ʥʘ ʜʝʬʠʥʠʮʠʿʫ ʢʘʧʘʮʠʪʝʪʘ ʦʥʜʘ ʙʠ ʩʝ ʦʥ 

ʦʜʥʦʩʠʦ ʩʘʤʦ ʥʘ ʧʦʿʝʜʠʥʘʯʥʠ ʝʣʝʤʝʥʪ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ, ʢʦʜ ʚʦʜʦʚʘ ʦʥ ʙʠ ʙʠʦ 

ʜʝʬʠʥʠʩʘʥ ʪʝʭʥʠʯʢʠʤ ʦʛʨʘʥʠʯʝˁʝʤ (ʪʝʨʤʘʣʥʘ ʠ ʦʛʨʘʥʠʯʝˁʘ ʩʪʘʙʠʣʥʦʩʪʠ). 

ʄʦʛʫ˂ʥʦʩʪ ʧʦʿʝʜʠʥʘʯʥʦʛ ʚʦʜʘ ʜʘ ʧʨʝʥʝʩʝ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ, ʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ 

ʩʘʤʦ ʜʝʦ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ, ʿʝ ʬʫʥʢʮʠʿʘ ʬʠʟʠʯʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʪʦʛ ʚʦʜʘ ʠ ʦʩʪʘʣʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʫ ʧʨʝʥʦʩʥʦʤ ʩʠʩʪʝʤʫ. ʇʦʿʝʜʠʥʘʯʥʠ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪʠ ʠʥʪʝʨʢʦʥʝʢ-

ʪʠʚʥʠʭ ʚʦʜʦʚʘ ʩʝ ʥʝ ʤʦʛʫ ʩʘʙʠʨʘʪʠ ʫ ʮʠˀʫ ʥʘʣʘʞʝˁʘ ʚʨʝʜʥʦʩʪʠ ʤʦʛʫ˂ʥʦʩʪʠ 

ʧʨʝʥʦʩʘ. ʊʘʢʦ ʩʘʙʨʘʥʠ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪʠ ʩʝ ʫʛʣʘʚʥʦʤ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʨʘʟʣʠʢʫʿʫ 

ʦʜ ʩʪʚʘʨʥʝ ʚʨʝʜʥʦʩʪʠ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʝʥʦʩʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʜʝʬʠʥʠʮʠʿʘʤʘ ʢʦʿʝ ʿʝ 

ETSO-E ʜʘʦ ʫ [3] ɸʊC ʩʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʠ ʢʘʦ ʨʘʩʧʦʣʦʞʠʚʠ ʧʨʝʥʦʩʥʠ 

ʢʘʧʘʮʠʪʝʪ (available transfer capacity). 

ʋ ʚʝʨʪʠʢʘʣʥʦ ʠʥʪʝʛʨʠʩʘʥʦʤ ʩʠʩʪʝʤʫ ʧʦʜ ʧʦʿʤʦʤ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʥʦʩʘ ʩʝ ʧʦʜʨʝʟʫʤʝ-

ʚʘʣʘ ʩʧʦʩʦʙʥʦʩʪ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʜʘ ʠʟʜʨʞʠ ʪʦʢʦʚʝ ʩʥʘʛʘ ʢʦʿʠ ʩʫ ʧʦʩʣʝʜʠʮʘ 

ʧʨʠʩʫʩʪʚʘ ʥʦʚʠʭ ʛʝʥʝʨʘʪʦʨʘ, ʚʝ˂ʝʛ ʥʠʚʦʘ ʧʦʪʨʦʰˁʝ, ʠʣʠ ʧʣʘʥʠʨʘʥʠʭ ʠʩʧʘʜʘ. 

ʄʝˁʘˁʝʤ ʝʥʝʨʛʝʪʩʢʦʛ ʩʝʢʪʦʨʘ ʦʙʘʚʝʟʘ ʦʜʨʝ˂ʠʚʘˁʘ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʝʥʦʩʘ ʿʝ ʧʨʠʧʘ-

ʣʘ ʦʧʝʨʘʪʦʨʫ ʪʨʞʠʰʪʘ. ʄʦʛʫ˂ʥʦʩʪ ʧʨʝʥʦʩʘ ʧʨʝʜʩʪʘʚˀʘ ʚʝʣʠʯʠʥʫ ʢʦʿʘ ʿʝ ʠ ʫʣʘʟʥʠ 

ʠ ʠʟʣʘʟʥʠ ʧʘʨʘʤʝʪʘʨ ʪʨʞʠʰʪʘ. ʅʘʠʤʝ, ʧʨʘʚʦ ʧʨʝʥʦʩʘ ʧʦʿʝʜʠʥʠʤ ʪʨʘʥʩʘʢʮʠʿʘʤʘ ʩʝ 

ʜʦʜʝˀʫʿʝ ʫʧʨʘʚʦ ʥʘ ʦʩʥʦʚʫ ʚʠʩʠʥʝ ɸʊC-ʘ ʠʟʤʝʹʫ ʪʝ ʜʚʝ ʦʙʣʘʩʪʠ, ʜʦʢ ʩʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ ɸʊC ʟʘʚʠʩʠ ʦʜ ʪʨʝʥʫʪʥʦʛ ʩʪʘˁʘ ʫ ʧʨʝʥʦʩʥʦʤ ʩʠʩʪʝʤʫ. ʀʤʘʿʫ˂ʠ ʦʚʦ ʫ ʚʠʜʫ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʘʚʠ ʠʟʘʟʦʚ. ɱʝʜʘʥ ʦʜ ʧʨʚʠʭ ʧʨʦʙʣʝ-

ʤʘ ʧʨʝʜʩʪʘʚˀʘ ʧʦʪʨʝʙʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ. ʇʦʪʝʥ-

ʮʠʿʘʣʥʠ ʙʨʦʿ ɸʊC ʚʨʝʜʥʦʩʪʠ ʿʝ ʚʝʣʠʢʠ, ʥʝ ʩʘʤʦ ʟʙʦʛ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʢʦʤʙʠʥʘʮʠʿʘ 

ʠʟʚʦʨ/ʫʧʦʨʠʰʪʝ, ʚʝ˂ ʠ ʟʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʩʘ ʧʨʦʤʝʥʦʤ ʙʘʟʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʜʦʣʘʟʠ 

ʠ ʜʦ ʧʨʦʤʝʥʝ ɸʊʉ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʧʘʨʦʚʘ ʠʟʚʦʨ/ʫʧʦʨʠʰʪʝ [4]. ɼʦʜʘʪʥʝ ʧʦʪʝʰʢʦ˂ʝ 

ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʥʝʜʦʩʣʝʜʥʦʩʪʠ ʧʦʜʘʪʘʢʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ. ʅʘʠʤʝ, ʪʘʯʘʥ 

ʚʦʟʥʠ ʨʝʜ ʧʨʦʠʟʚʦʜʥʠʭ ʿʝʜʠʥʠʮʘ ʥʠʿʝ ʧʦʟʥʘʪ ʩʚʝ ʜʦ ʪʨʝʥʫʪʢʘ ʟʘʪʚʘʨʘˁʘ ʪʨʞʠʰʪʘ 
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ʪʘʢʦ ʜʘ ʠʟʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʥʘʿʯʝʰ˂ʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʮʝˁʝʥʫ ʘ ʥʝ 

ʩʪʚʘʨʥʫ ʚʨʝʜʥʦʩʪ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ. 

ʄʝʪʦʜʝ ʢʦʿʝ ʩʝ ʙʘʚʝ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʩʝ ʤʦʛʫ ʛʨʫʙʦ ʧʦʜʝʣʠʪʠ ʥʘ 

ʿʝʜʥʦʢʦʨʘʯʥʝ ʠ ʠʪʝʨʘʪʠʚʥʝ ʤʝʪʦʜʝ. ʂʦʜ ʿʝʜʥʦʢʦʨʘʯʥʠʭ ʤʝʪʦʜʘ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʢʘʢʦ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʘʢʦ ʠ ʤʫʣʪʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʩʝ 

ʟʘʩʥʠʚʘ ʥʘ ʫʧʦʪʨʝʙʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʦʩʝʪˀʠʚʦʩʪʠ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʦʜʝʣʘ ʤʨʝʞʝ 

ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʧʨʠ ʠʟʨʘʯʫʥʘʚʘˁʫ ʦʚʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ, DC ʠʣʠ AC ʤʦʜʝʣ, ʜʦʙʠ-

ʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʤʦʛʫ ʙʠʪʠ ʚʠʰʝ ʠʣʠ ʤʘˁʝ ʦʧʪʠʤʠʩʪʠʯʥʠ ʧʦʰʪʦ ʩʝ ʫʛʣʘʚʥʦʤ 

ʜʦʙʠʿʘʿʫ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʚʝ˂ʝ ʦʜ ʩʪʚʘʨʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ 

ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʠʪʝʨʘʪʠʚʥʦʤ ʧʦʩʪʫʧʢʫ ʜʘʿʫ ʪʘʯʥʠʿʝ ʨʝʟʫʣʪʘʪʝ, ʘʣʠ ʟʙʦʛ 

ʧʨʠʨʦʜʝ ʠʟʨʘʯʫʥʘʚʘˁʘ ʟʘʭʪʝʚʘʿʫ ʚʠʰʝ ʚʨʝʤʝʥʘ ʦʜ ʿʝʜʥʦʢʦʨʘʯʥʠʭ ʤʝʪʦʜʘ. ʇʦʩʪʦʿʝ 

ʪʨʠ ʦʩʥʦʚʥʝ ʤʝʪʦʜʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʪʘʯʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ: 

- ʢʦʥʪʠʥʫʘʣʥʠ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ [5, 6], 

- ʧʦʥʘʚˀʘʿʫ˂ʠ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ [7], ʠ 

- ʦʧʪʠʤʘʣʥʠ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ (OPF) [8]. 

ɽʿʝbʝ ʠ ʦʩʪʘʣʠ ʘʫʪʦʨʠ ʫ [4] ʩʫ ʤʝʹʫ ʧʨʚʠʤʘ ʢʦʨʠʩʪʠʣʠ ʢʦʥʪʠʥʫʘʣʥʠ ʧʨʦʨʘʯʫʥ 

ʪʦʢʦʚʘ ʩʥʘʛʘ ʨʘʜʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ɸʊʉ-ʘ, ʧʨʠ ʪʦʤʝ ʥʘʚʦʜʝ˂ʠ ʜʘ ʿʝ ʜʘˀʝ ʫʙʨʟʘʚʘˁʝ 

ʘʣʛʦʨʠʪʤʘ ʥʝʦʧʭʦʜʥʦ ʧʦʰʪʦ ʿʝ ʦʚʘ ʤʝʪʦʜʘ ʚʨʝʤʝʥʩʢʠ ʚʝʦʤʘ ʟʘʭʪʝʚʥʘ. ɽʿʝbʝ ʩʘ 

ʛʨʫʧʦʤ ʘʫʪʦʨʘ ʿʝ ʫ [9] ʠʟʣʦʞʠʦ ʤʝʪʦʜʫ ʟʘ ʙʨʟʦ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ 

ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʨʠʰ˂ʝˁʝʤ ʣʠʥʝʘʨʠʟʦʚʘʥʦʛ ʤʦʜʝʣʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪ-

ʩʢʦʛ ʩʠʩʪʝʤʘ ʫʚʘʞʘʚʘʿʫ˂ʠ ʩʘʤʦ ʪʝʨʤʘʣʥʘ ʦʛʨʘʥʠʯʝˁʘ ʝʣʝʤʝʥʘʪʘ. ʂʦʥʪʠʥʫʘʣʥʠ 

ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʿʝ ʫ [10] ʢʦʨʠʰ˂ʝʥ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʫ 

ʧʨʠʩʫʩʪʚʫ DC ʚʦʜʦʚʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ. ʋ [11] ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-

ʘ ʘʫʪʦʨʠ ʩʫ ʧʨʚʦ ʢʦʨʠʩʪʠʣʠ ʨʝʟʫʣʪʘʪʝ ʣʠʥʝʘʨʥʝ ʤʝʪʦʜʝ, ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ DC 

ʤʦʜʝʣʫ ʤʨʝʞʝ. ʅʘʢʦʥ ʪʦʛʘ ʩʫ ʜʦʙʠʿʝʥʝ ʨʝʟʫʣʪʘʪʝ ʧʨʦʚʝʨʘʚʘʣʠ ʧʦʤʦ˂ʫ ʤʝʪʦʜʝ 

ʢʦʥʪʠʥʫʘʣʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ. ɸʢʦ ʩʫ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʫʟʨʦʢʦʚʘʣʠ ʧʨʠʩʫʩʪʚʦ 

ʥʝʧʨʠʭʚʘʪˀʠʚʠʭ ʥʘʧʦʥʘ ʥʘ ʩʘʙʠʨʥʠʮʘʤʘ, ʠʣʠ ʥʝʤʦʛʫ˂ʥʦʩʪ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʧʨʦʨʘ-

ʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ, ʩʥʘʛʝ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʩʫ ʩʤʘˁʠʚʘʥʝ ʟʘ ʫʥʘʧʨʝʜ 

ʜʝʬʠʥʠʩʘʥ ʠʟʥʦʩ. 

Gravener ʠ Nwankpa ʩʫ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ʢʦʨʠʩʪʠ-

ʣʠ ʧʦʥʘʚˀʘʿʫ˂ʠ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ [12]. ɸʫʪʦʨʠ ʩʫ ʫʩʚʦʿʠʣʠ ʣʠʥʝʘʨʥʦ ʧʦʚʝ˂ʘ-

ˁʝ ʧʦʪʨʦʰˁʝ/ʧʨʦʠʟʚʦʜˁʝ ʫ ʩʚʠʤ ʧʦʪʨʦʰʘʯʢʠʤ/ʛʝʥʝʨʘʪʦʨʩʢʠʤ ʯʚʦʨʦʚʠʤʘ ʥʘʙʘʚ-
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ʥʝ, ʦʜʥʦʩʥʦ ʧʨʦʜʘʿʥʝ ʦʙʣʘʩʪʠ. ʇʦʚʝ˂ʘˁʝ ʩʥʘʛʝ ʪʨʘʥʩʘʢʮʠʿʝ ʩʝ ʚʨʰʠ ʩʘ ʧʦʯʝʪʥʠʤ 

ʢʦʨʘʢʦʤ ʢʦʿʠ ʩʝ ʩʤʘˁʫʿʝ ʟʘ 50 % ʢʘʜʘ ʩʝ ʜʦʩʪʠʛʥʝ ʥʝʢʦ ʦʛʨʘʥʠʯʝˁʝ. ʂʘʜʘ ʧʦʚʝ˂ʘ-

ˁʝ ʧʘʜʥʝ ʠʩʧʦʜ ʥʝʢʝ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʝ ʛʨʘʥʠʮʝ ʧʨʦʨʘʯʫʥ ʩʝ ʟʘʫʩʪʘʚˀʘ ʠ ʪʘ 

ʚʨʝʜʥʦʩʪ ʿʝ ʧʨʦʛʣʘʰʘʚʘʥʘ ʟʘ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʠʟʤʝʹʫ ʨʘʟʤʘʪʨʘʥʠʭ ʦʙʣʘʩʪʠ. 

ʋ [13] ʿʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʢʦʨʠʰʪʝʥ 

OPF ʧʨʠ ʯʝʤʫ ʿʝ ʫʚʘʞʘʚʘʥ nï1 ʢʨʠʪʝʨʠʿʫʤʦʤ ʩʠʛʫʨʥʦʩʪʠ. ʈʘʜʠ ʫʙʨʟʘʚʘˁʘ ʧʨʦʮʝʩʘ 

ʘʫʪʦʨʠ ʩʫ ʫ ʦʙʟʠʨ ʫʟʠʤʘʣʠ ʩʘʤʦ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʝ ʚʦʜʦʚʝ ʠ ʪʦ ʦʥʝ ʢʦʿʠ ʩʫ ʥʘʿʦʧʪʝ-

ʨʝ˂ʝʥʠʿʠ. ɱʝʜʥʘ ʦʜ ʤʝʪʦʜʘ ʨʘʥʛʠʨʘˁʘ ʟʘʛʫʰʝʥʠʭ ʚʦʜʦʚʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʠ ʫ [14]. Sʦʦd 

ʿʝ ʩʘ ʛʨʫʧʦʤ ʘʫʪʦʨʘ ʫ [15] ʦʜʨʝʹʠʚʘʦ ʠʟʚʦʜˀʠʚʦʩʪ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʧʨʠ-

ʤʝʥʦʤ ʛʨʘʜʠʿʝʥʪʥʦʛ OPF-ʘ ʠ ʧʦʥʘʚˀʘʿʫ˂ʝʛ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ. ɸʫʪʦʨʠ ʩʫ 

ʪʘʢʦʹʝ ʧʨʝʜʣʦʞʠʣʠ ʠ ʥʘʯʠʥ ʥʘʧʣʘʪʝ ʩʚʘʢʝ ʙʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʤʘʨʛʠʥʘʣʥʠʭ ʮʝʥʘ, ʯʠʿʝ ʩʫ ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʨʠʢʘʟʘʣʠ ʫ [16]. Sʦʦd ʿʝ ʫ [17] ʧʨʠʢʘʟʘʦ 

ʥʘʯʠʥ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʫ ʜʝʨʝʛʫʣʠʩʘʥʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪ-

ʩʢʦʤ ʩʠʩʪʝʤʫ ʧʨʠʤʝʥʦʤ ʝʚʦʣʫʮʠʦʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ. ʀʩʪʠ ʘʫʪʦʨ ʿʝ ʫ [18] ʢʦʨʠʩ-

ʪʠʦ ʧʦʤʝʥʫʪʫ ʤʝʪʦʜʫ ʟʘ ʧʨʦʚʝʨʫ ʠʟʚʦʜˀʠʚʦʩʪʠ ʙʠʣʘʪʝʨʘʣʥʠʭ ʠ ʤʫʣʪʠʣʘʪʝʨʘʣʥʠʭ 

ʪʨʘʥʩʘʢʮʠʿʘ, ʪʘʢʦ ʰʪʦ ʿʝ ʟʘ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ ʨʘʟʤʝʥʝ ʫʟʠʤʘʦ ʚʝʦʤʘ ʚʝʣʠʢʫ ʚʨʝʜ-

ʥʦʩʪ. ʊʘʢʦʹʝ ʿʝ ʧʨʝʜʣʦʞʠʦ ʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʩʤʘˁʠʚʘˁʝ ʩʠʤʫʣʪʘʥʠʭ ʥʝʠʟʚʦʜˀʠʚʠʭ 

ʪʨʘʥʩʘʢʮʠʿʘ ʪʘʢʦ ʜʘ ʩʝ ʢʨʦʟ ʩʠʩʪʝʤ ʧʨʝʥʝʩʝ ʰʪʦ ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ. Milano, 

Ca¶izares ʠ Invernizzi ʩʫ ʫ [19] ʧʨʠʢʘʟʘʣʠ ʤʦʛʫ˂ʥʦʩʪ ʫʚʘʞʘʚʘˁʘ ʥʘʧʦʥʩʢʝ ʩʪʘʙʠʣ-

ʥʦʩʪʠ ʫ OPF ʤʦʜʝʣʫ ʢʘʦ ʠ ʤʦʛʫ˂ʥʦʩʪ ʨʘʟʤʘʪʨʘˁʘ n-1 ʠʩʧʘʜʘ. 

Sood ʠ Singh ʩʫ ʫ [20] ʧʨʝʜʣʦʞʠʣʠ ʤʝʪʦʜʫ ʟʘ ʫʧʨʘʚˀʘˁʝ ʟʘʛʫʰʝˁʠʤʘ ʫ ʜʝʨʝʛʫʣʠ-

ʩʘʥʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ ʫ ʧʨʠʩʫʩʪʚʫ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ. 

ɸʫʪʦʨʠ ʩʫ ʧʨʦʠʟʚʦʜˁʫ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʩʤʘʪʨʘʣʠ ʢʘʦ ʪʨʘʥʩʘʢʮʠʿʫ ʢʦʿʘ ʩʝ 

ʤʦʨʘ ʧʨʠʭʚʘʪʠʪʠ ʫ ʮʝʣʦʩʪʠ ʜʦʢ ʩʫ ʩʚʝ ʦʩʪʘʣʝ ʪʨʘʥʩʘʢʮʠʿʝ ʙʠʣʝ ʧʦʜʣʦʞʥʝ ʩʤʘˁʠ-

ʚʘˁʫ. ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʥʘʧʦʤʝʥʫʪʦ, ʥʘʤʝ˂ʝ ʩʝ ʧʦʪʨʝʙʘ ʟʘ ʜʝʬʠʥʠʩʘˁʝʤ ʜʦʙʨʠʭ ʧʨʘ-

ʚʠʣʘ ʨʘʜʘ ʪʨʞʠʰʪʘ ʫ ʮʠˀʫ ʩʤʘˁʠʚʘˁʘ ʟʘʛʫʰʝˁʘ ʢʦʿʘ ʤʦʛʫ ʜʘ ʜʦʚʝʜʫ ʜʦ ʟʣʦʫʧʦ-

ʪʨʝʙʝ ʧʦʿʝʜʠʥʠʭ ʫʯʝʩʥʠʢʘ. Liu, Ni, Wu ʠ Bi ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʝʣ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘ-

ʥʦʛ ʫʧʨʘʚˀʘˁʘ ʟʘʛʫʰʝˁʝʤ ʫ ʧʨʠʩʫʩʪʚʫ ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʠʤʝʥʦʤ 

DC ʤʦʜʝʣʘ ʤʨʝʞʝ ʠ ʦʧʪʠʤʘʣʥʝ ʘʣʦʢʘʮʠʿʝ ʨʝʩʫʨʩʘ [21]. Padhy ʿʝ ʩʘ ʛʨʫʧʦʤ ʘʫʪʦʨʘ 

ʨʘʟʚʠʦ ʘʣʛʦʨʠʪʘʤ ʟʘ ʩʤʘˁʠʚʘˁʝ ʘʢʪʠʚʥʠʭ ʠ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʠ 

ʤʫʣʪʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ [22] ʫ ʮʠˀʫ ʫʧʨʘʚˀʘˁʘ ʟʘʛʫʰʝˁʠʤʘ, ʢʦʿʠ ʩʝ ʟʘʩʥʠ-

ʚʘ ʥʘ ʢʦʨʠʰ˂ʝˁʫ OPF-ʘ ʩʘ AC ʤʦʜʝʣʦʤ ʤʨʝʞʝ. 
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Shaaban, Ni ʠ Wu ʩʫ ʧʦʤʦ˂ʫ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʢʦʿʠ ʨʘʜʠ ʩʘ ʨʝʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ 

ʦʜʨʝʹʠʚʘʣʠ ʤʦʛʫ˂ʥʦʩʪ ʫʢʫʧʥʦʛ ʧʨʝʥʦʩʘ (Total Transfer Capability ï TTC) ʙʠʣʘʪʝ-

ʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ [23]. ɸʫʪʦʨʠ ʥʠʩʫ ʢʦʨʠʩʪʠʣʠ ʥʠʢʘʢʚʫ ʧʦʤʦ˂ʥʫ ʤʝʪʦʜʫ ʟʘ ʦʜʨʝ-

ʹʠʚʘˁʝ ʤʘʢʩʠʤʘʣʥʦʛ TTC-ʘ ʪʘʢʦ ʜʘ ʩʫ ʙʠʣʠ ʧʨʠʤʦʨʘʥʠ ʜʘ ʨʘʜʝ ʩʘ ʧʝʥʘʣʠʟʘʮʠʦ-

ʥʠʤ ʬʘʢʪʦʨʠʤʘ. ʂʦʨʠʰ˂ʝˁʝ ʧʝʥʘʣʠʟʘʮʠʦʥʠʭ ʬʘʢʪʦʨʘ ʿʝ ʜʦʧʨʠʥʝʣʦ ʚʝʦʤʘ ʩʧʦʨʦʿ 

ʢʦʥʚʝʨʛʝʥʮʠʿʠ ʘʣʛʦʨʠʪʤʘ ʯʘʢ ʠ ʟʘ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʘʥ ʧʨʠʤʝʨ ʥʘ ʢʦʤʝ ʩʫ ʘʫʪʦʨʠ 

ʪʝʩʪʠʨʘʣʠ ʧʨʝʜʣʦʞʝʥʫ ʤʝʪʦʜʫ. ʄʝʪʦʜʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʊʊC-ʘ ʥʘ 

ʧʨʦʤʝʥʝ ʧʘʨʘʤʝʪʘʨʘ ʩʠʩʪʝʤʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʩʣʝʜʝ˂ʠʤ ʨʘʜʦʚʠʤʘ [24-26]. ʋ [27] 

ʘʫʪʦʨʠ ʩʫ ʦʜʨʝʹʠʚʘʣʠ ʜʠʥʘʤʠʯʢʫ ʚʨʝʜʥʦʩʪ ʊʊC-ʘ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʛʣʘʚʥʫ ʢʦʤʧʦ-

ʥʝʥʪʫ ɸʊC-ʘ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʨʘʩʪʝʨʝ˂ʠʚʘˁʝ ʛʝʥʝʨʘʪʦʨʘ ʢʦʿʝ ʥʘʩʪʘʿʝ ʫʩʣʝʜ 

ʢʚʘʨʦʚʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ. ʂʘʦ ʛʣʘʚʥʠ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʊʊC-ʘ ʘʫʪʦʨʠ ʩʫ ʢʦʨʠʩʪʠʣʠ ʫʛʘʦʥʫ ʩʪʘʙʠʣʥʦʩʪ ʨʦʪʦʨʘ. ʋ [28] ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ 

ʤʝʪʦʜʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʤʘʨʛʠʥʝ ʧʦʫʟʜʘʥʦʛ ʧʨʝʥʦʩʘ (Transmission Raliability Margin 

ï TRM) ʢʦʿʘ ʪʘʢʦʹʝ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʧʦʪʨʝʙʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ. 

Grijalva ʿʝ ʩʘ ʛʨʫʧʦʤ ʘʫʪʦʨʘ ʫ [29, 30] ʧʨʝʜʩʪʘʚʠʦ ʙʨʟʫ ʤʝʪʦʜʫ ʟʘʩʥʦʚʘʥʫ ʥʘ ʣʠʥʝʘ-

ʨʠʟʦʚʘʥʦʤ ʤʦʜʝʣʫ ʤʨʝʞʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʢʦʿʠ ʫʚʘʞʘʚʘ ʪʦʢʦʚʝ 

ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʧʦʤʦ˂ʫ ʢʦʨʝʢʮʠʿʝ ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʚʦʜʦʚʘ. Grijalva ʠ 

Sauer ʩʫ ʫ [31] ʧʨʠʢʘʟʘʣʠ ʥʘʯʠʥ ʟʘ ʫʚʘʞʘʚʘˁʝ ʩʪʘʪʠʯʢʦʛ ʦʛʨʘʥʠʯʝˁʘ ʩʪʘʙʠʣʥʦʩʪʠ 

ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ ʊʊʉ-ʘ. ɼʦʢ ʩʫ ʫ [32] ʧʨʠʢʘʟʘʣʠ ʤʝʪʦʜʫ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʝʣʝʤʝʥʪʘ 

ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʧʨʚʠ ʜʦʩʪʠʞʝ ʩʪʘʪʠʯʢʫ ʛʨʘʥʠʮʫ ʩʪʘʙʠʣʥʦʩʪʠ. Hamoud ʿʝ ʫ 

[33, 34] ʧʦʢʘʟʘʦ ʜʘ ʨʘʩʧʦʨʝʜ ʧʨʦʧʫʰʪʘˁʘ ʪʨʘʥʩʘʢʮʠʿʘ ʫʪʠʯʝ ʥʘ ʢʦʣʠʯʠʥʫ ʪʨʘʥʩʘʢ-

ʮʠʿʘ ʢʦʿʝ ˂ʝ ʙʠʪʠ ʧʨʠʭʚʘ˂ʝˁʝ, ʠʩʪʠʯʫ˂ʠ ʧʨʠ ʪʦʤʝ ʚʘʞʥʦʩʪ ʢʦʥʪʨʘʪʦʢʦʚʘ ʨʘʜʠ 

ʨʘʩʪʝʨʝ˂ʠʚʘˁʘ ʩʠʩʪʝʤʘ. ʆʚʘ ʘʥʘʣʠʟʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʧʦʤʦ˂ʫ DC ʤʦʜʝʣʘ ʤʨʝʞʝ ʠ ʫʟ 

ʧʨʝʪʧʦʩʪʘʚʢʫ ʦ ʥʝʧʨʦʤʝˁʝʥʦʤ ʨʘʩʧʦʨʝʜʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʫ ʧʨʠʩʫʩʪʚʫ 

ʪʨʘʥʩʘʢʮʠʿʘ. 

ʈʘʩʧʦʜʝʣʘ ʛʫʙʠʪʘʢʘ ʧʦ ʛʝʥʝʨʘʪʦʨʠʤʘ ʫ ʦʢʨʫʞʝˁʫ ʫ ʢʦʤʝ ʜʦʤʠʥʠʨʘʿʫ ʙʠʣʘʪʝʨʘʣʥʝ 

ʪʨʘʥʩʘʢʮʠʿʝ ʿʝ ʙʠʣʘ ʪʝʤʘ ʫ [35] ʠ [36]. ʋ [36] ʿʝ ʧʨʠʢʘʟʘʥʘ ʤʝʪʦʜʘ ʫ ʢʦʿʦʿ ʩʚʘʢʠ 

ʛʝʥʝʨʘʪʦʨ ʢʦʿʠ ʫʯʝʩʪʚʫʿʝ ʫ ʪʨʘʥʩʘʢʮʠʿʠ ʧʦʢʨʠʚʘ ʘʢʪʠʚʥʝ ʛʫʙʠʪʢʝ ʢʦʿʝ ʠʟʘʟʠʚʘ ʪʘ 

ʪʨʘʥʩʘʢʮʠʿʘ. ʈʘʜʠ ʦʜʨʞʘʚʘˁʘ ʥʘʧʦʥʘ ʫ ʧʨʦʧʠʩʘʥʠʤ ʦʢʚʠʨʠʤʘ ʘʫʪʦʨʠ ʩʫ ʧʨʝʜʣʦ-

ʞʠʣʠ ʜʘ ʛʝʥʝʨʘʪʦʨʠʤʘ ʢʦʿʠ ʩʫ ʙʣʠʞʠ ʯʚʦʨʦʚʠʤʘ ʩʘ ʩʣʘʙʠʿʠʤ ʥʘʧʦʥʩʢʠʤ ʧʨʠʣʠʢʘ-

ʤʘ ʙʫʜʝ ʥʘʨʝʹʝʥʦ ʜʘ ʧʨʦʠʟʚʝʜʫ ʧʦʪʨʝʙʥʫ ʢʦʣʠʯʠʥʫ ʨʝʘʢʪʠʚʥʝ ʝʥʝʨʛʠʿʝ. ɿʘ ʦʚʘʿ 
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ʢʦʨʘʢ ʩʫ ʩʝ ʦʜʣʫʯʠʣʠ ʜʘ ʩʝ ʥʝ ʙʠ ʨʝʘʢʪʠʚʥʘ ʝʥʝʨʛʠʿʘ ʚʦʜʠʣʘ ʢʨʦʟ ʮʝʦ ʩʠʩʪʝʤ ʠ 

ʪʠʤʝ ʧʨʦʫʟʨʦʢʦʚʘʣʘ ʩʤʘˁʝˁʝ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ. ɸʫʪʦʨʠ ʩʫ ʨʘʟʤʘʪʨʘʣʠ ʠ ʥʘ-

ʯʠʥ ʧʣʘ˂ʘˁʘ ʫʩʣʫʛʘ ʛʝʥʝʨʘʪʦʨʠʤʘ ʢʦʿʠ ʩʫ ʧʨʦʠʟʚʝʣʠ ʜʦʜʘʪʥʫ ʨʝʘʢʪʠʚʥʫ ʝʥʝʨʛʠʿʫ. 

Satoh, Tanaka ʠ Iwamoto ʩʫ ʢʘʦ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʧʨʠʣʠʢʦʤ ʨʘʯʫʥʘˁʘ ɸʊC-ʘ, 

ʢʦʨʠʰ˂ʝˁʝʤ ʣʠʥʝʘʨʠʟʦʚʘʥʠʭ ʬʘʢʪʦʨʘ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ʚʦʜʦʚʠʤʘ 

(PTDF), ʫʚʘʞʘʚʘʣʠ ʩʘʤʦ ʪʝʨʤʘʣʥʦ ʦʛʨʘʥʠʯʝˁʝ ʚʦʜʘ [37]. ʊʝʨʤaʣʥʠ ʢʘʧʘʮʠʪʝʪ ʥʠʿʝ 

ʧʦʩʤʘʪʨʘʥ ʢʘʦ ʬʠʢʩʘʥ, ʚʝ˂ ʿʝ ʨʘʟʚʠʿʝʥ ʤʦʜʝʣ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʪʨʝʥʫʪʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ʚʦʜʦʚʘ, ʩʪʚʘʨʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʘʤʙʠʿʝʥʪʘ ʠ ʙʨʟʠʥʝ ʚʝʪʨʘ. ʅʘ ʦʩʥʦʚʫ ʦʚʘʢʦ ʠʟʨʘʯʫʥʘ-

ʪʠʭ ʚʨʝʜʥʦʩʪʠ ʦʜʨʝʹʠʚʘʥʠ ʩʫ ʦʧʪʠʤʘʣʥʠ ʦʜʮʝʧʠ ʥʘ (phase shifter) ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʠʤʘ. 

Jain, Singh ʠ Srivastava ʩʫ ʫ [38] ʠʟʣʦʞʠʣʠ ʧʦʩʪʫʧʘʢ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ 

ɸʊʉ-ʘ ʢʘʢʦ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʘʢʦ ʠ ʤʫʣʪʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʫʚʘʞʘʚʘʿʫ˂ʠ ʦʩʮʠ-

ʣʘʪʦʨʥʫ ʩʪʘʙʠʣʥʦʩʪ. ʆʛʨʘʥʠʯʝˁʘ ʦʩʮʠʣʘʪʦʨʥʝ ʧʨʠʨʦʜʝ ʤʦʛʫ ʜʘ ʩʝ ʧʦʨʝʜʝ ʩʘ Hopf 

ʙʠʬʫʨʢʘʮʠʦʥʠʤ ʦʛʨʘʥʠʯʝˁʝʤ, ʦʜʥʦʩʥʦ ʿʝʜʥʦ ʦʜ ʢʨʠʪʠʯʥʠʭ ʩʦʧʩʪʚʝʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ɱʘʢʦʙʠʿʘʥʘ ʿʝ ʜʦʩʝʛʣʦ ʜʦ ʠʤʘʛʠʥʘʨʥʝ ʦʩʝ. ʇʦʤʦ˂ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʠʥʜʝʢʩʘ ʩʤʘˁʝʥʘ 

ʿʝ ʣʠʩʪʘ ʠʩʧʘʜʘ ʢʦʿʘ ʿʝ ʟʘ ʩʚʘʢʫ ʪʨʘʥʩʘʢʮʠʿʫ ʨʘʟʣʠʯʠʪʘ. 

ɺʠʩʠʥʘ ɸʊʉ-ʘ ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ ʿʝ ʧʦʩʣʫʞʠʣʘ ʢʘʦ ʿʝʜʘʥ ʦʜ ʢʨʠʪʝʨʠʿʫʤʘ ʧʨʠ 

ʨʝʰʘʚʘˁʫ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʙʘʚʠ ʜʠʥʘʤʠʯʢʠʤ ʧʣʘʥʠʨʘˁʝʤ 

ʧʨʦʰʠʨʝˁʘ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ [39]. ɸʫʪʦʨʠ ʩʫ ʞʝʣʝʣʠ ʜʘ ʜʦʜʘʚʘˁʝʤ ʥʦʚʠʭ ʚʦʜʦʚʘ 

ʩʤʘˁʝ ʠʥʚʝʩʪʠʮʠʦʥʘ ʫʣʘʛʘˁʘ ʠ ʦʧʝʨʘʮʠʦʥʝ ʪʨʦʰʢʦʚʝ, ʘʣʠ ʠ ʜʘ ʦʙʝʟʙʝʜʝ ʰʪʦ ʿʝ 

ʤʦʛʫ˂ʝ ʚʝ˂ʫ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʥʦʩʘ ʠʟʤʝʹʫ ʨʘʟʤʘʪʨʘʥʠʭ ʦʙʣʘʩʪʠ. 

ʋ ʥʦʚʠʿʝ ʚʨʝʤʝ ʟʥʘʯʘʿʘʥ ʙʨʦʿ ʨʘʜʦʚʘ ʩʝ ʙʘʚʠ ʠʟʙʦʨʦʤ ʣʦʢʘʮʠʿʝ FACTS ʫʨʝʹʘʿʘ 

ʨʘʜʠ ʧʦʚʝ˂ʘˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʢʘʢʦ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʘʢʦ ʠ ʤʫʣʪʠʣʘʪʝʨʘʣʥʠʭ 

ʪʨʘʥʩʘʢʮʠʿʘ [40-54]. Rashidinejad ʟʘʿʝʜʥʦ ʩʘ ʛʨʫʧʦʤ ʘʫʪʦʨʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʛʝʥʝʪ-

ʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʩʘ ʨʝʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʟʘʿʝʜʥʦ ʩʘ ʧʨʦʮʝʩʦʤ ʘʥʘʣʠʪʠʯʢʝ ʭʠʿʝʨʘʨʭʠʿʝ 

ʠ fuzzy ʩʢʫʧʦʚʠʤʘ ʨʝʰʘʚʘʦ ʧʨʦʙʣʝʤ ʦʧʪʠʤʘʣʥʝ ʣʦʢʘʮʠʿʝ ʠ ʚʝʣʠʯʠʥʝ TCSC ʫʨʝʹʘʿʘ 

ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ɸʊC-ʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ [42]. 

Farahmand ʩʘ ʜʨʫʛʠʤ ʘʫʪʦʨʠʤʘ ʿʝ ʢʦʨʠʩʪʠʦ ʤʝʪʦʜʫ ʧʦʥʦʚˀʝʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʟʘ 

ʥʘʣʘʞʝˁʝ ɸʊC-a ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ ʫʧʨʦʰ˂ʝʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʫ 

ʧʨʠʩʫʩʪʚʫ SVC ʫʨʝʜʿʘʿʘ [43]. ʋ [47] ʚʨʝʜʥʦʩʪ ɸʊC ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ ʿʝ ʨʘʯʫʥʘʪʘ 

ʧʦʤʦ˂ʫ Simplex ʤʝʪʦʜʝ, ʜʦʢ ʩʫ ʣʦʢʘʮʠʿʫ ʟʘ ʛʨʘʜˁʫ FACTS ʫʨʝʹʘʿʘ ʘʫʪʦʨʠ ʦʜʨʝʹʠ-

ʚʘʣʠ ʠʪʝʨʘʪʠʚʥʦ. ʋ [48] ʿʝ ʨʘʟʤʘʪʨʘʥ ʫʪʠʮʘʿ IPFC-ʘ ʠ GUPFC-ʘ ʥʘ ʧʦʚʝ˂ʘˁʝ ɸʊC-
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ʘ ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ ʦʙʣʘʩʪʠ. ɸʫʪʦʨʠ ʩʫ ʟʘ ʥʘʣʘʞʝˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʢʦʨʠʩʪʠʣʠ 

ʤʦʜʝʣ OPF-ʘ ʢʦʿʠ ʩʫ ʨʝʰʠʣʠ ʥʝʣʠʥʝʘʨʥʦʤ Interior Point ʤʝʪʦʜʦʤ. ʂʘʦ ʢʨʠʪʝʨʠʿʫʤ-

ʩʢʫ ʬʫʥʢʮʠʿʫ ʢʦʨʠʩʪʠʣʠ ʩʫ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ʠʥʪʝʨʢʦ-

ʥʝʢʪʠʚʥʠʤ ʚʦʜʦʚʠʤʘ ʫ ʙʘʟʥʦʤ ʠ ʫ ʦʧʪʠʤʘʣʥʦʤ ʩʪʘˁʫ. ʂʦʨʠʰ˂ʝˁʝʤ ʢʦʥʪʠʥʫʘʣʥʦʛ 

ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʧʨʠʤʝʥʦʤ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʙʠʨʘʥʘ ʿʝ ʥʘʿʙʦˀʘ 

ʣʦʢʘʮʠʿʘ ʟʘ ʠʟʛʨʘʜˁʠ UPFC-ʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʥʦʩʘ ʠʟʤʝʹʫ ʜʚʝ 

ʦʙʣʘʩʪʠ [44]. 

ɼʘ ʙʠ ʩʝ ʫʚʘʞʠʣʘ ʥʝʩʠʛʫʨʥʦʩʪ ʫ ʧʨʦʛʥʦʟʠ ʧʦʪʨʦʰˁʝ, ʢʘʦ ʠ ʠʩʧʘʜʠ ʝʣʝʤʝʥʘʪʘ 

ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʤʥʦʛʠ ʘʫʪʦʨʠ ʩʫ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʠ ˁʝʥʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ ʢʦʨʠʩʪʠʣʠ Monte Carlo (MC) ʩʠʤʫʣʘʮʠʿʫ [55-65]. ʋ [56] ʚʨʝʜʥʦʩʪ 

ɸʊC-ʘ ʟʘ ʩʚʘʢʫ ʩʝʢʚʝʥʮʫ ʄC ʩʠʤʫʣʘʮʠʿʝ ʟʙʦʛ ʫʙʨʟʘʚʘˁʘ ʘʣʛʦʨʠʪʤʘ ʿʝ ʨʘʯʫʥʘʪʘ 

ʧʦʤʦ˂ʫ ʣʠʥʝʘʨʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʠ DC ʤʦʜʝʣʘ ʤʨʝʞʝ. ʋ ʦʢʚʠʨʫ ʩʚʘʢʝ ʩʝʢʚʝʥʮʝ 

ʨʘʟʤʘʪʨʘʥʘ ʿʝ ʩʘʤʦ ʧʨʦʤʝʥʘ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ. ʂʦʨʠʩʪʝ˂ʠ ʦʚʫ ʤʝʪʦʜʫ ʠʩʪʘ 

ʛʨʫʧʘ ʘʫʪʦʨʘ ʿʝ ʧʦʢʫʰʘʚʘʣʘ ʜʘ ʥʘʹʝ ʥʘʿʙʦˀʫ ʣʦʢʘʮʠʿʫ ʫ ʧʨʝʥʦʩʥʦʤ ʩʠʩʪʝʤʫ ʟʘ 

ʠʟʛʨʘʜˁʫ ʥʦʚʠʭ ʝʣʝʢʪʨʘʥʘ ʨʘʜʠ ʧʦʚʝ˂ʘˁʘ ɸʊC-ʘ [57]. ʄʝʪʦʜʘ ʟʘ ʭʨʦʥʦʣʦʰʢʫ 

ʧʨʦʮʝʥʘ ʧʨʦʤʝʥʝ ɸʊC-ʘ ʿʝ ʚʨʰʝʥʘ ʫ [59] ʧʦʤʦ˂ʫ DC OPF-ʘ. ʋ ʦʢʚʠʨʫ ʩʚʘʢʝ 

ʩʝʢʚʝʥʮʝ ʦʜʨʝʹʠʚʘʥʘ ʿʝ ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʫʚʘʞʘʚʘʥʦ 

ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʦʧʨʘʚʢʫ ʝʣʝʤʝʥʪʘ ʘʢʦ ʩʝ ʜʦʛʦʜʠʦ ˁʝʛʦʚ ʠʩʧʘʜ ʫ ʥʝʢʦʤ ʧʨʝʪ-

ʭʦʜʥʦʤ ʪʨʝʥʫʪʢʫ. ʈʘʩʧʦʜʝʣʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ɸʊC-ʘ ʫ ʧʨʠʩʫʩʪʚʫ ʧʨʦʤʝʥˀʠʚʝ ʧʨʦʠʟ-

ʚʦʜˁʝ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʠ ʧʨʦʤʝʥˀʠʚʝ ʧʦʪʨʦʰˁʝ ʿʝ ʨʘʟʤʘʪʨʘʥʘ ʫ [60]. ʇʨʦʤʝʥe 

ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ʚʦʜʦʚʠʤʘ ʩʫ ʦʜʨʝʹʠʚʘʥʝ ʧʦʤʦ˂ʫ DC PTDF-ʘ, ʜʦʢ ʩʫ ʩʘʤʦ ʯʚʦʨʦʚʠ 

ʩʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘʤʘ ʫʟʠʤʘʥʠ ʫ ʦʙʟʠʨ ʟʘ ʯʚʦʨʦʚʝ ʠʟ ʢʦʿʠʭ ʩʝ ʩʥʘʙʜʝʚʘʿʫ ʪʨʘʥʩʘʢ-

ʮʠʿʝ. ʋʪʠʮʘʿ ʧʨʦʤʝʥˀʠʚʝ ʧʨʦʠʟʚʦʜˁʝ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʥʘ ʚʠʩʠʥʫ ɸʊC-ʘ ʿʝ ʨʘʟʤʘ-

ʪʨʘʥ ʠ ʫ [66]. ʆʜʨʝʹʠʚʘˁʝ ʤʘʨʛʠʥʝ ʧʦʫʟʜʘʥʦʛ ʧʨʝʥʦʩʘ ʧʦʤʦ˂ʫ MC ʩʠʤʫʣʘʮʠʿʝ ʿʝ 

ʙʠʣʘ ʪʝʤʘ ʫ ʨʘʜʦʚʠʤʘ [64] ʠ [65]. 

ɼʨʫʛʠ ʥʘʯʠʥ ʟʘ ʫʚʘʞʘʚʘˁʝ ʥʝʩʠʛʫʨʥʦʩʪʠ ʿʝ ʢʦʨʠʰ˂ʝˁʝ fuzzy ʩʢʫʧʦʚʘ. Hahn ʩʘ 

ʛʨʫʧʦʤ ʘʫʪʦʨʘ ʿʝ ʧʨʝʜʣʦʞʠʦ fuzzy ʧʨʠʩʪʫʧ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ 

ʧʦʤʦ˂ʫ OPF-ʘ ʢʦʿʠ ʫʚʘʞʘʚʘ ʥʝʧʨʝʜʚʠʹʝʥʝ ʠʩʧʘʜʝ ʢʦʨʠʩʪʝ˂ʠ Benderovu ʜʝʢʦʤʧʦ-

ʟʠʮʠʿʫ [67]. ʋ ʛʣʘʚʥʦʤ ʜʝʣʫ ʿʝ ʨʝʰʘʚʘʥ ʧʨʦʙʣʝʤ ʙʝʟ ʠʩʧʘʜʘ ʜʦʢ ʿʝ ʙʨʦʿ ʧʦʤʦ˂ʥʠʭ 

ʧʨʦʙʣʝʤʘ ʙʠʦ ʿʝʜʥʘʢ ʙʨʦʿʫ ʠʩʧʘʜʘ. ʅʘ ʢʨʘʿʫ ʘʣʛʦʨʠʪʤʘ ʘʫʪʦʨʠ ʩʫ ʚʨʰʠʣʠ ʧʦʨʝʹʝ-

ˁʝ ʨʝʟʫʣʪʘʪʘ. ʋ [68] ʿʝ ɸʊC ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʦʙʣʘʩʪʠ ʦʜʨʝʹʠʚʘʥ ʧʦʤʦ˂ʫ fuzzy 

ʩʢʫʧʦʚʘ ʠ ʧʨʦʨʘʯʫʥʘ ʢʦʥʪʠʥʫʘʣʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ. ɸʫʪʦʨʠ ʩʫ ʩʝ ʦʜʣʫʯʠʣʠ ʟʘ fuzzy 
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ʩʢʫʧʦʚʝ ʜʘ ʙʠ ʫʚʘʞʠʣʠ ʥʝʩʠʛʫʨʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʨʠʩʫʪʥʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʠ ʧʦʪʨʦʰˁʠ, 

ʧʨʠ ʪʦʤʝ ʥʠʩʫ ʫʚʘʞʘʚʘʣʠ ʠʩʧʘʜʝ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. 

ʇʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʥʝʢʠ ʘʫʪʦʨʠ ʩʫ ʧʨʦʙʘʣʠ ʜʘ ʥʘʫ́ ʚʨʝʜʥʦʩʪ ɸʊC-ʘ ʢʦʨʠʰ˂ʝˁʝʤ 

ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ. ʋ [69] ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥ-

ʩʘʢʮʠʿʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ Radial Basis Function Neural Network. ʆʚʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ 

ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʪʨʠ ʬʠʢʩʥʘ ʩʣʦʿʘ ʠ ʩʚʘʢʠ ʯʚʦʨ ʫ ʚʠʰʝʤ ʩʣʦʿʫ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʩʚʠʤ 

ʯʚʦʨʦʚʠʤʘ ʫ ʥʠʞʝʤ ʩʣʦʿʫ. ɿʘ ʛʨʫʧʠʩʘˁʝ ʧʦʜʘʪʘʢʘ ʢʦʨʠʩʪʠʣʠ ʩʫ ʢʣʘʩʪʝʨʦʚʘˁʝ ʥʘ 

ʙʘʟʠ ɽʫʢʣʠʜʦʚʝ ʫʜʘˀʝʥʦʩʪʠ ʠ random forest ʪʝʭʥʠʢʫ. ɿʘ ʫʧʦʪʨʝʙʫ ʦʚʝ ʠ ʩʚʠʭ 

ʜʨʫʛʠʭ ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ ʧʦʪʨʝʙʘʥ ʿʝ ʚʝʣʠʢʠ ʙʨʦʿ ʧʦʟʥʘʪʠʭ ʨʝʰʝˁʘ ʜʘ ʙʠ ʩʝ ʤʨʝʞʘ 

ʜʦʙʨʦ ʬʦʨʤʠʨʘʣʘ, ʧʦʰʪʦ ʩʚʘʢʠ ʥʝʧʨʝʜʚʠʹʝʥʠ ʜʦʛʘʹʘʿ ʤʦʞʝ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʜʦʙʠʿʘ-

ˁʝ ʧʦʛʨʝʰʥʠʭ ʨʝʟʫʣʪʘʪʘ. ʂʦʨʠʩʪʝ˂ʠ ʚʝʣʠʢʫ ʛʨʫʧʫ ʤʦʛʫ˂ʠʭ ʨʝʰʝˁʘ ʢʦʿʘ ʩʫ ʥʘʩʪʘ-

ʣʘ ʧʨʦʠʟʚʦˀʥʠʤ ʤʝˁʘˁʝʤ ʧʦʪʨʦʰˁʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʧʨʦʠʟʚʦʜˁʘ ʥʠʿʝ ʤʝˁʘʣʘ ʠʟʨʘ-

ʯʫʥʘʚʘʥʘ ʿʝ ʚʨʝʜʥʦʩʪ ɸʊC-ʘ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ʧʦʤʦ˂ʫ ʢʦʥʪʠʥʫʘʣʥʦʛ ʧʨʦʨʘʯʫʥʘ 

ʪʦʢʦʚʘ ʩʥʘʛʘ [70]. ʋ ʦʢʚʠʨʫ ʦʚʠʭ ʨʝʰʝˁʘ ʨʘʜʠ ʧʨʦʚʝʨʝ ʩʠʛʫʨʥʦʩʪʠ ʩʠʩʪʝʤʘ ʫʚʘʞʘ-

ʚʘʥʠ ʩʫ ʩʘʤʦ ʠʩʧʘʜʠ ʚʦʜʦʚʘ. ʂʦʨʠʩʪʝ˂ʠ ɽʫʢʣʠʜʦʚʦ ʨʘʩʪʦʿʘˁʝ ʨʝʰʝˁʘ ʢʦʿʘ ʩʫ ʙʠʣʘ 

ʜʦʚʦˀʥʦ ʙʣʠʩʢʦ ʩʫ ʛʨʫʧʠʩʘʥʘ ʫ ʟʘʿʝʜʥʠʯʢʠ ʢʣʘʩʪʝʨ. ʅʘ ʦʩʥʦʚʫ ʦʚʝ ʧʦʜʝʣʝ ʩʚʘʢʠ 

ʢʣʘʩʪʝʨ ʿʝ ʩʣʫʞʠʦ ʟʘ ʦʙʫʢʫ ʿʝʜʥʝ Levenberg-Marquardt ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ. ʆʚʘʢʦ 

ʥʘʫʯʝʥʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ ʘʫʪʦʨʠ ʩʫ ʢʦʨʠʩʪʠʣʠ ʟʘ ʦʜʨʝʹʠʚˁʝ ɸʊC, ʧʨʠ ʯʝʤʫ ʩʫ 

ʫʣʘʟʠ ʫ ʥʝʫʨʘʣʥʫ ʤʨʝʞʫ ʩʘʤʦ ʘʢʪʠʚʥʘ ʠ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʥʘ ʯʚʦʨʦʚʠʤʘ 

ʤʨʝʞʝ. 

ʎʠˀ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʫʚʦʹʝˁʝ ʥʦʚʝ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʧʨʦʮʝʜʫʨʝ ʟʘ ʥʘʣʘʞʝˁʝ 

ʚʨʝʜʥʦʩʪʠ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʠ ʤʫʣʪʠʣʘʪʝʨʘʣʥʠʭ 

ʪʨʘʥʩʘʢʮʠʿʘ. ʆʩʥʦʚʥʘ ʧʨʝʜʥʦʩʪ ʨʘʟʚʠʿʝʥʝ ʧʨʦʮʝʜʫʨʝ ʿʝ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʣʘʢʦ ʫʚʦʹʝ-

ˁʝ ʥʦʚʠʭ ʦʛʨʘʥʠʯʝˁʘ. ʇʨʦʮʝʜʫʨʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ɸʊC-ʘ ʢʦʿʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʫ 

ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʥʘʩʪʘʣʘ ʠʩʢʦʨʠʰ˂ʘʚʘˁʝʤ ʠ ʢʦʤʙʠʥʦʚʘˁʝʤ ʜʦʙʨʠʭ ʦʩʦ-

ʙʠʥʘ ʥʝʢʦʣʠʮʠʥʝ ʧʨʝʪʭʦʜʥʦ ʨʘʟʚʠʿʝʥʠʭ ʤʝʪʦʜʘ. ɻʣʘʚʥʘ ʧʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ 

ʨʘʜʦʚʝ ʢʦʿʠ ʩʫ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʙʘʟʠʨʘʣʠ ʥʘ OPF ʤʦʜʝʣʫ ʩʝ ʦʛʣʝʜʘ 

ʫ ʧʦʩʪʦʿʘˁʫ ʧʦʟʥʘʪʦʛ ʦʛʨʘʥʠʯʝˁʘ ʤʘʩʢʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʪʨʘʥʩʘʢʮʠʿʝ. ʋ ʧʨʝʜʣʦ-

ʞʝʥʦʿ ʧʨʦʮʝʜʫʨʠ ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʙʠʣʦ ʢʦʿʝ ʪʨʘʥʩʘʢʮʠʿʝ ʩʝ ʧʨʚʦ ʦʜʨʝʹʫʿʝ 

ʧʦʤʦ˂ʫ DC ʤʝʪʦʜʝ. ɺʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʦʚʦ ʠʟʨʘʯʫʥʘʚʘˁʝ ʿʝ ʚʝʦʤʘ ʤʘʣʦ ʪʘʢʦ ʜʘ ʿʝ 

ʦʚʘʿ ʧʦʩʪʫʧʘʢ ʦʧʨʘʚʜʘʥ. ɼʨʫʛʘ ʧʨʝʜʥʦʩʪ ʧʨʝʜʣʦʞʝʥʝ ʧʨʦʮʝʜʫʨʝ ʩʝ ʦʛʣʝʜʘ ʫ ʪʦʤʝ 
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ʰʪʦ ʦʥʘ ʨʘʜʠ ʩʘʤʦ ʩʘ ʠʟʦʚʜˀʠʚʠʤ ʩʢʫʧʦʤ ʨʝʰʝˁʘ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ, ʯʠʤʝ ʩʝ 

ʠʟʙʝʛʘʚʘ ʨʘʜ ʩʘ ʧʝʥʘʣʠʟʘʮʠʦʥʠʤ ʬʘʢʪʦʨʠʤʘ ʠ ʟʥʘʪʥʦ ʫʙʨʟʘʚʘ ʘʣʛʦʨʠʪʘʤ. 

ʇʨʠʤʝʥʘ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʫ ʮʠˀʫ ʦʜʨʝʹʠʚʘˁʘ ʚʨʝʜʥʦʩʪʠ 

ɸʊC-ʘ, ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʿʝ ʠʣʫʩʪʨʦʚʘʥʘ ʩʘ ʜʚʘ ʨʝʘʣʥʘ ʠʥʞʝˁʝʨʩʢʘ ʧʨʦʙʣʝʤʘ ʩʘ 

ʧʨʠʤʝʨʠʤʘ ʫ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ. ʇʨʚʠ ʠ ʦʩʥʦʚʥʠ ʧʨʦʙʣʝʤ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ 

ɸʊC-ʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʠ ʤʫʣʪʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ. ʋ ʦʢʚʠ-

ʨʫ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʧʨʠʤʝʥʦʤ ʧʨʝʜʣʦʞʝʥʦʛ ʘʣʛʦʨʠʪʤʘ ʨʝʰʘʚʘʥʘ ʩʫ ʠ ʟʘʛʫʰʝˁʘ ʫ 

ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʢʦʿʘ ʥʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʦʩʪʦʿʘˁʘ ʚʠʰʝ ʠʩʪʦʚʨʝʤʝʥʠʭ ʙʠʣʘ-

ʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ. ʇʦʩʤʘʪʨʘʥ ʿʝ ʫʪʠʮʘʿ ʨʝʜʦʩʣʝʜʘ ʧʨʦʧʫʰʪʘˁʘ ʙʠʣʘʪʝʨʘʣʥʠʭ 

ʪʨʘʥʩʘʢʮʠʿʘ ʫ ʮʠˀʫ ʰʪʦ ʚʝ˂ʝʛ ʧʨʝʥʦʩʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ. 

ʋʟ ʤʘʣʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʿʝ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʦʧʪʠʤʘʣʥʝ ʧʨʦʮʝʥʪʫʘʣʥʝ ʧʨʝʨʘʩʧʦʜʝʣʝ ʩʥʘʛʝ ʤʫʣʪʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʦ ʧʨʦ-

ʜʘʚʮʠʤʘ ʠ ʢʫʧʮʠʤʘ ʫ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʥʘʿʚʝ˂ʝ ʨʘʟʤʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝ-

ʹʫ ʜʚʝ ʦʙʣʘʩʪʠ. ʇʨʦʨʘʯʫʥ ʿʝ ʠʟʚʨʰʝʥ ʥʘ ʩʪʘʥʜʘʨʜʥʦʿ IEEE 30 ʩʘʙʠʨʥʠʯʢʦʿ ʤʨʝʞʠ 

ʢʦʿʘ ʿʝ ʜʦʩʪʘ ʢʦʨʠʰ˂ʝʥʘ ʫ ʨʘʜʦʚʠʤʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʦʚʦʤ ʪʝʤʘʪʠʢʦʤ. ʇʨʦʨʘʯʫʥ ʿʝ 

ʦʜʨʘʹʝʥ ʟʘ ʿʝʜʥʦ ʙʘʟʥʦ ʩʪʘˁʝ. ʈʘʟʤʘʪʨʘˁʝ ʿʝʜʥʦʛ ʙʘʟʥʦʛ ʩʪʘˁʘ ʿʝ ʦʧʨʘʚʜʘʥʦ ʧʦʰʪʦ 

ʩʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ɸʊC-ʘ ʥʘ ʚʝ˂ʠʤ ʪʨʞʠʰʪʠʤʘ (Nord Pool Spot) ʢʦʨʠʩʪʠ ʧʨʦʛʥʦʟʠ-

ʨʘʥʘ ʚʨʝʜʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʟʘ ʦʜʨʝʹʝʥʠ ʩʘʪ. ʉʚʘʢʘ ʧʨʦʤʝʥʘ ʙʘʟʥʦʛ 

ʩʪʘˁʘ ʥʝʤʠʥʦʚʥʦ ʜʦʚʦʜʠ ʠ ʜʦ ʧʨʦʤʝʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ. ʅʘ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ 

ʉʨʙʠʿʝ ʠ ʎʨʥʝ ɻʦʨʝ ʪʝʩʪʠʨʘʥ ʿʝ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ɸʊʉ-ʘ 

ʠʟʤʝʹʫ ʦʚʠʭ ʦʙʣʘʩʪʠ. ʅʘʯʠʥ ʥʘ ʢʦʿʠ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʦʜʨʝʹʫʿʫ ʧʨʝʢʦ-

ʛʨʘʥʠʯʥʠ ʢʘʧʘʮʠʪʝʪ ʿʝ ʧʦʩʣʫʞʠʦ ʟʘ ʬʦʨʤʠʨʘˁʝ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ ʠ ʫʧʨʘʚ-

ˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ. 

ɼʨʫʛʠ ʧʨʦʙʣʝʤ ʢʦʿʠ ʿʝ ʨʘʟʤʘʪʨʘʥ ʫ ʦʚʦʿ ʜʠcʝʨʪʘʮʠʿʠ ʦʜʥʦʩʠ ʩʝ ʥʘ ʥʘʣʘʞʝˁʝ 

ʚʝʣʠʯʠʥʝ ʠ ʣʦʢʘʮʠʿʝ PV ʝʣʝʢʪʨʘʥʝ ʪʘʢʦ ʜʘ ʚʨʝʜʥʦʩʪ ɸʊC-ʘ ʠʟ ʦʜʘʙʨʘʥʦʛ ʯʚʦʨʘ ʢʘ 

ʦʩʪʘʣʠʤ ʯʚʦʨʦʚʠʤʘ ʫ ʤʨʝʞʠ ʙʫʜʝ ʤʘʢʩʠʤʘʣʥʘ. ʇʦ ʠʩʪʝʢʫ feed-in ʪʘʨʠʬʝ ʩʚʠ 

ʧʦʚʣʘʰ˂ʝʥʠ ʧʨʦʠʟʚʦʹʘʯʠ ˂ʝ ʤʦʨʘʪʠ ʜʘ ʠʟʘʹʫ ʥʘ ʪʨʞʠʰʪʝ. ʇʦʰʪʦ ʿʝ ʞʠʚʦʪʥʠ ʚʝʢ 

PV ʝʣʝʢʪʨʘʥʘ ʦʢʦ 30 ʛʦʜʠʥʘ, ʘ ʜʫʞʠʥʘ ʪʨʘʥʘˁʘ feed-in ʪʘʨʠʬʝ ʦʢʦ 10 ʛʦʜʠʥʘ, 

ʠʥʚʝʩʪʠʪʦʨʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʤʠʩʣʝ ʜʘ ʣʠ ˂ʝ ʮʝʣʦʢʫʧʥʫ ʝʥʝʨʛʠʿʫ ʧʨʦʠʟʚʝʜʝʥʫ ʧʦʤʦ-

˂ʫ PV ʧʘʥʝʣʘ ʤʦ˂ʠ ʜʘ ʧʨʦʜʘʿʫ ʙʠʣʦ ʢʦʤ ʢʫʧʮʫ. ʋʧʨʘʚʦ ʠʟ ʪʠʭ ʨʘʟʣʦʛʘ ʨʘʟʤʘʪʨʘʥʘ 

ʚʠʩʠʥʘ ɸʊC-ʘ ʧʨʝʤʘ ʦʩʪʘʣʠʤ ʯʚʦʨʦʚʠʤʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʢʘʦ ʿʝʜʘʥ ʝʣʝʤʝʥʪ ʢʨʠʪʝʨʠ-

ʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ. ʇʨʦʨʘʯʫʥ ʿʝ ʠʟʚʨʰʝʥ ʟʘ ʪʨʠ ʤʨʝʞʝ ʨʘʟʣʠʯʠʪʠʭ ʚʝʣʠʯʠʥʘ ʩʠʤʫʣʠ-
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ʨʘʿʫ˂ʠ ʧʨʠ ʪʦʤʝ ʧʦʚʝʟʘʥʝ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʝ ʩʠʩʪʝʤʝ (IEEE 5 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ), 

ʿʝʜʘʥ ʝʣʝʢʪʨʦ ʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ (IEEE 30 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ) ʠ ʩʨʝʜˁʝʥʘʧʦʥʩʢʫ 

ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ (IEEE 33 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ). 

ɼʠʩʝʨʪʘʮʠʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 7 ʧʦʛʣʘʚˀʘ ʠ ʪʨʠ ʧʨʠʣʦʛʘ. ʅʘʢʦʥ ʫʚʦʜʥʦʛ ʧʦʛʣʘʚˀʘ ʫ 

ʢʦʤʝ ʿʝ ʜʘʪ ʧʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʘ ʩʝ ʙʘʚʠ ʤʝʪʦʜʘʤʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ɸʊC-ʘ, ʫ 

ʜʨʫʛʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʜʘʪʘ ʜʝʬʠʥʠʮʠʿʘ ɸʊʉ-ʘ. ʊʨʝ˂ʝ ʧʦʛʣʘʚˀʝ ʿʝ ʧʦʩʚʝ˂ʝʥʦ ʤʝʪʘʭʝ-

ʫʨʠʩʪʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ ʢʦʿʝ 

ʟʘʭʪʝʚʘʿʫ ʤʦʥʦʪʦʥʦʩʪ ʠ ʥʝʧʨʝʢʠʜʥʦʩʪ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ, ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ 

ʤʝʪʦʜʝ ʤʦʛʫ ʜʘ ʨʘʜʝ ʩʘ ʤʥʦʰʪʚʦʤ ʨʘʟʣʠʯʠʪʠʭ ʢʨʠʪʝʨʠʿʫʤʩʢʠʤ ʬʫʥʢʮʠʿʘʤʘ. ʉʚʘʢʦ 

ʦʛʨʘʥʠʯʝˁʝ ʢʦʿʝ ʤʦʞʝ ʤʘʪʝʤʘʪʠʯʢʠ ʜʘ ʩʝ ʦʧʠʰʝ ʤʦʛʫ˂ʝ ʿʝ ʿʝʜʥʦʩʪʘʚʥʦ ʫʛʨʘʜʠʪʠ ʫ 

ʙʠʣʦ ʢʦʿʫ ʦʜ ʦʧʠʩʘʥʠʭ ʤʝʪʦʜʘ. ʄʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʝ ʜʝʣʝ ʫ 

ʪʨʠ ʛʨʫʧʝ ʧʨʝʤʘ ʥʘʯʠʥʫ ʬʦʨʤʠʨʘˁʘ ʥʦʚʠʭ ʨʝʰʝˁʘ, ʠ ʠʟ ʩʚʘʢʝ ʛʨʫʧʝ ʿʝ ʦʧʠʩʘʥʦ ʧʦ 

ʥʝʢʦʣʠʢʦ ʤʝʪʦʜʘ. ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʩʝ ʥʘʣʘʟʝ ʠ ʦʙʿʘʰˁʝˁʘ ʜʝʣʦʚʘ ʢʦʿʠ 

ʥʠʩʫ ʦʧʰʪʝ ʧʦʟʥʘʪʠ ʠ ʢʦʿʠ ʥʝ ʧʨʠʧʘʜʘʿʫ ʢʦʥʢʨʝʪʥʦ ʥʠ ʿʝʜʥʦʤ ʘʣʛʦʨʠʪʤʫ ʘʣʠ ʩʫ 

ʜʦʜʘʚʘʥʠ ʧʨʠʣʠʢʦʤ ˁʠʭʦʚʝ ʤʦʜʠʬʠʢʘʮʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ʥʘ ʧʨʠʤʝʨ ʩʣʫʯʘʿʘʥ ʠʟʙʦʨ 

ʙʨʦʿʝʚʘ ʤʝʪʦʜʦʤ ʃʝʚʠʿʝʚʦʛ ʣʝʪʘ. ʋʟ ʦʧʠʩ ʢʣʘʩʠʯʥʦʛ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜ-

ʩʪʘʚˀʝʥʘ ʿʝ ʠ ʤʦʜʠʬʠʢʦʚʘʥʘ ʚʝʨʟʠʿʘ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʜʦʙʠʿʘˁʝ ʜʝʣʘ ʨʝʟʫʣʪʘʪʘ. 

ʋʥʘʧʨʝʹʝˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʿʘʣʥʠ ʙʠʥʘʨʥʦ-ʢʦʜʠʨʘʥʠ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʩʝ 

ʦʛʣʝʜʘ ʫ ʫʚʦʹʝˁʫ ʦʧʝʨʘʮʠʿʝ ʝʣʠʪʠʟʤʘ, ʫʧʦʪʨʝʙʠ ʚʠʰʝ ʤʝʪʦʜʘ ʩʝʣʝʢʪʦʚʘˁʘ ʫʯʝʩʥʠ-

ʢʘ ʦʧʝʨʘʮʠʿʘ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ, ʫʧʦʪʨʝʙʠ ʚʠʰʝ ʤʝʪʦʜʘ ʫʢʨʰʪʘˁʘ, ʧʦʩʪʘʚˀʘˁʫ 

ʟʘʙʨʘʥʝ ʤʫʪʘʮʠʿʝ ʙʠʪʦʚʘ ʩʘ ʚʝ˂ʠʤ ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʦʤ ʩʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ, ʢʘʦ ʠ 

ʩʤʘˁʠʚʘˁʝʤ ʙʨʦʿʘ ʤʫʪʠʨʘʥʠʭ ʝʣʝʤʝʥʘʪʘ ʧʦʧʫʣʘʮʠʿʝ ʩʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ. ʇʦʨʝʜ 

ʦʚʠʭ ʫʥʘʧʨʝʹʝˁʘ ʢʦʿʘ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʟʘ ʨʝʰʘʚʘˁʝ ʙʠʣʦ ʢʦʛ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ 

ʧʨʦʙʣʝʤʘ ʫʚʝʜʝʥʘ ʿʝ ʠ ʘʫʪʦ ʢʦʨʝʢʮʠʿʘ ʦʛʨʘʥʠʯʝˁʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʧʨʦʙʣʝʤʝ 

ʢʦʿʠ ʨʘʜʝ ʩʘʤʦ ʩʘ ʿʝʜʥʦʤ ʥʝʟʘʚʠʩʥʦʤ ʧʨʦʤʝʥˀʠʚʦʤ. ʋ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ ʩʫ 

ʦʧʠʩʘʥʠ ʧʨʠʥʮʠʧʠ ʨʘʜʘ ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʘʦ ʠ ʧʦʿʝʜʠʥʦʩʪʠ ʢʦʿʝ ʩʫ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ ʜʦʤʘ˂ʝ ʠ ʚʦʜʝ˂ʘ ʝʚʨʦʧʩʢʘ ʪʨʞʠʰʪʘ. ʄʝʪʦʜʝ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʠ ʨʝʟʫʣʪʘʪʠ ʧʦʤʝʥʫʪʘ ʜʚʘ ʧʨʦʙʣʝʤʘ ʧʨʠʤʝʥʦʤ ʧʨʝʜʣʦʞʝʥʦʛ 

ʘʣʛʦʨʠʪʤʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ. ʉʪʨʫʢʪʫʨʘ ʠ ʥʘʯʠʥ ʢʦʨʠʰ˂ʝˁʘ 

ʨʘʟʚʠʿʝʥʝ ʧʨʦʛʨʘʤʩʢʝ ʧʦʜʨʰʢʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʰʝʩʪʦʤ ʧʦʛʣʘʚˀʫ. ʋ ʩʝʜʤʦʤ 

ʧʦʛʣʘʚˀʫ ʜʘʪ ʿʝ ʟʘʢˀʫʯʘʢ ʫ ʢʦʤ ʩʝ ʠʟʥʦʩʝ ʧʨʝʜʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʦʛ ʢʦʥʮʝʧʪʘ. 

ʂʦʥʘʯʥʦ ʫ ʦʩʤʦʤ ʜʝʣʫ ʿʝ ʜʘʪ ʧʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʧʨʠʣʠʢʦʤ 
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ʠʟʨʘʜʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʋ ʧʨʚʦʤ ʧʨʠʣʦʛʫ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʠʥʚʝʨʟʥʝ ʤʘʪʨʠʮʝ. ʄʝʪʦʜʝ ʢʦʿʝ ʩʝ ʙʘʚʝ ʥʘʣʘʞʝˁʝʤ ʠʥʚʝʨʟʥʝ 

ʚʨʝʜʥʦʩʪʠ ʨʝʪʢʝ ʤʘʪʨʠʮʝ ʜʘʪʠʨʘʿʫ ʿʦʰ ʠʟ 70-ʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʢʘʜʘ ʿʝ 

ʥʘʣʘʞʝˁʝ ʠʥʚʝʨʟʥʝ ʚʨʝʜʥʦʩʪʠ ʚʝʣʠʢʝ ʤʘʪʨʠʮʝ ʧʨʝʜʩʪʘʚˀʘʦ ʧʨʘʚʠ ʠʟʘʟʦʚ. ʅʘʧʨʝʪ-

ʢʦʤ ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ, ʢʘʢʦ ʭʘʨʜʚʝʨʘ ʪʘʢʦ ʠ ʩʦʬʪʚʝʨʘ, ʥʘʣʘʞʝˁʝ ʠʥʚʝʨʟʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʚʝʣʠʢʠʭ ʤʘʪʨʠʮʘ ʚʠʰʝ ʥʝ ʧʨʝʪʩʪʘʚˀʘ ʧʨʦʙʣʝʤ ʢʘʜʘ ʩʝ ʨʘʜʠ ʩʘ ʙʨʦʿʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʢʦ ʩʝ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʘ ʧʦʩʤʘʪʨʘʿʫ ʢʘʦ ʩʠʤʙʦʣʠ 

ʥʘʣʘʞʝˁʝ ʚʨʝʜʥʦʩʪʠ ʠʥʚʝʨʟʥʝ ʤʘʪʨʠʮʝ ʧʦʤʦ˂ʫ ʨʘʩʧʦʣʦʞʠʚʠʭ ʧʨʦʛʨʘʤʩʢʠʭ ʧʘʢʝʪʘ 

ʯʘʢ ʠ ʟʘ ʪʝʩʪ ʩʠʩʪʝʤʝ ʢʦʿʠ ʩʫ ʛʦʨʝ ʧʦʤʝʥʫʪʠ ʧʨʝʜʩʪʘʚˀʘ ʥʝʨʝʰʠʚ ʧʨʦʙʣʝʤ. ʋ 

ʜʨʫʛʦʤ ʧʨʠʣʦʛʫ ʩʫ ʜʘʪʝ ʪʝʩʪ ʬʫʥʢʮʠʿʝ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʫ ʪʝʩʪʠʨʘʥʝ ʨʘʟʚʠʿʝʥʝ ʤʝʪʦʜʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ. ʋ ʇʨʠʣʦʛʫ 3 ʿʝ ʧʨʠʢʘʟʘʥ ʜʝʪʘˀʘʥ ʪʦʢ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʧʦʤʦ˂ʫ ʪʨʠ 

ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ (ʿʝʜʥʦʢʦʨʘʯʥʘ DC ʤʝʪʦʜʘ, ʤʝʪʦʜʘ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ 

ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʢʦʿʘ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʨʝʰʘʚʘ ʘʣʛʦʨʠʪʤʦʤ ʮʨʥʝ ʨʫʧʝ). 
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2. ʈɸʉʇʆʃʆɾʀɺʀ ʇʈɽʅʆʉʅʀ ʂɸʇɸʎʀʊɽʊ 

 

ʋʜʨʫʞʝˁʝ ʝʚʨʦʧʩʢʠʭ ʦʧʝʨʘʪʝʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ (ɽʊSʆ-ɽ) ʿʝ ʜʘʣʦ ʜʝʬʠʥʠʮʠʿʝ 

ʧʦʿʤʦʚʘ ʢʦʿʠ ʩʫ ʚʝʟʘʥʠ ʟʘ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ ʠʟʤʝʹʫ ʧʦʚʝʟʘʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪ-

ʩʢʠʭ ʩʠʩʪʝʤʘ [3]. ʀʟʤʝʹʫ ʦʩʪʘʣʠʭ ʜʝʬʠʥʠʮʠʿʘ ʦʙʿʘʰˁʝʥʠ ʩʫ ʠ ʩʣʝʜʝ˂ʠ ʧʦʿʤʦʚʠ: 

ʥʝʪʦ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ (Net Transfer Capacity ï NTC), ʨʘʩʧʦʣʦʞʠʚʠ ʧʨʝʥʦʩʥʠ 

ʢʘʧʘʮʠʪʝʪ, ʤʘʨʛʠʥʘ ʧʦʫʟʜʘʥʦʛ ʧʨʝʥʦʩʘ (Transmission Reliability Margin ï TRM). ɿʘ 

ʫʯʝʩʥʠʢʝ ʥʘ ʪʨʞʠʰʪʫ ʚʨʝʜʥʦʩʪʠ NTC-ʘ ʠ ɸʊC-ʘ ʩʫ ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ, ʧʦʰʪʦ 

ʧʨʝʤʘ ˁʠʤʘ ʤʦʛʫ ʜʘ ʧʣʘʥʠʨʘʿʫ ʩʚʦʿʫ ʧʨʝʢʦʛʨʘʥʠʯʥʫ ʪʨʛʦʚʠʥʫ. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ 

ʜʝʬʠʥʠʮʠʿʘ ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʿʝ ʜʫʞʘʥ ʜʘ ʨʘʯʫʥʘ ʠ ʦʙʿʘʚˀʫʿʝ ʚʨʝʜʥʦʩ-

ʪʠ ɸʊC-ʘ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ʢʦʿʦʤ ʫʧʨʘʚˀʘ ʠ ʩʫʩʝʜʥʠʭ ʦʙʣʘʩʪʠ. ʋ ʧʨʘʢʩʠ ʧʦʩʘʦ 

ʦʧʝʨʘʪʦʨʘ ʪʨʞʠʰʪʘ ʥʘʿʯʝʰ˂ʝ ʦʙʘʚˀʘʿʫ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ. 

ʆʜʨʝʹʠʚʘˁʝ NTC-ʘ ˂ʝ ʧʨʚʦ ʙʠʪʠ ʦʙʿʘʰˁʝʥʦ ʥʘ ʿʝʜʥʦʩʪʘʚʥʦʤ ʧʨʠʤʝʨʫ ʧʨʠʢʘʟʘʥʦʤ 

ʥʘ ʩʣʠʮʠ 2.1. ʉʣʠʢʘ ʧʨʠʢʘʟʫʿʝ ʜʚʘ ʩʠʩʪʝʤʘ, ɸ ʠ ɹ, ʢʦʿʘ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʘ ʩʘ 

ʥʝʢʦʣʠʢʦ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʚʦʜʦʚʘ. ʀʟʨʘʯʫʥʘʚʘˁʝ NTC-ʘ ʩʝ ʚʨʰʠ ʫ ʪʨʠ ʢʦʨʘʢʘ. 

ʇʨʚʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʠʟʨʘʯʫʥʘʪʠ ʚʨʝʜʥʦʩʪʠ ʫʢʫʧʥʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ʊʊʉ), 

ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʝʥʝʪʠ ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ, ɸ ʠ 

ɹ, ʢʦʿʘ ʧʨʠ ʪʦʤʝ ʥʝ ʫʛʨʦʞʘʚʘ ʥʠ ʿʝʜʘʥ ʦʜ ʫʩʣʦʚʘ ʩʠʛʫʨʥʦʩʪʠ. ʋʩʣʦʚʠ ʩʠʛʫʨʥʦʩʪʠ 

ʢʦʿʠ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʩʫ: 

- ʊʝʨʤʘʣʥʘ ʦʛʨʘʥʠʯʝˁʘ: ʇʦʩʪʦʿʘˁʝ ʩʪʨʫʿʝ ʫ ʧʨʦʚʦʜʥʠʮʠʤʘ ʠ ʢʘʙʣʦʚʠʤʘ 

ʫʟʨʦʢʫʿʝ ˁʠʭʦʚʦ ʟʘʛʨʝʚʘˁʝ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʩʪʨʫʢʮʠʿʝ ʚʦʜʦʚʘ ʠ ʢʘʙʣʦ-  

 

 

ʉʣʠʢʘ 2.1. ʇʨʠʤʝʨ ʜʚʘ ʧʦʚʝʟʘʥʘ ʧʨʝʥʦʩʥʘ ʩʠʩʪʝʤʘ. 
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ʚʘ ʜʝʬʠʥʠʰʝ ʩʝ ʤʘʢʩʠʤʘʣʥʘ ʜʦʟʚʦˀʝʥʘ ʩʪʫʿʘ. ʇʨʠʩʫʩʪʚʦ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ 

ʩʪʨʫʿʝ ʦʜ ʜʦʟʚʦˀʝʥʝ ʫʛʨʦʞʘʚʘ ʧʦʨʝʜ ʩʘʤʦʛ ʝʣʝʤʝʥʪʘ ʠ ʦʢʦʣʠʥʫ ʫ ʢʦʿʦʿ ʩʝ 

ʥʘʣʘʟʠ. ɱʝʜʥʘ ʦʜ ʧʦʩʣʝʜʠʮʘ ʚʝ˂ʝ ʩʪʫʨʿʝ ʿʝ ʧʨʠʙʣʠʞʘʚʘˁʝ ʥʘʜʟʝʤʥʠʭ ʚʦʜʦʚʘ 

ʟʝʤˀʠ ʫʩʣʝʜ ʠʩʪʝʟʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʟʙʦʛ ʚʝ˂ʠʭ ʪʝʤʧʝʨʘʪʫʨʘ. 

- ʅʘʧʦʥʩʢʘ ʦʛʨʘʥʠʯʝˁʘ: ʂʦʤʧʦʥʝʥʪʝ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʩʫ ʢʦʥʩʪʨʫʠʩʘʥʝ 

ʪʘʢʦ ʜʘ ʨʘʜʝ ʩʘ ʪʘʯʥʦ ʟʘʜʘʪʠʤ ʦʧʩʝʛʦʤ ʥʘʧʦʥʘ ʢʦʿʠ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʠʥʪʝʨʥʘ-

ʮʠʦʥʘʣʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ. ʅʘʧʦʥʠ ʩʝ ʤʦʨʘʿʫ ʜʨʞʘʪʠ ʫ ʦʚʠʤ ʦʢʚʠʨʠʤʘ ʜʘ ʙʠ 

ʩʝ ʩʧʨʝʯʠʣʠ ʧʨʦʙʦʿʠ, ʜʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʦ ʦʜʨʝʹʝʥʠ ʢʚʘʣʠʪʝʪ ʩʥʘʙʜʝʚʘˁʘ ʠ 

ʜʘ ʙʠ ʩʝ ʠʟʙʝʛʣʝ ʙʨʟʝ ʜʠʥʘʤʠʯʢʝ ʧʦʿʘʚʝ ʢʦʿʝ ʤʦʛʫ ʜʘ ʧʨʦʫʟʨʦʢʫʿʫ ʨʘʩʧʘʜʝ 

ʩʠʩʪʝʤʘ. 

- ʆʛʨʘʥʠʯʝˁʘ ʩʪʘʙʠʣʥʦʩʪʠ: ʋ ʚʝʣʠʢʠʤ ʧʦʚʝʟʘʥʠʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝ-

ʤʠʤʘ ʧʦʩʪʦʿʝ ʤʥʦʛʝ ʝʣʝʢʪʨʠʯʥʝ, ʤʝʭʘʥʠʯʢʝ ʠ ʤʘʛʥʝʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʟʙʦʛ 

ʜʠʥʘʤʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʧʨʦʠʟʚʦʜʥʠʭ ʿʝʜʠʥʠʮʘ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʨʦʰˁʝ ʠ 

ʬʠʟʠʯʢʠʭ ʦʩʦʙʠʥʘ ʢʦʤʧʦʥʝʥʪʠ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʦʚʦʛʘ ʫ 

ʩʠʩʪʝʤʫ ʩʝ ʤʦʛʫ ʿʘʚʠʪʠ ʟʥʘʯʘʿʥʝ ʦʩʮʠʣʘʮʠʿʝ ʩʥʘʛʝ, ʥʘʧʦʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʝ. 

ɿʙʦʛ ʦʧʘʩʥʦʩʪʠ ʦʜ ʜʝʣʠʤʠʯʥʦʛ ʠʣʠ ʧʦʪʧʫʥʦʛ ʢʦʣʘʧʩʘ ʩʠʩʪʝʤʘ ʦʚʝ ʦʩʮʠʣʘ-

ʮʠʿʝ ʩʝ ʤʦʨʘʿʫ ʠʟʙʝʛʘʚʘʪʠ, ʠʣʠ ʦʛʨʘʥʠʯʠʪʠ ʥʘ ʦʜʨʝʹʝʥʠ ʦʧʩʝʛ ʠ ʤʦʛʫ ʧʨʦʫʟ-

ʨʦʢʦʚʘʪʠ ʦʛʨʘʥʠʯʝˁʝ ʊʊʉ-ʘ. ʋ [63] ʿʝ ʫ ʮʠˀʫ ʦʙʝʟʙʝʹʠʚʘˁʘ ʪʨʘʥʟʠʿʝʥʪʥʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʫʩʚʦʿʝʥʦ ʦʛʨʘʥʠʯʝˁʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʬʘʟʥʠʭ ʩʪʘʚʦʚʘ 

ʥʘʧʦʥʘ ʯʚʦʨʦʚʘ ʢʦʿʝ ʿʝ ʧʦʩʪʘʚˀʝʥʦ ʥʘ 45Ü. 

ɼʘ ʙʠ ʩʝ ʦʜʨʝʜʠʦ ʊʊʉ ʧʦʪʨʝʙʥʦ ʿʝ ʩʠʤʫʣʠʨʘʪʠ ʨʘʟʤʝʥʫ ʩʥʘʛʝ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ. 

ʇʨʦʮʝʩ ʠʟʨʘʯʫʥʘʚʘˁʝ ʊʊʉ-ʘ ʫʚʝʢ ʟʘʧʦʯʠˁʝ ʩʘ ʜʝʬʠʥʠʩʘʥʦʤ ʢʦʥʬʠʛʫʨʘʮʠʿʦʤ 

ʤʨʝʞʝ, ʧʦʟʥʘʪʦʤ ʠʣʠ ʧʨʦʛʥʦʟʠʨʘʥʦʤ ʧʨʦʠʟʚʦʜˁʦʤ, ʧʨʝʢʦʛʨʘʥʠʯʥʦʤ ʨʘʟʤʝʥʦʤ ʠ 

ʧʦʟʥʘʪʦʤ ʧʦʪʨʦʰˁʦʤ. ʉʠʤʫʣʘʮʠʿʘ ʩʝ ʜʘˀʝ ʥʘʩʪʘʚˀʘ ʠʩʪʦʚʨʝʤʝʥʠʤ ʧʦʚʝ˂ʘʚʘˁʝʤ 

ʧʨʦʠʟʚʦʜˁʝ ʫ ʦʙʣʘʩʪʠ ɸ ʠ ʩʤʘˁʠʚʘˁʝʤ ʧʨʦʠʟʚʦʜˁʝ ʫ ʦʙʣʘʩʪʠ ɹ ʟʘ ʠʩʪʠ ʠʟʥʦʩ. 

ʇʨʠʣʠʢʦʤ ʦʚʝ ʩʠʤʫʣʘʮʠʿʝ ʧʦʪʨʦʰˁʘ ʦʩʪʘʿʝ ʥʝʧʨʦʤʝˁʝʥʘ ʫ ʦʙʘ ʩʠʩʪʝʤʘ. ʇʦʚʝ˂ʘ-

ˁʝ ʪʨʘʥʟʠʪʘ ʩʥʘʛʝ ʩʝ ʟʘʫʩʪʘʚˀʘ ʢʘʜʘ ʩʝ ʫʛʨʦʟʠ ʥʝʢʠ ʦʜ ʧʦʤʝʥʫʪʠʭ ʢʨʠʪʝʨʠʿʫʤʘ 

ʩʠʛʫʨʥʦʩʪʠ, ʠ ʪʘ ʚʨʝʜʥʦʩʪ ʩʝ ʧʨʦʛʣʘʰʘʚʘ ʟʘ ʊʊʉ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ɸ ʠ ɹ. 

ʋ ʜʨʫʛʦʤ ʢʦʨʘʢʫ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʠʣʠ ʦʜʨʝʹʫʿʝ ʤʘʨʛʠʥʘ ʧʦʫʟʜʘʥʦʛ ʧʨʝʥʦʩʘ. TRM 

ʧʦʢʨʠʚʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʝʠʟʚʝʩʥʦʩʪʠ ʧʦʚʝʟʥʠʭ ʚʦʜʦʚʘ ʢʦʿʝ ʩʫ ʧʦʩʣʝʜʠʮʘ ʥʝʧʦʪʧʫ-

ʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦʜ ʩʪʨʘʥʝ ʫʯʝʩʥʠʢʘ ʥʘ ʪʨʞʠʰʪʫ ʠʣʠ ʥʝʦʯʝʢʠʚʘʥʠʭ ʩʪʚʘʨʥʠʭ 

ʜʦʛʘʹʘʿʘ. ʅʝʩʘʚʨʰʝʥʦʩʪ ʠʥʬʦʨʤʘʮʠʿʘ ʧʦʪʠʯʝ ʦʜ ʯʠˁʝʥʠʮʝ ʜʘ ʫ ʪʨʝʥʫʪʢʫ ʠʟʨʘʯʫ-
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ʥʘʚʘˁʘ ʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʩʪʚʘʨʥʦ ʩʪʘˁʝ ʫ ʩʠʩʪʝʤʫ ʿʦʰ ʥʠʿʝ ʧʦʟʥʘʪʦ, ʥʘ ʰʪʘ ʪʨʝʙʘ 

ʿʦʰ ʜʦʜʘʪʠ ʠ ʥʝʧʨʝʜʚʠʹʝʥʘ ʩʪʘˁʘ ʢʦʿʘ ʩʝ ʨʝʘʣʥʦ ʤʦʛʫ ʜʦʛʦʜʠʪʠ. ʆʙʘ ʦʚʘ ʫʪʠʮʘʿʘ ʿʝ 

ʤʦʛʫ˂ʝ ʫʚʘʞʠʪʠ ʥʝʢʦʤ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʤ ʤʝʪʦʜʦʤ ʫ ʚʨʝʤʝ ʠʟʨʘʯʫʥʘʚʘˁʘ ʧʨʝʥʦʩ-

ʥʦʛ ʢʘʧʘʮʠʪʝʪʘ, ʘʣʠ ʛʣʘʚʥʠ ʧʨʦʙʣʝʤ ʦʚʦʤ ʧʨʠʩʪʫʧʫ ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ 

ʪʘʢʚʦ ʠʟʨʘʯʫʥʘʚʘˁʝ. ʉʪʦʛʘ TRM ʤʦʞʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦʛ 

ʠʩʢʫʩʪʚʘ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ, ʠʣʠ ʥʘ ʦʩʥʦʚʫ ʧʨʝʧʦʨʫʢʝ ɽʊɮʆ-ɽ 

TRM = n
0,5
Ŀ100 ʛʜʝ ʿʝ n ʙʨʦʿ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʚʦʜʦʚʘ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ [71] ʠʣʠ 

ʿʝʜʥʦʩʪʘʚʥʠʤ ʟʘʜʘʚʘˁʝʤ ʬʠʢʩʥʝ ʚʨʝʜʥʦʩʪʠ ʢʘʦ ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʩʘ ɹʫʛʘʨʩʢʦʤ ʢʦʿʘ ʿʝ 

ʟʘ TRM ʫʩʚʦʿʠʣʘ ʚʨʝʜʥʦʩʪ ʦʜ 100 ʄW ʧʨʝʤʘ ʩʚʠʤ ʩʫʩʝʜʥʠʤ ʟʝʤˀʘʤʘ [72]. 

ʉʘʜʘ ʿʝ ʤʦʛʫ˂ʝ ʠʟʨʘʯʫʥʘʪʠ NʊC ʢʘʦ ʨʘʟʣʠʢʫ ʊʊC ʠ ʊRʄ. ɼʘ ʙʠ ʩʝ ʠʟʨʘʯʫʥʘʦ 

ʨʘʩʧʦʣʦʞʠʚʠ ʢʘʧʘʮʠʪʝʪ ʦʜ NʊC-ʘ ʿʝ ʧʦʪʨʝʙʥʦ ʦʜʫʟʝʪʠ ʧʣʘʥʠʨʘʥʫ ʩʥʘʛʫ ʨʘʟʤʝʥʝ 

ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ (Already Allocated Capacity ï AAC), ʰʪʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ: 

AACNTCATC -= . (2.1) 

ʆʚʘʢʘʚ ʧʨʠʩʪʫʧ ʿʝ ʫʧʦʪʨʝʙˀʠʚ ʠ ʢʦʨʝʢʪʘʥ ʟʘ ʝʣʝʢʪʨʦʝʥʝʛʨʝʪʩʢʝ ʩʠʩʪʝʤʝ ʢʦʿʠ ʥʠʩʫ 

ʜʝʦ ʚʝ˂ʝ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʢʘʦ ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʫ ɽʚʦʨʧʠ. ʂʘʜʘ ʩʝ ʨʘʟʤʘʪʨʘ ʚʠʰʝ ʧʦʚʝ-

ʟʘʥʠʭ ʩʠʩʪʝʤʘ ʧʦʩʪʫʧʘʢ ʠʟʨʘʯʫʥʘʚʘˁʘ ɸʊC-ʘ ʿʝ ʟʥʘʪʥʦ ʢʦʤʧʣʠʢʦʚʘʥʠʿʠ ʠ ʤʝʪʦʜʝ 

ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ ʜʚʘ ʯʚʦʨʘ, ʙʠʣʘʪʝʨʘʣ-

ʥʝ ʪʨʘʥʩʘʢʮʠʿʝ, ˂ʝ ʙʠʪʠ ʦʧʠʩʘʥʝ ʫ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ. ʄʝʹʫʪʠʤ ʧʨʚʦ ʿʝ ʧʦʪʨʝʙʥʦ 

ʧʨʝʜʦʯʠʪʠ ʩʘ ʢʘʢʚʠʤ ʩʝ ʧʨʦʙʣʝʤʦʤ ʩʨʝ˂ʫ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʢʘʜʘ ʿʝ 

ʧʦʪʨʝʙʥʦ ʠʟʨʘʯʫʥʘʪʠ ɸʊC ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ. 

ɿʘ ʩʣʫʯʘʿ ʧʦʚʝʟʘʥʠʭ ʩʠʩʪʝʤʘ, ʥʘ ʧʨʠʤʝʨ ʠʥʪʝʨʢʦʥʝʢʮʠʿʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʝʚʨʦʧ-

ʩʢʠʭ ʟʝʤʘˀʘ (UCTE), ʧʨʝʢʦʛʨʘʥʠʯʥʘ ʨʘʟʤʝʥʘ ʩʥʘʛʝ ʠʟʤʝʹʫ ʜʚʝ ʟʝʤˀʝ ʥʝ˂ʝ ʨʝʟʫʣ-

ʪʠʨʘʪʠ ʩʘʤʦ ʧʨʦʪʦʢʦʤ ʩʥʘʛʝ ʠʟʤʝʹʫ ʪʝ ʜʚʝ ʟʝʤˀʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʝʢʦʥʦʤʩʢʠʭ ʟʘʢʦ-

ʥʘ ʛʜʝ ʩʝ ʪʨʘʥʩʘʢʮʠʿʘ ʦʙʘʚˀʘ ʩʘʤʦ ʠʟʤʝʹʫ ʜʚʝ ʩʪʨʘʥʝ, ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝ-

ʤʫ ʧʨʚʝʥʩʪʚʝʥʦ ʚʣʘʜʘʿʫ ʟʘʢʦʥʠ ʬʠʟʠʢʝ. ɱʝʜʥʦ ʦʜ ʦʩʥʦʚʥʠʭ ʧʨʘʚʠʣʘ ʿʝ ʜʘ ʩʪʨʫʿʘ 

ʫʚʝʢ ʪʝʯʝ ʣʠʥʠʿʦʤ ʤʘˁʝʛ ʦʪʧʦʨʘ, ʪʘʢʦ ʜʘ ˂ʝ ʧʨʠʣʠʢʦʤ ʪʨʘʥʩʘʢʮʠʿʝ ʩʥʘʛʝ ʠʟʤʝʹʫ 

ʜʚʝ ʟʝʤˀʝ ʜʝʦ ʪʝ ʩʥʘʛʝ ʠ˂ʠ ʜʠʨʝʢʪʥʠʤ ʧʫʪʝʤ ʘ ʜʨʫʛʠ ʜʝʦ ʪʝ ʩʥʘʛʝ ˂ʝ ʩʪʠ˂ʠ ʦʙʠʣʘʟ-

ʥʠʤ ʧʫʪʝʤ. ɺʝʣʠʢʠ ʜʝʣʦʚʠ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤʘ ʩʫ ʧʦʛʦʹʝʥʠ ʦʚʠʤ ʝʬʝʢʪʦʤ 

ʢʦʿʠ ʿʝ ʧʦʟʥʘʪ ʧʦʜ ʠʤʝʥʦʤ Ăʧʘʨʘʣʝʣʥʠñ ʪʦʢʦʚʠ. 

ʅʘ ʩʣʠʮʠ 2.2 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʪʦʢʘ ʩʥʘʛʝ ʧʦ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʤ ʚʦʜʦʚʠʤʘ ʟʘ 

ʩʣʫʯʘʿ ʢʘʜʘ ʛʝʥʝʨʘʪʦʨʠ ʫ ɹʝʣʛʠʿʠ ʧʦʚʝ˂ʘʿʫ ʧʨʦʠʟʚʦʜˁʫ ʟʘ 100 ʄW, ʘ ʛʝʥʝʨʘʪʦʨʠ ʫ 

ʀʪʘʣʠʿʠ ʩʤʘˁʝ ʧʨʦʠʟʚʦʜˁʫ ʟʘ ʠʩʪʠ ʠʟʥʦʩ. ʆʚʘʿ ʧʨʠʤʝʨ ʧʨʝʜʩʪʘʚˀʘ ʪʨʘʥʩʘʢʮʠʿʫ 
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ʉʣʠʢʘ 2.2. ʈʘʟʤʝʥʘ ʩʥʘʛʝ ʠʟʤʝʹʫ ɹʝʣʛʠʿʝ ʠ ʀʪʘʣʠʿʝ. 

 

ʩʥʘʛʝ ʫ ʠʟʥʦʩʫ ʦʜ 100 ʄW ʠʟ ɹʝʣʛʠʿʝ ʫ ʀʪʘʣʠʿʫ, ʰʪʦ ʫ ʧʨʘʢʩʠ ʧʨʝʜʩʪʘʚˀʘ ʯʝʩʪ 

ʩʣʫʯʘʿ. ʅʘ ʩʣʠʮʠ ʿʝ ʧʨʘʢʪʠʯʥʦ ʧʨʠʢʘʟʘʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʩʥʘʛʝ ʧʦ ʠʥʪʝʨ-

ʢʦʥʝʢʪʠʚʥʠʤ ʚʦʜʦʚʠʤʘ ʦʢʦʣʥʠʭ ʝʚʨʦʧʩʢʠʭ ʟʝʤʘˀʘ. 

ʀʟ ʥʘʚʝʜʝʥʦʛ ʧʨʠʤʝʨʘ ʿʘʩʥʦ ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʩʚʘʢʘ ʪʨʘʥʩʘʢʮʠʿʘ ʠʟʤʝʹʫ ʜʚʝ ʟʝʤˀʝ 

ʢʦʿʝ ʩʫ ʜʝʦ ʚʝʣʠʢʝ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʧʨʦʫʟʨʦʢʫʿʝ ʧʨʦʤʝʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʫ ʧʨʝʥʦʩ-

ʥʠʤ ʩʠʩʪʝʤʠʤʘ ʜʨʫʛʠʭ ʟʝʤʘˀʘ. ʆʚʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʘ NTC ʚʝʦʤʘ ʟʘʚʠʩʠ ʦʜ 

ʩʪʘˁʘ ʫ ʤʨʝʞʠ, ʠ ʜʘ ʿʝ ʪʘʯʥʦ ʦʙʿʘʚˀʠʚʘˁʝ ʦʚʝ ʚʝʣʠʯʠʥʝ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʛʫ˂ʝ. ɿʘ 

ʜʦʙʠʿʘˁʝ ʪʘʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʙʠʣʦ ʙʠ ʧʦʪʨʝʙʥʦ ʠʩʧʠʪʘʪʠ ʙʝʩʢʦʥʘʯʥʦ ʤʥʦʛʦ ʢʦʤʙʠ-

ʥʘʮʠʿʘ, h ʪʦ ʿʝ ʥʝʤʦʛʫ˂ ʟʘʜʘʪʘʢ ʟʘ ʙʠʣʦ ʢʦʛ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. 

ɼʘ ʙʠ ʪʨʞʠʰʪʝ ʤʦʛʣʦ ʜʘ ʬʫʥʢʮʠʦʥʠʰʝ ʠʧʘʢ ʿʝ ʧʦʪʨʝʙʥʦ ʦʙʿʘʚʠʪʠ ʥʝʢʫ ʚʨʝʜʥʦʩʪ 

NTC-ʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ɸʊC-ʘ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ 

ʨʘʯʫʥʘʿʫ NTC ʟʘ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʥʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ, ʩʘʤʦ ʠʟʤʝʹʫ ʛʝʦʛʨʘʬʩʢʠ 

ʩʫʩʝʜʥʠʭ ʦʙʣʘʩʪʠ ʧʨʠ ʪʦʤʝ ʥʝ ʫʚʘʞʘʚʘʿʫ˂ʠ ʫʪʠʮʘʿʝ ʜʨʫʛʠʭ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ. 

ʂʘʦ ʰʪʦ ʿʝ ʙʠʦ ʩʣʫʯʘʿ ʢʦʜ ʿʝʜʥʦʩʪʘʚʥʦʛ ʤʦʜʝʣʘ (ʩʣʠʢʘ 2.1) ʠ ʦʚʜʝ ʩʝ ʧʨʦʠʟʚʦʜˁʘ 
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ʧʦʚʝ˂ʘʚʘ ʫ ʿʝʜʥʦʿ ʦʙʣʘʩʪʠ ʘ ʫ ʜʨʫʛʦʿ ʩʤʘˁʫʿʝ. ɸʢʦ ʫʯʝʩʥʠʢ ʪʨʞʠʰʪʘ ʞʝʣʠ ʜʘ 

ʦʩʪʚʘʨʠ ʪʨʘʥʩʘʢʮʠʿʫ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ʟʘ ʢʦʿʫ ʿʝ ʨʘʯʫʥʘʪ NTC, ʫʪʠʮʘʿ ʪʝ ʪʨʘʥʩʘʢʮʠʿʝ 

ʤʦʞʝ ʙʠʪʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʜʨʫʛʘʯʠʿʠ ʦʜ ʧʣʘʥʠʨʘʥʦʛ. ʈʘʟʣʦʛ ʧʦʩʪʦʿʘˁʘ ʦʚʝ ʨʘʟʣʠʢʝ 

ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʩʝ ʨʘʟʤʝʥʘ ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ ʥʝ˂ʝ ʦʙʘʚˀʘʪʠ ʧʦʤʦ˂ʫ ʛʝʥʝʨʘʪʦʨʘ 

ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ɸʊʉ-ʘ [3]. 

ʀʟʨʘʯʫʥʘʚʘˁʝ ʦʚʘʢʚʦʛ NTC-ʘ ʧʦʩʪʘʿʝ ʿʦʰ ʢʦʤʧʣʠʢʦʚʘʥʠʿʝ ʘʢʦ ʥʘ ʪʨʞʠʰʪʫ ʧʦʩʪʦʿʝ 

ʫʯʝʩʥʠʮʠ ʢʦʿʠ ʠʤʘʿʫ ʚʝʣʠʢʠ ʧʦʨʪʬʦʣʠʦ ʛʝʦʛʨʘʬʩʢʠ ʨʘʩʧʨʦʩʪʨʘˁʝʥʠʭ ʧʨʦʠʟʚʦʜʥʠʭ 

ʿʝʜʠʥʠʮʘ. ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʨʝʰʘʚʘˁʘ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʿʝ ʜʦʩʪʘʚˀʘˁʝ ʚʦʟʥʦʛ ʨʝʜʘ 

ʦʚʠʭ ʝʣʝʢʪʨʘʥʘ ʦʧʝʨʘʪʦʨʫ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʜʘʥ ʫʥʘʧʨʝʜ. ʄʝʹʫʪʠʤ, ʦʚʠʤ ʧʦʩʪʫʧ-

ʢʦʤ ʦʚʘʢʘʚ ʧʨʦʠʟʚʦʹʘʯ ʙʠ ʤʦʛʘʦ ʜʘ ʫʯʝʩʪʚʫʿʝ ʩʘʤʦ ʥʘ ʣʦʢʘʣʥʦʤ ʪʨʞʠʰʪʫ. ʋʯʝʩʥʠʢ 

ʙʠ ʤʦʛʘʦ ʜʘ ʧʦʥʫʜʠ ʣʦʢʘʣʥʦʤ ʪʨʞʠʰʪʫ ʩʚʦʿʫ ʧʨʦʠʟʚʦʜˁʫ ʟʘ ʦʜʨʝʹʝʥʫ ʮʝʥʫ, ʘʣʠ ʥʝ 

ʙʠ ʤʦʛʘʦ ʪʦ ʪʘ ʫʨʘʜʠ ʟʘ ʩʫʩʝʜʥʦ ʪʨʞʠʰʪʝ ʧʦʰʪʦ ʙʠ ʫ ʠʩʪʦʤ ʪʨʝʥʫʪʢʫ ʪʨʝʙʘʦ ʜʘ 

ʧʦʜʥʝʩʝ ʠ ʧʦʥʫʜʝ ʟʘ ʧʨʝʢʦʛʨʘʥʠʯʥʫ ʨʘʟʤʝʥʫ ʘ ʜʘ ʧʨʠ ʪʦʤʝ ʥʝ ʟʥʘ ʢʦʣʠʢʦ ˂ʝ ʩʥʘʛʝ 

ʙʠʪʠ ʧʨʠʭʚʘ˂ʝʥʦ ʥʘ ʣʦʢʘʣʥʦʤ ʪʨʞʠʰʪʫ. ʇʦʨʝʜ ʪʦʛʘ ʧʦʩʪʦʿʠ ʦʜʨʝʹʝʥʘ ʜʦʟʘ ʦʧʘʩ-

ʥʦʩʪʠ ʟʘ ʦʚʘʢʚʦʛ ʪʨʛʦʚʮʘ ʜʘ ˂ʝ ʙʠʪʠ ʥʘ ʛʫʙʠʪʢʫ ʘʢʦ ʿʝ ʧʨʠʩʪʘʦ ʜʘ ʧʨʦʜʘ ʦʙʝ˂ʘʥʫ 

ʢʦʣʠʯʠʥʫ ʝʥʝʨʛʠʿʝ ʧʦ ʪʨʞʠʰʥʦʿ ʮʝʥʠ. ʅʘʠʤʝ, ʩʘʩʚʠʤ ʿʝ ʤʦʛʫ˂ ʩʮʝʥʘʨʠʦ ʫ ʢʦʤʝ ˂ʝ 

ʪʨʞʠʰʥʘ ʮʝʥʘ ʙʠʪʠ ʪʘʢʚʘ ʜʘ ʧʨʦʠʟʚʦʹʘʯ ʥʝ˂ʝ ʤʦ˂ʠ ʜʘ ʧʦʢʨʿʝ ʪʨʦʰʢʦʚʝ ʧʨʦʠʟʚʦʜ-

ˁʝ ʦʙʝ˂ʘʥʝ ʝʥʝʨʛʠʿʝ ʘ ʙʠ˂ʝ ʫ ʦʙʘʚʝʟʠ ʜʘ ʿʝ ʠʩʧʦʨʫʯʠ. 

ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʘ ʙʠ˂ʝ ʦʧʠʩʘʥʝ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ 

ɸʊʉ-ʘ. ʂʦʤʙʠʥʦʚʘˁʝʤ ʦʧʠʩʘʥʠʭ ʤʝʪʦʜʘ ʬʦʨʤʠʨʘʥʘ ʿʝ ʥʦʚʘ ʤʝʪʦʜʘ ʟʘ ʪʘʯʥʠʿʝ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʩʚʠʭ ʪʠʧʦʚʘ ʪʨʘʥʩʘʢʮʠʿʘ. ʇʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ 

ʿʝ ʪʝʩʪʠʨʘʥ ʥʘ ʩʪʘʥʜʘʨʜʥʠʤ ʩʠʩʪʝʤʠʤʘ ʢʦʿʠ ʩʫ ʜʦʩʪʫʧʥʠ ʫ ʩʪʨʫʯʥʦʿ ʣʠʪʝʨʘʪʫʨʠ. 

ʈʝʟʫʣʪʘʪʠ ʦʚʠʭ ʘʥʘʣʠʟʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ. 
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3. ʄɽʊʆɼɽ ʆʇʊʀʄʀɿɸʎʀɱɽ 

 

ʆʧʪʠʤʠʟʘʮʠʿʘ ʿʝ ʦʙʣʘʩʪ ʤʘʪʝʤʘʪʠʢʝ ʠ ˁʝʥʠʭ ʧʨʠʤʝʥʘ ʢʦʿʘ ʩʝ ʙʘʚʠ ʧʨʝʪʨʘʛʦʤ 

ʩʢʫʧʘ (ʨʝʰʝˁʘ) ʢʦʿʠ ʟʘ ʨʘʟʤʘʪʨʘʥʠ ʧʨʦʙʣʝʤ ʜʘʿʝ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ. ʉʚʝ ʠʟʚʦʜˀʠʚʝ 

ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʦʩʪʫʧʥʘ ʨʝʰʝˁʘ, ʜʦʢ ʝʢʩʪʨʝʤʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʦʧʪʠʤʘʣʥʘ ʨʝʰʝˁʘ. ʆʧʪʠʤʠʟʘʮʠʦʥʠ ʘʣʛʦʨʠʪʤʠ ʩʝ ʤʦʛʫ ʩʚʨʩʪʘʪʠ ʫ ʜʚʝ ʛʣʘʚʥʝ 

ʢʘʪʝʛʦʨʠʿʝ: ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʘʣʛʦʨʠʪʤʠ, ʠ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠ ʘʣʛʦʨʠʪʤʠ. ɼʝʪʝʨʤʠ-

ʥʠʩʪʠʯʢʠ ʘʣʛʦʨʠʪʤʠ ʢʦʨʠʩʪʝ ʛʨʘʜʠʿʝʥʪʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʨʘʚʮʘ ʢʨʝʪʘˁʘ ʫ ʧʨʦʩʪʦʨʫ 

ʨʝʰʝˁʘ, ʠ ʩʚʘʢʠ ʧʫʪ ˂ʝ ʜʘʪʠ ʠʩʪʘ ʨʝʰʝˁʘ ʘʢʦ ʢʨʝʥʫ ʠʟ ʠʩʪʝ ʧʦʯʝʪʥʝ ʪʘʯʢʝ. ʉʘ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʥʝ ʢʦʨʠʩʪʝ ʛʨʘʜʠʿʝʥʪʝ ʜʘ ʙʠ ʩʝ ʢʨʝʪʘʣʝ ʫ 

ʧʨʦʩʪʦʨʫ ʨʝʰʝˁʘ ʘʣʠ ʜʘʿʫ ʨʘʟʣʠʯʠʪʘ ʨʝʰʝˁʘ ʠ ʘʢʦ ʢʨʝʥʫ ʠʟ ʠʩʪʝ ʧʦʯʝʪʥʝ ʪʘʯʢʝ. 

ʄʝʹʫʪʠʤ, ʢʦʥʘʯʥʘ ʨʝʰʝˁʘ ʩʫ ʫʚʝʢ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʦʢʦʣʠʥʠ ʛʣʦʙʘʣʥʦʛ ʦʧʪʠʤʫʤʘ, 

ʰʪʦ ʩʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʥʘʿʯʝʰ˂ʝ ʥʠʿʝ ʩʣʫʯʘʿ. 

ʈʝʯ Ăheuristicñ (heuriskien - ŮɜɟɘůəŮɘɜ) ʧʦʪʠʯʝ ʠʟ ɻʨʯʢʦʛ ʿʝʟʠʢʘ ʠ ʟʥʘʯʠ Ăʟʥʘʪʠñ, 

Ăʥʘ˂ʠñ, Ăʦʪʢʨʠʪʠñ ʠʣʠ Ăʚʦʜʠʪʠ ʠʩʪʨʘʛʫñ. ʍʝʫʨʠʩʪʠʢʘ ʿʝ ʪʝʭʥʠʢʘ ʢʦʿʘ ʪʨʘʞʠ ʜʦʙʨʘ 

(ʩʢʦʨʦ ʦʧʪʠʤʘʣʥʘ) ʨʝʰʝˁʘ ʩʘ ʧʨʠʭʚʘʪˀʠʚʠʤ ʚʨʝʤʝʥʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ, ʘʣʠ ʢʦʿʘ 

ʥʠʿʝ ʫ ʩʪʘˁʫ ʜʘ ʛʘʨʘʥʪʫʿʝ ʙʠʣʦ ʠʟʚʦʜˀʠʚʦʩʪ ʙʠʣʦ ʦʧʪʠʤʘʣʥʦʩʪ. ʊʘʢʦʹʝ ʥʠʿʝ ʫ ʩʪʘ-

ˁʫ ʜʘ ʜʝʬʠʥʠʰʝ ʢʦʣʠʢʦ ʩʝ ʥʘʹʝʥʦ ʨʝʰʝˁʝ ʥʘʣʘʟʠ ʙʣʠʟʫ ʛʣʦʙʘʣʥʦʛ ʦʧʪʠʤʘʣʥʦʛ 

ʨʝʰʝˁʘ [73]. ĂMetaheuristicñ ʿʝ ʩʢʫʧ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʤʦʛʫ ʜʘ ʧʨʠʣʘʛʦʜʝ ʭʝʫʨʠʩ-

ʪʠʯʢʝ ʤʝʪʦʜʝ ʟʘ ʨʝʰʘʚʘˁʝ ʰʠʨʦʢʦʛ ʩʝʪʘ ʧʨʦʙʣʝʤʘ [74]. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʤʝʪʘʭʝ-

ʫʨʠʩʪʠʢʘ ʿʝ ʘʣʛʦʨʠʪʘʤʩʢʠ ʦʢʚʠʨ ʢʦʿʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʤʝʥʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʦʧʪʠʤʠʟʘ-

ʮʠʦʥʝ ʧʨʦʙʣʝʤʝ ʩʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʤ ʤʦʜʠʬʠʢʘʮʠʿʘʤʘ. 

ʄʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ ʩʝ ʩʚʝ ʚʠʰʝ ʢʦʨʠʩʪʝ ʟʘ ʨʝʰʘʚʘˁʝ ʩʣʦʞʝ-

ʥʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʧʨʦʙʣʝʤʘ. ɺʝʣʠʢʫ ʧʦʧʫʣʘʨʥʦʩʪ ʩʫ ʩʪʝʢʣʝ ʫ ʧʦʩʣʝʜˁʝ ʜʚʝ 

ʜʝʮʝʥʠʿʝ. ʆʚʝ ʤʝʪʦʜʝ ʩʫ ʟʥʘʪʥʦ ʙʦˀʝ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ ʢʦʿʝ ʩʝ ʟʘʩʥʠ-

ʚʘʿʫ ʥʘ ʫʧʦʪʨʝʙʠ ʠʟʚʦʜʘ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ ʠ ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ ʠ 

ʥʝʿʝʜʥʘʢʦʩʪʠ ʨʘʟʤʘʪʘʥʦʛ ʧʨʦʙʣʝʤʘ. ʆʩʥʦʚʥʠ ʮʠˀʝʚʠ ʨʘʟʚʦʿʘ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ 

ʤʝʪʦʜʘ ʿʝ ʙʨʞʝ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ, ʤʦʛʫ˂ʥʦʩʪ ʨʝʰʘʚʘˁʘ ʩʣʦʞʝʥʠʭ ʧʨʦʙʣʝʤʘ, ʠ 

ʧʨʘʚˀʝˁʝ ʨʦʙʫʩʥʠʿʠʭ ʘʣʛʦʨʠʪʘʤʘ. 

ʅʝʢʝ ʦʜ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʢʘʦ ʰʪʦ ʿʝ ɻʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ (Genetic 

Algorithm, GA) [75], Ant Colony Optimization (ACO) [76] ʠ Particle Swarm 

Optimization (PSO) [77] ʩʫ ʜʦʙʨʦ ʧʦʟʥʘʪʝ ʥʝ ʩʘʤʦ ʫ ʧʨʦʛʨʘʤʝʨʩʢʦʿ ʧʨʘʢʩʠ, ʚʝ˂ ʠ ʫ 

ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʩʪʨʫʢʘʤʘ. ʇʦʨʝʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʪʝʦʨʠʿʩʢʠʭ ʨʘʜʦʚʘ, ʦʚʝ ʤʝʪʦʜʝ 
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ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʫ ʥʘʰʣʝ ʧʨʠʤʝʥʫ ʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʪʨʫʢʘʤʘ ʟʘ ʨʝʰʘʚʘˁʝ ʢʦʥʢʨʝʪ-

ʥʠʭ ʧʨʦʙʣʝʤʘ ʢʘʦ ʰʪʦ ʿʝ ʦʜʨʝ˂ʠʚʘˁʝ ʦʧʪʠʤʘʣʥʝ ʣʦʢʘʮʠʿʝ ʧʨʝʢʠʜʘʯʘ ʫ ʮʠˀʫ 

ʝʬʠʢʘʩʥʠʿʝʛ ʦʙʥʘʚˀʘˁʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ [78], ʧʣʘʥʠʨʘˁʫ ʨʘʟʚʦʿʘ ʧʨʦʠʟ-

ʚʦʜˁʝ [79], ʦʜʨʝʹʠʚʘˁʝ ʫʛʣʘ ʧʘˀʝˁʘ ʠʥʚʝʨʪʦʨʘ ʨʘʜʠ ʩʤʘˁʠʚʘˁʘ ʥʠʚʦʘ ʭʘʨʤʦʥʠʢʘ 

[80], ʦʧʪʠʤʘʣʥʦ ʧʨʦʿʝʢʪʦʚʘˁʝ ʘʥʪʝʥʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ [81], ʧʨʦʮʝʥʝ ʢʨʠʚʝ 

ʪʨʦʰʢʦʚʘ ʛʦʨʠʚʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ [82]. 

ʄʦʞʝ ʩʝ ʧʦʩʪʘʚʠʪʠ ʧʠʪʘˁʝ ʟʘʰʪʦ ʩʫ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʧʦʩʪʘʣʝ ʪʦʣʠʢʦ 

ʧʦʧʫʣʘʨʥʝ. ʆʜʛʦʚʦʨ ʥʘ ʦʚʦ ʧʠʪʘˁʝ ʩʝ ʤʦʞʝ ʩʘʞʝʪʠ ʫ ʯʝʪʠʨʠ ʛʣʘʚʥʘ ʨʘʟʣʦʛʘ ʟʙʦʛ 

ʢʦʿʠʭ ʩʝ ʦʚʝ ʤʝʪʦʜʝ ʩʚʝ ʯʝʰ˂ʝ ʙʠʨʘʿʫ ʟʘ ʨʝʰʘʚʘˁʝ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʙʣʝʤʘ: 

¶ ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʧʨʠʤʝʥʝ, 

¶ ʬʣʝʢʩʠʙʠʣʥʦʩʪ, 

¶ ʦʜʩʫʩʪʚʦ ʠʟʚʦʜʘ, 

¶ ʠ ʠʟʙʝʛʘʚʘˁʝ ʣʦʢʘʣʥʠʭ ʦʧʪʠʤʫʤʘ. 

ʇʨʚʦ, ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʩʫ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʥʝ. ʀʜʝʿʝ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ 

ʥʘʩʪʘʿʘʣʝ ʧʦʿʝʜʠʥʝ ʤʝʪʦʜʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʥʠʤ ʢʦʥʮʝʧʪʠʤʘ. ʆʥʝ 

ʥʘʿʯʝʰ˂ʝ ʧʨʦʠʩʪʠʯʫ ʠʟ ʬʠʟʠʯʢʠʭ ʬʝʥʦʤʝʥʘ, ʧʦʥʘʰʘˁʘ ʞʠʚʦʪʠˁʘ ʠʣʠ ʩʝ ʟʘʩʥʠʚʘʿʫ 

ʥʘ ʝʚʦʣʫʮʠʦʥʠʤ ʢʦʥʮʝʧʪʠʤʘ. ɱʝʜʥʦʩʪʘʚʥʦʩʪ ʧʨʠʤʝʥʝ ʦʚʠʭ ʘʣʛʦʨʠʪʘʤʘ ʧʨʫʞʘ 

ʧʨʦʛʨʘʤʝʨʫ ʤʦʛʫ˂ʥʦʩʪ ʩʠʤʫʣʘʮʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʧʨʠʨʦʜʥʠʭ ʧʦʿʘʚʘ, ʢʦʤʙʠʥʘʮʠʿʫ ʜʚʝ 

ʠʣʠ ʚʠʰʝ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ, ʧʨʘʚˀʝˁʘ ʥʦʚʝ ʠʣʠ ʫʥʘʧʨʝʹʠʚʘˁʘ ʚʝ˂ ʧʦʩʪʦ-

ʿʝ˂ʠʭ ʤʝʪʦʜʘ. ʐʪʘʚʠʰʝ, ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʦʚʠʭ ʤʝʪʦʜʘ ʦʤʦʛʫ˂ʘʚʘ ʣʘʢʦ ʨʘʟʫʤʝʚʘˁʝ ʠ 

ˁʠʭʦʚʫ ʧʨʠʤʝʥʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʪʨʫʢʘʤʘ. 

ɼʨʫʛʦ, ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʠʤʝʥˀʠʚʦʩʪ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʥʘ 

ʨʘʟʣʠʯʠʪʝ ʧʨʦʙʣʝʤʝ ʙʝʟ ʠʢʘʢʚʠʭ ʧʨʦʤʝʥʘ ʫ ʩʪʨʫʢʪʫʨʠ ʘʣʛʦʨʠʪʤʘ. ʆʚʝ ʤʝʪʦʜʝ ʿʝ 

ʣʘʢʦ ʧʨʠʤʝʥʠʪʠ ʟʘ ʨʝʰʘʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʙʣʝʤʘ ʧʦʰʪʦ ʦʥʝ ʩʘʤ ʧʨʦʙʣʝʤ ʧʦʩ-

ʤʘʪʨʘʿʫ ʢʘʦ ʮʨʥʫ ʢʫʪʠʿʫ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʜʘ ʙʠ ʩʝ ʥʝʢʠ ʧʨʦʙʣʝʤ ʨʝʰʠʦ ʧʨʠʤʝʥʦʤ 

ʦʚʠʭ ʤʝʪʦʜʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ ʩʘʤʦ ʫʣʘʟʝ ʠ ʠʟʣʘʟʝ ʩʠʩʪʝʤʘ ʢʦʿʠʤ ʩʝ ʧʨʝʜ-

ʩʪʘʚˀʘ ʨʘʟʤʘʪʨʘʥʠ ʧʨʦʙʣʝʤ. ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʦʜ ʢʦʨʠʩʥʠʢʘ ʿʝʜʠʥʦ ʪʨʘʞʠ ʦʜʛʦʚʘʨʘ-

ʿʫ˂ʝ ʧʨʝʜʩʪʘʚˀʘˁʝ ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ ʨʘʜʠ ʫʩʧʝʰʥʝ ʧʨʠʤʝʥʝ ʤʝʪʘʭʝʫʨʠʩʪʠʯ-

ʢʠʭ ʘʣʛʦʨʠʪʘʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ. 

ʊʨʝ˂ʝ, ʚʝ˂ʠʥʘ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʩʝ ʥʝ ʟʘʩʥʠʚʘ ʥʘ ʥʘʣʘʞʝˁʫ ʠʟʚʦʜʘ 

ʬʫʥʢʮʠʿʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʛʨʘʜʠʿʝʥʪʥʠʭ ʤʝʪʦʜʘ, ʦʚʝ ʤʝʪʦʜʝ ʥʘʣʘʟʝ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝ-

ˁʝ ʥʘ ʩʪʦʭʘʩʪʠʯʢʠ ʥʘʯʠʥ. ʇʨʦʮʝʩ ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʦʯʠˁʝ ʠʟʙʦʨʦʤ ʩʣʫʯʘʿʥʠʭ ʨʝʰʝ-
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ˁʘ, ʠ ʥʝ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ ʪʨʘʞʝˁʝʤ ʠʟʚʦʜʘ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ ʠ ʜʝʬʠʥʠʩʘ-

ʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʨʘʜʠ ʥʘʣʘʞʝˁʘ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ. ʆʚʦ ʯʠʥʠ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ 

ʤʝʪʦʜʝ ʚʝʦʤʘ ʧʦʛʦʜʥʠʤ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʚʝʦʤʘ ʪʝʰʢʦ ʠʣʠ ʯʘʢ 

ʥʝʤʦʛʫ˂ʝ ʥʘ˂ʠ ʠʟʚʦʜ. 

ʅʘ ʢʨʘʿʫ, ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʠʤʘʿʫ ʙʦˀʝ ʤʝʭʘʥʠʟʤʝ ʟʘ ʠʟʙʝʛʘʚʘˁʝ ʣʦʢʘʣʥʠʭ 

ʦʧʪʠʤʫʤʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʢʣʘʩʠʯʥʠʤ ʦʧʪʠʤʠʟʘʮʠʦʥʠʤ ʤʝʪʦʜʘʤʘ. ʆʚʦ ʿʝ ʧʦʩʣʝʜʠʮʘ 

ʩʪʦʭʘʩʪʠʯʢʝ ʧʨʝʪʨʘʛʝ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʜʦʙʨʫ ʧʨʝʪʨʘʛʫ ʮʝʣʦʛ 

ʧʨʦʩʪʦʨʘ. ʇʨʦʩʪʦʨ ʧʨʝʪʨʘʛʝ ʨʝʘʣʥʠʭ ʧʨʦʙʣʝʤʘ ʿʝ ʥʘʿʯʝʰ˂ʝ ʥʝʧʦʟʥʘʪ ʠ ʚʝʦʤʘ ʢʦʤʧ-

ʣʝʢʩʘʥ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʣʦʢʘʣʥʠʭ ʦʧʪʠʤʫʤʘ. ʇʨʠʤʝʨ ʿʝʜʥʦʩʪʘʚʥʦʛ ʧʨʦʩʪʦʨʘ 

ʧʨʝʪʨʘʛʝ ʿʝ ʜʘʪ ʥʘ ʩʣʠʮʠ 3.1. ɺʝʣʠʢʘ ʚʝ˂ʠʥʘ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʨʘʜʠ ʩʘ 

ʩʢʫʧʦʤ ʤʦʛʫ˂ʠʭ ʨʝʰʝˁʘ, ʘʣʠ ʦ ʦʚʦʤʝ ˂ʝ ʚʠʰʝ ʨʝʯʠ ʙʠʪʠ ʢʘʩʥʠʿʝ. ʅʘ ʩʣʠʮʠ 3.1 ʩʫ 

ʮʨʚʝʥʠʤ ʢʨʫʛʦʚʠʤʘ ʦʟʥʘʯʝʥʘ ʧʦʯʝʪʥʘ ʧʦʛʘʹʘˁʘ ʥʝʢʝ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ, ʜʦʢ 

ʿʝ ʟʝʣʝʥʠʤ ʜʝʣʪʦʠʜʦʤ ʧʨʠʢʘʟʘʥʘ ʧʦʣʘʟʥʘ ʪʘʯʢʘ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ. ɸʢʦ ʙʠ ʮʠˀ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʙʠʦ ʥʘʣʘʞʝˁʝ ʛʣʦʙʘʣʥʦʛ ʤʘʢʩʠʤʫʤʘ, ʦʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʙʠ ʢʣʘʩʠʯʥʘ 

ʤʝʪʦʜʘ ʟʙʦʛ ʣʦʰʝʛ ʧʦʯʝʪʥʦʛ ʦʜʘʙʠʨʘˁʘ ʥʘʰʣʘ ʩʘʤʦ ʣʦʢʘʣʥʠ ʤʘʢʩʠʤʫʤ. ɼʦʢ ʩʘ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʘ ʤʝʪʦʜʘ ʤʦʞʝ ʜʘ ʥʘʹʝ ʙʘʨʝʤ ʧʨʠʙʣʠʞʥʦ ʦʧʪʠʤʘʣʥʦ 

ʨʝʰʝˁʝ ʢʦʨʠʰ˂ʝˁʝʤ ʩʚʦʿʠʭ ʦʧʝʨʘʮʠʿʘ [83]. ʀʤʘʿʫ˂ʠ ʦʚʦ ʫ ʚʠʜʫ ʫ ʜʘʥʘʰˁʝ ʚʨʝʤʝ 

ʠʟʙʦʨ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ ʨʝʰʘʚʘˁʝ ʩʪʚʘʨʥʠʭ ʧʨʦʙʣʝʤʘ ʧʨʝʜʩʪʘʚʘˀʘ 

ʠʩʧʨʘʚʥʫ ʦʜʣʫʢʫ. 

 

ʉʣʠʢʘ 3.1. ʉʢʫʧ ʨʝʰʝˁʘ ʧʨʠʣʠʢʦʤ ʧʨʠʤʝʥʝ ʩʪʦʭʘʩʪʠʯʢʝ ʠ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ. 
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ʆʚʜʝ ʿʝ ʢʦʨʠʩʥʦ ʧʦʤʝʥʫʪʠ ʠ ʪʝʦʨʝʤʫ No Free Lunch [84], ʢʦʿʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʥʝ 

ʧʦʩʪʦʿʠ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʘ ʤʝʪʦʜʘ ʢʦʿʘ ʿʝ ʥʘʿʙʦˀʘ ʟʘ ʨʝʰʘʚʘˁʝ ʩʚʠʭ ʦʧʪʠʤʠʟʘʮʠʦ-

ʥʠʭ ʧʨʦʙʣʝʤʘ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ ʥʝʢʘ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʘ ʤʝʪʦʜʘ ʤʦʞʝ ʜʘ ʜʘʿʝ ʜʦʙʨʝ 

ʨʝʟʫʣʪʘʪʝ ʟʘ ʿʝʜʘʥ ʩʢʫʧ ʧʨʦʙʣʝʤʘ, ʘʣʠ ʠʩʪʠ ʘʣʛʦʨʠʪʘʤ ʤʦʞʝ ʜʘ ʜʘʿʝ ʚʝʦʤʘ ʣʦʰʝ 

ʨʝʟʫʣʪʘʪʝ ʟʘ ʜʨʫʛʠ ʩʢʫʧ ʧʨʦʙʣʝʤʘ. ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʦʚʘ ʪʝʦʨʝʤʘ ʯʠʥʠ ʦʚʦ ʧʦˀʝ 

ʥʘʫʢʝ ʚʝʦʤʘ ʧʨʠʚʣʘʯʥʠʤ, ʰʪʦ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʥʝʧʨʝʩʪʘʥʦ ʫʥʘʧʨʝʹʠʚʘˁʝ ʧʦʩʪʦ-

ʿʝ˂ʠʭ ʠ ʩʪʚʘʨʘˁʝ ʥʦʚʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʤʝʪʦʜʘ ʩʚʘʢʝ ʛʦʜʠʥʝ. 

ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʥʦ, ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʤʦʛʫ ʜʘ ʩʝ ʧʦʜʝʣʝ ʫ ʜʚʝ ʛʨʫʧʝ: ʤʝʪʦ-

ʜʝ ʢʦʿʝ ʨʘʜʝ ʩʘ ʿʝʜʥʠʤ ʨʝʰʝˁʝʤ ʠ ʤʝʪʦʜʝ ʢʦʿʝ ʨʘʜʝ ʩʘ ʩʢʫʧʦʤ ʨʝʰʝˁʘ (ʧʦʧʫʣʘʮʠ-

ʿʦʤ). ʋ ʧʨʚʦʿ ʛʨʫʧʠ ʧʨʦʮʝʩ ʧʨʝʪʨʘʛʝ ʧʦʯʠˁʝ ʩʘ ʿʝʜʥʠʤ ʧʨʦʠʟʚʦˀʥʦ ʦʜʘʙʨʘʥʠʤ 

ʨʝʰʝˁʝʤ. ʊʦʢʦʤ ʠʪʝʨʘʮʠʿʘ ʜʦʣʘʟʠ ʜʦ ʫʥʘʧʨʝʹʠʚʘˁʘ ʦʚʦʛ ʨʝʰʝˁʘ. ɼʨʫʛʘ ʛʨʫʧʘ ʤʝ-

ʪʦʜʘ ʨʘʜʠ ʩʘ ʩʢʫʧʦʤ ʨʝʰʝˁʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʨʦʮʝʩ ʧʨʝʪʨʘʛʝ ʧʦʯʠˁʝ ʧʨʦʠʟʚʦˀ-

ʥʠʤ ʠʟʙʦʨʦʤ ʧʦʧʫʣʘʮʠʿʝ, ʠ ʧʦʩʪʝʧʝʥʠʤ ʫʥʘʧʨʝʹʠʚʘˁʝʤ ʮʝʣʝ ʧʦʧʫʣʘʮʠʿʝ. ɸʛʝʥʪ ʿʝ 

ʫʥʠʚʝʨʟʘʣʘʥ ʥʘʟʠʚ ʟʘ ʝʣʝʤʝʥʪʝ ʧʦʧʫʣʘʮʠʿʝ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ. ʄʝʪʦʜʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʿʝ ʨʘʜʝ ʩʘ ʧʦʧʫʣʘʮʠʿʦʤ ʠʤʘʿʫ ʦʜʨʝʹʝʥʝ ʧʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ʤʝʪʦʜʝ ʢʦʿʝ ʨʘʜʝ ʩʘʤʦ ʩʘ ʿʝʜʥʠʤ ʨʝʰʝˁʝʤ. ʇʦʤʝʥʫʪʝ ʧʨʝʜʥʦʩʪʠ ʩʫ: 

¶ ʈʝʰʝˁʘ ʫ ʦʢʚʠʨʫ ʧʦʧʫʣʘʮʠʿʝ ʜʝʣʝ ʠʥʬʦʨʤʘʮʠʿʝ ʠʟʤʝʹʫ ʩʝʙʝ ʦ ʧʨʦʩʪʦʨʫ 

ʧʨʝʪʨʘʛʝ, ʰʪʦ ʧʨʦʫʟʨʦʢʫʿʝ ʥʘʛʣʝ ʩʢʦʢʦʚʝ ʢʘ ʜʝʣʫ ʧʨʦʩʪʦʨʘ ʫ ʢʦʤʝ ʩʝ ʥʘʣʘʟʝ 

ʙʦˀʘ ʨʝʰʝˁʘ. 

¶ ʈʝʰʝˁʘ ʫ ʦʢʚʠʨʫ ʧʦʧʫʣʘʮʠʿʝ ʧʦʤʘʞʫ ʿʝʜʥʘ ʜʨʫʛʠʤʘ ʫ ʠʟʙʝʛʘʚʘˁʫ ʣʦʢʘʣʥʠʭ 

ʦʧʪʠʤʫʤʘ. 

¶ ʄʝʪʦʜʝ ʢʦʿʝ ʨʘʜʝ ʩʘ ʧʦʧʫʣʘʮʠʿʦʤ ʠʤʘʿʫ ʙʦˀʝ ʤʝʭʘʥʠʟʤʝ ʧʨʝʪʨʘʛʝ ʫ ʧʦʨʝʹʝ-

ˁʫ ʩʘ ʤʝʪʦʜʘʤʘ ʢʦʿʝ ʨʘʜʝ ʩʘʤʦ ʩʘ ʿʝʜʥʠʤ ʨʝʰʝˁʝʤ. 

ʅʝʟʘʚʠʩʥʦ ʦʜ ʠʟʙʦʨʘ ʤʝʪʦʜʝ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʩʚʝ ʤʝʪʦʜʝ ʠʤʘʿʫ ʟʘʿʝʜʥʠʯʢʝ ʢʘʨʘʢʪʝ-

ʨʠʩʪʠʢʝ ʫ ʧʦʛʣʝʜʫ ʧʨʦʮʝʩʘ ʧʨʝʪʨʘʛʝ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ. ʇʨʝʪʨʘʛʘ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ 

ʫ ʜʚʘ ʜʝʣʘ: ʠʩʪʨʘʞʠʚʘˁʝ ʠ ʝʢʩʧʣʦʘʪʘʮʠʿʫ. ʋ ʬʘʟʠ ʠʩʪʨʘʞʠʚʘˁʘ ʩʝ ʧʨʦʩʪʦʨ ʨʝʰʝˁʘ 

ʧʨʝʪʨʘʞʫʿʝ ʰʪʦ ʿʝ ʰʠʨʝ ʤʦʛʫ˂ʝ. ɼʘ ʙʠ ʦʚʘ ʬʘʟʘ ʤʦʛʣʘ ʜʘ ʩʝ ʩʧʨʦʚʝʜʝ ʘʣʛʦʨʠʪʤʠ 

ʤʦʨʘʿʫ ʜʘ ʠʤʘʿʫ ʩʪʦʭʘʩʪʠʯʢʝ ʦʧʝʨʘʪʦʨʝ ʟʘ ʥʘʩʫʤʠʯʥʦ ʠ ʛʣʦʙʘʣʥʦ ʧʨʝʪʨʘʞʠʚʘˁʝ 

ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫ ʬʘʟʠ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʧʨʝʪʨʘʛʘ ʩʝ ʦʜʚʠʿʘ ʫ ʦʢʦ-

ʣʠʥʠ ʥʘʿʙʦˀʠʭ ʨʝʰʝˁʘ ʢʦʿʘ ʩʫ ʜʦʙʠʿʝʥʘ ʫ ʬʘʟʠ ʠʩʪʨʘʞʠʚʘˁʘ. ʅʘʣʘʞʝˁʝ ʦʜʛʦʚʘʨʘ-

ʿʫ˂ʝʛ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʪʨʘʿʘˁʘ ʦʚʝ ʜʚʝ ʬʘʟʝ ʧʨʝʜʩʪʘʚˀʘ ʪʝʞʘʢ ʟʘʜʘʪʘʢ ʟʙʦʛ ʩʪʦʭʘʩ-

ʪʠʯʢʝ ʧʨʠʨʦʜʝ ʩʘʤʠʭ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ. 
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ʄʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ, ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʠʜʝʿʝ ʦʜ ʢʦʿʝ ʩʫ ʧʦʩʪʘʣʝ, ʩʝ ʤʦʛʫ 

ʧʦʜʝʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʝ:  

¶ ʝʚʦʣʫʮʠʦʥʝ, 

¶ ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʨʠʥʮʠʧʠʤʘ ʬʠʟʠʢʝ, ʠ 

¶ ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʦʥʘʰʘˁʫ ʞʠʚʦʪʠˁʘ (Swarm Intelligence). 

ɽʚʦʣʫʮʠʦʥʠ ʘʣʛʦʨʠʪʤʠ ʩʫ ʦʙʠʯʥʦ ʠʥʩʧʠʨʠʩʘʥʠ ʢʦʥʮʝʧʪʦʤ ʝʚʦʣʫʮʠʿʝ ʢʦʿʠ ʩʝ ʜʝ-

ʰʘʚʘ ʫ ʧʨʠʨʦʜʠ. ʅʘʿʧʦʟʥʘʪʠʿʘ ʠ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʠʟ ʦʚʝ 

ʛʨʫʧʝ ʿʝ ɻʝʥʝʪʩʢʠ ɸʣʛʦʨʠʪʘʤ. ʈʘʜ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ɼʘʨʚʠʥʦʚʦʿ ʪʝʦʨʠ-

ʿʠ ʝʚʦʣʫʮʠʿʝ. ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʥʦ, ʦʧʪʠʤʠʟʘʮʠʿʘ ʩʝ ʚʨʰʠ ʨʘʟʚʦʿʝʤ ʧʦʯʝʪʥʠʭ ʥʘʩʫ-

ʤʠʯʥʦ ʠʟʘʙʨʘʥʠʭ ʨʝʰʝˁʘ. ʉʚʘʢʘ ʥʦʚʘ ʧʦʧʫʣʘʮʠʿʘ ʩʝ ʜʦʙʠʿʘ ʢʦʤʙʠʥʦʚʘˁʝʤ ʠ ʤʫ-

ʪʠʨʘˁʝʤ ʧʦʿʝʜʠʥʠʭ ʯʣʘʥʦʚʘ ʧʨʝʪʭʦʜʥʝ ʧʦʧʫʣʘʮʠʿʝ. ʇʦʰʪʦ ʥʘʿʙʦˀʝ ʿʝʜʠʥʢʝ (ʨʝʰʝ-

ˁʘ) ʠʤʘʿʫ ʥʘʿʚʝ˂ʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʠʟʙʦʨʘ ʫ ʦʧʝʨʘʮʠʿʘʤʘ ʫʢʨʰʪʘˁʘ ʠ ʤʫʪʘʮʠʿʝ, ʚʨʣʦ ʿʝ 

ʚʝʨʦʚʘʪʥʦ ʜʘ ˂ʝ ʥʦʚʘ ʧʦʧʫʣʘʮʠʿʘ ʙʠʪʠ ʙʦˀʘ ʦʜ ʧʨʝʪʭʦʜʥʝ. ʆʚʠʤ ʩʝ ʛʘʨʘʥʪʫʿʝ ʜʘ ˂ʝ 

ʩʝ ʩʘ ʪʦʢʦʤ ʛʝʥʝʨʘʮʠʿʘ ʦʜ ʧʦʯʝʪʥʦ ʥʘʩʫʤʠʯʥʦ ʠʟʘʙʨʘʥʝ ʧʦʧʫʣʘʮʠʿʝ ʥʘ˂ʠ ʦʧʪʠʤʘʣ-

ʥʦ ʨʝʰʝˁʝ. ʅʘʿʧʦʟʥʘʪʠʿʝ ʤʝʪʦʜʝ ʠʟ ʦʚʝ ʛʨʫʧʝ, ʦʜ ʢʦʿʠʭ ˂ʝ ʥʝʢʝ ʙʠʪʠ ʜʝʪʘˀʥʠʿʝ 

ʦʙʿʘʰˁʝʥʝ ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ, ʩʫ: ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʝʚʦʣʫʮʠʿʘ (Differential Evolutʠon) 

[85], Evolutionary Programing [86], Evolutionary Strategy [87]. 

ʂʘʦ ʠʜʝʿʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʟʘʩʥʠʚʘ ʜʨʫʛʠ ʛʣʘʚʥʠ ʦʛʨʘʥʘʢ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ 

ʧʦʩʣʫʞʠʣʝ ʩʫ ʬʠʟʠʯʢʝ ʧʦʿʘʚʝ ʠ ʟʘʢʦʥʠ ʫ ʧʨʠʨʦʜʠ. ʅʝʢʝ ʦʜ ʥʘʿʧʦʧʫʣʘʨʥʠʿʠʭ 

ʤʝʪʦʜʘ, ʢʦʿʝ ˂ʝ ʢʘʩʥʠʿʝ ʙʠʪʠ ʜʝʪʘˀʥʠʿʝ ʦʧʠʩʘʥʝ ʩʫ Big-Bang Big-Crunch [88], 

Gravitational Search Algorithm [89], Central Force Optimization [74], Black Hole [90]. 

ʄʝʭʘʥʠʟʘʤ ʧʨʝʪʨʘʛʝ ʢʦʜ ʦʚʝ ʛʨʫʧʝ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʤʝʹʫʩʦʙʥʦʿ ʢʦʤʫʥʠʢʘʮʠʿʠ ʨʝʰʝ-

ˁʘ (ʘʛʝʥʘʪʘ) ʠ ˁʠʭʦʚʦʤ ʢʨʝʪʘˁʫ ʢʨʦʟ ʧʨʦʩʪʦʨ ʨʝʰʝˁʘ ʧʦ ʥʝʢʦʤ ʦʜ ʟʘʢʦʥʘ ʬʠʟʠʢʝ. 

ʂʨʝʪʘˁʝ ʘʛʝʥʘʪʘ ʫ ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʥʘ ʧʨʠʤʝʨ ʧʦʤʦ˂ʫ ʛʨʘʚʠʪʘʮʠ-

ʦʥʝ ʩʠʣʝ, ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʝ ʩʠʣʝ, ʩʠʣʝ ʠʥʝʨʮʠʿʝ ʠ ʪʘʢʦ ʜʘˀʝ. 

ʊʨʝ˂ʫ ʢʣʘʩʫ ʯʠʥʝ ʤʝʪʦʜʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʧʦʥʘʰʘˁʝ ʞʠʚʦʪʠˁʘ ʫ ʮʠˀʫ ʥʘʣʘʞʝˁʘ 

ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ. ʉʘʤʠ ʘʣʛʦʨʠʪʤʠ ʩʫ ʩʣʠʯʥʠ ʘʣʛʦʨʠʪʤʠʤʘ ʠʟ ʜʨʫʛʝ ʛʨʫʧʝ, ʘʣʠ 

ʩʝ ʧʨʝʪʨʘʛʘ ʚʨʰʠ ʥʘ ʦʩʥʦʫ ʧʦʥʘʰʘˁʘ ʞʠʚʦʪʠˁʘ ʘ ʥʝ ʥʘ ʦʩʥʦʚʫ ʟʘʢʦʥʘ ʬʠʟʠʢʝ. 

ʅʝʢʠ ʦʜ ʧʨʝʪʩʪʘʚʥʠʢʘ ʦʚʝ ʛʨʫʧʝ ʩʫ: Grey Wolf Optimizer [91], Cuckoo Search [92], 

Firefly algorithm [93], Krill Herd  [94]. 
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3.1. ɻʝʥʝʪʩʢʠ ɸʣʛʦʨʠʪʘʤ 

 

ɺʝ˂ʠʥʘ ʙʠʦʣʦʛʘ ʚʝʨʫʿʝ ʜʘ ʿʝ ʛʣʘʚʥʠ ʧʦʢʨʝʪʘʯ ʧʨʠʨʦʜʥʝ ʝʚʦʣʫʮʠʿʝ ɼʘʨʚʠʥʦʚ ʧʨʠʥ-

ʮʠʧ ʦʧʩʪʘʥʢʘ ʥʘʿʩʧʦʩʦʙʥʠʿʠʭ. ʋ ʚʝ˂ʠʥʠ ʩʠʪʫʘʮʠʿʘ, ʫ ʧʨʠʨʦʜʠ ʥʝʤʠʣʦʩʨʜʥʦ

ʚʣʘʜʘʿʫ ʩʣʝʜʝ˂ʘ ʜʚʘ ʧʨʠʥʮʠʧʘ: 

¶ ɸʢʦ ʩʝ ʤʝʰʘˁʝʤ ʛʝʥʘ ʜʦʙʠʿʝ ʠʟʥʘʜ ʧʨʦʩʝʯʥʘ ʿʝʜʠʥʢʘ, ʦʥʘ ˂ʝ ʜʫʞʝ ʦʧʩʪʘʪʠ 

ʦʜ ʧʨʦʩʝʯʥʝ ʿʝʜʠʥʢʝ ʠ ʠʤʘ˂ʝ ʚʠʰʝ ʧʨʠʣʠʢʝ ʜʘ ʧʨʦʠʟʚʝʜʝ ʚʠʰʝ ʧʦʪʦʤʘʢʘ ʩʘ 

ʩʣʠʯʥʠʤ ʦʩʦʙʠʥʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʩʝʯʥʝ ʿʝʜʠʥʢʝ. 

¶ ɸʢʦ ʩʝ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʥʘʧʨʘʚʠ ʿʝʜʠʥʢʘ ʢʦʿʘ ʿʝ ʠʩʧʦʜ ʧʨʦʩʝʢʘ, ʦʥʘ ʥʝ˂ʝ 

ʜʫʛʦ ʦʧʩʪʘʪʠ ʫ ʧʨʠʨʦʜʠ ʠ ʙʠ˂ʝ ʝʣʠʤʠʥʠʩʘʥʘ ʠʟ ʧʦʧʫʣʘʮʠʿʝ. 

ʈʝʥʦʤʠʨʘʥʠ ʙʠʦʣʦʛ ʈʠʯʘʨʜ ɼʦʢʠʥʩ ʿʝ ʦʙʿʘʩʥʠʦ ʤʥʦʛʝ ʝʚʦʣʫʮʠʦʥʝ ʯʠˁʝʥʠʮʝ ʫʧʨʘ-

ʚʦ ʟʘʭʚʘˀʫʿʫ˂ʠ ɼʘʨʚʠʥʦʚʦʤ ʧʨʠʥʮʠʧʫ ʦʧʩʪʘʥʢʘ ʥʘʿʩʧʦʩʦʙʥʠʿʠʭ. ʆʥ ʠʩʪʠʯʝ ʜʘ ʩʫ 

ʚʠʩʦʢʘ ʜʨʚʝ˂ʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʝ ʥʘ ʧʣʘʥʠʥʘʤʘ ʫ ʧʦʯʝʪʢʫ ʝʚʦʣʫʮʠʿʝ ʙʠʣʘ ʚʠʩʦʢʘ ʩʘʤʦ 

ʿʝʜʥʫ ʩʪʦʧʫ. ɸʢʦ ʩʝ ʛʝʥʝʪʩʢʦʤ ʢʦʤʙʠʥʘʮʠʿʦʤ ʜʦʙʠʿʝ ʧʦʪʦʤʘʢ ʢʦʿʠ ʿʝ ʟʘ ʠʥʯ ʚʝ˂ʠ ʦʜ 

ʦʩʪʘʣʦʛ ʜʨʚʝ˂ʘ, ʪʘʿ ʧʦʪʦʤʘʢ ˂ʝ ʜʦʙʠʿʘʪʠ ʚʠʰʝ ʩʫʥʮʘ ʠ ʢʠʰʝ ʠ ʙʠ˂ʝ ʧʨʠʤʘʤˀʠʚʠʿʠ 

ʠʥʩʝʢʪʠʤʘ ʢʘʜʘ ʜʦ˂ʝ ʚʨʝʤʝ ʦʧʨʘʰʠʚʘˁʘ ʮʚʝʪʦʚʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʪʘʙʣʠʤʘ ʫ ʦʢʦʣʠ-

ʥʠ. ʉʘ ʜʦʜʘʪʥʠʤ ʧʦʛʦʜʥʦʩʪʠʤʘ, ʦʚʘʿ ʩʨʝ˂ʥʠ ʧʦʪʦʤʘʢ ˂ʝ ʜʫʞʝ ʞʠʚʝʪʠ ʠ ʧʨʦʠʟʚʝʰ-

˂ʝ ʚʠʰʝ ʚʠʩʦʢʠʭ ʧʦʪʦʤʘʢʘ ʥʝʛʦ ʜʨʫʛʘ ʩʪʘʙʣʘ. ʋʙʨʟʦ ˂ʝ ʩʪʘʙʣʘ ʩʘ ʦʚʠʤ ʛʝʥʠʤʘ 

ʦʢʫʧʠʨʘʪʠ ʚʝ˂ʠ ʜʝʦ ʧʣʘʥʠʥʝ ʠ ʥʘʩʪʘʚʠ˂ʝ ʜʘ ʩʝ ʙʦʨʝ ʩʘ ʦʩʪʘʣʠʤ ʩʪʘʙʣʠʤʘ ʟʘ 

ʧʨʝʦʩʪʘʣʠ ʧʨʦʩʪʦʨ. ɸʢʦ ʙʠ ʩʝ ʧʨʦʠʟʚʝʦ ʧʦʪʦʤʘʢ ʢʦʿʠ ʿʝ ʟʘ ʠʥʯ ʤʘˁʠ ʦʜ ʦʩʪʘʣʠʭ 

ʩʪʘʙʘʣʘ, ˁʝʛʦʚʝ ʰʘʥʩʝ ʟʘ ʧʦʜʤʠʨʠʚʘˁʝ ʦʩʥʦʚʥʠʭ ʞʠʚʦʪʥʠʭ ʧʦʪʨʝʙʘ ˂ʝ ʙʠʪʠ ʩʤʘ-

ˁʝʥʝ ʦʜ ʩʪʨʘʥʝ ˁʝʛʦʚʠʭ ʩʫʩʝʜʘ. ʊʘʢʦ ʜʘ ʦʚʘʢʚʘ ʩʪʘʙʣʘ ʥʝ˂ʝ ʤʦ˂ʠ ʜʫʛʦ ʜʘ ʦʧʩʪʘʥʫ. 

ʋ ʛʝʥʝʪʩʢʦʤ ʘʣʛʦʨʠʪʤʫ, ʦʩʦʙʠʥʝ ʧʨʠʨʦʜʥʝ ʝʚʦʣʫʮʠʿʝ ʩʫ ʫʚʝʜʝʥʝ ʢʨʦʟ ˁʝʛʦʚʝ 

ʦʧʝʨʘʮʠʿʝ. 

ɼʦʙʨʘ ʦʩʦʙʠʥʘ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʨʘʜʝ ʩʘ ʧʦʧʫʣʘʮʠʿʦʤ ʿʝ ʰʪʦ ʤʦʛʫ ʜʘ ʬʦʨʩʠʨʘʿʫ 

ʜʦʙʨʘ ʨʝʰʝˁʘ ʘ ʣʦʰʘ ʜʘ ʦʜʙʘʮʫʿʫ. ʄʝʹʫʪʠʤ, ʤʦʞʝ ʩʝ ʧʦʩʪʘʚʠʪʠ ʧʠʪʘˁʝ ʜʘ ʣʠ 

ʧʦʩʪʦʿʠ ʩʪʚʘʨʥʘ ʚʝʟʘ ʠʟʤʝʹʫ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʠ ʧʨʠʨʦʜʥʝ ʝʚʦʣʫʮʠʿʝ. ʆʜʥʦʩʥʦ 

ʜʘ ʣʠ ʧʨʠʨʦʜʘ ʧʦʢʫʰʘʚʘ ʜʘ ʤʘʢʩʠʤʠʟʫʿʝ ʥʝʢʘʢʚʫ ʚʨʩʪʫ ʬʫʥʢʮʠʿʝ ʢʦʨʠʩʥʦʩʪʠ? ɸʢʦ 

ʩʝ ʤʘʣʦ ʜʫʙˀʝ ʧʦʛʣʝʜʘ ʫ ʦʚʫ ʪʝʤʘʪʠʢʫ, ʪʝʰʢʦ ʜʘ ʩʝ ʤʦʞʝ ʟʘʤʠʩʣʠʪʠ ʙʨʦʿ ʪʘʢʚʠʭ 

ʬʫʥʢʮʠʿʘ ʢʦʿʝ ʧʨʠʨʦʜʘ ʧʦʢʫʰʘʚʘ ʜʘ ʤʘʢʩʠʤʠʟʫʿʝ. ʅʝʢʝ ʦʜ ˁʠʭ ʩʫ ʧʨʦʜʫʞʝˁʝ 

ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʚʨʩʪʘ, ʢʚʘʣʠʪʝʪ ʞʠʚʦʪʘ ʧʦʿʝʜʠʥʠʭ ʚʨʩʪʘ, ʬʠʟʠʯʢʠ ʨʘʩʪ ʿʝʜʠʥʢʠ ʠ 

ʤʥʦʛʝ ʜʨʫʛʝ. ʄʝʹʫʪʠʤ, ʥʠʿʝʜʥʘ ʦʜ ʦʚʠʭ ʬʫʥʢʮʠʿʘ ʥʠʿʝ ʩʪʘʮʠʦʥʘʨʥʘ ʚʝ˂ ʿʘʢʦ ʟʘʚʠʩʠ 

ʠ ʦʜ ʝʚʦʣʫʮʠʿʝ ʜʨʫʛʠʭ ʚʨʩʪʘ. ʅʘ ʧʨʠʤʝʨ, ʘʢʦ ʩʝ ʛʦʨʝ ʧʦʤʝʥʫʪʘ ʪʝʦʨʠʿʘ ʧʨʠʤʝʥʠ ʥʘ 
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ʟʝʯʝʚʝ, ʙʨʞʠ ʟʝʯʝʚʠ ˂ʝ ʧʦʙʝ˂ʠ ʛʨʘʙˀʠʚʮʫ. ɻʣʝʜʘʥʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʛʨʘʙˀʠʚʘʮʘ, 

ʣʠʩʠʮʝ ʥʘ ʧʨʠʤʝʨ, ʘʢʦ ʩʝ ʦʥʝ ʥʝ ʨʘʟʚʠʿʘʿʫ (ʥʝ ʧʦʚʝ˂ʘʚʘʿʫ ʩʚʦʿʫ ʙʨʟʠʥʫ) ʤʦ˂ʠ ˂ʝ ʜʘ 

ʫʭʚʘʪʝ ʩʘʤʦ ʩʧʦʨʠʿʝ ʟʝʯʝʚʝ ʢʦʿʠʭ ˂ʝ ʙʠʪʠ ʩʚʝ ʤʘˁʝ. ʀʤʘʿʫ˂ʠ ʦʚʦ ʫ ʚʠʜʫ ʣʘʢʦ ʿʝ 

ʨʘʟʫʤʝʪʠ ʜʘ ʩʝ ʫ ʧʨʠʨʦʜʠ ʦʜʚʠʿʘ ʤʥʦʛʦ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʫ ʟʥʘʪʥʦ 

ʢʦʤʧʣʠʢʦʚʘʥʠʿʠ ʦʜ ʧʨʦʙʣʝʤʘ ʢʦʿʝ ʯʦʚʝʢ ʧʦʢʫʰʘʚʘ ʜʘ ʨʝʰʠ. ɻʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʿʝ 

ʩʘʤʦ ʘʧʩʪʨʘʢʮʠʿʘ ʩʣʦʞʝʥʝ ʧʨʠʨʦʜʥʝ ʛʝʥʝʪʠʢʝ ʠ ʧʨʦʮʝʩʘ ʧʨʠʨʦʜʥʝ ʩʝʣʝʢʮʠʿʝ. ʀʘʢʦ 

ʿʝ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʩʘʤʦ ʿʝʜʥʦʩʪʘʚʥʘ ʘʧʩʪʨʘʢʮʠʿʘ, ʦʥ ʿʝ ʚʝʦʤʘ ʨʦʙʫʩʪʘʥ ʠ ʤʦʞʝ 

ʩʝ ʧʨʠʤʝʥʠʪʠ ʟʘ ʨʝʰʘʚʘˁʝ ʙʨʦʿʥʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʧʨʦʙʣʝʤʘ. 

 

3.1.1. ʂʦʜʠʨʘˁʝ 

 
ʂʦʜ ʙʠʥʘʨʥʦʛ ʢʦʜʠʨʘˁʘ ʩʚʘʢʘ ʧʨʦʤʝʥˀʠʚʘ ʩʝ ʧʨʝʜʩʪʘʚˀʘ ʙʠʥʘʨʥʠʤ ʥʠʟʦʤ ʬʠʢʩʥʝ 

ʜʫʞʠʥʝ. ʅʘ ʧʨʠʤʝʨ, ʩʣʝʜʝ˂ʠ ʥʠʟ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʙʣʝʤ ʩʘ n ʧʨʦʤʝʥˀʠʚʠʭ: 

I I
nx3x2x1x

1001 ... 010 01001110 11011 )()'&('&  

i-ʪʘ ʧʨʦʤʝʥˀʠʚʘ ʿʝ ʢʦʜʠʨʘʥʘ ʙʠʥʘʨʥʠʤ ʥʠʟʦʤ ʜʫʞʠʥʝ l i, ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʫʢʫʧʘʥ ʙʨʦʿ 

ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʦʚʘ ʧʨʦʤʝʥˀʠʚʘ ʤʦʞʝ ʫʟʝʪʠ il2 . ɼʦˁʘ ʛʨʘʥʠʮʘ xmin ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ 

ʙʠʥʘʨʥʠʤ ʥʠʟʦʤ (00...0), ʜʦʢ ʿʝ ʛʦʨˁʘ ʛʨʘʥʠʮʘ xmax ʧʨʝʩʪʘʚˀʝʥʘ ʩʣʝʜʝ˂ʠʤ ʙʠʥʘʨʥʠʤ 

ʥʠʟʦʤ (11...1). ʉʚʝ ʜʨʫʛʝ ʢʦʤʙʠʥʘʮʠʿʝ ʥʠʟʘ si ʩʝ ʜʝʢʦʜʠʨʘʿʫ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

)(DV
12

minmax
min

iil

ii
ii s

xx
xx

-

-
+= , (3.1) 

ʛʜʝ ʿʝ DV(si) ʜʝʢʦʜʠʨʘʥʘ ʚʨʝʜʥʦʩʪ ʥʠʟʘ. ɼʝʢʦʜʠʨʘʥʘ ʚʨʝʜʥʦʩʪ ʧʦʜʥʠʟʘ SÛ(Sl-1 Sl-2 ... S2 S1 

S0) ʿʝ: 

ä== l
j j

j SS 02)(DV . (3.2) 

ʋʢʫʧʥʘ ʜʫʞʠʥʘ ʿʝʜʥʦʛ ʥʠʟʘ (ʢʦʿʠ ʩʝ ʜʨʫʛʘʯʠʿʝ ʥʘʟʠʚʘ ʭʨʦʤʦʟʦʤ) ʿʝ ʦʜʨʝʹʝʥʘ ʜʫʞʠ-

ʥʘʤʘ ʩʚʠʭ ʧʦʜʥʠʟʦʚʘ, ʪʿ. ʿʝʜʥʘʢʘ ʿʝ ˁʠʭʦʚʦʿ ʩʫʤʠ. ɼʫʞʠʥʘ ʧʦʜʥʠʟʘ ʿʝ ʜʝʬʠʥʠʩʘʥʘ 

ʞʝˀʝʥʦʤ ʧʨʝʮʠʟʥʦʰ˂ʫ ʧʨʦʤʝʥˀʠʚʝ. ɼʫʞʠʥʘ ʩʚʘʢʦʛ ʧʦʜʥʠʟʘ ʩʝ ʨʘʯʫʥʘ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ: 

ö
ö

÷

õ

æ
æ

ç

å -
=

i

ii

i

xx
l

e

minmax

2log . (3.3) 

ʛʜʝ ʿʝ Ůi ʞʝˀʝʥʘ ʜʝʮʠʤʘʣʥʘ ʧʨʝʮʠʟʥʦʩʪ ʧʨʦʤʝʥˀʠʚʝ i. 

 

3.1.2. ʇʦʯʝʪʥʘ ʧʦʧʫʣʘʮʠʿʘ 

 

ɼʘ ʙʠ ʩʝ ʧʦʯʝʣʦ ʩʘ ʨʘʜʦʤ ʧʦʪʨʝʙʥʦ ʿʝ ʛʝʥʝʨʠʩʘʪʠ ʧʦʯʝʪʥʫ ʧʦʧʫʣʘʮʠʿʫ. ʇʦʯʝʪʥʘ 
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ʧʦʧʫʣʘʮʠʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ N ʥʠʟʦʚʘ, ʛʜʝ ʩʚʘʢʠ ʥʠʟ ʧʨʝʜʩʪʘʚˀʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʨʝʰʝ-

ˁʝ ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ. ʋʢʫʧʘʥ ʙʨʦʿ ʝʣʝʤʝʥʘʪʘ ʧʦʧʫʣʘʮʠʿʝ, N, ʩʝ ʥʝ ʤʝˁʘ ʩʘ 

ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ. ʉʚʘʢʦʿ ʧʦʟʠʮʠʿʠ ʥʠʟʘ l i (i = 1, é, n) ʤʦʛʫ˂ʝ ʿʝ ʜʦʜʝʣʠʪʠ 0 ʠʣʠ 1 ʩʘ 

ʧʦʜʿʝʜʥʘʢʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ. ʇʦʩʣʝ ʢʨʝʠʨʘˁʘ ʥʠʟʘ ʤʦʛʫ˂ʝ ʿʝ ʠʟʜʚʘʿʘˁʝʤ ʧʨʚʠʭ l1 

ʙʠʪʦʚʘ ʠʟ ʮʝʣʦʛ ʥʠʟʘ ʠʟʨʘʯʫʥʘʪʠ ʚʨʝʜʥʦʩʪ ʧʨʦʤʝʥˀʠʚʝ x1 ʧʦʤʦ˂ʫ ʠʟʨʘʟʘ (3.1). ʅʘ 

ʠʩʪʠ ʥʘʯʠʥ ʩʝ ʤʦʛʫ ʠʟʨʘʯʫʥʘʪʠ ʩʚʠʭ n ʚʨʝʜʥʦʩʪʠ ʥʝʟʘʚʠʩʥʠʭ (ʫʧʨʘʚˀʘʯʢʠʭ) ʧʨʦ-

ʤʝʥˀʠʚʠʭ ʨʘʟʤʘʪʨʘʥʦʛ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʣʝʤʘ. ʂʘʜʘ ʩʫ ʧʦʟʥʘʪʝ ʩʚʝ ʫʧʨʘʚˀʘʯʢʝ 

ʧʨʦʤʝʥˀʠʚʝ ʤʦʛʫ˂ʝ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ʚʨʝʜʥʦʩʪ ʦʙʿʝʢʪʠʚʥʝ ʬʫʥʢʮʠʿʝ f(x1, x2, é, xn). 

ɸʢʦ ʿʝ ʥʝʢʠ ʦʜ ʯʣʘʥʦʚʘ ʧʦʧʫʣʘʮʠʿʝ ʥʘʨʫʰʠʦ ʙʠʣʦ ʢʦʿʝ ʨʝʣʝʚʘʥʪʥʦ ʦʛʨʘʥʠʯʝˁʝ 

ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ ʪʘʢʚʘ ʿʝʜʠʥʢʘ ʩʝ ʦʜʙʘʮʫʿʝ ʠ ʛʝʥʝʨʠʰʝ ʩʝ ʥʦʚʘ. ʆʚʘʢʘʚ 

ʧʨʠʩʪʫʧ ʚʣʘʜʘ ʠ ʢʦʜ ʞʠʚʦʪʠˁʘ. ʅʘʠʤʝ, ʥʝʢʝ ʞʠʚʦʪʠˁʩʢʝ ʚʨʩʪʝ ʦʜʙʘʮʫʿʫ ʤʣʘʜʫʥʮʝ 

ʢʦʿʠ ʩʫ ʨʦʹʝʥʠ ʩʘ ʥʝʢʦʤ ʤʘʥʦʤ. ʂʦʨʠʩʪʝ˂ʠ ʦʚʘʿ ʧʨʠʩʪʫʧ ʮʝʣʦʢʫʧʥʘ ʧʦʯʝʪʥʘ ʧʦʧʫ-

ʣʘʮʠʿʘ ˂ʝ ʙʠʪʠ ʠʟʚʦʜˀʠʚʘ ʠ ʠʟʙʝʛʘʚʘ ʩʝ ʨʘʜ ʩʘ ʧʝʥʘʣʠʟʘʮʠʦʥʠʤ ʬʘʢʪʦʨʠʤʘ. 

 

3.1.3. ʌʠʪʥʝʩ ʬʫʥʢʮʠʿʘ 

 
ʂʘʜʘ ʩʫ ʧʦʩʣʝ ʧʨʦʮʝʩʘ ʜʝʢʦʜʠʨʘˁʘ, ʢʦʿʠ ʿʝ ʚʝ˂ ʦʧʠʩʘʥ, ʧʦʟʥʘʪʝ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʧʨʦʤʝʥ-

ˀʠʚʠʭ ʤʦʛʫ˂ʝ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ʚʨʝʜʥʦʩʪ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ f(x1, ..., xn). ʉʚʘʢʦʤ ʭʨʦʤʦ-

ʟʦʤʫ, ʙʠʣʦ ʜʘ ʿʝ ʦʥ ʥʘʩʪʘʦ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʦʧʝʨʘʪʦʨʘ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʠʣʠ ʫ ʧʦʯʝʪʥʦʿ 

ʧʦʧʫʣʘʮʠʿʠ, ʩʝ ʤʦʨʘ ʦʜʨʝʜʠʪʠ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʚʨʝʜʥʦʰ˂ʫ ʦʧʪʠʤʠʟʘ-

ʮʠʦʥʝ ʬʫʥʢʮʠʿʝ ʨʘʟʤʘʪʨʘʥʦʛ ʭʨʦʤʦʟʦʤʘ. ʂʦʜ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʧʨʦʙʣʝʤʘ ʢʦʜ ʢʦʿʠʭ ʩʝ 

ʪʨʘʞʠ ʤʘʢʩʠʤʫʤ, ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʭʨʦʤʦʟʦʤʘ ʩʝ ʠʟʿʝʜʥʘʯʘʚʘʿʫ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʦʧʪʠʤʠʟʘ-

ʮʠʦʥʝ ʬʫʥʢʮʠʿʝ ʠʩʪʠʭ. ɼʦʢ ʩʝ ʢʦʜ ʧʨʦʙʣʝʤʘ ʤʠʥʠʤʠʟʘʮʠʿʝ ʢʦʨʠʩʪʠ ʩʣʝʜʝ˂ʠ ʧʨʠʩʪʫʧ: 

) ..., ,(1

1

1 nxxf
Fitness

+
= . (3.4) 

ʋ ʠʤʝʥʠʦʮʫ ʠʟʨʘʟʘ (3.4) ʫʤʝʩʪʦ ʙʨʦʿʘ 1 ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʙʠʣʦ ʢʦʿʠ ʜʨʫʛʠ ʙʨʦʿ, ʘ ˁʝʛʦʚʘ 

ʫʣʦʛʘ ʿʝ ʠʟʙʝʛʘʚʘˁʝ ʩʠʥʛʫʣʘʨʠʪʝʪʘ ʢʘʜʘ f Ï 0. 

 

3.1.4. ʂʨʠʪʝʨʠʿʫʤ ʟʘʫʩʪʘʚˀʘˁʘ 
 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʤʝʪʦʜʘ ʢʦʿʝ ʚʨʰʝ ʣʦʢʘʣʥʫ ʧʨʝʪʨʘʛʫ ʠ ʟʘʫʩʪʘʚˀʘʿʫ ʩʝ ʢʘʜʘ ʥʘʹʫ ʦʧʪʠ-

ʤʘʣʥʫ ʚʨʝʜʥʦʩʪ, ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʧʦʩʝʜʫʿʝ ʩʪʦʭʘʩʪʠʯʢʫ ʧʨʝʪʨʘʛʫ ʰʪʦ ʟʘʥʯʠ ʜʘ 

ʙʠ ʤʦʛʘʦ ʜʘ ʨʘʜʠ ʙʝʟ ʧʨʝʩʪʘʥʢʘ. ɿʙʦʛ ʦʚʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫʚʝʩʪʠ ʥʝʢʠ ʢʨʠʪʝʨʠʿʫʤ 

ʟʘʫʩʪʘʚˀʘˁʘ. ɱʝʜʥʘ ʦʜ ʤʦʛʫ˂ʥʦʩʪʠ ʿʝ ʜʘ ʩʝ ʙʨʦʿʠ ʢʦʣʠʢʦ ʿʝ ʧʫʪʘ ʠʟʨʘʯʫʥʘʪʘ ʬʠʪʥʝʩ 

ʚʨʝʜʥʦʩʪ ʠʣʠ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʚʨʝʤʝ ʠʟʨʘʯʫʥʘʚʘˁʘ ʢʘʦ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ. ʆʚʘ 

ʜʚʘ ʧʨʠʩʪʫʧʘ ʩʝ ʥʠʩʫ ʧʦʢʘʟʘʣʘ ʢʘʦ ʥʘʿʙʦˀʘ ʫ ʧʨʘʢʩʠ. ɱʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝ-
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ʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘʫʩʪʘʚˀʘˁʘ ʿʝ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ, ʢʦʿʠ ʘʢʦ ʩʝ ʧʦʩʪʘʚʠ ʥʘ ʜʦʚʦˀʥʦ 

ʚʝʣʠʢʫ ʚʨʝʜʥʦʩʪ ʜʘʿʝ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ. ɱʝʜʘʥ ʦʜ ʙʦˀʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘʫʩʪʘʚˀʘˁʘ ʿʝ 

ʦʜʩʪʫʧʘˁʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʧʦʿʝʜʠʥʘʯʥʦʛ ʭʨʦʤʦʟʦʤʘ ʦʜ ʩʨʝʜˁʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩ-

ʪʠ ʮʝʣʝ ʧʦʧʫʣʘʮʠʿʝ [95]. ʆʚʘʢʘʚ ʢʨʠʪʝʨʠʿʫʤ ʟʘʫʩʪʘʚˀʘˁʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʙʨʞʝ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ, ʘʣʠ ʤʦʞʝ ʫʟʨʦʢʦʚʘʪʠ ʟʘʫʩʪʘʚˀʘˁʝ ʘʣʛʦʨʠʪʤʘ ʫ ʙʣʠʟʠʥʠ ʛʣʦʙʘʣʥʦʛ 

ʦʧʪʠʤʫʤʘ ʘʣʠ ʥʝ ʠ ʫ ʩʘʤʦʤ ʛʣʦʙʘʣʥʦʤ ʦʧʪʠʤʫʤʫ [83]. 

 

3.1.5. ʉʝʣʝʢʮʠʿʘ 

 

ʈʝʧʨʦʜʫʢʮʠʿʘ (ʩʝʣʝʢʮʠʿʘ) ʿʝ ʥʘʿʯʝʰ˂ʝ ʧʨʚʠ ʦʧʝʨʘʪʦʨ ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʘ ʧʦʧʫʣʘ-

ʮʠʿʫ. ʆʧʝʨʘʮʠʿʘ ʩʝʣʝʢʮʠʿʝ ʙʠʨʘ ʥʘʿʙʦˀʘ ʨʝʰʝˁʘ ʠʟ ʧʦʧʫʣʘʮʠʿʝ ʠ ʩʪʘʚˀʘ ʠʭ ʫ ʧʦʩʝ-

ʙʘʥ ʩʢʫʧ ʟʘ ʫʢʨʰʪʘˁʝ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʫ ʜʦʩʪʫʧʥʠ ʨʘʟʣʠʯʠʪʠ ʪʠʧʦʚʠ ʦʧʝʨʘʮʠʿʝ 

ʩʝʣʝʢʮʠʿʝ, ʘʣʠ ʦʩʥʦʚʥʘ ʠʜʝʿʘ ʩʚʠʭ ʿʝ ʜʘ ʩʝ ʥʘʜʧʨʦʩʝʯʥʠ ʥʠʟʦʚʠ ʜʫʧʣʠʨʘʿʫ ʠ ʩʤʝʰ-

ʪʘʿʫ ʫ ʩʢʫʧ ʟʘ ʫʢʨʰʪʘˁʝ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥ ʦʧʝʨʘʪʦʨ ʩʝʣʝʢʮʠʿʝ ʿʝ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʥʠ ʦʧʝʨʘʪʦʨ, ʢʦʜ ʢʦʛʘ ʩʝ ʥʠʟʦʚʠ ʫ ʪʨʝʥʫʪʥʦʿ ʧʦʧʫʣʘʮʠʿʠ ʙʠʨʘʿʫ ʩʘ ʚʝʨʦʚʘʪʥʦ-

˂ʦʤ ʢʦʿʘ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʥʠʟʘ. ʆʚʦ ʟʥʘʯʠ ʜʘ ˂ʝ i-ʪʠ ʥʠʟ ʫ 

ʧʦʧʫʣʘʮʠʿʠ ʙʠʪʠ ʩʝʣʝʢʪʦʚʘʥ ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ pi. ʇʦʰʪʦ ʩʝ ʚʝʣʠʯʠʥʘ ʧʦʧʫʣʘʮʠʿʝ 

ʢʦʜ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʦʜʨʞʘʚʘ ʥʘ ʢʦʥʩʪʘʥʪʥʦʿ ʚʨʝʜʥʦʩʪʠ, ʢʫʤʫʣʘʪʠʚʥʘ ʚʝʨʦʚʘʪ-

ʥʦ˂ʘ ʩʚʠʭ ʥʠʟʦʚʘ ʿʝ ʿʝʜʥʘʢʘ ʿʝʜʠʥʠʮʠ. ɺʝʨʦʚʘʪʥʦ˂ʘ ʠʟʙʦʨʘ i-ʪʦʛ ʥʠʟʘ ʩʝ ʨʘʯʫʥʘ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 
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=

=
N

j
j

i
i

f

f
p

1

. 
(3.5) 

ʅʘʿʚʠʰʝ ʫʧʦʪʨʝʙˀʘʚʘʥʠ ʥʘʯʠʥ ʧʨʦʧʦʨʮʠʦʥʘʣʥʝ ʩʝʣʝʢʮʠʿʝ ʿʝ ʩʝʣʝʢʮʠʿʘ ʧʦʤʦ˂ʫ 

ʧʨʘʚʠʣʘ ʪʦʯʢʘ ʨʫʣʝʪʘ. ɻʣʘʚʥʘ ʠʜʝʿʘ ʿʝ ʜʘ ʩʝ ʮʝʦ ʦʙʠʤ ʪʦʯʢʘ ʠʟʜʝʣʠ ʥʘ N ʜʝʣʦʚʘ ʧʨʠ 

ʯʝʤʫ ʩʚʘʢʠ ʩʝʛʤʝʥʪ ʦʜʛʦʚʘʨʘ ʚʝʨʦʚʘʪʥʦ˂ʠ ʧʦʿʘʚˀʠʚʘˁʘ ʪʦʛ ʥʠʟʘ. ʅʘ ʩʣʠʮʠ 3.2 ʘ) 

ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʦʜʝʣʘ ʪʦʯʢʘ ʥʘ ʩʝʛʤʝʥʪʝ ʢʘʦ ʠ ʥʘʯʠʥ ʦʜʘʙʠʨʘˁʘ ʥʠʟʘ. ʊʦʯʘʢ ʩʝ 

ʦʢʨʝ˂ʝ N ʧʫʪʘ, ʜʘ ʙʠ ʩʝ ʧʦʧʫʥʠʦ ʩʢʫʧ ʟʘ ʫʢʨʰʪʘˁʝ, ʠ ʢʘʜʘ ʩʝ ʪʦʯʘʢ ʟʘʫʩʪʘʚʠ 

ʿʝʟʠʯʘʢ (ʣʦʧʪʠʮʘ) ʫʢʘʟʫʿʝ ʢʦʿʠ ʿʝ ʥʠʟ ʦʜʘʙʨʘʥ. ʆʚʠʤ ʧʨʘʚʠʣʦʤ ʩʝ ʬʦʨʩʠʨʘʿʫ ʜʦʙʨʘ 

ʨʝʰʝˁʘ, ʘʣʠ ʘʢʦ ʿʝ ʿʝʜʥʦ ʨʝʰʝˁʝ ʜʦʤʠʥʘʥʪʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʘ, ʥʘ ʧʨʠʤʝʨ ʦʥʦ 

ʟʘʫʟʠʤʘ 90 % ʧʦʚʨʰʠʥʝ ʪʦʯʢʘ ʪʦ ʟʥʘʯʠ ʜʘ ʦʩʪʘʣʘ ʨʝʰʝˁʘ ʠʤʘʿʫ ʚʝʦʤʘ ʤʘʣʝ ʰʘʥʩʝ 

ʜʘ ʙʫʜʫ ʠʟʘʙʨʘʥʘ [96]. 

ʇʦʤʦ˂ʫ ʨʘʥʛʠʨʘˁʘ ʩʝ ʠʟʙʝʛʘʚʘ ʧʨʦʙʣʝʤ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʢʦʜ ʧʨʘʚʠʣʘ ʪʦʯʢʘ ʨʫʣʝʪʘ. 

ʂʦʜ ʦʚʝ ʚʨʩʪʝ ʩʝʣʝʢʮʠʿʝ ʧʨʚʦ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʨʝʹʘʪʠ ʥʠʟʦʚʝ ʦʜ ʥʘʿʙʦˀʝʛ ʢʘ ʥʘʿʛʦ- 
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ʉʣʠʢʘ 3.2. ʅʘʯʠʥʠ ʩʝʣʝʢʮʠʿʝ. 

 

ʨʝʤ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ. ʅʘʢʦʥ ʪʦʛʘ, ʩʚʘʢʦʤ ʥʠʟʫ ʩʝ ʜʦʜʝˀʫʿʝ ʨʘʥʛ 

ʦʜ 1 (ʥʘʿʛʦʨʠ) ʜʦ N (ʥʘʿʙʦˀʠ). ʆʚʦ ʧʨʘʚʠʣʦ ʿʝ ʚʝʦʤʘ ʩʣʠʯʥʦ ʧʨʘʚʠʣʫ ʪʦʯʢʘ ʨʫʣʝʪʘ 

ʿʝʜʠʥʘ ʨʘʟʣʠʢʘ ʿʝ ʫ ʧʦʚʨʰʠʥʘʤʘ ʢʦʿʝ ʟʘʫʟʠʤʘʿʫ ʧʦʿʝʜʠʥʘ ʨʝʰʝˁʘ. ʅʘ ʩʣʠʮʠ 3.2 ʙ) 

ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʬʦʨʤʠʨʘˁʘ ʠ ʦʜʘʙʠʨʘ ʧʦʤʦ˂ʫ ʧʨʘʚʠʣʘ ʨʘʥʛʠʨʘˁʘ. 

ʉʝʣʝʢʮʠʿʘ ʧʦʤʦ˂ʫ ʪʫʨʥʠʨʘ ʿʝ ʪʘʢʦʹʝ ʿʝʜʥʘ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʪʠʧʦʚʘ 

ʩʝʣʝʢʮʠʿʝ, ʧʨʚʝʥʩʪʚʝʥʦ ʟʙʦʛ ʩʚʦʿʝ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ. ʂʦʜ ʦʚʝ ʤʝʪʦʜʝ ʠʟ ʧʦʧʫʣʘʮʠʿʝ 

ʩʝ ʧʨʦʠʟʚʦˀʥʦ ʙʠʨʘ Ű ʥʠʟʦʚʘ ʦʜ ʢʦʿʠʭ ʩʝ ʥʘʿʙʦˀʠ ʧʨʦʩʣʝʹʫʿʝ ʫ ʩʢʫʧ ʟʘ ʫʢʨʰʪʘˁʝ.

ʆʚʘʢʘʚ ʥʘʯʠʥ ʦʜʘʙʠʨʘˁʘ ʿʝ ʧʦʪʧʫʥʦ ʩʪʦʭʘʩʪʠʯʢʠ ʠ ˁʠʤʝ ʩʝ ʥʝ ʬʘʚʦʨʠʟʫʿʫ ʜʦʙʨʘ 

ʨʝʰʝˁʘ ʰʪʦ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʩʧʦʨʠʿʫ ʢʦʥʚʝʨʛʝʥʮʠʿʫ. 

 

3.1.6. ɽʣʠʪʠʟʘʤ 

 

ʋ ʦʨʠʛʠʥʘʣʥʦʤ ʛʝʥʝʪʩʢʦʤ ʘʣʛʦʨʠʪʤʫ ʦʚʘ ʦʧʝʨʘʮʠʿʘ ʩʝ ʥʠʿʝ ʢʦʨʠʩʪʠʣʘ. ɳʝʥʘ ʩʚʨʭʘ 

ʿʝ ʜʘ ʩʘʯʫʚʘ ʦʜʨʝʹʝʥʠ ʙʨʦʿ, ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠʭ, ʥʠʟʦʚʘ ʦʜ ʦʰʪʝ˂ʝˁʘ ʢʦʿʘ ʤʦʛʫ 

ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʜʨʫʛʠ ʦʧʝʨʘʪʦʨʠ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ. ʅʘʠʤʝ, ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠ 

ʙʨʦʿ ʥʠʟʦʚʘ ʩʘ ʥʘʿʙʦˀʦʤ ʬʠʪʥʝʩ ʚʨʝʜʥʦʰ˂ʫ ʩʝ ʜʠʨʝʢʪʥʦ ʢʦʧʠʨʘ ʫ ʥʦʚʫ ʧʦʧʫʣʘʮʠʿʫ 

ʥʘ ʧʦʯʝʪʢʫ ʩʚʘʢʝ ʠʪʝʨʘʮʠʿʝ ʧʨʝ ʙʠʣʦ ʢʦʛ ʜʨʫʛʦʛ ʦʧʝʨʘʪʦʨʘ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ. 

ɽʣʠʪʠʟʘʤ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʦʩʠ ʙʨʟʠʥʠ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʘʣʛʦʨʠʪʤʘ [97]. 
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3.1.7. ʋʢʨʰʪʘˁʝ 

 

ʋ ʦʨʠʛʠʥʘʣʥʦʤ ʛʝʥʝʪʩʢʦʤ ʘʣʛʦʨʠʪʤʫ ʦʧʝʨʘʪʦʨ ʫʢʨʰʪʘˁʘ ʩʝ ʧʨʠʤʝˁʠʚʘʦ ʦʜʤʘʭ 

ʧʦʩʣʝ ʦʧʝʨʘʮʠʿʝ ʩʝʣʝʢʮʠʿʝ. ʂʘʦ ʠ ʢʦʜ ʩʝʣʝʢʮʠʿʝ, ʠ ʢʦʜ ʦʚʝ ʦʧʝʨʘʮʠʿʝ ʧʦʩʪʦʿʠ ʚʠʰʝ 

ʨʘʟʣʠʯʠʪʠʭ ʥʘʯʠʥʘ ʫʢʨʰʪʘˁʘ, ʘʣʠ ʩʚʝ ʤʝʪʦʜʝ ʙʠʨʘʿʫ ʜʚʘ ʨʦʜʠʪʝˀʘ ʠʟ ʩʢʫʧʘ ʟʘ 

ʫʢʨʰʪʘˁʝ ʠ ʤʝʰʘˁʝʤ ʧʦʿʝʜʠʥʠʭ ʜʝʣʦʚʘ ʠʟʘʙʨʘʥʠʭ ʥʠʟʦʚʘ ʜʦʙʠʿʘʿʫ ʩʝ ʥʦʚʠ ʥʠʟʦ-

ʚʠ. ɱʝʜʥʦʩʪʨʫʢʦ ʫʢʨʰʪʘˁʝ ʿʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʚʨʩʪʘ ʫʢʨʰʪʘˁʘ. ʂʦʜ ʦʚʝ ʤʝʪʦ-

ʜʝ ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʦʠʟʚʦˀʥʦ ʦʜʘʙʨʘʪʠ ʧʦʟʠʮʠʿʫ ʫʢʨʰʪʘˁʘ ʥʘʢʦʥ ʯʝʛʘ ʜʝʣʦʚʠ ʩʘ 

ʜʝʩʥʝ ʩʪʨʘʥʝ ʪʘʯʢʝ ʫʢʨʰʪʘˁʘ ʤʝˁʘʿʫ ʤʝʩʪʘ. ʉʣʝʜʝ˂ʠ ʧʨʠʤʝʨ ʧʦʢʘʟʫʿʝ ʫʧʦʪʨʝʙʫ 

ʿʝʜʥʦʩʪʨʫʢʦʛ ʫʢʨʰʪʘˁʘ. 

ʈʦʜʠʪʝˀ 1: 1 0 1 1 0 0 1 1 0 1 

ʈʦʜʠʪʝˀ 2: 0 1 1 0 1 1 1 0 1 0 

ʇʦʪʦʤʘʢ 1: 1 0 1 1 0 1 1 0 1 0 

ʇʦʪʦʤʘʢ 2: 0 1 1 0 1 0 1 1 0 1 

ɺʘʞʥʦ ʿʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʫʢʨʰʪʘˁʝʤ ʜʦʙʨʠʭ ʨʦʜʠʪʝˀʘ 

ʜʦʙʠʿʝ ʙʦˀʠ ʧʦʪʦʤʘʢ ʘʢʦ ʩʝ ʠʟʘʙʝʨʝ ʜʦʙʨʘ ʧʦʟʠʮʠʿʘ ʫʢʨʰʪʘˁʘ. ʇʦʰʪʦ ʥʘʿʙʦˀʘ 

ʧʦʟʠʮʠʿʘ ʫʢʨʰʪʘˁʘ ʥʠʿʝ ʧʦʟʥʘʪʘ, ʠʟʙʦʨ ʧʦʟʠʮʠʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʚʨʰʠ ʧʨʦʠʟʚʦˀʥʦ. 

ʄʝʹʫʪʠʤ ʪʨʝʙʘ ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ʧʨʦʠʟʚʦˀʘʥ ʠʟʙʦʨ ʣʦʢʘʮʠʿʝ ʥʝ ʯʠʥʠ ʧʨʝʪʨʘʛʫ 

ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ ʧʨʦʠʟʚʦˀʥʦʤ. ʂʦʜ ʿʝʜʥʦʩʪʨʫʢʦʛ ʫʢʨʰʪʘˁʘ ʜʚʘ ʚʝʢʪʦʨʘ ʜʫʞʠʥʝ l 

ʤʦʛʫ ʥʘʧʨʘʚʠʪʠ ʩʘʤʦ 2(l-1) ʨʘʟʣʠʯʠʪʠʭ ʥʠʟʦʚʘ ʫ ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ, ʧʨʠ ʯʝʤʫ ʫ 

ʦʚʦʤ ʧʨʦʩʪʦʨʫ ʧʦʩʪʦʿʠ ʫʢʫʧʥʦ 2
l
 ʨʘʟʣʠʯʠʪʠʭ ʥʠʟʦʚʘ. ʉʘ ʧʨʦʠʟʚʦˀʥʠʤ ʦʜʘʙʠʨʦʤ 

ʤʝʩʪʘ ʫʢʨʰʪʘˁʘ ʤʦʛʫ ʩʝ ʥʘʧʨʘʚʠʪʠ ʜʦʙʨʠ ʠʣʠ ʣʦʰʠʿʠ ʧʦʪʦʤʮʠ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʜʘ 

ʣʠ ʩʫ ʫʟʝʪʠ ʜʦʙʨʠ ʧʦʜʥʠʟʦʚʠ. ʄʝʹʫʪʠʤ ʦʢʦ ʦʚʦʛʘ ʩʝ ʥʠʿʝ ʧʦʪʨʝʙʥʦ ʙʨʠʥʫʪʠ, ʧʦʰ-

ʪʦ ʘʢʦ ʩʝ ʥʘʧʨʘʚʠ ʜʦʙʘʨ ʥʠʟ ʙʠ˂ʝ ʚʠʰʝ ˁʝʛʦʚʠʭ ʢʦʧʠʿʘ ʫ ʩʢʫʧʫ ʟʘ ʫʢʨʰʪʘˁʝ, ʠ 

ʦʙʨʥʫʪʦ ʘʢʦ ʿʝ ʥʘʧʨʘʚˀʝʥʦ ʣʦʰʝ ʨʝʰʝˁʝ ʦʥʦ ʩʝ ʥʝ˂ʝ ʠʟʘʙʨʘʪʠ ʠ ʥʝ˂ʝ ʦʧʩʪʘʪʠ ʫ 

ʥʘʨʝʜʥʦʿ ʧʦʧʫʣʘʮʠʿʠ. 

ʂʦʜ ʜʚʦʩʪʨʫʢʦʛ ʫʢʨʰʪʘˁʘ ʙʠʨʘʿʫ ʩʝ ʜʚʘ ʤʝʩʪʘ ʫʢʨʰʪʘˁʘ ʠ ʥʠʟʦʚʠ ʢʦʿʠ ʩʫ 

ʦʜʘʙʨʘʥʠ ʟʘ ʨʦʜʠʪʝˀʝ ʩʝ ʤʝʰʘʿʫ ʦʢʦ ʪʠʭ ʧʦʟʠʮʠʿʘ. ʉʣʝʜʝ˂ʠ ʧʨʠʤʝʨ ʧʦʢʘʟʫʿʝ 

ʧʨʠʤʝʥʫ ʜʚʦʩʪʨʫʢʦʛ ʫʢʨʰʪʘˁʘ. 

ʈʦʜʠʪʝˀ 1: 1 0 1 1 0 0 1 1 0 1 

ʈʦʜʠʪʝˀ 2: 0 1 1 0 1 1 1 0 1 0 

ʇʦʪʦʤʘʢ 1: 0 1 1 1 0 0 1 1 1 0 

ʇʦʪʦʤʘʢ 2: 1 0 1 0 1 1 1 0 0 1 
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ɱʝʜʥʦʩʪʨʫʢʦ ʫʢʨʰʪʘˁʝ ʫʥʫʪʘʨ ʧʦʜʥʠʟʘ ʦʙʝʟʙʝʹʫʿʝ ʰʠʨʫ ʧʨʝʪʨʘʛʫ ʧʨʦʩʪʦʨʘ ʫ ʢʦʤʝ 

ʩʝ ʥʘʣʘʟʠ ʨʝʰʝˁʝ, ʤʝʹʫʪʠʤ ʦʚʘ ʤʝʪʦʜʘ ʣʘʢʦ ʫʥʠʰʪʘʚʘ ʥʠʟʦʚʝ ʢʦʿʠ ʫ ʩʝʙʠ ʤʦʛʫ ʜʘ 

ʩʘʜʨʞʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʦʧʪʠʤʘʣʥʦʤ ʨʝʰʝˁʫ [79]. ʂʦʜ ʦʚʝ ʚʨʩʪʝ ʫʢʨʰʪʘˁʘ ʫʥʫʪʘʨ 

ʩʚʘʢʝ ʧʨʦʤʝʥˀʠʚʝ, ʧʦʜʥʠʟʘ ʜʫʞʠʥʝ l i ʟʘ i = 1, ..., n, ʩʝ ʚʨʰʠ ʿʝʜʥʦʩʪʨʫʢʦ ʫʢʨʰʪʘ-

ˁʝ. ʉʣʝʜʝ˂ʠ ʧʨʠʤʝʨ ʧʨʠʢʘʟʫʿʝ ʦʚʘʢʚʫ ʚʨʩʪʫ ʫʢʨʰʪʘˁʘ, ʢʦʜ ʢʦʛʘ ʜʝʙˀʝ ʣʠʥʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʘʥʠʮʝ ʧʨʦʤʝʥˀʠʚʠʭ ʘ ʪʘˁʝ ʥʘʩʫʤʠʯʥʦ ʠʟʘʙʨʘʥʝ ʧʦʟʠʮʠʿʝ ʫʢʨʰʪʘ-

ˁʘ. 

ʈʦʜʠʪʝˀ 1: 1 0 1 1 0 0 1 1 0 1 

ʈʦʜʠʪʝˀ 2: 0 1 1 0 1 1 1 0 1 0 

ʇʦʪʦʤʘʢ 1: 1 1 1 1 0 1 1 1 1 0 

ʇʦʪʦʤʘʢ 2: 0 0 1 0 1 0 1 0 0 1 

ɱʦʰ ʿʝʜʥʘ ʦʜ ʙʨʦʿʥʠʭ ʤʝʪʦʜʘ ʫʢʨʰʪʘˁʘ ʿʝ ʨʝʜʫʢʦʚʘʥʦ ʩʫʨʦʛʘʪ ʫʥʠʬʦʨʤʥʦ 

ʫʢʨʰʪʘˁʝ [98]. ʂʦʜ ʦʚʝ ʤʝʪʦʜʝ ʫʢʨʰʪʘˁʘ ʫʢʨʰʪʘʿʫ ʩʝ ʩʘʤʦ ʨʘʟʣʠʯʠʪʠ ʙʠʪʦʚʠ ʢʦʿʠ 

ʩʝ ʥʘʣʘʟʝ ʥʘ ʠʩʪʦʿ ʣʦʢʘʮʠʿʠ ʢʦʜ ʦʙʘ ʨʦʜʠʪʝˀʘ ʩʘ ʧʦʜʿʝʜʥʘʢʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ. 

ʀʜʝʥʪʠʯʘʥ ʨʝʟʫʣʪʘʪ ʩʝ ʧʦʩʪʠʞʝ ʘʢʦ ʩʝ ʛʝʥʝʨʠʰʝ ʧʦʤʦ˂ʥʠ ʚʝʢʪʦʨ ʯʠʿʘ ʿʝ ʜʫʞʠʥʘ 

ʿʝʜʥʘʢʘ ʜʫʞʠʥʠ ʭʨʦʤʦʟʦʤʘ. ɽʣʝʤʝʥʪʠ ʦʚʦʛ ʚʝʢʪʦʨʘ ʤʦʛʫ ʜʘ ʫʟʠʤʘʿʫ ʚʨʝʜʥʦʩʪʠ ʠʟ 

ʦʧʩʝʛʘ [0, 1]. ɸʢʦ ʿʝ ʚʨʝʜʥʦʩʪ ʥʘ ʥʝʢʦʿ ʧʦʟʠʮʠʿʠ ʧʦʤʦ˂ʥʦʛ ʚʝʢʪʦʨʘ ʤʘˁʘ ʦʜ 0.5 

ʪʘʜʘ ˂ʝ ʪʘʿ ʙʠʪ ʧʦʪʦʤʢʫ ʜʦʜʝʣʠʪʠ ʧʨʚʠ ʨʦʜʠʪʝˀ, ʫ ʩʫʧʨʦʪʥʦʤ ʙʠʪ ʥʘ ʪʦʿ ʧʦʟʠʮʠʿʠ 

ʜʘʿʝ ʜʨʫʛʠ ʨʦʜʠʪʝˀ. ʆʚʦ ʩʝ ʥʘʿʙʦˀʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣʝʜʝ˂ʝʤ ʧʨʠʤʝʨʫ. 

ʈʦʜʠʪʝˀ 1: 0 1 0 1 1 1 0 0 0 1 

ʈʦʜʠʪʝˀ 2: 0 1 0 0 0 0 1 1 1 0 

ʇʦʤʦ˂ʥʠ ʚʝʢʪʦʨ: 0.5 0.1 0.3 1.0 0.2 0.9 0.6 0.8 0.7 0.2 

ʇʦʪʦʤʘʢ: 0 1 0 0 1 0 1 1 1 1 

ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʦʧʝʨʘʮʠʿʘ ʫʢʨʰʪʘˁʘ ʠʤʘ ʜʚʦʩʪʨʫʢʫ ʫʣʦʛʫ. ɻʣʘʚʥʘ ʫʣʦʛʘ ʦʚʦʛ 

ʦʧʝʨʘʪʦʨʘ ʿʝ ʧʨʝʪʨʘʛʘ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ, ʜʦʢ ʿʝ ʜʨʫʛʘ ʥʝ ʤʘˁʝ ʚʘʞʥʘ ʫʣʦʛʘ ʦʯʫʚʘ-

ˁʘ ʜʦʙʨʠʭ ʧʦʜʥʠʟʦʚʘ. ʂʦʜ ʿʝʜʥʦʩʪʨʫʢʦʛ ʫʢʨʰʪʘˁʘ ʧʨʝʪʨʘʛʘ ʥʠʿʝ ʠʥʪʝʥʟʠʚʥʘ ʘʣʠ 

ʧʦʩʪʦʿʠ ʚʝʣʠʢʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʦʯʫʚʘˁʘ ʜʦʙʨʠʭ ʧʦʜʥʠʟʦʚʘ ʢʦʜ ʧʦʪʦʤʘʢʘ. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ ʫʥʠʬʦʨʤʥʦ ʫʢʨʰʪʘˁʝ ʦʤʦʛʫ˂ʘʚʘ ʟʥʘʪʥʦ ʰʠʨʫ ʧʨʝʪʨʘʛʫ, ʘʣʠ ʥʝ ʧʦʩʪʦʿʠ 

ʤʦʛʫ˂ʥʦʩʪ ʦʯʫʚʘˁʘ ʜʦʙʨʠʭ ʧʦʜʥʠʟʦʚʘ. 

ʂʦʜ ʫʧʦʪʨʝʙʝ ʨʝʘʣʥʠʭ ʙʨʦʿʝʚʘ ʦʧʝʨʘʮʠʿʫ ʫʢʨʰʪʘʘˁ ʿʝ ʤʦʛʫ˂ʝ ʨʘʜʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ. 

¶ ʀʟʘʙʨʘʪʠ ʧʨʦʠʟʚʦˀʘʥ ʙʨʦʿ u ï [0, 1). 

¶ ʀʟʨʘʯʫʥʘʪʠ bq ʢʦʨʠʰ˂ʝˁʝʤ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ 
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ʛʜʝ ʿʝ ɖc ʠʥʜʝʢʩ ʨʘʩʧʦʜʝʣʝ ʢʦʿʠʤ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʨʘʩʧʨʦʩʪʠʨʘˁʝ ʧʦʪʦʤʘʢʘ 

ʧʦ ʧʨʦʩʪʦʨʫ ʨʝʰʝˁʘ. ʆʚʘʿ ʠʥʜʝʢʩ ʫʟʠʤʘ ʚʨʝʜʥʦʩʪ ʠʟ ʦʧʩʝʛʘ [1, 10]. 

¶ ʇʦʪʦʤʮʠ ʩʝ ʬʦʨʤʠʨʘʿʫ ʦʜ ʧʨʦʠʟʚʦˀʥʦ ʠʟʘʙʨʘʥʠʭ ʨʦʜʠʪʝˀʘ p1 ʠ p2 ʧʦʤʦ˂ʫ 

ʩʣʝʜʝ˂ʠʭ ʠʟʨʘʟʘ 
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3.1.8. ʄʫʪʘʮʠʿʘ 

 

ʆʧʝʨʘʪʦʨ ʤʫʪʘʮʠʿʝ ʩʝ ʧʨʠʤʝˁʫʿʝ ʜʘ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʘ ʧʨʝʪʨʘʛʘ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ. 

ʆʚʘʿ ʦʧʝʨʘʪʦʨ ʢʦʜ ʙʠʥʘʨʥʝ ʧʨʠʤʝʥʝ ʤʝˁʘ ʧʨʦʠʟʚʦˀʥʦ ʠʟʘʙʨʥʘʥʫ ʚʨʝʜʥʦʩʪ ʙʠʪʘ ʠʟ 

1 ʫ 0, ʠ ʦʙʨʥʫʪʦ. ʋ ʩʪʘʥʜʘʨʜʥʦʤ ʛʝʥʝʪʩʢʦʤ ʘʣʛʦʨʠʪʤʫ ʦʧʝʨʘʮʠʿʘ ʤʫʪʘʮʠʿʝ ʩʝ 

ʧʨʠʤʝˁʫʿʝ ʥʘ ʩʚʝ ʧʦʪʦʤʢʝ ʥʘʩʪʘʣʝ ʦʧʝʨʘʮʠʿʦʤ ʫʢʨʰʪʘˁʘ ʩʘ ʚʝʦʤʘ ʤʘʣʦʤ ʚʝʨʦʚʘʪ-

ʥʦ˂ʦʤ, pm. ʆʚʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʘ ʩʝ ʟʘ ʩʚʘʢʠ ʙʠʪ ʫ ʧʦʧʫʣʘʮʠʿʠ ʧʨʦʠʟʚʦˀʥʦ 

ʛʝʥʝʨʠʰʝ ʙʨʦʿ ʠʟ ʦʧʩʝʛʘ [0, 1] ʠ ʘʢʦ ʿʝ ʪʘʿ ʙʨʦʿ ʤʘˁʠ ʦʜ pm ʦʥʜʘ ˂ʝ ʩʝ ʚʨʝʜʥʦʩʪ ʪʦʛ 

ʙʠʪʘ ʧʨʦʤʝʥʠʪʠ. ʋʣʦʛʘ ʦʚʦʛ ʦʧʝʨʘʪʦʨʘ ʿʝ ʠʟʙʝʛʘʚʘˁʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʩʚʠʭ ʨʝʰʝˁʘ 

ʧʦʧʫʣʘʮʠʿʝ ʢʘ ʿʝʜʥʦʤ ʦʧʪʠʤʫʤʫ. ʋ ʧʦʯʝʪʥʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʤʫʪʘʮʠʿʘ ʩʧʨʝʯʘʚʘ 

ʘʣʛʦʨʠʪʘʤ ʜʘ ʩʝ ʟʘʛʣʘʚʠ ʫ ʣʦʢʘʣʥʦʤ ʦʧʪʠʤʫʤʫ, ʜʦʢ ʩʝ ʫ ʢʘʩʥʠʿʠʤ ʠʪʝʨʘʮʠʿʘʤʘ 

ʧʨʠʤʝʥʦʤ ʦʛʨʘʥʠʯʝʥʝ ʤʫʪʘʮʠʿʝ, ʦ ʢʦʿʦʿ ˂ʝ ʙʠʪʠ ʨʝʯʠ ʢʘʩʥʠʿʝ, ʘʣʛʦʨʠʪʤʫ ʧʦʤʘʞʝ 

ʜʘ ʥʘʹʝ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ. 

ʂʦʜ ʨʘʜʘ ʩʘ ʨʝʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʦʧʝʨʘʮʠʿʘ ʤʫʪʘʮʠʿʝ ʩʝ ʤʦʞʝ ʠʟʚʝʩʪʠ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ 

¶ ʀʟʘʙʨʘʪʠ ʧʨʦʠʟʚʦˀʘʥ ʙʨʦʿ r ï [0, 1). 

¶ ʀʟʨʘʯʫʥʘ ʩʝ ŭ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ 
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ʛʜʝ ʿʝ ɖm ʠʥʜʝʢʩ ʨʘʩʧʦʜʝʣʝ ʢʦʿʠʤ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʨʘʩʧʨʦʩʪʠʨʘˁʝ ʤʫʪʠʨʘʥʦʛ 

ʥʠʟʘ ʦʜ ʦʨʠʛʠʥʘʣʥʦʛ. ʆʚʘʿ ʠʥʜʝʢʩ ʫʟʠʤʘ ʚʨʝʜʥʦʩʪ ʠʟ ʦʧʩʝʛʘ [10, 100]. 
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¶ ʄʫʪʠʨʘʥʠ ʯʣʘʥ ʩʝ ʜʦʙʠʿʘ ʫʧʦʪʨʝʙʦʤ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

( )dminmax' xxcc -+= , (3.9) 

ʛʜʝ ʩʫ xmax ʠ xmin ʛʦʨˁʝ ʠ ʜʦˁʝ ʦʛʨʘʥʠʯʝˁʝ ʢʦʥʪʨʦʣʥʝ ʧʨʦʤʝʥˀʠʚʝ. 

 

3.1.9. ʂʣʘʩʠʯʘʥ ɻʝʥʝʪʩʢʠ ɸʣʛʦʨʠʪʘʤ 

 

ʂʣʘʩʠʯʘʥ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʫ ʩʚʦʤ ʠʟʚʦʨʥʦʤ ʦʙʣʠʢʫ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʩʣʝʜʝ˂ʠʤ 

ʢʦʨʘʮʠʤʘ: 

1. ɻʝʥʝʨʠʩʘˁʝ ʧʨʦʠʟʚʦˀʥʝ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ. 

2. ʆʜʨʝʹʠʚʘˁʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʧʦʧʫʣʘʮʠʿʝ. 

3. ʂʨʝʠʨʘˁʝ ʩʢʫʧʘ ʟʘ ʫʢʨʰʪʘˁʝ ʥʝʢʦʤ ʦʜ ʦʧʠʩʘʥʠʭ ʤʝʪʦʜʘ. 

4. ʀʟʘʙʦʨ ʫʯʝʩʥʠʢʘ ʦʧʝʨʘʮʠʿʝ ʫʢʨʰʪʘˁʘ ʠʟ ʩʢʫʧʘ ʟʘ ʫʢʨʰʪʘˁʝ. 

5. ɻʝʥʝʨʠʩʘʪʠ ʧʨʦʠʟʚʦˀʘʥ ʙʨʦʿ ʫ ʦʧʩʝʛʫ [0, 1]. ɸʢʦ ʿʝ ʪʘʿ ʙʨʦʿ ʤʘˁʠ ʦʜ pc, 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʫʢʨʰʪʘˁʘ, ʠʟʚʨʰʠʪʠ ʦʧʝʨʘʮʠʿʫ ʫʢʨʰʪʘˁʘ ʠ ʧʦʪʦʤʢʝ ʩʤʝʩʪʠʪʠ 

ʫ ʥʦʚʫ ʧʦʧʫʣʘʮʠʿʫ. ʋ ʩʫʧʨʦʪʥʦʤ, ʩʝʣʝʢʪʦʚʘʥʝ ʫʯʝʩʥʠʢʝ ʦʧʝʨʘʮʠʿʝ ʫʢʨʰʪʘ-

ˁʘ ʧʨʦʩʣʝʜʠʪʠ ʫ ʥʦʚʫ ʧʦʧʫʣʘʮʠʿʫ. 

6. ʀʟʚʨʰʠʪʠ ʦʧʝʨʘʮʠʿʫ ʤʫʪʘʮʠʿʝ ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ pm ʥʘʜ ʝʣʝʤʝʥʪʠʤʘ ʥʦʚʝ 

ʧʦʧʫʣʘʮʠʿʝ. 

7. ɸʢʦ ʿʝ ʟʘʜʦʚʦˀʝʥ ʢʨʠʪʝʨʠʿʫʤ ʟʘʫʩʪʘʚˀʘˁʘ ʥʘ˂ʠ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ ʫ ʥʦʚʦʿ 

ʧʦʧʫʣʘʮʠʿʠ, ʫ ʩʫʧʨʦʪʥʦʤ ʥʦʚʘ ʧʦʧʫʣʘʮʠʿʘ ʧʦʩʪʘʿʝ ʪʨʝʥʫʪʥʘ ʧʦʧʫʣʘʮʠʿʘ ʠ 

ʘʣʛʦʨʠʪʘʤ ʩʝ ʚʨʘ˂ʘ ʥʘ ʢʦʨʘʢ 2. 

ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʫ 

[99]. 

 

3.2. Stud ɸʣʛʦʨʠʪʘʤ 

 

ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʜʘ ʩʝ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ ʦʧʝʨʘʮʠʿʘ ʫʢʨʰʪʘˁʘ ʠʟʚʦʜʠ 

ʩʘ ʥʘʿʙʦˀʠʤ ʭʨʦʤʦʟʦʤʦʤ ʢʘʦ ʧʨʚʠʤ ʨʦʜʠʪʝˀʝʤ, ʜʦʢ ʩʝ ʜʨʫʛʠ ʨʦʜʠʪʝˀ ʙʠʨʘ ʥʝʢʦʤ 

ʦʜ ʤʝʪʦʜʘ ʩʝʣʝʢʮʠʿʝ. ʇʨʠʤʝʥʘ ʦʚʝ ʠʜʝʿʝ ʩʝ ʤʦʞʝ ʥʘʿʙʦˀʝ ʩʘʛʣʝʜʘʪʠ ʢʨʦʟ ʦʧʠʩ 

ʘʣʛʦʨʠʪʤʘ. 

1. ʂʨʝʠʨʘˁʝ ʧʨʦʠʟʚʦˀʥʝ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ. 

2. ʀʟʙʦʨ ʭʨʦʤʦʟʦʤʘ ʢʦʿʠ ʠʤʘ ʥʘʿʙʦˀʫ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ. 

3. ʀʟʚʨʰʝˁʝ ʦʧʝʨʘʮʠʿʝ ʫʢʨʰʪʘˁʘ ʠʟʤʝʹʫ ʥʘʿʙʦˀʝ ʿʝʜʠʥʢʝ (Stud) ʠ ʦʩʪʘʣʠʭ 

ʭʨʦʤʦʟʦʤʘ. 
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4. ʇʦʥʦʚʠʪʠ ʧʦʩʪʫʧʘʢ ʜʦʢʣʝ ʛʦʜ ʩʝ ʥʝ ʜʦʩʪʠʛʥʝ ʢʨʠʪʝʨʠʿʫʤ ʟʘʫʩʪʘʚˀʘˁʘ. 

ʆʧʝʨʘʮʠʿʘ ʫʢʨʰʪʘˁʘ ʿʝ ʢˀʫʯʥʘ ʦʧʝʨʘʮʠʿʘ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ. ɱʝʜʥʘ ʦʜ ʤʦʛʫ˂ʠʭ ʧʨʠ-

ʤʝʥʘ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [98]: 

¶ ʇʨʦʠʟʚʦˀʥʦ ʠʟʘʙʨʘʪʠ ʜʨʫʛʦʛ ʫʯʝʩʥʠʢʘ ʟʘ ʦʧʝʨʘʮʠʿʫ ʫʢʨʰʪʘˁʘ. 

¶ ɸʢʦ ʿʝ ʨʘʟʣʠʢʘ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʦʚʘ ʜʚʘ ʭʨʦʤʦʟʦʤʘ ʚʝ˂ʘ ʦʜ ʫʥʘʧʨʝʜ ʜʝʬʠ-

ʥʠʩʘʥʝ ʚʨʝʜʥʦʩʠ ʠʟʚʨʰʪʠʪʠ ʦʧʝʨʘʮʠʿʫ ʫʢʨʰʪʘˁʘ, ʫ ʩʫʧʨʦʪʥʦʤ ʤʫʪʠʨʘʪʠ 

ʠʟʘʙʨʘʥʠ ʭʨʦʤʦʟʦʤ. 

¶ ʇʦʥʦʚʠʪʠ ʧʦʩʪʫʧʘʢ ʟʘ ʩʚʝ ʦʩʪʘʣʝ ʝʣʝʤʝʥʪʝ ʧʦʧʫʣʘʮʠʿʝ. 

ʆʚʜʝ ʤʦʞʝ ʜʘ ʩʝ ʫʧʦʪʨʝʙʠ ʩʪʘʥʜʘʨʜʥʘ ʦʧʝʨʘʮʠʿʘ ʤʫʪʘʮʠʿʝ ʧʦ ʙʠʪʫ ʩʘ ʤʘʣʦʤ ʚʝʨʦ-

ʚʘʪʥʦ˂ʦʤ ʧʨʦʤʝʥʝ (0,001-0,003). ɼʨʫʛʘ ʤʦʛʫ˂ʥʦʩʪ ʿʝ ʧʨʦʤʝʥʘ ʿʝʜʥʦʛ ʧʨʦʠʟʚʦˀʥʦʛ 

ʙʠʪʘ. ɿʘ ʦʧʝʨʘʮʠʿʫ ʫʢʨʰʪʘˁʘ ʩʝ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʙʠʣʦ ʢʦʿʘ ʦʜ ʦʧʠʩʘʥʠʭ ʤʝʪʦʜʘ 

ʟʘ ʙʠʥʘʨʥʦ ʢʦʜʠʨʘʥʠ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ. ʆʚʘʿ ʢʦʥʮʝʧʪ ʤʦʞʝ ʜʘ ʩʝ ʫʧʦʪʨʝʙʠ ʫ 

ʩʚʘʢʦʿ ʤʝʪʦʜʠ ʢʦʿʘ ʨʘʜʠ ʩʘ ʦʧʝʨʘʮʠʿʦʤ ʫʢʨʰʪʘˁʘ. 

 

3.3. ʄʦʜʠʬʠʢʦʚʘʥʠ ɻʝʥʝʪʩʢʠ ɸʣʛʦʨʠʪʘʤ 

 

ɿʘ ʧʦʪʨʝʙʝ ʠʟʨʘʜʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʨʘʟʚʠʿʝʥ ʿʝ ʤʦʜʠʬʠʢʦʚʘʥʠ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ 

ʢʦʿʠ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʩʣʝʜʝ˂ʠʤ ʢʦʨʘʮʠʤʘ [97]. 

1. ʂʨʝʠʨʘˁʝ ʠʟʚʦʜˀʠʚʝ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ. 

2. ʆʜʨʝʹʠʚʘˁʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʧʦʧʫʣʘʮʠʿʝ. 

3. ʇʨʝʙʘʮʠʚʘˁʝ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʿʝʜʠʥʢʠ ʢʦʿʝ ʠʤʘʿʫ ʥʘʿʙʦˀʝ ʬʠʪʥʝʩ 

ʚʨʝʜʥʦʪʠ ʫ ʥʦʚʫ ʧʦʧʫʣʘʮʠʿʫ, ʦʧʝʨʘʮʠʿʘ ʝʣʠʪʠʟʤʘ. 

4. ʆʜʘʙʠʨ ʫʯʝʩʥʠʢʘ ʫ ʦʧʝʨʘʮʠʿʠ ʫʢʨʰʪʘˁʘ ʢʦʤʙʠʥʦʚʘˁʝʤ ʦʧʠʩʘʥʠʭ ʦʧʝʨʘʮʠ-

ʿʘ ʩʝʣʝʢʮʠʿʝ. 

5. ʀʟʚʨʰʘʚʘˁʝ ʥʝʢʝ ʦʜ ʦʧʠʩʘʥʠʭ ʦʧʝʨʘʮʠʿʘ ʫʢʨʰʪʘˁʘ. 

6. ɸʢʦ ʬʦʨʤʠʨʘʥʠ ʧʦʪʦʤʮʠ ʥʘʨʫʰʘʚʘʿʫ ʥʝʢʘ ʦʛʨʘʥʠʯʝˁʘ ʦʥʠ ʩʝ ʦʜʙʘʮʫʿʫ ʠ 

ʛʝʥʝʨʠʰʫ ʩʝ ʥʦʚʠ, ʚʨʘ˂ʘ ʩʝ ʥʘ ʢʦʨʘʢ 4. ʋ ʩʫʧʨʦʪʥʦʤ, ʧʦʪʦʤʮʠ ʩʝ ʫʙʘʮʫʿʫ ʫ 

ʥʦʚʫ ʧʦʧʫʣʘʮʠʿʫ. 

7. ɸʢʦ ʿʝ ʥʦʚʘ ʧʦʧʫʣʘʮʠʿʘ ʧʦʧʫˁʝʥʘ ʜʦ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʝʣʝʤʝʥʘʪʘ 

ʠ˂ʠ ʥʘ ʢʦʨʘʢ 8, ʫ ʩʫʧʨʦʪʥʦʤ ʩʝ ʚʨʘʪʠʪʠ ʥʘ ʢʦʨʘʢ 4. 

8. ʆʜʘʙʠʨ ʥʠʟʘ ʠʟ ʪʨʝʥʫʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʟʘ ʦʧʝʨʘʮʠʿʫ ʤʫʪʘʮʠʿʝ ʢʦʤʙʠʥʦʚʘˁʝʤ 

ʦʧʠʩʘʥʠʭ ʦʧʝʨʘʮʠʿʘ ʩʝʣʝʢʮʠʿʝ. 

9. ʇʨʦʠʟʚʦˀʥʠ ʦʜʘʙʠʨ ʙʠʪʘ ʢʦʿʠ ˂ʝ ʩʝ ʤʫʪʠʨʘʪʠ. 
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10. ʇʨʦʚʝʨʠʪʠ ʠʟʚʦʜˀʠʚʦʩʪ ʤʫʪʠʨʘʥʦʛ ʥʠʟʘ. ɸʢʦ ʿʝ ʥʘʨʫʰʝʥʦ ʥʝʢʦ ʦʜ ʦʛʨʘʥʠ-

ʯʝˁʘ ʪʘʢʘʚ ʥʠʟ ʩʝ ʦʜʙʘʮʫʿʝ ʠ ʚʨʘ˂ʘ ʩʝ ʥʘ ʢʦʨʘʢ 8. ʋ ʩʫʧʨʦʪʥʦʤ ʥʠʟ ʩʝ ʫʧʠ-

ʩʫʿʝ ʫ ʥʦʚʫ ʧʦʧʫʣʘʮʠʿʫ. 

11. ʆʜʨʝʹʠʚʘˁʝ ʙʨʦʿʘ ʥʠʟʦʚʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʤʫʪʠʨʘʥʠ ʫ ʩʣʝʜʝ˂ʦʿ ʠʪʝʨʘʮʠʿʠ. 

12. ɸʢʦ ʿʝ ʟʘʜʦʚʦˀʝʥ ʢʨʠʪʝʨʠʿʫʤ ʟʘʫʩʪʘʚˀʘˁʘ ʥʘ˂ʠ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ ʫ ʥʦʚʦʿ 

ʧʦʧʫʣʘʮʠʿʠ, ʫ ʩʫʧʨʦʪʥʦʤ ʥʦʚʘ ʧʦʧʫʣʘʮʠʿʘ ʧʦʩʪʘʿʝ ʪʨʝʥʫʪʥʘ ʧʦʧʫʣʘʮʠʿʘ ʠ 

ʘʣʛʦʨʠʪʘʤ ʩʝ ʚʨʘ˂ʘ ʥʘ ʢʦʨʘʢ 2. 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʨʝʯʝʥʦ, ʢʘʜʘ ʩʝ ʨʘʜʠ ʩʘ ʥʠʟʦʚʠʤʘ (ʨʝʰʝˁʠʤʘ) ʢʦʿʠ ʥʝ ʥʘʨʫʰʘʚʘʿʫ 

ʨʘʟʤʘʪʨʘʥʘ ʦʛʨʘʥʠʯʝˁʘ ʠʟʙʝʛʘʚʘ ʩʝ ʧʦʪʨʝʙʘ ʟʘ ʧʝʥʘʣʠʟʘʮʠʦʥʠʤ ʬʘʢʪʦʨʠʤʘ. ʀʘʢʦ 

ʿʝ ʧʦʯʝʪʥʘ ʧʦʧʫʣʘʮʠʿʘ ʫ ʧʨʝʜʣʦʞʝʥʦʤ ʘʣʛʦʨʠʪʤʫ ʠʟʚʦʜˀʠʚʘ, ʤʦʞʝ ʩʝ ʜʦʛʦʜʠʪʠ ʜʘ 

ʦʧʝʨʘʮʠʿʘ ʫʢʨʰʪʘˁʘ ʠʣʠ ʤʫʪʘʮʠʿʝ ʧʨʦʠʟʚʝʜʝ ʥʝʧʨʠʭʚʘʪˀʠʚʦ ʨʝʰʝˁʝ. ʋ ʪʦʤ ʩʣʫ-

ʯʘʿʫ ʿʝ ʧʦʪʨʝʙʥʦ ʪʘʢʚʦ ʨʝʰʝˁʝ ʦʜʙʘʮʠʪʠ ʠ ʧʦʥʦʚʠʪʠ ʧʦʩʪʫʧʘʢ. ʆʚʠʤ ʩʝ ʥʝʟʥʘʪʥʦ 

ʧʦʚʝ˂ʘʚʘ ʚʨʝʤʝ ʥʘʣʘʞʝˁʘ ʨʝʰʝˁʘ ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ, ʘʣʠ ʩʝ ʧʦʙʦˀʰʘʚʘ 

ʢʚʘʣʠʪʝʪ ʧʦʧʫʣʘʮʠʿʝ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ. ʇʦʩʣʝʜʠʮʘ ʜʦʙʨʦʛ ʢʚʘʣʠʪʝʪʘ ʧʦʧʫʣʘʮʠʿʝ 

ʿʝ ʧʦʚʝ˂ʘʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʜʦʙʨʠʭ ʧʦʪʦʤʘʢʘ ʦʧʝʨʘʮʠʿʘʤʘ ʫʢʨʰʪʘˁʘ ʠ 

ʤʫʪʘʮʠʿʝ. 

ʂʦʤʙʠʥʦʚʘˁʝʤ ʪʠʧʦʚʘ ʩʝʣʝʢʮʠʿʝ ʟʘ ʠʟʙʦʨ ʫʯʝʩʥʠʢʘ ʦʧʝʨʘʮʠʿʘ ʫʢʨʰʪʘˁʘ ʠ ʤʫʪʘ-

ʮʠʿʝ ʠʟʙʝʛʘʚʘʿʫ ʩʝ ʣʦʰʝ ʦʩʦʙʠʥʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʤʝʪʦʜʘ. ɼʘ ʙʠ ʩʝ ʬʘʚʦʨʠʟʦʚʘʣʘ ʜʦ-

ʙʨʘ ʨʝʰʝˁʘ ʟʘ ʠʟʙʦʨ ʿʝʜʥʦʛ ʨʦʜʠʪʝˀʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ ʪʦʯʢʘ ʨʫʣʝʪʘ, ʘ ʟʘ 

ʠʟʙʦʨ ʜʨʫʛʦʛ ʨʦʜʠʪʝˀʘ ʿʝ ʢʦʨʠʰ˂ʝʥʦ ʧʨʘʚʠʣʦ ʨʘʥʛʠʨʘˁʘ. ʇʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ 

ʥʝ ʨʘʜʠ ʩʘ ʩʢʫʧʦʤ ʟʘ ʫʢʨʰʪʘˁʝ. ʈʘʟʣʦʛ ʟʘ ʦʚʦ ʣʝʞʠ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʢʘʜʘ ʩʝ ʠʟʚʨʰʠ 

ʦʧʝʨʘʮʠʿʘ ʫʢʨʰʪʘˁʘ ʢʦʜ ʢʣʘʩʠʯʥʦʛ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʨʦʜʠʪʝˀʠ ʩʝ ʦʜʙʘʮʫʿʫ ʙʝʟ 

ʦʙʟʠʨʘ ʥʘ ʢʚʘʣʠʪʝʪ ʧʦʪʦʤʘʢʘ. ʇʦʰʪʦ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʨʘʜʠ ʩʘʤʦ ʩʘ ʠʟʚʦʜ-

ˀʠʚʠʤ ʨʝʰʝˁʠʤʘ ʧʦʥʝʢʘʜ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʥʦʚʠʪʠ ʦʧʝʨʘʮʠʿʫ ʫʢʨʰʪʘˁʘ, ʠ ʜʘʪʠ 

ʰʘʥʩʫ ʜʨʫʛʦʤ ʧʘʨʫ ʨʦʜʠʪʝˀʘ ʜʘ ʥʘʧʨʘʚʝ ʙʦˀʝ ʧʦʪʦʤʢʝ. ɼʘ ʙʠ ʩʝ ʫʙʘʮʠʣʦ ʤʘʣʦ 

ʧʨʦʠʟʚʦˀʥʦʩʪʠ ʫ ʩʝʣʝʢʮʠʿʫ ʘ ʠ ʩʘʤ ʛʝʥʝʪʩʢʠ ʤʘʪʝʨʠʿʘʣ ʿʝʜʠʥʢʠ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʠ 

ʪʫʨʥʠʨ ʩʝʣʝʢʮʠʿʘ (Ű = 2). ɿʙʦʛ ʤʦʛʫ˂ʥʦʩʪʠ ʠʟʙʦʨʘ ʚʝʦʤʘ ʣʦʰʠʭ ʨʝʰʝˁʘ ʦʚʦʤ 

ʩʝʣʝʢʮʠʿʦʤ ʩʝ ʙʠʨʘ ʩʘʤʦ 10% ʨʦʜʠʪʝˀʘ ʢʦʿʠ ʫʯʝʩʪʚʫʿʫ ʫ ʦʧʝʨʘʮʠʿʠ ʫʢʨʰʪʘˁʘ ʫ 

ʿʝʜʥʦʿ ʛʝʥʝʨʘʮʠʿʠ. ɼʨʫʛʘ ʜʚʘ ʧʨʘʚʠʣʘ ʩʝ ʨʘʚʥʦʧʨʘʚʥʦ ʧʨʠʤʝˁʫʿʫ. 

ʂʦʤʙʠʥʦʚʘˁʝʤ ʤʝʪʦʜʘ ʫʢʨʰʪʘˁʘ ʧʦʩʪʠʞʝ ʩʝ ʙʦˀʘ ʧʨʝʪʨʘʛʘ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ. 

ʂʘʦ ʰʪʦ ʿʝ ʨʝʯʝʥʦ, ʿʝʜʥʦʩʪʨʫʢʦ ʫʢʨʰʪʘˁʝ ʯʫʚʘ ʜʦʙʨʝ ʛʝʥʝ ʘʣʠ ʚʨʰʠ ʨʝʣʘʪʠʚʥʦ 

ʩʣʘʙʫ ʧʨʝʪʨʘʛʫ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫʥʠʬʦʨʤʥʘ ʩʝʣʝʢʮʠʿʘ ʚʨʰʠ ʚʝʦʤʘ ʰʠʨʦʢʫ ʧʨʝʪ-
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ʨʘʛʫ ʘʣʠ ʫʥʠʰʪʘʚʘ ʜʦʙʨʝ ʛʝʥʝ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʥʘ˂ʠ ʥʝʢʠ ʙʘʣʘʥʩ ʠʟʤʝʹʫ 

ʦʚʠʭ ʥʘʯʠʥʘ ʫʢʨʰʪʘˁʘ. ʇʦʩʪʦʿʝ ʜʚʝ ʤʦʛʫ˂ʥʦʩʪʠ ʨʝʰʘʚʘˁʘ ʦʚʦʛ ʧʨʦʙʣʝʤʘ. ɿʘʜʘʚʘ-

ˁʝ ʬʠʢʩʥʠʭ ʧʨʦʮʝʥʘʪʘ ʩʚʘʢʦʤ ʦʧʝʨʘʪʦʨʫ, ʦʜʥʦʩʥʦ ʦʜʨʝʹʠʚʘˁʝ ʢʦʣʠʢʦ ʧʦʪʦʤʘʢʘ 

ʢʦʿʘ ʤʝʪʦʜʘ ʤʦʞʝ ʜʘ ʧʨʦʠʟʚʝʜʝ. ʀʣʠ, ʜʠʥʘʤʠʯʢʦʤ ʧʨʦʤʝʥʦʤ ʦʚʠʭ ʧʨʦʮʝʥʘʪʘ ʩʘ 

ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ. ʂʦʜ ʜʨʫʛʝ ʧʨʠʤʝʥʝ, ʫʥʠʬʦʨʤʥʦʤ ʫʢʨʰʪʘˁʫ ʿʝ ʫ ʧʦʯʝʪʢʫ 

ʧʦʪʨʝʙʥʦ ʦʩʪʘʚʠʪʠ ʚʠʰʝ ʧʨʦʩʪʦʨʘ ʟʘ ʧʨʘʚˀʝˁʝ ʧʦʪʦʤʘʢʘ ʜʘ ʙʠ ʩʝ ʧʨʦʩʪʦʨ ʨʝʰʝˁʘ 

ʙʦˀʝ ʧʨʝʪʨʘʞʠʦ. ɼʦʢ ʿʝ ʫ ʢʘʩʥʠʿʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʫʥʠʬʦʨʤʥʦ ʫʢʨʰʪʘˁʝ ʧʦʪʨʝʙʥʦ 

ʩʚʝʩʪʠ ʥʘ ʤʘʣʫ ʚʨʝʜʥʦʩʪ ʠʣʠ ʛʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʙʘʮʠʪʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʿʝʜʥʦʩ-

ʪʨʫʢʦ ʫʢʨʰʪʘˁʝ ʫ ʧʦʯʝʪʥʠʤ ʛʝʥʝʨʘʮʠʿʘʤʘ ʪʨʝʙʘ ʜʘ ʧʨʦʠʟʚʦʜʠ ʥʝʢʠ ʤʘˁʠ ʧʨʦʮʝ-

ʥʘʪ ʧʦʪʦʤʩʪʚʘ, ʘʣʠ ʥʠʢʘʢʦ ʜʘ ʩʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʙʘʮʠ. ʉʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ ʦʚʘ 

ʤʝʪʦʜʘ ʫʢʨʰʪʘˁʘ ʟʘʿʝʜʥʦ ʩʘ ʜʨʫʛʠʤ ʤʝʪʦʜʘʤʘ ʢʦʿʝ ʯʫʚʘʿʫ ʜʦʙʨʝ ʛʝʥʝ ʪʨʝʙʘ ʜʘ ʫʟʤʝ 

ʛʣʘʚʥʫ ʫʣʦʛʫ ʫ ʧʨʘʚˀʝˁʫ ʧʦʪʦʤʩʪʚʘ. 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʣʘʩʠʯʥʦʛ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʛʜʝ ʩʝ ʤʦʞʝ ʜʝʩʠʪʠ ʜʘ ʩʝ ʚʠʰʝ 

ʙʠʪʦʚʘ ʤʫʪʠʨʘ ʥʘ ʿʝʜʥʦʤ ʥʠʟʫ ʘ ʜʘ ʩʝ ʥʝ ʧʦʧʫʥʠ ʮʝʣʘ ʥʦʚʘ ʧʦʧʫʣʘʮʠʿʘ, ʫ ʧʨʝʜʣʦ-

ʞʝʥʦʤ ʘʣʛʦʨʠʪʤʫ ʿʝ ʢʦʨʠʰ˂ʝʥ ʬʠʢʩʘʥ ʙʨʦʿ ʥʠʟʦʚʘ ʥʘʜ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʤʫʪʘʮʠʿʘ. ʋ 

ʣʠʪʝʨʘʪʫʨʠ [75] ʿʝ ʤʦʛʫ˂ʝ ʥʘ˂ʠ ʠ ʬʘʚʦʨʠʟʦʚʘˁʝ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʢʦʿʠ ʨʘʜʠ ʩʘ 

ʨʝʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʥʝ ʘʣʛʦʨʠʪʤʝ ʢʦʿʠ ʨʘʜʝ ʩʘ ʙʠʥʘʨʥʠʤ ʥʠʟʦʚʠʤʘ, 

ʢʘʦ ʠ ʟʘʣʘʛʘˁʝ ʟʘ ʨʘʜ ʩʘ ʬʠʢʩʥʠʤ ʙʨʦʿʝʤ ʭʨʦʤʦʟʦʤʘ ʢʦʿʠ ˂ʝ ʩʝ ʤʫʪʠʨʘʪʠ. ɺʦʜʝ˂ʠ 

ʩʝ ʦʚʠʤ, ʨʘʟʚʠʿʝʥʘ ʿʝ ʪʘʢʚʘ ʤʫʪʘʮʠʿʘ ʠ ʟʘ ʙʠʥʘʨʥʠ ʥʠʟ. ʅʘʠʤʝ, ʢʦʜ ʨʝʘʣʥʠʭ ʙʨʦʿʝʚʘ 

ʫ ʧʦʯʝʪʥʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʿʝ ʤʦʛʫ˂ʝ ʰʠʨʦʢʦ ʧʨʝʪʨʘʞʠʚʘˁʝ ʧʨʦʩʪʦʨʘ, ʦʜʥʦʩʥʦ 

ʙʨʦʿʝʚʠ ʩʝ ʤʝˁʘʿʫ ʟʘ ʚʝ˂ʠ ʠʟʥʦʩ. ʂʦʜ ʙʠʥʘʨʥʦʛ ʥʠʟʘ ʠʩʪʠ ʨʝʟʫʣʪʘʪ ʩʝ ʧʦʩʪʠʞʝ 

ʤʫʪʘʮʠʿʦʤ ʙʠʪʦʚʘ ʩʘ ʚʝ˂ʠʤ ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʦʤ. ʉʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ, ʢʦʜ ʧʨʠʩʪʫ-

ʧʘ ʩʘ ʨʝʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ, ʤʘʢʩʠʤʘʣʥʘ ʫʜʘˀʝʥʦʩʪ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʙʨʦʿʘ ʩʝ ʩʤʘˁʫʿʝ. 

ʆʚʦ ʿʝ ʝʢʚʠʚʘʣʝʥʪʥʦ ʤʫʪʠʨʘˁʫ ʩʘʤʦ ʙʠʪʦʚʘ ʩʘ ʤʘˁʠʤ ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʦʤ. ʋ 

ʧʨʝʜʣʦʞʝʥʦʤ ʘʣʛʦʨʠʪʤʫ ʤʫʪʘʮʠʿʘ ʫ ʧʦʯʝʪʥʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʩʝ ʚʨʰʠ ʥʘʜ ʮʝʣʠʤ 

ʥʠʟʦʤ, ʠ ʪʦ ʩʘʤʦ ʤʫʪʘʮʠʿʘ ʿʝʜʥʦʛ ʧʨʦʠʟʚʦˀʥʦʛ ʙʠʪʘ. ɼʦʢ ʩʝ ʥʘ ʢʘʩʥʠʿʠʤ ʠʪʝʨʘʮʠ-

ʿʘʤʘ ʤʝʩʪʦ ʤʫʪʘʮʠʿʝ ʙʠʨʘ ʠʟ ʤʘˁʝʛ ʩʢʫʧʘ ʙʠʪʦʚʘ, ʪʿ. ʤʦʛʫ ʩʝ ʤʫʪʠʨʘʪʠ ʙʠʪʦʚʠ ʩʘ 

ʤʘˁʠʤ ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʠʤʘ [97]. 

ʂʦʜ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʨʘʜʝ ʩʘ ʨʝʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʙʨʦʿ ʤʫʪʠʨʘʥʠʭ ʯʣʘʥʦʚʘ ʩʝ ʩʤʘ-

ˁʫʿʝ ʪʦʢʦʤ ʚʨʝʤʝʥʘ [95], ʘ ʧʨʘʟʥʠʥʘ ʫ ʧʦʧʫʣʘʮʠʿʠ ʩʝ ʧʦʧʫˁʘʚʘ ʧʦʤʦ˂ʫ ʦʧʝʨʘʮʠʿʝ 

ʫʢʨʰʪʘˁʘ. ʆʚʘ ʠʜʝʿʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʠ ʫ ʥʘʚʝʜʝʥʦʤ ʘʣʛʦʨʠʪʤʫ. ʈʘʟʣʦʛ ʟʘ ʦʚʦ ʣʝʞʠ ʫ 

ʯʠˁʝʥʠʮʠ ʜʘ ʤʫʪʘʮʠʿʘ ʫ ʢʘʩʥʠʿʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʥʝʤʘ ʧʨʝʚʝʣʠʢʠ ʫʪʠʮʘʿ [75]. ɹʨʞʘ 
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ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʤʦʜʠʬʠʢʦʚʘʥʦʛ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ 

ʿʝ ʧʦʢʘʟʘʥʘ ʥʘ ʧʨʦʙʣʝʤʫ ʥʘʣʘʞʝˁʘ ʦʧʪʠʤʘʣʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʫ [83]. 

 

3.4. Evolutionary Programming 

 

ʊʨʘʞʝˁʝ ʛʣʦʙʘʣʥʦʛ ʤʠʥʠʤʫʤʘ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʧʨʦʙʣʝʤʘ. 

ʆʥ ʩʝ ʤʦʞʝ ʬʦʨʤʫʣʠʩʘʪʠ ʢʘʦ ʧʘʨ (S, f), ʛʜʝ ʿʝ S î R
n
, ʦʛʨʘʥʠʯʝʥ ʥʘ ʧʨʦʩʪʦʨʫ R

n
, 

ʜʦʢ ʿʝ f, S Ï R n-ʜʠʤʝʥʟʠʦʥʘ ʬʫʥʢʮʠʿʘ. ɿʘʜʘʪʘʢ ʿʝ ʥʘ˂ʠ ʪʘʯʢʫ xmin ʢʦʿʘ ʧʨʠʧʘʜʘ 

ʧʨʦʩʪʦʨʫ S ʪʘʢʦ ʜʘ ʿʝ f(xmin) ʛʣʦʙʘʣʥʠ ʤʠʥʠʤʫʤ ʥʘ ʧʨʦʩʪʦʨʫ S. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʙʫʜʝ ʠʩʧʫˁʝʥʦ ʩʣʝʜʝ˂ʝ 

( ) ()xx:x min ffS ¢Í"  

ʧʨʠ ʯʝʤʫ ʥʠʿʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʬʫʥʢʮʠʿʘ f ʙʫʜʝ ʥʝʧʨʝʢʠʜʥʘ. ɸʣʛʦʨʠʪʘʤ ʝʚʦʣʫʮʠʦʥʦʛ 

ʧʨʦʛʨʘʤʠʨʘˁʘ ʩʘ ʩʘʤʦ-ʘʜʘʧʪʠʚʥʦʤ ʤʫʪʘʮʠʿʦʤ ʿʝ ʜʝʬʠʥʠʩʘʥ ʩʣʝʜʝ˂ʠʤ ʢʦʨʘʮʠʤʘ. 

1. ɻʝʥʝʨʠʩʘʪʠ ʧʦʯʝʪʥʫ ʧʦʧʫʣʘʮʠʿʫ ʦʜ Õ ʯʣʘʥʦʚʘ, ʠ ʧʦʩʪʘʚʠʪʠ k = 1. ʉʚʘʢʠ 

ʯʣʘʥ ʩʝ ʧʦʩʤʘʪʨʘ ʢʘʦ ʫʨʝʹʝʥʠ ʧʘʨ ʚʝʢʪʦʨʘ xi ʠ ʚʝʢʪʦʨʘ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘ-

ʮʠʿʝ ɖi ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ɻʘʫʩʦʚʫ ʤʫʪʘʮʠʿʫ, (xi, ɖi), "i ï {1, ..., Õ}.  

2. ʀʟʨʘʯʫʥʘʪʠ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʩʚʘʢʦʛ ʯʣʘʥʘ ʧʦʧʫʣʘʮʠʿʝ ʥʘ ʦʩʥʦʚʫ ʦʙʿʝʢʪʠʚ-

ʥʝ ʬʫʥʢʮʠʿʝ f(xi). 

3. ʉʚʘʢʠ ʨʦʜʠʪʝˀ (xi, ɖi), i = 1, ..., Õ, ʧʨʘʚʠ ʿʝʜʥʦʛ ʧʦʪʦʤʢʘ (xi', ɖi'), ʪʘʢʦ ʰʪʦ ʿʝ 

ʟʘ ʩʚʘʢʦ  ʿ= 1, ..., n ʧʦʪʨʝʙʥʦ ʫʨʘʜʠʪʠ ʩʣʝʜʝ˂ʝ: 

() () () ( )1,0'

jiii Njjxjx h+= , (3.10) 

() () ( ) ( )( )1,01,0'exp'

jii NNjj Ö+= tthh , (3.11) 

ʛʜʝ xi( )ʿ, xi'( )ʿ, ɖi( )ʿ, ɖi'( )ʿ ʧʨʝʜʩʪʘʚˀʘʿʫ -ʿʪʝ ʢʦʤʧʦʥʝʥʪʝ ʚʝʢʪʦʨʘ xi, xi', ɖi, ɖi'. 

N(0,1) ʦʟʥʘʯʘʚʘ ʧʨʦʠʟʚʦˀʘʥ ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʠ ʙʨʦʿ ʩʘ ʥʦʨʤʘʣʥʦʤ ɻʘʫʩʦʚʦʤ 

ʨʘʩʧʦʜʝʣʦʤ, ʯʠʿʘ ʿʝ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʿʝʜʥʘʢʘ ʥʫʣʠ ʘ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 

ʿʝʜʠʥʠʮʠ. Nj(0,1) ʦʟʥʘʯʘʚʘ ʜʘ ʩʝ ʧʨʦʠʟʚʦˀʘʥ ʙʨʦʿ ʛʝʥʝʨʠʰʝ ʟʘ ʩʚʘʢʫ ʚʨʝʜ-

ʥʦʩʪ .ʿ ʌʘʢʪʦʨʠ t ʠ t ' ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʠʭ ʠʟʨʘʟʘ: 

n2

1
=t , (3.12) 

n2

1
'=t , (3.13) 

ʛʜʝ n ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ. 

4. ʀʟʨʘʯʫʥʘʪʠ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʩʚʘʢʦʛ ʧʦʪʦʤʢʘ (xi', ɖi'), "i ï {1, ..., Õ}.  
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5. ʀʟʚʨʰʠʪʠ ʧʦʨʝʹʝˁʝ ʧʘʨʦʚʘ ʠʟ ʫʥʠʿʝ ʩʢʫʧʦʚʘ ʨʦʜʠʪʝˀʘ (xi, ɖi) ʠ ʧʦʪʦʤʘʢʘ 

(xi', ɖi'), "i ï {1, ..., Õ}. ɿʘ ʩʚʘʢʦʛ ʯʣʘʥʘ ʩʝ ʙʠʨʘ q ʧʨʦʪʠʚʥʠʢʘ ʧʨʦʠʟʚʦˀʥʦ 

ʠʟʘʙʨʘʥʠʭ ʠʟ ʩʢʫʧʘ ʨʦʜʠʪʝˀʘ ʠ ʧʦʪʦʤʘʢʘ. ɿʘ ʩʚʘʢʦ ʪʘʢʤʠʯʝˁʝ, ʘʢʦ ʿʝ 

ʧʦʩʤʘʪʨʘʥʠ ʯʣʘʥ ʙʦˀʠ ʦʜ ʠʟʘʙʨʘʥʦʛ, ʙʝʣʝʞʠ ʩʝ ʧʦʙʝʜʘ. 

6. ʀʟʘʙʨʘʪʠ Õ ʯʣʘʥʦʚʘ ʠʟ ʩʢʫʧʘ (xi, ɖi) ʠ (xi', ɖi'), "i ï {1, ..., Õ}, ʢʦʿʠ ʠʤʘʿʫ 

ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʧʦʙʝʜʘ ʨʘʜʠ ʬʦʨʤʠʨʘˁʘ ʥʦʚʝ ʛʝʥʝʨʘʮʠʿʝ. 

7. ɿʘʫʩʪʘʚʠʪʠ ʘʣʛʦʨʠʪʘʤ ʘʢʦ ʿʝ ʟʘʜʦʚʦˀʝʥ ʢʨʠʪʝʨʠʿʫʤ ʟʘʫʩʪʘʚˀʘˁʘ, ʫ ʩʫʧʨʦʪ-

ʥʦʤ k = k+1 ʠ ʚʨʘʪʠʪʠ ʩʝ ʥʘ ʢʦʨʘʢ 3. 

ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʿʝ ʪʝʩʪʠʨʘʥ ʧʦʤʦ˂ʫ ʯʝʪʠʨʠ ʪʝʩʪ ʬʫʥʢʮʠʿʝ ʢʦʿʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ 

ʜʨʫʛʦʤ ʧʨʠʣʦʛʫ. ʂʘʦ ʰʪʦ ʿʝ ʠ ʙʠʣʦ ʦʯʝʢʠʚʘʥʦ ʟʘ ʧʨʚʫ ʬʫʥʢʮʠʿʫ ʘʣʛʦʨʠʪʘʤ ʿʝ 

ʥʘʣʘʟʠʦ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ, ʤʝʹʫʪʠʤ ʟʘ ʜʨʫʛʫ ʪʝʩʪ ʬʫʥʢʮʠʿʫ ʫʦʧʰʪʝ ʥʠʿʝ ʫʩʧʝʚʘʦ 

ʜʘ ʧʨʦʥʘʹʝ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ. ʂʦʜ ʪʨʝ˂ʝ ʪʝʩʪ ʬʫʥʢʮʠʿʝ ʘʣʛʦʨʠʪʘʤ ʧʦʛʘʹʘ ʜʘ ʩʝ 

ʨʘʜʠ ʦ Ăʢʦʪʣʠʥʠñ ʘʣʠ ʥʝ ʤʦʞʝ ʜʘ ʧʦʛʦʜʠ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ. ɻʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ 

ʥʘʿʢʦʤʧʣʠʢʦʚʘʥʠʿʝʛ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʠʩʧʠʪʠʚʘˁʝ, ʯʝʪʚʨʪʘ ʬʫʥʢʮʠʿʘ, 

ʤʦʞʝ ʜʘ ʧʨʦʥʘʹʝ ʩʘ ʠʟʫʟʝʪʥʦ ʤʘʣʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʧʨʠ ʯʝʤʫ ʩʝ ʯʝʩʪʦ ʜʝʰʘʚʘʣʦ ʜʘ 

ʢʘʜʘ ʧʨʦʤʘʰʠ ʜʨʫʛʠ ʥʘʿʙʦˀʠ ʣʦʢʘʣʥʠ ʦʧʪʠʤʫʤ ʟʘʛʣʘʚʠ ʫ ʥʝʢʦʤ ʩʧʦʨʝʜʥʦʤ ʣʦʢʘʣ-

ʥʦʤ ʦʧʪʠʤʫʤʫ. 

 

3.4.1. Fast Evolutionary Programming (FEP) 

 

ʂʦʰʠʿʝʚʘ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʢʦʿʘ ʿʝ ʮʝʥʪʨʠʨʘʥʘ ʦʢʦ ʢʦʦʨʜʠʥʘʪʥʦʛ ʧʦʯʝʪʢʘ ʿʝ ʜʝʬʠ-

ʥʠʩʘʥʘ ʢʘʦ: 

() ¤<<¤-
+

= x
xt

t
xf t     ,

1
22p

, (3.14) 

ʛʜʝ ʿʝ t > 0 ʢʦʝʬʠʮʠʿʝʥʪ ʩʢʘʣʠʨʘˁʘ. ʆʜʛʦʨʘʨʘʿʫ˂ʘ ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ʿʝ ʜʝʬʠʥʠ-

ʩʘʥʘ ʢʘʦ: 
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p
. (3.15) 

ʆʙʣʠʢ ft(x) ʧʦʜʩʝ˂ʘ ʥʘ ɻʘʫʩʦʚʫ ʛʫʩʪʠʥʫ ʨʘʩʧʦʜʝʣʝ ʘʣʠ ʿʝ ʧʨʠʙʣʠʞʘʚʘˁʝ ʦʩʠ ʩʧʦʨʦ 

ʠ ʥʠʢʘʜʘ ʩʝ ʥʝ˂ʝ ʜʦʩʪʠ˂ʠ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʦʚʦʛʘ, ʚʘʨʠʿʘʥʩʘ ʂʦʰʠʿʝʚʝ ʨʘʩʧʦʜʝʣʝ ʿʝ 

ʙʝʩʢʦʥʘʯʥʘ. ʉʣʠʢʘ 3.3 ʧʦʢʘʟʫʿʝ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʂʦʰʠʿʝʚʝ ʠ ɻʘʫʩʦʚʝ ʬʫʥʢʮʠʿʝ ʨʘʩ-

ʧʦʜʝʣʝ ʥʘʮʨʪʘʥʝ ʩʘ ʠʩʪʠʤ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ ʩʢʘʣʠʨʘˁʘ. ʄʝʪʦʜʘ ʿʝ ʠʜʝʥʪʠʯʥʘ ʧʨʝʪ-

ʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʦʿ ʩʘʤʦ ʩʝ ʫ ʜʨʫʛʦʤ ʢʦʨʘʢʫ ʢʦʨʠʩʪʠ: 
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ʉʣʠʢʘ 3.3. ʇʦʨʝʹʝˁʝ ʂʦʰʠʿʝʚʝ ʠ ɻʘʫʩʦʚʝ ʨʘʩʧʦʜʝʣʝ. 
 

() () ()jiii jjxjx dh+=' , (3.16) 

ʛʜʝ ʿʝ ŭʿ ʂʦʰʠʿʝʚʘ ʧʨʦʠʟʚʦˀʥʘ ʧʨʦʤʝʥˀʠʚʘ ʩʘ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʩʢʘʣʠʨʘˁʘ t = 1 

ʛʝʥʝʨʠʩʘʥʘ ʟʘ ʩʚʘʢʦ .ʿ ʉʘ ʩʣʠʢʝ 3.3 ʩʝ ʚʠʜʠ ʜʘ ˂ʝ ʩʝ ʫʧʦʪʨʝʙʦʤ ʂʦʰʠʿʝʚʝ ʨʘʩʧʦʜʝʣʝ 

ʛʝʥʝʨʠʩʘʪʠ ʧʦʪʦʤʘʢ ʢʦʿʠ ʿʝ ʫʜʘˀʝʥʠʿʠ ʦʜ ʨʦʜʠʪʝˀʘ ʥʝʛʦ ʰʪʦ ʿʝ ʪʦ ʙʠʦ ʩʣʫʯʘʿ ʢʦʜ 

ɻʘʫʩʦʚʝ ʨʘʩʧʦʜʝʣʝ. ʆʚʠʤ ʩʝ ʧʦʚʝ˂ʘʚʘ ʤʦʛʫ˂ʥʦʩʪ ʙʝʛʩʪʚʘ ʠʟ ʣʦʢʘʣʥʦʛ ʦʧʪʠʤʫʤʘ 

ʠʣʠ ʩʘ ʟʘʨʘʚʥʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʤʘˁʠ ʚʨʭ ʫ ʦʢʦʣʠʥʠ ʮʝʥʪʨʘ ʛʦʚʦʨʠ ʜʘ ʂʦʰʠʿʝʚʘ 

ʤʫʪʘʮʠʿʘ ʧʨʦʚʦʜʠ ʤʘˁʝ ʚʨʝʤʝʥʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ ʠ ʜʘ ʿʝ ʬʠʥʘ ʧʨʝʪʨʘʛʘ ʩʣʘʙʠʿʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ɻʘʫʩʦʚʫ ʤʫʪʘʮʠʿʫ. 

 

3.5. Differential Evolution  

 

ɼʠʬʝʨʝʥʮʠʿʘʣʥʘ ʝʚʦʣʫʮʠʿʘ (DE) ʿʝ ʤʝʪʦʜʘ ʜʠʨʝʢʪʥʝ ʧʘʨʘʣʝʣʥʝ ʧʨʝʪʨʘʛʝ ʢʦʿʘ ʨʘʜʠ 

ʩʘ ʧʦʧʫʣʘʮʠʿʦʤ ʦʜ N D ʜʠʤʝʥʟʠʦʥʠʭ ʚʝʢʪʦʨʘ (xi,G i = 1, é, N) ʫ ʩʚʘʢʦʿ ʛʝʥʝʨʘʮʠʿʠ 

G. ɹʨʦʿ ʯʣʘʥʦʚʘ ʧʦʧʫʣʘʮʠʿʝ ʩʝ ʥʝ ʤʝˁʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʝ. ʇʦʯʝʪʥʘ ʧʦʧʫʣʘʮʠʿʘ ʩʝ 

ʙʠʨʘ ʧʨʦʠʟʚʦˀʥʦ ʩʘ ʥʦʨʤʘʣʥʦʤ ɻʘʫʩʦʚʦʤ ʨʘʩʧʦʜʝʣʦʤ ʜʘ ʙʠ ʩʝ ʨʘʚʥʦʤʝʨʥʦ ʧʨʝʪ-

ʨʘʞʠʦ ʮʝʦ ʧʨʦʩʪʦʨ ʨʝʰʝˁʘ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʧʦʟʥʘʪʦ ʧʦʯʝʪʥʦ ʨʝʰʝˁʝ, ʧʦʯʝʪʥʘ 

ʧʦʧʫʣʘʮʠʿʘ ʩʝ ʤʦʞʝ ʛʝʥʝʨʠʩʘʪʠ ʦʢʦ ʧʦʟʥʘʪʦʛ ʨʝʰʝˁʘ (xnom,0) ʩʘ ʥʦʨʤʘʣʥʦʤ ʨʘʩʧʦ-
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ʜʝʣʦʤ. DE ʛʝʥʝʨʠʰʝ ʥʦʚʝ ʚʝʢʪʦʨʝ ʪʘʢʦ ʰʪʦ ʩʢʘʣʠʨʘʥʫ ʨʘʟʣʠʢʫ ʜʚʘ ʚʝʢʪʦʨʘ ʜʦʜʘʿʝ 

ʪʨʝ˂ʝʤ ʚʝʢʪʦʨʫ. ʆʚʘʿ ʧʨʦʮʝʩ ʩʝ ʤʦʞʝ ʥʘʟʚʘʪʠ ʤʫʪʘʮʠʿʦʤ. ʊʘʢʦ ʜʦʙʠʿʝʥʠ ʚʝʢʪʦʨʠ 

ʩʝ ʤʝʰʘʿʫ ʩʘ ʜʨʫʛʠʤ ʚʝʢʪʦʨʠʤʘ, ʮʠˀʥʠʤ ʚʝʢʪʦʨʠʤʘ, ʫ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʧʨʦʙʥʠʭ 

ʚʝʢʪʦʨʘ. ʄʝʰʘˁʝ ʚʝʢʪʦʨʘ ʦʜʛʦʚʘʨʘ ʦʧʝʨʘʮʠʿʠ ʫʢʨʰʪʘˁʘ. ɸʢʦ ʧʨʦʙʥʠ ʚʝʢʪʦʨ ʠʤʘ 

ʙʦˀʫ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʮʠˀʥʠ ʚʝʢʪʦʨ, ʧʨʦʙʥʠ ʚʝʢʪʦʨ ˂ʝ ʫ ʥʘʨʝʜʥʦʿ 

ʛʝʥʝʨʘʮʠʿʠ ʟʘʫʟʝʪʠ ʤʝʩʪʦ ʮʠˀʥʦʛ ʚʝʢʪʦʨʘ, ʫ ʩʫʧʨʦʪʥʦʤ ʩʝ ʦʜʙʘʮʫʿʝ. ʆʚʘ ʦʧʝʨʘʮʠʿʘ 

ʩʝ ʟʦʚʝ ʩʝʣʝʢʮʠʿʘ. ʉʚʘʢʠ ʚʝʢʪʦʨ ʫ ʧʦʧʫʣʘʮʠʿʠ ˂ʝ ʪʘʯʥʦ ʿʝʜʘʥʧʫʪ ʪʦʢʦʤ ʩʚʘʢʝ 

ʠʪʝʨʘʮʠʿʝ ʙʠʪʠ ʮʠˀʥʠ ʚʝʢʪʦʨ, ʪʘʢʦ ʜʘ ʠʤʘ ʫʢʫʧʥʦ N ʫʧʦʨʝʹʠʚʘˁʘ. 

ʄʝʪʦʜ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʝʚʦʣʫʮʠʿʝ ʿʝ ʫʥʝʦ ʠʟʚʝʩʥʝ ʥʘʧʨʝʪʢʝ ʢʦʜ ʧʨʘʚˀʝˁʘ ʭʠʙʨʠʜ-

ʥʠʭ ʘʣʛʦʨʠʪʘʤʘ, ʧʦʰʪʦ ʿʝ ʦʤʦʛʫ˂ʠʦ ʦʧʝʨʘʮʠʿʫ ʫʢʨʰʪʘˁʘ ʩʘ ʨʝʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ. 

ʄʥʦʛʠ ʘʣʛʦʨʠʪʤʠ ʧʦʩʣʝ ʩʚʦʿʝ ʦʩʥʦʚʥʝ ʚʘʨʠʿʘʥʪʝ ʙʠʚʘʿʫ ʥʘʜʦʛʨʘʹʝʥʠ ʫʧʨʘʚʦ ʩʘ 

ʦʚʦʤ ʦʧʝʨʘʮʠʿʦʤ. ʄʝʹʫʪʠʤ ʦʚʘʿ ʢʦʥʮʝʧʪ ʠʤʘ ʦʛʨʘʥʠʯʝˁʝ ʜʘ ʤʦʞʝ ʜʘ ʨʘʜʠ ʩʘʤʦ ʩʘ 

ʨʝʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʠ ʪʦ ʩʘʤʦ ʩʘ ʥʝʧʨʝʢʠʜʥʠʤ ʬʫʥʢʮʠʿʘʤʘ [98]. ʊʝʩʪʠʨʘˁʝʤ ʦʚʦʛ 

ʘʣʛʦʨʠʪʤʘ ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʿʘ ʠʟ ʜʨʫʛʦʛ ʧʨʠʣʦʛʘ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʦʚʘʿ ʘʣʛʦʨʠʪʘʤ 

ʫʚʝʢ ʥʘʣʘʟʠ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ ʩʚʠʭ ʬʫʥʢʮʠʿʘ. 

 

3.5.1. ʄʫʪʘʮʠʿʘ 
 

ɿʘ ʩʚʘʢʠ ʮʠˀʥʠ ʚʝʢʪʦʨ xi,G, i = 1, é, N, ʤʫʪʘʮʠʿʘ ʩʝ ʨʘʜʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

( )GrGrGrGi xxFxv ,3,2,11, -Ö+=+ , (3.17) 

ʛʜʝ ʩʫ r1, r2 ʠ r3 ʤʝʹʫʩʦʙʥʦ ʨʘʟʣʠʯʠʪʠ ʮʝʣʠ ʙʨʦʿʝʚʠ ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ ʩʢʫʧʫ {1, 2, é, 

N} ʠ ʤʦʨʘʿʫ ʙʠʪʠ ʨʘʟʣʠʯʠʪʠ ʦʜ i, F ʿʝ ʨʝʘʣʥʘ ʢʦʥʩʪʘʥʪʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʫʟʠʤʘ 

ʚʨʝʜʥʦʩʪʠ ʠʟ ʦʧʩʝʛʘ [0, 2] ʘ ʧʦʤʦ˂ʫ ʢʦʿʝ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʧʦʿʘʯʘˁʝ ʨʘʟʣʠʢʝ ʚʝʢʪʦʨ 

(xr2,G - xr3,G). ɺʨʝʜʥʦʩʪ ʦʚʝ ʢʦʥʩʪʘʥʪʝ ʦʜ 0.5 ʩʝ ʧʦʢʘʟʘʣʘ ʢʘʦ ʜʦʙʘʨ ʧʦʯʝʪʥʠ 

ʧʘʨʘʤʝʪʘʨ. ɸʢʦ ʧʨʦʮʝʩ ʧʨʝʚʨʝʤʝʥʦ ʢʦʥʚʝʨʛʠʨʘ ʦʥʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʦʚʫ ʢʦʥʩʪʘʥʪʫ 

ʧʦʚʝ˂ʘʪʠ [85]. ɺʨʝʜʥʦʩʪʠ ʢʦʥʩʪʘʥʪʝ F ʠʩʧʦʜ 0.4 ʠ ʠʟʥʘʜ 1 ʜʘʿʫ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ 

ʩʘʤʦ ʫ ʧʦʩʝʙʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ. ʅʘ ʩʣʠʮʠ 3.4 ʿʝ ʧʨʠʢʘʟʘʥʘ ʦʧʝʨʘʮʠʿʘ ʤʫʪʘʮʠʿʝ ʟʘ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʧʨʦʙʣʝʤ. 

 

3.5.2. ʋʢʨʰʪʘˁʝ 
 

ʆʧʝʨʘʮʠʿʘ ʫʢʨʰʪʘˁʘ ʩʝ ʢʦʨʠʩʪʠ ʜʘ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʘ ʧʨʝʪʨʘʛʘ. ʆʚʘ ʦʧʝʨʘʮʠʿʘ 

ʫʟʠʤʘ ʧʦʿʝʜʠʥʝ ʜʝʣʦʚʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʚʝʢʪʦʨʘ ʠ ʪʘʢʦ ʧʨʘʚʠ ʥʦʚʝ ʚʝʢʪʦʨʝ. ʅʝʢʘ ʿʝ 

ʧʨʦʙʥʠ ʚʝʢʪʦʨ ʜʝʬʠʥʠʩʘʥ ʢʘʦ ui,G+1 = (u1i,G+1, u2i,G+1, é, uDi,G+1), ʘ ʬʦʨʤʠʨʘ ʩʝ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 
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ʉʣʠʢʘ 3.4. ʆʧʝʨʘʮʠʿʘ ʤʫʪʘʮʠʿʝ ʟʘ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʧʨʦʙʣʝʤ. 
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ʋ ʠʟʨʘʟʫ (3.18) randb( )ʿ ʿʝ ʧʨʦʠʟʚʦˀʥʠ ʙʨʦʿ ʠʟ ʦʧʩʝʛʘ [0, 1] CR ʿʝ ʢʦʥʩʪʘʥʪʘ ʫʢʨʰ-

ʪʘˁʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʫʟʤʝ ʙʠʣʦ ʢʦʿʫ ʚʨʝʜʥʦʩʪ ʠʟ ʦʧʩʝʛʘ [0, 1] ʠ ʢʦʿʘ ʩʝ ʜʝʬʠʥʠʰʝ ʥʘ 

ʧʦʯʝʪʢʫ ʘʣʛʦʨʠʪʤʘ. rnbr(i) ʿʝ ʧʨʦʠʟʚʦˀʥʦ ʦʜʘʙʨʘʥʠ ʠʥʜʝʢʩ, i = 1, 2, é, N, ʢʦʿʠ 

ʦʩʠʛʫʨʘʚʘ ʜʘ ui,G+1 ʜʦʙʠʿʝ ʙʘʨʝʤ ʿʝʜʘʥ ʩʝʛʤʝʥʪ ʠʟ vi,G+1. ʉʣʠʢʘ 3.5 ʧʨʠʢʘʟʫʿʝ ʧʨʠʤʝʨ 

ʫʢʨʰʪʘˁʘ ʟʘ 7-ʜʤʦ ʜʠʤʝʥʟʠʦʥʠ ʚʝʢʪʦʨ. 

 

3.5.3. ʉʝʣʝʢʮʠʿʘ 

 

ɼʘ ʙʠ ʩʝ ʦʜʣʫʯʠʣʦ ʜʘ ʣʠ ʧʨʦʙʥʠ ʚʝʢʪʦʨ ui,G+1 ʪʨʝʙʘ ʜʘ ʧʦʩʪʘʥʝ ʯʣʘʥ G+1 ʧʦʧʫʣʘʮʠ-

ʿʝ, ʦʥ ʩʝ ʧʦʨʝʜʠ ʩʘ ʮʠˀʥʠʤ ʚʝʢʪʦʨʦʤ, xi,G, ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʘʚʠʣʘ ʪʫʨʥʠʨʘ. ʊʦ ʟʥʘʯʠ 

ʜʘ ʘʢʦ ʚʝʢʪʦʨ ui,G+1 ʠʤʘ ʙʦˀʫ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʚʝʢʪʦʨ xi,G ʪʘʜʘ xi,G+1 

ʧʦʩʪʘʿʝ ui,G+1, ʫ ʩʫʧʨʦʪʥʦʤ ʟʘʜʨʞʘʚʘ ʩʝ ʩʪʘʨʘ ʚʨʝʜʥʦʩʪ xi,G. 

 

3.6. Big Bang - Big Chrunch ʤʝʪʦʜʘ 

 

ʇʨʦʠʟʚʦˀʥʦʩʪ (ʥʘʩʫʤʠʯʥʦʩʪ) ʩʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʨʘʩʠʧʘˁʝ ʝʥʝʨʛʠʿʝ ʫ ʧʨʠʨʦ-

ʜʠ, ʜʦʢ ʩʝ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʢʘ ʣʦʢʘʣʥʦʤ ʠʣʠ ʛʣʦʙʘʣʥʦʤ ʦʧʪʠʤʫʤʫ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ 
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ʉʣʠʢʘ 3.5. ʆʧʝʨʘʮʠʿʘ ʫʢʨʰʪʘˁʘ. 

 

ʢʘʦ ʛʨʘʚʠʪʘʮʠʦʥʘ ʧʨʠʚʣʘʯʥʦʩʪ. ʇʦʰʪʦ ʨʘʩʠʧʘˁʝ ʝʥʝʨʛʠʿʝ ʩʪʚʘʨʘ ʥʝʨʝʜ ʦʜ ʫʨʝʹʝ-

ʥʠʭ ʯʝʩʪʠʮʘ, ʦʜʘʚʜʝ ʩʣʝʜʠ ʜʘ ʩʝ ʨʘʜʠ ʬʦʨʤʠʨʘˁʘ ʥʦʚʠʭ ʢʘʥʜʠʜʘʪʘ ʤʦʞʝ ʢʦʨʠʩʪʠ-

ʪʠ ʥʘʩʫʤʠʯʥʦʩʪ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʠʟ ʢʦʥʚʝʨʛʠʨʘʥʦʛ (ʩʢʦʥʮʝʥʪʨʠʩʘʥʦʛ) ʨʝʰʝˁʘ ʫ 

ʥʝʨʝʜ. 

ʇʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʟʘʧʦʯʠˁʝ ʩʪʚʘʨʘˁʝʤ ʧʨʦʠʟʚʦˀʥʝ ʧʦʧʫʣʘʮʠʿʝ ʰʪʦ ʩʝ 

ʥʘʟʠʚʘ ʬʘʟʘ ʚʝʣʠʢʦʛ ʧʨʘʩʢʘ (Big Bang). ʋ ʦʚʦʿ ʬʘʟʠ ʧʦʪʝʥʮʠʿʘʣʥʘ ʨʝʰʝˁʘ ʩʝ ʨʘʩ-

ʧʨʦʩʪʠʨʫ ʰʠʨʦʤ ʮʝʣʦʛ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ. ʇʦʩʣʝ ʦʚʝ ʬʘʟʝ ʠʜʝ ʬʘʟʘ Big Chrunch ʫ 

ʢʦʿʦʿ ʩʝ ʩʚʘ ʨʝʰʝˁʘ ʩʘʞʠʤʘʿʫ ʫ ʿʝʜʥʦ. ʆʚʦ ʩʘʞʠʤʘˁʝ ʩʝ ʨʘʜʠ ʧʦ ʧʨʘʚʠʣʫ ʮʝʥʪʨʘ 

ʤʘʩʝ. ʊʝʨʤʠʥ ʤʘʩʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʠʥʚʝʨʟʥʫ ʚʨʝʜʥʦʩʪ ʬʠʪʥʝʩ ʬʫʥʢʮʠʿʝ. ʊʘʯʢʘ ʢʦʿʘ 

ʧʨʝʜʩʪʘʚˀʘ ʮʝʥʪʘʨ ʤʘʩʝ ʩʝ ʨʘʯʫʥʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 
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, (3.19) 

ʛʜʝ xi ʧʨʝʜʩʪʘʚˀʘ ʚʝʢʪʦʨ ʢʦʦʨʜʠʥʘʪʘ i-ʪʦʛ ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʨʝʰʝˁʘ ʫ n ʜʠʤʝʥʟʠʦʥʦʤ 

ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ, fi ʿʝ ʚʨʝʜʥʦʩʪ ʬʠʪʥʝʩ ʬʫʥʢʮʠʿʝ i-ʪʦʛ ʨʝʰʝˁʘ, N ʿʝ ʚʝʣʠʯʠʥʘ 

ʧʦʧʫʣʘʮʠʿʝ. ʆʧʝʨʘʪʦʨ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʬʘʟʠ Big Chrunch ʩʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʦʧʝʨʘʪʦ-

ʨʘ ʫʢʨʰʪʘˁʘ ʢʦʜ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʟʘʪʦ ʰʪʦ ʦʚʜʝ ʫʯʝʩʪʚʫʿʫ ʩʚʘ ʨʝʰʝˁʘ ʫ ʬʦʨ-

ʤʠʨʘˁʫ ʿʝʜʥʦʛ ʧʦʪʦʤʢʘ ʠ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʜʦʙʠʿʘˁʘ ʜʦʙʨʦʛ ʨʝʰʝˁʘ. ʇʦʩʣʝ ʦʚʝ 
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ʬʘʟʝ ʘʣʛʦʨʠʪʘʤ ʤʦʨʘ ʜʘ ʬʦʨʤʠʨʘ ʥʦʚʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʨʝʰʝˁʘ ʜʘ ʙʠ ʚʝʣʠʯʠʥʘ 

ʧʦʧʫʣʘʮʠʿʝ ʦʩʪʘʣʘ ʥʝʧʨʦʤʝˁʝʥʘ, ʦʚʦ ʿʝ ʧʦʥʦʚʦ ʬʘʟʘ ʚʝʣʠʢʦʛ ʧʨʘʩʢʘ. ɱʝʜʘʥ ʦʜ 

ʣʘʢʰʠʭ, ʘʣʠ ʥʝ ʠ ʙʦˀʠʭ ʥʘʯʠʥʘ ʿʝ ʚʨʘ˂ʘˁʝ ʥʘ ʧʨʚʠ ʢʦʨʘʢ ʠ ʧʦʥʦʚʥʦ ʛʝʥʝʨʠʩʘˁʝ 

ʧʨʦʠʟʚʦˀʥʠʭ ʨʝʰʝˁʘ. ʆʚʘʢʘʚ ʘʣʛʦʨʠʪʘʤ ʩʝ ʥʠ ʧʦ ʯʝʤʫ ʥʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʩʣʫʯʘʿʥʝ 

ʧʨʝʪʨʘʛʝ, ʠ ʚʨʝʤʝ ˁʝʛʦʚʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʿʝ ʿʘʢʦ ʜʫʛʘʯʢʦ. 

ɼʘ ʙʠ ʩʝ ʘʣʛʦʨʠʪʘʤ ʟʘʩʥʦʚʘʥ ʥʘ ʦʚʦʤ ʧʨʠʥʮʠʧʫ ʤʦʛʘʦ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʝʰʘʚʘˁʝ 

ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʧʨʦʙʣʝʤʘ ʥʘʩʫʤʠʯʥʠ ʦʜʘʙʠʨ ʨʝʰʝˁʘ ʫ ʬʘʟʠ ʚʝʣʠʢʦʛ ʧʨʘʩʢʘ ʤʦʨʘ 

ʜʘ ʩʝ ʚʨh ʠ ʫ ʦʢʦʣʠʥʠ ʮʝʥʪʨʘ ʤʘʩʝ. ʈʘʜʠ ʠʟʙʝʛʘʚʘˁʘ ʣʦʢʘʣʥʠʭ ʦʧʪʠʤʫʤʘ, ʦʜʨʝʹʝ-

ʥʦʤ ʙʨʦʿʫ ʨʝʰʝˁʘ ʪʨʝʙʘ ʦʩʪʘʚʠʪʠ ʤʦʛʫ˂ʥʦʩʪ ʢʨʝʪʘˁʘ ʠʟʚʘʥ ʥʝʧʦʩʨʝʜʥʝ ʦʢʦʣʠʥʝ 

ʮʝʥʪʨʘ ʤʘʩʝ. ʊʦʢʦʤ ʠʪʝʨʘʮʠʿʘ ʦʜʥʦʩ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʨʝʰʝˁʘ ʠʟʚʘʥ ʠ ʫʥʫʪʘʨ 

ʥʝʧʦʩʨʝʜʥʝ ʦʢʦʣʠʥʝ ʮʝʥʪʨʘ ʤʘʩʝ ʩʝ ʤʦʨʘ ʩʤʘˁʠʚʘʪʠ. ʈʘʩʧʨʦʩʪʠʨʘˁʝ ʨʝʰʝˁʘ ʦʢʦ 

ʮʝʥʪʨʘ ʤʘʩʝ ʤʦʞʝ ʩʝ ʨʘʜʠʪʠ ʩʘ ʥʦʨʤʘʣʥʦʤ ɻʘʫʩʦʚʦʤ ʨʘʩʧʦʜʝʣʦʤ, ʧʨʠ ʯʝʤʫ ʩʝ 

ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʩʤʘˁʫʿʝ ʩʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ. ʅʘʢʦʥ ʜʨʫʛʝ ʝʢʩʧʣʦʟʠʿʝ, 

ʧʦʥʦʚʦ ʩʝ ʨʘʯʫʥʘ ʮʝʥʪʘʨ ʤʘʩʝ. ʆʚʠ ʢʦʨʘʮʠ ʩʝ ʩʫʢʮʝʩʠʚʥʦ ʥʘʩʪʘʚˀʘʿʫ ʩʚʝ ʜʦ 

ʪʨʝʥʫʪʢʘ ʢʘʜʘ ʩʝ ʟʘʜʦʚʦˀʠ ʟʘʫʩʪʘʚʥʠ ʢʨʠʪʝʨʠʿʫʤ. 

ʋ ʦʚʦʤ ʘʣʛʦʨʠʪʤʫ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʨʘʯʫʥʘʚʘʪʠ ʩʘʤʦ ʜʚʝ ʚʝʣʠʯʠʥʝ, ʮʝʥʪʘʨ ʤʘʩʝ ʠ 

ʩʪʘʥʜʘʨʜʥʫ ʜʝʚʠʿʘʮʠʿʫ. ʇʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʟʘʜʘʚʘˁʘ ʢʦʥʩʪʘʥʪʥʝ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠ-

ʿʘʮʠʿʝ, ʘʣʠ ʩʝ ʘʣʛʦʨʠʪʘʤ ʙʦˀʝ ʧʦʥʘʰʘ ʢʘʜʘ ʩʝ ʦʥʘ ʩʤʘˁʫʿʝ ʩʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ [88]. 

ʋ ʢʘʩʥʠʿʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʘʣʛʦʨʠʪʤʘ ʚʝ˂ʠʥʘ ʨʝʰʝˁʘ ˂ʝ ʙʠʪʠ ʩʢʦʥʮʝʥʪʨʠʩʘʥʘ ʦʢʦ 

ʮʝʥʪʨʘ ʤʘʩʝ, ʜʦʢ ˂ʝ ʩʝ ʤʘʣʠ ʜʝʦ (ʿʝʜʘʥʦ ʠʣʠ ʜʚʘ ʨʝʰʝˁʘ) ʥʘʣʘʟʠʪʠ ʥʘ ʧʨʦʠʟ-

ʚʦˀʥʦʿ ʣʦʢʘʮʠʿʠ ʫ ʧʨʦʩʪʦʨʫ ʨʝʰʝˁʘ. ʉʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʘ ʙʠ ʜʦʩʪʠʛʣʘ ʚʨʝʜʥʦʩʪ 

0 ʘʢʦ ʙʠ ʩʝ ʠʪʝʨʘʮʠʿʝ ʥʘʩʪʘʚʠʣʝ ʜʦ ʙʝʩʢʦʥʘʯʥʦʩʪʠ, ʪʘʢʦ ʜʘ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʜʘ ˂ʝ 

ʫ ʧʨʘʢʪʠʯʥʦʿ ʧʨʠʤʝʥʠ ʘʣʛʦʨʠʪʤʘ ʫʚʝʢ ʧʦʩʪʦʿʘʪʠ ʥʘʿʤʘˁʝ ʿʝʜʥʦ ʨʝʰʝˁʝ ʢʦʿʝ ˂ʝ ʩʝ 

ʥʘʣʘʟʠʪʠ ʜʘˀʝ ʦʜ ʮʝʥʪʨʘ ʤʘʩʝ ʯʠʿʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʚʝʦʤʘ ʤʘʣʘ ʘʣʠ ʥʠʿʝ ʿʝʜʥʘʢʘ 

ʥʫʣʠ. ʆʚʦ ʿʝʜʥʦ ʨʝʰʝˁʝ ʤʦʞʝ ʧʨʠʚʫ˂ʠ ʩʚʘ ʦʩʪʘʣʘ ʨʝʰʝˁʘ ʢʘ ʩʝʙʠ ʘʢʦ ʠʤʘ ʚʝ˂ʫ 

ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʦʜ ʦʩʪʘʣʠʭ ʯʣʘʥʦʚʘ ʧʦʧʫʣʘʮʠʿʝ. 

ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ ʩʝ ʤʦʞʝ ʬʦʨʤʫʣʠʩʘʪʠ ʘʣʛʦʨʠʪʘʤ. 

1. ɻʝʥʝʨʠʩʘʪʠ ʧʨʦʠʟʚʦˀʘʥ ʩʢʫʧ ʦʜ N ʨʝʰʝˁʘ ʢʦʿʘ ʧʦʰʪʫʿʫ ʩʚʘ ʟʘʜʘʥʘ ʦʛʨʘʥʠ-

ʯʝˁʘ. 

2. ʀʟʨʘʯʫʥʘʪʠ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʩʚʠʭ ʨʝʰʝˁʘ. 

3. ʇʨʦʥʘ˂ʠ ʮʝʥʪʘʨ ʤʘʩʝ ʧʦʤʦ˂ʫ ʠʟʨʘʟʘ (3.19).  

4. ɻʝʥʝʨʠʩʘˁʝ ʥʦʚʠʭ ʢʘʥʜʠʜʘʪʘ ʫ ʦʢʦʣʠʥʠ ʮʝʥʪʨʘ ʤʘʩʝ. ʆʚʘʿ ʢʦʨʘʢ ʤʦʞʝ ʜʘ ʩʝ 
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ʠʟʚʝʜʝ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ [100] 

( )
k

xx
Nxx ii

i

cnovo
minmax

1 ,0
-

Ö+= a , (3.20) 

ʛʜʝ ʿʝ x
c
 ʮʝʥʪʘʨ ʤʘʩʝ, xi

max
 ʠ xi

min
 ʩʫ ʛʦʨˁʘ ʠ ʜʦˁʘ ʛʨʘʥʠʮʘ i-ʪʝ ʧʨʦʤʝʥˀʠʚʝ, 

N(0, 1)i ʿʝ ʧʨʦʠʟʚʦˀʘʥ ʙʨʦʿ ʢʦʿʠ ʧʦʜʣʝʞʝ ʥʦʨʤʘʥʣʦʿ ɻʘʫʩʦʚʦʿ ʨʘʩʧʦʜʝʣʠ, k 

ʿʝ ʨʝʜʥʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʝ, ʜʦʢ ʿʝ Ŭ ʢʦʝʬʠʮʠʿʝʥʪ ʩʢʘʣʠʨʘˁʘ. 

5. ʇʦʚʨʘʪʘʢ ʥʘ ʢʦʨʘʢ 2 ʜʦʢʣʝ ʛʦʜ ʩʝ ʥʝ ʟʘʜʦʚʦˀʠ ʢʨʠʪʝʨʠʿʫʤ ʢʦʥʚʝʨʛʝʥʮʠʿʝ. 

ʊʝʩʪʠʨʘˁʝʤ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʩʝ ʜʦʙʠʿʘʿʫ ʥʝʧʨʠʭʚʘʪˀʠʚʠ ʨʝʟʫʣ-

ʪʘʪʠ ʩʢʦʨʦ ʟʘ ʩʚʝ ʢʦʨʠʰ˂ʝʥʝ ʪʝʩʪ ʬʫʥʢʮʠʿʝ. ɸʣʛʦʨʠʪʘʤ ʿʝ ʧʦʢʘʟʘʦ ʜʦʙʨʦ ʧʦʥʘʰʘ-

ˁʝ ʿʝʥʠʥʦ ʧʨʠʣʠʢʦʤ ʨʘʜʘ ʩʘ ʜʨʫʛʦʤ ʪʝʩʪ ʬʫʥʢʮʠʿʦʤ. 

 

3.7. Black Hole 

 

ʋ XVIII ʚʝʢʫ ɷʦʥ ʄʘʿʢʣ ʠ ʇʿʝʨ ʃʘʧʣʘʩ ʩʫ ʙʠʣʠ ʧʨʚʠ ʢʦʿʠ ʩʫ ʠʜʝʥʪʠʬʠʢʦʚʘʣʠ 

ʢʦʥʮʝʧʪ ʮʨʥʝ ʨʫʧʝ (Black Hole - BH). ʇʨʠʤʝʥʦʤ ɳʫʪʥʦʚʦʛ ʟʘʢʦʥʘ ʬʦʨʤʠʨʘʣʠ ʩʫ 

ʪʝʦʨʠʿʫ ʦ ʥʝʚʠʜˀʠʚʦʩʪʠ (ʥʝʩʪʘʥʢʫ) ʟʚʝʟʜʘ, ʤʝʹʫʪʠʤ ʪʘ ʩʝ ʧʦʿʘʚʘ ʪʘʜʘ ʥʠʿʝ ʚʝʟʠʚʘʣʘ 

ʩʘ ʮʨʥʦʤ ʨʫʧʦʤ. ʇʦʿʘʤ ʮʨʥʝ ʨʫʧʝ ʿʝ ʧʨʚʠ ʫʚʝʦ ʘʤʝʨʠʢʘʥʘʮ ɷʦʥ ɺʠʣʝʨ 1967 ʢʘʦ 

ʠʤʝ ʟʘ ʬʝʥʦʤʝʥ ʧʨʦʧʘʜʘˁʘ (ʥʝʩʪʘʿʘˁʘ) ʤʘʩʝ. 

ʎʨʥʘ ʨʫʧʘ ʫ ʩʚʝʤʠʨʫ ʿʝ ʤʝʩʪʦ ʢʘ ʢʦʤʝ ʪʝʞʝ ʟʚʝʟʜʝ ʠ ʛʜʝ ʩʝ ʦʥʝ ʫʨʫʰʘʚʘʿʫ. ɻʨʘʚʠ-

ʪʘʮʠʦʥʘ ʩʠʣʘ ʮʨʥʝ ʨʫʧʝ ʿʝ ʪʦʣʠʢʦ ʿʘʢʘ ʜʘ ʯʘʢ ʥʠ ʩʚʝʪʣʦʩʪ ʥʝ ʤʦʞʝ ʜʘ ʧʦʙʝʛʥʝ ʦʜ 

ˁʝ. ʆʩʥʦʚʥʠ ʫʟʨʦʢ ʚʝʣʠʢʝ ʿʘʯʠʥʝ ʛʨʘʚʠʪʘʮʠʦʥʝ ʩʠʣʝ ʿʝ ʧʦʩʣʝʜʠʮʘ ʩʘʙʠʿʘˁʘ ʤʘʪʝ-

ʨʠʿʝ ʥʘ ʚʝʦʤʘ ʤʘʣʦʤ ʧʨʦʩʪʦʨʫ [90]. ʉʚʝ ʰʪʦ ʧʨʦʹʝ ʛʨʘʥʠʮʫ ʮʨʥʝ ʨʫʧʝ ʙʠ˂ʝ ʫʩʠʩ-

ʘʥʦ ʠ ʥʠʰʪʘ ʿʦʿ ʥʝ ʤʦʞʝ ʧʦʙʝ˂ʠ. ɻʨʘʥʠʮʘ ʮʨʥʝ ʨʫʧʝ ʩʝ ʜʨʫʛʘʯʠʿʝ ʥʘʟʠʚʘ ʠ ʭʦʨʠ-

ʟʦʥʪ ʜʦʛʘʹʘʿʘ. 

 

3.7.1. ɸʣʛʦʨʠʪʘʤ 

 

ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʢʘʦ ʠ ʚʝ˂ʠʥʘ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʘʣʛʦʨʠʪʘʤʘ ʨʘʜʠ ʩʘ ʧʦʧʫʣʘʮʠʿʦʤ 

ʨʝʰʝˁʘ. ʂʘʦ ʠ ʢʦʜ ʦʩʪʘʣʠʭ ʤʝʪʦʜʘ ʠ ʢʦʜ ʦʚʝ ʤʝʪʦʜʝ ʩʝ ʧʦʯʝʪʥʘ ʧʦʧʫʣʘʮʠʿʘ 

ʛʝʥʝʨʠʰʝ ʧʨʦʠʟʚʦˀʥʦʤ ʨʘʩʧʦʜʝʣʦʤ ʨʝʰʝˁʘ ʧʦ ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ. ʀ ʦʚʘʿ ʘʣʛʦʨʠ-

ʪʘʤ ʦʜʨʝʹʝʥʠʤ ʤʝʭʘʥʠʟʤʠʤʘ ʦʙʨʘʹʫʿʝ ʯʣʘʥʦʚʝ ʧʦʧʫʣʘʮʠʿʝ ʠ ʜʦʚʦʜʠ ʠʭ ʜʦ ʦʧʪʠ-

ʤʘʣʥʦʛ ʨʝʰʝˁʘ. 

ʋ ʦʚʦʤ ʘʣʛʦʨʠʪʤʫ ʫʥʘʧʨʝʹʠʚʘˁʝ ʝʣʝʤʝʥʘʪʘ ʧʦʧʫʣʘʮʠʿʝ ʩʝ ʨʘʜʠ ʧʦʤʝʨʘˁʝʤ ʩʚʠʭ 

ʨʝʰʝˁʘ (ʟʚʝʟʜʘ) ʢʘ ʥʘʿʙʦˀʝʤ ʨʝʰʝˁʫ (ʮʨʥʦʿ ʨʫʧʠ), ʠ ʟʘʤʝʥʦʤ ʩʚʠʭ ʟʚʝʟʜʘ ʢʦʿʝ ʩʫ 

ʧʨʝʰʣʝ ʛʨʘʥʠʮʫ ʭʦʨʠʟʦʥʪʘ ʜʦʛʘʹʘʿʘ ʥʦʚʠʤ ʟʚʝʟʜʘʤʘ ʣʦʮʠʨʘʥʠʤ ʥʘ ʧʨʦʠʟʚʦˀʥʦʿ 
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ʣʦʢʘʮʠʿʠ ʫ ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ. ʂʨʝʪʘˁʝ ʟʚʝʟʜʘ ʢʘ ʮʨʥʦʿ ʨʫʧʠ ʤʦʞʝ ʩʝ ʦʧʠʩʘʪʠ 

ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʦʤ: 

( ) Nitxxtxtx iBHii ... ,2 ,1    ,)(rand)()1( =-Ö+=+ , (3.21) 

ʛʜʝ ʩʫ xi(t) ʠ xi(t+1) ʣʦʢʘʮʠʿʝ i-ʪʝ ʟʚʝʟʜʝ ʥʘ ʠʪʝʨʘʮʠʿʠ t ʦʜʥʦʩʥʦ t+1. xBH ʿʝ ʧʦʟʠʮʠʿʘ 

ʮʨʥʝ ʨʫʧʝ ʫ ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ, rand ʿʝ ʧʨʦʠʟʚʦˀʘʥ ʙʨʦʿ ʥʘ ʠʥʪʝʨʚʘʣʫ [0, 1], N ʿʝ 

ʙʨʦʿ ʟʚʝʟʜʘ (ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʨʝʰʝˁʘ). 

ɼʦʢ ʩʝ ʧʦʤʝʨʘʿʫ ʢʘ ʮʨʥʦʿ ʨʫʧʠ, ʟʚʝʟʜʝ ʤʦʛʫ ʜʘ ʩʝ ʥʘʹʫ ʥʘ ʣʦʢʘʮʠʿʠ ʢʦʿʘ ʠʤʘ ʚʝ˂ʫ 

ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʮʨʥʫ ʨʫʧʫ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʮʨʥʘ ʨʫʧʘ ʤʝˁʘ ʧʦʟʠʮʠʿʫ 

ʩʘ ʟʚʝʟʜʦʤ. ɼʘˀʠ ʪʦʢ ʘʣʛʦʨʠʪʤʘ ʩʝ ʥʘʩʪʘʚˀʘ ʩʘ ʮʨʥʦʤ ʨʫʧʦʤ ʥʘ ʥʦʚʦʿ ʣʦʢʘʮʠʿʠ, 

ʦʜʥʦʩʥʦ ʟʚʝʟʜʝ ʧʦʯʠˁʫ ʜʘ ʩʝ ʢʨʝ˂ʫ ʫ ʜʨʫʛʦʤ ʩʤʝʨʫ. 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʨʝʯʝʥʦ, ʘʢʦ ʟʚʝʟʜʘ ʫʹʝ ʫʥʫʪʘʨ ʭʦʨʠʟʦʥʪʘ ʜʦʛʘʹʘʿʘ ʪʘʢʚʦ ʨʝʰʝˁʝ ʩʝ 

ʠʟʙʘʮʫʿʝ ʠʟ ʧʦʧʫʣʘʮʠʿʝ, ʠ ʨʘʜʠ ʦʯʫʚʘˁʘ ʢʦʥʩʪʘʥʪʥʦʛ ʙʨʦʿʘ ʯʣʘʥʦʚʘ ʧʦʧʫʣʘʮʠʿʝ 

ʛʝʥʝʨʠʰʝ ʩʝ ʥʦʚʘ ʟʚʝʟʜʘ ʥʘ ʧʨʦʠʟʚʦˀʥʦʿ ʣʦʢʘʮʠʿʠ ʩʘ ʢʦʿʦʤ ʩʝ ʟʘʧʦʯʠˁʝ ʥʦʚʘ 

ʧʨʝʪʨʘʛʘ. ʅʦʚʘ ʠʪʝʨʘʮʠʿʘ ʧʦʯʠˁʝ ʪʝʢ ʢʘʜʘ ʩʫ ʩʝ ʧʦʤʝʨʠʣʘ ʩʚʘ ʨʝʰʝˁʘ. 

ʈʘʜʠʿʫʩ ʭʦʨʠʟʦʥʪʘ ʜʦʛʘʹʘʿʘ ʟʘ ʧʦʪʨʝʙʝ BH ʘʣʛʦʨʠʪʤʘ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ä
=

=
N

i
i

BH

f

f
R

1

, 
(3.22) 

ʛʜʝ ʿʝ fBH ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʮʨʥʝ ʨʫʧʝ, ʘ fi ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ i-ʪʝ ʟʚʝʟʜʝ. ʂʘʜʘ ʿʝ 

ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʟʚʝʟʜʝ ʠ ʮʨʥʝ ʨʫʧʝ, ʢʦʿʝ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ɽʫʢʣʠʜʦʚʦʛ 

ʦʙʨʘʩʮʘ, ʤʘˁʝ ʦʜ R ʟʚʝʟʜʘ ʩʝ ʦʜʙʘʮʫʿʝ. ʇʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʩʝ ʤʦʞʝ ʬʦʨʤʫʣʠ-

ʩʘʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʠʭ ʢʦʨʘʢʘ: 

1. ʂʨʝʠʨʘˁʝ ʧʨʦʠʟʚʦˀʥʝ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ. 

2. ʀʟʨʘʯʫʥʘʚʘˁʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʝ ʟʚʝʟʜʝ. 

3. ʆʜʘʙʠʨ ʟʚʝʟʜʝ ʩʘ ʥʘʿʚʝ˂ʦʤ ʬʠʪʥʝʩ ʚʨʝʜʥʦʰ˂ʫ ʟʘ ʮʨʥʫ ʨʫʧʫ. 

4. ʇʨʦʤʝʥʘ ʣʦʢʘʮʠʿʘ ʟʚʝʟʜʘ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (3.21). 

5. ɸʢʦ ʿʝ ʟʚʝʟʜʘ ʧʨʦʥʘʰʣʘ ʣʦʢʘʮʠʿʫ ʩʘ ʚʝ˂ʦʤ ʬʠʪʥʝʩ ʚʨʝʜʥʦʰ˂ʫ ʫ ʦʜʥʦʩʫ ʥʘ 

ʮʨʥʫ ʨʫʧʫ ʧʦʪʨʝʙʥʦ ʿʝ ʟʘʤʝʥʠʪʠ ʣʦʢʘʮʠʿʝ ʟʚʝʟʜʝ ʠ ʮʨʥʝ ʨʫʧʝ. 

6. ɸʢʦ ʟʚʝʟʜʘ ʫʹʝ ʫ ʭʦʨʠʟʦʥʪ ʜʦʛʘʹʘʿʘ ʟʘʤʝʥʠʪʠ ʿʝ ʩʘ ʥʦʚʦʤ ʟʚʝʟʜʦʤ ʥʘ ʧʨʦʠʟ-

ʚʦˀʥʦʿ ʣʦʢʘʮʠʿʠ. 

7. ɸʢʦ ʿʝ ʧʦʩʪʠʛʥʫʪ ʢʨʠʪʝʨʠʿʫʤ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʠʩʧʠʩʘʪʠ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ, ʫ 

ʩʫʧʨʦʪʥʦʤ ʚʨʘʪʠʪʠ ʩʝ ʥʘ ʢʦʨʘʢ 2. 
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ʊʝʩʪʠʨʘˁʝʤ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʿʘ ʠʟ ʜʨʫʛʦʛ ʧʨʠʣʦʛʘ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ 

ʜʘ ʦʚʘʿ ʘʣʛʦʨʠʪʘʤ ʫʚʝʢ ʥʘʣʘʟʠ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ ʩʚʠʭ ʬʫʥʢʮʠʿʘ. 

 

3.8. Gravitational Search Algorithm 

 

ɻʨʘʚʠʪʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʪʝʞˁʫ ʪʝʣʘ ʜʘ ʩʝ ʤʝʹʫʩʦʙʥʦ ʧʨʠʙʣʠʞʝ. ʆʥʘ ʧʨʝʜʩʪʘʚˀʘ 

ʿʝʜʥʫ ʦʜ ʯʝʪʠʨʠ ʦʩʥʦʚʥʝ ʩʠʣʝ ʫ ʧʨʠʨʦʜʠ (ʦʩʪʘʣʝ ʩʫ: ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʘ ʩʠʣʘ, ʩʣʘʙʘ 

ʥʫʢʣʝʘʨʥʘ ʩʠʣʘ, ʠ ʿʘʢʘ ʥʫʢʣʝʘʨʥʘ ʩʠʣʘ). ʉʚʘʢʘ ʯʝʩʪʠʮʘ ʫ ʧʨʠʨʦʜʠ ʧʨʠʚʣʘʯʠ ʜʨʫʛʫ 

ʯʝʩʪʠʮʫ. 

ʅʘʯʠʥ ʥʘ ʢʦʿʠ ʜʝʣʫʿʝ ɳʫʪʥʦʚʘ ʛʨʘʚʠʪʘʮʠʦʥʘ ʩʠʣʘ ʩʝ ʟʦʚʝ ʜʝʣʦʚʘˁʝ ʥʘ ʜʘˀʠʥʫ. 

ʆʚʦ ʟʥʘʯʠ ʜʘ ʛʨʘʚʠʪʘʮʠʿʘ ʜʝʣʫʿʝ ʠʟʤʝʹʫ ʨʘʟʜʚʦʿʝʥʠʭ ʯʝʩʪʠʮʘ ʙʝʟ ʠʢʘʢʚʦʛ ʧʦʩʨʝʜ-

ʥʠʢʘ ʠʣʠ ʢʘʰˁʝˁʘ. ʇʦ ɳʫʪʥʦʚʦʤ ʟʘʢʦʥʫ ʛʨʘʚʠʪʘʮʠʿʝ ʩʚʘʢʦ ʪʝʣʦ ʜʝʣʫʿʝ ʥʘ ʜʨʫʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʦʤ ʩʠʣʦʤ. ɻʨʘʚʠʪʘʮʠʦʥʘ ʩʠʣʘ ʠʟʤʝʹʫ ʜʚʘ ʪʝʣʘ ʿʝ ʜʠʨʝʢʪʥʦ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʥʘ ʧʨʦʠʟʚʦʜʫ ˁʠʭʦʚʠʭ ʤʘʩʘ ʠ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʢʚʘʜʨʘʪʫ ʫʜʘˀʝʥʦʩʪʠ 

ʦʚʠʭ ʪʝʣʘ, ʢʘʦ ʰʪʦ ʿʝ ʜʘʪʦ ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʦʤ: 

2
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R

MM
GF = , (3.23) 

ʛʜʝ ʿʝ F ʘʤʧʣʠʪʫʜʘ ʛʨʘʚʠʪʘʮʠʦʥʝ ʩʠʣʝ, G ʿʝ ʛʨʘʚʠʪʘʮʠʦʥʘ ʢʦʥʩʪʘʥʪʘ, ʄ1 ʠ ʄ2 ʩʫ 

ʤʘʩʝ ʧʨʚʦʛ ʠ ʜʨʫʛʦʛ ʪʝʣʘ, ʜʦʢ ʿʝ R ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʠʭ ʪʝʣʘ. ɳʫʪʥʦʚ 

ʜʨʫʛʠ ʟʘʢʦʥ ʢʘʞʝ ʜʘ ʢʘʜʘ ʩʠʣʘ (F) ʜʝʣʫʿʝ ʥʘ ʪʝʣʦ, ˁʝʛʦʚʦ ʫʙʨʟʘˁʝ (ʘ) ʟʘʚʠʩʠ ʩʘʤʦ 

ʦʜ ʪʝ ʩʠʣʝ ʠ ˁʝʛʦʚʝ ʤʘʩʝ (ʄ): 

M

F
a= . (3.24) 

ʅʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʘ (3.23) ʠ (3.24) ʚʠʜʠ ʩʝ ʜʘ ʧʦʩʪʦʿʠ ʧʨʠʚʣʘʯʥʦʩʪ ʠʟʤʝʹʫ ʩʚʠʭ 

ʪʝʣʘ ʫ ʫʥʠʚʝʨʟʫʤʫ ʧʨʠ ʯʝʤʫ ʚʝ˂ʠ ʫʪʠʮʘʿ ʠʤʘʿʫ ʚʝ˂ʘ ʠ ʙʣʠʞʘ ʪʝʣʘ. ʇʦʚʝ˂ʘˁʝ 

ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʜʚʘ ʪʝʣʘ ʟʥʘʯʠ ʜʘ ʩʝ ʛʨʘʚʠʪʘʮʠʦʥʘ ʩʠʣʘ ʠʟʤʝʹʫ ˁʠʭ ʩʤʘˁʫʿʝ ʢʘʦ 

ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3.6. ʅʘ ʦʚʦʿ ʩʣʠʮʠ, Fij ʿʝ ʩʠʣʘ ʢʦʿʘ ʜʝʣʫʿʝ ʥʘ ʪʝʣʦ ʄi ʢʘʦ 

ʧʦʩʣʝʜʠʮʘ ʧʨʠʩʫʩʪʚʘ ʪʝʣʘ ʄʿ, ʜʦʢ ʿʝ Fi ʫʢʫʧʥʘ ʩʠʣʘ ʢʦʿʘ ʜʝʣʫʿʝ ʥʘ ʪʝʣʦ ʄi ʠ ʢʦʿʘ 

ʧʨʦʫʟʨʦʢʫʿʝ ʚʝʢʪʦʨ ʫʙʨʟʘˁʘ ʘi. ʇʦʨʝʜ ʝʬʝʢʪʘ ʩʤʘˁʝˁʘ ʛʨʘʚʠʪʘʮʠʿʝ, ʩʪʚʘʨʥʘ ʚʨʝʜ- 

ʥʦʩʪ ʛʨʘʚʠʪʘʮʠʦʥʝ ʢʦʥʩʪʘʥʪʝ ʟʘʚʠʩʠ ʦʜ ʩʪʘʨʦʩʪʠ ʫʥʠʚʝʨʟʫʤʘ. ʉʣʝʜʝ˂ʠʤ ʠʟʨʘʟʦʤ ʿʝ 

ʧʨʠʢʘʟʘʥ ʿʝʜʘʥ ʥʘʯʠʥ ʠʟʨʘʯʫʥʘʚʘˁʘ ʛʨʘʚʠʪʘʮʠʦʥʝ ʢʦʥʩʪʘʥʪʝ: 

() () 1    ,0

0 <ö
÷

õ
æ
ç

å
Ö= b

b

t

t
tGtG , (3.25) 

ʛʜʝ ʿʝ G(t) ʚʨʝʜʥʦʩʪ ʛʨʘʚʠʪʘʮʠʦʥʝ ʢʦʥʩʪʘʥʪʝ ʫ ʪʨʝʥʫʪʢʫ t, G(t0) ʚʨʝʜʥʦʩʪ ʛʨʘʚʠʪʘ-
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ʉʣʠʢʘ 3.6. ɼʝʣʦʚʘˁʝ ʛʨʘʚʠʪʘʮʠʦʥʝ ʩʠʣʝ ʥʘ ʪʝʣʘ. 

 

ʮʠʦʥʝ ʢʦʥʩʪʘʥʪʝ ʫ ʧʦʯʝʪʢʫ ʚʨʝʤʝʥʘ. ɼʨʫʛʠ ʥʘʯʠʥ ʠʟʨʘʯʫʥʘʚʘˁʘ ʦʚʝ ʢʦʥʩʪʘʥʪʝ 

ʢʦʿʠ ʿʝ ʜʘʦ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʧʨʠ ʨʝʰʘʚʘˁʫ ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʙʣʝʤʘ ʿʝ: 

() T

t

eGtG
a-

= 0 , (3.26) 

ʛʜʝ ʿʝ G0 ʧʦʩʪʘʚˀʝʥʦ ʥʘ 100, Ŭ ʥʘ 20, ʘ ʊ ʿʝ ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ. ʋ ʜʝʬʠʥʠ- 

ʮʠʿʘʤʘ ʪʝʦʨʠʿʩʢʝ ʬʠʟʠʢʝ ʧʦʩʪʦʿʝ ʪʨʠ ʚʨʩʪʝ ʤʘʩʘ: 

¶ ɸʢʪʠʚʥʘ ʛʨʘʚʠʪʘʮʠʦʥʘ ʤʘʩʘ, ʄʘ, ʿʝ ʤʝʨʘ ʿʘʯʠʥʝ ʛʨʘʚʠʪʘʮʠʦʥʦʛ ʧʦˀʘ ʢʘʦ 

ʧʦʩʣʝʜʠʮʝ ʧʦʩʤʘʪʨʘʥʦʛ ʦʙʿʝʢʪʘ. ɻʨʘʚʠʪʘʮʠʦʥʦ ʧʦˀʝ ʦʙʿʝʢʘʪʘ ʩʘ ʤʘʣʦʤ 

ʘʢʪʠʚʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʦʤ ʤʘʩʦʤ ʿʝ ʩʣʘʙʠʿʝ ʥʝʛʦ ʛʨʘʚʠʪʘʮʠʦʥʦ ʧʦˀʝ ʪʝʣʘ ʩʘ 

ʚʝ˂ʦʤ ʘʢʪʠʚʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʦʤ ʤʘʩʦʤ. 

¶ ʇʘʩʠʚʥʘ ʛʨʘʚʠʪʘʮʠʦʥʘ ʤʘʩʘ, ʄp, ʿʝ ʤʝʨʘ ʿʘʯʠʥʝ ʠʥʪʝʥʟʠʪʝʪʘ ʠʥʪʝʨʘʢʮʠʿʝ 

ʦʙʿʝʢʪʘ ʩʘ ʛʨʘʚʠʪʘʮʠʦʥʠʤ ʧʦˀʝʤ. ʋʥʫʪʘʨ ʠʩʪʦʛ ʛʨʘʚʠʪʘʮʠʦʥʦʛ ʧʦˀʘ, ʥʘ 

ʦʙʿʝʢʘʪ ʩʘ ʤʘˁʦʤ ʧʘʩʠʚʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʦʤ ʤʘʩʦʤ ˂ʝ ʜʝʣʦʚʘʪʠ ʤʘˁʘ ʩʠʣʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʙʿʝʢʘʪ ʩʘ ʚʝ˂ʦʤ ʧʘʩʠʚʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʦʤ ʤʘʩʦʤ. 

¶ ʀʥʝʨʮʠʦʥʘ ʤʘʩʘ, ʄi, ʿʝ ʤʝʨʘ ʦʪʧʦʨʥʦʩʪʠ ʦʙʿʝʢʪʘ ʥʘ ʧʨʦʤʝʥʫ ʧʦʣʦʞʘʿʘ ʫʩʣʝʜ 

ʜʝʣʦʚʘˁʘ ʩʠʣʝ. ʊʝʣʘ ʩʘ ʚʝʣʠʢʠʤ ʠʥʝʨʮʠʦʥʠʤ ʤʘʩʘʤʘ ʚʝʦʤʘ ʩʧʦʨʦ ʤʝˁʘʿʫ 

ʩʚʦʿʝ ʢʨʝʪʘˁʝ, ʠ ʦʙʨʥʫʪʦ ʦʙʿʝʢʪʠ ʩʘ ʤʘʣʠʤ ʠʥʝʨʮʠʦʥʠʤ ʤʘʩʘʤʘ ʙʨʟʦ ʤʝˁʘ-

ʿʫ ʙʨʟʠʥʫ ʩʚʦʛ ʢʨʝʪʘˁʘ. 
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ɻʨʘʚʠʪʘʮʠʦʥʘ ʩʠʣʘ Fij ʢʦʿʘ ʜʝʣʫʿʝ ʥʘ ʪʝʣʦ i ʘ ʧʦʩʣʝʜʠʮʘ ʿʝ ʧʨʠʩʫʩʪʚʘ ʪʝʣʘ ,ʿ ʿʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʧʨʦʠʟʚʦʜʫ ʘʢʪʠʚʥʝ ʛʨʘʚʠʪʘʮʠʦʥʝ ʤʘʩʝ ʪʝʣʘ ,ʿ ʄʘ,ʿ ʠ ʧʘʩʠʚʥʝ 

ʛʨʘʚʠʪʘʮʠʦʥʝ ʤʘʩʝ ʪʝʣʘ i, ʄpi, ʠ ʠʥʚʝʨʟʥʦ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʢʚʘʜʨʘʪʫ ʨʘʩʪʦʿʘˁʘ 

ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʪʝʣʘ, R. ʋʙʨʟʘˁʝ ʪʝʣʘ i, ʘi, ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʩʠʣʠ Fij ʠ ʦʙʨʥʫʪʦ ʿʝ

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʠʥʝʨʮʠʦʥʦʿ ʤʘʩʠ ʪʝʣʘ i, ʄii. ʉʘʜʘ ʩʝ ʿʝʜʥʘʯʠʥʝ (3.23) ʠ (3.24) 

ʤʦʛʫ ʧʠʩʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

2R

MM
GF

piaj

ij = , (3.27) 

ii

ij

i
M

F
a = . (3.28) 

ʀʘʢʦ ʩʝ ʠʥʝʨʮʠʦʥʘ ʤʘʩʘ, ʧʘʩʠʚʥʘ ʛʨʘʚʠʪʘʮʠʦʥʘ ʤʘʩʘ ʠ ʘʢʪʠʚʥʘ ʛʨʘʚʠʪʘʮʠʦʥʘ ʤʘʩʘ 

ʢʦʥʮʝʧʪʫʘʣʥʦ ʨʘʟʣʠʢʫʿʫ, ʥʠʿʝʜʘʥ ʝʢʩʧʝʨʠʤʝʥʪ ʥʠʢʘʜʘ ʥʠʿʝ ʥʝʜʚʦʩʤʠʩʣʝʥʦ ʧʦʢʘʟʘʦ 

ʥʠʢʘʢʚʫ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ˁʠʭ. ʊʝʦʨʠʿʘ ʦʧʰʪʝ ʨʝʣʘʪʠʚʥʦʩʪʠ ʧʦʯʠʚʘ ʥʘ ʯʠˁʝʥʠʮʠ ʜʘ 

ʩʫ ʠʥʝʨʮʠʦʥʘ ʠ ʧʘʩʠʚʥʘ ʛʨʘʚʠʪʘʮʠʦʥʘ ʤʘʩʘ ʝʢʚʠʚʘʣʝʥʪʥʝ. ʆʚʦ ʿʝ ʧʦʟʥʘʪʦ ʢʘʦ 

ʧʨʠʥʮʠʧ ʩʣʘʙʝ ʝʢʚʠʚʘʣʝʥʮʠʿʝ. ʊʝʦʨʠʿʘ ʩʪʘʥʜʘʨʜʥʝ ʦʧʰʪʝ ʨʝʣʘʪʠʚʥʦʩʪʠ ʪʘʢʦʹʝ 

ʧʨʝʪʧʦʩʪʘʚˀʘ ʝʢʚʠʚʘʣʝʥʮʠʿʫ ʠʟʤʝʹʫ ʠʥʝʨʮʠʦʥʝ ʠ ʘʢʪʠʚʥʝ ʛʨʘʚʠʪʘʮʠʦʥʝ ʤʘʩʝ, ʦʚʦ 

ʩʝ ʥʘʟʠʚʘ ʧʨʠʥʮʠʧ ʿʘʢʝ ʝʢʚʠʚʘʣʝʥʮʠʿʝ. 

 

3.8.1. ɸʣʛʦʨʠʪʘʤ 

 

ʋ ʦʚʦʤ ʘʣʛʦʨʠʪʤʫ ʦʙʿʝʢʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʪʝʥʮʠʿʘʣʥʘ ʨʝʰʝˁʘ ʯʠʿʝ ʩʝ ʦʩʦʙʠʥʝ 

ʤʝʨʝ ˁʠʭʦʚʦʤ ʤʘʩʦʤ. ʉʚʠ ʦʙʿʝʢʪʠ ʩʝ ʤʝʹʫʩʦʙʥʦ ʧʨʠʚʣʘʯʝ ʛʨʘʚʠʪʘʮʠʦʥʦʤ ʩʠʣʦʤ, ʠ 

ʦʚʘ ʩʠʣʘ ʧʨʦʫʟʨʦʢʫʿʝ ʢʨʝʪʘˁʝ ʩʚʠʭ ʦʙʿʝʢʘʪʘ ʢʘ ʦʙʿʝʢʪʠʤʘ ʚʝ˂ʠʭ ʤʘʩʘ. ʊʝʣʘ ʩʘ 

ʚʝ˂ʦʤ ʤʘʩʦʤ, ʢʦʿʘ ʦʜʛʦʚʘʨʘʿʫ ʙʦˀʠʤ ʨʝʰʝˁʠʤʘ, ʩʧʦʨʠʿʝ ʩʝ ʢʨʝ˂ʫ ʫ ʦʜʥʦʩʫ ʥʘ 

ʣʘʢʰʘ ʪʝʣʘ. ʆʚʠʤ ʩʝ ʛʘʨʘʥʪʫʿʝ ʝʢʩʧʣʦʘʪʘʮʠʿʘ. 

ʉʚʘʢʘ ʤʘʩʘ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʩʘ ʯʝʪʠʨʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ: ʧʦʟʠʮʠʿʦʤ, ʠʥʝʨʮʠʦʥʦʤ 

ʤʘʩʦʤ, ʘʢʪʠʚʥʦʤ ʠ ʧʘʩʠʚʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʦʤ ʤʘʩʦʤ. ʇʦʟʠʮʠʿʘ ʪʝʣʘ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ 

ʨʝʰʝˁʝʤ ʧʨʦʙʣʝʤʘ, ʜʦʢ ʩʝ ʠʥʝʨʮʠʦʥʘ ʠ ʛʨʘʚʠʪʘʮʠʦʥʝ ʤʘʩʝ ʦʜʝʨʹʫʿʫ ʥʘ ʦʩʥʦʚʫ 

ʬʠʪʥʝʩ ʬʫʥʢʮʠʿʝ. 

ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʩʚʘʢʦ ʪʝʣʦ ʧʨʝʜʩʪʘʚˀʘ ʨʝʰʝˁʝ, ʘ ʘʣʛʦʨʠʪʘʤ ʩʝ ʥʘʚʦʜʠ ʦʜʛʦʚʘ-

ʨʘʿʫ˂ʠʤ ʧʦʜʝʰʘʚʘˁʝʤ ʛʨʘʚʠʪʘʮʠʦʥʝ ʠ ʠʥʝʨʮʠʦʥʝ ʤʘʩʝ. ʉʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ, ʟʘ 

ʦʯʝʢʠʚʘʪʠ ʿʝ ʜʘ ʪʝʣʘ ʙʫʜʫ ʧʨʠʚʫʯʝʥʘ ʪʝʣʠʤʘ ʥʘʿʚʝ˂ʠʭ ʤʘʩʘ. ʊʝʣʦ ʩʘ ʥʘʿʚʝ˂ʦʤ 

ʤʘʩʦʤ ʧʨʝʜʩʪʘʚˀʘ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʫ ʧʨʦʩʪʦʨʫ ʨʝʰʝˁʘ. 

ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʩʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʠʟʦʣʦʚʘʥʠ ʩʠʩʪʝʤ ʤʘʩʘ ʢʦʿʝ ʧʦʜʣʝʞʫ 
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ɳʫʪʥʦʚʦʤ ʟʘʢʦʥʫ ʛʨʘʚʠʪʘʮʠʿʝ ʠ ʢʨʝʪʘˁʘ. ʇʨʝʮʠʟʥʠʿʝ ʛʣʝʜʘʥʦ ʤʘʩʝ ʩʝ ʧʦʜʚʨʛʘʚʘʿʫ: 

¶ ɿʘʢʦʥʫ ʛʨʘʚʠʪʘʮʠʿʝ: ʩʚʘʢʘ ʯʝʩʪʠʮʘ ʜʝʣʫʿʝ ʥʘ ʜʨʫʛʫ ʯʝʩʪʠʮʫ ʩʠʣʦʤ ʢʦʿʘ ʿʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʧʨʦʠʟʚʦʜʫ ˁʠʭʦʚʠʭ ʤʘʩʘ ʠ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 

ʨʘʩʪʦʿʘˁʫ ʠʟʤʝʹʫ ʪʠʭ ʯʝʩʪʠʮʘ. ʋ ʘʣʛʦʨʠʪʤʫ ʿʝ ʢʦʨʠʰ˂ʝʥʦ R ʘ ʥʝ R
2
 ʧʦʰʪʦ 

ʩʝ ʧʦʢʘʟʘʣʦ ʜʘ ʩʝ ʪʘʢʦ ʘʣʛʦʨʠʪʘʤ ʙʦˀʝ ʧʦʥʘʰʘ [89]. 

¶ ɿʘʢʦʥ ʢʨʝʪʘˁʘ: ʪʨʝʥʫʪʥʘ ʙʨʟʠʥʘ ʙʠʣʦ ʢʦʿʝ ʤʘʩʝ ʿʝ ʿʝʜʥʘʢʘ ʩʫʤʠ ʜʝʣʦʚʘ 

ʧʨʝʪʭʦʜʥʝ ʙʨʟʠʥʝ ʠ ʧʨʦʤʝʥʝ ʙʨʟʠʥʝ. ʇʨʦʤʝʥʘ ʙʨʟʠʥʝ ʠʣʠ ʫʙʨʟʘˁʝ ʙʠʣʦ 

ʢʦʿʝ ʤʘʩʝ ʿʝ ʿʝʜʥʘʢʦ ʩʠʣʠ ʢʦʿʘ ʜʝʣʫʿʝ ʥʘ ʤʘʩʫ ʧʦʜʝˀʝʥʦʿ ʩʘ ʠʥʝʨʮʠʦʥʦʤ 

ʤʘʩʦʤ. 

ʅʝʢʘ ʩʝ ʨʘʟʤʘʪʨʘ ʩʠʩʪʝʤ ʦʜ N ʪʝʣʘ. ʇʨʠ ʯʝʤʫ ʿʝ ʧʦʟʠʮʠʿʘ i-ʪʦʛ ʪʝʣʘ ʜʝʬʠʥʠʩʘʥʘ 

ʠʟʨʘʟʦʤ: 

( ) NixxxX n

i

d

iii ,...,2,1    ,,...,,...,1 == , (3.29) 

ʛʜʝ xi
d
 ʧʨʝʜʩʪʘʚˀʘ ʣʦʢʘʮʠʿʫ i-ʪʦʛ ʪʝʣʘ ʫ d-ʪʦʿ ʜʠʤʝʥʟʠʿʠ. ɿʘ ʦʜʨʝʹʝʥʠ ʪʨʝʥʫʪʘʢ t, 

ʜʝʬʠʥʠʰʝ ʩʝ ʩʠʣʘ ʢʦʿʘ ʜʝʣʫʿʝ ʥʘ ʪʝʣʦ i ʘ ʢʦʿʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ʧʦʩʪʦʿʘˁʘ ʪʝʣʘ :ʿ 

() ()
() ()

()e+

Ö
=

tR

tMtM
tGtF

ij

ajpid

ij , (3.30) 

ʛʜʝ ʿʝ Ů ʤʘʣʘ ʢʦʥʩʪʘʥʪʘ ʧʦʤʦ˂ʫ ʢʦʿʝ ʩʝ ʠʟʙʝʛʘʚʘʿʫ ʩʠʥʛʫʣʘʨʥʝ ʚʨʝʜʥʦʩʪʠ. ɼʘ ʙʠ ʩʝ 

ʜʘʣʘ ʩʪʦʭʘʩʪʠʯʢʘ ʧʨʠʨʦʜʘ ʘʣʛʦʨʠʪʤʫ, ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʝ ʫʢʫʧʥʘ ʩʠʣʘ ʢʦʿʘ 

ʜʝʣʫʿʝ ʥʘ ʪʝʣʦ i ʫ ʧʨʘʚʮʫ ʜʠʤʝʥʟʠʿʝ d ʜʦʙʠʿʘ ʩʘʙʠʨʘˁʝʤ ʩʚʠʭ ʩʠʣʘ ʫ ʪʦʤ ʧʨʘʚʮʫ 

ʘʣʠ ʩʘ ʧʨʦʠʟʚʦˀʥʠʤ ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʦʤ: 

() ()tFtF d

ij

N

ijj
j

d

i ä
¸=

=
,1

rand , (3.31) 

ʛʜʝ ʿʝ rand ʿʧʨʦʠʟʚʦˀʘʥ ʙʨʦʿ ʠʟ ʦʧʩʝʛʘ [0, 1]. ʇʦ ʟʘʢʦʥʫ ʢʨʝʪʘˁʘ, ʫʙʨʟʘˁʝ ʪʝʣʘ i ʫ 

ʪʨʝʥʫʪʢʫ t, ʠ ʫ ʧʨʘʚʮʫ d ʿʝ ʜʘʪʦ ʠʟʨʘʟʦʤ: 

()
()
()tM

tF
ta

ii

d

id

i = . (3.32) 

ʅʦʚʘ ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ ʩʝ ʨʘʯʫʥʘ ʢʘʦ ʜʝʦ ʪʨʝʥʫʪʥʝ ʙʨʟʠʥʝ ʥʘ ʢʦʿʠ ʩʝ ʜʦʜʘʿʝ ʫʙʨʟʘˁʝ. 

ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ ʧʦʟʠʮʠʿʘ ʪʝʣʘ ʫ ʥʘʨʝʜʥʦʿ ʠʪʝʨʘʮʠʿʠ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ 

ʠʟʨʘʟʘ: 

( ) () ()tatvtv d

i

d

ii

d

i +Ö=+ rand1 , (3.33) 

( ) () ( )11 ++=+ tvtxtx d

i

d

i

d

i , (3.34) 



48 

 

ʛʜʝ ʿʝ randi ʧʨʦʠʟʚʦˀʘʥ ʙʨʦʿ ʠʟ ʦʧʩʝʛʘ [0, 1]. ʆʚʘʿ ʧʨʦʠʟʚʦˀʘʥ ʙʨʦʿ  ʩʣʫʞʠ ʟʘ ʫʚʦʹʝ-

ˁʝ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ ʫ ʘʣʛʦʨʠʪʘʤ. ɻʨʘʚʠʪʘʮʠʦʥʘ ʢʦʥʩʪʘʥʪʘ, G, ʩʝ ʟʘʜʘʿʝ ʥʘ ʧʦʯʝʪʢʫ 

ʠ ʦʧʘʜʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. ɻʨʘʚʠʪʘʮʠʦʥʝ ʠ ʠʥʝʨʮʠʦʥʘ ʤʘʩʘ ʩʝ ʨʘʯʫʥʘʿʫ ʧʨʝʤʘ ʬʠʪʥʝʩ 

ʚʨʝʜʥʦʩʪʠ. ʐʪʦ ʿʝ ʤʘʩʘ ʚʝ˂ʘ ʪʦ ʿʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʨʝʰʝˁʝ ʙʦˀʝ. ʆʚʦ ʟʥʘʯʠ ʜʘ ˂ʝ 

ʪʝʣʘ ʩʘ ʚʝ˂ʦʤ ʤʘʩʦʤ ʫʟʨʦʢʦʚʘʪʠ ʚʝ˂ʝ ʧʨʠʚʣʘʯʝˁʝ ʢʘ ʩʝʙʠ ʠ ʩʧʦʨʠʿʝ ˂ʝ ʩʝ ʢʨʝʪʘʪʠ. 

ʇʦʤʝʥʫʪʝ ʤʘʩʝ ʩʝ ʤʦʛʫ ʠʟʨʘʯʫʥʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

NiMMMM iiipiai  ..., ,2 ,1    , ==== , (3.35) 

()
() ()
() ()tnajgoritnajbolji

tnajgoritf
tm i

i
-

-
= , (3.36) 

()
()
()ä=

=
N
j j

i

i
tm

tm
tM

1

. (3.37) 

ʛʜʝ ʿʝ fi(t) ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʪʝʣʘ i ʫ ʪʨʝʥʫʪʢʫ t, najgori(t) ʠ najbolji(t) ʩʫ ʟʘ ʤʠʥʠʤʠ-

ʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʜʝʬʠʥʠʩʘʥʠ ʢʘʦ: 

()
{ }

() ()
{ }

()tftnajgoritftnajbolji j
Nj

j
Nj

 max    , min
,...,1,...,1 ÍÍ

== . (3.38) 

ɿʘ ʤʘʢʩʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ (3.38) ʧʦʩʪʘʿʝ: 

()
{ }

() ()
{ }

()tftnajgoritftnajbolji j
Nj

j
Nj

 min    , max
,...,1,...,1 ÍÍ

== . (3.39) 

ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʧʦʩʪʠʟʘˁʘ ʢʦʤʧʨʦʤʠʩʘ ʠʟʤʝʹʫ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʿʝ 

ʩʤʘˁʠʚʘˁʝ ʙʨʦʿʘ ʪʝʣʘ ʩʘ ʢʦʿʠʤʘ ʩʝ ʨʘʜʠ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ ʫ ʠʟʨʘʟʫ (3.31). ʋ ʦʚʫ 

ʩʫʤʫ ˂ʝ ʫʣʘʟʠʪʠ ʩʘʤʦ ʪʝʣʘ ʩʘ ʥʘʿʚʝ˂ʦʤ ʤʘʩʦʤ. ʀʧʘʢ ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʢʦʜ ʦʚʦʛ 

ʧʨʠʩʪʫʧʘ ʜʘ ʩʝ ʥʝ ʫʢʠʥʝ ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʧʦʪʧʫʥʦʩʪʠ. ʂʘʦ ʰʪʦ ʿʝ ʧʦʟʥʘʪʦ, ʜʘ ʙʠ 

ʘʣʛʦʨʠʪʘʤ ʠʟʙʝʛʘʦ ʟʘʛʣʘʚˀʠʚʘˁʝ ʫ ʣʦʢʘʣʥʦʤ ʦʧʪʠʤʫʤʫ ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʥʘ 

ʧʦʯʝʪʢʫ ʠʤʘ ʜʦʙʨʫ ʧʨʝʪʨʘʛʫ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ. ʂʘʢʦ ʠʪʝʨʘʮʠʿʝ ʦʜʤʠʯʫ, ʧʨʝʪʨʘʛʘ 

ʪʨʝʙʘ ʧʦʣʘʢʦ ʜʘ ʩʝ ʩʤʘˁʫʿʝ ʠ ʜʘ ʫʩʪʫʧʠ ʤʝʩʪʦ ʝʢʩʧʣʦʘʪʘʮʠʿʠ. ʋ ʦʚʦʤ ʧʨʠʩʪʫʧʫ 

ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʩʢʫʧ ʦʜ Knajbolje ʪʝʣʘ ʢʦʿʘ ˂ʝ ʫʧʨʘʚˀʘʪʠ ʢʨʝʪʘˁʝʤ ʦʩʪʘʣʠʭ ʪʝʣʘ. 

Knajbolje ʟʘʚʠʩʠ ʦʜ ʚʨʝʤʝʥʘ, ʪʘʢʦ ʜʘ ˂ʝ ʥʘ ʧʦʯʝʪʢʫ ʫʢˀʫʯʠʚʘʪʠ ʩʚʘ ʪʝʣʘ, ʜʦʢ ˂ʝ ʥʘ 

ʢʨʘʿʫ ʦʚʘʿ ʩʢʫʧ ʩʘʜʨʞʘʪʠ ʩʘʤʦ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ. ʅʘ ʦʩʥʦʚʫ ʩʚʝʛʘ ʨʝʯʝʥʦʛ ʠʟʨʘʟ 

(3.31) ʧʦʩʪʘʿʝ: 

() ()ä
¸Í

=
ijnajboljeKj

d

ijj

d

i tFtF
,

rand . (3.40) 

ʇʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʩʝ ʠʟʚʨʰʘʚʘ ʧʦ ʩʣʝʜʝ˂ʠʤ ʢʦʨʘʮʠʤʘ: 

1. ɻʝʥʝʨʠʩʘˁʝ ʧʨʦʠʟʚʦˀʥʝ ʧʦʧʫʣʘʮʠʿʝ. 

2. ʆʜʨʝʹʠʚʘˁʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʩʘʢʦʛ ʪʝʣʘ. 
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3. ʀʟʨʘʯʫʥʘʚʘˁʝ G(t), najbolje(t), najgore(t) ʠ ʄi(t) ʟʘ i = 1, 2, é, N. 

4. ʀʟʨʘʯʫʥʘʚʘˁʝ ʫʢʫʧʥʝ ʩʠʣʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʘʚʮʠʤʘ. 

5. ʀʟʨʘʯʫʥʘʚʘˁʝ ʫʙʨʟʘˁʘ ʠ ʙʨʟʠʥʝ. 

6. ʀʟʨʘʯʫʥʘʚʘˁʝ ʥʦʚʝ ʧʦʟʠʮʠʿʝ ʪʝʣʘ. 

7. ɸʢʦ ʥʠʿʝ ʟʘʜʦʚʦˀʝʥ ʫʩʣʦʚ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʚʨʘʪʠʪʠ ʩʝ ʥʘ ʢʦʨʘʢ 2. ʋ ʩʫʧʨʦʪ-

ʥʦʤ ʠʩʧʠʩʘʪʠ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ. 

ʊʝʩʪʠʨʘˁʝʤ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʿʘ ʢʦʿʝ ʩʫ ʜʘʪʝ ʫ ʜʨʫʛʦʤ ʧʨʠʣʦʛʫ 

ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʘʣʛʦʨʠʪʘʤ ʜʦʙʨʦ ʨʘʜʠ ʟʘ ʧʨʚʫ ʠ ʪʨʝ˂ʫ ʬʫʥʢʮʠʿʫ. ʂʦʜ ʜʨʫʛʝ ʪʝʩʪ 

ʬʫʥʢʮʠʿʝ ʘʣʛʦʨʠʪʘʤ ʥʠʿʝ ʫ ʩʪʘˁʫ ʜʘ ʧʨʦʥʘʹʝ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ ʘʣʠ ʧʨʦʥʘʣʘʟʠ 

ʣʦʢʘʣʥʝ ʦʧʪʠʤʫʤʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʛʣʦʙʘʣʥʦʛ ʦʧʪʠʤʫʤʘ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʯʝʪʚʨʪʝ ʪʝʩʪ ʬʫʥʢʮʠʿʝ ʘʣʛʦʨʠʪʘʤ ʥʠʿʝ ʫ ʩʪʘˁʫ ʜʘ ʥʘʹʝ ʥʠ ʜʨʫʛʠ ʥʘʿʙʦ-

ˀʠ ʣʦʢʘʣʥʠ ʦʧʪʠʤʫʤ. 

 

3.9. Grey Wolf Optimizer  

 

ʉʠʚʠ ʚʫʢʦʚʠ (Canis lupus) ʧʨʠʧʘʜʘʿʫ ʧʦʨʦʜʠʮʠ ʟʚʝʨʠ (Canidae). ʆʥʠ ʩʧʘʜʘʿʫ ʫ 

ʘʣʬʘ ʛʨʘʙˀʠʚʮʝ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʝ ʥʘʣʘʟʘ ʥʘ ʚʨʭʫ ʣʘʥʮʘ ʠʩʭʨʘʥʝ. ʂʘʦ ʠ ʦʩʪʘʣʝ ʚʨʩʪʝ 

ʚʫʢʦʚʘ ʠ ʩʠʚʠ ʚʫʢʦʚʠ ʫʛʣʘʚʥʦʤ ʚʦʣʝ ʜʘ ʞʠʚʝ ʫ ʯʦʧʦʨʫ, ʥʘʿʯʝʰ˂ʝ ʫ ʛʨʫʧʠ ʦʜ 5 ʜʦ 

12 ʯʣʘʥʦʚʘ. ʆʜ ʧʦʩʝʙʥʦʛ ʟʥʘʯʘʿʘ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʦʥʠ ʠʤʘʿʫ ʚʝʦʤʘ ʩʪʨʦʛʦ ʜʝʬʠʥʠʩʘ-

ʥʫ ʜʨʫʰʪʚʝʥʫ ʭʠʿʝʨʘʨʭʠʿʫ. 

ɺʦʹʝ ʯʦʧʦʨʘ ʩʫ ʤʫʰʢʘ ʠ ʞʝʥʩʢʘ ʿʝʜʠʥʢʘ, ʢʦʿʠ ʩʝ ʟʦʚʫ ʘʣʬʝ. ɸʣʬʘ ʚʫʢʦʚʠ ʩʫ 

ʫʛʣʘʚʥʦʤ ʟʘʜʫʞʝʥʠ ʟʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʦʢʦ ʣʦʚʘ, ʤʝʩʪʘ ʦʜʤʦʨʘ, ʚʨʝʤʝʥʘ ʫʩʪʘʿʘ-

ˁʘ, ʠ ʪʘʢʦ ʜʘˀʝ. ʆʜʣʫʢʘ ʘʣʬʘ ʿʝʜʠʥʢʠ ʩʝ ʩʤʘʪʨʘ ʢʘʦ ʥʘʨʝʜʙʘ ʟʘ ʦʩʪʘʪʘʢ ʯʦʧʦʨʘ. 

ʄʝʹʫʪʠʤ, ʧʦʩʪʦʿʠ ʦʜʨʝʹʝʥʘ ʜʦʟʘ ʜʝʤʦʢʨʘʪʩʢʦʛ ʧʦʥʘʰʘˁʘ ʫ ʯʦʧʦʨʫ, ʫ ʢʦʿʠʤʘ ʘʣʬʝ 

ʧʨʘʪʝ ʦʩʪʘʪʘʢ ʯʦʧʦʨʘ. ʋ ʮʝʣʦʤ ʯʦʧʦʨʫ ʿʝʜʠʥʦ ʩʫ ʘʣʬʝ ʟʘʜʫʞʝʥʝ ʟʘ ʧʨʘʚˀʝˁʝ ʧʦ-

ʪʦʤʩʪʚʘ. ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ ʧʨʠʤʝʪʠʪʠ, ʜʘ ʘʣʬʝ ʥʝ ʤʦʨʘʿʫ ʦʙʘʚʝʟʥʦ ʜʘ ʙʫʜʫ ʥʘʿʿʘʯʠ 

ʯʣʘʥʦʚʠ ʯʦʧʦʨʘ ʘʣʠ ʤʦʨʘʿʫ ʙʠʪʠ ʥʘʿʙʦˀʠ ʫ ʦʨʛʘʥʠʟʘʮʠʿʠ ʯʦʧʦʨʘ. ʆʚʦ ʫʢʘʟʫʿʝ ʥʘ 

ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ ʦʨʛʘʥʠʟʘʮʠʿʘ ʠ ʜʠʩʮʠʧʣʠʥʘ ʯʦʧʦʨʘ ʤʥʦʛʦ ʚʘʞʥʠʿʘ ʦʜ ʩʥʘʛʝ. 

ɼʨʫʛʠ ʥʠʚʦ ʭʠʿʝʨʘʨʭʠʿʝ ʯʠʥʝ ʙʝʪʝ, ʢʦʿʝ ʩʫ ʧʦʜʨʝʹʝʥʝ ʘʣʬʘʤʘ ʘʣʠ ʠʤ ʧʦʤʘʞʫ ʫ 

ʜʦʥʦʰʝˁʫ ʦʜʣʫʢʘ ʠʣʠ ʫ ʜʨʫʛʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ʚʝʟʘʥʠʤ ʟʘ ʯʦʧʦʨ. ɹʝʪʘ ʚʫʢ ʤʦʞʝ 

ʙʠʪʠ ʤʫʞʿʘʢ ʠʣʠ ʞʝʥʢʘ, ʠ ʦʥ ʚʝʨʦʚʘʪʥʦ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʙʦˀʝʛ ʢʘʥʜʠʜʘʪʘ ʟʘ 

ʥʘʨʝʜʥʦʛ ʘʣʬʫ ʫ ʩʣʫʯʘʿʫ ʜʘ ʘʣʬʘ ʦʩʪʘʨʠ ʠʣʠ ʫʤʨʝ. ɹʝʪʘ ʚʫʢʦʚʠ ʩʣʫʰʘʿʫ ʘʣʬʝ ʘʣʠ 

ʢʦʤʘʥʜʫʿʫ ʜʨʫʛʠʤ ʚʫʢʦʚʠʤʘ ʥʠʞʝʛ ʥʠʚʦʘ. ʆʥʠ ʩʧʨʦʚʦʜʝ ʘʣʬʠʥʝ ʢʦʤʘʥʜʝ ʠ ʜʘʿʫ ʠʤ 

ʧʦʚʨʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ. 
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ʅʘʿʥʠʞʠ ʨʘʥʛ ʫ ʭʠʿʝʨʘʨʭʠʿʠ ʩʠʚʠʭ ʚʫʢʦʚʘ ʩʫ ʦʤʝʛʝ, ʠ ʦʥʠ ʠʤʘʿʫ ʫʣʦʛʫ ʞʨʪʚʝʥʦʛ 

ʿʘʛˁʝʪʘ. ʆʥʠ ʤʦʨʘʿʫ ʜʘ ʩʣʫʰʘʿʫ ʩʚʝ ʜʦʤʠʥʘʥʪʥʠʿʝ ʚʫʢʦʚʝ. ʋʚʝʢ ʩʫ ʧʦʩʣʝʜˁʠ ʫ 

ʨʝʜʫ ʟʘ ʭʨʘʥʫ. ʄʦʞʝ ʩʝ ʯʠʥʠʪʠ ʜʘ ʩʫ ʦʤʝʛʝ ʥʝʧʦʪʨʝʙʥʝ ʫ ʯʦʧʦʨʫ, ʘʣʠ ʠʩʪʨʘʞʠʚʘˁʘ 

ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʩʚʘʹʝ ʫʥʫʪʘʨ ʯʦʧʦʨʘ ʢʘʦ ʠ ʧʨʦʙʣʝʤʠ ʧʦʚʝ˂ʘʚʘʿʫ ʢʘʜʘ ʩʝ ʫʢʣʦʥʝ 

ʦʤʝʛʝ. ʆʚʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʥʝʜʦʩʪʘʪʢʘ ʧʨʘʞˁʝˁʘ ʬʨʫʩʪʨʘʮʠʿʘ ʥʘ ʦʤʝʛʘʤʘ ʦʜ ʩʪʨʘʥʝ 

ʜʨʫʛʠʭ ʚʫʢʦʚʘ. ʆʥʠ ʩʫ ʥʝʦʧʭʦʜʥʠ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʮʝʣʦʛ ʯʦʧʦʨʘ ʢʘʦ ʠ ʟʘ ʦʜʨʞʘ-

ʚʘˁʝ ʩʪʨʫʢʪʫʨʝ ʜʦʤʠʥʘʮʠʿʝ. ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʦʤʝʛʝ ʩʝ ʙʨʠʥʫ ʠ ʦ ʤʣʘʜʠʤʘ. 

ɺʫʢʦʚʠ ʢʦʿʠ ʥʝ ʩʧʘʜʘʿʫ ʥʠ ʫ ʿʝʜʥʫ ʦʜ ʥʘʚʝʜʝʥʠʭ ʚʨʩʪʘ ʩʝ ʥʘʟʠʚʘʿʫ ʜʝʣʪʝ. ʆʥʠ 

ʤʦʨʘʿʫ ʜʘ ʩʣʫʰʘʿʫ ʘʣʬʝ ʠ ʙʝʪʝ ʘʣʠ ʿʝ ˁʠʭʦʚʘ ʜʨʫʰʪʚʝʥʘ ʣʝʩʪʚʠʮʘ ʠʟʥʘʜ ʦʤʝʛʘ. ʋ 

ʦʚʫ ʢʘʪʝʛʦʨʠʿʫ ʩʧʘʜʘʿʫ ʠʟʚʠʹʘʯʠ, ʯʫʚʘʨʠ, ʩʪʘʨʠ ʚʫʢʦʚʠ, ʣʦʚʮʠ ʠ ʩʪʘʨʘʪʝˀʠ. ʀʟʚʠ-

ʹʘʯʠ ʩʫ ʜʫʞʥʠ ʟʘ ʥʘʜʛʣʝʜʘˁʝ ʛʨʘʥʠʮʘ ʪʝʨʠʪʦʨʠʿʝ ʯʦʧʦʨʘ ʠ ʜʘ ʫʧʦʟʦʨʘʚʘʿʫ ʯʦʧʦʨ ʫ 

ʩʣʫʯʘʿʫ ʙʠʣʦ ʢʘʢʚʝ ʦʧʘʩʥʦʩʪʠ. ʏʫʚʘʨʠ ʰʪʠʪʝ ʠ ʛʘʨʘʥʪʫʿʫ ʩʠʛʫʨʥʦʩʪ ʯʦʧʦʨʘ. ʉʪʘʨʠ 

ʚʫʢʦʚʠ ʩʫ ʠʩʢʫʩʥʠ ʧʦʰʪʦ ʩʫ ʥʝʢʘʜʘ ʙʠʣʠ ʘʣʬʝ ʠʣʠ ʙʝʪʝ. ʃʦʚʮʠ ʧʦʤʘʞʫ ʘʣʬʘʤʘ ʠ 

ʙʝʪʘʤʘ ʫ ʣʦʚʫ ʠ ʩʥʘʙʜʝʚʘʿʫ ʯʦʧʦʨ ʭʨʘʥʦʤ. ɼʦʢ ʩʫ ʧʘʟʠʪʝˀʠ ʦʜʛʦʚʦʨʥʠ ʟʘ ʩʣʘʙʝ, 

ʙʦʣʝʩʥʝ ʠ ʨʘˁʝʥʝ ʚʫʢʦʚʝ. 

ʇʦʨʝʜ ʜʨʫʰʪʚʝʥʝ ʭʠʿʝʨʘʨʭʠʿʝ, ʧʦʥʘʰʘˁʝ ʚʫʢʦʚʘ ʫ ʣʦʚʫ ʿʝ ʪʘʢʦʹʝ ʟʘʥʠʤˀʠʚʘ ʪʝʤʘ. 

ɻʣʘʚʥʝ ʬʘʟʝ ʣʦʚʘ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

¶ ʇʨʘ˂ʝˁʝ, ʛʦˁʝˁʝ ʠ ʧʨʠʙʣʠʞʘʚʘˁʝ ʧʣʝʥʫ. 

¶ ʆʧʢʦˀʘʚʘˁʝ ʠ ʫʟʥʝʤʠʨʘʚʘˁʝ ʧʣʝʥʘ ʜʦʢ ʩʝ ʥʝ ʩʤʠʨʠ. 

¶ ʅʘʧʘʜ ʥʘ ʧʣʝʥ. 

ʆʚʘ ʪʝʭʥʠʢʘ ʣʦʚʘ ʠ ʜʨʫʰʪʚʝʥʘ ʭʠʿʝʨʘʨʭʠʿʘ ʩʠʚʠʭ ʚʫʢʦʚʘ ʩʫ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʦ-

ʚʘʥʠ ʫ ʮʠˀʫ ʧʨʘʚˀʝˁʘ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ. 

 

3.9.1. ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ 

 

ʋ ʦʚʦʤ ʜʝʣʫ ˂ʝ ʩʝ ʜʘʪʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ ʜʨʫʰʪʚʝʥʝ ʭʠʿʝʨʘʨʭʠʿʝ, ʧʨʘ˂ʝˁʘ, 

ʦʧʢʦˀʘʚʘˁʘ ʠ ʥʘʧʘʜʘ ʧʣʝʥʘ. ʅʘʢʦʥ ʪʦʛʘ ʙʠ˂ʝ ʧʨʝʜʩʪʘʚˀʝʥ ʩʘʤ ʦʧʪʠʤʠʟʘʮʠʦʥʠ 

ʘʣʛʦʨʠʪʘʤ. 

 

3.9.1.1. ɼʨʫʰʪʚʝʥʘ ʭʠʿʝʨʘʨʭʠʿʘ 

 

ʋ ʮʠˀʫ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʦʚʘˁʘ ʜʨʫʰʪʚʝʥʝ ʭʠʿʝʨʘʨʭʠʿʝ ʚʫʢʦʚʘ, ʘ ʩʘ ʮʠˀʦʤ 

ʧʨʘʚˀʝˁʘ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ, ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ ʩʝ ʧʨʦʛʣʘʰʘʚʘ ʟʘ Ŭ ʚʫʢʘ, ʜʨʫʛʦ 

ʠ ʪʨʝ˂ʝ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ ʟʘ ɓ ʠ d ʚʫʢʘ, ʜʦʢ ʩʫ ʩʚʘ ʦʩʪʘʣʘ ʨʝʰʝˁʘ ɤ ʚʫʢʦʚʠ. ʂʦʜ ʦʚʝ 
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ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ ʣʦʚ (ʧʦʪʨʘʛʫ ʟʘ ʦʧʪʠʤʘʣʥʠʤ ʨʝʰʝˁʝʤ) ʧʨʝʜʚʦʜʝ Ŭ, ɓ ʠ d. 

ʆʩʪʘʣʠ (ɤ) ʚʫʢʦʚʠ ʧʨʘʪʝ ʦʚʘ ʪʨʠ ʚʫʢʘ. 

 

3.9.1.2. ʆʧʢʦˀʘʚʘˁʝ ʧʣʝʥʘ 

 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʦ, ʩʠʚʠ ʚʫʢʦʚʠ ʦʧʢʦˀʘʚʘʿʫ ʧʣʝʥ ʪʦʢʦʤ ʣʦʚʘ. ʉʣʝʜʝ˂ʘ 

ʿʝʜʥʘʯʠʥʘ ʤʦʞʝ ʜʘ ʧʦʩʣʫʞʠ ʢʘʦ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʦʚʦʛ ʧʦʩʪʫʧʢʘ. 

)()( ttp XXCD -Ö= , (3.41) 

DAXX Ö-=+ )()1( tt p . (3.42) 

ʛʜʝ t ʧʨʝʜʩʪʘʚˀʘ ʪʨʝʥʫʪʥʫ ʠʪʝʨʘʮʠʿʫ, ɸ ʠ C ʩʫ ʢʦʝʬʠʮʠʿʝʥʪ ʚʝʢʪʦʨʠ, Xp ʿʝ ʧʦʟʠ-

ʮʠʿʘ ʧʣʝʥʘ, ʜʦʢ X ʧʨʝʜʩʪʘʚˀʘ ʧʦʟʠʮʠʿʫ ʚʫʢʘ. ɺʝʢʪʦʨʠ ɸ ʠ C ʩʝ ʤʦʛʫ ʠʟʨʘʯʫʥʘʪʠ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

araA -Ö= 12 , (3.43) 

22 rC Ö= . (3.44) 

ʧʨʠ ʯʝʤʫ ʢʦʤʧʦʥʝʥʪʝ ʚʝʢʪʦʨʘ ʘ ʣʠʥʝʘʨʥʦ ʦʧʘʜʘʿʫ ʦʜ 2 ʜʦ 0 ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ, ʜʦʢ 

ʩʫ r1 ʠ r2 ʧʨʦʠʟʚʦˀʥʠ ʚʝʢʪʦʨʠ ʠʟ ʦʧʩʝʛʘ [0, 1] . 

ɼʘ ʙʠ ʩʝ ʚʠʜʝʣʠ ʝʬʝʢʪʠ ʿʝʜʥʘʯʠʥʘ (3.41) ʠ (3.42), ʥʘ ʩʣʠʮʠ 3.7 ʘ) ʧʨʠʢʘʟʘʥʘ ʿʝ ʜʚʦ-

ʜʠʤʝʥʟʠʿʘʣʥʘ ʣʦʢʘʮʠʿʘ ʚʝʢʪʦʨʘ (ʚʫʢʘ) ʠ ʤʦʛʫ˂ʠ ʧʦʣʘʞʘʿʠ ʫ ʢʦʿʠʤʘ ˂ʝ ʩʝ ʚʫʢ ʥʘ˂ʠ. 

ʂʘʦ ʰʪʦ ʩʝ ʩʘ ʩʣʠʢʝ ʤʦʞʝ ʚʠʜʝʪʠ ʚʫʢ ʤʦʞʝ ʜʘ ʫʥʘʧʨʝʜʠ ʩʚʦʿʫ ʣʦʢʘʮʠʿʫ (X, Y) ʥʘ 

ʦʩʥʦʚʫ ʧʦʟʠʮʠʿʝ ʧʣʝʥʘ (X
*
, Y

*
). ʀʟʙʦʨʦʤ ʚʨʝʜʥʦʩʪʠ ʚʝʢʪʦʨʘ ɸ ʠ C ʤʦʛʫ ʩʝ 

ʜʦʩʝʛʥʫʪʠ ʨʘʟʣʠʯʠʪʝ ʣʦʢʘʮʠʿʝ ʦʢʦ ʥʘʿʙʦˀʝʛ ʘʛʝʥʪʘ (ʨʝʰʝˁʘ). ʅʘ ʧʨʠʤʝʨ, ʣʦʢʘʮʠʿʘ 

(X
*
-X, Y

*
) ʩʝ ʤʦʞʝ ʜʦʩʪʠ˂ʠ ʧʦʩʪʘʚˀʘˁʝʤ ʚʝʢʪʦʨʘ ɸ ʠ C ʥʘ ʩʣʝʜʝ˂ʝ ʚʨʝʜʥʦʩʪʠ 

ɸ = (1, 0) ʠ C = (1, 1). ʇʨʠʤʝʨ ʫʥʘʧʨʝʹʠʚʘˁʘ ʣʦʢʘʮʠʿʝ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʦʤ ʧʨʦʩʪʦʨʫ 

 

 
ʉʣʠʢʘ 3.7. ʇʦʟʠʮʠʿʘ ʚʫʢʘ ʠ ʤʦʛʫ˂ʘ ʥʦʚʘ ʣʦʢʘʮʠʿʫ ʫ: a) 2D ʠ ʙ) 3D ʧʨʦʩʪʦʨʫ. 
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ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 3.7 ʙ). ʊʨʝʙʘ ʧʨʠʤʝʪʠʪʠ ʜʘ ʚʝʢʪʦʨʠ r1 ʠ r2 ʦʤʦʛʫ˂ʘʚʘʿʫ ʚʫʢʦ-

ʚʠʤʘ ʜʘ ʜʦʹʫ ʥʘ ʙʠʣʦ ʢʦʿʫ ʧʦʟʠʮʠʿʫ ʫʥʫʪʘʨ ʦʟʥʘʯʝʥʦʛ ʧʨʦʩʪʦʨʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʚʫʢ 

ʤʦʞʝ ʜʘ ʫʥʘʧʨʝʜʠ ʩʚʦʿ ʧʦʣʦʞʘʿ ʫʥʫʪʘʨ ʧʨʦʩʪʦʨʘ ʢʦʿʠ ʦʢʫʨʞʫʿʝ ʧʣʝʥ ʧʦʤʦ˂ʫ ʿʝʜʥʘ-

ʯʠʥʘ (3.41) ʠ (3.42). ʀʩʪʠ ʧʨʠʥʮʠʧ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʠ ʥʘ n ʜʠʤʝʥʟʠʦʥʠ ʧʨʦʩʪʦʨ, 

ʜʦʢ ˂ʝ ʩʝ ʚʫʢʦʚʠ ʢʨʝʪʘʪʠ ʫ ʭʠʧʝʨ-ʢʦʮʢʘʤʘ (ʠʣʠ ʭʠʧʝʨ-ʩʬʝʨʘʤʘ) ʦʢʦ ʪʨʝʥʫʪʥʦ ʥʘʿ-

ʙʦˀʝʛ ʨʝʰʝˁʘ. 
 

3.9.1.3. ʃʦʚ 
 

ʉʠʚʠ ʚʫʢʦʠʚʠ ʠʤʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʧʨʦʥʘʣʘʞʝˁʘ ʣʦʢʘʮʠʿʝ ʧʣʝʥʘ. ʃʦʚ ʫʛʣʘʚʥʦʤ ʧʨʝʜ-

ʚʦʜʝ ʘʣʬʝ, ʜʦʢ ʠʭ ʥʘʿʯʝʰ˂ʝ ʩʣʝʜʝ ʙʝʪʝ ʠ ʜʝʣʪʝ. ʄʝʹʫʪʠʤ, ʫ ʘʧʩʪʨʘʢʪʥʦʤ ʧʨʦʩʪʦʨʫ 

ʧʨʝʪʨʘʛʝ ʣʦʢʘʮʠʿʘ ʦʧʪʠʤʫʤʘ (ʧʣʝʥʘ) ʥʠʿʝ ʧʦʟʥʘʪʘ. ʋ ʮʠˀʫ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʦ-

ʚʘˁʘ ʣʦʚʘ, ʫʩʚʦʿʝʥʦ ʿʝ ʜʘ Ŭ, ɓ ʠ d (ʪʨʠ ʥʘʿʙʦˀʘ ʨʝʰʝˁʘ) ʠʤʘʿʫ ʥʘʿʙʦˀʝ ʠʥʬʦʨʤʘʮʠ-

ʿʝ ʦ ʣʦʢʘʮʠʿʠ ʧʣʝʥʘ. ʊʘʢʦ ʜʘ ʩʝ ʧʨʚʘ ʪʨʠ ʥʘʿʙʦˀʘ ʨʝʰʝˁʘ ʯʫʚʘʿʫ ʘ ʦʩʪʘʣʘ ʩʝ ʧʦʤʝ-

ʨʘʿʫ ʧʨʝʤʘ ˁʠʤʘ. ʉʣʝʜʝ˂ʝ ʬʦʨʤʫʣʝ ʜʝʬʠʥʠʰʫ ʧʨʦʤʝʥʫ ʣʦʢʘʮʠʿʝ ɤ ʚʫʢʦʚʘ. 

XXCDXXCDXXCD -Ö=-Ö=-Ö= ddbbaa 321     ,    , , (3.45) 

ddbbaa DAXXDAXXDAXX Ö-=Ö-=Ö-= 332211     ,    , , (3.46) 

3
)1( 321 XXX

X
++

=+t . (3.47) 

ʉʣʠʢʘ 3.8 ʧʦʢʘʟʫʿʝ ʢʘʢʦ ʩʝ ʧʦʿʝʜʠʥʘʯʥʘ ʨʝʰʝˁʘ ʫʥʘʧʨʝʹʫʿʫ ʥʘ ʦʩʥʦʚʫ ʧʦʟʠʮʠʿʝ Ŭ, 

ɓ ʠ d ʨʝʰʝˁʘ ʫ 2D ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ. ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ˂ʝ ʩʝ ʢʦʥʘʯʥʘ ʣʦʢʘ-

ʮʠʿʘ ʥʘʣʘʟʠʪʠ ʫ ʧʨʦʠʟʚʦˀʥʦʤ ʧʨʦʩʪʦʨʫ ʫʥʫʪʘʨ ʢʨʫʛʘ ʢʦʿʠ ʜʝʬʠʥʠʰʫ ʧʦʟʠʮʠʿʝ Ŭ, ɓ 

ʠ d ʚʫʢʦʚʘ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, Ŭ, ɓ ʠ d ʚʫʢʦʚʠ ʧʨʦʮʝˁʫʿʫ ʧʦʟʠʮʠʿʫ ʧʣʝʥʘ, ʜʦʢ ʩʝ ʜʨʫ-

ʛʠ ʚʫʢʦʚʠ ʧʨʦʠʟʚʦˀʥʦ ʧʨʠʙʣʠʞʘʚʘʿʫ ʪʦʿ ʧʦʟʠʮʠʿʠ. 
 

3.9.1.4. ʅʘʧʘʜ ʥʘ ʧʣʝʥ (ʝʢʩʧʣʦʘʪʘʮʠʿʘ) 
 

ʂʘʦ ʰʪʦ ʿʝ ʧʦʤʝʥʫʪʦ ʩʠʚʠ ʚʫʢʦʚʠ ʥʘʧʘʜʘʿʫ ʧʣʝʥ ʪʝʢ ʢʘʜʘ ʦʥ ʧʨʝʩʪʘʥʝ ʜʘ ʩʝ ʢʨʝ˂ʝ. 

ʋ ʮʠˀʫ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʦʚʘˁʘ ʧʨʠʙʣʠʞʘʚʘˁʘ ʧʣʝʥʫ ʚʨʝʜʥʦʩʪ ʚʝʢʪʦʨʘ ʘ ʩʝ 

ʩʤʘˁʫʿʝ. ʊʨʝʙʘ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʝ ʠ ʦʧʩʝʛ ʜʝʬʠʥʠʩʘʥ ʚʝʢʪʦʨʦʤ ɸ ʪʘʢʦ˂ʝ ʩʤʘˁʫʿʝ ʩʘ 

ʩʤʘʠˁʚʘˁʝʤ ʚʝʢʪʦʨʘ ʘ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ ɸ ʿʝ ʧʨʦʠʟʚʦˀʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʠʥʪʝʨʚʘʣʫ   

[-2ʘ, 2ʘ], ʧʨʠ ʯʝʤʫ ʘ ʦʧʘʜʘ ʦʜ 2 ʢʘ 0 ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ. ʂʘʜʘ ʿʝ ʧʨʦʠʟʚʦˀʥʘ ʚʨʝʜ-

ʥʦʩʪ ʚʝʢʪʦʨʘ ɸ ʫ ʦʧʩʝʛʫ [-1, 1], ʩʣʝʜʝ˂ʘ ʣʦʢʘʮʠʿʘ ʚʫʢʘ ʤʦʞʝ ʙʠʪʠ ʙʠʣʦ ʢʦʿʘ ʣʦʢʘ- 

ʮʠʿʘ ʠʟʤʝʹʫ ˁʝʛʦʚʝ ʪʨʝʥʫʪʥʝ ʧʦʟʠʮʠʿʝ ʠ ʮʠˀʘ. ʅʘ ʩʣʠʮʠ 3.9 ʘ) ʿʝ ʧʨʠʢʘʟʘʥʦ ʜʘ ʟʘ 

|ɸ|<1 ʚʫʢʦʚʠ ʩʫ ʧʨʠʤʦʨʘʥʠ ʜʘ ʩʝ ʧʨʠʙʣʠʞʝ ʧʣʝʥʫ. 
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ʉʣʠʢʘ 3.8. ʋʥʘʧʨʝʹʠʚʘˁʝ ʨʝʰʝˁʘ. 

 

 
ʉʣʠʢʘ 3.9. ʅʘʧʘʜ ʠ ʧʦʪʨʘʛʘ ʟʘ ʧʣʝʥʦʤ. 

 

3.9.1.5. ʇʦʪʨʘʛʘ ʟʘ ʧʣʝʥʦʤ (ʠʩʪʨʘʞʠʚʘˁʝ) 

 

ʇʨʝʪʨʘʛʘ ʩʠʚʠʭ ʚʫʢʦʚʘ ʩʝ ʫʛʣʘʚʥʦʤ ʟʘʩʥʠʚʘ ʥʘ ʦʩʥʦʚʫ ʧʦʟʠʮʠʿʝ Ŭ, ɓ ʠ d ʚʫʢʦʚʘ. 

ʆʥʠ ʜʠʚʝʨʛʠʨʘʿʫ ʿʝʜʥʠ ʦʜ ʜʨʫʛʠʭ ʫ ʧʦʪʨʘʟʠ ʟʘ ʧʣʝʥʦʤ ʠ ʢʦʥʚʝʨʛʠʨʘʿʫ ʢʘʜʘ ʥʘʧʘʜʘ-

ʿʫ ʧʣʝʥ. ʋ ʮʠˀʫ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʦʚʘˁʘ ʜʠʚʝʨʛʝʥʮʠʿʝ, ʚʝʢʪʦʨ ɸ ʫʟʠʤʘ ʚʨʝʜʥʦʩ-

ʪʠ ʚʝ˂ʝ ʦʜ 1 ʠʣʠ ʤʘˁʝ ʦʜ -1 ʜʘ ʙʠ ʩʠʤʫʣʠʨʘʦ ʜʠʚʝʨʛʝʥʮʠʿʫ ʚʫʢʘ ʦʜ ʧʣʝʥʘ. ʆʚʠʤ ʩʝ 

ʚʨʰʠ ʜʝʪʘˀʥʘ ʧʨʝʪʨʘʛʘ ʠ ʠʟʙʝʛʘʚʘ ʟʘʛʣʘʚˀʠʚʘˁʝ ʫ ʣʦʢʘʣʥʠ ʦʧʪʠʤʫʤ. ʉʣʠʢʘ 3.9 ʙ) 

ʧʨʠʢʘʟʫʿʝ ʜʘ ʩʝ ʟʘ |ɸ|>1 ʚʫʢʦʚʠ ʪʝʨʘʿʫ ʦʜ ʧʣʝʥʘ ʫ ʥʘʜʠ ʜʘ ˂ʝ ʧʨʦʥʘ˂ʠ ʿʦʰ ʙʦˀʠ 

ʧʣʝʥ. 

ɺʝʢʪʦʨ C ʪʘʢʦʹʝ ʧʦʤʘʞʝ ʫ ʧʨʝʪʨʘʞʠʚʘˁʫ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ. ʂʘʦ ʰʪʦ ʩʝ ʠʟ ʠʟʨʘʟʘ 

(3.44) ʤʦʞʝ ʚʠʜʝʪʠ ʚʝʢʪʦʨ C ʫʟʠʤʘ ʚʨʝʜʥʦʩʪʠ ʫ ʦʧʩʝʛʫ [0, 2]. ʆʚʘʿ ʚʝʢʪʦʨ ʜʘʿʝ ʧʨʦ- 
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ʠʟʚʦˀʘʥ ʪʝʞʠʥʩʢʠ ʬʘʢʪʦʨ ʧʣʝʥʫ ʫ ʮʠˀʫ ʥʘʛʣʘʰʘʚʘˁʘ (C >1) ʠʣʠ ʫʤʘˁʠʚʘˁʘ 

(C <1) ʝʬʝʢʪʘ ʧʣʝʥʘ ʥʘ ʨʘʯʫʥʘʿˁʝ ʫʜʘˀʝʥʦʩʪʠ ʠʟʨʘʟʦʤ (3.41). ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ 

ʜʘ ʩʝ ʚʝʢʪʦʨ C ʥʝ ʩʤʘˁʫʿʝ ʣʠʥʝʘʨʥʦ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ. ʆʚʦ ʿʝ ʫʨʘʹʝʥʦ ʜʘ ʙʠ ʩʝ 

ʚʨʰʠʣʘ ʧʨʝʪʨʘʛʘ ʥʝ ʩʘʤʦ ʫ ʧʦʯʝʪʥʦʿ ʬʘʟʠ ʥʝʛʦ ʠ ʫ ʢʘʩʥʠʿʠʤ ʬʘʟʘʤʘ. ɺʝʪʦʨ C 

ʧʦʤʘʞʝ ʫ ʠʟʙʝʛʘʚʘˁʫ ʣʦʢʘʣʥʠʭ ʦʧʪʠʤʫʤʘ ʧʦʛʦʪʦʚʦ ʫ ʢʘʩʥʠʿʠʤ ʠʪʝʨʘʮʠʿʘʤʘ. ʆʚʘʿ 

ʚʝʢʪʦʨ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʧʨʝʧʨʝʢʘ ʢʦʿʘ ʦʥʝʤʦʛʫ˂ʘʚʘ ʚʫʢʫ ʜʘ ʙʨʞʝ 

ʜʦʹʝ ʜʦ ʧʣʝʥʘ. ʇʨʝʧʨʝʢʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʥʘ ʚʫʯʠʿʠʤ ʩʪʘʟʘʤʘ ʠ ʦʥʝ ʠʤ ʦʥʝʤʦʛʫ˂ʘʚʘʿʫ

ʙʨʟʦ ʠ ʣʘʛʦʜʥʦ ʧʨʠʙʣʠʞʘʚʘˁʝ ʧʣʝʥʫ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʟʠʮʠʿʝ ʚʫʢʘ, ʦʚʘʿ ʢʦʝʬʠ-

ʮʠʿʝʥʪ ʤʦʞʝ ʜʘ ʫʜʘˀʠ ʧʣʝʥ ʠʣʠ ʜʘ ʫʙʨʟʘ ʧʨʠʙʣʠʞʘʚʘˁʝ ʚʫʢʘ ʧʣʝʥʫ. 

 

3.9.2. ɸʣʛʦʨʠʪʘʤ 
 

ʇʨʦʮʝʩ ʧʨʝʪʨʘʛʝ ʧʦʯʠˁʝ ʛʝʥʝʨʠʩʘˁʝʤ ʧʨʦʠʟʚʦˀʥʠʭ ʨʝʰʝˁʘ, ʩʪʚʘʨʘˁʝʤ ʯʦʧʦʨʘ. 

ʊʦʢʦʤ ʠʪʝʨʘʮʠʿʘ Ŭ, ɓ ʠ ŭ ʚʫʢʦʚʠ ʧʨʦʮʝˁʫʿʫ ʧʦʟʠʮʠʿʫ ʧʣʝʥʘ. ʉʚʘʢʦ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʨʝʰʝˁʝ ʩʤʘˁʫʿʝ ʩʚʦʿʫ ʫʜʘˀʝʥʦʩʪ ʧʨʝʤʘ ʧʣʝʥʫ. ʇʘʨʘʤʝʪʘʨ ʘ ʩʝ ʩʤʘˁʫʿʝ ʦʜ 2 ʜʦ 0 

ʢʘʢʦ ʙʠ ʬʦʨʩʠʨʘʦ ʧʨʝʪʨʘʛʫ ʠ ʝʢʩʧʣʘʪʘʮʠʿʫ. ʇʦʪʝʥʮʠʿʘʣʥʘ ʨʝʰʝˁʘ ʪʝʞʝ ʜʘ ʜʠʚʝʨ-

ʛʠʨʘʿʫ ʦʜ ʧʣʝʥʘ ʢʘʜʘ ʿʝ |ɸ|>1, ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʧʨʠʙʣʠʞʘʚʘʿʫ ʧʣʝʥʫ ʢʘʜʘ ʿʝ |ɸ|<1. ʆʚʘ 

ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʩʣʝʜʝ˂ʠʤ ʢʦʨʘʮʠʤʘ. 

1. ʀʥʠʮʠʿʘʣʠʟʘʮʠʿʘ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ Xi (i=1, 2, ..., n). 

2. ʀʥʠʮʠʿʘʣʠʟʘʮʠʿʘ ʚʝʢʪʦʨʘ ʘ, ɸ ʠ C. 

3. ʀʟʨʘʯʫʥʘʚʘˁʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʘʛʝʥʪʘ. 

4. XŬ = ʥʘʿʙʦˀʠ ʘʛʝʥʪ. 

5. Xɓ = ʜʨʫʛʠ ʥʘʿʙʦˀʠ ʘʛʝʥʪ. 

6. Xd = ʪʨʝ˂ʠ ʥʘʿʙʦˀʠ ʘʛʝʥʪ. 

7. ʋʥʘʧʨʝʜʠʪʠ ʧʦʟʠʮʠʿʫ ʩʚʘʢʦʛ ʘʛʝʥʪʘ ʧʦʤʦ˂ʫ ʠʟʨʘʟʘ (3.47). 

8. ʀʟʨʘʯʫʥʘʪʠ ʘ, ɸ ʠ C. 

9. ʀʟʨʘʯʫʥʘʚʘˁʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʘʛʝʥʪʘ. 

10. ʅʘ˂ʠ ʥʦʚʝ XŬ, Xɓ ʠ Xd . 

11. t = t + 1. 

12. ɸʢʦ ʿʝ t ʤʘˁʝ ʦʜ ʤʘʢʩʠʤʘʣʥʦʛ ʙʨʦʿʘ ʠʪʝʨʘʮʠʿʘ, ʚʨʘʪʠʪʠ ʩʝ ʥʘ ʢʦʨʘʢ 7, ʫ 

ʩʫʧʨʦʪʥʦʤ ʠʩʧʠʩʘʪʠ XŬ. 

ɸʢʦ ʩʝ ʜʝʩʠ ʧʦʚʨʝʜʘ ʦʛʨʘʥʠʯʝˁʘ ʧʨʠʣʠʢʦʤ ʧʨʝʪʨʘʛʝ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ ʪʘʢʚʦʤ 

ʚʫʢʫ ʩʝ ʜʦʜʝˀʫʿʫ ʧʝʥʘʣʠʟʘʮʠʦʥʠ ʬʘʢʪʦʨʠ. ɸʢʦ ʩʣʫʯʘʿʥʦ ʥʝʢʦ ʦʜ ʥʘʿʙʦˀʘ ʪʨʠ 

ʨʝʰʝˁʘ ʧʨʝʢʨʰʠ ʥʝʢʦ ʦʛʨʘʥʠʯʝˁʝ ʘʫʪʦʤʘʪʩʢʠ ʩʝ ʟʘʤʝˁʫʿʫ ʥʦʚʠʤ ʚʫʢʦʚʠʤʘ ʫ 
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ʥʘʨʝʜʥʦʿ ʠʪʝʨʘʮʠʿʠ. ʀʩʧʠʪʠʚʘˁʝʤ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʟʘ ʧʨʚʝ ʪʨʠ 

ʪʝʩʪ ʬʫʥʢʮʠʿʝ ʘʣʛʦʨʠʪʘʤ ʫʚʝʢ ʥʘʣʘʟʠ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ, ʜʦʢ ʩʝ ʟʘ ʯʝʪʚʨʪʫ ʪʝʩʪ 

ʬʫʥʢʮʠʿʫ ʜʦʙʠʿʘʿʫ ʥʝʧʨʠʭʚʘʪˀʠʚʠ ʨʝʟʫʣʪʘʪʠ. 

 

3.10. Firefly ʘʣʛʦʨʠʪʘʤ 
 

ʊʨʝʧʝʨʘʚʘ ʩʚʝʪʣʘ ʩʚʠʪʘʮʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʯʘʨʘʚʘʿʫ˂ʫ ʩʣʠʢʫ ʥʘ ʣʝʪˁʝʤ ʥʝʙʫ ʫ ʪʨʦʧ-

ʩʢʠʤ ʢʨʘʿʝʚʠʤʘ. ʇʦʩʪʦʿʠ ʦʢʦ ʜʚʝ ʭʠˀʘʜʝ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʩʚʠʪʘʮʘ, ʠ ʚʝ˂ʠʥʘ ʚʨʩʪʘ 

ʧʨʦʠʟʚʦʜʠ ʢʨʘʪʢʘ ʠ ʨʠʪʤʠʯʢʘ ʪʨʝʧʝʨʝˁʘ ʩʚʝʪʣʦʩʪʠ. ʐʘʙʣʦʥ ʪʨʝʧʝʨʝˁʘ ʿʝ ʥʘʿʯʝʰ-

˂ʝ ʿʝʜʠʥʩʪʚʝʥ ʟʘ ʦʜʨʝʹʝʥʫ ʚʨʩʪʫ. ʊʨʝʧʝʨʝˁʝ ʩʚʝʪʣʘ ʥʘʩʪʘʿʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʨʦʮʝʩʘ 

ʙʠʦʣʫʤʠʥʠʩʮʝʥʮʠʿʝ, ʘ ʩʪʚʘʨʥʘ ʬʫʥʢʮʠʿʘ ʦʚʘʢʚʠʭ ʩʠʛʥʘʣʘ ʩʝ ʿʦʰ ʠʩʪʨʘʞʫʿʝ. ʄeʹʫ-

ʪʠʤ, ʜʚʝ ʦʩʥʦʚʥʝ ʬʫʥʢʮʠʿʝ ʦʚʘʢʚʠʭ ʪʨʝʧʝʨʝˁʘ ʩʫ ʧʨʠʚʣʘʯʝˁʝ ʧʘʨʪʥʝʨʘ, ʠ ʧʨʠʚ-

ʣʘʯʝˁʝ ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʧʣʝʥʘ. ʇʦʨʝʜ ʦʚʦʛʘ, ʪʨʝʧʝʨʝˁʝ ʩʣʫʞʠ ʢʘʦ ʦʜʙʨʘʤʙʝʥʠ 

ʤʝʭʘʥʠʟʘʤ ʿʝʨ ʧʦʜʩʝ˂ʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʛʨʘʙˀʠʚʠʮʝ ʥʘ ʛʦʨʘʢ ʫʢʫʩ ʩʚʠʪʘʮʘ. 

ʈʠʪʤʠʯʢʦ ʩʚʝʪʣʦ, ʫʯʝʩʪʘʥʦʩʪ ʪʨʝʧʝʨʝˁʘ ʠ ʫʢʫʧʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʪʨʝʧʝʨʝˁʘ ʬʦʨ-

ʤʠʨʘ ʩʠʛʥʘʣ ʢʦʿʠ ʧʨʠʚʣʘʯʠ ʧʘʨʪʥʝʨʝ. ʂʦʜ ʥʝʢʠʭ ʚʨʩʪʘ ʞʝʥʢʝ ʨʝʘʛʫʿʫ ʥʘ ʪʨʝʧʝʨʝˁʝ 

ʩʘʤʦ ʩʚʦʿʝ ʚʨʩʪʝ, ʜʦʢ ʢʦʜ ʚʨʩʪʝ ʢʦʿʘ ʩʝ ʟʦʚʝ Photurʠs, ʞʝʥʢʝ ʤʦʛʫ ʜʘ ʦʧʦʥʘʰʘʿʫ 

ʪʨʝʧʝʨʝˁʝ ʜʨʫʛʠʭ ʚʨʩʪʘ ʠ ʪʘʢʦ ʤʘʤʝ ʠ ʣʦʚʝ ʤʫʞʿʘʢʝ ʢʦʿʠ ʩʫ ʧʨʠʚʫʯʝʥʠ ʨʠʪʤʦʤ 

ʪʨʝʧʝʨʝˁʘ ʢʦʿʠ ʿʝ ʠʜʝʥʪʠʯʘʥ ˁʠʭʦʚʦʤ ʨʠʪʤʫ. 

ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʠʥʪʝʥʟʠʪʝʪ ʩʚʝʪʣʦʩʪʠ ʦʧʘʜʘ ʩʘ ʢʚʘʜʨʘʪʦʤ ʨʘʩʪʦʿʘˁʘ ʦʜ ʠʟʚʦʨʘ ʜʦ 

ʤʝʩʪʘ ʧʦʩʤʘʪʨʘˁʘ, I ~ 1/r
2
. ʇʦʨʝʜ ʦʚʦʛʘ, ʚʘʟʜʫʭ ʘʧʩʦʨʙʠʿʝ ʩʚʝʪʣʦʩʪ ʪʘʢʦ ʜʘ ʦʥʘ 

ʩʣʘʙʠ ʢʘʢʦ ʩʝ ʧʦʚʝ˂ʘʚʘ ʫʜʘˀʝʥʦʩʪ ʦʜ ʠʟʚʦʨʘ. ʆʙʘ ʦʚʘ ʬʘʢʪʦʨʘ ʯʠʥʝ ʩʚʠʮʝ ʚʠʜˀʠ-

ʚʠʤ ʩʘʤʦ ʩʘ ʦʛʨʘʥʠʯʝʥʝ ʫʜʘˀʝʥʦʩʪʠ, ʥʘʿʯʝʰ˂ʝ ʧʘʨ ʩʪʦʪʠʥʘ ʤʝʪʘʨʘ ʪʦʢʦʤ ʥʦ˂ʠ, 

ʰʪʦ ʿʝ ʜʦʚʦˀʥʦ ʨʘʩʪʦʿʘˁʝ ʜʘ ʙʠ ʩʚʠʮʠ ʤʦʛʣʠ ʜʘ ʢʦʤʫʥʠʮʠʨʘʿʫ. 

 

3.10.1. ʀʥʪʝʥʟʠʪʝʪ ʩʚʝʪʣʘ ʠ ʧʨʠʚʣʘʯʥʦʩʪ 
 

ʈʘʜʠ ʧʨʠʤʝʥʝ Firefly ʘʣʛʦʨʠʪʤʘ (Fɸ) ʚʝʦʤʘ ʿʝ ʚʘʞʥʦ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʦʚʘʪʠ 

ʧʨʦʤʝʥʫ ʠʥʪʝʥʟʠʪʝʪʘ ʩʚʝʪʣʦʩʪʠ ʠ ʧʨʘʚʠʣʥʦ ʬʦʨʤʫʣʠʩʘʪʠ ʧʨʠʚʣʘʯʥʦʩʪ ʠʟʤʝʹʫ 

ʿʝʜʠʥʢʠ. ʈʘʜʠ ʧʦʿʝʜʥʦʩʪʘʚˀʠʚʘˁʘ, ʫʚʝʢ ʩʝ ʤʦʞʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ ʿʝ ʧʨʠʚʣʘʯʥʦʩʪ 

ʜʝʬʠʥʠʩʘʥʘ ʧʦʤʦ˂ʫ ʠʥʪʝʥʟʠʪʝʪʘ ʩʚʝʪʣʘ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʚʨʝʜʥʦʩʪʠ ʦʙʿʝʢʪʠʚʥʝ 

ʬʫʥʢʮʠʿʝ. 

ɿʘ ʥʘʿʧʨʦʩʪʠʿʠ ʩʣʫʯʘʿ ʧʨʠʣʠʢʦʤ ʪʨʘʞʝˁʘ ʤʘʢʩʠʤʫʤʘ ʥʝʢʦʛ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦ-

ʙʣʝʤʘ, ʠʥʪʝʥʟʠʪʝʪ ʩʚʝʪʣʘ I ʩʚʠʮʘ ʥʘ ʦʜʨʝʹʝʥʦʿ ʣʦʢʘʮʠʿʠ x ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʢʘʦ 

I(x) ~ f(x). ʄʝʹʫʪʠʤ, ʧʨʠʚʣʘʯʥʦʩʪ ɓ ʿʝ ʨʝʣʘʪʠʚʥʘ, ʦʥʘ ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʩʘ 
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ʧʦʟʠʮʠʿʝ ʧʦʩʤʘʪʨʘʯʘ, ʦʜʥʦʩʥʦ ʜʨʫʛʦʛ ʩʚʠʮʘ. ʊʦ ʟʥʘʯʠ ʜʘ ˂ʝ ʧʨʠʚʣʘʯʥʦʩʪ ʟʘʚʠʩʠʪʠ 

ʦʜ ʨʘʩʪʦʿʘˁʘ r ij ʠʟʤʝʹʫ ʩʚʠʪʘʮʘ i ʠ ʿ. ʂʘʦ ʰʪʦ ʿʝ ʨʝʯʝʥʦ, ʠʥʪʝʥʟʠʪʝʪ ʩʚʝʪʣʘ ʦʧʘʜʘ ʩʘ 

ʧʦʚʝ˂ʘˁʝʤ ʨʘʩʪʦʿʘˁʘ ʦʜ ʠʟʚʦʨʘ, ʜʝʦ ʩʝ ʘʧʩʦʨʙʫʿʝ ʫ ʚʘʟʜʫʭʫ, ʪʘʢʦ ʜʘ ʿʝ ʧʨʠʚʣʘʯ-

ʥʦʩʪ ʧʦʪʨʝʙʥʦ ʜʝʬʠʥʠʩʘʪʠ ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʘʧʩʦʨʧʮʠʿʫ. 

ʋ ʥʘʿʧʨʦʩʪʠʿʝʤ ʦʙʣʠʢʫ, ʠʥʪʝʥʟʠʪʝʪ ʩʚʝʪʣʦʩʪʠ I(r) ʟʘʚʠʩʠ ʦʜ ʢʚʘʜʨʘʪʘ ʨʘʩʪʦʿʘˁʘ, 

ʦʜʥʦʩʥʦ: 

()
2r

I
rI s= , (3.48) 

ʛʜʝ ʿʝ Is ʠʥʪʝʥʟʠʪʝʪ ʩʚʝʪʣʦʩʥʦʛ ʠʟʚʦʨʘ. ɿʘ ʜʘʪʠ ʤʝʜʠʿʫʤ ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ ʢʦʝʬʠʮʠ-

ʿʝʥʪʦʤ ʘʧʩʦʨʧʮʠʿʝ ɔ, ʠʥʪʝʥʟʠʪʝʪ I ʩʝ ʤʝˁʘ ʩʘ ʨʘʩʪʦʿʘˁʝʤ r ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

reII g-= 0 , (3.49) 

ʛʜʝ ʿʝ I0 ʧʦʯʝʪʥʠ ʠʥʪʝʥʟʠʪʝʪ. ʋ ʮʠˀʫ ʠʟʙʝʛʘʚʘˁʘ ʩʠʥʛʫʣʘʨʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ r = 0 ʫ 

ʠʟʨʘʟʫ (3.48) ʢʦʤʙʠʥʦʚʘʥʠ ʝʬʝʢʘʪ ʩʣʘʙˀʝˁʘ ʠʥʪʝʥʟʠʪʝʪʘ ʩʚʝʪʣʦʩʪʠ ʩʝ ʤʦʞʝ ʧʨʝʜ-

ʩʪʘʚʠʪʠ ʫ ɻʘʫʩʦʚʦʿ ʬʦʨʤʠ ʢʘʦ: 

()
2

0

reIrI g-= . (3.50) 

ʇʨʠʚʣʘʯʥʦʩʪ ʩʚʠʮʘ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʩʚʝʪʣʦʩʥʦʤ ʠʥʪʝʥʟʠʪʝʪʫ ʢʦʿʠ ʚʠʜʠ ʩʫʩʝʜʥʠ 

ʩʚʠʪʘʮ. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʧʨʠʚʣʘʯʥʦʩʪ, ɓ, ʢʘʦ: 

2

0

re gbb -= , (3.51) 

ʛʜʝ ʿʝ ɓ0 ʧʨʠʚʣʘʯʥʦʩʪ ʟʘ r = 0. ʇʦʰʪʦ ʿʝ ʯʝʩʪʦ ʣʘʢʰʝ ʠ ʙʨʞʝ ʠʟʨʘʯʫʥʘʪʠ 1/(1+r
2
) 

ʥʝʛʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʫ ʬʫʥʢʮʠʿʫ, ʛʦʨˁʘ ʬʫʥʢʮʠʿʘ ʩʝ ʤʦʞʝ ʧʨʠʙʣʠʞʥʦ ʧʨʝʜʩʪʘʚʠʪʠ 

ʠʟʨʘʟʦʤ: 

2

0

1 rg

b
b

+
= . (3.52) 

ɿʘ ʦʙʘ ʠʟʨʘʟʘ (3.51) ʠ (3.52), ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʫʜʘˀʝʥʦʩʪ ũ = 1/ɔ
1/2

 

ʟʘ ʢʦʿʫ ʩʝ ʧʨʠʚʣʘʯʥʦʩʪ ʟʥʘʯʘʿʥʦ ʧʨʦʤʝʥʠ ʦʜ ɓ0 ʜʦ ɓ0ʝ
-1

 ʫ ʠʟʨʘʟʫ (3.51), ʦʜʥʦʩʥʦ ʥʘ 

ɓ0/2 ʫ ʠʟʨʘʟʫ (3.52). ʋ ʧʨʘʢʪʠʯʥʦʿ ʧʨʠʤʝʥʠ, ʬʫʥʢʮʠʿʘ ʧʨʠʚʣʘʯʥʦʩʪʠ ʤʦʞʝ ʜʘ ʙʫʜʝ 

ʙʠʣʦ ʢʦʿʘ ʤʦʥʦʪʦʥʦ ʦʧʘʜʘʿʫ˂ʘ ʬʫʥʢʮʠʿʘ, ʢʘʦ ʥʘ ʧʨʠʤʝʨ: 

() 1    ,0 ²= - mer
mrgbb . (3.53) 

ɿʘ ʬʠʢʩʥʦ ɔ, ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʫʜʘˀʝʥʦʩʪ ʧʦʩʪʘʿʝ 

¤­­=G - mm     ,1/1g . (3.54) 
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ʆʜʥʦʩʥʦ, ʘʢʦ ʿʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʜʘʪʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʫʜʘˀʝʥʦʩʪ ũ, 

ʧʘʨʘʤʝʪʘʨ ɔ ʩʝ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʢʘʦ ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ. ɿʘ ʚʨʝʜʥʦʩʪ ʦʚʦʛ ʧʘʨʘ-

ʤʝʪʨʘ, ũ, ʧʦʪʨʝʙʥʦ ʿʝ ʥʘ˂ʠ ʥʝʢʫ ʧʨʠʭʚʘʪˀʠʚʫ ʚʨʝʜʥʦʩʪ ʟʘ ʩʚʘʢʠ ʦʧʪʠʤʠʟʘʮʠʦʥʠ 

ʧʨʦʙʣʝʤ. ɸʢʦ ʩʝ ũ ʧʦʩʪʘʚʠ ʥʘ ʫʦʙʠʯʘʿʝʥʫ ʚʨʝʜʥʦʩʪ ʟʘ ʨʘʟʤʘʪʨʘʥʠ ʦʧʪʠʤʠʟʘʮʠʦʥʠ 

ʧʨʦʙʣʝʤ, ʦʥʜʘ ˂ʝ ʩʝ ʚʝʣʠʢʠ ʙʨʦʿ ʩʚʠʪʘʮʘ n ¨ k, ʛʜʝ ʿʝ k ʙʨʦʿ ʣʦʢʘʣʥʠʭ ʦʧʪʠʤʫʤʘ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʨʝʜʠʪʠ ʧʦ ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ. ʊʦʢʦʤ ʠʪʝʨʘʮʠʿʘ ʩʚʠʮʠ ˂ʝ ʩʝ 

ʨʘʩʧʦʨʝʜʠʪʠ ʫ ʩʚʝ ʣʦʢʘʣʥʝ ʦʧʪʠʤʫʤʝ (ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ). ʇʦʩʪʦʿʝ 

ʜʚʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʫʧʦʪʨʝʙʫ ʢʦʝʬʠʮʠʿʝʥʪʘ ɔ, ɔ Ï 0 ʠ ɔ Ï Ð. ɿʘ ɔ Ï 0, 

ʧʨʠʚʣʘʯʥʦʩʪ ʿʝ ʢʦʥʩʪʘʥʪʥʘ ɓ = ɓ0 ʠ ũ Ï Ð, ʦʚʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʘ ʩʝ ʠʥʪʝʥʟʠʪʝʪ 

ʩʚʝʪʣʦʩʪʠ ʥʝ ʤʝˁʘ ʢʨʠʟ ʠʜʝʘʣʠʟʦʚʘʥ ʚʘʟʜʫʭ. ʆʜʥʦʩʥʦ, ʜʘ ʩʝ ʩʚʝʪʣʦʩʪ ʩʚʠʪʘʮʘ 

ʤʦʞʝ ʚʠʜʝʪʠ ʫ ʮʝʣʦʤ ʜʦʤʝʥʫ. ʆʚʠʤ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʩʘʤʦ ʿʝʜʘʥ, ʥʘʿʯʝʰ˂ʝ ʛʣʦʙʘʣʥʠ, 

ʦʧʪʠʤʫʤ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʘʜʘ ɔ Ï Ð ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʫʜʘˀʝʥʦʩʪ ũ Ï 0 ʠ 

ɓ(r) Ï d(r), ʛʜʝ ʿʝ d ɼʠʨʘʢʦʚ ʠʤʧʫʣʩ. ʆʚʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʧʨʠʚʣʘʯ-

ʥʦʩʪ ʠʟʤʝʹʫ ʙʠʣʦ ʢʦʿʘ ʜʚʘ ʩʚʠʮʘ, ʠ ʜʘ ʿʝ ʧʨʝʪʨʘʛʘ ʧʦʪʧʫʥʦ ʩʣʫʯʘʿʥʦʛ ʢʘʨʘʢʪʝʨʘ. ʋ 

ʧʨʠʨʦʜʠ ʿʝ ʦʚʘ ʧʦʿʘʚʘ ʠʜʝʥʪʠʯʥʘ ʪʫʤʘʨʘˁʫ ʩʚʠʪʘʮʘ ʫ ʚʝʦʤʘ ʤʘʛʣʦʚʠʪʦʿ ʥʦ˂ʠ. 

ʋʜʘˀʝʥʦʩʪ ʠʟʤʝʹʫ ʙʠʣʦ ʢʦʿʘ ʜʚʘ ʩʚʠʮʘ i ʠ ʿ, ʯʠʿʝ ʩʫ ʧʦʟʠʮʠʿʝ xi ʠ x,ʿ ʫ ɼʝʢʘʨʪʦʚʦʤ 

ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʠʩʪʝʤʫ ʠʟʥʦʩʠ: 

( )ä
=

-=-=
d

k
kjkijiij xxxxr

1

2

,, , (3.55) 

ʛʜʝ ʿʝ xi,k k-ʪʘ ʢʦʦʨʜʠʥʘʪʘ ʩʚʠʮʘ xi. ʂʨʝʪʘˁʝ ʩʚʠʮʘ i ʧʨʝʤʘ ʘʪʨʘʢʪʠʚʥʠʿʝʤ (ʩʚʝʪʣʠ-

ʿʝʤ) ʩʚʠʮʫ  ʿʩʝ ʜʝʬʠʥʠʰʝ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

( ) iij

ijr

ii xxexx aeb
g

+-+=
-

+

2

01 , (3.56) 

ʛʜʝ ʩʝ ʜʨʫʛʠ ʯʣʘʥ ʦʜʥʦʩʠ ʥʘ ʧʨʠʚʣʘʯʥʦʩʪ. ʊʨʝ˂ʠ ʯʣʘʥ ʿʝ ʟʘʩʣʫʞʘʥ ʟʘ ʧʨʦʠʟʚʦˀʥʦ 

ʢʨʝʪʘˁʝ, ʛʜʝ ʿʝ Ŭ ʢʦʝʬʠʮʠʿʝʥʪ ʩʢʘʣʠʨʘˁʘ, ʘ Ůi ʤʦʞʝ ʜʘ ʫʟʠʤʘ ʙʠʣʦ ʢʦʿʫ ʚʨʝʜʥʦʩʪ 

ʢʦʿʘ ʧʦʜʣʝʞʝ ʥʦʨʤʘʣʥʦʿ ɻʘʫʩʦʚʦʿ ʚʝʨʦʚʘʪʥʦ˂ʠ ʨʘʩʧʦʜʝʣʝ. ʅʘʿʯʝʰ˂ʝ ʫʟʠʤʘʥʝ ʚʨʝʜ-

ʥʦʩʪʠ ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʫ ɓ0 = 1 ʠ Ŭ ï [0, 1] [93]. ʋʤʝʩʪʦ ʥʘʚʝʜʝʥʦʛ ʪʨʝ˂ʝʛ 

ʯʣʘʥʘ ʤʦʛʫ˂ʝ ʿʝ ʢʦʨʠʩʪʠʪʠ ʃʝʚʠʿʝʚ ʣʝʪ ʢʦʿʠ ˂ʝ ʢʘʩʥʠʿʝ ʙʠʪʠ ʦʧʠʩʘʥ. ʇʘʨʘʤʝʪʘʨ ɔ 

ʜʝʬʠʥʠʰʝ ʧʨʦʤʝʥˀʠʚʦʩʪ ʧʨʠʚʣʘʯʥʦʩʪʠ, ʠ ˁʝʛʦʚʘ ʚʨʝʜʥʦʩʪ ʿʝ ʦʜ ʚʝʣʠʢʝ ʚʘʞʥʦʩʪʠ 

ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʙʨʟʠʥʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʘʣʛʦʨʠʪʤʘ. ʊʠʧʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʦʚʦʛ ʢʦʝʬʠ-

ʮʠʿʝʥʪʘ ʩʝ ʥʘʣʘʟʝ ʫ ʦʧʩʝʛʫ ʦʜ 0.1 ʜʦ 10. 

ʉʧʦʨʠʿʦʿ ʢʦʥʚʝʨʛʝʥʮʠʿʠ ʘʣʛʦʨʠʪʤʘ ʜʦʧʨʠʥʦʩʠ ʫʧʨʘʚʦ ʪʨʝ˂ʠ ʯʣʘʥ ʠʟʨʘʟʘ (3.56) 

ʧʦʰʪʦ ʧʨʦʠʟʚʦˀʥʦ ʢʨʝʪʘˁʝ ʧʦʩʪʦʿʠ ʠ ʢʘʜʘ ʩʝ ʧʨʝʪʨʘʛʘ ʧʨʠʙʣʠʞʠ ʦʧʪʠʤʘʣʥʦʿ 
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ʚʨʝʜʥʦʩʪʠ. ʇʦʙʦˀʰʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʩʝ ʧʦʩʪʠʞʝ ʧʦʩʪʝʧʝʥʠʤ 

ʩʤʘˁʠʚʘˁʝʤ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʢʘʣʠʨʘˁʘ. ɱʝʜʥʘ ʦʜ ʤʦʛʫ˂ʠʭ ʧʨʦʤʝʥʘ ʢʦʝʬʠʮʠʿʝʥʪʘ Ŭ 

ʩʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ ʿʝ ʜʘʪʘ ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʦʤ: 

( ) te-¤¤ -+= aaaa 0 , (3.57) 

ʛʜʝ ʿʝ t ï [0, tmʘx] ʪʨʝʥʫʪʥʘ ʠʪʝʨʘʮʠʿʘ, ʘ tmʘx ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ, Ŭ0 

ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ Ŭ, ʘ ŬÐ ʢʨʘʿˁʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ Ŭ. 

 

3.10.2. ɸʣʛʦʨʠʪʘʤ 

 

ɼʘ ʙʠ ʩʝ ʨʘʟʚʠʦ Firefly ʘʣʛʦʨʠʪʘʤ ʧʦʪʨʝʙʥʦ ʿʝ ʫʩʚʦʿʠʪʠ ʩʣʝʜʝ˂ʘ ʫʧʨʦʰ˂ʝˁʘ: 

¶ ʋʩʚʦʿʝʥʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʧʦʣʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʩʚʠʪʘʮʘ, ʪʘʢʦ 

ʜʘ ʿʝʜʥʦʛ ʩʚʠʮʘ ʧʨʠʚʣʘʯʠ ʜʨʫʛʠ ʩʚʠʪʘʮ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ˁʝʛʦʚ ʧʦʣ. 

¶ ʇʨʠʚʣʘʯʥʦʩʪ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʠʥʪʝʟʠʪʝʪʫ ʩʚʝʪʣʦʩʪʠ, ʪʘʢʦ ʜʘ ˂ʝ ʩʝ ʦʥʘʿ 

ʩʚʠʪʘʮ ʯʠʿʠ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʩʚʝʪʣʘ ʤʘˁʠ ʢʨʝʪʘʪʠ ʢʘ ʩʚʝʪʣʠʿʝʤ ʩʚʠʮʫ. ʇʦʰʪʦ 

ʿʝ ʧʨʠʚʣʘʯʥʦʩʪ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʠʥʪʝʥʟʠʪʝʪʫ ʩʚʝʪʣʦʩʪʠ ʠ ʦʥʘ ˂ʝ ʩʝ ʩʤʘˁʠʚ-

ʘʪʠ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʨʘʩʪʦʿʘˁʘ. ɸʢʦ ʫ ʦʢʦʣʠʥʠ ʥʝ ʧʦʩʪʦʿʠ ʩʚʠʪʘʮ ʩʘ ʿʘʯʠʤ 

ʠʥʪʝʥʟʠʪʝʪʦʤ ʩʚʝʪʣʦʩʪʠ ʧʦʩʤʘʪʨʘʥʠ ʩʚʠʪʘʮ ˂ʝ ʩʝ ʢʨʝʪʘʪʠ ʧʨʦʠʟʚʦˀʥʦ. 

¶ ʀʥʪʝʥʟʠʪʝʪ ʩʚʝʪʣʦʩʪʠ ʩʚʠʪʘʮʘ ʩʝ ʦʜʨʝʹʫʿʝ ʥʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʬʠʪʥʝʩ 

ʬʫʥʢʮʠʿʝ. 

ʅʘ ʦʩʥʦʚʫ ʦʚʘ ʪʨʠ ʧʨʘʚʠʣʘ ʠ ʩʚʝʛʘ ʨʝʯʝʥʦʛ ʤʦʛʫ˂ʝ ʿʝ ʜʝʬʠʥʠʩʘʪʠ Firefly 

ʘʣʛʦʨʠʪʘʤ. 

1. ɻʝʥʝʨʠʩʘˁʝ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ. 

2. ʆʜʨʝʹʠʚʘˁʝ ʠʥʪʝʥʟʠʪʝʪʘ ʩʚʝʪʣʦʩʪʠ I i ʟʘ ʩʚʠʮʘ i ʥʘ ʧʦʟʠʮʠʿʠ xi ʥʘ ʦʩʥʦʚʫ 

ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ f(xi). 

3. ɼʝʬʠʥʠʩʘˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʘʧʩʦʨʧʮʠʿʝ, ɔ.  

4. ɿʘ ʩʚʘʢʦ i ʠ ʿ (i,  ʿ= 1, é, n) ʧʦʤʝʨʠʪʠ i-ʪʦʛ ʩʚʠʮʘ ʧʨʝʤʘ -ʿʪʦʤ ʩʚʠʮʫ ʘʢʦ ʿʝ 

I i < I .ʿ 

5. ʀʟʨʘʯʫʥʘʪʠ ʥʦʚʫ ʧʨʠʚʣʘʯʥʦʩʪ, ɓ. 

6. ɸʢʦ ʿʝ t < tmʘx ʚʨʘʪʠʪʠ ʩʝ ʥʘ ʢʦʨʘʢ 2. ʋ ʩʫʧʨʦʪʥʦʤ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ ʫʥʫʪʘʨ 

ʧʦʧʫʣʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ. 

ʊʝʩʪʠʨʘˁʝʤ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʬʫʥʢʮʠʿʘʤʘ ʢʦʿʝ ʩʫ ʜʘʪʝ ʫ ʜʨʫʛʦʤ ʧʨʠʣʦʛʫ ʫʩʪʘʥʦʚˀʝ-

ʥʦ ʿʝ ʜʘ ʿʝ ʦʚʘʿ ʘʣʛʦʨʠʪʘʤ ʩʧʦʩʦʙʘʥ ʜʘ ʧʨʦʥʘʹʝ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ ʘʣʠ ʜʘ ʩʝ ʪʦ ʥʝ 

ʜʝhʘʚʘ ʧʨʠʣʠʢʦʤ ʩʚʘʢʦʛ ʧʦʟʠʚʘˁʘ ʧʨʦʛʨʘʤʘ. 
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3.11. Krill Herd (KH)  

 

ʈʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʤʦʨʩʢʠʭ ʞʠʚʦʪʠˁʘ ʬʦʨʤʠʨʘʿʫ ʨʘʩʧʨʰʝʥʝ ʠ ʥʘʠʟʛʣʝʜ ʧʨʦʠʟʚʦˀʥʝ 

ʛʨʫʧʘʮʠʿʝ. ʄʥʦʛʝ ʩʪʫʜʠʿʝ ʩʫ ʩʝ ʬʦʢʫʩʠʨʘʣʝ ʥʘ ʨʘʟʫʤʝʚʘˁʝ ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʠʟʘʤʘ 

ʢʦʠʿ ʨʝʛʫʣʠʰʫ ʨʘʟʚʦʿ ʦʚʠʭ ʛʨʫʧʘʮʠʿʘ. ɼʦ ʩʘʜʘ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ ʤʝʭʘʥʠʟʤʠ ʩʫ ʚʝʟʘ-

ʥʠ ʟʘ ʩʧʦʩʦʙʥʦʩʪ ʭʨʘˁʝˁʘ, ʧʦʙʦˀʰʘˁʘ ʨʝʧʨʦʜʫʢʮʠʿʝ ʠ ʟʘʰʪʠʪʝ ʦʜ ʛʨʘʙˀʠʚʠʮʘ. 

ʈʘʟʚʠʿʝʥʠ ʩʫ ʥʝʢʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ ʢʦʿʠ ʦʧʠʩʫʿʫ ʦʚʝ ʤʝʭʘʥʠʟʤʝ, ʘ ʢʦʿʠ ʩʫ 

ʜʦʙʠʿʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ. 

ɸʥʪʘʨʪʠʯʢʠ ʢʨʠʣ (ʟʦʦ ʧʣʘʥʢʪʦʥ), ʢʨʠʣ ʥʘ ʥʦʨʚʝʰʢʦʤ ʜʦʩʣʦʚʥʦ ʟʥʘʯʠ ʭʨʘʥʘ 

ʢʠʪʦʚʘ, ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʙʦˀʝ ʧʨʦʫʯʝʥʠʭ ʚʨʩʪʘ ʤʦʨʩʢʠʭ ʞʠʚʦʪʠˁʘ. ɱʝʜʥʘ ʦʜ ʛʣʘʚʥʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʚʝ ʚʨʩʪʝ ʿʝ ʩʧʦʩʦʙʥʦʩʪ ʬʦʨʤʠʨʘˁʘ ʚʝʣʠʢʦʛ ʿʘʪʘ. ʀʘʢʦ ʿʦʰ ʫʚʝʢ 

ʧʦʩʪʦʿʝ ʥʝʿʘʩʥʦ˂ʝ ʦʢʦ ʨʘʩʧʦʨʝʜʘ ʿʝʜʠʥʢʠ ʫ ʿʘʪʫ ʧʨʝʜʣʦʞʝʥʠ ʩʫ ʥʝʢʠ ʢʦʥʮʝʧʪʫʘʣʥʠ 

ʤʦʜʝʣʠ. ʈʝʟʫʣʪʘʪʠ ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ ʪʘʢʚʠʤ ʤʦʜʝʣʠʤʘ ʧʦʢʘʟʫʿʫ ʜʘ ʩʫ ʦʩʥʦʚʥʝ 

ʿʝʜʠʥʠʮʝ ʿʘʪʘ ʢʨʠʣʘ ʧʦʿʝʜʠʥʘʯʥʠ ʨʦʿʝʚʠ ʦʚʠʭ ʞʠʚʦʪʠˁʘ. ɼʘ ʙʠ ʩʝ ʙʦˀʝ ʨʘʟʫʤʝʣʦ 

ʬʦʨʤʠʨʘˁʝ ʿʘʪʘ ʢʨʠʣʘ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ ʦʜʨʝʹʝʥʝ ʯʠˁʝʥʠʮʝ. 

ʂʘʜʘ ʛʨʘʙˀʠʚʠʮʝ, ʢʘʦ ʰʪʦ ʩʫ ʬʦʢʝ, ʧʠʥʛʚʠʥʠ ʠʣʠ ʤʦʨʩʢʝ ʧʪʠʮʝ ʥʘʧʘʜʥʫ ʿʘʪʦ 

ʢʨʠʣʘ ʦʥʠ ʧʨʚʦ ʥʘʧʘʜʘʿʫ ʫʩʘʤˀʝʥʝ ʿʝʜʠʥʢʝ. ʆʚʦ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʠʚʘˁʘ ʛʫʩʪʠʥʝ 

ʢʨʠʣʘ. ʌʦʨʤʠʨʘˁʝ ʿʘʪʘ ʢʨʠʣʘ ʧʦʩʣʝ ʦʚʘʢʚʠʭ ʥʘʧʘʜʘ ʟʘʚʠʩʠ ʦʜ ʤʥʦʛʦ ʩʪʚʘʨʠ. ʆʢʫʧ-

ˀʘˁʝ ʿʘʪʘ ʿʝ ʚʝʦʤʘ ʩʣʦʞʝʥ ʧʨʦʮʝʩ ʢʦʿʠ ʠʤʘ ʜʚʘ ʛʣʘʚʥʘ ʮʠˀʘ: ʧʦʚʝ˂ʘʚʘˁʝ ʛʫʩʪʠʥʝ 

ʿʝʜʠʥʢʠ ʠ ʥʘʣʘʞʝˁʝ ʭʨʘʥʝ. ʋʧʨʘʚʦ ʦʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʿʝ ʧʦʩʣʫʞʠʣʘ ʟʘ ʨʘʟʚʦʿ 

ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ. ɻʫʩʪʠʥʘ ʿʝʜʠʥʢʠ ʥʘ ʧʦʿʝʜʠʥʠʤ ʣʦʢʘʮʠʿʘʤʘ ʠ ʥʘʣʘʞʝˁʝ 

ʭʨʘʥʝ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʮʠˀʝʚʠ ʢʦʿʠ ˂ʝ ʥʘ ʢʨʘʿʫ ʦʜʚʝʩʪʠ ʿʘʪʦ ʜʦ ʛʣʦʙʘʣʥʦʛ ʦʧʪʠʤʫ-

ʤʘ. ʋ ʦʚʦʤ ʧʨʦʮʝʩʫ ʩʚʘʢʘ ʿʝʜʠʥʢʘ ʩʝ ʢʨʝ˂ʝ ʧʨʝʤʘ ʤʝʩʪʫ ʛʜʝ ʠʤʘ ʚʠʰʝ ʿʝʜʠʥʢʠ ʠ 

ʚʠʰʝ ʭʨʘʥʝ. 

 

3.11.1. ʃʘʛʨʘʥʞʦʚ ʤʦʜʝʣ ʂʨʠʣ ʿʘʪʘ 

 

ʂʘʜʘ ʛʨʘʙˀʠʚʠʮʝ ʫʢʣʦʥʝ ʧʦʿʝʜʠʥʝ ʿʝʜʠʥʢʝ, ʪʦ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʠʚʘˁʘ ʩʨʝʜˁʝ 

ʛʫʩʪʠʥʝ ʿʘʪʘ, ʠ ʫʜʘˀʝʥʦʩʪʠ ʧʦʿʝʜʠʥʠʭ ʨʦʿʝʚʘ ʦʜ ʠʟʚʦʨʘ ʭʨʘʥʝ. ʆʚʦ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘ-

ʪʠ ʢʘʦ ʧʦʯʝʪʥʘ ʬʘʟʘ ʫ KH ʘʣʛʦʨʠʪʤʫ. ʋ ʧʨʠʨʦʜʠ, ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʩʚʘʢʝ ʿʝʜʠʥʢʝ 

ʩʝ ʤʦʞʝ ʫʟʝʪʠ ʢʘʦ ʢʦʤʙʠʥʘʮʠʿʘ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʭʨʘʥʝ ʠ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʥʘʿʚʝ˂ʝ ʛʫʩ-

ʪʠʥʝ ʿʘʪʘ. ʄʦʞʝ ʩʝ ʫʩʚʦʿʠʪʠ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʿʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʫ ʩʪʚʘʨʠ ʚʨʝʜʥʦʩʪ 

ʦʙʿʝʢʪʠʚʥʝ ʬʫʥʢʮʠʿʝ. ɺʨʝʤʝʥʩʢʘ ʟʘʚʠʩʥʦʩʪ ʧʦʣʦʞʘʿʘ ʩʚʘʢʝ ʿʝʜʠʥʢʝ ʫ ʜʚʦʜʠʤʝʥʟʠ-

ʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝ ʪʨʠ ʨʘʜˁʝ: 
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¶ ʂʨʝʪʘˁʝ ʿʝʜʠʥʢʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʿʝʜʠʥʢʝ ʠʟ ʿʘʪʘ, 

¶ ʇʦʪʨʘʛʘ ʟʘ ʭʨʘʥʦʤ, ʠ 

¶ ʇʨʦʠʟʚʦˀʥʠʤ ʨʘʩʧʨʰʠʚʘˁʝʤ. 

ʇʦʟʥʘʪʘ ʿʝ ʧʦʪʨʝʙʘ ʨʘʜʘ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʩʘ ʧʨʦʠʟʚʦˀʥʠʤ ʙʨʦʿʝʤ 

ʧʨʦʤʝʥˀʠʚʠʭ, ʪʘʢʦ ʜʘ ʿʝ ʩʣʝʜʝ˂ʠ ʃʘʥʛʨʘʥʞʦʚ ʤʦʜʝʣ ʛʝʥʝʨʘʣʠʟʦʚʘʥ ʟʘ ʧʨʝʪʨʘʛʫ ʫ n 

ʜʠʤʝʥʟʠʦʥʦʤ ʧʨʦʩʪʦʨʫ: 

iii
i

dt

d
DFN

X
++= , (3.58) 

ʛʜʝ Ni ʧʨʝʜʩʪʘʚˀʘ ʧʦʤʝʨʘʿ ʿʝʜʠʥʢʝ i ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʿʝʜʠʥʢʝ, F i ʧʦʤʝʨʘʿ 

ʧʨʦʟʫʨʦʢʦʚʘʥ ʧʦʪʨʘʛʦʤ ʟʘ ʭʨʘʥʦʤ, ʠ Di ʧʨʦʠʟʚʦˀʥʦ ʢʨʝʪʘˁʝ ʿʝʜʠʥʢʝ i ʫ ʧʨʦʩʪʦʨʫ. 

 

3.11.1.1. ʂʨʝʪʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʨʫʛʠʭ ʿʝʜʠʥʢʠ 

 

ʇʨʝʤʘ ʪʝʦʨʝʪʩʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʿʝʜʠʥʢʝ ʢʨʠʣʘ ʩʝ ʪʨʫʜʝ ʜʘ ʬʦʨʤʠʨʘʿʫ ʰʪʦ ʚʝ˂ʫ 

ʛʫʩʪʠʥʫ ʿʘʪʘ ʘ ˁʠʭʦʚʦ ʢʨʝʪʘˁʝ ʟʘʚʠʩʠ ʦʜ ʧʦʟʠʮʠʿʝ ʜʨʫʛʠʭ ʿʝʜʠʥʢʠ. ʇʨʘʚʘʮ 

ʢʨʝʪʘˁʘ, Ŭi, ʩʝ ʧʨʦʮʝˁʫʿʝ ʥʘ ʦʩʥʦʚʫ ʣʦʢʘʣʥʝ ʛʫʩʪʠʥʝ ʨʦʿʘ (ʣʦʢʘʣʥʠ ʝʬʝʢʘʪ), ʞʝˀʝ-

ʥʝ ʛʫʩʪʠʥʝ ʨʦʿʘ (ʮʠˀʥʠ ʝʬʝʢʘʪ), ʠ ʦʜʙʦʿʥʝ ʛʫʩʪʠʥʝ ʿʘʪʘ (ʦʜʙʦʿʥʠ ʝʬʝʢʘʪ). ɿʘ ʩʚʘʢʫ 

ʿʝʜʠʥʢʫ ʢʨʠʣʘ ʦʚʦ ʢʨʝʪʘˁʝ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʦʤ: 

staro

ini

maxnovo

i NNN wa+= , (3.59) 

cilj

i

lokal

ii aaa += . (3.60) 

ʛʜʝ ʿʝ N
mʘx

 ʤʘʢʩʠʤʘʣʥʘ ʙʨʟʠʥʘ (0,01 m/s), ɤn ʠʥʝʨʮʠʦʥʘ ʦʪʧʦʨʥʦʩʪ ʢʨʝʪʘˁʫ ʢʦʿʘ ʿʝ 

ʫ ʦʧʩʝʛʫ [0, 1], ʥʘʿʯʝʰ˂ʘ ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ ʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʿʝ 0.9 ʠ ʦʥʘ ʣʠʥʝʘʨ-

ʥʦ ʦʧʘʜʘ ʩʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ ʠ ʟʘʫʩʪʘʚˀʘ ʩʝ ʥʘ ʚʨʝʜʥʦʩʪʠ 0.1. Ni
starʦ

 ʿʝ ʧʨʝʪʭʦʜʥʘ 

ʙʨʟʠʥʘ, Ŭi
lokal

 ʣʦʢʘʣʥʠ ʝʬʝʢʘʪ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʩʫʩʝʜʘ ʠ Ŭi
cilj

 ʿʝ ʞʝˀʝʥʘ ʧʫʪʘˁʘ ʢʦʿʫ 

ʜʠʢʪʠʨʘ ʥʘʿʙʦˀʘ ʿʝʜʠʥʢʘ. ɽʬʝʢʪʠ ʢʨʝʪʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʫʩʝʜʝ ʤʦʛʫ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʝ 

ʧʨʠʚʣʘʯʥʦ/ʦʜʙʦʿʥʦʤ ʪʝʥʜʝʥʮʠʿʦʤ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʘʮʘ ʫ ʮʠˀʫ ʣʦʢʘʣʥʝ ʧʨʝʪʨʘʛʝ. 

ʆʚʘʿ ʝʬʝʢʘʪ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ä
=

=
NN

j
ijij

lokal

i XK
1

ĔĔa , (3.61) 

e+-

-
=

ij

ij

ij
XX

XX
XĔ , (3.62) 

najboljenajgore

ji

ij
KK

KK
K

-

-
=Ĕ . (3.63) 



61 

 

ʛʜʝ ʩʫ K
najboljʝ

 ʠ K
najgore

 ʥʘʿʙʦˀʘ ʠ ʥʘʿʛʦʨʘ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʿʝʜʠʥʢʠ, ʂi ʿʝ ʬʠʪʥʝʩ 

ʚʨʝʜʥʦʩʪ ʿʝʜʠʥʢʝ i, K  ʿʿʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʩʫʩʝʜʘ  ʿ(  ʿ= 1, 2, ..., NN), X ʿʝ ʧʦʟʠʮʠʿʘ 

ʿʝʜʠʥʢʝ, ʘ NN ʿʝ ʫʢʫʧʘʥ ʙʨʦʿ ʩʫʩʝʜʘ. ʈʘʜʠ ʠʟʙʝʛʘʚʘˁʘ ʩʠʥʛʫʣʘʨʠʪʝʪʘ, ʫ ʠʟʨʘʟʫ 

(3.62) ʠʤʝʥʠʦʮʫ ʿʝ ʜʦʜʘʪʘ ʤʘʣʘ ʧʦʟʠʪʠʚʥʘ ʚʨʝʜʥʦʩʪ Ů. 

ɼʝʩʥʝ ʩʪʨʘʥʝ ʠʟʨʘʟʘ (3.61) ï (3.63) ʩʘʜʨʞʝ ʥʝʢʝ ʿʝʜʠʥʠʯʥʝ ʚʝʢʪʦʨʝ ʠ ʥʦʨʤʘʣʠʟʦʚʘ-

ʥʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ. ɺʝʢʪʦʨʠ ʫʢʘʟʫʿʫ ʧʨʘʚʘʮ ʩʫʩʝʜʘ, ʘ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʬʠʪʥʝʩ 

ʚʨʝʜʥʦʩʪʠ ʝʬʝʢʘʪ ʩʫʩʝʜʘ ʥʘ ʢʨʝʪʘˁʝ ʿʝʜʠʥʢʝ. ɽʬʝʢʘʪ ʤʦʞʝ ʙʠʪʠ ʧʨʠʚʣʘʯʘʥ ʠʣʠ 

ʦʜʙʦʿʘʥ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʟʥʘʢʘ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ. 

ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʦʜʘʙʠʨ ʩʫʩʝʜʘ. ʅʘ ʧʨʠʤʝʨ, ʩʫʩʝʜʠʤʘ ʩʝ ʤʦʛʫ ʩʤʘʪ-

ʨʘʪʠ ʩʘʤʦ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʥʘʿʙʣʠʞʠʭ ʿʝʜʠʥʢʠ. ɼʘ ʙʠ ʩʝ ʫʚʘʞʠʣʦ ʩʪʚʘʨʥʦ ʧʦʥʘʰʘˁʘ 

ʿʝʜʠʥʢʠ ʢʨʠʣʘ ʢʦʨʠʩʪʠ ʩʝ ʜʠʩʪʘʥʮʘ ʫʪʠʮʘʿʘ (ds) ʦʢʦ ʩʚʘʢʝ ʿʝʜʠʥʢʝ, ʠ ʥʘ ʦʩʥʦʚʫ 

ʦʚʦʛʘ ʩʝ ʦʜʨʝʹʫʿʝ ʙʨʦʿ ʢʦʤʰʠʿʘ, ʩʣʠʢʘ 3.10. ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʦʚʦʛ ʨʘʩʪʦʿʘˁʘ ʢʦʨʠʩʪʠ 

ʩʝ ʩʣʝʜʝ˂ʠ ʠʟʨʘʟ: 

ä
=

-=
N

j
jisi XX

N
d

15

1
, (3.64) 

ʛʜʝ ʿʝ dsi ʜʠʩʪʘʥʮʘ ʫʪʠʮʘʿʘ i-ʪʝ ʿʝʜʠʥʢʝ, ʘ N ʿʝ ʫʢʫʧʘʥ ʙʨʦʿ ʿʝʜʠʥʢʠ. ʌʘʢʪʦʨ 5 ʫ 

ʠʤʝʥʠʦʮʫ ʿʝ ʜʦʙʠʿʝʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ. ʂʦʨʠʰ˂ʝˁʝʤ ʠʟʨʘʟʘ (3.64) ʤʦʞʝ ʩʝ 

ʫʩʪʘʥʦʚʠʪʠ ʙʨʦʿ ʩʫʩʝʜʘ ʧʦʩʤʘʪʨʘʥʝ ʿʝʜʠʥʢʝ. ʅʘʠʤʝ, ʘʢʦ ʿʝ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʜʚʝ 

ʿʝʜʠʥʢʝ ʤʘˁʝ ʦʜ ʠʟʨʘʯʫʥʘʪʝ ʜʠʩʪʘʥʮʝ ʫʪʠʮʘʿʘ, ʦʥʜʘ ʩʫ ʪʝ ʜʚʝ ʿʝʜʠʥʢʝ ʩʫʩʝʜʠ. 

ʎʠˀʘʥʘ ʧʦʟʠʮʠʿʘ ʩʚʘʢʝ ʿʝʜʠʥʢʝ ʿʝ ʣʦʢʘʮʠʿʘ ʥʘʿʙʦˀʝ ʿʝʜʠʥʢʝ. ʇʨʦʤʝʥʘ ʧʦʟʠʮʠʿʝ
 

 
ʉʣʠʢʘ 3.10. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʦʙʣʘʩʪʠ ʫʪʠʮʘʿʘ ʥʘ ʿʝʜʠʥʢʫ ʢʨʠʣʘ. 
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ʩʚʘʢʝ ʿʝʜʠʥʢʝ ʧʨʝʤʘ ʥʘʿʙʦˀʝʤ ʨʝʰʝˁʫ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʦʤ: 

najboljeinajboljei

najboljecilj

i XKC ,,
ĔĔ=a , (3.65) 

ʛʜʝ ʿʝ C
najbolje

 ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʿʠ ʬʘʚʦʨʠʟʫʿʝ ʫʪʠʮʘʿ ʥʘʿʙʦˀʝ ʣʦʢʘʮʠʿʝ ʥʘ ʢʨʝʪʘˁʝ 

ʿʝʜʠʥʢʝ ʫ ʦʜʥʦʩʫ ʥʘ ʫʪʠʮʘʿ ʩʫʩʝʜʘ ʥʘ ˁʝʥʦ ʢʨʝʪʘˁʝ. ʆʚʘʿ ʢʦʝʬʠʮʠʿʝʥʪ ʩʝ ʨʘʯʫʥʘ 

ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ö
ö
÷

õ
æ
æ
ç

å
-=

max

rand2
I

I
Cnajbolje

, (3.66) 

ʛʜʝ rand ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʠʟʚʦˀʘʥ ʙʨʦʿ ʠʟ ʦʧʩʝʛʘ [0, 1], I ʿʝ ʙʨʦʿ ʪʨʝʥʫʪʥʝ ʠʪʝʨʘʮʠʿʝ, 

ʘ Imʘx ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ. 

 

3.11.1.2. ʇʦʪʨʘʛʘ ʟʘ ʭʨʘʥʦʤ 

 

ʂʨʝʪʘˁʝ ʟʘ ʭʨʘʥʦʤ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʦʩʥʦʚʥʘ ʜʝʣʘ. ʇʨʚʠ ʿʝ ʣʦʢʘʮʠʿʘ ʭʨʘʥʝ ʘ ʜʨʫʛʠ 

ʧʨʝʪʭʦʜʥʘ ʠʩʢʫʩʪʚʘ ʚʝʟʘʥʘ ʟʘ ʪʫ ʣʦʢʘʮʠʿʫ. ʆʚʦ ʢʨʝʪʘˁʝ ʟʘ i-ʪʫ ʿʝʜʠʥʢʫ ʩʝ ʤʦʞʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

staro

ififi FVF wb+= , (3.67) 

najbolje

i

hrana

ii bbb += , (3.68) 

ʛʜʝ ʿʝ Vf ʙʨʟʠʥʘ ʧʦʪʨʘʛʝ ʟʘ ʭʨʘʥʦʤ (0,02 m/s), ɤf ʠʥʝʨʮʠʦʥʘ ʦʪʧʦʨʥʦʩʪ ʢʨʝʪʘˁʫ ʢʘ 

ʭʨʘʥʠ ʢʦʿʘ ʿʝ ʫ ʦʧʩʝʛʫ [0, 1], ʥʘʿʯʝʰ˂ʘ ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ ʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʿʝ 0.9 ʠ 

ʦʥʘ ʣʠʥʝʘʨʥʦ ʦʧʘʜʘ ʩʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ ʠ ʟʘʫʩʪʘʚˀʘ ʩʝ ʥʘ ʚʨʝʜʥʦʩʪʠ 0.1. ɓi
hranʘ

 ʿʝ 

ʧʨʠʚʣʘʯʥʦʩʪ ʭʨʘʥʝ, ʠ ɓi
najbolje

 ʝʬʝʢʘʪ ʥʘʿʙʦˀʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ i-ʪʝ ʿʝʜʠʥʢʝ ʜʦ 

ʩʘʜʘ. 

ɽʬʝʢʘʪ ʭʨʘʥʝ ʩʝ ʜʝʬʠʥʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʣʦʢʘʮʠʿʫ. ʇʨʚʦ ʙʠ ʙʠʣʦ ʥʝʦʧʭʦʜʥʦ ʥʘ˂ʠ 

ʮʝʥʪʘʨ ʭʨʘʥʝ ʜʘ ʙʠ ʤʦʛʣʘ ʜʘ ʩʝ ʬʦʨʤʫʣʠʰʝ ʧʨʠʚʣʘʯʥʦʩʪ ʭʨʘʥʝ. ʇʦʰʪʦ ʦʚʦ ʥʠʿʝ 

ʤʦʛʫ˂ʝ ʫʨʘʜʠʪʠ ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʠʩʪʫʧʠʪʠ ʥʝʢʦʿ ʧʨʦʮʝʥʠ. ʎʝʥʪʘʨ ʭʨʘʥʝ ʩʝ ʤʦʞʝ 

ʦʜʨʝʜʠʪʠ ʧʦʤʦ˂ʫ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʿʝʜʠʥʢʠ ʢʦʨʠʩʪʝ˂ʠ ʧʨʠʥʮʠʧ ʮʝʥʪʨʘ ʤʘʩʝ. 

ʇʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʟʠʮʠʿʘ ʮʝʥʪʨʘ ʭʨʘʥʝ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ: 

ä

ä

=

=

=
N

i
i

N

i
i

ihrana

K

X
K

X

1

1

1

1

. (3.69) 

ʇʨʠʚʣʘʯʥʦʩʪ ʭʨʘʥʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ i-ʪʝ ʿʝʜʠʥʢʝ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ-

˂ʝʛ ʠʟʨʘʟʘ: 
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hranaihranai

hranahrana

i XKC ,,
ĔĔ=b , (3.70) 

ʛʜʝ ʿʝ C
hrana

 ʢʦʝʬʠʮʠʿʝʥʪ ʭʨʘʥʝ, ʢʦʿʠ ʩʝ ʩʤʘˁʫʿʝ ʚʨʝʤʝʥʦʤ ʧʦʰʪʦ ʩʝ ʠ ʫ ʧʨʠʨʦʜʠ 

ʢʨʝʪʘˁʝ ʟʘ ʭʨʘʥʦʤ ʩʤʘˁʫʿʝ ʩʘ ʚʨʝʤʝʥʦʤ. ʆʚʘʿ ʢʦʝʬʠʮʠʿʝʥʪ ʩʝ ʨʘʯʫʥʘ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ: 

ö
ö
÷

õ
æ
æ
ç

å
-=

max

12
I

I
Chrana

. (3.71) 

ɽʬʝʢʘʪ ʥʘʿʙʦˀʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ i-ʪʝ ʿʝʜʠʥʢʝ ʩʝ ʫʚʘʞʘʚʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

najboljeinajboljei

najbolje

i XK ,,
ĔĔ=b , (3.72) 

ʛʜʝ ʿʝ Ki,najbolje ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʥʘʿʙʦˀʝ ʣʦʢʘʮʠʿʝ (Xi,najbolje) ʢʦʿʫ ʿʝ ʧʨʝʪʭʦʜʥʦ 

ʧʦʩʝʪʠʣʘ i-ʪʘ ʿʝʜʠʥʢʘ. 

 

3.11.1.3. ʈʘʰʪʨʢʘʥʦ ʢʨʝʪʘˁʝ 
 

ʈʘʰʪʨʢʘʥʦ ʢʨʝʪʘˁʝ ʿʝʜʠʥʢʠ ʩʝ ʧʦʩʤʘʪʨʘ ʢʘʦ ʧʨʦʠʟʚʦˀʘʥ ʧʨʦʮʝʩ. ʆʚʘʿ ʧʨʦʮʝʩ ʩʝ 

ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʧʦʤʦ˂ʫ ʤʘʢʩʠʤʘʣʥʝ ʙʨʟʠʥʝ ʦʚʦʛ ʢʨʝʪʘˁʘ ʠ ʧʨʦʠʟʚʦˀʥʦʛ ʧʨʘʚʮʘ 

ʢʨʝʪʘˁʘ, ʦʜʥʦʩʥʦ: 

dmaxDDi = , (3.73) 

ʛʜʝ ʿʝ D
mʘx

 ʤʘʢʩʠʤʘʣʥʘ ʙʨʟʠʥʘ ʦʚʝ ʚʨʩʪʝ ʢʨʝʪʘˁʘ ʠ ʫʟʠʤʘ ʚʨʝʜʥʦʩʪ ʠʟ ʩʣʝʜʝ˂ʝʛ 

ʦʧʩʝʛʘ [0.002, 0.01] (m/s), ʘ d ʿʝ ʧʨʦʠʟʚʦˀʘʥ ʚʝʢʪʦʨ ʧʨʘʚʮʘ ʠ ʫʟʠʤʘ ʧʨʦʠʟʚʦˀʥʫ 

ʚʨʝʜʥʦʩʪ ʠʟ ʦʧʩʝʛʘ [-1, 1]. ʐʪʦ ʿʝ ʙʦˀʘ ʧʦʟʠʮʠʿʘ ʿʝʜʠʥʢʝ ʪʦ ʩʝ ʦʥʘ ʤʘˁʝ ʧʨʦʠʟʚʦˀ-

ʥʦ ʢʨʝ˂ʝ ʫ ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ. ɼʘ ʙʠ ʩʝ ʠʩʧʦʰʪʦʚʘʦ ʦʚʘʿ ʝʬʝʢʘʪ ʫ ʧʨʝʪʭʦʜʥʠ ʠʟʨʘʟ 

ʧʦʪʨʝʙʥʦ ʿʝ ʜʦʜʘʪʠ ʿʦʰ ʿʝʜʘʥ ʯʣʘʥ. ʀʟʨʘʟ (3.74) ʥʝ ʦʧʘʜʘ ʣʠʥʝʘʨʥʦ ʢʘʦ ʰʪʦ ʿʝ ʪʦ 

ʩʣʫʯʘʿ ʩʘ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʭʨʘʥʝ. 

döö
÷

õ
æ
æ
ç

å
-=

max

max 1
I

I
DDi . (3.74) 

 

3.11.2. ʇʨʦʮʝʩ ʢʨʝʪʘˁʘ ʫ KH ʘʣʛʦʨʠʪʤʫ 
 

ʂʘʦ ʰʪʦ ʿʝ ʥʘʚʝʜʝʥʦ, ʨʘʟʣʠʯʠʪʠ ʪʠʧʦʚʠ ʢʨʝʪʘˁʘ ʤʝˁʘʿʫ ʧʦʟʠʮʠʿʫ ʿʝʜʠʥʢʝ ʧʨʝʤʘ 

ʮʠˀʫ. ʇʦʪʨʘʛʘ ʟʘ ʭʨʘʥʦʤ ʠ ʢʨʝʪʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʫʩʝʜʥʝ ʿʝʜʠʥʢʝ ʩʘʜʨʞʝ ʜʚʝ 

ʛʣʦʙʘʣʥʝ ʠ ʜʚʝ ʣʦʢʘʣʥʝ ʩʪʨʘʪʝʛʠʿʝ ʢʦʿʝ ʨʘʜʝ˂ʠ ʫ ʧʘʨʘʣʝʣʠ ʯʠʥʝ KH ʘʣʛʦʨʠʪʘʤ 

ʚʝʦʤʘ ʨʦʙʫʩʥʠʤ. ʇʨʝʤʘ ʜʝʬʠʥʠʮʠʿʠ ʦʚʠʭ ʢʨʝʪʘˁʘ ʟʘ i-ʪʫ ʿʝʜʠʥʢʫ, ʘʢʦ ʩʫ ʦʜʛʦʚʘʨʘ-

ʿʫ˂ʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʧʦʤʝʥʫʪʠʭ ʝʬʝʢʘʪʘ (Kj, K
najbolje

, K
hrana

 ʠ Ki
najbolje

) ʙʦˀʝ (ʣʦ-

ʰʠʿʝ) ʦʜ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ i-ʪʝ ʿʝʜʠʥʢʝ, ʪʦ ʥʘ ˁʫ ʠʤʘ ʧʨʠʚʣʘʯʥʠ (ʦʜʙʦʿʥʠ) ʝʬʝʢʘʪ. 
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ʂʘʦ ʰʪʦ ʿʝ ʧʦʤʝʥʫʪʦ, ʙʦˀʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʠʤʘʿʫ ʜʦʤʠʥʘʥʪʥʠʿʠ ʫʪʠʮʘʿ ʫ ʢʨʝʪʘ-

ˁʫ ʦʜ ʦʩʪʘʣʠʭ ʚʨʩʪʘ ʢʨʝʪʘˁʘ. ɿʘ ʧʨʦʠʟʚʦˀʥʫ ʧʨʝʪʨʘʛʫ ʟʘʩʣʫʞʥʘ ʿʝ ʧʦʩʣʝʜˁʘ ʚʨʩʪʘ 

ʢʨʝʪʘˁʘ, ʨʘʰʪʨʢʘʥʦ ʢʨʝʪʘˁʝ. ʀʤʘʿʫ˂ʠ ʩʚʝ ʦʚʦ ʫ ʚʠʜʫ ʥʦʚʘ ʣʦʢʘʮʠʿʘ ʿʝʜʠʥʢʝ ʩʝ 

ʦʜʨʝʹʫʿʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

dt

dX
ttXttX i

ii D+=D+ )()( . (3.75) 

ʊʨʝʙʘ ʧʨʠʤʝʪʠʪʠ ʜʘ ʿʝ ȹt ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʠ ʜʘ ʛʘ ʪʨʝʙʘ 

ʧʘʞˀʠʚʦ ʦʜʘʙʨʘʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ. ʆʥ ʫ ʩʪʚʘʨʠ ʧʨʝʜ-

ʩʪʘʚˀʘ ʢʦʝʬʠʮʠʿʝʥʪ ʫʙʨʟʘˁʘ ʘʣʦʛʦʨʠʪʤʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʦʥ ʫ ʧʦʪʧʫʥʦʩʪʠ ʟʘʚʠʩʠ 

ʦʜ ʧʨʦʩʪʦʨʘ ʧʨʝʪʨʘʛʝ ʠ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

( )ä
=

-=D
NV

j
jjt LBUBCt

1

, (3.76) 

ʛʜʝ ʿʝ NV ʫʢʫʧʘʥ ʙʨʦʿ ʧʨʦʤʝʥˀʠʚʠʭ, ʘ LB  ʿʠ UB  ʿʩʫ ʜʦˁʘ ʠ ʛʦʨˁʘ ʛʨʘʥʠʮʘ -ʿʪʝ 

ʧʨʦʤʝʥˀʠʚʝ ( ʿ = 1, 2, ..., NV). Ct ʿʝ ʝʤʧʠʨʠʩʢʠ ʧʨʦʥʘʹʝʥʘ ʢʦʥʩʪʘʥʪʘ ʢʦʿʘ ʫʟʠʤʘ 

ʚʨʝʜʥʦʩʪ ʠʟ ʦʧʩʝʛʘ [0, 2]. ɼʦʜʝˀʠʚʘˁʝʤ ʚʝʣʠʢʠʭ ʚʨʝʜʥʦʩʪʠ ʦʚʦʤ ʢʦʝʬʠʮʠʿʝʥʪʫ 

ʦʤʦʛʫ˂ʠ˂ʝ ʢʨʝʪʘˁʝ ʧʦʿʝʜʠʥʠʭ ʿʝʜʠʥʢʠ ʧʨʝʢʦ ʮʝʣʦʛ ʧʨʦʩʪʦʨʘ ʧʨʝʪʨʘʛʝ. ʆʚʠʤ ʩʝ 

ʦʤʦʛʫ˂ʘʚʘ ʛʣʦʙʘʣʥʘ ʧʨʝʪʨʘʛʘ ʘʣʠ ʥʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʟʘ ʜʦʙʨʫ ʣʦʢʘʣʥʫ ʧʨʝʪʨʘ-

ʛʫ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʘʜʘ ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ Ct ʩʫʚʠʰʝ ʤʘʣʠ ʧʨʝʪʨʘʛʘ ʣʦʢʘʣʥʦʛ ʧʨʦʩ-

ʪʦʨʘ ˂ʝ ʙʠʪʠ ʜʦʙʘ, ʘʣʠ ʥʝ ʠ ʧʨʝʪʨʘʛʘ ʛʣʦʙʘʣʥʦʛ ʧʨʦʩʪʦʨʘ. ʂʦʤʧʨʦʤʠʩʥʦ ʨʝʰʝˁʝ ʿʝ 

ʜʘ ʥʘ ʧʦʯʝʪʢʫ ʢʦʝʬʠʮʠʿʝʥʪ Ct ʫʟʠʤʘ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʛʣʦʙʘʣʥʘ 

ʧʨʝʪʨʘʛʘ, ʘ ʜʘ ʩʘ ʪʦʢʦʤ ʠʪʝʨʘʮʠʿʘ ʧʦʩʪʝʧʝʥʦ ʦʧʘʜʘ ʠ ʪʘʢʦ ʦʙʝʟʙʝʜʠ ʜʦʙʨʫ ʣʦʢʘʣʥʫ 

ʧʨʝʪʨʘʛʫ. ɱʝʜʥʘ ʦʜ ʤʦʛʫ˂ʠʭ ʧʨʦʤʝʥʘ ʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʜʘʪʘ ʿʝ ʿʝʜʥʘʯʠʥʦʤ [101]: 

t
t

CC
CtC tt

tt

max

minmax

max)(
-

-= , (3.77) 

ʛʜʝ ʩʫ Ctmax ʠ Ctmin ʤʘʢʩʠʤʘʣʥʘ ʠ ʤʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ Ct. tmʘx ʿʝ 

ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ, ʜʦʢ ʿʝ t ʙʨʦʿ ʪʨʝʥʫʪʥʝ ʠʪʝʨʘʮʠʿʝ. ɿʘ Ctmax ʠ Ctmin ʩʝ 

ʤʦʛʫ ʫʩʚʦʿʠʪʠ ʙʠʣʦ ʢʦʿʝ ʚʨʝʜʥʦʩʪʠ ʫʥʫʪʘʨ ʜʝʬʠʥʠʩʘʥʦʛ ʦʧʩʝʛʘ. 

 

3.11.3. ɸʣʛʦʨʠʪʘʤ 
 

ʆʩʥʦʚʥʠ KH ʘʣʛʦʨʠʪʘʤ ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʫ ʥʝʢʦʣʠʢʦ ʩʣʝʜʝ˂ʠʭ ʢʦʨʘʢʘ. 

1. ʇʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ. ɼʝʬʠʥʠʩʘˁʝ ʦʛʨʘʥʠʯʝˁʘ, ʜʝʬʠʥʠʩʘˁʝ ʧʘʨʘʤʝʪʘʨʘ 

ʘʣʛʦʨʠʪʤʘ ʠʪʜ. 

2. ʀʥʠʮʠʿʣʠʟʘʮʠʿʘ. ʇʨʦʠʟʚʦˀʥʦ ʜʝʬʠʥʠʩʘʥʘ ʧʦʯʝʪʥʘ ʧʦʧʫʣʘʮʠʿʘ ʫ ʧʨʦʩʪʦʨʫ 



65 

 

ʧʨʝʪʨʘʛʝ. 

3. ʀʟʨʘʯʫʥʘʚʘˁʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʝ ʿʝʜʠʥʢʝ. 

4. ʀʟʨʘʯʫʥʘʚʘˁʝ ʧʦʤʝʨʘʿʘ: 

¶ ʇʦʤʝʨʘʿ ʫ ʦʜʥʦʩʫ ʥʘ ʩʫʩʝʜʥʝ ʿʝʜʠʥʢʝ. 

¶ ʇʦʪʨʘʛʘ ʟʘ ʭʨʘʥʦʤ. 

¶ ʈʘʰʪʨʢʘʥʦ ʢʨʝʪʘˁʝ. 

5. ʈʘʯʫʥʘˁʝ ʥʦʚʝ ʧʦʟʠʮʠʿʝ ʿʝʜʠʥʢʠ. 

6. ɸʢʦ ʥʠʿʝ ʟʘʜʦʚʦˀʝʥ ʢʨʠʪʝʨʠʿʫʤ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʚʨʘʪʠʪʠ ʩʝ ʥʘ ʢʦʨʘʢ 3. ʋ 

ʩʫʧʨʦʪʥʦʤ ʠʩʧʠʩʘʪʠ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ. 

ʊʝʩʪʠʨʘˁʝʤ KH ʘʣʛʦʨʠʪʤʘ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʟʘ ʜʨʫʛʫ ʠ ʪʨʝ˂ʫ ʪʝʩʪ ʬʫʥʢʮʠʿʫ (ʢʦʿʝ 

ʩʫ ʜʘʪʝ ʫ ʜʨʫʛʦʤ ʧʨʠʣʦʛʫ) ʘʣʛʦʨʠʪʘʤ ʥʝ ʤʦʞʝ ʜʘ ʥʘʹʝ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ, ʪʿ. ʫʚʝʢ 

˂ʝ ʜʘ ʩʝ ʟʘʛʣʘʚʠ ʫ ʣʦʢʘʣʥʦʤ ʦʧʪʠʤʫʤʫ. ʐʪʦ ʩʝ ʪʠʯʝ ʯʝʪʚʨʪʝ ʪʝʩʪ ʬʫʥʢʮʠʿʝ KH 

ʘʣʛʦʨʠʪʘʤ ʤʦʞʝ ʜʘ ʥʘʹʝ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ ʘʣʠ ʩʘ ʚʝʦʤʘ ʤʘʣʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ. 
 

3.12. ʊʝʦʨʠʿʘ ʭʘʦʩʘ 
 

ʊʝʦʨʠʿʘ ʭʘʦʩʘ ʿʝ ʦʙʣʘʩʪ ʠʩʪʨʘʞʠʚʘˁʘ ʤʘʪʝʤʘʪʠʢʝ ʩʘ ʧʨʠʤʝʥʘʤʘ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʜʠʩʮʠʧʣʠʥʘʤʘ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʤʝʪʝʦʨʦʣʦʛʠʿʝ, ʩʦʮʠʦʣʦʛʠʿʝ, ʬʠʟʠʢʝ ʠ ʬʠʣʦʟʦʬʠ-

ʿʝ. ʆʚʘ ʪʝʦʨʠʿʘ ʧʨʦʫʯʘʚʘ ʧʦʥʘʰʘˁʝ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʫ ʚʝʦʤʘ ʦʩʝʪˀʠʚʠ 

ʥʘ ʧʦʯʝʪʥʝ ʫʩʣʦʚʝ. ʄʘʣʝ ʨʘʟʣʠʢʝ ʫ ʧʦʯʝʪʥʠʤ ʫʩʣʦʚʠʤʘ ʜʦʧʨʠʥʦʩʝ ʚʝʣʠʢʠʤ ʧʨʦʤʝ-

ʥʘʤʘ ʫ ʦʜʟʠʚʠʤʘ ʦʚʠʭ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ, ʰʪʦ ʧʨʘʢʪʠʯʥʝʦ ʦʥʝʤʦʛʫ˂ʘʚʘ ʧʨʦʛʥʦ-

ʟʫ ʧʦʥʘʰʘˁʘ ʦʚʘʢʚʠʭ ʩʠʩʪʝʤʘ. ʆʚʦ ʚʘʞʠ ʠ ʟʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʝ ʩʠʩʪʝʤʝ, ʢʦʜ ʢʦʿʠʭ 

ʿʝ ʙʫʜʫ˂ʝ ʧʦʥʘʰʘˁʝ ʧʦʪʧʫʥʦ ʜʝʬʠʥʠʩʘʥʦ ʧʦʯʝʪʥʠʤ ʫʩʣʦʚʠʤʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʥʝ 

ʫʚʘʞʘʚʘ ʧʨʦʠʟʚʦˀʥʦ ʧʦʥʘʰʘˁʝ ʝʣʝʤʝʥʘʪʘ. ʆʚʘʢʚʦ ʧʦʥʘʰʘˁʝ ʿʝ ʧʦʟʥʘʪʦ ʠ ʧʦʜ 

ʠʤʝʥʦʤ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʭʘʦʩ. ʂʦʜ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʢʦʨʠʩʪʝ 

ʪʝʦʨʠʿʫ ʭʘʦʩʘ ʧʦʿʝʜʠʥʝ ʩʝʢʚʝʥʮʝ ʠʟ ʤʘʧʘ ʭʘʦʩʘ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʫʧʨʘʚ-

ˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ɱʝʜʥʘ ʦʜ ʛʣʘʚʥʠʭ ʦʩʦʙʠʥʘ ʭʘʦʩʘ ʿʝ ʜʘ ʩʝ ʿʝʜʥʘ ʚʨʝʜʥʦʩʪ ʥʝ 

ʧʦʥʘʚˀʘ ʜʚʘ ʧʫʪʘ. ʆʚʦ ʧʦʚʝ˂ʘʚʘ ʙʨʟʠʥʫ ʧʨʝʪʨʘʛʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʝʪʨʘʛʦʤ ʢʦʿʘ ʩʝ 

ʟʘʩʥʠʚʘ ʥʘ ʚʝʨʦʚʘʪʥʦ˂ʠ (ɻʘʫʩʦʚʘ ʥʦʨʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘ). ʈʘʟʣʠʯʠʪʠ ʨʘʜʦʚʠ ʩʫ ʧʦʢʘ-

ʟʘʣʠ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʫʧʦʪʨʝʙʠʪʠ ʤʘʧʝ ʭʘʦʩʘ ʫ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʛʜʝ ʛʦʜ 

ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ ʧʨʦʠʟʚʦˀʥʠʤ ʙʠʨʘˁʝʤ ʧʘʨʘʤʝʪʘʨʘ. ʋ [102] ʤʘʧʝ ʭʘʦʩʘ ʩʫ 

ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʜʦʙʠʿʘˁʝ ʧʨʦʠʟʚʦˀʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʠʟʨʘʟʫ (3.66). ʋ 

[103] ʤʘʧʝ ʭʘʦʩʘ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ɤn ʠ ɤf. ʋ 

ʪʘʙʝʣʠ 3.1 ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʝʢʝ ʦʜ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʠʭ ʤʘʧʘ ʭʘʦʩʘ, ʧʨʠ ʯʝʤʫ ʿʝ k 
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ʊʘʙʝʣʘ 3.1. ʄʘʧʝ ʭʘʦʩʘ. 

ʀʤʝ ɼʝʬʠʥʠʮʠʿʘ 
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ʠʥʜʝʢʩ ʠʪʝʨʘʮʠʿʝ (ʩʝʢʚʝʥʮʝ) ʘ xk ʧʨʝʜʩʪʘʚˀʘ k-ʪʠ ʙʨʦʿ ʫ ʩʝʢʚʝʥʮʠ ʭʘʦʩʘ. 

 

3.13. ʃʝʚʠʿʝʚ ʣʝʪ 
 

ʊʝʨʤʠʥ Levy flight (ʃʝʚʠʿʝʚ ʣʝʪ) ʩʝ ʢʦʨʠʩʪʠ ʧʦʰʪʦ ʩʝ ʫ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʤ ʘʣʛʦ-

ʨʠʪʤʠʤʘ ʥʘʿʯʝʰ˂ʝ ʧʦʿʘʚˀʫʿʫ ʧʪʠʮʝ. ʄʝʹʫʪʠʤ ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʫʤʝʩʪʦ ʪʝʨʤʠʥʘ ʣʝʪ 

ʨʘʚʥʦʧʨʘʚʥʦ ʢʦʨʠʩʪʠ ʠ ʪʝʨʤʠʥ ʭʦʜ. ʋ ʧʨʠʨʦʜʠ ʨʝʩʫʨʩʠ ʥʠʩʫ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʨʝ-

ʹʝʥʠ, ʪʘʢʦ ʜʘ ʞʠʚʦʪʠˁʝ ʫ ʧʦʪʨʘʟʠ ʟʘ ʭʨʘʥʦʤ ʪʨʝʙʘ ʜʘ ʥʘʹʫ ʪʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦ-

ʨʝʹʝʥʝ ʨʝʩʫʨʩʝ ʫ ʮʠˀʫ ʩʦʧʩʪʚʝʥʦʛ ʦʧʩʪʘʥʢʘ. ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʥʦ, ʚʨʝʤʝ ʧʨʝʪʨʘʛʝ ʿʝ 

ʦʛʨʘʥʠʯʝʥʦ ʪʘʢʦ ʜʘ ʿʝ ʧʨʝʪʨʘʛʫ ʧʦʪʨʝʙʥʦ ʦʧʪʠʤʠʟʦʚʘʪʠ ʠʟ ʜʘʥʘ ʫ ʜʘʥ. 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʨʘʥʠʿʝ ʨʘʟʤʘʪʨʘʥʦ, ʧʨʦʙʣʝʤ ʥʘʣʘʞʝˁʘ ʛʣʦʙʘʣʥʦʛ ʦʧʪʠʤʫʤʘ ʿʝ 
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ʩʣʠʯʘʥ ʧʨʦʙʣʝʤʫ ʩʘ ʢʦʿʠʤ ʩʝ ʩʨʝ˂ʫ ʞʠʚʦʪʠˁʝ ʫ ʧʦʪʨʘʟʠ ʟʘ ʭʨʘʥʦʤ ʫ ʧʨʠʨʦʜʥʦʤ ʠ 

ʜʠʥʘʤʠʯʢʦʤ ʦʢʨʫʞʝˁʫ ʥʝ ʟʥʘʿʫ˂ʠ ʧʨʠ ʪʦʤʝ ʪʘʯʥʫ ʣʦʢʘʮʠʿʫ ʭʨʘʥʝ. ʋ ʧʨʦʙʣʝʤʠʤʘ 

ʧʨʝʪʨʘʛʝ ʛʣʦʙʘʣʥʦʛ ʦʧʪʠʤʫʤʘ ʥʘʿʯʝʰ˂ʝ ʥʝ ʧʦʩʪʦʿʝ ʥʠʢʘʢʚʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʣʦʢʘʮʠ-

ʿʠ ʛʣʦʙʘʣʥʦʛ ʦʧʪʠʤʫʤʘ. ʀʤʘʿʫ˂ʠ ʦʚʦ ʫ ʚʠʜʫ, ʩʪʦʭʘʩʪʠʯʢʠ ʘʣʛʦʨʠʪʤʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩ-

ʪʝ ʟʘ ʥʘʣʘʞʝˁʝ ʛʣʦʙʘʣʥʦʛ ʦʧʪʠʤʫʤʘ ʤʦʨʘʿʫ ʜʘ ʧʦʩʝʜʫʿʫ ʤʝʭʘʥʠʟʤʝ ʝʬʠʢʘʩʥʝ ʧʨʝʪ-

ʨʘʛʝ ʮʝʣʦʛ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ. 
 

3.13.1. ʃʝʚʠʿʝʚʘ ʨʘʩʧʦʜʝʣʘ 
 

ʅʝʢʘ ʩʝ ʨʘʟʤʘʪʨʘ ʩʢʫʧ ʧʨʦʠʟʚʦˀʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (X1, X2, ..., XN) ʛʝʥʝʨʠʩʘʥʠʭ ʩʘ 

ʠʩʪʦʤ ʛʫʩʪʠʥʦʤ ʚʝʨʦʚʘʪʥʦ˂ʝ ʨʘʩʧʦʜʝʣʝ. ʇʨʦʮʝʩ ʩʝ ʥʘʟʠʚʘ ʩʪʘʙʠʣʥʠʤ ʘʢʦ ʩʫʤʘ 

ʦʚʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʠʤʘ ʠʩʪʫ ʛʫʩʪʠʥʫ ʚʝʨʦʚʘʪʥʦ˂ʝ ʨʘʩʧʦʜʝʣʝ ʢʘʦ ʠ ʩʚʘʢʘ ʧʨʦʠʟ-

ʚʦˀʥʘ ʧʨʦʤʝʥˀʠʚʘ. ɻʘʫʩʦʚ ʧʨʦʮʝʩ ʿʝ ʪʠʧʠʯʘʥ ʧʨʝʜʩʪʘʚʥʠʢ ʩʪʘʙʠʣʥʦʛ ʧʨʦʮʝʩʘ. 

ɼʦʙʨʦ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ɻʘʫʩʦʚʘ ʨʘʩʧʦʜʝʣʘ ʠʤʘ ʢʦʥʘʯʥʠ ʜʨʫʛʠ ʠʟʚʦʜ [104]. ʄʝʹʫʪʠʤ, 

ʧʦʩʪʦʿʝ ʢʣʘʩʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʨʘʩʧʦʜʝʣʝ ʢʦʿʝ ʠʤʘʿʫ ʙʝʩʢʦʥʘʯʥʫ ʚʨʝʜʥʦʩʪ ʜʨʫʛʦʛ ʠʟʚʦ-

ʜʘ, ʘ ʢʦʿʝ ʩʝ ʪʘʢʦʹʝ ʥʘʟʠʚʘʿʫ ʩʪʘʙʠʣʥʠʤ ʧʨʦʮʝʩʠʤʘ. ʃʝʚʠʿʝʚʘ ʛʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ 

ʨʘʩʧʦʜʝʣʝ ʧʨʠʧʘʜʘ ʩʧʝʮʠʿʘʣʥʦʿ ʢʣʘʩʠ Ŭ-ʩʪʘʙʠʣʥʠʭ ʨʘʩʧʦʜʝʣʘ. ʉʠʤʝʪʨʠʯʥʘ Ŭ-ʩʪʘ-

ʙʠʣʥʘ ʧʨʦʠʟʚʦˀʥʘ ʧʨʦʤʝʥˀʠʚʘ S ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʩʚʦʿʦʤ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦʤ ʬʫʥʢ-

ʮʠʿʦʤ ʢʘʦ: 

( )[ ] ( )aa
sa s zizS -==F expexpE, , (3.78) 

ʛʜʝ ɽ[.] ʧʨʝʜʩʪʘʚˀʘ ʦʧʝʨʘʪʦʨ ʦʯʝʢʠʚʘˁʘ, i ʿʝ ʢʦʤʧʣʝʢʩʥʠ ʙʨʦʿ, z ï R, s Ô 0 ʠ 

Ŭ ï (0, 2] ʬʘʢʪʦʨ ʩʢʘʣʠʨʘˁʘ. ɻʫʩʪʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʨʘʩʧʦʜʝʣʝ Ŭ-ʩʪʘʙʠʣʥʝ ʧʨʦʠʟ-

ʚʦˀʥʝ ʧʨʦʤʝʥˀʠʚʝ ʿʝ ʜʘʪʘ ʠʥʚʝʨʟʥʦʤ ʌʫʨʠʿʝʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ ʢʘʦ: 
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ʋ ʦʚʦʤ ʢʦʥʪʝʢʩʪʫ Ŭ ʿʝ ʧʘʨʘʤʝʪʘʨ ʦʙʣʠʢʘ ʠ ʦʥ ʜʝʬʠʥʠʰʝ ʥʘʛʠʙ ʦʧʘʜʘˁʘ ʨʝʧʘ. 

ɺʨʝʜʥʦʩʪʠ ʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʘʢʦʹʝ ʩʝ ʥʘʣʘʟʝ ʫ ʦʧʩʝʛʫ (0, 2]. ʄʘʣʘ ʚʨʝʜʥʦʩʪ ʦʚʦʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʟʥʘʯʠ ʜʘ ʩʝ ʠʩʧʦʜ ʨʝʧʘ ʨʘʩʧʦʜʝʣʝ ʥʘʣʘʟʠ ʟʥʘʯʘʿʥʘ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘ-

ʢʘ, ʪʿ. ʜʘ ʿʝ ʚʝʣʠʢʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʧʨʦʠʟʚʦˀʥʦ ʛʝʥʝʨʠʩʘʥʘ ʧʨʦʤʝʥˀʠʚʘ ʙʠʪʠ 

ʟʥʘʪʥʦ ʫʜʘˀʝʥʘ ʦʜ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʚʝʣʠ-

ʢʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ Ŭ ʫʢʘʟʫʿʫ ʜʘ ˂ʝ ʩʝ ʧʨʦʠʟʚʦˀʥʘ ʚʨʝʜʥʦʩʪ ʧʨʦʤʝʥˀʠʚʝ 

ʥʘʣʘʟʠʪʠ ʫ ʙʣʠʟʠʥʠ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ. ʂʦʝʬʠʮʠʿʝʥʪ ɔ ʩʣʫʞʠ 

ʟʘ ʩʢʘʣʠʨʘˁʝ, ʠ ʙʝʟ ʛʫʙʠʪʢʘ ʥʘ ʛʝʥʝʨʘʣʥʦʩʪʠ ʤʦʞʝ ʤʫ ʩʝ ʜʦʜʝʣʠʪʠ ʚʨʝʜʥʦʩʪ 1. ɿʘ 

ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ Ŭ = 1 ʠ 2, ʃʝʚʠʿʝʚʘ ʨʘʩʧʦʜʝʣʘ ʧʦʩʪʘʿʝ ʂʦʰʠʿʝʚʘ, ʦʜʥʦʩʥʦ 
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ɻʘʫʩʦʚʘ ʨʘʩʧʦʜʝʣʘ. 
 

3.13.2. ʉʠʤʫʣʘʮʠʿʘ ʃʝʚʠʿʝʚʦʛ ʧʨʦʠʟʚʦˀʥʦʛ ʙʨʦʿʘ 
 

ɿʘ ʥʝʧʦʟʥʘʪʫ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ Ŭ ʥʝ ʧʦʩʪʦʿʠ ʛʝʥʝʨʘʣʥʦ ʘʥʘʣʠʪʠʯʢʦ ʨʝʰʝˁʝ 

ʠʟʨʘʟʘ (3.79). ʋ [105] ʿʝ ʦʧʠʩʘʥ ʘʣʛʦʨʠʪʘʤ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʧʨʦʠʟʚʦˀʥʠʭ ʙʨʦʿʝʚʘ ʩʘ 

ʃʝʚʠʿʝʚʦʤ ʨʘʩʧʦʜʝʣʦʤ, ʢʦʿʠ ˂ʝ ʦʚʜʝ ʫʢʨʘʪʢʦ ʙʠʪʠ ʧʨʠʢʘʟʘʥ. ʇʨʚʦ ʿʝ ʧʦʪʨʝʙʥʦ 

ʛʝʥʝʨʠʩʘʪʠ ʜʚʘ ʧʨʦʠʟʚʦˀʥʘ ʙʨʦʿʘ, X ʠ Y, ʩʘ ʥʦʨʤʘʣʥʦʤ ʨʘʩʧʦʜʝʣʦʤ: 

( ) ( )22 ,0~    ,,0~ YX NYNX ss . (3.80) 
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ʛʜʝ ɻ(.) ʧʨʝʜʩʪʘʚˀʘ ʛʘʤʘ ʬʫʥʢʮʠʿʫ. ʅʘʢʦʥ ʦʚʦʛʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʝʣʠʥʝʘʨʥʘ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʿʘ ʫ ʮʠˀʫ ʛʝʥʝʨʠʩʘˁʘ ʧʨʦʤʝʥˀʠʚʝ V: 

a/1
Y

X
V = . (3.82) 

ɼʨʫʛʘ ʥʝʣʠʥʝʘʨʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʩʝ ʚʫʰʠ ʫ ʮʠˀʫ ʜʦʜʘʚʘˁʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʛ 

ʥʘʛʠʙʘ ʧʨʦʤʝʥˀʠʚʦʿ V ʫ ʮʠˀʫ ʩʪʚʘʨʘˁʘ ʧʨʦʤʝʥˀʠʚʝ W. 
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ʛʜʝ ʩʝ K(Ŭ) ʠʟʨʘʯʫʥʘʚʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [105]: 
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ɿʘʚʠʩʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ C ʦʜ Ŭ ʿʝ ʜʘʪʘ ʫ ʪʘʙʝʣʠ 3.2. ʂʦʥʚʝʨʛʝʥʮʠʿʘ ʃʝʚʠʿʝʚʝ ʩʪʘ-

ʙʠʣʥʝ ʨʘʩʧʦʜʝʣʝ ʩʝ ʦʜʨʝʹʫʿʝ ʛʝʥʝʨʠʩʘˁʝʤ n ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ W ʠ ʧʨʠʤʝ-

ʥʦʤ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 
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. (3.85) 

ʃʝʚʠʿʝʚʘ ʨʘʩʧʦʜʝʣʘ ʟʘ ʬʘʢʪʦʨ ʩʢʘʣʠʨʘˁʘ ʨʘʟʣʠʯʠʪ ʦʜ 1 ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

Wz as /1= . (3.86) 

ʆʧʠʩʘʥʠ ʧʦʩʪʫʧʘʢ ʛʝʥʝʨʠʩʘˁʘ ʧʨʦʠʟʚʦˀʥʦʛ ʙʨʦʿʘ ʩʝ ʤʦʞʝ ʫʧʦʪʨʝʙʠʪʠ ʫ ʩʚʘʢʦʤ 

ʘʣʛʦʨʠʪʤʫ ʢʦʿʠ ʿʝ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʧʨʦʠʟʚʦˀʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʨʠʩʪʠʦ ʥʦʨʤʘʣʥʫ 

ɻʘʫʩʦʚʫ ʨʘʩʧʦʜʝʣʫ, ʢʘʦ ʰʪʦ ʿʝ ʫʨʘʹʝʥʦ ʫ [106]. ʋ [107] ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʧʨʦʤʝʥˀʠʚʘ 

ʜʫʞʠʥʘ ʃʝʚʠʿʝʚʦʛ ʢʦʨʘʢʘ, Ŭ. ʆʚʦ ʿʝ ʫʨʘʹʝʥʦ ʜʘ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʘ ʣʦʢʘʣʥʘ ʧʨʝʪʨʘʛʘ 
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ʢʘʜʘ ʩʝ ʜʦʹʝ ʜʦʚʦˀʥʦ ʙʣʠʟʫ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ. ɿʘ ʧʦʯʝʪʥʫ ʚʨʝʜʥʦʩʪ ʃʝʚʠʿʝʚʦʛ 

ʢʦʨʘʢʘ ʠʟʘʙʨʘʥʘ ʿʝ ʚʨʝʜʥʦʩʪ ɸ = 1, ʜʦʢ ʩʝ ʚʨʝʜʥʦʩʪ ʩʤʘʝˁˁʘ ʢʦʨʘʢʘ ʩʘ ʪʦʢʦʤ 

ʠʪʝʨʘʮʠʿʘ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ Ŭ = ɸ/ɻ
1/2

, ʛʜʝ ʿʝ ɻ ʨʝʜʥʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʝ. 

 

ʊʘʙʝʣʘ 3.2. ɿʘʚʠʩʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ C ʦʜ Ŭ. 

a C(a) 

 

a C(a) 

 

a C(a) 

0.8 2.483 1.4 2.8315 1.9 1.7915 

0.9 2.7675 1.5 2.737 1.95 1.3925 

1.1 2.945 1.6 2.6125 1.99 0.6089 

1.2 2.941 1.7 2.4465   

1.3 2.9005 1.8 2.206   
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4. ʊʈɾʀʐʊɽ 
 

ʇʨʚʦ ʪʨʞʠʰʪʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʝ ʨʘʟʚʠʿʝʥʦ ʫ ʏʠʣʝʫ ʟʘʿʝʜʥʦ ʩʘ ʧʨʠʚʘʪʠʟʘʮʠ-

ʿʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʝʢʪʦʨʘ. ʄʦʜʝʣ ʏʠʣʝʘʥʩʢʦʛ ʪʨʞʠʰʪʘ ʩʝ ʫʛʣʘʚʥʦʤ ʩʤʘʪʨʘ 

ʫʩʧʝʰʥʠʤ ʫ ʜʦʤʝʥʫ ʨʘʮʠʦʥʘʣʥʦʩʪʠ ʠ ʪʨʘʥʩʘʧʘʨʝʥʪʥʦʩʪʠ ʦʜʨʝʹʠʚʘˁʘ ʮʝʥʝ ʝʣʝʢ-

ʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʘʣʠ ʿʝ ʜʦʤʠʥʘʮʠʿʘ ʚʝʣʠʢʠʭ ʧʨʦʠʟʚʦʹʘʯʘ ʢʦʿʠ ʩʫ ʠʤʘʣʠ ʟʥʘʯʘʿʘʥ 

ʫʪʠʮʘʿ ʥʘ ʪʨʞʠʰʪʫ ʠ ʜʘˀʝ ʦʩʪʘʣʘ ʧʨʠʩʫʪʥʘ. ɸʨʛʝʥʪʠʥʘ ʿʝ ʧʦʙʦˀʰʘʣʘ ʏʝʣʝʘʥʩʢʠ 

ʤʦʜʝʣ ʫʚʦʹʝˁʝʤ ʩʪʨʠʢʪʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʨʘʜʘ ʪʨʞʠʰʪʘ. ʊʘʢʦʹʝ ʿʝ ʫʚʝʣʘ ʧʣʘ˂ʘˁʝ 

ʦʙʨʪʥʝ ʨʝʟʝʨʚʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʨʘʜʠ ʦʯʫʚʘˁʘ ʩʠʛʫʨʥʦʩʪʠ ʩʠʩʪʝʤʘ. ɱʝʜʘʥ ʦʜ ʛʣʘʚ-

ʥʠʭ ʨʘʟʣʦʛʘ ʟʘ ʫʚʦʹʝˁe ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ɸʨʛʝʥʪʠʥʠ ʙʠʣʘ ʿʝ ʧʦʪʨʝʙʘ 

ʟʘ ʧʨʠʚʘʪʠʟʘʮʠʿʦʤ ʠ ʧʦʚʝ˂ʘˁʝʤ ʧʨʦʠʟʚʦʜʥʦʛ ʩʝʢʪʦʨʘ, ʧʦʰʪʦ ʚʣʘʜʘ ʩʚʦʿʠʤ ʥʝʦʜʛʦ-

ʚʦʨʥʠʤ ʫʧʨʘʚˀʘˁʝʤ ʥʠʿʝ ʦʜʨʞʘʚʘʣʘ ʧʦʩʪʦʿʝ˂ʠ ʩʠʩʪʝʤ ʰʪʦ ʿʝ ʧʨʦʫʟʨʦʢʦʚʘʣʦ ʯʝʩʪʝ 

ʠʩʧʘʜʝ. 

ʂˀʫʯʥʠ ʜʦʛʘʹʘʿ ʟʘ ʨʘʟʚʦʿ ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʝ ʦʜʠʛʨʘʦ 1990 ʛʦʜʠʥʝ 

ʢʘʜʘ ʿʝ ɽʥʛʣʝʩʢʘ ʚʣʘʜʘ ʦʜʣʫʯʠʣʘ ʜʘ ʧʨʠʚʘʪʠʟʫʿʝ ʢʦʤʧʣʝʪʥʫ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠ-

ʯʥʝ ʝʥʝʨʛʠʿʝ. ʆʚʦ ʪʨʞʠʰʪʝ ʩʫ ʢʘʦ ʤʦʜʝʣ ʫʟʝʣʝ ʥʝʢʝ ʦʜ ʟʝʤʘˀʘ ʂʦʤʦʥʚʝʣʪʘ, ʧʦʛʦ-

ʪʦʚʦ ɸʫʩʪʨʘʣʠʿʘ ʠ ʅʦʚʠ ɿʝʣʘʥʜ, ʜʦʢ ʩʫ ʫ ʥʝʢʠʤ ʟʝʤˀʘʤʘ ʩʘʤʦ ʦʜʨʝʹʝʥʠ ʨʝʛʠʦʥʠ 

ʧʨʠʭʚʘʪʠʣʠ ʦʚʘʢʘʚ ʤʦʜʝʣ, ʢʘʦ ʥʘ ʧʨʠʤʝʨ ɸʣʙʝʨʪʘ. ʄʝʹʫʪʠʤ, ʫ ʤʥʦʛʠʤ ʦʜ ʦʚʠʭ 

ʩʣʫʯʘʿʝʚʘ ʜʝʨʝʛʫʣʘʮʠʿʘ ʥʠʿʝ ʧʦʜʨʘʟʫʤʝʚʘʣʘ ʧʨʦʜʘʿʫ ʮʝʣʦʛ ʧʨʦʠʟʚʦʜʥʦʛ ʩʝʢʪʦʨʘ. ʋ 

ɸʣʙʝʨʪʠ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʫʛʠʭ ʪʨʞʠʰʪʘ, ʧʦʥʫʹʘʯ ʧʦʨʝʜ ʢʦʣʠʯʠʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʮʝʥʝ ʧʦ ʢʦʿʦʿ ʿʝ ʥʫʜʠ ʜʫʞʘʥ ʿʝ ʜʘ ʧʨʠʿʘʚʠ ʢʦʣʠʢʦ ʤʫ ʿʝ MW ʧʨʝʦʩʪʘʣʦ ʫ 

ʩʚʘʢʦʤ ʦʜ ʠʟʚʦʨʘ ʢʦʿʝ ʧʦʩʝʜʫʿʝ ʜʘ ʙʠ ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʟʥʘʦ ʩʘ ʯʠʤʝ 

ʨʘʩʧʦʣʘʞʝ ʘʢʦ ʩʝ ʫʢʘʞʝ ʧʦʪʨʝʙʘ ʟʘ ʙʘʣʘʥʩʠʨʘˁʝʤ [108]. 

ʋ ʉʿʝʜʠˁʝʥʠʤ ɸʤʝʨʠʯʢʠʤ ɼʨʞʘʚʘʤʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʚʝʨʪʠʢʘʣʥʦ ʠʥʪʝʛʨʠʩʘʥʠ 

ʤʦʜʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʩʘ ʧʨʝʥʦʩʥʠʤ ʤʨʝʞʘʤʘ ʢʦʿʝ ʩʫ ʩʣʫʞʠʣʝ ʟʘ 

ʩʥʘʙʜʝʚʘˁʝ ʩʘʤʦ ʩʦʧʩʪʚʝʥʠʭ ʧʦʪʨʦʰʘʯʘ ʿʝ ʜʦʙʨʦ ʨʘʜʠʦ ʜʝʮʝʥʠʿʘʤʘ. ʇʦʰʪʦ ʩʫ ʧʦʪ-

ʨʝʙʘ ʟʘ ʧʦʫʟʜʘʥʠʿʠʤ ʩʥʘʙʜʝʚʘˁʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʢʘʦ ʠ ʩʘʤʘ ʧʦʪʨʦʰˁʘ 

ʠʩʪʝ ʧʦʨʘʩʣʠ ʚʨʝʤʝʥʦʤ, ʧʦʪʨʝʙʘ ʟʘ ʧʨʝʥʦʩʦʤ ʝʥʝʨʛʠʿʝ ʥʘ ʚʝ˂ʘ ʨʘʩʪʦʿʘˁʘ ʠ ʦʩʥʠʚʘ-

ˁʝ ʣʦʢʘʣʥʠʭ ʪʨʞʠʰʪʘ ʧʨʦʫʟʨʦʢʦʚʘʣʘ ʩʫ ʨʘʟʚʦʿ ʠʥʪʝʨʢʦʥʝʢʮʠʿʘ. ʇʦʩʪʦʿʘʦ ʿʝ ʨʝʣʘ-

ʪʠʚʥʦ ʤʘʣʠ ʙʨʦʿ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʝ ʩʫ ʫʛʣʘʚʥʦʤ ʙʠʣʝ ʫʥʘʧʨʝʜ ʜʦʙʨʦ ʠʩʧʣʘʥʠʨʘʥʝ. 

ʄʝʹʫʪʠʤ, ʢʨʘʿʝʤ ʜʝʚʝʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, ʥʘ ʟʘʣʘʛʘˁʝ ʥʝʢʠʭ ʧʦʣʠʪʠ-

ʯʘʨʘ ʠ ʧʨʝʜʩʪʘʚʥʠʢʘ ʘʢʘʜʝʤʩʢʝ ʩʨʝʜʠʥʝ ʫʚʝʜʝʥʠ ʩʫ ʥʝʟʘʚʠʩʥʠ ʦʧʝʨʘʪʦʨʠ ʩʠʩʪʝʤʘ 

ʠ ʨʝʛʠʦʥʘʣʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʧʨʝʥʦʩʘ ʨʘʜʠ ʙʦˀʝʛ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʪʨʞʠʰʪʘ. ɳʠʭʦʚʘ 
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ʫʣʦʛʘ ʿʝ ʙʠʣʘ ʜʘ ʩʝ ʠʟʙʦʨʝ ʩʘ ʤʥʦʰʪʚʦʤ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʝ ˂ʝ ʩʝ ʜʝʰʘʚʘʪʠ ʫ ʢʦʥʢʫ-

ʨʝʥʪʥʦʤ ʦʢʨʫʞʝˁʫ. ʎʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʟʘ ʩʚʘʢʫ ʢʣʘʩʫ ʧʦʪʨʦʰʘʯʘ ʫ ʨʝʛʫʣʠ-

ʩʘʥʠʤ ʦʙʣʘʩʪʠʤʘ ʩʝ ʦʜʨʝʹʫʿʝ ʥʘ ʦʩʥʦʚʫ ʫʩʨʝʜˁʝʥʝ ʮʝʥʝ ʪʨʦʰʢʦʚʘ ʧʨʦʠʟʚʦʜˁʝ, 

ʧʨʝʥʦʩʘ ʠ ʜʠʩʪʨʠʙʫʮʠʿʝ (ʟʦʥʘʣʥʘ ʮʝʥʘ). ʋ ʦʙʣʘʩʪʠʤʘ ʛʜʝ ʩʝ ʫʩʧʦʩʪʘʚʠʣʦ ʪʨʞʠʰʪʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʮʝʥʘ ʧʨʝʜʩʪʘʚˀʘ ʤʘʨʛʠʥʘʣʥʫ ʮʝʥʫ, ʪʿ. ʮʝʥʫ ʧʦʩʣʝʜˁʝ ʧʨʠʭʚʘ-

˂ʝʥʝ ʧʨʦʠʟʚʦʜʥʝ ʿʝʜʠʥʠʮʝ [109]. 

ɿʙʦʛ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʮʝʩʘ ʜʝʨʝʛʫʣʘʮʠʿʝ, ʩʘʤʘ ʪʨʞʠʰʪʘ ʩʝ ʜʦʩʪʘ ʨʘʟʣʠʢʫʿʫ ʘʣʠ ʤʥʦ-

ʛʠ ʦʜ ʦʩʥʦʚʥʠʭ ʢʦʥʮʝʧʘʪʘ ʩʫ ʠʩʪʠ, ʢʘʦ ʰʪʦ ʿʝ: ʨʘʟʜʚʘʿʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʦʜ ʧʨʝʥʦʩʘ 

ʠ ʜʠʩʪʨʠʙʫʮʠʿʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʝ ʠʤʘʿʫ ʧʨʠʨʦʜʥʠ ʤʦʥʦʧʦʣ ʧʦʰʪʦ ʩʫ ʥʘʿ-

ʯʝʰ˂ʝ ʫ ʚʣʘʩʥʠʰʪʚʫ ʜʨʞʘʚʝ, ʠ ʫʩʧʦʩʪʘʚˀʘˁʝ ʪʨʞʠʰʪʘ ʟʘ ʧʨʦʜʘʿʫ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿ ʝ. ʋʣʦʛʘ ʪʨʞʠʰʪʘ ʿʝ ʜʘ ʦʤʦʛʫ˂ʠ ʪʨʛʦʚʠʥʫ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʹʘʯʘ, ʪʨʛʦʚʘʮʘ ʠ 

ʜʨʫʛʠʭ ʬʠʥʘʥʩʠʿʩʢʠʭ ʧʦʩʨʝʜʥʠʢʘ ʟʘ ʢʨʘʪʢʦʨʦʯʥʫ ʠ ʜʫʛʦʨʦʯʥʫ ʠʩʧʦʨʫʢʫ ʝʣʝʢʪʨʠʯ-

ʥʝ ʝʥʝʨʛʠʿʝ. 

ɼʦʙʨʦ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʝʿ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʚʝʦʤʘ ʪʝʰʢʦ ʩʢʣʘʜʠʰʪʠʪʠ, ʧʨʠ ʯʝʤʫ 

ʤʦʨʘ ʜʘ ʙʫʜʝ ʜʦʩʪʫʧʥʘ ʢʘʜ ʛʦʜ ʟʘ ˁʦʤ ʧʦʩʪʦʿʠ ʧʦʪʨʘʞˁʘ. ʉʭʦʜʥʦ ʪʦʤʝ, ʟʘ ʨʘʟʣʠʢʫ 

ʦʜ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʘ ʥʠʿʝ ʿʝ ʤʦʛʫ˂ʝ ʫ ʥʦʨʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʨʘʜʘ ʩʢʣʘʜʠʰʪʠʪʠ ʠ 

ʧʨʦʜʘʚʘʪʠ ʩʘʤʦ ˁʝʥʝ ʤʘˁʝ ʜʝʣʦʚʝ ʧʦ ʧʦʪʨʝʙʠ. ʇʦʨʝʜ ʪʦʛʘ, ʧʦʥʫʜʘ ʠ ʧʦʪʨʘʞˁʘ 

ʚʘʨʠʨʘʿʫ ʢʦʥʪʠʥʫʘʣʥʦ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʦʙʘ ʜʘʥʘ, ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ, ʛʦʜʠʰˁʝʛ 

ʜʦʙʘ ʠ ʩʣʠʯʥʦ. 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʫʛʝ ʨʦʙʝ ʢʦʿʘ ʧʦʜʣʝʞʝ ʩʘʤʦ ʬʠʥʘʥʩʠʿʩʢʠʤ ʟʘʢʦʥʠʤʘ, ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʧʨʚʦ ʧʦʜʣʝʞʝ ʬʠʟʠʯʢʠʤ ʟʘʢʦʥʠʤʘ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʢʦʣʠʢʦ ˂ʝ ʝʥʝʨʛʠʿʝ ʪʝ˂ʠ 

ʢʨʦʟ ʢʦʿʠ ʝʣʝʤʝʥʪ ʤʨʝʞʝ. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ, ʛʫʙʠʮʠ ʫ ʤʨʝʞʠ ʠ ʟʘʛʫʰʝˁʘ ʢʦʿʘ ʩʝ 

ʿʘʚˀʘʿʫ ʥʘ ʥʝʢʠʤ ʝʣʝʤʝʥʪʠʤʘ ʜʠʢʪʠʨʘʿʫ ʝʢʦʥʦʤʩʢʫ ʨʘʩʧʦʜʝʣʫ ʩʥʘʛʘ ʧʦ ʛʝʥʝʨʘʪʦ-

ʨʠʤʘ. ʆʧʩʝʛ ʩʚʘʢʦʛ ʪʨʞʠʰʪʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ, ʠʣʠ ʤʨʝʞʝ ʢʦʿʘ ʩʪʦʿʠ 

ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ ʟʘ ʪʨʛʦʚʠʥʫ, ʪʨʛʦʚʘʮʘ ʠ ʧʦʪʨʦʰʘʯʘ ʫ ʩʚʘʢʦʿ ʛʝʦʛʨʘʬʩʢʦʿ ʦʙʣʘʩʪʠ. 

ɼʘʥʘʩ ʧʦʩʪʦʿʝ ʪʨʞʠʰʪʘ ʢʦʿʘ ʧʨʝʚʘʟʠʣʘʟʝ ʛʨʘʥʠʮʝ ʧʦʿʝʜʠʥʠʭ ʟʝʤʘˀʘ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʫ ʝʢʦʥʦʤʩʢʦʤ ʩʤʠʩʣʫ, ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʿʝ ʨʦʙʘ ʢʦʿʫ ʿʝ ʤʦʛʫ˂ ʝ 

ʢʫʧʦʚʘʪʠ ʠ ʧʨʦʜʘʚʘʪʠ. ʊʨʞʠʰʪʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʤʝʩʪʦ ʥʘ ʢʦʤʝ 

ʪʨʛʦʚʮʠ ʦʩʪʘʚˀʘʿʫ ʩʚʦʿʝ ʧʦʥʫʜʝ (bids), ʘ ʢʫʧʮʠ ʩʚʦʿʝ ʟʘʭʪʝʚʝ (offers) ʟʘ ʥʘʙʘʚʢʫ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʋʛʦʚʦʨʠ ʢʦʿʠ ʩʫ ʩʢʣʦʧˀʝʥʠ ʤʝʹʫʩʦʙʥʠʤ ʜʦʛʦʚʦʨʦʤ ʢʫʧʮʘ ʠ 

ʧʨʦʜʘʚʮʘ ʪʘʢʦʹʝ ʩʝ ʤʦʨʘʿʫ ʧʨʝʜʘʪʠ ʦʧʝʨʘʪʦʨʫ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʫ ʥʘʿʚʝ˂ʝʤ 

ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʠ ʫʧʨʘʚˀʘ ʪʨʞʠʰʪʦʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʅʘ ʦʪʚʦʨʝʥʠʤ ʪʨʞʠʰ-
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ʪʠʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʮʝʥʘ ʩʝ ʬʦʨʤʠʨʘ ʥʘ ʦʩʥʦʚʫ ʟʘʢʦʥʘ ʧʦʥʫʜʝ ʠ ʧʦʪʨʘʞˁʝ. 

ɼʫʛʦʨʦʯʥʠ ʫʛʦʚʦʨʠ ʩʫ ʿʦʰ ʿʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʪʨʛʦʚʠʥʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʙʠʣʘʪʝʨʘʣʥʝ ʫʛʦʚʦʨʝ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʧʨʦʠʟʚʦʹʘʯʘ ʠ ʧʦʪʨʦʰʘ-

ʯʘ. 

ʋʧʨʘʚˀʘˁʝ ʪʨʞʠʰʪʝʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘʿʯʝʰ˂ʝ ʚʨʰʠ ʪʨʞʠʰʥʠ ʦʧʝʨʘʪʦʨ 

ʠʣʠ ʥʝʟʘʚʠʩʥʦ ʣʠʮʝ ʢʦʿʝ ʩʝ ʙʘʚʠ ʠʩʢˀʫʯʠʚʦ ʪʦʤ ʬʫʥʢʮʠʿʦʤ. ʋʣʦʛʘ ʦʚʠʭ ʦʧʝʨʘʪʝʨʘ 

ʿʝ ʜʘ ʦʜʨʞʘʚʘʿʫ ʙʘʣʘʥʩ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʠ 

ʟʙʦʛ ʪʦʛʘ ʠʤ ʩʚʝ ʧʦʥʫʜʝ ʠ ʟʘʭʪʝʚʠ ʤʦʨʘʿʫ ʙʠʪʠ ʜʦʩʪʫʧʥʠ ʪʘʢʦ ʜʘ ʦʥʠ ʥʝʩʤʝʿʫ ʜʘ 

ʫʯʝʩʪʚʫʿʫ ʥʘ ʩʘʤʦʤ ʪʨʞʠʰʪʫ. ʅʘ ʪʨʞʠʰʪʫ ʩʫ ʧʨʠʩʫʪʥʘ ʜʚʘ ʪʠʧʘ ʨʦʙʝ ʩʘ ʢʦʿʠʤʘ ʩʝ 

ʪʨʛʫʿʝ, ʘ ʪʦ ʿʝ ʝʥʝʨʛʠʿʘ ʠ ʩʥʘʛʘ. ʉʥʘʛʘ ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ ʙʨʟʠʥʝ ʧʨʦʤʝʥʝ ʧʨʝʥʦʩʘ ʫ 

ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ, ʜʦʢ ʩʝ ʧʦʜ ʝʥʝʨʛʠʿʦʤ ʧʦʜʨʘʟʫʤʝʚʘ ʦʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ˂ʝ ʧʨʦʪʝ˂ʠ 

ʧʦ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʟʘ ʨʘʟʤʘʪʨʘʥʠ ʧʝʨʠʦʜ. 

ʊʨʛʦʚʠʥʘ ʝʥʝʨʛʠʿʦʤ ʩʝ ʦʙʘʚˀʘ ʟʘ ʩʚʘʢʠ ʠʥʪʝʨʚʘʣ ʫ ʪʦʢʫ ʜʘʥʘ, ʪʠ ʠʥʪʝʨʚʘʣʠ ʩʫ 

ʥʘʿʯʝʰ˂ʝ ʧʦʜʝˀʝʥʠ ʥʘ 5, 15 ʠ 60 ʤʠʥʫʪʘ. ʊʨʛʦʚʠʥʘ ʩʥʘʛʦʤ ʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʦʜʥʦʩʠ 

ʥʘ ʧʦʪʨʝʙʝ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʦʙʝʟʙʝ˂ʫʿʝ ʩʪʘʙʠʣʘʥ ʨʘʜ ʩʠʩʪʝʤʘ. 

ʆʚʘ ʪʨʛʦʚʠʥʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʦʜʘʪʥʝ ʫʩʣʫʛʝ ʢʘʦ ʰʪʦ ʩʫ ʨʝʟʝʨʚʘʮʠʿʘ ʦʙʨʪʥʠʭ ʨʝʟʝʨ-

ʚʠ, ʤʦʛʫ˂ʥʦʩʪ ʙʨʟʦʛ ʧʦʚʝ˂ʘˁʘ ʠʣʠ ʩʤʘˁʝˁʘ ʧʨʦʠʟʚʦʜˁʝ ʠ ʜʨʫʛʝ. 

ɻʣʘʚʥʠ ʟʘʜʘʪʘʢ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʿʝ ʜʘ ʢʦʦʨʜʠʥʠʰʝ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢ-

ʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʪʘʢʦ ʜʘ ʧʦʜʤʠʨʠ ʧʦʪʨʘʞˁʫ ʢʦʿʘ ʿʝ ʨʘʩʧʦʨʝʹʝʥʘ ʰʠʨʦʤ ʧʨʝʥʦʩʥʝ 

ʤʨʝʞʝ. ɸʢʦ ʧʦʩʪʦʿʠ ʥʝʫʩʢʣʘʹʝʥʦʩʪ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ, ʜʦʣʘʟʠ ʜʦ 

ʫʙʨʟʘʚʘˁʘ ʠʣʠ ʫʩʧʦʨʘʚʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʰʪʦ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʧʨʦʤʝʥʫ ʬʨʝʢʚʝʥʮʠ-

ʿʝ ʫ ʠʟʦʣʦʚʘʥʦʤ ʨʘʜʫ. ʋ ʩʣʫʯʘʿʫ ʧʘʜʘ ʬʨʝʢʚʝʥʮʠʿʝ ʠʟ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠʭ ʦʧʩʝʛʘ 

ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ˂ʝ ʜʦʜʘʚʘʪʠ ʠʣʠ ʫʢʣʘˁʘʪʠ ʧʨʦʠʟʚʦʜˁʫ ʠʣʠ ʧʦʪʨʦ-h

ˁʫ ʫ ʮʠˀʫ ʦʯʫʚʘˁʘ ʙʘʣʘʥʩʘ ʮʝʣʦʢʫʧʥʦʛ ʩʠʩʪʝʤʘ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʦʚʝ ʯʠˁʝʥʠʮʝ, ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʦʙʘʚˀʘʿʫ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʦʛ 

ʩʠʩʪʝʤʘ ʩʫ ʦʛʨʘʥʠʯʝʥʝ ʚʝʦʤʘ ʩʪʨʠʢʪʥʠʤ ʪʝʭʥʠʯʢʠʤ ʦʛʨʘʥʠʯʝˁʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ: 

- ʧʦʪʨʝʙʘ ʟʘ ʪʨʝʥʫʪʥʠʤ ʠ ʢʦʥʪʠʥʫʘʣʥʠʤ ʦʜʨʞʘʚʘˁʝʤ ʿʝʜʥʘʢʦʩʪʠ ʠʟʤʝʹʫ ʢʦ-

ʣʠʯʠʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʫʙʘʮʫʿʝ ʫ ʤʨʝʞʫ ʠ ʦʥʝ ʢʦʿʘ ʩʝ ʫʟʠʤʘ ʠʟ 

ʤʨʝʞʝ, ʧʨʠ ʪʦʤ ʫʚʘʞʘʚʘʿʫ˂ʠ ʛʫʙʠʪʢʝ ʫ ʧʨʝʥʦʩʥʦʿ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ; 

- ʧʦʪʨʝʙʘ ʦʜʨʞʘʚʘˁʘ ʬʨʝʢʚʝʥʮʠʿʝ ʠ ʥʘʧʦʥʘ ʫ ʚʝʦʤʘ ʫʩʢʠʤ ʛʨʘʥʠʮʘʤʘ; 

- ʧʦʪʨʝʙʘ ʟʘ ʦʜʨʞʘʚʘˁʝʤ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ʝʣʝʤʝʥʪʠʤʘ ʤʨʝʞʝ ʫ ʜʦʟʚʦˀʝʥʠʤ 

ʛʨʘʥʠʮʘʤʘ. 
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ʏʘʢ ʠ ʤʠʥʠʤʘʣʥʘ ʦʜʩʪʫʧʘˁʘ ʦʜ ʙʠʣʦ ʢʦʛ ʦʜ ʥʘʚʝʜʝʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʟʘ ʧʦʩʣʝʜʠʮʫ 

ʤʦʞʝ ʠʤʘʪʠ ʜʦʚʦʹʝˁʝ ʮʝʣʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʫ ʚʝʦʤʘ ʪʝʞʘʢ ʧʦʣʦʞʘʿ. 

ʋ ʥʦʚʠʿʝ ʚʨʝʤʝ, ʟʘʜʦʚʦˀʘʚʘˁʝ ʦʚʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʿʝ ʧʦʩʪʘʣʦ ʚʝʦʤʘ ʟʘʭʪʝʚʘʥ ʧʦʩʘʦ 

ʟʙʦʛ ʥʦʚʠʭ ʥʘʯʠʥʘ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ɻʝʥʝʨʘʣʥʦ ʛʣʝ-

ʜʘʥʦ, ʧʦʪʝʰʢʦ˂ʝ ʥʘʩʪʘʿʫ ʟʙʦʛ ʩʣʝʜʝ˂ʠʭ ʬʘʢʪʦʨʘ: 

- ʅʝʨʘʮʠʦʥʘʣʥʘ, ʥʝʝʣʘʩʪʠʯʥʘ ʠ ʧʨʦʤʝʥˀʠʚʘ ʧʦʪʨʦʰˁʘ. ʇʨʦʤʝʥʘ ʧʦʪʨʦʰˁʝ 

ʜʦʩʪʘ ʚʘʨʠʨʘ ʠ ʥʘ ʢʨʘʪʢʦʨʦʯʥʦʤ (ʩʘʪʥʦʤ) ʥʠʚʦʫ ʠ ʥʘ ʜʫʛʦʨʦʯʥʦʤ (ʩʝʜʤʠʯ-

ʥʦʤ, ʤʝʩʝʯʥʦʤ, ʩʝʟʦʥʩʢʦʤ) ʥʠʚʦʫ. 

- ʅʝʤʦʛʫ˂ʥʦʩʪ ʩʢʣʘʜʠʰʪʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʘʦ ʠ ʜʠʥʘʤʠʯʢʘ ʦʛʨʘʥʠʯʝ-

ˁʘ ʧʨʦʠʟʚʦʜʥʠʭ ʢʘʧʘʮʠʪʝʪʘ. ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʤʦʞʝ ʝʬʠʢʘʩʥʦ ʩʢʣʘ-

ʜʠʰʪʠʪʠ ʩʘʤʦ ʠʥʜʠʨʝʢʪʥʦ ʧʦʤʦ˂ʫ ʨʝʚʝʨʟʠʙʠʣʥʠʭ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ. ʇʦʨʝʜ 

ʤʘʢʩʠʤʘʣʥʝ ʠ ʤʠʥʠʤʘʣʥʝ ʩʥʘʛʝ ʧʨʦʠʟʚʦʜˁʝ, ʛʝʥʝʨʘʪʦʨʠ ʠʤʘʿʫ ʠ ʦʛʨʘʥʠʯʝ-

ˁʘ ʚʝʟʘʥʘ ʟʘ ʙʨʟʠʥʫ ʧʨʦʤʝʥʝ ʩʚʦʿʝ ʧʨʦʠʟʚʦʜˁʝ. 

- ʆʛʨʘʥʠʯʝˁʘ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. ʅʘʠʤʝ, ʢʘʜʘ ʩʝ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʫʙʘʮʫʿʝ ʫ 

ʤʨʝʞʫ ʦʥʘ ʪʝʯʝ ʧʦ ʩʚʠʤ ˁʝʥʠʤ ʨʘʩʧʦʣʦʞʠʚʠʤ ʝʣʝʤʝʥʪʠʤʘ, ʧʨʠ ʯʝʤʫ ʪʠ 

ʪʦʢʦʚʠ ʧʦʜʣʝʞʫ ʚʝʦʤʘ ʩʣʦʞʝʥʠʤ ʬʠʟʠʯʢʠʤ ʟʘʢʦʥʠʤʘ. ʇʨʝʤʘ ʪʦʤʝ ʧʫʪʘˁʫ 

ʢʦʿʦʤ ˂ʝ ʩʝ ʢʨʝʪʘʪʠ ʥʝʢʘ ʦʜʨʝʹʝʥʘ ʢʦʣʠʯʠʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʝ ʚʝʦʤʘ 

ʪʝʰʢʦ ʠʣʠ ʥʝʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ, ʘ ʩʚʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʩʣʦʚʘ ʢʦʿʠ ʚʣʘʜʘʿʫ ʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ. 

ʉʘʤ ʩʤʠʩʘʦ ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʝ ʥʘʜʤʝʪʘˁʝ ʚʣʘʩʥʠʢʘ ʧʨʦʠʟʚʦʜʥʠʭ 

ʢʘʧʘʮʠʪʝʪʘ, ʘ ʩʚʝ ʫ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʧʨʚʝʥʩʪʚʝʥʦ ʠʩʧʣʘʪʠʚʝ ʧʨʦʠʟʚʦʜˁʝ. ʋ ʟʘʚʠʩ-

ʥʦʩʪʠ ʦʜ ʩʘʤʦʛ ʪʨʞʠʰʪʘ ʧʨʦʠʟʚʦʹʘʯʠ ʤʦʛʫ ʧʨʦʜʘʚʘʪʠ ʩʚʦʿʫ ʝʥʝʨʛʠʿʫ ʩʘʤʦ ʚʝ˂ʠʤ 

ʢʫʧʮʠʤʘ, ʠʣʠ ʫ ʩʣʫʯʘʿʫ ʧʦʪʧʫʥʦ ʦʪʚʦʨʝʥʦʛ ʪʨʞʠʰʪʘ ʠ ʧʨʦʜʘʚʮʠʤʘ ʥʘ ʤʘʣʦ. ʇʨʦ-

ʜʘʚʮʠ ʧʦʩʣʝ ʪʦʛʘ ʧʨʝʧʨʦʜʘʿʫ ʪʫ ʝʥʝʨʛʠʿʫ ʢʨʘʿˁʠʤ ʢʫʧʮʠʤʘ. ʅʝʢʘʜ ʿʝ ʪʨʛʦʚʠʥʘ 

ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʙʠʣʘ ʝʢʩʢʣʫʟʠʚʥʦ ʧʨʘʚʦ ʚʝʣʠʢʠʭ ʧʨʦʜʘʚʘʮʘ, ʜʦʢ ʩʝ ʩʘʜʘ 

ʪʨʞʠʰʪʘ ʩʚʝ ʚʠʰʝ ʦʪʚʘʨʘʿʫ ʢʘ ʢʨʘʿˁʠʤ ʢʫʧʮʠʤʘ. ɺʝʣʠʢʘ ʫʜʨʫʞʝˁʘ ʧʦʪʨʦʰʘʯʘ 

ʛʣʝʜʘʿʫ ʜʘ ʩʤʘˁʝ ʪʨʦʰʢʦʚʝ ʧʨʠ ʥʘʙʘʚʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʫ ʮʠˀʫ ʠʟʙʝʛʘʚʘˁʘ 

ʧʨʝʧʨʦʜʘʚʘʮʘ ʠʟʣʘʟʝ ʜʠʨʝʢʪʥʦ ʥʘ ʪʨʞʠʰʪʝ. ʂʫʧʦʚʠʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘ 

ʪʨʞʠʰʪʫ ʠʤʘ ʠ ʥʝʢʝ ʥʝʜʦʩʪʘʪʢʝ, ʢʘʦ ʰʪʦ ʩʫ ʪʨʞʠʰʥʘ ʥʝʠʟʚʝʩʥʦʩʪ, ʪʨʦʰʢʦʚʠ 

ʯʣʘʥʩʪʚʘ, ʪʘʢʩʝ, ʢʦʣʝʢʪʠʚʥʘ ʫʣʘʛʘˁʘ, ʪʨʦʰʢʦʚʠ ʦʨʛʘʥʠʟʘʮʠʿʝ ʢʘʦ ʠ ʧʦʪʨʝʙʘ ʜʘ ʩʝ 

ʝʥʝʨʛʠʿʘ ʢʫʧʫʿʝ ʥʘ ʜʥʝʚʥʦʤ ʥʠʚʦʫ. ʄʝʹʫʪʠʤ, ʚʝʣʠʢʠ ʙʨʦʿ ʧʦʪʨʦʰʘʯʘ ʢʦʿʠ ʫʯʝʩʪʚʫ-

ʿʫ ʥʘ ʪʨʞʠʰʪʫ, ʜʦʥʦʩʠ ʚʝ˂ʫ ʢʦʨʠʩʪ ʧʦʰʪʦ ʩʝ ʠʟʙʝʛʘʚʘ ʤʦʥʦʧʦʣ ʠ ʧʦʜʩʪʠʯʝ ʩʝ 
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ʢʦʥʢʫʨʝʥʪʥʠʿʘ ʧʨʦʠʟʚʦʜˁʘ. 

ɼʘ ʙʠ ʿʝʜʥʦ ʪʨʞʠʰʪʝ ʝʢʦʥʦʤʩʢʠ ʝʬʠʢʘʩʥʦ ʬʫʥʢʮʠʦʥʠʩʘʣʦ ʧʦʞʝˀʥʦ ʿʝ ʜʘ ʙʫʜʫ 

ʠʩʧʫˁʝʥʠ ʩʣʝʜʝ˂ʠ ʢʨʠʪʝʨʠʿʫʤʠ: ʧʦʩʪʦʿʘˁʝ ʢʦʦʨʜʠʥʠʩʘʥʦʛ ʩʧʦʪ ʪʨʞʠʰʪʘ ʢʦʿʝ ʨʘ-

ʜʠ ʧʦ ʟʘʢʦʥʫ ʧʦʥʫʜʝ ʠ ʧʦʪʨʘʞˁʝ, ʫʚʘʞʘʚʘˁʝ ʩʠʛʫʨʥʦʩʥʠʭ ʦʛʨʘʥʠʯʝˁʘ, ʝʢʦʥʦʤʩʢʘ 

ʨʘʩʧʦʜʝʣʘ ʧʨʦʠʟʚʦʜˁʝ ʩʘ ʥʦʜʘʣʥʠʤ ʮʝʥʘʤʘ. 

ʎʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʪʨʞʠʰʪʫ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʤʦ˂ʫ ʫʢʨʰʪʘ-

ˁʘ ʘʛʨʝʛʠʩʘʥʠʭ ʢʨʠʚʠʭ ʧʦʥʫʜʘ ʧʨʦʠʟʚʦʹʘʯʘ ʠ ʧʦʪʨʘʞˁʠ ʧʦʪʨʦʰʘʯʘ ʫ ʩʚʘʢʦʿ 

ʦʙʣʘʩʪʠ. ʎʝʥʫ ʿʝ ʧʦʪʨʝʙʥʦ ʦʜʨʝʹʠʚʘʪʠ ʟʘ ʩʚʘʢʠ ʠʥʪʝʨʚʘʣ (ʥʘʿʯʝʰ˂ʝ ʩʘʪ ʚʨʝʤʝʥʘ), ʠ 

ʦʥʘ ʫ ʤʥʦʛʦʤʝ ʟʘʚʠʩʠ ʦʜ ʫʩʣʦʚʘ ʫ ʤʨʝʞʠ. ʊʝʦʨʝʪʩʢʠ ʛʣʝʜʘʥʦ, ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʤʨʝʞʝ, ʥʦʜʘʣʥʘ ʮʝʥʘ, ʙʠ ʪʨʝʙʘʣʘ ʜʘ ʧʨʝʜʩʪʘʚˀʘ ʮʝʥʫ 

ʩʥʘʙʜʝʚʘˁʘ ʜʦʜʘʪʥʦʛ kWh ʫ ʪʦʤ ʯʚʦʨʫ. ʆʚʘʢʘʚ ʧʨʠʩʪʫʧ ʧʨʦʜʘʿʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨ-

ʛʠʿʝ ʩʝ ʚʨʰʠ ʥʘ ʧʦʿʝʜʠʥʠʤ ʪʨʞʠʰʪʠʤʘ ʉʿʝʜʠʥʿʝʥʠʭ ɸʤʝʨʠʯʢʠʭ ɼʨʞʘʚʘ [110]. ʇʨʠ 

ʠʟʨʘʯʫʥʘʚʘˁʫ ʥʦʜʘʣʥʝ ʮʝʥʝ ʤʦʨʘʿʫ ʙʠʪʠ ʟʘʜʦʚʦˀʝʥʠ ʩʠʛʫʨʥʦʩʥʠ ʢʨʠʪʝʨʠʿʫʤʠ, 

ʠʟʘʙʨʘʥʠ ʥʘʿʧʦʚʦˀʥʠʿʠ ʛʝʥʝʨʘʪʦʨʠ (ʦʜʨʝʹʫʿʫ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʦʥʫʜʘ ʥʘ ʪʨʞʠʰʪʫ), ʠ 

ʟʘʜʦʚʦˀʝʥʘ ʧʦʪʨʘʞˁʘ. ɸʢʦ ʜʦ˂ʝ ʜʦ ʟʘʛʫʰʝˁʘ, ʪʨʞʠʰʪʝ ˂ʝ ʩʝ ʧʦʜʝʣʠʪʠ ʠ ʩʚʘʢʘ 

ʦʙʣʘʩʪ ˂ʝ ʠʤʘʪʠ ʨʘʟʣʠʯʠʪʫ ʮʝʥʫ. ʈʘʟʣʠʯʠʪʝ ʥʦʜʘʣʥʝ ʮʝʥʝ ʧʦ ʦʙʣʘʩʪʠʤʘ ʩʫ ʜʠʨʝʢ-

ʪʥʘ ʧʦʩʣʝʜʠʮʘ ʘʥʛʘʞʦʚʘˁʘ ʩʢʫʧˀʠʭ ʛʝʥʝʨʘʪʦʨʘ. 

ɱʝʜʥʘ ʦʜ ʦʩʥʦʚʥʠʭ ʠʜʝʿʘ ʧʨʠʣʠʢʦʤ ʬʦʨʤʠʨʘˁʘ ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʝ 

ʤʦʛʫ˂ʥʦʩʪ ʩʣʦʙʦʜʥʦʛ ʠʟʙʦʨʘ ʩʥʘʙʜʝʚʘʯʘ, ʧʨʠ ʯʝʤʫ ʪʠ ʩʥʘʙʜʝʚʘʯʠ ʥʝ ʤʦʨʘʿʫ ʦʙʘ-

ʚʝʟʥʦ ʜʘ ʩʝ ʥʘʣʘʟʝ ʫ ʠʩʪʦʿ ʦʙʣʘʩʪʠ (ʜʨʞʘʚʠ) ʢʘʦ ʠ ʧʦʪʨʦʰʘʯʠ. ʇʨʝʢʦʛʨʘʥʠʯʥʘ 

ʪʨʛʦʚʠʥʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʫ ɽʚʨʦʧʠ ʿʝ ʦʤʦʛʫ˂ʝʥʘ ʟʘʭʚʘˀʫʿʫ˂ʠ ʧʦʚʝʟʘʥʦʩʪʠ 

ʩʚʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ, UCTE (Union for the Coordination of Transmissi-

on of Electricity). ɻʣʘʚʥʠ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʟʘ ʩʣʦʙʦʜʥʫ ʪʨʛʦʚʠʥʫ ʰʠʨʦʤ ʮʝʣʝ 

ɽʚʨʦʧʝ ʿʝ ʟʘʛʫʰʝˁʝ ʚʝ˂ʠʥʝ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʚʦʜʦʚʘ. ʇʦʩʪʦʿʘˁʝ ʦʚʠʭ ʟʘʛʫʰʝˁʘ 

ʿʝ ʜʦʚʝʣʦ ʜʦ ʨʘʟʚʦʿʘ ʤʝʪʦʜʘ ʟʘ ʜʦʜʝʣʫ ʧʨʝʢʦʛʨʘʥʠʯʥʠʭ ʢʘʧʘʮʠʪʝʪʘ. 

ɸʢʦ ʥʘ ʛʨʘʥʠʮʘʤʘ ʥʝ ʧʦʩʪʦʿʠ ʟʘʛʫʰʝˁʝ ʥʠʿʝ ʥʝʦʧʭʦʜʥʘ ʨʝʟʝʨʚʘʮʠʿʘ ʪʦʛ ʢʘʧʘʮʠ-

ʪʝʪʘ, ʩʚʝ ʪʨʘʥʩʘʢʮʠʿʝ ʩʝ ʧʨʠʭʚʘʪʘʿʫ ʙʝʟ ʥʘʧʣʘʪʝ. ʆʚʦ ʿʝ ʩʣʫʯʘʿ ʥʘ ʅʝʤʘʯʢʦ ɸʫʩ-

ʪʨʠʿʩʢʦʿ ʛʨʘʥʠʮʠ [111]. ʇʨʦʙʣʝʤʠ ʥʘʩʪʘʿʫ ʢʘʜʘ ʧʨʝʢʦʛʨʘʥʠʯʥʠ ʢʘʧʘʮʠʪʝʪ ʥʠʿʝ 

ʜʦʚʦˀʘʥ ʜʘ ʧʨʠʭʚʘʪʠ ʩʚʝ ʧʦʥʫʜʝ. ʋ ʪʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ ʤʦʛʫ˂ʝ ʧʦʩʪʫʧʠʪʠ ʧʦ 

ʥʝʢʦʤ ʦʜ ʩʣʝʜʝ˂ʠʭ ʧʨʘʚʠʣʘ: 

- First come first serve, ʦʚʦʤ ʤʝʪʦʜʦʤ ʧʨʝʢʦʛʨʘʥʠʯʥʠ ʢʘʧʘʮʠʪʝʪ ʩʝ ʜʦʜʝˀʫʿʝ 

ʧʨʝʤʘ ʚʨʝʤʝʥʫ ʜʦʩʧʝ˂ʘ ʧʦʥʫʜʝ. 



75 

 

- ʉʨʘʟʤʝʨʥʦ ʧʨʝʥʦʰʝˁʝ (pro rate), ʢʘʜʘ ʩʫ ʟʘʭʪʝʚʠ ʟʘ ʧʨʝʢʦʛʨʘʥʠʯʥʠʤ ʧʨʝ-

ʥʦʩʦʤ ʚʝ˂ʠ ʦʜ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʩʚʘʢʠ ʟʘʭʪʝʚ ʩʝ ʩʤʘˁʫʿʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ. ʆʚʠʤ ʩʝ ʠʟʙʝʛʘʚʘʿʫ ʟʘʛʫʰʝˁʘ, ʧʨʠ ʯʝʤʫ ʥʠ ʿʝʜʥʘ ʪʨʘʥʩʘʢ-

ʮʠʿʘ ʥʠʿʝ ʦʜʙʠʿʝʥʘ. ʄʘʥʘ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʿʝ ʰʪʦ ʥʠ ʿʝʜʥʘ ʪʨʘʥʩʘʢʮʠʿʘ ʥʠʿʝ ʫ 

ʮʝʣʦʩʪʠ ʧʨʠʭʚʘ˂ʝʥʘ. 

- ɽʢʩʧʣʠʮʠʪʥʝ ʘʫʢʮʠʿʝ, ʦʚʦ ʿʝ ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʠ ʥʘʯʠʥ ʨʘʩʧʦʜʝʣʝ ʧʨʝʢʦ-

ʛʨʘʥʠʯʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʫ ɽʚʨʦʧʠ. ʉʚʘʢʠ ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʟʘʜʘʿʝ 

ʚʨʝʜʥʦʩʪʠ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʩʚʦʿʝ ʛʨʘʥʠʮʝ, ʠ ʦʚʘʿ 

ʢʘʧʘʮʠʪʝʪ ʩʝ ʨʘʟʜʝˀʫʿʝ ʥʘ ʘʫʢʮʠʿʘʤʘ. ʇʦʥʫʜʝ ʩʝ ʨʘʟʚʨʩʪʘʚʘʿʫ ʧʨʝʤʘ ʧʦʥʫ-

ʝ́ʥʦʿ ʮʝʥʠ, ʠ ʧʨʠʭʚʘʪʘʿʫ ʩʝ ʜʦʢʣʝ ʛʦʜ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʥʦʩʘ ʝʣʝʢʪʨʠʯ-

ʥʝ ʝʥʝʨʛʠʿʝ. ʎʝʥʘ ʟʘ ʧʨʝʥʦʩ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʝʢʦ ʟʘʛʫʰʝʥʦʛ ʚʦʜʘ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʦʜʨʝʹʫʿʝ ʧʨʝʤʘ ʧʦʩʣʝʜˁʦʿ ʧʨʠʭʚʘ˂ʝʥʦʿ ʧʦʥʫʜʠ. 

- ʀʤʧʣʠʮʠʪʥʝ ʘʫʢʮʠʿʝ, ʨʘʟʣʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʝʢʩʧʣʠʮʠʪʥʝ ʘʫʢʮʠʿʝ ʿʝ ʫ ʪʦʤʝ 

ʰʪʦ ʿʝ ʮʝʥʘ ʨʝʟʝʨʚʘʮʠʿʝ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʚʝ˂ ʫʢˀʫʯʝʥʘ ʫ ʮʝʥʫ ʧʨʝʥʦ-

ʩʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʝʢʦ ʪʦʛ ʚʦʜʘ. ʎʝʥʫ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʟʘʜʘʿʝ 

ʦʧʝʨʘʪʦʨ ʪʨʞʠʰʪʘ, ʧʨʠ ʪʦʤʝ ʚʦʜʝ˂ʠ ʨʘʯʫʥʘ ʜʘ ʧʨʠʭʚʘ˂ʝʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʥʝ 

ʜʦʚʝʜʫ ʜʦ ʟʘʛʫʰʝˁʘ. ʇʦʰʪʦ ʦʧʝʨʘʪʦʨ ʪʨʞʠʰʪʘ ʧʦʟʥʘʿʝ ʩʚʝ ʧʦʥʫʜʝ ʥʘ ʪʨ-

ʞʠʰʪʫ ʦʥ ʤʦʞʝ ʜʘ ʧʦʩʪʘʚʠ ʪʘʢʚʫ ʮʝʥʫ ʧʦʜ ʢʦʿʦʤ ʩʝ ʧʦʥʫʜʝ ʠ ʜʘˀʝ ʤʦʛʫ 

ʧʨʠʭʚʘʪʠʪʠ. 

- ʇʦʜʝʣʘ ʪʨʞʠʰʪʘ, ʦʚʦ ʿʝ ʥʘʧʨʝʜʥʠʿʘ ʚʘʨʠʿʘʥʪʘ ʠʤʧʣʠʮʠʪʥʠʭ ʘʫʢʮʠʿʘ. ʆʚʜʝ 

ʩʝ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʨʝʥʦʩʠ ʠʟ ʦʙʣʘʩʪʠ ʩʘ ʥʠʞʦʤ ʮʝʥʦʤ ʫ ʦʙʣʘʩʪ ʩʘ 

ʚʠʰʦʤ ʮʝʥʦʤ, ʘʣʠ ʧʨʝʥʦʩʠ ʩʝ ʩʘʤʦ ʦʥʘ ʢʦʣʠʯʠʥʘ ʢʦʿʘ ʥʝ˂ʝ ʠʟʘʟʠʚʘʪʠ 

ʟʘʛʫʰʝˁʝ. 

 

4.1. Nord Pool Spot 
 

ʋ 2013. ʛʦʜʠʥʠ, 84% ʦʜ ʮʝʣʦʢʫʧʥʝ ʧʦʪʨʦʰˁʝ ʫ ʅʦʨʜʠʿʩʢʦʿ ʠ ɹʘʣʪʠʯʢʦʿ ʨʝʛʠʿʠ ʿʝ 

ʥʘʙʘʚˀʝʥʦ ʧʨʝʢʦ ʪʨʞʠʰʪʘ. Elspot ʿʝ ʘʫʢʮʠʿʩʢʦ ʜʘʥ ʫʥʘʧʨʝʜ ʪʨʞʠʰʪʝ ʥʘ ʢʦʤʝ ʩʝ 

ʪʨʛʫʿʝ ʩʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʟʘ ʩʚʘʢʠ ʩʘʪ ʘ ʢʦʿʘ ˂ʝ ʙʠʪʠ ʠʩʧʦʨʫʯʝʥʘ ʩʣʝʜʝ˂ʝʛ 

ʜʘʥʘ. ʆʚʦ ʪʨʞʠʰʪʝ ʿʝ ʧʦʜʝˀʝʥʦ ʥʘ ʥʝʢʦʣʠʢʦ ʦʙʣʘʩʪʠ, ʧʨʠ ʯʝʤʫ ʛʨʘʥʠʮʝ ʿʝʜʥʝ 

ʦʙʣʘʩʪʠ ʥʠʩʫ ʦʙʘʚʝʟʥʦ ʠ ʛʨʘʥʠʮʝ ʜʨʞʘʚʝ. ʉʚʘʢʠ ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ 

ʦʜʣʫʯʠʿʝ ʥʘ ʢʦʣʠʢʦ ˂ʝ ʩʝ ʦʙʣʘʩʪʠ ʧʦʜʝʣʠʪʠ ʜʨʞʘʚʘ ʥʘʜ ʢʦʿʦʤ ʦʥ ʛʘʨʘʥʪʫʿʝ ʩʪʘʙʠ-

ʣʘʥ ʨʘʜ ʩʠʩʪʝʤʘ. ʀʟʥʦʩ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ 

ʦʙʣʘʩʪʠ ʤʦʞʝ ʚʘʨʠʨʘʪʠ ʟʙʦʛ ʟʘʛʫʰʝˁʘ ʧʦʿʝʜʠʥʠʭ ʚʦʜʦʚʘ ʢʦʿʠ ʧʦʚʝʟʫʿʫ ʪʝ ʦʙʣʘʩʪʠ, 
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ʪʘʢʦ ʜʘ ˂ʝ ʧʦʩʪʦʿʘʪʠ ʨʘʟʣʠʢʘ ʫ ʮʝʥʠ ʫ ʦʙʣʘʩʪʠʤʘ ʧʦʛʦ˂ʝʥʠʤ ʟʘʛʫʰʝˁʝʤ. 

ʂʘʜʘ ʩʫ ʩʚʠ ʫʯʝʩʥʠʮʠ ʧʦʜʥʝʣʠ ʩʚʦʿʝ ʧʦʥʫʜʝ, ʧʨʠʩʪʫʧʘ ʩʝ ʦʜʨʝʹʠʚʘˁʫ ʧʨʝʩʝʢʘ 

ʘʛʨʝʛʠʩʘʥʠʭ ʢʨʠʚʠʭ ʧʦʥʫʜʝ ʠ ʧʦʪʨʘʞˁʝ ʟʘ ʩʚʝ ʦʙʣʘʩʪʠ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʨʘʯʫʥʘʿʫ 

ʩʠʩʪʝʤʩʢʘ ʠ ʨʝʛʠʦʥʘʣʥʘ ʮʝʥʘ. ʉʠʩʪʝʤʩʢʘ ʮʝʥʘ ʩʝ ʨʘʯʫʥʘ ʩʘʤʦ ʥʘ ʦʩʥʦʚʫ ʧʦʥʫʜʝ ʠ 

ʧʦʪʨʘʞˁʝ ʥʝ ʨʘʟʤʘʪʨʘʿʫ˂ʠ ʨʘʩʧʦʣʦʞʠʚʠ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ. ʆʚʘ 

ʮʝʥʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʪʨʛʦʚʠʥʫ ʠ ʟʘ ʨʝʰʘʚʘˁʝ ʚʝ˂ʠʥʝ ʬʠʥʘʥʩʠʿʩʢʠʭ ʫʛʦʚʦʨʘ. ʈʝʛʠʦ-

ʥʘʣʥʘ ʮʝʥʘ ʩʝ ʦʜʨʝʹʫʿʝ ʟʘ ʩʚʘʢʫ ʦʙʣʘʩʪ ʧʦʩʝʙʥʦ. ʅʘ ʦʩʥʦʚʫ ʦʚʝ ʮʝʥʝ ʩʝ ʚʨʰʠ ʠʩ-

ʧʣʘʪʘ ʜʦʙʘʚˀʘʯʠʤʘ ʠ ʥʘʧʣʘʪʘ ʢʫʧʮʠʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʪʦʿ ʦʙʣʘʩʪʠ. 

ɿʙʦʛ ʧʦʩʪʦʿʘˁʘ ʫʩʢʠʭ ʛʨʣʘ ʫ ʤʨʝʞʠ, ʦʚʝ ʜʚʝ ʮʝʥʝ ʩʝ ʤʦʛʫ ʨʘʟʣʠʢʦʚʘʪʠ. ʅʘʠʤʝ, 

ʢʘʜʘ ʩʝ ʧʦʿʘʚʠ ʟʘʛʫʰʝˁʝ ʪʦʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ˂ʝ ʙʠʪʠ ʦʜ ʦʙʣʘʩʪʠ ʫ ʢʦʿʦʿ ʿʝ 

ʮʝʥʘ ʥʠʞʘ ʢʘ ʦʙʣʘʩʪʠ ʩʘ ʚʠʰʦʤ ʮʝʥʦʤ. 

ʇʨʠʣʠʢʦʤ ʨʘʯʫʥʘˁʘ ʨʝʛʠʦʥʘʣʥʠʭ ʮʝʥʘ ʢʦʨʠʩʪʠ ʩʝ ʘʣʛʦʨʠʪʘʤ ʯʠʿʠ ʿʝ ʮʝˀ ʤʘʢʩʠ-

ʤʠʟʘʮʠʿʘ ʦʧʰʪʝʛ ʜʦʙʨʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʧʨʘʚʠʣʠʤʘ ʪʨʞʠʰʪʘ. ʇʨʠ ʪʦʤʝ ʦʚʘʿ ʘʣʛʦ-

ʨʠʪʘʤ ʫʚʘʞʘʚʘ ʬʠʟʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ ʢʘʦ ʰʪʦ ʿʝ ʦʛʨʘʥʠʯʝˁʝ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ, 

ʫʨʘʚʥʦʪʝʞʝʥ ʨʘʜ ʩʚʘʢʝ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝˁʝ ʙʨʟʠʥʝ ʧʨʦʤʝʥʝ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʜʨʫʛʘ. 

Elbas ʿʝ ʫʥʫʪʘʨ ʜʥʝʚʥʦ ʪʨʞʠʰʪʝ ʟʘ ʪʨʛʦʚʠʥʫ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʥʘ Nord Pool 

Spot. ʅʘ ʦʚʦʤ ʪʨʞʠʰʪʫ ʫʯʝʩʪʚʫʿʝ ʠ ʅʝʤʘʯʢʘ ʧʦʨʝʜ ʅʦʨʜʠʿʩʢʠʭ ʠ ɹʘʣʪʠʯʢʠʭ ʟʝʤʘ-

ˀʘ. ɿʘʜʘʪʘʢ ʦʚʦʛ ʪʨʞʠʰʪʘ ʿʝ ʦʜʨʞʘʚʘˁʝ ʫʨʘʚʥʦʪʝʞʝʥʦʛ ʨʘʜʘ ʩʠʩʪʝʤʘ. ʆʚʦ ʪʨʞʠʰ-

ʪʝ ʧʦʩʪʘʿʝ ʩʚʝ ʟʥʘʯʘʿʥʠʿʝ ʟʙʦʛ ʩʚʝ ʚʝ˂ʝʛ ʫʜʝʣʘ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʫ ʧʨʦʮʝʩʫ ʧʨʦʠʟʚʦʜ-

ˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʿʝ ʙʨʟʠʥʘ ʚʝʪʨʘ ʪʝʰʢʦ ʧʨʝʜʚʠʚʠʚʘ, ʪʘʢʦ ʜʘ 

ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʨʘʟʣʠʢʝ ʠʟʤʝ˂ʫ ʫʛʦʚʦʨʘ ʜʘʥ ʫʥʘʧʨʝʜ ʠ ʩʪʚʘʨʥʝ ʧʨʦʠʟʚʦʜˁʝ ʧʘ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʦʚʫ ʨʘʟʣʠʢʫ ʥʘʜʦʢʥʘʜʠʪʠ ʥʘ ʪʨʞʠʰʪʫ. 

ʅʘ ʦʚʦʤ ʪʨʞʠʰʪʫ ʮʝʥʘ ʩʝ ʧʦʩʪʘʚˀʘ ʧʦ ʚʨʝʤʝʥʫ ʧʦʜʥʦʰʝˁʘ ʧʦʥʫʜʝ (first-come, 

first-served) ʧʨʠ ʯʝʤʫ ʥʘʿʥʠʞʝ ʮʝʥʝ ʧʨʦʜʘʿʝ ʠ ʥʘʿʚʠʰʝ ʮʝʥʝ ʢʫʧʦʚʠʥʝ ʠʜʫ ʧʨʚʝ ʙʝʟ 

ʦʙʟʠʨʘ ʥʘ ʚʨʝʤʝ ʧʦʜʥʦʰʝˁʘ ʧʦʥʫʜʝ. ʅʘ Elbas ʪʨʞʠʰʪʫ ʤʦʛʫ ʩʝ ʧʦʜʥʦʩʠʪʠ ʧʦʥʫʜʝ 

ʩʘʤʦ ʟʘ ʦʙʣʘʩʪ ʫ ʢʦʿʦʿ ʩʝ ʧʨʦʠʟʚʦʹʘʯ/ʢʫʧʘʮ ʥʘʣʘʟʠ [112]. 

 

4.2. APX 
 

APX ʧʨʝʜʩʪʘʚˀʘ ʩʧʦʿʝʥʦ ʩʧʦʪ ʪʨʞʰʪʝ ɽʥʛʣʝʩʢʝ, ʍʦʣʘʥʜʠʿʝ ʠ ɹʝʣʛʠʿʝ. ʉʧʦʿʝʥʦ 

ʪʨʞʠʰʪʝ ʧʦʜʨʘʟʫʤʝʚʘ ʨʫʢʦʚʘˁʝ ʧʦʥʫʜʘʤʘ ʠ ʧʦʪʨʘʞˁʘʤʘ ʙʝʟ ʦʙʟʠʪʘ ʠʟ ʢʦʿʝ ʟʝʤˀʝ 

ʦʥʝ ʧʦʪʠʯʫ. ʇʨʠʭʚʘʪʘʿʫ ʩʝ ʦʥʝ ʧʦʪʨʘʞˁʝ ʢʦʿʝ ʥʫʜʝ ʥʘʿʚʝ˂ʫ ʮʝʥʫ ʢʫʧʦʚʠʥʝ ʠ ʦʥʝ 

ʧʦʥʫʜʝ ʢʦʿʝ ʥʫʜʝ ʥʘʿʥʠʞʫ ʮʝʥʫ ʧʨʦʜʘʿʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʣʦʢʘ-

ʮʠʿʫ ʢʫʧʮʘ/ʧʨʦʠʟʚʦʹʘʯʘ, ʘʣʠ ʫʚʘʞʘʚʘʿʫ˂ʠ ʨʘʩʧʦʣʦʞʠʚʠ ʧʨʝʢʦʛʨʘʥʠʯʥʠ ʢʘʧʘʮʠʪʝʪ. 
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ʆʧʰʪʠ ʮʠˀ ʪʨʞʠʰʪʘ ʿʝ ʧʦʩʪʠʟʘˁʝ ʰʪʦ ʚʝ˂ʝʛ ʩʫʬʠʮʠʪʘ ʩʚʠʭ ʫʯʝʩʥʠʢʘ ʥʘ ʪʨʞʠ-

ʪhʫ. ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʜʘ ʩʝ ʦʚʦ ʧʦʩʪʠʛʥʝ ʿʝ ʜʘ ʩʝ ʠʟ ʿʝʜʥʝ ʦʙʣʘʩʪʠ ʫʚʦʟʠ ʫ ʜʨʫʛʫ ʩʚʝ 

ʜʦʢ ʿʝ ʤʘʨʛʠʥʘʣʥʘ ʮʝʥʘ ʫ ʠʟʚʦʟʥʦʿ ʦʙʣʘʩʪʠ ʤʘˁʘ ʥʝʛʦ ʫ ʫʚʦʟʥʦʿ, ʠʣʠ ʜʦʢ ʩʝ ʥʝ 

ʧʦʧʫʥʠ ʨʘʩʧʦʣʦʞʠʚʠ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ. 

EuroLight
È
 Iʊ-ʧʣʘʪʬʦʨʤʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʪʨʛʦʚʠʥʫ ʥʘ APX ʪʨʞʠʰʪʫ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ. 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʧʦʚʝʟʘʥʦʩʪʠ ʦʚʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ, ʫʯʝʩʥʠʮʠʤʘ ʥʘ ʪʨʞʠ-

ʰʪʫ ʩʝ ʥʫʜʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʜʘʿʝ/ʢʫʧʦʚʠʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʩʫʩʝʜʥʠʭ ʟʝʤʘˀʘ 

(ʌʨʘʥʮʫʩʢʘ, ʅʝʤʘʯʢʘ) ʠ ʩʫʩʝʜʥʠʭ ʪʨʞʠʰʪʘ (Nord Pool Spot) [113]. ɸʣʦʢʘʮʠʿʘ ʥʘ 

ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʤ ʚʦʜʦʚʠʤʘ ʩʝ ʨʘʜʠ ʧʫʪʝʤ ʠʤʧʣʠʮʠʪʥʠʭ ʘʫʢʮʠʿʘ [114, 115]. ɿʘ 

ʨʘʟʣʠʢʫ ʦʜ Nord Pool Spot ʪʨʞʠʰʪʘ ʛʜʝ ʩʝ ʟʘ ʫʥʫʪʘʨʜʥʝʚʥʦ ʪʨʞʠʰʪʝ ʟʘ ʩʚʘʢʫ 

ʦʙʣʘʩʪ ʧʨʠʭʚʘʪʘʫʿ ʩʘʤʦ ʧʦʥʫʜʝ ʫʯʝʩʥʠʢʘ ʢʦʠʿ ʩʝ ʬʠʟʠʯʢʠ ʫ ˁʦʿ ʠ ʥʘʣʘʟʝ, ʢʦʜ APX 

ʪʨʞʠʰʪʘ ʿʝ ʤʦʛʫ˂ʝ ʜʘʚʘʪʠ ʧʦʥʫʜʝ ʟʘ ʙʠʣʦ ʢʦʿʫ ʦʙʣʘʩʪ ʙʝʟ ʦʙʟʠʨʘ ʫ ʢʦʿʦʿ ʩʝ ʦʙʣʘʩʪʠ 

ʧʦʥʫʹʘʯ ʢʦʥʢʨʝʪʥʦ ʥʘʣʘʟʠ. 

 

4.3. EPEX Spot 
 

ʅʘʤʝʥʘ EPEX Spot ʪʨʞʠʰʪʘ ʿʝ ʧʦʩʪʝʧʝʥʦ ʫʩʧʦʩʪʘʚˀʘˁʝ ʧʘʥ ɽʚʨʦʧʩʢʦʛ ʪʨʞʠʰʪʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʟʘ ʫʥʫʪʘʨ ʜʥʝʚʥʫ ʠ ʪʨʛʦʚʠʥʫ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ. ɻʣʘʚʥʘ ʠʜʝʿʘ ʟʘ 

ʦʩʥʠʚʘˁʝ ʦʚʘʢʚʦʛ ʪʨʞʠʰʪʘ ʿʝ ʩʪʚʘʨʘˁʝ ʿʝʜʥʝ ʚʝʣʠʢʝ ʦʙʣʘʩʪʠ ʫ ʢʦʿʦʿ ˂ʝ ʨʘʟʣʠʢʝ ʫ 

ʮʝʥʘʤʘ ʠʟʤʝʹʫ ʧʦʜʦʙʣʘʩʪʠ ʙʠʪʠ ʧʦʩʪʘʚˀʘʥʝ ʠ ʢʦʦʨʜʠʥʠʩʘʥʝ ʧʦʤʦ˂ʫ ʪʨʘʥʩʧʘʨʝʥ-

ʪʥʦʛ ʤʝʭʘʥʠʟʤʘ. ʊʨʝʥʫʪʥʦ ʦʚʦ ʪʨʞʠʰʪʝ ʨʘʜʠ ʥʘ ʧʦʜʨʫʯʿʫ ʮʝʥʪʨʘʣʥʝ ɽʚʨʦʧʝ, 

ʦʜʥʦʩʥʦ ʫ ˁʝʛʘ ʩʫ ʫʢˀʫʯʝʥʘ ʌʨʘʥʮʫʩʢʘ, ɸʫʩʪʨʠʿʘ, ʅʝʤʘʯʢʘ ʠ ʐʚʘʿʮʘʨʩʢʘ. ʋ ʮʠˀʫ 

ʫʩʧʦʩʪʘʚˀʘˁʘ ʿʝʜʠʥʩʪʚʝʥʦʛ ɽʚʨʦʧʩʢʦʛ ʪʨʞʠʰʪʘ ʥʘ ʘʫʢʮʠʿʘʤʘ ʫ ʦʢʚʠʨʫ ʪʨʞʠʰʪʘ 

ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ ʧʨʝʢʦ ʅʝʤʘʯʢʝ ʤʦʛʫ ʫʯʝʩʪʚʦʚʘʪʠ ʠ ʅʦʨʜʿʠʩʢʝ ʦʙʣʘʩʪʠ, ʘ ʧʨʝʢʦ 

ʌʨʘʥʮʫʩʢʝ ʠ ʟʝʤʘˀʘ ɹʝʥʝʣʫʢʩʘ ʠ ɺʝʣʠʢʘ ɹʨʠʪʘʥʠʿʘ. 

ʋʯʝʩʥʠʮʠ ʥʘ ʪʨʞʠʰʪʫ ʧʦʨʝʜ ʘʫʢʮʠʿʘ ʟʘ ʩʚʘʢʠ ʩʘʪ ʧʦʩʝʙʥʦ ʤʦʛʫ ʧʦʜʥʝʪʠ ʧʦʥʫʜʝ ʫ 

ʦʙʣʠʢʫ ʙʣʦʢʘ. ɹʣʦʢʦʚʠ ʩʝ ʢʦʨʠʩʪʝ ʜʘ ʙʠ ʩʝ ʩʧʦʿʠʣʠ ʠʥʪʝʨʚʘʣʠ ʦʜ ʥʝʢʦʣʠʢʦ ʩʘʪʠ ʫ 

ʿʝʜʥʫ ʧʦʥʫʜʫ, ʢʦʿʘ ʿʝ ʥʘʿʯʝʰ˂ʝ ʪʠʧʘ ʩʚʝ ʠʣʠ ʥʠʰʪʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʘʢʦ ʩʝ ʙʣʦʢ ʧʨʠʭ-

ʚʘʪʠ ʤʦʨʘ ʩʝ ʧʨʠʭʚʘʪʠʪʠ ʫ ʮʝʣʦʩʪʠ ʥʘ ʢʦʤʧʣʝʪʥʦʤ ʠʥʪʝʨʚʘʣʫ ʠʣʠ ʩʝ ʫ ʮʝʣʦʩʪʠ 

ʦʜʙʠʿʘ. ʅʘ ʦʚʦʤ ʪʨʞʠʰʪʫ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ Nord Pool Spot, ʙʣʦʢʦʚʠ ʩʫ ʥʠʞʝʛ ʧʨʠʦʨʠ-

ʪʝʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʥʫʜʝ ʥʘ ʩʘʪʥʦʤ ʥʠʚʦʫ. ʂʦʣʠʯʠʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ 

ʢʫʧʫʿʝ/ʧʨʦʜʘʿʝ ʥʝʢʠʤ ʙʣʦʢʦʤ ʤʦʞʝ ʜʘ ʩʝ ʤʝˁʘ ʟʘ ʩʚʘʢʠ ʩʘʪ ʙʣʦʢʘ. ɼʘ ʣʠ ˂ʝ ʩʝ ʥʝʢʠ 

ʙʣʦʢ ʧʨʠʭʚʘʪʠʪʠ ʧʨʚʝʥʩʪʚʝʥʦ ʟʘʚʠʩʠ ʦʜ ʮʝʥʝ ʧʦ ʢʦʿʦʿ ʩʝ ʙʣʦʢ ʥʫʜʠ. ʅʘʠʤʝ ʮʝʥʘ 

ʙʣʦʢʘ ʩʝ ʧʦʨʝʜʠ ʩʘ ʫʩʨʝʜˁʝʥʦʤ ʮʝʥʦʤ ʥʘ ʪʨʞʠʰʪʫ ʟʘ ʮʝʣʦʢʫʧʘʥ ʠʥʪʝʨʚʘʣ ʪʨʘʿʘˁʘ 
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ʙʣʦʢʘ. 

ɿʘ ʩʚʘʢʫ ʟʝʤˀʫ ʢʦʿʘ ʫʯʝʩʪʚʫʿʝ ʥʘ ʦʚʦʤ ʪʨʞʠʰʪʫ ʩʝ ʧʦʩʝʙʥʦ ʧʨʦʧʠʩʫʿʝ ʢʦʣʠʢʝ ʩʫ 

ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʦʜʥʝʪʠ ʢʘʦ ʙʣʦʢʦʚʠ, ʢʘʦ ʠ ʢʦʣʠʢʠ ʿʝ ʤʘʢʩʠʤʘʣʥʠ 

ʙʨʦʿ ʙʣʦʢʦʚʘ ʢʦʿʝ ʩʚʘʢʘ ʩʪʨʘʥʘ ʤʦʞʝ ʧʦʜʥʝʪʠ. 

ʋ ʌʨʘʥʮʫʩʢʦʿ ʠ ʐʚʘʿʮʘʨʩʢʦʿ ʧʦʩʪʦʿʠ ʩʘʤʦ ʧʦ ʿʝʜʥʘ ʟʦʥʘ ʠʩʧʦʨʫʢʝ ʢʦʿʫ ʢʦʥʪʨʦʣʠ-

ʰʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ. ʅʝʤʘʯʢʘ ʠ ɸʫʩʪʨʠʿʘ ʩʫ ʠʟʜʝˀʝʥʝ 

ʥʘ ʚʠʰʝ ʟʦʥʘ ʢʦʿʘ ʩʚʘʢʘ ʠʤʘ ʩʚʦʛ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʿʝ ʟʘʜʫʞʝʥ ʟʘ 

ʠʩʧʦʨʫʢʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʘ ʪʨʞʠʰʪʘ. 

ʀ ʥʘ ʦʚʦʤ ʪʨʞʠʰʪʫ ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʦʜʨʝʹʫʿʝ ʮʝʥʫ ʪʝʞʠ ʢʘ ʧʦʚʝ˂ʘˁʫ ʦʧʰʪʝʛ ʜʦʙʨʘ 

ʠ ʩʤʘˁʠʚʘˁʫ ʟʘʛʫʰʝˁʘ [116]. EPEX Spot ʟʘʜʨʞʘʚʘ ʧʨʘʚʦ ʦʜʙʘʮʠʚʘˁʘ ʿʝʜʥʦʛ ʠʣʠ 

ʚʠʰʝ ʙʣʦʢʦʚʘ ʫ ʩʣʫʯʘʿʫ ʜʘ ʪʠ ʙʣʦʢʦʚʠ ʩʪʚʘʨʘʿʫ ʧʨʦʙʣʝʤʝ ʧʨʠ ʫʧʦʪʨʝʙʠ ʘʣʛʦʨʠʪʤʘ. 

 

4.4. GME 
 

ʂʘʦ ʠ ʢʦʜ ʜʨʫʛʠʭ ʪʨʞʠʰʪʘ ʠ ʥʘ ʦʚʦʤ ʪʨʞʠʰʪʫ ʩʝ ʩʚʝ ʧʦʥʫʜʝ ʠ ʧʦʪʨʘʞˁʝ ʧʦʜʥʦʩʝ 

ʥʘ ʿʝʜʥʦʤ ʤʝʩʪʫ ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʧʨʘʚʝ ʘʛʨʝʛʠʩʘʥʝ ʢʨʠʚʝ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʦʜʨʝʹʫʿʝ 

ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʋʯʝʰ˂ʝ ʥʘ ʀʪʘʣʠʿʘʥʩʢʦʤ ʪʨʞʠʰʪʫ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʜʦʙʨʦ-

ʚʦˀʥʦʿ ʙʘʟʠ, ʦʜʥʦʩʥʦ ʢʫʧʦʚʠʥʘ ʠ ʧʨʦʜʘʿʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʝ ʤʦʞʝ ʦʙʘʚʠʪʠ ʠ 

ʧʦʤʦ˂ʫ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ (over the counter - OTC). ɹʠʣʝʪʝʨʘʣʥʠʤ ʫʛʦʚʦ-

ʨʠʤʘ ʧʨʦʜʘʚʮʠ ʠ ʢʫʧʮʠ ʩʘʤʠ ʜʦʛʦʚʘʨʘʿʫ ʢʦʣʠʯʠʥʫ ʠ ʮʝʥʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʘ 

ʢʦʿʦʤ ˂ʝ ʪʨʛʦʚʘʪʠ. ɸʣʠ ʫʛʦʚʦʨʥʝ ʩʪʨʘʥʝ ʩʫ ʫ ʦʙʘʚʝʟʠ ʜʘ ʫʛʦʚʦʨʝ ʧʨʝʜʘʿʫ ʦʧʝʨʘʪʦʨʫ 

ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʜʘ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ ʠʟʚʦʜˀʠʚʦʩʪ ʪʦʛ ʫʛʦʚʦʨʘ. ʆʜʥʦʩʥʦ, ʜʘ ʣʠ 

ʨʝʘʣʠʟʘʮʠʿʘ ʪʝ ʪʨʘʥʩʘʢʮʠʿʝ ʜʦʚʦʜʠ ʜʦ ʟʘʛʫʰʝˁʘ ʫ ʤʨʝʞʠ. 

ʀʪʘʣʠʿʘʥʩʢʦ ʪʨʞʠʰʪʝ ʦʜ 1 ʥʦʚʝʤʙʨʘ 2009. ʛʦʜʠʥʝ ʦʤʦʛʫ˂ʘʚʘ ʩʢʣʘʧʘˁʝ ʜʫʛʦʨʦʯ-

ʥʠʭ ʫʛʦʚʦʨ ʰʪʦ ʥʠʿʝ ʯʝʩʪʘ ʧʨʘʢʩʘ ʥʘ ʜʨʫʛʠʤ ɽʚʨʦʧʩʢʠʤ ʪʨʞʠʰʪʠʤʘ [117]. ʀʪʘʣʠ-

ʿʘʥʩʢʦ ʪʨʞʠʰʪʝ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ ʨʘʜʠ ʥʘ ʧʨʠʥʮʠʧʫ ʠʤʧʣʠʮʠʪʥʠʭ ʘʫʢʮʠʿʘ. 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʫʛʠʭ ɽʚʨʦʧʩʢʠʭ ʪʨʞʠʰʪʘ, ʀʪʘʣʠʿʘʥʩʢʦ ʪʨʞʠʰʪʝ ʥʠʿʝ ʩʘʤʦ ʬʠʥʘʥ-

ʩʠʿʩʢʦʛ ʢʘʨʘʢʪʝʨʘ. ʇʦʨʝʜ ʮʝʥʝ ʠ ʢʦʣʠʯʠʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʞʝʣʠ ʧʨʦ-

ʜʘʪʠ/ʢʫʧʠʪʠ, ʥʘ ʦʚʦʤ ʪʨʞʠʰʪʫ ʿʝ ʥʝʦʧʭʦʜʥʦ ʥʘʚʝʩʪʠ ʠ ʢʦʥʢʨʝʪʥʫ ʣʦʢʘʮʠʿʫ ʫ ʢʦʿʦʿ 

˂ʝ ʩʝ ʚʨʰʠʪʠ ʫʙʘʮʠʚʘˁʝ ʦʜʥʦʩʥʦ ʠʟʚʣʘʯʝˁʝ ʝʥʝʨʛʠʿʝ. 

ʈʘʜʠ ʦʙʝʟʙʝʹʠʚʘˁʘ ʚʝ˂ʝ ʩʠʛʫʨʥʦʩʪʠ, ʀʪʘʣʠʿʘʥʩʢʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʿʝ 

ʧʦʜʝˀʝʥ ʫ ʚʠʰʝ ʦʙʣʘʩʪʠ. ʈʘʜʠ ʣʘʢʰʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʠ ʦʪʢʣʘˁʘˁʘ ʟʘʛʫʰʝˁʘ, 

ʢʦʿʝ ʤʦʞʝ ʙʠʪʠ ʙʠʣʦ ʧʦʩʣʝʜʠʮʘ ʪʨʞʠʰʪʘ ʠʣʠ ʧʨʠʭʚʘ˂ʝʥʠʭ ʙʠʣʘʪʝʨʘʣʥʠʭ ʫʛʦʚʦʨʘ, 

ʫ GME IT-ʧʣʘʪʬʦʨʤʠ ʩʝ ʢʦʨʠʩʪʠ ʩʘʤʦ ʫʧʨʦʰ˂ʝʥʘ ʰʝʤʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝ-
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ʤʘ ʀʪʘʣʠʿʝ. ʊʘ ʰʝʤʘ ʩʘʜʨʞʠ ʩʘʤʦ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʚʦʜʦʚʝ, ʪʿ. ʧʦʚʝʟʥʝ ʚʦʜʦʚʝ ʠʟʤʝʹʫ 

ʩʫʩʝʜʥʠʭ ʦʙʣʘʩʪʠ ʠ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʝ ʚʦʜʦʚʝ ʩʘ ʜʨʫʛʠʤ ʜʨʞʘʚʘʤʘ. 

ʇʨʠ ʦʜʨʝʹʠʚʘˁʫ ʮʝʥʝ, ʫ ʩʣʫʯʘʿʫ ʧʦʩʪʦʿʘˁʘ ʟʘʛʫʰʝˁʘ ʘʣʛʦʨʠʪʘʤ ʜʝʣʠ ʪʨʞʠʰʪʝ ʥʘ 

ʜʚʝ ʦʙʣʘʩʪʠ. ɱʝʜʥʫ ʦʙʣʘʩʪ ʯʠʥʝ ʠʟʚʦʟʥʘ ʦʙʣʘʩʪ ʟʘʿʝʜʥʦ ʩʘ ʩʚʠʤ Ăʫʟʚʦʜʥʠʤò ʦʙʣʘʩ-

ʪʠʤʘ ʦʜ ʟʘʛʫʰʝʥʦʛ ʚʦʜʘ, ʜʦʢ ʜʨʫʛʫ ʦʙʣʘʩʪ ʯʠʥʝ ʫʚʦʟʥʘ ʠ ʩʚʝ ʦʙʣʘʩʪʠ Ăʥʠʟʚʦʜʥʦò 

ʦʜ ʟʘʛʫʰʝʥʦʛ ʚʦʜʘ. ʋ ʩʚʘʢʦʿ ʦʜ ʥʦʚʠʭ ʦʙʣʘʩʪʠ ʩʝ ʧʦʥʘʚˀʘ ʩʪʘʥʜʘʨʜʥʠ ʘʣʛʦʨʠʪʘʤ 

ʫʢʨʰʪʘˁʘ ʘʛʨʝʛʠʩʘʥʠʭ ʢʨʠʚʠʭ ʧʦʥʫʜʘ ʠ ʧʦʪʨʘʞˁʝ ʢʦʿʝ ʩʝ ʬʦʨʤʠʨʘʿʫ ʩʘʤʦ ʦʜ 

ʧʦʥʫʜʘ ʠʟ ʪʝ ʦʙʣʘʩʪʠ, ʧʨʠ ʪʦʤʝ ʫʚʘʞʘʚʘʿʫ˂ʠ ʠ ʤʘʢʩʠʤʘʣʥʝ ʢʦʣʠʯʠʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʫʚʝʩʪʠ ʠʣʠ ʠʟʚʝʩʪʠ ʠʟ ʪʝ ʦʙʣʘʩʪʠ. ɿʘ ʩʚʘʢʫ ʦʜ ʦʙʣʘʩʪʠ ʩʝ 

ʨʘʯʫʥʘ ʤʘʨʛʠʥʘʣʥʘ ʮʝʥʘ, ʠ ʦʥʘ ʿʝ ʚʝ˂ʘ ʫ ʫʚʦʟʥʦʿ ʦʙʣʘʩʪʠ ʘ ʤʘˁʘ ʫ ʠʟʚʦʟʥʦʿ 

ʦʙʣʘʩʪʠ. ɸʢʦ ʢʦʿʠʤ ʩʣʫʯʘʿʝʤ ʠ ʦʚʘʢʚʘ ʨʘʩʧʦʜʝʣʘ ʧʨʦʫʟʨʦʢʫʿʝ ʟʘʛʫʰʝˁʝ ʥʝʢʦʛ 

ʚʦʜʘ, ʦʙʣʘʩʪ ʫ ʢʦʿʦʿ ʩʝ ʜʝʩʠʣʦ ʟʘʛʫʰʝˁʝ ʩʝ ʜʝʣʠ ʥʘ ʜʚʘ ʜʝʣʘ ʠ ʧʦʩʪʫʧʘʢ ʩʝ ʧʦʥʘʚˀʘ 

ʜʦʢʣʝ ʛʦʜ ʩʝ ʥʝ ʟʘʜʦʚʦˀʝ ʩʠʛʫʨʥʦʩʥʠ ʢʨʠʪʝʨʠʿʫʤʠ. 

 

4.5. ʉʨʙʠʿʘ 
 

ʇʦʨʝʜ ʩʪʘʥʜʘʨʜʥʦʛ ʫʥʫʪʘʨʜʥʝʚʥʦʛ ʠ ʪʨʞʠʰʪʘ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ, ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ 

ʩʠʩʪʝʤʘ ʨʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ (ɽʄʉ) ʫ ʜʦʛʦʚʦʨʫ ʩʘ ʦʧʝʨʘʪʦʨʠʤʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ 

ʩʫʩʝʜʥʠʭ ʜʨʞʘʚʘ ʦʤʦʛʫ˂ʘʚʘ ʠ ʜʫʛʦʨʦʯʥʫ ʢʫʧʦʚʠʥʫ (ʥʘ ʤʝʩʝʯʥʦʤ ʠ ʛʦʜʠʰˁʝʤ 

ʥʠʚʦʫ) [118-121]. ʋ ʧʨʘʚʠʣʥʠʮʠʤʘ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʪʘʯʥʦ ʚʨʝʤʝ ʜʦ ʢʦʿʝʛ ʿʝ ʥʝʦʧʭʦ-

ʜʥʦ ʧʦʪʚʨʜʠʪʠ ʛʦʜʠʰˁʝ ʠʣʠ ʤʝʩʝʯʥʝ ʘʣʦʢʘʮʠʿʝ ʧʨʝʢʦʛʨʘʥʠʯʥʠʭ ʢʘʧʘʮʠʪʝʪʘ, ʧʦʩ-

ʣʝ ʢʦʛʘ ʩʝ ʪʘʿ ʢʘʧʘʮʠʪʝʪ ʦʩʣʦʙʘʹʘ ʫ ʩʣʫʯʘʿʫ ʜʘ ʩʪʨʘʥʘ ʢʦʿʘ ʛʘ ʿʝ ʨʝʟʝʨʚʠʩʘʣʘ ʥʝ ʧʦʪ-

ʚʨʜʠ ˁʝʛʦʚʦ ʢʦʨʠʰ˂ʝˁʝ, ʧʨʝʤʘ ʧʨʠʥʮʠʧʫ Ăʠʩʢʦʨʠʩʪʠ ʠʣʠ ʠʟʛʫʙʠñ (use it or lose 

it). ɱʝʜʠʥʠ ʠʟʫʟʝʪʘʢ ʧʨʝʜʩʪʘʚˀʘ ʢʘʧʘʮʠʪʝʪ ʢʦʿʠ ʿʝ ʨʝʟʝʨʚʠʩʘʥ ʟʘ ʠʩʧʦʨʫʢʫ ʙʘʣʘʥʩʥʝ 

ʝʥʝʨʛʠʿʝ. 

ʇʨʝʢʦʛʨʘʥʠʯʥʠ ʢʘʧʘʮʠʪʝʪ ʥʘ ʩʚʠʤ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʤ ʚʦʜʦʚʠʤʘ ʩʝ ʜʦʜʝˀʫʿʝ ʧʦʤʦ-

˂ʫ ʝʢʩʧʣʠʮʠʪʥʠʭ ʘʫʢʮʠʿʘ. ʉʚʘʢʠ ʫʯʝʩʥʠʢ ʥʘ ʪʨʞʠʰʪʫ ʤʦʞʝ ʜʘ ʧʦʜʥʝʩʝ ʟʘʭʪʝʚ ʟʘ 

ʤʘʢʩʠʤʘʣʥʦ 150 MW ʥʘ ʛʦʜʠʰˁʝʤ ʠ ʤʝʩʝʯʥʦʤ ʥʠʚʦʫ ʥʘ ʉʨʧʩʢʦ ï ʄʘʹʘʨʩʢʦʿ 

ʛʨʘʥʠʮʠ [118]. ʅʘ ʉʨʧʩʢʦ ï ʈʫʤʫʥʩʢʦʿ ʛʨʘʥʠʮʠ ʤʦʛʫ˂ʝ ʿʝ ʨʝʟʝʨʚʠʩʘʪʠ ʜʦ 50% 

ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ [121]. ɼʦʢ ʿʝ ʥʘ ʉʨʧʩʢʦ ï ɹʫʛʘʨʩʢʦʿ ʛʨʘʥʠʮʠ 

ʤʦʛʫ˂ʝ ʨʝʟʝʨʚʠʩʘʪʠ ʮʝʣʦʢʫʧʥʠ ʨʘʩʧʦʣʦʞʠʚʠ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ [120]. ʅʘ ʉʨʧʩʢʦ 

ï ʍʨʚʘʪʩʢʦʿ ʛʨʘʥʠʮʠ ʩʚʘʢʠ ʫʯʝʩʥʠʢ ʤʦʞʝ ʜʘ ʧʦʜʥʝʩʝ ʚʠʰʝ ʧʨʠʿʘʚʘ ʢʦʿʝ ʩʫ 

ʥʝʟʘʚʠʩʥʝ ʿʝʜʥʘ ʦʜ ʜʨʫʛʝ. ʅʘ ʦʚʦʿ ʛʨʘʥʠʮʠ ʧʦʩʪʦʿʠ ʩʘʤʦ ʜʦˁʝ ʦʛʨʘʥʠʯʝˁʝ ʧʦ ʩʥʘʟʠ 

ʧʨʠʿʘʚʝ ʠ ʦʥʦ ʠʟʥʦʩʠ 1 MW (ʦʚʦ ʦʛʨʘʥʠʯʝˁʝ ʚʘʞʠ ʠ ʟʘ ʩʚʝ ʜʨʫʛʝ ʛʨʘʥʠʮʝ) [119]. 
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ʅʘ ʜʥʝʚʥʦʤ ʠ ʫʥʫʪʘʨʜʥʝʚʥʦʤ ʥʠʚʦʫ ʛʦʨˁʫ ʛʨʘʥʠʮʫ ʧʦʥʫʜʘ ʧʨʝʜʩʪʘʚˀʘ ʨʘʩʧʦʣʦ-

ʞʠʚʠ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ ʥʘ ʩʚʠʤ ʛʨʘʥʠʮʘʤʘ [122-125]. 

ʇʦʩʣʝ ʟʘʪʚʘʨʘˁʘ ʪʨʞʠʰʪʘ ʩʚʝ ʧʦʥʫʜʝ ʩʝ ʨʝʹʘʿʫ ʧʨʝʤʘ ʦʧʘʜʘʿʫ˂ʝʤ ʨʝʜʦʩʣʝʜʫ ʟʘ 

ʛʨʘʥʠʮʫ ʠ ʩʤʝʨ. ɸʢʦ ʧʦʥʫʜʘ ʢʦʿʘ ʩʝ ʨʘʟʤʘʪʨʘ ʟʘʿʝʜʥʦ ʩʘ ʚʝ˂ ʧʨʠʭʚʘ˂ʝʥʠʤ ʧʦʥʫʜʘ-

ʤʘ ʥʝ ʧʨʝʣʘʟʠ ʚʨʝʜʥʦʩʪ ʧʨʝʢʦʛʨʘʥʠʯʥʦʛ ʢʘʧʘʮʠʪʝʪʘ, ʪʘʢʚʘ ʧʦʥʫʜʘ ʩʝ ʧʨʠʭʚʘʪʘ. ʋ 

ʩʫʧʨʦʪʥʦʤ, ʘʢʦ ʧʨʝʣʘʟʠ ʛʨʘʥʠʮʝ ʧʨʝʢʦʛʨʘʥʠʯʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʪʘʢʚʘ ʧʦʥʫʜʘ ˂ʝ ʩʝ 

ʧʨʠʭʚʘʪʠʪʠ ʟʘ ʫʤʘˁʝʥʠ ʠʟʥʦʩ. ʋ ʩʣʫʯʘʿʫ ʧʦʩʪʦʿʘˁʘ ʜʚʝ ʠʣʠ ʚʠʰʝ ʧʦʥʫʜʘ ʩʘ ʠʩʪʦʤ 

ʮʝʥʦʤ, ʧʨʠ ʯʝʤʫ ʟʙʠʨ ʩʚʠʭ ʧʦʥʫʜʘ ʟʘʿʝʜʥʦ ʩʘ ʧʨʠʭʚʘ˂ʝʥʠʤ ʧʦʥʫʜʘʤʘ ʧʨʝʚʘʟʠʣʘʟʠ 

ʨʘʩʧʦʣʦʞʠʚʠ ʧʨʝʢʦʛʨʘʥʠʯʥʠ ʢʘʧʘʮʠʪʝʪ, ʩʚʝ ʧʦʥʫʜʝ ʩʝ ʧʨʠʭʚʘʪʘʿʫ ʟʘ ʫʤʘˁʝʥʠ 

ʠʟʥʦʩ ʘʢʦ ʪʨʞʠʰʪʦʤ ʫʧʨʘʚˀʘ ɽʄʉ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ 

ʩʫʩʝʜʥʠʭ ʟʝʤʘˀʘ ʫʧʨʘʚˀʘʿʫ ʪʨʞʠʰʪʝʤ ʟʘ ʩʣʫʯʘʿ ʧʦʩʪʦʿʘˁʘ ʚʠʰʝ ʧʦʥʫʜʘ ʩʘ ʠʩʪʦʤ 

ʮʝʥʦʤ ʘ ʢʦʿʝ ʟʘʿʝʜʥʦ ʩʘ ʧʨʝʪʭʦʜʥʦ ʧʨʠʭʚʘ˂ʝʥʠʤ ʧʦʥʫʜʘʤʘ ʜʦʚʦʜʝ ʜʦ ʟʘʛʫʰʝˁʘ 

ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʚʦʜʦʚʘ ʧʨʠʭʚʘʪʘ ʩʝ ʧʦʥʫʜʘ ʢʦʿʘ ʿʝ ʨʘʥʠʿʝ ʧʦʜʥʝʪʘ. 

ɸʢʦ ʧʨʠʭʚʘ˂ʝʥʝ ʧʦʥʫʜʝ ʥʝ ʠʟʘʟʠʚʘʿʫ ʟʘʛʫʰʝˁʝ ʪʘʜʘ ʿʝ ʮʝʥʘ ʢʦʨʠʰ˂ʝˁʘ ʪʠʭ ʚʦʜʦʚʘ 

ʿʝʜʥʘʢʘ ʥʫʣʠ. ʋ ʩʫʧʨʦʪʥʦʤ, ʘʢʦ ʩʝ ʜʦʛʦʜʠ ʟʘʛʫʰʝˁʝ ʮʝʥʫ ʦʜʨʝʹʫʿʝ ʧʦʥʫʜʘ ʢʦʿʘ ʿʝ 

ʧʦʩʣʝʜˁʘ ʧʨʠʭʚʘ˂ʝʥʘ. 

 



81 

 

5. ʄɽʊʆɼɽ ʆɼʈɽɫʀɺɸɳɸ ʈɸʉʇʆʃʆɾʀɺʆɻ ʇʈɽʅʆʉʅʆɻ 

ʂɸʇɸʎʀʊɽʊɸ 

 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ˂ʝ ʙʠʪʠ ʦʧʠʩʘʥʝ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ 

ɸʊʉ-ʘ. ʋʧʦʪʨʝʙʦʤ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʢʦʤʙʠʥʦʚʘˁʝʤ ʦʧʠ-

ʩʘʥʠʭ ʤʝʪʦʜʘ ʬʦʨʤʠʨʘʥʘ ʿʝ ʥʦʚʘ ʤʝʪʦʜʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ɸʊʉ-ʘ ʩʚʠʭ ʪʠʧʦʚʘ ʪʨʘʥ-

ʩʘʢʮʠʿʘ. ʇʦʨʝʜ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʤʝʥʠ ʠ ʟʘ 

ʨʝʰʘʚʘˁʝ ʟʘʛʫʰʝˁʘ ʰʪʦ ˂ʝ ʩʝ ʢʘʩʥʠʿʝ ʜʝʪʘˀʥʦ ʠʟʣʦʞʠʪʠ. 

 

5.1. ʆʜʨʝʹʠʚʘˁʝ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ʚʦʜʦʚʠʤʘ 

 

ʌʘʢʪʦʨ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ (PTDF) ʫʢʘʟʫʿʝ ʢʦʣʠʢʦ ˂ʝ ʩʝ ʧʨʦʤʝʥʠʪʠ ʩʥʘʛʘ ʥʘ 

ʥʝʢʦʤ ʝʣʝʤʝʥʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʫʩʣʝʜ ʫʙʘʮʠʚʘˁʘ ʩʥʘʛʝ ʫ ʿʝʜʘʥ ʯʚʦʨ ʠ 

ʠʟʚʣʘʯʝˁʘ ʠʩʪʝ ʢʦʣʠʯʠʥʝ ʩʥʘʛʝ ʠʟ ʜʨʛʦʛ ʯʚʦʨʘ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʧʦʤʦ˂ʫ ʦʚʦʛ ʬʘʢ-

ʪʦʨʘ ʿʝ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ʢʦʣʠʢʠ ˂ʝ ʧʨʦʮʝʥʘʪ ʩʥʘʛʝ ʨʘʟʤʘʪʨʘʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʪʝ˂ʠ ʧʦ 

ʩʚʘʢʦʤ ʝʣʝʤʝʥʪʫ ʤʨʝʞʝ. ʆʚʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʟʘʚʠʩʝ ʦʜ ʪʦʧʦʣʦʛʠʿʝ ʤʨʝʞʝ, ʦʜ ʧʦʥʘ-

ʰʘˁʘ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʫ ʪʦʢ ʩʥʘʛʝ ʢʨʦʟ ʤʨʝʞʫ [52], ʢʘʦ ʠ ʦʜ ʪʨʝʥʫʪʥʦʛ 

ʨʘʜʥʦʛ ʩʪʘˁʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʦʚʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʤʝˁʘʿʫ ʩʘ ʩʚʘʢʠʤ ʠʩʧʘʜʦʤ, ʢʘʜʘ 

ʛʦʜ ʢʦʥʪʨʦʣʥʠ ʝʣʝʤʝʥʪʠ ʜʦʩʪʠʛʥʫ ʥʝʢʦ ʦʜ ʩʚʦʿʠʭ ʦʛʨʘʥʠʯʝˁʘ, ʢʘʦ ʠ ʢʘʜʘ ʩʝ ʧʨʦ-

ʤʝʥʝ ʨʘʩʧʦʨʝʜʠ ʫʙʘʮʠʚʘˁʘ ʠ ʠʟʚʣʘʯʝˁʘ ʩʥʘʛʝ ʠʟ ʤʨʝʞʝ. Baldic [126] ʿʝ ʧʦʢʘʟʘʦ ʜʘ 

ʛʨʝʰʢʘ ʫʩʣʝʜ ʫʚʘʞʘʚʘˁʘ DC ʤʦʜʝʣʘ ʤʨʝʞʝ ʧʨʠ ʠʟʨʘʯʫʥʘʚʘˁʫ PTDF-ʘ ʧʨʠ ʦʜʨʝʹʝ-

ʥʠʤ ʫʩʣʦʚʠʤʘ ʠʟʥʦʩʠ ʩʚʝʛʘ 5%. ʆʚʘʢʦ ʤʘʣʘ ʛʨʝʰʢʘ ʩʝ ʧʦʩʪʠʞʝ ʩʘʤʦ ʘʢʦ ʧʦʩʪʦʿʠ 

ʤʦʫ˂ʥʦʩʪ ʦʜʨʞʘʚʘˁʘ ʥʘʧʦʥʘ ʥʘ ʩʚʠʤ ʩʘʙʠʨʥʠʮʘʤʘ ʩʠʩʪʝʤʘ ʥʘ ʢʦʥʩʪʘʥʪʥʦʿ ʚʨʝʜ-

ʥʦʩʪʠ, ʪʿ. ʜʘ ʩʝ ʩʚʘʢʠ ʯʚʦʨ ʦʩʠʤ ʨʝʬʝʨʝʥʪʥʦʛ ʧʦʩʤʘʪʨʘ ʢʘʦ PV ʯʚʦʨ. ʇʦʨʝʜ ʦʚʦʛʘ 

ʫʩʚʦʿʝʥʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ, ʢʦʿʘ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʥʠʿʝ ʧʨʠʭʚʘʪˀʠʚʘ, ʜʘ ʿʝ ʩʚʘʢʠ 

ʝʣʝʤʝʥʪ ʫ ʧʨʝʥʦʩʥʦʤ ʩʠʩʪʝʤʫ ʠʩʢʦʨʠʰ˂ʝʥ ʤʘʢʩʠʤʘʣʥʦ 60%. ʋ ʨʘʜʫ ʩʝ ʠʩʪʦ 

ʥʘʚʦʜʠ ʜʘ ʘʢʦ ʦʚʠ ʫʩʣʦʚʠ ʥʠʩʫ ʠʩʧʫˁʝʥʠ ʦʜʩʪʫʧʘˁʝ ʠʟʤʝ˂ʫ PTDF-a ʠʟʨʘʯʫʥʘʪʠʭ 

ʧʦʤʦ˂ʫ DC ʤʝʪʦʜʝ ʠ ʩʪʚʘʨʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʦʩʝʪˀʠʚʦʩʪʠ ʤʦʞʝ ʜʘ ʙʫʜʝ ʟʥʘʯʘʿʥʦ. 

ɻʣʘʚʥʠ ʫʟʨʦʮʠ ʦʚʠʭ ʛʨʝʰʘʢʘ ʩʝ ʤʦʛʫ ʛʨʫʙʦ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʪʨʠ ʢʘʪʝʛʦʨʠʿʝ: 

a) ʟʘʥʝʤʘʨʠʚʘˁʝ ʛʫʙʠʪʘʢʘ ʩʥʘʛʝ ʧʦ ʚʦʜʦʚʠʤʘ; 

b) ʟʘʥʝʤʘʨʠʚʘˁʝ ʪʦʢʦʚʘ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ; 

c) ʟʘʥʝʤʘʨʠʚʘˁʝ ʥʘʧʦʥʩʢʠʭ ʧʨʦʬʠʣʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ. 

ʄʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ DC PTDF-ʫ ʩʫ ʙʨʟʝ ʘʣʠ ʥʝʧʨʝʮʠʟʥʝ, ʫʧʨʘʚʦ ʟʙʦʛ ʧʦʤʝʥʫʪʠʭ 

ʫʧʨʦʰ˂ʝˁʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ AC PTDF-ʫ ʢʦʨʠʩʪʝ 
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ʠʟʚʦʜʝ ʫ ʦʢʦʣʠʥʠ ʪʨʝʥʫʪʥʝ ʨʘʜʥʝ ʪʘʯʢʝ ʠ ʤʦʛʫ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʛʨʝʰʢʫ ʧʨʠ ʨʘʯʫʥʘ-

ˁʫ ATC-ʘ ʟʙʦʛ ʧʦʤʝʨʘˁʘ ʨʘʜʥʝ ʪʘʯʢʝ ʩʠʩʪʝʤʘ. ʊʘʢʦʹʝ, ʨʘʯʫʥʘˁʝʤ ATC-ʘ ʧʦʤʦ˂ʫ 

ʦʚʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʟʘʥʝʤʘʨʫʿʫ ʩʝ ʥʘʧʦʥʩʢʘ ʦʛʨʘʥʠʯʝˁʘ ʢʘʦ ʠ ʦʛʨʘʥʠʯʝˁʘ ʛʝʥʝʨʘ-

ʪʦʨʘ [127]. ʄʝʹʫʪʠʤ ʦʚʝ ʤʝʪʦʜʝ ʩʫ ʢʦʨʠʩʥʝ ʟʘ ʦʢʚʠʨʥʠ ʧʨʠʢʘʟ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ 

ʨʘʟʤʝʥʝ ʪʨʘʥʩʘʢʮʠʿʘ. ʋʧʨʘʚʦ ʦʚʘ ʯʠˁʝʥʠʮʘ ʿʝ ʠʩʢʦʨʠʰ˂ʝʥʘ ʟʘ ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ˂ʝ 

ʙʠʪʠ ʦʧʠʩʘʥ ʢʘʩʥʠʿʝ, ʢʦʿʠ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʤʝʪʦʜʝ ʧʨʝʜʣʦʞʝʥʝ ʫ [18] ʥʝ ʫʟʠʤʘ ʧʨʝʚʝ-

ʣʠʢʫ ʚʨʝʜʥʦʩʪ ʤʘʢʩʠʤʘʣʥʦʛ ʤʦʛʫ˂ʝʛ ʧʨʝʥʦʩʘ ʩʥʘʛʝ ʠʟʤʝʹʫ ʨʘʟʤʘʪʨʘʥʠʭ ʯʚʦʨʦʚʘ ʠ 

ʠʟʙʝʛʘʚʘ ʨʘʜ ʩʘ ʧʝʥʘʣʠʟʘʮʠʦʥʠʤ ʬʘʢʪʦʨʠʤʘ. 

 

5.1.1. ɸʉ ʤʝʪʦʜʘ 

 

ɿʘ ʪʨʘʥʩʘʢʮʠʿʫ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ m ʠ n, ʧʨʠ ʯʝʤʫ m ʤʦʞʝ ʜʘ ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ 

ʯʚʦʨʦʚʘ ʠʟ ʢʦʿʠʭ ʩʝ ʚʨʰʠ ʩʥʘʙʜʝʚʘˁʝ ʘ n ʩʢʫʧ ʯʚʦʨʦʚʘ ʢʦʿʝʤ ʩʝ ʜʦʧʨʝʤʘ ʝʣʝʢʪʨʠ-

ʯʥʘ ʝʥʝʨʛʠʿʘ, ʩʥʘʛʘ ʪʨʘʥʩʘʢʮʠʿʝ ʩʝ ʤʦʞʝ ʦʙʝʣʝʞʠʪʠ ʩʘ ȹPmn. ʆʚʘ ʩʥʘʛʘ ˂ʝ ʧʨʦʫʟʨʦ-

ʢʦʚʘʪʠ ʧʨʦʤʝʥʫ ʪʦʢʘ ʩʥʘʛʝ ʥʘ ʚʦʜʫ ij , ʢʦʿʘ ʩʝ ʤʦʞʝ ʦʙʝʣʝʞʠʪʠ ʩʘ ȹPij. ɸC ʢʦʝʬʠ-

ʮʠʿʝʥʪʝ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʿʝ ʤʦʛʫ˂ʠ ʠʟʨʘʯʫʥʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

mn

ij

mnij
P

P
ACPTDF

D

D
=, . (5.1) 

ɼʘ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʥʝʧʦʪʨʝʙʥʦ ʠʟʨʘʯʫʥʘʚʘˁʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʟʘ ʩʚʘʢʫ ʪʨʘʥʩʘʢʮʠʿʫ 

PTDF ʩʝ ʤʦʛʫ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʦʩʝʪˀʠʚʦʩʪʠ, ʪʿ. ʧʦʤʦ˂ʫ ɱʘʢʦʙʠ-

ʿʘʥʘ ʢʦʿʠ ʿʝ ʠʟʨʘʯʫʥʘʪ ʫ ʧʦʩʣʝʜˁʦʿ ʠʪʝʨʘʮʠʿʠ ɳʫʪʥ-ʈʘʧʩʦʥʦʚʦʛ (N-R) ʧʨʦʨʘʯʫʥʘ 

ʪʦʢʦʚʘ ʩʥʘʛʘ. ʂʦʤʧʦʥʝʥʪʝ ɱʘʢʦʙʠʿʘʥʘ ʢʦʿʝ ʩʫ ʥʝʦʧʭʦʜʥʝ ʟʘ N-R ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ 

ʩʥʘʛʘ ʩʝ ʤʦʛʫ ʠʟʚʝʩʪʠ ʠʟ ʤʝʰʦʚʠʪʝ ʬʦʨʤʝ ʿʝʜʥʘʯʠʥʘ ʠˁʝʢʪʠʨʘˁʘ [128]: 

( ) ( )( )ä -+-=
=

n

k
kiikkiikkii BGUUP

1

sincos qqqq , (5.2) 

( ) ( )( )ä ---=
=

n

k
kiikkiikkii BGUUQ

1

cossin qqqq . (5.3) 

ɻʜʝ n ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʘʥ ʙʨʦʿ ʯʚʦʨʦʚʘ ʧʦʩʤʘʪʨʘʥʝ ʤʨʝʞʝ, Pi ʠ Qi ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʘʢʪʠʚʥʫ ʠ ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ ʠˁʝʢʪʠʨʘˁʘ ʫ ʯʚʦʨ i, Ui ʿʝ ʘʤʧʣʠʪʫʜʘ ʥʘʧʦʥʘ ʫ ʯʚʦʨʫ i. 

ɗi ʿʝ ʬʘʟʥʠ ʫʛʘʦ ʥʘʧʦʥʘ ʫ ʯʚʦʨʫ i, ʜʦʢ ʩʫ Gij ʠ Bij ʨʝʘʣʥʠ ʠ ʠʤʘʛʠʥʘʨʥʠ ʜʝʦ ʝʣʝʤʝʥ-

ʪʘ Yij ʤʘʪʨʠʮʝ ʘʜʤʠʪʘʥʩʠ ʯʚʦʨʦʚʘ. 

ʂʦʨʠʰ˂ʝˁʝʤ ʊʝʿʣʦʨʦʚʦʛ ʨʘʟʚʦʿʘ, ʧʨʦʤʝʥʘ ʫ ʪʦʢʘ ʩʥʘʛʝ ʟʘ ʙʠʣʦ ʢʦʿʠ ʯʚʦʨ ʧʨʝʥʦʩ-

ʥʦʛ ʩʠʩʪʝʤʘ ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʫ ʬʦʨʤʠ ɱʘʢʦʙʠʿʘʥʘ: 
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21
, (5.4) 

ʧʨʠ ʯʝʤʫ ʩʝ ʜʝʣʦʚʠ ɱʘʢʦʙʠʿʘʥʘ ʤʦʛʫ ʠʟʨʘʯʫʥʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

[] [ ] [ ] [ ]
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µ

µ
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µ

µ
= 4321    ;   ;   ;

qq
. (5.5) 

ɼʝʪʘˀʥʦ ʠʟʚʦʹʝˁʝ ʩʚʠʭ ʜʝʣʦʚʘ ɱʘʢʦʙʠʿʘʥʘ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ [128]. ʀʟ ʿʝʜʥʘʯʠʥʝ (5.4) 

ʤʦʛʫ˂ʝ ʿʝ ʜʦʙʠʪʠ ʧʨʦʤʝʥʝ ʫʛʣʘ ʠ ʘʤʧʣʠʪʫʜʝ ʥʘʧʦʥʘ ʯʚʦʨʦʚʘ ʧʦʤʦ˂ʫ ʠʥʚʝʨʟʥʝ 

ʚʨʝʜʥʦʩʪʠ ɱʘʢʦʙʠʿʘʥʘ. 
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21q
. (5.6) 

ɼʘ ʙʠ ʩʝ ʠʟʨʘʯʫʥʘʣʠ AC PTDF ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʚʝʩʪʠ ʠʟʨʘʟʝ ʟʘ ʦʩʝʪˀʠʚʦʩʪ ʧʨʦʤʝʥʝ 

ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ʚʦʜʦʚʠʤʘ ʩʘ ʧʨʦʤʝʥʦʤ ʫʛʣʦʚʘ ʠ ʘʤʧʣʠʪʫʜʘ ʥʘʧʦʥʘ ʯʚʦʨʦʚʘ ʤʨʝʞʝ. 

ʆʚʝ ʦʩʝʪˀʠʚʦʩʪʠ ʩʝ ʜʦʙʠʿʘʿʫ ʥʘʣʘʞʝˁʝʤ ʧʨʚʦʛ ʠʟʚʦʜʘ ʿʝʜʥʘʯʠʥʝ (5.7) ʧʦ ʫʛʣʫ ʠ 

ʘʤʧʣʠʪʫʜʠ ʥʘʧʦʥʘ. ɱʝʜʥʘʯʠʥʘ (5.7) ʧʨʝʜʩʪʘʚˀʘ ʪʦʢ ʩʥʘʛʝ ʧʦ ʚʦʜʫ ik. 

( ) ( ) ( )( )kiikkiikkiikiiik bgUUggUP qqqq -+--+= sincos0
2

. (5.7) 

ɻʜʝ ʿʝ gi0 ʨʝʘʣʘʥ ʜʝʦ ʰʘʥʪ ʘʜʤʠʪʘʥʩʝ ʫ ʯʚʦʨʫ i, gik ʠ bik ʨʝʘʣʘʥ ʠ ʠʤʘʛʠʥʘʨʘʥ ʜʝʦ 

ʘʜʤʠʪʘʥʩʝ ʛʨʘʥʝ ik. ʋʧʦʪʨʝʙʦʤ ʊʝʿʣʦʨʦʚʦʛ ʨʘʟʚʦʿʘ ʠ ʟʘʥʝʤʘʨʠʚʘˁʝʤ ʚʠʰʠʭ ʯʣʘʥʦ-

ʚʘ, ʧʨʦʤʝʥʘ ʫ ʪʦʢʫ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ: 
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ʂʦʝʬʠʮʠʿʝʥʪʠ ʦʩʝʪˀʠʚʦʩʪʠ ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʫ ʠʟʨʘʟʫ (5.8) ʩʝ ʦʜʨʝʹʫʿʫ ʧʦʤʦ˂ʫ 

ʧʘʨʮʠʿʘʣʥʠʭ ʠʟʚʦʜʘ ʪʦʢʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʦ ʫʛʣʫ ʠ ʘʤʧʣʠʪʫʜʠ ʥʘʧʦʥʘ, ʦʜʥʦʩʥʦ: 

( ) ( )( )kiikkiikki

i

ik bgUU
P

qqqq
q

-+---=
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µ
cossin , (5.9) 

( ) ( )( )kiikkiikki
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ik bgUU
P

qqqq
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----=
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µ
cossin , (5.10) 

( ) ( ) ( )( )kiikkiikkikii

i

ik bgUggU
U

P
qqqq -+--+=

µ

µ
sincos2 0 , (5.11) 

( ) ( )( )kiikkiiki

k

ik bgU
U

P
qqqq -+--=

µ

µ
sincos . (5.12) 

ɱʝʜʥʘʯʠʥʫ (5.8) ʿʝ ʤʦʛʫ˂ʝ ʥʘʧʠʩʘʪʠ ʠ ʫ ʤʘʪʨʠʯʥʦʿ ʬʦʨʤʠ. 
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33 qq
qq

. (5.13) 

ʂʘʜʘ ʩʝ ʧʦʩʤʘʪʨʘ ʩʘʤʦ ʙʠʣʘʪʝʨʘʣʥʘ ʪʨʘʥʩʘʢʮʠʿʘ ʠʟʤʝʹʫ ʧʨʦʜʘʚʮʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ 

ʯʚʦʨʫ m ʠ ʢʫʧʮʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʯʚʦʨʫ n, ʧʨʦʤʝʥʘ ʩʥʘʛʝ ʠˁʝʢʪʠʨʘˁʘ ʩʝ ʤʦʞʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʜʦʜʘʚʘˁʝʤ ʩʥʘʛʝ ʪʨʘʥʩʘʢʮʠʿʝ (Pt) ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʩʪʦ ʫ ʠʟʨʘʟʫ 

(5.6). ʆʜʥʦʩʥʦ ȹPm = Pt, ȹPn = ï Pt. ʉʘʜʘ ʩʝ ʟʘ ʧʨʦʤʝʥʫ ʪʦʢʘ ʩʥʘʛʝ ʧʦ ʚʦʜʫ ik ʫʩʣʝʜ 

ʧʦʩʪʦʿʘˁʘ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ m ʠ n ʤʦʞʝ ʧʠʩʘʪʠ ʩʣʝʜʝ˂: 
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qq  (5.14) 

ʆʚʝ ʢʦʝʬʠʮʠʿʝʥʪʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʠʟʨʘʯʫʥʘʪʠ ʟʘ ʩʚʝ ʚʦʜʦʚʝ, ʟʘ ʠʩʪʠ ʧʘʨ ʫʯʝʩʥʠʢʘ 

ʪʨʘʥʩʘʢʮʠʿʝ. ʋ ʜʝʨʝʛʫʣʠʩʘʥʦʤ ʦʢʪʫʞʝˁʫ ʩʚʝ ʿʝ ʚʠʰʝ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʝ ʩʝ ʜʝʰʘʚʘʿʫ 

ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʩʚʝ ʚʠʰʝ ʫʯʝʩʥʠʢʘ ʿʝ ʫʢˀʫʯʝʥʦ ʫ ˁʠʭ. ʂʘʜʘ ʩʝ ɸʊC ʦʜʨʝʹʫʿʝ ʟʘ 

ʚʠʰʝ ʦʜ ʿʝʜʥʝ ʠʩʪʦʚʨʝʤʝʥʝ ʪʨʘʥʩʘʢʮʠʿʝ, ʪʘʢʘʚ ɸʊC ʩʝ ʟʦʚʝ ʤʫʣʪʠʣʘʪʝʨʘʣʥʠ ɸʊC. 

ʇʦʩʪʫʧʘʢ ʠʟʨʘʯʫʥʘʚʘˁʘ PTDF-a ʿʝ ʠʜʝʥʪʠʯʘʥ ʛʦʨʝ ʦʧʠʩʘʥʦʤ ʧʦʩʪʫʧʢʫ, ʿʝʜʠʥʘ 

ʨʘʟʣʠʢʘ ʩʝ ʦʛʣʝʜʘ ʫ ʤʘʪʨʠʮʠ ʠˁʝʢʪʠʨʘˁʘ ʩʥʘʛʘ. ɸʢʦ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʠʩʪʦʚʨʝʤʝʥʝ 

ʙʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʦʪʨʝʙʥʦ ʿʝ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʣʦʢʘʮʠʿʝ ʫʥʝʪʠ ʩʥʘʛʝ ʪʨʘʥ-

ʩʘʢʮʠʿʝ ʩʘ ʟʥʘʢʦʤ Ă+ñ ʟʘ ʯʚʦʨ ʠʟ ʢʦʛʘ ʩʝ ʧʨʦʜʘʿʝ ʠ ʩʘ ʟʥʘʢʦʤ Ă-ñ ʟʘ ʯʚʦʨ ʫ ʢʦʤʝ ʩʝ 

ʢʫʧʫʿʝ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

[ ]Ttttt PPPPP 000 1221 --=D 33 . (5.15) 

ʂʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʦʜʨʝʜʠʪʠ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʝʥʝʪʠ ʠʟʤʝʹʫ ʟʦʥʘ, 

ʫʤʝʩʪʦ ʫʥʦʰʝˁʘ ʨʘʟʣʠʯʠʪʠʭ ʩʥʘʛʘ ʫ ʠʟʨʘʟ (5.15), ʫ ʚʝʢʪʦʨ ʿʝ ʧʦʪʨʝʙʥʦ ʫʥʝʪʠ ʩʘʤʦ 

ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʩʚʘʢʦʛ ʯʚʦʨʘ ʫ ʩʥʘʟʠ ʪʨʘʥʩʘʢʮʠʿʝ. ʀʟʨʘʟʦʤ (5.16) ʿʝ ʧʨʠʢʘʟʘʥ 

ʩʣʫʯʘʿ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʛʨʫʧʝ ʧʦʪʨʦʰʘʯʘ (r, s ʠ t) ʠʟ ʜʚʘ ʠʟʚʦʨʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ 

ʯʚʦʨʦʚʠʤʘ m ʠ n. 

[ ]TtsrnmP 05.0  )(3.0  )(2.0  )(6.0  )(4.0  )(0 22 ---=D . (5.16) 

ɼʘ ʙʠ ʫ (5.14) ʤʘʪʨʠʯʥʦ ʤʥʦʞʝˁʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʠʟ ʚʝʢʪʦʨʘ ʢʦʣʦʥʝ ʨʘʟʣʠʢʘ ʠˁʝʢʪʠ-

ʨʘˁʘ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʪʨʝʙʘ ʠʟʙʘʮʠʪʠ ʝʣʝʤʝʥʪ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʨʝʬʝʨʝʥʪʥʦʤ ʯʚʦʨʫ ʠ 

ʜʦʧʫʥʠʪʠ ʛʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʙʨʦʿʝʤ ʥʫʣʘ. ʆʚʘʿ ʚʝʢʪʦʨ ʩʝ ʜʦʧʫˁʫʿʝ ʩʘ ʦʥʦʣʠʢʦ 

ʥʫʣʘ ʢʦʣʠʢʦ ʠʤʘ PQ ʯʚʦʨʦʚʘ ʫ ʤʨʝʞʠ, ʰʪʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʘ ʩʝ ʢʫʧʦʚʠʥʘ ʨʝʘʢ-

ʪʠʚʥʝ ʩʥʘʛʝ ʧʦʤʦ˂ʫ ʪʨʘʥʩʘʢʮʠʿʘ ʥʝ ʨʘʟʤʘʪʨʘ. 
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5.1.2. DC ʤʝʪʦʜʘ 

 

ɼʘ ʙʠ ʩʝ ʠʟʚʝʣʠ ʠʟʨʘʟʠ ʟʘ DC PTDF ʧʨʚʦ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʨʘʯʫʥʘʪʠ shift ʬʘʢʪʦʨʝ. 

ɿʙʦʛ ʫʧʨʦʰ˂ʝˁʘ ʢʦʿʘ ʚʘʞʝ ʟʘ DC ʤʦʜʝʣ ʤʨʝʞʝ, ʩʚʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʝ ʤʦʛʫ ʠʟʚʝʩʪʠ 

ʠʟ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

[]PXɗ ³= . (5.17) 

Kʦʨʠʰ˂ʝˁʝʤ ʠʩʪʝ ʿʝʜʥʘʯʠʥʝ, ʟʙʦʛ ʣʠʥʝʘʨʥʦʩʪʠ DC ʤʦʜʝʣʘ ʤʨʝʞʝ, ʤʦʛʫ˂ʝ ʿʝ ʠʟʨʘ-

ʯʫʥʘʪʠ ʧʨʦʤʝʥʫ ʫʛʣʘ, ȹɗ, ʢʦʿʘ ʥʘʩʪʘʿʝ ʟʘ ʟʘʜʘʪʠ ʩʢʫʧ ʧʨʦʤʝʥʘ ʩʥʘʛʘ ʠˁʝʢʪʠʨʘˁʘ 

ȹP. 

[] PXɗ D³=D . (5.18) 

ʋ ʿʝʜʥʘʯʠʥʠ (5.17) ʫʩʚʦʿʝʥʦ ʿʝ ʜʘ ʿʝ ʩʥʘʛʘ ʨʝʬʝʨʝʥʪʥʦʛ ʯʚʦʨʘ ʿʝʜʥʘʢʘ ʩʫʤʠ ʩʥʘʛʘ 

ʠˁʝʢʪʠʨʘˁʘ ʩʚʠʭ ʦʩʪʘʣʠʭ ʯʚʦʨʦʚʘ ʩʠʩʪʝʤʘ. ʉʣʠʯʥʦ ʚʘʞʠ ʠ ʟʘ ʿʝʜʥʘʯʠʥʫ (5.18), 

ʫʢʫʧʥʘ ʧʨʦʤʝʥʘ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʯʚʦʨʫ ʦʜʛʦʚʘʨʘ ʩʫʤʠ ʧʨʦʤʝʥʘ ʫ ʩʚʠʤ ʦʩʪʘʣʠʤ 

ʯʚʦʨʦʚʠʤʘ ʩʠʩʪʝʤʘ. ɼʘ ʙʠ ʩʝ ʠʟʨʘʯʫʥʘʦ shift ʬʘʢʪʦʨ ʟʘ ʯʚʦʨ i, ʧʦʪʨʝʙʥʦ ʿʝ ʫʧʠʩʘʪʠ 

+1 ʥʘ i-ʪʫ ʧʦʟʠʮʠʿʫ ʚʝʢʪʦʨʘ ȹP ʜʦʢ ʩʝ ʥʘ ʩʚʠʤ ʦʩʪʘʣʠʤ ʧʦʟʠʮʠʿʘʤʘ ʫʧʠʩʫʿʝ 0. 

ʇʦʤʦ˂ʫ ʦʚʦʛʘ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʨʦʤʝʥʘ ʬʘʟʥʠʭ ʩʪʘʚʦʚʘ ʥʘʧʦʥʘ. 

[]
ʨʝʜ ʨʝʬ.

ʨʝʜ ʪʠ-

1

1 i
ù
ú

ø
é
ê

è

-

+
=D Xɗ . (5.19) 

ɺʝʢʪʦʨ ʧʨʦʤʝʥʘ ʩʥʘʛʘ ʠˁʝʢʪʠʨʘˁʘ ʫ ʠʟʨʘʟʫ (5.19) ʧʨʝʜʩʪʘʚˀʘ ʩʣʫʯʘʿ ʧʦʚʝ˂ʘˁʘ 

ʩʥʘʛʝ ʫ ʯʚʦʨʫ i ʠ ʩʤʘˁʝˁʘ ʩʥʘʛʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʯʚʦʨʫ. ɿʙʦʛ ʦʚʦʛʘ ʩʫ ʚʨʝʜʥʦʩʪʠ 

ʚʝʢʪʦʨʘ ȹɗ ʿʝʜʥʘʢʝ ʠʟʚʦʜʫ ʫʛʣʘ ʧʦ ʩʥʘʟʠ ʠˁʝʢʪʠʨʘˁʘ ʫ ʯʚʦʨ i [129]. ʅʘ ʦʩʥʦʚʫ 

ʦʚʦʛʘ ʪʨʘʞʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʦʩʝʪˀʠʚʦʩʪʠ ʩʝ ʨʘʯʫʥʘʿʫ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

( ) ( )nimi
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111
,

qq
qq , (5.20) 

ʛʜʝ ʿʝ Xni n-ʪʠ ʝʣʝʤʝʥʪ ʚʝʢʪʦʨʘ ȹɗ, ʦʜʥʦʩʥʦ ʪʦ ʿʝ ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʝ ʠʤʧʝʜʘʥʩʠ 

ʯʚʦʨʦʚʘ ʥʘ ʧʦʟʠʮʠʿʠ (n, i), ʘ xmn ʿʝ ʨʝʘʢʪʘʥʩʘ ʚʦʜʘ mn. DC PTDF ʟʘ ʚʦʜ ik ʠ 

ʪʨʘʥʩʘʢʮʠʿʫ ʠʟ ʯʚʦʨʘ m ʫ ʯʚʦʨ n ʩʝ ʩʘʜʘ ʤʦʛʫ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʠʟʨʘʟʘ [130]: 

( ) ( )nnikmmikmnik PaPaPTDF signsign ,,, Ö+Ö= , (5.21) 

ʛʜʝ ʿʝ ʩʘ sign ʦʟʥʘʯʝʥʘ ʩʠʛʥʫʤ ʬʫʥʢʮʠʿʘ. ʇʦʰʪʦ ʩʝ ʢʫʧʦʚʠʥʘ ʚʨʰʠ ʠʟ ʯʚʦʨʘ m ʪʦ 

ʟʥʘʯʠ ʜʘ ˂ʝ sign(Pm) ʙʠʪʠ ʧʦʟʠʪʠʚʘʥ, ʘ sign(Pn) ʥʝʛʘʪʠʚʘʥ, ʦʜʥʦʩʥʦ [131]: 

ik

kninkmim
nikmikmnik

x

XXXX
aaPTDF

+--
=-= ,,, . (5.22) 
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5.2. ʆʜʨʝʹʠʚʘˁʝ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ʚʦʜʦʚʠʤʘ ʫʩʣʝʜ 

ʠʩʧʘʜʘ ʝʣʝʤʝʥʘʪʘ 

 

ʇʦʨʝʜ ʧʦʩʤʘʪʨʘˁʘ ʦʛʨʘʥʠʯʝˁʘ ʧʨʝʥʦʩʘ ʢʘʜʘ ʩʫ ʩʚʠ ʝʣʝʤʝʥʪʠ ʫ ʬʫʥʢʮʠʿʠ (n-0 

ʩʪʘˁʝ), ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ ʤʦʨʘ ʜʘ ʦʩʪʘʥʝ ʫ ʜʦʟʚʦˀʝʥʠʤ ʛʨʘʥʠʮʘʤʘ ʨʘʜʘ ʠ ʧʨʠʣʠ-

ʢʦʤ ʥʝʧʣʘʥʠʨʘʥʠʭ ʠʩʧʘʜʘ ʚʦʜʦʚʘ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʊʝʩʪʠʨʘˁʝ ʧʨʝʥʦʩʥʦʛ ʩʠʩ-

ʪʝʤʘ ʥʘ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʢʘʜʘ ʩʝ ʜʦʛʦʜʠ ʠʩʧʘʜ ʿʝʜʥʦʛ ʝʣʝʤʝʥʪʘ ʩʝ ʥʘʟʠʚʘ n-1 ʢʨʠʪʝ-

ʨʠʿʫʤ ʩʠʛʫʨʥʦʩʪʠ. ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʥʦ, ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʩʫ ʧʨʘʚˀʝʥʝ ʪʘʢʦ ʜʘ ʤʦʛʫ 

ʜʘ ʧʦʜʥʝʩʫ ʩʚʝ ʤʦʛʫ˂ʝ ʢʦʤʙʠʥʘʮʠʿʝ ʠʩʧʘʜʘ ʿʝʜʥʦʛ ʝʣʝʤʝʥʪʘ ʠ ʧʦʥʝʢʠ ʢʨʠʪʠʯʥʠ 

ʜʫʧʣʠ ʠʩʧʘʜ. ʂʘʜʘ ʩʝ ʜʦʛʦʜʠ ʠʩʧʘʜ ʥʝʢʦʛ ʝʣʝʤʝʥʪʘ, ʩʥʘʛʘ ʢʦʿʘ ʿʝ ʪʝʢʣʘ ʧʦ ʪʦʤ 

ʝʣʝʤʝʥʪʫ ʩʝ ʨʘʩʧʦʨʝʫ́ʿʝ ʧʦ ʦʩʪʘʣʠʤ ʝʣʝʤʝʥʪʠʤʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. ʂʦʝʬʠʮʠʿʝʥ-

ʪʠ ʦʩʝʪˀʠʚʦʩʪʠ ʢʦʿʠ ʫʢʘʟʫʿʫ ʥʘ ʢʦʣʠʯʠʥʫ ʩʥʘʛʝ ʢʦʿʘ ˂ʝ ʜʦʜʘʪʥʦ ʪʝ˂ʠ ʥʝʢʠʤ ʝʣʝ-

ʤʝʥʪʦʤ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʧʨʠʣʠʢʦʤ ʠʩʧʘʜʘ ʥʝʢʦʛ ʜʨʫʛʦʛ ʝʣʝʤʝʥʪʘ ʩʝ ʤʦʛʫ ʦʜʨʝ-

ʜʠʪʠ ʥʘ ʜʚʘ ʥʘʯʠʥʘ. ʆʜʘʙʨʘʥʠ ʤʦʜʝʣ ʤʨʝʞʝ, DC ʠʣʠ AC, ʜʝʬʠʥʠʰʝ ʢʦʿʠ ˂ʝ ʩʝ ʦʜ 

ʦʚʘ ʜʚʘ ʥʘʯʠʥʘ ʦʜʘʙʨʘʪʠ. 

 

5.2.1. ɸC ʤʝʪʦʜʘ 

 

ʅʘ ʩʣʠʮʠ 5.1 ʘ) ʿʝ ʧʨʠʢʘʟʘʥ ʜʝʦ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʧʨʝ ʠʩʧʘʜʘ ʚʦʜʘ ʢʦʿʠ ʧʦʚʝʟʫʿʝ 

ʯʚʦʨʦʚʝ r ʠ s. ɼʦʢ ʿʝ ʥʘ ʩʣʠʮʠ 5.1 ʙ) ʧʨʠʢʘʟʘʥʦ ʩʪʘˁʝ ʧʦʩʣʝ ʠʩʧʘʜʘ ʦʚʦʛ ʚʦʜʘ. 

ʉʠʤʫʣʠʨʘˁʝ ʠʩʧʘʜʘ ʧʦʩʤʘʪʨʘʥʝ ʛʨʘʥʝ ʙʠ ʟʘʭʪʝʚʘʣʦ ʧʨʦʤʝʥʫ ʤʘʪʨʠʮʝ ʘʜʤʠʪʘʥʩʠ

 

ʉʣʠʢʘ 5.1. ʘ) ʉʪʘˁʝ ʧʨʝ ʠʩʧʘʜʘ ʚʦʜʘ, ʙ) ʉʪʘˁʝ ʧʦʩʣʝ ʠʩʧʘʜʘ ʚʦʜʘ. 
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ʯʚʦʨʦʚʘ, ʰʪʦ ʙʠ ʜʘˀʝ ʧʨʦʫʟʨʦʢʦʚʘʣʦ ʧʨʦʤʝʥʫ ɱʘʢʦʙʠʿʘʥʘ. ʆʚʘʢʘʚ ʧʨʦʮʝʩ ʿʝ ʚʨʝ-

ʤʝʥʩʢʠ ʚʝʦʤʘ ʟʘʭʪʝʚʘʥ, ʧʦʛʦʪʦʚʦ ʘʢʦ ʩʝ ʨʘʜʠ ʩʘ ʚʝʣʠʢʠʤ ʧʨʝʥʦʩʥʠʤ ʩʠʩʪʝʤʠʤʘ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʠʩʧʘʜ ʙʠʣʦ ʢʦʛ ʚʦʜʘ ʿʝ ʤʦʛʫ˂ʝ ʩʠʤʫʣʠʨʘʪʠ ʧʦʤʦ˂ʫ ʜʚʘ ʬʠʢʪʠʚʥʘ 

ʛʝʥʝʨʘʪʦʨʘ ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʥʘ ʯʚʦʨʦʚʝ r ʠ s, ʠ ʧʦʤʦ˂ʫ ʚʦʜʘ ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʠʭ 

ʯʚʦʨʦʚʘ ʢʦʿʠ ʠʤʘ ʠʩʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʘʦ ʠ ʠʩʧʘʣʠ ʚʦʜ. ʋʚʘʞʘʚʘʿʫ˂ʠ ʦʚʫ ʧʨʝʪʧʦʩ-

ʪʘʚʢʫ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ ʘʜʤʠʪʘʥʩʠ ʯʚʦʨʦʚʘ ʩʝ ʥʝ˂ʝ ʤʝˁʘʪʠ, ʢʘʦ ʥʠ ʝʣʝʤʝʥʪʠ 

ɱʘʢʦʙʠʿʘʥʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʦʩʝʪˀʠʚʦʩʪʠ ʪʦʢʦʚʘ ʩʥʘʛʝ ʧʦ ʚʦʜʦʚʠʤʘ. 

ʇʦʩʪʘʚˀʘˁʝʤ ʩʥʘʛʘ ʠˁʝʢʪʠʨʘˁʘ ʬʠʢʪʠʚʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʚʨʝʜʥʦʩʪʠ ʪʦʢʦʚʘ ʩʥʘʛʘ 

ʢʦʿʝ ʩʫ ʧʦʩʪʦʿʘʣʝ ʥʘ ʢʨʘʿʝʚʠʤʘ ʠʩʧʘʣʦʛ ʚʦʜʘ ʧʨʝ ʠʩʧʘʜʘ ʜʦʙʠʿʘ ʩʝ ʥʫʣʪʠ ʪʦʢ ʩʥʘʛʝ 

ʥʘ ʠʩʧʘʣʦʤ ʚʦʜʫ. ʇʨʦʤʝʥʘ ʫ ʘʢʪʠʚʥʦʿ ʠ ʨʝʘʢʪʠʚʥʦʿ ʩʥʘʟʠ ʧʦʩʣʝ ʠʩʧʘʜʘ ʚʦʜʘ ʢʦʿʠ ʿʝ 

ʩʧʘʿʘʦ ʯʚʦʨʦʚʝ r ʠ s ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

00     , srsrsr PPPP =D=D , (5.23) 

00     , srsrsr QQQQ =D=D . (5.24) 

ɸʢʦ ʩʝ (5.23) ʠ (5.24) ʧʦʩʤʘʪʨʘʿʫ ʢʘʦ ʝʣʝʤʝʥʪʠ ʚʝʢʪʦʨʘ ʜʠʩʙʘʣʘʥʩʘ ʩʥʘʛʝ ʠˁʝʢʪʠ-

ʨʘˁʘ, ʧʨʦʤʝʥʫ ʬʘʟʥʠʭ ʩʪʘʚʦʚʘ ʠ ʘʤʧʣʠʪʫʜʘ ʥʘʧʦʥʘ ʯʚʦʨʦʚʘ ʿʝ ʤʦʛʫ˂ʝ ʠʟʨʘʯʫʥʘʪʠ 

ʧʦʤʦ˂ʫ (5.6). ʇʦʤʦ˂ʫ ʥʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʬʘʟʥʠʭ ʩʪʘʚʦʚʘ ʠ ʘʤʧʣʠʪʫʜʘ ʥʘʧʦʥʘ, ʢʦʿʠ 

ʩʝ ʨʘʯʫʥʘʿʫ ʧʦʤʦ˂ʫ (5.25), ʤʦʛʫ˂ʝ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ʥʦʚʝ ʪʦʢʦʚʝ ʩʥʘʛʘ ʧʦ ʛʨʘʥʘʤʘ 

ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. 

.

,

,0,,

,0,,

rsiirsi

rsiirsi

UUU D+=

D+= qqq
 (5.25) 

ʇʦʟʥʘʚʘʿʫ˂ʠ ʧʨʦʤʝʥʫ ʪʦʢʘ ʩʥʘʛʝ ʧʦ ʚʦʜʫ ʫʩʣʝʜ ʠʩʧʘʜʘ ʛʨʘʥʝ ʢʦʿʘ ʩʧʘʿʘ ʯʚʦʨʦʚʝ r ʠ 

s ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʜʠʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʝ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ʛʨʘʥʘʤʘ ʧʨʝʥʦʩʥʝ 

ʤʨʝʞʝ ʫʩʣʝʜ ʠʩʧʘʜʘ ʝʣʝʤʝʥʘʪʘ (line outage distribution factor ï LODF): 

0

,

,

rs

rsijij

rsij
P

PP
LODF

-
= . (5.26) 

 

5.2.2. DC ʤʝʪʦʜʘ 

 

ʂʘʦ ʠ ʢʦʜ AC ʤʦʜʝʣʘ ʤʨʝʞʝ, ʪʘʢʦ ʩʝ ʠ ʢʦʜ DC ʤʦʜʝʣʘ ʠʩʧʘʜ ʚʦʜʘ ʤʦʜʝʣʫʿʝ ʧʦʤʦ˂ʫ 

ʜʚʘ ʠʟʚʦʨʘ ʧʨʠʢˀʫʯʝʥʘ ʥʘ ʯʚʦʨʦʚʝ ʠʩʧʘʣʦʛ ʚʦʜʘ. ʊʠʤʝ ʩʝ ʚʦʜ ʦʩʪʘʚˀʘ ʫ ʤʨʝʞʠ ʠ 

ʠʟʙʝʛʘʚʘ ʬʦʨʤʠʨʘˁʝ ʥʦʚʝ ʤʘʪʨʠʮʝ ʘʜʤʠʪʘʥʩʠ ʯʚʦʨʦʚʘ, ʘʣʠ ʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʩʥʘʛʘʤʘ ʠˁʝʢʪʠʨʘˁʘ ʧʦʩʪʠʞʝ ʥʫʣʪʠ ʪʦʢ ʥʘ ʠʩʧʘʣʦʤ ʚʦʜʫ ʰʪʦ ʿʝ ʝʢʚʠʚʘʣʝʥʪʥʦ 

ʝʬʝʢʪʫ ʠʩʧʘʜʘ ʚʦʜʘ. ʅʝʢʘ ʩʝ ʧʦʩʤʘʪʨʘ ʚʦʜ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ r ʠ s, ʩʣʠʢʘ 5.1 ʘ). 
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ʀʩʧʘʣʠ ʚʦʜ ˂ʝ ʙʠʪʠ ʠʟʦʣʦʚʘʥ ʠ ʧʦ ˁʝʤʫ ʥʝ˂ʝ ʪʝ˂ʠ ʩʥʘʛʘ. ʅʘ ʩʣʠʮʠ 5.1 ʙ) ʿʝ ʧʨʠʢʘ-

ʟʘʥ ʠʜʝʥʪʠʯʘʥ ʝʬʝʢʘʪ ʧʦʤʦ˂ʫ ʬʠʢʪʠʚʥʠʭ ʛʝʥʝʨʘʪʦʨʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ AC ʤʦʜʝʣʘ 

ʤʨʝʞʝ, ʢʦʜ DC ʤʦʜʝʣʘ ʛʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʝ ʥʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʧʘ ʿʝ ʩʥʘʛʘ ʥʘ 

ʧʦʯʝʪʢʫ ʚʦʜʘ ʠʜʝʥʪʠʯʥʘ ʩʥʘʟʠ ʥʘ ʢʨʘʿʫ ʚʦʜʘ. ɽʬʝʢʘʪ ʥʫʣʪʦʛ ʪʦʢʘ ʧʦ ʚʦʜʫ rs ʩʝ 

ʧʦʩʪʠʞʝ ʠˁʝʢʪʠʨʘˁʝʤ ʩʥʘʛʝ ȹPr = Prs,novo ʫ ʯʚʦʨ r ʠ ʩʥʘʛʝ ȹPs = ï Prs,novo ʫ ʯʚʦʨ s. 

ʋʙʘʮʠʚʘˁʝʤ ʩʥʘʛʘ ʬʠʢʪʠʚʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʫ ʚʝʢʪʦʨ ʜʠʩʙʘʣʘʥʩʘ ʩʥʘʛʘ ʠˁʝʢʪʠʨʘˁʘ 

ʠ ʟʘʤʝʥʦʤ ʫ ʠʟʨʘʟ (5.18) ʜʦʙʠʿʘ ʩʝ: 

[][ ]T333 sr PP DD³=D Xɗ . (5.27) 

ʀʟ ʦʚʦʛ ʠʟʨʘʟʘ ʩʝ ʜʘˀʝ ʜʦʙʠʿʘ: 

.

,

sssrsrs

srsrrrr

PXPX

PXPX

D+D=D

D+D=D

q

q
 (5.28) 

ʇʨʠ ʯʝʤʫ ɗr, ɗs ʠ Prs ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʣʠʯʠʥʝ ʧʨʝ ʠʩʧʘʜʘ, ȹɗr, ȹɗs ʠ ȹPrs ʧʨʝʜʩʪʘʚ-

ˀʘʿʫ ʧʨʦʤʝʥʫ ʧʨʦʫʟʨʦʢʦʚʘʥʫ ʠʩʧʘʜʦʤ ʛʨʘʥʝ rs, ɗr,novo, ɗs,novo ʠ Prs,novo ʩʫ ʦʟʥʘʢʝ ʟʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʝʣʠʯʠʥʝ ʧʦʩʣʝ ʠʩʧʘʜʘ. ʄʝʹʫʩʦʙʥʘ ʚʝʟʘ ʠʟʤʝʹʫ ʩʥʘʛʘ ʠˁʝʢʪʠʨʘˁʘ ʫ 

ʧʦʩʤʘʪʨʘʥʝ ʯʚʦʨʦʚʝ r ʠ s ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

( )novosnovor

rs

novorssr
x

PPP ,,,

1
qq -==D-=D . (5.29) 

ʀʤʘʿʫ˂ʠ ʦʚʦ ʫ ʚʠʜʫ ʠʟʨʘʟ (5.28) ʧʦʩʪʘʿʝ: 

( )

( ) .

,

rsssrs

rrsrrr

PXX

PXX

D-=D

D-=D

q

q
 (5.30) 

ʇʨʦʤʝʥʘ ʬʘʟʥʠʭ ʩʘʪʘʚʦʚʘ ʩʝ ʨʘʯʫʥʘ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

.

,

,

,

ssnovos

rrnovor

qqq

qqq

D+=

D+=
 (5.31) 

ʂʦʤʙʠʥʦʚʘˁʝʤ ʠʟʨʘʟʘ (5.29) ï (5.31) ʜʦʙʠʿʘ ʩʝ: 

( ) ( ) ( ) rrsssrr

rs

rssr

rs

sr

rs

novors PXXX
x

P
xx

P D-++=D-D+-= 2
111

, qqqq . (5.32) 

ʋʚʘʞʘʚʘʿʫ˂ʠ ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ Prs,novo = ȹPr ʜʦʙʠʿʘ ʩʝ: 

( )rsssrr

rs

rs
r

XXX
x

P
P

2
1

1 -+-

=D . 
(5.33) 

ʅʝʢʘ ʩʝ ʩʘ d ʦʟʥʘʯʠ ʢʦʝʬʠʮʠʿʝʥʪ ʦʩʝʪˀʠʚʦʩʪʠ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʧʨʦʤʝʥʝ 

ʬʘʟʥʦʛ ʫʛʣʘ ɗ, ʙʠʣʦ ʢʦʛ ʯʚʦʨʘ ʫ ʩʠʩʪʝʤʫ, ʠ ʪʦʢʘ ʩʥʘʛʝ ʧʦ ʚʦʜʫ rs ʧʨʝ ˁʝʛʦʚʦʛ 



89 

 

ʠʩʧʘʜʘ, ʦʜʥʦʩʥʦ: 

rs

i
rsi

P

q
d

D
=, . (5.34) 

ɿʘ ʩʣʫʯʘʿ ʜʘ r ʠ s ʥʠʩʫ ʨʝʬʝʨʝʥʪʥʠ ʯʚʦʨʦʚʠ, ʧʨʦʤʝʥʘ ʫʛʣʘ ʫ ʯʚʦʨʫ i ʩʝ ʜʦʙʠʿʘ ʠʟ 

ʿʝʜʥʘʯʠʥʝ (5.27): 

sisriri PXPX D+D=Dq . (5.35) 

ʋʚʘʞʘʚʘʿʫ˂ʠ ʦʜʥʦʩ ʠʟʤʝʹʫ ȹPr ʠ ȹPs, ʢʦʝʬʠʮʠʿʝʥʪ ʦʩʝʪˀʠʚʦʩʪʠ d ʩʝ ʤʦʞʝ ʧʠʩʘʪʠ 

ʫ ʩʣʝʜʝ˂ʝʤ ʦʙʣʠʢʫ: 

( )
( )rsssrrrs

rsisir
rsi

XXXx

xXX

2
,

-+-

-
=d . (5.36) 

ʉʘʜʘ ʿʝ ʤʦʛʫ˂ʝ ʜʝʬʠʥʠʩʘʪʠ DC LODF ʟʘ ʚʦʜ ij  ʧʨʠʣʠʢʦʤ ʠʩʧʘʜʘ ʚʦʜʘ rs [129]: 

( )rsjrsi

ijrs

j

rs

i

ijrs

ij

rsij
xPPxP

P
LODF ,,,

11
dd

qq
-=ö

ö

÷

õ

æ
æ

ç

å D
-

D
=

D
= . (5.37) 

ɸʢʦ i ʠ j ʥʠʩʫ ʨʝʬʝʨʝʥʪʥʠ ʯʚʦʨʦʚʠ ʠʟʨʘʟ (5.37) ʜʦʙʠʿʘ ʢʦʥʘʯʥʫ ʬʦʨʤʫ: 

( ) ( )
( ) ( )

.
22

1
,

rsssrrrs

jsjrisir

ij

rs

rsssrrrs

rsjsjrrsisir

ij

rsij
XXXx

XXXX

x

x

XXXx

xXXxXX

x
LODF

-+-

+--
=

-+-

---
=  (5.38) 

 

5.3. ʆʜʨʝʹʠʚʘˁʝ ATC-a ʟʘ ʙʘʟʥʦ ʩʪʘˁʝ ʤʨʝʞʝ 

 

ʄʝʪʦʜʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ATC-a ʧʦʤʦ˂ʫ ʦʧʠʩʘʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʦʩʝʪˀʠʚʦʩʪʠ 

(PTDF) ʩʝ ʚʨʰʠ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʢʦʿʠ ʩʫ ʥʘʯʠʥ ʦʚʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʠʟʨʘ-

ʯʫʥʘʪʠ. ɼʘ ʙʠ ʩʝ ʦʜʨʝʜʠʦ ɸʊC ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ ʪʝʨʤʘʣʥʘ ʦʛʨʘʥʠʯʝˁʘ ʚʦʜʦʚʘ 

ʢʘʦ ʠ ʪʦʢʦʚʝ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʟʘ ʙʘʟʥʦ ʩʪʘˁʝ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ ʧʦʩʣʝ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ 

ʩʥʘʛʘ, DC ʠʣʠ N-R ʤʝʪʦʜʦʤ. ʉʘʜʘ ʿʝ ʟʘ ʩʚʘʢʫ ʛʨʘʥʫ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʧʦʪʨʝʙʥʦ 

ʦʜʨʝʜʠʪʠ ʢʦʣʠʢʦ ʠʟʥʦʩʠ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʪʨʘʥʩʘʢʮʠʿʝ ʢʦʿʘ ʪʫ ʛʨʘʥʫ ʜʦʚʦʜʠ ʜʦ 

ʪʝʨʤʘʣʥʦʛ ʦʛʨʘʥʠʯʝˁʘ [1, 130]: 
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max,

,
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mnij

mnij

ijij

mnij

mnij

mnij

ijij
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PTDF
PTDF

PP

PTDF

PTDF
PTDF

PP

ALC  (5.39) 

ʋ ʠʟʨʘʟʫ (5.39) Pi  ʿʧʨʝʜʩʪʘʚˀʘ ʪʦʢ ʩʥʘʛʝ ʧʦ ʚʦʜʫ i ,ʿ Pij ,max ʿʝ ʪʝʨʤʘʣʥʦ ʦʛʨʘʥʠʯʝˁʝ 

ʚʦʜʘ i .ʿ ALCij ,mn ʧʨʝʜʩʪʘʚˀʘ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʝʥʝʪʠ ʪʨʘʥʩʘʢʮʠʿʦʤ 
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ʘ ʢʦʿʘ ˂ʝ ʫʟʨʦʢʦʚʘʪʠ ʜʦʩʪʠʟʘˁʝ ʪʝʨʤʘʣʥʦʛ ʦʛʨʘʥʠʯʝˁʘ ʚʦʜʘ i .ʿ ɿʘ ʨʘʟʤʘʪʨʘʥʫ ʪʨʘʥ-

ʩʘʢʮʠʿʫ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʧʨʝʥʦʩʘ ʩʝ ʦʜʨʝʫ́ʿʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

mnij
Nij

mn ALCATC
l

,min
Í

= , (5.40) 

ʛʜʝ Nl ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ ʩʚʠʭ ʛʨʘʥʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. 

 

5.4. ʆʜʨʝʹʠʚʘˁʝ ATC-a ʩʘ ʠʩʧʘʜʠʤʘ 

 

ʇʨʝʤʘ ʜʝʬʠʥʠʮʠʿʠ ɸʊC-ʘ ʧʦʪʨʝʙʥʦ ʿʝ ʫʚʘʞʠʪʠ ʦʜʨʝʹʝʥʫ ʜʦʟʫ ʥʝʩʠʛʫʨʥʦʩʪʠ ʧʨʠ-

ʣʠʢʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ ʦʚʝ ʚʝʣʠʯʠʥʝ [1]. ʋʪʠʮʘʿ ʠʩʧʘʜʘ ʚʦʜʦʚʘ ʥʘ ʤʘʢʩʠʤʘʣʥʫ ʚʠʩʠ-

ʥʫ ʧʨʝʥʦʩʘ ʥʝʢʝ ʪʨʘʥʩʘʢʮʠʿʝ ʪʨʝʙʘ ʫʚʘʞʠʪʠ ʧʦʰʪʦ ʩʝ ʦʥʠ ʥʝ ʤʦʛʫ ʧʨʝʜʚʠʜʝʪʠ. ʋ 

[52] ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʚʨʝʜʥʦʩʪ ɸʊC-ʘ ʩʚʘʢʝ ʪʨʘʥʩʘʢʮʠʿʝ ʦʧʘʜʘ ʩʘ ʠʩʧʘʜʦʤ ʙʠʣʦ ʢʦʛ 

ʚʦʜʘ. ʂʘʜʘ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʠʩʧʘʜʠ ʚʦʜʦʚʘ, ɸʊC ʿʝ ʤʦʛʫ˂ʝ ʜʦʙʠʪʠ ʢʦʤʙʠʥʘʮʠʿʦʤ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʦʩʝʪˀʠʚʦʩʪʠ, PTDF ʠ LODF. ʋʩʣʝʜ ʧʦʩʪʦʿʘˁʘ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ 

ʯʚʦʨʘ/ʦʙʣʘʩʪʠ m ʠ ʯʚʦʨʘ/ʦʙʣʘʩʪʠ n ʧʨʦʤʝʥʘ ʪʦʢʘ ʩʥʘʛʝ ʥʘ ʚʦʜʫ ʢʦʿʠ ʩʧʘʿʘ ʯʚʦʨʦʚʝ 

r ʠ s ʠʟʥʦʩʠ: 

mntransmnrs
novo

rs PPTDFP  , Ö=D . (5.41) 

ʂʘʜʘ ʩʝ ʜʦʛʦʜʠ ʠʩʧʘʜ ʚʦʜʘ ʢʦʿʠ ʩʧʘʿʘ ʯʚʦʨʦʚʝ r ʠ s ʜʝʦ ʩʥʘʛʝ ʢʦʿʠ ʿʝ ʧʨʦʪʠʮʘʦ ʧʦ 

ʪʦʤ ʚʦʜʫ ˂ʝ ʩʝ ʨʘʩʧʦʨʝʜʠʪʠ ʧʦ ʩʚʠʤ ʚʦʜʦʚʠʤʘ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. ɿʘ ʧʨʦʤʝʥʫ ʪʦʢʘ 

ʩʥʘʛʝ ʧʦ ʚʦʜʫ ʢʦʿʠ ʩʧʘʿʘ ʯʚʦʨʦʚʝ i ʠ ,ʿ ʫʟ ʧʨʠʩʫʩʪʚʦ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟ ʯʚʦʨʘ/ʦʙʣʘʩʪʠ 

m ʫ ʯʚʦʨ/ʦʙʣʘʩʪ n ʠ ʠʩʧʘʜʘ ʚʦʜʘ rs ʤʦʞʝ ʩʝ ʧʠʩʘʪʠ ʩʣʝʜʝ˂ʝ: 

( ) mntransmnrsrsijmnij
novo
rsij PPTDFLODFPTDFP  ,,,, ÖÖ+=D . (5.42) 

ʅʘ ʦʩʥʦʚʫ ʩʚʝʛʘ ʨʝʯʝʥʦʛ ɸʊC ʟʘ ʪʨʘʥʩʘʢʮʠʿʫ ʠʟ ʯʚʦʨʘ/ʦʙʣʘʩʪʠ m ʫ ʯʚʦʨ/ʦʙʣʘʩʪ n ʿʝ 

ʤʦʛʫ˂ʝ ʠʟʨʘʯʫʥʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

.

,0

,0

,0

,,,

max,

max,

,

mnrsrsijmnij

ijij

ijij

rsmn

PTDFLODFPTDFimenilac

imenilac
imenilac

PP
imenilac

imenilac
imenilac

PP

ATC

Ö+=

î
î

í

î
î

ì

ë

<
--

=¤

>
-

=
 (5.43) 

ɼʘ ʙʠ ʩʝ ʜʦʙʠʣʘ ʢʦʥʘʯʥʘ ʚʨʝʜʥʦʩʪ ɸʊC-a ʟʘ ʧʦʩʤʘʪʨʘʥʫ ʪʨʘʥʩʘʢʮʠʿʫ ʧʦʪʨʝʙʥʦ ʿʝ 

ʠʟʚʨʰʠʪʠ ʦʧʠʩʘʥʝ ʧʦʨʦʨʘʯʫʥʝ ʟʘ ʩʚʝ ʤʦʛʫ˂ʝ ʠʩʧʘʜʝ ʠ ʠʟʚʨʰʠʪʠ ʧʦʨʝʹʝˁʝ 

ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʦʜʥʦʩʥʦ: 

( )rsmnmn ATCATCATC ,,min= . (5.44) 
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5.5. ʋʚʘʞʘʚʘˁʝ ʪʦʢʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʣʠʥʝʘʨʥʦʤ ʤʦʜʝʣʫ ʤʨʝʞʝ 

 

ɱʝʜʘʥ ʦʜ ʚʝ˂ʠʭ ʥʝʜʦʩʪʘʪʘʢʘ ʣʠʥʝʘʨʥʦʛ ɸʊC-ʘ ʿʝ ʟʘʥʝʤʘʨʠʚʘˁʝ ʪʦʢʘ ʨʝʘʢʪʠʚʥʝ 

ʩʥʘʛʝ ʧʦ ʝʣʝʤʝʥʪʠʤʘ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ, ʰʪʦ ʤʦʞʝ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʚʝʣʠʢʝ ʛʨʝʰʢʝ ʫ 

ʨʘʯʫʥʘˁʫ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ. ɼʘ ʙʠ ʩʝ ʪʘ ʛʨʝʰʢʘ ʩʤʘˁʠʣʘ ʧʦʪʨʝʙʥʦ ʿʝ ʥʘ ʥʝʢʠ 

ʥʘʯʠʥ ʫʚʘʞʠʪʠ ʪʦʢʦʚʝ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʫ ʣʠʥʝʘʨʥʠ ʤʦʜʝʣ ʤʨʝʞʝ [29, 30]. ʅʝʢʘ ʩʝ 

ʨʘʟʤʘʪʨʘ  ́ʟʘʤʝʥʩʢʘ ʰʝʤʘ ʚʦʜʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 5.2. 

ʂʦʤʧʣʝʢʩʥʠ ʪʦʢ ʩʥʘʛʝ ʧʦʩʤʘʪʨʘʥʦ ʦʜ ʯʚʦʨʘ  ʿʢʘ ʯʚʦʨʫ k ʿʝ ʿʝʜʥʘʢ: 

( )
( )( ). sin

cos

22

2

jkkjjkkjjkjjjj

jkkjjkkjjkjjkjk

YVVBVBV

YVVGVjQP

aqq

aqq

+-++-

+--=+
 (5.45) 

ʛʜʝ ʩʫ V ,ʿ Vk, ɗʿ ʠ ɗk ʘʤʧʣʠʪʫʜʝ ʠ ʬʘʟʥʠ ʩʪʘʚʦʚʠ ʥʘʧʦʥʘ ʯʚʦʨʦʚʘ  ʿʠ k, Yʿ k ʠ Ŭʿk ʩʫ 

ʘʤʧʣʠʪʫʜʘ ʠ ʫʛʘʦ ʘʜʤʠʪʘʥʩʝ ʛʨʘʥʝ ʿk (Gʿk + ʿBʿk = 1/(Rʿ k + Xʿʿk)). ʈʘʟʜʚʘʿʘˁʝʤ ʿʝʜʥʘ-

ʯʠʥʝ (5.45) ʥʘ ʨʝʘʣʥʠ ʠ ʠʤʘʛʠʥʘʨʥʠ ʜʝʦ ʠ ʧʨʝʫʨʝʹʠʚʘˁʝʤ ʜʦʙʠʿʘ ʩʝ: 

( )jkkjjkkjjkjjk YVVGVP aqq +--=- cos2
, (5.46) 

( )jkkjjkkjjkjjjjjk YVVBVBVQ aqq +--=++ sin22
. (5.47) 

ʂʚʘʜʨʠʨʘˁʝʤ ʦʙʝ ʩʪʨʘʥʝ ʿʝʜʥʘʯʠʥʘ (5.46) ʠ (5.47) ʠ ˁʠʭʦʚʠʤ ʩʘʙʠʨʘˁʝʤ ʜʦʙʠʿʘ 

ʩʝ: 

( ) ( ) ( )222222
jkkjjkjjjjjkjkjjk YVVBVBVQGVP =+++- . (5.48) 

ʋʩʚʘʿʘ ʩʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʩʝ ʟʘ ʙʠʣʘʪʝʨʘʣʥʫ ʪʨʘʥʩʘʢʮʠʿʫ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ s ʠ i 

ʥʘʧʦʥʠ ʥʘ ʩʘʙʠʨʥʠʮʘʤʘ  ʿʠ k ʥʝ˂ʝ ʤʝˁʘʪʠ, ʦʜʥʦʩʥʦ ʚʘʞʠ ÖV/ʿÖPi = 0 ʠ ÖVk/ÖPi = 0, 

ʛʜʝ Pi ʧʨʝʜʩʪʘʚˀʘ ʩʥʘʛʫ ʪʨʘʥʩʘʢʮʠʿʝ. ʀʟ ʫʩʚʦʿʝʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʧʨʦʠʟʠʣʘʟʠ ʜʘ 

ʿʝʜʥʘʯʠʥʘ (5.48) ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʘʯʠʥʫ ʢʨʫʛʘ ʫ P-Q ʨʘʚʥʠ, ʩʘ ʮʝʥʪʨʦʤ ʫ: 

( )( )jkjjjjjkjjkjk BVBVGVQP 222
0,0, ,, --= , (5.49) 

 

ʉʣʠʢʘ 5.2.  ́ʟʘʤʝʥʩʢʘ ʰʝʤʘ ʚʦʜʘ. 
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ʠ ʧʨʝʯʥʠʢʦʤ: 

jkkjjk YVVS =0, . (5.50) 

ɸʢʦ ʩʝ ʘʤʧʣʠʪʫʜʘ ʥʘʧʦʥʘ ʟʥʘʯʘʿʥʦ ʥʝ ʤʝˁʘ ʪʦʢʦʤ ʪʨʘjʘˁʘ ʪʨʘʥʩʘʢʮʠʿʝ, ʪʦʢʦʚʠ 

ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʫ ʧʦʚʝʟʘʥʠ ʿʝʜʥʘʯʠʥʦʤ ʢʨʫʛʘ: 

( ) ( ) 2
0,

2
0,

2
0, jkjkjkjkjk SQQPP =-+- . (5.51) 

ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʥʦ, ʠʩʪʝ ʿʝʜʥʘʯʠʥʝ ʙʠ ʪʨʝʙʘʣʦ ʥʘʧʠʩʘʪʠ ʟʘ ʠʩʪʠ ʚʦʜ ʘʣʠ ʧʦʩʤʘʪʨʘ-

ʥʦ ʦʜ ʯʚʦʨʘ k. ɸʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ɸC ʤʦʜʝʣ ʤʨʝʞʝ ʮʝʥʪʘʨ ʢʨʫʛʘ ʩʝ ʥʝ˂ʝ ʥʘʣʘʟʠʪʠ ʫ 

ʠʩʪʦʿ ʪʘʯʢʠ ʧʦʰʪʦ Pjk,0 Í Pkj,0 ʠ Qjk,0 Í Qkj,0. ʄʝʹʫʪʠʤ, ʧʦʣʫʧʨʝʯʥʠʢ ʦʙʘ ʢʨʫʛʘ ʿʝ 

ʠʜʝʥʪʠʯʘʥ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʩʥʘʛʝ ʪʨʘʥʩʘʢʮʠʿʝ, ʤʝˁʘ˂ʝ ʩʝ ʠ ʪʦʢ ʩʥʘʛʝ ʧʦ ʧʦʩʤʘʪʨʘ-

ʥʦʤ ʚʦʜʫ, ʧʨʠ ʯʝʤʫ ʩʝ ʩʚʘ ʠʟʚʦʜˀʠʚʘ ʨʘʜʥʘ ʩʪʘˁʘ ʫ PjkïQjk ʨʘʚʥʠ ʥʘʣʘʟʝ ʥʘ ʢʨʫʛʫ 

ʢʦʿʠ ʿʝ ʜʝʬʠʥʠʩʘʥ ʿʝʜʥʘʯʠʥʦʤ (5.51), ʘ ʢʦʿʠ ʩʝ ʟʦʚʝ ʠ ʨʘʜʥʠ ʢʨʫʛ. ʋ ʦʚʦʿ ʨʘʚʥʠ, 

ʪʝʨʤʘʣʥʦ ʦʛʨʘʥʠʯʝˁʝ ʧʨʝʥʦʩʥʦʛ ʚʦʜʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʧʦʤʦ˂ʫ ʢʨʫʛʘ ʯʠʿʠ ʩʝ ʮʝʥ-

ʪʘʨ ʥʘʣʘʟʠ ʫ ʢʦʦʨʜʠʥʘʪʥʦʤ ʧʦʯʝʪʢʫ, ʜʦʢ ʿʝ ʧʦʣʫʧʨʝʯʥʠʢ ʜʝʬʠʥʠʩʘʥ ʤʘʢʩʠʤʘʣʥʦʤ 

ʩʥʘʛʦʤ ʚʦʜʘ Sjk
max

. ʆʚʘʿ ʢʨʫʛ ʤʦʞʝ ʜʘ ʩʝ ʥʘʟʦʚʝ ʠ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠʤ ʢʨʫʛʦʤ ʠ ʧʨʠʢʘ-

ʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 5.3. ɸʢʦ ʩʝ ʢʦʨʠʩʪʠ DC ʤʦʜʝʣ ʤʨʝʞʝ, ʮʝʥʪʘʨ ʨʘʜʥʦʛ ʢʨʫʛʘ ˂ʝ ʩʝ 

ʥʘʣʘʟʠʪʠ ʥʘ Q ʦʩʠ ʟʙʦʛ ʟʘʥʝʤʘʨʠʚʘˁʘ ʰʘʥʪ ʝʣʝʤʝʥʘʪʘ ʫ ʯʚʦʨʦʚʠʤʘ ʤʨʝʞʝ, ʠʩʧʨʝ-

ʢʠʜʘʥʠ ʢʨʫʛ ʥʘ ʩʣʠʮʠ 5.3. ʂʦʨʠʰ˂ʝˁʝʤ  ́ʟʘʤʝʥʩʢʝ ʰʝʤʝ, ɸC ʤʦʜʝʣ ʤʨʝʞʝ, ʮʝʥʪʘʨ 

ʨʘʜʥʦʛ ʢʨʫʛʘ ˂ʝ ʙʠʪʠ ʧʦʤʝʨʝʥ ʜʦʢ ˂ʝ ʤʫ ʧʨʝʯʥʠʢ ʦʩʪʘʪʠ ʠʩʪʠ ʢʘʦ ʢʦʜ DC ʤʦʜʝʣʘ. 

ʇʦʰʪʦ ʿʝ ʪʦʢ ʧʨʠʚʠʜʥʝ ʩʥʘʛʝ ʧʦ ʚʦʜʫ ʦʛʨʘʥʠʯʝʥ ʧʨʝʩʝʢʦʤ ʨʘʜʥʦʛ ʠ ʦʛʨʘʥʠʯʘʚʘʿʫ-

 

ʉʣʠʢʘ 5.3. ʈʘʜʥʠ ʠ ʦʛʨaʥʠʯʘʚʘʿʫ˂ʠ ʢʨʫʛ ʚʦʜʘ. 
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˂ʝʛ ʢʨʫʛʘ, ʤʘʢʩʠʤʘʣʘʥ ʪʦʢ ʩʥʘʛʝ ʧʦ ʚʦʜʫ ʿk ʦʜʛʦʚʘʨʘ ʪʘʯʢʠ (Pjk
*
, Qjk

*
), ʩʣʠʢʘ 5.3. 

ʇʦʩʪʦʿʝ ʜʚʘ ʤʦʛʫ˂ʘ ʨʝʰʝˁʘ ʟʘ Pjk
*
 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʟʥʘʢʘ PTDF-ʘ. ʋ ʮʠˀʫ ʦʜʨʝʹʠ-

ʚʘˁʘ Pʿk
*
 ʠ Qʿk

*
 ʧʦʪʨʝʙʥʦ ʿʝ ʨʝʰʠʪʠ ʩʣʝʜʝ˂ʠ ʩʠʩʪʝʤ ʿʝʜʥʘʯʠʥʘ: 

( ) ( ) ( )

( ).

,

2max22

222222

jkjkjk

jkkjjkjjjjjkjkjjk

SQP

YVVBVBVQGVP

=+

=+++-
 (5.52) 

ɿʘʤʝʥʦʤ ʿʝʜʥʘʯʠʥʘ (5.49) ʠ (5.50) ʫ (5.52) ʜʦʙʠʿʘ ʩʝ: 

( ) ( )

( ).

,

2max22

2

0,

2

0,

2

0,

jkjkjk

jkjkjkjkjk

SQP

SQQPP

=+

=-+-
 (5.53) 

ʈʘʟʚʦʿʝʤ ʧʨʚʝ ʿʝʜʥʘʯʠʥʝ ʠ ʦʜʫʟʠʤʘˁʝʤ ʜʨʫʛʝ ʜʦʙʠʿʘ ʩʝ [30]: 

( ) ö
÷
õæ

ç
å -+-= 2

0

2max
0,

0,

2
2

1
MSPP

Q
Q jkjkjk

jk

jk , (5.54) 

ʛʜʝ ʿʝ M0 = S
2
jk,0 ï P

2
jk,0 ï Q

2
jk,0. ɺʨʘ˂ʘˁʝʤ ʦʚʦʛ ʠʟʨʘʟʘ ʫ ʿʝʜʥʘʯʠʥʫ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʝʛ 

ʢʨʫʛʘ ʜʦʙʠʿʘ ʩʝ: 

( ) ( )( )
( )( ) ( ) . 0

4

1 2max2

0,

2
2

0

2max

*2

0

2max

0,

2*2

0,

2

0,

=--+

--+

jkjkjk

jkjkjkjkjkjk

SQMS

PMSPPQP

 (5.55) 

ɱʝʜʥʘʯʠʥʘ (5.55) ʧʨʝʜʩʪʘʚˀʘ ʢʚʘʜʨʘʪʥʫ ʿʝʜʥʘʯʠʥʫ ʫ ʢʦʿʦʿ ʿʝ Pjk
*
 ʥʝʧʦʟʥʘʪʘ. 

ʂʦʝʬʠʮʠʿʝʥʪʠ ʦʚʝ ʿʝʜʥʘʯʠʥʝ ʩʫ: 
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ʉʘʜʘ ʿʝ ʤʦʛʫ˂ʝ ʠʟʨʘʯʫʥʘʪʠ Pjk
*
 ʠ Qʿk

*
: 

( ) .

,
2

4

2*2max*

2
*

jkjkjk

jk
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a

acbb
P

-=

-°-
=

 (5.57) 

ɿʥʘʢ ʠʩʧʨʝʜ ʢʦʨʝʥʘ ʫ ʠʟʨʘʟʫ (5.57) ʩʝ ʦʜʨʝʹʫʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʟʘʥʢʘ PTDF-ʘ. ɸʢʦ 

ʿʝ PTDF > 0 ʪʘʜʘ ʩʝ ʫʟʤʘ Ă+ñ ʟʥʘʢ, ʠ ʦʙʨʥʫʪʦ. ʇʨʠʤʝʥʘ ʦʧʠʩʘʥʝ ʤʝʪʦʜʝ ʥʘ DC 

ʤʦʜʝʣ ʿʝ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʥʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʩʘʤʦ ʪʝʨʤʘʣʥʦ ʦʛʨʘʥʠʯʝˁʝ ʟʘʤʝʥʠʪʠ ʩʘ 

Piʿ
*
 ʠ ʜʘˀʠ ʪʦʢ ʠʟʨʘʯʫʥʘʚʘˁʘ ɸʊC-ʘ ʦʩʪʘʿʝ ʠʩʪʠ. ɼʘ ʙʠ ʦʧʠʩʘʥʘ ʤʝʪʦʜʘ ʜʘʣʘ ʙʦˀʝ 

ʨʝʟʫʣʪʘʪʝ ʧʦʪʨʝʙʥʦ ʿʝ ʟʘ ʙʘʟʥʦ ʩʪʘˁʝ ʫʨʘʜʠʪʠ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ N-R ʤʝʪʦʜʦʤ 
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ʠ ʿʝʜʥʘʯʠʥʫ (5.57) ʨʝʰʠʪʠ ʧʦʤʦ˂ʫ ʪʠʭ ʧʦʜʘʪʘʢʘ. ʉʚʝ ʦʩʪʘʣʝ ʚʝʣʠʯʠʥʝ, PTDF ʠ 

LODF, ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʧʦʤʦ˂ʫ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ ʚʝʟʘʥʠ ʟʘ DC ʤʦʜʝʣ ʤʨʝʞʝ. 

ʅʘ ʩʣʠʮʠ 5.4 ʿʝ ʧʨʠʢʘʟʘʥ ʪʠʧʠʯʘʥ ʨʘʜʥʠ ʢʨʫʛ ʩʘ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʘ 

ʢʨʫʛʘ. ʅʝʢʘ ʿʝ ʧʦʯʝʪʥʠ ʪʦʢ ʧʨʠʚʠʜʥʝ ʩʥʘʛʝ ʧʦ ʚʦʜʫ ʿk ʜʝʬʠʥʠʩʘʥ ʧʦʣʦʞʘʿʝʤ ʪʘʯʢʝ 

ɸ. ʇʦʨʝʜ ʪʦʛʘ, ʫʩʚʘʿʘ ʩʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʿʝ ʪʝʨʤʘʣʥʦ ʦʛʨʘʥʠʯʝˁʝ ʦʚʦʛ ʚʦʜʘ ʟʘʜʘʪʦ 

ʧʦʤʦ˂ʫ ʧʨʚʦʛ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʝʛ ʢʨʫʛʘ, ʠ ʜʘ ʩʝ ʪʦʢ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʨʘʩ-

ʪʦʤ ʪʨʘʥʩʘʢʮʠʿʝ. ʈʘʜʥʘ ʪʘʯʢʘ ˂ʝ ʩʝ ʧʦʤʝʨʘʪʠ ʜʫʞ ʨʘʜʥʦʛ ʢʨʫʛʘ ʩʚʝ ʜʦ ʧʨʝʩʝʢʘ ʩʘ 

ʧʨʚʠʤ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠʤ ʢʨʫʛʦʤ, ʪʘʯʢʘ B. ʉʘʜʘ ʪʨʝʙʘ ʨʘʟʤʦʪʨʠʪʠ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ 

ʪʝʨʤʘʣʥʦ ʦʛʨʘʥʠʯʝʜˁʝ ʜʝʬʠʥʠʩʘʥʦ ʜʨʫʛʠʤ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠʤ ʢʨʫʛʦʤ. ʈʘʜʥʘ ʪʘʯʢʘ 

ʤʦʞʝ ʜʘ ʩʝ ʢʨʝ˂ʝ ʧʦ ʨʘʜʥʦʤ ʢʨʫʛʫ ʩʚʝ ʜʦ ʪʘʯʢʝ C. ʇʦʩʣʝ ʦʚʝ ʪʘʯʢʝ ʚʠʰʝ ʥʠʿʝ ʤʦʛʫ-

˂ʝ ʧʨʝʥʝʪʠ ʘʢʪʠʚʥʫ ʩʥʘʛʫ ʧʦʩʤʘʪʨʘʥʠʤ ʚʦʜʦʤ. ɿʙʦʛ ʫʩʚʦʿʝʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ʿʝ 

PTDF ʦʚʦʛ ʚʦʜʘ ʟʘ ʨʘʟʤʘʪʨʘʥʫ ʪʨʘʥʩʘʢʮʠʿʫ ʧʦʟʠʪʠʚʘʥ, ʩʚʘʢʦ ʜʘˀʝ ʧʦʚʝ˂ʘˁʝ ʩʥʘʛʝ 

ʪʨʘʥʩʘʢʮʠʿʝ ʧʨʦʫʟʨʦʢʦʚʘ˂ʝ ʢʦʣʘʧʩ ʩʠʩʪʝʤʘ. ʆʚʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʘ ʿʝ ʧʨʝʩʝʢ 

ʨʘʜʥʦʛ ʠ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʝʛ ʢʨʫʛʘ, ʪʘʯʢʫ D, ʥʝʤʦʛʫ˂ʝ ʜʦʩʪʠ˂ʠ. ʊʘʯʢʘ C ʫʿʝʜʥʦ ʧʨʝʜ-

ʩʪʘʚˀʘ ʠ ʩʪʘʪʠʯʢʦ ʦʛʨʘʥʠʯʝˁʝ ʩʠʛʫʨʥʦʩʪʠ ʟʘ ʪʨʘʥʩʬʝʨ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʨʝʢʦ ʚʦʜʘ 

ʿk ʟʘ ʢʦʥʩʪʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ V  ʿʠ Vk. ʂʦʦʨʜʠʥʘʪʝ ʦʚʝ ʪʘʯʢʝ ʩʫ: 

( )( )jkjjjjkkjjkj BBVYVVGV +-+ 22 , . (5.58) 

 

ʉʣʠʢʘ 5.4. ʀʟʚʦʜˀʠʚʘ ʠ ʥʝʠʟʚʦʜˀʠʚʘ ʨʘʜʥʘ ʩʪʘˁʘ. 
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ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʪʘʯʢʘ C ˂ʝ ʩʝ ʜʦʩʪʠ˂ʠ ʧʨʝ ʪʝʨʤʘʣʥʦʛ ʦʛʨʘʥʠʯʝˁʘ ʘʢʦ 

ʩʝ ʥʘʣʘʟʠ ʫʥʫʪʘʨ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʝʛ ʢʨʫʛʘ. ʆʚʘʿ ʫʩʣʦʚ ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʧʦʤʦ˂ʫ 

ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

( ) ( )( ) max2222
jkjkjjjjkkjjkj SBBVYVVGV ¢+-++° . (5.59) 

ʇʦʤʦ˂ʫ ʦʚʝ ʥʝʿʝʜʥʘʢʦʩʪʠ ʿʝ ʧʦʪʨʝʙʥʦ ʪʝʩʪʠʨʘʪʠ ʦʙʘ ʢʨʘʿʘ ʩʚʘʢʦʛ ʝʣʝʤʝʥʪʘ ʫ ʧʨʝ-

ʥʦʩʥʦʤ ʩʠʩʪʝʤʫ ʜʘ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʧʨʦʚʝʨʘ ʩʪʘʪʠʯʢʝ ʩʪʘʙʠʣʥʦʩʪʠ ʩʠʩʪʝʤʘ. ɸʢʦ ʿʝ 

ʫʩʣʦʚ ʜʝʬʠʥʠʩʘʥ ʠʟʨʘʟʦʤ (5.59) ʟʘʜʦʚʦˀʝʥ ʦʥʜʘ ʩʝ ʟʘ ʚʦʜ kʿ ʧʦʩʪʘʚˀʘ ʩʣʝʜʝ˂ʝ 

ʦʛʨʘʥʠʯʝˁʝ Pjk
*
 = ÑVj

2
Gjk+VjVkYjk ʠ Qjk

*
 = Vj

2
(Bjj+Bjk). ɸʢʦ ʫʩʣʦʚ ʥʠʿʝ ʟʘʜʦʚʦˀʝʥ, 

ʤʘʢʩʠʤʘʣʘʥ ʪʦʢ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʤʦ˂ʫ ʠʟʨʘʟʘ (5.57). 

 

5.6. ʆʧʪʠʤʘʣʥʠ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ 

 

ʇʨʦʨʘʯʫʥ ʦʧʪʠʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʝʢʪʦʨʫ ʿʝ ʫ 

ʫʧʦʪʨʝʙʠ ʩʢʦʨʦ 50 ʛʦʜʠʥʘ [132]. ʋ ʧʦʩʣʝʜˁʝ ʜʚʝ ʜʝʮʝʥʠʿʝ, ʧʨʦʙʣʝʤ ʦʧʪʠʤʘʣʥʝ 

ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʿʝ ʜʦʙʠʦ ʚʝʣʠʢʫ ʧʘʞˁʫ, ʧʨʚʝʥʩʪʚʝʥʦ ʟʙʦʛ ʩʚʦʿʝ ʩʧʦʩʦʙʥʦʩ-

ʪʠ ʥʘʣʘʞʝˁʘ ʦʧʪʠʤʘʣʥʠʭ ʨʝʰʝˁʘ ʢʦʿʘ ʟʘʜʦʚʦˀʘʚʘʿʫ ʠ ʢʨʠʪʝʨʠʿʫʤʝ ʩʠʛʫʨʥʦʩʪʠ 

ʩʠʩʪʝʤʘ. ʇʨʦʛʨʘʤʠ ʟʘ ʨʝʰʘʚʘˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʩʫ ʧʦʩʪʘʣʠ ʿʝʜʥʠ ʦʜ ʟʥʘʯʘʿʥʠʿʠʭ 

ʧʨʦʛʨʘʤʘ ʢʦʝʿ ʢʦʨʠʩʪʝ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ. 

ʆʧʪʠʤʠʟʘʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʦʧʪʠʤʠʟʫʿʝ ʦʙʿʝʢʪʠʚʥʫ ʬʫʥʢʮʠʿʫ ʟʘʜʦʚʦˀʘ-

ʚʘʿʫ˂ʠ ʧʨʠ ʪʦʤ ʨʘʟʣʠʯʠʪʘ ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ ʠ ʥʝʿʝʜʥʘʢʦʩʪʠ. ʋ ʧʨʦʰʣʦʩ-

ʪʠ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʢʦʥʚʝʥʮʠʿʘʣʥʝ ʤʝʪʦʜʝ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʘʣʥʝ ʨʘʩʧʦ-

ʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ [132-135]. ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʥʦ, ʚʝ˂ʠʥʘ ʢʣʘʩʠʯʥʠʭ ʦʧʪʠʤʠʟʘʮʠʦ-

ʥʠʭ ʪʝʭʥʠʢʘ ʧʨʠʤʝˁʫʿʝ ʘʥʘʣʠʟʫ ʦʩʝʪˀʠʚʦʩʪʠ ʠ ʘʣʛʦʨʠʪʤʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʥʘʣʘʞʝˁʫ 

ʛʨʘʜʠʿʝʥʪʘ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ. ʇʨʠʣʠʢʦʤ ʯʝʛʘ ʩʝ ʚʨʰʠ ʣʠʥʝʘʨʠʟʘʮʠʿʘ ʦʙʿʝʢ-

ʪʠʚʥʝ ʬʫʥʢʮʠʿʝ ʠ ʨʘʟʤʘʪʨʘʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʫ ʦʢʦʣʠʥʠ ʨʘʜʥʝ ʪʘʯʢʝ. ʅʘʞʘʣʦʩʪ, 

ʧʨʦʙʣʝʤ ʥʘʣʘʞʝˁʘ ʦʧʪʠʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʿʝ ʚʝʦʤʘ ʥʝʣʠʥʝʘʨʘʥ ʦʧʪʠ-

ʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ, ʦʜʥʦʩʥʦ, ʧʦʩʪʦʿʠ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʣʦʢʘʣʥʦʛ ʦʧʪʠʤʫʤʘ. ʆʜʘʚʜʝ 

ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʪʝʭʥʠʢʝ ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʣʦʢʘʣʥʦʿ ʦʧʪʠʤʠʟʘʮʠʿʠ, ʘ ʢʦʿʝ ʩʫ ʜʦʙʨʦ 

ʨʘʟʨʘʹʝʥʝ, ʥʠʩʫ ʧʦʛʦʜʥʝ ʟʘ ʦʚʘʢʚʝ ʧʨʦʙʣʝʤʝ. ʐʪʘʚʠʰʝ, ʥʝ ʧʦʩʪʦʿʠ ʢʨʠʪʝʨʠʿʫʤ 

ʢʦʿʠ ʦʜʣʫʯʫʿʝ ʜʘ ʣʠ ʿʝ ʣʦʢʘʣʥʦ ʨʝʰʝˁʝ ʫʿʝʜʥʦ ʠ ʛʣʦʙʘʣʥʦ ʨʝʰʝˁʝ. ʉʪʦʛʘ, ʢʦʥʚʝʥ-

ʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʠʟʚʦʜʝ ʠ ʛʨʘʜʠʿʝʥʪʝ ʥʝʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ 

ʠʥʜʝʪʠʬʠʢʘʮʠʿʝ ʛʣʦʙʘʣʥʦʛ ʦʧʪʠʤʫʤʘ. 
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ʇʨʦʙʣʝʤ ʦʧʪʠʤʘʣʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʛʝʥʝʨʘʣʥʦ ʛʣʝʜʘʥʦ ʠʤʘ ʥʝʢʦʥʚʝʢʩʥʫ, ʧʨʝʢʠʜʥʫ, 

ʥʝʜʠʬʝʨʝʥʮʠʿʘʙʠʣʥʫ ʦʙʿʝʢʪʠʚʥʫ ʬʫʥʢʮʠʿʫ ʩʘ ʦʙʘ ʪʠʧʘ ʧʨʦʤʝʥˀʠʚʠʭ [136], ʢʦʥʪʠ-

ʥʫʘʣʥʝ ʠ ʜʠʩʢʨʝʪʥʝ. ʏʘʢ ʠ ʫ ʦʜʩʫʩʪʚʫ ʮʝʣʦʙʨʦʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʨʘʟʤʘʪʨʘʥʠ 

ʧʨʦʙʣʝʤ ʿʝ ʥʝʢʦʥʚʝʢʩʘʥ ʟʙʦʛ ʧʦʩʪʦʿʘˁʘ ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ ʢʦʿʝ ʩʫ ʧʦʩʣʝ-

ʜʠʮʘ ʥʝʣʠʥʝʘʨʥʠʭ ɸC ʿʝʜʥʯʠʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʊʘʢʦ ʜʘ ʿʝ ʧʦʩʪʘʣʦ ʥʝʦʧʭʦʜʥʦ ʨʘʟʚʠ-

ʪʠ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʪʝʭʥʠʢʝ ʢʦʿʝ ʩʫ ʝʬʠʢʘʩʥʝ ʫ ʧʨʝʚʘʟʠʣʘʞʝˁʫ ʦʚʠʭ ʥʝʜʦʩʪʘʪʘʢʘ ʠ 

ʨʝʰʘʚʘˁʫ ʟʘʜʘʪʠʭ ʧʨʦʙʣʝʤʘ. ʋ ʧʦʩʣʝʜˁʝ ʚʨʝʤʝ, ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʦʧʪʠ-

ʤʠʟʘʮʠʿʝ ʩʫ ʫʟʝʣʝ ʩʚʝ ʚʠʰʝ ʫʜʝʣʘ ʫ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ 

[137-141]. 

ʉʚʨʭʘ ʧʨʦʨʘʯʫʥʘ ʦʧʪʠʤʘʣʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʿʝ ʧʨʦʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʝ ʢʦʤʙʠʥʘʮʠ-

ʿʝ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʧʦʿʝʜʠʥʠʭ ʛʝʥʝʨʘʪʦʨʘ, ʦʜʘʙʠʨ ʘʤʧʣʠʪʫʜʝ 

ʥʘʧʦʥʘ ʩʘʙʠʨʥʠʮʘ, ʠ ʠʟʙʦʨʘ ʦʪʮʝʧʘ ʨʝʛʫʣʘʮʠʦʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʿʠ ʤʦʛʫ ʜʘ 

ʤʝˁʘʿʫ ʧʦʣʦʞʘʿ ʧʦʜ ʦʧʪʝʨʝ˂ʝˁʝʤ. ʉʚʝ ʦʚʦ ʩʝ ʨʘʜʠ ʫ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʪʨʦʰʢʦ-

ʚʘ ʧʨʦʠʟʚʦʜˁʝ ʪʝʨʤʘʣʥʠʭ ʿʝʜʠʥʠʮʘ, ʫʢʫʧʥʝ ʝʤʠʩʠʿʝ ʛʘʩʦʚʘ, ʠʣʠ ʫʢʫʧʥʠʭ ʛʫʙʠʪʘʢʘ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫʟ ʟʘʜʦʚʦˀʝˁʝ ʬʠʟʠʯʢʠʭ ʠ ʪʝʭʥʠʯʢʠʭ ʦʛʨʘʥʠʯʝˁʘ ʤʨʝʞʝ. ʄʘʪʝʤʘ-

ʪʠʯʢʠ ʧʨʦʙʣʝʤ ʩʝ ʤʦʞʝ ʧʦʩʪʘʚʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ʄʠʥ ɱ(x,u). (5.60) 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ: 

g(x,u) = 0, (5.61) 

h(x,u) Ä 0, (5.62) 

ʛʜʝ ʿʝ ɱ ʦʙʿʝʢʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʢʦʿʫ ʪʨʝʙʘ ʤʠʥʠʤʠʟʦʚʘʪʠ, ʘ x ʿʝ ʚʝʢʪʦʨ ʟʘʚʠʩʥʠʭ 

(ʩʠʩʪʝʤʩʢʠʭ) ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ: 

¶ ʇʨʦʠʟʚʦʜˁʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʠʟ ʨʝʬʝʨʝʥʪʥʦʛ ʯʚʦʨʘ PSL. 

¶ ɸʤʧʣʠʪʫʜʘ ʥʘʧʦʥ ʥʘ ʩʘʙʠʨʥʠʮʘʤʘ ʧʦʪʨʦʰʘʯʢʦʛ ʪʠʧʘ VL. 

¶ ʇʨʦʠʟʚʦʜˁe ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ QG. 

¶ ʊʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ʚʦʜʦʚʠʤʘ Sl. 

ʊʘʢʦ ʜʘ ʩʝ x ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ: 

x
ʊ
=[PSL, VL1 é VLNL, QG1 é QGNG, Sl1 é Slnl], (5.63) 

ʛʜʝ ʩʫ NL, NG, nl ʙʨʦʿ ʧʦʪʨʦʰʘʯʢʠʭ ʩʘʙʠʨʥʠʮʘ, ʙʨʦʿ ʛʝʥʝʨʘʪʦʨʘ, ʠ ʙʨʦʿ ʧʨʝʥʦʩʥʠʭ 

ʚʦʜʦʚʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ, ʨʝʩʧʝʢʪʠʚʥʦ. 

Ăuñ ʿʝ ʚʝʢʪʦʨ ʥʝʟʘʚʠʩʥʠʭ (ʫʧʨʘʚˀʘʯʢʠʭ) ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ: 

¶ ʇʨʦʠʟʚʦʜˁʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʯʚʦʨʦʚʠʤʘ PV ʪʠʧʘ PG. 
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¶ ɸʤʧʣʠʪʫʜʘ ʥʘʧʦʥ ʥʘ ʛʝʥʝʨʘʪʦʨʩʢʠʤ ʩʘʙʠʨʥʠʮʘʤʘ VG. 

¶ ʇʦʜʝʰʘʚʘˁa ʦʜʮʝʧʘ ʨʝʛʫʣʘʮʠʦʥʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊr. 

¶ ʇʨʦʠʟʚʦʜˁe ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʠʟ ʢʦʤʧʝʥʟʘʪʦʨʘ QC. 

ʊʘʢʦ ʜʘ ʩʝ u ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ: 

u
T
=[PG2 é PGNG, VG1 é VGNG, Tr1 é TrNT, QC1 é QCNc], (5.64) 

ʛʜʝ ʩʫ NT ʠ NC ʙʨʦʿ ʨʝʛʫʣʘʮʠʦʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʙʨʦʿ ʢʦʤʧʝʥʟʘʪʦʨʘ ʨʝʘʢʪʠʚʥʝ 

ʩʥʘʛʝ, ʨʝʩʧʝʢʪʠʚʥʦ. 

Ăgñ ʩʫ ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ, ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʥʘʯʠʥʝ ʠˁʝʢʪʠʨʘˁʘ 

ʘʢʪʠʚʥʠʭ ʠ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʧʦ ʩʘʙʠʨʥʠʮʘʤʘ ʤʨʝʞʝ: 

[ ] 0)sin()cos(
1

=ä -+---
=

NB

k
kiikkiikkiDiGi BGVVPP qqqq , (5.65) 

[ ] 0)cos()sin(
1

=ä -----
=

NB

k
kiikkiikkiDiGi BGVVQQ qqqq , (5.66) 

ʛʜʝ ʿʝ NB ʙʨʦʿ ʯʚʦʨʦʚʘ, PG ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ, QG ʿʝ ʧʨʦʠʟ-

ʚʦʜˁʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ, PD ʿʝ ʧʦʪʨʦʰˁʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ, QD ʿʝ ʧʦʪʨʦʰˁʘ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ, Gik ʠ Bik ʩʫ ʢʦʥʜʫʢʪʘʥʩʘ ʠ ʩʫʩʮʝʧʪʘʥʩʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ i ʠ k, 

ʨʝʩʧʝʢʪʠʚʥʦ. 

Ăhñ ʧʨʝʜʩʪʘʚˀʘ ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʥʝʿʝʜʥʘʢʦʩʪʠ ʢʦʿʘ ʫʚʘʞʘʚʘʿʫ: 

¶ ʆʛʨʘʥʠʯʝˁʘ ʛʝʥʝʨʘʪʦʨʘ: ʘʤʧʣʠʪʫʜʘ ʥʘʧʦʥʘ, ʧʨʦʠʟʚʦʜˁʘ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚ-

ʥʝ ʩʥʘʛʝ ʩʫ ʦʛʨʘʥʠʯʝʥʝ ʜʦˁʦʤ ʠ ʛʦʨˁʦʤ ʛʨʘʥʠʮʦʤ 

maxmin
GiGiGi VVV ¢¢ , i = 1, é, NG, (5.67) 

maxmin
GiGiGi PPP ¢¢ , i = 1, é, NG, (5.68) 

maxmin
GiGiGi QQQ ¢¢ , i = 1, é, NG. (5.69) 

¶ ʆʛʨʘʥʠʯʝˁʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: ʠʟʙʦʨ ʦʜʮʝʧʘ ʿʝ ʦʛʨʘʥʠʯʝʥ ʜʦˁʠʤ ʠ ʛʦʨˁʠʤ 

ʧʦʣʦʞʘʿʝʤ 

maxmin
iii T TT ¢¢ , i = 1, é, NT. (5.70) 

¶ ʆʛʨʘʥʠʯʝˁʘ ʢʦʤʧʝʥʟʘʪʦʨʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ 

maxmin
CiCiCi QQQ ¢¢ , i = 1, é, NC. (5.71) 

¶ ʉʠʛʫʨʥʦʩʥʘ ʦʛʨʘʥʠʯʝˁʘ: ʫʚʘʞʘʚʘʿʫ ʦʛʨʘʥʠʯʝˁʘ ʧʦ ʘʤʧʣʠʪʫʜʠ ʥʘʧʦʥʘ ʥʘ 

ʧʦʪʨʦʰʘʯʢʠʤ ʩʘʙʠʨʥʠʮʘʤʘ ʠ ʪʝʨʤʘʣʥʘ ʦʛʨʘʥʠʯʝˁʘ ʝʣʝʤʝʥʘʪʘ ʧʨʝʥʦʩʥʝ 

ʤʨʝʞʝ 
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maxmin
LiLiLi VVV ¢¢ , i = 1, é, NL, (5.72) 

max
lili SS ¢ , i = 1, é, nl. (5.73) 

ʄʦʜʝʣ ʦʧʪʠʤʘʣʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʟʘʿʝʜʥʦ ʩʘ ʥʝʢʦʤ ʦʜ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʿʝ ʩʫ ʦʧʠʩʘʥʝ ʫ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀʫ ʩʝ ʣʘʢʦ ʤʦʞʝ ʧʨʝʬʦʨʤʫʣʠʩʘʪʠ ʟʘ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ɸʊʉ-ʘ ʦʜʨʝʹʝʥʦʛ ʪʠʧʘ ʪʨʘʥʩʘʢʮʠʿʝ, ʠʣʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʦʛ 

ʩʤʘˁʠʚʘˁʘ ʫʛʦʚʦʨʝʥʝ ʧʨʝʢʦʛʨʘʥʠʯʥʝ ʨʘʟʤʝʥʝ. ʂʘʜʘ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʙʠʣʘʪʝʨʘʣʥʝ 

ʪʨʘʥʩʘʢʮʠʿʝ ʫʧʨʘʚˀʘʯʢʘ ʧʨʦʤʝʥˀʠʚʘ ʿʝ ʩʥʘʛʘ ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʠʭ ʯʚʦʨʦ-

ʚʘ. ʆʚʘ ʩʥʘʛʘ ʩʝ ʜʦʜʘʿʝ ʫ (5.65) ʟʘ ʣʦʢʘʮʠʿʝ ʠʟ ʢʦʿʠʭ ʩʝ ʚʨʰʠ ʧʨʦʜʘʿʘ ʠ ʦʜʫʟʠʤʘ ʟʘ 

ʣʦʢʘʮʠʿʝ ʫ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʢʫʧʦʚʠʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʀʩʪʠ ʧʨʠʩʪʫʧ ʩʝ ʢʦʨʠʩ-

ʪʠ ʢʘʜʘ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʤʫʣʪʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʟʘ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʫ ʧʨʦʮʝʥ-

ʪʫʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʩʥʘʛʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʦ ʧʨʦʜʘʚʮʠʤʘ ʠ ʢʫʧʮʠʤʘ. ʇʨʠʣʠʢʦʤ ʨʘʟʤʘʪ-

ʨʘˁʘ ʦʧʪʠʤʘʣʥʝ ʧʨʦʮʝʥʪʫʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʩʥʘʛʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʦ ʧʨʦʜʘʚʮʠʤʘ ʠ ʢʫʧ-

ʮʠʤʘ ʤʫʣʪʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʦʩʪʦʿʠ ʦʥʦʣʠʢʦ ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ 

ʢʦʣʠʢʦ ʠʤʘ ʫʯʝʩʥʠʢʘ ʪʨʘʥʩʘʢʮʠʿʝ. ʂʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʤʠʥʠʤʘʣʥʦ ʨʝʜʫʢʦ-

ʚʘˁʝ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʟʘʛʫʰʝˁʝ ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ ʟʘ ʫʧʨʘʚˀʘʯʢʝ ʧʨʦ-

ʤʝʥˀʠʚʝ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʦʛʣʘʩʠʪʠ ʩʥʘʛʝ ʩʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʨʝʜʫʢʦʚʘʪʠ. 

ʀ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʢʨʠʪʝʨʠʿʫʤʩʢʫ ʬʫʥʢʮʠʿʫ ʿʝ ʧʦʪʨʝʙʥʦ ʤʘʢʩʠʤʠʟʦʚʘʪʠ. 

ʇʨʠʣʠʢʦʤ ʨʝʰʘʚʘˁʘ ʦʚʠʭ ʧʨʦʙʣʝʤʘ ʥʠʩʫ ʩʝ ʨʘʟʤʘʪʨʘʣʘ ʦʛʨʘʥʠʯʝˁʘ (5.70) ʠ 

(5.71). ʈʘʟʣʦʛ ʟʘ ʦʚʦ ʟʘʥʝʤʘʨʠʚʘˁʝ ʿʝ ʯʠʩʪʦ ʝʢʦʥʦʤʩʢʝ ʧʨʠʨʦʜʝ. ʉʚʠ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʠ ʢʦʿʠ ʤʦʛʫ ʜʘ ʤʝˁʘʿʫ ʩʚʦʿ ʧʨʝʥʦʩʥʠ ʦʜʥʦʩ ʧʦʜ ʦʧʪʝʨʝʝ˂ˁʝʤ ʪʦ ʤʦʛʫ ʜʘ ʫʨʘʜʝ 

ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʧʫʪʘ, ʥʘʢʦʥ ʯʝʛʘ ʪʘʢʚʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʤʦʨʘʿʫ ʜʘ ʩʝ ʰʘˀʫ ʥʘ 

ʨʝʤʦʥʪ. ʋʧʨʘʚʦ ʟʙʦʛ ʦʚʝ ʯʠˁʝʥʠʮʝ ʥʘʤʝ˂ʝ ʩʝ ʧʠʪʘˁʝ ʜʘ ʣʠ ʿʝ ʦʧʨʘʚʜʘʥʦ ʨʘʜʠʪʠ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʦʜʮʝʧʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʘ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʩʥʘʛʘ ʨʘʟʤʝʥʝ ʟʘ ʩʚʘʢʠ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʘ. 

 

5.7. ʆʜʨʝʹʠʚʘˁʝ ATC-a ʧʦʤʦ˂ʠ ʩʠʤʙʦʣʠʯʢʦʛ ʧʨʦʨʘʯʫʥʘ 

 

ʇʦʨʝʜ ʥʫʤʝʨʠʯʢʦʛ ʧʨʠʩʪʫʧʘ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʿʝ ʤʦʛʫ˂ʝ ʠʟʨʘʯʫʥʘʪʠ ʠ ʩʠʤʙʦʣʠʯ-

ʢʠʤ ʧʫʪʝʤ [130]. ʉʠʤʙʦʣʠʯʢʠ ʧʨʠʩʪʫʧ ʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ ʩʘʤʦ ʥʘ DC ʤʦʜʝʣʫ 

ʤʨʝʞʝ ʛʜʝ ʩʝ ʠʥʚʝʨʟʠʿʘ ʤʘʪʨʠʮʝ ʨʘʜʠ ʩʘʤʦ ʿʝʜʘʥʧʫʪ. ɼʘ ʙʠ ʩʝ ʧʨʠʤʝʥʠʦ ɸC ʤʦʜʝʣ 

ʤʨʝʞʝ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʠʥʚʝʨʟʠʿʫ ɱʘʢʦʙʠʿʘʥʘ ʥʝʧʦʟʥʘʪʠ ʙʨʦʿ ʧʨʫʪʘ, ʰʪʦ 

ʧʨʘʢʪʠʯʥʦ ʦʥʝʤʦʛʫ˂ʘʚʘ ʫʧʦʪʨʝʙʫ ʩʠʤʙʦʣʠʯʢʦʛ ʧʨʠʩʪʫʧʘ. ʀʘʢʦ ʿʝ DC ʤʦʜʝʣ ʤʨʝʞʝ 

ʜʦʩʪʘ ʫʧʨʦʰ˂ʝʥ, ʧʨʠ ʯʝʤʫ ʜʘʿʝ ʧʨʠʙʣʠʞʥʫ ʩʣʠʢʫ ʩʪʘˁʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ, ʧʨʦʙ-
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ʣʝʤ ʠʥʚʝʨʪʦʚʘˁʘ ʤʘʪʨʠʮʝ ʩʫʩʮʝʧʪʘʥʩʠ ʢʦʜ ʢʦʿʝ ʩʝ ʫʤʝʩʪʦ ʙʨʦʿʝʚʘ ʢʦʨʠʩʪʝ ʩʠʤʙʦ-

ʣʠ ʧʨʝʜʩʪʘʚˀʘ ʦʟʙʠˀʘʥ ʧʨʦʙʣʝʤ. ʄʝʪʦʜʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʠʥʚʝʨ-

ʟʠʿʝ ʤʘʪʨʠʮʘ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʧʘʢʝʪʫ ʄɸTLAB 2014a ʟʘ ʤʘʣʫ ʤʨʝʞʫ, Iɽɽɽ 5 ʩʘʙʠʨ-

ʥʠʯʢʠ ʩʠʩʪʝʤ, ʩʫ ʟʘʭʪʝʚʘʣʝ ʚʝʣʠʢʫ ʢʦʣʠʯʠʥʫ ʤʝʤʦʨʠʿʝ, ʜʦʢ ʟʘ ʚʝ˂ʝ ʧʨʝʥʦʩʥʝ ʩʠʩ-

ʪʝʤʝ, Iɽɽɽ 30 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ, ʫʦʧʰʪʝ ʥʠʩʫ ʫʩʧʝʚʘʣʝ ʜʘ ʜʘʿʫ ʨʝʰʝˁʝ. ʋʧʨʘʚʦ 

ʟʙʦʛ ʦʚʦʛ ʨʘʟʣʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫʧʦʪʨʝʙʠʪʠ ʥʝʢʫ ʦʜ ʤʝʪʦʜʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʥʘʣʘ-

ʞʝˁʝ ʠʥʚʝʨʟʥʝ ʚʨʝʜʥʦʩʪʠ ʨʝʪʢʠʭ ʤʘʪʨʠʮʘ. ʋ ʧʨʚʦʤ ʧʨʠʣʦʛʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ 

ʦʧʠʩʘʥʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʠʥʚʝʨʟʥʝ ʚʨʝʜʥʦʩʪʠ ʨʝʪʢʝ ʤʘʪʨʠʮʝ. 

ʉʪʘʪʠʯʢʘ ʧʨʝʥʫʤʝʨʘʮʠʿʘ ʯʚʦʨʦʚʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ, ʯʠʿʘ ʿʝ ʜʝʬʠʥʠʮʠʿʘ ʜʘʪʘ ʫ 

ʠʩʪʦʤ ʧʨʠʣʦʛʫ, ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʨʝʰʘʚʘˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ. 

ʋʧʦʪʨʝʙʦʤ ʩʠʤʙʦʣʠʯʢʦʛ ʧʨʠʩʪʫʧʘ ʜʘʪʠ ʩʠʩʪʝʤ ʿʝ ʧʦʪʨʝʙʥʦ ʨʝʰʠʪʠ ʩʘʤʦ ʿʝʜʥʦʤ 

ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʩʚʘʢʘ ʧʨʦʤʝʥʘ ʫ ʩʠʩʪʝʤʫ ʤʦʞʝ ʫʚʘʞʠʪʠ ʟʘʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʙʨʦʿ-

ʥʝ ʚʨʝʜʥʦʩʪʠ. ʆʚʦ ʿʝ ʤʦʛʫ˂ʝ ʫʨʘʜʠʪʠ ʟʘʪʦ ʰʪʦ ʩʚʝ ʙʠʪʥʝ ʚʝʣʠʯʠʥʝ (ʪʦʢʦʚʠ ʩʥʘʛʘ 

ʧʦ ʛʨʘʥʘʤʘ, ʨʘʩʧʦʣʦʞʠʚʠ ʦʧʪʝʨʝʪʥʠ ʢʘʧʘʮʠʪʝʪ ï ɸLC, ɸʊʉ) ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʨʘʥʩ-

ʬʝʨ ʬʫʥʢʮʠʿʝ ʫ ʢʦʿʠʤʘ ʥʝʧʦʟʥʘʪʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʘʢʪʘʥʩʝ ʛʨʘʥʘ ʤʨʝʞʝ ʠ ʩʥʘʛʝ 

ʠˁʝʢʪʠʨʘˁʘ. ɿʘ ʧʨʠʢʘʟ ʨʝʟʫʣʪʘʪʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʩʠʤʝʪʨʠʯʥʘ ʤʨʝʞʘ ʩʘ 9 ʯʚʦʨʦʚʘ 

ʢʦʿʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 5.5. ʇʦʜʘʮʠ ʦ ʝʣʝʤʝʥʪʠʤʘ ʤʨʝʞʝ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ 5.1, 

ʜʦʢ ʩʫ ʧʦʜʘʮʠ ʦ ʧʦʪʨʦʰˁʠ ʠ ʧʨʦʠʟʚʦʜˁʠ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 5.2. ʋʚʠʜʦʤ ʫ ʨʝʟʫʣ-

ʪʘʪʝ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʩʝ ʪʨʘʥʩʬʝʨ ʬʫʥʢʮʠʿʝ PTDF-a, ʢʦʿʠ ʩʝ ʦʜʨʝʹʫʿʫ ʟʘ ʩʚʘʢʫ

 

ʉʣʠʢʘ 5.5. ʄʨʝʞʘ ʩʘ 9 ʯʚʦʨʦʚʘ. 
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ʊʘʙʝʣʘ 5.1. ʇʦʜʘʮʠ ʦ ʛʨʘʥʘʤʘ ʤʨʝʞʝ ʩʘ 9 ʯʚʦʨʦʚʘ. 

ɻʨʘʥʘ 
R 

(ʨ.j.) 

X 

(ʨ.j.) 

B/2 

(ʨ.j.) 

Smax 

(MW) 
ɻʨʘʥʘ 

R 

(ʨ.j.) 

X 

(ʨ.j.) 

B/2 

(ʨ.j.) 

Smax 

(MW) 

1-4 0.013 0.09 0.125 300 4-5 0.004 0.05 0.010 320 

1-5 0.010 0.10 0.145 250 4-9 0.010 0.11 0.085 500 

2-6 0.002 0.01 0.020 400 5-6 0.030 0.18 0.175 400 

2-7 0.020 0.13 0.175 250 6-7 0.016 0.14 0.120 350 

3-8 0.020 0.14 0.225 200 7-8 0.030 0.12 0.090 500 

3-9 0.002 0.01 0.002 250 8-9 0.007 0.03 0.025 220 

 

ʊʘʙʝʣʘ 5.2. ʇʨʦʠʟʚʦʜˁʘ ʠ ʧʦʪʨʦʰˁʘ ʤʨʝʞʝ ʩʘ 9 ʯʚʦʨʦʚʘ. 

ʏʚʦʨ 
Ppot 

(MW) 

Qpot 

(MW) 

Pproiz 

(MW) 
ʏʚʦʨ 

Ppot 

(MW) 

Qpot 

(MW) 

Pproiz 

(MW) 

1 0 0 200 6 0 0 300 

2 200 50 0 7 150 60 0 

3 150 60 0 8 100 60 200 

4 300 90 0 9 200 50 400 

5 0 0 0     

 

ʪʨʘʥʩʘʢʮʠʿʫ ʠ ʚʦʜ, ʩʘʩʪʦʿʝ ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʢʘʨʘʢʪʝʨʘ (ʧʨʝʢʦ 25000) ʰʪʦ ʜʦʚʦʜʠ 

ʜʦ ʟʥʘʯʘʿʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʤʝʤʦʨʠʿʝ ʠ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʚʠʟʫʝʣʥʦʛ ʧʨʠʢʘʟʘ. ɸʢʦ ʩʝ ʦʜʘ-

ʙʝʨʝ ʨʘʜ ʩʘʤʦ ʩʘ ʤʘˁʠʤ ʙʨʦʿʝʤ ʩʠʤʙʦʣʠʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʚʠʟʫʝʣʥʠ 

ʧʨʠʢʘʟ ʪʨʘʥʩʬʝʨ ʬʫʥʢʮʠʿʘ PTDF-a. ʆʚʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʟʘ ʙʠʣʘʪʝʨʘʣʥʫ ʪʨʘʥʩʘʢʮʠʿʫ 

ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 6 ʠ 5, ʧʨʠ ʯʝʤʫ ʩʫ ʢʘʦ ʩʠʤʙʦʣʠʯʢʝ ʧʨʦʤʝʥˀʠʚʝ ʧʨʠʢʘʟʘʥʝ ʩʘʤʦ 

ʨʝʘʢʪʘʥʩʝ ʛʨʘʥʘ 4-5 ʠ 5-6, ʠʤʘʿʫ ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ: 

PTDF14,65=-(551000*x45*x56)/(42743*x45+12673*x56+551000*x45*x56+691.61), 

PTDF15,65=(551000*x45*x56)/(42743*x45+12673*x56+551000*x45*x56+691.61), 

PTDF26,65=-(232*x56*(1000*x45+23))/(42743*x45+12673*x56+551000*x45*x56+691.61), 

PTDF27,65=(232*x56*(1000*x45+23))/(42743*x45+12673*x56+551000*x45*x56+691.61), 

PTDF38,65=-(133*x56*(1000*x45+23))/(42743*x45+12673*x56+551000*x45*x56+691.61), 

PTDF39,65=(133*x56*(1000*x45+23))/(42743*x45+12673*x56+551000*x45*x56+691.61), 

PTDF45,65=(12673*x56)/(42743*x45+12673*x56+551000*x45*x 56+691.61), 

PTDF49,65=-(551*x56*(1000*x45+23))/(42743*x45+12673*x56+551000*x45*x56+691.61), 
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PTDF56,65=-(42743*x45+691.61)/(42743*x45+12673*x56+551000*x45*x56+691.61), 

PTDF67,65=(319*x56*(1000*x45+23))/(42743*x45+12673*x56+551000*x45*x56+691.61), 

PTDF78,65=(551*x56*(1000*x45+23))/(42743*x45+12673*x56+551000*x45*x56+691.61), 

PTDF89,65=(418*x56*(1000*x45+23))/(42743*x45+12673*x56+551000*x45*x56+691.61). 

ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʝ ʥʝʢʝ ʚʨʝʜʥʦʩʪʠ ʦʚʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʘʟʣʠʢʫʿʫ ʩʘʤʦ ʧʦ 

ʟʥʘʢʫ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʩʠʤʝʪʨʠʿʝ ʠʟʘʙʨʘʥʝ ʤʨʝʞʝ. ʋ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʫʧʦʪʨʝʙˀʠ-

ʚʠʭ ʨʝʟʫʣʪʘʪʘ ʥʘ ʢʨʘʿʫ ʩʧʨʦʚʝʜʝʥʦʛ ʧʨʦʮʝʩʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʧʦʪ-

ʨʝʙʥʦ ʿʝ ʚʝʣʠʢʫ ʚʝ˂ʠʥʫ ʩʠʤʙʦʣʘ ʟʘʤʝʥʠʪʠ ʙʨʦʿʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ. ʅʘ ʩʣʠʮʠ 5.6 ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥʘ PTDF-ʘ ʧʦʤʝʥʫʪʝ ʪʨʘʥʩʘʢʮʠʿʝ ʩʘ ʧʨʦʤʝʥʦʤ ʨʝʘʢʪʘʥʩʝ ʛʨʘʥʝ 5-

6. ʉʤʘˁʠʚʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʝ ʨʝʘʢʪʘʥʩʝ, ʧʦʤʦ˂ʫ ʨʝʜʥʝ ʢʦʤʧʝʥʟʘʮʠʿʝ ʠʣʠ 

ʧʦʤʦ˂ʫ FACTS ʫʨʝʹʘʿʘ, ʩʤʘˁʫʿʝ ʩʝ ʨʘʩʪʝʨʝ˂ʝˁʝ ʚʦʜʦʚʘ 2-6, 3-8, 1-4 ʠ 4-9. ɼʦʢ ʩʝ 

ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʦʧʝʨʝ˂ʝˁʝ ʢʦʿʝ ʿʝ ʧʦʩʣʝʜʠʮʘ ʧʦʩʪʦʿʘˁʘ ʨʘʟʤʘʪʨʘʥʝ ʪʨʘʥʩʘʢʮʠʿʝ 

ʩʚʠʭ ʦʩʪʘʣʠʭ ʚʦʜʦʚʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʩʠʩʪʝʤʫ ʩʤʘˁʫʿʝ. ʆʚʘʢʘʚ ʨʝʟʫʣʪʘʪ ʿʝ ʠ ʦʯʝʢʠ-

ʚʘʥ ʧʦʰʪʦ ˂ʝ ʩʤʘˁʠʚʘˁʝ ʥʝʢʝ ʨʝʘʢʪʘʥʩʝ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘʪʠ ʚʝ˂ʠ ʪʦʢ ʩʪʨʫʿʝ ʧʦ 

ʪʦʤ ʚʦʜʫ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʚʝ˂ʠ ʪʦʢ ʩʥʘʛʝ. ʉʘ ʩʣʠʢʝ ʩʝ ʪʘʢʦʹʝ ʚʠʜʠ ʜʘ ʩʘ ʧʦʨʘʩʪʦʤ 

ʨʝʘʢʪʘʥʩʝ x56 ʢʦʝʬʠʮʠʿʝʥʪʠ ʦʩʝʪˀʠʚʦʩʪʠ ʦʩʪʘʣʠʭ ʚʦʜʦʚʘ ʧʨʘʢʪʠʯʥʦ ʟʘʜʨʞʘʚʘʿʫ 

ʢʦʥʩʪʘʥʪʥʫ ʚʨʝʜʥʦʩʪ. 

 
ʉʣʠʢʘ 5.6. ɿʘʚʠʩʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʘʩʧʦʜʝʣʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʦʜ ʧʨʦʤʝʥʝ ʨʝʘʢʪʘʥʩʝ. 
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ʉʣʠʢʘ 5.7 ʧʨʠʢʘʟʫʿʝ ʟʘʚʠʩʥʦʩʪ ʨʘʩʧʦʣʦʞʠʚʦʛ ʦʧʪʝʨʝʪʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʦʜ ʨʝʘʢʪʘʥʩʝ 

ʚʦʜʘ. ɼʘ ʙʠ ʧʨʠʢʘʟ ʨʝʟʫʣʪʘʪʘ ʙʠʦ ʙʦˀʠ ʦʨʜʠʥʘʪʥʘ ʦʩʘ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʥʘ 2000 ʄW, 

ʠ ʫʧʨʘʚʦ ʩʝ ʟʙʦʛ ʪʦʛʘ ʥʝ ʚʠʜʝ ʧʨʦʤʝʥʝ ɸLC ʚʨʝʜʥʦʩʪʠ ʧʦʿʝʜʠʥʠʭ ʚʦʜʦʚʘ. ɼʝʙˀʘ 

ʮʨʥʘ ʣʠʥʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʤʝʥʫ ɸʊC-ʘ ʨʘʟʤʘʪʨʘʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʩʘ ʧʨʦʤʝʥʦʤ 

ʨʝʢʪʘʥʩʝ ʚʦʜʘ 5-6. ʅʘʛʣʘ ʧʨʦʤʝʥʘ ʫ ʥʘʛʠʙʫ ʢʨʠʚʝ ɸʊC-ʘ ʩʘʤʦ ʧʦʪʚʨʹʫʿʝ ʜʝʬʠʥʠ-

ʮʠʿʫ ʜʘʪʫ ʠʟʨʘʟʦʤ (5.40). ʉʘ ʩʣʠʢʝ ʩʝ ʿʘʩʥʦ ʚʠʜʠ ʜʘ ʙʠ ʩʝ ʩʤʘˁʠʚʘˁʝʤ ʚʨʝʜʥʦʩʪʠ 

ʨʝʘʢʪʘʥʩʝ ʛʨʘʥʝ 5-6, ʠ ʫʪʠʮʘʿʝʤ ʢʦʿʝ ʦʚʦ ʩʤʘˁʠʚʘˁʝ ʠʤʘ ʥʘ ʨʘʩʧʦʜʝʣʫ ʩʥʘʛʘ ʧʦ 

ʦʩʪʘʣʠʤ ʚʦʜʦʚʠʤʘ ʜʦʰʣʦ ʜʦ ʧʦʚʝ˂ʘˁʘ ɸʊC-ʘ. ʆʚʦ ʧʦʚʝ˂ʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʙʠ 

ʠʰʣʦ ʩʘʤʦ ʜʦ ʪʘʯʢʝ ʫʢʨʰʪʘˁʘ ɸLC ʢʨʠʚʠʭ ʚʦʜʦʚʘ 5-6 ʠ 8-9 ʥʘʢʦʥ ʯʝʛʘ ʙʠ ʦʚʘ 

ʚʨʝʜʥʦʩʪ ʧʦʯʝʣʘ ʜʘ ʦʧʘʜʘ. ʅʘ ʩʣʠʮʠ 5.8 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥa ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʩʘ 

ʧʨʦʤʝʥʦʤ ʨʝʘʢʪʘʥʩʠ ʚʦʜʦʚʘ 4-5 ʠ 5-6. 

ʂʘʜʘ ʩʝ ʩʘʤʦ ʨʘʟʤʘʪʨʘ ʙʘʟʥʦ ʩʪʘˁʝ, ʪʿ. ʢʘʜʘ ʩʫ ʩʚʠ ʚʦʜʦʚʠ ʫʢˀʫʯʝʥʠ ʠ ʥʝ ʧʦʩʪʦʿʠ 

ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʤʝʥʝ ʨʝʘʢʪʘʥʩʝ, ʤʦʛʫ˂ʝ ʿʝ ʚʠʜʝʪʠ ʤʝʹʫʩʦʙʥʠ ʫʪʠʮʘʿ ʜʚʝ ʪʨʘʥʩʘʢʮʠʿʝ. 

ʅʘ ʩʣʠʮʠ 5.9 ʿʝ ʧʨʠʢʘʟʘʥʦ ʢʘʢʦ ʩʝ ʤʝˁʘ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ ʯʚʦ-

ʨʦʚʘ 6 ʠ 5 ʫ ʧʨʠʩʫʩʪʚʫ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 4 ʠ 2. ʄʘʢʩʠʤʘʣʥʘ ʢʦʣʠʯʠʥʘ 

ʩʥʘʛʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʝʥʝʪʠ ʪʨʘʥʩʘʢʮʠʿʦʤ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 6 ʠ 5 ʩʝ ʦʯʠʪʘʚʘ ʥʘ

 

ʉʣʠʢʘ 5.7. ɿʘʚʠʩʥʦʩʪ ʚʨʝʜʥʦʩʪʠ ɸLC ʚʦʜʦʚʘ ʦʜ ʧʨʦʤʝʥʝ ʨʝʘʢʪʘʥʩʝ. 
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ʉʣʠʢʘ 5.8. ʇʨʦʤʝʥʘ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʩʘ ʧʨʦʤʝʥʦʤ ʨʝʘʢʪʘʥʩʠ. 

 

ʉʣʠʢʘ 5.9. ʇʨʦʤʝʥʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʨʘʟʤʘʪʨʘʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʫ ʧʨʠʩʫʩʪʚʫ ʜʨʫʛʝ 

ʪʨʘʥʩʘʢʮʠʿʝ. 
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ʧʨʝʩʝʢʫ ʦʨʜʠʥʘʪʝ ʠ ʧʨʘʚʝ ʢʦʿʘ ʿʝ ʥʘʿʙʣʠʞʘ ʢʦʦʨʜʠʥʘʪʥʦʤ ʧʦʯʝʪʢʫ. ʊʘʢʦʹʝ ʿʝ ʠʩʪʦ-

ʚʨʝʤʝʥʦ ʤʦʛʫ˂ʝ ʦʯʠʪʘʪʠ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 4 ʠ 2 ʟʘ ʙʘʟ-

ʥʦ ʩʪʘˁʝ ʫ ʧʨʝʩʝʢʫ ʘʧʮʠʩʝ ʠ ʧʨʘʚʝ ʢʦʿʘ ʿʝ ʥʘʿʙʣʠʞʘ ʢʦʦʨʜʠʥʘʪʥʦʤ ʧʦʯʝʪʢʫ. ɸʢʦ ʩʝ 

ʧʦʚʝ˂ʘ ʩʥʘʛʘ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 6 ʠ 5, ʫ ʦʜʥʦʩʫ ʥʘ ʙʘʟʥʦ ʩʪʘˁʝ ʢʘʜʘ ʦʚʘ 

ʪʨʘʥʩʘʢʮʠʿʘ ʥʠʿʝ ʧʦʩʪʦʿʘʣʘ, ʧʨʘʚʝ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ALC ʚʦʜʦʚʘ ˂ʝ ʩʝ ʪʨʝʥʩʣʠʨʘ-

ʪʠ ʥʘʥʠʞʝ. ʉʣʠʯʥʦ ʙʠ ʩʝ ʜʝʩʠʣʦ ʢʘʜʘ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʩʥʘʛʘ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ 

ʯʚʦʨʦʚʘ 4 ʠ 2, ʧʨʠ ʯʝʤʫ ʙʠ ʩʝ ʧʨʘʚʝ ʪʨʘʥʩʣʠʨʘʣʝ ʫʣʝʚʦ. ʇʨʦʤʝʥʦʤ ʙʠʣʦ ʢʦʿʝ ʦʜ 

ʦʚʝ ʜʚʝ ʪʨʘʥʩʘʢʮʠʿʝ ʤʦʞʝ ʩʝ ʜʠʨʝʢʪʥʦ ʩʘ ʛʨʘʬʠʢʘ ʦʯʠʪʘʪʠ ʢʦʣʠʢʦ ʠʟʥʦʩʠ ʚʨʝʜʥʦʩʪ 

ɸʊʉ-ʘ ʜʨʫʛʝ ʪʨʘʥʩʘʢʮʠʿʝ. ʋ ʧʨʠʩʫʩʪʚʫ ʥʝʢʝ ʪʨʝ˂ʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʨʘʚʝ ALC-a ʩʝ 

ʥʝ˂ʝ ʩʘʤʦ ʧʘʨʘʣʝʣʥʦ ʧʦʤʝʨʘʪʠ ʢʘʦ ʰʪʦ ʿʝ ʙʠʦ ʩʣʫʯʘʿ ʩʘ ʦʚʝ ʜʚʝ ʪʨʘʥʩʘʢʮʠʿʝ. ʇʦʤʝ-

ʨʘˁʝ ʦʚʠʭ ʧʨʘʚʠʭ ʫ ʧʨʠʩʫʩʪʚʫ ʪʨʝ˂ʝ ʪʨʘʥʩʘʢʮʠʿʝ ˂ʝ ʩʝ ʚʨʰʠʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ˁʠʭʦʚʦʛ ʤʝʹʫʩʦʙʥʦʛ ʫʪʠʮʘʿʘ. 

ʋʧʦʪʨʝʙʘ ʦʧʠʩʘʥʦʛ ʧʦʩʪʫʧʢʘ ʿʝ ʦʧʨʘʚʜʘʥʘ ʩʘʤʦ ʘʢʦ ʧʦʩʪʦʿʠ ʜʦʚʦˀʥʦ ʙʨʟʘ ʤʝʪʦʜʘ 

ʢʦʿʘ ˂ʝ ʩʠʤʙʦʣʝ ʟʘʤʝʥʠʪʠ ʩʘ ʙʨʦʿʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, ʰʪʦ ʫ ʦʚʦʤ ʧʨʦʛʨʘʤʩʢʦʤ ʦʢʨʫ-

ʞʝˁʫ ʥʠʿʝ ʩʣʫʯʘʿ. ɼʨʫʛʠ ʥʝʜʦʩʪʘʪʘʢ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʿʝ ʥʝʤʦʛʫ˂ʥʦʩʪ ʦʜʨʝʹʠʚʘˁʘ 

ʟʥʘʢʘ PTDF-ʘ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʚʠʰʝ ʦʜ ʿʝʜʥʝ ʩʠʤʙʦʣʠʯʢʝ ʧʨʦʤʝʥˀʠʚʝ, ʰʪʦ ʟʘ 

ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʜʫʧʣʦ ʠʟʨʘʯʫʥʘʚʘˁʝ ALC-a ʟʘ ʩʚʘʢʠ ʚʦʜ, ʚʠʜʝʪʠ ʠʟʨʘʟ (5.39). 

ʊʘʢʦʹʝ ʪʨʝʙʘ ʠʤʘʪʠ ʥʘ ʫʤʫ ʜʘ ʨʘʟʚʦʿʝʤ ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ, ʢʘʢʦ ʭʘʨʜʚʝʨʘ ʪʘʢʦ ʠ 

ʩʦʬʪʚʝʨʘ, ʥʫʤʝʨʠʯʢʠ ʧʨʦʨʘʯʫʥʠ ʧʦʩʪʘʿʫ ʩʚʝ ʙʨʞʠ ʠ ʙʨʞʠ, ʠ ʜʘ ʿʝ ʟʘ ʜʦʙʠʿʘˁʝ 

ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʩʚʠʭ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʧʨʠʤʝʥʦʤ DC ʥʫʤʝʨʠʯʢʝ ʤʝʪʦʜʝ 

ʧʦʪʨʝʙʥʦ ʧʘʨ ʩʪʦʪʠʥʘ ʤʠʣʠʩʝʢʫʥʜʠ (ʟʘ IEEE 30 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ). ʋʧʨʘʚʦ ʟʙʦʛ 

ʦʚʝ ʯʠˁʝʥʠʮʝ ʫʧʦʪʨʝʙʘ ʩʠʤʙʦʣʠʯʢʦʛ ʧʨʠʩʪʫʧʘ ʩʚʝ ʚʠʰʝ ʛʫʙʠ ʩʤʠʩʘʦ ʘʢʦ ʩʝ ʥʝ 

ʨʘʟʚʠʿʝ ʙʨʟʘ ʤʝʪʦʜʘ ʟʘʤʝʥʝ ʩʠʤʙʦʣʘ ʙʨʦʿʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ. 

 

5.8. ɸʣʛʦʨʠʪʘʤ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ATC-a ʪʨʘʥʩʘʢʮʠʿʘ 

 

ʋ ʦʚʦʤ ʜʝʣʫ ʧʨʚʦ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʘ ʧʨʠʤʝʥʘ ʘʣʛʦʨʠʪʤʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦ-

ʩʪʠ ɸʊʉ-ʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʨʛʦʚʠʥʫ ʠʟʤʝʹʫ ʜʚʘ ʯʚʦ-

ʨʘ ʫ ʧʨʝʥʦʩʥʦʤ ʩʠʩʪʝʤʫ. ʋ ʧʦʛʣʘʚˀʫ 4.4 ʿʝ ʨʝʯʝʥʦ ʜʘ ʿʝ ʥʘ ʠʪʘʣʠʿʘʥʩʢʦʤ ʪʨʞʠʰʪʫ 

ʤʦʛʫ˂ʝ ʧʨʦʜʘʚʘʪʠ ʠ ʢʫʧʦʚʘʪʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʩʘʤʦ ʧʦʤʦ˂ʫ ʙʠʣʘʪʝʨʘʣʥʠʭ 

ʪʨʘʥʩʘʢʮʠʿʘ. ɼʦʙʨʦ ʿʝ ʧʦʟʥʘʪʘ ʯʠˁʝʥʠʮʘ ʜʘ ʿʝ ʀʪʘʣʠʿʘ ʚʝʣʠʢʠ ʧʦʪʨʦʰʘʯ ʝʣʝʢʪʨʠ-

ʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʜʘ ʥʝʤʘ ʜʦʚʦˀʥʦ ʩʦʧʩʪʚʝʥʠʭ ʧʨʦʠʟʚʦʜʥʠʭ ʢʘʧʘʮʠʪʝʪʘ, ʪʘʢʦ ʜʘ ʢʫʧ-

ʮʠ ʫʚʝʢ ʪʝʞʝ ʜʘ ʥʘʙʘʚʝ ʰʪʦ ʿʝʬʪʠʥʠʿʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʠʟ ʩʫʩʝʜʥʠʭ ʟʝʤʘˀʘ. 

ʇʦʨʝʜ ʪʦʛʘ ʩʚʘʢʠ ʢʫʧʘʮ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʧʨʝʪʧʦʩʪʘʚʠ ʢʦʿʠʤ ʙʠ ʧʫʪʝʚʠʤʘ ʢʫʧˀʝʥʘ 
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ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʜʦʰʣʘ ʫ ʮʠˀʫ ʨʝʟʝʨʚʠʩʘˁʘ ʧʨʝʢʦʛʨʘʥʠʯʥʦʛ ʢʘʧʘʮʠʪʝʪʘ. ɺʝ˂ 

ʿʝ ʥʘʧʦʤʝʥʫʪʦ ʜʘ ˂ʝ ʩʝ ʟʘ ʨʘʟʣʠʯʠʪʦ ʘʥʛʘʞʦʚʘˁʝ ʧʨʦʠʟʚʦʜʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʠ ʜʨʫʛʘ-

ʯʠʿʠ ʨʘʩʧʦʨʝʜ ʧʦʪʨʦʰˁʝ ʦʜ ʧʣʘʥʠʨʘʥʦʛ ʚʨʝʜʥʦʩʪʠ ʠʟʣʦʞʝʥʠʭ ʧʨʝʢʦʛʨʘʥʠʯʥʠʭ 

ʢʘʧʘʮʠʪʝʪʘ ʨʘʟʣʠʢʦʚʘʪʠ ʦʜ ʩʪʚʘʨʥʠʭ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʚʝʦʤʘ ʚʘʞʥʦ ʜʘ ʩʚʘʢʠ ʪʨʛʦʚʘʮ ʟʘ 

ʩʚʦʿʫ ʪʨʘʥʩʘʢʮʠʿʫ ʧʨʦʮʝʥʠ ʤʘʢʩʠʤʘʣʥʠ ʠʟʥʦʩ ʩʥʘʛʝ ʢʦʿʠ ʿʝ ʤʦʛʫ˂ʝ ʧʨʝʥʝʪʠ ʢʨʦʟ 

ʩʠʩʪʝʤ ʫ ʦʜʨʝʹʝʥʦʤ ʪʨʝʥʫʪʢʫ ʚʨʝʤʝʥʘ. 

ʆʚʘʿ ʧʨʦʙʣʝʤ ʿʝ ʤʦʛʫ˂ʝ ʨʝʰʠʪʠ ʠ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ 

(RPF), ʢʦʿʠ ˂ʝ ʢʘʩʥʠʿʝ ʙʠʪʠ ʜʝʪʘˀʥʦ ʦʧʠʩʘʥ. RPF ʤʝʪʦʜʘ ʫʟ ʜʦʚʦˀʥʦ ʬʠʥʦ ʧʦʜʝ-

ʰʘʚʘˁʝ ʜʘʿʝ ʚʨʝʜʥʦʩʪʠ ATC-a ʟʘ ʚʝʦʤʘ ʢʨʘʪʘʢ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ. ʋʧʨʘʚʦ ʧʦʤʦ˂ʫ 

ʦʚʝ ʤʝʪʦʜʝ ʩʫ ʧʨʦʚʝʨʘʚʘʥʠ ʨʝʟʫʣʪʘʪʠ ʜʚʝ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ, ʤʦʜʠʬʠʢʦʚʘʥʠ 

ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʠ ʘʣʛʦʨʠʪʘʤ ʮʨʥʝ ʨʫʧʝ, ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʫ ʚʨʰʝʥʘ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ. ɿʙʦʛ ʩʘʤʝ ʧʨʠʨʦʜʝ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ 

ʘʣʛʦʨʠʪʘʤʘ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ˁʠʭʦʚʦ ʠʟʚʨʰʘʚʘˁʝ ʿʝ ʚʝ˂ʝ ʦʜ ʚʨʝʤʝʥʘ ʢʦʿʝ ʿʝ ʧʦʪ-

ʨʝʙʥʦ RPF ʤʝʪʦʜʠ. ʄʝʹʫʪʠʤ, ʘʢʦ ʧʦʩʪʦʿʘˁʝ ʚʠʰʝ ʠʩʪʦʚʨʝʤʝʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʝ 

ʫʟʨʦʢʫʿʝ ʟʘʛʫʰʝˁʝ ʫ ʧʨʝʥʦʩʥʦʤ ʩʠʩʪʝʤʫ ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʤʦʨʘ ʜʘ 

ʦʜʙʘʮʠ ʠʣʠ ʦʛʨʘʥʠʯʠ ʥʝʢʝ ʪʨʘʥʩʘʢʮʠʿʝ ʫ ʮʠˀʫ ʨʘʩʪʝʨʝ˂ʝˁʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. 

ʇʨʠʤʝʥʦʤ RPF ʤʝʪʦʜʝ, ʠʣʠ ʤʝʪʦʜʝ ʢʦʥʪʠʥʫʘʣʥʭ ʪʦʢʦʚʘ ʩʥʘʛʘ, ʤʦʛʫ˂ʝ ʿʝ ʠʟʚʨʰʠʪʠ 

ʩʘʤʦ ʧʦʿʝʜʠʥʘʯʥʘ ʠʩʧʠʪʠʚʘˁʘ ʩʚʘʢʝ ʪʨʘʥʩʘʢʮʠʿʝ ʠ ʠʟʚʨʰʠʪʠ ˁʠʭʦʚʦ ʧʨʦʧʫʰʪʘˁʝ 

ʩʘʤʦ ʥʘ ʦʩʥʦʚʫ ʧʦʥʫʹʝʥʝ ʮʝʥʝ. ʂʘʦ ʰʪʦ ʿʝ ʫ ʧʦʛʣʘʚˀʫ 4.5 ʥʘʚʝʜʝʥʦ, ʢʘʜʘ ɽʄʉ 

ʫʧʨʘʚˀʘ ʪʨʞʠʰʪʝʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʪʨʘʥʩʘʢʮʠʿʝ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʟʘʛʫʰʝˁʝ ʧʨʠ 

ʯʝʤʫ ʠʤʘʿʫ ʠʩʪʫ ʧʦʥʫʹʝʥʫ ʮʝʥʫ ʙʠ˂ʝ ʧʦʜʿʝʜʥʘʢʦ ʨʝʜʫʢʦʚʘʥʝ. ʆʚʘʿ ʧʨʠʩʪʫʧ ʿʝ ʤʦʞ-

ʜʘ ʥʘʿʧʦʰʪʝʥʠʿʠ ʢʘʜʘ ʥʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʦʜʨʝʹʠʚʘˁʘ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʧʫʰʪʘˁʘ 

ʪʨʘʥʩʘʢʮʠʿʘ. ɱʝʜʥʦʩʪʘʚʥʦʤ ʤʦʜʠʬʠʢʘʮʠʿʦʤ (ʢʦʿʘ ˂ʝ ʩʝ ʢʘʩʥʠʿʝ ʜʝʪʘˀʥʦ ʦʙʨʘʟʣʦ-

ʞʠʪʠ) ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠʣʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘʥʿʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ 

ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʜʠʪʠ ʦʧʪʠʤʘʣʥʦ ʩʤʘˁʠʚʘˁʝ ʚʠʩʠʥʝ ʪʨʘʥ-

ʩʘʢʮʠʿʘ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʟʘʛʫʰʝˁʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. 

ʇʨʝʜʣʦʞʝʥʘ ʧʨʦʮʝʜʫʨʘ ʩʝ ʣʘʢʦ ʤʦʞʝ ʥʘʜʦʛʨʘʜʠʪʠ ʟʘ ʤʫʣʪʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ. 

ʄʫʣʪʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʰʠʨʝˁʝ ʙʠʣʝʪʝʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ. 

ʆʚʫ ʚʨʩʪʫ ʪʨʛʦʚʠʥʝ ʥʘʿʯʝʰ˂ʝ ʧʨʦʫʟʨʦʢʫʿʫ ʙʨʦʢʝʨʠ. ʂʦʜ ʦʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʧʦʩʪʦʿʝ 

ʚʠʰʝ ʥʘʧʦʿʥʠʭ ʪʘʯʘʢʘ (ʥʘʿʤʘˁʝ ʜʚʝ), ʠʩʪʦ ʚʘʞʠ ʠ ʟʘ ʣʦʢʘʮʠʿʝ ʧʨʝʫʟʠʤʘˁʘ ʝʣʝʢ-

ʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʧʨʠ ʯʝʤʫ ʙʨʦʿ ʥʘʧʦʿʥʠʭ ʯʚʦʨʦʚʘ ʠ ʯʚʦʨʦʚʘ ʠʟ ʢʦʿʠʭ ʩʝ ʧʨʝʫʟʠʤʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʝ ʤʦʨʘ ʜʘ ʙʫʜʝ ʠʩʪʠ. 
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ʇʨʚʦ ˂ʝ ʩʝ ʨʘʟʤʘʪʨʘʪʠ ʩʣʫʯʘʿ ʫ ʢʦʤʝ ʩʫ ʩʚʠ ʝʣʝʤʝʥʪʠ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʫ ʧʦʛʦʥʫ. 

ʋʩʚʦʿʝʥʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʩʚʠʭ ʛʝʥʝʨʘʪʦʨʘ ʜʝʬʠʥʠʩʘʥʘ, ʠ ʜʘ ʿʝ 

ʟʘʭʪʝʚʘʥʘ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʧʦʟʥʘʪʘ. ʋ ʜʝʨʝʛʫʣʠʩʘʥʦʤ ʩʠʩʪʝʤʫ ʧʦʩʪʦʿʘ˂ʝ ʩʚʝ ʚʠʰʝ 

ʧʨʦʠʟʚʦʹʘʯʘ ʢʦʿʠ ˂ʝ ʧʦʩʝʜʦʚʘʪʠ ʨʝʣʘʪʠʚʥʦ ʤʘʣʝ ʧʨʦʠʟʚʦʜʥʝ ʢʘʧʘʮʠʪʝʪʝ. ʆʚʠ ʧʨʦ-

ʠʟʚʦʹʘʯʠ ʩʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʜʘ ʮʝʣʦʢʫʧʥʫ ʧʨʦʠʟʚʝʜʝʥʫ ʝʥʝʨʛʠʿʫ ʧʨʦʜʘʿʫ ʥʘʿʙʦˀʝʤ 

ʧʦʥʫʹʘʯʫ. ʉʘʤʘ ʜʝʬʠʥʠʮʠʿʘ ɸʊʉ-ʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʪʨʛʦʚʠʥʫ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ, ʘʣʠ ʩʝ 

ʦʥʘ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʠ ʥʘ ʪʨʛʦʚʠʥʫ ʫʥʫʪʘʨ ʿʝʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ. ɿʘ 

ʨʝʰʘʚʘˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʠʩʢʦʨʠʰ˂ʝʥʘ ʿʝ ʢʦʤʙʠʥʘʮʠʿʘ ʿʝʜʥʦʢʦʨʘʯʥʝ ʤʝʪʦʜʝ ʠ OPF 

ʤʦʜʝʣʘ. Oʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʧʨʚʦ ʿʝ ʨʝʰʘʚʘʥ ʧʦʤʦ˂ʫ ʤʦʜʠʬʠʢʦʚʘʥʦʛ ʛʝʥʝʪ-

ʩʢʦʛ ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʿʝ ʦʧʠʩʘʥ ʫ ʧʦʛʣʘʚˀʫ 3.3. ʇʨʦʰʠʨʝˁʝ ʩʪʘʥʜʘʨʜʥʝ DC ʤʝʪʦʜʝ 

ʩʘ ʢʦʨʝʢʮʠʿʦʤ ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʟʙʦʛ ʪʦʢʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʿʝ ʢʦʨʠʰ˂ʝʥʦ ʟʘ 

ʿʝʜʥʦʢʦʨʘʯʥʦ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ. ʉʚʘʢʠ ʝʣʝʤʝʥʪ ʧʦʧʫʣʘʮʠʿʝ ʿʝ ʧʦʪʝʥ-

ʮʠʿʘʣʥʦ ʨʝʰʝˁʝ ʧʨʦʙʣʝʤʘ, ʠ ʧʨʝʜʩʪʘʚˀʘ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ 

ʩʝʣʝʢʪʦʚʘʥʠʭ ʯʚʦʨʦʚʘ. 

ʋ ʜʘˀʝʤ ʪʝʢʩʪʫ ˂ʝ ʙʠʪʠ ʜʝʪʘˀʥʦ ʦʧʠʩʘʥ ʩʚʘʢʠ ʢʦʨʘʢ ʧʨʝʜʣʦʞʝʥʦʛ ʘʣʛʦʨʠʪʤʘ [95]. 

1. ʇʨʠʧʨʝʤʘ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʟʘ ʛʝʥʝʨʘʪʦʨʝ, ʚʦʜʦʚʝ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ, ʩʘʙʠʨʥʠʮʝ 

ʠ ʰʘʥʪ ʝʣʝʤʝʥʪʝ. 

2. ɿʘʜʘʚʘˁʝ ʠʥʠʮʠʿʘʣʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʘʣʛʦʨʠʪʤʘ: ʚʝʣʠʯʠʥʘ 

ʧʦʧʫʣʘʮʠʿʝ (N), ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʛʝʥʝʨʘʮʠʿʘ (ʊ), ʟʘʜʘʚʘˁʝ ʞʝˀʝʥʝ ʧʨʝʮʠʟ-

ʥʦʩʪʠ Ů, ʜʝʬʠʥʠʩʘˁʝ ʙʨʦʿʘ ʭʨʦʤʦʟʦʤʘ ʥʘʜ ʢʦʿʠʤʘ ˂ʝ ʩʝ ʚʨʰʠʪʠ ʩʚʘʢʘ ʦʜ 

ʦʧʝʨʘʮʠʿʘ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ (ʝʣʠʪʠʟʘʤ, ʫʢʨʰʪʘˁʝ ʠ ʤʫʪʘʮʠʿʘ). 

3. ʆʜʘʙʠʨ ʫʯʝʩʥʠʢʘ ʪʨʘʥʩʘʢʮʠʿʝ. 

4. ʇʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ N-R ʤʝʪʦʜʦʤ ʨʘʜʠ ʜʦʙʠʿʘˁʘ ʧʦʪʨʝʙʥʠʭ ʧʦʜʘʪʘʢʘ ʟʘ 

ʠʟʚʨʰʘʚʘˁʝ ʢʦʨʝʢʮʠʿʝ ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝˁʘ, ʠʣʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ AC 

PTDF-a. 

5. ʀʟʨʘʯʫʥʘʚʘˁʝ ɸʊC-a ʪʨʘʥʩʘʢʮʠʿʝ ʿʝʜʥʦʢʦʨʘʯʥʦʤ ʤʝʪʦʜʦʤ. 

6. ʇʦʩʪʘʚˀʘˁʝ ʠʟʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-a ʟʘ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʧʨʦʤʝʥ-

ˀʠʚʝ ʫ ʛʝʥʝʪʩʢʦʤ ʘʣʛʦʨʠʪʤʫ. ʄʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʪʨʘʥʩʘʢʮʠʿʝ ʩʝ ʧʦʩʪʘʚ-

ˀʘ ʥʘ 0. ʆʚʘ ʦʛʨʘʥʠʯʝˁʘ ʩʫ ʙʠʣʘ ʥʝʦʧʭʦʜʥʘ ʜʘ ʙʠ ʢʦʜʠʨʘˁʝ, ʢʦʿʝ ʿʝ ʦʧʠʩʘ-

ʥʦ ʫ ʧʦʛʣʘʚˀʫ 3.1.1, ʤʦʛʣʦ ʧʨʘʚʠʣʥʦ ʜʘ ʩʝ ʠʟʚʨʰʠ. 

7. ʀʥʠʮʠʿʘʣʠʟʘʮʠʿʘ ʙʨʦʿʘʯʘ ʛʝʥʝʨʘʮʠʿʘ, gen_count = 0, ʠ ʙʨʦʿʘʯʘ ʧʦʧʫʣʘʮʠʿʝ 

N_count = 0. 



107 

 

8. ɻʝʥʝʨʠʩʘʪʠ ʧʨʦʠʟʚʦˀʥʠ ʥʠʟ ʥʫʣʘ ʠ ʿʝʜʠʥʠʮʘ ʯʠʿʘ ʿʝ ʜʫʞʠʥʘ ʦʜʨʝʹʝʥʘ 

ʠʟʨʘʟʦʤ (3.3). 

9. ɼʝʢʦʜʠʨʘˁʝ ʥʠʟʘ ʧʦʤʦ˂ʫ (3.2) ʠ ʦʜʨʝʹʠʚʘˁʝ ʙʨʦʿʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʪʝʥʮʠʿʘʣ-

ʥʦʛ ʨʝʰʝˁʘ ʧʦʤʦ˂ʫ (3.1). 

10. ɼʦʜʘʚʘˁʝ ʩʥʘʛʝ ʪʨʘʥʩʘʢʮʠʿʝ ʯʚʦʨʫ ʫ ʢʦʤʝ ʩʝ ʚʨʰʠ ʧʨʦʜʘʿʘ, ʠ ʜʦʜʘʚʘˁʝ 

ʧʦʪʨʦʰˁʝ ʯʚʦʨʫ ʫ ʢʦʤʝ ʩʝ ʚʨʰʠ ʢʫʧʦʚʠʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

11. ɿʘ ʦʚʘʢʚʦ ʩʪʘˁʝ ʫ ʤʨʝʞʠ ʠʟʚʨʰʠʪʠ N-R ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ. 

12. ɸʢʦ ʿʝ ʧʨʝʢʦʨʘʯʝʥʦ ʥʝʢʦ ʦʜ ʦʛʨʘʥʠʯʝˁʘ (5.67) ï (5.73) ʪʘʢʘʚ ʝʣʝʤʝʥʪ ʩʝ 

ʦʜʙʘʮʫʿʝ ʠ ʠʜʝ ʩʝ ʥʘ ʩʣʝʜʝ˂ʠ ʢʦʨʘʢ, ʫ ʩʫʧʨʦʪʥʦʤ ʠʜʝ ʩʝ ʥʘ ʢʦʨʘʢ ʙʨʦʿ 14. 

13. ɺʨʝʜʥʦʩʪ ʦʜʙʘʯʝʥʦʛ ʝʣʝʤʝʥʪʘ ʩʝ ʧʦʩʪʘʚˀʘ ʟʘ ʥʦʚʫ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ 

ʪʨʘʥʩʘʢʮʠʿʝ, ʠ ʩʚʝ ʧʨʝʪʭʦʜʥʝ ʠʟʚʦʜˀʠʚʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʜʝʢʦʜʠʨʘʿʫ ʟʘ ʥʦʚʠ 

ʦʧʩʝʛ. ʇʦʩʣʝ ʜʝʢʦʜʠʨʘˁʘ ʠʜʝ ʩʝ ʥʘ ʢʦʨʘʢ ʙʨʦʿ 8. 

14. ʇʦʚʝ˂ʘʚʘ ʩʝ ʙʨʦʿʘʯ ʧʦʧʫʣʘʮʠʿʝ ʟʘ 1. ɸʢʦ ʿʝ N_count = N ʠʜʝ ʩʝ ʥʘ ʩʣʝʜʝ˂ʠ 

ʢʦʨʘʢ, ʫ ʩʫʧʨʦʪʥʦʤ ʩʝ ʚʨʘ˂ʘ ʥʘ ʢʦʨʘʢ ʙʨʦʿ 8. 

15. ʀʟʨʘʯʫʥʘʚʘˁʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʭʨʦʤʦʟʦʤʘ ʧʦʤʦ˂ʫ ʠʟʨʘʟʘ: 

[ ]NiPF
itransi ,1    
,
Í= , (5.74) 

ʛʜʝ ʿʝ Fi ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ i-ʪʦʛ ʭʨʦʤʦʟʦʤʘ, Ptrans,i ʿʝ ʧʦʪʝʥʮʠʿʘʣʥʘ ʤʘʢʩʠʤʘʣ-

ʥʘ ʩʥʘʛʘ ʧʦʩʤʘʪʨʘʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʢʦʿʘ ʿʝ ʩʤʝʰʪʝʥʘ ʫ i-ʪʠ ʭʨʦʤʦʟʦʤ. 

16. ʀʟ ʪʨʝʥʫʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʫ ʥʘʨʝʜʥʫ ʧʦʧʫʣʘʮʠʿʫ ʧʨʝʙʘʮʠʪʠ ʦʥʦʣʠʢʦ ʭʨʦʤʦ-

ʟʦʤʘ ʢʦʣʠʢʦ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʦʧʝʨʘʮʠʿʦʤ ʝʣʠʪʠʟʤʘ. 

17. ʀʥʠʮʠʿʘʣʠʟʘʮʠʿʘ ʙʨʦʿʘʯʘ ʫʢʨʰʪʘˁʘ, cros_count = 0. 

18. ʀʟʙʦʨ ʫʯʝʩʥʠʢʘ ʫʢʨʰʪʘˁʘ ʤʝʪʦʜʘʤʘ ʦʧʠʩʘʥʠʤ ʫ ʧʦʛʣʘʚˀʫ 3.1.5. 

19. ʀʟʙʦʨ ʤʝʪʦʜʝ ʫʢʨʰʪʘˁʘ ʠ ʧʦʪʨʝʙʥʦʛ ʙʨʦʿʘ ʪʘʯʘʢʘ ʫʢʨʰʪʘˁʘ. 

20. ɿʘ ʜʦʙʠʿʝʥʝ ʧʦʪʦʤʢʝ ʧʦʥʦʚʠʪʠ ʧʦʩʪʫʧʘʢ ʦʧʠʩʘʥ ʫ ʢʦʨʘʮʠʤʘ 9 ï 13. 

21. ʋʚʝ˂ʘʪʠ ʙʨʦʿʘʯ ʫʢʨʰʪʘˁʘ ʟʘ ʙʨʦʿ ʠʟʚʦʜˀʠʚʠʭ ʧʦʪʦʤʘʢʘ. ʀʟʚʦʜˀʠʚʝ ʧʦʪʦʤ-

ʢʝ ʫʧʠʩʘʪʠ ʫ ʥʦʚʫ ʧʦʧʫʣʘʮʠʿʫ. 

22. ɸʢʦ ʿʝ ʙʨʦʿʘʯ ʫʢʨʰʪʘˁʘ ʜʦʩʪʠʛʘʦ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʥʘʩʪʘʚʠʪʠ ʩʘ ʘʣʛʦ-

ʨʠʪʤʦʤ, ʫ ʩʫʧʨʦʪʥʦʤ ʚʨʘʪʠʪʠ ʩʝ ʥʘ ʢʦʨʘʢ ʙʦʨʿ 18. 

23. ʀʥʠʮʠʿʘʣʠʟʘʮʠʿʘ ʙʨʦʿʘʯʘ ʤʫʪʘʮʠʿʝ, mut_count = 0. 

24. ʅʝʢʦʤ ʦʜ ʤʝʪʦʜʘ ʩʝʣʝʢʮʠʿʝ ʢʦʿʝ ʩʫ ʢʦʨʠʰʪʝʥʝ ʫ ʢʦʨʘʢʫ 18 ʠʟʘʙʨʘʪʠ ʢʘʥʜʠ-

ʜʘʪʘ ʠʟ ʪʨʝʥʫʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʢʦʿʠ ˂ʝ ʩʝ ʤʫʪʠʨʘʪʠ. 

25. ʆʜʨʝʜʠʪʠ ʙʠʪ ʠʟʥʘʜ ʢʦʿʝʛ ʥʠʿʝ ʜʦʟʚʦˀʝʥʦ ʚʨʰʠʪʠ ʤʫʪʘʮʠʿʫ. 
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26. ʆʜʘʙʠʨ ʙʠʪʘ ʢʦʿʠ ˂ʝ ʩʝ ʤʫʪʠʨʘʪʠ. 

27. ɿʘ ʜʦʙʠʿʝʥʦʛ ʧʦʪʦʤʢʘ ʧʦʥʦʚʠʪʠ ʧʦʩʪʫʧʘʢ ʢʦʿʠ ʿʝ ʦʧʠʩʘʥ ʫ ʢʦʨʘʮʠʤʘ 9 ï 13. 

28. ɸʢʦ ʿʝ ʧʦʪʦʤʘʢ ʠʟʚʦʜˀʠʚ ʫʧʠʩʘʪʠ ʛʘ ʫ ʥʦʚʫ ʧʦʧʫʣʘʮʠʿʫ, ʧʦʚʝ˂ʘʪʠ ʙʨʦʿʘʯ 

ʤʫʪʘʮʠʿʝ ʟʘ 1 ʠ ʧʨʝ˂ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʢʦʨʘʢ. ʋ ʩʫʧʨʦʪʥʦʤ ʦʜʙʘʮʠʪʠ ʪʘʢʚʦ ʨʝʰʝ-

ˁʝ ʠ ʚʨʘʪʠʪʠ ʩʝ ʥʘ ʢʦʨʘʢ 24. 

29. ʆʜʨʝʜʠʪʠ ʢʦʣʠʢʦ ˂ʝ ʩʝ ʯʣʘʥʦʚʘ ʤʫʪʠʨʘʪʠ ʫ ʥʘʨʝʜʥʦʿ ʠʪʝʨʘʮʠʿʠ ʧʦʤʦ˂ʫ 

ʩʣʝʜʝ˂ʝ ʟʘʢʦʥʠʪʦʩʪ [75]: 

( )
ö
÷

õ
æ
ç

å
-= - bNt

mutmut rNn /1
__ 1 , (5.75) 

ʛʜʝ ʿʝ n_mut ʙʨʦʿ ʭʨʦʤʦʟʦʤʘ ʪʨʝʥʫʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʥʘʜ ʢʦʿʠʤ ʩʝ ʠʟʚʨʰʘʚʘ 

ʦʧʝʨʘʮʠʿʘ ʤʫʪʘʮʠʿʝ, N_mut ʿʝ ʙʨʦʿ ʭʨʦʤʦʟʦʤʘ ʧʨʚʝ ʠʪʝʨʘʮʠʿʝ ʥʘʜ ʢʦʿʠʤ ʿʝ 

ʠʟʚʨʰʝʥʘ ʦʧʝʨʘʮʠʿʘ ʤʫʪʘʮʠʿʝ, r ʿʝ ʧʨʦʠʟʚʦˀʘʥ ʙʨʦʿ ʠʟʤʝʹʫ 0 ʠ 1 (r = 0,2), t 

ʿʝ ʙʨʦʿ ʪʨʝʥʫʪʥʝ ʠʪʝʨʘʮʠʿʝ, N ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ, b ʿʝ ʩʠʩʪʝʤʩʢʠ 

ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ ʦʜʨʝʹʫʿʝ ʩʪʝʧʝʥ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʨʦʿʘ ʠʪʝʨʘʮʠʿʘ (b = 2). 

30. ʆʜʨʝʹʠʚʘˁʝ ʙʨʦʿʘ ʭʨʦʤʦʟʦʤʘ ʥʘʜ ʢʦʿʠʤʘ ˂ʝ ʩʝ ʩʧʨʦʚʝʩʪʠ ʦʧʝʨʘʮʠʿʘ ʫʢʨʰ-

ʪʘˁʘ ʫ ʥʘʨʝʜʥʦʿ ʠʪʝʨʘʮʠʿʠ ʜʘ ʙʠ ʩʝ ʥʘʜʦʢʥʘʜʠʦ ʥʝʜʦʩʪʘʪʘʢ ʤʫʪʠʨʘʥʠʭ ʭʨʦ-

ʤʦʟʦʤʘ. 

31. ɸʢʦ ʿʝ ʙʨʦʿʘʯ ʤʫʪʘʮʠʿʝ ʜʦʩʪʠʛʘʦ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʥʘʩʪʘʚʠʪʠ ʩʘ ʘʣʛʦ-

ʨʠʪʤʦʤ, ʫ ʩʫʧʨʦʪʥʦʤ ʚʨʘʪʠʪʠ ʩʝ ʥʘ ʢʦʨʘʢ ʙʦʨʿ 24. 

32. ʅʦʚʘ ʧʦʧʫʣʘʮʠʿʘ ʧʦʩʪʘʿʝ ʪʨʝʥʫʪʥʘ ʧʦʧʫʣʘʮʠʿʘ. 

33. ʇʦʚʝ˂ʘʪʠ ʙʨʦʿʘʯ ʛʝʥʝʨʘʮʠʿʘ ʟʘ 1. ɸʢʦ ʙʨʦʿʘʯ ʛʝʥʝʨʘʮʠʿʘ ʥʠʿʝ ʜʦʩʪʠʛʘʦ ʤʘʢ-

ʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʚʨʘʪʠʪʠ ʩʝ ʥʘ ʢʦʨʘʢ 15, ʫ ʩʫʧʨʦʪʥʦʤ ʥʘʿʙʦˀʠ ʭʨʦʤʦʟʦʤ 

ʠʟ ʪʨʝʥʫʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʩʝ ʧʨʦʛʣʘʰʘʚʘ ʟʘ ʨʝʰʝˁʝ ʧʦʩʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ. 

ʆʜʣʫʢʘ ʜʘ ʩʝ ʫ ʘʣʛʦʨʠʪʤʫ ʨʘʜʠ ʩʘʤʦ ʩʘ ʠʟʚʦʜˀʠʚʠʤ ʨʝʰʝˁʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ 

ʤʘʣʦ ʜʫʞʝ ʬʦʨʤʠʨʘˁʝ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ, ʘʣʠ ʦʚʠʤ ʧʦʩʪʫʧʢʦʤ ʩʝ ʧʦʩʪʠʞʝ ʟʥʘʪ-

ʥʦ ʫʙʨʟʘʚʘˁʝ ʩʘʤʦʛ ʘʣʛʦʨʠʪʤʘ. ʇʦʨʝʜ ʪʦʛʘ ʠʟʙʝʛʘʚʘʿʫ ʩʝ ʥʝʧʦʪʨʝʙʥʝ ʢʦʤʧʣʠʢʘʮʠʿʝ 

ʢʦʿʝ ʥʘʩʪʘʿʫ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʝ ʧʝʥʘʣʠʟʘʮʠʦʥʠ ʬʘʢʪʦʨʠ. ʋ ʢʦʨʘʢʫ ʙʨʦʿ 18 ʫʯʝʩʥʠʮʠ 

ʫʢʨʰʪʘˁʘ ʩʫ ʙʠʨʘʥʠ ʧʦʤʦ˂ʫ ʪʦʯʢʘ ʨʫʣʝʪʘ (45%), ʧʨʘʚʠʣʘ ʨʘʥʛʠʨʘˁʘ (45%) ʠ ʧʨʘ-

ʚʠʣʘ ʪʫʨʥʠʨʘ (10%). ʄʝʪʦʜʘ ʿʝʜʥʦʩʪʨʫʢʦʛ ʫʢʨʰʪʘˁʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ 70% ʩʣʫʯʘʿʝ-

ʚʘ, ʜʦʢ ʩʝ ʜʚʦʩʪʨʫʢʦ ʫʢʨʰʪʘˁʝ ʧʨʠʤʝˁʫʿʝ ʫ 30% ʩʣʫʯʘʿʝʚʘ ʫ ʢʦʨʘʢʫ ʙʨʦʿ 19. 

ɿʘʙʨʘʥʘ ʤʫʪʘʮʠʿʝ ʧʦʿʝʜʠʥʠʭ ʙʠʪʦʚʘ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʧʦʙʦˀʰʘ ʧʨʝʪʨʘʛʫ. ʅʘʠʤʝ, ʫ 

ʧʦʯʝʪʢʫ ʿʝ ʜʦʟʚʦˀʝʥʦ ʜʘ ʩʝ ʙʠʣʦ ʢʦʿʠ ʙʠʪ ʧʨʦʤʝʥʠ ʧʘ ʠ ʦʥʠ ʩʘ ʥʘʿʚʝ˂ʠʤ ʪʝʞʠʥ-
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ʩʢʠʤ ʬʘʢʪʦʨʦʤ. ʊʦʢʦʤ ʠʪʝʨʘʮʠʿʘ ʧʨʝʪʨʘʛʫ ʿʝ ʧʦʪʨʝʙʥʦ ʚʨʰʠʪʠ ʫ ʩʚʝ ʚʝ˂ʦʿ ʙʣʠʟʠʥʠ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʨʝʰʝˁʘ, ʰʪʦ ʩʝ ʧʦʩʪʠʞʝ ʜʦʟʚʦʣʦʤ ʤʫʪʠʨʘˁʘ ʙʠʪʦʚʘ ʩʘ ʥʠʞʠʤ 

ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʠʤʘ. ʋ [75] ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ ʫ ʢʘʩʥʠʿʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʧʦʤʦ˂ʫ 

ʫʢʨʰʪʘˁʘ ʜʦʙʠʿʘʿʫ ʢʚʘʣʠʪʝʪʥʠʿʠ ʧʦʪʦʤʮʠ, ʟʙʦʛ ʪʦʛʘ ʩʫ ʢʦʨʘʮʠ 29 ʠ 30 ʜʦʜʘʪʠ 

ʦʚʦʤ ʘʣʛʦʨʠʪʤʫ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʚʦʜʠ [142] ʜʘ ʩʝ ʜʦʙʨʘ ʨʝʰʝˁʘ ʤʦʛʫ ʥʘ˂ʠ ʘʢʦ 

ʿʝ ʚʝʣʠʯʠʥʘ ʧʦʧʫʣʘʮʠʿʝ 5 ʜʦ 10 ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʙʨʦʿʘ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ʀʟ 

ʦʚʦʛ ʨʘʟʣʦʛʘ ʦʜʘʙʨʘʥʘ ʿʝ ʧʦʧʫʣʘʮʠʿʘ ʦʜ 10 ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʨʝʰʝˁʘ ʟʘ ʨʘʜ ʩʘ ʧʨʝʜ-

ʣʦʞʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

ɸʫʪʦ ʢʦʨʝʢʮʠʿʫ ʤʘʢʩʠʤʘʣʥʦʛ ʦʛʨʘʥʠʯʝˁʘ ʫʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ ʿʝ ʤʦʛʫ˂ʝ ʢʦ-

ʨʠʩʪʠʪʠ ʩʘʤʦ ʢʘʜʘ ʩʝ ʨʘʜʠ ʩʘ ʿʝʜʥʦʤ ʢʦʥʪʨʦʣʥʦʤ ʧʨʦʤʝʥˀʠʚʦʤ (ʦʜʨʝʹʠʚʘˁʝ ʚʠʩʠ-

ʥʝ ʙʠʣʘʪʝʨʘʣʥʠʭ ʠ ʤʫʣʪʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ). ʂʘʜʘ ʧʦʩʪʦʿʠ ʚʠʰʝ ʫʧʨʘʚˀʘʯ-

ʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʨʝʰʘʚʘˁʝ ʟʘʛʫʰʝˁʘ ʠ ʧʨʦʮʝʥʪʫʘʣʥʘ ʧʨʝʨʘʩʧʦʜʝʣʘ ʪʨʘʥʩʘʢʮʠʿʝ 

ʧʦ ʧʨʦʜʘʚʮʠʤʘ ʠ ʢʫʧʮʠʤʘ, ʥʠʿʝ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ ʦʧʠʩʘʥʫ ʘʫʪʦ ʢʦʨʝʢʮʠʿʫ. ʂʦʜ ʨʝ-

ʰʘʚʘˁʘ ʟʘʛʫʰʝˁʘ ʢʨʠʪʝʨʠʿʫʤʩʢʘ ʬʫʥʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʩʫʤʫ ʩʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʯʠʿʝ 

ʩʝ ʩʤʘˁʠʚʘˁʝ ʨʘʟʤʘʪʨʘ. ʆʜʘʚʜʝ ʩʣʝʜʠ ʜʘ ʩʚʘʢʘ ʫʧʨʘʚˀʘʯʢʘ ʧʨʦʤʝʥˀʠʚʘ ʧʨʝʜʩʪʘʚ-

ˀʘ ʿʝʜʥʫ ʪʨʘʥʩʘʢʮʠʿʫ ʢʦʿʫ ʿʝ ʤʦʛʫ˂ʝ ʨʝʜʫʢʦʚʘʪʠ. ɻʦʨˁʘ ʦʛʨʘʥʠʯʝˁʘ ʦʚʘʢʚʠʭ ʫʧ-

ʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʧʨʝʜʩʪʘʚˀʘʿʫ ʞʝʝˀʥʝ ʚʨʝʜʥʦʩʪʠ ʩʥʘʛʘ ʪʨʘʥʩʘʢʮʠʿʘ. ɿʙʦʛ 

ʧʦʩʪʦʿʘˁʘ ʟʘʛʫʰʝˁʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʝʜʠʪʠ ʚʠʩʠʥʫ ʩʤʘˁʝˁʘ 

ʩʚʘʢʝ ʪʨʘʥʩʘʢʮʠʿʝ ʫ ʮʠˀʫ ʤʘʢʩʠʤʘʣʥʝ ʨʘʟʤʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ ʦʙʣʘʩ-

ʪʠ. ʀ ʢʦʜ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʩʥʘʛʝ ʧʦʩʤʘʪʨʘʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʜʦʜʘʪʠ ʯʚʦ-

ʨʦʚʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʧʨʦʜʘʿʘ ʠ ʦʜʫʟʝʪʠ ʦʜ ʯʚʦʨʦʚʘ ʫ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʢʫʧʦʚʠʥʘ. 

ʇʦʰʪʦ ʩʝ ʠ ʧʨʦʙʣʝʤ ʨʝʰʘʚʘˁʘ ʟʘʛʫʰʝˁʘ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ ʤʘʢʩʠʤʠʟʘʮʠʦʥʠ 

ʧʨʦʙʣʝʤ, ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʭʨʦʤʦʟʦʤʘ ʩʝ ʦʜʨʝʹʫʿʫ ʩʫʤʠʨʘˁʝʤ ʩʚʠʭ ʫʧʨʘʚ-

ˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. 

ɸʣʛʦʨʠʪʘʤ ˂ʝ ʧʨʚʦ ʙʠʪʠ ʪʝʩʪʠʨʘʥ ʧʦʤʦ˂ʫ Iɽɽɽ 5 ʩʘʙʠʨʥʠʯʢʝ ʤʨʝʞʝ [143], ʢʦʿʘ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 5.10. ɿʘ ʦʚʫ ʤʨʝʞʫ ʩʫ ʫʩʚʦʿʝʥʘ ʪʝʨʤʘʣʥʘ ʦʛʨʘʥʠʯʝˁʘ ʦʜ 

150 ʄW ʧʦ ʩʚʠʤ ʚʦʜʦʚʠʤʘ. ʆʚʘ ʤʨʝʞʘ, ʠʘʢʦ ʿʝ ʤʘʣʘ, ʫ ʨʝʘʣʥʦʩʪʠ ʤʦʞʝ ʜʘ ʧʨʝʜ-

ʩʪʘʚˀʘ ʪʘʯʢʝ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʩʠʩʪʝʤʘ/ʦʙʣʘʩʪʠ. ʆʚʘ ʤʨʝʞʘ ʿʝ ʠʟʘʙʨʘʥʘ ʟʘʪʦ ʰʪʦ ʩʝ 

ʤʦʛʫ ʧʨʠʢʘʟʘʪʠ ʩʚʝ ʤʦʛʫ˂ʝ ʢʦʤʙʠʥʘʮʠʿʝ ʪʨʘʥʩʘʢʮʠʿʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʩʠʩʪʝʤʫ ʧʦ-

ʤʦ˂ʫ ʪʘʙʝʣʝ ʥʘ ʤʘʣʦʤ ʧʨʦʩʪʦʨʫ. ʉʥʘʛʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʢʦʿʝ ʩʫ ʧʦʪʨʝʙʥʝ 

ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʿʝʜʥʦʢʦʨʘʯʥʦʛ ɸʊʉ-ʘ ʩʫ ʜʘʪʝ ʫ ʪʘʙʝʣʠ 5.3. ʋ ʪʘʙʝʣʠ 5.4 ʩʫ ʧʨʠʢʘ-

ʟʘʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʟʘ ʧʦʩʤʘʪʨʘʥʠ ʩʠʩʪʝʤ ʢʦʿʝ ʩʫ ʜʦʙʠʿʝʥʝ ʿʝʜʥʦʢʦʨʘʯʥʦʤ DC 
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ʉʣʠʢʘ 5.10. IEEE 5 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ. 

 

ʊʘʙʝʣʘ 5.3. ʉʥʘʛʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʟʘ Iɽɽɽ 5 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ. 

ʏʚʦʨ 1 2 3 4 5 

Pgen (ʄW) 120 40 0 0 0 

Pload (ʄW) 0 20 45 40 60 

 

ʊʘʙʝʣʘ 5.4. ɺʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ (ʄW) ʠʟʨʘʯʫʥʘʪʝ DC ʤʝʪʦʜʦʤ ʙʝʟ ʢʦʨʝʢʮʠʿʝ 

ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝˁʘ. 

ʂʫʧʘʮ 

  1 2 3 4 5 

ʇ
ʨ
ʦ
ʜ
ʘ
ʚ
ʘ
ʮ

 

1 / 76.6102 102.7273 96.1702 82.1818 

2 279.3220 / 352.0000 286.8750 132.4454 

3 374.5455 301.3333 / 148.0645 164.8370 

4 311.0526 369.3750 190.6452 / 176.3372 

5 291.6818 280.2183 290.6557 344.2657 / 

 

ʤʝʪʦʜʦʤ ʙʝʟ ʢʦʨʝʢʮʠʿʝ ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʫʩʣʝʜ ʪʦʢʦʚʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ. ʋ 

ʪʘʙʝʣʠ 5.5 ʩʫ ʧʨʠʢʘʟʘʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʠʟʨʘʯʫʥʘʪʝ DC ʤʝʪʦʜʦʤ ʩʘ ʢʦʨʝʢʮʠʿʦʤ 

ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝˁʘ. ʋʚʘʞʘʚʘˁʝʤ ʩʪʚʘʨʥʠʭ ʥʘʧʦʥʩʢʠʭ ʧʨʦʬʠʣʘ ʢʦʿʠ ʧʦʩʪʦʿʝ ʫ 

ʤʨʝʞʠ ʜʦʚʝʣʦ ʿʝ ʜʦ ʨʝʜʫʢʮʠʿʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʧʦʿʝʜʠʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ (ʪʨʘʥʩʘʢ-

ʮʠʿʘ ʠʟ ʯʚʦʨʘ 5 ʫ ʯʚʦʨ 1) ʯʘʢ ʟʘ 42 %, ʢʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣʠʮʠ 5.11. ʀʧʘʢ 

ʫ ʩʣʫʯʘʿʫ ʧʦʿʝʜʠʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ (ʪʨʘʥʩʘʢʮʠʿʘ ʠʟ ʯʚʦʨʘ 2 ʫ ʯʚʦʨ 5) DC ʤʝʪʦʜʘ ʿʝ 
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ʊʘʙʝʣʘ 5.5. ɺʨʝʜʥʦʩʪʠ ɸʊC-a (ʄW) ʠʟʨʘʯʫʥʘʪe DC ʤʝʪʦʜʦʤ ʩʘ ʢʦʨʝʢʮʠʿʦʤ 

ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝˁʘ. 

ʂʫʧʘʮ 

  1 2 3 4 5 
ʇ
ʨ
ʦ
ʜ
ʘ
ʚ
ʘ
ʮ

 

1 / 74.3907 99.7512 93.3841 79.8010 

2 156.3299 / 343.1551 296.2669 168.4369 

3 209.6242 292.6035 / 152.9120 209.6307 

4 196.2439 321.7079 166.0428 / 224.2561 

5 167.6993 206.2863 253.1472 274.6486 / 

 

 
ʉʣʠʢʘ 5.11. ʇʨʦʮʝʥʪʫʘʣʥʘ ʨʘʟʣʠʢʘ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʠʟʨʘʯʫʥʘʪʠʭ ʨʘʟʣʠʯʠʪʠʤ 

ʿʝʜʥʦʢʦʨʘʯʥʠʤ ʤʝʪʦʜʘʤʘ. 

 

ʜʘʣʘ ʤʘˁʫ ʚʨʝʜʥʦʩʪ ɸʊC-ʘ ʢʘʜʘ ʩʝ ʥʠʿʝ ʫʚʘʞʘʚʘʣʘ ʢʦʨʝʢʮʠʿʘ ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝ-

ˁʘ. ɿʙʦʛ ʦʯʠʛʣʝʜʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ DC ʠ ɸC ʤʦʜʝʣʘ ʤʨʝʞʝ ʟʘ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ ʫ 

ʰʝʩʪʦʤ ʢʦʨʘʢʫ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʘʚˀʘʥʘ ʿʝ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʿʝ ʟʘ 30% ʚʝ˂ʘ ʦʜ ʚʨʝʜʥʦʩʪʠ 

ʜʦʙʠʿʝʥʝ ʧʦʤʦ˂ʫ DC ʤʝʪʦʜʝ. ʆʚʦ ʥʝ ʫʩʧʦʨʘʚʘ ʦʧʠʩʘʥʠ ʘʣʛʦʨʠʪʘʤ ʧʦʰʪʦ ʿʝ ʫ 

ʧʨʦʮʝʩ ʢʨʝʠʨʘˁʘ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʫʛʨʘʹʝʥʘ ʘʫʪʦ ʢʦʨʝʢʮʠʿʘ ʛʦʨˁʝʛ ʦʛʨʘʥʠʯʝˁʘ 

ʫʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ. 
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ʂʦʨʠʩʪʝ˂ʠ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʩʧʨʦʚʝʜʝʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʘʥʘʣʠʟʘ ʩʘ ʫʚʘʞʘʚʘˁʝʤ 

ʨʘʟʣʠʯʠʪʠʭ ʦʛʨʘʥʠʯʝˁʘ. ʈʘʟʤʘʪʨʘʥʘ ʦʛʨʘʥʠʯʝˁʘ ʩʫ: ʦʛʨʘʥʠʯʝˁʝ ʘʤʧʣʠʪʫʜʝ ʥʘʧʦ-

ʥʘ ʥʘ ʩʘʙʠʨʥʠʮʘʤʘ (0.95 < Vi < 1.05, ʛʜʝ ʿʝ i  = 1, é, ʙʨʦʿ ʯʚʦʨʦʚʘ ʩʠʩʪʝʤʘ), ʦʛʨʘʥʠ-

ʯʝˁʝ ʬʘʟʥʠʭ ʩʪʘʚʦʚʘ ʥʘʧʦʥʘ ʩʘʙʠʨʥʠʮʘ (|ɗi|< 45Ü), ʦʛʨʘʥʠʯʝˁʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚ-

ʥʝ ʩʥʘʛʝ ʧʨʦʠʟʚʦʜˁʝ ʧʦʿʝʜʠʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʠ ʪʝʨʤʘʣʥʘ ʦʛʨʘʥʠʯʝˁʘ ʧʦ ʚʦʜʦʚʠʤʘ. 

ʋ ʧʨʚʦʿ ʘʥʘʣʠʟʠ ʨʘʟʤʘʪʨʘʥʘ ʩʫ ʦʛʨʘʥʠʯʝˁʘ ʧʦ ʥʘʧʦʥʫ ʠ ʧʦʨʝʹʝʥ ʿʝ ʩʘʤʦ ʪʦʢ ʘʢʪʠʚ-

ʥʝ ʩʥʘʛʝ ʧʦ ʛʨʘʥʘʤʘ ʤʨʝʞʝ ʩʘ ʪʝʨʤʘʣʥʠʤ ʦʛʨʘʥʠʯʝˁʠʤʘ ʛʨʘʥʘ. ɼʦʢ ʩʫ ʫ ʜʨʫʛʦʿ 

ʘʥʘʣʠʟʠ ʫ ʦʙʟʠʨ ʫʟʝʪʠ ʠ ʪʦʢʦʚʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʨʦʟ ʛʨʘʥʝ ʤʨʝʞʝ. ʈʝʟʫʣʪʘʪʠ ʦʚʠʭ 

ʘʥʘʣʠʟʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʘʤʘ 5.6 ʠ 5.7. 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʨʝʟʫʣʪʘʪʝ ʦʚʠʭ ʘʥʘʣʠʟʘ ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʪʦʢʘ ʨʝʘʢ-

ʪʠʚʥʝ ʩʥʘʛʝ ʧʦ ʛʨʘʥʘʤʘ ʩʠʩʪʝʤʘ ʥʘ ʚʠʩʠʥʫ ɸʊʉ-ʘ. ʅʘ ʧʨʠʤʝʨ, ʠʟ ʪʘʙʝʣʝ 5.4 ʩʝ 

ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʪʨʘʥʩʘʢʮʠʿʦʤ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 5 ʠ 2 ʤʘʢʩʠʤʘʣʥʦ ʤʦʞʝ ʧʨʝʥʝʪʠ 

280.2183 ʄW. ʇʦʨʝʜʝ˂ʠ ʦʚʫ ʚʨʝʜʥʦʩʪ ʩʘ ʚʨʝʜʥʦʰ˂ʫ ʢʦʿʘ ʿʝ ʜʘʪʘ ʫ ʪʘʙʝʣʠ 5.6, 

280.2173 ʄW, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ʿʝʜʥʦʢʦʨʘʯʥʠ ʧʨʦʨʘʯʫʥ ʜʘʦ ʜʦʩʪʘ ʪʘʯʥʫ ʚʨʝʜ- 

 

ʊʘʙʝʣʘ 5.6. ɸʊC (ʄW) ʫʟ ʫʚʘʞʘʚʘˁʝ ʥʘʧʦʥʩʢʠʭ ʦʛʨʘʥʠʯʝˁʘ ʥʘ ʩʘʙʠʨʥʠʮʘʤʘ 

ʤʨʝʞʝ. 

ʂʫʧʘʮ 

  1 2 3 4 5 

ʇ
ʨ
ʦ
ʜ
ʘ
ʚ
ʘ
ʮ

 

1 / 68.9320 88.0367 81.8115 65.4965 

2 278.9129 / 262.1100 244.8851 120.9397 

3 374.5455 252.6570 / 145.7417 146.6986 

4 306.1889 300.8622 189.8539 / 154.2930 

5 291.6457 280.2173 290.6546 288.0231 / 

 

ʊʘʙʝʣʘ 5.7. ɸʊC (ʄW) ʫʟ ʫʚʘʞʘʚʘˁʝ ʩʚʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʦʛʨʘʥʠʯʝˁʘ. 

ʂʫʧʘʮ 

  1 2 3 4 5 

ʇ
ʨ
ʦ
ʜ
ʘ
ʚ
ʘ
ʮ

 

1 / 54.2004 69.7806 65.4990 55.0667 

2 192.1516 / 262.8844 245.7223 113.1581 

3 267.3028 204.7448 / 143.4375 141.9684 

4 248.1289 243.4627 189.6677 / 150.9190 

5 206.6468 280.2077 290.0160 289.4720 / 



113 

 

ʥʦʩʪ ʠ ʜʘ ʦʛʨʘʥʠʯʝˁʝ ʧʦ ʥʘʧʦʥʫ ʥʝʤʘ ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʥʘ ʦʚʫ ʪʨʘʥʩʘʢʮʠʿʫ. ʂʘʜʘ ʩʝ 

ʫʟʤʫ ʫ ʦʙʟʠʨ ʠ ʪʦʢʦʚʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ, ʨʝʟʫʣʪʘʪʠ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 5.7, ʤʘʢʩʠ-

ʤʘʣʥʘ ʩʥʘʛʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʝʥʝʪʠ ʦʚʦʤ ʪʨʘʥʩʘʢʮʠʿʦʤ ʿʝ 280.2077 ʄW. ɸʢʦ ʙʠ ʩʝ 

ʧʦʩʤʘʪʨʘʣʘ ʩʘʤʦ ʦʚʘ ʪʨʘʥʩʘʢʮʠʿʘ ʢʘʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʘʥ ʧʨʠʤʝʨ ʜʦʥʝʦ ʙʠ ʩʝ ʧʦʛʨʝ-

ʰʘʥ ʟʘʢˀʫʯʘʢ ʜʘ ʿʝʜʥʦʢʦʨʘʯʥʘ ʤʝʪʦʜʘ ʜʘʿʝ ʜʦʚʦˀʥʦ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ. 

ɼʘ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ ʪʘʯʥʦʩʪ ʦʚʝ ʪʚʨʜˁʝ ʜʦʚʦˀʥʦ ʿʝ ʩʘʤʦ ʧʦʛʣʝʜʘʪʠ ʨʝʟʫʣʪʘʪʝ 

ʩʧʨʦʚʝʜʝʥʠʭ ʘʥʘʣʠʟʘ ʟʘ ʪʨʘʥʩʘʢʮʠʿʫ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 1 ʠ 5. ʊʝʦʨʝʪʩʢʘ ʤʘʢʩʠʤʘʣʥʘ 

ʩʥʘʛʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʝʥʝʪʠ ʦʚʦʤ ʪʨʘʥʩʘʢʮʠʿʦʤ ʿʝ 82.1818 ʄW, ʪʘʙʝʣʘ 5.4. ʋʟʠʤʘ-

ʿʫ˂ʠ ʫ ʦʙʟʠʨ ʥʘʧʦʥʩʢʘ ʦʛʨʘʥʠʯʝˁʘ, ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʟʘ ʦʚʫ ʪʨʘʥʩʘʢʮʠʿʫ ʧʘʜʘ ʥʘ 

65.4965 ʄW, ʪʘʙʝʣʘ 5.6. ʂʘʜʘ ʩʝ ʫ ʦʙʟʠʨ ʫʟʤʫ ʠ ʪʦʢʦʚʠ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʧʦ ʛʨʘʥʘ-

ʤʘ ʤʨʝʞʝ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʩʝ ʩʤʘˁʫʿʝ ʥʘ 55.0667 ʄW, ʪʘʙʝʣʘ 5.7. 

ʉʣʠʢa 5.12 ʧʨʠʢʘʟʫʿʝ ʧʨʦʮʝʥʪʫʘʣʥʫ ʧʨʦʤʝʥʫ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʠʟʨʘʯʫʥʘʪʝ ʫ ʧʨʝʪ-

ʭʦʜʥʠʤ ʘʥʘʣʠʟʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʢʦʿʘ ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʧʦʤʦ˂ʫ ʿʝʜʥʦ-

ʢʦʨʘʯʥʝ DC ʤʝʪʦʜʝ. ʅʘ ʩʣʠʮʠ 5.12 ʘ) ʩʫ ʧʨʠʢʘʟʘʥʠ ʨʘʟʫʣʪʘʪʠ ʧʨʚʝ ʘʥʘʣʠʟʝ ʢʘʜʘ ʩʫ 

ʨʘʟʤʘʪʨʘʥʘ ʩʘʤʦ ʥʘʧʦʥʩʢʘ ʦʛʨʘʥʠʯʝˁʘ. ɼʦʢ ʩʫ ʥʘ ʩʣʠʮʠ 5.12 ʙ) ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣ-

ʪʘʪʠ ʢʘʜʘ ʩʫ ʫʚʘʞʝʥʠ ʠ ʪʦʢʦʚʠ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ. ʀʟ ʦʚʠʭ ʨʝʟʫʣʪʘʪʘ ʩʝ ʤʦʞʝ 

ʧʨʠʤʝʪʠʪʠ ʜʘ ʪʦʢʦʚʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʦ ʛʨʘʥʘʤʘ ʤʨʝʞʝ ʠʤʘʿʫ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ 

ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ. 

ɼʘ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ ʪʘʯʥʦʩʪ ʦʜʘʙʨʘʥʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʨʦʚʝʨʫ 

ʨʝʟʫʣʪʘʪʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ RPF ʤʝʪʦʜʘ. ʅʘ ʩʣʠʮʠ 5.13 ʿʝ ʧʨʠʢʘʟʘʥ ʘʣʛʦʨʠʪʘʤ ʧʦʥʘʚ-

ˀʘʿʫ˂ʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʤʘʢʩʠʤʘʣʥʝ ʚʠʩʠʥʝ ʪʨʘʥʩʘʢ-

 

ʉʣʠʢʘ 5.12. ʘ) ʇʨʦʮʝʥʘʪ ʧʨʦʤʝʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʢʘʜʘ ʩʫ ʫʚʘʞʘʚʘʥʘ ʩʘʤʦ 

ʥʘʧʦʥʩʢʘ ʦʛʨʘʥʠʯʝˁʘ, ʙ) ʇʨʦʮʝʥʘʪ ʧʨʦʤʝʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʢʘʜʘ ʩʫ ʫʚʘʞʘʚʘʥʘ 

ʩʚʘ ʨʝʣʝʚʘʥʪʥʘ ʦʛʨʘʥʠʯʝˁʘ. 
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ʮʠʿʝ, ʧʨʠ ʯʝʤʫ Ů ʧʨʝʜʩʪʘʚˀʘ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠ ʢʦʨʘʢ ʟʘʫʩʪʘʚˀʘˁʘ. ʂʘʦ ʰʪʦ ʿʝ 

ʚʝ˂ ʥʘʚʝʜʝʥʦ, ʦʚʦʤ ʤʝʪʦʜʦʤ ʿʝ ʤʦʛʫ˂ʝ ʠʟʨʘʯʫʥʘʪʠ ʚʨʝʜʥʦʩʪʠ ATC-a ʙʠʣʘʪʝʨʘʣʥʠʭ 

ʠ ʤʫʣʪʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ. ɿʘ ʧʦʯʝʪʥʠ ʢʦʨʘʢ ʿʝ ʫʩʚʦʿʝʥʘ ʚʨʝʜʥʦʩʪ ʦʜ 50 MW. 

ʇʨʦʨʘʯʫʥ ʩʝ ʟʘʫʩʪʘʚˀʘ ʢʘʜʘ ʚʨʝʜʥʦʩʪ ʢʦʨʘʢʘ ʦʧʘʜʥʝ ʠʩʧʦʜ 0.001% ʦʜ ʧʦʯʝʪʥʝ 

ʚʨʝʜʥʦʩʪʠ. ʉʨʝʜˁʝ ʚʨʝʤʝ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢ-

ʮʠʿʘ ʦʚʠʤ ʧʫʪʝʤ ʠʟʥʦʩʠ 1.0656 s ʟʘ ʤʦʜʠʬʠʢʦʚʘʥʠ Iɽɽɽ 30 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ. 

ɼʝʪʘˀʥʦʤ ʘʥʘʣʠʟʦʤ ʠʩʧʘʜʘ ʩʚʠʭ ʛʨʘʥʘ ʨʘʟʤʘʪʨʘʥʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʫʩʪʘʥʦʚˀʝʥʦ 

ʿʝ ʜʘ ʙʠ ʟʘ ʚʝʣʠʢʠ ʙʨʦʿ ʠʩʧʘʜʘ ʦʚʘ ʪʝʩʪ ʤʨʝʞʘ ʙʠʣʘ ʧʨʝʦʧʪʝʨʝ˂ʝʥʘ. ʋ ʮʠˀʫ ʧʦʩ- 

ʤʘʪʨʘˁʘ ʫʪʠʮʘʿʘ ʩʚʠʭ ʤʦʛʫ˂ʠʭ ʠʩʧʘʜʘ ʛʨʘʥʘ ʥʘ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʧʦʤʝʥʫʪʠ ʩʠʩʪʝʤ 

ʿʝ ʤʦʜʠʬʠʢʦʚʘʥ. ʄʦʜʠʬʠʢʘʮʠʿʘ ʩʝ ʩʘʩʪʦʿʘʣʘ ʫ ʩʤʘˁʠʚʘˁʫ ʧʦʪʨʦʰˁʝ ʟʘ 25% ʠ 

ʜʫʧʣʠʨʘˁʫ ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ ʛʨʘʥʘ. ʇʨʠʤʝʥʦʤ ʧʨʦʨʘʯʫʥʘ ʦʧʪʠʤʘʣʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ

 

ʉʣʠʢʘ 5.13. ɸʣʛʦʨʠʪʘʤ ʧʦʥʘʚˀʘʿʫ˂ʝʛ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ. 
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ʦʜʨʝʹʝʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʩʥʘʛʘ ʧʨʦʠʟʚʦʜˁʝ ʩʚʠʭ ʛʝʥʝʨʘʪʦʨʘ ʠ ʤʦʜʫʣʘ ʥʘʧʦʥʘ ʛʝʥʝʨʘ-

ʪʦʨʩʢʠʭ ʩʘʙʠʨʥʠʮʘ. 

ɿʙʦʛ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʠ ʥʝʧʨʝʛʣʝʜʥʦʩʪʠ ʪʘʙʝʣʘʨʥʦʛ ʧʨʠʩʪʫʧʘ, ʧʨʠʢʘʟ 

ʩʚʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʟʘ ʤʦʜʠʬʠʢʦʚʘʥʠ Iɽɽɽ 30 ʩʘʙʠʨʥʠʯ-

ʢʠ ʩʠʩʪʝʤ, ʯʠʿʘ ʿʝ ʰʝʤʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 5.14, ʿʝ ʫʨʘʹʝʥ ʧʦʤʦ˂ʫ ʩʣʠʢʝ 5.15. ʅʘ 

ʩʣʠʮʠ ʩʫ ʧʨʠʢʘʟʘʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʠʟʨʘʯʫʥʘʪʝ ʿʝʜʥʦʢʦʨʘʯʥʦʤ DC ʤʝʪʦʜʦʤ ʙʝʟ 

ʢʦʨʝʢʮʠʿʝ ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʫʩʣʝʜ ʪʦʢʦʚʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛe. ɿʙʦʛ ʫʛʨʘʹʝʥʝ 

ʘʫʪʦ ʢʦʨʝʢʮʠʿʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʪʨʘʥʩʘʢʮʠʿʝ ʫ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʠ 

ʨʘʜʠ ʫʰʪʝʜʝ ʚʨʝʤʝʥʘ ʢʦʿʝ ʙʠ ʩʝ ʪʨʦʰʠʣʦ ʥʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʢʦʨʝʢʮʠʿʝ ʪʝʨʤʘʣʥʠʭ 

ʦʛʨʘʥʠʣʝˁʘ ʦʚʘ ʢʦʨʝʢʮʠʿʘ ʿʝ ʠʟʦʩʪʘʚˀʝʥʘ ʟʘ ʧʦʩʤʘʪʨʘʥʫ ʤʨʝʞʫ. ʅʘ ʩʣʠʮʠ 5.16 ʩʫ 

ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʧʨʠʤʝʥʦʤ RPF ʤʝʪʦʜʝ ʟʘ ʤʨʝʞʫ ʙʝʟ ʠʩʧʘʜʘ. ʉʣʠʢʘ 

5.17 ʧʨʠʢʘʟʫʿʝ ʧʨʦʮʝʥʪʫʘʣʥʫ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʧʨʠʩʪʫʧʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜ-

ʥʦʩʪʠ ɸʊʉ-ʘ. ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ, ʫ ʤʘʣʦʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ DC ʤʝʪʦʜʘ ʿʝ 

ʜʘʚʘʣʘ ʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ RPF ʤʝʪʦʜʫ. ʋʧʨʘʚʦ ʟʙʦʛ ʦʚʝ ʯʠˁʝʥʠʮʝ ʿʝ 

ʦʧʨʘʚʜʘʥʦ ʧʦʚʝ˂ʘˁʝ ʛʨʘʥʠʮʝ ʢʦʥʪʨʦʣʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʟʘ 30% ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜ-

ʥʦʩʪʠ ʜʦʙʠʿʝʥʝ DC ʤʝʪʦʜʦʤ ʢʘʜʘ ʩʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ɸʊʉ-ʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥ- 

ʩʘʢʮʠʿʘ ʢʦʨʠʩʪʝ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ. 

 

ʉʣʠʢʘ 5.14. Iɽɽɽ 30 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ. 
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ʉʣʠʢʘ 5.15. ɺʨʝʜʥʦʩʪ ɸʊC-ʘ ʠʟʨʘʯʫʥʘʪʘ ʿʝʜʥʦʢʦʨʘʯʥʦʤ DC ʤʝʪʦʜʦʤ. 

 

ʉʣʠʢʘ 5.16. ɺʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʠʟʨʘʯʫʥʘʪʝ RPF ʤʝʪʦʜʦʤ ʟʘ ʤʨʝʞʫ ʙʝʟ ʠʩʧʘʜʘ. 
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ʉʣʠʢʘ 5.17. ʇʨʦʮʝʥʪʫʘʣʥʘ ʛʨʝʰʢʘ DC ʤʝʪʦʜʝ ʟʘ ʤʦʜʠʬʠʢʦʚʘʥ IEEɽ 30 

ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ. 

 

ʂʘʦ ʰʪʦ ʩʝ ʩʘ ʩʣʠʢʝ 5.17 ʤʦʞʝ ʚʠʜʝʪʠ ʘʧʩʦʣʫʪʥʘ ʚʨʝʜʥʦʩʪ ʧʨʦʮʝʥʪʫʘʣʥʠʭ ʛʨʝʰʢʘ 

ʢʦʿʝ ʩʫ ʥʘʩʪʘʣʝ ʧʨʠʣʠʢʦʤ ʫʧʦʪʨʝʙʝ DC ʤʝʪʦʜʝ ʿʝ ʩʘʤʦ ʫ 5.52% ʩʣʫʯʘʿʝʚʘ ʠʟʥʦʩʠʣʘ 

ʚʠʰʝ ʦʜ 15%. ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʛʨʝʰʢʝ ʫ ʿʝʜʥʦʤ ʩʣʫʯʘʿʫ ʿʝ ʠʟʥʦʩʠʣʘ 91.63%. 

ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʛʨʝʰʘʢʘ ʩʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʠʟʥʦʩʠ 6.23%. ɺʝ˂ʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʛʨʝʰʘʢʘ ʩʝ ʜʦʙʠʿʘ ʟʙʦʛ ʧʦʩʪʦʿʘˁʘ ʤʘʣʦʛ ʙʨʦʿʘ ʛʨʝʰʘʢʘ ʩʘ ʚʝʣʠʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ. 

ɹʦˀʠ ʫʚʠʜ ʩʝ ʧʦʩʪʠʞʝ ʫʧʦʪʨʝʙʦʤ ʤʝʜʠʿʘʥʘ ʢʦʿʠ ʟʘ ʦʚʘʿ ʩʣʫʯʘʿ ʠʟʥʦʩʠ 3.75%. ʂʘʦ 

ʰʪʦ ʿʝ ʫ [126] ʨʝʯʝʥʦ ʦʚʘʢʦ ʤʘʣʫ ʛʨʝʰʢʫ ʫ ʠʟʨʘʯʫʥʘʚʘˁʫ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʧʨʠʤʝ-

ʥʦʤ DC ʤʝʪʦʜʝ ʿʝ ʤʦʛʫ˂ʝ ʧʦʩʪʠ˂ʠ ʩʘʤʦ ʢʘʜʘ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ ʥʠʿʝ ʧʨʝʚʠʰʝ ʦʧʪʝ-

ʨʝ˂ʝʥ. ʄʝʹʫʪʠʤ, ʢʘʜʘ ʙʠ ʩʝ ʠʩʪʠ ʧʨʦʨʘʯʫʥ ʧʨʠʤʝʥʠʦ ʥʘ ʥʝʤʦʜʠʬʠʢʦʚʘʥ ʧʨʝʥʦʩʥʠ 

ʩʠʩʪʝʤ ʧʦʤʝʥʫʪʝ ʛʨʝʰʢʝ ʙʠ ʙʠʣʝ ʟʥʘʪʥʦ ʚʝ˂ʝ, ʩʣʠʢʘ 5.18. ʄʘʢʩʠʤʘʣʥʘ ʛʨʝʰʢʘ ʢʦʜ 

ʥʝʤʦʜʠʬʠʢʦʚʘʥʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʿʝ ʠʟʥʦʠʣʘ 98.25%, ʜʦʢ ʩʫ ʤʝʜʠʿʘʥ ʠ ʩʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ ʠʟʥʦʩʠʣʠ 22.44% ʠ 31.21%, ʨʝʩʧʝʢʪʠʚʥʦ. 

ʇʨʦʮʝʥʪʫʘʣʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʤʦʜʠʬʠʢʦʚʘʥʦʛ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ (MGA) ʠ RPF-

ʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 5.19 ʘ). ʂʘʦ ʰʪʦ ʩʝ ʩʘ ʩʣʠʢʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʦʙʠʿʝʥʠ ʩʫ 

ʨʝʟʫʣʪʘʪʠ ʩʘ ʤʘʣʠʤ ʛʨʝʰʢʘʤʘ. ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʛʨʝʰʢʝ ʢʦʜ ʦʚʦʛ ʧʨʦʨʘʯʫʥʘ ʠʟʥʦ- 
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ʉʣʠʢʘ 5.18. ɸʧʩʦʣʫʪʥʘ ʚʨʝʜʥʦʩʪ ʧʨʦʮʝʥʪʫʘʣʥʠʭ ʛʨʝʰʢʘ DC ʤʝʪʦʜʝ ʟʘ 

ʥʝʤʦʜʠʬʠʢʦʚʘʥ IEEE 30 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ. 

 
ʉʣʠʢʘ 5.19. ʇʨʦʮʝʥʪʫʘʣʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ RPF ʤʝʪʦʜʝ ʠ: ʘ) ʤʦʜʠʬʠʢʦʚʘʥʦʛ 

ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ, ʙ) ʘʣʛʦʨʠʪʤʘ ʮʨʥʝ ʨʫʧʝ. 

 

ʩʠ 0.64%, ʜʦʢ ʿʝ ʚʨʝʜʥʦʩʪ ʤʝʜʠʿʘʥʘ 0.0242%. ʊʦʢʦʤ ʠʟʨʘʜʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʨʘʟʚʠ-

ʿʝʥʠ ʩʫ ʩʚʠ ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʦʧʠʩʘʥʠ ʫ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀʫ. ʇʨʠʣʠʢʦʤ ʧʠʩʘ-

ˁʘ ʦʚʠʭ ʧʨʦʛʨʘʤʘ, ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ MATLAB 2014a, ʥʠʩʫ ʢʦʨʠʰ˂ʝʥʠ ʫʛʨʘ-

ʹʝʥʠ toolbox-ʦʚʠ. ʊʝʩʪʠʨʘˁʝʤ ʦʚʠʭ ʘʣʛʦʨʠʪʘʤʘ ʩʪʘʥʜʘʨʜʥʠʤ ʬʫʥʢʮʠʿʘʤʘ ʟʘ ʧʨʦʚʝ-

ʨʫ [144], ʢʦʿʝ ʩʫ ʜʘʪʝ ʫ ʜʨʫʛʦʤ ʧʨʠʣʦʛʫ, ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʘʣʛʦʨʠʪʘʤ ʧʦʜ ʥʘʟʠʚʦʤ 

ĂBlack Holeñ (BH) ʧʦʢʘʟʫʿʝ ʥʘʿʙʦˀʝ ʦʩʦʙʠʥʝ ʰʪʦ ʩʝ ʪʠʯʝ ʙʨʟʠʥʝ ʠʟʨʘʯʫʥʘʚʘˁʘ ʠ 



119 

 

ʧʨʦʥʘʣʘʞʝˁʘ ʛʣʦʙʘʣʥʦʛ ʦʧʪʠʤʫʤʘ ʬʫʥʢʮʠʿʝ. ʇʨʝʜʣʦʞʝʥʘ ʧʨʦʮʝʜʫʨʘ ʢʦʿʘ ʩʝ 

ʟʘʩʥʠʚʘ ʥʘ ʫʧʦʪʨʝʙʠ MGA ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʥʘ BH ʘʣʛʦʨʠʪʘʤ. ʀ ʫ 

ʦʚʦʤ ʘʣʛʦʨʠʪʤʫ ʩʝ ʨʘʜʠ ʩʘʤʦ ʩʘ ʠʟʚʦʜˀʠʚʠʤ ʨʝʰʝˁʠʤʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ MGA ʦʚʘʿ 

ʘʣʛʦʨʠʪʘʤ ʨʘʜʠ ʩʘ ʨʝʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ, ʪʘʢʦ ʜʘ ʫ ʧʨʦʮʝʩʫ ʘʫʪʦ ʢʦʨʝʢʮʠʿʝ ʛʦʨˁʝʛ 

ʦʛʨʘʥʠʯʝˁʘ ʫʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ ʥʠʿʝ ʥʝʦʧʭʦʜʥʦ ʚʨʰʠʪʠ ʧʦʥʦʚʥʦ ʢʦʜʠʨʘˁʝ 

ʩʚʠʭ ʧʨʝʪʭʦʜʥʠʭ ʠʟʚʦʜˀʠʚʠʭ ʨʝʰʝˁʘ. ʇʦʨʝʜ ʤʘˁʝʛ ʙʨʦʿʘ ʢʦʨʘʢʘ ʩʘʤʦʛ ʘʣʛʦʨʠʪ-

ʤʘ, ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʩʝ ʧʦʟʠʚʘ ʤʘʢʩʠʤʘʣʥʦ ʜʚʘ ʧʫʪʘ ʟʘ ʩʚʘʢʫ ʟʚʝʟʜʫ, ʜʦʢ ʿʝ 

ʢʦʜ MGA ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʤʠʥʠʤʘʣʥʦ ʠʟʚʨʰʘʚʘʥ ʜʚʘ ʧʫʪʘ ʟʘ ʩʚʘʢʠ ʭʨʦʤʦ-

ʟʦʤ. ʅʘ ʩʣʠʮʠ 5.19 ʙ) ʩʫ ʧʨʠʢʘʟʘʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʦʜʩʪʫʧʘˁʘ ʚʨʝʜʥʦʩʪʠ ʠʟʨʘʯʫʥʘ-

ʪʠʭ ʧʦʤʦ˂ʫ ʦʚʝ ʤʝʪʦʜʝ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ ʫʧʦʪʨʝʙʦʤ RPF ʤʝʪʦʜʝ. 

ʄʝʜʠʿʘʥ ʠ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʛʨʝʰʘʢʘ BH ʤʝʪʦʜʝ ʠʟʥʦʩʝ 0.93% ʠ 1.80%, ʨʝʩʧʝʢʪʠʚ-

ʥʦ. ʇʦʛʣʝʜʦʤ ʥʘ ʩʣʠʢʫ 5.19 ʙ) ʤʦʞʝ ʩʝ ʩʪʝ˂ʠ ʣʦʝh ʤʠʰˀʝˁʝ ʦ ʦʚʦʿ ʤʝʪʦʜʠ, 

ʤʝʹʫʪʠʤ ʩʘʤʦ ʫ 2.76% ʩʣʫʯʘʿʝʚʘ ʛʨʝʰʢʘ ʿʝ ʚʝ˂ʘ ʦʜ 10%. 

ʇʦʨʝʜ ʪʘʯʥʦʩʪʠ ʦʜ ʚʝʣʠʢʝ ʿʝ ʚʘʞʥʦʩʪʠ ʠ ʙʨʟʠʥʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ. 

ʇʨʦʩʝʯʥʦ ʚʨʝʤʝ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʠʟʨʘʯʫʥʘ ʚʨʝʜʥʦʩʪ ɸʊC-ʘ ʿʝʜʥʝ ʙʠʣʘʪʝʨʘʣ-

ʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʫ Iɽɽɽ 5 ʩʘʙʠʨʥʠʯʢʦʤ ʩʠʩʪʝʤʫ ʧʨʠʤʝʥʦʤ MGA ʠʟʥʦʩʠ 2.8 s, ʜʦʢ 

ʪʦ ʚʨʝʤʝ ʟʘ Iɽɽɽ 30 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ ʠʟʥʦʩʠ 24.08 s ʧʦ ʪʨʘʥʩʘʢʮʠʿʠ. ʆʚʦ ʚʨʝʤʝ 

ʟʘ ʜʨʫʛʠ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʘʣʛʦʨʠʪʘʤ ʠʟʥʦʩʠ 18.08 ʼ. ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ MGA 

ʜʘʿʝ ʙʦˀʝ ʚʨʝʜʥʦʩʪʠ ʟʙʦʛ ʫʛʨʘʹʝʥʠʭ ʧʦʙʦˀʰʘˁʘ, ʘʣʠ ʫʧʨʘʚʦ ʪʘ ʧʦʙʦˀʰʘˁʘ ʜʦ-

ʜʘʪʥʦ ʫʩʧʦʨʘʚʘʿʫ ʧʨʦʮʝʩ ʠʟʨʘʯʫʥʘʚʘˁʘ. 

ʊʨʝʙʘ ʠʤʘʪʠ ʫ ʚʠʜʫ ʥʝʩʘʚʨʰʝʥʦʩʪ ʧʦʜʘʪʘʢʘ ʩʘ ʢʦʿʠʤʘ ʨʘʩʧʦʣʘʞʝ ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩ-

ʥʦʛ ʩʠʩʪʝʤʘ, ʪʘʢʦ ʜʘ ʠʟʨʘʯʫʥʘʪʘ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʤʦʞʝ ʜʘ ʧʨʝʜʩʪʘʚˀʘ ʩʘʤʦ ʜʦʙʨʫ 

ʧʨʝʪʧʦʩʪʘʚʢʫ ʩʪʚʘʨʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ. ʋʧʨʘʚʦ ʠʟ ʦʚʠʭ ʨʘʟʣʦʛʘ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ 

ʫʚʘʞʠʪʠ ʠ ʫʪʠʮʘʿ ʠʩʧʘʜʘ ʧʦʿʝʜʠʥʠʭ ʛʨʘʥʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ, ʟʙʦʛ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʢʦʤʙʠʥʘʮʠʿʘ ʙʨʟʠʥʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʿʝ ʠʟʫʟʝʪʥʦ ʙʠʪʥʘ ʪʘʢʦ ʜʘ ʿʝ ʦʧʨʘʚʜʘʥʦ ʟʘ ʠʟʨʘ-

ʯʫʥʘʚʘˁʝ ɸʊʉ-ʘ ʢʦʨʠʩʪʠʪʠ BH ʘʣʛʦʨʠʪʘʤ. 

ɿʙʦʛ ʧʨʠʤʝʪʥʦʛ ʧʦʨʘʩʪʘ ʚʨʝʤʝʥʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʩʘ ʧʦʨʘʩʪʦʤ ʙʨʦʿʘ ʯʚʦʨʦʚʘ ʠ ʛʨʘʥʘ 

ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ, ʠ ʞʝˀʝ ʟʘ ʫʧʦʪʨʝʙʦʤ ʘʣʛʦʨʠʪʤʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʧʦʪʨʝʙʥʦ ʿʝ 

ʫʩʚʦʿʠʪʠ ʥʝʢʘ ʫʧʨʦʰ˂ʝˁʘ. ʅʘ ʧʨʠʤʝʨ, ʢʘʦ ʣʦʢʘʮʠʿʝ ʤʦʛʫ˂ʠʭ ʧʨʦʜʘʚʘʮʘ ʪʨʝʙʘ 

ʩʤʘʪʨʘʪʠ ʩʘʤʦ ʦʥʝ ʯʚʦʨʦʚʝ ʥʘ ʢʦʿʝ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʛʝʥʝʨʘʪʦʨʠ ʠʣʠ ʜʨʫʛʠ ʧʨʝʥʦʩʥʠ 

ʩʠʩʪʝʤʠ ʧʨʝʢʦ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʚʦʜʦʚʘ ʧʦʰʪʦ ʿʝʜʠʥʦ ʦʥʠ ʤʦʛʫ ʜʘ ʚʨʰʝ ʩʥʘʙʜʝ-

ʚʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ. ɸʢʦ ʿʝ ʥʘʙʘʚʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʤʦʛʫ˂ʘ ʩʘʤʦ ʫ 
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ʦʜʨʝʹʝʥʠʤ ʯʚʦʨʦʚʠʤʘ ʦʚʦ ʚʦʜʠ ʢʘ ʥʦʚʦʤ ʫʧʨʦʰ˂ʘʚʘˁʫ ʠ ʫʙʨʟʘʚʘˁʫ ʧʨʦʮʝʩʘ ʠʟʨʘ-

ʯʫʥʘʚʘˁʘ ʩʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ. ʄʝʹʫʪʠʤ ʥʠʿʝ ʧʦʞʝˀʥʦ ʝʢʚʠʚʘʣʝʥʪʠʨʘʪʠ ʚʝʣʠʢʝ ʜʝʣʦ-

ʚʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʢʘʦ ʿʝʜʥʫ ʪʘʯʢʫ ʨʘʜʠ ʩʤʘʠˁʚʘˁʘ ʜʠʤʝʥʟʠʿʘ ʧʨʦʙʣʝʤʘ ʧʦʰʪʦ ʙʠ 

ʩʝ ʪʠʤʝ ʠʟʛʫʙʠʣʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʟʘʛʫʰʝˁʫ ʧʦʿʝʜʠʥʠʭ ʚʦʜʦʚʘ ʰʪʦ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ 

ʥʘ ʚʠʩʠʥʫ ɸʊC-ʘ. ɼʘ ʙʠ ʩʝ ʠʟʚʨʰʠʣʦ ʝʢʚʠʚʘʣʝʥʪʠʨʘˁʝ ʿʝʜʥʦʛ ʜʝʣʘ ʤʨʝʞʝ ʧʦʪʨʝʙ-

ʥʦ ʿʝ ʫʨʘʜʠʪʠ ʤʦʜʠʬʠʢʘʮʠʿʝ ʦʜʨʝʹʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʦʩʪʦʿʝ˂ʝ ʤʨʝʞʝ. ʇʦʤʝʥʫʪʝ 

ʧʨʦʤʝʥʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʨʦʤʝʥʫ ʤʘʪʨʠʮʝ ʩʫʩʮʝʧʪʘʥʩʠ, ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʚʦʜʦ-

ʚʘ ʢʘʦ ʠ ʩʥʘʛʘ ʠˁʝʢʪʠʨʘˁʘ. ʆʚʝ ʧʨʦʤʝʥʝ ʩʝ ʩʚʦʜʝ ʥʘ ʠʟʙʘʮʠʚʘˁʝ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʯʚʦʨʦʚʘ ʤʨʝʞʝ. ʅʝʢʘ ʩʝ ʨʘʟʤʘʪʨʘ ʠʟʙʘʮʠʚʘˁʝ ʯʚʦʨʘ k, ʧʨʦʤʝʥʝ ʢʦʿʝ ʧʨʠ ʪʦʤʝ ʥʘʩ-

ʪʘʿʫ ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʠʭ ʠʟʨʘʟʘ: 
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ʇʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʝ (5.76) ʩʝ ʨʘʯʫʥʘʿʫ ʧʨʦʤʝʥʝ ʫ ʤʘʪʨʠʮʠ ʩʫʩʮʝʧʪʘʥʩʠ, ʛʜʝ B(q,w) 

ʧʨʝʜʩʪʘʚˀʘ ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʝ ʩʫʩʮʝʧʪʘʥʩʠ ʥʘ ʧʦʟʠʮʠʿʠ (q, w). Pterm(q, w) ʧʨʝʜʩʪʘʚ-

ˀʘ ʪʝʨʤʘʣʥʦ ʦʛʨʘʥʠʯʝˁʝ ʝʣʝʤʝʥʪʘ ʢʦʿʠ ʩʧʘʿʘ ʯʚʦʨʦʚʝ q ʠ w, ʜʦʢ P(q) ʧʨʝʜʩʪʘʚˀʘ 

ʠˁʝʢʪʠʨʘˁʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʯʚʦʨ q. 

ʇʦʩʪʫʧʘʢ ʥʘʣʘʞʝˁʘ ɸʊC-ʘ ʨʘʟʤʘʪʨʘʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʢʘʜʘ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʠʩʧʘʜʠ ʿʝ 

ʠʜʝʥʪʠʯʘʥ ʚʝ˂ ʦʧʠʩʘʥʦʤ ʧʦʩʪʫʧʢʫ. ɿʘ ʩʚʘʢʠ ʧʦʿʝʜʠʥʘʯʥʠ ʠʩʧʘʜ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʥʦ-

ʚʠʪʠ ʦʧʠʩʘʥʠ ʧʦʩʪʫʧʘʢ ʩʘ ʥʦʚʦʤ ʪʦʧʦʣʦʛʠʿʤ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. ʇʨʚʦ ʩʝ ʧʦʤʦ˂ʫ 

DC ʤʝʪʦʜʝ ʠʟʨʘʯʫʥʘʿʫ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʟʘ ʩʚʝ ʢʦʤʙʠʥʘʮʠʿʝ ʠʩʧʘʜʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ 

ʨʝʟʫʣʪʘʪʠ ʩʦʨʪʠʨʘʿʫ ʧʨʝʤʘ ʨʘʩʪʫ˂ʝʤ ʨʝʜʦʩʣʝʜʫ. ʆʜʥʦʩʥʦ, ʦʜ ʥʘʿʢʨʠʪʠʯʥʠʿʝʛ ʠʩʧʘ-

ʜʘ ʜʦ ʠʩʧʘʜʘ ʢʦʿʠ ʠʤʘ ʥʘʿʤʘˁʠ ʫʪʠʮʘʿ ʥʘ ʚʠʩʠʥʫ ɸʊʉ-ʘ. ʈʘʜʠ ʫʧʦʨʝʹʠʚʘˁʘ ʨʝʟʫʣ-

ʪʘʪʘ, ʫʧʦʪʨʝʙʦʤ BH ʘʣʛʦʨʠʪʤʘ ʢʦʿʠ ʿʝ ʢʦʨʠʩʪʠʦ ɸC ʤʦʜʝʣ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʠʩʧʠ-

ʪʠʚʘʥʠ ʩʫ ʫʪʠʮʘʿʠ ʩʚʠʭ ʠʩʧʘʜʘ ʥʘ ʚʠʩʠʥʫ ɸʊC-ʘ ʩʚʘʢʝ ʙʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ. 

ʉʣʠʢʘ 5.20 ʧʦʢʘʟʫʿʝ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ ʛʨʘʥʘ ʠʟʨʘʯʫʥʘʪʠʭ ʧʦʤʦ˂ʫ 

ʦʙʝ ʤʝʪʦʜʝ. ʅʘʠʤʝ, ʥʘ ʘʧʮʠʩʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʠʩʘʜʠ ʜʦʙʠʿʝʥʠ ʧʨʠ-

ʤʝʥʦʤ DC ʤʝʪʦʜʝ, ʜʦʢ ʿʝ ʥʘ ʦʨʜʠʥʘʪʠ ʧʨʠʢʘʟʘʥ ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʪʨʘʥʩʘʢʮʠʿʘ 

ʢʦʜ ʢʦʿʠʭ ʩʫ ʩʝ ʢʨʠʪʠʯʥʠ ʠʩʧʘʜʠ ʧʦʢʣʦʧʠʣʠ ʟʘ ʦʙʘ ʧʨʦʨʘʯʫʥʘ. ʆʚʦ ʧʨʘʢʪʠʯʥʦ 

ʟʥʘʯʠ ʜʘ ʘʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ʩʤʦ ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʠʩʧʘʜ ʜʦʙʠʿʝʥ DC ʤʝʪʦʜʦʤ, ʩʘʤʦ ʫ 
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ʉʣʠʢʘ 5.20. ʇʦʜʫʜʘʨʘˁʝ ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ ʠʩʧʘʜʘ. 

 

5.29% ʩʣʫʯʘʿʝʚʘ ʩʚʠʭ ʤʦʛʫ˂ʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʦʚʘʿ ʠʩʧʘʜ ˂ʝ ʧʨʝʜʩʪʘʚˀʘʪʠ ʦʛʨʘʥʠʯʘ-

ʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʧʨʠʣʠʢʦʤ ʧʨʠʤʝʥʝ ɸC ʤʦʜʝʣʘ ʤʨʝʞʝ. ʂʘʜʘ ʩʝ ʨʘʟʤʘʪʨa ʧʨʚʠʭ 10 

ʢʨʠʪʠʯʥʠʭ ʠʩʧʘʜʘ ʜʦʙʠʿʝʥʠʭ DC ʤʝʪʦʜʦʤ, ʟʘ ʚʝʣʠʢʠ ʙʨʦʿ ʪʨʘʥʩʘʢʮʠʿʘ ˂ʝ ʙʠʪʠ 

ʫʚʘʞʝʥʠ ʥʝʢʠ ʦʜ ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ ʠʩʧʘʜʘ, ʤʘʜʘ ˂ʝ ʠ ʜʘˀʝ ʧʦʩʪʦʿʘʪʠ ʪʨʘʥʩʘʢʮʠʿʝ ʟʘ 

ʢʦʿʝ ʥʠʿʝ ʫʚʘʞʝʥ ʥʠ ʿʝʜʘʥ ʦʜ ʧʨʚʠʭ 10 ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ ʠʩʧʘʜʘ, ʩʣʠʢʘ 5.21. ʋʢʫʧʥʦ 

ʧʦʩʪʦʿʠ 17 ʢʦʤʙʠʥʘʮʠʿʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʜ ʢʦʿʠʭ ʥʠʩʫ ʫʚʘʞʝʥʠ ʥʘʿʢʨʠ-

ʪʠʯʥʠʿʠ ʠʩʧʘʜʠ, ʰʪʦ ʯʠʥʠ 1.95% ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ. 

ʅʘ ʩʣʠʮʠ 5.22 ʿʝ ʧʨʠʢʘʟʘʥʦ ʫʧʦʨʝʹʠʚʘˁʝ ʨʝʟʫʣʪʘʪʘ ʧʨʦʨʘʯʫʥʘ ʢʘʜʘ ʩʫ ʫʚʘʞʘʚʘʥʠ 

ʩʚʠ ʠʩʧʘʜʠ ʠ ʢʘʜʘ ʿʝ ʫʚʘʞʘʚʘʥʦ ʩʘʤʦ ʧʨʚʠʭ 10 ʠʩʧʘʜʘ ʜʦʙʠʿʝʥʠʭ DC ʤʝʪʦʜʦʤ. ʆʚʦ 

ʧʨʘʢʪʠʯʥʦ ʧʨʝʜʩʪʘʚˀʘ ʦʜʩʪʫʧʘˁʝ ʥʘʿʢʨʠʪʠʯʥʠʿʝʛ ʠʩʧʘʜʘ ʠʟ ʩʢʫʧʘ ʢʦʿʠ ʿʝ ʜʦʙʠʿʝʥ 

ʫʧʦʪʨʝʙʦʤ DC ʤʝʪʦʜʝ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʠʩʧʘʜ ʢʦʿʠ ʿʝ ʜʦʙʠʿʝʥ ʨʘʟʤʘʪʨʘ-

ˁʝʤ ʩʚʠʭ ʠʩʧʘʜʘ. ɺʨʝʜʥʦʩʪ ʤʝʜʠʿʘʥʘ ʠ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʦʚʠʭ ʦʜʩʪʫʧʘˁʘ ʠʟʥʦʩʠ 

3.49 ʄW ʠ 5.96 MW, ʨʝʩʧʝʢʪʠʚʥʦ.  

ɺʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʪʨʘʥʩʘʢʮʠʿʘ ʩʝ ʩʘʜʘ ʤʦʛʫ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʠʟʨʘʟʘ (5.44). ʅʘ 

ʩʣʠʮʠ 5.23 ʨʘʜʠ ʙʦˀʝ ʧʨʝʛʣʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʩʚʠʭ 

ʤʦʛʫ˂ʠʭ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʢʘʜʘ ʩʫ ʫʚʘʞʘʚʘʥʠ ʠʩʧʘʜʠ ʛʨʘʥʘ ʧʨʝʥʦʩʥʦʛ
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ʉʣʠʢʘ 5.21. ɹʨʦʿ ʦʙʫʭʚʘ˂ʝʥʠʭ ʢʨʠʪʠʯʥʠʭ ʠʩʧʘʜʘ. 

 

ʉʣʠʢʘ 5.22. ɻʨʝʰʢʘ ʫʩʣʝʜ ʫʚʘʞʘʚʘˁʘ ʩʘʤʦ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʢʨʠʪʠʯʥʠʭ ʠʩʧʘʜʘ. 
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ʉʣʠʢʘ 5.23. ɺʨʝʜʥʦʩʪʠ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʙʠʣʘʪʝʨʘʣʥʠʭ 

ʪʨʘʥʩʘʢʮʠʿʘ ʢʘʜʘ ʩʝ ʫʚʘʞʘʚʘʿʫ ʠʩʧʘʜʠ ʚʦʜʦʚʘ. 
 

ʩʠʩʪʝʤʘ. ʋʚʠʜʦʤ ʫ ʨʝʟʫʣʪʘʪʝ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʿʝ ʩʘʤʦ ʢʦʜ ʧʝʪ ʪʨʘʥʩʘʢʮʠʿʘ ʚʨʝʜ- 

ʥʦʩʪ ɸʊC-ʘ ʫ ʙʘʟʥʦʤ ʩʪʘˁʫ ʙʠʣʘ ʤʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʠʩʧʘʜ, ʢʘʦ ʰʪʦ 

ʿʝ ʠ ʙʠʣʦ ʦʯʝʢʠʚʘʥʦ [52]. 

ʇʨʠʣʠʢʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ ɸʊC-ʘ ʠʟʤʝʹʫ ʛʨʫʧʝ ʧʨʦʠʟʚʦʹʘʯʘ ʠ ʛʨʫʧʝ ʧʦʪʨʦʰʘʯʘ, 

ʤʫʣʪʠʣʘʪʝʨʘʣʥʘ ʪʨʘʥʩʘʢʮʠʿʘ, ʤʦʛʫ˂ʝ ʿʝ ʧʦʤʦ˂ʫ ʧʦʛʦʜʥʝ ʧʨʝʥʫʤʝʨʘʮʠʿʝ ʯʚʦʨʦʚʘ ʠ 

ʫʧʦʪʨʝʙʦʤ ʿʝʜʥʘʯʠʥʘ (5.76) ï (5.78) ʩʤʘˁʠʪʠ ʜʠʤʝʥʟʠʿʝ ʧʨʦʙʣʝʤʘ. ʆʚʠʤ ʝʢʚʠʚʘ-

ʣʝʥʮʠʿʘʤʘ ʧʨʦʙʣʝʤ ʩʝ ʩʚʦʜʠ ʥʘ ʥʘʣʘʞʝˁʝ ɸʊC-ʘ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʠ

ʩʝ ʤʦʞʝ ʨʝʰʠʪʠ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʦʤ ʤʝʪʦʜʦʤ. ʄʝʹʫʪʠʤ, ʢʦʨʠʰ˂ʝˁʝ ʦʚʘʢʚʦʛ 

ʧʨʠʩʪʫʧʘ ʥʘʿʯʝʰ˂ʝ ʜʦʚʦʜʠ ʜʦ ʣʦʰʝ ʠʥʪʝʨʧʨʝʪʘʮʠʿʝ ʩʪʘˁʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ. 

ʀ ʢʦʜ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʧʦʩʪʫʧʘʢ ʥʘʣʘʞʝˁʘ ʨʝʰʝˁʘ ʢʨʝ˂ʝ ʦʜ ʿʝʜʥʦʢʦʨʘʯʥʝ ʤʝʪʦʜʝ. 

ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʤʘʢʩʠʤʫʤʘ ʨʘʟʤʘʪʨʘʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ɸC ʢʦʝʬʠʮʠʿʝʥ-

ʪʠ ʦʩʝʪˀʠʚʦʩʪʠ. ʂʘʦ ʰʪʦ ʿʝ ʨʝʯʝʥʦ ʢʦʜ ʦʧʠʩʘ ʿʝʜʥʘʯʠʥʘ (5.15) ʠ (5.16) ʫ ʚʝʢʪʦʨ 

ʜʠʩʙʘʣʘʥʩʘ ʩʘ ʧʦʟʠʪʠʚʥʠʤ ʧʨʝʜʟʥʘʢʦʤ ʩʝ ʫʧʠʩʫʿʝ ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʩʚʘʢʦʛ ʧʨʦ-

ʜʘʚʮʘ, ʘ ʩʘ ʥʝʛʘʪʠʚʥʠʤ ʧʨʝʜʟʥʘʢʦʤ ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʩʚʘʢʦʛ ʢʫʧʮʘ ʫ ʩʥʘʟʠ ʪʨʘʥ-

ʩʘʢʮʠʿʝ. ɼʘˀʠ ʧʦʩʪʫʧʘʢ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʿʝ ʠʜʝʥʪʠʯʘʥ ʧʦʩʪʫʧʢʫ 

ʢʦʿʠ ʿʝ ʦʧʠʩʘʥ ʫ ʧʦʛʣʘʚˀʫ 5.3. 
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ɸʫʪʦ ʢʦʨʝʢʮʠʿʫ ʚʠʩʠʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʿʝ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ ʠ ʢʦʜ ʦʚʝ ʚʨʩʪʝ ʪʨʘʥʩʘʢ-

ʮʠʿʘ, ʪʘʢʦ ʜʘ ʩʚʝ ʜʦʙʨʝ ʦʩʦʙʠʥʝ ʦʧʠʩʘʥʝ ʤʝʪʦʜʝ ʠ ʜʘˀʝ ʚʘʞʝ. ɱʝʜʠʥʘ ʧʨʦʤʝʥʘ ʢʦʜ 

ʨʘʯʫʥʘˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʤʫʣʪʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʙʠʣʘʪʝʨʘʣ-

ʥʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʥʘʯʠʥ ʠʟʨʘʯʫʥʘʚʘˁʘ ʩʥʘʛʘ ʠˁʝʢʪʠʨʘˁʘ ʫ ʯʚʦʨʦʚʝ ʧʨʝ ʧʦʟʠʚʘ NïR 

ʧʨʦʨʘʯʫʥʘ. ɸʣʛʦʨʠʪʘʤ ʿʝ ʧʨʚʦ ʪʝʩʪʠʨʘʥ ʥʘ ʥʝʤʦʜʠʬʠʢʦʚʘʥʦʤ Iɽɽɽ 30 ʩʘʙʠʨʥʠʯ-

ʢʦʤ ʩʠʩʪʝʤʫ ʟʘ ʦʜʘʙʨʘʥʠ ʩʢʫʧ ʧʨʦʜʘʚʘʮʘ ʠ ʢʫʧʘʮʘ. ʋ ʧʨʚʦʤ ʧʨʠʤʝʨʫ ʫʯʝʩʥʠʮʠ 

ʪʨʘʥʩʘʢʮʠʿʝ ʩʫ ʙʠʨʘʥʠ ʧʨʦʠʟʚʦˀʥʦ ʠʟ ʦʙʝ ʦʙʣʘʩʪʠ, SN ʠ VN. ʏʚʦʨʦʚʠ ʫʯʝʩʥʠʢʘ 

ʪʨʘʥʩʘʢʮʠʿʝ ʠ ˁʠʭʦʚ ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʫ ʚʠʩʠʥʠ ʪʨʘʥʩʘʢʮʠʿʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ 

ʪʘʙʝʣʠ 5.8. ʄʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʝʥʝʪʠ ʠʟʤʝʹʫ ʦʚʠʭ ʯʚʦʨʦʚʘ ʠʟʥʦʩʠ 

36.49 ʄW. ʉʘ ʦʚʘʢʚʦʤ ʨʘʩʧʦʜʝʣʦʤ ʛʝʥʝʨʘʪʦʨʠ ʫ ʯʚʦʨʦʚʠʤʘ 5, 16 ʠ 20 ˂ʝ ʧʨʦʠʟʚʦ-

ʜʠʪʠ 10.947 ʄW, 7.298 ʄW ʠ 18.545 ʄW, ʨʝʩʧʝʢʪʠʚʥʦ. ʇʨʠʣʠʢʦʤ ʦʜʘʙʠʨʘ ʯʚʦʨʦ-

ʚʘ ʧʨʦʠʟʚʦʜˁʝ ʫʩʚʦʿʝʥʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʫ ʯʚʦʨʦʚʠʤʘ 16 ʠ 20 ʧʦʩʪʦʿʠ ʧʨʦʠʟʚʦʜ-

ˁʘ. ʀʩʪʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʚʘʞʠʣʘ ʟʘ ʩʚʝ ʙʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʢʦʿʝ ʩʫ ʧʦʣʘʟʠʣʝ 

ʠʟ ʯʚʦʨʦʚʘ ʫ ʢʦʿʠʤʘ ʫ ʦʨʠʛʠʥʘʣʥʦʿ ʤʨʝʞʠ ʥʝ ʧʦʩʪʦʿʠ ʧʨʦʠʟʚʦʜˁʘ. 

ʋ ʨʘʜʦʚʠʤʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʦʚʦʤ ʪʝʤʘʪʠʢʦʤ ʥʘʿʯʝʰ˂ʝ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʪʨʘʥʩʘʢʮʠʿʝ 

ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ. ʈʘʟʤʘʪʨʘʥʫ ʤʨʝʞʫ ʩʫ ʩʢʦʨʦ ʩʚʠ ʘʫʪʦʨʠ ʜʝʣʠʣʠ ʥʘ ʜʚʘ ʜʝʣʘ ʠ ʧʦʩ-

ʤʘʪʨʘʣʠ ʢʦʣʠʢʦ ʩʝ ʩʥʘʛʝ ʤʦʞʝ ʧʨʝʥʝʪʠ ʠʟ ʿʝʜʥʝ ʫ ʜʨʫʛʫ ʦʙʣʘʩʪ. ʇʨʠ ʪʦʤʝ ʩʫ ʩʘʤʦ 

ʧʨʦʚʝʨʘʚʘʣʠ ʠʟʚʦʜˀʠʚʦʩʪ ʪʘʢʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʘ ʥʠʩʫ ʪʨʘʞʠʣʠ ʢʦʣʠʢʦ ʩʝ ʪʘʢʚʦʤ 

ʪʨʘʥʩʘʢʮʠʿʦʤ ʤʦʞʝ ʤʘʢʩʠʤʘʣʥʦ ʧʨʝʥʝʪʠ ʩʥʘʛʝ [15, 18, 21, 36]. ʈʘʜʠ ʫʧʦʨʝʹʠʚʘˁʘ 

ʨʝʟʫʣʪʘʪʘ ʦʚʘʢʚʝ ʘʥʘʣʠʟʝ ʠ ʘʥʘʣʠʟʝ ʢʦʿʘ ˂ʝ ʙʠʪʠ ʩʧʨʦʚʝʜʝʥʘ ʦʜʤʘʭ ʧʦʩʣʝ ʧʨʝʪʭʦʜ-

ʥʠ ʧʦʩʪʫʧʘʢ ʿʝ ʧʦʥʦʚˀʝʥ ʟʘ ʩʢʫʧ ʯʚʦʨʦʚʘ ʢʦʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʫ ʪʘʙʝʣʠ 5.9. ɿʘ ʦʚʘʢʘʚ 

ʨʘʩʧʦʨʝʜ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ ʦʙʣʘʩʪʠ ʤʦʛʫ˂ʝ ʿʝ ʧʨʝʥʝʪʠ 

24.9 ʄW. 

ʊʘʙʝʣʘ 5.8. ʋʯʝʩʥʠʮʠ ʤʫʣʪʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ. 

 ʇʨʦʜʘʚʮʠ ʂʫʧʮʠ 

ʏʚʦʨ 5 16 20 4 22 23 25 

ʋʜʝʦ (%) 30 20 50 20 30 40 10 

 

ʊʘʙʝʣʘ 5.9. ʋʯʝʩʥʠʮʠ ʤʫʣʪʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʦʙʣʘʩʪʠ. 

 ʇʨʦʜʘʚʮʠ ʂʫʧʮʠ 

ʏʚʦʨ 2 5 7 8 15 22 25 30 

ʋʜʝʦ (%) 25 25 25 25 25 25 25 25 
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ɼʘ ʙʠ ʩʝ ʫʩʪʘʥʦʚʠʣʦ ʜʘ ʣʠ ʦʚʘ ʩʥʘʛʘ ʧʨʝʜʩʪʘʚˀʘ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ 

ʦʜʘʙʨʘʥʠʭ ʯʚʦʨʦʚʘ ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ʦʜʨʘʹʝʥʘ ʿʝ ʦʧʪʠʤʘʣʥʘ ʧʨʦʮʝʥ-

ʪʫʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʩʥʘʛʝ ʧʦ ʧʨʦʜʘʚʮʠʤʘ ʠ ʢʫʧʮʠʤʘ. ʆʚʘ ʘʥʘʣʠʟʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ 

ʧʦʤʦ˂ʫ ʜʫʧʣʦʛ BH ʘʣʛʦʨʠʪʤʘ. BH ʘʣʛʦʨʠʪʘʤ ʫ ʧʨʚʦʤ ʩʪʝʧʝʥʫ ʿʝ ʚʨʰʠʦ ʧʨʦʮʝʥʪʫ-

ʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʧʦ ʨʘʟʤʘʪʨʘʥʠʤ ʯʚʦʨʦʚʠʤʘ, ʜʦʢ ʿʝ ʫ ʜʨʫʛʦʤ ʩʪʝʧʝʥʫ ʧʦʤʦ˂ʫ BH 

ʘʣʛʦʨʠʪʤʘ ʦʜʨʝʹʠʚʘʥʘ ʚʨʝʜʥʦʩʪ ɸʊC-ʘ ʪʘʢʚʝ ʪʨʘʥʩʘʢʮʠʿʝ. ʋ ʪʘʙʝʣʠ 5.10 ʿʝ ʧʨʠʢʘʟ-

ʘʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʝʰʝˁʝ ʦʧʠʩʘʥʦʛ ʧʦʩʪʫʧʢʘ. ɺʨʝʜ-

ʥʦʩʪ ɸʊC-ʘ ʟʘ ʦʚʘʢʚʫ ʪʨʘʥʩʘʢʮʠʿʫ ʠʟʥʦʩʠ 51.5443 ʄW. ʄʝʹʫʪʠʤ, ʟʙʦʛ ʩʣʦʞʝʥʦʩʪʠ 

ʩʘʤʦʛ ʧʦʩʪʫʧʢʘ ʚʨʝʤʝ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʥʘʹʝ ʦʚʘʢʚʦ ʨʝʰʝˁʝ ʿʝ ʥʝʧʨʠʭʚʘʪˀʠ-

ʚʦ (6.23 ʩʘʪa) ʟʘ ʫʧʦʪʨʝʙʫ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. 

ʋ ʮʠˀʫ ʫʙʨʟʘʚʘˁʘ ʮʝʣʦʢʫʧʥʦʛ ʧʨʦʮʝʩʘ ʜʦʙʠʿʘˁʘ ʨʝʰʝˁʘ, ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʫ ʜʨʫ-

ʛʦʤ ʩʪʝʧʝʥʫ ʘʣʛʦʨʠʪʤʘ ʩʝ ʨʘʯʫʥʘʿʫ ʧʦʤʦ˂ʫ ɸC PTDF-ʘ ʟʘ ʩʚʘʢʫ ʢʦʤʙʠʥʘʮʠʿʫ ʧʨʦ-

ʮʝʥʪʫʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʢʦʿʘ ʩʝ ʛʝʥʝʨʠʰʝ ʫ ʧʨʚʦʤ ʩʪʝʧʝʥʫ. ʅʘʢʦʥ ʜʦʙʠʿʘˁʘ ʨʘʩʧʦʜʝ-

ʣʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʧʨʦʨʘʯʫʥʘ ɸʊC-ʘ ʥʝʢʦʤ ʦʜ ʛʦʨʝ ʧʦʤʝʥʫʪʠʭ ʤʝʪʦʜʘ (GA, 

BH ʠʣʠ RPF). ʋ ʪʘʙʝʣʠ 5.11 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʜʦʙʠʿʝʥʘ ʤʝʪʦ-

ʜʦʤ ʢʦʜ ʢʦʿʝ ʩʝ ʫ ʜʨʫʛʦʤ ʩʪʝʧʝʥʫ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʦʜʨʝʹʫʿʝ ʧʦʤʦ˂ʫ ɸC PTDF-ʘ. 

ɺʨʝʜʥʦʩʪ ATC-a ʦʚʝ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʥʦʩʠ 28.08 ʄW. ʀʘʢʦ ʿʝ ʚʨʝʤʝ ʠʟʚʨʰʝˁʘ ʧʨʦ-

ʨʘʯʫʥʘ ʧʨʠʭʚʘʪˀʠʚʦ ʟʘ ʫʧʦʪʨʝʙʫ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ (4 ʤʠʥʫʪʘ), ʨʘʟʣʠʢʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʦʧʪʠʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʥʠʿʝ ʟʘʥʝʤʘʨˀʠʚʘ. 

ʋʧʨʘʚʦ ʟʙʦʛ ʦʚʝ ʯʠˁʝʥʠʮʝ ʫ ʜʨʫʛʦʤ ʩʪʝʧʝʥʫ ʘʣʛʦʨʠʪʤʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ RPF ʤʝʪʦʜʘ, 

ʢʦʜ ʢʦʿʝ ʿʝ ʟʘ ʧʦʯʝʪʥʠ ʢʦʨʘʢ ʙʠʨʘʥʘ ʚʨʝʜʥʦʩʪ ɸʊC-ʘ ʢʦʿʘ ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʧʦʤʦ˂ʫ ɸC 

PTDF-ʘ. ʋ ʪʘʙʝʣʠ 5.12 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʜʦʙʠʿʝʥʘ ʫʧʦʪʨʝʙʦʤ 

RPF-ʘ. ɺʨʝʜʥʦʩʪ ɸʊC-ʘ ʟʘ ʦʚʘʢʚʫ ʨʘʩʧʦʜʝʣʫ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʥʦʩʠ 53.14 ʄW. ʂʘʦ

 

ʊʘʙʝʣʘ 5.10. ʆʧʪʠʤʘʣʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʧʨʝʨʘʩʧʦʜʝʣʘ ʜʦʙʠʿʝʥʘ ʫʧʦʪʨʝʙʦʤ BH. 

 ʇʨʦʜʘʚʮʠ ʂʫʧʮʠ 

ʏʚʦʨ 2 5 7 8 15 22 25 30 

ʋʜʝʦ (%) 45.91 18.32 13.12 22.65 37.72 43.64 9.6 9.04 

 

ʊʘʙʝʣʘ 5.11. ʇʨʦʮʝʥʪʫʘʣʥʘ ʧʨʝʨʘʩʧʦʜʝʣʘ ʜʦʙʠʿʝʥʘ ʧʦʤʦ˂ʫ ɸC PTDF-ʘ. 

 ʇʨʦʜʘʚʮʠ ʂʫʧʮʠ 

ʏʚʦʨ 2 5 7 8 15 22 25 30 

ʋʜʝʦ (%) 16.9 25.79 18.12 39.19 29.81 24.21 24.13 21.86 
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ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ, ʜʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ ʿʝ ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʫ ʦʙʘ 

ʩʪʝʧʝʥʘ ʢʦʨʠʰ˂ʝʥ BH ʘʣʛʦʨʠʪʘʤ. ɺʨʝʤʝ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʦʚʘ 

ʧʨʦʮʝʜʫʨʘ ʿʝ 10.4 ʤʠʥʫʪʘ. ʆʜʘʚʜʝ ʩʣʝʜʠ ʜʘ ʤʝʪʦʜʘ ʢʦʿʘ ʫ ʜʨʫʛʦʤ ʩʪʝʧʝʥʫ ʢʦʨʠʩʪʠ 

RPF ʧʨʝʜʩʪʘʚˀʘ ʤʝʪʦʜʫ ʢʦʿʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. 

ɼʘ ʙʠ ʩʝ ʫʩʧʝʰʥʦ ʨʝʰʘʚʘʦ ʧʨʦʙʣʝʤ ʟʘʛʫʰʝˁʘ ʧʨʠʣʠʢʦʤ ʜʝʬʠʥʠʩʘˁʘ ʚʨʝʜʥʦʩʪʠ 

ɸʊʉ-ʘ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʚʘʞʠʪʠ ʠ ʠʩʧʘʜʝ ʛʨʘʥʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. 

ʋʩʚʦʿʝʥʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʩʚʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʫ ʤʦʜʠʬʠʢʦʚʘʥʦʤ IEEE 30 

ʩʘʙʠʨʥʠʯʢʦʤ ʩʠʩʪʝʤʫ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʝ ʛʨʘʥʝ. ʋ ʪʘʙʝʣʠ 5.13 ʿʝ ʜʘʪʘ 

ʧʨʝʪʧʦʩʪʘʚˀʝʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʤʫʣʪʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʦ ʧʨʦʜʘʚ-

ʮʠʤʘ ʠ ʢʫʧʮʠʤʘ. ʂʘʜʘ ʩʝ ʧʦʩʤʘʪʨʘ ʩʘʤʦ ʙʘʟʥʦ ʩʪʘˁʝ, ʙʝʟ ʠʩʧʘʜʘ, ʠʟʤʝʹʫ ʦʚʠʭ 

ʦʙʣʘʩʪʠ ʿʝ ʤʦʛʫ˂ʝ ʧʨʝʥʝʪʠ 71.61 ʄW. ɸʢʦ ʩʝ ʧʦʨʝʜ ʙʘʟʥʦʛ ʩʪʘˁʘ ʨʘʟʤʘʪʨʘʿʫ ʩʘʤʦ 

ʠʩʧʘʜʠ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʛʨʘʥʘ, ʠʩʧʘʜʦʤ ʥʘʿʢʨʠʪʠʯʥʠʿʝ ʛʨʘʥʝ (ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 6 ʠ 9) ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʨʘʟʤʝʥʝ ʦʧʘʜʘ ʥʘ 31.04 ʄW. ʂʘʜʘ ʩʝ 

ʧʦʩʤʘʪʨʘʿʫ ʩʚʠ ʠʩʧʘʜʠ ʫ ʧʨʦʜʘʿʥʦʿ ʦʙʣʘʩʪʠ, ʠʩʧʘʜʦʤ ʛʨʘʥʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 1 ʠ 3 

ʚʨʝʜʥʦʩʪ ʤʘʢʩʠʤʘʣʥʝ ʨʘʟʤʝʥʝ ʦʧʘʜʘ ʥʘ 23.57 MW. ʀʩʧʘʜʦʤ ʥʘʿʢʨʠʪʠʯʥʠʿʝʛ ʚʦʜʘ ʫ 

ʢʫʧʦʚʥʦʿ ʦʙʣʘʩʪʠ, ʚʦʜ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 24 ʠ 25, ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʦʚʝ ʪʨʘʥʩʘʢ-

ʮʠʿʝ ˂ʝ ʦʧʘʩʪʠ ʥʘ 1.34 MW. ɿʙʦʛ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʛʨʘʥʘ ʫ ʩʪʚʘʨʥʠʤ ʧʨʝʥʦʩʥʠʤ ʩʠʩʪʝ-

ʤʠʤʘ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʧʨʠʣʠʢʦʤ ʦʜʨʝʹʠʚʘˁʘ ɸʊʉ-ʘ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ 

ʨʘʟʤʘʪʨʘʿʫ ʩʘʤʦ ʠʩʧʘʜʝ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʛʨʘʥʘ. 

ʇʨʦʙʣʝʤ ʨʝʰʘʚʘˁʘ ʟʘʛʫʰʝˁʘ ʿʝ ʠʟʨʘʟʠʪʦ ʥʝʣʠʥʝʘʨʘʥ, ʠʩʪʦ ʢʘʦ ʠ ʧʨʦʙʣʝʤ ʦʧʪʠ-

ʤʘʣʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʇʨʠ ʪʦʤʝ ʪʨʝʙʘ ʙʠʪʠ ʩʚʝʩʪʘʥ ʯʠˁʝʥʠʮʝ ʧʦʩʪʦʿʘˁʘ ʚʠʰʝ 

ʣʦʢʘʣʥʠʭ ʦʧʪʠʤʫʤʘ ʢʘʦ ʠ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʧʦʪʚʨʜʝ ʜʘ ʥʘʹʝʥʦ ʨʝʰʝˁʝ ʧʨʝʜʩʪʘʚˀʘ 

ʛʣʦʙʘʣʥʦ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ. ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʨʝʯʝʥʦ, ʢʦʜ ʨʝʰʘʚʘˁʘ ʟʘʛʫʰʝˁʘ 

 

ʊʘʙʝʣʘ 5.12. ʇʨʦʮʝʥʪʫʘʣʥʘ ʧʨʝʨʘʩʧʦʜʝʣʘ ʜʦʙʠʿʝʥʘ ʫʧʦʪʨʝʙʦʤ RPF-ʘ. 

 ʇʨʦʜʘʚʮʠ ʂʫʧʮʠ 

ʏʚʦʨ 2 5 7 8 15 22 25 30 

ʋʜʝʦ (%) 32.84 14.81 32.23 20.12 35.09 34.31 27.26 3.35 

 

ʊʘʙʝʣʘ 5.13. ʇʨʝʪʧʦʩʪʘʚˀʝʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʨʘʩʧʦʜʝʣʘ. 

 ʇʨʦʜʘʚʮʠ ʂʫʧʮʠ 

ʏʚʦʨ 1 2 3 7 15 22 25 30 

ʋʜʝʦ (%) 30 15 30 25 35 35 25 5 
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ʧʦʩʪʦʿʠ ʚʠʰʝ ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʛʜʝ ʩʚʘʢʘ ʧʨʝʜʩʪʘʚˀʘ ʩʥʘʛʫ ʧʦʿʝʜʠʥʘʯʥʝ 

ʪʨʘʥʩʘʢʮʠʿʝ. ɻʦʨˁʘ ʦʛʨʘʥʠʯʝˁʘ ʦʚʠʭ ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʞʝˀʝʥʝ ʩʥʘʛʝ ʧʨʝʥʦʩʘ ʩʚʘʢʝ ʦʜ ʪʨʘʥʩʘʢʮʠʿʘ. ʇʦʰʪʦ ʩʝ ʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʪʨʘʞʠ 

ʤʘʢʩʠʤʫʤ, ʬʠʪʥʝʩ ʬʫʥʢʮʠʿʘ ʠ ʦʙʿʝʢʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʠʤʘʿʫ ʠʩʪʠ ʦʙʣʠʢ ʢʦʿʠ ʩʝ ʤʦʞʝ 

ʧʨʠʢʘʟʘʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 
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=
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ʛʜʝ Ptrans j,i ʧʨʝʜʩʪʘʚˀʘ ʩʥʘʛʫ -ʿʪʝ ʪʨʘʥʩʘʢʮʠʿʝ i-ʪʦʛ ʘʛʝʥʪʘ (ʭʨʦʤʦʟʦʤʘ ʠʣʠ ʟʚʝʟʜʝ), 

D ʿʝ ʙʨʦʿ ʧʦʩʤʘʪʨʘʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʯʠʿʝ ʩʝ ʩʤʘˁʠʚʘˁʝ ʨʘʟʤʘʪʨʘ, ʜʦʢ ʿʝ N ʙʨʦʿ 

ʯʣʘʥʦʚʘ ʧʦʧʫʣʘʮʠʿʝ. Fi ʧʨʝʜʩʪʘʚˀʘ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ i-ʪʦʛ ʘʛʝʥʪʘ. ʋ ʮʠˀʫ ʨʝʰʘʚʘ-

ˁʘ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʢʦʨʠʰ˂ʝʥ ʿʝ BH ʘʣʛʦʨʠʪʘʤ. 

ʋʩʚʦʿʝʥʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ɸʊʉ-ʘ 

ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ʨʘʟʤʘʪʨʘ ʩʘʤʦ ʠʩʧʘʜʝ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʛʨʘʥʘ. ʊʘʢʦʹʝ ʿʝ ʫʩʚʦʿʝʥʘ 

ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʩʝ ʫʪʠʮʘʿʠ ʿʝʜʥʦʩʪʨʫʢʠʭ ʠʩʧʘʜʘ ʛʨʘʥʘ ʫʥʫʪʘʨ ʧʨʦʜʘʿʥʝ ʠ ʢʫʧʦʚʥʝ 

ʦʙʣʘʩʪʠ ʤʦʛʫ ʟʘʥʝʤʘʨʠʪʠ, ʪʿ. ʜʘ ʩʫ ʣʦʢʘʣʥʠ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʫ ʩʪʘˁʫ 

ʜʘ ʦʙʝʟʙʝʜʝ ʩʠʛʫʨʘʥ ʧʨʝʥʦʩ ʫʛʦʚʦʨʝʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʣʦʢʘʣʥʝ ʧʨʦʙʣʝ-

ʤʝ ʢʦʿʠ ʤʦʛʫ ʥʘʩʪʘʪʠ. ʋ ʮʠˀʫ ʨʝʰʘʚʘˁʘ ʟʘʛʫʰʝˁʘ ʧʨʚʦ ʿʝ ʧʦʪʨʝʙʥʦ ʜʝʬʠʥʠʩʘʪʠ 

ʩʢʫʧ ʪʨʘʥʩʘʢʮʠʿʘ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ʧʨʠ ʯʝʤʫ ˁʠʭʦʚ ʟʙʠʨ ʤʦʨʘ ʜʘ ʧʨʝʚʘʟʠʣʘʟʠ 

ʚʨʝʜʥʦʩʪ ʦʙʿʘʚˀʝʥʦʛ ɸʊʉ-ʘ. ʇʨʚʦ ˂ʝ ʩʝ ʨʘʟʤʘʪʨʘʪʠ ʩʣʫʯʘʿ ʫ ʢʦʤʝ ʩʝ ʩʚʝ ʪʨʘʥʩʘʢ-

ʮʠʿʝ ʤʦʛʫ ʨʝʜʫʢʦʚʘʪʠ. ʋ ʪʘʙʝʣʠ 5.14 ʩʫ ʧʨʢʘʟʘʥʠ ʫʯʝʩʥʠʮʠ ʩʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʢʘʦ ʠ 

ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ ʢʦʿʝ ʦʚʠ ʫʯʝʩʥʠʮʠ ʞʝʣʝ ʜʘ ʧʨʝʥʝʩʫ ʧʦʩʤʘʪʨʘʥʠʤ ʪʨʘʥʩʘʢʮʠʿʘ-

ʤʘ. ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʩʚʘʢʝ ʧʦʿʝʜʠʥʘʯʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʿʝ 

ʤʘˁʘ ʦʜ ʦʙʿʘʚˀʝʥʝ ʚʨʝʜʥʦʩʪʠ, 31.04 ʄW, ʤʝʹʫʪʠʤ ˁʠʭʦʚ ʟʙʠʨ ʿʝ ʚʝ˂ʠ ʦʜ ʦʚʝ 

ʚʨʝʜʥʦʩʪʠ ʪʘʢʦ ʜʘ ʜʦʣʘʟʠ ʜʦ ʟʘʛʫʰʝˁʘ. ɿʙʦʛ ʜʨʫʛʘʯʠʿʝʛ ʨʘʩʧʦʨʝʜʘ ʩʥʘʛʘ ʪʨʘʥʩʘʢ-

ʮʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʟʘ ʢʦʿʠ ʿʝ ʦʙʿʘʚˀʝʥʘ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ, ʪʘʙʝ- 

 

ʊʘʙʝʣʘ 5.14. ʈʝʰʘʚʘˁʝ ʟʘʛʫʰʝˁʘ. 

ʊʨʘʥʩʘʢʮʠʿʘ Ptrans (MW) ʉʣʫʯʘʿ 1 ʉʣʫʯʘʿ 2 ʉʣʫʯʘʿ 3 ʉʣʫʯʘʿ 4 

ʊ1: 1Ï30 12 10.81 12 11 5.15 

ʊ2: 2Ï15 10 5.87 7.48 10 12 

ʊ3: 5Ï25 20 18.71 15.81 6.93 1.09 

ʊ4: 7Ï22 20 18.86 18.09 18.05 17.86 

× 62 54.25 53.38 45.98 36.10 
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ʣʘ 5.13, ʤʦʛʫ˂ʝ ʿʝ ʜʦʙʠʪʠ ʠ ʚʝ˂ʫ ʩʥʘʛʫ ʨʘʟʤʝʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʙʿʘʚˀʝʥʫ ʚʨʝʜʥʦʩʪ. 

ʊʨʝ˂ʘ ʢʦʣʦʥʘ (ʉʣʫʯʘʿ 1) ʫ ʪʘʙʝʣʠ 5.14 ʧʨʝʜʩʪʘʚˀʘ ʨʝʰʝˁʝ ʟʘʛʫʰʝˁʘ ʢʘʜʘ ʿʝ ʤʦʛʫ-

˂ʝ ʨʝʜʫʢʦʚʘʪʠ ʩʚʝ ʪʨʘʥʩʘʢʮʠʿʝ. ʂʘʦ ʰʪʦ ʩʝ ʠʟ ʨʝʟʫʣʪʘʪʘ ʤʦʞʝ ʚʠʜʝʪʠ ʫʢʫʧʥʘ 

ʧʨʠʭʚʘ˂ʝʥʘ ʩʥʘʛʘ ʟʘ ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʠʩʧʘʜ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʝ ʛʨʘʥʝ (ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 4 ʠ 12) ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʘ ʦʜ ʦʙʿʘʚˀʝʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ. ʆʚʦ ʿʝ 

ʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʨʘʟʣʠʢʝ ʫ ʧʣʘʥʠʨʘʥʦʤ ʠ ʩʪʚʘʨʥʦʤ ʘʥʛʘʞʦʚʘˁʫ ʧʨʦʠʟʚʦʜʥʠʭ 

ʘʛʨʝʛʘʪʘ. ɸʢʦ ʩʫ ʟʘ ʥʝʢʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʦʥʫʹʝʥʝ ʚʝ˂ʝ ʮʝʥʝ ʟʘ ʧʨʝʣʘʟ ʧʨʝʢʦ ʛʨʘʥʠʮʝ 

(ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʚʦʜʦʚʘ) ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʪʨʘʥʩʘʢʮʠʿʝ ʪʘʢʚʝ ʪʨʘʥʩʘʢʮʠʿʝ ʩʝ 

ʤʦʨʘʿʫ ʧʨʦʧʫʩʪʠʪʠ ʙʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ˂ʝ ˁʠʭʦʚʦ ʧʨʦʧʫʰʪʘˁʝ ʩʤʘˁʠʪʠ ʫʢʫʧʥʫ 

ʧʨʦʧʫʩʥʫ ʤʦ˂ ʪʝ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ. ʋ ʯʝʪʚʨʪʦʿ ʢʦʣʦʥʠ (ʉʣʫʯʘʿ 2) ʿʝ ʧʨʠʢʘʟʘʥ ʩʣʫʯʘʿ 

ʢʘʜʘ ʿʝ ʪʨʘʥʩʘʢʮʠʿʘ ʊ1 ʧʨʠʭʚʘ˂ʝʥʘ ʫ ʮʝʣʦʩʪʠ, ʜʦʢ ʩʫ ʦʩʪʘʣʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʨʝʪʨʧʝʣʝ 

ʦʜʨʝʹʝʥʝ ʨʝʜʫʢʮʠʿʝ. ɿʙʦʛ ʨʝʣʘʪʠʚʥʦ ʤʘʣʦʛ ʦʜʩʪʫʧʘˁʘ ʦʜ ʩʣʫʯʘʿʘ ʫ ʢʦʤʝ ʿʝ ʤʦʛʫ˂ʝ 

ʨʝʜʫʢʦʚʘʪʠ ʩʚʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʦʩʪʦʿʘ˂ʝ ʩʘʤʦ ʤʘʣʘ ʨʘʟʣʠʢʘ ʫ ʫʢʫʧʥʦʿ ʩʥʘʟʠ ʨʘʟʤʝʥʝ 

ʠʟʤʝʹʫ ʦʚʠʭ ʦʙʣʘʩʪʠ. ʄʝʹʫʪʠʤ, ʘʢʦ ʩʝ ʥʘʿʚʝ˂ʘ ʮʝʥʘ ʧʦʥʫʜʠ ʟʘ ʪʨʘʥʩʘʢʮʠʿʫ ʊ2 

(ʉʣʫʯʘʿ 3 ʫ ʪʘʙʝʣʠ 5.14) ʪʦ ʙʠ ʧʨʦʫʟʨʦʢʦʚʘʣʦ ʜʨʘʩʪʠʯʥʦ ʩʤʘˁʠʚʘˁʝ ʫʢʫʧʥʝ ʩʥʘʛʝ 

ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ ʦʚʠʭ ʦʙʣʘʩʪʠ. ɸʢʦ ʙʠ ʩʝ ʟʘʭʪʝʚʘʣʦ ʧʦʚʝ˂ʘˁʝ ʪʨʘʥʩʘʢʮʠʿʝ ʊ2 ʩʘʤʦ 

ʟʘ 2 ʄW, ʧʨʠ ʯʝʤʫ ʦʥʘ ʠʤʘ ʧʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʪʨʘʥʩʘʢʮʠʿʝ ʪʦ ʙʠ ʟʥʘʯʘʿʥʦ 

ʨʝʜʫʢʦʚʘʣʦ ʦʩʪʘʣʝ ʪʨʘʥʩʘʢʮʠʿʝ, ʉʣʫʯʘʿ 4 ʫ ʪʘʙʝʣʠ 5.14. 

ʆʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʚʨʰʠ ʧʨʦʨʘʯʫʥ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʧʨʝʤʘ ʩʫʩʝʜʥʠʤ 

ʦʙʣʘʩʪʠʤʘ ʧʨʝʤʘ ʧʨʝʧʦʨʫʢʘʤʘ ʢʦʿʝ ʿʝ ʜʘʦ ETSO-E [3], ʢʘʦ ʰʪʦ ʿʝ ʨʝʯʝʥʦ ʫ ʜʨʫʛʦʤ 

ʧʦʛʣʘʚˀʫ. ʅʘʩʫʤʠʯʥʦ ʧʦʚʝ˂ʘʚʘˁʝ ʠ ʩʤʘˁʠʚʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʫ ʧʨʦʜʘʿʥʦʿ ʦʜʥʦʩʥʦ 

ʢʫʧʦʚʥʦʿ ʦʙʣʘʩʪʠ ʤʦʞʝ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʦʙʿʘʚˀʠʚʘˁʝ ʧʨʝʤʘʣʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ. 

ɼʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʦʚʘʢʚʦʛ ʧʨʠʩʪʫʧʘ ʿʝ ʤʘˁʘ ʟʘʨʘʜʘ ʦʜ ʠʟʜʘʚʘˁʘ ʧʨʝʢʦʛʨʘʥʠʯ-

ʥʠʭ ʢʘʧʘʮʠʪʝʪʘ. ɼʘ ʙʠ ʩʝ ʧʨʦʥʘʰʣʘ ʥʘʿʙʦˀʘ ʢʦʤʙʠʥʘʮʠʿʘ ʧʦʚʝ˂ʘʚʘˁʘ ʦʜʥʦʩʥʦ 

ʩʤʘˁʠʚʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʧʦʿʝʜʠʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʦʧʠʩʘʥʠ ʘʣʛʦʨʠʪʘʤ ʿʝ ʧʦʪʨʝʙʥʦ 

ʤʘʣʦ ʠʟʤʝʥʠʪʠ. ʅʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚe ʢʦʜ ʦʚʘʢʚʦʛ ʧʨʠʩʪʫʧʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʥʘʛʝ 

ʧʦʚʝ˂ʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʟʘ ʛʝʥʝʨʘʪʦʨʝ ʫ ʧʨʦʜʘʿʥʦʿ ʦʙʣʘʩʪʠ, ʠ ʩʥʘʛʝ ʩʤʘˁʝˁʘ ʟʘ ʛʝʥʝ-

ʨʘʪʦʨʝ ʫ ʢʫʧʦʚʥʦʿ ʦʙʣʘʩʪʠ. ɻʦʨˁʝ ʦʛʨʘʥʠʯʝˁʝ ʟʘ ʩʚʘʢʠ ʧʦʿʝʜʠʥʘʯʥʠ ʛʝʥʝʨʘʪʦʨ 

ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʧʨʦʜʘʿʥʦʿ ʦʙʣʘʩʪʠ ʜʝʬʠʥʠʩʘʥ ʿʝ ʨʘʟʣʠʢʦʤ ʠʟʤʝʹʫ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘ-

ʛʝ ʛʝʥʝʨʘʪʦʨʘ ʠ ʩʥʘʛʝ ʢʦʿʫ ʛʝʥʝʨʘʪʦʨ ʪʨʝʥʫʪʥʦ ʧʨʦʠʟʚʦʜʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʨʘʟʣʠʢʘ 

ʠʟʤʝʹʫ ʪʨʝʥʫʪʥʝ ʩʥʘʛʝ ʠ ʤʠʥʠʤʘʣʥʝ ʩʥʘʛʝ ʢʦʿʫ ʤʦʞʝ ʜʘ ʧʨʦʠʟʚʦʜʠ ʩʚʘʢʠ ʛʝʥʝʨʘ-

ʪʦʨ ʧʨʝʜʩʪʘʚˀʘ ʛʦʨˁʝ ʦʛʨʘʥʠʯʝˁʝ ʟʘ ʛʝʥʝʨʘʪʦʨʝ ʫ ʢʫʧʦʚʥʦʿ ʦʙʣʘʩʪʠ. ʂʨʠʪʝʨʠʿʫʤ-
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ʩʢʘ ʬʫʥʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʩʥʘʛʫ ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʩʠʩʪʝʤʘ, ʦʜʥʦʩʥʦ ʿʝʜʥʘʢʘ 

ʿʝ ʩʫʤʠ ʧʦʚʝ˂ʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʛʝʥʝʨʘʪʦʨʘ ʫ ʧʨʦʜʘʿʥʦʿ ʦʙʣʘʩʪʠ ʠʣʠ ʩʫʤʠ ʩʤʘˁʝˁʘ 

ʧʨʦʠʟʚʦʜˁʝ ʛʝʥʝʨʘʪʦʨʘ ʫ ʢʫʧʦʚʥʦʿ ʦʙʣʘʩʪʠ. ʅʘ ʩʣʠʮʠ 5.24 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʝʥʦʩʥʘ 

ʤʨʝʞʘ ʉʨʙʠʿʝ ʠ ʎʨʥʝ ɻʦʨʝ ʢʦʿʘ ʿʝ ʠʩʢʦʨʠʰ˂ʝʥʘ ʟʘ ʠʣʫʩʪʨʘʮʠʿʫ ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʙ-

ʣʝʤʘ. ʋ ʪʘʙʝʣʠ 5.15 ʿʝ ʜʘʪ ʩʢʫʧ ʛʝʥʝʨʘʪʦʨʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʦʜʨʝʹʠʚʘʥʘ ʤʘʢʩʠʤʘʣ-

ʥʘ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʠʟʤʝʹʫ ʉʨʙʠʿʝ ʠ ʎʨʥʝ ɻʦʨʝ ʟʘ ʿʝʜʥʦ ʙʘʟʥʦ ʩʪʘˁʝ. ʇʦʩʤʘʪʨʘʥʦ 

ʿʝ ʫʢʫʧʥʦ 80 ʩʣʫʯʘʿʝʚʘ, ʙʘʟʥʦ ʩʪʘˁʝ ʠ 79 ʠʩʧʘʜʘ. ʀʩʧʘʜʠ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʧʨʦʫʟʨʦ-

ʢʫʿʫ ʠʟʦʣʦʚʘˁʝ ʿʝʜʥʦʛ ʠʣʠ ʛʨʫʧʝ ʯʚʦʨʦʚʘ ʦʜ ʦʩʪʘʪʢʘ ʤʨʝʞʝ ʥʠʩʫ ʫʟʠʤʘʥʠ ʫ ʨʘʟ-

ʤʘʪʨʘˁʝ (ʥʧʨ. ʠʩʧʘʜ ʚʦʜʘ ʠʟʤʝ˂ʫ ʯʚʦʨʦʚʘ 65 ʠ 78, ʠʩʧʘʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠʟʤʝʹʫ 

ʯʚʦʨʦʚʘ 5 ʠ 11, ʠʪʜ.). ʋ ʪʘʙʝʣʠ 5.16 ʿʝ ʧʨʠʢʘʟʘʥʦ 10 ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ ʠʩʧʘʜʘ ʛʨʘʥʘ 

ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. ʈʝʟʫʣʪʘʪʠ ʩʧʨʦʚʝʜʝʥʝ ʘʥʘʣʠʟʝ ʧʦʢʘʟʫʿʫ ʚʝʣʠʢʫ ʫʿʝʜʥʘʯʝʥʦʩʪ 

 

ʊʘʙʝʣʘ 5.15. ʃʠʩʪʘ ʛʝʥʝʨʘʪʦʨʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʚʨʰʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ɸʊʉ-ʘ 

ʠʟʤʝʹʫ ʉʨʙʠʿʝ ʠ ʎʨʥʝ ɻʦʨʝ. 

ʇʨʦʜʘʿʥʘ ʦʙʣʘʩʪ (ʉʨʙʠʿʘ) ʂʫʧʦʚʥʘ ʦʙʣʘʩʪ (ʎʨʥʘ ɻʦʨʘ) 

ɹʨʦʿ ɻʝʦʛʨʘʬʩʢʘ ʣʦʢʘʮʠʿʘ ɹʨʦʿ ɻʝʦʛʨʘʬʩʢʘ ʣʦʢʘʮʠʿʘ 

1 ʍɽ ɫʝʨʜʘʧ 46 ʊɽ ʇˀʝʚˀʘ 

3 ʊɽ ɼʨʤʥʦ 72 ʍɽ ʇʝʨʫ˂ʠʮʘ 

15 ʊɽʅʊɸ   

27 ʊɽʅʊɸ   

79 ʍɽ ɿʚʦʨʥʠʢ   

 

ʊʘʙʝʣʘ 5.16. ʃʠʩʪʘ ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ ʠʩʧʘʜʘ. 

ʏʚʦʨ 1 ʏʚʦʨ 2 
ɸʊʉ (ʄW) 

ɹʨʦʿ ɻʝʦʛʨʘʬʩʢʦ ʠʤʝ ɹʨʦʿ ɻʝʦʛʨʘʬʩʢʦ ʠʤʝ 

40 ɹ. ɹʘʰʪʘ 49 ʇʦʞʝʛʘ 400.6859 

19 ʈʇ ʈʠʙʘʨʝʚʠʥʝ 30 ʇʦʜʛʦʨʠʮʘ 2 619.5420 

19 ʈʇ ʈʠʙʘʨʝʚʠʥʝ 31 ʊʇʇ ʇˀʝʚˀʘ 623.2963 

17 ɹʝʦʛʨʘʜ 8 24 ʍʀ ʇʘʥʯʝʚʦ 689.3563 

9 ʊʇʇ ʂʦʩʦʚʦ ɹ 19 ʈʇ ʈʠʙʘʨʝʚʠʥʝ 699.4250 

27 ʊɽʅʊ ɸ 43 ʐʘʙʘʮ 700.9827 

40 ɹ. ɹʘʰʪʘ 42 ɹʝʦʛʨʘʜ 3 703.0278 

63 ʄʦʿʢʦʚʘʮ ʂʊ 75 ʇʦʜʛʦʨʠʮʘ 1 703.8595 

70 ʆʩʝʯʠʥʘ 79 ʍʇʇ ɿʚʦʨʥʠʢ 704.2856 

75 ʇʦʜʛʦʨʠʮʘ 1 82 ʍʇʇ ʇʝʨʫ˂ʠʮʘ 704.3545 
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ʚʠʩʠʥʝ ɸʊʉ-ʘ ʠʟʤʝʹʫ ʉʨʙʠʿʝ ʠ ʎʨʥʝ ɻʦʨʝ ʟʘ ʧʦʩʤʘʪʨʘʥʦ ʩʪʘˁʝ ʤʨʝʞʝ ʦʩʠʤ ʟʘ ʪʨʠ 

ʥʘʿʢʨʠʪʠʯʥʠʿʘ ʠʩʧʘʜʘ. ʀʩʧʘʜʠ ʧʨʝʦʩʪʘʣʘ ʜʚʘ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʘ ʚʦʜʘ ʥʘ ʣʠʩʪʠ ʥʘʿ-

ʢʨʠʪʠʯʥʠʿʠʭ ʠʩʧʘʜʘ ʩʝ ʥʘʣʘʟʝ ʥʘ 11-ʦʤ (ʚʦʜ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 46 ʠ 49) ʠ 69-ʦʤ (ʚʦʜ 

ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 40 ʠ 46) ʤʝʩʪʫ. ʂʘʜʘ ʩʫ ʩʚʝ ʛʨʘʥʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʫ ʧʦʛʦʥʫ ʠʟʤʝʹʫ 

ʉʨʙʠʿʝ ʠ ʎʨʥʝ ɻʦʨʝ ʩʝ ʤʦʞʝ ʤʘʢʩʠʤʘʣʥʦ ʧʨʝʥʝʪʠ 760.0036 ʄW. ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ 

ʧʨʠʤʝʪʠʪʠ ʜʘ ʙʠ ʠʩʧʘʜʦʤ ʧʦʿʝʜʠʥʠʭ ʚʦʜʦʚʘ ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ ʦʙʣʘʩʪʠ ʙʠʣʦ ʤʦʛʫ˂ʝ 

ʧʨʝʥʝʪʠ ʚʝ˂ʫ ʢʦʣʠʯʠʥʫ ʝʥʝʨʛʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʙʘʟʥʦ ʩʪʘˁʝ ʢʘʜʘ ʩʫ ʩʚʠ ʚʦʜʦʚʠ 

ʫʢˀʫʯʝʥʠ. ʊʘʢʦ ʥʘ ʧʨʠʤʝʨ ʠʩʧʘʜʦʤ ʚʦʜʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 27 (ʊɽʅʊ ɸ) ʠ 40 (ɹʘʿʠʥʘ 

ɹʘʰʪʘ) ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ ʦʙʣʘʩʪʠ ʿʝ ʤʦʛʫ˂ʝ ʧʨʝʥʝʪʠ 889.57 ʄW ʘʢʦ ʩʫ ʩʚʝ ʦʩʪʘʣʝ 

ʛʨʘʥʝ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʫ ʧʦʛʦʥʫ. 

ʉʫʤʘ ʪʝʨʤʘʣʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʩʚʘ ʪʨʠ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʘ ʚʦʜʘ (ʚʦʜʦʚʠ ʠʟʤʝʹʫ ʯʚʦʨʦ-

ʚʘ 9 ʠ 19, 40 ʠ 46, ʠ 46 ʠ 49) ʠʟʥʦʩʠ 1643.4 ʄW. ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʚʨʝʜʥʦʩʪ 

ɸʊʉ-ʘ ʿʝ ʟʥʘʪʥʦ ʤʘˁʘ ʦʜ ʿʝʜʥʦʩʪʘʚʥʦʛ ʩʘʙʠʨʘˁʘ ʤʘʢʩʠʤʘʣʥʠʭ ʩʥʘʛʘ ʧʨʝʥʦʩʘ ʧʦʿʝ-

ʜʠʥʘʯʥʠʭ ʚʦʜʦʚʘ ʢʘʦ ʰʪʦ ʿʝ ʨʝʯʝʥʦ ʫ ʧʨʚʦʤ ʧʦʛʣʘʚˀʫ. 

ʋ ʪʘʙʝʣʠ 5.17 ʿʝ ʜʘʪʘ ʨʘʩʧʦʜʝʣʘ ʧʦʚʝ˂ʘˁʘ/ʩʤʘˁʝˁʘ ʧʨʦʠʟʚʦʜˁʝ ʛʝʥʝʨʘʪʦʨʘ ʫ ʧʨʦ-

ʜʘʿʥʦʿ/ʢʫʧʦʚʥʦʿ ʦʙʣʘʩʪʠ ʟʘ ʧʨʠʢʘʟʘʥʝ ʥʘʿʢʨʠʪʠʯʥʠʿʝ ʠʩʧʘʜʝ. ɿʙʦʛ ʚʝ˂ʝʛ ʙʨʦʿʘ 

ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʠ ʚʝʣʠʢʝ ʥʝʣʠʥʝʘʨʥʦʩʪʠ ʧʨʦʙʣʝʤʘ ʥʠʩʫ ʩʝ ʜʦʙʠʿʘʣʝ 

ʠʩʪʝ ʚʨʝʜʥʦʩʪʠ ʧʦʩʣʝ ʩʚʘʢʦʛ ʧʦʟʠʚʘˁʘ ʧʨʦʛʨʘʤʘ. ʇʨʦʨʘʯʫʥ ʿʝ ʧʦʥʘʚˀʘʥ ʪʨʠ ʧʫʪʘ 

ʟʘ ʩʚʠʭ 80 ʠʩʧʠʪʠʚʘʥʠʭ ʩʣʫʯʘʿʝʚʘ. ʇʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʫ ʪʘʙʝʣʘʤʘ 5.16 ʠ 5.17 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʙʦˀʘ ʨʝʰʝˁʘ ʫ ʩʚʘ ʪʨʠ ʧʨʦʣʘʟʘ ʧʨʦʛʨʘʤʘ. ʋ ʤʘʣʦʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝ-

 

ʊʘʙʝʣʘ 5.17. ʈʘʩʧʦʨʝʜ ʧʦʚʝ˂ʘʚʘˁʘ/ʩʤʘˁʠʚʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʧʦ ʛʝʥʝʨʘʪʦʨʠʤʘ. 

 ʉʨʙʠʿʘ ʎʨʥʘ ɻʦʨʘ 

ɻʨʘʥʘ G1 (ʄW) G3 (ʄW) G15 (ʄW) G27 (ʄW) G79 (ʄW) G46 (ʄW) G72 (ʄW) 

40ï49 52.9171 127.2355 153.0448 54.6425 12.8460 0 400.6859 

19ï30 56.1472 296.8523 158.8273 94.7152 13 137.4692 482.0728 

19ï31 54.6157 224.3571 249.4693 16.7175 9.6674 232.0626 391.2337 

17ï24 47.2478 256.7073 310.5779 52.6173 11.2721 260.4065 432.6986 

9ï19 45.1906 298.7418 327.1000 86.9492 0 260.9864 439.0186 

27ï43 31.5037 363 123.8008 37.5506 6.0865 261.7476 439.9963 

40ï42 33.9367 358.9628 257.6166 179.5980 2.6917 262.0575 441.2797 

63ï75 56.2143 363 174.0557 19.8119 11.2540 262.2161 447.8021 

70ï79 56.1728 320.4006 215.8252 105.1302 5.9270 262.2418 442.0695 

75ï82 55.8032 319.8154 327.1000 104.0878 8.2377 262.5195 442.1127 
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ʚʘ ʜʦʙʠʿʘʥʘ ʿʝ ʠʩʪʘ ʧʨʝʨʘʩʧʦʜʝʣʘ ʧʦʚʝ˂ʘˁʘ/ʩʤʘˁʝˁʘ ʧʨʦʠʟʚʦʜˁʝ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ-

ʣʠʢʦʤ ʩʚʘʢʦʛ ʧʦʟʠʚʘˁʘ ʧʨʦʛʨʘʤʘ. 

 

5.9. ʆʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʝ ʣʦʢʘʮʠʿʝ ʠ ʚʝʣʠʯʠʥʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ 

 

ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʜʝʨʝʛʫʣʘʮʠʿʝ ʠ ʣʠʙʝʨʘʣʠʟʘʮʠʿʝ ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʪʚʦ-

ʨʠʦ ʩʝ ʧʨʦʩʪʦʨ ʟʘ ʥʦʚʝ ʫʯʝʩʥʠʢʝ ʥʘ ʪʨʞʠʰʪʫ. ʆʪʚʘʨʘˁʝ ʪʨʞʠʰʪʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʧʨʠʩʫʩʪʚʦ ʥʦʚʠʭ ʧʨʦʠʟʚʦʹʘʯʘ ʥʘ ʠʩʪʦʤ, ʜʦʚʦʜʠ ʜʦ ʧʦʙʦˀʰʘˁʘ ʢʚʘʣʠ-

ʪʝʪʘ ʠ ʩʠʛʫʨʥʦʩʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ. ʇʦʨʝʜ ʦʚʦʛʘ, ʧʦʪʨʦʰʘʯʠʤʘ ʩʝ ʧʨʫ-

ʞʘ ʤʦʛʫ˂ʥʦʩʪ ʠʟʙʦʨʘ ʩʥʘʙʜʝʚʘʯʘ, ʘ ʩʘʤʠʤ ʪʠʤ ˂ʝ ʧʨʦʠʟʚʦʹʘʯʠ ʢʦʿʠ ʠʤʘʿʫ ʩʢʫʧˀʫ 

ʧʨʦʠʟʚʦʜˁʫ ʤʦʨʘʪʠ ʜʘ ʩʝ ʧʨʠʣʘʛʦʹʘʚʘʿʫ ʪʨʞʠʰʪʫ. ɿʙʦʛ ʛʣʦʙʘʣʥʦʛ ʟʘʛʨʝʚʘˁʘ, ʘ ʠ 

ʦʙʘʚʝʟʘ ʢʦʿʝ ʥʘʤʝ˂ʝ Kyoto ʧʨʦʪʦʢʦʣ, ʟʝʤˀʝ ʧʦʪʧʠʩʥʠʮʝ ʦʚʦʛ ʧʨʦʪʦʢʦʣʘ ʩʫ ʜʫʞʥʝ 

ʜʘ ʩʤʘˁʝ ʧʨʦʠʟʚʦʜˁʫ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʠ ʜʦʥʝʩʫ ʘʜʝʢʚʘʪʥʫ ʩʪʨʘʪʝʛʠʿʫ ʟʘ 

ʟʘʤʝʥʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʨʘʜʝ ʥʘ ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ ʩʘ ʦʙʥʦʚ-

ˀʠʚʠʤ ʠʟʚʦʨʠʤʘ ʝʥʝʨʛʠʿʝ (ʆʀɽ). ʆʀɽ ʠʤʘʿʫ ʤʘˁʠ ʫʪʠʮʘʿ ʥʘ ʦʢʦʣʠʥʫ ʫ ʧʦʨʝʹʝˁʫ 

ʩʘ ʝʣʝʢʪʨʘʥʘʤʘ ʥʘ ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ. ʇʦʨʝʜ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ 

ʠʟʚʦʨʠ ʫʟʨʦʢʫʿʫ ʠ ʟʘʛʘʹʠʚʘˁʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʢʦʿʝ ʩʝ ʦʛʣʝʜʘ ʫ ʟʘʛʘʹʝˁʫ ʘʪʤʦʩʬʝ-

ʨʝ, ʟʝʤˀʠʰʪʘ ʠ ʚʦʜʝ. ʀʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʫʛˀʝʥ ʜʠʦʢʩʠʜ ʿʝʜʘʥ ʜʦ ʛʣʘʚ-

ʥʠʭ ʫʟʨʦʯʥʠʢʘ (50-66%) ʧʦʚʝ˂ʘˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʧʦʚʨʰʠʥʠ ʟʝʤˀʝ [145]. 

ɽʥʝʨʛʠʿʘ ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ ʆʀɽ ʜʦʣʘʟʠ ʩʘ ʤʠʥʠʤʘʣʥʦʤ ʠʣʠ ʥʠʢʘʢʚʦʤ ʧʨʦʠʟʚʦʜˁʦʤ 

ʫʛˀʝʥ ʜʠʦʢʩʠʜʘ. ʊʘʢʦ ʜʘ ˂ʝ ʚʝ˂ʘ ʫʧʦʪʨʝʙʘ ʆʀɽ ʩʤʘˁʠʪʠ ʧʦʤʝʥʫʪʘ ʟʘʛʘʹʝˁʘ ʦʢʦ-

ʣʠʥʝ. ʉʘʛʣʝʜʘʿʫ˂ʠ ʩʚʝ ʥʘʚʝʜʝʥʦ, ʘ ʠ ʟʙʦʛ ʩʣʠʯʥʝ ʩʠʪʫʘʮʠʿʝ ʢʦʿʘ ʚʣʘʜʘ ʫ ˁʠʭʦʚʦʿ 

ʟʝʤˀʠ, ʊʫʨʩʢʘ [146] ʿʝ ʥʘʧʨʘʚʠʣʘ ʧʣʘʥ ʩʤʘʠˁʚʘˁʘ ʟʘʛʘʹʝˁʘ ʠ ʧʦʚʝ˂ʘˁʘ ʝʥʝʨʛʝʪ-

ʩʢʝ ʥʝʟʘʚʠʩʥʦʩʪʠ ʧʦʰʪʦ ʿʝ ʚʝʣʠʢʠ ʫʚʦʟʥʠʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʘ ʧʦʩʝʜʫʿʝ ʚʝʣʠʢʠ 

ʧʦʪʝʥʮʠʿʘʣ ʫ ʆʀɽ. 

ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʩʫ ʆʀɽ ʚʝʦʤʘ ʧʨʠʤʘʤˀʠʚʘ ʦʧʮʠʿʘ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨ-

ʛʠʿʦʤ ʧʦʜʨʫʯʿʘ ʢʦʿʠʤʘ ʿʝ ʧʨʝʥʦʩʥʘ ʤʨʝʞʘ ʥʝʜʦʩʪʫʧʥʘ. ʋʪʠʮʘʿ ʆʀɽ ʥʘ ʛʫʙʠʪʢʝ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʿʝ ʦʧʠʩʘʥ ʫ [147]. ʋ [148] ʿʝ ʨʘʟʚʠʿʝʥʘ 

ʤʝʪʦʜʘ ʟʘ ʜʠʤʝʥʟʠʦʥʠʩʘˁʝ ʤʘʣʠʭ ʘʫʪʦʥʦʤʥʠʭ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʢʦʨʠʩʪʝ 

ʆʀɽ. ɺʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʟʘ ʧʦʙʦˀʰʘˁʝ ʝʢʦʥʦʤʩʢʝ 

ʩʠʪʫʘʮʠʿʝ ʥʘ ʦʩʪʨʚʫ ʃʝʟʙʦʩ ʢʦʨʠʰ˂ʝˁʝʤ ʆʀɽ [149] ʟʘ ʧʦʜʤʠʨʝˁʝ ʧʦʪʨʝʙʘ ʟʘ 

ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʠ ʪʦʧʣʦʤ ʚʦʜʦʤ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʩʠʩʪʝʤʦʤ ʟʘ 

ʛʨʝʿʘˁʝ. 
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ʌʦʪʦʥʘʧʦʥʩʢʘ (PV) ʧʨʦʠʟʚʦʜˁʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʚʠʜʦʚʘ ʜʠʩʪʨʠʙʫ-

ʠʨʘʥʝ ʧʨʦʠʟʚʦʜˁʝ. ʆʚʘʿ ʚʠʜ ʧʨʦʠʟʚʦʜˁʝ ʦʯʝʢʫʿʝ ʩʚʝʪʣʘ ʙʫʜʫ˂ʥʦʩʪ ʧʨʚʝʥʩʪʚʝʥʦ 

ʟʙʦʛ ʩʤʘʠˁʚʘˁʘ ʧʨʦʠʟʚʦʜʥʠʭ ʪʨʦʰʢʦʚʘ PV ʧʘʥʝʣʘ. ʀʥʩʪʘʣʘʮʠʿʘ ʦʚʠʭ ʠʟʚʦʨʘ ʫ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʠʤʘ ʥʝʢʦʣʠʢʦ ʧʦʛʦʜʥʦʩʪʠ (ʧʦʙʦˀʰʘˁʝ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠ-

ʢʘ, ʩʤʘʠˁʚʘˁʝ ʛʫʙʠʪʘʢʘ, ʩʤʘʠˁʚʘˁʝ ʚʨʭʘ ʧʦʪʨʦʰˁʝ). ʇʦʩʪʦʿʠ ʥʠʟ ʤʝʪʦʜʘ ʢʦʿʝ ʩʝ 

ʙʘʚʝ ʧʨʦʙʣʝʤʦʤ ʦʧʪʠʤʘʣʥʦʛ ʜʠʤʝʥʟʠʦʥʠʩʘˁʘ ʠ ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʝ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ 

ʛʝʥʝʨʘʪʦʨʘ [150-152]. ʋ [150] ʿʝ ʨʘʟʚʠʿʝʥʘ ʤʝʪʦʜʘ ʟʘ ʥʘʣʘʞʝˁʝ ʣʦʢʘʮʠʿʝ PV ʛʝʥʝʨʘ-

ʪʦʨʘ ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʥʘʧʦʥʩʢʠʤ ʠʥʜʝʢʩʠʤʘ ʦʩʝʪˀʠʚʦʩʪʠ. ʇʦʩʣʝ ʦʜʘʙʠʨʘ ʣʦʢʘ-

ʮʠʿʝ, ʧʦʤʦ˂ʫ Monte Carlo ʪʝʭʥʠʢʝ ʦʜʨʝʹʝʥʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʦʚʦʛ ʛʝʥʝʨʘʪʦʨʘ. 

Elnashar, Shatshat ʠ Salama [151] ʟʘ ʨʝʰʘʚʘʝˁ ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ ʩʫ ʢʦʨʠʩʪʠʣʠ 

ʚʠʟʫʝʣʥʠ ʦʜʘʙʠʨ ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ ʧʦʩʣʝ ʦʜʨʘʹʝʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ. Mohammadi, 

Hosseinian ʠ Gharehpetian [152] ʩʫ ʨʘʟʚʠʣʠ ʤʝʪʦʜʫ ʟʘ ʦʧʪʠʤʘʣʥʠ ʜʠʟʘʿʥ ʤʠʢʨʦ 

ʤʨʝʞʝ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʤʠʥʠʤʠʟʘʮʠʿʠ ʫʢʫʧʥʝ ʩʘʜʘʰˁʝ ʚʨʝʜ-

ʥʦʩʪʠ ʧʨʦʿʝʢʪʘ. 

ɿʙʦʛ ʩʤʘʠˁʚʘˁʘ ʪʨʦʰʢʦʚʘ ʧʨʦʠʟʚʦʜˁʝ PV ʧʘʥʝʣʘ ʠ ʟʘʛʘʨʘʥʪʦʚʘʥʝ ʦʪʢʫʧʥʝ ʮʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʪʦʢʫ ʪʨʘʿʘˁʘ feed-in ʪʘʨʠʬʝ, ʠʥʚʝʩʪʠʪʦʨʠ ˂ʝ ʜʦʙʠʪʠ ʧʦʚʨʘ-

˂ʘʿ ʢʘʧʠʪʘʣʘ ʟʘ ʚʨʝʤʝ ʪʨʘʿʘˁʘ feed-in ʪʘʨʠʬʝ. ʋ ʥʝʢʠʤ ʟʝʤˀʘʤʘ ʠʥʚʝʩʪʠʨʘʥʠ ʥʦʚʘʮ 

˂ʝ ʩʝ ʧʦʚʨʘʪʠʪʠ ʠ ʧʨʝ ʠʩʪʝʢʘ ʫʛʦʚʦʨʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʘʨʘʥʪʦʚʘʥʝ ʦʪʢʫʧʥʝ ʮʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʇʦ ʠʩʪʝʢʫ ʦʚʦʛ ʧʝʨʠʦʜʘ, PV ʝʣʝʢʪʨʘʥʝ ʢʦʿʝ ʩʫ ʩʝ ʚʝ˂ ʠʩʧʣʘ-

ʪʠʣʝ ʫʣʘʟʝ ʥʘ ʪʨʞʠʰʪʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʘ ʤʥʦʛʦ ʤʘˁʠʤ ʪʨʦʰʢʦʚʠʤʘ, ʘ ʩʘʤʠʤ 

ʪʠʤ ʠ ʩʘ ʥʠʞʦʤ ʮʝʥʦʤ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʠʟʚʦʨʠʤʘ ʢʦʿʠ ʨʘʜʝ ʥʘ 

ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ. ɿʙʦʛ ʦʚʝ ʯʠˁʝʥʠʮʝ, PV ʝʣʝʢʪʨʘʥʫ ʿʝ ʤʦʛʫ˂ʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ 

ʝʣʝʢʪʨʘʥʫ ʢʦʿʘ ˂ʝ ʫʚʝʢ ʨʘʜʠʪʠ ʠ ʧʨʦʜʘʚʘʪʠ ʮʝʣʦʢʫʧʥʫ ʧʨʦʠʟʚʦʜˁʫ. ʋ ʨʘʟʤʘʪʨʘˁʝ 

˂ʝ ʩʝ ʫʟʝʪʠ ʧʝʨʠʦʜ ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʧʦʪʨʦʰˁʦʤ, ʘ ʢʦʿʠ ʩʝ ʧʦʢʣʘʧʘ ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ 

ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ PV ʧʘʥʝʣʘ ʢʘʜʘ ʿʝ ʩʫʥʮʝ ʥʘʿʚʠʰʝ, ʢʘʦ ʠ ʩʘ ʧʝʨʠʦʜʦʤ ʢʘʜʘ ʿʝ ʮʝʥʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘʿʚʠʰʘ ʥʘ ʪʨʞʠʰʪʫ. ɿʘ ʠʟʙʦʨ ʦʧʪʠʤʘʣʥʝ ʣʦʢʘʮʠʿʝ PV ʝʣʝʢ-

ʪʨʘʥʝ ʢʦʨʠʰ˂ʝʥ ʿʝ ʢʨʠʪʝʨʠʿʫʤ ʤʘʢʩʠʤʘʣʥʦʛ ʧʦʚʝ˂ʘˁʘ ɸʊʉ-ʘ ʩʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ 

ʢʦʿʝ ʢʨʝ˂ʫ ʠʟ ʯʚʦʨʘ ʫʛʨʘʜˁʝ. 

 

5.9.1. ʇʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ 

 

ɿʘ ʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʝ ʣʦʢʘʮʠʿʝ ʠ ʚʝʣʠʯʠʥʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ ʫ ʨʘʟʣʠʯʠ-

ʪʠʤ ʤʨʝʞʘʤʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʜʚʝ ʤʝʪʦʜʝ. ʇʨʚʘ ʠ ʙʨʞʘ ʤʝʪʦʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʫʧʦʪʝʨ-

ʙʠ DC ʤʦʜʝʣʘ ʤʨʝʞʝ ʠ ʜʘʿʝ ʧʨʠʙʣʠʞʥʫ ʩʣʠʢʫ ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ. ʂʦʜ ʤʨʝʞʘ ʩʘ 
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ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʯʚʦʨʦʚʘ, ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʘ ʧʦʤʦ˂ʫ ʦʚʝ ʤʝʪʦʜʝ ʤʦʛʫ ʜʘ ʧʦʩʣʫʞʝ 

ʨʘʜʠ ʙʨʞʝʛ ʥʘʣʘʞʝˁʘ ʨʝʰʝˁʘ ʧʨʠʤʝʥʦʤ ʜʨʫʛʝ ʤʝʪʦʜʝ, ʢʦʿʘ ʢʦʨʠʩʪʠ GA ʠ AC 

ʤʦʜʝʣ ʤʨʝʞʝ, ʧʨʠ ʪʦʤʝ ʝʣʠʤʠʥʠʰʫ˂ʠ ʢʦʤʙʠʥʘʮʠʿʝ ʢʦʿʝ ʧʨʦʫʟʨʦʢʫʿʫ ʥʘʿʤʘˁʝ 

ʧʦʚʝ˂ʘˁʝ ɸʊC-ʘ. ʂʦʨʠʰ˂ʝˁʝʤ ʧʫʥʦʛ ɸC ʤʦʜʝʣʘ ʤʨʝʞʝ ʠ ʫʧʦʪʨʝʙʦʤ ʛʝʥʝʪʩʢʦʛ 

ʘʣʛʦʨʠʪʤʘ ʜʦʙʠʿʘʿʫ ʩʝ ʢʦʥʘʯʥʘ ʨʝʰʝˁʘ ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ. 

 

5.9.1.1. DC ʤʝʪʦʜʘ 

 

ʀʘʢʦ DC ʧʨʝʜʩʪʘʚʘ ʤʨʝʞʝ ʟʘʥʝʤʘʨʫʿʝ ʛʫʙʠʪʢʝ ʫ ʩʠʩʪʝʤʫ, ʢʘʦ ʠ ʪʦʢʦʚʝ ʨʝʘʢʪʠʚʥʝ 

ʩʥʘʛʝ ʠ ʥʘʧʦʥʩʢʝ ʧʨʠʣʠʢʝ ʫ ʤʨʝʞʠ, ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʘ ʦʚʦʤ ʤʝʪʦʜʦʤ ʜʘʿʫ ʜʦʙʨʫ 

ʦʩʥʦʚʫ ʟʘ ʜʘˀʫ ʧʨʝʪʨʘʛʫ. ʋ ʮʠˀʫ ʥʘʣʘʞʝˁʘ ʦʧʪʠʤʘʣʥʝ ʣʦʢʘʮʠʿʝ ʠ ʚʝʣʠʯʠʥʝ PV 

ʝʣʝʢʪʨʘʥʝ ʦʚʦʤ ʤʝʪʦʜʦʤ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʩʠʤʙʦʣʠʯʢʠ ʧʨʦʨʘʯʫʥ. ʂʘʜʘ ʩʝ ʟʘ ʨʘʯʫʥʘˁʝ 

ɸʊC-ʘ ʢʦʨʠʩʪʝ ʩʠʤʙʦʣʠ ʫʤʝʩʪʦ ʙʨʦʿʝʚʘ ʢʘʦ ʨʝʟʫʣʪʘʪ ʩʝ ʜʦʙʠʿʝ ʩʠʤʙʦʣʠʯʢʠ ʠʟʨʘʟ. 

ɿʘʤʝʥʦʤ ʙʨʦʿʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʤʨʝʞʝ ʠ ʩʥʘʛʘ ʠˁʝʢʪʠʨʘˁʘ ʜʦʙʠʿʘʿʫ ʩʝ 

ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʙʝʟ ʧʨʝʨʘʯʫʥʘʚʘˁʘ. ʋʪʠʮʘʿ PV ʝʣʝʢʪʨʘʥʝ ʥʘ ʚʨʝʜʥʦʩʪ ɸʊC-ʘ 

ʥʝʢʝ ʪʨʘʥʩʘʢʮʠʿʝ ʩʝ ʦʜʨʝʹʫʿʝ ʿʝʜʥʦʩʪʘʚʥʠʤ ʧʦʚʝ˂ʘʚʘˁʝʤ ʩʥʘʛʝ ʠˁʝʢʪʠʨʘˁʘ ʯʚʦʨʘ 

ʫ ʢʦʤʝ ʩʝ ʥʘʣʘʟʠ PV ʝʣʝʢʪʨʘʥʘ. ʃʦʢʘʮʠʿʘ ʠ ʚʝʣʠʯʠʥʘ PV ʝʣʝʢʪʨʘʥʝ ʟʘ ʢʦʿʫ ʩʝ ʠʤʘ 

ʥʘʿʚʝ˂ʝ ʧʦʚʝ˂ʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʧʨʝʤʘ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ ʩʝ ʙʠʨʘ ʟʘ ʥʘʿʙʦˀʝ 

ʨʝʰʝˁʝ. 

 

5.9.1.2. Gɸ ʤʝʪʦʜʘ ʠ ʧʫʥ ɸC ʤʦʜʝʣ ʤʨʝʞʝ 

 

ɱʝʜʥʦʩʪʘʚʥʦʤ ʤʦʜʠʬʠʢʘʮʠʿʦʤ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʣʦʞʝʥʦʛ ʫ ʧʦʛʣʘʚˀʫ 5.8 ʤʦʛʫ˂ʝ ʿʝ 

ʦʜʘʙʨʘʪʠ ʣʦʢʘʮʠʿʫ ʟʘ ʠʟʛʨʘʜˁʫ PV ʝʣʝʢʪʨʘʥʝ ʫ ʢʦʿʦʿ ˂ʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-a ʧʨʝʤʘ 

ʩʚʠʤ ʦʩʪʘʣʠʤ ʯʚʦʨʦʚʠʤʘ ʫ ʤʨʝʞʠ ʙʠʪʠ ʥʘʿʚʝ˂ʝ. ʇʦʰʪʦ ʿʝ ʦʚʘʿ ʟʘʜʘʪʘʢ ʧʣʘʥʝʨʩʢʦʛ 

ʪʠʧʘ, ʚʨʝʤʝ ʠʟʨʘʯʫʥʘʚʘˁʘ ʥʝ ʧʨʝʜʩʪʘʚˀʘ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ. ʋʧʨʘʚʦ ʠʟ ʪʦʛ 

ʨʘʟʣʦʛʘ ʦʜʘʙʨʘʥ ʿʝ ʨʘʜ ʩʘ ʤʦʜʠʬʠʢʦʚʘʥʠʤ ʛʝʥʝʪʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ. ɿʘ ʩʚʘʢʫ ʣʦʢʘ-

ʮʠʿʫ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ n-1 ʧʦʥʘʚˀʘˁʝ ʧʦʩʪʫʧʢʘ, ʛʜʝ n ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʯʚʦʨʦ-

ʚʘ ʫ ʧʦʩʤʘʪʨʘʥʦʿ ʤʨʝʞʠ. ʆʚʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʘ ʿʝ ʫ ʪʨʝ˂ʝʤ ʢʦʨʘʢʫ ʘʣʛʦʨʠʪʤʘ 

ʢʦʿʠ ʿʝ ʦʧʠʩʘʥ ʫ ʧʦʛʣʘʚˀʫ 5.8 ʧʦʨʝʜ ʫʯʝʩʥʠʢʘ ʪʨʘʥʩʘʢʮʠʿʝ ʧʦʪʨʝʙʥʦ ʦʜʘʙʨʘʪʠ ʠ 

ʧʦʪʝʥʮʠʿʘʣʥʫ ʣʦʢʘʮʠʿʫ ʟʘ ʠʟʛʨʘʜˁʫ PV ʝʣʝʢʪʨʘʥʝ. ʉʘʜʘ ʩʫ ʫʤʝʩʪʦ ʿʝʜʥʝ ʥʝʟʘʚʠʩʥʝ 

ʧʨʦʤʝʥˀʠʚʝ ʫ ʭʨʦʤʦʟʦʤʫ ʩʤʝʰʪʝʥʝ ʜʚʝ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʦʜ ʢʦʿʠʭ ʿʝʜʥʘ 

ʧʨʝʜʩʪʘʚˀʘ ʤʦʛʫ˂ʫ ʚʝʣʠʯʠʥʫ PV ʝʣʝʢʪʨʘʥʝ ʫ ʨʘʟʤʘʪʨʘʥʦʤ ʯʚʦʨʫ ʘ ʜʨʫʛʘ ʚʠʩʠʥʫ 

ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ ʦʜʘʙʨʘʥʠʭ ʯʚʦʨʦʚʘ ʤʨʝʞʝ. ʀ ʟʘ ʦʚʘʿ ʧʨʦʙʣʝʤ ʿʝ ʧʦʪʨʝʙʥʦ ʬʦʨ-

ʤʠʨʘʪʠ ʠʟʚʦʜˀʠʚʫ ʧʦʯʝʪʥʫ ʧʦʧʫʣʘʮʠʿʫ ʥʘ ʚʝ˂ ʦʧʠʩʘʥ ʥʘʯʠʥ. ʇʦʰʪʦ ʫ ʦʚʦʤ ʧʨʦʙ-
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ʣʝʤʫ ʧʦʩʪʦʿʠ ʚʠʰʝ ʦʜ ʿʝʜʥʝ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʧʦʩʪʫʧʘʢ ʘʫʪʦ ʢʦʨʝʢʮʠʿʝ ʛʨʘ-

ʥʠʮʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ. ʇʦʩʣʝʜˁʘ ʨʘʟʣʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʧʠʩʘʥʠ ʧʦʩʪʫʧʘʢ ʩʝ 

ʦʛʣʝʜʘ ʫ ʠʟʨʘʯʫʥʘʚʘˁʫ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪʠ. ʆʚʫ ʚʨʝʜʥʦʩʪ ʿʝ ʤʦʛʫ˂ʝ ʠʟʨʘʯʫʥʘʪʠ 

ʧʦʤʦ˂ʫ ʠʟʨʘʟʘ [153]: 

[ ]NiPPF iPPViPVi ,1    , Í+= gm , (5.80) 

ʛʜʝ ʿʝ Fi ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ i-ʪʦʛ ʭʨʦʤʦʟʦʤʘ, Pi ʿʝ ʚʨʝʜʥʦʩʪ ɸʊC-ʘ ʪʨʘʥʩʘʢʮʠʿʝ i-ʪʦʛ 

ʭʨʦʤʦʟʦʤʘ, PPVi ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ PV ʝʣʝʢʪʨʘʥʝ i-ʪʦʛ ʭʨʦʤʦʟʦʤʘ, ɛPV ʠ ɔP ʩʫ 

ʪʝʞʠʥʩʢʠ ʬʘʢʪʦʨʠ ʟʘ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ PV ʝʣʝʢʪʨʘʥʝ ʠ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ ʪʨʘʥ-

ʩʘʢʮʠʿʝ. 

 

5.9.2. ʈʝʟʫʣʪʘʪʠ 

 

ʇʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʩʫ ʧʨʠʤʝˁʝʥʝ ʥʘ Iɽɽɽ 5, Iɽɽɽ 30 ʠ Iɽɽɽ 33 [154] ʩʘʙʠʨʥʠʯʢʝ 

ʩʠʩʪʝʤʝ. ʆʙʝ ʘʥʘʣʠʟʘ, DC ʤʝʪʦʜʘ ʠ Gɸ ʩʘ ɸC ʤʦʜʝʣʦʤ ʤʨʝʞʝ, ʩʫ ʦʜʨʘʹʝʥʝ ʟʘ 

ʩʚʘʢʠ ʦʜ ʥʘʚʝʜʝʥʠʭ ʩʠʩʪʝʤʘ. 

ʇʨʚʦ ˂ʝ ʩʝ ʨʘʟʤʘʪʨʘʪʠ Iɽɽɽ 5 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ, ʟʘ ʢʦʿʠ ʿʝ ʫʩʚʦʿʝʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ 

ʜʘ ʿʝ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʫ ʢʦʤʝ ʩʝ ʥʝ ʥʘʣʘʟʠ ʛʝʥʝʨʘʪʦʨ ʤʦʛʫ˂ʝ ʠʟʛʨʘʜʠʪʠ PV ʝʣʝʢʪʨʘ-

ʥʫ ʯʠʿʠ ʙʠ ʤʘʢʩʠʤʘʣʘʥ ʢʘʧʘʮʠʪʝʪ ʠʟʥʦʩʠʦ 200 ʄW. 

ʅʘ ʩʣʠʮʠ 5.25 ʿʝ ʧʨʠʢʘʟʘʥʘ ʟʘʚʠʩʥʦʩʪ ɸʊC-a ʩʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʦʜ ʧʦʚʝ˂ʘˁʘ ʩʥʘʛʝ 

ʧʨʦʠʟʚʦʜˁʝ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʯʚʦʨʫ. ɿʙʦʛ ʫʰʪʝʜʝ ʧʨʦʩʪʦʨʘ ʧʨʠʢʘʟʘʥʘ ʩʣʠʢʘ ʧʦʢʘʟʫʿʝ 

ʩʘʤʦ ʨʝʰʝˁʝ ʟʘ ʥʘʿʙʦˀʫ ʣʦʢʘʮʠʿʫ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʪo je ʯʚʦʨ 5. ɿʙʦʛ ʚʝʣʠʯʠʥʝ 

ʧʦʩʤʘʪʨʘʥʝ ʤʨʝʞʝ ʫ ʦʙʟʠʨ ʩʫ ʫʟʠʤʘʥʝ ʩʚʝ ʤʦʛʫ˂ʝ ʙʠʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ, ʦʜʥʦʩ-

ʥʦ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ ʙʠʣʦ ʢʦʿʘ ʜʚʘ ʯʚʦʨʘ i ʠ ,ʿ ʛʜʝ i ʠ  ʿʤʦʛʫ ʫʟʠʤʘʪʠ ʚʨʝʜʥʦʩʪʠ 

ʦʜ 1 ʜʦ n, ʧʨʠ ʯʝʤʫ ʿʝ i Í ʿ, ʘ n ʿʝ ʫʢʫʧʘʥ ʙʨʦʿ ʯʚʦʨʦʚʘ ʫ ʧʦʩʤʘʪʨʘʥʦʿ ʤʨʝʞʠ. 

ʊʨʘʥʩʘʢʮʠʿʝ ʩʫ ʦʙʝʣʝʞʝʥʝ ʦʜ 1 ʜʦ (nÕn-n), ʰʪʦ ʟʘ ʤʨʝʞʫ ʦʜ 5 ʯʚʦʨʦʚʘ ʟʥʘʯʠ ʜʘ ʿʝ 

ʩʘ 1 ʦʟʥʘʯʝʥʘ ʪʨʘʥʩʘʢʮʠʿʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 1 ʠ 2, ʜʦʢ ʿʝ ʩʘ ʙʨʦʿʝʤ 20 ʦʙʝʣʝʞʝʥʘ 

ʪʨʘʥʩʘʢʮʠʿʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 5 ʠ 4. ʅʘʿʚʝ˂ʝ ʧʦʚʝ˂ʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC ʟʘ ʩʚʝ ʪʨʘʥ-

ʩʘʢʮʠʿʝ ˂ʝ ʙʠʪʠ ʘʢʦ ʩʝ ʠʟʛʨʘʜʠ PV ʝʣʝʢʪʨʘʥʘ ʯʠʿʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʧʨʦʠʟʚʦʜˁʝ 

200 ʄW. ʅʘ ʩʣʠʮʠ 5.26 ʩʫ ʧʨʠʢʘʟʘʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊC ʟʘ ʩʚʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʨʝ ʠ 

ʧʦʩʣʝ ʠʟʛʨʘʜˁʝ PV ʝʣʝʢʪʨʘʥʝ. ʉʘ ʩʪʘʥʦʚʠʰʪʘ ʚʣʘʩʥʠʢʘ ʝʣʝʢʪʨʘʥʝ, ʢʘʦ ʥʝʟʘʚʠʩʥʦʛ 

ʫʯʝʩʥʠʢʘ ʥʘ ʪʨʞʠʰʪʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʥʘʿʚʘʞʥʠʿʘ ʩʪʚʘʨ ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʜʘʿʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦʪʨʦʰʘʯʫ ʩʘ ʥʘʿʚʝ˂ʦʤ ʧʦʥʫʜʦʤ. ʉʣʠʢʘ 5.26 ʧʦʢʘʟʫʿʝ ʜʘ ʙʠ ʩʝ 

ʠʟʛʨʘʜˁʦʤ PV ʝʣʝʢʪʨʘʥʝ ʫ ʯʚʦʨʫ 5 ʧʦʚʝ˂ʘʣʝ ʚʨʝʜʥʦʩʪʠ ATC-a ʦʜ ʪʦʛ ʯʚʦʨʘ ʢʘ
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ʉʣʠʢʘ 5.25. ɿʘʚʠʩʥʦʩʪ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʩʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʦʜ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ 

PV ʝʣʝʢʪʨʘʥʝ ʫ ʦʧʪʠʤʘʣʥʦʤ ʯʚʦʨʫ. 

 

ʉʣʠʢʘ 5.26. ɺʨʝʜʥʦʩʪʠ ɸʊC-a ʩʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʧʨʝ ʠ ʧʦʩʣʝ ʠʥʩʪʘʣʘʮʠʿʝ PV 

ʝʣʝʢʪʨʘʥʝ. 
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ʩʚʠʤ ʦʩʪʘʣʠʤ ʯʚʦʨʦʚʠʤʘ ʤʨʝʞʝ, ʠ ʜʘ ʩʫ ʪʝ ʚʨʝʜʥʦʩʪʠ ʤʥʦʛʦ ʚʝ˂ʝ ʦʜ ʤʘʢʩʠʤʘʣʥʝ 

ʩʥʘʛʝ ʧʨʦʠʟʚʦʜˁʝ. 

ʋʧʦʪʨʝʙʦʤ ʧʨʝʜʣʦʞʝʥʦʛ ʘʣʛʦʨʠʪʤʘ ʩʘ ʧʫʥʠʤ ɸʉ ʤʦʜʝʣʦʤ ʤʨʝʞʝ ʠ ʢʦʨʠʰ˂ʝˁʝʤ 

Gɸ ʨʝʰʝʥ ʿʝ ʧʨʦʙʣʝʤ ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʝ ʠ ʚʝʣʠʯʠʥʝ PV ʝʣʝʢʪʨʘʥʝ ʟʘ ʤʨʝʞʫ ʩʘ 5 

ʯʚʦʨʦʚʘ. ʈʝʟʫʣʪʘʪʠ ʧʦʤʝʥʫʪʝ ʘʥʘʣʠʟʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 5.18. ʀʟ ʨʝʟʫʣʪʘʪʘ ʩʝ 

ʚʠʜʠ ʜʘ ʙʠ ʩʘ ʠʟʛʨʘʜˁʦʤ PV ʝʣʝʢʪʨʘʥe ʯʠʿʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʚʝ˂ʘ ʦʜ ʦʥʝ ʧʨʠ- 

ʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 5.18, ʢʦʣʠʯʠʥʘ ʩʥʘʛʝ ʢʦʿʘ ʙʠ ʩʝ ʤʦʛʣʘ ʧʨʦʜʘʪʠ ʦʜʨʝʹʝʥʦʤ ʢʫʧʮʫ 

ʙʠʣʘ ʩʤʘˁʝʥʘ. ʅʘ ʧʨʠʤʝʨ, ʘʢʦ ʩʝ ʠʥʚʝʩʪʠʪʦʨ ʦʜʣʫʯʠ ʜʘ ʠʟʛʨʘʜʠ PV ʝʣʝʢʪʨʘʥʫ ʫ 

ʯʚʦʨʫ 3 ʯʠʿʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ 125 ʄW, ʦʚʦ ʙʠ ʫʟʨʦʢʦʚʘʣʦ ʩʤʘˁʠʚʘˁʝ ʤʘʢʩʠ-

ʤʘʣʥʝ ʩʥʘʛʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʦʜʘʪʠ ʯʚʦʨʫ 1 ʥʘ 140.4 ʄW, ʪʘʢʦʹʝ ʙʠ ʩʝ ʩʤʘˁʠʣʘ ʠ 

ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 3 ʠ 2 ʥʘ 204.2 ʄW ʠ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 3 

ʠ 4 ʥʘ 96.6 ʄW. ʀʘʢʦ ʙʠ ʩʝ ʩʢʦʨʦ ʮʝʣʦʢʫʧʥʘ ʧʨʦʠʟʚʦʜˁʘ ʦʜ 125 ʄW ʤʦʛʣʘ 

ʧʨʦʜʘʪʠ ʙʠʣʦ ʢʦʤ ʢʫʧʮʫ, ʪʨʝʙʘ ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ʙʠ ʩʘ ʧʨʠʩʫʩʪʚʦʤ ʥʦʚʠʭ ʠʟʚʦʨʘ 

ʢʦʿʠ ʤʦʛʫ ʜʘ ʩʝ ʠʟʛʨʘʜʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʤʝʩʪʠʤʘ ʫ ʤʨʝʞʠ ʠʣʠ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ ʪʨʘʥ-

ʟʠʪʘ ʝʥʝʨʛʠʿʝ ʢʨʦʟ ʤʨʝʞʫ ʤʦʛʣʦ ʜʦ˂ʠ ʜʦ ʟʘʛʫʰʝˁʘ ʠ ʩʧʨʝʯʘʚʘˁʘ ʧʨʦʜʘʿʝ ʝʣʝʢʪʨʠʯ-

ʥʝ ʝʥʝʨʛʠʿʝ ʧʦ ʥʘʿʙʦˀʦʿ ʮʝʥʠ ʟʘ ʧʨʦʠʟʚʦʹʘʯʘ. ʏʘʢ ʠ ʟʘ ʨʘʟʤʘʪʨʘʥʠ ʩʣʫʯʘʿ ʛʜʝ ʥʝ 

ʧʦʩʪʦʿʝ ʜʦʜʘʪʥʠ ʠʟʚʦʨʠ, ʥʦʚʠ ʧʨʦʠʟʚʦʹʘʯ ʥʝ ʙʠ ʤʦʛʘʦ ʜʘ ʧʨʦʜʘ ʮʝʣʦʢʫʧʥʫ ʧʨʦʠʟ-

ʚʦʜˁʫ ʧʦʪʨʦʰʘʯʠʤʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʯʚʦʨʫ 4 ʘʢʦ ʙʠ ʦʥʠ ʥʫʜʠʣʠ ʥʘʿʙʦˀʫ ʮʝʥʫ. 

ɸʢʦ ʙʠ ʩʝ ʠʥʚʝʩʪʠʪʦʨ ʦʜʣʫʯʠʦ ʜʘ ʠʟʛʨʘʜʠ PV ʝʣʝʢʪʨʘʥʫ ʫ ʯʚʦʨʫ 4 ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ 

ʩʥʘʛʦʤ ʧʨʦʠʟʚʦʜˁʝ ʦʜ 120 ʄW, ʤʦʛʘʦ ʙʠ ʜʘ ʧʨʦʜʘ ʮʝʣʦʢʫʧʥʫ ʧʨʦʠʟʚʦʜˁʫ ʥʘʿʙʦ-

ˀʝʤ ʧʦʥʫʹʘʯʫ ʙʝʟ ʦʙʟʠʨʘ ʛʜʝ ʩʝ ʦʥ ʥʘʣʘʟʠ. ʄʝʹʫʪʠʤ, ʘʢʦ ʙʠ ʩʝ ʠʥʚʝʩʪʠʪʦʨ ʦʜʣʫ-

ʯʠʦ ʜʘ ʠʟʛʨʘʜʠ PV ʝʣʝʢʪʨʘʥʫ ʫ ʯʚʦʨʫ 5 ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʩʥʘʛʦʤ ʧʨʦʠʟʚʦʜˁʝ ʦʜ  

 

ʊʘʙʝʣʘ 5.18. ʆʧʪʠʤʘʣʥʘ ʚʝʣʠʯʠʥʘ PV ʝʣʝʢʪʨʘʥʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʚʠʩʠʥʝ ɸʊC-a 

ʪʨʘʥʩʘʢʮʠʿʘ. 

ʇʨʦʜʘʚʘʮ 
ʂʫʧʘʮ 

1 2 3 4 5 

3 
ɸʊC (ʄW) 260.0 216.3 / 145.6 112.4 

PV (ʄW) 8 5 / 0 126.8 

4 
ɸʊC (ʄW) 175.3 220.5 112.2 / 173.7 

PV (ʄW) 62.4 125 120.6 / 125 

5 
ɸʊC (ʄW) 148.8 220.5 175.0 193.2 / 

PV (ʄW) 62.4 125 140.6 140.6 / 
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140 ʄW, ʥʝ ʙʠ ʙʠʦ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʧʨʦʜʘ ʮʝʣʦʢʫʧʥʫ ʧʨʦʠʟʚʦʜʥʫ ʢʫʧʮʫ ʢʦʿʠ ʙʠ ʩʝ 

ʥʘʣʘʟʠʦ ʫ ʯʚʦʨʫ 1. ɿʙʦʛ ʧʦʤʝʥʫʪʠʭ ʨʘʟʣʦʛʘ ʯʚʦʨ 4 ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʙʦˀʫ ʣʦʢʘʮʠʿʫ ʟʘ 

ʠʟʛʨʘʜˁʫ PV ʝʣʝʢʪʨʘʥʝ, ʠ ʢʘʦ ʰʪʦ ʩʝ ʠʟ ʨʝʟʫʣʪʘʪʘ ʧʨʠʢʘʟʘʥʠʭ ʫ ʪʘʙʝʣʠ 5.18 ʤʦʞʝ 

ʚʠʜʝʪʠ ʚʨʝʜʥʦʩʪ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ ʿʝ ʩʢʦʨʦ ʫʥʠʬʦʨʤʥʘ. 

ʆʙʝ ʦʜ ʦʚʠʭ ʘʥʘʣʠʟʘ ʩʫ ʫʨʘ́ ʝʥʝ ʟʘ ʤʨʝʞʫ ʩʘ 30 ʯʚʦʨʦʚʘ. ʋʧʦʪʨʝʙʘ ʦʚʦʛ ʪʝʩʪ ʩʠʩʪʝ-

ʤʘ ʿʝ ʟʘ ʮʠ ˀʠʤʘʣʘ ʧʨʠʤʝʥʫ ʧʨʝʜʣʦʞʝʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ, ʛʜʝ 

ʩʚʘʢʠ ʯʚʦʨ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʦ ʧʦʪʨʦʰʘʯʢʦ ʧʦʜʨʫʯʿʝ. ɿʘ ʦʚʘʿ ʩʠʩʪʝʤ ʿʝ ʫʩʚʦʿʝʥʘ 

ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʩʝ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʫ ʢʦʤʝ ʥʠʿʝ ʣʦʮʠʨʘʥ ʛʝʥʝʨʘʪʦʨ ʤʦʞʝ ʠʟʛʨʘʜʠʪʠ 

PV ʝʣʝʢʪʨʘʥʘ ʯʠʿʘ ʙʠ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʠʟʥʦʩʠʣʘ 50 ʄW. ʇʦʤʦ˂ʫ DC ʤʝʪʦʜʝ 

ʦʜʨʝʹʝʥʘ ʿʝ ʣʦʢʘʮʠʿʘ ʫ ʢʦʿʦʿ ʠʟʛʨʘʜˁʘ PV ʝʣʝʢʪʨʘʥʝ ʠʤʘ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʚʨʝʜ-

ʥʦʩʪʠ ɸʊC-a. ʈʝʟʫʣʪʘʪʠ ʦʚʝ ʘʥʘʣʠʟʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 5.27, ʧʨʠ ʯʝʤʫ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʩʘʤʦ ʟʘʚʠʩʥʦʩʪ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʝ ʠʜʫ ʦʜ ʯʚʦʨʘ 7, ʫ 

ʢʦʤʝ ˂ʝ ʩʝ ʠʟʛʨʘʜʠʪʠ PV ʝʣʝʢʪʨʘʥʘ, ʢʘ ʦʩʪʘʣʠʤ ʯʚʦʨʦʚʠʤʘ ʤʨʝʞʝ. ʈʘʟʣʦʛ ʟʘ ʧʦʩ-

ʤʘʪʨʘˁʝ ʩʘʤʦ ʦʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʣʝʞʠ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʿʝ ʚʣʘʩʥʠʢ ʦʚʝ ʝʣʝʢʪʨʘʥʝ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʩʘʤʦ ʟʘ ʧʦʚʝ˂ʘˁʝ ʩʦʧʩʪʚʝʥʦʛ ʧʨʦʬʠʪʘ. ʉʘ ʩʣʠʢʝ 5.27 ʩʝ ʚʠʜʠ ʜʘ ʩʝ 

ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʚʨʝʜʥʦʩʪʠ ɸʊC-a ʧʦʩʤʘʪʨʘʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʠʤʘ ʧʨʠ ʤʘʢʩʠʤʘʣ-

ʥʦʿ ʩʥʘʟʠ PV ʝʣʝʢʪʨʘʥʝ ʦʜ 50 ʄW. ʇʦʤʦ˂ʫ ʙʘʨ ʜʠʿʘʛʨʘʤʘ ʥʘ ʩʣʠʮʠ 5.28 ʩʫ ʧʨʠʢʘ-

ʟʘʥʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-a ʦʚʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʟʘ ʩʣʫʯʘʿ ʩʘ ʠ ʙʝʟ PV ʝʣʝʢʪʨʘʥʝ ʫ ʧʦʩʤʘʪ-

ʨʘʥʦʤ ʯʚʦʨʫ. ʀʟʛʨʘʜˁʦʤ PV ʝʣʝʢʪʨʘʥʝ ʫ ʦʚʦʤ ʯʚʦʨʫ ʥʘʿʚʠʰʝ ʙʠ ʩʝ ʫʪʠʮʘʣʦ ʥʘ 

ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʥʝʩʝ ʢʘ ʯʚʦʨʦʚʠʤʘ ʢʦʿʠ ʩʫ ʫ ʦʢʦʣʠʥʠ ʨʘʟʤʘʪ-

ʨʘʥʝ ʣʦʢʘʮʠʿʝ ʠʟʛʨʘʜˁʝ. ʀʘʢʦ ʙʠ ʩʝ ʦʚʘ ʝʣʝʢʪʨʘʥʘ ʥʘʣʘʟʠʣʘ ʫ ʙʣʠʟʠʥʠ ʚʝ˂ ʧʦʩʪʦʿʝ-

˂ʠʭ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʠʟʚʦʨʘ, ʧʦ ʠʩʪʝʢʫ feed-in ʪʘʨʠʬʝ ʚʣʘʩʥʠʢ ʦʚʝ ʝʣʝʢʪʨʘʥʝ ˂ʝ 

ʤʦ˂ʠ ʜʘ ʧʨʦʜʘ ʮʝʣʦʢʫʧʥʫ ʧʨʦʠʟʚʦʜˁʫ ʟʘʪʦ ʰʪʦ ʩʫ ˁʝʛʦʚʠ ʪʨʦʰʢʦʚʠ ʜʘʣʝʢʦ ʤʘˁʠ 

ʦʜ ʪʨʦʰʢʦʚʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʠʟʚʦʨʘ. ʉʘ ʦʚʦʛ ʩʪʘʥʦʚʠʰʪʘ PV ʝʣʝʢʪʨʘʥʘ ʙʠ ʤʦʛʣʘ 

ʜʘ ʧʨʝʫʟʤʝ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰʘʯʝ ʢʦʿʠ ʩʫ ʙʠʣʠ ʧʨʠʤʦʨʘʥʠ ʜʘ ʢʫʧʫʿʫ ʩʢʫʧˀʫ ʝʥʝʨʛʠʿʫ 

ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʠʟʚʦʨʘ. ʉʘ ʩʣʠʢʝ 5.28 ʩʝ ʚʠʜʠ ʜʘ ʠʟʛʨʘʜˁʘ PV ʝʣʝʢʪʨʘʥʝ ʫ 

ʦʚʦʤ ʯʚʦʨʫ ʠʤʘ ʟʘʥʝʤʘʨˀʠʚ ʫʪʠʮʘʿ ʥʘ ʚʠʩʠʥʫ ɸʊC-a ʢʘ ʫʜʘˀʝʥʠʤ ʜʝʣʦʚʠʤʘ ʤʨʝ-

ʞʝ. ɼʝʪʘˀʥʠʿʘ ʘʥʘʣʠʟʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʫʧʦʪʨʝʙʦʤ ʜʨʫʛʝ ʤʝʪʦʜʝ (GA ʠ AC ʤʦʜʝʣ 

ʤʨʝʞʝ) ʢʦʿʦʤ ʩʫ ʧʦʪʚʨʹʝʥʠ ʧʨʝʪʭʦʜʥʠ ʨʝʟʫʣʪʘʪʠ. ɿʙʦʛ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ 

ʨʝʟʫʣʪʘʪʠ ʩʧʨʦʚʝʜʝʥʝ ʘʥʘʣʠʟʝ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ 5.19 ʩʘʤʦ ʟʘ ʥʘʿʙʦˀʫ ʣʦʢʘʮʠʿʫ. 

ʋ ʩʣʫʯʘʿʫ ʧʦʩʪʦʿʘˁʘ ʜʨʫʛʠʭ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʥʠʩʫ ʪʝʭʥʠʯʢʝ ʧʨʠʨʦʜʝ, ʥʘ ʧʨʠʤʝʨ 

ʜʝʬʠʥʠʩʘˁʝ ʤʘʢʩʠʤʘʣʥʝ ʢʦʣʠʯʠʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʦʪʢʫʧʠʪʠ ʩʘ
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ʉʣʠʢʘ 5.27. ɿʘʚʠʩʥʦʩʪ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʪʨʘʥʩʘʢʮʠʿʘ ʠʟ ʯʚʦʨʘ 7 ʢʘ ʦʩʪʘʣʠʤ 

ʯʚʦʨʦʚʠʤʘ ʦʜ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ PV ʝʣʝʢʪʨʘʥʝ. 

 

ʉʣʠʢʘ 5.28. ɺʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʪʨʘʥʩʘʢʮʠʿʘ ʠʟ ʯʚʦʨʘ 7 ʧʨʝ ʠ ʧʦʩʣʝ ʠʥʩʪʘʣʘʮʠʿʝ PV 

ʝʣʝʢʪʨʘʥʝ. 
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ʊʘʙʝʣʘ 5.19. ʆʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʟʘ Iɽɽɽ 30 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ. 

ʏʚʦʨ ɸʊC(ʄW) PV(ʄW)  ʏʚʦʨ ɸʊC(ʄW) PV(ʄW) 

1 124.8 50  16 30.7 49.8 

2 121.8 50  17 33.4 50 

3 169.1 50  18 18.8 50 

4 165.3 49.9  19 25.7 50 

5 51.9 49.8  20 28.9 20 

6 131.3 50  21 23.2 0 

7 / /  22 28.2 0 

8 12.5 0  23 18 50 

9 63.3 0  24 17.3 0 

10 68.7 50  25 21 49.9 

11 59.9 0  26 7.3 25 

12 59 49.6  27 29.3 0 

13 58 49.9  28 21.6 0 

14 34.6 50  29 11.8 0 

15 23.7 50  30 7.6 0 

 

ʿʝʜʥʝ ʣʦʢʘʮʠʿʝ ʧʦ ʧʦʚʣʘʰ˂ʝʥʦʿ ʮʝʥʠ ʢʦʿʘ ʿʝ ʦʜʨʝʹʝʥʘ feed-in ʪʘʨʠʬʦʤ ʠ ʜʨʫʛʘ 

ʨʝʰʝˁʘ ʧʦʩʪʘʿʫ ʢʦʥʢʫʨʝʥʪʥʘ. ɺʣʘʜʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʿʝ ʜʦʥʝʣʘ ʟʘʢʦʥ ʧʦ ʢʦʤʝ ʩʝ 

ʛʘʨʘʥʪʫʿʝ ʦʪʢʫʧ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ 

ʜʦ 5 ʄW, ʩʘ ʿʝʜʥʝ ʣʦʢʘʮʠʿʝ. ʉʥʘʛʘ ʢʦʿʘ ʧʨʝʚʘʟʠʣʘʟʠ ʦʚʘ ʦʛʨʘʥʠʯʝˁʘ ʤʦʞʝ ʩʝ ʧʨʦ-

ʜʘʪʠ ʥʘ ʪʨʞʠʰʪʫ, ʧʨʠ ʯʝʤʫ ʿʝ ʪʨʝʥʫʪʥʘ ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʤʘˁʘ ʦʜ ʝʢʦʥʦʤ-

ʩʢʠ ʧʨʠʭʚʘʪˀʠʚʝ ʮʝʥʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʠʟ PV ʝʣʝʢʪʨʘʥʝ. ʋ ʪʘʙʝʣʠ 5.20 ʩʫ ʧʨʠʢʘʟʘʥʠ 

ʨʘʟʫʣʪʘʪʠ ʧʦʥʦʚˀʝʥʝ ʘʥʘʣʠʟʝ ʫʧʦʪʨʝʙʦʤ GA ʠ ɸC ʤʦʜʝʣʘ ʤʨʝʞʝ, ʧʨʠ ʯʝʤʫ ʩʫ 

ʫʚʘʞʝʥʘ ʠ ʜʦʜʘʪʥʘ ʦʛʨʘʥʠʯʝˁʘ. ʆʚʦ ʨʝʰʝˁʝ ʧʦʩʪʘʿʝ ʢʦʥʢʫʨʝʥʪʥʦ ʧʨʝʪʭʦʜʥʦ ʠʟʣʦ-

ʞʝʥʦʤ. ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ ʩʫʛʝʨʠʰʫ ʜʘ ʿʝ ʠʟʛʨʘʜˁʘ PV ʝʣʝʢʪʨʘʥʝ ʫ ʯʚʦʨʫ 28 ʧʨʠ-

ʭʚʘʪˀʠʚʘ ʧʦʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʮʝʣʦʢʫʧʥʫ ʧʨʦʠʟʚʦʜˁʫ ʧʨʦʜʘʪʠ ʙʠʣʦ ʢʦʤ ʯʚʦʨʫ ʫ 

ʧʦʩʤʘʪʨʘʥʦʤ ʩʠʩʪʝʤʫ ʘ ʜʘ ʩʝ ʧʨʠ ʪʦʤʝ ʥʝ ʥʘʨʫʰʠ ʥʠ ʿʝʜʥʦ ʦʛʨʘʥʠʯʝˁʝ. 

ʋ ʮʠˀʫ ʫʩʧʝʰʥʝ ʧʨʠʤʝʥʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʥʘ ʩʪʘʥʜʘʨʜʥʫ ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝ-

ʞʫ, Iɽɽɽ 33 ʯʠʿʘ ʿʝ ʰʝʤʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 5.29, ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʩʚʦʿʠʪʠ ʪʝʨʤʘʣʥʘ 

ʦʛʨʘʥʠʯʝˁʘ ʚʦʜʦʚʘ. ʋ ʪʘʙʝʣʠ 5.21 ʩʫ ʧʨʠʢʘʟʘʥʘ ʫʩʚʦʿʝʥʘ ʦʛʨʘʥʠʯʝˁʘ. ʊʘʢʦʹʝ ʿʝ 

ʫʩʚʦʿʝʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʿʝ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʤʦʛʫ˂ʝ ʠʟʛʨʘʜʠʪʠ PV ʝʣʝʢʪʨʘʥʫ ʫʢʫʧ- 
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ʊʘʙʝʣʘ 5.20. ʂʦʥʢʫʨʝʥʪʥʦ ʨʝʰʝˁʝ ʫ ʧʨʠʩʫʩʪʚʫ ʜʦʜʘʪʥʠʭ ʦʛʨʘʥʠʯʝˁʘ. 

ʏʚʦʨ ɸʊC(ʄW) PV(ʄW)  ʏʚʦʨ ɸʊC(ʄW) PV(ʄW) 

1 55.4 5  16 31.7 4.9 

2 24.4 4.9  17 36 5 

3 55 4.9  18 18.4 5 

4 56.7 4.9  19 25.2 4.8 

5 30.3 5  20 30.4 4.9 

6 55.7 4.9  21 23.8 5 

7 55.6 5  22 28.4 5 

8 20 5  23 19.8 5 

9 58.7 4.9  24 18.3 5 

10 61.6 5  25 19.9 5 

11 58.8 5  26 7.2 0 

12 48.9 5  27 33.7 5 

13 59 4.8  28 / / 

14 34.3 5  29 8.8 0 

15 27.4 5  30 6.2 0 

 

 
ʉʣʠʢʘ 5.29. ʉʪʘʥʜʘʨʜʥʘ ʪʝʩʪ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ. 

 

ʥʝ ʩʥʘʛʝ 500 kW. ɿʙʦʛ ʚʝʣʠʢʝ ʛʫʩʪʠʥʝ ʩʪʘʥʦʚʘˁʘ, ʫ ʛʨʘʜʦʚʠʤʘ ʥʠʿʝ ʤʦʛʫ˂ʝ

ʠʟʜʚʦʿʠʪʠ ʚʝʣʠʢʝ ʧʦʚʨʰʠʥʝ ʢʦʿʝ ʙʠ ʩʣʫʞʠʣʝ ʩʘʤʦ ʟʘ ʧʦʩʪʘʚˀʘˁʝ PV ʧʘʥʝʣʘ. 

ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʿʝ ʫʩʚʦʿʝʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ˂ʝ ʩʝ PV ʧʘʥʝʣʠ ʧʦʩʪʘʚˀʘʪʠ ʥʘ ʢʨʦ-
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ʊʘʙʝʣʘ 5.21. ʊʝʨʤʘʣʥʘ ʦʛʨʘʥʠʯʝˁʘ ʟʘ Iɽɽɽ 33 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ. 

ɻʨʘʥʘ 
Smax 

(MVA)  
ɻʨʘʥʘ 

Smax 

(MVA)  
ɻʨʘʥʘ 

Smax 

(MVA)  
ɻʨʘʥʘ 

Smax 

(MVA)  

1 2 5 9 10 1.5 17 18 1.5 6 26 1.5 

2 3 5 10 11 1.5 2 19 0.7 26 27 1.5 

3 4 5 11 12 1.5 19 20 0.7 27 28 1.5 

4 5 5 12 13 1.5 20 21 0.7 28 29 1.5 

5 6 5 13 14 1.5 21 22 0.7 29 30 1.5 

6 7 1.5 14 15 1.5 3 23 1.5 30 31 1.5 

7 8 1.5 15 16 1.5 23 24 1.5 31 32 1.5 

8 9 1.5 16 17 1.5 24 25 1.5 32 33 1.5 

 

ʚʦʚʝ ʦʙʿʝʢʘʪʘ, ʘ ʜʘ ʯʚʦʨʦʚʠ ʫ ʤʨʝʞʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʣʦʢʘʮʠʿʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʠʭ 

ʩʪʘʥʠʮʘ ʩʨʝʜˁʝʛ ʥʘ ʥʠʩʢʠ ʥʘʧʦʥ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʪʨʝʙʘ ʜʘ ʧʦʩʣʫʞʠ ʠʥʚʝʩʪʠ-

ʪʦʨʫ ʢʦʿʠ ʞʝʣʠ ʜʘ ʫʣʦʞʠ ʩʚʦʿ ʥʦʚʘʮ ʫ ʠʟʛʨʘʜˁʫ ʤʘʣʝ PV ʝʣʝʢʪʨʘʥʝ ʫ ʮʝʥʪʨʫ ʧʦʪ-

ʨʦʰˁʝ, ʧʨʠ ʪʦʤʝ ʦʩʪʘʚˀʘʿʫ˂ʠ ʤʦʛʫ˂ʥʦʩʪ ʪʨʛʦʚʠʥʝ ʩʘ ʦʙʣʘʩʪʠʤʘ ʠʟʚʘʥ ʦʚʝ ʜʠʩʪʨʠ-

ʙʫʪʠʚʥʝ ʤʨʝʞʝ. 

ʅʘʿʙʦˀʘ ʣʦʢʘʮʠʿʘ ʟʘ ʠʟʛʨʘʜˁʫ PV ʧʘʥʝʣʘ ʥʘ ʦʩʥʦʚʫ DC ʤʝʪʦʜʝ, ʩʘ ʛʣʝʜʠʰʪʘ 

ʠʥʚʝʩʪʠʪʦʨʘ, ʿʝ ʯʚʦʨ 6. ʅʘ ʩʣʠʮʠ 5.30 ʿʝ ʧʨʠʢʘʟʘʥ ʫʪʠʮʘʿ ʚʝʣʠʯʠʥʝ PV ʧʘʥʝʣʘ ʥʘ 

ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʪʨʘʥʩʘʢʮʠʿʘ ʠʟʤʝʹʫ ʯʚʦʨʘ ʫ ʢʦʤʝ ʿʝ ʧʣʘʥʠʨʘʥʘ ʠʟʛʨʘʜˁʘ ʠ ʩʚʠʭ

ʦʩʪʘʣʠʭ ʯʚʦʨʦʚʘ ʫ ʤʨʝʞʠ. ʀʟ ʧʨʠʢʘʟʘʥʠʭ ʨʘʟʫʣʪʘʪʘ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʮʝʣʦʢʫʧ-

ʥʘ ʧʨʦʠʟʚʦʜˁʘ ʤʦʞʝ ʧʨʦʜʘʪʠ ʙʠʣʦ ʢʦʤ ʯʚʦʨʫ ʢʦʿʠ ʿʝ ʫʜʘˀʝʥʠʿʠ ʦʜ ʥʘʧʦʿʥʦʛ ʯʚʦʨʘ 

ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʩʪʦ ʠʟʛʨʘʜˁʝ. ʉʧʨʦʚʦʹʝˁʝʤ ʜʝʪʘˀʥʠʿʝ ʘʥʘʣʠʟʝ ʨʝʟʫʣʪʘʪʘ ʫʩʪʘʥʦʚ-

ˀʝʥʘ ʿʝ ʥʝʤʦʛʫ˂ʥʦʩʪ ʧʨʦʜʘʿʝ ʮʝʣʦʢʫʧʥʝ ʧʨʦʠʟʚʦʜˁʝ ʩʘʤʦ ʤʘʣʦʿ ʛʨʫʧʠ ʧʦʪʨʦʰʘʯʘ. 

ɻʣʘʚʥʠ ʫʟʨʦʢ ʦʚʦʛ ʦʛʨʘʥʠʯʝˁʘ ʿʝ ʫʩʚʘʿʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ 

ʚʦʜʦʚʘ. ɼʨʫʛʘ ʤʝʪʦʜʘ (GA ʠ AC ʤʦʜʝʣ ʤʨʝʞʝ) ʿʝ ʠʩʢʦʨʠʰ˂ʝʥʘ ʫ ʩʚʨʭʫ ʧʨʦʚʝʨʝ DC 

ʤʝʪʦʜʝ. 

ʋ ʪʘʙʝʣʠ 5.22 ʩʫ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʩʧʨʦʚʝʜʝʥʝ ʘʥʘʣʠʟʝ ʟʘ ʦʧʪʠʤʘʣʥʫ ʣʦʢʘʮʠʿʫ, 

ʯʚʦʨ 6. ʉʧʨʦʚʦʹʝˁʝʤ ʜʦʜʘʪʥʝ ʘʥʘʣʠʟʝ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʤʠʥʠʤʘʣʥʘ ʢʦʣʠʯʠʥʘ 

ʩʥʘʛʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʦʜʘʪʠ ʦʜʨʝʹʝʥʦʿ ʛʨʫʧʠ ʧʦʪʨʦʰʘʯʘ, ʢʘʜʘ ʩʫ PV ʧʘʥʝʣʠ ʩʘ ʤʘʢ- 

ʩʠʤʘʣʥʦʤ ʩʥʘʛʦʤ ʧʨʦʠʟʚʦʜˁʝ ʦʜ 500 kW ʧʦʩʪʘʚˀʝʥʠ ʫ ʯʚʦʨ 6, ʠʟʥʦʩʠ 0,22 ʄW. 

ʆʚʫ ʩʥʘʛʫ ʿʝ ʤʦʛʫ˂ʝ ʧʨʝʥʝʪʠ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 6 ʠ 18 ʘ ʜʘ ʩʝ ʧʨʠ ʪʦʤʝ ʥʝ ʥʘʨʫʰʠ ʥʠ-

ʿʝʜʥʦ ʨʝʣʝʚʘʥʪʥʦ ʪʝʭʥʠʯʢʦ ʦʛʨʘʥʠʯʝˁʝ. ʇʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʩʝ ʤʦʞʝ ʠʩʢʦʨʠʩ- 
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ʉʣʠʢʘ 5.30. ɿʘʚʠʩʥʦʩʪ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʪʨʘʥʩʘʢʮʠʿʘ ʠʟ ʯʚʦʨʘ 6 ʢʘ ʦʩʪʘʣʠʤ 

ʯʚʦʨʦʚʠʤʘ ʦʜ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ PV ʝʣʝʢʪʨʘʥʝ. 

 

ʊʘʙʝʣʘ 5.22. ʆʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʟʘ Iɽɽɽ 33 ʩʘʙʠʨʥʠʯʢʠ ʩʠʩʪʝʤ. 

ʏʚʦʨ ɸʊC(ʄW) PV(ʄW)  ʏʚʦʨ ɸʊC(ʄW) PV(ʄW) 

1 6.374 0.499  18 0.182 0.500 

2 6.374 0.500  19 0.033 0.000 

3 6.335 0.500  20 0.232 0.000 

4 6.384 0.500  21 0.295 0.000 

5 6.372 0.500  22 0.2378 0.000 

6 / /  23 0.189 0.000 

7 0.313 0.499  24 0.413 0.000 

8 0.425 0.500  25 0.256 0.000 

9 0.425 0.496  26 0.0436 0.000 

10 0.424 0.500  27 0.273 0.000 

11 0.425 0.500  28 0.145 0.000 

12 0.425 0.496  29 0.109 0.000 

13 0.421 0.491  30 0.087 0.000 

14 0.319 0.500  31 0.049 0.000 

15 0.397 0.497  32 0.302 0.000 

16 0.275 0.500  33 0.047 0.000 

17 0.212 0.500     
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ʪʠʪʠ ʢʘʜʘ ʦʧʝʨʘʪʦʨ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʞʝʣʠ ʜʘ ʩʤʘˁʠ ʪʨʦʰʢʦʚʝ ʥʘʙʘʚʢʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʆʚʦ ʩʤʘˁʝˁʝ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʠʟʛʨʘʜˁʦʤ ʥʝʢʦʣʠʢʦ 

ʤʘˁʠʭ PV ʝʣʝʢʪʨʘʥʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʣʦʢʘʮʠʿʘʤʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ. ʇʦʰʪʦ ʙʠ 

ʦʚʘ ʢʦʤʧʘʥʠʿʘ ʙʠʣʘ ʿʝʜʠʥʠ ʚʣʘʩʥʠʢ ʦʚʠʭ ʠʟʚʦʨʘ, ʥʘʤʝ˂ʝ ʩʝ ʣʦʛʠʯʥʦ ʧʠʪʘˁʝ ʠʟʙʦʨʘ 

ʣʦʢʘʮʠʿʝ ʠʟʛʨʘʜˁʝ PV ʧʘʥʝʣʘ ʫ ʮʠˀʫ ʥʘʿʚʝ˂ʝʛ ʨʘʩʪʝʨʝ˂ʝˁʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ. 

ʋ ʧʦʩʤʘʪʨʘʥʦʿ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʯʚʦʨ 16 ʧʨʝʪʩʪʘʚˀʘ ʣʦʢʘʮʠʿʫ ʫ ʢʦʿʦʿ ˂ʝ 

ʠʟʛʨʘʜˁʘ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʧʨʦʠʟʚʦʜˁʝ ʥʘʿʚʠʰʝ ʫʪʠʮʘʪʠ ʥʘ ʨʘʩʪʝʨʝ˂ʝˁʝ ʮʝʣʦʢʫʧʥʝ 

ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ. ʅʘ ʩʣʠʮʠ 5.31 ʿʝ ʧʨʠʢʘʟʘʥʦ ʧʨʦʮʝʥʪʫʘʣʥʦ ʧʦʚʝ˂ʘˁʝ 

ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʩʚʠʭ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʧʦʩʣʝ ʠʟʛʨʘʜˁʝ PV ʝʣʝʢʪʨʘʥʝ ʫ 

ʯʚʦʨʫ 16 ʫ ʦʜʥʦʩʫ ʥʘ ʙʘʟʥʦ ʩʪʘˁʝ ʫ ʢʦʤʝ ʿʝ ʮʝʣʦʢʫʧʥʘ ʧʦʪʨʦʰˁʘ ʙʠʣʘ ʩʥʘʙʜʝʚʘʥʘ 

ʠʟ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. 

 

 

ʉʣʠʢʘ 5.31. ʇʨʦʮʝʥʪʫʘʣʥʦ ʧʦʚʝ˂ʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ. 
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6. ʉʊʈʋʂʊʋʈɽ ʀ ʅɸʏʀʅʀ ʂʆʈʀʐɴɽɳɸ ʈɸɿɺʀɱɽʅɽ ʇʈʆɻʈɸʄʉʂɽ 

ʇʆɼʈʐʂɽ 

 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʠ ʙʣʦʢ ʜʠʿʘʛʨʘʤʠ ʥʘʿʚʘʞʥʠʿʠʭ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛ-

ʨʘʤʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʠʟʨʘʜʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʉʚʠ ʙʣʦʢʦʚʠ ʧʨʠʢʘʟʘʥʠʭ ʧʨʦʛ-

ʨʘʤʘ ʩʫ ʩʘʤʦʩʪʘʣʥʦ ʥʘʧʠʩʘʥʠ ʫ MATLAB-ʫ 2014ʘ ʙʝʟ ʢʦʨʠʰ˂ʝʥʘ ʫʛʨʘʹʝʥʠʭ 

toolbox-ʦʚʘ. ʅʘ ʩʣʠʮʠ 6.1 ʿʝ ʧʨʠʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʨʠʰ˂ʝʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘ ʠʟʨʘʯʫ-

ʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʪʨʘʥʩʘʢʮʠʿʘ. ʋ ʫʣʘʟʥʦʤ ʙʣʦʢʫ ʩʝ ʧʨʠ-

ʢʫʧˀʘʿʫ ʩʚʠ ʧʦʜʘʮʠ ʧʦʪʨʝʙʥʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʠ ʠʥʠʮʠʿʘʣʠʟʫʿʫ 

ʩʝ ʧʘʨʘʤʝʪʨʠ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʘʣʛʦʨʠʪʤʘ. ʆʜ ʠʟʙʦʨʘ ʫʯʝʩʥʠʢʘ ʪʨʘʥʩʘʢʮʠʿʝ ʟʘʚʠʩʠ-

˂ʝ ʠ ʙʨʦʿ ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʿʝʜʥʘ ʧʨʦʤʝʥˀʠʚʘ ʟʘ ʙʠʣʘʪʝʨʘʣʥʝ ʠ ʤʫʣʪʠ-

ʣʘʪʝʨʘʣʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʠ ʚʠʰʝ ʧʨʦʤʝʥˀʠʚʠʭ ʢʘʜʘ ʩʝ ʨʝʰʘʚʘʿʫ ʟʘʛʫʰʝˁʘ ʠʣʠ ʩʝ 

ʚʨʰʠ ʧʨʦʮʝʥʪʫʘʣʥʘ ʧʨʝʨʘʩʧʦʜʝʣʘ ʩʥʘʛʝ ʪʨʘʥʩʘʢʮʠʿʝ ʧʦ ʧʨʦʜʘʚʮʠʤʘ ʠ ʢʫʧʮʠʤʘ. 

ɸʢʦ ʩʝ ʨʘʜʠ ʩʘʤʦ ʩʘ ʿʝʜʥʦʤ ʫʧʨʘʚˀʘʯʢʦʤ ʧʨʦʤʝʥˀʠʚʦʤ ʪʘʜʘ ʩʝ ʧʦʤʦ˂ʫ ʿʝʜʥʦʢʦ- 

 
ʉʣʠʢʘ 6.1. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ. 
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ʨʘʯʥʦʛ ʧʦʩʪʫʧʢʘ, ɸʉ ʠʣʠ DC ʤʝʪʦʜʘ, ʦʜʨʝʹʫʿʝ ʛʦʨˁʘ ʛʨʘʥʠʮʘ ʫʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥ-

ˀʠʚʝ. ɹʣʦʢ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʝʜʩʪʘʚˀʘ Ăʮʨʥʫ ʢʫʪʠʿʫñ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʥʘ 

ʩʚʘʢʠ ʧʨʦʙʣʝʤ ʢʦʿʠ ʿʝ ʤʦʛʫ˂ʝ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʦʚʘʪʠ. ʋʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ, 

ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʥʘʛʝ ʠˁʝʢʪʠʨʘˁʘ (ʧʦʟʠʪʠʚʥʝ ʠ ʥʝʛʘʪʠʚʥʝ) ʫ ʦʜʛʦʚʘ-

ʨʘʿʫ˂ʝ ʯʚʦʨʦʚʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. ʆʜʟʠʚ ʩʠʩʪʝʤʘ ʩʝ ʜʦʙʠʿʘ ʧʦʤʦ˂ʫ N-R ʧʨʦʨʘʯʫʥʘ 

ʪʦʢʦʚʘ ʩʥʘʛʘ, ʢʦʿʠ ʿʝ ʩʘʤʦʩʪʘʣʥʦ ʥʘʧʠʩʘʥ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʚʘʣʠʪʝʪʘ ʜʦʙʠʿʝʥʦʛ 

ʦʜʟʠʚʘ, ʠʟʚʦʜˀʠʚʦ ʠʣʠ ʥʝʠʟʚʦʜˀʠʚʦ ʨʝʰʝˁʝ, ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʘʣʛʦʨʠʪʘʤ ˂ʝ ʥʘʩʪʘ-

ʚʠʪʠ ʠʣʠ ʟʘʫʩʪʘʚʠʪʠ ʩʚʦʿ ʨʘʜ. ʋ ʩʣʫʯʘʿʫ ʧʦʩʪʦʿʘˁʘ ʚʠʰʝ ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠ-

ʚʠʭ ʦʛʨʘʥʠʯʝˁʝ ʩʚʘʢʝ ʧʨʦʤʝʥˀʠʚʝ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʫʩʣʦʚʦʤ ʟʘʜʘʪʦʛ ʧʨʦʙʣʝʤʘ. 

ʅʘ ʩʣʠʮʠ 6.2 ʿʝ ʧʨʠʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʘ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

 
ʉʣʠʢʘ 6.2. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʣʦʢʘʮʠʿʝ PV ʝʣʝʢʪʨʘʥʝ. 
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ʣʦʢʘʮʠʿʝ PV ʝʣʝʢʪʨʘʥʝ ʪʘʢʦ ʜʘ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʢʘ ʦʩʪʘʣʠʤ ʯʚʦʨʦʚʠʤʘ ʫ ʤʨʝʞʠ 

ʙʫʜʝ ʤʘʢʩʠʤʘʣʥʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʩʪʨʫʢʪʫʨʝ ʧʨʦʛʨʘʤʘ ʢʦʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 6.1 

ʢʦʜ ʦʚʝ ʩʪʨʫʢʪʫʨʝ ʿʝ ʧʦʪʨʝʙʥʦ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʮʝʩ ʧʦʥʘʚˀʘʪʠ ʚʠʰʝ ʧʫʪʘ ʜʘ ʙʠ 

ʩʝ ʨʘʟʤʦʪʨʠʣʝ ʩʚʝ ʤʦʛʫ˂ʥʦʩʪʠ. 

ʅʘ ʩʣʠʮʠ 6.3 ʿ ʝ ʧʨʠʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʘ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ. ɹʣʦʢʦʚʠ ʢʦʿʠ 

ʚʨʰʝ ʦʧʝʨʘʮʠʿʝ ʫʢʨʰʪʘˁʘ ʠ ʤʫʪʘʮʠʿʝ ʩʝ ʧʦʥʘʚˀʘʿʫ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʧʫʪʘ ʢʘʦ ʰʪʦ ʿʝ 

ʦʙʿʘʰˁʝʥʦ ʫ ʧʨʝʪʭʦʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ. ʆʚʠ ʦʧʝʨʘʪʦʨʠ ʤʝˁʘʿʫ ʚʨʝʜʥʦʩʪʠ ʫʧʨʘʚ-

ˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʠ ʚʨʰʝ ʧʨʦʚʝʨʫ ʢʚʘʣʠʪʝʪʘ ʪʘʢʚʝ ʧʨʦʤʝʥʝ. 

ʅʘ ʩʣʠʮʠ 6.4 ʿʝ ʧʨʠʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʘ ʢʦʿʠ ʚʨʰʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʝʤʘ 

ʘʣʛʦʨʠʪʤʫ ʮʨʥʝ ʨʫʧʝ, ʜʝʪʘˀʘʥ ʦʧʠʩ ʘʣʛʦʨʠʪʤʘ ʿʝ ʜʘʪ ʫ ʧʦʛʣʘʚˀʫ 3.7. 

 
ʉʣʠʢʘ 6.3. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʘ ʢʦʿʠ ʚʨʰʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʠʤʝʥʦʤ ʛʝʥʝʪʩʢʦʛ 

ʘʣʛʦʨʠʪʤʘ. 
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ʉʣʠʢʘ 6.4. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʘ ʢʦʿʠ ʚʨʰʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʠʤʝʥʦʤ ʘʣʛʦʨʠʪʤʘ 

ʮʨʥʝ ʨʫʧʝ. 
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7. ɿɸʂɲʋʏɸʂ 

 

ʋ ʜʝʨʝʛʫʣʠʩʘʥʠʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʪʨʞʠʰʪʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʚʠʜʦʚʘ ʨʘʟʤʝʥʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʹʘʯʘ ʠ 

ʧʦʪʨʦʰʘʯʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʝʧʝʥʘ ʨʘʟʚʦʿʘ ʪʨʞʠʰʪʘ ʧʦʿʝʜʠʥʘʯʥʝ ʪʨʘʥʩʘʢʮʠʿʝ ʩʫ 

ʚʠʰʝ ʠʣʠ ʤʘˁʝ ʟʘʩʪʫʧˀʝʥʝ. ʆʩʥʦʚʥʠ ʮʠˀ ʩʚʘʢʦʛ ʪʨʞʠʰʪʘ ʿʝ ʜʘ ʦʙʝʟʙʝʜʠ ʟʜʨʘʚʫ 

ʢʦʥʢʫʨʝʥʮʠʿʫ ʠ ʧʦʜʿʝʜʥʘʢʝ ʠ ʥʝʜʠʩʢʨʠʤʠʥʘʪʦʨʥʝ ʫʩʣʦʚʝ ʧʦʩʣʦʚʘˁʘ ʩʚʠʤ ʫʯʝʩʥʠ-

ʮʠʤʘ. ʇʦʿʝʜʠʥʘ ʩʚʝʪʩʢʘ ʪʨʞʠʰʪʘ ʢʦʿʘ ʫʩʧʝʰʥʦ ʧʦʩʣʫʿʫ ʥʠʩʫ ʚʝʟʘʥʘ ʩʘʤʦ ʟʘ ʿʝʜʥʫ 

ʦʙʣʘʩʪ, ʦʜʥʦʩʥʦ ʜʨʞʘʚʫ ʫ ʢʦʿʦʿ ʿʝ ʪʨʞʠʰʪʝ ʦʨʛʘʥʠʟʦʚʘʥʦ, ʚʝ˂ ʦʙʫʭʚʘʪʘʿʫ ʯʠʪʘʚ 

ʨʝʛʠʦʥ. ʂʦʜ ʦʚʘʢʚʦʛ ʪʠʧʘ ʪʨʛʦʚʠʥʝ ʚʝʦʤʘ ʿʝ ʚʘʞʥʦ ʨʘʟʚʠʿʘˁʝ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ 

ʚʦʜʦʚʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʝ ʧʦʚʝ˂ʘʚʘ ʫʪʠʮʘʿ ʤʘʨʢʝʪʘ ʠ ʧʦʩʪʠʞʝ ʨʘʚʥʦʤʝʨʥʠʿʘ ʮʝʥʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʯʠʪʘʚʦʤ ʨʝʛʠʦʥʫ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʪʦʢʦʚʠ ʩʥʘʛʘ ʧʦ ʛʨʘʥʘʤʘ 

ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʧʦʜʣʝʞʫ ʩʘʤʦ ʟʘʢʦʥʠʤʘ ʬʠʟʠʢʝ, ʢʦʿʠ ʩʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʤʦʛʫ ʨʘʟ-

ʣʠʢʦʚʘʪʠ ʦʜ ʝʢʦʥʦʤʩʢʠʭ ʟʘʢʦʥʘ ʢʦʿʠ ʚʣʘʜʘʿʫ ʥʘ ʜʨʫʛʠʤ ʪʨʞʠʰʪʠʤʘ. ʆʚʦ ʟʥʘʯʠ ʜʘ 

ʪʦʢ ʝʥʝʛʠʿʝ ʥʝ˂ʝ ʙʠʪʠ ʜʠʨʝʢʪʥʦ ʫʩʤʝʨʝʥ ʦʜ ʧʨʦʜʘʚʮʘ ʧʨʝʤʘ ʢʫʧʮʫ, ʥʝʛʦ ʜʘ ˂ʝ ʩʝ 

ʩʥʘʛʘ ʦʚʝ ʪʨʘʥʩʘʢʮʠʿʝ ʨʘʩʧʦʨʝʜʠʪʠ ʧʦ ʩʚʠʤ ʚʦʜʦʚʠʤʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. 

ʇʨʝʥʦʩʥʝ ʤʨʝʞʝ ʩʫ ʫ ʧʨʦʰʣʦʩʪʠ ʙʠʣʝ ʧʨʦʿʝʢʪʦʚʘʥʝ ʜʘ ʩʝ ʩʫʩʨʝ˂ʫ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ 

ʪʨʘʥʩʘʢʮʠʿʘ ʠʟʤʝʹʫ ʫʥʘʧʨʝʜ ʧʦʟʥʘʪʠʭ ʪʘʯʘʢʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. ʋ ʜʝʨʝʛʫʣʠʩʘʥʦʤ 

ʦʢʨʫʞʝˁʫ ʙʨʦʿ ʪʨʘʥʩʘʢʮʠʿʘ ʿʝ ʟʥʘʪʥʦ ʧʦʨʘʩʪʘʦ. ʈʘʩʧʦʣʦʞʠʚʠ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ 

ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ ʢʦʿʠ ʩʝ ʦʜʨʝʹʫʿʝ ʟʘ ʩʚʘʢʠ ʠʥʪʝʨʚʘʣ ʥʘ ʢʦʤʝ ʩʝ ʚʨʰʠ ʪʨʛʦʚʠʥʘ 

ʩʣʫʞʠ ʦʧʝʨʘʪʦʨʠʤʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʢʘʦ ʦʩʥʦʚʥʠ ʘʣʘʪ ʟʘ ʧʨʝʚʘʟʠʣʘʞʝˁʝ ʦʚʦʛ 

ʧʨʦʙʣʝʤʘ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʠʟʣʦʞʝʥʝ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ɸʊC-ʘ. 

ʋ ʧʨʦʰʣʦʩʪʠ ʩʫ ʥʘʿʚʠʰʝ ʢʦʨʠʰ˂ʝʥʝ ʣʠʥʝʘʨʥʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʫ ʩʝ ʟʘʩʥʠʚʘʣʝ ʥʘ 

ʫʧʦʪʨʝʙʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʦʩʝʪˀʠʚʦʩʪʠ, PTDF ʠ LODF, ʯʠʿʠ ʿʝ ʥʘʯʠʥ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʟʘʚʠʩʠʦ ʦʜ ʫʩʚʦʿʝʥʦʛ ʤʦʜʝʣʘ ʤʨʝʞʝ. ʋʧʦʪʨʝʙʦʤ DC ʤʦʜʝʣʘ ʤʨʝʞʝ ʠ ʩʠʤʙʦʣʠʯʢʦʛ 

ʧʨʠʩʪʫʧʘ ʧʨʦʙʣʝʤʫ ʤʦʛʫ˂ʝ ʿʝ ʠʟʙʝ˂ʠ ʧʦʥʦʚʥʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʩʘ ʩʚʘʢʦʤ ʧʨʦʤʝʥʦʤ 

ʢʦʿʘ ʩʝ ʜʝʩʠ ʫ ʩʠʩʪʝʤʫ. ʋʧʦʪʨʝʙʦʤ ʠʥʚʝʨʟʥʠʭ ʬʘʢʪʦʨʘ ʨʝʪʢʠʭ ʤʘʪʨʠʮʘ ʤʦʛʫ˂ʝ ʿʝ 

ʥʘ˂ʠ ʠʥʚʝʨʟʥʫ ʚʨʝʜʥʦʩʪ ʩʠʤʙʦʣʠʯʢʝ ʤʘʪʨʠʮʝ ʩʫʩʮʝʧʪʘʥʩʠ ʯʠʿʫ ʿʝ ʚʨʝʜʥʦʩʪ ʥʝʦʧ-

ʭʦʜʥʦ ʧʦʟʥʘʚʘʪʠ ʜʘ ʙʠ ʩʝ ʧʦʩʪʫʧʘʢ ʫʩʧʝʰʥʦ ʥʘʩʪʘʚʠʦ. ʊʘʢʦʹʝ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ 

ʧʦʤʦ˂ʫ ʩʠʤʙʦʣʠʯʢʦʛ ʧʨʠʩʪʫʧʘ ʤʦʛʫ ʚʠʜʝʪʠ ʟʘʚʠʩʥʦʩʪʠ ʧʦʿʝʜʠʥʠʭ ʚʝʣʠʯʠʥʘ ʢʘʦ 

ʰʪʦ ʩʫ ʪʦʢʦʚʠ ʩʥʘʛʘ ʧʦ ʚʦʜʦʚʠʤʘ, ʨʘʩʧʦʣʦʞʠʚʠ ʦʧʪʝʨʝʪʥʠ ʢʘʧʘʮʠʪʝʪ ʚʦʜʦʚʘ ʠ 
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ɸʊC-a ʦʜ ʧʨʦʤʝʥʝ ʧʦʿʝʜʠʥʠʭ ʚʝʣʠʯʠʥʘ. ʆʩʥʦʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʚʝʣʠʢʠ 

ʤʝʤʦʨʠʿʩʢʠ ʧʨʦʩʪʦʨ ʢʦʿʠ ʩʝ ʟʘʭʪʝʚʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʧʦʜʘʪʘʢʘ ʠ ʙʨʟʠʥʘ ʢʦʥʚʝʨʟʠʿʝ 

ʩʠʤʙʦʣʘ ʫ ʙʨʦʿʥʝ ʚʨʝʜʥʦʩʪʠ. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʫʧʦʪʨʝʙʘ 

DC ʧʨʠʩʪʫʧʘ ʫ ʩʚʨʭʫ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʫʥʦʩʠ ʥʝʧʨʠʭʚʘʪˀʠʚʦ 

ʚʝʣʠʢʫ ʛʨʝʰʢʫ ʘʢʦ ʿʝ ʤʨʝʞʘ ʟʘ ʢʦʿʫ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʚʨʝʜʥʦʩʪ ɸʊC-ʘ ʧʨʝʚʠʰʝ 

ʦʧʪʝʨʝ˂ʝʥʘ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʠʪʝʨʘʪʠʚʥʝ ʤʝʪʦʜʝ ʜʘʿʫ ʪʘʯʥʝ ʨʝʟʫʣʪʘʪʝ ʘʣʠ ʿʝ ʟʘ ˁʠʭʦʚʦ ʠʟʨʘʯʫ-

ʥʘʚʘˁʝ ʧʦʪʨʝʙʥʦ ʚʠʰʝ ʚʨʝʤʝʥʘ ʠ ʩʣʦʞʝʥʠʿʠ ʤʘʪʝʤʘʪʠʯʢʠ ʘʣʘʪ. ɱʝʜʥʘ ʦʜ ʠʪʝʨʘʪʠʚ-

ʥʠʭ ʤʝʪʦʜʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʫʧʦʪʨʝʙʠ OPF ʤʦʜʝʣʘ. ʋ 

ʧʦʩʣʝʜˁʠʭ 10 ʛʦʜʠʥʘ ʙʨʦʿ ʤʝʪʦʜʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʧʨʦʙʣʝʤʘʪʠʢʦʤ ʥʘʣʘʞʝˁʘ ʦʧʪʠʤʘʣ-

ʥʦʛ ʨʝʰʝˁʘ ʿʝ ʟʘʥʘʪʥʦ ʧʦʨʘʩʪʘʦ. ɿʙʦʛ ʧʦʪʨʝʙʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʯʝʰ˂ʝ 

ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʪʦʜʘ, ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ, ʿʝ ʜʦʜʘʪʥʦ ʫʥʘʧʨʝʹʝʥʘ. ɻʣʘʚʥʠ ʜʦʧʨʠʥʦʩ 

ʩʝ ʦʛʣʝʜʘ ʫ ʫʥʘʧʨʝʹʠʚʘˁʫ ʦʧʝʨʘʮʠʿʝ ʤʫʪʠʨʘˁʘ ʭʨʦʤʦʟʦʤʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʣʘʩʠʯ-

ʥʦʛ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʢʦʜ ʢʦʛʘ ʿʝ ʤʫʪʘʮʠʿʘ ʚʨʰʝʥʘ ʥʘ ʧʨʦʠʟʚʦˀʥʦʤ ʙʨʦʿʫ ʭʨʦ-

ʤʦʟʦʤʘ, ʫ ʧʨʝʜʣʦʞʝʥʦʿ ʤʝʪʦʜʠ ʤʫʪʘʮʠʿʘ ʩʝ ʚʨʰʠ ʥʘ ʪʘʯʥʦ ʦʜʨʝʹʝʥʦʤ ʙʨʦʿʫ ʭʨʦʤʦ-

ʟʦʤʘ (ʢʘʦ ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʢʦʜ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʢʦʿʠ ʨʘʜʠ ʩʘ ʨʝʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ). 

ʅʘ ʧʦʯʝʪʥʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʿʝ ʜʦʟʚʦˀʘʚʝʥʘ ʤʫʪʘʮʠʿʘ ʩʚʠʭ ʙʠʪʦʚʘ ʭʨʦʤʦʟʦʤʘ ʯʠʤʝ 

ʩʝ ʧʦʩʧʝʰʫʿʝ ʰʠʨʘ ʧʨʝʪʨʘʛʘ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ, ʜʦʢ ʿʝ ʥʘ ʢʘʩʥʠʿʠʤ ʠʪʝʨʘʮʠʿʘʤʘ 

ʤʫʪʘʮʠʿʘ ʜʦʟʚʦˀʝʥʘ ʩʘʤʦ ʥʘ ʙʠʪʦʚʠʤʘ ʥʠʞʝʛ ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ ʯʠʤʝ ʩʝ ʧʦʙʦˀ-

ʰʘʚʘ ʣʦʢʘʣʥʘ ʧʨʝʪʨʘʛʘ. ɿʙʦʛ ʣʦʠhʭ ʦʩʦʙʠʥʘ ʧʦʿʝʜʠʥʠʭ ʚʠʜʦʚʘ ʩʝʣʝʢʮʠʿʝ ʫ ʧʨʝʜʣʦ-

ʞʝʥʦʤ ʘʣʛʦʨʠʪʤʫ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʪʨʠ ʤʝʪʦʜʝ ʩʝʣʝʢʮʠʿʝ ʢʦʿʝ ʩʝ ʥʘʿʚʠʰʝ ʫʧʦʪʨʝʙˀʘ-

ʚʘʿʫ ʫ ʧʨʘʢʩʠ. ʇʦʩʪʦʿʘˁʝ ʚʠʰʝ ʪʠʧʦʚʘ ʦʧʝʨʘʮʠʿʝ ʫʢʨʰʪʘˁʘ ʢʦʿʝ ʩʝ ʦʙʘʚˀʘʿʫ ʥʘʠʟ-

ʤʝʥʠʯʥʦ ʜʦʜʘʪʥʦ ʧʦʩʧʝʰʫʿʝ ʧʨʦʮʝʩ ʧʨʝʪʨʘʛʝ. 

ɱʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʜʦʧʨʠʥʦʩʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʝ ʦʛʣʝʜʘ ʫ ʨʘʟʚʦʿʫ ʤʝʪʦʜʝ ʟʘ ʠʟʨʘ-

ʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʩʚʠʭ ʪʠʧʦʚʘ ʪʨʘʥʩʘʢʮʠʿʘ, ʢʦʿʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʢʦʤʙʠʥʘʮʠ-

ʿʠ ʜʦʙʨʠʭ ʦʩʦʙʠʥʘ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʠʭ ʤʝʪʦʜʘ. ʋʧʨʘʚʦ ʟʙʦʛ ʦʚʝ ʯʠˁʝʥʠʮʝ ʧʨʝʜʣʦʞʝʥʘ 

ʤʝʪʦʜʘ ʜʘʿʝ ʜʦʚʦˀʥʦ ʪʘʯʥʝ ʨʝʟʫʣʪʘʪʝ ʫʟ ʧʨʠʭʚʘʪˀʠʚʦ ʚʨʝʤʝ ʠʟʨʘʯʫʥʘʚʘˁʘ ʟʘ ʪʝʩʪ 

ʤʨʝʞʫ ʥʘʜ ʢʦʿʦʤ ʿʝ ʚʨʰʝʥʘ ʘʥʘʣʠʟʘ. ʋʧʦʪʨʝʙʦʤ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʦʧʪʠ-

ʤʠʟʘʮʠʿʝ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʥʦ ʩʝ ʫʚʦʜʝ ʩʚʝ ʚʨʩʪʝ ʪʨʘʥʩʘʢʮʠʿʘ ʫ ʧʨʦʨʘʯʫʥ, ʧʨʠ ʯʝʤʫ 

ʿʝ ʤʦʛʫ˂ʝ ʫʚʘʞʠʪʠ ʩʚʘ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʩʝ ʤʦʛʫ ʧʨʝʜʩʪʘʚʠʪʠ ʧʦʤʦ˂ʫ ʤʘʪʝʤʘʪʠʯʢʠʭ 

ʠʟʨʘʟʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʩʣʠʯʥʠʭ ʤʝʪʦʜʘ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʧʨʝʜʣʦʞʝʥʘ 

ʤʝʪʦʜʘ ʠʤʘ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʫ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʪʨʘʥʩʘʢʮʠʿʝ ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ 
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ʧʦʤʦ˂ʫ DC ʤʝʪʦʜʝ. ɼʦʜʘʪʥʦ ʫʙʨʟʘʚʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʪʦʜʝ ʢʦʿʝ ʥʝʤʘʿʫ ʿʘʩʥʦ 

ʜʝʬʠʥʠʩʘʥʦ ʛʦʨˁʝ ʦʛʨʘʥʠʯʝˁʝ ʪʨʘʥʩʘʢʮʠʿʝ ʩʝ ʧʦʩʪʠʞʝ ʫʧʦʪʨʝʙʦʤ ʨʘʟʚʠʿʝʥʝ ʘʫʪʦ 

ʢʦʨʝʢʮʠʿʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʪʨʘʥʩʘʢʮʠʿʝ. ʇʦʨʝʜ ʙʠʣʘʪʝʨʘʣʥʠʭ ʠ ʤʫʣʪʠʣʘʪʝ-

ʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʫʟ ʟʘʥʝʤʘʨˀʠʚʝ ʠʟʤʝʥʝ ʩʝ ʤʦʞʝ ʢʦʨʠʩ-

ʪʠʪʠ ʟʘ ʨʝʰʘʚʘˁʝ ʟʘʛʫʰʝˁʘ. ʂʘʜʘ ʧʦʩʪʦʿʠ ʚʠʰʝ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʝ ʧʨʝʣʘʟʝ ʠʟʤʝʹʫ 

ʜʚʝ ʦʙʣʘʩʪʠ ʧʨʠ ʯʝʤʫ ʿʝ ˁʠʭʦʚ ʟʙʠʨ ʚʝ˂ʠ ʦʜ ɸʊʉ-ʘ ʦʚʝ ʪʨʘʩʘʢʮʠʿʝ ʿʝ ʧʦʪʨʝʙʥʦ 

ʨʝʜʫʢʦʚʘʪʠ. ʇʦʩʪʦʿʘˁʝʤ ʦʚʝ ʦʧʮʠʿʝ ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʨʘʟʤʝʥʝ 

ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʠʭ ʦʙʣʘʩʪʠ ʧʨʦʧʫʰʪʘˁʝʤ ʦʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʝ ʥʘʿʤʘˁʝ ʦʧʪʝ-

ʨʝ˂ʫʿʫ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ. 

ʀʩʪʘ ʤʝʪʦʜʘ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʥʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɸʊC-ʘ ʫ ʧʨʠʩʫʩʪʚʫ 

ʠʩʧʘʜʘ ʧʦʿʝʜʠʥʠʭ ʛʨʘʥʘ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. ɿʙʦʛ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʤʦʛʫ˂ʠʭ ʩʣʫʯʘʿʝʚʘ ʠ 

ʚʨʝʤʝʥʘ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʟʘ ʪʘʢʚʦ ʠʟʨʘʯʫʥʘʚʘˁʝ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʨʝʜʣʦʞʝʥʘ 

ʤʝʪʦʜʘ ʢʦʿʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʠʟʨʘʯʫʥʘʚʘˁʫ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʩʘʤʦ ʦʜʨʝʹʝʥʦʛ ʩʢʫʧʘ 

ʠʩʧʘʜʘ. ʉʢʫʧ ʛʨʘʥʘ ʟʘ ʢʦʿʝ ˂ʝ ʩʝ ʚʨʰʠʪʠ ʠʩʧʠʪʠʚʘˁʝ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʤʦ˂ʫ DC ʤʝʪʦ-

ʜʝ ʢʦʿʘ ʿʝ ʟʥʘʪʥʦ ʙʨʞʘ. ʇʦʢʘʟʘʥʦ ʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʧʦʢʣʘʧʘˁʝ ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ 

ʛʨʘʥʘ ʫʧʦʨʝʹʠʚʘˁʝʤ DC ʠ ʧʨʝʜʣʦʞʝʥʝ ʠʪʝʨʘʪʠʚʥʝ ʤʝʪʦʜʝ. 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʪʘʢʦʹʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʠʟʙʦʨ ʣʦʢʘʮʠʿʝ ʠ ʚʝʣʠʯʠʥʝ PV ʝʣʝʢʪʨʘʥʝ ʫ ʧʨʝʥʦʩʥʠʤ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘ-

ʤʘ. ɻʣʝʜʘʥʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʠʥʚʝʩʪʠʪʦʨʘ ʧʦʩʣʝ ʠʩʪʝʢʘ feed-in ʪʘʨʠʬʝ ʫ ˁʝʛʦʚʦʤ 

ʠʥʪʝʨʝʩʫ ʿʝ ʜʘ ʧʨʦʜʘ ʮʝʣʦʢʫʧʥʫ ʧʨʦʠʟʚʦʜˁʫ ʢʫʧʮʫ ʢʦʿʠ ʧʦʥʫʜʠ ʥʘʿʚʝ˂ʫ ʮʝʥʫ. ɼʘ 

ʙʠ ʠʥʚʝʩʪʠʪʦʨ ʦʚʦ ʧʦʩʪʠʛʘʦ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʦʜʘʙʝʨʝ ʣʦʢʘʮʠʿʫ ʠʟ ʢʦʿʝ ˂ʝ ʤʦ˂ʠ ʜʘ 

ʧʨʦʜʘ ʮʝʣʦʢʫʧʥʫ ʧʨʦʠʟʚʦʜˁʫ ʢʫʧʮʫ ʢʦʿʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʣʘʟʠ ʫ ʙʠʣʦ ʢʦʤ ʯʚʦʨʫ 

ʧʦʩʤʘʪʨʘʥʝ ʤʨʝʞʝ. ʂʦʨʠʰ˂ʝˁʝʤ ʜʚʦʿʥʝ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ, ʯʠʿʠ ʩʫ ʯʣʘʥʦʚʠ 

ʚʝʣʠʯʠʥʘ PV ʝʣʝʢʪʨʘʥʝ ʠ ɸʊC ʨʘʟʤʘʪʘʥʝ ʪʨʘʥʩʘʢʮʠʿʝ, ʠ ʫʧʦʪʨʝʙʦʤ ʧʨʝʜʣʦʞʝʥʝ 

ʤʝʪʦʜʝ ʤʦʛʫ˂ʝ ʿʝ ʥʘ˂ʠ ʦʧʪʠʤʘʣʥʫ ʣʦʢʘʮʠʿʫ ʟʘ ʠʟʛʨʘʜˁʫ PV ʝʣʝʢʪʨʘʥʝ. ʇʨʝʛʣʝʜʦʤ 

ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʟʘ ʩʚʘʢʫ ʣʦʢʘʮʠʿʫ ʠ ʩʚʝ ʢʦʤʙʠʥʘʮʠʿʝ ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢ-

ʮʠʿʘ ʠʟ ʧʦʩʤʘʪʨʘʥʝ ʣʦʢʘʮʠʿʝ ʢʘ ʜʨʫʛʠʤ ʯʚʦʨʦʚʠʤʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʠʥʚʝʩʪʠʪʦʨ 

ʤʦʞʝ ʣʘʢʰʝ ʜʘ ʜʦʥʝʩʝ ʦʜʣʫʢʫ ʦ ʠʟʙʦʨʫ ʤʝʩʪʘ ʛʨʘʜˁʝ PV ʝʣʝʢʪʨʘʥʝ. 

ʈʘʟʚʠʿʝʥʘ ʧʨʦʮʝʜʫʨʘ, ʤʦʜʠʬʠʢʦʚʘʥʠ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ, ʥʠʿʝ ʧʨʠʤʝʥˀʠʚʘ ʩʘʤʦ 

ʥʘ ʧʨʦʙʣʝʤʝ ʢʦʿʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. ʆʥʘ ʩʝ ʫʩʧʝʰʥʦ ʤʦʞʝ 

ʧʨʠʤʝʥʠʪʠ ʥʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʧʨʦʙʣʝʤʘ ʠʟ ʝʥʝʨʛʝʪʠʢʝ, ʢʘʦ ʠ ʥʘ ʧʨʦʙʣʝʤʝ ʠʟ ʜʨʫ-

ʛʠʭ ʥʘʫʯʥʠʭ ʦʙʣʘʩʪʠ. 
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9. ʇʈʀʃʆɻ 1 - ʀɿʈɸʏʋʅɸɺɸɳɽ ʀʅɺɽʈɿʅɽ ɺʈɽɼʅʆʉʊʀ ʈɽʊʂɽ 

ʄɸʊʈʀʎɽ 

 

ɻʣʘʚʥʠ ʮʠˀ ʤʘʪʨʠʯʥʠʭ ʦʧʝʨʘʮʠʿʘ ʫ ʧʨʦʙʣʝʤʠʤʘ ʢʦʿʠ ʩʫ ʚʝʟʘʥʠ ʟʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪ-

ʩʢʠ ʩʠʩʪʝʤ ʿʝ ʥʘʣʘʞʝˁʝ ʠʥʚʝʨʟʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛ-

ʝʪʩʢʦʛ ʩʠʩʪʝʤʘ, ʤʘʪʨʠʮʝ ʘʜʤʠʪʘʥʩʠ ʯʚʦʨʦʚʘ Y. ʅʘʣʘʞʝˁʝ ʠʥʚʝʨʟʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʪ-

ʨʠʮʝ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʿʝ ʜʦʩʪʘ ʟʘʭʪʝʚʘʥ ʧʦʩʪʫʧʘʢ ʢʦʿʠ 

ʙʠʪʥʦ ʫʩʧʦʨʘʚʘ ʧʨʦʮʝʩ ʥʘʣʘʞʝˁʘ ʨʝʰʝˁʘ ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ. ʂʘʜʘ ʩʝ ʧʨʦʙʣʝ-

ʤʠ ʚʝʟʘʥʠ ʟʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʝ ʧʦʤʦ˂ʫ ʤʘʪʨʠʮʘ, ʪʝ ʤʘʪʨʠʮʝ ʩʫ 

ʨʝʪʢʝ, ʥʝʧʨʠʭʚʘʪˀʠʚʦ ʿʝ ʪʨʘʞʠʪʠ ʮʝʣʦʢʫʧʥʫ ʠʥʚʝʨʟʠʿʫ ʪʘʢʚʝ ʤʘʪʨʠʮʝ ʘʢʦ ʩʝ ʟʘʭʪʝ-

ʚʘ ʩʘʤʦ ʤʘʣʠ ʜʝʦ ʝʣʝʤʝʥʘʪʘ ʠʥʚʝʨʟʥʝ ʤʘʪʨʠʮʝ, ʢʘʦ ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʢʦʜ ʘʥʘʣʠʟʘ ʢʨʘʪ-

ʢʠʭ ʩʧʦʿʝʚʘ. ʀʘʢʦ ʿʝ ʦʨʠʛʠʥʘʣʥʘ ʤʘʪʨʠʮʘ ʨʝʪʢʘ, ˁʝʥʦʤ ʠʥʚʝʨʟʠʿʦʤ ʩʝ ʜʦʙʠʿʘ 

ʢʦʤʧʣʝʪʥʦ ʧʦʧʫˁʝʥʘ ʤʘʪʨʠʮʘ. 

ʄʘʪʨʠʮʝ ʢʦʿʝ ʠʤʘʿʫ ʩʘʤʦ ʤʘʣʠ ʧʨʦʮʝʥʘʪ ʥʝʥʫʪʣʠʭ ʝʣʝʤʝʥʘʪʘ ʩʝ ʥʘʟʠʚʘʿʫ ʨʝʪʢʠʤ 

ʤʘʪʨʠʮʘʤʘ. ʄʘʪʨʠʮʘ ʯʠʿʝ ʩʫ ʜʠʤʝʥʟʠʿʘ n x n ʩʝ ʥʘʟʠʚʘ ʨʝʪʢʘ ʤʘʪʨʠʮʘ ʘʢʦ ʫ ʩʚʘʢʦʤ 

ʨʝʜʫ ʠʤʘ ʦʜ ʿʝʜʥʦʛ ʜʦ ʜʝʩʝʪ ʥʝʥʫʣʪʠʭ ʝʣʝʤʝʥʘʪʘ, ʟʘ ʚʝʣʠʢʦ n. ʊʠʧʠʯʥʠ ʧʨʝʜʩʪʘʚ-

ʥʠʮʠ ʨʝʪʢʠʭ ʤʘʪʨʠʮʘ ʩʫ ʤʦʜʝʣʠ ʩʠʩʪʝʤʘ ʢʦʿʝ ʿʝ ʯʦʚʝʢ ʥʘʧʨʘʚʠʦ. ʇʦʨʝʜ ʧʨʠʤʝʥʝ ʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʨʝʪʢʝ ʤʘʪʨʠʮʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʠ ʫ ʣʠʥʝʘʨʥʦʤ ʧʨʦʛ-

ʨʘʤʠʨʘˁʫ, ʪʝʦʨʠʿʠ ʢʦʣʘ, ʥʫʤʝʨʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ ʠʪʜ. 

ʏʝʩʪʦ ʿʝ ʥʝʤʦʛʫ˂ʝ ʨʝʰʠʪʠ ʚʘʞʥʝ ʧʨʦʙʣʝʤʝ, ʢʦʿʠ ʩʝ ʤʦʜʝʣʫʿʫ ʤʘʪʨʠʮʘʤʘ ʚʝʣʠʢʠʭ 

ʜʠʤʝʥʟʠʿʘ, ʧʦʰʪʦ ʿʝ ʧʦʪʨʝʙʥʦ ʥʘ˂ʠ ˁʝʥʫ ʠʥʚʝʨʟʥʫ ʚʨʝʜʥʦʩʪ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʘʩ-

ʧʦʣʦʞʠʚʠʭ ʨʘʯʫʥʘʨʘ ʠ ʨʘʩʧʦʣʦʞʠʚʘ ʨʘʯʫʥʘʨʩʢʘ ʤʝʤʦʨʠʿʘ ʩʫ ʛʣʘʚʥʘ ʦʛʨʘʥʠʯʝˁʘ ʟʘ 

ʦʧʝʨʘʮʠʿʫ ʠʥʚʝʨʟʠʿʝ ʤʘʪʨʠʮʘ. ʇʦʰʪʦ ʩʫ ʦʚʘʢʚʝ ʤʘʪʨʠʮʝ ʥʘʿʯʝʰ˂ʝ ʨʝʪʢʝ ʦʜ ʧʨʠ-

ʤʘʨʥʝ ʿʝ ʚʘʞʥʦʩʪʠ ʧʦʟʥʘʚʘˁʝ ʜʦʩʪʫʧʥʠʭ ʪʝʭʥʠʢʘ ʢʦʿʝ ʩʝ ʙʘʚʝ ʨʝʪʢʠʤ ʤʘʪʨʠʮʘʤʘ. 

ʇʦʟʥʘʚʘˁʝʤ ʚʠʰʝ ʪʝʭʥʠʢʘ ʢʦʿʝ ʩʝ ʙʘʚʝ ʨʝʪʢʠʤʘ ʤʘʪʨʠʮʘʤʘ, ʢʘʦ ʠ ʧʦʟʥʘʚʘˁʝʤ 

ˁʠʭʦʚʠʭ ʜʦʙʨʠʭ ʠ ʣʦʰʠʭ ʩʪʨʘʥʘ, ʣʘʢʰʝ ʿʝ ʦʜʘʙʨʘʪʠ ʧʨʘʚʫ ʤʝʪʦʜʫ ʟʘ ʨʝʰʘʚʘˁʝ 

ʟʘʜʘʪʦʛ ʧʨʦʙʣʝʤʘ. ʈʘʟʚʦʿ ʥʝʢʝ ʤʝʪʦʜʝ ʢʦʿʘ ʩʝ ʙʘʚʠ ʧʨʦʙʣʝʤʘʪʠʢʦʤ ʨʝʪʢʠʭ ʤʘʪʨʠʮʘ 

ʿʝ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʘʥ ʘʢʦ ʧʦʩʪʦʿʠ ʚʠʰʝ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʠʤʘʿʫ ʠʩʪʫ ʩʪʨʫʢʪʫʨʫ 

ʤʘʪʨʠʮʝ. 

ʄʝʪʦʜʝ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʠʥʚʝʨʟʥʝ ʚʨʝʜʥʦʩʪʠ ʨʝʪʢʠʭ ʤʘʪʨʠʮʘ ʤʦʛʫ ʩʝ 

ʧʦʜʝʣʠʪʠ ʫ ʚʠʰʝ ʛʨʫʧʘ. ɱʝʜʥʘ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʿʝ ɻʘʫʩʦʚʘ ʤʝʪʦʜʘ ʟʘʤʝʥʝ ʫʥʘʧʨʝʜ 

ʠ ʫʥʘʟʘʜ, ʤʝʹʫʪʠʤ ʦʚʘ ʤʝʪʦʜʘ ʿʝ ʨʘʯʫʥʩʢʠ ʜʦʩʪʘ ʟʘʭʪʝʚʥʘ [155]. ɿʘ ʨʝʰʘʚʘˁʝ 
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ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ ʠʣʠ ʠʟʨʘʯʫʥʘʚʘˁʝ ʠʥʚʝʨʟʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ ʨʘʟʚʠʿʝʥʦ ʿʝ 

ʚʠʰʝ ʤʝʪʦʜʘ ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʪʨʦʫʛʘʦʥʦʿ ʬʘʢʪʦʨʠʟʘʮʠʿʠ ʦʩʥʦʚʥʝ ʤʘʪʨʠʮʝ [156-

159]. ʄʦʛʫ˂ʥʦʩʪ ʧʘʨʘʣʝʣʥʦʛ ʠʟʨʘʯʫʥʘʚʘˁʘ ʫʟ ʫʧʦʪʨʝʙʫ ʪʨʦʫʛʘʦʥʝ ʬʘʢʪʦʨʠʟʘʮʠʿʝ 

ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʙʨʞʝʛ ʥʘʣʘʞʝˁʘ ʨʝʰʝˁʘ [160]. ɿʥʘʯʘʿʥʦ ʫʙʨʟʘʚʘˁʝ ʩʚʠʭ ʤʝʪʦʜʘ 

ʩʝ ʧʦʩʪʠʞʝ ʘʢʦ ʩʝ ʧʨʠʤʝʥʠ ʥʝʢʘ ʦʜ ʤʝʪʦʜʘ ʦʧʪʠʤʘʣʥʝ ʧʨʝʥʫʤʝʨʘʮʠʿʝ. ʋʧʦʪʨʝʙʦʤ 

ʤʘʪʨʠʯʥʠʭ ʬʘʢʪʦʨʘ ʠʟʙʝʛʘʚʘ ʩʝ ʩʢʣʘʜʠʰʝˁʝ ʧʦʤʦ˂ʥʠʭ ʤʘʪʨʠʮʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ 

ʢʦʜ ʜʨʫʛʠʭ ʤʝʪʦʜʘ [161, 162]. ʄʝʪʦʜʝ ʨʝʪʢʠʭ ʚʝʢʪʦʨʘ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʧʦʩʝʙʥʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʝ ʟʘʭʪʝʚʘ ʩʘʤʦ ʤʘʣʠ ʜʝʦ ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʨʝʰʝˁʘ [163, 164]. 

ʂʦʤʧʝʥʟʘʮʠʦʥʝ ʤʝʪʦʜʝ ʩʫ ʧʦʛʦʜʥʝ ʢʘʜʘ ʜʦʹʝ ʜʦ ʥʝʢʠʭ ʢʨʘʪʢʦʪʨʘʿʥʠʭ ʧʨʦʤʝʥʘ ʫ 

ʩʠʩʪʝʤʫ [165, 166]. ʋ [167] ʿʝ ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʘ ʢʦʿʘ ʥʘʣʘʟʠ ʩʘʤʦ ʜʠʿʘʛʦʥʘʣʥʝ 

ʝʣʝʤʝʥʪʝ ʠʥʚʝʨʟʥʝ ʤʘʪʨʠʮʝ. ʋ ʣʠʪʝʨʘʪʫʨʠ [168, 169] ʿʝ ʤʦʛʫ˂ʝ ʥʘ˂ʠ ʠ ʠʪʝʨʘʪʠʚʥʝ 

ʤʝʪʦʜʝ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʠʥʚʝʨʟʥʝ ʤʘʪʨʠʮʝ. 

 

9.1. ʐʝʤʝ ʧʨʝʥʫʤʝʨʘʮʠʿʝ 

 

ʇʦʰʪʦ ʿʝ ʤʘʪʨʠʮʘ ʠʤʧʝʜʘʥʩʠ ʯʚʦʨʦʚʘ (Y) ʢʣʘʩʠʯʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ 

ʨʝʪʢʘ, ʪʦ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʝʥʫʤʝʨʠʩʘʪʠ ʤʘʪʨʠʮʫ ʘʜʤʠʪʘʥʩʠ ʨʘʜʠ ʩʤʘˁʠʚʘˁʘ ʧʦʧʫʥʘ 

ʢʦʿʝ ʥʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʨʦʮʝʩʘ ʬʘʢʪʦʨʠʟʘʮʠʿʝ. ʇʨʦʮʝʩ ʬʘʢʪʦʨʠʟʘʮʠʿʝ ʩʝ ʤʦʞʝ 

ʧʦʩʤʘʪʨʘʪʠ ʠ ʢʘʦ ʧʨʦʮʝʩ ʝʣʠʤʠʥʘʮʠʿʝ ʯʚʦʨʦʚʘ ʫ ʪʝʦʨʠʿʠ ʛʨʘʬʦʚʘ. ʅʝʢʘ ʩʝ 

ʧʦʩʤʘʪʨʘ ʩʠʩʪʝʤ (ʛʨʘʬ) ʩʘ n ʯʚʦʨʦʚʘ. ɼʘ ʙʠ ʩʝ ʦʙʨʠʩʘʦ k-ʪʠ ʯʚʦʨ ʠʟ ʛʨʘʬʘ, ʧʦʨʝʜ 

ʩʘʤʦʛ ʯʚʦʨʘ ʠʟ ʛʨʘʬʘ ʿʝ ʧʦʪʨʝʙʥʦ ʫʢʣʦʥʠʪʠ ʠ ʩʚʝ ʛʨʘʥʝ ʢʦʿʝ ʩʫ ʙʠʣʝ ʟʘ ˁʝʛʘ 

ʧʦʚʝʟʘʥʝ. ɸʢʦ ʿʝ ʯʚʦʨ k ʙʠʦ ʧʦʚʝʟʘʥ ʩʘ ʯʚʦʨʦʚʠʤʘ l ʠ m ʧʨʝ ʙʨʠʩʘˁʘ, ʧʦʩʣʝ 

ʙʨʠʩʘˁʘ ʯʚʦʨʘ k ʧʦʪʨʝʙʥʦ ʿʝ ʩʧʦʿʠʪʠ ʯʚʦʨʦʚʝ l ʠ m, ʦʜʥʦʩʥʦ ʜʦʜʘʪʠ ʛʨʘʥʫ ʠʟʤʝʹʫ 

ʦʚʘ ʜʚʘ ʯʚʦʨʘ, ʘʢʦ ʦʚʘ ʛʨʘʥʘ ʚʝ˂ ʥʝ ʧʦʩʪʦʿʠ. ɸʢʦ ʧʨʠʣʠʢʦʤ ʧʨʦʮʝʩʘ ʝʣʠʤʠʥʘʮʠʿʝ 

ʯʚʦʨʘ k ʥʘʩʪʘʥʝ ʥʦʚʘ ʛʨʘʥʘ ʫ ʛʨʘʬʫ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ l ʠ m, ʫ ʤʘʪʨʠʮʠ ʠʥʮʠʜʝʥʮʠʿʝ 

ʿʝ ʧʦʪʨʝʙʥʦ ʫʚʝʩʪʠ ʥʦʚʝ ʝʣʝʤʝʥʪʝ ʥʘ ʧʦʟʠʮʠʿʘʤʘ (l, m) ʠ (m, l). ʅʘʿʯʝʰ˂ʝ 

ʢʦʨʠʰ˂ʝʥʝ ʰʝʤʝ ʧʨʝʥʫʤʝʨʘʮʠʿʝ ʩʫ: 

¶ ʉʪʘʪʠʯʢʘ ʰʝʤʘ: ʐʝʤʘ ʥʫʤʝʨʠʰʝ ʯʚʦʨʦʚʝ ʧʨʝʤʘ ʙʨʦʿʫ ʛʨʘʥʘ ʢʦʿʠ ʩʫ 

ʧʦʚʝʟʘʥʠ ʥʘ ˁʠʭ. ʊʦ ʟʘʥʯʠ ʜʘ ʩʫ ʯʚʦʨʦʚʠ ʧʦʨʝʹʘʥʠ ʦʜ ʯʚʦʨʘ ʩʘ ʥʘʿʤʘˁʠʤ 

ʙʨʦʿʝʤ ʛʨʘʥʘ ʜʦ ʯʚʦʨʘ ʩʘ ʥʘʿʚʝ˂ʠʤ ʙʨʦʿʝʤ ʛʨʘʥʘ. ɸʢʦ ʧʦʩʪʦʿʠ ʚʠʰʝ ʯʚʦʨʦʚʘ 

ʩʘ ʠʩʪʠʤ ʙʨʦʿʝʤ ʛʨʘʥʘ, ʙʠʣʦ ʢʦʿʠ ʦʜ ʦʚʠʭ ʯʚʦʨʦʚʘ ʤʦʞʝ ʜʘ ʠʜʝ ʧʨʚʠ. ʇʨʝ 

ʧʦʯʝʪʢʘ ʧʨʦʮʝʩʘ ʜʦʜʝˀʠʚʘˁʘ ʨʝʜʥʠʭ ʙʨʦʿʝʚʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʙʨʦʿʘʪʠ 
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ʢʦʣʠʢʦ ʿʝ ʛʨʘʥʘ ʧʦʚʝʟʘʥʦ ʥʘ ʩʚʘʢʠ ʯʚʦʨ. ʆʚʘ ʰʝʤʘ ʿʝ ʧʦʛʦʜʥʘ ʟʘ ʤʘˁʝ 

ʤʨʝʞʝ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ ʧʝʪˀʠ. 

¶ ʇʦʣʫʜʠʥʘʤʠʯʥʘ ʰʝʤʘ: ʋ ʧʨʝʪʭʦʜʥʦʿ ʰʝʤʠ, ʙʨʦʿ ʛʨʘʥʘ ʢʦʿʠ ʿʝ ʧʦʚʝʟʘʥ ʩʘ 

ʩʚʘʢʠʤ ʯʚʦʨʦʤ ʩʝ ʨʘʯʫʥʘ ʥʘ ʦʩʥʦʚʫ ʠʥʠʮʠʿʘʣʥʝ ʤʨʝʞʝ ʠ ʥʝ ʤʝˁʘ ʩʝ ʪʦʢʦʤ 

ʧʨʦʮʝʩʘ ʥʫʤʝʨʘʮʠʿʝ. ɿʘʧʨʘʚʦ, ʫ ʧʨʦʮʝʩʫ ʝʣʠʤʠʥʘʮʠʿʝ ʯʚʦʨʘ, ʙʨʦʿ ʛʨʘʥʘ 

ʧʦʚʝʟʘʥʠʭ ʥʘ ʩʚʘʢʠ ʦʜ ʯʚʦʨʦʚʘ ˂ʝ ʩʝ ʤʝˁʘʪʠ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʘʚʠʣʦʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʟʚʝʟʜʘ ʫ ʪʨʦʫʛʘʦ. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ ʩʣʝʜʠ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʙʨʦʿ ʛʨʘʥʘ ʢʦʿʝ ʩʫ ʧʦʚʝʟʘʥʝ ʟʘ ʩʚʘʢʠ ʧʦʿʝʜʠʥʘʯʥʠ ʯʚʦʨ ʘʞʫʨʠʨʘʪʠ ʧʦʩʣʝ 

ʝʣʠʤʠʥʘʮʠʿʝ ʩʚʘʢʦʛ ʯʚʦʨʘ, ʠ ʥʘ ʦʩʥʦʚʫ ʪʦʛ ʙʨʦʿʘ ʜʘˀʝ ʚʨʰʠʪʠ ʥʫʤʝʨʘʮʠʿʫ. 

ʇʦʤʦ˂ʫ ʦʚʝ ʰʝʤʝ ʩʝ ʧʦʩʪʠʞʝ ʙʦˀʘ ʨʝʜʫʢʮʠʿʘ ʧʦʧʫʥʘ, ʟʘʪʦ ʰʪʦ ʫʚʘʞʘʚʘ 

ʧʨʦʤʝʥ ʠˀʚʠ ʙʨʦʿ ʧʦʚʝʟʥʠʭ ʛʨʘʥʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʝʣʝʠʤʠʥʘʮʠʿʝ. 

¶ ɼʠʥʘʤʠʯʢʘ ʰʝʤʘ: ʇʨʝʪʭʦʜʥʝ ʜʚʝ ʰʝʤʝ ʩʫ ʩʘʤʦ ʜʝʣʠʤʠʯʥʦ ʦʧʪʠʤʘʣʥʝ, 

ʧʦʰʪʦ ʥʝ ʛʘʨʘʥʪʫʿʫ ʤʠʥʠʤʘʣʘʥ ʙʨʦʿ ʧʦʧʫʥʘ. ʆʚʦ ʿʝ ʨʠʛʦʨʦʟʥʠʿʘ ʰʝʤʘ ʢʦʿʘ 

ʥʫʤʝʨʠʰʝ ʯʚʦʨʦʚʝ ʧʨʝʤʘ ʙʨʦʿʫ ʧʦʧʫʥʘ ʢʦʿʠ ʥʘʩʪʘʿʝ ˁʠʭʦʚʦʤ ʝʣʠʤʠʥʘʮʠ-

ʿʦʤ. ʇʨʦʮʝʩ ʩʝ ʦʜʚʠʿʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

- ʅʘ ʦʩʥʦʚʫ ʧʨʘʚʠʣʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʟʚʝʟʜʘ ʫ ʪʨʦʫʛʘʦ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʠʟʙʨʦʿʘʪʠ ʥʦʚʦʥʘʩʪʘʣʝ ʛʨʘʥʝ (ʦʚʝ ʛʨʘʥʝ ʫʟʨʦʢʫʿʫ ʧʦʧʫʥʝ ʫ ʤʘʪʨʠʮʠ 

L) ʢʦʿʝ ʩʝ ʜʦʙʠʿʘʿʫ ʝʣʠʤʠʥʘʮʠʿʦʤ ʩʚʘʢʦʛ ʯʚʦʨʘ. ʏʚʦʨ ʩʘ ʥʘʿʤʘˁʝ 

ʧʦʚʝʟʥʠʭ ʛʨʘʥʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʨʘʯʫʥʘʿʫ ʠ ʥʦʚʦʥʘʩʪʘʣʝ, ʩʝ ʧʨʚʠ 

ʥʫʤʝʨʠʰʫ. 

- ɸʞʫʨʠʨʘʪʠ ʙʨʦʿ ʧʦʚʝʟʥʠʭ ʛʨʘʥʘ ʟʘ ʧʨʝʦʩʪʘʣʝ ʯʚʦʨʦʚʝ. 

ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʿʝ ʧʨʦʮʝʩ ʥʫʤʝʨʘʮʠʿʝ ʦʚʝ ʰʝʤʝ ʟʥʘʪʥʦ ʩʣʦʞʝʥʠʿʠ ʦʜ 

ʧʨʝʪʭʦʜʥʝ ʜʚʝ, ʘʣʠ ʟʘ ʩʣʦʞʝʥʠʿʝ ʤʨʝʞʝ ʦʚʘ ʤʝʪʦʜʘ ʜʘʿʝ ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ 

[164]. 

 

9.2. ʋʧʦʪʨʝʙʘ ʠʥʚʝʨʟʥʠʭ ʬʘʢʦʨʘ ʟʘ ʥʘʣʘʞʝˁʝ ʨʝʰʝˁʘ ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ 

ʿʝʜʥʘʯʠʥʘ 

 

ʂʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʨʘʟʤʘʪʨʘʥʠ ʩʠʩʪʝʤ ʿʝʜʥʘʯʠʥʘ ʨʝʰʘʚʘʪʠ ʚʠʰʝ ʧʫʪʘ, ʧʦʛʦʜʥʦ ʿʝ 

ʫʧʦʪʨʝʙʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʬʦʨʤʫ ʩʢʣʘʜʠʰʪʝˁʘ ʬʘʢʪʦʨʠʟʘʮʠʦʥʠʭ ʤʘʪʨʠʮʘ. ʋ 

ʩʣʫʯʘʿʝʚʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʟʘʭʪʝʚʘ ʩʘʤʦ ʢʨʘʿˁʝ ʨʝʰʝˁʝ ʙʝʟ ʧʦʟʥʘʚʘˁʘ ʤʝʹʫʨʝʟʫʣʪʘ-

ʪʘ, ʪʿ. ʙʝʟ ʧʦʟʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʠʥʚʝʨʟʥʝ ʤʘʪʨʠʮʝ, ʬʘʢʪʦʨʠʟʘʮʠʦʥʝ ʤʘʪʨʠʮʝ ʿʝ 
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ʤʦʛʫ˂ʝ ʠʟʨʘʯʫʥʘʪʠ ʠ ʩʢʣʘʜʠʰʪʠʪʠ ʥʘ ʧʦʩʝʙʘʥ ʥʘʯʠʥ [162] ʰʪʦ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʦ 

ʫ ʜʘˀʝʤ ʠʟʣʘʛʘˁʫ. ʇʨʦʙʣʝʤʠ ʚʝʟʘʥʠ ʟʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʩʠʩʪʝʤʝ ʯʝʩʪʦ ʟʘʭʪʝʚʘʿʫ 

ʨʝʰʘʚʘˁʝ ʿʝʜʥʘʯʠʥʝ ʦʙʣʠʢʘ I  = Yɽ ʛʜʝ ʿʝ I  ʚʝʢʪʦʨ ʢʦʣʦʥʘ ʩʪʨʫʿʘ ʠˁʝʢʪʠʨʘˁʘ, Y ʿʝ 

ʤʘʪʨʠʮʘ ʘʜʤʠʪʘʥʩʠ ʯʚʦʨʦʚʘ ʘ ɽ ʿʝ ʚʝʢʪʦʨ ʢʦʣʦʥʘ ʥʘʧʦʥʘ ʯʚʦʨʦʚʘ ʢʦʿʠ ʿʝ ʥʝʧʦʟʥʘʪ. 

ʆʚʘʿ ʩʠʩʪʝʤ ʿʝʜʥʘʯʠʥʘ ʿʝ ʤʦʛʫ˂ʝ ʨʝʰʠʪʠ ʠ ʧʦʤʦ˂ʫ ʤʘʪʨʠʮʝ ʠʤʧʝʜʘʥʩʠ Z, ʢʦʿʘ ʠʤʘ 

ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ 

ZIE= . (9.1) 

ʋ ʥʘʩʪʘʚʢʫ ʠʟʣʘʛʘˁʘ ˂ʝ ʙʠʪʠ ʧʦʢʘʟʘʥʦ ʜʘ ʿʝ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʚʝʢʪʦʨʘ ʩʪʨʫʿʝ I  ʫ 

ʚʝʢʪʦʨ ʥʘʧʦʥʘ ɽ ʧʦʪʨʝʙʥʦ ʧʦʟʥʘʚʘʪʠ ʤʘʪʨʠʮʫ ɸ ʠ ʨʝʮʠʧʨʦʯʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʠʤʘ 

ʩʝ ʪʨʘʥʩʬʦʨʤʠʰʝ ʤʘʪʨʠʮʘ Y ʫ ʤʘʪʨʠʮʫ ɸ. ʄʘʪʨʠʮʘ ɸ ʿʝ ʛʦʨˁʘ ʪʨʦʫʛʘʦʥʘ ʤʘʪʨʠʮʘ 

ʢʦʿʘ ʥʘʩʪʘʿʝ ʝʣʠʤʠʥʘʮʠʿʦʤ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʠʩʧʦʜ ʛʣʘʚʥʝ ʜʠʿʘʛʦʥʘʣʝ ʤʘʪʨʠʮʝ Y. 

ʀʘʢʦ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʟʘʭʪʝʚʘ ʫʚʦʹʝˁʝ ʩʣʦʞʝʥʠʿʝʛ ʠʥʜʝʢʩʠʨʘˁʘ, ʜʦʙʠʿʘˁʝ 

ʢʨʘʿˁʝʛ ʨʝʟʫʣʪʘʪʘ ʿʝ ʧʨʠʣʠʯʥʦ ʿʝʜʥʦʩʪʘʚʥʦ. 

ʄʘʪʨʠʮʘ ʠʤʧʝʜʘʥʩʠ Z ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʧʦʤʦ˂ʫ ʧʨʦʠʟʚʦʜʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʘʪʨʠ-

ʮʘ, ʪʘʢʦ ʜʘ ʩʝ ʿʝʜʥʘʯʠʥʘ (9.1) ʤʦʞʝ ʧʠʩʘʪʠ ʫ ʩʣʝʜʝ˂ʝʤ ʦʙʣʠʢʫ 

( )ITTTE 12...q= . (9.2) 

ʆʚʝ ʝʣʝʤʝʥʪʘʨʥʝ ʤʘʪʨʠʮʝ ʩʫ ʥʘʩʪʘʣʝ ʝʣʝʤʝʥʪʘʨʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʢʦʿʝ ʩʫ ʧʨʝʪʚʦʨʠ-

ʣʝ ʤʘʪʨʠʮʫ Y ʫ ʿʝʜʠʥʠʯʥʫ ʤʘʪʨʠʮʫ À. ʆʜʥʦʩʥʦ ʚʘʞʠ 

( )( )( )( )YTTT 12...q=À . (9.3) 

ʇʨʠʣʠʢʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʝʣʝʤʝʥʪʘʨʥʝ ʦʧʝʨʘʮʠʿʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʩʝʢʚʝʥʮʠʿʘʣʥʦ ʟʘ 

ʩʚʘʢʠ ʧʘʨ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʿʝ ʜʝʬʠʥʠʩʘʥ ʟʘʛʨʘʜʘʤʘ ʫ ʿʝʜʥʘʯʠʥʠ (9.3). ʀʘʢʦ ʿʝ 

ʧʨʦʠʟʚʦʜ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʘʪʨʠʮʘ ʊ1, ..., ʊq ʠʟ ʿʝʜʥʘʯʠʥʘ(9.2) ʠ (9.3) ʿʝʜʠʥʩʪʚʝʥ, 

ʙʨʦʿ ʠ ʪʠʧ ʦʚʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʘʪʨʠʮʘ ʥʠʿʝ. ɹʨʦʿ ʥʫʤʝʨʠʯʢʠʭ ʦʧʝʨʘʮʠʿʘ ʢʦʿʝ ʩʝ 

ʢʦʨʠʩʪʝ ʟʘ ʜʦʙʠʿʘˁʝ ʦʚʠʭ ʤʘʪʨʠʮʘ ʧʨʚʝʥʩʪʚʝʥʦ ʟʘʚʠʩʠ ʦʜ ʨʘʩʧʦʨʝʜʘ ʤʘʪʨʠʮʝ 

ʘʜʤʠʪʘʥʩʠ. ʅʘʠʤʝ, ʘʢʦ ʿʝ ʟʘ ʥʫʤʝʨʘʮʠʿʫ ʨʘʟʤʘʪʨʘʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ 

ʫʧʦʪʨʝʙˀʝʥʘ ʥʝʢʘ ʦʜ ʦʧʪʠʤʘʣʥʠʭ ʤʝʪʦʜʘ ʥʫʤʝʨʘʮʠʿʝ ʙʨʦʿ ʧʦʪʨʝʙʥʠʭ ʝʣʝʤʝʥʪʘʨ-

ʥʠʭ ʤʘʪʨʠʮʘ ˂ʝ ʙʠʪʠ ʤʘˁʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʩʝ ʥʝ ʢʦʨʠʩʪʠ ʦʧʪʠʤʘʣʥʘ 

ʥʫʤʝʨʘʮʠʿʘ. 

ɿʘ ʦʚʫ ʤʝʪʦʜʫ ʩʝ ʟʘʭʪʝʚʘʿʫ ʩʘʤʦ ʜʚʘ ʪʠʧʘ ʦʧʝʨʘʮʠʿʘ. ʆʚʝ ʦʧʝʨʘʮʠʿʝ ʩʝ ʥʘʿʙʦˀʝ 

ʤʦʛʫ ʜʝʬʠʥʠʩʘʪʠ ʧʦʤʦ˂ʫ ʧʨʦʠʟʚʦʜʘ ʩʣʝʜʝ˂ʘ ʜʚʘ ʪʠʧʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʘʪʨʠʮʘ ʠ 

ʜʨʫʛʝ ʤʘʪʨʠʮʝ. 
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ijT . (9.5) 

ɼʫʧʣʦ ʠʥʜʝʢʩʠʨʘˁʝ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʘʪʨʠʮʘ ʿʝ ʫʚʝʜʝʥʦ ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʦ ʪʠʧ 

ʦʧʝʨʘʮʠʿʝ ʢʦʿʠ ˂ʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʨʝʜʫ. ʄʥʦʞʝˁʝ ʤʘʪʨʠʮʝ ʝʣʝʤʝʥ-

ʪʘʨʥʦʤ ʤʘʪʨʠʮʦʤ ʊiʿ ʪʠʧʘ (9.4) ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʧʨʦʤʝʥʫ ʩʘʤʦ i-ʪʦʛ ʨʝʜʘ, ʪʿ. ʩʚʠ 

ʝʣʝʤʝʥʪʠ i-ʪʦʛ ʨʝʜʘ ʩʝ ʤʥʦʞʝ ʩʘ ʩʢʘʣʘʨʦʤ c. ʂʘʜʘ ʩʝ ʤʘʪʨʠʮʘ ʤʥʦʞʠ ʤʘʪʨʠʮʦʤ ʊiʿ 

ʪʠʧʘ (9.5) ʦʧʝʪ ʩʝ ʤʝˁʘ ʩʘʤʦ i-ʪʠ ʨʝʜ ʢʦʤʝ ʩʝ ʜʦʜʘʿʝ -ʿʪʠ ʨʝʜ ʧʦʤʥʦʞʝʥ ʩʢʘʣʘʨʦʤ c. 

ʉʘ ʧʨʦʛʨʘʤʝʨʩʢʦʛ ʛʣʝʜʠʰʪʘ, ʦʧʝʨʘʮʠʿʫ ʩʘ ʝʣʝʤʝʥʪʘʨʥʠʤ ʤʘʪʨʠʮʘʤʘ ʤʦʛʫ˂ʝ ʿʝ 

ʜʝʬʠʥʠʩʘʪʠ ʧʦʤʦ˂ʫ ʿʝʜʥʦʛ ʩʢʘʣʘʨʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʘʨʘ ʢʦʦʨʜʠʥʘʪʘ. ʋ ʮʠˀʫ 

ʧʨʠʢʘʟʠʚʘˁʘ ʦʚʝ ʠʜʝʿʝ ʨʝʜʦʩʣʝʜ ʦʧʝʨʘʮʠʿʘ ʢʦʿʠ ʿʝ ʟʘʜʘʪ ʫ ʿʝʜʥʘʯʠʥʘʤʘ (9.2) ʠ (9.3) 

ʤʦʞʝ ʩʝ ʧʦʜʝʣʠʪʠ ʫ ʜʚʝ ʛʨʫʧʝ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ 

( )( )( )( )( )( )( )YBBBBAA 11211,,,112 ...... --=À nnnnnn . (9.6) 

ʈʝʜ ʧʦʩʤʘʪʨʘʥʝ ʤʘʪʨʠʮʝ ʿʝ n, Biʿ ʩʫ ʝʣʝʤʝʥʪʘʨʥʝ ʤʘʪʨʠʮʝ ʢʦʿʝ ʪʨʘʥʩʬʦʨʤʠʰʫ 

ʤʘʪʨʠʮʫ ʘʜʤʠʪʘʥʩʠ Y ʫ ʤʘʪʨʠʮʫ ɸ (ʠʟʿʝʜʥʘʯʘʚʘʿʫ˂ʠ ʝʣʝʤʝʥʪʝ ʠʩʧʦʜ ʛʣʘʚʥʝ ʜʠʿʘʛʦ-

ʥʘʣʝ ʩʘ ʥʫʣʦʤ) ʜʦʢ ʩʫ ɸiʿ ʝʣʝʤʝʥʪʘʨʥʝ ʤʘʪʨʠʮʝ ʢʦʿʝ ʪʨʘʥʩʬʦʨʤʠʰʫ ʤʘʪʨʠʮʫ ɸ ʫ 

ʿʝʜʥʠʥʯʥʫ ʤʘʪʨʠʮʫ À (ʠʟʿʝʜʥʘʯʘʚʘʿʫ˂ʠ ʝʣʝʤʝʥʪʝ ʠʟʥʘʜ ʛʣʘʚʥʝ ʜʠʿʘʛʦʥʘʣʝ ʩʘ 

ʥʫʣʦʤ). 

ʀʩʪʠ ʧʨʠʥʮʠʧ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʟʘ ʨʝʰʘʚʘˁʝ ʿʝʜʥʘʯʠʥʝ (9.2). ʇʦʰʪʦ ʿʝ I  ʚʝʢʪʦʨ 

ʢʦʣʦʥʘ, ʤʥʦʞʝˁʝ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʘʪʨʠʮʘ Biʿ ʠʣʠ ɸiʿ ʩʘ I  ʩʝ ʩʚʦʜʠ ʥʘ ʤʥʦʞʝˁʝ 

ʿʝʜʥʦʛ ʝʣʝʤʝʥʪʘ ʩʢʘʣʘʨʦʤ, ʦʜʥʦʩʥʦ ʤʥʦʞʝˁʝ ʿʝʜʥʦʛ ʝʣʝʤʝʥʪʘ ʩʢʘʣʘʨʦʤ ʠ 

ʜʦʜʘʚʘˁʝ ʜʨʫʛʦʤ ʝʣʝʤʝʥʪʫ. 

ɸʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʘ ʤʘʪʨʠʮʘ Y ʥʘ ʩʚʠʤ ʩʚʦʿʠʤ ʧʦʟʠʮʠʿʘʤʘ ʩʘʜʨʞʠ ʥʝʥʫʣʪʝ 

ʝʣʝʤʝʥʪʝ, ʪʘʜʘ ʿʝ ʟʘ ˁʝʥʦ ʠʥʚʝʨʪʦʚʘˁʝ ʧʦʪʨʝʙʥʦ n
2
 ʦʧʝʨʘʮʠʿʘ ʤʥʦʞʝˁʘ-ʜʦʜʘʚʘˁʘ, 

ʛʜʝ ʿʝ n ʜʠʤʝʥʟʠʿʘ ʢʚʘʜʨʘʪʥʝ ʤʘʪʨʠʮʝ. ʄʝʹʫʪʠʤ, ʢʘʦ ʰʪʦ ʿʝ ʧʦʟʥʘʪʦ ʤʘʪʨʠʮʘ Y ʿʝ 
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ʨʝʪʢʘ, ʘ ʘʢʦ ʩʝ ʧʨʠʤʝʥʠ ʦʧʪʠʤʘʣʥʦ ʥʫʤʝʨʠʩʘˁʝ ʠ ʪʨʦʫʛʘʦʥʘ ʤʘʪʨʠʮʘ ɸ ʤʦʞʝ ʙʠʪʠ 

ʨʝʪʢʘ. ʀ ʧʦʨʝʜ ʯʠˁʝʥʠʮʝ ʜʘ ʫ ʠʟʨʘʟʫ (9.6) ʠʤʘ n
2
 ʦʧʝʨʘʮʠʿʘ, ʩʘʤʦ ʦʥʝ ʦʧʝʨʘʮʠʿʝ 

ʢʦʿʝ ʩʫ ʚʝʟʘʥʝ ʟʘ ʤʘʪʨʠʮʫ ɸ ʧʦʚʝ˂ʘʚʘʿʫ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ. ɹʠʪʥʠ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ 

ɸ (ɸi)ʿ ʩʫ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʥʝʥʫʣʪʠʭ ʝʣʝʤʝʥʘʪʘ ʠʟʥʘʜ ʛʣʘʚʥʝ ʜʠʿʘʛʦʥʘʣʝ ʢʦʿʝ ʿʝ 

ʧʦʪʨʝʙʥʦ ʩʢʣʘʜʠʰʪʠʪʠ ʟʘʿʝʜʥʦ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʠʥʜʝʢʩʠʤʘ. ɹʠʪʥʠ ʝʣʝʤʝʥʪʠ ʤʘʪ-

ʨʠʮʘ Bii ʩʫ ʨʝʮʠʧʨʦʯʥʝ ʚʨʝʜʥʦʩʪʠ ʧʠʚʦʪʘ i-ʪʦʛ ʨʝʜʘ ʢʦʿʠ ʩʝ ʨʘʯʫʥʘʿʫ ʫ ʧʨʦʮʝʩʫ 

ʨʝʜʫʢʮʠʿʝ. ʉʚʝ ʤʘʪʨʠʮʝ ʪʠʧʘ Biʿ ʩʫ ʟʘʚʠʩʥʝ ʦʜ ʤʘʪʨʠʮʝ ɸiʿ ʠ ʤʦʛʫ ʩʝ ʠʟʨʘʟʠʪʠ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ 

jiiiijiiij ¸= -     ,1
BABB . (9.7) 

ɿʘʤʝʥʦʤ ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ Biʿ ʜʦʙʠʿʝʥʝ ʠʟʨʘʟʦʤ (9.7) ʫ (9.6) ʠ ʧʨʠʤʝʥʦʤ ʥʘ 

ʿʝʜʥʘʯʠʥʫ (9.2) ʜʦʙʠʿʘ ʩʝ 

( )( )( )( )( )( )( )IBBABBABBAAE 11
1

112111
1

1,11,1,1,,112 ...... --
------= nnnnnnnnnn . (9.8) 

ʇʨʦʠʟʚʦʜʠ ʪʠʧʘ Bii
-1

Bii ʩʝ ʧʦʥʠʰʪʘʚʘʿʫ ʪʘʢʦ ʜʘ ʩʝ ʜʦʙʠʿʘ 

( )( )( )( )( )( )IAABBAAE 211,1,1,,112 ...... ----= nnnnnnnn . (9.9) 

ɻʨʫʧʠʩʘˁʝʤ n ʤʘʪʨʠʮʘ ʪʠʧʘ Bii ʜʦʙʠʿʘ ʩʝ ʿʝʜʥʘʯʠʥʘ (9.10) ʧʦʤʦ˂ʫ ʢʦʿʝ ʩʝ ʚʝʢʪʦʨ 

ʩʪʨʫʿʝ ʠˁʝʢʪʠʨʘˁʘ I  ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ ʚʝʢʪʦʨ ʥʘʧʦʥʘ ʯʚʦʨʦʚʘ ɽ 

( )( )( )( )( )( )( )( )IAABBBAAAE 21311,111,1,,11312 ......... ----= nnnnnnnn A . (9.10) 

ɱʝʜʥʘʯʠʥʘ (9.10) ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʧʦʛʦʜʥʠʿʫ ʬʦʨʤʫ ʟʘ ʧʨʦʛʨʘʤʠʨʘˁʝ. ʉʚʝ ʧʦʪʨʝʙʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʩʫ ʩʤʝʰʪʝʥʝ ʫ ʤʘʪʨʠʮʠ ɸ ʠ ʫ n ʨʝʮʠʧʨʦʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʜʝʬʠʥʠ-

ʰʫ ʝʣʝʤʝʥʪʝ ʤʘʪʨʠʮʘ Bii. ʊʨʘʥʩʬʦʨʤʘʮʠʿʝ ʚʝʢʪʦʨʘ I  ʟʘʧʦʯʠˁʫ ʝʣʝʤʝʥʪʠʤʘ ʤʘʪʨʠ-

ʮʝ ɸ ʧʦʯʝʚ ʦʜ ʧʨʚʦʛ ʢʘ (n-1)-ʚʦʤ ʨʝʜʫ. ʅʘʢʦʥ ʪʦʛʘ ʥʘʩʪʫʧʘʿʫ n ʤʥʦʞʝˁʘ ʝʣʝʤʝʥ-

ʪʘʨʥʠʤ ʤʘʪʨʠʮʘʤʘ ʪʠʧʘ Bii. ʋ ʪʨʝ˂ʝʤ ʮʠʢʣʫʩʫ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʚʝʢʪʦʨʘ I  ʩʝ ʦʙʘʚ-

ˀʘʿʫ ʦʧʝʪ ʧʦʤʦ˂ʫ ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʝʮʝ ɸ ʧʦʯʝʚ ʦʜ (n-1)-ʦʛ ʨʝʜʘ ʜʦ ʧʨʚʦʛ ʨʝʜʘ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʿʘ ʚʝʢʪʦʨʘ I  ʫ ʚʝʢʪʦʨ ɽ ʫʧʦʪʨʝʙʦʤ ʿʝʜʥʘʯʠʥʝ (9.10) ʥʘʿʙʦˀʝ ʩʝ ʤʦʞʝ 

ʚʠʜʝʪʠ ʥʘ ʩʣʝʜʝ˂ʝʤ ʧʨʠʤʝʨʫ. ʅʝʢʘ ʿʝ ʤʘʪʨʠʮʘ Y ʜʘʪʘ ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʦʤ 

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

---

--

--

-

=

3111

1210

1130

1002

Y . (9.11) 

ʀʟʨʘʟʠʤʘ (9.12) ï (9.15) ʧʨʠʢʘʟʘʥʘ ʿʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʤʘʪʨʠʮʝ Y ʫ ʤʘʪʨʠʮʫ ɸ. 
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'Y , (9.12) 
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6/133/400

3/43/500

3/13/110
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''Y , (9.13) 
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5/4100
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'''Y , (9.14) 
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1000

5/4100

3/13/110

2/1001

A . (9.15) 

ʇʨʝʤʘ ʧʨʝʜʣʦʞʝʥʦʤ ʘʣʛʦʨʠʪʤʫ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʚʝʢʪʦʨʘ I  ʫ ʚʝʢʪʦʨ ɽ ʩʝ ʦʙʘʚˀʘ 

ʩʝʢʚʝʥʮʠʿʘʣʥʠʤ ʤʥʦʞʝˁʝʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʘʪʨʮʘ ʢʘʦ ʰʪʦ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʠʟʨʘʟʦʤ 

(9.10). ɿʘ ʨʘʟʤʘʪʨʘʥʠ ʧʨʠʤʝʨ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʩʝ ʦʙʘʚˀʘ ʧʨʠʤʝʥʦʤ ʠʟʨʘʟʘ (2.94) 

IAAAABBBBAAAAE 413242434433221134242314= . (9.16) 

ɿʘʛʨʘʜʝ ʩʫ ʠʟʦʩʪʘʚˀʝʥʝ ʠʟ ʦʚʝ ʿʝʜʥʘʯʠʥʝ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ˂ʝ ʩʝ ʩʚʝ ʦʧʝʨʘʮʠʿʝ 

ʨʘʜʠʪʠ ʦʜ ʜʝʩʥʝ ʢʘ ʣʝʚʦʿ ʩʪʨʘʥʠ. ʅʝʦʧʭʦʜʥʠ ɸiʿ ʝʣʝʤʝʥʪʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʤʘʪʨʠʮʠ 

ɸ ʠʟʥʘʜ ʛʣʘʚʥʝ ʜʠʿʘʛʦʥʘʣʝ. ʉʢʣʘʜʠʰʪʝˁʝ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʠʥʜʝʢ-

ʩʠʤʘ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʪʘʙʝʣʠ 9.1. ʏʝʪʠʨʠ ʝʣʝʤʝʥʪʘ ʢʦʿʘ ʪʨʘʥʩʬʦʨʤʠʰʫ ʝʣʝʤʝʥʪʝ 

ʛʣʘʚʥʝ ʜʠʿʘʛʦʥʘʣʝ ʫ ʿʝʜʠʥʠʮʝ (Bii) ʩʫ ʪʘʢʦʹʝ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 9.1. 

ʅʝʢʘ ʿʝ I  ʚʝʢʪʦʨ ʢʦʿʠ ʥʘ ʩʚʠʤ ʧʦʟʠʮʠʿʘʤʘ ʠʤʘ ʚʨʝʜʥʦʩʪ ʿʝʜʘʥ, ʪʘʜʘ ʩʝ ʨʝʰʝˁʝ 

ʿʝʜʥʘʯʠʥʝ (9.1) ʜʦʙʠʿʘ ʢʨʦʟ 12 ʢʦʨʘʢʘ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʪʘʙʝʣʠ 9.2. ʂʦʣʦʥʦʤ 

0 ʿʝ ʧʨʠʢʘʟʘʥ ʚʝʢʪʦʨ I, ʜʦʢ ʩʚʘʢʘ ʥʘʨʝʜʥʘ ʢʦʣʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʧʦʿʝʜʠʥʘʯʥʫ ʧʨʦʤʝʥʫ 

ʥʘʩʪʘʣʫ ʤʥʦʞʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʝʣʝʤʝʥʪʘʨʥʠʤ ʤʘʪʨʠʮʘʤʘ ʢʦʿʝ ʩʫ ʜʝʬʠʥʠʩʘʥʝ 

ʠʟʨʘʟʦʤ (9.16). ɽʣʝʤʝʥʪʘʨʥʘ ʤʘʪʨʠʮʘ ʢʦʿʘ ʫʪʠʯʝ ʥʘ ʧʨʦʤʝʥʫ ʿʝ ʜʘʪʘ ʠʩʧʦʜ ʙʨʦʿʘ 

ʢʦʣʦʥʝ. ʇʦʜʚʫʯʝʥʠ ʝʣʝʤʝʥʪʠ ʫ ʪʘʙʝʣʠ 9.2 ʦʟʥʘʯʘʚʘʿʫ ʝʣʝʤʝʥʪʝ ʢʦʿʠ ʩʫ ʩʝ ʧʨʦʤʝʥʠ-

ʣʠ ʫ ʪʦʤ ʢʦʨʘʢʫ ʧʨʦʨʘʯʫʥʘ. ɽʣʝʤʝʥʪʠ ʫ ʧʦʩʣʝʜˁʦʿ 12-ʪʦʿ ʢʦʣʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʪʨʘʞʝʥʦ ʨʝʰʝˁʝ, ʚʝʢʪʦʨ ɽ. 
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ʊʘʙʝʣʘ 9.1. ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʘ ɸiʿ ʠ Bii . 

ɸiʿ  Bii 

ɺʨʝʜʥʦʩʪʠ ʂʦʦʨʜʠʥʘʪʝ ɺʨʝʜʥʦʩʪʠ ʂʦʦʨʜʠʥʘʪʝ 

1/2 1-4 1/2 1-1 

1/3 2-3 1/3 2-2 

1/3 2-4 3/5 3-3 

4/5 3-4 10/11 4-4 

 

ʊʘʙʝʣʘ 9.2. ʊʨʘʥʩʬʦʨʤʘʮʠʿʘ ʚʝʢʪʦʨʘ I  ʫ ʚʝʢʪʦʨ ɽ. 

0 1 2 3 4 5 6 7 8 9 10 11 12 

 ɸ41 ɸ32 ɸ42 ɸ43 B44 B33 B22 B11 ɸ34 ɸ24 ɸ23 ɸ14 

1 1 1 1 1 1 1 1 1/2 1/2 1/2 1/2 20/11 

1 1 1 1 1 1 1 1/3 1/3 1/3 40/33 24/11 24/11 

1 1 4/3 4/3 4/3 4/3 4/5 4/5 4/5 32/11 32/11 32/11 32/11 

1 3/2 3/2 11/6 29/10 29/11 29/11 29/11 29/11 29/11 29/11 29/11 29/11 

 

ɽʣʝʤʝʥʪʠ ʢʦʣʦʥʝ 1 ʩʝ ʦʜʨʝʹʫʿʫ ʧʦʤʦ˂ʫ ʧʨʝʪʭʦʜʥʝ (ʥʫʣʪʝ) ʢʦʣʦʥʝ, ʪʘʢʦ ʰʪʦ ʩʝ 

ʧʨʚʠ ʝʣʝʤʝʥʪ ʧʨʝʪʭʦʜʥʝ ʢʦʣʦʥʝ ʧʦʤʥʦʞʠ ʩʘ ʧʨʚʠʤ ʝʣʝʤʝʥʪʦʤ ʠʟ ʪʘʙʝʣʝ ɸiʿ ʠ ʦʚʘʿ 

ʧʨʦʠʟʚʦʜ ʩʝ ʜʦʜʘʿʝ ʯʝʪʚʨʪʦʤ ʝʣʝʤʝʥʪʫ ʧʨʝʪʭʦʜʥʝ ʢʦʣʦʥʝ. ʂʦʦʨʜʠʥʘʪʝ ʧʨʚʦʛ 

ʝʣʝʤʝʥʪʘ ʫ ʪʘʙʝʣʠ 9.1. ɸiʿ ʜʝʬʠʥʠʰʫ ʝʣʝʤʝʥʪʝ ʢʦʿʠ ˂ʝ ʫʯʝʩʪʚʦʚʘʪʠ ʫ ʦʧʠʩʘʥʠʤ 

ʦʧʝʨʘʮʠʿʘʤʘ. ʅʘ ʠʩʪʠ ʥʘʯʠʥ ʩʝ ʨʘʯʫʥʘʿʫ ʝʣʝʤʝʥʪʠ ʜʨʫʛʝ, ʪʨʝ˂ʝ ʠ ʯʝʪʚʨʪʝ ʢʦʣʦʥʝ. 

ʂʦʣʦʥʘ 5 ʩʝ ʜʦʙʠʿʘ ʧʦʤʦ˂ʫ ʧʨʝʪʭʦʜʥʝ ʢʦʣʦʥʝ ʤʥʦʞʝˁʝʤ ʯʝʪʚʨʪʦʛ ʝʣʝʤʝʥʪʘ ʧʨʝʪ-

ʭʦʜʥʝ ʢʦʣʦʥʝ ʯʝʪʚʨʪʠʤ ʝʣʝʤʝʥʪʦʤ ʪʘʙʝʣʝ 9.1. Bii. ʅʘ ʠʩʪʠ ʥʘʯʠʥʘ ʩʝ ʨʘʯʫʥʘʿʫ 

ʧʨʦʤʝʥʝ ʫ ʢʦʣʦʥʘʤʘ 6, 7 ʠ 8. ɽʣʝʤʝʥʪ ʢʦʿʠ ʩʝ ʤʝˁʘ ʫ ʜʝʚʝʪʦʿ ʢʦʣʦʥʠ ʩʝ ʜʦʙʠʿʘ 

ʟʙʠʨʦʤ ʪʨʝ˂ʝʛ ʝʣʝʤʝʥʪʘ ʧʨʝʪʭʦʜʥʝ ʢʦʣʦʥʝ ʠ ʧʨʦʠʟʚʦʜʘ ʯʝʪʚʨʪʦʛ ʝʣʝʤʝʥʪʘ ʧʨʝʪ-

ʭʦʜʥʝ ʢʦʣʦʥʝ ʠ ʯʝʪʚʨʪʦʛ ʝʣʝʤʝʥʪʘ ʠʟ ʪʘʙʝʣʝ 9.1. ɸi.ʿ ʇʨʦʮʝʩ ʩʝ ʥʘʩʪʘʚˀʘ ʩʚʝ ʜʦ 12-

ʪʝ ʢʦʣʦʥʝ ʢʦʿʘ ʫʿʝʜʥʦ ʧʨʝʜʩʪʘʚˀʘ ʪʨʘʞʝʥʦ ʨʝʰʝˁʝ. ʂʘʜʘ ʩʝ ʧʦʨʝʜ ʢʦʥʘʯʥʦʛ 

ʨʝʰʝˁʘ ʟʘʭʪʝʚʘ ʠ ʧʦʟʥʘʚʘˁʝ ʠʥʚʝʨʟʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ ʪʘʜʘ ʿʝ ʫʤʝʩʪʦ ʚʝʢʪʦʨʘ I  

ʫ ʠʟʨʘʟʫ (9.10) ʧʦʪʨʝʙʥʦ ʫʚʨʩʪʠʪʠ ʿʝʜʠʥʠʯʥʫ ʤʘʪʨʠʮʫ À ʠ ʩʧʨʦʚʝʩʪʠ ʦʧʠʩʘʥʠ 

ʧʦʩʪʫʧʘʢ. 
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10. ʇʈʀʃʆɻ 2- ʊɽʉʊ ʌʋʅʂʎʀɱɽ 

 

ʋ ʮʠˀʫ ʪʝʩʪʠʨʘˁʘ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʯʝʪʠʨʠ ʪʝʩʪ ʬʫʥʢ-

ʮʠʿʝ [142]. ʋ ʪʘʙʝʣʠ 10.1 ʩʫ ʜʘʪʠ ʦʧʩʝʟʠ ʧʨʦʩʪʦʨʘ ʧʨʝʪʨʘʛʝ ʟʘ ʩʚʘʢʫ ʫʧʨʘʚˀʘʯʢʫ 

ʧʨʦʤʝʥˀʠʚʫ. 

ʊʘʙʝʣʘ 10.1. ʇʨʦʩʪʦʨ ʧʨʝʪʨʘʛʝ ʪʝʩʪ ʬʫʥʢʮʠʿʘ. 

ɹʨʦʿ ʬʫʥʢʮʠʿʝ ʄʠʥʠʤʫʤ ʄʘʢʩʠʤʫʤ 

1 0 2  ́

2 -5 5 

3 -10 10 

4 -5 5 

 

- ʇʨʚʘ ʪʝʩʪ ʬʫʥʢʮʠʿʘ 

() ()xxf cos= . (10.1) 

- ɼʨʫʛʘ ʪʝʩʪ ʬʫʥʢʮʠʿʘ 

() ( )( )ä
=

+ÖÖÖ-=
n

i

ii xxxf
1

2 102cos10 p . (10.2) 

ʅʘ ʩʣʠʮʠ 10.1. ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʜʨʫʛʝ ʪʝʩʪ ʬʫʥʢʮʠʿʝ ʟʘ ʜʚʝ ʢʦʥʪʨʦʣʥʝ ʧʨʦʤʝʥˀʠʚʝ. 

 

ʉʣʠʢʘ 10.1. ɼʨʫʛʘ ʪʝʩʪ ʬʫʥʢʮʠʿʘ. 
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- ʊʨʝ˂ʘ ʪʝʩʪ ʬʫʥʢʮʠʿʘ 
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. (10.3) 

ʅʘ ʩʣʠʮʠ 10.2. ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʪʨʝ˂ʝ ʪʝʩʪ ʬʫʥʢʮʠʿʝ ʟʘ ʜʚʝ ʢʦʥʪʨʦʣʥʝ ʧʨʦʤʝʥˀʠʚʝ. 

 

ʉʣʠʢʘ 10.2. ʊʨʝ˂ʘ ʪʝʩʪ ʬʫʥʢʮʠʿʘ. 

- ʏʝʪʚʨʪʘ ʪʝʩʪ ʬʫʥʢʮʠʿʘ 

ɺʝʢʪʦʨʠ ů ʠ ɚ ʢʦʿʠ ʩʫ ʧʦʪʨʝʙʥʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʢʦʤʙʠʥʦʚʘʥʝ ʬʫʥʢʮʠʿʝ ʜʘʪʠ ʩʫ ʫ 

ʪʘʙʝʣʠ 10.2. ʋ ʪʘʙʝʣʠ 10.3 ʩʫ ʜʘʪʘ ʠʤʝʥʘ ʬʫʥʢʮʠʿʘ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʠʟʛʨʘʜˁʫ 

ʯʝʪʚʨʪʝ ʪʝʩʪ ʬʫʥʢʮʠʿʝ. ʅʘ ʚʝʙ ʩʪʨʘʥʠʮʠ [170] ʤʦʛʫ˂ʝ ʿʝ ʥʘ˂ʠ ʢʦʜ ʟʘ ʢʦʤʙʠʥʦʚʘˁʝ 

ʦʚʠʭ ʬʫʥʢʮʠʿʘ. 
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ʊʘʙʝʣʘ 10.2. ɺʝʢʪʦʨʠ ů ʠ ɚ. 

ʌʫʥʢʮʠʿʘ 1 2 3 4 5 6 7 8 9 10 

ů 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

ɚ 0.02 0.04 3 4 0.025 0.030 0.1094 0.1250 0.045 0.05 

 

ʊʘʙʝʣʘ 10.3. ʅʘʟʠʚʠ ʬʫʥʢʮʠʿʘ. 

ɹʨʦʿ ʬʫʥʢʮʠʿʝ ʅʘʟʠʚ 

f1, f2 Rastriginôs 

f3, f4 Weierstrasôs 

f5, f6 Griewankôs 

f7, f8 Ackleyôs 

f9, f10 Sphere 

 

ʅʘ ʩʣʠʮʠ 10.3. ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʯʝʪʚʨʪʝ ʪʝʩʪ ʬʫʥʢʮʠʿʝ ʟʘ ʜʚʝ ʢʦʥʪʨʦʣʥʝ ʧʨʦʤʝʥˀʠʚʝ. 

 

ʉʣʠʢʘ 10.3. ʏʝʪʚʨʪʘ ʪʝʩʪ ʬʫʥʢʮʠʿʘ. 
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11. ʇʈʀʃʆɻ 3 

 

ʋ ʦʚʦʤ ʧʨʠʣʦʛʫ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥ ʜʝʪʘˀʘʥ ʪʦʢ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ 

ʙʠʣʘʪʝʨʘʣʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʧʦʤʦ˂ʫ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ (ʿʝʜʥʦʢʦʨʘʯʥʘ DC ʤʝʪʦ-

ʜʘ, RPF ʤʝʪʦʜʘ, ʠ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʢʦʨʠʩʪʠ BH ʤʝʪʦʜʫ ʦʧʪʠʤʠʟʘʮʠʿʝ). 

ʂʘʦ ʪʝʩʪ ʧʨʠʤʝʨ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʤʨʝʞʘ ʩʘ ʪʨʠ ʯʚʦʨʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 11.1. ʋ 

ʪʘʙʝʣʠ 11.1 ʩʫ ʧʨʠʢʘʟʘʥʠ ʩʚʠ ʥʝʦʧʭʦʜʥʠ ʧʦʜʘʮʠ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. ʉʚʘ ʠʟʨʘʯʫʥʘʚʘ-

ˁʘ ˂ʝ ʩʝ ʩʧʨʦʚʝʩʪʠ ʟʘ ʪʨʘʥʩʘʢʮʠʿʫ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 2 ʠ 3. ʋ ʪʘʙʝʣʠ 11.2 ʿʝ ʧʨʠʢʘʟʘʥ 

ʿʝʜʥʦʢʦʨʘʯʥʠ DC ʧʨʦʨʘʯʫʥ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ. ʋ ʜʨʫʛʦʿ ʢʦʣʦʥʠ ʩʫ ʜʘʪʠ ʪʦʢʦʚʠ 

ʩʥʘʛʘ ʧʦ ʚʦʜʦʚʠʤʘ ʧʦʩʤʘʪʨʘʥʝ ʤʨʝʞʝ. ʋ ʪʨʝ˂ʦʿ ʢʦʣʦʥʠ ʩʫ ʜʘʪʠ ʬʘʢʪʦʨʠ ʦʩʝʪˀʠ-

ʚʦʩʪʠ (PTDF) ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ (5.22). ʏʝʪʚʨʪʘ ʢʦʣʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʜʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʠʚʦʛ ʦʧʪʝʨʝʪʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʠʟʨʘʯʫʥʘʪʦʛ ʧʦʤʦ˂ʫ (5.39). ʅʘ ʢʨʘʿʫ ʿʝ ʫ 

ʧʝʪʦʿ ʢʦʣʦʥʠ ʜʘʪʘ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʨʘʟʤʘʪʨʘʥʝ ʪʨʘʥʩʘʢʮʠʿʝ. 

 
ʉʣʠʢʘ 11.1. ʊʝʩʪ ʤʨʝʞʘ. 

 

ʊʘʙʝʣʘ 11.1. ʇʦʜʘʮʠ ʪʝʩʪ ʤʨʝʞʝ. 

ɻʨʘʥʘ R (ʨ.ʿ.) X (ʨ.ʿ.) Smax (MVA)  

1ï2 0.0067 0.02 350 

1ï3 0.0100 0.04 350 

2ï3 0.0114 0.04 350 
 

ʊʘʙʝʣʘ 11.2. ɱʝʜʥʦʢʦʨʘʯʥʠ DC ʧʨʦʨʘʯʫʥ. 

ɻʨʘʥʘ Pv (MW) PTDF ALC (MW) ATC23 (MW) 

1ï2 80 -0.4 1075 

283.33 1ï3 220 0.4 325 

2ï3 180 0.6 283.33 
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ʋ ʪʘʙʝʣʠ 11.3 ʩʫ ʜʘʪʠ ʢʦʨʘʮʠ RPF ʤʝʪʦʜʝ ʯʠʿʠ ʿʝ ʘʣʛʦʨʠʪʘʤ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 

5.13. ʆʚʘ ʤʝʪʦʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʦʣʦʚˀʝˁʫ ʢʦʨʘʢʘ ʧʨʦʨʘʯʫʥʘ. ɿʘ ʧʦʯʝʪʥʠ ʢʦʨʘʢ ʿʝ 

ʫʩʚʦʿʝʥʘ ʚʨʝʜʥʦʩʪ ʦʜ 50 ʄW. ɸʣʛʦʨʠʪʘʤ ʩʝ ʟʘʫʩʪʘʚˀʘ ʢʘʜʘ ʚʨʝʜʥʦʩʪ ʢʦʨʘʢʘ ʦʧʘʜ-

ʥʝ ʠʩʧʦʜ 0.005 ʄW. ʇʦʩʪʫʧʘʢ ʧʦʯʠˁʝ ʧʦʩʪʝʧʝʥʠʤ ʧʦʚʝ˂ʘʚʘˁʝʤ ʩʥʘʛʝ ʪʨʘʥʩʘʢʮʠ-

ʿʝ. ʊʨʘʥʩʘʢʮʠʿʘ ʩʝ ʤʦʜʝʣʫʿʝ ʢʘʦ ʧʦʟʠʪʠʚʥʦ ʠʥʿʝʢʪʠʨʘˁʝ ʫ ʧʨʦʜʘʿʥʦʤ ʯʚʦʨʫ, ʯʚʦʨ 

ʙʨʦʿ 2, ʠ ʢʘʦ ʥʝʛʘʪʠʚʥʦ ʠʥʿʝʢʪʠʨʘˁʝ ʫ ʢʫʧʦʚʥʦʤ ʯʚʦʨʫ, ʯʚʦʨ ʙʨʦʿ 3. ʆʚʦ ʜʦʚʦʜʠ ʜʦ 

ʧʨʦʤʝʥʝ ʙʘʟʥʦʛ ʩʪʘˁʘ ʤʨʝʞʝ ʪʘʢʦ ʜʘ ʩʝ ʤʦʨʘ ʠʟʚʨʰʠʪʠ ʧʨʦʚʝʨʘ ʠʟʚʦʜˀʠʚʦʩʪʠ 

ʦʚʘʢʚʦʛ ʩʪʘˁʘ ʧʦʤʦ˂ʫ N-R ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʉʥʘʛʘ ʪʨʘʥʩʘʢʮʠʿʝ ʩʝ ʧʦʚʝ˂ʘʚʘ 

ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʥʘʨʫʰʠ ʥʝʢʦ ʨʝʣʝʚʘʥʪʥʦ ʦʛʨʘʥʠʯʝˁʝ, ʧʝʪʠ ʢʦʨʘʢ ʫ ʪʘʙʝʣʠ 11.3. ʊʘʜʘ 

ʿʝ ʧʦʪʨʝʙʥʦ ʩʤʘˁʠʪʠ ʢʦʨʘʢ ʧʨʦʨʘʯʫʥʘ ʟʘ 50% (25 MW) ʠ ʦʜ ʪʨʝʥʫʪʥʝ ʚʨʝʜʥʦʩʪʠ 

ʪʨʘʥʩʘʢʮʠʿʝ ʦʜʫʟʝʪʠ ʥʦʚʫ ʚʨʝʜʥʦʩʪ ʢʦʨʘʢʘ. ɼʨʫʛʘ ʢʦʣʦʥʘ ʫ ʪʘʙʝʣʠ 11.3 ʛʦʚʦʨʠ ʜʘ 

ʣʠ ʿʝ ʥʝʢʦ ʦʛʨʘʥʠʯʝˁʝ ʥʘʨʫʰʝʥʦ Ăïñ, ʦʜʥʦʩʥʦ ʜʘ ʿʝ ʦʚʘʢʚʦ ʩʪʘˁʝ ʧʨʠʭʚʘʪˀʠʚʦ 

Ă+ñ. ʂʘʜʘ ʩʝ ʜʦʩʪʠʛʥʝ ʢʨʠʪʝʨʠʿʫʤ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʦʚʝ ʤʝʪʦʜʝ, 17ïʪʠ ʢʦʨʘʢ, ʧʨʦʨʘ-

ʯʫʥ ʩʝ ʧʦʥʘʚˀʘ ʧʦʩʣʝʜˁʠ ʧʫʪ ʠ ʠʟʨʘʯʫʥʘʪʘ ʚʨʝʜʥʦʩʪ ʩʝ ʧʨʦʛʣʘʰʘʚʘ ʟʘ ɸʊʉ ʠʟʤʝ-

ʹʫ ʧʦʩʤʘʪʨʘʥʠʭ ʯʚʦʨʦʚʘ. 

ʅʘ ʢʨʘʿʫ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥ ʧʦʩʪʫʧʘʢ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ɸʊʉ-ʘ ʧʨʝʜʣʦʞʝʥʦʤ 

ʤʝʪʦʜʦʤ ʢʦʿʘ ʢʦʨʠʩʪʠ BH ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʘʣʛʦʨʠʪʘʤ. ʋ ʪʘʙʝʣʠ 11.4 ʿʝ ʧʨʠʢʘʟʘʥ

ʊʘʙʝʣʘ 11.3. RPF ʧʨʦʨʘʯʫʥ. 

ɸʊʉ (ʄW) ʇʦʚʝ˂ʘˁʝ ʂʦʨʘʢ (ʄW)  ɸʊʉ (ʄW) ʇʦʚʝ˂ʘˁʝ ʂʦʨʘʢ (ʄW) 

50 + 50  207.8125 + 0.7813 

100 + 50  208.5938 ï 0.3906 

150 + 50  208.2031 + 0.1953 

200 + 50  208.3984 ï 0.0977 

250 ï 25  208.3008 + 0.0488 

225 ï 12.5  208.3496 + 0.0122 

212.5 ï 6.25  208.3618 ï 0.0061 

206.25 + 3.1250  208.3557 ï 0.0031 

209.3750 ï 1.5625  208.3527   
 

ʊʘʙʝʣʘ 11.4. ɻʝʥʝʨʠʩʘˁʝ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ 

1 62.3360 5 321.0841 8 15.9061 

2 350.7289 5 287.5618 9 216.7617 

2 190.5406 5 138.7505 9 28.6012 

3 88.1780 6 127.3151 10 77.1503 

4 202.9220 7 89.6488   
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ʧʦʩʪʫʧʘʢ ʬʦʨʤʠʨʘˁʘ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ. ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʨʝʯʝʥʦ ʜʘ ʩʝ ʟʘ 

ʛʦʨˁʫ ʛʨʘʥʠʮʫ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʩʥʘʛʫ ʪʨʘʥʩʘʢʮʠʿʝ ʠʟʤʝʹʫ 

ʧʦʩʤʘʪʨʘʥʠʭ ʯʚʦʨʦʚʘ, ʧʦʩʪʘʚˀʘ ʧʦʚʝ˂ʘʥʘ ʚʨʝʜʥʦʩʪ ɸʊʉ-ʘ ʢʦʿʘ ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʿʝʜ-

ʥʦʢʦʨʘʯʥʦʤ DC ʤʝʪʦʜʦʤ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʤʘʢʩʠʤʘʣʥʦ ʦʛʨʘʥʠʯʝˁʝ ʥʝʟʘʚʠʩʥʦ ʧʨʦ-

ʤʝʥˀʠʚʝ ʠʟʥʦʩʠ 1.3Ŀ283.33 ʄW, ʦʜʥʦʩʥʦ 368.333 ʄW. ʂʘʦ ʠ ʢʦʜ RPF ʤʝʪʦʜʝ ʠ 

ʢʦʜ ʦʚʝ ʤʝʪʦʜʝ ʩʚʘʢʦ ʥʦʚʦʥʘʩʪʘʣʦ ʩʪʘˁʝ, ʩʚʘʢʘ ʟʚʝʟʜʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʦ ʩʪʘˁʝ 

ʩʠʩʪʝʤʘ, ʩʝ ʧʨʦʚʝʨʘʚʘ ʧʦʤʦ˂ʫ N-R ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʂʘʜʘ ʩʝ ʥʘʧʨʘʚʠ 

ʥʝʠʟʚʦʜˀʠʚʘ ʟʚʝʟʜʘ, ʪʨʘʥʩʘʢʮʠʿʘ ʢʦʿʘ ʠʟʘʟʠʚʘ ʥʘʨʫʰʘʚʘˁʝ ʥʝʢʦʛ ʦʜ ʨʝʣʝʚʘʥʪʥʠʭ 

ʦʛʨʘʥʠʯʝˁʘ, ʪʘʢʚʘ ʟʚʝʟʜʘ ʩʝ ʦʜʙʘʮʫʿʝ ʠ ʧʨʘʚʠ ʩʝ ʥʦʚʘ. ʆʜʙʘʯʝʥʘ ʚʨʝʜʥʦʩʪ, ˂ʝʣʠʿʝ 

ʪʘʙʝʣʝ 11.4 ʦʟʥʘʯʝʥʝ ʩʠʚʦʤ ʙʦʿʦʤ, ʪʘʢʚʝ ʟʚʝʟʜʝ ʩʝ ʩʘʜʘ ʧʦʩʪʘʚˀʘ ʟʘ ʛʦʨˁʝ ʦʛʨʘʥʠ-

ʯʝˁʝ ʥʝʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ. ʇʨʚʠ ʪʘʢʘʚ ʩʣʫʯʘʿ ʩʝ ʜʝʩʠʦ ʧʨʠʣʠʢʦʤ ʧʨʘʚˀʝˁʘ 

ʜʨʫʛʝ ʟʚʝʟʜʝ. ʇʦʩʣʝ ʬʦʨʤʠʨʘˁʘ ʠʟʚʦʜˀʠʚʝ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʛʦʨˁʝ ʦʛʨʘʥʠʯʝˁʝ 

ʥʝʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ ʠʟʥʦʩʠ 216.7617 MW. 

ʇʦʰʪʦ ʩʝ ʢʦʜ ʦʚʦʛ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ ʪʨʘʞʠ ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ, ʧʨʠ 

ʯʝʤʫ ʧʦʩʪʦʿʠ ʩʘʤʦ ʿʝʜʥʘ ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʩʚʘʢʝ ʟʚʝʟʜʝ 

ʧʨʝʜʩʪʘʚˀʘ ʫʧʨʘʚʦ ʚʨʝʜʥʦʩʪ ʩʚʘʢʝ ʟʚʝʟʜʝ. ʆʚʦ ʟʥʘʯʠ ʜʘ ʿʝ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʧʨʚʝ 

ʟʚʝʟʜʝ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ 62.3360, ʘ ʬʠʪʥʝʩ ʚʨʝʜʥʦʩʪ ʜʝʚʝʪʝ ʟʚʝʟʜʝ 28.6012. 

ʂʨʝʪʘˁʝ ʩʚʘʢʝ ʟʚʝʟʜʝ ʫ ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʠʟʨʘʟʦʤ (3.21). ʈʘʜʠ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʨʝʯʥʠʢʘ ʭʦʨʠʟʦʥʪʘ ʜʦʛʘʹʘʿʘ, ʢʦʿʠ ʿʝ ʜʝʬʠʥʠʩʘʥ ʠʟʨʘʟʦʤ (3.22), 

ʧʦʪʨʝʙʥʦ ʿʝ ʥʦʨʤʘʣʠʟʦʚʘʪʠ ʩʚʘʢʫ ʟʚʝʟʜʫ. ʅʦʨʤʘʣʠʟʘʮʠʿʘ ʩʝ ʤʦʞʝ ʩʧʨʦʚʝʩʪʠ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ 

minmax

min

xx

xx
x

-

-
=# , (11.1) 

ʛʜʝ ʿʝ Ὄ ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʚʨʝʜʥʦʩʪ ʟʚʝʟʜʝ x, xmin ʠ xmax ʩʫ ʤʠʥʠʤʘʣʥʦ ʠ ʤʘʢʩʠʤʘʣʥʦ 

ʦʛʨʘʥʠʯʝˁʝ ʫʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ. ɸʢʦ ʿʝ ʥʦʨʤʘʣʠʟʦʚʘʥʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ 

ʟʚʝʟʜʝ ʠ ʮʨʥʝ ʨʫʧʝ, ʪʨʝ˂ʘ ʢʦʣʦʥʘ ʪʘʙʝʣʝ 11.5, ʤʘˁʝ ʦʜ ʭʦʨʠʟʦʥʪʘ ʜʦʛʘʹʘʿʘ, ʯʝʪʚʨʪʘ 

ʢʦʣʦʥʘ, ʪʘʢʚʘ ʟʚʝʟʜʘ ʩʝ ʫʥʠʰʪʘʚʘ ʠ ʛʝʥʝʨʠʰʝ ʩʝ ʥʦʚʘ ʟʚʝʟʜʘ. ʇʨʠʣʠʢʦʤ ʛʝʥʝʨʠʩʘ-

ˁʘ ʥʦʚʠʭ ʟʚʝʟʜʘ ʥʝʚʨʰʠ ʩʝ ʧʨʦʚʝʨʘ ʜʘ ʣʠ ʿʝ ʥʦʚʦʥʘʩʪʘʣʘ ʟʚʝʟʜʘ ʙʦˀʘ ʦʜ ʥʘʿʙʦˀʝʛ 

ʨʝʰʝˁʘ, ʮʨʥʝ ʨʫʧʝ, ʠʣʠ ʜʘ ʣʠ ʩʝ ʥʘʣʘʟʠ ʫ ʭʦʨʠʟʦʥʪʫ ʜʦʛʘʹʘʿʘ. ʋʧʨʘʚʦ ʦʚʘ ʯʠˁʝʥʠ-

ʮʘ ʜʦʧʨʠʥʦʩʠ ʥʘʣʘʞʝˁʫ ʙʦˀʠʭ ʣʦʢʘʮʠʿʘ ʫ ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ ʢʘʦ ʰʪʦ ˂ʝ ʩʝ ʧʦʢʘ-

ʟʘʪʠ ʫ ʧʨʠʣʦʞʝʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ. ʋ ʪʘʙʝʣʘʤʘ 11.5 ʜʦ 11.14 ʿʝ ʧʨʠʢʘʟʘʥʦ ʢʨʝʪʘˁʝ 

ʩʚʠʭ ʟʚʝʟʜʘ ʦʜ ʧʨʚʝ ʜʦ ʧʦʩʣʝʜˁʝ ʠʪʝʨʘʮʠʿʝ ʧʨʦʨʘʯʫʥʘ. 
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ʊʘʙʝʣʘ 11.5. ʇʨʚʘ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʈʘʩʪʦʿʘˁʝ R ʈʘʩʪʦʿʘˁʝ<R 

1 117.9899 0.4008 0.1884 0 

2 201.5046 0.0067 0.1865 1 

2 4.6039    

3 185.0312 0.0844 0.2054 1 

3 62.4427    

4 202.9220    

5 154.8154 0.2310 0.2302 0 

6 164.2400 0.1825 0.2210 1 

6 158.0271    

7 112.5998 0.4262 0.2170 0 

8 56.3532 0.6917 0.2080 0 

9 198.7966 0.0195 0.1771 1 

9 128.5908    

10 115.4357 0.4129 0.1822 0 
 

ʊʘʙʝʣʘ 11.6. ɼʨʫʛʘ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʈʘʩʪʦʿʘˁʝ R ʈʘʩʪʦʿʘˁʝ<R 

1 200.1790 0.0127 0.1603 1 

1 194.2120    

2 42.2894 0.7411 0.1563 0 

3 62.6955 0.6469 0.1563 0 

4 202.9220    

5 189.0559 0.0640 0.1523 1 

5 188.0899    

6 163.3385 0.1826 0.1518 0 

7 116.1244 0.4004 0.1514 0 

8 144.0299 0.2717 0.1421 0 

9 173.5102 0.1357 0.1447 1 

9 111.9428    

10 116.0924 0.4006 0.1512 0 
 

ʋʦʢʚʠʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʮʨʥʝ ʨʫʧʝ, ʦʜʥʦʩʥʦ ʥʘʿʙʦˀʝ ʟʚʝʟʜʝ ʫ ʪʨʝʥʫʪʥ-

ʦʿ ʠʪʝʨʘʮʠʿʠ. ʄʝʹʫʪʠʤ ʦʥʝ ʩʫ ʦʜʘʙʨʘʥʝ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʠʪʝʨʘ-

ʮʠʿʘ. ʈʘʜʠ ʦʯʫʚʘˁʘ ʜʦʙʠʨʭ ʨʝʰʝˁʘ ʮʨʥʝ ʨʫʧʝ ʩʝ ʥʝ ʧʦʤʝʨʘʿʫ ʧʨʦʠʟʚʦˀʥʦ. ʇʦʩʣʝʜ-

ˁʘ ʢʦʣʦʥʘ ʫ ʪʘʙʝʣʘʤʘ ʿʝ ʧʦʢʘʟʘʪʝˀ ʪʘʯʥʦʩʪʠ ʪʚʨʜˁʝ ʫ ʟʘʛʣʘʚˀʫ ʪʘʙʝʣʝ, ʪʿ. ʛʦʚʦʨʠ 

ʜʘ ʣʠ ʿʝ ʨʘʩʪʦʿʘˁʝ ʚʝ˂ʝ Ă0ñ ʠʣʠ ʿʝ ʤʘˁʝ Ă1ñ ʦʜ ʧʦʣʫʧʨʝʯʥʠʢʘ ʭʦʨʠʟʦʥʪʘ ʜʦʛʘʹʘʿʘ. 

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʫ ʪʨʝ˂ʦʿ ʠʪʝʨʘʮʠʿʠ ʿʝ ʧʦʩʣʝ ʦʜʙʘʮʠʚʘˁʘ ʛʝʥʝʨʠʩʘʥʘ 

ʟʚʝʟʜʘ ʩʘ ʚʝ˂ʦʤ ʬʠʪʥʝʩ ʚʨʝʜʥʦʰ˂ʫ ʫ ʦʜʥʦʩʫ ʥʘ ʮʨʥʫ ʨʫʧʫ, ʘʣʠ ˂ʝ ʦʥʘ ʧʦʩʪʘʪʠ ʮʨʥʘ 
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ʨʫʧʘ ʪʝʢ ʫ ʥʘʨʝʜʥʦʿ ʠʪʝʨʘʮʠʿʠ. ʊʘʢʦʹʝ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ʧʨʠʣʠʢʦʤ ʛʝʥʝʨʠʩʘˁʘ 

ʜʝʩʝʪʝ ʟʚʝʟʜʝ ʜʦʰʣʦ ʜʦ ʧʦʥʦʚʥʦʛ ʩʤʘˁʠʚʘˁʘ ʛʦʨʝˁʛ ʦʛʨʘʥʠʯʝˁʘ ʥʝʟʘʚʠʩʥʝ 

ʧʨʦʤʝʥˀʠʚʝ. 

ʊʘʙʝʣʘ 11.7. ʊʨʝ˂ʘ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʈʘʩʪʦʿʘˁʝ R ʈʘʩʪʦʿʘˁʝ<R 

1 200.2126 0.0125 0.1506 1 

1 205.0610    

2 182.6078 0.0937 0.1359 1 

2 24.5540    

3 112.4155 0.4175 0.1466 0 

4 202.9220    

5 191.6784 0.0519 0.1462 1 

5 121.4588    

6 187.5924 0.0707 0.1512 1 

6 65.2039    

7 185.4012 0.0808 0.1574 1 

7 172.4646    

8 190.0301 0.0595 0.1535 1 

8 76.1047    

9 116.8827 0.3969 0.1529 0 

10 177.6290 0.1167 0.1461 1 

10 215.2289    

10 34.9696    
 

ʊʘʙʝʣʘ 11.8. ʏʝʪʚʨʪʘ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʈʘʩʪʦʿʘˁʝ R ʈʘʩʪʦʿʘˁʝ<R 

1 205.0610    

2 111.4965 0.4347 0.1682 0 

3 191.3315 0.0638 0.1580 1 

3 174.3168    

4 203.3215 0.0081 0.1600 1 

4 53.2045    

5 125.9891 0.3674 0.1806 0 

6 150.3715 0.2541 0.1680 0 

7 197.7996 0.0337 0.1645 1 

7 109.9957    

8 79.6832 0.5825 0.1765 0 

9 204.2132 0.0039 0.1641 1 

9 107.8167    

10 91.4395 0.5279 0.1696 0 
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ʊʘʙʝʣʘ 11.9. ʇʝʪʘ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʈʘʩʪʦʿʘˁʝ R ʈʘʩʪʦʿʘˁʝ<R 

1 205.0610    

2 127.7657 0.3591 0.1673 0 

3 193.5515 0.0535 0.1647 1 

3 123.7856    

4 167.2465 0.1757 0.1591 0 

5 138.1281 0.3110 0.1576 0 

6 169.8840 0.1634 0.1553 0 

7 123.6805 0.3781 0.1537 0 

8 186.3305 0.0870 0.1423 1 

8 72.7193    

9 134.5780 0.3275 0.1514 0 

10 92.1225 0.5247 0.1513 0 
 

ʊʘʙʝʣʘ 11.10. ʐʝʩʪʘ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʈʘʩʪʦʿʘˁʝ R ʈʘʩʪʦʿʘˁʝ<R 

1 205.0610    

2 189.7497 0.0711 0.1447 1 

2 107.0566    

3 167.4990 0.1745 0.1488 0 

4 200.1796 0.0227 0.1453 1 

4 155.5768    

5 182.8450 0.1032 0.1453 1 

5 38.4889    

6 189.2488 0.0735 0.1595 1 

6 206.5928    

7 172.1850 0.1527 0.1517 0 

8 179.7269 0.1177 0.1406 1 

8 211.8998    

8 187.7272    

9 149.6499 0.2615 0.1384 0 

10 96.0336 0.5145 0.1380  
 

ʂʘʦ ʢʨʠʪʝʨʠʿʫʤ ʢʦʥʚʝʛʝʥʮʠʿʝ ʘʣʛʦʨʠʪʤʘ ʫʩʚʦʿʝʥ ʿʝ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʧʦʥʘʚˀʘˁʘ 

ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʟʙʦʛ ʤʘʣʠʭ ʜʠʤʝʥʟʠʿʘ ʤʨʝʞʝ ʦʧʨʘʚʜʘʥʦ ʿʝ ʫʩʚʦ-

ʿʠʪʠ ʧʝʪ ʫʟʘʩʪʦʧʥʠʭ ʧʨʦʣʘʟʘ. ʆʚʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʘ ʘʢʦ ʚʨʝʜʥʦʩʪ ʮʨʥʝ ʨʫʧʝ 

ʦʩʪʘʿʝ ʥʝʧʨʦʤʝˁʝʥʘ ʪʦʢʦʤ ʧʝʪ ʫʟʘʩʪʦʧʥʠʭ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʘʤ ˂ʝ ʧʨʝʢʠʥʫʪʠ 

ʜʘˀʫ ʧʨʝʪʨʘʛʫ. 
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ʊʘʙʝʣʘ 11.11. ʉʝʜʤʘ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʈʘʩʪʦʿʘˁʝ R ʈʘʩʪʦʿʘˁʝ<R 

1 205.7520 0.0040 0.1390 1 

1 2.9231    

2 154.2080 0.2472 0.1552 0 

3 204.6849 0.0090 0.1510 1 

3 52.7529    

4 175.2906 0.1477 0.1672 1 

4 91.4206    

5 178.1642 0.1342 0.1899 1 

5 174.7425    

6 206.5928    

7 187.7717 0.0888 0.1585 1 

7 80.6406    

8 205.1943 0.0066 0.1702 1 

8 156.9846    

9 191.6529 0.0705 0.1710 1 

9 200.6513    

10 152.4298 0.2556 0.1622 0 
 

ʊʘʙʝʣʘ 11.12. ʆʩʤʘ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʈʘʩʪʦʿʘˁʝ R ʈʘʩʪʦʿʘˁʝ<R 

1 164.2049 0.2000 0.1440 0 

2 177.8950 0.1354 0.1417 1 

2 179.9450    

3 112.8168 0.4425 0.1359 0 

4 176.4611 0.1422 0.1287 0 

5 205.8424 0.0035 0.1262 1 

5 110.8870    

6 206.5928    

7 149.6641 0.2687 0.1283 0 

8 173.0280 0.1584 0.1270 0 

9 201.3100 0.0249 0.1270 0 

9 79.5069    

10 170.2984 0.1713 0.1356 0 
 

ʋ ʪʘʙʝʣʠ 11.15 ʩʫ ʧʨʠʢʘʟʘʥʘ ʚʨʝʤʝʥʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʩʚʘʢʝ ʧʦʤʝʥʫʪʝ ʤʝʪʦʜʝ. ʂʘʦ 

ʰʪʦ ʿʝ ʙʠʣʦ ʦʯʝʢʠʚʥʘʦ ʿʝʜʥʦʢʦʨʘʯʥʦʿ DC ʤʝʪʦʜʠ ʿʝ ʪʨʝʙʘʣʦ ʥʘʿʤʘˁʝ ʚʨʝʤʝʥʘ ʘʣʠ 

ʿʝ ʜʦʙʠʿʝʥʘ ʧʨʝʚʠʩʦʢʘ ʚʨʝʜʥʦʩʪ. ɻʨʝʰʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʫ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʩʝ 

ʠʟʨʘʯʫʥʘʚʘ ʧʦʤʦ˂ʫ RPF ʤʝʪʦʜʝ ʠʟʥʦʩʠ 36%, ʜʦʢ ʛʨʝʰʢʘ ʧʨʝʜʣʦʞʝʥʦʛ ʘʣʛʦʨʠʪʤʘ 

ʢʦʿʠ ʢʦʨʠʩʪʠ BH ʤʝʪʦʜʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʠʟʥʦʩʠ ʩʚʝʛʘ 0.84%. 
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ʊʘʙʝʣʘ 11.13. ɼʝʚʝʪʘ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʈʘʩʪʦʿʘˁʝ R ʈʘʩʪʦʿʘˁʝ<R 

1 178.7060 0.1316 0.1343 1 

1 173.1473    

2 194.1133 0.0589 0.1336 1 

2 110.4256    

3 185.4285 0.0999 0.1345 1 

3 25.4837    

4 195.3070 0.0533 0.1482 1 

4 73.4588    

5 142.9120 0.3005 0.1584 0 

6 206.5928    

7 182.3763 0.1143 0.1545 1 

7 186.0682    

8 179.6927 0.1269 0.1536 1 

8 142.4922    

9 194.1170 0.0589 0.1453 1 

9 42.2014    

10 181.1245 0.1202 0.1613 1 

10 105.2125    
 

ʊʘʙʝʣʘ 11.14. ɼʝʘʝʪʘ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʦʤʝʥˀʠʚʘ ɺʨʝʜʥʦʩʪ ʈʘʩʪʦʿʘˁʝ R ʈʘʩʪʦʿʘˁʝ<R 

1 202.9106 0.0174 0.1673 1 

1 106.2496    

2 137.0635 0.3281 0.1774 0 

3 122.1884 0.3983 0.1638 0 

4 149.9092 0.2675 0.1544 0 

5 169.1997 0.1765 0.1514 0 

6 206.5928    

7 183.4155 0.1094 0.1514 1 

7 148.9157    

8 174.9750 0.1492 0.1516 1 

8 80.7902    

9 52.8756 0.7254 0.1615 0 

10 141.5655 0.3069 0.1571 0 
 

ʊʘʙʝʣʘ 11.15. ɼʝʚʝʪʘ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. 

ʄʝʪʦʜʘ DC RPF BH 

ɺʨʝʤʝ (s) 4.044 10
-3
 0.0406 0.1626 
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ɹʀʆɻʈɸʌʀɱɸ 

ɼʘʨʢʦ ɿ. ʐʦʰʠ˂ ʿʝ ʨʦʹʝʥ 27. ʤʘʿʘ 1984. ʛʦʜʠʥʝ ʫ ɹʝʦʛʨʘʜʫ. ʉʨʝʜˁʫ ʝʣʝʢʪʨʦʪʝʭ-

ʥʠʯʢʫ ʰʢʦʣʫ ñʈʘʜʝ ʂʦʥʯʘʨò ʫ ɹʝʦʛʨʘʜʫ ʩʤʝʨ ʟʘ ʝʣʝʢʪʨʦʥʠʢʫ ʟʘʚʨʰʠʦ ʿʝ 2003. 

ʛʦʜʠʥʝ. ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʿʝ ʫʧʠʩʘʦ 2003. 

ʛʦʜʠʥʝ, ʘ ʜʠʧʣʦʤʠʨʘʦ ʿʝ 05.09.2007. ʛʦʜʠʥʝ ʥʘ ʩʤʝʨʫ ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ, 

ʩʘ ʧʨʦʩʝʯʥʦʤ ʦʮʝʥʦʤ 9,30. ɼʠʧʣʦʤʩʢʠ ʨʘʜ ʧʦʜ ʤʝʥʪʦʨʩʪʚʦʤ ʧʨʦʬ. ʜʨ ʅʠʢʦʣʝ 

ʈʘʿʘʢʦʚʠ˂ʘ ʩʘ ʪʝʤʦʤ: Ăʆʧʪʠʤʘʣʥʘ ʝʢʩʧʣʦʘʪʘʮʠʿʘ ʠʟʦʣʦʚʘʥʦʛ ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝ-

ʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘñ ʿʝ ʦʜʙʨʘʥʠʦ ʩʘ ʦʮʝʥʦʤ 10 (ʜʝʩʝʪ). ʆʜʤʘʭ ʧʦ ʟʘʚʨʰʝʪʢʫ ʨʝʜʦʚ-

ʥʠʭ ʩʪʫʜʠʿʘ ʫʧʠʩʘʦ ʿʝ ʧʦʩʣʝʜʠʧʣʦʤʩʢʝ ʤʘʩʪʝʨ ʩʪʫʜʠʿʝ ʥʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ 

ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ï ʩʤʝʨ ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ, ʛʜʝ ʿʝ 

20.10.2009.ʛʦʜʠʥʝ ʦʜʙʨʘʥʠʦ ʤʘʩʪʝʨ ʨʘʜ ʧʦʜ ʥʘʟʠʚʦʤ ñɸʥʘʣʠʟʘ ʧʨʦʩʪʠʨʘˁʘ ʭʘʨʤʦ-

ʥʠʿʩʢʠʭ ʠʟʦʙʣʠʯʝˁʘ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠò ʧʦʜ ʤʝʥʪʦʨʩʪʚʦʤ ʜʦʮ. ʜʨ ʇʨʝʜʨʘʛʘ 

ʉʪʝʬʘʥʦʚʘ. ʇʦ ʟʘʚʨʰʝʪʢʫ ʤʘʩʪʝʨ ʩʪʫʜʠʿʘ ʫʧʠʩʘʦ ʿʝ ʜʦʢʪʦʨʩʢʝ ʩʪʫʜʠʿʝ ʥʘ ɽʣʝʢʪʨʦʪ-

ʝʭʠʯʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ï ʩʤʝʨ ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʤʨʝʞʝ ʠ 

ʩʠʩʪʝʤʠ. ʇʦʣʦʞʠʦ ʿʝ ʩʚʝ ʠʩʧʠʪʝ ʥʘ ʜʦʢʪʦʨʩʢʠʤ ʩʪʫʜʠʿʘʤʘ ʩʘ ʧʨʦʩʝʯʥʦʤ ʦʮʝʥʦʤ 

9,9. 

ʆʜ ʩʪʨʘʥʝ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʧʨʦʛʣʘʰʝʥ ʿʝ ʟʘ 

ʥʘʿʙʦˀʝʛ ʩʪʫʜʝʥʪʘ ʫ ʛʝʥʝʨʘʮʠʿʠ ʥʘ ɽʥʝʨʛʝʪʩʢʦʤ ʦʜʩʝʢʫ ʫ ʪʨʝ˂ʦʿ ʠ ʯʝʪʚʨʪʦʿ ʛʦʜʠʥʠ 

ʩʪʫʜʠʨʘˁʘ, ʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʦʩʥʦʚʥʠʭ ʩʪʫʜʠʿʘ ʧʨʦʛʣʘʰʝʥ ʟʘ ʥʘʿʙʦˀʝʛ ʜʠʧʣʦʤʮʘ ʫ 

ʛʝʥʝʨʘʮʠʿʠ ʥʘ ɽʥʝʨʛʝʪʩʢʦʤ ʦʜʩʝʢʫ. 

ʆʜ 2008. ʛʦʜʠʥʝ ʟʘʧʦʩʣʝʥ ʿʝ ʥʘ ʢʘʪʝʜʨʠ ʟʘ ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʩʠʩʪʝʤʝ ɽʣʝʢʪʨʦ-

ʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʢʘʦ ʩʘʨʘʜʥʠʢ ʫ ʥʘʩʪʘʚʠ. ʋ ʟʚʘˁʝ 

ʘʩʠʩʪʝʥʪʘ ʿʝ ʠʟʘʙʨʘʥ 2010. ʛʦʜʠʥʝ. ʅʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ 

ʫ ɹʝʦʛʨʘʜʫ ʿʝ ʘʥʛʘʞʦʚʘʥ ʥʘ 10 ʧʨʝʜʤʝʪʘ ʩʘ ʦʩʥʦʚʥʠʭ ʠ ʤʘʩʪʝʨ ʩʪʫʜʠʿʘ. 

ʆʙʣʘʩʪʠ ʢʦʿʠʤʘ ʩʝ ɼʘʨʢʦ ʐʦʰʠ˂ ʫ ʩʚʦʤ ʥʘʫʯʥʦ ʠʩʪʨʘʞʠʚʘʯʢʦʤ ʨʘʜʫ ʙʘʚʠ ʩʫ: 

ʪʨʞʠʰʪʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʧʨʝʥʦʩʥʝ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ, ʧʨʦʿʝʢʪʦʚʘˁʝ 

ʧʦʤʦ˂ʫ ʨʘʯʫʥʘʨʘ, ʨʘʟʚʦʿ ʥʦʚʠʭ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʧʣʘʥʠʨʘˁʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪ-

ʩʢʠʭ ʩʠʩʪʝʤʘ, ʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ. ɼʦ ʩʘʜʘ ʿʝ ʫʯʝʩʪʚʦʚʘʦ ʥʘ 3 ʥʘʫʯʥʘ 

ʧʨʦʿʝʢʪʘ. ɸʫʪʦʨ ʿʝ ʠʣʠ ʢʦʘʫʪʦʨ: 4 ʨʘʜʘ ʫ ʯʘʩʦʧʠʩʠʤʘ ʩʘ SCI ʣʠʩʪʝ, 3 ʨʘʜʘ ʫ 

ʜʦʤʘ˂ʠʤ ʯʘʩʦʧʠʩʠʤʘ, 1 ʨʘʜʘ ʥʘ ʤʝʹʫʥʘʨʦʜʥʦʿ ʢʦʥʬʝʨʝʥʮʠʿʠ, 5 ʨʘʜʦʚʘ ʥʘ ʜʦʤʘ˂ʠʤ 

ʢʦʥʬʝʨʝʥʮʠʿʘʤʘ. 



 

 



 

 



 

 




