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i 

 

ʇʆɼɸʎʀ ʆ ʄɽʅʊʆʈʋ ʀ ʏʃɸʅʆɺʀʄɸ ʂʆʄʀʉʀɱɽ 

 

ʄʝʥʪʦʨ: 

ɼʨ ɾʝˀʢʦ ɫʫʨʠʰʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

(ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ) 

ʏʣʘʥʦʚʠ ʢʦʤʠʩʠʿʝ: 

ɼʨ ɾʝˀʢʦ ɫʫʨʠʰʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

(ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ) 

 

ɼʨ ɿʦʨʘʥ ʃʘʟʘʨʝʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

(ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ) 

 

ɼʨ ɾʘʨʢʦ ɱʘʥʜʘ, ʚʠʰʠ ʥʘʫʯʥʠ ʩʘʨʘʜʥʠʢ 

(ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʠʥʩʪʠʪʫʪ Ăʅʠʢʦʣʘ ʊʝʩʣʘῤ) 

 

ɼʨ ɿʦʨʘʥ ʉʪʦʿʘʥʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

(ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ) 

 

ɼʨ ʇʨʝʜʨʘʛ ʉʪʝʬʘʥʦʚ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

(ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ) 

 

ɼʘʪʫʤ ʫʩʤʝʥʝ ʦʜʙʨʘʥʝ: _______________________ 

  



 

ii  

 

ɿʘʭʚʘʣʥʠʮʘ 

ʂʘʢʦ ʙʠ ʧʦʪʨʘʿʘʣʦ ʥʘʙʨʘʿʘˁʝ ʩʚʝʛʘ ʰʪʦ ʟʘʚʨʝʹʫʿʝ ʜʫʙʦʢʠ ʥʘʢʣʦʥ, ʘ ʰʪʦ ʿʝ 

ʧʨʦʬʝʩʦʨ ɾʝˀʢʦ ɫʫʨʠʰʠ˂ ʫʯʠʥʠʦ ʟʘ ʤʝʥʝ ʫ ʪʦʢʫ ʜʦʩʘʜʘʰˁʝ ʩʘʨʘʜˁʝ, ʥʝ ʩʘʤʦ ʫ 

ʚʝʟʠ ʩʘ ʜʦʢʪʦʨʩʢʦʤ ʜʠʩʝʨʪʘʮʠʿʦʤ, ʤʦʨʘʤ ʠʟʨʘʟʠʪʠ ʥʝʠʟʤʝʨʥʫ ʟʘʭʚʘʣʥʦʩʪ ʩʘ 

ʥʘʜʦʤ ʜʘ ˂ʝʤʦ ʠʩʪʠʤ ʧʫʪʝʤ ʥʘʩʪʘʚʠʪʠ. 

ɿʘ ʣʝʢʪʫʨʫ ʪʝʢʩʪʘ ʧʦʙʨʠʥʫʣʘ ʩʝ ɱʝʣʝʥʘ ʄʠʣʦʰʝʚʠ˂ ʠ ʦʙʝʟʙʝʜʠʣʘ ʜʘ ʨʘʜ ʙʫʜʝ 

ʯʠʪˀʠʚʠʿʠ ʠ ʫ ʜʫʭʫ ʩʨʧʩʢʦʛ ʿʝʟʠʢʘ, ʥʘ ʯʝʤʫ ʩʘʤ ʚʝʦʤʘ ʟʘʭʚʘʣʘʥ. 

ɿʘ ʧʨʝʥʦʰʝˁʝ ʟʘʤʠʩʣʠ ʥʘ ʬʠʟʠʯʢʠ ʤʦʜʝʣ ʠ ʚʝʨʠʬʠʢʘʮʠʿʫ ʨʝʟʫʣʪʘʪʘ, ʢʘʦ ʠ ʟʘ 

ʫʣʦʛʫ ʩʪʨʫʯʥʦʛ ʢʦʥʩʫʣʪʘʥʪʘ ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʈʘʩʪʢʫ ɹʠʦʨʮʫ. 

 

 



ʈʝʟʠʤʝ 
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ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʅʆɺE ʊɽʍʅʀʂɽ ɿɸ ʋʅɸʇʈɽɫɽɳɽ ʊʈɸʅɿʀɱɽʅʊʅɽ ʉʊɸɹʀʃʅʆʉʊʀ 

ɸʂʊʀɺʅʀʍ ɼʀʉʊʈʀɹʋʊʀɺʅʀʍ ʄʈɽɾɸ 

ʈʝʟʠʤʝ: 

ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʨʘʟʚʦʿ ʪʝʭʥʠʢʘ ʠ ʘʣʛʦʨʠʪʘʤʘ ʟʘ 

ʫʥʘʧʨʝʹʝˁʝ ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʫ ʧʦʨʝʤʝ˂ʝʥʠʤ ʨʘʜʥʠʤ ʨʝʞʠʤʠʤʘ ʘʢʪʠʚʥʠʭ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʤʨʝʞʘ. ʅʘʿʚʘʞʥʠʿʠ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩʠ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ ʩʣʝʜʝ˂ʠ: 

1. ʈʘʟʚʠʿʝʥʘ ʿʝ ʪʝʭʥʠʢʘ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʤʘʣʠʭ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ 
ʢʦʦʨʜʠʥʠʩʘʥʦʤ ʢʦʥʪʨʦʣʦʤ ʙʘʣʘʥʩʥʝ ʠʤʧʝʜʘʥʩʝ ʠ ʨʝʛʫʣʘʪʦʨʘ ʧʦʙʫʜʝ ʛʝʥʝʨʘʪʦʨʘ. 

ʈʝʘʣʠʟʘʮʠʿʘ ʦʚʝ ʪʝʭʥʠʢʝ ʧʦʜʨʘʟʫʤʝʚʘ ʠʥʩʪʘʣʘʮʠʿʫ ʦʪʦʯʥʝ ʙʘʣʘʥʩʥʝ ʠʤʧʝʜʘʥʩʝ ʥʘ 

ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʤʦʜʠʬʠʢʦʚʘˁʝ ʨʝʛʫʣʘʪʦʨʘ ʧʦʙʫʜʝ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ. 

ʂʦʦʨʜʠʥʠʩʘʥʘ ʢʦʥʪʨʦʣʘ ʫʢˀʫʯʫʿʝ ʧʨʝʜʫʧʨʘʚˀʘˁʝ ʦʪʦʯʥʦʤ ʙʘʣʘʥʩʥʦʤ ʠʤʧʝʜʘʥʩʦʤ, ʪʘʢʦ ʜʘ ʫ 

ʩʣʫʯʘʿʫ ʧʦʨʝʤʝʘ˂ʿʘ ʫ ʧʨʠʢˀʫʯʥʦʿ ʤʨʝʞʠ ʠʤʧʝʜʘʥʩʘ ʦʜʨʞʘʚʘ ʙʘʣʘʥʩ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ 

ʩʥʘʛʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʈʝʛʫʣaʪʦʨ ʧʦʙʫʜʝ ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʪʨʘʥʟʠʿʝʥʪʠ ʥʘʧʦʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʝ 

ʙʫʜʫ ʫ ʧʨʠʭʚʘʪˀʠʚʠʤ ʛʨʘʥʠʮʘʤʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʫ ʧʨʠʣʠʢʦʤ ʜʝʣʦʚʘˁʘ ʪʨʦʧʦʣʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʠ ʦʜʚʘʿʘˁʘ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʦʜ ʤʨʝʞʝ ʩʪʚʦʨʝʥʠ ʧʨʝʜʫʩʣʦʚʠ ʟʘ 

ʩʪʘʙʠʣʘʥ ʦʩʪʨʚʩʢʠ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ ʫ ʧʨʠʢˀʫʯʥʦʿ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ. ʋ ʮʠˀʫ ʨʝʛʫʣʘʮʠʿʝ ʥʘʧʦʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʝ ʪʦʢʦʤ ʧʨʝʣʘʟʥʦʛ ʧʨʦʮʝʩʘ 

ʠʟʚʨʰʝʥʘ ʿʝ ʤʦʜʠʬʠʢʘʮʠʿʘ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ ʫʚʦʹʝˁʝʤ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʢʘʦ 

ʜʦʜʘʪʥʝ ʫʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ. ʊʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʜʠʥʘʤʠʯʢʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʥʘʧʦʥʘ ʠ 

ʬʨʝʢʚʝʥʮʠʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʩʘʤʦ ʨʝʛʫʣʘʮʠʿʝ ʧʦʙʫʜʝ ʫ ʜʝʬʠʥʠʩʘʥʦʤ ʦʧʩʝʛʫ. ʇʨʠʤʝʥʦʤ 

ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ ʦʙʝʟʙʝʹʫʿʝ ʩʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘˁʝ ʨʝʟʝʨʚʝ ʩʪʘʙʠʣʥʦʩʪʠ, ʩʧʨʝʯʘʚʘʿʫ ʯʝʩʪʘ 

ʠʩʢˀʫʯʝˁʘ, ʦʜʥʦʩʥʦ ʠʩʧʘʜʠ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʤʨʝʞʝ ʠ ʩʤʘˁʫʿʫ ʝʣʝʢʪʨʠʯʥʘ ʠ ʤʝʭʘʥʠʯʢʘ 

ʥʘʧʨʝʟʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʫʟʨʦʢʦʚʘʥʘ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʢʠʤ ʪʨʘʥʟʠʿʝʥʪʠʤʘ. ʉʭʦʜʥʦ ʪʦʤʝ ʩʝ 

ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘʚʘʿʫ ʝʢʦʥʦʤʩʢʠ ʠ ʪʝʭʥʠʯʢʠ ʧʦʢʘʟʘʪʝˀʠ ʨʘʜʘ ʤʘʣʠʭ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ. 

ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʠʢʘ ʧʦʜʠʞʝ ʥʘ ʚʠʰʠ ʥʠʚʦ ʧʦʫʟʜʘʥʦʩʪ ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ ʢʦʿʠ ʦʩʪʘʿʫ ʫ 

ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ, ʰʪʦ ʿʝ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʥʦ ʫ ʩʣʫʯʘʿʫ ʥʘʧʘʿʘˁʘ ʦʩʝʪˀʠʚʠʭ ʧʦʪʨʦʰʘʯʘ ʫ 

ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʧʦʩʪʨʦʿʝˁʠʤʘ. ɺʝʨʠʬʠʢʘʮʠʿʘ ʪʝʭʥʠʢʝ ʿʝ ʫʨʘʹʝʥʘ ʟʘ ʨʘʟʣʠʯʠʪʘ ʨʘʜʥʘ ʩʪʘˁʘ ʠ 

ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʪʝʭʥʠʢʘ ʠʤʘ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥˀʠʚʦʩʪ, ʧʘ ʤʦʞʝ ʦʙʝʟʙʝʜʠʪʠ ʩʪʘʙʠʣʘʥ ʨʘʜ 

ʛʝʥʝʨʘʪʦʨʘ ʫ ʰʠʨʦʢʦʤ ʜʠʿʘʧʘʟʦʥʫ ʨʘʜʥʠʭ ʨʝʞʠʤʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʬʦʨʤʠ 

ʜʠʥʘʤʠʯʢʠʭ ʩʠʤʫʣʘʮʠʿʘ ʫ ʩʦʬʪʚʝʨʫ DIgSILENT PowerFactory, ʜʦʢ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʚʝʨʠʬʠʢʘʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʚʨʰʝʥʘ ʥʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʤ ʬʠʟʠʯʢʦʤ ʤʦʜʝʣʫ. 

2. ʈʘʟʚʠʿʝʥ ʿʝ ʢʦʥʮʝʧʪ ʠ ʘʥʘʣʠʟʠʨʘʥʘ ʧʨʠʤʝʥʘ ʪʝʭʥʠʢʝ ʿʝʜʥʦʬʘʟʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʩʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʤ ʛʝʥʝʨʠʩʘˁʝʤ ʫ ʮʠˀʫ 

ʝʣʠʤʠʥʘʮʠʿʝ ʧʨʦʣʘʟʥʠʭ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ. 

ʂʦʨʠʰ˂ʝˁʝʤ ʪʨʦʧʦʣʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʿʘʚˀʘ ʩʝ ʧʨʝʢʠʜ ʩʚʝ ʪʨʠ ʬʘʟʝ, 

ʦʩʪʨʚʩʢʠ ʨʘʜ ʜʝʣʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʠ ʥʘʿʯʝʰ˂ʝ ʠʩʢˀʫʯʝˁʝ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʛʝʥʝʨʘʪʦʨʘ 

ʫʩʣʝʜ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʦʜʨʞʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʙʝʟ ʩʧʝʮʠʿʘʣʥʠʭ ʨʝʛʫʣʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ. 

ʇʨʠʤʝʥʦʤ ʿʝʜʥʦʬʘʟʥʠʭ ʨʠʢʣʦʟʝʨʘ ʠ ʛʝʥʝʨʘʪʦʨʩʢʠʭ ʧʨʝʢʠʜʘʯʘ ʩʘ ʤʦʛʫ˂ʥʦʰ˂ʫ ʿʝʜʥʦʬʘʟʥʝ 

ʢʦʥʪʨʦʣʝ ʪʦʢʦʤ ʪʨʘʥʟʠʿʝʥʪʥʦʛ ʧʝʨʠʦʜʘ ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʠʩʢˀʫʯʝˁʝ ʩʘʤʦ ʬʘʟʘ ʧʦʛʦʹʝʥʠʭ 

ʢʚʘʨʦʤ. Tʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʫ ʫʩʣʦʚʠ ʟʘ ʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʫʢʦʣʠʢʦ ʿʝ ʢʚʘʨ ʧʨʠʚʨʝʤʝʥ, 

ʜʝʣʠʤʠʯʘʥ ʪʨʘʥʩʬʝʨ ʝʥʝʨʛʠʿʝ ʫ ʤʨʝʞʫ ʠ ʦʜʨʞʘʚʘˁʝ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʤʨʝʞʠ ʪʦʢʦʤ ʪʨʘʿʘˁʘ 

ʢʚʘʨʘ. ʇʦʩʝʙʘʥ ʘʢʮʝʥʘʪ ʿʝ ʩʪʘʚˀʝʥ ʥʘ ʠʩʧʠʪʠʚʘˁʝ ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʘʪ ʿʝ ʧʨʠʩʪʫʧ ʦʚʦʤ ʧʨʦʙʣʝʤʫ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ. ɼʝʪʘˀʥʦ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ 

ʧʦʪʨʝʙʥʠ ʫʩʣʦʚʠ ʟʘ ʠʩʧʨʘʚʘʥ ʨʘʜ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʠ ʨʘʟʚʠʿʝʥʦ ʿʝ ʨʝʰʝˁʝ ʩʘ ʫʥʘʧʨʝʹʝʥʠʤ 

ʢʨʘʪʢʦʩʧʦʿʥʠʤ ʧʨʝʢʠʜʘʯʝʤ ʢʦʿʝ ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʹʫʿʝ ʝʬʠʢʘʩʥʦʩʪ ʪʝʭʥʠʢʝ. ʋ ʮʠˀʫ 

ʟʘʜʦʚʦˀʝˁʘ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʩʝ ʥʘʨʫʰʘʚʘʿʫ ʧʨʠʤʝʥʦʤ ʪʝʭʥʠʢʝ ʿʝʜʥʦʬʘʟʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ, ʨʘʟʚʠʿʝʥʝ ʩʫ ʤʦʜʠʬʠʢʘʮʠʿʝ ʫʧʨʘʚˀʘʯʢʠʭ ʩʠʩʪʝʤʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ 

ʛʝʥʝʨʘʪʦʨʘ, ʢʦʿʠʤʘ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʦʜʨʞʘʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ, ʢʘʦ ʠ ʦʜʨʞʘʚʘˁʝ ʩʚʠʭ 

ʚʝʣʠʯʠʥʘ ʫ ʟʘʜʘʪʦʤ ʦʧʩʝʛʫ. ʂʘʢʦ ʿʝ ʚʝʦʤʘ ʚʝʣʠʢʠ ʙʨʦʿ ʢʚʘʨʦʚʘ ʫ ʥʘʜʟʝʤʥʠʤ ʤʨʝʞʘʤʘ 



ʈʝʟʠʤʝ 

iv 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʧʨʦʣʘʟʘʥ, ʤʠʥʠʤʠʟʘʮʠʿʘ ʥʝʛʘʪʠʚʥʠʭ ʧʦʩʣʝʜʠʮʘ ʫʩʣʝʜ ˁʠʭʦʚʝ ʧʦʿʘʚʝ ʜʦʙʠʿʘ ʜʦʜʘʪʥʦ ʥʘ 

ʧʨʘʢʪʠʯʥʦʤ ʟʥʘʯʘʿʫ ʩʧʨʦʚʝʜʝʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ. ʈʘʟʚʠʿʝʥʠ ʩʫ 

ʘʣʛʦʨʠʪʤʠ ʟʘ ʝʣʠʤʠʥʘʮʠʿʫ ʿʝʜʥʦʬʘʟʥʦʛ ʠ ʜʚʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ. ʇʨʠʤʝʥʦʤ ʘʣʛʦʨʠʪʘʤʘ ʩʝ 

ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʹʫʿʝ ʝʬʠʢʘʩʥʦʩʪ ʨʘʜʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʦʙʝʟʙʝʹʠʚʘˁʝʤ 

ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʫ ʧʦʨʝʤʝ˂ʝʥʠʤ ʨʝʞʠʤʠʤʘ ʠ ʙʝʟ ʥʘʨʫʰʘʚʘˁʘ ʦʛʨʘʥʠʯʝˁʘ ʠ 

ʥʝʜʦʟʚʦˀʝʥʠʭ ʨʘʜʥʠʭ ʩʪʘˁʘ ʫ ʤʨʝʞʠ. ʊʝʭʥʠʢʘ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʥʝʟʘʚʠʩʥʦ ʦʜ ʪʦʧʦʣʦʛʠʿʝ ʠ 

ʩʪʨʫʢʪʫʨʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʠ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʛʝʥʝʨʘʪʦʨʘ. ɺʝʨʠʬʠʢʘʮʠʿʘ ʪʝʭʥʠʢʝ ʿʝ 

ʠʟʚʨʰʝʥʘ ʜʠʥʘʤʠʯʢʠʤ ʩʠʤʫʣʘʮʠʿʘʤʘ ʫ ʩʦʬʪʚʝʨʫ DIgSILENT PowerFactory ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʤʝʨʝˁʠʤʘ ʥʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʤ ʤʦʜʝʣʫ. 

3.  ʈʘʟʚʠʿʝʥʘ ʿʝ ʪʝʭʥʠʢʘ ʟʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦ ʙʘʣʘʥʩʠʨʘˁʝ ʘʢʪʠʚʥʦʤ ʠ ʨʝʘʢʪʠʚʥʦʤ 

ʩʥʘʛʦʤ ʫ ʤʠʢʨʦʤʨʝʞʘʤʘ ʢʦʿʘ ʦʙʝʟʙʝʹʫʿʝ ʩʠʤʝʪʨʠʯʘʥ ʨʘʜ ʤʠʢʨʦʤʨʝʞʝ ʪʦʢʦʤ ʧʦʨʝʤʝ˂ʘʿʘ 

ʫ ʧʨʠʢˀʫʯʥʦʿ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ. 

ʊʦʢʦʤ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ ʫ ʧʨʠʢˀʫʯʥʦʿ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ, ʫ 

ʤʠʢʨʦʤʨʝʞʘʤʘ ʜʦʣʘʟʠ ʜʦ ʚʝʣʠʢʝ ʥʝʩʠʤʝʪʨʠʿʝ ʫ ʨʘʜʫ ʢʦʿʘ ʩʝ ʥʝʧʦʚʦˀʥʦ ʨʝʬʣʝʢʪʫʿʝ ʥʘ ʨʘʜ 

ʧʦʪʨʦʰʘʯʘ ʠ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ ʫ ʤʠʢʨʦʤʨʝʞʠ. ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʨʘʟʚʠʿʝʥʘ ʠʥʦʚʘʪʠʚʥʘ 

ʪʝʭʥʠʢʘ ʢʦʿʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʢʦʨʠʰ˂ʝˁʫ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʩʘ ʧʨʝʪʚʘʨʘʯʝʤ ʩʘ ʥʝʟʘʚʠʩʥʠʤ ʤʦʥʦʬʘʟʥʠʤ ʠʥʿʝʢʪʠʨʘˁʝʤ ʘʢʪʠʚʥʠʭ ʠ ʨeʘʢʪʠʚʥʠʭ 

ʩʥʘʛʘ. ʈʘʟʚʠʿʝʥʘ ʿʝ ʪʝʭʥʠʢʘ ʢʦʿʘ ʦʙʝʟʙʝʹʫʿʝ ʩʪʘʙʠʣʘʥ ʨʘʜ ʤʠʢʨʦʤʨʝʞʝ ʠ ʩʢʦʨʦ ʧʦʪʧʫʥʫ 

ʝʣʠʤʠʥʘʮʠʿʫ ʥʫʣʪʝ ʠ ʠʥʚʝʨʟʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʘ ʫ ʤʠʢʨʦʤʨʝʞʠ ʪʦʢʦʤ ʪʨʘʿʘˁʘ 

ʧʦʨʝʤʝ˂ʘʿʘ ʫ ʧʨʠʢˀʫʯʥʦʿ ʤʨʝʞʠ. ʊʘʢʦʹʝ, ʟʥʘʯʘʿʥʦ ʩʝ ʫʥʘʧʨʝʹʫʿʝ ʪʨʘʥʟʠʿʝʥʪʥʘ ʩʪʘʙʠʣʥʦʩʪ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʦʤ ʧʦʨʝʤʝ˂ʘʿʘ. ʇʦʨʝʜ ʢʦʥʮʝʧʪʫʘʣʥʦʛ ʜʠʟʘʿʥʘ ʩʠʩʪʝʤʘ, ʫ 

ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʨʘʟʚʠʿʝʥ ʠ ʫʧʨʘʚˀʘʯʢʠ ʘʣʛʦʨʠʪʘʤ. ʋʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ ʟʘ ʨʝʛʫʣʘʮʠʿʫ 

ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʫ ʬʘʟʥʠ ʫʛʘʦ ʥʘʧʦʥʘ ʠ ʝʬʝʢʪʠʚʥʘ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ. ʉʠʩʪʝʤʠ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʦʚʫ ʩʚʨʭʫ ʤʦʛʫ ʙʠʪʠ ʚʠʰʝʥʘʤʝʥʩʢʠ ʿʝʨ ʪʝʭʥʠʢʘ ʟa ʧʦʜʨʰʢʫ 

ʩʪʘʙʠʣʥʦʩʪʠ ʤʠʢʨʦʤʨʝʞʠ ʪʦʢʦʤ ʪʨʘʥʟʠʿʝʥʪʥʦʛ ʧʝʨʠʦʜʘ ʥʝ ʟʘʭʪʝʚʘ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ. 

ʆʪʫʜʘ, ʙʘʪʝʨʠʿʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʠ ʫ ʩʚʨʭʫ ʙʘʣʘʥʩʠʨʘˁʘ ʩʥʘʛʝ ʨʘʟʤʝʥʝ ʤʠʢʨʦʤʨʝʞʝ ʠ 

ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʪʦʢʦʤ ʥʦʨʤʘʣʥʦʛ ʧʦʛʦʥʘ. 

4. ʈʘʟʚʠʿʝʥ ʿʝ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʤʦʜʝʣ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʚʝʨʠʬʠʢʘʮʠʿʫ ʪʝʭʥʠʢʘ ʩʘ 

ʙʘʣʘʥʩʥʠʤ ʦʪʧʦʨʥʠʢʦʤ ʠ ʿʝʜʥʦʬʘʟʥʠʤ ʘʫʪʦʤʘʪʩʢʠʤ ʧʦʥʦʚʥʠʤ ʫʢˀʫʯʝˁʝʤ. 

ʋ ʮʠˀʫ ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʠʭ ʪʝʭʥʠʢʘ ʨʘʟʚʠʿʝʥ ʿʝ ʬʠʟʠʯʢʠ ʤʦʜʝʣ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ 

ʝʢʚʠʚʘʣʝʥʪ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʘʪʦʨʘ, ʢʦʿʠ ʿʝ ʧʨʝʢʦ ʨʘʜʠʿʘʣʥʦʛ ʧʨʠʢˀʫʯʥʦʛ ʚʦʜʘ ʧʦʚʝʟʘʥ 

ʥʘ ʤʨʝʞʫ. ʋʟ ʫʚʘʞʘʚʘˁʝ ʨʝʘʣʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʝʣʝʤʝʥʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʫ 

ʢʦʨʠʰ˂ʝʥʠ, ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʜʦʜʘʪʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʘʦ ʰʪʦ ʿʝ ʙʘʣʘʥʩʥʠ ʦʪʧʦʨʥʠʢ, ʩʪʚʦʨʝʥʠ 

ʩʫ ʫʩʣʦʚʠ ʙʣʠʩʢʠ ʨʝʘʣʥʦʤ ʧʦʛʦʥʫ. ʇʦʨʝʜ ʪʦʛʘ, ʢʦʥʬʠʛʫʨʠʩʘʥ ʿʝ ʩʠʩʪʝʤ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʩʘ 

ʤʠʢʨʦʧʨʦʮʝʩʦʨʩʢʠʤ ʟʘʰʪʠʪʥʠʤ ʫʨʝʹʘʿʝʤ ʠ ʧʨʘʪʝ˂ʠʤ ʩʠʩʪʝʤʠʤʘ ʫ ʬʫʥʢʮʠʿʠ ʜʝʪʝʢʮʠʿʝ ʠ 

ʠʩʢˀʫʯʝˁʘ ʢʚʘʨʦʚʘ ʫʟ ʧʨʠʤʝʥʫ ʪʝʭʥʠʢʝ ʘʫʪʦʤʘʪʩʢʦʛ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ. ɸʥʘʣʠʟʠʨʘʥ ʿʝ 

ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʢʚʘʨʦʚʘ ʠ ʨʘʜʥʠʭ ʩʪʘˁʘ ʥʘ ʬʦʨʤʠʨʘʥʦʤ ʤʦʜʝʣʫ ʠ ʠʟʚʨʰʝʥʘ ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ 

ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʨʘʯʫʥʘʨʩʢʠʤ ʩʠʤʫʣʘʮʠʿʘʤʘ ʟʘ ʩʣʠʯʥʝ ʫʩʣʦʚʝ. ʄʝʨʝˁʘ ʥʘ ʬʠʟʠʯʢʦʤ 

ʤʦʜʝʣʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʦʜʛʦʚʘʨʘʿʫ ʨʝʟʫʣʪʘʪʠʤʘ ʩʠʤʫʣʘʮʠʿʘ, ʯʠʤʝ ʿʝ ʠʟʚʨʰʝʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʠ 

ʧʦʪʚʨʹʝʥ ʧʨʠʥʮʠʧ ʨʘʜʘ ʪʝʭʥʠʢʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʥʘ ʩʠʤʫʣʘʮʠʦʥʠʤ ʨʘʯʫʥʘʨʩʢʠʤ 

ʤʦʜʝʣʠʤʘ, ʢʘʦ ʠ ʥʘ ʬʠʟʠʯʢʠʤ ʤʦʜʝʣʠʤʘ, ʧʦʪʚʨʹʫʿʫ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥˀʠʚʦʩʪ ʧʨʝʜʣʦʞʝʥʠʭ 

ʪʝʭʥʠʢʘ ʫ ʨʝʘʣʥʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ. 
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NEW TECHNIQUES FOR IMPROVING TRANSIENT STABILITY OF 

ACTIVE DISTRIBUTION NETWOR KS 

Abstract: 

The subject of the doctoral dissertation is development of techniques and algorithms for 

improving transient stability during disturbed operating regimes of active distribution networks. 

The main scientific contributions of the dissertation are as follows: 

1. A technique has been developed to improve transient stability of small synchronous 

generators using coordinated control of braking impedance and excitation of generator. 

The implementation of the technique involves installation of a parallel braking impedance at 

the generatorôs terminals and a modification of the synchronous generator excitation system. 

Coordinated control includes pre-control of braking impedance, so that in case of disturbances in 

the connected network provides a balance of active and reactive power in real-time. Excitation 

controller keeps transients of voltage and frequency within acceptable limits. In this way, during 

operating of three-phase automatic reclose and disconnection of distributed generator from the 

network, preconditions for stable island operation of generator throughout a non-voltage break in 

the connected distribution network are created. In order to regulate voltage and frequency during 

transient process, the modification of excitation system is realized by introducing speed of the 

generator as an additional control variable. This ensures dynamic stabilization of voltage and 

frequency using only control of excitation in the defined range. Proposed technique provides a 

significant increase of stability reserve, prevents frequent, i.e. outages of generators and reduces 

electrical and mechanical stresses of generators caused by electromechanical disturbances. Hence, 

there is a significat improvment of economic and technical indicators of operation of small 

sinhronous generators. Proposed technique raises reliability of consumers supply in island operation 

to a higher level, which is especially important in case of sensitive consumers in industry facilities. 

Verification of technique for different operation conditions is performed and it has been concluded 

that technique has practical applicability and can provide stable operation of generators in wide 

scope of regimes. The results are shown in the form of dynamic simulation in software DIgSILENT 

PowerFactory, while experimental verification is performed on laboratory phisics model. 

2. A concept is developed and a use of single-phase automatic reclose in distribution 

network with distributed generation is analysed in order to eliminate temporary short-

circuit. 

Three-phase automatic reclose causes disconnection of all phases and island operation of a 

part of distribution network. This often leads to outages of distributed generators due to 

impossibility to maintain stability without special regulation systems. Application of single-phase 

reclosers and generatorôs circuit breaker with a single-phase control during transient period ensures 

only disconnection of phase afected by fault. In that way, conditions for arc extinguishment are 

provided if the fault is temporary. Also, partial transfer of electricity to network and maintaining of 

generator stability during the fault are achieved. Special attention has been placed on the transient 

stability of distributed generators and an approach is given to this problem in general case. 

Necessary conditions for proper operation of the single-phase automatic reclose have analyzed in 

detail, and a solution is developed with an advanced short circuit switch that significantly improved 

the efficiency of the technique. In order to satisfy constraints which are violated during application 

of single-phase automatic reclose, the modifications of control systems of distributed generators 

have been developed. These modifications provide maintainance of stability of generators and keep 

all variables in the predefined range. Since a very large number of faults in the overhead network is 

temporary, the minimisation of negative consequences caused by fault occurance increases the 

practical importance of conducted research and proposed technique. Algorithms for elimination of 

single-phase and two-phase fault have been proposed. By application of these algorithms there is a 

significant improvment of eficiency of distributed generators by ensuring transient stability in 
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disturbed regimes without contraint violations and unallowed operation conditions in network. The 

technique can be applied regardless of topology and structure of distribution network and type of 

distributed generators. Verification is performed using dinamic simulation in software DIgSILENT 

PowerFactory and experimental measurement on laboratory model. 

3. A technique for centralised balancing of active and reactive power in microgrids is 

developed, in order to provide simetrical operation during disturbances in connected 

distribution network. 

During unsymmetrical short circuits in connected distribution network, a huge unsymetry in 

microgrids occurres. It has negative consequences on the operation of consumers and distributed 

sources in microgrids. In the disseration an inovative technique which is based on electricity storage 

system with an independent single-phase control of active and reactive power is developed. The 

technique provides stable operation of microgrid and almost complete elimination of zero-sequence 

and negative-sequence components of voltages and currents in microgrids during disturbances in 

connected network. Also, there is a significant improvement of transient stability of distributed 

generators during disturbances. Besides conceptual design of the system, a new control algorithm is 

developed in the dissertation. Control variables for regulation of active and reactive power are 

phase angle and magnitude of voltage. Storage systems that can be used for this purpose may be 

multipurpose, because the technique for supporting transient stability of microgrids does not require 

a huge amount of electricity. Battery can be used for balancing the power of exchange between 

microgrid and distribution network during normal operation. 

4. A laboratory model for experimental verification of techniques with braking resistors and 

single-phase automatic reclose is developed. 

In order to verify proposed techniques, a phisical model is developed, which represents 

equivalent of distributed generator that is connected to the grid through a radial line. Considering 

real parameters of power system elements that we have used and implementation of additional 

elements, as braking resistors, conditions close to real system are created. Besides, a new relay 

protection system with microprocessor protective device and an auxiliary system in order to detect 

and remove faults using automatic reclose technique have been configured. A wide spectrum of 

faults and operation conditions on the developed model is analysed and a comparative analysis of 

obtained results by computer simulations for similar conditions is performed. Measurements on 

phisical model completely corespond to the results of simulations, which verifies and confirms the 

principe of operation of techniques. The results obtained on simulation computer models, as well as 

physical models, confirm the practical applicability of the proposed techniques in real distribution 

networks. 

Keywords: transient stability, active distribution network, automatic reclose, relay protection, 

microgrids. 

Scientific field: Technical science ï Electrical engineering 

Scientific subfield: Power systems 

UDK: 621.3 
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ʋʚʦʜ 

1 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

1. ʋɺʆɼ 

ʊʨʝʥʫʪʥʠ ʨʘʟʚʦʿ ʨʘʟʣʠʯʠʪʠʭ ʜʝʣʘʪʥʦʩʪʠ ʫ ʩʚʝʪʫ ʟʘʭʪʝʚʘ ʜʦʜʘʪʥʝ ʝʥʝʨʛʝʪʩʢʝ ʠʟʚʦʨʝ, ʢʦʿʠ 

ʙʠ ʟʘʜʦʚʦˀʠʣʠ ʩʚʝ ʧʦʪʨʝʙʝ ʩʪʘʥʦʚʥʠʰʪʚʘ ʠ ʦʤʦʛʫ˂ʠʣʠ ʜʘˀʠ ʨʘʟʚʦʿ ʧʨʠʚʨʝʜʝ ʠ ʠʥʜʫʩʪʨʠʿʝ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʨʦʙʣʝʤʠ ʦʢʦ ʛʣʦʙʘʣʥʦʛ ʟʘʛʘʹʝˁʘ ʥʘʤʝ˂ʫ ʢʘʦ ʥʝʤʠʥʦʚʥʦʩʪ ʦʢʨʝʪʘˁʝ 

ʦʙʥʦʚˀʠʚʠʤ ʠʟʚʦʨʠʤʘ ʝʥʝʨʛʠʿʝ (ʆʀɽ) ʢʦʿʠ ʠʤʘʿʫ ʤʥʦʛʦ ʤʘˁʠ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ. ʂʦʥʚʝʥʮʠʦʥʘʣʥʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʝ ʙʘʟʠʨʘʥʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʥʘ 

ʬʦʩʠʣʥʠʤ ʛʦʨʠʚʠʤʘ, ʯʠʿʝ ʩʫ ʟʘʣʠʭʝ ʦʛʨʘʥʠʯʝʥʝ, ʠ ʥʝ ʤʦʛʫ ʟʘʜʦʚʦˀʠʪʠ ʜʫʛʦʨʦʯʥʝ ʧʦʪʨʝʙʝ ʟʘ 

ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ. ʀʟ ʪʠʭ ʨʘʟʣʦʛʘ ʠʥʪʝʛʨʘʮʠʿʘ ʆʀɽ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ (ɽɽʉ) 

ʧʨʝʜʩʪʘʚˀʘ ʨʝʰʝˁʝ ʢʦʿʝ ˂ʝ ʦʙʝʟʙʝʜʠʪʠ ʜʦʚʦˀʥʝ ʢʦʣʠʯʠʥʝ Ăʟʝʣʝʥʝῤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ 

ʪʨʝʥʜ ʨʘʟʚʦʿʘ ɽɽʉ-ʘ ʿʝ ʜʦʤʠʥʘʥʪʥʦ ʙʘʟʠʨʘʥ ʥʘ ʪʦʤʝ. ʋʯʝʰ˂ʝ ʆʀɽ ʫ ʫʢʫʧʥʦʿ ʧʨʦʠʟʚʦʜˁʠ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʝ ʧʨʦʛʨʝʩʠʚʥʦ ʧʦʚʝ˂ʘʚʘ. ʊʦ ʥʘʤʝ˂ʝ ʧʦʪʨʝʙʫ ʟʘ ʨʘʟʚʦʿʝʤ ʘʜʝʢʚʘʪʥʠʭ 

ʘʣʛʦʨʠʪʘʤʘ ʠ ʪʝʭʥʠʢʘ ʢʦʿʝ ˂ʝ ʦʙʝʟʙʝʜʠʪʠ ʤʘʢʩʠʤʘʣʥʫ ʝʬʠʢʘʩʥʦʩʪ ʦʚʠʭ ʠʟʚʦʨʘ ʠ ˁʠʭʦʚʦ 

ʦʧʪʠʤʘʣʥʦ ʫʢʣʘʧʘˁʝ ʫ ʧʦʩʪʦʿʝ˂ʠ ɽɽʉ. ʇʦʨʝʜ ʝʢʦʥʦʤʩʢʠʭ ʧʦʢʘʟʘʪʝˀʘ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʟʘʜʦʚʦˀʠʪʠ ʠ ʪʝʭʥʠʯʢʝ ʟʘʭʪʝʚʝ ʢʦʿʠ ʧʨʦʧʠʩʫʿʫ ʦʧʝʨʘʪʦʨʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʠ ʧʨʝʥʦʩʥʠʭ 

ʩʠʩʪʝʤʘ. ʆʥʠ ʩʝ ʦʜʥʦʩʝ ʢʘʢʦ ʥʘ ʨʘʜʥʝ ʨʝʞʠʤʝ, ʫ ʢʦʿʠʤʘ ʩʝ ʧʨʦʠʟʚʦʜʥʝ ʿʝʜʠʥʠʮʝ ʥʘʣʘʟʝ, ʪʘʢʦ 

ʠ ʥʘ ʧʨʝʚʘʟʠʣʘʞʝˁʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʠʭ ʨʘʜʥʠʭ ʩʪʘˁʘ ʫ ʢʦʿʝ ʩʠʩʪʝʤ ʤʦʞʝ ʜʦʩʧʝʪʠ [1]. 

ʀʥʪʝʛʨʘʮʠʿʘ ʆʀɽ ʩʝ ʚʨʰʠ ʥʘ ʩʚʠʤ ʥʘʧʦʥʩʢʠʤ ʥʠʚʦʠʤʘ ʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ. 

ɺʝʪʨʦʝʣʝʢʪʨʘʥʝ ʚʝʣʠʢʝ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ ʩʝ ʧʨʠʢˀʫʯʫʿʫ ʥʘ ʚʠʩʦʢʦʥʘʧʦʥʩʢʫ ʧʨʝʥʦʩʥʫ 

ʤʨʝʞʫ, ʰʪʦ ʿʝ ʠʜʝʥʪʠʯʥʦ ʢʦʥʮʝʧʪʫ ʟʘʩʪʫʧˀʝʥʦʤ ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʤ ɽɽʉ-ʫ, ʛʜʝ ʿʝ 

ʧʨʦʠʟʚʦʜˁʘ ʫʛʣʘʚʥʦʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʘ ʫ ʚʝʣʠʢʠʤ ʧʨʦʠʟʚʦʜʥʠʤ ʿʝʜʠʥʠʮʘʤʘ ʧʨʠʢˀʫʯʝʥʠʤ ʥʘ 

ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʧʨʠʢˀʫʯʝˁʝ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ ʩʝ ʦʙʘʚˀʘ 

ʧʨʝʤʘ ʚʝ˂ ʫʩʪʘˀʝʥʦʿ ʧʨʦʮʝʜʫʨʠ ʢʦʿʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʟʘ ʙʠʣʦ ʢʦʿʫ ʜʨʫʛʫ ʝʣʝʢʪʨʘʥʫ, ʫʟ 

ʤʠʥʠʤʘʣʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ [2], [3]. ʅʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʦʚʘʢʚʝ ʧʨʦʠʟʚʦʜʥʝ ʿʝʜʠʥʠʮʝ ʠʩʧʫʥʝ 

ʟʘʭʪʝʚʝ ʢʦʿʝ ʿʝ ʜʝʬʠʥʠʩʘʦ ʆʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʫ ʇʨʘʚʠʣʠʤʘ ʦ ʨʘʜʫ ʧʨʝʥʦʩʥʦʛ 

ʩʠʩʪʝʤʘ [4], [5]. ʇʦʫʟʜʘʥʦʩʪ ʠʩʧʦʨʫʢʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ ʿʝ ʥʘ ʚʝʦʤʘ 

ʚʠʩʦʢʦʤ ʥʠʚʦʫ ʿʝʨ ʿʝ ʤʨʝʞʘ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʦ ʫʧʝʪˀʘʥʘ ʠ ʟʘʜʦʚʦˀʝʥ ʿʝ ʧʨʠʥʮʠʧ ʩʠʛʫʨʥʦʩʪʠ n-

1. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʥʝ ʜʦʣʘʟʠ ʜʦ ʠʩʢˀʫʯʝˁʘ ʝʣʝʢʪʨʘʥʘ ʪʦʢʦʤ ʧʦʨʝʤʝ˂ʘʿʘ ʫ ʤʨʝʞʠ, ʘ ʿʝʜʠʥʦ ʩʝ 

ʟʘʭʪʝʚʘ ʜʘ ʦʥʝ ʙʫʜʫ ʦʪʧʦʨʥʝ ʥʘ ʪʨʘʥʟʠʿʝʥʪʥʝ ʧʦʨʝʤʝ˂ʘʿʝ ʥʘʧʦʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʝ ʫʟʨʦʢʦʚʘʥʝ 

ʢʚʘʨʦʚʠʤʘ. ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ (ɼʄ) ʿʝ ʧʨʝʪʝʞʥʦ ʧʘʩʠʚʥʘ ʠ ˁʝʥʘ ʫʣʦʛʘ ʿʝ 

ʙʠʣʘ ʜʘ ʦʙʝʟʙʝʜʠ ʜʠʩʪʨʠʙʫʮʠʿʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʦ ʧʦʪʨʦʰʘʯʘ. ɱʝʜʥʦʩʪʘʚʥʘ, ʿʘʩʥʦ 

ʜʝʬʠʥʠʩʘʥʘ ʬʫʥʢʮʠʿʘ ʦʚʘʢʚʦʛ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʥʠʿʝ ʟʘʭʪʝʚʘʣʘ ʧʨʝʪʝʨʘʥʦ 

ʢʦʤʧʣʠʢʦʚʘʥʝ ʟʘʰʪʠʪʥʝ ʠ ʫʧʨʘʚˀʘʯʢʝ ʩʠʩʪʝʤʝ. ʈʘʜʠʿʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ 

ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʤʝʥʫ ʧʨʝʢʦʩʪʨʫʿʥʠʭ ʟʘʰʪʠʪʘ ʠ ʥʝ ʟʘʭʪʝʚʘ ʠʥʩʪʘʣʠʨʘˁʝ ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ 

ʧʦʜʩʠʩʪʝʤʘ [6], [7]. ʈʝʛʫʣʘʮʠʿʘ ʥʘʧʦʥʘ ʩʝ ʦʜʚʠʿʘ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʦʿ ʩʪʘʥʠʮʠ ʚʠʩʦʢʠ ʥʘ 

ʩʨʝʜˁʠ ʥʘʧʦʥ, ʜʦʢ ʩʝ ʧʦʜʝʰʘʚʘˁʝ ʫʢʣʦʧʥʦʛ ʩʪʘˁʘ ʫʛʣʘʚʥʦʤ ʦʙʘʚˀʘ ʤʘʥʫʝʣʥʦ, ʦʜʥʦʩʥʦ 

ʨʫʯʥʠʤ ʤʘʥʠʧʫʣʘʮʠʿʘʤʘ ʥʘ ʣʠʮʫ ʤʝʩʪʘ [8]. ʆʚʘʢʚʘ ʩʪʨʫʢʪʫʨʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʿʝ 

ʥʘʨʫʰʝʥʘ ʧʨʠʢˀʫʯʝˁʝʤ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʛʝʥʝʨʘʪʦʨʘ, ʯʠʤʝ ʤʨʝʞʘ ʧʦʩʪʘʿʝ ʘʢʪʠʚʥʘ, ʘ ʪʦʢʦʚʠ 

ʩʥʘʛʘ ʜʚʦʩʤʝʨʥʠ [9], [10]. ɽʣʝʢʪʨʘʥʝ ʩʥʘʛʝ ʤʘˁʝ ʦʜ 20 MW ʩʝ ʦʙʠʯʥʦ ʧʨʠʢˀʫʯʫʿʫ ʥʘ 

ʩʨʝʜˁʝʥʘʧʦʥʩʢʫ ʤʨʝʞʫ, ʧʘ ʩʫ ʥʝʦʧʭʦʜʥʝ ʠʟʤʝʥʝ ʠ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʧʦʩʪʦʿʝ˂ʝʛ ʩʠʩʪʝʤʘ ʥʦʚʠʤ 

ʝʣʝʤʝʥʪʠʤʘ [11]. ɼʠʩʪʨʠʙʫʠʨʘʥʦ ʛʝʥʝʨʠʩʘˁʝ ʿʝ ʜʝʪʘˀʥʠʿʝ ʦʙʨʘʹʝʥʦ ʫ ʧʦʛʣʘʚˀʫ 2, ʛʜʝ ʩʫ 

ʠʩʪʘʢʥʫʪʠ ʦʩʥʦʚʥʠ ʧʨʦʙʣʝʤʠ ʠʥʪʝʛʨʘʮʠʿʝ ʆʀɽ ʠ ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʨʝʩʫʨʩʘ. 

ʇʦʩʪʦʿʝ˂ʠ ʩʠʩʪʝʤʠ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʥʠʩʫ ʜʦʚʦˀʥʠ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʩʝʣʝʢʪʠʚʥʦ ʨʝʘʛʦʚʘˁʝ 

ʫʩʣʝʜ ʨʘʟʣʠʯʠʪʠʭ ʢʚʘʨʦʚʘ ʫ ʘʢʪʠʚʥʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʥʘʜʦʛʨʘʜʠʪʠ 

ʧʦʩʪʦʿʝ˂ʝ ʩʠʩʪʝʤʝ ʠʣʠ ʧʨʦʿʝʢʪʦʚʘʪʠ ʧʦʪʧʫʥʦ ʥʦʚʝ ʫ ʩʢʣʘʜʫ ʩʘ ʢʦʥʢʨʝʪʥʦʤ ʩʠʪʫʘʮʠʿʦʤ [12], 

[13], [14]. ʂʘʢʦ ʩʝ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʜʝʰʘʚʘ ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ ʢʦʿʠ ʩʝ 

ʤʦʛʫ ʨʝʰʠʪʠ ʙʝʟʥʘʧʦʥʩʢʠʤ ʧʘʫʟʘʤʘ ʥʘ ʜʝʦʥʠʮʠ ʫ ʢʚʘʨʫ, ʚʝʦʤʘ ʿʝ ʙʠʪʥʦ ʨʘʟʚʠʪʠ ʪʝʭʥʠʢʝ ʟʘ 

ˁʠʭʦʚʦ ʝʬʠʢʘʩʥʦ ʝʣʠʤʠʥʠʩʘˁʝ, ʘ ʢʦʿʝ ʥʝ˂ʝ ʫʛʨʦʟʠʪʠ ʩʪʘʙʠʣʥʦʩʪ ʨʘʜʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ 

ʠʟʚʦʨʘ. ʇʨʦʣʘʟʥʠ ʢʚʘʨʦʚʠ ʩʫ ʥʘʨʦʯʠʪʦ ʠʟʨʘʞʝʥʠ ʫ ʤʨʝʞʘʤʘ ʩʘ ʥʘʜʟʝʤʥʠʤ ʚʦʜʦʚʠʤʘ. ʋ ʮʠˀʫ 

ʝʣʠʤʠʥʘʮʠʿʝ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ ʠ ʫʥʘʧʨʝʹʝˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʪʦʢʦʤ ʧʨʝʣʘʟʥʠʭ ʧʨʦʮʝʩʘ ʢʦʨʠʩʪʠ 

ʩʝ ʪʝʭʥʠʢʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ (ɸʇʋ), ʢʦʿʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ ʧʨʝʥʦʩʥʠʤ ʠ 
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ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ ʰʠʨʦʤ ʩʚʝʪʘ [15], [16], [17]. ɺʠʰʝ ʦʜ 70% ʢʚʘʨʦʚʘ ʥʘ ʥʘʜʟʝʤʥʠʤ 

ʚʦʜʦʚʠʤʘ ʩʝ ʝʣʠʤʠʥʠʰʝ ʧʨʠʤʝʥʦʤ ʦʚʝ ʪʝʭʥʠʢʝ, ʜʦʢ ʩʝ ʜʦʜʘʪʥʠʭ 15% ʤʦʞʝ ʝʣʠʤʠʥʠʩʘʪʠ 

ʥʝʰʪʦ ʜʫʞʦʤ ʙʝʟʥʘʧʦʥʩʢʦʤ ʧʘʫʟʦʤ. ʊʨʘʜʠʮʠʦʥʘʣʥʦ ʩʝ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʧʨʠʤʝˁʫʿʝ 

ʪʨʦʬʘʟʥʠ ʩʠʩʪʝʤ ɸʇʋ-ʘ. ʄʝʹʫʪʠʤ, ʪʨʦʬʘʟʥʦ ʠʩʢˀʫʯʝˁʝ ʚʦʜʘ ʚʝʦʤʘ ʯʝʩʪʦ ʧʨʝʢʠʥʝ ʚʝʟʫ 

ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʘʪʦʨʘ (ɼɻ) ʩʘ ʧʨʠʢˀʫʯʥʦʤ ʤʨʝʞʦʤ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʛʫʙʠʪʢʘ 

ʩʠʥʭʨʦʥʠʟʤʘ ʿʝʜʠʥʠʮʝ ʠ ˁʝʥʦʛ ʠʩʢˀʫʯʝˁʘ ʩʘ ʤʨʝʞʝ. ʇʨʘʚʠʣʠʤʘ ʦ ʨʘʜʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ 

ʩʠʩʪʝʤʘ ʿʝ ʦʙʠʯʥʦ ʟʘʙʨʘˁʝʥ ʦʩʪʨʚʩʢʠ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ, ʿʝʨ ʧʨʝʜʩʪʘʚˀʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʦ 

ʨʘʜʥʦ ʩʪʘˁʝ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʨʘʟʚʠʿʝʥʠʭ ʩʪʘʥʜʘʨʜʘ ʠ ʪʝʭʥʠʢʘ ʟʘ ʜʝʪʝʢʮʠʿʫ 

ʠ ʠʩʢˀʫʯʝˁʝ ʛʝʥʝʨʘʪʦʨʘ ʫʩʣʝʜ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ [18]-[29]. ʅʘʧʨʝʜʥʘ ʪʝʭʥʠʢʘ ʟʘ ʦʜʨʞʘʚʘˁʝ 

ʩʪʘʙʠʣʥʦʛ ʨʘʜʘ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʙʘʣʘʥʩʥʦʛ ʦʪʧʦʨʥʠʢʘ ʪʦʢʦʤ ʪʨʦʧʦʣʥʦʛ 

ɸʇʋ-ʘ ʫ ʤʨʝʞʠ, ʨʘʟʚʠʿʝʥʘ ʿʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʠ ʧʨʠʢʘʟʘʥʘ ʫ ʧʦʛʣʘʚˀʫ 3. ʂˀʫʯʥʠ ʨʝʟʫʣʪʘʪʠ 

ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʫʙʣʠʢʦʚʘʥʠ ʫ ʨʘʜʫ [30]. ʂʘʢʦ ʧʨʦʣʘʟʥʠ ʢʚʘʨʦʚʠ ʤʦʛʫ ʙʠʪʠ ʚʨʣʦ ʯʝʩʪʠ 

ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ, ʙʨʦʿ ʠʩʧʘʜʘ ɼɻ-ʘ ʤʦʞʝ ʙʠʪʠ ʟʥʘʯʘʿʘʥ ʠ ʜʠʨʝʢʪʥʦ ʩʝ ʦʜʨʘʟʠʪʠ ʥʘ 

ʨʝʥʪʘʙʠʣʥʦʩʪ ʠ ʞʠʚʦʪʥʠ ʚʝʢ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʝʣʝʢʪʨʘʥʘ. ʇʨʠʤʝʥʘ ʢʦʥʮʝʧʪʘ ʿʝʜʥʦʬʘʟʥʦʛ 

ɸʇʋ-ʘ [31], ʢʘʢʦ ʩʝ ʪʦ ʨʘʜʠ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ, ʟʥʘʯʘʿʥʦ ʙʠ ʫʥʘʧʨʝʜʠʣʘ ʧʦʫʟʜʘʥʦʩʪ ʠ 

ʚʝʨʦʚʘʪʥʦ˂ʫ ʧʨʝʚʘʟʠʣʘʞʝˁʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʦʨʝʤʝ˂ʘʿʘ [32]. ʋ ʧʦʛʣʘʚˀʫ 4 ʿʝ ʧʨʠʢʘʟʘʥ 

ʠʥʦʚʘʪʠʚʥʠ ʢʦʥʮʝʧʪ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʝʬʠʢʘʩʥʫ ʝʣʠʤʠʥʘʮʠʿʫ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʢʚʘʨʦʚʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʨʠʢʣʦʟʝʨʘ ʩʘ ʥʝʟʘʚʠʩʥʠʤ ʫʧʨʘʚˀʘˁʝʤ ʩʚʘʢʠʤ ʧʦʣʦʤ [33]. 

ɺʘʨʠʿʘʮʠʿʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʧʨʦʤʝʥʝ ʥʘʧʦʥʘ ʫ ʰʠʨʦʢʦʤ 

ʦʧʩʝʛʫ, ʢʦʿʠ ʫ ʩʣʫʯʘʿʫ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ ʚʝʣʠʢʝ ʩʥʘʛʝ ʤʦʞʝ ʠʟʘ˂ʠ ʠʟʚʘʥ ʦʧʩʝʛʘ 

ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ (ʦʙʠʯʥʦ Ñ10% ʫ ʦʜʥʦʩʫ ʥʘ ʥʦʤʠʥʘʣʥʫ ʚʨʝʜʥʦʩʪ). ɿʙʦʛ ʪʦʛʘ ʩʝ ʥʝʨʝʪʢʦ 

ʢʦʨʠʩʪʝ ʩʠʩʪʝʤʠ ʟʘ ʢʦʤʧʝʥʟʘʮʠʿʫ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʦʿʠ ʤʦʛʫ ʨʘʜʠʪʠ ʫ ʢʘʧʘʮʠʪʠʚʥʦʤ ʠ ʫ 

ʠʥʜʫʢʪʠʚʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ. ʈʝʛʫʣʘʮʠʿʘ ʥʘʧʦʥʘ ʟʘʭʪʝʚʘ ʧʘʞˀʠʚ ʧʨʠʩʪʫʧ, ʿʝʨ ʩʝ ˁʝʥʦʤ 

ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʜʦʙʠʿʘ ʥʠʟ ʧʦʚʦˀʥʠʭ ʝʢʦʥʦʤʩʢʠʭ ʠ ʪʝʭʥʠʯʢʠʭ ʝʬʝʢʘʪʘ [34], [35], [36], [37]. 

ʇʦʨʝʜ ʨʝʛʫʣʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʩʪʘʮʠʦʥʘʨʥʠʤ ʨʘʜʥʠʤ ʩʪʘˁʠʤʘ ʠʣʠ ʪʦʢʦʤ ʨʝʣʘʪʠʚʥʦ ʩʧʦʨʠʭ 

ʧʨʦʤʝʥʘ ʧʦʪʨʦʰˁʝ ʧʦʪʨʝʙʥʦ ʿʝ ʦʛʨʘʥʠʯʠʪʠ ʪʨʘʥʟʠʿʝʥʪʥʝ ʧʨʝʥʘʧʦʥʝ ʠ ʦʙʝʟʙʝʜʠʪʠ ʥʘʧʦʥʩʢʫ 

ʩʪʘʙʠʣʥʦʩʪ ʪʦʢʦʤ ʧʨʝʣʘʟʥʠʭ ʧʨʦʮʝʩʘ. 

ɼʠʩʪʨʠʙʫʠʨʘʥʠ ʠʟʚʦʨʠ ʩʫ ʧʨʝʪʝʞʥʦ ʫ ʧʨʠʚʘʪʥʦʤ ʚʣʘʩʥʠʰʪʚʫ, ʧʘ ʠ ʢʨʘʪʢʦʪʨʘʿʥʦ 

ʠʩʢˀʫʯʝˁʝ ʩʘ ʤʨʝʞʝ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʘʥ ʬʠʥʘʥʩʠʿʩʢʠ ʛʫʙʠʪʘʢ ʟʘ ʚʣʘʩʥʠʢʘ ʠ ʫʪʠʯʝ ʥʘ 

ʨʝʥʪʘʙʠʣʥʦʩʪ ʧʨʦʠʟʚʦʜʥʠʭ ʿʝʜʠʥʠʮʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʩʝ ʟʥʘʯʘʿʥʘ ʧʘʞˁʘ ʧʦʩʚʝ˂ʫʿʝ ʦʜʨʞʘˁʫ 

ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʛʝʥʝʨʘʪʦʨʘ, ʫʩʣʝʜ ʥʝʧʨʝʜʚʠʹʝʥʠʭ, ʧʦʨʝʤʝ˂ʝʥʠʭ 

ʨʘʜʥʠʭ ʩʪʘˁʘ ʫ ʤʨʝʞʠ [38], [39], [40], [41], [42]. ʊʝʭʥʠʢʝ ʠʤʘʿʫ ʟʘ ʮʠˀ ʦʙʝʟʙʝʹʠʚʘˁʝ 

ʢʦʥʪʠʥʫʘʣʥʦʛ ʨʘʜʘ ʿʝʜʠʥʠʮʘ ʠ ˁʠʭʦʚʦ ʦʜʨʞʘʚʘˁʝ ʥʘ ʤʨʝʞʠ, ʯʠʤʝ ʩʝ ʧʨʝʜʫʧʨʝʹʫʿʫ 

ʧʦʪʝʥʮʠʿʘʣʥʠ ʛʫʙʠʮʠ ʥʘʩʪʘʣʠ ʫʩʣʝʜ ʠʩʢˀʫʯʝˁʘ ʩʘ ʤʨʝʞʝ. ʊʘʢʦʹʝ, ʨʝʜʫʢʫʿʫ ʩʝ ʥʘʧʨʝʟʘˁʘ 

ʤʘʰʠʥʘ ʪʦʢʦʤ ʠʟʣʦʞʝʥʦʩʪʠ ʢʚʘʨʦʚʠʤʘ, ʢʘʦ ʠ ʧʨʠ ʟʘʫʩʪʘʚˀʘˁʫ ʠ ʩʪʘʨʪʦʚʘˁʫ, ʯʠʤʝ ʩʝ ʤʦʞʝ 

ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ʩʤʘˁʝˁʝ ˁʠʭʦʚʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ [30]. ʊʝʭʥʠʢʝ ʧʨʠʢʘʟʘʥʝ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʠʤʘʿʫ ʟʘ ʮʠˀ ʠʟʙʝʛʘʚʘˁʝ ʦʧʘʩʥʠʭ ʨʘʜʥʠʭ ʩʪʘˁʘ, ʘʣʠ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʞʘʚʘˁʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʠʩʘˁʘ. ʊʠʤʝ ʩʝ ʫʥʘʧʨʝʹʫʿʝ ʨʘʜ ʧʦʩʪʦʿʝ˂ʝʛ ɽɽʉ-ʘ ʠ ʨʘʟʚʦʿ 

ʠʟʦʣʦʚʘʥʠʭ ʩʠʩʪʝʤʘ, ʦʜʥʦʩʥʦ ʤʠʢʨʦʤʨʝʞʘ ʢʦʿʝ ʤʦʛʫ ʥʝʟʘʚʠʩʥʦ ʬʫʥʢʮʠʦʥʠʩʘʪʠ ʙʝʟ 

ʧʨʠʢˀʫʯʢʘ ʥʘ ʤʨʝʞʫ. 

ʀʥʪʝʨʤʠʪʝʥʪʥʦʩʪ ʆʀɽ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʚʝ˂ʠʭ ʧʨʦʙʣʝʤʘ ʧʨʠ ʠʥʪʝʛʨʘʮʠʿʠ ʦʚʠʭ 

ʠʟʚʦʨʘ, ʿʝʨ ʥʝʤʦʛʫ˂ʥʦʩʪ ʫʪʠʮʘʿʘ ʥʘ ʧʨʠʤʘʨʥʠ ʝʥʝʨʛʝʥʪ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʩʠʪʫʘʮʠʿʫ ʜʘ ʩʝ ʫ 

ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʤʦʨʘ ʥʘ ʥʝʢʠ ʥʘʯʠʥ ʠʩʢʦʨʠʩʪʠʪʠ ʦʥʦ ʰʪʦ ʿʝ ʨʘʩʧʦʣʦʞʠʚʦ. ʈʘʟʚʠʿʝʥ ʿʝ 

ʚʝʣʠʢʠ ʙʨʦʿ ʤʝʪʦʜʘ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʧʨʦʠʟʚʦʜˁʝ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ, ʩʦʣʘʨʥʠʭ ʩʠʩʪʝʤʘ, ʤʘʣʠʭ 

ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ (ʍɽ), ʠʪʜ. ʄʝʹʫʪʠʤ, ʜʘ ʙʠ ʩʝ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʤʦʛʘʦ ʦʙʝʟʙʝʜʠʪʠ ʙʘʣʘʥʩ 

ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʧʦʪʨʝʙʥʠ ʩʫ ʩʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

(ʉʉɽ), ʢʦʿʠ ˂ʝ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʝʣʠʤʠʥʠʩʘʪʠ ʜʝʙʘʣʘʥʩ ʫ ʩʠʩʪʝʤʫ ʠ ʦʙʝʟʙʝʜʠʪʠ ʩʪʘʙʠʣʥʦ 

ʨʘʜʥʦ ʩʪʘˁʝ. ʉʉɽ ʩʝ ʢʦʨʠʩʪʝ ʢʘʢʦ ʟʘ ʧʦʧʫˁʘʚʘˁʝ ʜʠʿʘʛʨʘʤʘ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʢʨʘʪʢʦʨʦʯʥʝ 

ʧʣʘʥʝʨʩʢʝ ʩʚʨʭʝ, ʪʘʢʦ ʠ ʟʘ ʧʦʪʨʝʙʝ ʝʬʠʢʘʩʥʦʛ ʧʨʝʚʘʟʠʣʘʞʝˁʘ ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʧʨʦʮʝʩʘ 

ʫʟʨʦʢʦʚʘʥʠʭ ʨʘʟʣʠʯʠʪʠʤ ʧʦʨʝʤʝ˂ʘʿʠʤʘ ʫ ʤʨʝʞʠ [43], [44], [45], [46]. 
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ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʂʘʦ ʠʟʚʦʨʠ ʢʦʿʠ ʤʦʛʫ ʨʘʜʠʪʠ ʩʘʤʦʩʪʘʣʥʦ, ʙʝʟ ʧʨʠʢˀʫʯʥʝ ʤʨʝʞʝ, ʤʠʢʨʦʤʨʝʞʝ 

ʬʠʛʫʨʠʰʫ ʢʘʦ ʿʝʜʘʥ ʦʜ ʝʬʠʢʘʩʥʠʭ ʤʦʜʝʣʘ ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ ʆʀɽ, ʘʣʠ ʠ ʩʣʫʞʝ ʟʘ ʥʘʧʘʿʘˁʝ 

ʫʜʘˀʝʥʠʭ ʧʦʜʨʫʯʿʘ ʛʜʝ ʥʝ ʧʦʩʪʦʿʠ ʨʝʘʣʥʘ ʦʧʮʠʿʘ ʟʘ ʧʨʠʢˀʫʯʝˁʝ ʥʘ ʤʨʝʞʫ. ʉʘʤʦʩʪʘʣʥʠ ʨʘʜ 

ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʉʉɽ ʠ ʠʟʚʦʨʘ ʥʘ ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ ʢʦʿʠ ˂ʝ ʥʘʜʦʤʝʩʪʠʪʠ 

ʠʥʪʝʨʤʠʪʝʥʪʥʦʩʪ ʆʀɽ. ʄʠʢʨʦʤʨʝʞʝ ʪʘʢʦʹʝ ʠʤʘʿʫ ʦʧʮʠʿʫ ʧʘʨʘʣʝʣʥʦʛ ʨʘʜʘ ʩʘ ɽɽʉ-ʦʤ, ʛʜʝ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʜʘ ʟʘʜʦʚʦˀʝ ʫʩʣʦʚʝ ʦʧʝʨʘʪʦʨʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʫ ʧʦʛʣʝʜʫ ʫʪʠʮʘʿʘ ʥʘ 

ʧʨʠʢˀʫʯʥʫ ʤʨʝʞʫ ʠ ʩʪʘʙʠʣʥʦʛ ʨʘʜʘ ʫ ʩʣʫʯʘʿʫ ʧʦʨʝʤʝ˂ʘʿʘ ʫ ʤʨʝʞʠ [47]. ʉʧʝʮʠʬʠʯʥʦʩʪ 

ʩʠʩʪʝʤʘ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʫ ʤʠʢʨʦʤʨʝʞʘʤʘ ʿʝ ʩʣʠʯʥʘ ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ 

ʛʝʥʝʨʠʩʘˁʘ. ʊʘʢʦʹʝ ʧʦʩʪʦʿʝ ʠ ʧʦʩʝʙʥʝ ʪʝʭʥʠʢʝ, ʯʠʿʘ ʿʝ ʠʤʧʣʝʤʝʥʪʘʠʮʠʿʘ ʠʩʢˀʫʯʠʚʦ 

ʧʨʝʜʚʠʹʝʥʘ ʫ ʩʣʫʯʘʿʫ ʤʠʢʨʦʤʨʝʞʘ [47], [48]. ʋ ʤʠʢʨʦʤʨʝʞʘʤʘ ʩʝ ʯʝʩʪʦ ʿʘʚˀʘ ʥʝʩʠʤʝʪʨʠʿʘ 

ʫʩʣʝʜ ʧʨʦʤʝʥ ʠˀʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʨʦʰˁʝ, ʢʦʿʝ ʤʦʛʫ ʠʤʘʪʠ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʧʨʠʣʠʢʦʤ 

ʘʥʘʣʠʟʘ ʧʨʝʣʘʟʥʠʭ ʠ ʩʪʘʮʠʦʥʘʨʥʠʭ ʩʪʘˁʘ [50], [51], [52]. ʆʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʝʙʘʥ ʠʟʘʟʦʚ ʩʘ 

ʘʩʧʝʢʪʘ ʨʝʛʫʣʘʮʠʿʝ ʬʨʝʢʚʝʥʮʠʿʝ ʠ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʿʝʨ ʧʦʩʪʦʿʠ ʥʝʧʨʝʜʚʠʜʠʚʦʩʪ ʠ ʥʘ ʩʪʨʘʥʠ 

ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ [53], [54], [55], [56], [57], [58], [59]. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ 

ʟʘ ʨʘʟʚʦʿʝʤ ʥʦʚʠʭ ʤʝʪʦʜʘ ʟʘ ʦʙʝʟʙʝʹʠʚʘˁʝ ʘʜʝʢʚʘʪʥʝ ʨʝʛʫʣʘʮʠʿʝ, ʥʘʨʦʯʠʪʦ ʫ ʩʪʘˁʠʤʘ 

ʫʟʨʦʢʦʚʘʥʠʤ ʢʚʘʨʦʚʠʤʘ, ʠʣʠ ʠʩʧʘʜʠʤʘ ʧʦʪʨʦʰˁʝ ʠʣʠ ʛʝʥʝʨʠʩʘˁʘ. ʂʘʢʦ ʪʦʢʦʤ ʧʨʝʣʘʟʥʠʭ, 

ʪʘʢʦ ʠ ʪʦʢʦʤ ʩʪʘʮʠʦʥʘʨʥʠʭ ʩʪʘˁʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʘʜʝʢʚʘʪʥʫ ʥʘʧʦʥʩʢʫ ʨʝʛʫʣʘʮʠʿʫ ʠ 

ʨʝʘʢʪʠʚʥʫ ʧʦʜʨʰʢʫ ʩʠʩʪʝʤʘ, ʯʠʤʝ ʩʝ ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʹʫʿʫ ʝʢʩʧʣʦʘʪʘʮʠʦʥʝ ʠ ʪʝʭʥʠʯʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʠʢʨʦʤʨʝʞʘ [60], [61], [62], [63]. ɸʢʪʫʝʣʥʦ ʧʠʪʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʠ ʫʥʘʧʨʝʹʝˁʝ 

ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ, ʘʣʠ ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʥʘ ʤʘʣʝ ʧʦʨʝʤʝ˂ʘʿʝ ʢʦʿʠ ʟʘʫʟʠʤʘʿʫ ʟʥʘʯʘʿʥʦ 

ʤʝʩʪʦ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʦ ʤʠʢʨʦʤʨʝʞʘʤʘ [64], [65], [66], [67]. ʋ ʧʦʛʣʘʚˀʫ 5 ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ 

ʥʦʚʘ ʪʝʭʥʠʢʘ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʤʠʢʨʦʤʨʝʞʘ ʪʦʢʦʤ ʘʩʠʤʝʪʨʠʯʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ, 

ʢʦʨʠʰ˂ʝˁʝʤ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ [68]. ʅʘ ʦʩʥʦʚʫ ʠʟʙʦʨʘ ʘʜʝʢʚʘʪʥʠʭ 

ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʥʝʟʘʚʠʩʥʦ ʤʦʥʦʬʘʟʥʦ ʫʧʨʘʚˀʘˁʝ ʘʢʪʠʚʥʦʤ ʠ 

ʨʝʘʢʪʠʚʥʦʤ ʩʥʘʛʦʤ ʠʥʿʝʢʪʠʨʘˁʘ ʉʉɽ, ʢʦʿʝ ˂ʝ ʩʘʯʫʚʘʪʠ ʩʪʘʙʠʣʥʦʩʪ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ 

ʛʝʥʝʨʠʩʘˁʘ ʠ ʝʣʠʤʠʥʠʩʘʪʠ ʠʥʚʝʨʟʥʫ ʢʦʤʧʦʥʝʥʪʫ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʘ ʫ ʤʨʝʞʠ. 
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2. ɼʀʉʊʈʀɹʋʀʈɸʅʆ ɻɽʅɽʈʀʉɸɳɽ ʀ ʄʀʂʈʆʄʈɽɾɽ 

2.1. ʋʚʦʜ 

ɼʠʩʪʨʠʙʫʠʨʘʥʦ ʛʝʥʝʨʠʩʘˁʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ 

ʛʝʥʝʨʘʪʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʧʨʠʢˀʫʯʝʥʠʭ ʥʘ ʩʨʝʜˁʝʥʘʧʦʥʩʢʫ ʤʨʝʞʫ (ʥʘʧʦʥʩʢʠ ʥʠʚʦʠ 10, 20 ʠʣʠ 

35 kV) ʠʣʠ ʥʠʩʢʦʥʘʧʦʥʩʢʫ ʤʨʝʞʫ (0,4 kV). ʅʘʟʥʘʯʝʥʠ ʩʨʝʜˁʝʥʘʧʦʥʩʢʠ ʥʠʚʦʠ ʩʫ ʥʘʚʝʜʝʥʠ ʟʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ ʉʨʙʠʿʝ [19], ʜʦʢ ʩʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʟʝʤˀʝ, ʥʝʨʝʪʢʦ ʢʦʨʠʩʪʝ ʠ 

ʥʘʧʦʥʩʢʠ ʥʠʚʦʠ ʦʜ 11 ʠ 33 kV. ʂʘʢʦ ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ, ʛʣʦʙʘʣʥʠ 

ʢʣʠʤʘʪʩʢʠ ʧʨʦʙʣʝʤʠ ʠ ʦʛʨʘʥʠʯʝʥʦʩʪ ʝʥʝʨʛʝʪʩʢʠʭ ʨʝʩʫʨʩʘ ʟʘʭʪʝʚʘʿʫ ʬʦʨʤʠʨʘˁʝ ʢʦʥʮʝʧʪʘ 

ʦʜʨʞʠʚʦʛ ɽɽʉ-ʘ, ʢʦʿʠ ˂ʝ ʧʨʦʠʟʚʦʜʠʪʠ ʜʦʚʦˀʥʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ, ʘ ʜʘ ʧʨʠ ʪʦʤʝ ʠʤʘ 

ʧʨʠʭʚʘʪˀʠʚʝ ʛʣʦʙʘʣʥʝ ʠ ʣʦʢʘʣʥʝ ʧʦʩʣʝʜʠʮʝ ʫ ʧʦʛʣʝʜʫ ʟʘʛʘʹʝˁʘ ʠ ʫʪʠʮʘʿʘ ʥʘ ʟʜʨʘʚˀʝ. ɱʝʜʘʥ 

ʦʜ ʚʝʦʤʘ ʙʠʪʥʠʭ ʘʩʧʝʢʘʪʘ ʟʘ ʩʪʚʘʨʘˁʝ ʪʘʢʚʦʛ ʦʢʨʫʞʝˁʘ ʿʝ ʨʘʟʚʦʿ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʠʩʘˁʘ. 

ʂʘʢʦ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʢˀʫʯʫʿʝ ʠʥʪʝʛʨʘʮʠʿʫ ʆʀɽ, ʠʤʘ ʜʠʨʝʢʪʥʝ ʢʦʥʩʝʢʚʝʥʮʝ ʥʘ ʩʤʘˁʝˁʝ 

ʝʤʠʩʠʿʝ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ ʠ ʩʪʚʘʨʘˁʝ ʰʪʝʪʥʦʛ ʦʪʧʘʜʘ. ʆʩʥʦʚʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ɼɻ-ʘ ʿʝ ʜʘ ʩʝ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʦʜʠ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʧʦʪʨʦʰʘʯʘ. ʊʠʤʝ ʩʝ ʙʠʪʥʦ ʩʤʘˁʫʿʫ 

ʛʫʙʠʮʠ ʫ ʧʨʝʥʦʩʫ, ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʚʝʣʠʢʠʭ ʧʨʦʠʟʚʦʜʥʠʭ ʿʝʜʠʥʠʮʘ ʢʦʿʝ ʩʫ ʫ ʝʣʝʢʪʨʠʯʥʦʤ ʩʤʠʩʣʫ 

ʚʝʦʤʘ ʫʜʘˀʝʥʝ ʦʜ ʧʦʪʨʦʰʘʯʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʜʦʙʠʿʘ ʝʬʠʢʘʩʥʠʿʝ ʢʦʨʠʰ˂ʝˁʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʧʦʟʠʪʠʚʥʝ ʧʦʩʣʝʜʠʮʝ, ʯʘʢ ʠ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʿʝʜʠʥʠʮʘ ʥʘ 

ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ. ʇʨʦʛʥʦʟʠʨʘʥʠ ʠʥʩʪʘʣʠʩʘʥʠ ʢʘʧʘʮʠʪʝʪ ɼɻ-ʘ ʫ ʩʚʝʪʫ ʟʘ 2019. ʛʦʜʠʥʫ ʿʝ ʦʢʦ 

120 000 MW, ʜʦʢ ʩʝ ʦʯʝʢʫʿʝ ʜʘ ʜʦ 2025. ʛʦʜʠʥʝ ʧʨʝʹʝ 200 000 MW [69]. 

ʆʧʩʝʛ ʩʥʘʛʝ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ ʨʘʟʣʠʯʠʪʝ ʠʥʩʪʠʪʫʮʠʿʝ ʜʝʬʠʥʠʰʫ ʥʘ ʨʘʟʣʠʯʠʪ 

ʥʘʯʠʥ. ʇʨʝʤʘ Electric Power Research Institute (EPRI) ʜʠʩʪʨʠʙʫʠʨʘʥʠʤ ʠʟʚʦʨʠʤʘ ʩʝ ʩʤʘʪʨʘʿʫ 

ʿʝʜʠʥʠʮʝ ʯʠʿʘ ʿʝ ʠʥʩʪʘʣʠʩʘʥʘ ʩʥʘʛʘ ʫ ʦʧʩʝʛʫ ʦʜ 1 kW ʜʦ 50 MW [70]. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, Gas 

Research Institute (GRI) ʜʝʬʠʥʠh ʝ ɼɻ ʫ ʦʧʩʝʛʫ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ ʦʜ 25 kW ʜʦ 25 MW. 

Institute of Electrical and Electronics Engineers French Community (CIGRE) ʜʝʬʠʥʠʰʝ ɼɻ ʫ 

ʦʧʩʝʛʫ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ ʦʜ 50 kW ʜʦ 100 MW [71]. ɻʝʥʝʨʘʣʥʘ ʧʦʜʝʣʘ ʢʦʿʘ ʩʝ ʫʛʣʘʚʥʦʤ 

ʫʩʚʘʿʘ ʰʪʦ ʩʝ ʪʠʯʝ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ, ʘ ʥʘ ʦʩʥʦʚʫ ʩʚʝʛʘ ʨʝʯʝʥʦʛ, ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [8], [72]: 

¶ ʤʠʢʨʦ, ʩʥʘʛʝ ʤʘˁʝ ʦʜ 5 kW, 

¶ ʤʘʣʠ, ʩʥʘʛʝ ʦʜ 5 kW ʜʦ 5 MW, 

¶ ʩʨʝʜʠˁ, ʩʥʘʛʝ ʦʜ 5 MW ʜʦ 50 MW, 

¶ ʚʝʣʠʢʠ, ʩʥʘʛʝ ʧʨʝʢʦ 50 MW. 

ʇʦʜʝʣʘ ɼɻ ʧʨʝʤʘ ʚʨʩʪʠ ʧʨʠʤʘʨʥʦʛ ʝʥʝʨʛʝʥʪʘ ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [8], 

[72]: 

¶ ʆʙʥʦʚˀʠʚʠ: ʚʝʪʨʦʝʣʝʢʪʨʘʥʝ, ʩʦʣʘʨʥʝ ʝʣʝʢʪʨʘʥʝ, ʤʘʣʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ (ʄʍɽ), 

ʝʣʝʢʪʨʘʥʝ ʥʘ ʙʠʦʤʘʩʫ ʠ ʙʠʦʛʘʩ, ʛʝʦʪʝʨʤʘʣʥʝ ʝʣʝʢʪʨʘʥʝ ʠ ʝʣʝʢʪʨʘʥʝ ʢʦʿʝ ʧʦʢʨʝ˂ʝ 

ʝʥʝʨʛʠʿʘ ʪʘʣʘʩʘ, 

¶ ʅʝʦʙʥʦʚˀʠʚʠ: ʘʛʨʝʛʘʪʠ ʩʘ ʤʦʪʦʨʠʤʘ ʩʘ ʫʥʫʪʨʘʰˁʠʤ ʩʘʛʦʨʝʚʘˁʝʤ ʥʘ ʬʦʩʠʣʥʘ 

ʛʦʨʠʚʘ, ʤʠʢʨʦʪʫʨʙʠʥʝ ʠ ʛʦʨʠʚʥʝ ˂ʝʣʠʿʝ. 

ʇʦʩʪʦʿʝ ʪʨʠ ʦʩʥʦʚʥʘ ʥʘʯʠʥʘ ʧʨʠʢˀʫʯʝˁʘ ʥʘ ʤʨʝʞʫ ɼɻ-ʘ: ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝˁʝ ʥʘ 

ʤʨʝʞʫ ʢʦʨʠʰ˂ʝˁʝʤ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ, ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝˁʝ ʥʘ ʤʨʝʞʫ ʧʨʝʢʦ 

ʘʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʠ ʠʥʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝˁʝ ʧʨʝʢʦ ʧʨʝʪʚʘʨʘʯʘ. ʇʦʩʪʦʿʝ ʠ ʤʦʜʠʬʠʢʘʮʠʿʝ 

ʦʚʘ ʪʨʠ ʦʩʥʦʚʥʘ ʧʨʠʥʮʠʧʘ, ʘʣʠ ʦ ˁʠʤʘ ˂ʝ ʚʠʰʝ ʙʠʪʠ ʨʝʯʠ ʢʘʩʥʠʿʝ, ʧʨʠʣʠʢʦʤ ʨʘʟʤʘʪʨʘˁʘ 

ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. 

ʋ ʩʣʫʯʘʿʫ ʜʠʨʝʢʪʥʦʛ ʧʨʠʢˀʫʯʝˁʘ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʤʨʝʞʫ, ˁʝʛʦʚʠ ʩʪʘʪʦʨʩʢʠ 

ʧʨʠʢˀʫʯʮʠ ʩʫ ʧʨʝʢʦ ʨʘʩʢʣʦʧʥʝ ʦʧʨʝʤʝ ʧʦʚʝʟʘʥʠ ʥʘ ʤʨʝʞʫ, ʜʦʢ ʿʝ ˁʝʛʦʚ ʨʦʪʦʨ ʤʝʭʘʥʠʯʢʠ 

ʩʧʨʝʛʥʫʪ ʩʘ ʧʦʛʦʥʩʢʦʤ ʤʘʰʠʥʦʤ ï ʪʫʨʙʠʥʦʤ. ʅʘʿʚʘʞʥʠʿʠ ʧʨʘʪʝ˂ʠ ʝʣʝʤʝʥʪʠ ʩʫ ʧʦʙʫʜʥʠ 
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ʩʠʩʪʝʤ, ʪʫʨʙʠʥʩʢʠ ʨʝʛʫʣʘʪʦʨ ʠ ʫʨʝʹʘʿ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʥʘ ʤʨʝʞʫ. ʊʦʢʦʤ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ ʫ 

ʧʨʠʢˀʫʯʥʦʿ ʤʨʝʞʠ ʛʝʥʝʨʘʪʦʨ ʩʝ ʧʦʥʘʰʘ ʢʘʦ ʥʘʧʦʥʩʢʠ ʠʟʚʦʨ ʠ ʜʘʿʝ ʟʥʘʯʘʿʘʥ ʜʦʧʨʠʥʦʩ ʩʪʨʫʿʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ, ʥʘʨʦʯʠʪʦ ʫ ʩʣʫʯʘʿʫ ʛʝʥʝʨʘʪʦʨʘ ʚʝ˂ʠʭ ʩʥʘʛʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʧʦʩʝʙʥʫ ʧʘʞˁʫ 

ʧʦʩʚʝʪʠʪʠ ʟʘʰʪʠʪʠ ʛʝʥʝʨʘʪʦʨʘ ʫ ʫʩʣʦʚʠʤʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ, ʛʜʝ ʩʝ ʣʘʢʦ ʤʦʞʝ ʜʝʩʠʪʠ ʜʘ ʜʦʹʝ ʜʦ 

ʛʫʙʠʪʢʘ ʩʠʥʭʨʦʥʠʟʤʘ ʠ ʥʝʤʠʥʦʚʥʦʛ ʠʩʢˀʫʯʝˁʘ ʩʘ ʤʨʝʞʝ. ʇʨʝʜʥʦʩʪʠ ʦʚʘʢʚʦʛ ʥʘʯʠʥʘ 

ʧʨʠʢˀʫʯʝˁʘ ʩʫ ʰʪʦ ʤʦʞʝ ʥʘʧʘʿʘʪʠ ʜʝʦ ʤʨʝʞʝ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʫ ʩʣʫʯʘʿʫ ʥʝʩʪʘʥʢʘ ʦʩʥʦʚʥʦʛ 

ʥʘʧʘʿʘˁʘ ʠ ʰʪʦ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʟʘ ʛʝʥʝʨʠʩʘˁʝ/ʘʧʩʦʨʙʦʚʘˁʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʰʠʨʦʢʦʤ 

ʦʧʩʝʛʫ. 

ɸʩʠʥʭʨʦʥʠ ʛʝʥʝʨʘʪʦʨʠ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥʠ ʥʘ ʤʨʝʞʫ ʩʫ ʩʝ ʥʝʢʘʜʘ ʢʦʨʠʩʪʠʣʠ ʫ 

ʚʝʪʨʦʘʛʨʝʛʘʪʠʤʘ, ʜʦʢ ʩʫ ʠʭ ʫ ʩʘʚʨʝʤʝʥʠʤ ʢʦʥʮʝʧʪʠʤʘ ʟʘʤʝʥʠʣʘ ʥʘʧʨʝʜʥʘ ʨʝʰʝˁʘ ʩʘ 

ʧʨʝʪʚʘʨʘʯʠʤʘ. ʇʦʨʝʜ ʪʦʛʘ, ʿʦʰ ʫʚʝʢ ʩʝ ʤʦʛʫ ʩʨʝʩʪʠ ʫ ʤʘʣʠʤ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘʤʘ ʤʘˁʠʭ ʩʥʘʛʘ. 

ʆʚʦ ʿʝ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʠ ʿʝʬʪʠʥʠʿʝ ʨʝʰʝˁʝ ʦʜ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ, ʿʝʨ ʥʝ ʟʘʭʪʝʚʘ 

ʢʦʤʧʣʠʢʦʚʘʥʝ ʩʠʩʪʝʤʝ ʢʘʦ ʰʪʦ ʿʝ ʨʝʛʫʣʘʮʠʿʘ ʧʦʙʫʜʝ ʠ ʫʨʝʹʘʿ ʟʘ ʘʫʪʦʤʘʪʩʢʫ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ. 

ɱʝʜʥʦʩʪʘʚʥʠʤ ʧʦʚʝ˂ʘʚʘˁʝʤ ʙʨʟʠʥʝ ʠʟʥʘʜ ʩʠʥʭʨʦʥʝ ʩʪʠʯʫ ʩʝ ʫʩʣʦʚʠ ʟʘ ʧʨʠʢˀʫʯʝˁʝ ʥʘ ʤʨʝʞʫ. 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʩʠʥʭʨʦʥʠʭ, ʥʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʛʝʥʝʨʠʩʘˁʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ, ʚʝ˂ ʩʘʤʦ 

ʢʦʥʪʠʥʫʘʣʥʘ ʘʧʩʦʨʧʮʠʿʘ, ʰʪʦ ʤʦʞʝ ʠʤʘʪʠ ʥʝʧʦʚʦˀʘʥ ʫʪʠʮʘʿ ʥʘ ʥʘʧʦʥʩʢʦ ʨʝʘʢʪʠʚʥʝ ʧʨʠʣʠʢʝ 

ʫ ʤʨʝʞʠ. ʄʘʥʘ ʿʝ ʪʘʢʦʹʝ ʩʪʨʫʿʥʠ ʫʜʘʨ ʥʘ ʤʨʝʞʫ ʫ ʪʦʢʫ ʧʨʠʢˀʫʯʝˁʘ ʢʦʿʠ ʫʟʨʦʢʫʿʝ ʥʘʧʦʥʩʢʝ 

ʧʨʦʧʘʜʝ ʫ ʩʣʘʙʦʿ ɼʄ-ʠ. 

ʊʨʝ˂ʘ ʦʧʮʠʿʘ ʟʘ ʧʨʠʢˀʫʯʝˁʝ ʧʨʝʜʩʪʘʚˀʘ ʢʦʨʠʰ˂ʝˁʝ ʧʨʝʪʚʘʨʘʯʘ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʨʘʩʧʨʝʛʥʫʪʦ 

ʫʧʨʘʚˀʘˁʝ ʩʘ ʦʙʝ ʩʪʨʘʥʝ ʧʨʝʪʚʘʨʘʯʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʦʙʠʯʥʦ ʧʨʠʢˀʫʯʫʿʫ ʩʦʣʘʨʥʝ 

ʝʣʝʢʪʨʘʥʝ, ʛʦʨʠʚʥʝ ˂ʝʣʠʿʝ, ʤʠʢʨʦʪʫʨʙʠʥʝ, ʘʣʠ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʩʨʝʩʪʠ ʫ ʩʘʚʨʝʤʝʥʠʤ 

ʚʝʪʨʦʘʛʨʝʛʘʪʠʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʩʠʥʭʨʦʥʠʤ ʠ ʘʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ. ʆʚʘʿ ʢʦʥʮʝʧʪ 

ʦʤʦʛʫ˂ʘʚʘ ʚʝʣʠʢʫ ʬʣʝʢʩʠʙʠʣʥʦʩʪ, ʪʘʢʦ ʜʘ ʩʝ ʥʘ ʧʨʠʤʝʨ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʠʩʦʢʝ 

ʬʨʝʢʚʝʥʮʠʿʝ ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ ʤʠʢʨʦʪʫʨʙʠʥʝ ʤʦʞʝ ʪʨʘʥʩʬʦʨʤʠʩʘʪʠ ʫ 50 Hz. ʊʘʢʦʹʝ, ʤʦʞʝ ʩʝ 

ʪʨʘʥʩʬʦʨʤʠʩʘʪʠ ʧʨʦʠʟʚʦʜˁʘ ʥʘ ʥʘʠʟʤʝʥʠʯʥʦʤ ʥʘʧʦʥʫ ʫ ʥʘʠʟʤʝʥʠʯʥʠ ʜʨʫʛʝ ʫʯʝʩʪʘʥʦʩʪʠ, ʢʘʦ 

ʠ ʿʝʜʥʦʩʤʝʨʥʘ ʧʨʦʠʟʚʦʜˁʘ ʫ ʥʘʠʟʤʝʥʠʯʥʫ. ʄʘʥʘ ʿʝ ʚʠʩʦʢʘ ʮʝʥʘ ʧʨʝʪʚʘʨʘʯʘ, ʘʣʠ ʤʦʛʫ˂ʥʦʩʪʠ 

ʟʘ ʫʧʨʘʚˀʘˁʝ ʢʦʿʝ ʩʝ ʜʦʙʠʿʫ ʟʘʫʟʚʨʘʪ ʦʙʝʟʙʝʹʫʿʫ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʦʚʘʢʚʦʛ ʥʘʯʠʥʘ 

ʧʨʠʢˀʫʯʝˁʘ ʥʘ ʤʨʝʞʫ. 

2.2. ʇʨʝʜʥʦʩʪʠ ʠ ʤʘʥʝ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʠʩʘˁʘ 

ʇʦʩʪʦʿʠ ʤʥʦʛʦ ʙʝʥʝʬʠʪʘ ʢʦʿʝ ʜʦʥʦʩʠ ɼɻ-ʠ, ʘ ʢʦʿʠ ʢʘʦ ʧʦʩʣʝʜʠʮʫ ʠʤʘʿʫ ʦʙʝʟʙʝʹʠʚʘˁʝ 

ʜʦʚʦˀʥʝ ʢʦʣʠʯʠʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʫʥʘʧʨʝʹʝˁʝ ʧʦʫʟʜʘʥʦʩʪʠ ʥʘʧʘʿʘˁʘ, ʝʬʠʢʘʩʥʠʿʝ 

ʢʦʨʠʰ˂ʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʧʦʙʦˀʰʘˁʝ ʝʢʦʥʦʤʩʢʠʭ ʧʦʢʘʟʘʪʝˀʘ ʨʘʜʘ ʩʠʩʪʝʤʘ. 

ʅʘʿʟʥʘʯʘʿʥʠʿʝ ʩʫ ʩʣʝʜʝ˂ʝ ʧʨʝʜʥʦʩʪʠ [72]: 

¶ ʆʩʣʦʙʘʹʘˁʝ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ: ʅʘʧʘʿʘˁʝʤ ʜʝʣʘ ʧʦʪʨʦʰʘʯʘ ʠʟ ʥʝʧʦʩʨʝʜʥʝ 

ʙʣʠʟʠʥʝ ʨʝʜʫʢʫʿʝ ʩʝ ʧʨʝʥʦʩ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʚʦʜʦʚʠʤʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʦʩʣʦʙʘʹʘ 

ʜʝʦ ˁʠʭʦʚʦʛ ʢʘʧʘʮʠʪʝʪʘ ʠ ʩʤʘˁʫʿʫ ʫʢʫʧʥʠ ʛʫʙʠʮʠ ʫ ʤʨʝʞʠ. 

¶ ʇʦʜʨʰʢʘ ʫ ʩʣʫʯʘʿʫ ʧʦʨʝʤʝ˂ʘʿʘ: ʋʢʦʣʠʢʦ ʜʦʹʝ ʜʦ ʚʝʣʠʢʠʭ ʠʩʧʘʜʘ ʫ ʧʨʝʥʦʩʥʦʿ 

ʤʨʝʞʠ ɼɻ-ʠ ʤʦʞʝ ʧʦʢʨʠʪʠ ʜʝʦ ʧʦʪʨʦʰˁʝ, ʯʠʤʝ ʩʝ ʩʧʨʝʯʘʚʘ ʜʦʜʘʪʥʦ ʧʦʛʦʨʰʘˁʝ 

ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʫ ʤʨʝʞʠ ʠ ʜʘˀʠ ʠʩʧʘʜʠ. 

¶ ɹʨʟʠ ʩʪʘʨʪ: ʅʘʢʦʥ ʨʘʩʧʘʜʘ ʩʠʩʪʝʤʘ, ɼɻ-ʠ ʤʦʛʫ ʠʤʘʪʠ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʧʨʝʫʟʠʤʘˁʝʤ 

ʜʝʣʘ ʧʦʪʨʦʰˁʝ, ʰʪʦ ʦʣʘʢʰʘʚʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʚʝʣʠʢʠʭ ʛʝʥʝʨʘʪʦʨʘ. ʊʘʢʦʹʝ ʤʦʛʫ 

ʠʤʘʪʠ ʬʫʥʢʮʠʿʫ ʟʘ ʥʘʧʘʿʘˁʝ ʧʦʤʦ˂ʥʠʭ ʩʠʩʪʝʤʘ ʚʝʣʠʢʠʭ ʝʣʝʢʪʨʘʥʘ ʪʦʢʦʤ ˁʠʭʦʚʦʛ 

ʩʪʘʨʪʦʚʘˁʘ. 

¶ ʂʦʤʙʠʥʦʚʘʥʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ: ʇʦʨʝʜ ʧʨʦʠʟʚʦʜˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʧʦʿʝʜʠʥʠ ɼɻ-ʠ, ʤʦʛʫ ʧʨʦʠʟʚʦʜʠʪʠ ʠ ʪʦʧʣʦʪʥʫ ʝʥʝʨʛʠʿʫ, ʯʠʤʝ ʩʝ 

ʧʦʙʦˀʰʘʚʘ ʩʪʝʧʝʥ ʠʩʢʦʨʠʰ˂ʝˁʘ. ʆʚʦ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʩʣʝʜʝ˂ʦʤ ʨʝʣʘʮʠʿʦʤ: 



ɼʠʩʪʨʠʙʫʠʨʘʥʦ ʛʝʥʝʨʠʩʘˁʝ ʠ ʤʠʢʨʦʤʨʝʞʝ 

6 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

 –
ὖ ὖ

ὖ
 (2.1)  

ʛʜʝ ʿʝ: 

ὖ  ï ʝʣʝʢʪʨʠʯʥʘ ʩʥʘʛʘ, 

ὖ  ï ʪʦʧʣʦʪʥʘ ʩʥʘʛʘ, 

ὖ   ï ʫʣʘʟʥʘ ʩʥʘʛʘ. 

¶ ʇʦʢʨʠʚʘˁʝ ʚʨʰʥʝ ʧʦʪʨʦʰˁʝ: ʂʦʨʠʰ˂ʝˁʝʤ ɼɻ-a ʧʨʠ ʚʨʰʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʩʤʘˁʫʿʫ 

ʩʝ ʪʨʦʰʢʦʚʠ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ɼʨʫʛʘ ʧʨʝʜʥʦʩʪ ʿʝ ʩʤʘˁʝˁʝ 

ʦʧʪʝʨʝ˂ʝˁʘ ʧʨʝʥʦʩʥʠʭ ʚʦʜʦʚʘ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʘʜʘ ʩʫ ʦʥʠ ʿʘʢʦ ʦʧʪʝʨʝ˂ʝʥʠ. ʊʠʤʝ 

ʩʝ ʩʤʘˁʫʿʝ ˁʠʭʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʫʞʘʚʘ ʞʠʚʦʪʥʠ ʚʝʢ. 

¶ ʅʘʧʘʿʘˁʝ ʧʨʠʦʨʠʪʝʪʥʠʭ ʧʦʪʨʦʰʘʯʘ: ɿʙʦʛ ʩʚʦʿʝ ʣʦʢʘʮʠʿʝ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ 

ʨʝʟʝʨʚʥʦ ʥʘʧʘʿʘˁʝ ʙʠʪʥʠʭ ʧʦʪʨʦʰʘʯʘ. ʆʚʦ ʩʝ ʯʝʩʪʦ ʤʦʞʝ ʩʨʝʩʪʠ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ 

ʧʦʩʪʨʦʿʝˁʠʤʘ ʢʘʜʘ ʩʝ ʥʘʧʘʿʘʿʫ ʧʦʪʨʦʰʘʯʠ ʚʘʞʥʠ ʟʘ ʨʘʜ ʦʩʝʪˀʠʚʠʭ ʪʝʭʥʦʣʦʰʢʠʭ 

ʧʨʦʮʝʩʘ. ʋ ʦʚʫ ʩʚʨʭʫ ʩʝ ʢʦʨʠʩʪʝ ʿʝʜʠʥʠʮʝ ʢʦʿʝ ʤʦʛʫ ʙʨʟʦ ʦʜʛʦʚʦʨʠʪʠ ʠ ʧʨʘʢʪʠʯʥʦ 

ʪʨʝʥʫʪʥʦ ʦʙʝʟʙʝʜʠʪʠ ʨʝʟʝʨʚʥʦ ʥʘʧʘʿʘˁʝ. 

¶ ʆʙʨʪʥʘ ʨʝʟʝʨʚʘ: ɻʝʥʝʨʘʪʦʨʠ ʩʫ ʩʠʥʭʨʦʥʠʟʦʚʘʥʠ ʥʘ ʤʨʝʞʫ ʠ ʤʦʛʫ ʩʝ ʫ ʩʚʘʢʦʤ 

ʪʨʝʥʫʪʢʫ ʦʧʪʝʨʝʪʠʪʠ ʠ ʙʨʟʦ ʦʜʛʦʚʦʨʠʪʠ ʧʦʪʨʝʙʘʤʘ ʫ ʩʠʩʪʝʤʫ ʫʢʦʣʠʢʦ ʿʝ ʧʨʠʤʘʨʥʠ 

ʨʝʩʫʨʩ ʨʘʩʧʦʣʦʞʠʚ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʙʨʟʦ ʙʘʣʘʥʩʠʨʘˁʝ ʠ ʧʦʜʨʰʢʫ ʩʠʩʪʝʤʫ ʫ ʩʣʫʯʘʿʫ 

ʧʦʨʝʤʝ˂ʘʿʘ. 

¶ ʍʣʘʜʥʘ ʨʝʟʝʨʚʘ: ɳʫ ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʝʥʝʨʘʪʦʨʠ ʢʦʿʠ ʩʫ ʠʩʢˀʫʯʝʥʠ ʩʘ ʤʨʝʞʝ, ʘʣʠ 

ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʟʘ ˁʠʭʦʚʫ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʠ ʦʧʪʝʨʝ˂ʝˁʝ. ʆʥʠ ʩʝ ʢʦʨʠʩʪʝ, ʥʘ 

ʧʨʠʤʝʨ, ʟʘ ʧʦʢʨʠʚʘˁʝ ʚʨʰʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʣʘʥʩʢʦʤ ʧʦʣʠʪʠʢʦʤ 

ʦʧʝʨʘʪʦʨʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ. 

¶ ʈʝʛʫʣʘʮʠʿʘ ʥʘʧʦʥʘ ʠ ʨʝʘʢʪʠʚʥʘ ʧʦʜʨʰʢʘ ʩʠʩʪʝʤʫ: ʇʦʨʝʜ ʦʩʥʦʚʥʝ ʩʚʨʭʝ ɼɻ-ʘ ʜʘ 

ʛʝʥʝʨʠʰʝ ʘʢʪʠʚʥʫ ʩʥʘʛʫ, ʥʝ ʩʤʝ ʩʝ ʟʘʥʝʤʘʨʠʪʠ ʥʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʛʝʥʝʨʠʩʘˁʝ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ, ʥʘʨʦʯʠʪʦ ʢʘʜʘ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʧʨʝʢʦ ʧʨʝʪʚʘʨʘʯʘ ʠʣʠ ʫ ʩʣʫʯʘʿʫ 

ʩʠʥʭʨʦʥʝ ʤʘʰʠʥʝ ʜʠʨʝʢʪʥʦ ʧʦʚʝʟʘʥʝ ʥʘ ʤʨʝʞʫ. ʆʧʪʠʤʘʣʥʠʤ ʫʧʨʘʚˀʘˁʝʤ ʩʚʠʤ 

ʨʝʩʫʨʩʠʤʘ ʤʦʛʫ ʩʝ ʩʤʘˁʠʪʠ ʛʫʙʠʮʠ ʫ ʩʠʩʪʝʤʫ ʠ ʦʙʝʟʙʝʜʠʪʠ ʧʦʫʟʜʘʥʠʿʝ ʜʨʞʘˁʝ 

ʥʘʧʦʥʘ ʫ ʛʨʘʥʠʮʘʤʘ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ. 

¶ ʆʜʣʘʛʘˁʝ ʠʥʚʝʩʪʠʮʠʿʘ ʫ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ: ʇʦʢʨʠʚʘˁʝʤ ʜʝʣʘ ʧʦʪʨʦʰˁʝ ʥʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʥʠʚʦʫ ʩʤʘˁʫʿʝ ʩʝ ʦʧʪʝʨʝ˂ʝˁʝ ʝʣʝʤʝʥʘʪʘ ʫ ʧʨʝʥʦʩʥʦʤ ʩʠʩʪʝʤʫ, ʯʠʤʝ 

ʩʝ ʦʜʣʘʞʫ ʠʥʚʝʩʪʠʮʠʿʝ ʫ ʠʟʛʨʘʜˁʫ ʥʦʚʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙʿʝʢʘʪʘ. 

¶ ɹʨʟʦ ʤʦʥʪʠʨʘˁʝ ʠ ʧʫʰʪʘˁʝ ʫ ʨʘʜ: ʂʘʢʦ ʩʫ ʦʚʝ ʿʝʜʠʥʠʮʝ ʛʘʙʘʨʠʪʥʦ ʤʘˁʝ ʠ 

ʿʝʜʥʦʩʪʘʚʥʠʿʝ, ʧʨʦʿʝʢʪʦʚʘˁʝ ʠ ʠʟʛʨʘʜˁʘ ʮʝʣʦʢʫʧʥʦʛ ʢʦʤʧʣʝʢʩʘ ɼɻ-ʘ ʢʨʘ˂ʝ ʪʨʘʿʝ, ʰʪʦ 

ʦʤʦʛʫ˂ʘʚʘ ʨʝʣʘʪʠʚʥʦ ʙʨʟʦ ʧʫʰʪʘˁʝ ʫ ʨʘʜ ʥʘʢʦʥ ʧʦʯʝʪʢʘ ʠʟʛʨʘʜˁʝ. 

ʇʦʨʝʜ ʧʦʟʠʪʠʚʥʠʭ ʫʪʠʮʘʿʘ, ʜʠʩʪʨʠʙʫʠʨʘʥʦ ʛʝʥʝʨʠʩʘˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʪʚʘʨʘ ʠ 

ʥʝʢʦʣʠʢʦ ʧʨʦʙʣʝʤʘ ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʩʣʝʜʝ˂ʠ [72]: 

¶ ʆʪʝʞʘʥʘ ʢʦʥʪʨʦʣʘ: ʇʨʦʙʣʝʤʠ ʧʨʠʣʠʢʦʤ ʢʦʥʪʨʦʣʝ ʩʫ ʥʘʨʦʯʠʪʦ ʠʟʨʘʞʝʥʠ ʪʦʢʦʤ 

ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ, ʛʜʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʦʜʨʞʘʚʘʪʠ ʥʘʧʦʥ ʠ ʬʨʝʢʚʝʥʮʠʿʫ ʫ ʜʝʬʠʥʠʩʘʥʦʤ 

ʦʧʩʝʛʫ. ɿʘ ʪʦ ʩʫ ʥʝʦʧʭʦʜʥʠ ʙʨʟʠ ʨʝʛʫʣʘʪʦʨʠ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʪʝʭʥʠʢʝ ʢʦʿʝ ˂ʝ 

ʦʤʦʛʫ˂ʠʪʠ ʘʜʝʢʚʘʪʥʫ ʨʝʛʫʣʘʮʠʿʫ. ʋʧʨʘʚʦ ʿʝ ʧʨʝʚʘʟʠʣʘʞʝˁʝ ʦʚʠʭ ʧʨʦʙʣʝʤʘ ʧʨʝʜʤʝʪ 

ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʨʘʟʚʦʿ ʪʝʭʥʠʢʘ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʫʧʨʘʚˀʘˁʘ ʫ 

ʧʦʨʝʤʝ˂ʝʥʠʤ ʨʝʞʠʤʠʤʘ ʫʟʨʦʢʦʚʘʥʠʤ ʢʚʘʨʦʚʠʤʘ. 

¶ ʋʪʠʮʘʿ ʥʘ ʧʦʩʪʦʿʝ˂ʘ ʧʦʜʝʰʝˁʘ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ: ʇʦʩʪʦʿʝ˂ʘ ʧʦʜʝʰʝˁʘ 

ʧʨʝʢʦʩʪʨʫʿʥʠʭ ʟʘʰʪʠʪʘ ʦʙʠʯʥʦ ʥʝ ʤʦʛʫ ʦʙʝʟʙʝʜʠʪʠ ʩʝʣʝʢʪʠʚʥʦʩʪ ʩʘ ʧʨʠʢˀʫʯʝˁʝʤ 

ʥʦʚʠʭ ʠʟʚʦʨʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʧʨʠʣʘʛʦʜʠʪʠ ʧʦʜʝʰʝˁʘ ʧʦʩʪʦʿʝ˂ʠʭ ʩʠʩʪʝʤʘ ʠʣʠ ʫʛʨʘʜʠʪʠ 

ʥʦʚʝ ʢʦʿʠ ˂ʝ ʦʙʝʟʙʝʜʠʪʠ ʝʬʠʢʘʩʥʦ ʠ ʙʨʟʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʩʠʩʪʝʤʘ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ. 
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ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

¶ ʇʦʚʝ˂ʘˁʝ ʩʪʨʫʿʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ: ʇʦʨʝʜ ʜʦʧʨʠʥʦʩʘ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʝ ʫ ʥʦʚʦʥʘʩʪʘʣʠʤ 

ʦʢʦʣʥʦʩʪʠʤʘ ʧʦʩʪʦʿʠ ʜʦʜʘʪʥʠ ʜʦʧʨʠʥʦʩ ʫʢʫʧʥʦʿ ʩʪʨʫʿʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ. 

¶ ʅʝʦʧʭʦʜʥʠ ʫʨʝʹʘʿʠ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʩʘ ʤʨʝʞʦʤ: ɼʘ ʙʠ ʩʝ ʥʘʢʦʥ ʠʩʢˀʫʯʝˁʘ ʠʣʠ 

ʧʦʢʨʝʪʘˁʘ ʤʦʛʣʠ ʧʨʠʢˀʫʯʠʪʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ ʥʝʦʧʭʦʜʥʠ ʩʫ ʫʨʝʹʘʿʠ ʢʦʿʠ ˂ʝ 

ʠʟʚʨʰʠʪʠ ʘʫʪʦʤʘʪʩʢʫ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʢʘʜʘ ʛʦʜ ʿʝ ʪʦ ʥʝʦʧʭʦʜʥʦ. ɿʘ ʪʦ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ 

ʝʬʝʢʪʠʚʥʘ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ, ʬʘʟʘ ʥʘʧʦʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʘ ʙʫʜʫ ʧʨʠʙʣʠʞʥʝ ʩʘ ʦʙʝ 

ʩʪʨʘʥʝ ʧʨʝʢʠʜʘʯʘ [19]. 

¶ ʀʟʙʦʨ ʣʦʢʘʮʠʿʝ: ʇʘʞˀʠʚ ʠʟʙʦʨ ʣʦʢʘʮʠʿʝ ɼɻ-ʘ ʩʧʨʝʯʘʚʘ ʧʦʿʘʚʫ ʧʨʝʥʘʧʦʥʘ ʠ/ʠʣʠ 

ʧʦʚʝ˂ʘˁʝ ʛʫʙʠʪʘʢʘ ʫ ʤʨʝʞʠ. 

¶ ʆʪʝʞʘʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ: ʋ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʟʘʭʪʝʚ ʩʘ 

ʘʩʧʝʢʪʘ ʧʨʦʩʪʦʨʘ ʤʦʞʝ ʙʠʪʠ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʟʘ ʧʨʠʤʝʥʫ ʫ ʛʫʰ˂ʝ ʥʘʩʝˀʝʥʠʤ 

ʩʨʝʜʠʥʘʤʘ ʟʙʦʛ ʮʝʥʝ ʟʝʤˀʠʰʪʘ, ʢʘʦ ʠ ʜʠʤʝʥʟʠʿʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʧʦʿʝʜʠʥʠʭ ʠʟʚʦʨʘ (ʣʦʧʘʪʠʮʝ ʚʝʪʨʦʪʫʨʙʠʥʘ). 

¶ ʀʥʪʝʛʨʘʮʠʿʘ ʫ ʩʠʩʪʝʤ ʜʘˀʠʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ: ɼʦʜʘʪʘʥ ʪʨʦʰʘʢ ʧʨʝʜʩʪʘʚˀʘ 

ʨʝʘʣʠʟʘʮʠʿʘ ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʚʝʟʘ ʫ ʮʠˀʫ ʜʘˀʠʥʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʠʟ ʫʧʨʘʚˀʘʯʢʠʭ 

ʮʝʥʪʘʨʘ, ʦʜʥʦʩʥʦ ʠʥʪʝʛʨʘʮʠʿʘ ʫ ʧʦʩʪʦʿʝ˂ʠ SCADA (Supervisory Control And Data 

Aequisition) ʩʠʩʪʝʤ.  

2.3. ʊʝʭʥʦʣʦʛʠʿʝ 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ˂ʝ ʙʠʪʠ ʜʘʪ ʧʨʝʛʣʝʜ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ɼɻ-ʘ ʩʘ 

ʧʨʠʥʮʠʧʠʤʘ ʨʘʜʘ, ʥʘʯʠʥʠʤʘ ʧʨʠʢˀʫʯʝˁʘ ʠ ʤʝʹʫʩʦʙʥʦʤ ʠʥʪʝʨʘʢʮʠʿʦʤ ʩʘ ʧʨʠʢˀʫʯʥʦʤ 

ʤʨʝʞʦʤ. ʋʿʝʜʥʦ ʿʝ ʠ ʨʘʜ ʧʨʠʢʘʟʘʥʠʭ ʚʨʩʪʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʘʥʘʣʠʟʠʨʘʥ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ. ʊʦ ʥʝ ʦʛʨʘʥʠʯʘʚʘ ʧʨʠʤʝʥʫ ʧʨʝʜʣʦʞʝʥʠʭ ʪʝʭʥʠʢʘ ʥʘ ʜʨʫʛʝ ʚʨʩʪʝ ɼɻ-ʘ, ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʠʧʘ ʢʦʨʠʰ˂ʝʥʠʭ ʤʘʰʠʥʘ. 

2.3.1. ʄʘʣʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ 

ʇʦʪʝʥʮʠʿʘʣʥʘ ʝʥʝʨʛʠʿʘ ʚʦʜʝ ʩʝ ʪʨʘʜʠʮʠʦʥʘʣʥʦ ʦʜ ʩʘʤʦʛ ʧʦʯʝʪʢʘ ʨʘʟʚʦʿʘ ɽɽʉ-ʘ ʢʦʨʠʩʪʠ 

ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʍʠʜʨʦʝʣʝʢʪʨʘʥʝ ʩʫ ʧʦʩʪʨʦʿʝˁʘ ʫ ʢʦʿʠʤʘ ʩʝ ʧʦʪʝʥʮʠʿʘʣʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦʜʝ ʧʨʝʪʚʘʨʘ ʧʨʚʦ ʫ ʤʝʭʘʥʠʯʢʫ, ʘ ʧʦʪʦʤ ʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ. ʇʨʚʘ ʝʣʝʢʪʨʘʥʘ 

ʢʦʿʘ ʿʝ ʧʨʦʠʟʚʦʜʠʣʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʥʘ ʥʘʠʟʤʝʥʠʯʥʦʤ ʥʘʧʦʥʫ ʿʝ ʙʠʣʘ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʥʘ 

ʅʠʿʘʛʘʨʠʥʠʤ ʚʦʜʦʧʘʜʠʤʘ. ɿʘ ˁʝʥʫ ʠʟʛʨʘʜˁʫ ʩʫ ʙʠʣʠ ʟʘʩʣʫʞʥʠ ʅʠʢʦʣʘ ʊʝʩʣʘ ʠ ɷʦʨ˅ 

ɺʝʩʪʠʥʛʭʘʫʩ (George Westinghouse) ʠ ʟʘʚʨʰʝʥʘ ʿʝ 1896. ʛʦʜʠʥʝ. ʇʨʚʘ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʫ 

ʉʨʙʠʿʠ ʿʝ ʠʟʛʨʘʹʝʥʘ ʥʘ ʨʝʮʠ ɫʝʪʠˁʠ, ʢʦʜ ʋʞʠʮʘ 1900. ʛʦʜʠʥʝ [73]. ʅʘʢʦʥ ʨʘʟʚʦʿʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ, ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ ʩʫ ʛʨʘʹʝʥʝ ʥʘ ʚʝʣʠʢʠʤ ʨʝʢʘʤʘ, ʠ ʧʨʦʠʟʚʦʜʠʣʝ 

ʩʫ ʟʥʘʯʘʿʥʝ ʢʦʣʠʯʠʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʙʠʣʝ ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ. ʊʨʝʥʫʪʥʦ 

ʫ ʉʨʙʠʿʠ ʠʤʘʿʫ ʫʜʝʦ ʦʜ 30% ʫ ʫʢʫʧʥʦ ʧʨʦʠʟʚʝʜʝʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʝʥʝʨʛʠʿʠ [74], ʜʦʢ ʫ ʫʢʫʧʥʦʿ 

ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʩʚʝʪʫ ʫʯʝʩʪʚʫʿʫ ʩʘ 16% [75]. ʊʨʝʥʜʦʚʠ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ 

ʩʫ ʪʘʢʚʠ ʜʘ ʠʤʘ ʩʚʝ ʚʠʰʝ ʤʘʣʠʭ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ ʢʦʿʝ ʩʝ ʧʨʠʢˀʫʯʫʿʫ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʫ 

ʤʨʝʞʫ. ʄʘʣʠʤ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘʤʘ (ʄʍɽ) ʩʝ ʩʤʘʪʨʘʿʫ ʧʨʦʠʟʚʦʜʥʝ ʿʝʜʠʥʠʮʝ ʩʥʘʛʝ ʠʟʤʝʹʫ 500 ʠ 

1000 kW, ʘ ʚʝʣʠʢʝ ʄʍɽ ʩʫ ʧʨʝʢʦ 1000 kW. ʄʠʢʨʦ ʩʫ ʦʥʝ ʢʦʿʝ ʠʤʘʿʫ ʩʥʘʛʫ ʤʘˁʫ ʦʜ 100 kW, 

ʜʦʢ ʩʫ ʤʠʥʠ ʦʥʝ ʠʟʤʝʹʫ 100 ʠ 500 kW [76]. ʇʨʝʤʘ ʜʨʫʛʦʿ ʧʦʜʝʣʠ (ESHA ï ɽʚʨʦʧʩʢʘ 

ʘʩʦʮʠʿʘʮʠʿʘ ʟʘ ʤʘʣʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ), ʤʘʣʠʤ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘʤʘ ʩʝ ʩʤʘʪʨʘʿʫ ʿʝʜʠʥʠʮʝ ʩʥʘʛʝ 

ʤʘˁʝ ʦʜ 10 MW [8]. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʧʨʠʤʘʨʥʦʛ ʨʝʩʫʨʩʘ ʠ ʪʠʧʘ, ʄʍɽ ʤʦʛʫ 

ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ʫʩʣʦʚʝ ʨʘʜʘ ʫ ɽɽʉ-ʫ, ʢʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʧʨʝʪʭʦʜʥʦ ʜʝʪʘˀʥʦ ʠʟʣʦʞʝʥʦ. ʄʦʛʫ 

ʙʠʪʠ ʧʦʚʝʟʘʥʝ ʥʘ ɽɽʉ (ʧʘʨʘʣʝʣʘʥ ʨʘʜ), ʘʣʠ ʠ ʨʘʜʠʪʠ ʫ ʫʩʣʦʚʠʤʘ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʩʠʪʫʘʮʠʿʘʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʝʣʝʢʪʨʠʬʠʢʘʮʠʿʘ ʨʫʨʘʣʥʠʭ ʧʦʜʨʫʯʿʘ ʯʠʤʝ ʩʝ ʧʦʜʩʪʠʯʝ ˁʠʭʦʚ 

ʝʢʦʥʦʤʩʢʠ ʨʘʟʚʦʿ [77]. ʆʙʠʯʥʦ ʩʝ ʟʘ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʢʫ ʢʦʥʚʝʨʟʠʿʫ ʢʦʨʠʩʪʠ ʩʠʥʭʨʦʥʠ 

ʛʝʥʝʨʘʪʦʨ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥ ʥʘ ʤʨʝʞʫ. ɱʝʜʥʘ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʚʠʭ ʠʟʚʦʨʘ 

ʿʝ ʥʠʩʢʘ ʝʤʠʩʠʿʘ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ [78], [79]. 



ɼʠʩʪʨʠʙʫʠʨʘʥʦ ʛʝʥʝʨʠʩʘˁʝ ʠ ʤʠʢʨʦʤʨʝʞʝ 

8 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʇʨʠʥʮʠʧ ʨʘʜʘ ʄʍɽ ʩʝ ʤʦʞʝ ʩʘʛʣʝʜʘʪʠ ʥʘ ʦʩʥʦʚʫ ʩʣ. 2.1. ʅʘ ʚʠʩʠʥʠ H ʠʟʥʘʜ ʥʠʚʦʘ 

ʪʫʨʙʠʥʝ ʚʦʜʘ ʧʦʩʝʜʫʿʝ ʧʦʪʝʥʮʠʿʘʣʥʫ ʝʥʝʨʛʠʿʫ. ɽʥʝʨʛʠʿʫ ʦʜʨʝʹʫʿʝ ʫʢʫʧʥʘ ʤʘʩʘ ʚʦʜʝ ʠ 

ʚʠʩʠʥʩʢʘ ʨʘʟʣʠʢʘ ʥʠʚʦʘ ʛʦʨˁʝ ʠ ʜʦˁʝ ʘʢʫʤʫʣʘʮʠʿʝ. ɺʦʜʘ ʜʦʚʦʜʥʠʤ ʮʝʚʦʚʦʜʦʤ ʜʦʣʘʟʠ ʜʦ 

ʪʫʨʙʠʥʝ ʛʜʝ ʩʝ ʧʦʪʝʥʮʠʿʘʣʥʘ ʠ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʚʦʜʝ ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ ʤʝʭʘʥʠʯʢʠ ʨʘʜ. 

ʊʫʨʙʠʥʘ ʿʝ ʧʦʛʦʥʩʢʦʤ ʦʩʦʚʠʥʦʤ ʩʧʨʝʛʥʫʪʘ ʩʘ ʛʝʥʝʨʘʪʦʨʦʤ ʢʦʿʠ ʿʝ ʧʨʝʢʦ ʩʪʘʪʦʨʩʢʠʭ 

ʧʨʠʢˀʫʯʘʢʘ ʧʦʚʝʟʘʥ ʥʘ ʤʨʝʞʫ. ʂʘʜʘ ʩʝ ʫʚʘʞʝ ʛʫʙʠʮʠ ʫ ʮʝʚʦʚʦʜʫ, ʪʫʨʙʠʥʠ, ʛʝʥʝʨʘʪʦʨʫ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ, ʩʪʝʧʝʥ ʢʦʨʠʩʥʦʛ ʜʝʿʩʪʚʘ ʄʍɽ ʿʝ 80-90%. 

 

ʉʣ. 2.1: ʇʨʠʥʮʠʧ ʨʘʜʘ ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ [8] 

ʆʩʥʦʚʥʘ ʧʦʜʝʣʘ ʄʍɽ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [73], [78], [80]: 

¶ ɸʢʫʤʫʣʘʮʠʦʥʝ: ʇʦʩʝʜʫʿʫ ʙʨʘʥʫ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʘʢʫʤʫʣʘʮʠʿʫ ʧʦʪʝʥʮʠʿʘʣʥʝ ʝʥʝʨʛʠʿʝ 

ʚʦʜʝ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʦʢʨʠʚʘˁʝ ʚʨʰʥʝ ʧʦʪʨʦʰˁʝ, ʢʘʦ ʠ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʨʘʜʘ ɽɽʉ-ʘ. ʇʦʩʝʙʘʥ ʟʥʘʯʘʿ ʠʤʘʿʫ ʫ ʩʠʩʪʝʤʠʤʘ ʩʘ ʚʝʣʠʢʠʤ ʫʜʝʣʦʤ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ, ʢʘʜʘ ʤʦʛʫ ʠʤʘʪʠ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʙʘʣʘʥʩʠʨʘˁʫ 

ʝʥʝʨʛʠʿʝ ʫ ʩʠʩʪʝʤʫ.  

¶ ɼʝʨʠʚʘʮʠʦʥʝ: ʇʨʠʤʝˁʫʿʫ ʩʝ ʫ ʙʨʜʩʢʠʤ ʧʨʝʜʝʣʠʤʘ ʢʘʜʘ ʩʝ ʠʤʘʿʫ ʚʝʣʠʢʠ ʧʘʜʦʚʠ. 

ʈʝʘʣʠʟʫʿʫ ʩʝ ʩʢʨʝʪʘˁʝʤ ʜʝʣʘ ʚʦʜʝʥʦʛ ʪʦʢʘ ʢʨʦʟ ʮʝʚʦʚʦʜʝ ʠ ʤʘʰʠʥʩʢʫ ʟʛʨʘʜʫ ʄʍɽ, ʜʘ 

ʙʠ ʩʝ ʥʘʢʦʥ ʪʦʛʘ ʠʟʚʨʰʠʣʦ ʧʦʥʦʚʥʦ ʚʨʘ˂ʘˁʝ ʫ ʧʨʚʦʙʠʪʘʥ ʚʦʜʝʥʠ ʪʦʢ. 

¶ ʇʨʦʪʦʯʥʝ: ʊʨʝʥʫʪʥʠ ʜʦʪʦʢ ʚʦʜʝ ʜʠʢʪʠʨʘ ʧʨʦʠʟʚʦʜˁʫ ʄʍɽ. ʅʝ ʤʦʞʝ ʩʝ 

ʘʢʫʤʫʣʠʨʘʪʠ ʝʥʝʨʛʠʿʘ ʚʦʜʝ, ʚʝ˂ ʩʝ ʧʨʦʠʟʚʦʜˁʘ ʚʨʰʠ ʧʨʝʤʘ ʜʦʪʦʢʫ ʚʦʜʝ. 

ʂʘʨʘʢʪʝʨʠʰʫ ʠʭ ʚʝʣʠʢʝ ʦʩʮʠʣʘʮʠʿʝ ʧʨʦʠʟʚʦʜˁʝ, ʥʘʨʦʯʠʪʦ ʥʘ ʤʘˁʠʤ ʪʦʢʦʚʠʤʘ ʛʜʝ 

ʪʨʝʥʫʪʥʝ ʧʘʜʘʚʠʥʝ ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʧʨʦʪʦʢ. 

ʇʨʠʥʮʠʧʩʢʘ ʰʝʤʘ ʜʝʨʠʚʘʮʠʦʥʝ ʄʍɽ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 2.2, ʢʦʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʠ ʤʦʛʫ 

ʩʨʝʩʪʠ ʢʦʜ ʄʍɽ. ʋ ʛʦʨˁʝʤ ʪʦʢʫ ʩʝ ʥʘʧʨʘʚʠ ʥʠʩʢʘ ʙʨʘʥʘ (ʚʦʜʦʟʘʭʚʘʪ) ʢʦʿʦʤ ʩʝ ʨʝʘʣʠʟʫʿʝ 

ʩʢʨʝʪʘˁʝ ʜʝʣʘ ʚʦʜʝʥʦʛ ʪʦʢʘ ʫ ʜʝʨʠʚʘʮʠʦʥʠ ʢʘʥʘʣ. ʂʘʥʘʣʦʤ ʩʝ ʚʦʜʘ ʩʧʨʦʚʦʜʠ ʜʦ ʤʘʣʝ 

ʘʢʫʤʫʣʘʮʠʿʝ ʠʟ ʢʦʿʝ ʩʝ ʮʝʚʦʚʦʜʠʤʘ ʩʧʨʦʚʦʜʠ ʜʦ ʤʘʰʠʥʩʢʝ ʭʘʣʝ ʠ ʭʠʜʨʦʪʫʨʙʠʥʝ ʫ ˁʦʿ. ɺʦʜʘ 

ʩʝ ʥʘʢʦʥ ʪʦʛʘ ʧʦʥʦʚʦ ʚʨʘ˂ʘ ʫ ʚʦʜʦʪʦʢ ʠʟ ʢʦʿʝʛ ʿʝ ʩʢʨʝʥʫʪʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʝʣʠʤʠʥʠʰʝ ʫʪʠʮʘʿ 

ʥʘ ʙʠʦʣʦʰʢʠ ʤʠʥʠʤʫʤ ʥʠʟʚʦʜʥʦ ʦʜ ʤʘʰʠʥʩʢʝ ʭʘʣʝ, ʚʝ˂ ʦʥ ʧʦʩʪʦʿʠ ʩʘʤʦ ʫ ʜʝʣʫ ʠʟʤʝʹʫ 

ʚʦʜʦʿʘʞʘ ʠ ʤʘʰʠʥʩʢʝ ʭʘʣʝ. ʆʜ ʛʝʥʝʨʘʪʦʨʘ ʫ ʤʘʰʠʥʩʢʦʿ ʩʘʣʠ ʧʦʩʪʦʿʠ ʚʝʟʘ ʩʘ ʧʨʠʢˀʫʯʥʦʤ 

ʤʨʝʞʦʤ, ʢʦʿʘ ʿʝ ʨʝʘʣʠʟʦʚʘʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʨʘʩʢʣʦʧʥʦʤ ʘʧʘʨʘʪʫʨʦʤ ʠ ʧʨʠʢˀʫʯʥʠʤ ʚʦʜʦʤ.  

ʋ ʄʍɽ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʩʠʥʭʨʦʥʠ ʛʝʥʝʨʘʪʦʨʠ ʢʦʿʠ ʩʫ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥʠ ʥʘ 

ʤʨʝʞʫ, ʜʦʢ ʩʝ ʫ ʩʣʫʯʘʿʫ ʤʘˁʠʭ ʩʥʘʛʘ ʤʦʛʫ ʩʨʝʩʪʠ ʠ ʘʩʠʥʭʨʦʥʠ ʛʝʥʝʨʘʪʦʨʠ. ʆʚʘʢʚʠ ʤʦʜʝʣʠ 

ʧʨʠʢˀʫʯʝˁʘ ʥʘ ʤʨʝʞʫ ʠʤʘʿʫ ʟʘ ʧʦʩʣʝʜʠʮʫ ʩʥʘʞʥʫ ʠʥʪʝʨʘʢʮʠʿʫ ʠʟʤʝʹʫ ʄʍɽ ʠ ʧʨʠʢˀʫʯʥʝ 

ʤʨʝʞʝ. ʇʦʨʝʤʝ˂ʘʿʠ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʩʪʚʘʨʘʿʫ ʜʠʨʝʢʪʥʝ ʧʦʩʣʝʜʠʮʝ ʥʘ ʨʘʜ ʄʍɽ, ʜʦʢ ʩʝ 

ʧʦʩʣʝʜʠʮʝ ʪʦʢʦʤ ʩʠʥʭʨʦʥʠʟʘʮʠʿʝ ʛʝʥʝʨʘʪʦʨʘ ʠ ʚʘʨʠʿʘʮʠʿʘ ʩʥʘʛʝ ʤʘʥʠʬʝʩʪʫʿʫ ʥʘ ʧʦʪʨʦʰʘʯʝ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʄʍɽ ʩʫ ʫʛʣʘʚʥʦʤ ʣʦʮʠʨʘʥʝ ʫ ʨʫʨʘʣʥʠʤ ʧʦʜʨʫʯʿʠʤʘ ʢʦʿʘ ʜʦʤʠʥʘʥʪʥʦ 

ʢʘʨʘʢʪʝʨʠʰʝ ʚʦʜʥʠ ʧʦʪʝʥʮʠʿʘʣ, ʦʜʥʦʩʥʦ ʥʘ ʢʨʘʿʝʚʠʤʘ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʯʝʩʪʦ 

ʫʜʘˀʝʥʠ ʦʜ ʝʣʝʢʪʨʠʯʥʦ ʿʘʢʠʭ ʯʚʦʨʠʰʪʘ. ʊʦ ʜʦʚʦʜʠ ʜʦ ʿʦʰ ʟʥʘʯʘʿʥʠʿʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ 

ʤʨʝʞʝ ʠ ʤʘʣʝ ʝʣʝʢʪʨʘʥʝ, ʛʜʝ ʦʥʘ ʧʦʩʪʘʿʝ ʜʦʤʠʥʘʥʪʘʥ ʬʘʢʪʦʨ ʢʦʿʠ ʜʠʢʪʠʨʘ ʩʪʘˁʝ ʫ ʤʨʝʞʠ ʥʘ 
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ʣʦʢʘʣʥʦʤ ʥʠʚʦʫ. ʉʥʘʛʘ ʧʨʦʠʟʚʦʜˁʝ ʠ ʨʝʞʠʤ ʨʘʜʘ, ʢʘʦ ʠ ʢʦʨʝʣʘʮʠʿʘ ʩʘ ʜʠʿʘʛʨʘʤʦʤ ʧʦʪʨʦʰˁʝ, 

ʦʜʨʝʹʫʿʫ ʢʘʢʦ ʛʫʙʠʪʢʝ ʫ ʣʦʢʘʣʥʦʿ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ, ʪʘʢʦ ʠ ʚʘʨʠʿʘʮʠʿʝ ʥʘʧʦʥʘ. ʆʚʝ 

ʯʠˁʝʥʠʮʝ ʜʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʦʧʪʠʤʠʟʘʮʠʿʠ ʨʘʜʥʦʛ ʩʪʘˁʘ ʫ ʜʝʣʫ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʦʙʘʚʝʟʫʿʫ ʠ ʟʘʭʪʝʚʘʿʫ ʦʧʩʝʞʥʫ ʘʥʘʣʠʟʫ ʢʘʢʦ ʙʠ ʩʝ ʟʘʜʨʞʘʦ ʢʚʘʣʠʪʝʪ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʥʘ ʧʨʦʧʠʩʘʥʦʤ ʥʠʚʦʫ ʠ ʠʟʙʝʛʣʠ ʥʝʛʘʪʠʚʥʠ ʫʪʠʮʘʿʠ ʥʘ ʨʘʜ ʧʦʪʨʦʰʘʯʘ ʠ ʦʧʨʝʤʝ. 

ʅʝʨʝʪʢʦ ʩʝ ʫ ʦʚʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʢʦʨʠʩʪʝ ʩʠʩʪʝʤʠ ʟʘ ʢʦʤʧʝʥʟʘʮʠʿʫ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʮʠˀʫ 

ʣʦʢʘʣʥʝ ʨʝʛʫʣʘʮʠʿʝ ʥʘʧʦʥʘ. ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʨʝʯʝʥʦ, ɼʄ ʿʝ ʯʝʩʪʦ ʫ ʦʚʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʩʣʘʙʘ, 

ʜʦʤʠʥʘʥʪʥʦ ʥʘʜʟʝʤʥʘ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʢʚʘʨʦʚʘ ʠ ʥʠʞʦʤ ʧʦʫʟʜʘʥʦʰ˂ʫ ʠʩʧʦʨʫʢʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ ʧʨʦʩʝʯʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʆʚʦ ʜʘʿʝ ʚʝʣʠʢʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʫʥʘʧʨʝʹʝˁʝ 

ʨʘʜʘ ʥʘ ʣʦʢʘʣʥʦʤ ʥʠʚʦʫ, ʢʦʿʝ ʩʘ ʧʝʨʤʘʥʝʥʪʥʠʤ ʧʦʚʝ˂ʘˁʝʤ ʠʥʩʪʘʣʠʩʘʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʄʍɽ 

ʤʦʞʝ ʠʤʘʪʠ ʠ ʛʣʦʙʘʣʥʠ ʝʬʝʢʘʪ. 

 

ʉʣ. 2.2: ʇʨʠʥʮʠʧʩʢʘ ʰʝʤʘ ʜʝʨʠʚʘʮʠʦʥʝ ʄʍɽ 

2.3.2. ɺʝʪʨʦʝʣʝʢʪʨʘʥʝ 

ɽʥʝʨʛʠʿʘ ʚʝʪʨʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʧʨʚʠʭ ʦʙʣʠʢʘ ʧʨʠʤʘʨʥʝ ʝʥʝʨʛʠʿʝ ʫ ʠʩʪʦʨʠʿʠ 

ʯʦʚʝʯʘʥʩʪʚʘ. ɼʘʥʘʩ ʩʝ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʚʝʪʨʘ ʧʨʝʪʚʘʨʘ ʫ ʤʝʭʘʥʠʯʢʫ ʢʦʨʠʰ˂ʝˁʝʤ 

ʚʝʪʨʦʪʫʨʙʠʥʝ, ʜʦʢ ʩʝ ʦʥʘ ʧʨʝʢʦ ʤʝʭʘʥʠʯʢʠʭ ʩʢʣʦʧʦʚʘ ʠ ʛʝʥʝʨʘʪʦʨʘ ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ 

ʝʣʝʢʪʨʠʯʥʫ ʠ ʜʘˀʝ ʜʠʩʪʨʠʙʫʠʨʘ ʫ ʧʨʠʢˀʫʯʥʫ ʤʨʝʞʫ. ɺʝʪʨʦʝʥʝʨʛʝʪʠʢʘ ʪʨʝʥʫʪʥʦ ʧʨʝʜʩʪʘʚˀʘ 

ʛʨʘʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʝ ʢʦʿʘ ʩʝ ʥʘʿʙʨʞʝ ʨʘʟʚʠʿʘ ʠ ʧʦʩʪʘʿʝ ʜʦʤʠʥʘʥʪʘʥ ʯʠʥʠʣʘʮ ʫ 

ʠʥʪʝʛʨʘʮʠʿʠ ʆʀɽ. ʇʨʠʢˀʫʯʝˁʝ ʚʝʪʨʦʘʛʨʝʛʘʪʘ ʩʝ ʦʙʘʚˀʘ ʥʘ ʩʚʠʤ ʥʘʧʦʥʩʢʠʤ ʥʠʚʦʠʤʘ, ʥʘ 

ʢʦʧʥʫ ʠ ʥʘ ʤʦʨʫ, ʰʪʦ ʿʝ ʫʪʠʮʘʣʦ ʜʘ ʩʝ ʠʥʜʫʩʪʨʠʿʘ ʚʝʪʨʦʘʛʨʝʛʘʪʘ ʥʘʛʣʦ ʨʘʟʚʠʿʘ ʫ ʩʚʠʤ 

ʜʝʣʦʚʠʤʘ ʩʚʝʪʘ. ʋʧʦʨʝʜʦ ʩʝ ʫʥʘʧʨʝʹʫʿʝ ʨʘʟʚʦʿ ʢʦʥʮʝʧʘʪʘ ʟʘ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʢʫ ʢʦʥʚʝʨʟʠʿʫ 

ʝʥʝʨʛʠʿʝ ʚʝʪʨʘ, ʧʦʙʦˀʰʘʚʘ ˁʠʭʦʚʘ ʝʬʠʢʘʩʥʦʩʪ, ʨʘʟʚʠʿʘʿʫ ʥʦʚʝ ʤʦʛʫ˂ʥʦʩʪʠ ʨʝʛʫʣʘʮʠʿʝ, ʘ ʩʚʝ ʫ 

ʮʠˀʫ ʰʪʦ ʘʢʪʠʚʥʠʿʝʛ ʫʯʝʰ˂ʘ ʫ ʜʠʥʘʤʠʯʥʦʤ ʨʘʜʫ ɽɽʉ-ʘ. ʋʢʫʧʘʥ ʠʟʥʦʩ ʠʥʩʪʘʣʠʩʘʥʠʭ 

ʢʘʧʘʮʠʪʝʪʘ ʫ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘʤʘ ʫ 2018. ʛʦʜʠʥʠ ʫ ɽʚʨʦʧʠ ʠʟʥʦʩʠʦ ʿʝ ʦʢʦ 189 GW [81]. 

ʅʝʢʘʜʘ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʢʦʥʮʝʧʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʩʘ ʘʩʠʥʭʨʦʥʠʤ 

ʤʘʰʠʥʘʤʘ, ʩʘ ʠ ʙʝʟ ʢʦʨʠʰ˂ʝˁʘ ʧʨʝʪʚʘʨʘʯʘ ʠʟʤʝʹʫ ʤʨʝʞʝ ʠ ʛʝʥʝʨʘʪʦʨʘ. ʆʚʘʢʚʠ ʚʝʪʨʦʘʛʨʝʛʘʪʠ 

ʩʝ ʩʘʜʘ ʨʝʹʝ ʩʨʝ˂ʫ, ʫʛʣʘʚʥʦʤ ʫ ʨʘʥʠʿʝ ʠʟʛʨʘʹʝʥʠʤ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘʤʘ, ʟʙʦʛ ʧʨʦʙʣʝʤʘ ʦʢʦ 

ʫʧʨʘʚˀʘˁʘ, ʪʨʘʥʟʠʿʝʥʘʪʘ, ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʯʝʩʪʠʤ ʠ ʚʝʣʠʢʠʤ ʚʘʨʠʿʘʮʠʿʘʤʘ ʙʨʟʠʥʝ ʚʝʪʨʘ, ʠ 

ʥʘʨʫʰʘʚʘˁʘ ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

ʋ ʩʘʚʨʝʤʝʥʠʤ ʚʝʪʨoʘʛʨʝʛʘʪʠʤʘ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʿʝ ʢʦʥʮʝʧʪ ʩʘ ʜʚʦʩʪʨʘʥʦ ʥʘʧʘʿʘʥʦʤ 

ʘʩʠʥʭʨʦʥʦʤ ʤʘʰʠʥʦʤ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣ. 2.3. ɺʝʪʨʦʪʫʨʙʠʥʘ ʿʝ ʧʨʝʢʦ ʨʝʜʫʢʪʦʨʘ ʩʧʨʝʛʥʫʪʘ ʩʘ 

ʨʦʪʦʨʦʤ ʘʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ. ʈʝʜʫʢʪʦʨ ʧʨʠʣʘʛʦʹʘʚʘ ʙʨʟʠʥʫ ʦʙʨʪʘˁʘ ʚʝʪʨʦʪʫʨʙʠʥʝ 
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ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʧʦʚʦˀʥʠʤ ʙʨʟʠʥʘʤʘ ʦʙʨʪʘˁʘ ʨʦʪʦʨʘ. ʉʪʘʪʦʨʩʢʠ ʥʘʤʦʪʘʿ ʿʝ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥ ʥʘ ʤʨʝʞʫ, 

ʜʦʢ ʩʝ ʩʘ ʩʪʨʘʥʝ ʨʦʪʦʨʘ ʜʦʚʦʜʠ ʪʨʦʬʘʟʥʠ ʩʠʩʪʝʤ ʥʘʧʦʥʘ ʯʠʿʫ ʨʝʛʫʣʘʮʠʿʫ ʩʧʨʦʚʦʜʠ ʧʨʝʪʚʘʨʘʯ 

ʧʨʠʢˀʫʯʝʥ ʫ ʨʦʪʦʨʩʢʦ ʢʦʣʦ. ʇʨʝʪʚʘʨʘʯ ʫ ʨʦʪʦʨʩʢʦʤ ʢʦʣʫ ʦʤʦʛʫ˂ʘʚʘ ʫʧʨʘʚˀʘˁʝ ʘʤʧʣʠʪʫʜʦʤ 

ʠ ʬʨʝʢʚʝʥʮʠʿʦʤ ʥʘʧʦʥʘ ʢʦʿʠ ʩʝ ʜʦʚʦʜʠ ʥʘ ʢʣʠʟʥʝ ʧʨʩʪʝʥʦʚʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʦʤʦʛʫ˂ʘʚʘ 

ʫʧʨʘʚˀʘˁʝ ʙʨʟʠʥʦʤ ʦʙʨʪʘˁʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʤʘʢʩʠʤʘʣʥʦ ʠʩʢʦʨʠʰ˂ʝˁʝ ʝʥʝʨʛʠʿʝ ʚʝʪʨʘ ʫ 

ʦʧʩʝʛʫ ʦʜ ʤʠʥʠʤʘʣʥʝ ʨʘʜʥʝ ʜʦ ʥʦʤʠʥʘʣʥʝ ʙʨʟʠʥʝ ʚʝʪʨʘ. ʇʨʦʤʝʥʦʤ ʫʯʝʩʪʘʥʦʩʪʠ ʨʦʪʦʨʩʢʠʭ 

ʩʪʨʫʿʘ ʤʝˁʘ ʩʝ ʪʦʢ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʨʦʟ ʨʦʪʦʨʩʢʦ ʢʦʣʦ, ʢʦʿʠ ʿʝ ʫ ʧʦʪʩʠʥʭʨʦʥʠʤ ʨʝʞʠʤʠʤʘ ʦʜ 

ʤʨʝʞʝ, ʜʦʢ ʿʝ ʫ ʥʘʪʩʠʥʭʨʦʥʠʤ ʧʨʝʤʘ ʤʨʝʞʠ. ʆʧʩʝʛ ʫʯʝʩʪʘʥʦʩʪʠ ʫ ʨʦʪʦʨʩʢʦʤ ʢʦʣʫ ʿʝ Ñ30% 

ʩʠʥʭʨʦʥʝ, ʩʪʦʛʘ ʿʝ ʠ ʤʘʢʩʠʤʘʣʥʘ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʨʘʟʤʝʥʝ ʧʨʝʢʦ ʨʦʪʦʨʩʢʦʛ ʢʦʣʘ 30% ʦʜ 

ʥʦʤʠʥʘʣʥʝ, ʧʨʝʤʘ ʢʦʿʦʿ ʩʝ ʠ ʜʠʤʝʥʟʠʦʥʠʰʝ ʧʨʝʪʚʘʨʘʯ ʫ ʨʦʪʦʨʩʢʦʤ ʢʦʣʫ. ʇʨʦʤʝʥʦʤ 

ʘʤʧʣʠʪʫʜʝ ʥʘʧʦʥʘ ʫ ʨʦʪʦʨʩʢʦʤ ʢʦʣʫ ʤʝˁʘ ʩʝ ʚʨʝʜʥʦʩʪ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ 

ʩʪʘʪʦʨʩʢʠʭ ʧʨʠʢˀʫʯʘʢʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʤʨʝʞʝ. ʊʦʢ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʨʝʢʦ ʩʪʘʪʦʨʩʢʠʭ ʧʨʠʢˀʫʯʘʢʘ 

ʿʝ ʫʚʝʢ ʧʨʝʤʘ ʤʨʝʞʠ, ʜʦʢ ʪʦʢ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘʚʠʩʠ ʦʜ ʧʦʙʫʜʝ ʛʝʥʝʨʘʪʦʨʘ, ʦʜʥʦʩʥʦ 

ʘʤʧʣʠʪʫʜʝ ʥʘʧʦʥʘ ʫ ʨʦʪʦʨʩʢʦʤ ʢʦʣʫ. ʇʨʝʜʥʦʩʪ ʦʚʦʛ ʢʦʥʮʝʧʪʘ, ʧʦʨʝʜ ʦʧʪʠʤʘʣʥʦʛ 

ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʪʨʝʥʫʪʥʦʿ ʙʨʟʠʥʠ, ʿʝ ʨʝʘʢʪʠʚʥʘ ʧʦʜʨʰʢʘ ʪʦʢʦʤ ʢʚʘʨʦʚʘ ʫ ʤʨʝʞʠ ʠ ʘʧʩʦʨʧʮʠʿʘ 

ʫʜʘʨʥʠʭ ʤʦʤʝʥʘʪʘ, ʜʦʢ ʿʝ ʤʘʥʘ ʧʦʩʪʦʿʘˁʝ ʦʩʝʪˀʠʚʦʛ ʢʦʣʝʢʪʦʨʘ (ʢʣʠʟʥʠ ʧʨʩʪʝʥʦʚʠ ʩʘ 

ʯʝʪʢʠʮʘʤʘ) ʢʨʦʟ ʢʦʿʠ ʪʝʢʫ ʚʝʣʠʢʝ ʩʪʨʫʿʝ. 

 

ʉʣ. 2.3: ɺʝʪʨʦʘʛʨʝʛʘʪ ʩʘ ʜʚʦʩʪʨʘʥʦ ʥʘʧʘʿʘʥʦʤ ʘʩʠʥʭʨʦʥʦʤ ʤʘʰʠʥʦʤ [82] 

ɼʨʫʛʠ ʢʦʥʮʝʧʪ ʢʦʿʠ ʩʝ ʯʝʩʪʦ ʤʦʞʝ ʩʨʝʩʪʠ ʫ ʩʘʚʨʝʤʝʥʠʤ ʚʝʪʨʦʘʛʨʝʛʘʪʠʤʘ ʿʝ ʩʠʥʭʨʦʥʘ 

ʚʠʰʝʧʦʣʥʘ ʤʘʰʠʥʘ ʢʦʿʘ ʿʝ ʧʨʝʢʦ ʧʨʝʪʚʘʨʘʯʘ ʧʫʥʝ ʩʥʘʛʝ ʧʨʠʢˀʫʯʝʥʘ ʥʘ ʤʨʝʞʫ. ʆʚʘʿ ʢʦʥʮʝʧʪ 

ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣ. 2.4. ʆʥ ʦʤʦʛʫ˂ʘʚʘ ʧʦʪʧʫʥʦ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʪʨʝʥʫʪʥʠʤ ʙʨʟʠʥʘʤʘ ʚʝʪʨʘ, ʿʝʨ 

ʿʝ ʧʨʝʢʦ ʧʨʝʪʚʘʨʘʯʘ ʧʫʥʝ ʩʥʘʛʝ ʥʘ ʩʪʘʪʦʨʩʢʦʿ ʩʪʨʘʥʠ ʛʝʥʝʨʘʪʦʨ ʫ ʧʦʪʧʫʥʦʩʪʠ ʬʨʝʢʚʝʥʮʠʿʩʢʠ 

ʨʘʩʧʨʝʛʥʫʪ ʦʜ ʤʨʝʞʝ. ʋʩʣʝʜ ʢʦʨʠʰ˂ʝˁʘ ʚʠʰʝʧʦʣʥʝ ʤʘʰʠʥʝ ʩʘ ʤʘʣʠʤ ʙʨʟʠʥʘʤʘ ʦʙʨʪʘˁʘ, 

ʦʜʥʦʩʥʦ ʢʦʿʝ ʩʫ ʙʣʠʩʢʝ ʧʦʚʦˀʥʠʤ ʙʨʟʠʥʘʤʘ ʦʙʨʪʘˁʘ ʚʝʪʨʦʪʫʨʙʠʥʝ, ʥʝ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ 

ʨʝʜʫʢʪʦʨʦʤ. ʊʠʤʝ ʩʝ ʫʥʘʧʨʝʹʫʿʝ ʧʦʫʟʜʘʥʦʩʪ ʚʝʪʨʦʘʛʨʝʛʘʪʘ ʠ ʩʤʘˁʫʿʫ ʛʫʙʠʮʠ ʝʥʝʨʛʠʿʝ. 

ɱʝʜʥʦʩʤʝʨʥʘ ʧʦʙʫʜʘ ʩʝ ʜʦʚʦʜʠ ʧʨʝʢʦ ʧʨʝʪʚʘʨʘʯʘ ʫ ʨʦʪʦʨʩʢʦʤ ʢʦʣʫ. ʈʝʛʫʣʘʮʠʿʘ ʙʨʟʠʥʝ 

ʦʙʨʪʘˁʘ ʨʦʪʦʨʘ ʩʝ ʚʨʰʠ ʚʝʢʪʦʨʩʢʦʤ ʢʦʥʪʨʦʣʦʤ ʩʪʨʫʿʘ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ, ʜʦʢ ʨʘʟʤʝʥʫ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʘ ʤʨʝʞʦʤ ʨʝʛʫʣʠʰʝ ʧʨʝʪʚʘʨʘʯ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʝ. ʄʘʥʝ ʦʚʦʛ ʩʠʩʪʝʤʘ ʩʫ 

ʚʝʣʠʢʘ ʨʘʜʠʿʘʣʥʘ ʜʠʤʝʥʟʠʿʘ, ʤʘʩʘ ʛʝʥʝʨʘʪʦʨʘ, ʢʘʦ ʠ ʧʦʩʪʦʿʘˁʝ ʢʣʠʟʥʠʭ ʧʨʩʪʝʥʦʚʘ ʟʘ 

ʜʦʚʦʹʝˁʝ ʧʦʙʫʜʝ ʫ ʨʦʪʦʨʩʢʦ ʢʦʣʦ. ʆʚʘʿ ʢʦʥʮʝʧʪ ʩʝ ʿʘʚˀʘ ʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʨʝʜʫʢʪʦʨʦʤ, 

ʯʠʤʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʤʝʥʘ ʩʠʥʭʨʦʥʠʭ ʤʘʰʠʥʘ ʩʘ ʤʘˁʦʤ ʜʠʤʝʥʟʠʿʦʤ ʠ ʚʝ˂ʠʤ ʙʨʟʠʥʘʤʘ 

ʦʙʨʪʘˁʘ. ʅʘʧʨʝʜʥʠʿʝ, ʘʣʠ ʩʢʫʧˀʝ ʨʝʰʝˁʝ, ʿʝʩʪʝ ʫʧʦʪʨʝʙʘ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʩʘ 

ʧʝʨʤʘʥʝʥʪʥʠʤ ʤʘʛʥʝʪʠʤʘ. ʂʦʜ ʦʚʦʛ ʢʦʥʮʝʧʪʘ ʥʝʤʘ ʢʣʠʟʥʠʭ ʧʨʩʪʝʥʦʚʘ ʧʦʙʫʜʝ ʠ ʝʬʠʢʘʩʥʦʩʪ 

ʦʚʘʢʚʠʭ ʛʝʥʝʨʘʪʦʨʘ ʿʝ ʥʘʿʚʝ˂ʘ. 

ɺʝʪʨʦʝʣʝʢʪʨʘʥʝ ʚʝʣʠʢʝ ʩʥʘʛʝ (ʧʨʝʢʦ 20 MW) ʩʝ ʧʨʠʢˀʫʯʫʿʫ ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ. ɼʘ ʙʠ 

ʩʝ ʜʦʙʠʣʘ ʜʦʟʚʦʣʘ ʟʘ ʧʨʠʢˀʫʯʝˁʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʩʝ ʠʩʧʫʥʝ ʟʘʭʪʝʚʠ ʜʝʬʠʥʠʩʘʥʠ ʦʜ ʩʪʨʘʥʝ 

ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ [5]. ʂʘʢʦ ʦʚʝ ʝʣʝʢʪʨʘʥʝ ʤʦʛʫ ʙʠʪʠ ʿʘʢʦ ʚʝʣʠʢʝ ʩʥʘʛʝ ʨʝʜʘ 

ʥʝʢʦʣʠʢʦ ʩʪʦʪʠʥʘ MW, ʟʘʭʪʝʚʘ ʩʝ ˁʠʭʦʚʦ ʫʯʝʰ˂ʝ ʫ ʨʝʛʫʣʘʮʠʿʠ ɽɽʉ-ʘ ʫ ʮʠˀʫ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʨʘʜʘ ʮʝʣʦʢʫʧʥʦʛ ʩʠʩʪʝʤʘ ʠ ʧʦʜʨʰʢʝ ʫ ʧʦʨʝʤʝ˂ʝʥʠʤ ʨʘʜʥʠʤ ʨʝʞʠʤʠʤʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 
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ʧʨʠʢˀʫʯʝˁʝ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʤʘˁʠʭ ʩʥʘʛʘ ʩʝ ʦʙʘʚˀʘ ʥʘ ʩʨʝʜˁʝʤ ʥʘʧʦʥʫ ʠ ʪʫ ʿʝ ʛʣʘʚʥʠ 

ʧʨʦʙʣʝʤ ʫʢʣʘʧʘˁʝ ʟʥʘʯʘʿʥʝ ʩʥʘʛʝ (ʟʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʧʨʠʣʠʢʝ) ʢʦʥʮʝʥʪʨʠʩʘʥʝ ʫ ʿʝʜʥʦʿ ʪʘʯʢʠ. 

ʆʥʠ ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʜʠʪʠ ʥʘʧʦʥʩʢʝ ʧʨʦʬʠʣʝ ʫ ʩʣʘʙʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ ʠ 

ʩʤʘˁʠʪʠ ʛʫʙʠʪʢʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʟʥʦʩʘ ʠ ʢʦʥʮʝʧʮʠʿʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʤʦʨʘʿʫ ʠʤʘʪʠ ʧʨʘʪʝ˂ʝ ʩʠʩʪʝʤʝ ʢʦʿʠ ʤʦʛʫ ʦʙʝʟʙʝʜʠʪʠ ʨʘʜ ʫ ʦʢʚʠʨʫ 

ʥʦʨʤʘʣʥʠʭ ʨʝʞʠʤʘ ʨʘʜʘ. 

 

ʉʣ. 2.4: ɺʝʪʨʦʘʛʨʝʛʘʪ ʩʘ ʚʠʰʝʧʦʣʥʠʤ ʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ [82] 

2.3.3. ʉʦʣʘʨʥʝ ʝʣʝʢʪʨʘʥʝ 

ʉʫʥʯʝʚʘ ʝʥʝʨʛʠʿʘ ʩʚʘʢʦʜʥʝʚʥʦ ʜʦʩʧʝʚʘ ʥʘ ɿʝʤˀʠʥʫ ʧʦʚʨʰʠʥʫ ʫ ʚʝʣʠʢʦʤ ʠʟʥʦʩʫ. 

ɽʥʝʨʛʠʿʘ ʩʝ ʦʩʣʦʙʘʹʘ ʫ ʧʨʦʮʝʩʫ ʬʫʟʠʿʝ ʫʥʫʪʘʨ ʉʫʥʮʘ, ʧʨʝʥʦʩʠ ʜʦ ʧʦʚʨʰʠʥʝ, ʝʤʠʪʫʿʝ ʫ 

ʩʚʝʤʠʨ, ʘ ʜʝʦ ʪʦʛ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʟʨʘʯʝˁʘ ʜʦʩʧʝʚʘ ʥʘ ʧʦʚʨʰʠʥʫ ɿʝʤˀʝ. ʉʤʘʪʨʘ ʩʝ ʜʘ ʿʝ 

ʩʥʘʛʘ ʟʨʘʯʝˁʘ ʢʦʿʝ ʜʦʩʧʝ ʥʘ ʧʦʚʨʰʠʥʫ ɿʝʤˀʠʥʝ ʘʪʤʦʩʬʝʨʝ ʦʢʦ 1,7Ŀ1017 W. ʅʘ ʦʩʥʦʚʫ ʩʥʘʛʝ 

ʟʨʘʯʝˁʘ ʤʦʞʝ ʩʝ ʧʨʦʮʝʥʠʪʠ ʛʦʜʠʰˁʘ ʝʥʝʨʛʠʿʘ ʢʦʿʫ ɿʝʤˀʘ ʧʨʠʤʘ ʦʜ ʉʫʥʮʘ ʠ ʢʦʿʘ ʠʟʥʦʩʠ ʦʢʦ 

5,36Ŀ1024 J. ʆʜ ʦʚʝ ʝʥʝʨʛʠʿʝ ʩʝ ʦʢʦ 30% ʨʝʬʣʝʢʪʫʿʝ ʦʜ ʛʦʨˁʠʭ ʩʣʦʿʝʚʘ ʘʪʤʦʩʬʝʨʝ ʫ ʩʚʝʤʠʨ, 

47% ʧʨʝʪʚʘʨʘ ʫ ʪʦʧʣʦʪʫ ʠ ʝʤʠʪʫʿʝ ʢʘʦ ʠʥʬʨʘʮʨʚʝʥʦ ʟʨʘʯʝˁʝ, ʜʦʢ ʩʝ 23% ʪʨʦʰʠ ʥʘ 

ʠʩʧʘʨʘʚʘˁʝ ʚʦʜʝ ʠ ʧʘʜʘʚʠʥʝ. ʀʨʘʜʠʿʘʮʠʿʘ ʥʘ ʧʦʚʨʰʠʥʠ ɿʝʤˀʠʥʝ ʘʪʤʦʩʬʝʨʝ ʫ ʧʨʦʩʝʢʫ ʠʟʥʦʩʠ 

1367 W/m2 ʠ ʥʘʟʠʚʘ ʩʝ ʩʦʣʘʨʥʘ ʢʦʥʩʪʘʥʪʘ. ʉʫʥʯʝʚʦ ʟʨʘʯʝˁʝ ʢʦʿʝ ʜʦʩʧʝ ʥʘ ʧʦʚʨʰʠʥʫ ɿʝʤˀʝ ʩʝ 

ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʠ/ʠʣʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ.  

ʌʦʪʦʥʘʧʦʥʩʢʠ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʟʘ ʧʦʚʝ˂ʘˁʝ ʫʜʝʣʘ ʆʀɽ ʫ ʫʢʫʧʥʦʿ 

ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʧʘ ʩʝ ʩʪʦʛʘ ˁʠʭʦʚʦʿ ʠʥʪʝʛʨʘʮʠʿʠ ʧʦʩʚʝ˂ʫʿʝ ʟʥʘʯʘʿʥʘ ʧʘʞˁʘ. 

ʋ ʦʩʥʦʚʠ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʜʚʝ ʛʨʫʧʝ: 

¶ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʠʩʪʝʤʝ ʢʦʿʠ ʨʘʜʝ ʫ ʠʟʦʣʦʚʘʥʠʤ ʤʨʝʞʘʤʘ, ʦʙʠʯʥʦ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 
ʩʠʩʪʝʤʠʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, 

¶ ʤʨʝʞʥʦ ʧʦʚʝʟʘʥʝ ʬʦʪʦʥʘʧʦʥʩʢʝ ʩʠʩʪʝʤʝ. 

ʅʘ ʩʣ. 2.5 ʿʝ ʧʨʠʢʘʟʘʥ ʪʠʧʠʯʘʥ ʧʨʠʤʝʨ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ ʩʧʨʝʛʥʫʪʦʛ ʩʘ ʙʘʪʝʨʠʿʦʤ 

ʟʘ ʨʘʜ ʫ ʠʟʦʣʦʚʘʥʦʿ ʤʨʝʞʠ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʉʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʚʨʰʠ ʩʝ 

ʢʦʦʨʜʠʥʘʮʠʿʘ ʠʟʤʝʹʫ ʙʘʪʝʨʠʿʝ, ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ ʠ ʧʦʪʨʦʰˁʝ. ʇʨʦʠʟʚʦʜˁʘ 

ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʥʘʧʘʿʘˁʝ ʧʦʪʨʦʰʘʯʘ, ʜʦʢ ʩʝ ʚʠʰʘʢ ʢʦʨʠʩʪʠ ʟʘ 

ʜʦʧʫˁʘʚʘˁʝ ʙʘʪʝʨʠʿʝ. ʋʢʦʣʠʢʦ ʧʨʦʠʟʚʦʜˁʘ ʥʠʿʝ ʜʦʚʦˀʥʘ ʜʘ ʩʝ ʦʜʛʦʚʦʨʠ ʟʘʭʪʝʚʠʤʘ 

ʧʦʪʨʦʰʘʯʘ, ʙʘʪʝʨʠʿʘ ʧʦʢʨʠʚʘ ʜʝʙʘʣʘʥʩ ʫ ʩʥʘʟʠ. ʀʥʚʝʨʪʦʨ ʩʣʫʞʠ ʟʘ ʧʨʝʪʚʘʨʘˁʝ ʿʝʜʥʦʩʤʝʨʥʦʛ 

ʥʘʧʦʥʘ ʫ ʥʘʠʟʤʝʥʠʯʥʠ ʠ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʧʦʪʨʝʙʘʤʘ ʧʦʪʨʦʰʘʯʘ. 

ʅʘ ʩʣ. 2.6 ʿʝ ʧʨʠʢʘʟʘʥʘ ʪʠʧʠʯʥʘ ʰʝʤʘ ʧʦʚʝʟʠʚʘˁʘ ʤʨʝʞʥʠʭ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ. ʅʘ 

ʩʣʠʮʠ ʿʝ ʧʨʠʢʘʟʘʥʘ ʠ ʙʘʪʝʨʠʿʘ ʩʘ ʢʦʥʪʨʦʣʦʤ ʧʫˁʝˁʘ, ʘʣʠ ʯʝʩʪʦ ʩʝ ʤʦʞʝ ʩʨʝʩʪʠ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʙʝʟ ʙʘʪʝʨʠʿʝ ʠ ʢʦʥʪʨʦʣʝ ʧʫˁʝˁʘ, ʜʦʢ ʙʠ ʦʩʪʘʣʠ ʝʣʝʤʝʥʪʠ ʦʩʪʘʣʠ ʠʩʪʠ. ʅʘʢʦʥ 
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ʢʦʥʚʝʨʟʠʿʝ ʿʝʜʥʦʩʤʝʨʥʦʛ ʥʘʧʦʥʘ ʫ ʥʘʠʟʤʝʥʠʯʥʠ ʧʦʤʦ˂ʫ ʠʥʚʝʨʪʦʨʘ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʩʝ 

ʚʨʰʠ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʤʨʝʞʥʦʤ ʥʘʧʦʥʫ. ʇʨʝʢʠʜʘʯʝʤ ʥʘ ʚʠʰʝʥʘʧʦʥʩʢʦʿ (ɺʅ) ʩʪʨʘʥʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʝ ʨʝʘʣʠʟʫʿʝ ʚʝʟʘ ʩʘ ʧʨʠʢˀʫʯʥʦʤ ʤʨʝʞʦʤ. 

 

ʉʣ. 2.5: ʊʠʧʠʯʥʠ ʠʟʦʣʦʚʘʥʠ ʬʦʪʦʥʘʧʦʥʩʢʠ ʩʠʩʪʝʤ 

ʅʘʿʚʘʞʥʠʿʠ ʝʣʝʤʝʥʪ ʫ ʦʚʦʤ ʩʠʩʪʝʤʫ ʿʝ ʠʥʚʝʨʪʦʨ, ʿʝʨ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʪʨʘʥʩʬʦʨʤʠʰʝ 

ʿʝʜʥʦʩʤʝʨʥʠ ʫ ʥʘʠʟʤʝʥʠʯʥʠ ʥʘʧʦʥ, ʜʘʿʝ ʰʠʨʠʥʫ ʫ ʫʧʨʘʚˀʘˁʫ ʮʝʣʦʢʫʧʥʠʤ ʩʠʩʪʝʤʦʤ. ɳʠʤʝ 

ʩʝ ʤʦʞʝ ʨʝʛʫʣʠʩʘʪʠ ʥʘʧʦʥ ʠ ʬʨʝʢʚʝʥʮʠʿʘ ʥʘ ʥʘʠʟʤʝʥʠʯʥʦʿ ʩʪʨʘʥʠ, ʦʜʥʦʩʥʦ ʦʥ ʧʦʨʝʜ ʘʢʪʠʚʥʝ 

ʤʦʞʝ ʛʝʥʝʨʠʩʘʪʠ ʠ ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ. ʇʦʨʝʜ ʪʦʛʘ, ʘʜʝʢʚʘʪʥʠʤ ʧʨʘ˂ʝˁʝʤ ʦʧʪʠʤʘʣʥʝ ʨʘʜʥʝ 

ʪʘʯʢʝ (MPPT ï Maximum Power Point Tracking) ʩʝ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘʪʠ ʝʬʠʢʘʩʥʦʩʪ 

ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ. ʎʝʣʦʢʫʧʥʠ ʩʠʩʪʝʤ ʿʝ ʧʦʪʨʝʙʥʦ ʦʧʨʝʤʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʠʩʪʝʤʠʤʘ 

ʟʘʰʪʠʪʝ ʢʦʿʠ ˂ʝ ʩʧʨʝʯʠʪʠ ʦʰʪʝ˂ʝˁʝ ʦʩʝʪˀʠʚʝ ʝʥʝʨʛʝʪʩʢʝ ʦʧʨʝʤʝ ʫ ʩʣʫʯʘʿʫ ʧʦʨʝʤʝ˂ʘʿʘ ʫ 

ʧʨʠʢˀʫʯʥʦʿ ʤʨʝʞʠ ʠʣʠ ʥʘ ʥʝʢʦʤ ʦʜ ʝʣʝʤʝʥʘʪʘ ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ. 

 

ʉʣ. 2.6: ʂʦʥʮʝʧʪ ʤʨʝʞʥʦ ʧʦʚʝʟʘʥʠʭ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ [83] 

ʌʦʪʦʥʘʧʦʥʩʢʠ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʨʘʟʫʹʝʥʠʿʠ ʪʠʧ ɼɻ-ʘ. ʄʦʛʫ ʩʝ ʧʨʠʢˀʫʯʠʚʘʪʠ ʩʘ 

ʚʝ˂ʠʤ ʩʥʘʛʘʤʘ ʥʘ ʩʨʝʜˁʝʥʘʧʦʥʩʢʫ ʤʨʝʞʫ, ʜʦʢ ˁʠʭʦʚʘ ʤʦʜʫʣʘʨʥʘ ʠʟʚʝʜʙʘ ʦʤʦʛʫ˂ʘʚʘ 

ʠʥʩʪʘʣʘʮʠʿʫ ʤʘˁʠʭ ʩʥʘʛʘ ʧʦ ʢʨʦʚʦʚʠʤʘ ʦʙʿʝʢʘʪʘ ʠ ʧʨʠʢˀʫʯʝˁʝ ʥʘ ʥʠʩʢʦʥʘʧʦʥʩʢʫ ʤʨʝʞʫ. 

ɿʙʦʛ ʩʚʦʿʝ ʜʠʩʧʝʨʟʦʚʘʥʦʩʪʠ ʧʦʢʨʠʚʘʿʫ ʰʠʨʝ ʧʦʜʨʫʯʿʝ ʛʜʝ ʠʟʦʩʪʘʿʝ ʩʥʘʞʥʘ ʣʦʢʘʣʥʘ 

ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʧʨʠʢˀʫʯʥʦʤ ʤʨʝʞʦʤ, ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ʄʍɽ ʠ ʚʝʪʨʦʘʛʨʝʛʘʪʘ. ʋ 

ʧʨʠʣʦʛ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʤ ʠʜʝ ʠ ʯʠˁʝʥʠʮʘ ʜʘ ʩʝ ʧʨʠʢˀʫʯʫʿʫ ʥʘ ʤʨʝʞʫ ʧʨʝʢʦ ʧʨʝʪʚʘʨʘʯʘ ʠ 

ʜʘ ʥʝʤʘʿʫ ʨʦʪʘʮʠʦʥʠʭ ʜʝʣʦʚʘ, ʯʠʤʝ ʿʝ ʧʘʥʝʣ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʘʩʧʨʝʛʥʫʪ ʦʜ ʤʨʝʞʝ ʰʪʦ 

ʦʤʦʛʫ˂ʘʚʘ ʤʠʨʥʠʿʝ ʧʨʝʣʘʟʥʝ ʧʨʦʮʝʩʝ. ʇʨʦʠʟʚʦʜˁʘ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʠʤʘ ʜʦʩʪʘ ʜʦʙʨʫ 

ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʜʠʿʘʛʨʘʤʦʤ ʧʦʪʨʦʰˁʝ ʿʝʨ ʧʨʦʠʟʚʦʜˁʘ ʥʝ ʧʦʩʪʦʿʠ ʪʦʢʦʤ ʥʦ˂ʠ, ʢʘʜʘ ʿʝ 

ʧʦʪʨʦʰˁʘ ʥʠʩʢʘ, ʜʦʢ ʪʦʢʦʤ ʜʥʝʚʥʠʭ ʯʘʩʦʚʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʧʨʘʪʠ ʜʠʿʘʛʨʘʤ ʧʦʪʨʦʰˁʝ ʠʟʫʟʝʚ 

ʚʝʯʝʨˁʠʭ ʧʠʢʦʚʘ. ʋ ʮʠˀʫ ʦʧʪʠʤʘʣʥʝ ʠʥʪʝʛʨʘʮʠʿʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʧʦʪʨʝʙʥʦ ʿʝ 

ʦʙʝʟʙʝʜʠʪʠ ʢʦʦʨʜʠʥʘʮʠʿʫ ʠʟʤʝʹʫ ˁʠʭ ʠ ʜʨʫʛʠʭ ɼɻ-ʘ ʠ ʨʝʰʠʪʠ ʧʨʦʙʣʝʤ ʫʧʨʘʚˀʘˁʘ ʫ ʉʅ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʪʨʘʬʦʩʪʘʥʠʮʘʤʘ. ʉʘ ʩʪʨʘʥʝ ʧʦʪʨʦʰʘʯʘ ʙʠ ʩʝ ʤʦʛʘʦ ʜʦʙʠʪʠ ʟʥʘʯʘʿʘʥ 
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ʜʦʧʨʠʥʦʩ ʙʘʣʘʥʩʠʨʘˁʫ ʫ ʩʠʩʪʝʤʫ, ʫʢʦʣʠʢʦ ʙʠ ʩʝ ʦʥʠ ʧʨʠʣʘʛʦʜʠʣʠ ʧʝʨʠʦʜʠʤʘ ʜʦʤʠʥʘʥʪʝ 

ʧʨʦʠʟʚʦʜˁʝ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ. 

2.4. ʈʝʣʝʿʥʘ ʟʘʰʪʠʪʘ ʘʢʪʠʚʥʠʭ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʤʨʝʞʘ 

2.4.1. ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʢʦʥʮʝʧʪ ʟʘʰʪʠʪʝ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʤʨʝʞʘ 

ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʢʦʥʮʝʧʪ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʤʨʝʞʘ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʪʦʤʝ ʜʘ ʩʫ ʦʥʝ ʧʘʩʠʚʥʝ ʠ 

ʨʘʜʠʿʘʣʥʦ ʥʘʧʘʿʘʥʝ, ʜʦʢ ʩʫ ʚʝʣʠʢʝ ʛʝʥʝʨʘʪʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ. ʊʦ 

ʿʝ ʜʦʤʠʥʘʥʪʥʦ ʫʪʠʮʘʣʦ ʥʘ ʨʘʟʚʦʿ ʩʠʩʪʝʤʘ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ, ʢʦʿʠ ʿʝ 

ʫʛʣʘʚʥʦʤ ʟʘʩʥʦʚʘʥ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʧʨʝʢʦʩʪʨʫʿʥʠʤ ʬʫʥʢʮʠʿʘʤʘ, ʯʝʩʪʦ ʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 

ʦʩʠʛʫʨʘʯʠʤʘ. ɺʨʝʤʝʥʩʢʠʤ ʠ ʩʪʨʫʿʥʠʤ ʩʪʝʧʝʥʦʚʘˁʝʤ ʧʨʝʢʦʩʪʨʫʿʥʠʭ ʟʘʰʪʠʪʘ ʩʘ ʜʝʬʠʥʠʩʘʥʠʤ 

ʚʨʝʤʝʥʠʤʘ ʨʝʘʛʦʚʘˁʘ ʠʣʠ ʟʘʰʪʠʪʥʠʭ ʬʫʥʢʮʠʿʘ ʩʘ ʠʥʚʝʨʟʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʧʦʩʪʠʟʘʣʘ ʩʝ 

ʩʝʣʝʢʪʠʚʥʦʩʪ ʫ ʨʘʜʠʿʘʣʥʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ. ʊʘʿ ʢʦʥʮʝʧʪ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʘʦ ʥʘʿʙʨʞʝ 

ʨʝʘʛʦʚʘˁʝ ʟʘʰʪʠʪʥʠʭ ʫʨʝʹʘʿʘ ʢʦʿʠ ʩʫ ʥʘʿʫʜʘˀʝʥʠʿʠ ʦʜ ʥʘʧʦʿʥʝ ʪʘʯʢʝ, ʜʦʢ ʙʠ ʩʝ ʚʨʝʤʝ 

ʨʝʘʛʦʚʘˁʘ ʧʦʚʝ˂ʘʚʘʣʦ ʩʘ ʧʨʠʙʣʠʞʘʚʘˁʝʤ ʠʟʚʦʨʥʦʿ ʪʘʯʢʠ. ʊʘʢʦ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʤʠʥʠʤʘʣʥʦ 

ʠʩʢˀʫʯʝˁʝ ʧʦʪʨʦʰʘʯʘ ʫʩʣʝʜ ʢʚʘʨʘ, ʜʦʢ ʩʝ ʠʩʢˀʫʯʝʥʠʤ ʧʦʪʨʦʰʘʯʠʤʘ ʦʙʝʟʙʝʹʫʿʝ ʥʘʧʘʿʘˁʝ 

ʧʨʦʮʝʩʦʤ ʨʝʢʦʥʬʠʛʫʨʘʮʠʿʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʨʫʯʥʠʤ ʤʘʥʠʧʫʣʘʮʠʿʘʤʘ ʫ ʤʨʝʞʠ. ʆʚʘʿ ʩʠʩʪʝʤ 

ʩʝ ʧʦʢʘʟʘʦ ʢʘʦ ʿʘʢʦ ʝʬʠʢʘʩʘʥ ʠ ʿʝʜʥʦʩʪʘʚʘʥ ʿʝʨ ʥʝ ʟʘʭʪʝʚʘ ʤʝʹʫʩʦʙʥʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ 

ʫʨʝʹʘʿʘ, ʘ ʢʦʿʠʤ ʿʝ, ʧʦʨʝʜ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʦʙʝʟʙʝʹʝʥʘ ʠ ʨʝʟʝʨʚʘ ʫ ʩʣʫʯʘʿʫ ʦʪʢʘʟʘ ʥʝʢʦʛ ʦʜ 

ʨʝʣʝʿʘ. ʆʚʘ ʨʝʟʝʨʚʥʘ ʟʘʰʪʠʪʘ ʿʝ ʧʨʘʢʪʠʯʥʦ ʧʨʚʠ ʩʣʝʜʝ˂ʠ ʨʝʣʝʿ ʫ ʩʤʝʨʫ ʩʫʧʨʦʪʥʦʤ ʦʜ ʪʦʢʘ 

ʩʥʘʛʝ, ʢʦʿʠ ˂ʝ ʦʙʝʟʙʝʜʠʪʠ ʠʟʦʣʦʚʘˁʝ ʜʝʦʥʠʮʝ ʩʘ ʢʚʘʨʦʤ. ʇʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠ ʥʘʯʠʥ 

ʨʝʘʣʠʟʘʮʠʿʝ ʩʠʩʪʝʤʘ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʿʝʩʪʝ ʜʦʤʠʥʘʥʪʘʥ, ʘʣʠ ʩʝ ʪʘʢʦʹʝ ʥʘ ʟʥʘʯʘʿʥʠʿʠʤ 

ʩʨʝʜˁ ʝʥʘʧʦʥʩʢʠʤ ʚʦʜʦʚʠʤʘ (ʥʘʿʯʝʰ˂ʝ 35 kV) ʢʦʨʠʩʪʠ ʠ ʫʩʤʝʨʝʥʘ ʧʨʝʢʦʩʪʨʫʿʥʘ ʟʘʰʪʠʪʘ, ʢʦʿʘ 

ʩʝ ʤʦʞʝ ʫʢʣʦʧʠʪʠ ʫ ʪʨʝʥʫʪʥʝ ʧʦʪʨʝʙʝ ʨʘʟʚʦʿʘ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʫ ʧʨʠʩʫʩʪʚʫ ɼɻ-ʘ.  

2.4.2. ʋʪʠʮʘʿ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʠʩʘˁʘ 

ʉʘ ʧʨʠʢˀʫʯʝˁʝʤ ɼɻ-ʘ ʩʨʝʜˁʝʥʘʧʦʥʩʢʝ ʤʨʝʞʝ ʧʦʩʪʘʿʫ ʘʢʪʠʚʥʝ ʠ ʿʘʚˀʘʿʫ ʩʝ ʜʚʦʩʤʝʨʥʠ 

ʪʦʢʦʚʠ ʩʥʘʛʘ, ʯʠʤʝ ʩʝ ʥʘʨʫʰʘʚʘ ʩʝʣʝʢʪʠʚʥʦʩʪ ʧʦʩʪʦʿʝ˂ʠʭ ʟʘʰʪʠʪʥʠʭ ʩʠʩʪʝʤʘ. ʋ ʥʝʢʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʧʦʚʝ˂ʘʚʘʿʫ ʩʪʨʫʿʫ ʢʚʘʨʘ ʠ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʥʝʞʝˀʝʥʦ ʨʝʘʛʦʚʘˁʝ ʟʘʰʪʠʪʝ, ʜʦʢ ʫ 

ʜʨʫʛʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ˁʠʭʦʚ ʦʜʟʠʚ ʧʨʠ ʢʚʘʨʦʚʠʤʘ ʤʦʞʝ ʙʠʪʠ ʥʝʜʦʚʦˀʘʥ ʟʘ ʧʦʙʫʹʠʚʘˁʝ 

ʟʘʰʪʠʪʥʠʭ ʬʫʥʢʮʠʿʘ. ʉʠʥʭʨʦʥʠ ʛʝʥʝʨʘʪʦʨʠ ʜʦʧʨʠʥʦʩʝ ʩʪʨʫʿʠ ʢʚʘʨʘ ʠ ʫ ʪʨʘʥʟʠʿʝʥʪʥʦʤ 

ʧʝʨʠʦʜʫ ʠ ʫ ʫʩʪʘˀʝʥʦʤ ʩʪʘˁʫ, ʘ ʪʨʘʿʘˁʝ ʩʪʨʫʿʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʘʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʟʘʚʠʩʠ 

ʦʜ ʪʠʧʘ ʢʚʘʨʘ, ʠ ʤʦʞʝ ʪʨʘʿʘʪʠ ʥʝʢʦʣʠʢʦ ʧʝʨʠʦʜʘ ʫ ʩʣʫʯʘʿʫ ʪʨʦʧʦʣʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ, ʜʦʢ ʫ 

ʩʣʫʯʘʿʫ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʢʚʘʨʦʚʘ ʪʨʘʿʝ ʜʫʞʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʛʝʥʝʨʘʪʦʨʠ ʧʨʠʢˀʫʯʝʥʠ ʧʨʝʢʦ 

ʧʨʝʪʚʘʨʘʯʘ ʜʘʿʫ ʥʝʟʥʘʪʘʥ ʜʦʧʨʠʥʦʩ ʩʪʨʫʿʠ ʢʚʘʨʘ ʪʦʢʦʤ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ, ʯʠʿʠ ʿʝ ʪʠʧʠʯʥʠ 

ʠʟʥʦʩ 10% ʠʟʥʘʜ ʥʘʟʥʘʯʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʝ. 

ʅʘʨʫʰʘʚʘˁʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʟʘʰʪʠʪʝ ʧʨʠʢˀʫʯʝˁʝʤ ɼɻ-ʘ ʩʝ ʤʦʞʝ ʛʝʥʝʨʘʣʠʟʦʚʘʪʠ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [84]: 

¶ ʅʝʞʝˀʝʥʦ ʨʝʘʛʦʚʘˁʝ ï ʦʪʚʘʨʘˁʝ ʧʨʝʢʠʜʘʯʘ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʥʝ ʪʨʝʙʘ ʜʘ 

ʨʝʘʛʫʿʝ ʠ ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ ʥʝʩʝʣʝʢʪʠʚʥʦʛ ʠʩʢˀʫʯʝˁʘ ʧʦʪʨʦʰʘʯʘ ʠ ɼɻ-ʘ, 

¶ ʅʝʨʝʘʛʦʚʘˁʝ ʥʘ ʢʚʘʨ ï ʧʨʝʢʠʜʘʯ ʥʝ ʠʩʢˀʫʯʫʿʝ ʢʚʘʨ ʠʣʠ ʠʩʢʫˀʯʫʿʝ ʢʘʩʥʦ, ʠʘʢʦ ʿʝ 

ʫ ˁʝʛʦʚʦʿ ʥʘʜʣʝʞʥʦʩʪʠ ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʜʦʜʘʪʥʦʛ ʥʘʧʨʝʟʘˁʘ ʦʧʨʝʤʝ. 

ʅʘ ʩʣ. 2.7 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʢʦʦʨʜʠʥʘʮʠʿʝ ʟʘʰʪʠʪʝ ʫ ʜʝʣʫ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʩʘ 

ɼɻ-ʦʤ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ ʥʘ ʧʘʩʠʚʥʦʤ ʠʟʚʦʜʫ. ʅʝʦʧʭʦʜʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʩʝʣʝʢʪʠʚʥʦ ʠʩʢˀʫʯʝˁʝ 

ʪʘʢʦ ʰʪʦ ˂ʝ ʧʨʝʢʠʜʘʯ ʇʈ2 ʦʪʚʦʨʠʪʠ ʢʦʥʪʘʢʪʝ, ʧʨʠ ʯʝʤʫ ʥʝ˂ʝ ʜʦ˂ʠ ʜʦ ʠʩʢˀʫʯʝˁʘ ʧʨʝʢʠʜʘʯʘ 

ʇʈ1, ʥʠʪʠ ʨʝʘʛʦʚʘˁʘ ʟʘʰʪʠʪʝ ʛʝʥʝʨʘʪʦʨʘ. ʋ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʫ ʦʚʠʤ 

ʩʠʪʫʘʮʠʿʘʤʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʤʘʪʠ ʫʩʤʝʨʝʥʝ ʟʘʰʪʠʪʥʝ ʝʣʝʤʝʥʪʝ ʥʘ ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ ʢʦʿʠ ˂ʝ 

ʧʨʝʧʦʟʥʘʪʠ ʢʚʘʨ, ʠ ʧʨʝ ʨʝʘʛʦʚʘˁʘ ʦʩʪʘʣʠʭ ʟʘʰʪʠʪʘ ʠʩʢˀʫʯʠʪʠ ʠʟʚʦʜ ʩʘ ʢʚʘʨʦʤ. 
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ʉʣ. 2.7: ʇʦʪʝʥʮʠʿʘʣʥʦ ʥʝʩʝʣʝʢʪʠʚʥʦ ʨʝʘʛʦʚʘˁʝ ʧʨʝʢʠʜʘʯʘ [84] 

ʅʘ ʩʣ. 2.8 ʿʝ ʧʨʠʢʘʟʘʥʘ ʩʠʪʫʘʮʠʿʘ ʛʜʝ ʜʦʧʨʠʥʦʩ ʩʪʨʫʿʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ɼɻ-ʘ ʤʦʞʝ ʙʠʪʠ ʿʦʰ 

ʟʥʘʯʘʿʥʠʿʠ. ʊʠʤʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʦʧʘʩʥʦʩʪ ʦʜ ʥʝʩʝʣʝʢʪʠʚʥʦʛ ʨʝʘʛʦʚʘˁʘ ʧʨʝʢʠʜʘʯʘ ʇʈ3, ʧʘ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʜʘ ʨʝʣʝʿʠ ʢʦʜ ʧʨʝʢʠʜʘʯʘ ʇʈ3 ʠ ʇʈ4 ʠʤʘʿʫ ʫʩʤʝʨʝʥʫ ʧʨʝʢʦʩʪʨʫʿʥʫ ʟʘʰʪʠʪʫ. 

 

ʉʣ. 2.8: ɼʦʧʨʠʥʦʩ ɼɻ-ʘ ʢʚʘʨʦʚʠʤʘ ʙʣʠʞʝ ʠʟʚʦʨʫ [84] 

ʅʘ ʩʣ. 2.9 ʿʝ ʧʨʠʢʘʟʘʥʦ ʩʪʘˁʝ ʧʨʠʣʠʢʦʤ ʢʚʘʨʘ Ăʠʩʧʦʜῤ ɼɻ-ʘ, ʛʜʝ ʧʦʩʪʦʿʠ ʚʝ˂ʘ ʚʨʝʜʥʦʩʪ 

ʩʪʨʫʿʝ ʢʚʘʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʨʫʿʫ ʢʨʦʟ ʧʨʝʢʠʜʘʯ ʥʘ ʪʦʤ ʠʟʚʦʜʫ ʇʈ1. ʆʚʦ ʧʨʝʜʩʪʘʚˀʘ 

ʧʦʪʝʥʮʠʿʘʣʥʫ ʦʧʘʩʥʦʩʪ ʜʘ ʇʈ1 ʥʝ ʨʝʘʛʫʿʝ, ʿʝʨ ʿʝ ʧʨʝʤʘʣʘ ʩʪʨʫʿʘ ʢʚʘʨʘ ʢʦʿʘ ʢʨʦʟ ˁʝʛʘ ʧʨʦʪʠʯʝ 

ʠ ʦʚʘʢʚʝ ʩʠʪʫʘʮʠʿʝ ʩʝ ʤʦʨʘʿʫ ʜʝʪʘˀʥʦ ʘʥʘʣʠʟʠʨʘʪʠ ʫ ʩʚʘʢʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ.  

 

ʉʣ. 2.9: ɼʦʧʨʠʥʦʩ ɼɻ-ʘ ʢʚʘʨʦʚʠʤʘ Ăʠʩʧʦʜῤ ˁʝʛʦʚʝ ʪʘʯʢʝ ʧʨʠʢˀʫʯʝˁʘ [84] 

2.4.3. ɸʫʪʦʤʘʪʩʢʦ ʧʦʥʦʚʥʦ ʫʢˀʫʯʝˁʝ 

ʋ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ, ʥʝ ʨʘʯʫʥʘʿʫ˂ʠ ʛʨʘʜʩʢʘ ʧʦʜʨʫʯʿʘ, ʜʦʤʠʥʠʨʘʿʫ ʥʘʜʟʝʤʥʠ 

ʚʦʜʦʚʠ. ʂʘʢʦ ʩʫ ʩʚʘʢʦʜʥʝʚʥʦ ʠʟʣʦʞʝʥʠ ʚʨʝʤʝʥʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʥʝʧʦʛʦʜʘʤʘ ʠ ʨʘʩʪʠˁʝʤ ʫ 

ʦʢʦʣʠʥʠ ʚʦʜʦʚʘ, ʨʝʣʘʪʠʚʥʦ ʯʝʩʪʦ ʩʝ ʜʝʰʘʚʘʿʫ ʧʨʠʚʨʝʤʝʥʠ ʢʚʘʨʦʚʠ ʢʦʿʠ ʜʦʚʦʜʝ ʜʦ ʨʝʘʛʦʚʘˁʘ 

ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʠ ʠʩʢˀʫʯʝˁʘ ʜʝʣʘ ʤʨʝʞʝ. ʊʘʢʚʠ ʢʚʘʨʦʚʠ ʦʙʠʯʥʦ ʥʘʩʪʘʿʫ ʧʨʝʢʦ ʝʣʝʢʪʨʠʯʥʦʛ 



ɼʠʩʪʨʠʙʫʠʨʘʥʦ ʛʝʥʝʨʠʩʘˁʝ ʠ ʤʠʢʨʦʤʨʝʞʝ 

15 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʣʫʢʘ ʠ ʦʜʤʘʭ ʥʘʢʦʥ ʠʩʢˀʫʯʝˁʘ ʜʝʦʥʠʮʝ ʜʦʣʘʟʠ ʜʦ ʛʘʰʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠ ʝʣʠʤʠʥʘʮʠʿʝ 

ʧʨʦʣʘʟʥʦʛ ʢʚʘʨʘ. ʇʨʦʮʝʥʘʪ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ ʫ ʥʘʜʟʝʤʥʠʤ ʤʨʝʞʘʤʘ ʿʝ ʦʢʦ 85%. ʋ ʮʠˀʫ 

ʝʣʠʤʠʥʘʮʠʿʝ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ ʠ ʤʠʥʠʤʠʟʘʮʠʿʝ ʚʨʝʤʝʥʘ ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ ʫ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ, ʢʦʨʠʩʪʠ ʩʝ ʪʝʭʥʠʢʘ ʪʨʦʧʦʣʥʦʛ ɸʇʋ-ʘ. ʅʘ ʩʣ. 2.10 ʿʝ ʧʨʠʢʘʟʘʥ 

ʮʠʢʣʫʩ ʫʩʧʝʰʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ. ʅʘ ˁʦʿ ʿʝ ʧʨʠʢʘʟʘʥ ʨʘʜ ʟʘʰʪʠʪʝ, 

ʧʨʝʢʠʜʘʯʘ ʠ ʨʘʜ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ. ʅʘʩʪʘʥʘʢ ʢʚʘʨʘ ʥʘ ʚʦʜʫ ʜʦʚʦʜʠ ʜʦ ʨʝʘʛʦʚʘˁʘ ʟʘʰʪʠʪʝ ʠ 

ʠʩʢˀʫʯʝˁʘ ʧʨʝʢʠʜʘʯʘ. ʀʩʪʦʚʨʝʤʝʥʦ ʩʘ ʨʝʘʛʦʚʘˁ ʝʤ ʟʘʰʪʠʪʝ, ʠʥʠʮʠʨʘ ʩʝ ʠ ʧʦʯʝʪʘʢ ʮʠʢʣʫʩʘ 

ɸʇʋ-ʘ, ʢʦʿʠ ʥʘʢʦʥ ʠʥʠʮʠʨʘˁʘ ʤʝʨʠ ʚʨʝʤʝ ʜʦ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʚʦʜʘ. ʅʘʢʦʥ ʠʩʪʝʢʘ ʪʦʛ 

ʚʨʝʤʝʥʘ (ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ) ʫʢˀʫʯʫʿʝ ʩʝ ʚʦʜ. ʋ ʩʣʫʯʘʿʫ ʧʨʦʣʘʟʥʦʛ ʢʚʘʨʘ ʩʠʩʪʝʤ ʥʘʩʪʘʚˀʘ 

ʥʦʨʤʘʣʥʦ ʜʘ ʬʫʥʢʮʠʦʥʠʰʝ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʢʚʘʨ ʠ ʜʘˀʝ ʧʦʩʪʦʿʠ 

ʚʦʜ ʩʝ ʦʧʝʪ ʠʩʢˀʫʯʫʿʝ. ʇʦʨʝʜ ʿʝʜʥʦʛ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʚʠʰʝʮʠʢʣʠʯʥʠ ʩʘ 

ʥʘʯʿʝʰ˂ʝ ʜʚʘ ʧʦʢʫʰʘʿʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʧʨʚʘ ʙʝʟʥʘʧʦʥʩʢʘ ʧʘʫʟʘ ʟʥʘʪʥʦ ʢʨʘ˂ʘ, ʨʝʜʘ 1 s, ʜʦʢ ʿʝ 

ʜʨʫʛʘ ʜʫʞʘ ʠ ʨʝʜʘ ʿʝ 10 s. ʅʘʢʦʥ ʟʘʚʨʰʝʪʢʘ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ, ʜʝʬʠʥʠʰʝ ʩʝ ʚʨʝʤʝ ʫ ʢʦʤʝ ˂ʝ ʦʚʘ 

ʬʫʥʢʮʠʿʘ ʙʠʪʠ ʙʣʦʢʠʨʘʥʘ. ʊʠʤʝ ʩʝ ʩʧʨʝʯʘʚʘ ʯʝʩʪʘ ʧʨʦʨʘʜʘ ɸʇʋ-ʘ ʠ ʧʨʝʪʝʨʘʥʠ ʪʨʘʥʟʠʿʝʥʪʠ ʫ 

ʩʠʩʪʝʤʫ. 

 

ʉʣ. 2.10: ʎʠʢʣʫʩ ʫʩʧʝʰʥʦʛ ɸʇʋ-ʘ 

ʇʨʦʨʘʜʦʤ ʪʨʦʧʦʣʥʦʛ ɸʇʋ-ʘ ʙʠ ʪʦʢʦʤ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ ʜʦʰʣʦ ʜʦ ʧʦʪʧʫʥʦʛ ʦʜʚʘʿʘˁʘ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ ʩʘ ʤʨʝʞʝ, ʯʠʤʝ ʙʠ ʩʝ ʤʦʨʘʣʦ ʠ˂ʠ ʥʘ ˁʠʭʦʚʦ ʠʩʢˀʫʯʝˁʝ, ʫʢʦʣʠʢʦ ʥʝ 

ʧʦʩʪʦʿʝ ʨʝʛʫʣʘʮʠʦʥʠ ʩʠʩʪʝʤʠ ʢʦʿʠ ˂ʝ ʦʙʝʟʙʝʜʠʪʠ ʩʪʘʙʠʣʘʥ ʦʩʪʨʚʩʢʠ ʨʘʜ. 

ʋ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʩʝ ʯʝʩʪʦ ʧʨʠʤʝˁʫʿʝ ʠ ʿʝʜʥʦʬʘʟʥʠ ɸʇʋ ʫ ʮʠˀʫ ʫʥʘʧʨʝʹʝˁʘ 

ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʢˀʫʯʝʥʠʭ ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ, ʢʘʜʘ ʿʝ ʦʤʦʛʫ˂ʝʥ 

ʪʨʘʥʩʬʝʨ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʝʢʦ ʜʚʝ ʟʜʨʘʚʝ ʬʘʟʝ. ʊʠʤʝ ʩʝ ʩʧʨʝʯʘʚʘ ʥʘʛʣʦ ʫʙʨʟʘʚʘˁʝ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʩʤʘˁʫʿʝ ʜʝʬʠʮʠʪ ʝʥʝʨʛʠʿʝ ʫ ʩʠʩʪʝʤʫ. ʇʦ ʫʛʣʝʜʫ ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ, 

ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʧʦʩʪʘʿʝ ʘʢʪʠʚʥʘ ʠ ʧʦʧʨʠʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ, ʧʘ ʩʝ ʧʦʩʪʘʚˀʘ 

ʧʠʪʘˁʝ ʧʨʠʤʝʥʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ. ʊʠʤʝ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ 

ʦʜʨʞʘʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ɼɻ-ʘ, ʙʝʟ ʢʦʨʠʰ˂ʝˁʘ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʭ ʨʝʛʫʣʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ 
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ʙʠ ʨʝʛʫʣʠʩʘʣʠ ʧʦʪʧʫʥʦ ʦʜʚʘʿʘˁʝ ʦʜ ʤʨʝʞʝ, ʿʝʨ ʙʠ ʜʦʣʘʟʠʣʦ ʜʦ ʧʨʝʢʠʜʘ ʪʨʘʥʩʬʝʨʘ ʩʘʤʦ ʧʨʝʢʦ 

ʿʝʜʥʝ ʬʘʟʝ. ʄʘˁʠ ʫʪʠʮʘʿ ʙʠ ʙʠʦ ʠ ʥʘ ʧʦʪʨʦʰʘʯʝ, ʢʦʿʠʤʘ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʩʥʘʙʜʝʚʘˁʝ 

ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʩʘ ʚʝ˂ʦʤ ʧʦʫʟʜʘʥʦʰ˂ʫ, ʘʣʠ ʠ ʧʦʫʟʜʘʥʠʿʠ ʪʨʘʥʩʬʝʨ ʝʥʝʨʛʠʿʝ ʠʟ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ. ʊʠʤʝ ʙʠ ʩʝ ʫʥʘʧʨʝʜʠʣʝ ʝʢʩʧʣʦʘʪʘʮʠʦʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʣʠʭ 

ʝʣʝʢʪʨʘʥʘ. 

2.5. ʆʩʪʨʚʩʢʠ ʨʘʜ 

ʋʚʘʞʘʚʘʿʫ˂ʠ ʯʠˁʝʥʠʮʫ ʜʘ ɼʄ ʥʘʿʯʝʰ˂ʝ ʥʠʿʝ ʢʦʥʮʠʧʠʨʘʥʘ ʜʘ ʨʘʜʠ ʢʘʦ ʫʧʝʪˀʘʥʘ, 

ʦʜʥʦʩʥʦ ʜʘ ʥʠʿʝ ʟʘʜʦʚʦˀʝʥ ʧʨʠʥʮʠʧ ʩʠʛʫʨʥʦʩʪʠ n-1, ʠʩʧʘʜʦʤ ʙʠʣʦ ʢʦʿʝ ʜʝʦʥʠʮʝ ʿʘʚˀʘ ʩʝ 

ʦʩʪʨʚʩʢʠ ʨʘʜ ɼɻ-ʘ ʢʦʿʠ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʜʘˀʝ (ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʧʦʿʥʫ ʪʘʯʢʫ ʤʨʝʞʝ) ʦʜ ʜʝʦʥʠʮʝ 

ʩʘ ʢʚʘʨʦʤ. ʅʘʿʯʝʰ˂ʝ ʿʝ ʇʨʘʚʠʣʠʤʘ ʦ ʨʘʜʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʟʘʙʨʘˁʝʥʦ ʦʩʪʨʚʩʢʦ 

ʥʘʧʘʿʘˁʝ ʜʝʣʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ [19], ʧʘ ʩʝ ʦʜ ɼɻ-ʘ ʟʘʭʪʝʚʘʿʫ ʟʘʰʪʠʪʝ ʦʜ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ. 

ʆʚʘʢʘʚ ʧʨʠʩʪʫʧ ʿʝ ʜʦʚʝʦ ʜʦ ʨʘʟʚʦʿʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʪʝʭʥʠʢʘ ʠ ʤʝʪʦʜʘ ʟʘ ʝʬʠʢʘʩʥʫ ʠ ʙʨʟʫ 

ʜʝʪʝʢʮʠʿʫ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʠ ʠʩʢˀʫʯʝˁʝ ʛʝʥeʨʘʪʦʨʘ ʩʘ ʤʨʝʞʝ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʦʩʪʨʚʩʢʠ ʨʘʜ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʦ ʦʜ ʥʦʨʤʘʣʥʠʭ 

ʨʘʜʥʠʭ ʩʪʘˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʫ ʩʣʫʯʘʿʫ ʭʠʙʨʠʜʥʠʭ ʤʠʢʨʦʤʨʝʞʘ, ʛʜʝ ʩʝ ʥʘʩʪʘʚˀʘ ʥʘʧʘʿʘˁʝ 

ʧʦʪʨʦʰʘʯʘ ʥʘʢʦʥ ʦʜʚʘʿʘˁʘ ʦʜ ʤʨʝʞʝ. ʇʦʨʝʜ ʥʝʦʧʭʦʜʥʠʭ ʨʝʛʫʣʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ 

ʦʙʝʟʙʝʹʫʿʫ ʩʪʘʙʠʣʘʥ ʦʩʪʨʚʩʢʠ ʨʘʜ, ʿʘʚˀʘ ʩʝ ʠ ʧʨʦʙʣʝʤ ʰʪʦ ʧʦʩʪʦʿʝ˂ʘ ʧʦʜʝʰʝˁʘ ʫʨʝʹʘʿʘ 

ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʥʘʿʯʝʰ˂ʝ ʥʝ ʟʘʜʦʚʦˀʘʚʘʿʫ ʩʝʣʝʢʪʠʚʥʦʩʪ ʧʨʠʣʠʢʦʤ ʧʨʝʣʘʩʢʘ ʩʘ ʤʨʝʞʥʦ 

ʧʦʚʝʟʘʥʦʛ ʨʘʜʘ ʥʘ ʦʩʪʨʚʩʢʠ. ʅʘʿʟʥʘʯʘʿʥʠʿʝ ʧʨʦʤʝʥʝ ʩʫ ʰʪʦ ʩʝ ʧʨʝʣʘʩʢʦʤ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ 

ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʝ ʠʥʝʨʮʠʿʘ ʩʠʩʪʝʤʘ ʠ ʥʠʚʦ ʩʪʨʫʿʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ. ʅʘ ʪʦ ʜʦʤʠʥʘʥʪʥʦ ʫʪʠʯʝ 

ʩʪʨʫʢʪʫʨʘ ʠʟʚʦʨʘ ʫ ʤʠʢʨʦʤʨʝʞʘʤʘ ʢʦʿʠ ʩʫ ʯʝʩʪʦ ʧʨʠʢˀʫʯʝʥʠ ʧʨʝʢʦ ʧʨʝʪʚʘʨʘʯʘ. ʇʨʝʪʚʘʨʘʯʠ 

ʛʝʥʝʨʠʰʫ ʟʥʘʯʘʿʥʦ ʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʘ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ, ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʦʨʝʜʠʪʠ ʩʘ ʨʘʜʥʠʤ 

ʩʪʨʫʿʘʤʘ, ʯʠʤʝ ʩʝ ʥʘʨʫʰʘʚʘ ʩʝʣʝʢʪʠʚʥʦʩʪ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʠ ʦʪʝʞʘʚʘ ʜʝʪʝʢʮʠʿʘ ʢʚʘʨʘ. 

ɱʝʜʠʥʩʪʚʝʥʦ ʧʦʜʝʰʝˁʝ ʧʘʨʘʤʝʪʘʨʘ ʟʘʰʪʠʪʥʠʭ ʫʨʝʹʘʿʘ ʥʝ ʧʦʩʪʦʿʠ. ʇʦʪʨʝʙʥʦ ʿʝ ʨʝʘʣʠʟʦʚʘʪʠ 

ʜʠʥʘʤʠʯʢʫ ʧʨʦʤʝʥʫ ʧʦʜʝʰʝˁʘ ʦʚʠʭ ʫʨʝʹʘʿʘ ʠʟʙʦʨʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʛʨʫʧʘ ʧʦʜʝʰʝˁʘ (setting 

group), ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʧʦʿʝʜʠʥʠʤ ʨʘʜʥʠʤ ʩʪʘˁʠʤʘ. ʄʠʢʨʦʧʨʦʮʝʩʦʨʩʢʠ ʟʘʰʪʠʪʥʠ ʫʨʝʹʘʿʠ, 

ʢʦʿʠ ʪʨʝʥʫʪʥʦ ʧʦʩʪʦʿʝ ʥʘ ʪʨʞʠʰʪʫ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʜʝʬʠʥʠʩʘˁʘ ʚʠʰʝ ʛʨʫʧʘ ʧʦʜʝʰʝˁʘ. ʉʘ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʥʘ ʘʜʝʢʚʘʪʘʥ ʥʘʯʠʥ ʧʨʠʩʪʫʧʠʪʠ ʘʥʘʣʠʟʠ ʠ ʧʨʦʿʝʢʪʦʚʘˁʫ 

ʟʘʰʪʠʪʥʠʭ ʠ ʨʝʛʫʣʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ, ʢʦʿʠ ˂ʝ ʥʘ ʩʚʝ ʧʦʨʝʤʝ˂ʘʿʝ ʜʘʪʠ ʘʜʝʢʚʘʪʘʥ ʦʜʟʠʚ ʠ 

ʦʤʦʛʫ˂ʠʪʠ ʧʦʫʟʜʘʥʦ ʥʘʧʘʿʘˁʝ ʧʦʪʨʦʰʘʯʘ. 

ʂʘʜʘ ʩʝ ʜʝʦ ʤʨʝʞʝ ʩʘ ɼɻ-ʦʤ ʦʜʚʦʿʠ ʦʜ ʦʩʪʘʪʢʘ ʤʨʝʞʝ ʥʘʩʪʘʿʝ ʦʩʪʨʚʩʢʠ ʨʘʜ. ʋʢʦʣʠʢʦ 

ʧʦʩʪʦʿʠ ʜʝʙʘʣʘʥʩ ʠʟʤʝʹʫ ʩʥʘʛʘ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʜʦʣʘʟʠ ʜʦ ʟʥʘʯʘʿʥʠʭ ʧʨʦʤʝʥʘ ʥʘʧʦʥʘ 

ʠ ʬʨʝʢʚʝʥʮʠʿʝ ʫ ʬʦʨʤʠʨʘʥʦʤ ʦʩʪʨʚʫ. ʊʠʤʝ ʩʫ ʥʘʧʦʥʠ ʠʟʚʘʥ ʢʦʥʪʨʦʣʝ ʆʧʝʨʘʪʦʨʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ, ʜʦʢ ʿʝ ʬʨʝʢʚʝʥʮʠʿʘ ʠʟʚʘʥ ʢʦʥʪʨʦʣʝ ʆʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. 

ʆʚʘʢʚʘ ʩʪʘˁʘ ʩʫ ʿʘʩʥʘ, ʠ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʿʝʜʥʦʩʪʘʚʥʦ ʜʝʪʝʢʪʫʿʝ. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʠ ʙʘʣʘʥʩ ʠʟʤʝʹʫ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ, ʦʩʥʦʚʥʝ ʚʝʣʠʯʠʥʝ ʫ ʦʩʪʨʚʫ 

(ʥʘʧʦʥ ʠ ʬʨʝʢʚʝʥʮʠʿʘ) ʩʝ ʥʝ˂ʝ ʧʨʦʤʝʥʠʪʠ, ʧʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʠʤʝʥʠʪʠ ʩʦʬʠʩʪʠʮʠʨʘʥʠʿʝ 

ʤʝʪʦʜʝ ʜʘ ʙʠ ʩʝ ʫ ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʜʝʪʝʢʪʦʚʘʦ ʦʩʪʨʚʩʢʠ ʨʘʜ. 

ʆʩʥʦʚʥʠ ʟʘʭʪʝʚʠ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʩʫ [18]: 

¶ ɼɻ-ʠ ʤʦʨʘʿʫ ʙʠʪʠ ʠʩʢˀʫʯʝʥʠ, ʫʢʦʣʠʢʦ ʩʫ ʥʘʧʦʥ ʠ ʬʨʝʢʚʝʥʮʠʿʘ ʠʟʚʘʥ 

ʜʝʬʠʥʠʩʘʥʠʭ ʛʨʘʥʠʮʘ ʦʜ ʩʪʨʘʥʝ ʦʧʝʨʘʪʦʨʘ ʩʠʩʪʝʤʘ, 

¶ ɼɻ-ʠ ʤʦʨʘʿʫ ʙʠʪʠ ʠʩʢˀʫʯʝʥʠ, ʘʢʦ ʿʝʜʥʘ ʠʣʠ ʚʠʰʝ ʬʘʟʘ ʩʘ ʩʪʨʘʥʝ ʥʘʧʦʿʥʝ ʪʘʯʢʝ 

ʙʫʜʝ ʧʨʝʢʠʥʫʪʘ, 

¶ ʋ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ ɸʇʋ-ʘ, ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʛʝʥʝʨʘʪʦʨʠ ʤʦʨʘʿʫ ʙʠʪʠ ʦʜʚʦʿʝʥʠ ʦʜ 

ʤʨʝʞʝ ʧʨʝ ʧʨʚʦʛ ʫʢˀʫʯʝˁʘ ʥʘ ʤʨʝʞʫ, ʦʜʥʦʩʥʦ ʧʨʝ ʠʩʪʝʢʘ ʧʨʚʝ ʙʝʟʥʘʧʦʥʩʢʝ 

ʧʘʫʟʝ. 

ʇʨʚʠ ʥʘʚʝʜʝʥ ʫʩʣʦʚ ʿʝ ʿʘʩʘʥ, ʧʦʨʝʤʝ˂ʘʿ ʦʩʥʦʚʥʠʭ ʚʝʣʠʯʠʥʘ ʩʠʩʪʝʤʘ ʤʦʨʘ ʜʦʚʝʩʪʠ ʜʦ 

ʦʜʚʘʿʘˁʘ ɼɻ-ʘ ʦʜ ʤʨʝʞʝ, ʿʝʨ ʪʘʢʚʘ ʨʘʜʥʘ ʩʪʘˁʘ ʤʦʛʫ ʙʠʪʠ ʦʧʘʩʥʘ, ʢʘʢʦ ʧʦ ʛʝʥʝʨʘʪʦʨʝ, ʪʘʢʦ ʠ 
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ʧʦ ʧʦʪʨʦʰʘʯʝ. ʉʘ ʜʨʫʛʝ ʩʪʘʥʝ, ʧʨʠʤʝʥʘ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʫ ʤʨʝʞʠ ʙʠ ʜʦʚʝʣʘ ʜʦ ʧʨʝʢʠʜʘ 

ʿʝʜʥʝ ʬʘʟʝ, ʯʠʤʝ ʙʠ ʩʝ ʟʘʭʪʝʚʘʣʦ ʠʩʢˀʫʯʝˁʝ ɼɻ-ʘ. ʊʝʭʥʠʢʝ ʧʨʠʢʘʟʘʥʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʦʙʝʟʙʝʹʠʚʘˁʝ ʩʪʘʙʠʣʥʦʛ ʨʘʜʘ ʘʢʪʠʚʥʠʭ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʤʨʝʞʘ, ʧʨʠʣʠʢʦʤ 

ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ, ʢʦʿʠ ʫʢˀʫʯʫʿʫ ʪʝʭʥʠʢʫ ɸʇʋ-ʘ. ɹʨʦʿ ʦʚʘʢʚʠʭ ʢʚʘʨʦʚʘ ʿʝ ʿʘʢʦ 

ʚʝʣʠʢʠ, ʪʝ ʠʟʙʝʛʘʚʘˁʝ ʙʝʟʫʩʣʦʚʥʦʛ ʠʩʢˀʫʯʝˁʘ ɼɻ-ʘ ʫ ʦʚʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʟʥʘʯʘʿʥʦ 

ʫʥʘʧʨʝʹʫʿʝ ʫʩʣʦʚʝ ʨʘʜʘ ɼɻ-ʘ, ʢʘʦ ʠ ʧʦʫʟʜʘʥʦʩʪ ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ ʠ ʧʣʘʩʤʘʥ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʫ ʤʨʝʞʫ ʦʜ ʩʪʨʘʥʝ ɼɻ-ʘ. ʊʨʝ˂ʠ ʟʘʭʪʝʚ ʥʘʚʝʜʝʥ ʠʟʥʘʜ ʧʨʘʢʪʠʯʥʦ ʦʥʝʤʦʛʫ˂ʘʚʘ 

ʟʘʜʨʞʘʚʘˁʝ ɼɻ-ʘ ʥʘ ʤʨʝʞʠ ʪʦʢʦʤ ʜʝʣʦʚʘˁʘ ɸʇʋ-ʘ. ʀʩʪʦ ʢʘʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʩʣʫʯʘʿʫ, ʦʚʦ 

ʜʦʚʦʜʠ ʜʦ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʠʩʢˀʫʯʝˁʘ ɼɻ-ʘ, ʥʘʨʦʯʠʪʦ ʫ ʤʨʝʞʘʤʘ ʫ ʢʦʿʠʤʘ ʜʦʤʠʥʠʨʘʿʫ 

ʥʘʜʟʝʤʥʠ ʚʦʜʦʚʠ. ʇʦʪʨʝʙʘ ʟʘ ʠʩʢˀʫʯʝˁʝʤ ʩʝ ʝʣʠʤʠʥʠʰʝ ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʝ ʘʜʝʢʚʘʪʥʠ 

ʨʝʛʫʣʘʮʠʦʥʠ ʩʠʩʪʝʤʠ ʢʦʿʠ ʤʦʛʫ ʦʙʝʟʙʝʜʠʪʠ ʩʪʘʙʠʣʘʥ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʦʤ ʪʨʘʥʟʠʿʝʥʪʥʦʛ 

ʧʨʦʮʝʩʘ ʫʟʨʦʢʦʚʘʥʦʛ ɸʇʋ-ʦʤ. ʊʝʭʥʠʢʘ ʟʘ ʦʜʨʞʘʚʘˁʝ ʩʪʘʙʠʣʥʦʛ ʨʘʜʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʧʘʿʘˁʝ 

ʜʝʣʘ ʧʦʪʨʦʰˁʝ ʫ ʦʚʘʢʚʠʤ ʨʘʜʥʠʤ ʩʪʘˁʠʤʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʫ ʧʦʛʣʘʚˀʫ 3. ʀʘʢʦ ʿʝ ʦʚʘʿ ʫʩʣʦʚ 

ʥʘʤʝʪʥʫʪ ʦʜ ʩʪʨʘʥʝ ʦʧʝʨʘʪʦʨʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ, ʥʝ ʟʘʙʨʘˁʫʿʝ ʩʝ ʦʩʪʨʚʩʢʠ ʨʘʜ 

ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʧʦʪʨʦʰˁʦʤ ʫʢʦʣʠʢʦ ʦʥʘ ʥʠʿʝ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥʘ ʥʘ ɼʄ-ʫ, ʚʝ˂ ʧʨʝʜʩʪʘʚˀʘ 

ʠʥʪʝʨʥʫ ʧʦʪʨʦʰˁʫ. ʆʚʘ ʧʦʪʨʦʰˁʘ, ʟʘʿʝʜʥʦ ʩʘ ʛʝʥʝʨʘʪʦʨʦʤ, ʯʝʩʪʦ ʿʝ ʜʝʦ ʠʥʜʫʩʪʨʠʿʩʢʦʛ 

ʧʦʩʪʨʦʿʝˁʘ. ʇʨʠʤʝʥʦʤ ʧʦʤʝʥʫʪʝ ʪʝʭʥʠʢʝ ʩʝ ʤʦʞʝ ʦʙʝʟʙʝʜʠʪʠ ʩʪʘʙʠʣʘʥ ʦʩʪʨʚʩʢʠ ʨʘʜ, ʢʦʿʠ ʥʝ 

ʦʛʨʘʥʠʯʘʚʘ ʯʘʢ ʥʠ ʧʦʩʪʦʿʝ˂ʝ ʟʘʭʪʝʚʝ, ʘ ʦʤʦʛʫ˂ʘʚʘ ʥʝʧʨʝʢʠʜʥʦ ʥʘʧʘʿʘˁʝ ʧʦʪʨʦʰˁʝ. 

ʊʝʭʥʠʢʝ ʟʘ ʜʝʪʝʢʮʠʿʫ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʪʨʠ ʚʨʩʪʝ [18]: 

¶ ʧʘʩʠʚʥʝ, 

¶ ʘʢʪʠʚʥʝ, 

¶ ʪʝʭʥʠʢʝ ʙʘʟʠʨʘʥʝ ʥʘ ʢʦʤʫʥʠʢʘʮʠʿʘʤʘ. 

ʇʘʩʠʚʥʝ ʪʝʭʥʠʢʝ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ ʣʦʢʘʣʥʠʤ ʤʝʨʥʠʤ ʩʠʛʥʘʣʠʤʘ ʠ ʤʠʢʨʦʧʨʦʮʝʩʦʨʩʢʠʤ 

ʨʝʣʝʿʠʤʘ ʢʦʿʠ ʠʤʘʿʫ ʠʥʪʝʛʨʠʩʘʥʝ ʩʣʝʜʝ˂ʝ ʟʘʰʪʠʪʥʝ ʬʫʥʢʮʠʿʝ [18]: 

¶ ʧʦʜʬʨʝʢʚʝʥʪʥʘ ʠ ʥʘʜʬʨʝʢʚʝʥʪʥʘ (ANSI ʢʦʜ 81U ʠ 81O), 

¶ ʧʦʜʥʘʧʦʥʩʢʘ ʠ ʥʘʜʥʘʧʦʥʩʢʘ (ANSI ʢʦʜ 27 ʠ 59). 

ʂʘʦ ʜʦʜʘʪʥʘ ʩʠʛʫʨʥʦʩʪ ʧʨʠʣʠʢʦʤ ʜʝʪʝʢʮʠʿʝ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ, ʜʦʜʘʪʥʦ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ 

ʩʣʝʜʝ˂ʝ ʬʫʥʢʮʠʿʝ [18]: 

¶ ʙʨʟʠʥʘ ʧʨʦʤʝʥʝ ʬʨʝʢʚʝʥʮʠʿʝ (Rate Of Change Of Frequency - ROCOF), 

¶ ʧʦʤʝʨʘʿ ʚʝʢʪʦʨʘ, 

¶ ʧʨʦʤʝʥʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʪʦʢʦʤ ʪʨʘʥʟʠʿʝʥʪʘ,  

¶ ʧʨʦʤʝʥʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʪʦʢʦʤ ʪʨʘʥʟʠʿʝʥʪʘ, 

¶ ʧʨʦʤʝʥʘ ʭʘʨʤʦʥʠʿʩʢʦʛ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ, 

¶ ʙʨʟʠʥʘ ʧʨʦʤʝʥʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ. 

ɸʢʪʠʚʥʝ ʤʝʪʦʜʝ ʠʤʘʿʫ ʜʠʨʝʢʪʥʫ ʢʦʥʪʠʥʫʘʣʥʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ɽɽʉ -ʦʤ. ɹʘʟʠʨʘʿʫ ʩʝ ʥʘ 

ʠʥʿʝʢʪʠʨʘˁʫ ʩʠʛʥʘʣʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʦʜ ʩʪʨʘʥʝ ɼɻ-ʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʦʜʟʠʚ ʥʘ ʪʝ ʩʠʛʥʘʣʝ 

ʪʦʢʦʤ ʧʘʨʘʣʝʣʥʦʛ ʨʘʜʘ ʩʘ ʤʨʝʞʦʤ ʚʝʦʤʘ ʩʣʘʙ ʠ ʥʝ ʜʦʚʦʜʠ ʜʦ ʨʝʘʛʦʚʘˁʘ ʨʝʣʝʿʘ, ʥʠʪʠ ʜʦ 

ʟʥʘʯʘʿʥʠʭ ʧʨʝʣʘʟʥʠʭ ʧʨʦʮʝʩʘ. ʂʘʜʘ ʩʝ ʜʝʩʠ ʦʩʪʨʚʩʢʠ ʨʘʜ, ʠʥʿʝʢʪʠʨʘʥʠ ʩʠʛʥʘʣʠ ʠʟʘʟʠʚʘʿʫ 

ʟʥʘʯʘʿʥʠʿʠ ʫʪʠʮʘʿ ʥʘ ʧʘʨʘʤʝʪʨʝ ʫ ʩʠʩʪʝʤʫ, ʰʪʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʠʩʪʦʛ. ʅʘʿʯʝʰ˂ʝ 

ʩʝ ʢʦʨʠʩʪʝ ʩʣʝʜʝ˂ʝ ʬʫʥʢʮʠʿʝ ʦʚʦʛ ʪʠʧʘ [18]: 

¶ ʛʨʝʰʢʘ ʧʦ ʨʝʛʫʣʘʮʠʿʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ, 

¶ ʤʝʨʝˁʝ ʥʠʚʦʘ ʢʚʘʨʘ, 

¶ ʤʝʨʝˁʝ ʠʤʧʝʜʘʥʩʝ ʩʠʩʪʝʤʘ. 

ʊʝʭʥʠʢʝ ʙʘʟʠʨʘʥʝ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʩʠʩʪʝʤʠʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʰʝˁʘ ʥʦʚʠʿʝʛ ʜʘʪʫʤʘ 

ʛʜʝ ʩʝ ʢʦʤʫʥʠʢʘʮʠʿʘ ʦʙʘʚˀʘ ʠʟʤʝʹʫ ɼɻ-ʘ ʠ ʦʩʪʘʪʢʘ ɽɽʉ-ʘ, ʥʘʿʯʝʰ˂ʝ ʥʘʜʨʝʹʝʥʝ ʪʨʘʬʦʩʪʘʥʠʮʝ 
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ɺʅ/ʉʅ. ʏʝʩʪʦ ʩʝ ʚʨʰʠ ʧʦʨʝʹʝˁʝ ʙʨʟʠʥʝ ʧʨʦʤʝʥʝ ʬʨʝʢʚʝʥʮʠʿʝ ʩʘ ʩʪʨʘʥʝ ɼɻ-ʘ ʠ ʩʘ ʩʪʨʘʥʝ 

ʤʨʝʞʝ, ʯʠʤʝ ʩʝ ʣʘʢʦ ʜʝʪʝʢʪʫʿʝ ʦʩʪʨʚʩʢʠ ʨʘʜ (COmunication Rate Of Change Of Frequency - 

COROCOF). ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʤʦʞʝ ʩʝ ʚʨʰʠʪʠ ʠ ʩʣʘˁʝ ʩʠʛʥʘʣʘ ʦ ʠʩʢˀʫʯʝˁʫ ʠʟʚʦʜʘ ʦʜ 

ʩʪʨʘʥʝ ʥʘʜʨʝʹʝʥʝ ʪʨʘʬʦʩʪʘʥʠʮʝ ɺʅ/ʉʅ ʜʦ ʛʝʥʝʨʘʪʦʨʘ ʫ ʤʨʝʞʠ, ʠ ʦʥʠ ˂ʝ ʙʠʪʠ ʦʙʘʚʝʰʪʝʥʠ ʦ 

ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʠ ʛʫʙʠʪʢʫ ʤʨʝʞʝ [18]. 

2.6. ʉʪʘʙʠʣʥʦʩʪ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʠʩʘˁʘ 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʝʧʝʥʘ ʠʥʪʝʛʨʘʮʠʿʝ ɼɻ-ʘ, ʫ ʧʦʿʝʜʠʥʠʤ ʜʨʞʘʚʘʤʘ ʨʝʛʫʣʠʩʘʥʠ ʩʫ 

ʟʘʭʪʝʚʠ ʢʦʿʝ ɼɻ-ʠ ʤʦʨʘʿʫ ʠʩʧʫʥʠʪʠ, ʘʣʠ ʠ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʘ ˁʠʭʦʚʘ ʬʫʥʢʮʠʿʘ ʰʪʦ ʩʝ ʪʠʯʝ 

ʩʚʠʭ ʘʩʧʝʢʘʪʘ ʨʘʜʘ. ʋ ʉʨʙʠʿʠ ʩʫ, ʢʨʦʟ ʇʨʘʚʠʣʘ ʦ ʨʘʜʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ [19], 

ʜʝʬʠʥʠʩʘʥʠ ʟʘʭʪʝʚʠ ʫ ʧʦʛʣʝʜʫ ʪʨʘʥʟʠʿʝʥʪʥʦʛ (ʧʨʠʣʠʢʦʤ ʫʢˀʫʯʝˁʘ ʠ ʠʩʢˀʫʯʝˁʘ) ʠ 

ʩʪʘʮʠʦʥʘʨʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʥʘʧʦʥʩʢʝ ʧʨʠʣʠʢʝ, ʫʪʠʮʘʿ ʥʘ ʢʚʘʣʠʪʝʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

(ʬʣʠʢʝʨʠ, ʚʠʰʠ ʭʘʨʤʦʥʠʮʠ ʠ ʠʥʿʝʢʪʠʨʘˁʝ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ), ʤʘʢʩʠʤʘʣʘʥ ʜʦʧʨʠʥʦʩ ʩʪʨʫʿʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ, ʫʪʠʮʘʿ ʥʘ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ ʝʣʝʤʝʥʘʪʘ ʤʨʝʞʝ ʠ ʫʩʣʦʚʝ ʩʠʥʭʨʦʥʠʟʘʮʠʿʝ ʥʘ ʤʨʝʞʫ 

[19]. ʋʩʣʝʜ ʤʘʣʦʛ ʫʜʝʣʘ ɼɻ-ʘ ʫ ʫʢʫʧʥʦʿ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʝ ʧʦʩʪʦʿʝ 

ʜʝʬʠʥʠʩʘʥʠ ʟʘʭʪʝʚʠ ʫ ʧʦʛʣʝʜʫ ʦʪʧʦʨʥʦʩʪʠ ɼɻ-ʘ ʥʘ ʪʨʘʥʟʠʿʝʥʪʥʝ ʧʦʨʝʤʝ˂ʘʿʝ ʫʟʨʦʢʦʚʘʥʝ 

ʢʚʘʨʦʚʠʤʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫ ʥʝʢʠʤ ʟʝʤˀʘʤʘ ʧʦʩʪʦʿʝ ʜʝʬʠʥʠʩʘʥʠ ʟʘʭʪʝʚʠ ʫ ʧʦʛʣʝʜʫ 

ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ (Fault Ride Through - FLR) ɼɻ-ʘ, ʢʦʿʝ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʥʘ ʩʣʠʯʘʥ 

ʥʘʯʠʥ ʢʘʦ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ [5], ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʦʬʠʣʘ ʥʘʧʦʥʘ ʫ ʚʨʝʤʝʥʫ ʢʦʿʝ ʛʝʥʝʨʘʪʦʨʠ 

ʤʦʨʘʿʫ ʠʟʜʨʞʘʪʠ. ʅʘ ʩʣ. 2.11 ʧʨʠʢʘʟʘʥʠ ʩʫ ʟʘʭʪʝʚʠ ʟʘ FLR ʟʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʝ ʠ ʬʦʪʦʥʘʧʦʥʩʢʝ 

ʝʣʝʢʪʨʘʥʝ ʧʨʝʢʦ 1 MW ʫ ʈʫʤʫʥʠʿʠ. ʅʘ ʩʣʠʮʠ ʿʝ ʜʝʬʠʥʠʩʘʥ ʧʨʦʬʠʣ ʥʘʧʦʥʘ ʫʥʫʪʘʨ ʢʦʿʝʛ ʥʝ 

ʩʤʝ ʜʦ˂ʠ ʜʦ ʠʩʢˀʫʯʝˁʘ ɼɻ-ʘ, ʠ ʧʨʝʧʦʟʥʘʪ ʿʝ ʟʥʘʯʘʿ ʠ ʜʝʬʠʥʠʩʘʥʠ ʟʘʭʪʝʚʠ ʟʘ ʚʝ˂ʝ ɼɻ-ʝ ʢʦʿʠ ʫ 

ʩʣʫʯʘʿʫ ˁʠʭʦʚʦʛ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʤʦʛʫ ʠʤʘʪʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʨʘʜ ʮʝʣʦʢʫʧʥʦʛ ɽɽʉ-ʘ. ʅʘ ʦʚʦʿ 

ʩʣʠʮʠ ʿʝ ʜʘʪʦ ʦʛʨʘʥʠʯʝˁʝ ʩʘʤʦ ʫ ʧʦʛʣʝʜʫ ʜʦˁʝʛ ʦʛʨʘʥʠʯʝˁʘ ʫ ʧʨʦʬʠʣʫ ʥʘʧʦʥʘ (Low Voltage 

Ride Through - LVRT). 

 

ʉʣ. 2.11: ɿʘʭʪʝʚʠ ʫ ʧʦʛʣʝʜʫ FLR ʟʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʝ ʠ ʩʦʣʘʨʥʝ ʝʣʝʢʪʨʘʥʝ ʧʨʝʢʦ 1 MW  ʫ ʈʫʤʫʥʠʿʠ [18] 

ʅʝʢʠ ʥʘʮʠʦʥʘʣʥʠ ʦʧʝʨʘʪʦʨʠ ʩʫ ʦʪʠʰʣʠ ʿʦʰ ʜʘˀʝ ʠ ʜʝʬʠʥʠʩʘʣʠ ʟʘʭʪʝʚʝ ʟʘ ʩʢʦʨʦ ʩʚʝ 

ɼɻ-ʝ. ʅʘ ʩʣ. 2.12 ʩʫ ʧʨʠʢʘʟʘʥʠ ʟʘʭʪʝʚʠ ʫ ʧʦʛʣʝʜʫ FLR ʟʘ ʩʚʝ ɼɻ-ʝ ʧʨʝʢʦ 100 kVA ʫ ɱʫʞʥʦʿ 

ɸʬʨʠʮʠ. ʋ ʦʜʥʦʩʫ ʥʘ ʩʣ. 2.11 ʧʨʠʢʘʟʘʥʠ ʩʫ ʠ ʟʘʭʪʝʚʠ ʫ ʧʦʛʣʝʜʫ ʤʘʢʩʠʤʘʣʥʦʛ ʦʛʨʘʥʠʯʝˁʘ 

ʥʘʧʦʥʘ (High Voltage Ride Through - HVRT), ʯʠʤʝ ʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʜʝʬʠʥʠʩʘʥ ʦʧʩʝʛ ʫʥʫʪʘʨ 

ʢʦʿʝʛ ɼɻ-ʠ ʤʦʨʘʿʫ ʟʘʜʨʞʘʪʠ ʩʪʘʙʠʣʥʦʩʪ. 

ʀʥʪʝʨʥʘʮʠʦʥʘʣʥʝ ʧʨʝʧʦʨʫʢʝ ʠ ʩʪʘʥʜʘʨʜʠ ʩʫ ʦʪʠʰʣʠ ʿʦʰ ʜʘˀʝ, ʧʘ ʿʝ ʜʝʬʠʥʠʩʘʥʦ 

ʥʝʢʦʣʠʢʦ ʥʠʚʦʘ ʟʘʭʪʝʚʘ ʢʦʿʠ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʧʨʝʜ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʠʟʚʦʨʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ˁʠʭʦʚʦʛ ʫʜʝʣʘ ʫ ʫʢʫʧʥʦʿ ʧʨʦʠʟʚʦʜˁʠ ʫ ʥʝʢʦʤ ʩʠʩʪʝʤʫ, ʘʣʠ ʠ ʫ ʩʧʝʮʠʬʠʯʥʠʤ ʟʘʭʪʝʚʠʤʘ ʢʦʿʠ 

ʩʝ ʥʘʤʝ˂ʫ ʠʟ ʝʢʦʥʦʤʩʢʠʭ ʠʣʠ ʪʝʭʥʠʯʢʠʭ ʨʘʟʣʦʛʘ [20], [21]. IEEE Std. 1547-2018 ʜʝʬʠʥʠʰʝ 

ʪʨʠ ʥʠʚʦʘ ʟʘʭʪʝʚʘ ʫ ʧʦʛʣʝʜʫ ʦʜʨʞʘʚʘˁʘ ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ɼɻ-ʘ ʫ ʧʦʨʝʤʝ˂ʝʥʠʤ 

ʨʘʜʥʠʤ ʨʝʞʠʤʠʤʘ ʜʝʬʠʥʠʩʘʥʠʭ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [20]: 
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¶ ʂʘʪʝʛʦʨʠʿʘ I ï ʟʘʭʪʝʚʠ ʫ ʦʢʚʠʨʫ ʦʚʝ ʢʘʪʝʛʦʨʠʿʝ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʪʘʢʦ ʜʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʪʨʝʥʫʪʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ɼɻ-ʘ ʠ ʟʘʭʪʝʚʘ ʫ 

ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ɽɽʉ-ʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʥʝ ʦʛʨʘʥʠʯʘʚʘ ʢʦʨʠʰ˂ʝˁʝ ʦʜʨʝʹʝʥʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ ɼɻ-ʘ, ʘ ʦʙʝʟʙʝʹʫʿʝ ʜʦʚʦˀʥʫ ʩʪʘʙʠʣʥʦʩʪ ʩʘ ʘʩʧʝʢʪʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ 

ʤʨʝʞʝ. 

¶ ʂʘʪʝʛʦʨʠʿʘ II ï ʧʨʝʜʩʪʘʚˀʘ ʨʝʩʪʨʠʢʪʠʚʥʠʿʝ ʟʘʭʪʝʚʝ ʫ ʧʦʛʣʝʜʫ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʟʚʦʨʘ ʜʘ ʧʨʝʚʘʟʠʹʫ ʧʦʨʝʤʝ˂ʝʥʝ ʨʘʜʥʝ ʨʝʞʠʤʝ ʫ ʦʜʥʦʩʫ ʥʘ ʂʘʪʝʛʦʨʠʿʫ I. 

¶ ʂʘʪʝʛʦʨʠʿʘ III  ï ʧʨʝʜʩʪʘʚˀʘ ʟʘʭʪʝʚʝ ʢʦʿʠ ʩʝ ʦʙʠʯʥʦ ʧʨʠʤʝˁʫʿʫ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʩʘ 

ʿʘʢʦ ʚʝʣʠʢʠʤ ʧʨʦʮʝʥʪʦʤ ɼɻ-ʘ, ʢʦʿʠ ʩʝ ʪʝʤʝˀʝ ʥʘ ʧʦʚʝ˂ʘˁʫ ʩʪʘʙʠʣʥʦʩʪʠ 

ʮʝʣʦʢʫʧʥʦʛ ʩʠʩʪʝʤʘ ʠ ʩʧʨʝʯʘʚʘˁʫ ʢʫʤʫʣʘʪʠʚʥʠʭ ʠʩʧʘʜʘ ʢʦʿʠ ʙʠ ʜʦʚʝʣʠ ʜʦ 

ʨʘʩʧʘʜʘ ɽɽʉ-ʘ. ʆʚʠ ʟʘʭʪʝʚʠ ʩʝ ʦʙʠʯʥʦ ʧʨʠʤʝ˂ʫʿʫ ʫ ʠʟʦʣʦʚʘʥʠʤ ʩʠʩʪʝʤʠʤʘ 

(ʯʝʩʪʦ ʩʫ ʦʩʪʨʚʘ, ʘ ʥʝʢʠ ʦʜ ʧʨʠʤʝʨʘ ʩʫ ʂʦʨʟʠʢʘ, ʃʝʟʙʦʩ, ʂʘʨʠʧʩʢʘ ʦʩʪʨʚʘ, ʠʪʜ.), 

ʛʜʝ ʿʝ ʧʨʘʢʪʠʯʥʦ ʮʝʣʦʢʫʧʥʘ ʧʨʦʠʟʚʦʜˁʘ ʙʘʟʠʨʘʥʘ ʥʘ ɼɻ-ʠʤʘ. 

 

ʉʣ. 2.12: ɿʘʭʪʝʚʠ ʫ ʧʦʛʣʝʜʫ FLR ʟʘ ɼɻ-ʝ ʧʨʝʢʦ 100 kVA  ʫ ɱʫʞʥʦʿ ɸʬʨʠʮʠ [18] 

ʅʘ ʩʣ. 2.13 ʩʫ ʧʨʠʢʘʟʘʥʠ ʟʘʭʪʝʚʠ ʟʘ ɼɻ-ʝ ʫ ʧʦʛʣʝʜʫ FLR ʟʘ ʧʦʨʝʤʝ˂ʝʥʘ ʨʘʜʥʘ ʩʪʘˁʘ ʟʘ 

ʠʟʚʦʨʝ ʠʟ ʢʘʪʝʛʦʨʠʿʝ I. ɿʘ ʜʨʫʛʝ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ ʟʘʭʪʝʚʠ ʩʫ ʩʣʠʯʥʠ, ʩ ʪʠʤ ʰʪʦ ʩʝ ʟʘʭʪʝʚʘ 

ʦʜʨʞʘʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʫ ʜʫʞʝʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ. ɼʝʬʠʥʠʩʘʥʠ ʩʫ ʚʘʨʠʿʘʙʠʣʥʠ 

ʠʥʪʝʨʚʘʣʠ ʩʘ ʠʟʘʙʨʘʥʠʤ ʧʨʝʧʦʨʫʯʝʥʠʤ ʩʪʘʥʜʘʨʜʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʫ ʧʦʛʣʝʜʫ ʟʘʭʪʝʚʘ 

ʦʧʝʨʘʪʦʨʘ ʩʠʩʪʝʤʘ. ʊʘʢʦʹʝ, ʩʘ ʘʩʧʝʢʪʘ ɼɻ-ʘ ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʦʙʣʘʩʪʠ ʛʜʝ ʿʝ ʧʨʝʜʚʠʹʝʥ ˁʠʭʦʚ 

ʪʨʘʿʘʥ ʨʘʜ, ʘ ʛʜʝ ʧʨʠʚʨʝʤʝʥ. ʂʘʦ ʪʨʝ˂ʠ ʪʠʧ ʦʙʣʘʩʪʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʦʥʝ, ʛʜʝ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʩʠʪʫʘʮʠʿʘ ʟʘʭʪʝʚʘ ʦʜʨʞʘʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ, ʠʣʠ ʛʝʥʝʨʘʪʦʨ ʤʦʞʝ ʙʠʪʠ 

ʠʩʢˀʫʯʝʥ. 

ʇʦʨʝʜ ʟʘʭʪʝʚʘ ʫ ʧʦʛʣʝʜʫ ʛʨʘʥʠʯʥʠʭ ʨʝʞʠʤʘ ʨʘʜʘ, ʰʪʦ ʩʝ ʪʠʯʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ 

ʜʝʬʠʥʠʰʫ ʩʝ ʠ ʧʦʛʦʥʩʢʝ ʢʘʨʪʝ ʫ ʧʦʛʣʝʜʫ ʨʝʘʢʪʠʚʥʦʛ ʠʥʿʝʢʪʠʨʘˁʘ ʢʦʿʝ ʩʫ ʢˀʫʯʥʝ ʫ 

ʪʨʘʥʟʠʿʝʥʪʥʠʤ ʨʝʞʠʤʠʤʘ ʟʘ ʦʜʨʞʘʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ. ʅʘ ʩʣ. 2.14 ʩʫ ʧʨʠʢʘʟʘʥʠ ʩʪʘʥʜʘʨʜʥʠ 

ʟʘʭʪʝʚʠ ʟʘ ʧʦʛʦʥʩʢʫ ʢʘʨʪʫ ɼɻ-ʘ ʩʘ ʘʩʧʝʢʪʘ ʨʝʘʢʪʠʚʥʦʛ ʠʥʿʝʢʪʠʨʘˁʘ. ʉʘ ʩʣʠʢʝ ʩʝ ʚʠʜʠ ʜʘ ʩʝ 

ʟʘʭʪʝʚʘ ʨʝʘʢʪʠʚʥʦ ʠʥʿʝʢʪʠʨʘˁʝ ʫ ʠʥʜʫʢʪʠʚʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ ʦʜ 0,44Sn, ʫ ʦʧʩʝʛʫ ʘʢʪʠʚʥʝ ʩʥʘʛʝ 

ʦʜ 0,2Pn - Pn, ʜʦʢ ʿʝ ʫ ʢʘʧʘʮʠʪʠʚʥʦʤ ʦʜ 0,25Sn. ʈʝʩʪʨʠʢʪʠʚʥʠʿʠ ʟʘʭʪʝʚʠ ʦʜ ʦʚʠʭ ʩʝ ʧʨʠʤʝˁʫʿʫ 

ʫ ʩʣʫʯʘʿʫ ʚʝʣʠʢʦʛ ʧʨʦʮʝʥʪʘ ɼɻ-ʘ, ʢʘʜʘ ʩʝ ʟʘʭʪʝʚʘ ʠʜʝʥʪʠʯʘʥ ʠʟʥʦʩ ʨʘʟʤʝʥʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ 

ʢʘʧʘʮʠʪʠʚʥʦʤ ʨʝʞʠʤʫ, ʢʘʦ ʠ ʫ ʠʥʜʫʢʪʠʚʥʦʤ ʦʜ 0,44Sn. ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ 

ʿʝʜʥʦʩʪʘʚʥʦ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʜʘ ʿʝ ʟʘʭʪʝʚʘʥʠ ʬʘʢʪʦʨ ʩʥʘʛʝ ɼɻ-ʘ ʦʢʦ 0,9. 
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ʉʣ. 2.13: ʆʜʟʠʚ ɼɻ-ʘ ʠ ʟʘʭʪʝʚʠ ʫ ʧʦʛʣʝʜʫ FLR ʟʘ ʧʦʨʝʤʝ˂ʝʥʘ ʨʘʜʥʘ ʩʪʘˁʘ ʟʘ ʠʟʚʦʨʝ ʠʟ ʢʘʪʝʛʦʨʠʿʝ I [20] 

 

ʉʣ. 2.14: ʉʪʘʥʜʘʨʜʥʠ ʟʘʭʪʝʚʠ ʟʘ ʨʝʘʢʪʠʚʥʦ ʠʥʿʝʢʪʠʨʘˁʝ ɼɻ-ʘ [20] 

2.7. ʄʠʢʨʦʤʨʝʞʝ 

ʄʠʢʨʦʤʨʝʞʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʬʫʥʢʮʠʦʥʘʣʥʦ, ʘ ʥʝʢʘʜʘ ʠ ʬʠʟʠʯʢʠ ʥʝʟʘʚʠʩʥʝ ʩʠʩʪʝʤʝ, ʯʠʿʝ 

ʩʫ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʬʫʥʢʮʠʿʝ ʩʣʠʯʥʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ 

ʩʠʩʪʝʤʠʤʘ. ʆʥʝ ʩʝ ʫ ʛʣʦʙʘʣʫ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʜʚʘ ʦʩʥʦʚʥʘ ʪʠʧʘ, ʘ ʪʦ ʩʫ ʩʠʩʪʝʤʠ ʢʦʿʠ ʠʤʘʿʫ 

ʤʦʛʫ˂ʥʦʩʪ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʠ ʤʠʢʨʦʤʨʝʞʝ ʢʦʿʝ ʩʫ ʧʦʚʝʟʘʥʝ ʩʘ ɼʄ-ʦʤ. ʎʠˀ ʤʠʢʨʦʤʨʝʞʘ ʿʝ 

ʥʘʧʘʿʘˁʝ ʠʟʦʣʦʚʘʥʠʭ ʧʦʜʨʫʯʿʘ ʢʦʿʘ ʥʝʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʧʦʚʝʟʠʚʘˁʘ ʩʘ ɽɽʉ-ʦʤ. ɳʠʭʦʚʦʤ 

ʧʨʠʤʝʥʦʤ ʩʝ ʣʦʢʘʣʥʦ ʧʦʚʝ˂ʘʚʘ ʧʦʫʟʜʘʥʦʩʪ ʨʘʜʘ ʠ ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ ʚʠʰʝ ʥʝʛʦ ʰʪʦ ʿʝ ɽɽʉ 

ʫ ʩʪʘˁʫ ʜʘ ʦʙʝʟʙʝʜʠ. ʄʠʢʨʦʤʨʝʞʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʣʝʜˁʠ ʩʪʘʜʠʿʫʤ ʫ ʪʨʘʥʩʬʦʨʤʘʮʠʿʠ 
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ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦʛ ɽɽʉ-ʘ ʩʘ ʚʝʣʠʢʠʤ ʛʝʥʝʨʘʪʦʨʩʢʠʤ ʿʝʜʠʥʠʮʘʤʘ ʧʨʠʢˀʫʯʝʥʠʤ 

ʥʘ ʚʠʩʦʢʦʥʘʧʦʥʩʢʫ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ. ʅʘʿʧʨʝ ʿʝ ʥʘʨʫʰʝʥʘ ʚʝʨʪʠʢʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ɽɽʉ-ʘ, 

ʦʜʥʦʩʥʦ ʧʨʦʠʟʚʦʜˁʘ ʩʝ ʿʘʚˀʘʣʘ ʫ ʩʨʝʜˁʝʥʘʧʦʥʩʢʦʿ ʤʨʝʞʠ, ʯʠʤʝ ʩʫ ʦʥʝ ʧʦʩʪʘʣʝ ʘʢʪʠʚʥʝ. 

ʂʦʤʙʠʥʘʮʠʿʦʤ ʘʢʪʠʚʥʠʭ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʤʨʝʞʘ, ʩʠʩʪʝʤʠʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʥʘʧʨʝʜʥʠʭ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ (Smart Grid) ʥʘʩʪʘʣʝ ʩʫ 

ʤʠʢʨʦʤʨʝʞʝ ʢʘʦ ʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʮʝʣʠʥʝ.  

ʋʧʨʘʚˀʘˁʝ ʤʠʢʨʦʤʨʝʞʘʤʘ ʩʝ ʚʨʰʠ ʭʠʿʝʨʘʨʭʠʿʩʢʠ. ʉʚʘʢʠ ʠʟʚʦʨ, ʢʘʦ ʠ ʫʧʨʘʚˀʠʚʠ 

ʧʦʪʨʦʰʘʯʠ ʠʤʘʿʫ ʩʚʦʿʝ ʩʦʧʩʪʚʝʥʝ ʩʠʩʪʝʤʝ ʟʘ ʫʧʨʘʚˀʘˁʝ. ʅʘʜʨʝʹʝʥʠ ʢʦʥʪʨʦʣʝʨ ʥʘ ʥʠʚʦʫ 

ʤʠʢʨʦʤʨʝʞʝ ʧʨʝʜʩʪʘʚˀʘ ʮʝʥʪʨʘʣʥʘ ʫʧʨʘʚˀʘʯʢʘ ʿʝʜʠʥʠʮʘ, ʢʦʿʘ ʢʦʦʨʜʠʥʠʰʝ ʨʘʜ ʧʦʜʨʝʹʝʥʠʭ 

ʢʦʥʪʨʦʣʝʨʘ ʠ ʠʤʘ ʠʟʚʨʰʥʫ ʬʫʥʢʮʠʿʫ ʧʨʠʣʠʢʦʤ ʦʧʝʨʘʮʠʿʘ ʫ ʮʠˀʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʨʘʜʘ, ʘʣʠ ʠ 

ʦʙʘʚˀʘˁʫ ʨʝʛʫʣʘʮʠʦʥʠʭ ʩʝʨʚʠʩʘ. ʆʩʥʦʚʥʝ ʬʫʥʢʮʠʿʝ ʧʦʿʝʜʠʥʠʭ ʢʦʥʪʨʦʣʝʨʘ ʩʫ ʩʣʝʜʝ˂ʝ [85]: 

¶ ʎʝʥʪʨʘʣʥʘ ʫʧʨʘʚˀʘʯʢʘ ʿʝʜʠʥʠʮʘ ï ʚʨʰʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʫ ʢʦʥʪʨʦʣʫ ʦʜʛʦʚʦʨʥʫ ʟʘ 

ʤʠʥʠʤʠʟʘʮʠʿʫ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ ʠ ʛʫʙʠʪʘʢʘ ʫ ʝʣʝʤʝʥʪʠʤʘ, ʧʦʚʝ˂ʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ 

ʨʘʜʘ, ʦʙʝʟʙʝʹʫʿʝ ʙʝʟʙʝʜʥʦ ʠʩʢˀʫʯʝˁʝ ʩʘ ʧʨʠʢˀʫʯʥʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʠ 

ʧʦʥʦʚʥʫ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʩʘ ʤʨʝʞʦʤ. ʊʘʢʦʹʝ, ʦʜʨʞʘʚʘ ʥʘʧʦʥ ʠ ʬʨʝʢʚʝʥʮʠʿʫ 

ʫʥʫʪʘʨ ʜʝʬʠʥʠʩʘʥʠʭ ʦʧʩʝʛʘ. ʆʚʝ ʬʫʥʢʮʠʿʝ ʩʝ ʨʝʘʣʠʟʫʿʫ ʩʣʘˁʝʤ ʫʧʨʘʚˀʘʯʢʠʭ 

ʩʠʛʥʘʣʘ ʣʦʢʘʣʥʠʤ ʢʦʥʪʨʦʣʝʨʠʤʘ ʫ ʤʨʝʞʠ. 

¶ ʂʦʥʪʨʦʣʝʨʠ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ ï ʧʨʠʢʫʧˀʘʿʫ ʣʦʢʘʣʥʝ ʤʝʨʥʝ ʩʠʛʥʘʣʝ ʠ 

ʢʦʥʪʨʦʣʠʰʫ ʠʥʿʝʢʪʠʨʘˁʝ ʠ ʥʘʧʦʥ ʥʘ ʩʚʦʿʠʤ ʧʨʠʢˀʫʯʮʠʤʘ ʧʨʠʣʠʢʦʤ ʧʨʦʤʝʥʝ 

ʧʦʪʨʦʰˁʝ ʠʣʠ ʧʦʨʝʤʝ˂ʘʿʘ. 

¶ ʂʦʥʪʨʦʣʝʨʠ ʧʦʪʨʦʰʘʯʘ ï ʧʨʝʢʦ ˁʠʭ ʩʝ ʨʝʘʣʠʟʫʿʝ ʬʫʥʢʮʠʿʘ ʫʧʨʘʚˀʘˁʘ 

ʧʦʪʨʦʰˁʦʤ, ʦʜʥʦʩʥʦ ʫʢˀʫʯʠʚʘˁʝ ʧʦʪʨʦʰʘʯʘ ʫ ʧʦʨʝʤʝ˂ʝʥʠʤ ʨʘʜʥʠʤ ʨʝʞʠʤʠʤʘ. 

ɼʚʘ ʦʩʥʦʚʥʘ ʧʨʠʥʮʠʧʘ ʨʘʜʘ ʤʠʢʨʦʤʨʝʞʘ ʩʫ ʩʣʝʜʝ˂ʘ [85]: 

¶ ʇʘʨʘʣʝʣʘʥ ʨʘʜ ʩʘ ʤʨʝʞʦʤ ï ʦʩʥʦʚʥʘ ʠʜʝʿʘ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ʦʚʘʢʚʦʛ 

ʢʦʥʮʝʧʪʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʧʣʘʩʠʨʘˁʘ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʤʨʝʞʫ, ʘʣʠ ʠʩʪʦ 

ʪʘʢʦ ʠ ʧʦʢʨʠʚʘˁʝ ʚʨʰʥʠʭ ʧʦʪʨʝʙʘ ʤʠʢʨʦʤʨʝʞʝ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ˁʝʥʘ 

ʧʨʦʠʟʚʦʜˁʘ ʥʠʿʝ ʜʦʚʦˀʥʘ ʜʘ ʧʦʢʨʠʿʝ ʧʦʪʨʦʰˁʫ. ʇʦʨʝʜ ʙʘʣʘʥʩʠʨʘˁʘ ʩʥʘʛʘ ʫ 

ʩʠʩʪʝʤʫ, ʿʝʜʥʦʩʪʘʚʥʦ ʩʝ ʨʝʘʣʠʟʫʿʫ ʠ ʧʦʤʦ˂ʥʝ ʫʩʣʫʛʝ, ʢʘʦ ʰʪʦ ʿʝ ʨʝʛʫʣʘʮʠʿʘ 

ʥʘʧʦʥʘ ʠʣʠ ʦʙʝʟʙʝʹʠʚʘˁʝ ʨʝʟʝʨʚʠ ʩʥʘʛʝ. ʋ ʦʚʘʢʚʦʤ ʨʘʜʫ, ʤʠʢʨʦʤʨʝʞʘ ʤʦʨʘ 

ʠʩʧʫʥʠʪʠ ʟʘʭʪʝʚʝ ʦʧʝʨʘʪʦʨʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ, ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʝ ʥʘʧʦʥ ʠ 

ʬʨʝʢʚʝʥʮʠʿʫ ʥʘ ʩʚʦʿʠʤ ʧʨʠʢˀʫʯʮʠʤʘ. 

¶ ʆʩʪʨʚʩʢʠ ʨʘʜ ï ʧʦʩʪʦʿʝ ʜʚʘ ʪʠʧʘ ʧʨʝʣʘʩʢʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ: ʥʘʤʝʨʘʥ (ʧʣʘʥʠʨʘʥ) 

ʠʣʠ ʥʝʥʘʤʝʨʘʥ (ʫ ʩʣʫʯʘʿʫ ʧʦʨʝʤʝ˂ʘʿʘ). ʅʘʤʝʨʘʥ ʩʝ ʜʝʰʘʚʘ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʿʝ 

ʧʨʠʢˀʫʯʥʘ ʤʨʝʞʘ ʥʝʨʘʩʧʦʣʦʞʠʚʘ ʫ ʩʣʫʯʘʿʫ ʦʜʨʞʘʚʘˁʘ ʠʣʠ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʜʘ 

ʧʨʠʭʚʘʪʠ ʨʘʟʤʝʥʫ ʝʥʝʨʛʠʿʝ ʩʘ ʤʠʢʨʦʤʨʝʞʦʤ. ʇʨʠ ʢʚʘʨʦʚʠʤʘ ʫ ʧʨʠʢˀʫʯʥʦʿ 

ʤʨʝʞʠ ʜʦʣʘʟʠ ʜʦ ʧʨʠʥʫʜʥʦʛ ʧʨʝʣʘʩʢʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ, ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ 

ʩʥʘʙʜʝʚʘˁʝ ʧʦʪʨʦʰʘʯʘ ʫ ʤʠʢʨʦʤʨʝʞʠ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʬʨʝʢʚʝʥʮʠʿʫ ʠ ʥʘʧʦʥʝ 

ʜʠʢʪʠʨʘ ʩʠʩʪʝʤ ʫʧʨʘʚˀʘˁʘ ʤʠʢʨʦʤʨʝʞʦʤ. ʇʦʩʪʦʿʝ ʠ ʤʠʢʨʦʤʨʝʞʝ ʢʦʿʝ ʨʘʜʝ 

ʧʦʪʧʫʥʦ ʥʝʟʘʚʠʩʥʦ, ʦʜʥʦʩʥʦ ʥʝʤʘʿʫ ʯʘʢ ʤʦʛʫ˂ʥʦʩʪ ʧʦʚʝʟʠʚʘˁʘ ʩʘ ɼʄ-ʦʤ ʠ 

ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʥʘʧʘʿʘˁʝ ʫʜʘˀʝʥʠʭ ʧʦʜʨʫʯʿʘ, ʛʜʝ ʥʝ ʧʦʩʪʦʿʠ ʝʢʦʥʦʤʩʢʘ 

ʦʧʨʘʚʜʘʥʦʩʪ ʧʦʚʝʟʠʚʘˁʘ. 
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ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

3. ʋʅɸʇʈɽɫɽɳɽ ʉʊɸɹʀʃʅʆʉʊʀ ʄɸʃʀʍ ʉʀʅʍʈʆʅʀʍ 

ɻɽʅɽʈɸʊʆʈɸ ʂʆʈʀʐɴɽɳɽʄ ɹɸʃɸʅʉʅɽ ʀʄʇɽɼɸʅʉɽ 

3.1. ʋʚʦʜ 

ɼʠʩʪʨʠʙʫʠʨʘʥʠ ʠʟʚʦʨʠ, ʢʘʦ ʰʪʦ ʩʫ ʄʍɽ, ʝʣʝʢʪʨʘʥʝ ʥʘ ʙʠʦʤʘʩʫ ʠ ʜʠʟʝʣ-ʝʣʝʢʪʨʠʯʥʠ 

ʘʛʨʝʛʘʪʠ ʩʝ ʫʛʣʘʚʥʦʤ ʨʝʘʣʠʟʫʿʫ ʢʦʨʠʰ˂ʝˁʝʤ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥʠʭ 

ʥʘ ɼʄ-ʫ. ɿʙʦʛ ˁʠʭʦʚʦʛ ʩʚʝ ʚʝ˂ʝʛ ʙʨʦʿʘ ʧʦʩʪʘʣʦ ʿʝ ʘʢʪʫʝʣʥʦ ʧʠʪʘˁʝ ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ 

ʪʦʢʦʤ ʢʚʘʨʦʚʘ ʢʦʿʠ ʩʝ ʥʝʤʠʥʦʚʥʦ ʿʘʚˀʘʿʫ ʫ ʤʨʝʞʠ. 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʧʨʠʢʘʟʘʥʘ ʠʥʦʚʘʪʠʚʥʘ ʪʝʭʥʠʢʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʢʦʦʨʜʠʥʠʩʘʥʫ 

ʢʦʥʪʨʦʣʫ ʨʘʜʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʫ ʪʨʘʥʟʠʿʝʥʪʥʠʤ ʨʝʞʠʤʠʤʘ 

ʫʟʨʦʢʦʚʘʥʠʤ ʢʚʘʨʦʚʠʤʘ ʫ ʧʨʠʢˀʫʯʥʦʿ ʤʨʝʞʠ. ɹʘʣʘʥʩʥʠ ʦʪʧʦʨʥʠʢ (ɹʆ) ʠʣʠ ʠʤʧʝʜʘʥʩʘ (ɹʀ) 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʠʩʠʧʘʮʠʿʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʚʨʰʠ ʧʨʝʚʝʥʮʠʿʘ 

ʥʝʜʦʟʚʦˀʝʥʦʛ ʫʙʨʟʘʚʘˁʘ ʤʘʰʠʥʝ ʠ ʛʫʙʠʪʢʘ ʩʠʥʭʨʦʥʠʟʤʘ ʪʦʢʦʤ ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʧʨʦʮʝʩʘ ʫʩʣʝʜ 

ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ [86]. ɼʦʜʘʪʥʘ ʨʝʛʫʣʘʮʠʦʥʘ ʧʝʪˀʘ ʨʝʘʣʠʟʦʚʘʥʘ ʿʝ ʫʚʦʹʝˁʝʤ ʙʨʟʠʥʝ 

ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʫ ʨʝʛʫʣʘʪʦʨ ʧʦʙʫʜʝ. ʊʝʭʥʠʢʘ ʦʙʝʟʙʝʹʫʿʝ ʩʪʘʙʠʣʘʥ ʦʩʪʨʚʩʢʠ ʨʘʜ ʠ ʜʘʿʝ 

ʜʦʚʦˀʥʦ ʚʨʝʤʝʥʘ ʜʘ ʩʠʩʪʝʤ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʝʣʠʤʠʥʠʰʝ ʧʨʦʣʘʟʘʥ ʢʚʘʨ, ʯʠʤʝ ʩʝ ʫ ʤʨʝʞʠ 

ʦʙʝʟʙʝʹʫʿʫ ʫʩʣʦʚʠ ʟʘ ʙʨʟʫ ʨʝʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʛʝʥʝʨʘʪʦʨʘ [30]. ɹʆ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʫʥʘʧʨʝʹʝˁʝ ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ɽɽʉ-ʘ, ʠ ʩʪʦʛʘ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʠʥʪʝʣʠʛʝʥʪʥʠʤ 

ʩʧʝʮʠʿʘʣʥʠʤ ʟʘʰʪʠʪʥʠʤ ʩʠʩʪʝʤʠʤʘ ʫ ʚʠʩʦʢʦʥʘʧʦʥʩʢʦʿ ʤʨʝʞʠ [87], ʢʘʦ ʠ ʟʘ ʧʨʠʛʫʰʝˁʝ 

ʦʩʮʠʣʘʮʠʿʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ [88]. ʇʦʨʝʜ ʪʦʛʘ, ʢʦʨʠʩʪʝ ʩʝ ʠ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ 

ʚʝʣʠʢʠʭ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʩʘ ʘʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʠʤʘ [89], [90]. ʆʩʠʤ ʯʠʩʪʦ ʨʝʟʠʩʪʠʚʥʦʛ 

ʝʣʝʤʝʥʪʘ, ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʠ ʠʤʧʝʜʘʥʩʘ ʩʘ ʩʚʦʿʠʤ ʨʝʟʠʩʪʠʚʥʠʤ ʠ ʨʝʘʢʪʠʚʥʠʤ ʜʝʣʦʤ [91].  

ʈʠʢʣʦʟʝʨʠ ʩʫ ʫ ʰʠʨʦʢʦʿ ʫʧʦʪʨʝʙʠ ʫ ʩʨʝʜˁʝʥʘʧʦʥʩʢʦʿ ʤʨʝʞʠ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʪʝʭʥʠʢʝ 

ɸʇʋ-ʘ, ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʝʣʠʤʠʥʘʮʠʿʫ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ. ʂʘʜʘ ʜʦʹʝ ʜʦ ʨʝʘʛʦʚʘˁʘ ɸʇʋ-ʘ ʠ 

ʢʨʘʪʢʦʪʨʘʿʥʦʛ ʠʩʢˀʫʯʝˁʘ ʚʦʜʘ ʧʦʛʦʹʝʥʦʛ ʢʚʘʨʦʤ, ʤʦʞʝ ʩʝ ʜʦʛʦʜʠʪʠ ʜʘ ʥʝʢʠ ʦʜ ɼɻ-ʘ ʦʩʪʘʥʝ ʫ 

ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ. ʆʚʘʢʚʘ ʩʠʪʫʘʮʠʿʘ ʥʘʿʯʝʰ˂ʝ ʜʦʚʦʜʠ ʜʦ ʠʩʢˀʫʯʝˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʨʝʢʠʜʘ 

ʠʩʧʦʨʫʢʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʤʨʝʞʫ, ʿʝʨ ʧʦʩʪʦʿʠ ʦʧʘʩʥʦʩʪ ʜʘ ʜʦʹʝ ʜʦ ʫʙʨʟʘʚʘˁʘ ʛʝʥʝʨʘʪʦʨʘ 

ʠʟʥʘʜ ʜʦʟʚʦˀʝʥʝ ʛʨʘʥʠʮʝ ʠ ʧʨʝʥʘʧʦʥʘ ʥʘ ʛʝʥʝʨʘʪʦʨʩʢʠʤ ʧʨʠʢˀʫʯʮʠʤʘ. ʇʨʝʤʘ ʩʪʘʥʜʘʨʜʫ 

IEEE 1547 ʦʙʘʚʝʟʥʦ ʿʝ ʠʩʢˀʫʯʝˁʝ ʛʝʥʝʨʘʪʦʨʘ ʧʨʝ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʚʦʜʘ ʧʨʠʣʠʢʦʤ 

ʨʝʘʛʦʚʘˁʘ ɸʇʋ-ʘ, ʧʘ ʩʝ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʦʿʝʢʪʦʚʘˁʘ ʨʘʜʘ ɼʄ-ʘ, ʘ ʫ ʩʢʣʘʜʫ ʩʘ ʦʚʠʤ 

ʩʪʘʥʜʘʨʜʦʤ ʛʝʥʝʨʘʪʦʨ ʙʝʟʫʩʣʦʚʥʦ ʠʩʢˀʫʯʫʿʝ ʩʘ ʤʨʝʞʝ [20]. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʚʝ˂ʠʥʠ ʩʠʩʪʝʤʘ ʿʝ 

ʟʘʙʨʘˁʝʥ ʦʩʪʨʚʩʢʠ ʨʘʜ ɼɻ-ʘ [19] ʠ ʨʘʟʚʠʿʝʥ ʿʘʢʦ ʚʝʣʠʢʠ ʙʨʦʿ ʪʝʭʥʠʢʘ ʟʘ ʜʝʪʝʢʮʠʿʫ ʠ ʟʘʰʪʠʪʫ 

ʛʝʥʝʨʘʪʦʨʘ ʦʜ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ [18]-[29], ʧʘ ʥʘʿʯʝʰ˂ʝ ʜʦʣʘʟʠ ʜʦ ʠʩʢˀʫʯʝˁʘ ɼɻ-ʘ ʦʜ ʩʪʨʘʥʝ 

ʦʚʠʭ ʟʘʰʪʠʪʘ. ʂʘʢʦ ʩʫ ʧʨʦʣʘʟʥʠ ʢʚʘʨʦʚʠ ʢʦʿʠ ʫʟʨʦʢʫʿʫ ʨʘʜ ɸʇʋ-ʘ ʨʝʣʘʪʠʚʥʦ ʯʝʩʪʠ ʫ 

ʥʘʜʟʝʤʥʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ, ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʙʨʦʿ ʠʩʧʘʜʘ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝ ʙʠʪʠ 

ʚʝʣʠʢʠ. ʊʦ ʫʟʨʦʢʫʿʝ ʯʝʩʪʘ ʪʨʘʥʟʠʿʝʥʪʥʘ ʥʘʧʨʝʟʘˁʘ ʘʛʨʝʛʘʪʘ ʠ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʪʠ ʠʟʥʦʩ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʠʩʧʦʨʫʯʫʿʝ ʫ ʤʨʝʞʫ. ɼʘ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʣʝ ʦʚʝ ʥʝʧʦʚʦˀʥʝ 

ʪʝʭʥʠʯʢʝ ʠ ʝʢʦʥʦʤʩʢʝ ʧʦʩʣʝʜʠʮʝ ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʨʘʜʘ ʛʝʥʝʨʘʪʦʨʘ 

ʪʦʢʦʤ ʧʦʨʝʤʝ˂ʘʿʘ. 

ʅʘʿʯʝʰ˂ʠ ʫʟʨʦʮʠ ʛʫʙʠʪʢʘ ʤʨʝʞʝ ʩʫ ʢʨʘʪʢʠ ʩʧʦʿʝʚʠ ʢʦʿʠ ʧʦʙʫʹʫʿʫ ʨʝʘʛʦʚʘˁʝ ʨʝʣʝʿʥʝ 

ʟʘʰʪʠʪʝ ʩʘ ʠʣʠ ʙʝʟ ɸʇʋ-ʘ, ʢʦʿʝ ʩʝ ʦʙʠʯʥʦ ʨʝʘʣʠʟʫʿʝ ʧʨʝʢʠʜʘʯʠʤʘ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʦʿ 

ʩʪʘʥʠʮʠ ʚʠʩʦʢʠ ʥʘʧʦʥ/ʩʨʝʜˁʠ ʥʘʧʦʥ (ɺʅ/ʉʅ) ʠʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʨʠʢʣʦʟʝʨʘ ʫ ʉʅ ʤʨʝʞʠ. ʂʘʜʘ 

ʮʠʢʣʫʩ ɸʇʋ-ʘ ʥʠʿʝ ʫʩʧʝʰʘʥ, ʛʝʥʝʨʘʪʦʨ ˂ʝ ʦʩʪʘʪʠ ʙʝʟ ʤʨʝʞʝ ʫ ʜʫʞʝʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. ʋ 

ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʜʦʣʘʟʠ ʜʦ ʠʩʢˀʫʯʝˁʘ ʠ ʟʘʫʩʪʘʚˀʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʦʥ ʦʩʪʘʿʝ ʫ ʪʦʤ 

ʩʪʘʪʫʩʫ ʩʚʝ ʜʦʢ ʫʩʣʦʚʠ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʩʘ ʤʨʝʞʦʤ ʥʝ ʧʦʩʪʘʥʫ ʧʨʠʭʚʘʪˀʠʚʠ, ʦʜʥʦʩʥʦ ʜʦʢ 

ʩʝ ʥʘ ˁʝʛʦʚʠʤ ʧʨʠʢˀʫʯʮʠʤʘ ʥʝ ʧʦʿʘʚʠ ʥʘʧʦʥ ʘʜʝʢʚʘʪʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʋ ʩʣʫʯʘʿʫ 

ʥʝʫʩʧʝʰʥʦʛ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ ʜʦʣʘʟʠ ʜʦ ʠʩʢˀʫʯʝˁʘ ʟʙʦʛ ʛʫʙʠʪʢʘ ʩʠʥʭʨʦʥʠʟʤʘ, ʫʩʣʝʜ 

ʧʦʨʝʤʝ˂ʘʿʘ ʠʣʠ ʧʨʝʚʝʥʮʠʿʝ ʦʧʘʩʥʠʭ ʨʘʜʥʠʭ ʩʪʘˁʘ. ʂʘʜʘ ʩʝ ʛʝʥʝʨʘʪʦʨ ʥʘʣʘʟʠ ʫ ʦʢʚʠʨʫ 

ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʧʦʩʪʨʦʿʝˁʘ ʠʣʠ ʜʝʣʘ ʥʝʢʦʛ ʜʨʫʛʦʛ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʠʤʘ ʩʦʧʩʪʚʝʥʝ 
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ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʧʦʪʨʦʰʘʯʝ, ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʨʝʘʣʠʟʘʮʠʿʝ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʧʦʪʨʦʰˁʦʤ. ʊʘʜʘ ʩʫ 

ʩʪʘʙʠʣʥʦʩʪ ʛʝʥʝʨʘʪʦʨʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʨʝʛʫʣʘʮʠʿʘ ʢˀʫʯʥʠ ʟʘ ʦʙʝʟʙʝʹʠʚʘˁʝ ʥʘʧʘʿʘˁʘ 

ʧʦʪʨʦʰʘʯʘ ʫ ʧʦʨʝʤʝ˂ʝʥʠʤ ʨʝʞʠʤʠʤʘ. ʂʘʢʦ ʿʝ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʢʚʘʨʦʚʘ ʫ ʤʨʝʞʠ ʧʨʦʣʘʟʘʥ, 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʛʝʥʝʨʘʪʦʨʫ ʜʦʚʦˀʥʫ ʤʘʨʛʠʥʫ ʩʪʘʙʠʣʥʦʩʪʠ (Fault Ride Through - 

FLR) ʜʘ ʤʦʞʝ ʥʘ ʙʝʟʙʝʜʘʥ ʥʘʯʠʥ ʧʨʦ˂ʠ ʢʨʦʟ ʪʨʘʥʟʠʿʝʥʪʥʠ ʧʨʦʮʝʩ. ʇʨʦʙʣʝʤ ʦʜʨʞʘʚʘˁʘ 

ʩʪʘʙʠʣʥʦʩʪʠ ʚʝʣʠʢʠʭ ʛʝʥʝʨʘʪʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʧʨʠʢˀʫʯʝʥʠʭ ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ ʦʙʠʯʥʦ ʿʝ 

ʣʘʢʰʠ ʟʘ ʨʝʰʘʚʘˁʝ, ʿʝʨ ʿʝ ʧʨʝʥʦʩʥʘ ʤʨʝʞʘ ʫʧʝʪˀʘʥʘ ʠ ʠʩʢˀʫʯʝˁʝ ʿʝʜʥʦʛ ʚʦʜʘ ʥʝ˂ʝ ʜʦʚʝʩʪʠ 

ʜʦ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ. ʂʦʜ ʛʝʥʝʨʘʪʦʨʘ ʢʦʿʠ ʩʫ ʥʘ ʧʨʠʢˀʫʯʥʫ ʤʨʝʞʫ ʧʦʚʝʟʘʥʠ ʧʨʝʢʦ ʧʨʝʪʚʘʨʘʯʘ, 

ʫʧʨʘʚˀʘˁʝ ʩʝ ʫ ʦʚʘʢʚʠʤ ʨʝʞʠʤʠʤʘ ʚʨʰʠ ʘʜʝʢʚʘʪʥʦʤ ʢʦʥʪʨʦʣʦʤ ʧʨʝʪʚʘʨʘʯʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʤʘʣʠ ʩʠʥʭʨʦʥʠ ʛʝʥʝʨʘʪʦʨʠ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʜʠʨʝʢʪʥʦ ʥʘ ʤʨʝʞʫ, ʥʘʿʯʝʰ˂ʝ ʥʘ ʨʘʜʠʿʘʣʥʝ ʠʟʚʦʜʝ. 

ʋ ʩʣʫʯʘʿʫ ʙʠʣʦ ʢʦʛ ʢʚʘʨʘ ʠʟʤʝʹʫ ʠʟʚʦʨʥʝ ʪʘʯʢʝ ʠ ʛʝʥʝʨʘʪʦʨʘ ʜʦʣʘʟʠ ʜʦ ʧʨʝʢʠʜʘ ʤʝʹʫʩʦʙʥʝ 

ʚʝʟʝ ʫʩʣʝʜ ʩʝʢʮʠʦʥʠʩʘˁʘ ʜʝʦʥʠʮʝ ʩʘ ʢʚʘʨʦʤ ʜʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʠ ʫʩʣʦʚʠ ʟʘ ʫʩʧʝʰʘʥ ʮʠʢʣʫʩ 

ɸʇʋ-ʘ ʠ ʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʉʪʘʙʠʣʘʥ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʫ ʦʚʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ 

ʧʦʜʨʘʟʫʤʝʚʘ ʟʘʜʨʞʘʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʛʝʥʝʨʘʪʦʨʘ ʫ ʧʨʦʧʠʩʘʥʦʤ ʦʧʩʝʛʫ, ʦʜʥʦʩʥʦ ʙʨʟʠʥʝ ʠ 

ʥʘʧʦʥʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʪʦʢʦʤ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ ʥʘ ʧʨʠʢˀʫʯʥʦʤ ʚʦʜʫ. ʆʚʦ ˂ʝ ʩʪʚʦʨʠʪʠ 

ʫʩʣʦʚʝ ʟʘ ʙʨʟʫ ʨʝʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʩʘ ʤʨʝʞʦʤ ʫ ʩʣʫʯʘʿʫ ʫʩʧʝʰʥʦʛ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ. 

ʅʠʟ ʧʨʦʙʣʝʤʘ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʩʝ ʤʦʞʝ ʨʝʰʠʪʠ ʧʨʠʤʝʥʦʤ ɹʆ [87], [88], [89], [90], 

[91], ʜʦʢ ʨʘʟʚʠʿʝʥʘ ʪʝʭʥʠʢʘ ʜʦʧʨʠʥʦʩʠ ʧʦʙʦˀʰʘˁʫ ʪʝʭʥʠʯʢʠʭ ʠ ʝʢʦʥʦʤʩʢʠʭ ʧʦʢʘʟʘʪʝˀʘ ʨʘʜʘ 

ʦʜʨʞʘʚʘˁʝʤ ʩʪʘʙʠʣʥʦʩʪʠ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʫ ʩʨʝʜˁʝʥʘʧʦʥʩʢʠʤ ʤʨʝʞʘʤʘ. ʂʦʦʨʜʠʥʘʮʠʿʘ 

ɹʆ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ʬʘʟʠ ʣʦʛʠʢʝ (fazzy-logic) ʠ ʦʧʪʠʤʘʣʥʦ ɸʇʋ ʪʦʢʦʤ 

ʥʝʫʩʧʝʰʥʠʭ ʮʠʢʣʫʩʘ ʦʚʝ ʪʝʭʥʠʢʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʨʘʜʫ [92]. ʂʨʘʪʢʠ ʩʧʦʿʝʚʠ ʩʫ ʫ ɼʄ-ʠ ʚʝʦʤʘ 

ʯʝʩʪʠ, ʥʘʨʦʯʠʪʦ ʫ ʩʣʫʯʘʿʫ ʜʫʛʠʭ ʥʘʜʟʝʤʥʠʭ ʚʦʜʦʚʘ. ʋ ʩʣʫʯʘʿʫ ʩʚʘʢʦʛ ʢʚʘʨʘ ʛʝʥʝʨʘʪʦʨ ʩʝ ʤʦʨʘ 

ʟʘʫʩʪʘʚʠʪʠ ʠ ʠʟʚʨʰʠʪʠ ˁʝʛʦʚʘ ʜʝʤʘʛʥʝʪʠʟʘʮʠʿʘ. ʆʚʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʟʥʘʯʘʿʥʦʛ ʩʤʘˁʝˁʘ 

ʧʨʦʠʟʚʦʜˁʝ ʠ ʜʝʛʨʘʜʠʨʘˁʘ ʝʢʦʥʦʤʩʢʠʭ ʧʦʢʘʟʘʪʝˀʘ ʤʘʣʝ ʝʣʝʢʪʨʘʥʝ. ɺʝʦʤʘ ʿʝ ʙʠʪʥʦ 

ʨʝʰʘʚʘˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʿʝʨ ʩʝ ʩʣʠʯʥʠ ʧʨʦʿʝʢʪʠ ʥʘʿʯʝʰ˂ʝ ʬʠʥʘʥʩʠʨʘʿʫ ʢʨʝʜʠʪʠʤʘ ʠ 

ʧʨʠʤʘʨʥʠ ʮʠˀ ʿʝ ʧʦʚʨʘ˂ʘʿ ʠʥʚʝʩʪʠʮʠʿʝ ʫ ʰʪʦ ʢʨʘ˂ʝʤ ʨʦʢʫ. ʇʨʦʠʟʚʦʹʘʯʠ ʩʠʥʭʨʦʥʠʭ 

ʛʝʥʝʨʘʪʦʨʘ ʜʝʬʠʥʠʰʫ ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʠʩʢˀʫʯʝˁʘ ʛʝʥʝʨʘʪʦʨʘ ʫ ʥʝʢʦʤ ʜʝʬʠʥʠʩʘʥʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ, ʧʘ ʩʝ ʚʨʣʦ ʣʘʢʦ ʤʦʞʝ ʥʘʨʫʰʠʪʠ ʠ ʦʚʦ ʦʛʨʘʥʠʯʝˁʝ. ʊʦ ʚʦʜʠ ʚʘʥʨʝʜʥʠʤ 

ʪʝʭʥʠʯʢʠʤ ʧʨʝʛʣʝʜʠʤʘ ʠ ʨʝʤʦʥʪʠʤʘ ʠ ʠʟʠʩʢʫʿʝ ʜʦʜʘʪʥʘ ʬʠʥʘʥʩʠʿʩʢʘ ʩʨʝʜʩʪʚʘ. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʛʫʙʠʪʘʢ ʤʨʝʞʝ ʫʟʨʦʢʫʿʝ ʪʨʘʥʟʠʿʝʥʪ ʢʦʿʠ ʜʦʚʦʜʠ ʜʦ ʦʧʘʩʥʠʭ ʨʘʜʥʠʭ ʩʪʘˁʘ ʠ ʧʦʚʝ˂ʘʚʘ 

ʨʠʟʠʢ ʦʜ ʭʘʚʘʨʠʿʘ ʠ ʦʰʪʝ˂ʝˁʘ. ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʠʢʘ ʩʘ ʢʦʦʨʜʠʥʠʩʘʥʦʤ ʢʦʥʪʨʦʣʦʤ ʧʦʙʫʜʥʦʛ 

ʨʝʛʫʣʘʪʦʨʘ ʠ ɹʀ ʦʙʝʟʙʝʹʫʿʝ ʢʦʥʪʠʥʫʘʣʘʥ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʫ ʩʣʫʯʘʿʫ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ ʫ 

ʧʨʠʢˀʫʯʥʦʿ ʤʨʝʞʠ ʠ ʤʠʨʘʥ ʧʨʝʣʘʟʥʠ ʨʝʞʠʤ ʛʜʝ ʩʫ ʩʚʠ ʧʘʨʘʤʝʪʨʠ ʛʝʥʝʨʘʪʦʨʘ ʫ ʧʨʦʧʠʩʘʥʠʤ 

ʛʨʘʥʠʮʘʤʘ. ɹʆ ʦʙʝʟʙʝʹʫʿʝ ʜʦʜʘʪʥʫ ʩʠʛʫʨʥʦʩʪ ʫ ʮʠˀʫ ʧʨʝʚʝʥʮʠʿʝ ʦʧʘʩʥʠʭ ʨʘʜʥʠʭ ʩʪʘˁʘ ʠ 

ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʟʘʫʩʪʘʚˀʘˁʝ ʛʝʥʝʨʘʪʦʨʘ ʫ ʭʘʚʘʨʠʿʩʢʠʤ ʩʪʘˁʠʤʘ. ʋ ʩʣʫʯʘʿʫ ʜʫʞʠʭ 

ʛʫʙʠʪʘʢʘ ʤʨʝʞʝ, ʧʨʝʜʣʦʞʝʥʠ ʢʦʥʮʝʧʪ ʦʤʦʛʫ˂ʘʚʘ Ăʤʝʢʰʝῤ ʟʘʫʩʪʘʚˀʘˁʝ ʤʘʰʠʥʝ ʙʝʟ ʥʘʛʣʦʛ 

ʘʢʪʠʚʠʨʘˁʘ ʩʧʝʮʠʿʘʣʥʠʭ ʭʠʜʨʘʫʣʠʯʢʠʭ ʩʠʩʪʝʤʘ ʟʘ ʭʘʚʘʨʠʿʩʢʦ ʟʘʫʩʪʘʚˀʘˁʝ, ʥʘ ʧʨʠʤʝʨ ʪʦʢʘ 

ʚʦʜʝ ʢʨʦʟ ʨʘʜʥʦ ʢʦʣʦ ʫ ʄʍɽ. ʅʘ ʢʨʘʿʫ, ʫ ʩʣʫʯʘʿʫ ʧʨʝʣʘʩʢʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʧʨʝʜʣʦʞʝʥʘ 

ʪʝʭʥʠʢʘ ʦʙʝʟʙʝʹʫʿʝ ʙʘʣʘʥʩ ʠʟʤʝʹʫ ʧʦʪʨʦʰˁʝ ʠ ʧʨʦʠʟʚʦʜˁʝ ʠ ʫʚʦʜʠ ʛʝʥʝʨʘʪʦʨ ʫ ʥʦʚʠ ʨʘʜʥʠ 

ʨʝʞʠʤ ʥʘ ʙʝʟʙʝʜʘʥ ʥʘʯʠʥ. ɱʦʰ ʿʝʜʥʘ ʧʨʝʜʥʦʩʪ ʧʨʝʜʣʦʞʝʥʦʛ ʢʦʥʮʝʧʪʘ ʿʝ ʰʪʦ ʥʝ ʟʘʭʪʝʚʘ ʩʢʫʧʝ 

ʝʣʝʤʝʥʪʝ ʠ ʜʦʙʘʨ ʜʝʦ ʩʝ ʤʦʞʝ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʢʨʦʟ ʩʪʘʥʜʘʨʜʥʝ ʫʨʝʹʘʿʝ ʢʦʿʠ ʩʫ ʩʚʘʢʘʢʦ 

ʥʝʦʧʭʦʜʥʠ ʟʘ ʨʘʜ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʤʨʝʞʠ. 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʦʩʪʦʿʝ˂ʠʭ ʘʣʛʦʨʠʪʘʤʘ, ʢʦʿʠ ʩʫ ʧʦʛʦʜʥʠ ʟʘ ʚʝʣʠʢʝ ʛʝʥʝʨʘʪʦʨʝ ʧʨʠʢˀʫʯʝʥʝ 

ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ, ʛʜʝ ʿʝ ʿʝʜʠʥʦ ʢʦʥʪʨʦʣʥʦ ʪʝʣʦ ɹʆ, ʨʘʟʚʠʿʝʥʠ ʘʣʛʦʨʠʪʘʤ ʜʘʪ ʫ ʦʚʦʤ 

ʧʦʛʣʘʚˀʫ ʦʤʦʛʫ˂ʘʚʘ ʢʦʦʨʜʠʥʠʩʘʥʫ ʢʦʥʪʨʦʣʫ ɹʆ ʠ ʨʝʛʫʣʘʪʦʨʘ ʥʘʧʦʥʘ ʛʝʥʝʨʘʪʦʨʘ. ɳʠʤʝ ʩʝ 

ʦʙʝʟʙʝʹʫʿʫ ʘʜʝʢʚʘʪʥʝ ʨʝʛʫʣʘʮʠʦʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʫ ʧʨʘʢʩʠ ʟʘ 

ʦʜʨʞʘʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʤʘʣʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʣʘʢʰʫ ʨʝʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʥʘʢʦʥ ʧʨʦʣʘʟʥʠʭ 

ʢʚʘʨʦʚʘ ʫ ʧʨʠʢˀʫʯʥʦʿ ʤʨʝʞʠ.  



ʋʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʤʘʣʠʭ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʙʘʣʘʥʩʥʝ ʠʤʧʝʜʘʥʩʝ 
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3.2. ʊʝʦʨʠʿʩʢʘ ʦʩʥʦʚʘ 

ʅʘ ʩʣ. 3.1 ʿʝ ʧʨʠʢʘʟʘʥ ʢʦʥʮʝʧʪ ʢʦʦʨʜʠʥʠʩʘʥʝ ʢʦʥʪʨʦʣʝ. ʂʘʜʘ ʩʝ ʢʚʘʨ ʜʦʛʦʜʠ ʫ ɼʄ-ʠ, 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʨʠʢʣʦʟʝʨ ʠʣʠ ʧʨʝʢʠʜʘʯ ʧʨʝʧʦʟʥʘʿʫ ʢʚʘʨ ʠ ʧʦʢʨʝ˂ʫ ʮʠʢʣʫʩ ɸʇʋ-ʘ, ʘ ɼɻ ʟʘʿʝʜʥʦ 

ʩʘ ʜʝʣʦʤ ʧʦʪʨʦʰˁʝ ʥʘ ʠʟʚʦʜʫ ʦʩʪʘʿʝ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʛʝʥʝʨʘʪʦʨ ʧʦʚʝʟʘʥ ʥʘ 

ʩʨʝʜˁʝʥʘʧʦʥʩʢʫ ʤʨʝʞʫ ʧʦʩʝʜʫʿʝ ʟʘʰʪʠʪʫ ʦʜ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʢʦʿʘ ʠʩʢˀʫʯʫʿʝ ʧʨʦʠʟʚʦʜʥʫ 

ʿʝʜʠʥʠʮʫ ʩʘ ʤʨʝʞʝ [18]. ʆʧʝʨʘʪʦʨ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʥʘʿʯʝʰ˂ʝ ʟʘʭʪʝʚʘ ʜʘ ɼɻ ʙʫʜʝ 

ʠʩʢˀʫʯʝʥ ʩʘ ʤʨʝʞʝ ʫ ʚʝʦʤʘ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʥʘʢʦʥ ʛʫʙʠʪʢʘ ʤʨʝʞʝ ʫ ʪʘʯʢʠ 

ʧʨʠʢˀʫʯʝˁʘ. ʆʚʘʢʚʠ ʟʘʭʪʝʚʠ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʢʘʢʦ ʥʘʮʠʦʥʘʣʥʠʤ ʧʨʝʧʦʨʫʢʘʤʘ ʦʧʝʨʘʪʦʨʘ [19], 

ʪʘʢʦ ʠ ʨʘʜʦʤ ʤʝʹʫʥʘʨʦʜʥʠʭ ʨʘʜʥʠʭ ʛʨʫʧʘ [18]. ʊʘʢʦʹʝ ʧʦʩʪʦʿʝ ʨʝʬʝʨʝʥʪʥʠ ʩʪʘʥʜʘʨʜʠ ʢʦʿʠ ʩʝ 

ʙʘʚʝ ʧʨʦʙʣʝʤʘʪʠʢʦʤ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʢʘʦ ʰʪʦ ʩʫ IEEE 1547 ʠ VDE 0126-1-1 [20], [21]. ʋ 

ʉʨʙʠʿʠ ʩʝ ʇʨʘʚʠʣʠʤʘ ʦ ʨʘʜʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʟʘʭʪʝʚʘ ʜʘ ɼɻ-ʠ ʠʩʢˀʫʯʝ ʩʘ ʤʨʝʞʝ ʫ 

ʩʣʫʯʘʿʫ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ [19]. ʊʦ ʟʥʘʯʠ ʜʘ ʩʚʘʢʠ ʛʝʥʝʨʘʪʦʨ ʤʦʨʘ ʜʘ ʙʫʜʝ ʦʧʨʝʤˀʝʥ ʟʘʰʪʠʪʥʦʤ 

ʬʫʥʢʮʠʿʦʤ ʢʦʿʘ ˂ʝ ʜʝʪʝʢʪʦʚʘʪʠ ʦʜʩʫʩʪʚʦ ʤʨʝʞʝ ʫ ʪʘʯʢʠ ʧʨʠʢˀʫʯʝˁʘ ʠ ʫ ʟʘʭʪʝʚʘʥʦʤ ʚʨʝʤʝʥʫ 

ʦʪʚʦʨʠʪʠ ʛʝʥʝʨʘʪʦʨʩʢʠ ʧʨʝʢʠʜʘʯ ʢʦʿʠʤ ʿʝ ʧʨʦʠʟʚʦʜʥʘ ʿʝʜʠʥʠʮʘ ʧʦʚʝʟʘʥʘ ʩʘ ʤʨʝʞʦʤ. 

ʉʪʘʥʜʘʨʜ VDE 0126-1-1 ʟʘʭʪʝʚʘ ʜʘ ʟʘʰʪʠʪʘ ʦʜ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʤʦʨʘ ʠʩʢˀʫʯʠʪʠ ʛʝʥʝʨʘʪʦʨ ʩʘ 

ʤʨʝʞʝ ʥʘʿʢʘʩʥʠʿʝ ʟʘ 0,2 s [21]. ɹʨʟʦ ʠʩʢˀʫʯʝˁʝ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʤʨʝʞʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫ ʩʣʫʯʘʿʫ 

ʢʚʘʨʘ ʜʘ ʙʠ ʩʝ ʪʝʭʥʠʢʘ ɸʇʋ-ʘ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʠʣʘ, ʿʝʨ ʩʝ ʪʠʤʝ ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʝ ʤʝʩʪʘ ʢʚʘʨʘ 

ʦʜ ʩʪʨʘʥʝ ʛʝʥʝʨʘʪʦʨʘ. ʊʘʢʦʹʝ, ʫ ʩʣʫʯʘʿʫ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʩʫ ʫʛʨʦʞʝʥʘ ʩʠʛʫʨʥʦʩʪ ʠ ʦʙʥʘʚˀʘˁʝ 

ʧʦʛʦʥʘ ʠ ʙʝʟʙʝʜʘʥ ʨʘʜ ʮʝʣʦʢʫʧʥʝ ʦʧʨʝʤʝ ʫ ʠʟʦʣʦʚʘʥʦʤ ʜʝʣʫ ɽɽʉ-ʘ. ɿʙʦʛ ʪʘʢʚʠʭ ʫʩʣʦʚʘ ʿʝ 

ʩʪʘʙʠʣʘʥ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʫ ʦʚʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʦʜ ʠʟʫʟʝʪʥʝ ʚʘʞʥʦʩʪʠ ʜʘ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʠ 

ʪʝʭʥʠʯʢʠ ʫʩʣʦʚʠ ʨʘʜʘ ʠ ʦʙʝʟʙʝʜʠʣʘ ʙʨʟʘ ʨʝʢʦʥʝʢʮʠʿʘ ʩʘ ʧʨʠʢˀʫʯʥʦʤ ʤʨʝʞʦʤ ʫ ʩʣʫʯʘʿʫ 

ʫʩʧʝʰʥʦʛ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʧʨʝʪʭʦʜʥʦ ʧʦʙʨʦʿʘʥʠ ʧʨʦʧʠʩʠ ʥʝ ʟʘʙʨʘˁʫʿʫ 

ʦʩʪʨʚʩʢʠ ʨʘʜ ɼɻ-ʘ ʫ ʠʥʪʝʨʥʦʿ ʤʨʝʞʠ ʢʦʿʘ ʿʝ ʠʟʚʘʥ ʥʘʜʣʝʞʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ 

ʩʠʩʪʝʤʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʟʘʭʪʝʚʘ ʦʪʚʘʨʘˁʝ ʧʨʝʢʠʜʘʯʘ ʇʈ2 ʥʘ ʩʣ. 3.1 ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ ʫ 

ʧʨʠʢˀʫʯʥʦʿ ʤʨʝʞʠ, ʜʦʢ ʇʈ4 ʤʦʞʝ ʦʩʪʘʪʠ ʫʢˀʫʯʝʥ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʛʝʥʝʨʘʪʦʨ ʤʦʞʝ ʥʘʧʘʿʘʪʠ 

ʣʦʢʘʣʥʫ ʧʦʪʨʦʰˁʫ ʫʢʦʣʠʢʦ ʦʥʘ ʧʨʠʧʘʜʘ ʠʥʪʝʨʥʦʿ ʤʨʝʞʠ ʠ ʥʠʿʝ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥʘ ʥʘ 

ʿʘʚʥʫ ɼʄ-ʫ. 

 

ʉʣ. 3.1:ɱʝʜʥʦʧʦʣʥʘ ʰʝʤʘ ʘʥʘʣʠʟʠʨʘʥʦʛ ʜʝʣʘ ʩʠʩʪʝʤʘ 

ɿʘʰʪʠʪʘ ʦʜ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʠʣʠ ʥʝʢʘ ʜʨʫʛʘ ʟʘʰʪʠʪʥʘ ʬʫʥʢʮʠʿʘ ʦʪʚʘʨʘ ʧʨʝʢʠʜʘʯ ʇʈ2 ʠ 

ʛʝʥʝʨʘʪʦʨ ʦʩʪʘʿʝ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʩʘ ʧʦʪʨʦʰˁʦʤ. ʆʚʘʢʚʦ ʩʪʘˁʝ ʚʨʣʦ ʣʘʢʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ 



ʋʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʤʘʣʠʭ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʙʘʣʘʥʩʥʝ ʠʤʧʝʜʘʥʩʝ 
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ʦʧʘʩʥʠʭ ʨʘʜʥʠʭ ʩʪʘˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʦʨʘʩʪ ʙʨʟʠʥʝ ʛʝʥʝʨʘʪʦʨʘ ʠʟʥʘʜ ʜʦʟʚʦˀʝʥʝ ʚʨʝʜʥʦʩʪʠ. 

ʇʨʦʙʣʝʤ ʢʦʥʪʨʦʣʝ ʙʨʟʠʥʝ ʘʛʨʝʛʘʪʘ ʫ ʩʣʫʯʘʿʫ ʛʫʙʠʪʢʘ ʤʨʝʞʝ ʿʝ ʧʦʩʣʝʜʠʮʘ ʪʨʦʤʦʩʪʠ 

ʪʫʨʙʠʥʩʢʦʛ ʨʝʛʫʣʘʪʦʨʘ ʠ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʭ ʠʥʝʨʮʠʦʥʠʭ ʤʘʩʘ ʘʛʨʝʛʘʪʘ. ʋʤʝʩʪʦ ʠʩʢˀʫʯʝˁʘ ʠ 

ʟʘʫʩʪʘʚˀʘˁʘ ʥʘʢʦʥ ʧʦʿʘʚʝ ʢʚʘʨʘ ʫ ʤʨʝʞʠ, ʤʦʞʝ ʩʝ ʫʢˀʫʯʠʪʠ ɹʀ ʠ ʧʨʠʤʝʥʠʪʠ ʢʦʦʨʜʠʥʠʩʘʥʘ 

ʢʦʥʪʨʦʣʘ ʫ ʮʠˀʫ ʦʙʝʟʙʝʹʠʚʘˁʘ ʩʪʘʙʠʣʥʦʛ ʠ ʩʠʛʫʨʥʦʛ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʦʤ 

ʧʨʝʣʘʟʥʦʛ ʧʨʦʮʝʩʘ. ɸʢʪʠʚʥʘ ʠ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʢʦʿʫ ʛʝʥʝʨʘʪʦʨ ʠʥʿʝʢʪʠʨʘ ʟʘʚʠʩʝ ʦʜ ʪʨʝʥʫʪʥʠʭ 

ʫʩʣʦʚʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʠ ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʧʨʠʤʘʨʥʦʛ ʨʝʩʫʨʩʘ. ʀʟ ʪʦʛʘ ʧʨʦʠʟʠʣʘʟʠ ʜʘ 

ʦʧʪʠʤʘʣʥʦ ʧʦʜʝʰʝˁʝ ʚʨʝʜʥʦʩʪʠ ɹʀ, ʢʦʿʝ ʜʝʬʠʥʠʰʝ ʚʨʝʜʥʦʩʪʠ ʩʥʘʛʝ ʢʦʿʘ ˂ʝ ʩʝ ʜʠʩʠʧʠʨʘʪʠ 

ʥʘ ˁʦ,ʿ ʟʘʚʠʩʠ ʦʜ ʩʥʘʛʝ ʢʦʿʫ ʿʝ ʛʝʥʝʨʘʪʦʨ ʠʥʿʝʢʪʠʨʘʦ ʫ ʤʨʝʞʫ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʢʚʘʨʘ. ɼʘʢʣʝ, ʜʘ 

ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʥʘʿʙʨʞʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʨʘʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʛʝʥʝʨʘʪʦʨʘ ʥʘʢʦʥ ʛʫʙʠʪʢʘ ʤʨʝʞʝ 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʝʜʫʧʨʘʚˀʘˁʝ ɹʀ. ʇʨʝʜʫʧʨʘʚˀʘˁʝ ʩʝ ʚʨʰʠ ʜʠʥʘʤʠʯʢʦʤ ʧʨʦʤʝʥʦʤ 

ʦʪʧʦʨʥʦʩʪʠ ʠ ʨʝʘʢʪʘʥʩʝ ʫ ʩʢʣʘʜʫ ʩʘ ʘʢʪʠʚʥʦʤ ʠ ʨʝʘʢʪʠʚʥʦʤ ʩʥʘʛʦʤ ʛʝʥʝʨʘʪʦʨʘ, ʪʘʢʦ ʜʘ ʩʝ ʫ 

ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʮʝʣʦʢʫʧʥʘ ʩʥʘʛʘ ʛʝʥʝʨʘʪʦʨʘ ʜʠʩʠʧʠʨʘ ʥʘ ˁʝʤʫ, ʫʚʘʞʘʚʘʿʫ˂ʠ ʥʘʧʦʥ ʥʘ 

ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ. ʆʚʦ ʩʝ ʧʨʠʤʝˁʫʿʝ ʢʘʜʘ ʿʝ ʣʦʢʘʣʥʘ ʧʦʪʨʦʰˁʘ ʚʝ˂ʘ ʦʜ ʧʨʦʠʟʚʦʜˁʝ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʪʘʜʘ ʩʝ ʦʥʘ ʤʦʨʘ ʧʦʪʧʫʥʦ ʠʩʢˀʫʯʠʪʠ, ʜʦʢ ʙʠ ʛʝʥʝʨʘʪʦʨ ʦʩʪʘʦ ʩʘʤʦ ʩʘ ɹʀ ʫ 

ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ. ʋʢʦʣʠʢʦ ʿʝ ʩʥʘʛʘ ʛʝʥʝʨʘʪʦʨʘ ʧʨʝ ʛʫʙʠʪʢʘ ʤʨʝʞʝ ʙʠʣʘ ʚʝ˂ʘ ʦʜ ʩʥʘʛʝ 

ʧʦʪʨʦʰˁʝ, ɹʀ ʪʨʝʙʘ ʧʨʠʣʘʛʦʹʘʚʘʪʠ ʪʘʢʦ ʜʘ ʥʘʜʦʤʝʩʪʠ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʩʥʘʛʝ ʧʨʦʠʟʚʦʜˁʝ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʦʪʨʦʰˁʝ ʢʦʥʟʫʤʘ ʢʦʿʠ ʿʝ ʦʩʪʘʦ ʦʩʪʨʚʩʢʠ ʥʘʧʘʿʘʥ. ʊʠʤʝ ʿʝ ʦʯʫʚʘʥʘ ʩʪʘʙʠʣʥʦʩʪ ʠ 

ʢʦʥʪʠʥʫʘʣʥʦ ʥʘʧʘʿʘˁʝ ʧʦʪʨʦʰˁʝ. 

ʋ ʥʦʨʤʘʣʥʦʤ ʧʦʛʦʥʫ ʧʨʝʢʠʜʘʯ ɹʀ ʿʝ ʦʪʚʦʨʝʥ (ʩʣ. 3.1), ʪʘʢʦ ʜʘ ʩʝ ˁʝʥʘ ʚʨʝʜʥʦʩʪ ʤʝˁʘ ʫ 

ʙʝʟʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ, ʰʪʦ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʦʣʘʢʰʘʚʘ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʠʟʘʮʠʿʫ ʦʚʝ ʨʝʛʫʣʘʮʠʿʝ. 

ʋ ʧʨʠʣʦʛ ʦʚʘʢʚʦʤ ʥʘʯʠʥʫ ʫʧʨʘʚˀʘˁʘ ʠʜʝ ʠ ʪʦ ʰʪʦ ʩʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʦʪʨʦʰˁʝ ʥʝ 

ʤʝˁʘʿʫ ʧʨʝʚʠʰʝ ʙʨʟʦ. ʇʨʦʤʝʥʘ ʧʘʨʘʤʝʪʘʨʘ ʠʤʧʝʜʘʥʩʝ ʤʦʞʝ ʩʝ ʚʨʰʠʪʠ ʢʦʥʪʠʥʫʘʣʥʦ ʧʦʤʦ˂ʫ 

ʝʥʝʨʛʝʪʩʢʝ ʝʣʝʢʪʨʦʥʠʢʝ ʫ ˁʝʛʦʚʦʤ ʢʦʣʫ, ʘʣʠ ʦʚʘʢʘʚ ʥʘʯʠʥ ʫʧʨʘʚˀʘˁʘ ʠʟʠʩʢʫʿʝ ʜʦʜʘʪʥʘ 

ʬʠʥʘʥʩʠʿʩʢʘ ʩʨʝʜʩʪʚʘ. ʋʣʘʟʥʘ ʚʝʣʠʯʠʥʘ ʩʠʩʪʝʤʘ ʟʘ ʧʨʦʤʝʥʫ ʦʪʧʦʨʘ ʿʝ ʪʨʝʥʫʪʥʘ ʘʢʪʠʚʥʘ ʩʥʘʛʘ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ ʢʦʿʘ ʦʩʪʘʿʝ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ. ʋ ʘʥʘʣʠʟʘʤʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ 

ʜʘ ʝʣʝʢʪʨʘʥʘ ʨʘʜʠ ʩʘ ʪʨʝʥʫʪʥʦ ʨʘʩʧʦʣʦʞʠʚʦʤ ʩʥʘʛʦʤ. ʆʚʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʧʨʦʪʦʯʥʝ 

ʄʍɽ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʝʣʝʢʪʨʘʥʘ ʥʝʤʘ ʨʝʟʝʨʚʫ ʢʦʿʫ ʤʦʞʝ ʧʦ ʧʦʪʨʝʙʠ ʘʢʪʠʚʠʨʘʪʠ ʠ ʧʦʚʝ˂ʘʪʠ 

ʧʨʦʠʟʚʦʜˁʫ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʩʧʦʣʦʞʠʚʫ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʪʨʝʥʫʪʢʫ. ʉʠʪʫʘʮʠʿʘ ʿʝ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʘ 

ʢʘʜʘ ʩʝ ʠʤʘʿʫ ʘʢʫʤʫʣʘʮʠʦʥʝ ʄʍɽ, ʘʣʠ ʠ ʤʘʣʝ ʝʣʝʢʪʨʘʥʝ ʥʘ ʛʘʩ ʠ ʜʠʟʝʣ-ʝʣʝʢʪʨʠʯʥʠ ʘʛʨʝʛʘʪʠ, 

ʛʜʝ ʧʨʠʤʘʨʥʠ ʠʟʚʦʨ ʝʥʝʨʛʠʿʝ ʧʦʩʪʦʿʠ ʫ ʨʝʟʝʨʚʠ, ʜʦʢ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʘ ʫ ʜʘʪʦʤ 

ʪʨʝʥʫʪʢʫ ʤʦʞʝ ʥʘʤʝʥʩʢʠ ʧʦʚʝ˂ʘʚʘʪʠ ʩʥʘʛʘ ʧʨʦʠʟʚʦʜˁʝ. ʇʦʨʝʜ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʧʦʪʨʦʰˁʝ, ʘʢʫʤʫʣʠʨʘʥʠ ʠʟʥʦʩ ʧʨʠʤʘʨʥʦʛ ʨʝʩʫʨʩʘ ʠ ʙʨʟʠʥʘ ʪʫʨʙʠʥʩʢʝ ʨʝʛʫʣʘʮʠʿʝ ʩʝ ʪʘʢʦʹʝ 

ʤʦʞʝ ʫʚʝʩʪʠ ʢʘʦ ʜʦʜʘʪʥʘ ʫʧʨʘʚˀʘʯʢʘ ʧʨʦʤʝʥˀʠʚʘ. ʆʥʘ ʩʝ ʤʦʞʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʪʦʢʦʤ ʧʨʦʮʝʩʘ 

ʧʦʜʝʰʘʚʘˁʘ ʦʧʪʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ɹʆ ʫ ʮʠˀʫ ʰʪʦ ʝʬʠʢʘʩʥʠʿʝʛ ʙʘʣʘʥʩʠʨʘˁʘ ʩʥʘʛʘʤʘ ʢʘʜʘ ʿʝ 

ʛʝʥʝʨʘʪʦʨ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʩʘ ɹʆ ʠ ʣʦʢʘʣʥʦʤ ʧʦʪʨʦʰˁʦʤ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʩʪʚʘʨʘʿʫ 

ʦʢʦʣʥʦʩʪʠ ʟʘ ʦʜʨʞʘʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʙʝʟ ʠʩʢˀʫʯʝˁʘ ʧʦʪʨʦʰˁʝ, ʯʘʢ ʠ ʫ ʩʣʫʯʘʿʫ 

ʢʘʜʘ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʛʝʥʝʨʘʪʦʨʘ ʥʝʰʪʦ ʤʘˁʘ ʦʜ ʧʦʪʨʦʰˁʝ ʫ ʪʨʝʥʫʪʢʫ ʛʫʙʠʪʢʘ ʤʨʝʞʝ. ɿʘ ʦʚʦ 

ʜʦʜʘʪʥʦ ʫʥʘʧʨʝʹʝˁʝ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ ʫʧʨʘʚˀʘˁʘ, ʪʫʨʙʠʥʩʢʠ ʨʝʛʫʣʘʪʦʨ ʪʘʢʦʹʝ ʤʦʨʘ ʙʠʪʠ 

ʫʢˀʫʯʝʥ ʫ ʢʦʦʨʜʠʥʠʩʘʥʫ ʢʦʥʪʨʦʣʫ, ʘ ʢʦʿʠ ʿʝ ʧʦ ʧʨʘʚʠʣʫ ʜʦʩʪʘ ʩʧʦʨʠʿʠ ʦʜ ʨʝʛʫʣʘʮʠʿʝ ʧʦʙʫʜʝ 

ʠ ʫʧʨʘʚˀʘˁʘ ɹʆ. ʊʫʨʙʠʥʩʢʘ ʨʝʛʫʣʘʮʠʿʘ ʤʦʞʝ ʥʘʿʚʠʰʝ ʜʦʧʨʠʥʝʪʠ ʙʘʣʘʥʩʠʨʘˁʫ ʘʢʪʠʚʥʠʭ 

ʩʥʘʛʘ ʫ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤ ʩʪʘˁʫ ʧʨʠ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ, ʢʘʜʘ ʩʝ ʠʤʘ ʥʝʨʘʩʧʦʣʦʞʠʚʦʩʪ ʤʨʝʞʝ ʫ 

ʜʫʞʝʤ ʪʨʘʿʘˁʫ ʠʣʠ ʢʘʜʘ ʿʝ ʧʨʝʜʚʠʹʝʥ ʪʨʘʿʥʠ ʧʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ. ɼʘʢʣʝ, ɹʀ ʠʤʘ ʫʣʦʛʫ ʜʘ 

ʦʤʦʛʫ˂ʠ ʤʠʨʘʥ ʪʨʘʥʟʠʿʝʥʪ ʪʦʢʦʤ ʧʨʝʣʘʩʢʘ ʫ ʠʟʦʣʦʚʘʥʠ ʨʘʜ ʰʪʦ ʥʠʿʝ ʤʦʛʫ˂ʝ ʫʨʘʜʠʪʠ 

ʪʫʨʙʠʥʩʢʦʤ ʨʝʛʫʣʘʮʠʿʦʤ ʟʙʦʛ ˁʝʥʝ ʪʨʦʤʦʩʪʠ. ʊʫʨʙʠʥʩʢʘ ʨʝʛʫʣʘʮʠʿʘ ʤʦʞʝ ʧʨʝʫʟʝʪʠ 

ʙʘʣʘʥʩʠʨʘˁʝ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʥʘʢʦʥ ʧʦʩʪʠʟʘˁʘ ʩʪʘʙʠʣʥʦʛ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʠ ʧʦʩʪʝʧʝʥʦ ʩʝ 

ʨʘʩʪʝʨʝ˂ʫʿʝ ɹʀ ʜʦ ʢʦʥʘʯʥʦʛ ʠʩʢˀʫʯʝˁʘ. ʀʩʪʠ ʧʨʠʥʮʠʧ ʧʦʜʝʰʘʚʘˁʘ ʫ ʙʝʟʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ ʩʝ 

ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʠ ʥʘ ʨʝʘʢʪʠʚʥʠ ʜʝʦ ʠʤʧʝʜʘʥʩʝ ʫ ʙʝʟʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ. ʇʨʠʤʘʨʥʠ ʬʦʢʫʩ 

ʪʝʭʥʠʢʝ ʧʨʠʢʘʟʘʥʝ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʫʧʨʘʚˀʘˁʝ ʪʦʢʦʤ ʧʨʝʣʘʟʥʦʛ ʧʨʦʮʝʩʘ ʦʜʤʘʭ ʥʘʢʦʥ 

ʛʫʙʠʪʢʘ ʤʨʝʞʝ ʠ ʩʚʝ ʘʥʘʣʠʟʝ ʩʫ ʨʘʹʝʥʝ ʩʘ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʿʝ ʦʙʨʪʥʠ ʤʦʤʝʥʪ ʥʘ ʚʨʘʪʠʣʫ 

ʘʛʨʝʛʘʪʘ ʥʝʧʨʦʤʝʥˀʠʚ ʠ ʿʝʜʥʘʢ ʚʨʝʜʥʦʩʪʠ ʢʦʿʘ ʩʝ ʠʤʘʣʘ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ ʠ 

ʛʫʙʠʪʢʘ ʤʨʝʞʝ. 



ʋʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʤʘʣʠʭ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʙʘʣʘʥʩʥʝ ʠʤʧʝʜʘʥʩʝ 
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ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʇʨʦʤʝʥʘ ʧʘʨʘʤʝʪʘʨʘ ɹʀ ʚʨʰʠ ʩʝ ʧʨʝʤʘ ʜʝʬʠʥʠʩʘʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʦʪʧʦʨ-ʘʢʪʠʚʥʘ 

ʩʥʘʛʘ ʠ ʨʝʘʢʪʘʥʩʘ-ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ, ʢʦʝʿ ʩʝ ʤʦʨʘʿʫ ʫʥʘʧʨʝʜ ʦʜʨʝʜʠʪʠ ʩʠʤʫʣʘʮʠʿʘʤʘ ʠʣʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ. ʇʨʠʤʝʥʦʤ ʘʜʝʢʚʘʪʥʦʛ ʫʧʨʘʚˀʘˁʘ, ɹʀ ˂ʝ ʙʠʪʠ Ăʩʧʨʝʤʥʘῤ ʠ Ăʯʝʢʘʪʠῤ ʜʘ ʩʝ 

ʧʦ ʧʦʪʨʝʙʠ, ʧʨʠ ʧʨʝʣʘʩʢʫ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ, ʪʨʝʥʫʪʥʘ ʩʥʘʛʘ ʛʝʥʝʨʘʪʦʨʘ ʜʠʩʠʧʠʨʘ ʥʘ ˁʦʿ. 

ʋʚʦʹʝˁʝʤ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʢʘʦ ʫʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ ʫ ʩʠʩʪʝʤ ʨʝʛʫʣʘʮʠʿʝ 

ʧʦʙʫʜʝ ʛʝʥʝʨʘʪʦʨʘ, ʦʩʪʚʘʨʫʿʝ ʩʝ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ, ʧʦʨʝʜ ʦʜʨʞʘʚʘˁʘ ʥʘʧʦʥʘ ʫ ʧʨʦʧʠʩʘʥʦʤ 

ʦʧʩʝʛʫ, ʪʘʢʦʹʝ ʦʜʨʞʘʚʘ ʠ ʬʨʝʢʚʝʥʮʠʿʘ (ʙʨʟʠʥʘ ʛʝʥʝʨʘʪʦʨʘ) ʥʘ ʞʝˀʝʥʦʿ (ʥʦʤʠʥʘʣʥʦʿ) 

ʚʨʝʜʥʦʩʪʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʦʜʨʞʘʚʘʿʫ ʧʘʨʘʤʝʪʨʠ (ʥʘʧʦʥ ʠ ʬʨʝʢʚʝʥʮʠʿʘ) ʛʝʥʝʨʘʪʦʨʘ ʙʣʠʩʢʠ 

ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʿʝ ʜʦʟʚʦˀʘʚʘʿʫ ʧʦʥʦʚʥʫ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʥʘ ʤʨʝʞʫ ʥʘʢʦʥ ʝʣʠʤʠʥʘʮʠʿʝ ʢʚʘʨʘ. 

 ʊʝʦʨʠʿʩʢʘ ʦʩʥʦʚʘ ʟʘ ʧʨʝʪʭʦʜʥʦ ʠʟʣʦʞʝʥʠ ʢʦʥʮʝʧʪ ʫʧʨʘʚˀʘˁʘ ɹʆ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ 

ʢʦʨʠʩʪʝ˂ʠ ʦʩʥʦʚʥʝ ʿʝʜʥʘʯʠʥʝ ʢʦʿʝ ʦʧʠʩʫʿʫ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʢʝ ʧʨʦʮʝʩʝ ʫ ʤʘʰʠʥʠ ʠ ʿʝʜʥʘʯʠʥʝ 

ʠʥʝʿʢʪʠʨʘˁʘ ʩʥʘʛʝ ʫ ʤʨʝʞʫ. ʉʣeʜʝ˂ʘ ʨʝʣʘʮʠʿʘ ʧʨʠʢʘʟʫʿʝ ʤʝʭʘʥʠʯʢʫ ʿʝʜʥʘʯʠʥʫ ʢʦʿʘ ʜʝʬʠʥʠʰʝ 

ʢʨʝʪʘˁʝ ʦʙʨʪʥʠʭ ʤʘʩʘ ʘʛʨʝʛʘʪʘ ʠ ʧʦʚʝʟʫʿʝ ʝʢʚʠʚʘʣʝʥʪʘʥ ʤʦʤʝʥʪ, ʢʦʿʠ ʜʝʣʫʿʝ ʥʘ ʨʦʪʦʨ 

ʘʛʨʝʛʘʪʘ, ʠ ʧʦʩʣʝʜʠʯʥʫ ʧʨʦʤʝʥʫ ʤʝʭʘʥʠʯʢʝ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ [93]: 

 Ὕ Ὕ ὐ
Ὠύ

Ὠὸ
 (5.1)  

ʛʜʝ ʿʝ: 

Ὕ  ï ʤʝʭʘʥʠʯʢʠ ʤʦʤʝʥʪ ʪʫʨʙʠʥʝ, 

Ὕ ï ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠ ʤʦʤʝʥʪ ʛʝʥʝʨʘʪʦʨʘ, 

ὐ  ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʿʝ ʘʛʨʝʛʘʪʘ (ʛʝʥʝʨʘʪʦʨʘ ʠ ʪʫʨʙʠʥʝ), 

ύ   ï ʤʝʭʘʥʠʯʢʘ ʫʛʘʦʥʘ ʙʨʟʠʥʘ ʛʝʥʝʨʘʪʦʨʘ. 

ʈʘʟʤʘʪʨʘʥʦ ʿʝ ʩʘʤʦ ʠʥʿʝʢʪʠʨʘˁʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʠ ʧʦʩʤʘʪʨʘ˂ʝ ʩʝ ʩʣʫʯʘʿ ʛʝʥʝʨʘʪʦʨʘ ʩʘ 

ʚʘˀʢʘʩʪʠʤ ʨʦʪʦʨʦʤ, ʿʝʨ ʩʫ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʿʝʜʥʘʯʠʥʝ ʿʝʜʥʦʩʪʘʚʥʠʿʝ. ʇʨʠʥʮʠʧʠʿʝʣʥʦ, ʠʟʚʝʜʝʥʠ 

ʟʘʢˀʫʯʮʠ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʠ ʥʘ ʛʝʥʝʨʘʪʦʨ ʩʘ ʠʩʪʘʢʥʫʪʠʤ ʧʦʣʦʚʠʤʘ. 

ɸʢʪʠʚʥʘ ʩʥʘʛʘ ʢʦʿʫ ʛʝʥʝʨʘʪʦʨ ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʪʘˁʫ ʠʥʿʝʢʪʠʨʘ ʫ ʤʨʝʞʫ ʤʦʞʝ ʩʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʩʣʝʜʝ˂ʦʤ ʨʝʣʘʮʠʿʦʤ [93]: 

 ὖ
ὉϽὟ

ὢ
ÓÉÎ (5.2) ‏  

ʛʜʝ ʿʝ: 

ὖ ï ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ, 

Ὁ  ï ʫʥʫʪʨʘʰˁʘ ʝʣʝʢʪʨʦʤʦʪʦʨʥʘ ʩʠʣʘ ʫʩʣʝʜ ʧʦʙʫʜʝ, 

Ὗ  ï ʥʘʧʦʥ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ, 

ὢ  ï ʩʠʥʭʨʦʥʘ ʨʝʘʢʪʘʥʩʘ ʛʝʥʝʨʘʪʦʨʘ, 

 ï ʫʛʘʦ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ (ʠʟʤʝʹʫ ʬʘʟʦʨʘ ʫʥʫʪʨʘʰˁʝ ʝʣʝʢʪʨʦʤʦʪʦʨʥʝ ʩʠʣʝ ʠ ʥʘʧʦʥʘ  ‏

ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ). 

ɽʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠ ʤʦʤʝʥʪ ʛʝʥʝʨʘʪʦʨʘ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʦʜʥʦʩ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʥʘ 

ʪʝʨʤʠʥʘʣʠʤʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʤʝʭʘʥʠʯʢʝ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʩʝ ʩʣʝʜʝ˂ʦʤ 

ʨʝʣʘʮʠʿʦʤ: 

 Ὕ
ὖ

ύ
 (5.3)  

ʂʦʤʙʠʥʦʚʘˁʝʤ ʧʨʝʪʭʦʜʥʠʭ ʿʝʜʥʘʯʠʥʘ ʤʦʞʝ ʩʝ ʠʟʚʝʩʪʠ ʩʣʝʜʝ˂ʘ, ʠʟ ʢʦʿʝ ʩʝ ʫʦʯʘʚʘ 

ʥʝʢʦʣʠʢʦ ʟʘʢˀʫʯʘʢʘ ʢʦʿʠ ʜʘʿʫ ʪʝʦʨʠʿʩʢʫ ʦʩʥʦʚʫ ʟʘ ʧʨʠʤʝʥʫ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ: 

 Ὕ
ὉϽὟ

ὢϽύ
ÓÉÎ ‏ ὐ

Ὠύ

Ὠὸ
 (5.4)  

ʈʝʛʫʣʘʮʠʿʦʤ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʤʝˁʘ ʩʝ ʫʥʫʪʨʘʰˁʘ ʝʣʝʢʪʨʦʤʦʪʦʨʥʘ ʩʠʣʘ Ὁ, ʧʘ ʩʘʤʠʤ 
ʪʠʤ ʠ ʫʢʫʧʥʘ ʩʥʘʛʘ ʘʢʮʝʣʝʨʘʮʠʿʝ. ʆʥʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʢʦʛ 

ʤʦʤʝʥʪʘ ʪʫʨʙʠʥʝ, ʢʦʿʠ ʪʝʞʠ ʜʘ ʫʙʨʟʘ ʨʦʪʦʨ ʤʘʰʠʥʝ ʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʤʦʤʝʥʪʘ ʢʦʿʠ ʪʝʞʠ 



ʋʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʤʘʣʠʭ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʙʘʣʘʥʩʥʝ ʠʤʧʝʜʘʥʩʝ 

27 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʜʘ ʫʩʧʦʨʠ ʨʦʪʦʨ. ɸʢʦ ʿʝ ʩʥʘʛʘ ʘʢʮʝʣʝʨʘʮʠʿʝ ʧʦʟʠʪʠʚʥʘ, ʜʦʣʘʟʠ ʜʦ ʫʙʨʟʘʚʘˁʘ ʤʘʰʠʥʝ. ʊʦ ˂ʝ 

ʧʨʝʧʦʟʥʘʪʠ ʜʦʜʘʪʥʠ ʤʦʜʫʣ ʠʥʪʝʛʨʠʩʘʥ ʫ ʩʠʩʪʝʤ ʨʝʛʫʣʘʮʠʿʝ ʧʦʙʫʜʝ ʠ ʧʦʚʝ˂ʘʪʠ ʧʦʙʫʜʥʠ 

ʥʘʧʦʥ. ʇʦʚʝ˂ʘʚʘˁʝʤ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʯʣʘʥ ὖ, ʩʥʘʛʘ ʘʢʮʝʣʝʨʘʮʠʿʝ ʧʦʩʪʘʿʝ 

ʥʝʛʘʪʠʚʥʘ ʠ ʤʘʰʠʥʘ ʫʩʧʦʨʘʚʘ, ʧʘ ʩʝ ʙʨʟʠʥʘ ʚʨʘ˂ʘ ʦʩʮʠʣʘʪʦʨʥʦ ʧʨʠʛʫʰʝʥʠʤ ʧʨʦʮʝʩʦʤ ʥʘ 

ʞʝˀʝʥʫ ʚʨʝʜʥʦʩʪ. 

ʋʢʦʣʠʢʦ ʩʝ ʨʘʟʤʘʪʨʘ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ɹʆ, ʦʥʜʘ ʩʝ ʠʟʨʘʟ ʟʘ ʝʣʝʢʪʨʠʯʥʫ ʩʥʘʛʫ ʥʘ 

ʧʨʠʢˀʫʯʮʠʤʘ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʩʣʝʜʝ˂ʦʤ ʨʝʣʘʮʠʿʦʤ: 

 ὖ
Ὗ

Ὑ
 (5.5)  

ʛʜʝ ʿʝ: 

Ὑ  ï ʚʨʝʜʥʦʩʪ ɹʆ ʧʦ ʬʘʟʠ. 

ʋʢʦʣʠʢʦ ʩʝ ʿʝʜʥʘʯʠʥa (5.4) ʤʦʜʠʬʠʢʫʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʪʭʦʜʥʦʤ ʨʝʣʘʮʠʿʦʤ ʜʦʙʠʿʝ ʩʝ 

ʩʣʝʜʝ˂ʝ: 

 Ὕ
Ὗ

Ὑ Ͻύ
ὐ
Ὠύ

Ὠὸ
 (5.6)  

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʝ ʿʝʜʥʘʯʠʥʝ ʤʦʞʝ ʩʝ ʨʘʟʤʘʪʨʘʪʠ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʠ ʢʦʦʨʜʠʥʠʩʘʥʝ 

ʢʦʥʪʨʦʣʝ ʪʦʢʦʤ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʩʘ ɹʆ. ʉʣʠʯʥʠ ʟʘʢˀʫʯʮʠ ʚʘʞʝ ʢʘʦ ʠ ʟʘ ʿʝʜʥʘʯʠʥʫ (5.4). ʅʘʧʦʥ 

ʠ ʙʨʟʠʥʘ ʛʝʥʝʨʘʪʦʨʘ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʫʪʠʯʫ ʥʘ ʩʥʘʛʫ ʘʢʮʝʣʝʨʘʮʠʿʝ, ʘʣʠ ʠ ʥʘ ʧʦʙʫʜʥʠ 

ʥʘʧʦʥ, ʯʠʤʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʠ ʥʘʧʦʥ ʠ ʬʨʝʢʚʝʥʮʠʿʘ ʢʦʥʚʝʨʛʠʨʘʿʫ ʧʨʝʤʘ ʞʝˀʝʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʧʨʦʤʝʥʦʤ ʩʘʤʦ ʧʦʙʫʜʝ ʛʝʥʝʨʘʪʦʨʘ. 

ʉʪʘʥʜʘʨʜʥʠ ʩʠʩʪʝʤʠ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ʧʦʙʫʜʝ ʥʝ ʤʦʛʫ ʦʙʝʟʙʝʜʠʪʠ ʩʪʘʙʠʣʥʦʩʪ ʛʝʥʝʨʘʪʦʨʘ 

ʪʦʢʦʤ ʪʨʘʥʟʠʿʝʥʪʥʦʛ ʧʨʦʮʝʩʘ ʥʘʢʦʥ ʛʫʙʠʪʢʘ ʤʨʝʞʝ ʠ ʧʨʝʣʘʩʢʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ɹʀ ʠ/ʠʣʠ 

ʣʦʢʘʣʥʦʤ ʧʦʪʨʦʰˁʦʤ. ʋʚʦʹʝˁʝʤ ʙʨʟʠʥʝ ʠ ʫʙʨʟʘˁʘ ʢʘʦ ʥʦʚʠʭ ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ 

ʜʦʙʠʿʘ ʩʝ ʜʦʜʘʪʥʠ ʩʪʝʧʝʥ ʨʝʛʫʣʘʮʠʿʝ. ʉʘ ʦʚʘʢʚʠʤ ʫʥʘʧʨʝʹʝˁʝʤ ʩʪʚʘʨʘʿʫ ʩʝ ʨʝʘʣʥʠ ʫʩʣʦʚʠ ʜʘ 

ʛʝʥʝʨʘʪʦʨ ʦʜʨʞʠ ʠ ʙʨʟʠʥʫ, ʦʜʥʦʩʥʦ ʬʨʝʢʚʝʥʮʠʿʫ ʫ ʧʨʠʭʚʘʪˀʠʚʠʤ ʛʨʘʥʠʮʘʤʘ ʢʦʿʝ ˂ʝ 

ʦʤʦʛʫ˂ʠʪʠ ʙʨʟʫ ʨʝʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʩʘ ʤʨʝʞʦʤ ʙʝʟ ʟʘʫʩʪʘʚˀʘˁʘ ʤʘʰʠʥʝ. ʇʦʪʨʝʙʥʦ ʿʝ 

ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʨʘʟʚʠʿʝʥʘ ʪʝʭʥʠʢʘ ʩʘ ɹʀ ʠ ʤʦʜʠʬʠʢʦʚʘʥʦʤ ʨʝʛʫʣʘʮʠʿʦʤ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ 

ʦʤʦʛʫ˂ʘʚʘ ʩʘʤʦ ʢʨʘʪʢʦʪʨʘʿʥʦ ʦʜʨʞʘʚʘˁʝ ʩʪʘʙʠʣʥʦʛ ʨʘʜʘ. ʅʝ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʘʜ ʫ 

ʜʫʞʝʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ ʩʘ ʚʝʣʠʢʠʤ ʚʘʨʠʿʘʮʠʿʘʤʘ ʧʦʪʨʦʰˁʝ ʙʝʟ ʫʢˀʫʯʠʚʘˁʘ ʫ 

ʨʝʛʫʣʘʮʠʿʫ ʪʫʨʙʠʥʩʢʦʛ ʨʝʛʫʣʘʪʦʨʘ ʢʘʦ ʥʝʟʘʚʠʩʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʨʦʣʫ ʙʨʟʠʥʝ ʠʣʠ ʩʠʩʪʝʤʘ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʢʦʿʠ ˂ʝ ʦʙʝʟʙʝʜʠʪʠ ʙʘʣʘʥʩ ʩʥʘʛʘ ʫ ʩʠʩʪʝʤʫ ʫ ʩʚʘʢʦʤ 

ʪʨʝʥʫʪʢʫ.  

3.3. ʄʦʜʝʣ ʟʘ ʘʥʘʣʠʟʝ 

3.3.1. ʄʦʜʝʣ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ 

ʅʘ ʩʣ. 3.1 ʿʝ ʧʨʠʢʘʟʘʥʘ ʿʝʜʥʦʧʦʣʥʘ ʰʝʤʘ ʜʝʣʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʩʘ ʨʝʛʫʣʘʮʠʿʦʤ 

ʧʦʙʫʜʝ, ʢʦʥʪʨʦʣʦʤ ɹʀ ʠ ʨʘʩʢʣʦʧʥʦʤ ʦʧʨʝʤʦʤ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʫ ʘʥʘʣʠʟʘʤʘ. ɽʢʚʠʚʘʣʝʥʪ 

ʧʨʝʥʦʩʥʝ 110 kV ʤʨʝʞʝ ʿʝ ʤʦʜʝʣʦʚʘʥ ʠʤʧʝʜʘʥʩʦʤ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʩʥʘʟʠ ʪʨʦʧʦʣʥʦʛ ʢʨʘʪʢʦʛ 

ʩʧʦʿʘ ʦʜ 1000 MVA  ʠ ʦʜʥʦʩʫ R/X = 0,25. ʅʘ ʥʠʞʝʥʘʧʦʥʩʢʦʿ ʩʪʨʘʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʝʿ 

ʤʦʜʝʣʦʚʘʥ ʩʘʤʦ ʿʝʜʘʥ ʠʟʚʦʜ 20 kV, ʿʝʨ ʦʩʪʘʪʘʢ ʤʨʝʞʝ ʥʠʿʝ ʦʜ ʙʠʪʥʦʛ ʫʪʠʮʘʿʘ ʟʘ ʧʨʝʜʤʝʪʥʝ 

ʘʥʘʣʠʟʝ. ʊʨʘʥʩʬʦʨʤʘʪʦʨ 110/20 kV (ɼʊ) ʿʝ ʩʧʨʝʛʝ YNyn, ʧʨʠ ʯʝʤʫ ʿʝ ʩʝʢʫʥʜʘʨ ʫʟʝʤˀʝʥ ʧʨʝʢʦ 

ʦʪʧʦʨʥʠʢʘ ʢʦʿʠ ʦʛʨʘʥʠʯʘʚʘ ʩʪʨʫʿʫ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫ 20 kV ʤʨʝʞʠ ʥʘ 300 ɸ. 

ɼʠʩʪʨʠʙʫʠʨʘʥʠ ʠʟʚʦʨ ʩʘ ʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʿʝ ʧʨʝʢʦ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 6,3/20 kV 

ʧʨʠʢˀʫʯʝʥ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ. ʀʩʢˀʫʯʝˁʝ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʩʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʩʝ ʚʨʰʠ ʧʨʝʢʦ ʧʨʝʢʠʜʘʯʘ ʇʈ2. ʃʦʢʘʣʥʘ ʧʦʪʨʦʰˁʘ ʿʝ ʧʨʠʢˀʫʯʝʥʘ 

ʧʨʝʢʦ ʧʨʝʢʠʜʘʯʘ ʇʈ4 ʥʘ ɺʅ ʩʘʙʠʨʥʠʮʝ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʦʪʨʦʰˁʘ ʿʝ ʤʦʜʝʣʦʚʘʥʘ ʢʘʦ 

ʥʘʧʦʥʩʢʠ ʟʘʚʠʩʥʘ ʩʘ ʩʪʘʪʠʯʢʠʤ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ ʟʘʚʠʩʥʦʩʪʠ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʦʜ 

ʥʘʧʦʥʘ 1,3 ʠ 1,8, ʨʝʩʧʝʢʪʠʚʥʦ. ʅʘ ʦʚʝ ʩʘʙʠʨʥʠʮʝ ʿʝ ʧʨʠʢˀʫʯʝʥa ɹʀ Zbal ʧʦʤʦ˂ʫ ʧʨʝʢʠʜʘʯʘ 
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ʇʈ3, ʢʦʿʠ ʿʝ ʫ ʥʦʨʤʘʣʥʦʤ ʧʦʛʦʥʫ ʦʪʚʦʨʝʥ. ʅʘ ʚʦʜʫ, ʜʫʞʠʥʝ 8 ʢʤ, ʧʨʝʪʧʦʩʪʘʚˀʝʥ ʿʝ ʥʘʩʪʘʥʘʢ 

ʢʚʘʨʘ ʠ ʧʨʠ ʜʝʣʦʚʘˁʫ ɸʇʋ-ʘ ʩʝ ʠʩʢˀʫʯʫʿʝ ʥʘʿʧʨʝ ʧʨʝʢʠʜʘʯ ʇʈ1, ʘ ʟʘʪʠʤ ʠ ʧʨʝʢʠʜʘʯ ʇʈ2 

ʧʨʝʢʦ ʢʦʿʝʛ ʿʝ ʛʝʥʝʨʘʪʦʨ ʧʨʠʢˀʫʯʝʥ ʥʘ ʤʨʝʞʫ. ɿʘʰʪʠʪʥʠ ʫʨʝʹʘʿ, ʦʜʥʦʩʥʦ ʟʘʰʪʠʪʥʝ ʬʫʢʥʮʠʿʝ, 

ʢʦʿʝ ʠʩʢˀʫʯʫʿʫ ʧʨʝʢʠʜʘʯ ʇʈ2 ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʩʘ ʚʨʝʤʝʥʩʢʠʤ ʢʘʰˁʝˁʝʤ, ʜʘ ʙʠ ʩʝ ʥʘʿʧʨʝ 

ʠʩʢˀʫʯʠʦ ʧʨʝʢʠʜʘʯ ʥʘ ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ ʇʈ1 ʠ ʪʠʤʝ ʠʟʙʝʛʣʦ ʥʝʩʝʣʝʢʪʠʚʥʦ ʨʝʘʛʦʚʘˁʝ. ʅʘʢʦʥ 

ʪʦʛʘ, ʟʘʰʪʠʪʥʝ ʬʫʥʢʮʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʝʢʦʩʪʨʫʿʥʘ ʟʘʰʪʠʪʘ, ʘʣʠ ʠ ʟʘʰʪʠʪʘ ʦʜ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ 

˂ʝ ʜʝʪʝʢʪʦʚʘʪʠ ʧʦʨʝʤʝ˂ʘʿ ʠ ʠʟʚʨʰʠʪʠ ʧʦʪʧʫʥʦ ʦʜʚʘʿʘˁʝ ʛʝʥʝʨʘʪʦʨʘ ʦʜ ʤʨʝʞʝ ʦʪʚʘʨʘˁʝʤ 

ʧʨʝʢʠʜʘʯʘ ʇʈ2. 

3.3.2. ʄʦʜʝʣ ʛʝʥʝʨʘʪʦʨʘ 

ɼɻ ʧʨʝʜʩʪʘʚˀʘ ʝʢʚʠʚʘʣʝʥʪ ʤʘʣʝ ʝʣʝʢʪʨʘʥʝ ʩʘ ʩʠʥʭʨʦʥʦʤ ʤʘʰʠʥʦʤ ʩʘ ʠʩʪʘʢʥʫʪʠʤ 

ʧʦʣʦʚʠʤʘ. ʄʦʜʝʣ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʫ ʢʦʨʠʰ˂ʝʥʦʤ ʩʦʬʪʚʝʨʫ DIgSILENT PowerFactory ʿʝ 

ʫ ʇʘʨʢʦʚʦʤ ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʠʩʪʝʤʫ, ʦʜʥʦʩʥʦ d-q ʢʦʦʨʜʠʥʘʪʘʤʘ. ʋ ʪʘʙ. 3.1 ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʨʠʰ˂ʝʥʦʛ ʛʝʥʝʨʘʪʦʨʘ. 

ʊʘʙ. 3.1: ʇʨʝʛʣʝʜ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʛʝʥʝʨʘʪʦʨʘ 

ʇʘʨʘʤʝʪʘʨ ɺʨʝʜʥʦʩʪ 

ʅʘʟʥʘʯʝʥʘ ʧʨʠʚʠʜʥʘ ʩʥʘʛʘ S = 1,17 MVA  

ʅʘʟʥʘʯʝʥʠ ʥʘʧʦʥ Un = 3,15 kV 

ʌʘʢʪʦʨ ʩʥʘʛʝ 0,85 

ʉʠʥʭʨʦʥʘ ʨʝʘʢʪʘʥʩʘ xd = 1,5 p.j.; xq = 0,8 p.j. 

ɺʨʝʤʝʥʩʢʘ ʢʦʥʩʪʘʥʪʘ ʠʥʝʨʮʠʿʝ 

ʘʛʨʝʛʘʪʘ 

ʊ = 0,75 s 

ʊʨʘʥʟʠʿʝʥʪʥʘ ʨʝʘʢʪʘʥʩʘ xd' = 0,4365 p.j. 

ʉʫʙʪʨʘʥʟʠʿʝʥʪʥʘ ʨʝʘʢʪʘʥʩʘ xd'' = 0,295 p.j.; xq'' = 0,3782 p.j. 
 

ʄʦʜʠʬʠʢʦʚʘʥʘ ʿʝ ʨʝʛʫʣʘʮʠʿʘ ʧʦʙʫʜʝ ʛʝʥʝʨʘʪʦʨʘ, ʠ ʦ ˁʦʿ ˂ʝ ʚʠʰʝ ʨʝʯʠ ʙʠʪʠ ʢʘʩʥʠʿʝ, ʜʦʢ 

ʿʝ ʪʦʢʦʤ ʘʥʘʣʠʟʘ ʩʤʘʪʨʘʥʦ ʜʘ ʿʝ ʤʝʭʘʥʠʯʢʠ ʤʦʤʝʥʪ ʧʦʛʦʥʩʢʝ ʤʘʰʠʥʝ ʢʦʥʩʪʘʥʪʘʥ, ʦʜʥʦʩʥʦ 

ʟʘʥʝʤʘʨʝʥ ʿʝ ʦʜʟʠʚ ʪʫʨʙʠʥʩʢʦʛ ʨʝʛʫʣʘʪʦʨʘ. 

3.3.3. ʄʦʜʝʣ ʙʘʣʘʥʩʥe ʠʤʧʝʜʘʥʩʝ 

ɹʘʣʘʥʩʥʘ ʠʤʧʝʜʘʥʩʘ ʿʝ ʧʨʠʥʮʠʧʠʿʝʣʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʦʜ ʧʘʨʘʣʝʣʥʝ ʚʝʟʝ ʘʢʪʠʚʥʝ 

ʦʪʧʦʨʥʦʩʪʠ (ʙʘʣʘʥʩʥʝ ʦʪʧʦʨʥʦʩʪʠ ï ɹʆ) ʠ ʙʘʣʘʥʩʥʝ ʨʝʘʢʪʘʥʩʝ (ɹʈ). ʋ ʘʥʘʣʠʟʘʤʘ ʩʤʘʪʨʘʥʦ ʿʝ 

ʜʘ ʿʝ ʪʨʝʥʫʪʥʘ ʩʥʘʛʘ ʜʠʩʠʧʘʮʠʿʝ ʥʘ ɹʆ (ʟʘʚʠʩʠ ʦʜ ʢʚʘʜʨʘʪʘ ʥʘʧʦʥʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ 

ʦʪʧʦʨʥʠʢʘ) ʿʝʜʥʘʢʘ ʘʢʪʠʚʥʦʿ ʩʥʘʟʠ ʛʝʥʝʨʘʪʦʨʘ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʠʩʢˀʫʯʝʥʘ ʣʦʢʘʣʥʘ ʧʦʪʨʦʰˁʘ 

(ʧʨʝʢʠʜʘʯ ʇʈ4 ʥʘ ʩʣ. 3.1), ʦʜʥʦʩʥʦ ʢʘʜʘ ʿʝ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʚʝ˂ʘ ʦʜ ʘʢʪʠʚʥʝ ʩʥʘʛʝ 

ʧʨʦʠʟʚʦʜˁʝ ʛʝʥʝʨʘʪʦʨʘ. ʀʩʪʦ ʚʘʞʠ ʠ ʟʘ ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ ʜʠʩʠʧʘʮʠʿʝ ʥʘ ʙʘʣʘʥʩʥʦʿ ʨʝʘʢʪʘʥʩʠ 

ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʦʜʛʦʚʘʨʘ ʨʝʘʢʪʠʚʥʦʿ ʩʥʘʟʠ ʛʝʥʝʨʘʪʦʨʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʿʝ ʦʪʧʦʨʥʦʩʪ ɹʆ ʧʦ ʬʘʟʠ 

ʜʝʬʠʥʠʩʘʥʘ ʩʣʝʜʝ˂ʦʤ ʬʦʨʤʫʣʦʤ: 

 Ὑ
Ὗ

ὖ
 (5.7)  

ʛʜʝ ʿʝ: 

Ὑ  ï ʚʨʝʜʥʦʩʪ ɹʆ ʧʦ ʬʘʟʠ, 

 Ὗ ï ʣʠʥʠʿʩʢʠ ʥʘʧʦʥ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʢʚʘʨʘ, 

 ὖ ï ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʛʝʥʝʨʘʪʦʨʘ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ. 

ɼʦʢ ʩʝ ɹʈ ʧʦ ʬʘʟʠ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

 ὢ
Ὗ

ὗ
 (5.8)  
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ʛʜʝ ʿʝ: 

ὢ  ï ʚʨʝʜʥʦʩʪ ɹʈ ʧʦ ʬʘʟʠ, 

ὗ  ï ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʛʝʥʝʨʘʪʦʨʘ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ. 

ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ ʤʘˁʘ ʠʣʠ ʿʝʜʥʘʢʘ ʘʢʪʠʚʥʦʿ ʩʥʘʟʠ 

ʧʨʦʠʟʚʦʜˁʝ ʛʝʥʝʨʘʪʦʨʘ (ʧʨʝʢʠʪʘʯ ʇʈ4 ʥʘ ʩʣ. 3.1 ʦʩʪʘʿʝ ʟʘʪʚʦʨʝʥ ʪʦʢʦʤ ʪʨʘʥʟʠʿʝʥʪʥʦʛ 

ʧʝʨʠʦʜʘ), ʜʠʩʠʧʘʮʠʿʘ ʥʘ ɹʆ ʪʨʝʙʘ ʜʘ ʦʜʛʦʚʘʨʘ ʨʘʟʣʠʮʠ ʠʟʤʝʹʫ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʦʪʨʦʰˁʝ, ʦʜʥʦʩʥʦ ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʰʝ ʩʣʝʜʝ˂ʦʤ ʬʦʨʤʫʣʦʤ: 

 Ὑ
Ὗ

ὖ ὖ
 (5.9)  

ʛʜʝ ʿʝ: 

ὖ  ï ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʥʘʛʘ ʛʫʙʠʪʘʢʘ ʥʘ ɹʈ ʪʨʝʙʘ ʜʘ ʦʜʛʦʚʘʨʘ ʨʘʟʣʠʮʠ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ ʠ ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʩʣʝʜʝ˂ʦʤ ʨʝʣʘʮʠʿʦʤ: 

 ὢ
Ὗ

ὗ ὗ
 (5.10)  

ʛʜʝ ʿʝ: 

ὗ  ï ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ. 

ʇʨʝʪʭʦʜʥʝ ʨʝʣʘʮʠʿʝ ʜʝʬʠʥʠʰʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ɹʆ-ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʠ ɹʈ-ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ 

ʫ ʩʢʣʘʜʫ ʩʘ ʩʣ. 3.1. ɹʆ ʩʝ ʧʨʦʨʘʯʫʥʘʚʘ ʥʘ ʦʩʥʦʚʫ ʤʝʨʝˁʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ ʠ ʠʩʧʦʨʫʢʝ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ɼʄ-ʫ: ὖ ὖ . ɹʈ ʩʝ ʧʨʦʨʘʯʫʥʘʚʘ ʥʘ ʦʩʥʦʚʫ ʤʝʨʝˁʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʠʩʧʦʨʫʢʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ɼʄ-ʫ: ὗ ὗ . ʆʚʘ ʤʝʨʝˁʘ ʩʝ ʫʚʦʜʝ ʫ ʢʦʥʪʨʦʣʥʫ 

ʿʝʜʠʥʠʮʫ ʢʦʿʘ ʧʨʦʨʘʯʫʥʘʚʘ ʧʦʪʨʝʙʥʝ ʚʨʝʜʥʦʩʪʠ ʦʪʧʦʨʥʦʩʪʠ ʠ ʨʝʘʢʪʘʥʩʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ 

ʧʨʝʤʘ ʜʘʪʠʤ ʨʝʣʘʮʠʿʘʤʘ ʠ ʜʘʿʝ ʠʟʚʨʰʥʫ ʢʦʤʘʥʜʫ ʟʘ ʧʦʜʝʰʘʚʘˁʝ ɹʆ ʠ ɹʈ ʥʘ ʧʦʪʨʝʙʥʫ 

ʚʨʝʜʥʦʩʪ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ. ʂʦʥʪʨʦʣʥʘ ʿʝʜʠʥʠʮʘ ʧʨʝʜʩʪʘʚˀʘ ʤʠʢʨʦʧʨʦʮʝʩʦʨʩʢʠ ʫʨʝʹʘʿ ʩʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʬʫʥʢʮʠʿʘʤʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʜʘ ʂɱ ʧʦʩʝʜʫʿʝ ʘʥʘʣʦʛʥʝ ʫʣʘʟʝ ʟʘ ʤʝʨʝˁʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥʘ, ʙʠʥʘʨʥʝ ʫʣʘʟʝ ʟʘ ʩʠʛʥʘʣʠʟʘʮʠʿʫ, ʢʘʦ ʠ ʙʠʥʘʨʥʝ ʠʟʣʘʟʝ ʟʘ ʫʧʨʘʚˀʘˁʝ 

ʧʨʝʢʠʜʘʯʠʤʘ. ʇʦʜʝʰʘʚʘˁʝ ɹʀ ʩʝ ʤʦʞʝ ʚʨʰʠʪʠ ʧʨʝʢʦ ʙʠʥʘʨʥʠʭ ʠʟʣʘʟʘ ʠʣʠ ʢʦʨʠʰ˂ʝˁʝʤ 

ʘʥʘʣʦʛʥʠʭ ʠʟʣʘʟʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʟʙʦʨʘ ʥʘʯʠʥʘ ʧʨʘʢʪʠʯʥʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʪʝʭʥʠʢʝ. ʋ ʦʚʦʤ 

ʫʨʝʹʘʿʫ ʩʝ ʤʦʛʫ ʠʥʪʝʛʨʠʩʘʪʠ ʠ ʟʘʰʪʠʪʥʝ ʬʫʥʢʮʠʿʝ ʠʟʚʦʜʘ ʩʘ ɹʀ, ʰʪʦ ʙʠ ʧʦʿʝʜʥʦʩʪʘʚʠʣʦ ʠ 

ʩʤʘˁʠʣʦ ʠʥʚʝʩʪʠʮʠʦʥʫ ʚʨʝʜʥʦʩʪ ʮʝʣʦʢʫʧʥʦʛ ʩʠʩʪʝʤʘ. 

3.3.4. ʄʦʜʝʣ ʤʦʜʠʬʠʢʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʨʝʛʫʣʘʮʠʿʝ ʧʦʙʫʜʝ 

ʋ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʝʣʝʢʪʨʘʥʘʤʘ ʨʝʛʫʣʘʮʠʿʘ ʧʦʙʫʜʝ ʩʠʥʭʨʦʥʝ ʤʘʰʠʥʝ ʿʝ ʠʩʢˀʫʯʠʚʦ 

ʚʝʟʘʥʘ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ʥʘʧʦʥʘ, ʦʜʥʦʩʥʦ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʨʘʟʤʝʥʝ ʩʘ ɽɽʉ-ʦʤ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ 

ʧʨʝʟʝʥʪʦʚʘʥʘ ʿʝ ʤʦʜʠʬʠʢʘʮʠʿʘ ʫ ʩʠʩʪʝʤʫ ʨʝʛʫʣʘʮʠʿʝ ʧʦʙʫʜʝ ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʦ ʜʘ ʩʝ ʫʚʝʜʝ 

ʙʨʟʠʥʘ ʛʝʥʝʨʘʪʦʨʘ ʢʘʦ ʿʦʰ ʿʝʜʥʘ ʫʧʨʘʚˀʘʯʢʘ ʧʨʦʤʝʥˀʠʚʘ. 

ʅʘ ʩʣ. 3.2 ʿʝ ʧʨʠʢʘʟʘʥ ʙʣʦʢ ʜʠʿʘʛʨʘʤ ʩʪʘʪʠʯʢʦʛ ʩʘʤʦʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ ʨʝʛʫʣʘʮʠʿʝ 

ʧʦʙʫʜʝ ʩʘ ʜʦʜʘʪʥʦʤ ʤʦʜʠʬʠʢʘʮʠʿʦʤ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʬʦʨʤʠʨʘˁʝ ʛʨʝʰʢʝ ʥʘ ʫʣʘʟʫ ʫ 

ʨʝʛʫʣʘʪʦʨ. ʉʘʩʪʦʿʠ ʩʝ ʦʜ ʪʨʠ ʦʩʥʦʚʥʘ ʜʝʣʘ: 

¶ ʃʠʥʝʘʨʠʟʦʚʘʥʦʛ ʤʦʜʝʣʘ ʪʠʨʠʩʪʦʨʩʢʦʛ ʤʦʩʪʘ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʧʦʿʘʯʘˁʘ ʠ ʚʨʝʤʝʥʩʢʝ 

ʢʦʥʩʪʘʥʪʝ ʪʠʨʠʩʪʦʨʩʢʦʛ ʤʦʩʪʘ (Ktb ʠ Ttb, ʨʝʩʧʝʢʪʠʚʥʦ) ʩʘ ʦʛʨʘʥʠʯʝˁʠʤʘ ʤʘʢʩʠʤʘʣʥʝ ʠ 

ʤʠʥʠʤʘʣʥʝ ʧʦʙʫʜʝ (Efmax ʠ Efmin), 

¶ PI ʨʝʛʫʣʘʪʦʨʘ ʩʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠʤ ʠ ʠʥʪʝʛʨʘʣʥʠʤ ʜʝʿʩʪʚʦʤ (Kp ʠ Ki, ʨʝʩʧʝʢʪʠʚʥʦ) 

ʢʦʿʠ ʪʘʢʦʹʝ ʠʤʘ ʦʛʨʘʥʠʯʝˁʘ ʤʘʢʩʠʤʘʣʥʦʛ ʠ ʤʠʥʠʤʘʣʥʦʛ ʠʥʪʝʛʨʘʣʥʦʛ ʜʝʿʩʪʚʘ 

ʨʝʛʫʣʘʪʦʨʘ, ʢʘʦ ʠ ʤʘʢʩʠʤʘʣʥʝ ʠ ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʠʟʣʘʟʘ PI ʨʝʛʫʣʘʪʦʨʘ (Efmax ʠ 

Efmin), 
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¶ ɹʣʦʢʘ ʢʦʿʠ ʩʣʫʞʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʛʨʝʰʢʝ ʢʦʿʘ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʦʜʨʞʘʚʘˁʝ ʬʨʝʢʚʝʥʮʠʿʝ ʠ 
ʥʘʧʦʥʘ ʪʦʢʦʤ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʰʪʦ ʙʣʠʞʝ ʧʨʦʧʠʩʘʥʦʤ ʦʧʩʝʛʫ ʟʘ ʰʠʨʦʢ ʜʠʿʘʧʘʟʦʥ 

ʨʘʜʥʠʭ ʩʪʘˁʘ. 

 

ʉʣ. 3.2: ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʤʦʜʠʬʠʢʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʨʝʛʫʣʘʮʠʿʝ ʧʦʙʫʜʝ 

ʆʛʨʘʥʠʯʝˁʘ PI ʨʝʛʫʣʘʪʦʨʘ ʠ ʣʠʥʝʘʨʠʟʦʚʘʥʦʛ ʤʦʜʝʣʘ ʪʠʨʠʩʪʦʨʩʢʦʛ ʤʦʩʪʘ ʟʘʚʠʩʝ ʦʜ 

ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʥʘ ʪʝʨʤʠʥʘʣʫ ʛʝʥʝʨʘʪʦʨʘ ʿʝʨ ʩʝ ʩʤʘʪʨʘ ʜʘ ʩʝ ʩʠʩʪʝʤ ʨʝʛʫʣʘʮʠʿʝ ʧʦʙʫʜʝ 

ʥʘʧʘʿʘ ʩʘ ʛʝʥʝʨʘʪʦʨʩʢʠʭ ʩʘʙʠʨʥʠʮʘ. ʂʘʢʦ ʧʦʙʫʜʘ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʥʘʧʦʥʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ 

ʛʝʥʝʨʘʪʦʨʘ, ʫʩʣʝʜ ʩʥʠʞʝʥʠʭ ʥʘʧʦʥʘ ʪʦʢʦʤ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ ʤʦʞʝ ʩʝ ʜʦ˂ʠ ʫ ʩʠʪʫʘʮʠʿʫ ʜʘ ʩʝ ʥʝ 

ʤʦʞʝ ʦʙʝʟʙʝʜʠʪʠ ʟʘʭʪʝʚʘʥʠ ʧʦʙʫʜʥʠ ʥʘʧʦʥ. ʋʚʘʞʘʚʘˁʝ ʫʪʠʮʘʿʘ ʥʘʧʦʥʘ ʤʨʝʞʝ, ʢʘʦ ʠʟʚʦʨʘ 

ʧʦʙʫʜʝ, ʤʦʞʝ ʩʝ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʤʦʜʝʣʫ ʝʢʚʠʚʘʣʝʥʪʠʨʘʪʠ ʩʘ ʢʦʨʝʢʮʠʿʦʤ ʤʘʢʩʠʤʘʣʥʝ ʠ 

ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ. ʂʦʨʝʢʮʠʿʘ ʿʝ ʣʠʥʝʘʨʥʘ ʩʘ ʧʨʦʤʝʥʦʤ ʥʘʧʦʥʘ ʫ ʤʨʝʞʠ, 

ʧʘ ʪʘʢʦ ʫ ʩʣʫʯʘʿʫ ʩʤʘˁʝˁʘ ʥʘʧʦʥʘ ʤʨʝʞʝ ʥʘ 0,5 ʨ.ʿ., ʪʘʢʦʹʝ ʩʝ ʩʤʘˁʫʿʝ ʧʨʝʜʝʬʠʥʠʩʘʥʦ ʛʦʨˁʝ 

ʦʛʨʘʥʠʯʝˁʝ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʥʘ ʧʦʣʦʚʠʥʫ ʪʝ ʚʨʝʜʥʦʩʪʠ. ʆʛʨʘʥʠʯʝˁʝ ʧʦ ʤʠʥʠʤʘʣʥʦʿ ʧʦʙʫʜʠ 

ʩʝ ʩʤʘˁʫʿʝ ʧʦ ʘʧʩʦʣʫʪʥʦʿ ʚʨʝʜʥʦʩʪʠ, ʦʜʥʦʩʥʦ ʜʦʜʘʪʥʦ ʿʝ ʦʛʨʘʥʠʯʝʥ ʨʘʜ ʫ ʧʦʜʧʦʙʫʹʝʥʠʤ 

ʨʝʞʠʤʠʤʘ. ʄʦʜʝʣʦʚʘˁʝ ʨʝʛʫʣʘʪʦʨʘ ʩʘ ʩʚʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʠ ʚʝʣʠʯʠʥʘʤʘ ʿʝ ʚʨʰʝʥʦ ʫ ʩʠʩʪʝʤʫ 

ʨʝʣʘʪʠʚʥʠʭ ʿʝʜʠʥʠʮʘ. 

ʋ ʩʠʩʪʝʤ ʟʘ ʬʦʨʤʠʨʘˁʝ ʛʨʝʰʢʝ ʜʦʚʦʜʝ ʩʝ ʩʠʛʥʘʣʠ: ʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʥʘ 

ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ (Ut), ʨʝʬʝʨʝʥʪʥʘ (ʞʝˀʝʥʘ) ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ ʛʝʥʝʨʘʪʦʨʘ (Usetp), 

ʙʨʟʠʥʘ ʛʝʥʝʨʘʪʦʨʘ (w), ʩʪʘʪʫʩ ʫʢˀʫʯʝʥʦʩʪʠ ʧʨʝʢʠʜʘʯʘ ʯʠʿʝ ʦʪʚʘʨʘˁʝ ʟʥʘʯʠ ʧʨʝʣʘʟʘʢ ʫ 

ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ɹʀ (on/off = 0, ʘʢʦ ʿʝ ʧʨʝʢʠʜʘʯ ʦʪʚʦʨʝʥ ʠ on/off = 1 ʘʢʦ ʿʝ ʧʨʝʢʠʜʘʯ ʟʘʪʚʦʨʝʥ). 

ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʫʣʘʟʘ ʩʝ ʜʘˀʝ ʧʨʦʨʘʯʫʥʘʚʘ ʛʨʝʰʢʘ ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʪʨʠ ʜʝʣʘ: ʛʨʝʰʢʘ ʧʦ 

ʦʜʩʪʫʧʘˁʫ ʥʘʧʦʥʘ ʦʜ ʧʦʜʝʰʝʥʝ ʨʝʬʝʨʝʥʮʝ, ʛʨʝʰʢʘ ʧʦ ʦʜʩʪʫʧʘˁʫ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ 

ʦʜ ʨʝʬʝʨʝʥʪʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʛʨʝʰʢʘ ʧʦ ʫʙʨʟʘˁʫ ʛʝʥʝʨʘʪʦʨʘ (ʧʨʚʠ ʠʟʚʦʜ ʙʨʟʠʥʝ ʛʝʥʝʨʘʪʦʨʘ). 

ʉʣʝʜʝ˂ʠʤ ʠʟʨʘʟʠʤʘ ʩʫ ʨʝʩʧʝʢʪʠʚʥʦ ʜʘʪʝ ʦʚʝ ʪʨʠ ʛʨʝʰʢʝ: 

 Ўό ὒὍὓ╤▼▄◄▬╤◄ȟЎόͅάὭὲȟЎόͅάὥὼ1 (5.11)  

Ўύ ὍὊὟ Ὗ ȟὍὊὟὸ Ὗ ȟὍὊέὲȾέὪὪπȟ◌ ◌►▄█ȟπȟπȟπ2 (5.12)  

Ὠύ ὍὊὟ Ὗ ȟὍὊὟ Ὗ ȟὍὊέὲȾέὪὪπȟ
◌ ▀▄■╪◐◌ȟ╣▀

╣▀
ȟπ ȟπȟπ 3 (5.13)  

                                                 
1 ʌʫʥʢʮʠʿʘ LIM(x, xmin, xmax) ʧʨʝʜʩʪʘʚˀʘ ʦʛʨʘʥʠʯʝˁʝ ʧʨʦʤʝʥˀʠʚʝ x ʘʢʦ ʠʟʣʘʟʠ ʠʟ ʦʧʩʝʛʘ xmin - xmax ʥʘ 

ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ. 
2 ʌʫʥʢʮʠʿʘ IF(condition, x, y) ʜʘʿʝ ʚʨʝʜʥʦʩʪ x ʫʢʦʣʠʢʦ ʿʝ ʫʩʣʦʚ condition ʠʩʧʫˁʝʥ, ʜʦʢ ʫ ʩʫʧʨʦʪʥʦʤ ʜʘʿʝ 

ʚʨʝʜʥʦʩʪ y. 
3 ʌʫʥʢʮʠʿʘ delay(x, Td) ʜʘʿʝ ʚʨʝʜʥʦʩʪ ʧʨʦʤʝʥˀʠʚʝ x ʢʦʿʘ ʩʝ ʠʤʘʣʘ ʫ ʪʨʝʥʫʪʢʫ: ʪʨʝʥʫʪʥʦ ʚʨʝʤʝ ï Td. 
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ɻʨʝʰʢʘ ʧʦ ʦʜʩʪʫʧʘˁʫ ʥʘʧʦʥʘ ʿʝ ʫʚʝʢ ʘʢʪʠʚʥʘ, ʜʦʢ ʩʫ ʛʨʝʰʢʝ ʧʦ ʦʜʩʪʫʧʘˁʫ ʙʨʟʠʥʝ ʠ 

ʫʙʨʟʘˁʫ ʛʝʥʝʨʘʪʦʨʘ ʘʢʪʠʚʥʝ ʩʘʤʦ ʢʘʜʘ ʿʝ ʧʨʝʢʠʜʘʯ ʇʈ2 ʦʪʚʦʨʝʥ, ʦʜʥʦʩʥʦ ʩʘʤʦ ʢʘʜʘ ʩʝ 

ʛʝʥʝʨʘʪʦʨ ʥʘʣʘʟʠ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʩʘ ɹʀ, ʠʣʠ ʢʘʜʘ ʟʘʿʝʜʥʦ ʩʘ ˁʠʤʘ ʦʩʪʘʿʝ ʠ ʣʦʢʘʣʥʘ 

ʧʦʪʨʦʰˁʘ. ɻʨʝʰʢʝ ʧʦ ʦʜʩʪʫʧʘˁʫ ʥʘʧʦʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʝ ʩʣʫʞʝ ʜʘ ʚʨʘʪʝ ʦʚʝ ʚʝʣʠʯʠʥʝ ʥʘ 

ʞʝˀʝʥʝ ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʛʨʝʰʢʘ ʧʦ ʠʟʚʦʜʫ ʙʨʟʠʥʝ ʜʝʪʝʢʪʫʿʝ ʙʨʟʘ ʦʜʩʪʫʧʘˁʘ ʬʨʝʢʚʝʥʮʠʿʝ ʠ 

ʜʘʿʝ ʥʝʦʧʭʦʜʘʥ ʩʪʘʙʠʣʠʟʘʮʠʦʥʠ ʯʣʘʥ ʢʦʿʠ ʥʘ ʩʠʛʫʨʘʥ ʥʘʯʠʥ ʚʨʘ˂ʘ ʩʚʝ ʚʝʣʠʯʠʥʝ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʝ ʚʨʝʜʥʦʩʪʠ ʙʣʠʩʢʝ ʥʦʤʠʥʘʣʥʠʤ. 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʝ ʪʨʠ ʛʨʝʰʢʝ ʬʦʨʤʠʨʘ ʩʝ ʠʟʣʘʟʥʠ ʩʠʛʥʘʣ ʢʦʿʠ ʩʝ ʚʦʜʠ 

ʥʘ ʫʣʘʟ PI ʨʝʛʫʣʘʪʦʨʘ ʠ ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʦʤ: 

 Ὁὶὶὑ ϽЎό ὑ ϽЎύ ὑ ϽὨύ (5.14)  

ʛʜʝ ʿʝ: 

ὑ  ï ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʛ ʜʝʿʩʪʚʘ ʟʘ ʦʜʩʪʫʧʘˁʝ ʥʘʧʦʥʘ, 

ὑ  ï ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʛ ʜʝʿʩʪʚʘ ʟʘ ʦʜʩʪʫʧʘˁʝ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ, 

ὑ  ï ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʛ ʜʝʿʩʪʚʘ ʟʘ ʦʜʩʪʫʧʘˁʝ ʠʟʚʦʜʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ 

ʛʝʥʝʨʘʪʦʨʘ. 

ʋ ʪʘʙ. 3.2 ʩʫ ʧʨʠʢʘʟʘʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʦʙʿʘʰˁʝˁʘ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʠʛʥʘʣʘ ʫ ʩʠʩʪʝʤʫ 

ʨʝʛʫʣʘʮʠʿʝ ʧʦʙʫʜʝ ʛʝʥʝʨʘʪʦʨʘ. ʇʘʨʘʤʝʪʨʠ ʩʫ ʦʜʨʝʹʝʥʠ ʜʝʪʘˀʥʦʤ ʘʥʘʣʠʟʦʤ, ʠʪʝʨʘʪʠʚʥʠʤ 

ʧʫʪʝʤ, ʧʨʠ ʯʝʤʫ ʿʝ ʢʨʠʪʝʨʠʿʫʤ ʙʠʦ ʰʪʦ ʙʦˀʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʛʝʥʝʨʘʪʦʨʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʨʘʜʥʠʤ 

ʩʪʘˁʠʤʘ ʢʦʿʘ ʩʝ ʤʦʛʫ ʿʘʚʠʪʠ. ɼʦʙʨʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʿʝ ʝʣʠʤʠʥʠʩʘʥʘ ʤʦʛʫ˂ʥʦʩʪ 

ʥʘʩʪʘʥʢʘ ʨʘʟʣʠʯʠʪʠʭ ʦʙʣʠʢʘ ʥʝʩʪʘʙʠʣʥʦʩʪʠ ʫʟ ʰʪʦ ʙʦˀʝ ʜʠʥʘʤʠʯʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʮʝʣʦʢʫʧʥʦʛ 

ʩʠʩʪʝʤʘ. 

ʊʘʙ. 3.2: ʇʘʨʘʤʝʪʨʠ ʤʦʜʠʬʠʢʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʨʝʛʫʣʘʮʠʿʝ ʧʦʙʫʜʝ ʛʝʥʝʨʘʪʦʨʘ 

ʇʘʨʘʤʝʪʘʨ ʠʣʠ 

ʩʠʛʥʘʣ 

ɺʨʝʜʥʦʩʪ ʆʧʠʩ 

Ut - ʅʘʧʦʥ ʥʘ ʪʝʨʤʠʥʘʣʠʤʘ ʛʝʥʝʨʘʪʦʨʘ [ʨ.ʿ.] 

Usetp - ʈʝʬʝʨʝʥʪʥʘ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ [ʨ.ʿ.] 

w - ɹʨʟʠʥʘ ʛʝʥʝʨʘʪʦʨʘ [ʨ.ʿ.] 

on/off 1 ʠʣʠ 0 ʉʪʘʪʫʩ ʧʨʝʢʠʜʘʯʘ ʇʈ2 

ȹu_max 0,7 ʄʘʢʩʠʤʘʣʥʘ ʛʨʝʰʢʘ ʧʦ ʥʘʧʦʥʫ [ʨ.ʿ.] 

ȹu_min -0,5 ʄʠʥʠʤʘʣʥʘ ʛʨʝʰʢʘ ʧʦ ʥʘʧʦʥʫ [ʨ.ʿ.] 

Umin 0,85 ʄʠʥʠʤʘʣʘʥ ʥʘʧʦʥ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ʙʨʟʠʥʝ [ʨ.ʿ.] 

Umax 1,15 ʄʘʢʩʠʤʘʣʘʥ ʥʘʧʦʥ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ʙʨʟʠʥʝ [ʨ.ʿ.] 

wref 1 ʈʝʬʝʨʝʥʪʥʘ ʚʨʝʜʥʦʩʪ ʙʨʟʠʥʝ ʛʝʥʝʨʘʪʦʨʘ [ʨ.ʿ.] 

Td 0,001 ɺʨʝʤʝʥʩʢʘ ʢʦʥʩʪʘʥʪʘ ʟʘ ʠʟʚʦʜ ʙʨʟʠʥʝ [s] 

Kpu 1 ʇʨʦʧʦʨʮʠʦʥʘʣʥʦ ʧʦʿʘʯʘˁʝ ʟʘ ʛʨʝʰʢʫ ʧʦ ʥʘʧʦʥʫ [ʨ.ʿ.] 

Kpw 7 ʇʨʦʧʦʨʮʠʦʥʘʣʥʦ ʧʦʿʘʯʘˁʝ ʟʘ ʛʨʝʰʢʫ ʧʦ ʙʨʟʠʥʠ [ʨ.ʿ.] 

Kdw 1 ʇʨʦʧʦʨʮʠʦʥʘʣʥʦ ʧʦʿʘʯʘˁʝ ʟʘ ʠʟʚʦʜ ʙʨʟʠʥʝ [ʨ.ʿ.] 

Kp 3 ʇʨʦʧʦʨʮʠʦʥʘʣʥʦ ʜʝʿʩʪʚʦ PI ʨʝʛʫʣʘʪʦʨʘ [ʨ.ʿ.] 

Ki 1 ʀʥʪʝʛʨʘʣʥʦ ʜʝʿʩʪʚʦ PI ʨʝʛʫʣʘʪʦʨʘ [ʨ.ʿ.] 

Efmax 5 ʄʘʢʩʠʤʘʣʥʘ ʛʨʘʥʠʮʘ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ [ʨ.ʿ.] 

Efmin -5 ʄʠʥʠʤʘʣʥʘ ʛʨʘʥʠʮʘ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ [ʨ.ʿ.] 

Ktm 1 ʇʦʿʘʯʘˁʝ ʪʠʨʠʩʪʦʨʩʢʦʛ ʤʦʩʪʘ [ʨ.ʿ.] 

Ttm 0,001 ɺʨʝʤʝʥʩʢʘ ʢʦʥʩʪʘʥʪʘ ʪʠʨʠʩʪʦʨʩʢʦʛ ʤʦʩʪʘ [s] 

Ef - ʇʦʙʫʜʥʠ ʥʘʧʦʥ [ʨ.ʿ.] 
 



ʋʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʤʘʣʠʭ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʙʘʣʘʥʩʥʝ ʠʤʧʝʜʘʥʩʝ 
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ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʂʘʢʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʠʟ ʪʘʙʝʣʝ, ʧʦʩʪʦʿʠ ʤʘʢʩʠʤʘʣʥʠ ʠ ʤʠʥʠʤʘʣʥʠ ʥʘʧʦʥ ʧʨʠ ʢʦʤʝ ʩʫ 

ʛʨʝʰʢʝ ʧʦ ʙʨʟʠʥʠ ʘʢʪʠʚʥʝ. ɼʘ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʦʩʮʠʣʦʚʘˁʝ ʩʪʘʪʫʩʘ ʛʨʝʰʘʢʘ ʧʦ ʙʨʟʠʥʠ, ʦʜʥʦʩʥʦ 

ˁʠʭʦʚʦ ʘʢʪʠʚʠʨʘˁʝ ʠ ʠʩʢˀʫʯʠʚʘˁʝ, ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʥʦʚʝ ʤʘʢʩʠʤʘʣʥʝ ʠ ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ 

ʧʨʠ ʢʦʿʠʤʘ ˂ʝ ʜʦ˂ʠ ʜʦ ʧʦʥʦʚʥʝ ʘʢʪʠʚʘʮʠʿʝ ʦʚʠʭ ʛʨʝʰʘʢʘ. ʅʘʧʦʥʩʢʦ ʟʘʪʝʟʘˁʝ ʠʟʤʝʹʫ ʦʚʠʭ 

ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʦʧʩʝʛʘ ʥʘʧʦʥʘ ʧʨʚʝ ʧʨʦʨʘʜʝ ʠ ʧʦʥʦʚʥʝ ʧʨʦʨʘʜʝ ʿʝ 0,03 ʨ.ʿ. ʅʘ ʧʨʠʤʝʨ, 

ʛʨʝʰʢʝ ʩʫ ʙʠʣʝ ʘʢʪʠʚʥʝ ʠ ʥʘʧʦʥ ʿʝ ʧʨʝʰʘʦ ʚʨʝʜʥʦʩʪ 1,15 ʨ.ʿ. ʅʘʢʦʥ ʪʦʛʘ ʛʨʝʰʢʝ ʧʦ ʙʨʟʠʥʠ ʩʝ 

ʜʝʘʢʪʠʚʠʨʘʿʫ ʠ ʥʘʧʦʥ ʧʦʯʠˁʝ ʜʘ ʧʘʜʘ. ɻʨʝʰʢʝ ʧʦ ʙʨʟʠʥʠ ʧʦʩʪʘʿʫ ʘʢʪʠʚʥʝ ʪʝʢ ʢʘʜʘ ʥʘʧʦʥ 

ʧʘʜʥʝ ʠʩʧʦʜ ʚʨʝʜʥʦʩʪʠ 1,12 ʨ.ʿ. ʜʘ ʙʠ ʩʝ ʠʟʙʝʛʣʝ ʙʨʟʝ ʧʨʦʤʝʥʝ ʩʪʘʪʫʩʘ ʦʚʠʭ ʛʨʝʰʘʢʘ ʠ ʜʦʚʝʣʦ 

ʜʦ ʥʝʩʪʘʙʠʣʥʦʛ ʨʘʜʘ ʪʝʭʥʠʢʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʝ ʜʝʬʠʥʠʩʘʥʦ ʟʘʪʝʟʘˁʝ ʧʦʢʘʟʘʣʦ ʢʘʦ ʧʦʚʦˀʥʦ, 

ʜʦʢ ʪʦ ʪʨʝʙʘ ʜʝʪʘˀʥʦ ʧʨʦʚʝʨʠʪʠ ʫ ʩʚʘʢʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ. 

ʊʝʭʥʠʢʘ ʧʨʝʜʣʦʞʝʥʘ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʚʨʰʠ ʨʝʛʫʣʘʮʠʿʫ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʩʠʥʭʨʦʥʦʛ 

ʛʝʥʝʨʘʪʦʨʘ. ɻʨʝʰʢʘ ʥʘ ʫʣʘʟʫ ʫ ʨʝʛʫʣʘʪʦʨ ʧʦʙʫʜʝ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʪʨʠ ʜʝʣʘ: ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ 

ʤʝʨʝʥʦʛ ʥʘʧʦʥʘ ʠ ʨʝʬʝʨʝʥʪʥʦʛ ʥʘʧʦʥʘ ʛʝʥʝʨʘʪʦʨʘ, ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʤʝʨʝʥʝ ʠ ʨʝʬʝʨʝʥʪʥʝ 

ʚʨʝʜʥʦʩʪʠ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʦʜ ʠʟʚʦʜʘ ʙʨʟʠʥʝ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ 

ʢʦʥʪʨʦʣʠʰʝ ʩʘʤʦ ʿʝʜʥʫ ʧʨʦʤʝʥˀʠʚʫ, ʦʜʥʦʩʥʦ ʧʦʙʫʜʥʠ ʥʘʧʦʥ ʛʝʥʝʨʘʪʦʨʘ. ʊʦʢʦʤ ʦʩʪʨʚʩʢʦʛ 

ʨʘʜʘ ʛʝʥʝʨʘʪʦʨʘ ʧʨʦʤʝʥʘ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʫʪʠʯʝ ʥʘ ʧʨʦʤʝʥʫ ʥʘʧʦʥʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ 

ʛʝʥʝʨʘʪʦʨʘ, ʧʘ ʩʘʤʠʤ ʪʠʤ ʠ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ɹʀ, ʰʪʦ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʠʟʥʦʩ ʩʥʘʛʝ ʢʦʿʫ 

ʘʧʩʦʨʙʫʿʝ ɹʀ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʪʭʦʜʥʦ ʜʘʪʠʤ ʨʝʣʘʮʠʿʘʤʘ. ɼʘʢʣʝ, ʦʩʥʦʚʥʘ ʠʜʝʿʘ ʧʨʝʜʣʦʞʝʥʝ 

ʪʝʭʥʠʢʝ ʿʝ ʜʘ ʦʙʝʟʙʝʜʠ ʦʜʨʞʘʚʘˁʝ ʠ ʬʨʝʢʚʝʥʮʠʿʝ (ʙʨʟʠʥʝ ʛʝʥʝʨʘʪʦʨʘ) ʠ ʥʘʧʦʥʘ ʪʦʢʦʤ 

ʪʨʘʥʟʠʿʝʥʪʥʦʛ ʧʝʨʠʦʜʘ ʨʝʛʫʣʘʮʠʿʦʤ ʩʘʤʦ ʿʝʜʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʦʜʥʦʩʥʦ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ, ʫʟ 

ʥʝʦʧʭʦʜʥʦ ʧʨʝʜʫʧʨʘʚˀʘˁʝ ɹʀ ʫ ʙʝʟʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ. 

3.4. ɸʣʛʦʨʠʪʘʤ ʟʘ ʢʦʦʨʜʠʥʠʩʘʥʫ ʢʦʥʪʨʦʣʫ ʧʦʙʫʜʝ ʠ ʙʘʣʘʥʩʢʝ ʠʤʧʝʜʘʥʩʝ 

ʅʘʢʦʥ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ ʥʘ ʚʦʜʫ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʝʩʥʦ ʚʨʝʤʝ (ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʜʝʰʝˁʘ 

ʟʘʰʪʠʪʝ) ʟʘ ʜʝʪʝʢʮʠʿʫ ʢʚʘʨʘ ʠ ʠʩʢˀʫʯʝˁʝ ʧʨʝʢʠʜʘʯʘ ʇʈ1 ʥʘ ʧʦʯʝʪʢʫ ʚʦʜʘ ʠ ʇʈ2 ʥʘ ˁʝʛʦʚʦʤ 

ʢʨʘʿʫ (ʛʣʝʜʘʥʦ ʩʘ ʩʪʨʘʥʝ ʧʨʠʢˀʫʯʥʝ ʤʨʝʞʝ), ʦʜʥʦʩʥʦ ʧʦʢʨʝʪʘˁʝ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ. ʇʦʩʣʝ 

ʠʩʢˀʫʯʝˁʘ ʧʨʝʢʠʜʘʯʘ ʇʈ2 ʥʘ ʚʦʜʫ, ʛʝʥʝʨʘʪʦʨ ʦʩʪʘʿʝ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʩʘ ʣʦʢʘʣʥʦʤ 

ʧʦʪʨʦʰˁʦʤ, ʰʪʦ ˂ʝ ʙʠʪʠ ʩʠʛʥʘʣ ʢʦʥʪʨʦʣʥʦʿ ʿʝʜʠʥʠʮʠ ʜʘ ʧʦʢʨʝʥʝ ʢʦʦʨʜʠʥʠʩʘʥʫ ʢʦʥʪʨʦʣʫ 

ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʫʧʨʘʚˀʘ ʧʨʝʢʠʜʘʯʠʤʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʜʝʣʫ ʩʠʩʪʝʤʘ, ʫ ʩʢʣʘʜʫ ʩʘ ʩʣ. 3.1. ʅʘʢʦʥ 

ʪʦʛʘ ʢʦʥʪʨʦʣʥʘ ʿʝʜʠʥʠʮʘ ʟʘʪʚʘʨʘ ʧʨʝʢʠʜʘʯ ʇʈ3, ʯʠʤʝ ʩʝ ɹʀ ʫʢˀʫʯʫʿʝ ʧʦʜ ʥʘʧʦʥ. 

ʀʩʪʦʚʨʝʤʝʥʦ ʩʘ ʫʢˀʫʯʝˁʝʤ ʧʨʝʢʠʜʘʯʘ ʇʈ3 ʜʦʣʘʟʠ ʜʦ ʠʩʢˀʫʯʝˁʘ ʧʨʝʢʠʜʘʯʘ ʇʈ4 ʫʢʦʣʠʢʦ ʿʝ 

ʩʥʘʛʘ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ ʚʝ˂ʘ ʦʜ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ. ʋ ʩʫʧʨʦʪʥʦʤ ʧʨʝʢʠʜʘʯ ʇʈ4 ʦʩʪʘʿʝ 

ʫʢˀʫʯʝʥ ʠ ʛʝʥʝʨʘʪʦʨ ʧʨʝʣʘʟʠ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ɹʀ ʠ ʣʦʢʘʣʥʦʤ ʧʦʪʨʦʰˁʦʤ. ʅʘ ʪʘʿ ʥʘʯʠʥ ˂ʝ 

ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ ʛʝʥʝʨʘʪʦʨ ʙʠʪʠ ʦʜʚʦʿʝʥ ʦʜ ʤʨʝʞʝ, ʘʣʠ ʥʝ ʠ ʠʩʢˀʫʯʝʥ. ʂʘʜʘ 

ʜʦʹʝ ʜʦ ʫʢˀʫʯʝˁʘ ʚʦʜʘ ʧʦʜ ʥʘʧʦʥ (ʫʢˀʫʯʝˁʝʤ ʧʨʝʢʠʜʘʯʘ ʇʈ1) ʠ ʫʪʚʨʜʠ ʩʝ ʜʘ ʿʝ ʢʚʘʨ 

ʧʨʦʣʘʟʥʦʛ ʢʘʨʘʢʪʝʨʘ, ʩʪʝʢʣʠ ʩʫ ʩʝ ʫʩʣʦʚʠ ʜʘ ʩʝ ʛʝʥʝʨʘʪʦʨ ʧʦʥʦʚʦ ʩʠʥʭʨʦʥʠʟʫʿʝ ʥʘ ʤʨʝʞʫ. 

ʉʠʩʪʝʤ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʛʝʥʝʨʘʪʦʨʘ ʧʨʘʪʠ ʧʨʠʩʫʩʪʚʦ ʤʨʝʞʥʦʛ ʥʘʧʦʥʘ ʠ ʫ ʪʨʝʥʫʪʢʫ ʢʘʜʘ ʩʝ 

ʦʥ ʧʦʿʘʚʠ ʤʦʞʝ ʧʦʯʝʪʠ ʧʦʥʦʚʥʫ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʥʘ ʤʨʝʞʫ. ʆʚʜʝ ʿʝ ʧʦʪʨʝʙʥʦ ʦʙʝʟʙʝʜʠʪʠ 

ʚʨʝʤʝʥʩʢʦ ʟʘʪʝʟʘˁʝ ʠʟʤʝʹʫ ʧʦʿʘʚʝ ʥʘʧʦʥʘ ʥʘ ʤʨʝʞʥʠʤ ʧʨʠʢˀʫʯʮʠʤʘ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʿʝ, ʿʝʨ ʿʝ 

ʤʦʛʫ˂ʝ ʜʘ ʢʚʘʨ ʥʠʿʝ ʧʨʦʣʘʟʘʥ, ʧʘ ˂ʝ ʧʦʥʦʚʦ ʜʦ˂ʠ ʜʦ ʠʩʢˀʫʯʝˁʘ ʚʦʜʘ. ʆʚʦ ʚʨʝʤʝ ʤʦʨʘ ʙʠʪʠ 

ʚʝ˂ʝ ʦʜ ʧʦʪʨʝʙʥʦʛ ʜʘ ʟʘʰʪʠʪʘ ʜʝʪʝʢʪʫʿʝ ʢʚʘʨ (ʟʝʤˀʦʩʧʦʿ ʠʣʠ ʤʝʹʫʬʘʟʥʠ ʢʚʘʨ). 

ʉʠʥʭʨʦʥʠʟʘʮʠʿʘ ʩʝ ʚʨʰʠ ʥʘ ʧʨʝʢʠʜʘʯʫ ʇʈ2. 

ɸʢʦ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʝʣʠʤʠʥʘʮʠʿʝ ʧʨʦʣʘʟʥʦʛ ʢʚʘʨʘ, ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ ʥʘ ʚʦʜʫ ʪʨʘʿʥʦ 

ʠʩʢˀʫʯʫʿʝ ʚʦʜ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʛʝʥʝʨʘʪʦʨ ˂ʝ ʤʦʨʘʪʠ ʜʘ ʙʫʜʝ ʠʩʢˀʫʯʝʥ ʜʦ ʧʦʥʦʚʥʦʛ 

ʫʩʧʦʩʪʘʚˀʘˁʘ ʥʘʧʦʥʘ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʝ, ʿʝʨ ʿʝ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʜʠʩʠʧʠʨʘʪʠ ʥʘ ɹʆ 

ʦʛʨʘʥʠʯʝʥʘ ˁʝʛʦʚʠʤ ʜʦʟʚʦˀʝʥʠʤ ʪʦʧʣʦʪʥʠʤ ʠʤʧʫʣʩʦʤ, ʫʢʦʣʠʢʦ ʥʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ 

ˁʝʛʦʚʦʛ ʤʠʨʥʦʛ ʨʘʩʪʝʨʝ˂ʝˁʘ. ʈʘʩʪʝʨʝ˂ʝˁʝ ʠʤʧʝʜʘʥʩʝ ʠ ʨʘʜ ʫ ʧʨʘʟʥʦʤ ʭʦʜʫ, ʙʝʟ ʧʨʝʪʭʦʜʥʦʛ 

ʠʩʢˀʫʯʝˁʘ ʛʝʥʝʨʘʪʦʨʘ, ʤʦʛʫ ʩʝ ʦʙʝʟʙʝʜʠʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʪʠʨʠʩʪʦʨʩʢʝ ʨʝʛʫʣʘʮʠʿʝ ʢʦʿʘ ʙʠ 

ʧʦʩʪʝʧʝʥʦ ʩʤʘˁʠʚʘʣʘ ʩʥʘʛʫ ɹʀ, ʫ ʩʢʣʘʜʫ ʩʘ ʨʘʜʦʤ ʪʫʨʙʠʥʩʢʝ ʨʝʛʫʣʘʮʠʿʝ. ʊʠʤʝ ʙʠ ʩʝ 

ʛʝʥʝʨʘʪʦʨ ʜʦʚʝʦ ʫ ʧʨʘʟʘʥ ʭʦʜ ʠ ʯʝʢʘʦ ʤʨʝʞʫ ʠʣʠ ʠʰʘʦ ʥʘ ʟʘʫʩʪʘʚˀʘˁʝ ʙʝʟ ʥʘʧʨʝʟʘˁʘ. ʊʨʘʿʥʦ 

ʠʩʢˀʫʯʝˁʝ ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʢʘʜʘ ʩʝ ʥʘʢʦʥ ʫʥʘʧʨʝʜ ʟʘʜʘʪʦʛ ʚʨʝʤʝʥʘ (ʥʧʨ. ʥʝʢʦʣʠʢʦ 
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ʩʝʢʫʥʜʠ) ʥʝ ʜʦʙʠʿʝ ʥʘʧʦʥ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʝ. ʊʦ ʿʝ ʠʥʜʠʢʘʮʠʿʘ ʜʘ ʿʝ ʢʚʘʨ ʪʨʘʿʘʥ, ʦʜʥʦʩʥʦ ʜʘ ʿʝ 

ʩʠʩʪʝʤ ɸʇʋ-ʘ ʙʝʟʫʩʧʝʰʥʦ ʨʝʘʛʦʚʘʦ. ɻʝʥʝʨʘʪʦʨ ʥʝ ʤʦʨʘ ʙʠʪʠ ʠʩʢˀʫʯʝʥ ʩʘʤʦ ʫ ʩʣʫʯʘʿʫ ʘʢʦ 

ʧʦʩʪʦʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʨʝʛʫʣʘʮʠʦʥʠ ʝʣʝʤʝʥʪʠ ʜʘ ʦʙʝʟʙʝʜʝ ʪʨʘʿʥʠ ʨʘʜ ʩʘ ʣʦʢʘʣʥʦʤ ʧʦʪʨʦʰˁʦʤ. 

ɺʨʝʤʝʥʩʢʠ ʪʦʢ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠʭ ʜʦʛʘʹʘʿʘ, ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʫ ʩʠʤʫʣʘʮʠʿʘʤʘ ʨʘʜʘ 

ʧʨʝʜʣʦʞʝʥʦʛ ʩʠʩʪʝʤʘ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

1) t1=0 s ï ʥʘʩʪʘʥʘʢ ʢʚʘʨʘ (ʫ ʩʠʤʫʣʘʮʠʿʘʤʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥ ʿʝʜʥʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ, 

ʫʢʦʣʠʢʦ ʪʦ ʥʠʿʝ ʜʨʫʛʘʯʠʿʝ ʥʘʟʥʘʯʝʥʦ) ʥʘ ʚʦʜʫ, 

2) t2=0,3 s ï ʠʩʢˀʫʯʝˁʝ ʧʨʝʢʠʜʘʯʘ ʥʘ ʧʦʯʝʪʢʫ ʥʘʧʦʿʥʦʛ ʚʦʜʘ (ʠʩʢˀʫʯʫʿʝ ʩʝ ʧʨʝʢʠʜʘʯ 

ʇʈ1) ʠ ʧʦʯʝʪʘʢ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ, ʜʦʢ ʛʝʥʝʨʘʪʦʨ ʠ ʜʘˀʝ ʥʘʧʘʿʘ ʤʝʩʪʦ ʢʚʘʨʘ, 

3) t3=0,5 s  ï ʠʩʢˀʫʯʝˁʝ ʧʨʝʢʠʜʘʯʘ ʇʈ2 ʢʦʿʠ ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʝ ʤʝʩʪʘ ʢʚʘʨʘ ʦʜ ʩʪʨʘʥʝ 

ɼɻ-ʘ, ʫʢˀʫʯʝˁʝ ɹʀ (ʧʨʝʢʠʜʘʯ ʇʈ3) ʠ ʠʩʢˀʫʯʝˁʝ ʠʣʠ ʟʘʜʨʞʘʚʘˁʝ ʩʪʘʪʫʩʘ 

ʫʢˀʫʯʝʥʦʩʪʠ ʧʨʝʢʠʜʘʯʘ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ (ʇʈ4) ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʟʥʦʩʘ ʩʥʘʛʝ 

ʧʦʪʨʦʰˁʝ. 

ʆʚʘʢʚʘ ʩʝʢʚʝʥʮʘ ʠʩʢˀʫʯʝˁʘ ʿʝ ʠʟʘʙʨʘʥʘ ʿʝʨ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʥʝʧʦʚʦˀʥʠʿʠʭ 

ʩʣʫʯʘʿʝʚʘ ʢʘʜʘ ʿʝ ʛʝʥʝʨʘʪʦʨ ʫʢʫʧʥʦ 0,5 s ʠʟʣʦʞʝʥ ʢʚʘʨʫ ʩʘ ʿʘʢʦ ʠʟʨʘʞʝʥʠʤ ʧʦʨʝʤʝ˂ʘʿʝʤ 

ʥʘʧʦʥʘ ʠ ʙʨʟʠʥʝ ʛʝʥʝʨʘʪʦʨʘ (ʬʨʝʢʚʝʥʮʠʿʝ). ʇʦʜʝʰʝˁʘ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ɼɻ-ʘ ʫ ʧʨʘʢʩʠ ˂ʝ 

ʦʙʠʯʥʦ ʙʨʞʝ ʨʝʘʛʦʚʘʪʠ ʠ ʧʨʝ ʠʩʢˀʫʯʠʪʠ ʛʝʥʝʨʘʪʦʨ, ʯʠʤʝ ˂ʝ ʩʝ ʨʝʜʫʢʦʚʘʪʠ ʦʜʩʪʫʧʘˁʝ 

ʧʘʨʘʤʝʪʘʨʘ ʛʝʥʝʨʘʪʦʨʘ ʦʜ ʥʘʟʥʘʯʝʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʋ ʮʠˀʫ ʘʜʝʢʚʘʪʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ 

ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ ʠ ʦʜʨʝʹʠʚʘˁʫ ʤʘʨʛʠʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʣʠʢʦʤ ʧʨʠʤʝʥʝ 

ʢʦʦʨʜʠʥʠʩʘʥʝ ʢʦʥʪʨʦʣʝ ʿʝ ʠʟʘʙʨʘʥ ʦʚʘʢʘʚ ʥʘʯʠʥ ʩʠʤʫʣʘʮʠʿʝ ʢʚʘʨʘ. 

3.5. ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʘ ʫ ʩʦʬʪʚʝʨʫ 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʜʘʪʠ ʨʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʘ ʢʦʿʠʤʘ ʿʝ ʠʟʚʨʰʝʥʘ ʜʝʤʦʥʩʪʨʘʮʠʿʘ 

ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥˀʠʚʦʩʪʠ ʨʘʟʚʠʿʝʥʦʛ ʘʣʛʦʨʠʪʤʘ. ʉʠʤʫʣʘʮʠʿʝ ʩʫ ʚʨʰʝʥʝ ʥʘ ʤʦʜʝʣʫ 

ʬʦʨʤʠʨʘʥʦʤ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʧʘʢʝʪʫ DIgSILENT PowerFactory, ʧʨʝʤʘ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʩʫ 

ʦʧʠʩʘʥʠ ʫ ʧʦʛʣʘʚˀʫ 3.3. ʅʘʿʧʨʝ ʩʫ ʠʟʚʨʰʝʥʝ ʩʠʤʫʣʘʮʠʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʩʘʤʦ ɹʆ, ʘ ʢʘʩʥʠʿʝ ʿʝ 

ʘʥʘʣʠʟʠʨʘʥʘ ʠ ʧʨʠʤʝʥʘ ɹʀ ʩʘ ʥʝʟʘʚʠʩʥʠʤ ʧʦʜʝʰʝˁʝʤ ʘʢʪʠʚʥʦʛ ʠ ʨʝʘʢʪʠʚʥʦʛ ʜʝʣʘ. 

3.5.1. ʇʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʙʘʣʘʥʩʥʠʤ ʦʪʧʦʨʥʠʢʦʤ 

ʂʘʜʘ ʿʝ ʩʥʘʛʘ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ ʢʦʿʘ ʦʩʪʘʿʝ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʩʘ ʛʝʥʝʨʘʪʦʨʦʤ ʚʝ˂ʘ ʦʜ 

ʩʥʘʛʝ ʧʨʦʠʟʚʦʜˁʝ, ʚʨʣʦ ʣʘʢʦ ʩʝ ʤʦʞʝ ʜʦʛʦʜʠʪʠ ʠʩʧʘʜ ʠʟ ʩʠʥʭʨʦʥʠʟʤʘ ʛʝʥʝʨʘʪʦʨʘ. ʊʘʜʘ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʦʙʝʟʙʝʜʠʪʠ ʦʩʪʨʚʩʢʠ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʩʘʤʦ ʩʘ ʙʘʣʘʥʩʥʠʤ ʦʪʧʦʨʥʠʢʦʤ. 

ɸʢʪʠʚʥʘ ʠ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʥʘ ʢʨʘʿʫ ʠʟʚʦʜʘ ʠʟʥʦʩʝ 2 ʄW ʠ 0,5 ʄvar, 

ʨʝʩʧʝʢʪʠʚʥʦ. ɽʣʝʢʪʨʘʥʘ ʨʘʜʠ ʫ ʨʝʞʠʤʫ ʢʘʜʘ ʦʜʨʞʘʚʘ ʿʝʜʠʥʠʯʥʠ ʬʘʢʪʦʨ ʩʥʘʛʝ ʥʘ ʩʚʦʿʠʤ 

ʩʘʙʠʨʥʠʮʘʤʘ, ʜʦʢ ʿʝ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʛʝʥʝʨʘʪʦʨʘ 1 ʄW, ʦʜʥʦʩʥʦ ʿʝʜʥʘʢʘ ˁʝʛʦʚʦʿ ʥʘʟʥʘʯʝʥʦʿ 

ʩʥʘʟʠ. ʇʨʠʢˀʫʯʥʘ ʤʨʝʞʘ ʦʜʨʞʘʚʘ ʥʘʧʦʥ ʥʘ ɺʅ ʩʪʨʘʥʠ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ 

ʚʨʝʜʥʦʩʪʠ 1,02 ʨ.ʿ. ʉʠʩʪʝʤ ʟʘ ʫʧʨʘʚˀʘˁʝ ɹʆ ʧʨʘʪʠ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ 

ʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ. ɸʢʦ ʿʝ ʦʚʘ ʨʘʟʣʠʢʘ ʧʦʟʠʪʠʚʥʘ, ʦʪʧʦʨʥʦʩʪ ɹʆ ʩʝ 

ʧʨʠʣʘʛʦʹʘʚʘ ʪʘʢʦ ʜʘ ʤʦʞʝ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʜʘ ʧʨʝʫʟʤʝ ʨʘʟʣʠʢʫ ʩʥʘʛʝ ʛʝʥʝʨʠʩʘˁʘ ʠ 

ʧʦʪʨʦʰˁʝ. ʋʢʦʣʠʢʦ ʿʝ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʚʝ˂ʘ ʦʜ ʩʥʘʛʝ ʛʝʥʝʨʠʩʘˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʫ ʦʚʦʤ ʧʨʚʦʤ 

ʪʝʩʪʠʨʘʥʦʤ ʩʮʝʥʘʨʠʿʫ, ʜʝʙʘʣʘʥʩ ʩʥʘʛʘ ʿʝ ʥʝʛʘʪʠʚʘʥ, ʧʘ ʩʝ ɹʆ ʧʦʜʝʰʘʚʘ ʥʘ ʚʨʝʜʥʦʩʪ ʜʘ ʤʦʞʝ 

ʧʨʝʫʟʝʪʠ ʮʝʣʦʢʫʧʥʫ ʘʢʪʠʚʥʫ ʩʥʘʛʫ ʧʨʦʠʟʚʦʜˁʝ. 

ʅʘ ʩʣ. 3.3 ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ, ʜʦʢ ʿʝ ʥʘ ʩʣ. 3.4 ʧʨʠʢʘʟʘʥʘ 

ʧʨʦʤʝʥʘ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ. ʂʘʢʦ ʥʘʢʦʥ ʠʩʢˀʫʯʝˁʘ ʧʨʝʢʠʜʘʯʘ ʇʈ2 

ʛʝʥʝʨʘʪʦʨ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʦʩʪʘʿʝ ʩʘ ʚʝ˂ʦʤ ʘʢʪʠʚʥʦʤ ʩʥʘʛʦʤ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ ʦʜ ˁʝʛʦʚʝ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʨʦʠʟʚʦʜˁʝ, ʜʦʣʘʟʠ ʜʦ ʧʨʦʧʘʜʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ. ʋʧʨʢʦʩ ʟʥʘʯʘʿʥʦʤ 

ʧʨʦʧʘʜʫ ʙʨʟʠʥʝ, ʧʨʠʤʝʥʦʤ ʢʦʦʨʜʠʥʠʩʘʥʝ ʢʦʥʪʨʦʣʝ ʩʝ ʩʚʝ ʚʝʣʠʯʠʥʝ ʚʝʦʤʘ ʙʨʟʦ ʠ ʝʬʠʢʘʩʥʦ 

ʚʨʘ˂ʘʿʫ ʥʘ ʚʨʝʜʥʦʩʪʠ ʧʨʝ ʢʚʘʨʘ. 



ʋʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʤʘʣʠʭ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʙʘʣʘʥʩʥʝ ʠʤʧʝʜʘʥʩʝ 

34 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

 

ʉʣ. 3.3: ʇʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʥʘʟʥʘʯʝʥʦʤ ʨʝʬʝʨʝʥʪʥʦʤ ʚʨʝʜʥʦʰ˂ʫ 

 

ʉʣ. 3.4: ʇʨʦʤʝʥʘ: ʘ) ʘʢʪʠʚʥʝ ʠ ʙ) ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ 

ʅʘ ʩʣ. 3.5 ʿʝ ʧʨʠʢʘʟʘʥ ʥʘʧʦʥ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʝʣʝʢʪʨʘʥʝ (ʥʘ 20 kV ʩʪʨʘʥʠ ʙʣʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ) ʠ ʧʦʙʫʜʥʠ ʥʘʧʦʥ ʛʝʥʝʨʘʪʦʨʘ. ɻʨʝʰʢʝ ʥʘ ʫʣʘʟʫ ʫ ʨʝʛʫʣʘʪʦʨ ʧʦʙʫʜʝ ʩʫ 

ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣ. 3.6. ʇʨʠ ʠʩʢˀʫʯʝˁʫ ʥʘʧʦʿʥʦʛ ʜʘʣʝʢʦʚʦʜʘ ʫ ʥʦʚʦʬʦʨʤʠʨʘʥʦʤ ʦʩʪʨʚʫ ʩʝ 

ʿʘʚˀʘ ʠ ʤʘˁʘʢ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʠ ʜʦʣʘʟʠ ʜʦ ʧʘʜʘ ʥʘʧʦʥʘ ʫ ʩʠʩʪʝʤʫ. ʊʦ ʩʝ ʨʝʬʣʝʢʪʫʿʝ ʢʘʦ 

ʧʦʿʘʚʘ ʛʨʝʰʢʝ ʧʦ ʥʘʧʦʥʫ ʥʘ ʫʣʘʟʫ ʫ PI ʨʝʛʫʣʘʪʦʨ (ʮʨʥʘ ʢʨʠʚʘ ï ȹu) ʠ ʧʦʚʝ˂ʘˁʝ ʧʦʙʫʜʥʦʛ 

ʥʘʧʦʥʘ. ʅʘʢʦʥ ʧʨʝʣʘʩʢʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʦʪʧʦʨʥʠʢʦʤ, ʧʦʨʝʜ ʛʨʝʰʢʝ ʧʦ ʥʘʧʦʥʫ, ʿʘʚˀʘʿʫ ʩʝ ʠ 

ʛʨʝʰʢʝ ʧʦ ʙʨʟʠʥʠ ʠ ʠʟʚʦʜʫ ʙʨʟʠʥʝ (ʮʨʚʝʥʘ ʢʨʠʚʘ ï ȹw ʠ ʟʝʣʝʥʘ ʢʨʠʚʘ ï dw). ʊʨʝʙʘ 

ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʦʚʦ ʫʢʫʧʥʝ ʛʨʝʰʢʝ, ʢʦʿʝ ʩʫ ʧʦʤʥʦʞʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ 

ʧʨʝʤʘ ʬʦʨʤʫʣʠ (3.12). ʇʨʦʧʦʨʮʠʦʥʘʣʥʦ ʜʝʿʩʪʚʦ ʧʦ ʙʨʟʠʥʠ ʜʝʬʠʥʠʰʝ ʧʦʪʨʝʙʘʥ ʥʠʚʦ ʛʨʝʰʢʝ 

ʜʘ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʦ ʠʥʠʮʠʿʘʣʥʠ ʧʦʨʝʤʝ˂ʘʿ, ʜʦʢ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦ ʜʝʿʩʪʚʦ (ʧʦ ʠʟʚʦʜʫ ʙʨʟʠʥʝ) 

ʩʪʘʙʠʣʠʟʫʿʝ ʩʠʩʪʝʤ ʠ ʩʧʨʝʯʘʚʘ ʧʦʿʘʚʫ ʥʝʩʪʘʙʠʣʥʦʩʪʠ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʩʚʝʛʘ ʪʦʛʘ ʬʨʝʢʚʝʥʮʠʿʘ ʠ 

ʥʘʧʦʥ ʩʝ ʥʝʧʦʩʨʝʜʥʦ ʥʘʢʦʥ ʧʦʿʘʚʝ ʧʦʨʝʤʝ˂ʘʿʘ ʦʜʨʞʘʚʘʿʫ ʫ ʧʨʠʭʚʘʪˀʠʚʠʤ ʛʨʘʥʠʮʘʤʘ, ʘ ʟʘʪʠʤ 

ʩʝ ʚʨʘ˂ʘʿʫ ʚʝʦʤʘ ʙʣʠʟʫ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʿʝ ʩʫ ʩʝ ʠʤʘʣʝ ʧʨʝ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʩʪʠʯʫ ʩʝ ʫʩʣʦʚʠ ʜʘ ʩʝ 

ʠʟʚʨʰʠ ʩʠʥʭʨʦʥʠʟʘʮʠʿʘ ʩʘ ʤʨʝʞʦʤ ʫ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʢʚʘʨ ʧʨʦʣʘʟʘʥ. 
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ʉʣ. 3.5: ʇʨʦʤʝʥʘ: ʘ) ʥʘʧʦʥʘ ʥʘ ʚʠʰʝʥʘʧʦʥʩʢʦʿ ʩʪʨʘʥʠ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʙ) ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ 

ʛʝʥʝʨʘʪʦʨʘ 

 

ʉʣ. 3.6: ʇʨʦʤʝʥʘ ʛʨʝʰʘʢʘ ʥʘ ʫʣʘʟʫ ʫ ʨʝʛʫʣʘʪʦʨ ʧʦʙʫʜʝ 

ʅʘ ʩʣ. 3.7 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʜʠʩʠʧʘʮʠʿʝ ʥʘ ɹʆ, ʘʢʪʠʚʥʝ ʩʥʘʛʝ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ, ʦʜʥʦʩʥʦ ʙʘʣʘʥʩ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʫ ʩʠʩʪʝʤʫ. ʉʘ 

ʩʣʠʢʝ ʩʝ ʫʦʯʘʚʘ ʜʘ ɹʆ ʧʨʝʫʟʠʤʘ ʩʥʘʛʫ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʧʨʝʯʘʚʘ ʫʙʨʟʘˁʝ ʦʙʨʪʥʠʭ 

ʤʘʩʘ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʮʝʣʦʢʫʧʥʫ ʨʝʛʫʣʘʮʠʿʫ ʩʥʘʛʘ ʧʨʝʫʟʠʤʘ ɹʆ ʠ ʧʦʙʫʜʘ ʛʝʥʝʨʘʪʦʨʘ ʙʝʟ 

ʫʯʝʰ˂ʘ ʪʫʨʙʠʥʩʢʝ ʨʝʛʫʣʘʮʠʿʝ. 

ʇʨʝʪʭʦʜʥʝ ʩʣʠʢʝ ʧʦʢʘʟʫʿʫ ʜʘ ʪʝʭʥʠʢʘ ʦʙʝʟʙʝʹʫʿʝ ʩʪʘʙʠʣʘʥ ʨʘʜ ʤʘʣʠʭ ʩʠʥʭʨʦʥʠʭ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘʢʦʥ ʠʩʢˀʫʯʝˁʘ ʩʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʠ ʧʨʝʣʘʩʢʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ɹʆ. 

ʅʘʢʦʥ ʦʪʢʣʘˁʘˁʘ ʧʦʨʝʤʝ˂ʘʿʘ ʩʥʘʛʘ ʤʘʣʝ ʝʣʝʢʪʨʘʥʝ ʿʝ ʩʪʘʙʠʣʠʟʦʚʘʥʘ ʥʘ ʚʨʝʜʥʦʩʪʠ ʢʦʿʘ ʩʝ 

ʠʤʘʣʘ ʧʨʝ ʧʦʨʝʤʝ˂ʘʿʘ. ʉʣ. 3.8 ʧʨʠʢʘʟʫʿʝ ʚʨʝʤʝʥʩʢʫ ʧʨʦʤʝʥʫ d ʠ q ʢʦʤʧʦʥʝʥʪʠ ʩʪʘʪʦʨʩʢʝ 

ʩʪʨʫʿʝ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʥʘʟʥʘʯʝʥʠʤ ʨʝʬʝʨʝʥʪʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʿʝ ʩʫ ʩʝ ʠʤʘʣʝ ʧʨʝ ʢʚʘʨʘ. ʂʘʢʦ 

ʛʝʥʝʨʘʪʦʨ ʥʝ ʤʝˁʘ ʩʚʦʿʫ ʨʘʜʥʫ ʪʘʯʢʫ ʠ ʟʘʜʨʞʘʚʘ ʥʘʟʥʘʯʝʥʫ ʩʥʘʛʫ ʫʟ ʿʝʜʠʥʠʯʥʠ ʬʘʢʪʦʨ ʩʥʘʛʝ, 

ʥʝʤʘ ʨʘʟʣʠʢʝ ʫ ʩʪʨʫʿʘʤʘ ʧʦ d ʠ q-ʦʩʠ ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʪʘˁʫ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪʠ ʧʨʝ 

ʧʦʨʝʤʝ˂ʘʿʘ.  
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ʉʣ. 3.7: ʇʨʦʤʝʥʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʜʠʩʠʧʘʮʠʿʝ ʥʘ ɹʆ, ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ ʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʣʦʢʘʣʥʝ 

ʧʦʪʨʦʰˁʝ 

 

ʉʣ. 3.8: ɺʘʨʠʿʘʮʠʿʝ d ʠ q ʢʦʤʧʦʥʝʥʪʠ ʩʪʘʪʦʨʩʢʝ ʩʪʨʫʿʝ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ 

ʀʘʢʦ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʠʢʘ ʫʢˀʫʯʫʿʝ ʩʘʤʦ ʫʧʨʘʚˀʘˁʝ ʧʦʙʫʜʥʠʤ ʥʘʧʦʥʦʤ, ʘʥʘʣʠʟʝ 

ʧʨʠʢʘʟʫʿʫ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʟʘʜʨʞʘʪʠ ʠ ʙʨʟʠʥʫ ʠ ʥʘʧʦʥ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ. ɼʘˀʝ 

ʫʥʘʧʨʝʹʝˁʝ ʿʝ ʤʦʛʫ˂ʝ ʫʢˀʫʯʠʚʘˁʝʤ ɹʆ ʫ ʨʝʛʫʣʘʮʠʿʫ, ʯʠʤʝ ʩʝ ʚʨʰʠ ʥʝʟʘʚʠʩʥʦ ʫʧʨʘʚˀʘˁʝ 

ʩʪʨʫʿʘʤʘ ʛʝʥʝʨʘʪʦʨʘ ʧʦ d ʠ q ʦʩʠ ʠ ʦʙʝʟʙʝʹʫʿʝ ʬʠʥʠʿʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘʧʦʥʘ ʠ ʙʨʟʠʥʝ ʪʦʢʦʤ 

ʪʨʘʥʟʠʿʝʥʘʪʘ. ʆʚʘʢʚʘ ʨʝʛʫʣʘʮʠʿʘ ʠʧʘʢ ʟʘʭʪʝʚʘ ʤʥʦʛʦ ʢʦʤʧʣʝʢʩʥʠʿʠ ʩʠʩʪʝʤ ʩʘ ʜʚʘ ʨʝʛʫʣʘʪʦʨʘ ʠ 

ʧʨʝʪʚʘʨʘʯʝʤ ʫ ʢʦʣʫ ɹʆ. 

3.5.2. ʇʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʙʘʣʘʥʩʥʠʤ ʦʪʧʦʨʥʠʢʦʤ ʠ ʧʦʪʨʦʰˁʦʤ 

ʂʘʦ ʦʩʥʦʚʥʠ ʟʘʭʪʝʚ ʫ ɽɽʉ-ʫ ʜʝʬʠʥʠʰʝ ʩʝ ʩʥʘʙʜʝʚʘˁʝ ʧʦʪʨʦʰʘʯʘ ʜʦʚʦˀʥʠʤ 

ʢʦʣʠʯʠʥʘʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʧʠʩʘʥʦʛ ʢʚʘʣʠʪʝʪʘ. ʆʚʘʿ ʟʘʭʪʝʚ ʿʝ ʥʘʨʦʯʠʪʦ ʙʠʪʘʥ ʧʨʠ 

ʩʥʘʙʜʝʚʘˁʫ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʦʩʪʨʦʿʝˁʘ ʛʜʝ ʩʝ ʦʜʚʠʿʘʿʫ ʩʣʦʞʝʥʠ ʪʝʭʥʦʣʦʰʢʠ ʧʨʦʮʝʩʠ ʠʣʠ 

ʜʨʫʛʠʭ ʟʥʘʯʘʿʥʠʭ ʧʦʪʨʦʰʘʯʘ. ʇʨʝʪʭʦʜʥʝ ʘʥʘʣʠʟʝ ʩʫ ʧʦʢʘʟʘʣʝ ʜʘ ʠʩʢˀʫʯʝˁʝʤ ʧʦʪʨʦʰˁʝ ʠ 

ʢʦʥʪʨʦʣʠʩʘʥʦʤ ʜʠʩʠʧʘʮʠʿʦʤ ʩʥʘʛʝ ʥʘ ɹʆ ʩʝ ʤʦʞʝ ʦʙʝʟʙʝʜʠʪʠ ʩʪʘʙʠʣʘʥ ʨʘʜ ʠ ʩʧʨʝʯʠʪʠ ʠʩʧʘʜ 

ʛʝʥʝʨʘʪʦʨʘ. ʅʝʜʦʩʪʘʪʘʢ ʦʚʦʛ ʢʦʥʮʝʧʪʘ ʿʝ ʪʦ ʰʪʦ ʜʦʣʘʟʠ ʜʦ ʧʨʝʢʠʜʘ ʫ ʥʘʧʘʿʘˁʫ ʧʦʪʨʦʰʘʯʘ ʠ 

ʰʪʦ ʩʝ ʥʝ ʢʦʨʠʩʪʠ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʪʦʢʦʤ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ, ʚʝ˂ ʩʝ ʜʠʩʠʧʠʨʘ ʥʘ ɹʆ. ʂʘʢʦ ʿʝ 

ʫ ʧʨʝʪʭʦʜʥʦʤ ʩʣʫʯʘʿʫ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʙʠʣʘ ʚʝ˂ʘ ʦʜ ʪʨʝʥʫʪʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ, ʥʠʿʝ ʤʦʛʫ˂ʝ 

ʦʙʝʟʙʝʜʠʪʠ ʩʪʘʙʠʣʘʥ ʨʘʜ ʩʘ ʧʦʪʨʦʰˁʦʤ, ʫʢʦʣʠʢʦ ʥʝ ʧʦʩʪʦʿʝ ʙʨʟʠ ʩʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ˂ʝ ʥʘʜʦʤʝʩʪʠʪʠ ʥʝʜʦʩʪʘʪʘʢ ʠʣʠ ʘʢʦ ʥʝ ʧʦʩʪʦʿʠ ʤʝʭʘʥʠʟʘʤ ʟʘ 

ʩʝʣʝʢʪʠʚʥʦ ʠʩʢˀʫʯʝˁʝ ʜʝʣʘ ʧʦʪʨʦʰˁʝ ʥʠʞʝʛ ʧʨʠʦʨʠʪʝʪʘ. ʅʝʜʦʩʪʘʪʘʢ ʩʠʩʪʝʤʘ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʿʝ ʮʝʥʘ ʦʚʠʭ ʩʠʩʪʝʤʘ [43], ʜʦʢ ʿʝ ʥʝʜʦʩʪʘʪʘʢ ʩʝʣʝʢʪʠʚʥʦʛ ʠʩʢˀʫʯʝˁʘ 

ʜʝʣʘ ʧʦʪʨʦʰˁʝ ʢʦʤʧʣʝʢʩʥʦʩʪ ʨʝʘʣʠʟʘʮʠʿʝ ʩʘʤʦʛ ʘʣʛʦʨʠʪʤʘ ʠ ʥʝʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʚʨʰʠ ʬʠʥʘ 

ʨʝʛʫʣʘʮʠʿʘ ʫ ʚʝʦʤʘ ʢʨʘʪʢʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ, ʫʩʣʝʜ ʠʥʪʝʨʤʠʪʝʥʪʥʦʛ ʧʦʥʘʰʘˁʘ 

ʧʦʪʨʦʰʘʯʘ. 
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ʄʦʜʠʬʠʢʘʮʠʿʘ ʢʦʥʮʝʧʪʘ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʩʣʫʯʘʿʘ, ʢʦʿʘ ʥʝ ʟʘʭʪʝʚʘ ʚʝʣʠʢʘ ʬʠʥʘʥʩʠʿʩʢʘ 

ʩʨʝʜʩʪʚʘ, ʥʠʪʠ ʢʦʤʧʣʠʢʦʚʘʥʝ ʢʦʤʫʥʠʢʘʮʠʦʥʦ-ʫʧʨʘʚˀʘʯʢʝ ʩʪʨʫʢʪʫʨʝ ʥʘ ʰʠʨʦʢʦʤ ʧʦʜʨʫʯʿʫ, 

ʤʦʞʝ ʩʝ ʨʝʘʣʠʟʦʚʘʪʠ ʧʦʤʦ˂ʫ ʤʝʨʝˁʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʦʪʨʦʰˁʝ ʢʦʿʘ ʦʩʪʘʿʝ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʠ 

ʧʦʜʝʰʘʚʘˁʝʤ ʦʪʧʦʨʥʠʢʘ ʫ ʙʝʟʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ. ʇʦʪʨʝʙʘʥ ʫʩʣʦʚ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʦʚʘʢʚʦʛ 

ʘʣʛʦʨʠʪʤʘ ʿʝ ʜʘ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʤʘˁʘ ʠʣʠ ʿʝʜʥʘʢʘ ʘʢʪʫʝʣʥʦʿ ʩʥʘʟʠ ʛʝʥʝʨʘʪʦʨʘ. 

ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʝ ʦʪʧʦʨʥʠʢ ʫ ʙʝʟʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ ʤʦʞʝ ʧʦʜʝʩʠʪʠ ʪʘʢʦ ʜʘ ʦʙʝʟʙʝʜʠ 

ʜʠʩʠʧʘʮʠʿʫ ʨʘʟʣʠʢʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʦʪʨʦʰˁʝ. ʋʤʝʩʪʦ ʜʘ 

ʛʝʥʝʨʘʪʦʨ ʧʨʝʹʝ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ɹʆ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʘ ˁʠʤʘ ʫ ʧʘʨʘʣʝʣʥʦʤ ʨʘʜʫ ʦʩʪʘʿʝ ʠ 

ʣʦʢʘʣʥʘ ʧʦʪʨʦʰˁʘ. 

ʋ ʘʥʘʣʠʟʠʨʘʥʦʤ ʪʝʩʪ ʧʨʠʤʝʨʫ ʩʥʘʛʘ ʛʝʥʝʨʘʪʦʨʘ ʿʝ ʿʝʜʥʘʢʘ 1 ʄW ʩʘ ʿʝʜʠʥʠʯʥʠʤ 

ʬʘʢʪʦʨʦʤ ʩʥʘʛʝ ʥʘ ʚʠʰʝʥʘʧʦʥʩʢʠʤ ʩʘʙʠʨʥʠʮʘʤʘ. ʉʥʘʛʘ ʧʦʪʨʦʰˁʝ ʥʘ ʢʨʘʿʫ ʠʟʚʦʜʘ ʿʝ 0,5 ʄW 

ʠ 0,125 ʄvar. ʇʨʠʢˀʫʯʥʘ ʤʨʝʞʘ ʦʜʨʞʘʚʘ ʥʘʧʦʥ ʥʘ ɺʅ ʩʪʨʘʥʠ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʚʨʝʜʥʦʩʪʠ 1,02 ʨ.ʿ. 

ʅʘ ʩʣ. 3.9 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥʘ ʬʨʝʢʚʝʥʮʠʿʝ ʫ ʦʩʪʨʚʫ, ʜʦʢ ʿʝ ʧʨʦʤʝʥʘ ʘʢʪʠʚʥʝ ʠ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 3.10. 

 

ʉʣ. 3.9: ʇʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʥʘʟʥʘʯʝʥʦʤ ʨʝʬʝʨʝʥʪʥʦʤ ʚʨʝʜʥʦʰ˂ʫ 

 

ʉʣ. 3.10: ʇʨʦʤʝʥʘ: ʘ) ʘʢʪʠʚʥʝ ʠ ʙ) ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ 
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ʅʘ ʩʣ. 3.11 ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʨʦʤʝʥʘ ʥʘʧʦʥʘ ʥʘ ʚʠʰʝʥʘʧʦʥʩʢʦʿ ʩʪʨʘʥʠ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʠ ʧʦʙʫʜʥʠ ʥʘʧʦʥ ʛʝʥʝʨʘʪʦʨʘ, ʜʦʢ ʩʫ ʛʨʝʰʢʝ ʥʘ ʫʣʘʟʫ ʫ PI ʨʝʛʫʣʘʪʦʨ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ 

ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣ. 3.12. 

ʉʘ ʩʣʠʢʘ ʩʝ ʚʠʜʠ ʜʘ ʩʠʩʪʝʤ ʟʘʜʨʞʘʚʘ ʩʪʘʙʠʣʥʦʩʪ ʠ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʨʝʰʠʪʠ 

ʢʘʢʦ ʧʨʦʙʣʝʤ ʩʪʘʙʠʣʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʩʢʝ ʿʝʜʠʥʠʮʝ, ʪʘʢʦ ʠ ʦʙʝʟʙʝʜʠʪʠ ʥʝʧʨʝʢʠʜʥʦʩʪ 

ʩʥʘʙʜʝʚʘˁʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ. 

 

ʉʣ. 3.11: ʇʨʦʤʝʥʘ: ʘ) ʥʘʧʦʥʘ ʥʘ ʚʠʰʝʥʘʧʦʥʩʢʦʿ ʩʪʨʘʥʠ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʙ) ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ 

ʛʝʥʝʨʘʪʦʨʘ 

 

ʉʣ. 3.12: ʇʨʦʤʝʥʘ ʛʨʝʰʘʢʘ ʥʘ ʫʣʘʟʫ ʫ ʨʝʛʫʣʘʪʦʨ ʧʦʙʫʜʝ 

ʅʘ ʩʣ. 3.13 ʿʝ ʧʨʠʢʘʟʘʥ ʙʘʣʘʥʩ ʩʥʘʛʘ ʫ ʥʦʚʦʬʦʨʤʠʨʘʥʦʤ ʦʩʪʨʚʫ, ʢʦʿʠ ʿʝ ʢˀʫʯʘʥ ʟʘ 

ʦʜʨʞʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ. ʅʘʢʦʥ ʧʨʝʣʘʩʢʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʿʘʚˀʘʿʫ ʩʝ ʦʩʮʠʣʘʮʠʿʝ ʩʥʘʛʝ, ʢʦʿʝ ʩʝ 

ʚʝʦʤʘ ʙʨʟʦ ʧʨʠʛʫʰʫʿʫ ʠ ʩʠʩʪʝʤ ʫʣʘʟʠ ʫ ʩʪʘʮʠʦʥʘʨʥʦ ʩʪʘˁʝ. ʇʦʙʫʜʥʠ ʩʠʩʪʝʤ ʛʝʥʝʨʘʪʦʨʘ ʿʝ 

ʿʝʜʠʥʠ ʨʝʛʫʣʘʮʠʦʥʠ ʝʣʝʤʝʥʪ ʫ ʩʠʩʪʝʤʫ, ʧʘ ʟʙʦʛ ʪʦʛʘ ʮʝʦ ʩʠʩʪʝʤ ʦʩʮʠʣʫʿʝ ˁʝʛʦʚʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʢʦʥʩʪʘʥʪʦʤ, ʦʜʥʦʩʥʦ ʧʨʝʣʘʟʥʠ ʧʨʦʮʝʩ ʩʝ ʧʨʠʛʫʰʫʿʝ ʥʘʢʦʥ ʦʢʦ 2 s (ʧʨʠʙʣʠʞʥʦ 4 
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ʧʫʪʘ ʜʫʞʠ ʧʝʨʠʦʜ ʦʜ ʚʨʝʤʝʥʩʢʘ ʢʦʥʩʪʘʥʪʝ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ, ʦʜʥʦʩʥʦ ʪʨʘʥʟʠʿʝʥʪʥʝ 

ʚʨʝʤʝʥʩʢʝ ʢʦʥʩʪʘʥʪʝ ʢʦʿʘ ʿʝ ʦʢʦ 0,5 s). 

 

ʉʣ. 3.13: ʇʨʦʤʝʥʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʜʠʩʠʧʘʮʠʿʝ ʥʘ ɹʆ, ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ ʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʣʦʢʘʣʥʝ 

ʧʦʪʨʦʰˁʝ 

ʅʘ ʩʣ. 3.14 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥʘ ʩʪʘʪʦʨʩʢʠʭ ʩʪʨʫʿʘ ʛʝʥʝʨʘʪʦʨʘ ʧʦ d ʠ q ʦʩʠ ʟʘʿʝʜʥʦ ʩʘ 

ʨʝʬʝʨʝʥʪʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʿʝ ʩʫ ʩʝ ʠʤʘʣʝ ʧʨʝ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʩʠʪʫʘʮʠʿʝ ʢʦʿʘ 

ʩʝ ʠʤʘʣʘ ʥʘ ʩʣ. 3.8, ʦʚʜʝ ʩʝ ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʘ ʧʨʝ ʢʚʘʨʘ ʠ ʥʘʢʦʥ ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʨʘʟʣʠʢʫʿʫ. ʆʚʦ 

ʿʝ ʧʦʩʣʝʜʠʮʘ ʫʣʘʩʢʘ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ ʩʘ ʩʚʦʿʦʤ ʘʢʪʠʚʥʦʤ ʠ ʨʝʘʢʪʠʚʥʦʤ ʩʥʘʛʦʤ ʫ ʦʩʪʨʚʩʢʠ 

ʨʘʜ ʟʘʿʝʜʥʦ ʩʘ ɹʆ ʠ ʛʝʥʝʨʘʪʦʨʦʤ. ʈʘʜʥʦ ʩʪʘˁʝ ʛʝʥʝʨʘʪʦʨʘ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʢʚʘʨʘ ʿʝ ʙʠʣʦ ʪʘʢʚʦ 

ʜʘ ʿʝ ʬʘʢʪʦʨ ʩʥʘʛʝ ʥʘ ɺʅ ʩʪʨʘʥʠ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʿʝʜʥʘʢ ʿʝʜʠʥʠʮʠ. ʅʘʢʦʥ ʧʨʝʣʘʩʢʘ ʫ 

ʦʩʪʨʚʩʢʠ ʨʘʜ, ʨʘʜʥʠ ʨʝʞʠʤ ʛʝʥʝʨʘʪʦʨʘ ʩʝ ʧʨʠʣʘʛʦʹʘʚʘ ʧʦʪʨʦʰˁʠ. ʇʦʨʝʜ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʦʿʘ 

ʩʝ ʜʠʩʠʧʠʨʘ ʥʘ ʦʪʧʦʨʥʠʢʫ ʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ, ʛʝʥʝʨʠʰʝ ʩʝ ʠ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ 

ʫ ʩʠʥʭʨʦʥʦʤ ʛʝʥʝʨʘʪʦʨʫ ʟʘ ʧʦʢʨʠʚʘˁʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ. ɿʙʦʛ ʪʦʛʘ ʜʦʣʘʟʠ 

ʜʦ ʧʨʦʤʝʥʝ ʧʦʣʦʞʘʿʘ ʬʘʟʦʨʘ ʩʪʨʫʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʧʦʥ ʛʝʥʝʨʘʪʦʨʘ, ʧʘ ʩʝ ʧʨʦʿʝʢʮʠʿʝ ʩʪʨʫʿʘ ʥʘ 

d ʠ q ʦʩʫ ʤʝˁʘʿʫ ʫ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣ. 3.14. 

 

ʉʣ. 3.14: ɺʘʨʠʿʘʮʠʿʝ d ʠ q ʢʦʤʧʦʥʝʥʪʠ ʩʪʘʪʦʨʩʢʝ ʩʪʨʫʿʝ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ 

3.5.3. ʇʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʙʘʣʘʥʩʥʦʤ ʠʤʧʝʜʘʥʩʦʤ 

ʋ ʧʨʝʪʭʦʜʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ʨʘʜ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ ʢʘʜʘ ʿʝ ʢʦʨʠʰ˂ʝʥ 

ʩʘʤʦ ɹʆ, ʜʦʢ ˂ʝ ʩʝ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʨʘʟʤʘʪʨʘʪʠ ʧʨʠʤʝʥʘ ʙʘʣʘʥʩʥʝ ʠʤʧʝʜʘʥʩʝ. ʄʘʥʘ ʦʚʦʛ 

ʢʦʥʮʝʧʪʘ ʿʝ ʰʪʦ ʩʝ ʫʚʦʹʝˁʝʤ ʨʝʘʢʪʘʥʩʝ ʜʦʙʠʿʘ ʿʦʰ ʿʝʜʘʥ ʝʣʝʤʝʥʪ ʢʦʿʠ ʟʘʭʪʝʚʘ ʤʝʨʝˁʘ, 

ʘʣʛʦʨʠʪʘʤ ʠ ʜʠʥʘʤʠʯʢʦ ʫʧʨʘʚˀʘˁʝ. ʇʨʝʜʥʦʩʪ ʿʝ ʰʪʦ ʨʝʘʢʪʘʥʩʘ ʠʤʘ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ 

ʦʛʨʘʥʠʯʘʚʘˁʝ ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʧʨʝʥʘʧʦʥʘ. ʊʨʘʥʟʠʿʝʥʪʥʠ ʧʨʝʥʘʧʦʥʠ ʩʝ ʥʘʨʦʯʠʪʦ ʿʘʚˀʘʿʫ ʢʘʜʘ 

ʛʝʥʝʨʘʪʦʨ ʨʘʜʠ ʫ ʥʘʜʧʦʙʫʹʝʥʦʤ ʨʝʞʠʤʫ. ʇʦʪʨʝʙʘ ʟʘ ʨʘʜʦʤ ʫ ʥʘʜʧʦʙʫʹʝʥʠʤ ʨʝʞʠʤʠʤʘ ʩʝ 

ʿʘʚˀʘ ʧʨʠ ʚʨʰʥʦʿ ʧʦʪʨʦʰˁʠ ʢʘʜʘ ʩʫ ʧʦʪʨʝʙʝ ʟʘ ʨʝʘʢʪʠʚʥʦʤ ʩʥʘʛʦʤ ʫ ʩʠʩʪʝʤʫ ʚʝ˂ʝ ʫ ʮʠˀʫ 

ʦʜʨʞʘʚʘˁʘ ʥʘʧʦʥʘ ʥʘ ʚʨʝʜʥʦʩʪʠʤʘ ʙʣʠʩʢʠʤ ʥʦʤʠʥʘʣʥʠʤ. 
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ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ʩʣʫʯʘʿ ʢʘʜʘ ʛʝʥʝʨʘʪʦʨ ʧʨʝʣʘʟʠ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘʤʦ ʩʘ 

ɹʀ, ʿʝʨ ʿʝ ʧʦʪʨʦʰˁʘ ʚʝ˂ʘ ʦʜ ʧʨʦʠʟʚʦʜˁʝ ʛʝʥʝʨʘʪʦʨʘ ʠ ʠʟʥʦʩʠ 2 MW ʠ 0,5 Mvar. ɻʝʥʝʨʘʪʦʨ 

ʨʘʜʠ ʫ ʥʘʜʧʦʙʫʹʝʥʦʤ ʨʝʞʠʤʫ ʩʘ ʬʘʢʪʦʨʦʤ ʩʥʘʛʝ 0,95 ʠʥʜ. ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʙʣʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʨʠʢˀʫʯʥʘ ʤʨʝʞʘ ʥʘ ɺʅ ʩʪʨʘʥʠ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʜʨʞʘʚʘ 

ʥʘʧʦʥ ʥʘ ʚʨʝʜʥʦʩʪʠ 1 ʨ.ʿ. 

ʅʘ ʩʣ. 3.15 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʩʣʫʯʘʿ ʢʦʨʠʰ˂ʝˁʘ ɹʀ ʠ 

ɹʆ, ʜʦʢ ʿʝ ʥʘ ʩʣʠʮʠ ʩʣ. 3.16 ʧʨʠʢʘʟʘʥʦ ʧʦʨʝʹʝˁʝ ʥʘʧʦʥʘ ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʙʣʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʛʝʥʝʨʘʪʦʨʘ. ʀʟ ʜʘʪʠʭ ʘʥʘʣʠʟʘ ʩʝ ʚʠʜʠ ʜʘ ʨʝʘʢʪʠʚʥʠ ʜʝʦ 

ɹʀ ʩʤʘˁʫʿʝ ʪʨʘʥʟʠʿʝʥʪʥʝ ʧʨʝʥʘʧʦʥʝ, ʦʜʥʦʩʥʦ ʥʘʧʦʥ ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʙʣʦʢ 

ʪʨʘʥʩʬʨʦʤʘʪʦʨʘ ʦʩʮʠʣʫʿʝ ʫ ʟʥʘʯʘʿʥʦ ʤʘˁʝʤ ʦʧʩʝʛʫ. ɱʘʚˀʘ ʩʝ ʤʘˁʠ ʧʨʦʧʘʜ ʙʨʟʠʥʝ ʫ ʩʣʫʯʘʿʫ 

ʢʦʨʠʰ˂ʝˁʘ ɹʀ, ʜʦʢ ʿʝ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʩʤʘˁʝˁʝ ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ, 

ʯʠʤʝ ʩʝ ʜʦʧʨʠʥʦʩʠ ʩʪʘʙʠʣʥʦʩʪʠ, ʿʝʨ ʩʝ ʫʜʘˀʘʚʘ ʦʜ ʦʩʝʪˀʠʚʠʭ ʧʦʜʧʦʙʫʹʝʥʠʭ ʨʝʞʠʤʘ.  

 

ʉʣ. 3.15: ʇʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʩʣʫʯʘʿ ʢʦʨʠʰ˂ʝˁʘ ɹʆ ʠ ɹʀ 

 

ʉʣ. 3.16: ʇʨʦʤʝʥʘ ʚʝʣʠʯʠʥʘ ʟʘ ʩʣʫʯʘʿ ʢʦʨʠʰ˂ʝˁʘ ɹʆ ʠ ɹʀ: ʘ) ʥʘʧʦʥʘ ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʙʣʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʙ) ʧʦʙʫʜʥʠ ʥʘʧʦʥ ʛʝʥʝʨʘʪʦʨʘ 



ʋʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʤʘʣʠʭ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʙʘʣʘʥʩʥʝ ʠʤʧʝʜʘʥʩʝ 

41 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʇʨʠʤʝʥʦʤ ɹʆ ʧʦʩʪʦʿʠ ʤʘˁʝ ʦʜʩʪʫʧʘˁʝ ʙʨʟʠʥʝ ʦʜ ʩʠʥʭʨʦʥʝ ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʪʘˁʫ 

ʥʘʢʦʥ ʧʦʨʝʤʝ˂ʘʿʘ. ʇʦʟʠʪʠʚʥʘ ʩʪʨʘʥʘ ʪʦʛʘ ʩʫ ʙʦˀʠ ʫʩʣʦʚʠ ʟʘ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʠ ʦʩʪʘʣʠʭ 

ʧʨʘʪʝ˂ʠʭ ʝʣʝʤʝʥʘʪʘ, ʜʦʢ ʩʫ ʥʝʛʘʪʠʚʥʠ ʘʩʧʝʢʪʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʜʫʞʝ ʯʝʢʘˁʝ ʥʘ ʠʩʧʫˁʝʥʦʩʪ 

ʫʩʣʦʚʘ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ. ʂʨʠʪʠʯʘʥ ʿʝ ʫʩʣʦʚ ʧʦ ʬʘʟʥʦʿ ʨʘʟʣʠʮʠ ʥʘʧʦʥʘ, ʢʦʿʘ ʩʝ ʧʦʿʘʚˀʫʿʝ 

ʧʝʨʠʦʜʠʯʥʦ ʩʘ ʫʯʝʩʪʘʥʦʰ˂ʫ ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ ʨʘʟʣʠʢʘ ʫ ʬʨʝʢʚʝʥʮʠʿʘʤʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʤʨʝʞʝ. 

ɿʘ ʘʜʝʢʚʘʪʘʥ ʠʟʙʦʨ ɹʀ ʠʣʠ ɹʆ ʫ ʩʚʘʢʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ ʧʦʪʨʝʙʥʦ ʿʝ ʩʘʛʣʝʜʘʪʠ 

ʢʦʤʧʣʝʪʘʥ ʩʧʝʢʪʘʨ ʤʦʛʫ˂ʠʭ ʨʘʜʥʠʭ ʩʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʤʨʝʞʠ ʩʘ ʫʚʘʞʘʚʘˁʝʤ ʢʘʢʦ 

ʚʘʨʠʿʘʮʠʿʝ ʫʩʣʦʚʘ ʫ ʤʨʝʞʠ, ʪʘʢʦ ʠ ʟʘʭʪʝʚʘʥʠ ʦʧʩʝʛ ʨʘʜʘ ʛʝʥʝʨʘʪʦʨʘ. ɼʝʪʘˀʥʠʤ ʩʠʤʫʣʘʮʠʿʘʤʘ 

ʩʘ ʫʚʘʞʘʚʘˁʝʤ ʩʚʠʭ ʦʛʨʘʥʠʯʝˁʘ ʦʜ ʩʪʨʘʥʝ ʚʣʘʩʥʠʢʘ ʤʘʣʝ ʝʣʝʢʪʨʘʥʝ ʠ ʦʧʝʨʘʪʦʨʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʤʦʞʝ ʩʝ ʫʪʚʨʜʠʪʠ ʦʧʨʘʚʜʘʥʦʩʪ ʜʦʜʘʪʥʝ ʠʥʚʝʩʪʠʮʠʿʝ ʫ ʨʝʘʢʪʠʚʥʠ ʜʝʦ 

ɹʀ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʪʝʭʥʠʯʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʤʧʣʝʪʥʦʛ ʩʠʩʪʝʤʘ ʫ ʧʦʨʝʤʝ˂ʝʥʠʤ ʨʘʜʥʠʤ 

ʩʪʘˁʠʤʘ. 

3.5.4. ʇʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʫ ʧʦʜʧʦʙʫʹʝʥʦʤ ʨʝʞʠʤʫ ʛʝʥʝʨʘʪʦʨʘ 

ʇʨʠʢˀʫʯʝˁʝ ɼɻ-ʘ ʥʘ ʩʣʘʙʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʠʟʚʦʜʝ ʯʝʩʪʦ ʟʘʭʪʝʚʘ ˁʠʭʦʚ ʨʘʜ ʫ 

ʧʦʜʧʦʙʫʹʝʥʦʤ ʨʝʞʠʤʫ ʢʘʜʘ ʘʧʩʦʨʙʫʿʫ ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ ʫ ʮʠˀʫ ʟʘʜʨʞʘʚʘˁʘ ʥʘʧʦʥʘ ʫ 

ʧʨʦʧʠʩʘʥʦʤ ʦʧʩʝʛʫ, ʢʦʿʠ ʿʝ ʦʙʠʯʥʦ ʦʜ 0,9 ʜʦ 1,1 ʨ.ʿ. ʆʚʘʢʚʠ ʨʝʞʠʤʠ ʩʝ ʥʝʨʝʪʢʦ ʩʨʝ˂ʫ ʫ 

ʧʨʘʢʩʠ ʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʘʥ ʦʜ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠʭ ʬʘʢʪʦʨʘ ʫ ʣʠʤʠʪʠʨʘˁʫ ʩʥʘʛʝ ɼɻ-ʘ ʢʦʿʘ ʩʝ 

ʤʦʞʝ ʧʨʠʢˀʫʯʠʪʠ ʫ ʦʜʨʝʹʝʥʦʿ ʣʦʢʘʮʠʿʠ. 

ʋ ʦʚʦʤ ʧʨʠʤʝʨʫ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ʩʣʫʯʘʿ ʢʘʜʘ ʛʝʥʝʨʘʪʦʨ ʧʨʝʣʘʟʠ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ 

ʧʦʪʨʦʰˁʦʤ ʢʦʿʘ ʿʝ ʤʘˁʘ ʦʜ ʛʝʥʝʨʠʩʘˁʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʜʦʣʘʟʠ ʜʦ ʫʙʨʟʘˁʘ ʛʝʥʝʨʘʪʦʨʘ. ɼʘ ʙʠ 

ʩʝ ʙʨʟʠʥʘ ʛʝʥʝʨʘʪʦʨʘ ʚʨʘʪʠʣʘ ʥʘ ʥʘʟʥʘʯʝʥʫ ʚʨʝʜʥʦʩʪ ʧʦʪʨʝʙʥʦ ʿʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʪʠ 

ʘʧʩʦʨʧʮʠʿʫ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʥʘ ɹʆ, ʧʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʛʨʝʰʢʘ ʧʦ ʨʘʟʣʠʮʠ ʬʨʝʢʚʝʥʮʠʿʝ ʠ ʧʦʚʝ˂ʘʚʘ 

ʧʦʙʫʜʥʠ ʥʘʧʦʥ. ʇʦʚʝ˂ʘˁʝ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʥʘʧʦʥʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʧʨʝʥʘʧʦʥʘ ʜʦʢ ʩʝ ʥʝ ʩʪʘʙʠʣʠʟʫʿʝ ʙʨʟʠʥʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ 

ʛʝʥʝʨʘʪʦʨ ʪʨʝʙʘ ʜʘ ʧʨʝʹʝ ʠʟ ʢʘʧʘʮʠʪʠʚʥʦʛ ʫ ʠʥʜʫʢʪʠʚʥʠ ʨʝʞʠʤ ʨʘʜʘ, ʦʜʥʦʩʥʦ ʟʥʘʯʘʿʥʦ ʜʘ 

ʧʦʚʝ˂ʘ ʩʚʦʿ ʧʦʙʫʜʥʠ ʥʘʧʦʥ ʰʪʦ ʜʦʧʨʠʥʦʩʠ ʩʪʚʘʨʘˁʫ ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʧʨʝʥʘʧʦʥʘ. 

ʅʘ ʩʣ. 3.17 ʿʝ ʧʨʠʢʘʟʘʥʦ ʧʦʨʝʹʝˁʝ ʙʨʟʠʥʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʩʣʫʯʘʿ ʨʘʜʘ ʩʘ ʬʘʢʪʦʨʦʤ ʩʥʘʛʝ 

ʿʝʜʘʥ ʥʘ ʛʝʥʝʨʘʪʦʨʩʢʠʤ ʧʨʠʢˀʫʯʮʠʤʘ ʩʘ ʩʣʫʯʘʿʝʤ ʧʦʜʧʦʙʫʹʝʥʦʛ ʨʝʞʠʤʘ ʨʘʜʘ ʛʝʥʝʨʘʪʦʨʘ. 

ʆʚʘʿ ʨʝʞʠʤ ʧʦʜʨʘʟʫʤʝʚʘ ʨʘʜ ʩʘ ʬʘʢʪʦʨʦʤ ʩʥʘʛʝ 0,95 ʢʘʧ. ʇʦʪʨʦʰˁʘ ʢʦʿʘ ʦʩʪʘʿʝ ʩʘ 

ʛʝʥʝʨʘʪʦʨʦʤ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʠʟʥʦʩʠ 0,5 MW ʠ 0,125 Mvar. ʇʨʠʢˀʫʯʥʘ ʤʨʝʞʘ ʦʜʨʞʘʚʘ 

ʥʘʧʦʥ ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʚʨʝʜʥʦʩʪʠ 1,02 ʨ.ʿ. ʉʘ ʩʣʠʢʝ 

ʩʝ ʚʠʜʠ ʜʘ ʢʘʧʘʮʠʪʠʚʥʠ ʨʝʞʠʤ ʨʘʜʘ ʜʦʚʦʜʠ ʜʦ ʙʨʞʝʛ ʨʘʩʪʘ ʙʨʟʠʥʝ ʿʝʨ ʫʩʣʝʜ ʧʦʜʧʦʙʫʹʝʥʦʛ 

ʨʝʞʠʤʘ ʥʘʧʦʥ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʿʝ ʥʠʞʠ, ʘ ʪʠʤʝ ʠ ʨʝʜʫʢʦʚʘʥ ʪʨʘʥʩʬʝʨ ʝʥʝʨʛʠʿʝ ʫ ʤʨʝʞʫ 

ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʦʜ 0,3 s ʜʦ 0,5 s. ʋ ʦʚʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʧʦʪʨʝʙʥʦ ʿʝ ʩʘʛʣʝʜʘʪʠ ʦʛʨʘʥʠʯʝˁʘ ʫ 

ʧʦʛʣʝʜʫ ʙʨʟʠʥʝ ʠ ʧʨʝʧʦʨʫʢʝ ʧʨʦʠʟʚʦʹʘʯʘ ʠ ʦʧʝʨʘʪʦʨʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʠ ʫ ʩʢʣʘʜʫ ʩʘ 

ʪʠʤ ʦʜʣʫʯʠʪʠ ʦ ʧʨʠʤʝʥʠ ʜʦʜʘʪʥʠʭ ʤʝʨʘ ʟʘ ʦʛʨʘʥʠʯʘʚʘˁʝ ʧʨʝʥʘʧʦʥʘ. 

 

ʉʣ. 3.17: ʇʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʿʝʜʠʥʠʯʥʠ ʬʘʢʪʦʨ ʩʥʘʛʝ ʠ ʧʦʜʧʦʙʫʹʝʥʠ ʨʝʞʠʤ 
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ʉʣ. 3.18 ʧʨʠʢʘʟʫʿʝ ʧʨʦʤʝʥʫ ʥʘʧʦʥʘ ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ 

ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʘʜ ʩʘ ʿʝʜʠʥʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʩʥʘʛʝ ʠ ʫ ʧʦʜʧʦʙʫʹʝʥʦʤ ʨʝʞʠʤʫ. ʈʘʜ ʫ 

ʢʘʧʘʮʠʪʠʚʥʦʤ ʨʝʞʠʤʫ ʜʦʚʦʜʠ ʜʦ ʚʝ˂ʠʭ ʦʩʮʠʣʘʮʠʿʘ ʥʘʧʦʥʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʠ ʧʦʙʫʜʥʦʛ 

ʥʘʧʦʥʘ. 

 

ʉʣ. 3.18: ʇʨʦʤʝʥʘ ʚʝʣʠʯʠʥʘ ʟʘ ʿʝʜʠʥʠʯʥʠ ʬʘʢʪʦʨ ʩʥʘʛʝ ʠ ʧʦʜʧʦʙʫʹʝʥʠ ʨʝʞʠʤ ʨʘʜʘ ʛʝʥʝʨʘʪʦʨʘ: ʘ) ʥʘʧʦʥʘ 

ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʙ) ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʛʝʥʝʨʘʪʦʨʘ 

ʅʘ ʩʣ. 3.19 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥʘ ʛʨʝʰʘʢʘ ʥʘ ʫʣʘʟʫ ʫ ʧʦʙʫʜʥʠ ʨʝʛʫʣʘʪʦʨ ʢʦʿʘ ʧʦʪʚʨʹʫʿʝ 

ʧʨʝʪʭʦʜʥʦ ʠʟʥʝʩʝʥʝ ʟʘʢˀʫʯʢʝ, ʫʟʨʦʢ ʧʦʚʝ˂ʘˁʘ ʥʘʧʦʥʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ ʿʝ 

ʧʦʚʝ˂ʘʥʘ ʚʨʝʜʥʦʩʪ ʛʨʝʰʢʝ ʧʦ ʦʜʩʪʫʧʘˁʫ ʙʨʟʠʥʝ, ʢʦʿʘ ʿʝ ʠʟʨʘʞʝʥʠʿʘ ʫ ʢʘʧʘʮʠʪʠʚʥʦʤ ʨʝʞʠʤʫ. 

 

ʉʣ. 3.19: ʇʨʦʤʝʥʘ ʛʨʝʰʘʢʘ ʥʘ ʫʣʘʟʫ ʫ ʧʦʙʫʜʥʠ ʨʝʛʫʣʘʪʦʨ ʟʘ ʩʣʫʯʘʿ ʿʝʜʠʥʠʯʥʦʛ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʠ 

ʧʦʜʧʦʙʫʹʝʥʦʛ ʨʝʞʠʤʘ ʨʘʜʘ 

3.5.5. ʄʦʜʠʬʠʢʘʮʠʿʘ ʬʦʨʤʫʣʝ ʟʘ ʧʨʦʨʘʯʫʥ ʙʘʣʘʥʩʥʦʛ ʦʪʧʦʨʥʠʢʘ 

ʋʥʘʧʨʝʹʝˁʝ ʨʘʜʘ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʤʦʜʠʬʠʢʘʮʠʿʦʤ ʬʦʨʤʫʣʝ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ɹʆ. ʇʨʦʤʝʥʦʤ ʦʜ ʠʥʜʫʢʪʠʚʥʦʛ (ʢʘʜʘ ʛʝʥʝʨʘʪʦʨ ʛʝʥʝʨʠʰʝ ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ) ʧʨʝʤʘ 

ʢʘʧʘʮʠʪʠʚʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ (ʢʘʜʘ ʛʝʥʝʨʘʪʦʨ ʘʧʩʦʨʙʫʿʝ ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ) ʜʦʣʘʟʠ ʜʦ ʩʤʘˁʝˁʘ 
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ʚʨʝʜʥʦʩʪʠ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʘʜʥʦʤ ʩʪʘˁʫ. ʋʢʦʣʠʢʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʜʦʰʣʦ ʜʦ 

ʫʩʧʦʨʘʚʘˁʘ ʛʝʥʝʨʘʪʦʨʘ, ʰʪʦ ʩʝ ʜʦʛʘʹʘ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ ʚʝ˂ʘ 

ʦʜ ʧʨʦʠʟʚʦʜˁʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʤʘˁʠʪʠ ʧʦʙʫʜʫ, ʦʜʥʦʩʥʦ ʜʠʩʠʧʘʮʠʿʫ ʥa ɹʆ ʠ ʪʠʤʝ ʩʪʚʦʨʠʪʠ 

ʫʩʣʦʚʝ ʜʘ ʛʝʥʝʨʘʪʦʨ ʫʙʨʟʘ. ɼʘʢʣʝ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʨʝʜʫʢʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ɹʆ ʟʘ ʥʝʢʠ ʠʟʥʦʩ 

ʜʘʿʫ ʧʨʠʨʦʜʥʫ ʧʦʤʦ˂ ʩʠʩʪʝʤʫ ʜʘ ʩʤʘˁʠ ʧʦʙʫʜʥʠ ʥʘʧʦʥ, ʘ ʜʘ ʧʨʠ ʪʦʤʝ ʩʤʘˁʫʿʝ ʜʠʩʠʧʘʮʠʿʫ, 

ʦʜʥʦʩʥʦ ʦʙʝʟʙʝʹʫʿʝ ʙʦˀʝ ʫʩʣʦʚʝ ʟʘ ʫʙʨʟʘʚʘˁʝ ʤʘʰʠʥʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʢʦ ʧʨʝʪʭʦʜʥʦ 

ʜʦʣʘʟʠ ʜʦ ʫʙʨʟʘʚʘˁʘ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʚʝ˂ʘʪʠ ʧʦʙʫʜʥʠ ʥʘʧʦʥ, ʦʜʥʦʩʥʦ ʜʠʩʠʧʘʮʠʿʫ 

ʥʘ ɹʆ, ʘ ʧʨʠ ʪʦʤʝ ʩʤʘˁʠʪʠ ʧʦʙʫʜʥʠ ʥʘʧʦʥ ʿʝʨ ʩʝ ʠʜʝ ʦʜ ʠʥʜʫʢʪʠʚʥʦʛ ʢʘ ʢʘʧʘʮʠʪʠʚʥʦʤ 

ʨʝʞʠʤʫ. ʆʚʦ ʥʘʤ ʛʦʚʦʨʠ ʜʘ ʩʫ ʛʨʝʰʢʝ ʧʦ ʦʜʩʪʫʧʘˁʫ ʥʘʧʦʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʝ ʫ ʦʧʦʟʠʮʠʿʠ. ʂʘʢʦ 

ʨʝʛʫʣʠʰʫ ʩʘʤʦ ʿʝʜʥʫ ʚʝʣʠʯʠʥʫ, ʦʜʥʦʩʥʦ ʧʦʙʫʜʥʠ ʥʘʧʦʥ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʧʨʠʪʦʤ ʩʫ ʫ ʦʧʦʟʠʮʠʿʠ, 

ʩʪʚʘʨʘʿʫ ʩʝ ʧʦʚʦˀʥʠʿʠ ʫʩʣʦʚʠ ʟʘ ʧʦʿʘʚʫ ʧʦʪʝʥʮʠʿʘʣʥʝ ʥʝʩʪʘʙʠʣʥʦʩʪʠ. ʉʤʘˁʝˁʝʤ ʧʨʦʨʘʯʫʥʘʪʝ 

ʚʨʝʜʥʦʩʪʠ ɹʆ ʟʘ ʥʝʢʠ ʠʟʥʦʩ ʩʪʠʤʫʣʠʰʝ ʩʝ ʧʦʚʝ˂ʘˁʝ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʟʘ ʥʝʢʠ ʠʟʥʦʩ, ʯʠʤʝ ʩʝ 

ʦʥ ʫʜʘˀʘʚʘ ʦʜ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʠʭ ʧʦʜʧʦʙʫʹʝʥʠʭ ʨʝʞʠʤʘ. 

ʀʪʝʨʘʪʠʚʥʠʤ ʧʨʦʮʝʩʦʤ ʩʠʤʫʣʘʮʠʿʘʤʘ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʢʦʨʝʢʮʠʿʘ 

(ʩʤʘˁʝˁʝ) ʚʨʝʜʥʦʩʪʠ ɹʆ, ʧʨʠ ʢʨʝʪʘˁʫ ʦʜ ʠʥʜʫʢʪʠʚʥʦʛ ʧʨʝʤʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʨʝʞʠʤʫ, 10% ʥʘ 

ʧʨʦʤʝʥʫ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʟʘ 0,05. ʆʚʘ ʢʦʨʝʢʮʠʿʘ ʿʝ ʟʘ ʧʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʧʦʪʨʦʰˁʦʤ, 

ʜʦʢ ʿʝ ʟʘ ʧʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘʤʦ ʩʘ ɹʆ ʦʧʪʠʤʘʣʥʘ ʢʦʨʝʢʮʠʿʘ 5% ʥʘ ʧʨʦʤʝʥʫ ʬʘʢʪʦʨʘ 

ʩʥʘʛʝ ʦʜ 0,05. ʇʨʦʤʝʥʘ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʦʯʝʢʠʚʘʥʫ ʧʨʦʤʝʥʫ ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʪʘˁʫ 

ʢʦʿʘ ʿʝ ʙʘʟʠʨʘʥʘ ʥʘ ʤʝʨʝˁʠʤʘ ʩʥʘʛʘ ʫ ʨʝʞʠʤʫ ʧʨʝ ʢʚʘʨʘ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʧʨʠʣʠʢʦʤ 

ʧʨʝʣʘʩʢʘ ʠʟ ʢʘʧʘʮʠʪʠʚʥʦʛ ʫ ʠʥʜʫʢʪʠʚʥʠ ʨʝʞʠʤ ʨʘʜʘ ʥʠʿʝ ʧʦʪʨʝʙʥʦ, ʚʨʰʠʪʠ ʦʚʫ ʢʦʨʝʢʮʠʿʫ, 

ʿʝʨ ʠʟʦʩʪʘʿʫ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠ ʧʦʟʠʪʠʚʥʠ ʝʬʝʢʪʠ. ʆʚʘ ʢʦʨʝʢʮʠʿʘ ʿʝ ʠʣʫʩʪʨʦʚʘʥʘ ʥʘ ʩʣ. 3.20 

ʟʘ ʧʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʠ ʙʝʟ ʣʦʢʘʣʥʝ ʧʦʪʨʦʰˁʝ. ɼʘʪʘ ʿʝ ʧʨʦʤʝʥʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʦʜ 

ʠʥʜʫʢʪʠʚʥʦʛ ʜʦ ʢʘʧʘʮʠʪʠʚʥʦʛ ʨʝʞʠʤʘ ʢʘʦ ʣʠʥʝʘʨʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʮʝʥʪʫʘʣʥʝ ʢʦʨʝʢʮʠʿʝ ʦʜ 

ʧʨʦʤʝʥʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ. ʂʘʦ ʢʨʠʪʝʨʠʿʫʤ ʟʘ ʦʜʨʝʹʠʚʘˁʘ ʠʟʥʦʩʘ ʢʦʨʝʢʮʠʿʝ ʧʦʩʤʘʪʨʘʥʘ ʿʝ 

ʙʨʟʠʥʘ ʛʝʥʝʨʘʪʦʨʘ, ʦʜʥʦʩʥʦ ʢʨʠʪʝʨʠʿʫʤ ʿʝ ʙʠʦ ʜʘ ʙʨʟʠʥʘ ʙʫʜʝ ʰʪʦ ʙʣʠʞʝ 1 ʨ.ʿ. ʇʨʠʣʠʢʦʤ 

ʧʨʠʤʝʥʝ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ ʧʦʪʨʝʙʥʦ ʿʝ ʫ ʩʚʘʢʦʤ ʧʦʿʝʜʠʥʘʯʥʦʤ ʩʣʫʯʘʿʫ ʧʨʦʚʝʨʠʪʠ 

ʧʨʝʜʣʦʞʝʥʠ ʠʟʥʦʩ ʢʦʨʝʢʮʠʿʝ, ʿʝʨ ʫʩʣʝʜ ʜʨʫʛʘʯʠʿʝ ʪʦʧʦʣʦʛʠʿʝ, ʠʥʝʨʮʠʿʝ ʛʝʥʝʨʘʪʦʨʘ, ʩʪʨʫʢʪʫʨʝ 

ʧʦʪʨʦʰˁʝ ʠ ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝ ʩʝ ʧʦʢʘʟʘʪʠ ʜʘ ʿʝ ʧʦʛʦʜʘʥ ʥʝʰʪʦ 

ʜʨʫʛʘʯʠʿʠ ʠʟʥʦʩ ʢʦʨʝʢʮʠʿʝ. 

 

ʉʣ. 3.20: ʂʦʨʝʢʮʠʿʘ ɹʆ ʧʨʠ ʧʨʦʨʘʯʫʥʘʪʦʿ ʧʨʦʤʝʥʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʪʘˁʫ  

ʅʘʿʧʨʝ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ʧʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʣʦʢʘʣʥʦʤ ʧʦʪʨʦʰˁʦʤ ʫ ʠʟʥʦʩʫ ʦʜ 

0,5 MW ʠ 0,125 Mvar. ɻʝʥʝʨʘʪʦʨ ʨʘʜʠ ʫ ʥʘʜʧʦʙʫʹʝʥʦʤ ʨʝʞʠʤʫ ʩʘ ʬʘʢʪʦʨʦʤ ʩʥʘʛʝ 0,95 ʠ 

ʘʢʪʠʚʥʦʤ ʩʥʘʛʦʤ ʦʜ 1 MW. ʅʘ ʩʣ. 3.21 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ, ʩʘ ʠ 

ʙʝʟ ʢʦʨʝʢʮʠʿʝ ɹʆ, ʧʨʠʣʠʢʦʤ ʢʨʝʪʘˁʘ ʦʜ ʠʥʜʫʢʪʠʚʥʦʛ ʨʝʞʠʤʘ (ʢʘʜʘ ʛʝʥʝʨʘʪʦʨ ʛʝʥʝʨʠʰʝ 

ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ) ʧʨʝʤʘ ʢʘʧʘʮʠʪʠʚʥʦʤ (ʢʘʜʘ ʛʝʥʝʨʘʪʦʨ ʘʧʩʦʨʙʫʿʝ ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ). ʉʘ ʩʣʠʢʝ 

ʩʝ ʚʠʜʠ ʜʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʨʝʢʮʠʿʘ ʜʘʿʝ ʿʘʢʦ ʧʦʚʦˀʥʝ ʨʝʟʫʣʪʘʪʝ ʫ ʩʤʠʩʣʫ ʚʨʘ˂ʘˁʘ ʙʨʟʠʥʝ 

ʟʥʘʪʥʦ ʙʣʠʞʝ ʞʝˀʝʥʦʿ ʚʨʝʜʥʦʩʪʠ ʦʜ 1 ʨ.ʿ. 
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ʉʣ. 3.21: ʇʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʠ ʙʝʟ ʢʦʨʝʢʮʠʿʝ ɹʆ ʧʨʠʣʠʢʦʤ ʢʨʝʪʘˁʘ ʧʨʝʤʘ 

ʢʘʧʘʮʠʪʠʚʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ 

ʅʘ ʩʣ. 3.22 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥʘ ʥʘʧʦʥʘ ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ 

ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʛʝʥʝʨʘʪʦʨʘ. ʉʘ ʩʣʠʢʝ ʩʝ ʚʠʜʠ ʜʘ ʩʝ ʥʘʧʦʥ ʚʨʘ˂ʘ ʙʣʠʞʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝ ʢʚʘʨʘ 

ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ʧʨʝʜʣʦʞʝʥʝ ʢʦʨʝʢʮʠʿʝ. ʂʘʢʦ ʥʘʧʦʥ ʧʨʝʣʘʟʠ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʦʜ 

1,15 ʨ.ʿ. ʟʘ ʢʦʿʫ ʩʫ ʘʢʪʠʚʥʝ ʛʨʝʰʢʝ ʧʦ ʬʨʝʢʚʝʥʮʠʿʠ, ʥʘ ʪʨʝʥʫʪʘʢ ʜʦʣʘʟʠ ʜʦ ʧʨʝʢʠʜʘ ʨʝʛʫʣʘʮʠʿʝ 

ʧʦʙʫʜʝ ʧʦ ʬʨʝʢʚʝʥʮʠʿʠ, ʜʦʢ ʥʘʧʦʥ ʥʝ ʧʘʜʥʝ ʥʘ 1,12 ʨ.ʿ. ʛʜʝ ʧʦʤʝʥʫʪʝ ʛʨʝʰʢʝ ʧʦʥʦʚʦ ʧʦʩʪʘʿʫ 

ʘʢʪʠʚʥʝ. 

ʀʩʪʠ ʨʝʞʠʤ ʨʘʜʘ ʛʝʥʝʨʘʪʦʨʘ ʿʝ ʨʘʟʤʘʪʨʘʥ ʫ ʥʘʨʝʜʥʦʿ ʘʥʘʣʠʟʠ, ʩ ʪʠʤ ʰʪʦ ʛʝʥʝʨʘʪʦʨ 

ʧʨʝʣʘʟʠ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘʤʦ ʩʘ ɹʆ, ʿʝʨ ʿʝ ʣʦʢʘʣʥʘ ʧʦʪʨʦʰˁʘ ʚʝ˂ʘ ʦʜ ʛʝʥʝʨʠʩʘˁʘ ʠ ʠʟʥʦʩʠ 

2 MW ʠ 0,5 Mvar. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʚʘʞʝ ʠʩʪʠ ʟʘʢˀʫʯʮʠ ʢʦʿʠ ʩʫ ʠ ʧʨʝʪʭʦʜʥʦ ʠʟʥʝʩʝʥʠ. ɿʙʦʛ 

ʪʦʛʘ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʘ ʩʘʤʦ ʧʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʫ ʮʠˀʫ ʚʝʨʠʬʠʢʘʮʠʿʝ 

ʧʨʝʜʣʦʞʝʥʝ ʢʦʨʝʢʮʠʿʝ, ʠ ʦʥʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 3.23. 

 

ʉʣ. 3.22: ʇʨʦʤʝʥʘ: ʘ) ʥʘʧʦʥʘ ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʙ) ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʛʝʥʝʨʘʪʦʨʘ 
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ʉʣ. 3.23: ʇʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʠ ʙʝʟ ʢʦʨʝʢʮʠʿʝ ɹʆ ʧʨʠʣʠʢʦʤ ʢʨʝʪʘˁʘ ʧʨʝʤʘ 

ʢʘʧʘʮʠʪʠʚʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ 

3.5.6. ɸʥʘʣʠʟʘ ʨʘʜʘ ʩʘ ʜʠʩʢʨʝʪʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʙʘʣʘʥʩʥʦʛ ʦʪʧʦʨʥʠʢʘ 

ʇʨʠʣʠʢʦʤ ʧʨʘʢʪʠʯʥʝ ʨʝʘʣʠʟʘʮʠʿʝ ʧʨʝʜʫʧʨʘʚˀʘˁʘ ɹʆ ʥʘʿʯʝʰ˂ʝ ʩʝ ʜʝʬʠʥʠʰʫ ʜʠʩʢʨʝʪʥʠ 

ʢʦʨʘʮʠ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ʦʪʧʦʨʥʦʩʪʠ. ʋ ʧʨʝʪʭʦʜʥʠʤ ʘʥʘʣʠʟʘʤʘ ʿʝ ʩʤʘʪʨʘʥʦ ʿʝ ʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ɹʆ 

ʪʘʯʥʦ ʧʨʦʨʘʯʫʥʘʪʘ ʥʘ ʦʩʥʦʚʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʘ ʫ ʤʝʩʪʫ ʧʨʠʢˀʫʯʝˁʘ ɹʆ. ʋ ʧʨʘʢʩʠ ʿʝ ʪʦ 

ʤʦʛʫ˂ʝ ʧʦʩʪʠ˂ʠ ʢʦʨʠʰ˂ʝˁʝʤ ʝʣʝʤʝʥʘʪʘ ʝʥʝʨʛʝʪʩʢʝ ʝʣʝʢʪʨʦʥʠʢʝ ʢʦʿʠ ʤʦʛʫ ʚʝʦʤʘ ʧʨʝʮʠʟʥʦ ʜʘ 

ʧʦʜʝʩʝ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʢʦ ʩʝ ʢʦʨʠʩʪʝ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʠ ʿʝʬʪʠʥʠʿʠ 

ʫʨʝʹʘʿʠ, ʢʘʦ ʰʪʦ ʙʠ ʙʠʣʠ ʤʝʭʘʥʠʯʢʠ ʨʝʛʫʣʘʪʦʨʠ, ʦʥʜʘ ʩʝ ɹʆ ʤʦʨʘ ʨʝʘʣʠʟʦʚʘʪʠ ʪʘʢʦ ʜʘ 

ʧʦʩʪʦʿʠ ʦʛʨʘʥʠʯʝʥ ʠ ʥʝ ʧʨʝʪʝʨʘʥʦ ʚʝʣʠʢʠ ʙʨʦʿ ʜʠʩʢʨʝʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʦʪʮʝʧʘ, ʦʜʥʦʩʥʦ 

ʚʨʝʜʥʦʩʪʠ ɹʆ ʢʦʿʝ ʩʝ ʤʦʛʫ ʠʟʘʙʨʘʪʠ. 

ʋ ʦʚʦʤ ʜʝʣʫ ˂ʝ ʙʠʪʠ ʘʥʘʣʠʟʠʨʘʥ ʨʘʜ ʩʘ ʦʪʧʦʨʥʠʢʦʤ ʢʦʿʠ ʠʤʘ ʜʝʩʝʪ ʜʠʩʢʨʝʪʥʠʭ 

ʚʨʝʜʥʦʩʪʠ, ʦʜʥʦʩʥʦ ʢʘʢʦ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʦʪʧʦʨʥʠʢʘ 1 MW ʠʤʘʤʦ ʢʦʨʘʢ ʧʨʦʤʝʥʝ 

ʦʪʧʦʨʥʦʩʪʠ ʦʜ 0,1 MW. ʇʦʩʤʘʪʨʘʥ ʿʝ ʩʣʫʯʘʿ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʧʦʛʣʘʚˀʘ ʢʘʜʘ ʛʝʥʝʨʘʪʦʨ ʨʘʜʠ ʫ 

ʥʘʜʧʦʙʫʹʝʥʦʤ ʨʝʞʠʤʫ ʠ ʧʨʝʣʘʩʢʫ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʣʦʢʘʣʥʦʤ ʧʦʪʨʦʰˁʦʤ ʫ ʠʟʥʦʩʫ ʦʜ 

0,5 MW ʠ 0,125 Mvar. ʊʘʢʦʹʝ, ʫʚʘʞʝʥʘ ʿʝ ʠ ʢʦʨʝʢʮʠʿʘ ʧʨʠʣʠʢʦʤ ʢʨʝʪʘˁʘ ʦʜ ʥʘʜʧʦʙʫʹʝʥʠʭ 

ʧʨʝʤʘ ʧʦʜʧʦʙʫʹʝʥʠʤ ʨʝʞʠʤʠʤʘ ʦʜ 10%. ʊʦʢ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʨʝʤʘ ʤʨʝʞʠ ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʩʪʘˁʫ ʿʝ 0,475 MW. ʆʚʫ ʩʥʘʛʫ ʿʝ ʧʦʪʨʝʙʥʦ ʜʠʩʠʧʠʨʘʪʠ ʥʘ ɹʆ ʫ ʮʠˀʫ ʦʙʝʟʙʝʹʠʚʘˁʘ ʩʪʘʙʠʣʥʦʛ 

ʨʘʜʥʦʛ ʨʝʞʠʤʘ. ʋʚʘʞʘʚʘˁʝ ʢʦʨʝʢʮʠʿʝ ʦʜ 5,7 %, ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ ʧʨʝʤʘ ʩʣ. 3.20, ʟʥʘʯʠ ʜʘ ʿʝ 

ʧʨʦʤʝʥʘ ʪʦʢʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʨʝʤʘ ʤʨʝʞʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʘˁʝ ʧʨʝ ʧʦʨʝʤʝ˂ʘʿʘ 0,2 Mvar. ɿʙʦʛ 

ʪʦʛʘ ʦʧʪʠʤʘʣʥʘ ʩʥʘʛʘ ʜʠʩʠʧʘʮʠʿʝ ʥʘ ɹʆ ʠʟʥʦʩʠ: 

 ὖ πȟτχυ ὓὡϽπȟωτσπȟττψ ὓὡ (5.15)  

ʅʘʿʙʣʠʞʝ ʜʠʩʢʨʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ 0,4 ʠ 0,5 MW, ʩʘ ʥʘʧʦʤʝʥʦʤ ʜʘ ʩʝ ʦʚʝ ʚʨʝʜʥʦʩʪʠ 

ʦʜʥʦʩʝ ʥʘ ʨʝʞʠʤ ʩʘ ʥʦʤʠʥʘʣʥʠʤ ʥʘʧʦʥʦʤ. ʂʘʢʦ ʿʝ ʥʘʧʦʥ ʫ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ 1,03 ʨ.ʿ., ʘ 

ʩʥʘʛʘ ʜʠʩʠʧʘʮʠʿʝ ʟʘʚʠʩʠ ʦʜ ʢʚʘʜʨʘʪʘ ʥʘʧʦʥʘ, ʦʚʝ ʜʠʩʢʨʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘʧʨʘʚʦ ʠʟʥʦʩʝ: 

0,424 MW ʠ 0,53 MW. ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʝ ʘʥʘʣʠʟʝ ʩʝ ʫʩʚʘʿʘ ʚʨʝʜʥʦʩʪ ʦʜ 0,4 MW. ʅʘ ʩʣ. 

3.24 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʧʦʥʘ ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʙʣʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʪʘʯʥʝ ʠ ʜʠʩʢʨʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ɹʆ. ʉʘ ʩʣʠʢʝ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ, ʠʘʢʦ ʿʝ 

ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʦʧʪʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ɹʆ ʠ ʦʜʘʙʨʘʥʝ ʦʢʦ 5%, ʙʨʟʠʥʘ ʠ ʥʘʧʦʥʠ ʩʝ ʟʘʜʨʞʘʚʘʿʫ 

ʥʘ ʧʨʠʭʚʘʪˀʠʚʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʠ ʦʙʝʟʙʝʹʫʿʫ ʩʪʘʙʠʣʘʥ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ. 

ʅʘ ʩʣ. 3.24 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʨʘʜ ʫ ʦʢʦʣʠʥʠ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ, ʧʨʠ ʢʦʿʦʿ ʩʫ 

ʘʢʪʠʚʥʝ ʛʨʝʰʢʝ ʧʦ ʬʨʝʢʚʝʥʮʠʿʠ. ɻʨʝʰʢʘ ʧʦ ʬʨʝʢʚʝʥʮʠʿʠ ʧʨʝʩʪʘʿʝ ʜʘ ʙʫʜʝ ʘʢʪʠʚʥʘ ʧʨʠ 

1,15 ʨ.ʿ., ʜʦʢ ʩʝ ʧʦʥʦʚʦ ʘʢʪʠʚʠʨʘ ʪʝʢ ʢʘʜʘ ʥʘʧʦʥ ʧʘʜʥʝ ʥʘ 1,12 ʨ.ʿ. ʅʘ ʩʣ. 3.25 ʿʝ ʧʨʠʢʘʟʘʥʘ 

ʧʨʦʤʝʥʘ ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʠ ʛʨʝʰʘʢʘ ʥʘ ʫʣʘʟʫ ʫ ʨʝʛʫʣʘʪʦʨ. ʇʨʠʤʝʪʥʝ ʩʫ ʦʩʮʠʣʘʮʠʿʝ ʫ 

ʧʦʙʫʜʥʦʤ ʥʘʧʦʥʫ ʠ ʥʘʧʦʥʫ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ ʫʟʨʦʢʦʚʘʥʝ ʘʢʪʠʚʠʨʘˁʝʤ ʠ 

ʜʝʘʢʪʠʚʠʨʘˁʝʤ ʛʨʝʰʢʝ ʧʦ ʬʨʝʢʚʝʥʮʠʿʠ ʫ ʦʢʦʣʠʥʠ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ. 
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ʉʣ. 3.24: ʇʨʦʤʝʥʘ: ʘ) ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʙ) ʥʘʧʦʥʘ ʥʘ ɺʅ ʩʘʙʠʨʥʠʮʘʤʘ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʟʘ ʩʣʫʯʘʿ ʩʘ ʪʘʯʥʦʤ ʠ ʜʠʩʢʨʝʪʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ɹʆ 

 

ʉʣ. 3.25: ʇʨʦʤʝʥʘ: ʘ) ʧʦʙʫʜʥʦʛ ʥʘʧʦʥʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʙ) ʛʨʝʰʘʢʘ ʥʘ ʫʣʘʟʫ ʫ ʨʝʛʫʣʘʪʦʨ 
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3.5.7. ʇʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʜʚʦʬʘʟʥʠʤ ʢʨʘʪʢʠʤ ʩʧʦʿʝʤ 

ʋ ʩʚʠʤ ʧʨʝʪʭʦʜʥʠʤ ʘʥʘʣʠʟʘʤʘ ʧʨʝʪʧʦʩʪʘʚˀʝʥ ʿʝ ʧʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʢʦʤʝ ʿʝ 

ʧʨʝʪʭʦʜʠʦ ʿʝʜʥʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ. ʋ ʦʚʦʤ ʜʝʣʫ ˂ʝ ʩʝ ʘʥʘʣʠʟʠʨʘʪʠ ʧʦʥʘʰʘˁʝ ʩʠʥʭʨʦʥʦʛ 

ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʢʦʦʨʜʠʥʠʩʘʥʦʤ ʢʦʥʪʨʦʣʦʤ ʫ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ ʜʚʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʥʘ 

ʧʨʠʢˀʫʯʥʦʤ ʚʦʜʫ. ɹʠʪʥʦ ʿʝ ʩʘʛʣʝʜʘʪʠ ʧʦʥʘʰʘˁʝ ʠ ʫ ʩʣʫʯʘʿʫ ʦʚʦʛ ʢʚʘʨʘ, ʿʝʨ ʠʘʢʦ ʿʝ ʜʦʩʪʘ 

ʨʝʹʠ ʦʜ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ, ʧʦʩʪʦʿʠ ʚʝʨʦʚʘʪʥʦ˂ʘ ˁʝʛʦʚʝ ʧʦʿʘʚʝ. ʋʜʝʦ ʜʚʦʬʘʟʥʦʛ ʢʚʘʨʘ 

ʫ ʫʢʫʧʥʦʤ ʙʨʦʿʫ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ ʿʝ ʦʢʦ 15% [6]. 

ʇʨʝʪʧʦʩʪʘʚˀʝʥʘ ʿʝ ʠʩʪʘ ʩʝʢʚʝʥʮʘ ʤʘʥʠʧʫʣʘʮʠʿʘ ʢʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʩʘʤʦ 

ʰʪʦ ʿʝ ʧʨʦʤʝˁʝʥʦ ʚʨʩʪʘ ʢʚʘʨʘ. ʂʘʦ ʥʘʿʢʨʠʪʠʯʥʠʿʝ ʩʪʘˁʝ ʧʦʩʤʘʪʨʘʥ ʿʝ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʩʘ 

ʢʘʧʘʮʠʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ ʩʥʘʛʝ ʦʜ 0,95 ʠ ʘʢʪʠʚʥʦʤ ʩʥʘʛʦʤ ʦʜ 1 MW. ʅʘʿʧʨʝ ʿʝ 

ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʛʝʥʝʨʘʪʦʨ ʦʩʪʘʿʝ ʩʘ ʧʦʪʨʦʰˁʦʤ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʠ ʜʘ ʥʝʤʘ ʥʠʢʘʢʚʝ 

ʢʦʨʝʢʮʠʿʝ ɹʆ ʧʨʠ ʢʨʝʪʘˁʫ ʦʜ ʥʘʜʧʦʙʫʹʝʥʦʛ ʧʨʝʤʘ ʧʦʜʧʦʙʫʹʝʥʦʤ ʨʘʜʥʦʤ ʨʝʞʠʤʫ. ʇʦʪʨʦʰˁʘ 

ʢʦʿʘ ʦʩʪʘʿʝ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʠʟʥʦʩʠ 0,5 MW ʠ 0,125 Mvar. ʅʘ ʩʣ. 3.26 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥʘ 

ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʧʦʥʘ ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʀʘʢʦ ʩʝ 

ʧʨʠʤʝ˂ʫʿʝ ʜʘ ʿʝ ʧʨʝʣʘʟʥʠ ʧʨʦʮʝʩ ʥʝʰʪʦ ʪʝʞʠ ʫ ʦʜʥʦʩʫ ʥʘ ʿʝʜʥʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ, ʫʧʨʢʦʩ 

ʪʦʤʝ ʜʦʣʘʟʠ ʜʦ ʚʝʦʤʘ ʙʨʟʝ ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʛʝʥʝʨʘʪʦʨʘ. 

ʅʘ ʩʣ. 3.27 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʧʦʥʘ ʥʘ ɺʅ 

ʧʨʠʢˀʫʯʮʠʤʘ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʛʝʥʝʨʘʪʦʨ ʧʨʝʣʘʟʠ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘʤʦ ʩʘ 

ɹʆ. ʆʚʜʝ ʪʘʢʦʹʝ ʨʘʜʠ ʫ ʧʦʜʧʦʙʫʹʝʥʦʤ ʨʝʞʠʤʫ. ʂʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʩʣʫʯʘʿʫ ʤʦʞʝ ʩʝ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʛʝʥʝʨʘʪʦʨ ʩʪʘʙʠʣʘʥ ʟʘ ʜʚʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ. 

 

ʉʣ. 3.26: ʇʨʦʤʝʥʘ: ʘ) ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʙ) ʥʘʧʦʥʘ ʥʘ ɺʅ ʩʘʙʠʨʥʠʮʘʤʘ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʟʘ ʩʣʫʯʘʿ ʜʚʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʧʨʝʣʘʩʢʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʣʦʢʘʣʥʦʤ ʧʦʪʨʦʰˁʦʤ ʠ ɹʆ 
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ʉʣ. 3.27: ʇʨʦʤʝʥʘ: ʘ) ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʙ) ʥʘʧʦʥʘ ʥʘ ɺʅ ʩʘʙʠʨʥʠʮʘʤʘ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʟʘ ʩʣʫʯʘʿ ʜʚʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʧʨʝʣʘʩʢʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ɹʆ 

3.5.8. ʇʦʨʝʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʧʦʙʫʜʥʠʭ ʩʠʩʪʝʤʘ 

ʋ ʧʨʝʪʭʦʜʥʠʤ ʘʥʘʣʠʟʘʤʘ ʿʝ ʢʦʨʠʰ˂ʝʥ ʩʪʘʪʠʯʢʠ ʩʘʤʦʧʦʙʫʜʥʠ ʩʠʩʪʝʤ ʧʦʙʫʜʝ ʛʝʥʝʨʘʪʦʨʘ. 

ʋ ʧʨʘʢʩʠ ʩʝ ʤʦʛʫ ʩʨʝʩʪʠ ʠ ʜʨʫʛʠ ʪʠʧʦʚʠ ʧʦʙʫʜʥʠʭ ʩʠʩʪʝʤʘ, ʧʘ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ 

ʧʦʨʝʹʝˁʝ ʠ ʚʝʨʠʬʠʢʦʚʘʪʠ ʧʨʠʤʝˁʠʚʦʩʪ ʪʝʭʥʠʢʝ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ʜʨʫʛʠʭ ʧʦʙʫʜʥʠʭ 

ʩʠʩʪʝʤʘ. ʀʟʚʨʰʝʥʦ ʿʝ ʧʦʨʝʹʝˁʝ ʩʣʝʜʝ˂ʠʭ ʧʦʙʫʜʥʠʭ ʩʠʩʪʝʤʘ: 

¶ ʩʪʘʪʠʯʢʦʛ ʩʘʤʦʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʿʝ ʧʨʝʪʭʦʜʥʦ ʜʝʪʘˀʥʦ ʧʨʠʢʘʟʘʥ, 

¶ ʥʘʠʟʤʝʥʠʯʥʦʛ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ AC7B ʩʘ ʥʘʠʟʤʝʥʠʯʥʦʤ ʧʦʙʫʜʥʠʮʦʤ ʠ 

ʠʩʧʨʘʚˀʘʯʢʠʤ ʤʦʩʪʦʤ [94], 

¶ ʿʝʜʥʦʩʤʝʨʥʦʛ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ DC2A ʩʘ ʿʝʜʥʦʩʤʝʨʥʦʤ ʧʦʙʫʜʥʠʮʦʤ [94], 

¶ ʩʪʘʪʠʯʢʦʛ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ ST5B [94]. 

ʇʦʙʫʜʥʠ ʩʠʩʪʝʤʠ ʩʫ ʤʦʜʝʣʦʚʘʥʠ ʫ ʩʦʬʪʚʝʨʫ DIgSILENT PowerFactory ʫʟ ʜʦʜʘʪʥʫ 

ʤʦʜʠʬʠʢʘʮʠʿʫ ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʙʣʦʢ ʟʘ ʬʦʨʤʠʨʘˁʝ ʛʨʝʰʢʝ ʥʘ ʦʩʥʦʚʫ ʥʘʧʦʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʝ 

ʪʦʢʦʤ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ. ɺʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʩʫ ʧʨʝʫʟʝʪʝ ʠʟ ʩʪʘʥʜʘʨʜʘ [94]. ʇʦʜʝʰʝˁʘ 

ʧʘʨʘʤʝʪʘʨʘ ʫ ʙʣʦʢʫ ʟʘ ʬʦʨʤʠʨʘˁʝ ʛʨʝʰʢʝ ʩʝ ʨʘʟʣʠʢʫʿʫ ʟʘ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ ʧʦʙʫʜʥʦʛ 

ʩʠʩʪʝʤʘ, ʠ ʟʘʚʠʩʝ ʦʜ ʜʠʥʘʤʠʢʝ ʩʪʘʙʠʣʠʟʘʮʠʦʥʠʭ ʧʝʪˀʠ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ˁʠʤʘ. ʋ ʪʘʙ. 3.3 

ʧʨʠʢʘʟʘʥʘ ʩʫ ʧʦʜʝʰʝˁʘ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʬʦʨʤʠʨʘˁʝ ʛʨʝʰʢʝ ʘʥʘʣʠʟʠʨʘʥʠʭ ʧʦʙʫʜʥʠʭ ʩʠʩʪʝʤʘ 

ʢʦʿʘ ʩʫ ʢʦʨʠʰ˂ʝʥʘ ʫ ʘʥʘʣʠʟʘʤʘ. ɻʝʥʝʨʘʣʥʦ, ʧʦʜʝʰʝˁʘ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʫ ʩʣʠʯʥʘ, ʩ ʪʠʤ ʰʪʦ 

ʿʝ ʫ ʩʣʫʯʘʿʫ ʥʘʠʟʤʝʥʠʯʥʦʛ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ ʧʦʪʨʝʙʥʦ ʟʥʘʯʘʿʥʠʿʝ ʧʦʚʝ˂ʘʪʠ ʫʪʠʮʘʿ ʛʨʝʰʢʝ ʧʦ 

ʠʟʚʦʜʫ ʬʨʝʢʚʝʥʮʠʿʝ ʫ ʮʠˀʫ ʦʙʝʟʙʝʹʠʚʘˁʘ ʩʪʘʙʠʣʥʝ ʧʨʦʤʝʥʝ ʩʚʠʭ ʚʝʣʠʯʠʥʘ ʪʦʢʦʤ 

ʨʘʟʣʠʯʠʪʠʭ ʧʨʝʣʘʟʥʠʭ ʧʨʦʮʝʩʘ. 

ɸʥʘʣʠʟʠʨʘ˂ʝ ʩʝ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʿʝʜʠʥʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʩʥʘʛʝ ʥʘ ɺʅ ʧʨʠʢˀʫʯʮʠʤʘ ʠ 

ʥʘʟʥʘʯʝʥʦʤ ʩʥʘʛʦʤ ʧʨʠʣʠʢʦʤ ʧʨʝʣʘʩʢʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘʤʦ ʩʘ ɹʆ ʠ ʩʘ ɹʆ ʠ ʣʦʢʘʣʥʦʤ 

ʧʦʪʨʦʰˁʦʤ. ʅʘ ʩʣ. 3.28 ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʧʦʥʘ ʥʘ ɺʅ 

ʧʨʠʢˀʫʯʮʠʤʘ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʩʣʫʯʘʿ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʧʨʝʣʘʩʢʘ ʫ 

ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘʤʦ ʩʘ ɹʆ.  
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ʊʘʙ. 3.3: ɺʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʬʦʨʤʠʨʘˁʝ ʛʨʝʰʢʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʦʙʫʜʥʝ ʩʠʩʪʝʤʝ 

ʇʘʨʘʤʝʪʘʨ SSS4 AC7B DC2A ST5B ʆʧʠʩ 

Kpu 1 1 1 1 ʇʨʦʧʦʨʮʠʦʥʘʣʥʦ ʧʦʿʘʯʘˁʝ ʟʘ ʛʨʝʰʢʫ ʧʦ ʥʘʧʦʥʫ [ʨ.ʿ.] 

Kpw 7 5 5 7 ʇʨʦʧʦʨʮʠʦʥʘʣʥʦ ʧʦʿʘʯʘˁʝ ʟʘ ʛʨʝʰʢʫ ʧʦ ʙʨʟʠʥʠ [ʨ.ʿ.] 

Kdw 1 8 1 1 ʇʨʦʧʦʨʮʠʦʥʘʣʥʦ ʧʦʿʘʯʘˁʝ ʟʘ ʠʟʚʦʜ ʙʨʟʠʥʝ [ʨ.ʿ.] 
 

 

ʉʣ. 3.28: ʇʨʦʤʝʥʘ: ʘ) ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʙ) ʥʘʧʦʥʘ ʥʘ ɺʅ ʩʘʙʠʨʥʠʮʘʤʘ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʦʙʫʜʥʝ ʩʠʩʪʝʤʝ ʧʨʠ ʿʝʜʥʦʬʘʟʥʦʤ ʢʨʘʪʢʦʤ ʩʧʦʿʫ ʠ ʧʨʝʣʘʩʢʫ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘʤʦ ʩʘ ɹʆ 

ʉʘ ʩʣʠʢʘ ʩʝ ʚʠʜʠ ʜʘ ʢʦʦʨʜʠʥʠʩʘʥʘ ʢʦʥʪʨʦʣʘ ʙʨʟʦ ʚʨʘ˂ʘ ʠ ʥʘʧʦʥʝ ʠ ʬʨʝʢʚʝʥʮʠʿʫ ʚʝʦʤʘ 

ʙʣʠʩʢʦ ʞʝˀʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʫ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. ɿʘ ʧʦʙʫʜʥʠ ʩʠʩʪʝʤ ST5B 

ʧʦʩʪʦʿʠ ʚʝ˂ʠ ʧʨʦʧʘʜ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʠʟʨʘʞʝʥʠʿʝ ʦʩʮʠʣʘʮʠʿʝ ʥʘʧʦʥʘ. 

ʂʦʨʠʰ˂ʝˁʝʤ AC7B ʿʘʚˀʘʿʫ ʩʝ ʠʟʨʘʞʝʥʝ ʦʩʮʠʣʘʮʠʿʝ ʠ ʥʘʧʦʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʝ ʫ ʪʨʘʿʘˁʫ ʦʜ 

ʥʝʢʦʣʠʢʦ ʩʝʢʫʥʜʠ, ʢʦʿʝ ʩʫ ʧʦʩʣʝʜʠʮʘ ʜʦʤʠʥʘʥʪʥʦʛ ʩʪʘʙʠʣʠʟʘʮʠʦʥʦʛ ʜʝʿʩʪʚʘ ʧʦ ʠʟʚʦʜʫ ʙʨʟʠʥʝ 

ʢʦʝʿ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫ ʮʠˀʫ ʠʩʧʨʘʚʥʦʛ ʨʘʜʘ ʪʝʭʥʠʢʝ ʠ ʩʧʨʝʯʘʚʘˁʘ ʥʝʩʪʘʙʠʣʥʦʩʪʠ.  

ʅʘ ʩʣ. 3.29 ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʦʙʫʜʥʝ 

ʩʠʩʪʝʤʝ ʧʨʠ ʿʝʜʥʦʬʘʟʥʦʤ ʢʨʘʪʢʦʤ ʩʧʦʿʫ ʠ ʧʨʝʣʘʩʢʫ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʣʦʢʘʣʥʦʤ ʧʦʪʨʦʰˁʦʤ ʠ 

ɹʆ. ʅʘʠʟʤʝʥʠʯʥʠ ʧʦʙʫʜʥʠ ʩʠʩʪʝʤ ʜʘʿʝ ʥʝʰʪʦ ʩʧʦʨʠʿʠ ʦʜʟʠʚ ʩʘ ʠʟʨʘʞʝʥʠʤ ʦʩʮʠʣʘʮʠʿʘʤʘ, ʘʣʠ 

ʠʧʘʢ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʦʜ ʦʢʦ 5 s ʚʨʘ˂ʘ ʙʨʟʠʥʫ ʥʘ ʨʝʬʝʨʝʥʪʥʫ ʚʨʝʜʥʦʩʪ.  

ʅʘ ʩʣ. 3.30 ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʩʣʫʯʘʿ ʜʚʦʬʘʟʥʦʛ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʧʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘʤʦ ʩʘ ɹʆ, ʜʦʢ ʿʝ ʥʘ ʩʣ. 3.31 ʧʨʠʢʘʟʘʥʘ ʟʘ ʧʨʝʣʘʟʘʢ ʫ 

ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʣʦʢʘʣʥʦʤ ʧʦʪʨʦʰˁʦʤ ʠ ɹʆ ʧʨʠ ʜʚʦʬʘʟʥʦʤ ʢʨʘʪʢʦʤ ʩʧʦʿʫ ʥʘ ʚʦʜʫ. ʋ ʦʙʘ 

ʩʣʫʯʘʿʘ ʩʝ ʬʨʝʢʚʝʥʮʠʿʝ ʚʨʘ˂ʘʿʫ ʥʘ ʞʝˀʝʥʝ ʚʨʝʜʥʦʩʪʠ ʿʘʢʦ ʙʨʟʦ ʥʘʢʦʥ ʧʦʨʝʤʝ˂ʘʿʘ ʫʟ 

ʢʦʤʝʥʪʘʨʝ ʟʘ ʧʦʙʫʜʥʠ ʩʠʩʪʝʤ AC7B ʢʦʿʠ ʩʫ ʧʨʝʪʭʦʜʥʦ ʜʘʪʠ. 

                                                 
4 SSS ï ʉʪʘʪʠʯʢʠ ʩʘʤʦʧʦʙʫʜʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʨʘʜʘ ʪʝʭʥʠʢʝ 
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ʉʣ. 3.29: ʇʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʦʙʫʜʥʝ ʩʠʩʪʝʤʝ ʧʨʠ ʿʝʜʥʦʬʘʟʥʦʤ ʢʨʘʪʢʦʤ 

ʩʧʦʿʫ ʠ ʧʨʝʣʘʩʢʫ ʛʝʥʝʨʘʪʦʨʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʧʦʪʨʦʰˁʦʤ ʠ ɹʆ 

 

ʉʣ. 3.30: ʇʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʦʙʫʜʥʝ ʩʠʩʪʝʤʝ ʟʘ ʜʚʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ ʠ 

ʧʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ɹʆ 

 

ʉʣ. 3.31: ʇʨʦʤʝʥʘ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʦʙʫʜʥʝ ʩʠʩʪʝʤʝ ʟʘ ʜʚʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ ʠ 

ʧʨʝʣʘʟʘʢ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ ʩʘ ʧʦʪʨʦʰˁʦʤ ʠ ɹʆ 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʠʟʣʦʞʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʥʘ ʝʬʠʢʘʩʥʦʩʪ 

ʧʨʠʤʝʥʝ ʢʦʦʨʜʠʥʠʩʘʥʝ ʢʦʥʪʨʦʣʝ ʥʝ ʫʪʠʯʝ ʪʠʧ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʫ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ. ɸʜʝʢʚʘʪʥʠʤ ʠʟʙʦʨʦʤ ʧʘʨʘʤʝʪʘʨʘ ʨʝʛʫʣʘʪʦʨʘ ʤʦʞʝ ʩʝ ʦʙʝʟʙʝʜʠʪʠ 

ʩʪʘʙʠʣʘʥ ʨʘʜʥʠ ʨʝʞʠʤ ʠ ʬʠʥʘ ʨʝʛʫʣʘʮʠʿʘ ʪʦʢʦʤ ʧʨʝʣʘʟʥʦʛ ʧʨʦʮʝʩʘ. ʅʘʤʝʥʩʢʠ ʩʫ ʢʦʨʠʰ˂ʝʥʝ 

ʩʪʘʥʜʘʨʜʥʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʘʥʘʣʠʟʠʨʘʥʠʭ ʧʦʙʫʜʥʠʭ ʩʠʩʪʝʤʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʢʘʟʘʣʦ ʜʘ ʩʘ 

ʪʠʤ ʧʦʜʝʰʝˁʠʤʘ ʮʝʣʦʢʫʧʘʥ ʩʠʩʪʝʤ ʬʫʥʢʮʠʦʥʠʰʝ. ʆʜʟʠʚʠ ʧʨʘʢʪʠʯʥʦ ʩʚʠʭ ʧʦʙʫʜʥʠʭ 

ʩʠʩʪʝʤʘ ʙʠ ʩʝ ʤʦʛʣʠ ʿʦʰ ʫʥʘʧʨʝʜʠʪʠ ʠʟʙʦʨʦʤ ʜʨʫʛʘʯʠʿʠʭ ʚʨʝʜʥʦʩʪʠ ʧʦʿʝʜʠʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, 

ʢʦʿʠ ˂ʝ ʝʣʠʤʠʥʠʩʘʪʠ ʥʝʢʝ ʦʜ ʥʝʞʝˀʝʥʠʭ ʝʬʝʢʘʪʘ ʠ ʦʙʝʟʙʝʜʠʪʠ ʙʨʞʫ ʨʝʛʫʣʘʮʠʿʫ ʠ ʚʝ˂ʫ 

ʨʝʟʝʨʚʫ ʩʪʘʙʠʣʥʦʩʪʠ ʩʠʩʪʝʤʘ ʫ ʢʦʥʢʨʝʪʥʦʿ ʩʠʪʫʘʮʠʿʠ.  
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3.6. ɽʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ  

ʋ ʦʚʦʤ ʜʝʣʫ ˂ʝ ʙʠʪʠ ʜʘʪ ʧʨʝʛʣʝʜ ʥʝʦʧʭʦʜʥʠʭ ʝʣʝʤʝʥʘʪʘ ʟʘ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʠʟʘʮʠʿʫ 

ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ, ʢʘʦ ʠ ˁʠʭʦʚʝ ʦʢʚʠʨʥʝ ʮʝʥʝ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʙʠ ʩʝ ʤʦʛʣʘ ʧʨʦʮʝʥʠʪʠ 

ʢʦʤʧʣʝʪʥʘ ʠʥʚʝʩʪʠʮʠʿʘ. ɿʘ ʢʦʥʢʨʝʪʘʥ ʧʨʠʤʝʨ ʘʥʘʣʠʟʠʨʘʥ ʫ ʦʚʦʤ ʨʘʜʫ ʧʦʪʨʝʙʥʦ ʿʝ 

ʨʝʘʣʠʟʦʚʘʪʠ ʚʝʟʫ ɹʆ ʩʘ ʩʘʙʠʨʥʠʮʘʤʘ ʥʘ ʚʠʰʝʥʘʧʦʥʩʢʦʿ ʩʪʨʘʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʆʚʘ ʚʝʟʘ ʩʝ ʫ 

ʧʦʩʪʨʦʿʝˁʫ ʤʦʨʘ ʦʩʪʚʘʨʠʪʠ ʜʦʜʘʪʥʦʤ ˂ʝʣʠʿʦʤ 20 kV ʢʦʿʘ ʿʝ ʜʠʤʝʥʟʦʥʠʩʘʥʘ ʠʩʪʦ ʢʘʦ ʠ ʦʩʪʘʣʝ 

˂ʝʣʠʿʝ ʥʘ ɺʅ ʩʘʙʠʨʥʠʮʘʤʘ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʆʚʘ ˂ʝʣʠʿʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʦʧʨʝʤˀʝʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʨʘʩʢʣʦʧʥʦʤ ʦʧʨʝʤʦʤ ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʠʟʚʣʘʯʠʚʠ ʧʨʝʢʠʜʘʯ ʠ ʫʟʝʤˀʠʚʘʯ ʠʣʠ 

ʧʨʝʢʠʜʘʯ ʠ ʪʨʦʧʦʣʦʞʘʿʥʠ ʨʘʩʪʘʚˀʘʯ. ʂʘʙʣʦʚʠʤʘ ʙʠ ʦʚʘ ˂ʝʣʠʿʘ ʙʠʣʘ ʧʦʚʝʟʘʥʘ ʩʘ ɹʆ, ʯʠʤʝ ʙʠ 

ʩʝ ʦʩʪʚʘʨʠʣʘ ʝʥʝʨʛʝʪʩʢʘ ʚʝʟʘ ʠ ʦʤʦʛʫ˂ʠʣʘ ʜʠʩʠʧʘʮʠʿʘ ʝʥʝʨʛʠʿʝ ʥʘ ʦʪʧʦʨʥʠʢʫ. ʇʦʨʝʜ 

ʨʘʩʢʣʦʧʥʝ ʦʧʨʝʤʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ˂ʝʣʠʿʘ ʠʤʘ ʠ ʤʠʢʨʦʧʨʦʮʝʩʦʨʩʢʫ ʟʘʰʪʠʪʥʦ-ʫʧʨʘʚˀʘʯʢʫ 

ʿʝʜʠʥʠʮʫ, ʢʦʿʘ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʠʩʢˀʫʯʝˁʝ ʫʩʣʝʜ ʢʚʘʨʦʚʘ ʥʘ ʠʟʚʦʜʫ ʩʘ ɹʆ, ʫʧʨʘʚˀʘˁʝ, ʥʘʜʟʦʨ, 

ʢʘʦ ʠ ʩʢʫʧˀʘˁʝ ʧʦʪʨʝʙʥʠʭ ʩʠʛʥʘʣʘ ʠʟ ʧʦʩʪʨʦʿʝˁʘ ʠ ʩʣʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʥʘʜʨʝʹʝʥʦʤ SCADA 

ʩʠʩʪʝʤʫ. 

ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ɹʆ ʿʝ ʢʦʨʠʰ˂ʝˁʝ ʦʧʪʝʨʝ˂ʝˁʘ (ʝʥʛ. load bank) ʢʦʿʝ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʛʝʥʝʨʘʪʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ, ʘʣʠ ʠ ʟʘ ʘʧʣʠʢʘʮʠʿʝ ʩʣʠʯʥʝ ʧʨʝʜʣʦʞʝʥʦʿ ʫ 

ʦʚʦʤ ʧʦʛʣʘʚˀʫ [95], [96], [97]. ʆʚʝ ʿʝʜʠʥʠʮʝ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʟʘ ʧʨʦʤʝʥʫ ʦʪʧʦʨʥʦʩʪʠ, 

ʦʜʥʦʩʥʦ ʩʥʘʛʝ ʜʠʩʠʧʘʮʠʿʝ ʧʨʠ ʥʘʟʥʘʯʝʥʦʤ ʥʘʧʦʥʫ, ʯʠʤʝ ʙʠ ʩʝ ʤʦʛʣʦ ʚʨʰʠʪʠ ʧʨʝʜʫʧʨʘʚˀʘˁʝ. 

ʊʘʢʦʹʝ, ʠʤʘʿʫ ʢʦʤʧʣʝʪʘʥ ʫʧʨʘʚˀʘʯʢʦ-ʟʘʰʪʠʪʥʠ ʩʠʩʪʝʤ ʠ ʧʨʝʜʚʠʹʝʥʝ ʩʫ ʟʘ ʢʦʥʪʠʥʫʘʣʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʦʩʪʦʿʝ ʣʠʚʝʥʝ ʠʣʠ ʣʠʤʝʥʝ ʦʪʧʦʨʥʠʯʢʝ ʿʝʜʠʥʠʮʝ ʦʜ ʢʦʿʠʭ ʿʝ 

ʤʦʛʫ˂ʝ ʩʢʣʦʧʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʦʪʧʦʨʥʠʢ ʫ ʩʢʣʘʜʫ ʩʘ ʢʦʥʢʨʝʪʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ [98]. ʆʚʘʢʦ 

ʨʝʘʣʠʟʦʚʘʥʠ ɹʆ ʥʠʩʫ ʧʨʝʜʚʠʹʝʥʠ ʟʘ ʪʨʘʿʘʥ ʧʦʛʦʥ, ʰʪʦ ʫ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ ʥʠʿʝ ʥʠ 

ʧʦʪʨʝʙʥʦ. ʇʨʝʜʫʧʨʘʚˀʘˁʝ ʙʠ ʩʝ ʚʨʰʠʣʦ ʧʨʝʢʦ ʠʟʚʦʜʘ ʩʘ ʩʘʤʦʛ ʦʪʧʦʨʥʠʢʘ ʠ ʰʝʤʦʤ 

ʧʨʝʩʧʘʿʘˁʘ ʢʦʿʘ ʜʦʤʠʥʘʥʪʥʦ ʟʘʚʠʩʠ ʦʜ ʢʦʥʩʪʨʫʢʮʠʿʝ ʦʪʧʦʨʥʠʢʘ, ʦʜʥʦʩʥʦ ʙʠʣʘ ʙʠ ʦʤʦʛʫ˂ʝʥʘ 

ʜʠʩʢʨʝʪʥʘ ʨʝʛʫʣʘʮʠʿʘ. ʇʨʝʜʥʦʩʪ ʧʨʚʝ ʚʘʨʠʿʘʥʪʝ ʿʝ ʢʦʥʪʨʦʣʘʙʠʣʥʦʩʪ, ʜʦʢ ʿʝ ʤʘʥʘ ʟʥʘʯʘʿʥʦ 

ʚʠʰʘ ʮʝʥʘ, ʢʦʿʘ ʿʝ ʦʜ ʧʝʪ ʜʦ ʩʝʜʘʤ ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʜʨʫʛʦʛ ʨʝʰʝˁʘ. ʂʘʢʦ ʩʝ ʧʨʝʜʣʦʞʝʥʦ ʨʝʰʝˁʝ 

ʢʦʨʠʩʪʠ ʫ ʝʣʝʢʪʨʘʥʘʤʘ ʩʥʘʛʘ ʦʜ ʥʝʢʦʣʠʢʦ ʄW, ʨʘʟʣʠʢʘ ʫ ʮʝʥʠ ʿʝʜʥʦʟʥʘʯʥʦ ʥʘʤʝ˂ʝ ʠʟʙʦʨ 

ʜʨʫʛʦʛ ʨʝʰʝˁʘ, ʢʦʿʝ ʪʘʢʦʹʝ ʠʩʧʫˁʘʚʘ ʩʚʝ ʫʩʣʦʚʝ ʜʝʬʠʥʠʩʘʥʝ ʪʝʭʥʠʯʢʦʤ ʩʧʝʮʠʬʠʢʘʮʠʿʦʤ. 

ʇʦʨʝʜ ʧʦʙʨʦʿʘʥʠʭ ʝʣʝʤʝʥʘʪʘ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʤʦʜʠʬʠʢʘʮʠʿʫ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ 

ʪʘʢʦ ʜʘ ʩʝ ʢʦʨʠʛʫʿʝ ʫʧʨʘʚˀʘʯʢʘ ʧʨʦʤʝʥˀʠʚʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʜʦʚʝʩʪʠ ʙʨʟʠʥʫ ʩʘ ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ 

ʟʘ ʤʝʨʝˁʝ ʙʨʟʠʥʝ, ʢʦʿʠ ʿʝ ʚʝ˂ ʧʨʝʜʚʠʹʝʥ ʫ ʩʚʘʢʦʿ ʝʣʝʢʪʨʘʥʠ ʥʘ ʥʦʚʠ ʤʦʜʫʣ, ʢʦʿʠ ˂ʝ 

ʬʦʨʤʠʨʘʪʠ ʥʦʚʫ ʫʧʨʘʚˀʘʯʢʫ ʧʨʦʤʝʥˀʠʚʫ. ʇʦʨʝʜ ʙʨʟʠʥʝ ʪʨʝʙʘ ʜʦʚʝʩʪʠ ʥʘʧʦʥ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʩʪʘʪʫʩ ʧʨʝʢʠʜʘʯʘ ʠ ʿʝʜʥʦʩʪʘʚʥʠʤ ʤʘʪʝʤʘʪʠʯʢʠʤ ʬʦʨʤʫʣʘʤʘ ʜʘʪʠʤ ʫ ʦʚʦʤ ʨʘʜʫ ʬʦʨʤʠʨʘʪʠ 

ʫʢʫʧʥʫ ʛʨʝʰʢʫ. ʉʠʩʪʝʤ ʪʨʝʙʘ ʧʨʦʿʝʢʪʦʚʘʪʠ ʪʘʢʦ ʜʘ ʛʨʝʰʢʝ ʧʦ ʙʨʟʠʥʠ ʙʫʜʫ ʙʣʦʢʠʨʘʥʝ ʫ 

ʩʠʪʫʘʮʠʿʘʤʘ ʢʦʿʝ ʠʩʢˀʫʯʫʿʫ ʢʚʘʨʦʚʝ ʫ ʤʨʝʞʠ, ʢʘʦ ʰʪʦ ʿʝ ʟʘʣʝʪʘˁʝ ʠ ʟʘʫʩʪʘʚˀʘˁʝ ʛʝʥʝʨʘʪʦʨʘ. 

ɼʘʢʣʝ, ʦʚʘʿ ʥʦʚʠ ʤʦʜʫʣ ʩʘ ʥʦʚʠʤ ʥʘʯʠʥʦʤ ʬʦʨʤʠʨʘˁʘ ʫʢʫʧʥʝ ʛʨʝʰʢʝ ʥʘ ʫʣʘʟʫ ʫ ʨʝʛʫʣʘʪʦʨ ʿʝ 

ʧʦʪʨʝʙʥʦ ʨʝʘʣʠʟʦʚʘʪʠ ʫʤʝʩʪʦ ʩʠʛʥʘʣʘ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʠ ʨʝʬʝʨʝʥʪʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ. 

ʋ ʪʘʙ. 3.4 ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʧʦʪʨʝʙʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ˁʠʭʦʚʝ ʦʨʠʿʝʥʪʘʮʠʦʥʝ ʮʝʥʝ, ʢʘʦ ʠ 

ʥʝʦʧʭʦʜʥʠ ʧʨʘʪʝ˂ʠ ʧʦʩʣʦʚʠ ʢʦʿʠ ʩʝ ʪʠʯʫ ʤʦʥʪʘʞʝ, ʠʩʧʠʪʠʚʘˁʘ ʠ ʧʫʰʪʘˁʘ ʫ ʨʘʜ ʟʘ ʩʥʘʛʫ 

ʛʝʥʝʨʘʪʦʨʘ ʦʜ 1 MW. 

ʇʨʝʪʭʦʜʥʦ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ ʜʦʩʪʘ ʿʘʩʥʦ ʠ ʧʨʝʮʠʟʥʦ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʠʥʚʝʩʪʠʮʠʿʘ ʫ 

ʦʧʨʝʤʫ ʧʦʪʨʝʙʥʫ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ, ʜʦʢ ʿʝ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʟʥʘʯʘʿʥʦ ʪʝʞʝ 

ʠʟʚʨʰʠʪʠ ʚʘʣʦʨʠʟʘʮʠʿ ʫ ʧʦʟʠʪʠʚʥʠʭ ʝʬʝʢʘʪʘ ʢʦʿʝ ʜʦʥʦʩʠ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʠʢʘ. ɾʠʚʦʪʥʠ ʚʝʢ 

ʄʍɽ ʿʝ ʚʝʦʤʘ ʜʫʛ, ʨʝʜʘ 40 ʛʦʜʠʥʘ, ʜʦʢ ʩʝ ʥʘʧʨʝʟʘˁʘ ʫʩʣʝʜ ʢʚʘʨʦʚʘ ʫ ʧʨʠʢˀʫʯʥʦʿ ʤʨʝʞʠ 

ʿʘʚˀʘʿʫ ʯʝʩʪʦ, ʯʘʢ ʠ ʜʦ 50-100 ʧʫʪʘ ʛʦʜʠʰˁʝ. ʅʘ ʮʝʣʦʢʫʧʥʦʤ ʞʠʚʦʪʥʦʤ ʚʝʢʫ ʝʣʝʢʪʨʘʥʝ ʦʚʦ ʿʝ 

ʦʛʨʦʤʘʥ ʙʨʦʿ ʠʩʧʘʜʘ ʢʦʿʝ ʧʨʘʪʝ ʝʣʝʢʪʨʠʯʥʘ ʠ ʤʝʭʘʥʠʯʢʘ ʥʘʧʨʝʟʘˁʘ, ʧʦʩʣʝʜʠʯʥʦ ʫʙʨʟʘʥʦ 

ʩʪʘʨʝˁʝ ʝʣʝʤʝʥʘʪʘ ʠ ʯʝʰ˂ʘ ʧʦʪʨʝʙʘ ʟʘ ʦʜʨʞʘʚʘˁʝʤ ʠ ʧʨʦʚʝʨʘʤʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʠʥʚʝʩʪʠʮʠʿʘ ʫ ʄʍɽ ʩʥʘʛʝ 1 ʄW ʿʝ ʦʢʦ 1,5 ʤʠʣʠʦʥʘ ʝʚʨʘ, ʧʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʜʦʙʠʿʝ ʜʘ ʿʝ 

ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʠʥʚʝʩʪʠʮʠʿʝ ʫ ʫʢʫʧʥʦʿ ʮʝʥʠ ʄʍɽ ʦʢʦ 2,5%. ʋʩʣʝʜ ʠʩʧʘʜʘ ʩʘ ʤʨʝʞʝ 

ʧʦʪʨʝʙʥʦ ʿʝ ʚʨʝʤʝ ʟʘ ʧʦʥʦʚʥʦ ʩʪʘʨʪʦʚʘˁʝ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ, ʧʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʥʝʠʩʧʦʨʫʯʝʥʘ 



ʋʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʤʘʣʠʭ ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʙʘʣʘʥʩʥʝ ʠʤʧʝʜʘʥʩʝ 
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ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʢʦʿʘ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʫ ʧʦʪʨʝʙʥʝ ʜʦʜʘʪʥʝ ʧʨʦʚʝʨʝ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʤʦʞʝ ʙʠʪʠ ʟʥʘʯʘʿʥʘ. ʊʘʢʦʹʝ, ʫ ʩʣʫʯʘʿʫ ʜʘ ʝʣʝʢʪʨʘʥʘ ʫʯʝʩʪʚʫʿʝ ʜʠʨʝʢʪʥʦ ʥʘ ʪʨʞʠʰʪʫ, ʫʩʣʝʜ 

ʥʝʠʩʧʦʨʫʯʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʥʠʩʢʝ ʧʦʫʟʜʘʥʦʩʪʠ ʫʟʨʦʢʦʚʘʥʝ ʠʩʧʘʜʠʤʘ ʫʩʣʝʜ ʢʚʘʨʦʚʘ 

ʫ ʧʨʠʢˀʫʯʥʦʿ ʤʨʝʞʠ, ʥʘʿʯʝʰ˂ʝ ʩʝ ʤʦʨʘʿʫ ʧʣʘ˂ʘʪʠ ʦʜʨʝʹʝʥʝ ʥʘʢʥʘʜʝ (ʧʝʥʘʣʠ). ʉʘʛʣʝʜʘʚʘˁʝʤ 

ʩʚʝʛʘ ʧʨʝʪʭʦʜʥʦ ʧʦʙʨʦʿʘʥʦʛ ʿʘʩʥʦ ʿʝ ʜʘ ʩʝ ʫ ʢʦʥʢʨʝʪʥʦʿ ʩʠʪʫʘʮʠʿʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʩʧʣʘʪʠ 

ʠʥʚʝʩʪʠʮʠʿʘ ʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ. 

ʊʘʙ. 3.4: ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʦʧʨʝʤʝ ʠ ʨʘʜʦʚʘ ʩʘ ʮʝʥʘʤʘ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ 

ʈʝʜʥʠ ʙʨʦʿ ɽʣʝʤʝʥʪ/ʋʩʣʫʛʘ ʎʝʥʘ (ú) 

1. ɴʝʣʠʿʘ 20 kV  10.000,00 

2. ɹʘʣʘʥʩʥʠ ʦʪʧʦʨʥʠʢ 18.000,00 

3. ʄʦʜʠʬʠʢʘʮʠʿʘ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ 1.500,00 

4. ʆʩʪʘʣʘ ʦʧʨʝʤʘ 2.000,00 

5. ʀʩʧʠʪʠʚʘˁʝ ʠ ʧʦʜʝʰʘʚʘˁʝ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ 1.500,00 

6. ʊʨʘʥʩʧʦʨʪ 1.500,00 

7. ʄʦʥʪʘʞʘ 2.500,00 

 ʋʢʫʧʥʦ 37.000,00 
 

3.7. ɿʘʢˀʫʯʥʘ ʨʘʟʤʘʪʨʘˁʘ 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʧʨʝʜʣʦʞʝʥ ʿʝʜʥʦʩʪʘʚʘʥ ʢʦʥʮʝʧʪ ʤʘʣʝ ʝʣʝʢʪʨʘʥʝ ʩʘ ʙʘʣʘʥʩʥʦʤ 

ʠʤʧʝʜʘʥʩʦʤ ʢʦʿʠ ʤʦʞʝ ʦʙʝʟʙʝʜʠʪʠ ʙʦˀʫ ʪʨʘʥʟʠʿʝʥʪʥʫ ʩʪʘʙʠʣʥʦʩʪ ʝʣʝʢʪʨʘʥʝ ʪʦʢʦʤ 

ʧʦʨʝʤʝ˂ʘʿʘ ʫ ʧʨʠʢˀʫʯʥʦʿ ʤʨʝʞʠ. ʇʦʩʤʘʪʨʘʥʘ ʿʝ ʩʠʪʫʘʮʠʿʘ ʢʦʿʘ ʥʘʩʪʘʿʝ ʧʨʠ ʢʚʘʨʫ ʠ 

ʪʨʦʬʘʟʥʦʤ ɸʇʋ-ʫ ʫ ʤʨʝʞʠ, ʘ ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʤʦʛʫ˂ʥʦʩʪ ʧʦʿʘʚʝ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ 

ʠʟʚʦʨʘ ʩʘ ʧʦʪʨʦʰˁʦʤ. ʋʤʝʩʪʦ ʠʩʢˀʫʯʝˁʘ ʛʝʥʝʨʘʪʦʨʘ, ʫ ʿʝʜʥʦʤ ʩʣʫʯʘʿʫ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ˁʝʛʦʚ 

ʨʘʜ ʩʘʤʦ ʩʘ ɹʆ (ʫʢʦʣʠʢʦ ʿʝ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʚʝ˂ʘ ʦʜ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ), ʜʦʢ ʿʝ 

ʫ ʜʨʫʛʦʤ, ʢʘʜʘ ʿʝ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʤʘˁʘ ʦʜ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʨʝʜ 

ʦʪʧʦʨʥʠʢʘ ʠ ʧʦʪʨʦʰˁʘ ʦʩʪʘʿʘʣʘ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ ʩʘ ʛʝʥʝʨʘʪʦʨʦʤ. ʇʦʨʝʜ ʫʚʦʹʝˁʘ ɹʆ, 

ʠʟʚʨʰʝʥʘ ʿʝ ʤʦʜʠʬʠʢʘʮʠʿʘ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ, ʪʘʢʦ ʰʪʦ ʤʫ ʿʝ ʜʦʜʘʪʘ ʿʦʰ ʿʝʜʥʘ ʫʧʨʘʚˀʘʯʢʘ 

ʧʨʦʤʝʥˀʠʚʘ ï ʙʨʟʠʥʘ ʛʝʥʝʨʘʪʦʨʘ, ʧʘ ʩʝ ʫʢʫʧʥʘ ʛʨʝʰʢʘ ʫ ʨʝʛʫʣʘʪʦʨʫ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ 

ʬʦʨʤʠʨʘ ʥʘ ʦʩʥʦʚʫ ʪʨʠ ʩʠʛʥʘʣʘ: ʛʨʝʰʢʘ ʧʦ ʨʘʟʣʠʮʠ ʥʘʧʦʥʘ (ʪʨʝʥʫʪʥʦʛ ʠ ʨʝʬʝʨʝʥʪʥʦʛ), 

ʛʨʝʰʢʘ ʧʦ ʨʘʟʣʠʮʠ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʛʝʥʝʨʘʪʦʨʘ (ʪʨʝʥʫʪʥʝ ʠ ʥʦʤʠʥʘʣʥʝ) ʠ ʛʨʝʰʢʘ ʧʦ ʠʟʚʦʜʫ 

ʙʨʟʠʥʝ ʛʝʥʝʨʘʪʦʨʘ. 

ʇʨʠʢʘʟʘʥʘ ʪʝʭʥʠʢʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʥʝʟʘʚʠʩʥʦ ʦʜ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ, ʪʠʧʘ ʧʦʙʫʜʥʦʛ 

ʩʠʩʪʝʤʘ ʫʟ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʜʝʰʝˁʝ ʧʘʨʘʤʝʪʘʨʘ, ʫʚʦʹʝˁʝ ʙʨʟʠʥʝ ʫ ʨʝʛʫʣʘʪʦʨ ʧʦʙʫʜʝ ʠ 

ʘʜʝʢʚʘʪʥʦʛ ʜʠʤʝʥʟʠʦʥʠʩʘˁʘ ɹʀ. ʊʘʢʦʹʝ, ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʪʦʧʦʣʦʛʠʿʝ ʤʨʝʞʝ 

ʢʦʿʘ ʦʩʪʘʿʝ ʫ ʦʩʪʨʚʩʢʦʤ ʨʘʜʫ, ʩʘ ʝʣʝʤʝʥʪʠʤʘ ʥʝʦʧʭʦʜʥʠʤ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʝʜʥʦʩʪ ʿʝ ʪʘʢʦʹʝ ʰʪʦ ʩʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʤʦʞʝ ʧʨʝʣʠʤʠʥʘʨʥʦ ʧʨʦʚʝʨʠʪʠ ʩʠʤʫʣʘʮʠʿʘʤʘ ʫ 

ʥʘʤʝʥʩʢʠʤ ʩʦʬʪʚʝʨʩʢʠʤ ʧʘʢʝʪʠʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʦʚʜʝ ʧʨʠʢʘʟʘʥʦ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ 

ʜʦ ʩʘʜʘ ʤʦʛʫ ʥʘ˂ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ, ʥʦʚʘ ʪʝʭʥʠʢʘ ʥʝ ʟʘʭʪʝʚʘ ʩʣʦʞʝʥʝ, ʜʦʜʘʪʥʝ ʝʣʝʤʝʥʪʝ ʟʘ 

ʫʧʨʘʚˀʘˁʝ ɹʀ, ʚʝ˂ ʩʘʤʦ ʿʝʜʥʦʩʪʘʚʥʦ ʧʨʝʜʫʧʨʘʚˀʘˁʝ ʫ ʙʝʟʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ ʠ ʤʦʜʠʬʠʢʘʮʠʿʫ 

ʧʦʩʪʦʿʝ˂ʝʛ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ. 

ʈʘʟʚʠʿʝʥʘ ʪʝʭʥʠʢʘ ʜʘʿʝ ʙʠʪʥʦ ʫʥʘʧʨʝʹʝˁ ʝ ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ɼɻ-ʘ. ʋʩʧʝʰʥʦ 

ʩʝ ʧʨʝʚʘʟʠʣʘʟʠ ʧʝʨʠʦʜ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ ʫ ʤʨʝʞʠ ʪʦʢʦʤ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ, ʰʪʦ ʟʥʘʯʘʿʥʦ 

ʜʦʧʨʠʥʦʩʠ ʝʬʠʢʘʩʥʦʩʪʠ ʤʘʣʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʠʟʙʝʛʘʚʘˁʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʠʭ ʨʘʜʥʠʭ ʩʪʘˁʘ 

ʫʩʣʝʜ ʠʟʥʝʥʘʜʥʦʛ ʛʫʙʠʪʢʘ ʤʨʝʞʝ. ʅʠʿʝ ʧʦʪʨʝʙʥʦ ʠʤʘʪʠ ʘʫʪʦʤaʪʠʟʦʚʘʥʫ ʤʨʝʞʫ ʟʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʪʝʭʥʠʢʝ ʠ ʨʘʟʚʠʿʝʥ ʢʦʥʮʝʧʪ ʩʝ ʙʘʟʠʨʘ ʩʘʤʦ ʥʘ ʤʝʨʝʥʠʤ ʩʠʛʥʘʣʠʤʘ ʫ ʪʘʯʢʠ 

ʧʨʠʢˀʫʯʝˁʘ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʠʟʚʦʨʘ ʥʘ ɼʄ-ʫ. 
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ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

4. ʇʈʀʄɽʅɸ ɱɽɼʅʆʌɸɿʅʆɻ ɸʋʊʆʄɸʊʉʂʆɻ ʇʆʅʆɺʅʆɻ 

ʋʂɲʋʏɽɳɸ ʋ ɸʂʊʀɺʅʀʄ ɼʀʉʊʈʀɹʋʊʀɺʅʀʄ ʄʈɽɾɸʄɸ 

4.1. ʋʚʦʜ 

ʀʥʪʝʛʨʘʮʠʿʘ ʆʀɽ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʩʠʩʪʝʤ ʟʘʭʪʝʚʘ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʠ ʫʥʘʧʨʝʹʝˁʝ 

ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʧʦʩʪʦʿʝ˂ʠʭ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ. ʇʨʠʤʝʥʘ ʪʨʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʫ ʨʘʜʠʿʘʣʥʠʤ 

ʤʨʝʞʘʤʘ ʯʝʩʪʦ ʜʦʚʦʜʠ ʜʦʚʦʜʠ ʜʦ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ɼɻ-ʘ, ʰʪʦ ʥʘʿʯʝʰ˂ʝ ʫʟʨʦʢʫʿʝ ʠʩʢˀʫʯʝˁʝ 

ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʤʨʝʞʝ. ʇʨʠʤʝʥʘ ʪʝʭʥʠʢʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ, ʢʦʿʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʫ ʦʚʦʤ 

ʧʦʛʣʘʚˀʫ, ʦʤʦʛʫ˂ʘʚʘ ʜʝʣʠʤʠʯʥʠ ʪʨʘʥʩʬʝʨ ʝʥʝʨʛʠʿʝ ʫ ɽɽʉ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʢʚʘʨʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ 

ʜʦʧʨʠʥʦʩʠ ʦʯʫʚʘˁʫ ʩʪʘʙʠʣʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʨʦʣʘʟʥʠʤ ʢʚʘʨʦʚʠʤʘ ʫ ɼʄ-ʠ. 

ɺʝʣʠʢʝ ʝʣʝʢʪʨʘʥʝ ʥʘ ʆʀɽ, ʧʨʝ ʩʚʝʛʘ ʚʝʪʨʦʝʣʝʢʪʨʘʥʝ, ʩʝ ʧʨʠʢˀʫʯʫʿʫ ʥʘ ʧʨʝʥʦʩʥʫ 

ʤʨʝʞʫ. ɽʣʝʢʪʨʘʥʝ ʩʘ ʠʥʩʪʘʣʠʩʘʥʦʤ ʩʥʘʛʦʤ ʤʘˁʦʤ ʦʜ 20 MW ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʠʢˀʫʯʫʿʫ ʥʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʩʠʩʪʝʤ. ʊʨʘʜʠʮʠʦʥʘʣʥʦ ʿʝ ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ ʢʦʥʮʠʧʠʨʘʥ ʜʘ ʩʝ ʥʘ ˁʝʛʘ 

ʧʨʠʢˀʫʯʫʿʫ ʠʟʚʦʨʠ, ʧʘ ʩʫ ʫ ʪʦʤ ʩʤʠʩʣʫ ʠ ʨʘʟʚʠʿʘʥʠ ʩʠʩʪʝʤʠ ʟʘ ʟʘʰʪʠʪʫ ʠ ʫʧʨʘʚˀʘˁʝ 

ʝʣʝʤʝʥʪʠʤʘ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. ʀʩʧʦʨʫʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ ʿʝ ʚʝʦʤʘ 

ʧʦʫʟʜʘʥʘ, ʿʝʨ ʿʝ ʦʥʘ ʫʧʝʪˀʘʥʘ, ʪʘʢʦ ʜʘ ʿʝ ʟʘʜʦʚʦˀʝʥ ʧʨʠʥʮʠʧ ʩʠʛʫʨʥʦʩʪʠ n-1. ʊʦ ʦʤʦʛʫ˂ʘʚʘ ʜʘ 

ʩʝ ʝʣʝʢʪʨʘʥʘ ʥʝ ʠʩʢˀʫʯʫʿʝ ʩʘ ʤʨʝʞʝ ʪʦʢʦʤ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ, ʚʝ˂ ʿʝ ʧʦʪʨʝʙʥʦ ʩʘʤʦ ʜʘ ʙʫʜʝ 

ʦʪʧʦʨʥʘ ʥʘ ʪʨʘʥʟʠʿʝʥʪʥe ʧʨʦʮʝʩe ʫʟʨʦʢʦʚʘʥʝ ʢʚʘʨʦʚʠʤʘ [4], [5]. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ɼʄ ʿʝ 

ʨʘʟʚʠʿʘʥʘ ʢʘʦ ʨʘʜʠʿʘʣʥʘ ʠ ʧʘʩʠʚʥʘ ʛʜʝ ʩʫ ʪʦʢʦʚʠ ʩʥʘʛʘ ʿʝʜʥʦʩʤʝʨʥʠ, ʦʜʥʦʩʥʦ ʦʜ ʥʘʧʦʿʥʝ ʪʘʯʢʝ 

ʧʨʝʤʘ ʧʦʪʨʦʰʘʯʠʤʘ. ʉʘ ʧʨʠʢˀʫʯʝˁʝʤ ɼɻ-ʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʧʦʩʪʘʿʝ ʘʢʪʠʚʥʘ, ʰʪʦ ʩʘʤʦ 

ʧʦ ʩʝʙʠ ʟʘʭʪʝʚʘ ʟʥʘʯʘʿʥʝ ʧʨʦʤʝʥʝ ʫ ʟʘʰʪʠʪʥʦʤ ʠ ʫʧʨʘʚˀʘʯʢʦʤ ʩʠʩʪʝʤʫ ʫ ʦʜʥʦʩʫ ʥʘ 

ʜʦʩʘʜʘʰˁʝ ʩʪʘˁʝ. ɼɻ ʤʦʞʝ ʠʤʘʪʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʤʨʝʞʫ, ʥʘʨʦʯʠʪʦ ʫ ʩʣʫʯʘʿʫ ʛʝʥʝʨʘʪʦʨʘ 

ʚʝ˂ʠʭ ʩʥʘʛʘ [11]. 

ɱʝʜʘʥ ʦʜ ʥʘʿʙʠʪʥʠʿʠʭ ʘʩʧʝʢʘʪʘ ʠʥʪʝʛʨʘʮʠʿʝ ɼɻ-a ʿʝ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʧʦʩʪʦʿʝ˂ʝʛ ʩʠʩʪʝʤʘ 

ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʥʦʚʦʥʘʩʪʘʣʠʤ ʦʢʦʣʥʦʩʪʠʤʘ, ʦʜʥʦʩʥʦ ʦʙʝʟʙʝʹʠʚʘˁʝ ʩʝʣʝʢʪʠʚʥʦʛ ʨʝʘʛʦʚʘˁʘ ʫ 

ʩʚʘʢʦʿ ʩʠʪʫʘʮʠʿʠ [99]. ʇʦʩʪʦʿʝ˂ʠ ʩʠʩʪʝʤʠ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʫ ɼʄ-ʠ ʩʫ ʢʦʥʮʠʧʠʨʘʥʠ ʧʨʝʤʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʧʨʠʥʮʠʧʫ, ʦʜʥʦʩʥʦ ʿʝʜʥʦʩʤʝʨʥʠʤ ʪʦʢʦʚʠʤʘ ʩʥʘʛʘ ʠ ʜʦʧʨʠʥʦʩʠʤʘ ʩʪʨʫʿʘʤʘ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʘʤʦ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʝ. ʋ ʩʢʣʘʜʫ ʩʘ ʪʘʢʚʠʤ ʢʦʥʮʝʧʪʦʤ ʨʘʜʠʿʘʣʥʠʭ ɼʄ-ʘ ʿʝ 

ʨʘʟʚʠʿʘʥ ʠ ʩʠʩʪʝʤ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ, ʢʦʿʠ ʿʝ ʙʘʟʠʨʘʥ ʫʛʣʘʚʥʦʤ ʥʘ ʧʨʝʢʦʩʪʨʫʿʥʠʤ ʨʝʣʝʿʠʤʘ ʠ 

ʦʩʠʛʫʨʘʯʠʤʘ ʢʦʿʠ ʩʧʨʦʚʦʜʝ ʟʘʰʪʠʪʝ ʦʜ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ ʠ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ. ʀʥʪʝʛʨʘʮʠʿʘ ɼɻ 

ʟʘʭʪʝʚʘ ʧʘʞˀʠʚʦ ʨʘʟʤʘʪʨʘˁʝ ʪʝʭʥʠʯʢʠʭ ʠ ʝʢʦʥʦʤʩʢʠʭ ʘʩʧʝʢʘʪʘ ʨʝʘʣʠʟʘʮʠʿʝ ʩʠʩʪʝʤʘ ʨʝʣʝʿʥʝ 

ʟʘʰʪʠʪʝ ʢʦʿʠ ˂ʝ ʥʘ ʘʜʝʢʚʘʪʘʥ ʥʘʯʠʥ ʦʜʛʦʚʦʨʠʪʠ ʥʦʚʦʥʘʩʪʘʣʠʤ ʦʢʦʣʥʦʩʪʠʤʘ. ʉʘ 

ʧʨʠʢˀʫʯʝˁʝʤ ɼɻ-ʘ ʠ ʨʘʟʚʦʿʝʤ ʤʠʢʨʦʤʨʝʞʘ, ʦʚʘʿ ʢʦʥʮʝʧʪ ʩʝ ʥʝ ʤʦʞʝ ʧʨʠʤʝˁʠʚʘʪʠ, ʿʝʨ ʩʫ 

ʪʦʢʦʚʠ ʩʥʘʛʘ ʧʦʩʪʘʣʠ ʜʚʦʩʤʝʨʥʠ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʘʢʪʠʚʥʘ. ʉʧʝʮʠʬʠʯʥʠ ʟʘʭʪʝʚʠ ʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ɼɻ-ʘ, ʢʦʿʠ ʩʫ ʫ ʚʝʣʠʢʦʤ ʧʨʦʮʝʥʪʫ ʧʨʠʢˀʫʯʝʥʠ ʧʨʝʢʦ ʧʨʝʪʚʘʨʘʯʘ, ʟʘʭʪʝʚʘʿʫ 

ʫʥʘʧʨʝʹʝˁʝ ʠʣʠ ʧʦʪʧʫʥʦ ʥʦʚʘ ʨʝʰʝˁʘ ʟʘ ʩʠʩʪʝʤ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ [12], [48]. ʋ ʥʝʢʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫʥʘʧʨʝʹʝˁʝ ʧʦʩʪʦʿʝ˂ʠʭ ʩʠʩʪʝʤʘ ʧʨʝʢʦʩʪʨʫʿʥʝ ʟʘʰʪʠʪʝ, ʜʦʢ ʩʝ 

ʫ ʜʨʫʛʠʤ ʢʦʨʠʩʪʝ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠ ʩʠʩʪʝʤʠ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʫ ʩʝʣʝʢʪʠʚʥʦ ʨʝʘʛʦʚʘˁʝ [13]. ʂʘʦ 

ʿʝʜʥʦ ʦʜ ʤʦʛʫ˂ʠʭ ʨʝʰʝˁʘ ʟʘ ʨʝʣʝʿʥʫ ʟʘʰʪʠʪʫ ʤʠʢʨʦʤʨʝʞʘ ʬʠʛʫʨʠʰʝ ʢʦʥʮʝʧʪ ʩʘ ʮʝʥʪʨʘʣʥʦʤ 

ʿʝʜʠʥʠʮʦʤ ʢʦʿʘ ʿʝ ʥʘʜʨʝʹʝʥʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʤ ʫʨʝʹʘʿʠʤʘ [49]. 

ʅʘʿʯʝʰ˂ʠ ʢʚʘʨ ʫ ɼʄ-ʠ ʩʘ ʚʝʣʠʢʠʤ ʫʜʝʣʦʤ ʥʘʜʟʝʤʥʠʭ ʚʦʜʦʚʘ ʿʝ ʿʝʜʥʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ, 

ʢʘʜʘ ʬʘʟʥʠ ʧʨʦʚʦʜʥʠʢ ʜʦʹʝ ʫ ʜʦʜʠʨ ʩʘ ʝʣʝʤʝʥʪʠʤʘ ʢʦʿʠ ʠʤʘʿʫ ʢʦʥʪʘʢʪ ʩʘ ʟʝʤˀʦʤ (ʩʪʫʙ, 

ʦʢʦʣʥʦ ʜʨʚʝ˂ʝ, ʠʪʜ.). ʆʚʠ ʢʚʘʨʦʚʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʜʝʰʘʚʘʿʫ ʧʨʝʢʦ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠ ʤʦʛʫ ʩʝ 

ʝʣʠʤʠʥʠʩʘʪʠ ʢʨʘʪʢʦʪʨʘʿʥʦʤ ʙʝʟʥʘʧʦʥʩʢʦʤ ʧʘʫʟʦʤ ʥʘ ʧʨʦʚʦʜʥʠʢʫ ʢʦʿʠ ʿʝ ʜʦʰʘʦ ʫ ʢʦʥʪʘʢʪ ʩʘ 

ʟʝʤˀʦʤ. ɺʠʰʝ ʦʜ 70% ʢʚʘʨʦʚʘ ʥʘ ʥʘʜʟʝʤʥʠʤ ʚʦʜʦʚʠʤʘ ʤʦʞʝ ʩʝ ʝʣʠʤʠʥʠʩʘʪʠ ʧʨʠʤʝʥʦʤ ʦʚʝ 

ʪʝʭʥʠʢʝ, ʜʦʢ ʩʝ ʜʦʜʘʪʥʠʭ 15% ʤʦʞʝ ʝʣʠʤʠʥʠʩʘʪʠ ʧʨʠʤʝʥʦʤ ʜʫʞʝ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ, 

ʦʜʥʦʩʥʦ ʢʦʨʠʰ˂ʝˁʝʤ ʜʚʦʮʠʢʣʠʯʥʦʛ ɸʇʋ-ʘ. ʊʨʘʜʠʮʠʦʥʘʣʥʦ ʩʝ ʢʦʨʠʩʪʠ ʢʦʥʮʝʧʪ ʪʨʦʧʦʣʥʦʛ 

ʠʩʢˀʫʯʝˁʘ ʚʦʜʘ ʧʦʛʦʹʝʥʦʛ ʢʚʘʨʦʤ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ ʢʘʢʦ ʥʘ ʬʘʟʠ ʩʘ ʢʚʘʨʦʤ, 

ʪʘʢʦ ʠ ʫ ʟʜʨʘʚʠʤ ʬʘʟʘʤʘ. ʆʚʘʢʘʚ ʢʦʥʮʝʧʪ ʩʝ ʧʦʢʘʟʘʦ ʢʘʦ ʿʘʢʦ ʝʬʠʢʘʩʘʥ ʫ ʿʝʜʥʦʩʪʨʘʥʦ 

ʥʘʧʘʿʘʥʠʤ, ʧʘʩʠʚʥʠʤ ʤʨʝʞʘʤʘ. ʀʧʘʢ ʩʘ ʧʨʠʢˀʫʯʝˁʝʤ ɼɻ-ʘ (ʚʝʪʨʦʝʣʝʢʪʨʘʥʝ, ʩʦʣʘʨʥʝ, ʄʍɽ, 
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ʛʘʩʥʝ, ʝʣʝʢʪʨʘʥʝ ʥʘ ʙʠʦʤʘʩʫ, ʠʪʜ.) ʪʝʭʥʠʢʘ ʪʨʦʧʦʣʥʦʛ ɸʇʋ-ʘ ʜʦʚʦʜʠ ʜʦ ʠʩʢˀʫʯʝˁʘ 

ʛʝʥʝʨʘʪʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʠʣʠ ʛʫʙʠʪʢʘ ʩʠʥʭʨʦʥʠʟʤʘ. ɿʘʰʪʠʪʥʠ ʩʠʩʪʝʤʠ ɼɻ-ʘ ʤʦʨʘʿʫ 

ʜʝʪʝʢʪʦʚʘʪʠ ʛʫʙʠʪʘʢ ʤʨʝʞʝ ʠ ʙʨʟʦ ʠʭ ʠʩʢˀʫʯʠʪʠ ʩʘ ʤʨʝʞʝ, ʿʝʨ ʦʩʪʨʚʩʢʠ ʨʘʜ ʧʨʝʜʩʪʘʚˀʘ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʦ ʨʘʜʥʦ ʩʪʘˁʝ [18]-[29]. ʇʦʰʪʦ ʿʝ ɼʄ ʩʣʘʙʘ ʠ ʨʘʟʫʹʝʥʘ ʠ ʧʦʿʘʚʘ ʢʚʘʨʦʚʘ 

ʨʝʣʘʪʠʚʥʦ ʯʝʩʪʘ, ʩʚʘʢʦʜʥʝʚʥʦ ʩʝ ʿʘʚˀʘ ʚʝʣʠʢʠ ʙʨʦʿ ʠʩʧʘʜʘ ʤʘʣʠʭ ʝʣʝʢʪʨʘʥʘ. ʉʘ ʧʨʠʢˀʫʯʝˁʝʤ 

ɼɻ-ʘ ʠ ʨʘʟʚʦʿʝʤ ʤʠʢʨʦʤʨʝʞʘ, ʪʨʘʥʟʠʿʝʥʪʥʘ ʩʪʘʙʠʣʥʦʩʪ ʧʦʩʪʘʿʝ ʘʢʪʫʝʣʥʘ ʠ ʥʘ ʩʨʝʜˁʝʤ ʥʘʧʦʥʫ 

[38], [39], [40], [41], [42], [100], [101]. ʂʦʥʮʝʧʪ ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʿʝ ʪʨʘʜʠʮʠʦʥʘʣʥʦ 

ʙʠʦ ʦʢʨʝʥʫʪ ʢʘ ʦʜʨʞʘʚʘˁʫ ʩʠʥʭʨʦʥʠʟʤʘ ʚʝʣʠʢʠʭ ʛʝʥʝʨʘʪʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʢʦʿʝ ʩʫ ʧʨʠʢˀʫʯʝʥʝ 

ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ. ʂʘʪʝʛʦʨʠʟʘʮʠʿʘ ʠ ʧʨʝʛʣʝʜ ʤʝʪʦʜʘ ʟʘ ʘʥʘʣʠʟʫ ʩʪʘʙʠʣʥʦʩʪʠ ʤʠʢʨʦʤʨʝʞʘ ʿʝ 

ʧʨʝʟʝʥʪʦʚʘʥʘ ʫ [102]. ʋ ʨʘʜʫ [42] ʿʝ ʧʨʠʢʘʟʘʥʘ ʠʥʪʝʛʨʘʮʠʦʥʘ ʤʝʪʦʜʘ ʟʘ ʧʨʦʮʝʥʫ ʪʨʘʥʟʠʿʝʥʪʥʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʫ ɽɽʉ-ʫ ʩʘ ʚʠʩʦʢʠʤ ʧʨʦʮʝʥʪʦʤ ɼɻ-ʘ, ʜʦʢ ʿʝ ʫʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ 

ʤʠʢʨʦʤʨʝʞʘ ʩʘ ʬʦʪʦʥʘʧʦʥʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʩʢʣʘʜʠʰʪʝˁʝʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʠʤʘ ʧʨʝʜʩʪʘʚˀʝʥʦ ʫ ʨʘʜʫ [64]. ʂʦʨʠʰ˂ʝˁʝ ʩʠʥʭʨʦʬʘʟʦʨʘ ʤʦʞʝ ʚʝʦʤʘ ʫʩʧʝʰʥʦ ʜʘ 

ʦʜʨʞʘʚʘ ʩʠʥʭʨʦʥʠʟʘʤ ʤʠʢʨʦʤʨʝʞʝ ʩʘ ʧʨʠʢˀʫʯʥʦʤ ɼʄ-ʦʤ ʥʘʢʦʥ ʧʨʝʣʘʩʢʘ ʫ ʦʩʪʨʚʩʢʠ ʨʘʜ, 

ʙʝʟ ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʨʘʜ ʤʠʢʨʦʤʨʝʞʝ [103]. ʉʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʤʦʛʫ ʙʠʪʠ ʚʝʦʤʘ ʢʦʨʠʩʥʠ ʟʘ ʧʦʩʪʠʟʘˁʝ ʦʧʪʠʤʘʣʥʦʛ ʨʘʜʘ ʤʠʢʨʦʤʨʝʞʘ ʫ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʪʘˁʫ [45], ʢʘʦ ʠ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʨʝʛʫʣʘʮʠʿʫ ʥʘʧʦʥʘ ʠ 

ʬʨʝʢʚʝʥʮʠʿʝ ʪʦʢʦʤ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʫʩʣʝʜ ʧʦʿʘʚʝ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʧʦʨʝʤʝ˂ʘʿʘ [104]. ʋ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʘʤʝʥʝ ʠ ʞʝˀʝʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ, ʧʨʠʤʝˁʫʿʫ ʩʝ ʨʘʟʣʠʯʠʪʠ ʤʦʜʝʣʠ ʩʠʩʪʝʤʘ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ (ʉʉɽ), ʢʘʦ ʠ ʦʜʛʦʚʦʨʘʿʘ˂ʠ ʫʧʨʘʚˀʘʯʢʠ ʘʣʛʦʨʠʪʤʠ [105], [106]. ʋ ʨʘʜʫ 

[46] ʿʝ ʧʨʠʢʘʟʘʥʦ ʧʦʙʦˀʰʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʧʦʫʟʜʘʥʦʩʪʠ ʠʟʦʣʦʚʘʥʠʭ ʩʠʩʪʝʤʘ ʩʘ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʠʤʘ ʠ ʜʠʟʝʣ ʘʛʨʝʛʘʪʠʤʘ. ʄʠʢʨʦʤʨʝʞʝ ʤʦʛʫ ʙʠʪʠ ʢʦʤʙʠʥʦʚʘʥʝ AC/DC ʠ ʫ 

ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʠʩʪʦʚʨʝʤʝʥʘ ʢʦʥʪʨʦʣʘ ʠ ʩʘ ʿʝʜʥʦʩʤʝʨʥʝ ʠ ʩʘ 

ʥʘʠʟʤʝʥʠʯʥʝ ʩʪʨʘʥʝ. ʆʚʘʢʚʠ ʩʠʩʪʝʤʠ ʿʘʢʦ ʯʝʩʪʦ ʠʤʘʿʫ ʤʘʣʫ ʠʥʝʨʮʠʿʫ, ʧʘ ʩʝ ʉʉɽ ʥʘʤʝ˂ʫ ʢʘʦ 

ʦʩʥʦʚʥʠ ʨʝʛʫʣʘʮʠʦʥʠ ʝʣʝʤʝʥʪʠ [107]. ɼʠʩʪʨʠʙʫʠʨʘʥʠ ʦʧʪʠʤʘʣʘʥ ʨʘʜ ʭʠʿʝʨʘʨʭʠʿʩʢʠ 

ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʤʠʢʨʦʤʨʝʞʘ ʿʝ ʧʨʠʢʘʟʘʥ ʫ ʨʘʜʫ [65], ʜʦʢ ʿʝ ʩʝʢʫʥʜʘʨʥʘ ʢʦʥʪʨʦʣʘ ʫ ʮʠˀʫ 

ʧʦʙʦˀʰʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʤʠʢʨʦʤʨʝʞʘ ʧʨʠʢʘʟʘʥʘ ʫ ʨʘʜʫ [66]. ʋʧʨʘʚˀʘˁʝ ʥʘʧʦʥʠʤʘ ʠ 

ʬʨʝʢʚʝʥʮʠʿʦʤ ʫ ʠʟʦʣʦʚʘʥʠʤ ʤʠʢʨʦʤʨʝʞʘʤʘ ʩʘ ʠʟʚʦʨʠʤʘ ʧʨʠʢˀʫʯʝʥʠʤ ʧʨʝʢʦ ʠʥʚʝʨʪʦʨʘ 

ʤʦʞʝ ʩʝ ʝʬʠʢʘʩʥʦ ʨʝʘʣʠʟʦʚʘʪʠ ʨʝʛʫʣʘʮʠʿʦʤ ʧʨʝʪʚʘʨʘʯʘ [108]. ʋ ʤʠʢʨʦʤʨʝʞʘʤʘ ʩʝ ʯʝʩʪʦ 

ʿʘʚˀʘ ʥʝʩʠʤʝʪʨʠʿʘ ʫʩʣʝʜ ʧʨʦʤʝʥˀʠʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʨʦʰˁʝ, ʧʘ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʥʦʩʪʠ 

ʦʚʘʢʚʠʭ ʩʠʩʪʝʤʘ ʠʤʘ ʜʦʜʘʪʥʠʭ ʩʧʝʮʠʬʠʯʥʦʩʪʠ [50]. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʪʨʦʰˁʝ ʠʤʘʿʫ 

ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʩʪʘʙʠʣʥʦʩʪʠ ʤʠʢʨʦʤʨʝʞʘ ʠ ʧʦʜʝʰʘʚʘˁʫ ʧʘʨʘʤʝʪʘʨʘ ʦʜ ʠʥʪʝʨʝʩʘ ʪʦʢʦʤ 

ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ [51], [52]. ʉʪʘʙʠʣʥʦʩʪ ʥʘ ʤʘʣʝ ʧʦʨʝʤʝ˂ʘʿʝ ʤʠʢʨʦʤʨʝʞʘ ʩʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʤ 

ʠʟʚʦʨʠʤʘ ʿʝ ʦʙʨʘʹʝʥʘ ʫ [109]. ʉʠʤʫʣʘʮʠʿʘ ʚʠʨʪʫʝʣʥʝ ʠʥʝʨʮʠʿʝ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʦʧʪʠʤʘʣʥʫ ʨʝʛʫʣʘʮʠʿʫ ʠ ʫʥʘʧʨʝʹʝˁʝ ʩʪʘʙʠʣʥʦʩʪʠ DC ʤʠʢʨʦʤʨʝʞʘ ʩʘ ʚʝʣʠʢʠʤ ʫʜʝʣʦʤ 

ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʢʦʿʠ ʧʨʠʨʦʜʥʦ ʠʤʘʿʫ ʤʘʣʫ ʠʥʝʨʮʠʿʫ [110], [111]. ʉʘʤʦʨʝʛʫʣʘʮʠʦʥʦ 

ʫʧʨʘʚˀʘˁʝ ʚʠʨʪʫʝʣʥʦʤ ʠʥʝʨʮʠʿʦʤ ʢʦʨʠʰ˂ʝˁʝʤ ʬʘʟʠ ʣʦʛʠʢʝ ʫ AC ʤʠʢʨʦʤʨʝʞʘʤʘ ʩʘ ʤʘʣʦʤ 

ʠʥʝʨʮʠʿʦʤ ʧʨʝʟʝʥʪʦʚʘʥʦ ʫ [112]. ʂʘʢʦ ʩʝ ʧʨʠʤʘʨʥʠ ʠʟʚʦʨ ʝʥʝʨʛʠʿʝ ʚʝ˂ʠʥʝ ʦʚʘʢʚʠʭ ʛʝʥʝʨʘʪʦʨʘ 

(ʉʫʥʮʝ, ʚʝʪʘʨ ʠ ʚʦʜʘ) ʥʝ ʤʦʞʝ ʘʢʫʤʫʣʠʨʘʪʠ, ʩʚʘʢʠ ʠʩʧʘʜ ʝʣʝʢʪʨʘʥʝ ʠʣʠ ʛʝʥʝʨʘʪʦʨʘ ʩʤʘˁʫʿʝ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʛʦʜʠʰˁʫ ʧʨʦʠʟʚʦʜˁʫ Ăʟʝʣʝʥʝῤ ʝʥʝʨʛʠʿʝ. ʇʦʨʝʜ ʪʦʛʘ, ʤʦʛʫ ʩʝ ʧʦʿʘʚʠʪʠ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʠ ʨʘʜʥʠ ʨʝʞʠʤʠ ʝʣʝʢʪʨʘʥʝ, ʢʦʿʠ ʧʦʚʝ˂ʘʚʘʿʫ ʪʨʦʰʢʦʚʝ ʦʜʨʞʘʚʘˁʘ ʠ 

ʩʢʨʘ˂ʫʿʫ ʞʠʚʦʪʥʠ ʚʝʢ. ʉʚʝ ʦʚʦ ʛʦʚʦʨʠ ʜʘ ʿʝ ʫʥʘʧʨʝʹʝˁʝ ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʦʜ 

ʧʦʩʝʙʥʦʛ ʧʨʘʢʪʠʯʥʦʛ ʟʥʘʯʘʿʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʧʨʦʙʣʝʤʘ ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ ʆʀɽ ʫ 

ɽɽʉ. 

ʄʦʜʝʨʥʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʩʠʩʪʝʤʠ ʩʚʝ ʚʠʰʝ ʧʦʧʨʠʤʘʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ. 

ʆʥʠ ʧʦʩʪʘʿʫ ʘʢʪʠʚʥʠ ʠ ʧʦʪʨʝʙʥʦ ʿʝ ʨʝʰʠʪʠ ʧʨʦʙʣʝʤʝ ʚʝʟʘʥʝ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ʥʘʧʦʥʘ ʠ 

ʪʨʘʥʟʠʿʝʥʪʥʫ ʩʪʘʙʠʣʥʦʩʪ ɼɻ-ʘ, ʢʦʿʠ ʩʝ ʪʨʘʜʠʮʠʦʥʘʣʥʦ ʜʦʚʦʜʝ ʫ ʚʝʟʫ ʩʘ ʧʨʝʥʦʩʥʦʤ ʤʨʝʞʦʤ. 

ʉʠʩʪʝʤ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʠ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʫ ʮʠˀʫ ʫʥʘʧʨʝʹʝˁʘ 

ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ. ʇʨʝʥʦʩ ʝʥʝʨʛʠʿʝ ʧʨʝʢʦ ʟʜʨʘʚʠʭ ʬʘʟʘ ʦʤʦʛʫ˂ʘʚʘ ʦʜʨʞʘʚʘˁʝ ʚʝʟʝ 

ʠʟʤʝʹʫ ʛʝʥʝʨʘʪʦʨʘ ʠ ɽɽʉ-ʘ ʪʦʢʦʤ ʧʨʠʚʨʝʤʝʥʠʭ ʢʚʘʨʦʚʘ, ʢʘʦ ʠ ʦʯʫʚʘˁʝ ʫʛʘʦʥʝ ʩʪʘʙʠʣʥʦʩʪʠ 

ʛʝʥʝʨʘʪʦʨʘ, ʯʠʤʝ ʩʝ ʩʪʠʯʫ ʫʩʣʦʚʠ ʜʘ ʛʝʥʝʨʘʪʦʨ ʥʘʩʪʘʚʠ ʩʪʘʙʠʣʥʦ ʜʘ ʨʘʜʠ ʥʘʢʦʥ ʝʣʠʤʠʥʘʮʠʿʝ 



ʇʨʠʤʝʥʘ ʿʝʜʥʦʬʘʟʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʫ ʘʢʪʠʚʥʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ 

55 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʢʚʘʨʘ. ʇʨʠʤʝʥʘ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʿʝ ʪʘʢʦʹʝ ʧʨʝʜʤʝʪ ʥʘʫʯʥʦʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʜʘʿʫ 

ʫʥʘʧʨʝʹʝˁʘ ʨʘʜʘ ʦʚʝ ʪʝʭʥʠʢʝ ʜʦʤʠʥʘʥʪʥʦ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ [15], [16], [17]. 

ʊʨʦʬʘʟʥʠ ʩʠʩʪʝʤ ɸʇʋ-ʘ ʿʝ ʫʦʙʠʯʘʿʝʥ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ɼʄ-ʘ ʢʘʦ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ ʟʘ 

ʝʣʠʤʠʥʘʮʠʿʫ ʩʚʠʭ ʚʨʩʪʘ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ. ʄʝʹʫʪʠʤ, ʧʨʠʤʝʥʘ ʪʨʦʬʘʟʥʦʛ ʩʠʩʪʝʤʘ ɸʇʋ-ʘ ʥʘ 

ʨʘʜʠʿʘʣʥʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʬʠʜʝʨʠʤʘ, ʥʘ ʢʦʿʠʤʘ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʠʟʚʦʨʠ, 

ʜʦʚʦʜʠ ʜʦ ʦʜʚʘʿʘˁʘ ʛʝʥʝʨʘʪʦʨʘ ʦʜ ʤʨʝʞʝ ʫ ʪʦʢʫ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ ʠ ˁʝʛʦʚʦʛ ʠʩʧʘʜʘ ʠʟ 

ʩʠʥʭʨʦʥʠʟʤʘ, ʦʜʥʦʩʥʦ ʛʫʙʠʪʘʢʘ ʩʪʘʙʠʣʥʦʩʪʠ ʠʣʠ ʠʩʢˀʫʯʝˁʘ ʩʘ ʤʨʝʞʝ ʫ ʩʣʫʯʘʿʫ ʨʝʘʛʦʚʘˁʘ 

ʟʘʰʪʠʪʝ ʦʜ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ. ʇʦʥʦʚʥʦ ʧʨʠʢˀʫʯʝˁʝ ɼɻ-ʘ ʥʘ ʤʨʝʞʫ ʦʙʠʯʥʦ ʟʘʭʪʝʚʘ ʧʨʦʮʝʩ 

ʨʝʩʠʥʭʨʦʥʠʟʘʮʠʿʝ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʟʥʘʯʘʿʥʦʛ ʛʫʙʠʪʢʘ ʧʨʦʠʟʚʦʜˁʝ ʠ ʩʤʘˁʝˁʘ ʞʠʚʦʪʥʦʛ ʚʝʢʘ 

ʦʧʨʝʤʝ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʝʜʣʦʞʝʥ ʿʝ ʥʘʧʨʝʜʘʥ ʢʦʥʮʝʧʪ ʟʘʰʪʠʪʝ ʩʨʝʜˁʝʥʘʧʦʥʩʢʠʤ 

ʤʨʝʞʘʤʘ ʩʘ ɼɻ ʦʜ ʧʨʦʣʘʟʥʠʭ ʿʝʜʥʦʬʘʟʥʠʭ ʠ ʜʚʦʬʘʟʥʠʭ ʢʚʘʨʦʚʘ, ʢʦʿʠ ʢʦʨʠʩʪʠ ʪʝʭʥʠʢʫ 

ʿʝʜʥʦʬʘʟʥʦʛ ʠʩʢˀʫʯʝˁʘ ʨʠʢʣʦʟʝʨʘ. ʀʜʝʿʘ ʿʝ ʜʘ ʩʝ, ʩʣʠʯʥʦ ʢʘʦ ʠ ʫ ʧʨʝʥʦʩʥʠʤ ʤʨʝʞʘʤʘ 

ʥʘʿʚʠʰʠʭ ʥʘʧʦʥʘ, ʢʦʨʠʩʪʠ ʿʝʜʥʦʬʘʟʥʦ ʠʩʢˀʫʯʝˁʝ ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ 

ʟʘʜʨʞʠ ʧʨʝʥʦʩ ʩʥʘʛʝ ʧʨʝʢʦ ʧʨʝʦʩʪʘʣʝ ʜʚʝ ʟʜʨʘʚʝ ʬʘʟʝ. ʆʚʦ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ɼɻ-ʠʤʘ ʜʘ ʦʧʩʪʘʥʫ 

ʥʘ ʤʨʝʞʠ ʪʦʢʦʤ ʝʣʠʤʠʥʘʮʠʿʝ ʢʚʘʨʘ ʩʠʩʪʝʤʦʤ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ. ʇʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʘʤ 

ʟʘʭʪʝʚʘ ʢʦʨʠʰ˂ʝˁʝ ʿʝʜʥʦʬʘʟʥʠʭ ʨʠʢʣʦʟʝʨʘ, ʯʠʿʘ ʿʝ ʧʨʠʤʝʥʘ ʫ ɼʄ-ʠ ʘʥʘʣʠʟʠʨʘʥʘ ʫ ʨʘʜʫ [31]. 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʧʨʝʜʣʦʞʝʥʘ ʘʣʦʢʘʮʠʿʘ ʿʝʜʥʦʬʘʟʥʠʭ ʨʠʢʣʦʟʝʨʘ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ 

ʤʨʝʞʠ ʠ ˁʠʭʦʚʘ ʢʦʦʨʜʠʥʘʮʠʿʘ ʩʘ ʟʘʰʪʠʪʥʠʤ ʿʝʜʠʥʠʮʘʤʘ ʠ ʧʨʝʢʠʜʘʯʠʤʘ ɼɻ-ʘ. ʋʚʝʜʝʥ ʿʝ 

ʢʦʥʮʝʧʪ ʥʘʧʦʥʩʢʝ ʙʣʦʢʘʜʝ ʧʦʥʦʚʥʦʛ ʧʨʠʢˀʫʯʝˁʘ ɼɻ-ʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʙʨʞʫ ʝʣʠʤʠʥʘʮʠʿʫ 

ʢʚʘʨʘ ʠ ʠʟʙʝʛʘʚʘ ʩʝ ʢʦʨʠʰ˂ʝˁʝ ʢʦʤʧʣʝʢʩʥʠʭ ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ ʠʟʤʝʹʫ ʧʨʝʢʠʜʘʯʘ  

ɼɻ-ʘ ʠ ʨʠʢʣʦʟʝʨʘ. ʎʠʢʣʫʩ ɸʇʋ-ʘ ʿʝ ʨʝʘʣʠʟʦʚʘʥ ʧʦʤʦ˂ʫ ʨʠʢʣʦʟʝʨʘ ʫ ʤʨʝʞʠ, ʜʦʢ ʩʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʦʣʦʚʠ ʧʨʝʢʠʜʘʯʘ ʫ ʤʨʝʞʠ ʠʩʢˀʫʯʫʿʫ ʥʘʢʦʥ ʧʦʿʘʚʝ ʢʚʘʨʘ ʠ ʧʦʩʣʝ ʪʦʛʘ Ăʯʝʢʘʿʫῤ 

ʫʩʧʦʩʪʘʚˀʘˁʝ ʩʠʤʝʪʨʠʯʥʦʛ, ʪʨʦʬʘʟʥʦʛ ʩʠʩʪʝʤʘ ʥʘʧʦʥʘ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʝ. ʅʘʢʦʥ 

ʫʩʧʦʩʪʘʚˀʘˁʘ ʥʦʨʤʘʣʥʠʭ ʥʘʧʦʥʘ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʝ, ʢʦʥʪʘʢʪʠ ʧʨʝʢʠʜʘʯʘ ʫ ʬʘʟʠ ʧʦʛʦʹʝʥʦʿ 

ʢʚʘʨʦʤ ʩʝ ʟʘʪʚʘʨʘʿʫ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʨʝʢʦʥʝʢʮʠʿʫ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʤʨʝʞʫ ʠ ʥʘʩʪʘʚʘʢ ʥʦʨʤʘʣʥʦʛ 

ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ. ɼʘʢʣʝ, ʫ ʧʝʨʠʦʜʫ ʠʟʤʝʹʫ ʠʩʢˀʫʯʝˁʘ ʠ ʫʢˀʫʯʝˁʘ ʧʨʝʢʠʜʘʯʘ ɼɻ-ʘ, 

ʥʘʧʦʥʩʢʘ ʙʣʦʢʘʜʘ ʿʝ ʫʢˀʫʯʝʥʘ. ʊʝʭʥʠʢʘ ʧʨʝʜʣʦʞʝʥʘ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʥʝ ʟʘʭʪʝʚʘ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʨʠʢʣʦʟʝʨʘ ʠ ʧʨʝʢʠʜʘʯʘ ʫ ʤʨʝʞʠ ʠ ˁʝʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʩʝ ʙʘʟʠʨʘ ʥʘ 

ʣʦʢʘʣʥʠʤ ʤʝʨʝˁʠʤʘ ʩʪʨʫʿʘ ʠ ʥʘʧʦʥʘ. ʋ ʮʠˀʫ ʝʣʠʤʠʥʘʮʠʿʝ ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʧʨʝʥʘʧʦʥʘ, 

ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʤʦʜʠʬʠʢʘʮʠʿʘ ʫʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ ʧʦʙʫʜʥʦʛ ʩʠʩʪʝʤʘ ʩʠʥʭʨʦʥʠʭ 

ʛʝʥʝʨʘʪʦʨʘ, ʢʘʦ ʠ ʤʦʜʠʬʠʢʘʮʠʿʘ ʫʣʘʟʘ ʫ ʫʧʨʘʚˀʘʯʢʠ ʩʠʩʪʝʤ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. ʇʨʝʜʣʦʞʝʥʝ 

ʤʦʜʠʬʠʢʘʮʠʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʤʠʨʥʠʿʠ ʦʜʟʠʚ ʤʘʰʠʥʘ ʠ ʟʘʜʨʞʘʚʘʿʫ ʥʘʧʦʥʝ ʫ ʥʦʨʤʘʣʥʦʤ ʦʧʩʝʛʫ 

ʨʘʜʘ. ʇʨʠʤʝʥʘ ʦʚʠʭ ʫʧʨʘʚˀʘʯʢʠʭ ʘʢʮʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʝ ʨʘʜʥʝ ʫʩʣʦʚʝ ʟʘ ʤʘʰʠʥʝ, ʩʤʘˁʫʿʝ 

ʝʣʝʢʪʨʠʯʥʘ ʠ ʤʝʭʘʥʠʯʢʘ ʥʘʧʨʝʟʘˁʘ ʠ ʪʠʤʝ ʧʨʦʜʫʞʘʚʘ ʞʠʚʦʪʥʠ ʚʝʢ ʤʘʰʠʥʘ ʠ ʦʧʨʝʤʝ. ʇʦʨʝʜ 

ʝʣʠʤʠʥʘʮʠʿʝ ʿʝʜʥʦʬʘʟʥʠʭ ʢʚʘʨʦʚʘ, ʧʨʝʜʣʦʞʝʥ ʿʝ ʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʝʣʠʤʠʥʘʮʠʿʫ ʜʚʦʬʘʟʥʠʭ 

ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ, ʯʠʤʝ ʩʝ ʧʦʢʨʠʚʘ ʜʦʤʠʥʘʥʪʘʥ ʜʝʦ ʦʜ ʦʢʦ 85% ʫʢʫʧʥʠʭ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ ʢʦʿʠ 

ʩʝ ʿʘʚˀʘʿʫ ʫ ɽɽʉ-ʫ. ɿʥʘʯʘʿʘʥ ʜʦʧʨʠʥʦʩ ʦʚʝ ʪʝʭʥʠʢʝ ʿʝ ʰʪʦ ʧʦʢʨʠʚʘ ʮʝʣʦʢʫʧʘʥ ʧʨʦʮʝʩ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ, ʧʦʯʝʚʰʠ ʦʜ ʟʘʭʪʝʚʘ, ʧʨʝʢʦ ʧʣʘʥʠʨʘˁʘ ʠ ʘʣʦʢʘʮʠʿʝ 

ʝʣʝʤʝʥʘʪʘ ʠ ʜʦ ʢʦʨʝʢʪʠʚʥʠʭ ʘʢʮʠʿʘ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʫʩʣʦʚʘ ʨʘʜʘ ʠ ʫʥʘʧʨʝʹʝˁʘ 

ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ɼɻ-ʘ [33]. 

ʉʠʤʫʣʠʨʘʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʢʚʘʨʦʚʠ ʠ ʧʨʝʜʣʦʞʝʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ˁʠʭʦʚʫ ʝʬʠʢʘʩʥʫ 

ʝʣʠʤʠʥʘʮʠʿʫ. ɼʘ ʙʠ ʟʘʰʪʠʪʥʠ ʩʠʩʪʝʤ ʙʠʦ ʝʬʠʢʘʩʘʥ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʝʧʦʟʥʘʪʠ ʢʦʿʠ ʩʝ ʪʘʯʥʦ 

ʪʠʧ ʢʚʘʨʘ ʜʝʩʠʦ ʠ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʧʨʠʤʝʥʠʪʠ ʘʜʝʢʚʘʪʘʥ ʘʣʛʦʨʠʪʘʤ. ʇʨʝʜʣʦʞʝʥʦ ʨʝʰʝˁʝ 

ʫʢˀʫʯʫʿʝ ʦʜʨʞʘʚʘˁʝ ʩʪʘʙʠʣʥʦʛ ʨʘʜʘ ɼɻ-ʘ ʪʦʢʦʤ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʧʨʠʚʨʝʤʝʥʠʭ ʢʚʘʨʦʚʘ. 

ɼʘʪ ʿʝ ʛʝʥʝʨʘʣʥʠ ʤʦʜʝʣ ʧʦʜʝʰʘʚʘˁʘ ʩʝʣʝʢʪʠʚʥʦʛ ʨʘʜʘ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ, ʦʜʨʞʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ 

ʠ ʜʝʬʠʥʠʩʘˁʝ ʠ ʘʥʘʣʠʟʘ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʩʝ ʿʘʚˀʘʿʫ ʫ ʩʠʩʪʝʤʫ. ʆʛʨʘʥʠʯʝˁʠʤʘ ʩʝ ʩʤʘʪʨʘʿʫ 

ʨʘʜʥʠ ʨʝʞʠʤʠ ʢʦʿʠ ʥʘʨʫʰʘʚʘʿʫ ʩʪʘʙʠʣʘʥ ʨʘʜ ɼɻ-ʘ, ʘʣʠ ʠ ʦʛʨʘʥʠʯʝˁʘ ʜʝʬʠʥʠʩʘʥʘ ʦʜ ʩʪʨʘʥʝ 

ʦʧʝʨʘʪʦʨʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʠ ʠʥʪʝʨʥʘʮʠʦʥʘʣʥʠʭ ʧʨʝʧʦʨʫʢʘ ʠ ʩʪʘʥʜʘʨʜʘ. ɸʥʘʣʠʟʝ ʩʫ 

ʚʨʰʝʥʝ ʥʘ ʨʝʘʣʥʦʤ ʤʦʜʝʣʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ, ʘʣʠ ʦʧʰʪʠ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʤʝʥʫ 

ʫ ʙʠʣʦ ʢʦʿʦʿ ʤʨʝʞʠ. ʇʨʠʤʝʥʘ ʨʝʰʝˁʘ ʩʝ ʤʦʞʝ ʛʝʥʝʨʘʣʠʟʦʚʘʪʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ 
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ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʨʘʟʣʠʯʠʪʝ ʪʦʧʦʣʦʛʠʿʝ ʤʨʝʞʝ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʧʨʘʢʪʠʯʥʠʤ 

ʩʠʪʫʘʮʠʿʘʤʘ. 

4.2. ʂʦʥʮʝʧʪ ʟʘʰʪʠʪʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʩʘ ʿʝʜʥʦʬʘʟʥʠʤ ʨʠʢʣʦʟʝʨʠʤʘ  

ʈʠʢʣʦʟʝʨʠ ʤʦʛʫ ʠʤʘʪʠ ʦʧʮʠʿʫ ʥʝʟʘʚʠʩʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʦʿʝʜʠʥʠʤ ʧʦʣʦʚʠʤʘ ʠ ʦʙʠʯʥʦ ʩʝ 

ʧʦʩʪʘʚˀʘʿʫ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʦʿ ʩʪʘʥʠʮʠ ɺʅ/ʉʅ, ʦʜʥʦʩʥʦ ʥʘ ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ ʠ ʫ ʪʘʯʢʠ ʛʜʝ ʿʝ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʠʟʚʦʨ ʧʨʠʢˀʫʯʝʥ. ʂʦʥʮʝʧʪ ʧʨʠʤʝʥʝ ʿʝʜʥʦʬʘʟʥʠʭ ʨʠʢʣʦʟʝʨʘ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣ. 

4.1. ʋ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ ʢʚʘʨʘ ʥʘ ʙʠʣʦ ʢʦʤ ʚʦʜʫ, ʩʠʩʪʝʤ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʦʿ 

ʩʪʘʥʠʮʠ ɺʅ/ʉʅ ʠʩʢˀʫʯʫʿʝ ʩʘʤʦ ʬʘʟʫ ʧʦʛʦʹʝʥʫ ʢʚʘʨʦʤ ʥʘ ʥʘʧʦʿʥʦʤ ʠʟʚʦʜʫ. ɿʘʰʪʠʪʘ ɼɻ-ʘ 

ʜʝʪʝʢʪʫʿʝ ʢʚʘʨ ʠ ʠʩʢˀʫʯʫʿʝ ʬʘʟʫ ʧʦʛʦʹʝʥʫ ʢʚʘʨʦʤ, ʠʟʦʣʫʿʝ ʜʝʦʥʠʮʫ ʫ ʢʚʘʨʫ ʠ ʦʤʦʛʫ˂ʘʚʘ 

ʧʦʩʪʠʟʘˁʝ ʫʩʣʦʚʘ ʟʘ ʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ɿʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʧʨʝʢʠʜʘʯʠ, ʧʨʝʢʦ ʢʦʿʠʭ ʩʫ ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʠʟʚʦʨʠ ʧʨʠʢˀʫʯʝʥʠ ʥʘ ʤʨʝʞʫ, 

ʙʫʜʫ ʿʝʜʥʦʬʘʟʥʠ, ʦʜʥʦʩʥʦ ʩʘ ʧʦʩʝʙʥʠʤ ʧʦʛʦʥʠʤʘ ʟʘ ʩʚʘʢʫ ʦʜ ʬʘʟʘ. 

 

ʉʣ. 4.1: ɸʣʦʢʘʮʠʿʘ ʿʝʜʥʦʬʘʟʥʠʭ ʨʠʢʣʦʟʝʨʘ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʩʘ ɼɻ 

ʈʠʢʣʦʟʝʨʠ ˂ʝ ʜʝʪʝʢʪʦʚʘʪʠ ʢʚʘʨ ʫ ʤʨʝʞʠ ʠ ʠʩʢˀʫʯʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʬʘʟʫ, ʢʘʦ ʠ ʨʝʣʝʿʥʘ 

ʟʘʰʪʠʪʘ ʢʦʜ ɼɻ-ʘ, ʢʦʿʘ ʙʠ ʨʝʘʛʦʚʘʣʘ ʠ ʠʩʢˀʫʯʠʣʘ ʠʩʪʫ ʬʘʟʫ, ʯʠʤʝ ʙʠ ʩʝ ʠʟʚʨʰʠʣʦ ʠʟʦʣʦʚʘˁʝ 

ʤʝʩʪʘ ʢʚʘʨʘ. ʇʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʝ ʬʘʟʘ ʧʦʛʦʹʝʥʘ ʢʚʘʨʦʤ ʩʘ ʩʪʨʘʥʝ ɼɻ-ʘ ʠʩʢˀʫʯʫʿʝ ʥʘʢʦʥ 

ʨʝʘʛʦʚʘˁʘ ʨʠʢʣʦʟʝʨʘ ʥʘ ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʢʨʠʪʠʯʥʠʿʠ ʩʣʫʯʘʿ ʟʘ ʩʪʘʙʠʣʥʦʩʪ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ. ʅʘʢʦʥ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ, ʥʘʿʧʨʝ ʙʠ ʨʠʢʣʦʟʝʨʠ ʫʢˀʫʯʠʣʠ ʬʘʟʫ 

ʧʦʛʦʹʝʥʫ ʢʚʘʨʦʤ, ʘ ʟʘʪʠʤ ʟʘʰʪʠʪʘ ɼɻ-ʘ ʢʘʜʘ ʙʠ ʩʝ ʧʦʿʘʚʠʦ ʥʦʨʤʘʣʘʥ ʥʘʧʦʥ ʥʘ ˁʝʛʦʚʠʤ 

ʧʨʠʢˀʫʯʮʠʤʘ. ɼʘʢʣʝ, ʦʚʘʢʚʘ ʟʘʰʪʠʪʘ ʥʝ ʟʘʭʪʝʚʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʨʝʣʝʿʘ, ʚʝ˂ ʦʥʠ ʨʝʘʛʫʿʫ 

ʩʘʤʦ ʥʘ ʦʩʥʦʚʫ ʣʦʢʘʣʥʠʭ ʤʝʨʝˁʘ ʩʪʨʫʿʘ ʠ ʥʘʧʦʥʘ. ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʠʢʘ ʥʝ ʚʨʰʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʜʘ ʣʠ ʿʝ ʢʚʘʨ ʧʨʦʣʘʟʘʥ ʠʣʠ ʥʝ, ʚʝ˂ ʩʝ ʧʨʠʤʝˁʫʿʝ ʦʜʤʘʭ ʥʘʢʦʥ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ. 

ʆʧʨʘʚʜʘˁʝ ʟʘ ʦʚʘʢʚʫ ʧʨʠʤʝʥʫ ʩʝ ʙʘʟʠʨʘ ʥʘ ʪʦʤʝ ʜʘ ʿʝ ʚʝʣʠʢʠ ʧʨʦʮʝʥʘʪ ʢʚʘʨʦʚʘ ʫ ʤʨʝʞʠ 

ʧʨʦʣʘʟʘʥ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʢʚʘʨ ʪʨʘʿʘʥ, ʥʘʢʦʥ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʠʰʣʦ ʙʠ ʩʝ ʥʘ ʢʦʥʘʯʥʦ 

ʠʩʢˀʫʯʝˁʝ. 

ɽʢʦʥʦʤʩʢʘ ʦʧʨʘʚʜʘʥʦʩʪ ʠʥʚʝʩʪʠʮʠʿʝ ʫ ʨʠʢʣʦʟʝʨʝ ʠ ʧʨʝʢʠʜʘʯʝ ʩʘ ʤʦʛʫ˂ʥʦʰ˂ʫ 

ʿʝʜʥʦʧʦʣʥʝ ʤʘʥʠʧʫʣʘʮʠʿʝ ʤʦʞʝ ʩʝ ʧʨʦʮʝʥʠʪʠ ʫʚʘʞʘʚʘˁʝʤ ʥʝʠʩʧʦʨʫʯʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ, ʫʩʣʝʜ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ ʫ ʤʨʝʞʠ ʠ ʧʦʚʝ˂ʘʚʘˁʝʤ ʦʧʝʨʘʪʠʚʥʠʭ 

ʪʨʦʰʢʦʚʘ ʟʙʦʛ ʯʝʩʪʠʭ ʠʩʧʘʜʘ ɼɻ-ʘ. ɹʨʦʿ ʦʚʠʭ ʢʚʘʨʦʚʘ ʤʦʞʝ ʙʠʪʠ ʿʘʢʦ ʚʝʣʠʢʠ, ʪʘʢʦ ʩʝ ʠ ʙʨʦʿ 

ʠʩʧʘʜʘ ʠ ʥʝʠʩʧʦʨʫʯʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʝ ʤʦʛʫ ʟʘʥʝʤʘʨʠʪʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʨʠ 

ʠʟʣʦʞʝʥʦʩʪʠ ʢʚʘʨʦʚʠʤʘ, ʠʩʢˀʫʯʝˁʝʤ ʠ ʧʦʥʦʚʥʠʤ ʧʦʢʨʝʪʘˁʝʤ, ɼɻ-ʠ ʪʨʧʝ ʟʥʘʯʘʿʥʘ 

ʥʘʧʨʝʟʘˁʘ ʢʦʿʘ ʩʢʨʘ˂ʫʿʫ ʞʠʚʦʪʥʠ ʚʝʢ ʛʝʥʝʨʘʪʦʨʘ ʠ ʦʩʪʘʣʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʤʘʣʦʿ ʝʣʝʢʪʨʘʥʠ. 
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ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʀʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʪʝʭʥʠʢʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʩʘ ʨʠʢʣʦʟʝʨʠʤʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʧʦʫʟʜʘʥʦʩʪ 

ʥʘʧʘʿʘˁʘ ʧʦʪʨʦʰʘʯʘ ʠ ʧʦʧʨʘʚˀʘ ʢʚʘʣʠʪʝʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʠʩʧʦʨʫʯʫʿʝ. 

ʀʥʚʝʩʪʠʮʠʿʘ ʫ ʧʨʝʢʠʜʘʯʝ ʥʘ ɺʅ ʩʪʨʘʥʠ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʦʿʠ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ 

ʿʝʜʥʦʬʘʟʥʦʛ ʠʩʢˀʫʯʝˁʘ, ʚʠʰʝʩʪʨʫʢʦ ʩʝ ʤʦʞʝ ʠʩʧʣʘʪʠʪʠ ʚʣʘʩʥʠʮʠʤʘ ʤʘʣʠʭ ʝʣʝʢʪʨʘʥʘ, 

ʥʘʨʦʯʠʪʦ ʫ ʩʣʫʯʘʿʫ ʧʨʠʢˀʫʯʝˁʘ ʥʘ ʜʦʤʠʥʘʥʪʥʦ ʥʘʜʟʝʤʥʫ ɼʄ-ʫ. ɽʣʠʤʠʥʘʮʠʿʦʤ ʚʝʣʠʢʦʛ 

ʙʨʦʿʘ ʧʨʠʚʨʝʤʝʥʠʭ ʢʚʘʨʦʚʘ ʫʥʘʧʨʝʹʫʿʝ ʩʝ ʧʦʫʟʜʘʥʦʩʪ ʪʨʘʥʩʬʝʨʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ɽɽʉ, 

ʩʤʘˁʝʥʘ ʜʠʥʘʤʠʯʢʘ ʥʘʧʨʝʟʘˁʘ ʠ ʨʝʜʫʢʦʚʘˁʝ ʪʨʦʰʢʦʚʘ ʫʩʣʝʜ ʧʦʥʦʚʥʦʛ ʧʦʢʨʝʪʘˁʘ ʘʛʨʝʛʘʪʘ. 

ʋʧʦʪʨʝʙʘ ʿʝʜʥʦʬʘʟʥʠʭ ʧʨʝʢʠʜʘʯʘ ʫʤʝʩʪʦ ʪʨʦʧʦʣʥʠʭ ʫ ʧʦʩʪʨʦʿʝˁʠʤʘ ɼɻ-ʘ ʥʝ ʫʚʝ˂ʘʚʘ ʙʠʪʥʦ 

ʪʨʦʰʢʦʚʝ, ʪʘʢʦ ʜʘ ʿʝ ʠ ʦʚʘ ʠʥʚʝʩʪʠʮʠʿʘ ʠʩʧʣʘʪʠʚʘ ʥʘ ʨʘʯʫʥ ʩʤʘˁʝˁʘ ʢʫʤʫʣʘʪʠʚʥʦʛ ʚʨʝʤʝʥʘ ʫ 

ʢʦʤʝ ʿʝ ɼɻ ʥʝʨʘʩʧʦʣʦʞʠʚ. 

4.3. ɸʣʛʦʨʠʪʤʠ ʟʘ ʪʝʭʥʠʢʫ ʿʝʜʥʦʬʘʟʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʟʘ 

ʝʣʠʤʠʥʘʮʠʿʫ ʨʘʟʣʠʯʠʪʠʭ ʢʚʘʨʦʚʘ ʫ ʘʢʪʠʚʥʦʿ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʜʘʪʠ ʢʦʥʢʨʝʪʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʝʣʠʤʠʥʘʮʠʿʫ ʥʘʿʯʝʰ˂ʠʭ ʢʚʘʨʦʚʘ ʢʦʿʠ 

ʩʝ ʿʘʚˀʘʿʫ. ʇʨʠʢʘʟ ʨʘʜʘ ʘʣʛʦʨʠʪʘʤʘ ʿʝ ʜʘʪ ʧʦ ʢʦʨʘʮʠʤʘ ʥʘ ʿʝʜʥʦʩʪʘʚʥʦʤ ʧʨʠʤʝʨʫ ʤʨʝʞʝ ʩʘ 

ʿʝʜʥʠʤ ʠʟʚʦʨʦʤ ʧʨʠʢˀʫʯʝʥʠʤ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʬʠʜʝʨ. ɿʘ ʢʦʤʧʣʝʢʩʥʠʿʝ ʪʦʧʦʣʦʛʠʿʝ 

ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʩʘ ʚʠʰʝ ɼɻ-ʘ ʚʘʞʠʦ ʙʠ ʠʩʪʠ ʧʨʠʥʮʠʧ, ʦʜʥʦʩʥʦ ʠʩʪʘ ʩʝʢʚʝʥʮʘ 

ʤʘʥʠʧʫʣʘʮʠʿʘ ʦʜʨʝʹʝʥʠʤ ʨʠʢʣʦʟʝʨʠʤʘ ʠ ʧʨʝʢʠʜʘʯʠʤʘ ɼɻ-ʘ. 

4.3.1. ɽʣʠʤʠʥʘʮʠʿʘ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿ 

ʋ ʦʚʦʤ ʜʝʣʫ ʧʨʠʢʘʟʘʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʟʘ ʝʣʠʤʠʥʘʮʠʿʫ ʢʚʘʨʘ ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʤʦʞʝ 

ʩʨʝʩʪʠ ʫ ʧʨʘʢʩʠ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ - ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ. ʂʚʘʨ ʥʘʩʪʘʿʝ ʥʘ 

ʚʦʜʫ ʠʟʤʝʹʫ ʥʘʧʦʿʥʝ ʤʨʝʞʝ ʠ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʘʪʦʨʘ. ʂʦʨʠʰ˂ʝˁʝʤ ʩʪʘʥʜʘʨʜʥʦʛ, 

ʪʨʦʧʦʣʥʦʛ ɸʇʋ, ʜʦʰʣʦ ʙʠ ʜʦ ʧʦʿʘʚʝ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʦʤ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ. 

ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʿʝ ʠʩʢˀʫʯʝˁʝ ʠʟʚʦʨʘ ʩʘ ʤʨʝʞʝ, ʫʩʣʝʜ ʜʝʣʦʚʘˁʘ ʟʘʰʪʠʪʝ ʦʜ ʦʩʪʨʚʩʢʦʛ ʨʘʜʘ. 

ɻʝʥʝʨʘʣʥʘ ʠʜʝʿʘ ʿʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʩʠʩʪʝʤ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ, ʢʦʿʝ ʿʝ ʨʝʘʣʠʟʦʚʘʥʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʠʢʣʦʟʝʨʘ ʥʘ ʧʦʯʝʪʢʫ ʥʘʧʦʿʥʦʛ ʚʦʜʘ ʠ ʿʝʜʥʦʬʘʟʥʦʛ ʛʝʥʝʨʘʪʦʨʩʢʦʛ ʧʨʝʢʠʜʘʯʘ ʫ 

ʪʘʯʢʠ ʧʨʠʢˀʫʯʝˁʘ ɼɻ-ʘ. ɼʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʧʨʠʤʝʥʘ ʧʨʝʜʣʦʞʝʥʝ ʟʘʰʪʠʪʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ 

ʘʣʛʦʨʠʪʘʤ ʙʨʟʦ ʠ ʧʨʝʮʠʟʥʦ ʠʜʝʥʪʠʬʠʢʫʿʝ ʬʘʟʫ ʧʦʛʦʹʝʥʫ ʢʚʘʨʦʤ ʥʘ ʦʩʥʦʚʫ ʤʝʨʝˁʘ ʥʘʧʦʥʘ ʠ 

ʩʪʨʫʿʘ ʥʘ ʤʝʩʪʫ ʫʛʨʘʜˁʝ ʨʝʣʝʿʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʨʝʘʣʠʟʫʿʝ ʠʩʧʨʘʚʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʪʝʭʥʠʢʝ 

ʩʘ ʿʝʜʥʦʬʘʟʥʠʤ ɸʇʋ-ʦʤ. ʂʘʢʦ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥ ʿʝʜʥʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ, ʢʚʘʨ ʥʘʩʪʘʿʝ 

ʠʟʤʝʹʫ ʬʘʟʝ ʠ ʟʝʤˀʝ. ɱʝʜʥʦʩʪʘʚʥʠʤ ʠʩʢˀʫʯʝˁʝʤ ʪʝ ʬʘʟʝ ʥʘ ʦʙʘ ʢʨʘʿʘ ʚʦʜʘ, ʧʨʝʢʠʜʘ ʩʝ 

ʥʘʧʘʿʘˁʝ ʤʝʩʪʘ ʢʚʘʨʘ ʠ ʩʪʚʘʨʘʿʫ ʩʝ ʫʩʣʦʚʠ ʟʘ ʝʣʠʤʠʥʘʮʠʿʫ ʧʨʦʣʘʟʥʦʛ ʢʚʘʨʘ. ʋ ʦʧʰʪʝʤ 

ʩʣʫʯʘʿʫ, ʩʘ ʚʠʰʝ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʙʠ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʠʩʢˀʫʯʠ ʬʘʟʘ 

ʧʦʛʦʹʝʥʘ ʢʚʘʨʦʤ ʫ ʥʘʧʦʿʥʦʿ ʪʘʯʢʠ, ʢʘʦ ʠ ʥʘ ʤʝʩʪʫ ʩʚʘʢʦʛ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʘʪʦʨʘ. 

ʀʣʫʩʪʨʘʮʠʿʘ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʦʛ ʘʣʛʦʨʠʪʤʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 4.2. 

ʇʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʝ ʢʚʘʨ ʩʘ ʝʣʝʢʪʨʠʯʥʠʤ ʣʫʢʦʤ ʧʦʿʘʚˀʫʿʝ ʥʘ ʬʘʟʠ ɸ ʥʘʜʟʝʤʥʦʛ 

ʚʦʜʘ (ʩʣ. 4.2ʘ). ʈʘʟʤʘʪʨʘʥʘ ʿʝ ʧʨʠʤʝʥʘ ʿʝʜʥʦʮʠʢʣʠʯʥʦʛ ɸʇʋ-ʘ, ʩʘ ʙʝʟʥʘʧʦʥʩʢʦʤ ʧʘʫʟʦʤ ʫ 

ʪʨʘʿʘˁʫ ʦʜ 1 s. ʆʚʘ ʙʝʟʥʘʧʦʥʩʢʘ ʧʘʫʟʘ ʿʝ ʜʦʚʦˀʥʘ ʜʘ ʩʝ ʧʦʢʨʠʿʝ ʥʝʿʝʜʥʦʚʨʝʤʝʥʦ ʜʝʣʦʚʘˁʝ 

ʨʝʣʝʿʘ ʥʘ ʦʙʘ ʢʨʘʿʘ ʚʦʜʘ, ʘ ʜʘ ʧʨʠ ʪʦʤʝ ʦʤʦʛʫ˂ʠ ʜʦʚʦˀʥʦ ʪʨʘʿʘˁʝ ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʘ ʩʘ ʦʙʘ 

ʢʨʘʿʘ, ʢʘʢʦ ʙʠ ʩʝ ʫʛʘʩʠʦ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʫ ʩʣʫʯʘʿʫ ʧʨoʣʘʟʥʠʭ ʢʚʘʨʦʚʘ (ʩʣ. 4.2ʙ). ʋ ʘʥʘʣʠʟʘʤʘ 

ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʩʝ ʥʘʿʧʨʝ ʦʪʚʘʨʘ ʨʠʢʣʦʟʝʨ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʝ, ʘ ʟʘʪʠʤ ʠ ʧʨʝʢʠʜʘʯ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘʢʦʥ 0,2 s. ʆʚʦ ʿʝ ʠʟʘʙʨʘʥʦ ʿʝʨ ˂ʝ ʧʨʝʜʩʪʘʚˀʘʪʠ ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʨʝʞʠʤ ʫ ʧʦʛʣʝʜʫ 

ʩʪʘʙʠʣʥʦʩʪʠ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ. ɻʝʥʝʨʘʣʥʦ, ʦʙʘ ʧʨʝʢʠʜʘʯʘ ʥʝʟʘʚʠʩʥʦ ʤʝʨʝ ʩʪʨʫʿʫ 

ʢʚʘʨʘ ʠ ʨʝʜʦʩʣʝʜ ʨʝʛʘʦʚʘˁʘ ʤʦʞʝ ʙʠʪʠ ʠ ʜʨʫʛʘʯʠʿʠ. ʈʝʘʣʠʟʫʿʝ ʩʝ ʝʬʠʢʘʩʥʦ ʩʝʢʮʠʦʥʠʩʘˁʝ 

ʜʝʦʥʠʮʝ ʫ ʢʚʘʨʫ ʙʝʟ ʢʦʤʫʥʠʢʘʮʠʿʝ ʠʟʤʝʹʫ ʨʝʣʝʿʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʤʝʥʫ ʧʨʝʜʣʦʞʝʥʦʛ 

ʘʣʛʦʨʠʪʤʘ ʫ ʧʦʩʪʦʿʝ˂ʠʤ ʩʠʩʪʝʤʠʤʘ ʨʝʣʝʿʥʝ ʟʘʰʪʠʪʝ. ʅʘʢʦʥ ʿʝʜʥʦʩʝʢʫʥʜʥʝ ʙʝʟʥʘʧʦʥʩʢʝ 

ʧʘʫʟʝ ʥʘ ʬʘʟʠ ɸ ʥʘʜʟʝʤʥʦʛ ʚʦʜʘ ʩʘ ʢʚʘʨʦʤ ʨʠʢʣʦʟʝʨ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʝ ʟʘʪʚʘʨʘ ʩʚʦʿʝ ʢʦʥʪʘʢʪʝ. 

ʇʦʰʪʦ ʿʝ ʜʝʪʝʢʪʦʚʘʥ ʩʠʤʝʪʨʠʯʘʥ ʥʘʧʦʥ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʛʝʥʝʨʘʪʦʨʘ, ˁʝʛʦʚ ʧʨʝʢʠʜʘʯ 

ʟʘʪʚʘʨʘ ʢʦʥʪʘʢʪʝ ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ ʠ ʦʧʝʪ ʩʝ ʧʨʠʢˀʫʯʫʿʝ ʧʨʝʢʦ ʩʚʝ ʪʨʠ ʬʘʟʝ ʥʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ ʠ ʥʘʩʪʘʚˀʘ ʥʦʨʤʘʣʥʦ ʜʘ ʨʘʜʠ (ʩʣ. 4.2ʚ). ). ʋ ʘʥʘʣʠʟʘʤʘ ʿʝ 
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ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʫʢˀʫʯʝˁʝ ʛʝʥʝʨʘʪʦʨʩʢʦʛ ʧʨʝʢʠʜʘʯʘ 0,2 s ʥʘʢʦʥ ʧʦʿʘʚʝ ʩʠʤʝʪʨʠʯʥʦʛ ʥʘʧʦʥʘ 

ʥʘ ˁʝʛʦʚʠʤ ʪʝʨʤʠʥʘʣʠʤʘ. ʅʘ ʩʪʨʘʥʠ ʛʝʥʝʨʘʪʦʨʘ ʩʝ ʧʨʘʪʠ ʧʨʠʩʫʩʪʚʦ ʤʨʝʞʥʦʛ ʥʘʧʦʥʘ, 

ʦʜʥʦʩʥʦ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʝ ʠʥʩʪʘʣʠʨʘʥʠ ʥʘʧʦʥʩʢʠ ʤʝʨʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʩʘ ʩʪʨʘʥʝ 

ʤʨʝʞʝ, ʰʪʦ ʿʝ ʠʥʘʯʝ ʠ ʥʝʦʧʭʦʜʥʦ ʟʘ ʧʨʦʮʝʩ ʩʠʥʭʨʦʥʠʟʘʮʠʿʝ. ʊʘʿ ʥʘʧʦʥ ˂ʝ ʧʨʘʪʠʪʠ ʨʝʣʝʿ ʢʦʿʝ 

˂ʝ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʠʤʘʪʠ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʧʨʠʩʫʪʥʦʩʪʠ ʥʘʧʦʥʘ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʝ ʠ ʥʘ 

ʦʩʥʦʚʫ ʪʦʛʘ ʨʝʘʣʠʟʦʚʘʪʠ ʤʘʥʠʧʫʣʘʮʠʿʝ ʥʝʦʧʭʦʜʥʝ ʟʘ ʧʨʠʤʝʥʫ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ. ʀʟ ʪʦʛ 

ʨʘʟʣʦʛʘ, ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʨʠʢʣʦʟʝʨʘ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʦʿ ʩʪʘʥʠʮʠ ʠ ʛʝʥʝʨʘʪʦʨʩʢʦʛ 

ʧʨʝʢʠʜʘʯʘ ʥʠʿʝ ʥʝʦʧʭʦʜʥʘ. ʊʦʢʦʤ ʦʚʦʛ ʧʨʦʮʝʩʘ ʛʝʥʝʨʘʪʦʨ ʤʦʞʝ ʟʘʜʨʞʘʪʠ ʩʪʘʙʠʣʥʦʩʪ ʨʘʜʘ, 

ʿʝʨ ʧʣʘʩʠʨʘ ʝʥʝʨʛʠʿʫ ʧʨʝʢʦ ʜʚʝ ʟʜʨʘʚʝ ʬʘʟʝ. ɸʩʠʤʝʪʨʠʯʘʥ ʨʘʜ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ 

ʝʣʠʤʠʥʘʮʠʿʝ ʢʚʘʨʘ ʫʟʨʦʢʫʿʝ ʧʦʿʘʚʫ ʠʥʚʝʨʟʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʫ ʩʠʩʪʝʤʫ. ʉ 

ʦʙʟʠʨʦʤ ʥʘ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʪʨʘʿʘˁʘ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ ʥʘ ʿʝʜʥʦʿ ʬʘʟʠ, ʦʚʘʢʘʚ ʨʝʞʠʤ ʿʝ 

ʢʨʘʪʢʦʪʨʘʿʥʦ ʧʨʠʭʚʘʪˀʠʚ ʠ ʫ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ ʧʨʠʭʚʘʪˀʠʚʠʿʠ ʟʘ ɼɻ ʠ ʧʦʪʨʦʰˁʫ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʝʢʠʜ ʥʘʧʘʿʘˁʘ ʩʚʝ ʪʨʠ ʬʘʟʝ, ʢʦʿʠ ʩʝ ʠʤʘ ʧʨʠ ʜʝʣʦʚʘˁʫ ʪʨʦʬʘʟʥʦʛ ɸʇʋ-ʘ. 

 

ʉʣ. 4.2: ʀʣʫʩʪʨʘʮʠʿʘ ʝʣʠʤʠʥʘʮʠʿʝ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʘ ʟʝʤˀʦʤ: ʘ) ʥʘʩʪʘʥʘʢ ʢʚʘʨʘ ʩʘ ʣʫʢʦʤ, ʙ) 

ʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʧʨʠʚʨʝʤʝʥʠʤ ʠʩʢˀʫʯʝˁʝʤ ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ ʠ ʚ) ʨʝʢʦʥʝʢʮʠʿʘ 

ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʩʪʘʚʘʢ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ ʙʝʟ ʢʚʘʨʘ 

4.3.2. ɽʣʠʤʠʥʘʮʠʿʘ ʜʚʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ 

ɼʨʫʛʠ ʩʣʫʯʘʿ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʜʚʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ. ʆʚʘʿ ʪʠʧ ʢʚʘʨʘ ʩʝ 

ʜʝʰʘʚʘ ʜʦʩʪʘ ʨʝʹʝ ʫ ʦʜʥʦʩʫ ʥʘ ʿʝʜʥʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ. ʆʥ ʩʝ ʜʦʛʘʹʘ ʠʟʤʝʹʫ ʙʠʣʦ ʢʦʿʝ ʜʚʝ 

ʬʘʟʝ, ʥʘʿʯʝʰ˂ʝ ʠʟʤʝʹʫ ʜʚʝ ʢʦʿʝ ʩʫ ʬʠʟʠʯʢʠ ʥʘʿʙʣʠʞʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ 

ʩʧʦʿʘ, ʦʚʘʿ ʪʠʧ ʢʚʘʨʘ ʧʨʘʪʝ ʟʥʘʯʘʿʥʦ ʚʝ˂ʝ ʩʪʨʫʿʝ ʢʚʘʨʘ. 

ʅʘ ʧʨʠʤʝʨ, ʧʨʝʪʧʦʩʪʘʚˀʝʥ ʿʝ ʢʚʘʨ ʠʟʤʝʹʫ ʬʘʟʘ ɸ ʠ B. ʀʩʢˀʫʯʝˁʝʤ ʙʠʣʦ ʢʦʿʝ ʦʜ ʦʚʝ 

ʜʚʝ ʬʘʟʝ ʥʘ ʦʙʘ ʢʨʘʿʘ, ʧʨʝʢʠʜʘ ʩʝ ʥʘʧʘʿʘˁʝ ʤʝʩʪʘ ʢʚʘʨʘ, ʜʦʢ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʥʝʩʤʝʪʘʥʠ 

ʪʨʘʥʩʬʝʨ ʝʥʝʨʛʠʿʝ ʧʨʝʢʦ ʧʨʝʦʩʪʘʣʝ ʜʚʝ ʬʘʟʝ. ɼʘ ʙʠ ʧʨʠʤʝʥʘ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʫ ʦʚʦʤ 

ʩʣʫʯʘʿʫ ʙʠʣʘ ʝʬʠʢʘʩʥʘ ʫ ʮʠˀʫ ʝʣʠʤʠʥʠʩʘˁʘ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʜʘ 

ʨʝʣʝʿʥʘ ʟʘʰʪʠʪʘ ʠʩʢˀʫʯʠ ʠʩʪʫ ʬʘʟʫ ʥʘ ʦʙʘ ʢʨʘʿʘ ʧʦʩʤʘʪʨʘʥʦʛ ʚʦʜʘ. ʄʦʞʝ ʩʝ ʫʥʘʧʨʝʜ 

ʜʝʬʠʥʠʩʘʪʠ ʢʦʿʝ ˂ʝ ʩʝ ʬʘʟʝ ʠʩʢˀʫʯʠʪʠ ʫ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ ʙʠʣʦ ʢʦʿʝ ʢʦʤʙʠʥʘʮʠʿʝ ʜʚʦʬʘʟʥʦʛ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʫʪʚʨʹʝʥʘ ʣʦʛʠʢʘ ʫʥʝʪʠ ʫ ʨʝʣʝʿʝ. ʋ ʥʘʩʪʘʚʢʫ ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʢʘʢʦ ʩʝ ʪʦ 

ʤʦʞʝ ʨʝʘʣʠʟʦʚʘʪʠ: 

¶ ʂʚʘʨ ʥʘʩʪʘʿʝ ʠʟʤʝʹʫ ʬʘʟʘ ɸ ʠ B ï ʬʘʟʘ ɸ ʩʝ ʠʩʢˀʫʯʫʿʝ, 

¶ ʂʚʘʨ ʥʘʩʪʘʿʝ ʠʟʤʝʹʫ ʬʘʟʘ B ʠ C ï ʬʘʟʘ B ʩʝ ʠʩʢˀʫʯʫʿʝ, 



ʇʨʠʤʝʥʘ ʿʝʜʥʦʬʘʟʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʫ ʘʢʪʠʚʥʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ 

59 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

¶ ʂʚʘʨ ʥʘʩʪʘʿʝ ʠʟʤʝʹʫ ʬʘʟʘ C ʠ A ï ʬʘʟʘ C ʩʝ ʠʩʢˀʫʯʫʿʝ. 

ɽʣʠʤʠʥʘʮʠʿʘ ʦʚʘʢʚʠʭ ʢʚʘʨʦʚʘ ʿʝ ʟʥʘʯʘʿʥʘ ʠʟ ʥʝʢʦʣʠʢʦ ʨʘʟʣʦʛʘ. ɸʢʦ ʿʝ ʢʚʘʨ ʧʨʦʣʘʟʘʥ, 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ˂ʝ ʩʝ ʫʛʘʩʠʪʠ ʠ ʧʦʩʤʘʪʨʘʥʠ ʜʝʦ ʩʠʩʪʝʤʘ ˂ʝ ʥʘʩʪʘʚʠʪʠ ʥʦʨʤʘʣʥʦ ʜʘ ʨʘʜʠ. 

ɼʨʫʛʘ ʧʨʝʜʥʦʩʪ ʿʝ ʰʪʦ ˂ʝ ʫ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ ʧʨʝʜʣʦʞʝʥʦʛ ʘʣʛʦʨʠʪʤʘ ʧʨʝʣʘʟʥʠ ʧʨʦʮʝʩ ʙʠʪʠ 

ʤʘˁʝ ʪʫʨʙʫʣʝʥʪʘʥ, ʦʜʥʦʩʥʦ ʛʝʥʝʨʘʪʦʨ ˂ʝ ʪʨʧʝʪʠ ʤʘˁʘ ʝʣʝʢʪʨʠʯʥʘ ʠ ʤʝʭʘʥʠʯʢʘ ʥʘʧʨʝʟʘˁʘ. 

ʀʣʫʩʪʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ ʟʘ ʝʣʠʤʠʥʘʮʠʿʫ ʜʚʦʬʘʟʥʦʛ ʢʚʘʨʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣ. 4.3, ʛʜʝ ʿʝ 

ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʢʚʘʨ ʥʘʩʪʘʿʝ ʠʟʤʝʹʫ ʬʘʟʘ ɸ ʠ B (ʩʣ. 4.3ʘ). ʂʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʩʣʫʯʘʿʫ, 

ʧʨʠʤʝˁʝʥ ʿʝ ʿʝʜʥʦʮʠʢʣʠʯʥʠ ɸʇʋ ʩʘ ʿʝʜʥʦʩʝʢʫʥʜʥʦʤ ʙʝʟʥʘʧʦʥʩʢʦʤ ʧʘʫʟʦʤ. ʋ ʩʢʣʘʜʫ ʩʘ 

ʧʨʝʜʣʦʞʝʥʦʤ ʣʦʛʠʢʦʤ, ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʠʩʢˀʫʯʝˁʝ ʬʘʟʝ ɸ ʪʦʢʦʤ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ (ʩʣ. 

4.3ʙ), ʯʠʤʝ ʩʝ ʧʨʝʢʠʜʘ ʩʪʨʫʿʥʦ ʢʦʣʦ ʢʚʘʨʘ ʠ ʩʪʚʘʨʘʿʫ ʫʩʣʦʚʠ ʟʘ ʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠ 

ʝʣʠʤʠʥʘʮʠʿʫ ʢʚʘʨʘ. ʅʘʢʦʥ ʿʝʜʥʦʩʝʢʫʥʜʥʝ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ ʥʘ ʧʨʦʚʦʜʥʠʢʫ ʬʘʟʝ ɸ ʥʘʜʟʝʤʥʦʛ 

ʚʦʜʘ, ʨʠʢʣʦʟʝʨ, ʘ ʟʘʪʠʤ ʠ ʛʝʥʝʨʘʪʦʨʩʢʠ ʧʨʝʢʠʜʘʯ ʟʘʪʚʘʨʘʿʫ ʩʚʦʿʝ ʢʦʥʪʘʢʪʝ, ʯʠʤʝ ʩʝ 

ʫʩʧʦʩʪʘʚˀʘ ʥʦʨʤʘʣʥʠ ʧʦʛʦʥ ʠ ʛʝʥʝʨʘʪʦʨ ʩʝ ʚʨʘ˂ʘ ʫ ʥʦʨʤʘʣʥʦ ʨʘʜʥʦ ʩʪʘˁʝ (ʩʣ. 4.3ʚ). ʂʘʦ ʫ 

ʧʨʝʪʭʦʜʥʦʤ ʩʣʫʯʘʿʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʢʘʰˁʝˁʝ ʦʜ 0,2 s ʧʨʠ ʠʩʢˀʫʯʝˁʫ ʠ ʢʘʩʥʠʿʝʤ 

ʫʢˀʫʯʝˁʫ ʛʝʥʝʨʘʪʦʨʩʢʦʛ ʧʨʝʢʠʜʘʯʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʠʢʣʦʟʝʨ. 

 

ʉʣ. 4.3: ʀʣʫʩʪʨʘʮʠʿʘ ʝʣʠʤʠʥʘʮʠʿʝ ʜʚʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ: ʘ) ʥʘʩʪʘʥʘʢ ʢʚʘʨʘ ʩʘ ʣʫʢʦʤ, ʙ) ʛʘʰʝˁʝ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʧʨʠʚʨʝʤʝʥʠʤ ʠʩʢˀʫʯʝˁʝʤ ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ, ʚ) ʨʝʢʦʥʝʢʮʠʿʘ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʩʪʘʚʘʢ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ ʙʝʟ ʢʚʘʨʘ 

ɺʨʝʤʝʥʘ ʟʘʪʝʟʘˁʘ ʟʘ ʢʦʨʠʰ˂ʝʥʝ ʟʘʰʪʠʪʥʝ ʬʫʥʢʮʠʿʝ ʩʝ ʤʦʛʫ ʠʥʠʮʠʿʘʣʥʦ ʧʦʜʝʩʠʪʠ ʥʘ 

ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʫ ʨʘʜʫ. ʋʢʦʣʠʢʦ ʠʟ ʙʠʣʦ ʢʦʛ ʨʘʟʣʦʛʘ ʟʘʰʪʠʪʝ ʥʝ ʨʝʘʛʫʿʫ ʫ ʪʦʤ 

ʚʨʝʤʝʥʫ, ʚʝ˂ ʩʘ ʤʘʣʠʤ ʢʘʰˁʝˁʝʤ, ʪʦ ʥʝ˂ʝ ʧʨʝʜʩʪʘʚˀʘʪʠ ʧʨʦʙʣʝʤ ʟʘ ʠʩʧʨʘʚʥʦ 

ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ. ʅʘʠʤʝ, ʥʠʿʝ ʙʠʪʥʦ ʜʘ ʣʠ ˂ʝ ʧʨʚʦ ʠʩʢˀʫʯʠʪʠ ʨʠʢʣʦʟʝʨ 

ʥʘ ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ ʠʣʠ ʧʨʝʢʠʜʘʯ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʛʝʥʝʨʘʪʦʨʘ, ʙʠʪʥʦ ʿʝ ʩʘʤʦ ʜʘ ʩʝ ʦʙʘ 

ʝʣʝʤʝʥʪʘ ʠʩʢˀʫʯʝ ʠ ʜʘ ʩʝ ʦʙʝʟʙʝʜʝ ʫʩʣʦʚʠ ʟʘ ʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʧʨʝʪʧʦʩʪʘʚˀʝʥʘ ʿʝ ʙʝʟʥʘʧʦʥʩʢʘ ʧʘʫʟʘ ʦʜ 1 s, ʜʦʢ ʿʝ ʟʘ ʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʫ ʉʅ 

ʤʨʝʞʘʤʘ ʧʦʪʨʝʙʥʦ ʜʦ 100 ms, ʪʘʢʦ ʜʘ ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʥʘ ʨʝʟʝʨʚʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʝʚʝʥʪʫʘʣʥʘ 

ʢʘʰˁʝˁʘ ʠʣʠ ʢʦʨʝʢʮʠʿʝ ʧʨʝʜʣʦʞʝʥʠʭ ʧʦʜʝʰʝˁʘ ʟʘʰʪʠʪʥʠʭ ʬʫʥʢʮʠʿʘ. 

ɱʝʜʥʦʬʘʟʥʠ ʠ ʜʚʦʬʘʟʥʠ ʢʨʘʪʢʠ ʩʧʦʿʝʚʠ ʩʫ ʥʘʿʯʝʰ˂ʠ, ʘʣʠ ʥʝ ʠ ʿʝʜʠʥʠ ʢʚʘʨʦʚʠ ʫ ɽɽʉ-ʫ, 

ʧʘ ʿʝ ʟʙʦʛ ʪʦʛʘ ʥʝʦʧʭʦʜʥʦ ʜʘ ʟʘʰʪʠʪʥʠ ʫʨʝʹʘʿʠ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʜʝʪʝʢʮʠʿʝ ʚʨʩʪʝ ʢʚʘʨʘ ʢʦʿʠ ʿʝ 

ʥʘʩʪʘʦ. ʉʘʚʨʝʤʝʥʠ ʤʠʢʨʦʧʨʦʮʝʩʦʨʩʢʠ ʟʘʰʪʠʪʥʠ ʫʨʝʹʘʿʠ ʠʤʘʿʫ ʫʛʨʘʹʝʥʝ ʘʣʛʦʨʠʪʤʝ ʧʦʤʦ˂ʫ 

ʢʦʿʠʭ ʤʦʛʫ ʜʝʪʝʢʪʦʚʘʪʠ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʢʚʘʨʦʚʘ. ʇʦʜʝʰʘʚʘˁʝ ʩʘʤʠʭ ʫʨʝʹʘʿʘ ʫ ʧʨʘʢʩʠ ʙʠ ʩʝ 

ʚʨʰʠʣʦ ʪʘʢʦ ʰʪʦ ʙʠ ʦʜʨʝʹʝʥʝ ʟʘʰʪʠʪʥʝ ʬʫʥʢʮʠʿʝ ʠʥʠʮʠʨʘʣʝ ʧʦʢʨʝʪʘˁʝ ʮʠʢʣʫʩʘ ʿʝʜʥʦʬʘʟʥʦʛ 
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ɸʇʋ-ʘ. ʆʚʦ ʤʦʞʝ ʿʝʜʥʦʩʪʘʚʥʦ ʜʘ ʩʝ ʠʩʧʨʦʛʨʘʤʠʨʘ ʧʦʤʦ˂ʫ ʩʦʬʪʚʝʨʘ ʟʘ ʢʦʥʬʠʛʫʨʘʮʠʿʫ 

ʤʠʢʨʦʧʨʦʮʝʩʦʨʩʢʠʭ ʫʨʝʹʘʿʘ. 

ʋ ʩʧʨʦʚʝʜʝʥʠʤ ʘʥʘʣʠʟʘʤʘ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʿʝ ʧʨʚʠ ʮʠʢʣʫʩ ɸʇʋ-ʘ ʫʩʧʝʰʘʥ. 

ʋʢʦʣʠʢʦ ʿʝ ʥʝʫʩʧʝʰʥʦ ʛʘʰʝˁʝ ʣʫʢʘ ʫ ʧʨʚʦʤ ʮʠʢʣʫʩʫ ʠʣʠ ʿʝ ʢʚʘʨ ʪʨʘʿʘʥ, ʦʥʜʘ ˂ʝ ʨʠʢʣʦʟʝʨ ʥʘ 

ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ ʠ˂ʠ ʫ ʜʨʫʛʠ ʮʠʢʣʫʩ ʠʩʢˀʫʯʝˁʘ ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ, ʧʨʝʤʘ ʧʨʝʜʣʦʞʝʥʦʤ 

ʘʣʛʦʨʠʪʤʫ. ʇʨʝʢʠʜʘʯ ʫ ʧʦʩʪʨʦʿʝˁʫ ɼɻ-ʘ ˂ʝ ʦʩʪʘʪʠ ʦʪʚʦʨʝʥ ʠ ʯʝʢʘʪʠ ʥʘʧʦʥ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʝ. 

ɺʨʝʤʝ ʯʝʢʘˁʘ ʤʦʞʝ ʙʠʪʠ ʫʩʢʣʘʹʝʥʦ ʩʘ ʪʨʘʿʘˁʝʤ ʜʨʫʛʦʛ ʮʠʢʣʫʩʘ ɸʇʋ-ʘ, ʥʘ ʧʨʠʤʝʨ 10 s. ɸʢʦ 

ʩʝ ʫ ʪʦʢʫ ʪʦʛ ʚʨʝʤʝʥʘ ʥʝ ʧʦʿʘʚʠ ʩʠʤʝʪʨʠʯʘʥ ʥʘʧʦʥ ʩʘ ʩʪʨʘʥʝ ʤʨʝʞʥʠʭ ʧʨʠʢˀʫʯʘʢʘ, ɼɻ ʠʜʝ ʫ 

ʜʝʬʠʥʠʪʠʚʥʦ ʠʩʢˀʫʯʝˁʝ, ʪʘʢʦ ʰʪʦ ʩʝ ʦʪʚʦʨʝ ʠ ʧʨʝʦʩʪʘʣʘ ʜʚʘ ʧʦʣʘ ʧʨʝʢʠʜʘʯʘ. 

4.4. ʋʪʠʮʘʿ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʜʣʦʞʝʥʝ 

ʪʝʭʥʠʢʝ 

ʄʘʥʠʧʫʣʘʮʠʿʘʤʘ ʦʧʠʩʘʥʠʤ ʫ ʧʨʝʪʭʦʜʥʦʤ ʦʜʝˀʢʫ ʧʨʝʢʠʜʘ ʩʝ ʥʘʧʘʿʘˁʝ ʤʝʩʪʘ ʢʚʘʨʘ ʦʜ 

ʩʪʨʘʥʝ ʧʨʠʢˀʫʯʥʝ ʤʨʝʞʝ ʠ ɼɻ-ʘ, ʿʝʨ ʩʝ ʧʨʝʢʠʜʘ ʚʝʟʘ ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʧʦʛʦʹʝʥʦʛ ʢʚʘʨʦʤ ʩʘ 

ʠʟʚʦʨʠʤʘ. ʄʝʹʫʪʠʤ, ʟʜʨʘʚʝ ʬʘʟʝ ʦʩʪʘʿʫ ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʥʘʧʦʥ ʠ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʮʠʢʣʫʩʘ 

ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʠʥʜʠʨʝʢʪʥʦ ʥʘʧʘʿʘˁʝ ʤʝʩʪʘ ʢʚʘʨʘ ʧʨʝʢʦ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʦʿʠ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʥʘ ʘʥʘʣʠʟʠʨʘʥʠ ʬʠʜʝʨ. ʊʘʢʦʹʝ, ʤʝʩʪʦ 

ʢʚʘʨʘ ʤʦʞʝ ʙʠʪʠ ʥʘʧʘʿʘʥʦ ʠ ʧʨʝʢʦ ʢʘʧʘʮʠʪʠʚʥʠʭ ʩʧʨʝʛʘ ʠʟʤʝʹʫ ʟʜʨʘʚʠʭ ʬʘʟʥʠʭ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʢʦʿʠ ʿʝ ʧʦʛʦʹʝʥ ʢʚʘʨʦʤ. ʋ ʩʨʝʜˁʝʥʘʧʦʥʩʢʠʤ ʥʘʜʟʝʤʥʠʤ ʤʨʝʞʘʤʘ 

ʢʘʧʘʮʠʪʠʚʥʘ ʩʧʨʝʛʘ ʿʝ ʨʝʣʘʪʠʚʥʦ ʩʣʘʙʘ, ʧʘ ʩʝ ʤʦʞʝ ʟʘʥʝʤʘʨʠʪʠ. ɻʘʣʚʘʥʩʢʘ ʚʝʟʘ ʠʟʤʝʹʫ ʬʘʟʘ 

ʧʦʜ ʥʘʧʦʥʦʤ ʠ ʤʝʩʪʘ ʢʚʘʨʘ, ʢʦʿʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʝʢʦ ʧʨʠʤʘʨʥʠʭ ʥʘʤʦʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʧʨʠʢˀʫʯʝʥʠʭ ʥʘ ʘʥʘʣʠʟʠʨʘʥʠ ʬʠʜʝʨ ʤʦʞʝ ʫ ʦʜʨʝʹʝʥʠʤ ʦʢʦʣʥʦʩʪʠʤʘ ʦʙʝʟʙʝʜʠʪʠ ʩʪʘʙʠʣʥʦ 

ʛʦʨʝˁʝ ʣʫʢʘ ʫʧʨʢʦʩ ʜʝʣʦʚʘˁʫ ɸʇʋ-ʘ ʠ ʠʟʦʣʦʚʘˁʫ ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ. ʉʧʨʝʛʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʉʅ/ʅʅ ʠʣʠ ʉʅ/ʉʅ ʩʫ ʦʙʠʯʥʦ ʥʝʫʟʝʤˀʝʥʘ ʟʚʝʟʜʘ ʠʣʠ ʪʨʦʫʛʘʦ ʥʘ 

ʚʠʰʝʥʘʧʦʥʩʢʦʿ ʩʪʨʘʥʠ. ʉʪʦʛʘ ʜʦʣʘʟʠ ʜʦ ʥʘʧʘʿʘˁʘ ʤʝʩʪʘ ʢʚʘʨʘ ʠʥʜʠʨʝʢʪʥʦ, ʧʨʝʢʦ ʟʚʝʟʜʠʰʪʘ 

ʩʧʨʝʛʝ ʫ ʥʝʫʟʝʤˀʝʥʫ ʟʚʝʟʜʫ ʠʣʠ ʧʨʝʢʦ ʤʝʹʫʬʘʟʥʠʭ ʚʝʟʘ ʩʧʨʝʛʝ ʫ ʪʨʦʫʛʘʦ, ʢʘʢʦ ʿʝ ʧʨʠʢʘʟʘʥʦ 

ʥʘ ʩʣ. 4.4. 
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ɼʝʣʦʚʘˁʝʤ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ, ʪʦʢʦʤ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ ʥʘʩʪʫʧʘ ʘʩʠʤʝʪʨʠʯʥʦ 

ʥʘʧʘʿʘˁʝ ʧʨʠʤʘʨʘ ʩʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠʢˀʫʯʝʥʠʭ ʥʘ ʘʥʘʣʠʟʠʨʘʥʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʬʠʜʝʨ. 

ʋʩʣʝʜ ʪʦʛʘ, ʫ ʤʘʛʥʝʪʩʢʦʤ ʢʦʣʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʝ ʧʦʩʪʦʿʠ ʨʘʚʥʦʪʝʞʘ ʬʣʫʢʩʝʚʘ. ɿʙʦʛ ʪʦʛʘ ʩʝ 

ʬʣʫʢʩʝʚʠ, ʢʦʿʠ ʧʦʪʠʯʫ ʦʜ ʩʪʨʫʿʘ ʫ ʟʜʨʘʚʠʤ ʬʘʟʘʤʘ, ʟʘʪʚʘʨʘʿʫ ʢʨʦʟ ʩʪʫʙ ʤʘʛʥʝʪʩʢʦʛ ʢʦʣʘ ʬʘʟʝ 

ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ ʪʘʢʦ ʜʘ ʫ ʥʘʤʦʪʫ ʥʘ ʢʦʿʠ ʿʝ ʧʨʠʢˀʫʯʝʥ ʬʘʟʥʠ ʧʨʦʚʦʜʥʠʢ ʬʘʟʝ ʧʦʛʦʹʝʥʝ 

ʢʚʘʨʦʤ ʧʦʩʪʦʿʠ ʠʥʜʫʢʦʚʘʥʘ ʝʣʝʢʪʨʦʤʦʪʦʨʥʘ ʩʠʣʘ ʢʦʿʘ ʥʘʧʘʿʘ ʤʝʩʪʦ ʢʚʘʨʘ ʩʘ ʩʪʨʘʥʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʉʪʨʫʿʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʫʩʧʦʩʪʘʚʠʪʠ ʦʜ ʩʪʨʘʥʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʿʝ ʦʛʨʘʥʠʯʝʥʘ 

ʨʝʘʢʪʘʥʩʦʤ ʤʘʛʥʝ˂ʝˁʘ ʟʘ ʦʚʘʢʘʚ ʨʝʞʠʤ ʥʘʧʘʿʘˁʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘ ʟʘʚʠʩʠ ʠ ʦʜ ʦʧʪʝʨʝ˂ʝˁʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫ ʪʨʝʥʫʪʢʫ ʢʚʘʨʘ. ʂʘʢʦ ʿʝ ʫʢʫʧʥʘ ʜʫʞʠʥʘ ʤʘʛʥʝʪʩʢʦʛ ʢʦʣʘ ʢʨʦʟ ʢʦʿʠ ʩʝ 

ʟʘʪʚʘʨʘ ʬʣʫʢʩ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʧʨʠ ʘʩʠʤʝʪʨʠʯʥʦʤ ʥʘʧʘʿʘˁʫ ʜʫʞʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʦʨʤʘʣʥʦ 

ʨʘʜʥʦ ʩʪʘˁʝ ʜʦʙʠʿʝ ʩʝ ʜʘ ʿʝ ʤʘʛʥʝʪʩʢʘ ʦʪʧʦʨʥʦʩʪ ʚʝ˂ʘ, ʢʦʿʘ ʿʝ ʩʨʘʟʤʝʨʥʘ ʜʫʞʠʥʠ. ʄʝʹʫʪʠʤ, ʫ 

ʩʣʫʯʘʿʫ ʧʦʩʪʦʿʘˁʘ ʚʠʰʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʿʠ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʬʠʜʝʨ, 

ʩʤʘˁʫʿʝ ʩʝ ʫʢʫʧʥʘ ʨʝʘʢʪʘʥʩʘ, ʧʨʝʢʦ ʢʦʿʝ ʩʝ ʠʥʜʠʨʝʢʪʥʦ ʥʘʧʘʿʘ ʤʝʩʪʦ ʢʚʘʨʘ ʦʜ ʩʪʨʘʥʝ ʟʜʨʘʚʠʭ 

ʬʘʟʘ. ʊʘʢʦʹʝ, ʦʧʪʝʨʝ˂ʝˁʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʩʚʦʿʠʤ ʩʝʢʫʥʜʘʨʠʤʘ ʜʦʜʘʪʥʦ ʩʤʘˁʫʿʝ ʨʝʘʢʪʘʥʩʫ 

ʥʘʧʘʿʘˁʘ ʤʝʩʪʘ ʢʚʘʨʘ, ʪʝ ʩʝ ʫ ʦʜʨʝʹʝʥʠʤ ʦʢʦʣʥʦʩʪʠʤʘ ʤʦʛʫ ʩʪʝ˂ʠ ʫʩʣʦʚʠ ʟʘ ʦʜʨʞʘʚʘˁʝ ʣʫʢʘ 

ʪʦʢʦʤ ʙʝʟʥʘʧʦʥʩʢʝ ʧʘʫʟʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʠ ʪʠʤʝ ʙʠ ʧʨʘʢʪʠʯʥʦ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʠʢʘ 

ʧʦʩʪʘʣʘ ʥʝʝʬʠʢʘʩʥʘ. 

ʅʘ ʩʣ. 4.5 ʧʨʠʢʘʟʘʥʘ ʿʝ ʪʨʦʧʦʣʥʘ ʰʝʤʘ ʿʝʜʥʦʛ ʠʟʚʦʜʘ ʫ ʜʠʨʝʢʪʥʦ ʫʟʝʤˀʝʥʦʿ 

ʩʨʝʜˁʝʥʘʧʦʥʩʢʦʿ ʤʨʝʞʠ ʩʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠʤʘ ʟʘ ʥʘʧʘʿʘˁʝ ʧʦʪʨʦʰˁʝ ʠ ʜʠʩʪʨʠʙʫʠʨʘʥʠʤ 

ʠʟʚʦʨʦʤ ʧʨʠʢˀʫʯʝʥʠʤ ʥʘ ˁʝʛʦʚ ʢʨʘʿ. ʇʨʠʢʘʟʘʥa ʿʝ ʧʫʪʘˁʘ ʟʘʪʚʘʨʘˁʘ ʩʪʨʫʿʝ ʫʩʣʝʜ 

ʠʥʜʠʨʝʢʪʥʦʛ ʥʘʧʘʿʘˁʘ ʤʝʩʪʘ ʢʚʘʨʘ ʧʨʝʢʦ ʧʨʠʤʘʨʥʠʭ ʥʘʤʦʪʘʿʘ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʅʘ ʠʟʚʦʜʫ ʩʫ ʜʚʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʥʘʧʘʿʘˁʝ ʧʦʪʨʦʰˁʝ ʩʘ 

ʧʨʠʤʘʨʥʠʤ ʥʘʤʦʪʘʿʠʤʘ ʚʝʟʘʥʠʤ ʫ ʥʝʫʟʝʤˀʝʥʫ ʟʚʝʟʜʫ ʠ ʪʨʦʫʛʘʦ ʠ ʿʝʜʘʥ ɼɻ ʩʘ ʧʨʠʤʘʨʥʠʤ 

ʥʘʤʦʪʘʿʝʤ ʚʝʟʘʥʠʤ ʫ ʟʚʝʟʜʫ. ʆʟʥʘʯʝʥʦ ʿʝ ʤʝʩʪʦ ʢʚʘʨʘ ʠ ʦʪʚʦʨʝʥʘ ʬʘʟʘ ʧʦʛʦʹʝʥʘ ʢʚʘʨʦʤ ʥʘ 

ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ, ʦʜʥʦʩʥʦ ʫ ʥʘʧʦʿʥʦʿ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʦʿ ʩʪʘʥʠʮʠ, ʠ ʢʦʜ ɼɻ-ʘ. ʇʣʘʚʦʤ ʠ 

ʟʝʣʝʥʦʤ ʣʠʥʠʿʦʤ ʩʫ ʧʨʠʢʘʟʘʥʠ ʪʦʢʦʚʠ ʩʪʨʫʿʘ ʢʦʿʝ ʜʦʣʘʟʝ ʦʜ ʥʘʤʦʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʿʠ 

ʠʥʜʠʨʝʢʪʥʦ ʥʘʧʘʿʘʿʫ ʤʝʩʪʦ ʢʚʘʨʘ ʢʨʦʟ ʬʘʟʫ ʧʦʛʦʹʝʥʫ ʢʚʘʨʦʤ, ʜʦʢ ʩʫ ʮʨʚʝʥʠʤ ʠʩʧʨʝʢʠʜʘʥʠʤ 

ʣʠʥʠʿʘʤʘ ʧʨʠʢʘʟʘʥʠ ʧʫʪʝʚʠ ʩʪʨʫʿʘ ʦʜ ʤʝʩʪʘ ʢʚʘʨʘ ʢʨʦʟ ʟʝʤˀʫ ʠ ʧʨʦʚʦʜʥʠʢʝ ʜʦ ʥʘʤʦʪʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫ ʟʜʨʘʚʠʤ ʬʘʟʘʤʘ. ʉʪʨʫʿʘ ʩʝ ʫ ʩʣʫʯʘʿʫ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ 

ʩʧʦʿʘ ʟʘʪʚʘʨʘ ʧʨʝʢʦ ʟʚʝʟʜʠʰʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫ ʥʘʧʦʿʥʦʿ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʦʿ ʩʪʘʥʠʮʠ ʠ 

ʥʘʤʦʪʘʿʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʿʠ ʥʘʧʘʿʘʿʫ ʧʦʪʨʦʰˁʫ. ʀʩʧʨʝʢʠʜʘʥʠʤ ʩʠʚʠʤ ʣʠʥʠʿʘʤʘ ʿʝ 

ʧʨʠʢʘʟʘʥ ʜʝʦ ʤʨʝʞʝ ʧʦʛʦʹʝʥ ʢʚʘʨʦʤ, ʦʜʥʦʩʥʦ ʯʠʿʝ ʠʟʦʣʦʚʘˁʝ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʜʘ ʙʠ ʩʝ 

ʫʛʘʩʠʦ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ. 

ʅʘ ʩʣ. 4.6 ʧʨʠʢʘʟʘʥʘ ʿʝ ʨʘʩʧʦʜʝʣʘ ʩʪʨʫʿʘ ʠʥʜʠʨʝʢʪʥʦʛ ʥʘʧʘʿʘˁʘ ʢʚʘʨʘ ʧʨʠ ʜʚʦʬʘʟʥʦʤ 

ʢʨʘʪʢʦʤ ʩʧʦʿʫ ʥʘ ʠʟʚʦʜʫ ʧʨʠʣʠʢʦʤ ʧʨʠʤʝʥʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ. ʅʘʯʠʥ ʦʟʥʘʯʘʚʘˁʘ ʿʝ ʠʩʪʠ 

ʢʘʦ ʥʘ ʩʣ. 4.5. ʆʚʜʝ ʩʝ ʩʪʨʫʿʝ ʟʘʪʚʘʨʘʿʫ ʧʨʝʢʦ ʬʘʟʥʠʭ ʥʘʤʦʪʘʿʘ ʥʘʧʦʿʥʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ 

ʥʘʤʦʪʘʿʘ ʧʨʝʦʩʪʘʣʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʠʟʚʦʜʫ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʥʠʿʝ ʙʠʪʘʥ ʥʘʯʠʥ ʫʟʝʤˀʝˁʘ 

ʤʨʝʞʝ, ʚʝ˂ ʩʝ ʫ ʙʠʣʦ ʢʦʿʦʿ ʤʨʝʞʠ ʩʪʨʫʿʝ ʜʚʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʟʘʪʚaʨʘʿʫ ʥʘ ʥʘʯʠʥ ʢʦʿʠ ʿʝ 

ʧʨʠʢʘʟʘʥ ʥʘ ʩʣ. 4.6. 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʨʘʟʤʘʪʨʘʥ ʤʦʜʝʣ ʩʨʝʜˁʝʥʘʧʦʥʩʢʝ ʤʨʝʞʝ ʢʦʿʘ ʿʝ ʜʠʨʝʢʪʥʦ ʫʟʝʤˀʝʥʘ, 

ʿʝʨ ʿʝ ʪʘʿ ʩʣʫʯʘʿ ʢʨʠʪʠʯʥʠʿʠ ʩʘ ʘʩʧʝʢʪʘ ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ ʪʝʭʥʠʢʝ ʿʝʜʥʦʬʘʟʥʦʛ  

ɸʇʋ-ʘ. ʄʝʹʫʪʠʤ, ʫ ʧʨʘʢʩʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʩʨʝ˂ʫ ʩʨʝʜˁʝʥʘʧʦʥʩʢʝ ʤʨʝʞʝ ʢʦʿʝ ʩʫ ʫʟʝʤˀʝʥʝ ʧʨʝʢʦ 

ʥʠʩʢʦʦʤʩʢʝ ʠʤʧʝʜʘʥʩʝ (ʫʛʣʘʚʥʦʤ ʩʘʤʦ ʨʝʟʠʩʪʠʚʥʠ ʝʣʝʤʝʥʪʠ) ʠʣʠ ʢʦʿʝ ʩʫ ʠʟʦʣʦʚʘʥʝ, ʧʘ ʿʝ 

ʧʦʪʨʝʙʥʦ ʜʝʪʘˀʥʠʿʝ ʦʙʿʘʩʥʠʪʠ ʫʩʣʦʚʝ ʢʦʿʠ ʙʠ ʩʝ ʠʤʘʣʠ ʫ ʪʘʢʚʠʤ ʧʦʛʦʥʩʢʠʤ ʫʩʣʦʚʠʤʘ. 

ʈʘʟʣʠʢʝ, ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʦ ʦʙʿʘʰˁʝʥʦ, ʿʘʚˀʘʿʫ ʩʝ ʫ ʩʣʫʯʘʿʫ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ, 

ʜʦʢ ʟʘ ʜʚʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ ʚʘʞʝ ʩʚʠ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠ ʟʘʢˀʫʯʮʠ ʥʝʚʝʟʘʥʦ ʟʘ ʥʘʯʠʥ 

ʫʟʝʤˀʝˁʘ ʤʨʝʞʝ. 



ʇʨʠʤʝʥʘ ʿʝʜʥʦʬʘʟʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʫ ʘʢʪʠʚʥʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ 
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ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʂʘʜʘ ʿʝ ʤʨʝʞʘ ʫʟʝʤˀʝʥʘ ʧʨʝʢʦ ʦʪʧʦʨʥʠʢʘ ʟʘ ʦʛʨʘʥʠʯʝˁʝ ʩʪʨʫʿʘ ʟʝʤˀʦʩʧʦʿʘ ʧʦʚʨʘʪʥʠ 

ʧʫʪ ʩʪʨʫʿʝ ʧʨʠ ʿʝʜʥʦʬʘʟʥʦʤ ʢʨʘʪʢʦʤ ʩʧʦʿʫ ʧʨʦʣʘʟʠ ʢʨʦʟ ʪʘʿ ʦʪʧʦʨʥʠʢ (ʮʨʚʝʥʘ ʠʩʧʨʝʢʠʜʘʥʘ 

ʣʠʥʠʿʘ ʥʘ ʩʣ. 4.5) ʠ ʪʫ ʩʝ ʫʦʯʘʚʘʿʫ ʜʚʝ ʢˀʫʯʥʝ ʯʠˁʝʥʠʮʝ. ɱʝʜʥʦ ʿʝ ʜʘ ʿʝ ʪʘʿ ʦʪʧʦʨ ʨʝʜʥʦ ʚʝʟʘʥ ʫ 

ʧʝʪˀʫ ʢʦʿʦʤ ʩʝ ʩʪʨʫʿʘ ʟʘʪʚʘʨʘ, ʧʘ ʪʠʤʝ ʧʦʚʝ˂ʘʚʘ ˁʝʥʫ ʠʤʧʝʜʘʥʩʫ ʠ ʦʛʨʘʥʠʯʘʚʘ, ʦʜʥʦʩʥʦ 

ʩʤʘˁʫʿʝ ʩʪʨʫʿʫ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ. ʇʦʨʝʜ ʪʦʛʘ, ʯʠʩʪʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʨʝʜ ʩʘ 

ʠʥʜʫʢʪʠʚʥʦ-ʨʝʟʠʩʪʠʚʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʜʦʜʘʪʥʦ ʩʤʘˁʫʿʝ ʬʘʟʥʠ ʧʦʤʝʨʘʿ ʠʟʤʝʹʫ ʩʪʨʫʿʝ ʠ 

ʥʘʧʦʥʘ. ʆʙʝ ʯʠˁʝʥʠʮʝ ʠʤʘʿʫ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʫ ʧʦʛʣʝʜʫ ʫʩʣʦʚʘ ʫ ʤʨʝʞʠ ʟʘ ʛʘʰʝˁʝ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʿʝʨ ʩʤʘˁʫʿʫ ʠʥʪʝʥʟʠʪʝʪ ʩʪʨʫʿʝ ʠ ʬʘʟʥʠ ʧʦʤʝʨʘʿ ʠʟʤʝʹʫ ʬʘʟʦʨʘ ʩʪʨʫʿʝ ʠ 

ʥʘʧʦʥʘ. ɼʘʢʣʝ, ʫ ʦʚʘʢʚʦʤ ʪʠʧʫ ʤʨʝʞʝ ʚʘʞʠ ʩʚʝ ʰʪʦ ʿʝ ʢʦʥʩʪʘʪʦʚʘʥʦ ʟʘ ʜʠʨʝʢʪʥʦ ʫʟʝʤˀʝʥʫ 

ʤʨʝʞʫ ʩʘ ʧʨʝʜʥʦʰ˂ʫ ʿʝʨ ʩʫ ʫʩʣʦʚʠ ʟʘ ʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʜʦʜʘʪʥʦ ʧʦʙʦˀʰʘʥʠ. 

 

ʉʣ. 4.5: ʊʨʦʧʦʣʥʘ ʰʝʤʘ ʠʟʚʦʜʘ ʩʘ ʠʥʜʠʨʝʢʪʥʠʤ ʥʘʧʘʿʘˁʝʤ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫ ʜʠʨʝʢʪʥʦ 

ʫʟʝʤˀʝʥʦʿ ʤʨʝʞʠ 

ʇʨʠ ʨʘʜʫ ʫ ʠʟʦʣʦʚʘʥʦʿ ʤʨʝʞʠ ʩʪʨʫʿʘ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʝ ʟʘʪʚʘʨʘ ʧʨʝʢʦ ʥʫʣʪʠʭ 

ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ ʟʜʨʘʚʠʭ ʬʘʟʘ ʥʘ ʩʚʠʤ ʠʟʚʦʜʠʤʘ ʢʦʿʠ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʫ ʥʘʧʦʿʥʦʿ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʦʿ ʩʪʘʥʠʮʠ. ʄʝʹʫʪʠʤ, ʫ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ, ʫʢʦʣʠʢʦ ʙʠ ʩʝ 

ʠʩʢˀʫʯʠʣʘ ʬʘʟʘ ʧʦʛʦʹʝʥʘ ʢʚʘʨʦʤ ʥʘ ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ ʠ ʢʦʜ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʛʝʥʝʨʘʪʦʨʘ, 

ʧʦʚʨʘʪʥʠ ʧʫʪ ʩʪʨʫʿʝ ʧʨʝʢʦ ʜʦʟʝʤʥʠʭ ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ ʟʜʨʘʚʠʭ ʬʘʟʘ ʫ ʫʪʠʮʘʿʥʦʤ ʜʝʣʫ ʤʨʝʞʝ ʠ 

ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ ʙʠ ʙʠʦ ʧʨʝʢʠʥʫʪ ʦʪʚʦʨʝʥʦʤ ʬʘʟʦʤ ʥʘ ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʩʪʨʫʿʘ ʩʝ ʤʦʞʝ ʟʘʪʚʦʨʠʪʠ ʧʨʝʢʦ ʜʦʟʝʤʥʠʭ ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ ʩʚʠʭ ʬʘʟʘ ʥʘ ʦʩʪʘʣʠʤ ʠʟʚʦʜʠʤʘ, 

ʢʘʢʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣ. 4.7. ʅʘ ˁʦʿ ʩʫ ʧʨʠʢʘʟʘʥʘ ʜʚʘ ʠʟʚʦʜʘ ʠ ʨʘʩʧʦʜʝʣʦʤ ʩʪʨʫʿʝ ʟʝʤˀʦʩʧʦʿʘ 

ʥʘ ʠʟʚʦʜʫ ʢʦʿʠ ʿʝ ʧʦʛʦʹʝʥ ʢʚʘʨʦʤ. ʊʘ ʩʪʨʫʿʘ ʠʤʘ ʤʘʣʫ ʚʨʝʜʥʦʩʪ ʟʙʦʛ ʧʦʚʝ˂ʘʥʝ ʠʤʧʝʜʘʥʩʝ 

ʧʝʪˀʝ ʢʚʘʨʘ, ʿʝʨ ʤʦʨʘ ʜʘ ʧʨʦʹʝ ʠ ʢʨʦʟ ʥʘʤʦʪʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʿʠ ʥʘʧʘʿʘʿʫ ʧʦʪʨʦʰʘʯʝ. 
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ɼʘʢʣʝ, ʦʩʪʘʣʦ ʙʠ ʩʘʤʦ ʥʘʧʘʿʘˁʝ ʤʝʩʪʘ ʢʚʘʨʘ ʧʨʝʢʦ ʜʦʟʝʤʥʠʭ ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ ʟʜʨʘʚʠʭ 

ʬʘʟʘ. ʋʢʦʣʠʢʦ ʿʝ ʤʨʝʞʘ ʜʦʤʠʥʘʥʪʥʦ ʥʘʜʟʝʤʥʘ, ʘ ʫʟ ʫʚʘʞʘʚʘˁʝ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ ʢʘʧʘʮʠʪʠʚʥʘ 

ʩʧʨʝʛʘ ʫ ʦʚʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʿʘʢʦ ʩʣʘʙʘ, ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʜʘ ʿʝ ʜʦʚʦˀʥʦ ʦʪʚʦʨʠʪʠ ʧʦʣ 

ʧʨʝʢʠʜʘʯʘ ʬʘʟʝ ʩʘ ʢʚʘʨʦʤ ʥʘ ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ ʠ ʢʦʜ ɼɻ-ʘ, ʜʘ ʙʠ ʩʝ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʩʘ ʚʝʣʠʢʦʤ 

ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʫʛʘʩʠʦ. ʈʝʘʣʥʘ ʩʠʪʫʘʮʠʿʘ, ʢʦʿʘ ʩʝ ʤʦʞʝ ʿʘʚʠʪʠ ʫ ʧʨʘʢʩʠ, ʿʝ ʧʨʠʢˀʫʯʝˁʝ ɼɻ-ʘ ʥʘ 

ʥʘʜʟʝʤʥʠ ʠʟʚʦʜ ʢʘʙʣʦʚʩʢʠʤ ʧʨʠʢˀʫʯʢʦʤ. ʊʘʿ ʢʘʙʣ ʟʘ ʧʨʠʢˀʫʯʝˁʝ ɼɻ-ʘ ʤʦʞʝ ʠʤʘʪʠ ʟʥʘʯʘʿʥʫ 

ʜʫʞʠʥʫ, ʨʝʜʘ 10-ʪʘʢ ʢʤ, ʠ ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʪʨʫʿʦʤ ʟʝʤˀʦʩʧʦʿʘ ʨʝʜʘ 10-15 ɸ, 

ʧʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʝʪʘˀʥʠʿʝ ʨʘʟʤʦʪʨʠʪʠ ʦʚʘʢʚʝ ʩʣʫʯʘʿʝʚʝ. 

 

ʉʣ. 4.6: ʊʨʦʧʦʣʥʘ ʰʝʤʘ ʠʟʚʦʜʘ ʩʘ ʠʥʜʠʨʝʢʪʥʠʤ ʥʘʧʘʿʘˁʝʤ ʜʚʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ 

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣ. 4.4, ʩʣ. 4.5, ʩʣ. 4.6 ʠ ʩʣ. 4.7, ʧʣʘʚʠʤ ʠ ʟʝʣʝʥʠʤ ʣʠʥʠʿʘʤʘ 

ʩʫ ʦʟʥʘʯʝʥʝ ʩʪʨʫʿʝ ʢʦʿʝ ʠ ʜʘˀʝ ʥʘʧʘʿʘʿʫ ʤʝʩʪʦ ʢʚʘʨʘ, ʢʦʿʝ ʥʠʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʦʣʦʚʘʥʦ, ʧʘ ʩʝ 

ʥʝ ʤʦʞʝ ʩʘ ʩʠʛʫʨʥʦʰ˂ʫ ʪʚʨʜʠʪʠ ʜʘ ʩʫ ʫʩʣʦʚʠ ʟʘ ʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʦʙʝʟʙʝʹʝʥʠ. ɱʝʜʘʥ 

ʦʜ ʥʘʯʠʥʘ ʟʘ ʧʦʪʧʫʥʫ ʛʘʣʚʘʥʩʢʫ ʠʟʦʣʘʮʠʿʫ ʤʝʩʪʘ ʢʚʘʨʘ ʿʝ ʜʘ ʧʨʝʢʠʜʘʯʠ ʥʘ ʚʠʰʝʥʘʧʦʥʩʢʦʿ 

ʩʪʨʘʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʦʿʠ ʥʘʧʘʿʘʿʫ ʧʦʪʨʦʰˁʫ, ʙʫʜʫ ʩʘ ʤʦʛʫ˂ʥʦʰ˂ʫ ʿʝʜʥʦʧʦʣʥʝ 

ʤʘʥʠʧʫʣʘʮʠʿʝ. ʆʥʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʠʩʢˀʫʯʝ ʬʘʟʫ ʧʦʛʦʹʝʥʫ ʢʚʘʨʦʤ, ʢʘʦ ʰʪʦ ʪʦ ʨʘʜʝ ʧʨʝʢʠʜʘʯʠ 

ɼɻ-ʘ. ʄʝʹʫʪʠʤ, ʪʦ ʟʥʘʯʘʿʥʦ ʫʩʣʦʞˁʘʚʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ ʫ 

ʬʫʥʢʮʠʦʥʘʣʥʦʤ ʠ ʪʝʭʥʠʯʢʦʤ ʩʤʠʩʣʫ, ʘʣʠ ʠ ʜʦʚʦʜʠ ʜʦ ʟʥʘʯʘʿʥʦʛ ʧʦʚʝ˂ʘˁʘ ʫʢʫʧʥʝ 

ʠʥʚʝʩʪʠʮʠʿʝ, ʧʘ ʩʘʤʠʤ ʪʠʤ ʩʤʘˁʫʿʝ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥˀʠʚʦʩʪ ʧʨʝʜʣʦʞʝʥʦʛ 

ʪʝʭʥʠʯʢʦʛ ʨʝʰʝˁʘ. ɹʨʦʿ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʿʠ ʥʘʧʘʿʘʿʫ ʧʦʪʨʦʰˁʫ ʜʦʤʠʥʘʥʪʥʦ ʫʪʠʯʝ ʥʘ ʠʟʥʦʩ 

ʩʪʨʫʿʝ ʢʦʿʘ ˂ʝ ʠʥʜʠʨʝʢʪʥʦ ʥʘʧʘʿʘʪʠ ʤʝʩʪʦ ʢʚʘʨʘ, ʿʝʨ ʩʝ ʧʨʝʢʦ ʩʚʘʢʦʛ ʦʜ ˁʠʭ ʟʘʪʚʘʨʘ ʜʝʦ ʪʝ 

ʩʪʨʫʿʝ. 



ʇʨʠʤʝʥʘ ʿʝʜʥʦʬʘʟʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʫ ʘʢʪʠʚʥʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʤʨʝʞʘʤʘ 

64 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

 

ʉʣ. 4.7: ʊʨʦʧʦʣʥʘ ʰʝʤʘ ʠʟʚʦʜʘ ʩʘ ʠʥʜʠʨʝʢʪʥʠʤ ʥʘʧʘʿʘˁʝʤ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫ ʠʟʦʣʦʚʘʥʦʿ 

ʤʨʝʞʠ 

ɼʘ ʙʠ ʩʝ ʩʘʛʣʝʜʘʣʠ ʟʘʭʪʝʚʠ ʫ ʧʦʛʣʝʜʫ ʧʦʪʨʝʙʥʠʭ ʫʩʣʦʚʘ ʟʘ ʩʘʤʦʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ ʤʦʞʝ ʩʝ ʧʦ˂ʠ ʦʜ ʪʝʭʥʠʯʢʠʭ ʧʨʝʧʦʨʫʢʘ ʟʘ ʫʟʝʤˀʝˁʝ ʥʝʫʪʨʘʣʥʠʭ ʪʘʯʘʢʘ ʫ 

ʩʨʝʜˁʝʥʘʧʦʥʩʢʠʤ ʤʨʝʞʘʤʘ [113]. ʇʨʝʧʦʨʫʯʫʿʝ ʩʝ ʜʘ ʩʨʝʜˁʝʥʘʧʦʥʩʢʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ 

ʨʘʜʝ ʩʘ ʠʟʦʣʦʚʘʥʦʤ ʥʝʫʪʨʘʣʥʦʤ ʪʘʯʢʦʤ, ʩʚʝ ʜʦʢ ʢʘʧʘʮʠʪʠʚʥʝ ʩʪʨʫʿʝ ʟʝʤˀʦʩʧʦʿʘ ʥʝ ʧʨʝʹʫ 

ʦʜʨʝʹʝʥʝ ʚʨʝʜʥʦʩʪʠ: 20 ɸ ʟʘ 10 kV ʤʨʝʞʫ, ʘ 15 ɸ ʟʘ 20 kV ʤʨʝʞʫ, ʿʝʨ ʩʝ ʩʤʘʪʨʘ ʜʘ ˂ʝ ʩʝ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʫ ʩʣʫʯʘʿʫ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ, ʩʘʩʚʠʤ ʠʟʚʝʩʥʦ, ʩʘʤ ʫʛʘʩʠʪʠ ʫʢʦʣʠʢʦ ʩʫ ʩʪʨʫʿʝ 

ʠʩʧʦʜ ʪʠʭ ʚʨʝʜʥʦʩʪʠ. ʀʟʫʟʝʪʥʦ, ʜʦʟʚʦˀʘʚʘ ʩʝ ʨʘʜ ʫ ʠʟʦʣʦʚʘʥʦʤ ʨʘʜʫ ʤʨʝʞʘ ʠ ʩʘ ʚʝ˂ʠʤ 

ʩʪʨʫʿʘʤʘ ʟʝʤˀʦʩʧʦʿʘ, ʜʦ 30-40 ɸ, ʿʝʨ ʠ ʜʘˀʝ ʧʦʩʪʦʿʠ ʚʝʣʠʢʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ ʩʘʤʦʛʘʰʝˁʝ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ [113]. ʂʘʢʦ ʩʫ ʦʚʜʝ ʫ ʧʠʪʘˁʫ ʢʘʧʘʮʠʪʠʚʥʝ ʩʪʨʫʿʝ, ʪʨʝʙʘ ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ʩʝ 

ʢʦʜ ˁʠʭ ʿʘʚˀʘʿʫ ʜʦʜʘʪʥʠ ʧʨʦʙʣʝʤʠ ʦʢʦ ʛʘʰʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʫʩʣʝʜ ʬʘʟʥʦʛ ʧʦʤʝʨʘʿʘ 

ʠʟʤʝʹʫ ʩʪʨʫʿʝ ʠ ʥʘʧʦʥʘ ʦʜ 90Ü. ʋ ʪʨʝʥʫʪʢʫ ʧʨʦʣʘʩʢʘ ʩʪʨʫʿʝ ʢʨʦʟ ʥʫʣʫ, ʪʨʝʥʫʪʥʘ ʚʨʝʜʥʦʩʪ 

ʥʘʧʦʥʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʥʦʚʥʦʛ ʧʘˀʝˁʘ ʣʫʢʘ ʠ ʠʥʪʝʨʤʠʪʝʥʪʥʠʭ 

ʧʨʝʥʘʧʦʥʘ [114]. ɻʨʘʥʠʯʥʝ ʩʪʨʫʿʝ ʟʝʤˀʦʩʧʦʿʘ ʫ ʢʦʤʧʝʥʟʦʚʘʥʠʤ ʠ ʠʟʦʣʦʚʘʥʠʤ ʤʨʝʞʘʤʘ, ʧʨʠ 

ʢʦʿʠʤʘ ʩʝ ʩʤʘʪʨʘ ʜʘ ʧʦʩʪʦʿʝ ʫʩʣʦʚʠ ʟʘ ʩʘʤʦʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣ. 4.8. 

ʉʘ ʩʣʠʢʝ ʩʝ ʚʠʜʠ ʜʘ ʿʝ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʩʪʨʫʿʝ ʫ 35 kV ʤʨʝʞʠ ʥʝʰʪʦ ʧʨʝʢʦ 40 ɸ, ʜʦʢ ʟʘ 

ʢʦʤʧʝʥʟʦʚʘʥʝ ʠʜʝ ʜʦ 70 ɸ [115]. ʈʘʟʣʠʢʘ ʫ ʢʦʤʧʝʥʟʦʚʘʥʠʤ ʤʨʝʞʘʤʘ ʩʝ ʿʘʚˀʘ ʠʟ ʨʘʟʣʦʛʘ ʿʝʨ ʩʝ 

ʫ ˁʦʿ ʚʨʰʠ ʢʦʤʧʝʥʟʘʮʠʿʘ ʢʘʧʘʮʠʪʠʚʥʝ ʩʪʨʫʿʝ ʟʝʤˀʦʩʧʦʿʘ ʠʥʜʫʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʠʤʘ, ʰʪʦ 

ʩʤʘˁʫʿʝ ʬʘʟʥʠ ʨʘʩʢʦʨʘʢ ʠʟʤʝʹʫ ʩʪʨʫʿʝ ʠ ʥʘʧʦʥʘ. ɿʙʦʛ ʪʦʛʘ ʩʫ ʧʨʦʣʘʩʮʠ ʩʪʨʫʿʝ ʠ ʥʘʧʦʥʘ ʢʨʦʟ 

ʥʫʣʫ ʙʣʠʩʢʠ, ʯʠʤʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʣʘʢʰʝ ʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʧʨʠ ʧʨʦʣʘʟʥʠʤ ʢʚʘʨʦʚʠʤʘ. 
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ʆʜʥʦʩ R/X ʫ ʩʨʝʜˁʝʥʘʧʦʥʩʢʠʤ ʤʨʝʞʘʤʘ ʿʝ ʙʣʠʟʘʢ ʿʝʜʠʥʠʮʠ, ʘ ʘʢʦ ʩʝ ʥʘ ʪʦ ʜʦʜʘ 

ʦʪʧʦʨʥʦʩʪ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠ ʧʨʝʪʝʞʥʦ ʨʝʘʢʪʠʚʥʘ ʠʤʧʝʜʘʥʩʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʜʦʙʠʿʘʿʫ ʩʝ 

ʫʩʣʦʚʠ ʟʘ ʟʘʪʚʘʨʘˁʝ ʩʪʨʫʿʝ ʢʨʦʟ ʨʝʟʠʩʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʫ ʧʝʪˀʫ, ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʬʘʟʥʠ ʩʪʘʚʦʚʠ 

ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʘ ʨʘʟʣʠʢʫʿʫ ʟʥʘʯʘʿʥʦ ʤʘˁʝ ʦʜ 90Ü. ʊʠʤʝ ʩʝ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘʚʘʿʫ ʫʩʣʦʚʠ ʟʘ 

ʝʣʠʤʠʥʘʮʠʿʫ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ ʧʨʝʢʦ ʣʫʢʘ. ɻʝʥʝʨʘʣʥʠ ʟʘʢˀʫʯʘʢ ʩʝ ʤʦʞʝ ʠʟʚʝʩʪʠ ʜʘ ʫʢʦʣʠʢʦ 

ʩʫ ʩʪʨʫʿʝ ʢʦʿʝ ʠʥʜʠʨʝʢʪʥʦ ʥʘʧʘʿʘʿʫ ʤʝʩʪʦ ʢʚʘʨʘ ʤʘˁʝ ʦʜ 35 A, ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʩʘ ʚʝʣʠʢʦʤ 

ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʜʘ ˂ʝ ʜʦ˂ʠ ʜʦ ʩʘʤʦʛʘʰʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʫ ʩʣʫʯʘʿʫ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ ʠ 

ʜʝʣʦʚʘˁʘ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ, ʜʦʢ ʩʝ ʩʘ ʩʪʨʫʿʘʤʘ ʤʘˁʠʤ ʦʜ 20 A ʪʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʥʘʯʘʿʥʦ 

ʧʦʚʝ˂ʘʚʘ [116]. 

 

ʉʣ. 4.8: ʄʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʝ ʟʝʤˀʦʩʧʦʿʘ ʫ ʢʦʤʧʝʥʟʦʚʘʥʠʤ (1) ʠ ʠʟʦʣʦʚʘʥʠʤ (2) ʤʨʝʞʘʤʘ, ʧʨʠ 

ʢʦʿʠʤʘ ʩʝ ʩʤʘʪʨʘ ʜʘ ʧʦʩʪʦʿʝ ʫʩʣʦʚʠ ʟʘ ʩʘʤʦʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ [115] 

4.5. ʋʥʘʧʨʝʹʝˁʝ ʪʝʭʥʠʢʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʢʦʨʠʰ˂ʝˁʝʤ ʢʨʘʪʢʦʩʧʦʿʥʦʛ 

ʧʨʝʢʠʜʘʯʘ ʩʘ Ăʅʝʧʪʫʥῤ ʩʧʦʿʝʤ 

ʂʘʢʦ ʿʝ ʜʝʪʘˀʥʦ ʦʙʿʘʰˁʝʥʦ ʫ ʦʜʝˀʢʫ 4.4, ʿʘʚˀʘ ʩʝ ʠʥʜʠʨʝʢʪʥʦ ʥʘʧʘʿʘˁʝ ʤʝʩʪʘ ʢʚʘʨʘ 

ʩʪʨʫʿʦʤ ʢʦʿʘ ʩʝ ʟʘʪʚʘʨʘ ʧʨʝʢʦ ʥʘʤʦʪʘʿʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʿʠ ʥʘʧʘʿʘʿʫ ʧʦʪʨʦʰˁʫ. ʋ ʩʣʫʯʘʿʫ 

ʧʦʩʪʦʿʘˁʘ ʚʝ˂ʝʛ ʙʨʦʿʘ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʛʨʘʥʠʯʠʪʠ ʩʪʨʫʿʫ ʢʦʿʘ 

ʥʘʩʪʘʚˀʘ ʜʘ ʥʘʧʘʿʘ ʤʝʩʪʦ ʢʚʘʨʘ ʥʘʢʦʥ ʠʩʢˀʫʯʝˁʘ ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ. 

ʋ ʮʠˀʫ ʫʥʘʧʨʝʹʝˁʘ ʪʝʭʥʠʢʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʠ ʦʙʝʟʙʝʹʠʚʘˁʘ ʧʦʫʟʜʘʥʠʿʝʛ ʛʘʰʝˁʘ 

ʣʫʢʘ ʧʨʝʜʣʦʞʝʥʦ ʿʝ ʫʥʘʧʨʝʹʝˁʝ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʨʠʰ˂ʝˁʝ ʤʦʜʠʬʠʢʦʚʘʥʝ ʚʝʨʟʠʿʝ 

ʢʣʘʩʠʯʥʦʛ ʟʝʤˀʦʩʧʦʿʥʦʛ ʧʨʝʢʠʜʘʯʘ [6]. ʇʨʝʜʣʦʞʝʥʘ ʠʥʦʚʘʪʠʚʥʘ ʪʦʧʦʣʦʛʠʿʘ ʨʘʩʪʘʚˀʘʯʘ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣ. 4.9. ʆʥʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʪʨʠ ʿʝʜʥʦʧʦʣʥʘ ʧʨʝʢʠʜʘʯʘ ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʿʝʜʥʠʤ 

ʢʨʘʿʝʤ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʬʘʟʥʝ ʠʟʚʦʜʝ ʠʟʘ ʨʠʢʣʦʟʝʨʘ, ʘ ʜʨʫʛʠ ʢʨʘʿ ʿʝ ʚʝʟʘʥ ʫ ʟʘʿʝʜʥʠʯʢʦ 

ʟʚʝʟʜʠʰʪʝ ʢʦʿʝ ʿʝ ʫʟʝʤˀʝʥʦ ʧʨʝʢʦ ʿʝʜʥʦʛ ʨʘʩʢʣʦʧʥʦʛ ʝʣʝʤʝʥʪʘ. ʇʨʝʜʣʦʞʝʥʠʤ ʢʦʥʮʝʧʪʦʤ 

ʚʨʰʠ ʠ ʢʨʘʪʢʦ ʩʧʘʿʘˁʝ ʬʘʟʘ, ʧʦʨʝʜ ʫʟʝʤˀʘʚʘˁʘ ʢʚʘʨʘ. ʋ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ ʚʨʰʠ ʩʝ ʢʨʘʪʢʦ 

ʩʧʘʿʘˁʝ ʙʠʣʦ ʿʝʜʥʦʬʘʟʥʦʛ ʠʣʠ ʜʚʦʬʘʟʥʦʛ ʢʚʘʨʘ, ʪʘʢʦ ʜʘ ʿʝ ʫʩʚʦʿʝʥ ʥʘʟʠʚ ʢʨʘʪʢʦʩʧʦʿʥʠ 

ʧʨʝʢʠʜʘʯ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʩʣʠʯʥʘ ʪʦʧʦʣʦʛʠʿʘ ʚʝʟʘ ʦʜʚʦʜʥʠʢʘ ʧʨʝʥʘʧʦʥʘ ʥʘʟʠʚʘ Ăʅʝʧʪʫʥῤ 

ʩʧʦʿ, ʦʚʜʝ ʿʝ ʪʘʿ ʥʘʟʠʚ ʟʘʜʨʞʘʥ ʠ ʟʘ ʧʨʝʜʣʦʞʝʥʫ ʚʝʟʫ ʢʨʘʪʢʦʩʧʦʿʥʦʛ ʧʨʝʢʠʜʘʯʘ. ʈʘʩʢʣʦʧʥʠ 

ʝʣʝʤʝʥʪʠ ʧʨʠʢˀʫʯʝʥʠ ʫ ʬʘʟʘʤʘ (ʂʇ) ʩʫ ʫ ʥʦʨʤʘʣʥʦʤ ʨʘʜʫ ʦʪʚʦʨʝʥʠ, ʜʦʢ ʿʝ ʟʝʤʦˀʩʧʦʿʥʠ 

ʝʣʝʤʝʥʪ ʢʨʘʪʢʦʩʧʦʿʥʦʛ ʧʨʝʢʠʜʘʯʘ (ʋɿ) ʥʦʨʤʘʣʥʦ ʟʘʪʚʦʨʝʥ. ʅʘ ʩʣ. 4.9 ʿʝ ʧʨʠʢʘʟʘʥ ʩʘʤʦ ʿʝʜʘʥ 

ʠʟʚʦʜ, ʜʦʢ ʿʝ ʦʚʘʢʘʚ ʩʠʩʪʝʤ ʧʦʪʨʝʙʥʦ ʨʝʘʣʠʟʦʚʘʪʠ ʥʘ ʩʚʘʢʦʤ ʠʟʚʦʜʫ ʩʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʤ 

ʛʝʥʝʨʘʪʦʨʠʤʘ. 
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ʉʣ. 4.9: ʇʦʚʝʟʠʚʘˁʝ ʠ ʫʧʨʘʚˀʘˁʝ Ăʅʝʧʪʫʥῤ ʩʧʦʿʝʤ 

ʀʟʚʨʰʥʫ ʥʘʨʝʜʙʫ ʟʘ ʠʩʢˀʫʯʝˁʝ ʨʠʢʣʦʟʝʨʫ ʜʘʿʝ ʤʠʢʨʦʧʨʦʮʝʩʦʨʩʢʘ ʟʘʰʪʠʪʥʦ-

ʫʧʨʘʚˀʘʯʢʘ ʿʝʜʠʥʠʮʘ, ʢʦʿʘ ʿʝ ʦʙʘʚʝʟʥʠ ʜʝʦ ʦʧʨʝʤʝ ʥʘ ʩʚʘʢʦʤ ʩʨʝʜˁʝʥʘʧʦʥʩʢʦʤ ʠʟʚʦʜʫ, ʘ 

ʫʿʝʜʥʦ ʠ ʩʣʫʞʠ ʟʘ ʧʦʢʨʝʪʘˁʝ ʮʠʢʣʫʩʘ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ. ʆʥʘ ʧʨʦʩʣʝʹʫʿʝ ʩʠʛʥʘʣʝ 

ʢʦʥʪʨʦʣʥʦʿ ʿʝʜʠʥʠʮʠ ʢʨʘʪʢʦʩʧʦʿʥʦʛ ʧʨʝʢʠʜʘʯʘ, ʢʦʿʘ ʚʨʰʠ ʫʧʨʘʚˀʘˁʝ ʢʨʘʪʢʦʩʧʦʿʥʠʤ 

ʧʨʝʢʠʜʘʯʝʤ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʭʪʝʚʠʤʘ, ʦʜʥʦʩʥʦ ʪʠʧʦʤ ʢʚʘʨʘ ʢʦʿʠ ʿʝ ʥʘʩʪʘʦ ʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 

ʬʘʟʘʤʘ ʢʦʿʝ ʩʫ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ. ʂʨʘʪʢʦʩʧʦʿʥʠ ʧʨʝʢʠʜʘʯ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʿʝʜʥʦʬʘʟʥʠʭ 

ʨʘʩʢʣʦʧʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʩʚʘʢʦʿ ʦʜ ʬʘʟʘ ʢʦʿʠ ʩʫ ʥʘ ʜʨʫʛʦʤ ʢʨʘʿʫ ʚʝʟʘʥʠ ʫ ʝʣʝʢʪʨʠʯʥʦʤ ʩʤʠʩʣʫ 

ʠʩʪʫ ʪʘʯʢʫ. ʀʟ ʪʝ ʪʘʯʢʝ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ ʢʨʘʪʢʦ ʩʧʘʿʘˁʝ ʩʘ ʟʝʤˀʦʤ, ʦʜʥʦʩʥʦ ʫʟʝʤˀʘʚʘˁʝ. 

ʂʘʢʦ ʩʫ ʩʪʨʫʿʝ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʥʠʩʢʝ, ʥʠʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʢʨʘʪʢʦʩʧʦʿʥʠ ʧʨʝʢʠʜʘʯ 

ʙʫʜʝ ʨʝʘʣʠʟʦʚʘʥ ʢʘʦ ʩʪʘʥʜʘʨʜʥʠ ʧʨʝʢʠʜʘʯ ʢʦʿʠ ʠʤʘ ʢʦʤʦʨʫ ʟʘ ʛʘʰʝˁʝ ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ, 

ʚʝ˂ ʿʝ ʩʘʩʚʠʤ ʜʦʚʦˀʥʦ ʢʦʨʠʩʪʠʪʠ ʨʘʩʪʘʚˀʘʯ ʩʥʘʛʝ, ʠʣʠ ʯʘʢ ʩʘʤʦ ʦʙʠʯʘʥ ʨʘʩʪʘʚˀʘʯ. ʅʘʨʘʚʥʦ, 

ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʜʘ ʩʚʠ ʝʣʝʤʝʥʪʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʠʤʘʿʫ ʤʦʪʦʨʥʠ ʧʦʛʦʥ, ʢʘʢʦ ʙʠ ʩʝ ʨʝʘʣʠʟʦʚʘʣʦ 

ʘʜʝʢʚʘʪʥʦ ʫʧʨʘʚˀʘˁʝ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʿʝʜʥʦʬʘʟʥʠ ʢʚʘʨʦʚʠ ʥʘʿʯʝʰ˂ʠ, ʟʝʤˀʦʩʧʦʿʥʠ ʝʣʝʤʝʥʪ 

(ʋɿ) ʩʝ ʜʨʞʠ ʫ ʥʦʨʤʘʣʥʦʤ ʧʦʛʦʥʫ ʟʘʪʚʦʨʝʥ. ʋ ʩʣʫʯʘʿʫ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ, ʥʘʢʦʥ 

ʦʪʚʘʨʘˁʘ ʨʠʢʣʦʟʝʨʘ ʫ ʬʘʟʠ ʧʦʛʦʹʝʥʦʿ ʢʚʘʨʦʤ ʟʘʪʚʦʨʠʣʠ ʙʠ ʩʝ ʢʦʥʪʘʢʪʠ ʢʨʘʪʢʦʩʧʦʿʥʦʛ 

ʧʨʝʢʠʜʘʯʘ ʫ ʬʘʟʠ ʢʦʿʘ ʿʝ ʧʦʛʦʹʝʥʘ ʢʚʘʨʦʤ ʧʨʝʤʘ ʟʘʿʝʜʥʠʯʢʦʿ ʪʘʯʢʠ, ʦʜʥʦʩʥʦ ʟʝʤˀʠ, ʪʘʢʦ ʜʘ 

ʙʠ ʩʝ ʧʦʪʝʥʮʠʿʘʣ ʪʝ ʬʘʟʝ ʜʦʚʝʦ ʥʘ ʥʫʣʫ ʠ ʪʠʤʝ ʦʙʝʟʙʝʜʠʣʠ ʫʩʣʦʚʠ ʟʘ ʛʘʰʝˁʝ ʣʫʢʘ. ʋ ʩʣʫʯʘʿʫ 

ʜʚʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ, ʦʪʚʦʨʠʣʠ ʙʠ ʩʝ ʢʦʥʪʘʢʪʠ ʟʝʤˀʦʩʧʦʿʥʦʛ ʝʣʝʤʝʥʪʘ (ʋɿ) ʠ ʥʘʢʦʥ 

ʠʩʢˀʫʯʝˁʘ ʿʝʜʥʝ ʦʜ ʬʘʟʘ ʫ ʢʚʘʨʫ, ʧʨʝʤʘ ʨʘʥʠʿʝ ʦʧʠʩʘʥʦʿ ʪʝʭʥʠʮʠ, ʟʘʪʚʦʨʠʣʠ ʙʠ ʩʝ ʠ ʢʦʥʪʘʢʪʠ 

ʢʨʘʪʢʦʩʧʦʿʥʦʛ ʧʨʝʢʠʜʘʯʘ (ɿʇ) ʫ ʬʘʟʘʤʘ ʠʟʤʝʹʫ ʢʦʿʠʭ ʿʝ ʥʘʩʪʘʦ ʢʚʘʨ, ʧʨʝʤʘ ʟʘʿʝʜʥʠʯʢʦʿ ʪʘʯʢʠ, 

ʜʦʢ ʙʠ ʢʦʥʪʘʢʪʠ ʧʨʝʤʘ ʟʝʤˀʠ ʦʩʪʘʣʠ ʦʪʚʦʨʝʥʠ. ʊʠʤʝ ʙʠ ʩʝ ʠʟʚʨʰʠʣʦ ʢʨʘʪʢʦ ʩʧʘʿʘˁʝ ʜʚʝ ʬʘʟʝ 

ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ ʠ ʥʘʧʦʥ ʣʫʢʘ ʙʠ ʩʝ ʧʨʘʢʪʠʯʥʦ ʜʦʚʝʦ ʥʘ ʥʫʣʫ ʠ ʣʫʢ ʫʛʘʩʠʦ. ʉʪʨʦʛʦ ʛʣʝʜʘʥʦ, 

ʥʘʧʦʥ ʥʘ ʣʫʢʫ ʥʝ˂ʝ ʙʠʪʠ ʿʝʜʥʢ ʥʫʣʠ ʟʙʦʛ ʠʥʜʫʢʪʠʚʥʦʛ ʧʘʜʘ ʥʘʧʦʥʘ ʢʦʛʘ ʩʪʚʘʨʘʿʫ ʩʪʨʫʿʝ ʢʦʿʝ 

ʩʝ ʟʘʪʚʘʨʘʿʫ ʩʘ ʩʪʨʘʥʝ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʅʘʧʦʥ ʥʘ ʤʝʩʪʫ ʣʫʢʘ ʟʘʚʠʩʠ ʦʜ 

ʫʜʘˀʥʦʩʪʠ ʤʝʩʪʘ ʣʫʢʘ ʠ ʢʨʘʪʢʦʩʧʦʿʥʠʭ ʧʨʝʢʠʜʘʯʘ, ʘʣʠ ʿʝ ʟʙʦʛ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʭ ʩʪʨʫʿʘ ʠ ʤʘʣʝ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʚʘʿ ʥʘʧʦʥ ʿʝ ʧʨʘʢʪʠʯʥʦ ʟʘʥʝʤʘʨˀʠʚ, ʰʪʦ ˂ʝ ʙʠʪʠ ʧʦʪʚʨʹʝʥʦ ʢʨʦʟ ʩʠʤʫʣʘʮʠʿʝ 

ʫ ʥʘʨʝʜʥʦʤ ʧʦʛʣʘʚˀʫ. 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʨʝʯʝʥʦʛ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʥʘʯʠʥ ʫʧʨʘʚˀʘˁʘ ʟʝʤˀʦʩʧʦʿʥʠʤ 

ʝʣʝʤʝʥʪʦʤ (ʋɿ), ʦʜʥʦʩʥʦ ʣʦʛʠʢʘ ʢʦʿʘ ʙʠ ʦʙʝʟʙʝʜʠʣʘ ˁʝʛʦʚʦ ʩʝʣʝʢʪʠʚʥʦ ʠʩʢˀʫʯʝˁʝ. ʆʥ ʪʨʝʙʘ 

ʜʘ ʙʫʜʝ ʫʢˀʫʯʝʥ ʫ ʩʣʫʯʘʿʫ ʿʝʜʥʦʬʘʟʥʠʭ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ, ʜʦʢ ʙʠ ʧʨʠ ʜʚʦʬʘʟʥʠʤ ʢʨʘʪʢʠʤ 
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ʩʧʦʿʝʚʠʤʘ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʙʣʦʢʠʨʘʥ ʠ ʠʩʢˀʫʯʝʥ. ʅʘ ʩʣ. 4.10 ʧʨʠʢʘʟʘʥʘ ʿʝ ʣʦʛʠʢʘ ʟʘ 

ʠʩʢˀʫʯʝˁʝ ʫʟʝʤˀʠʚʘʯʘ, ʢʦʿʠ ʩʝ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʝ ʤʦʞʝ ʨʝʘʣʠʟʦʚʘʪʠ ʧʨʝʢʦ ʧʦʤʦ˂ʥʠʭ 

ʢʦʥʪʘʢʘʪʘ ʨʘʩʪʘʚˀʘʯʘ ʩʚʘʢʝ ʦʜ ʬʘʟʘ. ʌʦʨʤʠʨʘʥʝ ʩʫ ʪʨʠ ʧʘʨʘʣʝʣʥʝ ʛʨʘʥʝ ʫ ʢʦʿʠʤʘ ʩʝ ʥʘʣʘʟʝ ʧʦ 

ʜʚʘ ʥʦʨʤʘʣʥʦ ʦʪʚʦʨʝʥʘ ʧʦʤʦ˂ʥʘ ʢʦʥʪʘʢʪʘ ʨʘʩʪʘʚˀʘʯʘ ʫ ʜʚʝ ʬʘʟʝ, ʜʦʢ ʠʟ ʧʨʝʦʩʪʘʣʝ ʜʦʣʘʟʠ 

ʥʦʨʤʘʣʥʦ ʟʘʪʚʦʨʝʥ ʢʦʥʪʘʢʪ. ʅʘʧʨʘʚˀʝʥʘ ʿʝ ʢʦʤʙʠʥʘʮʠʿʘ ʜʘ ʩʚʘʢʠ ʦʜ ʨʘʩʪʘʚˀʘʯʘ ʠʤʘ 

ʥʦʨʤʘʣʥʦ ʟʘʪʚʦʨʝʥ ʢʦʥʪʘʢʪ ʫ ʿʝʜʥʦʿ ʛʨʘʥʠ. ɼʘʢʣʝ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʜʦ ʠʩʢˀʫʯʝˁʘ 

ʫʟʝʤˀʠʚʘʯʘ ʜʦʣʘʟʠ ʿʝʜʠʥʦ ʢʘʜʘ ʿʝ ʨʘʩʪʘʚˀʘʯ ʫ ʜʚʝ ʬʘʟʝ ʫʢˀʫʯʝʥ, ʰʪʦ ʩʝ ʜʝʰʘʚʘ ʧʨʠ 

ʜʚʦʬʘʟʥʦʤ ʢʨʘʪʢʦʤ ʩʧʦʿʫ. ʋʢʦʣʠʢʦ ʥʠʿʝʜʘʥ ʦʜ ʨʘʩʪʘʚˀʘʯʘ ʫ ʬʘʟʘʤʘ ʥʠʿʝ ʫʢˀʫʯʝʥ, ʠʣʠ ʿʝ 

ʩʘʤʦ ʿʝʜʘʥ ʫʢˀʫʯʝʥ, ʢʦʣʦ ʠʩʢˀʫʯʝˁʘ ʟʝʤˀʦʩʧʦʿʥʦʛ ʝʣʝʤʝʥʪʘ ˂ʝ ʙʠʪʠ ʧʨʝʢʠʥʫʪʦ ʠ ˁʝʛʦʚʦ 

ʠʩʢˀʫʯʝˁʝ ʦʥʝʤʦʛʫ˂ʝʥʦ. ʆʚʦ ʩʫ ʩʠʪʫʘʮʠʿʝ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʫ ʥʦʨʤʘʣʥʦʤ ʨʘʜʥʦʤ ʩʪʘˁʫ ʠ ʧʨʠ 

ʿʝʜʥʦʬʘʟʥʦʤ ʢʨʘʪʢʦʤ ʩʧʦʿʫ. ʋ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ 

ʚʨʝʤʝʥʩʢʦ ʩʪʝʧʝʥʦʚʘˁʝ ʫʟʝʤˀʠʚʘʯʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʩʪʘʚˀʘʯʝ ʫ ʬʘʟʘʤʘ, ʜʘ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ 

ʥʝʞʝˀʝʥʦʛ ʫʟʝʤˀʘʚʘˁʘ ʜʝʣʦʚʘ ʧʦʜ ʥʘʧʦʥʦʤ. 

 

ʉʣ. 4.10: ʀʩʢˀʫʯʝˁʝ ʫʟʝʤˀʠʚʘʯʘ ʤʦʜʠʬʠʢʦʚʘʥʦʛ ʟʝʤˀʦʩʧʦʿʥʦʛ ʝʣʝʤʝʥʪʘ ʢʨʘʪʢʦʩʧʦʿʥʦʛ ʧʨʝʢʠʜʘʯʘ 

ʇʨʝʪʭʦʜʥʘ ʘʥʘʣʠʟʘ ʚʘʞʠ ʟʘ ʜʠʨʝʢʪʥʦ ʫʟʝʤˀʝʥʝ ʤʨʝʞʝ, ʢʘʦ ʠ ʟʘ ʤʨʝʞʝ ʫʟʝʤˀʝʥʝ ʧʨʝʢʦ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʠʤʧʝʜʘʥʩʠ ʟʘ ʦʛʨʘʥʠʯʝˁʝ ʩʪʨʫʿʝ ʟʝʤˀʦʩʧʦʿʘ. ʅʝʰʪʦ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥ 

ʢʦʥʮʝʧʪ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʫ ʠʟʦʣʦʚʘʥʠʤ ʤʨʝʞʘʤʘ. ʇʨʝʪʭʦʜʥʦ ʿʝ ʦʧʠʩʘʥ ʫʪʠʮʘʿ ʥʘʯʠʥʘ 

ʫʟʝʤˀʝˁʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʟʘʪʚʘʨʘˁʝ ʩʪʨʫʿʝ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ. ʄʦʞʝ ʩʝ 

ʢʦʥʩʪʘʪʦʚʘʪʠ ʜʘ ʧʨʠʣʠʢʦʤ ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫ ʠʟʦʣʦʚʘʥʠʤ ʤʨʝʞʘʤʘ ʥʝʢʘʜʘ ʥʠʿʝ 

ʧʦʪʨʝʙʥʦ ʢʦʨʠʩʪʠʪʠ Ăʅʝʧʪʫʥῤ ʩʧʦʿ, ʚʝ˂ ʿʝ ʜʦʚʦˀʥʦ ʩʘʤʦ ʦʪʚʦʨʠʪʠ ʧʦʣʦʚʝ ʧʨʝʢʠʜʘʯʘ. 

ʄʝʹʫʪʠʤ, ʘʢʦ ʩʝ ʜʦʛʦʜʠ ʜʚʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ, ʥʘʯʠʥ ʫʟʝʤˀʝˁʘ ʥʝ ʠʛʨʘ ʥʠʢʘʢʚʫ ʫʣʦʛʫ, ʿʝʨ ʩʝ 

ʩʪʨʫʿʝ ʟʘʪʚʘʨʘʿʫ ʠʩʢˀʫʯʠʚʦ ʧʨʝʢʦ ʬʘʟʥʠʭ ʧʨʦʚʦʜʥʠʢʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ 

ʫʧʨʦʰ˂ʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʨʝʰʝˁʘ ʧʨʝʜʣʦʞʝʥʦʛ ʥʘ ʩʣ. 4.9, ʢʦʿʘ ʠʩʢˀʫʯʫʿʝ ʧʦʩʪʦʿʘˁʝ 

ʫʟʝʤˀʠʚʘʯʘ (ʋɿ). ʊʘʢʦ ʙʠ ʦʤʦʛʫ˂ʠʣʦ ʢʨʘʪʢʦ ʩʧʘʿʘˁʝ ʙʠʣʦ ʢʦʿʝ ʜʚʝ ʬʘʟʝ ʫ ʩʢʣʘʜʫ ʩʘ ʥʘʩʪʘʣʠʤ 

ʜʚʦʬʘʟʥʠʤ ʢʨʘʪʢʠʤ ʩʧʦʿʝʤ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʤʦʞʝ ʩʝ ʠʟʙʝ˂ʠ ʢʦʨʠʰ˂ʝˁʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ 

ʧʨʠ ʿʝʜʥʦʬʘʟʥʠʤ ʢʨʘʪʢʠʤ ʩʧʦʿʝʚʠʤʘ ʠ ʢʦʨʠʩʪʠʪʠ ʩʘʤʦ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʢʨʘʪʢʦʩʧʦʿʥʠʭ 

ʧʨʝʢʠʜʘʯʘ ʩʘ Ăʅʝʧʪʫʥῤ ʩʧʦʿʝʤ ʩʘ ʫʟʝʤˀʠʚʘʯʝʤ. ʆʥʘ ˂ʝ ʩʢʦʨʦ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʨʝʫʟʝʪʠ ʩʪʨʫʿʫ 

ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʢʦʿʘ ʩʝ ʧʨʝʢʦ ʜʦʟʝʤʥʠʭ ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ ʩʚʠʭ ʠʟʚʦʜʘ ʫ ʤʨʝʞʠ 

ʟʘʪʚʘʨʘ ʠ ʪʝʯʝ ʧʨʝʤʘ ʤʝʩʪʫ ʢʚʘʨʘ. ʊʠʤʝ ʩʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʝ ʩʪʨʫʿʘ ʢʦʿʘ ʥʘʧʘʿʘ ʝʣʝʢʪʨʠʯʥʠ 

ʣʫʢ ʠ ʜʦʙʠʿʘ ʩʝ ʝʬʠʢʘʩʥʦʩʪ ʢʘʦ ʠ ʢʦʜ ʧʨʠʤʝʥʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ. ʆʚʦ ʚʘʞʠ ʩʘʤʦ ʟʘ 

ʝʣʠʤʠʥʘʮʠʿʫ ʿʝʜʥʦʬʘʟʥʠʭ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ, ʜʦʢ ʿʝ ʟʘ ʝʣʠʤʠʥʘʮʠʿʫ ʜʚʦʬʘʟʥʠʭ ʥʝʦʧʭʦʜʥʘ 

ʧʨʠʤʝʥʘ ʪʝʭʥʠʢʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʫ ʢʦʦʨʜʠʥʘʮʠʿʠ ʟʘ ʢʨʘʪʢʦʩʧʦʿʠʤ ʧʨʝʢʠʜʘʯʝʤ. ʋ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʧʦʣʦʛʠʿʝ ʤʨʝʞʝ ʫ ʠʟʦʣʦʚʘʥʠʤ ʩʠʩʪʝʤʠʤʘ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʝʣʠʤʠʥʘʮʠʿʫ 

ʿʝʜʥʦʬʘʟʥʠʭ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ ʢʨʘʪʢʦʩʧʦʿʥʠ ʧʨʝʢʠʜʘʯʠ ʙʝʟ ʠʩʢˀʫʯʝˁʘ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 

ʧʦʩʤʘʪʨʘʥʦʤ ʠʟʚʦʜʫ, ʿʝʨ ʿʝ ˁʝʛʦʚ ʜʦʧʨʠʥʦʩ ʟʥʘʯʘʿʥʦ ʤʘˁʠ ʥʝʛʦ ʠʟ ʥʘʧʦʿʥʝ ʪʘʯʢʝ ʠʟʚʦʜʘ. 

ʆʚʘʢʘʚ ʢʦʥʮʝʧʪ ʙʠ ʪʨʝʙʘʣʦ ʧʘʞˀʠʚʦ ʘʥʘʣʠʟʠʨʘʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʧʦʣʦʛʠʿʝ ʠʟʚʦʜʘ, ʚʨʩʪʝ, 

ʙʨʦʿʘ ʠ ʩʥʘʛʝ ɼɻ-ʘ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʠʟʚʦʜʫ, ʪʘʢʦ ʜʘ ʩʝ ʧʨʠ ʩʚʠʤ ʨʘʜʥʠʤ ʩʪʘˁʠʤʘ ʠ ʤʦʛʫ˂ʠʤ 

ʢʚʘʨʦʚʠʤʘ ʦʙʝʟʙʝʜʝ ʫʩʣʦʚʠ ʟʘ ʛʘʰʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 
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4.6. ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʦʥʠʭ ʘʥʘʣʠʟʘ 

4.6.1. ʋʚʦʜ 

ʋ ʮʠˀʫ ʜʝʤʦʥʩʪʨʘʮʠʿʝ ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥˀʠʚʦʩʪʠ ʨʘʟʚʠʿʝʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʨʠʤʝʥʫ 

ʪʝʭʥʠʢʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ, ʢʦʨʠʰ˂ʝˁʝʤ ʨʠʢʣʦʟʝʨʘ ʬʦʨʤʠʨʘʥ ʿʝ ʩʠʤʫʣʘʮʠʦʥʠ ʤʦʜʝʣ ʨʝʘʣʥʝ 

ʤʨʝʞʝ ʠ ʠʟʚʨʰʝʥʝ ʩʫ ʜʠʥʘʤʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ ʥʘ ʤʦʜʝʣʫ ʯʠʿʘ ʿʝ ʿʝʜʥʦʧʦʣʥʘ ʰʝʤʘ ʧʨʠʢʘʟʘʥʘ ʥʘ 

ʩʣ. 4.11. ɽʢʚʠʚʘʣʝʥʪ 110 kV ʿʝ ʤʦʜʝʣʦʚʘʥ ʧʨʝʢʦ ʩʥʘʛʝ ʪʨʦʧʦʣʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʦʜ 1000 MVA  

ʠ ʦʜʥʦʩʦʤ R/X=0,25. ʅʘ ʥʠʞʝʥʘʧʦʥʩʢʦʿ ʩʪʨʘʥʠ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʦʜʝʣʦʚʘʥʘ 

ʿʝ ʤʨʝʞʘ 35 kV ʩʘ ʜʠʩʪʨʠʙʫʠʨʘʥʦʤ ʧʨʦʠʟʚʦʜˁʦʤ. ʉʧʨʝʛʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 110/35 kV ʿʝ YNyn, 

ʧʨʠ ʯʝʤʫ ʿʝ ʟʚʝʟʜʠʰʪʝ ʥʘ ʥʠʞʝʥʘʧʦʥʩʢʦʿ ʩʪʨʘʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʠʨʝʢʪʥʦ ʫʟʝʤˀʝʥʦ. 

ɼʠʩʪʨʠʙʫʠʨʘʥʦ ʛʝʥʝʨʠʩʘˁʝ ʩʝ ʩʘʩʪʦʿʠ ʦʜ: 

¶ ʉʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥʦʛ ʥʘ ʤʨʝʞʫ ʧʨʝʢʦ ʩʚʦʛ ʙʣʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 3,15/35 kV ʩʘ ʥʘʟʥʘʯʝʥʦʤ ʩʥʘʛʦʤ ʦʜ 1 MW, 

¶ ɺʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩʘ ʜʚʦʩʪʨʘʥʦ ʥʘʧʘʿʘʥʦʤ ʘʩʠʥʭʨʦʥʦʤ ʤʘʰʠʥʦʤ ʧʨʠʢˀʫʯʝʥʦʤ 

ʧʨʝʢʦ ʩʚʦʛ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʦʜʥʦʩʘ 0,69/35 kV ʠ ʩʘ ʥʘʟʥʘʯʝʥʦʤ 

ʩʥʘʛʦʤ ʦʜ 1 MW, 

¶ ɺʝʪʨʦʘʛʨʝʛʘʪʘ ʩʘ ʩʠʥʭʨʦʥʦʤ ʤʘʰʠʥʦʤ ʠ ʧʫʥʠʤ ʧʨʝʪʚʘʨʘʯʝʤ ʢʦʿʘ ʿʝ ʧʨʠʢˀʫʯʝʥʘ 
ʧʨʝʢʦ ʩʚʦʛ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 0,4/35 kV ʠ 

¶ ɼʚʘ ʬʦʪʦʥʘʧʦʥʩʢʘ ʩʠʩʪʝʤʘ ʩʘ ʥʘʟʥʘʯʝʥʦʤ ʩʥʘʛʦʤ ʦʜ 0,5 MW.  

,  

ʉʣ. 4.11: ɱʝʜʥʦʧʦʣʥʘ ʰʝʤʘ ʤʨʝʞʝ ʢʦʨʠʰ˂ʝʥʝ ʫ ʘʥʘʣʠʟʘʤʘ 

ʇʦʨʝʜ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ ʤʦʜʝʣʦʚʘʥʦ ʿʝ ʠ ʰʝʩʪ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʪʨʘʬʦʩʪʘʥʠʮʘ 

35/10 kV ʩʘ ʧʨʠʢˀʫʯʝʥʦʤ ʧʦʪʨʦʰˁʦʤ ʥʘ ʩʝʢʫʥʜʘʨʥʦʿ ʩʪʨʘʥʠ. ʀʟʚʦʜʥʝ ʜʝʦʥʠʮʝ ʥʘ ʦʙʘ ʠʟʚʦʜʘ 
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ʩʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʝ ʜʘ ʩʫ AlFe 70 mm2, ʜʦʢ ʩʫ ʧʨʝʦʩʪʘʣʝ ʜʝʦʥʠʮʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ 

ʧʨʝʪʧʦʩʪʘʚˀʝʥʝ ʢʘʦ AlFe 50 mm2. ɼʫʞʠʥʝ ʚʦʜʦʚʘ ʠ ˁʠʭʦʚʝ ʧʦʜʫʞʥʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʨʝʘʢʪʘʥʩʝ 

ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙ. 4.1. 

ʊʘʙ. 4.1: ʇʘʨʘʤʝʪʨʠ ʚʦʜʦʚʘ ʪʝʩʪ ʩʠʩʪʝʤʘ 

ɺʦʜ ɼʫʞʠʥʘ [ʢʤ] ʆʪʧʦʨʥʦʩʪ [ɋ/ʢʤ] ʈʝʢʪʘʥʩʘ [ɋ/ʢʤ] 

02-03 8 0,413 0,402 

03-04 7 0,595 0,415 

04-05 11 0,595 0,415 

02-06 6 0,413 0,402 

06-07 8 0,595 0,415 

07-08 10 0,595 0,415 

08-09 14 0,595 0,415 
 

ʄʦʜʝʣ ʬʦʪʦʥʘʧʦʥʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʿʝ ʧʨʝʫʟʝʪ ʠʟ ʙʠʙʣʠʦʪʝʢʝ ʩʦʬʪʚʝʨʘ 

DIgSILENT PowerFactory ʩʘ ʢʦʤʧʣʝʪʥʠʤ ʧʨʠʧʘʜʘʿʫ˂ʠʤ ʫʧʨʘʚˀʘʯʢʠʤ ʩʠʩʪʝʤʦʤ. ʄʍɽ ʿʝ 

ʤʦʜʝʣʦʚʘʥʘ ʩʘ ʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʢʦʿʠ ʿʝ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥ ʥʘ ʤʨʝʞʫ ʧʨʝʢʦ ʩʚʦʛ 

ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʆʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʩʫ ʜʘʪʠ ʫ ʪʘʙ. 4.2. ʋ ʮʠˀʫ 

ʩʘʛʣʝʜʘʚʘˁʘ ʢʦʤʧʣʝʪʥʝ ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤʘ ʤʦʜʝʣʦʚʘʥ ʿʝ ʧʦʙʫʜʥʠ ʩyʩʪʝʤ ʠ ʪʫʨʙʠʥʩʢʘ 

ʨʝʛʫʣʘʮʠʿʘ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ. ɿʘ ʧʦʙʫʜʥʠ ʩyʩʪʝʤ ʿʝ ʫʩʚʦʿʝʥ ʪʠʧ ST1A IEEE, ʜʦʢ ʿʝ ʟʘ 

ʪʫʨʙʠʥʩʢʠ ʨʝʛʫʣʘʪʦʨ ʫʩʚʦʿʝʥ ʪʠʧ HYGOV, ʢʦʿʠ ʩʫ ʧʨʝʫʟʝʪʠ ʠʟ ʙʠʙʣʠʦʪʝʢʝ ʩʦʬʪʚʝʨʘ. 

ʊʘʙ. 4.2: ʇʨʝʛʣʝʜ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʨʠʰ˂ʝʥʦʛ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ 

ʇʘʨʘʤʝʪʘʨ ɺʨʝʜʥʦʩʪ 

ʅʦʤʠʥʘʣʥʘ ʧʨʠʚʠʜʥʘ ʩʥʘʛʘ S = 1,25 MVA  

ʅʦʤʠʥʘʣʥʠ ʥʘʧʦʥ Un = 3,15 kV 

ʌʘʢʪʦʨ ʩʥʘʛʝ 0,85 

ʉʠʥʭʨʦʥʘ ʨʝʘʢʪʘʥʩʘ xd = 1,5 p.j.; xq = 0,8 p.j. 

ɺʨʝʤʝʥʩʢʘ ʢʦʥʩʪʘʥʪʘ ʠʥʝʨʮʠʿʝ ʘʛʨʝʛʘʪʘ ʊ = 0,75 s 

ʊʨʘʥʟʠʿʝʥʪʥʘ ʨʝʘʢʪʘʥʩʘ xd' = 0,436 p.j. 

ʉʫʙʪʨʘʥʟʠʿʝʥʪʥʘ ʨʝʘʢʪʘʥʩʘ xd'' = 0,295 p.j.; xq'' = 0,378 p.j. 
 

ɺʨʰʥʘ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʧʦʪʨʦʰʘʯʘ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʿ ʤʨʝʞʠ ʿʝ 13,7 ʄW ʠ 4,5 Mvar. 

ʇʦʪʨʦʰˁʘ ʿʝ ʤʦʜʝʣʦʚʘʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ZIP ʤʦʜʝʣʘ ʩʘ ʧʦʿʝʜʠʥʘʯʥʠʤ ʫʜʝʣʠʤʘ ʢʦʥʩʪʘʥʪʥʝ 

ʩʥʘʛʝ, ʢʦʥʩʪʘʥʪʥʝ ʩʪʨʫʿʝ ʠ ʢʦʥʩʪʘʥʪʥʝ ʠʤʧʝʜʘʥʩʝ 0,4, 0,4 ʠ 0,3, ʨʝʩʧʝʢʪʠʚʥʦ. 

ʋ ʘʥʘʣʠʟʘʤʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʩʫ ʨʠʢʣʦʟʝʨʠ, ʦʜʥʦʩʥʦ ʧʨʝʢʠʜʘʯʠ ʩʘ ʤʦʛʫ˂ʥʦʰ˂ʫ 

ʿʝʜʥʦʧʦʣʥʝ ʤʘʥʠʧʫʣʘʮʠʿʝ, ʣʦʮʠʨʘʥʠ ʥʘ ʧʦʯʝʪʢʫ ʦʙʘ ʠʟʚʦʜʘ ʢʦʜ ʯʚʦʨʘ 02 (ʩʣ. 4.11), ʿʝʨ ʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʢʨʠʪʠʯʥʠʿʝ ʩʪʘˁʝ ʫ ʢʦʤʝ ʢʚʘʨ ʠʤʘ ʫʪʠʮʘʿ ʥʘ ʩʚʝ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʠʟʚʦʨʝ ʫ 

ʤʨʝʞʠ. ʈʠʢʣʦʟʝʨ ʢʦʜ ʯʚʦʨʘ 02 ʠʩʢˀʫʯʫʿʝ ʬʘʟʫ ʧʦʛʦʹʝʥʫ ʢʚʘʨʦʤ, ʘ ʥʘʢʦʥ ʪʦʛʘ ʪʦ ʫʯʠʥʝ ʠ ʩʚʠ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʠʟʚʦʨʠ ʧʨʠʢˀʫʯʝʥʠ ʥʘ ʠʟʚʦʜʫ ʩʘ ʢʚʘʨʦʤ ʧʨʝʢʦ ʩʚʦʿʠʭ ʧʨʝʢʠʜʘʯʘ ʫ ʪʘʯʢʠ 

ʧʨʠʢˀʫʯʝˁʘ ʥʘ ʤʨʝʞʫ. 

ɿʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘˁʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʩʤʘˁʝˁʝ ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʫʪʠʮʘʿʘ ʥʘ ɼɻ-ʝ ʙʠ ʩʝ 

ʠʤʘʣʦ ʫ ʩʣʫʯʘʿʫ ʧʦʩʪʘʚˀʘˁʘ ʨʠʢʣʦʟʝʨʘ ʫ ʪʘʯʢʘʤʘ ʛʨʘʥʘˁʘ ʤʨʝʞʝ, ʦʜʥʦʩʥʦ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʤʝʩʪʫ ʧʨʠʢˀʫʯʝˁʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ, ʛʜʝ ʙʠ ʢʚʘʨ ʠʤʘʦ ʫʪʠʮʘʿ ʥʘ ʤʘˁ ʠ ʙʨʦʿ ʝʣʝʤʝʥʘʪʘ 

ʫ ʩʠʩʪʝʤʫ. ɼʦʜʘʚʘˁʝʤ ʬʫʥʢʮʠʿʝ ʫʩʤʝʨʝʥʝ ʧʨʝʢʦʩʪʨʫʿʥʝ ʟʘʰʪʠʪʝ ʠʤʘʣʘ ʙʠ ʩʝ ʟʥʘʯʘʿʥʦ 

ʧʦʙʦˀʰʘʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪ, ʠʟʦʣʦʚʘʦ ʙʠ ʩʝ ʤʠʥʠʤʘʣʥʠ ʜʝʦ ʤʨʝʞʝ, ʦʜʥʦʩʥʦ ʩʘʤʦ ʿʝʜʘʥ ʚʦʜ ʢʦʿʠ 

ʿʝ ʠ ʧʦʛʦʹʝʥ ʢʚʘʨʦʤ. ʉʝʣʝʢʪʠʚʥʦʩʪ ʨʠʢʣʦʟʝʨʘ ʢʦʿʠ ʠʤʘʿʫ ʠʩʪʠ ʩʤʝʨ ʩʪʨʫʿʝ ʢʚʘʨʘ (ʢʦʿʠ ʩʫ 

ʧʦʩʪʘʚˀʝʥʠ ʥʘ ʨʝʜ ʠʜʫ˂ʠ ʦʜ ʥʘʧʦʿʥʝ ʪʨʘʬʦʩʪʘʥʠʮʝ ɺʅ/ʉʅ) ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʚʨʝʤʝʥʩʢʠʤ 

ʟʘʪʝʟʘˁʝʤ ʧʨʝʢʦʩʪʨʫʿʥʝ ʬʫʥʢʮʠʿʝ. 

ʋ ʩʚʠʤ ʘʥʘʣʠʟʠʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʩʝ ʩʤʘʪʨʘ ʜʘ ʧʨʠʢˀʫʯʥʘ ʤʨʝʞʘ ʦʜʨʞʘʚʘ ʥʘʧʦʥ ʥʘ ɺʅ 

ʧʨʠʢˀʫʯʮʠʤʘ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʚʨʝʜʥʦʩʪʠ 1,05 ʨ.ʿ. 
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ʋ ʨʘʜʫ ʩʫ ʘʥʘʣʠʟʠʨʘʥʘ ʜʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʨʘʜʥʘ ʩʪʘˁʘ: 

¶ ʂʘʜʘ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ ʤʘʢʩʠʤʘʣʥʘ ʠ ʢʘʜʘ ʿʝ ʧʦʪʨʦʰˁʘ ʥʘ 

30% ʩʚʦʿʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ï ʩʣʫʯʘʿ 1 ï ʤʘʢʩʠʤʫʤ ʧʨʦʠʟʚʦʜˁʝ ʠ ʤʠʥʠʤʫʤ 

ʧʦʪʨʦʰˁʝ, 

¶ ʂʘʜʘ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ ʥʘ 20% ʥʘʟʥʘʯʝʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʢʘʜʘ ʿʝ 

ʧʦʪʨʦʰˁʘ ʤʘʢʩʠʤʘʣʥʘ ï ʩʣʫʯʘʿ 2 ï ʤʠʥʠʤʫʤ ʧʨʦʠʟʚʦʜˁʝ ʠ ʤʘʢʩʠʤʫʤ ʧʦʪʨʦʰˁʝ. 

ʋ ʦʙʘ ʩʣʫʯʘʿʘ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʛʝʥʝʨʘʪʦʨʠ ʨʘʜʝ ʩʘ ʿʝʜʠʥʠʯʥʠʤ 

ʬʘʢʪʦʨʦʤ ʩʥʘʛʝ. ʆʚʦ ʩʫ ʙʘʟʥʠ ʩʣʫʯʘʿʝʚʠ ʠ ʫ ʩʚʘʢʦʤ ʦʜ ˁʠʭ ʿʝ ʜʠʩʢʫʪʦʚʘʥʘ ʧʨʦʤʝʥʘ ʨʘʜʥʠʭ 

ʫʩʣʦʚʘ ɼɻ-ʘ ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʨʘʜ ʮʝʣʦʢʫʧʥʦʛ ʩʠʩʪʝʤʘ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʥʘʨʫʰʘʚʘˁʝ 

ʦʛʨʘʥʠʯʝˁʘ. ʈʘʟʣʠʯʠʪʠ ʢʚʘʨʦʚʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ (ʿʝʜʥʦʬʘʟʥʠ ʠ ʜʚʦʬʘʟʥʠ ʢʨʘʪʢʠ ʩʧʦʿʝʚʠ) ʥʘ 

ʨʘʟʣʠʯʠʪʠʤ ʠʟʚʦʜʠʤʘ ʠ ʧʨʠ ʪʦʤʝ ʿʝ ʧʦʩʤʘʪʨʘʥʘ ʧʨʦʤʝʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʤʝʭʘʥʠʯʢʠʭ 

ʚʝʣʠʯʠʥʘ ɼɻ-ʘ. ɼʘ ʙʠ ʩʝ ʧʨʠʤʝʥʠʣʘ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʠʢʘ ʦʩʥʦʚʥʠ ʟʘʭʪʝʚ ʿʝ ʦʙʝʟʙʝʜʠʪʠ 

ʩʪʘʙʠʣʘʥ ʨʘʜʥʠ ʨʝʞʠʤ, ʦʜʥʦʩʥʦ ʪʨʘʥʟʠʿʝʥʪʥʫ ʩʪʘʙʠʣʥʦʩʪ ɼɻ-ʘ ʠ ʧʨʠ ʪʦʤʝ ʤʠʥʠʤʠʟʠʨʘʪʠ 

ʝʣʝʢʪʨʠʯʥʘ ʠ ʤʝʭʘʥʠʯʢʘ ʥʘʧʨʝʟʘˁʘ ʤʘʰʠʥʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʠʟʚʨʰʝʥʘ ʩʚʝʦʙʫʭʚʘʪʥʘ 

ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʝ ʤʦʜʠʬʠʢʦʚʘʥʝ ʪʝʭʥʠʢʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ, ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʫʩʧʝʰʥʫ 

ʝʣʠʤʠʥʘʮʠʿʫ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ. 

ʇʨʝʪʧʦʩʪʘʚˀʝʥʠ ʚʨʝʤʝʥʩʢʠ ʪʦʢ ʜʦʛʘʹʘʿʘ ʧʨʠ ʘʥʘʣʠʟʠ ʿʝʜʥʦʬʘʟʥʦʛ ʠ ʜʚʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ 

ʩʧʦʿʘ ʿʝ ʩʣʝʜʝ˂ʠ: 

¶ 0 s ï ʥʘʩʪʘʥʘʢ ʢʨʘʪʢʦʛ ʩʧʦʿʘ, 

¶ 0,5 s ï ʠʩʢˀʫʯʝˁʝ ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ ʧʨʝʢʦ ʨʠʢʣʦʟʝʨʘ ʥʘ ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ, 

¶ 0,7 s ï ʠʩʢˀʫʯʝˁʝ ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ ʫ ʪʘʯʢʠ ʧʨʠʢˀʫʯʝˁʘ ɼɻ-ʘ, 

¶ 1,5 s ï ʝʣʠʤʠʥʘʮʠʿʘ ʧʨʦʣʘʟʥʦʛ ʢʚʘʨʘ, 

¶ 1,7 s ï ʫʢˀʫʯʝˁʝ ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ ʧʨʝʢʦ ʨʠʢʣʦʟʝʨʘ ʥʘ ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ, 

¶ 1,9 s ï ʫʢˀʫʯʝˁʝ ʬʘʟʝ ʧʦʛʦʹʝʥʝ ʢʚʘʨʦʤ ʢʦʜ ɼɻ-ʘ. 

ʉʚʝ ʩʠʤʫʣʘʮʠʿʝ ʩʫ ʫʨʘʹʝʥʝ ʩʘ ʘʜʘʧʪʠʚʥʠʤ ʢʦʨʘʢʦʤ ʠʥʪʝʛʨʘʮʠʿʝ ʦʜ 0,0001 s ʜʦ 0,01 s 

ʢʦʨʠʰ˂ʝˁʝʤ ʤʦʜʫʣʘ ʟʘ ʧʨʦʨʘʯʫʥ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʢʠʭ ʧʨʝʣʘʟʥʠʭ ʧʨʦʮʝʩʘ. 

ʅʘʨʝʜʥʠ ʪʝʢʩʪ ʧʨʠʢʘʟʫʿʝ ʤʝʪʦʜʦʣʦʛʠʿʫ ʠ ʨʝʟʫʣʪʘʪʝ ʧʨʝʣʘʟʥʠʭ ʧʨʦʮʝʩʘ ʪʦʢʦʤ 

ʨʘʟʣʠʯʠʪʠʭ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ ʫ ʤʨʝʞʠ. 

4.6.2. ʄʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ 

ʇʦʨʝʜ ʚʝʨʠʬʠʢʘʮʠʿʝ ʨʘʜʘ ʩʘʤʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʝʣʠʤʠʥʠʩʘˁʝ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʢʚʘʨʦʚʘ, 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʦʚʝʨʠʪʠ ʩʪʘʙʠʣʥʦʩʪ ɼɻ-ʘ ʪʦʢʦʤ ʪʘʢʚʠʭ ʨʝʞʠʤʘ, ʜʝʪʝʢʪʦʚʘʪʠ ʧʦʪʝʥʮʠʿʘʣʥʘ 

ʦʛʨʘʥʠʯʝˁʘ ʫ ʧʦʛʣʝʜʫ ʨʘʜʥʠʭ ʩʪʘˁʘ ʠ ʫʢʦʣʠʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʦʤʝʥʠʪʠ ʜʠʥʘʤʠʯʢʝ ʧʘʨʘʤʝʪʨʝ 

ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ. ʅʘ ʩʣ. 4.12 ʿʝ ʧʨʠʢʘʟʘʥ ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ 

ʨʘʜʘ ʤʦʜʝʣʘ ʟʘ ʝʣʠʤʠʥʘʮʠʿʫ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ.  

ɸʣʛʦʨʠʪʘʤ ʫʢˀʫʯʫʿʝ ʘʥʘʣʠʟʫ ʢʦʤʧʣʝʪʥʦʛ ʩʢʫʧʘ ʿʝʜʥʦʬʘʟʥʠʭ ʠ ʜʚʦʬʘʟʥʠʭ ʢʚʘʨʦʚʘ ʢʦʿʠ 

ʩʝ ʤʦʛʫ ʿʘʚʠʪʠ ʥʘ ʩʚʠʤ ʚʦʜʦʚʠʤʘ ʫ ʤʨʝʞʠ. ʇʨʠʣʠʢʦʤ ʦʚʘʢʚʠʭ ʘʥʘʣʠʟʘ ʚʝʦʤʘ ʿʝ ʙʠʪʥʦ 

ʫʚʘʞʠʪʠ ʦʛʨʘʥʠʯʝˁʘ ʫ ʧʦʛʣʝʜʫ ʜʦʟʚʦˀʝʥʠʭ ʨʘʜʥʠʭ ʨʝʞʠʤʘ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʫʚʘʞʠʪʠ 

ʟʘʭʪʝʚʝ ʦʧʝʨʘʪʦʨʘ. 

ɿʘ ʩʚʘʢʠ ʢʚʘʨ ʠ ʤʘʥʠʧʫʣʘʮʠʿʝ ʫʟʨʦʢʦʚʘʥʝ ʨʘʜʦʤ ʩʠʩʪʝʤʘ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʚʨʰʝʥʝ ʩʫ 

ʜʠʥʘʤʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ ʠ ʠʩʧʠʪʠʚʘʥʘ ʪʨʘʥʟʠʿʝʥʪʥʘ ʩʪʘʙʠʣʥʦʩʪ ɼɻ-ʘ. ʋʢʦʣʠʢʦ ʿʝ ʩʠʩʪʝʤ 

ʥʝʩʪʘʙʠʣʘʥ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʧʨʘʚʠʪʠ ʜʠʥʘʤʠʯʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʧʨʦʤʝʥʦʤ ʧʘʨʘʤʝʪʘʨʘ 

ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ. ɹʣʦʢ ɼʝʪʝʢʮʠʿʘ ʥʝʩʪʘʙʠʣʥʦʩʪʠ, ʥʘ ʩʣ. 4.12, ʜʝʪʝʢʪʫʿʝ ʰʪʘ ʿʝ ʪʘʯʥʦ 

ʫʟʨʦʢʦʚʘʣʦ ʥʝʩʪʘʙʠʣʥʦʩʪ ʠ ʛʜʝ ʿʝ ʦʥʘ ʥʘʩʪʘʣʘ ʜʘ ʙʠ ʩʝ ʢʘʩʥʠʿʝ, ʘʜʝʢʚʘʪʥʠʤ ʧʦʜʝʰʘʚʘˁʝʤ 

ʧʘʨʘʤʝʪʘʨʘ, ʩʠʩʪʝʤ ʜʦʚʝʦ ʫ ʩʪʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ. ɹʣʦʢ ʇʦʜʝʰʘʚʘˁʝ ʜʠʥʘʤʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʟʥʘʯʠ ʜʘ ʿʝ ʥʘʢʦʥ ʜʝʪʝʢʮʠʿʝ ʝʣʝʤʝʥʪʘ ʢʦʿʠ ʠʟʘʟʠʚʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʧʨʦʚʝʨʫ 

ʠ ʨʝʚʠʟʠʿʫ ʪʨʝʥʫʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʨʝʛʫʣʘʪʦʨʘ. ʊʦ ʤʦʛʫ ʙʠʪʠ ʧʦʙʫʜʥʠ ʩʠʩʪʝʤʠ 
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ɼʝʿʘʥ ʄʠʣʦʰʝʚʠ˂ 

ʩʠʥʭʨʦʥʠʭ ʛʝʥʝʨʘʪʦʨʘ, ʪʫʨʙʠʥʩʢʠ ʨʝʛʫʣʘʪʦʨʠ ʠʣʠ ʫʧʨʘʚˀʘʯʢʠ ʩʠʩʪʝʤʠ ʬʦʪʦʥʘʧʦʥʩʢʠʭ 

ʩʠʩʪʝʤʘ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʠʪʜ. ɸʥʘʣʠʟʠʨʘˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʧʘʨʘʤʝʪʘʨʘ PI ʨʝʛʫʣʘʪʦʨʘ, 

ʩʪʘʪʠʟʘʤʘ ʢʦʿʠʤʘ ʩʝ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʠʣʠ ʩʤʘˁʠʪʠ ʦʩʝʪˀʠʚʦʩʪ, ʢʘʦ ʠ ʧʨʦʤʝʥʦʤ ʛʨʘʥʠʯʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʠʟʣʘʟʘ ʨʝʛʫʣʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ, ʤʦʛʫ ʩʝ ʫʥʘʧʨʝʜʠʪʠ ʜʠʥʘʤʠʯʢʝ ʧʝʨʬʦʨʤʘʥʩʝ 

ʩʠʩʪʝʤʘ ʠ ʝʣʠʤʠʥʠʩʘʪʠ ʧʦʿʘʚʘ ʥʝʩʪʘʙʠʣʥʦʩʪʠ. ʇʦʨʝʜ ʪʦʛʘ, ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʤʦʞʝ ʜʝʪʝʢʪʦʚʘʪʠ 

ʧʦʪʝʥʮʠʿʘʣʥʘ ʧʦʪʨʝʙʘ ʟʘ ʠʥʩʪʘʣʠʨʘˁʝʤ ʥʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʜʠʥʘʤʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʩʪʘʙʠʣʠʟʘʪʦʨʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ. ʆʚʘʿ 

ʮʝʣʦʢʫʧʘʥ ʧʨʦʮʝʩ ʩʝ ʦʜʚʠʿʘ ʘʥʘʣʠʟʦʤ ʨʘʜʘ ʩʠʩʪʝʤʘ ʥʘ ʩʦʬʪʚʝʨʩʢʠʤ ʤʦʜʝʣʠʤʘ ʧʨʠʣʠʢʦʤ 

ʧʨʠʤʝʥʝ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʠʟʫʟʝʪʥʦ ʚʘʞʥʦ ʬʦʨʤʠʨʘʪʠ ʨʝʘʣʥʝ ʩʦʬʪʚʝʨʩʢʝ 

ʤʦʜʝʣʝ ʨʝʣʝʚʘʥʪʥʠʭ ʜʝʣʦʚʘ ɽɽʉ-ʘ, ʢʦʿʠ ʚʝʦʤʘ ʧʨʝʮʠʟʥʦ ʤʦʛʫ ʧʨʠʢʘʟʘʪʠ ʜʠʥʘʤʠʯʢʠ ʦʜʟʠʚ, 

ʯʠʤʝ ʩʝ ʩʧʨʝʯʘʚʘʿʫ ʛʨʝʰʢʝ ʫ ʨʝʘʣʥʦʤ ʨʘʜʫ ʠ ʥʝʞʝˀʝʥʠ ʠʩʧʘʜʠ. ʋ ʤʦʜʝʣʫ ʢʦʿʠ ʿʝ ʘʥʘʣʠʟʠʨʘʥ 

ʥʘ ʦʧʠʩʘʥʠ ʥʘʯʠʥ ʩʫ ʧʦʜʝʰʝʥʠ ʧʘʨʘʤʝʪʨʠ ʫʧʨʘʚˀʘʯʢʠʭ ʩʠʩʪʝʤʘ ʩʚʠʭ ʛʝʥʝʨʘʪʦʨʩʢʠʭ 

ʿʝʜʠʥʠʮʘ, ʪʘʢʦ ʜʘ ʿʝ ʦʙʝʟʙʝʹʝʥʘ ʜʦʚʦˀʥʘ ʨʝʟʝʨʚʘ ʩʪʘʙʠʣʥʦʩʪʠ ʟʘ ʩʚʝ ʢʚʘʨʦʚʝ. ʅʘ ʩʣ. 4.12 ʿʝ 

ʜʘʪ ʘʣʛʦʨʠʪʘʤ ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʧʨʠʤʝʥʝ ʪʝʭʥʠʢʝ ʿʝʜʥʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ 

ʤʨʝʞʘʤʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ. 

ɸʢʦ ʩʫ ʥʘʨʫʰʝʥʘ ʥʝʢʘ ʦʜ ʦʛʨʘʥʠʯʝˁʘ ʧʦʪʨʝʙʥʦ ʿʝ ʜʝʪʝʢʪʦʚʘʪʠ ʨʘʜʥʘ ʩʪʘˁʘ ʝʣʝʤʝʥʘʪʘ 

ʢʦʿʘ ʜʦʚʦʜʝ ʜʦ ʧʦʚʨʝʜʝ ʦʛʨʘʥʠʯʝˁʘ. ʋʢʦʣʠʢʦ ʿʝ ʜʦʰʣʦ ʜʦ ʧʦʚʨʝʜʝ ʦʛʨʘʥʠʯʝˁʘ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʜʝʬʠʥʠʩʘʪʠ ʥʦʚʝ ʫʧʨʘʚˀʘʯʢʝ ʪʝʭʥʠʢʝ ʠ ʝʣʝʤʝʥʪʝ ʢʦʿʠ ˂ʝ ʜʘʪʠ ʩʚʦʿ ʜʦʧʨʠʥʦʩ ʪʦʢʦʤ 

ʪʨʘʥʟʠʿʝʥʪʥʦʛ ʧʨʦʮʝʩʘ ʠ ʚʨʘʪʠʪʠ ʩʚʝ ʚʝʣʠʯʠʥʝ ʫ ʧʨʦʧʠʩʘʥʠ ʦʧʩʝʛ. ʅʘʢʦʥ ʧʨʦʚʝʨʝ ʩʠʩʪʝʤʘ ʟʘ 

ʩʚʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʛʫ˂ʝ ʢʚʘʨʦʚʝ ʠ ʦʙʝʟʙʝʹʠʚʘˁʝʤ ʩʪʘʙʠʣʥʦʛ ʨʘʜʥʦʛ ʩʪʘˁʘ ʙʝʟ ʥʘʨʫʰʘʚʘˁʘ 

ʦʛʨʘʥʠʯʝˁʘ ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ ʧʨʝʜʣʦʞʝʥʫ ʪʝʭʥʠʢʫ ʫ ʨʘʜʫ ʟʘ 

ʝʣʠʤʠʥʘʮʠʿʫ ʧʨʦʣʘʟʥʠʭ ʢʚʘʨʦʚʘ. ʊʠʤʝ ʩʝ ʜʦʙʠʿʘ ʛʝʥʝʨʘʣʥʠ ʧʨʠʩʪʫʧ ʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʠ 

ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ. ʇʦʜ ʦʛʨʘʥʠʯʝˁʠʤʘ ʫ ʨʘʜʫ ʩʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠ ʧʨʝʥʘʧʦʥʠ ʧʨʝʢʦ 1,2 ʨ.ʿ. ʠ 

ʧʦʜʥʘʧʦʥʠ ʠʩʧʦʜ 0,8 ʨ.ʿ. ʫ ʪʘʯʢʠ ʧʨʠʢˀʫʯʝˁʘ ɼɻ-ʘ, ʢʘʦ ʠ ʜʝʚʠʿʘʮʠʿʝ ʙʨʟʠʥʘ ʦʙʨʪʥʠʭ ʤʘʰʠʥʘ, 

ʧʨʠ ʯʝʤʫ ʿʝ ʩʤʘʪʨʘʥʦ ʜʘ ʩʫ ʧʨʠʭʚʘʪˀʠʚʝ ʜʝʚʠʿʘʮʠʿʝ ʙʨʟʠʥʝ ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʫ ʦʧʩʝʛʫ ʦʜ 

Ñ5%. ʋ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, ʙʣʦʢ ʇʨʦʤʝʥʘ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʠ/ʠʣʠ ʫʢˀʫʯʠʚʘˁʝ ʥʦʚʠʭ ʪʝʭʥʠʢʘ ʠ 

ʨʝʛʫʣʘʮʠʿʘ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʝʬʠʥʠʩʘˁʝ ʛʨʘʥʠʯʥʠʭ ʨʝʞʠʤʘ ʨʘʜʘ ʧʦʿʝʜʠʥʠʭ ʠʟʚʦʨʘ ʠʣʠ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʥʦʚʠʭ ʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʿʫ ʧʦʩʪʦʿʝ˂ʠʭ ʨʝʛʫʣʘʮʠʦʥʠʭ 

ʩʠʩʪʝʤʘ. ʇʨʦʤʝʥʦʤ ʛʨʘʥʠʯʥʠʭ ʨʘʜʥʠʭ ʨʝʞʠʤʘ ʩʝ ʤʦʞʝ ʩʧʨʝʯʠʪʠ ʠʟʣʘʟʘʢ ʦʩʥʦʚʥʠʭ ʚʝʣʠʯʠʥʘ, 

ʢʘʦ ʰʪʦ ʩʫ ʬʨʝʢʚʝʥʮʠʿʘ ʠ ʥʘʧʦʥ, ʠʟʚʘʥ ʜʦʟʚʦˀʝʥʦʛ ʦʧʩʝʛʘ ʨʘʜʘ ʪʦʢʦʤ ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʧʨʦʮʝʩʘ. 

ʆʚʦ ʿʝ ʤʘˁʝ ʧʦʧʫʣʘʨʥʘ ʤʝʨʘ ʿʝʨ ʤʦʞʝ ʟʘʭʪʝʚʘʪʠ ʩʤʘˁʝˁʝ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʝ ʩʥʘʛʝ 

ʧʦʿʝʜʠʥʠʭ ʛʝʥʝʨʘʪʦʨʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʦʚʝ ʫʧʨʘʚˀʘʯʢʝ ʪʝʭʥʠʢʝ ʥʝ ʦʛʨʘʥʠʯʘʚʘʿʫ 

ʠʥʩʪʘʣʠʩʘʥʝ ʢʘʧʘʮʠʪʝʪʝ ʠʟʚʦʨʘ, ʚʝ˂ ʤʦʜʠʬʠʢʫʿʫ ʜʠʥʘʤʠʯʢʠ ʦʜʟʠʚ ʛʝʥʝʨʘʪʦʨʘ. ʊʝʭʥʠʢʝ ʩʝ 

ʤʦʛʫ ʨʝʘʣʠʟʦʚʘʪʠ ʤʦʜʠʬʠʢʘʮʠʿʘʤʘ ʫ ʧʦʩʪʦʿʝ˂ʠʤ ʨʝʛʫʣʘʮʠʦʥʠʤ ʩʠʩʪʝʤʠʤʘ, ʫ ʩʤʠʩʣʫ 

ʢʦʨʝʢʮʠʿʝ ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʠ ʤʦʜʠʬʠʢʘʮʠʿʦʤ ʪʦʧʦʣʦʛʠʿʝ ʨʝʛʫʣʘʪʦʨʘ. ʇʦʨʝʜ ʪʦʛʘ, 

ʤʦʛʫ ʩʝ ʠʥʩʪʘʣʠʨʘʪʠ ʥʦʚʠ ʝʣʝʤʝʥʪʠ, ʢʦʿʠ ˂ʝ ʠʟʚʨʰʠʪʠ ʥʝʦʧʭʦʜʥʝ ʢʦʨʝʢʮʠʿʝ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʩʠʩʪʝʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʥʘʧʦʥ ʠ ʬʨʝʢʚʝʥʮʠʿʘ. ʋ ʪʫ ʩʚʨʭʫ ʩʝ ʢʦʨʠʩʪʝ ʧʦʩʪʨʦʿʝˁʘ ʟʘ 

ʢʦʤʧʝʥʟʘʮʠʿʫ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ (CSC, SSSC, SVC, STATCOM) ʢʦʿʘ ʠʤʘʿʫ ʿʘʢʦ ʙʨʟʝ ʦʜʟʠʚʝ ʠʣʠ 

ʩʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʢʦʨʠʩʪʠʪʠ ʟʘ ʠʥʿʝʢʪʠʨʘˁʘ ʠʣʠ ʘʧʩʦʨʙʦʚʘˁʘ ʢʘʢʦ ʨʝʘʢʪʠʚʥʝ, ʪʘʢʦ ʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ (BESS, 

ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠ, ʠʪʜ.). ʇʨʝʜʥʦʩʪʠ ʧʨʚʦʛ ʧʨʠʩʪʫʧʘ ʢʦʿʠ ʩʝ ʦʛʣʝʜʘ ʫ ʤʦʜʠʬʠʢʘʮʠʿʠ 

ʧʦʩʪʦʿʝ˂ʠʭ ʫʧʨʘʚˀʘʯʢʠʭ ʩʠʩʪʝʤʘ ʩʫ ʥʠʞʠ ʠʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ ʠ ʙʨʞʘ ʧʨʘʢʪʠʯʥʘ 

ʨʝʘʣʠʟʘʮʠʿʘ, ʧʘ ʿʝ ʟʙʦʛ ʪʦʛʘ ʦʥ ʠ ʢʦʨʠʰ˂ʝʥ ʪʦʢʦʤ ʘʥʘʣʠʟʘ ʫ ʦʚʦʤ ʨʘʜʫ. 

ɼʘʢʣʝ, ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʩʧʨʦʚʦʹʝˁʘ ʩʠʤʫʣʘʮʠʿʘ ʩʝ ʜʝʪʝʢʪʫʿʫ ʥʝʩʪʘʙʠʣʥʦʩʪʠ ʠ ʧʦʚʨʝʜʝ 

ʦʛʨʘʥʠʯʝˁʘ ʠ ʦʪʢʣʘˁʘʿʫ ʩʝ ʧʨʝ ʧʨʘʢʪʠʯʥʝ ʨʝʘʣʠʟʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ. ʅʘʢʦʥ ʩʚʠʭ 

ʧʨʦʚʝʨʘ ʠ ʝʚʝʥʪʫʘʣʥʠʭ ʢʦʨʝʢʮʠʿʘ, ʩʠʩʪʝʤ ʿʝ ʧʨʠʧʨʝʤˀʝʥ ʟʘ ʧʨʠʤʝʥʫ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ. ɼʘ 

ʙʠ ʩʝ ʠʤʘʣʘ ʿʘʩʥʘ ʩʣʠʢʘ ʠ ʠʟʙʝʛʣʘ ʝʚʝʥʪʫʘʣʥʘ ʥʝʞʝˀʝʥʘ ʩʪʘˁʘ ʪʦʢʦʤ ʧʨʠʤʝʥʝ ʪʝʭʥʠʢʝ, 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʤʘʪʠ ʧʨʝʮʠʟʘʥ ʠ ʜʝʪʘˀʘʥ ʤʦʜʝʣ ʘʥʘʣʠʟʠʨʘʥʦʛ ʜʝʣʘ ʩʠʩʪʝʤʘ ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʠ 

ʢʚʘʣʠʪʝʪʥʠ ʠ ʧʦʫʟʜʘʥʠ ʨʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʘ. 
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ʉʣ. 4.12: ɸʣʛʦʨʠʪʘʤ ʟʘ ʧʨʦʚʝʨʫ ʪʨʘʥʟʠʿʝʥʪʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʪʦʢʦʤ ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʝ ʪʝʭʥʠʢʝ 

4.6.3. ʇʨʠʤʝʥʘ ʩʪʘʥʜʘʨʜʥʦʛ ʪʨʦʧʦʣʥʦʛ ʘʫʪʦʤʪʩʢʦʛ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ 

ʊʨʘʜʠʮʠʦʥʘʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʪʨʦʬʘʟʥʦʛ ɸʇʋ-ʘ ʥʘʿʯʝʰ˂ʝ ʜʦʚʦʜʠ ʜʦ ʠʩʢˀʫʯʝˁʘ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʫʩʣʝʜ ʿʘʢʦ ʧʦʨʝʤʝ˂ʝʥʦʛ ʨʘʜʥʦʛ ʨʝʞʠʤʘ, ʘʣʠ ʠ ʠʟʨʘʞʝʥʠʭ 

ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʧʨʝʥʘʧʦʥʘ. ʋ ʦʚʦʤ ʜʝʣʫ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʢʘʜʘ ʫ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ 

ʿʝʜʥʦʬʘʟʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ (0 s) ʜʦʣʘʟʠ ʜʦ ʪʨʦʧʦʣʥʦʛ ʠʩʢˀʫʯʝˁʘ ʨʠʢʣʦʟʝʨʘ ʥʘ ʧʦʯʝʪʢʫ ʠʟʚʦʜʘ 

ʧʦʛʦʹʝʥʦʛ ʢʚʘʨʦʤ (0,5 s). ɸʥʘʣʠʟʠʨʘʥʠ ʩʫ ʢʚʘʨʦʚʠ ʥʘ ʦʙʘ ʠʟʚʦʜʘ, ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ 

ʩʪʘʙʠʣʥʦʩʪ ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ ʛʝʥʝʨʘʪʦʨʘ: ʩʠʥʭʨʦʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʫ ʄʍɽ ʠ ʜʚʦʩʪʨʘʥʦ ʥʘʧʘʿʘʥʝ 

ʘʩʠʥʭʨʦʥʝ ʤʘʰʠʥʝ ʚʝʪʨʦʘʛʨʝʛʘʪʘ. ʇʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʠʩʪʝʤ ʨʘʜʠ ʫ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʥʝ 
















































































































































