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ɿʘʭʚʘʣʥʠʮʘ 

 

ʆʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʚʨʭʫʥʘʮ ʤʦʛ ʦʙʨʘʟʦʚʘˁʘ ʢʦʿʝ ʿʝ ʪʨʘʿʘʣʦ ʫʢʫʧʥʦ 22 ʛʦʜʠʥe. 

ɿʙʦʛ ʪʦʛʘ, ʦʩʝ˂ʘʤ ʜʘ ʿʝ ʚʨʣʦ ʚʘʞʥʦ ʜʘ ʩʝ ʦʩʚʨʥʝʤ ʥʘ ʪʘʿ ʧʝʨʠʦʜ ʩʚʦʛ ʞʠʚʦʪʘ ʠ ʟʘʭʚʘʣʠʤ ʩʝ 

ʩʚʠʤʘ ʢʦʿʠ ʩʫ ʦʩʪʘʚʠʣʠ ʧʝʯʘʪ ʥʘ ʤʝʥʝ ʥʘ ʪʦʤ ʧʫʪʫ. 

ʅʘ ʧʨʚʦʤ ʤʝʩʪʫ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʩʚʦʤ ʤʝʥʪʦʨʫ ʠ ʧʨʦʬʝʩʦʨʫ ɾʝˀʢʫ ɫʫʨʠhʠ˂ʫ ʥʘ ʪʦʤʝ 

ʰʪʦ ʿʝ ʥʘ ʤʝʥʝ ʧʨʝʥʝʦ ˀʫʙʘʚ ʧʨʝʤʘ ʦʙʥʦʚˀʠʚʠʤ ʠʟʚʦʨʠʤʘ ʝʥʝʨʛʠʿʝ, ʥʘ ʩʚʦʿ ʧʦʜʨʰʮʠ ʢʘʢʦ 

ʪʦʢʦʤ ʨʘʜʘ ʥʘ ʬʘʢʫʣʪʝʪʫ ʪʘʢʦ ʠ ʧʨʠʣʠʢʦʤ ʠʟʨʘʜʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʰʪʦ ʿʝ ʥʘʿʙʠʪʥʠʿʝ, ʰʪʦ 

ʤʠ ʿʝ ʥʘ ʧʨʚʦʤ ʤʝʩʪʫ ʙʠʦ ʧʨʠʿʘʪʝˀ ʩʚʝ ʦʚʝ ʛʦʜʠʥʝ. 

ʅʘʢʦʥ ʪʦʛʘ, ʟʘʭʚʘʫˀʝʿʤ ʩʝ ʩʚʦʿ ʦʿ ʧʦʨʦʜʠʮʠ, ɲʫʙʠʮʠ, ʉʪʝʚʘʥʫ, ɹʦʿʠ ʠ ʄʠʣʠʮʠ, ʥʘ ʩʚʦʿ 

ʧʦʜʨʰʮʠ ʠ ˀʫʙʘʚʠ ʢʦʿʫ ʤʠ ʧʨʫʞʘʿʫ ʦʜ ʢʘʜʘ ʟʥʘʤ ʟʘ ʩʝʙʝ ʠ ʥʘ ʪʦʤʝ ʰʪʦ ʩʫ ʚʝʨʦʚʘʣʠ ʫ ʤʝʥʝ 

ʯʘʢ ʠ ʢʘʜʘ ʿʘ ʧʦʥʝʢʘʜ ʪʦ ʥʠʩʘʤ. ɺʦʣʠʤ ʚʘʩ ʥʘʿʚʠʰʝ ʥʘ ʩʚʝʪʫ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʩʚʦʿʠʤ ʥʘʩʪʘʚʥʠʮʠʤʘ ʠ ʧʨʦʬʝʩʦʨʠʤʘ ʠʟ ʦʩʥʦʚʥʝ ʠ ʩʨʝʜˁʝ ʰʢʦʣʝ. ʊʫ ʙʠʭ 

ʧʦʩʝʙʥʦ ʠʟʜʚʦʿʠʦ ʫʯʠʪʝˀʠʮʫ ɺʝʩʥʫ ʢʦʿʘ ʿʝ ʧʨʚʘ ʧʨʝʧʦʟʥʘʣʘ ʤʦʿ ʪʘʣʝʥʘʪ ʠ ʢʦʿʘ ʿʝ ʫʯʠʥʠʣʘ ʜʘ 

ʩʝ ʪʘʿ ʪʘʣʝʥʘʪ ʥʘʩʪʘʚʠ ʜʘ ʨʘʟʚʠʿʘ ʫ ʥʘʿʙʦˀʝʤ ʤʦʛʫ˂ʝʤ ʩʤʝʨʫ. ɿʘʪʠʤ, ʞʝʣʠʤ ʜʘ ʩʝ ʟʘʭʚʘʣʠʤ 

ʧʨʦʬʝʩʦʨʠʤʘ ʤʘʪʝʤʘʪʠʢʝ ʄʠʨʠ, ɱʘʛʦʰʫ ʠ ɱʝʣʝʥʠ ʢʘʦ ʠ ʧʨʦʬʝʩʦʨʢʘʤʘ ʬʠʟʠʢʝ ʉʚʝʪʣʘʥʠ ʠ 

ɺʝʩʥʠ ʥʘ ʟʘʿʝʜʥʠʯʢʦʤ ʧʨʦʚʝʜʝʥʦʤ ʚʨʝʤʝʥʫ ʠ ʥʘ ʩʚʠʤ ʥʘʛʨʘʜʘʤʘ ʢʦʿʝ ʩʤʦ ʟʘʿʝʜʥʦ ʦʩʚʦʿʠʣʠ. 

ʇʦʩʝʙʥʘ ʟʘʭʚʘʣʥʦʩʪ ʠ ʧʨʦʬʝʩʦʨʠʤʘ ʠ ʘʩʠʩʪʝʥʪʠʤʘ ʩʘ ʬʘʢʫʣʪʝʪʘ ʢʦʿʠ ʩʫ ʙʠʣʠ ʪʫ ʟʘ ʤʝʥʝ 

ʠ ʧʨʫʞʠʣʠ ʤʠ ʟʥʘˁʝ ʢʦʿʝ ʧʦʩʝʜʫʿʝʤ ʠʟ ʦʙʣʘʩʪʠ ʝʥʝʨʛʝʪʠʢʝ. 

ʆʚʦʤ ʧʨʠʣʠʢʦʤ ʞʝʣʠʤ ʜʘ ʩʝ ʧʦʩʝʙʥʦ ʟʘʭʚʘʣʠʤ ʠ ʢʦʤʧʘʥʠʿʠ ʄʠʢʘ ʇʨʦʿʝʢʪ ʉʝʨʚʠʩ ʥʘ 

ʥʝʩʝʙʠʯʥʦʿ ʧʦʤʦ˂ʠ ʠ ʧʦʜʨʰʮʠ ʫ ʪʦʢʫ ʩʪʫʜʠʨʘˁʘ. ʆʚʦ ʿʝ ʢʦʤʧʘʥʠʿʘ ʦʜ ʢʦʿʝ ʩʝ ʤʦʞʝ ʿʘʢʦ ʧʫʥʦ 

ʥʘʫʯʠʪʠ ʢʘʢʦ ʩʝ ʪʨʝʙʘ ʧʦʥʘʰʘʪʠ ʧʨʝʤʘ ʤʣʘʜʠʤ ʪʘʣʝʥʪʠʤʘ. 

ʀ ʢʦʥʘʯʥʦ, ʘʣʠ ʥʝ ʠ ʥʘʿʤʘˁʝ ʙʠʪʥʦ, ʚʝʣʠʢʘ ʟʘʭʚʘʣʥʦʩʪ ʦʩʪʘʪʢʫ ʤʦʿʝ ʧʦʨʦʜʠʮʝ ʠ ʩʚʠʤ 

ʤʦʿʠʤ ʧʨʠʿʘʪʝˀʠʤʘ ʢʦʿʠ ʩʫ ʙʠʣʠ ʪʫ ʟʘ ʤʝʥʝ ʠ ʫ ʣʝʧʠʤ ʠ ʫ ʤʘˁʝ ʣʝʧʠʤ ʪʨʝʥʫʮʠʤʘ ʤʦʛ ʞʠʚʦʪʘ. 

ɹʝʟ ʚʘʰʝ ʧʦʜʨʰʢʝ ʥʝ ʙʠʭ ʤʦʛʘʦ ʜʘ ʜʦ́ʝʤ ʜʦ ʦʚʦʛʘ ʪʝ ʚʘʤ ʟʙʦʛ ʪʦʛʘ ʚʝʣʠʢʦ ʭʚʘʣʘ. 
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ʆʇʊʀʄɸʃʅʆ ʇʈʆʉʊʆʈʅʆ ʀ ɺʈɽʄɽʅʉʂʆ ʋʇʈɸɺɲɸɳɽ ʇʆʊʈʆʐɳʆʄ ʋ 

ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʉʂʆʄ ʉʀʉʊɽʄʋ ʉɸ ɺʀʉʆʂʀʄ ʉʊɽʇɽʅʆʄ ʇɽʅɽʊʈɸʎʀɱɽ 

ʆɹʅʆɺɲʀɺʀʍ ʀɿɺʆʈɸ ɽʅɽʈɻʀɱɽ 

 

ʉʘʞʝʪʘʢ: 

ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ 

ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ ʩʘ ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʦʤ ʧʝʥʝʪʨʘʮʠʿʝ 

ʆʀɽ. ʆʩʥʦʚʥʠ ʜʦʧʨʠʥʦʩʠ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ: 

1. ʈʘʟʚʠʿʝʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʩʪʦʨʥʦʛ ʠ 

ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʛʫʙʠʪʘʢʘ ʫ ʧʨʝʥʦʩʥʦʿ ʠ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʠ ʧʦʙʦˀʰʘˁʘ ʥʘʧʦʥʩʢʠʭ ʧʨʦʬʠʣʘ ʫ ʧʦʪʨʦʰʘʯʢʠʤ ʯʚʦʨʦʚʠʤʘ. 

ʋ ʜʦʩʘʜʘʰˁʦʿ ʣʠʪʝʨʘʪʫʨʠ, ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʩʝ ʧʦʩʤʘʪʨʘ ʢʘʦ ʨʝʩʫʨʩ ʟʘ ʧʦʚʝ˂ʘˁʝ 

ʫʩʢʣʘʹʝʥʦʩʪʠ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ, ʯʠʿʠ ʿʝ ʢʨʘʿˁʠ ʮʠ ˀʩʤʘˁʝˁʝ ʟʘʚʠʩʥʦʩʪʠ 

ʩʠʩʪʝʤʘ ʦʜ ʝʣʝʢʪʨʘʥʘ ʥʘ ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʧʦʩʤʘʪʨʘ ʩʝ ʩʘʤʦ ʚʨʝʤʝʥʩʢʘ 

ʜʠʤʝʥʟʠʿʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ, ʦʜʥʦʩʥʦ ʟʘʥʝʤʘʨʫʿʫ ʩʝ ʤʦʜʝʣ ʤʨʝʞʝ ʠ ʧʨʦʩʪʦʨʥʘ 

ʜʠʩʧʝʨʟʠʚʥʦʩʪ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ. ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʨʠʢʘʟʘʥʘ ʤʝʪʦʜʦʣʦʛʠʘʿ 

ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫ ʫʩʣʦʚʠʤʘ 

ʚʠʩʦʢʦʛ ʩʪʝʧʝʥʘ ʧʨʦʠʟʚʦʜˁʝ ʆʀɽ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ, ʧʦʨʝʜ ʚʨʝʤʝʥʩʢʝ ʢʦʦʨʜʠʥʘʪʝ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ, ʫʚʘʞʘʚʘ ʠ ʤʦʜʝʣ ʤʨʝʞʝ, ʢʘʦ ʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʣʦʢʘʮʠʿʠ ʧʦʪʨʦʰˁʝ 

ʠ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ, ʯʠʤʝ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʜʦʙʠʿʘ ʠ ʧʨʦʩʪʦʨʥʫ ʜʠʤʝʥʟʠʿʫ. 

ʋʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ ʜʝʬʠʥʠʩʘʥʦʛ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ ʩʫ: ʧʨʦʛʥʦʟʘ ʧʦʪʨʦʰˁʝ 

ʧʦʜʝˀʝʥʘ ʥʘ ʥʝʫʧʨʘʚˀʠʚ ʠ ʫʧʨʘʚˀʠʚ ʜʝʦ, ʧʨʦʛʥʦʟʘ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ 

ʝʥʝʨʛʠʿʝ ʢʘʦ ʠ ʧʦʜʘʮʠ ʦ ʤʦʜʝʣʫ ʤʨʝʞʝ. ʇʨʦʛʥʦʟʝ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʟʘ ʥʘʨʝʜʥʠ ʜʘʥ. 

ɼʝʬʠʥʠʩʘʥʠ ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚˀʘ ʚʝʦʤʘ ʢʦʤʧʣʝʢʩʘʥ ʥʝʣʠʥʝʘʨʘʥ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ 

ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ ʠ ʥʝʿʝʜʥʘʢʦʩʪʠ. ʈʝʰʝˁʝ ʜʝʬʠʥʠʩʘʥʦʛ 

ʧʨʦʙʣʝʤʘ ʜʦʙʠʿʝʥʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʘʣʛʦʨʠʪʤʘ ʨʘʟʚʠʿʝʥʦʛ ʥʘ ʙʘʟʠ Interior Point Method. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʿʝ ʜʝʤʦʥʩʪʨʠʨʘʥʘ ʥʘ ʧʨʠʤʝʨʫ ʧʨʝʥʦʩʥʝ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ. 

ʊʘʢʦʹʝ, ʨʝʟʫʣʪʘʪʠ ʩʫ ʚʝʨʠʬʠʢʦʚʘʥʠ ʠ ʥʘ ʧʨʠʤʝʨʫ ʨʝʘʣʥʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʫ ɹʘʥʘʪʫ. 

ʀʟ ʜʦʙʠʿʝʥʠʭ ʘʥʘʣʠʟʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʦʧʪʠʤʘʣʥʠʤ ʧʨʦʩʪʦʨʥʠʤ ʠ ʚʨʝʤʝʥʩʢʠʤ 

ʫʧʨʘʚˀʘˁʝʤ ʧʦʪʨʦʰˁʦʤ ʜʦʜʘʪʥʦ ʤʦʛʫ ʩʤʘˁʠʪʠ ʛʫʙʠʮʠ ʫ ʩʠʩʪʝʤʫ ʠ ʧʦʙʦˀʰʘʪʠ ʥʘʧʦʥʩʢʝ 

ʧʨʠʣʠʢʝ. ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʠʟʚʨʰʝʥʘ ʠ ʘʥʘʣʠʟʘ ʫʪʠʮʘʿʘ ʛʨʝʰʢʝ ʫ ʧʨʦʛʥʦʟʠ ʧʨʦʠʟʚʦʜˁʝ ʆʀɽ 

ʥʘ ʙʝʥʝʬʠʪʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʛʨʝʢhʘ ʧʨʦʛʥʦʟʝ 

ʠʤʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠ ʫʪʠʮʘʿ ʥʘ ʦʩʪʚʘʨʝʥʝ ʙʝʥʝʬʠʪʝ. 

2. ʈʘʟʚʠʿʝʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʩʪʦʨʥʦʛ ʠ 

ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʠ ʫʧʨʘʚˀʘˁʘ ʧʨʦʠʟʚʦʜˁʦʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ 

ʝʣʝʢʪʨʘʥʘ ʫ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ. ʋ 

ʦʢʚʠʨʫ ʦʚʦʛ ʜʦʧʨʠʥʦʩʘ ʜʠʩʝʨʪʘʮʠʿʝ ʨʘʟʚʠʿʝʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʟʘ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ 

ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʫ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ. ʋ ʦʚʦʤ ʘʣʛʦʨʠʪʤʫ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʪʨʦʰʢʦʚʠ ʧʨʦʠʟʚʦʜˁʝ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʙʿʝʢʪʠʚʥʫ ʬʫʥʢʮʠʿʫ ʫ ʜʝʬʠʥʠʩʘʥʦʤ 

ʧʨʦʙʣʝʤʫ, ʜʦʢ ʩʝ ʢʘʦ ʥʝʧʦʟʥʘʪʝ ʚʝʣʠʯʠʥʝ ʧʦʩʤʘʪʨʘʿʫ ʩʘʪʥʝ ʩʥʘʛʝ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ 

ʠʟ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʧʦʩʪʠʞʝ ʩʝ ʚʝ˂ʘ ʥʝʟʘʚʠʩʥʦʩʪ ʩʠʩʪʝʤʘ ʩʘ 

ʚʝʣʠʢʦʤ ʧʝʥʝʪʨʘʮʠʿʦʤ ʠʥʪʝʨʤʠʪʝʥʪʥʠʭ ʆʀɽ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʊʘʢʦʹʝ, 

ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʦʚʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʤʦʛʫ ʩʤʘˁʠʪʠ ʜʥʝʚʥʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ ʧʦʤʦ˂ʫ ʦʧʪʠʤʘʣʥʦʛ 

ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʨʘʚʥʘʿʫ ʜʠʿʘʛʨʘʤʠ ʥʝʪʦ ʧʦʪʨʦʰˁʝ, 

ʧʨʦʠʟʚʦʜˁʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʢʘʦ ʠ ʜʠʿʘʛʨʘʤʠ ʥʘʧʦʥʘ, ʯʠʤʝ ʩʝ ʦʥʠ 

ʧʨʠʙʣʠʞʘʚʘʿʫ ʠʜʝʘʣʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʧʨʦʬʠʣʠʤʘ. 



 

iv 

 

3. ʈʘʟʚʠʿʝʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʦʚʝ˂ʘˁʝ ʨʘʩʧʦʣʦʞʠʚʠʭ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ 

ʦʙʥʦʚʠˀʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ ʢʨʦʟ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ 

ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ. ɱʝʜʘʥ ʦʜ ʜʦʧʨʠʥʦʩʘ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʘʣʛʦʨʠʪʘʤ ʟʘ ʦʧʪʠʤʘʣʥʦ 

ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʯʠʿʘ ʿʝ ʛʣʘʚʥʘ ʫʣʦʛʘ ʨʝʰʘʚʘˁʝ ʥʘʨʫʰʝʥʠʭ 

ʪʝʭʥʠʯʢʠʭ ʦʛʨʘʥʠʯʝʘˁ ʢʦʿʘ ʥʘʩʪʘʿʫ ʫ ʩʠʩʪʝʤʠʤʘ ʩʘ ʚʝʣʠʢʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʆʀɽ. ʅʘʠʤʝ, ʩʘ 

ʧʦʚʝ˂ʘˁʝʤ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ, ʫ ʩʠʩʪʝʤʫ ʤʦʞʝ ʜʦʠ˂ ʜʦ ʧʨʦʙʣʝʤʘ ʢʘʦ ʰʪʦ ʩʫ ʧʨʝʥʘʧʦʥʠ, 

ʩʫʧʨʦʪʥʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʠ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʩʝʢʮʠʿʘ. ʋ ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʩʝ ʠʣʠ ʟʘʙʨʘˁʫʿʝ 

ʜʘˀʘ ʠʥʩʪʘʣʘʮʠʿʘ ʆʀɽ ʠʣʠ ʩʝ ʚʨʰʠ ʦʜʩʝʮʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʆʀɽ ʢʘʜʘ ʜʦʹʝ ʜʦ ʥʘʨʫʰʝˁʘ 

ʜʝʬʠʥʠʩʘʥʠʭ ʦʛʨʘʥʠʯʝˁʘ. ʋ ʨʘʜʫ ʿʝ ʧʨʠʢʘʟʘʥʦ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ 

ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʯʠʿʠ ʿʝ ʟʘʜʘʪʘʢ ʜʘ ʫʤʝʩʪʦ ʦʜʩʝʮʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʚʨʰʠ ʧʦʤʝʨʘˁʝ 

ʧʦʪʨʦʰˁʝ, ʯʠʤʝ ʩʝ ʤʦʞʝ ʫʚʝ˂ʘʪʠ ʧʣʘʩʤʘʥ ʧʨʦʠʟʚʦʜ ʝˁ ʠʟ ʆʀɽ ʥʘ ʪʨʞʠʰʪʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʨʝʰʠʪʠ ʩʚʘ ʥʘʨʫʰʝʥʘ ʦʛʨʘʥʠʯʝˁʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʜʝʤʦʥʩʪʨʠʨʘʥʠ ʥʘ ʧʨʠʤʝʨʫ 

ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ. ʊʘʢʦʹʝ, ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝ ʚʝʨʠʬʠʢʦʚʘʥʘ ʠ ʥʘ ʧʨʠʤʝʨʫ 

ʨʝʘʣʥʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʫ ɹʘʥʘʪʫ. ʋ ʨʘʜʫ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ ʧʨʝʜʣʦʞʝʥʦʤ 

ʤʝʪʦʜʦʣʦʛʠʿʦʤ ʟʥʘʯʘʿʥʦ ʤʦʛʫ ʫʚʝ˂ʘʪʠ ʢʘʧʘʮʠʪʝʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʟʘ ʚʝʝ˂ 

ʫʯʝh˂ ʝ ʆʀɽ, ʥʘʨʦʯʠʪʦ ʢʘʜʘ ʩʝ ʧʦʩʤʘʪʨʘ ʢʦʤʙʠʥʘʮʠʿʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʩʘ 

ʦʜʩʝʮʘˁʝʤ ʜʠʿʘʛʨʘʤʘ ʧʨʦʠʟʚʦʜˁʝ.  

4. ʈʘʟʚʠʿʝʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʠ ʧʨʝʜʣʦʞʝʥʠ ʩʫ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ ʟʘ ʧʦʚʝ˂ʘˁʝ 

ʪʨʘʥʟʠʪʥʠʭ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʠ ʩʠʛʫʨʥʦʩʪʠ ʪʨʘʥʟʠʪʘ ʝʥʝʨʛʠʿʝ ʢʨʦʟ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʩʘ ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʦʤ ʧʝʥʝʪʨʘʮʠʿʝ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ 

ʝʥʝʨʛʠʿʝ ʠ ʫʧʨʘʚˀʠʚʦʤ ʧʦʪʨʦʰˁʦʤ. ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʘʣʛʦʨʠʪʘʤ ʦʧʪʠʤʘʣʥʦʛ 

ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʝʥʦʩʥʠʭ ʩʠʪʝʤʘ. ʋ 

ʫʩʣʦʚʠʤʘ ʩʣʦʙʦʜʥʦʛ ʪʨʞʠʰʪʘ ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʤʦʨʘ ʦʙʝʟʙʝʜʠʪʠ ʩʠʛʫʨʥʦ 

ʠʟʚʨʰʝˁʝ ʫʛʦʚʦʨʝʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʠ ʪʨʘʩʥʧʦʨʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ ʫʜʘˀʝʥʠʭ 

ʦʙʣʘʩʪʠ ʫʟ ʟʘʜʦʚʦˀʘʚʘˁʝ nï1 ʧʨʠʥʮʠʧʘ ʩʠʛʫʨʥʦʩʪʠ. ɱʝʜʘʥ ʦʜ ʨʝʩʫʨʩʘ ʢʦʿʠ ʦʧʝʨʘʪʦʨ 

ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʧʨʝʜʩʪʘʚˀʘ ʠ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ. ʆʧʪʠʤʘʣʥʠʤ 

ʧʨʦʩʪʦʨʥʠʤ ʠ ʚʨʝʤʝʥʩʢʠʤ ʫʧʨʘʚˀʘˁʝʤ ʧʦʪʨʦʰˁʦʤ, ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʜʦʙʠʿʘ ʜʦʜʘʪʥʝ 

ʨʝʩʫʨʩʝ ʢʦʿʠ ʤʫ ʤʦʛʫ ʦʤʦʛʫ˂ʠʪʠ ʜʘ ʫʚʝ˂ʘ ʧʨʝʥʦʩʥʝ ʢʘʧʘʮʠʪʝʪʝ ʩʠʩʪʝʤʘ, ʧʨʠ ʯʝʤʫ ʩʫ 

ʟʘʜʦʚʦˀʝʥʘ ʩʚʘ ʩʠʛʫʨʥʦʩʥʘ ʦʛʨʘʥʠʯʝˁʘ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʢʘʦ ʫʣʘʟʥʝ ʚʝʣʠʯʠʥʝ, 

ʧʦʨʝʜ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ, ʢʦʨʠʩʪʠ ʠ ʧʦʜʘʪʢʝ ʦ ʫʛʦʚʦʨʝʥʠʤ 

ʪʨʘʥʟʠʪʠʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʨʦʟ ʘʥʘʣʠʟʠʨʘʥʫ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ, ʢʘʦ ʠ ʦʛʨʘʥʠʯʝˁʘ ʦ 

ʤʘʢʩʠʤʘʣʥʠʤ ʩʥʘʛʘʤʘ ʚʦʜʦʚʘ. ɼʘ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʙʨʞʝ ʨʝʰʘʚʘˁʝ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ 

ʧʨʦʙʣʝʤʘ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ ʟʘ ʨʝʰʘʚʘˁʝ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ ʢʦʨʠʩʪʠ ʢʚʘʜʨʘʪʥʦ 

ʧʨʦʛʨʘʤʠʨʘˁʝ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʜʝʤʦʥʩʪʨʠʨʘʥʠ ʥʘ ʧʨʠʤʝʨʫ ʨʝʘʣʥʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʉʨʙʠʿʝ. 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ ʦʧʪʠʤʘʣʥʠʤ ʧʨʦʩʪʦʨʥʠʤ ʠ ʚʨʝʤʝʥʩʢʠʤ ʫʧʨʘʚˀʘˁʝʤ 

ʧʦʪʨʦʰˁʦʤ ʜʦʙʠʿʘʿʫ ʜʦʜʘʪʥʠ ʨʝʩʫʨʩʠ ʟʘ ʧʦʚʝ˂ʘʚʘˁʝ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʩʠʩʪʝʤʘ ʫʟ 

ʟʘʜʦʚʦˀʚʘˁʝ ʧʨʠʥʮʠʧʘ ʩʠʛʫʨʥʦʩʪʠ.  

5. ʈʘʟʚʠʿʝʥ ʿʝ ʢʦʥʮʝʧʪ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚʘˀˁʘ ʮʝʥʦʤ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʩʘ ʦʙʥʦʚˀʠʚʠʤ ʠʟʚʦʨʠʤʘ 

ʝʥʝʨʛʠʿʝ ʠ ʠʥʜʠʨʝʢʪʥʦ ʫʧʨʘʚˀʠʚʦʤ ʧʦʪʨʦʰˁʦʤ. ʋ ʦʚʦʿ ʘʥʘʣʠʟʠ, ʧʨʠʢʘʟʘʥʘ ʿʝ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʠʥʜʠʨʝʢʪʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʢʘʦ ʨʝʩʫʨʩʘ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʩʪʘˁʘ ʩʠʩʪʝʤʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʜʦʣʘʟʠ ʩʝ ʜʦ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ 

ʚʨʝʤʝʥʩʢʦʛ ʜʠʥʘʤʠʯʢʦʛ ʪʘʨʠʬʠʨʘˁʘ. ʎʠˀ ʧʨʠʢʘʟʘʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʥʘ ʢʦʿʠ 

ʥʘʯʠʥ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʩʠʩʪʝʤʘ ʪʨʝʙʘ ʬʦʨʤʠʨʘʪʠ ʜʠʿʘʛʨʘʤʝ ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʟʘ 

ʥʘʨʝʜʥʠ ʜʘʥ ʜʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʦ ʦʧʪʠʤʘʣʥʦ ʩʪʘˁʝ. ɼʠʿʘʛʨʘʤʠ ʮʝʥʘ ʬʦʨʤʠʨʘʿʫ ʩʝ ʩʘ ʩʘʪʥʦʤ 

ʨʝʟʦʣʫʮʠʿʦʤ. ʆʧʪʠʤʘʣʥʦ ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚˀʘ ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʙʝʟ ʥʘʨʫʰʝʥʠʭ 

ʦʛʨʘʥʠʯʝˁʘ ʫʟ ʤʠʥʠʤʘʣʥʝ ʪʨʦʰʢʦʚʝ ʧʨʝʫʟʠʤʘˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʋ ʦʚʦʿ ʤʝʪʦʜʦʣʦʛʠʿʠ 

ʫʚʝʜʝʥʘ ʿʝ ʠ ʤʘʪʨʠʮʘ ʝʣʘʩʪʠʯʥʦʩʪʠ ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦʤʦ˂ʫ ʢʦʿʝ ʩʝ ʤʦʜʝʣʫʿʝ 

ʫʪʠʮʘʿ ʧʨʦʤʝʥʘ ʮʝʥʝ ʫ ʿʝʜʥʦʤ ʩʘʪʫ ʥʘ ʧʨʦʤʝʥʫ ʧʦʪʨʦʰˁʝ ʫ ʥʝʢʦʤ ʜʨʫʛʦʤ ʩʘʪʫ. ɼʦʙʠʿʝʥʠ 

ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ ʧʦʤʦ˂ʫ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʜʠʥʘʤʠʯʢʦʛ 

ʪʘʨʠʬʠʨʘˁʘ ʤʦʛʫ ʩʤʘˁʠʪʠ ʪʨʦʰʢʦʚʠ, ʢʘʢʦ ʧʦʪʨʦʰʘʯʘ, ʪʘʢʦ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʧʨʝʜʫʟʝ˂ʘ.  
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OPTIMAL SPATIAL AND TEMPORAL DEMAND SIDE MANAGEME NT IN A POWER 

SYSTEM WITH L ARGE PENETRATION OF RENEWABLE ENERGY SOURCES  

 

Abstract: 

The subject of the doctoral dissertation is optimal spatial and temporal demand side management in 

a power system with large penetration of renewable energy sources. The main contributions of the 

dissertation are:  

1. An algorithm and a mathematical model have been developed to optimize spatial and 

temporal demand side management in order to minimize losses in the transmission and 

distribution network and to improve voltage profiles in consumer buses. In the existing 

literature, demand side management is seen as a resource for increasing the correlation between 

consumption and production from RES, with ultimate goal to reduce the dependency of the 

system on fossil fuel power plants. In this way, only the time dimension of demand side 

management is considered, that is, the network model and the spatial dispersion of consumption 

and production renewable energy sources are neglected. The dissertation presents the 

methodology for determining the optimal spatial and temporal demand side management in 

conditions of high degree of renewable energy sources production. The proposed methodology, 

in addition to the time coordinate of demand side management, also takes into account the 

network model, as well as information on the location of consumption and production from 

renewable energy sources, which introduces the optimization problem a time dimension. The 

input parameters of the defined optimization problem are: load forecast divided into deferrable 

and non deferrable part, production forecast from renewable energy sources as well as data on 

the network model. The forecasts are defined for the next day. The defined problem is a very 

complex nonlinear optimization problem with many equality and inequality constraints. The 

solution to the defined problem was obtained using an algorithm developed using Interior Point 

Method. The proposed method is demonstrated by the example of transmission and distribution 

networks. Also, the results were verified by the example of a real distribution network in Banat. 

From the obtained analyzes it can be concluded that optimal spatial and temporal demand side 

management can further reduce system losses and improve voltage conditions. The dissertation 

also analyzes the impact of an error in the forecast of RES production on the benefits of the 

proposed methodology. The results obtained show that the forecast error has a relatively small 

effect on the benefits obtained 

2. An algorithm and a mathematical model have been developed to optimize the spatial and 

temporal demand side management and production management of conventional power 

plants in order to minimize the total costs in the power system. As part of this dissertation 

contribution, an algorithm for optimal spatial and temporal demand side management was 

developed in order to minimize the total costs in the power system. This algorithm analyzes the 

costs of generation of conventional power plants and presents an objective function in a defined 

problem, while the hourly power consumption and production from conventional power plants 

are considered as unknown variables. In this way, greater independence of systems with high 

penetration of intermittent renewable energy sources from conventional power plants is 

achieved. It has also been shown that the implementation of this methodology can reduce the 

daily operating costs of conventional power plants. The results obtained show that with optimal 

spatial and temporal demand side management, net consumption diagrams, conventional power 

plant production and voltage diagrams are aligned, thus bringing them closer to ideal weather 

profiles. 

3. A methodology has been developed to increase the available capacity for the integration of 

renewable energy sources in distribution networks through spatial and temporal demand side 

management. One of the contributions of the dissertation is an algorithm for optimal spatial and 
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temporal demand side management whose main role is to solve the violatons that arise in 

systems with large RES production. Namely, with the increase in production from renewable 

energy sources, problems such as overvoltages, reverse power flows and section overloads can 

occur in the system. In such situations, it is either forbidden to continue installing renewable 

energy sources or it is necessary to conduct power curtailment when the defined constraints are 

violated. The paper presents optimal spatial and temporal demand side management whose task 

is to manage consumption instead of curtailing production from renewable energy sources, 

which can increase the export of electricity from renewable energy sources into the electricity 

market and address any violations. The results are demonstrated by the example of a distribution 

network. Also, the proposed methodology was verified by the example of a real distribution 

network in Banat. The dissertation shows that the proposed methodology can significantly 

increase the capacity of the electricity power system for greater renewable energy sources 

participation, especially when considering the combination of demand side management with 

production curtailment of renewable energy sources. 

4. A methodology has been developed and mathematical models have been proposed to increase 

transit transmission capacity and security of energy transit through a power system with a 

high degree of penetration of renewable energy sources and defferable load. The dissertation 

presents the algorithm of optimal spatial and temporal demand side management for 

optimization of transmission systems. In a free-market environment, the transmission system 

operator must ensure the secure execution of contracted transactions and the transport of 

electricity between remote areas while meeting the n-1 security principle. Demand side 

management is one of the resources that a transmission system operator can use. With optimal 

spatial and temporal demand side management, the system operator receives additional 

resources that can enable it to increase the transmission capacity of the system, while meeting 

all security constraints. The proposed methodology uses, in addition to the consumption and 

production diagrams from renewable energy sources, input data on contracted electricity transits 

through the analyzed transmission network, as well as restrictions on maximum power that can 

flow through the lines. In order to enable optimization problems to be solved more quickly, 

quadratic programming is used. The results are demonstrated by the example of a real 

transmission network in Serbia. The obtained results show that optimal spatial and temporal 

demand side management provides additional resources for increasing the transmission capacity 

of the system while meeting the security principles. 

5. The concept of optimal spatial and temporal management of the electricity prices in power 

systems with renewable energy sources and indirectly deferrable load consumption has been 

developed. In this analysis, a methodology for using indirect demand side management as a 

resource to optimize the state of the system is presented. In this way, optimal spatial and 

temporal dynamic tariffing is achieved. The aim of the presented methodology is to determine 

how in each bus of the system electricity price diagrams for the next day should be formed in 

order to have an optimal system state. Price diagrams are formed with hourly resolution. The 

optimal state of the system is the state of the system without violations with minimal electricity 

import costs. This methodology also introduces a price elasticity matrix to model the impact of 

price changes in one hour on changes in consumption in another hour. The results obtained 

show that the optimal spatial and temporal dynamic tariffing can reduce the costs of both the 

consumers and utilit y. 
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1 

 

1. ʋɺʆɼ  

 

ʈʘʟʚʦʿ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʟʘʧʦʯʝʪ ʿʝ ʢʨʘʿʝʤ ʜʝʚʝʪʥʘʝʩʪʦʛ ʚʝʢʘ. ʇʦʯʝʪʢʦʤ 

ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ ʧʦʩʪʘʚˀʝʥʠ ʩʫ ʦʩʥʦʚʥʠ ʧʨʠʥʮʠʧʠ ʥʘ ʢʦʿʠʤʘ ˂ʝ ʙʠʪʠ ʙʘʟʠʨʘʥʠ ʙʫʜʫ˂ʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ ʠ ʥʠʩʫ ʩʝ ʤʝˁʘʣʠ ʩʢʦʨʦ ʯʠʪʘʚ ʚʝʢ. ʊʘʢʘʚ ʩʠʩʪʝʤ ʜʘʥʘʩ ʿʝ ʫ 

ʠʥʞʝˁ ʝʨʩʢʠʤ ʢʨʫʛʦʚʠʤʘ ʧʦʟʥʘʪ ʢʘʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ (ɽɽʉ). 

ʂʦʥʚʝʥʮʠʦʥʘʣʥʠ ɽɽʉ ʙʘʟʠʨʘʥ ʿʝ ʥʘ ʯʝʪʠʨʠ ʦʩʥʦʚʥʝ ʢʘʨʠʢʝ ï ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ, ʧʨʝʥʦʩ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʜʠʩʪʨʠʙʫʮʠʿʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʧʦʪʨʦʰˁʘ. ʅʘ ʉʣ. 

1.1. ʜʘʪ ʿʝ ʩʣʠʢʦʚʠʪ ʧʨʠʢʘʟ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ɽɽʉ-ʘ [1]. 

 

ʋ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʤ ɽɽʉ-ʫ, ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʚʨʰʠ ʩʝ ʫ ʚʝʣʠʢʠʤ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʠʤ ʝʣʝʢʪʨʘʥʘʤʘ, ʥʘʿʯʝʰ˂ʝ ʩʘʛʦʨʝʚʘˁ ʝʤ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ (ʫʛʘˀ, ʥʘʬʪʘ, ʛʘʩ), 

ʥʫʢʣʝʘʨʥʦʛ ʛʦʨʠʚʘ ʠʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʭʠʜʨʦʝʥʝʨʛʠʿʝ. ʈʘʟʣʦʛ ʟʘ ʦʚʦ ʿʝ ʧʨʝ ʩʚʝʛʘ ʝʢʦʥʦʤʩʢʝ 

ʧʨʠʨʦʜʝ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʮʝʥʘ ʧʨʦʠʟʚʝʜʝʥʦʛ kWh-ʘ ʦʧʘʜʘ ʩʘ ʚʝʣʠʯʠʥʦʤ ʝʣʝʢʪʨʘʥʝ. 

ʂʦʥʚʝʥʮʠʦʥʘʣʥʝ ʝʣʝʢʪʨʘʥʝ ʩʝ ʧʨʝʢʦ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʚʝʟʫʿʫ ʥʘ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ ʠ ʩʚʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʠʟ ʝʣʝʢʪʨʘʥʘ ʠʥʿʝʢʪʠʨʘ ʫ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ. ʂʦʨʠʰ˂ʝˁʝʤ ʧʨʝʥʦʩʥʦʛ 

ʩʠʩʪʝʤʘ, ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʥʘ ʚʠʩʦʢʦʤ ʥʘʧʦʥʫ ʧʨʝʥʦʩʠ ʜʦ ʫʜʘˀʝʥʠʭ ʣʦʢʘʮʠʿʘ ʦʜʘʢʣʝ ʩʝ 

ʫ ʥʝʧʦʩʨʝʜʥʦ ʿʙʣʠʟʠʥʠ ʧʦʪʨʦh ʘʯʘ ʜʘˀʝ ʧʨʝʙʘʮʫʿʝ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʩʠʩʪʝʤ. ɼʠʩʪʨʠʙʫʪʠʚʥʝ 

ʤʨʝʞʝ ʩʫ ʜʘʣʝʢʦ ʥʠʞʝʛ ʥʘʧʦʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʥʦʩʥʝ, ʛʫʙʠʮʠ ʩʫ ʚʝ˂ʠ ʘ ʤʨʝʞʘ ʿʝ ʫʛʣʘʚʥʦʤ 

ʨʘʜʠʿʘʣʥʘ ʠʣʠ ʩʣʘʙʦ ʫʧʝʪˀʘʥʘ. ʋ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ ʝʥʝʨʛʠʿʘ ʩʝ ,,ʨʘʟʚʦʟʠôô ʜʦ 

ʢʨʘʿˁʠʭ ʧʦʪʨʦʰʘʯʘ ʢʦʿʠ ʿʝ ʥʘ ʢʨʘʿʫ ʢʦʨʠʩʪʝ. ʇʦʨʝʜ ʝʢʦʥʦʤʠʯʥʦʩʪʠ, ʧʦʟʠʪʠʚʥʘ ʩʪʨʘʥʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʠʩʪʝʤʘ ʿʝ ʠ ʿʝʜʥʦʩʪʘʚʥʘ ʨʝʛʫʣʘʮʠʿʘ. ʅʘʠʤʝ, ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ 

ʧʨʦʠʟʚʦʜˁʘ ʫ ʚʝʣʠʢʠʤ ʝʣʝʢʪʨʘʥʘʤʘ ʩʝ ʧʣʘʥʠʨʘ ʠ ʨʝʛʫʣʠʰʝ ʪʘʢʦ ʜʘ ʧʨʘʪʠ ʧʦʪʨʦʰˁʫ ʢʦʿʘ ʩʝ 

ʩʤʘʪʨʘ ʧʘʩʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʘ. ʊʘʢʦ́ʝ, ʪʦʢ ʩʥʘʛʝ ʿʝ ʫʚʝʢ ʦʜ ʝʣʝʢʪʨʘʥʘ ʢʘ ʧʨʝʥʦʩʥʦʿ 

ʤʨʝʞʠ ʠ ʦʜ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʢʘ ʧʦʪʨʦʰʘʯʠʤʘ ʢʨʦʟ ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ [2, 3].  

 ʂʦʥʚʝʥʮʠʦʥʘʣʥʠ ʩʠʩʪʝʤʠ ʙʠʣʠ ʩʫ ʘʢʪʫʝʣʥʠ ʜʦ ʢʨʘʿʘ 20. ʚʝʢʘ ʢʘʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʥʘʛʣʦʛ 

ʨʘʟʚʦʿʘ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ (ʆʀɽ). ʆʀɽ ʧʨʝʜʩʪʘʚˀʘʫʿ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʩʝ 

ʧʝʨʠʦʜʠʯʥʦ ʤʦʛʫ ʦʙʥʘʚˀʘʪʠ ʫ ʠʩʪʦʤ ʠʣʠ ʩʣʠʯʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʫ ʢʦʿʝʤ ʩʝ ʠ 

ʢʦʨʠʩʪʝ. ʋ ˁʠʭ ʩʧʘʜʘʿʫ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ, ʚʝʪʨʦʝʣʝʢʪʨʘʥʝ, ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ, ʝʣʝʢʪʨʘʥʝ 

ʥʘ ʙʠʦʤʘʩʫ, ʛʝʦʪʝʨʤʘʣʥʝ ʝʣʝʢʪʨʘʥʝ, ʝʣʝʢʪʨʘʥʝ ʢʦʿʝ ʝʥʝʨʛʠʿʫ ʧʨʦʠʟʚʦʜʝ ʠʟ ʪʘʣʘʩʘ ʠ ʤʥʦʛʝ 

ʜʨʫʛʝ. ɼʦ ʥʘʛʣʦʛ ʨʘʟʚʦʿʘ ʆʀɽ ʜʦʰʣʦ ʿʝ ʧʨʝ ʩʚʝʛʘ ʟʙʦʛ ʧʦʚʝ˂ʘˁʘ ʩʚʝʩʪʠ ˀʫʜʠ ʦ ʟʘʰʪʠʪʠ 

ʉʣ. 1.1 ʇʨʠʢʘʟ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʝʪʩʢʦʛ ʩʠʩʪʝʤʘ, [1] 



 

2 

 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʢʘʦ ʠ ʩʚʝ ʚʝ˂ʝ ʚʘʞʥʦʩʪʠ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʫ ʩʚʝʪʫ. ʇʦʨʝʜ ʪʦʛʘ, ʧʨʦʙʣʝʤ 

ʩʤʘˁʝˁʘ ʨʝʟʝʨʚʠ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʪʘʢʦʹʝ ʿʝ ʜʦʙʠʦ ʥʘ ʟʥʘʯʘʿʫ ʰʪʦ ʝʿ ʜʦʜʘʪʥʦ ʧʦʩʧʝʰʠʣʦ 

ʨʘʟʚʦ ʿʆʀɽ [4, 5]. ʇʨʝʤʘ ʧʦʜʘʮʠʤʘ ɽʚʨʦʧʩʢʝ ʢʦʤʠʩʠʿʝ, ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ 

ʆʀɽ ʫ ɽʚʨʦʧʩʢʦ ʿʫʥʠʿʠ ʫ 2017. ʛʦʜʠʥʠ ʜʦʩʪʠʛʣʘ ʿʝ ʚʨʝʜʥʦʩʪ ʦʜ 17.5% [6]. ʇʨʝʜʥʦʩʪʠ ʆʀɽ ʩʫ 

ʙʨʦʿʥʝ. ʇʨʚʦ ʠ ʥʘʿʚʘʞʥʠʿʝ, ʦʥʠ ʧʨʝʜʩʪʘʚˀʘʫʿ ʯʠʩʪʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʥʝʫʧʦʨʝʜʠʚʦ ʤʘˁʝ 

ʟʘʛʘ́ʫʿʫ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʫ ʦʜʥʦʩʫ ʥʘ ʝʣʝʢʪʨʘʥʝ ʥʘ ʬʦʩʠʣʥʘ ʠ ʥʫʢʣʝʘʨʥʘ ʛʦʨʠʚʘ. ɼʨʫʛʦ, ʦʥʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʜʨʞʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ ʯʠʿʝ ʩʝ ʨʝʟʝʨʚʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʥʝʠʩʮʨʧʥʠʤ. ʆʀɽ 

ʥʘʿʯʝʰ˂ʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ ʯʠʿʘ ʿʝ ʪʘʯʢʘ ʧʨʠʢˀʫʯʝˁʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ, ʝʥʝʨʛʠʿʘ ʩʝ ʧʨʦʠʟʚʦʜʠ ʪʘʤʦ ʛʜʝ ʩʝ ʠ ʪʨʦʰʠ, ʯʠʤʝ ʩʝ 

ʩʤʘˁʫʿʫ ʛʫʙʠʮʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʪʨʘʥʩʧʦʨʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʧʦʚʝ˂ʘʚʘʫʿ ʩʝ ʥʘʧʦʥʠ ʠ 

ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪʠ ʚʦʜʦʚʘ. ʆʚʦ ʿʝ ʥʘʿʚʠʰʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ 

ʢʦʝʿ ʩʝ ʤʦʛʫ ʧʦʩʪʘʚˀʘʪʠ ʥʘ ʢʨʦʚʦʚʝ ʢʫ˂ʘ ʠ ʯʠʿʘ ʧʨʦʠʟʚʦʜˁʘ ʥʘʿʚʠʰʝ ʤʦʞʝ ʙʠʪʠ ʜʠʩʧʝʨʟʦʚʘʥʘ 

ʧʦ ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʩʠʩʪʝʤʫ. ʄʝʹʫʪʠʤ, ʧʦʿʘʚʘ ʆʀɽ ʜʦʚʝʣʘ ʿʝ ʠ ʜʦ ʙʨʦʿʥʠʭ ʠʟʘʟʦʚʘ ʩʘ ʢʦʿʠʤ ʩʝ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʩʠʩʪʝʤʠ ʥʠʩʫ ʩʫʩʨʝʪʘʣʠ. ʇʨʝ ʩʚʝʛʘ, ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ, ʢʘʦ ʰʪʦ ʩʫ 

ʬʦʪʦʥʘʧʦʥʩʢʝ ʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʝ, ʚʝʦʤʘ ʿʝ ʠʥʪʝʨʤʠʪʝʥʪʥʘ ʠ ʟʘʚʠʩʠ ʦʜ ʨʘʩʧʦʣʦʞʠʚʠʭ ʨʝʩʫʨʩʘ 

ʧʨʠʤʘʨʥʝ ʝʥʝʨʛʠʿʝ ï ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʠ ʙʨʟʠʥʝ ʚʝʪʨʘ. ɿʙʦʛ ʠʥʪʝʨʤʠʪʝʥʪʥʝ ʧʨʠʨʦʜʝ, 

ʤʘʢʩʠʤʘʣʥʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʆʀɽ ʩʝ ʥʝ ʤʦʞʝ ʫʧʨʘʚˀʘʪʠ, ʰʪʦ ʩʪʚʘʨʘ ʚʝʣʠʢʝ ʧʨʦʙʣʝʤʝ 

ʧʨʠʣʠʢʦʤ ʧʣʘʥʠʨʘʘˁ ʠ ʨʝʛʫʣʘʮʠʿʝ ɽɽʉ-ʘ. ʅʘ ʉʣ. 1.2 ʧʨʠʢʘʟʘʥ ʿʝ ʜʠʿʘʛʨʘʤ ʧʨʦʠʟʚʦʜˁ ʝ ʠʟ 

ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʫ ʅʝʤʘʯʢʦʿ ʫ ʪʦʢʫ ʿʝʜʥʝ ʥʝʜʝˀʝ ʿʫʥʘ 2019. ʛʦʜʠʥʝ [7]. ʅʘ ʩʣʠʮʠ ʩʝ ʤʦʛʫ 

ʚʠʜʝʪʠ ʢʦʣʠʢʦ ʚʘʨʠʿʘʮʠʿʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʫʪʠʯʫ ʥʘ ʜʠʿʘʛʨʘʤ ʧʨʦʠʟʚʦʜˁʝ ʠʟ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʜʠʿʘʛʨʘʤ ʮʝʥʘ. ʇʦʨʝʜ ʧʨʦʙʣʝʤʘ ʙʘʣʘʥʩʠʨʘˁʘ ʩʥʘʛʘ ʫ ʩʠʩʪʝʤʫ, 

ʆʀɽ ʢʦʿʠ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ ʤʦʛʫ ʜʦʚʝʩʪʠ ʠ ʜʦ ʩʫʧʨʦʪʥʠʭ ʪʦʢʦʚʘ 

ʩʥʘʛʘ, ʰʪʦ ʤʦʞʝ ʟʘʭʪʝʚʘʪʠ ʧʨʦʤʝʥʫ ʥʝʢʠʭ ʦʜ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ 

ʩʠʩʪʝʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʨʝʛʫʣʘʪʦʨʠ ʥʘʧʦʥʘ ʢʦʿ ʠ ʥʠʩʫ ʢʦʥʩʪʨʫʠʩʘʥʠ ʟʘ ʜʚʦʩʤʝʨʥʝ ʪʦʢʦʚʝ ʩʥʘʛʘ ʠ 

ʦʜʨʝʹʝʥʠ ʪʠʧʦʚʠ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ. ʇʦʨʝʜ ʪʦʛʘ, ʆʀɽ ʧʦʚʝ˂ʘʚʘʿʫ ʦʧʩʝʛ ʥʘʧʦʥʘ ʫ ʪʘʯʢʠ 

ʧʨʠʢˀʫʯʝˁʘ ʠ ʬʣʫʢʪʫʘʮʠʝʿ ʥʘʧʦʥʘ ʯʠʤʝ ʩʝ ʩʤʘˁʫʝʿ ʢʚʘʣʠʪʝʪ ʠʩʧʦʨʫʯʝʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʝʿ. ʉʚʝ ʫ ʩʚʝʤʫ, ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʆʀɽ ʩʠʩʪʝʤ ʯʠʥʝ ʜʦʩʪʘ ʜʠʥʘʤʠʯʥʠʿʠʤ ʟʙʦʛ ʯʝʛʘ ʿʝ 

ʠʩʪʨʘʞʠʚʘˁʝ ˁʠʭʦʚʝ ʠʥʪʝʛʨʘʮʠʿʝ ʫ ɽɽʉ ʧʦʩʪʘʣʦ ʿʝʜʥʘ ʦʜ ʥʘʿʘʢʪʫʝʣʥʠʿʠʭ ʪʝʤʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʫ ʤʦʜʝʨʥʦʿ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʠ [8-10].  

 

ʉʣ. 1.2 ɼʠʿʘʛʨʘʤ ʮʝʥʘ ʠ ʧʨʦʠʟʚʦʜʝˁ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿ ʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʫ ʅʝʤʘʯʢʦʿ (ʠʟʚʦʨ: 

Fraunhofer ISE) 

 

ɿʘʰʪʠʪʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʫʚʝʣʠʢʦ ʩʤʘˁʠʚʘˁʝ ʨʝʟʝʨʚʠ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʠ ʫ 

ʙʫʜʫ˂ʥʦʩʪʠ ˂ʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʚʝ˂ʘʘˁ ʫʜʝʣʘ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ, ʧʨʝ ʩʚʝʛʘ ʬʦʪʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʘʥʘ ʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ. ʀʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʿʝ ʩʧʨʦʚʝʣʘ ʘʛʝʥʮʠʿʘ International Renewable 

Energy Agency (IRENA) ʧʦʢʘʟʘʣʦ ʿʝ ʜʘ ʩʝ ʜʦ 2050. ʛʦʜʠʥʝ ʦʯʝʢʫʿʝ ʜʘ ˂ʝ ʫʜʝʦ ʆʀɽ ʫ ʫʢʫʧʥʦʿ 

ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʥʦʩʠʪʠ 86%, ʦʜʥʦʩʥʦ 60% ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ˂ʝ ʩʝ 

ʜʦʙʠʿʘʪʠ ʠʟ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ [11]. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʜʦ 2050. 



 

3 

 

ʛʦʜʠʥʝ ʩʝ ʦʯʝʢʫʿʝ ʜʘ ˂ʝ ʫʢʫʧʥʘ ʠʥʩʪʘʣʠʩʘʥʘ ʩʥʘʛʘ ʠʟ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʠʟʥʦʩʠʪʠ 

8500 GW, ʜʦʢ ʿʝ ʦʯʝʢʠʚʘʥʘ ʠʥʩʪʘʣʠʩʘʥʘ ʩʥʘʛʘ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ 6000 GW, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ 20 

ʧʫʪʘ ʚʝ˂ʝ ʢʘʧʘʮʠʪʝʪʝ ʦʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʨʝʥʫʪʥʠʤ ʢʘʧʘʮʠʪʝʪʠʤʘ. ʆʚʠ 

ʧʦʜʘʮʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣ. 1.3 ʇʨʦʛʥʦʟʠʨʘʥʠ ʪʨʝʥʜ ʧʨʦʤʝʥʝ ʩʪʨʫʢʪʫʨʝ ʧʨʦʠʟʚʦʜˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʦ 2050. ʛʦʜʠʥʝ (ʠʟʚʦʨ: International Renewable Energy Laboratory ï 

IRENA). ʀʟ ʩʚʠʭ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʧʦʜʘʪʘʢʘ ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʤʦʞʝ ʦʯʝʢʠʚʘʪʠ 

ʿʘʢʦ ʚʠʩʦʢ ʩʪʝʧʝʥ ʧʝʥʝʪʨʘʮʠʿʝ ʆʀɽ (ʧʨʘʢʪʠʯʥʦ ʩʝ ʦʯʝʢʫʿʝ ʜʘ ˂ʝ ʩʝ ʛʦʪʦʚʦ ʩʚʘ ʝʥʝʨʛʠʿʘ 

ʜʦʙʠʘʿʪʠ ʠʟ ʆʀɽ), ʪʝ ʩʝ ʟʙʦʛ ʪʦʛʘ ʠ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʢʘʟʘʥʘ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʦʜʥʦʩʝ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʩʠʩʪʝʤʝ ʩʘ ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʦʤ ʧʝʥʝʪʨʘʮʠʿʝ ʆʀɽ. 

 

ʉʣ. 1.3 ʇʨʦʛʥʦʟʠʨʘʥʠ ʪʨʝʥʜ ʧʨʦʤʝʥʝ ʩʪʨʫʢʪʫʨʝ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʦ 2050. ʛʦʜʠʥʝ (ʠʟʚʦʨ: 

International Renewable Energy Laboratory ï IRENA) 

 

ʂʦʥʚʝʥʮʠʦʥʘʣʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ ʥʠʩʫ ʩʧʨʝʤʥʠ ʟʘ ʚʝʣʠʢʫ ʧʝʥʝʪʨʘʮʠʿʫ ʆʀɽ 

ʟʙʦʛ ʯʝʛʘ ʩʝ ʥʘʤʝʪʥʫʣʘ ʧʦʪʨʝʙʘ ʟʘ ʨʘʟʚʦʿʝʤ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʤʨʝʞʘ (smart 

grid). ʀʥʪʝʣʠʛʝʥʪʥʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʤʨʝʞʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʨʝʞʝ ʩʘ ʚʝʣʠʢʠʤ ʩʪʝʧʝʥʦʤ 

ʨʘʟʚʠʿʝʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʚʝʣʠʢʠʤ ʩʪʝʧʝʥʦʤ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ. ʆʚʘʢʚʠʤ 

ʩʠʩʪʝʤʠʤʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʫʧʨʘʚˀʘ ʫʧʦʪʨʝʙʦʤ SCADA (Supervisory Control and Data Acquisition) 

ʩʠʩʪʝʤʘ ʢʦʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʠʨʝʢʪʘʥ ʤʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʫ ʚʝʣʠʢʦʛ ʜʝʣʘ ʩʠʩʪʝʤʘ. ʊʘʢʦʹʝ, 

ʦʚʘʢʘʚ ʩʠʩʪʝʤ ʧʦʜʨʘʟʫʤʝʚʘ ʠʥʪʝʛʨʘʮʠʿʫ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʤʘˁʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʧʘʢʝʪʘ ʢʦʿʠ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʦʧʝʨʘʪʦʨʫ ʚʝʣʠʢʫ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʧʨʠʣʠʢʦʤ ʫʧʨʘʚʘˀˁʘ ʨʘʜʦʤ ʩʠʩʪʝʤʘ [12-14]. 

ɱʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʘʣʘʪʘ ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ ʆʀɽ ʢʦʿʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʧʦʩʝʜʫʿʫ ʠʥʪʝʣʠʛʝʥʪʥʝ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʤʨʝʞʝ ʧʨʝʜʩʪʘʚˀʘ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ. ʋ ʫʩʣʦʚʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʤʦʛʫ˂ʝ 

ʫʧʨʘʚˀʘʪʠ ʧʦʪʨʦʰˁʦʤ, ʧʦʪʨʦʰˁʘ ʧʨʝʩʪʘʿʝ ʜʘ ʙʫʜʝ ʧʘʩʠʚʥʠ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʘ ʯʠʤʝ ʩʝ 

ʦʧʝʨʘʪʦʨʫ ʜʘʝʿ ʚʝ˂ʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʨʘʜʘ ʩʠʩʪʝʤʘ. ʆ ʫʧʨʘʚˀʘˁʫ ʧʦʪʨʦʰˁʦʤ 

ʙʠ˂ʝ ʫ ʢʘʩʥʠʿʠʤ ʧʦʛʣʘʚˀʠʤʘ ʚʠhʝ ʨʝʯʠ, ʤʝʹʫʪʠʤ, ʦʚʜʝ ʿʝ ʚʘʞʥʦ ʥʘʛʣʘʩʠʪʠ ʜʘ ʿʝ ʦʩʥʦʚʥʘ 

ʠʜʝʿʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫ ʩʠʩʪʝʤʫ ʩʘ ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʦʤ ʧʝʥʝʪʨʘʮʠʿʝ ʆʀɽ ʧʦʩʝʜʦʚʘˁʝ 

ʘʣʘʪʘ ʧʦʤʦ˂ʫ ʢʦʿʝʛ ʿʝ ʤʦʛʫ˂ʝ ʧʦʪʨʦʰˁʫ ʧʦʤʝʨʘʪʠ ʠʟ ʩʘʪʘ ʩʘ ʤʘʣʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ ʆʀɽ ʫ 

ʩʘʪʝ ʩʘ ʚʝʣʠʢʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ ʆʀɽ, ʯʠʤʝ ʿʝ ʤʦʛʫ˂ʝ ʩʤʘˁʠʪʠ ʟʘʚʠʩʥʦʩʪ ʩʠʩʪʝʤʘ ʦʜ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʢʦʿʝ ʩʫ ʥʝʦʧʭʦʜʥʝ ʫ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʙʘʣʘʥʩʘ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ 
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ʠ ʧʦʪʨʦʰˁʝ [15, 16]. ʆʧʪʠʤʘʣʥʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦh ˁʦʤ ʚʝʦʤʘ ʿʝ ʘʢʪʫʝʣʥʘ ʪʝʤʘ ʜʘʥʘʰˁʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ. ʋ ʨʘʜʦʚʠʤʘ [17-19] ʠʟʚʨʰʝʥʘ ʿʝ ʘʥʘʣʠʟʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫ 

ʤʠʢʨʦʤʨʝʞʘʤʘ ʠ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ ʫ ʧʨʠʩʫʩʪʚʫ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʆʀɽ. ʎʠˀ ʦʚʠʭ ʦʧʪʠʤʠʟʘʮʠʿ ʘ 

ʿʝ ʩʤʘˁʠʚʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʠʩʪʝʤʘ ʦʜ ʩʧʦˀʥʝ ʤʨʝʞʝ. ʀʘʢʦ ʦʚʝ ʘʥʘʣʠʟʝ ʥʝ 

ʦʙʫʭʚʘʪʘʿʫ ʨʘʜ ʯʠʪʘʚʦʛ ʩʠʩʪʝʤʘ ʦʥʝ ʜʘʫʿ ʫʚʠʜ ʫ ʪʦ ʢʘʢʦ ʿʝ ʤʦʛʫ˂ʝ ʙʘʣʘʥʩʠʨʘʪʠ ʧʦʪʨʦʰˁʫ ʩʘ 

ʠʥʪʝʨʤʠʪʝʥʪʥʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ ʆʀɽ ʧʦʤʦ˂ʫ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. ʋ ʨʘʜʫ [20] 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʝʬʝʢʪʠ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫ ʮʠˀʫ ʠʥʪʝʛʨʘʮʠʿʝ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʫ ɽɽʉ. 

ʉʣʠʯʥʘ ʘʥʘʣʠʟʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʫ ʨʘʜʫ [21], ʧʨʠ ʯʝʤʫ ʿʝ ʫ ʦʚʦʤ ʨʘʜʫ ʘʥʘʣʠʟʘ ʨʘʹʝʥʘ ʥʘ ʧʨʠʤʝʨʫ 

ɽɽʉ-ʘ ʫ ʂʠʥʠ ʩʘ ʥʘʛʣʘʩʢʦʤ ʥʘ ʪʝʨʤʠʯʢʝ ʧʦʪʨʦʰʘʯʝ. ʋ ʨʘʜʫ [22] ʧʨʠʢʘʟʘʥʦ ʿʝ ʦʧʪʠʤʘʣʥʦ 

ʜʠʤʝʥʟʠʦʥʠʩʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʆʀɽ, ʟʘʿʝʜʥʦ ʩʘ ʩʠʩʪʝʤʠʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʠ 

ʫʧʨʘʚˀʘˁʝʤ ʧʦʪʨʦʰˁʦʤ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʝʣʝʢʪʨʘʥʘ ʥʘ ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ ʫ 

ʆʥʪʘʨʠʿʫ, ʂʘʥʘʜʘ. ʉʣʠʯʥʘ ʘʥʘʣʠʟʘ ʿʝ ʫʨʘʹʝʥʘ ʫ ʨʘʜʫ [23] ʥʘ ʧʨʠʤʝʨʫ ʜʦʤʘ˂ʠʥʩʪʘʚʘ. ʋ 

ʨʘʜʦʚʠʤʘ [24-25], ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ ʆʀɽ ʫʧʦʪʨʝʙʦʤ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ.  

ʋ ʜʦʩʪʫʧʥʦʿ ʣʠʪʝʨʘʪʫʨʠ, ʫʧʨʘʚʘˀˁʝ ʧʦʪʨʦʰˁʦʤ ʧʦʩʤʘʪʨʘ ʩʝ ʥʘ ʥʠʚʦʫ ʿʝʜʥʝ 

ʨʝʛʫʣʘʮʠʦʥʝ ʦʙʣʘʩʪʠ, ʢʘʦ ʘʣʘʪ ʟʘ ʫʩʢʣʘʹʠʚʘˁʝ ʚʨʝʤʝʥʩʢʦʛ ʧʨʦʬʠʣʘ ʩʥʘʛʝ ʧʦʪʨʦʰˁʝ ʩʘ 

ʚʨʝʤʝʥʩʢʠʤ ʧʨʦʬʠʣʦʤ ʧʨʦʠʟʚʦʜˁʝ ʠʥʪʝʨʤʠʪʝʥʪʥʠʭ ʆʀɽ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʫʚʘʞʘʚʘ ʩʝ ʩʘʤʦ 

ʚʨʝʤʝʥʩʢʘ ʜʠʤʝʥʟʠʿʘ ʧʨʦʙʣʝʤʘ. ʆʀɽ ʥʘʿʯʝʰ˂ʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ 

ʢʦʿʠ ʩʫ ʧʨʦʩʪʦʨʥʦ ʜʠʩʧʝʨʟʦʚʘʥʠ ʩʚʫʜʘ ʧʦ ʩʠʩʪʝʤʫ. ʇʨʠʤʘʨʥʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ 

ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʜ ʆʀɽ ʥʘ ʜʨʫʛʘʯʠʿʠ ʥʘʯʠʥ ʩʝ ʤʝˁʘʫʿ ʫ ʚʨʝʤʝʥʫ ʥʘ 

ʨʘʟʣʠʯʠʪʠʤ ʣʦʢʘʮʠʿʘʤʘ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʧʨʠʣʠʢʦʤ ʧʣʘʥʠʨʘˁʘ ʨʘʜʘ ɽɽʉ-ʘ ʥʝʦʧʭʦʜʥʦ ʧʦʨʝʜ 

ʠʥʪʝʨʤʠʪʝʥʪʥʝ ʧʨʠʨʦʜʝ ʆʀɽ ʫʚʘʞʠʪʠ ʠ ˁʠʭʦʚʫ ʧʨʦʩʪʦʨʥʫ ʜʠʩʧʝʨʟʦʚʘʥʦʩʪ. ʋ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ, ʫʚʝʜʝʥ ʿʝ ʧʦʿʘʤ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚʘˀˁʘ ʧʦʪʨʦʰˁʦʤ ʫ 

ʩʠʩʪʝʤʫ ʩʘ ʚʝʣʠʢʦʤ ʧʝʥʝʪʨʘʮʠʿʦʤ ʆʀɽ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʧʦʨʝʜ ʚʨʝʤʝʥʩʢʝ ʜʠʤʝʥʟʠʿʝ ʧʨʦʙʣʝʤʘ 

ʫʚʦʜʠ ʩʝ ʠ ˁʝʛʦʚʘ ʧʨʦʩʪʦʨʥʘ ʜʠʤʝʥʟʠʿʘ. ʋʚʦʹʝˁʝʤ ʧʨʦʩʪʦʨʥʝ ʜʠʤʝʥʟʠʿʝ ʧʦʢʘʟʫʿʝ ʩʝ ʜʘ 

ʧʦʪʨʦʰˁʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ ʥʝ ʪʨʝʙʘ ʤʝʘˁʪʠ ʫ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ ʩʠʩʪʝʤʘ 

ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʚʝ˂ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫʚʘʞʠʪʠ ʠ ˁʠʭʦʚʫ ʧʨʦʩʪʦʨʥʫ ʧʨʝʨʘʩʧʦʜʝʣʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ 

ʤʦʛʫ˂ʝ ʿʝ ʜʦʜʘʪʥʦ ʦʧʪʠʤʠʟʦʚʘʪʠ ʨʘʜ ɽɽʉ-ʘ ʫ ʧʦʛʣʝʜʫ: ʩʤʘˁʝˁʘ ʛʫʙʠʪʘʢʘ ʫ ʩʠʩʪʝʤʫ, 

ʧʦʚʝ˂ʘˁʘ ʧʨʠʭʚʘʪˀʠʚʝ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʧʦʙʦˀʰʘˁʘ ʧʨʦʬʠʣʘ 

ʥʘʧʦʥʘ ʫ ʯʚʦʨʦʚʠʤʘ ʧʨʝʥʦʩʥʝ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ, ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ ʘʥʛʘʞʦʚʘˁʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ, ʧʦʚʝ˂ʘˁʘ ʪʨʘʥʟʠʪʥʠʭ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʠ ʙʦˀʝʛ 

ʠʩʢʦʨʠʰ˂ʝˁʘ ʦʧʨʝʤʝ ʫ ʩʠʩʪʝʤʫ.  

ʋ ʜʨʫʛʦʤ ʧʦʛʣʘʚʫˀ ʜʠʩʝʨʪʘʮʠʿʝ ʜʘʪ ʿʝ ʧʨʠʢʘʟ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʝʣʝʢʪʨʘʥʘ ʫ ʩʠʩʪʝʤʫ ʩʘ 

ʚʝʣʠʢʦʤ ʧʝʥʝʪʨʘʮʠʿʦʤ ʆʀɽ. ʂʘʢʦ ʩʝ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʘʥʘʣʠʟʠʨʘʿʫ ʩʠʩʪʝʤʠ ʫ ʢʦʿʠʤʘ ʩʝ 

ʨʝʛʫʣʘʮʠʿʘ ʿʦʰ ʫʚʝʢ ʦʩʣʘˁʘ ʥʘ ʧʦʩʪʦʿʘˁʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʥʘ ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ, ʜʘʪ 

ʿʝ ʜʝʪʘˀʘʥ ʧʨʠʢʘʟ ʩʚʠʭ ʪʠʧʦʚʘ ʝʣʝʢʪʨʘʥʘ ʢʦʿʝ ˂ʝ ʩʝ ʧʦʿʘʚˀʠʚʘʪʠ ʫ ʥʘʩʪʘʚʢʫ ʜʠʩʝʨʪʘʮʠʿʝ, 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʠ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ.  

ʋ ʦʢʚʠʨʫ ʪʨʝ˂ʝʛ ʧʦʛʣʘʚˀʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʦʩʥʦʚʝ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʢʘʦ ʦʩʥʦʚʥʦʛ 

ʘʣʘʪʘ ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ ʠʥʪʝʨʤʠʪʝʥʪʥʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ ʫ ɽɽʉ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀ ʫ ʧʨʠʢʘʟʘʥʝ 

ʩʫ ʥʘʿʯʝʰ˂ʝ ʪʝʭʥʠʢʝ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʩʘ ʘʢʮʝʥʪʦʤ ʥʘ ʜʠʨʝʢʪʥʦ ʠ ʠʥʜʠʨʝʢʪʥʦ, ʧʨʠ 

ʯʝʤʫ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʚʝ ʧʨʝʜʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝˁʘ ʦʙʝ ʪʝʭʥʠʢʝ. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ 

ʜʘʪʘ ʿʝ ʠ ʜʝʬʠʥʠʮʠʿʘ ʫʧʨʘʚˀʠʚʦʛ ʠ ʥʝʫʧʨʘʚˀʠʚʦʛ ʜʝʣʘ ʧʦʪʨʦʰ ʝˁ ʢʘʦ ʠ ʧʨʠʢʘʟ ʥʘ ʢʦʿʠ ʥʘʯʠʥ 

ʩʝ ʤʦʞʝ ʫʧʨʘʚˀʘʪʠ ʫʧʨʘʚˀʠʚʠʤ ʜʝʣʦʤ ʧʦʪʨʦhˁʝ. ʅʘ ʢʨʘʿʫ, ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʧʨʠʢʘʟʘʥʠ 

ʨʝʟʫʣʪʘʪʠ ʨʘʟʣʠʯʠʪʠʭ ʩʪʫʜʠʿʘ ʠ ʠʩʪʨʘʞʠʚʘˁʘ ʯʠʠʿ ʿʝ ʮʠˀ ʦʜʨʝʹʠʚʘˁʝ ʫʧʨʘʚˀʠʚʦʛ ʠ 

ʥʝʫʧʨʘʚˀʠʚʦʛ ʜʝʣʘ ʧʦʪʨʦʰˁʝ. 

ʋ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ, ʫʚʝʜʝʥ ʝʿ ʧʦʘʿʤ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ ʫ ɽɽʉ-ʫ ʩʘ ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʦʤ ʧʝʥʝʪʨʘʮʠʿʝ ʆʀɽ ʰʪʦ ʠ ʧʨʝʜʩʪʘʚˀʘ ʪʝʤʫ ʦʚʝ 

ʜʠʩʝʨʪʘʮʠʿʝ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ 

ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʫ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʜʥʝʚʥʠʭ ʛʫʙʠʪʘʢʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʤʠʥʠʤʠʟʘʮʠʿʝ ʜʥʝʚʥʠʭ ʧʦʛʦʥʩʢʠʭ ʪʨʦh ʢʦʚʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʋ ʪʫ 



 

5 

 

ʩʚʨʭʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʜʚʝ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ ï ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʠ Interior Point Method 

ʧʨʠ ʯʝʤʫ ʿʝ ʜʘʪʘ ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʦʙʝ ʤʝʪʦʜʝ. ɸʥʘʣʠʟʝ ʩʫ ʚʨʝhʥʝ ʥʘ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ 

ʦʜ 24 h ʩʘ ʩʘʪʥʦʤ ʨʝʟʦʣʫʮʠʿʦʤ. ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʧʨʠʤʝʨʫ ʿʝʜʥʝ ʧʨʝʥʦʩʥʝ ʠ 

ʿʝʜʥʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ.  

ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ 

ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʫ ʩʠʩʪʝʤʫ ʩʘ ʜʠʩʧʝʨʟʦʚʘʥʠʤ ʆʀɽ ʫ ʮʠʫˀ ʦʧʪʠʤʠʟʘʮʠʿʝ ʪʨʦʰʢʦʚʘ 

ʪʨʘʥʟʠʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʿʝʜʥʦʛ ʥʝʩʫʩʝʜʥʦʛ ʩʠʩʪʝʤʘ ʫ ʜʨʫʛʠ ʫʟ ʟʘʜʦʚʦˀʘʚʘˁʝ n ï 1 

ʧʨʠʥʮʠʧʘ ʩʠʛʫʨʥʦʩʪʠ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʠʟʚʨh ʝʥʘ ʿʝ ʣʠʥʝʘʨʠʟʘʮʠʿʘ ʠʥʠʮʠʿʘʣʥʦʛ ʧʨʦʙʣʝʤʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʝʿ ʨʝhʝʥ ʫʧʦʪʨʝʙʦʤ ʢʚʘʜʨʘʪʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ. ʂʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ 

ʩʣʫʯʘʿʫ, ʘʥʘʣʠʟʝ ʩʫ ʚʨʰʝʥʝ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ ʥʘ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ 24 h ʩʘ ʩʘʪʥʦʤ 

ʨʝʟʦʣʫʮʠʿʦʤ. ɽʬʝʢʪʠ ʧʨʠʤʝʥʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʩʫ ʜʝʤʦʥʩʪʨʠʨʘʥʠ ʥʘ ʧʨʠʤʝʨʫ 

ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʉʨʙʠʿʝ.  

ʋ hʝʩʪʦʤ ʧʦʛʣʘʚʫˀ ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʦʚʝ˂ʘˁʝ ʢʘʧʘʮʠʪʝʪʘ ɽɽʉ-ʘ ʟʘ ʚʝʫ˂ 

ʧʝʥʝʪʨʘʮʠʿʫ ʆʀɽ, ʠʣʠ ʪʘʢʦʟʚʘʥʦʛ Hosting Capacity ʬʘʢʪʦʨʘ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʠʥʩʪʘʣʠʩʘʥʠʭ 

ʢʘʧʘʮʠʪʝʪʘ ʆʀɽ ʜʦʩʪʠʞʫ ʩʝ ʪʝʭʥʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ ʤʨʝʞʝ, ʰʪʦ ʤʦʞʝ ʦʛʨʘʥʠʯʠʪʠ ʜʘˀʝ 

ʧʨʠʢˀʫʯʝˁʝ ʥʦʚʠʭ ʝʿʜʠʥʠʮʘ ʆʀɽ. ʆʚʦ ʿʝ ʘʢʪʫʝʣʥʠ ʧʨʦʙʣʝʤ ʫ ʚʝʠ˂ʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ 

ʩʠʩʪʝʤʘ ʩʘ ʩʣʘʙʦ ʨʘʟʚʠʿʝʥʦʤ ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʤʨʝʞʦʤ, ʛʜʝ ʩʝ ʟʙʦʛ ʚʠʩʦʢʦʛ ʩʪʝʧʝʥʘ 

ʿʝʜʥʦʚʨʝʤʝʥʦʩʪʠ ʨʘʜʘ ʆʀɽ ʢʦʿʠ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʥʘ ʥʝʢʫ ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ ʿʘʚˀʘʿʫ 

ʧʨʦʙʣʝʤʠ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʩʝʢʮʠʿʘ, ʩʫʧʨʦʪʥʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʠ ʧʨʝʥʘʧʦʥʠ. ʇʦʩʪʦʿʝ˂ʝ ʪʝʭʥʠʢʝ 

ʨʝʰʘʚʘˁʘ ʦʚʘʢʚʠʭ ʧʨʦʙʣʝʤʘ ʩʫ ʚʝʟʘʥʝ ʟʘ ʣʠʤʠʪʠʨʘˁʝ ʩʥʘʛʝ ʧʨʦʠʟʚʦʜˁʝ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ 

ʢʘʜʘ ʩʝ ʫʛʨʦʟʝ ʥʝʢʘ ʦʜ ʦʛʨʘʥʠʯʝˁʘ. ʃʠʤʠʪʠʨʘˁʝ ʩʝ ʫʛʣʘʚʥʦʤ ʩʧʨʦʚʦʜʠ ʢʨʦʟ ʩʤʘˁʝˁʝ 

ʝʬʠʢʘʩʥʦʩʪʠ ʆʀɽ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʯʠʩʪ ʛʫʙʠʪʘʢ ʧʨʦʠʟʚʦʜˁʝ ʢʦʿʠ ʩʤʘˁʫʿʝ ʨʝʥʪʘʙʠʣʥʦʩʪ 

ʆʀɽ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʢʦʿʘ ʢʦʨʠʩʪʠ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ 

ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʫ ʮʠˀʫ ʤʘʢʩʠʤʠʟʘʮʠʿʝ ʠʟʚʝʟʝʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʠʟ 

ʆʀɽ, ʯʠʤʝ ʩʝ ʜʠʨʝʢʪʥʦ ʧʦʚʝ˂ʘʚʘ ʢʘʧʘʮʠʪʝʪ ʤʨʝʞʝ ʟʘ ʚʝ˂ʫ ʧʝʥʝʪʨʘʮʠʿʫ ʆʀɽ. ʇʦʨʝʜ ʪʦʛʘ, ʫ 

ʦʚʦʤ ʧʦʛʣʘʚʫˀ ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʠ ʤʘʨʛʠʥʘʣʥʠ ʪʨʦʰʢʦʚʠ ʢʦʿʝ ʦʧʝʨʘʪʦʨ ʤʦʨʘ ʧʣʘʪʠʪʠ ʟʘ 

ʢʦʨʠʰ˂ʝˁʝ ʫʩʣʫʛʝ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʧʨʠʤʝʨʫ ʝʿʜʥʝ 

ʨʝʘʣʥʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ.  

ʋ ʩʝʜʤʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʧʨʦʩʪʦʨʥʠʭ ʠ 

ʚʨʝʤʝʥʩʢʠʭ ʜʠʥʘʤʠʯʢʠʭ ʜʠʿʘʛʨʘʤʘ ʮʝʥʘ ʫ ʩʠʩʪʝʤʫ ʩʘ ʆʀɽ. ʊʘʨʠʬʠʨʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ 

ʚʠʜ ʠʥʜʠʨʝʢʪʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫ ʢʦʿʝʤ ʩʝ ʧʦʪʨʦʰʘʯʠ, ʫʤʝʩʪʦ ʜʠʨʝʢʪʥʝ ʢʦʥʪʨʦʣʝ 

ʫʨʝ́ʘʿʘ, ʩʪʠʤʫʣʠʰʫ ʢʨʦʟ ʨʘʟʣʠʯʠʪʝ ʮʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʘ ʪʨʦh ʝ ʦʥʜʘ ʢʘʜʘ ʿʝ ʪʦ 

ʥʘʿʙʦˀʝ ʟʘ ʩʠʩʪʝʤ. ʆʧʪʠʤʠʟʘʮʠʦʥʘ ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʩʝ ʦʚʦʤ ʧʨʠʣʠʢʦʤ ʘʥʘʣʠʟʠʨʘ ʩʫ ʤʠʥʠʤʘʣʥʠ 

ʪʨʦʰʢʦʚʠ ʧʨʝʫʟʠʤʘˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ ʩʧʦˀʘʰˁʝ ʤʨʝʞʝ. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʦʚʦʤ 

ʧʦʛʣʘʚˀʫ ʫʚʝʜʝʥ ʿʝ ʠ ʧʦʿʘʤ ʤʘʪʨʠʮʝ ʝʣʘʩʪʠʯʥʦʩʪʠ ʧʦʪʨʦʰˁʝ ʦʜ ʮʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʧʦʤʦ˂ʫ ʢʦʿʝ ʩʝ ʤʦʜʝʣʫʿʝ ʦʯʝʢʠʚʘʥʠ ʦʜʟʠʚ ʧʦʪʨʦʰʘʯʘ ʥʘ ʧʨʦʤʝʥʫ ʮʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

ʂʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʘʥʘʣʠʟʝ ʩʫ ʚʨʰʝʥʝ ʥʘ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ 24 ʯʘʩʘ ʟʘ 

ʜʘʥ ʫʥʘʧʨʝʜ, ʩʘ ʩʘʪʥʦʤ ʨʝʟʦʣʫʮʠʿʦʤ. ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʧʨʠʤʝʨʫ 

ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ. 

ʋ ʦʩʤʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʚʝʨʠʬʠʢʘʮʠʿʘ ʧʦʿʝʜʠʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʥʘ ʧʨʠʤʝʨʫ ʨʝʘʣʥʝ 

ʤʨʝʞʝ. ɸʥʘʣʠʟʘ ʿʝ ʠʟʚʨʰʝʥʘ ʥʘ ʧʨʠʤʝʨʫ ʨʝʘʣʥʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʫ ɹʘʥʘʪʫ. ʂʘʦ ʠ ʫ 

ʧʨʝʪʭʦʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ, ʚʨʝʤʝʥʩʢʠ ʭʦʨʠʟʦʥʪ ʦʧʪʠʤʠʟʘʮʠʿʘ ʠʟʥʦʩʠ 24 ʯʘʩʘ, ʤʝʹʫʪʠʤ, 

ʙʝʥʝʬʠʪʠ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʩʫ ʦʜʨʝʹʝʥʠ ʟʘ 

ʛʦʜʠʥʫ ʜʘʥʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʨʝʘʣʥʠ ʧʦʜʘʮʠ ʦ ʤʨʝʞʠ, ʧʨʦʠʟʚʦʜˁʠ ʆʀɽ ʜʦʢ ʿʝ 

ʧʦʪʨʦʰˁʘ ʬʦʨʤʠʨʘʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʜʠʿʘʛʨʘʤʘ ʘʥʘʣʠʟʠʨʘʥʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ 

ʤʨʝʞʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ ʨʘʥʠʿʝ ʜʝʬʠʥʠʩʘʥʠʭ ʨʘʟʣʠʯʠʪʠʭ ʢʘʪʝʛʦʨʠʿʘ 

ʧʦʪʨʦʰʘʯʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ, ʠʟʚʨh ʝʥʝ ʩʫ ʪʨʠ ʘʥʘʣʠʟʝ. ʇʨʚʦ, ʜʝʤʦʥʩʪʨʠʨʘʥʦ ʿʝ ʦʧʪʠʤʘʣʥʦ 

ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰʦˁʤ ʫ ʮʠ ʫˀ ʤʠʥʠʤʠʟʘʮʠʿʝ ʛʫʙʠʪʘʢʘ ʫ 

ʘʥʘʣʠʟʠʨʘʥʦʤ ʩʠʩʪʝʤʫ. ʆʚʘ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚˀʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʘʣʛʦʨʠʪʘʤʘ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʫ 

ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ. ʋ ʜʨʫʛʦʿ ʘʥʘʣʠʟʠ, ʧʦʩʤʘʪʨʘʥʦ ʿʝ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ 
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ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʫ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ 

ʟʘ ʚʝ˂ʫ ʧʝʥʝʪʨʘʮʠʿʫ ʆʀɽ. ʆʚʘ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚˀʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʘʣʛʦʨʠʪʘʤʘ ʧʨʠʢʘʟʘʥʠʭ ʫ 

ʰʝʩʪʦʤ ʧʦʛʣʘʚˀʫ. ʂʦʥʘʯʥʦ, ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʘʥʘʣʠʟʘ ʫʪʠʮʘʿʘ ʥʝʩʠʛʫʨʥʦʩʪʠ 

ʧʨʦʛʥʦʟʝ ʧʨʦʠʟʚʦʜˁʝ ʆʀɽ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʜʣʦʞʝʥʠʭ ʘʣʛʦʨʠʪʘʤʘ.  

ʋ ʜʝʚʝʪʦʤ ʧʦʛʣʘʚˀʫ ʜʘʪʘ ʿʝ ʠʜʝʿʘ ʟʘ ʧʨʘʢʪʠʯʥʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʩʠʩʪʝʤʘ ʟʘ ʦʧʪʠʤʘʣʥʦ 

ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʫ ʨʝʘʣʥʦʤ ʦʧʝʨʘʪʠʚʥʦʤ ʮʝʥʪʨʫ. ʀʜʝʿʘ ʦʚʦʛ 

ʧʦʛʣʘʚˀʘ ʿʝ ʜʘ ʦʙʫʭʚʘʪʠ ʩʚʝ ʧʨʝʪʭʦʜʥʝ ʩʮʝʥʘʨʠʿʝ ʠ ʧʨʠʢʘʞʝ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʧʨʝʜʣʦʞʝʥʝ 

ʤʝʪʦʜʦʣʦʛʠʿʝ ʤʦʛʫ ʙʠʪʠ ʧʨʠʤʝˁʝʥʝ ʧʨʠʣʠʢʦʤ ʨʝʘʣʥʦʛ ʫʧʨʘʚˀʘˁʘ ʩʠʩʪʝʤʦʤ. ʋ ʦʚʦʤ 

ʧʦʛʣʘʚˀ ʫ ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ 

ʧʦʪʨʦʰˁʦʤ ʤʦʞʝ ʧʦʩʪʘʪʠ ʜʝʦ ʤʦʜʝʨʥʠʭ ʩʦʬʪʚʝʨʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʘʤʘ ʢʘʦ ʠ ʥʘ ʢʦʠʿ ʥʘʯʠʥ 

ʧʨʦʨʘʯʫʥʘʪʝ ʦʧʪʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʢʨʘʿʫ ʩʪʠʞʫ ʜʦ ʢʨʘʿˁʠʭ ʧʦʪʨʦhʘʯʘ.  

ʂʦʥʘʯʥʦ, ʫ ɿʘʢˀʫʯʢʫ ʿʝ ʩʠʩʪʝʤʘʪʩʢʠ ʜʘʪ ʧʨʠʢʘʟ ʥʘʫʯʥʦʛ ʜʦʧʨʠʥʦʩʘ ʧʨʝʜʣʦʞʝʥʠʭ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘʿʝʜʥʦ ʩʘ ˁʠʭʦʚʠʤ ʧʨʝʜʥʦʩʪʠʤʘ ʠ ʧʨʘʢʪʠʯʥʠʤ ʟʥʘʯʘʿʝʤ. 
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2. ʂɸʈɸʂʊɽʈʀʉʊʀʂɽ ʈɸɿʃʀʏʀʊʀʍ ʊʀʇʆɺɸ ɽʃɽʂʊʈɸʅɸ  

 

ɽʣʝʢʪʨʘʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʙʿʝʢʪʝ ʠʣʠ ʩʠʩʪʝʤʝ ʚʝ˂ʝ ʠʣʠ ʤʘˁ ʝ ʩʣʦʞʝʥʦʩʪʠ ʫ ʢʦʿʠʤʘ ʩʝ 

ʨʘʟʣʠʯʠʪʠ ʦʙʣʠʮʠ ʧʨʠʤʘʨʥʝ ʝʥʝʨʛʠʿʝ ʪʨʘʥʩʬʦʨʤʠʰʫ ʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ. ʆʩʥʦʚʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʘʢʝ ʝʣʝʢʪʨʘʥʝ ʿʝ ˁʝʥʘ ʥʘʟʥʘʯʝʥʘ ʩʥʘʛʘ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ 

ʢʦʿʫ ʝʣʝʢʪʨʘʥʘ ʤʦʞʝ ʿʝʜʥʦʚʨʝʤʝʥʦ ʜʘʚʘʪʠ. ʅʘʟʥʘʯʝʥʘ ʩʥʘʛʘ ʝʣʝʢʪʨʘʥʝ ʿʝ ʟʙʠʨ ʥʘʟʥʘʯʝʥʠʭ 

ʩʥʘʛʘ ʩʚʠʭ ˁʝʥʠʭ ʘʛʨʝʛʘʪʘ. ʇʦʨʝʜ ʥʘʟʥʘʯʝʥʝ ʩʥʘʛʝ, ʜʝʬʠʥʠʰʝ ʩʝ ʠ ʪʝʭʥʠʯʢʠ ʤʠʥʠʤʫʤ 

ʝʣʝʢʪʨʘʥʝ. ʊʝʭʥʠʯʢʠ ʤʠʥʠʤʫʤ ʝʣʝʢʪʨʘʥʝ ʧʨʝʜʩʪʘʚˀʘ ʥʘʤʿʘˁʫ ʩʥʘʛʫ ʩʘ ʢʦʿʦʤ ʝʣʝʢʪʨʘʥʘ ʤʦʞʝ 

ʨʘʜʠʪʠ ʜʦʢ ʿʝ ʫ ʧʦʛʦʥʫ. ɼʘʢʣʝ, ʪʝʭʥʠʯʢʠ ʤʠʥʠʤʫʤ ʠ ʥʘʟʥʘʯʝʥʘ ʩʥʘʛʘ ʜʝʬʠʥʠʰʫ ʦʧʩʝʛ ʩʥʘʛʘ 

ʧʨʠ ʨʘʜʫ ʝʣʝʢʪʨʘʥʝ. ʇʦʨʝʜ ʦʚʘ ʜʚʘ ʦʛʨʘʥʠʯʝˁʘ, ʩʚʘʢʘ ʝʣʝʢʪʨʘʥʘ ʧʦʩʝʜʫʿʝ ʥʠʟ ʨʘʟʥʠʭ ʜʨʫʛʠʭ 

ʪʝʭʥʠʯʢʠʭ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʩʝ ʤʦʨʘʿʫ ʟʥʘʪʠ ʧʨʠʣʠʢʦʤ ˁʝʥʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ [2, 26]. 

ʇʦʨʝʜ ʪʦʛʘ ʰʪʦ ʦʜʘʫʿ ʘʢʪʠʚʥʫ ʩʥʘʛʫ ʩʠʩʪʝʤʫ, ʚʝ˂ʠʥʘ ʝʣʝʢʪʨʘʥʘ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ 

ʧʨʦʠʟʚʦʜʠ ʠ ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ, ʯʠʤʝ ʩʝ ʜʠʨʝʢʪʥʦ ʚʨʰʠ ʢʦʥʪʨʦʣʘ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ. 

ɽʣʝʢʪʨʘʥʝ ʫʛʣʘʚʥʦʤ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʫ ʪʘʯʢʠ ʧʨʠʢˀʫʯʝˁʘ ʦʜʨʞʘʚʘʿʫ ʥʘʧʦʥ, ʬʘʢʪʦʨ ʩʥʘʛʝ 

ʠʣʠ ʚʨʝʜʥʦʩʪ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʦʥʩʪʘʥʪʥʠʤ, ʟʘʜʦʚʦˀʘʚʘʫʿ˂ʠ ʦʛʨʘʥʠʯʝˁʘ ʚʝʟʘʥʘ ʟʘ ʧʦʛʦʥʩʢʝ 

ʢʘʨʪʝ ʩʚʠʭ ʛʝʥʝʨʘʪʦʨʘ [27]. 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʿʝ ʧʨʠʤʘʨʥʠ ʦʙʣʠʢ ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʪʨʘʥʩʬʦʨʤʠʰʫ ʫ 

ʝʣʝʢʪʨʠʯʥʫ ʦʙʥʦʚˀʠʚ ʠʣʠ ʠʩʮʨʧˀʠʚ, ʝʣʝʢʪʨʘʥʝ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ: 

¶ ʅʝʦʙʥʦʚˀʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ, 

¶ ʆʙʥʦʚˀʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ.  

2.1 ʅʝʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʝʿ 

 ʋ ʥʝʦʙʥʦʚˀʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ ʩʧʘʜʘʿʫ ʩʚʝ ʝʣʝʢʪʨʘʥʝ ʯʠʿʠ ʩʝ ʦʩʥʦʚʥʠ ʨʝʩʫʨʩʠ 

ʚʨʝʤʝʥʦʤ ʥʝ ʦʙʥʘʚˀʘʿʫ ʠʣʠ ʿʝ ʧʝʨʠʦʜ ˁʠʭʦʚʦʛ ʦʙʥʘʚˀʘˁʘ ʥʝʫʧʦʨʝʜʠʚʦ ʜʫʞʠ ʦʜ ʜʠʥʘʤʠʢʝ 

ʢʦʿʦʤ ʩʝ ʛʦʨʠʚʦ ʪʨʦʰʠ. ʊʫ ʧʨʝ ʩʚʝʛʘ ʩʧʘʜʘʿʫ ʬʦʩʠʣʥʘ ʠ ʥʫʢʣʝʘʨʥʘ ʛʦʨʠʚʘ. ʅʘʿʯʝʰ˂ʝ 

ʝʣʝʢʪʨʘʥʝ ʢʦʝʿ ʢʦʨʠʩʪʝ ʥʝʦʙʥʦʚˀʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ ʩʫ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʠ ʦʥʝ ʩʝ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʠʧʘ ʨʝʩʫʨʩʘ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ: 

¶ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʫʛʘ ˀ

¶ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʧʨʠʨʦʜʥʠ ʛʘʩ 

¶ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʥʘʬʪʫ 

¶ ʥʫʢʣʝʘʨʥʝ ʝʣʝʢʪʨʘʥʝ 
 

ʊʝʨʤʦʝʣʝʢʪʨʘʥʝ ʩʧʘʜʘʫʿ ʫ ʢʘʪʝʛʦʨʠʿʫ ʧʨʚʠʭ ʝʣʝʢʪʨʘʥʘ ʢʦʝʿ ʩʫ ʧʦʯʝʣʝ ʜʘ ʩʝ ʛʨʘʜʝ. 

ɳʠʭʦʚʘ ʥʘʚʿʝ˂ʘ ʧʨʝʜʥʦʩʪ ʿʝ ʪʘ ʰʪʦ ʩʝ ˁʠʭʦʚʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʤʦʞʝ ʜʠʨʝʢʪʥʦ ʫʧʨʘʚˀʘʪʠ ʠ 

ʦʥʘ ʥʠʿʝ ʥʝʧʨʝʜʚʠʜʠʚʘ. ʈʘʟʣʦʛ ʿʝ ʪʘʿ ʰʪʦ ʛʦʨʠʚʦ ʢʦʿʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʢʦʨʠʩʪʝ ʧʨʝʜʩʪʘʚˀ ʘ 

ʚʨʩʪʫ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠh ʪʝʝˁ ʭʝʤʠʿʩʢʝ ʝʥʝʨʛʠʿʝ (ʠʣʠ ʥʫʢʣʝʘʨʥʝ), ʘ ʩʘʤʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ 

ʥʠʩʫ ʥʠʰʪʘ ʜʨʫʛʦ ʜʦ ʩʠʩʪʝʤʠ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʭʝʤʠʿʩʢʝ ʝʥʝʨʛʠʿʝ ʫ ʪʦʧʣʦʪʥʫ, ʟʘʪʠʤ 

ʪʦʧʣʦʪʥʝ ʫ ʤʝʭʘʥʠʯʢʫ ʠ ʥʘ ʢʨʘʿʫ ʤʝʭʘʥʠʯʢʝ ʫ ʝʣʝʢʪʨʠʯʥʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʫ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘʤʘ 

ʿʝ ʤʦʛʫ˂ʝ ʦʙʝʟʙʝʜʠʪʠ ʥʝʦʧʭʦʜʥʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʫʟ ʦʜʨʝ́ ʝʥʘ ʪʝʭʥʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ. 

ɼʨʫʛʘ ʧʨʝʜʥʦʩʪ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʿʝ ʪʘ ʰʪʦ ʩʝ ʦʥʝ ʛʨʘʜʝ ʢʘʦ ʚʝʣʠʢʝ ʮʝʥʪʨʘʣʥʝ ʿʝʜʠʥʠʮʝ ʧʘ ʿʝ 

ʮʝʥʘ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ˁʠʭ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘ. ʆʚʦ ʠ ʿʝʩʪʝ ʛʣʘʚʥʠ ʨʘʟʣʦʛ 

ʟʘhʪʦ ʩʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʿʦʰ ʫʚʝʢ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʢʦʨʠʩʪʝ ʫ ʩʚʝʪʫ. 

ʅʘʿʚʝ˂ʠ ʥʝʜʦʩʪʘʪʘʢ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʿʝ ʪʘʿ ʰʪʦ ʩʝ ˁʠʭʦʚʠ ʨʝʩʫʨʩʠ ʥʝ ʦʙʥʘʚˀʘʿʫ ʠ ʫ 

ʨʝʣʘʪʠʚʥʦ ʙʣʠʩʢʦʿ ʙʫʜʫʥ˂ʦʩʪʠ ʢʘʜʘ ʥʝʩʪʘʥʝ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʥʝ˂ʝ ʙʠʪʠ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ 

ʢʣʘʩʠʯʥʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʥʘ ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ. ɼʨʫʛʠ ʥʝʜʦʩʪʘʪʘʢ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʿʝ ʚʝʣʠʢʠ 

ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ʛʣʦʙʘʣʥʫ ʢʣʠʤʫ. ʊʨʝ˂ʠ ʥʝʜʦʩʪʘʪʘʢ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʿʝ 
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ʤʘʣʠ ʩʪʝʧʝʥ ʝʬʠʢʘʩʥʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʦʛ ʮʠʢʣʫʩʘ, ʧʘ ʩʘʤʠʤ ʪʠʤ ʠ ʤʘʣʠ ʩʪʝʧʝʥ ʢʦʨʠʩʥʦʛ 

ʜʝʿʩʪʚʘ ʝʣʝʢʪʨʘʥʝ ʢʘʦ ʩʠʩʪʝʤʘ.  

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʥʘ ʧʨʠʨʦʜʥʠ ʛʘʩ ʠ ʥʘ 

ʫʛʘ ,ˀ ʦʙʟʠʨʦʤ ʜʘ ˂ʝ ʩʘʤʦ ʦʚʘʿ ʪʠʧ ʝʣʝʢʪʨʘʥʘ ʙʠʪʠ ʘʥʘʣʠʟʠʨʘʥ ʢʘʩʥʠʿʝ ʫ ʜʠʩʝʨʪʘʮʠʿʠ.  

2.1.1 ʊʝʨʤʦʝʣʝʢʪʨʘʥʝ ʥʘ ʫʛʘˀ 

ʊʝʨʤʦʝʣʝʢʪʨʘʥʝ ʢʦʝʿ ʢʦʨʠʩʪʝ ʫʛʘˀ ʢʘʦ ʧʦʛʦʥʩʢʦ ʛʦʨʠʚʦ ʥʘʯʿʝʰ˂ʠ ʩʫ ʪʠʧ ʝʣʝʢʪʨʘʥʘ ʫ 

ʉʨʙʠʿʠ ʘʣʠ ʠ ʫ ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʫ ʩʚʝʪʫ. ʃʦʢʘʮʠʿʫ 

ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʫ ɽɽʉ-ʫ ʦʜʨʝʹʫʿʫ ʩʣʝʜʝ˂ʠ ʧʘʨʘʤʝʪʨʠ:  

¶ ʉʚʘʢʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʤʦʨʘ ʠʤʘʪʠ ʨʘʩʭʣʘʜʥʠ ʤʝʜʠʿʫʤ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʫ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʦʤ ʮʠʢʣʫʩʫ, ʪʝ ʩʝ ʟʙʦʛ ʪʦʛʘ ʥʘʩʪʦʠʿ ʜʘ ʩʝ ʦʥʝ ʠ ʛʨʘʜʝ ʫ ʙʣʠʟʠʥʠ 

ʚʝʣʠʢʠʭ ʨʝʢʘ ʧʨʠ ʯʝʤʫ ʚʦʜʘ ʥʘ ʪʘʿ ʥʘʯʠʥ ʧʨʝʜʩʪʘʚˀʘ ʙʝʩʧʣʘʪʥʦ ʨʘʩʭʣʘʜʥʦ ʩʨʝʜʩʪʚʦ. 

¶ ʀʘʢʦ ʩʝ ʫʛʘˀ ʤʦʞʝ ʧʨʝʥʦʩʠʪʠ ʩʘ ʝʿʜʥʝ ʣʦʢʘʮʠʿʝ ʥʘ ʜʨʫʛʫ, ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʫʜʘˀʝʥʦʩʪʠ 

ʣʦʢʘʮʠʿʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʠ ʨʫʜʥʠʢʘ ʫʛˀʘ, ʪʨʦʰʢʦʚʠ ʪʨʘʥʩʧʦʨʪʘ ʩʝ ʧʦʚʝʘ˂ʚʘʿʫ ʘ ʩʘʤʠʤ 

ʪʠʤ ʠ ʧʦʛʦʥʩʢʠ ʪʨʦh ʢʦʚʠ ʝʣʝʢʪʨʘʥʝ. ɼʘ ʙʠ ʩʝ ʦʚʠ ʪʨʦʰʢʦʚʠ ʩʤʘˁʠʣʠ, ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ 

ʩʝ ʛʨʘʜʝ ʫ ʙʣʠʟʠʥʠ ʨʫʜʥʠʢʘ ʫʛˀʘ. 

¶ ʂʘʜʘ ʙʠ ʩʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʠʟʛʨʘʜʠʣʘ ʫ ʮʝʥʪʨʫ ʛʨʘʜʘ, ʝʣʠʤʠʥʠʩʘʣʠ ʙʠ ʩʝ ʩʚʠ 

ʥʝʜʦʩʪʘʮʠ ʚʝʟʘʥʠ ʟʘ ʪʨʘʥʩʧʦʨʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʝʿ. ʄʝʹʫʪʠʤ, ʟʙʦʛ ʣʦʢʘʣʥʦʛ ʟʘʛʘʹʝˁʘ 

ʢʦʿʝ ʧʨʦʠʟʚʦʜʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ, ʘ ʜʘ ʙʠ ʩʝ ʟʘʰʪʠʪʠʣʦ ʟʜʨʘʚˀʝ ˀʫʜʠ, ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ 

ʩʝ ʤʦʨʘʿʫ ʛʨʘʜʠʪʠ ʥʘ ʨʘʟʫʤʥʦʿ ʫʜʘʝˀʥʦʩʪʠ ʦʜ ʥʘʩʝˀʝʥʠʭ ʤʝʩʪʘ. 

ʅʘ ʉʣ. 2.1 ʧʨʠʢʘʟʘʥʘ ʿʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʥʘ ʣʠʛʥʠʪ ʅʠʢʦʣʘ ʊʝʩʣʘ ɸ ʫ ʆʙʨʝʥʦʚʮʫ [1]. 

 

ʉʣ. 2.1 ʊʝʨʤʦʝʣʝʢʪʨʘʥʘ ʅʠʢʦʣʘ ʊʝʩʣʘ ɸ ʫ ʆʙʨʝʥʦʚʮʫ, [1] 

 

ʋ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘʤʘ ʩʝ ʚʨhʠ ʥʝʢʦʣʠʢʦ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʝʥʝʨʛʠʿʝ ʠʟ ʿʝʜʥʦʛ ʦʙʣʠʢʘ ʫ 

ʜʨʫʛʠ ʠ ʪʦ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

¶ ʋ ʢʦʪʣʦʚʠʤʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʜʦʣʘʟʠ ʜʦ ʩʘʛʦʨʝʚʘˁʘ ʫʛˀʘ ʧʨʠ ʯʝʤʫ ʩʝ ʭʝʤʠʿʩʢʘ 

ʝʥʝʨʛʠʿʘ ʪʨʘʥʩʬʦʨʤʠhʝ ʫ ʪʦʧʣʦʪʥʫ. ɼʦʙʠʿʝʥʘ ʪʦʧʣʦʪʥʘ ʝʥʝʨʛʠʘʿ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʟʘʛʨʝʚʘˁʝ ʚʦʜʝ ʠ ʜʦʙʠʿʘˁʝ ʧʨʝʛʨʝʿʘʥʝ ʚʦʜʝʥʝ ʧʘʨʝ. ʆʚʘʿ ʧʨʦʮʝʩ ʠʤʘ ʚʝʣʠʢʠ ʩʪʝʧʝʥ 

ʢʦʨʠʩʥʦʛ ʜʝʿʩʪʚʘ. 
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¶ ʇʨʝʛʨʝʿʘʥʘ ʚʦʜʝʥʘ ʧʘʨʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʨʘʜʥʠ ʤʝʜʠʫʿʤ ʟʘ ʧʦʢʨʝʪʘˁʝ ʧʘʨʥʝ ʪʫʨʙʠʥʝ ʋ 

ʧʘʨʥʠʤ ʪʫʨʙʠʥʘʤʘ ʜʦʣʘʟʠ ʜʦ ʢʦʥʚʝʨʟʠʿʝ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʫ ʤʝʭʘʥʠʯʢʫ ʝʥʝʨʛʠʿʫ 

ʦʙʨʪʥʦʛ ʢʨʝʪʘˁʘ ʪʫʨʙʠʥʝ. ʆʚʘ ʢʦʥʚʝʨʟʠʿʘ ʩʝ ʜʝʰʘʚʘ ʩʘ ʤʘʣʠʤ ʩʪʝʧʝʥʦʤ ʢʦʨʠʩʥʦʛ 

ʜʝʿʩʪʚʘ (ʜʦ 40%). 

¶ ʇʘʨʥʝ ʪʫʨʙʠʥʝ ʩʝ ʧʨʝʢʦ ʚʨʘʪʠʣʘ ʧʦʚʝʟʫʿʫ ʩʘ ʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʫ ʝʣʝʢʪʨʘʥʠ. ʋ 

ʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʠʤʘ ʩʝ ʤʝʭʘʥʠʯʢʘ ʝʥʝʨʛʠʿʘ ʧʨʝʪʚʘʨʘ ʫ ʝʣʝʢʪʨʠʯʥʫ. ʉʪʝʧʝʥ 

ʢʦʨʠʩʥʦʛ ʜʝʿʩʪʚʘ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʿʝ ʚʝʣʠʢʠ (ʤʦʞʝ ʙʠʪʠ ʠ ʧʨʝʢʦ 99%). 

ʇʦʨʝʜ ʛʫʙʠʪʢʘ ʝʥʝʨʛʠʿʝ ʫ ʩʚʘʢʦʤ ʦʜ ʦʚʠʭ ʩʠʩʪʝʤʘ, ʜʝʦ ʝʥʝʨʛʠʿʝ ʩʝ ʪʨʦʰʠ ʠ ʟʘ ʩʦʧʩʪʚʝʥʫ 

ʧʦʪʨʦʰˁʫ ʝʣʝʢʪʨʘʥʝ. ʅʘ ʉʣ. 2.2 ʿʝ ʧʨʠʢʘʟʘʥa ʙʣʦʢ ʰʝʤʘ ʢʦʥʚʝʨʟʠʝʿ ʝʥʝʨʛʠʿʝ ʫ 

ʪʝʨʤʦʝʣʝʢʪʨʘʥʠ ʥʘ ʫʛʘˀ. 

 

 

 

 ̆˩˸ˮ˳˿˴ˢ ˩˹˩˾˥ˮ˳ˢ 
˿˴˶ˢ˨ˮ̊́˩˹ˢ ̂  ̂˥˷̂ 

́˻˽˶˻́˹ˢ ˩˹˩˾˥ˮ˳ˢ 
ˤ˻˨˩˹˩ ˽ˢ˾˩ 

˸˩̆ˢ˹ˮ̉˴ˢ ˩˹˩˾˥ˮ˳ˢ 
ˤ˾ˢ́ˮ˶ˢ ˽ˢ˾˹˩ ́̂˾ˣˮ˹˩ 

˩˶˩˴́˾ˮ̉˹ˢ ˩˹˩˾˥ˮ˳ˢ 

˴˻́ˢ˻ ˽ˢ˾˹ˢ ́̂˾ˣˮ˹ˢ ˥˩˹˩˾ˢ́˻˾ 

 

ʉʣ. 2.2 ʂʦʥʚʝʨʟʠʿʘ ʝʥʝʨʛʠʿʝ ʫ ʪʝʨʤʦʝʣʝʢʪʨʘʥʠ 

 

ʀʟʣʘʟʥʦʤ ʩʥʘʛʦʤ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʥʘ ʫʛʘˀ ʩʝ ʥʝ ʤʦʞʝ ʩʢʨʦʟ ʬʣʝʢʩʠʙʠʣʥʦ ʫʧʨʘʚˀʘʪʠ 

ʟʙʦʛ ʦʜʨʝ́ʝʥʠʭ ʪʝʭʥʠʯʢʠʭ ʦʛʨʘʥʠʯʝˁʘ. ʇʨʚʦ ʦʛʨʘʥʠʯʝˁʝ ʿʝ ʤʘʢʩʠʤʘʣʥʦ ʧʦʚʝ˂ʘˁʝ ʦʜʥʦʩʥʦ 

ʩʤʘˁʝˁʝ ʩʥʘʛʝ ʫ ʚʨʝʤʝʥʫ. ʅʘʠʤʝ, ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʫ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘʤʘ ʥʘ ʫʛʘˀ ʩʝ ʜʦʙʠʿʘ 

ʠʟ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ, ʧʘ ʫ ʩʣʫʯʘʿʫ ʧʦʚʝ˂ʘˁʘ ʩʥʘʛʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʚʝʘ˂ʪʠ ʠ 

ʪʦʧʣʦʪʥʫ ʩʥʘʛʫ ʢʦʪʣʦʚʘ, ʰʪʦ ʩʝ ʥʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʫ ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʫ 

ʟʙʦʛ ʚʝʣʠʢʠʭ ʪʦʧʣʦʪʥʠʭ ʠʥʝʨʮʠʿʘ. ɼʨʫʛʦ ʦʛʨʘʥʠʯʝˁʝ ʩʫ ʤʠʥʠʤʘʣʥʘ ʠ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ 

ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ. ʄʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʿʝʜʥʘʢʘ ʿʝ ʥʘʟʥʘʯʝʥʦʿ ʩʥʘʟʠ ʪʝ ʝʣʝʢʪʨʘʥʝ. 

ʄʠʥʠʤʘʣʥʘ ʩʥʘʛʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʤʘˁʫ ʩʥʘʛʫ ʩʘ ʢʦʿʦʤ ʝʣʝʢʪʨʘʥʘ ʤʦʞʝ ʪʨʘʿʥʦ 

ʨʘʜʠʪʠ ʩʘ ʦʩʥʦʚʥʠʤ ʛʦʨʠʚʦʤ ʧʨʠ ʯʝʤʫ ʧʦʩʪʦʿʠ ʩʪʘʙʠʣʘʥ ʧʨʦʮʝʩ ʜʦʙʠʿʘˁʘ ʪʦʧʣʦʪʝ ʠʟ 

ʧʨʠʤʘʨʥʦʛ ʛʦʨʠʚʘ. ʊʝʨʤʦʝʣʝʢʪʨʘʥʝ ʥʘ ʯʚʨʩʪʘ ʛʦʨʠʚʘ ʛʝʥʝʨʘʣʥʦ ʠʤʘʿʫ ʚʠʩʦʢʝ ʪʝʭʥʠʯʢʝ 

ʤʠʥʠʤʫʤʝ, ʚʝ˂ʝ ʥʝʛʦ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʥʘ ʪʝʯʥʘ ʠ ʛʘʩʦʚʠʪʘ ʛʦʨʠʚʘ. 

ʎʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʫ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘʤʘ ʥʘ ʫʛʘˀ ʿʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʦʩʪʘʣʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘ (ʦʩʠʤ ʟʘ ʥʫʢʣʝʘʨʥʝ). ʄʝʹʫʪʠʤ, ʮʝʥʘ ʛʘʰʝˁʘ ʠ 

ʧʦʥʦʚʥʦʛ ʩʪʘʨʪʦʚʘˁʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʝʿ ʜʘʣʝʢʦ ʚʝʘ˂ (ʩʘʤʦ ʢʦʜ ʥʫʢʣʝʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ ʿʝ 

ʩʪʘʨʪʦʚʘˁʝ ʠ ʛʘʰʝˁʝ ʝʣʝʢʪʨʘʥʝ ʩʢʫʧˀʝ). ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʜʘ ʙʠ ʩʝ ʠʟ ʭʣʘʜʥʦʛ ʩʪʘˁʘ ʜʦʩʪʠʛʣʘ 

ʥʦʤʠʥʘʣʥʘ ʩʥʘʛʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʥʘ ʫʛʘ  ˀʥʝʦʧʭʦʜʥʦ ʿʝ ʦʢʦ 10 ʩʘʪʠ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʩʝ 

ʠʟʙʝʛʘʚʘ ʯʝʩʪʦ ʫʢˀʫʯʠʚʘˁʝ ʠ ʠʩʢʫˀʯʠʚʘʝˁ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ. ɿʙʦʛ ʦʚʝ ʦʩʦʙʠʥʝ, ʢʘʦ ʠ ʚʠʩʦʢʠʭ 

ʪʝʭʥʠʯʢʠʭ ʤʠʥʠʤʫʤʘ, ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʥʘ ʫʛʘˀ ʩʝ ʫʛʣʘʚʥʦʤ ʢʦʨʠʩʪʝ ʟʘ ʧʦʢʨʠʚʘˁʝ ʙʘʟʥʝ 

ʧʦʪʨʦʰˁʝ.  

2.1.2 ʊʝʨʤʦʝʣʝʢʪʨʘʥʝ ʥʘ ʛʘʩ 

ɻʘʩʥʝ ʝʣʝʢʪʨʘʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʦʰ ʿʝʜʘʥ ʧʦʜʪʠʧ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ 

ʢʣʘʩʠʯʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʥʘ ʫʛʘˀ, ʛʘʩʥʝ ʝʣʝʢʪʨʘʥʝ ʢʘʦ ʨʘʜʥʠ ʤʝʜʠʿʫʤ ʢʦʨʠʩʪʝ ʚʘʟʜʫʭ, 

ʦʜʥʦʩʥʦ ʧʨʦʜʫʢʪʝ ʩʘʛʦʨʝʚʘˁʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʫ ʢʦʤʦʨʠ ʟʘ ʩʘʛʦʨʝʚʘˁʝ ʛʦʨʠʚʘ. ʋʩʣʝʜ 

ʟʘʛʨʝʚʘˁʘ, ʧʨʠʪʠʩʘʢ ʚʘʟʜʫʭʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʥ ʧʦʢʨʝ˂ʝ ʛʘʩʥʫ ʪʫʨʙʠʥʫ.  

ɻʣʘʚʥʝ ʧʨʝʜʥʦʩʪʠ ʛʘʩʥʠʭ ʝʣʝʢʪʨʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʠʯʥʝ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʥʘ ʫʛʘˀ ʩʫ: 

¶ ɻʘʩʥʝ ʝʣʝʢʪʨʘʥʝ ʩʝ ʤʦʛʫ ʙʨʟʦ ʩʪʘʨʪʦʚʘʪʠ. ʋʦʙʠʯʘʿʝʥʦ ʚʨʝʤʝ ʩʪʘʨʪʦʚʘˁʘ ʛʘʩʥʠʭ 

ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʠʟʥʦʩʠ ʦʢʦ ʧʝʪʥʘʝʩʪʘʢ ʤʠʥʫʪʘ. ɿʙʦʛ ʦʚʦʛʘ ʩʫ ʦʥʝ ʚʝʦʤʘ ʧʦʛʦʜʥʝ ʩʘ 

ʘʩʧʝʢʪʘ ʙʘʣʘʥʩʠʨʘˁʘ ʩʥʘʛʘ ʫ ʩʠʩʪʝʤʫ ʩʘ ʚʠʩʦʢʦʤ ʧʝʥʝʪʨʘʮʠʿʦʤ ʆʀɽ.  
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¶ ɻʘʩʥʝ ʝʣʝʢʪʨʘʥʝ ʠʤʘʿʫ ʤʘʣʝ ʪʝʭʥʠʯʢʝ ʤʠʥʠʤʫʤʝ. ʀʟ ʦʚʦʛ ʨʘʟʣʦʛʘ ʦʥʝ ʩʫ ʚʨʣʦ 

ʝʣʘʩʪʠʯʥʝ ʧʨʠʣʠʢʦʤ ʝʢʩʧʦʣʘʪʘʮʠʿʝ ʠ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʦʧʫˁʘʚʘˁʝ ʚʨʰʥʦʛ 

ʦʧʪʝʨʝ˂ʝʘˁ. 

¶ ʎʝʥʘ ʩʪʘʨʪʦʚʘˁʘ ʛʘʩʥʠʭ ʝʣʝʢʪʨʘʥʘ ʿʝ ʥʠʩʢʘ. 

ɻʣʘʚʥʝ ʥʝʛʘʪʠʚʥʝ ʦʩʦʙʠʥʝ ʛʘʩʥʠʭ ʝʣʝʢʪʨʘʥʘ ʩʫ: 

¶ ɻʦʨʠʚʦ ʛʘʩʥʠʭ ʝʣʝʢʪʨʘʥʘ ʿʝ ʩʢʫʧˀʝ ʦʜ ʛʦʨʠʚʘ ʢʣʘʩʠʯʥʠʭ ʝʣʝʢʪʨʘʥʘ, ʧʘ ʩʫ ʪʨʦʢhʦʚʠ 

ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʦʚʠʭ ʝʣʝʢʪʨʘʥʘ ʚʠʩʦʢʠ. 

¶ ɻʘʩʥʝ ʝʣʝʢʪʨʘʥʝ ʩʝ ʥʝ ʤʦʛʫ ʧʨʘʚʠʪʠ ʜʘ ʠʤʘʫʿ ʚʝʣʠʢʝ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ ʘʛʨʝʛʘʪʘ. 

¶ ɻʘʩʥʝ ʝʣʝʢʪʨʘʥʝ ʠʤʘʿʫ ʤʘˁʠ ʩʪʝʧʝʥ ʢʦʨʠʩʥʦʛ ʜʝʿʩʪʚʘ ʦʜ ʢʣʘʩʠʯʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ.  

ʅʘ ʉʣ. 2.3 ʧʨʠʢʘʟʘʥʘ ʿʝ ʙʫʜʫ˂ʘ ʛʘʩʥʘ ʝʣʝʢʪʨʘʥʘ ʊɽ-ʊʆ ʇʘʥʯʝʚʦ ʢʦʿʘ ʩʝ ʛʨʘʜʠ ʫ ʉʨʙʠʿʠ 

[28].  

 

ʉʣ. 2.3 ɸʥʠʤʘʮʠʿʘ ʙʫʜʫ˂ʝ ʛʘʩʥʝ ʝʣʝʢʪʨʘʥʝ ʊɽ-ʊʆ ʇʘʥʯʝʚʦ (ʠʟʚʦʨ: ʅʘʬʪʥʘ ʠʥʜʫʩʪʨʠʿʘ ʉʨʙʠʿʝ ï ʅʀʉ) 

2.2 ʆʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ 

ʋ ʆʀɽ ʩʧʘʜʘʿʫ ʩʚʝ ʝʣʝʢʪʨʘʥʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʨʝʩʫʨʩʝ ʢʦʿʠ ʩʝ ʮʠʢʣʠʯʥʦ ʠʣʠ ʢʦʥʩʪʘʪʥʦ ʤʦʛʫ 

ʦʙʥʘʚˀʘʪʠ ʫ ʧʝʨʠʦʜʫ ʠʩʪʦʤ ʠʣʠ ʩʣʠʯʥʦʤ ʫ ʢʦʿʝʤ ʩʝ ʚʨʰʠ ˁʠʭʦʚʘ ʝʢʩʧʣʦʘʪʘʮʠʿʘ. ʋ 

ʦʙʥʦʚˀʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ ʩʧʘʜʘʿʫ: 

¶ ʝʥʝʨʛʠʿʘ ʩʫʥʮʘ  

¶ ʝʥʝʨʛʠʿʘ ʚʝʪʨʘ 

¶ ʭʠʜʨʦʝʥʝʨʛʠʿʘ  

¶ ʛʝʦʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ 

¶ ʝʥʝʨʛʠʿʘ ʤʦʨʩʢʠʭ ʪʘʣʘʩʘ 

¶ ʝʥʝʨʛʠʿʘ ʧʣʠʤʝ ʠ ʦʩʝʢʝ 

¶ ʙʠʦʤʘʩʘ 

ʇʨʝʜʥʦʩʪʠ ʆʀɽ ʩʫ ʙʨʦʿʥʝ. ʅʘʿʚʘʞʥʠʿʘ ʿʝ ʪʘ ʰʪʦ ʩʝ ʨʝʩʫʨʩʠ ʦʙʥʦʚʠˀʚʠʭ ʠʟʚʦʨʘ 

ʚʨʝʤʝʥʦʤ ʦʙʥʘʚʘˀʿʫ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʩʝ ʯʦʚʝʯʘʥʩʪʚʦ ʜʫʛʦʨʦʯʥʦ ʤʦʞʝ ʦʩʣʦʥʠʪʠ ʥʘ ˁʠʭ ʢʘʦ 

ʦʜʨʞʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ. ɼʨʫʛʘ ʧʨʝʜʥʦʩʪ ʿʝ ʪʘ ʰʪʦ ʆʀɽ ʫ ʤʥʦʛʦ ʤʘˁʦʿ ʤʝʨʠ ʟʘʛʘʹʫʿʫ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʝʣʝʢʪʨʘʥʝ. ʆʚʦ ʩʫ ʜʚʘ ʥʘʿʚʝ˂ʘ ʨʘʟʣʦʛʘ ʟʘʰʪʦ 

ʧʦʜʨʰʢʘ ʦʙʥʦʚˀʠʚʠʤ ʠʟʚʦʨʠʤʘ ʧʦʩʪʘʿʝ ʩʚʝ ʠʥʪʝʟʠʚʥʠʘʿ, ʘ ˁʠʭʦʚʠ ʠʥʩʪʘʣʠʩʘʥʠ ʢʘʧʘʮʠʪʝʪʠ 

ʩʚʝ ʚʝ˂ʠ ʠ ʟʥʘʯʘʿʥʠʿʠ. ʉʠʩʪʝʤʠ ʢʦʿʠ ʧʨʦʠʟʚʦʜʝ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʩʝ 
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ʫʛʣʘʚʥʦʤ ʤʦʛʫ ʥʘʧʨʘʚʠʪʠ ʪʘʢʦ ʜʘ ʠʤʘʿʫ ʤʘʣʫ ʠʥʩʪʘʣʠʩʘʥʫ ʩʥʘʛʫ, ʧʘ ʩʝ ʟʙʦʛ ʪʦʛʘ ʩʚʝ ʯʝʰ˂ʝ 

ʦʥʠ ʜʠʨʝʢʪʥʦ ʧʦʚʝʟʫʿʫ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʧʨʦʠʟʚʦʜˁʘ ʩʝ ʜʦʛʘʘ́ ʫ 

ʙʣʠʟʠʥʠ ʧʦʪʨʦʰʘʯʘ, ʧʘ ʆʀɽ ʧʦʚʦˀʥʦ ʫʪʠʯʫ ʠ ʥʘ ʛʫʙʠʪʢʝ ʫ ʧʨʝʥʦʩʫ ʠ ʜʠʩʪʨʠʙʫʮʠʿʠ, ʩʤʘˁʫʿʫ 

ʧʘʜʦʚʝ ʥʘʧʦʥʘ ʠ ʦʩʣʦʙʘʹʘʿʫ ʧʨʝʥʦʩʥʝ ʢʘʧʘʮʠʪʝʪʝ ʤʨʝʞʝ. ʇʦʨʝʜ ʪʦʛʘ, ʨʝʩʫʨʩʠ ʦʙʥʦʚˀʠʚʠʭ 

ʠʟʚʦʨʘ ʩʫ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʙʝʩʧʣʘʪʥʠ, ʢʘʦ ʥʘ ʧʨʠʤʝʨ ʝʥʝʨʛʠʿʘ ʩʫʥʮʘ, ʚʝʪʨʘ, ʛʝʦʪʝʨʤʘʣʥʘ ʠ 

ʭʠʜʨʦʝʥʝʨʛʠʿʘ, ʧʘ ʩʫ ʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʙʣʠʩʢʠ ʥʫʣʠ. 

ʅʘʿʚʝ˂ʠ ʥʝʜʦʩʪʘʪʘʢ ʚʝ˂ʠʥʝ ʆʀɽ ʿʝ hʪʦ ʩʝ ˁʠʭʦʚʘ ʧʨʦʠʟʚʦʜʘˁ ʥʝ ʤʦʞʝ ʧʣʘʥʠʨʘʪʠ 

ʧʨʝʤʘ ʧʦʪʨʝʙʘʤʘ ʩʠʩʪʝʤʘ ʚʝ˂ ʧʨʝʤʘ ʨʘʩʧʦʣʦʞʠʚʠʤ ʧʨʠʤʘʨʥʠʤ ʨʝʩʫʨʩʠʤʘ. ʇʨʠʤʘʨʥʠ 

ʨʝʩʫʨʩʠ ʩʫ ʢʦʜ ʥʝʢʠʭ ʠʟʚʦʨʘ (ʢʘʦ ʥʘ ʧʨʠʤʝʨ ʚʝʪʨʘ) ʥʝʧʨʝʜʚʠʜʠʚʠ, ʪʝ ʩʝ ʧʣʘʥʠʨʘˁʝ 

ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʦʚʠʭ ʠʟʚʦʨʘ ʦʙʘʚˀʘ ʩʘ ʦʜʨʝʹʝʥʦʤ ʥʝʩʠʛʫʨʥʦʰ˂ʫ ʠ ʥʘ ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʢʠʤ 

ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ. ɽʥʝʨʛʠʿʘ ʚʝʪʨʘ ʠ ʩʫʥʮʘ ʩʝ ʿʦh  ʫʚʝʢ ʥʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʧʦʫʟʜʘʥʠʤ 

ʠʟʚʦʨʦʤ ʝʥʝʨʛʠʿʝ, ʧʘ ʿʝ ʟʙʦʛ ʪʦʛʘ ʫʚʝʢ ʥʝʦʧʭʦʜʥʘ ʧʦʜʨʰʢʘ ʿʦʰ ʥʝʢʦʛ ʠʟʚʦʨʘ ʢʘʦ ʰʪʦ ʩʫ 

ʢʦʥʚʝʥʚʮʠʦʥʘʣʥʝ ʝʣʝʢʪʨʘʥʝ ʠʣʠ ʩʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ. ɼʨʫʛʠ ʥʝʜʦʩʪʘʪʘʢ ʆʀɽ ʩʫ 

ʠʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦhʢʦʚʠ ʢʦʿʠ ʩʫ ʿʦʰ ʫʚʝʢ ʚʝ˂ʠ ʫ ʧʦʨʝ́ ʝˁʫ ʩʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʝʣʝʢʪʨʘʥʘʤʘ.  

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʙʠ˂ʝ ʙʣʠʞʝ ʦʙʿʘʰˁʝʥʝ ʩʘʤʦ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ, ʬʦʪʦʥʘʧʦʥʩʢʝ 

ʝʣʝʢʪʨʘʥʝ ʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʝ.  

2.2.1 ʍʠʜʨʦʝʣʝʢʪʨʘʥʝ 

ʍʠʜʨʦʝʣʝʢʪʨʘʥʝ ʩʫ ʧʦʩʪʨʦʿʝˁʘ ʫ ʢʦʠʿʤʘ ʩʝ ʢʦʨʠʩʪʠ ʭʠʜʨʘʫʣʠʯʢʘ ʝʥʝʨʛʠʿʘ ʚʦʜʝ ʟʘ 

ʜʦʙʠʿʘˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʝʿ. ʊʨʝʥʫʪʥʦ ʩʫ ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʠʿ ʚʠʜ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ 

ʝʥʝʨʛʠʿʝ ʧʨʝ ʩʚʝʛʘ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʫ ʙʠʣʝ ʠ ʿʝʜʠʥʠ ʦʙʣʠʢ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʿʝ 

ʧʦʩʪʦʿʘʦ ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʤ ɽɽʉ-ʫ. ʈʘʟʚʦʿ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʿʝ ʧʨʘʪʠʦ ʨʘʟʚʦʿ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ, 

ʪʝ ʩʫ ʟʙʦʛ ʪʦʛʘ ʠˁʭʦʚʝ ʧʝʨʬʦʨʤʘʥʩʝ ʚʝʦʤʘ ʜʦʙʨʦ ʠʩʪʨʘʞʝʥʝ. ʄʦʛʫ ʩʝ ʛʨʘʜʠʪʠ ʪʘʢʦ ʜʘ ʙʫʜʫ 

ʚʝʣʠʢʠʭ ʠʥʩʪʘʣʠʩʘʥʠʭ ʩʥʘʛʘ ʢʘʦ ʠ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ, ʘʣʠ ʤʦʛʫ ʙʠʪʠ ʠ ʤʘˁʠʭ ʩʥʘʛʘ (ʤʘʣʝ 

ʭʠʜʨʦʝʣʝʢʨʘʥʝ), ʢʦʝʿ ʩʝ ʩʚʨʩʪʘʚʘʿʫ ʠ ʫ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ. ʂʦʜ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʿʝ 

ʚʝʦʤʘ ʙʠʪʥʦ ʛʜʝ ʩʝ ʛʨʘʜʝ, ʧʘ ʿʝ ʟʙʦʛ ʪʦʛʘ ʧʨʝ ʜʦʥʦhʝˁʘ ʦʜʣʫʢʝ ʦ ʠʟʛʨʘʜˁʠ ʥʝʦʧʭʦʜʥʦ ʜʦʙʨʦ 

ʧʨʦʚʝʨʠʪʠ ʭʠʜʨʦʣʦʰʢʠ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʦʜʨʝʹʝʥʦʿ ʣʦʢʘʮʠʿʠ. ʅʘ ʉʣ. 2.4 ʧʨʠʢʘʟʘʥʘ ʿʝ 

ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ɫʝʨʜʘʧ 1 [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 ʉʣ. 2.4 ʍʠʜʨʦʝʣʝʢʪʨʘʥʘ ɫʝʨʜʘʧ 1, [1] 
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ʂʦʥʚʝʨʟʠʿʘ ʝʥʝʨʛʠʿʝ ʫ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘʤʘ ʩʝ ʜʝʰʘʚʘ ʫ ʥʘʨʝʜʥʘ ʜʚʘ ʢʦʨʘʢʘ: 

¶ ʇʨʚʦ ʩʝ ʫ ʭʠʜʨʦʪʫʨʙʠʥʠ ʭʠʜʨʘʫʣʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦʜʝ ʧʨʝʪʚʘʨʘ ʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ 

ʦʙʨʪʥʦʛ ʢʨʝʪʘˁʘ ʭʠʜʨʦʪʫʨʙʠʥʝ.  

¶ ʄʝʭʘʥʠʯʢʘ ʝʥʝʨʛʠʿʘ ʭʠʜʨʦʪʫʨʙʠʥʝ ʩʝ ʧʨʝʢʦ ʚʨʘʪʠʣʘ ʧʨʝʥʦʩʠ ʥʘ ʩʠʥʭʨʦʥʠ ʛʝʥʝʨʘʪʦʨ, ʫ 

ʢʦʿʝʤ ʩʝ ʜʘˀʝ ʧʨʦʠʟʚʦʜʠ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʍʠʜʨʦʛʝʥʝʨʘʪʦʨʠ ʠʤʘʿʫ ʤʘʣʫ ʙʨʟʠʥʫ 

ʦʙʨʪʘˁʘ ʧʘ ʩʝ ʟʘʪʦ ʧʨʘʚʝ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʧʘʨʠ ʧʦʣʦʚʘ.  

ʅʘ ʉʣ. 2.5 ʜʘʪ ʿʝ ʝhʤʘʪʩʢʠ ʧʨʠʢʘʟ ʢʦʥʚʝʨʟʠʿʝ ʝʥʝʨʛʠʿʝ ʫ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘʤʘ. 

 

 

 

 

 
˴ˮ˹˩́ˮ̉˴ˢ ˮ˶ˮ ˽˻́˩˹̇ˮ˶ˢ˹ˢ 

˩˹˩˾˥ˮ˳ˢ ˤ˻˨˩ 
˸˩̆ˢ˹ˮ̉˴ˢ ˩˹˩˾˥ˮ˳ˢ 
ˤ˾ˢ́ˮ˶ˢ ̆ˮ˨˾˻̂˾ˣˮ˹˩ 

˩˶˩˴́˾ˮ̉˹ˢ ˩˹˩˾˥ˮ˳ˢ 

́̂˾ˣˮ˹ˢ ˥˩˹˩˾ˢ́˻˾ 

 

ʉʣ. 2.5 ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʢʦʥʚʝʨʟʠʿʝ ʝʥʝʨʛʠʿʝ ʫ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘʤʘ 

 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʧʦʩʝʜʫʿʫ ʘʢʫʤʫʣʘʮʠʦʥʠ ʙʘʩʝʥ, ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ ʩʝ ʤʦʛʫ 

ʧʦʜʝʣʠʪʠ ʥʘ ʧʨʦʪʦʯʥʝ ʠ ʘʢʫʤʫʣʘʮʠʦʥʝ. ʇʨʦʪʦʯʥʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ ʥʝʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ 

ʘʢʫʤʫʣʘʮʠʿʝ ʚʦʜʝ ʪʝ ʩʝ ʢʨʦʟ ˁʠʭʦʚʝ ʪʫʨʙʠʥʝ ʚʦʜʘ ʧʨʦʧʫʪhʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʦʪʦʢʘ ʨʝʢʝ. 

ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʩʝ ʧʨʦʪʦʯʥʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ ʧʦʥʘʰʘʿʫ ʢʘʦ ʢʣʘʩʠʯʥʠ ʆʀɽ (ʧʨʝ ʩʚʝʛʘ ʩʝ 

ʤʠʩʣʠ ʥʘ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ ʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʝ), ʧʘ ʿʝ ʠ ˁʠʭʦʚʘ ʧʨʦʠʟʚʦʜˁʘ ʫ ʦʜʨʝʹʝʥʦʿ 

ʤʝʨʠ ʥʝʧʨʝʜʚʠʜʠʚʘ, ʥʘʨʦʯʠʪʦ ʢʦʜ ʤʘʣʠʭ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʢʦʿʝ ʩʫ ʠʟʛʨʘʹʝʥʝ ʥʘ ʙʫʿʠʯʥʠʤ 

ʚʦʜʦʪʦʮʠʤʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʢʫʤʫʣʘʮʠʦʥʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ ʠʤʘʿʫ ʙʘʩʝʥ ʫ ʢʦʿʝʤ ʩʝ ʚʦʜʘ 

ʩʢʣʘʜʠʰʪʠ ʥʘ ʦʜʨʝʹʝʥʦʿ ʚʠʩʠʥʠ ʫ ʦʜʥʦʩʫ ʥʘ ʥʠʚʦ ʜʦˁʝ ʚʦʜʝ, ʯʠʤʝ ʩʝ ʜʦʙʠʿʘ ʩʢʣʘʜʠʰʪʝˁʝ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʝʥʝʨʛʠʝʿ ʚʦʜʝ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʝʣʠʯʠʥʝ ʙʘʩʝʥʘ, ʨʘʚʥʘˁʝ ʥʠʚʦʘ ʚʦʜʝ ʤʦʞʝ ʩʝ 

ʚʨʠhʪʠ ʥʘ ʜʥʝʚʥʦʤ, ʤʝʩʝʯʥʦʤ ʠʣʠ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ. ʀʘʢʦ ʠ ˁʠʭʦʚʘ ʧʨʦʠʟʚʦʜˁʘ ʟʘʚʠʩʠ ʦʜ 

ʚʦʜʝʥʠʭ ʨʝʩʫʨʩʘ, ʦʥʝ ʩʫ ʜʘʣʝʢʦ ʝʣʘʩʪʠʯʥʠʿʝ ʦʜ ʧʨʦʪʦʯʥʠʭ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ, ʪʝ ʟʙʦʛ ʪʦʛʘ ʠʤʘʿʫ 

ʚʨʣʦ ʚʘʞʥʫ ʫʣʦʛʫ ʧʨʠʣʠʢʦʤ ʙʘʣʘʥʩʠʨʘˁʘ ʩʥʘʛʘ ʫ ɽɽʉ-ʫ. 

ɸʢʫʤʫʣʘʮʠʦʥʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ ʠʤʘʿʫ ʥʠʩʢʝ ʪʝʭʥʠʯʢʝ ʤʠʥʠʤʫʤʝ, ʦʢʦ 25% ʥʦʤʠʥʘʣʥʝ 

ʩʥʘʛʝ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʿʦʰ ʿʝʜʥʫ ˁʠʭʦʚʫ ʧʨʝʜʥʦʩʪ. ʇʦʨʝʜ ʥʠʩʢʦʛ ʪʝʭʥʠʯʢʦʛ ʤʠʥʠʤʫʤʘ, 

ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ ʤʦʛʫ ʜʦʩʪʠ˂ʠ ʥʦʤʠʥʘʣʥʫ ʩʥʘʛʫ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ ʩʚʝʛʘ ʥʝʢʦʣʠʢʦ 

ʤʠʥʫʪʘ, ʧʘ ʩʝ ʧʨʠʣʠʢʦʤ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ɽɽʉ-ʘ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʚʝʦʤʘ ʬʣʝʢʩʠʙʠʣʥʠʤ ʠʟʚʦʨʦʤ 

ʝʥʝʨʛʠʿʝ. ʀʘʢʦ ʠʤʘʿʫ ʘʿʢʦ ʚʝʣʠʢʝ ʠʥʚʝʩʪʠʮʠʦʥʝ ʪʨʦʰʢʦʚʝ, ʧʦʛʦʥʩʢʠ ʪʨʦ ʢhʦʚʠ 

ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʩʫ ʤʘʣʠ, ʯʝʩʪʦ ʩʝ ʩʤʘʪʨʘ ʜʘ ʩʫ ʿʝʜʥʘʢʠ ʥʫʣʠ. ʊʨʦʰʢʦʚʠ ʩʪʘʨʪʦʚʘˁʘ ʠ ʛʘʰʝʘˁ 

ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʩʫ ʠʩʪʦ ʟʘʥʝʤʘʨˀʠʚʠ, ʰʪʦ ʠʤ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘʚʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ. 

ʇʦʨʝʜ ʘʢʫʤʫʣʘʮʠʦʥʠʭ ʠ ʧʨʦʪʦʯʥʠʭ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʧʦʩʪʦʿʝ ʠ ʨʝʚʝʨʟʠʙʠʣʥʝ ʠ ʧʫʤʧʥʦ-

ʘʢʫʤʫʣʘʮʠʦʥʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ. ʀʘʢʦ ʩʝ ʥʘʟʠʚʘʿʫ ʝʣʝʢʪʨʘʥʝ, ʦʚʘ ʧʦʩʪʨʦʿʝˁʘ ʩʫ ʟʘʧʨʘʚʦ 

ʩʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʝʿ ʿʝʨ ʿʝ ʝʥʝʨʛʝʪʩʢʠ ʙʠʣʘʥʩ ʫʚʝʢ ʥʝʛʘʪʠʚʘʥ (ʟʙʦʛ ʛʫʙʠʪʘʢʘ), ʪʝ 

ʩʝ ʦʚʘʢʚʝ ʝʣʝʢʪʨʘʥʝ ʬʫʥʢʮʠʦʥʘʣʥʦ ʧʦʥʘʰʘʿʫ ʢʘʦ ʘʢʫʤʫʣʘʪʦʨʩʢʝ ʙʘʪʝʨʠʿʝ ʫ ʩʠʩʪʝʤʫ. ʋ ʩʘʪʠʤʘ 

ʢʘʜʘ ʧʦʩʪʦʠʿ ʚʝʣʠʢʘ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʠ ʤʘʣʘ ʧʦʪʨʦʰˁʘ ʦʥʝ ʩʝ ʧʦʥʘʰʘʿʫ ʢʘʦ 

ʧʦʪʨʦʰʘʯʠ ʠ ʚʨʰʝ ʧʫʤʧʘˁʝ ʚʦʜʝ. ʋ ʩʘʪʠʤʘ ʩʘ ʚʝʣʠʢʦʤ ʧʦʪʨʦʰˁʦʤ ʦʥʝ ʧʨʦʧʫʰʪʘʿʫ ʚʦʜʫ 

ʢʨʦʟ ʪʫʨʙʠʥʫ ʠ ʨʘʜʝ ʫ ʛʝʥʝʨʘʪʦʨʩʢʦʤ ʨʝʞʠʤʫ.  

2.2.2 ʉʦʣʘʨʥʝ ʝʣʝʢʪʨʘʥʝ 

ɽʥʝʨʛʠʿʘ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁ ʘ ʧʨʝʜʩʪʘʚˀʘ ʿʦʰ ʿʝʜʘʥ ʦʙʣʠʢ ʆʀɽ. ʉʫʥʮʝ ʧʨʝʜʩʪʘʚˀʘ 

ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʠʟʚʦʨ ʝʥʝʨʛʠʿʝ ʥʘ ɿʝʤˀʠ ʢʦʫʿ ʯʦʚʝʢ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʜʠʨʝʢʪʥʦ ʠʣʠ ʠʥʜʠʨʝʢʪʥʦ. 

ʄʝʨʝˁʝʤ ʿʝ ʫʩʪʘʥʦʚˀʝʥʦ ʜʘ ʜʦ ɿʝʤˀʝ ʩʚʘʢʝ ʛʦʜʠʥʝ ʜʦʹʝ 1018 ʊWh ʩʫʥʯʝʚʝ ʝʥʝʨʛʠʿʝ ʰʪʦ ʿʝ 

ʦʢʦ 10 000 ʧʫʪʘ ʚʠʰʝ ʥʝʛʦ ʝʥʝʨʛʠʿʘ ʩʚʠʭ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʢʦʿʠ ʩʝ ʠʩʢʦʨʠʩʪʝ ʟʘ ʜʦʙʠʿʘˁʝ 
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ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ɾʠʚʦʪʥʠ ʚʝʢ ʉʫʥʮʘ ʩʝ ʧʨʦʮʝˁʫʿʝ ʥʘ 5 ʤʠʣʠʿʘʨʜʠ ʛʦʜʠʥʘ, ʧʘ ʩʝ ʦʜʘʪʣʝ 

ʟʘʢˀʫʯʫʿʝ ʜʘ ʩʝ ʩʫʥʮʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʥʝʠʩʮʨʧʥʠʤ ʠʟʚʦʨʦʤ ʝʥʝʨʛʠʿʝ. 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʩʝ ʚʨʰʠ ʢʦʥʚʝʨʟʠʘʿ ʩʦʣʘʨʥʝ ʝʥʝʨʛʠʿʝ ʫ ʝʣʝʢʪʨʠʯʥʫ, 

ʩʦʣʘʨʥʝ ʝʣʝʢʪʨʘʥʝ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʜʚʝ ʚʝʣʠʢʝ ʛʨʫʧʝ: 

¶ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʦʣʘʨʥʝ ʝʣʝʢʪʨʘʥʝ, ʢʦʿʝ ʜʠʨʝʢʪʥʦ ʚʨʰʝ ʧʨʝʪʚʘʨʘˁʝ ʝʥʝʨʛʠʿʝ ʩʦʣʘʨʥʦʛ 

ʟʨʘʯʝˁʘ ʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ, 

¶ ʩʦʣʘʨʥʦ-ʪʝʨʤʘʣʥʝ ʝʣʝʢʪʨʘʥʝ, ʢʦʿʝ ʝʥʝʨʛʠʿʫ ʟʨʘʯʝˁʘ ʧʨʚʦ ʧʨʝʪʚʘʨʘʿʫ ʫ ʪʦʧʣʦʪʥʫ ʘ 

ʟʘʪʠʤ ʪʦʧʣʦʪʥʫ ʫ ʤʝʭʘʥʠʯʢʫ ʠ ʤʝʭʘʥʠʯʢʫ ʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ.  

ʌʦʪʦʥʘʧʦʥʩʢʝ ʩʦʣʘʨʥʝ ʝʣʝʢʪʨʘʥʝ ʚʨʰʝ ʜʠʨʝʢʪʥʫ ʢʦʥʚʝʨʟʠʿʫ ʟʨʘʯʝˁʘ ʫ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʠʿʫ. ʂʦʜ ˁʠʭ ʩʝ ʢʦʥʚʝʨʟʠʿʘ ʝʥʝʨʛʠʿʝ ʚʨʰʠ ʫ ʩʦʣʘʨʥʠʤ ˂ʝʣʠʿʘʤʘ ʢʦʿʝ ʨʘʜʝ ʥʘ ʧʨʠʥʮʠʧʫ 

p ï n ʩʧʦʿʘ. ʂʘʜʘ ʥʘ ʝ˂ʣʠʿʫ ʧʘʜʘ ʩʦʣʘʨʥʦ ʟʨʘʯʝˁʝ, ʝʥʝʨʛʠʿʘ ʬʦʪʦʥʘ ʩʝ ʪʨʦʰʠ ʥʘ ʠʟʙʘʮʠʚʘʝˁ 

ʝʣʝʢʪʨʦʥʘ ʠʟ ʘʪʦʤʘ ˂ʝʣʠʿʝ, ʧʨʠ ʯʝʤʫ ʟʙʦʛ p ï n ʩʧʦʿʘ ʜʦʣʘʟʠ ʜʦ ʨʘʟʜʚʘʿʘˁʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ. 

ʀʟʣʘʟ ʦʚʦʛ ʩʠʩʪʝʤʘ ʿʝ ʿʝʜʥʦʩʤʝʨʥʠ ʥʘʧʦʥ, ʘ ʝʬʠʢʘʩʥʦʩʪ ʪʝʭʥʦʣʦʛʠʿʝ ʿʝ ʤʘʣʘ (ʨʝʜʘ 15-20%). 

ʌʦʪʦʥʘʧʦʥʩʢʠ ʩʠʩʪʝʤʠ ʩʫ ʥʘʿʯʝʰ˂ʠ ʚʠʜ ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ. 

ʉʦʣʘʨʥʝ ʪʝʨʤʘʣʥʝ ʝʣʝʢʪʨʘʥʝ ʩʝ ʜʝʣʝ ʫ ʪʨʠ ʛʨʫʧʝ: ʝʣʝʢʪʨʘʥʝ ʩʘ ʮʝʥʪʨʘʣʥʠʤ ʪʦʨˁʝʤ, ʩʘ 

ʧʘʨʘʙʦʣʠʯʥʠʤ ʢʦʨʠʪʠʤʘ ʠ ʧʘʨʘʙʦʣʠʯʥʠʤ ʪʘˁʠʨʠʤʘ. ʇʨʠʥʮʠʧ ʨʘʜʘ ʩʚʝ ʪʨʠ ʛʨʫʧʝ ʿʝ ʠʩʪʠ. ʋʟ 

ʧʦʤʦ˂ ʦʛʣʝʜʘʣʘ, ʩʚʝʪʣʦʩʥʦ ʟʨʘʯʝˁʝ ʩʝ ʫʩʤʝʨʘʚʘ ʫ ʿʝʜʥʫ ʪʘʯʢʫ ʠʣʠ ʣʠʥʠʿʫ. ʊʫ ʩʝ ʩʦʣʘʨʥʘ 

ʝʥʝʨʛʠʿʘ ʧʨʝʪʚʘʨʘ ʫ ʪʦʧʣʦʪʥʫ. ʊʘ ʪʦʧʣʦʪʘ ʩʝ ʧʨʝʥʦʩʠ ʬʣʫʠʜʦʤ ʠ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʜʦʙʠʿʘʝˁ ʧʘʨʝ, 

ʢʦʘʿ ʢʘʩʥʠʿʝ ʧʦʢʨʝ˂ʝ ʧʘʨʥʫ ʪʫʨʙʠʥʫ. ʋ ʧʨʚʦʤ ʩʣʫʯʘʿʫ, ʩʚʘ ʝʥʝʨʛʠʿʘ ʩʝ ʢʦʥʮʝʥʪʨʠʰʝ ʫ ʿʝʜʥʫ 

ʪʘʯʢʫ ʩʦʣʘʨʥʦʛ ʪʦʨˁʘ, ʫ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ ʢʨʦʟ ʞʠʞʫ ʧʘʨʘʙʦʣʠʯʥʦʛ ʦʛʣʝʜʘʣʘ ʧʨʦʣʘʟʠ ʮʝʚ ʩʘ 

ʨʘʜʥʠʤ ʬʣʫʠʜʦʤ ʢʦʿʠ ʩʝ ʛʨʝʿʝ ʪʝ ʥʠʿʝ ʥʝʦʧʭʦʜʘʥ ʪʦʨʘˁ, ʘ ʫ ʪʨʝ˂ʝʤ ʩʣʫʯʘʿʫ ʫ ʞʠʞʠ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʩʝ ʥʘʣʘʟʠ ʤʘʣʠ ʛʝʥʝʨʘʪʦʨ ʪʘʢʦ ʜʘ ʩʝ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʜʦʙʠʿʘ ʥʘ ʥʠʚʦʫ 

ʦʛʣʝʜʘʣʘ. ʆʚʘʿ ʚʠʜ ʢʦʥʚʝʨʟʠʿ ʝ ʠʤʘ ʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʦʜ ʬʦʪʦʥʘʧʦʥʩʢʝ ʢʦʥʚʝʨʟʠʿʝ. ʄʝʹʫʪʠʤ, 

ʦʚʝ ʝʣʝʢʪʨʘʥʝ ʟʘʭʪʝʚʘʿʫ ʟʥʘʯʘʿʥʦ ʚʝ˂ʝ ʠʥʚʝʩʪʠʮʠʿʝ ʠ ʚʝ˂ʠ ʧʨʦʩʪʦʨ ʪʝ ʩʝ ʛʝʥʝʨʘʣʥʦ ʨʝʹʝ 

ʢʦʨʠʩʪʝ. 

ɽʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʜʦʙʠʿʝʥʫ ʠʟ ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ ʢʘʨʘʢʪʝʨʠʰʝ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʘ 

ʮʝʥʘ (ʤʘʜʘ ʿʝ ʟʘ ʥʝʢʝ ʨʝʛʠʦʥʝ ʩʘ ʜʦʙʨʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ ʩʫʥʮʘ ʦʚʘ ʮʝʥʘ ʧʦʩʪʘʣʘ ʢʦʥʢʫʨʝʥʪʥʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʝʣʝʢʪʨʘʥʘʤʘ), ʧʨʝ ʩʚʝʛʘ ʟʙʦʛ ʚʝʣʠʢʠʭ ʠʥʚʝʩʪʠʮʠʦʥʠʭ ʪʨʦʰʢʦʚʘ ʠ ʤʘʣʦʛ 

ʬʘʢʪʦʨʘ ʠʩʢʦʨʠʰ˂ʝˁʘ ʢʘʧʘʮʠʪʝʪʘ. ʂʘʢʦ ʩʫ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ 

ʿʝʜʥʘʢʠ ʥʫʣʠ, ʪʦ ʩʝ ˁʠʭʦʚʘ ʧʨʦʠʟʚʝʜʝʥʘ ʝʥʝʨʛʠʿʘ, ʢʘʦ ʠ ʢʦʜ ʦʩʪʘʣʠʭ ʆʀɽ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʧʨʝʜʘʿʝ ʤʨʝʞʠ. ɼʘ ʙʠ ʩʝ ʪʦ ʠʩʧʫʥʠʣʦ, ʢʘʦ ʠ ʜʘ ʙʠ ʩʝ ʠʟʚʨʰʠʣʦ ʦʧʪʠʤʘʣʥʦ ʘʥʛʘʞʦʚʘˁʝ 

ʘʛʨʝʛʘʪʘ ʫ ʩʠʩʪʝʤʫ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʜʦʙʨʝ ʧʨʦʛʥʦʟʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʩʦʣʘʨʥʠʭ ʩʠʩʪʝʤʘ. 

ʅʘ ʉʣ. 2.6 ʧʨʠʢʘʟʘʥʘ ʿʝ ʬʦʪʦʥʘʧʦʥʩʢʘ ʝʣʝʢʪʨʘʥʘ ʫ ʦʢʦʣʠʥʠ ʂʣʘʜʦʚʘ [29]. 

 

ʉʣ. 2.6 ʌʦʪʦʥʘʧʦʥʩʢʘ ʝʣʝʢʪʨʘʥʘ (ʠʟʚʦʨ: Solaris Energy) 
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2.2.3 ɺʝʪʨʦʝʣʝʢʪʨʘʥʝ 

ɺʝʪʨʦʝʣʝʢʪʨʘʥʝ ʩʫ ʩʠʩʪʝʤʠ ʢʦʥʩʪʨʫʠʩʘʥʠ ʜʘ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʚʝʪʨʘ ʧʨʝʪʚʘʨʘʿʫ ʫ 

ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ. ʂʦʜ ˁʠʭ ʩʝ ʢʦʥʚʝʨʟʠʿʘ ʝʥʝʨʛʠʿʝ ʜʝʰʘʚʘ ʥʘ ʩʣʝʜʝʠ˂ ʥʘʯʠʥ: 

¶ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʘʿ ʚʝʪʨʘ ʩʝ ʧʨʝʪʚʘʨʘ ʫ ʤʝʭʘʥʠʯʢʫ ʝʥʝʨʛʠʿʫ ʦʙʨʪʥʦʛ ʢʨʝʪʘˁʘ ʧʦʤʦ˂ʫ 

ʚʝʪʨʦʪʫʨʙʠʥʝ. ʃʦʧʘʪʠʮʝ ʚʝʪʨʦʪʫʨʙʠʥʝ ʠʤʘʿʫ ʧʦʩʝʙʘʥ ʘʝʨʦʜʠʥʘʤʠʯʢʠ ʦʙʣʠʢ ʧʦʤʦ˂ʫ 

ʢʦʿʝʛ ʩʝ ʫʩʣʝʜ ʦʧʩʪʨʫʿ ʘʚʘˁʘ ʚʝʪʨʘ ʩʪʚʘʨʘ ʧʦʪʠʩʥʘ ʩʠʣʘ ʠ ʤʦʤʝʥʘʪ ʢʦʠʿ ʧʦʢʨʝ˂ʝ 

ʚʨʘʪʠʣʦ ʚʝʪʨʦʪʫʨʙʠʥʝ. 

¶ ʋ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʫ ʩʝ ʤʝʭʘʥʠʯʢʘ ʝʥʝʨʛʠʿʘ ʧʨʝʪʚʘʨʘ ʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ 

ʇʨʠʥʮʠʧ ʢʦʥʚʝʨʟʠʿʝ ʝʥʝʨʛʠʿʝ ʢʦʜ ʩʚʠʭ ʚʝʪʨʦʘʛʨʝʛʘʪʘ ʿʝ ʠʩʪʠ, ʩʘʤʦ ʩʝ ʨʘʟʣʠʢʫʿʝ ʪʠʧ 

ʛʝʥʝʨʘʪʦʨʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ. ʊʘʢʦ ʩʝ ʠ ʤʦʞʝ ʠʟʚʨʠhʪʠ ʧʦʜʝʣʘ ʥʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʝ ʩʘ ʢʘʚʝʟʥʠʤ 

ʘʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ, ʩʘ ʘʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʩʘ ʥʘʤʦʪʘʥʠʤ ʨʦʪʦʨʦʤ, ʩʘ ʜʚʦʩʪʨʫʢʦ 

ʥʘʧʘʿʘʥʠʤ ʘʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ. 

ʂʘʦ ʠ ʢʦʜ ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ, ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʟʘʚʠʩʠ ʦʜ ʪʨʝʥʫʪʥʠʭ 

ʨʝʩʫʨʩʘ ʚʝʪʨʘ ʢʦʿʠ ʩʫ ʥʝʫʧʨʘʚˀʠʚʠ. ʂʘʢʦ ʩʫ ʠʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʿʦʰ 

ʫʚʝʢ ʚʝʣʠʢʠ, ʦʥʝ ʩʝ ʫʚʝʢ ʜʨʞʝ ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʫ ʪʘʢʦ ʜʘ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʠʩʧʦʨʫʯʫʿʫ 

ʤʘʢʩʠʤʘʣʥʫ ʤʦʛʫ˂ʫ ʝʥʝʨʛʠʿʫ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʠʟʚʨʰʠʪʠ ʜʦʙʨʫ ʧʨʝʜʠʢʮʠʿʫ 

ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʜʘ ʙʠ ʩʝ ʠʟʚʨʰʠʣʦ ʦʧʪʠʤʘʣʥʦ ʘʥʛʘʞʦʚʘˁʝ ʫʧʨʘʚˀʠʚʠʭ 

ʘʛʨʝʛʘʪʘ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ. 

ʆʙʟʠʨʦʤ ʜʘ ʩʝ ʝʥʝʨʛʠʿʘ ʠ ʠʟ ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʠʟ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʧʨʝʜʘʿʝ ʤʨʝʞʠ, ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ˁʠʭʦʚʘ ʧʨʦʠʟʚʦʜˁ ʘ ʤʦʜʝʣʦʚʘʥʘ ʢʘʦ ʥʝʛʘʪʠʚʥʘ 

ʥʝʫʧʨʘʚˀʠʚʘ ʧʦʪʨʦʰˁʘ. ʅʘ ʉʣ. 2.7 ʧʨʠʢʘʟʘʥʘ ʿʝ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʂʦʚʘʯʠʮʘ [30]. 

 

ʉʣ. 2.7 ɺʝʪʨʦʝʣʝʢʪʨʘʥʘ ʂʦʚʘʯʠʮʘ (ʠʟʚʦʨ: ɺʝʪʨʦʧʘʨʢ ʂʦʚʘʯʠʮʘ) 

2.3 ʇʨʦʨʘʯʫʥ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʫ ʢʦʿʠʤʘ ʩʝ ʧʨʦʠʟʚʦʜ ʘˁ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿ ʝ 

ʤʦʞʝ ʨʝʣʘʪʠʚʥʦ ʿʝʜʥʦʩʪʘʚʥʦ ʨʝʛʫʣʠʩʘʪʠ, ʤʘʢʩʠʤʘʣʥʘ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ ʟʘʚʠʩʠ ʦʜ 

ʨʘʩʧʦʣʦʞʠʚʠʭ ʨʝʩʫʨʩʘ ʧʨʠʤʘʨʥʝ ʝʥʝʨʛʠʿʝ, ʦʜʥʦʩʥʦ ʩʦʣʘʨʥʝ ʠʨʘʜʠʿʘʮʠʿʝ ʠ ʙʨʟʠʥʝ ʚʝʪʨʘ, ʪʝ ʩʝ 

ʟʙʦʛ ʪʦʛʘ ˁʦʤ ʥʝ ʤʦʞʝ ʫʧʨʘʚˀʘʪʠ. ɼʘ ʙʠ ʩʝ ʧʣʘʥʠʨʘʦ ʨʘʜ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ ʧʨʦʛʥʦʟʫ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ. ʂʚʘʣʠʪʝʪ ʧʨʦʨʘʯʫʥʘ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ 

ʦʜ ʧʨʝʮʠʟʥʦʩʪʠ ʧʨʦʛʥʦʟʝ, ʪʝ ʿʝ ʟʙʦʛ ʪʦʛʘ ʧʨʦʛʥʦʟʘ ʧʨʦʠʟʚʦʜˁʝ ʆʀɽ ʧʦʩʪʘʣʘ ʚʝʦʤʘ ʟʥʘʯʘʿʥʘ 

ʪʝʤʘ ʙʨʦʿʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. ʋ ʨʘʜʫ [31] ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʢʨʘʪʢʦʨʦʯʥʫ ʧʨʦʛʥʦʟʫ 

ʙʨʟʠʥʝ ʚʝʪʨʘ ʠ ʩʥʘʛʝ ʚʝʪʨʦʪʫʨʙʠʥʘ. ʋ ʨʘʜʫ [32] ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʢʨʘʪʢʦʨʦʯʥʫ 

ʧʨʦʛʥʦʟʫ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʚʝʪʨʦʝʣʝʢʨʘʥʘ ʫʧʦʪʨʝʙʦʤ neuro-fuzzy ʤʝʪʦʜʝ ʢʦʤʙʠʥʦʚʘʥʝ ʩʘ particle 

swarm optimization ʘʣʛʦʨʠʪʤʦʤ. ʋ ʨʘʜʦʚʠʤʘ [33, 34] ʧʨʠʢʘʟʘʥ ʿʝ ʭʠʙʨʠʜʥʠ neuro-fuzzy 

ʘʣʛʦʨʠʪʘʤ ʟʘ ʧʨʦʨʘʯʫʥ ʧʨʦʠʟʚʦʜˁʝ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ. ʋ ʨʘʜʫ [352] ʧʨʠʢʘʟʘʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʟʘ 
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ʢʨʘʪʢʦʨʦʯʥʫ ʧʨʦʛʥʦʟʫ ʧʨʦʠʟʚʦʜˁʝ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʫʧʦʪʨʝʙʦʤ ɽmpirical mode decomposition 

and feature selection ʤʝʪʦʜʝ. ʋ ʨʘʜʫ [36] ʜʘʪ ʝʿ ʧʨʝʛʣʝʜ ʤʝʪʦʜʘ ʟʘ ʧʨʦʛʥʦʟʫ ʧʨʦʠʟʚʦʜˁʝ 

ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ. ʋ ʨʘʜʫ [37] ʧʨʠʢʘʟʘʥʘ ʿʝ ʘʜʘʧʪʠʚʥʘ neuro-fuzzy ʤʝʪʦʜʘ ʟʘ ʧʨʦʨʘʯʫʥ 

ʧʨʦʠʟʚʦʜˁʝ ʩʦʣʘʨʥʠʭ ʪʝʨʤʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʋ ʨʘʜʦʚʠʤʘ [38, 39] ʧʨʠʢʘʟʘʥʝ ʩʫ ʤʝʪʦʜʝ 

ʙʘʟʠʨʘʥʝ ʥʘ ʥʝʫʨʘʣʥʠʤ ʤʨʝʞʘʤʘ ʟʘ ʧʨʦʛʥʦʟʫ ʧʨʦʠʟʚʦʜʝˁ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ. ʋ ʨʘʜʫ 

[40] ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʪʦʜʘ ʟʘ ʧʨʦʛʥʦʟʫ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʧʘʥʝʣʘ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ 

ʫʧʦʪʨʝʙʦʤ Combined static and dynamic on-line correction ʤʝʪʦʜʝ. ʀ ʢʦʥʘʯʥʦ, ʫ ʨʘʜʫ [41] 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʪʦʜʘ ʩʪʦʭʘʩʪʠʯʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʟʘ ʧʨʦʛʥʦʟʫ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʘʥʘ ʟʘ ʜʘʥ 

ʫʥʘʧʨʝʜ ʠ ʫ ʪʦʢʫ ʜʘʥʘ. 

ʋ ʥʘʚʝʜʝʥʠʤ ʨʘʜʦʚʠʤʘ ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʧʨʦʙʣʝʤ ʧʨʦʛʥʦʟʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ 

ʫʛʣʘʚʥʦʤ ʩʚʦʜʠ ʥʘ ʧʨʦʛʥʦʟʫ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʣʘʨʥʝ ʠʨʘʜʠʘʿʮʠʿʝ ʠ ʙʨʟʠʥʝ ʚʝʪʨʘ. ʅʘ ʦʩʥʦʚʫ 

ʦʚʦʛʘ, ʧʨʦʠʟʚʦʜʘˁ ʠʟ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʢʘʦ 

ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʥʘʩʪʘʚʢʫ. 

2.3.1 ʇʨʦʨʘʯʫʥ ʧʨʦʠʟʚʦʜʝˁ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ 

 ʄʦʜʝʣ ʟʘ ʧʨʦʨʘʯʫʥ ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ ʧʨʠʢʘʟʘʥ ʿʝ ʫ [42]. 

ʇʨʦʠʟʚʦʜˁʘ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ ʤʦʞʝ ʩʝ ʧʨʦʨʘʯʫʥʘʪʠ ʢʘʦ ʫ ʬʦʨʤʫʣʠ (2.1): 

 (1 ( 25)),
1000

C
DC n CELL

I
P P ta= Ö + Ö -       (2.1) 

ʛʜʝ ʩʫ: nP  - ʥʦʤʠʥʘʣʥʘ ʩʥʘʛʘ ʩʠʩʪʝʤʘ, CI  - ʫʢʫʧʥʘ ʠʨʘʜʠʿʘʮʠʿʘ ʥʘ ʧʘʥʝʣ, CELLt  - ʪʝʤʧʝʨʘʪʫʨʘ 

ʬʦʪʦʥʘʧʦʥʩʢʝ ʝ˂ʣʠʝʿ ʠ a- ʢʦʝʬʠʮʠʿʝʥʪ ʩʤʘˁʝˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʩʘ ʧʨʦʤʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ ˂ʝʣʠʝʿ ʤʦʞʝ ʩʝ ʧʨʦʨʘʯʫʥʘʪʠ ʧʦ ʬʦʨʤʫʣʠ (2.2): 

 ,1000
800
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       (2.2) 

ʛʜʝ ʩʫ: ambt  - ʪʝʤʧʝʨʘʪʫʨʘ ʘʤʙʠʿʝʥʪʘ ʠ NOCT- ʪʝʤʧʝʨʘʪʫʨʘ ˂ʝʣʠʿʝ ʧʨʠ ʥʦʨʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ.  

2.3.2 ʇʨʦʨʘʯʫʥ ʧʨʦʠʟʚʦʜʝˁ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ 

 ʇʨʦʨʘʯʫʥ ʧʨʦʠʟʚʦʜˁʝ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʧʨʠʢʘʟʘʥ ʿʝ ʫ [43]. ʇʨʦʠʟʚʦʜˁʘ ʚʝʪʨʦʪʫʨʙʠʥʝ 

ʤʦʞʝ ʩʝ ʧʨʦʨʘʯʫʥʘʪʠ ʢʘʦ ʫ ʬʦʨʤʫʣʠ (2.3): 

 31

2
n PP v A Cr= Ö Ö Ö Ö,         (2.3) 

ʛʜʝ ʩʫ: nP  - ʥʦʤʠʥʘʣʥʘ ʩʥʘʛʘ ʪʫʨʙʠʥʝ, r - ʛʫʩʪʠʥʘ ʚʘʟʜʫʭʘ ʥʘ ʦʩʦʚʠʥʠ ʪʫʨʙʠʥʝ, v  - ʙʨʟʠʥʘ 

ʚʝʪʨʘ ʥʘ ʦʩʦʚʠʥʠ ʪʫʨʙʠʥʝ, A - ʧʦʚʨʰʠʥʘ ʚʘʟʜʫʰʥʦʛ ʜʠʩʢʘ ʢʦʿʠ ʟʘʭʚʘʪʘʿ ʫ ʣʦʧʘʪʠʮʝ ʪʫʨʙʠʥʝ ʠ 

PC  - ʢʦʝʬʠʮʠʿ ʝʥʪ ʢʦʥʚʝʨʟʠʿʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʚʝʪʨʘ ʫ ʤʝʭʘʥʠʯʢʫ ʝʥʝʨʛʠʿʫ. 
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3. ʋʇʈɸɺɲɸɳɽ ʇʆʊʈʆʐɳʆʄ 

 

ʎʠˀ  ʨʘʟʚʦʿʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʝ ʢʘʦ ʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʿʝʩʪʝ ʩʥʘʙʜʝʚʘˁʝ 

ʧʦʪʨʦʰʘʯʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ, ʪʝ ʩʝ ʟʙʦʛ ʪʦʛʘ ʧʦʪʨʦʰˁʘ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʠ ʥʘʚʿʘʞʥʠʿʠʤ 

ʝʣʝʤʝʥʪʦʤ ɽɽʉ-ʘ. ʋ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʧʦʪʨʦʰʘʯʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʣʝʜˁʫ ʢʘʨʠʢʫ ʫ ʥʠʟʫ ʧʨʦʠʟʚʦʜˁʘ ï ʧʨʝʥʦʩ ï ʜʠʩʪʨʠʙʫʮʠʿʘ ï ʧʦʪʨʦʰˁʘ. 

ʀʘʢʦ ʩʝ ʧʦʪʨʦʰˁ ʘ ʨʝʣʘʪʠʚʥʦ ʧʨʝʮʠʟʥʦ ʤʦʞʝ ʧʨʝʜʚʠ́ʘʪʠ, ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ 

ʧʦʪʨʦʰˁʘ ʩʝ ʩʤʘʪʨʘ ʥʘʿʥʝʧʨʝʜʚʠʜʠʚʠʿʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʘ ʪʝ ʩʝ ʟʙʦʛ ʪʦʛʘ ʨʘʜ ʩʠʩʪʝʤʘ 

ʧʣʘʥʠʨʘ ʪʘʢʦ ʜʘ ʩʝ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʦʜʨʞʘʚʘ ʙʘʣʘʥʩ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ. 

ʇʦʪʨʦʰʘʯʠ ʩʝ ʚʨʣʦ ʿʝʜʥʦʩʪʘʚʥʦ ʤʦʜʝʣʫʿʫ ʧʦʤʦ˂ʫ ˁʠʭʦʚʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʦʿʝ ʩʝ ʫ 

ʚʝ˂ʠʥʠ ʘʥʘʣʠʟʘ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʢʦʥʩʪʘʥʪʥʠʤ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʥʘʧʦʥʝ ʠ ʬʨʝʢʚʝʥʮʠʫʿ ʫ ʩʠʩʪʝʤʫ.  

ʉʘ ʧʦʿʘʚʦʤ ʆʀɽ, ʧʦʪʨʦʰˁ ʘ ʧʨʝʩʪʘʿʝ ʜʘ ʙʫʜʝ ʥʘʥʿʝʧʨʝʜʚʠʜʠʚʠʿʠ ʜʝʦ ʩʠʩʪʝʤʘ. ʇʦʨʝʜ 

ʪʦʛʘ, ʩʥʘʛʦʤ ʆʀɽ ʩʝ ʚʨʣʦ ʨʝʪʢʦ ʤʦʞʝ ʫʧʨʘʚˀʘʪʠ. ɿʙʦʛ ʩʚʝʛʘ ʪʦʛʘ, ʜʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʦ ʙʘʣʘʥʩ 

ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ, ʜʦʰʣʦ ʿʝ ʜʦ ʨʘʟʚʦʿʘ ʫʧʨʘʚˀʘʘˁ ʧʦʪʨʦʰˁʦʤ. ʋʟ ʧʦʤʦ˂ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰʦˁʤ, ʧʦʪʨʦʰˁʘ ʧʨʝʩʪʘʿʝ ʜʘ ʙʫʜʝ ʧʘʩʠʚʥʠ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʘ ʠ ʧʦʩʪʘʿʝ 

ʜʦʜʘʪʥʠ ʨʝʩʫʨʩ ʦʧʝʨʘʪʦʨʫ ʟʘ ʫʧʨʘʚˀ ʘˁʝ.  

ʋʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰʦˁʤ ʧʦʩʪʦʿʘʣʦ ʿʝ ʠ ʢʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʠʩʪʝʤʘ. ʇʨʚʠ ʥʘʯʠʥ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʣʠʯʠʪʘ ʪʘʨʠʬʥʘ ʧʦʣʠʪʠʢʘ. ʋʟ ʧʦʤʦ˂ ʨʘʟʣʠʯʠʪʠʭ 

ʪʘʨʠʬʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʫ ʩʚʝʪʫ ʥʘʿʯʝʰ˂ʝ ʿʘʚˀʘʿʫ ʜʥʝʚʥʘ ʠ ʥʦ˂ʥʘ, ʧʦʪʨʦʰʘʯʠ ʩʝ ʩʪʠʤʫʣʠʰʫ ʜʘ 

ʜʝʦ ʧʦʪʨʦʰˁʝ ʠʟ ʜʥʝʚʥʦʛ ʤʘʢʩʠʤʫʤʘ ʧʨʝʙʘʮʝ ʫ ʥʦ˂ʥʝ ʩʘʪʝ. ɼʨʫʛʠ ʥʘʯʠʥ ʢʦʿʠ ʿʝ ʧʨʠʤʝʠˁʚʘʥ 

ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ ʿʝ ʫʧʨʘʚˀʘˁʝ ʥʘʧʦʥʠʤʘ. ʉʤʘʠˁʚʘʝˁʤ ʥʘʧʦʥʘ ʦʯʝʢʫʝʿ ʩʝ ʠ 

ʩʤʘˁʝˁʝ ʧʦʪʨʦʰˁʝ ʠ ʦʚʘ ʪʝʭʥʠʢʘ ʯʝʩʪʦ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ ʝʢʩʪʨʝʤʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʙʨʟʦ ʩʧʫʩʪʠʪʠ ʚʨʝʜʥʦʩʪ ʧʦʪʨʦh ʝˁ. ʂʦʥʘʯʥʦ, ʜʠʨʝʢʪʥʦ ʠʩʢˀʫʯʝˁʝ ʧʦʪʨʦʰʘʯʘ 

ʧʨʝʜʩʪʘʚˀʘ ʥʘʝʿʢʩʪʨʝʤʥʠʿʠ ʚʠʜ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. 

ʇʦʪʨʦʰˁʦʤ ʩʝ ʤʦʞʝ ʫʧʨʘʚˀʘʪʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ. ʅʘ ʉʣ. 3.1 ʊʨʠ ʦʩʥʦʚʥʘ ʥʘʯʠʥʘ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰʦˁʤ ʧʨʠʢʘʟʘʥʘ ʩʫ 3 ʥʘʿʯʝʰ˂ʘ ʪʠʧʘ ʫʧʨʘʚˀʘʘˁ ʧʦʪʨʦʰˁ ʦʤ:  

¶ ʇʦʤʝʨʘˁʝ ʧʦʪʨʦʰˁʝ ʫ ʚʨʝʤʝʥʫ (Load Shifting) ï ʧʦʪʨʦʰʘˁ ʩʝ ʧʦʤʝʨʘ ʪʘʢʦ ʜʘ ʩʝ ʚʨʰʥʘ 

ʧʦʪʨʦʰˁʘ ʧʦʤʝʨʘ ʫ ʩʘʪʝ ʩʘ ʩʣʘʙʠʿʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. 

¶ ʇʦʧʫˁʘʚʘˁʝ ʜʦʣʠʥʘ (Valley Fili ng) ï ʫ ʩʘʪʠʤʘ ʫ ʢʦʿʠʤʘ ʥʝʤʘ ʚʝʣʠʢʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʚʨʰʠ 

ʩʝ ʬʦʨʩʠʨʘˁʝ ʧʦʪʨʦʰˁʝ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʪʦ ʨʘʜʠ ʫ ʮʠˀʫ ʧʫˁʝˁʘ ʩʠʩʪʝʤʘ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ.  

¶ ʆʜʩʝʮʘˁʝ ʚʨʭʦʚʘ (Peak Clipping) ï ʫ ʩʘʪʠʤʘ ʫ ʢʦʿʠʤʘ ʩʫ ʚʨʰʥʘ ʦʧʝʨʝ˂ʝˁʘ ʚʝ˂ʘ ʦʜ 

ʜʦʟʚʦˀʝʥʠʭ ʿʝʜʥʦʩʪʘʚʥʦ ʩʝ ʚʨʠh ʦʜʩʝʮʘˁʝ ʚʨʭʦʚʘ. ʆʚʘʿ ʪʠʧ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ 

ʥʝ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʪʘ ʝʥʝʨʛʠʿʘ ʤʦʨʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʥʘʜʦʢʥʘʜʠʪʠ ʫ ʥʘʨʝʜʥʠʤ ʩʘʪʠʤʘ. 

ʆʚʦ ʿʝ ʥʘ ʧʨʠʤʝʨ ʦʙʘʨʘˁʝ ʧʦʪʨʦʰˁʝ ʩʧʫʰʪʘʝˁʤ ʥʘʧʦʥʘ.  

 

ʉʣ. 3.1 ʊʨʠ ʦʩʥʦʚʥʘ ʥʘʯʠʥʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰʦˁʤ 
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ɹʝʥʝʬʠʪʠ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʩʫ ʙʨʦʿʥʠ. ʅʝʢʠ ʦʜ ˁʠʭ ʩʫ: 

¶ ʀʥʪʝʛʨʘʮʠʿʘ ʆʀɽ ï ʆʙʟʠʨʦʤ ʜʘ ʩʫ ʨʝʩʫʨʩʠ ʆʀɽ ʥʝʧʨʝʜʚʠʜʠʚʠ (ʢʦʿʦʤ ˂ʝ ʙʨʟʠʥʦʤ 

ʚʝʪʘʨ ʜʫʚʘʪʠ ʥʠʢʘʜʘ ʩʝ ʥʝ ʤʦʞʝ ʙʝʟ ʛʨʝʰʢʝ ʧʨʦʮʝʥʠʪʠ, ʢʘʦ ʠ ʪʦ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ˂ʝ 

ʦʙʣʘʯʥʦʩʪ ʠʣʠ ʤʘʛʣʘ ʫʪʠʮʘʪʠ ʥʘ ʧʨʦʠʟʚʦʜˁʫ ʠʟ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ) ʠ ʚʨʣʦ ʯʝʩʪʦ 

ʩʝ ʥʝ ʧʦʢʣʘʧʘʿʫ ʩʘ ʧʦʪʨʝʙʘʤʘ ʧʦʪʨʦʰˁʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʦʥʘ˂ʠ ʨʝʰʝˁʝ ʢʘʢʦ 

ʤʘʢʩʠʤʠʟʦʚʘʪʠ ʠʩʧʦʨʫʯʝʥʫ ʝʥʝʨʛʠʿʫ ʠʟ ʆʀɽ. ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʿʝ ʩʢʣʘʜʠʰʪʝʝˁ 

ʝʥʝʨʛʠʿʝ. ɼʨʫʛʠ ʥʘʯʠʥ ʿʝ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʧʦʤʦ˂ʫ ʢʦʿʝʛ ʩʝ ʧʦʪʨʦʰʘʯʠ 

ʬʦʨʩʠʨʘʿʫ ʜʘ ʪʨʦ ʝh ʦʥʜʘ ʢʘʜʘ ʠ ʧʦʩʪʦʿʝ ʨʘʩʧʦʣʦʞʠʚʠ ʨʝʩʫʨʩʠ ʆʀɽ. ʅʘ ʪʘʿ ʥʘʯʠʥ 

ʜʠʿʘʛʨʘʤʠ ʧʨʦʠʟʚʦʜˁ ʝ ʠ ʧʦʪʨʦʰˁʝ ʫ ʩʠʩʪʝʤʫ ʩʝ ʙʦˀʝ ʧʦʢʣʘʧʘʿʫ, ʰʪʦ ʧʦʪʧʦʤʘʞʝ 

ʙʦˀʫ ʠʥʪʝʛʨʘʮʠʿʫ ʆʀɽ. 

¶ ʉʤʘˁʠʚʘˁʝ ʚʨʥhʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ï ɺʝʣʠʢʘ ʚʨʰʥʘ ʦʧʪʝʨʝ˂ʝˁʘ ʥʠʩʫ ʧʦʞʝˀʥʘ ʫ 

ʝʢʩʧʣʦʘʪʘʮʠʿʠ ʿʝʜʥʦʛ ʩʠʩʪʝʤʘ. ʇʨʚʠ ʥʝʜʦʩʪʘʪʘʢ ʿʝ ʪʘʿ ʰʪʦ ʦʥʘ ʧʦʚʝ˂ʘʚʘʿʫ ʛʫʙʠʪʢʝ ʢʦʿʠ 

ʟʘʚʠʩʝ ʦʜ ʢʚʘʜʨʘʪʘ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʩʝ ʚʨʣʦ ʿʝʜʥʦʩʪʘʚʥʦ 

ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʞʝ ʧʦʢʘʟʘʪʠ ʜʘ ʟʘ ʠʩʪʫ ʧʨʝʫʟʝʪʫ ʝʥʝʨʛʠʿʫ, ʥʘʿʤʘˁʠ ʛʫʙʠʮʠ ʝʥʝʨʛʠʿʝ ʩʝ 

ʧʦʩʪʠʞʫ ʢʘʜʘ ʙʠ ʜʠʘʿʛʨʘʤ ʩʥʘʛʝ ʙʠʦ ʨʘʚʘʥ ʠ ʿʝʜʥʘʢ ʩʨʝʜˁʦʿ ʩʥʘʟʠ. ʉʚʘʢʦ ʧʦʚʝ˂ʘˁʝ 

ʩʥʘʛʝ ʠʟʥʘʜ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʧʦʚʝ˂ ʘʚʘ ʠ ʛʫʙʠʪʢʝ ʝʥʝʨʛʠʿʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʚʠ 

ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʘ ʩʝ ʜʠʤʝʥʟʠʦʥʠʰʫ ʧʨʝʤʘ ʚʨh ʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʪʘʢʦ ʜʘ ʩʝ ʩʘ ʚʝ˂ʠʤ 

ʚʨhʥʠʤ ʩʥʘʛʘʤʘ ʟʘ ʠʩʪʫ ʧʨʝʫʟʝʪʫ ʝʥʝʨʛʠʿʫ ʧʦʚʝ˂ʘʚʘʫʿ ʠʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ 

ʩʠʩʪʝʤʘ.  

¶ ʋʯʝh˂ ʝ ʫ ʧʨʠʤʘʨʥʦʿ ʠ ʩʝʢʫʥʜʘʨʥʦʿ ʨʝʛʫʣʘʮʠʿʠ ʫʯʝʩʪʘʥʦʩʪʠ ï ʋ ʩʣʫʯʘʿʫ ʙʠʣʦ ʢʘʢʚʦʛ 

ʧʦʨʝʤʝ˂ʘʿʘ ʫ ʩʠʩʪʝʤʫ ʢʦʿʠ ʜʦʚʦʜʠ ʜʦ ʥʘʨʫʰʘʚʘʘˁ ʙʘʣʘʥʩʘ ʠʟʤʝʫ́ ʧʨʦʠʟʚʦʜˁʝ ʠ 

ʧʦʪʨʦʰˁʝ, ʜʦ˂ʠ ˂ʝ ʜʦ ʧʨʦʤʝʥʝ ʬʨʝʢʚʝʥʮʠʿʝ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʫ ʩʚʘʢʦʤ 

ʩʠʩʪʝʤʫ ʧʦʩʪʦʿʝ ʨʝʩʫʨʩʠ ʥʘʤʝˁʝʥʠ ʧʨʠʤʘʨʥʦʿ ʠ ʩʝʢʫʥʜʘʨʥʦʿ ʨʝʛʫʣʘʮʠʿ ʠ. ʊʦ 

ʝʢʦʥʦʤʩʢʠ ʥʠʿʝ ʠʩʧʣʘʪʠʚʦ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʝ ʫ ʩʠʩʪʝʤʫ ʤʦʨʘʫʿ ʠʥʩʪʘʣʠʩʘʪʠ ʜʦʜʘʪʥʝ 

ʿʝʜʠʥʠʮʝ ʢʦʝʿ ʫ ʥʦʨʤʘʣʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ ʥʝ˂ʝ ʫʯʝʩʪʚʦʚʘʪʠ ʫ ʧʨʦʠʟʚʦʜˁʠ ʩʘ ʧʫʥʦʤ 

ʩʥʘʛʦʤ. ʋʟ ʧʦʤʦ ˂ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʤʦʛʫ˂ʝ ʿʝ ʩʤʘˁʠʪʠ ʧʦʪʨʦʰˁʫ ʫ ʩʠʪʫʘʮʠʿʘʤʘ 

ʢʘʜʘ ʜʦʹʝ ʜʦ ʧʘʜʘ ʬʨʝʢʚʝʥʮʠʝʿ ʯʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʠʩʪʠ ʝʬʝʢʘʪ ʢʘʦ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ 

ʧʦʚʝ˂ʘˁʘ ʧʨʦʠʟʚʦʜˁʝ, ʯʠʤʝ ʩʝ ʧʝʨʬʦʨʤʘʥʩʝ ʩʠʩʪʝʤʘ ʩʘ ʘʩʧʝʢʪʘ ʨʝʛʫʣʘʮʠʝʿ 

ʬʨʝʢʚʝʥʮʠʿʝ ʜʦʩʪʘ ʧʦʚʝ˂ʘʚʘʿʫ.  

 ʋʧʨʘʚʘˀˁʝ ʧʦʪʨʦʰʦˁʤ ʤʦʞʝ ʩʝ ʧʦʜʝʣʠʪʠ ʥʘ ʜʠʨʝʢʪʥʦ ʠ ʠʥʜʠʨʝʢʪʥʦ. ʋ ʥʘʩʪʘʚʢʫ 

ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʪʠʧʦʚʠ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ.  

3.1 ʀʥʜʠʨʝʢʪʥʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ 

 ʀʜʝʿʘ ʠʥʜʠʨʝʢʪʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʿʝ ʜʘ ʩʝ ʧʦʪʨʦʰʘʯʠ ʥʘ ʥʝʢʠ ʥʘʯʠʥ 

ʩʪʠʤʫʣʠʰʫ ʜʘ ʪʨʦʰʝ ʝʥʝʨʛʠʿʫ ʦʥʜʘ ʢʘʜʘ ʩʠʩʪʝʤʫ ʪʦ ʦʜʛʦʚʘʨʘ. ʆʚʘʿ ʚʠʜ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ ʠʤʘ ʙʨʦʿʥʝ ʧʨʝʜʥʦʩʪʠ. ʇʨʚʘ ʧʨʝʜʥʦʩʪ ʿʝ ʪʘ ʰʪʦ ʩʝ ʧʦʪʨʦʰʘʯʠʤʘ ʦʩʪʘʚˀʘ ʧʦʪʧʫʥʘ 

ʩʣʦʙʦʜʘ ʢʘʜʘ ʠ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ˂ʝ ʪʨʦʰʠʪʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ, ʯʠʤʝ ʠʤ ʩʝ ʥʠ ʥʘ ʢʦʿʠ ʥʘʯʠʥ 

ʥʝ ʥʘʨʫʰʘʚʘ ,,ʢʦʤʬʦʨôô ʞʠʚʦʪʘ. ɼʨʫʛʠ ʨʘʟʣʦʛ ʿʝ ʪʘʿ ʰʪʦ ʠʥʜʠʨʝʢʪʥʠʤ ʫʧʨʘʚˀʘˁʝʤ 

ʧʦʪʨʦʰˁʦʤ ʧʦʪʨʦʰʘʯʠ ʤʦʛʫ ʩʚʝʩʥʦ ʜʘ ʧʨʝʙʘʮʝ ʫ ʜʨʫʛʝ ʩʘʪʝ ʧʦʪʨʦʰˁʫ ʢʦʿʘ ʩʝ ʫ ʩʣʫʯʘʿʫ 

ʜʠʨʝʢʪʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʩʤʘʪʨʘ ʥʝʫʧʨʘʚˀʠʚʦʤ. ʆʚʦ ʩʝ ʩʣʠʢʦʚʠʪʦ ʤʦʞʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ. ʂʦʜ ʜʠʨʝʢʪʥʦʛ ʫʧʨʘʚˀʘʘˁ ʧʦʪʨʦʰˁʦʤ ʥʠʿʝʜʘʥ ʦʧʝʨʘʪʦʨ 

ʩʠʩʪʝʤʘ ʥʝ˂ʝ ʜʦʤʘ˂ʠʮʠ ʠʩʢˀʫʯʠʪʠ ʰʧʦʨʝʪ ʜʦʢ ʧʨʠʧʨʝʤʘ ʭʨʘʥʫ ʠ ʪʘ ʧʦʪʨʦʰˁʘ ʩʝ ʩʤʘʪʨʘ 

ʥʝʫʧʨʘʚˀʠʚʦʤ. ʄʝʹʫʪʠʤ, ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʨʘʟʣʠʯʠʪʠʤ ʪʘʨʠʬʘʤʘ ʤʦʞʝ ʜʦʤʘ˂ʠʮʫ ʜʘ 

ʤʦʪʠʚʠʰʝ ʜʘ ʩʘʯʝʢʘ ʪʘʢʦʟʚʘʥʫ ,,ʿʝʬʪʠʥʫ ʩʪʨʫʿʫôô ʠ ʜʘ ʪʘʜʘ ʧʨʠʧʨʝʤʠ ʭʨʘʥʫ, ʘ ʪʦ ʿʝ ʫʧʨʘʚʦ 

ʦʥʜʘ ʢʘʜʘ ʦʜʛʦʚʘʨʘ ʩʠʩʪʝʤʫ.  
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 ʇʦʪʨʦʰʘʯʝ ʿʝ ʥʘʿʣʘʢʰʝ ʥʦʚʯʘʥʦ ʩʪʠʤʫʣʠʩʘʪʠ ʜʘ ʪʨʦʰʝ ʦʥʜʘ ʢʘʜʘ ʩʠʩʪʝʤʫ ʪʦ ʦʜʛʦʚʘʨʘ. 

ʊʘʢʦ ʿʝ ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʪʘʨʠʬʥʠʭ ʧʦʣʠʪʠʢʘ, ʧʘ ʩʝ ʫʛʣʘʚʥʦʤ ʫ ʩʘʪʠʤʘ ʢʘʜʘ ʪʨʝʙʘ 

ʧʦʚʝ˂ʘʪʠ ʧʦʪʨʦʰˁʫ ʦʙʘʨʘ ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ʪʨʝʥʫʪʥʦ ʩʫ ʪʦ ʫʛʣʘʚʥʦʤ ʥʦ˂ʥʠ ʩʘʪʠ), 

ʜʦʢ ʩʝ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʫ ʩʘʪʠʤʘ ʢʘʜʘ ʧʦʪʨʦʰˁʫ ʪʨʝʙʘ ʩʤʘˁʠʚʘʪʠ ʧʦʜʠʞʝ ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ (ʜʥʝʚʥʠ ʩʘʪʠ). ʅʘ ʧʦʿʘʚʫ ʨʘʟʣʠʯʠʪʠʭ ʪʘʨʠʬʥʠʭ ʧʦʣʠʪʠʢʘ ʫʪʠʮʘʣʘ ʿʝ ʠ ʧʦʿʘʚʘ 

ʧʘʤʝʪʥʠʭ ʙʨʦʿʠʣʘ ʢʦʿʘ ʠʤʘʿ ʫ ʤʦʛʫ˂ʥʦʩʪ ʙʝʣʝʞʝˁʘ ʧʦʪʨʦʰˁʝ ʩʘ ʜʦʩʪʘ ʤʘʣʦʤ ʚʨʝʤʝʥʩʢʦʤ 

ʨʝʟʦʣʫʮʠʿʦʤ ʢʦʿʘ ʤʦʞʝ ʠʟʥʦʩʠʪʠ 15 ʤʠʥʫʪʘ ʠ ʢʨʘ˂ʝ. ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ 

ʩʧʨʦʚʦʜʠ ʄʠʥʠʩʪʘʨʩʪʚʦ ʝʥʝʨʛʝʪʠʢʝ ʉʿʝʜʠˁʝʥʠʭ ɸʤʝʨʠʯʢʠʭ ɼʨʞʘʚʘ (Department of Energy ï 

DoE), ʘ ʥʘʤʝˁʝʥʦʛ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠʟ ʦʙʣʘʩʪʠ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʤʨʝʞʘ, 

ʪʨʝʥʫʪʥʦ ʩʫ ʫ ʩʚʝʪʫ ʘʢʪʫʝʣʥʘ ʪʨʠ ʚʠʜʘ ʪʘʨʠʬʠʨʘˁʘ [44]:  

¶ ɿʘʚʠʩʥʦʩʪ ʮʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ ʜʦʙʘ ʜʘʥʘ (time of use rates - TOU) 

¶ ʌʦʨʤʠʨʘˁʝ ʜʨʫʛʘʯʠʿʝ ʮʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʩʘʪʠʤʘ ʩʘ ʢʨʠʪʠʯʥʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ 

(critical peak pricing ï CPP) 

¶ ʌʦʨʤʠʨʘˁʝ ʮʝʥʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ (real time pricing ï RTP) 

 ʇʨʚʠ ʪʠʧ ʪʘʨʠʬʠʨʘˁʘ ʿʝ TOU. ʆʚʦ ʿʝ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʚʠʜ ʪʘʨʠʬʠʨʘˁʘ, ʢʦʿʠ ʩʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ ʜʦʥʦʩʠ ʠ ʥʘʿʤʘˁʝ ʨʝʟʫʣʪʘʪʘ. ʅʘʠʤʝ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ 

ʜʘʥʘ ʧʦʪʨʦʰʘʯʠ ʧʦʥʘʰʘʿʫ ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ. ʅʘ ʪʘʿ ʥʘʯʠʥ, ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʜʠʪʠ ʩʘ ʥʝʢʦʤ 

ʨʝʣʘʪʠʚʥʦ ʤʘʣʦʤ ʛʨʝʰʢʦʤ ʢʦʣʠʢʘ ʝ˂ ʙʠʪʠ ʧʦʪʨʦʰˁʘ ʫʿʫʪʨʫ ʢʘʜʘ ˀʫʜʠ ʦʜʣʘʟʝ ʥʘ ʧʦʩʘʦ, ʫ 

ʚʨʝʤʝ ʨʫʯʢʘ ʠ ʫʚʝʯʝ ʢʘʜʘ ʩʝ ˀʫʜʠ ʩʧʨʝʤʘʿʫ ʟʘ ʩʧʘʚʘˁʝ. ʊʘʢʦ ʿʝ ʫʥʘʧʨʝʜ ʤʦʛʫ˂ʝ ʜʘʥ ʧʦʜʝʣʠʪʠ 

ʥʘ ʧʘʨ ʩʝʢʮʠʿʘ ʫ ʢʦʿʠʤʘ ˂ʝ ʮʝʥʘ ʙʠʪʠ ʬʠʢʩʥʘ ʩʚʘʢʦʛ ʜʘʥʘ. ʇʦʜʘʪʢʝ ʦ ʮʝʥʠ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ ʜʘʥʘ ʢʦʨʠʩʥʠʢ ʤʦʞʝ ʜʘ ʩʘʟʥʘ ʦʜ ʩʥʘʙʜʝʚʘʯʘ ʠ ʪhʦ ʿʝ 

ʥʘʙʿʠʪʥʠʿʝ ʦʥʘ ʦʩʪʘʿʝ ʩʚʘʢʦʛ ʜʘʥʘ ʠʩʪʘ, ʪʘʢʦ ʜʘ ʢʦʨʠʩʥʠʢ ʥʝ ʤʦʨʘ ʜʘ ʩʝ ʙʨʠʥʝ ʢʦʣʠʢʘ ʿʝ ʧʨʘʚʘ 

ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʪʨʞʠʰʪʫ. ʆʚʦ ʿʝ ʢʦʥʮʝʧʪ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʠ ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ 

ʩʠʩʪʝʤʠʤʘ, ʘ ʢʦʨʠʩʪʠ ʩʝ ʠ ʢʦʜ ʥʘʩ ʠ ʪʦ ʫ ʚʠʜʫ ʜʚʝ ʪʘʨʠʬʝ ʢʦʿʝ ʩʝ ʧʦʧʫʣʘʨʥʦ ʥʘʟʠʚʘʿʫ 

,,ʿʝʬʪʠʥʘ ʩʪʨʫʿʘôô ʠ ,,ʩʢʫʧʘ ʩʪʨʫʿʘôô. ʂʦʜ ʦʚʝ ʤʝʪʦʜʝ, ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʫ ʩʢʫʧˀʝʤ ʧʝʨʠʦʜʫ 

ʤʦʞʝ ʙʠʪʠ ʠ ʜʦ 4 ʧʫʪʘ ʩʢʫʧˀʘ ʥʝʛʦ ʫ ʿʝʬʪʠʥʠʿʝʤ ʧʝʨʠʦʜʫ. ʅʘ ʉʣ. 3.2 ʧʨʠʢʘʟʘʥ ʿʝ ʪʠʧʠʯʘʥ 

ʜʠʘʿʛʨʘʤ ʮʝʥʘ ʧʨʠʤʝʥʦʤ TOU ʤʦʜʝʣʘ.  

 

ʉʣ. 3.2 ɼʠʿʘʛʨʘʤ ʮʝʥʘ ʧʨʠʣʠʢʦʤ ʧʨʠʤʝʥʝ TOU ʤʦʜʝʣʘ ʫʧʨʘʚˀʘˁ ʘ ʧʦʪʨʦʰˁʦʤ 

 

 ɼʨʫʛʠ ʚʠʜ ʪʘʨʠʬʠʨʘˁʘ ʿʝ ʪʘʨʠʬʠʨʘˁʝ ʫ ʩʘʪʠʤʘ ʩʘ ʢʨʠʪʠʯʥʠʤ ʦʧʪʝʨʝ˂ʝˁ ʠʤʘ (critical 

peak pricing ï CPP). ʂʦʜ ʦʚʦʛ ʪʘʨʠʬʠʨʘˁʘ, ʜʠʩʪʨʠʙʫʪʠʚʥʦ ʧʨʝʜʫʟʝ˂ʝ ʦʜʨʝʹʫʝʿ ʥʝʢʦʣʠʢʦ 

ʧʝʨʠʦʜʘ ʫ ʪʦʢʫ ʛʦʜʠʥʝ ʠ ʥʝʢʦʣʠʢʦ ʩʘʪʠ ʫ ʢʦʿʠʤʘ ˂ʝ ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʝʿ ʙʠʪʠ ʟʥʘʯʘʿʥʦ 

ʚʝʘ˂ ʥʝʛʦ ʫ ʦʩʪʘʣʠʤ ʩʘʪʠʤʘ. ʆʙʠʯʥʦ ʿʝ ʪʦ ʥʝʢʦʣʠʢʦ ʩʘʪʠ ʢʘʜʘ ʩʝ ʦʯʝʢʫʿʝ ʚʨʭ ʧʦʪʨʦʰˁʝ ʠ 
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ʦʚʘʢʘʚ ʚʠʜ ʪʘʨʠʬʠʨʘˁ ʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʘʿʯʝʰ˂ʝ 15-ʘʢ ʜʘʥʘ. ʎʝʥʘ ʫ ʪʦʤ ʧʝʨʠʦʜʫ ʤʦʞʝ ʙʠʪʠ ʠ 

7-8 ʧʫʪʘ ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʦʨʤʘʣʥʫ ʮʝʥʫ. ʇʨʝʜʫʟʝ˂ʝ ʿʝ ʫ ʦʙʘʚʝʟʠ ʜʘ ʜʘʥ ʨʘʥʠʿʝ ʦʙʘʚʝʩʪʠ 

ʧʦʪʨʦʰʘʯʝ ʦ ʧʦʚʝ˂ʘˁʫ ʮʝʥʝ ʠ ʜʘ ʦʜʨʝʜʠ ʫ ʢʦʤ ʧʝʨʠʦʜʫ ˂ʝ ʮʝʥʘ ʙʠʪʠ ʜʨʘʩʪʠʯʥʦ ʧʦʚʝ˂ʘʥʘ. 

ʆʚʘʿ ʚʠʜ ʪʘʨʠʬʠʨʘˁʘ ʿʝ ʠʩʪʦ ʜʦʩʪʘ ʿʝʜʥʦʩʪʦʚʘʥ, ʘ ʧʦʢʘʟʫʿʝ ʙʦˀʝ ʝʬʝʢʪʝ ʫ ʧʦʤʝʨʘˁʫ 

ʧʦʪʨʦʰˁʝ ʫ ʦʜʥʦʩʫ ʥʘ TOU ʪʘʨʠʬʠʨʘˁʝ. ʅʘ ʉʣ. 3.3 ʜʘʪ ʿʝ ʧʨʠʤʝʨ ʪʘʨʠʬʠʨʘˁʘ ʫ ʩʘʪʠʤʘ ʩʘ 

ʢʨʠʪʠʯʥʦʤ ʧʦʪʨʦʰˁʦʤ. ʆʚʘʿ ʚʠʜ ʪʘʨʠʬʠʨʘˁʘ ʚʝ˂ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʫ ʩʚʝʪʫ, ʘ ʢʦʨʠʩʪʝ ʛʘ ʥʘ 

ʧʨʠʤʝʨ PG&E (ʉʘʥ ʌʨʘʥʮʠʩʢʦ, ʂʘʣʠʬʦʨʥʠʿʘ), SCE (ʃʦʩ ɸʥʹʝʣʝʩ, ʂʘʣʠʬʦʨʥʠʿʘ), APS 

(ʌʠʥʠʢʩ, ɸʨʠʟʦʥʘ) [45-47]. 

 

 

ʉʣ. 3.3 ɼʠʿʘʛʨʘʤ ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʪʦʢʦʤ ʧʨʠʤʝʥʝ CPP ʤʦʜʝʣʘ ʫ ʪʦʢʫ ʜʘʥʘ ʢʘʜʘ ʿʝ ʧʣʘʥʠʨʘʥʦ 

ʦʙʘʨʘˁʝ ʧʦʪʨʦʰˁʝ 

 

 ʊʨʝ˂ʠ ʚʠʜ ʪʘʨʠʬʠʨʘʘˁ ʿʝ ʪʘʨʠʬʠʨʘˁʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ (RTP). ʆʚʘʿ ʚʠʜ ʪʘʨʠʬʠʨʘˁʘ 

ʥʘʿʚʠʰʝ ʿʝ ʜʦʙʠʦ ʥʘ ʟʥʘʯʘʿʫ ʨʘʟʚʦʿʝʤ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʤʨʝʞʘ ʿʝʨ ʧʦʢʘʟʫʿʝ 

ʥʘʿʚʝ˂ʝ ʝʬʝʢʪʝ ʫ ʧʦʤʝʨʘˁʫ ʚʨʰʥʝ ʧʦʪʨʦʰˁʝ. ʂʦʜ ʦʚʦʛ ʚʠʜʘ ʪʘʨʠʬʠʨʘˁʘ, ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʩʝ ʤʝˁʘ ʫ ʪʦʢʫ ʜʘʥʘ ʩʘ ʥʝʢʦʤ ʪʘʯʥʦ ʦʜʨʝʹʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʨʝʟʦʣʫʮʠʿʦʤ, ʥʘʿʯʝʰ˂ʝ 

ʩʘʪʥʦʤ. ʆʥʦ ʰʪʦ ʿʝ ʙʠʪʥʦ ʿʝ ʜʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦ ʧʨʝʜʫʟʝ˂ʝ ʜʘʥ ʨʘʥʠʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʘˁʘ ʥʘ 

ʪʨʞʠʰʪʫ ʬʦʨʤʠʨʘ ʮʝʥʝ ʟʘ ʩʚʘʢʠ ʩʘʪ ʥʘʨʝʜʥʦʛ ʜʘʥʘ ʠ ʦʙʘʚʝʩʪʠ ʧʦʪʨʦʰʘʯʝ ʦ ʪʦʤʝ. ʇʦʪʨʦʘhʯ 

ʥʘ ʦʩʥʦʚʫ ʪʠʭ ʧʦʜʘʪʘʢʘ ʤʦʞʝ ʧʣʘʥʠʨʘʪʠ ʩʚʦʿʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʪʨʦhˁʫ. ʅʘʿʚʝ˂ʠ ʠʟʘʟʦʚ ʢʦʿʠ 

ʩʝ ʿʘʚˀ ʘ ʢʦʜ ʦʚʦʛ ʚʠʜʘ ʪʘʨʠʬʠʨʘʘˁ ʿʝ ʢʘʢʦ ʥʘ ʰʪʦ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʥʘʯʠʥ ʧʦʪʨʦʰʘʯʝ 

ʦʙʘʚʝʩʪʠʪʠ ʦ ʩʘʪʥʦʿ ʮʝʥʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʘʣʠ ʠ ʢʘʢʦ ʦʤʦʛʫ˂ʠʪʠ ʧʦʪʨʦʰʘʯʠʤʘ ʜʘ ʙʝʟ 

ʥʘʨʫʰʘʚʘˁʘ ʢʦʤʬʦʨʘ ʞʠʚʦʪʘ ʠʩʧʨʘʪʝ ʮʝʥʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʫ ʧʦʩʣʝʜˁʠʭ 

ʧʘʨ ʛʦʜʠʥʘ ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ ʨʘʟʥʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʧʘʢʝʪʘ ʢʦʠʿ ʥʘ ʦʩʥʦʚʫ ʧʨʦʬʠʣʘ ʮʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʧʪʠʤʠʟʫʿʫ ʨʘʜ ʫʨʝʹʘʿʘ ʫ ʜʦʤʘ˂ʠʥʩʪʚʫ, ʢʘʦ ʠ ʧʣʘʥʠʨʘˁʝ ʢʦʤʝʨʮʠʿʘʣʥʝ 

ʠʣʠ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʦʪʨʦʰˁ ʝ. ɼʠʩʪʨʠʙʫʪʠʚʥʦ ʧʨʝʜʫʟʝ˂ʝ ʤʦʞʝ ʧʦʩʣʘʪʠ ʜʠʿʘʛʨʘʤ ʮʝʥʘ 

ʣʦʢʘʣʥʦʤ ʢʦʥʪʨʦʣʝʨʫ ʢʦʿʠ ˂ʝ ʥʘʢʦʥ ʪʦʛʘ ʚʨʰʠʪʠ ʧʣʘʥʠʨʘˁʝ ʨʘʜʘ ʫʨʝʹʘʿʘ. ɹʝʥʝʬʠʪʠ 

ʪʘʨʠʬʠʨʘˁʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʪʝʤʘ ʩʫ ʙʨʦʿʥʠʭ ʩʪʫʜʠʘʿ. ɱʝʜʥʘ ʦʜ ˁʠʭ ʿʝ ʠʟʨʘʝ́ʥʘ ʦʜ ʩʪʨʘʥʝ 

Pacific Nortwest National Laboratory ʫ ʢʦʿʦʿ ʿʝ ʧʨʠʢʘʟʘʥ ʫʪʠʮʘʿ ʪʘʨʠʬʠʨʘˁʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ 

ʥʘ ʧʨʦʤʝʥʫ ʧʦʪʨʦʰˁʝ ʫ ʆʭʘʿʫ [48]. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʘ ʩʘʪʿʫ ʜʠʩʪʨʠʙʫʮʠʿʝ Commonwealth 

Edison ʢʦʘʿ ʥʘʧʘʿʘ ʏʠʢʘʛʦ ʠ ʦʢʦʣʠʥʫ ʚʝ ˂ ʿʝ ʤʦʛʫ˂ʝ ʚʠʜʝʪʠ ʩʘʪʥʝ ʪʘʨʠʬʝ ʢʦʿʝ ʦʜʨʝʹʝʥʠ 

ʧʦʪʨʦʰʘʯʠ ʧʣʘ˂ʘʿʫ ʫ ʦʢʚʠʨʫ RTP ʧʨʦʛʨʘʤʘ [49]. ʅʘ ʉʣ. 3.4 ʜʘʪ ʿʝ ʧʨʠʤʝʨ ʜʠʿʘʛʨʘʤʘ ʮʝʥʘ 

ʧʨʠʣʠʢʦʤ ʧʨʠʤʝʥʝ ʪʘʨʠʬʠʨʘˁʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ.  
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ʉʣ. 3.4 ɼʠʘʿʛʨʘʤ ʮʝʥʘ ʧʨʠʣʠʢʦʤ ʧʨʠʤʝʥʝ ʪʘʨʠʬʠʨʘˁʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ 

 

  ɸʢʦ ʛʦʚʦʨʠʤʦ ʦ ʫʧʨʘʚˀʘˁʫ ʧʦʪʨʦʰˁʦʤ, ʩʚʘʢʘ ʦʜ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʠʭ ʤʝʪʦʜʘ 

ʪʘʨʠʬʠʨʘˁʘ ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʠʤʘ ʟʘ ʮʠˀ  ʩʤʘˁʝʝˁ ʚʨʰʥʝ ʧʦʪʨʦʰˁʝ ʠ/ʠʣʠ ʚʝ˂ ʠ ʧʣʘʩʤʘʥ 

ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ ʘʣʠ ʙʝʟ ʩʤʘˁʠʚʘˁʘ ʫʢʫʧʥʝ ʧʨʝʫʟʝʪʝ ʝʥʝʨʛʠʿʝ. ʇʨʝʫʟʝʪʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʪʨʝʙʘ ʜʘ ʦʩʪʘʥʝ ʠʩʪʘ, ʩʘʤʦ ʪʨʝʙʘ ʧʨʦʤʝʥʠʪʠ ʧʝʨʠʦʜʝ ʚʨʝʤʝʥʘ ʢʘʜʘ ʩʝ ʦʥʘ ʧʨʝʫʟʠʤʘ. 

ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʧʨʦʤʝʥʘ ʮʝʥʘ ʜʦʚʦʜʠ ʜʦ ʧʨʦʤʝʥʝ ʧʨʝʫʟʝʪʝ ʝʥʝʨʛʠʿʝ, ʪʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ 

ʝʥʝʨʛʝʪʩʢʠʤ ʫʰʪʝʜʘʤʘ ʰʪʦ ʥʠʿʝ ʪʝʤʘ ʦʚʦʛ ʜʦʢʪʦʨʘʪʘ. ʌʠʥʘʥʩʠʿʩʢʫ ʢʦʨʠʩʪ ʦʜ ʜʠʥʘʤʠʯʢʦʛ 

ʪʘʨʬʠʨʘˁʘ ʤʦʛʫ ʠʤʘʪʠ ʩʚʠ. ʅʘ ʧʨʚʦʤ ʤʝʩʪʫ, ʪʦ ʩʫ ʧʦʪʨʦʰʘʯʠ ʢʦʿʠ ʩʫ ʩʧʨʝʤʥʠ ʜʘ ʚʨʰʝ 

ʧʦʤʝʨʘˁʝ ʧʦʪʨʦʰˁʝ. ʇʦʢʘʟʫʿʝ ʩʝ ʜʘ ˁʠʭʦʚ ʤʝʩʝʯʥʠ ʨʘʯʫʥ ʟʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʤʦʞʝ ʙʠʪʠ 

ʟʥʘʯʘʿʥʦ ʤʘˁʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʪʫʘʮʠʿʫ ʧʨʝ ʧʦʤʝʨʘˁʘ ʧʦʪʨʦʰˁʝ. ɼʨʫʛʦ, ʢʦʨʠʩʪ ʠʤʘ ʠ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦ ʧʨʝʜʫʟʝ˂ʝ. ɼʠʥʘʤʠʯʢʠʤ ʪʘʨʠʬʠʨʘˁʝʤ ʤʦʛʫ˂ʝ ʿʝ ʦʙʦʨʠʪʠ ʚʨʰʥʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ 

ʫʧʨʘʚˀʘʪʠ ʩʪʘˁʝʤ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʯʠʤʝ ʩʝ ʤʦʛʫ ʦʜʣʘʛʘʪʠ ʜʘˀʘ ʫʣʘʛʘˁʘ ʫ ʤʨʝʞʫ ʠ 

ʦʧʨʝʤʫ. ʊʨʝ˂ʝ, ʢʦʨʠʩʪ ʠʤʘ ʠ ʧʨʝʥʦʩʥʘ ʤʨʝʞʘ ʠʟ ʩʣʠʯʥʦʛ ʨʘʟʣʦʛʘ ʢʘʦ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʘ. 

ʏʝʪʚʨʪʦ, ʧʨʝʜʥʦʩʪ ʠʤʘʿʫ ʠ ʧʨʦʠʟʚʦʘ́ʯʠ ʝʥʝʨʛʠʿʝ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʝ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʩʤʘˁʫʿʫ ʠ 

ʪʨʦʰʢʦʚʠ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ. ʅʘ ʢʨʘʿʫ, ʧʨʝʜʥʦʩʪ ʠʤʘʿʫ ʠ ʚʣʘʩʥʠʮʠ ʦʙʥʦʚˀʠʚʠʭ ʠ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʿʝʨ ʩʝ ʧʦʚʝ˂ʘʚʘˁʝʤ ʢʘʧʘʮʠʪʝʪʘ ʤʨʝʞʝ ʧʦʚʝ˂ʘʚʘ ʠ ʝʥʝʨʛʠʿʘ 

ʠʟ ʆʀɽ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʣʘʩʠʨʘʪʠ ʥʘ ʪʨʞʠh ʪʝ.  

3.2 ɼʠʨʝʢʪʥʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ 

 ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʠʥʜʠʨʝʢʪʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʛʜʝ ʩʝ ʩʘʤʘ ʘʢʮʠʿʘ ʧʦʤʝʨʘˁʘ 

ʧʦʪʨʦʰˁʝ ʦʩʪʘʚˀʘ ʧʦʪʨʦʘhʯʠʤʘ, ʢʦʜ ʜʠʨʝʢʪʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦhˁ ʦʤ ʧʦʪʨʦʰʘʯʠ 

ʫʛʦʚʦʨʦʤ ʦʤʦʛʫ˂ʘʚʘʿʫ ʦʧʝʨʘʪʦʨʫ ʩʠʩʪʝʤʘ ʜʘ ʜʠʨʝʢʪʥʦ ʚʨʰʠ ʫʧʨʘʚˀʘˁʝ ʫʨʝ́ʘʿʠʤʘ. ɿʘ ʫʟʚʨʘʪ 

ʜʦʙʠʿʘʿʫ ʦʜʨʝʹʝʥʝ ʧʦʛʦʜʥʦʩʪʠ, ʥʘʿʯʝʰ˂ʝ ʫ ʚʠʜʫ ʥʦʚʯʘʥʝ ʥʘʜʦʢʥʘʜʝ ʠʣʠ ʩʤʘʝˁˁ ʘ ʨʘʯʫʥʘ ʟʘ 

ʧʨʝʫʟʝʪʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ. ʆʚʘʿ ʚʠʜ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʠʤʘ ʧʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ 

ʠʥʜʠʨʝʢʪʥʦ ʫʧʨʘʚˀʘˁʝ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʤʦʞʝ ʧʨʦʮʝʥʠʪʠ ʢʦʿʠ ʩʫ ʤʫ ʨʝʩʫʨʩʠ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ, ʜʦʢ ʩʝ ʢʦʜ ʠʥʜʠʨʝʢʪʥʦʛ ʫʧʨʘʚˀʘˁʘ ʩʚʝ ʧʨʝʧʫʰʪʘ ʚʦˀʠ ʧʦʪʨʦʰʘʯʘ ʠ 

ʥʠʢʘʜʘ ʩʝ ʥʝ ʤʦʞʝ ʩʘ ʚʝʣʠʢʦʤ ʩʠʛʫʨʥʦʰ˂ʫ ʦʜʨʝʜʠʪʠ ʢʘʢʘʚ ˂ʝ ʦʜʟʠʚ ʧʦʪʨʦʰʘʯʘ ʙʠʪʠ ʥʘ 

ʧʨʦʤʝʥʫ ʮʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʊʘʢʦʹʝ, ʦʚʘʿ ʚʠʜ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʿʝ ʜʦʙʘʨ ʢʘʜʘ ʩʫ 

ʫ ʩʠʩʪʝʤʫ ʥʝʦʧʭʦʜʥʝ ʙʨʟʝ ʘʢʮʠʿʝ, ʥʘ ʧʨʠʤʝʨ ʢʘʜʘ ʩʝ ʫ ʩʠʩʪʝʤʫ ʜʦʛʦʜʠ ʜʝʙʘʣʘʥʩ ʧʦʪʨʦʰˁʝ ʠ 

ʧʨʦʠʟʚʦʜˁʝ. ʋ ʦʚʘʢʚʦʤ ʩʣʫʯʘʿʫ, ʪʘʨʠʬʠʨʘˁʝʤ ʩʝ ʧʨʘʢʪʠʯʥʦ ʥʝ ʙʠ ʥʠʰʪʘ ʧʦʩʪʠʛʣʦ. ɼʘ ʙʠ ʩʝ 

ʠʟʚʨʰʠʣʦ ʜʠʨʝʢʪʥʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ, ʦʜ ʩʫʪhʠʥʩʢʦʛ ʿʝ ʟʥʘʯʘʿʘ ʧʨʘʚʠʣʥʦ ʩʘʛʣʝʜʘʪʠ 

ʨʝʟʝʨʚʝ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. ʆʚʜʝ ʩʫ ʧʨʠʢʘʟʘʥʘ ʪʨʠ ʥʘʯʠʥʘ ʜʠʨʝʢʪʥʦʛ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ: 
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¶ ʀʩʢˀʫʯʠʚʘˁʝ ʧʦʪʨʦʰʘʯʘ ʩʘ ʤʨʝʞʝ 

¶ ʇʦʚʝ˂ʘʚʘˁʝ ʠ ʩʤʘˁʠʚʘˁʝ ʥʘʧʦʥʘ ʧʦʪʨʦʰʘʯʘ 

¶ ɼʠʨʝʢʪʥʦ ʫʧʨʘʚˀʘˁʝ ʫʨʝʹʘʿʠʤʘ ʧʦʪʨʦʰʘʯʘ 

3.2.1 ʀʩʢʫˀʯʝˁʝ ʧʦʪʨʦhʘʯʘ ʩʘ ʤʨʝʞʝ 

  ʆʚʦ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʚʠʜ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. ʈʘʟʣʠʯʠʪʠʤ ʫʛʦʚʦʨʥʠʤ 

ʦʙʘʚʝʟʘʤʘ ʧʦʪʨʦʰʘʯʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʦʧʝʨʘʪʦʨʫ ʩʠʩʪʝʤʘ ʜʘ ʠʭ ʦʜʨʝʹʝʥ ʙʨʦʿ ʩʘʪʠ ʫ ʪʦʢʫ ʛʦʜʠʥʝ 

ʜʨʞʠ ʙʝʟ ʥʘʧʘʿʘˁʘ. ʉʧʠʩʘʢ ʧʨʘʚʘ ʠ ʦʙʘʚʝʟʘ ʦʧʝʨʘʪʦʨʘ ʤʦʞʝ ʙʠʪʠ ʦʛʨʦʤʘʥ (ʥʧʨ. ʤʦʞʝ ʩʝ 

ʟʘʭʪʝʚʘʪʠ ʠ ʤʘʢʩʠʤʘʣʘʥ ʥʝʧʨʝʢʠʜʘʥ ʧʝʨʠʦʜ ʠʩʢˀʫʯʝˁʘ ʩʘ ʤʨʝʞʝ ʠʣʠ ʜʘ ʧʦʪʨʦhʘʯʠ ʤʦʨʘʿʫ 

ʫʥʘʧʨʝʜ ʙʠʪʠ ʦʙʘʚʝʰʪʝʥʠ ʦ ʠʩʢˀʫʯʝˁʫ ʩʘ ʤʨʝʞʝ), ʘʣʠ ʧʨʠʥʮʠʧ ʿʝ ʚʨʣʦ ʿʝʜʥʦʩʪʘʚʘʥ. 

ʆʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʫ ʩʚʦʿʦʿ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʠʤʘ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʪʦʤʝ ʢʦʣʠʢʦ ʜʫʛʦ ʠ ʢʘʜʘ ʤʦʞʝ 

ʠʩʢˀʫʯʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʪʨʦʰʘʯʝ. ʂʘʜʘ ʩʝ ʠʟʚʨʰʠ ʘʛʨʝʛʠʨʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʦʪʨʦʘhʯʘ, 

ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʠʤʘ ʜʦʚʦˀʥʦ ʧʦʜʘʪʘʢʘ ʦ ʪʦʤʝ ʢʦʣʠʢʠ ʩʫ ˁʝʛʦʚʠ ʢʘʧʘʮʠʪʝʪʠ ʜʘ ʜʠʨʝʢʪʥʠʤ 

ʠʩʢʫˀʯʠʚʘˁʝʤ ʧʦʪʨʦʰʘʯʘ ʚʨʰʠ ʦʧʪʠʤʘʣʥʦ ʫʧʨʘʚˀʘˁʝ ʩʠʩʪʝʤʦʤ. ʆʚʘʿ ʚʠʜ ʜʠʨʝʢʪʥʦʛ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʥʝ˂ʝ ʙʠʪʠ ʘʥʘʣʠʟʠʨʘʥ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʪʝ ʩʫ ʟʘ ˁʝʛʘ ʜʘʪʝ ʩʘʤʦ ʦʩʥʦʚʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ.  

3.2.2 ʋʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʩʤʘˁʠʚʘˁʝʤ ʥʘʧʦʥʘ 

  ʋ ʙʨʦʿʥʠʤ ʘʥʘʣʠʟʘʤʘ ʫʟʠʤʘ ʩʝ ʜʘ ʿʝ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʫ ʯʚʦʨʫ ʢʦʥʩʪʘʥʪʥʘ ʠ ʜʘ ʩʝ ʦʥʘ ʥʝ 

ʤʝˁʘ ʩʘ ʧʨʦʤʝʥʦʤ ʥʘʧʦʥʘ. ʄʝʫ́ʪʠʤ, ʦʚʦ ʥʠʿʝ ʩʢʨʦʟ ʪʘʯʥʦ. ʇʦʪʨʦh ˁʘ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ 

ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʠ ʦʚʘ ʟʘʚʠʩʥʦʩʪ ʩʝ ʤʦʞʝ ʤʦʜʝʣʦʚʘʪʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠʤ ʟʘʢʦʥʦʤ: 

 PUk

PUP UCP Ö= ,         (3.1) 

ʛʜʝ ʝʿ CPU ʣʠʥʝʘʨʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʟʘʚʠʩʥʦʩʪʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʦʜ ʥʘʧʦʥʘ, ʘ kPU ʢʦʝʬʠʮʠʿ ʝʥʪ 

ʩʘʤʦʨʝʛʫʣʘʮʠʿʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫʩʣʝʜ ʧʨʦʤʝʥʝ ʥʘʧʦʥʘ. ɼʦʢ ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ CPU ʧʨʦʤʝʥ ʠˀʚ ʠ 

ʟʘʚʠʩʠ ʦʜ ʪʨʝʥʫʪʥʝ ʞʝˀʝʥʝ ʩʥʘʛʝ ʧʦʪʨʦʰˁʝ, ʢʦʝʬʠʮʠʿʝʥʪ kPU ʿʝ ʟʘ ʠʩʪʝ ʧʦʪʨʦʰʘʯʝ 

ʧʨʠʙʣʠʞʥʦ ʢʦʥʩʪʘʥʪʘʥ. ʆʜʘʚʜʝ ʩʝ ʜʘˀʝ ʜʦʙʠʿʘ:  

 U
U

U
kCUUC

U
P

PU

PU

k

PUPU

k

PUP DÖÖÖ=DÖÖ
µ

µ
=D )( ,     (3.2) 

 U
U

P
kP P

PUP DÖÖ=D .         (3.3) 

 ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʜʦʙʠʿʘ ʣʠʥʝʘʨʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʤʝʥʝ ʧʦʪʨʦʰˁʝ ʩʘ ʧʨʦʤʝʥʦʤ ʥʘʧʦʥʘ: 
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 ʂʦʝʬʠʮʠʿʝʥʪ PUk  ʥʘʟʠʚʘ ʩʝ ʩʪʘʪʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʦʤʝʥʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʘ ʧʨʦʤʝʥʦʤ 

ʥʘʧʦʥʘ. ʆʜʘʚʜʝ ʩʝ ʚʠʜʠ ʜʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʥʘʧʦʥʘ ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʧʦʪʨʦʰˁʝ ʠ ʦʙʨʥʫʪʦ. ʅʘ 

ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ PUk  ʩʚʠ ʧʦʪʨʦʰʘʯʠ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʪʨʠ ʢʘʪʝʛʦʨʠʿʝ: 

¶ ʇʦʪʨʦʰʘʯʠ ʩʘ ʢʦʥʩʪʘʥʪʥʦʤ ʩʥʘʛʦʤ ï ʢʦʜ ʦʚʠʭ ʧʦʪʨʦʘhʯʘ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʧʨʦʤʝʥʫ 

ʥʘʧʦʥʘ, ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʦʩʪʘʿʝ ʢʦʥʩʪʘʥʪʥʘ. ʊʘʢʚʠ ʩʫ ʥʘ ʧʨʠʤʝʨ ʘʩʠʥʭʨʦʥʠ ʤʦʪʦʨʠ ʠʣʠ 

ʝʣʝʢʪʨʦʥʩʢʠ ʫʨʝʹʘʿʠ. ʂʦʜ ʦʚʠʭ ʢʘʪʝʛʦʨʠʿʘ ʧʦʪʨʦʰʘʯʘ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʩʝ ʚʨʣʦ ʤʘʣʦ ʤʝʘˁ 

ʩʘ ʧʨʦʤʝʥʦʤ ʥʘʧʦʥʘ ʧʘ ʩʝ ʤʦʞʝ ʧʨʘʢʪʠʯʥʦ ʫʟʝʪʠ ʜʘ ʿʝ 0=PUk , 
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¶ ʇʦʪʨʦʰʘʯʠ ʩʘ ʢʦʥʩʪʘʥʪʥʦʤ ʩʪʨʫʿʦʤ ï ʢʦʜ ʦʚʠʭ ʧʦʪʨʦʰʘʯʘ ʧʨʠ ʧʨʦʤʝʥʠ ʥʘʧʦʥʘ ʩʪʨʫʘʿ 

ʦʩʪʘʿʝ ʢʦʥʩʪʘʥʪʥʘ, ʧʘ ʢʘʢʦ ʿʝ ʩʥʘʛʘ ʩʨʘʟʤʝʨʥʘ ʧʨʦʠʟʚʦʜʫ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʜʦʙʠʿʘ ʩʝ ʜʘ 

ʿʝ 1=PUk , 

¶ ʇʦʪʨʦʰʘʯʠ ʩʘ ʢʦʥʩʪʘʥʪʥʦʤ ʠʤʧʝʜʘʥʩʦʤ ï ʢʦʜ ʦʚʠʭ ʧʦʪʨʦh ʘʯʘ ʩʤʘʪʨʘ ʩʝ ʜʘ ʠʤ ʿʝ 

ʠʤʧʝʜʘʥʩʘ ʢʦʥʩʪʘʥʪʥʘ, ʦʜʘʢʣʝ ʩʝ ʣʘʢʦ ʜʦʙʠʿʘ ʜʘ ʿʝ 2=PUk . ʆʚʦ ʩʫ ʥʘʿ ʯʝʰ˂ʝ 

ʪʝʨʤʦʛʝʥʠ ʧʦʪʨʦʰʘʯʠ.  

  ʋ ʨʝʘʣʥʦʤ ʯʚʦʨʫ, ʫʛʣʘʚʥʦʤ ʩʝ ʧʦʪʨʦʰʘˁ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʢʦʤʙʠʥʘʮʠʿʦʤ ʧʨʝʪʭʦʜʥʘ 

ʪʨʠ ʪʠʧʘ ʧʦʪʨʦʰʘʯʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʬʦʨʤʠʨʘʪʠ ʝʢʚʠʚʘʣʝʥʪʘʥ ʩʪʘʪʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʧʨʦʤʝʥʝ ʩʥʘʛʝ ʩʘ ʥʘʧʦʥʦʤ. 

  ʆʚʘ ʦʩʦʙʠʥʘ ʿʝ ʚʝʦʤʘ ʢʦʨʠʩʥʘ ʩʘ ʘʩʧʝʢʪʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. ʆʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ 

ʥʘ ʦʩʥʦʚʫ ʨʘʥʠʿʝ ʦʜʨʝʹʝʥʠʭ ʚʨʝʜʥʦʩʪʠ PUk  ʟʘ ʩʚʘʢʠ ʯʚʦʨ ʫ ʩʠʩʪʝʤʫ ʧʨʦʩʪʦʤ ʤʘʥʠʧʫʣʘʮʠʦʿʤ 

ʥʘʧʦʥʘ ʤʦʞʝ ʚʨʰʠʪʠ ʬʦʨʩʠʨʘˁʝ ʦʜʥʦʩʥʦ ʩʤʘˁʠʚʘˁʝ ʧʦʪʨʦʰˁʝ. ʆʚʠʤ ʚʠʜʦʤ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ ʧʦʛʘʹʘ ʩʝ ʠ ʫʧʨʘʚˀʠʚ ʠ ʥʝʫʧʨʘʚʠˀʚ ʜʝʦ ʧʦʪʨʦʰˁʝ. ʆʚʘʢʘʚ ʚʠʜ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ ʥʘʿʯʝʰʝ˂ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʙʘʨʘˁʝ ʚʨʰʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʋ ʨʘʜʫ [50] ʧʨʠʢʘʟʘʥʦ ʿʝ 

ʫʧʨʘʚˀʘˁʝ ʥʘʧʦʥʠʤʘ ʠ ʨʝʘʢʪʠʚʥʠʤ ʩʥʘʛʘʤʘ ʫ ʮʠˀʫ ʦʙʘʨʘˁʘ ʚʨʰʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʧʨʠʤʝʨʫ 

ʨʝʘʣʥʝ ʤʨʝʞʝ ʫ ʉʝʚʝʨʥʦʿ ʂʘʨʦʣʠʥʠ. ʀʜʝʿʘ ʫʧʨʘʚˀʘˁ ʘ ʥʘʧʦʥʠʤʘ ʠ ʨʝʘʢʪʠʚʥʠʤ ʩʥʘʛʘʤʘ ʿʝ 

ʩʣʝʜʝ˂ʘ. ʉʧʫhʪʘˁʝʤ ʥʘʧʦʥʘ ʥʘ ʨʝʛʫʣʘʮʠʦʥʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʤʦʛʫ˂ʝ ʿʝ ʩʤʘˁʠʪʠ ʧʦʪʨʦʰˁʫ. 

ʄʝʹʫʪʠʤ, ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʘ ʦʚʦ ʫ ʿʝʜʥʦʤ ʤʦʤʝʥʪʫ ʤʦʞʝ ʥʘʨʫʰʠʪʠ ʥʘʧʦʥʩʢʘ 

ʦʛʨʘʥʠʯʝˁʘ ʥʘʨʦʯʠʪʦ ʫ ʥʘʿʫʜʘˀʝʥʠʿʠʤ ʜʝʣʦʚʠʤʘ ʤʨʝʞʝ ʛʜʝ ʜʦʣʘʟʠ ʠ ʜʦ ʥʘʿʚʝ˂ʠʭ ʧʘʜʦʚʘ 

ʥʘʧʦʥʘ. ʆʚʦ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʦ ʩʤʘˁʝˁʝ ʥʘʧʦʥʘ ʨʝʛʫʣʘʮʠʦʥʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɼʘ ʙʠ ʩʝ ʩʧʨʝʯʠʣa ʧʨʦʙʠʿʘˁʘ ʥʘʧʦʥʩʢʠʭ ʦʛʨʘʥʠʯʝˁʘ, ʥʘ ʦʜʨʝʹʝʥʠʤ ʤʝʩʪʠʤʘ 

ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʩʝ ʫʢˀʫʯʫʿʫ ʢʦʥʜʝʟʘʪʦʨʠ ʢʦʿʠ ʧʦʜʠʞʫ ʥʘʧʦʥʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʫ 

ʤʨʝʞʠ ʧʦʩʪʠʞʫ ʤʘʠˁ ʧʘʜʦʚʠ ʥʘʧʦʥʘ ʯʠʤʝ ʩʝ ʨʝʛʫʣʘʮʠʦʥʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʦʩʪʘʚˀʘ 

ʜʦʜʘʪʥʠ ʧʨʦʩʪʦʨ ʜʘ ʩʧʫʩʪʠ ʥʘʧʦʥ ʠ ʪʠʤʝ ʜʦʜʘʪʥʦ ʩʤʘˁʠ ʧʦʪʨʦʰˁʫ ʫ ʩʠʩʪʝʤʫ. ʆʚʦ ʿʝ 

ʠʣʫʩʪʨʦʚʘʥʦ ʥʘ ʉʣ. 3.5 ʛʜʝ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘʧʦʥʩʢʠ ʧʨʦʬʠʣ ʬʠʜʝʨʘ ʥʘʢʦʥ ʧʨʠʢˀʫʯʝˁʘ 

ʢʦʥʜʝʟʘʪʦʨʘ.  

 

ʉʣ. 3.5 ʀʣʫʩʪʨʘʮʠʿʘ ʫʧʨʘʚˀʘˁʘ ʥʘʧʦʥʠʤʘ ʠ ʨʝʘʢʪʠʚʥʠʤ ʩʥʘʛʘʤʘ ʫ ʮʠˀʫ ʩʤʘˁʠʚʘˁʘ ʧʦʪʨʦʰˁʝ ï 

ʥʘʧʦʥʩʢʠ ʧʨʦʬʠʣ ʥʘ ʬʠʜʝʨʫ  

 

  ɺʝʣʠʢʠ ʧʨʦʙʣʝʤ ʢʦʜ ʦʚʘʢʚʦʛ ʚʠʜʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʩʫ ʪʝʨʤʦʛʝʥʠ ʪʝʨʤʦʩʪʘʪʩʢʠ 

ʧʦʪʨʦʰʘʯʠ, ʢʘʦ ʰʪʦ ʩʫ ʙʦʿʣʝʨʠ ʠ ʝʣʝʢʪʨʠʯʥʝ ʧʝʠ˂. ʂʦʜ ʦʚʝ ʢʘʪʝʛʦʨʠʿʝ ʧʦʪʨʦʰʘʯʘ, ʩʤʘˁʝˁʝ 

ʥʘʧʦʥʘ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʝˁʘ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʘʣʠ ʩʝ ʧʨʦʜʫʞʘʚʘ ʠˁʭʦʚʦ ʚʨʝʤʝ ʫʢˀʫʯʝʥʦʩʪʠ. 

ʅʘʠʤʝ, ʩʤʘˁʠʚʘʝˁʤ ʥʘʧʦʥʘ ʜʦʠ˂ ˂ʝ ʜʦ ʩʤʘˁʠʚʘˁʘ ʩʥʘʛʝ ʩʚʘʢʦʛ ʧʦʿʝʜʠʥʘʯʥʦʛ ʧʦʪʨʦʰʘʯʘ ʘʣʠ 

˂ʝ ʚʨʝʤʝʥʦʤ ʜʦ˂ʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ˁʠʭʦʚʝ ʿʝʜʥʦʚʨʝʤʝʥʦʩʪʠ, ʰʪʦ ˂ʝ ʜʦʚʝʩʪʠ ʜʘˀʝ ʜʦ ʦʧʦʨʘʚʢʘ ʠ 
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ʧʦʚʝ˂ʘˁʘ ʫʢʫʧʥʝ ʧʦʪʨʦh ˁʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʥʘʧʦʥʠ ˂ʝ ʩʝ ʩʤʘʠˁʪʠ, ʧʦʪʨʦh ˁʘ ˂ʝ ʩʝ 

ʦʧʦʨʘʚʠʪʠ ʰʪʦ ʜʘˀʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʥʘʧʦʥʩʢʝ ʥʝʩʪʘʙʠʣʥʦʩʪʠ ʫ ʩʠʩʪʝʤʫ. ɼʫʛʦʨʦʯʥʦ 

ʧʦʩʤʘʪʨʘʥʦ, ʦʚʘʢʚʦʤ ʩʪʨʘʪʝʛʠʿʦʤ ʩʤʘˁʠ˂ʝ ʩʝ ʫʢʫʧʥʘ ʧʨʝʫʟʝʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʨʘʯʫʥ ʧʦʪʨʦʰˁʝ 

ʢʦʿʘ ʩʝ ʥʝ˂ʝ ʚʨʝʤʝʥʦʤ ʦʧʦʨʘʚʠʪʠ ʫʩʣʝʜ ʧʦʚʝ˂ʘˁʘ ʿʝʜʥʦʚʨʝʤʝʥʦʩʪʠ. ʊʫ ʥʘ ʧʨʠʤʝʨ ʩʧʘʜʘ 

ʦʩʚʝʪˀʝˁʝ. ʆʚʦ ʩʤʘˁʝˁʝ ʧʨʝʫʟʝʪʝ ʝʥʝʨʛʠʿʝ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʝˁʘ ʢʦʤʬʦʨʘ ʧʦʪʨʦʰʘʯʘ ʿʝʨ ˂ʝ 

ʩʥʘʛʘ ˁʠʭʦʚʠʭ ʫʨʝʹʘʿʘ ʙʠʪʠ ʤʘˁʘ. ʊʘʢʦ ˂ʝ ʥʘ ʧʨʠʤʝʨ ʧʦʪʨʦʰʘʯ ʢʦʠʿ ʠʤʘ ʫʢʫʧʥʫ ʠʥʩʪʘʣʠʩʘʥʫ 

ʩʥʘʛʫ ʠʥʢʘʜʝʩʮʝʥʪʥʦʛ ʦʩʚʝʪˀʝˁʘ ʦʜ 400 W ʧʨʠ ʩʤʘˁʝˁʫ ʥʘʧʦʥʘ ʦʜ 10% ʠʤʘʪʠ ʩʚʝʛʘ 320 W, 

ʰʪʦ ˂ʝ ʜʦʚʝʩʪʠ ʠ ʜʦ ʩʣʘʙʠʿʝ ʦʩʚʝʪˀʝʥʦʩʪʠ ʧʨʦʩʪʦʨʠʘʿ.  

3.2.3 ʇʦʤʝʨʘˁʝ ʧʦʪʨʦʰˁʝ ʠ ʜʠʨʝʢʪʥʦ ʫʧʨʘʚˀ ʘˁʝ ʫʨʝʹʘʿʠʤʘ  

  ʂʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʜʠʨʝʢʪʥʦʤ ʫʧʨʘʚˀʘʫˁ ʧʦʪʨʦhˁʦʤ, ʥʘʿʯʝʰ˂ʝ ʩʝ ʤʠʩʣʠ ʥʘ ʦʚʘʿ 

ʩʣʫʯʘʿ. ʋ ʦʚʦʤ ʩʣʫʯʘʫʿ, ʧʦʪʨʦʰʘʯʠ ʨʘʟʣʠʯʠʪʠʤ ʫʛʦʚʦʨʥʠʤ ʦʙʘʚʝʟʘʤʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʦʧʝʨʘʪʦʨʫ 

ʩʠʩʪʝʤʘ ʜʘ ʜʠʨʝʢʪʥʦ ʚʨʠh ʫʧʨʘʚˀʘˁʝ ʫʨʝʹʘʿʠʤʘ. ʆʚʘʿ ʚʠʜ ʫʧʨʘʚʘˀˁʘ ʧʦʪʨʦʰˁʦʤ ʩʝ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʥʘʿʯʝʰʝ ʥʘʟʠʚʘ ʧʦʤʝʨʘˁʝ ʧʦʪʨʦʰʝˁ ï Load Shifting. ʇʦʤʝʨʘˁʝ ʧʦʪʨʦʰˁʝ 

ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʠʤʘ ʧʨʘʚʦ ʩʘʤʦ ʜʘ ʧʦʤʝʨʘˁʝʤ ʚʨʝʤʝʥʘ ʨʘʜʘ ʫʨʝʘ́ʘʿ ʚʨh ʠ 

ʧʨʦʤʝʥʫ ʦʙʣʠʢʘ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ ʧʨʠ ʯʝʤʫ ʫʢʫʧʥʘ ʧʨʝʫʟʝʪʘ ʝʥʝʨʛʠʿʘ ʤʦʨʘ ʦʩʪʘʪʠ ʠʩʪʘ. 

ʆʚʦ ʿʝ ʠʣʫʩʪʨʦʚʘʥʦ ʥʘ ʉʣ. 3.6. ɼʘ ʙʠ ʦʚʦ ʙʠʣʦ ʤʦʛʫ˂ʝ, ʦʧʝʨʘʪʦʨ ʤʦʨʘ ʠʤʘʪʠ ʠʥʬʦʨʤʘʮʠʿʫ ʦ 

ʪʦʤʝ ʢʦʿʠʤ ʜʝʣʦʤ ʧʦʪʨʦʰʝˁ ʿʝ ʤʦʛʫ˂ʝ ʫʧʨʘʚˀʘʪʠ ʘ ʢʦʿʠʤ ʥʝ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ ʢʘʢʦ ʩʝ 

ʫʨʝʹʘʿʠʤʘ ʤʦʞʝ ʫʧʨʘʚˀʘʪʠ, ʦʥʠ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʥʝʫʧʨʘʚˀʠʚʝ, ʧʦʣʫ-ʫʧʨʘʚˀʠʚʝ ʠ ʧʫʥʦ-

ʫʧʨʘʚˀʠʚʝ. 

 

ʉʣ. 3.6 ʇʨʠʤʝʨ ʧʦʤʝʨʘˁʘ ʧʦʪʨʦʰˁʝ 

 

  ɼʝʦ ʥʝʫʧʨʘʚˀʠʚʝ ʧʦʪʨʦʰˁʝ ʯʠʥʝ ʩʚʠ ʦʥʠ ʫʨʝʹʘʿʠ ʢʦʿʠʤʘ ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝ 

ʫʧʨʘʚˀʘʪʠ. ʈʘʟʣʦʟʠ ʟʘ ʪʦ ʤʦʛʫ ʙʠʪʠ ʨʘʟʣʠʯʠʪʠ ï ʧʦʤʝʨʘˁʝ ʧʦʪʨʦʰˁʝ ʙʠ ʥʘʨʫʰʠʣʦ ʢʦʤʬʦʨ 

ʞʠʚʦʪʘ ˀʫʜʠ ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ, ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʠʣʠ ʙʠ ʥʘʨʫʰʠʣʦ ʨʘʜ ʠʥʜʫʩʪʨʠʿʩʢʠʭ 

ʧʨʦʮʝʩʘ. ʋ ʥʝʫʧʨʘʚˀʠʚʫ ʧʦʪʨʦʰˁʫ ʥʘ ʧʨʠʤʝʨ ʩʧʘʜʘʿʫ ʰʧʦʨʝʪʠ, ʦʩʚʝʪˀʝˁʝ, ʝʣʝʢʪʨʦʥʩʢʠ 

ʘʧʘʨʘʪʠ ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ. ʊʘʢʦʹʝ, ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʥʝ ʩʤʝ ʧʨʝʢʠʥʫʪʠ ʧʦʪʨʦʰˁʫ ʦʜʨʝʹʝʥʠʭ 

ʢʘʪʝʛʦʨʠʿʘ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʦʪʨʦʰʘʯʘ ʿʝʨ ʙʠ ʪʠʤʝ ʤʦʛʘʦ ʜʘ ʫʥʠh ʪʠ ʯʠʪʘʚʫ ʩʝʨʠʿʫ ʥʝʢʝ 

ʧʨʦʠʟʚʦʜˁʝ ʠ ʜʘ ʥʘʥʝʩʝ ʚʝʣʠʢʫ ʤʘʪʝʨʠʿʘʣʥʫ ʰʪʝʪʫ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʦʚʘʿ ʜʝʦ ʧʦʪʨʦʰˁʝ ʩʤʘʪʨʘ 

ʥʝʫʧʨʘʚˀʠʚʠʤ ʠ ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʥʝʤʘ ʤʦʛʫ˂ʥʦʩʪ ˁʝʥʦʛ ʧʦʤʝʨʘˁ ʘ ʫ ʚʨʝʤʝʥʫ.  

  ʋ ʧʦʣʫ-ʫʧʨʘʚˀʠʚʫ ʧʦʪʨʦʰˁʫ ʩʧʘʜʘʿʫ ʫʨʝʘ́ʿ ʠ ʢʦʿʠʤʘ ʩʝ ʦʜʨʝʹʝʥʦ ʚʨʝʤʝ ʤʦʞʝ 

ʫʧʨʘʚˀʘʪʠ, ʘʣʠ ˁʠʭʦʚʦ ʧʦʤʝʨʘˁʝ ʫ ʚʨʝʤʝʥʫ ʥʠʿʝ ʪʦʣʠʢʦ ʬʣʝʢʩʠʙʠʣʥʦ. ʋ ˁʠʭ ʩʧʘʜʘʿʫ 

ʦʜʨʝʹʝʥʠ ʪʝʨʤʦʩʪʘʪʩʢʠ ʫʨʝʹʘʿʠ ʢʘʦ ʰʪʦ ʩʫ ʢʣʠʤʘ ʫʨʝʹʘʿʠ ʠ ʬʨʠʞʠʜʝʨʠ. ʈʘʟʣʦʟʠ ʩʫ ʩʣʝʜʝʠ˂. 

ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʟʘ ʪʦ ʥʘʤʝʪʥʝ ʧʦʪʨʝʙʘ, ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʚʨʝʤʝʥʦ ʜʘ 



 

24 

 

ʧʦʤʝʨʠ ʩʥʘʛʫ ʦʚʠʭ ʫʨʝʹʘʿʘ ʘʣʠ ʫ ʚʨʣʦ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ. ʅʘ ʧʨʠʤʝʨ, ʫ ʩʣʫʯʘʿʫ 

ʧʦʪʨʝʙʝ ʟʘ ʩʤʘʝˁʝˁʤ ʧʦʪʨʦʰˁʝ, ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʫ ʪʦʢʫ ʣʝʪˁʝʛ ʜʘʥʘ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʦʩʪʘʪʘ ʫ ʢʣʠʤʘ ʫʨʝʹʘʿʠʤʘ ʟʘ 1 ʩʪʝʧʝʥ ʫ ʩʚʠʤ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ, ʪʘʢʦ ʜʘ ʩʝ ʦʚʦ 

ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝ ʦʩʝʪʠ. ʋʩʣʝʜ ʪʦʧʣʦʪʥʝ ʠʥʝʨʮʠʿʝ ʧʨʦʩʪʦʨʠʿʘ, ʘʛʨʝʛʠʩʘʥʘ ʩʥʘʛʘ 

ʢʣʠʤʘ ʫʨʝʹʘʿʘ ʥʘ ʥʝʢʦʿ ʧʦʩʤʘʪʨʘʥʦʿ ʦʙʣʘʩʪʠ ˂ʝ ʩʝ ʩʤʘˁʠʪʠ ʜʦʢ ʛʦʜ ʩʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʧʦʚʝ˂ʘ 

ʟʘ 1 ʩʪʝʧʝʥ, ʘ ʩʘʤʠʤ ʪʠʤ ˂ʝ ʩʝ ʩʤʘˁʠʪʠ ʠ ʫʢʫʧʥʘ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ. ʋ ʪʨʝʥʫʮʠʤʘ ʢʘʜʘ ʧʦʩʪʦʿʠ 

ʜʦʚʦˀʥʦ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʧʦʚʝ˂ʘˁʝ ʧʦʪʨʦʰˁʝ, ʦʧʝʨʘʪʦʨ ˂ʝ ʚʨʘʪʠʪʠ ʩʪʘʨʫ ʚʨʝʜʥʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʝ ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʧʦʚʝ˂ʘʪʠ ʘʛʨʝʛʠʩʘʥʫ ʩʥʘʛʫ ʢʣʠʤʘ ʫʨʝʹʘʿʘ ʜʦʢ ʛʦʜ ʩʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʝ ʩʤʘˁʠ ʟʘ ʪʘʿ ʩʪʝʧʝʥ. ʇʨʦʙʣʝʤ ʥʘʩʪʘʿʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʦʥ ʞʝʣʠ ʜʦʜʘʪʥʦ ʜʘ ʩʤʘʠˁʤʦ ʩʥʘʛʫ 

ʧʦʪʨʦʰʝˁ, ʧʦʰʪʦ ʿʝ ʪʘʜʘ ʥʝʦʧʭʦʜʥʦ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʰʪʦ ˂ʝ ʧʦʪʨʦʰʘʯʠ 

ʦʩʝʪʠʪʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʢʘʧʘʮʠʪʝʪʠ ʟʘ ʩʤʘˁʝˁʝ ʩʥʘʛʝ ʧʦʪʨʦʰˁʝ ʩʤʘˁʫʫʿ. ɽʢʚʠʚʘʣʝʥʪʥʦ ʩʝ 

ʜʝʘhʚʘ ʠ ʫ ʩʫʧʨʦʪʥʦʿ ʩʠʪʫʘʮʠʿʠ, ʢʘʜʘ ʠʤʘʤʦ ʚʠʰʘʢ ʩʥʘʛʝ. ʊʘʜʘ ʤʦʞʝʤʦ ʩʤʘʠˁʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʟʘ ʿʝʜʘʥ ʩʪʝʧʝʥ ʠ ʬʦʨʩʠʨʘʪʠ ʩʥʘʛʫ ʧʦʪʨʦʰˁʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʘʜʘ ʥʘʤ 

ʧʦʥʝʩʪʘʥʝ ʩʥʘʛʝ, ʪʝʤʧʝʨʘʪʫʨʫ ʚʨʣʦ ʣʘʢʦ ʚʨʘ˂ʘʤʦ ʥʘ ʩʪʘʨʫ ʚʨʝʜʥʦʩʪ. ʂʦʜ ʬʨʠʞʠʜʝʨʘ ʿʝ 

ʩʠʪʫʘʮʠʿʘ ʩʣʝʜʝ˂ʘ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʥʘʤʝʪʥʝ ʧʦʪʨʝʙʘ ʟʘ ʩʤʘˁʝˁʝ ʩʥʘʛʝ, ʤʦʛʫ˂ʝ ʿʝ ʧʦʚʝ˂ʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʬʨʠʞʠʜʝʨʘ ʥʘ ʥʝʢʦʿ ʦʙʣʘʩʪʠ. ʆʚʘ ʩʥʘʛʘ ʩʝ ʤʦʨʘ ʨʝʣʘʪʠʚʥʦ ʙʨʟʦ ʚʨʘʪʠʪʠ ʠʥʘʯʝ 

˂ʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʘʩʪʠ ʠ ʩʚʘ ʭʨʘʥʘ ʫ ʬʨʠʞʠʜʝʨʫ ʤʦʞʝ ʩʝ ʧʦʢʚʘʨʠʪʠ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʰʪʦ 

ʩʝ ʩʥʘʛʘ ʨʝʣʘʪʠʚʥʦ ʙʨʟʦ ʤʦʨʘ ʚʨʘʪʠʪʠ, ʧʦʣʫ-ʫʧʨʘʚˀʠʚʘ ʧʦʪʨʦʰˁʘ ʝʿ ʿʘʢʦ ʢʦʨʠʩʥʘ ʢʘʜʘ ʿʝ 

ʚʨʝʤʝʥʩʢʘ ʨʝʟʦʣʫʮʠʿʘ ʟʘ ʢʦʿʫ ʩʝ ʚʨʰʠ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʤʘʣʘ. ʋʧʨʘʚʘˀˁʝ ʧʦʣʫ-

ʫʧʨʘʚˀʠʚʠʤ ʫʨʝ́ʘʿʠʤʘ ʦʧʠʩʘʥʦ ʿʝ ʫ ʙʨʦʿʥʠʤ ʨʘʜʦʚʠʤʘ. ʋ ʨʘʜʦʚʠʤʘ [51, 52] ʧʨʠʢʘʟʘʥʦ ʿʝ 

ʫʧʨʘʚˀ ʘʝˁ ʬʨʠʞʠʜʝʨʠʤʘ, ʜʦʢ ʿʝ ʫ ʨʘʜʦʚʠʤʘ [53, 54] ʧʨʠʢʘʟʘʥʦ ʫʧʨʘʚˀʘʝˁ ʢʣʠʤʘ ʫʨʝʹʘʠʿʤʘ. 

ʋʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʧʦʤʦ˂ʫ ʢʣʠʤʘ ʫʨʝʹʘʿʘ ʥʠʿʝ ʩʘʤʦ ʧʨʝʜʤʝʪ ʥʘʫʯʥʠʭ ʨʘʜʦʚʘ. ʋ ʛʨʘʜʫ 

ɳʫʿʦʨʢʫ, ʢʦʤʧʘʥʠʿʘ ComEdison ʿʝ ʧʦʢʨʝʥʫʣʘ ʧʠʣʦʪ ʧʨʦʿʝʢʘʪ ʫ ʦʢʚʠʨʫ ʢʦʿʝʛ ʿʝ ʫʛʨʘʜʠʣʘ 

ʪʝʨʤʦʩʪʘʪʝ ʥʘ 10 000 ʢʫ˂ʥʠʭ ʢʣʠʤʘ ʫʨʝʹʘʿʘ ʧʦʤʦ˂ʫ ʢʦʿʝʛ ʿʝ ʚʨʰʝʥʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʫ 

ʮʠˀʫ ʩʤʘˁʠʚʘˁʘ ʚʨʰʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʩʤʘˁʝˁʝ ʚʨʥhʝ 

ʧʦʪʨʦʰˁʝ ʦʜ 5 MW [55]. ʄʝʫ́ʪʠʤ, ʦʚʦ ʥʠʿʝ ʿʝʜʠʥʠ ʦʚʘʢʘʚ ʧʨʦʛʨʘʤ ʢʦʿʠ ʧʦʩʪʦʿʠ ʫ ɳʫʿʦʨʢʫ. 

ʂʦʤʧʘʥʠʿʘ ComEdison ʚʝ˂ ʩʘʜʘ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʩʤʘˁʝˁʘ ʚʨʰʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʠʟʥʦʩʫ ʦʜ 

35 MW ʫʧʦʪʨʝʙʦʤ 25 000 ʮʝʥʪʨʘʣʠʟʦʚʘʥʠʭ ʢʣʠʤʘ ʫʨʝʹʘʿʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʩʚʝʪʘ, ʫ 

ɸʫʩʪʨʘʣʠʿʠ, ʜʠʩʪʨʠʙʫʪʠʚʥʦ ʧʨʝʜʫʟʝ˂ʝ Energex ʢʦʿ ʝ ʥʘʧʘʿʘ ʜʨʞʘʚʫ ʂʚʠʥʩʣʝʥʜ ʩʚʦʿʠʤ 

ʧʦʪʨʦʰʘʯʠʤʘ ʥʫʜʠ ʧʨʦʛʨʘʤ Peaksmart [56]. ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʧʨʦʛʨʘʤʘ, ʜʠʩʪʨʠʙʫʪʠʚʥʦ 

ʧʨʝʜʫʟʝ˂ʝ ʠʤʘ ʧʨʘʚʦ ʜʘ ʧʦʪʨʦʘhʯʠʤʘ ʦʜʨʝ́ʝʥʦ ʚʨʝʤʝ ʠʩʢˀʫʯʠ ʢʣʠʤʘ ʫʨʝʹʘʿʝ ʯʠʤʝ ʩʝ ʚʨʰʠ 

ʜʠʨʝʢʪʥʦ ʫʧʨʘʚʘˀˁʝ ʧʦʪʨʦhˁ ʦʤ, ʧʨʠ ʯʝʤʫ ʚʨʝʤʝ ʠʩʢˀʫʯʝˁʘ ʤʦʞʝ ʪʨʘʿʘʪʠ ʜʦ 2 ʩʘʪʘ.  

  ʋ ʪʨʝ˂ʫ ʢʘʪʝʛʦʨʠʿʫ ʩʧʘʜʘʿʫ ʧʫʥʦ-ʫʧʨʘʚˀʠʚʠ ʫʨʝ́ʘʠʿ ʟʘ ʢʦʿʝ ʿʝ ʚʨʝʤʝ ʨʘʜʘ 

ʥʘʿʬʣʝʢʩʠʙʠʣʥʠʿʝ. ʊʫ ʩʧʘʜʘʫʿ ʝʣʝʢʪʨʠʯʥʠ ʙʦʿʣʝʨʠ, ʤʘhʠʥʝ ʟʘ ʧʨʘʝˁ ʧʦʩʫʘ́, ʤʘʰʠʥʝ ʟʘ 

ʧʨʘˁʝ ʚʝʰʘ, ʤʘʰʠʥʝ ʟʘ ʩʫʰʝˁʝ ʚʝʰʘ, ʪʝʨʤʦʘʢʫʤʫʣʘʮʠʦʥʝ ʧʝ˂ʠ, ʙʘʪʝʨʠʿʝ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ 

ʝʥʝʨʛʠʿʝ ʠ ʤʥʦʛʠ ʜʨʫʛʠ. ʂʦʜ ʦʚʠʭ ʫʨʝʹʘʿʘ ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʝʿ ʠˁʭʦʚʦ ʚʨʝʤʝ ʨʘʜʘ ʚʨʣʦ 

ʬʣʝʢʩʠʙʠʣʥʦ ʠ ˁʠʭʦʚʦʤ ʧʦʪʨʦʰˁʦʤ ʩʝ ʤʦʞʝ ʥʘʿʣʘʢʰʝ ʫʧʨʘʚˀʘʪʠ. ʅʘ ʧʨʠʤʝʨ, ʢʦʜ 

ʝʣʝʢʪʨʠʯʥʠʭ ʙʦʿʣʝʨʘ ʢʦʨʠʩʥʠʢ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʫ ʢʦʤ ʧʝʨʠʦʜʫ ʦʥ ʦʯʝʢʫʿʝ ʜʘ ˂ʝ ʠʤʘʪʠ 

ʩʧʨʝʤˀʝʥʫ ʪʦʧʣʫ ʚʦʜʫ (ʥʘ ʧʨʠʤʝʨ ʫ ʚʝʯʝʨˁʠʤ ʩʘʪʠʤʘ ʠ ʫʿʫʪʨʫ). ʅʘʢʦʥ ʪʦʛʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʧʦʪʨʝʙʘ ʩʠʩʪʝʤʘ ʤʦʛʫ˂ʝ ʿʝ ʦʜʣʫʯʠʪʠ ʫ ʢʦʿʠʤ ʩʘʪʠʤʘ ˂ʝ ʩʝ ʚʨʠhʪʠ ʛʨʝʿʘʝˁ ʚʦʜʝ. ʊɸ ʧʝ˂ʠ ʤʦʛʫ 

ʩʣʠʯʥʦ ʬʫʥʢʮʠʦʥʠʩʘʪʠ ʢʘʦ ʠ ʙʦʿʣʝʨʠ, ʧʦʪʨʦʰʘʯ ʜʝʬʠʥʠhʝ ʠʥʪʝʨʚʘʣ ʢʘʜʘ ʿʝ ʫ ʢʫ˂ʠ ʠ ʢʘʜʘ 

ʧʣʘʥʠʨʘ ʜʘ ʩʝ ʚʨʰʠ ʛʨʝʿʘˁʝ ʧʦʤʦ˂ʫ ʊɸ ʧʝ˂ʠ ʜʦʢ ʩʠʩʪʝʤ ʦʜʨʝ́ʫʿʝ ʢʘʜʘ ˂ʝ ʩʝ ʚʨʰʠʪʠ ˁʝʥʦ 

,,ʧʫˁʝˁʝôô. ʂʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʤʘʰʠʥʝ ʟʘ ʧʨʘˁʝ ʩʫʹʘ, ʚʝʰʘ ʠʣʠ ʩʫhʝʝˁ ʚʝʘh, ʢʦʨʠʩʥʠʢ ʤʦʞʝ 

ʠʤʘʪʠ ʦʧʮʠʿʫ ʜʘ ʦʜʘʙʝʨʝ ʜʦ ʢʘʜʘ ʚʝʰ ʠʣʠ ʧʦʩʫʹʝ ʤʦʨʘ ʙʠʪʠ ʦʧʨʘʥʦ, ʜʦʢ ˂ʝ ʩʝ ʚʨʝʤʝʥʘ 

ʩʪʚʘʨʥʦʛ ʨʘʜʘ ʦʚʠʭ ʫʨʝʹʘʿʘ ʧʨʠʣʘʛʦʜʠʪʠ ʩʠʩʪʝʤʫ. ʋ ʨʘʜʦʚʠʤʘ [57-59] ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʘ ʢʦʿʠ 

ʥʘʯʠʥ ʿʝ ʤʦʛʫ˂ʝ ʚʨʰʠʪʠ ʫʧʨʘʚˀʘˁʝ ʫʨʝ́ʘʿʠʤʘ ʟʘ ʧʨʘˁʝ ʚʝʰʘ ʠ ʧʦʩʫʹʘ. ʋ ʨʘʜʦʚʠʤʘ [60, 61] 

ʜʘʪ ʿʝ ʧʨʠʢʘʟ ʫʧʨʘʚʘˀʯʢʠʭ ʩʠʩʪʝʤʘ ʟʘ ʧʨʠʧʨʝʤʫ ʩʘʥʠʪʘʨʥʝ ʪʦʧʣʝ ʚʦʜʝ. ʇʦʤʝʨʘˁʝ ʧʦʪʨʦʰˁʝ 

ʫʟ ʧʦʤʦ˂ ʧʫʥʦ-ʫʧʨʘʚˀʠʚʠʭ ʫʨʝʹʘʿʘ ʥʠʿʝ ʩʘʤʦ ʪʝʤʘ ʥʘʫʯʥʠʭ ʨʘʜʦʚʘ ʚʝ˂ ʿʝ ʠ ʪʝʤʘ ʠʩʪʨʘʞʠʚʘˁʘ 
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ʧʨʠʤʝˁʝʥʠʭ ʫ ʨʝʘʣʥʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ. ʅʘ ʍʘʚʘʿʠʤʘ, ʜʠʩʪʨʠʙʫʪʠʚʥʦ ʧʨʝʜʫʟʝ˂ʝ 

Hawaiian Electric ʠʣʠ ʩʢʨʘ˂ʝʥʦ HECO Hawaii, ʠʥʘʯʝ ʥʘʿʚʝʝ˂ ʜʠʩʪʨʠʙʫʪʚʥʦ ʧʨʝʜʫʟʝ˂ʝ ʫ ʦʚʦʿ 

ʘʤʝʨʠʯʢʦʿ ʜʨʞʘʚʠ, ʩʧʨʦʚʦʜʠ ʧʠʣʦʪ ʧʨʦʿʝʢʘʪ ʧʦʜ ʥʘʟʠʚʦʤ Grid Interactive Water ʫ ʢʦʿʝʤ ʩʝ 

ʘʥʘʣʠʟʠʨʘʿʫ ʤʦʛʫ˂ʥʦʩʪʠ ʧʦʤʝʨʘˁ ʘ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʙʦʿʣʝʨʘ. ʋ ʦʚʦʤ ʧʨʦʿʝʢʪʫ, 

ʠʥʩʪʘʣʠʩʘʥʦ ʿʝ 500 ʙʦʿʣʝʨʘ ʧʨʠ ʯʝʤʫ ʩʚʘʢʠ ʦʜ ˁʠʭ ʤʦʞʝ ʠʟʚʨhʠʪʠ ʩʢʣʘʜʠʰʪʝˁʝ ʪʦʧʣʝ ʚʦʜʝ 

ʟʘ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʪʨʦʰʠʪʠ ʝʢʚʠʚʘʣʝʥʪʥʦ 13,6 kWh ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʝ 

ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʙʠʿʘ ʝʢʚʠʚʘʣʝʥʪʥʦ ʩʢʣʘʜʠʰʪʝ ʝʥʝʨʛʠʝʿ ʫ ʠʟʥʦʩʫ ʦʜ 6,8 MWh. ʆʚʘʿ ʩʠʩʪʝʤ ʿʝ 

ʧʨʝʢʦ Microsoft Azure ʪʝʭʥʦʣʦʛʠʿʝ ʧʦʚʝʟʘʥ ʥʘ cloud ʩʠʩʪʝʤ ʧʦʤʦ˂ʫ ʢʦʿʝʛ ʩʝ ʚʨʰʠ ʦʧʪʠʤʘʣʥʦ 

ʦʜʨʝʹʠʚʘˁʝ ʨʘʜʘ ʙʦʿʣʝʨʘ ʫ ʮʠˀʫ ʧʨʘʝ˂ʘˁ ʚʘʨʠʿʘʮʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ. ʆʚʘʿ ʧʨʦʿʝʢʘʪ ʿʝ ʦʜ 

ʥʘʨʦʯʠʪʦʛ ʟʥʘʯʘʿʘ ʘʢʦ ʩʝ ʫʟʤʝ ʫ ʦʙʟʠʨ ʜʘ ʩʝ ʥʘ ʍʘʚʘʿʠʤʘ 40% ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʨʠʩʪʠ ʟʘ 

ʜʦʙʠʿʘˁʝ ʩʘʥʠʪʘʨʥʝ ʪʦʧʣʝ ʚʦʜʝ. ɺʠʝh ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʦʚʦʤ ʧʨʦʿʝʢʪʫ ʤʦʞʝ ʩʝ ʥʘ˂ ʠ ʫ 

ʣʠʪʝʨʘʪʫʨʠ [62-64]. ʉʣʠʯʘʥ ʧʨʦʿʝʢʘʪ ʠʟʚʦʜʠ ʩʝ ʠ ʫ ɸʨʠʟʦʥʠ ʫ ʦʢʚʠʨʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ 

ʧʨʝʜʫʟʝ˂ʘ Arizona Public Service ï APS. ʉʣʠʯʥʦ ʢʘʦ ʠ ʥʘ ʍʘʚʘʠʿʤʘ, ʦʚʜʝ ʩʝ ʝʣʝʢʪʨʠʯʥʠ 

ʘʢʫʤʫʣʘʮʠʦʥʠ ʙʦʿʣʝʨʠ ʢʦʨʠʩʪʝ ʫ ʮʠʫˀ ʧʦʤʝʨʘˁʘ ʧʦʪʨʦhˁʝ. ɺʠʰʝ ʦ ʦʚʦʤ ʧʨʦʿʝʢʪʫ ʤʦʞʝ ʩʝ 

ʥʘ˂ʠ ʫ ʨʝʬʝʨʝʥʮʘʤʘ [65, 66]. 

  ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʝʫʧʨʘʚˀʠʚʠ, ʧʦʣʫ-ʫʧʨʘʚˀʠʚʠ ʠ ʧʫʥʦ-ʫʧʨʘʚˀʠʚʠ 

ʫʨʝʹʘʠʿ. ʉʘ ʘʩʧʝʢʪʘ ʫʧʨʘʚˀʘˁ ʘ ʧʦʪʨʦʰˁʦʤ ʫ ʩʠʩʪʝʤʫ, ʦʚʠ ʫʨʝʹʘʿʠ ʤʦʛʫ ʩʝ ʩʚʨʩʪʘʪʠ ʫ 

ʫʧʨʘʚʠˀʚ ʠ ʥʝʫʧʨʘʚʠˀʚ ʜʝʦ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ. ʅʘ ʉʣ. 3.7 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʤʝʨ ʜʠʿʘʛʨʘʤʘ 

ʧʦʪʨʦʰˁʝ ʩʘ ˁʝʛʦʚʠʤ ʫʧʨʘʚˀ ʠʚʠʤ ʠ ʥʝʫʧʨʘʚˀʠʚʠʤ ʜʝʣʦʤ. ʅʝʫʧʨʘʚˀʠʚ ʜʝʦ ʩʝ ʧʨʠʣʠʢʦʤ 

ʧʣʘʥʠʨʘʘˁ ʨʘʜʘ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝ ʤʝˁʘʪʠ ʠ ˁʝʛʦʚʘ ʩʥʘʛʘ ʦʩʪʘʿʝ ʠʩʪʘ ʫ ʩʚʘʢʦʤ ʩʘʪʫ. ʋʧʨʘʚˀ ʠʚ 

ʜʝʦ ʧʦʪʨʦhˁ ʝ ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʧʦʪʨʦʰˁʝ ʢʦʿʠʤ ʩʝ ʤʦʞʝ ʫʧʨʘʚˀʘʪʠ ʠ ʢʦʿʠ ʩʝ ʤʦʞʝ 

ʧʨʝʙʘʮʠʚʘʪʠ ʠʟ ʿʝʜʥʦʛ ʩʘʪʘ ʫ ʜʨʫʛʠ. ʆʜʨʝʹʠʚʘˁʝ ʫʧʨʘʚˀʠʚʦʛ ʠ ʥʝʫʧʨʘʚˀʠʚʦʛ ʜʝʣʘ ʧʦʪʨʦʰˁʝ 

ʫ ʫʢʫʧʥʦʤ ʜʠʘʿʛʨʘʤʫ ʧʦʪʨʦʰʝˁ ʧʨʠʢʘʟʘʥʦ ʿʝ ʫ ʥʘʩʪʘʚʢʫ.  

 

ʉʣ. 3.7 ʇʨʠʤʝʨ ʧʦʪʨʦʰˁʝ ʩʘ ʫʧʨʘʚˀʠʚʠʤ ʠ ʥʝʫʧʨʘʚˀʠʚʠʤ ʜʝʣʦʤ 

3.3 Oʜʨʝʹʠʚʘˁʝ ʫʧʨʘʚˀʠʚʦʛ ʠ ʥʝʫʧʨʘʚˀʠʚʦʛ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ 

 ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʫʧʨʘʚˀʠʚʦʛ ʠ ʥʝʫʧʨʘʚˀʠʚʦʛ ʜʝʣʘ ʧʦʪʨʦʰˁ ʝ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ 

ʩʪʨʫʢʪʫʨʫ ʧʦʪʨʦʰˁʝ ʢʦʥʟʫʤʘ ʥʘ ʢʦʿʝʤ ˂ʝ ʩʝ ʚʨʰʠʪʠ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁ ʦʤ. ʋ ʪʫ ʩʚʨʭʫ, ʫ 

ʧʨʚʦʤ ʜʝʣʫ ʦʚʝ ʛʣʘʚʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʩʪʨʫʢʪʫʨʘ ʧʦʪʨʦʰˁʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ ʩʚʝʪʘ ʢʘʦ ʠ 

ʧʦʪʝʥʮʠʿʘʣ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ. ʅʘʢʦʥ ʪʦʛʘ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʝ 

ʧʦʪʨʦʰˁʝ ʠ ʧʦʪʝʥʮʠʿʘʣʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʉʨʙʠʿʝ ʢʦʿʘ ʿʝ ʜʦʙʠʿʝʥʘ ʥʘ 
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ʦʩʥʦʚʫ ʩʪʫʜʠʿʝ ʯʠʿʠ ʿʝ ʿʝʜʘʥ ʦʜ ʘʫʪʦʨʘ ʠ ʘʫʪʦʨ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʅʘ ʢʨʘʫʿ ʩʫ ʧʨʠʢʘʟʘʥʠ 

ʨʝʟʫʣʪʘʪʠ ʢʦʿʠ ʩʫ ʧʫʙʣʠʢʦʚʘʥʠ ʫ ʜʦʩʪʫʧʥʦʿ ʣʠʪʝʨʘʪʫʨʠ ʢʦʿʘ ʩʝ ʙʘʚʠ ʧʨʦʙʣʝʤʘʪʠʢʦʤ 

ʦʜʨʝʹʠʚʘˁʘ ʢʘʧʘʮʠʪʝʪʘ ʫʧʨʘʚˀʠʚʝ ʧʦʪʨʦʰˁʝ. 

3.3.1 ʇʨʠʢʘʟ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʦʰˁʝ ʫ ʩʚʝʪʫ 

 ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʜʘʪ ʿʝ ʧʨʠʢʘʟ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʦʰˁʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ 

ʩʚʝʪʘ, ʢʦʥʢʨʝʪʥʦ ʫ ʉʿʝʜʠˁʝʥʠʤ ɸʤʝʨʠʯʢʠʤ ɼʨʞʘʚʘʤʘ, ɸʫʩʪʨʘʣʠʿʠ ʠ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ. ʋ 

ʧʨʚʦʿ ʘʥʘʣʠʟʠ ʜʘʪʘ ʿʝ ʩʪʨʫʢʪʫʨʘ ʧʦʪʨʦʰʝˁ ʫ ɸʤʝʨʠʮʠ. ʅʘ ʉʣ. 3.8 ʧʨʠʢʘʟʘʥ ʿʝ ʜʠʿʘʛʨʘʤ 

ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʦʰˁ ʝ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʫ ɸʤʝʨʠʮʠ.  

 

ʉʣ. 3.8 ʉʪʨʫʢʪʫʨʘ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʩʝʢʪʦʨʫ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʫ ɸʤʝʨʠʮʠ (ʠʟʚʦʨ: U.S. Energy 

Information Administration) 

 ʀʥʬʦʨʤʘʮʠʿʝ ʧʨʠʢʘʟʘʥʝ ʥʘ ʉʣ. 3.9 ʧʨʝʫʟʝʪʝ ʩʫ ʩʘ ʠʥʪʝʨʥʝʪ ʩʪʨʘʥʠʮʝ ʚʣʘʜʠʥʝ ʘʛʝʥʮʠʿ ʝ 

U.S. Energy Information Administration (EIA) [67].  

 ʅʘ ʉʣ. 3.9 ʧʨʠʢʘʟʘʥʘ ʿʝ ʩʪʨʫʢʪʫʨʘ ʢʦʤʝʨʮʠʿʘʣʥʝ ʧʦʪʨʦʰˁʝ ʫ ɸʤʝʨʠʮʠ, ʜʦʢ ʿʝ ʥʘ ʉʣ. 

3.10 ʧʨʠʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʦʪʨʦʰˁʝ.  

 

ʉʣ. 3.9 ʉʪʨʫʢʪʫʨʘ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʢʦʤʝʨʮʠʿʘʣʥʦʤ ʩʝʢʪʦʨʫ ʫ ʉɸɼ (ʠʟʚʦʨ: U.S. Energy 

Information Administration) 
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ʉʣ. 3.10 ʉʪʨʫʢʪʫʨʘ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʩʝʢʪʦʨʫ ʫ ʉɸɼ (ʠʟʚʦʨ: U.S. Energy 

Information Administration) 

 

ʋ ʊʘʙʝʣʠ 3.1 ʧʨʠʢʘʟʘʥ ʿʝ ʜʠʿʘʛʨʘʤ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʦʰˁʝ ʫ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ, ʧʨʝʫʟʝʪ ʠʟ [68]. 

 

ʊʘʙʝʣʘ 3.1 ʉʪʨʫʢʪʫʨʘ ʧʦʪʨʦʰˁʝ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʫ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ (ʠʟʚʦʨ: In tertek) 

 ʉʚʘ ʜʦʤʘ˂ʠʥʩʪʚʘ 

 ɹʝʟ ʝʣʝʢʪʨʠʯʥʦʛ ʛʨʝʿʘʘˁ ʉʘ ʜʦʜʘʪʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ 
ʛʨʝʿʘˁʝʤ 

ʇʨʠʤʘʨʥʦ ʝʣʝʢʪʨʠʯʥʦ ʛʨʝʿʘˁʝ 

 ʉʚʠ 

ʜʘʥʠ 

ʇʨʘʟʥʠʮʠ ʈʘʜʥʠ 

ʜʘʥʠ 

ʉʚʠ 

ʜʘʥʠ 

ʇʨʘʟʥʠʮʠ ʈʘʜʥʠ 

ʜʘʥʠ 

ʉʚʠ 

ʜʘʥʠ 

ʇʨʘʟʥʠʮʠ ʈʘʜʥʠ 

ʜʘʥʠ 

ʍʣʘ́ʝˁʝ 16,2 % 15,9 % 16,3 % 13,4 % 12,8 % 13,6 % 4,7 % 5,0 % 4,6 % 

ʂʫʚʘˁʝ 13,8 % 14,1 % 13,6 % 11,7 % 11,9 % 11,5 % 7,2 % 8,3 % 6,8 % 

ʆʩʚʝʪˀʝˁʝ 15,4 % 14,3 % 15,8 % 10,0 % 9,0 % 10,3 % 5,8 % 6,4 % 5,5 % 

ɸʫʜʠʦ-ʚʠʟʫʝʣʥʝ 

ʪʝʭʥʦʣʦʛʠʿʝ 

14,4 % 14,5 % 14,4 % 10,4 % 10,6 % 10,2 % 3,4 % 3,2 % 3,5 % 

ʀʥʬʦʨʤʘʮʠʦʥʝ 
ʪʝʭʥʦʣʦʛʠʿʝ 

6,1 % 5,9 % 6,1 % 3,6 % 3,5 % 3,7 % 2,6 % 1,5 % 3,0 % 

ʇʨʘˁʝ ʠ ʩʫʰʝˁʝ ʚʝʰʘ 13,6 % 14,7 % 13,2 % 10,7 % 12,1 % 10,0 % 3,1 % 3,1 % 3,1 % 

ɻʨʝʿʘˁʝ       22,5 % 20,8 % 23,0 % 64,2 % 59,1 % 65,8 % 

ʉʘʥʠʪʘʨʥʘ ʪʦʧʣʘ ʚʦʜʘ 7,1 % 7,0 % 7,2 % 4,0 % 4,5 % 3,8 % 6,3 % 7,6 % 5,8 % 

ʆʩʪʘʣʦ 3,7 % 3,6 % 3,7 % 5,8 % 7,3 % 5,1 % 1,5 % 1,0 % 1,7 % 

ʅʠʿ ʝ ʧʦʟʥʘʪʦ 9,7 % 10,0 % 9,8 % 7,9 % 7,4 % 8,7 % 1,2 % 4,8 % 0,2 % 

   

  ʀ ʢʦʥʘʯʥʦ, ʧʦʩʣʝʜˁʠ ʧʦʜʘʮʠ ʜʦʣʘʟʝ ʠʟ ɸʫʩʪʨʘʣʠʿʝ. ʅʘ ʉʣ. 3.11 ʧʨʠʢʘʟʘʥ ʿʝ ʜʠʿʘʛʨʘʤ 

ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʦʰˁʝ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʫ ɸʫʩʪʨʘʣʠʿʠ [69]. 

  ʆʯʝʢʠʚʘʥʦ, ʫ ɸʫʩʪʨʘʣʠʿʠ ʩʝ ʥʘʿʚʝ˂ʠ ʜʝʦ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʨʠʩʪʠ ʟʘ ʭʣʘʹʝˁʝ 

ʧʨʦʩʪʦʨʠʿʘ, ʯʘʢ 40%, ʜʦʢ ʩʝ ʟʘ ʧʨʠʧʨʝʤʫ ʩʘʥʠʪʘʨʥʝ ʪʦʧʣʝ ʚʦʜʝ ʢʦʨʠʩʪʠ 23% ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ. ʀʟ ʜʦʙʠʿʝʥʠʭ ʧʦʜʘʪʘʢʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ʧʦʪʝʥʮʠʿʘʣʠ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ ʫ ɸʫʩʪʨʘʣʠʿʠ ʚʝʦʤʘ ʟʥʘʯʘʿʥʠʿʠ. ʀʥʪʝʨʝʩʘʥʪʘʥ ʿʝ ʧʨʠʤʝʨ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ 

ʧʨʝʜʫʟʝ˂ʘ Ausgrid ʢʦʿʝ ʥʘʧʘʿʘ ʮʝʥʪʘʨ ʉʠʜʥʝʘʿ ʛʜʝ ʩʝ ʝʣʝʢʪʨʠʯʥʠ ʙʦʣʿʝʨʠ ʚʝ˂ ʢʦʨʠʩʪʝ ʟʘ 

ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ [70]. 
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ʉʣ. 3.11 ʉʪʨʫʢʪʫʨʘ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʫ ɸʫʩʪʨʘʣʠʿʠ (ʠʟʚʦʨ: Energy Rating, 

ɸʫʩʪʨʘʣʠʿʘ) 

 ʀʟ ʧʨʠʢʘʟʘʥʠʭ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʟʘ ʩʘʛʣʝʜʘʚʘˁʝ 

ʢʘʧʘʮʠʪʝʪʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʥʝʦʧʭʦʜʥʦ ʧʦʟʥʘʚʘʪʠ ʪʠʧ ʧʦʪʨʦʰˁʝ ʘʣʠ ʠ ʢʣʠʤʘʪʩʢʝ 

ʫʩʣʦʚʝ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʧʨʝ ʧʨʠʤʝʥʝ ʪʝʭʥʠʢʘ ʫʧʨʘʚˀʘˁ ʘ ʧʦʪʨʦʰˁʦʤ ʫ ʦʜʨʝʹʝʥʦʤ ʩʠʩʪʝʤʫ 

ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʜʝʪʘˀʥʫ ʘʥʘʣʠʟʫ ʨʘʩʧʦʣʦʞʠʚʠʭ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ˁʝʥʦ ʩʧʨʦʚʦʹʝˁ ʝ.  

3.3.2 ʉʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʜʠʿʘʛʨʘʤ ʫʧʨʘʚˀʠʚʝ 

ʧʦʪʨʦʰˁʝ 

 ʉʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʚʝʦʤʘ ʩʫ ʚʘʞʥʠ ʩʘ ʘʩʧʝʢʪʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰʦˁʤ. 

ʋʧʦʪʨʝʙʦʤ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ, ʜʝʦ ʥʝʫʧʨʘʚˀʠʚʝ ʧʦʪʨʦʰˁʝ ʤʦʞʝ ʩʝ 

ʧʨʝʙʘʮʠʚʘʪʠ ʠʟ ʿʝʜʥʦʛ ʩʘʪʘ ʫ ʜʨʫʛʠ ʠ ʪʠʤʝ ʦʥ ʧʦʩʪʘʿʝ ʜʝʦ ʫʧʨʘʚʠˀʚʝ ʧʦʪʨʦʰˁʝ. ɺʝʦʤʘ ʿʝ 

ʟʥʘʯʘʿʥʦ ʠ ʪʦ ʰʪʦ ʿʝ ʧʫˁʝˁʝ ʠ ʧʨʘʞˁʝˁʝ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʨʝʣʘʪʠʚʥʦ 

ʬʣʝʢʩʠʙʠʣʥʦ ʧʘ ʩʝ ʤʦʞʝ ʨʝ˂ʠ ʜʘ ʦʥʦ ʧʨʝʙʘʮʫʿʝ ʜʝʦ ʥʝʫʧʨʘʚˀʠʚʝ ʧʦʪʨʦʰˁ ʝ ʫ ʧʫʥʦ-

ʫʧʨʘʚˀʠʚʫ ʧʦʪʨʦʰʫˁ. 

 ʊʨʝʥʫʪʥʦ ʩʫ ʫ ʩʚʝʪʫ ʨʘʟʚʠʿʝʥʝ ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʠʢʝ ʟʘ ʩʢʣʘʜʠʰʪʝˁ ʝ ʝʥʝʨʛʠʿʝ. ʉʘ ʘʩʧʝʢʪʘ 

ʚʝʣʠʢʠʭ ʩʠʩʪʝʤʘ ʩʚʘʢʘʢʦ ʩʫ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʨʝʚʝʨʟʠʙʠʣʥʝ ʠ ʧʫʤʧʥʦ ʘʢʫʤʫʣʘʮʠʦʥʝ 

ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ. ʊʫ ʩʝ ʦʿʰ ʥʘʣʘʟʝ ʠ ʙʘʪʝʨʠʝʿ, ʩʠʩʪʝʤʠ ʩʘ ʢʦʤʧʨʠʤʦʚʘʥʠʤ ʚʘʟʜʫʭʦʤ, ʩʠʩʪʝʤʠ 

ʩʘ ʟʘʤʘʿʥʠʤ ʤʘʩʘʤʘ, ʛʦʨʠʚʥʝ ˂ʝʣʠʿʝ ʠʪʜ. ʇʦʨʝʜ ˁʠʭ, ʪʫ ʩʝ ʤʦʛʫ ʩʚʨʩʪʘʪʠ ʠ ʩʠʩʪʝʤʠ ʟʘ 

ʩʢʣʘʜʠhʪʝˁʝ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʢʘʦ ʠ ʭʣʘʜʥʝ ʝʥʝʨʛʠʿʝ. ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʤʦʞʝ 

ʩʢʣʘʜʠʰʪʠʪʠ ʠ ʫʧʦʪʨʝʙʦʤ ʝʣʝʢʪʨʠʯʥʠʭ ʘʫʪʦʤʦʙʠʣʘ. ɽʣʝʢʪʨʠʯʥʠ ʘʫʪʦʤʦʙʠʣʠ ʪʘʢʦʝ́ ʧʦʩʝʜʫʿʫ 

ʤʦ˂ʥʝ ʙʘʪʝʨʠʿʝ ʢʦʿʝ ʙʠ ʤʦʛʣʝ ʩʠʩʪʝʤʫ ʜʘ ʧʨʫʞʝ ʫʩʣʫʛʫ ʧʨʠʣʠʢʦʤ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. 

ɺʠʰʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʩʠʩʪʝʤʠʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʤʦʞʝ ʩʝ ʥʘ˂ʠ ʫ [71]. 

 ʉʘ ʧʦʿʘʚʦʤ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ʢʦʥʮʝʧʪʘ ʤʠʢʨʦʤʨʝʞʘ ʜʦh ʣʦ 

ʿʝ ʠ ʜʦ ʥʘʛʣʦʛ ʨʘʟʚʦʿʘ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ. ʅʘ ʉʣ. 3.12 ʧʨʠʢʘʟʘʥ ʿʝ ʪʨʝʥʜ 

ʠʥʩʪʘʣʠʩʘˁʘ ʙʘʪʝʨʠʿʘ ʫ ɸʤʝʨʠʮʠ ʨʘʩʧʦʨʝʹʝʥ ʧʦ ʢʚʘʨʪʘʣʠʤʘ. ʋ ʜʨʫʛʦʤ ʢʚʘʨʪʘʣʫ 2019. 

ʛʦʜʠʥʝ, ʫʢʫʧʥʠ ʠʥʩʪʘʣʠʩʘʥʠ ʢʘʧʘʮʠʪʝʪʠ ʙʘʪʝʨʠʿʘ ʠʟʥʦʩʠʣʠ ʩʫ ʦʢʦ 2,5 GWh [72]. ʆʚʘ 

ʚʨʝʜʥʦʩʪ ʿʦʰ ʫʚʝʢ ʿʝ ʚʝʦʤʘ ʤʘʣʘ ʩʘ ʘʩʧʝʢʪʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫ ʯʠʪʘʚʦʤ ʩʠʩʪʝʤʫ, 

ʤʝʹʫʪʠʤ ʤʦʞʝ ʙʠʪʠ ʟʥʘʯʘʿʥʘ ʫ ʦʜʨʝʹʝʥʠʤ ʜʝʣʦʚʠʤʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʫ ʢʦʿʠʤʘ ʿʝ 

ʠʥʩʪʘʣʠʩʘʥ ʢʘʧʘʮʠʪʝʪ ʙʘʪʝʨʠʿʘ ʟʥʘʯʘʿʘʥ. 
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ʉʣ. 3.12 ʇʨʦʤʝʥʘ ʠʥʩʪʘʣʠʩʘʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʥʦʚʠʭ ʙʘʪʝʨʠʿʘ ʫ ʉɸɼ (ʠʟʚʦʨ: Wood Mackenzie Power & 

Renewable) 

 

 ʅʘʿʚʝʠ˂ ʪʨʝʥʜ ʧʦʨʘʩʪʘ ʠʥʩʪʘʣʠʩʘʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʙʘʪʝʨʠʿʘ ʧʨʠʩʫʪʘʥ ʿʝ ʫ ɸʫʩʪʨʘʣʠʿʠ. 

ʆʚʘʿ ʪʨʝʥʜ ʜʦʩʪʘ ʿʝ ʧʦʜʩʪʘʢʥʫʪ ʫʣʘʩʢʦʤ ʢʦʤʧʘʥʠʿʝ ʊʝʩʣʘ ʥʘ ʘʫʩʪʨʘʣʠʿʩʢʦ ʪʨʞʠʰʪʝ ʠ ʢʦʿʘ 

ʧʨʫʞʘ ʧʦʩʝʙʥʝ ʧʦʚʦʥˀʦʩʪʠ ʩʪʘʥʦʚʥʠʮʠʤʘ ʦʚʝ ʟʝʤˀʝ. ʅʘ ʉʣ. 3.13 ʧʨʠʢʘʟʘʥʠ ʩʫ ʠʩʪʦʨʠʿʩʢʠ 

ʧʦʜʘʮʠ ʦ ʧʨʦʤʝʥʠ ʠʥʩʪʘʣʠʩʘʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʙʘʪʝʨʠʿʘ ʢʘʦ ʠ ʧʨʦʛʥʦʟʝ ʜʦ 2020. ʛʦʜʠʥʝ [73]. 

ʇʨʝʤʘ ʦʧʪʠʤʠʩʪʠʯʥʠʤ ʧʨʦʛʥʦʟʘʤʘ ʦʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʢʨʘʿʝʤ 2020. ʛʦʜʠʥʝ ʠʥʩʪʘʣʠʩʘʥʠ 

ʢʘʧʘʮʠʪʝʪʠ ʙʘʪʝʨʠʿʘ ʠʟʥʦʩʠʪʠ ʦʢʦ 3 GWh. ʆʚʘʿ  ʢʘʧʘʮʠʪʝʪ ʯʠʥʠ ʩʚʝʛʘ 0,4% ʫʢʫʧʥʝ ʧʦʪʨʦʰˁʝ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ɸʫʩʪʨʘʣʠʿʝ ʪʝ ʿʝ ʟʙʦʛ ʪʦʛʘ ʧʦʪʝʥʮʠʿʘʣ ʙʘʪʝʨʠʿʘ ʿʦʰ ʫʚʝʢ ʤʘʣʠ ʩʘ 

ʘʩʧʝʢʪʘ ʯʠʪʘʚʦʛ ʩʠʩʪʝʤʘ. ʄʝ́ ʫʪʠʤ, ʩʘ ʘʩʧʝʢʪʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʫ ʢʦʿʦ ʿʩʫ ʠʥʩʪʘʣʠʩʘʥʠ 

ʢʘʧʘʮʠʪʝʪʠ ʟʥʘʯʘʿʥʠʿʠ, ʜʝʦ ʝʥʝʨʛʠʝʿ ʙʠ ʤʦʛʘʦ ʜʘ ʙʫʜʝ ʩʤʘʪʨʘʥ ʫʧʨʘʚˀʠʚʦʤ. ʋ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ, 

ʧʨʠʩʫʩʪʚʦ ʙʘʪʝʨʠʿʘ ʫ ʛʣʦʙʘʣʥʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ ˂ʝ ʙʠʪʠ ʩʚʝ ʚʝ˂ʝ, ʤʦʞʝ ʩʝ 

ʫʦʯʠʪʠ ʜʘ ʿʝ ʪʨʝʥʜ ʧʨʦʤʝʥʝ ʠʥʩʪʘʣʠʩʘʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʙʘʪʝʨʠʘʿ ʛʦʪʦʚʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʘʥ, ʪʝ ʩʝ 

ʟʙʦʛ ʪʦʛʘ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ ʤʦʞʝ ʦʯʝʢʠʚʘʪʠ ˁʠʭʦʚ ʚʝʣʠʢʠ ʟʥʘʯʘʿ ʫ ʫʧʨʘʚˀʘˁʫ 

ʧʦʪʨʦʰˁʦʤ.  

 

 

ʉʣ. 3.13 ʇʨʦʛʥʦʟʘ ʧʨʦʤʝʥʝ ʠʥʩʪʘʣʠʩʘʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʘʢʫʤʫʣʘʪʦʨʩʢʠʭ ʙʘʪʝʨʠʿʘ ʫ ɸʫʩʪʨʘʣʠʿʠ (ʠʟʚʦʨ: 

Smart Energy Council) 
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3.3.3 ʉʪʫʜʠʿʘ ʧʦʪʝʥʮʠʿʘʣʘ ʫʧʨʘʚˀʘˁ ʘ ʧʦʪʨʦʰˁ ʦʤ ʠʟʚʨʰʝʥʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʉʨʙʠʿʝ 

 ʇʨʚʘ ʘʥʘʣʠʟʘ ʦʙʫʭʚʘʪʘ ʨʝʟʫʣʪʘʪʝ ʧʨʝʫʟʝʪʝ ʠʟ ʩʪʫʜʠʿʝ ,,ʉʪʫʜʠʿʘ ʧʦʪʝʥʮʠʿʘʣʘ 

ʫʧʨʘʚʘˀˁ ʘ ʧʦʪʨʦh ˁʦʤ ʠ ʤʦʛʫ˂ʠ ʫʪʠʮʘʿ ʥʘ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ ɱʇ ɽʄʉò ʯʠʠʿ ʿʝ ʿʝʜʘʥ ʦʜ 

ʘʫʪʦʨʘ ʠ ʘʫʪʦʨ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ [74]. ʅʘ ʉʣ. 3.14 ʠ ʉʣ. 3.15 ʧʨʠʢʘʟʘʥʠ ʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ 

ʩʥʘʙʜʝʚʝʥʦʩʪʠ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʫ ʉʨʙʠʿʠ ʠ ɹʝʦʛʨʘʜʫ ʦʜʨʝʝ́ʥʠʤ ʪʠʧʦʚʠʤʘ ʝʣʝʢʪʨʠʯʥʠʭ ʫʨʝ́ʘʘʿ, 

ʧʨʠʢʘʟʘʥʠ ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ. ʅʘ ʦʙʝ ʩʣʠʢʝ ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʪʨʝʥʜ ʧʦʚʝ˂ʘˁʘ ʧʦʪʨʦʰˁʝ ʢʣʠʤʘ 

ʫʨʝʹʘʿʘ, ʤʘʰʠʥʘ ʟʘ ʧʨʘˁʝ ʩʫʜʦʚʘ ʠ ʚʝʰʘ, ʤʠʢʨʦʪʘʣʘʩʥʠʭ ʧʝʥ˂ʠʮʘ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʫʨʝʹʘʿʘ. ɿʘ 

ʫʧʨʘʚʘˀˁʝ ʧʦʪʨʦʰʦˁʤ ʥʘʨʦʯʠʪʦ ʩʫ ʟʥʘʯʘʿʥʠ ʢʣʠʤʘ ʫʨʝʹʘʿʠ ʠ ʤʘʰʠʥʝ ʟʘ ʧʨʘˁʝ ʧʦʩʫʹʘ ʠ 

ʚʝʘh ʿʝʨ ʩʝ ʫʧʨʘʚʦ ʦʚʠ ʫʨʝʹʘʿʠ ʤʦʛʫ ʩʚʨʩʪʘʪʠ ʫ ʫʧʨʘʚˀʠʚ ʜʝʦ ʧʦʪʨʦʰˁʝ. ʆʥʦ ʰʪʦ ʫ ʦʚʠʤ 

ʧʦʜʘʮʠʤʘ ʥʝʜʦʩʪʘʿʝ ʿʝ ʦʧʨʝʤˀʝʥʦʩʪ ʧʦʪʨʦʘhʯʘ ʝʣʝʢʪʨʠʯʥʠʤ ʛʨʝʿʘʝˁʤ ʢʦʨʠʰ˂ʝˁʝʤ ʊɸ ʧʝ˂ʠ 

ʠ ʝʣʝʢʪʨʠʯʥʠʭ ʙʦʣʿʝʨʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʚʝ˂ʝ ʨʝʩʫʨʩʝ ʟʘ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ.  

 

ʉʣ. 3.14 ʉʥʘʙʜʝʚʝʥʦʩʪ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʫ ʉʨʙʠʿʠ ʦʜʨʝʹʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʫʨʝʹʘʿʠʤʘ ʠʟʨʘʞʝʥʘ ʫ ʧʨʦʮʝʥʪʠʤʘ 

ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʜʦʤʘ˂ʠʥʩʪʘʚʘ (ʠʟʚʦʨ: ɿʘʚʦʜ ʟʘ ʩʪʘʪʠʩʪʠʢʫ ʉʨʙʠʿʝ) 

 

 

ʉʣ. 3.15 ʉʥʘʙʜʝʚʝʥʦʩʪ ʜʦʤʘʠ˂ʥʩʪʘʚʘ ʫ ɹʝʦʛʨʘʜʫ ʦʜʨʝʹʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʫʨʝʹʘʿʠʤʘ ʠʟʨʘʞʝʥʘ ʫ 

ʧʨʦʮʝʥʪʠʤʘ ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʜʦʤʘ˂ʠʥʩʪʘʚʘ (ʠʟʚʦʨ: ɿʘʚʦʜ ʟʘ ʩʪʘʪʠʩʪʠʢʫ ʉʨʙʠʿʝ) 
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 ʋ ʦʢʚʠʨʫ ʦʚʝ ʩʪʫʜʠʿʝ ʠʟʚʨʰʝʥʝ ʩʫ 3 ʘʥʘʣʠʟʝ. ʋ ʧʨʚʦʿ ʘʥʘʣʠʟʠ ʿʝ ʠʟʚʨʰʝʥʦ ʬʦʨʤʠʨʘˁʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦhˁʝ ʨʘʟʣʠʯʠʪʠʭ ʢʘʪʝʛʦʨʠʿʘ ʧʦʪʨʦʰʘʯʘ: ʜʦʤʘ˂ʠʥʩʪʚʘ ʫ 

ʩʝʦʩʢʠʤ ʧʦʜʨʫʯʿʠʤʘ, ʜʦʤʘ˂ʠʥʩʪʚʘ ʢʦʿʘ ʢʦʨʠʩʪʝ ʊɸ ʧʝ˂ʠ ʠ ʝʣʝʢʪʨʠʯʥʝ ʘʢʫʤʫʣʘʮʠʦʥʝ ʙʦʿʣʝʨʝ, 

ʜʦʤʘ˂ʠʥʩʪʚʘ ʢʦʿʘ ʠʤʘʿʫ ʜʘˀʠʥʩʢʦ ʛʨʝʿʘˁʝ ʠ ʪʦʧʣʫ ʚʦʜʫ, ʜʦʤʘ˂ʠʥʩʪʚʘ ʢʦʿʘ ʠʤʘʿʫ ʜʘˀʠʥʩʢʦ 

ʛʨʝʿʘˁʝ ʠ ʘʢʫʤʫʣʘʮʠʦʥʝ ʙʦʿʣʝʨʝ, ʢʦʤʝʨʮʠʿ ʘʣʥʘ ʧʦʪʨʦʰʘˁ ʠ ʠʥʜʫʩʪʨʠʿʩʢʘ ʧʦʪʨʦʰ ʘˁ. 

ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʜʠʿʘʛʨʘʤʠ ʧʨʦʨʘʯʫʥʘʪʠ ʩʫ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ. ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʦ ʨʝʘʣʥʦʿ 

ʧʦʪʨʦʰˁʠ ʟʘ ʘʥʘʣʠʟʠʨʘʥʫ ʩʝʟʦʥʫ ʠʟʚʨʰʝʥ ʿʝ ʧʨʦʨʘʯʫʥ ʩʨʝʜˁʝʛ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ. ʅʘʢʦʥ 

ʪʦʛʘ, ʧʨʦʥʘʹʝʥ ʝʿ ʨʝʘʣʥʠ ʜʘʥ ʯʠʿʝ ʿʝ ʢʚʘʜʨʘʪʥʦ ʦʜʩʪʫʧʘˁʝ ʧʦʪʨʦʰˁʝ ʤʠʥʠʤʘʣʥʦ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʦʨʘʯʫʥʘʪ ʩʨʝʜˁʠ ʜʠʿʘʛʨʘʤ. ʆʚʘʿ ʨʝʘʣʥʠ ʜʘʥ ʫʩʚʦʿʝʥ ʿʝ ʢʘʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ. 

ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʜʠʿʘʛʨʘʤʠ ʦʜʨʝʹʝʥʠ ʩʫ ʟʘ ʨʘʜʥʠ ʠ ʥʝʨʘʜʥʠ ʜʘʥ ʫ ʪʨʠ ʩʝʟʦʥʝ, ʟʘ ʤʝʩʝʮ ʤʘʿ, 

ʫʿʣ ʠ ʜʝʮʝʤʙʘʨ. ʅʘ ʉʣ. 3.16 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʤʝʨ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛ ʜʠʿʘʛʨʘʤʘ ʜʦʙʠʿʝʥʦʛ ʫ ʦʚʦ ʿ

ʘʥʘʣʠʟʠ ʟʘ ʤʝʩʝʮ ʤʘʿ ʟʘ ʨʘʜʥʠ ʜʘʥ ʟʘ ʪʠʧ ʧʦʪʨʦʰʘʯʘ ʩʝʦʩʢʘ ʧʦʪʨʦʰˁʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ 

ʧʫʙʣʠʢʦʚʘʥʠ ʠ ʧʨʠʢʘʟʘʥʠ ʫ [74,75]. 

 

ʉʣ. 3.16 ʇʨʠʤʝʨ ʦʜʨʝʹʠʚʘˁʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ ʟʘ ʨʘʜʥʠ ʜʘʥ ʟʘ ʤʝʩʝʮ ʤʘ,ʿ [74, 75] 

 

 ʋ ʜʨʫʛʦʿ ʘʥʘʣʠʟʠ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʨʦʮʝʥʫ ʫʜʝʣʘ ʧʦʪʨʦʰˁʝ ʨʘʟʣʠʯʠʪʠʭ 

ʢʘʪʝʛʦʨʠʘʿ ʧʦʪʨʦʰʘʯʘ ʫ ʫʢʫʧʥʦʿ ʧʦʪʨʦʰˁʠ ʿʝʜʥʦʛ ʢʦʥʟʫʤʘ. ʇʦʜʘʮʠ ʢʦʿʠ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʦ 

ʧʦʪʨʦʰˁʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ ʜʠʩʪʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʫ ʧʨʘʢʩʠ ʩʫ ʚʝʦʤʘ ʦʛʨʘʥʠʯʝʥʠ. 

ɼʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ ʢʘʨʘʢʪʝʨʠʰʝ ʚʨʣʦ ʥʠʟʘʢ ʥʠʚʦ ʨʝʜʫʥʜʘʥʪʥʦʩʪʠ ʤʝʨʝˁʘ (ʫ 

ʥʘʿʤʦʜʝʨʥʠʿʠʤ ʤʨʝʞʘʤʘ ʿʝ ʪʦ ʜʦ 20%). ʉʘ ʫʚʦʹʝˁʝʤ ʢʦʥʮʝʧʪʘ ʠʥʪʝʣʠʛʝʥʪʥʠʭ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʤʨʝʞʘ ʠ ʧʦʚʝ˂ʘˁʘ ʩʪʝʧʝʥʘ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ ʦʚʘ ʚʨʝʜʥʦʩʪ ʧʦʩʪʘʿʝ ʚʝ˂ʘ, 

ʤʝ́ʫʪʠʤ ʠ ʜʘˀʝ ʜʦʩʪʘ ʤʘˁʘ ʦʜ ʞʝˀʝʥʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʠʘʢʦ ʧʨʘʢʪʠʯʥʦ ʥʝʪʝʣʝʤʝʪʨʠʩʘʥʠ, 

ʠʩʪʦʨʠʿʩʢʠ ʧʦʜʘʮʠ ʦ ʧʦʪʨʦh ˁʠ ʤʦʛʫ ʩʝ ʧʨʠʙʘʚʠʪʠ ʢʦʨʠh ʝ˂ˁʝʤ ʧʘʤʝʪʥʠʭ ʙʨʦʿʠʣʘ. ʄʝʹʫʪʠʤ, 

ʫʧʦʪʨʝʙʘ ʧʘʤʝʪʥʠʭ ʙʨʦʿʠʣʘ ʦʿ  hʫʚʝʢ ʿʝ ʚʝʦʤʘ ʦʛʨʘʥʠʯʝʥʘ ʫ ʩʚʝʪʫ ʧʘ ʩʘʤʠʤ ʪʠʤ ʠ ʠʩʪʦʨʠʿʩʢʠ 

ʧʦʜʘʮʠ ʦ ʧʦʪʨʦʰˁʠ. ʎʠˀ ʧʨʠʢʘʟʘʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʿʝ ʜʘ ʩʝ ʥʘ ʥʠʚʦʫ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ 

ʰʠʨʝʛ ʢʦʥʟʫʤʘ ʠʟʚʨʰʠ ʧʨʦʮʝʥʘ ʧʦʪʨʦʰˁ ʝ ʨʘʟʣʠʯʠʪʠʭ ʢʘʪʝʛʦʨʠʿʘ ʧʦʪʨʦʰʘʯʘ. ʆʚʦ ʿʝ ʚʝʦʤʘ 

ʟʥʘʯʘʿʥʦ ʩʘ ʘʩʧʝʢʪʘ ʧʨʦʮʝʥʝ ʧʦʪʝʥʮʠʿʘʣʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʧʨʝ ʩʚʝʛʘ ʪhʦ ʩʝ ʢʘʪʝʛʦʨʠʿʝ 

ʧʦʪʨʦhʘʯʘ ʫʛʣʘʚʥʦʤ ʠʟʜʚʘʿʘʿʫ ʥʘ ʦʩʥʦʚʫ ʫʧʦʪʨʝʙʝ ʝʣʝʢʪʨʠʯʥʠʭ ʙʦʿʣʝʨʘ ʠ ʊɸ ʧʝ˂ʠ ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʚʝ˂ʝ ʨʝʩʫʨʩʝ ʟʘ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ. ʅʘ ʉʣ. 3.17 ʠʣʫʩʪʨʦʚʘʥʘ ʿʝ ʜʘʪʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘ. ʇʨʠʢʘʟʘʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʪʝʩʪʠʨʘʥʘ ʿʝ ʥʘ ʧʨʠʤʝʨʫ ɽʣʝʢʪʨʦʜʠʩʪʨʠʙʫʮʠʿʝ ʛʨʘʜʘ 

ɹʝʦʛʨʘʜʘ ʠ ˁʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʫʙʣʠʢʦʚʘʥʠ ʫ [74,76].  
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ʉʣ. 3.17 ʄʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʫʜʝʣʘ ʨʘʟʣʠʯʠʪʠʭ ʢʘʪʝʛʦʨʠʿʘ ʧʦʪʨʦʰˁʝ ʫ ʫʢʫʧʥʦʿ ʧʦʪʨʦʰʠˁ 

ʢʦʥʟʫʤʘ, [74, 76] 

 

 ʋ ʪʨʝ˂ʦʿ ʘʥʘʣʠʟʠ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʜʝʢʦʤʧʦʟʠʮʠʿʫ ʧʦʪʨʦh ˁʝ ʿʝʜʥʦʛ 

ʢʦʥʟʫʤʘ. ʀʜʝʿʘ ʧʨʠʢʘʟʘʥʘ ʫ ʦʚʦʿ ʘʥʘʣʠʟʠ ʿʝ ʩʣʝʜʝ˂ʘ. ʇʨʠʤʝʥʦʤ ʥʝʫʨʘʣʥʠʭ ʤʨʝʞʘ ʢʦʿʠʤʘ ʩʝ ʥʘ 

ʫʣʘʟʝ ʜʦʚʦʜʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʫʪʠʮʘʿʥʝ ʚʝʣʠʯʠʥʝ, ʦʜʨʝʹʫʿʫ ʩʝ ʢʦʝʬʠʮʠʿʝʥʪʠ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ 

ʧʦʪʨʦʰʘʯʘ ʫ ʫʢʫʧʥʦʤ ʜʠʿʘʛʨʘʤʫ ʧʦʪʨʦʰˁʝ. ɼʘ ʙʠ ʩʝ ʥʝʫʨʘʣʥʘ ʤʨʝʞʘ ʦʩʧʦʩʦʙʠʣʘ, ʫ ʧʨʚʦʤ 

ʢʦʨʘʢʫ ʩʝ ʤʦʨʘ ʠʟʚʨʰʠʪʠ ˁʝʥʦ ʪʨʝʥʠʨʘˁʝ. ɿʘ ʪʨʝʥʠʨʘˁʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ ʢʦʨʠʩʪʝ ʩʝ ʧʦʜʘʮʠ 

ʢʘʦ ʰʪʦ ʩʫ ʚʝʟʘ ʠʟʤʝʹʫ ʥʘʧʦʥʘ, ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʘʥʘʣʠʟʠʨʘʥʦʛ ʯʚʦʨʘ ʠ ʫʜʝʣʘ 

ʧʦʪʨʦʰˁʝ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʧʦʪʨʦʰʘʯʘ ʫ ʪʦʿ ʧʦʪʨʦh ʠˁ. ʇʦʨʝʜ ʪʦʛʘ, ʥʝʫʨʘʣʥʦʿ ʤʨʝʞʠ ʩʝ ʥʘ 

ʫʣʘʟʫ ʜʦʚʦʜʝ ʠ ʠʥʬʦʨʤʘʮʠʝʿ ʦ ʪʝʤʧʝʨʘʪʫʨʠ. ɸʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʧʦʣʠʥʦʤʩʢʠ ʤʦʜʝʣ 

ʧʦʪʨʦh ˁʝ (ZIP), ʟʘ ʩʚʘʢʠ ʪʠʧ ʧʦʪʨʦʰʘʯʘ ʤʦʛʫ˂ʝ ʿʝ ʬʦʨʤʠʨʘʪʠ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʦ ʪʦʤʝ ʢʘʢʦ ʝ˂ 

ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʦ ʥʘʧʦʥʠʤʘ ʫʪʠʮʘʪʠ ʥʘ ʧʦʪʨʦʰʫˁ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ. ɿʘʪʠʤ ʩʝ 

ʧʦʪʨʦʰˁʘ ʩʚʠʭ ʪʠʧʦʚʘ ʧʦʪʨʦʰʘʯʘ ʘʛʨʝʛʠʨʘ ʠ ʥʘ ʦʩʥʦʚʫ ˁʝ ʩʝ ʜʦʙʠʿʘ ʠʟʣʘʟ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ. 

ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʧʦʜʘʪʘʢʘ ʩʝ ʚʨʰʠ ʪʨʝʥʠʨʘˁʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ. ʀʩʪʨʝʥʠʨʘʥʦʿ ʥʝʫʨʘʣʥʦʿ 

ʤʨʝʞʠ ʩʝ ʟʘʪʠʤ ʢʘʦ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʜʦʚʦʜʝ ʜʠʿ ʘʛʨʘʤʠ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ, ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ, 

ʥʘʧʦʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʦʥʘ ʦʜʨʝʹʫʿʝ ʫʜʝʦ ʩʚʘʢʦʛ ʪʠʧʘ ʧʦʪʨʦʰʘʯʘ ʫ ʫʢʫʧʥʦʤ 

ʜʠʿʘʛʨʘʤʫ ʧʦʪʨʦʰˁʝ. ʅʘ ʉʣ. 3.18 ʧʨʠʢʘʟʘʥʘ ʿʝ ʠʣʫʩʪʨʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ. 

ʈʝʟʫʣʪʘʪʠ ʦʚʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʩʫ ʧʫʙʣʠʢʦʚʘʥʠ ʠ ʫ [74,77]. ʉʣʠʯʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʠ 

ʫ ʨʘʜʫ [78]. 

 

ʉʣ. 3.18 ʇʨʠʢʘʟ ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʫʜʝʣʘ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʧʦʪʨʦʰˁʝ ʢʦʨʠh˂ ʝˁʝʤ ʥʝʫʨʘʣʥʠʭ 

ʤʨʝʞʘ, [74, 77] 
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 ʅʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠʟʚʨʰʝʥʘ ʿʝ ʧʨʦʮʝʥʘ ʫʧʨʘʚˀʠʚʦʛ ʠ ʥʝʫʧʨʘʚˀʠʚʦʛ ʜʝʣʘ 

ʧʦʪʨʦʰˁʝ ʧʨʠʢʘʟʘʥʘ ʟʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʜʘʥʝ. ʆʚʠ ʜʠʿʘʛʨʘʤʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʇʨʠʣʦʛʫ 1 [74]. 

ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʨʝʟʫʣʪʘʪʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʫʜʝʦ ʫʧʨʘʚˀʠʚʝ ʧʦʪʨʦʰˁʝ ʫ ʉʨʙʠʿʠ 

ʠʟʤʝʹʫ 20 ʠ 40%, ʟʘʚʠʩʥʦ ʦʜ ʜʦʙʘ ʜʘʥʘ.  

3.3.4 ɼʝʢʦʤʧʦʟʠʮʠʿʘ ʧʦʪʨʦʰˁʝ ʫ ʥʘʫʯʥʠʤ ʨʘʜʦʚʠʤʘ 

 ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʥʘʚʝʜʝʥʦ ʫ ʧʨʝʪʭʦʜʥʠʤ ʜʝʣʦʚʠʤʘ ʦʚʦʛ ʧʦʛʣʘʚˀʘ, ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʦ 

ʧʦʪʝʥʮʠʿʘʣ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʚʦ ʠʟʚʨʰʠʪʠ ʜʝʢʦʤʧʦʟʠʮʠʿʫ ʧʦʪʨʦʰˁʝ ʘ 

ʟʘʪʠʤ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʦʜʨʝʜʠʪʠ ʢʦʠʿ ʜʝʦ ʧʦʪʨʦʰˁʝ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʫʧʨʘʚˀʠʚʠʤ ʘ ʢʦʿʠ ʥʝ. ʋ 

ʦʚʦʤ ʜʝʣʫ, ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʠʟʚʝʰʪʘʿʘ/ʨʘʜʦʚʘ/ʜʠʩʝʨʪʘʮʠʿʘ ʢʦʿʝ ʩʝ ʙʘʚʝ ʦʚʦʤ ʪʝʤʘʪʠʢʦʤ.  

 ʋ ʨʝʬʝʨʝʥʮʠ [79] ʜʘʪ ʿʝ ʠʟʚʝʰʪʘʿ ʫ ʦʢʚʠʨʫ ʢʦʿʝʛ ʩʫ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘʘˁ 

ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʦʰˁʝ ʫ ʋʿʝʜʠˁʝʥʦʤ ʢʨʘˀʝʚʩʪʚʫ. ʎʠˀ  ʦʚʦʛ ʠʟʚʝʰʪʘʿʘ ʿʝ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʿʘʣʘ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫ ʮʠˀʫ ʩʤʘˁʠʚʘˁʘ ʚʨʰʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʆʚʘʿ ʠʟʚʝʰʪʘʿ ʜʝʪʘˀʥʠʿʝ 

ʧʨʠʢʘʟʫʿʝ ʩʪʨʫʢʪʫʨʫ ʧʦʪʨʦʰˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʠʘʿʛʨʘʤʝ ʧʨʠʢʘʟʘʥʝ ʫ ʉʝʢʮʠʿʠ 3.3.1. ʋ ʠʟʚʝʰʪʘʿ ʫ 

ʩʫ ʧʨʠʢʘʟʘʥʠ ʢʘʨʘʢʪʝʨʠʯʥʠ ʜʥʝʚʥʠ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʧʦʪʨʦʰʘʯʘ 

(ʜʦʤʘ˂ʠʥʩʪʚʘ, ʢʦʤʝʨʮʠʿʘʣʥʘ ʠ ʠʥʜʫʩʪʨʠʿʩʢʘ ʧʦʪʨʦʰˁʘ), ʟʘʿʝʜʥʦ ʩʘ ʜʝʢʦʤʧʦʥʦʚʘʥʦʤ ʩʥʘʛʦʤ 

ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʫʨʝ́ ʘʘʿ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʤʦʛʫ˂ʝ ʿʝ ʚʠʜʝʪʠ ʢʦʣʠʢʘ ʿʝ ʟʘʠʩʪʘ ʧʦʪʨʦʰˁʘ 

ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʫʨʝʹʘʿʘ ʫ ʩʚʘʢʦʤ ʩʘʪʫ, ʯʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʧʨʚʠ ʢʦʨʘʢ ʢʘ ʦʜʨʝʹʠʚʘʫˁ 

ʫʧʨʘʚˀʠʚʦʛ ʠ ʥʝʫʧʨʘʚˀʠʚʦʛ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ. ʅʘ ʉʣ. 3.19 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʤʝʨ ʜʠʘʿʛʨʘʤʘ 

ʧʦʪʨʦʰˁʝ ʜʦʤʘ˂ʠʥʩʪʚʘ ʧʦʜʝˀʝʥʦʛ ʥʘ ʨʘʟʣʠʯʠʪʝ ʢʘʪʝʛʦʨʠʿʝ ʧʦʪʨʦʘhʯʘ.  

 ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʦʛ ʠʟʚʝʰʪʘʿʘ, ʫ ʨʘʜʫ [80] ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʘʣʥʠ ʜʠʘʿʛʨʘʤʠ 

ʧʦʪʨʦh ˁʝ ʨʘʟʣʠʯʠʪʠʭ ʫʨʝʘ́ʿʘ (ʚʝʰ ʤʘʰʠʥʘ, ʤʘʰʠʥʘ ʟʘ ʩʫʰʝˁʝ ʚʝʰʘ, ʢʣʠʤʘ ʫʨʝʹʘʿʠ, 

ʝʣʝʢʪʨʠʯʥʠ ʙʦʿʣʝʨʠ, ʝʣʝʢʪʨʠʯʥʠ ʰʧʦʨʝʪʠ, ʬʨʠʞʠʜʝʨʠ ʠ ʤʘʰʠʥʝ ʟʘ ʧʨʘˁʝ ʧʦʩʫ́ʘ) ʥʘ ʥʠʚʦʫ 

ʿʝʜʥʦʛ ʜʦʤʘ˂ʠʥʩʪʚʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʿʝ ʦʜʨʝʹʝʥ ʠ ʧʦʪʝʥʮʠʿʘʣ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. 

 

ʉʣ. 3.19 ʉʪʨʫʢʪʫʨʘ ʧʦʪʨʦʰˁʝ ʜʦʤʘ˂ʠʥʩʪʚʘ ʫ ʋʿʝʜʠˁʝʥʦʤ ʢʨʘˀʝʚʩʪʚʫ, [79] 

 

  ʋ ʜʠʩʝʨʪʘʮʠʿʠ [81] ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʢʦʘʿ ʠʤʘ ʟʘ ʮʠˀ ʜʝʢʦʤʧʦʟʠʮʠʿʫ 

ʧʦʪʨʦʰˁʝ ʠ ʦʜʨʝʹʠʚʘˁʝ ʫʧʨʘʚˀʠʚʦʛ ʠ ʥʝʫʧʨʘʚˀʠʚʦʛ ʜʝʣʘ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝ 

ʙʘʟʠʨʘʥʘ ʥʘ ʥʝʫʨʘʣʥʠʤ ʤʨʝʞʘʤʘ ʠ ʫ ʦˁʿ ʿʝ ʘʥʘʣʠʟʠʨʘʥʦ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʧʦʢʨʠʚʝʥʦʩʪ ʧʘʤʝʪʥʠʤ 

ʙʨʦʿʠʣʠʤʘ ʫʪʠʯʝ ʥʘ ʛʨʝʰʢʫ ʫ ʧʨʦʮʝʥʠ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʧʦʪʨʦʰˁʝ, ʢʘʦ ʠ ʫʧʨʘʚˀʠʚʦʛ ʠ 
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ʥʝʫʧʨʘʚˀʠʚʦʛ ʜʝʣʘ. ɼʘ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʜʝʢʦʤʧʦʟʠʮʠʿʘ, ʩʚʘ ʧʦʪʨʦʰˁʘ ʿʝ ʧʦʜʝˀʝʥʘ ʥʘ ʰʝʩʪ 

ʢʘʪʝʛʦʨʠʿʘ: ʿʝʜʥʦʬʘʟʥʠ ʠʥʜʫʢʮʠʦʥʠ ʤʦʪʦʨʠ ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ ʤʦʤʝʥʪʦʤ (CTIM1), ʿʝʜʥʦʬʘʟʥʠ 

ʠʥʜʫʢʮʠʦʥʠ ʤʦʪʦʨʠ ʩʘ ʢʚʘʜʨʘʪʥʠʤ ʤʦʤʝʥʪʦʤ (QTIM1) ʫʧʨʘʚˀʠʚʘ ʨʝʟʠʩʪʠʚʥʘ ʧʦʪʨʦh ˁʘ (RC), 

ʥʝʫʧʨʘʚˀʠʚʘ ʨʝʟʠʩʪʠʚʥʘ ʧʦʪʨʦʰˁʘ (RUC), ʝʣʝʢʪʨʦʥʩʢʠ ʫʨʝ́ʘʠʿ (SMPS) ʠ ʦʩʚʝʪˀʝˁʝ 

(Lighting). ʇʨʚʝ ʪʨʠ ʢʘʪʝʛʦʨʠʿʝ ʩʤʘʪʨʘʿʫ ʩʝ ʫʧʨʘʚˀʠʚʠʤ ʘ ʜʨʫʛʝ ʪʨʠ ʥʝʫʧʨʘʚʠˀʚʠʤ. ʅʘ 

ʦʩʥʦʚʫ ʧʦʟʥʘʪʠʭ ʤʝʨʝˁʘ ʠʟ ʧʘʤʝʪʥʠʭ ʙʨʦʿʠʣʘ ʦ ʧʦʪʨʦh ˁʠ ʩʚʘʢʝ ʦʜ ʥʘʚʝʜʝʥʝ ʢʘʪʝʛʦʨʠʿʝ ʚʨʰʠ 

ʩʝ ʪʨʝʥʠʨʘˁʝ ʥʝʫʨʘʣʥʝ ʤʨʝʞʝ. ʅʘʢʦʥ ʪʦʛʘ, ʠʩʪʨʝʥʠʨʘʥʘ ʥʝʫʨʘʣʥʘ ʤʨʝʞʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʦʰˁʝ ʚʝ˂ʝʛ ʜʝʣʘ ʢʦʥʟʫʤʘ ʢʦʿʠ ʥʠʿʝ ʧʦʢʨʠʚʝʥ ʧʘʤʝʪʥʠʤ 

ʙʨʦʿʠʣʠʤʘ. ʅʘ ʉʣ. 3.20 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʤʝʨ ʜʦʙʠʿʝʥʝ ʜʝʢʦʤʧʦʥʦʚʘʥʝ ʧʦʪʨʦʰʝˁ ʥʘ ʧʨʠʤʝʨʫ 

ʿʝʜʥʦʛ ʢʦʥʟʫʤʘ.  

 

ʉʣ. 3.20 ɼʝʢʦʤʧʦʥʦʚʘʥʘ ʧʦʪʨʦʰˁʘ, [81] 

 

 ʅʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʜʝʢʦʤʧʦʥʦʚʘʥʠʭ ʧʦʪʨʦʰˁʠ ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʜʠʪʠ ʥʝʫʧʨʘʚˀʠʚ ʠ 

ʫʧʨʘʚˀʠʚ ʜʝʦ ʧʦʪʨʦʰˁʝ. ʇʨʝʤʘ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʥʘ ʦʩʥʦʚʫ ʨʝʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʦ ʝʿ ʠ 

ʚʝʨʠʬʠʢʦʚʘʥʦ ʜʘ ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ ʫʧʨʘʚˀʠʚ ʜʝʦ ʧʦʪʨʦʰˁʝ ʫ ʩʚʘʢʦʤ ʩʘʪʫ ʠʟʥʦʩʠ ʠʟʤʝ́ʫ 

15% ʠ 50% ʫʢʫʧʥʝ ʧʦʪʨʦʰˁʝ. ʉʣʠʯʘʥ ʨʝʟʫʣʪʘʪ ʜʦʙʠʿʝʥ ʿʝ ʠ ʫ ʜʠʩʝʨʪʘʮʠʿʠ [82]. ʆʚʠ 

ʨʝʟʫʣʪʘʪʠ ʩʣʠʯʥʠ ʩʫ ʜʦʙʠʿʝʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʥʘ ʧʨʠʤʝʨʫ ʉʨʙʠʿ ʝ, [74].  
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4. ʆʇʊʀʄɸʃʅʆ ʇʈʆʉʊʆʈʅʆ ʀ ɺʈɽʄɽʅʉʂʆ ʋʇʈɸɺɲɸɳɽ 
ʇʆʊʈʆʐɳʆʄ ʋ ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʉʂʆʄ ʉʀʉʊɽʄʋ ʉɸ 
ʆɹʅʆɺɲʀɺʀʄ ʀɿɺʆʈʀʄɸ ɽʅɽʈɻʀɱɽ 

 

ʋ ʧʨʝʪʭʦʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʢʘʦ ʘʣʘʪ ʧʦʤʦ˂ʫ 

ʢʦʝʿʛ ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʦʛ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʠʤʘʿʫ ʜʦʜʘʪʥʠʭ ʨʝʩʫʨʩʘ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʩʠʩʪʝʤʘ. ʋʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʠʟ ʜʚʘ ʨʘʟʣʦʛʘ. ʇʨʚʠ 

ʨʘʟʣʦʛ ʿʝ ʩʤʘˁʠʚʘˁʝ ʚʨʰʥʦʛ ʦʧʝʪʝʨʝʝ˂ˁʘ ʠ ʧʦʤʝʨʘˁʝ ʧʦʪʨʦʰˁʝ ʫ ʩʘʪʝ ʩʘ ʤʘˁʠʤ 

ʦʧʪʝʨʝ˂ʝˁʝʤ. ʉʤʘˁʠʚʘˁʝ ʚʨʰʥʦʛ ʦʧʪʝʨʝ˂ʝʘˁ ʥʦʩʠ ʙʨʦʿʥʝ ʙʝʥʝʬʠʪʝ ʩʘ ʘʩʧʝʢʪʘ ʫʧʨʘʚˀʘˁʘ 

ʩʠʩʪʝʤʦʤ. ʇʨʚʦ, ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʦʜʣʘʞʫ ʜʦʜʘʪʥʝ ʠʥʚʝʩʪʠʮʠʿʝ ʫ ʧʦʿʘʯʘʚʘˁʝ ʦʧʨʝʤʝ ʯʠʤʝ ʩʝ 

ʧʦʩʪʠʞʝ ʜʠʨʝʢʪʥʘ ʬʠʥʘʥʩʠʿʩʢʘ ʜʦʙʠʪ. ɼʨʫʛʦ, ʦʙʘʨʘˁʝʤ ʚʨʰʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʩʤʘˁʫʿʫ ʩʝ ʠ 

ʪʨʦhʢʦʚʠ ʥʝʦʧʭʦʜʥʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʩʫ ʥʘʿʚʝ˂ʠ ʫʧʨʘʚʦ ʫ ʩʘʪʠʤʘ ʩʘ 

ʚʨʰʥʠʤ ʦʧʪʝʨʝʝ˂ˁʝʤ. ʂʦʥʘʯʥʦ, ʩʤʘˁʠʚʘˁʝ ʚʨʰʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʯʝʩʪʦ ʩʝ ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ 

ʠʟʛʨʘʜˁʦʤ ʝʣʝʢʪʨʘʥʝ ʠʩʪʝ ʩʥʘʛʝ, ʯʠʤʝ ʩʝ ʪʘʢʦ́ʝ ʩʤʘˁʫʿʫ ʥʝʦʧʭʦʜʥʝ ʥʦʚʝ ʠʥʚʝʩʪʠʮʠʿʝ. ɼʨʫʛʠ 

ʨʘʟʣʦʛ ʫʧʦʪʨʝʙʝ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʿʝ ʠʥʪʝʛʨʘʮʠʿʘ ʆʀɽ. ʆʀɽ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʠʥʪʝʨʤʠʪʝʥʪʥʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ ʯʠʿʦʤ ʩʝ ʤʘʢʩʠʤʘʣʥʦʤ ʩʥʘʛʦʤ ʥʝ ʤʦʞʝ ʫʧʨʘʚˀʘʪʠ ʠ ʦʥʘ 

ʟʘʚʠʩʠ ʦʜ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʧʨʠʤʘʨʥʦʛ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿ ʝ. ʆʚʦ ʩʪʚʘʨʘ ʙʨʦʿʥʝ ʧʨʦʙʣʝʤʝ 

ʩʠʩʪʝʤʫ. ʇʨʚʦ, ʜʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʩʪʘʙʠʣʥʦʩʪ ʩʠʩʪʝʤʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʚʝʢ ʠʤʘʪʠ ʥʘ 

ʨʘʩʧʦʣʘʛʘˁʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʝʣʝʢʪʨʘʥʝ ʢʦʿ ʝ ˂ʝ ʥʘʜʦʤʝʩʪʠʪʠ ʥʝʜʦʩʪʘʪʘʢ ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ. 

ʄʘʢʩʠʤʘʣʥʘ ʨʘʩʧʦʣʦʞʠʚʘ ʩʥʘʛʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʠʟʚʦʨʘ ʤʦʨʘ ʙʠʪʠ ʜʠʤʝʥʟʠʦʥʠʩʘʥʘ ʪʘʢʦ ʜʘ 

ʧʨʫʞʠ ʧʦʜʨʰʢʫ ʩʠʩʪʝʤʫ ʫ ʩʘʪʠʤʘ ʩʘ ʤʠʥʠʤʘʣʥʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ ʆʀɽ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, 

ʜʠʘʿʛʨʘʤ ʧʨʦʠʟʚʦʜˁʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʧʦʩʪʘʿʝ ʟʥʘʯʘʿʥʦ ʥʝʨʘʚʥʦʤʝʨʥʠʿʠ ʰʪʦ 

ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ˁʠʭʦʚʫ ʝʢʦʥʦʤʠʿʫ ʠ ʩʘ ʘʩʧʝʢʪʘ ʠʥʚʝʩʪʠʮʠʦʥʠʭ ʪʨʦʰʢʦʚʘ ʠ ʩʘ ʘʩʧʝʢʪʘ 

ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʦʰʢʦʚʘ. ʅʘ ʉʣ. 4.1 ʧʨʠʢʘʟʘʥ ʿʝ ʜʠʿʘʛʨʘʤ ʥʝʪʦ ʧʦʪʨʦʰˁʝ ʫ ʂʘʣʠʬʦʨʥʠʿ ʠ [83]. 

ɺʝʣʠʢʠ ʧʦʨʘʩʪ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʠʟʚʦʨʘ ʜʦʚʝʣʘ ʿʝ ʜʦ 

ʚʝʣʠʢʦʛ ʜʝʬʦʨʤʠʩʘˁʘ ʢʨʠʚʝ ʥʝʪʦ ʧʦʪʨʦʰˁʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʤʠʥʠʤʫʤ ʧʦʪʨʦh ʝˁ ʜʦʩʪʠʞʝ ʦʢʦ 

ʧʦʜʥʝʚʥʠʭ ʩʘʪʠ ʘ ʥʘʢʦʥ ʯʝʛʘ ʜʦʣʘʟʠ ʜʦ ʥʘʛʣʦʛ ʧʦʨʘʩʪʘ ʧʦʪʨʦʰˁʝ. ʆʚʘʢʚʘ ʢʨʠʚʘ ʩʝ ʫ 

ʘʤʝʨʠʯʢʦʤ ʞʘʨʛʦʥʫ ʥʘʟʠʚʘ ʿʦʰ ʠ duck curve ʟʙʦʛ ʪʦʛʘ ʰʪʦ ˁʝʥ ʦʙʣʠʢ ʩʚʝ ʚʠʰʝ ʧʦʜʩʝ˂ʘ ʥʘ 

ʧʘʪʢʫ ʢʦʘʿ ʧʣʠʚʘ ʿʝʟʝʨʦʤ.  

 

ʉʣ. 4.1 ɼʠʿʘʛʨʘʤ ʥʝʪʦ ʧʦʪʨʦʰˁʝ ʫ ʂʘʣʠʬʦʨʥʠʿʠ (ʠʟʚʦʨ: California ISO) 

 

  ʇʦʨʝʜ ʙʨʦʿʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʝʢʦʥʦʤʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʚʘʢʚʝ ʧʦʪʨʦʰˁʝ, ʦʚʜʝ ʩʝ ʧʦ 

ʧʨʘʚʠʣʫ ʿʘʚʘˀʿ ʫ ʠ ʙʨʦʿʥʝ ʧʦʪʝʰʢʦ˂ʝ ʪʝʭʥʠʯʢʝ ʧʨʠʨʦʜʝ. ʅʘʠʤʝ, ʚʝ˂ʠʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ 
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ʝʣʝʢʪʨʘʥʘ ʢʘʨʘʢʪʝʨʠʰʝ ʤʘʢʩʠʤʘʣʥʦ ʧʦʚʝ˂ʘˁʝ ʩʥʘʛʝ ʫ ʿʝʜʥʦʤ ʩʘʪʫ, ʪʘʢʦʟʚʘʥʠ ramp rate. ʉʘ 

ʧʦʚʝ˂ʘˁʝʤ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ ʤʠʥʠʤʫʤ ʧʦʪʨʦʰˁʝ ʩʚʝ ʚʠhʝ ʦʧʘʜʘ ʫ 

ʧʦʜʥʝʚʥʠʤ ʩʘʪʠʤʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʘʜʘ ʜʦʹʝ ʜʦ ʟʘʣʘʩʢʘ ʩʫʥʮʘ, ʜʦʣʘʟʠ ʠ ʜʦ ʨʝʣʘʪʠʚʥʦ ʙʨʟʦʛ 

ʧʘʜʘ ʧʨʦʠʟʚʦʜˁ ʝ ʠʟ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ. ʂʘʢʦ ʧʦʪʨʦʰˁʘ ʦʙʠʯʥʦ ʫ ʪʠʤ ʩʘʪʠʤʘ ʥʘʩʪʘʚˀʘ 

ʜʘ ʨʘʩʪʝ, ʜʦʣʘʟʠ ʜʦ ʥʘʛʣʦʛ ʧʦʨʘʩʪʘ ʫʢʫʧʥʝ ʥʝʪʦ ʧʦʪʨʦʰˁʝ (ʧʦʪʨʦʰˁʘ ï ʧʨʦʠʟʚʦʜʘˁ ʠʟ 

ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ) ʧʨʠ ʯʝʤʫ ʩʝ ʥʘʤʝ˂ʝ ʠ ʧʦʪʨʝʙʘ ʟʘ ʥʘʛʣʠʤ ʧʦʨʘʩʪʦʤ ʧʨʦʠʟʚʦʜˁʝ ʠʟ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʋ ʧʨʠʤʝʨʫ ʥʘ ʩʣʠʮʠ ʜʦʣʘʟʠ ʜʦ ʧʦʨʘʩʪʘ ʥʝʪʦ ʩʥʘʛʝ ʦʜ 13 GW ʟʘ 3 

ʩʘʪʘ, ʰʪʦ ʟʘʭʪʝʚʘ ʙʨʟʠ ʧʦʨʘʩʪ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ. ʂʘʢʦ ʿʝ ʦʚʦ ʫ ʤʥʦʛʠʤ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʝʣʝʢʪʨʘʥʘʤʘ ʛʦʪʦʚʦ ʥʝʠʟʚʦʜʠˀʚʦ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʤʘˁʠʪʠ ʪʨʝʥʜ ʧʦʨʘʩʪʘ 

ʩʥʘʛʝ ʫ ʧʦʩʣʝ ʧʦʜʥʝʚʥʠʤ ʩʘʪʠʤʘ ʰʪʦ ʿʝ ʤʦʛʫʝ˂ ʠʟʚʨhʠʪʠ ʩʘʤʦ ʧʦʨʘʩʪʦʤ ʥʝʪʦ ʧʦʪʨʦʰˁʝ ʦʢʦ 

ʧʦʜʥʝʚʘ. ʆʚʦ ʩʝ ʥʘʿʯʝʰ˂ʝ ʫ ʧʨʘʢʩʠ ʠʟʚʦʜʠ ʩʤʘˁʠʚʘˁʝʤ ʨʘʩʧʦʣʦʞʠʚʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ 

ʦʙʥʦʚʠˀʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʠ ˁʠʭʦʚʦ ʫʯʝʰ˂ʝ ʫ ʫʢʫʧʥʦʿ  ʧʨʦʠʟʚʦʜˁʠ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʋʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁ ʦʤ ʤʦʛʣʦ ʙʠ ʜʘ ʨʝʰʠ ʦʚʘʿ ʧʨʦʙʣʝʤ. ʋʧʨʘʚˀʘˁʝʤ 

ʧʦʪʨʦʰˁʦʤ, ʧʦʪʨʦʰˁʘ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʤʦʞʝ ʧʦʤʝʨʠʪʠ ʠʟ ʩʘʪʘ ʩʘ ʤʘʣʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ 

ʆʀɽ ʫ ʩʘʪʝ ʩʘ ʚʝʣʠʢʦʤ ʧʨʦʠʟʚʦʜʦˁʤ ʠʟ ʆʀɽ, ʯʠʤʝ ʙʠ ʩʝ ʥʘʩʪʘʣʘ ʜʦʣʠʥʘ ʧʦʧʫʥʠʣʘ, ʘ ʚʨʭ 

ʥʝʪʦ ʧʦʪʨʦʰˁʝ ʙʠ ʩʝ ʩʤʘˁʠʦ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʥʝʪʦ ʜʠʿʘʛʨʘʤ ʧʦʪʨʦhˁ ʝ ʙʠ ʙʠʦ ʨʘʚʥʠʿʠ ʯʠʤʝ 

ʙʠ ʩʝ ʧʦʩʪʠʛʣʠ ʙʨʦʿʥʠ ʙʝʥʝʬʠʪʠ ʟʘ ʩʠʩʪʝʤ.  

  ʋʧʨʘʚˀʘˁ ʝ ʧʦʪʨʦh ˁʦʤ ʫ ʮʠˀʫ ʩʤʘˁʠʚʘˁʘ ʚʨʰʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʧʦʤʝʨʘʘˁ 

ʧʦʪʨʦʰˁʝ ʠʟ ʩʘʪʘ ʩʘ ʤʘʣʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʫ ʩʘʪʝ ʩʘ ʚʝʣʠʢʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ ʆʀɽ ʪʝʤʘ ʿʝ 

ʙʨʦʿ ʥʠʭ ʠʩʪʨʘʞʠʚʘˁ ʘ ʫ ʩʚʝʪʫ. ʅʝʢʠ ʦʜ ʦʚʠʭ ʨʘʜʦʚʘ ʧʦʙʨʦʿʘʥʠ ʩʫ ʫ ʫʚʦʜʥʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʀʜʝʿʘ ʦʚʠʭ ʨʘʜʦʚʘ ʿʝ ʩʣʝʜʝ˂ʘ. ʂʘʢʦ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ ʠʤʘ ʚʝʦʤʘ ʤʘʣʠ 

ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʧʨʠʣʠʢʦʤ ˁʠʭʦʚʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʩʝ ʥʘʩʪʦʿʠ ʜʘ ʩʝ ʫ 

ʤʨʝʞʫ ʠʥʝʿʢʪʠʨʘ ʤʘʢʩʠʤʘʣʥʘ ʤʦʛʫ˂ ʘ ʩʥʘʛʘ ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ ʪʨʝʥʫʪʥʦ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʠʤʘʨʥʦʛ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ (ʝʥʝʨʛʠʿ ʘ ʩʫʥʮʘ, ʝʥʝʨʛʠʿʘ ʚʝʪʨʘ, ʠʪʜ). ʇʦʚʝ˂ʘʚʘʝˁʤ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ ʩʝ 

ʩʤʘˁʫʿʝ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʠ ʩʘʛʦʨʝʚʘˁʝ ʫʛˀʘ ʠ 

ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʦʢʦʣʠʥʫ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʧʨʠʣʠʢʦʤ ʧʨʦʨʘʯʫʥʘ ʦʧʪʠʤʘʣʥʦʛ ʨʘʜʘ ʩʠʩʪʝʤʘ 

ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ ʫʛʣʘʚʥʦʤ ʤʦʜʝʣʫʿʝ ʢʘʦ ʥʝʛʘʪʠʚʥʘ ʥʝʫʧʨʘʚˀʠʚʘ ʧʦʪʨʦʰˁʘ, ʦʜʥʦʩʥʦ ʜʦʢ 

ʛʦʜ ʥʝʤʘ ʧʦʿʘʚʝ ʥʘʨʫʰʝʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʫ ʩʠʩʪʝʤʫ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ ʩʝ ʥʝ ʩʤʘˁʫʿʝ. ʊʘʜʘ ʿʝ 

ʩʥʘʛʘ ʢʦʫʿ ʤʦʨʘʿʫ ʥʘʜʦʤʝʩʪʠʪʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʝʣʝʢʪʨʘʥʝ ʿʝʜʥʘʢʘ ʧʦʪʨʦʰˁʠ ʫʤʘˁʝʥʦʿ ʟʘ 

ʧʨʦʟʚʦʜˁʫ ʠʟ ʆʀɽ. ʄʝʫ́ʪʠʤ, ʢʘʢʦ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ ʟʘʚʠʩʠ ʦʜ ʧʦʪʝʥʮʠʿʘʣʘ ʧʨʠʤʘʨʥʦʛ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʢʦʿ ʠ ʩʝ ʥʝ ʤʦʞʝ ʢʦʥʪʨʦʣʠʩʘʪʠ (ʥʘ ʧʨʠʤʝʨ, ʧʦʪʝʥʮʠʿʘʣ ʩʫʥʮʘ ʠ ʚʝʪʨʘ), ʫʩʣʝʜ 

ʩʚʝ ʚʝʝ˂ʛ ʠʥʩʪʘʣʠʩʘˁʘ ʆʀɽ ʜʦʣʘʟʠ ʜʦ ʟʥʘʯʘʿʥʦʛ ʜʝʬʦʨʤʠʩʘˁʘ ʜʠʿʘʛʨʘʤʘ ʥʝʪʦ ʧʦʪʨʦʰˁʝ, ʘ 

ʩʘʤʠʤ ʪʠʤ ʠ ʜʠʿʘʛʨʘʤʘ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʎʠˀ ʧʨʠʢʘʟʘʥʠʭ ʨʘʜʦʚʘ 

ʿʝ ʜʘ ʩʝ ʫʧʨʘʚˀʘˁʝʤ ʧʦʪʨʦʰˁʦʤ ʿʝʜʘʥ ʜʝʦ ʧʦʪʨʦʰˁʝ ʫ ʩʘʪʠʤʘ ʩʘ ʤʘʣʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ 

ʆʀɽ ʠʟʤʝʩʪʠ ʫ ʩʘʪʝ ʩʘ ʚʝʣʠʢʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ ʆʀɽ. ʆʚʦ ʿʝ ʚʝ˂ ʠʣʫʩʪʨʦʚʘʥʦ ʥʘ ʉʣ. 3.6. ʅʘ 

ʦʚʘʿ ʥʘʯʠʥ ʜʦʣʘʟʠ ʜʦ ʨʘʚʥʘˁʘ ʜʠʿʘʛʨʘʤʘ ʥʝʪʦ ʧʦʪʨʦʰˁʝ hʪʦ ʤʦʞʝ ʠʤʘʪʠ ʙʨʦʥʿʝ ʙʝʥʝʬʠʪʝ 

ʢʘʦ ʰʪʦ ʩʫ ʩʤʘˁʠʚʘˁʝ ʠʥʚʝʩʪʠʮʠʿʘ ʫ ʜʦʜʘʪʥʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʝʣʝʢʪʨʘʥʝ, ʩʤʘˁʠʚʘˁʝ 

ʪʨʦʰʢʦʚʘ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʧʦʚʝ˂ʘˁʝ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʚʝ˂ʠ ʧʣʘʩʤʘʥ ʝʥʝʨʛʠʿʝ ʠʟ 

ʆʀɽ ʠʪʜ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʧʦʩʤʘʪʨʘ ʩʝ ʩʘʤʦ ʚʨʝʤʝʥʩʢʘ ʢʦʦʨʜʠʥʘʪʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. 

ɺʨʝʤʝʥʩʢʠʤ ʫʧʨʘʚˀʘˁʝʤ ʧʦʪʨʦʰˁʦʤ ʚʨʰʠ ʩʝ ʨʘʚʥʘˁʝ ʜʠʿʘʛʨʘʤʘ ʥʝʪʦ ʧʦʪʨʦʰˁʝ, ʧʨʠ ʯʝʤʫ 

ʩʝ ʥʝ ʚʦʜʠ ʨʘʯʫʥʘ ʦ ʤʦʜʝʣʫ ʤʨʝʞʝ.  

ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʫʚʝʜʝʥʘ ʿʝ ʠ ʧʨʦʩʪʦʨʥʘ ʢʦʦʨʜʠʥʘʪʘ ʫʧʨʘʚˀʘʘˁ ʧʦʪʨʦʰˁʦʤ, ʧʘ ˂ʝ ʩʝ 

ʫ ʥʘʩʪʘʚʢʫ ʫ ʩʚʠʤ ʘʥʘʣʠʟʘʤʘ ʛʦʚʦʨʠʪʠ ʦ ʧʨʦʩʪʦʨʥʦʤ ʠ ʚʨʝʤʝʥʩʢʦʤ ʫʧʨʘʚʘˀˁʫ ʧʦʪʨʦʰˁʦʤ. 

ʅʘʠʤʝ, ʆʀɽ ʥʘʿʯʝʰ˂ʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ ʚʝʦʤʘ ʜʠʩʧʝʨʟʦʚʘʥʝ ʧʦ 

ʩʠʩʪʝʤʫ. ʂʘʢʦ ʩʝ ʧʦʪʝʥʮʠʿʘʣ ʩʫʥʮʘ ʠ ʚʝʪʨʘ ʜʦʩʪʘ ʨʘʟʣʠʢʫʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʝʦʛʨʘʬʩʢʝ 

ʣʦʢʘʮʠʿʝ, ʢʘʦ ʠ ʠʥʩʪʘʣʠʩʘʥʘ ʩʥʘʛʘ, ʪʘʢʦ ʩʝ ʠ ʜʠʿʘʛʨʘʤʠ ʧʨʦʠʟʚʦʜˁʝ ʆʀɽ ʤʦʛʫ ʜʦʩʪʘ 

ʨʘʟʣʠʢʦʚʘʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ˁʠʭʦʚʝ ʪʘʯʢʝ ʧʨʠʢˀʫʯʝˁʘ. ɿʙʦʛ ʪʦʛʘ, ʜʘ ʙʠ ʩʝ ʟʘʠʩʪʘ ʤʦʛʣʠ 

ʠʟʚʫ˂ʠ ʤʘʢʩʠʤʘʣʥʠ ʙʝʥʝʬʠʪʠ ʢʦʿʠ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʦʜ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦh ʦˁʤ, ʥʝʦʧʭʦʜʥʦ ʿʝ 
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ʫʚʝʩʪʠ ʤʦʜʝʣ ʤʨʝʞʝ ʠ ʫʚʘʞʠʪʠ ʘʣʦʢʘʮʠʿʫ ʆʀɽ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʧʨʦʙʣʝʤ ʜʦʙʠʿʘ ʠ ʧʨʦʩʪʦʨʥʫ 

ʜʠʤʝʥʟʠʿʫ ʯʠʤʝ ʠ ʜʦʣʘʟʠʤʦ ʜʦ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦhˁʦʤ ʪhʦ ʠ ʿʝʩʪʝ 

ʛʣʘʚʥʠ ʜʦʧʨʠʥʦʩ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʂʘʜʘ ʩʝ ʧʦʩʤʘʪʨʘ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚʘˀʝˁ 

ʧʦʪʨʦʰˁʦʤ, ʧʨʠʣʠʢʦʤ ʚʝʣʠʢʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ, ʧʦʪʨʦʰˁʘ ʩʝ ʥʝ ʪʨʝʙʘ ʬʦʨʩʠʨʘʪʠ ʫ ʩʚʠʤ 

ʯʚʦʨʦʚʠʤʘ ʘʥʘʣʠʟʠʨʘʥʦʛ ʩʠʩʪʝʤʘ, ʪhʦ ʙʠ ʩʝ ʨʘʜʠʣʦ ʧʨʠʣʠʢʦʤ ʧʨʠʤʝʥʝ ʩʘʤʦ ʚʨʝʤʝʥʩʢʦʛ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ, ʚʝ˂ ʧʦʪʨʦʰˁʫ ʪʨʝʙʘ ʬʦʨʩʠʨʘʪʠ ʫʛʣʘʚʥʦʤ ʫ ʯʚʦʨʦʚʠʤʘ ʢʦʿʠ ʩʫ 

ʝʣʝʢʪʨʠʯʥʦ ʥʘʿʙʣʠʞʠ ʧʨʦʠʟʚʦʜˁʠ ʪʦʛ ʆʀɽ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʝʥʝʨʛʠʿʘ ʩʝ ʧʨʦʠʟʚʦʜʠ ʪʘʤʦ ʛʜʝ ʩʝ 

ʠ ʪʨʦhʠ ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʫ ʜʦʜʘʪʥʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʫ ʩʠʩʪʝʤʫ. ʆʚʦ ʜʦʚʦʜʠ ʜʦ ʙʨʦʥʿʠʭ 

ʧʦʟʠʪʠʚʥʠʭ ʝʬʝʢʘʪʘ: ʩʤʘˁʫʿʫ ʩʝ ʛʫʙʠʮʠ ʫ ʩʠʩʪʝʤʫ, ʧʦʚʝ˂ʘʚʘʿʫ ʩʝ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪʠ 

ʚʦʜʦʚʘ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʩʪʘʙʠʣʥʦʩʪ ʩʠʩʪʝʤʘ, ʩʤʘˁʫʿʫ ʩʝ ʚʘʨʠʿʘʮʠʿʝ ʥʘʧʦʥʘ ʠʪʜ. 

ʄʝʹʫʪʠʤ, ʢʘʢʦ ʿʝ ʛʦʪʦʚʦ ʥʝʤʦʛʫ˂ʝ ʫʚʝʢ ʧʦʪʨʦʰˁʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʦʨʘʚʥʘʪʠ ʩʘ ʧʨʦʠʟʚʦʜˁʦʤ 

ʠʟ ʠʩʪʦʛ ʯʚʦʨʘ, ʧʨʦʩʪʦʨʥʘ ʢʦʤʧʦʥʝʥʪʘ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʤʦʨʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪʠ ʩʘ 

ʘʩʧʝʢʪʘ ʯʠʪʘʚʦʛ ʩʠʩʪʝʤʘ. ʅʘ ʉʣ. 4.2 ʠʣʫʩʪʨʦʚʘʥʦ ʿʝ ʟʘʰʪʦ ʿʝ ʚʘʞʥʦ ʦʙʫʭʚʘʪʠʪʠ ʠ ʧʨʦʩʪʦʨʥʫ 

ʢʦʤʧʦʥʝʥʪʫ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰ ʦˁʤ. ʉʘ ʩʣʠʢʝ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʝʿ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ 

ʜʘʣʝʢʦ ʚʝ˂ʘ ʩʘ ʣʝʚʝ ʩʪʨʘʥʝ ʤʨʝʞʝ ʢʦʿʘ ʩʝ ʥʘʧʘʿʘ ʧʨʝʢʦ ʩʝʢʮʠʿʝ 2 ʥʝʛʦ ʩʘ ʜʝʩʥʝ ʩʪʨʘʥʝ ʤʨʝʞʝ 

ʢʦʿʘ ʩʝ ʥʘʧʘʿʘ ʧʨʝʢʦ ʩʝʢʮʠʿʝ 3. ɸʢʦ ʙʠ ʩʝ ʚʨʰʠʣʦ ʩʘʤʦ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦhˁ ʦʤ ʠ 

ʟʘʥʝʤʘʨʠʦ ʤʦʜʝʣ ʤʨʝʞʝ, ʤʦʞʝ ʩʝ ʜʦʛʦʜʠʪʠ ʜʘ ʩʝ ʧʦʪʨʦʰˁʘ ʧʦʤʝʨʠ ʩʘʤʦ ʫ ʜʝʣʫ ʤʨʝʞʝ ʫ 

ʢʦʿʝʤ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ ʥʠʿʝ ʦʜ ʟʥʘʯʘʿʘ, ʰʪʦ ʿʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʜʝʦ ʤʨʝʞʝ ʥʘʧʘʿʘʥ ʧʨʝʢʦ 

ʩʝʢʮʠʿʝ 3. ʊʘʜʘ ʝ˂ ʥʘ ʩʝʢʮʠʿʠ 3 ʜʦ˂ʠ ʜʦ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʜʦʢ ˂ʝ ʥʘ ʩʝʢʮʠʿʠ 2 ʜʦ˂ʠ ʜʦ ʩʫʧʨʦʪʥʠʭ 

ʪʦʢʦʚʘ ʩʥʘʛʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʠʘʢʦ ʩʝ ʜʠʿʘʛʨʘʤ ʦʧʪʝʨʝ˂ʝʘˁ ʮʝʣʦʛ ʩʠʩʪʝʤʘ ʢʦʠʿ ʩʝ ʦʛʣʝʜʘ ʫ 

ʜʠʿʘʛʨʘʤʫ ʦʧʪʝʨʝ˂ʝˁʘ ʩʝʢʮʠʿʝ 1 ʧʦʨʘʚʥʘʦ, ʚʠʜʠʤʦ ʜʘ ʫ ʩʠʩʪʝʤʫ ʠ ʜʘʝˀ ʠʤʘʤʦ ʥʘʨʫʰʝʥʘ 

ʦʛʨʘʥʠʯʝˁʘ. ɿʙʦʛ ʦʚʦʛʘ ʿʝ ʚʝʦʤʘ ʚʘʞʥʦ ʧʨʠʣʠʢʦʤ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫʚʘʞʠʪʠ ʠ ˁʝʛʦʚʫ 

ʧʨʦʩʪʦʨʥʫ ʜʠʤʝʥʟʠʫʿ.  

 

ʉʣ. 4.2 ʅʝʛʘʪʠʚʥʠ ʩʮʝʥʘʨʠʦ ʙʝʟ ʧʨʦʩʪʦʨʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ 

  ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ, ʜʝʬʠʥʠʩʘʥ ʿʝ ʧʨʦʙʣʝʤ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘʘˁ 

ʧʦʪʨʦʰ ʦˁʤ. ɳʝʛʦʚʘ ʧʨʠʤʝʥʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʧʨʠʤʝʨʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʜʥʝʚʥʠʭ ʛʫʙʠʪʘʢʘ ʠ 

ʪʨʦʢhʦʚʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʧʨʝʥʦʩʥʦ ʿʠ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ. ʈʝʟʫʣʪʘʪʠ ʧʨʠʢʘʟʘʥʠ ʫ 

ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʫʙʣʠʢʦʚʘʥʠ ʩʫ ʫ ʨʘʜʫ [84]. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʩʚʝ ʘʥʘʣʠʟʝ ʨʘ́ʝʥʝ ʟʘ 

ʥʘʨʝʜʥʘ 24 ʩʘʪʘ ʩʘ ʩʘʪʥʦʤ ʨʝʟʦʣʫʮʠʿʦʤ, ʧʨʠ ʯʝʤʫ ʩʝ ʠ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʠ ʩʘʪʥʘ ʨʝʟʦʣʫʮʠʿʘ 

ʚʨʣʦ ʣʘʢʦ ʤʦʛʫ ʤʝʘˁʪʠ ʯʠʤʝ ʩʝ ʩʘʤʦ ʤʝˁʘ ʙʨʦʿ ʧʨʦʤʝʥ ʠˀʚʠʭ ʘʣʠ ʥʝ ʠ ʜʝʬʠʥʠʮʠʿʘ ʧʨʦʙʣʝʤʘ. 

ʆʚʦ ʿʝ ʫʩʚʦʿʝʥʦ ʥʝ ʩʘʤʦ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʚʝ˂ ʠ ʫ ʮʝʣʦʿ ʜʠʩʝʨʪʘʮʠʿʠ.  
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4.1 ɼʝʬʠʥʠʮʠʿʘ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ 

  ʋ ʦʚʦʿ ʩʝʢʮʠʿʠ, ʜʝʬʠʥʠʩʘʥ ʿʝ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʯʠʿʠ ʿʝ ʟʘʜʘʪʘʢ ʦʜʨʝʹʠʚʘˁʝ 

ʦʧʪʠʤʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʮʠˀʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʪʘˁʘ ɽɽʉ-ʘ. 

ʆʧʪʠʤʘʣʥʦ ʩʪʘʝˁ ʩʠʩʪʝʤʘ ʜʝʬʠʥʠʰʝ ʩʝ ʠʣʠ ʢʨʦʟ ʤʠʥʠʤʘʣʥʝ ʜʥʝʚʥʝ ʛʫʙʠʪʢʝ ʝʥʝʨʛʠʿʝ ʠʣʠ 

ʢʨʦʟ ʤʠʥʠʤʘʣʥʝ ʜʥʝʚʥʝ ʦʧʝʨʘʪʠʚʥʝ ʪʨʦʰʢʦʚʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʋ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʤ ɽɽʉ-ʫ, ʩʠʩʪʝʤʦʤ ʿʝ ʤʦʛʫ˂ʝ ʫʧʨʘʚˀʘʪʠ ʩʘʤʦ ʫ ʛʝʥʝʨʘʪʦʨʩʢʠʤ ʯʚʦʨʦʚʠʤʘ ʠ 

ʪʦ ʫʧʨʘʚˀʘˁʝʤ ʩʥʘʛʦʤ ʛʝʥʝʨʠʩʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʧʦʥʦʤ ʛʝʥʝʨʘʪʦʨʩʢʠʭ ʯʚʦʨʦʚʘ, ʜʦʢ ʩʝ 

ʧʦʪʨʦʰˁʘ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʤʘʪʨʘ ʢʦʥʩʪʘʥʪʥʦʤ ʠ ʥʝʫʧʨʘʚˀʠʚʦʤ. ʉʘ ʧʦʿʘʚʦʤ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦh ˁʦʤ ʠ ʫʨʝʹʘʿʘ ʝʥʝʨʛʝʪʩʢʝ ʝʣʝʢʪʨʦʥʠʢʝ, ʧʨʝ ʩʚʝʛʘ FACTS ʫʨʝ́ʘʘʿ (Flexible 

AC transmission system) [85, 86], ʧʦʪʨʦhʘʯʢʠ ʯʚʦʨʦʚʠ ʧʦʩʪʘʿʫ ʘʢʪʠʚʥʠ ʜʝʦ ʩʠʩʪʝʤʘ ʠ ˁʠʭʦʚʠʤ 

ʫʧʨʘʚʘˀˁʝʤ ʩʝ ʤʦʞʝ ʚʨʰʠʪʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʩʠʩʪʝʤʘ. ʎʠˀ ʦʚʦʛ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ ʿʝ 

ʦʜʨʝʠ́ʚʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʜʠʿʘʛʨʘʤʘ ʧʨʦʠʟʚʦʜˁʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʜʠʿʘʛʨʘʤʘ 

ʧʦʪʨʦʰˁʝ, ʢʘʦ ʠ ʦʧʪʠʤʘʣʥʠʭ ʜʠʿʘʛʨʘʤʘ ʥʘʧʦʥʘ ʯʠʤʝ ʩʝ ʦʙʫʭʚʘʪʘʿʫ ʠ ʦʧʪʠʤʘʣʥʠ ʪʦʢʦʚʠ 

ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ.  

  ʉʚʘʢʠ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʤʦʞʝ ʩʝ ʥʘʧʠʩʘʪʠ ʫ ʩʣʝʜʝ˂ʦʿ ʬʦʨʤʠ:  

 min ( )f x ,          (4.1) 

 

( ) 0g =x ,          (4.2) 

 

( )h¢ ¢l uh x h .         (4.3) 

 

¢ ¢l ux x x .          (4.4) 

 

 ɱʝʜʥʘʯʠʥʘ (4.1) ʜʝʬʠʥʠ ʝh ʦʙʿʝʢʪʠʚʥʫ ʬʫʥʢʮʠʿʫ ʧʨʦʙʣʝʤʘ, ʿʝʜʥʘʯʠʥʘ (4.2) ʦʛʨʘʥʠʯʝˁʘ 

ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ, ʿʝʜʥʘʯʠʥʘ (4.3) ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʥʝʿʝʜʥʘʢʦʩʪʠ, ʜʦʢ x  ʧʨʝʜʩʪʘʚˀʘ ʚʝʢʪʦʨ 

ʥʝʧʦʟʥʘʪʠʭ ʢʦʥʪʨʦʣʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ɱʝʜʥʘʯʠʥʘ (4.4) ʜʝʬʠʥʠʰʝ ʦʛʨʘʥʠʯʝˁʘ ʦ ʤʠʥʠʤʘʣʥʦʿ 

ʠ ʤʘʢʩʠʤʘʣʥʦʿ ʚʨʝʜʥʦʩʪʠ ʥʝʧʦʟʥʘʪʠʭ ʢʦʥʪʨʦʣʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʠ ʦʥʘ ʟʘʧʨʘʚʦ ʧʨʝʜʩʪʘʚˀʘ 

ʩʧʝʮʠʿʘʣʥʠ ʩʣʫʯʘʿ ʿʝʜʥʘʯʠʥʝ (4.3). 

ʋ ʜʝʬʠʥʠʩʘʥʦʤ ʦʧʪʠʤʠʟʘʮʠʦʥʦʤ ʧʨʦʙʣʝʤʫ, ʚʝʢʪʦʨ x  ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʩʢʫʧʦʤ 

ʿʝʜʥʘʯʠʥʘ (4.5) ï (4.8): 

[ ]
T

=x P U Ū ,         (4.5) 

 

[ ]
T

= 1 2 i n-1 nP P P ... P ... P P ,       (4.6) 

 

[ ]
T

= 1 2 i n-1 nU U U ... U ... U U ,      (4.7) 

 

[ ]
T

= 1 2 i n-1 nŪ Ū Ū ... Ū ... Ū Ū,  0=nŪ .    (4.8) 

 

 ʅʘ ʉʣ. 4.3 ʜʘʪ ʿʝ ʧʨʠʤʝʨ ɽɽʉ-ʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʦʟʥʘʢʘʤʘ. ʋ ʿʝʜʥʘʯʠʥʘʤʘ (4.6) ï (4.8), 

iP  ʜʝʬʠʥʠʰʝ ʚʝʢʪʦʨ ʥʝʧʦʟʥʘʪʠʭ ʩʥʘʛʘ ʠʥʿʝʢʪʠʨʘˁʘ ʫ ʯʚʦʨ i, 
iU  ʠ 

iŪ  ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʢʪʦʨʝ 

ʥʝʧʦʟʥʘʪʠʭ ʝʬʝʢʪʠʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʠ ʫʛʣʦʚʘ ʫ ʯʚʦʨʫ i. ɸʥʘʣʠʟʠʨʘʥʠ ʩʠʩʪʝʤ ʠʤʘ n 

ʯʚʦʨʦʚʘ ʠ ʫʛʘʦ ʬʘʟʦʨʘ ʥʘʧʦʥʘ ʧʦʩʣʝʜˁʝʛ ʯʚʦʨʘ ʩʤʘʪʨʘ ʩʝ ʨʝʬʝʨʝʥʪʥʠʤ, ʪʝ ʿʝ ʟʙʦʛ ʪʦʛʘ 

0=nŪ . ʋ ʦʚʦʿ ʘʥʘʣʠʟʠ, ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʚʨʰʠ ʩʝ ʟʘ 

ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʦʜ ʿʝʜʥʦʛ ʜʘʥʘ ʩʘ ʩʘʪʥʦʤ ʨʝʟʦʣʫʮʠʿʦʤ. 
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ʉʣ. 4.3 ʇʨʠʤʝʨ ɽɽʉ-ʘ 

 

ʂʘʢʦ ʩʝ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʚʨʰʠ ʩʘ ʩʘʪʥʦʤ 

ʨʝʟʦʣʫʮʠʿʦʤ, ʩʚʘʢʠ ʚʝʢʪʦʨ ʠʤʘ 24 ʝʣʝʤʝʥʪʘ, ʧʨʠ ʯʝʤʫ ʩʚʘʢʠ ʝʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʫ 

ʩʘʪʥʫ ʩʥʘʛʫ ʦʜʛʦʚʘʨʘʿʫʝ˂ ʧʨʦʤʝʥˀʠʚʝ. ɺʝʢʪʦʨ ʥʝʧʦʟʥʘʪʠʭ ʩʥʘʛʘ ʠʥʿʝʢʪʠʨʘˁʘ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ 

i ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʦʜʫʟʠʤʘˁʝʤ ʚʝʢʪʦʨʘ ʩʥʘʛʘ ʧʨʦʠʟʚʦʜˁʝ ( G

iP ) ʠ ʩʥʘʛʘ ʧʦʪʨʦʰˁ ʝ ( L

iP ): 

 
T

è ø=ê ú
G L G L G L G L G L

1 1 2 2 i i n-1 n-1 n nP P - P P - P ... P - P ... P - P P - P .   (4.9) 

  ʋ ʿʝʜʥʘʯʠʥʠ (4.9), ʬʦʨʤʘʣʥʦ ʿʝ ʤʘʪʝʤʘʪʠʯʢʠ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʤʦʞʝ 

ʧʦʩʪʦʿʘʪʠ ʠ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʠ ʩʥʘʛʘ ʧʨʦʠʟʚʦʜˁʝ. ʋ ʩʣʫʯʘʫʿ ʜʘ ʿʝ ʫ ʯʚʦʨʫ i ʧʦʚʝʟʘʥʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʝʣʝʢʪʨʘʥʘ ʠʣʠ ʥʝʢʠ ʆʀɽ, ʚʝʢʪʦʨ ʧʨʦʠʟʚʦʜˁʝ ʤʦʞʝ ʙʠʪʠ ʥʝʥʫʣʪʠ ʚʝʢʪʦʨ. ʋ 

ʩʫʧʨʦʪʥʦʤ, ʦʚʦ ʿʝ ʥʫʣʘ ʚʝʢʪʦʨ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʜʠʿʘʛʨʘʤ ʧʦʪʨʦʰˁʝ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʜʝʣʘ ï 

ʫʧʨʘʚˀʠʚʝ ʠ ʥʝʫʧʨʘʚˀʠʚʝ ʧʦʪʨʦhˁ ʝ. ʇʨʠʤʝʨ ʦʚʘʢʚʦʛ ʜʠʘʿʛʨʘʤʘ ʧʦʪʨʦʰˁʝ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ 

ʉʣ. 3.7. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛ ʜʠʿʘʛʨʘʤʘ, ʧʦʪʨʦʰˁʘ ʫ ʯʚʦʨʫ i ʫ ʦʢʚʠʨʫ ʧʨʦʠʟʚʦˀʥʦʛ ʩʘʪʘ t ʤʦʞʝ ʩʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ ʩʫʤʘ ʫʧʨʘʚˀʠʚʦʛ ʠ ʥʝʫʧʨʘʚˀʠʚʦʛ ʜʝʣʘ ʧʦʪʨʦʰˁ ʝ: 

defnon

ti

def

ti

L

ti PPP -+= ,,, ,  i=1, 2, ..., n; t=1, 2, ..., 24.     (4.10) 

 

 ʋ ʿʝʜʥʘʯʠʥʠ (4.10), 
def

tiP,  ʧʨʝʜʩʪʘʚˀʘ ʯʣʘʥ ʚʝʢʪʦʨʘ def

iP  ʠ ʜʝʬʠʥʠhʝ ʩʨʝʜˁʫ ʩʘʪʥʫ 

ʚʨʝʜʥʦʩʪ ʫʧʨʘʚˀʠʚʝ ʧʦʪʨʦʰˁʝ ʫ ʯʚʦʨʫ i ʫ ʩʘʪʫ t, ʜʦʢ ,
non def

i tP -
 ʧʨʝʜʩʪʘʚˀʘ ʯʣʘʥ ʚʝʢʪʦʨʘ 

non-def

iP  ʠ ʜʝʬʠʥʠʰʝ ʩʨʝʜˁʫ ʩʘʪʥʫ ʚʨʝʜʥʦʩʪ ʥʝʫʧʨʘʚˀʠʚʝ ʧʦʪʨʦhˁ ʝ ʫ ʯʚʦʨʫ i ʫ ʩʘʪʫ t,. ʋ 

ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʫ ʯʚʦʨʫ i ʥʝ ʥʘʣʘʟʠ ʥʠʢʘʢʚʘ ʧʦʪʨʦʰˁʘ, L

iP  ʝ˂ ʙʠʪʠ ʥʫʣʘ ʚʝʢʪʦʨ. ʂʦʥʘʯʥʘ ʬʦʨʤʘ 

ʤʘʪʨʠʮʝ ʥʝʧʦʟʥʘʪʠʭ ʩʥʘʛʘ ʠʥʿʝʢʪʠʨʘˁʘ ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ: 

 
T

è ø=ê ú
G def non-def G def non-def G def non-def

1 1 1 i i i n n nP P - P - P ... P - P - P ... P - P - P .  (4.11) 

 ʇʦʨʝʜ ʛʦʨʝ ʥʘʚʝʜʝʥʠʭ ʚʝʣʠʯʠʥʘ, ʥʝʦʧʦʜʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʠ ʚʝʢʪʦʨ ʥʝʧʦʟʥʘʪʠʭ 

ʝʬʝʢʪʠʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʠ ʫʛʣʦʚʘ ʥʘʧʦʥʘ. ɿʘ ʩʚʘʢʠ ʯʚʦʨ i=1, 2, ..., n, ʚʝʢʪʦʨ iU  ʩʘʜʨʞʠ 
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24 ʝʣʝʤʝʥʪʘ ʧʨʠ ʯʝʤʫ ʩʚʘʢʠ ʝʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʫ ʩʘʪʥʫ ʝʬʝʢʪʠʚʥʫ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ. 

ʅʘ ʩʣʠʯʘʥ ʥʘʯʠʥ, ʜʝʬʠʥʠʩʘʥ ʿʝ ʚʝʢʪʦʨ ʥʝʧʦʟʥʘʪʠʭ ʫʛʣʦʚʘ ʥʘʧʦʥʘ 
iŪ, ʧʨʠ ʯʝʤʫ ʝʿ ʧʦʩʣʝʜˁʠ 

ʯʚʦʨ ʧʨʦʛʣʘʰʝʥ ʨʝʬʝʨʝʥʪʥʠʤ, ʪʝ ʿʝ ʟʙʦʛ ʪʦʛʘ ʚʝʢʪʦʨ 
nŪ  ʥʫʣʘ ʚʝʢʪʦʨ. 

  ʋ ʜʝʬʠʥʠʩʘʥʦʤ ʦʧʪʠʤʠʟʘʮʠʦʥʦʤ ʧʨʦʙʣʝʤʫ, ʦʙʿʝʢʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʤʦʞʝ ʙʠʪʠ ʠʣʠ 

ʜʥʝʚʥʠ ʛʫʙʠʮʠ ʝʥʝʨʛʠʿʝ ʠʣʠ ʜʥʝʚʥʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ. 

ʇʨʦʙʣʝʤ ʤʠʥʠʤʠʟʘʮʠʿʝ ʛʫʙʠʪʘʢʘ ʫ ʩʠʩʪʝʤʫ ʤʦʞʝ ʩʝ ʝʢʚʠʚʘʣʝʥʪʠʨʘʪʠ ʧʨʦʙʣʝʤʦʤ 

ʤʠʥʠʤʠʟʘʮʠʿʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʩʫʤʝ ʫʢʫʧʥʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʥʝʪʦ ʧʦʪʨʦʰˁʝ ʫ ʩʠʩʪʝʤʫ, ʘ ʢʘʢʦ ʿʝ 

ʫʢʫʧʥʘ ʝʥʝʨʛʠʿʘ ʧʦʪʨʦʰˁʝ ʧʨʝ ʠ ʥʘʢʦʥ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʝ ʠʩʪʘ, ʦʚʘʿ ʧʨʦʙʣʝʤ ʩʝ ʤʦʞʝ 

ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ hʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʿʝʜʥʘʯʠʥʠ (4.12), ʧʨʠ ʯʝʤʫ ʩʝ ʩʚʝ ʩʥʘʛʝ, ʧʦʪʨʦʰˁʝ ʠ 

ʧʨʦʠʟʚʦʜˁʝ, ʪʨʝʪʠʨʘʿʫ ʢʘʦ ʘʣʛʝʙʘʨʩʢʝ ʚʝʣʠʯʠʥʝ:  

tPW
t

n

i

tiloss DÖ= ää
= =

24

1 1

,minmin .        (4.12) 

 

 ʋ ʿʝʜʥʘʯʠʥʠ (4.11), i ʧʨʝʜʩʪʘʚʘˀ ʠʥʜʝʢʩ ʘʥʘʣʠʟʠʨʘʥʦʛ ʯʚʦʨʘ, h1=Dt  ʠ t ʧʨʝʜʩʪʘʚˀʘ 

ʨʝʜʥʠ ʙʨʦʿ ʩʘʪʘ ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ ʜʘʥʫ.  

 ʆʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʟʘʚʠʩʝ ʦʜ ʪʨʝʥʫʪʥʝ ʩʥʘʛʝ 

ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʘʥʝ ʠ ʥʘʿʯʝʰ˂ʝ ʩʝ ʤʦʜʝʣʫʿʫ ʢʚʘʜʨʘʪʥʦʤ ʟʘʚʠʩʥʦʰ˂ʫ [87]. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ, 

ʦʙʿʝʢʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʠʤʘ ʟʘ ʮʠˀ ʤʠʥʠʤʠʟʘʮʠʫʿ ʜʥʝʚʥʠʭ ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʦʰʢʦʚʘ 

ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ ʩʠʩʪʝʤʫ ʤʦʞʝ ʩʝ ʬʦʨʤʘʣʥʦ ʧʨʝʜʩʪʘʚʠʪʠ 

ʿʝʜʥʘʯʠʥʦʤ (4.13), ʧʨʠ ʯʝʤʫ ak, bk ʠ ck ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʝʬʠʮʠʿʝʥʪʝ ʪʨʦʢhʦʚʘ ʛʝʥʝʨʘʪʦʨʘ ʠʣʠ 

ʝʣʝʢʪʨʘʥʝ ʧʨʠʢˀʫʯʝʥʝ ʫ ʯʚʦʨʫ k. 
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, ,

1 1

min Costs min ( )
n

G G

k k t k k t k

t k

a P b P c
= =

= Ö + Ö +ää .     (4.13) 

 

 ʋ ʦʧʪʠʤʠʟʘʮʠʦʥʦʤ ʧʨʦʙʣʝʤʫ ʜʝʬʠʥʠʩʘʥʦʤ ʿʝʜʥʘʯʠʥʘʤʘ (4.12) ʠ (4.13), ʧʦʩʪʦʿʠ 

ʥʝʢʦʣʠʢʦ ʦʛʨʘʥʠʯʝʘˁ ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ. ʅʘʿʚʘʞʥʠʿʘ ʦʜ ˁʠʭ ʩʫ ʿʝʜʥʘʯʠʥʝ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʂʘʢʦ ʿʝ 

ʫʧʦʪʨʝʙʦʤ FACTS ʫʨʝʹʘʿʘ ʤʦʛʫ˂ʝ ʨʝʛʫʣʠʩʘʪʠ ʪʦʢʦʚʝ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʠ ʥʘʧʦʥʝ ʫ ʩʚʠʤ 

ʯʚʦʨʦʚʠʤʘ, ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʩʘʤʦ ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ 

ʿʝʜʥʘʢʦʩʪʠ ʟʘ ʿʝʜʥʘʯʠʥʝ ʪʦʢʦʚʘ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ. ʊʦʢʦʚʝ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʤʦʛʫʝ˂ ʿʝ ʢʘʩʥʠʿʝ 

ʨʝʛʫʣʠʩʘʪʠ ʟʘ ʩʚʘʢʠ ʘʥʘʣʠʟʠʨʘʥʠ ʩʘʪ. ʉʘ ʘʩʧʝʢʪʘ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ, ʟʘ ʧʨʦʠʟʚʦˀʥʠ ʩʘʪ t 

(t=1,..,24) ʠ ʫ ʩʚʘʢʦʤ ʘʥʘʣʠʟʠʨʘʥʦʤ ʯʚʦʨʫ i (i= 1, .., n), ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʩʣʝʜʝ˂ʘ ʿʝʜʥʘʯʠʥʘ 

(4.14): 

0))sin()cos((
1

,,,,,,,,, =Q-QÖ+Q-QÖÖÖ-ä
=

n

k

tktikitktikititkti BGUUP .  (4.14) 

 

ʛʜʝ kiG ,  ʠ kiB ,  ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʜʦʤ ʢʦʥʜʫʢʪʘʥʩʫ ʠ ʩʫʩʮʝʧʪʘʥʩʫ ʥʘ ʧʦʟʠʮʠʠʿ (i,k) ʤʘʪʨʠʮʝ 

ʘʜʤʠʪʘʥʩʠ ʯʚʦʨʦʚʘ.  

ʇʦʨʝʜ ʝʿʜʥʘʯʠʥʘ ʪʦʢʦʚʘ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ, ʤʦʛʫ˂ʝ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʿʦʰ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ 

ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ. ʋ ʘʥʘʣʠʟʠʨʘʥʦʤ ʩʠʩʪʝʤʫ, ʟʘ ʩʚʘʢʫ ʭʠʜʨʦʝʣʝʢʪʨʘʥʫ ʤʦʛʫ˂ʝ ʿʝ 

ʜʝʬʠʥʠʩʘʪʠ ʨʘʩʧʦʣʦʞʠʚʫ ʜʥʝʚʥʫ ʝʥʝʨʛʠʫʿ ʘʢʫʤʫʣʠʩʘʥʝ ʚʦʜʝ, hydro

iW . ʆʚʠʤ ʩʝ ʬʦʨʤʠʨʘ ʿʦʰ 

ʿʝʜʥʦ ʦʛʨʘʥʠʯʝˁʝ ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ ʧʦʤʦ˂ʫ ʢʦʿʝʛ ʩʝ ʜʝʬʠʥʠʰʝ ʢʦʣʠʢʘ ʿʝ ʫʢʫʧʥʘ ʜʥʝʚʥʘ 

ʧʨʦʠʟʚʦʜˁʘ ʝʥʝʨʛʠʝʿ ʘʢʫʤʫʣʘʮʠʦʥʠʭ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ. ʂʘʜʘ ʙʠ ʝʣʝʢʪʨʘʥʘ ʧʨʦʠʟʚʦʜʠʣʘ 

ʝʥʝʨʛʠʿʫ ʤʘˁʫ ʦʜ ʦʚʝ ʜʝʬʠʥʠʩʘʥʝ, ʧʦʪʝʥʮʠʿʘʣʥʦ ʙʠ ʜʦʰʣʦ ʜʦ ʧʨʝʣʠʚʘˁʘ ʚʦʜʝ. ɿʙʦʛ ʪʦʛʘ ʰʪʦ 

ʩʫ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ ʠʟ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʙʣʠʩʢʠ ʥʫʣʠ, 
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ʥʘʿʠʩʧʣʘʪʠʚʠʿʝ ʿʝ ʠʩʢʦʨʠʩʪʠʪʠ ʩʚʫ ʨʘʩʧʦʣʦʞʠʚʫ ʢʦʣʠʯʠʥʫ ʝʥʝʨʛʠʿʝ. ʆʚʦ ʦʛʨʘʥʠʯʝʝˁ ʪʠʧʘ 

ʿʝʜʥʘʢʦʩʪʠ ʤʦʞʝ ʩʝ ʥʘʧʠʩʘʪʠ ʫ ʩʣʝʜʝ˂ʝʤ ʦʙʣʠʢʫ: 

0
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1

, =DÖ-ä
=t

hydro

ti

hydro

i tPW .        (4.15) 

 

ʋ ʿʝʜʥʘʯʠʥʠ (4.15), hydro

tiP,  ʧʨʝʜʩʪʘʚʘˀ ʩʨʝʜˁʫ ʩʘʪʥʫ ʩʥʘʛʫ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠʟ ʘʢʫʤʫʣʘʮʠʦʥʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ ʫ ʯʚʦʨʫ i ʠ ʩʘʪʫ t, ʧʨʠ ʯʝʤʫ ʿʝ ʫʩʚʦʿʝʥʦ ʜʘ ʿʝ 

h1=Dt . 

ʂʦʨʠʰ˂ʝˁʝʤ ʪʝʭʥʦʣʦʛʠʿʘ ʫʧʨʘʚʘˀʘˁ ʧʦʪʨʦʰˁʦʤ, ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʝ ʩʘʤʦ ʜʠʿʘʛʨʘʤʘ 

ʧʦʪʨʦʰˁʝ ʜʦʢ ʩʝ ʫʢʫʧʥʘ ʧʦʚʨʰʠʥʘ ʠʩʧʦʜ ʜʠʿʘʛʨʘʤʘ ʢʦʿ ʘ ʧʨʝʜʩʪʘˀʘ ʫʢʫʧʥʫ ʧʨʝʫʟʝʪʫ 

ʝʥʝʨʛʠʿʫ ʥʝ ʤʝˁʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʜʝʬʠʥʠ ʝh ʩʝ ʧʦʩʣʝʜˁʘ ʢʘʪʝʛʦʨʠʿʘ ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ 

ʿʝʜʥʘʢʦʩʪʠ ʢʦʿʘ ʩʝ ʬʦʨʤʘʣʥʦ ʤʦʞʝ ʟʘʧʠʩʘʪʠ ʢʘʦ ʫ ʿʝʜʥʘʯʠʥʠ (4.16): 

0
24

1

, =DÖ-ä
=t

def

ti

deferrable

i tPW .        (4.16) 

 

ʋ ʿʝʜʥʘʯʠʥʠ (4.16), deferrable

iW  ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʥʫ ʝʥʝʨʛʠʿʫ ʫʧʨʘʚˀʠʚʝ ʧʦʪʨʦʰˁʝ ʫ 

ʯʚʦʨʫ i, i= 1, é, n, h1=Dt .  

ɿʘ ʧʦʪʧʫʥʫ ʜʝʬʠʥʠʮʠʿʫ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʠ 

ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʥʝʿʝʜʥʘʢʦʩʪʠ. ɿʘ ʩʚʘʢʠ ʛʝʥʝʨʘʪʦʨʩʢʠ ʯʚʦʨ i (ʯʚʦʨ ʫ ʢʦʤʝ ʿʝ ʧʨʠʢˀʫʯʝʥʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʝʣʝʢʪʨʘʥʘ ʠʣʠ ʘʢʫʤʫʣʘʮʠʦʥʘ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ), ʦʛʨʘʥʠʯʝˁʘ ʟʘ ʤʠʥʠʤʘʣʥʫ ʠ 

ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ ʧʨʦʠʟʚʦʜˁʝ ʩʝ ʜʝʬʠʥʠʰʫ ʧʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʝ (4.17). ʇʦʨʝʜ ʪʦʛʘ, ʥʝʦʧʭʦʜʥʦ 

ʝʿ ʜʝʬʠʥʠʩʘʪʠ ʠ ʦʧʩʝʛ ʜʦʟʚʦˀʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʟʘ ʩʚʘʢʠ ʯʚʦʨ, i (i= 1,...,n), ʰʪʦ ʩʝ ʤʦʞʝ 

ʜʝʬʠʥʠʩʘʪʠ ʿʝʜʥʘʯʠʥʦʤ (4.18). 

,min ,max

,

G G G

i i t iP P P¢ ¢  ,        (4.17) 

 
min max

.i i t iU U U¢ ¢ .         (4.18) 

  ʋ ʝʿʜʥʘʯʠʥʠ (4.18), ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʿʝ ʜʦʟʚʦʝˀʥʠ ʦʧʩʝʛ ʥʘʧʦʥʘ ʜʨʫʛʘʯʠʿʠ ʟʘ 

ʩʚʘʢʠ ʯʚʦʨ ʧʦʥʘʦʩʦʙ. ʋʛʣʘʚʥʦʤ ʩʝ ʫ ʧʨʘʢʩʠ ʦʚʝ ʚʨʝʜʥʦʩʪʠ ʨʘʟʣʠʢʫʿʫ ʩʘʤʦ ʟʘ ʛʝʥʝʨʘʪʦʨʩʢʝ ʠ 

ʧʦʪʨʦʰʘʯʢʝ ʯʚʦʨʦʚʝ.  

4.2 ʄʝʪʦʜʦʣʦʛʠʿʝ ʟʘ ʨʝʰʘʚʘˁʝ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ 

ʉʚʝ ʤʝʪʦʜʝ ʟʘ ʨʝʘhʚʘˁʝ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʧʨʦʙʣʝʤʘ ʤʦʛʫ ʩʝ ʧʦʜʝʣʠʪʠ ʫ ʜʚʝ ʛʨʫʧʝ: 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ ʠ ʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ. ʂʦʨʠʰ˂ʝʝˁʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ, 

ʤʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ ʩʝ ʦʜʨʝʹʫʿʝ ʠʪʝʨʘʪʠʚʥʠʤ ʧʨʦʮʝʩʦʤ ʦʜʨʝʹʠʚʘʘˁ 

ʪʘʯʢʝ ʫ ʢʦʿʦʿ ʿʝ ʛʨʘʜʠʿʝʥʪ ʦʙʝʿʢʪʠʚʥʝ ʬʫʥʢʮʠʿʝ ʿʝʜʥʘʢ ʥʫʣʠ. ʆʚʜʝ ʩʧʘʜʘʿʫ ʛʨʘʜʠʝʿʥʪʘʣʥʘ 

ʤʝʪʦʜʘ [88], ɳʫʪʥʦʚʘ ʤʝʪʦʜʘ [89], Interior Point Method [90, 91], ʠʪʜ. ʆʩʥʦʚʥʝ ʧʨʝʜʥʦʩʪʠ ʦʚʠʭ 

ʤʝʪʦʜʘ ʩʫ ʚʝʣʠʢʘ ʙʨʟʠʥʘ ʢʦʥʚʝʨʛʝʥʮʠʝʿ ʠʪʝʨʘʪʠʚʥʦʛ ʧʨʦʮʝʩʘ ʠ ʪʦ ʰʪʦ ʿʝ ʧʨʦʥʘʹʝʥʦ ʨʝʰʝˁʝ 

ʝʛʟʘʢʪʥʦ. ʂʦʥʚʝʥʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʦ ʪʦʤʝ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʫʚʘʞʘʚʘʿʫ ʦʛʨʘʥʠʯʝˁʘ 

ʪʠʧʘ ʥʝʿʝʜʥʘʢʦʩʪʠ.  

  ʍʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʧʨʝʪʨʘʞʠʚʘˁʘ ʯʠʪʘʚʦʛ ʩʢʫʧʘ ʤʦʛʫ˂ʠʭ 

ʨʝʰʝˁʘ ʫ ʮʠˀʫ ʧʨʦʥʘʣʘʞʝˁʘ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ. ʅʘʿʧʦʟʥʘʪʠʝʿ ʩʫ ʩʚʘʢʘʢʦ Particle Swarm 

Optimization (PSO) [92], ʢʘʦ ʠ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ [93]. ʆʚʝ ʤʝʪʦʜʝ ʩʫ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʥʝ ʟʘ 

ʧʨʦʛʨʘʤʠʨʘʝˁ ʠ ʥʘ ʚʨʣʦ ʿʝʜʥʦʩʪʘʚʘʥ ʥʘʯʠʥ ʨʝʘhʚʘʿʫ ʧʨʦʙʣʝʤ ʩʘ ʦʛʨʘʥʠʯʝˁʠʤʘ ʪʠʧʘ 
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ʥʝʿʝʜʥʘʢʦʩʪʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʦʚʝ ʤʝʪʦʜʝ ʥʝ ʚʨʰʝ ʧʨʦʨʘʯʫʥ ʛʨʘʜʠʿʝʥʪʘ ʦʙʿʝʢʪʠʚʥʝ ʬʫʥʢʮʠʿʝ, 

ʪʝ ʟʙʦʛ ʪʦʛʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʩʘ ʩʠʛʫʨʥʦʰ˂ʫ ʦʜʨʝʜʠʪʠ ʜʘ ʣʠ ʿʝ ʧʨʦʥʘʹʝʥ ʦʧʪʠʤʫʤ ʟʘʠʩʪʘ ʥʘʿʙʦˀʝ 

ʨʝʝhˁʝ. ɺʨʝʤʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʘ ʥʝʧʦʟʥʘʪʠʭ ʠ ʫ 

ʩʠʩʪʝʤʠʤʘ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʯʚʦʨʦʚʘ ʧʦʩʪʘʿʝ ʥʝʧʨʠʭʚʘˀʠʚʦ ʚʝʣʠʢʦ. ʋ ʦʚʦʤ ʧʦʛʣʘʚʫˀ, ʩʚʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤʠ ʨʝʰʘʚʘʥʠ ʩʫ ʥʘ ʜʚʘ ʥʘʯʠʥʘ ï ʫʧʦʪʨʝʙʦʤ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʠ 

ʫʧʦʪʨʝʙʦʤ Interior Point Method ʘʣʛʦʨʠʪʤʘ.  

4.2.1 ʈʝʰʘʚʘˁʝ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ ʛʝʥʝʪʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ 

ɻʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʩʧʘʜʘ ʫ ʛʨʫʧʫ ʘʣʛʦʨʠʪʘʤʘ ʥʘʤʝˁʝʥʠʭ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʬʫʥʢʮʠʿ ʘ 

ʚʠʰʝ ʧʨʦʤʝʥʠˀʚʠʭ ʤʝʪʦʜʦʤ ʧʨʝʪʨʘʛʝ [94]. ʂʘʦ ʠ ʩʚʠ ʘʣʛʦʨʠʪʤʠ ʙʘʟʠʨʘʥʠ ʥʘ ʤʝʪʦʜʠ 

ʧʨʝʪʨʘʛʝ, ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʩʝ ʫʛʣʘʚʥʦʤ ʢʦʨʠʩʪʠ ʦʥʜʘ ʢʘʜʘ ʿʝ ʬʫʥʢʮʠʿʘ ʪʘʢʦ ʜʝʬʠʥʠʩʘʥʘ ʜʘ 

ʥʠʝʿ ʤʦʛʫ˂ʝ ʧʨʦʥʘ˂ʠ ʥʠʿʝʜʘʥ ʤʘʪʝʤʘʪʠʯʢʠ ʘʣʘʪ ʢʦʿʠ ʙʠ ʧʨʦʥʘʰʘʦ ʿʝʜʠʥʩʪʚʝʥʦ ʦʧʪʠʤʘʣʥʦ 

ʨʝʰʝˁʝ ʫ ʟʘʪʚʦʨʝʥʦʤ ʦʙʣʠʢʫ, ʧʘ ʩʝ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʤʦʨʘ ʪʨʘʞʠʪʠ ʧʨʝʪʨʘʛʦʤ ʥʘʜ ʧʦˀʝʤ 

ʙʨʦʿʝʚʘ. ʂʦʨʠʩʪʠ ʩʝ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʿʝ ʧʦˀʝ ʙʨʦʿʝʚʘ ʪʦʣʠʢʦ ʚʝʣʠʢʦ ʜʘ ʿʝ ʥʝʤʦʛʫ˂ʝ 

ʠʩʧʠʪʘʪʠ ʩʚʝ ʤʦʛʫ˂ʝ ʢʦʤʙʠʥʘʮʠʿʝ, ʚʝ˂ ʩʝ ʧʨʝʪʨʘʛʘ ʚʨhʠ ʩʘʤʦ ʥʘʜ ʤʘˁʠʤ ʙʨʦʿʝʤ 

ʢʦʤʙʠʥʘʮʠʿʘ. ɳʝʛʦʚʘ ʧʨʝʜʥʦʩʪ ʿʝ ʠ ʪʘ ʰʪʦ ʦʥ ʧʨʠʣʠʢʦʤ ʧʨʝʪʨʘʛʝ ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ ʥʝ ʚʨʰʠ 

ʩʣʫʯʘʿʘʥ ʦʜʘʙʠʨ ʢʦʤʙʠʥʘʮʠʿʘ, ʧʘ ʦʜ ʠˁʭ ʧʨʦʥʘʣʘʟʠ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ (ʢʘʦ ʰʪʦ ʥʘ ʧʨʠʤʝʨ ʨʘʜʠ 

ʄʦʥʪʝ ʂʘʨʣʦ ʩʠʤʫʣʘʮʠʿʘ), ʚʝ˂ ʩʝ ʦʥ ʢʨʦʟ ʧʦˀʝ ʙʨʦʿʝʚʘ ʢʨʝʝ˂ ʪʘʢʦ ʰʪʦ ʩʝ ʩʚʝ ʚʠʰʝ 

ʧʨʠʙʣʠʞʘʚʘ ʥʘʿʙʦˀʝʤ ʨʝʰʝˁʫ.  

ʋ ʥʘʩʪʘʚʢʫ ʪʝʢʩʪʘ ʜʘʪʘ ʿʝ ʜʝʬʠʥʠʮʠʿʘ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʨʝʰʘʚʘ ʛʝʥʝʪʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

ʅʝʢʘ ʿʝ ʜʘʪʘ ʧʨʦʠʟʚʦˀʥʘ ʬʫʥʢʮʠʿʘ ʩʘ n ʧʨʦʤʝʥˀʠʚʠʭ ʯʠʫʿ ʦʧʪʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʪʨʘʞʠʤʦ. ʊʘ 

ʦʧʪʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʥʘʿʯʝʰʝ˂ ʧʨʝʜʩʪʘʚˀʘ ʤʠʥʠʤʫʤ ʠʣʠ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʿʝ (ʤʦʞʝ ʙʠʪʠ ʠ 

ʿʝʜʥʘʢʦʩʪ ʬʫʥʢʮʠʿʝ ʩʘ ʥʫʣʦʤ, ʯʠʤʝ ʩʝ ʪʨʘʞʠ ʤʠʥʠʤʫʤ ʦʜʩʪʫʧʘˁʘ ʥʝʢʝ ʚʨʝʜʥʦʩʪʠ ʦʜ ʪʘʯʥʝ 

ʚʨʝʜʥʦʩʪʠ). ɹʝʟ ʫʤʘˁ ʠʚʘˁʘ ʦʧʰʪʦʩʪʠ, ʧʨʝʪʧʦʩʪʘʚʠ˂ʝ ʩʝ ʜʘ ʿʝ ʟʘʜʘʪʘʢ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ 

ʧʨʦʥʘ˂ʠ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʬʫʥʢʮʠʿʝ: 

),...,,(max 21 nxxxf .         (4.19) 

ɿʘʜʘʪʘʢ ʩʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʚʦʜʠ ʥʘ ʧʨʦʥʘʣʘʞʝˁʝ ʥʠʟʘ ʧʨʦʤʝʥˀʠʚʠʭ nxxx ,...,, 21  ʟʘ ʢʦʿʝ 

ʬʫʥʮʠʿʘ ʜʦʩʪʠʞʝ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ. ʂʘʦ ʰʪʦ ʠ ʩʚʘʢʘ ʿʝʜʠʥʢʘ ʫ ʿʝʜʥʦʿ ʧʦʧʫʣʘʮʠʿʠ 

ʞʠʚʦʪʠˁʘ ʠʤʘ ʥʠʟ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʙʦʿʘ ʦʯʠʿʫ, ʦʪʧʦʨʥʦʩʪ ʥʘ ʦʜʨʝ́ ʝʥʝ ʙʦʣʝʩʪʠ, ʩʧʦʩʦʙʥʦʩʪ 

ʨʘʟʚʦʿʘ ʤʠʰʠ˂ʥʝ ʤʘʩʝ, ʬʠʟʠʯʢʘ ʩʧʨʝʪʥʦʩʪ, ...) ʪʘʢʦ ʩʝ ʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿ ʫ ʩʚʘʢʘ ʦʜ ʧʨʦʤʝʥˀʠʚʠʭ 

nxxx ,...,, 21  ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʧʦʿʝʜʠʥʘʯʥʦʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʦʤ ʿʝʜʥʝ ʿʝʜʠʥʢʝ, ʧʨʠ ʯʝʤʫ ʿʝʜʠʥʩʪʚʝʥ 

ʥʠʟ ʧʨʦʤʝʥˀʠʚʠʭ ʜʝʬʠʥʠʰʝ ʠ ʿʝʜʠʥʩʪʚʝʥʫ ʝʿʜʠʥʢʫ. ʀʟʨʘʯʫʥʘʚʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ ʟʘ 

ʟʘʜʘʪ ʥʠʟ ʧʨʦʤʝʥˀʠʚʠʭ, ʩʚʘʢʦʿ ʿʝʜʠʥʢʠ ʩʝ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʤʦʞʝ ʜʦʜʝʣʠʪʠ ʚʨʝʜʥʦʩʪ ʢʦʿʘ 

ʜʝʬʠʥʠʰʝ ˁʝʥ ʢʚʘʣʠʪʝʪ. ʀʜʝʿʘ ʿʝ ʧʨʚʦ ʬʦʨʤʠʨʘʪʠ ʧʦʯʝʪʥʫ ʧʦʧʫʣʘʮʠʿʫ ʦʜ N ʿʝʜʠʥʢʠ ʩʘ 

ʨʘʟʣʠʯʠʪʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʘ ʟʘʪʠʤ ʩʚʘʢʦʿ ʿʝʜʠʥʢʠ ʜʦʜʝʣʠʪʠ ʚʨʝʜʥʦʩʪ ʬʫʥʢʮʠʝʿ ʢʦʿʘ 

ʜʝʬʠʥʠhʝ ʝˁʥ ʢʚʘʣʠʪʝʪ: 
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ʀʥʠʮʠʿʘʣʥʝ ʚʨʝʜʥʦʩʪʠ nxxx ,...,, 21  ʩʝ ʦʜʨʝʹʫʫʿ ʛʝʥʝʨʠʩʘˁʝʤ ʩʣʫʯʘʥʿʦʛ ʥʠʟʘ ʚʨʝʜʥʦʩʪʠ 

ʫʟ ʫʚʘʞʘʚʘˁʝ ʩʚʠʭ ʦʛʨʘʥʠʯʝˁʘ ʟʘ ʧʨʦʤʝʥˀʠʚʝ. ʅʘʢʦʥ ʦʚʦʛʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʚʨʰʠʪʠ 

ʢʦʜʠʨʘˁʝ ʩʚʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ʇʦʩʪʦʿʠ ʚʠʝh ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ ʩʝ ʪʦ ʤʦʞʝ ʫʨʘʜʠʪʠ, ʘ ʫ ʦʚʦʿ 

ʘʥʘʣʠʟʠ ʚʨ ʝhʥʦ ʿʝ ʙʠʥʘʨʥʦ ʢʦʜʠʨʘˁʝ. ʅʝʢʘ ʩʫ ʟʘ ʩʚʘʢʫ ʧʨʦʤʝʥˀʠʚʫ nxxx ,...,, 21  ʜʘʪʘ 

ʦʛʨʘʥʠʯʝˁʘ ʦ ʤʠʥʠʤʘʣʥʦʿ ʚʨʝʜʥʦʩʪʠ minmin

2

min

1 ,...,, nxxx , ʤʘʢʩʠʤʘʣʥʦʿ ʚʨʝʜʥʦʩʠ 

maxmax

2

max

1 ,...,, nxxx  ʠ ʢʦʨʘʢ, ʦʜʥʦʩʥʦ ʧʨʝʮʠʟʥʦʩʪ ʩʘ ʢʦʦʿʤ ˂ʝ ʩʝ ʪʨʘʞʠʪʠ ʪʘʯʥʘ ʚʨʝʜʥʦʩʪ 

ʧʨʦʤʝʥˀʠʚʠʭ nxxx DDD ,...,, 21 . ɿʘ ʧʨʦʠʟʚʦˀ ʥʫ ʧʨʦʤʝʥˀʠʚʫ k ʪʘʜʘ ʿʝ ʫʢʫʧʘʥ ʙʨʦʿ ʢʦʤʙʠʥʘʮʠʿ ʘ: 

1
minmax

+
D
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=
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kk
k

x

xx
X          (4.23) 

ʉʚʘʢʦʿ ʦʜ ʦʚʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʤʦʞʝ ʩʝ ʜʦʜʝʣʠʪʠ ʿʝʜʘʥ ʙʨʦʿ ʦʜ 1 ʜʦ kX , ʘ ʩʚʘʢʠ ʦʜ ʪʠʭ 

ʙʨʦʿʝʚʘ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʙʠʥʘʨʥʠʤ ʙʨʦʿʝʤ. ʅʘ ʪʘʿ ʥʘʯʠʥ, ʬʦʨʤʠʨʘ ʩʝ ʿʝʜʠʥʩʪʚʝʥʘ 

ʩʝʢʚʝʥʮʘ ʿʝʜʠʥʠʮʘ ʠ ʥʫʣʘ ʢʦʿʘ ʪʘʯʥʦ ʜʝʬʠʥʠʰʝ ʿʝʜʘʥ ʙʨʦʿ. ɱʝʜʥʘ ʪʘʢʚʘ ʩʝʢʚʝʥʮʘ ʠʤʘ ʜʫʞʠʥʫ 

ʢʦʘʿ ʿʝ ʿʝʜʥʘʢʘ ʧʨʚʦʤ ʚʝ˂ʝʤ ʮʝʣʦʤ ʜʝʣʫ ʙʨʦʿʘ: 

kk Xl 2log= .          (4.24) 

 ʂʘʜʘ ʩʝ ʦʜʨʝʜʠ ʙʨʦʿ  ʢʦʤʙʠʥʘʮʠʿʘ, ʜʝʬʠʥʠʰʝ ʩʝ ʥʦʚʠ ʤʘˁʠ ʢʦʨʘʢ ʪʘʢʦ ʜʘ ʩʝ ʥʘ 

ʩʝʢʚʝʥʮʠ ʜʫʞʠʥʝ kl  ʧʦʧʫʥʝ ʩʚʘ ʤʦʛʫ˂ʘ ʨʝʰʝˁʘ ʫ ʠʥʪʝʨʚʘʣʫ ],[ maxmin

kk xx . ʅʘʢʦʥ ʰʪʦ ʩʝ ʥʘ ʦʚʘʿ 

ʥʘʯʠʥ hʠʬʨʫʿʫ ʩʚʝ ʧʨʦʤʝʥˀʠʚʝ nxxx ,...,, 21  ʠ ʦʜʨʝʜʝ ʜʫʞʠʥʝ ʩʚʘʢʝ ʩʝʢʚʝʥʮʝ nlll ,...,, 21  ʚʨʰʠ ʩʝ 

ʩʧʘʘʿˁ ʝ ʩʚʘʢʝ ʦʜ ʩʝʢʚʝʥʮʠ ʫ ʿʝʜʠʥʩʪʚʝʥʫ ʛʝʥʝʪʩʢʫ ʰʠʬʨʫ ʜʫʞʠʥʝ l, ʧʨʠ ʯʝʤʫ ʿʝ ʧʦʟʥʘʪʦ ʜʘ 

ʩʚʘʢʦʿ ʤʦʛʫʦ˂ʿ ʢʦʤʙʠʥʘʮʠʿʠ ʨʝʰʝˁʘ ʦʜʛʦʚʘʨʘ ʝʿʜʠʥʩʪʚʝʥʘ ʛʝʥʝʪʩʢʘ ʰʠʬʨʘ ʠ ʨʝʰʝˁʝ 

ʬʫʥʢʮʠʿʝ ʢʘʦ ʤʝʨʠʣʦ ʢʚʘʣʠʪʝʪʘ ʨʝʰʝˁʘ: 

nllll +++= ...21 .         (4.25) 

 ʅʘʢʦʥ ʪhʦ ʿʝ ʩʣʫʯʘʿ ʥʦ ʠʟʚʨʰʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʧʦʯʝʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʿʝʜʠʥʢʠ, ʧʨʠ ʯʝʤʫ 

ʩʚʘʢʦʿ ʦʜ ˁʠʭ ʦʜʛʦʚʘʨʘ ʿʝʜʠʥʩʪʚʝʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʧʨʦʤʝʥˀʠʚʠʭ ʢʘʦ ʠ ʛʝʥʝʪʩʢʦʛ ʢʦʜʘ, ʜʦʣʘʟʠ 

ʜʦ ʩʪʚʘʨʘˁʘ ʥʦʚʠʭ ʛʝʥʝʨʘʮʠʿʘ ʧʨʠ ʯʝʤʫ ʩʝ ʢʦʨʠʩʪʝ ʦʩʥʦʚʥʠ ʧʨʠʥʮʠʧʠ ʝʚʦʣʫʮʠʿʝ ʠ ʚʨʰʠ ʩʝ 

ʧʨʘ˂ʝˁʝ ʧʦʙʦˀ ʰʘˁʘ ʩʢʫʧʘ ʿʝʜʠʥʢʠ. ʊʦ ʩʝ ʨʘʜʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

¶ ɻʝʥʝʪʩʢʠ ʩʘʜʨʞʘʿ 10 ʧʦʩʪʦ ʥʘʿʙʦˀʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʩʝ ʩʘʤʦ ʧʨʝʧʠʩʫʿʝ ʫ ʥʘʨʝʜʥʫ 

ʛʝʥʝʨʘʮʠʫʿ. ʆʚʦ ʩʝ ʨʘʜʠ ʜʘ ʙʠ ʩʝ ʩʘʯʫʚʘʦ ʛʝʥʝʪʩʢʠ ʩʘʜʨʞʘʿ ʥʘʿʙʦˀʠʭ ʿʝʜʠʥʢʠ, ʪʿ. ʜʘ ʩʝ 

ʧʨʠʣʠʢʦʤ ʤʝʰʘˁʘ ʛʝʥʝʪʩʢʦʛ ʤʘʪʝʨʠʿʘʣʘ ʥʝ ʙʠ ʠʟʛʫʙʠʣʝ ʢʦʤʙʠʥʘʮʠʿʝ ʢʦʿʝ ʜʘʿʫ 

ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝ ʨʝhʝˁʝ. ʆʚʘʿ ʧʦʩʪʫʧʘʢ ʩʝ ʥʘʟʠʚʘ ʝʣʠʪʠʟʘʤ. 

¶ ʆʩʪʘʣʠʭ 90 ʧʦʩʪʦ ʿʝʜʠʥʢʠ ʩʝ ʜʦʙʠʿʘ ʤʝhʘˁʝʤ ʛʝʥʝʪʩʢʦʛ ʤʘʪʝʨʠʿʘʣʘ 90% ʥʘʿʙʦˀʠʭ 

ʨʝʰʝˁʘ ʠ ʤʫʪʘʮʠʿʘʤʘ. ʊʘ ʜʚʘ ʧʦʩʪʫʧʢʘ ʩʝ ʥʘʟʠʚʘʿʫ ʫʢʨʰʪʘˁʝ ʠ ʤʫʪʘʮʠʿʘ. 

¶ ɼʝʩʝʪ ʧʦʩʪʦ ʥʘʿʛʦʨʠʭ ʿʝʜʠʥʢʠ ʥʝ ʫʯʝʩʪʚʫʝʿ ʥʠ ʫ ʿʝʜʥʦʿ ʨʘʜˁʠ, ʪʿ. ʪʝ ʿʝʜʠʥʢʝ ʠʟʫʤʨʫ.  

ʅʘ ʉʣ. 4.4 ʜʘʪ ʿʝ ʩʣʠʢʦʚʠʪʠ ʧʨʠʢʘʟ ʩʪʚʘʨʘˁʘ ʥʦʚʝ ʛʝʥʝʨʘʮʠʿʝ ʿʝʜʠʥʢʠ: 
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ʉʣ. 4.4 ʌʦʨʤʠʨʘˁʝ ʥʦʚʝ ʛʝʥʝʨʘʮʠʿʝ ʿʝʜʠʥʢʠ ʢʦʨʠʰ˂ʝˁʝʤ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ, [1] 

 

ʋʧʨʘʚʦ ʫʟ ʧʦʤʦ˂ ʫʢʨʰʪʘˁʘ ʠ ʤʫʪʘʮʠʿʘ ʫ ʥʝʢʦ ʿ ʦʜ ʥʘʨʝʜʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʩʝ ʤʦʛʫ 

ʧʦʿʘʚʠʪʠ ʥʦʚʘ, ʙʦˀʘ ʨʝʰʝˁʘ. ʎʠˀ ʫʢʨʰʪʘˁʘ ʿʝ ʠʟʚʨʰʠʪʠ ʢʦʤʙʠʥʦʚʘʝˁ ʛʝʥʝʪʩʢʦʛ ʤʘʪʝʨʠʿʘʣʘ 

ʜʚʝ ʿʝʜʠʥʢʝ. ʇʦʩʪʦʿʝ ʪʨʠ ʥʘʯʠʥʘ ʫʢʨh ʪʘˁʘ: 

¶ ʋʢʨʰʪʘˁʝ ʠʟʙʦʨʦʤ ʿʝʜʥʝ ʪʘʯʢʝ. ʋʟ ʧʦʤʦ˂ rand ʬʫʥʢʮʠʿʝ ʥʘ ʩʣʫʯʘʿʘʥ ʥʘʯʠʥ ʙʠʨʘ ʩʝ 

ʪʘʯʢʘ ʧʨʝʩʝʢʘ ʭʨʦʤʦʟʦʤʘ ʜʚʝ ʿʝʜʠʥʢʝ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʬʦʨʤʠʨʘʿʫ ʜʚʝ ʥʦʚʝ ʿʝʜʠʥʢʝ ʪʘʢʦ 

ʰʪʦ ʩʝ ʫʟʤʝ ʧʨʚʠ ʜʝʦ ʩʝʢʚʝʥʮʝ ʧʨʚʝ ʿʝʜʠʥʢʝ ʠ ʜʨʫʛʠ ʜʝʦ ʩʝʢʚʝʥʮʝ ʜʨʫʛʝ ʿʝʜʠʥʢʝ ʠ ʦʥʝ 

ʩʝ ʩʧʦʿʝ, ʠ ʦʙʨʥʫʪʦ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʜʦʙʠʿʘʿʫ ʩʝ ʥʦʚʝ ʜʚʝ ʿʝʜʠʥʢʝ. ʅʘ ʉʣ. 4.5 ʿʝ 

ʠʣʫʩʪʨʘʪʠʚʥʦ ʧʨʠʢʘʟʘʥ ʦʚʘʿ ʥʘʯʠʥ ʫʢʨʰʪʘˁʘ. 

¶ ʋʢʨʪhʘˁʝ ʠʟʙʦʨʦʤ ʜʚʝ ʪʘʯʢʝ ʫʢʨʰʪʘʘˁ ï ʦʚʘʿ ʤʝʪʦʜ ʿʝ ʩʣʠʯʘʥ ʢʘʦ ʧʨʝʪʭʦʜʥʠ, ʩʘʤʦ 

ʪhʦ ʩʝ ʫʤʝʩʪʦ ʿʝʜʥʝ ʧʨʝʩʝʯʥʝ ʪʘʯʢʝ ʙʠʨʘʿʫ ʜʚʝ ʧʨʝʩʝʯʥʝ ʪʘʯʢʝ. ʇʨʠʤʝʨ ʦʚʦʛ ʥʘʯʠʥʘ 

ʫʢʨhʪʘˁʘ ʿʝ ʜʘʪ ʥʘ ʉʣ. 4.6. 

¶ ʋʥʠʬʦʨʤʥʦ ʫʢʨʰʪʘˁʝ ï ʢʦʜ ʦʚʦʛ ʪʠʧʘ ʫʢʨʰʪʘˁʘ ʫʟ ʧʦʤʦ˂ ʠʟʙʦʨʘ ʩʣʫʯʘʿʥʦʛ ʥʠʟʘ 

ʙʨʦʿʝʚʘ 0 ʠʣʠ 1 ʩʝ ʦʜʨʝ́ʫʿʝ ʤʘʩʢʘ ʢʦʿʘ ʦʜʨʝʹʫʿʝ ʧʦʟʠʮʠʿʝ ʥʘ ʢʦʠʿʤʘ ˂ʝ ʩʝ ʩʤʝʰʪʘʪʠ 

ʛʝʥʝʪʩʢʠ ʩʘʜʨʞʘʿ ʧʨʚʝ ʦʜʥʦʩʥʦ ʜʨʫʛʝ ʿʝʜʠʥʢʝ. ʅʘ ʉʣ. 4.7 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʦʚʦʛ ʪʠʧʘ 

ʫʢʨʰʪʘˁʘ. 

 

ʉʣ. 4.5 ʇʨʠʤʝʨ ʫʢʨhʪʘˁʘ ʠʟʙʦʨʦʤ ʿʝʜʥʝ ʪʘʯʢʝ ʫʢʨ ʪhʘˁʘ, [1] 
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ʉʣ. 4.6 ʇʨʠʤʝʨ ʫʢʨʰʪʘˁʘ ʠʟʙʦʨʦʤ ʜʚʝ ʪʘʯʢʝ ʫʢʨʰʪʘˁʘ, [1] 

 

 

 

 

 

 

 

 

 

 

ʉʣ. 4.7 ʇʨʠʤʝʨ ʫʥʠʬʦʨʤʥʦʛ ʫʢʨʰʪʘˁʘ, [1] 

 

ʂʦʜ ʫʢʨʰʪʘˁʘ ʿʝ ʙʠʪʥʦ ʦʙʿʘʩʥʠʪʠ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʩʝ ʚʨʰʠ ʦʜʘʙʠʨ 2 ʨʦʜʠʪʝˀʘ. 

ʈʦʜʠʪʝˀʠ ʩʝ ʙʠʨʘʿʫ ʠʩʪʦ ʢʘʦ ʠ ʫ ʧʨʠʨʦʜʠ ʪʘʢʦ ʜʘ ʩʝ ʚʝ˂ʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʫ ʨʘʟʤʥʦʞʘʚʘˁʫ ʜʘʿʝ 

ʿʘʯʠʤ ʿʝʜʠʥʢʘʤʘ. ʋ ʦʚʠʤ ʘʥʘʣʠʟʘʤʘ ʢʦʨʠʰʝ˂ʥ ʿʝ ʧʨʠʥʮʠʧ ʪʫʨʥʠʨʘ. ʊʫʨʥʠʨ ʩʝ ʠʟʚʦʜʠ ʪʘʢʦ 

ʰʪʦ ʩʝ ʥʘ ʩʣʫʯʘʿʘʥ ʥʘʯʠʥ ʦʜʘʙʝʨʫ ʯʝʪʠʨʠ ʨʦʜʠʪʝʘˀ, ʧʨʠ ʯʝʤʫ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʚʨʝʜʥʦʩʪ 

ʬʫʥʢʮʠʿʝ ʩʚʘʢʦʛ ʦʜ ʭʨʦʤʦʟʦʤʘ ʩʚʘʢʠ ʦʜ ˁʠʭ ʠʤʘ ʠʩʪʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʦʜʘʙʠʨʘ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ 

ʦʨʛʘʥʠʟʫʿʝ ʪʘʢʤʠʯʝˁʝ ʠʟʤʝ́ ʫ ʧʨʚʦʛ ʠ ʜʨʫʛʦʛ ʠ ʪʨʝ˂ʝʛ ʠ ʯʝʪʚʨʪʦʛ. ʇʦʙʝʜʫ ʦʜʥʦʩʠ ʦʥʘʿ ʢʦʿʠ 

ʠʤʘ ʙʦˀʫ ʚʨʝʜʥʦʩʪ (ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʚʝ˂ʫ ʚʨʝʜʥʦʩʪ), ʠ ʪʘʢʦ ʩʝ ʦʜʘʙʠʨʘʿʫ ʙʦˀʠ ʨʦʜʠʪʝˀʠ ʟʘ 

ʨʘʟʤʥʦʞʘʚʘˁʝ. ʆʚʘʢʦ ʥʝʪhʦ ʩʝ ʜʝʰʘʚʘ ʠ ʫ ʧʨʠʨʦʜʠ, ʢʘʜʘ ʩʝ ʞʠʚʦʪʠˁʝ ʤʝʹʫʩʦʙʥʦ ʙʦʨʝ ʟʘ 

ʧʘʨʪʥʝʨʘ ʫ ʧʝʨʠʦʜʫ ʧʘʨʝˁʘ, ʧʨʠ ʯʝʤʫ ʧʦʙʝʜʫ ʦʜʥʦʩʠ ʿʘʯʘ ʞʠʚʦʪʠˁʘ. ʅʘ ʉʣ. 4.8 ʿʝ ʩʣʠʢʦʚʠʪʦ 

ʧʨʠʢʘʟʘʥ ʪʫʨʥʠʨ ʢʘʦ ʠʟʙʦʨ ʨʦʜʠʪʝˀʘ ʫ ʨʘʟʤʥʦʞʘʚʘˁʫ. ʆʚʜʝ ʿʦʰ ʪʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʝ 

ʧʨʠʣʠʢʦʤ ʠʟʙʦʨʘ ʜʚʘ ʨʦʜʠʪʝˀʘ ʫʢʨʰʪʘˁʝ ʜʝʰʘʚʘ ʩʘ ʥʝʢʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ. ʋʟʠʤʘ ʩʝ ʜʘ ʝʿ ʪʘ 
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ʚʝʨʦʚʘʪʥʦ˂ʘ ʚʝʣʠʢʘ (ʧʨʝʢʦ 80%). ʋ ʩʫʧʨʦʪʥʦʤ, ʛʝʥʝʪʩʢʠ ʤʘʪʝʨʠʿʘʣʠ ʨʦʜʠʪʝˀʘ ʩʝ ʩʘʤʦ 

ʧʨʝʧʠʩʫʿʫ. 

 

ʉʣ. 4.8 ʀʣʫʩʪʨʘʮʠʿʘ ʪʫʨʥʠʨʘ ʫ ʛʝʥʝʪʩʢʦʤ ʘʣʛʦʨʠʪʤʫ, [1] 

 

 ʅʘʢʦʥ ʫʢʨʰʪʘˁʘ ʜʝʰʘʚʘʿʫ ʩʝ ʠ ʤʫʪʘʮʠʿʝ. ʄʫʪʘʮʠʿʝ ʫ ʧʨʠʨʦʜʠ ʥʘʿʯʝʰ˂ʝ ʥʘʩʪʘʿʫ 

ʩʧʦˀʥʠʤ ʫʪʠʮʘʿʝʤ, ʠ ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʝ ʥʝʢʦʛ ʛʝʥʝʪʩʢʦʛ ʢʦʜʘ ʫ ʩʝʢʚʝʥʮʠ. ʄʫʪʘʮʠʿʝ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʚʝʟʫʿʫ ʟʘ ʥʝʰʪʦ ʣʦhʝ, ʤʝʹʫʪʠʤ ʝʚʦʣʫʮʠʿʘ ʧʦʢʘʟʫʿʝ ʜʘ ʧʦʩʪʦʝʿ ʠ ʜʦʙʨʝ ʤʫʪʘʮʠʝʿ ʢʦʿʝ 

ʟʘʧʨʘʚʦ ʠ ʧʦʪʧʦʤʘʞʫ ʜʘˀʠ ʨʘʟʚʠʿ ʥʦʚʠʭ, ʜʦʙʨʠʭ ʦʩʦʙʠʥʘ. ʄʫʪʘʮʠʿʘʤʘ ʩʝ ʩʪʚʘʨʘʿʫ ʛʝʥʠ ʢʦʿʝ 

ʥʝ ʧʦʩʝʜʫʿʝ ʥʠʿʝʜʘʥ ʨʦʜʠʪʝ,ˀ ʘ ʩʘʤʠʤ ʪʠʤ ʩʝ ʥʝʢʝ ʥʦʚʝ ʦʩʦʙʠʥʝ ʿʘʚˀʘʿʫ ʫ ʧʦʧʫʣʘʮʠʿʠ. ʋ 

ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʤʫʪʘʮʠʿʘ ʣʦʰʘ ʿʝʜʠʥʢʘ ʝ˂ ʚʨʝʤʝʥʦʤ ʠʟʫʤʨʝʪʠ ʠ ʣʦ ʘh ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ˂ʝ 

ʥʝʩʪʘʪʠ, ʤʝʹʫʪʠʤ ʜʦʙʨʝ ʤʫʪʘʮʠʿʝ ʩʝ ʧʨʝʥʦʩʝ ʩʘ ʨʦʜʠʪʝˀʘ ʥʘ ʜʝʮʫ ʠ ʪʘʿ ʛʝʥ ʩʝ ʧʦʣʘʢʦ ʰʠʨʠ ʫ 

ʧʦʧʫʣʘʮʠʿʠ. ʋ ʛʝʥʝʪʩʢʦʤ ʘʣʛʦʨʠʪʤʫ, ʥʘʢʦʥ ʩʪʚʘʨʘˁʘ ʜʝʮʝ, ʩʘ ʥʝʢʦʤ ʦʜʨʝʹʝʥʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ 

ʩʝ ʦʜʨʝʝ́ʥʦʤ ʙʨʦʿʫ ʜʝʮʝ ʩʪʚʘʨʘ ʤʫʪʘʮʠʿʘ ʥʘ ʿʝʜʥʦʤ ʛʝʥʫ. ʅʘ ʢʦʤ ʝ˂ ʩʝ ʛʝʥʫ ʜʝʩʠʪʠ ʤʫʪʘʮʠʿʘ 

ʦʜʨʝʹʫʿʝ ʩʝ ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʿʝ rand. ʄʫʪʘʮʠʿʘ ʩʝ ʩʘʩʪʦʿʠ ʫ ʧʨʦʤʝʥʠ ʦʜʨʝʹʝʥʦʛ ʙʠʥʘʨʥʦʛ ʙʨʦʿʘ, 

ʧʘ ʩʝ ʪʘʢʦ 1 ʧʨʝʪʚʘʨʘ ʫ 0 ʠ ʦʙʨʥʫʪʦ. ʅʘ ʉʣ. 4.9 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʤʝʨ ʤʫʪʘʮʠʿʝ ʿʝʜʥʦʛ ʛʝʥʘ. 

 

ʉʣ. 4.9 ʄʫʪʘʮʠʿʘ ʥʘ ʦʩʤʦʤ ʛʝʥʫ, [1] 

ʅʘʢʦʥ ʰʪʦ ʩʝ ʧʦʧʫʥʠ ʛʝʥʝʪʩʢʠ ʤʘʪʝʨʠʿʘʣ ʟʘ ʩʚʘʢʫ ʿʝʜʠʥʢʫ ʥʦʚʝ ʧʦʧʫʣʘʮʠʿʝ ʚʨʰʠ ʩʝ 

ʜʝʰʠʬʨʦʚʘʝˁ ʚʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʠʭ nxxx ,...,, 21  ʠ ʦʜʨʝʹʫʿʝ ʩʝ ʚʨʝʜʥʦʩʪ ʬʫʥʢʮʠʿ ʘ 

),...,,( 21 nxxxf . ɱʝʜʠʥʢʝ ʩʝ ʟʘʪʠʤ ʩʦʨʪʠʨʘʿʫ ʥʘ ʦʩʥʦʚʫ ʢʨʠʪʝʨʠʿʫʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʠ ʧʦʩʪʫʧʘʢ 

ʩʝ ʠʪʝʨʘʪʠʚʥʦ ʧʦʥʘʚˀʘ. ʅʘ ʉʣ. 4.10 ʜʘʪ ʝʿ ʧʨʠʤʝʨ ʢʘʢʦ ʩʝ ʤʝˁʘʿʫ ʥʘʿʙʦˀʘ ʠ ʥʘʿʛʦʨʘ ʨʝʰʝˁʘ ʫ 

ʛʝʥʝʪʩʢʦʤ ʘʣʛʦʨʠʪʤʫ, ʪʿ. ʢʘʢʦ ʘʣʛʦʨʠʪʘʤ ʢʦʥʚʝʨʛʠʨʘ ʢʨʦʟ ʛʝʥʝʨʘʮʠʿʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʛʨʘʬʠʢ 

ʦʜʥʦʩʠ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʩʝ ʪʨʘʞʠ ʤʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʬʫʥʢʮʠʿʝ. ʊʘʜʘ ʩʝ ʚʠʜʠ ʜʘ ʩʝ ʢʨʦʟ 

ʠʪʝʨʘʮʠʿʝ ʥʘʿʤʘˁʝ ʨʝh ʝˁʝ ʫ ʧʦʧʫʣʘʮʠʠʿ ʧʦʙʦˀʰʘʚʘ ʦʜʥʦʩʥʦ ʩʤʘˁʫʿʝ, ʜʦʢ ʿʝ ʨʘʩʠʧʘˁʝ 

ʦʩʪʘʣʠʭ ʨʝʰʝˁʘ ʩʚʝ ʤʘˁʝ ʠ ʤʘˁʝ. ʊʦ ʿʝ ʿʘʩʘʥ ʧʦʢʘʟʘʪʝˀ ʢʦʥʚʝʨʛʝʥʮʠʝʿ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʘʣʛʦʨʠʪʘʤ ʠʩʢʦʥʚʝʨʛʠʨʘʦ ʦʥʜʘ ʢʘʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ ʟʘ ʩʚʝ 

ʭʨʦʤʦʟʦʤʝ ʿʝʜʥʘʢʝ ʠʣʠ ʚʝʦʤʘ ʙʣʠʩʢʝ. 
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ʉʣ. 4.10 ʅʘʿʙʦˀʘ ʠ ʥʘʿʣʦʰʠʿʘ ʨʝʰʝˁʘ ʢʨʦʟ ʠʪʝʨʘʮʠʿʝ, [1] 

4.2.2 ʈʝʰʘʚʘˁʝ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ ʢʦʨʠh˂ʝˁʝʤ Interior Point ʤʝʪʦʜʝ 

ɼʨʫʛʘ ʘʥʘʣʠʟʠʨʘʥʘ ʤʝʪʦʜʘ ʟʘ ʧʨʦʨʘʯʫʥ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ ʿʝ Interior Point ʤʝʪʦʜʘ. 

ʂʘʦ ʠ ʢʦʜ ʩʚʠʭ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ, ʤʠʥʠʤʫʤ ʩʝ ʜʦʙʠʿʘ ʠʟʿʝʜʥʘʯʘʚʘˁʝʤ ʧʘʨʮʠʿʘʣʥʠʭ 

ʠʟʚʦʜʘ ʦʙʿʝʢʪʠʚʥʝ ʬʫʥʢʮʠʿ ʝ ʩʘ ʥʫʣʦʤ. ʆʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ ʩʝ ʚʨʣʦ ʿʝʜʥʦʩʪʘʚʥʦ 

ʫʚʘʞʘʚʘʿʫ ˁʠʭʦʚʠʤ ʤʥʦʞʝˁʝʤ ʃʘʛʨʘʥʞʦʚʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʠ ʜʦʜʘʚʘˁʝʤ ʦʚʠʭ ʠʟʨʘʟʘ 

ʦʙʿʝʢʪʠʚʥʦʿ ʬʫʥʢʮʠʿʠ. ʅʘ ʪʘʿ  ʥʘʯʠʥ ʩʝ ʬʦʨʤʠʨʘ ʃʘʛʨʘʥʞʦʚʘ ʬʫʥʢʮʠʿʘ ʯʠʿʠ ʧʘʨʮʠʿʘʣʥʠ 

ʠʟʚʦʜʠ ʤʦʨʘʿʫ ʙʠʪʠ ʿʝʜʥʘʢʠ ʥʫʣʠ ʘʢʦ ʩʝ ʞʝʣʠ ʜʦʙʠʪʠ ʤʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ [95]. Interior Point 

ʤʝʪʦʜʘ ʩʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʦʩʪʘʣʠʭ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ ʥʘ ʥʘʯʠʥ ʢʘʢʦ ʩʝ ʫʚʘʞʘʚʘʿʫ 

ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʥʝʿʝʜʥʘʢʦʩʪʠ. ʀʜʝʿʘ ʢʦʜ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʨʝʰʠʪʠ ʩʝ ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ 

ʥʝʿʝʜʥʘʢʦʩʪʠ ʜʦʜʘʚʘˁʝʤ ʙʘʣʘʥʩʥʝ ʧʨʦʤʝʥʠˀʚʝ ʯʠʿʘ ʚʨʝʜʥʦʩʪ ʤʦʨʘ ʙʠʪʠ ʚʝʘ˂ ʦʜ ʥʫʣʝ ʠʣʠ 

ʝʿʜʥʘʢʘ ʥʫʣʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʜʦʙʠʿʘ ʥʦʚʘ ʬʦʨʤʫʣʘʮʠʿʘ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ 

ʜʝʬʠʥʠʩʘʥʦʛ ʿʝʜʥʘʯʠʥʘʤʘ (4.1) ï (4.4): 

min ( )f x ,          (4.26) 

 

( ) 0g =x ,          (4.27) 

 

( ) 0h - - =l lx h s ,         (4.28) 

 

( ) 0h- + - =u ux h s ,         (4.29) 

 

, 0²u ls s .          (4.30) 

 

ʛʜʝ ʩʫ: ls  ʠ 
us ʙʘʣʘʥʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʠʤʘ ʩʝ ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʥʝʿʝʜʥʘʢʦʩʪʠ ʧʨʝʪʚʘʨʘʿʫ ʫ 

ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ. ʋ ʦʚʦʿ ʧʦʩʪʘʚʮʠ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʩʫ ʦʛʨʘʥʠʯʝˁʘ 

ʧʨʦʤʝʥˀʠʚʠʭ ʜʝʬʠʥʠʩʘʥʠʭ ʿʝʜʥʘʯʠʥʦʤ (4.4) ʩʘʜʨʞʘʥʠ ʫ ʿʝʜʥʘʯʠʥʠ (4.3). ɼʘ ʙʠ ʩʝ ʧʨʠʤʝʥʠʣʘ 

ʤʝʪʦʜʘ ʃʘʛʨʘʥʞʦʚʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʝʣʠʤʠʥʠʩʘʪʠ ʦʛʨʘʥʠʯʝˁʘ ʪʠʧʘ 

ʥʝʿʝʜʥʘʢʦʩʪʠ ʜʝʬʠʥʠʩʘʥʘ ʿʝʜʥʘʯʠʥʦʤ (4.30). ʆʚʦ ʩʝ ʨʝh ʘʚʘ ʜʦʜʘʚʘˁʝʤ ʙʘʨʠʿʝʨʥʝ ʬʫʥʢʮʠʿʝ 
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(ln( ) ln( ))mÖ +l us s  ʦʙʿʝʢʪʠʚʥʦʿ ʬʫʥʢʮʠʿʠ (4.26), ʧʘ ˂ʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ 

ʠʤʘʪʠ ʩʘʤʦ ʦʛʨʘʥʠʯʝʘˁ ʪʠʧʘ ʿʝʜʥʘʢʦʩʪʠ: 

min( ( ) (ln( ) ln( )))f m- Ö +l ux s s ,       (4.31) 

 

( ) 0g =x ,          (4.32) 

 

( ) 0h - - =l lx h s ,         (4.33) 

 

( ) 0h- + - =u ux h s .         (4.34) 

 

ʀʜʝʿʘ ʙʘʨʠʿʝʨʥʠʭ ʬʫʥʢʮʠʘʿ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ m ʝʿ ʩʣʝʜʝ˂ʘ: ʧʨʠʙʣʠʞʘʚʘˁʝʤ ʙʘʣʘʥʩʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ 
ls  ʠ 

us  ʥʫʣʠ, ʯʠʪʘʚ ʣʦʛʘʨʠʪʘʤʩʢʠ ʠʟʨʘʟ ʧʦʯʠˁʝ ʜʘ ʪʝʞʠ ʢʘ ʚʨʝʜʥʦʩʪʠ ʤʠʥʫʩ 

ʙʝʩʢʦʥʘʯʥʦ, ʦʜʥʦʩʥʦ ʯʠʪʘʚʘ ʦʙʿʝʢʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʧʦʯʠ ʝˁ ʜʘ ʠʤʘ ʿʘʢʦ ʚʝʣʠʢʫ ʚʨʝʜʥʦʩʪ. ʅʘ 

ʦʚʘʿ ʥʘʯʠʥ, ʦʧʪʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʥʝ˂ʝ ʦʜʛʦʚʘʨʘʪʠ ʞʝˀʝʥʦʤ ʦʧʪʠʤʫʤʫ. ʄʝʹʫʪʠʤ, ʢʨʦʟ 

ʠʪʝʨʘʮʠʿʝ, ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ m ʩʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʝ (ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ ʟʘ ʙʘʨ ʨʝʜ 

ʚʝʣʠʯʠʥʝ), ʯʠʤʝ ʫʪʠʮʘʿ ʙʘʨʠʿʝʨʥʝ ʬʫʥʢʮʠʿ ʝ ʧʦʩʪʘʿʝ ʩʚʝ ʤʘˁʠ ʥʘ ʫʢʫʧʥʫ ʦʙʿʝʢʪʠʚʥʫ ʬʫʥʢʮʠʿʫ. 

ʆʚʦ ʿʝ ʠʣʫʩʪʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʫ ʧʨʠʢʘʟʘʥʦʤ ʥʘ ʉʣ. 4.11. ʋ ʘʥʘʣʠʟʠʨʘʥʦʤ ʧʨʠʤʝʨʫ, ʘʥʘʣʠʟʠʨʘ 

ʩʝ ʬʫʥʢʮʠʿʘ 2 2 2, 0y x x x= + + ². ɱʘʩʥʦ ʿʝ ʜʘ ʦʚʘ ʬʫʥʢʮʠʿʘ ʜʦʩʪʠʞʝ ʤʠʥʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʟʘ 

0=x . ɼʘ ʙʠ ʩʝ ʦʚʘʿ ʧʨʦʙʣʝʤ ʨʝʰʠʦ ʧʨʠʤʝʥʦʤ Interior Point ʤʝʪʦʜʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʚʝʩʪʠ 

ʙʘʨʠʝʿʨʥʫ ʬʫʥʢʮʠʿʫ, ʪʘʢʦ ʜʘ ʥʦʚʘ ʦʙʿʝʢʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʛʣʘʩʠ 2 2 2 ln( )y x x xm= + + - Ö. ʅʘ ʉʣ. 

4.11 ʧʨʠʢʘʟʘʥʦ ʿʝ ʢʘʢʦ ʩʝ ʤʝˁʘ ʦʙʿʝʢʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʩʘ ʧʨʦʤʝʥʦʤ ʢʦʝʬʠʮʠʿʝʥʪʘ m. ʉʘ ʩʣʠʢʝ 

ʩʝ ʚʠʜʠ ʜʘ ʩʝ ʩʘ ʩʤʘˁʠʚʘˁʝʤ ʢʦʝʬʠʮʠʿʝʥʪʘ m ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʿ ʝ ʩʚʝ ʚʠʰʝ ʧʨʠʙʣʠʞʘʚʘ 

ʥʫʣʠ, ʰʪʦ ʠ ʿʝʩʪʝ ʮʠˀ Interior Point ʤʝʪʦʜʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʙʘʨʠʿʝʨʘ ʥʝ ʜʦʟʚʦˀʘʚʘ 

ʛʝʥʝʨʠʩʘˁʝ ʨʝʰʝˁʘ ʢʦʿʝ ʝ˂ ʥʘʨʫh ʠʪʠ ʦʛʨʘʥʠʯʝˁʝ ʪʠʧʘ ʥʝʿʝʜʥʘʢʦʩʪʠ. ʅʘ ʦʚʦʿ ʩʣʠʮʠ 

ʠʟʚʨʰʝʥʘ ʿʝ ʠʣʫʩʪʨʘʮʠʿʘ ʘʥʘʣʠʟʠʨʘʥʝ ʤʝʪʦʜʝ ʥʘ ʧʨʠʤʝʨʫ ʧʨʦʙʣʝʤʘ ʩʘ ʿʝʜʥʦʤ ʥʝʧʦʟʥʘʪʦʤ. 

ʆʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʢʦʿʠ ʿʝ ʿʝʜʥʘ ʦʜ ʪʝʤʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ˂ʝ ʠʤʘʪʠ ʥʝʢʦʣʠʢʦ ʩʪʦʪʠʥʘ 

ʥʝʧʦʟʥʘʪʠʭ.  

 

ʉʣ. 4.11 ʀʟʛʣʝʜ ʦʙʿʝʢʪʠʚʥʝ ʬʫʥʢʮʠʿʝ ʩʘ ʧʨʦʤʝʥʦʤ ʧʝʥʘʣʠʟʘʮʠʦʥʦʛ ʬʘʢʪʦʨʘ 
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ʅʘ ʧʨʦʙʣʝʤ ʜʝʬʠʥʠʩʘʥ ʿʝʜʥʘʯʠʥʘʤʘ (4.31) ï (4.34) ʤʦʛʫ˂ʝ ʿʝ ʧʨʠʤʝʥʠʪʠ ʤʝʪʦʜʫ 

ʃʘʛʨʘʥʞʦʚʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ, ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʩʝ ʢʦʥʘʯʥʦ ʩʚʦʜʠ ʥʘ 

ʦʜʨʝʹʠʚʘʝˁ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʿʝ ʜʝʬʠʥʠʩʘʥʝ ʿʝʜʥʘʯʠʥʦʤ (4.34): 

( ) (ln( ) ln( )) ( ) ( ( ) ) ( ( ) )L f g h hm m= - + - - - - - - + -T T T

l u l l l u u ux s s ɚ x ˊ x h s ˊ x h s (4.35) 

 

ʋ ʿʝʜʥʘʯʠʥʠ (4.33), ɚ, T

ĺ
, T

ú
 ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʜʦʤ ʃʘʛʨʘʥʞʦʚʝ ʢʦʝʬʠʮʠʿʝʥʪʝ ʧʦʤʦ˂ʫ 

ʢʦʿʠʭ ʩʝ ʫ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʫʚʘʞʘʚʘʿʫ ʿʝʜʥʘʯʠʥʝ (4.32) ï (4.34). ʄʠʥʠʤʘʣʥʦ ʨʝʰʝˁʝ 

ʩʝ ʧʦʩʪʠʞʝ ʢʘʜʘ ʩʫ ʧʘʨʮʠʿʘʣʥʠ ʠʟʚʦʜʠ ʬʫʥʢʮʠʿʝ (4.35) ʿʝʜʥʘʢʠ ʥʫʣʠ:  

0mÐ =- Ö Ö + =
l

-1

s ɛ l lL S e ˊ ,        (4.36) 

 

0mÐ =- Ö Ö + =
u

-1

s ɛ u uL S e ˊ ,        (4.37) 

 

( ) 0hÐ =- + + =
ĺ ɛ l lL x h s ,        (4.38) 

 

( ) 0hÐ = - + =
ú ɛ u uL x h s ,        (4.39) 

 

( ) 0gÐ =- =ɚ ɛL x ,         (4.40) 

 

( ) ( ) ( ) ( )f g hÐ =Ð -Ð Ö -Ð Ö -ɇ T T

x ɛ l uL x x ɚ x ˊ .́     (4.41) 

 

ʋ ʿʝʜʥʘʯʠʥʘʤʘ (4.36) ï (4.41) ʧʦʿʘʚˀʫʿʫ ʩʝ ʤʘʪʨʠʮʝ -1

lS  ʠ -1

uS . ʆʚʦ ʩʫ ʠʥʚʝʨʟʥʝ 

ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʘ 
lS  ʠ 

uS . ʄʘʪʨʠʮʝ 
lS  ʠ 

uS  ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʚʘʜʨʘʪʥʝ ʤʘʪʨʠʮʝ ʯʠʿʠ ʩʫ 

ʝʣʝʤʝʥʪʠ ʥʘ ʛʣʘʚʥʦʿ ʜʠʿʘʛʦʥʘʣʠ ʿʝʜʥʘʢʠ ʚʝʢʪʦʨʠʤʘ 
ls  ʠ 

us , ʜʦʢ ʩʫ ʦʩʪʘʣʠ ʝʣʝʤʝʥʪʠ ʚʘʥ 

ʛʣʘʚʥʝ ʜʠʿʘʛʦʥʘʣʝ ʿʝʜʥʘʢʠ ʥʫʣʠ. ʈʝʘhʚʘˁʝʤ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ (4.36) ï (4.41) ʜʦʙʠʘʿ ʩʝ 

ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ. ʄʝʹʫʪʠʤ, ʦʚʘʿ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚˀʘ ʩʠʩʪʝʤ ʥʝʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ ʢʦʠʿ ʩʝ 

ʤʦʞʝ ʨʝʰʠʪʠ ʩʘʤʦ ʥʫʤʝʨʠʯʢʠʤ ʤʝʪʦʜʘʤʘ. ɿʘ ʨʝʰʘʚʘʝˁ ʦʚʦʛ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ ʢʦʨʠʩʪʠ ʩʝ 

ɳʫʪʥʦʚ ʠʪʝʨʘʪʠʚʥʠ ʧʦʩʪʫʧʘʢ ʧʨʠʢʘʟʘʥ ʫ ʥʘʨʝʜʥʦʿ ʿʝʜʥʘʯʠʥʠ: 

0 0 0 0

0 0 0 0

0 0 0 0 ( )

0 0 0 0 ( )

0 0 0 0 0 ( )
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x ȹɚ L

x x x L ȹx L

  (4.42) 

 

ʋ ʿʝʜʥʘʯʠʥʠ (4.42), ʯʣʘʥ mLx

2Ð  ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

2 2 2 2( ) ( ) ( ) ( )x x x xf g hÐ =Ð -Ð Ö -Ð Ö -T T T

ɛ l uL x x ɚ x ˊ  ́     (4.43)  

 

 ʂʘʢʦ ʩʝ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ ʜʦʩʪʘ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʚʝʣʠʯʠʥʝ ʤʘʪʨʠʮʝ, ʜʝʬʠʥʠʩʘʥʠ 

ʧʨʦʙʣʝʤ ʩʝ ʤʦʞʝ ʧʦʿ ʝʜʥʦʩʪʘʚʠʪʠ ʨʝʰʘʚʘˁʝʤ ʩʣʝʜʝ˂ ʝʛ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ, (4.44): 
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0 ( )

( )T

g

g

-Ð Ðè ø è ø è ø
Ö =-é ù é ù é ù

-Ðê ú ê ú ê ú

ɚ ɛx ȹɚ L

x Hd ȹx ɝ
.      (4.44) 

 

 ʋ ʿʝʜʥʘʯʠʥʠ (4.44), ʤʘʪʨʠʮʝ Hd  ʠ ɝ ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

( ) ( ) ( )T

x xh hm=Ð + ÖÐ Ö + ÖÐ2 -2 -2

x ɛ l uHd L x S S x ,     (4.45) 

 

( ) [ ( ) ]
l u

T

x s sh m=Ð +Ð Ö Ö ÖÐ Ö - ÖÐ Ö +Ð -Ð-2 -2

x ɛ u u ɛ l u ɛ ɛ ɛɝ L x S ˊ L S ˊ L L L.  (4.46) 

 

ʅʘʢʦʥ ʨʝʰʘʚʘˁʘ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ (4.44), ʧʨʦʤʝʥʘ ʩʚʠʭ ʧʨʦʤʝʥ ʠˀʚʠʭ ʫ ʥʘʨʝʜʥʦʿ 

ʠʪʝʨʘʮʠʿʠ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʨʝʰʘʚʘˁʝʤ ʿʝʜʥʘʯʠʥʘ (4.47) ʠ (4.48): 

( ) lh pD =Ð Ö -Ðl ɛs x ȹx L, ( ) uh pD =-Ð Ö -Ðu ɛs x ȹx L ,    (4.47) 

 

ls
mD =- Ö ÖD -Ð-2

l l l ɛˊ S s L, 
us

mD =- Ö ÖD -Ð-2

u u u ɛˊ S s L.    (4.48) 

 

ɺʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʥʘʨʝʜʥʦʿ ʠʪʝʨʘʮʠʿʠ ʠʪʝʨʘʪʠʚʥʦʛ ʧʦʩʪʫʧʢʘ ʤʦʛʫ ʩʝ 

ʧʨʦʨʘʯʫʥʘʪʠ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʘʤʘ (4.49) ʠ (4.50): 

= + Ök+1 k k k

l l p ls s Ŭ ȹs, = + Ök+1 k k k

u u p us s Ŭ ȹs, = + Ök+1 k k k

px x Ŭ ȹx,   (4.49)  

= + Ök+1 k k k

l l d lˊ ˊ Ŭ ˊ, = + Ök+1 k k k

u u d uˊ ˊ Ŭ ˊ, = + Ök+1 k k

dɚ ɚ Ŭ ȹɚ.    (4.50) 

 

ʂʦʝʬʠʮʠʿʝʥʪʠ kpŬ  ʠ k

dŬ  ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

0
min 1, min

k
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= ì ü

Dí ý
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k i
p k
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Ŭ

s
, 

0
min 1, min

k
ip

g
D

ë û-
= ì ü

Dí ý

k
k i
d k

i

ˊ
Ŭ

ˊ
     (4.51) 

 

ʋʩʣʦʚʠ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʠʪʝʨʘʪʠʚʥʦʛ ʧʦʩʪʫʧʢʘ ʜʝʬʠʥʠʰʫ ʩʝ ʧʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʝ (4.52): 

)
è ø

¢é ù
ê ú

k

k

ȹx
Ů

ȹɚ
.          (4.52) 

 

ɼʝʬʠʥʠʩʘʥʠ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʤʦʞʝ ʩʝ ʨʝʰʠʪʠ ʫʚʨʰʪʘʚʘʝˁʤ ʿʝʜʥʘʯʠʥʘ (4.12) 

ï (4.18) ʫ ʿʝʜʥʘʯʠʥʝ (4.31) ï (4.52).  

ɼʘ ʙʠ ʩʝ ʠʪʝʨʘʪʠʚʥʠ ʧʨʦʮʝʩ ʫ ʧʦʪʧʫʥʦʩʪʠ ʜʝʬʠʥʠʩʘʦ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ 

ʧʦʯʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʥʝʧʦʟʥʘʪʠʭ ʚʝʣʠʯʠʥʘ. ʀʥʠʮʠʿʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʫʛʣʦʚʘ ʥʘʧʦʥʘ ʫʩʚʦʿʝʥʝ 

ʩʫ ʜʘ ʙʫʜʫ ʿʝʜʥʘʢʝ 0, ʜʦʢ ʩʝ ʟʘ ʠʥʠʮʠʿʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʝʢʪʠʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʫʩʚʘʿʘ 

1 r.j. ɿʘ ʧʦʯʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ʩʥʘʛʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʫʩʚʘʿʘ ʩʝ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʤʠʥʠʤʘʣʥʝ ʠ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ ʝʣʝʢʪʨʘʥʝ, ʜʦʢ ʩʝ ʟʘ ʧʦʯʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ 

ʫʩʚʘʿʘ ʩʥʘʛʘ ʧʨʝ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰʦˁʤ. ʇʦʯʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʥʫʣʪʦʿ ʠʪʝʨʘʮʠʿʠ ʤʦʛʫ ʩʝ 

ʤʘʪʝʤʘʪʠʯʢʠ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ: 

è øè ø
é ùé ù
= =é ùé ù
é ùé ù

ê úê ú

0 0

0 0

0

P P

x U I

0Ū

.         (4.53) 
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ɺʝʢʪʦʨ 0P  ʤʦʞʝ ʩʝ ʬʦʨʤʘʣʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʘʤʘ (4.54) - (4.56): 

= -0 G,0 L,0P P P ,         (4.54) 

 

... ...
2 2 2

T

è ø+ + +
=é ù
ê ú

G,min G,max G,min G,max G,min G,max
G,0 1 1 i i n nP P P P P P

P ,  (4.55) 

 

... ...
T

è ø=ê ú
L,0 L,0 L,0 L,0 L,0

1 2 i nP P P P P .      (4.56) 

 

 ʋ ʝʿʜʥʘʯʠʥʘʤʘ (4.54) - (4.56), L,0

iP  ʧʨʝʜʩʪʘʚˀʘ ʚʝʢʪʦʨ ʩʨʝʜˁʠʭ ʩʘʪʥʠʭ ʩʥʘʛʘ 

ʧʦʪʨʦʰˁ ʝ ʫ ʯʚʦʨʫ i (i=1,2,..n) ʧʨʝ ʧʨʠʤʝʥʝ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ, ʜʦʢ ʚʝʢʪʦʨ G,0
P  

ʧʨʝʜʩʪʘʚˀʘ ʠʥʠʮʠʿʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʩʥʘʛʘ ʧʨʦʠʟʚʦʜˁʝ. ɼʠʤʝʥʟʠʿʝ ʚʝʢʪʦʨʘ G,0
P  ʩʫ tn³ , ʛʜʝ n 

ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʯʚʦʨʦʚʘ ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ ʩʠʩʪʝʤʫ ʘ t ʙʨʦʿ ʩʘʪʠ ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ ʚʨʝʤʝʥʩʢʦʤ 

ʠʥʪʝʨʚʘʣʫ (t=24).  

4.3 ʊʝʩʪ ʩʠʩʪʝʤ ʩʘ 3 ʯʚʦʨʘ 

ʋ ʦʚʦʿ ʩʝʢʮʠʿʠ, ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʪʝʩʪʠʨʘʥʘ ʿʝ ʥʘ ʧʨʠʤʝʨʫ ʤʨʝʞʝ ʩʘ 3 ʯʚʦʨʘ. 

ʎʠˀ  ʦʚʦʛ ʪʝʩʪʠʨʘˁʘ ʿʝ ʜʘ ʩʝ ʥʘ ʧʨʠʤʝʨʫ ʥʘʿʧʨʦʩʪʠʿʝ ʤʨʝʞʝ ʧʨʠʢʘʞʫ ʝʬʝʢʪʠ ʧʨʦʩʪʦʨʥʦʛ ʠ 

ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. ʊʦʧʦʣʦʰʢʘ ʰʝʤʘ ʧʨʝʜʣʦʞʝʥʝ ʤʨʝʞʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʉʣ. 

4.12. 

 

ʉʣ. 4.12 Teʩʪ ʤʨʝʞʘ ʩʘ 3 ʯʚʦʨʘ 

 

ʇʘʨʘʤʝʪʨʠ ʛʨʘʥʘ ʤʨʝʞʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊʘʙʝʣʠ 4.1. ʉʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ 

ʨʝʣʘʪʠʚʥʠʤ ʿʝʜʠʥʠʮʘʤʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʫʩʚʦʿʝʥʦ ʜʘ ʿʝ BU =11 kV ʜʦʢ ʿʝ BS =1 MW. 

ʊʘʙʝʣʘ 4.1 ʇʘʨʘʤʝʪʨʠ ʘʥʘʣʠʟʠʨʘʥʝ ʪʝʩʪ ʤʨʝʞʝ 

ɻʨʘʥʘ R [p.u.] X [p.u.] B/2 [p.u.] 

1-3 20/484 80/484 0 

2-3 10/484 40/484 0 

1-2 10/484 40/484 0 
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ɸʥʘʣʠʟʠʨʘʥʠ ʩʠʩʪʝʤ ʩʘʜʨʞʠ ʿʝʜʘʥ ʙʘʣʘʥʩʥʠ ʯʚʦʨ (ʯʚʦʨ 1) ʠ ʜʚʘ ʧʦʪʨʦʰʘʯʢʘ ʯʚʦʨʘ. 

ʇʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʫ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁ ʝ ʫ ʦʙʘ ʯʚʦʨʘ ʠʩʪʠ ʠ ʜʘ ʫʧʨʘʚʠˀʚʘ ʝʥʝʨʛʠʿʘ ʫ 

ʩʚʘʢʦʤ ʩʘʪʫ ʠʟʥʦʩʠ 30% ʦʜ ʫʢʫʧʥʝ ʧʨʝʫʟʝʪʝ ʝʥʝʨʛʠʿʝ ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ ʩʘʪʫ. ʅʘ ʉʣ. 4.13 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠ ʜʠʘʿʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʩʘ ˁʠʭʦʚʠʤ ʫʧʨʘʚˀʠʚʠʤ ʠ 

ʥʝʫʧʨʘʚˀʠʚʠʤ ʜʝʣʦʚʠʤʘ. 

 

ʉʣ. 4.13 ɼʠʘʿʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʫ ʜʨʫʛʦʤ ʠ ʪʨʝ˂ʝʤ ʯʚʦʨʫ ʩʘ ʦʟʥʘʯʝʥʠʤ ʫʧʨʘʚˀʠʚʠʤ ʠ ʥʝʫʧʨʘʚʠˀʚʠʤ ʜʝʣʦʤ 

 

ʋ ʦʙʘ ʧʦʪʨʦʰʘʯʢʘ ʯʚʦʨʘ ʥʘʣʘʟʠ ʩʝ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ, ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʣ. 4.14.  

 

ʉʣ. 4.14 ʇʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ ʫ ʜʨʫʛʦʤ ʠ ʪʨʝ˂ʝʤ ʯʚʦʨʫ 

 

ʋ ʘʥʘʣʠʟʠ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʫ ʯʚʦʨʫ 2 ʜʦʤʠʥʘʥʪʥʦ ʠʟ 

ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʘʥʘ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʤʘʢʩʠʤʫʤ ʧʨʦʠʟʚʦʜˁʝ ʠ ʿʘʚˀʘ ʫ ʜʥʝʚʥʠʤ ʩʘʪʠʤʘ, ʜʦʢ 

ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʫ ʯʚʦʨʫ 3 ʜʦʤʠʥʘʥʪʥʦ ʠʟ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʧʘ ʩʝ ʦʚʜʝ ʚʨʭ ʧʨʦʠʟʚʦʜʝˁ ʿʘʚˀʘ ʫ 
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ʥʦ˂ʥʠʤ ʩʘʪʠʤʘ, ʢʘʜʘ ʿʝ ʦʙʠʯʥʦ ʚʝʪʘʨ ʥʘʿʿʘʯʠ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʧʨʠʤʝˁʝʥʘ ʿʝ ʥʘ 

ʧʨʠʤʝʨʫ ʜʘʪʝ ʪʝʩʪ ʤʨʝʞʝ ʫ ʮʠˀʫ ʦʜʨʝʠ́ʚʘˁʘ: ʦʧʪʠʤʘʣʥʦʛ ʜʠʿʘʛʨʘʤʘ ʧʨʦʠʟʚʦʜˁʝ ʫ ʯʚʦʨʫ 1 

ʢʦʿʠ ʩʘʜʨʞʠ ʿʝʜʠʥʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʫ ʝʣʝʢʪʨʘʥʫ ʫ ʩʠʩʪʝʤʫ, ʦʧʪʠʤʘʣʥʠʭ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ ʫ 

ʯʚʦʨʦʚʠʤʘ 2 ʠ 3. ʋ ʦʚʦʿ ʘʥʘʣʠʟʠ ʪʝʩʪʠʨʘʥʝ ʩʫ ʦʙʝ ʦʙʿʝʢʪʠʚʥʝ ʬʫʥʢʮʠʿʝ, ʤʠʥʠʤʠʟʘʮʠʿʘ 

ʜʥʝʚʥʠʭ ʪʨʦʰʢʦʚʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʤʠʥʠʤʠʟʘʮʠʿʘ ʜʥʝʚʥʠʭ ʛʫʙʠʪʘʢʘ ʝʥʝʨʛʠʿʝ. ʋ 

ʥʘʨʝʜʥʦʤ ʢʦʨʘʢʫ, ʥʝʦʧʭʦʜʥʦ ʝʿ ʜʝʬʠʥʠʩʘʪʠ ʬʫʥʢʮʠʿʫ ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʦʰʢʦʚʘ ʢʦʘʿ ʟʘʚʠʩʠ ʦʜ 

ʩʥʘʛʝ ʝʣʝʢʪʨʘʥʝ. ʆʚʘ ʬʫʥʢʮʠʿʘ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʿʝʜʥʘʯʠʥʦʤ (4.57): 

2

gg PcPbaCost Ö+Ö+=  .        (4.57) 

ɺʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʫ ʿʝʜʥʘʯʠʥʠ (4.57), ʠʟʨʘʞʝʥʠ ʫ ʥʦʚʯʘʥʠʤ 

ʝʿʜʠʥʠʮʘʤʘ (NJ) ʩʫ 561=a NJ, 792=b NJ ʠ 62.15=c NJ [96]. ʂʘʦ ʦʛʨʘʥʠʯʝˁ ʘ, ʟʘ ʩʚʘʢʫ 

ʩʘʙʠʨʥʠʮʫ ʜʝʬʠʥʠʰʝ ʩʝ ʜʦʟʚʦʝˀʥʠ ʦʧʩʝʛ ʥʘʧʦʥʘ. ɿʘ ʛʝʥʝʨʘʪʦʨʩʢʝ ʯʚʦʨʦʚʝ ʩʝ ʫʩʚʘʿʘʿʫ 

ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 0.95 p.u. ʠ 1.05 p.u, ʜʦʢ ʩʝ ʟʘ ʧʦʪʨʦʰʘʯʢʝ ʯʚʦʨʦʚʝ ʫʩʚʘʿʘʿʫ ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 0.9 p.u. ʠ 1.1 p.u. ʋ ʧʨʚʦʿ ʘʥʘʣʠʟʠ, ʦʙʿʝʢʪʠʚʥʝ ʬʫʥʢʮʠʿʝ ʩʫ ʧʨʦʨʘʯʫʥʘʪʝ ʙʝʟ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʟʘ ʜʚʘ ʩʣʫʯʘʿʘ ï ʩʠʩʪʝʤ ʩʘ ʆʀɽ ʠ ʩʠʩʪʝʤ ʙʝʟ ʆʀɽ. ʋ ʊʘʙʝʣʠ 4.2 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ. 

 

ʊʘʙʝʣʘ 4.2 ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʘ ʟʘ ʩʠʩʪʝʤ ʩʘ 3 ʯʚʦʨʘ ʙʝʟ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ 

 ʉʠʩʪʝʤ ʙʝʟ ʆʀɽ ʉʠʩʪʝʤ ʩʘ ʆʀɽ 

ɼʥʝʚʥʠ ʛʫʙʠʮʠ ʝʥʝʨʛʠʿʝ [p.u.] 

 
0,8847 0,4924 

ɼʥʝʚʥʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ 

ʝʣʝʢʪʨʘʥʝ [NJ] 
46351 37472 

 

ʅʘʢʦʥ ʦʚʝ ʘʥʘʣʠʟʝ, ʦʜʨʘʹʝʥʝ ʩʫ ʜʚʝ ʜʦʜʘʪʥʝ ʘʥʘʣʠʟʝ. ʋ ʧʨʚʦʿ ʘʥʘʣʠʟʠ ʦʜʨʝʹʝʥʠ ʩʫ 

ʦʧʪʠʤʘʣʥʠ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁ ʝ ʫʚʘʞʘʚʘʿʫ˂ʠ ʩʘʤʦ ʚʨʝʤʝʥʩʢʫ ʜʠʤʝʥʟʠʿʫ 

ʧʨʦʙʣʝʤʘ ʜʦʢ ʿʝ ʫ ʜʨʫʛʦʿ ʘʥʘʣʠʟʠ ʧʨʠʤʝˁʝʥʦ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚʘˀʝˁ 

ʧʦʪʨʦʰˁʦʤ. ʅʘ ʦʩʥʦʚʫ ʜʝʬʠʥʠʩʘʥʝ ʤʝʪʦʜʦʣʦʛʠʝʿ, ʦʙʘ ʘʣʛʦʨʠʪʤʘ ʪʘʢʦʹʝ ʦʙʫʭʚʘʪʘʿʫ ʠ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʠʟʚʦʜˁʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʝʣʝʢʪʨʘʥʝ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ʦʙʝ ʦʙʝʿʢʪʠʚʥʝ 

ʬʫʥʢʮʠʿʝ ʩʫ ʠʩʪʠ, ʦʜʥʦʩʥʦ ʜʦʙʠʿʝʥʦ ʩʪʘˁʝ ʩʠʩʪʝʤʘ ʜʦʚʦʜʠ ʠ ʜʦ ʤʠʥʠʤʠʟʘʮʠʿʝ ʛʫʙʠʪʘʢʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʜʦ ʤʠʥʠʤʘʣʥʠʭ ʧʦʛʦʥʩʢʠʭ ʪʨʦʰʢʦʚʘ ʝʣʝʢʪʨʘʥʘ. ʆʧʪʠʤʘʣʥʠ ʜʠʿʘʛʨʘʤʠ 

ʧʦʪʨʦʰˁʝ ʫ ʩʣʫʯʘʿʫ ʩʘʤʦ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦh ˁʦʤ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣ. 4.15. 

ʆʧʪʠʤʘʣʥʠ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʫʚʘʞʝʥʦ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ 

ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰʦˁʤ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣ. 4.16. 

 

 

ʉʣ. 4.15 ɼʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰʝˁ ʥʘʢʦʥ ʦʧʪʠʤʘʣʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚʘˀˁʘ ʧʦʪʨʦʰˁʦʤ 
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ʉʣ. 4.16 ɼʠʘʿʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʥʘʢʦʥ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦ-ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ 

 

ɸʥʘʣʠʟʦʤ ʨʝʟʫʣʪʘʪʘ ʫ ʢʦʿʠʤʘ ʿʝ ʪʦʢʦʤ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫʩʚʦʿʝʥʘ ʩʘʤʦ 

ʚʨʝʤʝʥʩʢʘ ʢʦʦʨʜʠʥʘʪʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʦʪʨʦʰˁʫ ʪʨʝʙʘ ʧʦʤʝʨʘʪʠ ʫ ʩʘʪʝ ʩʘ ʚʝʣʠʢʦʤ 

ʧʨʦʠʟʚʦʜˁʦʤ ʠʟ ʆʀɽ. ʄʝʹʫʪʠʤ, ʦʚʠ ʨʝʟʫʣʪʘʪʠ ʥʝ˂ʝ ʜʦʚʝʩʪʠ ʜʦ ʦʧʪʠʤʘʣʥʦʛ ʩʪʘʘˁ ʫ ʩʠʩʪʝʤʫ. 

ɼʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʦ ʦʧʪʠʤʘʣʥʦ ʩʪʘˁʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʚʝʩʪʠ ʠ ʧʨʦʩʪʦʨʥʫ ʢʦʦʨʜʠʥʘʪʫ ʫ 

ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ. ɼʠʿʘʛʨʘʤʠ ʧʨʠʢʘʟʘʥʠ ʥʘ ʉʣ. 4.15 ʠ ʉʣ. 4.16 ʧʦʢʘʟʫʿʫ ʜʘ ʫ 

ʦʧʪʠʤʘʣʥʦʤ ʩʪʘˁʫ, ʧʦʪʨʦʰˁʘ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʪʨʝʙʘ ʜʘ ʧʨʘʪʠ ʧʨʦʠʟʚʦʜˁʫ ʠʟ ʆʀɽ ʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʯʚʦʨʫ. ʋ ʊʘʙʝʣʠ 4.3 ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʦʧʪʠʤʘʣʥʦʛ ʫʧʨʘʚʘˀˁ ʘ 

ʧʦʪʨʦʰˁʦʤ, ʧʨʠ ʯʝʤʫ ʩʝ ʫ ʧʨʚʦʤ ʩʣʫʯʘʿʫ ʨʘʟʤʘʪʨʘ ʩʘʤʦ ˁʝʛʦʚʘ ʚʨʝʤʝʥʩʢʘ ʢʦʦʨʜʠʥʘʪʘ ʜʦʢ ʩʝ 

ʫ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ ʧʦʩʤʘʪʨʘ ʠ ˁʝʛʦʚʘ ʧʨʦʩʪʦʨʥʘ ʢʦʦʨʜʠʥʘʪʘ. 

 

ʊʘʙʝʣʘ 4.3 ʈʝʟʫʣʪʘʪʠ ʦʧʪʠʤʘʣʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʧʨʠʢʘʟʘʥʠ ʥʘ ʧʨʠʤʝʨʫ ʩʠʩʪʝʤʘ ʩʘ 3 ʯʚʦʨʘ 

 

 

ʉʠʩʪʝʤ ʩʘ ʚʨʝʤʝʥʩʢʠʤ 

ʫʧʨʘʘˀʝˁʤ ʧʦʪʨʦʰˁʦʤ 

ʉʠʩʪʝʤ ʩʘ ʧʨʦʩʪʦʨʥʠʤ ʠ 

ʚʨʝʤʝʥʩʢʠʤ ʫʧʨʘˀʘˁʝʤ 

ʧʦʪʨʦʰˁʦʤ 

ɼʥʝʚʥʠ ʛʫʙʠʮʠ ʝʥʝʨʛʠʿʝ [p.u.] 0,4792 0,4676 

ɼʥʝʚʥʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ 

ʝʣʝʢʪʨʘʥʝ [NJ] 
37407 37397 

 

ʈʝʟʫʣʪʘʪʠ ʧʨʠʢʘʟʘʥʠ ʫ ʊʘʙʝʣʠ 4.3 ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ ʫ ʩʣʫʯʘʿʫ ʩʘʤʦ ʚʨʝʤʝʥʩʢʦʛ 

ʫʧʨʘʚˀʘʘˁ ʧʦʪʨʦʰˁʦʤ, ʛʫʙʠʮʠ ʝʥʝʨʛʠʿʝ ʫ ʩʣʫʯʘʿʫ ʘʥʘʣʠʟʠʨʘʥʦʛ ʩʠʩʪʝʤʘ ʤʦʛʫ ʩʤʘˁʠʪʠ 

2,68% ʜʦʢ ʩʝ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦh ʢʦʚʠ ʤʦʛʫ ʩʤʘʠˁʪʠ 0,137% ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʠʩʪʝʤʦʤ ʙʝʟ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. ʋ ʩʣʫʯʘʿʫ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦh ʦˁʤ, ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʩʝ ʤʦʛʫ ʩʤʘˁʠʪʠ 0,2% ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʩʪʝʤ ʙʝʟ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ ʜʦʢ ʩʝ ʛʫʙʠʮʠ ʝʥʝʨʛʠʿʝ ʤʦʛʫ ʩʤʘʠˁʪʠ 5,037%. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʢʘʟʫʿʫ ʩʝ 

ʙʝʥʝʬʠʪʠ ʠ ʧʦʙʦˀʰʘˁʘ ʜʦʙʠʿʝʥʘ ʫʧʦʪʨʝʙʦʤ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁ ʘ 

ʧʦʪʨʦʰˁʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʠ ʧʨʠʩʪʫʧ ʢʦʿʠ ʫʚʘʞʘʚʘ ʩʘʤʦ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ 

ʧʦʪʨʦʰˁʦʤ. ʇʦʨʝʜ ʩʤʘˁʝˁʘ ʛʫʙʠʪʘʢʘ ʠ ʦʧʨʘʪʠʚʥʠʭ ʪʨʦʰʢʦʚʘ, ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ 

ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ ʜʦʚʦʜʠ ʜʦ ʤʘˁʠʭ ʬʣʫʢʪʘʮʠʿʘ ʥʘʧʦʥʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ 

ʥʘ ʉʣ. 4.17. 
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ʉʣ. 4.17 ʇʨʦʠʟʚʦʜˁʘ ʙʘʣʘʥʩʥʦʛ ʯʚʦʨʘ ʠ ʥʘʧʦʥʠ ʯʚʦʨʦʚʘ 

 

ʋ ʦʚʦʿ ʘʥʘʣʠʟʠ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ 30% ʧʦʪʨʦʰˁʝ ʧʨʝʜʩʪʘʚˀʘ ʫʧʨʘʚˀ ʠʚ ʜʝʦ. ɿʙʦʛ 

ʪʦʛʘ ʝʿ ʠʟʚʨʰʝʥʘ ʿʦʰ ʿʝʜʥʘ ʘʥʘʣʠʟʘ ʫ ʢʦʿʦʿ ʿʝ ʚʘʨʠʨʘʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʚʨʝʜʥʦʩʪ ʫʧʨʘʚˀʠʚʝ 

ʧʦʪʨʦhˁ ʝ ʠ ʟʘ ʩʚʘʢʫ ʦʜ ʪʠʭ ʚʨʝʜʥʦʩʪʠ ʚʨʰʝʥ ʿʝ ʧʨʦʨʘʯʫʥ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ. ʋ ʊʘʙʝʣʠ 4.4 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʦʚʠʭ ʘʥʘʣʠʟʘ. 

ʊʘʙʝʣʘ 4.4 ɻʫʙʠʮʠ ʝʥʝʨʛʠʿʝ ʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʮʝʥʪʘ ʨʘʩʧʦʣʦʞʠʚʝ ʫʧʨʘʚˀʠʚʝ 

ʧʦʪʨʦʰʝˁ 

ʇʨʦʮʝʥʘʪ ʨʘʩʧʦʣʦʞʠʚʝ 

ʫʧʨʘʚˀʠʚʝ ʧʦʪʨʦh ˁʝ [%] 
ɻʫʙʠʮʠ [p.u.] 

ʆʧʝʨʘʪʠʚʥʠ 

ʪʨʦh ʢʦʚʠ [NJ] 

0 0,4924 37472 

10 0,4740 37437 

20 0,4696 37419 

30 0,4676 37397 

 

ʅʘ ʦʩʥʦʚʫ ʊʘʙʝʣʝ 4.4 ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʥʘʿʚʝ˂ʠ ʨʝʣʘʪʠʚʥʠ ʧʨʦʬʠʪ ʦʜ 

ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʧʦʩʪʠʞʝ ʫʧʨʘʚʦ ʢʘʜʘ ʩʝ ʧʨʦʮʝʥʘʪ 

ʫʧʨʘʚʠˀʚʝ ʧʦʪʨʦʰˁʝ ʧʨʦʤʝʥʠ ʩʘ 0% ʥʘ 10%. ʈʘʟʣʦʛ ʟʘ ʪʦ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʩʫ ʠ ʛʫʙʠʮʠ ʠ 

ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʢʚʘʜʨʘʪʥʝ ʬʫʥʢʮʠʿʝ ʩʥʘʛʝ, ʧʘ ʟʙʦʛ ʪʦʛʘ ʧʨʚʦ ʦʜʩʝʮʘˁʝ ʚʨʰʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʜʦʚʦʜʠ ʜʦ ʥʘʿʚʝ˂ʠʭ ʙʝʥʝʬʠʪʘ. 

ʇʨʝʪʭʦʜʥʝ ʘʥʘʣʠʟʝ ʩʫ ʠʟʚʨʰʝʥʝ ʢʦʨʠʰ˂ʝˁʝʤ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʠ Interior Point 

ʤʝʪʦʜʝ. ʋ ʦʙʘ ʩʣʫʯʘʿʘ ʜʦʙʠʿʘʿʫ ʩʝ ʠʩʪʠ ʨʝʟʫʣʪʘʪʠ ʧʨʠʢʘʟʘʥʠ ʥʘ ʧʨʝʪʭʦʜʥʠʤ ʩʣʠʢʘʤʘ, ʧʨʠ 

ʯʝʤʫ ʿʝ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ 50 ʤʠʥʫʪʘ ʜʦʢ ʿʝ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ Interior Point 

ʤʝʪʦʜʝ ʨʝʜʘ ʠʟʤʝʹʫ 1 ʠ 2 ʩʝʢʫʥʜʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʝʨʬʦʨʤʘʥʩʠ ʨʘʯʫʥʘʨʩʢʠʭ ʨʝʩʫʨʩʘ. ʅʘ 

ʦʩʥʦʚʫ ʦʚʦʛʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʫʧʦʪʨʝʙʦʤ Interior Point ʤʝʪʦʜʝ ʤʥʦʛʦ ʩʝ ʙʨʞʝ ʜʦʣʘʟʠ ʜʦ 

ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ. ʆʩʠʤ ʪʦʛʘ, ʦʚʘ ʤʝʪʦʜʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ, ʧʨʫʞʘ 
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ʝʛʟʘʢʪʥʦ ʨʝʰʝˁʝ, ʦʜʥʦʩʥʦ ʥʝʤʘ ʧʨʦʙʣʝʤ ʚʝʟʘʥ ʟʘ ʥʝʩʠʛʫʨʥʦʩʪ ʜʘ ʣʠ ʿʝ ʦʧʪʠʤʫʤ ʧʦʩʪʠʛʥʫʪ 

ʠʣʠ ʥʝ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʘʿ ʤʦʞʝ ʙʠʪʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʫ ʧʨʘʢʩʠ ʫ 

ʧʨʦʮʝʩ ʢʨʘʪʢʦʨʦʯʥʦʛ ʧʣʘʥʠʨʘˁʘ, ʙʨʟʠʥʘ ʨʝʘʣʠʟʘʮʠʝʿ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ ʠʤʘ ʙʠʪʘʥ 

ʟʥʘʯʘʿ, ʪʝ ʿʝ ʠ ʫ ʪʦʤ ʧʦʛʣʝʜʫ ʘʣʛʦʨʠʪʘʤ ʙʘʟʠʨʘʥ ʥʘ Interior point ʤʝʪʦʜʠ ʬʘʚʦʨʠʟʦʚʘʥ.  

4.4 ʊʝʩʪ ʩʠʩʪʝʤ ï ʧʨʝʥʦʩʥʘ ʤʨʝʞʘ ʩʘ 11 ʯʚʦʨʘ 

ʋ ʦʚʦʿ ʩʝʢʮʠʿʠ, ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝ ʪʝʩʪʠʨʘʥʘ ʥʘ ʧʨʠʤʝʨʫ ʨʝʘʣʥʝ ʧʨʝʥʦʩʥʝ 

ʤʨʝʞʝ ʉʨʙʠʿ ʝ ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ 400 kV ʢʦʿʘ ʩʘʜʨʞʠ 11 ʯʚʦʨʘ ï 8 ʧʦʪʨʦʰʘʯʢʠʭ ʠ 3 

ʛʝʥʝʨʘʪʦʨʩʢʘ [27]. ʅʘ ʦʚʦʤ ʧʨʠʤʝʨʫ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʝʬʝʢʪʠ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ 

ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʥʘ ʧʨʠʤʝʨʫ ʨʝʘʣʥʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. ʅʘ ʉʣ. 4.18 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʪʦʧʦʣʦʰʢʘ ʰʝʤʘ ʧʨʝʜʣʦʞʝʥʝ ʤʨʝʞʝ.  

 

ʉʣ. 4.18 ʊʝʩʪ ʩʠʩʪʝʤ ʩʘ 11 ʯʚʦʨʘ: ʇʨʝʥʦʩʥʘ ʤʨʝʞʘ ʉʨʙʠʿʝ ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ 400 kV 

 

ʇʘʨʘʤʝʪʨʠ ʦʚʝ ʤʨʝʞʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊʘʙʝʣʠ 4.5, ʧʨʠ ʯʝʤʫ ʩʫ ʩʚʝ ʚʨʝʜʥʦʩʪʠ ʧʨʠʢʘʟʘʥʝ 

ʫ ʨʝʣʘʪʠʚʥʠʤ ʿʝʜʠʥʠʮʘʤʘ. ʋʩʚʦʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʙʘʟʥʫ ʩʥʘʛʫ ʠ ʥʘʧʦʥ ʠʟʥʦʩʝ: 100=BS MVA 

ʠ 400=BU kV.  
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ʊʘʙʝʣʘ 4.5 ʇʘʨʘʤʝʪʨʠ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʩʘ 11 ʯʚʦʨʘ 

ɻʨʘʥʘ R [p.u.] X [p.u.] B/2 [p.u.] 

4 ï 5 0,00153 0,01760 0,4471 

5 ï 6 0,00283 0,03282 0,8306 

6 ï 7 0,00090 0,01054 0,2605 

6 ï 8 0,00159 0,01824 0,4682 

7 ï 8 0,00043 0,00490 0,1187 

1 ï 8 0,00089 0,01038 0,2625 

2 ï 3 0,00286 0,02847 0,7378 

1 ï 2 0,00187 0,02150 0,5448 

3 ï 9 0,00233 0,02585 0,6699 

3 ï 4 0,00181 0,02106 0,5328 

1 ï 10 0,00084 0,00961 0,9726 

10 ï 11 0,00153 0,01704 0,4336 

 

ʅʘ ʉʣ. 4.19 ʜʘʪʠ ʩʫ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʧʦʜʝˀʝʥʠ ʥʘ ʫʧʨʘʚˀʠʚʠ ʠ ʥʝʫʧʨʘʚˀʠʚʠ ʜʝʦ. 

ʀ ʫ ʦʚʦʿ ʘʥʘʣʠʟʠ ʿʝ ʦʩʚʦʿʝʥʘ ʚʨʝʜʥʦʩʪ ʫʧʨʘʚˀʠʚʝ ʧʦʪʨʦʰˁʝ ʦʜ 30%. ʆʚʘ ʚʨʝʜʥʦʩʪ ʫʩʚʦʿʝʥʘ ʿʝ 

ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʘ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʫ ʇʦʛʣʘʚˀʫ 3.3. 

 

 

ʉʣ. 4.19 ɼʠʿ ʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʧʨʝ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫ ʩʠʩʪʝʤʫ ʩʘ 11 ʯʚʦʨʘ 

 

ʅʘ ʉʣ. 4.20 ʜʘʪʠ ʩʫ ʜʠʿʘʛʨʘʤʠ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ. ʇʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʫ ʫ 

ʯʚʦʨʦʚʠʤʘ 3 ʠ 8 ʧʨʠʢˀʫʯʝʥʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ, ʜʦʢ ʩʫ ʫ ʯʚʦʨʦʚʠʤʘ 7 ʠ 10 ʧʨʠʢˀʫʯʝʥʝ 

ʚʝʪʨʦʝʣʝʢʪʨʘʥʝ.  

ʋ ʯʚʦʨʦʚʠʤʘ 1 ʠ 6 ʧʨʠʢˀʫʯʝʥʝ ʩʫ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʥʘ ʫʛʘˀ, ʜʦʢ ʿʝ ʫ ʯʚʦʨʫ 5 

ʧʨʠʢˀʫʯʝʥʘ ʘʢʫʤʫʣʘʮʠʦʥʘ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ɫʝʨʜʘʧ. ʉʚʘʢʘ ʝʣʝʢʪʨʘʥʘ ʤʦʞʝ ʩʝ ʦʧʠʩʘʪʠ 

ʤʠʥʠʤʘʣʥʦʤ ʠ ʤʘʢʩʠʤʘʣʥʦʤ ʩʥʘʛʦʤ ʧʨʦʠʟʚʦʜˁʝ ʢʘʦ ʠ ʧʘʨʘʤʝʪʨʠʤʘ ʢʚʘʜʨʘʪʥʝ ʿʝʜʥʘʯʠʥʝ 

ʧʦʤʦ˂ʫ ʢʦʿʝ ʩʝ ʜʝʬʠʥʠʰʫ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʝʣʝʢʪʨʘʥʘ. ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ 

ʊʘʙʝʣʠ 4.6. ʇʦʨʝʜ ʪʦʛʘ, ʟʘ ʘʢʫʤʫʣʘʮʠʦʥʫ ʭʠʜʨʦʝʣʝʢʪʨʘʥʫ ʜʝʬʠʥʠʰʝ ʩʝ ʠ ʚʨʝʜʥʦʩʪ 

ʨʘʩʧʦʣʦʞʠʚʝ ʜʥʝʚʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʜʥʝʚʥʠʤ ʨʘʚʥʘˁʝʤ ʚʦʜʝ ʫ ʘʢʫʤʫʣʘʮʠʦʥʦʤ 

ʿʝʟʝʨʫ, ʿʝʜʥʘʯʠʥʘ (4.14). ʄʠʥʠʤʘʣʥʝ ʠ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʫ ʛʝʥʝʨʘʪʦʨʩʢʠʤ 

ʯʚʦʨʦʚʠʤʘ ʠʟʥʦʩʝ 0,95 ʠ 1,05 p.u. 
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ʉʣ. 4.20 ɼʠʿʘʛʨʘʤʠ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ 

 

ʊʘʙʝʣʘ 4.6 ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʝʥʝʨʘʪʦʨʩʢʠʭ ʯʚʦʨʦʚʘ 

ʏʚʦʨ Pmin [p.u.] Pmax [p.u.] Wavailable [p.u.] ʘ [NJ] b [NJ] c [NJ] 

1. 13 18 / 561 792 15.62 

5. 0 12 100 0 0 0 

6. 4 7 / 78 997 48.72 

 

ʆʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʜʝʬʥʠʩʘʥ ʥʘ ʧʨʠʤʝʨʫ ʨʝʘʣʥʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʉʨʙʠʿʝ 

ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ 400 kV ʨʝhʘʚʘʥ ʿʝ ʥʘ ʜʚʘ ʥʘʯʠʥʘ, ʢʦʨʠʰ˂ʝˁʝʤ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʠ 

ʧʨʠʤʝʥʦʤ Interior Point ʤʝʪʦʜʝ. ʈʝʟʫʣʪʘʪʠ ʦʙʝ ʘʥʘʣʠʟʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʥʘʩʪʘʚʢʫ. 

4.4.1 ʈʝʝhˁ ʝ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ ʛʝʥʝʪʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ 

ʋ ʧʨʚʦʤ ʩʣʫʯʘʿʫ, ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʨʝʰʘʚʘʥ ʿʝ ʫʧʦʪʨʝʙʦʤ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ. 

ʊʦʤ ʧʨʠʣʠʢʦʤ ʫʩʚʦʿʝʥʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʿʝ ʬʘʢʪʦʨ ʩʥʘʛʝ ʩʚʘʢʦʛ ʧʦʪʨʦʰʘʯʘ ʿʝʜʥʘʢ ʥʫʣʠ. 

ʆʚʦ ʿʝ ʫʯʠˁʝʥʦ ʜʘ ʙʠ ʩʝ ʙʨʦʿ ʧʨʦʤʝʥˀʠʚʠʭ ʩʤʘˁʠʦ 2 ʧʫʪʘ, ʦʜʥʦʩʥʦ ʢʘʦ ʥʝʧʦʟʥʘʪʝ 

ʫʧʨʘʚˀ ʘʯʢʝ ʧʨʦʤʝʥʠˀʚʝ ʩʝ ʫʩʚʘʿʘʿʫ ʩʘʤʦ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʜʦʢ ʩʫ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʦʟʥʘʪʝ 

ʚʝʣʠʯʠʥʝ. ʅʘʧʦʥʠ ʛʝʥʝʨʘʪʦʨʩʢʠʭ ʯʚʦʨʦʚʘ ʩʫ ʠʩʪʠ ʠ ʠʟʥʦʩʝ 1 p.u. 

ʋ ʧʨʚʝ ʜʚʝ ʘʥʘʣʠʟʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʫ ʩʠʩʪʝʤʫ ʥʝ ʧʦʩʪʦʿʠ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ 

ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ. ʋ ʧʨʚʦʿ ʘʥʘʣʠʟʠ, ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʥʝ ʧʦʩʪʦʿʠ 

ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ ʜʦʢ ʿʝ ʫ ʜʨʫʛʦʿ ʘʥʘʣʠʟʠ ʧʨʠʩʫʪʥʘ ʠ ʦʚʘ ʧʨʦʠʟʚʦʜˁʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ 

ʩʠʩʪʝʤʘ ʩʘ 3 ʯʚʦʨʘ ʫ ʢʦʤʝ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʙʘʣʘʥʩʥʦʛ ʯʚʦʨʘ ʿʝʜʠʥʩʪʚʝʥʘ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʧʦʩʪʦʿʝ 3 ʛʝʥʝʨʘʪʦʨʩʢʘ ʯʚʦʨʘ (ʟʘʿʝʜʥʦ ʩʘ ʨʝʬʝʨʝʥʪʥʦ-ʙʘʣʘʥʩʥʠʤ), ʧʘ ʘʥʛʘʞʦʚʘʝˁ ʘʛʨʝʛʘʪʘ 

ʥʠʿʝ ʿʝʜʥʠʩʪʚʝʥʦ. ɼʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʦ ʦʧʪʠʤʘʣʥʦ ʘʥʛʘʞʦʚʘˁʝ ʘʛʨʝʛʘʪʘ, ʦʧʪʠʤʠʟʘʮʠʿʘ ʩʝ ʤʦʞʝ 

ʫʨʘʜʠʪʠ ʧʦ ʜʚʘ ʢʨʠʪʝʨʠʿʫʤʘ ï ʤʠʥʠʤʫʤ ʜʥʝʚʥʠʭ ʛʫʙʠʪʘʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʤʠʥʠʤʫʤ 

ʜʥʝʚʥʠʭ ʧʦʛʦʥʩʢʠʭ ʪʨʦh ʢʦʚʘ ʝʣʝʢʪʨʘʥʘ. ʋ ʊʘʙʝʣʠ 4.7 ʧʨʠʢʘʟʘʥʠ ʩʫ ʦʧʪʠʤʘʣʥʠ ʜʥʝʚʥʠ 

ʛʫʙʠʮʠ ʝʥʝʨʛʠʿʝ ʠ ʦʧʪʠʤʘʣʥʠ ʜʥʝʚʥʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʝʣʝʢʪʨʘʥʘ ʫ ʩʠʩʪʝʤʫ ʩʘ ʠ ʙʝʟ 

ʆʀɽ ʢʘʜʘ ʥʠʿʝ ʧʨʠʩʫʪʥʦ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚʘˀˁʝ ʧʦʪʨʦʰˁʦʤ.  
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ʊʘʙʝʣʘ 4.7 ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʘ ʙʝʟ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ 

 ʉʠʩʪʝʤ ʙʝʟ ʆʀɽ ʉʠʩʪʝʤ ʩʘ ʆʀɽ 

ɼʥʝʚʥʠ ʛʫʙʠʮʠ ʝʥʝʨʛʠʿʝ [p.u.] 6,643 5,676 

ɼʥʝʚʥʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ [NJ] 646 795 541 984 

 

ʋ ʪʨʝ˂ʦʿ ʘʥʘʣʠʟʠ, ʠʟʚʨʰʝʥ ʝʿ ʧʨʦʨʘʯʫʥ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ ʫ ʩʠʩʪʝʤʫ ʩʘ ʦʧʪʠʤʘʣʥʠʤ 

ʧʨʦʩʪʦʨʥʠʤ ʠ ʚʨʝʤʝʥʩʢʠʤ ʫʧʨʘʚˀʘˁʝʤ ʧʦʪʨʦʰˁʦʤ ʢʘʜʘ ʿʝ ʘʥʘʣʠʟʠʨʘʥʘ ʦʙʿʝʢʪʠʚʥʘ ʬʫʥʢʮʠʿʘ 

ʫʢʫʧʥʠ ʜʥʝʚʥʠ ʛʫʙʠʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ɼʦʙʠʿʝʥʠ ʦʧʪʠʤʘʣʥʠ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣ. 4.21. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʨʹʫʿʫ ʜʘ ʩʝ ʫ ʩʣʫʯʘʿʫ ʚʝʣʠʢʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ 

ʆʀɽ ʧʦʪʨʦʰˁʘ ʪʨʝʙʘ ʧʦʤʝʨʘʪʠ ʩʘʤʦ ʫ ʦʥʠʤ ʯʚʦʨʦʚʠʤʘ ʢʦʿʠ ʩʫ ʝʣʝʢʪʨʠʯʥʦ ʙʣʠʩʢʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʆʀɽ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʘʿ ʩʝ ʧʨʦʠʟʚʦʜʠ ʠ ʪʨʦʰʠ ʣʦʢʘʣʥʦ, ʧʨʠ 

ʯʝʤʫ ʩʝ ʩʤʘˁʫʿʫ ʪʦʢʦʚʠ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʢʨʦʟ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ. ʋ ʦʧʪʠʤʘʣʥʦʤ ʩʪʘˁʫ ʿʝ 

ʜʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ ʛʫʙʠʪʘʢʘ 589,5min =WlossW  p.u. ʆʚʘ ʚʨʝʜʥʦʩʪ ʛʫʙʠʪʘʢʘ ʿʝ 1,6% ʤʘˁʘ ʦʜ 

ʛʫʙʠʪʘʢʘ ʢʘʜʘ ʫ ʩʠʩʪʝʤʫ ʥʝ ʧʦʩʪʦʿʠ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ 

ʧʦʪʨʦʰˁʦʤ. 

ʋ ʯʝʪʚʨʪʦʿ ʘʥʘʣʠʟʠ, ʦʙʿʝʢʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʜʥʝʚʥʝ ʦʧʝʨʘʪʠʚʥʝ ʪʨʦʰʢʦʚʝ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʫ ʜʦʙʠʿʝʥʠ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʠ ʜʠʿʘʛʨʘʤʠ 

ʧʦʪʨʦʰˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʫ ʘʥʘʣʠʟʫ. ʆʚʦ ʿʝ ʠ ʦʯʝʢʠʚʘʥʦ ʿʝʨ ʧʦʚʝ˂ʘˁʝ ʛʫʙʠʪʘʢʘ ʫ 

ʩʠʩʪʝʤʫ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʦʰʢʦʚʘ ʝʣʝʢʪʨʘʥʘ. ɿʙʦʪ ʪʦʛʘ, ʢʘʜʘ ʿʝ ʮʠˀ 

ʤʠʥʠʤʠʟʘʮʠʿʘ ʫʢʫʧʥʠʭ ʜʥʝʚʥʠʭ ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʦʰʢʦʚʘ ʝʣʝʢʪʨʘʥʘ, ʧʨʠʣʠʢʦʤ ʧʨʦʨʘʯʫʥʘ ʪʝʞʠ 

ʩʝ ʩʤʘˁʠʚʘˁʫ ʫʢʫʧʥʝ ʥʝʪʦ ʧʦʪʨʦʰˁʝ ʫ ʩʠʩʪʝʤʫ. ʋ ʦʚʦʿ ʘʥʘʣʠʟʠ, ʜʦʙʠʿʝʥʠ ʦʧʪʠʤʘʣʥʠ 

ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʠʟʥʦʩʝ 539 046 NJ ʪhʦ ʿʝ 0,6% ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʩʪʝʤ ʙʝʟ 

ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. ʅʘ ʉʣ. 4.21 ʧʨʠʢʘʟʘʥʠ ʩʫ 

ʧʨʦʨʘʯʫʥʘʪʠ ʦʧʪʠʤʘʣʥʠ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ. 

 

ʉʣ. 4.21 ʆʧʪʠʤʘʣʥʠ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʨʝʰʘʚʘ ʛʝʥʝʪʩʢʠʤ 

ʘʣʛʦʨʠʪʤʦʤ 
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4.4.2 ʈʝʝhˁʝ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʙʣʝʤʘ Interior Point ʤʝʪʦʜʦʤ 

ʋ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ, ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʨʝʰʘʚʘʥ ʿʝ ʫʧʦʪʨʝʙʦʤ Interior Point 

ʤʝʪʦʜʝ. ʂʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ, ʫ ʧʨʚʝ ʜʚʝ ʘʥʘʣʠʟʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʫ 

ʩʠʩʪʝʤʫ ʥʝ ʧʦʩʪʦʿʠ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ. ʋ ʧʨʚʦʿ 

ʘʥʘʣʠʟʠ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ ʜʦʢ ʿʝ ʫ ʜʨʫʛʦʿ ʘʥʘʣʠʟʠ 

ʧʨʠʩʫʪʥʘ ʠ ʦʚʘ ʧʨʦʠʟʚʦʜˁʘ. ʋ ʊʘʙʝʣʠ 4.8, ʧʨʠʢʘʟʘʥʠ ʩʫ ʦʧʪʠʤʘʣʥʠ ʜʥʝʚʥʠ ʛʫʙʠʮʠ ʝʥʝʨʛʠʿʝ ʠ 

ʦʧʪʠʤʘʣʥʠ ʜʥʝʚʥʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʝʣʝʢʪʨʘʥʘ ʫ ʩʠʩʪʝʤʫ ʩʘ ʠ ʙʝʟ ʆʀɽ ʢʘʜʘ ʥʠʿʝ 

ʧʨʠʩʫʪʥʦ ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ.  

ʊʘʙʝʣʘ 4.8 ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʘ ʙʝʟ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ 

 ʉʠʩʪʝʤ ʙʝʟ ʆʀɽ ʉʠʩʪʝʤ ʩʘ ʆʀɽ 

ɼʥʝʚʥʠ ʛʫʙʠʮʠ ʝʥʝʨʛʠʿʝ [p.u.] 5,8787 4,8459 

ɼʥʝʚʥʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ [NJ] 648 840 543 570 

 

ʋ ʧʨʚʦʿ ʘʥʘʣʠʟʠ ʠʟʚʨʰʝʥ ʿʝ ʧʨʦʨʘʯʫʥ ʦʧʪʠʤʘʣʥʠʭ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰʝˁ ʢʘʜʘ ʝʿ 

ʘʥʘʣʠʟʠʨʘʥʘ ʦʙʿʝʢʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʫʢʫʧʥʠ ʜʥʝʚʥʠ ʛʫʙʠʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʆʚʠ ʜʠʿʘʛʨʘʤʠ 

ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʉʣ. 4.22.  

 

ʉʣ. 4.22 ʆʧʪʠʤʘʣʥʠ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʫ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʜʥʝʚʥʠʭ ʛʫʙʠʪʘʢʘ ʝʥʝʨʛʠʿʝ ʫ ʩʠʩʪʝʤʫ ʩʘ 

11 ʯʚʦʨʘ 

 

ʂʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ, ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʨʹʫʿʫ ʜʘ ʩʝ ʫ ʩʣʫʯʘʿʫ 

ʚʝʣʠʢʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ, ʧʦʪʨʦʰˁʘ ʪʨʝʙʘ ʧʦʤʝʨʘʪʠ ʩʘʤʦ ʫ ʦʥʠʤ ʯʚʦʨʦʚʠʤʘ ʢʦʿʠ ʩʫ 

ʝʣʝʢʪʨʠʯʥʦ ʙʣʠʩʢʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʆʀɽ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʧʨʦʠʟʚʦʜʠ ʠ 

ʪʨʦʰʠ ʣʦʢʘʣʥʦ, ʧʨʠ ʯʝʤʫ ʩʝ ʩʤʘˁʫʿʫ ʪʦʢʦʚʠ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʢʨʦʟ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ. ʋ 

ʦʧʪʠʤʘʣʥʦʤ ʩʪʘˁʫ ʿʝ ʜʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ ʛʫʙʠʪʘʢʘ 4.7474lossW =  p.u, ʦʜʥʦʩʥʦ 474,74 MWh. 

ʆʚʘ ʚʨʝʜʥʦʩʪ ʛʫʙʠʪʘʢʘ ʿʝ 2,03% ʤʘˁʘ ʦʜ ʛʫʙʠʪʘʢʘ ʢʘʜʘ ʫ ʩʠʩʪʝʤʫ ʥʝ ʧʦʩʪʦʿʠ ʦʧʪʠʤʘʣʥʦ 

ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʦʪʨʦʰˁʦʤ. ʆʧʪʠʤʘʣʥʠʤ ʧʨʦʩʪʦʨʥʠʤ ʠ ʚʨʝʤʝʥʩʢʠʤ 

ʫʧʨʘʚˀʘˁʝʤ ʧʦʪʨʦʰˁʦʤ ʩʤʘˁʫʿʫ ʩʝ ʠ ʚʘʨʠʿʘʮʠʿʝ ʥʘʧʦʥʘ ʯʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʚʝ˂ʠ ʢʚʘʣʠʪʝʪ 

ʥʘʧʦʥʘ. ʇʦʨʝʜ ʪʦʛʘ, ʧʦʩʪʠʞʫ ʩʝ ʠ ʨʘʚʥʠʿʠ ʜʠʿʘʛʨʘʤʠ ʧʨʦʠʟʚʦʜˁʝ ʚʝʣʠʢʠʭ ʝʣʝʢʪʨʘʥʘ ʯʠʤʝ ʩʝ 

ʧʦʚʝ˂ʘʚʘʿʫ ʪʝʭʥʠʯʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʩʠʩʪʝʤʘ ʠ ʩʤʘˁʫʿʫ ʩʝ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ. ʅʘ ʉʣ. 4.23 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʠʿʘʛʨʘʤʠ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʘʥʘ ʧʨʝ ʠ ʥʘʢʦʥ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ 
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ʫʧʨʘʚˀˁʘ ʧʦʪʨʦʰˁʦʤ. ʅʘ ʉʣ. 4.24 ʧʨʠʢʘʟʘʥ ʿʝ ʜʠʿʘʛʨʘʤ ʥʘʧʦʥʘ ʧʨʝ ʠ ʥʘʢʦʥ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ ʫ ʯʚʦʨʫ 2 ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʯʚʦʨ ʩʘ ʥʘʿʚʝ˂ʠʤ ʚʘʨʠʿʘʮʠʿʘʤʘ ʥʘʧʦʥʘ ʧʨʝ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ.  

 

ʉʣ. 4.23 ɼʠʿ ʘʛʨʘʤʠ ʧʨʦʠʟʚʦʜʝˁ ʝʣʝʢʪʨʘʥʘ ʧʨʝ ʠ ʥʘʢʦʥ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ ʫ ʩʠʩʪʝʤʫ ʩʘ 11 ʯʚʦʨʘ ʢʘʜʘ ʿʝ ʦʙʿ ʝʢʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʤʠʥʠʤʫʤ ʜʥʝʚʥʠʭ ʛʫʙʠʪʘʢʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ 

 

 

ʉʣ. 4.24 ɺʘʨʠʿʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʥʘʿʢʨʠʪʠʯʥʠʿʝʤ ʧʦʪʨʦh ʘʯʢʦʤ ʯʚʦʨʫ (ʯʚʦʨ ʙʨʦʿ 2), ʘʥʘʣʠʟʠʨʘʥʘ ʦʙʿʝʢʪʠʚʥʘ 

ʬʫʥʢʮʠʿʘ ʩʫ ʤʠʥʠʤʘʣʥʠ ʜʥʝʚʥʠ ʛʫʙʠʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

 

ʋ ʜʨʫʛʦʿ ʘʥʘʣʠʟʠ, ʦʧʪʠʤʠʟʘʮʠʿʘ ʩʝ ʚʨʰʠ ʫ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʜʥʝʚʥʠʭ ʦʧʝʨʘʪʠʚʥʠʭ 

ʪʨʦʰʢʦʚʘ ʝʣʝʢʪʨʘʥʘ. ʅʘ ʉʣ. 4.25 ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʦʙʠʿʝʥʠ ʦʧʪʠʤʘʣʥʠ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʫ 

ʦʚʦʿ ʦʧʪʠʤʠʟʘʮʠʿʠ. ʂʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ, ʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʫ ʜʦʙʠʿʝʥʠ ʥʝʰʪʦ 

ʜʨʫʛʘʯʠʿʠ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʫ ʘʥʘʣʠʟʫ. ʋ ʦʚʦʿ ʘʥʘʣʠʟʠ, ʜʦʙʠʿʝʥʠ 

ʦʧʪʠʤʘʣʥʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʠʟʥʦʩʝ 541 550 NJ ʰʪʦ ʿʝ 0,37 % ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʩʪʝʤ 

ʙʝʟ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. 
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ʉʣ. 4.25 ʆʧʪʠʤʘʣʥʠ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʫ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʜʥʝʚʥʠʭ ʛʫʙʠʪʘʢʘ ʝʥʝʨʛʠʿʝ ʫ ʩʠʩʪʝʤʫ ʩʘ 

11 ʯʚʦʨʘ 

 

ʅʘ ʉʣ. 4.26 ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʠʿ ʘʛʨʘʤʠ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʝʣʝʢʪʨʘʥʘ ʧʨʝ 

ʠ ʥʘʢʦʥ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. ʢʘʦ ʠ ʥʘʧʦʥʩʢʠ 

ʧʨʦʬʠʣʠ ʫ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ ʩʠʩʪʝʤʘ. ʅʘ ʉʣ. 4.27 ʧʨʠʢʘʟʘʥ ʿʝ ʜʠʿʘʛʨʘʤ ʥʘʧʦʥʘ ʧʨʝ ʠ ʥʘʢʦʥ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦhˁʦʤ ʫ ʯʚʦʨʫ 2 ʢʦʿʠ ʠ ʫ ʦʚʦʤ ʩʣʫʯʘʫʿ ʧʨʝʜʩʪʘʚˀʘ ʯʚʦʨ ʩʘ ʥʘʿʚʝ˂ʠʤ 

ʚʘʨʠʿʘʮʠʿʘʤʘ ʥʘʧʦʥʘ ʧʨʝ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. 

 

 

ʉʣ. 4.26 ɼʠʿ ʘʛʨʘʤʠ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʘʥʘ ʧʨʝ ʠ ʥʘʢʦʥ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁ ʦʤ ʫ ʩʠʩʪʝʤʫ ʩʘ 11 ʯʚʦʨʘ ʢʘʜʘ ʿʝ ʢʨʠʪʝʨʠʿʫʤʩʢʘ ʬʫʥʢʮʠʿʘ ʤʠʥʠʤʫʤ ʜʥʝʚʥʠʭ ʪʨʦʰʢʦʚʘ 

ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 
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ʉʣ. 4.27 ɺʘʨʠʿʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʥʘʿʢʨʠʪʠʯʥʠʿʝʤ ʧʦʪʨʦʰʘʯʢʦʤ ʯʚʦʨʫ (ʯʚʦʨ ʙʨʦʿ 2), ʘʥʘʣʠʟʠʨʘʥʘ ʦʙʿʝʢʪʠʚʥʘ 

ʬʫʥʢʮʠʿʘ ʩʫ ʤʠʥʠʤʘʣʥʠ ʜʥʝʚʥʠ ʪʨʦ ʢhʦʚʠ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

 

ʋ ʧʨʝʪʭʦʜʥʝ ʜʚʝ ʘʥʘʣʠʟʝ ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʦʙʣʝʤ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ 

ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʥʘ ʧʨʠʤʝʨʫ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʦʜ 11 ʯʚʦʨʘ. ʇʨʝʜʣʦʞʝʥʠ ʧʨʦʙʣʝʤ 

ʨʝʰʘʚʘʥ ʿʝ ʫʧʦʪʨʝʙʦʤ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʠ Interior Point ʤʝʪʦʜʝ. ɼʠʘʿʛʨʘʤʠ ʧʦʪʨʦʰˁʝ 

ʜʦʙʠʿʝʥʠ ʫ ʦʙʘ ʩʣʫʯʘʿʘ ʩʫ ʩʣʠʯʥʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʜʦʙʠʿʝʥʠ ʙʝʥʝʬʠʪʠ ʩʝ ʨʘʟʣʠʢʫʿʫ ʠʟ 

ʨʘʟʣʦʛʘ ʰʪʦ ʫ ʧʨʦʨʘʯʫʥ ʢʦʨʠʰ˂ʝˁʝʤ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʥʠʿʝ ʙʠʣʘ ʫʢˀʫʯʝʥʘ ʦʧʪʠʤʠʟʘʮʠʘʿ 

ʥʘʧʦʥʘ ʠ ʪʦʢʦʚʘ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ. ʆʚʦ ʿʝ ʨʘʹʝʥʦ ʠʟ ʨʘʟʣʦʛʘ ʜʘ ʙʠ ʩʝ ʩʤʘˁʠʦ ʙʨʦʿ ʥʝʧʦʟʥʘʪʠʭ. 

ʀʘʢʦ ʿʝ ʙʨʦʿ ʥʝʧʦʟʥʘʪʠʭ ʫ ʦʧʪʠʤʠʟʘʮʠʿʠ ʧʨʠʤʝʥʦʤ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʙʠʦ ʜʫʧʣʦ ʤʘˁʠ, 

ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ ʿʝ ʪʨʘʿʘʣʦ ʥʝʧʨʠʭʚʘʪˀʠʚʦ ʜʫʛʦ, ʫʢʫʧʥʦ 3,5 ʜʘʥʘ. ʆʚʦ ʩʝ ʜʝhʘʚʘ ʟʙʦʛ ʪʦʛʘ 

ʪhʦ ʚʨʝʤʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ ʜʨʘʩʪʠʯʥʦ ʩʢʘʯʝ ʩʘ ʙʨʦʿʝʤ ʧʨʦʤʝʥˀʠʚʠʭ 

(ʢʦʿʠʭ ʿʝ ʦʚʜʝ ʙʠʣʦ 240) ʪʝ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʦʚʘʿ ʘʣʛʦʨʠʪʘʤ ʥʝʫʧʦʪʨʝʙˀʠʚ ʫ 

ʧʨʦʨʘʯʫʥʠʤʘ ʢʦʿʠ ʩʝ ʤʦʨʘʿʫ ʦʜʚʠʿʘʪʠ ʫ ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ. ɺʨʝʤʝ 

ʧʨʦʨʘʯʫʥʘ ʢʦʨʠʰ˂ʝˁʝʤ Interior Point ʤʝʪʦʜʝ ʠʟʥʦʩʠ ʦʢʦ 3 ʩʝʢʫʥʜʝ ʠ ʦʚʘ ʤʝʪʦʜʘ ʤʦʞʝ ʙʠʪʠ 

ʧʨʠʭʚʘʪˀʠʚʘ ʟʘ ʨʝʰʘʚʘˁʝ ʨʝʘʣʥʠʭ ʧʣʘʥʝʨʩʢʠʭ ʧʨʦʙʣʝʤʘ ʫ ɽɽʉ-ʫ. ɿʙʦʛ ʦʚʦʛʘ ˂ʝ ʩʝ ʥʘʨʝʜʥʘ 

ʘʥʘʣʠʟʘ ʠʟʚʨʰʠʪʠ ʩʘʤʦ ʢʦʨʠʰ˂ʝˁʝʤ Interior Point ʤʝʪʦʜʝ. 

ʇʨʝʜʠʢʮʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ ʿʝ ʦʜ ʢˀʫʯʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʧʨʘʢʪʠʯʥʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 

ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. 

ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʠʟ ʧʨʝʜʠʢʮʠʿʝ ʧʨʦʠʟʚʦʜˁʝ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʧʣʘʥʠʨʘˁʝ ʨʘʜʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ, ʰʪʦ ʦʙʫʭʚʘʪʘ ʠ ʧʣʘʥʠʨʘʥʦ ʧʦʤʝʨʘˁʝ ʧʦʪʨʦʰˁʝ 

ʢʘʦ ʠ ʨʘʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʧʦʪʨʦʰʘʯʠ ʩʝ ʤʦʛʫ ʫʥʘʧʨʝʜ 

ʧʨʠʧʨʝʤʠʪʠ ʜʘ ʠʩʧʦʰʪʫʿʫ ʧʣʘʥʠʨʘʥʝ ʜʠʿʘʛʨʘʤʝ ʧʦʪʨʦʰˁʝ. ʇʦʨʝʜ ʧʣʘʥʠʨʘˁʘ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ, 

ʥʘ ʦʩʥʦʚʫ ʨʘʩʧʦʣʦʞʠʚʠʭ ʧʦʜʘʪʘʢʘ ʦ ʧʨʦʠʟʚʦʜˁʠ ʠʟ ʆʀɽ ʚʨʰʠ ʩʝ ʠ ʫʥʫʪʘʨ ʜʥʝʚʥʘ ʧʣʘʥʠʨʘˁʘ 

ʯʠʿʠ ʿʝ ʟʘʜʘʪʘʢ ʜʘ ʘʥʫʣʠʨʘʿʫ ʛʨʝʰʢʫ ʥʘʩʪʘʣʫ ʫʩʣʝʜ ʩʚʠʭ ʧʨʦʛʥʦʟʘ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ. ʋ 

ʧʨʝʪʭʦʜʥʠʤ ʘʥʘʣʠʟʘʤʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʧʨʝʜʚʠʜʠʚʘ. ʋ ʜʦʩʘʜʘʰˁʦʿ ʣʠʪʝʨʘʪʫʨʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʤʥʦʛʦ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʟʘ 

ʧʨʝʜʠʢʮʠʿʫ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʠ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ. ʅʝʢʝ ʦʜ ʦʚʠʭ ʤʝʪʦʜʘ ʩʫ 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʣʠʪʝʨʘʪʫʨʠ [97-106]. ʉʚʘʢʘ ʦʜ ˁʠʭ ʫʥʦʩʠ ʦʜʨʝʹʝʥʝ ʛʨʝʰʢʝ ʪʝ ʙʠ ʟʙʦʛ ʪʦʛʘ 

ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘʝˁ ʧʦʪʨʦʰˁʦʤ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʦʜʩʪʫʧʘʣʦ ʫ 

ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʣʘʥʠʨʘʝˁʤ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ. ʆʚʝ ʛʨʝʰʢʝ ʤʦʛʫ ʩʝ ʫ ʦʜʨʝʹʝʥʦʿ 

ʤʝʨʠ ʢʦʨʠʛʦʚʘʪʠ ʫʧʦʪʨʝʙʦʤ ʧʨʝʜʠʢʮʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʫ ʪʦʢʫ ʜʘʥʘ [102-107]. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 
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ʧʨʝʜʠʢʮʠʿʘ ʫʧʨʘʚˀʠʚʦʛ ʠ ʥʝʫʧʨʘʚˀʠʚʦʛ ʜʠʿʘʛʨʘʤʘ ʧʦʪʨʦʰˁʝ ʿʝ ʜʘʣʝʢʦ ʚʠʰʝ ʧʨʝʮʠʟʥʠʘʿ ʠ 

ʦʯʝʢʫʿʝ ʩʝ ʜʘ ʦʥʘ ʥʝʝ˂ ʫʥʦʩʠʪʠ ʚʝʫ˂ ʛʨʝhʢʫ ʫ ʧʨʦʨʘʯʫʥ [108].  

4.5 ʊʝʩʪ ʩʠʩʪʝʤ ï ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʩʘ 16 ʯʚʦʨʦʚʘ 

ʋ ʦʚʦʿ ʩʝʢʮʠʿʠ, ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʪʝʩʪʠʨʘʥʘ ʿʝ ʥʘ ʧʨʠʤʝʨʫ ʜʠʩʪʨʠʙʫʪʠʚʥʝ 

ʤʨʝʞʝ ʩʘ 16 ʯʚʦʨʦʚʘ. ʆʚʘ ʤʨʝʞʘ ʧʨʝʜʩʪʘʚˀʘ IEEE ʪʝʩʪʥʠ ʩʠʩʪʝʤ ʩʘ 16 ʯʚʦʨʦʚʘ [109] ʫ ʢʦʿʦʿ 

ʿʝ ʜʦʜʘʪ ʝʥʝʨʛʝʪʩʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʨʝʢʦ ʢʦʿʝʛ ʩʝ ʩʧʨʝʞʝ ʯʠʪʘʚ ʩʠʩʪʝʤ. ɻʣʘʚʥʠ ʮʠˀ ʦʚʝ 

ʘʥʘʣʠʟʝ ʿʝ ʜʘ ʩʝ ʧʨʠʢʘʞʫ ʝʬʝʢʪʠ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ. ʅʘ ʉʣ. 4.28 ʧʨʠʢʘʟʘʥʘ ʿʝ ʰʝʤʘ ʧʨʝʜʣʦʞʝʥʦʛ ʪʝʩʪʥʦʛ 

ʩʠʩʪʝʤʘ. ʇʘʨʘʤʝʪʨʠ ʤʨʝʞʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʊʘʙʝʣʠ 4.9, [109]. ʋʩʚʦʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʙʘʟʥʫ 

ʩʥʘʛʫ ʠ ʙʘʟʥʠ ʥʘʧʦʥ ʠʟʥʦʩʝ 1=BS MVA ʠ 11=BU kV. 

 

ʉʣ. 4.28 ɸʥʘʣʠʟʠʨʘʥʠ ʪʝʩʪʥʠ ʩʠʩʪʝʤ ʩʘ 16 ʯʚʦʨʦʚʘ 

 

ʊʘʙʝʣʘ 4.9 ʇʘʨʘʤʝʪʨʠ ʘʥʘʣʠʟʠʨʘʥʦʛ ʪʝʩʪʥʦʛ ʩʠʩʪʝʤʘ ʩʘ 16 ʯʚʦʨʦʚʘ 

ʏʚʦʨ 1 ʏʚʦʨ 2 R [p.u.] X [p.u.] 

0 2 0,05 0,8 

1 4 0,075 0,1 

2 8 0,11 0,11 

8 10 0,11 0,11 

4 6 0,09 0,18 

4 5 0,08 0,11 

8 9 0,08 0,11 

9 11 0,11 0,11 

13 14 0,09 0,12 

9 12 0,08 0,11 

6 7 0,04 0,04 

3 13 0,11 0,11 

13 15 0,08 0,11 

15 16 0,04 0,04 
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ʅʘ ʉʣ. 4.29 ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʧʨʝ ʧʨʠʤʝʥʝ ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʠ 

ʚʨʝʤʝʥʩʢʦʛ ʫʧʨʘʚˀʘʘˁ ʧʦʪʨʦʰˁʦʤ. ʀ ʫ ʦʚʦʿ ʘʥʘʣʠʟʠ ʫʩʚʦʿʝʥʦ ʿʝ ʜʘ ʿʝ 30% ʧʦʪʨʦʰˁʝ 

ʫʧʨʘʚˀʠʚʦ ʫ ʩʚʘʢʦʤ ʧʦʪʨʦʰʘʯʢʦʤ ʯʚʦʨʫ.  

 

ʉʣ. 4.29 ɼʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ ʧʨʝ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ ʫ ʩʠʩʪʝʤʫ ʩʘ 16 ʯʚʦʨʦʚʘ 

 

ʅʘ ʉʣ. 4.30 ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʠʿʘʛʨʘʤʠ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ. ʇʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʝ ʫ 

ʯʚʦʨʦʚʠʤʘ 6 ʠ 11 ʥʘʣʘʟʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʘʥʝ ʜʦʢ ʿʝ ʫ ʯʚʦʨʫ 15 ʧʨʠʢˀʫʯʝʥʘ 

ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ. 

 

ʉʣ. 4.30 ɼʠʿʘʛʨʘʤʠ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʆʀɽ ʫ ʩʠʩʪʝʤʫ ʩʘ 16 ʯʚʦʨʦʚʘ 

 

ʅʘʢʦʥ ʰʪʦ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʘ, ʠʟʚʨʰʝʥʝ ʩʫ 4 ʘʥʘʣʠʟʝ. ʋ ʧʨʚʝ ʜʚʝ 

ʘʥʘʣʠʟʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʫ ʩʠʩʪʝʤʫ ʥʝ ʧʦʩʪʦʠʿ ʤʦʛʫ˂ʥʦʩʪ ʫʧʨʘʚˀʘˁʘ ʧʦʪʨʦʰˁʦʤ. ʋ 

ʧʨʚʦʤ ʩʣʫʯʘʫʿ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʥʠ ʧʨʦʠʟʚʦʜˁʘ ʠʟ ʆʀɽ, ʜʦʢ ʿʝ ʫ ʜʨʫʛʦʤ 

ʩʣʫʯʘʿʫ ʦʥʘ ʧʨʠʩʫʪʥʘ. ʋ ʪʨʝ˂ʝʤ ʩʣʫʯʘʿʫ ʿʝ ʧʨʠʤʝʝˁʥʦ ʩʘʤʦ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ 

ʧʦʪʨʦʰˁʦʤ ʜʦʢ ʿʝ ʫ ʯʝʪʚʨʪʦʿ ʘʥʘʣʠʟʠ ʚʨʰʝʥʦ ʦʧʪʠʤʘʣʥʦ ʠ ʚʨʝʤʝʥʩʢʦ ʫʧʨʘʚˀʘˁʝ 

ʧʦʪʨʦʰˁʦʤ. ʂʘʢʦ ʫ ʩʠʩʪʝʤʫ ʥʝʤʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʝʣʝʢʪʨʘʥʘ, ʦʧʪʠʤʘʣʥʦ ʧʨʦʩʪʦʨʥʦ ʠ 














































































































































































































































