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ʇʨʦʛʨʘʤʩʢʦ ʦʨʛʘʥʠʟʘʮʠʩʢʠ ʦʜʙʦʨ: 

ɸʣʝʢʩʘʥʜʘʨ ʂʨʣʝʩʢʠ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

ʀʨʝʥʘ ɼʫʢʦʚʩʢʘ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

ʄʘʿʘ ɱʦʚʘʥʦʚʩʢʘ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

ɹʦʰʢʦ ʀʛʥʘʪʦʚʩʢʠ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

ʅʘʫʯʝʥ  ʦʜʙʦʨ: 

ʇʨʝʪʩʝʜʘʪʝʣ: ʧʨʦʬ. ʜ-ʨ ʄʘʨʛʘʨʠʪʘ ɻʠʥʦʚʩʢʘ,  

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

ʧʨʦʬ. ʜ-ʨ ʍʨʠʩʪʠʥʘ ʉʧʘʩʝʚʩʢʘ, ʯʣʝʥ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

ʧʨʦʬ. ʜ-ʨ ʂʘʪʝʨʠʥʘ ɼʦʥʝʚʩʢʘ, ʯʣʝʥ 

ɻʨʘʜʝʞʝʥ ʬʘʢʫʣʪʝʪ, ʉʢʦʧʿʝ 

ʧʨʦʬ. ʜ-ʨ ʇʨʝʜʨʘʛ ʇʦʧʦʚʩʢʠ, ʯʣʝʥ 

ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ, ʉʢʦʧʿʝ 

ʚʦʥ. ʧʨʦʬ. ʜ-ʨ ɸʪʘʥʘʩ ʀʣʠʝʚ, ʯʣʝʥ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

ʚʦʥ. ʧʨʦʬ. ʜ-ʨ ɸʥʪʦʥ ʏʘʫʰʝʚʩʢʠ, ʯʣʝʥ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

ʚʦʥ. ʧʨʦʬ. ʜ-ʨ ʊʦʜʦʨʢʘ ʉʘʤʘʨ˅ʠʦʩʢʘ, ʯʣʝʥ 

ɻʨʘʜʝʞʝʥ ʬʘʢʫʣʪʝʪ, ʉʢʦʧʿʝ 

ʜʦʮ. ʜ-ʨ ɸʣʝʢʩʘʥʜʨʘ ʂʨʢʦʣʝʚʘ, ʯʣʝʥ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

ʜʦʮ. ʜ-ʨ ʉʦʬʠʿʘ ʅ. ʇʦʮʝʚʘ, ʯʣʝʥ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

ʘʩʩ. ʜ-ʨ ʃʠʭʥʠʜʘ ɻ. ʉʪʦʿʘʥʦʚʩʢʘ, ʯʣʝʥ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

ʘʩʩ. ʤ-ʨ ɾʠʚʢʦ ʂʦʢʦʣʘʥʩʢʠ, ʯʣʝʥ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 



8 
 

 

 ʇʈɽɼɻʆɺʆʈ 

 

ɺʦ ʦʚʘʘ ʢʥʠʛʘ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʪʨʫʜʦʚʠʪʝ ʰʪʦ ʙʝʘ ʧʨʝʟʝʥʪʠʨʘʥʠ ʥʘ ʧʨʚʘʪʘ 

ʩʪʫʜʝʥʪʩʢʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ʟʘ ɽʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ï ɽɽʆʈ 2013,  ʢʦʿʘ 

ʩʝ ʦʜʨʞʫʚʘ ʧʦʜ ʧʦʢʨʦʚʠʪʝʣʩʪʚʦ ʥʘ ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ 

ʪʝʭʥʦʣʦʛʠʠ ï ʌɽʀʊ ʚʦ ʉʢʦʧʿʝ, ʚʦ ʦʨʛʘʥʠʟʘʮʠʿʘ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʦʨʛʘʥʠʟʘʮʠʿʘ  ʀɸɽʉʊɽ 

ʄʘʢʝʜʦʥʠʿʘ. 

ʆʚʘ ʝ ʧʨʚʘ ʩʪʫʜʝʥʪʩʢʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ʦʜ ʪʘʢʦʚ ʚʠʜ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, ʯʠʿʘ ʰʪʦ 

ʠʥʠʮʠʿʘʪʠʚʘ ʟʘ ʦʨʛʘʥʠʟʠʨʘˁʝ ʧʦʪʝʢʥʘ ʦʜ ʩʪʫʜʝʥʪʠʪʝ ʥʘ ʌɽʀʊ, ʩʦ ʥʘʜʝʞ ʜʝʢʘ ˃ʝ ʩʪʘʥʝ 

ʪʨʘʜʠʮʠʦʥʘʣʥʘ, ʝʪʘʙʣʠʨʘʥʘ ʠ ʠʥʪʝʨʥʘʮʠʦʥʘʣʥʘ ʩʪʫʜʝʥʪʩʢʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ʚʦ ʦʙʣʘʩʪʘ ʥʘ 

ʝʥʝʨʛʝʪʠʢʘʪʘ ʠ ʦʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ ʚʦ ʄʘʢʝʜʦʥʠʿʘ.  

ɻʣʘʚʥʘ ʮʝʣ ʥʘ ʢʦʥʬʝʨʝʥʮʠʿʘʪʘ ʝ ʜʘ ʩʝ ʧʨʦʤʦʚʠʨʘ ʠʜʝʿʘʪʘ ʟʘ ʝʥʝʨʛʝʪʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʤʝʺʫ ʤʣʘʜʠʪʝ, ʨʘʟʤʝʥʘ ʥʘ ʥʦʚʠ ʩʦʟʥʘʥʠʿʘ ʠ ʠʩʢʫʩʪʚʘ ʤʝʺʫ 

ʩʪʫʜʝʥʪʠʪʝ, ʧʨʝʪʩʪʘʚʥʠʮʠ ʥʘ ʘʢʘʜʝʤʩʢʘʪʘ ʩʨʝʜʠʥʘ ʠ ʢʦʤʧʘʥʠʠʪʝ ʢʦʠ ʨʘʙʦʪʘʪ ʚʦ ʪʘʘ 

ʦʙʣʘʩʪ ʠ ʜʠʩʝʤʠʥʘʮʠʿʘ ʥʘ ʠʜʝʿʘʪʘ ʜʦ ʧʦʰʠʨʦʢʘʪʘ ʿʘʚʥʦʩʪ. ʆʚʘʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ʦʧʬʘ˃ʘ 

ʘʢʪʫʝʣʥʠ ʪʝʤʠ ʦʜ ʦʙʣʘʩʪʘ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ 

ʚʦ ʛʨʘʜʝʞʥʠʰʪʚʦʪʦ ʠ ʘʨʭʠʪʝʢʪʫʨʘʪʘ, ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠ ʫʨʝʜʠ ʠ ʤʘʪʝʨʠʿʘʣʠ, 

ʩʦʮʠʦʝʢʦʥʦʤʩʢʠ ʠ ʝʢʦʣʦʰʢʠ ʘʩʧʝʢʪʠ ʥʘ ʦʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ ʠ ʜʨ. 

ʇʦʯʠʪʫʚʘʥʠ ʢʦʣʝʛʠ, ʠʤʘʤ ʦʩʦʙʝʥʘ ʯʝʩʪ ʠ ʟʘʜʦʚʦʣʩʪʚʦ, ʦʜ ʠʤʝʪʦ ʥʘ ʥʘʫʯʥʠʦʪ ʦʜʙʦʨ 

ʠ  ʤʦʝ ʣʠʯʥʦ ʠʤʝ, ʜʘ ɺʠ ʩʝ ʟʘʙʣʘʛʦʜʘʨʘʤ ʰʪʦ ʧʨʠʜʦʥʝʩʦʚʪʝ ʩʦ ʚʘʰʝʪʦ ʫʯʝʩʪʚʦ ʫʩʧʝʰʥʦ 

ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʧʨʚʘʪʘ ʩʪʫʜʝʥʪʩʢʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ɽɽʆʈ 2013, ʩʦ ʥʘʜʝʞ ʜʝʢʘ ˃ʝ ʧʦʥʝʩʝʪʝ 

ʥʦʚʠ ʟʥʘʝˁʘ, ʥʝʟʘʙʦʨʘʚʥʠ ʠʩʢʫʩʪʚʘ ʠ  ʪʨʘʿʥʠ ʧʨʠʿʘʪʝʣʩʪʚʘ ʦʜ ʠʩʪʘʪʘ.  

ʆʩʦʙʝʥʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʠʟʨʘʟʫʚʘʤ ʜʦ ʩʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʢʦʤʧʘʥʠʠ ʢʦʠ ʬʠʥʘʥʩʠʩʢʠ 

ʿʘ ʧʦʤʦʛʥʘʘ ʨʝʘʣʠʟʘʮʠʿʘʪʘ ʥʘ ʦʚʘʘ ʩʪʫʜʝʥʪʩʢʘ ʢʦʥʬʝʨʝʥʮʠʿʘ, ʢʦʠ ʠʤʘʘ ʨʘʟʙʠʨʘˁʝ ʠ 

ʜʘʜʦʘ ʧʦʜʜʨʰʢʘ ʥʘ  ʝʥʪʫʟʠʿʘʟʤʦʪ ʥʘ ʩʪʫʜʝʥʪʠʪʝ, ʥʘ ʥʘʰʠʪʝ ʤʣʘʜʠ ʘʤʙʠʮʠʦʟʥʠ, 

ʢʨʝʘʪʠʚʥʠ, ʥʘʧʨʝʜʥʠ ʩʠʣʠ ï  ʥʘʰʘʪʘ ʠʜʥʠʥʘ! 

ɺʠ ʧʦʩʢʘʫʚʘʤ ʫʩʧʝʰʥʘ ʠ ʥʝʟʘʙʦʨʘʚʥʘ ï ʧʨʚʘ ʩʪʫʜʝʥʪʩʢʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ɽɽʆʈ! 

 

     ʧʨʦʬ. ʜ-ʨ ʄʘʨʛʘʨʠʪʘ ɻʠʥʦʚʩʢʘ 

     ʂʦʦʨʜʠʥʘʪʦʨ ʥʘ ʢʦʥʬʝʨʝʥʮʠʿʘʪʘ ʠ  

ʇʨʝʪʩʝʜʘʪʝʣ ʥʘ ʥʘʫʯʥʠʦʪ ʦʜʙʦʨ ʥʘ ɽɽʆʈ 2013 
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ʇʃɽʅɸʈʅʀ ʇʈɽɼɸɺɸɳɸ 
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ʇʆɼʆɹʈʋɺɸɳɽ ʅɸ ɽʅɽʈɻɽʊʉʂɸʊɸ ɽʌʀʂɸʉʅʆʉʊ ɺʆ ʀʅɼʋʉʊʈʀɱɸʊɸ 

 

ʧʨʦʬ. ʜ-ʨ ɻʦʛʘ ʎʚʝʪʢʦʚʩʢʠ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

gogacvet@feit.ukim.edu.mk 

 

ɸʧʩʪʨʘʢʪ 

ɿʘʙʨʟʘʥʠʦʪ ʠʥʜʫʩʪʨʠʩʢʠ ʠ ʪʝʭʥʦʣʦʰʢʠ ʨʘʟʚʦʿ ʚʦ 20-ʪʠʦʪ ʚʝʢ ʜʦʥʝʩʝ ʧʦʨʘʩʪ ʥʘ 

ʠʥʜʫʩʪʨʠʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʨʘʩʪ ʥʘ ʧʨʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʂʘʢʦ 

ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʘ, ʟʘ ʞʘʣ, ʩʝ ʟʛʦʣʝʤʠ ʠ ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ, ʘ ʩʦ ʪʦʘ ʜʦʿʜʝ ʠ ʜʦ 

ʧʦʨʘʩʪ ʥʘ ʩʨʝʜʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʣʦʙʘʣʥʦ ʥʠʚʦ ʠ ʜʦ ʛʦʣʝʤʠ ʧʨʦʤʝʥʠ ʥʘ ʢʣʠʤʘʪʘ ʥʘ 

ʮʝʣʘʪʘ ʟʝʤʿʠʥʘ ʪʦʧʢʘ. ɿʘʨʘʜʠ ʪʦʘ ʙʝʰʝ ʥʝʦʧʭʦʜʥʦ ʩʠʪʝ ʟʝʤʿʠ ʦʜ ʮʝʣʠʦʪ ʩʚʝʪ ʜʘ ʧʨʝʟʝʤʘʪ 

ʤʝʨʢʠ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ, ʘ ʩʦ ʪʦʘ ʠ ʧʦʩʪʝʧʝʥʦ ʧʦʜʦʙʨʫʚʘˁʝ 

ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʫʩʣʦʚʠ. ɿʘʪʦʘ ʙʝʰʝ ʧʦʪʧʠʰʘʥ ʧʨʦʪʦʢʦʣʦʪ ʦʜ ʂʿʦʪʦ ʚʦ 1997 ʛʦʜʠʥʘ ʩʦ ʢʦʿ 

ʩʝ ʜʘʜʦʘ ʩʤʝʨʥʠʮʠ ʟʘ ʤʝʨʢʠʪʝ ʢʦʠ ʪʨʝʙʘ ʜʘ ʛʠ ʧʨʝʚʟʝʤʘʪ ʟʝʤʿʠʪʝ ʧʦʪʧʠʩʥʠʯʢʠ ʟʘ ʜʘ ʩʝ 

ʥʘʤʘʣʠ ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ. ɿʘ ʞʘʣ, ʟʘʨʠʜʠ ʩʣʘʙʠʦʪ ʦʜʟʠʚ, ʟʝʤʿʠʪʝ ʦʜ 

ɽʚʨʦʧʩʢʘʪʘ ʫʥʠʿʘ ʧʨʝʜʣʦʞʠʿʘ ʥʦʚʠ ʧʨʠʥʮʠʧʠ ʢʦʠ ʙʠ ʚʘʞʝʣʝ ʟʘ ʟʝʤʿʠʪʝ ʦʜ ʋʥʠʿʘʪʘ, ʢʦʠ ʙʝʘ 

ʧʨʠʬʘʪʝʥʠ ʠ ʦʜ ʧʦʛʦʣʝʤʠʦʪ ʜʝʣ ʦʜ ʟʝʤʿʠʪʝ ʚʦ ʩʚʝʪʦʪ. ʊʠʝ ʩʝ ʦʙʚʨʟʘʘ, ʜʦ 2020 ʛʦʜʠʥʘ ʜʘ 

ʿʘ ʥʘʤʘʣʘʪ ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ ʟʘ 20%, ʜʘ ʿʘ ʟʛʦʣʝʤʘʪ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ 

ʟʘ 20%, ʦʜʥʦʩʥʦ ʜʘ ʿʘ ʥʘʤʘʣʘʪ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʟʘ 20%, ʠ ʥʘ ʢʨʘʿ, ʜʘ ʿʘ 

ʧʦʜʦʙʨʘʪ ʧʨʠʤʝʥʘʪʘ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʥʠʚʦ ʦʜ 20% ʦʜ ʚʢʫʧʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʘʪ ʧʨʠʢʘʞʘʥʠ ʠ ʦʙʨʘʙʦʪʝʥʠ ʪʝʭʥʠʯʢʠʪʝ ʨʝʰʝʥʠʿʘ ʠ 

ʤʝʨʢʠʪʝ ʢʦʠ ʩʝ ʧʨʝʟʝʤʘʘʪ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʠʣʠ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ. ɼʝʥʝʩ ʦʜ ʚʢʫʧʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʰʪʦ ʩʝ ʪʨʦʰʠ ʚʦ 

ʠʥʜʫʩʪʨʠʿʘʪʘ, ʦʢʦʣʫ 70% ʿʘ ʢʦʥʟʫʤʠʨʘʘʪ ʝʣʝʢʪʨʠʯʥʠʪʝ ʤʦʪʦʨʠ, ʦʜ ʢʦʠ ʥʘʿʛʦʣʝʤ ʜʝʣ ʩʝ 

ʘʩʠʥʭʨʦʥʠ ʤʦʪʦʨʠ. ɿʘʪʦʘ ʦʚʠʝ ʤʦʪʦʨʠ ʩʝ ʚʦ ʬʦʢʫʩʦʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʩʦ ʮʝʣ ʜʘ ʩʝ 

ʧʦʜʦʙʨʠ ʥʠʚʥʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʜʘ ʩʝ ʧʦʜʦʙʨʘʪ ʥʘʯʠʥʠʪʝ ʥʘ 

ʥʠʚʥʦ ʫʧʨʘʚʫʚʘˁʝ ʠ ʨʝʛʫʣʘʮʠʿʘ, ʩʦ ʰʪʦ ʙʠ ʩʝ ʧʦʜʦʙʨʠʣʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʮʝʣʠʦʪ ʩʠʩʪʝʤ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʠʥʜʫʩʪʨʠʿʘ, ʝʣʝʢʪʨʠʯʥʠ ʤʦʪʦʨʠ, ʝʥʝʨʛʝʪʩʢʠ 

ʧʨʝʦʙʨʘʟʫʚʘʯʠ. 
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1. ɺʦʚʝʜ 

ɺʦ ʜʝʥʝʰʥʦ ʚʨʝʤʝ, ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʫʚʘˁʝ ʩʝ ʧʦʿʘʚʫʚʘ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ 

ʠʥʜʫʩʪʨʠʿʘʣʠʟʘʮʠʿʘʪʘ ʠ ʙʨʟʠʦʪ ʪʝʭʥʦʣʦʰʢʠ ʨʘʟʚʦʿ ʥʘ ʛʣʦʙʘʣʥʦ ʥʠʚʦ, ʘ ʝ ʧʨʝʜʠʟʚʠʢʘʥʦ 

ʚʦʛʣʘʚʥʦ ʦʜ ʝʥʦʨʤʥʦʪʦ ʩʦʛʦʨʫʚʘˁʝ ʥʘ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ. ʇʦʢʨʘʿ ʛʣʦʙʘʣʥʦʪʦ 

ʟʘʪʦʧʣʫʚʘˁʝ, ʠʥʜʫʩʪʨʠʿʘʣʠʟʘʮʠʿʘʪʘ ʧʨʝʜʠʟʚʠʢʫʚʘ ʥʘʨʫʰʫʚʘˁʝ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ 

ʠʟʫʤʠʨʘˁʝ ʥʘ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʞʠʚʦʪʠʥʩʢʠ ʚʠʜʦʚʠ. ʇʦʜ ʧʨʠʪʠʩʦʢ ʥʘ ʿʘʚʥʦʩʪʘ ʠ ʝʢʦʣʦʰʢʠʪʝ 

ʟʜʨʫʞʝʥʠʿʘ, ʚʦ 1997 ʛʦʜʠʥʘ ʚʦ ʂʿʦʪʦ ʩʝ ʦʜʨʞʘʣ ʩʘʤʠʪ ʥʘ ʢʦʿ ʙʠʣʝ ʧʨʝʪʩʪʘʚʝʥʠ ʩʤʝʨʥʠʮʠʪʝ 

ʠ ʙʠʣʝ ʜʘʜʝʥʠ ʧʨʝʧʦʨʘʢʠ ʟʘ ʜʝʣʫʚʘˁʝ ʥʘ ʚʣʘʜʠʪʝ ʥʘ ʩʠʪʝ ʟʝʤʿʠ ʚʦ ʩʚʝʪʦʪ. ɿʘ ʞʘʣ, ʤʘʣ 

ʙʠʣ ʙʨʦʿʦʪ ʥʘ ʟʝʤʿʠʪʝ ʢʦʠ ʿʘ ʧʦʜʜʨʞʘʣʝ ʦʚʘʘ ʧʨʦʛʨʘʤʘ ʠ ʩʝ ʦʙʚʨʟʘʣʝ ʜʘ ʿʘ ʧʦʯʠʪʫʚʘʘʪ ʠ 

ʩʧʨʦʚʝʜʫʚʘʘʪ. 

  ʉʦʛʣʝʜʫʚʘʿ˃ʠ ʛʦ ʩʣʘʙʠʦʪ ʝʬʝʢʪ ʦʜ ʚʘʢʚʠʦʪ ʜʦʛʦʚʦʨ, ʟʝʤʿʠʪʝ ʯʣʝʥʢʠ ʥʘ ɽʚʨʦʧʩʢʘʪʘ 

ʫʥʠʿʘ ʚʦ ʤʘʨʪ 2007 ʛʦʜʠʥʘ ʧʨʝʜʣʦʞʠʣʝ ʧʦʦʙʚʨʟʫʚʘʯʢʠ ʜʦʛʦʚʦʨ ʢʦʿ ʙʠʣ ʦʜʦʙʨʝʥ ʚʦ 

ʜʝʢʝʤʚʨʠ 2008 ʛʦʜʠʥʘ. ʊʦʿ ʜʦʛʦʚʦʨ ʛʠ ʩʦʜʨʞʝʣ ʩʣʝʜʥʠʚʝ ʥʘʯʝʣʘ ʢʦʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʪʘʧʘʪ 

ʚʦ 2020 ʛʦʜʠʥʘ: 

V ʅʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ ʟʘ 20%,  

V ɿʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘ 20% ʩʦ ʰʪʦ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʟʝʤʿʠʪʝ ʦʜ ɽʋ ʙʠ ʩʝ ʥʘʤʘʣʠʣʘ ʟʘ 20%, 

V 20% ʦʜ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʜʘ ʩʝ ʜʦʙʠʚʘ ʦʜ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ 

ʥʘ ʝʥʝʨʛʠʿʘ. 

 

ʉʣʠʢʦʚʠʪ ʧʨʠʢʘʟ ʥʘ ʦʚʠʝ ʥʘʯʝʣʘ ʝ ʧʨʝʪʩʪʘʚʝʥ ʥʘ ʩʣʠʢʘ 1. 

 

 

ʐʪʝʪʥʠ ʛʘʩʦʚʠ ʇʦʪʨʦʰʫʚʘʯʢʘ ʥʘ 

ʝʥʝʨʛʠʿʘ 

ʂʦʨʠʩʪʝˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠ 

ʠʟʚʦʨʠ 

 

˿͙͊͟͡ 1. ʆʩʥʦʚʥʠ ʥʘʯʝʣʘ ʥʘ ɽʚʨʦʧʩʢʘʪʘ ʫʥʠʿʘ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ 

 

 ʇʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʩʚʝʪʩʢʠ ʨʘʤʢʠ ʧʨʝʪʩʪʘʚʫʚʘ ʥʘʿʙʨʟ, 

ʥʘʿʝʬʪʠʥ ʠ ʥʘʿʦʜʨʞʣʠʚ ʥʘʯʠʥ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ. ʆʜ ʪʠʝ 

ʧʨʠʯʠʥʠ, ʚʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʝ ʪʨʝʪʠʨʘʥʦ ʩʘʤʦ ʚʪʦʨʦʪʦ ʥʘʯʝʣʦ ʢʦʝ ʿʘ ʦʧʬʘ˃ʘ 
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ʧʨʦʙʣʝʤʘʪʠʢʘʪʘ ʥʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʟʘ 20% ʰʪʦ ʧʦʜʨʘʟʙʠʨʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ. ɺʘʢʚʠʦʪ ʢʨʠʪʝʨʠʫʤ ʝ ʚʦʚʝʜʝʥ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ 

ʘʥʘʣʠʟʠʪʝ ʰʪʦ ʜʦ ʩʝʛʘ ʩʝ ʥʘʧʨʘʚʝʥʠ, ʘ ʦʜ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʧʦʩʪʦʠ ʦʛʨʦʤʝʥ 

ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʬʠʥʘʥʩʠʩʢʠ ʩʨʝʜʩʪʚʘ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ. ɺʦ ʦʚʦʿ ʪʨʫʜ 

ʧʦʢʦʥʢʨʝʪʥʦ ˃ʝ ʙʠʜʝ ʨʘʟʛʣʝʜʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ 

ʠʥʜʫʩʪʨʠʿʘʪʘ ʦʜ ʘʩʧʝʢʪ ʥʘ ʟʘʰʪʝʜʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʘʿ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʪʝ ʫʨʝʜʠ 

ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩʠ.  

 

1.1. ʇʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠʪʝ 
ʢʘʧʘʮʠʪʝʪʠ 

ʂʦʥʮʝʧʪʦʪ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʤʦʞʝ ʥʘʿʜʦʙʨʦ ʜʘ ʩʝ ʨʘʟʙʝʨʝ ʜʦʢʦʣʢʫ ʩʝ 

ʨʘʟʛʣʝʜʘ ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʝʦʙʨʘʟʫʚʘˁʝ ʠ ʧʨʦʪʦʢ ʠ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʠʟ ʨʘʟʣʠʯʥʠ ʩʪʘʜʠʫʤʠ, 

ʧʦʯʥʫʚʘʿ˃ʠ ʦʜ ʧʨʠʤʘʨʥʠʪʝ ʠʟʚʦʨʠ ʥʘ  ʝʥʝʨʛʠʿʘ, ʧʘ ʩʝ ʜʦ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ. ʉʣʠʢʦʚʠʪ 

ʧʨʠʢʘʟ ʥʘ ʦʚʦʿ ʢʦʥʮʝʧʪ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘ 2. ʂʘʢʦ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʦʜ ʜʠʿʘʛʨʘʤʦʪ, 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʦʚʦʿ ʩʠʩʪʝʤ ʤʦʞʝ ʜʘ ʨʝʘʣʠʟʠʨʘ ʚʦ ʩʝʢʦʿ 

ʩʪʘʜʠʫʤ ʥʘ ʧʨʦʙʨʘʟʫʚʘˁʝ, ʦʜʥʦʩʥʦ ʧʨʝʥʦʩ ʥʘ ʝʥʝʨʛʠʿʘʪʘ. ɺʦ ʧʦʰʠʨʦʢ ʘʩʧʝʢʪ, ʮʝʣ ʥʘ ʦʚʦʿ 

ʪʨʫʜ ˃ʝ ʙʠʜʝ ʨʘʟʛʣʝʜʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʤʝʨʢʠʪʝ ʢʦʠ ʤʦʞʘʪ ʜʘ ʩʝ 

ʧʨʝʟʝʤʘʪ ʢʘʿ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ. ɺʦ ʦʚʘʘ ʛʨʫʧʘ ʩʧʘʺʘʘʪ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʢʘʧʘʮʠʪʝʪʠ, 

ʜʦʤʘ˃ʠʥʩʪʘʚʘʪʘ ʠ ʦʩʪʘʥʘʪʠʪʝ ʩʪʦʧʘʥʩʢʠ ʦʙʿʝʢʪʠ. ɿʘʨʘʜʠ ʦʙʝʤʥʦʩʪʘ ʥʘ ʦʚʘʘ ʧʨʦʙʣʝʤʘʪʠʢʘ 

ʚʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʘʪ ʨʘʟʛʣʝʜʘʥʠ ʤʝʨʢʠʪʝ ʢʦʠ ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʝʟʝʤʘʪ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠʦʪ ʩʝʢʪʦʨ.  

 

 

˿͙͊͟͡ 2. ʇʨʦʪʦʢ ʥʘ ʝʥʝʨʠʿʘʪʘ ï ʦʩʥʦʚʘ ʟʘ ʨʘʟʙʠʨʘˁʝ ʥʘ ʢʦʥʮʝʧʪʦʪ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ 

  

 

˽͙ͪͣ͊ͪͤ͊ 

͔͔͎͙ͤͪ͊͞ 

˿͔ͯͤ͒͊ͪͤ͊͟  

͔͔͎͙ͤͪ͊͞ 

˭͎͙͊ͯ͋ ͤ͊ 

ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͊͞ 

˩͔͎͙ͤͪ͊͞ ͔͔ͨͪ͒͊͒ͤ͊  

ͤ͊ ͔͔͙ͦ͒ͪ͒ͤ ͔͙ͫͭͦͪ͟ 

˭͎͙͊ͯ͋ ͤ͊ ͔ͨͪͤͦͫ  

͙ ͙͙͒ͫͭͪ͋ͯͼ͙͊͞ 

˴͙ͦͪͫͤ͊ ͔͔͎͙ͤͪ͊͞ 

˭͎͙͊ͯ͋ ͍ͦ ͪ͊ͤ͊ͭ͊͟͞ 

͔ͦͨͪͣ͊ ͙ ͨͪͦͼ͔͙ͫ 
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ɻʝʥʝʨʘʣʥʦ, ʚʦ ʦʚʦʿ ʩʝʢʪʦʨ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ 

ʨʝʘʣʠʟʠʨʘ ʧʨʝʢʫ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ: 

ü ʊʝʨʤʠʯʢʘ ʠʟʦʣʘʮʠʿʘ ʥʘ ʛʨʘʜʝʞʥʠʦʪ ʦʙʿʝʢʪ, 

ü ʂʚʘʣʠʪʝʪ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ, 

ü ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʩʢʘʩʥʦʩʪ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʛʨʝʝˁʝ ʠ ʣʘʜʝˁʝ, 

ü ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʧʨʝʦʙʨʘʟʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ, 

ü ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʦʩʚʝʪʣʫʚʘˁʝ, 

ü ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʧʫʤʧʥʠʪʝ ʠ ʚʝʥʪʠʣʘʪʦʨʩʢʠʪʝ ʩʠʩʪʝʤʠ, 

ü ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʧʝʯʢʠʪʝ ʟʘ ʪʦʧʝˁʝ ʠ ʢʦʤʧʨʝʩʦʨʩʢʠʪʝ ʩʠʩʪʝʤʠ, 

ü ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, 

ü ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʜʠʟʝʣ-ʘʛʨʝʛʘʪʩʢʠʪʝ ʩʠʩʪʝʤʠ, 

ü ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʣʝʢʪʨʦʤʦʪʦʨʥʠʪʝ ʩʠʩʪʝʤʠ. 

 

1.2. ʇʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʢʘʿ ʝʣʝʢʪʨʠʯʥʠʪʝ ʤʦʪʦʨʠ 

 ʆʚʜʝ ʩʝ ʥʘʙʨʦʝʥʠ ʩʘʤʦ ʜʝʣ ʦʜ ʩʠʩʪʝʤʠʪʝ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʢʘʧʘʮʠʪʝʪʠ ʢʘʿ ʢʦʠ 

ʤʦʞʝ ʜʘ ʩʝ ʠʥʪʝʨʚʝʥʠʨʘ ʟʘ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʮʝʣʠʦʪ ʦʙʿʝʢʪ. ʆʜ 

ʩʠʪʝ ʦʚʠʝ ʩʝʛʤʝʥʪʠ, ʚʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʘʪ ʨʘʟʛʣʝʜʘʥʠ ʩʠʩʪʝʤʠʪʝ ʢʘʜʝ ʰʪʦ ʩʝ ʧʨʠʤʝʥʝʪʠ 

ʝʣʝʢʪʨʠʯʥʠʪʝ ʤʦʪʦʨʠ, ʘ ʪʦʘ ʩʝ: ʝʣʝʢʪʨʦʤʦʪʦʨʥʠʪʝ ʩʠʩʪʝʤʠ, ʢʦʤʧʨʝʩʦʨʠʪʝ, ʚʝʥʪʠʣʘʪʦʨʠʪʝ 

ʠ ʧʫʤʧʠʪʝ. ʇʨʠʯʠʥʘʪʘ ʧʦʨʘʜʠ ʢʦʿʘ ʩʝ ʨʘʟʛʣʝʜʫʚʘʘʪ ʩʘʤʦ ʦʚʠʝ ʩʠʩʪʝʤʠ ʝ ʚʦ ʪʦʘ ʰʪʦ ʩʢʦʨʦ 

70% ʦʜ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʧʨʝʜʘʜʝʥʘ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ ʚʦ ʟʝʤʿʠʪʝ ʦʜ ɽʋ ʠ ʉʝʚʝʨʥʘ 

ɸʤʝʨʠʢʘ ʿʘ ʪʨʦʰʘʪ ʝʣʝʢʪʨʠʯʥʠʪʝ ʤʦʪʦʨʠ ʢʦʠ ʛʠ ʠʤʘ ʠʥʩʪʘʣʠʨʘʥʠ ʚʦ ʤʠʣʠʦʥʠ ʝʜʠʥʠʮʠ. ʆʜ 

ʦʚʠʝ ʤʦʪʦʨʠ, ʦʢʦʣʫ 90% ʦʪʧʘʺʘʘʪ ʥʘ ʘʩʠʥʭʨʦʥʠʪʝ ʤʦʪʦʨʠ, ʠ ʟʘʪʦʘ ʚʦ ʧʦʥʘʪʘʤʦʰʥʠʦʪ 

ʪʝʢʩʪ ʧʦʜ ʧʦʠʤʦʪ ʝʣʝʢʪʨʠʯʥʠ ʤʦʪʦʨʠ ˃ʝ ʧʦʜʨʘʟʙʠʨʘʤʝ ʘʩʠʥʭʨʦʥʠ ʤʦʪʦʨʠ. ʉʝʢʦʿʘ ʛʦʜʠʥʘ, 

ʥʝʢʦʣʢʫ ʤʠʣʠʦʥʠ ʥʦʚʠ ʤʦʪʦʨʠ ʩʝ ʜʦʜʘʚʘʘʪ ʥʘ ʦʚʘʘ ʦʚʘʘ ʘʨʤʠʿʘ ʦʜ ʤʦʪʦʨʠ. ʆʚʠʝ ʤʦʪʦʨʠ 

ʩʝ ʜʚʠʞʝʯʢʘʪʘ ʩʠʣʘ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ ʟʘ ʟʘʜʚʠʞʫʚʘˁʝ ʥʘ ʨʘʟʥʠ ʤʘʰʠʥʠ, ʢʦʤʧʨʝʩʦʨʠ, 

ʚʝʥʪʠʣʘʪʦʨʠ, ʧʫʤʧʠ ʠ ʧʦʜʚʠʞʥʠ ʣʝʥʪʠ ʚʦ ʩʝʢʦʿ ʚʠʜ ʥʘ ʠʥʜʫʩʪʨʠʩʢʠ ʢʘʧʘʮʠʪʝʪ. ʅʝ ʩʘʤʦ 

ʰʪʦ ʙʨʦʿʦʪ ʥʘ ʧʫʤʧʠ ʠ ʚʝʥʪʠʣʘʪʦʨʠ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʢʘʧʘʮʠʪʝʪʠ ʝ ʛʦʣʝʤ, ʪʫʢʫ ʚʦ ʥʠʚ 

ʣʝʞʠ ʠ ʛʦʣʝʤ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʟʘʰʪʝʜʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ɿʘʪʦʘ ʧʨʝʟʝʤʘˁʝʪʦ ʥʘ 

ʤʝʨʢʠ ʚʦ ʥʘʩʦʢʘ ʥʘ ʟʘʰʪʝʜʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʦʚʠʝ ʘʧʣʠʢʘʮʠʠ ʧʨʝʪʩʪʘʚʫʚʘ 

ʜʦʙʘʨ ʧʦʯʝʪʦʢ ʚʦ ʥʘʩʦʢʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʦʜʨʝʜʝʥ 

ʠʥʜʫʩʪʨʠʩʢʠ ʢʘʧʘʮʠʪʝʪ. 

 ʇʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʢʘʿ ʦʚʠʝ ʩʠʩʪʝʤʠ ʤʦʞʝ ʜʘ ʩʝ 

ʨʝʘʣʠʟʠʨʘ ʧʨʝʢʫ ʧʨʝʟʝʤʘˁʝ ʥʘ ʤʝʨʢʠ: 

ü ʚʦ ʪʝʢʦʪ ʥʘ ʧʨʦʝʢʪʠʨʘˁʝʪʦ ʠ ʠʟʚʝʜʙʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʪʝ ʤʦʪʦʨʠ ʩʦ ʢʦʨʠʩʪʝˁʝ 

ʩʦʚʨʝʤʝʥʠ ʤʝʪʦʜʠ ʟʘ ʦʧʪʠʤʘʣʥʦ ʧʨʦʝʢʪʠʨʘˁʝ ʠ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪʠ ʟʘ 

ʥʫʤʝʨʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ, ʩʠʤʫʣʘʮʠʿʘ ʠ ʘʥʘʣʠʟʘ, 

ü ʚʦ ʪʝʢʦʪ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʿʘʪʘ, ʧʨʝʢʫ ʢʦʨʠʩʪʝˁʝ ʥʘ ʩʦʚʨʝʤʝʥʠ ʝʥʝʨʛʝʪʩʢʠ 

ʧʨʝʦʙʨʘʟʫʚʘʯʠ ʟʘ ʧʫʰʪʘˁʝ ʚʦ ʨʘʙʦʪʘ (ʧʨʝʦʙʨʘʟʫʚʘʯʠ ʟʘ ʤʝʢʦ ʧʫʰʪʘˁʝ), 

ʧʨʝʦʙʨʘʟʫʚʘʯʠ ʟʘ ʥʘʧʦʿʫʚʘˁʝ ʠ ʨʝʛʫʣʘʮʠʿʘ, ʢʘʢʦ ʠ ʩʦʚʨʝʤʝʥʠ ʪʝʭʥʠʢʠ ʟʘ ʥʠʚʥʦ 

ʫʧʨʘʚʫʚʘˁʝ. 
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ʂʘʢʚʦ ʝ ʟʥʘʯʝˁʝʪʦ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʢʘʿ 

ʝʣʝʢʪʨʠʯʥʠʪʝ ʤʦʪʦʨʠ ʥʘ ʠʣʫʩʪʨʘʪʠʚʝʥ ʥʘʯʠʥ ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘ 3, ʢʘʜʝ ʰʪʦ ʝ 

ʧʨʠʢʘʞʘʥʘ ʚʢʫʧʥʘʪʘ ʮʝʥʘ ʥʘ ʯʠʥʝˁʝ ʥʘ ʜʘʜʝʥ ʤʦʪʦʨ ʟʘ ʮʝʣʠʦʪ ʥʝʛʦʚ ʨʘʙʦʪʝʥ ʚʝʢ. ʅʘ 

ʛʨʘʬʠʢʦʪ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʜʝʢʘ, ʥʘʿʛʦʣʝʤ ʫʜʝʣ ʠʤʘ ʮʝʥʘʪʘ ʥʘ ʯʠʥʝˁʝ ʥʘ 

ʧʦʪʨʦʰʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʮʝʣʠʦʪ ʨʘʙʦʪʝʥ ʚʝʢ. ʊʦʘ ʫʢʘʞʫʚʘ ʥʘ ʚʘʞʥʦʩʪʘ ʥʘ 

ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʣʝʢʪʨʠʯʥʠʪʝ ʤʦʪʦʨʠ ʠ ʥʘ ʮʝʣʠʦʪ ʧʦʛʦʥ, 

ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʦ ʥʘʯʠʥʦʪ ʥʘ ʥʝʛʦʚʦ ʫʧʨʘʚʫʚʘˁʝ ʠ ʨʝʛʫʣʘʮʠʿʘ. ɿʘ ʪʘʘ ʮʝʣ ʥʘʿʥʘʧʨʝʜ ʝ 

ʥʝʦʧʭʦʜʥʦ ʜʘ ʛʠ ʜʝʬʠʥʠʨʘʤʝ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʠ ʥʘ ʟʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ ʰʪʦ ʩʝ ʛʝʥʝʨʠʨʘʘʪ 

ʚʦ ʝʣʝʢʪʨʠʯʥʠʪʝ ʤʦʪʦʨʠ, ʢʘʜʝ ʪʠʝ ʩʝ ʧʦʿʘʚʫʚʘʘʪ, ʘ ʧʦʪʦʘ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʠ ʥʘʯʠʥʠʪʝ 

ʢʘʢʦ ʪʠʝ ʤʦʞʘʪ ʜʘ ʩʝ ʥʘʤʘʣʘʪ. ʆʜ ʦʚʦʿ ʛʨʘʬʠʢ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ, ʠ ʧʦʜʦʙʨʫʚʘˁʝ 

ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 1% ʙʠ ʜʦʥʝʣʘ ʟʥʘʯʠʪʝʣʥʘ ʟʘʰʪʝʜʘ ʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ 

ʝʥʝʨʛʠʿʘ ʠ ʥʘ ʤʘʪʝʨʠʿʘʣʥʠʪʝ ʩʨʝʜʩʪʚʘ. 

 

˿͙͊͟͡ 3. ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʟʘʛʫʙʠʪʝ ʢʘʿ ʩʪʘʥʜʘʨʜʝʥ ʘʩʠʥʭʨʦʥ ʤʦʪʦʨ 

 

ʂʘʢʦ ʠ ʢʘʿ ʩʝʢʦʿ ʜʨʫʛ ʝʣʝʢʪʨʠʯʝʥ ʫʨʝʜ, ʪʘʢʘ ʠ ʢʘʿ ʝʣʝʢʪʨʠʯʥʠʪʝ ʤʦʪʦʨʠ, ʧʨʠ ʥʠʚʥʘʪʘ 

ʨʘʙʦʪʘʪʘ ʩʝ ʩʦʟʜʘʚʘʘʪ ʟʘʛʫʙʠ ʢʦʠ ʚʦ ʛʦʣʝʤʘ ʤʝʨʢʘ ʚʣʠʿʘʘʪ ʥʘ ʥʠʚʥʘʪʘ ʝʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ. ɺʦ ʦʧʰʪ ʩʣʫʯʘʿ, ʟʘʛʫʙʠʪʝ ʢʘʿ ʘʩʠʥʭʨʦʥʠʪʝ ʤʦʪʦʨʠ ʤʦʞʘʪ ʜʘ ʩʝ ʜʠʬʠʥʠʨʘʘʪ ʩʦ 

ʩʣʝʜʥʠʦʪ ʠʟʨʘʟ: 

 

dmehfecucuizlezvlezzagubi PPPPPPPP ++++=-= 21   (1)  

 

ʂʘʜʝ ʰʪʦ: Pcu1 ʩʝ ʟʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʩʪʘʪʦʨʩʢʘʪʘ ʥʘʤʦʪʢʘ, Pcu2 ʩʝ ʟʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ 

ʨʦʪʦʨʩʢʘʪʘ ʥʘʤʦʪʢʘ, Pfe ʩʝ ʟʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʬʝʨʦʤʘʛʥʝʪʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʥʘ ʩʪʘʪʦʨʦʪ 

ʠ ʨʦʪʦʨʦʪ, Pmeh ʩʝ ʤʝʭʘʥʠʯʢʠ ʟʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ ʠ Pd ʩʝ ʜʦʧʦʣʥʠʪʝʣʥʠ ʟʘʛʫʙʠ. 

ʇʦʝʜʠʥʝʯʥʘʪʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʦʚʠʝ ʟʘʛʫʙʠ ʢʘʿ ʘʩʠʥʭʨʦʥʠʪʝ ʤʦʪʦʨʠ 

ʛʨʘʬʠʯʢʠ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʩʣʠʢʘ 4.  

 

ʎʝʥʘ ʥʘ ʯʠʥʝˁʝ ʥʘ 

ʤʦʪʦʨʦʪ; 2% ʎʝʥʘ ʥʘ ʯʠʥʝˁʝ ʥʘ 

ʦʜʨʞʫʚʘˁʝʪʦ; 2%

ʎʝʥʘ ʥʘ ʯʠʥʝˁʝ ʥʘ 

ʧʦʪʨʦʰʝʥʘʪʘ 

ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ; 96%
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˿͙͊͟͡ 4. ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʟʘʛʫʙʠʪʝ ʢʘʿ ʘʩʠʥʭʨʦʥ ʤʦʪʦʨ 

 

ʇʦʩʪʦʿʘʪ ʧʦʚʝ˃ʝ ʥʘʯʠʥʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʪʝ ʤʦʪʦʨʠ, ʢʦʠ ʚʦ ʩʫʰʪʠʥʘ ˃ʝ ʟʥʘʯʘʪ ʠʟʚʝʜʙʘ ʥʘ ʤʦʪʦʨʠ ʩʦ ʧʦʛʦʣʝʤʠ 

ʜʠʤʝʥʟʠʠ, ʠ ʩʝ ʨʘʟʙʠʨʘ, ʩʦ ʧʦʚʠʩʦʢʘ ʮʝʥʘ ʥʘ ʯʠʥʝˁʝ. ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ 

ʥʝʢʦʠ ʦʜ ʥʠʚ. 

- ɿʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʩʪʘʪʦʨʩʢʠʪʝ (Pcu1) ʠ ʨʦʪʦʨʩʢʠʪʝ (Pcu2) ʥʘʤʦʪʢʠ ʩʝ ʧʦʿʘʚʫʚʘʘʪ 

ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʦʪʝʢʫʚʘˁʝ ʥʘ ʩʦʦʜʚʝʪʥʠʪʝ ʩʪʨʫʠ ʥʠʟ ʥʠʚ. ʆʚʠʝ ʟʘʛʫʙʠ ʤʦʞʘʪ ʜʘ 

ʩʝ ʥʘʤʘʣʘʪ ʩʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʩʪʨʫʿʘʪʘ ʚʦ ʥʠʚ, ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʥʘʧʨʝʯʥʠʦʪ ʧʨʝʩʝʢ ʥʘ ʧʨʦʚʦʜʥʠʮʠʪʝ ʠʣʠ ʩʦ ʠʟʨʘʙʦʪʢʘ ʥʘ ʨʦʪʦʨʩʢʠʪʝ ʧʨʘʯʢʠ ʠ 

ʧʨʩʪʝʥʠ ʦʜ ʙʘʢʘʨ ʥʘʤʝʩʪʦ ʦʜ ʘʣʫʤʠʥʠʫʤ.  

- ɿʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʤʘʛʥʝʪʥʦʪʦ ʢʦʣʦ (Pfe) ʥʘ ʩʪʘʪʦʨʦʪ ʠ ʨʦʪʦʨʦʪ ʩʝ ʧʦʿʘʚʫʚʘʘʪ 

ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʬʝʥʦʤʝʥʦʪ ʥʘ ʭʠʩʪʝʨʝʟʠʩ ʠ ʚʠʦʨʥʠ ʩʪʨʫʠ. ʆʚʠʝ ʟʘʛʫʙʠ ʤʦʞʘʪ ʜʘ 

ʩʝ ʥʘʤʘʣʘʪ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʦʢʚʘʣʠʪʝʪʥʠ ʠ ʧʦʪʝʥʢʠ ʤʘʛʥʝʪʥʠ ʣʠʤʦʚʠ, ʢʘʢʦ ʠ ʩʦ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʥʘʧʨʝʯʥʠʦʪ ʧʨʝʩʝʢ ʥʘ ʤʘʛʥʝʪʥʠʪʝ ʢʦʣʘ ʩʦ ʰʪʦ ˃ʝ ʩʝ ʧʨʝʜʠʟʚʠʢʘ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʤʘʛʥʝʪʥʘʪʘ ʠʥʜʫʢʮʠʿʘ ʚʦ ʥʠʚ. 

- ʄʝʭʘʥʠʯʢʠʪʝ ʟʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ (Pmeh) ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʪʨʠʝˁʝʪʦ ʥʘ 

ʣʝʞʠʰʪʘʪʘ ʠ ʪʨʠʝˁʝʪʦ ʥʘ ʨʦʪʦʨʦʪ ʠ ʚʝʥʪʠʣʘʪʦʨʦʪ ʟʘ ʣʘʜʝˁʝ ʩʦ ʦʢʦʣʥʠʦʪ 

ʚʦʟʜʫʰʝʥ ʧʨʦʩʪʦʨ. ʉʦ ʚʛʨʘʜʫʚʘˁʝ ʥʘ ʧʦʢʚʘʣʠʪʝʪʥʠ ʣʝʞʠʰʪʘ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʧʨʦʪʦʢʦʪ ʥʘ ʚʦʟʜʫʭ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʦʚʠʝ ʟʘʛʫʙʠ, ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʧʦʜʦʙʨʠ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ. 

- ɼʦʧʦʣʥʠʪʝʣʥʠʪʝ ʟʘʛʫʙʠ (Pd) ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʧʦʩʪʦʝˁʝʪʦ ʥʘ 

ʨʘʩʪʫʨʥʠʪʝ ʬʣʫʢʩʝʚʠ, ʥʝʫʥʠʬʦʨʤʥʦʩʪʘ ʥʘ ʚʦʟʜʫʰʥʠʦʪ ʟʿʘʿ, ʦʜʥʦʩʥʦ 

ʥʝʨʘʤʥʦʤʝʨʥʘʪʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʩʪʨʫʿʥʠʪʝ ʦʧʪʦʚʘʨʫʚʘˁʘ. ʆʚʠʝ ʟʘʛʫʙʠ ʤʦʞʘʪ ʜʘ 

ʩʝ ʥʘʤʘʣʘʪ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʤʝʪʦʜʠ ʟʘ ʦʧʪʠʤʘʣʥʦ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʠ 

ʤʘʰʠʥʠ ʧʨʠ ʥʠʚʥʘʪʘ ʠʟʚʝʜʙʘ. 

ʉʦ ʧʨʠʤʝʥʘ ʥʘ ʦʚʠʝ ʧʦʜʦʙʨʫʚʘˁʘ ʚʦ ʠʟʚʝʜʙʘʪʘ ʥʘ ʦʜʨʝʜʝʥʠ ʘʩʠʥʭʨʦʥʠ ʤʦʪʦʨʠ ʩʝ 

ʜʦʙʠʚʘʘʪ ʨʝʰʝʥʠʿʘ ʢʦʠ ʩʝ ʩʦ ʧʦʛʦʣʝʤ ʛʘʙʘʨʠʪ ʠ ʩʦ ʧʦʚʠʩʦʢʘ ʮʝʥʘ ʥʘ ʯʠʥʝˁʝ. ʅʦ, ʪʦʘ ʠ ʥʝ 

ʝ ʪʘʢʘ ʩʪʨʘʰʥʦ ʜʦʢʦʣʢʫ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʪʨʦʰʦʮʠʪʝ ʟʘ ʝʜʝʥ ʤʦʪʦʨ ʰʪʦ 

ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʩʣʠʢʘ 3, ʦʜ ʢʘʜʝ ʝ ʦʯʠʛʣʝʜʥʦ ʜʝʢʘ ʪʨʦʰʦʮʠʪʝ ʟʘ ʠʟʚʝʜʙʘ ʥʘ ʜʘʜʝʥ ʤʦʪʦʨ 

ʩʝ ʜʘʣʝʢʫ ʧʦʤʘʣʠ ʦʜ ʪʨʦʰʦʮʠʪʝ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʿʘ. ɿʘ ʪʘʘ ʮʝʣ, ʤʝʺʫʥʘʨʦʜʥʘʪʘ 

ʝʣʝʢʪʨʦʪʝʭʥʠʯʢʘ ʢʦʤʠʩʠʿʘ ʚʦ 2008 ʛʦʜʠʥʘ ʦʙʿʘʚʠ ʥʦʚʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʝʥʝʨʛʝʪʩʢʠ 

ʝʬʠʢʘʩʥʠʪʝ ʤʦʪʦʨʠ. ʊʠʝ ʩʝ ʧʦʜʝʣʝʥʠ ʚʦ ʯʝʪʠʨʠ ʢʣʘʩʠ IE1 (ʩʪʘʥʜʘʨʜʥʘ ʝʬʠʢʘʩʥʦʩʪ), IE2 

(ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ), IE3 (ʧʨʝʤʠʫʤ) ʠ IE4 (ʩʫʧʝʨ ʧʨʝʤʠʫʤ), ʧʨʠ ʰʪʦ ʧʨʚʘʪʘ ʝ ʩʦ ʥʘʿʥʠʩʢʘ, ʘ 

Pcu1; 35%

Pcu2; 20%

Pfe; 20%

Pmeh; 10%

Pd; 15%
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ʧʦʩʣʝʜʥʘʪʘ ʝ ʩʦ ʥʘʿʚʠʩʦʢʘ ʚʨʝʜʥʦʩʪ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ. ʆʚʘʘ ʢʦʤʠʩʠʿʘ ʠʤʘ 

ʦʙʿʘʚʝʥʦ ʠ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʠʤʝʥʘ ʥʘ ʦʚʠʝ ʤʦʪʦʨʠ ʩʧʦʨʝʜ ʢʦʿʘ, ʧʦʩʣʝ ʿʘʥʫʘʨʠ 2017 ʛʦʜʠʥʘ 

ʚʦ ʧʨʘʢʩʘ ʥʝ ʩʤʝʝ ʜʘ ʠʤʘ ʤʦʪʦʨʠ ʩʦ ʝʥʝʨʛʝʪʩʢʘ ʢʘʣʩʘ ʧʦʤʘʣʘ ʦʜ IE3, ʦʜʥʦʩʥʦ IE2, 

ʜʦʢʦʣʢʫ ʩʝ ʥʘʧʦʿʫʚʘʪ ʠ ʫʧʨʘʚʫʚʘʘʪ ʧʨʝʢʫ ʝʥʝʨʛʝʪʩʢʠ ʧʨʝʦʙʨʘʟʫʚʘʯʠ.  

 ɼʦʧʦʣʥʠʪʝʣʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʘʩʠʥʭʨʦʥʠʪʝ ʤʦʪʦʨʠ, ʦʜʥʦʩʥʦ 

ʮʝʣʠʦʪ ʧʦʛʦʥ, ʤʦʞʝ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʧʨʝʦʙʨʘʟʫʚʘʯʠ ʟʘ ʤʝʢʦ 

ʧʫʰʪʘˁʝ ʚʦ ʨʘʙʦʪʘ (soft starters) ʠ ʝʥʝʨʛʝʪʩʢʠ ʧʨʝʦʙʨʘʟʫʚʘʯʠ ʟʘ ʧʫʰʪʘˁʝ ʠ ʫʧʨʘʚʫʚʘˁʝ 

ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʩʦʚʨʝʤʝʥʠ ʪʝʭʥʠʢʠ ʥʘ ʨʝʛʫʣʘʮʠʿʘ.  

 

 

˿͙͊͟͡ 5. IE ʢʣʘʩʠ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘ 4-ʧʦʣʥʠ ʘʩʠʥʭʨʦʥʠ ʤʦʪʦʨʠ 

 

ʅʝʩʦʤʝʥʦ, ʦʚʘ ʧʨʝʪʩʪʘʚʫʚʘ ʦʙʝʤʥʘ ʧʨʦʙʣʝʤʘʪʠʢʘ ʢʦʿʘ ʩʝʢʦʿʜʥʝʚʥʦ ʩʝ ʫʥʘʧʨʝʜʫʚʘ ʠ 

ʨʘʟʚʠʚʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʣʝʢʪʨʦʤʦʪʦʨʥʠʪʝ ʧʦʛʦʥʠ, 

ʦʜʥʦʩʥʦ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʢʘʧʘʮʠʪʝʪʠ, ʘ ʩʦ ʪʦʘ ʜʘ ʩʝ ʟʘʰʪʝʜʠ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ ʥʘʤʘʣʠ 

ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ. 

 

2. ɿʘʢʣʫʯʦʢ 

 ɿʘʰʪʠʪʘʪʘ ʥʘ ʯʦʚʝʢʦʚʘʪʘ ʦʢʦʣʠʥʘ ʚʦ ʦʜʨʝʜʝʥʘ ʤʝʨʢʘ ʧʦʜʨʘʟʙʠʨʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ ʢʦʝ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʩʪʦʧʘʥʩʢʠʪʝ ʠ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʦʙʿʝʢʪʠ, ʢʘʢʦ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʣʝʢʪʨʦ-ʦʧʨʝʤʘʪʘ ʢʦʿʘ ʝ ʚʛʨʘʜʝʥʘ ʚʦ ʥʠʚ. ʆʚʘ ʤʦʞʝʙʠ ʝ ʤʘʣ ʯʝʢʦʨ ʟʘ 

ʠʥʜʫʩʪʠʩʢʠʪʝ ʢʘʧʘʮʠʪʝʪʠ, ʥʦ ʛʦʣʝʤ ʯʝʢʦʨ ʟʘ ʯʦʚʝʰʪʚʦʪʦ. 
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ɸʧʩʪʨʘʢʪ 

ɺʦ ʪʨʫʜʦʪ ʝ ʧʨʝʟʝʥʪʠʨʘʥ ʧʨʝʛʣʝʜ ʥʘ ʤʝʪʦʜʠʪʝ ʟʘ ʧʨʝʨʘʙʦʪʢʘ ʠ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ 

ʢʦʤʫʥʘʣʥʠʦʪ ʮʚʨʩʪ ʦʪʧʘʜ, ʩʦ ʧʦʩʝʙʝʥ ʦʩʚʨʪ ʢʦʥ ʜʝʧʦʥʠʠʪʝ ʢʘʢʦ ʤʝʪʦʜ ʟʘ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ 

ʢʦʤʫʥʘʣʥʠʦʪ ʮʚʨʩʪ ʦʪʧʘʜ ʙʝʟ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʪʧʘʜʥʠʪʝ ʤʘʪʝʨʠʠ ʠ ʝʥʝʛʠʿʘʪʘ ʦʜ 

ʦʪʧʘʜʦʪ. ʉʦʚʨʝʤʝʥʠʪʝ ʜʝʧʦʥʠʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʠʥʞʝʥʝʨʩʢʠ ʦʙʿʝʢʪʠ ʩʧʝʮʠʿʘʣʥʦ ʧʨʝʜʚʠʜʝʥʠ 

ʟʘ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʜʣʘʛʘˁʝ ʥʘ ʦʪʧʘʜʦʪ, ʧʨʦʝʢʪʠʨʘʥʠ ʠ ʠʟʚʝʜʝʥʠ ʪʘʢʘ ʜʘ ʛʠ ʤʠʥʠʤʠʟʠʨʘʘʪ 

ʝʤʠʩʠʠʪʝ ʥʘ ʟʘʛʘʜʫʚʘʯʠʪʝ ʚʦ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɺʦ ʪʨʫʜʦʪ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʜʝʣ ʦʜ 

ʧʦʪʨʝʙʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʩʝʢʦʿʘ ʜʝʧʦʥʠʿʘ, ʢʘʢʦ ʠ ʥʦʨʤʘʪʠʚʠʪʝ ʟʘ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ 

ʜʝʧʦʥʠʠʪʝ. ʇʨʠʤʝʥʘʪʘ ʥʘ ʦʚʠʝ ʥʦʨʤʘʪʠʚʠ ʦʚʦʟʤʦʞʫʚʘ ʤʠʥʠʤʠʟʠʨʘˁʝ ʥʘ ʥʝʛʘʪʠʚʥʠʪʝ 

ʚʣʠʿʘʥʠʿʘ ʦʜ ʜʝʧʦʥʠʠʪʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ.  

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʢʦʤʫʥʘʣʝʥ ʮʚʨʩʪ ʦʪʧʘʜ, ʜʝʧʦʥʠʿʘ, ʟʘʰʪʠʪʘ, ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ. 

 

1. ɺʦʚʝʜ 
 

ʉʚʝʜʦʮʠ ʩʤʝ ʥʘ ʩʝ ʧʦʛʦʣʝʤʠʦʪ ʧʦʨʘʩʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʦʪʧʘʜ, ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ 

ʙʨʟʠʦʪ ʧʦʨʘʩʪ ʥʘ ʧʦʧʫʣʘʮʠʿʘʪʘ ʠ ʠʥʜʫʩʪʨʠʿʘʣʠʟʘʮʠʿʘʪʘ. ɿʥʘʯʠʪʝʣʥʦʪʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʦʪʧʘʜʦʪ ʧʨʦʧʨʘʪʝʥʦ ʩʦ ʧʨʦʤʝʥʘʪʘ ʥʘ ʥʝʛʦʚʠʦʪ ʤʦʨʬʦʣʦʰʢʠ ʩʦʩʪʘʚ, ʛʦ 

ʟʛʦʣʝʤʫʚʘ ʧʨʠʪʠʩʦʢʦʪ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʩʝ ʧʦʛʦʣʝʤʠ ʧʦʚʨʰʠʥʠ 

ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʠ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʦʪʧʘʜʦʪ. ɿʘʪʦʘ, ʩʦʚʨʝʤʝʥʠʪʝ ʪʝʢʦʚʠ ʥʘ ʫʧʨʘʚʫʚʘˁʝʪʦ 

ʩʦ ʦʪʧʘʜʦʪ ʚʢʣʫʯʫʚʘʘʪ ʧʨʝʪʭʦʜʥʘ ʩʝʣʝʢʮʠʿʘ, ʨʝʮʠʢʣʠʨʘˁʝ ʠ ʧʦʚʪʦʨʥʘ ʫʧʦʪʨʝʙʘ ʥʘ 

ʦʪʧʘʜʦʪ, ʢʦʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʜʘ ʩʝ ʥʘʤʘʣʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʦʪʧʘʜ ʢʦʝ ʩʝ ʦʪʩʪʨʘʥʫʚʘ ʥʘ 

ʜʝʧʦʥʠʠʪʝ ʢʘʢʦ ʠ ʥʝʛʦʚʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ʇʦʢʨʘʿ ʦʚʠʝ, ʫʧʨʘʚʫʚʘˁʝʪʦ 

ʩʦ ʦʪʧʘʜʦʪ ʛʠ ʦʧʬʘ˃ʘ ʠ ʘʢʪʠʚʥʦʩʪʠʪʝ ʢʘʢʦ ʩʦʙʠʨʘˁʝʪʦ, ʩʝʣʝʢʮʠʿʘʪʘ, ʪʨʘʥʩʧʦʨʪʦʪ, 

ʪʨʝʪʤʘʥʦʪ, ʧʨʝʨʘʙʦʪʢʘʪʘ, ʩʢʣʘʜʠʨʘˁʝʪʦ ʠ ʦʪʩʪʨʘʥʫʚʘˁʝʪʦ ʥʘ ʦʪʧʘʜʦʪ, ʢʘʢʦ ʠ ʤʝʨʢʠʪʝ ʟʘ 
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ʟʘʰʪʠʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɹʨʦʿʥʦʩʪʘ ʥʘ ʘʢʪʠʚʥʦʩʪʠʪʝ ʠ ʤʝʨʢʠʪʝ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ 

ʦʪʧʘʜʦʪ, ʛʦ ʧʨʘʚʘʪ ʦʚʦʿ ʧʨʦʮʝʩ ʩʣʦʞʝʥ ʠ ʩʢʘʧ. 

ʋʧʨʘʚʫʚʘˁʝʪʦ ʩʦ ʢʦʤʫʥʘʣʥʠʦʪ ʮʚʨʩʪ ʦʪʧʘʜ ʝ ʦʜ ʧʦʩʝʙʝʥ ʠʥʪʝʨʝʩ ʟʘ ʦʧʰʪʝʩʪʚʦʪʦ, 

ʟʘʨʘʜʠ ʟʥʘʯʠʪʝʣʥʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʦʚʦʿ ʚʠʜ ʥʘ ʦʪʧʘʜ. ʄʝʪʦʜʠʪʝ ʟʘ ʧʨʝʨʘʙʦʪʢʘ ʠ 

ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʢʦʤʫʥʘʣʥʠʦʪ ʮʚʨʩʪ ʦʪʧʘʜ ʛʝʥʝʨʘʣʥʦ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʚʦ ʜʚʝ ʦʩʥʦʚʥʠ 

ʢʘʪʝʛʦʨʠʠ ʠ ʪʦʘ: ʤʝʪʦʜʠ ʙʝʟ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʠ ʤʘʪʝʨʠʿʘʪʘ, ʠ ʤʝʪʦʜʠ ʩʦ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʠ ʤʘʪʝʨʠʿʘʪʘ.   

ɺʦ ʤʝʪʦʜʠʪʝ ʙʝʟ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʪʧʘʜʥʠʪʝ ʤʘʪʝʨʠʠ ʠ ʝʥʝʛʠʿʘʪʘ ʦʜ ʦʪʧʘʜʦʪ ʩʧʘʺʘʘʪ 

ʜʠʚʠʪʝ ʜʝʧʦʥʠʠ (ʩʤʝʪʠʣʠʰʪʘ) ʠ ʩʦʚʨʝʤʝʥʠʪʝ ʩʘʥʠʪʘʨʥʠ ʜʝʧʦʥʠʠ. ʄʝʪʦʜʠʪʝ ʩʦ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʪʧʘʜʥʠʪʝ ʤʘʪʝʨʠʠ ʠ ʝʥʝʛʠʿʘʪʘ ʦʜ ʦʪʧʘʜʦʪ ʛʠ ʦʧʬʘ˃ʘʘʪ ʙʠʦʪʝʨʤʠʯʢʠʪʝ 

ʤʝʪʦʜʠ (ʢʦʤʧʦʩʪʠʨʘˁʝ), ʬʠʟʠʯʢʦ-ʤʝʭʘʥʠʯʢʠʪʝ ʤʝʪʦʜʠ (ʧʦʩʪʨʦʿʢʠ ʟʘ ʩʦʙʠʨʘˁʝ ʠ 

ʩʝʣʝʢʪʠʨʘˁʝ ʥʘ ʦʪʧʘʜʦʪ ʢʦʠ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʢʘʢʦ ʩʝʢʫʥʜʘʨʥʘ ʩʫʨʦʚʠʥʘ), 

ʪʝʨʤʠʯʢʠʪʝ ʤʝʪʦʜʠ (ʠʥʩʠʥʝʨʘʮʠʿʘ, ʧʠʨʦʣʠʟʘ) ʠ ʭʝʤʠʩʢʠʪʝ ʤʝʪʦʜʠ. ʅʦ, ʠ ʧʦʢʨʘʿ ʫʧʦʪʨʝʙʘʪʘ 

ʥʘ ʤʝʪʦʜʠʪʝ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʦʜ ʦʪʧʘʜʦʪ, ʩʝʧʘʢ ʥʝ ʩʝ ʥʘʤʘʣʫʚʘ ʧʦʪʨʝʙʘʪʘ 

ʦʜ ʧʨʦʩʪʦʨ ʟʘ ʢʦʥʝʯʥʦ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʮʚʨʩʪʠʦʪ ʦʪʧʘʜ, ʦʜʥʦʩʥʦ ʟʘ ʜʝʧʦʥʠʠ.  

ʉʢʣʘʜʠʨʘˁʝʪʦ ʥʘ ʦʪʧʘʜʦʪ ʥʘ ʩʤʝʪʠʣʠʰʪʘ ʝ ʥʘʿʥʝʩʦʚʨʰʝʥ ʥʘʯʠʥ ʟʘ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ 

ʦʪʧʘʜʦʪ ʦʜ ʪʝʭʥʦʣʦʰʢʠ ʠ ʩʘʥʠʪʘʨʝʥ ʘʩʧʝʢʪ, ʢʦʿ ʠʤʘ ʟʥʘʯʠʪʝʣʥʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɹʠʣ ʧʨʘʢʪʠʢʫʚʘʥ ʚʦ ʤʠʥʘʪʦʪʦʪʦ, ʘ ʢʘʢʦ ʥʘʿʝʬʪʠʥ ʥʘʯʠʥ ʯʝʩʪʦ ʩʝ 

ʧʨʘʢʪʠʢʫʚʘ ʠ ʜʝʥʝʩ ʚʦ ʥʝʨʘʟʚʠʝʥʠʪʝ ʟʝʤʿʠ. ɺʦ ʩʤʝʪʠʣʠʰʪʘʪʘ ʦʪʧʘʜʦʪ ʩʝ ʩʢʣʘʜʠʨʘ ʚʦ ʚʠʜ 

ʥʘ ʥʘʬʨʣʘʥʠ ʢʫʧʦʚʠ ʥʘ ʨʘʤʝʥ ʪʝʨʝʥ ʠʣʠ ʚʦ ʿʘʤʠ ʠ ʿʘʨʫʛʠ, ʥʝ ʩʝ ʧʨʘʢʪʠʢʫʚʘ ʥʘʙʠʚʘˁʝ ʠ 

ʧʦʢʨʠʚʘˁʝ ʥʘ ʦʪʧʘʜʦʪ ʩʦ ʜʥʝʚʝʥ ʧʨʝʢʨʠʚʝʥ ʩʣʦʿ ʦʜ ʠʥʝʨʪʝʥ ʤʘʪʝʨʠʿʘʣ. ʉʤʝʪʠʣʠʰʪʘʪʘ ʩʝ 

ʠʟʚʦʨ ʟʘ ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʧʨʝʢʫ ʥʝʢʦʥʪʨʦʣʠʨʘʥʘʪʘ ʝʤʠʩʠʿʘ ʥʘ ʠʩʮʝʜʦʢʦʪ 

ʚʦ ʧʦʯʚʘʪʘ ʠ ʚʦ ʧʦʜʟʝʤʥʠʪʝ ʚʦʜʠ ʠ ʝʤʠʩʠʿʘʪʘ ʥʘ ʜʝʧʦʥʠʩʢʠʦʪ ʛʘʩ. ɺʦ ʩʣʫʯʘʠ ʥʘ ʦʪʩʫʩʪʚʦ 

ʥʘ ʚʦʜʦʥʝʧʨʦʧʫʩʪʣʠʚ ʧʦʯʚʝʥ ʩʣʦʿ ʩʦ ʩʦʦʜʚʝʪʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʦʜʣʦʛʘʪʘ ʥʘ ʩʤʝʪʠʣʠʰʪʝʪʦ, 

ʠʩʮʝʜʦʢʦʪ ʤʦʞʝ ʜʘ ʩʝ ʬʠʣʪʨʠʨʘ ʥʠʟ ʪʝʣʦʪʦ ʥʘ ʩʤʝʪʠʣʠʰʪʝʪʦ ʠ ʜʘ ʜʦʚʝʜʝ ʜʦ ʟʘʛʘʜʫʚʘˁʝ 

ʥʘ ʧʦʯʚʘʪʘ, ʧʦʜʟʝʤʥʠʪʝ ʠ ʧʦʚʨʰʥʠʪʝ ʚʦʜʠ. ʉʤʝʪʠʣʠʰʪʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʦʧʘʩʥʦʩʪ ʟʘ ʧʦʿʘʚʘ 

ʥʘ ʝʧʠʜʝʤʠʠ ʦʜ ʟʘʨʘʟʥʠ ʙʦʣʝʩʪʠ, ʧʦʩʝʙʥʦ ʚʦ ʧʝʨʠʦʜʦʪ ʥʘ ʣʝʪʦʪʦ ʧʨʠ ʧʦʿʘʚʘʪʘ ʥʘ 

ʚʠʩʦʢʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ.  

ɿʘ ʨʘʟʣʠʢʘ ʦʜ ʩʤʝʪʠʣʠʰʪʘʪʘ, ʜʝʧʦʥʠʠʪʝ ʩʝ ʦʙʿʝʢʪʠ ʥʘʤʝʥʝʪʠ ʟʘ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ 

ʦʪʧʘʜʦʪ, ʩʦ ʥʝʛʦʚʦ ʠʩʪʫʨʘˁʝ ʥʘʜ ʠʣʠ ʧʦʜ ʟʝʤʿʘ. ʉʦ ʜʝʧʦʥʠʠʪʝ, ʦʪʧʘʜʦʪ ʩʝ ʦʪʩʪʨʘʥʫʚʘ ʥʘ  

ʢʦʥʪʨʦʣʠʨʘʥ ʥʘʯʠʥ ʚʦ ʩʧʝʮʠʿʘʣʝʥ ʦʙʿʝʢʪ ʧʨʝʜʚʠʜʝʥ ʟʘ ʪʘʘ ʥʘʤʝʥʘ. ʉʦʚʨʝʤʝʥʠʪʝ ʜʝʧʦʥʠʠ 

ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʠʥʞʝʥʝʨʩʢʠ ʦʙʿʝʢʪʠ ʢʦʠ ʩʝ ʧʨʦʝʢʪʠʨʘʥʠ ʠ ʠʟʚʝʜʝʥʠ ʪʘʢʘ ʜʘ ʛʠ 

ʤʠʥʠʤʠʟʠʨʘʘʪ ʝʤʠʩʠʠʪʝ ʥʘ ʟʘʛʘʜʫʚʘʯʠʪʝ ʚʦ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɼʝʧʦʥʠʿʘʪʘ ʤʦʞʝ ʜʘ ʙʠʜʝ 

ʦʜʦʙʨʝʥʘ ʟʘ ʢʦʨʠʩʪʝˁʝ ʦʜ ʥʘʜʣʝʞʝʥ ʦʨʛʘʥ ʜʦʢʦʣʢʫ ʪʘʘ ʥʝ ʧʨʝʪʩʪʘʚʫʚʘ ʩʝʨʠʦʟʝʥ ʨʠʟʠʢ ʟʘ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʟʘ ʟʜʨʘʚʿʝʪʦ ʥʘ ʣʫʺʝʪʦ. ɼʚʝʪʝ ʩʧʨʦʪʠʚʩʪʘʚʝʥʠ ʩʣʠʢʠ ʟʘ ʩʤʝʪʠʣʠʰʪʝ 

(ʉʣʠʢʘ 1) ʠ ʩʘʥʠʪʘʨʥʘ ʜʝʧʦʥʠʿʘ (ʉʣʠʢʘ 2) ʩʝ ʜʘʜʝʥʠ ʧʦʜʦʣʫ: 
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˿͙͊͟͡ 1. ʉʤʝʪʠʣʠʰʪʝ 

 

 

 

˿͙͊͟͡ 2. ʉʘʥʠʪʘʨʥʘ ʜʝʧʦʥʠʿʘ 

2. ʄʝʨʢʠ ʟʘ ʟʘʰʪʠʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ  
 

2.1. ɿʘʢʦʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ  

ʅʘʜʤʠʥʫʚʘˁʝʪʦ ʥʘ ʧʨʘʢʪʠʢʠʪʝ ʥʘ ʦʜʣʘʛʘˁʝ ʥʘ ʦʪʧʘʜʦʪ ʥʘ ʩʤʝʪʠʣʠʰʪʘ ʩʝ ʦʜʚʠʚʘ ʚʦ 

ʥʝʢʦʣʢʫ ʬʘʟʠ, ʘ ʟʘʧʦʯʥʫʚʘ ʩʦ ʫʩʚʦʿʫʚʘˁʝ ʥʘ ʦʙʝʤʥʘ ʟʘʢʦʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ ʚʦ ʦʙʣʘʩʪʘ ʥʘ 

ʫʧʨʘʚʫʚʘˁʝʪʦ ʩʦ ʦʪʧʘʜʦʪ ʠ ʧʨʝʜ ʩʝ, ʚʦ ʜʝʣʦʪ ʥʘ ʧʨʘʚʠʣʥʠʮʠʪʝ ʟʘ ʦʩʥʦʚʘˁʝ, ʨʘʙʦʪʝˁʝ, 

ʫʧʨʘʚʫʚʘˁʝ ʠ ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʩʘʥʠʪʘʨʥʠʪʝ ʜʝʧʦʥʠʠ. ʉʦ [1] (ɿʘʢʦʥʦʪ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ 

ʦʪʧʘʜʦʪ, Ăʉʣʫʞʙʝʥ ʚʝʩʥʠʢ ʥʘ ʈʄñ ʙʨ. 09/11 ʠ ʙʨ. 123/12) ʩʝ ʫʨʝʜʫʚʘ ʫʧʨʘʚʫʚʘˁʝʪʦ ʩʦ 

ʦʪʧʘʜʦʪ.  ʉʧʨʦʚʝʜʫʚʘˁʝʪʦ ʥʘ ʫʩʚʦʝʥʦʪʦ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʛʠ ʩʣʝʜʠ 

ʚʦʩʧʦʩʪʘʚʝʥʠʪʝ ʧʨʘʢʪʠʢʠ ʥʘ ʭʠʝʨʘʨʭʠʩʢʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʦʪʧʘʜʦʪ ʠ ʦʩʥʦʚʘˁʝʪʦ ʥʘ 

ʨʝʛʠʦʥʘʣʥʠ ʩʘʥʠʪʘʨʥʠ ʜʝʧʦʥʠʠ ʢʘʢʦ ʧʦʩʣʝʜʥʘ ʠ ʥʘʿʥʝʧʦʩʘʢʫʚʘʥʘ ʩʢʘʣʘ ʦʜ ʭʠʝʨʘʨʭʠʿʘʪʘ. 

ɺʦ ɽʚʨʦʧʘ, ʘ ʠ ʚʦ ʉʚʝʪʦʪ ʧʦʩʪʦʿʘʪ ʟʝʤʿʠ ʢʘʜʝ ʩʝ ʟʘʛʦʚʘʨʘ ʪ.ʥ. Ăʩʠʩʪʝʤ ʥʘ ʥʫʣʪʘ ʧʨʦʜʫʢʮʠʿʘ 

ʥʘ ʦʪʧʘʜñ, ʢʦʿ ʧʦʜʨʘʟʙʠʨʘ ʠ ʥʝʧʦʩʪʦˁʝ ʥʘ ʩʘʥʠʪʘʨʥʠ ʜʝʧʦʥʠʠ, ʪ.ʝ. ʨʝʯʠʩʠ 100% 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʪʧʘʜʥʠʪʝ ʩʫʨʦʚʠʥʠ ʚʦ ʧʨʦʮʝʩʠ ʥʘ ʨʝʮʠʢʣʠʨʘˁʝ, ʧʦʚʪʦʨʥʘ ʫʧʦʪʨʝʙʘ 

ʠʣʠ ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ.  

ɺʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʩʝʫʰʪʝ ʝ ʨʘʥʦ ʜʘ ʩʝ ʨʘʟʤʠʩʣʫʚʘ ʟʘ Ăʩʠʩʪʝʤ ʥʘ ʥʫʣʪʘ 

ʧʨʦʜʫʢʮʠʿʘ ʥʘ ʦʪʧʘʜñ, ʘ ʚʦ ʤʝʺʫʚʨʝʤʝ ʪʨʝʙʘ ʜʘ ʩʝ ʨʘʙʦʪʠ ʥʘ ʧʨʘʚʠʣʥʦʪʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ 

ʨʝʛʠʦʥʝʣʝʥ ʢʦʥʮʝʧʪ ʥʘ ʩʘʥʠʪʘʨʥʠ ʜʝʧʦʥʠʠ ʟʘ ʢʦʤʫʥʘʣʝʥ ʮʚʨʩʪ ʦʪʧʘʜ, ʢʦʠ ˃ʝ ʙʠʜʘʪ 

ʠʟʛʨʘʜʝʥʠ ʩʧʦʨʝʜ ʝʚʨʦʧʩʢʠ ʩʪʘʥʜʘʨʜʠ ʟʘ ʟʘʰʪʠʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ.  

 

2.2. ʇʨʦʝʢʪʠʨʘˁʝ ʥʘ ʜʝʧʦʥʠʠ  

ɿʘ ʩʧʨʝʯʫʚʘˁʝ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʰʪʝʪʥʠʪʝ ʚʣʠʿʘʥʠʿʘ ʥʘ ʦʪʧʘʜʦʪ ʠ ʥʘ ʜʝʧʦʥʠʠʪʝ ʚʨʟ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʧʨʦʝʢʪʠʨʘˁʝʪʦ ʠ ʠʟʛʨʘʜʙʘʪʘ ʥʘ ʜʝʧʦʥʠʠʪʝ ʩʝ ʧʨʦʧʠʰʘʥʠ ʩʦ 

ʇʨʘʚʠʣʥʠʢʦʪ ʟʘ ʫʩʣʦʚʠʪʝ ʢʦʠ ʪʨʝʙʘ ʜʘ ʛʠ ʠʩʧʦʣʥʫʚʘʘʪ ʜʝʧʦʥʠʠʪʝ (Ăʉʣ. ɺʝʩʥʠʢ ʥʘ ʈʄñ ʙʨ. 

78/2009) [2]. ʋʩʣʦʚʠʪʝ ʢʦʠ ʪʨʝʙʘ ʜʘ ʛʠ ʠʩʧʦʣʥʫʚʘʘʪ ʜʝʧʦʥʠʪʝ ʧʨʦʧʠʰʘʥʠ ʩʦ ʦʚʦʿ 
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ʧʨʘʚʠʣʥʠʢ, ʩʝ ʮʝʣʦʩʥʦ ʫʩʦʛʣʘʩʝʥʠ ʩʦ ʫʩʣʦʚʠʪʝ ʜʘʜʝʥʠ ʚʦ ʘʥʝʢʩʦʪ 1 ʦʜ ɼʠʨʝʢʪʠʚʘʪa ʟʘ 

ʜʝʧʦʥʠʠ [3] (Council Directive 1999/31/EC on the Lanfill of Waste, Annex 1 ïGeneral 

Requirements for all Clases of Landfills) ʠ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ: ʤʝʩʪʦʧʦʣʦʞʙʘʪʘ, ʦʜʥʦʩʥʦ 

ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʜʝʧʦʥʠʿʘʪʘ; ʢʦʥʪʨʦʣʘʪʘ ʥʘ ʚʦʜʠʪʝ ʢʦʠ ʚʣʝʛʫʚʘʘʪ ʚʦ ʜʝʧʦʥʠʿʘʪʘ; ʢʦʥʪʨʦʣʘʪʘ 

ʥʘ ʠʩʮʝʜʦʢʦʪ; ʟʘʰʪʠʪʘʪʘ ʥʘ ʧʦʯʚʘʪʘ ʠ ʥʘ ʚʦʜʘʪʘ ʦʜ ʟʘʛʘʜʫʚʘˁʝ; ʢʦʥʪʨʦʣʘʪʘ ʥʘ 

ʜʝʧʦʥʠʩʢʠʦʪ ʛʘʩ; ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʦʧʘʩʥʦʩʪʠʪʝ ʰʪʦ ʧʨʦʠʟʣʝʛʫʚʘʘʪ ʦʜ ʜʝʧʦʥʠʿʘʪʘ, ʧʨʝʢʫ 

ʝʤʠʩʠʿʘ ʥʘ ʧʨʘʚ, ʤʠʨʠʟʙʘ, ʙʫʯʘʚʘ, ʩʦʦʙʨʘ˃ʘʿ, ʨʘʟʥʝʩʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ, ʧʦʞʘʨʠ, 

ʩʦʟʜʘʚʘˁʝ ʥʘ ʘʝʨʦʩʦʣʠ; ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʦʪʧʘʜʦʪ ʚʦ ʜʝʧʦʥʠʿʘʪʘ ʠ ʬʠʟʠʯʢʦʪʦ 

ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʜʝʧʦʥʠʿʘʪʘ.  

ʇʨʠʤʝʥʘʪʘ ʥʘ ʦʚʘʘ ʨʝʛʫʣʘʪʠʚʘ ʦʚʦʟʤʦʞʫʚʘ ʧʨʦʝʢʪʠʨʘˁʝ ʠ ʠʟʛʨʘʜʙʘ ʥʘ ʜʝʧʦʥʠʠʪʝ 

ʢʘʢʦ ʠ ʥʠʚʥʘ ʨʘʙʦʪʘ ʥʘ ʥʘʯʠʥ ʢʦʿ ʦʚʦʟʤʦʞʫʚʘ ʥʘʿʤʘʣʠ ʥʝʛʘʪʠʚʥʠ ʚʣʠʿʘʥʠʿʘ ʦʜ ʦʪʧʘʜʦʪ ʠ ʦʜ 

ʜʝʧʦʥʠʠʪʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʞʠʚʦʪʦʪ ʠ ʟʜʨʘʚʿʝʪʦ ʥʘ ʣʫʺʝʪʦ. ʅʝʢʦʠ ʦʜ ʦʩʥʦʚʥʠʪʝ 

ʝʣʝʤʝʥʪʠ ʥʘ ʜʝʧʦʥʠʠʪʝ ʩʝ ʧʨʠʣʦʞʝʥʠ ʥʘ ʉʣʠʢʘ 3.  

 

˿͡ ͙͊͟ 3. ɼʝʧʦʥʠʿʘ ʟʘ ʥʝʦʧʘʩʝʥ ʦʪʧʘʜ: 1-ʘʢʪʠʚʥʘ ʧʦʚʨʰʠʥʘ ʟʘ ʜʝʧʦʥʠʨʘˁʝ, 2-ʜʥʝʚʥʘ ˃ʝʣʠʿʘ ʟʘ ʜʝʧʦʥʠʨʘˁʝ, 3-
ʜʨʝʥʘʞʝʥ ʩʣʦʿ, 4-ʚʝʰʪʘʯʢʠ ʬʦʨʤʠʨʘʥʘ ʚʦʜʦʥʝʧʨʦʧʫʩʥʘ ʧʦʜʣʦʛʘ, 5-ʜʨʝʥʘʞʥʘ ʮʝʚʢʘ ʟʘ ʦʜʚʝʜʫʚʘˁʝ ʥʘ 

ʠʩʮʝʜʦʢʦʪ, 6-ʮʝʚʢʠ ʟʘ ʦʜʚʝʜʫʚʘˁʝ ʥʘ ʜʝʧʦʥʩʢʠ ʛʘʩ, 7-ʙʫʥʘʨ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʜʝʧʦʥʩʢʠ ʛʘʩ, 8-

ʙʫʥʘʨ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʧʦʜʟʝʤʥʘʪʘ ʚʦʜʘ, 9-ʦʙʦʜʝʥ ʢʘʥʘʣ ʟʘ ʩʦʙʠʨʘˁʝ ʥʘ ʧʦʚʨʰʠʥʩʢʘ ʚʦʜʘ. 

 

ʇʦʜʣʦʛʘʪʘ ʥʘ ʜʝʧʦʥʠʿʘʪʘ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʛʦ ʠʩʧʦʣʥʫʚʘ ʩʣʝʜʥʠʦʚ ʫʩʣʦʚ: ʦʩʥʦʚʘʪʘ ʠ 

ʩʪʨʘʥʠʪʝ ʥʘ ʜʝʧʦʥʠʿʘʪʘ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʩʦʩʪʦʿʘʪ ʦʜ ʪʘʢʚʘ ʛʝʦʣʦʰʢʘ ʧʦʜʣʦʛʘ ʢʦʿʘʰʪʦ 

ʟʘʜʦʚʦʣʫʚʘ ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠ ʟʘ ʚʦʜʦʧʨʦʧʫʩʪʣʠʚʦʩʪ ʠ ʟʘ ʜʝʙʝʣʠʥʘ, ʟʘ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ 

ʟʘʰʪʠʪʘʪʘ ʥʘ ʧʦʯʚʘʪʘ, ʧʦʜʟʝʤʥʠʪʝ ʠ ʧʦʚʨʰʠʥʩʢʠʪʝ ʚʦʜʠ. ɿʘ ʦʚʘʘ ʧʦʜʣʦʛʘ, ʧʦʪʨʝʙʥʦ ʝ 

ʢʦʤʙʠʥʠʨʘʥʠʦʪ ʝʬʝʢʪ ʦʜ ʜʝʙʝʣʠʥʘʪʘ ʠ ʚʦʜʦʧʨʦʧʫʩʪʣʠʚʦʩʪʘ (ʦʧʨʝʜʝʣʝʥʘ ʩʦ 

ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʚʦʜʦʧʨʦʧʫʩʪʣʠʚʦʩʪ ʂ) ʜʘ ʦʙʝʟʙʝʜʫʚʘ ʟʘʰʪʠʪʘ ʥʘ ʧʦʯʚʘʪʘ ʠ ʥʘ ʚʦʜʠʪʝ 

ʥʘʿʤʘʣʢʫ ʝʢʚʠʚʘʣʝʥʪʥʘ ʥʘ ʟʘʰʪʠʪʘʪʘ ʢʦʿʘ ʩʝ ʦʙʝʟʙʝʜʫʚʘ ʦʜ ʩʣʦʿ ʩʦ ʩʣʝʜʥʠʚʝ ʧʘʨʘʤʝʪʨʠ:  

-ʟʘ ʜʝʧʦʥʠʿʘ ʟʘ ʦʧʘʩʝʥ ʦʪʧʘʜ: K Ò 1,0 Ĭ 10-9 m/s; ʜʝʙʝʣʠʥʘ Ó 5 m, 

-ʟʘ ʜʝʧʦʥʠʿʘ ʟʘ ʥʝʦʧʘʩʝʥ ʦʪʧʘʜ: K Ò 1,0 Ĭ 10-9 m/s; ʜʝʙʝʣʠʥʘ  Ó 1 m, 
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-ʟʘ ʜʝʧʦʥʠʿʘ ʟʘ ʠʥʝʨʪʝʥ ʦʪʧʘʜ: K Ò 1,0 Ĭ 10-7 m/s; ʜʝʙʝʣʠʥʘ Ó 1 m, 

ɼʦʢʦʣʢʫ ʧʨʠʨʦʜʥʠʪʝ ʛʝʦʣʦʰʢʠ ʠ ʭʠʜʨʦʛʝʦʣʦʰʢʠ ʫʩʣʦʚʠ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʜʝʧʦʥʠʿʘʪʘ 

ʥe ʛʠ ʠʩʧʦʣʥʫʚʘʘʪ ʧʨʦʧʠʰʘʥʠʪʝ ʫʩʣʦʚʠ, ʪʦʛʘʰ ʚʦʜʦʥʝʧʨʦʧʫʩʪʥʘʪʘ ʧʦʜʣʦʛʘ/ʙʘʨʠʝʨʘ ʤʦʞʝ 

ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʧʦ ʚʝʰʪʘʯʢʠ ʧʘʪ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʚʦʜʦʥʝʧʨʦʧʫʩʪʣʠʚ ʩʣʦʿ ʦʜ ʟʝʤʿʠʰʪʝ ʠ 

ʧʨʠʤʝʥʘ ʥʘ ʜʨʫʛʠ ʩʦʦʜʚʝʪʥʠ ʪʝʭʥʠʯʢʠ ʤʝʨʢʠ. ɺʝʰʪʘʯʢʠ ʬʦʨʤʠʨʘʥʘʪʘ ʧʦʜʣʦʛʘ ʥʘ ʦʚʦʿ 

ʥʘʯʠʥ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʠʤʘ ʤʠʥʠʤʘʣʥʘ ʜʝʙʝʣʠʥʘ ʦʜ 0,5 ʤ ʠ ʜʘ ʦʙʝʟʙʝʜʠ ʝʢʚʠʚʘʣʝʥʪʥʘ 

ʟʘʰʪʠʪʘ ʚʦ ʧʦʛʣʝʜ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ʠ ʚʦʜʦʧʨʦʧʫʩʪʣʠʚʦʩʪʘ ʢʘʢʦ ʧʨʠʨʦʜʥʘʪʘ ʛʝʦʣʦʰʢʘ 

ʧʦʜʣʦʛʘ ʟʘ ʢʦʿʘ ʫʩʣʦʚʠʪʝ ʩʝ ʜʘʜʝʥʠ ʧʦʛʦʨʝ. ʂʘʿ ʜʝʧʦʥʠʠʪʝ ʟʘ ʥʝʦʧʘʩʝʥ ʠ ʜʝʧʦʥʠʠʪʝ ʟʘ 

ʦʧʘʩʝʥ ʦʪʧʘʜ, ʥʘʜ ʛʝʦʣʦʰʢʘʪʘ ʙʘʨʠʝʨʘ, ʪʨʝʙʘ ʜʘ ʩʝ ʠʟʛʨʘʜʠ ʩʠʩʪʝʤ ʟʘ ʟʘʧʪʠʚʘˁʝ ʥʘ 

ʜʥʦʪʦ ʥʘ ʜʝʧʦʥʠʿʘʪʘ ʠ ʥʘ ʟʘʢʦʩʝʥʠʪʝ ʩʪʨʘʥʠ ʦʜ ʜʥʦʪʦ ʥʘ ʜʝʧʦʥʠʿʘʪʘ, ʢʘʢʦ ʠ ʩʠʩʪʝʤ ʟʘ 

ʩʦʙʠʨʘˁʝ ʥʘ ʠʩʮʝʜʦʢʦʪ. (ʉʣʠʢʘ 4).   

 

 

 

˿͙͊͟͡ 4. ʆʜʚʝʜʫʚʘˁʝ ʥʘ ʠʩʮʝʜʦʢʦʪ ʩʦ ʩʠʩʪʝʤ ʥʘ ʭʦʨʠʟʦʥʪʘʣʥʠ ʣʝʧʝʟʘʩʪʠ ʜʨʝʥʦʚʠ: 1-ʪʝʣʦ ʥʘ 
ʜʝʧʦʥʠʿʘʪʘ; 2-ʜʨʝʥʦʚʠ ʟʘ ʠʩʮʝʜʦʢʦʪ; 3-ʙʨʘʥʘ; 4-ʪʘʣʦʞʥʠʢ ʟʘ ʠʩʮʝʜʦʢʦʪ ʩʦ ʤʝʨʘʯ ʟʘ ʧʨʦʪʦʢ; 5-ʢʦʣʝʢʪʦʨ 
ʟʘ ʠʩʮʝʜʦʢʦʪ; 6-ʜʨʝʥʦʚʠ ʟʘ ʧʦʜʟʝʤʥʠ ʚʦʜʠ; 7-ʦʙʦʜʥʠ ʢʘʥʘʣʠ ʟʘ ʧʦʚʨʰʠʥʩʢʠ ʚʦʜʠ; 8-ʬʠʣʪʝʨʩʢʠ 

ʤʘʪʝʨʠʿʘʣ; 10-ʧʨʠʧʨʝʤʝʥʘ ʚʦʜʦʥʝʧʨʦʧʫʩʥʘ ʧʦʜʣʦʛʘ 
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ʇʦ ʟʘʚʨʰʫʚʘˁʝʪʦ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʦʪ ʧʝʨʠʦʜ ʥʘ ʜʝʧʦʥʠʿʘʪʘ, ʢʦʛʘ ʥʝʿʟʠʥʠʦʪ 

ʢʘʧʘʮʠʪʝʪ ʝ ʠʩʧʦʣʥʝʪ, ʜʦʢʦʣʢʫ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ ʩʧʨʝʯʠ ʤʦʞʥʦʩʪʘ ʟʘ 

ʩʦʟʜʘʚʘˁʝ ʠʩʮʝʜʦʢ, ʪʦʛʘʰ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʩʠʩʪʝʤ ʟʘ ʧʦʚʨʰʠʥʩʢʦ ʟʘʧʪʠʚʘˁʝ ʥʘ 

ʜʝʧʦʥʠʿʘʪʘ. ɿʘʜʘʯʘʪʘ ʥʘ ʦʚʦʿ ʩʠʩʪʝʤ ʝ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʠʥʬʠʣʪʨʘʮʠʿʘʪʘ ʥʘ ʚʦʜʘ ʚʦ 

ʦʪʧʘʜʦʪ, ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʝʤʠʩʠʿʘʪʘ ʥʘ ʜʝʧʦʥʠʩʢʠʦʪ ʛʘʩ ʠ ʜʘ ʩʝ ʦʚʦʟʤʦʞʠ ʬʠʟʠʯʢʦ 

ʦʜʜʝʣʫʚʘˁʝ ʧʦʤʝʺʫ ʦʪʧʘʜʦʪ ʠ ʨʘʩʪʝʥʠʿʘʪʘ ʠ ʞʠʚʦʪʠʥʩʢʠʦʪ ʩʚʝʪ. ʉʠʩʪʝʤʦʪ ʟʘ ʧʦʚʨʰʠʥʩʢʦ 

ʟʘʧʪʠʚʘˁʝ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʛʠ ʩʦʜʨʞʠ ʩʣʝʜʥʠʚʝ  ʢʦʤʧʦʥʝʥʪʠ: 

¶ ʩʣʦʿ ʟʘ ʜʨʝʥʠʨʘˁʝ ʥʘ ʛʘʩ; 

¶ ʬʣʝʢʩʠʙʠʣʥʘ ʩʠʥʪʝʪʠʯʢʘ ʚʦʜʦʥʝʧʨʦʧʫʩʪʥʘ ʤʝʤʙʨʘʥʘ/ʛʝʦʤʝʤʙʨʘʥʘ; 

¶ ʚʦʜʦʥʝʧʨʦʧʫʩʝʥ ʤʠʥʝʨʘʣʝʥ ʩʣʦʿ; 

¶ ʜʨʝʥʘʞʝʥ ʩʣʦʿ ʠ 

¶ ʧʦʚʨʰʠʥʩʢʠ ʩʣʦʿ ʥʘ ʧʦʯʚʘ. 

ʇʨʠʤʝʥʘʪʘ ʥʘ ʫʩʣʦʚʠʪʝ ʚʦ ʧʦʛʣʝʜ ʥʘ ʛʝʦʣʦʰʢʘʪʘ ʧʦʜʣʦʛʘ, ʩʠʩʪʝʤʦʪ ʟʘ ʟʘʧʪʠʚʘˁʝ ʥʘ 

ʜʥʦʪʦ, ʩʠʩʪʝʤʦʪ ʟʘ ʧʦʚʨʰʠʥʩʢʦ ʟʘʧʪʠʚʘˁʝ ʥʘ ʜʝʧʦʥʠʿʘʪʘ, ʩʠʩʪʝʤʦʪ ʟʘ ʩʦʙʠʨʘˁʝ ʥʘ 

ʠʩʮʝʜʦʢʦʪ ʠ ʥʝʛʦʚʦ ʧʨʝʯʠʩʪʫʚʘˁʝ, ʢʘʢʦ ʠ ʩʠʩʪʝʤʦʪ ʟʘ ʩʦʙʠʨʘˁʝ ʥʘ ʜʝʧʦʥʠʩʢʠʦʪ ʛʘʩ 

ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʜʘ ʜʝʧʦʥʠʠʪʝ ʢʘʢʦ ʦʙʿʝʢʪʠ ʟʘ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʢʦʤʫʥʘʣʥʠʦʪ ʮʚʨʩʪ ʦʪʧʘʜ 

ʠʤʘʘʪ ʤʠʥʠʤʘʣʥʠ ʥʝʛʘʪʠʚʥʠ ʚʣʠʿʘʥʠʿʘ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ (ʉʣʠʢʘ 5).  

 

 

 

 

 

 

 

 

 

 

3. ɿʘʢʣʫʯʦʢ 
 

ʀʘʢʦ ʜʝʧʦʥʠʠʪʝ ʿʘ ʧʨʝʪʩʪʘʚʫʫʚʘʘʪ ʧʦʩʣʝʜʥʘʪʘ ʠ ʥʘʤʘʣʢʫ ʧʦʩʘʢʫʚʘʥʘʪʘ ʩʢʘʣʘ ʦʜ 

ʭʠʝʨʘʨʭʠʿʘʪʘ ʥʘ ʫʧʨʘʚʫʚʘˁʝʪʦ ʩʦ ʦʪʧʘʜʦʪ, ʪʠʝ ʩʝʫʰʪʝ ʦʩʪʘʥʫʚʘʘʪ ʥʝʠʟʙʝʞʝʥ ʝʣʝʤʝʥʪ ʚʦ 

ʫʧʨʘʚʫʚʘˁʝʪʦ ʩʦ ʦʪʧʘʜʦʪ, ʦʜʥʦʩʥʦ ʟʘ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʥʝʫʧʦʪʨʝʙʣʠʚʠʪʝ ʜʝʣʦʚʠ ʥʘ 

ʩʦʟʜʘʜʝʥʠʦʪ ʦʪʧʘʜ ʠʣʠ ʟʘ ʦʩʪʘʪʦʮʠʪʝ ʦʜ ʦʪʧʘʜ ʧʦ ʨʘʟʣʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʥʘ ʧʨʝʨʘʙʦʨʢʘ, 

ʨʝʮʠʢʣʠʨʘˁʝ ʠ ʪʨʝʪʤʘʥ. ɺʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʩʪʘʥʜʘʨʜʠʪʝ ʥʘ ɽʋ, ʧʨʝʦʩʪʘʥʘʪʠʦʪ ʦʪʧʘʜ ʤʦʞʝ 

ʜʘ ʩʝ ʦʜʣʘʛʘ ʥʘ ʜʝʧʦʥʠʠ ʩʘʤʦ ʢʘʢʦ ʩʪʘʙʠʣʠʟʠʨʘʥ, ʥʝʨʝʘʢʪʠʚʝʥ ʤʘʪʝʨʠʿʘʣ ʠʣʠ ʜʘ ʩʝ 

˿͙͊͟͡ 5. ʉʦʚʨʝʤʝʥʘ ʜʝʧʦʥʠʿʘ ï ʬʘʟʘ ʧʦ ʟʘʪʚʦʨʘˁʝʪʦ ʥʘ ʜʝʧʦʥʠʿʘʪʘ 
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ʧʦʜʣʦʞʠ ʥʘ ʧʨʝʜʪʨʝʪʤʘʥ ʧʨʝʜ ʜʝʧʦʥʠʨʘˁʝʪʦ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʩʪʘʙʠʣʠʟʠʨʘ ʦʪʧʘʜʦʪ. 

ʇʨʦʝʢʪʠʨʘˁʝʪʦ, ʠʟʛʨʘʜʙʘʪʘ ʠ ʨʘʙʦʪʘʪʘ ʥʘ ʜʝʧʦʥʠʠʪʝ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʙʠʜʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ 

ʩʦ ʨʝʛʫʣʘʪʠʚʘʪʘ ʠ ʩʪʘʥʜʘʨʜʠʪʝ ʥʘ ɽʋ, ʟʘ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘʘʪ ʥʝʛʘʪʠʚʥʠʪʝ ʚʣʠʿʘʥʠʿʘ ʦʜ 

ʝʤʠʩʠʠʪʝ ʥʘ ʟʘʛʘʜʫʚʘʯʠʪʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. 

 

4. ʃʠʪʝʨʘʪʫʨʘ:  
 

[1] ɿʘʢʦʥ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʦʪʧʘʜʦʪ (ʧʨʝʯʠʩʪʝʥ ʪʝʢʩʪ), ʉʣʫʞʙʝʥ ʚʝʩʥʠʢ ʥʘ ʈʄ, ʙʨ. 9 ʦʜ 

25.1.2011 ʛʦʜʠʥʘ. 

[2] ʇʨʘʚʠʣʥʠʢ ʟʘ ʫʩʣʦʚʠʪʝ ʢʦʠ ʪʨʝʙʘ ʜʘ ʛʠ ʠʩʧʦʣʥʫʚʘʘʪ ʜʝʧʦʥʠʠʪʝ Ăʉʣʫʞʙʝʥ ʚʝʩʥʠʢ ʥʘ 

ʈʄñ ʙʨ. 78/09 ʦʜ 22.06.2009 ʛʦʜ. 

[3] Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste 

(OJ L 182, 16.7.1999, p. 1ï19). 
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ʆɹʅʆɺʃʀɺʀ ʀɿɺʆʈʀ ʅɸ ɽʅɽʈɻʀɱɸ ʉʆ ʆʉɺʈʊ ʅɸ ɸʂʊʀɺʅʆʉʊʀ                               

ɺʆ ʈ. ʄɸʂɽɼʆʅʀɱɸ 

 

ʇʨʦʬ. ʜ-ʨ ʇʨʝʜʨʘʛ ʇʦʧʦʚʩʢʠ 

ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

predrag.popovski@mf.edu.mk 

 

ɸʧʩʪʨʘʢʪ 

ʂʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ, ʟʘʝʜʥʦ ʩʦ ʦʛʨʦʤʥʘʪʘ ʟʘʛʨʠʞʝʥʦʩʪ ʟʘʨʘʜʠ ʧʦʩʪʦʿʘʥʠʦʪ 

ʧʦʨʘʩʪ ʥʘ ʮʝʥʘʪʘ ʥʘ ʥʘʬʪʘʪʘ ʠ ʝʥʝʨʛʠʿʘʪʘ, ʩʝ ʛʣʘʚʥʠʪʝ ʧʨʠʯʠʥʠ ʢʦʠ ʠʤʧʝʨʘʪʠʚʥʦ ʚʦʜʘʪ 

ʢʦʥ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. 

ʌʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ ʩʝʫʰʪʝ ʩʝ ʜʦʤʠʥʘʥʪʝʥ ʠʟʚʦʨ ʥʘ ʧʨʠʤʘʨʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʩʚʝʪʦʪ, ʥʦ 

ʛʣʦʙʘʣʥʠʦʪ ʪʨʝʥʜ ʝ ʨʘʧʠʜʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ. 

ʉʚʝʪʩʢʠʦʪ ʉʘʤʠʪ ʟʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʦʜʨʞʘʥ ʚʦ 2002 ʛʦʜʠʥʘ ʚʦ ɱʦʭʘʥʝʩʙʫʨʛ ï ɱʫʞʥʘ 

ɸʬʨʠʢʘ, ʛʦ ʬʦʢʫʩʠʨʘʰʝ ʚʥʠʤʘʥʠʝʪʦ ʥʘ ʩʚʝʪʩʢʠʪʝ ʤʝʜʠʫʤʠ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ 

ʨʘʟʚʦʿʦʪ ʥʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. 

ɽʚʨʦʧʩʢʘʪʘ ʢʦʤʠʩʠʿʘ, ʧʨʝʢʫ ɼʠʨʝʢʪʠʚʠʪʝ ʧʦʚʨʟʘʥʠ ʩʦ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ 

ʝʥʝʨʛʠʿʘ ʠ ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ, ʢʘʢʦ ʠ ʟʝʤʿʠʪʝ ʯʣʝʥʢʠ ʥʘ ɽʋ (ʧʦʩʝʙʥʦ 

ɻʝʨʤʘʥʠʿʘ) ʩʝ ʥʘʿʛʦʣʝʤʠʦʪ ʜʚʠʛʘʪʝʣ ʚʦ ʨʘʟʚʦʿʦʪ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. 

ʆʜ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʢʦʨʠʩʪʘʪ ʧʨʝʜ ʩʝ 

ʭʠʜʨʦʝʥʝʨʛʠʿʘʪʘ (ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ), ʙʠʦʝʥʝʨʛʠʿʘʪʘ (ʚʦ ʥʘʿʛʦʣʝʤ 

ʜʝʣ ʜʨʚʥʘ ʤʘʩʘ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ), ʛʝʦʪʝʨʤʘʣʥʘʪʘ ʝʥʝʨʛʠʿʘ (ʚʦ ʥʘʿʛʦʣʝʤ ʩʪʝʧʝʥ ʟʘ 

ʟʘʪʦʧʣʫʚʘˁʝ ʥʘ ʦʨʘʥʞʝʨʠʠʪʝ) ʠ ʚʦ ʩʢʨʦʤʝʥ ʠʟʥʦʩ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ (ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ). 

ʉʧʨʝʤʘ ɺʦʜʦʩʪʦʧʘʥʩʢʘʪʘ ʦʩʥʦʚʘ, ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʨʘʩʧʦʣʘʛʘ ʩʦ ʚʢʫʧʥʦ ʪʝʭʥʠʯʢʠ 

ʠʩʢʦʨʠʩʪʠʚ ʭʠʜʨʦʧʦʪʝʥʮʠʿʘʣ ʦʜ ʦʢʦʣʫ 6200 GWh. ʇʨʝʜʚʠʜʝʥʦ ʝ ʩʦ ʠʟʛʨʘʜʙʘ ʥʘ ʤʘʣʠ 

ʭʠʜʨʦʝʣʝʢʪʨʘʥʠ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘ ʦʢʦʣʫ 1100 GWh ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʰʪʦ 

ʧʨʝʪʩʪʘʚʫʚʘ 18 % ʦʜ ʚʢʫʧʥʦ ʠʩʢʦʨʠʩʪʠʚʠʦʪ ʭʠʜʨʦʧʦʪʝʥʮʠʿʘʣ. 

ʉʧʦʨʝʜ ʩʪʨʘʪʝʛʠʿʘʪʘ ʟʘ ʨʘʟʚʦʿ ʥʘ ʝʥʝʨʛʝʪʠʢʘʪʘ, ʚʦ 2020 ʛʦʜʠʥʘ (ʩʣʠʢʘ 1.12) 

ʥʘʿʤʥʦʛʫ ˃ʝ ʩʝ ʢʦʨʠʩʪʠ ʿʘʛʣʝʥʦʪ (41%), ʥʘʬʪʝʥʠʪʝ ʧʨʦʜʫʢʪʠ (31%) ʠ ʧʨʠʨʦʜʥʠʦʪ ʛʘʩ (16%). 

ɹʠʦʤʘʩʘʪʘ ʠ ʭʠʜʨʦʝʥʝʨʛʠʿʘʪʘ ˃ʝ ʫʯʝʩʪʚʫʚʘʘʪ ʩʦ ʧʦ ʙʣʠʟʫ 6%. ɻʝʦʪʝʨʤʘʣʥʘʪʘ, ʩʦʥʯʝʚʘʪʘ ʠ 

ʚʝʪʝʨʥʘʪʘ ʝʥʝʨʛʠʿʘ ʟʘʝʜʥʦ ˃ʝ ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʩʦ 1% ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʨʠʤʘʨʥʘʪʘ 

ʝʥʝʨʛʠʿʘ. 
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ɸɺʊʆʅʆʄɽʅ ʌʆʊʆɺʆʃʊɸʀʏɽʅ ʉʀʉʊɽʄ 

ʩ. ʂʦʣʝʰʠʥʦ, ʆʧʰʪʠʥʘ ʅʦʚʦ ʉʝʣʦ 

 
ʤ-ʨ ɻʦʨʘʥʯʦ ʇʘʫʥʦʚ 

 

ʂʄɻ ɽʆʃ ʂɺɸɿɸʈ ɼʆʆɽʃ - ʉʢʦʧʿʝ 

 

ʆʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ 

 

contact@kmgeol-kvazar.com.mk 

 
 

ɸʧʩʪʨʘʢʪ 

ʆʙʿʝʢʪʦʪ ʢʦʿ ʝ ʪʝʤʘ ʥʘ ʦʚʦʿ ʩʪʨʫʯʝʥ ʪʨʫʜ ʝ ʆʩʥʦʚʥʦʪʦ ʫʯʠʣʠʰʪʝ  Ăɺʠʜʦʝ ʇʦʜʛʦʨʝʮ 

ʚʦ ʩ. ʂʦʣʝʰʠʥʦ, ʆʧʰʪʠʥʘ ʅʦʚʦ ʉʝʣʦ. ʋʯʠʣʠʰʪʝʪʦ ʝ ʣʦʮʠʨʘʥʦ ʚʦ ʨʫʨʘʣʥʘ ʩʨʝʜʠʥʘ ʚʦ ʢʦʿʘ 

ʩʥʘʙʜʫʚʘˁʝʪʦ ʩʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʦʙʣʝʤ ʦʩʦʙʝʥʦ ʚʦ ʪʝʢʦʪ ʥʘ ʟʠʤʩʢʠʪʝ 

ʤʝʩʝʮʠ.  

 ʇʦʨʘʜʠ ʪʦʘ ʫʯʠʣʠʰʪʝʪʦ ʧʦʙʘʨʘʣʦ ʥʘʯʠʥ ʢʘʢʦ ʜʘ ʛʦ ʨʝʰʠ ʦʚʦʿ ʧʨʦʙʣʝʤ ʩʦ ʩʦʣʫʮʠʿʘ  

ʢʦʿʘ ʠ ʢʦʥʢʨʝʪʥʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʝʜʝ ʠ ˃ʝ ʧʨʝʪʩʪʘʚʫʚʘ ʪʨʘʿʥʦ ʨʝʰʝʥʠʝ ʥʘ ʧʨʦʙʣʝʤʦʪ. 

ʈʝʰʝʥʠʝʪʦ ʝ ʧʨʦʥʘʿʜʝʥʦ ʚʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤ ʦʜ ʦʙʥʦʚʣʠʚ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ, 

ʦʜʥʦʩʥʦ ʦʜ ʉʦʥʮʝʪʦ.  

 ʇʨʚʘ ʬʘʟʘ ʥʘ ʦʚʦʿ ʧʨʦʝʢʪ ʙʝʰʝ  ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʘʚʪʦʥʦʤʝʥ, ʩʦʣʘʨʝʥ ʩʠʩʪʝʤ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ 2,65 kW ʥʘ ʢʦʩʘʪʘ ʢʨʦʚʥʘ ʧʦʚʨʰʠʥʘ ʥʘ ʩʘʤʠʦʪ 

ʦʙʿʝʢʪ ʚʦ 2010ʛʦʜ.  ɺʦ 2011ʛʦʜ. ʟʝʤʘʿ˃ʠ ʛʠ ʚʦ ʧʨʝʜʚʠʜ ʫʩʧʝʭʦʪ ʥʘ ʧʨʚʘʪʘ ʬʘʟʘ ʦʜ ʧʨʦʝʢʪʦʪ 

ʠ  ʤʦʞʥʦʩʪʠʪʝ ʢʦʠ ʛʠ ʥʫʜʘʪ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ, ʦʩʦʙʝʥʦ ʚʦ ʦʙʣʘʩʪʘ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʩʠʩʪʝʤʦʪ ʩʝ ʧʨʦʰʠʨʠ ʚʦ ʝʜʝʥ ʧʦʛʦʣʝʤ ʬʦʪʦʥʘʧʦʥʩʢʠ ʩʠʩʪʝʤ ʩʦ ʧʦʛʦʣʝʤʘ 

ʤʦ˃ ʦʜʥʦʩʥʦ ʩʦ ʜʦʧʦʣʥʠʪʝʣʥʠ 6,60 kW, ʢʦʠ ʮʝʣʦʩʥʦ ʛʠ ʟʘʜʦʚʦʣʫʚʘʘʪ ʝʣʝʢʪʨʠʯʥʠʪʝ 

ʧʦʪʨʝʙʠ ʥʘ ʫʯʠʣʠʰʪʝʪʦ ʚʦ ʜʝʣʦʪ ʥʘ ʦʩʚʝʪʣʫʚʘˁʝʪʦ ʠ ʤʠʥʠʤʘʣʥʠʦʪ ʝʥʝʨʛʝʪʩʢʠ ʧʦʪʝʥʮʠʿʘʣ 

ʟʘ ʥʝʦʧʭʦʜʥʠ ʧʦʪʨʦʰʫʚʘʯʠ (ʢʦʤʧʿʫʪʝʨ, ʧʨʠʥʪʝʨ/ʬʘʢʩ ʠ ʪʝʣʝʬʦʥ). ɺʦ ʣʝʪʥʠʪʝ ʤʝʩʝʮʠ 

ʚʠʰʦʢʦʪ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʩʚʝʪʣʫʚʘˁʝ ʥʘ ʣʦʢʘʣʥʦʪʦ 

ʠʛʨʘʣʠʰʪʝ. 

 ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʦʚʦʿ ʩʠʩʪʝʤ ʝ ʰʪʦ ʦʙʝʟʙʝʜʫʚʘ ʥʝʟʘʚʠʩʥʦʩʪ ʥʘ ʫʯʠʣʠʰʪʝʪʦ ʦʜ 

ʿʘʚʥʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʤʨʝʞʘ ʠ ʛʘʨʘʥʪʠʨʘ ʩʪʘʙʠʣʥʦʩʪ ʠ ʥʝʧʨʝʢʠʥʘʪʦʩʪ ʚʦ ʩʥʘʙʜʫʚʘˁʝʪʦ ʩʦ 

ʦʚʦʿ ʚʠʜ ʝʥʝʨʛʠʿʘ. 

 ʀ ʜʚʘʪʘ ʩʠʩʪʝʤʘ ʮʝʣʦʩʥʦ ʩʝ ʧʨʦʝʢʪʠʨʘʥʠ ʠ  ʠʥʩʪʘʣʠʨʘʥʠ ʦʜ ʩʪʨʘʥʘ ʥʘ ʢʦʤʧʘʥʠʿʘʪʘ 

ʂʄɻ ɽʆʃ ʂɺɸɿɸʈ ɼʆʆɽʃ, ʉʢʦʧʿʝ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʩʦʣʘʨʝʥ ʩʠʩʪʝʤ, ʝʥʝʨʛʠʿʘ, ʘʚʪʦʥʦʤʝʥ, ʬʦʪʦʚʦʣʪʘʠʯʝʥ, ʧʨʦʝʢʪ. 
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1. ɺʦʚʝʜ 

 

ʆʙʿʝʢʪʦʪ ʢʦʿ ʝ ʪʝʤʘ ʥʘ ʦʚʦʿ ʩʪʨʫʯʝʥ ʪʨʫʜ ʝ ʆʩʥʦʚʥʦʪʦ ʫʯʠʣʠʰʪʝ  Ăɺʠʜʦʝ ʇʦʜʛʦʨʝʮñ ʚʦ 

ʩ. ʂʦʣʝʰʠʥʦ, ʆʧʰʪʠʥʘ ʅʦʚʦ ʉʝʣʦ. ʋʯʠʣʠʰʪʝʪʦ ʝ ʣʦʮʠʨʘʥʦ ʚʦ ʨʫʨʘʣʥʘ ʩʨʝʜʠʥʘ ʚʦ ʢʦʿʘ 

ʩʥʘʙʜʫʚʘˁʝʪʦ ʩʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʦʙʣʝʤ ʦʩʦʙʝʥʦ ʚʦ ʪʝʢʦʪ ʥʘ ʟʠʤʩʢʠʪʝ 

ʤʝʩʝʮʠ.  

ʇʦʨʘʜʠ ʪʦʘ ʫʯʠʣʠʰʪʝʪʦ ʧʦʙʘʨʘʣʦ ʥʘʯʠʥ ʜʘ ʜʦʿʜʝ ʜʦ ʢʦʥʢʨʝʪʥʦ ʠ ʪʨʘʿʥʦ ʨʝʰʝʥʠʝ ʥʘ 

ʧʨʦʙʣʝʤʦʪ. ʈʝʰʝʥʠʝʪʦ ʝ ʧʨʦʥʘʿʜʝʥʦ ʚʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʥʝʟʘʚʠʩʝʥ,  ʬʦʪʦʚʦʣʪʘʠʯʝʥ 

ʩʠʩʪʝʤ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʩʦʧʩʪʚʝʥʠ ʧʦʪʨʝʙʠ, ʢʦʿ ʢʘʢʦ ʦʙʥʦʚʣʠʚʘ 

ʝʥʝʨʛʠʿʘ ʿʘ ʢʦʨʠʩʪʠ ʩʦʣʘʨʥʘʪʘ ʝʥʝʨʛʠʿʘ. 

 

2. ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʥʝʟʘʚʠʩʝʥ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ 
 

ʉʝʢʦʿ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ ʩʝ ʩʦʩʪʦʠ ʦʜ ʝʜʝʥ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʛʝʥʝʨʘʪʦʨ (ʩʦʩʪaʚʝʥ 

ʦʜ ʧʦʛʦʣʝʤ ʙʨʦʿ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʤʦʜʫʣʠ ʧʦʚʨʟʘʥʠ ʩʝʨʠʩʢʠ ʠ/ʠʣʠ ʧʘʨʘʣʝʣʥʦ ʚʦ 

ʟʘʚʠʩʥʦʩʪ ʦʜ ʪʝʭʥʠʯʢʠʪʝ ʧʦʪʨʝʙʠ) ʢʦʿ ʧʨʠ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʧʨʦʠʟʚʝʜʫʚʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ (ʝʜʥʦʥʘʩʦʯʥʘ ʩʪʨʫʿʘ). ɽʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʩʝ ʩʢʣʘʜʠʨʘ ʚʦ ʘʢʫʤʫʣʘʪʦʨʩʢʠ 

ʙʘʪʝʨʠʠ ʠ ʩʦ ʧʦʤʦʰ ʥʘ ʠʥʚʝʨʪʝʨʠ ʩʝ ʧʨʝʪʚʦʨʘ ʚʦ ʥʘʠʟʤʝʥʠʯʥʘ ʩʪʨʫʿʘ.  

ʌʦʪʦʚʦʣʪʘʠʯʥʠʦʪ ʛʝʥʝʨʘʪʦʨ ʬʦʨʤʠʨʘʥ ʦʜ ʧʦʚʝ˃ʝ ʤʦʜʫʣʠ, ʠʤʘ ʬʫʥʢʮʠʿʘ ʥʘ ʢʦʥʚʝʨʟʠʿʘ 

ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʧʨʦʠʟʚʝʜʫʚʘʿ˃ʠ ʝʜʥʦʥʘʩʦʯʥʘ ʩʪʨʫʿʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʩʦʥʯʝʚʘ ʠʨʘʜʠʿʘʮʠʿʘ. ʆʚʘʘ ʝʥʝʨʛʠʿʘ ʩʝ ʩʢʣʘʜʠʨʘ ʚʦ 

ʘʢʫʤʫʣʘʪʦʨʩʢʠ ʙʘʪʝʨʠʠ ʩʦ ʰʪʦ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʠ ʚʦ ʧʝʨʠʦʜʠ ʢʦʛʘ 

ʥʝʤʘ ʩʦʥʮʝ (ʥʦ˃ ʠ ʧʝʨʠʦʜʠ ʥʘ ʦʙʣʘʯʥʦ ʚʨʝʤʝ). ɿʘ ʜʘ ʩʝ ʜʠʩʪʨʠʙʫʠʨʘ ʦʚʘʘ ʝʥʝʨʛʠʿʘ ʢʦʥ AC 

ʧʦʪʨʦʰʫʚʘʯʠʪʝ, ʝʜʥʦʥʘʩʦʯʥʘʪʘ ʩʪʨʫʿʘ ʤʦʨʘ ʜʘ ʩʝ ʧʨʝʪʚʦʨʠ ʚʦ ʥʘʠʟʤʝʥʠʯʥʘ. ɿʘ ʪʘʘ ʮʝʣ, 

ʩʝ ʢʦʨʠʩʪʠ  ʠʥʚʝʨʪʝʨʦʪ, ʢʦʿ ʚʨʰʠ ʥʝʿʟʠʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʚʦ ʥʘʠʟʤʝʥʠʯʥʘ ʩʪʨʫʿʘ ʩʦ 

ʬʨʝʢʚʝʥʮʠʿʘ ʩʦʦʜʚʝʪʥʘ ʩʦ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ (50 Hz).  

 
 

 

 

 

 

 

 

 

 

˿͙͊͟͡ мΦ ʐʝʤʘ ʥʘ ʧʨʝʪʚʘʨʘˁʝ ʥʘ ʩʦʥʯʝʚʘʪʘ ʚʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ 
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3. ɸʥʘʣʠʟʘ ʥʘ ʢʦʥʢʨʝʪʥʠʦʪ ʩʠʩʪʝʤ 
 

3.1. ʆʧʠʩ ʥʘ ʧʨʦʙʣʝʤʦʪ 
 

ʇʦʨʘʜʠ ʪʦʘ ʰʪʦ ʦʙʿʝʢʪʦʪ ʩʝ ʥʘʦʺʘ ʚʦ ʨʫʨʘʣʥʘ ʩʨʝʜʠʥʘ, ʩʪʨʫʿʘʪʘ ʯʝʩʪʦ ʧʨʝʪʩʪʘʚʫʚʘ 

ʧʨʦʙʣʝʤ ʟʘ ʆʩʥʦʚʥʦʪʦ ʋʯʠʣʠʰʪʝ Ăɺʠʜʦʝ ʇʦʜʛʦʨʝʮñ. ʋʯʠʣʠʰʪʝʪʦ ʯʝʩʪʦ ʦʩʪʘʥʫʚʘʣʦ ʙʝʟ 

ʝʣʝʢʪʨʠʯʥʦ ʥʘʧʦʿʫʚʘˁʝ ʦʩʦʙʝʥʦ ʚʦ ʟʠʤʩʢʠʦʪ ʧʝʨʠʦʜ. ʇʦʨʘʜʠ ʪʦʘ ʫʯʠʣʠʰʥʘʪʘ ʟʛʨʘʜʘ 

ʯʝʩʪʦ ʦʩʪʘʥʫʚʘʣʘ ʙʝʟ ʦʩʚʝʪʣʫʚʘˁʝ, ʘ ʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʢʦʤʧʿʫʪʝʨʠ ʝ ʦʥʝʚʦʟʤʦʞʝʥʘ. ɼʨʫʛ 

ʧʨʦʙʣʝʤ ʧʦʚʨʟʘʥ ʩʦ ʩʪʨʫʿʘʪʘ ʙʠʣ ʥʝʩʪʘʙʠʣʥʠʦʪ ʥʘʧʦʥ ʚʦ ʫʯʠʣʠʰʪʝʪʦ. ʉʝ ʿʘʚʫʚʘʣʘ 

ʬʣʫʢʪʫʘʮʠʿʘ ʥʘ ʥʘʧʦʥʦʪ ʠ ʩʝ ʟʘʛʨʦʟʫʚʘʣʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʢʦʤʧʿʫʪʝʨʠʪʝ ʠ ʜʨʫʛʠʪʝ 

ʝʣʝʢʪʨʠʯʥʠ ʘʧʘʨʘʪʠ ʢʦʛʘ ʥʘʧʦʥʦʪ ʝ ʚʠʩʦʢ.  

ʅʝʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʥʘʧʦʥʦʪ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʝʣʘ ʚʨʟ ʨʘʙʦʪʘʪʘ ʥʘ ʫʯʠʣʠʰʪʝʪʦ ʠ ʛʦ 

ʥʘʨʫʰʫʚʘʣʘ ʧʨʦʮʝʩʦʪ ʥʘ ʫʯʝˁʝ. ʋʯʝʥʠʮʠʪʝ ʥʝ ʤʦʞʝʣʝ ʜʘ ʛʠ ʢʦʨʠʩʪʘʪ ʢʦʤʧʿʫʪʝʨʠʪʝ, ʢʦʠ ʚʦ 

ʧʦʩʣʝʜʥʦ ʚʨʝʤʝ ʩʪʘʥʘʘ ʥʝʟʘʤʝʥʣʠʚ ʜʝʣ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʫʯʝˁʝ. ʀʩʪʦ ʪʘʢʘ, 

ʘʜʤʠʥʠʩʪʨʘʮʠʿʘʪʘ ʥʘ ʫʯʠʣʠʰʪʝʪʦ ʥʝ ʙʠʣʘ ʚʦ ʤʦʞʥʦʩʪ ʜʘ ʿʘ ʠʟʚʨʰʫʚʘ ʩʚʦʿʘʪʘ ʨʘʙʦʪʘ ʙʝʟ 

ʥʘʧʦʿʫʚʘˁʝ ʥʘ ʢʦʤʧʿʫʪʝʨʠʪʝ ʠ ʜʨʫʛʠʪʝ ʝʣʝʢʪʨʠʯʥʠ ʘʧʘʨʘʪʠ.  

 

3.2. ʆʧʰʪʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʠʩʪʝʤʦʪ 

 

ʉʠʩʪʝʤʦʪ ʢʦʿ ʩʝ ʦʜʣʫʯʠ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʟʘʨʘʜʠ ʥʘʜʤʠʥʫʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʩʦ ʢʦʠ 

ʩʝ ʩʦʦʯʫʚʘʰʝ ʫʯʠʣʠʰʪʝʪʦ ʝ ʜʠʤʝʥʟʠʦʥʠʨʘʥ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʧʦʩʘʢʫʚʘʥʘʪʘ ʥʦʤʠʥʘʣʥʘ 

ʤʦ˃ʥʦʩʪ ʠ ʩʦ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʫʯʠʣʠʰʪʝʪʦ ʿʘ ʪʨʦʰʠ ʚʦ ʤʝʩʝʮʠʪʝ ʩʦ 

ʥʘʿʛʦʣʝʤʘ ʠ ʥʘʿʤʘʣʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ. ʉʧʦʨʝʜ ʜʦʙʠʝʥʠʪʝ ʧʦʜʘʪʦʮʠ ʦʜ 

ʩʦʦʜʚʝʪʥʠʪʝ ʩʣʫʞʙʠ ʚʦ ʆʋ Ăɺʠʜʦʝ ʇʦʜʛʦʨʝʮñ ʥʠʚʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʩʝ 

ʜʚʠʞʝʰʝ ʚʦ ʛʨʘʥʠʮʠʪʝ ʦʜ 380 ʜʦ 730 KWh ʥʘ ʤʝʩʝʯʥʦ ʥʠʚʦ.  ʉʦʛʣʘʩʥʦ ʦʚʠʝ ʧʦʜʘʪʦʮʠ, 

ʜʠʤʝʥʟʠʦʥʠʨʘʥʠʦʪ ʩʠʩʪʝʤ ʥʝ ʛʠ ʟʘʜʦʚʦʣʫʚʘ ʚʦ ʮʝʣʦʩʪ ʧʦʪʨʝʙʠʪʝ ʥʘ ʫʯʠʣʠʰʪʝʪʦ ʩʦ 

ʝʥʝʨʛʠʿʘ ʠ ʥʝʢʦʠ ʧʦʪʨʦʰʫʚʘʯʠ ʩʝ ʩʥʘʙʜʫʚʘʘʪ ʩʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ 

ʤʨʝʞʘ. ʉʦ ʜʦʙʠʝʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʥʦ ʠ ʩʦ ʟʘʤʝʥʘ ʥʘ ʦʙʠʯʥʠʪʝ 

ʩʚʝʪʠʣʢʠ ʩʦ ʰʪʝʜʣʠʚʠ ʃɽɼ ʩʚʝʪʠʣʢʠ ʮʝʣʦʩʥʦ ʩʝ ʟʘʜʦʚʦʣʫʚʘ ʧʦʪʨʝʙʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʟʘ 

ʦʩʚʝʪʣʫʚʘˁʝ ʠ ʤʠʥʠʤʘʣʥʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʥʝʢʦʠ ʥʝʦʧʭʦʜʥʠ ʧʦʪʨʦʰʫʚʘʯʠ (ʢʦʤʧʿʫʪʝʨ, 

ʧʨʠʥʪʝʨ/ʬʘʢʩ ʠʪʥ). 

 

3.3. ʊʝʭʥʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʠʩʪʝʤʦʪ 

 

ʀʥʩʪʘʣʠʨʘʥʠʦʪ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ e ʩʦ ʤʦ˃ʥʦʩʪ ʦʜ 9,24 kW  ʠ ʝ ʩʦʩʪʘʚʝʥ ʦʜ 

ʝʣʝʤʝʥʪʠ ʩʦ ʩʣʝʜʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 

- 56 ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʤʦʜʫʣʠ ʦʜ 165W 

 

ʄʦʜʫʣʠʪʝ ʩʝ ʥʘʧʨʘʚʝʥʠ ʦʜ ʤʦʥʦʢʨʠʩʪʘʣʥʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ˃ʝʣʠʠ.  

 

- 24 ʘʢʫʤʫʣʘʪʦʨʩʢʠ ʙʘʪʝʨʠʠ 12V/100A. 
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ʌʫʥʢʮʠʿʘʪʘ ʥʘ ʘʢʫʤʫʣʘʪʦʨʩʢʠʪʝ ʙʘʪʝʨʠʠ ʝ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ 

ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ. ɺʢʫʧʥʘʪʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ 

ʤʦʞʝ ʜʘ ʩʝ ʟʘʯʫʚʘ ʚʦ ʙʘʪʝʨʠʠʪʝ ʝ ʜʦʚʦʣʥʘ ʟʘ ʜʚʘ ʜʝʥʘ ʘʚʪʦʥʦʤʠʿʘ, ʦʜʥʦʩʥʦ ʠ 

ʚʦ ʥʝʜʦʩʪʠʛ ʥʘ ʉʦʥʮʝ ʙʘʪʝʨʠʠʪʝ ˃ʝ ʦʚʦʟʤʦʞʘʪ ʝʥʝʨʛʠʿʘ ʟʘ ʦʩʚʝʪʣʫʚʘˁʝʪʦ ʜʘ 

ʙʠʜʝ ʥʘʧʦʿʫʚʘʥʦ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠʦʪ ʩʠʩʪʝʤ ʜʚʘ ʜʝʥʘ. 

 

- 1 ʠʥʚʝʨʪʦʨ ʦʜ 2,5 kW, 1 ʦʜ 2,0 kW  ʠ 1 ʦʜ 7,0 kW 

 

ʌʫʥʢʮʠʿʘʪʘ ʥʘ ʠʥʚʝʨʪʦʨʦʪ ʝ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ 

ʝʜʥʦʥʘʩʦʯʥʘ ʚʦ ʥʘʠʟʤʝʥʠʯʥʘ. DC/AC. ʂʦʥʚʝʨʟʠʿʘʪʘ ʝ ʥʝʦʧʭʦʜʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ 

ʝʥʝʨʛʠʿʘ ʩʢʣʘʜʠʨʘʥʘ ʚʦ ʘʢʫʤʫʣʘʪʦʨʠʪʝ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʦʜ 

ʧʦʪʨʦʰʫʚʘʯʠʪʝ. 

 

- ʂʦʥʪʨʦʣʝʨʠ 

 

ʌʫʥʢʮʠʿʘʪʘ ʥʘ ʢʦʥʪʨʦʣʝʨʠʪʝ ʝ ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʣʥʝˁʝʪʦ ʥʘ ʙʘʪʝʨʠʠʪʝ, ʢʘʢʦ ʠ 

ʟʘʰʪʠʪʘ ʥʘ ʠʩʪʠʪʝ ʦʜ ʢʦʤʧʣʝʪʥʦ ʧʨʘʟʥʝˁʝ. ʂʦʥʪʨʦʣʝʨʦʪ ʛʠ ʰʪʠʪʠ ʙʘʪʝʨʠʠʪʝ ʠ 

ʛʦ ʧʨʦʜʦʣʞʫʚʘ ʞʠʚʦʪʥʠʦʪ ʚʝʢ ʩʦ ʧʨʝʢʠʥ ʥʘ ʧʨʘʟʥʝˁʝʪʦ ʢʦʛʘ ʙʘʪʝʨʠʠʪʝ ˃ʝ 

ʜʦʩʪʠʛʥʘʪ ʢʘʧʘʮʠʪʝʪ ʥʘ ʥʘʧʦʣʥʝʪʦʩʪ ʦʜ 30%. 

 

ʉʠʪʝ ʙʘʪʝʨʠʠ, ʠʥʚʝʨʪʦʨʠ ʠ ʜʨʫʛʘ ʝʣʝʢʪʨʦ ʦʧʨʝʤʘ ʩʝ ʧʦʩʪʘʚʝʥʠ ʚʥʘʪʨʝ ʚʦ ʦʙʿʝʢʪʦʪ 

ʚʦ ʪʥ. ʝʣʝʢʪʨʦ-ʩʦʙʘ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʙʝʟʙʝʜʥʦ ʯʫʚʘˁʝ ʥʘ ʦʧʨʝʤʘʪʘ ʥʘ ʩʠʩʪʝʤʦʪ ʠ 

ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʜʦʧʠʨ ʥʘ ʠʩʪʘʪʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʜʝʮʘ. 

ʀʥʩʪʘʣʘʮʠʿʘʪʘ ʝ ʩʪʘʪʠʯʥʘ ʩʦ ʬʠʢʩʝʥ ʥʘʢʣʦʥ ʠ ʬʠʢʩʝʥ ʘʟʠʤʫʪ 18Á, ʢʘʢʦ ʰʪʦ ʝ ʠ 

ʥʘʢʣʦʥʦʪ ʠ ʘʟʠʤʫʪʦʪ ʥʘ ʢʨʦʚʦʪ. 

ʉʘʤʠʦʪ ʢʨʦʚ ʥʘ ʦʙʿʝʢʪʦʪ, ʘ ʩʦ ʪʦʘ ʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠʦʪ ʛʝʥʝʨʘʪʦʨ ʝ ʦʨʠʝʥʪʠʨʘʥ ʢʦʥ 

ʿʫʛ ʩʦ ʦʪʢʣʦʥʫʚʘˁʝ ʦʜʥʦʩʥʦ ʘʟʠʤʫʪ ʦʜ 18Á ʢʦʥ ʠʩʪʦʢ.  

 

 

˿͙͊͟͡ 2. ʀʟʛʣʝʜ ʥʘ ʩʠʩʪʝʤʦʪ ʧʦʩʪʘʚʝʥ ʥʘ ʢʨʦʚ 
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4. ʇʨʦʮʝʥʝʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʦ ʧʦʤʦʰ ʥʘ 
ʩʦʬʪʚʝʨʦʪ PVGIS 

  

ʃʦʢʘʮʠʿʘ: ʩ. ʂʦʣʝʰʠʥʦ, ʉʪʨʫʤʠʯʢʦ, 41Á22'59'' ʉʝʚʝʨʥʘ ʛʝʦʛʨʘʬʩʢʘ ʰʠʨʠʥʘ, 

22Á49'0" ʀʩʪʦʯʥʘ ʛʝʦʛʨʘʬʩʢʘ ʜʦʣʞʠʥʘ, ʀʟʜʠʛʘˁʝ: 266 ʤ ʥʘʜʤʦʨʩʢʘ ʚʠʩʦʯʠʥʘ 

ʅʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ ʥʘ PV ʩʠʩʪʝʤʦʪ: 9.24 KW (ʤʦʥʦʢʨʠʩʪʘʣʝʥ ʩʠʣʠʮʠʫʤ) 

ʇʨʝʜʚʠʜʝʥʠ ʟʘʛʫʙʠ ʧʦʨʘʜʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ: 8.4% (ʩʧʦʨʝʜ ʣʦʢʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ) 

ʇʨʝʜʚʠʜʝʥʠ ʟʘʛʫʙʠ ʧʦʨʘʜʠ ʝʬʝʢʪʠ ʥʘ ʩʪʨʘʥʠʯʝʥ ʦʜʙʣʝʩʦʢ: 2,7% 

ɼʨʫʛʠ ʟʘʛʫʙʠ (ʢʘʙʣʠ, ʠʥʚʝʨʪʦʨ, ʠʪʥ.): 14,0% 

ʂʦʤʙʠʥʠʨʘʥʠ ʟʘʛʫʙʠ ʥʘ PV ʩʠʩʪʝʤ: 25.1% 

ʌʠʢʩʝʥ ʩʠʩʪʝʤ: ʀʥʢʣʠʥʘʮʠʿʘ=40 ʩʪʝʧʝʥʠ, 

                           ʈʦʪʘʮʠʿʘ = 18Á 

 
 
 

ʌʠʢʩʝʥ ʩʠʩʪʝʤ, ʠʥʢʣʠʥʘʮʠʿʘ=40Á, 
ʦʨʠʝʥʪʘʮʠʿʘ=18Á 

ʄʝʩʝʮ Ed Em Hd Hm 

ɱʘʥ 19,60 609,00 2 ,51 77,80 
ʌʝʙ 26,90 753,00 3,43 96,10 

ʄʘʨ 35,00 1 080,00 4,59 142,00 

ɸʧʨ 37,80 1 130,00 5,10 153,00 
ʄʘʿ 41,40 1 280,00 5,75 178,00 

ɱʫʥ 43,90 1 320,00 6,28 188,00 
ɱʫʣ 46,20 1 430,00 6,61 205,00 

ɸʚʛ 45,60 1 410,00 6,58 204,00 

ʉʝʧ 37,90 1 140,00 5,32 160,00 
ʆʢʪ 30,50 947,00 4,13 128,00 

ʅʦʝ 23,20 695,00 3,00 90,10 
ɼʝʢ 17,00 526,00 2,15 66,60 

 
ɻʦʜʠʰʝʥ ʧʨʦʩʝʢ 

 
33,80 

 
1 030,00 

 
4,63 

 
141,00 

 
ɺʢʫʧʥʦ ʛʦʜʠʰʥʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ 

 

 
 

12 300,00 
 

 
 

1 690,00 

  
 
 Ed: ʇʨʦʩʝʯʥʦ ʜʥʝʚʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣ. ʝʥʝʨʛʠʿʘ ʦʜ ʜʘʜʝʥʠʦʪ ʩʠʩʪʝʤ (kWh) 

 Em: ʇʨʦʩʝʯʥʦ ʤʝʩʝʯʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣ. ʝʥʝʨʛʠʿʘ ʦʜ ʜʘʜʝʥʠʦʪ ʩʠʩʪʝʤ (kWh) 

 Hd: ʇʨʦʩʝʯʥʘ ʜʥʝʚʥʘ ʠʨʘʜʠʿʘʮʠʿʘ ʧʦ ʤʝʪʘʨ ʢʚʘʜʨʘʪʝʥ ʧʨʠʤʝʥʘ ʦʜ ʤʦʜʫʣʠʪʝ ʥʘ 

       ʜʘʜʝʥʠʦʪ ʩʠʩʪʝʤ (kWh/m
2
) 

 Hm: ʇʨʦʩʝʯʥʘ ʚʢʫʧʥʘ ʠʨʘʜʠʿʘʮʠʿʘ ʧʦ ʤʝʪʘʨ ʢʚʘʜʨʘʪʝʥ ʧʨʠʤʝʥʘ ʦʜ ʤʦʜʫʣʠʪʝ ʥʘ 

        ʜʘʜʝʥʠʦʪ ʩʠʩʪʝʤ (kWh/m2) 
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˿͙͊͟͡ 3. ʌʦʪʦʛʨʘʬʠʿʘ ʦʜ ʤʦʥʪʘʞʘ ʥʘ ʩʠʩʪʝʤʦʪ 

 

 
5. ɿʘʢʣʫʯʦʢ 

 

ʇʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʩʦʥʯʝʚʦʪʦ 

ʟʨʘʯʝˁʝ ʜʦʧʨʠʥʝʩʫʚʘ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ ʢʦʠ ʿʘ ʟʘʛʘʜʫʚʘʘʪ 

ʘʪʤʦʩʬʝʨʘʪʘ, ʙʠʜʝʿ˃ʠ ʢʨʘʿʥʠʦʪ ʧʨʦʠʟʚʦʜ ʝ ʝʢʦʣʦʰʢʠ ʯʠʩʪʘ ʝʥʝʨʛʠʿʘ, ʘ ʚʦʝʜʥʦ ʩʝ 

ʧʨʠʜʦʥʝʩʫʚʘ ʠ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʨʦʮʝʥʪʦʪ ʥʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ 

ʝʥʝʨʛʠʿʘ. ʉʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʩʘʤʦ ʦʜ ʠʥʩʪʘʣʠʨʘˁʝʪʦ ʥʘ ʦʚʦʿ ʩʠʩʪʝʤ ʥʘ 

ʛʦʜʠʰʥʦ ʥʠʚʦ ˃ʝ ʩʝ ʠʟʙʝʛʥʘʪ ʝʤʠʩʠʠ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ ʦʜ 12.005,00 ʢʛCʆ2, ʦʜʥʦʩʥʦ ʟʘ 25 

ʛʦʜʠʥʠ 300,125 t O2. 
 

ʉʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʦʚʦʿ ʩʠʩʪʝʤ ʆʩʥʦʚʥʦʪʦ ʫʯʠʣʠʰʪʝ Ăɺʠʜʦʝ ʇʦʜʛʦʨʝʮñ   ʛʠ 

ʟʘʜʦʚʦʣʫʚʘ ʝʣʝʢʪʨʠʯʥʠʪʝ ʧʦʪʨʝʙʠ ʚʦ ʜʝʣʦʪ ʥʘ ʦʩʚʝʪʣʫʚʘˁʝʪʦ, ʢʘʢʦ ʠ ʤʠʥʠʤʘʣʥʦʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʜʦʧʦʣʥʠʪʝʣʥʠ ʝʣʝʢʪʨʠʯʥʠ ʫʨʝʜʠ, ʘ ʚʠʰʦʢʦʪ ʥʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʪʝʢʦʪ ʥʘ ʣʝʪʥʠʪʝ ʤʝʩʝʮʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʩʚʝʪʣʫʚʘˁʝ 

ʥʘ ʣʦʢʘʣʥʦʪʦ ʠʛʨʘʣʠʰʪʝ. 
 

ʇʦʢʨʘʿ ʛʦʨʝʥʘʚʝʜʝʥʦʪʦ, ʫʯʠʣʠʰʪʝʪʦ ʩʪʘʥʘ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʝʥ ʦʙʿʝʢʪ, ʢʘʿ ʢʦʿ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʩʦʣʘʨʥʘʪʘ ʝʥʝʨʛʠʿʘ ʩʣʫʞʠ ʠ ʚʦ ʝʜʫʢʘʪʠʚʥʠ ʠ ʥʘʫʯʥʠ ʮʝʣʠ. ʇʨʝʢʫ 

ʨʝʘʣʥʦʪʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ  ʥʘ ʦʚʦʿ ʧʨʦʝʢʪ ʩʝ ʚʨʰʠ ʠ ʝʜʫʮʠʨʘˁʝ ʥʘ ʜʝʮʘʪʘ ʚʦ ʥʘʩʦʢʘ ʥʘ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʟʝʣʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʠ ʩʝ ʧʨʦʤʦʚʠʨʘ ʝʢʦʣʦʰʢʠ ʯʠʩʪʘ ʠ ʟʜʨʘʚʘ ʞʠʚʦʪʥʘ 

ʩʨʝʜʠʥʘ. 

 

6. ʃʠʪʝʨʘʪʫʨʘ 

[1] Photovoltaic Geographical Information System, Performance of Grid-connected PV   

http://re.jrc.ec.europa.eu/pvgis/apps4/PVcalc.php 

 

 

 

http://re.jrc.ec.europa.eu/pvgis/apps4/PVcalc.php
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ʇʈʀɼʆɹʀɺʂʀ ʆɼ ɸʂʋʄʋʃʀʈɸɳɽʊʆ ʅɸ ɽʃɽʂʊʈʀʏʅɸʊɸ ɽʅɽʈɻʀɱɸ  

ʇʈʆʀɿɺɽɼɽʅɸ ʆɼ ʌʆʊʆɺʆʃʊɸʀʏʅʀ ʉʀʉʊɽʄʀ  

 

ɸʣʝʢʩʘʥʜʨʘ ɸʨʩʦʚʩʢʘ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ  

aleksandra.ars@gmail.com 

 

ɸʧʩʪʨʘʢʪ 

ʉ¯ ʧʦʛʦʣʝʤʠʪʝ ʧʦʣʠʪʠʯʢʠ ʧʨʠʪʠʩʦʮʠ ʚʨʟ ʛʣʦʙʘʣʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ (ɽɽ) ʜʘ ʛʠ ʠʩʧʦʣʥʠ ʙʘʨʘʥʠʪʝ ʢʣʠʤʘʪʩʢʠ ʠ ʝʥʝʨʛʝʪʩʢʠ ʮʝʣʠ, ʚʦʜʠ 

ʢʦʥ ʟʛʦʣʝʤʝʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, , ʦʩʦʙʝʥʦ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ. 

ʅʘʿʟʘʙʝʣʝʞʣʠʚʠʦʪ ʧʨʦʙʣʝʤ ʥʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʚʦʿ ʚʠʜ ʥʘ ʝʥʝʨʛʠʿʘ ʝ ʥʝʛʦʚʘʪʘ ʧʨʦʤʝʥʣʠʚʘ 

ʠ ʥʝʠʟʚʝʩʥʘ ʧʨʠʨʦʜʘ, ʢʘʢʦ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʘ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘ ɽɽ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ 

ʩʠʩʪʝʤʠ (ʌɺ ʩʠʩʪʝʤʠ) ʚʦ ʩʝʢʦʿ ʤʦʤʝʥʪ ʢʦʛʘ ˃ʝ ʙʠʜʝ ʧʦʙʘʨʘʥʦ. ʆʚʦʿ ʛʦʣʝʤ ʥʝʜʦʩʪʘʪʦʢ 

ʥʘʤʝʪʥʫʚʘ ʧʦʪʨʝʙʘ ʦʜ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ʚʠʰʦʢʦʪ ɽɽ ʟʘ ʧʦʜʦʮʥʝʞʥʘ ʫʧʦʪʨʝʙʘ, ʦʜʥʦʩʥʦ 

ʠʟʥʘʿʜʫʚʘˁʝ ʥʘ ʨʝʰʝʥʠʿʘ ʟʘ ʩʧʦʿ ʥʘ ʩʦʣʘʨʥʠʪʝ ʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ ʩʦ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ 

ʘʢʫʤʫʣʠʨʘˁʝ ʠ ʚʦ ʩʣʫʯʘʿ ʥʘ ʩʠʩʪʝʤʠʪʝ ʚʨʟʘʥʠ ʥʘ ʤʨʝʞʘ.  

ɺʦ ʪʨʫʜʦʪ ʝ ʜʘʜʝʥ ʦʩʚʨʪ ʥʘ ʥʝʢʦʠ ʪʝʭʥʦʣʦʛʠʠ ʢʦʠ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ ʩʝ ʨʘʟʚʠʚʘʘʪ ʟʘ 

ʧʦʨʘʩʧʨʦʩʪʨʘʥʝʪʦ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ɽɽ ʢʘʢʦ: ʣʠʪʠʫʤ-ʿʦʥʩʢʠ ʙʘʪʝʨʠʠ, ʥʝʦʣʦʚʥʠ-ʥʘʪʨʠʫʤ 

ʥʠʢʝʣ ʭʣʦʨʠʜʥʠ ʙʘʪʝʨʠʠ. ʀʩʪʦ ʪʘʢʘ ʚʦ ʥʝʛʦ ʩʝ ʧʨʝʟʝʥʪʠʨʘʥʠ ʩʝʛʘʰʥʠʪʝ ʪʨʝʥʜʦʚʠ ʠ 

ʥʘʩʦʢʠʪʝ ʟʘ ʤʦʞʥʦʪʦ ʚʠʜʦʠʟʤʝʥʫʚʘˁʝ ʥʘ ʤʝʭʘʥʠʟʤʠʪʝ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ 

ʠʟʚʦʨʠ, ʩʦ ʮʝʣ ʟʘ ʧʦʥʘʪʘʤʦʰʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʥʠʚʥʘʪʘ ʟʘʩʪʘʧʝʥʦʩʪ. ɺʦʚʝʜʫʚʘˁʝʪʦ ʥʘ 

ʧʦʚʣʘʩʪʝʥʠ (feed-in) ʪʘʨʠʬʠ ʟʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʘʢʫʤʫʣʠʨʘˁʝ ˃ʝ ʧʨʠʜʦʥʝʩʝ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ 

ʥʘ ʥʠʚʦʪʦ ʥʘ ʧʝʥʝʪʨʘʮʠʿʘ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʠ ʜʨʫʛʠ ʧʨʠʜʦʙʠʚʢʠ ʟʘ 

ɽɽʉ. ʂʦʨʠʩʥʦʩʪʘ ʦʜ ʚʘʢʚʠʪʝ ʤʝʨʢʠ ʝ ʠʣʫʩʪʨʠʨʘʥʘ ʧʨʝʢʫ ʥʝʢʦʣʢʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ 

ʧʨʠʤʝʨʠ. ʇʨʠʢʘʞʘʥʠ ʩʝ ʨʝʘʣʥʠ ʜʠʿʘʛʨʘʤʠ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ɽɽ ʚʦ ɽɽʉ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ ɽɽ ʦʜ ʩʦʥʯʝʚʠ ʝʣʝʢʪʨʠʯʥʠ ʮʝʥʪʨʘʣʠ  ʚʦ ʈ. ʄʘʢʝʜʦʥʠʿʘ. ʅʘʧʨʘʚʝʥʘ ʝ ʘʥʘʣʠʟʘ ʥʘ 

ʢʦʨʠʩʥʠʪʝ ʝʬʝʢʪʠ ʚʨʟ ɽɽʉ ʦʜ ʚʨʝʤʝʥʩʢʦʪʦ ʧʦʤʝʩʪʫʚʘˁʝ ʥʘ ʜʠʿʘʛʨʘʤʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ ɽɽ ʢʘʿ ʩʦʥʯʝʚʠʪʝ ʝʣʝʢʪʨʠʯʥʠ ʮʝʥʪʨʘʣʠ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ, ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, 

ʙʘʪʝʨʠʠ, ʚʨʝʤʝʥʩʢʦ ʧʦʤʝʩʪʫʚʘˁʝ. 
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1. ɺʦʚʝʜ 

 

ʇʨʦʠʟʚʦʜʥʠʪʝ ʢʘʧʘʮʠʪʝʪʠ ʢʦʠ ʢʦʨʠʩʪʘʪ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ (ʆʀɽ), ʢʘʢʦ 

ʰʪʦ ʩʝ ʌɺ ʩʠʩʪʝʤʠʪʝ, ʟʘʧʦʯʥʫʚʘʘʪ ʜʘ ʠʛʨʘʘʪ ʚʘʞʥʘ ʫʣʦʛʘ ʚʦ ʛʣʦʙʘʣʥʠʦʪ ʝʥʝʨʛʝʪʩʢʠ ʤʠʢʩ. 

ɹʨʦʿʦʪ ʥʘ ʠʥʩʪʘʣʠʨʘʥʠ ʧʦʩʪʨʦʿʢʠ ʥʘ ʆʀɽ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ ʚʦ ʛʦʣʝʤ ʙʨʦʿ ʥʘ 

ʟʝʤʿʠ ʟʥʘʯʘjʥʦ ʩʝ ʟʛʦʣʝʤʠ ʦʩʦʙʝʥʦ ʧʦ ʚʦʚʝʜʫʚʘˁʝʪʦ ʥʘ ʤʦʞʥʦʩʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ɽɽ 

ʩʦ ʧʦʚʣʘʩʪʝʥʠ ʮʝʥʠ (feed-in ʪʘʨʠʬʠ). ʆʜ ʛʦʜʠʰʥʠʦʪ ʠʟʚʝʰʪʘʿ ʥʘ EPIA - ɽʚʨʦʧʩʢʘ  

ɸʩʦʮʠʿʘʮʠʿʘ ʥʘ ʌʦʪʦʚʦʣʪʘʠʯʥʘʪʘ ʀʥʜʫʩʪʨʠʿʘ, ʦʜ 2009 ʛʦʜʠʥʘ ʧʘ ʥʘʚʘʤʫ ʌɺ ʩʠʩʪʝʤʠʪʝ ʩʦ 

21.9 GW ʥʘ ʥʦʚʦ ʧʨʠʢʣʫʯʝʥʠ ʩʠʩʪʝʤʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʤʨʝʞʘ, ʩʪʘʥʘa ʙʨʦʿ ʝʜʝʥ 

ʠʥʩʪʘʣʠʨʘʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʚʦ ɽʚʨʦʧʘ ʟʘʝʜʥʦ ʩʦ ʚʝʪʝʨʥʘʪʘ ʝʥʝʨʛʠʿʘ ʠ ʛʘʩʦʪ. ʂʫʤʫʣʘʪʠʚʥʦ 

ʠʥʩʪʘʣʠʨʘʥʠʦʪ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʢʘʧʘʮʠʪʝʪ ʚʦ ɽʚʨʦʧʘ ʥʘ ʢʨʘʿʦʪ ʥʘ 2011 ʛʦʜʠʥʘ 

ʢʦʨʝʩʧʦʥʜʠʨʘ ʩʦ 51.7GW, ʧʨʦʠʟʚʝʜʝʥʘ ɽɽ, ʢʦʿʘ ʝ ʜʦʚʦʣʥʘ  ʜʘ ʩʥʘʙʜʠ ʥʘʜ 15 ʤʠʣʠʦʥʠ 

ʝʚʨʦʧʩʢʠ ʜʦʤʘ˃ʠʥʩʪʚʘ. ʉʪʫʜʠʿʘʪʘ ʥʘ EPIA ñSet for 2020ò ʦʙʿʘʚʝʥʘ ʚʦ 2009 ʛʦʜʠʥʘ 

ʧʨʝʜʚʠʜʫʚʘ ʜʝʢʘ ʌɺ ʩʠʩʪʝʤʠʪʝ ˃ʝ ʤʦʞʘʪ- ʧʦʜ ʦʜʨʝʜʝʥʠ ʫʩʣʦʚʠ- ʜʘ ʧʦʢʨʠʿʘʪ 4% ʜʦ 12% ʦʜ 

ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʥʘ ɽɽ ʜʦ 2020. EPIA ʠʟʚʝʩʪʫʚʘ ʜʝʢʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʪʨʦʰʦʮʠ ʩʝ ʥʘʤʘʣʝʥʠ 

ʟʘ ʧʦʚʝ˃ʝ ʦʜ 50% ʚʦ ʧʦʩʣʝʜʥʠʚʝ ʧʝʪ ʛʦʜʠʥʠ ʩʦ ʪʝʥʜʝʥʮʠʿʘ ʟʘ ʧʦʥʘʪʘʤʦʰʥʦ ʥʘʤʘʣʫʚʘˁʝ 

ʚʦ ʙʣʠʩʢʘ ʠʜʥʠʥʘ. ʇʦʨʘʜʠ ʪʦʘ ʌɺ ʧʦʩʪʨʦʿʢʠʪʝ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ 

ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʩʪʘʥʫʚʘʘʪ ʩʝ ʧʦʚʝ˃ʝ ʝʢʦʥʦʤʩʢʠ ʢʦʥʢʫʨʝʥʪʥʠ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, 

ʚʠʩʦʢʠʪʝ ʧʦʚʣʘʩʪʝʥʠ ʮʝʥʠ ʟʘ ʦʪʢʫʧ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʦʜ ʌɺ ʩʠʩʪʝʤʠʪʝ ʚʦ ʝʚʨʦʧʩʢʠʪʝ ʟʝʤʿʠ 

ʢʘʢʦ ɻʝʨʤʘʥʠʿʘ, ʐʧʘʥʠʿʘ, ʌʨʘʥʮʠʿʘ, ɻʨʮʠʿʘ, ʀʪʘʣʠʿʘ ʠ ʜʨ., ʜʦʚʝʜʦʘ ʜʦ ʝʢʩʧʘʥʟʠʿʘ ʥʘ  

ʧʨʠʤʝʥʘʪʘ ʥʘ ʌɺ ʧʦʩʪʨʦʿʢʠ ʚʨʟʘʥʠ ʥʘ ʤʨʝʞʘ. ɺʘʢʚʠʦʪ ʙʨʟ ʧʦʜʝʤ ʢʘʢʦ ʠ ʧʨʝʜʚʠʜʫʚʘˁʘʪʘ 

ʟʘ ʫʰʪʝ ʧʦʛʦʣʝʤ ʨʘʩʪ ʥʘ ʙʨʦʿʦʪ ʥʘ ʌɺ ʩʠʩʪʝʤʠʪʝ ʢʘʢʦ ñʟʝʣʝʥʘñ ʝʥʝʨʛʠʿʘ ʥʘ ʠʜʥʠʥʘʪʘ, 

ʦʪʚʘʨʘ ʤʥʦʛʫ ʠʥʪʝʨʝʩʥʠ ʧʨʘʰʘˁʘ ʚʦ ʧʦʛʣʝʜ ʥʘ ʨʘʮʠʦʥʘʣʥʦʪʦ ʠ ʙʘʣʘʥʩʥʦʪʦ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʜʦʙʠʝʥʘʪʘ ʝʥʝʨʛʠʿʘ. ʇʨʝʜ ʩ¯, ʪʦʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʢʦʦʨʜʠʥʠʨʘˁʝʪʦ ʥʘ 

ʧʨʦʤʝʥʣʠʚʘʪʘ ʧʨʠʨʦʜʘ ʥʘ ʦʚʠʝ ʠʟʚʦʨʠ ʩʦ ʝʥʝʨʛʝʪʩʢʠʪʝ ʤʨʝʞʠ, ʢʦʠ ʪʨʝʙʘ ʜʘ ʛʠ ʫʩʢʣʘʜʘʪ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʢʦʥʪʠʥʫʠʪʝʪ ʠ ʢʚʘʣʠʪʝʪ ʚʦ 

ʩʥʘʙʜʫʚʘˁʝʪʦ ʥʘ ʧʦʪʨʦʰʫʚʘʯʠʪʝ.  ʅʘ ʪʘʢʦʚ ʥʘʯʠʥ, ʩʠʩʪʝʤʠʪʝ ʟʘ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ 

ʝʥʝʨʛʠʿʘ, ʢʦʠ ʤʦʞʘʪ ʜʘ ʧʦʤʦʛʥʘʪ ʚʦ ʠʟʨʘʤʥʫʚʘˁʝ ʥʘ ʚʨʚʥʘʪʘ ʧʦʙʘʨʫʚʘʯʢʘ ʠ ʧʘʜʦʚʠʪʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʩʪʘʥʫʚʘʘʪ ʩ¯ ʧʦʚʠʪʘʣʥʠ ʝʣʝʤʝʥʪʠ ʚʦ ʠʟʛʨʘʜʙʘʪʘ ʥʘ ʤʨʝʞʠʪʝ ʟʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

2. ʉʠʩʪʝʤʠ ʟʘ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʌɺ ʩʠʩʪʝʤʠ 

 
ʊʨʘʜʠʮʠʦʥʘʣʥʦ, ʦʣʦʚʥʦ-ʢʠʩʝʣʠʥʩʢʠʪʝ ʙʘʪʝʨʠʠ ʩ¯ ʛʣʘʚʥʠʦʪ ʠʟʙʦʨ ʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ 

ʘʢʫʤʫʣʠʨʘˁʝ ʢʦʛʘ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʘʚʪʦʥʦʤʥʠ ʌɺ ʩʠʩʪʝʤʠ. ʇʦʢʨʘʿ ʥʠʚʥʦʪʦ ʜʦʣʛʦʚʨʝʤʝʥʦ 

ʧʦʩʪʦʝˁʝ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʪʘʪʘ ʫʧʦʪʨʝʙʘ, ʪʠʝ ʩʝ ʚʙʨʦʿʫʚʘʘʪ ʚʦ ʨʝʜʦʪ ʥʘ ʙʘʪʝʨʠʠ ʩʦ 

ʥʘʿʥʠʩʢʘ ʝʥʝʨʛʝʪʩʢʘ ʛʫʩʪʠʥʘ (ʝʥʝʨʛʠʿʘ ʧʦ ʝʜʠʥʠʮʘ ʤʘʩʘ, ʪ.ʝ. ʧʦ ʝʜʠʥʠʮʘ ʚʦʣʫʤʝʥ). 

ʇʨʠʤʘʨʥʘʪʘ ʧʨʝʜʥʦʩʪ ʠʤ ʝ ʥʠʩʢʘʪʘ ʮʝʥʘ. ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʟʛʦʣʝʤʝʥʘʪʘ ʧʦʪʨʝʙʘ ʦʜ 

ʠʟʥʘʦʺʘˁʝ ʥʘ ʨʝʰʝʥʠʿʘ ʟʘ ʘʢʫʤʫʣʠʨʘˁʝ, ʚʦ ʪʝʢʦʪ ʥʘ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʩ¯ ʧʦʚʝ˃ʝ ʩʝ 

ʢʦʨʠʩʪʘʪ ʣʠʪʠʫʤ-ʿʦʥʩʢʠʪʝ ʙʘʪʝʨʠʠ. ɽʜʥʘ ʦʜ ʛʣʘʚʥʠʪʝ ʥʝʛʘʪʠʚʥʦʩʪʠ ʢʘʿ ʥʠʚ ʝ ʪʦʘ ʰʪʦ ʪʠʝ 

ʩ¯ʫʰʪʝ ʩʝ ʥʦʚʠ ʥʘ ʧʘʟʘʨʦʪ ʠ ʠʤʘʘʪ ʚʠʩʦʢʠ ʠʥʚʝʩʪʠʮʠʦʥʠ ʠ ʪʝʢʦʚʥʠ ʪʨʦʰʦʮʠ. ɽʢʩʧʝʨʪʠʪʝ 

ʧʦʩʦʯʫʚʘʘʪ ʜʝʢʘ ʠʥʜʫʩʪʨʠʿʘʪʘ ʦʜʠ ʚʦ ʚʠʩʪʠʥʩʢʘ ʥʘʩʦʢʘ ʢʦʛʘ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʝʚʦʣʫʮʠʿʘʪʘ 

ʥʘ ʦʚʦʿ ʚʠʜ ʪʝʭʥʦʣʦʛʠʿʘ. ʊʦʘ ʩʝ ʜʦʣʞʠ ʥʘ ʥʠʚʥʠʪʝ ʜʦʙʨʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢʦ: ʧʦʝʬʠʢʘʩʥʦ 

ʘʢʫʤʫʣʠʨʘˁʝ ʠ ʜʘʚʘˁʝ ʝʥʝʨʛʠʿʘ,  ʮʠʢʣʫʩʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘʜ 90%, ʧʨʘʟʥʝˁʝ ʜʦ ʙʠʣʦ ʢʦʿʘ 
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ʩʦʩʪʦʿʙʘ ʥʘ ʥʘʧʦʣʥʝʪʦʩʪ ʟʘ ʙʠʣʦ ʢʦʝ ʚʨʝʤʝʪʨʘʝˁʝ, ʙʝʟ ʟʘʙʨʟʘʥʦ ʜʘ ʜʝʛʨʘʜʠʨʘʘʪ, ʤʘʣʦ 

ʥʠʚʦ ʥʘ ʩʘʤʦʠʩʧʨʘʟʥʫʚʘˁʝ, ʤʥʦʛʫ ʜʦʣʛ ʞʠʚʦʪʝʥ ʚʝʢ, ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʘʟʥʘʪ ʩʦ ʛʦʣʝʤʠ ʩʪʨʫʠ 

ʙʝʟ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʢʘʢʦ ʧʦʚʝ˃ʝʪʦ ʦʣʦʚʥʦ-ʢʠʩʝʣʠʥʩʢʠ ʙʘʪʝʨʠʠ ʠ ʠʤʘʘʪ 

ʧʦʤʘʣ ʛʘʙʘʨʠʪ. ʅʘ ʪʘʙʝʣʘ 1 ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʝʢʦʠ ʪʠʧʠʯʥʠ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ ʨʘʟʣʠʯʥʠʪʝ 

ʪʠʧʦʚʠ ʙʘʪʝʨʠʠ ʟʘ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ɽɽ. 

͔́͊͋͊͡ 1. ʎʝʥʘ ʠ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ ʪʝʭʥʦʣʦʛʠʠ-Sandia National Laboratories 

ʊʝʭʥʦʣʦʛʠʿʘ 
(ʪʠʧ ʥʘ ʙʘʪʝʨʠʠ) 

ʊʨʦʰʦʮʠ 
ʚʦ 

ʝʥʝʨʛʝʪʩʢʠ
ʦʪ 

ʧʦʪʩʠʩʪʝʤ 
$/kW 

ʊʨʦʰʦʮʠ ʚʦ 
ʧʦʪʩʠʩʪʝʤʦʪ ʟʘ 
ʘʢʫʤʫʣʠʨʘˁʝ 

$/kW 

ʎʠʢʣʫʩʥʘ 
ʝʬʠʢʘʩʥʦʩ

ʪ 
% 

ʎʠʣʫʩ
ʠ 

ʅʘʧʨʝʜʥʠ ʦʣʦʚʥʦ-ʢʠʩʝʣʠʥʩʢʠ 400 330 80 2000 

ʅʘʪʨʠʫʤ/ʩʫʣʬʫʨ 350 350 75 3000 
ʆʣʦʚʥʦ-ʢʠʩʝʣʠʥʩʢʠ ʩʦ 
ʧʦʜʦʙʨʝʥʠ ʿʘʛʣʝʨʦʜʥʠ 

ʝʣʝʢʪʨʦʜʠ 
400 330 75 20000 

ʎʠʥʢ/ʙʨʦʤ 400 400 70 3000 

ʃʠʪʠʫʤ-ʿʦʥ (ʛʦʣʝʤʠ) 400 600 85 4000 

ʄʝʭʘʥʠʯʢʠ ʟʘʤʘʿʮʠ 600 1600 95 25000 

ʉʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠ 500 10000 95 25000 

 

ɽʜʝʥ ʦʜ ʧʦʛʦʣʝʤʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ʣʠʪʠʫʤ-ʿʦʥʩʢʠ ʙʘʪʝʨʠʠ ʝ Saft. ʆʚʘʘ 

ʢʦʤʧʘʥʠʿʘ ʫʯʝʩʪʚʫʚʘ ʚʦ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʧʨʦʝʢʪʠ, ʥʘʤʝʥʝʪʠ ʟʘ ʧʨʠʤʝʥʘ ʥʘ  ʩʠʩʪʝʤʠʪʝ 

ʟʘ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʌɺ ʩʠʩʪʝʤʠʪʝ. ɽʜʝʥ ʪʘʢʦʚ ʌʨʘʥʮʫʩʢʦ-ɻʝʨʤʘʥʩʢʠ 

ʧʨʦʝʢʪ ʝ  ʥʘʨʝʯʝʥ Sol-ion. ɺʦ ʧʨʦʝʢʪʦʪ ʩʝ ʧʨʝʜʚʠʜʫʚʘ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʚʢʫʧʥʦ 75 ʌɺ 

ʩʠʩʪʝʤʠ + ʝʜʠʥʠʮʠ ʩʦ ʣʠʪʠʫʤ-ʿʦʥʩʢʠ ʙʘʪʝʨʠʩʢʠ ʩʠʩʪʝʤʠ ʚʦ ʌʨʘʥʮʠʿʘ ʠ ɻʝʨʤʘʥʠʿʘ, 

ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʥʘʿʛʦʣʝʤ ʠʩʪʨʘʞʫʚʘʯʢʦ-ʨʘʟʚʦʝʥ ʧʨʦʝʢʪ ʦʜ ʦʚʦʿ ʪʠʧ ʚʦ ɽʚʨʦʧʘ. 

ʉʠʩʪʝʤʠʪʝ Sol-ion ʩʦʜʨʞʘʪ ʯʝʪʠʨʠ ʣʠʪʠʫʤ-ʿʦʥʩʢʠ ʤʦʜʫʣʠ ʪʠʧ Synerion 48E, ʦʮʝʥʝʪ 

ʥʘ 48 V ʠ ʢʘʧʘʮʠʪʝʪ ʦʜ 2,2 kWh, 

ʩʦ 5 kWp ʩʪʨʠʥʛ ʠʥʚʝʨʪʦʨ ʠ ʙʘʪʝʨʠʩʢʠ 

ʧʦʣʥʘʯ. 

 

 

 

 

 

 

˿͙͊͟͡ 1. Synerion 48E ʤʦʜʫʣ ʟʘ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʝʜʝʥ ʦʜ 
Saft ʟʘ ʧʨʦʝʢʪʦʪ Sol-ion. ʀʟʚʦʨ:Saftbatteries 



36 
 

ɸʤʝʨʠʢʘʥʩʢʘʪʘ ʢʦʤʧʘʥʠʿʘʪʘ GeneralElectric ʧʨʘʚʠ ʛʦʣʝʤ ʥʘʧʦʨ, ʥʘʪʨʠʫʤ ʥʠʢʝʣ 

ʭʣʦʨʠʜʦʪ ʜʘ ʙʠʜʝ ʧʦʙʝʜʥʠʢ ʚʦ ʪʨʢʘʪʘ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʨʝʥʪʘʙʠʣʥʠ ʙʘʪʝʨʠʠ ʥʘʤʝʥʝʪʠ 

ʟʘ ʧʘʟʘʨʦʪ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʝʥʝʨʛʝʪʩʢʦ ʘʢʫʤʫʣʠʨʘˁʝ. ʊʠʝ ʛʦ ʠʤʘʘʪ ʠʟʛʨʘʜʝʥʦ ʥʘʿʛʦʣʝʤʠʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʧʦʛʦʥ ʥʘ ʥʝ-ʦʣʦʚʥʠ ʙʘʪʝʨʠʠ ʚʦ Schenectady, ɳʫʿʦʨʢ (ʉɸɼ) ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʥʝʿʟʠʥʘʪʘ ñDurathonñ ʪʝʭʥʦʣʦʛʠʿʘ. ʆʚʘʘ ʪʝʭʥʦʣʦʛʠʿʘ ʩ¯ ʙʘʟʠʨʘ ʥʘ 

ʥʘʧʨʝʜʝʥ ʠʥʜʫʩʪʨʠʩʢʠ ʜʠʟʘʿʥ ʥʘ ʙʘʪʝʨʠʠ, ʢʨʝʠʨʘʥʠ ʜʘ ʛʠ ʠʩʧʦʣʥʘʪ ʩ¯ ʧʦʛʦʣʝʤʠʪʝ ʙʘʨʘˁʘ 

ʟʘ ʧʦʙʝʟʙʝʜʥʦ, ʜʦʩʪʘʧʥʦ ʠ ʧʦʝʬʠʢʘʩʥʦ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʨʘʟʣʠʯʥʠ ʩʠʩʪʝʤʠ. 

ʆʚʘʘ ʪʝʭʥʦʣʦʛʠʿʘ ʝ ʩʦʦʜʚʝʪʥʘ ʟʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʚʦ ʝʢʩʪʨʝʤʥʠ ʘʤʙʠʝʥʪʥʠ ʪʝʤʝʧʝʨʘʪʫʨʠ 

ʦʜ ï40 ÁC ʜʦ 65 ÁC ʙʝʟ ʚʣʠʿʘʥʠʝ ʥʘ ʝʥʝʨʛʝʪʩʢʦʪʦ ʩʥʘʙʜʫʚʘˁʝ. ʀʩʪʦ ʪʘʢʘ, ʪʘʘ ʝ 

ʜʠʟʘʿʥʠʨʘʥʘ ʜʘ ʢʦʤʫʥʠʮʠʨʘ ʩʦ ʩʪʘʥʜʘʨʜʥʠ ʩʠʩʪʝʤʠ ʟʘ ʝʥʝʨʛʝʪʩʢʠ ʤʝʥʘ˅ʤʝʥʪ ʧʨʝʢʫ 

ʢʦʥʪʨʦʣʝʥ ʩʦʬʪʚʝʨ. 

 

˿͙͊͟͡ 2. ɹʘʪʝʨʠʠ ʦʜ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ñDurathonñ ʥʘ GE. ʀʟʚʦʨ: energy storage report  

 

3. ʇʦʪʨʝʙʘ ʦʜ ʚʨʝʤʝʥʩʢʦ ʧʦʤʝʩʪʫʚʘˁʝ ʥʘ ʜʠʿʘʛʨʘʤʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 
ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ 

 
 ɸʢʫʤʫʣʠʨʘˁʝʪʦ ʥʘ ɽɽ ¯ ʢʣʫʯʥʦ ʟʘ ʤʝʥʫʚʘˁʝʪʦ ʥʘ ʦʙʣʠʢʦʪ ʥʘ ʜʠʿʘʛʨʘʤʠʪʝ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʚʨʚʥʠʪʝ ʦʧʪʦʚʘʨʫʚʘˁʘ. ʉʦ ʧʦʤʦʰ ʥʘ ʘʢʫʤʫʣʠʨʘˁʝʪʦ ʠ 

ʨʘʮʠʦʥʘʣʥʦʪʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʘʢʫʤʫʣʠʨʘʥʘʪʘ ʝʥʝʨʛʠʿʘ ʧʦʪʨʦʰʫʚʘʯʦʪ ʩʪʘʥʫʚʘ 

ʧʦʧʨʝʜʚʠʜʣʠʚ ʟʘ ʤʨʝʞʥʠʦʪ ʦʧʝʨʘʪʦʨ, ʢʦʿ ʧʘʢ ʜʦʙʠʚʘ ñʧʦʨʘʤʥʠñ ʜʠʿʘʛʨʘʤʠ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝ. ɿʘ ʜʘ ʩʝ ʚʦʦʯʠ ʛʦʨʝʥʘʚʝʜʝʥʦʪʦ, ʚʦ ʦʚʦʿ ʪʨʫʜ, ¯ ʜʘʜʝʥ ʝʜʥʦʩʪʘʚʝʥ ʧʨʠʤʝʨ 

ʟʘ ʧʦʤʝʩʪʫʚʘˁʝ ʥʘ ʜʠʿʘʛʨʘʤʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ɽɽ. ɸʥʘʣʠʟʠʨʘʥʠ ʩʝ ʧʝʪ ʜʝʥʦʚʠ (17-

21 ʘʧʨʠʣ 2013, ʚʢʫʧʥʦ 120 ʯʘʩʘ), ʟʘ ʢʦʠ ʢʘʢʦ ʠʥʬʦʨʤʘʮʠʿʘ ʬʠʛʫʨʠʨʘʘʪ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ 

ɽɽ (ʦʟʥʘʢʘ ʚʦ ʜʠʿʘʛʨʘʤ ñʧʦʪʨʦʰʫʚʘʯʢʘñ) ʠ ʩʦʦʜʚʝʪʥʠʪʝ ʯʘʩʦʚʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ɽɽ ʦʜ ʩʪʨʘʥʘ ʥʘ ʌɺ ʩʠʩʪʝʤ. ʇʦʜʘʪʦʮʠʪʝ ʢʦʠ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʧʨʠ 

ʘʥʘʣʠʟʘʪʘ ʩʝ ʧʨʝʚʟʝʤʝʥʠ ʦʜ ʩʪʨʘʥʘʪʘ ʥʘ ʄɽʇʉʆ ʠ ʌɺ ʮʝʥʪʨʘʣʘ ʚʦ ʄʘʢʝʜʦʥʠʿʘ, ʧʨʠ ʰʪʦ, 

ʟʘ ʧʦʜʦʙʨʘ ʥʘʛʣʝʜʥʦʩʪ, ʠʩʪʠʪʝ ʩʝ ʩʚʝʜʝʥʠ ʥʘ ʝʜʠʥʝʯʥʠ ʚʨʝʜʥʦʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʥʦ ʩʝ 

ʧʨʝʩʤʝʪʫʚʘʘʪ: ʚʨʝʜʥʦʩʪʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʚʦ ʩʢʘʣʠʨʘʥʘ ʬʦʨʤʘ (ʦʟʥʘʢʘ ʚʦ ʛʨʘʬʠʢ ñʌɺ 

ʩʠʩʪʝʤñ), ʜʝʬʠʥʠʨʘʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʢʘʢʦ ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʯʘʩʦʚʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʠ 

ʩʨʝʜʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ. ʇʨʠ ʧʨʝʩʤʝʪʢʠʪʝ ʧʦʪʨʝʙʥʦ ¯ ʜʘ ʩʝ ʟʝʤʘʪ ʧʨʝʜʚʠʜ ʧʦʯʝʪʥʘ 

ʝʥʝʨʛʠʿʘ ʥʘ ʙʘʪʝʨʠʠʪʝ, ʢʘʢʦ ʠ ʥʠʚʥʦʪʦ ʤʘʢʩʠʤʘʣʥʦ ʧʨʘʟʥʝˁʝ ʚʦ ʪʝʢ ʥʘ ʝʜʝʥ ʯʘʩ. ɿʘʛʫʙʠʪʝ 

ʥʘ ʙʘʪʝʨʠʠʪʝ ʥʝ ʩʝ ʟʝʤʝʥʠ ʧʨʝʜʚʠʜ - ʧʦʨʘʜʠ ʧʦʝʜʥʦʩʪʘʚʫʚʘˁʝ ʥʘ ʩʘʤʠʦʪ ʧʨʠʤʝʨ. ʎʝʣʪʘ 

ʥʘ ʘʢʫʤʫʣʠʨʘˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ¯ ʜʘ ʩʝ ʥʘʤʘʣʠ ʦʪʩʪʘʧʫʚʘˁʝʪʦ ʦʜ ʩʨʝʜʥʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ. ʊʘʢʘ, ʚʦ ʜʘʜʝʥ ʯʘʩ, ʜʦʢʦʣʢʫ ʌɺ ʩʠʩʪʝʤʦʪ ʧʨʦʠʟʚʝʜʫʚʘ, ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ 
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ʝ ʥʘʜ ʩʨʝʜʥʘʪʘ ʚʦ ʪʦʿ ʜʝʥ ʠ ʘʢʦ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʝ ʧʦʛʦʣʝʤʘ ʦʜ ʪʘʘ ʧʦʪʨʦʰʫʚʘʯʢʘ 

ʪʦʛʘʰ ʚʠʰʦʢʦʪ ʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʜʦʙʠʚʘ ʢʘʢʦ ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʯʘʩʦʚʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʜʝʬʠʥʠʨʘʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ. ɺʦ ʦʙʨʘʪʝʥ ʩʣʫʯʘʿ ʥʝʤʘʤʝ ʚʠʰʦʢ ʤʦ˃ʥʦʩʪ. ɸʢʫʤʫʣʠʨʘˁʝʪʦ 

ʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʨʘʢʦʚʦʜʠ ʚʦ ʦʜʥʦʩ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ. ʆʜʥʦʩʥʦ ʘʢʦ ʠʤʘ ʤʘʣʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ (ʢʦʿʘ ʝ ʧʦʜ ʧʨʦʩʝʯʥʘʪʘ ʚʦ ʦʚʦʿ ʧʨʠʤʝʨ) ʢʘʢʦ ʘʢʫʤʫʣʠʨʘʥʘ ɽɽ ʩ¯ ʟʝʤʘ 

ʧʦʯʝʪʥʘʪʘ, ʦʜʥʦʩʥʦ ʘʢʫʤʫʣʠʨʘʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʧʨʝʪʭʦʜʥʠʦʪ ʯʘʩ. ɼʦʢʦʣʢʫ ʠʤʘ ʛʦʣʝʤʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ (ʥʘʜ ʧʨʦʩʝʯʥʘʪʘ) ʠ ʜʦʢʦʣʢʫ ʠʤʘ ʚʠʰʦʢ ʥʘ ʌɺ ʝʥʝʨʛʠʿʘ, ʚʦ ʪʦʿ ʩʣʫʯʘʿ 

ʘʢʫʤʫʣʠʨʘʥʘʪʘ ɽɽ ˃ʝ ʙʠʜʝ ʟʙʠʨ ʦʜ ʚʠʰʦʢʦʪ ʥʘ ʌɺ ʝʥʝʨʛʠʿʘ ʠ ʘʢʫʤʫʣʠʨʘʥʘʪʘ ʦʜ 

ʧʨʝʪʭʦʜʥʠʦʪ ʯʘʩ. ɼʦʢʦʣʢʫ ʥʝʤʘ ʚʠʰʦʢ ʥʘ ʌɺ ʝʥʝʨʛʠʿʘ ʠ ʜʦʢʦʣʢʫ ʧʨʝʪʭʦʜʥʘʪʘ ʘʢʫʤʫʣʠʨʘʥʘ 

ɽɽ ¯ ʧʦʤʘʣʘ ʦʜ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʪʦʛʘʰ ʘʢʫʤʫʣʠʨʘʥʘʪʘ ɽɽ ʚʦ ʪʦʿ ʯʘʩ ˃ʝ ʜʦʙʠʝ ʚʨʝʜʥʦʩʪ 

ʥʫʣʘ. ɼʦʢʦʣʢʫ ʘʢʫʤʫʣʠʨʘʥʘʪʘ ɽɽ ʥʝ ¯ ʧʦʤʘʣʘ ʦʜ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʠ ʜʦʢʦʣʢʫ 

ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʝ ʧʦʤʘʣʘ ʦʜ ʤʘʢʩʠʤʘʣʥʦʪʦ ʧʨʘʟʥʝˁʝ ʚʦ ʪʦʿ ʩʣʫʯʘʿ ʘʢʫʤʫʣʠʨʘʥʘʪʘ ɽɽ ¯ 

ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʧʨʝʪʭʦʜʦ ʘʢʫʤʫʣʠʨʘʥʘʪʘ ɽɽ ʠ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ, ʘ ʜʦʢʦʣʢʫ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ 

ʥʝ ¯ ʧʦʤʘʣʘ ʦʜ ʤʘʢʩʠʤʘʣʥʦʪʦ ʧʨʘʟʥʝˁʝ ʚʦ ʪʦʿ ʩʣʫʯʘʿ ʘʢʫʤʫʣʠʨʘʥʘʪʘ ɽɽ ʝ ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ 

ʧʦʯʝʪʥʘʪʘ ʘʢʫʤʫʣʠʨʘʥʘʪʘ ɽɽ ʠ ʤʘʢʩʠʤʘʣʥʦʪʦ ʧʨʘʟʥʝˁʝ. ɺʢʫʧʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ (ʦʟʥʘʢʘ 

ʚʦ ʜʠʿʘʛʨʘʤ ñʚʢʫʧʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘñ) ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʢʘʢʦ ʯʘʩʦʚʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ 

ʩʫʤʠʨʘʥʘ ʩʦ ʘʢʫʤʫʣʘʮʠʿʘʪʘ ʚʦ ʪʦʿ ʯʘʩ ʠ ʥʘʤʘʣʝʥʘ ʟʘ ʧʨʝʪʭʦʜʥʘʪʘ ʘʢʫʤʫʣʘʮʠʿʘ (ʜʦʢʦʣʢʫ 

ʥʝʤʘ ʚʠʰʦʢ ʥʘ ʌɺ ʝʥʝʨʛʠʿʘ) ʠʣʠ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘʤʘʣʝʥʘ ʟʘ ʚʨʝʜʥʦʩʪʘ ʥʘʜ ʧʨʦʩʝʢʦʪ 

(ʜʦʢʦʣʢʫ ʠʤʘ ʚʠʰʦʢ ʥʘ ʌɺ ʝʥʝʨʛʠʿʘ). ʆʜ ʌɺ ʩʠʩʪʝʤ ʢʦʥ ʧʦʪʨʦʰʫʚʘʯʦʪ (ʦʟʥʘʢʘ ʚʦ ʜʠʿʘʛʨʘʤ 

ñʦʜ ʌɺ ʢʦʥ ʧʦʪʨʦʰʫʚʘʯñ) ʦʜʠ ʝʥʝʨʛʠʿʘʪʘ ʢʦʿʘ ¯ ʧʨʦʠʟʚʝʜʝʥʘ, ʥʘʤʘʣʝʥʘ ʟʘ ʚʠʰʦʢʦʪ, ʜʦʜʝʢʘ 

ʢʦʥ ʙʘʪʝʨʠʿʘ (ʦʟʥʘʢʘ ʚʦ ʜʠʿʘʛʨʘʤ ñʢʦʥ ʙʘʪʝʨʠʿʘñ) ʦʜʠ ʝʥʝʨʛʠʿʘʪʘ ʢʦʿʘ ¯ ʨʘʟʣʠʢʘ ʥʘ 

ʘʢʫʤʫʣʠʨʘʥʠʪʝ ʝʥʝʨʛʠʠ ʚʦ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʯʘʩʘ. ɼʠʩʧʝʨʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ¯ 

ʝʜʥʘʢʚʦ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʢʦʥ ʧʦʪʨʦʰʫʚʘʯ (ʜʦʢʦʣʢʫ ʿʘ ʠʤʘ) ʠʣʠ ʝʥʝʨʛʠʿʘʪʘ ʢʦʥ ʙʘʪʝʨʠʿʘʪʘ. ʅʘ 

ʩʣ. 3 ʩʦ ñʧʦʪʨʦʰʫʚʘʯʢʘñ ʝ ʜʘʜʝʥʘ ʢʨʠʚʘʪʘ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʚʦ ʜʘʜʝʥʠʦʪ ʯʘʩ, ʘ ʩʦ 

ñʚʢʫʧʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘñ ʧʦʨʘʤʥʝʪʘʪʘ ʢʨʠʚʘ ʢʦʿʘ ʚʦ ʦʜʨʝʜʝʥʠ ʜʝʣʦʚʠ ʩʝ ʧʦʨʘʤʥʫʚʘ ʩʦ 

ʧʦʤʦʰ ʥʘ ʘʢʫʤʫʣʠʨʘʥʘʪʘ ʝʥʝʨʛʠʿʘ. ʅʘ ʩʣ. 4 ʪʦʯʥʦ ʤʦʞʝ ʜʘ ʩʝ ʚʦʦʯʠ ʩʘʤʘʪʘ ʨʘʩʧʨʝʜʝʣʙʘ 

ʥʘ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʨʠ ʰʪʦ ʩʝ ʛʣʝʜʘ ʜʝʣʦʪ ʢʦʿ ʩʝ ʘʢʫʤʫʣʠʨʘ ʚʦ 

ʙʘʪʝʨʠʠʪʝ ʠ ʜʝʣʦʪ ʢʦʿ ʦʜʠ ʢʦʥ ʩʘʤʠʦʪ ʧʦʪʨʦʰʫʚʘʯ. ʅʝʛʘʪʠʚʥʠʪʝ ʜʝʣʦʚʠ ʛʦ ʧʨʝʪʩʪʘʚʫʚʘʘʪ 

ʧʨʘʟʥʝˁʝʪʦ ʥʘ ʙʘʪʝʨʠʿʘʪʘ. ʅʘ ʩʣ. 5 ʩʝ ʜʘʚʘ ʧʨʠʢʘʟ ʟʘ ʩʘʤʘʪʘ ʧʨʦʠʟʚʝʜʝʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʠ ʜʠʩʧʝʨʟʠʨʘʥʦʪʦ ʛʝʥʝʨʠʨʘˁʝ ʥʘ ʌɺ ʩʠʩʪʝʤʦʪ ʠ ʙʘʪʝʨʠʿʘ. 
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˿͙͊͟͡ 3. ñʇʦʨʘʤʥʝʪñ ʜʠʿʘʛʨʘʤ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ 

 
˿͙͊͟͡ 4. ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ɽɽ ʦʜ ʌɺ 

ʩʠʩʪʝʤ 

 

˿͙͊͟͡ 5. ɼʠʩʧʝʨʟʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ ʌɺ ʩʠʩʪʝʤ ʠ ʙʘʪʝʨʠʿʘ 

 

4. ɿʘʢʣʫʯʦʢ 

 
ɸʢʫʤʫʣʠʨʘˁʝʪʦ ʥʘ ɽɽ ʠʤʘ ʧʦʟʠʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʤʨʝʞʘʪʘ, ʙʠʜʝʿ˃ʠ ʧʨʠʜʦʥʝʩʫʚʘ 

ʢʦʥ ʠʟʨʘʤʥʫʚʘˁʝ ʥʘ ʜʠʿʘʛʨʘʤʠʪʝ, ʢʘʢʦ ʠ ʩʦʟʜʘʚʘˁʝ ʫʩʣʦʚʠ ʟʘ ʧʦʛʦʣʝʤʘ ʧʨʝʜʚʠʜʣʠʚʦʩʪ ʥʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ɽɽ. ɺʦ ʩʘʤʠʦʪ ʪʨʫʜ ʩʝ ʠʟʣʦʞʝʥʠ ʥʝʢʦʣʢʫ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠ ʚʦ ʠʜʥʠʥʘ ˃ʝ 

ʙʠʜʘʪ ʝʜʥʠ ʦʜ ʛʣʘʚʥʠʪʝ ʨʝʰʝʥʠʿʘ ʟʘ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ɽɽ. ʅʘ ʠʟʙʦʨʦʪ ʟʘ ʠʜʝʘʣʥʘ 

ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʘ ˃ʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ɽɽ ʚʣʠʿʘʘʪ ʤʥʦʛʫ ʬʘʢʪʦʨʠ, ʤʝʺʫ ʢʦʠ: 

ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʩʝ ʘʢʫʤʫʣʠʨʘ, ʧʦʪʨʝʙʥʦʪʦ ʚʨʝʤʝʪʨʘʝˁʝ ʥʘ 

ʘʢʫʤʫʣʠʨʘˁʝʪʦ ʠ ʧʨʝʜʘʚʘˁʝʪʦ ʥʘ ʪʘʘ ʘʢʫʤʫʣʠʨʘʥʘ ʝʥʝʨʛʠʿʘ, ʧʨʦʩʪʦʨʦʪ ʠ ʦʛʨʘʥʠʯʫʚʘˁʘʪʘ 

ʦʜ ʩʨʝʜʠʥʘʪʘ, ʮʝʥʘʪʘ ʠ ʩʣ. ɼʝʥʝʩ ʮʝʥʘʪʘ ¯ ʥʘʿʛʦʣʝʤʘʪʘ ʧʨʝʯʢʘ ʟʘ ʤʘʩʦʚʥʦ ʚʦʚʝʜʫʚʘˁʝ ʥʘ 

ʘʢʫʤʫʣʠʨʘˁʝʪʦ. ɼʦʢʦʣʢʫ ʫʨʝʜʠʪʝ ʟʘ ʘʢʫʤʫʣʠʨʘˁʝ ʩʝ ʠʥʩʪʘʣʠʨʘʘʪ ʩʦ ʮʝʣ ʜʘ ʦʙʝʟʙʝʜʘʪ 

ʢʦʤʙʠʥʘʮʠʿʘ ʦʜ ʧʦʚʝ˃ʝ ʫʩʣʫʛʠ ʪʦʛʘʰ ʚʘʢʚʦʪʦ ʨʝʰʝʥʠʝ ˃ʝ ʙʠʜʝ ʮʝʥʦʚʥʦ ʧʦʜʦʩʪʘʧʥʦ. 

ɻʦʣʝʤʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ɽɽ ʦʜ ʌɺ ʩʠʩʪʝʤʠ ʜʦʩʝʛʘ ʧʦʢʘʞʫʚʘʘ ʤʘʣ ʠʥʪʝʨʝʩ ʟʘ 

ʘʢʫʤʫʣʠʨʘˁʝʪʦ, ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʧʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ ʢʦʠ ʛʠ ʤʦʪʠʚʠʨʘʘʪ ʜʘ ʧʨʝʜʘʚʘʘʪ 

ʰʪʦ ʝ ʤʦʞʥʦ ʧʦʚʝ˃ʝ ʤʦ˃ʥʦʩʪ ʥʘ ʤʨʝʞʘʪʘ. ɺʦ ʠʜʥʠʥʘ ʩʝ ʧʨʝʜʚʠʜʫʚʘ ʚʠʜʦʠʟʤʝʥʫʚʘˁʝ ʥʘ 

ʧʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ ʟʘ ʌɺ ʩʠʩʪʝʤʠʪʝ ʚʦ ʧʦʚʣʘʩʪʝʥʠ ʪʘʨʠʬʠ ʟʘ ʩʠʩʪʝʤʠ ʟʘ 

ʘʢʫʤʫʣʠʨʘˁʝ. ɿʘ ʦʚʘ ʛʦʚʦʨʘʪ ʩʘʤʠʪʝ ʧʦʜʘʪʦʮʠ ʟʘ ʚʦʚʝʜʫʚʘˁʝ ʥʘ ʧʦʚʣʘʩʪʝʥʠ ʪʘʨʠʬʠ ʟʘ 

ʩʠʩʪʝʤʠ ʟʘ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ɽɽ ʚʦ ʆʥʪʘʨʠʦ, ʂʘʣʠʬʦʥʠʿʘ, ɻʝʨʤʘʥʠʿʘ, ʢʘʢʦ ʠ ʥʝʢʦʠ ʦʩʪʨʦʚʠ, 

ʘ ʠʩʪʠʪʝ ʠʤʘʘʪ ʪʝʥʜʝʥʮʠʿʘ ʟʘ ʩ¯ ʧʦʤʘʩʦʚʥʘ ʧʦʿʘʚʘ ʠ ʚʦ ʮʝʣʠʦʪ ʩʚʝʪ. 
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ʊɽʍʅʆ-ɽʂʆʅʆʄʉʂʀ ɸʉʇɽʂʊʀ ʅɸ ʂɸɼʄʀʋʄ ʊɽʃʋʈʀɼʅʀ ʉʆʅʏɽɺʀ ʇɸʅɽʃʀ 

 

ɸʣʝʢʩʘʥʜʨʘ ɼʦʤʘʟʝʪʦʩʢʘ, ʜʠʧʣ. ʝʣ. ʠʥʞ. 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

ʆʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ 
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ɸʧʩʪʨʘʢʪ 

ɺʦ ʧʦʩʣʝʜʥʠʪʝ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʥʘ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ ʠ ʧʘʥʝʣʠ ʥʘ 

ʩʚʝʪʩʢʠʦʪ ʧʘʟʘʨ ʿʘ ʬʘʚʦʨʠʟʠʨʘʘʪ ʚʪʦʨʘʪʘ ʛʝʥʝʨʘʮʠʿʘ ʥʘ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ, ʦʜʥʦʩʥʦ 

ʪʝʥʢʦʩʣʦʿʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʢʘʞʫʚʘʿ˃ʠ ʜʨʘʩʪʠʯʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʥʠʚʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ, 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʮʝʥʠʪʝ ʠ ʟʛʦʣʝʤʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺʦ ʦʚʦʿ ʪʨʫʜ ʝ ʥʘʧʨʘʚʝʥ ʧʨʝʛʣʝʜ ʥʘ 

ʧʦʩʪʦʿʥʠʪʝ ʪʝʥʢʦʩʣʦʿʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʦ ʧʦʩʝʙʝʥ ʘʢʮʝʥʪ ʥʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʥʠʪʝ ʩʦʥʯʝʚʠ 

˃ʝʣʠʠ ʠ ʧʘʥʝʣʠ, ʥʠʚʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʜʦʙʠʚʘˁʝ, ʢʘʢʦ ʠ ʝʢʦʥʦʤʩʢʠ 

ʘʩʧʝʢʪʠ.  

ɻʦʣʝʤʘʪʘ ʘʧʩʦʨʧʮʠʦʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʦʪ (CdTe) ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʠ ʚʦ 

ʩʣʫʯʘʠ ʥʘ ʤʥʦʛʫ ʩʣʘʙʦ ʠ ʜʠʬʫʟʥʦ ʟʨʘʯʝˁʝ ʢʦʝ ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʦʙʣʘʯʥʦ ʚʨʝʤʝ. 

ʉʧʦʨʝʜ ʥʘʿʥʦʚʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʦʜ 2012 ʛʦʜʠʥʘ, ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʥʠʪʝ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ 

ʧʦʢʘʞʫʚʘʘʪ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 17.3%, ʘ ʧʘʥʝʣʠʪʝ ʟʥʘʯʘʿʥʠ 14.4%. ʆʜ ʝʢʦʥʦʤʩʢʠ ʘʩʧʝʢʪ, 

ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʜʦʩʪʘ ʙʨʟ ʠ ʝʬʪʠʥ, ʠ ʩʝ ʢʦʨʠʩʪʠ 98% ʧʦʤʘʣʢʫ ʤʘʪʝʨʠʿʘʣ ʚʦ 

ʩʧʦʨʝʜʙʘ ʩʦ ʩʦʥʯʝʚʠʪʝ ˃ʝʣʠʠ ʦʜ ʩʠʣʠʮʠʫʤ, ʘ ʚʨʝʤʝʪʦ ʥʘ ʧʦʚʨʘʪ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʢʦʿʘ ʩʝ 

ʢʦʨʠʩʪʠ ʧʨʠʪʦʘ ʝ ʧʦʤʘʣʢʫ ʦʜ 1 ʛʦʜʠʥʘ. ʎʝʥʠʪʝ ʥʘ ʦʚʠʝ ʤʦʜʫʣʠ ʩʝ ʜʚʠʞʘʪ ʠ ʧʦʜ 1$/W.  

ʆʜ ʥʘʧʨʘʚʝʥʠʪʝ ʘʥʘʣʠʟʠ ʚʦ ʪʨʫʜʦʪ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʦʪ ʝ 

ʚʦʜʝʯʢʠ ʤʘʪʝʨʠʿʘʣ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʝʥʢʦʩʣʦʿʥʠ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ ʠ ʜʝʢʘ ʦʚʘʘ ʫʥʠʢʘʪʥʘ 

ʪʝʭʥʦʣʦʛʠʿʘ ʜʘʚʘ ʤʦʞʥʦʩʪ ʟʘ ʤʘʩʦʚʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʩʦʥʯʝʚʠ ʧʘʥʝʣʠ ʧʦ ʥʠʩʢʠ ʮʝʥʠ, ʩʦ 

ʰʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ˃ʝ ʩʪʘʥʝ 

ʛʣʘʚʝʥ ʩʚʝʪʩʢʠ ʪʨʝʥʜ.  

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʩʦʥʯʝʚʠ ˃ʝʣʠʠ, ʪʝʥʢʦʩʣʦʿʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜ. 

 

1. ɺʦʚʝʜ 

ɺʦ ʜʝʥʝʰʥʦ ʚʨʝʤʝ ʝʥʝʨʛʝʪʩʢʘʪʘ ʧʦʣʠʪʠʢʘ ʥʘ ʩʝʢʦʿʘ ʟʝʤʿʘ ʩʝ ʦʨʠʝʥʪʠʨʘ ʢʦʥ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ. ʉʦ ʪʦʘ ˃ʝ ʩʝ ʥʘʤʘʣʠ 

ʧʨʠʤʝʥʘʪʘ ʥʘ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ ʠ ʥʠʚʥʦʪʦ ʣʦʰʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. 

ʅʘʿʠʩʢʦʨʠʩʪʝʥ ʦʙʥʦʚʣʠʚ ʠ ʯʠʩʪ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ ʜʦʩʝʛʘ ʝ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʩʦʥʮʝʪʦ.  
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ʈʘʟʚʦʿʦʪ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʢʦʠ ʿʘ ʢʦʨʠʩʪʘʪ ʦʚʘʘ ʝʥʝʨʛʠʿʘ ʩʝ ʦʜʚʠʚʘ ʜʦʩʪʘ ʙʨʟʦ ʠ ʦʚʦʟʤʦʞʫʚʘ 

ʥʝʿʟʠʥʦ ʤʘʢʩʠʤʘʣʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ. ʉʝʧʘʢ, ʦʧʰʪʘʪʘ ʤʘʩʦʚʥʘ ʧʨʠʤʝʥʘ ʥʘ ʦʚʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʟʘʚʠʩʠ ʦʜ ʥʠʚʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ, ʮʝʥʘʪʘ, ʩʪʘʙʠʣʥʦʩʪʘ ʠ ʜʦʩʪʘʧʥʦʩʪʘ.  

ɺʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʝ ʨʘʟʛʣʝʜʘʥʘ ʝʜʥʘ ʦʜ ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ʪʝʥʢʦʩʣʦʿʥʠ ʩʦʥʯʝʚʠ 

˃ʝʣʠʠ, ʢʦʠ ʩʝ ʨʘʟʚʠʚʘʘʪ ʠ ʠʩʧʠʪʫʚʘʘʪ ʩʦ ʜʦʩʪʘ ʙʨʟʦ ʪʝʤʧʦ ʙʠʜʝʿ˃ʠ ʩʝ ʘʪʨʘʢʪʠʚʥʠ ʟʘ 

ʢʦʤʝʨʮʠʿʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʘ ʧʨʠʤʝʨ ʟʘ ʪʦʘ ʩʝ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʥʠʪʝ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ ʠ 

ʤʦʜʫʣʠ. ʊʠʝ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ ʩʦ ʟʥʘʯʠʪʝʣʥʦ ʚʠʩʦʢʠʦʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʘʧʩʦʨʧʮʠʿʘ ʢʦʿ 

ʨʝʟʫʣʪʠʨʘ ʩʦ ʚʠʩʦʢʘ ʠʟʣʝʟʥʘ ʤʦ˃ʥʦʩʪ ʜʫʨʠ ʠ ʚʦ ʫʩʣʦʚʠ ʥʘ ʤʠʥʠʤʘʣʥʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ, 

ʣʝʩʥʦʪʦ ʠ ʙʨʟʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʦʜʫʣʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʧʦʚʠʩʦʢʠ ʦʜ 700Áʉ, ʢʘʢʦ ʠ 

ʢʨʘʪʢʦʪʦ ʚʨʝʤʝ ʥʘ ʧʦʚʨʘʪ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʥʦʛʫ ʧʦʢʨʘʪʢʦ 

ʚʦ ʦʜʥʦʩ ʥʘ ʦʩʪʘʥʘʪʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. ɼʦʙʨʦ ʝ ʜʘ ʩʝ ʟʥʘʘʪ ʥʠʚʥʠʪʝ ʛʣʘʚʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʘ ʤʦʞʝʙʠ ʪʦʢʤʫ ʧʦʨʘʜʠ ʥʠʚʥʠʪʝ ʧʨʝʜʥʦʩʪʠ ˃ʝ ʩʪʘʥʘʪ ʜʦʩʪʘʧʥʠ ʠ ʥʘ ʥʘʰʠʦʪ ʧʘʟʘʨ.  

2. ʊʝʭʥʠʯʢʠ ʠ ʝʢʦʥʦʤʩʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ cdte ʩʦʥʯʝʚʠ ʧʘʥʝʣʠ 

ʂʘʜʤʠʫʤ ʪʝʣʫʨʠʜʦʪ (CdTe) ʝ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʤʘʪʝʨʠʿʘʣ ʩʦ ʰʠʨʠʥʘ ʥʘ 

ʟʘʙʨʘʥʝʪʘʪʘ ʟʦʥʘ Eg=1.5eV, ʢʦʿʘ ʨʝʯʠʩʠ ʩʦʚʨʰʝʥʦ ʦʜʛʦʚʘʨʘ ʥʘ ʩʦʥʯʝʚʠʦʪ ʩʧʝʢʪʘʨ ʟʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʢʦʥʚʝʨʟʠʿʘ ʠ ʦʚʦʟʤʦʞʫʚʘ ʘʧʩʦʨʧʮʠʿʘ ʥʘ ʬʦʪʦʥʠ ʩʦ ʝʥʝʨʛʠʿʘ ʧʦʛʦʣʝʤʘ ʦʜ 

Eg ʥʘ ʩʘʤʘʪʘ ʧʦʚʨʰʠʥʘ ʦʜ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʦʪ, ʰʪʦ ʛʦ ʧʨʘʚʠ ʦʚʦʿ ʤʘʪʝʨʠʿʘʣ ʘʪʨʘʢʪʠʚʝʥ ʟʘ 

ʫʧʦʪʨʝʙʘ ʢʘʢʦ ʘʧʩʦʨʙʝʨ ʚʦ ʪʝʥʢʦʩʣʦʿʥʠʪʝ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ. ɺʠʩʦʢʠʦʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ 

ʘʧʩʦʨʧʮʠʿʘ ʥʘ ʦʚʦʿ ʤʘʪʝʨʠʿʘʣ, ʧʦʛʦʣʝʤ ʦʜ 5x105/cm, ʦʚʦʟʤʦʞʫʚʘ ʘʧʩʦʨʧʮʠʿʘ ʥʘ ʨʝʯʠʩʠ 

99% ʦʜ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʬʦʪʦʥʠʪʝ ʩʦ ʫʧʦʪʨʝʙʘ ʥʘ ʩʣʦʿ ʩʦ ʜʝʙʝʣʠʥʘ ʦʜ ʩʘʤʦ 2Õm. [1] 

ʊʝʦʨʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ CdTe ʩʦʥʯʝʚʠʪʝ ˃ʝʣʠʠ ʠʟʥʝʩʫʚʘ ʦʢʦʣʫ 30%, ʤʝʺʫʪʦʘ 

ʧʨʘʢʪʠʯʥʦ ʦʚʘʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝʫʰʪʝ ʥʝ ʩʝ ʧʦʩʪʠʛʥʘʣʘ. ʅʘʿʚʠʩʦʢʘʪʘ ʧʦʩʪʠʛʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ 

ʟʘ ʦʚʠʝ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ ʝ 18,7%, ʦʜ ʩʪʨʘʥʘ ʥʘ ʢʦʤʧʘʥʠʿʘʪʘ First Solar, ʘ ʟʘ ʩʦʥʯʝʚʠʪʝ 

ʤʦʜʫʣʠ ʝ 16,1%, ʢʦʿʘ ʝʬʠʢʘʩʥʦʩʪ ʝ ʠʩʪʦ ʪʘʢʘ ʧʦʩʪʠʛʥʘʪʘ ʦʜ ʦʚʘʘ ʢʦʤʧʘʥʠʿʘ. [2] 

2.1. ʉʪʨʫʢʪʫʨʘ ʥʘ CdTe ʩʦʥʯʝʚʠʪʝ ˃ʝʣʠʠ 

ʂʘʜʤʠʫʤ ʪʝʣʫʨʠʜʥʠʪʝ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ ʤʦʞʘʪ ʜʘ ʩʝ ʠʟʨʘʙʦʪʫʚʘʘʪ ʥʘ ʨʘʟʣʠʯʥʠ 

ʧʦʜʣʦʛʠ ʠ ʚʦ ʨʘʟʣʠʯʥʠ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʅʘʿʧʦʟʥʘʪʠ ʩʝ CdTe ʩʦʥʯʝʚʠʪʝ ˃ʝʣʠʠ ʢʦʠ ʩʝ 

ʠʟʨʘʙʦʪʫʚʘʘʪ ʥʘ ʮʚʨʩʪʘ ʧʦʜʣʦʛʘ ʦʜ ʩʪʘʢʣʦ ʠ ʥʘ ʬʣʝʢʩʠʙʠʣʥʘ ʤʝʪʘʣʥʘ ʧʦʜʣʦʛʘ.  

ʅʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥ ʢʦʥʚʝʥʮʠʦʥʘʣʝʥ ʥʘʯʠʥ ʥʘ ʠʟʨʘʙʦʪʢʘ ʝ ʥʘ ʧʦʜʣʦʛʘ ʦʜ ʩʪʘʢʣʦ, 

ʤʝʺʫʪʦʘ ʧʦʨʘʜʠ ʛʦʣʝʤʘʪʘ ʤʘʩʘ ʥʘ ʩʪʘʢʣʦʪʦ ʠ ʬʘʢʪʦʪ ʰʪʦ ʩʪʘʢʣʦʪʦ ʥʝ ʤʦʞʝ ʜʘ ʩʝ 

ʦʙʣʠʢʫʚʘ, ʩʝ ʧʨʠʦʺʘ ʢʦʥ ʠʟʨʘʙʦʪʢʘ ʥʘ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ ʥʘ ʧʦʜʣʦʛʘ ʦʜ ʬʣʝʢʩʠʙʠʣʥʘ ʤʝʪʘʣʥʘ 

ʬʦʣʠʿʘ ʢʦʠ ʰʪʦ ʩʝ ʩʦ ʧʦʤʘʣʘ ʤʘʩʘ ʠ ʤʦʞʘʪ ʜʘ ʩʝ ʦʙʣʠʢʫʚʘʘʪ ʚʦ ʨʘʟʣʠʯʥʠ ʬʦʨʤʠ ʟʘ ʜʘ ʩʝ 

ʧʦʩʪʘʚʘʪ ʥʘ ʧʦʚʨʰʠʥʠ ʩʦ ʨʘʟʣʠʯʥʠ ʦʙʣʠʮʠ. ɼʚʝʪʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʥʠ 

ʩʦʥʯʝʚʠ ˃ʝʣʠʠ ʩʝ ʜʘʜʝʥʠ ʥʘ ʉʣʠʢʘ 1.  
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˿͙͊͟͡ 1. ʉʪʨʫʢʪʫʨʘ ʥʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʥʠ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ- ʥʘ ʩʪʘʢʣʝʥʘ ʧʦʜʣʦʛʘ (ʣʝʚʦ), ʥʘ ʤʝʪʘʣʥʘ 

ʬʣʝʢʩʠʙʠʣʥʘ ʧʦʜʣʦʛʘ (ʜʝʩʥʦ) [3] 

 

ʆʜ ʩʣʠʢʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʠ ʜʚʝʪʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʢʘʜʤʠʫʤ 

ʪʝʣʫʨʠʜʥʠ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ ʛʠ ʠʤʘʘʪ ʠʩʪʠʪʝ ʩʣʦʝʚʠ, ʥʦ ʥʠʚʥʠʦʪ ʨʘʩʧʦʨʝʜ, ʪ.ʝ ʨʝʜʦʩʣʝʜʦʪ 

ʥʘ ʜʝʧʦʟʠʮʠʿʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʝ ʨʘʟʣʠʯʝʥ. ʂʘʿ ʧʨʚʘʪʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ, ʧʨʚ ʝ ʩʣʦʿʦʪ ʥʘ 

ʩʪʘʢʣʦʪʦ. ʆʚʦʿ ʩʣʦʿ ʚʩʫʰʥʦʩʪ ʩʣʫʞʠ ʢʘʢʦ ʩʪʨʫʢʪʫʨʥʘ ʧʦʜʨʰʢʘ ʥʘ ʩʦʥʯʝʚʘʪʘ ˃ʝʣʠʿʘ ʠ ʛʦ 

ʩʧʨʝʯʫʚʘ ʥʘʚʣʝʛʫʚʘˁʝʪʦ ʥʘ ʥʝʯʠʩʪʦʪʠ ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ. ɺʪʦʨʠʦʪ ʩʣʦʿ ʝ ʪʨʘʥʩʧʘʨʝʥʪʥʠʦʪ 

ʧʨʦʚʦʜʝʥ ʦʢʩʠʜ ʢʦʿ ʩʣʫʞʠ ʢʘʢʦ ʧʨʝʜʝʥ ʢʦʥʪʘʢʪ ʥʘ ˃ʝʣʠʿʘʪʘ. ɿʘ ʦʚʘʘ ʥʘʤʝʥʘ ʥʘʿʯʝʩʪʦ ʩʝ 

ʢʦʨʠʩʪʠ ʢʘʣʘʿ ʦʢʩʠʜ ʠʣʠ ʠʥʜʠʫʤ ʦʢʩʠʜ. ʊʨʝʪ ʝ ʩʣʦʿʦʪ ʥʘ ʢʘʜʤʠʫʤ ʩʫʣʬʠʜ (CdS), ʫʰʪʝ 

ʥʘʨʝʯʝʥ ʠ ʧʨʦʟʦʨʝʮ, ʢʦʿ ʰʪʦ ʠʤʘ ʫʣʦʛʘ ʥʘ n- ʪʠʧ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʠ ʩʣʫʞʠ ʟʘ ʬʦʨʤʠʨʘˁʝ 

ʥʘ p-n ʩʧʦʿʦʪ ʩʦ ʩʣʝʜʥʠʦʪ ʩʣʦʿ, ʘ ʪʦʘ ʝ ʩʣʦʿʦʪ ʥʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜ (CdTe) p- ʪʠʧ ʥʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʫʰʪʝ ʥʘʨʝʯʝʥ ʠ ʘʧʩʦʨʙʝʨ. ʇʦʩʣʝʜʝʥ ʝ ʩʣʦʿʦʪ ʥʘ ʟʘʜʝʥ ʢʦʥʪʘʢʪ, ʘ ʪʦʘ ʝ 

ʥʘʿʯʝʩʪʦ ʩʣʦʿ ʥʘ ʛʨʘʬʠʪ ʜʦʧʠʥʛʫʚʘʥ ʩʦ ʙʘʢʘʨ.  

ʂʘʿ ʚʪʦʨʠʦʪ ʪʠʧ ʥʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʥʠ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ ʢʦʠ ʩʝ ʠʟʨʘʙʦʪʫʚʘʘʪ ʥʘ 

ʧʦʜʣʦʛʘ ʦʜ ʤʝʪʘʣʥʘ ʬʣʝʢʩʠʙʠʣʥʘ ʬʦʣʠʿʘ, ʧʨʚ ʝ ʩʝʢʘʢʦ ʩʣʦʿʦʪ ʥʘ ʧʦʜʣʦʛʘʪʘ ʦʜ ʤʝʪʘʣʥʘ 

ʬʦʣʠʿʘ ʚʨʟ ʢʦʿ ʩʝ ʚʨʰʠ ʜʝʧʦʟʠʮʠʿʘ ʥʘ ʦʩʪʘʥʘʪʠʪʝ ʩʣʦʝʚʠ ʠ ʪʦʘ ʥʘʧʨʚʦ ʩʣʦʿʦʪ ʥʘ ʟʘʜʥʠʦʪ 

ʢʦʥʪʘʢʪ ʢʦʿ ʥʘʿʯʝʩʪʦ ʝ ʩʣʦʿ ʥʘ ʤʦʣʠʙʜʝʥ ʄʦ, ʩʣʝʜʫʚʘʘʪ ʩʣʦʝʚʠʪʝ ʥʘ p- ʪʠʧ ʧʦʣʫʧʨʦʚʦʜʥʠʢ, 

CdTe, ʠ n- ʪʠʧ ʧʦʣʫʧʨʦʚʦʜʥʠʢ, CdS. ʇʦʩʣʝʜʝʥ ʝ ʩʣʦʿʦʪ ʥʘ ʪʨʘʥʩʧʘʨʝʥʪʝʥ ʧʨʦʚʦʜʝʥ ʦʢʩʠʜ.  

[3] 

2.2. ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ CdTe ʩʦʥʯʝʚʠ ʧʘʥʝʣʠ 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʥʠ ʩʦʥʯʝʚʠ ˃ʝʣʠʠ ʩʝ ʢʦʨʠʩʪʘʪ ʥʘʿʨʘʟʣʠʯʥʠ 

ʤʝʪʦʜʠ ʠ ʪʝʭʥʠʢʠ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʧʨʦʠʟʚʦʜʠʪʝʣʦʪ. ʄʝʺʫ ʥʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥʠ ʩʝ ʪʝʭʥʠʢʠʪʝ 

ʩʦ ʥʘʧʘʨʫʚʘˁʝ, ʦʜʥʦʩʥʦ ʪʝʭʥʠʢʠʪʝ ʢʦʠ ʢʦʨʠʩʪʘʪ ʩʫʙʣʠʤʘʮʠʿʘ ʥʘ ʠʟʚʦʨ ʥʘ CdTe ʥʘ ʚʠʩʦʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʝʧʦʟʠʮʠʿʘ ʥʘ ʪʝʥʦʢ ʩʣʦʿ ʥʘ ʧʘʨʝa ʥʘ CdTe ʥʘ ʧʦʜʣʦʛʘ ʦʜ ʩʪʘʢʣʦ ʠʣʠ 

ʤʝʪʘʣʥʘ ʬʦʣʠʿʘ. ɼʦʙʨʦ ʧʦʟʥʘʪʠ ʩʝ ʠ ʪʝʭʥʠʢʠʪʝ ʥʘ ʝʣʝʢʪʨʦʜʝʧʦʟʠʮʠʿʘ ʠ ʜʝʧʦʟʠʮʠʿʘ ʩʦ 

ʧʝʯʘʪʝˁʝ. ɿʥʘʯʘʝʥ ʜʝʣ ʦʜ ʩʝʢʦʿ ʧʨʦʮʝʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ CdTe ʩʦʥʯʝʚʠ ˃ʝʣʠʠ ʝ ʬʘʟʘʪʘ 

ʥʘ ʥʠʚʥʘ ʘʢʪʠʚʘʮʠʿʘ, ʢʦʿʘ ʧʦʜʨʘʟʙʠʨʘ ʪʨʝʪʤʘʥ ʥʘ ʩʝʢʦʿʘ ʩʦʥʯʝʚʘ ˃ʝʣʠʿʘ ʩʦ ʢʘʜʤʠʫʤ 

ʭʣʦʨʠʜ CdCl2 ʥʘ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʆʚʦʿ ʪʨʝʪʤʘʥ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʟʥʘʯʘʿʥʦ ʧʦʜʦʙʨʫʚʘˁʝ 

ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʠ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʩʦʥʯʝʚʘʪʘ ˃ʝʣʠʿʘ. [4] 

ʎʝʣʦʢʫʧʥʠʦʪ ʧʨʦʮʝʩ ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ CdTe ʩʦʥʯʝʚ ʤʦʜʫʣ ʢʘʢʦ ʢʨʘʝʥ ʧʨʦʠʟʚʦʜ, 

ʦʧʬʘ˃ʘ ʧʦʚʝ˃ʝ ʬʘʟʠ. ʉʝʢʦʿʘ ʬʘʟʘ ʠ ʥʠʚʥʠʦʪ ʨʝʜʦʩʣʝʜ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘ 2. ʅʘʿʧʨʚʦ ʩʦ 

ʚʨʰʠ ʯʠʩʪʝˁʝ ʥʘ ʧʦʜʣʦʛʘʪʘ ʦʜ ʩʪʘʢʣʦ ʥʘ ʢʦʿʘ ʝ ʥʘʥʝʩʝʥ ʪʨʘʥʩʧʘʨʝʥʪʝʥ ʧʨʦʚʦʜʝʥ ʦʢʩʠʜ. 

ʇʦʪʦʘ ʩʝ ʚʨʰʠ ʣʘʩʝʨʩʢʦ ñʢʨʦʝˁʝò ʥʘ ʪʨʘʥʩʧʘʨʝʥʪʥʠʦʪ ʦʢʩʠʜ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʜʦʙʠʝ ʧʨʝʜʝʥ 
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ʢʦʥʪʘʢʪ ʟʘ ʩʝʢʦʿʘ ʠʥʜʠʚʫʜʫʘʣʥʘ ʩʦʥʯʝʚʘ ˃ʝʣʠʿʘ. ʉʣʝʜʝʥ ʝ ʧʨʦʮʝʩʦʪ ʥʘ ʜʝʧʦʟʠʮʠʿʘ ʥʘ n ʠ p 

ʪʠʧʦʪ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʮʠ (CdS ʠ CdTe) ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʥʝʢʦʿʘ ʦʜ ʛʦʨʝʩʧʦʤʝʥʘʪʠʪʝ 

ʪʝʭʥʠʢʠ, ʘ ʧʦʪʦʘ ʩʝ ʚʨʰʠ ʥʠʚʥʦ ʣʘʩʝʨʩʢʦ ñʢʨʦʝˁʝò ʟʘ ʩʝʢʦʿʘ ʠʥʜʠʚʠʜʫʘʣʥʘ ʩʦʥʯʝʚʘ 

˃ʝʣʠʿʘ. ʇʦʩʣʝʜʝʥ ʩʝ ʥʘʥʝʩʫʚʘ ʩʣʦʿʦʪ ʥʘ ʟʘʜʥʠʦʪ ʢʦʥʪʘʢʪ ʠ ʪʦʿ ʩʝ ʢʨʦʠ. ʇʨʝʜ ʜʘ ʩʝ ʠʟʚʨʰʠ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʤʦʜʫʣʦʪ, ʩʣʝʜʠ ʧʦʨʘʤʥʫʚʘˁʝ ʥʘ ʨʘʙʦʚʠʪʝ ʠ ʯʠʩʪʝˁʝ ʥʘ ʩʦʥʯʝʚʠʪʝ 

˃ʝʣʠʠ, ʢʘʢʦ ʠ ʪʝʩʪʠʨʘˁʝ ʥʘ ʥʠʚʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦ ʩʠʤʫʣʘʪʦʨ. ɽʥʢʘʧʩʫʣʘʮʠʿʘʪʘ ʥʘ 

ʤʦʜʫʣʦʪ ʚʢʣʫʯʫʚʘ ʪʨʠ ʬʘʟʠ: ʠʟʚʣʝʢʫʚʘˁʝ ʥʘ ʩʧʨʦʚʦʜʥʠ ʢʦʥʪʘʢʪʠ ʦʜ ʢʨʘʿʥʠʪʝ ʩʣʦʝʚʠʪʝ ʟʘ 

ʧʦʚʨʟʫʚʘˁʝ ʩʦ ʢʫ˃ʠʰʪʝʪʦ, ʧʦʢʨʠʚʘˁʝ ʩʦ ʟʘʰʪʠʪʥʘ ʧʦʢʨʠʚʢʘ ʠʣʠ ʩʪʘʢʣʦ ʠ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ 

ʢʫ˃ʠʰʪʝʪʦ. ʇʨʦʮʝʩʦʪ ʟʘʚʨʰʫʚʘ ʩʦ ʟʘʧʝʯʘʪʫʚʘˁʝ ʠʣʠ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʤʦʜʫʣʦʪ ʚʦ ʨʘʤʢʘ, ʘ 

ʧʨʝʜ ʜʘ ʩʝ ʩʧʘʢʫʚʘ, ʩʝ ʚʨʰʠ ʫʰʪʝ ʝʜʥʦ ʪʝʩʪʠʨʘˁʝ ʥʘ ʤʦʜʫʣʦʪ ʩʦ ʩʠʤʫʣʘʪʦʨ. [5] 

 

 
˿͙͊͟͡ 2. ʇʨʦʮʝʩ ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ CdTe ʩʦʥʯʝʚʠ ʤʦʜʫʣʠ [5] 

 

ʅʘʿʛʦʣʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣ ʥʘ CdTe ʩʦʥʯʝʚʠ ʤʦʜʫʣʠ ʚʦ ʩʚʝʪʦʪ ʝ ʢʦʤʧʘʥʠʿʘʪʘ First Solar 

ʦʜ ʉɸɼ, ʩʦ ʧʨʦʠʟʚʝʜʝʥʠ ʤʦʜʫʣʠ ʯʠʿʘ ʚʢʫʧʥʘ ʠʟʣʝʟʥʘ ʤʦ˃ʥʦʩʪ ʥʘʜʤʠʥʫʚʘ 7GW ʠ ʛʦʣʝʤ 

ʙʨʦʿ ʥʘ ʟʘʚʨʰʝʥʠ ʧʨʦʝʢʪʠ ʥʘ ʩʦʥʯʝʚʠ ʮʝʥʪʨʘʣʠ ʥʠʟ ʩʚʝʪʦʪ. ɼʨʫʛʠ ʧʦʟʥʘʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʥʘ ʦʚʦʿ ʪʠʧ ʩʦʥʯʝʚʠ ʤʦʜʫʣʠ ʩʝ Primestar Solar ʠ Abound Solar, ʠʩʪʦ ʪʘʢʘ ʦʜ ʉɸɼ, Antec 

Solar ʦʜ ɻʝʨʤʘʥʠʿʘ, Longyan Energy Technology ʦʜ ʂʠʥʘ ʠʪʥ. [6] 

3. ɽʢʦʥʦʤʩʢʠ ʘʩʧʝʢʪʠ ʥʘ CdTe ʩʦʥʯʝʚʠʪʝ ʤʦʜʫʣʠ 

3.1. ʇʨʦʠʟʚʦʜʥʠ ʪʨʦʰʦʮʠ 

ʎʝʥʘʪʘ ʥʘ ʧʨʦʠʟʚʦʜʥʠʦʪ ʧʨʦʮʝʩ ʥʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʥʠʪʝ ʩʦʥʯʝʚʠ ʧʘʥʝʣʠ ʟʘʚʠʩʠ 

ʦʜ ʧʦʚʝ˃ʝ ʬʘʢʪʦʨʠ. ʇʨʚ ʬʘʢʪʦʨ ʝ ʮʝʥʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʢʘʢʦ ʩʫʨʦʚʠʥʠ.  

ɼʚʘʪʘ ʛʣʘʚʥʠ ʝʣʝʤʝʥʪʠ, ʢʘʜʤʠʫʤʦʪ ʠ ʪʝʣʫʨʦʪ,  ʩʝ ʜʦʙʠʚʘʘʪ ʢʘʢʦ ʩʝʢʫʥʜʘʨʥʠ 

ʧʨʦʜʫʢʪʠ ʧʨʠ ʪʦʧʝˁʝ ʥʘ ʨʫʜʠ ʥʘ ʮʠʥʢ, ʙʘʢʘʨ ʠʣʠ ʦʣʦʚʦ. ʊʝʣʫʨʦʪ ʝ ʧʦʜʝʬʠʮʠʪʘʨʝʥ ʦʜ 

ʢʘʜʤʠʫʤʦʪ ʠ ʧʦʨʘʜʠ ʪʦʘ ʝ ʠ ʧʦʩʢʘʧ. ʎʝʥʘʪʘ ʥʘ 95% ʯʠʩʪʠʦʪ ʢʘʜʤʠʫʤ ʠʟʥʝʩʫʚʘ ʦʢʦʣʫ 

24.000 ʜʦʣʘʨʠ ʟʘ ʪʦʥ, ʘ ʮʝʥʘʪʘ ʥʘ 95% ʯʠʩʪʠʦʪ ʪʝʣʫʨ ʠʟʥʝʩʫʚʘ 40.000 ʜʦʣʘʨʠ ʟʘ ʪʦʥ. [1] 

ʅʘ ʦʚʘʘ ʮʝʥʘ ʤʦʨʘ ʜʘ ʩʝ ʜʦʜʘʜʝ ʠ ʮʝʥʘʪʘ ʥʘ ʩʪʘʢʣʦʪʦ ʢʦʝ ʩʝ ʢʦʨʠʩʪʠ ʢʘʢʦ ʧʦʜʣʦʛʘ, 

ʮʝʥʘʪʘ ʥʘ ʪʨʘʥʩʧʘʨʝʥʪʥʠʦʪ ʧʨʦʚʦʜʝʥ ʦʢʩʠʜ ʠ ʮʝʥʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʢʦʿ ˃ʝ ʩʝ ʢʦʨʠʩʪʠ 
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ʢʘʢʦ ʟʘʜʝʥ ʢʦʥʪʘʢʪ. ʉʫʤʠʨʘʥʦ, ʮʝʥʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʟʘ ʩʦʥʯʝʚ ʤʦʜʫʣ ʩʦ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 

ʦʢʦʣʫ 12% ˃ʝ ʙʠʜʝ 0,52 ʜʦʣʘʨʠ/Wp. ʄʝʺʫʪʦʘ, ʮʝʥʘʪʘ ʥʘ ʧʨʦʠʟʚʦʜʥʠʦʪ ʧʨʦʮʝʩ ʤʦʨʘ ʜʘ ʛʠ 

ʚʢʣʫʯʠ ʠ ʪʨʦʰʦʮʠʪʝ ʟʘ ʨʘʙʦʪʥʘ ʨʘʢʘ, ʢʦʤʫʥʘʣʥʠʪʝ ʪʨʦʰʦʮʠ, ʪʨʦʰʦʮʠʪʝ ʟʘ ʦʧʨʝʤʘʪʘ ʠ 

ʦʜʨʞʫʚʘˁʝʪʦ. ʉʦ ʩʝʪʦ ʦʚʘ ʚʢʣʫʯʝʥʦ, ʩʝ ʜʦʙʠʚʘ ʢʨʘʿʥʘʪʘ ʧʨʦʠʟʚʦʜʥʘ ʮʝʥʘ ʦʜ 0,75 

ʜʦʣʘʨʠ/Wp.  

ʉʦ ʧʦʨʘʩʪ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʤʦʜʫʣʦʪ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʩʣʦʿʦʪ ʥʘ 

CdTe, ʩʠʪʝ ʦʚʠʝ ʪʨʦʰʦʮʠ ʩʝ ʥʘʤʘʣʫʚʘʘʪ, ʪʘʢʘ ʰʪʦ ʜʦʢʦʣʢʫ ʩʦʥʯʝʚʠʪʝ ʤʦʜʫʣʠ ʢʦʠ ʩʝ 

ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʩʝ ʩʦ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 18%, ʧʨʦʠʟʚʦʜʥʘʪʘ ʮʝʥʘ ˃ʝ ʙʠʜʝ 0,47 ʜʦʣʘʨʠ/Wp. 

ɻʨʘʬʠʯʢʠ ʦʚʘʘ ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʠʟʚʦʜʥʘʪʘ ʮʝʥʘ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʉʣʠʢʘ 4.  

 

˿͙͊͟͡ 3. ʇʨʦʠʟʚʦʜʥʠ ʪʨʦʰʦʮʠ ʟʘ CdTe ʤʦʜʫʣʠ ʩʦ ʨʘʟʣʠʯʥʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʜʝʙʝʣʠʥʘ ʥʘ CdTe ʩʣʦʿʦʪ [7] 

 

3.2. ɺʨʝʤʝ ʥʘ ʧʦʚʨʘʪ ʥʘ ʝʥʝʨʛʠʿʘʪʘ (Energy Payback Time EPBT) 

ɺʨʝʤʝʪʦ ʥʘ ʧʦʚʨʘʪ ʥʘ ʝʥʝʨʛʠʿʘʪʘ (Energy Payback Time) ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʢʦ ʦʜʥʦʩ 

ʦʜ ʚʣʦʞʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʦʜʫʣʦʪ ʠ ʜʦʙʠʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʤʦʜʫʣʦʪ ʟʘ 

ʦʜʨʝʜʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ. ʊʦʘ ʝ ʜʘʜʝʥʦ ʩʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

ʛʦʜʠʥʠ

E

E
EPBT

output

input
=  

  ʊʝʭʥʦʣʦʛʠʿʘʪʘ ʥʘ CdTe ʩʦʥʯʝʚʠ ʤʦʜʫʣʠ ʥʫʜʠ ʥʘʿʙʨʟʦ ʚʨʝʤʝ ʥʘ ʧʦʚʨʘʪ ʥʘ 

ʝʥʝʨʛʠʿʘʪʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʩʠʪʝ ʦʩʪʘʥʘʪʠ ʪʝʭʥʦʣʦʛʠʠ. 

ɿʘ ʧʦʤʘʣʢʫ ʦʜ ʝʜʥʘ ʛʦʜʠʥʘ, ʩʦʥʯʝʚ ʤʦʜʫʣ ʩʦ ʝʬʠʢʘʩʥʦʩʪ ʦʜ ʦʢʦʣʫ 11,3% ʧʨʦʠʟʚʝʜʫʚʘ 

ʧʦʚʝ˃ʝ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʪʢʦʣʢʫ ʰʪʦ ʝ ʧʦʪʨʝʙʥʦ ʟʘ ʪʦʿ ʤʦʜʫʣ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝ. [8] 
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˿͙͊͟͡ 4. ɺʨʝʤʝ ʥʘ ʧʦʚʨʘʪ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʢʘʿ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʠ ʥʘ ʩʦʥʯʝʚʠ ʪʝʭʥʦʣʦʛʠʠ [8] 

 

3.3. ʎʝʥʘ ʥʘ CdTe ʩʦʥʯʝʚʠʪʝ ʤʦʜʫʣʠ ʥʘ ʧʘʟʘʨʦʪ 

ɺʦ ʪʘʙʝʣʘ 1 ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʚʠʞʝˁʝʪʦ ʥʘ ʮʝʥʠʪʝ ʥʘ CdTe ʩʦʥʯʝʚʠʪʝ ʤʦʜʫʣʠ 

ʩʧʦʨʝʜʝʥʦ ʩʦ ʦʩʪʘʥʘʪʠʪʝ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʘʧʥʠ ʪʠʧʦʚʠ ʥʘ ʩʦʥʯʝʚʠ ʤʦʜʫʣʠ. ʄʦʞʝ ʜʘ ʩʝ 

ʟʘʙʝʣʝʞʠ ʟʥʘʯʠʪʝʣʝʥ ʧʘʜ ʥʘ ʮʝʥʘʪʘ ʥʘ CdTe ʤʦʜʫʣʠ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʜʚʝ ʛʦʜʠʥʠ. 

ʄʦʤʝʥʪʘʣʥʘʪʘ ʮʝʥʘ ʝ ʜʦʩʪʘ ʢʦʥʢʫʨʝʥʪʥʘ ʥʘ ʧʘʟʘʨʦʪ, ʧʘ ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʝ ʩʘʤʦ ʧʨʘʰʘˁʝ ʥʘ 

ʚʨʝʤʝ ʢʦʛʘ ʦʚʘʘ ʪʝʭʥʦʣʦʛʠʿʘ ˃ʝ ʛʦ ʟʘʟʝʤʝ ʧʨʠʤʘʪʦʪ ʥʘ ʧʘʟʘʨʦʪ ʠ ˃ʝ ʛʠ ʟʘʤʝʥʠ 

ʩʠʣʠʮʠʫʤʦʚʠʪʝ ʤʦʜʫʣʠ ʦʜ ʧʨʚʘʪʘ ʛʝʥʝʨʘʮʠʿʘ. [9] 

͔́͊͋͊͡ 1. ʇʨʝʛʣʝʜ ʥʘ ʮʝʥʠʪʝ ʥʘ ʧʘʟʘʨʦʪ ʥʘ ʩʦʥʯʝʚʠ ʤʦʜʫʣʠ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʜʚʝ ʛʦʜʠʥʠ 

 

 

 

 

  ú/Wp 

Modulle type 
March 
2013 

September 
2012 

March 
2012 

September 
2011 

March 
2011 

Crystalline 
Germany 

0,79 0,86 1,02 1,33 1,61 

Crystalline China 0,55 0,58 0,74 0,98 1,37 

Crystalline Japan 0,81 0,89 1,00 1,27 1,57 

Thin film 
CdS/CdTe 

0,55 0,59 0,61 0,92 1,16 

Thin film a-Si 0,42 0,49 0,57 0,77 1,01 

Thin film a-Si/Õ-Si 0,51 0,56 0,71 0,93 1,23 
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4. ɺʣʠʿʘʥʠʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ 

ʀ ʧʦʢʨʘʿ ʬʘʢʪʦʪ ʰʪʦ ʢʘʜʤʠʫʤʦʪ ʠ ʪʝʣʫʨʦʪ ʩʝ ʪʦʢʩʠʯʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʩʝʧʘʢ ʘʥʘʣʠʟʠʪʝ 

ʚʝʣʘʪ ʜʝʢʘ ʥʝʤʘ ʨʠʟʠʢ ʦʜ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʥʠʪʝ ʩʦʥʯʝʚʠ ʤʦʜʫʣʠ. ʂʘʜʤʠʫʤ 

ʪʝʣʫʨʠʜʦʪ ʚʦ ʩʦʥʯʝʚʠʦʪ ʤʦʜʫʣ ʩʝ ʥʘʦʺʘ ʩʤʝʩʪʝʥ ʧʦʤʝʺʫ ʜʚʘ ʩʣʦʝʚʠ ʥʘ ʩʪʘʢʣʦ ʠ ʚʦ 

ʥʦʨʤʘʣʥʠ ʫʩʣʦʚʠ ʥʝ ʤʦʞʝ ʜʘ ʜʦʿʜʝ ʜʦ ʥʝʛʦʚʦ ʠʩʧʘʨʫʚʘˁʝ ʠ ʝʤʠʩʠʿʘ ʥʘ Cd ʠ ʊʝ ʚʦ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. CdTe ʠʤʘ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʨʠʝˁʝ ʠ ʪʦʧʝˁʝ, ʧʘ ʜʫʨʠ ʠ ʚʦ 

ʩʣʫʯʘʿ ʥʘ ʧʦʞʘʨ ʜʦʘʺʘ ʩʘʤʦ ʜʦ ʜʠʬʫʟʠʿʘ ʥʘ ʢʘʜʤʠʫʤʦʪ ʪʝʣʫʨʠʜʦʪ ʥʠʟ ʩʪʘʢʣʦʪʦ. ɺʦ ʪʝʢʦʪ 

ʥʘ ʩʚʦʿʦʪ ʞʠʚʦʪʝʥ ʚʝʢ, CdTe ʩʦʥʯʝʚʠʪʝ ʤʦʜʫʣʠ ʚʨʰʘʪ ʝʤʠʩʠʿʘ ʥʘ ʩʘʤʦ 0,02g ʥʘ Cd ʟʘ 

GWh, ʰʪʦ ʝ ʤʥʦʛʫ ʤʘʣʢʫ. ʂʘʢʦ ʩʧʦʨʝʜʙʘ, ʤʦʜʫʣ ʥʘ CdTe ʩʦ ʤʦ˃ʥʦʩʪ ʦʜ 1kW ʩʦʜʨʞʠ 

ʧʦʤʘʣʢʫ ʢʘʜʤʠʫʤ ʦʪʢʦʣʢʫ ʰʪʦ ʩʦʜʨʞʘʪ 10C Ni-Cd ʙʘʪʝʨʠʠʪʝ, ʘ ʟʥʘʯʘʝʥ ʝ ʠ ʬʘʢʪʦʪ ʜʝʢʘ 

ʦʚʦʿ ʢʘʜʤʠʫʤ ʝ ʜʦʩʪʘ ʧʦʩʪʘʙʠʣʝʥ ʠ ʧʦʤʘʣʢʫ ʨʘʩʪʚʦʨʣʠʚ ʚʦ ʚʦʜʘ. ʀʩʪʦ ʪʘʢʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʥʘ ʚʘʢʚʠ ʤʦʜʫʣʠ ʩʝ ʘʥʛʘʞʠʨʘʘʪ ʟʘ ʨʝʮʠʢʣʠʨʘˁʝ ʥʘ CdTe ʧʦ 

ʟʘʚʨʰʫʚʘˁʝʪʦ ʥʘ ʥʠʚʥʠʦʪ ʞʠʚʦʪʝʥ ʚʝʢ. ʂʦʤʧʘʥʠʿʘʪʘ First Solar ʚʝ˃ʝ ʠʤʘ ʨʘʟʚʠʝʥʦ ʧʨʦʮʝʩ 

ʥʘ ʨʝʮʠʢʣʠʨʘˁʝ ʩʦ ʢʦʿ ʤʦʞʝ ʜʘ ʩʝ ʨʝʮʠʢʣʠʨʘʘʪ 95% ʦʜ CdTe ʠ 90% ʦʜ ʩʪʘʢʣʦʪʦ. ʉʧʦʨʝʜ 

ʩʝʪʦ ʦʚʘ, ʩʣʦʙʦʜʥʦ ʤʦʞʝ ʜʘ ʩʝ ʢʘʞʝ ʜʝʢʘ ʥʝʛʘʪʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʥʘ CdTe ʩʦʥʯʝʚʠʪʝ 

ʤʦʜʫʣʠ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʝ ʤʠʥʠʤʘʣʥʦ. [10] 

5.  ɿʘʢʣʫʯʦʢ 

ɸʥʘʣʠʟʘʪʘ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʧʘʥʝʣʠ ʧʦʢʘʞʫʚʘ ʜʝʢʘ 

ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʥʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʥʠ ʩʦʥʯʝʚʠ ʤʦʜʫʣʠ ʝ ʝʜʥʘ ʦʜ ʥʘʿʧʝʨʩʧʝʢʪʠʚʥʠʪʝ. 

ʇʨʚʝʥʩʪʚʝʥʦ, ʩʘʤʠʦʪ ʤʘʪʝʨʠʿʘʣ ʠ ʬʠʟʠʯʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʢʘʜʤʠʫʤ ʪʝʣʫʨʠʜʦʪ ʛʠ 

ʩʪʘʚʘʘʪ ʦʚʠʝ ʤʦʜʫʣʠ ʥʘ ʧʨʚʦ ʤʝʩʪʦ ʚʦ ʘʧʩʦʨʧʮʠʿʘʪʘ ʥʘ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ, ʦʩʦʙʝʥʦ ʚʦ 

ʫʩʣʦʚʠ ʥʘ ʩʣʘʙʦ ʠ ʜʠʬʫʟʥʦ ʟʨʘʯʝˁʝ ʧʨʠ ʦʙʣʘʯʥʦ ʠ ʤʘʛʣʦʚʠʪʦ ʚʨʝʤʝ. ʀʩʪʦ ʪʘʢʘ, ʛʦʣʝʤʘ 

ʫʣʦʛʘ ʠʤʘ ʠ ʬʘʢʪʦʪ ʰʪʦ ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʤʥʦʛʫ ʧʦʝʚʪʠʥ ʚʦ ʦʜʥʦʩ ʥʘ 

ʦʩʪʘʥʘʪʠʪʝ, ʧʦʨʘʜʠ ʤʘʣʘʪʘ ʢʦʣʠʯʠʥʘ ʥʘ ʤʘʪʝʨʠʿʘʣ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ. ʎʝʥʠʪʝ ʥʘ ʢʘʜʤʠʫʤ 

ʪʝʣʫʨʠʜʥʠʪʝ ʩʦʥʯʝʚʠ ʧʘʥʝʣʠ ʥʘ ʧʘʟʘʨʦʪ ʩʝ ʜʦʩʪʘ ʢʦʥʢʫʨʝʥʪʥʠ, ʥʦ ʦʩʪʘʥʫʚʘ ʚʦ ʠʜʥʠʥʘ ʜʘ 

ʩʝ ʨʘʙʦʪʠ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʦʚʠʝ ʤʦʜʫʣʠ. ʎʝʣʪʘ ʝ ʜʦʩʪʠʛʥʫʚʘˁʝ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʦʜ 17% ʜʦ 2017ʛʦʜʠʥʘ.  
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ɸʧʩʪʨʘʢʪ 

ʂʚʘʣʠʪʝʪʦʪ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʙʝʣʝʞʠ ʟʥʘʯʠʪʝʣʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ, ʰʪʦ ʧʘʢ ʧʦʟʠʪʠʚʥʦ ʚʣʠʿʘʝ ʚʨʟ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʮʝʥʠʪʝ ʥʘ ʤʦʜʫʣʠʪʝ. ʊʦʘ ʜʦʚʝʜʝ ʜʦ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʨʝʘʣʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ, 

ʢʘʢʦ ʠ ʜʦ ʩʦʟʨʝʚʘˁʝ ʥʘ ʧʘʟʘʨʦʪ. ʇʦʨʘʜʠ ʪʦʘ, ʩʪʘʥʜʘʨʜʥʠʪʝ ʥʘʯʠʥʠ ʥʘ ʤʘʨʢʝʪʠʥʛ ʠ 

ʧʨʦʜʘʞʙʘ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʧʨʦʰʠʨʘʪ ʩʦ ʥʦʚʠ ʥʘʯʠʥʠ ʥʘ 

ʧʦʥʫʜʘ ʥʘ ʦʚʠʝ ʩʠʩʪʝʤʠ ʥʘ ʧʘʟʘʨʦʪ. ʊʘʢʘ, ʪʨʝʥʜ ʝ ʥʫʜʝˁʝ ʥʘ ʮʝʣʦʩʥʦ ʠʟʚʝʜʝʥ ʧʨʦʝʢʪ, ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʥʠ ʦʙʚʨʩʢʠ ʟʘ ʢʫʧʫʚʘʯʠʪʝ. ʀʘʢʦ ʧʘʟʘʨʦʪ ʝ ʩʦʟʨʝʘʥ, ʩ¯ ʫʰʪʝ ʧʦʩʪʦʿʘʪ ʛʦʣʝʤ ʙʨʦʿ 

ʘʩʧʝʢʪʠ ʟʘ ʢʦʠ ʚʦ ʧʦʰʠʨʦʢʘʪʘ ʿʘʚʥʦʩʪ ʧʦʩʪʦʿʘʪ ʜʝʟʠʥʬʦʨʤʘʮʠʠ ʚʦ ʦʜʥʦʩ ʥʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ. ʆʜ ʪʠʝ ʧʨʠʯʠʥʠ, ʧʦʢʨʘʿ ʧʦʥʫʜʝʥʠʦʪ ʧʨʦʝʢʪ ʠ ʙʝʩʧʣʘʪʥʠʪʝ 

ʢʦʥʩʫʣʪʘʥʪʩʢʠ ʫʩʣʫʛʠ, ʚʠʩʪʠʥʩʢʠʦʪ ʧʨʠʩʪʘʧ ʚʢʣʫʯʫʚʘ ʠʟʥʝʩʫʚʘˁʝ ʥʘ ʧʨʝʜʥʦʩʪʠʪʝ, ʥʦ ʠ 

ʥʝʜʦʩʪʘʪʦʮʠʪʝ ʥʘ ʦʚʠʝ ʩʠʩʪʝʤʠ. ɺʦ ʨʘʤʢʠ ʥʘ ʪʘʢʚʠʦʪ ʙʘʣʘʥʩʠʨʘʥ ʧʨʠʩʪʘʧ, ʚʘʞʥʦ ʝ ʜʘ ʩʝ 

ʠʟʥʝʩʘʪ ʥʝʪʦʯʥʠʪʝ ʤʠʩʣʝˁʘ (ʤʠʪʦʚʠ) ʟʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʠ ʜʘ ʩʝ ʜʘʜʘʪ 

ʦʜʛʦʚʦʨʠ ʧʦʪʢʨʝʧʝʥʠ ʩʦ ʩʦʦʜʚʝʪʥʠ ʬʘʢʪʠ.  

ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʦʚʦʿ ʪʨʫʜ ʩʝ ʥʘʚʝʜʝʥʠ ʧʦʚʝ˃ʝ ʤʠʪʦʚʠ ʚʦ ʦʜʥʦʩ ʥʘ ʪʝʭʥʠʯʢʠʪʝ, 

ʝʢʦʥʦʤʩʢʠʪʝ ʠ ʜʨʫʛʠ ʘʩʧʝʢʪʠ ʦʜ ʩʦʣʘʨʥʘʪʘ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʜʘʜʝʥʠ ʩʝ ʚʠʩʪʠʥʩʢʠʪʝ ʦʜʛʦʚʦʨʠ 

ʧʦʪʢʨʝʧʝʥʠ ʩʦ ʬʘʢʪʠ ʠ ʧʨʠʤʝʨʠ. ɺʦ ʪʨʫʜʦʪ ʩʝ ʜʘʚʘ ʧʨʠʜʦʥʝʩ ʢʦʥ ʨʘʟʦʪʢʨʠʚʘˁʝ ʥʘ ʤʠʪʦʪ 

ʜʝʢʘ ʧʨʠʤʝʥʘʪʘ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʛʦ ʥʘʨʫʰʫʚʘ ʝʩʪʝʪʩʢʠʦʪ ʠʟʛʣʝʜ ʥʘ 

ʧʨʦʩʪʦʨʦʪ ʢʘʜʝ ʰʪʦ ʪʠʝ ʩʝ ʧʦʩʪʘʚʝʥʠ. ɿʘ ʜʘ ʩʝ ʠʣʫʩʪʨʠʨʘ ʩʧʨʦʪʠʚʥʦʪʦ, ʚʦ ʪʨʫʜʦʪ ʩʝ 

ʧʨʠʢʘʞʘʥʠ ʩʝʣʝʢʪʠʨʘʥʠ ʬʦʪʦʛʨʘʬʠʠ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ ʰʪʦ ʠʥʩʪʘʣʠʨʘʥʠ ʚʦ ʈ. 

ʄʘʢʝʜʦʥʠʿʘ. ʉʪʝʢʥʘʪʠʦʪ ʚʧʝʯʘʪʦʢ ʦʜ ʬʦʪʦʛʨʘʬʠʠʪʝ, ʧʦʢʨʘʿ ʨʘʟʙʠʚʘˁʝʪʦ ʥʘ ʤʠʪʦʪ ʟʘ 

ʝʩʪʝʪʠʢʘʪʘ, ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʦʥʫʜʝʥʘʪʘ ʠʟʨʘʙʦʪʢʘ, ʠ ʩʣ., ʩʝ ʦʯʝʢʫʚʘ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ 

ʠʥʚʝʩʪʠʪʦʨʠ ʜʘ ʛʠ ʧʦʪʪʠʢʥʝ ʜʘ ʜʦʿʜʘʪ ʜʦ ʟʘʢʣʫʯʦʢ ʜʝʢʘ ʠʥʚʝʩʪʠʨʘˁʝʪʦ ʚʦ ʦʚʘʘ 

ʪʝʭʥʦʣʦʛʠʿʘ ˃ʝ ʛʦ ʧʦʜʦʙʨʠ ʠʤʠ˅ʦʪ ʠ ʫʣʦʛʘʪʘ ʥʘ ʥʠʚʥʘʪʘ ʢʦʤʧʘʥʠʿʘ.  

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ, ʬʦʪʦʛʨʘʬʠʠ, ʥʝʪʦʯʥʠ ʧʨʝʪʧʦʩʪʘʚʢʠ.  
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1. ɺʦʚʝʜ 
 

ʉʦ ʩ¯ ʧʦʛʦʣʝʤʘʪʘ ʧʨʠʤʝʥʘ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ, ʩʝ ʧʦʿʘʚʠʿʘ ʠ ʤʥʦʛʫʙʨʦʿʥʠ 

ʥʝʚʠʩʪʠʥʠʪʠ ʢʦʥʩʪʘʪʘʮʠʠ (ʤʠʪʦʚʠ) ʢʦʠ ʛʦ ʥʘʨʫʰʫʚʘʘʪ ʛʣʦʙʘʣʥʦʪʦ ʨʘʟʤʠʩʣʫʚʘˁʝ ʧʦʚʨʟʘʥʦ 

ʩʦ ʦʚʠʝ ʩʠʩʪʝʤʠ. ʂʘʢʦ ʰʪʦ ʩʝ ʨʘʟʚʠʚʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ 

ʤʦʜʫʣʠ, ʪʘʢʘ ʟʘʝʜʥʦ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʦʧʘʺʘ ʠ ʥʠʚʥʘʪʘ ʮʝʥʘ. ʄʝʺʫʪʦʘ, 

ʧʦʥʝʢʦʛʘʰ ʥʝʚʠʩʪʠʥʠʪʠʪʝ ʢʦʥʩʪʘʪʘʮʠʠ ʛʠ ʦʜʚʨʘ˃ʘʘʪ ʠʥʚʝʩʪʠʪʦʨʠʪʝ ʦʜ ʚʣʦʞʫʚʘˁʘ ʚʦ 

ʧʨʦʝʢʪʠ ʩʦ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ. 

ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʠʟʥʝʩʝʥʠ ʥʝʢʦʠ ʦʜ ʥʝʪʦʯʥʠʪʝ ʢʦʥʩʪʘʪʘʮʠʠ ʚʦ ʚʨʩʢʘ ʩʦ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ. ɿʘ ʥʠʚʥʦ ʧʦʙʠʚʘˁʝ ʩʝ ʜʘʜʝʥʠ ʧʨʦʪʠʚ-ʘʨʛʫʤʝʥʪʠ. ʇʨʠʪʦʘ, 

ʮʝʣʪʘ ʝ ʥʘ ʦʙʿʝʢʪʠʚʝʥ ʥʘʯʠʥ ʜʘ ʩʝ ʜʦʙʠʝ ʿʘʩʥʘ ʧʨʝʪʩʪʘʚʘ ʟʘ ʦʚʠʝ ʩʠʩʪʝʤʠ. ʇʨʠʜʦʥʝʩʦʪ ʥʘ 

ʦʚʦʿ ʪʨʫʜ ʝ ʜʘʚʘˁʝʪʦ ʥʘ ʧʨʦʪʠʚ-ʘʨʛʫʤʝʥʪʠʪʝ ʥʘ ʤʠʪʦʪ ʜʝʢʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʛʦ 

ʥʘʨʫʰʫʚʘʘʪ ʝʩʪʝʪʩʢʠʦʪ ʠʟʛʣʝʜ ʥʘ ʦʢʦʣʠʥʘʪʘ. ʇʨʠʪʦʘ, ʩʝ ʧʨʠʣʦʞʝʥʠ ʥʝʢʦʣʢʫ ʘʚʪʦʨʩʢʠ 

ʬʦʪʦʛʨʘʬʠʠ ʥʘʧʨʘʚʝʥʠ ʚʦ ʮʝʥʪʨʘʣʠ ʚʦ ʈ. ʄʘʢʝʜʦʥʠʿʘ. 

 

2. ʄʠʪʦʚʠ ʟʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ  
 

ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʩʝ ʜʘʜʝʥʠ ʥʝʢʦʣʢʫ ʥʝʪʦʯʥʠ ʢʦʥʩʪʘʪʘʮʠʠ ï ʤʠʪʦʚʠ ʚʦ ʚʨʩʢʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ, ʧʨʠ ʰʪʦ ʩʝ ʥʘʚʝʜʝʥʠ ʧʨʦʪʠʚ ʘʨʛʫʤʝʥʪʠʪʝ. 

2.1. ʉʝ ʪʨʦʰʠ ʧʦʚʝ˃ʝ ʝʥʝʨʛʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪʢʦʣʢʫ ʰʪʦ ʤʦʞʝ ʜʘ 
ʧʨʦʠʟʚʝʜʘʪ  
 

ɺʨʝʤʝʪʦ ʟʘ ʚʨʘ˃ʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʰʪʦ ʝ ʧʦʪʨʝʙʥʘ ʟʘ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʘʪ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʝ ʤʥʦʛʫ ʚʘʞʝʥ ʢʨʠʪʝʨʠʫʤ ʟʘ ʨʘʟʛʣʝʜʫʚʘˁʝ ʥʘ ʠʩʧʣʘʪʣʠʚʦʩʪʘ 

ʥʘ ʦʚʠʝ ʩʠʩʪʝʤʠ. ɺʦ ʧʝʨʠʦʜʦʪ ʢʦʛʘ ʩʝ ʧʦʿʘʚʠʣʝ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ, ʟʘ 

ʪʝʭʥʦʣʦʰʢʠʦʪ ʧʨʦʮʝʩ ʥʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ˃ʝʣʠʠ ʠ ʜʨ., ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʧʦʛʦʣʝʤʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ 

ʝʥʝʨʛʠʿʘ, ʟʘʪʦʘ ʰʪʦ ʟʘ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʘʪ ʩʝ ʢʦʨʠʩʪʝʣʦ ʧʦʚʝ˃ʝ ʤʘʪʝʨʠʿʘʣ, ʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘʪʘ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʙʠʣʘ ʩ¯ ʫʰʪʝ ʨʘʟʚʠʝʥʘ. ʂʘʢʦ ʰʪʦ ʩʝ ʨʘʟʚʠʚʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʠ ʧʦʨʘʩʪʦʪ 

ʥʘ ʧʦʙʘʨʫʚʘʯʢʘʪʘ, ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ˃ʝʣʠʠ ʩʝ ʠʟʨʘʙʦʪʫʚʘʘʪ ʩʦ ʧʦʤʘʣʘ ʜʝʙʝʣʠʥʘ, ʧʨʠ ʰʪʦ 

ʩʝ ʫʧʦʪʨʝʙʫʚʘ ʧʦʤʘʣʢʫ ʤʘʪʝʨʠʿʘʣ, ʰʪʦ ʦʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʦʟʠʪʠʚʥʦ ʚʣʠʿʘʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ 

ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ˃ʝʣʠʠʪʝ. ʊʨʝʥʜʦʪ ʥʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʝʨʠʦʜʦʪ ʥʘ ʚʨʘ˃ʘˁʝ ʥʘ 

ʚʣʦʞʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʤʝʪʦ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣ.1 [1, 3]. ɺʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʪʠʧʦʪ 

ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʦʪ ʩʠʩʪʝʤ ʠ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ ʠʩʪʠʦʪ, ʚʨʝʤʝʪʦ ʟʘ ʚʨʘ˃ʘˁʝ 

ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʧʦʪʨʝʙʥʘ ʟʘ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝ ʩʝ ʜʚʠʞʠ ʦʜ 0,5 ʜʦ 1,4 ʛʦʜʠʥʠ [2]. ʌʦʨʤʘʣʥʦ, 

ʞʠʚʦʪʥʠʦʪ ʚʝʢ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʦʙʠʯʥʦ ʩʝ ʧʨʦʮʝʥʫʚʘ ʥʘ 30 ʠʣʠ ʧʦʚʝ˃ʝ 

ʛʦʜʠʥʠ, ʰʪʦ ʝ ʨʝʣʘʪʠʚʥʦ ʜʦʣʛ ʧʝʨʠʦʜ ʘʢʦ ʩʝ ʩʧʦʨʝʜʠ ʩʦ ʧʝʨʠʦʜʦʪ ʧʦʪʨʝʙʝʥ ʟʘ ʚʨʘ˃ʘˁʝ ʥʘ 

ʝʥʝʨʛʠʿʘʪʘ ʧʦʪʨʝʙʥʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ˃ʝʣʠʠʪʝ.  
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ʩʠʣʠʮʠʫʤ 

 

2.2. ʇʦʪʨʝʙʥʘ ʝ ʛʦʣʝʤʘ ʠʥʚʝʩʪʠʮʠʿʘ ʟʘ ʢʦʿʘ ʥʝ ʩʝ ʚʨʘ˃ʘʘʪ ʚʣʦʞʝʥʠʪʝ ʩʨʝʜʩʪʚʘ 
 

 ʇʨʝʜʥʦʩʪʘ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ˃ʝʣʠʠ ʝ ʪʦʘ ʰʪʦ ʪʠʝ ʥʘʿʯʝʩʪʦ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʦʜ 

ʤʘʪʝʨʠʿʘʣ ʩʠʣʠʮʠʫʤ, ʢʦʿ ʧʨʝʪʩʪʘʚʫʚʘ ʚʪʦʨ ʝʣʝʤʝʥʪ ʧʦ ʟʘʩʪʘʧʝʥʦʩʪ ʥʘ ɿʝʤʿʘʪʘ (ʧʦʩʣʝ 

ʿʘʛʣʝʨʦʜʦʪ).  ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʩʝ ʢʦʨʠʩʪʠ 

ʠʟʚʦʨ (ʉʦʥʮʝʪʦ) ʯʠʿʘ ʝʥʝʨʛʠʿʘ ʝ ʥʝʠʩʮʨʧʥʘ. ʅʘʩʧʨʦʪʠ ʦʚʘ, ʜʨʫʛʠʪʝ ʥʘʯʠʥʠ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ, ʪʝʨʤʦʮʝʥʪʨʘʣʠʪʝ ʢʦʠ 

ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʿʘʛʣʝʥ, ʢʦʨʠʩʪʘʪ ʤʘʪʝʨʠʿʘʣʠ ʢʦʠ ʰʪʦ 

ʛʠ ʠʤʘ ʚʦ ʦʛʨʘʥʠʯʝʥʠ ʢʦʣʠʯʠʥʠ. ʆʚʘ ʟʥʘʯʠ ʜʝʢʘ ʮʝʥʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʦʜ ʪʠʝ ʮʝʥʪʨʘʣʠ ʚʦ ʪʝʢʦʪ ʥʘ ʥʘʨʝʜʥʠʪʝ ʛʦʜʠʥʠ ˃ʝ ʩʪʘʥʫʚʘ ʩⱪ ʧʦʚʠʩʦʢʘ. ɿʘ 

ʨʘʟʣʠʢʘ ʦʜ ʥʠʚ ʮʝʥʘʪʘ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ ʩʪʘʥʫʚʘ ʩⱪ ʧʦʥʠʩʢʘ ʟʘʪʦʘ ʰʪʦ 

ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩⱪ ʧʦʚʝ˃ʝ ʩʝ ʨʘʟʚʠʚʘ.  

 ʆʜ ʢʦʛʘ ʩʝ ʧʦʿʘʚʠʿʘ ʦʚʠʝ ʩʠʩʪʝʤʠ, ʚʦ ʤʥʦʛʫ ʜʨʞʘʚʠ ʚʦ ʩʚʝʪʦʪ ʩʝ ʚʦʚʝʜʝʥʠ ʛʦʣʝʤ 

ʙʨʦʿ ʥʘ ʤʝʭʘʥʠʟʤʠ ʟʘ ʧʦʜʜʨʰʢʘ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʠ 

ʨʘʟʚʦʿʦʪ ʥʘ ʥʦʚʠ, ʝʬʠʢʘʩʥʠ ʪʝʭʥʦʣʦʛʠʠ. ʂʘʢʦ ʥʘʿʧʨʠʤʝʥʫʚʘʥʠ ʠ ʥʘʿʝʬʠʢʘʩʥʠ ʤʝʨʢʠ ʩʝ 

ʧʦʢʘʞʫʚʘʘʪ ʚʦʚʝʜʫʚʘˁʝʪʦ ʥʘ ʧʦʚʣʘʩʪʝʥʠʪʝ ʮʝʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, 

ʢʘʢʦ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ, ʪʘʢʘ ʠ ʦʜ ʜʨʫʛʠʪʝ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ.  

ʇʨʠʪʦʘ, ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʬʦʪʦʚʦʣʪʘʠʮʠʪʝ ʩʝ ʥʘʧʣʘʪʫʚʘ ʩʧʦʨʝʜ 

ʧʦʚʣʘʩʪʝʥʠ ʮʝʥʠ, ʢʦʠ ʩʝ ʧʦʚʠʩʦʢʠ ʦʜ ʧʘʟʘʨʥʘʪʘ ʮʝʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ, ʧʨʠ ʰʪʦ 

ʦʚʠʝ ʮʝʥʠ ʚʘʞʘʪ ʧʝʨʠʦʜ ʦʜ 12 ʜʦ 25 ʛʦʜʠʥʠ. ʀʤʘʿ˃ʠ ʛʦ ʦʚʘ ʧʨʝʜʚʠʜ, ʚʨʝʤʝʪʦ ʥʘ ʚʨʘ˃ʘˁʝ 

ʥʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ ʤʦʞʝ ʜʘ ʙʠʜʝ 5 ʜʦ 7 ʛʦʜʠʥʠ, ʰʪʦ ʦʩʪʘʚʘ ʜʦʚʦʣʝʥ ʧʝʨʠʦʜ ʟʘ ʧʨʦʬʠʪ ʟʘ 

ʠʥʚʝʩʪʠʪʦʨʦʪ. ʉʝ ʨʘʟʙʠʨʘ, ʚʘʢʚʠʦʪ ʠʩʭʦʜ ʚʦ ʩʝʛʘʰʥʠ ʫʩʣʦʚʠ, ʘ ʙʝʟ ʧʨʠʤʝʥʘ ʥʘ ʤʝʨʢʠʪʝ ʟʘ 

ʧʦʜʜʨʰʢʘ, ʥʝ ʝ ʤʦʞʝʥ. 
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ʆʚʠʝ ʤʝʭʘʥʠʟʤʠ ʜʦʚʝʜʦʘ ʜʦ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʮʝʥʘʪʘ ʥʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ, ʢʘʢʦ ʰʪʦ ʝ ʧʦʢʘʞʘʥʦ ʥʘ ʩʣ.2, ʩʦ ʰʪʦ ʧʨʦʠʟʚʦʜʥʘʪʘ ʮʝʥʘ ʧʦ kWh 

ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ ʚʦ ʥʝʢʦʠ ʟʝʤʿʠ (ʧʨ. ɻʝʨʤʘʥʠʿʘ) ʝ ʧʨʠʙʣʠʞʥʘ ʜʦ ʮʝʥʘʪʘ ʥʘ 

ʠʩʧʦʨʘʯʘʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

 

˿͙͊͟͡ нΦ ʎʝʥʘ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ ʦʜ ʢʨʠʩʪʘʣʝʥ ʩʠʣʠʮʠʫʤ [4] 

 

2.3. ɿʘʬʘ˃ʘʘʪ ʤʥʦʛʫ ʛʦʣʝʤ ʧʨʦʩʪʦʨ ʟʘ ʤʘʣʘ ʤʦ˃ʥʦʩʪ 
 

ʄʥʦʛʫ ʥʝʛʘʪʠʚʥʠ ʩʪʘʚʦʚʠ ʩʝ ʟʘʩʥʦʚʘʘʪ ʥʘ ʤʠʩʣʝˁʝʪʦ ʜʝʢʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ 

ʩʠʩʪʝʤʠ ʪʨʝʙʘ ʜʘ ʟʘʬʘʪʘʪ ʦʛʨʦʤʥʘ ʧʦʚʨʰʠʥʘ, ʟʘ ʜʘ ʩʝ ʜʦʙʠʝ ʧʦʛʦʣʝʤʘ ʤʦ˃ʥʦʩʪ. 

ʀʩʢʫʩʪʚʦʪʦ ʧʦʢʘʞʫʚʘ ʜʝʢʘ ʟʘ ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʮʝʥʪʨʘʣʘ ʦʜ 1MW ʝ ʧʦʪʨʝʙʥʦ 2 ha ï 3 ha 

ʟʝʤʿʘ, ʠʘʢʦ ʚʢʫʧʥʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ ʝ ʦʜ 0,75 ha ï 0,8 ha. 

ʂʣʘʩʠʯʥʠʪʝ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ, ʠʩʪʦ ʪʘʢʘ ʟʘʟʝʤʘʘʪ ʛʦʣʝʤʠ ʧʦʚʨʰʠʥʠ, ʧʦʨʘʜʠ ʛʣʘʚʥʠʪʝ ʠ 

ʧʨʠʜʨʫʞʥʠʪʝ ʦʙʿʝʢʪʠ, ʢʘʢʦ ʰʪʦ ʩʝ ʿʘʛʣʝʥʦʢʦʧʠ, ʦʜʣʘʛʘʣʠʰʪʘ ʥʘ ʿʘʣʦʚʠʥʘ, ʚʝʰʪʘʯʢʠ ʝʟʝʨʘ 

ʠ ʩʣ.  

ɼʦʢʦʣʢʫ ʩʘʤʦ 1 % ʦʜ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʈ. ʄʘʢʝʜʦʥʠʿʘ ʩʝ 

ʧʨʦʠʟʚʝʜʫʚʘ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ, ʧʦʪʨʝʙʥʠʦʪ ʚʢʫʧʝʥ ʠʥʩʪʘʣʠʨʘʥ ʢʘʧʘʮʠʪʝʪ ʝ 

ʧʦʤʘʣʢʫ ʦʜ 65 MW. ɼʦʢʦʣʢʫ ʙʠ ʩʝ ʠʥʩʪʘʣʠʨʘʣʝ ʥʘ ʦʪʚʦʨʝʥʦ ʟʝʤʿʠʰʪʝ, ʚʢʫʧʥʘʪʘ 

ʠʩʢʦʨʠʩʪʝʥʘ ʧʦʚʨʰʠʥʘ ʙʠ ʠʟʥʝʩʫʚʘʣʘ ʦʢʦʣʫ 130 ha. ɼʦʢʦʣʢʫ ʪʠʝ ʩʝ ʧʦʩʪʘʚʘʪ ʥʘ ʧʦʢʨʠʚ 

ʠʩʢʦʨʠʩʪʝʥʦʩʪʘ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʝ ʧʦʛʦʣʝʤʘ. ʇʦʩʪʘʚʫʚʘˁʝʪʦ ʥʘ ʧʦʢʨʠʚ ʟʥʘʯʠ ʜʝʢʘ ʩʝ 

ʢʦʨʠʩʪʠ ʧʨʦʩʪʦʨ ʢʦʿ ʝ ʚʝ˃ʝ ʟʘʬʘʪʝʥ ʩʦ ʦʙʿʝʢʪʠ. ɺʢʫʧʥʘʪʘ ʧʦʚʨʰʠʥʘ ʩʦ ʚʝ˃ʝ ʠʟʛʨʘʜʝʥʠ 

ʦʙʿʝʢʪʠ ʝ ʜʘʣʝʢʫ ʧʦʛʦʣʝʤʘ ʦʜ ʧʦʪʨʝʙʥʘʪʘ ʧʦʚʨʰʠʥʘ ʟʘ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠ 

ʤʦʜʫʣʠ ʩʦ ʢʦʠ ˃ʝ ʩʝ ʧʦʢʨʠʝ ʦʚʘʘ ʤʦ˃ʥʦʩʪ (ʧʨʦʩʝʯʥʦ ʟʝʤʝʥʦ 10000 ï 15000 ʢʫ˃ʠ). 
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2.4.  ɻʦ ʥʘʨʫʰʫʚʘʘʪ ʝʩʪʝʪʩʢʠʦʪ ʠʟʛʣʝʜ ʥʘ ʦʢʦʣʠʥʘʪʘ 
 

 ʄʥʦʛʫʤʠʥʘ, ʢʦʛʘ ˃ʝ ʩʝ ʩʧʦʤʥʝ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ, ʦʩʚʝʥ ʟʘ 

ʠʩʧʣʘʪʣʠʚʦʩʪʘ, ʧʦʤʠʩʣʫʚʘʘʪ ʠ ʥʘ ʪʦʘ ʢʘʢʦ ˃ʝ ʠʟʛʣʝʜʘ ʪʦʿ ʩʠʩʪʝʤ ʠ ʢʘʢʦ ˃ʝ ʩʝ ʚʢʣʦʧʠ ʚʦ 

ʦʢʦʣʠʥʘʪʘ. ʄʥʦʛʫʙʨʦʿʥʠʪʝ ʠʥʩʪʘʣʠʨʘʥʠ ʩʠʩʪʝʤʠ ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʪʠʝ ʤʥʦʛʫ ʜʦʙʨʦ ʤʦʞʘʪ 

ʜʘ ʩʝ ʚʢʣʦʧʘʪ ʚʦ ʩʝʢʘʢʚʠ ʫʩʣʦʚʠ ʠ ʥʘ ʩʝʢʘʢʚʠ ʤʝʩʪʘ. ʅʘ ʧʨʠʤʝʨ, ʚʦ ʧʦʩʣʝʜʥʦ ʚʨʝʤʝ ʪʨʝʥʜ 

ʝ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʤʦʜʫʣʠ ʚʦ ʟʘʤʝʥʘ ʥʘ ʬʘʩʘʜʘ ʠʣʠ ʢʨʦʚ ʥʘ ʟʛʨʘʜʠ ʠ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠ ʦʙʿʝʢʪʠ (Building integrated photovoltaic - ʌʦʪʦʚʦʣʪʘʠʮʠ ʠʥʪʝʛʨʠʨʘʥʠ ʚʦ 

ʦʙʿʝʢʪʠ), ʟʘʩʝʥʫʚʘˁʝ ʥʘ ʧʘʨʢʠʥʟʠ ʠʪʥ. (ʩʣ.3). ʆʚʦʿ ʪʨʝʥʜ ʝ ʦʩʦʙʝʥʦ ʘʪʨʘʢʪʠʚʝʥ ʚʦ 

ʧʦʩʣʝʜʥʦ ʚʨʝʤʝ, ʟʘʪʦʘ ʰʪʦ ʧʨʠ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ ʚʘʢʦʚ ʪʠʧ ʥʘ ʩʠʩʪʝʤ ʚʛʨʘʜʝʥ ʚʦ ʦʙʿʝʢʪʦʪ 

ʩʝ ʟʘʰʪʝʜʫʚʘ ʥʘ ʤʘʪʝʨʠʿʘʣ ʢʦʿ ʰʪʦ ʙʠ ʙʠʣ ʢʦʨʠʩʪʝʥ ʟʘ ʬʘʩʘʜʘʪʘ ʥʘ ʦʙʿʝʢʪʦʪ ʠʣʠ ʢʨʦʚʦʪ.  

     

     

˿͙͊͟͡ оΦ ʇʨʠʤʝʨʠ ʟʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ ʠʥʩʪʘʣʠʨʘʥʠ ʥʘ ʟʛʨʘʜʠ ʠ ʜʨʫʛʠ ʦʙʿʝʢʪʠ [5, 6, 7, 8] 

 

ɿʘ ʦʚʦʿ ʪʨʫʜ ʩʝ ʥʘʧʨʘʚʝʥʠ ʥʝʢʦʣʢʫ ʬʦʪʦʛʨʘʬʠʠ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʮʝʥʪʨʘʣʠ ʥʠʟ ʈ. 

ʄʘʢʝʜʦʥʠʿʘ (ʩʣ.4), ʥʘ ʢʦʠ ʜʦʘʺʘ ʜʦ ʠʟʨʘʟ ʝʩʪʝʪʩʢʦʪʦ ʚʢʣʦʧʫʚʘˁʝ ʚʦ ʧʨʦʩʪʦʨʦʪ. 

ʌʦʪʦʛʨʘʬʠʠʪʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣ. 4 ʩʝ ʘʚʪʦʨʩʢʦ ʜʝʣʦ ʥʘ ʘʚʪʦʨʦʪ ʥʘ ʪʨʫʜʦʪ. 
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˿͙͊͟͡ пΦ ʌʦʪʦʚʦʣʪʘʠʯʥʠ ʮʝʥʪʨʘʣʠ ʚʦ ʈ. ʄʘʢʝʜʦʥʠʿʘ 

 

3.  ɿʘʢʣʫʯʦʢ 

 
 ɺʦ ʪʨʫʜʦʪ ʩʝ ʧʨʝʟʝʥʪʠʨʘʥʠ ʥʝʢʦʣʢʫ ʧʦʛʨʝʰʥʠ ʢʦʥʩʪʘʪʘʮʠʠ ʰʪʦ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ. ʇʦʢʨʘʿ ʥʠʚ ʩʝ ʠʟʥʝʩʝʥʠ ʧʨʦʪʠʚ-ʘʨʛʫʤʝʥʪʠʪʝ ʟʘ ʥʠʚʥʦʪʦ 

ʧʦʙʠʚʘˁʝ. 

 ʇʦʢʨʘʿ ʙʨʦʿʥʠʪʝ ʧʨʝʜʥʦʩʪʠ ʰʪʦ ʛʠ ʠʤʘʘʪ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ,  ʪʠʝ ʠʤʘʘʪ ʠ 

ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʠʥʜʠʨʝʢʪʥʠ ʧʨʝʜʥʦʩʪʠ. ɺʦ ʪʨʫʜʦʪ ʩʝ ʩʧʦʤʝʥʘʪʠ ʝʥʝʨʛʝʪʩʢʠʪʝ, ʬʠʥʘʥʩʢʠʪʝ ʠ 

ʝʩʪʝʪʩʢʠʪʝ, ʥʦ ʚʦ ʧʨʘʢʪʠʢʘʪʘ ʠʤʘ ʠ ʜʨʫʛʠ ʠʥʜʠʨʝʢʪʥʠ ʧʨʝʜʥʦʩʪʠ ʢʦʠ ʰʪʦ ʜʦʚʝʜʫʚʘʘʪ ʜʦ 

ʦʪʚʦʨʘˁʝ ʥʘ ʥʦʚʠ ʨʘʙʦʪʥʠ ʤʝʩʪʘ, ʛʦ ʧʦʜʦʙʨʫʚʘʘʪ ʥʘʯʠʥʦʪ ʥʘ ʞʠʚʝʝˁʝ ʚʦ ʨʫʨʘʣʥʠʪʝ 

ʧʦʜʨʘʯʿʘ ʠʪʥ. 
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 ʇʨʠʢʘʞʘʥʠʪʝ ʬʦʪʦʛʨʘʬʠʠ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʮʝʥʪʨʘʣʠ ʚʦ ʈ. ʄʘʢʝʜʦʥʠʿʘ 

ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʤʘʣ ʧʨʠʜʦʥʝʩ ʢʦʥ ʧʦʧʫʣʘʨʠʟʘʮʠʿʘʪʘ ʥʘ ʦʚʠʝ ʩʠʩʪʝʤʠ, ʰʪʦ ʤʦʞʝ ʜʘ 

ʧʦʩʣʫʞʠ ʢʘʢʦ ʦʩʥʦʚʘ ʟʘ ʥʠʚʥʘ ʧʦʜʦʙʨʘ ʧʨʠʬʘʪʣʠʚʦʩʪ ʦʜ ʠʥʚʝʩʪʠʪʦʨʠʪʝ ʦʜ ʝʜʥʘ ʩʪʨʘʥʘ ʠ 

ʦʜ ʣʦʢʘʣʥʠʪʝ ʚʣʘʩʪʠ ʦʜ ʧʦʜʨʘʯʿʝʪʦ ʥʘ ʫʨʙʘʥʠʟʤʦʪ ʠ ʧʣʘʥʠʨʘˁʝʪʦ ʥʘ ʧʨʦʩʪʦʨʦʪ, ʦʜ ʜʨʫʛʘ 

ʩʪʨʘʥʘ. 
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 ʂʦʨʠʩʪʝˁʝʪʦ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʝ ʦʜ ʦʛʨʦʤʥʦ ʟʥʘʯʝˁʝ, ʢʘʢʦ ʦʜ ʘʩʧʝʢʪ ʥʘ ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʩʦ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʰʪʝʪʥʠʪʝ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ, ʪʘʢʘ ʠ ʦʜ ʘʩʧʝʢʪ ʥʘ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʩʠʛʫʨʥʦʩʪʘ ʚʦ ʩʥʘʙʜʫʚʘˁʝʪʦ ʩʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʄʝʺʫʪʦʘ, ʧʦʨʘʜʠ 

ʚʠʩʦʢʠʪʝ ʠʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʦʮʠ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ʝʣʝʢʪʨʘʥʠ ʢʦʠ ʢʦʨʠʩʪʘʪ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ 

ʥʘ ʝʥʝʨʛʠʿʘ, ʫʯʝʩʪʚʦʪʦ ʥʘ ʦʚʠʝ ʠʟʚʦʨʠ ʝ ʩⱪ ʫʰʪʝ ʚʦ ʟʥʘʯʠʪʝʣʥʦ ʧʦʤʘʣ ʧʨʦʮʝʥʪ ʟʘ ʨʘʟʣʠʢʘ 

ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. ɿʝʤʘʿ˃ʠ ʛʦ ʦʚʘ ʚʦ ʧʨʝʜʚʠʜ, ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ 

ʧʨʝʚʟʝʤʘʪ ʦʜʨʝʜʝʥʠ ʤʝʨʢʠ ʢʦʠ ˃ʝ ʛʦ ʧʦʜʜʨʞʘʪ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ 

ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʠ ʠʩʪʠʪʝ ˃ʝ ʛʠ ʥʘʧʨʘʚʘʪ ʢʦʥʢʫʨʝʥʪʥʠ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ. ʄʝʨʢʠʪʝ 

ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ 

ʩʝ ʚʦʛʣʘʚʥʦ ʧʦʜʝʣʝʥʠ ʥʘ ʜʠʨʝʢʪʥʠ ʠ ʠʥʜʠʨʝʢʪʥʠ, ʧʨʚʠʪʝ ʮʝʣʝʿ˃ʠ ʥʘ ʥʝʧʦʩʨʝʜʥʦ 

ʩʪʠʤʫʣʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʦʜ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ, ʘ ʚʪʦʨʠʪʝ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʫʩʣʦʚʠʪʝ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʧʦʜʦʣʛ ʚʨʝʤʝʥʩʢʠ 

ʧʝʨʠʦʜ. ʇʦʥʘʪʘʤʫ, ʪʠʝ ʤʦʞʘʪ ʜʘ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʮʝʥʘʪʘ ʠʣʠ ʢʦʣʠʯʠʥʘʪʘ, ʜʘ ʩʝ 

ʬʦʢʫʩʠʨʘʥʠ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ ʠʣʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ɺʦ ʜʠʨʝʢʪʥʠʪʝ ʤʝʨʢʠ ʚʣʝʛʫʚʘʘʪ 

ʠʥʚʝʩʪʠʮʠʦʥʠʪʝ ʩʫʙʚʝʥʮʠʠ, ʜʘʥʦʯʥʠʪʝ ʦʣʝʩʥʫʚʘˁʘ, ʧʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ, ʬʠʢʩʥʘʪʘ 

ʧʨʝʤʠʿʘ, ʩʠʩʪʝʤʦʪ ʟʘ ʪʨʛʫʚʘˁʝ ʥʘ ʟʝʣʝʥʠ ʩʝʨʪʠʬʠʢʘʪʠ, ʘ ʠʥʜʠʨʝʢʪʥʠ ʤʝʨʢʠ ʟʘ ʧʦʜʜʨʰʢʘ 

ʩʝ ʝʢʦʣʦʰʢʠʪʝ ʜʘʥʦʮʠ, ʜʦʟʚʦʣʠʪʝ ʟʘ ʝʤʠʩʠʠ ʥʘ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ ʠ ʦʪʩʪʨʘʥʫʚʘˁʝʪʦ ʥʘ 

ʩʫʙʚʝʥʮʠʠʪʝ ʢʦʠ ʙʠʣʝ ʢʦʨʠʩʪʝʥʠ ʦʜ ʥʫʢʣʝʘʨʥʠʪʝ ʠʣʠ ʮʝʥʪʨʘʣʠʪʝ ʥʘ ʬʦʩʠʣʥʦ ʛʦʨʠʚʦ. ɺʦ 

ʦʚʦʿ ʪʨʫʜ ʚʥʠʤʘʥʠʝʪʦ ˃ʝ ʙʠʜʝ ʩʚʨʪʝʥʦ ʢʦʥ ʤʝʨʢʠʪʝ ʟʘ ʧʦʜʜʨʰʢʘ ʢʦʠ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ ʚʦ 

ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʦʜʥʦʩʥʦ ʧʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ, ʠ ʢʘʢʦ ʥʠʚʥʘʪʘ ʧʨʠʤʝʥʘ ʚʣʠʿʘʝ ʚʨʟ 

ʮʝʥʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʢʘʿ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʤʝʨʢʠ ʟʘ ʧʦʜʜʨʰʢʘ, ʜʠʨʝʢʪʥʠ ʠ 

ʠʥʜʠʨʝʢʪʥʠ ʤʝʨʢʠ. 
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1. ɺʦʚʝʜ 

 ʂʦʥʩʪʘʥʪʥʦʪʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʧʦʪʨʝʙʘʪʘ 

ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʧʦʛʦʣʝʤʘ ʨʘʟʥʦʦʙʨʘʟʥʦʩʪ ʚʦ ʩʥʘʙʜʫʚʘˁʝʪʦ ʠ ʜʘ ʩʝ ʥʘʤʘʣʠ ʝʤʠʩʠʿʘʪʘ ʥʘ 

ʩʪʘʢʣʝʥʠʯʢʠʪʝ ʛʘʩʦʚʠ, ʩʝ ʩʘʤʦ ʜʝʣ ʦʜ ʧʨʠʯʠʥʠʪʝ ʢʦʠ ʫʢʘʞʫʚʘʘʪ ʟʦʰʪʦ ʦʜ ʦʛʨʦʤʥʘ ʚʘʞʥʦʩʪ 

ʝ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ (ʆʀɽ) ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʉʧʦʨʝʜ ɼʠʨʝʢʪʠʚʘʪʘ 2009/28/ɽʉ ʥʘ ɽʚʨʦʧʩʢʠʦʪ 

ʧʘʨʣʘʤʝʥʪ ʠ ʉʦʚʝʪʦʪ ʟʘ ʧʨʦʤʦʮʠʿʘ ʥʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ [1], 

ʜʦʥʝʩʝʥʘ ʥʘ 23 ʘʧʨʠʣ 2009 ʛʦʜʠʥʘ ʠ ʦʙʿʘʚʝʥʘ ʥʘ 5 ʿʫʥʠ ʠʩʪʘʪʘ ʛʦʜʠʥʘ [2],  ʝ ʫʪʚʨʜʝʥʘ 

ʩʣʝʜʥʘʪʘ ʜʝʬʠʥʠʮʠʿʘ ʟʘ ʆʀɽ: 

 ñɽʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʝ ʝʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʚʠ ʥʝ-ʬʦʩʠʣʥʠ ʠʟʚʦʨʠ, ʠʤʝʥʦ 

ʚʝʪʝʨ, ʩʦʣʘʨʥʘ, ʘʝʨʦʪʝʨʤʘʣʥʘ, ʛʝʦʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ, ʭʠʜʨʦʪʝʨʤʘʣʥʘ ʠ ʦʢʝʘʥʩʢʘ 

ʝʥʝʨʛʠʿʘ, ʭʠʜʨʦʝʥʝʨʛʠʿʘ, ʙʠʦʤʘʩʘ, ʜʝʧʦʥʠʩʢʠ ʛʘʩ, ʛʘʩ ʦʜ ʧʦʩʪʨʦʿʢʠ ʟʘ ʪʨʝʪʤʘʥ ʥʘ 

ʢʦʤʫʥʘʣʥʠ ʦʪʧʘʜʥʠ ʚʦʜʠ ʠ ʙʠʦʛʘʩʦʚʠ.ò   

 ʆʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʦʜʨʞʣʠʚʠ, ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʟʘʛʘʜʫʚʘˁʝʪʦ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʧʦʤʘʛʘʘʪ ʜʘ ʩʝ ʥʘʤʘʣʠ ʧʦʪʨʝʙʘʪʘ ʦʜ ʫʚʦʟ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʘ ʮʝʥʪʨʘʣʠʪʝ ʢʦʠ ʛʠ ʢʦʨʠʩʪʘʪ ʦʚʠʝ ʠʟʚʦʨʠ, ʚʦ ʦʧʰʪ ʩʣʫʯʘʿ ʠʤʘʘʪ 

ʧʦʥʠʩʢʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʦʮʠ. ʅʦ, ʠ ʧʦʢʨʘʿ ʛʦʣʝʤʠʦʪ ʙʨʦʿ ʧʨʠʜʦʙʠʚʢʠ ʦʜ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ 

ʆʀɽ, ʛʦʣʝʤʠʪʝ ʠʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʦʮʠ ʠ ʚʠʩʦʢʘʪʘ ʮʝʥʘ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʛʠ ʧʨʘʚʠ ʥʝʢʦʥʢʫʨʝʥʪʥʠ ʥʘ ʧʘʟʘʨʠʪʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ. ɿʝʤʘʿ˃ʠ ʛʦ ʦʚʘ ʧʨʝʜʚʠʜ, ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʧʨʝʟʝʤʘʪ ʦʜʨʝʜʝʥʠ 

ʤʝʨʢʠ ʢʦʠ ˃ʝ ʛʦ ʧʦʜʜʨʞʘʪ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ 

ʠ ʠʩʪʠʪʝ ˃ʝ ʛʠ ʥʘʧʨʘʚʘʪ ʢʦʥʢʫʨʝʥʪʥʠ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ, ʩʦ ʰʪʦ ˃ʝ ʩʝ ʦʚʦʟʤʦʞʠ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʚʠʝ ʧʨʠʜʦʙʠʚʢʠ. 

 ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʧʨʠʢʘʞʘʥʠ ʤʝʨʢʠʪʝ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʦʜ ʆʀɽ ʢʦʠ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ ʚʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʠ ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʮʝʥʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʟʘ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ. 

 

2. ʄʝʨʢʠ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʆʀɽ 
 

 ʄʝʨʢʠʪʝ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʆʀɽ ʩʝ 

ʚʦʛʣʘʚʥʦ ʧʦʜʝʣʝʥʠ ʥʘ ʜʠʨʝʢʪʥʠ ʠ ʠʥʜʠʨʝʢʪʥʠ [3], ʧʨʚʠʪʝ ʮʝʣʝʿ˃ʠ ʥʘ ʥʝʧʦʩʨʝʜʥʦ 

ʩʪʠʤʫʣʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʦʜ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ, ʘ ʚʪʦʨʠʪʝ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʫʩʣʦʚʠʪʝ ʚʦ ʧʦʜʦʣʛ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ [4].  ʇʨʠʩʪʘʧʦʪ ʟʘ ʧʦʜʝʣʙʘ ʥʘ ʤʝʨʢʠʪʝ ʤʦʞʝ ʜʘ 

ʙʠʜʝ ʨʝʛʫʣʘʪʦʨʝʥ ʠʣʠ ʜʦʙʨʦʚʦʣʝʥ (ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʜʦʙʨʦʚʦʣʥʦ ʧʣʘ˃ʘʘʪ ʧʨʝʤʠʿʘ ʟʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʆʀɽ). ʇʦʥʘʪʘʤʫ, ʪʠʝ ʤʦʞʘʪ ʜʘ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʮʝʥʘʪʘ ʠʣʠ 

ʢʦʣʠʯʠʥʘʪʘ, ʜʘ ʩʝ ʬʦʢʫʩʠʨʘʥʠ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ ʠʣʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ɺʦ ʜʠʨʝʢʪʥʠʪʝ 

ʨʝʛʫʣʘʪʦʨʥʦ ʮʝʥʦʚʥʠ ʤʝʨʢʠ ʚʣʝʛʫʚʘʘʪ ʠʥʚʝʩʪʠʮʠʦʥʠʪʝ ʩʫʙʚʝʥʮʠʠ ʠʣʠ ʜʘʥʦʯʥʠʪʝ 

ʦʣʝʩʥʫʚʘˁʘ ʟʘ ʝʜʠʥʠʮʘ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʝʣʝʢʪʨʘʥʘʪʘ, ʢʦʠ ʩe ʤʝʨʢʠ ʬʦʢʫʩʠʨʘʥʠ 

ʥʘ ʠʥʚʝʩʪʠʮʠʠʪʝ, ʠ ʧʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ ʠʣʠ ʬʠʢʩʥʘʪʘ ʧʨʝʤʠʿʘ, ʢʦʠ ʩe ʤʝʨʢʠ ʬʦʢʫʩʠʨʘʥʠ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ɺʦ ʜʠʨʝʢʪʥʠʪʝ ʨʝʛʫʣʘʪʦʨʥʦ ʢʦʣʠʯʠʥʩʢʠ ʤʝʨʢʠ ʚʣʝʛʫʚʘʘʪ ʪʝʥʜʝʨʩʢʠʦʪ 

ʩʠʩʪʝʤ ʠʣʠ ʩʠʩʪʝʤʦʪ ʟʘ ʪʨʛʫʚʘˁʝ ʥʘ ʟʝʣʝʥʠ ʩʝʨʪʠʬʠʢʘʪʠ. ʀʥʜʠʨʝʢʪʥʠ ʤʝʨʢʠ ʟʘ ʧʦʜʜʨʰʢʘ 

ʩʝ ʝʢʦʣʦʰʢʠʪʝ ʜʘʥʦʮʠ, ʜʦʟʚʦʣʠʪʝ ʟʘ ʝʤʠʩʠʠ ʥʘ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ ʠ ʦʪʩʪʨʘʥʫʚʘˁʝʪʦ ʥʘ 

ʩʫʙʚʝʥʮʠʠʪʝ ʢʦʠ ʙʠʣʝ ʢʦʨʠʩʪʝʥʠ ʦʜ ʥʫʢʣʝʘʨʥʠʪʝ ʠʣʠ ʮʝʥʪʨʘʣʠʪʝ ʥʘ ʬʦʩʠʣʥʦ ʛʦʨʠʚʦ. 
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2.1. ʄʝʨʢʠ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʆʀɽ ʚʦ 
ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ 

 

 ʉʦ ʜʦʥʝʩʫʚʘˁʝʪʦ ʥʘ ɼʠʨʝʢʪʠʚʘʪʘ 2009/28/ɽʉ [1] ʥʘ ʧʦʩʪʦʿʥʘʪʘ ʧʨʘʚʥʘ ʨʝʛʫʣʘʪʠʚʘ 

ʥʘ ɽʋ, ʩʠʪʝ ʟʝʤʿʠ-ʯʣʝʥʢʠ ʥʘ ɽʋ ʩʝ ʦʙʚʨʟʘʥʠ ʜʘ ʧʦʩʪʘʚʘʪ ʩʚʦʠ ʥʘʮʠʦʥʘʣʥʠ ʮʝʣʠ ʩʦ ʢʦʠ ˃ʝ 

ʩʝ ʧʦʩʪʠʛʥʝ 20% ʫʯʝʩʪʚʦ ʥʘ ʆʀɽ ʚʦ ʙʨʫʪʦ ʬʠʥʘʣʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ
1
 ʠ 10% 

ʫʯʝʩʪʚʦ ʚʦ ʩʝʢʪʦʨʦʪ ʟʘ ʪʨʘʥʩʧʦʨʪ ʜʦ 2020. ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ (ʈʄ), ʢʘʢʦ ʧʦʪʧʠʩʥʠʢ ʥʘ 

ɼʦʛʦʚʦʨʦʪ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʟʘʝʜʥʠʮʘ2  ʪʨʝʙʘ ʜʘ ʛʦ ʫʩʦʛʣʘʩʠ ʩʚʦʝʪʦ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʩʦ 

ʧʦʩʪʦʿʥʘʪʘ ʧʨʘʚʥʘ ʨʝʛʫʣʘʪʠʚʘ ʥʘ ɽʋ. ʂʘʢʦ ʜʝʣ ʦʜ ʟʘʢʦʥʩʢʘʪʘ ʨʘʤʢʘ ʟʘ ʆʀɽ ʚʦ ʈʄ ʝ 

ʜʦʥʝʩʝʥʘ ʉʪʨʘʪʝʛʠʿʘʪʘ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʆʀɽ ʚʦ ʈʄ [5]  ʩʦ ʢʦʿʘ ʜʦ 2020 ʛʦʜʠʥʘ ʪʨʝʙʘ 

ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʫʯʝʩʪʚʦ ʥʘ ʆʀɽ ʚʦ ʙʨʫʪʦ ʬʠʥʘʣʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ 21%. ɿʘ 

ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʦʚʦʿ ʧʨʦʮʝʥʪ ʥʘ ʫʯʝʩʪʚʦ ʥʘ ʆʀɽ, ʚʦ ʈʄ ʩʝ ʚʦʚʝʜʝʥʠ ʧʦʚʣʘʩʪʝʥʠ ʪʘʨʠʬʠ 

ʢʘʢʦ ʤʝʨʢʘ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʦʜ ʆʀɽ. ʇʦʚʣʘʩʪʝʥʘʪʘ ʪʘʨʠʬʘ ʝ ʮʝʥʘ  ʟʘ 

ʝʜʠʥʠʮʘ ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʜ ʆʀɽ ʢʦʿʘ ʩʥʘʙʜʫʚʘʯʦʪ ʧʦ ʟʘʢʦʥ ʝ ʦʙʚʨʟʘʥ ʜʘ ʿʘ ʧʣʘʪʠ ʥʘ 

ʧʦʚʣʘʩʪʝʥʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ. ʊʘʨʠʬʘʪʘ ʝ ʦʜʥʘʧʨʝʜ ʦʧʨʝʜʝʣʝʥʘ ʠ ʬʠʢʩʥʘ, ʥʘʿʯʝʩʪʦ ʿʘ 

ʨʝʛʫʣʠʨʘ ʚʣʘʜʘʪʘ ʠʣʠ ʨʝʛʫʣʘʪʦʨʥʦʪʦ ʪʝʣʦ, ʠ ʧʦ ʪʘʘ ʪʘʨʠʬʘ ʧʨʦʠʟʚʦʜʠʪʝʣʦʪ ʿʘ ʥʘʧʣʘʪʫʚʘ 

ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʦʜ 10 ʜʦ 20 ʛʦʜʠʥʠ. ɺʘʞʥʦ ʝ ʜʘ 

ʩʝ ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʠʟʙʨʘʥʘʪʘ ʪʘʨʠʬʘ ʪʨʝʙʘ ʜʘ ʦʚʦʟʤʦʞʠ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʠʥʪʝʨʝʩʦʪ ʥʘ 

ʠʥʚʝʩʪʠʪʦʨʠʪʝ ʟʘ ʚʘʢʦʚ ʪʠʧ ʧʨʦʝʢʪʠ, ʥʦ ʧʨʠʪʦʘ ʜʘ ʥʝʤʘ ʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʚʦ ʧʦʢʘʯʫʚʘˁʝʪʦ 

ʥʘ ʮʝʥʘʪʘ ʢʘʿ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ. ʇʦʚʣʘʩʪʝʥʘʪʘ ʪʘʨʠʬʘ ʝ ʥʘʿʯʝʩʪʦ ʧʨʠʤʝʥʫʚʘʥʘ ʤʝʨʢʘ 

ʟʘ ʧʦʜʜʨʰʢʘ ʚʦ ʟʝʤʿʠʪʝ-ʯʣʝʥʢʠ ʥʘ ɽʋ [2] ʠ ʚʣʝʛʫʚʘ ʚʦ ʜʠʨʝʢʪʥʠ ʨʝʛʫʣʘʪʦʨʥʦ ʮʝʥʦʚʥʠ 

ʤʝʨʢʠ ʢʦʠ ʮʝʣʘʪ ʥʘ ʧʦʪʠʢʥʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. 

 

2.2. ʇʦʚʣʘʩʪʝʥʠ ʪʘʨʠʬʠ ʚʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ 

 

 ɺʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʧʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ ʛʠ ʦʧʨʝʜʝʣʫʚʘ ʈʝʛʫʣʘʪʦʨʥʘʪʘ 

ʢʦʤʠʩʠʿʘ ʟʘ ʝʥʝʨʛʝʪʠʢʘ ʥʘ ʈʄ. ɼʦʩʝʛʘ, ʈʝʛʫʣʘʪʦʨʥʘʪʘ ʢʦʤʠʩʠʿʘ ʠʤʘ ʦʧʨʝʜʝʣʝʥʦ 

ʧʦʚʣʘʩʪʝʥʠ ʪʘʨʠʬʠ ʟʘ ʤʘʣʠʪʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʠ, ʚʝʪʝʨʥʠʪʝ ʝʣʝʢʪʨʘʥʠ, ʬʦʪʦʥʘʧʦʥʩʢʠʪʝ 

ʝʣʝʢʪʨʘʥʠ, ʝʣʝʢʪʨʘʥʠʪʝ ʥʘ ʙʠʦʛʘʩ ʜʦʙʠʝʥ ʦʜ ʙʠʦʤʘʩʘ ʠ ʝʣʝʢʪʨʘʥʠʪʝ ʥʘ ʙʠʦʤʘʩʘ. ɿʘ 

ʤʘʣʠʪʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʠ ʠ ʚʝʪʝʨʥʠʪʝ ʝʣʝʢʪʨʘʥʠ, ʧʦʚʣʘʩʪʝʥʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʤʦʞʘʪ ʜʘ ʛʠ 

ʢʦʨʠʩʪʘʪ ʪʘʨʠʬʠʪʝ  ʚʦ ʧʝʨʠʦʜ ʦʜ 20 ʛʦʜʠʥʠ, ʜʦʜʝʢʘ ʟʘ ʬʦʪʦʥʘʧʦʥʩʢʠʪʝ ʝʣʝʢʪʨʘʥʠ, 

ʝʣʝʢʪʨʘʥʠʪʝ ʥʘ ʙʠʦʛʘʩ ʜʦʙʠʝʥ ʦʜ ʙʠʦʤʘʩʘ ʠ ʝʣʝʢʪʨʘʥʠʪʝ ʥʘ ʙʠʦʤʘʩʘ, ʚʘʞʠ ʧʝʨʠʦʜ ʦʜ 15 

ʛʦʜʠʥʠ.  

 ɺʦ ʪʘʙʝʣʘ 1. ʩʝ ʧʨʠʢʘʞʘʥʠ ʧʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ ʢʦʠ ʚʘʞʘʪ ʦʜ 22 ʜʝʢʝʤʚʨʠ 2011 

ʛʦʜʠʥʘ ʩʦ ʜʦʥʝʩʫʚʘˁʝ ʥʘ ʋʨʝʜʙʘʪʘ ʟʘ ʧʦʚʣʘʩʪʝʥʠ ʪʘʨʠʬʠ ʟʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ [6]. ɺʦ 

ʧʨʝʜʚʠʜ ʝ ʟʝʤʝʥʘ ʠ ʠʟʤʝʥʘʪʘ ʥʘ [6], ʜʦʥʝʩʝʥʘ ʥʘ 17 ʿʘʥʫʘʨʠ 2012 ʛʦʜʠʥʘ [2], ʩʦ ʢʦʿʘ ʩʝ 

                                                                 
1 ʄʘʢʝʜʦʥʩʢʠ ʧʨʝʚʦʜ ʥʘ ʘʥʛʣʠʩʢʠʦʪ ʪʝʨʤʠʥ gross final consumption of energy. ʆʚʦʿ ʪʝʨʤʠʥ ʿʘ ʦʟʥʘʯʫʚʘ ʚʢʫʧʥʘʪʘ 
ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ, ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ,ʪʨʘʥʩʧʦʨʪʦʪ, ʫʩʣʫʞʥʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ, 
ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ, ʰʫʤʘʨʩʪʚʦʪʦ ʠ ʨʠʙʘʨʩʪʚʦ,  ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ ʪʦʧʣʠʥʘ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ ʪʦʧʣʠʥʘ ʠ ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʟʘʛʫʙʠʪʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ ʪʦʧʣʠʥʘ ʚʦ 
ʧʨʝʥʦʩʦʪ  
2
 ɼʦʛʦʚʦʨʦʪ ʝ ʧʦʪʧʠʰʘʥ ʥʘ 25 ʦʢʪʦʤʚʨʠ 2005 ʛʦʜʠʥʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ɽʚʨʦʧʩʢʘʪʘ ʢʦʤʠʩʠʿʘ ʠ ʟʝʤʿʠʪʝ ʦʜ 
ɱʫʛʦʠʩʪʦʯʥʘ ɽʚʨʦʧʘ 
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ʟʛʦʣʝʤʠ ʧʦʚʣʘʩʪʝʥʘʪʘʘ ʪʘʨʠʬʘ ʟʘ ʝʣʝʢʪʨʘʥʠʪʝ ʢʦʠ ʢʦʨʠʩʪʘʪ ʙʠʦʤʘʩʘ ʩʦ ʠʥʩʪʘʣʠʨʘʥʘ 

ʤʦ˃ʥʦʩʪ ʧʦʛʦʣʝʤʘ ʦʜ 1 MW, ʘ ʧʦʤʘʣʠ ʦʜ 3 MW, ʦʜ 9 úʮʝʥʪʠ/kWh ʥʘ 10 úʮʝʥʪʠ/kWh. 

 

͔́͊͋͊͡ мΦ ʇʦʚʣʘʩʪʝʥʠ ʪʘʨʠʬʠ ʚʦ ʈʄ 

ʎʝʥʪʨʘʣʠ ʢʦʠ ʢʦʨʠʩʪʘʪ ʆʀɽ ʇʦʚʣʘʩʪʝʥʠ ʪʘʨʠʬʠ [úʮʝʥʪʠ/kWh] 

ʍʠʜʨʦʝʣʝʢʪʨʘʥʠ (PÒ10 MW) 
 

12,00 ʟʘ ɽ<85 000   
8,00 ʟʘ 85 000<E<170 000 

 6,00 ʟʘ 170 000<E<350 000 
5,00 ʟʘ 350 000<E<700 000 

 4,5 ʟʘ E>700 000 

ɺʝʪʝʨʥʠ ʝʣʝʢʪʨʘʥʠ (PÒ50 MW) 8,9 

ʌʦʪʦʥʘʧʦʥʩʢʠ ʝʣʝʢʪʨʘʥʠ (PÒ1 MW) 
30 ʟʘ PÒ0,050 MW 
26 ʟʘ P>0,050 MW 

ɽʣʝʢʪʨʘʥʠ ʥʘ ʙʠʦʛʘʩ (PÒ2 MW ʠ ʫʯʝʩʪʚʦ ʥʘ 
ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ ʚʦ ʚʢʫʧʥʘʪʘ ʝʥʝʨʛʝʪʩʢʘ 
ʚʨʝʜʥʦʩʪ ʥʘ ʫʧʦʪʨʝʙʝʥʠʪʝ ʛʦʨʠʚʘ Ò 10%) 

15 ʟʘ PÒ0,050 MW 
13 ʟʘ P>0,050 MW 

ɽʣʝʢʪʨʘʥʠ ʥʘ ʙʠʦʤʘʩʘ (PÒ3 MW ʠ ʫʯʝʩʪʚʦ ʥʘ 
ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ ʚʦ ʚʢʫʧʥʘʪʘ ʝʥʝʨʛʝʪʩʢʘ 
ʚʨʝʜʥʦʩʪ ʥʘ ʫʧʦʪʨʝʙʝʥʠʪʝ ʛʦʨʠʚʘ Ò 15%) 

110 ʟʘ PÒ1 MW 
100 for P>1 MW 

 

ɽ- ʂʦʣʠʯʠʥʘ ʥʘ ʠʩʧʦʨʘʯʘʥʘ ʝʥʝʨʛʠʿʘ ʧʦ ʙʣʦʢʦʚʠ ʚʦ ʪʝʢʦʪ ʥʘ ʝʜʝʥ ʢʘʣʝʥʜʘʨʩʢʠ ʤʝʩʝʮ [kWh]  

P ï ʀʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʝʣʝʢʪʨʘʥʘʪʘ 

 

2.3. ɺʣʠʿʘʥʠʝ ʥʘ ʧʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ ʚʨʟ ʮʝʥʘʪʘ ʢʘʿ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ 
 

 ʇʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ ʩʝ ʧʦʚʠʩʦʢʠ ʦʜ ʧʘʟʘʨʥʘʪʘ ʮʝʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ. 

ʈʘʟʣʠʢʘʪʘ ʚʦ ʮʝʥʘʪʘ, ʩʧʦʨʝʜ ɿʘʢʦʥʦʪ ʟʘ ʝʥʝʨʛʝʪʠʢʘ, ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʜʦʤʝʩʪʠ ʧʨʝʢʫ 

ʧʨʝʥʦʩʥʘʪʘ ʪʘʨʠʬʘ, ʦʜ ʩʪʨʘʥʘ ʥʘ ʩʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ. ʀʤʘʿ˃ʠ ʛʦ ʦʚʘ ʚʦ ʧʨʝʜʚʠʜ, ʢʦʣʢʫ 

ʫʯʝʩʪʚʦʪʦ ʥʘ ʆʀɽ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʝ ʧʦʚʠʩʦʢʦ, ʪʦʣʢʫ ʠ 

ʚʣʠʿʘʥʠʝʪʦ ʚʨʟ ʮʝʥʠʪʝ ʥʘ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ ʝ ʧʦʛʦʣʝʤʦ.  

 ʎʝʥʘʪʘ ʟʘ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ, ʧʦʚʨʟʘʥʠ ʜʠʨʝʢʪʥʦ ʥʘ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ ʠʣʠ 

ʧʦʚʨʟʘʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ, ʙʝʟ ʫʯʝʩʪʚʦ ʥʘ ʆʀɽ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʟʘ ʜʚʝ 

ʨʘʟʣʠʯʥʠ ʧʘʟʘʨʥʠ ʮʝʥʠ, ʩʧʦʨʝʜ ʘʥʘʣʠʟʘʪʘ ʚʦ [5], ʝ ʜʘʜʝʥʘ ʚʦ ʪʘʙʝʣʘ 2.  

 

͔́͊͋͊͡ 2. ʎʝʥʘ ʥʘ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ ʙʝʟ ʝʣʝʢʪʨʘʥʠ ʥʘ ʆʀɽ 

 
ʇʘʟʘʨʥʘ ʮʝʥʘ ʚʦ (EUR/MWh) 

60                              80 
ʎʝʥʘ ʢʘʿ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ 

ɼʠʨʝʢʪʥʠ ʧʦʪʨʦʰʫʚʘʯʠ 
ɼʠʩʪʨʠʙʫʪʠʚʥʠ ʧʦʪʨʦʰʫʚʘʯʠ 

65.4 
89.6   

85.7 
114.3 
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ɺʦ ʘʥʘʣʠʟʘʪʘ ʦʜ [5], oʚʘʘ ʮʝʥʘ ʝ ʩʧʦʨʝʜʝʥʘ ʩʦ ʮʝʥʘʪʘ ʢʘʿ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠʪʝ 

ʜʦʢʦʣʢʫ ʠʤʘ ʫʯʝʩʪʚʦ ʥʘ ʆʀɽ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʦʜ 600 GWh ʛʦʜʠʰʥʦ, ʘ ʨʘʟʣʠʢʘʪʘ ʚʦ 

ʮʝʥʠʪʝ  ʚʦ ʜʚʘʪʘ ʩʣʫʯʘʠ ʝ ʧʨʠʢʘʞʘʥʘ ʚʦ  ʪʘʙʝʣʘ 3. 

 

͔́͊͋͊͡ 3. ʎʝʥʘ ʥʘ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ ʩʦ ʝʣʝʢʪʨʘʥʠ ʥʘ ʆʀɽ 

 

ʇʘʟʘʨʥʘ ʮʝʥʘ ʚʦ (EUR/MWh) 
60              80 

ʇʘʟʘʨʥʘ ʮʝʥʘ ʚʦ 
(EUR/MWh) 
60             80 

ʇʨʦʩʝʯʥʘ ʮʝʥʘ ʟʛʦʣʝʤʝʥʘ ʟʘ ʆʀɽ 
(EUR/MWh) 

ʈʘʟʣʠʢʘ 

ɼʠʨʝʢʪʥʠ ʧʦʪʨʦʰʫʚʘʯʠ 
ɼʠʩʪʨʠʙʫʪʠʚʥʠ 
ʧʦʪʨʦʰʫʚʘʯʠ 

67.9  
92.1 

 87.1 
115.7 

3,8 % 
2,8% 

1,6 % 
1,2 % 

  

ʊʨʝʙʘ ʜʘ ʩʝ ʟʝʤʝ ʚʦ ʧʨʝʜʚʠʜ ʜʝʢʘ ʘʥʘʣʠʟʘʪʘ ʚʦ [5] ʝ ʥʘʧʨʘʚʝʥʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ 

ʩʣʝʜʥʠʪʝ ʧʨʝʪʧʦʩʪʘʚʢʠ: 

¶ ʩʪʝʧʝʥʦʪ ʥʘ ʠʟʛʨʘʜʝʥʦʩʪ ʥʘ ʝʣʝʢʪʨʘʥʠʪʝ ʥʘ ʆʀɽ ʝ ʧʨʝʪʧʦʩʪʘʚʝʥ ʥʘ ʤʘʢʩʠʤʘʣʥʦ 

ʥʠʚʦ ʧʨʝʜʚʠʜʝʥʦ ʚʦ ʉʪʨʘʪʝʛʠʿʘʪʘ  

¶ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʝ ʧʨʝʩʤʝʪʘʥʦ ʩʦ ʧʨʝʪʧʦʩʪʘʚʝʥ ʬʘʢʪʦʨ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʦʜ 2000 h/god ʟʘ ʚʝʪʝʨʥʠʪʝ ʠ ʝʣʝʢʪʨʘʥʠʪʝ ʥʘ ʙʠʦʛʘʩ, 1400 h/god ʟʘ 

ʬʦʪʦʥʘʧʦʥʩʢʠʪʝ ʝʣʝʢʪʨʘʥʠ, 5000 h/god ʟʘ ʢʦʛʝʥʝʨʘʪʠʚʥʠʪʝ ʧʦʩʪʨʦʿʢʠ ʥʘ ʙʠʦʤʘʩʘ ʠ ʦʢʦʣʫ 

2650 h/god ʟʘ ʤʘʣʠʪʝ ʍɽ,  

¶ ʧʨʦʩʝʯʥʘʪʘ ʮʝʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʧʘʟʘʨʦʪ ʥʘ ʛʦʣʝʤʦ ʝ ʧʨʝʪʧʦʩʪʘʚʝʥʘ 

ʚʦ ʛʨʘʥʠʮʠʪʝ ʦʜ 60 (ʥʠʩʢʘ ʚʨʝʜʥʦʩʪ) ʜʦ 80 EUR/MWh (ʚʠʩʦʢʘ ʚʨʝʜʥʦʩʪ),  

¶ ʧʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ ʟʘ ʦʜʜʝʣʥʠʪʝ ʚʠʜʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʩʝ ʩʧʦʨʝʜ ʩʦʩʪʦʿʙʘʪʘ ʚʦ 

2010 ʛʦʜʠʥʘ (ʧʨʦʩʝʯʥʦ 100 EUR/MWh ʟʘ ʤʘʣʠʪʝ ʍɽ, 89 EUR/MWh ʟʘ ɺɽ, ʧʨʦʩʝʯʥʦ 268 

EUR/MWh ʟʘ ʌɽ, ʧʨʦʩʝʯʥʦ 134 EUR/MWh ʟʘ ʝʣʝʢʪʨʘʥʠʪʝ ʥʘ ʙʠʦʛʘʩ ʠ ʧʨʦʩʝʯʥʦ 104 

EUR/MWh ʟʘ ʢʦʛʝʥʝʨʘʪʠʚʥʠʪʝ ʝʣʝʢʪʨʘʥʠ ʥʘ ʙʠʦʤʘʩʘ),  

¶ ʚʢʫʧʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ɽɽʉ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʝ 

10500 GWh (ʰʪʦ ʧʨʠʙʣʠʞʥʦ ʦʜʛʦʚʘʨʘ ʥʘ ʥʠʚʦʪʦ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʚʦ 2015 ʛʦʜʠʥʘ),  

¶ ʧʘʟʘʨʦʪ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ˃ʝ ʙʠʜʝ ʥʘʧʦʣʥʦ 

ʣʠʙʝʨʘʣʠʟʠʨʘʥ ʠ ʮʝʥʠʪʝ ʟʘ ʨʝʛʫʣʠʨʘʥʠʪʝ ʫʩʣʫʛʠ (ʟʘʛʫʙʠʪʝ) ˃ʝ ʙʠʜʘʪ ʙʘʟʠʨʘʥʠ ʥʘ ʮʝʥʠʪʝ 

ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʧʘʟʘʨʦʪ ʥʘ ʛʦʣʝʤʦ. 

 ʆʜ ʧʨʝʟʝʥʪʠʨʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʧʨʠʤʝʥʘʪʘ ʥʘ 

ʧʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ ʥʝʤʘ ʜʘ ʜʦʚʝʜʝ ʜʦ ʟʥʘʯʠʪʝʣʥʦ ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʮʝʥʘʪʘ ʢʘʿ 

ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ ʘʢʦ ʫʯʝʩʪʚʦʪʦ ʥʘ ʆʀɽ ʝ 600 GWh ʛʦʜʠʰʥʦ, ʰʪʦ ʝ ʦʩʦʙʝʥʦ ʚʘʞʥʦ 

ʟʝʤʘʿ˃ʠ ʿʘ ʚʦ ʧʨʝʜʚʠʜ ʪʝʢʦʚʥʘʪʘ ʝʢʦʥʦʤʩʢʘ ʩʦʩʪʦʿʙʘ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ ʚʦ ʈʄ. 

 

3. ɿʘʢʣʫʯʦʢ 
 

 ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʧʨʝʟʝʥʠʨʘʥʠ ʧʦʚʣʘʩʪʝʥʠʪʝ ʪʘʨʠʬʠ ʢʘʢʦ ʤʝʨʢʘ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʆʀɽ ʚʦ ʈʄ ʠ ʢʘʢʦ ʪʠʝ ʩʝ ʨʝʬʣʝʢʪʠʨʘʘʪ ʥʘ 

ʮʝʥʘʪʘ ʢʘʿ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ. ɿʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʫʯʝʩʪʚʦʪʦ ʥʘ ʆʀɽ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 
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ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ˃ʝ ʿʘ ʥʘʤʘʣʠ ʟʘʚʠʩʥʦʩʪʘ ʦʜ ʫʚʦʟ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, 

ʢʦʥʢʫʨʝʥʪʥʦʩʪʘ ʥʘ ʧʘʟʘʨʦʪ ˃ʝ ʩʝ ʧʦʜʦʙʨʠ, ˃ʝ ʩʝ ʦʙʝʟʙʝʜʠ ʩʠʛʫʨʥʦʩʪ ʚʦ ʩʥʘʙʜʫʚʘˁʝʪʦ, ʘ 

ʚʦʝʜʥʦ ˃ʝ ʩʝ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʩʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʰʪʝʪʥʠʪʝ ʛʘʩʦʚʠ. ɿʘʪʦʘ, 

ʢʣʫʯʥʦ ʝ ʜʘ ʩʝ ʧʨʠʤʝʥʠ ʩʦʦʜʚʝʪʥʘʪʘ ʤʝʨʢʘ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʦʜ ʆʀɽ ʩʦ 

ʢʦʿʘ ˃ʝ ʩʝ ʜʦʙʠʝ ʦʧʪʠʤʘʣʝʥ ʧʨʦʮʝʥʪ ʥʘ ʫʯʝʩʪʚʦ ʥʘ ʆʀɽ, ʧʨʠʪʦʘ ʠʟʙʝʛʥʫʚʘʿ˃ʠ ʛʠ 

ʥʝʧʦʩʘʢʫʚʘʥʠʪʝ ʝʬʝʢʪʠ ʢʘʿ ʢʨʘʿʥʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ.  
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ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʟʘ ʩʠʛʫʨʥʦ ʩʥʘʙʜʫʚʘˁʝ ʩʦ ʝʣʝʢʪʨʠʯʥʘ ʠ ʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ, ʟʘʰʪʠʪʘ ʥʘ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʨʘʟʚʦʿ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ. ʇʨʠʜʦʙʠʚʢʠʪʝ ʦʜ ʠʟʛʨʘʜʙʘʪʘ ʥʘ ʝʥʝʨʛʝʪʩʢʠ 

ʝʬʠʢʘʩʥʠ ʦʙʿʝʢʪʠ ʩʦ ʠʥʩʪʘʣʠʨʘʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ ʩʦʥʯʝʚʘ ʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʛʣʝʜʘʘʪ ʚʦ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʥʝʟʘʚʠʩʥʦʩʪ, ʟʘʰʪʝʜʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʦʜʨʞʣʠʚ ʝʢʦʥʦʤʩʢʠ ʨʘʟʚʦʿ. ɺʦ ʦʚʦʿ 

ʪʨʫʜ ʝ ʥʘʧʨʘʚʝʥʘ ʘʥʘʣʠʟʘ ʥʘ ʧʦʦʜʝʣʥʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʩʦʥʯʝʚʠʪʝ ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ ʢʦʠ 

ʧʦʜʣʝʞʘʪ ʥʘ ʯʝʩʪʠ ʩʝʨʚʠʩʠʨʘˁʘ, ʧʦʨʘʜʠ ʥʠʚʥʦʪʦ ʜʠʤʝʥʟʠʦʥʠʨʘˁʝ ʠ ʧʨʦʧʫʩʪʠ ʧʨʠ ʥʠʚʥʘ 

ʠʥʩʪʘʣʘʮʠʿʘ. ɿʘ ʪʘʘ ʮʝʣ ʧʦʪʨʝʙʥʦ ʝ ʜʦʙʨʦ ʧʦʟʥʘʚʘˁʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʩʦʥʯʝʚʠʪʝ 

ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ, ʥʠʚʥʠʪʝ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʦʮʠ, ʢʘʢʦ ʠ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʥʠʚʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ. 

 

1. ɺʦʚʝʜ 
  

ʎʝʣʦʢʫʧʥʠʦʪ ʞʠʚ ʩʚʝʪ ʧʦʩʪʦʠ ʠ ʟʘʚʠʩʠ ʦʜ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ, ʪʘʘ ʧʨʝʪʩʪʘʚʫʚʘ 

ʥʘʿʝʢʦʣʦʰʢʘ ʬʦʨʤʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʥʘ ʤʥʦʛʫ ʥʘʯʠʥʠ ʚʦ ʨʘʟʣʠʯʥʠ 

ʛʝʦʛʨʘʬʩʢʠ ʠ ʩʦʮʠʿʘʣʥʠ ʦʧʢʨʫʞʫʚʘˁʘ [1]. ɺʢʫʧʥʘʪʘ ʛʦʜʠʰʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʥʘ 

ɿʝʤʿʘʪʘ ʠʟʥʝʩʫʚʘ 10.000 [TWh], ʰʪʦ ʉʦʥʮʝʪʦ ʿʘ ʟʨʘʯʠ ʟʘ 17 ʯʘʩʘ. ɺʦʚʝʜʫʚʘˁʝʪʦ ʥʘ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʦʛʦʣʝʤʦʪʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ 

ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʦʩʪʚʘʨʫʚʘˁʝ ʥʘ ʧʦʟʠʪʠʚʥʠ ʬʠʥʘʥʩʠʩʢʠ ʝʬʝʢʪʠ ʩʦ ʟʘʰʪʠʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ 

ʩʨʝʜʠʥʘ. ɿʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʮʝʥʘʪʘ ʥʘ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ ʜʠʨʝʢʪʥʦ ʛʦ ʧʦʪʪʠʢʥʫʚʘ ʨʘʟʚʦʿʦʪ 

ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʩʦʥʯʝʚʘ ʝʥʝʨʛʠʿʘ ʚʦ ʪʝʨʤʘʣʥʘ ʠ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ [3]. ʆʜ ʦʩʦʙʝʥʦ ʟʥʘʯʝˁʝ ʝ ʜʘ ʩʝ ʠʩʪʘʢʥʝ ʥʘʨʫʰʫʚʘˁʝʪʦ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪʘ ʠ ʧʨʠʥʦʩʦʪ ʥʘ ʩʦʥʯʝʚʠʪʝ ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ ʟʘ ʩʘʥʠʪʘʨʥʘ ʚʦʜʘ ʠ ʛʨʝʿʥʘ 

ʧʦʜʨʰʢʘ ʜʦʢʦʣʢʫ ʠʩʪʠʪʝ ʩʝ ʧʦʜʣʝʞʥʠ ʥʘ ʛʨʝʰʢʠ ʠ ʥʝʜʦʩʪʘʪʦʮʠ ʧʨʠ ʥʠʚʥʦ 

ʜʠʤʝʥʟʠʦʥʠʨʘˁʝ ʠ ʠʥʩʪʘʣʠʨʘˁʝ, ʰʪʦ ʯʝʩʪʦ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʨʝʩʫʜʥʠ ʟʘ ʠʩʧʣʘʪʣʠʚʦʩʪʘ 

ʥʘ ʩʠʩʪʝʤʠʪʝ. ʀʘʢʦ ʩʦʥʯʝʚʠʪʝ ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ ʟʘ ʩʘʥʠʪʘʨʥʘ ʚʦʜʘ ʠ ʛʨʝʿʥʘ ʧʦʜʨʰʢʘ ʩʝ 

ʚʝ˃ʝ ʜʦʢʘʞʘʥʠ ʢʘʢʦ ʪʝʭʥʦʣʦʛʠʿʘ, ʩʝʧʘʢ ʤʥʦʛʫ ʯʝʩʪʘ ʧʦʿʘʚʘ ʚʦ ʧʨʘʢʩʘ ʝ ʥʘʤʝʨʥʦ ʠʣʠ 

ʥʝʩʚʝʩʥʦ ʧʨʘʚʝˁʝ ʥʘ ʠʩʪʠ ʠʣʠ ʩʣʠʯʥʠ ʧʨʦʧʫʩʪʠ ʢʦʠ ʩʝ ʧʨʝʜʤʝʪ ʥʘ ʨʘʟʛʣʝʜʫʚʘˁʝ ʥʘ ʦʚʦʿ 

ʪʨʫʜ. ʎʝʣʪʘ ʥʘ ʦʚʦʿ ʪʨʫʜ ʝ ʜʘ ʩʝ ʧʦʩʦʯʘʪ ʪʦʢʤʫ ʪʠʝ ʥʝʜʦʩʪʘʪʦʮʠ ʠ ʧʨʝʜʥʦʩʪʠ ʥʘ 

ʠʥʞʝʥʝʨʠʪʝ ʠ ʠʥʩʪʘʣʘʪʝʨʠʪʝ ʦʜ ʦʚʘʘ ʦʙʣʘʩʪ, ʘ ʚʦʝʜʥʦ ʠ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ ʢʦʨʠʩʥʠʮʠʪʝ 

ʥʘ ʩʦʥʯʝʚʠ ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ. ɻʝʦʛʨʘʬʩʢʘʪʘ ʧʦʟʠʮʠʿʘ ʥʘ ʄʘʢʝʜʦʥʠʿʘ ʠ ʢʣʠʤʘʪʩʢʠʪʝ 

ʫʩʣʦʚʠ ʩʦ ʚʠʩʦʢ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʠ ʥʝʛʦʚʦ ʚʨʝʤʝʪʨʘʝˁʝ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ 
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ʠ ʚʣʘʞʥʦʩʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʦʚʦʟʤʦʞʫʚʘʘʪ ʧʦʚʦʣʥʠ ʫʩʣʦʚʠ ʟʘ ʫʩʧʝʰʝʥ ʨʘʟʚʦʿ ʠ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʩʦʥʯʝʚʘʪʘ ʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ.  

 

2. ʆʧʠʩ ʥʘ ʩʦʥʯʝʚʠ ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ ʟʘ ʩʘʥʠʪʘʨʥʘ ʚʦʜʘ ʠ ʛʨʝʿʥʘ 

ʧʦʜʜʨʰʢʘ  
 

ʌʠʟʠʯʢʠʪʝ ʧʦʿʘʚʠ ʢʘʿ ʩʦʥʯʝʚʠʪʝ ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʩʘʥʠʪʘʨʥʘ ʚʦʜʘ ʠ 

ʛʨʝʿʥʘ ʧʦʜʨʰʢʘ ʧʨʠ ʦʜʚʠʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ 

ʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʧʦʿʘʚʠʪʝ ʰʪʦ ʥʘʩʪʘʥʫʚʘʘʪ ʚʦ:  

- ʂʦʣʝʢʪʦʨʩʢʦʪʦ ʧʦʣʝ  

- ʮʝʚʥʠʦʪ ʩʠʩʪʝʤ  

- ʨʝʟʝʨʚʦʘʨʦʪ (ʘʢʫʤʫʣʘʪʦʨ ʥʘ ʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ)  

 
˿͙͊͟͡ 1. ʉʦʥʯʝʚ ʪʝʨʤʘʣʝʥ ʩʠʩʪʝʤ ʟʘ ʩʘʥʠʪʘʨʥʘ ʚʦʜʘ ʠ ʛʨʝʿʥʘ ʧʦʜʨʰʢʘ [2] 

 
2.1. ʂʦʣʝʢʪʦʨʠ  

 
ʂʦʣʝʢʪʦʨʠʪʝ ʢʦʠ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʚʦ ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ ʟʘ ʩʘʥʠʪʘʨʥʘ ʚʦʜʘ ʠ ʛʨʝʿʥʘ 

ʧʦʜʨʰʢʘ ʥʘʿʯʝʩʪʦ ʩʝ ʨʘʤʥʠ ʢʦʣʝʢʪʦʨʠ, ʘ ʠʩʪʦ ʪʘʢʘ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʠ ʢʦʣʝʢʪʦʨʠ ʩʦ ʚʘʢʫʤ 

ʮʝʚʢʠ. ʈʘʤʥʠʪʝ ʢʦʣʝʢʪʦʨʠ ʩʝ ʩʦʩʪʘʚʝʥʠ ʦʜ ʤʝʪʘʣʝʥ ʘʧʩʦʨʙʝʨ ʩʤʝʩʪʝʥ ʚʦ ʨʘʤʥʦ 

ʧʨʘʚʦʘʛʦʣʥʦ ʢʫ˃ʠʰʪʝ, ʢʦʝ ʰʪʦ ʝ ʠʟʦʣʠʨʘʥʦ ʦʜ ʟʘʜʥʘʪʘ ʩʪʨʘʥʘ ʠ ʩʪʨʘʥʠʯʥʠʪʝ ʼʠʜʦʚʠ ʩʦ 

ʪʦʧʣʠʥʩʢʘ ʠʟʦʣʘʮʠʿʘ. ʇʨʝʜʥʘʪʘ ʩʪʨʘʥʘ ʝ ʧʦʢʨʠʝʥʘ ʩʦ ʪʨʘʥʩʧʘʨʝʥʪʥʘʪʘ ʧʦʢʨʠʚʢʘ ʢʦʿʘ ʤʦʨʘ 

ʜʘ ʛʠ ʧʦʩʝʜʫʚʘ ʩʣʝʜʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ:  

- ɺʠʩʦʢʘ ʧʨʦʧʫʩʪʣʠʚʦʩʪ ʥʘ ʩʚʝʪʣʠʥʘ ʟʘ ʚʨʝʤʝ ʥʘ ʮʝʣʠʦʪ ʞʠʚʦʪʝʥ ʮʠʢʣʫʩ ʥʘ ʢʦʣʝʢʪʦʨʦʪ 

- ʄʘʣʘ ʨʝʬʣʝʢʩʠʿʘ  

- ɺʠʩʦʢʘ ʋɺ-ʧʦʩʪʦʿʘʥʦʩʪ  

- ɿʘʰʪʠʪʘ ʥʘ ʢʦʣʝʢʪʦʨʦʪ ʦʜ ʣʘʜʝˁʝ ʧʨʝʢʫ ʚʝʪʝʨ ʠʣʠ ʢʦʥʚʝʢʮʠʿʘ  

- ɿʘʰʪʠʪʘ ʥʘ ʢʦʣʝʢʪʦʨʦʪ ʦʜ ʜʦʞʜʦʚʥʘ ʚʦʜʘ ʠ ʚʣʘʛʘ ʚʦ ʚʦʟʜʫʭʦʪ  

- ʆʪʧʦʨʥʦʩʪ ʥʘ ʫʜʘʨʠ (ʛʨʘʜ, ʩʢʨʰʝʥʠ ʛʨʘʥʢʠ ʠ ʜʨ.)  

- ɺʠʩʦʢʦ ʢʚʘʣʠʪʝʪʥʘ ʪʝʨʤʠʯʢʘ ʠʟʦʣʘʮʠʿʘ ʦʜ ʟʘʜʥʘʪʘ ʩʪʨʘʥʘ  
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ʎʝʣʪʘ ʝ ʚʦ ʢʦʣʝʢʪʦʨʦʪ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʝʬʝʢʪʦʪ ʥʘ ʩʪʘʢʣʝʥʘ ʛʨʘʜʠʥʘ ʠ ʟʘ ʪʘʘ ʥʘʤʝʥʘ 

ʢʦʣʝʢʪʦʨʠʪʝ ʥʘ ʛʦʨʥʘʪʘ ʩʪʨʘʥʘ ʪʨʝʙʘ ʜʘ ʩʝ ʟʘʪʚʦʨʝʥʠ ʩʦ ʩʪʘʢʣʦ ʰʪʦ ʝ ʩʠʛʫʨʥʦʩʥʦ 

ʩʪʨʫʢʪʫʨʠʨʘʥʦ ʠ ʦʩʠʨʦʤʘʰʝʥʦ ʩʦ ʞʝʣʝʟʦ. ʂʦʛʘ ʩʝ ʩʧʦʨʝʜʫʚʘ ʝʬʠʢʘʩʥʦʩʪʘ ʧʦʩʪʦʠ ʤʘʣʘ 

ʨʘʟʣʠʢʘ ʤʝʺʫ ʨʘʤʥʠʪʝ ʢʦʣʝʢʪʦʨʠ ʠ ʢʦʣʝʢʪʦʨʠʪʝ ʩʦ ʚʘʢʫʤ ʮʝʚʢʠ. ɺʦ ʧʨʦʩʝʢ ʟʘ ʝʜʥʘ ʛʦʜʠʥʘ 

ʢʦʣʝʢʪʦʨʠʪʝ ʩʦ ʚʘʢʫʤ ʮʝʚʢʠ ʠʤʘʘʪ ʦʜ 25 [%] ʜʦ 40 [%] ʧʦʚʝ˃ʝ ʘʢʫʤʫʣʠʨʘʥʘ ʪʝʨʤʘʣʥʘ 

ʝʥʝʨʛʠʿʘ ʠ ʤʠʥʠʤʘʣʥʠ ʟʘʛʫʙʠ ʥʘ ʪʦʧʣʠʥʘ ʦʩʦʙʝʥʦ ʚʦ ʟʠʤʩʢʠ ʫʩʣʦʚʠ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ 

ʮʠʣʠʥʜʨʠʯʥʠʦʪ ʦʙʣʠʢ, ʚʘʢʫʤ ʮʝʚʢʠʪʝ ʩʝ ʚʦ ʤʦʞʥʦʩʪ ʧʘʩʠʚʥʦ ʜʘ ʛʦ ʩʣʝʜʘʪ ʉʦʥʮʝʪʦ, ʟʘ 

ʨʘʟʣʠʢʘ ʦʜ ʨʘʤʥʠʪʝ ʢʦʣʝʢʪʦʨʠ ʢʦʠ ʠʤʘʘʪ ʤʘʢʩʠʤʘʣʥʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʘʙʩʦʨʧʮʠʿʘ ʚʦ 

ʤʦʤʝʥʪʦʪ ʢʦʛʘ ʉʦʥʮʝʪʦ ʝ ʥʦʨʤʘʣʥʦ ʧʦʟʠʮʠʦʥʠʨʘʥʦ ʚʦ ʟʝʥʠʪʦʪ [2].  

 

2.2. ʎʝʚʝʥ ʩʠʩʪʝʤ  

 
ɽʣʝʤʝʥʪʠʪʝ ʦʜ ʢʦʠ ʝ ʩʦʩʪʘʚʝʥ ʮʝʚʥʠʦʪ ʩʠʩʪʝʤ ʦʚʦʟʤʦʞʫʚʘʘʪ ʜʦʙʠʝʥʘʪʘ ʪʝʨʤʘʣʥʘ 

ʝʥʝʨʛʠʿʘ ʦʜ ʢʦʣʝʢʪʦʨʠʪʝ ʩʦ ʥʘʿʤʘʣʠ ʟʘʛʫʙʠ ʜʘ ʩʝ ʧʨʝʥʝʩʝ ʚʦ ʨʝʟʝʨʚʦʘʨʦʪ ʟʘ ʩʢʣʘʜʠʨʘˁʝ 

ʥʘ ʪʦʧʣʘ ʚʦʜʘ, ʘ ʪʦʘ ʩʝ:  

- ʎʝʚʝʥ ʨʘʟʚʦʜ ʩʦ ʠʟʦʣʘʮʠʿʘ ʰʪʦ ʛʠ ʧʦʚʨʟʫʚʘ ʢʦʣʝʢʪʦʨʠʪʝ ʥʘ ʧʦʢʨʠʚʦʪ ʠ ʨʝʟʝʨʚʦʘʨʦʪ.  

- ʌʣʫʠʜ ʟʘ ʪʨʘʥʩʬʝʨ ʥʘ ʪʦʧʣʠʥʘʪʘ ʦʜ ʢʦʣʝʢʪʦʨʦʪ ʜʦ ʨʝʟʝʨʚʦʘʨʦʪ.  

- ʎʠʨʢʫʣʘʮʠʦʥʘ ʧʫʤʧʘ ʢʦʿʘ ʦʚʦʟʤʦʞʫʚʘ ʬʣʫʠʜʦʪ ʟʘ ʪʨʘʥʩʬʝʨ ʥʘ ʪʦʧʣʠʥʘ ʜʘ ʮʠʨʢʫʣʠʨʘ 

ʥʠʟ ʢʦʣʝʢʪʦʨʦʪ, ʮʝʚʥʠʦʪ ʩʠʩʪʝʤ ʠ ʠʟʤʝʥʫʚʘʯʦʪ.  

- ʀʟʤʝʥʫʚʘʯ ʥʘ ʪʦʧʣʠʥʘ ʰʪʦ ʧʨʝʜʘʚʘ ʪʦʧʣʠʥʘ ʚʦ ʨʝʟʝʨʚʦʘʨʦʪ ʟʘ ʩʘʥʠʪʘʨʥʘ ʚʦʜʘ ʠʣʠ 

ʛʨʝʿʥʘ ʧʦʜʜʨʰʢʘ, ʧʨʠ ʰʪʦ ʩʝ ʠʟʙʝʛʥʫʚʘ ʤʝʰʘˁʝ ʥʘ ʬʣʫʠʜʠʪʝ.  

- ɸʨʤʘʪʫʨʠ (ʪʦʧʯʝʩʪ ʚʝʥʪʠʣ ʩʦ ʭʦʣʝʥʜʝʨ, ʥʘʚʦʝʥ ʪʦʧʯʝʩʪ ʚʝʥʪʠʣ, ʥʝʧʦʚʨʘʪʝʥ ʚʝʥʪʠʣ, 

ʧʨʠʢʣʫʯʦʮʠ ʟʘ ʧʦʣʥʝˁʝ ʥʘ ʩʠʩʪʝʤʦʪ, ʚʝʥʪʠʣʠ ʟʘ ʧʨʘʟʥʝˁʝ, ʨʘʯʝʥ ʚʝʥʪʠʣ ʟʘ ʚʦʟʜʫʭ ʠʣʠ 

ʘʚʪʦʤʘʪʩʢʦ ʣʦʥʯʝ).  

- ʉʠʛʫʨʥʦʩʥʠ ʫʨʝʜʠ, ʤʘʥʦʤʝʪʘʨ, ʤʝʨʘʯ ʥʘ ʧʨʦʪʦʢ, ʢʦʤʧʝʥʟʘʮʠʦʥʝʥ ʩʘʜ ʠ ʩʠʛʫʨʥʦʩʝʥ 

ʚʝʥʪʠʣ.  

 

2.3. ɸʢʫʤʫʣʘʪʦʨ ʥʘ ʪʦʧʣʠʥʘ (ʨʝʟʝʨʚʦʘʨ)  

ʇʦʩʪʦʿʘʪ ʤʥʦʛʫ ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʦʩʦʙʝʥʦʩʪʠ ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʝʜʝʥ ʨʝʟʝʨʚʦʘʨ ʚʦ ʧʦʛʣʝʜ ʥʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ. ɺʠʪʢʦʩʪ ʥʘ ʨʝʟʝʨʚʦʘʨʦʪ 

ʠ ʚʤʝʪʥʘʪ ʩʣʦʿ ʦʜ ʪʝʨʤʠʯʢʘ ʠʟʦʣʘʮʠʿʘ ʦʢʦʣʫ ʨʝʟʝʨʚʦʘʨʦʪ ʰʪʦ ʝ ʦʩʥʦʚʝʥ ʧʨʝʜʫʩʣʦʚ ʟʘ 

ʦʜʨʞʫʚʘˁʝ ʥʘ ʜʦʚʦʣʥʦ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʦʜʘʪʘ ʚʦ ʛʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʝʨʚʦʘʨʦʪ 

ʟʘʨʘʜʠ ʩʪʨʫʝˁʝ ʥʘ ʣʘʜʥʘʪʘ ʚʦʜʘ ʧʨʠ ʤʝʰʘˁʝʪʦ. ʆʜʚʦʿʫʚʘˁʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʪʝ 

ʩʣʦʝʚʠ ʝ ʧʦʝʬʠʢʘʩʥʦ ʜʦʢʦʣʢʫ ʨʝʟʝʨʚʦʘʨʦʪ ʝ ʧʦʚʠʪʦʢ.  

 

3.  ʅʘʿʯʝʩʪʠ ʛʨʝʰʢʠ ʧʨʠ ʜʠʤʝʥʟʠʦʥʠʨʘˁʝ ʠ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ  

            ʉʦʥʯʝʚʠ ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ  

 

3.1. ʂʦʣʝʢʪʦʨʩʢʦ ʧʦʣʝ  

¶ ʅʘ ʠʟʣʝʟʦʪ ʥʘ ʬʣʫʠʜʦʪ ʦʜ ʢʦʣʝʢʪʦʨʠʪʝ ʩʝ ʧʦʩʪʘʚʫʚʘ ʩʘʤʦ ʘʚʪʦʤʘʪʩʢʦ ʣʦʥʯʝ ʟʘ 

ʚʦʟʜʫʭ. ɺʦ ʫʩʣʦʚʠ ʥʘ ʩʪʘʛʥʘʮʠʿʘ ʧʨʠ ʰʪʦ ʥʝ ʝ ʟʘʰʪʠʪʝʥ ʥʠʪʫ ʝʜʝʥ ʩʠʩʪʝʤ, 

ʘʚʪʦʤʘʪʩʢʦʪʦ ʣʦʥʯʝ ʧʦʢʨʘʿ ʚʦʟʜʫʭʦʪ ʠʩʬʨʣʘ ʠ ʜʝʣ ʦʜ ʬʣʫʠʜʦʪ. ʉʦ ʪʝʢ ʥʘ 

ʚʨʝʤʝʪʦ ʩʝ ʥʘʤʘʣʫʚʘ ʥʝʛʦʚʘʪʘ ʢʦʣʠʯʠʥʘ, ʧʘʺʘ ʧʨʠʪʠʩʦʢʦʪ ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 
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ʩʠʩʪʝʤʦʪ. ʈʝʰʝʥʠʝ ʥʘ ʦʚʦʿ ʧʨʦʙʣʝʤ ʝ ʧʦʩʪʘʚʫʚʘˁʝ ʠʣʠ ʩʘʤʦ ʥʘ ʨʘʯʥʘ ʩʣʘʚʠʥʘ 

ʟʘ ʦʙʝʟʚʦʟʜʫʰʫʚʘˁʝ ʠʣʠ ʜʦʢʦʣʢʫ ʩʝ ʠʥʩʪʘʣʠʨʘ ʘʚʪʦʤʘʪʩʢʦ ʣʦʥʯʝ ʟʘ ʚʦʟʜʫʭ, 

ʚʝʜʥʘʰ ʧʦʜ ʥʝʛʦ ʩʝ ʠʥʩʪʘʣʠʨʘ ʨʘʯʝʥ ʚʝʥʪʠʣ. ʃʦʥʯʝʪʦ ʩʣʫʞʠ ʩʘʤʦ ʟʘ ʧʦʣʥʝˁʝ 

ʥʘ ʩʠʩʪʝʤʦʪ, ʘ ʦʪʢʘʢʦ ʚʦʟʜʫʭʦʪ ʧʨʠ ʧʦʣʥʝˁʝʪʦ ˃ʝ ʙʠʜʝ ʠʩʪʠʩʥʘʪ, ʚʝʥʪʠʣʦʪ ʧʦʜ 

ʥʝʛʦ ʩʝ ʟʘʪʚʦʨʘ.  

¶ ʅʝʜʦʚʦʣʥʘ ʟʘʰʪʠʪʘ ʥʘ ʩʦʥʜʘʪʘ ʚʦ ʢʦʣʝʢʪʦʨʦʪ ʠ ʥʝʿʟʠʥʠʦʪ ʢʘʙʝʣ ʦʜ ʧʪʠʮʠ ʠ 

ʛʣʦʜʘʨʠ. ʆʚʘ ʧʨʝʜʠʟʚʠʢʫʚʘ ʯʝʩʪʠ ʧʨʝʢʠʥʠ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʢʦʥʪʨʦʣʝʨʦʪ. 

ʈʝʰʝʥʠʝʪʦ ʝ ʜʦʙʨʘʪʘ ʟʘʰʪʠʪʘ ʧʨʠ ʠʥʩʪʘʣʠʨʘˁʝ.  

¶ ʇʦʨʘʜʠ ʧʨʦʧʫʩʪ ʚʦ ʩʘʤʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʦʣʝʢʪʦʨʠ, ʯʝʩʪʦ ʧʨʠ ʠʥʩʪʘʣʘʮʠʿʘʪʘ 

ʥʘ ʢʦʣʝʢʪʦʨʠʪʝ, ʧʦʨʘʜʠ ʩʣʦʙʦʜʥʦ ʣʝʙʜʝˁʝ ʥʘ ʘʙʩʦʨʙʝʨʦʪ ʜʦʘʺʘ ʜʦ 

ʦʰʪʝʪʫʚʘˁʝ ʥʘ ʩʝʣʝʢʪʠʚʥʠʦʪ ʩʣʦʿ ʠ ʥʝʛʦʚʦ ʧʨʝʢʨʰʫʚʘˁʝ ʚʥʘʪʨʝ ʚʦ ʢʦʣʝʢʪʦʨʦʪ 

ʢʦʛʘ ʩʝ ʚʨʰʠ ʥʝʛʦʚʘ ʤʘʥʠʧʫʣʘʮʠʿʘ.  
 

3.2. ʎʝʚʝʥ ʩʠʩʪʝʤ  

 

¶ ʆʩʥʦʚʥʘ ʛʨʝʰʢʘ ʢʘʿ ʮʝʚʥʠʦʪ ʩʠʩʪʝʤ ʝ ʧʨʠʤʝʥʘ ʥʘ ʮʝʚʢʠ ʦʜ ʥʝʩʦʦʜʚʝʪʝʥ 

ʤʘʪʝʨʠʿʘʣ ʢʘʢʦ: ʧʦʮʠʥʢʫʚʘʥʠ, ʘʣʫʤʧʣʘʩʪ ʠʣʠ ʧʣʘʩʪʠʯʥʠ ʮʝʚʢʠ. ɺʠʩʦʢʠʪʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʦ ʧʨʦʛʨʝʩʠʚʥʠʦʪ ʚʦʜ ʠ ʘʛʨʝʩʠʚʥʠʦʪ ʤʝʜʠʫʤ ʟʘ ʧʨʝʥʦʩ ʥʘ 

ʪʦʧʣʠʥʘ ʛʦ ʥʘʛʨʠʟʫʚʘʘʪ ʠ ʦʰʪʝʪʫʚʘʘʪ ʮʝʚʥʠʦʪ ʨʘʟʚʦʜ ʦʜ ʧʦʮʠʥʢʫʚʘʥʠ ʮʝʚʢʠ, 

ʤʝʜʠʫʤʦʪ ʠʩʪʝʢʫʚʘ ʠ ʧʨʠʪʠʩʦʢʦʪ ʚʦ ʩʠʩʪʝʤʦʪ ʧʘʺʘ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, 

ʘʣʫʤʧʣʘʩʪʦʪ ʠ ʧʣʘʩʪʠʯʥʠʪʝ ʮʝʚʢʠʪʝ ʥʝ ʩʝ ʚʦ ʩʦʩʪʦʿʙʘ ʜʘ ʠʟʜʨʞʘʪ ʝʢʩʪʨʝʤʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʩʦʙʝʥʦ ʧʨʠ ʩʪʘʛʥʘʮʠʿʘ. ʉʝ ʿʘʚʫʚʘ ʧʨʦʢʘʧʫʚʘˁʝ, ʛʫʙʝˁʝ ʥʘ 

ʧʨʠʪʠʩʦʢ ʠ ʥʝʬʫʥʢʮʠʦʥʘʣʝʥ ʩʠʩʪʝʤ. ɿʘʪʦʘ ʟʘ ʪʝʨʤʘʣʥʠʪʝ ʩʠʩʪʝʤʠ ʥʘʿ 

ʩʦʦʜʚʝʪʥʠ ʩʝ ʙʘʢʘʨʥʠʪʝ ʮʝʚʢʠ.  

¶ ʅʝʠʟʦʣʠʨʘʥʘ ʮʝʚʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʠʣʠ ʥʝʜʦʚʦʣʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʠʟʦʣʘʮʠʿʘʪʘ. 

ʊʦʧʣʠʥʩʢʠʪʝ ʟʘʛʫʙʠ ʰʪʦ ʥʘʩʪʘʥʫʚʘʘʪ ʚʦ ʮʝʚʥʠʦʪ ʩʠʩʪʝʤ ʧʦʨʘʜʠ ʣʦʰʦ ʠʟʦʣʠʨʘʥ 

ʠʣʠ ʥʝʠʟʦʣʠʨʘʥ ʮʝʚʝʥ ʨʘʟʚʦʜ ʿʘ ʧʦʥʠʰʪʫʚʘ ʛʝʥʝʨʠʨʘʥʘʪʘ ʪʦʧʣʠʥʘ ʟʘ ʧʦʣʦʚʠʥʘ 

ʢʚʘʜʨʘʪʝʥ ʤʝʪʘʨ ʦʜ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʢʦʣʝʢʪʦʨʦʪ. ʅʘʿʯʝʩʪʘ ʧʦʿʘʚʘ ʚʦ ʧʨʘʢʩʘ ʝ 

ʟʘʥʝʤʘʨʫʚʘˁʝ ʥʘ ʦʚʦʿ ʧʘʨʘʤʝʪʘʨ ʠ ʩʚʝʩʥʦ ʥʘʤʘʣʘʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʩʠʩʪʝʤʦʪ. ʇʨʘʚʠʣʥʠʦʪ ʧʨʠʩʪʘʧ ʝ ʼʠʜʦʪ ʥʘ ʠʟʦʣʘʮʠʿʘʪʘ ʜʘ ʙʠʜʝ ʜʝʙʝʣ ʢʦʣʢʫ 

ʰʪʦ ʝ ʜʠʤʝʥʟʠʿʘʪʘ ʥʘ ʮʝʚʢʠʪʝ. ʅʦ, ʜʦʢʦʣʢʫ ʥʘ ʧʘʟʘʨʦʪ ʥʝʤʘ ʤʦʞʥʦʩʪ ʜʘ ʩʝ 

ʥʘʿʜʝ ʩʦʦʜʚʝʪʥʘ ʜʠʤʝʥʟʠʿʘ, ʤʦʨʘ ʜʘ ʩʝ ʧʨʠʤʝʥʠ ʥʘʿʛʦʣʝʤʘʪʘ ʜʠʤʝʥʟʠʿʘ ʰʪʦ ʝ 

ʥʘʿʙʣʠʩʢʫ ʜʦ ʠʜʝʘʣʥʘʪʘ.  

¶ ʄʥʦʛʫ ʯʝʩʪʘ ʛʨʝʰʢʘ ʝ ʥʝʧʨʘʚʠʣʥʦʪʦ ʜʠʤʝʥʟʠʦʥʠʨʘˁʝ ʥʘ ʝʢʩʧʘʥʟʠʦʥʠʦʪ ʩʘʜ. 

ʂʦʛʘ ʩʦʥʯʝʚʠʪʝ ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ ʩʝ ʧʦʜʣʦʞʥʠ ʥʘ ʩʪʘʛʥʘʮʠʿʘ, ʤʝʜʠʫʤʦʪ ʩʝ 

ʧʨʝʪʚʦʨʘ ʚʦ ʧʘʨʝʘ ʠ ʩʝ ʧʦʢʘʯʫʚʘ ʧʨʠʪʠʩʦʢʦʪ ʚʦ ʩʠʩʪʝʤʦʪ. ɽʢʩʧʘʥʟʠʦʥʠʦʪ ʩʘʜ 

ʤʦʨʘ ʜʘ ʛʦ ʢʦʤʧʝʥʟʠʨʘ ʦʚʦʿ ʝʬʝʢʪ. ɿʘʪʦʘ ʧʨʠ ʜʠʤʝʥʟʠʦʥʠʨʘˁʝ ʥʘʿʧʦʚʦʣʥʦ ʝ ʜʘ 

ʩʝ ʠʟʙʝʨʝ ʥʘʨʝʜʥʘʪʘ ʚʝʣʠʯʠʥʘ ʦʜ ʜʠʤʝʥʟʠʿʘʪʘ ʧʨʝʩʤʝʪʘʥʘ ʧʨʝʪʭʦʜʥʦ ʩʦ 

ʬʦʨʤʫʣʘ. ʅʘ ʪʦʿ ʥʘʯʠʥ ʩʝ ʟʘʰʪʠʪʫʚʘ ʩʠʩʪʝʤʦʪ (ʤʫ ʩʝ ʦʙʝʟʙʝʜʫʚʘ ʥʝʧʨʝʯʝʥʦ 

"ʜʘ ʜʠʰʝ") ʠ ʩʝ ʠʟʙʝʛʥʫʚʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʥʝʛʦʚʘʪʘ ʝʬʠʢʘʩʥʦʩʪ [4]. 

 



64 
 

 
˿͙͊͟͡ 2. ʆʪʩʫʩʪʚʦ ʥʘ ʤʝʭʘʥʠʯʢʘ ʟʘʰʪʠʪʘ ʟʘ ʮʝʚʝʥ ʨʘʟʚʦʜ ʠ ʘʚʪʦʤʘʪʩʢʦ ʣʦʥʯʝ ʟʘ ʚʦʟʜʫʭ 

 
 

3.3. ʈʝʟʝʨʚʦʘʨ  

 

¶ ʇʨʠʤʝʥʘʪʘ ʥʘ ʭʦʨʠʟʦʥʪʘʣʝʥ ʨʝʟʝʨʚʦʘʨ ʝ ʧʦʛʨʝʰʥʘ. ʀʤʝʥʦ, ʚʦʜʘʪʘ ʚʦ 
ʭʦʨʠʟʦʥʪʘʣʥʠʦʪ ʨʝʟʝʨʚʦʘʨ ʧʦʙʨʟʦ ʩʝ ʨʘʟʣʘʜʫʚʘ ʟʘʪʦʘ ʰʪʦ ʠʤʘ ʧʦʛʦʣʝʤʘ 
ʜʦʧʠʨʥʘ ʧʦʚʨʰʠʥʘ ʤʝʺʫ ʪʦʧʣʠʦʪ ʠ ʣʘʜʥʠʦʪ ʩʣʦʿ. ɿʘ ʦʜʨʞʫʚʘˁʝ ʥʘ ʚʠʩʦʢʠ 
ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʦʜʘʪʘ ʚʦ ʛʦʨʥʠʦʪ ʜʝʣ ʥʘ ʨʝʟʝʨʚʦʘʨʦʪ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 
ʚʣʠʿʘʥʠʝʪʦ ʧʨʝʜʠʟʚʠʢʘʥʦ ʦʜ ʩʪʨʫʝˁʝ ʥʘ ʣʘʜʥʘʪʘ ʚʦʜʘ ʧʨʠ ʤʝʰʘˁʝʪʦ ʩʝ 
ʧʨʝʜʣʘʛʘ ʧʨʠʤʝʥʘ ʥʘ ʚʝʨʪʠʢʘʣʝʥ ʨʝʟʝʨʚʦʘʨ. ʏʝʩʪʦ ʩʝ ʧʨʝʜʣʘʛʘ ʥʝʛʦʚʦ 
ʩʤʝʩʪʫʚʘˁʝ ʚʦ ʠʟʦʣʠʨʘʥʘ ʧʨʦʩʪʦʨʠʿʘ ʥʘʤʝʩʪʦ ʥʘʜʚʦʨ ʥʘ ʦʪʚʦʨʝʥʦ ʩʦ ʰʪʦ 
ʜʠʨʝʢʪʥʦ ʩʝ ʟʛʦʣʝʤʫʚʘ ʥʝʛʦʚʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ.  

¶ ʈʝʟʝʨʚʦʘʨʦʪ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʜʦʙʨʦ ʠʟʦʣʠʨʘʥ ʩʦ ʢʚʘʣʠʪʝʪʝʥ ʤʘʪʝʨʠʿʘʣ. 
ʇʨʠʪʦʘ ʥʘʛʣʘʩʫʚʘʤʝ ʜʝʢʘ ʝ ʧʦʞʝʣʥʦ ʜʘ ʙʠʜʝ ʠʟʦʣʠʨʘʥ ʩʦ ʩʣʦʿ ʦʜ 
ʧʦʣʠʫʨʝʪʘʥ ʢʘʢʦ ʥʘʿʜʦʙʘʨ ʠʟʦʣʘʪʦʨ ʟʘʨʘʜʠ ʤʠʥʠʤʘʣʥʠ ʟʘʛʫʙʠ.  

¶ ʇʨʠ ʠʟʙʦʨʦʪ ʥʘ ʨʝʟʝʨʚʦʘʨʦʪ ʪʨʝʙʘ ʜʘ ʩʝ ʚʥʠʤʘʚʘ ʥʘ ʧʦʩʪʘʚʝʥʦʩʪʘ ʥʘ 
ʠʟʤʝʥʫʚʘʯʦʪ ʥʘ ʪʦʧʣʠʥʘ ʠ ʜʦʧʦʣʥʠʪʝʣʥʠʦʪ ʛʨʝʘʯ. ʅʘ ʧʘʟʘʨʦʪ ʤʦʞʘʪ ʜʘ ʩʝ 
ʥʘʿʜʘʪ ʩʝʢʘʢʦʚ ʚʠʜ ʥʘ ʠʟʚʝʜʙʠ, ʥʦ ʥʘʿ ʧʨʘʚʠʣʥʦ ʝ ʠʟʤʝʥʫʚʘʯʦʪ ʥʘ ʪʦʧʣʠʥʘ 
ʚʦ ʩʦʥʯʝʚʠʦʪ ʨʝʟʝʨʚʦʘʨ ʢʘʢʦ ʧʨʠʤʘʨʝʥ ʛʨʝʘʯ ʜʘ ʙʠʜʝ ʧʦʩʪʘʚʝʥ ʧʦʜ 
ʜʦʧʦʣʥʠʪʝʣʥʠʦʪ ʛʨʝʘʯ. ɼʦʢʦʣʢʫ ʜʦʧʦʣʥʠʪʝʣʥʠʦʪ ʛʨʝʘʯ ʝ ʝʣʝʢʪʨʠʯʝʥ, ʪʦʛʘʰ 
ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʧʦʩʪʘʚʝʥ ʦʜ ʩʪʨʘʥʘ ʥʘ ʩʨʝʜʠʥʘ ʥʘ ʨʝʟʝʨʚʦʘʨʦʪ. ɼʦʢʦʣʢʫ 
ʜʦʧʦʣʥʠʪʝʣʥʠʦʪ ʛʨʝʘʯ ʝ ʚʪʦʨ ʠʟʤʝʥʫʚʘʯ ʟʘ ʧʦʚʨʟʫʚʘˁʝ ʩʦ ʪʦʧʣʦʚʦʜʥʦ 
ʛʨʝʝˁʝ, ʪʦʛʘʰ ʪʦʿ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʥʘʜ ʩʦʥʯʝʚʠʦʪ ʠʟʤʝʥʫʚʘʯ. 

¶ ɼʦʩʪʘ ʯʝʩʪʦ ʠʟʤʝʥʫʚʘʯʦʪ ʩʝ ʧʦʚʨʟʫʚʘ ʦʙʨʘʪʥʦ. 

 
 

 
 

 
 
 

 
 
 

 
 
 

 
 ˿͙͊͟͡ 3.  ʇʨʠʢʘʟ ʟʘ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʛʨʝʰʢʠ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʜʝʥ ʩʠʩʪʝʤ [5] 
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4. ɿʘʢʣʫʯʦʢ  
 

ʉʦ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʩʚʝʩʥʦ ʠʣʠ ʥʝʩʚʝʩʥʦ ʥʘʧʨʘʚʝʥʠʪʝ ʧʨʦʧʫʩʪʠ ʧʨʠ 

ʜʠʤʝʥʟʠʦʥʠʨʘˁʝ ʠ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤʠʪʝ, ʩʝ ʟʛʦʣʝʤʫʚʘ ʥʠʚʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ. ʉʦ ʪʦʘ 

ʩʝ ʥʘʤʘʣʫʚʘʘʪ ʜʦʧʦʣʥʠʪʝʣʥʠʪʝ ʪʨʦʰʦʮʠ ʟʘ ʯʝʩʪʠ ʩʝʨʚʠʩʠʨʘˁʘ ʰʪʦ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʝ ʚʨʟ 

ʠʩʧʣʘʪʣʠʚʦʩʪʘ ʥʘ ʩʠʩʪʝʤʦʪ, ʘ ʚʦʝʜʥʦ ʩʝ ʟʛʦʣʝʤʫʚʘ ʠ ʜʦʚʝʨʙʘʪʘ ʢʘʿ ʢʦʨʠʩʥʠʮʠʪʝ ʥʘ 

ʩʦʥʯʝʚʠ ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ. ʇʨʝʜʥʦʩʪʘ ʦʜ ʥʝʧʨʦʬʝʩʠʦʥʘʣʝʥ ʧʨʠʩʪʘʧ ʝ ʧʦʩʪʠʛʥʫʚʘˁʝʪʦ ʥʘ 

ʢʦʥʢʫʨʝʥʪʥʘ ʧʘʟʘʨʥʘ ʮʝʥʘ ʜʦʩʪʘʧʥʘ ʟʘ ʢʦʨʠʩʥʠʢʦʪ.  
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ʂʆʈɽʃɸʎʀɱɸ ʇʆʄɽɬʋ ɻɽʅɽʈʀʈɸʅʀʆʊ ʅɸʇʆʅ ʀ ɻʆʃɽʄʀʅɸʊɸ 

ʅɸ ʇʈʆʇɽʃɽʈʆʊ ʅɸ ɺɽʊɽʈʅʀʎɸ 
 

 

ʈʠʩʪʦʚʩʢʠ ʉʪʝʬʘʥ 

 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

 

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʠ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ 

 

stef_ristovski@yahoo.com 

 

ɸʧʩʪʨʘʢʪ 

 

ɺʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʘʪ ʧʨʝʟʝʥʪʠʨʘʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʩʧʨʦʚʝʜʝʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ 

ʢʦʨʝʣʘʮʠʿʘʪʘ ʧʦʤʝʺʫ ʛʝʥʝʨʠʨʘʥʠʦʪ ʥʘʧʦʥ ʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʨʦʧʝʣʝʨʦʪ ʧʨʠʢʣʫʯʝʥ ʥʘ 

ʚʝʪʝʨʥʠʮʘ, ʧʨʠ ʙʨʟʠʥʠ ʥʘ ʚʝʪʝʨ ʦʜ 4 ʜʦ 7m/s. ʀʩʪʨʘʞʫʚʘˁʝʪʦ ˃ʝ ʙʠʜʝ ʩʧʨʦʚʝʜʝʥʦ ʩʦ 

ʯʝʪʠʨʠ ʧʨʦʧʝʣʝʨʠ ʢʦʠ ʠʤʘʘʪ ʠʩʪ ʥʘʧʘʜʝʥ ʘʛʦʣ, ʥʦ ʨʘʟʣʠʯʥʘ ʜʦʣʞʠʥʘ. 
 

1. ɺʦʚʝʜ 

 

 ʎʝʣʪʘ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʝ ʜʘ ʩʝ ʥʘʿʜʝ ʟʘʚʠʩʥʦʩʪʘ ʥʘ ʛʝʥʝʨʠʨʘʥʠʦʪ ʥʘʧʦʥ ʥʘ 

ʚʝʪʝʨʥʠʮʘ, ʩʦ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʨʦʧʝʣʝʨʦʪ. ʇʦʜʦʣʛ ʧʨʦʧʝʣʝʨ ʠʤʘ ʧʦʛʦʣʝʤʘ ʧʦʚʨʰʠʥʘ, ʧʘ 

ʪʘʢʘ ʥʠʟ ʥʝʛʦ ʧʦʤʠʥʫʚʘ ʧʦʛʦʣʝʤʦ ʢʦʣʠʯʝʩʪʚʦ ʚʝʪʝʨʥʘ ʝʥʝʨʛʠʿʘ, ʢʦʿʘ ʧʦʜʦʮʥʘ ʧʨʝʤʠʥʫʚʘ 

ʚʦ ʤʝʭʘʥʠʯʢʘ, ʧʘ ʚʦ ʝʣʝʢʪʨʠʯʥʘ. ʇʦʨʘʜʠ ʪʦʘ, ʤʦʿʘʪʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʝ ʜʝʢʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ 

ʥʘ ʜʦʣʞʠʥʘʪʘ ʧʨʦʧʝʣʝʨʦʪ, ˃ʝ ʩʝ ʟʛʦʣʝʤʫʚʘ ʠ ʚʨʝʜʥʦʩʪʘ ʥʘ ʛʝʥʝʨʠʨʘʥʠʦʪ ʥʘʧʦʥ. 

 

2. ʄʝʪʦʜʦʣʦʛʠʿʘ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ: 

 

¶ ʇʨʦʤʝʥʣʠʚʠ: 

- ʅʝ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ: ɹʨʟʠʥʘ ʥʘ ʚʝʪʝʨ ʠ ʜʦʣʞʠʥʘ ʥʘ ʧʨʦʧʝʣʝʨ  

- ɿʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ: ɻʝʥʝʨʠʨʘʥ ʥʘʧʦʥ 

¶ ʂʦʨʠʩʪʝʥʠ ʠʥʩʪʨʫʤʝʥʪʠ: 

- ɸʥʝʤʦʤʝʪʘʨ (Skymate SM-18) 

- ɼʠʛʠʪʘʣʝʥ ʤʫʣʪʠʤʝʪʘʨ (DT 9205A) 

 

¶ ɼʠʟʘʿʥ: 

 ʅʘ ʝʜʥʘ ʧʨʘʚʦʘʛʦʣʥʘ ʜʘʩʢʘ ʩʦ ʜʦʣʞʠʥʘ ʦʜ 130cm ʧʦʩʪʘʚʝʥʠ ʩʝ ʜʚʘ 

ʝʣʝʢʪʨʦʤʦʪʦʨʠ. ɽʜʥʠʦʪ ʚʦ ʫʣʦʛʘ ʥʘ ʚʝʪʝʨʥʠʮʘ (ʛʝʥʝʨʘʪʦʨ), ʜʦʜʝʢʘ ʧʘʢ ʜʨʫʛʠʦʪ, ʜʚʠʞʝʿ˃ʠ 

ʧʨʦʧʝʣʝʨ ʩʦ ʜʠʤʝʥʟʠʠ 15ʭ9.5in, ʩʠʤʫʣʠʨʘ ʩʪʨʫʝˁʝ ʥʘ ʚʦʟʜʫʭʦʪ. ʉʦ ʮʝʣ ʜʘ ʩʝ ʤʝʥʫʚʘ 

ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʨʦʪ, ʪʦʿ ʝʣʝʢʪʨʦʤʦʪʦʨ ʝ ʧʦʚʨʟʘʥ ʥʘ ʧʦʪʝʥʮʠʦʤʝʪʘʨ. 
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¶ ʄʝʨʝˁʝ: 

 

  ʇʨʠ ʤʝʨʝˁʝʪʦ ʥʘ ʛʝʥʝʨʠʨʘʥʠʦʪ ʥʘʧʦʥ, ʧʨʚʦ ʩʝ ʧʦʩʪʘʚʫʚʘ ʩʦʦʜʚʝʥʪʠʦʪ ʧʨʦʧʝʣʝʨ ʥʘ 

ʚʝʪʝʨʥʠʮʘʪʘ, ʘ ʧʦʪʦʘ ʩʦ ʧʦʤʦʰ ʥʘ ʧʦʥʪʝʥʮʠʦʤʝʪʘʨʦʪ, ʩʝ ʤʝʩʪʠ ʧʦʪʨʝʙʥʘʪʘ ʙʨʟʠʥʘ ʥʘ 

ʚʝʪʨʦʪ. ɿʘ ʠʩʯʠʪʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘʪʘ, ʩʝ ʩʣʫʞʠʤʝ ʩʦ ʘʥʝʤʦʤʝʪʘʨʦʪ. ɹʠʜʝʿ˃ʠ ʙʨʟʠʥʘʪʘ ʥʘ 

ʚʝʪʨʦʪ ʩʝ ʥʘʤʘʣʫʚʘ ʢʘʢʦ ʰʪʦ ʩʝ ʟʛʦʣʝʤʫʚʘ ʨʘʩʪʦʿʘʥʠʝʪʦ ʦʜ ʠʟʚʦʨʦʪ, ʤʝʨʝˁʝʪʦ ʥʘ 

ʙʨʟʠʥʘʪʘ ʛʦ ʧʨʘʚʠʤʝ ʚʦ ʥʝʧʦʩʨʝʜʥʘ ʙʣʠʟʠʥʘ ʥʘ ʚʝʪʝʨʥʠʮʘʪʘ  ɼʠʛʠʪʘʣʥʠʦʪ ʤʫʣʪʠʤʝʪʘʨ ʝ 

ʧʘʨʘʣʝʣʥʦ ʧʦʚʨʟʘʥ ʥʘ ʚʝʪʝʨʥʠʮʘʪʘ ʠ ʦʜ ʥʝʛʦ ʛʠ ʠʩʯʠʪʫʚʘʤʝ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʛʝʥʝʨʠʨʘʥʠʦʪ 

ʥʘʧʦʥ. ɿʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʪʫʨʙʫʣʝʥʪʥʦʪʦ ʩʪʨʫʝˁʝ ʥʘ ʚʦʟʜʫʭʦʪ, ʤʝʨʝˁʘʪʘ ʩʝ ʠʟʚʝʜʫʚʘʘʪ ʚʦ 

ʜʦʣʛʘ ʠ ʰʠʨʦʢʘ ʩʦʙʘ, ʙʝʟ ʥʠʢʘʢʚʠ ʧʨʝʯʢʠ ʚʦ ʙʣʠʟʠʥʘ. ʉʝʧʘʢ ʠ ʧʦʢʨʘʿ ʦʚʠʝ ʤʝʨʢʠ, ʙʨʟʠʥʘʪʘ 

ʥʘ ʚʦʟʜʫʭʦʪ ʥʝʤʦʞʝ ʜʘ ʙʠʜʝ 100% ʪʦʯʥʘ. ʇʦʨʘʜʠ ʪʦʘ ʠ ʛʝʥʝʨʠʨʘʥʠʦʪ ʥʘʧʦʥ ʦʜ 

ʚʝʥʝʨʥʠʮʘʪʘ ʥʝ ʝ ʢʦʥʩʪʘʥʪʝʥ. ɿʘ ʜʘ ʩʝ ʜʦʙʠʝ ʿʘʩʥʘ ʩʣʠʢʘ, ʟʘ ʩʝʢʦʿ ʧʨʦʧʝʣʝʨ ʩʝ ʚʨʰʘʪ ʪʨʠ 

ʤʝʨʝˁʘ  ʚʦ ʚʨʝʤʝʪʨʘʝˁʝ ʦʜ 10 ʩʝʢʫʥʜʠ ʠ ʩʨʝʜʥʘʪʘ ʚʨʝʜʥʦʩʪ ʩʝ ʚʥʝʩʫʚʘ ʚʦ ʪʘʙʝʣʘ. 

 

¶ ʈʝʟʫʣʪʘʪʠ: 
 

͔́͊͋͊͡ мΦ ɻʝʥʝʨʠʨʘʥ ʥʘʧʦʥ ʧʨʠ ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʨʦʧʝʣʝʨ ʩʦ ʜʠʤʝʥʟʠʠ 9ʭ6in 

ɹʨʟʠʥʘ ʥʘ ʚʝʪʝʨ (m/s) ɻʝʥʝʨʠʨʘʥ ʥʘʧʦʥ 

ʇʨʚʦ ʤʝʨʝˁʝ (V) ɺʪʦʨʦ ʤʝʨʝˁʝ (V) ʊʨʝʪʦ ʤʝʨʝˁʝ (V) 

4 0 0 0 

5 0.21 0.18 0.18 

6 0.33 0.35 0.32 

7 0.4 0.44 0.44 

 

 

͔́͊͋͊͡ нΦ ɻʝʥʝʨʠʨʘʥ ʥʘʧʦʥ ʧʨʠ ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʨʦʧʝʣʝʨ ʩʦ ʜʠʤʝʥʟʠʠ 10ʭ6in 

ɹʨʟʠʥʘ ʥʘ ʚʝʪʝʨ (m/s) ɻʝʥʝʨʠʨʘʥ ʥʘʧʦʥ 

ʇʨʚʦ ʤʝʨʝˁʝ (V) ɺʪʦʨʦ ʤʝʨʝˁʝ (V) ʊʨʝʪʦ ʤʝʨʝˁʝ (V) 

4 0.04 0 0.07 

5 0.25 0.24 0.26 

6 0.37 0.39 0.36 

7 0.46 0.49 0.48 

 

 

͔́͊͋͊͡ оΦ ɻʝʥʝʨʠʨʘʥ ʥʘʧʦʥ ʧʨʠ ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʨʦʧʝʣʝʨ ʩʦ ʜʠʤʝʥʟʠʠ 11ʭ6in 

ɹʨʟʠʥʘ ʥʘ ʚʝʪʝʨ (m/s) ɻʝʥʝʨʠʨʘʥ ʥʘʧʦʥ 

ʇʨʚʦ ʤʝʨʝˁʝ (V) ɺʪʦʨʦ ʤʝʨʝˁʝ (V) ʊʨʝʪʦ ʤʝʨʝˁʝ (V) 

4 0.1 0.12 0.1 

5 0.29 0.27 0.26 

6 0.4 0.44 0.43 

7 0.56 0.53 0.56 
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͔́͊͋͊͡ 4. ɻʝʥʝʨʠʨʘʥ ʥʘʧʦʥ ʧʨʠ ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʨʦʧʝʣʝʨ ʩʦ ʜʠʤʝʥʟʠʠ 12ʭ6in 

ɹʨʟʠʥʘ ʥʘ ʚʝʪʝʨ (m/s) ɻʝʥʝʨʠʨʘʥ ʥʘʧʦʥ 

ʇʨʚʦ ʤʝʨʝˁʝ (V) ɺʪʦʨʦ ʤʝʨʝˁʝ (V) ʊʨʝʪʦ ʤʝʨʝˁʝ (V) 

4 0.15 0.15 0.16 

5 0.3 0.32 0.29 

6 0.48 0.50 0.47 

7 0.62 0.58 0.61 

 
 

͔́͊͋͊͡ 5. ʉʨʝʜʥʠ ʚʨʝʜʥʦʩʪʠ  ʥʘ ʛʝʥʝʨʠʨʘʥʠʦʪ ʥʘʧʦʥ 

ɹʨʟʠʥʘ ʥʘ ʚʝʪʝʨ 

(m/s) 

ʉʨʝʜʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʛʝʥʝʨʠʨʘʥ ʥʘʧʦʥ (V) 

ʇʨʦʧʝʣʝʨ 9ʭ6in ʇʨʦʧʝʣʝʨ 

10ʭ6in 

ʇʨʦʧʝʣʝʨ 

11ʭ6in 

ʇʨʦʧʝʣʝʨ 

12ʭ6in 

4 0 0.03 0.11 0.15 

5 0.19 0.25 0.27 0.31 

6 0.33 0.37 0.42 0.48 

7 0.43 0.48 0.55 0.60 

  

 

ʇʨʠ ʫʧʦʪʨʝʙʘ ʥʘ ʧʨʦʧʝʣʝʨ ʩʦ ʜʠʤʝʥʟʠʠ 9ʭ6in, ʛʝʥʝʨʠʨʘʥʠʦʪ ʥʘʧʦʥ ʥʘ ʚʝʪʝʨ ʩʦ ʙʨʟʠʥʘ ʦʜ 

4m/s ʝ 0, ʧʦʨʘʜʠ ʪʦʘ ʰʪʦ ʦʪʧʦʨʦʪ ʢʦʿ ʛʦ ʩʦʟʜʘʚʘ ʛʝʥʝʨʘʪʦʨʦʪ ʝ ʧʦʛʦʣʝʤ ʦʜ ʦʪʧʦʨʦʪ ʢʦʿ ʛʦ 

ʩʦʟʜʘʚʘ ʧʨʦʧʝʣʝʨʦʪ. 

 

 
˥ͪ͊ͺ͙͟ 1. ɿʘʚʠʩʥʦʩʪʘ ʥʘ ʛʝʥʝʨʠʨʘʥʠʦʪ ʥʘʧʦʥ ʩʦ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ 

 



69 
 

ɿʘ ʛʨʘʬʠʯʢʠ ʜʘ ʩʝ ʧʨʠʢʘʞʝ ʟʘʚʠʩʥʦʩʪʘ ʥʘ ʥʘʧʦʥʦʪ ʦʜ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʨʦʪ, ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ 

ʪʘʙʝʣʠʪʝ ʧʦʛʦʨʝ, ʙʝʘ ʚʥʝʩʝʥʠ ʚʦ ʧʨʦʛʨʘʤʦʪ ĂGraphò, ʩʦ ʬʫʥʢʮʠʿʘʪʘ ñinsert trendlineò ʩʝ 

ʠʩʮʨʪʫʚʘ ʥʘʿʜʦʙʨʘʪʘ ʢʨʠʚʘ, ʢʦʿʘ ʤʠʥʫʚʘ ʥʠʟ ʪʦʯʢʠʪʝ. ʆʜ ʛʨʘʬʠʢʦʪ ʤʦʞʝ ʜʘ ʚʦʦʯʠʤʝ ʜʝʢʘ 

ʛʝʥʝʨʠʨʘʥʠʦʪ ʥʘʧʦʥ ʣʠʥʝʘʨʥʦ, ʟʘ ʥʝʢʦʿ ʢʦʝʬʠʮʠʝʥʪ n, ʩʝ ʟʛʦʣʝʤʫʚʘ ʩʦ ʙʨʟʠʥʘʪʘ ʥʘ 

ʚʝʪʨʦʪ. ɹʠʜʝʿ˃ʠ ʟʘʚʠʩʥʦʩʪʘ ʝ ʣʠʥʝʘʨʥʘ, ʪʘʢʘ ʢʦʝʬʠʮʠʝʥʪʦʪ n, ʝ ʢʦʝʬʠʮʠʝʥʪʦʪ ʢʦʿ ʩʪʦʠ 

ʧʨʝʜ ʭ ʚʦ ʨʘʚʝʥʢʠʪʝ ʥʘ ʢʨʠʚʠʪʝ ʢʦʠ ʧʨʦʛʨʘʤʦʪ ĂGraphñ ʥʠ ʛʠ ʠʩʧʠʰʫʚʘ. ʊʠʝ ʩʝ ʜʘʜʝʥʠ ʥʘ 

ʩʣʠʢʘ 1.. 

 

˿͙͊͟͡ 1. ʈʘʚʝʥʢʠ ʥʘ ʢʨʠʚʠʪʝ 

ʆʜ ʩʣʠʢʘʪʘ ʧʦʛʦʨʝ, ʩʝ ʛʣʝʜʘ ʜʝʢʘ ʩʨʝʜʥʠʦʪ ʢʦʝʬʠʮʠʝʥʪʦʪ n, ʟʘ ʢʦʿ ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʥʘʧʦʥʦʪ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʨʦʪ ʝ 0.148. 

ʀʩʪʦ ʪʘʢʘ, ʥʘ ʛʨʘʬʠʢʦʪ ʥʠ ʝ ʜʘʜʝʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʨʦʪ, ʟʘ ʢʦʿʘ ʚʝʪʝʨʥʠʮʘʪʘ ʙʠ 

ʧʦʯʥʘʣʘ ʜʘ ʛʝʥʝʨʠʨʘ ʥʘʧʦʥ. ɿʘ ʧʨʦʧʝʣʝʨʦʪ ʩʦ ʜʠʤʝʥʟʠʠ 12ʭ6in, ʪʦʘ ʙʠ ʙʠʣʦ 3m/s, ʜʦʜʝʢʘ 

ʟʘ ʧʨʦʧʝʣʝʨʦʪ ʩʦ ʜʠʤʝʥʟʠʠ 9ʭ6in, ʪʦʘ ʙʠ ʙʠʣʦ ʦʢʦʣʫ 4m/s.  

3. ɿʘʢʣʫʯʦʢ 
 
ʈʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʧʨʠ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ, ʿʘ ʧʦʪʚʨʜʫʚʘʘʪ ʧʦʩʪʘʚʝʥʘʪʘ ʭʠʧʦʪʝʟʪʘ. 

ʇʦʨʘʜʠ ʧʦʛʦʣʝʤʘʪʘ ʧʦʚʨʰʠʥʘ, ʧʦʜʦʣʛ ʧʨʦʧʝʣʝʨ ʧʨʫʞʘ ʧʦʛʦʣʝʤ ʦʪʧʦʨ ʥʘ ʚʝʪʝʨʦʪ ʠ ʤʦʞʝ 

ʧʨʠ ʧʦʤʘʣʠ ʙʨʟʠʥʠ ʜʘ ʛʦ ʟʘʚʨʪʠ ʛʝʥʝʨʘʪʦʨʦʪ. ʆʚʘ ʜʦʚʝʜʫʚʘ ʠ ʜʦ ʧʦʚʝ˃ʝ ʟʘʚʨʫʚʘˁʘ ʧʨʠ 

ʧʦʛʦʣʝʤʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨʦʪ, ʘ ʩʦ ʪʦʘ ʠ ʧʦʚʠʩʦʢ ʛʝʥʝʨʠʨʘʥ ʥʘʧʦʥ. 
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ʀʅʊɽɻʈʀʈɸɳɽ ʅɸ ɺɽʊɽʈʅʀ ɽʃɽʂʊʈʀʏʅʀ ʎɽʅʊʈɸʃʀ ɺʆ 

ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʉʂʀ ʉʀʉʊɽʄ 

 

ʂʨʠʩʪʠʥʘ ɱʦʚʘʥʦʚʩʢʘ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ ʠ ʫʧʨʘʚʫʚʘˁʝ 

kristina.jovanovska.93@gmail.com 

 

ɸʧʩʪʨʘʢʪ 

ʀʩʢʦʨʠʩʨʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʝʨʦʪ, ʢʘʢʦ ʦʙʥʦʚʣʠʚ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ, ʝ 

ʘʢʪʫʝʣʥʘ ʪʝʤʘ ʚʦ ʩʚʝʪʦʪ. ʆʚʦʿ ʚʠʜ ʥʘ ʝʥʝʨʛʠʿʘ ʤʦʞʝ ʜʘ ʦʜʛʦʚʦʨʠ ʥʘ ʟʛʦʣʝʤʝʥʘʪʘ 

ʧʦʙʘʨʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʥʦ ʠ ʜʘ ʧʨʠʜʦʥʝʩʝ ʜʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʘʜʫʚʘˁʝʪʦ 

ʥʘ ʦʢʦʣʠʥʘʪʘ. ɺʦ ʥʘʰʘʪʘ ʜʨʞʘʚʘ ʩʝʫʰʪʝ ʥʝʤʘ ʠʥʩʪʘʣʠʨʘʥʦ ʚʝʪʝʨʥʠ ʮʝʥʪʨʘʣʠ, ʥʦ ʥʘʩʢʦʨʦ 

ʩʝ ʧʣʘʥʠʨʘ ʜʘ ʙʠʜʘʪ.ʠʥʪʝʛʨʠʨʘʥʠ ʚʘʢʚʠ ʧʨʦʠʟʚʦʜʥʠ ʢʘʧʘʮʠʪʝʪʠ ʠ ʚʦ ʥʘʰʠʦʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ. 

ʄʦ˃ʥʦʩʪʘ ʢʦʿʘ ʿʘ ʛʝʥʝʨʠʨʘʘʪ ʚʝʪʝʨʥʠʪʝ ʮʝʥʪʨʘʣʠ, ʧʨʝʜ ʩʝ ʧʦʨʘʜʠ ʩʘʤʠʦʪ ʧʨʠʥʮʠʧ 

ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ, ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʧʨʦʙʣʝʤʠ ʚʦ ʧʦʛʣʝʜ ʥʘ ʠʟʦʙʣʠʯʫʚʘˁʝʪʦ 

ʥʘ ʥʘʧʦʥʦʪ ʚʦ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ. ʅʘ ʦʚʦʿ ʥʘʯʠʥ, ʢʨʘʿʥʠʪʝ ʢʦʨʠʩʥʠʮʠ ʙʠ ʜʦʙʠʚʘʣʝ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʥʝ ʤʦʞʝ ʝʬʠʢʘʩʥʦ ʜʘ ʙʠʜʝ ʠʩʢʦʨʠʩʪʝʥʘ, ʧʘ ʜʫʨʠ ʠ ʜʘ 

ʧʨʝʜʠʟʚʠʢʘ ʦʜʨʝʜʝʥʠ ʝʢʦʥʦʤʩʢʠ ʟʘʛʫʙʠ ʢʘʿ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ. 

ʂʚʘʣʠʪʝʪʦʪ ʥʘ ʜʦʙʠʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨʥʠʪʝ ʮʝʥʪʨʘʣʠ, 

ʧʦʩʣʝʜʠʮʠʪʝ ʜʦ ʢʦʠ ʤʦʞʝ ʜʘ ʜʦʿʜʝ ʧʨʠ ʥʝʿʟʠʥʦʪʦ ʠʥʿʝʢʪʠʨʘˁʝ ʚʦ ʝʣʝʢʪʨʧʝʥʝʨʛʝʪʩʢʠʦʪ 

ʩʠʩʪʝʤ, ʢʘʢʦ ʠ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʜʦʙʠʝʥʝʪʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ, ʩʝ ʮʝʣ ʥʘ ʨʘʟʛʣʝʜʫʚʘˁʝ ʚʦ ʦʚʦʿ ʪʨʫʜ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʚʝʪʝʨʥʠ ʝʣʝʢʪʨʠʯʥʠ ʮʝʥʪʨʘʣʠ, ʢʚʘʣʠʪʝʪ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, 

ʭʘʨʤʦʥʠʮʠ, ʬʣʠʢʝʨʠ, ʪʨʘʥʟʠʝʥʪʥʠ ʧʦʿʘʚʠ. 

 

1. ɺʦʚʝʜ 

 

ʇʦʙʘʨʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʩʚʝʪʦʪ ʧʦʩʪʦʿʘʥʦ ʝ ʚʦ ʧʦʨʘʩʪ. ɻʣʝʜʘʥʦ ʦʜ 

ʝʢʦʥʦʤʩʢʠ ʠ ʦʜ ʝʢʦʣʦʰʢʠ ʘʩʧʝʢʪ, ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʘʣʪʝʨʥʘʪʠʚʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ 

ʤʦʞʝ ʜʘ ʦʜʛʦʚʦʨʠ ʥʘ ʦʚʘʘ ʟʛʦʣʝʤʝʥʘ ʧʦʙʘʨʫʚʘʯʢʘ. ɺʦ ʛʣʦʙʘʣʥʠ ʨʘʤʢʠ, ʚʝʪʝʨʥʘʪʘ 

ʝʥʝʨʛʠʿʘ ʥʘʿʤʥʦʛʫ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ɽʚʨʦʧʘ. ʊʝʥʜʝʥʮʠʿʘʪʘ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʢʘʧʘʮʠʪʝʪʠʪʝ ʥʘ 

ʚʝʪʝʨʥʠʪʝ ʮʝʥʪʨʘʣʠ ʝ ʧʨʝʜʠʟʚʠʢ ʥʘ ʢʦʿ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʿʜʝ ʩʦʦʜʚʝʪʥʦ ʨʝʰʝʥʠʝ. 
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ʇʨʠ ʩʘʤʠʦʪ ʧʨʦʮʝʩ ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ ʥʝ ʚʨʰʘʪ 

ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʦʢʦʣʠʥʘʪʘ. ʉʦ ʨʘʟʚʦʿʦʪ ʥʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʩʝ ʧʨʘʚʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʧʨʦʮʝʩʦʪ ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨʦʪ, ʘ ʩʦ ʪʦʘ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʦʚʦʿ ʧʨʦʮʝʩ. ʉʝʧʘʢ, ʝʥʝʨʛʠʿʘʪʘ ʜʦʙʠʝʥʘ ʦʜ ʚʝʪʝʨʦʪ ʚʨʰʠ ñʟʘʛʘʜʫʚʘˁʝò ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ. ʀʘʢʦ ʤʦ˃ʥʦʩʪʘ ʢʦʿʘ ʿʘ ʛʝʥʝʨʠʨʘ ʝʜʥʘ 

ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʝ ʦʜ ʨʝʜ ʥʘ ʥʝʢʦʣʢʫ MW, ʪʘʘ ʥʝ ʤʦʞʝ ʚʦ ʮʝʣʦʩʪ ʜʘ ʙʠʜʝ ʠʩʢʦʨʠʩʪʝʥʘ. 

ɼʫʨʠ ʤʦʞʝ ʜʘ ʩʝ ʦʜʨʘʟʠ ʥʝʛʘʪʠʚʥʦ ʚʨʟ ʨʘʙʦʪʘʪʘ ʥʘ ʥʝʢʦʠ ʦʩʝʪʣʠʚʠ ʧʦʪʨʦʰʫʚʘʯʠ. 

ʀʥʜʫʩʪʨʠʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʩʪʦ ʪʘʢʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʠʟʣʦʞʝʥʦ ʥʘ ʥʝʛʘʪʠʚʥʠ ʧʦʩʣʝʜʠʮʠ 

ʧʦʨʘʜʠ ʥʘʧʦʿʫʚʘˁʝʪʦ ʩʦ ʥʝʩʠʥʫʩʦʠʜʘʣʝʥ ʥʘʧʦʥ, ʰʪʦ ʙʠ ʧʨʝʜʠʟʚʠʢʘʣʦ ʝʢʦʥʦʤʩʢʠ ʟʘʛʫʙʠ. 

ɺʦ ʥʘʰʘʪʘ ʜʨʞʘʚʘ, ʧʨʚʘʪʘ ʝʣʝʢʪʨʘʥʘ ʦʜ ʦʚʦʿ ʪʠʧ ˃ʝ ʙʠʜʝ ʧʘʨʢʦʪ ʥʘ ʚʝʪʝʨʥʠ ʝʣʝʢʪʨʘʥʠ 

ñɹʦʛʜʘʥʮʠò, ʟʘ ʯʠʝ ʧʦʚʨʟʫʚʘˁʝ ʩʦ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ˃ʝ ʙʠʜʝ ʠʟʛʨʘʜʝʥʘ ʧʦʩʝʙʥʘ 

ʪʨʘʬʦʩʪʘʥʠʮʘ. ɺʢʫʧʥʘʪʘ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʦʚʘʘ ʮʝʥʪʨʘʣʘ ʙʠ ʙʠʣʘ ʦʢʦʣʫ 50 MW, ʘ 

ʦʯʝʢʫʚʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠ ʙʠʣʦ 125 GWh. ʉʧʦʨʝʜ ʦʚʘ, ʤʦʞʝʤʝ ʜʘ ʢʘʞʝʤʝ ʜʝʢʘ ʧʨʠ 

ʝʚʝʥʪʫʘʣʥʠʦʪ ʧʨʝʢʠʥ ʥʘ ʨʘʙʦʪʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ ʥʝ ʙʠ ʩʝ ʧʨʝʜʠʟʚʠʢʘʣ ʛʦʣʝʤ ʰʦʢ ʟʘ 

ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ, ʧʦʨʘʜʠ ʤʘʣʘʪʘ ʤʦ˃ʥʦʩʪ ʢʦʿʘ ʿʘ ʧʨʦʠʟʚʝʜʫʚʘʘʪ. ɿʘ ʩʧʦʨʝʜʙʘ, ʜʦʢʦʣʢʫ 

ʝʜʥʘ ʥʫʢʣʝʘʨʥʘ ʠʣʠ ʪʝʨʤʦ ʮʝʥʪʨʘʣʘ ʥʘʛʣʦ ʩʝ ʠʩʢʣʫʯʠ, ʚʦ ʩʠʩʪʝʤʦʪ ˃ʝ ʥʘʩʪʘʥʝ ʠʥʩʪʘʥʪʥʘ 

ʧʦʪʨʝʙʘ ʦʜ ʝʥʝʨʛʠʿʘ. 

ʇʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʠʩʧʦʨʘʯʘʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨʥʠʪʝ ʮʝʥʪʨʘʣʠ ʤʦʞʝ 

ʜʘ ʩʝ ʠʟʚʝʜʝ ʩʦ ʨʘʟʣʠʯʥʠ ʪʝʭʥʠʢʠ ʥʘ ʚʧʫʰʪʘˁʝ ʚʦ ʧʦʛʦʥ, ʧʦʪʦʘ ʩʦ ʧʨʘʚʠʣʥʦ ʦʜʙʠʨʘˁʝ ʥʘ 

ʢʦʥʜʝʥʟʘʪʦʨʩʢʘ ʙʘʪʝʨʠʿʘ ʟʘ ʧʦʧʨʘʚʢʘ ʥʘ ʬʘʢʪʦʨʦʪ ʥʘ ʤʦ˃ʥʦʩʪ, ʢʘʢʦ ʠ ʩʦ ʦʜʨʝʜʝʥʠ 

ʝʣʝʤʝʥʪʠ ʦʜ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʣʝʢʪʨʦʥʠʢʘ ʚʦ ʚʠʜ ʥʘ ʘʢʪʠʚʥʠ ʬʠʣʪʨʠ. 

2. ʅʠʩʢʦʬʨʝʢʬʝʥʪʥʠ ʝʣʝʤʝʥʪʠ ʚʦ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʜʦʙʠʝʥʘ ʦʜ 

ʚʝʪʝʨʦʪ 
 

ʇʦʚʝ˃ʝ ʟʘ ʪʝʭʥʦʣʦʰʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʝʪʝʨʥʠʮʠʪʝ, ʥʠʚʥʘʪʘ ʧʦʜʝʣʙʘ, ʛʨʘʜʙʘ, 

ʢʘʢʦ ʠ ʪʝʭʥʠʯʢʦʪʦ ʧʦʚʨʟʫʚʘˁʝ ʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ ʩʦ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ, ʠʤʘ ʚʦ ʤʦʿʦʪ 

ʤʠʥʘʪʦʛʦʜʠʰʝʥ ʪʨʫʜ ʟʘ ʚʝʪʝʨʥʘʪʘ ʝʥʝʨʛʠʿʘ. ɺʦ ʦʚʦʿ ʪʨʫʜ ʛʠ ʧʨʠʢʘʞʫʚʘʤ ʝʣʝʤʝʥʪʠʪʝ ʥʘ 

ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʜʦʙʠʝʥʘ ʦʜ ʚʝʪʝʨʦʪ, ʧʦʯʥʫʚʘʿ˃ʠ ʦʜ ʥʠʩʢʦʬʨʝʢʬʝʥʪʥʠʪʝ 

ʝʣʝʤʝʥʪʠ. 

ʂʘʿ ʚʝʪʝʨʥʠʮʠʪʝ ʩʦ ʭʦʨʠʟʦʥʪʘʣʥʘ ʦʩʢʘ, ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʤʝʨʝˁʘ, ʫʪʚʨʜʝʥʦ ʝ ʜʝʢʘ ʧʨʠ 

ʩʝʢʦʿ ʧʝʨʠʦʜ ʥʘ ʚʨʪʝˁʝ ʥʘ ʧʝʨʢʠʪʝ, ʚʪʨʣʠʚʠʦʪ ʤʦʤʝʥʪ ʥʘ ʨʦʪʦʨʦʪ ʩʦʟʜʘʚʘ ʧʝʨʠʦʜʠʯʥʘ 

ʥʠʩʢʦʬʨʝʢʬʝʥʪʥʘ ʢʦʤʧʦʥʝʥʪʘ. ɺʦ ʦʧʰʪ ʩʣʫʯʘʿ, ʙʨʟʠʥʘʪʘ ʥʘ ʨʦʪʘʮʠʿʘ ʟʘʚʠʩʠ ʦʜ ʙʨʟʠʥʘʪʘ 

ʥʘ ʚʝʪʝʨʦʪ (ʩʣʠʢʘ 1.), ʥʦ ʠʤʘ ʠ ʪʘʢʚʠ ʪʫʨʙʠʥʠ ʢʘʜʝ ʰʪʦ ʙʨʟʠʥʘʪʘ ʥʘ ʨʦʪʘʮʠʿʘ ʝ ʥʘʛʦʜʝʥʘ 

ʥʘ ʢʦʥʩʪʘʥʪʥʘ ʚʨʝʜʥʦʩʪ (ʩʣʠʢʘ 2.). ʆʚʘʘ ʢʦʥʩʪʘʥʪʘ ʚʨʝʜʥʦʩʪ ʩʝ ʦʜʨʞʫʚʘ ʩʦ ʧʦʤʦʰ ʥʘ 

ʘʚʪʦʤʘʪʩʢʠ ʨʝʛʫʣʘʪʦʨ ʥʘ ʥʘʧʦʥ, ʢʦʿ ʚʦʝʜʥʦ ʛʦ ʟʘʰʪʠʪʫʚʘ ʛʝʥʝʨʘʪʦʨʦʪ ʦʜ ʘʧʩʦʙʮʠʿʘ ʥʘ 

ʨʝʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʧʦʛʦʣʝʤʠ ʢʦʣʠʯʠʥʠ ʦʜ ʜʦʟʚʦʣʝʥʠʪʝ. ʂʘʿ ʥʠʚ, ʧʨʦʤʝʥʠʪʝ ʢʦʠ 

ʥʘʩʪʘʥʫʚʘʘʪ ʢʘʿ ʚʨʪʣʠʚʠʦʪ ʤʦʤʝʥʪ ʥʘ ʨʦʪʦʨʦʪ ʩʝ ʧʨʝʥʝʩʫʚʘʘʪ ʥʘ ʛʝʥʝʨʠʨʘʥʘʪʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʦʜʥʦʩʥʦ ʥʘʧʦʥʦʪ ʚʦ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ. ʆʚʠʝ ʜʠʥʘʤʠʯʥʠ ʧʨʦʤʝʥʠ 

ʥʘ ʥʘʧʦʥʦʪ ʚʩʫʰʥʦʩʪ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʬʣʠʢʝʨʠ. ɺʦ ʩʣʫʯʘʠ ʢʦʛʘ ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ ʙʠ 

ʨʘʙʦʪʝʣʝ ʩʠʥʭʨʦʥʦ, ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʥʘʧʦʥʦʪ ʙʠ ʩʝ ʟʛʦʣʝʤʠʣʝ, ʰʪʦ ʙʠ ʨʝʟʫʣʪʠʨʘʣʦ ʩʦ 

ʣʠʥʝʘʨʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʬʣʠʢʝʨʠʪʝ ʚʦ ʛʝʥʝʨʠʨʘʥʘʪʘ ʝʥʝʨʛʠʿʘ.  
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2.1. ʍʘʨʤʦʥʠʮʠ 

 

ɻʝʥʝʨʘʪʦʨʦʪ ʢʘʿ ʚʝʪʝʨʥʠʮʠʪʝ ʩʦ ʭʦʨʠʟʦʥʪʘʣʥʘ ʦʩʢʘ ʢʦʠ ʠʤʘʘʪ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ ʥʘ 

ʨʦʪʘʮʠʿʘ ʠʤʘ ʠʥʜʫʢʮʠʦʥʝʥ ʢʘʨʘʢʪʝʨ. ʉʦ ʮʝʣ ʠʩʪʦʚʨʝʤʝʥʦ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘʘʪ 

ʨʝʣʫʢʪʘʥʩʘʪʘ (ʤʘʛʥʝʪʥʠʦʪ ʦʪʧʦʨ) ʠ ʧʨʝʦʜʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʤʦ˃ʥʦʩʪʘ ʧʨʠ ʟʘʙʨʟʫʚʘˁʝ 

ʠʣʠ ʫʩʧʦʨʫʚʘˁʝ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ, ʢʘʿ ʦʚʦʿ ʚʠʜ ʚʝʪʝʨʥʠʮʠ ʩʝ ʜʦʜʘʚʘ ʝʣʝʤʝʥʪ ʦʜ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʣʝʢʪʨʦʥʠʢʘ ʢʦʿ ʦʚʦʟʤʦʞʫʚʘ ñsoft startò. ʆʚʦʿ ʝʣʝʤʝʥʪ ʩʝ ʩʦʩʪʦʠ ʦʜ 

ʧʘʨʘʣʝʣʥʘ ʚʨʩʢʘ ʥʘ ʩʧʨʦʪʠʚʥʦ ʧʦʩʪʘʚʝʥʠ ʪʠʨʠʩʪʦʨʠ, ʠ ʩʝ ʧʨʠʢʣʫʯʫʚʘ ʧʦ ʝʜʝʥ ʟʘ ʩʝʢʦʿʘ 

ʬʘʟʘ. ɺʨʝʜʥʦʩʪʘ ʥʘ ʘʛʦʣʦʪ ʥʘ ʚʢʣʫʯʫʚʘˁʝ ʥʘ ʪʠʨʠʩʪʦʨʠʪʝ ʦʚʦʟʤʦʞʫʚʘ ʧʦʙʘʚʥʦ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʤʘʛʥʝʪʥʠʦʪ ʬʣʫʢʩ ʚʦ ʛʝʥʝʨʘʪʦʨʦʪ ʥʦ ʠ ʦʛʨʘʥʠʯʫʚʘˁʝ ʥʘ ʩʪʨʫʿʘʪʘ ʢʦʿʘ ʝ 

ʧʦʪʨʝʙʥʘ ʟʘ ʜʘ ʩʝ ʧʫʰʪʠ ʚʦ ʧʦʛʦʥ. ʆʚʦʿ ʧʨʠʥʮʠʧ ʥʘ ʚʢʣʫʯʫʚʘˁʝ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ ʟʥʘʯʠ ʠ 

ʛʝʥʝʨʠʨʘˁʝ ʥʘ ʩʪʨʫʿʘ ʩʦ ʤʥʦʛʫ ʭʘʨʤʦʥʠʮʠ ʢʦʠ ʟʘʚʠʩʘʪ ʦʜ ʘʛʦʣʦʪ ʥʘ ʚʢʣʫʯʫʚʘˁʝ ʥʘ 

ʪʠʨʠʩʪʦʨʠʪʝ. ʇʨʠ ʥʘʿʣʦʰ ʩʣʫʯʘʿ, ʜʦʢʦʣʢʫ ʥʘʩʪʘʥʝ ʧʦʿʘʚʘ ʥʘ ʨʝʟʦʥʘʥʮʠʿʘ, ʤʦʞʝ ʜʘ ʜʦʿʜʝ ʜʦ 

ʦʰʪʝʪʫʚʘˁʝ ʥʘ ʜʝʣʦʚʠʪʝ ʦʜ ʚʝʪʝʨʥʠʮʘʪʘ ʧʦʨʘʜʠ ʧʨʦʪʦʢʦʪ ʥʘ ʨʝʟʦʥʘʥʪʥʘ ʩʪʨʫʿʘ ʩʦ ʛʦʣʝʤʘ 

ʿʘʯʠʥʘ. ʄʦʞʥʦʩʪ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʫʬʨʣʘˁʝʪʦ ʥʘ ʭʘʨʤʦʥʠʮʠ ʚʦ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʙʠ 

ʙʠʣʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʩʪʘʨʪʫʚʘˁʝ ʥʘ ʛʝʥʝʨʘʪʦʨʠʪʝ. ɺʦ ʦʧʰʪ ʩʣʫʯʘʿ, 

ʜʦʜʘʚʘˁʝʪʦ ʥʘ ʬʠʣʪʨʠ (ʧʘʩʠʚʥʠ ʠ ʘʢʪʠʚʥʠ) ʙʠ ʛʠ ʝʣʠʤʠʥʠʨʘʣʦ ʦʚʠʝ ʭʘʨʤʦʥʠʮʠ 

ʜʦʚʝʜʫʚʘʿ˃ʠ ʛʦ ʥʘʧʦʥʦʪ ʜʦ ʯʠʩʪ ʩʠʥʫʩʝʥ ʦʙʣʠʢ. 

2.1.1. ʉʫʙʭʘʨʤʦʥʠʮʠ 

ʉʫʙʭʘʨʤʦʥʠʮʠʪʝ ʩʝ ʥʘʿʯʝʩʪʘ ʧʦʿʘʚʘ ʢʘʢʦ ʧʦʩʣʝʜʠʮʘ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʚʝʪʨʦ-

ʛʝʥʝʨʘʪʦʨʠʪʝ. ʆʚʠʝ ʥʠʩʢʦʬʨʝʢʬʝʥʪʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʥʘʧʦʥʦʪ ʠ ʩʪʨʫʿʘʪʘ ʧʨʝʜʠʟʚʠʢʫʚʘ 

ʜʦʧʦʣʥʠʪʝʣʥʠ ʟʘʛʨʝʚʘˁʘ ʢʘʢʦ ʠ ʠʟʦʙʣʠʯʫʚʘˁʘ ʥʘ ʥʘʧʦʥʦʪ ʰʪʦ ʚʣʠʿʘʝ ʣʦʰʦ ʠ ʚʨʟ ʩʘʤʠʪʝ 

ʤʝʭʘʥʠʯʢʠ ʩʦʩʪʘʚʥʠ ʜʝʣʦʚʠ ʥʘ ʚʝʪʝʨʥʠʮʘʪʘ.  

2.2. ʊʨʘʥʟʠʝʥʪʠ 

ɽʥʝʨʛʠʿʘʪʘ ʛʝʥʝʨʠʨʘʥʘ ʦʜ ʚʝʪʝʨʦ-ʛʝʥʝʨʘʪʦʨʠʪʝ ʠʤʘ ʥʝʟʘʜʦʚʦʣʠʪʝʣʝʥ ʬʘʢʪʦʨ ʥʘ 

ʤʦ˃ʥʦʩʪ. ʇʦʨʘʜʠ ʪʦʘ, ʠ ʢʘʿ ʦʥʠʝ ʚʝʪʝʨʥʠʮʠ ʢʦʠ ʨʘʙʦʪʘʪ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ, ʠ ʢʘʿ ʦʥʠʝ 

ʚʝʪʝʨʥʠʮʠ ʢʦʠ ʨʘʙʦʪʘʪ ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ, ʩʝ ʜʦʜʘʜʘʚʘʘʪ ʢʦʥʜʝʥʟʘʪʦʨʩʢʠ ʙʘʪʝʨʠʠ ʟʘ 

ʧʦʧʨʘʚʢʘ ʥʘ ʬʘʢʪʦʨʦʪ ʥʘ ʤʦ˃ʥʦʩʪ. ʆʚʠʝ ʙʘʪʝʨʠʠ ʩʝ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʪʨʘʥʟʠʝʥʪʠ. ʇʨʠ 

ʥʠʚʥʦʪʦ ʚʢʣʫʯʫʚʘˁʝ, ʪʠʝ ʥʘʛʣʦ ʧʦʚʣʝʢʫʚʘʘʪ ʩʪʨʫʿʘ ʦʜ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ, ʰʪʦ 

ʧʨʝʜʠʟʚʠʢʫʚʘ ʩʪʨʤʝʥ ʧʘʜ ʥʘ ʥʘʧʦʥʦʪ, ʟʘ ʧʦ ʥʝʢʦʝ ʚʨʝʤʝ ʜʘ ʩʝ ʚʦʩʧʦʩʪʘʚʠ ʥʦʨʤʘʣʝʥ 

ʩʠʥʫʩʦʠʜʘʣʝʥ ʥʘʧʦʥ. ʆʚʠʝ ʪʨʘʥʟʠʝʥʪʠ ʣʦʰʦ ʚʣʠʿʘʘʪ ʚʨʟ ʫʧʨʘʚʫʚʘʯʢʠʪʝ ʝʣʝʤʝʥʪʠ ʢʦʠ ʩʝ 

ʩʨʝ˃ʘʚʘʘʪ ʚʦ ʠʥʜʫʩʪʨʠʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʜʫʨʠ ʠ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʪʘʢʦʚ ʧʘʜ ʥʘ ʥʘʧʦʥʦʪ 

ʢʦʿ ʚʦʜʠ ʜʦ ʧʨʝʢʠʥ ʥʘ ʨʘʙʦʪʘ ʥʘ ʥʝʢʦʠ ʤʥʦʛʫ ʦʩʝʪʣʠʚʠ ʤʦʪʦʨʠ. 

ʊʨʘʥʟʠʝʥʪʠ ʩʝ ʿʘʚʫʚʘʘʪ ʠ ʧʨʠ ʩʪʘʨʪʫʚʘˁʝʪʦ ʥʘ ʘʩʠʥʭʨʦʥʠʪʝ ʛʝʥʝʨʘʪʦʨʠ. ʂʘʢʦ ʰʪʦ 

ʥʘʧʦʤʝʥʘʚ, ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʛʦʣʝʤʘ ʥʘʧʦʥʩʢʘ ʿʘʤʘ ʠʣʠ ʝʚʝʥʪʫʘʣʝʥ ʧʨʝʢʠʥ, ʩʝ ʢʦʨʠʩʪʠ 

ʧʦʩʝʙʝʥ ʪʠʨʠʩʪʦʨʩʢʠ ʜʝʣ ʩʦ ʢʦʿ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʧʦʙʘʚʥʦ ʩʪʘʨʪʫʚʘˁʝ. 
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3. ɿʘʢʣʫʯʦʢ 

 

ʇʨʠ ʧʦʚʨʟʫʚʘˁʝʪʦ ʥʘ ʚʝʪʝʨʥʘʪʘ ʮʝʥʪʨʘʣʘ ʩʦ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ, ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʙʝʨʝ 

ʠʣʠ ʜʘ ʩʝ ʠʟʛʨʘʜʠ ʧʦʪʨʝʙʝʥ ʚʠʩʦʢʦʥʘʧʦʥʩʢʠ ʧʨʝʥʦʩʝʥ ʩʠʩʪʝʤ. ʆʜ ʘʩʧʝʢʪ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ, ʯʠʩʪʘʪʘ ʝʥʝʨʛʠʿʘ ʜʦʙʠʝʥʘ ʦʜ ʚʝʪʝʨʦʪ ʥʝ ʤʦʞʝ ʜʘ ʙʠʜʝ ʮʝʣʦʩʥʦ 

ʝʬʝʢʪʠʚʥʦ ʠʩʢʦʨʠʩʪʝʥʘ. ʅʝʿʟʠʥʠʦʪ ʢʚʘʣʠʪʝʪ ʙʘʨʘ ʧʦʩʝʙʥʠ ʠ ʧʦʩʪʦʿʘʥʠ ʤʝʨʝˁʘ, ʘʥʘʣʠʟʠ ʠ 

ʢʦʨʝʢʮʠʠ. ɺʦ ʧʦʛʣʝʜ ʥʘ ʬʣʠʢʝʨʠʪʝ ʥʝ ʝ ʤʦʞʥʦ ʤʥʦʛʫ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʟʘ ʥʠʚʥʘ ʨʝʜʫʢʮʠʿʘ. 

ʊʠʝ ʩʝ ʧʦʩʣʝʜʠʮʘ ʥʘ ʬʣʫʢʪʫʘʮʠʿʘʪʘ ʥʘ ʥʘʧʦʥʦʪ ʠ ʥʘ ʩʘʤʠʦʪ ʧʨʠʥʮʠʧ ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʠʪʝ. ɿʘʪʦʘ ʧʘʢ, ʧʨʝʢʫ ʤʝʨʝˁʝ ʥʘ THD ʬʘʢʪʦʨʦʪ 

ʥʠʝ ʤʦʞʝʤʝ ʜʘ ʠʤʘʤʝ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʭʘʨʤʦʥʠʩʢʠʦʪ ʩʧʝʢʪʘʨ, ʧʘ ʩʦʦʜʚʝʪʥʦ ʜʘ ʨʝʘʛʠʨʘʤʝ 

ʟʘ ʜʘ ʛʠ ʫʙʣʘʞʠʤʝ ʧʦʩʣʝʜʠʮʠʪʝ. ʉʦ ʧʦʤʦʰ ʥʘ ʬʠʣʪʨʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʨʰʠ ʢʦʨʝʢʮʠʿʘ ʥʘ 

ʦʙʣʠʢʦʪ ʥʘ ʥʘʧʦʥʦʪ. ʇʦʥʘʪʘʤʫ, ʜʦʩʪʘ ʦʜ ʭʘʨʤʦʥʠʮʠʪʝ ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʝʣʠʤʠʥʠʨʘʥʠ ʫʰʪʝ 

ʥʘ ʩʘʤʠʦʪ ʠʟʣʝʟ ʦʜ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʠʪʝ ʧʨʝʢʫ ʠʟʙʦʨ ʥʘ ʪʘʢʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʢʦʿ ʥʝ ʙʠ ʛʠ 

ʧʨʦʧʫʰʪʠʣ ʚʦ ʧʦʥʘʪʘʤʦʰʥʠʦʪ ʪʝʢ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʉʦ ʜʦʜʘʚʘˁʝ ʥʘ ʨʝʘʢʪʠʚʥʠ 

ʝʣʝʤʝʥʪʠ, ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʤʝʥʠ ʬʨʝʢʬʝʥʪʥʠʦʪ ʦʜʟʠʚ ʰʪʦ ʛʦ ʛʣʝʜʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʘ 

ʩʦ ʪʦʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʝʚʝʥʪʫʘʣʥʘ ʧʦʿʘʚʘ ʥʘ ʨʝʟʦʥʘʥʮʠʿʘ.  
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ɸʧʩʪʨʘʢʪ 

ɺʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʘʪ ʨʘʟʛʣʝʜʘʥʠ ʧʦʟʠʪʠʚʥʠʪʝ ʝʬʝʢʪʠ ʦʜ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʩʦʥʯʝʚʠ 

ʢʦʣʝʢʪʦʨʠ ʟʘ ʩʘʥʠʪʘʨʥʘ ʪʦʧʣʘ ʚʦʜʘ (ʉʊɺ) ʠ ʢʦʪʝʣ ʥʘ ʙʠʦʛʦʨʠʚʦ ʟʘ ʟʘʜʦʚʦʣʫʚʘˁʝ ʥʘ 

ʪʦʧʣʠʥʩʢʠʪʝ ʧʦʪʨʝʙʠ ʥʘ ʠʥʜʠʚʠʜʫʘʣʝʥ ʩʪʘʥʙʝʥ ʦʙʿʝʢʪ. ʇʨʝʩʤʝʪʢʠʪʝ ʟʘ ʧʦʪʨʝʙʥʦʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ, ʧʦʪʨʝʙʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʉʊɺ ʢʘʢʦ ʠ ʧʝʨʠʦʜʦʪ ʥʘ 

ʠʩʧʣʘʪʣʠʚʦʩʪ (ʧʝʨʠʦʜʦʪ ʥʘ ʚʨʘ˃ʘˁʝ ʥʘ ʧʘʨʠʯʥʠʪʝ ʩʨʝʜʩʪʚʘ - PBP) ʩʝ ʥʘʧʨʘʚʝʥʠ ʥʘ ʚʝ˃ʝ 

ʧʦʩʪʦʝʯʢʠ ʦʙʿʝʢʪ ʠ ʠʩʪʠʪʝ ʩʝ ʧʨʝʟʝʥʪʠʨʘʥʠ ʚʦ ʪʨʫʜʦʪ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʩʦʥʯʝʚʠ, ʢʦʣʝʢʪʦʨʠ, ʢʦʪʝʣ, ʙʠʦʛʦʨʠʚʦ, ʉʊɺ, PBP. 

 

1. ɺʦʚʝʜ 
 

ñYeah we all shine on, like the moon, and the stars, and the sun.ò 

John Lennon 

ɽʥʝʨʛʠʿʘʪʘ ʝ ʝʜʥʘ ʦʜ ʥʘʿʛʦʣʝʤʠʪʝ ʧʦʪʨʝʙʠ ʥʘ ʦʧʰʪʝʩʪʚʦʪʦ, ʚʦ ʤʠʥʘʪʦʪʦ, ʜʝʥʝʩ ʘ 

ʦʩʦʙʝʥʦ ʚʦ ʠʜʥʠʥʘʪʘ. ʇʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʝ ʩʦʩʪʘʚʝʥ ʜʝʣ ʦʜ ʩʝʢʦʿʜʥʝʚʥʠʦʪ ʞʠʚʦʪ 

ʢʘʢʦ ʥʘ ʧʦʝʜʠʥʝʮʦʪ ʪʘʢʘ ʠ ʥʘ ʠʥʜʫʩʪʨʠʿʘʪʘ. ʇʦʪʨʝʙʘʪʘ ʦʜ ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʝʣʝʢʪʨʠʯʥʘ ʪʘʢʘ ʠ 

ʪʦʧʣʠʥʩʢʘ ʝ ʩ® ʧʦʛʦʣʝʤʘ ʢʘʢʦ ʥʘ ʣʦʢʘʣʥʦ ʪʘʢʘ ʠ ʥʘ ʩʚʝʪʩʢʦ ʥʠʚʦ. ʉʝʛʘʰʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʬʦʩʠʣʥʠ ʛʦʨʠʚʘ, (ʿʘʛʣʝʥ, ʥʘʬʪʘ, ʧʨʠʨʦʜʝʥ ʛʘʩ) ʢʘʢʦ 

ʠ ʥʫʢʣʝʘʨʥʘʪʘ ʝʥʝʨʛʠʿʘ, ʢʦʠ ʰʪʦ ʧʦʢʨʘʿ ʠʩʧʫʰʪʘˁʝʪʦ ʥʘ ʿʘʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ, ʢʦʿ ʝ ʝʜʥʘ ʦʜ 

ʧʨʠʯʠʥʠʪʝ ʟʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʫʚʘˁʝ, ʩʝ ʠʩʬʨʣʘ ʠ ʨʘʜʠʦʘʢʪʠʚʝʥ ʤʘʪʝʨʠʿʘʣ ï ʦʪʧʘʜ ʦʜ 

ʥʫʢʣʝʘʨʥʠʪʝ ʮʝʥʪʨʘʣʠ ʢʦʠ ʿʘ ʟʘʛʘʜʫʚʘʘʪ ʦʢʦʣʠʥʘʪʘ. ɼʝʥʝʰʥʦʪʦ ʦʧʰʪʝʩʪʚʦ ʩʝ ʩʪʨʝʤʠ ʢʦʥ 

ʪʦʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʜʘ ʩʝ ʩʚʝʜʝ ʥʘ ʤʠʥʠʤʫʤ ʠʣʠ ʜʘ ʩʝ ʟʘʧʦʯʥʝ ʩʦ ʢʦʨʠʩʪʝˁʝ 

ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʩʦ ʝʜʥʦʢʨʘʪʥʦ, ʧʦʛʦʣʝʤʦ, ʥʦ ʠʩʧʣʘʪʣʠʚʦ ʚʣʦʞʫʚʘˁʝ. ɿʘ 

ʦʚʘʘ ʮʝʣ ʩʝ ʢʦʨʠʩʪʘʪ ʩʦʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ, ʚʝʪʝʨʥʠʮʠ, ʛʝʦʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ ï ʦʜʥʦʩʥʦ 

ʪʦʧʣʠʥʘʪʘ ʥʘ ʟʝʤʿʘʪʘ, ʠ ʪ.ʥ. ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʩʝ ʜʘʜʝʥʠ ʦʧʰʪʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 
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ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʠ ʙʠʦʤʘʩʘʪʘ ʢʘʢʦ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʠ ʥʠʚʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʟʘ 

ʟʘʜʦʚʦʣʫʚʘˁʝ ʥʘ ʧʦʪʨʝʙʠʪʝ ʦʜ ʉʊɺ ʠ ʪʦʧʣʠʥʘ ʟʘ ʛʨʝʝˁʝ. 

 

2. ʇʦʪʝʥʮʠʿʘʣʦʪ ʥʘ ʩʦʥʮʝʪʦ ʠ ʙʠʦʤʘʩʘʪʘ ʢʘʢʦ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʢʘʢʦ ʠ 

ʥʠʚʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʟʘ ʟʘʜʦʚʦʣʫʚʘˁʝ ʥʘ ʧʦʪʨʝʙʠʪʝ ʟʘ ʛʨʝʝˁʝ ʠ ʉʊɺ 

ʥʘ ʠʥʜʠʚʠʜʫʘʣʝʥ ʩʪʘʥʙʝʥ ʦʙʿʝʢʪ 
 

ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʝ ʧʦʜʨʘʯʿʝ ʚʦ ʢʦʝ, ʩʧʦʨʝʜ  ʜʦʩʝʛʘʰʥʠʪʝ ʤʝʨʝˁʘ, ʠʥʪʝʥʟʠʪʝʪʦʪ 

ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʝ ʧʦʚʦʣʥʦ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʩʦʥʮʝʪʦ. ɻʣʦʙʘʣʥʦ ʩʦʥʯʝʚʦ 

ʟʨʘʯʝˁʝ ʚʦ ʈ. ʄʘʢʝʜʦʥʠʿʘ ʝ ʤʘʢʩʠʤʘʣʥʦ ʚʦ ʿʫʛʦʟʘʧʘʜʥʠʦʪ ʧʣʘʥʠʥʩʢʠ ʨʝʛʠʦʥ ʠ ʥʝʛʦʚʘʪʘ 

ʤʘʢʩʠʤʘʣʥʘ ʛʦʜʠʰʥʘ ʚʨʝʜʥʦʩʪ ʠʟʥʝʩʫʚʘ ʦʢʦʣʫ 1500 kWh/m2. ɺʢʫʧʥʦʪʦ ʛʦʜʠʰʥʦ ʛʣʦʙʘʣʥʦ 

ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʟʘ ʉʢʦʧʿʝ (ʩʝʚʝʨʥʘ ʛʝʦʛʨʘʬʩʢʘ ʰʠʨʠʥʘ 410 59ô, ʠʩʪʦʯʥʘ ʛʝʦʛʨʘʬʩʢʘ 

ʜʦʣʞʠʥʘ 210 28ô ʠ ʥʘʜʤʦʨʩʢʘ ʚʠʩʦʯʠʥʘ ʦʜ 240 m) ʠʟʥʝʩʫʚʘ 1367 kW/m2 ʰʪʦ ʝ ʝʜʥʘ ʦʜ 

ʥʘʿʤʘʣʠʪʝ ʚʨʝʜʥʦʩʪʠ ʚʦ ʈ. ʄʘʢʝʜʦʥʠʿʘ. ʂʦʨʠʩʪʝʿ˃ʠ ʛʠ ʨʘʩʧʦʣʦʞʠʚʠʪʝ ʯʘʩʦʚʥʠ ʚʨʝʜʥʦʩʪʠ 

ʟʘ ʛʣʦʙʘʣʥʦʪʦ ʠ ʜʠʬʫʟʥʦʪʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʥʘ ʥʘʢʣʦʥʝʪʘ ʧʦʚʨʰʠʥʘ, ʩʦ ʧʨʠʤʝʥʘ ʥʘ 

ʤʦʜʝʣʦʪ ʥʘ ʇʝʨʝʟ, ʟʘ ʚʨʝʜʥʦʩʪ ʥʘ ʘʛʦʣʦʪ ʥʘ ʥʘʢʣʦʥ ʟʘ ʉʢʦʧʿʝ ʦʜ 450C ʧʨʠ ʘʟʠʤʫʪ 00 C, 

ʩʨʝʜʥʦʪʦ ʛʦʜʠʰʥʦ ʛʣʦʙʘʣʥʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʟʘ ʉʢʦʧʿʝ ʠʟʥʝʩʫʚʘ 147,3 kWh/m2 [1]. 

ʉʝ ʧʨʦʮʝʥʫʚʘ ʜʝʢʘ ʦʜ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʚʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʧʨʠ ʫʧʦʪʨʝʙʘ ʥʘ 

ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ ʩʦ ʚʢʫʧʥʘ ʧʦʚʨʰʠʥʘ 0,1% ʦʜ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʤʦʞʝ 

ʜʘ ʩʝ ʜʦʙʠʝ ʧʨʦʩʝʯʥʦ ʛʦʜʠʰʥʦ 35 TWh ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ (ʧʨʠ ʛʣʦʙʘʣʥʦ ʩʦʥʯʝʚʦ 

ʟʨʘʯʝˁʝ ʦʜ 650 W/m2 ʠ ʚʨʝʤʝʪʨʘʝˁʝ ʦʜ 2100 ʯʘʩʘ ʚʦ ʛʦʜʠʥʘʪʘ).  

ʇʨʠ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʦʜ 10%, ʤʦʞʘʪ ʜʘ ʩʝ ʠʟʛʨʘʜʘʪ ʩʦʥʯʝʚʠ 

ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʩʦ ʚʢʫʧʥʘ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 1670 MWe, ʢʦʠ ʧʨʦʩʝʯʥʦ ʛʦʜʠʰʥʦ 

(2100 ʯʘʩʘ) ˃ʝ ʧʨʦʠʟʚʝʜʘʪ 3,5 TWh ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ [2]. 

ʇʝʣʝʪʠʪʝ ʢʘʢʦ ʛʦʨʠʚʦ ʩʝ ʦʙʥʦʚʣʠʚ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ, ʩʦ ʯʠʩʪʦ ʩʦʛʦʨʫʚʘˁʝ ʠ ʫʙʝʜʣʠʚʦ 

ʥʘʿʥʠʩʢʘ ʮʝʥʘ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʩʠʪʝ ʜʨʫʛʠ ʝʥʝʨʛʝʥʩʠ. ʇʝʣʝʪʠʪʝ ʩʝ ʧʨʦʜʫʢʪ ʦʜ ʙʠʦʤʘʩʘ 

ʥʘʧʨʘʚʝʥʘ ʦʜ ʦʙʥʦʚʣʠʚʠ ʩʫʧʩʪʘʥʮʠ, ʛʣʘʚʥʦ ʦʜ ʨʝʮʠʢʣʠʨʘʥʦ ʜʨʚʦ. ʂʚʘʣʠʪʝʪʦʪ ʥʘ ʧʝʣʝʪʠʪʝ 

ʟʘʚʠʩʠ ʦʜ ʩʫʨʦʚʠʥʘʪʘ ʦʜ ʢʦʿʘ ʩʝ ʠʟʨʘʙʦʪʝʥʠ, ʥʘʯʠʥʦʪ ʥʘ ʧʨʝʩʫʚʘˁʝ ʢʘʢʦ ʠ ʚʣʘʞʥʦʩʪʘ ʥʘ 

ʩʫʨʦʚʠʥʘʪʘ.  

ɽʥʝʨʛʝʪʩʢʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʙʠʦʤʘʩʘʪʘ ʝ ʜʝʪʝʨʤʠʥʠʨʘʥʘ ʩʦ ʥʝʿʟʠʥʠʦʪ ʭʝʤʠʩʢʠ ʩʦʩʪʘʚ ʠ 

ʩʝ ʤʝʨʠ ʢʘʢʦ ˅ʫʣʠ ʝʥʝʨʛʠʿʘ ʚʦ 1g ʛʦʨʠʚʦ (J/g) (ʚʦ ʧʨʘʢʪʠʢʘʪʘ ʥʘʿʯʝʩʪʦ ʩʝ ʠʟʨʘʟʫʚʘʘʪ ʢʘʢʦ 

MJ/kg ʠʣʠ GJ/t). ʀʩʪʦ ʪʘʢʘ ʟʘ ʧʨʘʢʪʠʯʥʠ ʮʝʣʠ ʢʘʢʦ ʚʘʞʝʥ ʧʘʨʘʤʝʪʘʨ ʝ ʠ ʚʦʣʫʤʝʥʩʢʠʦʪ 

ʧʦʢʘʟʘʪʝʣ ʟʘ ʛʦʨʠʚʦʪʦ ʠʟʨʘʟʝʥ ʧʨʝʢʫ ʝʥʝʨʛʝʪʩʢʘʪʘ ʛʫʩʪʠʥʘ [3]. 

ʇʨʚʘʪʘ ʬʘʟʘ ʦʜ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʝ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʚʢʫʧʥʘʪʘ ʧʦʪʨʝʙʥʘ ʪʦʧʣʠʥʘ ʟʘ 

ʛʨʝʝˁʝ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʦʪ ʩʪʘʥʙʝʥ ʦʙʿʝʢʪ ʩʦ ʧʦʚʨʰʠʥʘ ʦʜ 170 m2. ʂʦʨʠʩʪʝʿ˃ʠ ʛʠ 

ʨʘʚʝʥʢʠʪʝ ʟʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʪʦʧʣʠʥʦʧʨʝʤʠʥʫʚʘˁʝ ʥʠʟ ʧʨʝʛʨʘʜʥʠ ʼʠʜʦʚʠ3 
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ʢʘʢʦ ʠ ʨʘʚʝʥʢʘʪʘ ʟʘ ʪʦʧʣʠʥʩʢʠ ʛʫʙʠʪʦʮʠ4 [4], ʚʢʫʧʥʘʪʘ ʧʨʝʩʤʝʪʘʥʘ ʪʦʧʣʠʥʘ ʟʘ ʛʨʝʝˁʝ ʝ 

8205.5 W ʦʜʥʦʩʥʦ 8.2 kW ʠʣʠ 48.3 W/m2 ʦʜʥʦʩʥʦ 0.0483 kW/m2. 

ʆʜʨʝʜʫʚʘˁʝʪʦ ʥʘ ʧʦʪʨʝʙʥʠʦʪ ʙʨʦʿ ʥʘ ʢʦʣʝʢʪʦʨʠ ʟʘ ʉʊɺ ʝ ʩʧʦʨʝʜ ʧʦʪʨʝʙʠʪʝ ʥʘ 
ʯʝʪʠʨʠʯʣʝʥʦ ʩʝʤʝʿʩʪʚʦ, ʦʜʥʦʩʥʦ ʧʦʪʨʝʙʥʘʪʘ ʪʦʧʣʠʥʘ ʟʘ ʟʘʛʨʝʚʘˁʝ ʥʘ 250 ʣʠʪʨʠ ʉʊɺ ʦʜ 

12 
ʦ
C ʜʦ 60 

ʦ
C

5
 ʝ 15,13 kW. 

         

         ́ ͔͊͋͊͡ мΦ ɺʣʝʟʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʧʦʪʨʝʙʥʠʦʪ ʙʨʦʿ ʥʘ ʩʦʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ 

ʂʘʧʘʮʠʪʝʪ ʥʘ ʙʦʿʣʝʨʦʪ mw 250     l/den;  
ʂʇɼ ʥʘ ʢʦʣʝʢʪʦʨʦʪ ɖc 0,35       

ʊʝʤʧeʨʘʪʫʨʘ ʥʘ ʣʘʜʥʘ ʚʦʜʘ tw1 12     oC 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʦʧʣʘ ʚʦʜʘ tw2 45 60 90 oC 
ʊʝʤʧ. ʨʘʟʣʠʢʘ ʥʘ ʚʦʜʘʪʘ ȹtw 33 48 78 oC 

ʉʧʝʮʠʬʠʯʥʘ ʪʦʧʣʠʥʘ ʥʘ ʚʦʜʘ cpw 4,187     kJ/kgK 

ʇʦʚʨʰʠʥʘ ʥʘ ʠʟʙʨʘʥ ʢʦʣʝʢʪʦʨ ɸc1 2,35     m2 

 

ʇʦ ʠʟʚʨʰʝʥʘʪʘ ʧʨʝʩʤʝʪʢʘ6 ʩʝ ʜʦʙʠʚʘ ʜʝʢʘ ʩʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ 5 (ʧʝʪ) ʩʦʥʯʝʚʠ 

ʢʦʣʝʢʪʦʨʠ ʩʝ ʟʘʜʦʚʦʣʫʚʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʉʊɺ, ʘ ʩʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʢʦʪʝʣ ʥʘ ʙʠʦʛʦʨʠʚʦ ʩʦ 

ʤʦ˃ʥʦʩʪ ʦʜ 10 kW ʩʝ ʟʘʜʦʚʦʣʫʚʘ ʧʦʪʨʝʙʥʘʪʘ ʢʦʣʠʯʠʥʘ ʥʘ ʪʦʧʣʠʥʘ ʟʘ ʛʨʝʝˁʝ. ʈʘʟʣʠʢʘʪʘ 

ʧʦʤʝʺʫ ʧʦʪʨʝʙʥʘʪʘ ʠ ʠʥʩʪʘʣʠʨʘʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ʥʦʩʪ ʝ ʜʦʚʦʣʥʘ ʜʘ ʛʠ ʧʦʢʨʠʝ ʧʦʪʨʝʙʠʪʝ 

ʟʘ ʛʨʝʝˁʝ ʥʘ ʉʊɺ ʢʦʛʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʙʠ ʙʠʣʦ ʤʠʥʠʤʘʣʥʦ ʠʣʠ ʚʦʦʧʰʪʦ ʙʠ ʛʦ ʥʝʤʘʣʦ. 

ɽʢʦʥʦʤʩʢʘʪʘ ʘʥʘʣʠʟʘ ʝ ʠʟʚʨʰʝʥʘ ʧʨʠ ʢʦʨʠʩʪʝˁʝ ʥʘ ʪʨʠ ʨʘʟʣʠʯʥʠ ʝʥʝʨʛʝʥʩʠ ʠ ʪʦʘ: 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ɽʢʩʪʨʘ ʣʝʩʥʦ ʤʘʩʣʦ ʟʘ ʜʦʤʘ˃ʠʥʩʪʚʘ ʠ ʧʝʣʝʪʠ (ʙʠʦʤʘʩʘ), ʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʘʥʘʣʠʟʘʪʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʩʣʝʜʥʘʪʘ ʪʘʙʝʣʘ. ʇʝʨʠʦʜʦʪ ʥʘ ʚʨʘ˃ʘˁʝ ʥʘ 

ʩʨʝʜʩʪʚʘʪʘ ʝ ʧʨʝʩʤʝʪʘʥ ʩʧʦʨʝʜ ʮʝʥʘ ʟʘ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ ʩʦʥʯʝʚʠʪʝ ʢʦʣʝʢʪʦʨʠ ʠ ʢʦʪʝʣʦʪ 

ʥʘ ʙʠʦʤʘʩʘ ʦʜ 2500 ʝʚʨʘ. 
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6
 ɺʠʜʠ ʇʨʠʣʦʛ: ʊʘʙʝʣʘ 2. 
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͔́͊͋͊͡ 3. ɽʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʠ ʧʝʨʠʦʜʦʪ ʥʘ ʚʨʘ˃ʘˁʝ ʥʘ ʩʨʝʜʩʪʚʘʪʘ ʧʨʠ ʢʦʨʠʩʪʝˁʝ ʥʘ ʪʨʠ ʨʘʟʣʠʯʥʠ ʝʥʝʨʛʝʥʩʠ: 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ɽʢʩʪʨʘ ʣʝʩʥʦ ʤʘʩʣʦ ʟʘ ʜʦʤʘ˃ʠʥʩʪʚʘ ʠ ʧʝʣʝʪʠ (ʙʠʦʤʘʩʘ) 

 

ʂʦʣʠʯʝʩʪʚʦ ʝʥʝʨʛʝʥʩ ʠ 
ʥʝʛʦʚʠʦʪ ʠʟʥʦʩ7 ʚʦ ʜʝʥʘʨʠ ʠ 

ʝʚʨʘ 

PBP 

(ʧʝʨʠʦʜ ʥʘ ʚʨʘ˃ʘˁʝ ʥʘ 
ʩʨʝʜʩʪʚʘʪʘ -  ʚʦ 

ʛʦʜʠʥʠ) 

ɽʣʝʢʪʨʠʯʥʘ 
ʝʥʝʨʛʠʿʘ 

kWh ʀʟʥʦʩ (ʜʝʥ./ʝʚʨʘ) 
5 

10660 70.356,00 / 1.153,40 

ɽ. ʃ. ʤʘʩʣʦ ʟʘ 
ʜʦʤʘ˃ʠʥʩʪʚʘ 

Kg ʀʟʥʦʩ (ʜʝʥ./ʝʚʨʘ) 
4,3 

1080 75.168,00 / 1.232,20 

ɹʠʦʤʘʩʘ (ʧʝʣʝʪʠ) 
Kg ʀʟʥʦʩ (ʜʝʥ./ʝʚʨʘ) 

/ 
2665 39.975,00 / 655,30 

 

ɽʢʦʣʦʰʢʠʪʝ ʧʨʦʙʣʝʤʠ ʜʝʥʝʩ ʩʝ ʛʣʘʚʥʘ ʪʝʤʘ ʚʦ ʩʠʪʝ ʧʣʘʥʦʚʠ ʟʘ ʨʘʟʚʦʿ ʥʘ 

ʝʥʝʨʛʝʪʠʢʘʪʘ, ʦʩʦʙʝʥʦ ʝʤʠʩʠʿʘʪʘ ʥʘ CO2 ʟʘ ʢʦʿʘ ʩʝ ʚʝʨʫʚʘ ʜʝʢʘ ʝ ʛʣʘʚʝʥ ʛʝʥʝʨʘʪʦʨ ʥʘ 

ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʫʚʘˁʝ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ IPCC (Intergovernmental Panel on Climate Change) 

ʩʮʝʥʘʨʠʦʪʦ, ʘʪʤʦʩʬʝʨʩʢʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ CO2, ˃ʝ ʩʝ ʜʚʠʞʠ ʧʦʤʝʺʫ (540 - 970) ppm ʜʦ 

2100 ʛʦʜʠʥʘ.  

ʉʨʝʜʥʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʦʚʦʿ ʦʧʩʝʛ ʝ ʧʨʠʙʣʠʞʥʦ ʜʚʦʿʥʘ ʦʜ ʤʦʤʝʥʪʘʣʥʦʪʦ ʥʠʚʦ ʦʜ 365 

ppm ʠʣʠ ʪʨʠ ʧʘʪʠ ʧʦʛʦʣʝʤʘ ʦʜ ʥʠʚʦʪʦ ʚʦ 1900 (280 ppm). ʅʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʝʤʠʩʠʿʘʪʘ ʥʘ 

ʛʘʩʦʚʠ ʢʦʠ ʩʝ ʧʨʝʜʠʟʚʠʢʫʚʘʯʠ ʥʘ ʝʬʝʢʪʦʪ ʥʘ ñʩʪʘʢʣʝʥʘ ʛʨʘʜʠʥʘñ ʥʘ ʥʠʚʦ <550 ppm, ʥʝ 

ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ ʚʘʢʦʚ ʪʨʝʥʜ ʥʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ ʥʘ 

ʝʥʝʨʛʠʿʘ [5]. 

3. ʆʜ ʫʧʦʪʨʝʙʘ ʥʘ ʆʀɽ ʜʦ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ 

 

ʂʦʨʠʩʪʝˁʝʪʦ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʿʘ ʥʘʤʘʣʫʚʘʘʪ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ 

ʝʥʝʨʛʠʿʘ ʜʦʙʠʝʥʘ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʢʘʢʦ ʰʪʦ ʩʝ ʿʘʛʣʝʥʦʪ, ʩʫʨʦʚʘʪʘ 

ʥʘʬʪʘ ʠ ʧʨʠʨʦʜʥʠʦʪ ʛʘʩ, ʠʩʪʦʚʨʝʤʝʥʦ ʥʘʤʘʣʫʚʘʿ˃ʠ ʛʠ ʝʤʠʩʠʠʪʝ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ ʠ 

ʤʘʪʝʨʠʠ ʜʦʙʠʝʥʠ ʧʨʠ ʩʦʛʦʨʫʚʘˁʝ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ.  

ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʩʝ ʜʦʢʘʞʫʚʘ ʜʝʢʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʢʦʪʝʣʦʪ ʥʘ ʙʠʦʤʘʩʘ ʛʠ ʥʘʤʘʣʫʚʘ 

ʪʨʦʰʦʮʠʪʝ ʟʘ ʛʨʝʝˁʝ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʦʪ ʩʪʘʥʙʝʥ ʦʙʿʝʢʪ ʟʘ 498,10 ʝʚʨʘ ʚʦ ʦʜʥʦʩ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜʥʦʩʥʦ ʟʘ 577 ʝʚʨʘ ʚʦ ʦʜʥʦʩ ʥʘ ɽʢʩʪʨʘ ʣʝʩʥʦʪʦ ʤʘʩʣʦ ʟʘ 

                                                                 
7
  

- 1 ʝʚʨʦ = 61,502 ʜʝʥʘʨʠ  ï ʧʦʜʘʪʦʮʠ ʟʘ ʩʨʝʜʥʠʦʪ ʢʫʨʩ ʜʦʙʠʝʥʠ ʦʜ ʅʘʨʦʜʥʘ ʙʘʥʢʘ ʥʘ ʈʝʧʫʙʣʠʢʘ 
ʄʘʢʝʜʦʥʠʿʘ 
- ʎʝʥʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʝ ʬʦʨʤʠʨʘʥʘ ʦʜ ʈʝʛʫʣʘʪʦʨʥʘʪʘ ʢʦʤʠʩʠʿʘ ʟʘ ʝʥʝʨʛʝʪʠʢʘ, ʢʘʜʝ 

ʰʪʦ ʝʜʠʥʝʯʥʘʪʘ ʮʝʥʘ ʟʘ ʪʘʨʠʬʥʠ ʧʦʪʨʦʰʫʚʘʯʠ ʥʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠ ʥʠʚʦʘ ʝ 4,18 ʜʝʥ/kWh + 33,33% 
ʦʩʥʦʚʝʥ ʧʨʠʜʦʥʝʩ ʟʘ ʧʨʝʩʤʝʪʢʦʚʥʘ ʤʦ˃ʥʦʩʪ + 18% ɼɼɺ. 
- ɼʦʣʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʥʘ ɽʢʩʪʨʘ ʣʝʩʥʦʪʦ ʤʘʩʣʦ ʟʘ ʜʦʤʘ˃ʠʥʩʪʚʘ Hd = 41.8 MJ/kg = 11,61 kWh/kg ï 

ʧʦʜʘʪʦʮʠ ʜʦʙʠʝʥʠ ʦʜ ɸ.ɼ. ʄʘʢʧʝʪʨʦʣ, ʘ ʥʝʛʦʚʘʪʘ ʮʝʥʘ ʝ ʬʦʨʤʠʨʘʥʘ ʦʜ ʈʝʛʫʣʘʪʦʨʥʘʪʘ ʢʦʤʠʩʠʿʘ ʟʘ 
ʝʥʝʨʛʝʪʠʢʘ (60 ʜʝʥʘʨʠ/ʣʠʪʘʨ), ɟ = 860 kg/m

3
 

- ɼʦʣʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʥʘ ʧʝʣʝʪʠʪʝ (ʙʠʦʤʘʩʘʪʘ) Hd = 16920 kJ/kg = 4.7 kWh/kg, ʘ ʥʝʛʦʚʘʪʘ ʮʝʥʘ ʝ 

15 ʜʝʥʘʨʠ/kg ï ʧʦʜʘʪʦʮʠ ʜʦʙʠʝʥʠ ʦʜ ʬʠʨʤʘʪʘ ʇʨʦʪʝʨʤ 
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ʜʦʤʘ˃ʠʥʩʪʚʘ, ʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʩʦʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ ʟʘ ʩʘʥʠʪʘʨʥʘ ʪʦʧʣʘ ʚʦʜʘ 

ʜʦʧʦʣʥʠʪʝʣʥʦ ʛʠ ʥʘʤʘʣʫʚʘ ʧʘʨʠʯʥʠʪʝ ʩʨʝʜʩʪʚʘ ʙʝʟ ʧʨʠʪʦʘ ʜʘ ʛʦ ʥʘʨʫʰʘʪ ʢʦʤʬʦʨʦʪ ʚʦ 

ʮʝʣʠʦʪ ʦʙʿʝʢʪ ï ʰʪʦ ʝ ʠ ʛʣʘʚʥʘʪʘ ʮʝʣ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ. 

4. ʂʦʨʠʩʪʝʥʘ ʣʠʪʝʨʘʪʫʨʘ 
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ʇʨʠʣʦʛ 

ʊʘʙʝʣʘ 2. ʇʨʝʩʤʝʪʢʘ ʥʘ ʧʦʪʨʝʙʥʠʦʪ ʙʨʦʿ ʥʘ ʩʦʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ 

ʄʝʩʝʮ 

QS Qc=Qs ɖc Qw Ac=Qw/Qc nc=Ac/Ac1 
Qwi=nci 
Ac1 Qc Qd=Qwi-Qw 

kWh/m2ʜʝʥ kWh/m2ʜʝʥ kWh/ʜʝʥ m2 ɹʨʦʿ ʢʦʣʝʢʪʦʨʠ kWh/ʜʝʥ kWh/ʜʝʥ 

  

45 ʦC 60  ʦC 
90  
ʦC 

45  
ʦC 

60  
ʦC 

90  
ʦC 

45  
ʦC 

60  
ʦC 

90  
ʦC 

 

45  ʦC 60  ʦC 90  ʦC 

1 1,973 0,691 9,595 13,957 22,68 13,90 20,21 32,84 5,91 8,60 13,98 8,114 -1,48 -5,84 -14,57 
2 2,831 0,991 

   
9,68 14,09 22,89 4,12 5,99 9,74 11,642 2,05 -2,31 -11,04 

3 4,288 1,501 
   

6,39 9,30 15,11 2,72 3,96 6,43 17,634 8,04 3,68 -5,05 
4 5,066 1,773 

   
5,41 7,87 12,79 2,30 3,35 5,44 20,834 11,24 6,88 -1,85 

5 5,353 1,874 
   

5,12 7,45 12,11 2,18 3,17 5,15 22,014 12,42 8,06 -0,67 
6 5,444 1,905 

   
5,04 7,32 11,90 2,14 3,12 5,07 22,388 12,79 8,43 -0,29 

7 6,153 2,154 
   

4,46 6,48 10,53 1,90 2,76 4,48 25,304 15,71 11,35 2,62 
8 6,067 2,123 

   
4,52 6,57 10,68 1,92 2,80 4,54 24,951 15,36 10,99 2,27 

9 5,24 1,834 
   

5,23 7,61 12,37 2,23 3,24 5,26 21,550 11,95 7,59 -1,13 
10 4,753 1,664 

   
5,77 8,39 13,63 2,45 3,57 5,80 19,547 9,95 5,59 -3,13 

11 2,853 0,999 
   

9,61 13,98 22,71 4,09 5,95 9,66 11,733 2,14 -2,22 -10,95 
12 1,812 0,634 

   
15,13 22,01 35,76 6,44 9,36 15,22 7,452 -2,14 -6,50 -15,23 

ʇʨʦʩʝʢ 4,319 1,512 

      

3,2 4,655 7,565 
Qdg 

kWh/ʛʦʜ 
-

67,251 914,115 7079,01 

    

ʀʟʙʨʘʥ ʙʨʦʿ ʢʦʣʝʢʪʦʨʠ nci 5 
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ɺɽɹ ɸʇʃʀʂɸʎʀɱɸ ɿɸ ʆɹʅʆɺʃʀɺʀ ʀɿɺʆʈʀ ʅɸ ɽʅɽʈɻʀɱɸ 
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ɸʧʩʪʨʘʢʪ 

ɿʛʦʣʝʤʝʥʘʪʘ ʧʦʙʘʨʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʠ ʥʝʜʦʩʪʠʛʦʪ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ 

ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʜʦʚʝʜʫʚʘ ʜʦ ʧʦʪʨʝʙʘ ʦʜ ʥʦʚʠ ʘʣʪʝʨʥʘʪʠʚʥʠ ʨʝʰʝʥʠʿʘ. ʆʙʥʦʚʣʠʚʠʪʝ  

ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʝʢʦʣʦʰʢʠ ʯʠʩʪʠ ʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʤʘʢʩʠʤʘʣʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ 

ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ ʢʦʠ ʛʠ ʜʘʚʘ ʧʨʠʨʦʜʘʪʘ. ɿʛʦʣʝʤʝʥʘʪʘ ʝʜʫʢʘʮʠʿʘ ʠ ʠʥʬʦʨʤʘʮʠʿʘ ʟʘ 

ʧʨʠʜʦʙʠʚʢʠʪʝ ʠ ʥʘʯʠʥʠʪʝ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʜʦʚʝʜʝ ʜʦ 

ʠʜʝʿʘ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʚʝʙ ʘʧʣʠʢʘʮʠʿʘ, ʢʦʿʘ ʰʪʦ ʪʨʝʙʘ ʜʘ ʧʨʝʪʩʪʘʚʫʚʘ ʩʫʙʣʠʤʘʪ  ʥʘ ʮʝʣʘʪʘ 

ʧʨʦʙʣʝʤʘʪʠʢʘ, ʢʘʢʦ ʠ ʠʥʬʦʨʤʘʪʦʨ ʥʘ ʝʜʥʦ ʧʦʚʠʩʦʢʦ ʥʠʚʦ. ɺʦ ʦʚʘʘ ʚʝʙ ʘʧʣʠʢʘʮʠʿʘ ʩʝ 

ʦʚʦʟʤʦʞʫʚʘ ʢʦʤʧʣʝʪʥʘ ʠ ʜʝʪʘʣʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʥʘ ʚʠʜʦʚʠʪʝ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ 

ʝʥʝʨʛʠʿʘ, ʥʘʯʠʥʠʪʝ  ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ, 

ʥʠʚʥʘʪʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʢʘʢʦ ʠ ʩʠʩʪʝʤʠʪʝ (ʧʦʩʪʨʦʿʢʠʪʝ) ʟʘ ʰʠʨʦʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺʦʝʜʥʦ, 

ʚʝʙ ʘʧʣʠʢʘʮʠʿʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʚʠʚʘ ʚʦ ʥʘʩʦʢʘ ʥʘ ʝʜʝʥ ʧʦʨʪʘʣ, ʢʘʜʝ ʦʩʚʝʥ ʥʦʚʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʘʢʪʠʚʥʦʩʪʠʪʝ ʦʜ ʦʚʘʘ ʦʙʣʘʩʪ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, ˃ʝ ʧʦʩʪʦʠ ʤʦʞʥʦʩʪ 

ʧʦʩʝʪʠʪʝʣʠʪʝ ʥʘ ʧʦʨʪʘʣʦʪ ʜʘ ʦʩʪʘʚʘʘʪ ʠʜʝʠ, ʚʠʜʝʘ, ʧʨʦʝʢʪʠ ʚʦ ʢʦʠ ʰʪʦ ʠʤʘʘʪ 

ʫʯʝʩʪʚʫʚʘʥʦ ʠʣʠ  ʧʘʢ ʛʠ ʠʤʘʘʪ ʠʟʨʘʙʦʪʝʥʦ. ʀʩʪʦ ʪʘʢʘ ʢʦʨʠʩʥʠʮʠʪʝ ʙʠ ʤʦʞʝʣʝ  ʜʘ 

ʧʦʩʪʘʚʫʚʘʘʪ ʧʨʘʰʘˁʘ ʠ ʜʘʚʘʘʪ ʦʜʛʦʚʦʨʠ  ʥʘ ʦʜʨʝʜʝʥʠ ʪʝʤʠ ʢʦʠ ʰʪʦ ʙʠ ʙʠʣʝ ʧʦʩʪʘʚʝʥʠ 

ʥʘ ʬʦʨʫʤʦʪ. ʆʚʦʿ ʠʥʪʝʨʘʢʪʠʚʝʥ ʢʦʥʮʝʧʪ ʙʠ ʦʚʦʟʤʦʞʠʣ ʧʨʠʙʣʠʞʫʚʘˁʝ ʥʘ ʩʦʟʥʘʥʠʿʘʪʘ ʟʘ 

ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʜʦ ʧʦʰʠʨʦʢʘʪʘ ʿʘʚʥʦʩʪ, ʩʦ 

ʰʪʦ ʙʠ ʩʝ ʟʛʦʣʝʤʠʣʘ ʥʠʚʥʘʪʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʚʦ ʠʥʜʠʚʠʜʫʘʣʥʠʦʪ ʠ ʧʨʦʠʟʚʦʜʥʠʦʪ ʩʝʢʪʦʨ 

ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʘ ʩʦ ʪʦʘ ʙʠ ʩʝ ʜʦʙʠʣʘ ʧʦʛʦʣʝʤʘ ʝʥʝʨʛʝʪʩʢʘ ʥʝʟʘʚʠʩʥʦʩʪ ʦʜ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʢʘʢʦ ʠ ʧʦʯʠʩʪʘ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ.  

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʚʝʙ, ʧʦʨʪʘʣ. 
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1. ɺʦʚʝʜ 

ʆʚʘʘ ʚʝʙ ʘʧʣʠʢʘʮʠʿʘ ʝ ʙʘʟʠʨʘʥʘ ʥʘ CMS (Content management system) ʩʦ ʧʦʤʦʰ 

ʥʘ open source ʘʣʘʪʢʘʪʘ Joomla, ʇʦʩʪʘʚʝʥʘ ʝ ʥʘ Linux ʧʣʘʪʬʦʨʤʘ  ʩʦ Apache ʚʝʨʟʠʿʘ 

2.2.23, PHP ʚʝʨʟʠʿʘ 5.3.19 ʠ ʙʘʟʘ ʥʘ ʧʦʜʘʪʦʮʠ ʠʟʨʘʙʦʪʝʥʘ ʚʦ MySQL ʚʝʨʟʠʿʘ 5.1.68-cll. 

ʉʘʤʘʪʘ ʧʣʘʪʬʦʨʤʘ ʥʠ ʦʚʦʟʤʦʞʫʚʘ ʜʘ ʠʤʘʤʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʝʥ ʧʘʥʝʣ ʢʘʜʝ ʰʪʦ ʠʤʘ 

ʤʦʞʥʦʩʪ ʜʘ ʩʝ ʤʝʥʘ˅ʠʨʘ ʩʦ ʚʝʙ ʘʧʣʠʢʘʮʠʿʘʪʘ. ʊʫʢʘ ʝ ʦʚʦʟʤʦʞʝʥʦ ʜʦʜʘʚʘˁʝ ʥʘ ʥʦʚʠ 

ʤʦʜʫʣʠ, ʘʨʪʠʢʣʠ ʠ ʦʩʪʘʥʘʪʘ ʩʦʜʨʞʠʥʘ ʢʦʿʘ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʧʨʝʜʥʠʦʪ ʧʘʥʝʣ. ʇʨʝʜʥʠʦʪ 

ʧʘʥʝʣ ʦʜʥʦʩʥʦ ʧʦʨʪʘʣʦʪ ʧʨʝʜʩʪʘʚʫʚʘ ʠʥʬʦʨʤʘʪʠʚʝʥ ʮʝʥʪʘʨ ʢʘʜʝ ʰʪʦ ʤʦʞʝ ʥʘ ʝʜʥʦ 

ʤʝʩʪʦ ʜʘ ʩʝ ʥʘʿʜʘʪ ʢʦʤʧʣʝʪʥʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦʪʨʝʙʥʠ ʟʘ ʝʜʫʮʠʨʘˁʝ ʥʘ ʧʦʩʝʪʠʪʝʣʠʪʝ ʢʘʢʦ 

ʠ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʣʫʯʫʚʘˁʘ, ʥʘʩʪʘʥʠ, ʘʢʪʠʚʥʦʩʪʠ ʦʜ ʦʙʣʘʩʪʘ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ 

ʝʥʝʨʛʠʿʘ. ʇʦʨʪʘʣʦʪ ʝ ʧʦʜʝʣʝʥ ʥʘ ʥʝʢʦʣʢʫ ʜʝʣʘ. ʉʝʢʦʿ ʦʜ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ 

ʠʤʘ ʧʦʩʝʙʝʥ ʧʨʦʩʪʦʨ ʢʘʜʝ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʨʰʠ ʧʨʝʛʣʝʜ ʥʘ ʤʘʪʝʨʠʿʘʣʠ, ʜʦʢʫʤʝʥʪʘʮʠʿʘ, 

ʥʦʚʦʩʪʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʜʘʜʝʥʘʪʘ ʦʙʣʘʩʪ. ʀʩʪʦ ʪʘʢʘ ʠʤʘ ʠ ʜʝʣ ʢʘʜʝ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʦʯʠʪʘʘʪ ʩʠʪʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʘʢʪʫʝʣʥʦʩʪʠ ʦʜ ʘʩʧʝʢʪ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, ʢʘʢʦ ʠ 

ʥʘʿʥʦʚʠʪʝ ʦʪʢʨʠʪʠʿʘ ʠ ʩʦʟʥʘʥʠʿʘ ʦʜ ʦʙʣʘʩʪʘ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʰʠʨʫʤ 

ʩʚʝʪʦʪ.  

2. ʄʝʪʦʜʦʣʦʛʠʿʘ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ 

ʆʚʘ ʚʝʙ ʘʧʣʠʢʘʮʠʿʘ ʝ ʠʟʨʘʙʦʪʝʥʘ ʥʘ ʚʠʨʪʫʝʣʝʥ Linux ʩʝʨʚʝʨ ʩʦ ʧʦʤʦʰ ʥʘ 

ʧʨʦʛʨʘʤʩʢʠʦʪ ʧʘʢʝʪ WampServer ver 1.7.5 ʧʦʩʪʘʚʝʥ ʥʘ ʤʘʰʠʥʘ ʩʦ Windows 8 ʦʧʝʨʘʪʠʚʝʥ 

ʩʠʩʪʝʤ. ʎʝʣʠʦʪ ʧʦʨʪʘʣ ʝ web ʙʘʟʠʨʘʥ ʟʘ ʢʦʿ ʰʪʦ ʝ ʧʦʪʨʝʙʝʥ ʩʦʦʪʚʝʪʝʥ ʭʦʩʪʠʥʛ ʧʘʢʝʪ. ɿʘ 

ʜʘ ʩʝ ʟʘʜʦʚʦʣʘʪ ʧʦʪʨʝʙʠʪʝ ʥʘ ʦʚʦʿ ʪʨʫʜ ʥʘʧʨʘʚʝʥʘ ʝ ʤʦʜʠʬʠʢʘʮʠʿʘ ʠ ʧʦʩʪʘʚʝʥ ʝ ʥʘ 

ʤʘʰʠʥʘ ʥʘ ʣʦʢʘʣʝʥ ʚʠʨʪʫʝʣʝʥ ʩʝʨʚʝʨ ʟʘ ʢʦʿ ʩʝ ʧʦʪʨʝʙʥʠ ʦʩʥʦʚʥʠ ʧʦʙʘʨʫʚʘˁʘ ʢʘʢʦ ʰʪʦ 

ʩʝ: 

¶ CMS (Content management system) Joomla 

¶ Apache ʚʝʨʟʠʿʘ 2.2.23,  

¶ PHP ʚʝʨʟʠʿʘ 5.3.19  

¶ ɹʘʟʘ ʥʘ ʧʦʜʘʪʦʮʠ ʠʟʨʘʙʦʪʝʥʘ ʚʦ MySQL ʚʝʨʟʠʿʘ 5.1.68-cll. 

3. ʊʝʣʦ ʥʘ ʪʨʫʜʦʪ 

ɺʝʙ ʧʦʨʪʘʣʦʪ ʩʝ ʩʦʩʪʦʠ ʦʜ ʜʚʘ ʜʝʣʘ ʠ ʪʦʘ ʦʜ ʧʨʝʜʝʥ ʧʘʥʝʣ (Front end) ʠ ʟʘʜʝʥ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʩʢʠ ʧʘʥʝʣ (Back end). ʅʘ Error! Reference source not found. ʝ ʜʘʜʝʥ ʧʨʠʢʘʟ ʦʜ 

ʟʘʜʝʥ ʘʜʤʠʥʠʩʪʨʘʪʦʨʩʢʠ ʧʘʥʝʣ. ɺʦ ʦʚʦʿ ʧʘʥʝʣ ʩʝ ʚʨʰʠ ʢʦʤʧʣʝʪʥʦ ʫʧʨʘʚʫʚʘˁʝ ʥʘ ʮʝʣʠʦʪ 

ʧʦʨʪʘʣ. ʇʨʠʩʪʘʧʦʪ ʜʦ ʦʚʦʿ ʧʘʥʝʣ ʝ ʨʘʟʣʠʯʝʥ ʦʜ ʩʘʤʠʦʪ domain ʠ ʜʦ ʥʝʛʦ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʠʩʪʘʧʠ ʩʘʤʦ ʩʦ ʧʦʩʝʙʥʦ ʢʦʨʠʩʥʠʯʢʦ ʠʤʝ ʣʦʟʠʥʢʘ. ɺʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʢʦʨʠʩʥʠʯʢʠʪʝ 

ʧʨʠʚʠʣʝʛʠʠ ʢʦʠ ʤʫ ʩʝ ʜʦʜʝʣʝʥʠ ʦʜ ʩʫʧʝʨ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʪ, ʢʦʨʠʩʥʠʢʦʪ ʤʦʞʝ ʜʘ ʚʨʰʠ 

ʧʨʦʤʝʥʠ ʥʘ ʧʦʨʪʘʣʦʪ. ʅʘ ʟʘʜʥʠʦʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨʩʢʠ ʧʘʥʝʣ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʤʝʥʠ ʚʦ 

ʢʦʝ ʩʝ ʥʘʦʺʘʘʪ ʫʧʨʘʚʫʚʘʯʢʠʪʝ ʩʪʨʫʢʪʫʨʠ. ʉʝʢʦʿʘ ʦʜ ʫʧʨʘʚʫʚʘʯʢʠʪʝ ʩʪʨʫʢʪʫʨʠ ʠʤʘ ʧʦʩʝʙʥʦ 

ʟʥʘʯʝˁʝ ʠ ʚʣʠʿʘʥʠʝ ʥʘ ʧʨʝʜʥʠʦʪ ʧʘʥʝʣ.  
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˿͙͊͟͡ 1. ɿʘʜʝʥ ʘʜʤʠʥʠʩʪʨʘʪʦʨʩʢʠ ʧʘʥʝʣ (Back end) 

 

ɺʦ ʜʝʣʦʪ ò Siteò ʩʝ ʥʘʦʺʘʘʪ ʫʧʨʘʚʫʚʘʯʢʠʪʝ ʘʣʘʪʢʠ ʟʘ ʧʦʜʝʩʫʚʘˁʝ ʧʨʠ ʧʦʚʨʟʫʚʘˁʝ 

ʩʦ ʩʝʨʚʝʨʦʪ. ʊʫʢʘ ʩʝ ʚʨʰʘʪ ʧʦʜʝʩʫʚʘˁʘ ʦʜ ʪʠʧʦʪ ʥʘ ʧʨʦʪʦʢʦʣʠ ʩʦ mail ʩʝʨʚʝʨʦʪ, 

ʧʨʦʪʦʢʦʣʠ ʧʨʠ ʨʝʞʠʤ ʥʘ ʧʨʝʢʠʥ ʠʣʠ ʥʘʧʘʜ ʠ ʩʣʠʯʥʦ. ɺʦ ʜʝʣʦʪ ʥʘ ʢʦʨʠʩʥʠʮʠ ñUserò ʩʝ 

ʚʨʰʠ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʦʨʠʩʥʠʮʠʪʝ ʦʜʥʦʩʥʦ ʤʝʥʘ˅ʠʨʘˁʝ ʥʘ ʢʦʨʠʩʥʠʮʠʪʝ ʥʘ ʪʦʿ ʥʘʯʠʥ ʰʪʦ 

ʩʝ ʜʦʜʝʣʫʚʘʘʪ ʧʨʠʚʠʣʝʛʠʠ (ʦʛʨʘʥʠʯʫʚʘˁʘ) ʢʦʠ ʰʪʦ ʛʦ ʦʛʨʘʥʠʯʫʚʘʘʪ ʥʠʚʦʪʦ ʥʘ ʧʨʠʩʪʘʧ ʠ 

ʜʦʟʚʦʣʘ ʧʨʠ ʧʨʦʤʝʥʠ ʥʘ ʩʦʜʨʞʠʥʘ ʠ ʤʦʜʫʣʠ ʥʘ ʢʦʨʠʩʥʠʮʠʪʝ. ɺʦ ʜʝʣʦʪ ʥʘ ʤʝʥʠʘ ñMenusò 

ʩʝ ʚʨʰʠ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʩʠʪʝ ʛʣʘʚʥʠ ʠ ʩʧʦʨʝʜʥʠ ʤʝʥʠʘ ʢʦʠ ʰʪʦ ʩʝ ʥʘʦʺʘʘʪ ʥʘ ʩʘʿʪʦʪ. ʊʫʢʘ 

ʩʝ ʚʨʰʠ ʜʦʜʘʚʘˁʝ, ʙʨʠʰʝˁʝ ʠ ʢʨʝʠʨʘˁʝ ʥʘ ʥʦʚʠ ʧʦʜʤʝʥʠʘ. ɺʦ ʜʝʣʦʪ ʥʘ ʩʦʜʨʞʠʥʘ 

ñContentò  ʩʝ ʚʨʰʠ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʩʦʜʨʞʠʥʘʪʘ ʥʘ ʩʘʿʪʦʪ, ʦʜʥʦʩʥʦ ʩʝ ʫʧʨʘʚʫʚʘ ʩʦ 

ʘʨʪʠʢʣʠʪʝ. ʊʫʢʘ ʤʦʞʝ ʜʘ ʩʝ ʚʨʰʠ ʢʨʝʠʨʘˁʝ ʠʣʠ ʧʨʦʤʝʥʘ ʥʘ ʘʨʪʠʢʣʠ ʢʦʠ ʰʪʦ ʧʦʥʘʪʘʤʫ ˃ʝ 

ʙʠʜʘʪ ʧʨʝʜʤʝʪ ʥʘ ʨʘʙʦʪʘ. ɺʦ ʜʝʣʦʪ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ñComponentsò ʩʝ ʚʨʰʠ ʫʧʨʘʚʫʚʘˁʝ ʩʦ 

ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʩʘʿʪʦʪ ʦʜʥʦʩʥʦ ʩʝ ʫʧʨʘʚʫʚʘ ʩʦ ʩʦʜʨʞʠʥʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʧʦʚʠʢʘʥʘ 

ʤʦʜʫʣʘʨʥʦ ʠʣʠ ʢʘʢʦ ʥʘʩʪʘʚʢʘ. ɺʦ ʜʝʣʦʪ ʥʘ ʥʘʩʪʘʚʢʠ ñExtensionsò ʩʝ ʚʨʰʠ ʫʧʨʘʚʫʚʘˁʝ 

ʤʦʜʫʣʠ, ʢʦʤʧʦʥʝʥʪʠ ʠ ʪʝʤʧʣʝʿʪʠ ʦʜʥʦʩʥʦ ʩʝ ʚʨʰʠ ʜʦʜʘʚʘˁʝ ʠ ʙʨʠʰʝˁʝ ʥʘ ʠʩʪʠʪʝ. 
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˿͙͊͟͡ 2. ʀʟʛʣʝʜ ʠ ʦʧʠʩ ʥʘ ʥʘʩʣʦʚʥʘ ʩʪʨʘʥʘ 

 

ʅʘ Error! Reference source not found. ʝ ʜʘʜʝʥ ʦʧʠʩ ʥʘ ʥʘʩʣʦʚʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʧʦʨʪʘʣʦʪ. 

ʉʦ ʙʨʦʿ 1 ʝ ʦʙʝʣʝʞʘʥʦ ʛʣʘʚʥʦʪʦ ʤʝʥʠ ʚʦ ʢʦʝ ʩʝ ʩʤʝʩʪʝʥʠ ʧʦʜʛʨʘʥʢʠʪʝ ï ʥʘʫʯʥʠʪʝ ʦʙʣʘʩʪʠ 

ʢʦʠ ʩʧʘʺʘʘʪ ʚʦ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. ʉʦ ʙʨʦʿ 2 ʝ ʦʙʝʣʝʞʘʥ ʜʝʬʠʥʠʨʘʥ ʧʨʦʩʪʦʨ 

ʚʦ ʢʦʿ ʤʦʞʝ ʜʘ ʙʠʜʝ ʩʤʝʩʪʝʥʘ ʘʥʠʤʘʮʠʿʘ, ʧʨʦʝʢʪ ʠʣʠ ʥʝʢʦʿʘ ʩʣʠʯʥʘ ʘʢʪʠʚʥʦʩʪ. ʉʦ ʙʨʦʿ 3 ʝ 

ʦʙʝʣʝʞʘʥ ʜʝʣʦʪ ʢʘʜʝ ʰʪʦ ˃ʝ ʙʠʜʘʪ ʧʨʠʢʘʞʫʚʘʥʠ ʥʘʿʥʦʚʠʪʝ ʚʝʩʪʠ ʟʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ 

ʥʘ ʝʥʝʨʛʠʿʘ ʢʘʢʦ ʠ ʧʦʚʨʟʘʥʠʪʝ ʥʘʩʪʘʥʠ ʦʜʥʦʩʥʦ ʘʢʪʠʚʥʦʩʪʠʪʝ ʢʦʠ ʰʪʦ ʙʠ ʩʝ ʦʜʚʠʚʘʣʝ ʚʦ 

ʦʚʘʘ ʦʙʣʘʩʪ [0]. ʊʫʢʘ ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʩʤʝʩʪʝʥʠ ʠ ʥʘʿʥʦʚʠʪʝ ʧʨʦʝʢʪʠ ʢʘʢʦ ʠ ʧʨʦʩʪʦʨ ʟʘ 

ʢʦʥʪʘʢʪ ʠʣʠ ʙʘʥʝʨ ʧʨʦʩʪʦʨ. ʉʦ ʙʨʦʿ 4 ʝ ʦʙʝʣʝʞʘʥ ʜʝʣʦʪ ɽʥʝʨʛʠʿʘ ʦʜ ʙʠʦʤʘʩʘ, ʢʘʜʝ ʰʪʦ 

ʜʦʢʦʣʢʫ ʩʝ ʢʣʠʢʥʝ ʥʘ ʥʝʛʦ ˃ʝ ʩʝ ʚʣʝʟʝ ʚʦ ʜʝʣʦʪ ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʙʠʦʤʘʩʘ ʚʠʟʫʝʣʥʦ ʧʨʠʢʘʞʘʥ 

ʥʘ Error! Reference source not found.. ʉʦ ʙʨʦʿ 5 ʝ ʦʙʝʣʝʞʘʥ ʜʝʣʦʪ ʢʘʜʝ ʰʪʦ ˃ʝ ʙʠʜʘʪ ʚʤʝʪʥʫʚʘʥʠ 
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ʮʠʪʘʪʠ [0], ʤʠʩʣʠ ʢʘʢʦ ʠ ʠʩʝʯʦʮʠ ʦʜ ʠʟʿʘʚʠ ʥʘ ʠʩʪʨʘʞʫʚʘʯʠ, ʧʦʟʥʘʚʘʯʠ, ʝʢʩʧʝʨʪʠ ʦʜ ʦʙʣʘʩʪʘ 

ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. ʉʦ ʙʨʦʿ 6 ʝ ʦʙʝʣʝʞʘʥ ʜʝʣʦʪ ʢʘʜʝ ʰʪʦ ʠʤʘʤʝ ʝʜʝʥ 

ʨʦʪʠʨʘʯʢʠ ʤʦʜʫʣ ʚʦ ʢʦʿ ʝ ʩʤʝʩʪʝʥʘ ʛʘʣʝʨʠʿʘ ʥʘ ʩʣʠʢʠ. 

 

˿͙͊͟͡ 3. ʀʟʛʣʝʜ ʠ ʦʧʠʩ ʥʘ ʦʜʝʣʥʘ ʦʙʣʘʩʪ ʦʜ ʆʀɽ 

 

ʅʘ  Error! Reference source not found. ʝ ʧʨʠʢʘʞʘʥ ʤʦʜʫʣʘʨʥʠʦʪ ʨʘʩʧʦʨʝʜ ʥʘ 

ʩʦʜʨʞʠʥʘʪʘ ʥʘ ʩʝʢʦʿʘ ʧʦʦʜʝʣʥʘ ʥʘʫʯʥʘ ʜʠʩʮʠʧʣʠʥʘ. ʆʜʥʦʩʥʦ ʜʦʢʦʣʢʫ ʩʝ ʢʣʠʢʥʝ ʥʘ ʣʠʥʢʦʪ 

ʦʟʥʘʯʝʥ ʩʦ ʙʨʦʿ 4 ʥʘ Error! Reference source not found. ʪʦʛʘʰ ˃ʝ ʜʦʙʠʝʤʝ ʧʘʥʝʣ ʩʦ ʠʟʛʣʝʜ 

ʢʘʢʦ ʥʘ Error! Reference source not found.. ʊʫʢʘ ʩʝ ʟʘʩʪʘʧʝʥʠ 3 ʤʦʜʫʣʘʨʥʠ ʩʝʛʤʝʥʪʠ ʢʦʠ ʰʪʦ 

ʩʝʢʦʿ ʩʘʤ ʧʦ ʩʝʙʝ ʝ ʥʝʟʘʚʠʩʝʥ ʦʜ ʦʩʪʘʥʘʪʠʪʝ.  ʉʦ ʙʨʦʿ 1ʝ ʦʟʥʘʯʝʥ ʜʝʣʦʪ ʚʦ ʢʦʿ ˃ʝ ʙʠʜʘʪ 

ʩʤʝʩʪʝʥʠ ʥʘʩʣʦʚʠʪʝ ʥʘ ʥʦʚʦʩʪʠʪʝ ʥʘ ʘʨʪʠʢʣʠʪʝ ʟʘ ʜʘʜʝʥʘʪʘ ʦʙʣʘʩʪ [0]. ʉʦ ʙʨʦʿ 2 ʝ 

ʦʙʝʣʝʞʘʥ ʜʝʣʦʪ ʚʦ ʢʦʿ ʩʝ ʩʤʝʩʪʝʥʠ ʪʝʢʦʚʥʠʪʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʠ, ʘʥʠʤʘʮʠʠ ʠ ʘʧʣʠʢʘʮʠʠ. 

ʉʦ ʙʨʦʿ 3 ʝ ʦʙʝʣʝʞʘʥ ʜʝʣʦʪ ʚʦ ʢʦʿ ˃ʝ ʙʠʜʘʪ ʩʤʝʩʪʝʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʪʨʫʜʦʚʠ, ʩʝʤʠʥʘʨʩʢʠ ʠ 

ʠʩʪʨʘʞʫʚʘˁʘ ʦʜ ʙʘʨʘʥʘʪʘ ʦʙʣʘʩʪ [0], [0,] [0], [0], [0], [0], [0], ʦʜʥʦʩʥʦ ʪʫʢʘ ˃ʝ ʙʠʜʝ ʩʤʝʩʪʝʥ 

ʜʝʣʦʪ ʢʘʜʝ ʧʦʩʝʪʠʪʝʣʠʪʝ ˃ʝ ʤʦʞʝ ʜʘ ʩʝ ʝʜʫʮʠʨʘʘʪ ʟʘ ʜʘʜʝʥʘʪʘ ʦʙʣʘʩʪ ʦʜ ʦʙʥʦʚʣʠʚʠʪʝ 

ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. 
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4. ɿʘʢʣʫʯʦʢ 

ʆʩʥʦʚʥʘ ʮʝʣ ʥʘ ʦʚʦʿ ʧʦʨʪʘʣ ʝ ʜʘ ʧʨʝʜʩʪʘʚʫʚʘ ʦʢʦʣʠʥʘ ʢʘʜʝ ʰʪʦ ʧʦʩʝʪʠʪʝʣʠʪʝ ˃ʝ 

ʤʦʞʝ ʜʘ ʜʦʙʠʿʘʪ ʣʝʩʥʘ ʠ ʝʜʥʦʩʪʘʚʥʘ ʘʣʘʪʢʘ ʧʨʝʢʫ ʢʦʿʘ ˃ʝ ʤʦʞʝ ʜʘ ʩʝ ʝʜʫʮʠʨʘʘʪ ʟʘ ʩʝ ʦʜ 

ʦʙʣʘʩʪʘ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. ʇʦʩʝʪʠʪʝʣʠʪʝ ˃ʝ ʤʦʞʝ ʜʘ ʩʝ ʝʜʫʮʠʨʘʘʪ ʟʘ 

ʙʘʨʘʥʘʪʘ ʦʙʣʘʩʪ, ʜʘ ʧʨʝʙʘʨʫʚʘʘʪ ʠ ʧʨʝʚʟʝʤʘʘʪ ʤʘʪʝʨʠʿʘʣʠ ʢʘʢʦ ʠ ʜʘ ʚʨʰʘʪ ʮʝʣʦʩʥʠ 

ʧʨʝʩʤʝʪʢʠ ʢʦʨʠʩʪʝʿ˃ʠ ʛʠ online ʘʧʣʠʢʘʮʠʠʪʝ ʧʨʝʢʫ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʘʪ ʮʝʣʦʩʥʠ 

ʧʨʦʝʢʪʥʠ ʧʣʘʥʦʚʠ ʢʘʢʦ ʟʘ ʜʦʤʘʰʥʘ ʪʘʢʘ ʠ ʟʘ ʢʦʤʝʨʮʠʿʘʣʥʘ ʫʧʦʪʨʝʙʘ.  

5. ʂʦʨʠʩʪʝʥʘ ʣʠʪʝʨʘʪʫʨʘ 

[1] www.elem.com.mk 

[2] ʅʘʯʠʥ ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ ʙʠʦʤʘʩʘ ʠ ʪʠʧʦʚʠ ʧʦʩʪʨʦʿʢʠ ʥʘ ʘʥʘʝʨʦʙʥʘ ʜʠʛʝʩʪʠʿʘ, ɼʘʨʢʦ 

ɼʘʚʯʝʚʩʢʠ, ɿʣʘʪʝʚʩʢʘ ʀʚʘʥʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʉʢʦʧʿʝ, ʤʘʨʪ 2013 

[3] ʉʦʩʪʘʚ ʥʘ ʦʪʧʘʜʦʪ/ʠʩʧʘʨʣʠʚʠ ʤʘʪʝʨʠʠ (VS) 

[4] ʆʨʛʘʥʩʢʠ ʦʪʧʘʜʦʮʠ ʠ ʙʠʦʤʘʩʘ ʫʧʦʪʨʝʙʝʥʠ ʢʘʢʦ ʩʫʨʦʚʠʥʘ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʘʥʘʝʨʦʙʥʘ 

ʜʠʛʝʩʪʠʿʘ 

[5] ɸʥʘʝʨʦʙʥʠ ʜʠʛʝʩʪʦʨʠ 

[6] ʇʦʜʝʣʙʘ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʘʥʘʝʨʦʙʥʘ ʜʠʛʝʩʪʠʿʘ 

[7] ʆʧʰʪ ʦʧʠʩ ʥʘ ʧʨʦʮʝʩ ʥʘ ʘʥʘʝʨʦʙʥʘ ʜʠʛʝʩʪʠʿʘ 

[8] ʇʨʦʮʝʩʠ ʥʘ ʘʥʘʝʨʦʙʥʘ ʜʠʛʝʩʪʠʿʘ 
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ɺʃʀɱɸʅʀɽ ʅɸ ʆʈʀɽʅʊɸʎʀɱɸʊɸ, ʆɹʃʀʂʆʊ ʀ ɿɸʉʊɸʂʃʋɺɸɳɽʊʆ ɺʈɿ 
ɽʅɽʈɻɽʊʉʂɸʊɸ ɽʌʀʂɸʉʅʆʉʊ ʂɸɱ ʇʈʀɿɽʄʅʀ ʉʊɸʅɹɽʅʀ ʆɹɱɽʂʊʀ 

 

ʧʦʤʣ. ʘʩʩ. ɸʣʝʢʩʘʥʜʘʨ ʇʝʪʨʦʚʩʢʠ, ʜʠʧʣ. ʠʥʞ. ʘʨʭ.  

ʚʦʥ. ʧʨʦʬ. ʜ-ʨ. ʊʦʜʦʨʢʘ ʉʘʤʘʨ˅ʠʦʩʢʘ 

ɻʨʘʜʝʞʝʥ ʬʘʢʫʣʪʝʪ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

aleksmkd@yahoo.com 

 

ɸʧʩʪʨʘʢʪ 

ʇʨʠʥʮʠʧʠʪʝ ʠ ʪʝʭʥʠʢʠʪʝ ʥʘ ʧʘʩʠʚʥʦʪʦ ʧʨʦʝʢʪʠʨʘˁʝ ʦʚʦʟʤʦʞʫʚʘʘʪ  ʧʦʜʦʙʨʫʚʘˁʝ 

ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʦʙʿʝʢʪʠʪʝ. ʅʠʚʥʘʪʘ ʧʨʠʤʝʥʣʠʚʦʩʪ ʝ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʛʝʦʛʨʘʬʩʢʠʪʝ ʠ ʢʣʠʤʘʪʩʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦ ʢʦʠ ʝ ʣʦʮʠʨʘʥ ʦʙʿʝʢʪʦʪ. ɺʦ ʪʨʫʜʦʪ ʩʝ 

ʠʟʣʦʞʝʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʧʨʦʝʢʪʘʥʪʩʢʠʪʝ ʦʜʣʫʢʠ ʧʦ 

ʦʜʥʦʩ ʥʘ ʦʙʣʠʢʦʪ, ʦʨʠʝʥʪʘʮʠʿʘʪʘ ʠ ʟʘʩʪʘʢʣʫʚʘˁʝʪʦ ʚʨʟ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʧʨʠʟʝʤʝʥ ʩʪʘʥʙʝʥ ʦʙʿʝʢʪ ʧʦʩʪʘʚʝʥ ʥʘ ʧʦʜʨʘʯʿʝʪʦ ʥʘ ʉʢʦʧʿʝ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʧʘʩʠʚʥʦ ʩʦʣʘʨʥʦ ʧʨʦʝʢʪʠʨʘˁʝ, ʦʙʚʠʚʢʘ, ʩʦʥʯʝʚʘ ʨʘʜʠʿʘʮʠʿʘ, 

ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ (EE). 

 

1. ɺʦʚʝʜ 

ʉʦʚʨʝʤʝʥʦʪʦ ʦʧʰʪʝʩʪʚʦ ʩʝ ʥʘʦʺʘ ʧʨʝʜ ʢʨʫʮʠʿʘʣʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦ ʩʠʪʝ ʥʝʛʦʚʠ 

ʩʬʝʨʠ ʧʦʨʘʜʠ ʟʘʙʨʟʘʥʠʦʪ ʥʘʣʝʪ ʥʘ ʧʨʝʜʠʟʚʠʮʠʪʝ ʢʦʠ ʩʝ ʧʦʩʪʘʚʫʚʘʘʪ ʧʨʝʜ ʥʝʛʦ. 

ɻʨʘʜʝʞʥʠʦʪ ʩʝʢʪʦʨ ʝ ʛʦʣʝʤ ʧʦʪʨʦʰʫʚʘʯ ʥʘ ʝʥʝʨʛʠʿʘ, ʘ ʦʜ ʠʟʛʨʘʜʝʥʠʦʪ ʬʦʥʜ ʩʪʘʥʙʝʥʠʪʝ 

ʦʙʿʝʢʪʠ ʫʯʝʩʪʚʫʚʘʘʪ ʩʦ 40% ʦʜ ʩʝʚʢʫʧʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ, [1]. ʇʦʪʨʝʙʘʪʘ ʦʜ ʝʥʝʨʛʠʿʘ ʟʘ 

ʟʘʛʨʝʚʘˁʝ ʠ ʣʘʜʝˁʝ ʥʘ ʦʙʿʝʢʪʠʪʝ ʩʝ ʜʦʣʞʠ ʧʨʝʜ ʩʝ ʥʘ ʥʝʩʦʦʜʚʝʪʥʦʪʦ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ 

ʦʙʿʝʢʪʠʪʝ ʠ ʛʦʣʝʤʠʪʝ ʝʥʝʨʛʝʪʩʢʠ ʟʘʛʫʙʠ ʥʠʟ ʦʙʚʠʚʢʘʪʘ. ʊʦʘ ʟʥʘʯʠ ʜʝʢʘ ʢʘʿ ʦʚʦʿ ʪʠʧ ʦʙʿʝʢʪʠ 

ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʦʙʨʥʝ ʦʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʦʪʨʝʙʠ. 

ʇʨʦʝʢʪʠʨʘˁʝʪʦ ʦʙʿʝʢʪʠ ʧʨʝʢʫ ʫʧʦʪʨʝʙʘ ʥʘ ʧʘʩʠʚʥʠ ʩʠʩʪʝʤʠ, ʪ.ʥ. ʇʘʩʠʚʥʦ ʧʨʦʝʢʪʠʨʘˁʝ, ʩʝ 

ʧʦʪʧʠʨʘ ʥʘ ʧʨʦʝʢʪʘʥʪʩʢʠ ʩʪʨʘʪʝʛʠʠ ʠ ʧʨʠʥʮʠʧʠ ʢʦʠ ʛʠ ʢʦʨʠʩʪʘʪ ʧʦʪʝʥʮʠʿʘʣʠʪʝ ʥʘ 
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ʣʦʢʘʣʥʘʪʘ ʢʣʠʤʘ ʠ ʧʨʠʨʦʜʥʠʪʝ ʟʘʜʘʜʝʥʦʩʪʠ, ʩʦ ʰʪʦ ʩʝ ʨʝʜʫʮʠʨʘʘʪ ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʦʪʨʝʙʠ, 

[2].   

ʎʝʣʪʘ ʥʘ ʦʚʦʿ ʪʨʫʜ ʝ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʠʥʜʠʚʠʜʫʘʣʝʥ 

ʧʨʠʟʝʤʝʥ ʩʪʘʥʙʝʥ ʦʙʿʝʢʪ ʧʦʩʪʘʚʝʥ ʥʘ ʧʦʜʨʘʯʿʝʪʦ ʥʘ ʉʢʦʧʿʝ, a ʧʨʝʜʤʝʪ ʥʘ ʪʨʫʜʦʪ ʝ ʜʘ ʚʨʟ 

ʦʩʥʦʚʘ ʥʘ ʥʘʫʯʥʠʪʝ ʩʦʟʥʘʥʠʿʘ, ʩʠʩʪʝʤʠʪʝ ʠ ʪʝʭʥʠʢʠʪʝ ʥʘ ʧʘʩʠʚʥʦʪʦ ʧʨʦʝʢʪʠʨʘˁʝ ʩʝ 

ʠʩʪʨʘʞʠ ʧʦʚʨʟʘʥʦʩʪʘ ʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʦʨʠʝʥʪʘʮʠʿʘʪʘ, ʦʙʣʠʢʦʪ ʠ ʧʨʦʮʝʥʪʦʪ ʥʘ 

ʟʘʩʪʘʢʣʫʚʘˁʝ ʚʨʟ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʢʘʿ ʠʥʜʠʚʠʜʫʘʣʥʠ ʧʨʠʟʝʤʥʠ ʩʪʘʥʙʝʥʠ ʦʙʿʝʢʪʠ.  

2. ʄʝʪʦʜʦʣʦʛʠʿʘ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ  

 

ɿʘ ʧʦʪʨʝʙʠʪʝ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʫʧʦʪʨʝʙʝʥ ʝ ʩʦʬʪʚʝʨʦʪ ɽʢʦʪʝʢʪ ʢʦʿ ʦʚʦʟʤʦʞʫʚʘ 

ʘʥʘʣʠʟʘ ʠ ʧʨʝʩʤʝʪʢʘ ʥʘ ʪʦʧʣʠʥʩʢʠʪʝ ʟʘʛʫʙʠ ʢʘʿ ʤʦʜʝʣʠʪʝ. ʊʦʿ ʧʦʩʝʜʫʚʘ ʘʣʘʪʢʠ ʟʘ ʘʥʘʣʠʟʘ 

ʥʘ ʪʝʨʤʠʯʢʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ ʠ ʝʥʝʨʛʝʪʩʢʘ ʘʥʘʣʠʟʘ, ʠʟʣʦʞʝʥʦʩʪ ʥʘ ʩʦʣʘʨʥʘ ʨʘʜʠʿʘʮʠʿʘ, 

ʧʨʠʨʦʜʥʦ ʠ ʚʝʰʪʘʯʢʦ ʦʩʚʝʪʣʫʚʘˁʝʪ ʠʪʥ., ʘ ʚʦʝʜʥʦ ʦʚʦʟʤʦʞʫʚʘ ʚʥʝʩ ʥʘ ʢʣʠʤʘʪʦʣʦʰʢʠ 

ʧʦʜʘʪʦʮʠ. ʉʦʬʪʚʝʨ ʢʦʿ ʝ ʫʧʦʪʨʝʙʝʥ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʚʘʢʦʚ ʪʠʧ ʧʦʜʘʪʦʮʠ ʝ ʄʝʪʝʦʥʦʨʤ. ɿʘ 

ʧʦʪʨʝʙʠʪʝ ʥʘ ʦʚʦʿ ʪʨʫʜ ʢʣʠʤʘʪʦʣʦʰʢʠʪʝ ʧʦʜʘʪʦʮʠ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʟʘ ʧʦʜʨʘʯʿʝʪʦ ʥʘ ʉʢʦʧʿʝ, 

ʦʜʥʦʩʥʦ 42Ü ʛ.ʰ., 21,47Üʛ.ʜ.  ʠ ʥʘʜʤʦʨʩʢʘ ʚʠʩʦʯʠʥʘ ʦʜ 325 m. ɼʦʙʠʝʥʠʪʝ ʧʦʜʘʪʦʠ ʩʝ 

ʚʥʝʩʝʥʠ ʚʦ ɽʢʦʪʝʢʪ ʢʘʢʦ ʚʣʝʟʥʠ ʜʘʪʦʪʝʢʠ. ʆʟʥʘʯʫʚʘˁʝʪʦ ʥʘ ʨʘʤʥʠʥʠʪʝ ʥʘ ʤʦʜʝʣʦʪ ʝ 

ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘ 1.   

 

 

 

 

 

 

 

 

 

 

ʄʝʪʦʜʦʪ ʥʘ ʘʥʘʣʠʟʘ ʥʘ ʤʦʜʝʣ ʥʘ ʧʨʠʟʝʤʝʥ ʩʪʘʥʙʝʥ ʦʙʿʝʢʪ ʩʝ ʙʘʟʠʨʘ ʥʘ 

ʧʨʝʩʤʝʪʢʘʪʘ ʥʘ ʪʦʧʣʠʥʩʢʠ ʙʘʣʘʥʩ ʢʦʿʘ ʝ ʩʫʤʘʨʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʟʘʛʫʙʠʪʝ ʥʠʟ ʦʙʚʠʚʢʘʪʘ, 

ʩʦʣʘʨʥʠʪʝ ʜʦʙʠʚʢʠ, ʚʥʘʪʨʝʰʥʠʪʝ ʜʦʙʠʚʢʠ ʠ ʚʝʥʪʠʣʘʮʠʦʥʠʪʝ ʟʘʛʫʙʠ. ɸʥʘʣʠʟʘʪʘ ʥʘ 

ʤʦʜʝʣʠʪʝ ʩʝ ʦʜʚʠʚʘ ʚʦ ʪʨʠ ʯʝʢʦʨʠ ʠ ʪʦʘ:  

¶ ɸʥʘʣʠʟʘ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʩʦʥʯʝʚʘ ʨʘʜʠʿʘʮʠʿʘ ʢʦʿʘ ʩʝ ʥʘʥʝʩʫʚʘ ʚʨʟ ʨʘʤʥʠʥʠʪʝ ʥʘ 
ʤʦʜʝʣ ʨʘʟʛʣʝʜʫʚʘʥʦ ʥʘ ʤʝʩʝʯʥʦ ʠ ʛʦʜʠʰʥʦ ʥʠʚʦ. ʊʦʿ ʝ ʧʦʩʪʘʚʝʥ ʚʦ 4 ʧʦʟʠʮʠʠ ʚʦ 

˿͙͊͟͡ мΦ ʆʟʥʘʯʫʚʘˁʝ ʥʘ ʦʨʠʝʥʪʘʮʠʿʘʪʘ, ʜʝʬʠʥʠʨʘˁʝ 

ʨʝʬʝʨʝʥʪʥʘ ʪʦʯʢʘ ʠ ʨʘʤʥʠʥʠ 
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ʦʜʥʦʩ ʥʘ ʩʦʥʮʝʪʦ ʠ ʪʦʘ: ʦʨʠʝʥʪʠʨʘʥ ʢʦʥ ʿʫʛ - ʧʦʟʠʮʠʿʘ 0Á, ʨʦʪʠʨʘʥ ʢʦʥ ʠʩʪʦʢ ʟʘ 20Á, 
ʢʦʥ ʟʘʧʘʜ ʟʘ -22Á ʠ 45Á; 

¶ ɸʥʘʣʠʟʘ ʥʘ ʜʦʙʠʚʢʠʪʝ ʠ ʟʘʛʫʙʠʪʝ ʥʘ ʤʦʜʝʣʠ ʥʘ ʧʨʠʟʝʤʝʥ ʩʪʘʥʙʝʥ ʦʙʿʝʢʪ ʧʦʩʪʘʚʝʥʠ 
ʚʦ ʥʝʢʦʣʢʫ ʧʦʚʦʣʥʠ ʦʨʠʝʥʪʘʮʠʠ ʦʜʙʨʘʥʠ ʩʧʦʨʝʜ ʟʘʢʣʫʯʦʢʦʪ ʦʜ ʧʨʚʠʦʪ ʯʝʢʦʨ. ʊʠʝ 
ʠʤʘʘʪ ʠʩʪʘ ʧʦʜʥʘ ʧʦʚʨʰʠʥʘ, ʘ ʧʘʨʘʤʝʪʨʠʪʝ ʢʦʠ ʩʝ ʚʘʨʠʨʘʘʪ ʩʝ ʥʠʚʥʠʪʝ ʩʪʨʘʥʠ ʚʦ 
ʦʩʥʦʚʘ ʩʦ ʰʪʦ ʩʝ ʤʝʥʫʚʘʘʪ ʧʨʦʧʦʨʮʠʠʪʝ. ɺʠʩʦʯʠʥʘʪʘ ʝ ʢʦʥʩʪʘʥʪʥʘ ʠ ʠʟʥʝʩʫʚʘ 3 m. 
ɿʘʩʪʘʢʣʫʚʘˁʝʪʦ ʥʘ ʥʘʿʧʦʚʦʣʥʘʪʘ ʨʘʤʥʠʥʘ ʩʧʦʨʝʜ ʧʨʚʠʦʪ ʯʝʢʦʨ, ʨʘʤʥʠʥʘʪʘ ɸ 
(ʨʘʤʥʠʥʘʪʘ ʦʨʠʝʥʪʠʨʘʥʘ ʧʨʝʪʝʞʥʦ ʢʦʥ ʿʫʛ)  ʚʘʨʠʨʘ ʦʜ 1/8 ʦʜ ʧʦʜʥʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ 
ʤʦʜʝʣʦʪ (12%), ʩʧʦʨʝʜ ʚʘʞʝʯʢʠʦʪ ʧʨʘʚʠʣʥʠʢ ʟʘ ʩʪʘʥʜʘʨʜʠ ʠ ʥʦʨʤʘʪʠʚʠ ʟʘ 
ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʦʙʿʝʢʪʠ, ʧʘ ʩʝ ʜʦ 100% ʟʘʩʪʘʢʣʫˁʝ ʥʘ ʨʘʤʥʠʥʘʪʘ ɸ. ʇʨʠ ʠʟʙʦʨ ʥʘ 
ʥʘʿʧʦʚʦʣʝʥ ʤʦʜʝʣ ʚʦ ʧʨʝʜʚʠʜ ʩʝ ʟʝʤʘ ʠ ʧʨʠʥʮʠʧʦʪ ʟʘ ʧʨʠʨʦʜʥʦ ʦʩʚʝʪʣʫʚʘˁʝ ʥʘ 
ʚʥʘʪʨʝʰʥʦʩʪʘ, ʩʧʦʨʝʜ ʢʦʿ ʤʘʢʩʠʤʘʣʥʘʪʘ ʜʣʘʙʦʯʠʥʘ ʥʘ ʧʨʦʩʪʦʨʦʪ ʠʟʥʝʩʫʚʘ 2-2.5 
ʧʘʪʠ ʦʜ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʧʨʦʟʦʨʝʮʦʪ ʩʤʝʪʘʥʘ ʦʜ ʧʦʜʦʪ;  

¶ ɸʥʘʣʠʟʘ ʥʘ ʩʝʣʝʢʪʠʨʘʥʠʦʪ ʥʘʿʧʦʚʦʣʝʥ ʤʦʜʝʣ ʩʧʦʨʝʜ ʟʘʢʣʫʯʦʢʦʪ ʦʜ ʚʪʦʨʠʦʪ ʯʝʢʦʨ 
ʢʘʜʝ ʮʝʣʪʘ ʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝʪʦ ʥʘ ʥʝʢʦʣʢʫ ʧʦʚʦʣʥʠ 
ʨʘʤʥʠʥʠ ʠʩʪʦʚʨʝʤʝʥʦ. ɿʘʩʪʘʢʣʝʥʠ ʩʝ ʨʘʤʥʠʥʠʪʝ ɸ, ɹ ʠ ɺ ʧʨʠ ʰʪʦ ʩʝ ʤʝʥʫʚʘ 
ʧʨʦʮʝʥʪʦʪ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝ ʥʘ ʩʝʢʦʿʘ ʨʘʤʥʠʥʘ ʧʦʦʜʜʝʣʥʦ ʠ ʩʝ ʨʘʟʛʣʝʜʫʚʘʘʪ ʪʨʠ 
ʢʦʤʙʠʥʘʮʠʠ: ɸ ʠ ɹ, ɸ ʠ ɺ, ɸ ɹ ʠ ɺ. ɺʦ ʩʝʢʦʿʘ ʢʦʤʙʠʥʘʮʠʿʘ ʧʨʦʮʝʥʪʦʪ ʥʘ 
ʟʘʩʪʘʢʣʫʚʘˁʝ ʥʘ ʨʘʤʥʠʥʘʪʘ ɸ ʩʝ ʥʘʤʘʣʫʚʘ ʟʘ 2%, ʘ ʩʝ ʟʛʦʣʝʤʫʚʘ ʟʘʩʪʘʢʣʫʚʘˁʝʪʦ 
ʥʘ ʨʘʤʥʠʥʠʪʝ ɹ ʠ ɺ ʟʘ ʚʢʫʧʥʦ 2%. 

 
3. ʅʫʤʝʨʠʯʢʘ ʘʥʘʣʠʟʘ ʥʘ ʪʝʨʤʠʯʢʠ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ ʧʨʠʟʝʤʝʥ ʩʪʘʥʙʝʥ 
ʦʙʿʝʢʪ  

3.1. ɸʥʘʣʠʟʘ ʥʘ ʧʨʦʧʦʨʮʠʠ, ʦʨʠʝʥʪʘʮʠʿʘ ʠ ʧʨʦʮʝʥʪ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝ ʥʘ 

ʨʘʤʥʠʥʘ ʘ ʦʜ ʘʩʧʝʢʪ ʥʘ ʝʝ 

 

ʈʘʟʛʣʝʜʫʚʘʥʠʪʝ 4 ʤʦʜʝʣʠ ʥʘ ʧʨʠʟʝʤʝʥ ʩʪʘʥʙʝʥ ʦʙʝʢʪ ʠʤʘʘʪ ʝʜʥʘʢʚʘ ʧʦʜʥʘ ʧʦʚʨʰʠʥʘ 

ʢʦʿʘ ʠʟʥʝʩʫʚʘ 108 m2,  ʘ ʩʝ ʤʝʥʫʚʘʘʪ ʧʨʦʧʦʨʮʠʠʪʝ ʥʘ ʤʦʜʝʣʦʪ ʟʘʧʦʯʥʫʚʘʿ˃ʠ ʦʜ 1:1 ʩʝ ʜʦ 

1:4, ʩʣʠʢʘ 2. ʄʦʜʝʣʠʪʝ ʩʝ ʧʦʩʪʘʚʝʥʠ ʚʦ ʦʧʪʠʤʘʣʥʠ ʧʦʟʠʮʠʠ 0Á ʠ 20Á, ʥʦ ʠ ʚʦ ʧʦʟʠʮʠʿʘ -22Á 

ʩʦ ʮʝʣ ʜʘ ʩʝ ʠʟʚʨʰʠ ʢʦʤʧʘʨʘʮʠʿʘ ʥʘ ʟʘʛʫʙʠʪʝ ʢʘʿ ʪʨʠʪʝ ʧʦʟʠʮʠʠ.  

 

 

 

 

 

 

 

ʇʨʠ ʤʦʜʝʣʠʨʘˁʝʪʦ, ʚʢʣʫʯʝʥʠ ʩʝ ʚʥʘʪʨʝʰʥʠʪʝ ʜʦʙʠʚʢʠ ʛʝʥʝʨʠʨʘʥʠ ʦʜ ʣʫʺʝʪʦ 

(ʧʨʝʜʚʠʜʝʥʠ ʩʝ 4 ʢʦʨʠʩʥʠʮʠ), ʦʧʨʝʤʘʪʘ, ʩʚʝʪʠʣʢʠʪʝ ʠ ʩʣ. ʉʪʨʫʝˁʝʪʦ ʥʘ ʚʥʘʪʨʝʰʥʠʦʪ 

ʚʦʟʜʫʭ ʝ ʩʦ ʙʨʟʠʥʘ ʦʜ 0.1 m/s, ʘ ʚʣʘʞʥʦʩʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʠʟʥʝʩʫʚʘ 60%. ʂʦʥʬʦʨʥʠʦʪ 

˿͙͊͟͡ нΦ ʇʨʦʧʦʨʮʠʠ ʥʘ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʤʦʜʝʣʠ 
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ʪʝʤʧʝʨʘʪʫʨʝʥ ʦʧʩʝʛ ʠʟʥʝʩʫʚʘ 18-26Áʉ, ʘ  ʩʪʝʧʝʥʦʪ ʥʘ ʠʥʬʠʣʪʨʘʮʠʿʘ ʠ ʝʢʩʬʠʣʪʨʘʮʠʿʘ ʥʘ 

ʚʦʟʜʫʭʦʪ ʥʠʟ ʦʙʚʠʚʢʘʪʘ ʠʟʥʝʩʫʚʘ 0.5 ʠʟʤʝʥʠ ʥʘ ʯʘʩ ʠ ʝ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʩʪʘʥʜʘʨʜʦʪ ʟʘ 

ʧʘʩʠʚʥʠ ʦʙʿʝʢʪʠ.   

 

 

͔́͊͋͊͡ мΦ ʇʨʠʢʘʟ ʥʘ ʛʨʝʿʥʠʪʝ ʜʝʥʦʚʠ ʟʘ ʧʦʜʨʘʯʿʝʪʦ ʥʘ ʉʢʦʧʿʝ 

ʄʝʩʝʮ ɱʘʥ. ʌʝʚ. ʄʘʨʪ ɸʧʨ. ʄʘʿ ɱʫʥʠ ɱʫʣʠ ɸʚʛ. ʉʝʧ. ʆʢʪ. ʅʦʝ. ɼʝʢ. ɺʢ. 

ɹʨ.ʜʝʥ. 31 28 31 15 0 0 0 0 0 17 30 31 183 

 
ɺʦ ʘʥʘʣʠʟʘʪʘ ʟʝʤʝʥʘ ʝ ʚʦ ʧʨʝʜʚʠʜ ʛʨʝʿʥʘʪʘ ʩʝʟʦʥʘ ʠ ʙʨʦʿʦʪ ʥʘ ʛʨʝʿʥʠ ʜʝʥʦʚʠ ʟʘ 

ʉʢʦʧʿʝ ʩʧʦʨʝʜ ɼʨʫʰʪʚʦʪʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ-

ʊʦʧʣʠʬʠʢʘʮʠʿʘ ɸɼ ʉʢʦʧʿʝ, ʧʨʠʢʘʞʘʥʘ ʥʘ ʪʘʙʝʣʘ 1, [3]. ʆʙʚʠʚʢʘʪʘ ʥʘ ʤʦʜʝʣʠʪʝ, ʦʜʥʦʩʥʦ 

ʥʘʜʚʦʨʝʰʥʠʪʝ ʟʠʜʦʚʠ, ʧʦʜʦʪ ʠ ʨʘʤʥʠʦʪ ʧʦʢʨʠʚ ʠʤʘʘʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ 

U=0,15 W/m2K, ʘ ʥʘ ʧʨʦʟʦʨʝʮʦʪ(ʨʘʤʢʘʪʘ ʠ ʩʪʘʢʣʦʪʦ) ʪʦʿ ʠʟʥʝʩʫʚʘ U=1,4 W/m2K.  

ɿʘʛʫʙʠʪʝ ʥʠʟ ʦʙʚʠʚʢʘʪʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣʠʢʘ 3. ʦʜ ʢʘʜʝ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ 

ʟʘʛʫʙʠʪʝ ʠʤʘʘʪ ʜʨʘʩʪʠʯʝʥ ʧʦʨʘʩʪ ʦʜ 120% ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʨʦʧʦʨʮʠʠʪʝ , ʘ ʧʦʤʘʣʦ 

ʚʣʠʿʘʥʠʝ ʠʤʘ ʥʠʚʥʘʪʘ ʦʨʠʝʥʪʘʮʠʿʘ.ɺʝʥʪʠʣʘʮʠʦʥʠʪʝ ʟʘʛʫʙʠ ʠ ʚʥʘʪʨʝʰʥʠʪʝ ʜʦʙʠʚʢʠ ʩʝ 

ʢʦʥʩʪʘʥʪʥʠ. ʉʦʣʘʨʥʠʪʝ ʜʦʙʠʚʢʠ ʙʝʣʝʞʘʪ ʧʦʨʘʩʪ ʦʜ 40% ʟʘ ʩʝʢʦʝ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʟʘʩʪʘʢʣʫʚʘˁʝʪʦ ʦʜ 10%.    

 

˿͙͊͟͡ оΦ ɿʘʛʫʙʠ ʥʠʟ ʦʙʚʠʚʢʘʪʘ ʢʘʿ ʩʠʪʝ ʤʦʜʝʣʠ 
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ʉʝʚʢʫʧʥʠʪʝ ʟʘʛʫʙʠ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣʠʢʘ 4. ʦʜ ʢʘʜʝ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʟʘ 

ʙʠʣʦ ʢʦʿ ʧʨʦʮʝʥʪ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝ ʥʘʿʤʘʣʠ ʟʘʛʫʙʠ ʠʤʘʘʪ ʤʦʜʝʣʠʪʝ ʚʦ ʧʦʟʠʮʠʿʘ 0Á. 

ɻʝʥʝʨʘʣʥʦ, ʤʦʜʝʣʦʪ 1 ʠʤʘ ʥʘʿʤʘʣʠ ʟʘʛʫʙʠ ʚʦ ʩʠʪʝ ʩʣʫʯʘʠ, ʥʦ ʪʦʿ ʝ ʥʝʧʦʚʦʣʝʥ ʦʜ ʘʩʧʝʢʪ ʥʘ 

ʧʨʠʨʦʜʥʦ ʦʩʚʝʪʣʫʚʘˁʝ ʥʘ ʚʥʘʪʨʝʰʥʦʩʪʘ. ʉʣʝʜʝʥ ʤʦʜʝʣ ʩʦ ʥʘʿʤʘʣʠ ʟʘʛʫʙʠ ʝ ʤʦʜʝʣʦʪ 2. 

ɻʨʘʬʠʢʦʥʦʪ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘ 4. ʥʫʜʠ ʤʦʞʥʦʩʪ ʜʘ ʩʣʫʞʠ ʢʘʢʦ ʘʣʘʪʢʘ ʚʦ 

ʘʨʭʠʪʝʢʪʦʥʩʢʠʦʪ ʧʨʦʝʢʪʝʥ ʧʨʦʮʝʩ, ʦʩʦʙʝʥʦ ʚʦ ʧʦʯʝʪʥʘʪʘ ʬʘʟʘ ʥʘ ʧʨʦʝʢʪʠʨʘˁʝʪʦ. ɼʦʢʦʣʢʫ 

ʝ ʟʘʜʘʜʝʥ ʠ ʬʠʢʩʠʨʘʥ ʝʜʝʥ ʧʘʨʘʤʝʪʘʨ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʯʠʪʘʘʪ ʦʩʪʘʥʘʪʠʪʝ ʩʦ ʮʝʣ ʠʟʙʦʨ ʥʘ 

ʤʦʜʝʣ ʩʦ ʥʘʿʤʘʣʠ ʟʘʛʫʙʠ. ɸʢʦ ʦʜʥʘʧʨʝʜ ʝ ʜʝʬʠʥʠʨʘʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ 

ʧʨʦʝʢʪʥʠʦʪ ʧʨʦʮʝʩ ʦʚʦʟʤʦʞʝʥʦ ʝ ʦʪʯʠʪʫʚʘˁʝ ʥʘ ʥʘʿʧʦʚʦʣʥʘ ʦʨʠʝʥʪʘʮʠʿʘ ʠ ʧʨʦʮʝʥʪ ʥʘ 

ʟʘʩʪʘʢʣʫʚʘˁʝ ʥʘ ʦʙʿʝʢʪʦʪ. ɸʢʦ ʝ ʦʜʥʘʧʨʝʜ ʦʜʨʝʜʝʥʘ ʦʨʠʝʥʪʘʮʠʿʘʪʘ ʥʘ ʜʘʜʝʥ ʦʙʿʝʢʪ, ʘ 

ʚʦʟʤʦʞʥʠ ʩʝ ʦʪʩʪʘʧʢʠ ʚʦ ʥʝʛʦʚʠʪʝ ʧʨʦʧʦʨʮʠʠ ʤʦʞʝ ʜʘ ʩʝ ʦʪʯʠʪʘ ʩʦʦʜʚʝʪʝʥ ʠʟʙʦʨ ʥʘ 

ʧʨʦʮʝʥʪ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝ ʚʦ ʢʦʠ ʟʘʛʫʙʠʪʝ ʩʝ ʥʘʿʤʘʣʠ. ʀʣʠ ʧʘʢ ʜʦʢʦʣʢʫ ʩʝ ʧʦʟʥʘʪʠ 

ʧʨʦʧʦʨʮʠʠʪʝ ʥʘ ʦʙʿʝʢʪʦʪ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʨʰʠ ʠʟʙʦʨ ʥʘ ʥʘʿʧʦʚʦʣʥʘ ʦʨʠʝʥʪʘʮʠʿʘ  ʠ ʧʨʦʮʝʥʪ 

ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝ ʚʦ ʢʦʿʘ ʪʦʿ ˃ʝ ʠʤʘ ʥʘʿʤʘʣʠ ʝʥʝʨʛʝʪʩʢʠ ʟʘʛʫʙʠ. ʀʩʪʦ ʪʘʢʘ ʩʝ ʦʚʦʟʤʦʞʫʚʘ, 

ʜʦʢʦʣʢʫ ʝ ʧʦʟʥʘʪ ʧʨʦʮʝʥʪʦʪ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝ ʟʘ ʢʦʿ ʤʦʜʝʣʦʪ ˃ʝ ʠʤʘ ʥʘʿʤʘʣʠ ʟʘʛʫʙʠ, ʜʘ ʩʝ 

ʦʜʙʝʨʝ ʦʜ ʥʝʢʦʣʢʫ ʤʦʞʥʠ ʚʘʨʠʿʘʥʪʠ ʥʘ ʤʦʜʝʣ ʩʦ ʨʘʟʣʠʯʥʠ ʧʨʦʧʦʨʮʠʠ ʠ ʦʨʠʝʥʪʘʮʠʿʘ.  

˿͙͊͟͡ пΦ ɺʢʫʧʥʠ ʟʘʛʫʙʠ ʢʘʿ ʩʠʪʝ ʤʦʜʝʣʠ ʩʧʦʨʝʜ ʧʨʦʮʝʥʪʦʪ ʥʘ ʟʘʩʪʘʢʣʝʥʦʩʪ ʠ 

ʦʨʠʝʥʪʘʮʠʿʘʪʘ 
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3.2. ɸʥʘʣʠʟʘ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝ ʥʘ ʨʘʤʥʠʥʘ ɸ, ɹ ʠ ɺ ʦʜ ʘʩʧʝʢʪ ʥʘ ɽɽ  

ʈʝʟʫʣʪʘʪʠʪʝ ʦʜ ʩʧʨʦʚʝʜʝʥʘʪʘ ʘʥʘʣʠʟʘ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝʪʦ ʥʘ ʪʨʠ ʨʘʤʥʠʥʠ ʢʘʿ ʤʦʜʝʣʦʪ 

2 ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣʠʢʘ 5.  ʊʠʝ ʩʝ ʥʘʿʤʘʣʠ ʟʘ ʤʦʜʝʣʦʪ 2 ʧʨʠ ʟʘʩʪʘʢʣʝʥʦʩʪ ʦʜ 12% ʥʘ 

ʨʘʤʥʠʥʘʪʘ ɸ. ʊʦʘ ʩʝ ʜʦʣʞʠ ʥʘ ʥʘʿʛʦʣʝʤʠʪʝ ʩʦʣʘʨʥʠ ʜʦʙʠʚʢʠ.  

 

˿͙͊͟͡ рΦ ʉʝʚʢʫʧʥʠ ʟʘʛʫʙʠ 

ʉʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝʪʦ ʥʘ ʨʘʤʥʠʥʘʪʘ ɸ, ʩʝʚʢʫʧʥʠʪʝ ʟʘʛʫʙʠ ʢʘʿ 

ʤʦʜʝʣʦʪ ʙʝʣʝʞʘʪ ʧʦʩʪʦʿʘʥ ʧʦʨʘʩʪ. ɼʦʢʦʣʢʫ ʝ ʧʦʪʨʝʙʥʦ ʟʘʩʪʘʢʣʫʚʘˁʝ ʥʘ 

ʙʦʯʥʠʪʝ ʨʘʤʠʥʠ, ʧʦʧʦʚʦʣʥʘ ʧʦʣʦʞʙʘ ʟʘ ʟʘʩʪʘʢʣʫʚʘˁʝ ʝ ʥʘ ʨʘʤʥʠʥʠʪʝ ɸ ʠ 

ɹ ʦʪʢʦʣʢʫ ʥʘ ʨʘʤʥʠʥʠʪʝ ɸ ʠ ɺ. 

 

4. ɿʘʢʣʫʯʦʢ 

 

ʇʨʝʢʫ ʩʧʦʨʝʜʙʘ ʥʘ ʤʦʜʝʣʠʪʝ ʩʦ ʨʘʟʣʠʯʥʠ ʧʨʦʧʦʨʮʠʠ ʠ ʧʨʦʮʝʥʪ ʥʘ ʟʘʩʪʘʢʣʝʥʦʩʪ ʥʘ 

ʨʘʤʥʠʥʘʪʘ ɸ, ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʪʨʝʙʘ ʧʨʠ ʘʨʭʠʪʝʢʪʦʥʩʢʦʪʦ ʧʨʦʝʢʪʠʨʘˁʝ ʜʘ ʩʝ 

ʮʝʣʠ ʢʦʥ ʧʦʩʪʠʛʥʫʚʘˁʝ ʧʦʤʘʣʘ ʨʘʟʚʠʝʥʘ ʧʦʚʨʰʠʥʘ ʥʘ ʦʙʚʠʚʢʘʪʘ ʥʘ ʦʙʿʝʢʪʠʪʝ ʟʘ ʜʘ ʩʝ 

ʥʘʤʘʣʘʪ ʟʘʛʫʙʠʪʝ ʥʘ ʝʥʝʨʛʠʿʘ. ʄʦʜʝʣ ʩʦ ʧʨʦʧʦʨʮʠʠ 1:1 ʠʤʘ ʥʘʿʤʘʣʠ ʟʘʛʫʙʠ ʟʘ ʙʠʣʦ ʢʦʿ 

ʧʨʦʮʝʥʪ ʥʘ ʟʘʩʪʘʢʣʝʥʦʩʪ , ʥʦ ʥʝʛʦʚʠʦʪ ʥʝʜʦʩʪʘʪʦʢ ʝ ʰʪʦ ʥʝ ʛʠ ʟʘʜʦʚʦʣʫʚʘ ʢʨʠʪʝʨʠʫʤʠʪʝ 

ʟʘ ʧʨʠʨʦʜʥʦ ʦʩʚʝʪʣʫʚʘˁʝ. ʉʣʝʜʝʥ ʥʘʿʧʦʚʦʣʝʥ ʤʦʜʝʣ ʝ ʩʦ ʧʨʦʧʦʨʮʠʠ 1:2 ʩʦ ʟʘʩʪʘʢʣʝʥʦʩʪ 

ʦʜ 12%. ʇʦʨʘʩʪʦʪ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝʪʦ ʠʤʘ ʧʦʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʝʥʝʨʛʝʪʩʢʘʪʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ ʦʪʢʦʣʢʫ ʧʦʨʘʩʪʦʪ ʥʘ ʚʢʫʧʥʘʪʘ ʦʙʚʠʚʢʘ ʥʘ ʤʦʜʝʣʦʪ ʰʪʦ ʩʝ ʜʦʣʞʠ ʥʘ 

ʧʦʩʣʘʙʠʪʝ ʪʝʨʤʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝʪʦ ʚʦ ʦʜʥʦʩ ʥʘ ʟʠʜʦʪ. ʀʟʥʝʩʝʥʠʪʝ 

ʟʘʢʣʫʯʦʮʠ ʟʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʦʨʠʝʥʪʘʮʠʿʘʪʘ, ʧʨʦʧʦʨʮʠʠʪʝ ʠ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʟʘʩʪʘʢʣʫʚʘˁʝ 

ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʟʥʘʯʘʿʥʘ ʚʦʜʠʣʢʘ ʟʘ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʦʪʦ, ʧʘʩʠʚʥʦ ʧʨʦʝʢʪʠʨʘˁʝ 

ʧʨʠʟʝʤʥʠ ʩʪʘʥʙʝʥʠ ʦʙʿʝʢʪʠ.  
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ɸʧʩʪʨʘʢʪ 

ɺʦ ʦʚʦʿ ʪʨʫʜ ʝ ʜʘʜʝʥ ʜʝʪʘʣʝʥ ʧʨʠʢʘʟ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʩʪʫʜʝʥʪʩʢʠʦʪ ʜʦʤ ñɻʦʮʝ ɼʝʣʯʝʚò ï ʉʢʦʧʿʝ, ʢʘʢʦ ʠ ʧʦʩʣʝ ʧʨʝʜʚʠʜʝʥʠʪʝ ʤʝʨʢʠ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʩʘʤʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ. ɿʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʪʘʘ ʮʝʣ ʝ 

ʧʨʝʜʚʠʜʝʥʦ: ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʧʦʩʪʦʝʯʢʘʪʘ ʬʘʩʘʜʘ ʩʦ ʜʦʜʘʚʘˁʝ ʥʘ ʠʟʦʣʘʮʠʿʘ ʦʜ 8 cm 

ʩʪʠʨʦʧʦʨ, ʠʟʦʣʘʮʠʿʘ ʥʘ ʧʦʢʨʠʚʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʦ ʩʪʠʨʦʧʦʨ ʦʜ 5 cm, ʢʝʨʤʝʟʠʪ ʠ ʙʠʪʫʤʝʥ 

ʠ ʟʘʤʝʥʘ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ ʧʨʦʟʦʨʠ ʩʦ ʝʥʝʨʛʝʪʩʢʦ ʝʬʠʢʘʩʥʠ ʧʨʦʟʦʨʠ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ, ʩʪʫʜʝʥʪʩʢʠ ʜʦʤ, ʨʝʢʦʥʩʪʨʫʢʮʠja, ʠʟʦʣʘʮʠʿʘ. 

1. ɺʦʚʝʜ 

ɽʥʝʨʛʝʪʩʢʦ ʪʝʭʥʠʯʢʠʪʝ ʙʘʨʘˁʘ ʚʦ ʠʟʛʨʘʜʙʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʝʥʝʨʛʝʪʩʢʦ ʝʬʠʢʘʩʥʠ 

ʦʙʿʝʢʪʠ ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʟʛʦʣʝʤʫʚʘʘʪ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ [1]. ʇʣʘʥʠʨʘˁʝʪʦ ʠ 

ʛʨʘʜʝˁʝʪʦ ʦʙʿʝʢʪʠ ʥʘ ʪʦʿ ʥʘʯʠʥ ʩʪʘʥʫʚʘʘʪ ʧʦʚʨʝʜʥʠ,  ʥʦ ʠʩʪʦ ʪʘʢʘ ʠ ʧʦʩʣʦʞʝʥʠ.  ʇʦʚʝ˃ʝ 

ʥʝ ʝ ʜʦʚʦʣʥʦ ʩʘʤʦ ʜʘ ʩʝ ʦʙʨʘʪʠ ʚʥʠʤʘʥʠʝ ʥʘ U-ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʧʦʝʜʠʥʠʪʝ ʠʟʛʨʘʜʝʥʠ 

ʜʝʣʦʚʠ. ʎʝʣʦʢʫʧʥʦʪʦ ʧʣʘʥʠʨʘˁʝ ʠʣʠ ʨʝʢʦʥʩʪʨʫʠʨʘˁʝ ʤʦʨʘ ʜʘ ʙʠʜʝ ʫʩʢʣʘʜʝʥʦ ʩʦ 

ʩʘʢʘʥʠʦʪ ʝʥʝʨʛʝʪʩʢʠ ʩʪʝʧʝʥ. 

ʉ® ʜʦ ʧʨʚʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʢʨʠʟʘ ʚʦ 1973ʛʦʜ, ʝʥʝʨʛʠʿʘʪʘ ʜʫʨʠ ʥʝ ʩʝ ʟʝʤʘʰʝ ʥʠ ʧʨʝʜʚʠʜ, 

ʜʦʜʝʢʘ ʧʘʢ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʚʥʘʪʨʝʰʥʘʪʘ ʦʢʦʣʠʥʘ ʙʝʰʝ ʚʝʨʦʿʘʪʥʦ ʟʘʛʘʨʘʥʪʠʨʘʥ 

ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʩʝʢʦʛʘʰ ʧʨʠʩʫʪʥʘʪʘ ʠʥʬʠʣʪʨʘʮʠʿʘ, ʦʪʚʦʨʘˁʝʪʦ ʥʘ ʧʨʦʟʦʨʮʠ ʠʣʠ ʥʘ 

ʩʠʩʪʝʤʦʪ ʟʘ ʟʘʪʦʧʣʫʚʘˁʝ [1]. ɽʥʝʨʛʝʪʩʢʘʪʘ ʢʨʠʟʘ ʚʦ ʩʝʜʫʤʜʝʩʝʪʪʠʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʪʠʦʪ 

ʚʝʢ, ʜʦʣʛʦʪʨʘʿʥʠʪʝ ʧʨʦʙʣʝʤʠ ʩʦ ʚʣʘʛʘ, ʧʦʧʣʘʢʠʪʝ ʟʘ ʥʝʩʦʦʜʚʝʪʥʠ ʦʙʿʝʢʪʠ, ʪʦʧʣʠʥʩʢʠ, 

ʚʠʟʫʝʣʝʥ ʠ ʤʠʨʠʩʝʥ ʜʠʩʢʦʤʬʦʨ, ʧʨʦʤʝʥʠʪʝ ʟʘ ʧʦʚʝ˃ʝ ʦʜʨʞʣʠʚʦʩʪ, ʧʨʠʜʦʥʝʩʦʘ ʟʘ 

ʧʦʛʦʣʝʤʠ ʧʨʦʤʝʥʠ. ʉʦʮʠʿʘʣʥʠʦʪ ʧʨʠʪʠʩʦʢ ʟʘ ʤʠʥʠʤʠʟʠʨʘˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʦʙʿʝʢʪʠʪʝ ʙʝʟ ʜʘ ʩʝ ʜʝʛʨʘʜʠʨʘ ʥʠʚʥʘʪʘ ʫʧʦʪʨʝʙʣʠʚʦʩʪ, ʙʝʰʝ ʧʦʪʪʠʢ ʟʘ 

ʘʢʪʠʚʠʨʘˁʝ ʥʘ ʮʝʣʘʪʘ ʢʦʥʮʝʧʮʠʿʘ ʟʘ ʫʩʧʝʰʝʥ ʧʨʦʝʢʪ ʠ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʎʝʣʠʪʝ ʥʘ ʥʦʚʠʪʝ 

ʝʥʝʨʛʝʪʩʢʠ ʩʪʨʘʪʝʛʠʠ ʩʝ: ʜʘ ʩʝ ʨʝʜʫʮʠʨʘʘʪ ʪʨʦʰʦʮʠʪʝ, ʜʘ ʩʝ ʧʦʜʦʙʨʘʪ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ 

ʝʥʝʨʛʝʪʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʩʪʘʥʙʝʥʠʪʝ ʠ ʢʦʤʝʨʮʠʿʘʣʥʠʪʝ ʦʙʿʝʢʪʠ ʠ ʜʘ ʩʝ ʨʘʟʚʠʿʘʪ ʤʝʪʦʜʠ 

ʟʘ ʤʝʨʝˁʝ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʦʤʬʦʨʦʪ ʚʦ ʦʙʿʝʢʪʠʪʝ ʠ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ.  
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ɺʦ ʦʚʦʿ ʪʨʫʜ ʝ  ʜʘʜʝʥ ʜʝʪʘʣʝʥ ʧʨʠʢʘʟ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʩʪʫʜʝʥʪʩʢʠʦʪ ʜʦʤ ñɻʦʮʝ ɼʝʣʯʝʚò ï ʉʢʦʧʿʝ, ʢʘʢʦ ʠ ʧʦʩʣʝ ʧʨʝʜʚʠʜʝʥʠʪʝ ʤʝʨʢʠ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʩʘʤʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ. ɿʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʪʘʘ ʮʝʣ ʝ 

ʧʨʝʜʚʠʜʝʥʦ: ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʧʦʩʪʦʝʯʢʘʪʘ ʬʘʩʘʜʘ ʩʦ ʜʦʜʘʚʘˁʝ ʥʘ ʠʟʦʣʘʮʠʿʘ ʦʜ 8 cm 

ʩʪʠʨʦʧʦʨ, ʠʟʦʣʘʮʠʿʘ ʥʘ ʧʦʢʨʠʚʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʦ ʩʪʠʨʦʧʦʨ ʦʜ 5 cm, ʢʝʨʤʝʟʠʪ ʠ ʙʠʪʫʤʝʥ 

ʠ ʟʘʤʝʥʘ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ ʧʨʦʟʦʨʠ ʩʦ ʝʥʝʨʛʝʪʩʢʦ ʝʬʠʢʘʩʥʠ ʧʨʦʟʦʨʠ. 

2. Mʝʨʢʠ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ 

2.1. ʆʧʰʪʦ 

ɺʦ ʚʠʩʦʢʦʛʨʘʜʙʘʪʘ, ʠʟʦʣʘʮʠʠʪʝ ʩʝ ʧʦʪʨʝʙʥʠ ʟʘ ʜʘ ʩʝ ʞʠʚʝʝ ʢʦʤʬʦʨʥʦ, ʜʘ ʩʝ ʫʞʠʚʘ 

ʚʦ ʜʦʙʨʘʪʘ ʢʣʠʤʘ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ ʠ ʧʨʝʜ ʩʝ ʜʘ ʩʝ ʟʘʰʪʝʜʠ ʥʘ ʬʠʥʘʥʩʠʠ. ʂʦʛʘ ʩʝ ʦʜʣʫʯʫʚʘ 

ʟʘ ʥʘʿʜʦʙʨʘ ʠʟʦʣʘʟʠʿʘ ʟʘ ʙʠʣʦ ʢʦʿʘ ʦʢʦʣʠʥʘ, ʪʨʝʙʘ ʜʘ ʩʝ ʟʝʤʝ ʚʦ ʧʨʝʜʚʠʜ ʨʝʣʘʪʠʚʥʠʦʪ 

ʝʬʝʢʪ ʥʘ ʩʝʢʦʿ ʪʠʧ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ, ʢʦʿ ˃ʝ ʟʘʚʠʩʠ ʦʜ ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʢʦʥʩʪʨʫʢʮʠʿʘʪʘ 

[1].  

2.2. ʈʝʰʝʥʠʝ ʟʘ ʥʘʜʦʚʝʨʰʥʠʦʪ ʼʠʜ 

ʂʘʢʦ ʥʘʿʜʦʙʨʦ ʨʝʰʝʥʠʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʚʝ˃ʝ 

ʧʦʩʪʦʝʯʢʠʦʪ ʼʠʜ ʦʜ ʙʝʪʦʥ ʩʦ ʜʝʙʝʣʠʥʘ ʦʜ 20 cm, ʤʫ ʩʝ ʜʦʜʘʚʘ ʠʟʦʣʘʮʠʿʘ ʦʜ ʩʪʠʨʦʧʦʨ ʩʦ 

ʜʝʙʝʣʠʥʘ ʦʜ 8 cm ʦʜ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʼʠʜʦʪ ʙʠʜʝʿ˃ʠ ʥʘ ʪʦʿ ʥʘʯʠʥ ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʟʘʰʪʝʜʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ. 

2.3. ʈʝʰʝʥʠʝ ʟʘ ʧʦʢʨʠʚʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘ 

ʅʦʚʦ ʨʝʰʝʥʠʝ ʟʘ ʧʦʢʨʠʚʦʪ ʩʝ ʩʦʩʪʦʠ ʦʜ ʩʣʝʜʥʠʚʝ ʩʣʦʝʚʠ: ʙʝʪʦʥ ʟʘ ʧʦʨʘʤʥʫʚʘˁʝ, 

ʩʪʠʨʦʧʦʨ ʩʦ ʜʝʙʝʣʠʥʘ ʦʜ 50 mm, ʙʝʪʦʥ ʩʦ ʜʝʙʝʣʠʥʘ ʦʜ 220 mm, ʢʝʨʘʤʟʠʪ ʩʦ ʜʝʙʝʣʠʥʘ 

100 mm ʠ ʙʠʪʫʤʝʥ ʩʦ ʜʝʙʝʣʥʠʘ ʦʜ 5mm. 

2.4. ʅʦʚʦ ʨʝʰʝʥʠʝ ʟʘ ʧʨʦʟʦʨʮʠ  

ʇʨʦʟʦʨʮʠʪʝ ʠʛʨʘʘʪ ʟʥʘʯʘʿʥʘ ʫʣʦʛʘ ʚʦ ʟʘʰʪʝʜʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʚʦ ʩʘʤʘʪʘ 

ʧʨʦʩʪʦʨʠʿʘ. ʇʘ ʟʘʪʦʘ ʧʨʠ ʥʠʚʥʠʦʪ ʠʟʙʦʨ ʪʨʝʙʘ ʜʦʩʪʘ ʜʘ ʚʥʠʤʘʚʘʤʝ. ʉʪʘʨʠʪʝ ʧʨʦʟʦʨʮʠ ʢʦʠ 

ʩʝ ʧʨʝʜʚʠʜʝʥʠ ʚʦ ʧʨʦʝʢʪʦʪ ʛʠ  ʟʘʤʝʥʫʚʘʤʝ  ʩʦ ʥʦʚʠ ʝʥʝʨʛʝʪʩʢʦ ʝʬʠʢʘʩʥʠ ʧʨʦʟʦʨʠ PVC. 

PVC ʩʝ ʝʢʦʥʦʤʩʢʠ ʠʩʧʣʘʪʣʠʚʠ ʙʠʜʝʿ˃ʠ ʩʦ ʩʚʦʠʪʝ ʧʦʚʝ˃ʝʢʦʤʦʨʥʠ ʧʨʦʬʠʣʠ ʰʪʝʜʘʪ 

ʝʥʝʨʛʠʿʘ, ʦʙʝʟʙʝʜʫʚʘʘʪ ʟʘʰʪʠʪʘ ʦʜ ʣʘʜʥʦ, ʦʚʦʟʤʦʞʫʚʘʘʪ ʜʦʙʨʘ ʟʚʫʯʥʘ ʠʟʦʣʘʮʠʿʘ, 

ʧʦʚʨʰʠʥʠʪʝ ʣʝʩʥʦ ʩʝ ʦʜʨʞʫʚʘʘʪ ʠ ʥʝ ʝ ʧʦʪʨʝʙʥʦ ʜʦʧʣʦʣʥʠʪʝʣʥʦ ʬʘʨʙʘˁʝ ʠ ʣʘʢʠʨʘˁʝ. 

ʊʨʘʿʥʦʩʪʘ ʠʤ  ʠʟʥʝʩʫʚʘ ʦʜ 60-100 ʛʦʜʠʥʠ.  ʇʦʨʘʜʠ ʦʚʠʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ PVC ʩʝ 

ʠʟʜʚʦʿʫʚʘʘʪ ʢʘʢʦ ʜʘʣʝʢʫ ʥʘʿʧʦʚʦʣʥʦ ʨʝʰʝʥʠʝ ʢʦʛʘ ʩʝ ʚʦ ʧʨʘʰʘˁʝ ʚʨʘʪʠ ʠ ʧʨʦʟʦʨʮʠ ʚʦ 

ʜʦʤʦʪ. 
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2.5. ʉʦʣʘʨʝʥ ʩʠʩʪʝʤ ʥʘ ʧʦʢʨʠʚʦʪ ʦʜ ʦʙʿʝʢʪʦʪ 

ʉʦ ʠʥʩʪʘʣʠʨʘˁʝʪʦ ʥʘ ʩʦʣʘʨʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʧʦʢʨʠʚʦʪ ʦʜ ʦʙʿʝʢʪʦʪ, ʧʨʠ ʥʘʿʣʦʰʘ 

ʩʠʪʫʘʮʠʿʘ ˃ʝ ʩʝ ʠʩʢʦʨʠʩʪʠ ʩʘʤʦ 50% ʦʜ ʥʝʛʦʚʠʦʪ ʢʘʧʘʮʠʪʝʪ (ʚʦ ʟʠʤʩʢʠ ʫʩʣʦʚʠ, ʦʙʣʘʯʥʠ 

ʜʝʥʦʚʠ), ʩʝʧʘʢ ʩʝ ʜʦʙʠʚʘ ʟʘʰʪʝʜʘ ʧʨʠ ʟʘʪʦʧʣʫʚʘˁʝ ʥʘ ʩʘʥʠʪʘʨʥʘ ʠ ʢʫʿʥʩʢʘ ʚʦʜʘ. 

3. ʇʨʝʩʤʝʪʢʘ ʥʘ ʩʘʥʠʨʘʥ ʦʙʿʝʢʪ 
 

ʅʘ ʧʦʯʝʪʦʢ ʪʨʝʙʘ ʜʘ ʥʘʧʦʤʝʥʝʤʝ [2] ʜʝʢʘ ʟʘʨʘʜʠ ʩʠʤʝʪʨʠʿʘ ʥʘ ʦʙʿʝʢʪʠʪʝ ʥʘ ʢʦʧʣʝʢʩʦʪ 

ʉʪʫʜʝʥʪʩʢʠ ʜʦʤ ñɻʦʮʝ ɼʝʣʯʝʚò ʚʦ ʦʚʦʿ ʪʨʫʜ ʝ ʨʘʟʨʘʙʦʪʝʥ ʩʘʤʦ ʝʜʝʥ ʦʜ ʙʣʦʢʦʚʠʪʝ - ʙʣʦʢ 

ñɺò, ʢʦʿ ʛʠ ʠʤʘ ʩʣʝʜʥʠʚʝ ʧʦʚʨʰʠʥʠ: ɮʠʜʦʚʠ ʚʢʫʧʥʦ 4279 ʤ2, ʇʨʦʟʦʨʮʠ 1236 ʤ2, ʇʦʢʨʠʚ 426 

ʤ2, ʇʦʜ 426 ʤ2. ɿʘ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ U-ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʧʦʩʪʦʝʯʢʠʦʪ ʼʠʜ 

ʝ ʫʧʦʪʨʝʙʝʥ ʩʧʝʮʠʿʘʣʝʥ ʩʦʬʪʚʝʨ ʚʦ Excel, ʪ.ʥ. ʢʘʣʢʫʣʘʪʦʨ ʥʘ U-ʚʨʝʜʥʦʩʪʠ, ʢʦʿ  ʝ ʚʦ ʩʢʣʦʧ 

ʥʘ ʝʜʝʥ ʧʦʢʦʤʧʣʝʢʩʝʥ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ñHeat Energy Ratingò. ʂʦʛʘ ʩʝ ʧʨʝʩʤʝʪʫʚʘ U - 

ʢʦʝʬʠʮʠʝʥʪʦʪ, ʤʦʨʘ ʜʘ ʙʠʜʘʪ ʟʝʤʝʥʠ ʚʦ ʧʨʝʜʚʠʜ ʝʬʝʢʪʠʪʝ ʦʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʨʘʤʢʠ, 

ʜʨʚʝʥʠʪʝ ʚʨʩʢʠ, ʤʘʣʪʝʨʦʪ ʠ ʦʩʪʘʥʘʪʠʪʝ ʧʦʚʪʦʨʣʠʚʠ ʪʝʨʤʠʯʢʠ ʤʦʩʪʦʚʠ. ɿʘ ʪʘʘ ʮʝʣ ʩʝ 

ʢʦʨʠʩʪʠ ʤʝʪʦʜʘʪʘ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʧʦʚʨʰʠʥʘ. ʅʘʿʧʨʚʦ ʝ ʧʨʝʩʤʝʪʘʥ U-ʬʘʢʪʦʨʦʪ ʥʘ 

ʧʦʩʪʦʝʯʢʠʦʪ ʼʠʜ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʩʧʝʮʠʿʘʣʝʥ ʩʦʬʪʚʝʨ ʚʦ Excel, ʘ ʧʦʪʦʘ ʝ ʧʨʝʩʤʝʪʘʥ U ï 

ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʠʩʪʠʦʪ ʼʠʜ ʥʦ ʩʦ ʜʦʜʘʜʝʥʘ ʠʟʦʣʘʮʠʿʘ ʦʜ ʩʪʠʨʦʧʦʨ ʩʦ ʜʝʙʝʣʠʥʘ ʦʜ 8 cm. 

 

                             

ʆʜ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʩʦ ʜʦʜʘʚʘˁʝ ʥʘ 8 cm ʩʪʠʨʦʧʦʨ 

ʦʜ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʪʨʘʥʘ ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʥʘʤʘʣʫʚʘ ʚʨʝʜʥʦʩʪʘ ʥʘ U- ʢʦʝʬʠʮʠʝʥʪʦʪ ʟʘ 2,21 

W/m2K, ʘ ʪʦʘ ʟʥʘʯʠ ʤʥʦʛʫ ʧʦʤʘʣ ʪʨʘʥʩʬʝʨ ʥʘ ʪʦʧʣʠʥʘ, ʘ ʩʦ ʪʦʘ ʠ ʧʦʛʦʣʝʤʘ ʟʘʰʪʝʜʘ ʥʘ 

ʝʥʝʨʛʠʿʘ. 

 

 

 

˿͙͊͟͡ 1. ʇʦʩʪʦʝʯʢʠ ʼʠʜ ˿͙͊͟͡ 2. ʅʦʚ ʼʠʜ 



98 
 

 

 

ʆʜ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʟʘʢʣʫʯʫʚʘ ʜʝʢʘ ʩʦ ʜʦʜʘʚʘˁʝ ʥʘ 5 cm ʩʪʠʨʦʧʦʨ  ʟʥʘʯʠʪʝʣʥʦ 
ʩʝ ʥʘʤʘʣʫʚʘ ʚʨʝʜʥʦʩʪʘ ʥʘ U ï ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʧʦʢʨʠʚʦʪ ʟʘ 1,88 W/m

2
K, ʘ ʪʦʘ ʟʥʘʯʠ 

ʧʦʛʦʣʝʤʘ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ. 

5. ʈʝʟʫʣʪʘʪʠ ʦʜ ɽʅʉʀ ʩʦʬʪʚʝʨʩʢʠʦʪ ʧʘʢʝʪ ʟʘ ʧʨʝʜʣʦʞʝʥʦʪʦ ʨʝʰʝʥʠʝ ʩʦ 
ʠʟʦʣʘʮʠʿʘ ʦʜ ʩʪʠʨʦʧʦʨ 

 

ʇʨʝʩʤʝʪʘʥʘ ʝ ʧʦʩʪʦʝʯʢʘʪʘ ʩʦʩʪʦʿʙʘ ʥʘ ʦʙʿʝʢʪʦʪ ʟʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʟʘ 

ʟʘʪʦʧʣʫʚʘˁʝ ʧʨʝʜ ʜʘ ʙʠʜʘʪ ʧʨʝʩʤʝʪʘʥʠ ʤʝʨʢʠʪʝ ʟʘ ʢʦʥʚʝʨʟʘʮʠʿʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ. ʀʩʪʦ 

ʪʘʢʘ, ʧʨʝʩʤʝʪʘʥʘ ʝ ʠ ʚʢʫʧʥʘʪʘ ʧʦʙʘʨʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ, ʧʦʩʣʝ ʘʧʣʠʮʠʨʘˁʝʪʦ ʥʘ 

ʨʝʣʝʚʘʥʪʥʠʪʝ ʤʝʨʢʠ, ʢʦʠ ʩʝ ʦʧʠʰʘʥʠ ʩʦ ʥʦʚʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ. 

 

 

˿͙͊͟͡ 3. ʇʦʩʪʦʝʯʢʠ ʧʦʢʨʠʚ 

˿͙͊͟͡ 4. ʇʦʜʦʙʨʝʥ ʧʦʢʨʠʚ 

˿͙͊͟͡ 5. ʇʦʩʪʦʝʯʢʘ ʩʦʩʪʦʿʙʘ ʩʦ ʧʨʝʜʚʠʜʝʥʠ ENCON ʤʝʨʢʠ 
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ʅʘ ʩʣʠʢʘ 6 ʝ ʧʨʠʢʘʞʘʥ ʝʥʝʨʛʝʪʩʢʠʦʪ ʙʫ˅ʝʪ ʢʦʿ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʚʢʫʧʥʘʪʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʛʦʜʠʰʥʦ ʥʠʚʦ. ʊʘʢʘ ʟʘ ʦʚʠʝ ʧʘʨʘʤʝʪʨʠ ʩʝ ʜʦʙʠʚʘ ʚʢʫʧʥʘʪʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ 215,7kWh/m2. ʇʦ ʧʨʝʟʝʤʝʥʠʪʝ ENCON ʤʝʨʢʠ ʩʝ ʜʦʙʠʚʘ ʚʢʫʧʥʘʪʘ ʚʨʝʜʥʦʩʪ 

ʦʜ 99,1kWh/m2. ʆʜ ʦʚʜʝ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʨʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʜʦʙʠʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʠ ʜʘ ʩʝ 

ʟʘʢʣʫʯʠ ʜʝʢʘ ʧʦ ENCON ʤʝʨʢʠʪʝ ʩʝ ʜʦʙʠʚʘ ʚʨʝʜʥʦʩʪ ʟʘ ʛʦʜʠʰʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʢʦʿʘ ʝ 

ʧʨʠʙʣʠʞʥʦ ʟʘ 2,2 ʧʘʪʠ ʧʦʤʘʣʘ ʦʜ ʧʨʚʦʙʠʪʥʘʪʘ ʚʨʝʜʥʦʩʪ.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

˿͙͊͟͡ 6. ɽʥʝʨʛʝʪʩʢʠ ʙʫ˅ʝʪ ʛʦʜʠʰʥʦ 

˿͙͊͟͡ 7. ʇʨʝʜʚʠʜʝʥʠ ENCON ʤʝʨʢʠ 
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ʅʘ ʩʣʠʢʘ 7 ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʢʦʠ ʩʝ ʧʨʝʜʚʠʜʝʥʠ ENCON ʤʝʨʢʠ ʠ ʢʦʣʢʫ ʠʟʥʝʩʫʚʘ 

ʚʢʫʧʥʘʪʘ ʟʘʰʪʝʜʘ, ʧʦʦʜʝʣʥʦ ʢʘʿ ʩʠʪʝ ʩʦʩʪʘʚʥʠ ʧʘʨʘʤʝʪʨʠ. ʅʘ ʩʣʠʢʘ 8 ʧʨʝʢʫ ʛʨʘʬʠʯʢʠ 

ʧʨʠʢʘʟ ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʛʦʜʠʰʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ. ʅʘ ʘʧʮʠʩʘʪʘ ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʩʦʩʪʦʿʙʘʪʘ 

ʧʨʝʜ ʠ ʧʦ ʧʨʝʟʝʤʘˁʝʪʦ ʥʘ ENCON ʤʝʨʢʠʪʝ, ʜʦʜʝʢʘ  ʥʘ ʦʨʜʠʥʘʪʘʪʘ ʝ ʧʨʝʪʩʪʘʚʝʥʘ 

ʝʜʠʥʠʮʘ ʤʝʨʢʘ kwh/m2. ʆʜ ʦʚʜʝ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʨʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʜʦʙʠʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ 

ʠ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʧʦ ENCON ʤʝʨʢʠʪʝ ʩʝ ʜʦʙʠʚʘ ʚʨʝʜʥʦʩʪ ʟʘ ʛʦʜʠʰʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ 

ʢʦʿʘ ʝ ʧʨʠʙʣʠʞʥʦ ʟʘ ʜʚʘ ʧʘʪʠ ʧʦʤʘʣʘ ʦʜ ʧʨʚʦʙʠʪʥʘʪʘ ʚʨʝʜʥʦʩʪ, ʪ.ʝ. ʧʨʝʜ ʧʨʝʟʝʤʘˁʝʪʦ ʥʘ 

ENCON ʤʝʨʢʠʪʝ. (ʚʦ ʦʚʘʘ ʧʨʝʩʤʝʪʢʘ ʥʝ ʩʝ ʟʝʤʝʥʠ ʚʦ ʧʨʝʜʚʠʜ ʩʦʣʘʨʥʠʪʝ ʢʦʣʝʢʪʦʨʠ ʢʦʠ 

ʙʠ ʩʝ ʧʦʩʪʘʚʠʣʝ ʥʘ ʧʦʢʨʠʚʦʪ, ʘ ʟʥʘʯʠʪʝʣʥʦ ʙʠ ʿʘ ʥʘʤʘʣʠ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʟʘ 

ʩʘʥʠʪʘʨʥʘ ʪʦʧʣʘ ʚʦʜʘ, ʪ.ʝ. ʥʘ ʦʚʘʘ ʩʣʠʢʘ ʜʝʣʦʪ ʦʜ ʜʠʿʘʛʨʘʤʦʪ ʩʦ ʮʨʥʘ ʙʦʿʘ ʟʥʘʯʠʪʝʣʥʦ ʙʠ 

ʩʝ ʥʘʤʘʣʠʣ). 

 

ʅʘ ʩʣʠʢʘ 9 ʩʝ ʧʨʠʢʘʞʘʥʠ ʪʦʧʣʠʥʩʢʠʪʝ ʟʘʛʫʙʠ ʥʘ ʦʙʿʝʢʪʦʪ, ʚʦ ʤʦʤʝʥʪʘʣʥʘʪʘ ʩʦʩʪʦʿʘ 
ʠ ʧʦʩʣʝ ʧʨʝʜʚʠʜʝʥʠʪʝ ʤʝʨʢʠ. 

 

˿͙͊͟͡ 8. ɻʦʜʠʰʥʘ ʠʩʢʦʨʠʩʪʝʥʘ ʝʥʝʨʛʠʿʘ 

˿͙͊͟͡ 9. ʊʦʧʣʠʥʩʢʠ ʟʘʛʫʙʠ ʥʘ ʦʙʿʝʢʪʦʪ 
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6. ɿʘʢʣʫʯʦʢ 

ɺʦ ʪʨʫʜʦʪ ʝ ʜʘʜʝʥ ʦʩʚʨʪ ʢʦʥ ʤʝʨʢʠʪʝ ʢʦʠ ʰʪʦ ʩʝ ʧʨʝʜʚʠʜʝʥʠ ʜʘ ʩʝ ʧʨʝʟʝʤʘʪ ʟʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʦʙʿʝʢʪʦʪ ʩʦ ʮʝʣ ʜʘ ʩʝ ʜʦʙʠʝ ʦʙʿʝʢʪ ʢʦʿ ʧʨʝʜ ʩʝ ˃ʝ ʙʠʜʝ ʝʥʝʨʛʝʪʩʢʦ 

ʝʬʠʢʘʩʝʥ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʩʦʥʯʝʚʘ ʝʥʝʨʛʠʿʘ. 

ʈʘʟʛʣʝʜʘʥʠ ʩʝ ʩʦʩʪʦʿʙʠʪʝ ʥʘ ʧʦʩʪʦʝʯʢʠʦʪ ʦʙʿʝʢʪ ʙʝʟ ʠʟʦʣʘʮʠʿʘ, ʙʝʟ ʝʥʝʨʛʝʪʩʢʦ 

ʝʬʠʢʘʩʥʠ ʧʨʦʟʦʨʠ ʠ ʙʝʟ ʩʦʣʘʨʝʥ ʢʦʣʝʢʪʦʨ, ʠ ʠʩʪʠʦʪ ʦʙʿʝʢʪ ʩʦ ʜʦʜʘʚʘˁʝ ʥʘ ʥʘʜʚʦʨʝʰʥʘ 

ʠʟʦʣʘʮʠʿʘ ʦʜ 8 ʩʤ ʩʪʠʨʦʧʦʨ, ʠʟʦʣʘʮʠʿʘ ʥʘ ʧʦʢʨʠʚʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʦ ʩʪʠʨʦʧʦʨ ʦʜ 8 ʩʤ, 

ʥʦʚʠ ʝʥʝʨʛʝʪʩʢʦ ʝʬʠʢʘʩʥʠ ʧʨʦʟʦʨʠ. ʆʜ ʩʘʤʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʜʝʢʘ ʩʦ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʧʦʦʜʜʝʣʥʠ ʝʣʝʤʝʥʪʠ ʥʘ  ʦʙʿʝʢʪʦʪ ʩʝ ʜʦʙʠʚʘ ʟʥʘʯʠʪʝʣʥʘ ʨʝʟʝʨʚʘ ʠ 

ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ. 

ɿʘ ʜʦʧʦʣʠʥʪʝʣʥʘ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ ʩʦ ʮʝʣ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʩʘʤʠʦʪ ʦʙʿʝʢʪ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʘʚʘʪ ʩʦʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ ʥʘ ʧʦʢʨʠʦʚʦʪ ʦʜ 

ʩʘʤʘʪʘ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

ʉʠʩʪʝʤʠʪʝ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʧʨʝʪʚʦʨʘˁʝ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʪʦʧʣʦʪʥʘ ʠʣʠ 

ʝʣʝʢʪʨʠʯʥʘ (ʬʦʪʦʥʘʧʦʥʩʢʠ ˃ʝʣʠʠ, ʩʦʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ) ʪʨʝʙʘ ʧʦʯʝʩʪʦ ʜʘ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ 

ʙʠʜʝʿ˃ʠ ʩʝ ʜʦʙʠʚʘ ʟʥʘʯʘʿʥʘ ʟʘʰʪʝʜʘ ʥʘ ʢʫʿʥʩʢʘ ʠ ʩʘʥʠʪʘʨʥʘ ʚʦʜʘ, ʘ ʩʦ ʩʝʪʦ ʪʦʘ ʩʝ ʜʦʙʠʚʘ 

ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʦʪʦ. ʉʝ ʜʦʙʠʚʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʟʘ 1,3 ʧʘʪʠ ʧʦʤʘʣʘ ʦʜ 

ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʢʦʿʘ ʩʝ ʜʦʙʠʚʘ ʙʝʟ ʥʠʚ. 

7. ʂʦʨʠʩʪʝʥʘ ʣʠʪʝʨʘʪʫʨʘ 

 

[1] ʉʘʤʘʨ˅ʠʦʩʢʘ ʊ. (2008) ɻʨʘʜʝʞʝʥ ʬʘʢʫʣʪʝʪ, ʋʥʠʚʝʨʟʠʪʝʪ ñʂʠʨʠʣ ʠ ʄʝʪʦʜʠò ï ʉʢʦʧʿʝ, 

ɻʨʘʜʝʞʥʘ ʬʠʟʠʢʘ 

 [2] ɻʣʘʚʥʠ ʢʥʠʛʠ ʦʜ ʧʨʦʝʢʪʠʪʝ ʦʜ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʩʪʘʪʠʢʘ ʟʘ ʩʪʫʜʝʥʪʩʢʠʦʪ ʜʦʤ ñɻʦʮʝ 

ɼʝʣʯʝʚò 

 [3]  ɽʅʉʀ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ 

 

 

 

 

 

 

 

 

 

 

 



102 
 

ɽʅɽʈɻɽʊʉʂʀ ɽʌʀʂɸʉʅʀ ʄɸʊɽʈʀɱɸʃʀ ʂɸɱ ɻʈɸɼɽɾʅʀ ʆɹɱɽʂʊʀ 

(ʊʝʨʤʦʠʟʦʣʘʮʠʦʥʠ ʤʘʪʝʨʠʿʘʣʠ) 

 

ʂʫʟʤʘʥʦʩʢʘ ɹʠʣʿʘʥʘ ʜ.ʠ.ʘ, ʄʠʣʝʥʘ ʎʠʮʠʤʦʚʘ ʜ.ʠ.ʘ  

ɻʨʘʜʝʞʝʥ ʬʘʢʫʣʪʝʪ - ʉʢʦʧʿʝ ʋʂʀʄ  

ʅ.ʋ. ʂʦʥʟʝʨʚʘʪʦʨʩʢʠ ʎʝʥʪʘʨ - ɻʦʩʪʠʚʘʨ, ɼʆʆ ɸʨʭʠʥʛ ɻʨoʫʧ -ʊʝʪʦʚʦ  

angelce_07@yahoo.com milena.cicimova@yahoo.com 

 

ɸʧʩʪʨʘʢʪ 

ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʦʙʨʘʙʦʪʫʚʘ ʪʝʤʘʪʘ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʘʜʝʞʥʠʪʝ ʦʙʿʝʢʪʠ, 

ʦʜʥʦʩʥʦ ʛʨʘʜʝˁʝʪʦ ʠ ʧʨʦʝʢʪʠʨʘˁʝʪʦ ʥʘ ʛʨʘʜʝʞʥʠʪʝ ʦʙʿʝʢʪʠ ʢʘʢʦ ʥʦʚ ʢʚʘʣʠʪʝʪ. 

ɽʥʝʨʛʝʪʩʢʠʪʝ ʝʬʠʢʘʩʥʠ ʦʙʿʝʢʪʠ ʧʨʝʜ ʩʝ ʟʘʚʠʩʘʪ ʦʜ ʧʨʘʚʠʣʥʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ 

ʪʝʨʤʦʠʟʦʣʘʮʠʦʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ, ʢʦʿʘ ʪʝʩʥʦ ʝ ʧʦʚʨʟʘʥʘ ʩʦ ʠʟʙʦʨ ʥʘ: ʆʩʪʘʥʘʪʠʪʝ 

ʤʘʪʝʨʠʿʘʣʠ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʠʟʛʨʘʜʙʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠ ʛʨʘʜʝʞʥʠ ʝʣʝʤʝʥʪʠ, ʧʦʣʦʞʙʘʪʘ 

ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʚʦ ʢʦʥʩʪʨʫʢʮʠʿʘʪʘ ʠ ʪʝʨʤʦ-ʭʠʜʨʦʤʝʪʨʠʩʢʠʪʝ ʫʩʣʦʚʠ ʥʘ ʩʨʝʜʠʥʘʪʘ. 

ʂʦʛʘ ʩʝ ʦʜʣʫʯʫʚʘ ʢʦʿʘ ʠʟʦʣʘʮʠʿʘ ʙʠ ʩʝ ʫʧʦʪʨʝʙʠʣa ʚʦ ʜʘʜʝʥʘ ʩʨʝʜʠʥʘ, ʪʦʛʘʰ ʥʘʿʧʨʚʦ 

ʪʨʝʙʘ ʜʘ ʩʝ ʚʠʜʘʪ ʩʚʦʿʩʪʚʘʪʘ ʥʘ ʪʝʨʤʦʠʟʦʣʘʮʠʦʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ, ʥʠʚʥʠʦʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ 

ʪʦʧʣʦʧʨʦʚʦʜʣʠʚʦʩʪ (U) ʠ ʥʠʚʥʘʪʘ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʩʦ ʦʩʪʘʥʘʪʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʢʦʠ ʩʝ 

ʚʛʨʘʜʫʚʘʘʪ. ʅʠʚʥʘʪʘ ʝʬʝʢʪʠʚʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʩʧʝʮʠʬʠʮʠʨʘʥʘ ʦʜ ʩʪʨʘʥʘ ʥʘ 

ʩʪʨʫʯʥʦ ʣʠʮʝ ʢʦʝ ʝ ʦʙʫʯʝʥʦ ʟʘ ʪʦʘ, ʙʠʜʝʿ˃ʠ ʩʝʢʦʿ ʤʘʪʝʨʠʿʘʣ ʠʤʘ ʩʚʦʠ ʧʦʟʠʪʠʚʥʦʩʪʠ ʠ 

ʥʝʛʘʪʠʚʥʦʩʪʠ. ɿʘʪʦʘ ʟʘ ʥʠʚʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʪʨʝʙʘ ʜʘ ʩʝ ʟʥʘʝ ʢʦʛʘ, ʢʘʜʝ ʠ ʢʦʠ ʤʘʪʝʨʠʿʘʣʠ ʠ 

ʩʦ ʢʘʢʚʘ ʜʝʙʝʣʠʥʘ ʙʠ ʩʝ ʚʛʨʘʜʠʣʝ ʚʦ ʜʘʜʝʥʘ ʩʠʪʫʘʮʠʿʘ.  

ɿʘ ʠʟʛʨʘʜʙʘ ʥʘ ʝʥʝʨʛʝʪʩʢʦ ʝʬʠʢʘʩʥʠ ʦʙʿʝʢʪʠ ʧʦʩʪʦʿʘʪ ʧʦʚʝ˃ʝ ʬʘʢʪʦʨʠ ʥʘ ʢʦʠ ʪʨʝʙʘ 

ʜʘ ʩʝ ʚʥʠʤʘʚʘ, ʤʝʺʫʪʦʘ ʢʘʢʦ ʝʜʝʥ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʪʝ ʬʘʢʪʦʨʠ ʠ ʤʘʪʝʨʠʿʘʣʠ ʝ 

ʪʝʨʤʦʠʟʦʣʘʮʠʿʘʪʘ ʢʦʿʘ ʧʦʜʝʪʘʣʥʦ ʩʝ ʦʙʿʘʩʥʫʚʘ ʚʦ ʧʦʥʘʪʘʤʦʰʥʠʦʪ ʪʝʢʩʪ. ɺʦ ʩʢʣʦʧ ʥʘ ʦʚʦʿ 

ʪʨʫʜ ʘʥʘʣʠʟʠʨʘʥʦ ʝ ʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʯʝʪʠʨʠ ʨʘʟʣʠʯʥʠ ʪʝʨʤʦʠʟʦʣʘʮʠʦʥʠ ʤʘʪʝʨʠʿʘʣʠ ʩʦ 

ʯʝʪʠʨʠ ʨʘʟʣʠʯʥʠ ʜʝʙʝʣʠʥʠ ʚʨʟ U-ʢʦʝʬʠʮʠʝʥʪʦʪ.  

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʊʝʨʤʦʠʟʦʣʘʮʠʿʘ, ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, U ï ʢʦʝʬʠʮʠʝʥʪ. 
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1. ɺʦʚʝʜ 

ɺʦ ʄʘʢʝʜʦʥʠʿʘ ʢʘʢʦ ʠ ʩʝʢʘʜʝ ʚʦ ʩʚʝʪʦʪ ʩʦ ʧʦʨʘʩʪ ʥʘ ʞʠʚʦʪʥʠʦʪ ʩʪʘʥʜʘʨʜ ʨʘʩʪʝ ʠ 

ʧʦʪʨʝʙʘʪʘ ʦʜ ʪʨʦʰʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ. ʇʦʨʘʩʪʦʪ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʥʘʰʘʪʘ 

ʟʝʤʿʘ ʚʦ ʪʝʢʦʪ ʥʘ ʧʦʩʣʝʜʥʘʪʘ ʜʝʮʝʥʠʿʘ ʝ ʜʚʘ ʧʘʪʠ ʧʦʛʦʣʝʤ. 

ʇʨʠʯʠʥʘʪʘ ʟʘ ʪʦʘ ʝ ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʠʥʜʫʩʪʨʠʩʢʘʪʘ ʘʢʪʠʚʥʦʩʪ, ʘ ʚʦʝʜʥʦ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʟʘʩʪʘʧʝʥʦʩʪʘ ʥʘ ʟʘʩʪʘʨʝʥʠ ʪʝʭʥʦʣʦʰʢʠ ʩʨʝʜʩʪʚʘ ʠ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠ ʘʧʘʨʘʪʠ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʦʪʦ ʢʦʠ ʰʪʦ ʛʦ ʦʣʝʩʥʫʚʘʘʪ ʥʘʰʠʦʪ ʥʘʯʠʥ 

ʥʘ ʞʠʚʦʪ. ʉʝʪʦ ʪʦʘ ʧʨʠʜʦʥʝʩʫʚʘ ʜʦ ʜʨʘʩʪʠʯʥʦ  ʟʘʙʨʟʫʚʘˁʝ ʠ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʥʝʝʬʠʢʘʩʥʦʪʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ. 

ʉʧʨʦʚʝʜʫʚʘˁʝʪʦ ʥʘ ʤʝʨʢʠʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ˃ʝ ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʘʤʘʣʫʚʘˁʝ 

ʥʘ ʩʤʝʪʢʠʪʝ ʟʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʇʦʪʦʘ ʟʘʰʪʝʜʝʥʠʪʝ ʩʨʝʜʩʪʚʘ ʤʦʞʝ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʘʪ 

ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʩʪʘʥʜʘʨʜʦʪ ʥʘ ʞʠʚʝʝˁʝ ʠ ʨʘʙʦʪʝˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʠʪʝ/ʛʨʘʺʘʥʠʪʝ, ʢʘʢʦ 

ʠ ʟʘ ʝʜʫʢʘʮʠʿʘ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ ʟʘ ʟʥʘʯʝˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʚʦʦʧʰʪʦ. 

ʅʘʿʛʦʣʝʤʠ ʝʥʝʨʛʝʪʩʢʠ ʟʘʛʫʙʠ ʠʤʘʤʝ ʦʜ: 

oɻʨʘʜʝʞʥʠʪʝ ʦʙʿʝʢʪʠ ʥʘ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ (ʩʦ 29,5%);  

oɻʨʘʜʝʞʥʠʪʝ ʦʙʿʝʢʪʠ ʥʘ ʢʦʤʝʨʮʠʿʘʣʥʦ-ʫʩʣʫʞʥʠʪʝ ʜʝʿʥʦʩʪʠ (ʩʦ 13,1%);  

oɻʨʘʜʝʞʥʠʪʝ ʦʙʿʝʢʪʠ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ (ʩʦ 10%). 

 

ñɺʦ ʄʘʢʝʜʦʥʠʿʘ ʟʘʛʫʙʠʪʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ ʠ ʿʘʚʥʠʦʪ ʩʝʢʪʦʨ ʠʟʥʝʩʫʚʘ 

40%. ɿʘʛʫʙʠʪʝ ʚʦ ʛʨʘʜʝʞʥʠʦʪ ʩʝʢʪʦʨ ˃ʝ ʩʝ ʥʘʤʘʣʫʚʘʘʪ ʧʨʝʢʫ ʪʨʠʛʦʜʠʰʝʥ ʧʨʦʝʢʪ ʟʘ 

ʩʦʟʜʘʚʘˁʝ ʦʩʥʦʚʥʠ ʫʩʣʦʚʠ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ. ɼʦʜʝʢʘ ʅʘʮʠʦʥʘʣʥʠʦʪ 

ʘʢʮʠʦʥʝʥ ʧʣʘʥ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘ ʧʝʨʠʦʜʦʪ 2009-2016 ʛʦʜʠʥʘ ʩʦʛʣʘʩʥʦ 

ʝʚʨʦʧʩʢʠʪʝ ʜʠʨʝʢʪʠʚʠ ʿʘ ʦʙʚʨʟʫʚʘ ʄʘʢʝʜʦʥʠʿʘ ʜʦ 2016 ʛʦʜʠʥʘ ʜʘ ʧʦʩʪʠʛʥʝ ʟʘʰʪʝʜʘ ʥʘ 

ʝʥʝʨʛʠʿʘ ʦʜ 9% ʚʦ ʧʨʦʩʝʯʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʬʠʥʘʣʥʘ ʝʥʝʨʛʠʿʘ ʨʝʘʣʠʟʠʨʘʥʘ ʦʜ 2002 

ʜʦ 2006 ʛʦʜʠʥʘ. ʊʦʘ ʟʥʘʯʠ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʧʨʦʩʝʢ ʦʜ 1,16 %, ʦʜʥʦʩʥʦ ʦʢʦʣʫ 820 

ʪʝʨʘ˅ʫʣʠ ʛʦʜʠʰʥʦò. [1] 

2. ʌʘʢʪʦʨʠ ʥʘ ʛʫʙʠʪʦʢ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʛʨʘʜʝʞʥʠʪʝ ʦʙʿʝʢʪʠ 

ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʘʜʝʞʥʠʪʝ ʦʙʿʝʢʪʠ ʟʘʚʠʩʠ ʦʜ ʩʣʝʜʥʠʚʝ ʬʘʢʪʦʨʠ: 

oɻʝʦʤʝʪʨʠʩʢʘ ʬʦʨʤʘ ʥʘ ʟʛʨʘʜʠʪʝ 

oʇʦʣʦʞʙʘ ʥʘ ʪʝʨʝʥ ʠ ʦʨʠʝʥʪʘʮʠʿʘ 

oɻʦʣʝʤʠʥʘ ʠ ʨʘʩʧʦʨʝʜ ʥʘ ʬʘʩʘʜʥʠʪʝ ʦʪʚʦʨʠ 

oʊʝʨʤʠʯʢʠ ʦʩʦʙʠʥʠ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ 

oʂʚʘʣʠʪʝʪ ʥʘ ʠʟʛʨʘʜʙʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʠ ʦʧʨʝʤʘʪʘ 

oʂʚʘʣʠʪʝʪ ʥʘ ʛʨʘʜʝˁʝ ʠ ʚʛʨʘʜʫʚʘ 
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2.1. ʊʦʧʣʠʥʩʢʘ ʠʟʦʣʘʮʠʿʘ 

 

ɽʜʝʥ ʦʜ ʥʘʿʚʘʞʥʠʪʝ ʬʘʢʪʦʨʠ ʟʘ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʝʥ ʦʙʿʝʢʪ ʝ ʠʟʦʣʘʮʠʿʘʪʘ. 

ʇʨʘʰʘˁʝʪʦ ʟʘ ʠʟʦʣʘʮʠʿʘ ʝ ʧʦʩʝʙʥʦ ʘʢʪʫʝʣʥʦ ʚʦ ʜʝʥʝʰʥʦ ʚʨʝʤʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʢʨʠʟʘ ʠ 

ʧʦʩʝʙʝʥ ʦʩʚʨʪ ʜʘʚʘʤʝ ʥʘ ʪʦʧʣʠʥʩʢʘʪʘ ʠʟʦʣʘʮʠʿʘ. 

ʊʠʝ ʩʝ ʧʦʪʨʝʙʥʠ ʟʘ ʜʘ ʩʝ ʠʟʛʨʘʜʘʪ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠ ʦʙʿʝʢʪʠ ʚʦ ʢʦʠ ʩʝ ʞʠʚʝʝ 

ʢʦʥʬʦʨʥʦ, ʩʝ ʫʞʠʚʘ ʚʦ ʜʦʙʨʘʪʘ ʢʣʠʤʘ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʥʘ ʪʦʘ ʜʘ ʩʝ 

ʟʘʰʪʝʜʘʪ ʬʠʥʘʥʩʠʠ. ʅʘ ʩʣʠʢʘ 1 (ʧʨʠʢʘʞʘʥʘ ʧʦʜʦʣʫ) ʛʝʥʝʨʘʣʥʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʘʪ ʚʢʫʧʥʠʪʝ 

ʪʦʧʣʦʪʥʠ ʟʘʛʫʙʠ ʥʘ ʝʜʝʥ ʦʙʿʝʢʪ.  

ʊʦʧʣʠʦʪ ʚʦʟʜʫʭ ʢʘʢʦ ʧʦʣʝʩʝʥ ʩʝ ʢʨʝʚʘ ʛʦʨʝ ʠ ʫʜʠʨʘ ʚʦ ʧʣʘʬʦʥʦʪ ʢʦʿʘ ʰʪʦ ʦʙʠʯʥʦ ʝ 

ʙʝʪʦʥʩʢʘ ʧʣʦʯʘ. ʇʦʩʪʘʚʫʚʘˁʝʪʦ ʥʘ 

ʠʟʦʣʘʮʠʿʘ ʥʝ ʜʦʟʚʦʣʫʚʘ ʚʣʝʟ ʥʘ ʚʦʟʜʫʭʦʪ ʚʦ 

ʙʝʪʦʥʦʪ.  

ʂʘʢʦ ʪʘʢʦʚ ʪʦʿ ʧʨʦʜʦʣʞʫʚʘ ʜʘ ʩʪʨʫʠ ʚʦ 

ʧʨʦʩʪʦʨʠʿʘʪʘ ʠ ʜʘ ʚʨʰʠ ʟʘʛʨʝʚʘˁʝ. ɼʝʣ ʦʜ 

ʪʘʘ ʝʥʝʨʛʠʿʘ ˃ʝ ʩʝ ʚʨʘʪʠ ʥʘʟʘʜ ʟʘ ʜʘ ʿʘ ʛʨʝʝ 

ʧʨʦʩʪʦʨʠʿʘʪʘ, ʥʦ ʜʝʣ ˃ʝ ʩʝ ʠʟʛʫʙʠ ʚʦ 

ʣʘʜʥʠʪʝ ʜʝʣʦʚʠ ʦʜ ʢʦʥʩʪʨʫʢʮʠʿʘʪʘ, ʙʠʜʝʿ˃ʠ 

ʪʦʧʣʠʥʘʪʘ ʩʝ ʛʫʙʠ ʢʦʛʘ ˃ʝ ʜʦʿʜʝ ʚʦ ʜʦʧʠʨ ʩʦ 

ʣʘʜʥʘ ʧʦʚʨʰʠʥʘ. 

ʀʩʪʦ ʪʘʢʘ ʤʥʦʛʫ ʚʘʞʝʥ ʜʝʣ ʝ 

ʠʟʦʣʘʮʠʿʘʪʘ ʥʘ ʧʦʜʦʚʠʪʝ, ʼʠʜʦʚʠʪʝ, ʚʨʘʪʠʪʝ 

ʠ ʧʨʦʟʦʨʮʠʪʝ.  

ʇʨʦʮʝʥʪʫʘʣʥʠʪʝ ʟʘʛʫʙʠ ʩʝ ʨʘʟʣʠʯʥʠ ʦʜ 

ʦʙʿʝʢʪ ʜʦ ʦʙʿʝʢʪ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʤʘʪʝʨʠʿʘʣʦʪ 

ʠ ʜʝʙʝʣʠʥʘʪʘ ʢʦʿʘ ʰʪʦ ʝ ʫʧʦʪʨʝʙʝʥʘ. 

 

                          

2.2. ʊʝʨʤʦ-ʠʟʦʣʘʮʠʦʥʠ ʤʘʪʝʨʠʿʘʣʠ 
 

ɻʣʘʚʥʘʪʘ ʫʣʦʛʘ ʥʘ ʠʟʦʣʘʮʠʦʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʝ ʜʘ ʩʝ ʩʧʨʝʯʠ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʚʦ 

ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ. ʇʦʢʨʘʿ ʦʚʘʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʨʰʘʪ ʠ ʜʨʫʛʠ ʥʝ 

ʧʦʤʘʣʢʫ ʚʘʞʥʠ ʬʫʥʢʮʠʠ ʢʘʢʦ ʰʪʦ ʩʝ ʠʟʦʣʘʮʠʿʘ ʦʜ ʙʫʯʘʚʘ, ʜʘ ʩʝ ʩʧʨʝʯʠ ʰʠʨʝˁʝʪʦ ʥʘ 

ʰʪʝʪʥʠ ʚʣʠʿʘʥʠʿʘ ʠ ʜʨ. 

ʇʦʜʝʣʙʘʪʘ ʥʘ ʪʝʨʤʦʠʟʦʣʘʮʠʦʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʥʘ ʦʩʥʦʚʘ ʥʘ ʧʦʪʝʢʣʦ ʥʘ ʩʠʨʦʚʠʥʘʪʘ 

ʧʦʪʨʝʙʥʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʩʣʝʜʥʘʚʘ: 

 

˿͙͊͟͡ 1. 
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˿͙͊͟͡ 2. 

ʊʝʨʤʦʠʟʦʣʘʮʠʦʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʤʦʨʘ ʜʘ ʛʠ ʠʩʧʦʣʥʘʪ ʩʣʝʜʥʠʚʝ ʫʩʣʦʚʠ: 

o ʤʘʣ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ ï ɚ; 

o ʚʠʩʦʢʘ ʧʦʨʦʟʥʦʩʪ; 

o ʤʘʣʦ ʚʧʠʚʘˁʝ ʥʘ ʚʦʜʘ; 

o ʜʘ ʙʠʜʘʪ ʧʦʩʪʦʿʘʥʠ ʥʘ ʟʛʦʣʝʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʠ; 

o ʜʘ ʠʤʘʘʪ ʟʘʜʦʚʦʣʠʪʝʣʥʘ ʧʨʦʚʦʜʣʠʚʦʩʪ ʥʘ ʛʘʩʦʚʠ ʠ ʧʘʨʝʘ; 

o ʜʘ ʩʝ ʦʪʧʦʨʥʠ ʥʘ ʜʝʿʩʪʚʦ ʥʘ ʧʦʞʘʨ; 

o ʜʘ ʩʝ ʦʪʧʦʨʥʠ ʥʘ ʜʝʿʩʪʚʦ ʥʘ ʤʨʘʟ; 

o ʜʘ ʠʤʘʘʪ ʟʘʜʦʚʦʣʠʪʝʣʥʘ ʭʝʤʠʩʢʘ ʠ ʙʠʦʣʦʰʢʘ ʧʦʩʪʦʿʘʥʦʩʪ. [2] 

 

2.3. ʂʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʣʠʚʦʩʪ ï u 
 

ʂʘʢʦ ʧʦʢʘʟʘʪʝʣ ʥʘ ʛʨʘʜʝʞʥʘʪʘ ʬʠʟʠʢʘ ʥʘ ʦʙʿʝʢʪʦʪ ʢʦʿʘ ʤʫ ʝ ʧʦʟʥʘʪʘ ʥʘ ʩʝʢʦʿ 

ʛʨʘʜʠʪʝʣ ʝ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʣʠʚʦʩʪ ï U. 

U ï ʚʨʝʜʥʦʩʪʘ ʝ ʤʝʨʥʘ ʚʝʣʠʯʠʥʘ ʟʘ ʪʦʧʣʦʪʥʘ ʠʟʦʣʘʮʠʿʘ ʥʘ ʛʨʘʜʙʘʪʘ ʠʣʠ ʜʝʣʦʚʠ ʦʜ 

ʛʨʘʜʙʘʪʘ ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʥʘʜʚʦʨʝʰʝʥ ʼʠʜ. ʂʦʣʢʫ ʝ ʧʦʤʘʣʘ U ï ʚʨʝʜʥʦʩʪʘ ʪʦʣʢʫ ʝ ʧʦʤʘʣʦ 

ʛʫʙʝˁʝʪʦ ʥʘ ʪʦʧʣʠʥʘ, ʦʜʥʦʩʥʦ ʧʦʚʠʩʦʢʘ ʪʦʧʣʦʪʥʘʪʘ ʠʟʦʣʘʮʠʿʘ ʩʦ ʤʘʣʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ 

ʝʥʝʨʛʠʿʘ ʟʘ ʛʨʝʝˁʝ. 

ʇʨʝʩʤʝʪʫʚʘˁʝʪʦ ʥʘ U-ʢʦʝʬʠʮʠʝʥʪʦʪ (ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʨʝʥʝʩʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘ), ʢʘʢʦ 

ʟʘ ʝʜʥʦʩʣʦʿʥʠ ʪʘʢʘ ʠ ʟʘ ʧʦʚʝ˃ʝʩʣʦʿʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʝʣʝʤʝʥʪʠ, ʩʝ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʩʧʦʨʝʜ 

ʩʣʝʜʥʘʚʘ ʬʦʨʤʫʣʘ: 
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ʆʚʜʝ ʟʘ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ U-ʢʦʝʬʠʮʠʝʥʪʦʪ, ʫʧʦʪʨʝʙʝʥ ʝ                        

U-ʢʘʣʢʫʣʘʪʦʨ, ʢʦʿ ʝ ʚʦ ʩʢʣʦʧ ʥʘ ʝʜʝʥ ʧʦʢʦʤʧʣʝʢʩʝʥ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ñHeat Energy Ratingò. 

ʂʦʛʘ ʩʝ ʧʨʝʩʤʝʪʫʚʘ U - ʢʦʝʬʠʮʠʝʥʪʦʪ, ʤʦʨʘ ʜʘ ʙʠʜʘʪ ʟʝʤʝʥʠ ʚʦ ʧʨʝʜʚʠʜ ʝʬʝʢʪʠʪʝ ʦʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʨʘʤʢʠ, ʜʨʚʝʥʠʪʝ ʚʨʩʢʠ, ʤʘʣʪʝʨʦʪ ʠ ʦʩʪʘʥʘʪʠʪʝ ʧʦʚʪʦʨʣʠʚʠ ʪʦʧʣʠʥʩʢʠ 

ʤʦʩʪʦʚʠ. ɿʘ ʪʘʘ ʮʝʣ ʩʝ ʢʦʨʠʩʪʠ ʤʝʪʦʜʘʪʘ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʧʦʚʨʰʠʥʘ.  

U-ʢʘʣʢʫʣʘʪʦʨʦʪ ʠʤʘ ʪʘʙʝʣʠ ʩʦ ʠʥʜʠʢʘʪʠʚʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʪʝʨʤʠʯʢʘʪʘ ʧʨʦʚʦʜʣʠʚʦʩʪ 

ʥʘ ʤʥʦʛʫ ʛʨʘʜʝʞʥʠ ʤʘʪʝʨʠʿʘʣʠ. ʆʚʠʝ ʚʨʝʜʥʦʩʪʠ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ, ʜʦʢʦʣʢʫ ʥʝ ʧʦʩʪʦʿʘʪ 

ʩʝʨʪʠʬʠʮʠʨʘʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʦʦʜʜʝʣʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ, ʜʘʜʝʥʠ ʦʜ ʩʘʤʠʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣ.   

ʇʨʝʩʤʝʪʫʚʘˁʝʪʦ ʩʝ ʚʨʰʠ ʝʜʥʦʩʪʘʚʥʦ ʥʘ ʪʦʿ ʥʘʯʠʥ ʰʪʦ ʩʝ ʚʥʝʩʫʚʘʘʪ ʩʦʦʜʚʝʪʥʦ 

ʧʦʪʨʝʙʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʢʘʢʦ ʰʪʦ ʩʝ ʤʘʪʝʨʠʿʘʣʠʪʝ ʢʦʠ ʰʪʦ ʚʣʝʛʫʚʘʘʪ ʚʦ ʩʦʩʪʘʚʦʪ ʥʘ ʼʠʜʦʪ 

(ʠʣʠ ʧʦʢʨʠʚʦʪ ʠʣʠ ʧʦʜʦʪ ʩʦʦʜʚʝʪʥʦ), ʥʠʚʥʘʪʘ  ʜʝʙʝʣʠʥʘ ʠ ʥʠʚʥʠʦʪ ʧʦʝʜʠʥʝʯʝʥ U-

ʢʦʝʬʠʮʠʝʥʪ ʠ ʩʝ ʜʦʙʠʚʘ ʚʨʝʜʥʦʩʪʘ ʥʘ U-ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʮʝʣʠʦʪ ʢʦʥʩʪʨʫʢʪʠʚʝʥ ʝʣʝʤʝʥʪ 

ʢʦʿ ʧʦʪʦʘ ʩʝ ʚʥʝʩʫʚʘ ʢʘʢʦ ʚʣʝʟʝʥ ʧʦʜʘʪʦʢ ʚʦ ʧʨʝʩʤʝʪʢʘʪʘ ʩʦ ENSI Key number - ʩʦʬʪʚʝʨʦʪ. 

2.4. U-ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʥʘʜʚʦʨʝʰʥʠ ʼʠʜʦʚʠ 
 

ɺʦ ʩʣʝʜʥʘʪʘ ʘʥʘʣʠʟʘ ʧʨʝʪʩʪʘʚʝʥʠ ʩʝ ʜʚʘ ʪʠʧʘ ʥʘ ʥʘʜʚʦʨʝʰʥʠ ʼʠʜʦʚʠ (ʩʣ. 3 ʠ ʩʣ. 4). 

ʈʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʼʠʜʦʚʠ ʝ ʚʦ ʧʦʩʪʘʚʫʚʘˁʝʪʦ ʥʘ ʪʝʨʤʦʠʟʦʣʘʮʠʿʘ, ʦʜʥʦʩʥʦ 

ʚʦ ʧʨʚʠʦʪ ʩʣʫʯʘʿ (ʩʣʠʢʘ ʙʨ. 3) ʪʦʿ ʝ ʠʟʦʩʪʘʚʝʥ, ʘ ʚʦ ʚʪʦʨʠʦʪ ʧʨʠʤʝʨ ʝ ʧʨʝʪʩʪʘʚʝʥʘ 

ʠʟʦʣʘʮʠʿʘ ʩʦ d=5ʩʤ. 

ɼʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʘ U-ʚʨʝʜʥʦʩʪʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣʠʢʘ 5 ʠ ʩʣʠʢʘ 6 ʠ 

ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʼʠʜʦʪ ʚʦ ʯʠʿ ʩʦʩʪʘʚ ʝ ʩʦ ʪʝʨʤʦʠʟʦʣʘʮʠʿʘ ʠʤʘ ʧʦʤʘʣʘ U-ʚʨʝʜʥʦʩʪ ʰʪʦ 

ʫʢʘʞʫʚʘ ʥʘ ʧʦʤʘʣʦ ʛʫʙʝˁʝ ʥʘ ʪʦʧʣʠʥʘ, ʦʜʥʦʩʥʦ ʧʦʚʠʩʦʢʘ ʪʦʧʣʦʪʥʘ ʠʟʦʣʘʮʠʿʘ. 

            

                                           ˿͙͊͟͡ 3.                                                                       ˿͙͊͟͡ 4. 
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ʅʘ ʩʣʠʢʘ 5 ʠ ʩʣʠʢʘ 6 ʝ ʧʨʠʢʘʞʘʥ ʠʟʛʣʝʜʦʪ ʥʘ ʧʨʦʛʨʘʤʦʪ ʩʦ ʢʦʿ ʩʝ ʧʨʝʩʤʝʪʫʚʘ U - 

ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʧʨʝʥʝʩʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘ.  

 

 

˿͙͊͟͡ 5. 

 

 

˿͙͊͟͡ 6. 

ʅʘ ʪʘʙʝʣʘ 1 ʠ ʛʨʘʬʠʢ 1 ʝ ʘʥʘʣʠʟʠʨʘʥʦ ʠ ʧʨʠʢʘʞʘʥʦ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʯʝʪʠʨʠ ʨʘʟʣʠʯʥʠ 

ʪʝʨʤʦʠʟʦʣʘʮʠʦʥʠ ʤʘʪʝʨʠʿʘʣʠ ʩʦ ʯʝʪʠʨʠ ʨʘʟʣʠʯʥʠ ʜʝʙʝʣʠʥʠ ʚʨʟ U-ʢʦʝʬʠʮʠʝʥʪʦʪ ʠ 

ʧʨʝʪʩʪʘʚʝʥʘ ʝ ʟʘʚʠʩʥʦʩʪʘ ʥʘ d ï U ʥʘ ʘʥʘʣʠʟʠʨʘʥʠʦʪ ʥʘʜʚʦʨʝʰʝʥ ʼʠʜ. 
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͔́͊͋͊͡ 1.  

ɼʝʙʝʣʠʥʘ ʥʘ ʠʟʦʣʘʮʠʦʥʝʥ ʩʣʦʿ (ʩʤ) 5 10 15 30 

ʊʠʧ ʥʘ 

ʠʟʦʣʘʮʠʿʘ 

ʂʘʤʝʥʘ ʚʦʣʥʘ 0.54 0.3 0.21 0.11 

ʉʪʘʢʣʝʥʘ ʚʦʣʥʘ 0.56 0.32 0.22 0.12 

ɽʢʩʧʘʥʜʠʨʘʥ ʧʦʣʠʝʩʪʠʨʝʥ EPS 0.45 0.25 0.17 0.09 

ɽʢʩʪʨʫʜʠʨʘʥ ʧʦʣʠʝʩʪʠʨʝʥ XPS 0.41 0.23 0.16 0.08 

 

 

˥ͪ͊ͺ͙͟ 1. ɿʘʚʠʩʥʦʩʪ d-U ʢʘʿ ʥʘʜʚʦʨʝʰʝʥ ʼʠʜ 

 

ɿʘʚʠʩʥʦʩʪʘ U-d ʧʦʢʘʞʫʚʘ ʧʨʠʙʣʠʞʥʦ ʙʠʣʠʥʝʘʨʥʘ ʟʘʚʠʩʥʦʩʪ. ɼʦ ʜʝʙʝʣʠʥʘ ʥʘ 

ʠʟʦʣʘʮʠʿʘʪʘ ʦʜ 12-13 cm, U-ʢʦʝʬʠʮʠʝʥʪʦʪ ʝʚʠʜʝʥʪʥʦ ʦʧʘʺʘ, ʜʦʜʝʢʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʩʣʦʿʦʪ ʟʘ ʠʟʦʣʘʮʠʿʘ ʥʘʜ 13 cm, ʥʝʿʟʠʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʪʨʘʥʩʬʝʨʦʪ ʥʘ 

ʪʦʧʣʠʥʘʪʘ ʝ ʧʦʤʘʣʦ.  

ɿʥʘʯʠ, ʠʟʙʦʨʦʪ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʠʟʦʣʘʮʠʦʥʠʦʪ ʩʣʦʿ ʟʘʚʠʩʠ ʠ ʦʜ ʥʘʤʝʥʘʪʘ ʥʘ 

ʦʙʿʝʢʪʦʪ, ʢʘʢʦ ʠ ʦʜ ʬʠʥʘʥʩʠʩʢʠʪʝ ʤʦʞʥʦʩʪʠ ʥʘ ʠʥʚʝʩʪʠʪʦʨʦʪ.  
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2.5. ɿʘʚʠʩʥʦʩʪ ʥʘ u-ʚʨʝʜʥʦʩʪʘ ʚʦ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ 

ɺʦ ʩʣʝʜʥʘʪʘ ʪʘʙʝʣʘ ʝ ʧʨʠʢʘʞʘʥʘ ʟʘʚʠʩʥʦʩʪʘ ʥʘ U-ʚʨʝʜʥʦʩʪʘ ʚʦ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ 

ʝʥʝʨʛʠʿʘ ʧʨʝʩʤʝʪʘʥʘ ʚʦ ʣʠʪʨʠ. ɺʢʫʧʥʘʪʘ ʣʠʪʨʘʞʘ ʛʦ ʧʦʢʘʞʫʚʘ ʧʦʪʨʝʙʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ 

ʥʘʬʪʘ ʟʘ ʛʨʝʝˁʝ. 

ʇʨʠʢʘʞʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʫʢʘʞʫʚʘʘʪ ʥʘ ʪʦʘ ʜʝʢʘ ʪʦʧʣʠʥʩʢʘʪʘ ʠʟʦʣʘʮʠʿʘ ʠʤʘ ʜʠʨʝʢʥʦ 

ʚʣʠʿʘʥʠʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʥʘ ʪʨʦʰʦʮʠʪʝ ʟʘ ʛʨʝʝˁʝ. 

 

͔́͊͋͊͡ 2. 

ɿʘʚʠʩʥʦʩʪ ʥʘ U-ʚʨʝʜʥʦʩʪʘ ʚʦ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ 

ʅʘʜʚʦʨʝʰʝʥ ʼʠʜ U-ʚʨʝʜʥʦʩʪ (W/m2K) ɻʫʙʠʪʦʢ ʥʘ ʝʥʝʨʛʠʿʘ ʥʠʟ 

ʥʘʜʚʦʨʝʰʝʥ ʼʠʜ 

ʅʘʜʚʦʨʝʰʝʥ ʼʠʜ ʙʝʟ 

ʪʝʨʤʦʠʟʦʣʘʮʠʿʘ 
2.32 2,32ʭ10=23,2ʣ 

ʅʘʜʚʦʨʝʰʝʥ ʼʠʜ ʩʧʨʝʤʘ 

ʥʦʨʤʠʪʝ 
0.54 0,54ʭ10=5,4ʣ 

ʅʘʜʚʦʨʝʰʝʥ ʼʠʜ ʥʘ 

ʥʠʩʢʦʝʥʝʨʛʝʪʩʢʘ ʢʫ˃ʘ 
0.15 0,15ʭ10=1,5ʣ 

 

                  ʇʨʘʚʠʣʦ ʟʘ ʧʨʝʩʤʝʪʢʘ ʝ: U-ʚʨʝʜʥʦʩʪʘ ʭ 10 = ʃʠʪʨʠ ʥʘʬʪʘ ʟʘ ʛʨʝʝˁʝ 

 

3. ɿʘʢʣʫʯʦʢ 
 

ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʘʜʝʞʥʠʪʝ ʦʙʿʝʢʪʠ ʟʘʚʠʩʠ ʦʜ ʧʦʚʝ˃ʝ ʫʩʣʦʚʠ ʤʝʺʫʪʦʘ 

ʝʜʝʥ ʦʜ ʥʘʿʚʘʞʥʠʪʝ ʬʘʢʪʦʨʠ ʝ ʠʟʙʦʨʦʪ ʥʘ ʪʝʨʤʦʠʟʦʣʘʮʠʿʘ. ʊʝʨʤʦʠʟʦʣʘʮʠʿʘʪʘ ʪʨʝʙʘ ʜʘ 

ʦʙʝʟʙʝʜʠ ʢʚʘʣʠʪʝʪʥʘ ʟʘʰʪʠʪʘ ʦʜ: ʥʘʜʚʦʨʝʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʣʝʪʦ ʠ ʟʠʤʝ), ʧʨʦʧʫʰʪʘˁʝ 

ʥʘ ʚʣʘʛʘ, ʚʦʟʜʫʭ ʠ ʜʨ.  

ʀʩʪʦ ʪʘʢʘ ʪʨʝʙʘ ʜʘ ʩʝ ʟʥʘʝ ʢʦʠ ʛʨʘʜʝʞʥʠ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʝʙʘ ʜʘ ʩʝ ʠʟʦʣʠʨʘʘʪ, ʢʦʠ 

ʠʟʦʣʘʮʠʦʥʠ ʤʘʪʝʨʠʿʘʣʠ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ, ʩʦ ʢʦʣʢʘʚʘ ʜʝʙʝʣʠʥʘ ʠ ʢʘʜʝ ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʩʪʘʚʘʪ, 

ʙʠʜʝʿ˃ʠ ʨʘʟʣʠʯʥʠ ʛʨʘʜʝʞʥʠ ʤʘʪʝʨʠʿʘʣʠ ʩʦ ʨʘʟʣʠʯʥʘ ʙʨʟʠʥʘ ʿʘ ʩʧʨʦʚʝʜʫʚʘʘʪ ʪʦʧʣʠʥʘʪʘ, ʧʘ 

ʪʘʢʘ ʩʝʢʦʿ ʛʨʘʜʝʞʝʥ ʤʘʪʝʨʠʿʘʣ ʠʤʘ ʩʚʦʿ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʠʥʩʢʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ.   

ʊʦʧʣʠʥʩʢʘʪʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ ʥʘ ʠʟʦʣʘʮʠʿʘʪʘ ʟʘʚʠʩʠ ʦʜ ʥʝʛʦʚʘʪʘ ʛʫʩʪʠʥʘ ʠ 

ʤʘʪʝʨʠʿʘʣʦʪ ʦʜ ʢʦʿ ʝ ʩʦʟʜʘʜʝʥ, ʧʘ ʪʘʢʘ ʜʚʘ ʠʩʪʠ ʤʘʪʝʨʠʿʘʣʠ ʤʦʞʘʪ ʜʘ ʠʤʘʘʪ ʨʘʟʣʠʯʥʠ 

ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʪʦʧʣʠʥʩʢʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ. ʊʝʨʤʦʠʟʦʣʘʮʠʿʘʪʘ ʤʥʦʛʫ ʚʣʠʿʘʝ ʥʘ U-
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ʚʨʝʜʥʦʩʪʘ ʥʘ ʩʦʩʪʘʚʦʪ ʥʘ ʝʜʝʥ ʢʦʥʩʪʨʫʢʪʠʚʝʥ ʝʣʝʤʝʥʪ (ʧʨ.ʝʜʝʥ ʼʠʜ). ʂʦʣʢʫ ʝ ʧʦʤʘʣʘ U-

ʚʨʝʜʥʦʩʪʘ ʪʦʣʢʫ ʝ ʧʦʛʦʣʝʤʘ ʟʘʰʪʝʜʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ, ʦʜʥʦʩʥʦ ʧʦʤʘʣʘ e ʟʘʛʫʙʘʪʘ ʥʘ 

ʪʦʧʣʠʥʘ.  

ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʠʟʦʣʘʮʠʿʘʪʘ ʝ ʠʩʪʦ ʤʥʦʛʫ ʙʠʪʝʥ ʬʘʢʪʦʨ ʢʦʿʘ ʚʣʠʿʘʝ ʥʘ ʪʦʧʣʠʥʩʢʘʪʘ 

ʩʧʨʦʚʦʜʣʠʚʦʪ ʥʘ ʩʘʤʠʦʪ ʤʘʪʝʨʠʿʘʣ, ʘ ʠ ʥʘ ʝʜʝʥ ʩʦʩʪʘʚʝʥ ʝʣʝʤʝʥʪ.  ʆʧʪʠʤʘʣʥʘʪʘ 

ʜʝʙʝʣʠʥʘ ʥʘ ʠʟʦʣʘʮʠʿʘʪʘ ʝ ʧʦʤʝʺʫ 5 ʠ 10 ʩʤ. ʄʝʺʫʪʦʘ ʫʧʦʪʨʝʙʝʥʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ ʝʜʝʥ 

ʦʙʿʝʢʪ ʟʘʚʠʩʠ ʦʜ ʥʘʤʝʥʘʪʘ ʥʘ ʦʙʿʝʢʪʦʪ ʠ ʬʠʥʘʥʩʠʩʢʠʪʝ ʤʦʞʥʦʩʪʠ ʥʘ ʠʥʚʝʩʪʠʪʦʨʦʪ.  

4. ʃʠʪʝʨʘʪʫʨʘ 

[1]  ʄʘʢʝʜʦʥʩʢʠ ʮʝʥʪʘʨ ʟʘ ʝʚʨʦʧʩʢʦ ʦʙʨʘʟʦʚʘʥʠʝ. ɽʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ɽʋ-ʬʦʥʜʘʮʠʿʘ 

(2010), ʉʢʦʧʿʝ; 

[2]  ɼʦʮ. ɼʨ. ʊʦʜʦʨʢʘ ʉʘʤʘʨ˅ʠʦʩʢʘ.  ɻʨʘʜʝʞʥʘ ʬʠʟʠʢʘ. ʋʥʠʚʝʨʟʠʪʝʪ ñʉʚ.ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿò, 

ɻʨʘʜʝʞʝʥ ʬʘʢʫʣʪʝʪ, ʉʢʦʧʿʝ 

[3]  ɼʦʮ. ɼʨ. ʊʦʜʦʨʢʘ ʉʘʤʘʨ˅ʠʦʩʢʘ.  ɻʨʘʜʝʞʥʘ ʬʠʟʠʢʘ. ʋʥʠʚʝʨʟʠʪʝʪ ñʉʚ.ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿò, 

ɻʨʘʜʝʞʝʥ ʬʘʢʫʣʪʝʪ, ʉʢʦʧʿʝ 
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ʇʈɽʂʋ ɼʀɿɸɱʅ ɺʆ ɸʈʍʀʊɽʂʊʋʈɸʊɸ ɼʆ ʇʆɻʆʃɽʄɸ 

ɽʅɽʈɻɽʊʉʂɸ ɽʌʀʂɸʉʅʆʉʊ 

 

ʀʚʘʥʘ ɻʨʘʤʘʪʠʢʦʚʘ   ɸʥʘ ʄʦʤʠʨʦʚʩʢʘ 

ɸʨʭʠʪʝʢʪʦʥʩʢʠ ʬʘʢʫʣʪʝʪ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

gramatikovaivana@yahoo.com 

 

ɸʧʩʪʨʘʢʪ 

ɺʦ ʝʨʘ ʢʘʜʝ ʝʥʝʨʛʝʪʩʢʘʪʘ ʢʨʠʟʘ ʝ ʛʣʘʚʝʥ ʧʨʦʙʣʝʤ ʠ ʨʝʰʘʚʘˁʝʪʦ ʥʘ ʠʩʪʠʦʪ ʝ ʪʝʤʘ 

ʥʘ ʤʥʦʛʫ ʠʩʪʨʘʞʫʚʘˁʘ ʚʦ ʤʥʦʛʫ ʧʦʣʠˁʘ, ʧʦʜʝʜʥʘʢʚʦ ʚʘʞʥʦ ʝ ʠ ʜʘ ʩʝ ʟʘʧʨʘʰʘʤʝ ʢʘʢʦ 

ʜʠʟʘʿʥʦʪ ʚʦ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʤʦʞʝ ʜʘ ʧʨʠʜʦʥʝʩʝ ʚʦ ʨʝʰʘʚʘˁʝʪʦ ʥʘ ʦʚʦʿ  ʧʨʦʙʣʝʤ.  

ɸʨʭʠʪʝʢʪʫʨʘʪʘ ʩʦ ʜʠʟʘʿʥʦʪ ʢʘʢʦ ʩʚʦʿʘ ʘʣʘʪʢʘ ʤʦʞʝ ʜʘ ʧʦʥʫʜʠ ʙʝʟʙʨʦʿ ʚʘʨʠʿʘʮʠʠ ʦʜ 

ʨʝʰʝʥʠʿʘ ʥʘ ʧʨʦʙʣʝʤʠ ʢʦʠ ʧʨʦʠʟʣʝʛʫʚʘʘʪ ʦʜ ʧʦʪʨʝʙʘʪʘ ʦʜ ʟʛʦʣʝʤʝʥʘ ʝʥʝʨʛʝʪʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ. ɼʠʟʘʿʥʦʪ ʥʘ ʝʜʝʥ ʦʙʿʝʢʪ ʪʨʝʙʘ ʜʘ ʝ ʦʜʛʦʚʦʨ ʥʘ ʧʨʦʛʨʘʤʩʢʠʪʝ ʧʦʪʨʝʙʠ ʚʦ 

ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʦʪʝʥʮʠʿʘʣʠ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʢʘʜʝ ʰʪʦ ʩʝ 

ʥʘʦʺʘ. ʆʚʦʿ ʩʪʨʫʯʝʥ ʪʨʫʜ ʛʦ ʨʘʟʛʣʝʜʫʚʘ ʪʦʢʤʫ ʚʘʢʠʦʪ ʧʨʠʩʪʘʧ ʧʨʝʢʫ ʦʙʿʘʩʥʫʚʘˁʝ ʥʘ ʦʙʿʝʢʪ 

-ʟʘʪʚʦʪʝʥ ʪʝʥʠʩʢʠ ʢʣʫʙ. ɼʠʟʘʿʥʦʪ ʝ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʠʣʘʛʦʜʫʚʘˁʝ ʥʘ ʬʘʩʘʜʘʪʘ ʥʘ ʦʙʿʝʢʪʦʪ 

ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʤʘʢʩʠʤʘʣʥʠʪʝ ʠ ʦʧʪʠʤʘʣʥʠʪʝ ʘʛʣʠ ʥʘ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ʩʦʥʯʝʚʘ ʝʥʝʨʛʠʿʘ 

ʩʦ ʰʪʦ ʜʦʙʠʚʘʤʝ ʦʙʿʝʢʪ ʩʦ ʧʨʝʧʦʟʥʘʪʣʠʚ ʜʠʟʘʿʥ ʢʦʿ ʦʜʛʦʚʘʨʘ ʥʘ ʙʘʨʘˁʘʪʘ ʥʘ ʥʝʛʦʚʘʪʘ 

ʬʫʥʢʮʠʿʘ ʝʜʥʦʚʨʝʤʝʥʦ ʟʛʦʣʝʤʫʚʘʿʢʠ ʿʘ ʥʝʛʦʚʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ . 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ : ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʘʨʭʠʪʝʢʪʦʥʩʢʠ ʜʠʟʘʿʥ, ʩʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ. 

 

1. ɺʦʚʝʜ 

ʈʘʟʚʦʿʦʪ ʥʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʢʦʥʮʝʧʪ ʧʦʜʨʘʟʙʠʨʘ ʜʚʝ ʢʣʫʯʥʠ ʮʝʣʠ ʢʦʠ ʤʝʺʫʩʝʙʥʦ ʩʝ 

ʜʦʧʦʣʥʫʚʘʘʪ. ɽʜʥʘ ʦʜ ʮʝʣʠʪʝ ʝ ʩʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʝʥʝʨʛʠʿʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ 

ʦʜʛʦʚʘʨʘʯʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʝʣʝʤʝʥʪʠ. ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ ʟʛʨʘʜʠʪʝ, ʥʠʚʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠ 

ʤʘʪʝʨʠʿʘʣʠʟʘʮʠʿʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʠʜʘʪ ʨʘʟʛʣʝʜʫʚʘʥʠ ʚʦ ʧʦʯʝʪʥʘʪʘ ʬʘʟʘ ʥʘ 

ʧʨʦʝʢʪʠʨʘˁʝʪʦ, ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣ ʚʥʘʪʨʝʰʝʥ ʢʦʤʬʦʨ, ʢʦʣʢʫ ʰʪʦ ʝ ʤʦʞʥʦ ʧʦʜʦʣʛʦ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʥʠ ʩʠʩʪʝʤʠ. ʅʘ ʪʦʿ ʥʘʯʠʥ ʩʝ ʧʦʩʪʘʚʫʚʘ ʥʦʚ ʧʨʝʜʠʟʚʠʢ ʟʘ ʘʨʭʠʪʝʢʪʠʪʝ -  

ʩʦʛʣʘʩʫʚʘˁʝ ʠ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʥʘʿʜʦʙʨʠʪʝ ʦʩʦʙʠʥʠ ʥʘ ʩʠʪʝ ʝʣʝʤʝʥʪʠ, ʢʦʠ ʥʝʢʦʛʘʰ 

ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʠ ʤʝʺʫʩʝʙʥʦ ʩʧʨʦʪʠʚʥʠ, ʥʘ ʧʨʠʤʝʨ ʢʦʤʧʘʢʪʥʦʩʪʘ ʥʘ ʦʙʿʝʢʪʦʪ ʥʘʩʧʨʦʪʠ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʜʥʝʚʥʘʪʘ ʩʚʝʪʣʠʥʘ, ʠʣʠ ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪʘ ʥʘʩʧʨʦʪʠ ʟʘʰʪʠʪʘ ʦʜ 

ʧʨʝʢʫʤʝʨʥʦ ʟʘʛʨʝʚʘˁʝ ʚʦ ʪʝʢʦʪ ʥʘ ʣʝʪʦʪʦ. ɼʨʫʛʠʦʪ ʜʝʣ ʦʜ ʢʦʥʮʝʧʪʦʪ ʟʘ ʝʥʝʨʛʝʪʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʝ ʦʜʜʨʞʣʠʚʠʦʪ ʜʠʟʘʿʥ ʥʘ ʪʝʭʥʠʯʢʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʩʥʘʙʜʫʚʘˁʝ ʩʦ ʝʥʝʨʛʠʿʘ. ʂʘʢʦ 
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ʦʚʘ ʙʠ ʩʝ ʦʚʦʟʤʦʞʠʣʦ, ʧʘʪʦʪ ʦʜ ʠʟʚʦʨʦʪ ʥʘ ʝʥʝʨʛʠʿʘ ʜʦ ʧʦʩʘʢʫʚʘʥʠʦʪ ʩʥʘʙʜʫʚʘʯ ʤʦʨʘ ʜʘ 

ʙʠʜʝ ʧʦʪʧʦʣʥʦ ʿʘʩʝʥ ʠ ʜʦʙʨʦ ʘʥʘʣʠʟʠʨʘʥ, ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʦ ʜʘʣʠ ʪʦʿ ʚʦ ʠʜʥʠʥʘ ˃ʝ 

ʙʠʜʝ ʝʬʠʢʘʩʝʥ. ʇʦʚʨʰʠʥʘʪʘ ʧʨʝʜʚʠʜʝʥʘ ʜʘ ʧʨʦʠʟʚʝʜʫʚʘ ʝʥʝʨʛʠʿʘ, ʠʩʪʦ ʪʘʢʘ, ʪʨʝʙʘ ʜʘ 

ʙʠʜʝ ʟʝʤʝʥʘ ʚʦ ʧʨʝʜʚʠʜ ʥʘ ʧʦʯʝʪʦʢʦʪ ʥʘ ʧʨʦʝʢʪʠʨʘˁʝʪʦ, ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣ 

ʦʜʛʦʚʘʨʘʯʢʠ ʪʝʭʥʠʯʢʠ ʧʨʦʩʪʦʨ ʟʘ ʠʩʪʘʪʘ ʠ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʥʘʣ ʙʘʣʘʥʩ ʧʦʤʝʺʫ ʪʝʭʥʠʯʢʠʪʝ 

ʠ ʝʩʪʝʪʩʢʠʪʝ ʙʘʨʘˁʘ ʥʘ ʩʝʢʦʿ ʝʣʝʤʝʥʪ ʦʜ ʟʛʨʘʜʘʪʘ.  

 

2. ʉʪʨʘʪʝʛʠʠ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʧʦʛʦʣʝʤʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠkʘʩʥʦʩʪ 

ʅʘʿʚʘʞʥʠ ʬʘʢʪʦʨʠ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʦʙʣʠʢʦʪ ʥʘ ʟʛʨʘʜʘʪʘ, 

ʥʝʿʟʠʥʘʪʘ ʦʙʚʠʚʢʘ ʠ ʠʟʙʦʨʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣʠ. ʇʦʩʪʦʿʘʪ ʜʚʝ ʦʩʥʦʚʥʠ ʩʪʨʘʪʝʛʠʠ, ʩʦ ʢʦʠ ʝ 

ʚʦʟʤʦʞʥʦ ʜʘ ʩʝ ʜʦʿʜʝ ʜʦ ʨʝʟʫʣʪʘʪ ʢʦʿ ʛʠ ʟʘʜʦʚʦʣʫʚʘ ʥʦʚʠʪʝ ʩʪʘʥʜʘʨʜʠ. 

High tech8 ʩʪʨʘʪʝʛʠʿʘ ʧʦʜʨʘʟʙʠʨʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʩʠʪʝ ʜʦʩʪʘʧʥʠ ʪʝʭʥʠʯʢʠ ʩʠʩʪʝʤʠ ʟʘ 

ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʦʜʛʦʚʘʨʘʯʢʠʪʝ ʫʩʣʦʚʠ ʫ ʚʥʘʪʨʝʰʥʠʦʪ ʧʨʦʩʪʦʨ. ʆʚʠʝ ʩʠʩʪʝʤʠ ʩʝ ʩʦʩʪʦʿʘʪ 

ʦʜ ʙʨʦʿʥʠ ʚʝʥʪʠʣʠ, ʩʝʥʟʦʨʠ ʠ ʜʨʫʛʠ ʧʨʠʣʘʛʦʜʣʠʚʠ ʝʣʝʤʝʥʪʠ, ʢʦʠ ʩʝ ʢʦʥʪʨʦʣʠʨʘʘʪ ʩʦ 

ʩʣʦʞʝʥ ʩʦʬʪʚʝʨ ʠ ʥʘ ʪʦʿ ʥʘʯʠʥ ʦʙʝʟʙʝʜʫʚʘʘʪ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʧʦʩʪʘʚʝʥʠʪʝ ʛʨʘʥʠʯʥʠ ʚʨʝʜʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʦʨʠʩʥʠʮʠʪʝ. ɺʦ ʟʛʨʘʜʠʪʝ ʦʧʨʝʤʝʥʠ ʩʦ 

ʦʜʛʦʚʘʨʘʯʢʘ ʪʝʭʥʠʯʢʘ ʦʧʨʝʤʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʢʣʠʤʘʪʩʢʠ ʢʦʤʬʦʨ ʥʘ ʨʝʯʠʩʠ ʩʝʢʦʿʘ 

ʣʦʢʘʮʠʿʘ. 

ɼʨʫʛʘʪʘ ʩʪʨʘʪʝʛʠʿʘ ʩʝ ʥʘʨʝʢʫʚʘ low tech  ʠ ʠʥʩʠʩʪʠʨʘ ʥʘ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʟʛʨʘʜʠ ʥʘ ʪʦʿ 

ʥʘʯʠʥ ʰʪʦ ʧʦʩʘʢʫʚʘʥʠʦʪ ʚʥʘʪʨʝʰʝʥ ʢʦʤʬʦʨ ʙʠ ʩʝ ʧʦʩʪʠʛʥʘʣ ʩʦ ʰʪʦ ʧʦʤʘʣʢʫ ʪʝʭʥʠʯʢʘ 

ʦʧʨʝʤʘ. ʊʦʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʫʨʙʘʥʦʪʦ ʧʣʘʥʠʨʘˁʝ, ʢʘʢʦ ʠ ʥʘ ʦʧʪʠʤʘʣʥʘ ʬʦʨʤʘ ʥʘ ʟʛʨʘʜʘʪʘ 

ʠ ʥʝʿʟʠʥʘʪʘ ʦʙʚʠʚʢʘ, ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʬʫʥʢʮʠʠʪʝ ʠ ʠʟʙʦʨʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣʠ. ʉʦ ʦʛʣʝʜ ʥʘ ʪʦʘ 

ʜʝʢʘ ʚʦ ʧʨʘʢʩʘ ʝ ʨʝʯʠʩʠ ʥʝʚʦʟʤʦʞʥʦ ʜʘ ʩʝ ʥʘʿʜʘʪ ʠʜʝʘʣʥʠ ʫʩʣʦʚʠ, ʥʠʪʫ ʝʜʥʘ ʦʜ ʦʚʠʝ 

ʩʪʨʘʪʝʛʠʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʤʝʥʫʚʘ ʩʘʤʦʩʪʦʿʥʦ, ʦʜʥʦʩʥʦ ʩʝʢʦʛʘʰ ʚʨʘʤʥʦʪʝʞʝʥ ʦʜʥʦʩ 

ʧʦʤʝʺʫ ʜʚʝʪʝ ʩʪʨʘʪʝʛʠʠ ʜʘʚʘ ʥʘʿʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʘˁʝʪʦ ʦʜ ʛʦʣʝʤʦ ʟʥʘʯʝˁʝ ʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʪʝʤʝʣʥʘ ʘʥʘʣʠʟʘ ʥʘ 

ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʦʪʝʥʮʠʿʘʣʠ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʢʦʿʘ ʩʝ ʠʥʪʝʨʚʝʥʠʨʘ.  

                                                                 
8
 ά Eko ku}a έ, magazin za eko arhitektura i kultura, broj  02, januari - mart 

2012, Srbija  
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˿͙͊͟͡ мΦ ʃʦʢʘʮʠʿʘ ʥʘ ʦʙʿʝʢʪʦʪ ï ɼʦʿʨʘʥʩʢʦ ʝʟʝʨʦ 

 

ʅʘ ʩʣʠʢʘ ʙʨ.1 ʝ ʧʨʠʢʘʞʘʥʘ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʢʦʿʘ ʩʝ ʧʨʝʜʚʠʜʫʚʘ ʜʘ ʩʝ ʥʘʦʺʘ ʦʙʿʝʢʪʦʪ 

ʢʦʿ ʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ. ɼʦʿʨʘʥ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʪʦʧʣʠ ʠ ʩʫʚʠ ʣʝʪʘ ʠʟʨʘʟʝʥʠ 

ʩʦ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʙʣʘʛʠ ʠ ʚʣʘʞʥʠ ʟʠʤʠ . ɼʥʝʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦ ʥʘʜ 26 Á C ʚʦ 

ʜʦʿʨʘʥʩʢʦʪʦ ʧʦʜʨʘʯʿʝ ʩʝ ʩʨʝ˃ʘʚʘ ʥʘʜ 120 ʜʝʥʦʚʠ ʚʦ ʛʦʜʠʥʘʪʘ ʩʦ ʧʨʦʩʝʯʥʦ ʛʦʜʠʰʥʦ 

ʪʨʘʝˁʝ ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʢʦʝ ʠʟʥʝʩʫʚʘ 2440 ʯʘʩʘ. ʉʨʝʜʥʘ ʛʦʜʠʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʝ 

14,2Á C , ʥʘʿʩʪʫʜʝʥ ʤʝʩʝʮ ʝ ʿʘʥʫʘʨʠ ʩʦ ʧʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 3,6Á C ʜʦʜʝʢʘ ʥʘʿʪʦʧʦʣ 

ʤʝʩʝʮ ʝ ʿʫʣʠ , ʩʦ 24,7Á C. ʆʚʘ ʧʦʜʨʘʯʿʝ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʢʦʣʠʯʝʩʪʚʦ ʚʨʥʝʞʠ ʫʩʣʦʚʝʥʠ 

ʦʜ ʤʝʜʠʪʝʨʘʥʩʢʦʪʦ ʢʣʠʤʘʪʩʢʦ ʚʣʠʿʘʥʠʝ ʠ ʪʦʘ ʥʘʿʤʥʦʛʫ ʚʦ ʥʦʝʤʚʨʠ, 88ʤʤ, ʘ ʥʘʿʤʘʣʢʫ ʚʦ 

ʿʫʣʠ, 33,5ʤʤ ʠ ʧʨʦʩʝʯʥʘ ʛʦʜʠʰʥʘ ʢʦʣʠʯʠʥʘ ʥʘ ʚʨʥʝʞʠ 682ʤʤ. [2] ɺʘʢʚʠʪʝ ʢʣʠʤʘʪʩʢʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʫʢʘʞʫʚʘʘʪ ʥʘ ʛʦʣʝʤʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ 

ʩʦʣʘʨʥʘʪʘ ʢʘʢʦ ʛʣʘʚʝʥ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʦʙʿʝʢʪʦʪ . ɻʣʘʚʝʥ ʧʨʝʜʠʟʚʠʢ ʥʘ 

ʘʨʭʠʪʝʢʪʦʥʩʢʠʦʪ ʜʠʟʘʿʥ ʝ ʚʢʣʦʧʫʚʘˁʝʪʦ ʥʘ ʩʦʣʘʨʥʠʪʝ ʢʦʣʝʢʪʦʨʠ ʢʘʢʦ ʜʝʣ ʦʜ ʦʙʿʝʢʪʦʪ ʠ 

ʥʝʛʦʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘʩʧʨʦʪʠ ʤʘʩʦʚʥʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ ʩʦʣʘʨʥʠʪʝ ʢʦʣʝʢʪʦʨʠ ʢʘʢʦ ʟʘʩʝʙʥʠ 

ʦʙʿʝʢʪʠ ʢʦʠ ʩʝ ʩʘʤʦ ʬʫʥʢʮʠʦʥʘʣʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʦʙʿʝʢʪʦʪ . 

ɺʦ ʩʣʫʯʘʿʦʪ ʥʘ ʜʠʟʘʿʥʦʪ ʥʘ ʦʙʿʝʢʪʦʪ ɿʘʪʚʦʨʝʥ ʪʝʥʠʩʢʠ ʢʣʫʙ, ʝʜʥʘ ʦʜ ʥʝʛʦʚʠʪʝ 

ʬʘʩʘʜʠ ʢʦʿʘ ʝ ʮʝʣʦʩʥʦ ʦʨʠʝʥʪʠʨʘʥʘ ʢʦʥ ʿʫʛ ʿʘ ʜʦʙʠʚʘ ʬʫʥʢʮʠʿʘʪʘ ʥʘ ʩʦʣʘʨʝʥ ʢʦʣʝʢʪʦʨ ʥʘ 

ʝʥʝʨʛʠʿʘ . ɱʫʞʥʘʪʘ ʬʘʩʘʜʘ ʧʨʝʪʩʪʘʚʫʚʘ ʤʨʝʞʘ ʦʜ ʪʨʘʥʩʧʘʨʝʥʪʥʠ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ ʢʦʠ 

ʦʚʦʟʤʦʞʫʚʘʘʪ ʜʝʣʫʤʥʦ ʥʘʚʣʝʛʫʚʘˁʝ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ ʦʙʿʝʢʪʦʪ 

ʜʦʜʝʢʘ ʚʛʨʘʜʝʥʠʪʝ ʩʦʣʘʨʥʠ ˃ʝʣʠʠ ʜʝʣ ʦʜ ʪʘʘ ʝʥʝʨʛʠʿʘ ʿʘ ʘʧʩʦʨʙʠʨʘʘʪ ʠ ʘʢʫʤʫʣʠʨʘʘʪ ʢʘʢʦ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʝ ʧʦʪʨʝʙʥʘ ʥʘ ʦʙʿʝʢʪʦʪ ʢʘʢʦ ʩʠʩʪʝʤ . ʄʨʝʞʘʪʘ ʥʘ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ 

ʩʦʣʘʨʥʠʪʝ ʧʘʥʝʣʠ ʝ ʧʦʩʣʝʜʠʮʘ ʦʜ ʢʦʤʙʠʥʘʮʠʿʘ ʠ ʤʫʣʪʠʧʣʠʮʠʨʘˁʝ ʥʘ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ 

ʧʦʩʪʘʚʝʥʠ ʧʦʜ ʨʘʟʣʠʯʝʥ ʘʛʦʣ . ɸʛʦʣʦʪ ʥʘ ʩʦʣʘʨʥʠʪʝ ʧʘʥʝʣʠ ʝ ʜʝʬʠʥʠʨʘʥ ʦʜ 

ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʧʩʦʨʧʮʠʿʘ ʥʘ ʩʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ ʟʘʚʠʩʥʦ ʦʜ ʫʧʘʜʥʠʦʪ ʘʛʦʣ ʥʘ ʩʦʥʯʝʚʠʪʝ 

ʟʨʘʮʠ ʚʦ ʨʘʟʣʠʯʥʠ ʛʦʜʠʰʥʠ ʚʨʝʤʠˁʘ , ʢʘʢʦ ʠ ʦʜ ʤʝʩʪʦʧʦʣʦʞʙʘʪʘ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʟʘʚʠʩʥʦ 

ʦʜ ʛʝʦʛʨʘʬʩʢʘʪʘ  ʰʠʨʠʥʘ .[3] 
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˿͙͊͟͡ нΦ ɸʛʣʠ ʥʘ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʩʦʣʘʨʥʠʪʝ ʢʦʣʝʢʪʦʨʠ 

 

ʅʘ ʩʣʠʢʘ ʙʨ.2 ʩʝ ʧʨʠʢʘʞʘʥʠ ʘʛʣʠʪʝ ʥʘ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʩʦʣʘʨʥʠʪʝ ʢʦʣʝʢʪʦʨʠ ʢʦʠ 

ʩʦʦʜʚʝʪʩʪʚʫʚʘʘʪ ʥʘ ʧʦʪʨʝʙʠʪʝ ʟʘ ʦʙʿʝʢʪ ʣʦʮʠʨʘʥ ʧʦʤʝʺʫ 40Á ʠ 45Á ʛʝʦʛʨʘʬʩʢʘ ʰʠʨʠʥʘ. ɺʦ 

ʢʦʥʢʨʝʪʥʠʦʪ ʩʣʫʯʘʿ ʿʫʞʥʘʪʘ ʬʘʩʘʜʘ ʝ ʤʨʝʞʘ ʦʜ ʪʨʘʥʩʧʘʨʝʥʪʥʠ ʩʦʣʘʨʥʠ ʢʦʣʝʢʪʦʨʠ 

ʧʦʩʪʘʚʝʥʠ ʧʦʜ ʘʛʦʣ ʦʜ 24 Á - ʦʧʪʠʤʘʣʝʥ ʘʛʦʣ ʟʘ ʘʢʦʤʫʣʠʨʘˁʝ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ 

ʟʠʤʘ ; 48 Á - ʦʧʪʠʤʘʣʝʥ ʘʛʦʣ ʟʘ ʚʦ ʧʨʦʣʝʪ ʠ ʝʩʝʥ ; 72 Á - ʦʧʪʠʤʘʣʝʥ ʘʛʦʣ ʟʘ ʚʦ ʣʝʪʦ . ʅʘ 

ʦʚʦʿ ʥʘʯʠʥ ʚʦ ʨʘʟʣʠʯʥʠ ʧʝʨʠʦʜʠ ʦʜ ʛʦʜʠʥʘʪʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘʘʪ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʟʘ 

ʘʢʦʤʫʣʠʨʘˁʝ ʥʘ ʩʦʥʯʝʚʘ ʝʥʝʨʛʠʿʘ .  

 

˿͙͊͟͡ 3. ʄʘʪʝʨʠʿʘʣʠʟʘʮʠʿʘ 

 



115 
 

 

 

˿͙͊͟͡ 4. ɼʠʿʘʛʨʘʤ ʥʘ ʝʥʝʨʛʠʿʘ 

 

ʇʦʢʨʘʿ ʘʜʘʧʪʠʨʘˁʝʪʦ ʥʘ ʿʫʞʥʘʪʘ ʬʘʩʘʜʘ ʥʘ ʦʙʿʝʢʪʦʪ ʚʦ ʬʫʥʢʮʠʿʘ ʥʘ ʩʦʣʘʨʝʥ 

ʢʦʣʝʢʪʦʨ , ʢʦʤʧʘʢʪʥʦʩʪʘ ʥʘ ʦʙʿʝʢʪʦʪ ʚʦ ʦʜʥʦʩ ʥʘ ʧʨʦʛʨʘʤʩʢʘʪʘ ʨʘʩʧʨʝʜʝʣʙʘ ʚʦ ʦʙʿʝʢʪʦʪ 

ʠʛʨʘ ʟʥʘʯʘʿʥʘ ʫʣʦʛʘ ʚʦ ʟʘʰʪʝʜʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʢʦʤʬʦʨʦʪ. ʊʝʥʠʩʢʠʪʝ 

ʪʝʨʝʥʠ ʩʝ ʧʦʟʠʮʠʦʥʠʨʘʥʠ ʪʘʢʘ ʜʘ ʜʦʙʠʚʘʘʪ ʜʥʝʚʥʘ ʩʚʝʪʣʠʥʘ ʦʜ ʟʘʧʘʜʥʘʪʘ ʩʪʨʘʥʘ ʩʦ ʰʪʦ 

ʧʨʠʨʦʜʥʦʪʦ ʦʩʚʝʪʣʫʚʘˁʝ ʥʝʤʘ ʜʘ ʠʤ ʧʨʝʯʠ ʥʘ ʢʦʨʠʩʥʠʮʠʪʝ ʚʦ ʠʛʨʘʪʘ , ʟʠʤʥʦ ʚʨʝʤʝ 

ʟʘʪʚʦʨʝʥʘʪʘ ʩʪʘʢʣʝʥʘ ʧʦʚʨʰʠʥʘ ʧʨʝʢʫ ʝʬʝʢʪʦʪ ʥʘ ʩʪʘʢʣʝʥʘ ʛʨʘʜʠʥʘ ˃ʝ ʦʚʦʟʤʦʞʠ 

ʧʨʠʨʦʜʥʦ ʟʘʪʦʧʣʫʚʘˁʝ ʥʘ ʧʨʦʩʪʦʨʦʪ, ʜʦʜʝʢʘ ʤʦʞʥʦʩʪʘ ʟʘ ʦʪʚʦʨʘˁʝ ʥʘ ʦʚʦʿ ʩʪʘʢʣʝʥ ʼʠʜ 

ʣʝʪʥʦ ʚʨʝʤʝ ˃ʝ ʦʚʦʟʤʦʞʠ ʧʨʠʨʦʜʥʦ ʧʨʦʚʝʪʨʫʚʘˁʝ ʥʘ ʦʙʿʢʪʦʪ ʩʦ ʰʪʦ ˃ʝ ʩʝ ʩʧʨʝʯʠ 

ʧʨʝʛʦʣʝʤʦ ʟʘʛʨʝʚʘˁʝ ʥʘ ʚʥʘʪʨʝʰʥʦʩʪʘ. 

ʇʨʦʮʝʩʦʪ ʥʘ ʧʨʦʝʢʪʠʨʘˁʝ ʚʦ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘ ʝʜʝʥ ʦʜ ʥʘʿʚʘʞʥʠʪʝ 

ʝʣʝʤʝʥʪʠ ʧʦʪʨʝʙʥʠ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʧʦʛʦʣʝʤʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʦʙʿʝʢʪʠʪʝ. 

ʆʪʢʘʢʦ ʩʝ ʨʘʟʛʣʝʜʘʥʠ ʦʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʧʦʩʪʘʚʝʥʠ ʢʘʢʦ ʙʘʟʘ ʟʘ ʦʪʧʦʯʥʫʚʘˁʝ ʥʘ 

ʧʨʦʮʝʩʦʪ, ʧʦʥʘʪʘʤʫ ʜʠʟʘʿʥʦʪ ʢʘʢʦ ʘʣʘʪʢʘ ʟʘ ʠʟʧʦʣʥʫʚʘˁʝ ʠ ʢʦʤʧʣʝʪʠʨʘˁʝ ʥʘ ʠʩʪʠʦʪ ʠ ʥʘ 

ʢʨʘʿ ʤʦʞʥʘ ʬʠʥʘʣʥʘ ʧʨʝʪʩʪʘʚʘ ʥʘ ʧʨʦʝʢʪʠʨʘˁʝʪʦ, ʩʝ ʜʦʘʺʘ ʜʦ ʝʜʝʥ ʤʥʦʛʫ ʟʥʘʯʘʝʥ, ʥʦ 

ʠʩʪʦʚʨʝʤʥʦ ʠ ʠʥʪʝʨʝʩʝʥ ʧʦʜʘʪʦʢ. ʀʤʝʥʦ, ʫʯʝʩʪʚʦʪʦ ʥʘ ʜʠʟʘʿʥʦʪ ʚʦ ʠʟʥʘʦʺʘˁʝ ʦʜʛʦʚʦʨʠ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ, ʤʦʞʥʦʩʪʠʪʝ ʢʦʠ ʪʦʿ ʛʠ ʥʫʜʠ ʢʘʢʦ ʠ ʥʝʛʦʚʘʪʘ 
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ʢʦʥʩʪʘʥʪʘ ʧʨʠʩʫʪʥʦʩʪ ʚʦ ʮʝʣʠʦʪ ʧʨʦʮʝʩ ʥʘ ʨʝʰʘʚʘˁʝ ʥʘ ʟʘʜʘʜʝʥʠʦʪ ʧʨʦʙʣʝʤ. ɼʠʟʘʿʥʦʪ ʚʦ 

ʧʨʦʝʢʪʠʨʘˁʝʪʦ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʛʠ ʦʙʝʜʠʥʠ ʩʠʪʝ ʥʦʚʠʥʠ ʦʜ ʦʙʣʘʩʪʘ ʥʘ ʝʥʝʨʛʝʪʩʢʪʘ 

ʝʬʠʢʘʩʥʦʩʪ, ʩʦ ʮʝʣ ʜʦʙʠʚʘˁʝ ʥʘ ʝʜʝʥ ʢʦʤʧʣʝʪʝʥ, ʢʦʤʧʘʢʪʝʥ ʦʙʿʝʢʪ ʢʦʿ ʤʦʞʝ ʜʘ ʛʠ 

ʟʘʜʦʚʦʣʠ ʜʝʥʝʰʥʠʪʝ ʧʦʪʨʝʙʠ ʥʘ ʙʨʟʦʪʦ ʠ ʧʨʦʤʝʥʣʠʚʦ ʞʠʚʝʝˁʝ. ʉʦ ʪʦʘ ʜʠʟʘʿʥʦʪ ʩʝ 

ʧʦʢʘʞʫʚʘ ʢʘʢʦ ʧʦʚʝ˃ʝʥʘʩʦʯʝʥ ʧʨʦʮʝʩ, ʚʦ ʧʦʩʪʦʿʘʥʘ ʟʘʚʠʩʥʦʩʪ ʠ ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʪʝʭʥʠʯʢʠʪʝ 

ʠ ʝʛʟʘʢʪʥʠʪʝ ʥʘʫʢʠ, ʩʦ ʝʜʥʘ ʝʜʠʥʩʪʚʝʥʘ ʮʝʣ, ʠʟʥʘʦʺʘˁʝ ʨʝʰʝʥʠʿʘ ʢʦʠ ʩʦʦʜʚʝʪʩʪʚʫʚʘʘʪ ʩʦ 

ʩǟ ʧʦʚʝ˃ʝ ʨʘʩʪʝʯʢʠʪʝ ʩʪʘʥʜʘʨʜʠ ʠ ʥʦʨʤʘʪʠʚʠ. 

ʇʨʠʣʦʞʝʥʠʦʪ ʧʨʦʝʢʪ, ʟʘʪʚʦʨʝʥ ʪʝʥʠʩʢʠ ʢʣʫʙ ʥʘ ʩʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ, ʧʨʝʜʣʘʛʘʤʝ ʜʘ 

ʙʠʜʝ ʨʘʟʛʣʝʜʫʚʘʥ ʠ ʘʥʘʣʠʟʠʨʘʥ ʢʘʢʦ ʝʜʥʦ ʦʜ ʤʥʦʛʫʪʝ, ʥʝ ʝʜʠʥʩʪʚʝʥʦ, ʪʠʧ ʥʘ ʨʝʰʝʥʠʝ, ʢʦʝ 

ʤʦʞʝ ʜʘ ʧʨʦʠʟʣʝʟʝ ʦʜ ʫʯʝʩʪʚʦʪʦ ʥʘ ʜʠʟʘʿʥʦʪ ʢʘʢʦ ʘʣʘʪʢʘ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʦʙʿʝʢʪʠʪʝ, ʩʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʜʝʢʘ ʚʦ ʩʝʢʦʿʘ ʟʘʜʘʜʝʥʘ ʧʨʦʛʨʘʤʘ ʠ ʣʦʢʘʮʠʿʘ, 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʤʦʞʝ ʜʘ ʦʜʛʦʚʦʨʠ ʩʦʦʜʚʝʪʥʦ ʥʘ ʧʦʪʨʝʙʠʪʝ, ʤʘʢʩʠʤʘʣʥʦ ʠʩʢʦʨʠʩʪʫʚʘʿ˃ʠ ʛʠ 

ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ ʥʘʿʥʦʚʠʪʝ ʪʝʭʥʦʣʦʰʢʠ ʠʥʦʚʘʮʠʠ ʚʦ ʦʙʣʘʩʪʘ ʥʘ 

ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ.  

 

˿͙͊͟͡ 5. 3D ʧʨʠʢʘʟʠ ʥʘ ʦʙʿʝʢʪʦʪ 

 

˿͙͊͟͡ 6. 3D ʧʨʠʢʘʟʠ ʦʜ ʦʙʿʝʢʪʦʪ 
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ɸʧʩʪʨʘʢʪ 

ʐʪʦ ʝ ʢʫ˃ʘ ,ʰʪʦ ʝ ʧʘʩʠʚʥʘ ʢʫ˃ʘ ,ʘ ʰʪʦ ʧʘʩʠʚʥʘ ʟʛʨʘʜʘ ?ʅʘʙˀʫʜʫʚʘˁʝ ʥʘ ʦʩʥʦʚʥʠʪʝ 

ʞʠʚʦʪʥʠ ʧʨʦʮʝʩʠ ,ʦʙʠʜ ʜʘ ʩʝ ʧʨʦʥʘʿʜʘʪ ʬʫʥʜʘʤʝʥʪʘʣʥʠʪʝ ʙʘʨʘˁʘ ʟʘ ʟʝʣʝʥʘʪʘ 

ʘʨʭʠʪʝʢʪʫʨʘ. ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʟʝʣʝʥʘʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʥʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʚʦʦʧʰʪʦ ʚʨʟ 

ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʣʫʺʝʪʦ.ɼʠʟʘʿʥʠʨʘˁʝ ʥʘ ʦʙʿʝʢʪʠ ʢʦʠ ˃ʝ ʛʠ ʧʦʪʠʢʥʘʪ ʥʘʰʠʪʝ ʯʫʚʩʪʚʘ ʠ 

ʩʝʪʠʣʘ. 

  ʉʪʘʥʜʘʨʜʠ ʥʘ ʧʘʩʠʚʥʘ ʢʫ˃ʘ ʠ ʧʨʘʚʠʣʘ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ ʟʘʜʦʚʦʣʘʪ ʧʨʠ ʜʠʟʘʿʥʠʨʘˁʝ 

ʥʘ ʧʘʩʠʚʥʠ ʢʫ˃ʠ. ʇʘʩʠʚʥʦ ʞʠʚʝʝˁʝ, ʞʠʚʦʪ ʚʦ ʩʘʤʦʦʜʨʞʣʠʚʘ ʠ ʜʦʙʨʦ ʠʟʦʣʠʨʘʥʘ ʩʪʘʥʙʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʩʦ ʤʠʥʠʤʘʣʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ. ɻʣʘʚʥʘ ʮʝʣ ʥʘ 

ʜʠʟʘʿʥʠʨʘˁʝ ʥʘ ʧʘʩʠʚʥʠ ʢʫ˃ʠ.ʅʘʤʘʣʫʚʘˁʝ ʥʘ ʮʝʣʦʢʫʧʥʦʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʥʘ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. 

  ʄʘʪʝʨʠʿʘʣʠ ʠ ʪʝʭʥʠʢʠ ʢʦʠ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʧʨʠ ʜʠʟʘʿʥ ʥʘ ʧʘʩʠʚʥʠ ʢʫ˃ʠ.ʇʨʝʜʥʦʩʪʠ ʠ 

ʧʦʟʠʪʠʚʥʠ ʚʣʠʿʘʥʠʿʘ ʥʘ ʧʘʩʠʚʥʠʪʝ ʢʫ˃ʠ.ʉʦʛʣʝʜʫʚʘˁʝ ʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘʪʘ ʟʘʰʪʝʜʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʟʠʤʩʢʠ ʠ ʣʝʪʝʥ ʧʝʨʠʦʜ.ɺʘʞʥʦʩʪ ʥʘ ʪʝʨʤʠʯʢʠʦʪ ʜʠʟʘʿʥ ʥʘ ʦʙʿʝʢʪʠʪʝ 

,ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʫʩʣʦʚʠ ʟʘ ʩʫʧʝʨʠʥʩʦʣʘʮʠʿʘ. ʍʝʨʤʝʪʠʯʢʦ ʟʘʪʚʦʨʘˁʝ ʥʘ ʦʙʿʝʢʪʦʪ ʠ 

ʦʚʦʟʤʦʞʫʚʘˁʝ ʥʘ ʠʜʝʘʣʥʘ ʚʝʥʪʠʣʘʮʠʿʘ. ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʩʧʝʮʠʬʠʯʥʦ ʦʜʙʨʘʥʠʪʝ 

ʤʘʪʝʨʠʿʘʣʠ ʠ ʪʝʭʥʠʢʠ ʦʜ ʢʦʠ ʩʝ ʠʟʛʨʘʜʝʥʠ  ʧʘʩʠʚʥʠʪʝ ʦʙʿʝʢʪʠ ʚʨʟ ʠʥʪʝʛʨʘʣʥʦ ʦʜʨʞʣʠʚʠʦʪ 

ʜʠʟʘʿʥ.  

ʇʦʜʠʛʥʫʚʘˁʝ ʥʘ ʩʚʝʩʥʘ ʝʢʦʣʦʰʢʘ ʝʪʠʢʘ.ɼʠʟʘʿʥ ʥʘ ʧʘʩʠʚʥʠ ʦʙʿʝʢʪʠ ʩʦ ʮʝʣ ʜʘ ʩʝ 

ʩʦʟʜʘʜʘʪ ʙʝʟʙʝʜʥʠ ʠ ʟʜʨʘʚʠ ʤʝʩʪʘ ʩʦ ʜʦʣʛʦʨʦʯʥʘ ʚʨʝʜʥʦʩʪ, ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʪʦʢʩʠʯʥʦʩʪ 

ʢʘʢʦ ʟʘ ʜʝʥʝʰʥʠʮʘʪʘ ʪʘʢʘ ʠ ʟʘ ʠʜʥʠʪʝ ʛʝʥʝʨʘʮʠʠ. ʀʪʝʛʨʘʣʝʥ ʦʜʨʞʣʠʚ ʜʠʟʘʿʥ -ʥʦʚʦ ʥʠʚʦ 

ʠʣʠ ʩʪʝʧʝʥ ʥʘ ʦʜʨʞʣʠʚ ʜʠʟʘʿʥ ʢʦʿ ʩʝ ʚʢʣʫʯʫʚʘ ʚʦ ʩʠʪʝ ʚʠʜʦʚʠ ʜʠʟʘʿʥ ʚʦ ʩʦʚʨʝʤʝʥʠʦʪ 

ʩʚʝʪʦʪ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʜʠʟʘʿʥ, ʩʘʤʦʦʜʨʞʣʠʚʦʩʪ, ʟʘʰʪʝʜʘ, ʝʢʦʣʦʰʢʘ ʝʪʠʢʘ, ʧʝʨʬʦʨʤʘʥʩ. 

 

1. ɺʦʚʝʜ  

ɼʠʟʘʿʥʦʪ ʥʘ ʧʘʩʠʚʥʠ ʦʙʿʝʢʪʠ ʩʝ ʪʝʤʝʣʠ ʥʘ ʚʠʩʦʢʦ ʩʚʝʩʥʘ ʝʢʦʣʦʰʢʘ ʝʪʠʢʘ ʚʦ ʢʦʠ 

ʯʦʚʝʰʪʚʦʪʦ ʠ ʧʨʠʨʦʜʘʪʘ ʥʘʧʨʝʜʫʚʘʘʪ ʧʘʨʘʣʝʣʥʦ ʚʦ ʨʝʛʝʥʝʨʘʪʠʚʥʠʦʪ ʯʦʚʝʯʢʠ 

ʝʢʦʩʠʩʪʝʤ.ʇʘʩʠʚʥʠʪʝ ʦʙʿʝʢʪʠ ʩʝ ʦʙʿʝʢʪʠ ʢʦʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʜʠʟʘʿʥʝʨʩʢʠ ʨʝʰʝʥʠʿʘ ʢʦʠ ʩʝ 
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ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʦʜʨʝʜʝʥʠ ʤʝʩʪʘ .ʄʦʜʝʣʠʪʝ ʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘʪʘ ʠ ʬʫʥʢʮʠʿʘʪʘ ʥʘ ʧʘʩʠʚʥʠʪʝ 

ʦʙʿʝʢʪʠ ʚʦ ʧʨʠʨʦʜʥʠʪʝ ʩʠʩʪʝʤʠ ʩʝʢʦʛʘʰ ʩʝ ʚʪʝʤʝʣʝʥʠ ʚʦ ʤʦʜʝʣʠʪʝ ʥʘ ʩʘʤʘʪʘ ʣʦʢʘʮʠʿʘ 

,ʦʬʦʨʤʝʥʘ ʢʘʢʦ ʧʨʠʨʦʜʝʥ ʢʦʥʪʝʢʩʪ ʠ ʢʦʥʪʝʢʩʪ ʥʘ ʦʧʰʪʝʩʪʚʝʥʠʪʝ ʨʝʣʘʮʠʠ.ʆʜʨʞʣʠʚʠʦʪ 

ʜʠʟʘʿʥ ʧʨʝʜʚʠʜʫʚʘ ʧʦʚʝ˃ʝ ʥʠʚʦʘ ʥʘ ʦʜʨʞʣʠʚʦʩʪ :ʚʦ ʩʝʙʝ,ʚʦ ʢʫʣʪʫʨʘʪʘ ʠ ʚʦ 

ʧʨʠʨʦʜʘʪʘ.ʀʥʪʝʛʨʘʣʥʠʦʪ ʦʜʨʞʣʠʚ ʜʠʟʘʿʥ ʙʘʨʘ ʨʘʤʥʦʪʝʞʘ ʠ ʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʚʘʞʥʠ ʘʩʧʝʢʪʠ 

ʦʜ ʩʝʢʦʿʘ ʦʜ ʯʝʪʠʨʠʪʝ ʦʩʥʦʚʥʠ ʧʝʨʩʧʝʢʪʠʚʠ :ʯʦʚʝʢʦʪ ʥʝʛʦʚʘʪʘ ,ʠʜʝʦ-ʣʦʛʠʢʘ 

,ʚʨʝʜʥʦʩʪʠʪʝ(ʢʫʣʪʫʨʘʪʘ) ,ʥʝʛʦʚʘʪʘ ʝʢʦ-ʣʦʛʠʢʘ ʠʣʠ ʬʫʥʢʮʠʦʥʠʨʘˁʝʪʦ ʥʘ ʬʠʟʠʯʢʠʦʪ ʩʚʝʪ ʠ 

ʪʝʭʥʦ-ʣʦʛʠʢʘʪʘ ʦʜʥʦʩʥʦ ʪʝʭʥʦʣʦʰʢʘʪʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʠ ʥʝʿʟʠʥʠʪʝ ʚʣʠʿʘʥʠʿʘ ʚʨʟ ʩʚʝʪʦʪ ʚʦ 

ʢʦʿ ʞʠʚʝʝʤʝ. [1] Jencks, Charles and Karl Kropf. 

ɿʘ ʜʘ ʩʝ ʜʠʟʘʿʥʠʨʘ ʝʢʦʣʦʰʢʠ ʪ.ʝ ʟʘ ʜʘ ʩʝ ʜʠʟʘʿʥʠʨʘʘʪ ʩʘʤʦʦʜʨʞʣʠʚʠ ʦʙʿʝʢʪʠ ʢʘʢʦ 

ʧʘʩʠʚʥʠʪʝ ʦʙʿʝʢʪʠ ʪʨʝʙʘ ʜʘ ʩʝ ʨʘʟʤʠʩʣʫʚʘ ʝʢʦʣʦʰʢʠ.ɽʢʦʣʦʰʢʦʪʦ ʨʘʟʤʠʩʣʫʚʘˁʝ 

ʧʨʝʪʩʪʘʚʫʚʘ ʥʦʚ ʝʚʦʣʫʪʠʚʝʥ ʯʝʢʦʨ ʚʦ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʯʦʚʝʢʦʚʘʪʘ ʩʚʝʩʪ.ɽʢʦʣʦʰʢʦʪʦ 

ʨʘʟʤʠʩʣʫʚʘˁʝ ʝ ʝʜʝʥ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʪʝ ʢʘʧʘʮʠʪʝʪʠ ʥʘ ʧʨʝʤʠʥʦʪ ʦʜ ʨʘʮʠʦʥʘʣʥʘ ʜʦ 

ʠʥʪʝʛʨʘʣʥʘ ʩʚʝʩʪ.ɽʢʦʣʦʰʢʦʪʦ ʨʘʟʤʠʩʣʫʚʘˁʝ ʝ ʠʥʪʝʛʨʘʣʥʦ ʥʠʚʦ ʥʘ 

ʨʘʟʤʠʩʣʫʚʘˁʝ.ʊʝʭʥʠʢʠʪʝ ʠ ʦʧʨʝʤʘʪʘ  ʢʦʠ ʤʫ ʩʝ ʥʘ ʨʘʩʧʦʣʘʛʘˁʝ ʥʘ ʘʨʭʠʪʝʢʪʦʪ ʜʝʥʝʩ ʛʦ 

ʦʩʣʦʙʦʜʫʚʘʘʪ ʨʝʯʠʩʠ ʦʜ ʩʠʪʝ ʤʘʪʝʨʠʿʘʣʥʠ ʦʛʨʘʥʠʯʫʚʘˁʘ. ɸʨʭʠʪʝʢʪʦʪ ʛʠ ʠʤʘ ʥʘ  

ʨʘʩʧʦʣʘʛʘˁʝ ʩʠʪʝ ʩʪʠʣʦʚʠ ʢʦʠ ʩʝ ʨʘʟʚʠʚʘʣʝ ʥʠʟ ʚʝʢʦʚʠʪʝ ,ʥʦ  ʪʨʝʙʘ ʜʘ ʧʘʤʝʪʠ ʜʝʢʘ ʥʝ 

ʛʨʘʜʠ ʚʦ ʚʘʢʫʫʤ ʠ ʜʝʢʘ ʥʝ ʛʠ ʧʦʩʪʘʚʫʚʘ ʢʫ˃ʠʪʝ ʚʦ ʧʨʘʟʝʥ ʧʨʦʩʪʦʨ .ʊʦʿ ʚʦʚʝʜʫʚʘ ʝʜʝʥ ʥʦʚ 

ʝʣʝʤʝʥʪ ʢʦʿ ʦʧʩʪʦʿʫʚʘ ʚʦ ʝʢʚʘʣʠʙʨʫʤ ʚʝ˃ʝ ʜʦʣʛʦ ʚʨʝʤʝ.ɸʨʭʠʪʝʢʪʦʪ ʠʤʘ ʩʚʦʠ ʦʜʛʦʚʦʨʥʦʩʪ 

,ʘ ʠ ʥʘʰʪʝʪʫʚʘ ʥʘ ʧʨʠʨʦʜʘʪʘ ,ʛʨʘʜʝʿ˃ʠ ʙʝʟ ʜʘ ʩʝ ʧʦʚʠʢʘ ʥʘ ʥʝʘ. [2] ʇʨʦʬ.ɼ-ʨ. ɸʥʝʪʘ 

ʍʨʠʩʪʦʚʘ ʇʦʧʦʚʩʢʘ. 

ʂʦʥʮʝʧʪʦʪ ʟʘ ʧʘʩʠʚʥʠ ʢʫ˃ʠ ʜʝʥʝʩ ʧʨʝʪʩʪʘʚʫʚʘ ʥʘʿʚʠʩʦʢ ʝʥʝʨʛʝʪʩʢʠ ʩʪʘʥʜʘʨʜ ʚʦ 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʠ ʛʨʘʜʝʞʥʠʰʪʚʦʪʦ ,ʥʘʤʘʣʫʚʘʿ˃ʠ ʿʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʛʨʝʝˁʝ 

ʜʦ 90 %.ʐʠʨʦʢʘ ʧʨʠʤʝʥʘ ʥʘ ʦʚʦʿ ʩʪʘʥʜʘʨ ʧʨʠ ʠʟʛʨʘʜʙʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠ ʠʣʠ ʢʦʣʝʢʪʠʚʥʠ 

ʜʦʤʦʚʠ, ʢʘʢʦ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʠ ʟʛʨʘʜʠ ʙʠ ʠʤʘʣ ʜʨʘʤʘʪʠʯʥʦ ʚʣʠʿʘʥʠʝ ʥʘ ʟʘʰʪʝʜʘʪʘ ʥʘ 

ʝʥʝʨʛʠʿʘ. ɺʝ˃ʝ ʧʦʜʦʣʛʦ ʚʨʝʤʝ ʿʘʩʥʦ ʟʥʘʝʤʝ ʜʝʢʘ ʛʨʘʜʝʞʥʠʦʪ ʩʝʢʪʦʨ (ʟʛʨʘʜʠʪʝ) ʩʝ ʝʜʝʥ ʦʜ 

ʛʣʘʚʥʠʪʝ ʟʘʛʘʜʫʚʘʯʠ ʠ ʧʨʝʜʠʟʚʠʢʫʚʘʯʠ ʥʘ ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ, ʧʘ ʩʝ ʧʦʩʪʘʚʫʚʘ 

ʧʨʘʰʘˁʝʪʦ: ʂʘʢʦ ʥʘʿʜʦʙʨʦ ʜʘ ʛʠ ʫʩʢʣʘʜʠʤʝ ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʦʪʨʝʙʠ ʥʘ ʥʘʰʘʪʘ ʛʨʘʜʙʘ ʩʦ 

ʦʥʠʝ ʥʘ ʧʨʠʨʦʜʘʪʘ ? ɺʦ ʦʙʣʘʩʪʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ, ʧʘʩʠʚʥʠʪʝ ʢʫ˃ʠ 

ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʦʜʣʠʯʥʘ ʦʧʮʠʿʘ ʟʘ ʥʦʚʘ ʠ ʪʝʭʥʦʣʦʰʢʠ ʥʘʧʨʝʜʥʘ ʛʨʘʜʙʘ, ʢʘʢʦ ʚʦ 

ʨʝʟʠʜʝʥʮʠʿʘʣʥʠ, ʪʘʢʘ ʠ ʚʦ ʢʦʤʝʨʮʠʿʘʣʥʠ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʠ ʧʨʦʝʢʪʠ.  

2. ʇʦʠʤ ʟʘ ʧʘʩʠʚʥʘ ʢʫ˃ʘ  

 
ʇʘʩʠʚʥʘ ʢʫ˃ʘ ʝ ʤʥʦʛʫ ʜʦʙʨʦ ʠʟʦʣʠʨʘʥʘ, ʩʢʦʨʦ ʭʝʨʤʝʪʠʯʢʠ ʟʘʪʚʦʨʝʥʘ ʛʨʘʜʙʘ ʢʦʿʘ 

ʛʣʘʚʥʦ ʩʝ ʟʘʛʨʝʚʘ ʩʦ ʧʘʩʠʚʥʦ ʩʦʣʘʨʥʦ ʛʨʝʝˁʝ ʠ ʩʦ ʚʥʘʪʨʝʰʥʦ ʟʘʪʦʧʣʫʚʘˁʝ ʦʜ 

ʣʫʺʝʪʦ,ʝʣʝʢʪʨʠʯʥʘʪʘ ʦʧʨʝʤʘʠʩʣ.,ʧʨʠ ʰʪʦ ʝʥʝʨʛʝʪʩʢʠʪʝ ʟʘʛʫʙʠ ʩʝ ʤʠʥʠʤʠʟʠʨʘʥʠ. ʉʝʢʦʝ 

ʜʦʧʦʣʥʠʪʝʣʥʦ ʟʘʛʨʝʚʘˁʝ ʩʝ ʦʙʝʟʙʝʜʫʚʘ ʦʜ ʤʥʦʛʫ ʤʘʣʠ ʠʟʚʦʨʠ. ʉʦ ʧʨʘʚʠʣʥʦ ʟʘʩʝʥʯʫʚʘˁʝ 

(ʥʘʩʪʨʝʰʥʠʮʠ, ʜʨʚʘ) ʠ ʦʨʠʝʥʪʘʮʠʿʘ ʥʘ ʧʨʦʟʦʨʮʠʪʝ, ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʠ ʧʦʪʨʝʙʘʪʘ ʦʜ 

ʨʘʟʣʘʜʥʠ ʫʨʝʜʠ. ʇʘʩʠʚʥʘʪʘ ʢʫ˃ʘ ʝ ʩʝʦʧʬʘʪʝʥ ʩʠʩʪʝʤ. ɿʙʦʨʦʪ Ăʧʘʩʠʚʥʘñ ʦʜʣʠʯʥʦ ʛʦ 

ʦʧʠʰʫʚʘ ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ ʦʚʦʿ ʩʠʩʪʝʤ ʟʘ ʧʨʠʤʘˁʝ ʠ ʟʘʜʨʞʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ. ɹʠʜʝʿ˃ʠ 

ʨʘʙʦʪʠ ʩʦ ʧʨʠʨʦʜʥʠ ʨʝʩʫʨʩʠ, ʙʝʩʧʣʘʪʥʘʪʘ ʩʦʥʯʝʚʘ ʝʥʝʨʛʠʿʘ ʩʝ ʘʧʩʦʨʙʠʨʘ ʠ ʨʘʩʧʨʝʜʝʣʫʚʘ 

ʝʬʠʢʘʩʥʦ, ʙʝʟ ʜʘ ʩʝ ʧʦʪʧʠʨʘ ʥʘ Ăʘʢʪʠʚʥʠñ ʩʠʩʪʝʤʠ ʢʦʠ ʙʠ ʦʚʦʟʤʦʞʠʣʝ ʟʛʨʘʜʘʪʘ ʜʘ ʜʦʿʜʝ 



120 
 

ʜʦ ʥʫʣʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ (Zero energy building). ʇʦʠʤʦʪ ʧʘʩʠʚʥʘ ʢʫ˃ʘ ʩʝ ʫʧʦʪʨʝʙʫʚʘ ʟʘ 

ʩʝʢʦʿʘ ʢʫ˃ʘ ʢʦʿʘ ʥʝ ʪʨʦʰʠ ʧʦʚʝ˃ʝ ʦʜ 1,5 ʣʠʪʨʠ ʛʦʨʠʚʦ ʟʘ ʛʨʝʝˁʝ ʠʣʠ 1,5m3 ʧʣʠʥ ʥʘ m2 

ʩʪʘʥʙʝʥʘ ʧʦʚʨʰʠʥʘ ʛʦʜʠʰʥʦ.ʇʘʩʠʚʥʘʪʘ ʢʫ˃ʘ ʝ ʦʙʿʝʢʪ ʢʦʿ ʙʝʟ ʛʨʝʝˁʝ ʠ ʢʣʠʤʘʪʠʟʘʮʠʿʘ 

ʧʦʩʪʠʛʥʫʚʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʥʝ ʧʦʤʠʥʫʚʘ KWh/m2 . ʉʠʪʝ ʥʘʜʚʦʨʝʰʥʠ ʝʣʝʤʝʥʪʠ 

ʦʩʦʙʝʥʦ ʩʪʘʢʣʝʥʠʪʝ ʧʦʚʨʰʠʥʠ ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʜʦʙʨʦ ʪʦʧʣʠʥʩʢʠ ʠʟʦʣʠʨʘʥʠ ʪʘʢʘʰʪʦ 

ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʧʨʦʧʫʩʪʣʠʚʦʩʪ ʥʘ ʪʦʧʣʠʥʘ ʜʘ ʥʝ ʙʠʜʝ ʧʦʛʦʣʝʤ ʦʜ 0,15 W/m2K . [3] 

ɽʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ (2011).    

ɼʝʬʠʥʠʮʠʠʪʝ ʟʘ ʧʘʩʠʚʥʠ ʢʫ˃ʠ ʩʝ ʫʰʪʝ ʧʦʭʝʪʝʨʦʛʝʥʠ, ʟʘʪʦʘ ʰʪʦ ʦʚʜʝ ʧʦʜ ʠʩʪ ʧʦʠʤ ʩʝ 

ʧʦʜʨʘʟʙʠʨʘʘʪ ʜʚʘ ʧʦʪʧʦʣʥʦ ʨʘʟʣʠʯʥʠ ʪʠʧʘ ʥʘ ʟʛʨʘʜʠ ʚʦ ʎʝʥʪʨʘʣʥʘ ʠ ʉeʚʝʨʥʘ ɽʚʨʦʧʘ , 

ʦʜʥʦʩʥʦ ʚʦ ɱʫʞʥʘ ɽʚʨʦʧʘ . ɺʦ ɱʫʞʥʘ ɽʚʨʦʧʘ ʪʝʨʤʠʥʦʪ ʧʘʩʠʚʥʘ ʢʫ˃ʘ (passivʝ hʦuse ) ʟʥʘʯʠ 

ʜʝʢʘ ʢʫ˃ʘʪʘ ʝ ʧʨʦʝʢʪʠʨʘʥʘ ʚʦ ʩʢʣʘʜ ʩʦ ʢʦʥʮʝʧʪʦʪ ʥʘ ʧʘʩʠʚʥʠʦʪ ʜʠʟʘʿʥ (passive design), ʪ.ʝ. 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʘʩʠʚʥʠ ʪʝʭʥʦʣʦʛʠʠ (ʛʦʣʝʤʠ ʩʪʘʢʣʝʥʠ ʧʦʚʨʰʠʥʠ ʟʘ ʧʨʦʧʫʰʪʘˁʝ ʥʘ ʩʦʥʯʝʚʘ 

ʝʥʝʨʛʠʿʘ, ʰʪʠʪʥʠʮʠ ʟʘ ʩʦʥʮʝ ʢʘʢʦ ʟʘʰʪʠʪʘ ʦʜ ʧʨʝʛʨʝʚʘˁʝ ʚʦ ʪʝʢʦʪ ʥʘ ʣʝʪʦʪʦ ʠʪʥ.). ɺʦ 

ʎʝʥʪʨʘʣʥʘ ɽʚʨʦʧʘ ʪʝʨʤʠʥʦʪ ʧʘʩʠʚʥʘ ʢʫ˃ʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʦʙʿʝʢʪʠ ʢʦʠ ʩʝ ʠʟʛʨʘʜʝʥʠ ʧʦ 

ʠʩʪʦʠʤʝʥʠʦʪ ʩʪʘʥʜʘʨʜ ʢʦʿ ʝ ʧʦʩʪʘʚʝʥ ʚʦ ʀʥʩʪʠʪʫʪʦʪ ʚʦ ɼʘʨʤʰʪʘʪ, ɻʝʨʤʘʥʠʿʘ. Passivhaus 

ʝ ʟʛʨʘʜʘ ʠʟʚʝʜʝʥʘ ʩʦ ʧʦʩʝʙʝʥ ʩʪʘʥʜʘʨʜ ʩʧʦʨʝʜ ʢʦʿ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʥʘʪʨʝʰʥʠʦʪ ʚʦʟʜʫʭ 

ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʙʝʟ ʘʢʪʠʚʝʥ ʩʠʩʪʝʤ ʥʘ ʛʨʝʝˁʝ, ʧʦʪʦʯʥʦ ʩʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʦʜ 

KGH ʩʠʩʪʝʤʦʪ. ʊʘʘ ʛʠ ʢʦʨʠʩʪʠ ʠ ʩʠʪʝ ʜʨʫʛʠ ʨʝʰʝʥʠʿʘ ʟʘ ʧʘʩʠʚʝʥ ʜʠʟʘʿʥ, ʢʘʢʦ ʰʪʦ ʩʝ 

ʦʨʠʝʥʪʘʮʠʿʘ ʥʘ ʦʙʿʝʢʪʦʪ ʢʦʥ ʿʫʛ, ʜʦʙʨʘ ʠʟʦʣʘʮʠʿʘ ʥʘ ʩʪʘʢʣʝʥʠʪʝ ʧʦʚʨʰʠʥʠ ʩʦ ʢʦʝʬʠʮʠʝʥʪ 

u= 0,75 W/(M2K), ʦʪʩʫʩʪʚʦ ʥʘ ʢʦʥʟʦʣʠ ʠ ʣʘʜʥʠ ʤʦʩʪʦʚʠ ʠ ʩʣ. ʉʘʤʦ ʚʘʢʘ ʝ ʚʦʟʤʦʞʥʦ ʜʘ ʩʝ 

ʥʘʤʘʣʘʪ ʛʦʜʠʰʥʠʪʝ ʧʦʪʨʝʙʠ ʟʘ ʛʨʝʝˁʝ ʥʘ 5KWh/mĮ, ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʛʦʜʠʰʥʦ ʟʘ ʛʨʝʝˁʝ 

ʪʨʦʰʘʪ ʧʨʦʩʝʯʥʦ ʦʢʦʣʫ 15% ʦʜ ʚʢʫʧʥʠʪʝ ʩʚʦʠ ʧʦʪʨʝʙʠ ʢʦʠ ʩʝ ʚʦ ʧʨʦʩʝʢ 120 KWh/mĮ. 

ʄʦʤʝʥʪʥʦ, ʧʨʝʢʫ 12.000 ʚʘʢʚʠ ʢʫ˃ʠ ʩʝ ʠʟʛʨʘʜʝʥʠ ʚʦ ɽʚʨʦʧʘ, ʥʘʿʤʥʦʛʫ ʚʦ ɻʝʨʤʘʥʠʿʘ, 

ɸʚʩʪʨʠʿʘ ʠ ʉʢʘʥʜʠʥʘʚʠʿʘ. ɺʦ ʉɸɼ, ʢʫ˃ʘʪʘ ʰʪʦ ʝ ʥʘʧʨʘʚʝʥʘ ʧʦ Passivehaus ʩʪʘʥʜʘʨʜʦʪ 

ʪʨʦʰʠ ʦʜ 76 ʜʦ 95% ʧʦʤʘʣʢʫ ʝʥʝʨʛʠʿʘ ʟʘ ʛʨʝʝˁʝ ʠ ʣʘʜʝˁʝ ʦʜ ʥʦʚʠʪʝ ʟʛʨʘʜʠ ʢʦʠ ʛʦ 

ʧʦʩʪʠʛʥʘʣʝ ʝʥʝʨʛʝʪʩʢʠʦʪ ʝʬʠʢʘʩʝʥ ʩʪʘʥʜʘʨʜ ʚʦ ʉɸɼ (Energy Star). [4] Passive House 

Institute US (2011). 
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2.1.  ʀʩʪʦʨʠʿʘ 

ɺʦ ʩʝʧʪʝʤʚʨʠ 1996 ʛʦʜʠʥʘ ʝ ʦʩʥʦʚʘʥ ʠʩʪʠʪʫʪʦʪ (Passivhaus Darmstad) ʩʦ ʮʝʣ ʜʘ ʛʠ 

ʧʨʦʤʦʚʠʨʘ ʠ ʢʦʥʪʨʦʣʠʨʘ ʩʪʘʥʜʘʨʜʠʪʝ.ʆʜ ʪʦʛʘʰ ʩʝ ʠʟʛʨʘʜʝʥʠ ʤʥʦʛʫ ʧʘʩʠʚʥʠ ʦʙʿʝʢʪʠ ʢʦʠ 

ʬʫʥʢʮʠʦʥʠʨʘʘʪ ʥʘ ʧʨʠʥʮʠʧʦʪ ʥʘ ʧʘʩʠʚʥʠ ʦʙʿʝʢʪʠ. 

2.2. ʉʪʘʥʜʘʨʜʠ ʥʘ ʧʘʩʠʚʥʘ ʢʫ˃ʘ 

ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʥʦʚʠʦʪ ʪʦʧʦʣ ʚʦʟʜʫʭ ʢʦʿʘ ʜʦʘʺʘ ʦʜ ʚʝʥʪʠʣʘʮʠʿʘʪʘ ʥʝ ʩʤʝʝ ʜʘ ʙʠʜʝ 

ʧʦʚʠʩʦʢʘ ʦʜ 50
ʦ
 C .ɸʢʦ ʚʦʟʜʫʭʦʪ ʙʠʜʝ ʩʦ ʧʦʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʙʠ ʩʝ ʧʦʿʘʚʠʣʝ ʧʨʦʙʣʝʤʠ 

ʩʦ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʚʦʟʜʫʭʦʪ ʚʦ ʧʨʦʩʪʦʨʠʿʘʪʘ. ʇʨʠʿʘʪʥʘʪʘ ʚʥʘʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʦʙʿʝʢʪʦʪ (20ʦC) ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʧʦʩʪʠʛʥʘʪʘ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ ʢʦʠ ʠʤʘʘʪ ʥʠʩʢʦ ʥʠʚʦ ʥʘ 

ʚʝʥʪʠʣʘʮʠʿʘ ,ʪʦʘ ʟʥʘʯʠ ʜʝʢʘ ʩʘʤʦ ʦʜʨʝʜʝʥʘ ʢʦʣʠʯʠʥʘ ʥʘ ʪʦʧʣʠʥʘ ʩʤʝʝ ʜʘ ʚʣʝʟʝ ʚʦ 

ʧʨʦʩʪʦʨʠʠʪʝ ʩʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʿʘ ʥʝ ʝ ʧʦʚʠʩʦʢʘ ʦʜ 50
ʦ
 C . ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʪʘʥʜʘʨʜʦʪ ʟʘ 

ʛʨʝʝˁʝ ʦʜ 15 Wh/ʤ2ʂ ʛʦʜʠʰʥʦ ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʟʘʜʦʚʦʣʝʥʠ ʩʣʝʜʥʠʪʝ ʙʘʨʘˁʘ: 

 -ʉʫʧʝʨ ʠʟʦʣʘʮʠʿʘ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʪʦʧʣʠʥʩʢʘ ʧʨʦʚʦʜʣʠʚʦʩʪ ʥʘ ʼʠʜʦʚʠʪʝ ʤʦʨʘ ʜʘ 

ʙʠʜʝ ʧʦʤʘʣ ʦʜ 0,15 Wh/ʤ2ʂ  

-ʊʦʧʣʠʥʩʢʘʪʘ ʧʨʦʚʦʜʣʠʚʦʩʪ ʥʘ ʧʨʦʟʦʨʮʠʪʝ ʠ ʚʨʘʪʠʪʝ ʥʝ ʩʤʝʝ ʜʘ ʙʠʜʝ ʧʦʛʦʣʝʤʘ ʦʜ 0,8 

Wh/ʤ2ʂ 

-ʊʝʨʤʠʯʢʠʪʝ ʤʦʩʪʦʚʠ ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʤʠʥʠʤʘʣʠʟʠʨʘʥʠ ,ʘ ʚʦ ʠʜʝʘʣʥʠ ʩʣʫʯʘʠ ʜʘ ʙʠʜʘʪ 

ʮʝʣʦʩʥʦ ʠʩʬʨʣʝʥʠ . 

-ɼʘ ʠʤʘ ʚʥʝʩʫʚʘˁʝ ʥʘ ʚʦʟʜʫʭ ʦʜ 1ʤ
3
/ʤ

2 
 ʥʘ ʩʝʢʦʿ ʯʘʩ ʧʦʜ ʧʨʠʪʠʩʦʢ ʦʜ 50 Pa ʠʣʠ ʧʦʤʘʣ . 

[4] Passive House Institute US (2011). 

                                

                                   ʉʣʠʢʘ 2. ʉʪʘʥʜʘʨʜ ʥʘ ʧʘʩʠʚʥʘ ʢʫ˃ʘ      

 

2.3. ʇʨʦʝʢʪʠʨʘˁʝ ʠ ʠʟʚʝʜʙʘ 

 
ʇʘʩʠʚʥʠʪʝ ʢʫ˃ʠ ʢʦʨʠʩʪʘʪ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ ʥʠʩʢʦ ï ʝʥʝʨʛʝʪʩʢʠ ʛʘʜʝʞʥʠ ʪʝʭʥʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ .ɼʠʟʘʿʥʦʪ ʩʝ ʠʟʚʝʜʫʚʘ ʩʦ ʧʦʤʦʰ ʥʘ ñPsssivehaus Planing Packageò (PHPP) ʠ 

ʢʦʨʠʩʪʠ ʩʧʝʮʠʿʘʣʥʦ ʜʠʟʘʿʥʠʨʘʥʠ ʢʦʤʧʠʿʫʪʝʨʩʢʠ ʩʠʤʫʣʘʮʠʠ.ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʩʪʘʥʜʘʨʜʠʪʝ 
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ʛʦʣʝʤ ʙʨʦʿ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ. ʇʘʩʠʚʥʠʪʝ ʢʫ˃ʠ ʤʦʞʘʪ ʜʘ 

ʙʠʜʘʪ ʥʘʧʨʘʚʝʥʠ ʦʜ ʛʫʩʪʠ ʠʣʠ ʣʝʩʥʠ ʤʘʪʝʨʠʿʘʣʠ ,ʥʦ ʥʝʢʦʠ ʚʥʘʪʨʝʰʥʠ ʪʦʧʣʠʥʩʢʠ  

ʠʟʦʣʘʮʠʠ ʩʝ ʩʪʘʚʝʥʠ ʟʘ ʜʘ ʩʝ ʩʧʨʝʯʠ ʧʨʦʜʠʨʘˁʝʪʦ ʥʘ ʪʦʧʣʠʥʘ ʚʦ ʣʝʪʥʠʦʪ ʧʝʨʠʦʜ ʠ ʜʘ ʩʝ 

ʦʜʨʞʫʚʘʘʪ ʩʪʘʙʠʣʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦ ʟʫʤʩʢʠʦʪ ʧʝʨʠʦʜ.ɹʦʿʘʪʘ ʢʦʿʘ ʩʝ ʧʦʩʪʘʚʫʚʘ ʥʘ 

ʥʘʜʚʦʨʝʰʥʠʪʝ ʼʠʜʦʚʠ ʦʚʦʟʤʦʞʫʚʘ ʘʧʩʦʨʙʠʨʘʯʢʠ ʠʣʠ ʨʝʬʣʝʢʪʠʨʘʯʢʠ ʝʬʝʢʪʠ ʠ ʟʘʚʠʩʠ 

ʧʨʝʜ ʩʝ ʦʜ ʛʦʜʠʰʥʠʪʝ ʚʨʝʤʠˁʘ ʢʦʠ ʚʣʘʜʝʘʪ ʚʦ ʨʝʛʠʦʥʦʪ. [5] Passive House Planning 

Package (2007). 

2.4. ʉʫʧʝʨʠʥʩʦʣʘʮʠʿʘ 

ʇʘʩʠʚʥʠʪʝ ʢʫ˃ʠ ʿʘ ʢʦʨʠʩʪʘʪ ʩʫʧʝʨʠʥʩʦʣʘʮʠʿʘʪʘ ʩʦ ʮʝʣ ʥʘ ʥʘʿʤʘʣʦ ʥʠʚʦ ʜʘ ʩʝ ʥʘʤʘʣʠ ʝ 

ʧʦʩʚʝʪʝʥʦ ʪʨʘʥʩʬʝʨʦʪ ʥʘ ʪʦʧʣʠʥʘ ʧʨʝʢʫ ʼʠʜʦʚʠʪʝ ,ʧʦʢʨʠʚʦʪ ʠ ʧʦʜʦʪ ʩʧʦʨʝʜʝʥʦ ʩʦ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʛʨʘʜʙʠ.ʐʠʨʦʢ ʩʧʝʢʪʘʨ ʥʝ ʤʘʪʝʨʠʿʘʣʠ ʟʘ ʪʦʧʣʠʥʩʢʘ ʠʟʦʣʘʮʠʿʘ ʤʦʞʝ ʜʘ 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʦʙʝʟʙʝʜʠ ʧʦʪʨʝʙʥʠ ʚʠʩʦʢʠ ʇ-ʚʨʝʜʥʦʩʪʠ (ʥʠʩʢʠ ʋ-ʚʨʝʜʥʦʩʪʠ ,ʦʙʠʯʥʦ ʚʦ 

0,10-0,15 W/m2) ʦʧʩʝʛ. 

ʇʦʩʝʙʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʠʪʝ ʤʦʩʪʦʚʠ.ʅʝʜʦʩʪʘʪʦʢʦʪ 

ʧʨʦʠʟʣʝʛʫʚʘ ʦʜ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʼʠʜʦʪ,ʦʩʚʝʥ ʘʢʦ ʥʘʜʚʦʨʝʰʥʠʪʝ ʜʠʤʝʥʟʠʠ ʥʘ ʦʙʿʝʢʪʦʪ ʤʦʞʝ 

ʜʘ ʩʝ ʟʛʦʣʝʤʘʪ ʟʘ ʜʘ ʩʝ ʢʦʤʧʝʥʟʠʨʘ. [6] ʉʫʧʝʨʠʥʩʦʣʘʮʠʿʘ. 

        

                        ʉʣʠʢʘ 3. ʉʫʧʝʨʠʥʩʦʣʘʮʠʿʘ ʢʘʿ ʧʘʩʠʚʥʘ ʢʫ˃ʘ 

2.5.  ʇʨʦʟʦʨʮʠ ʠ ʩʪʘʢʣʘ ʟʘ ʧʘʩʠʚʥʘ ʢʫ˃ʘ 

ʇʨʦʟʦʨʮʠʪʝ ʰʪʦ ʩʝ ʚʦʚʝʜʫʚʘʘʪ ʚʦ ʚʘʢʚʠʦʪ ʚʠʜ ʥʘ ʦʙʿʝʢʪʠ ʦʙʝʟʙʝʜʫʚʘʘʪ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ ʦʜ ʤʠʥʠʤʫʤ 20 Co ʜʫʨʠ ʠ ʢʦʛʘ ʥʘʜʚʦʨʝʰʥʘʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʥʝʩʫʚʘ -5 Co .  ɺʦ ʚʘʢʦʚ ʩʣʫʯʘʿ ʦʜʯʠʪʫʚʘˁʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 

ʩʪʘʢʣʦʪʦ ʪʨʝʙʘ ʜʘ ʠʟʥʝʩʫʚʘ 17 C0 .ɿʘ ʜʘ ʩʝ ʟʘʜʦʚʦʣʘʪ ʩʪʘʥʜʘʨʜʠʪʝ ,ʧʨʦʟʦʨʮʠʪʝ ʩʝ 

ʠʟʨʘʙʦʪʫʚʘʘʪ ʚʦ ʠʩʢʣʫʯʠʪʝʣʥʦ ʚʠʩʦʢʠ ʇ-ʚʨʝʜʥʦʩʪʠ (ʥʠʩʢʠ ʋ-ʚʨʝʜʥʦʩʪʠ (ʦʙʠʯʥʦ 0,85-

0,70 W/m2 ʟʘ ʮʝʣʠʦʪ ʧʨʦʟʦʨʝʮ ʚʢʣʫʯʫʚʘʿ˃ʠ ʨʘʤʢʘ). [7] U-ʚʨʝʜʥʦʩʪ. 
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ʉʣʠʢʘ 4. ʇʨʦʟʦʨʮʠ ʠ ʩʪʘʢʣʘ ʟʘ ʧʘʩʠʚʥʘ ʢʫ˃ʘ 

 

2.6. ʍʝʨʤʝʪʠʯʢʦ ʟʘʪʚʦʨʘˁʝ 

ʍʝʨʤʝʪʠʯʢʦʪʦ ʟʘʪʚʘʨʘˁʝ ʿʘ ʤʠʥʠʤʠʟʠʨʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʪʦʧʦʣ ʠ ʣʘʜʝʥ ʚʦʟʜʫʭ ʢʦʠ 

ʤʦʞʘʪ ʜʘ ʧʦʤʠʥʘʪ ʥʠʟ ʩʪʨʫʢʪʫʨʘʪʘ ,ʦʚʦʟʤʦʞʫʚʘʿ˃ʠ ʤʫ ʥʘ ʤʝʭʘʥʠʯʢʠʦʪ ʚʝʥʪʠʣʘʮʠʦʥʝʥ 

ʩʠʩʪʝʤ ʟʘ ʚʨʘ˃ʘˁʝ ʥʘ ʪʦʧʣʠʥʘ ʧʨʝʜ ʠʩʧʫʰʪʘˁʝ ʥʘ ʚʦʟʜʫʭ ʦʜ ʥʘʜʚʦʨ.    

2.7.  ʅʘʯʠʥ ʥʘ ʚʝʥʪʠʣʘʮʠʿʘ  

ʂʫ˃ʘʪʘ ʪʨʝʙʘ ʜʘ ʠʤʘ ʧʦʩʝʙʝʥ ʩʠʩʪʝʤ ʥʘ ʚʝʥʪʠʣʘʮʠʿʘ ʢʦʿ ˃ʝ ʩʝ ʛʨʠʞʠ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ 

ʥʘ ʩʚʝʞ ʚʦʟʜʫʭ ʢʦʿ ʬʫʥʢʮʠʦʥʠʨʘ ʥʘ ʥʘʯʠʥ ʧʨʝʢʫ ʨʘʟʤʝʥʘ ʥʘ ʪʦʧʣʠʥʘ.ɺʦʟʜʫʭʦʪ ʢʦʿ ʠʟʣʝʛʫʚʘ 

ʦʜ ʚʥʘʪʨʝʰʥʦʩʪʘ ʤʦʞʝ ʜʘ ʧʨʝʥʝʩʝ ʠ ʜʦ 80% ʦʜ ʩʚʦʿʘʪʘ ʪʦʧʣʠʥʘ ʥʘ ʚʦʟʜʫʭʦʪ ʢʦʿ 

ʚʣʝʛʫʚʘ.ʉʦ ʜʨʫʛʠ ʟʙʦʨʦʚʠ ʘʢʦ ʚʦʟʜʫʭʦʪ ʚʦ ʧʨʦʩʪʦʨʠʿʘʪʘ ʠʟʥʝʩʫʚʘ 20 C0 ,ʘ ʥʘʜʚʦʨʝʰʥʠʦʪ 0 

C0 ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʣʝʟʥʠʦʪ ʚʦʟʜʫʭ ʤʦʞʝ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʠ ʜʦ 16 ʩʪʝʧʝʥʠ.ʇʨʦʮʝʩʦʪ ʚʦ 

ʣʝʪʥʠʦʪ ʤʝʩʝʮ ʝ ʦʙʨʘʪʝʥ. [8] ʅʘʯʠʥ ʥʘ ʚʝʥʪʠʣʘʮʠʿʘ. 

                      

ʉʣʠʢʘ 5. ʉʠʩʪʝʤ ʟʘ ʚʝʥʪʠʣʘʮʠʿʘ ʥʘ ʚʦʟʜʫʭʦʪ ʚʦ ʢʫ˃ʘʪʘ 
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2.8. ʊʝʨʤʦʠʟʦʣʘʮʠʿʘ ʢʘʿ ʧʘʩʠʚʥʠʪʝ ʢʫ˃ʠ 

ʆʜ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʠʟʦʣʘʮʠʿʘʪʘ ʟʘʚʠʩʠ ʠ ʩʪʝʧʝʥʦʪ ʥʘ ʧʨʦʧʫʩʪʣʠʚʦʩʪ ʥʘ ʚʣʘʛʘ ,ʪʦʧʣʠʥʘ ʠ 

ʙʫʢʘ .ʇʨʘʚʠʣʥʦʪʦ ʚʛʨʘʜʫʚʘˁʝ ʥʘ ʠʟʦʣʘʮʠʿʘʪʘ ʦʜ ʪʝʤʝʣ ʜʦ ʢʨʦʚ ʦʙʝʟʙʝʜʫʚʘ ʧʨʠʿʘʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦ ʪʝʢʦʪ ʥʘ ʜʦʣʛʠʦʪ ʚʝʢ ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʦʙʿʝʢʪʦʪ .ʊʦʘ ʟʥʘʯʠ ʜʝʢʘ 

ʟʘʰʪʝʜʫʚʘʤʝ ʝʥʝʨʛʠʿʘ ,ʘ ʩʦ ʪʦʘ ʠ ʧʘʨʠ .ʄʘʪʝʨʠʿʘʣʦʪ ʦʜ ʧʨʠʨʦʜʥʠ ʚʣʘʢʥʘ ʢʘʢʦ ʰʪʦ ʝ isover 

ʤʠʥʝʨʘʣʥʘʪʘ  ʚʦʣʥʘ ʦʚʦʟʤʦʞʫʚʘ ʤʥʦʛʫ ʜʦʙʨʘ ʠʟʦʣʘʮʠʿʘ .ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʝʬʝʢʪʦʪ ʥʘ 

ʠʟʦʣʘʮʠʿʘ ʧʦʪʨʝʙʥʦ ʝ 30 cm ʜʝʙʝʣʠʥʘ ʦʜ isover ʤʠʥʝʨʘʣʥʘʪʘ ʚʦʣʥʘ ʠ 15 cm ʙʝʪʦʥ. ɺʘʞʝʥ 

ʝ ʠʥʟʚʦʨʝʜʥʠʦʪ  ʝʢʦ- ʙʘʣʘʥʩ ʢʦʿ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʩʦ ʤʠʥʝʨʘʣʥʘʪʘ ʚʦʣʥʘ ʟʘʪʦʘ ʰʪʦ ʩʝ 

ʩʤʘʣʫʚʘ ʧʦʪʨʝʰʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʠ ʰʪʝʪʥʘʪʘ ʝʤʠʩʠʿʘ ʥʘ CO2  ,ʘ ʞʠʚʦʪʥʠʦʪ ʚʝʢ ʥʘ ʟʛʨʘʜʘʪʘ 

ʩʪʘʥʫʚʘ ʧʦʜʦʣʛ.[9]ʊʝʨʤʦʠʟʦʣʘʮʠʿʘ ʢʘʿ ʧʘʩʠʚʥʠ ʢʫ˃ʠ. 

                        

ʉʣʠʢʘ 6. ʊʝʨʤʦʠʟʦʣʘʮʠʿʘ ʢʘʿ ʧʘʩʠʚʥʘ ʢʫ˃ʘ ï(isover) 

 

2.9. ɼʦʜʘʪʥʠ ʝʣʝʤʝʥʪʠ  

 
ʉʝʧʘʢ ʥʘʿʚʘʞʥʘ ʨʘʙʦʪʘ ʧʨʠ ʠʟʛʨʘʜʙʘʪʘ ʥʘ ʧʘʩʠʚʥʘ ʢʫ˃ʘ ʝ ʚʥʠʤʘʪʝʣʥʦ ʠʟʚʝʜʫʚʘˁʝ ʠ 

ʟʘʰʪʠʪʘ ʥʘ ʬʘʩʘʜʘʪʘ .ɿʘ ʪʘʘ ʨʘʙʦʪʘ ʝ ʠʟʚʝʜʝʥ ʩʠʩʪʝʤ ʧʘ˃ʝʪ ʟʘ ʟʘʰʪʠʪʫʚʘˁʝ isover Vario 

SP ʢʦʿ ʛʦ ʩʦʯʠʥʫʚʘʘʪ ʣʝʧʣʠʚʘ ʪʨʘʢʘ ,ʩʤʝʩʘ ʟʘ ʜʠʭʪʫʚʘˁʝ ʠ ʢʣʠʤʘ ïʤʝʤʙʨʘʥʘ Vario KM , 

ʥʘʧʨʘʚʝʥʘ ʦʜ ʧʦʣʦʤʠʜʠ (ʠʥʪʝʣʠʛʝʥʪʥʘ ʬʦʣʠʿʘ ) .ʉʝ ʧʨʠʣʘʛʦʜʫʚʘ ʥʘ ʩʠʪʝ ʛʦʜʠʰʥʠ 

ʚʨʝʤʠˁʘ ,ʬʫʥʢʮʠʦʥʠʨʘ ʢʘʢʦ ʧʘʨʥʘ ʙʨʘʥʘ ,ʩʧʨʝʯʫʚʘ ʧʨʦʜʠʨʘˁʝ ʥʘ ʚʣʘʛʘ ʠ ʧʘʨʝʘ ʚʦ 

ʢʨʦʚʦʪ ʠ ʼʠʜʦʚʠʪʝ ,ʘ ʧʦʥʝʢʦʛʘʰ ʬʫʥʢʮʠʦʥʠʨʘ ʢʘʢʦ ʧʨʦʧʫʩʥʘ ʬʦʣʠʿʘ ʢʦʿʘ ʦʚʦʟʤʦʞʫʚʘ 

ʩʫʰʝˁʝ ʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘʪʘ ʧʨʠ ʰʪʦ ʩʝ ʦʩʣʦʙʦʜʫʚʘ ʚʠʰʦʢʦʪ ʚʣʘʛʘ .ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʠʪʝ 

ʩʧʦʝʚʠ ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʜʦʙʨʦ ʠʟʦʣʠʨʘʥʠ ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʭʦʤʦʛʝʥʦʩʪ ʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘʪʘ . 

3. ɿʘʢʣʫʯʦʢ 

ʇʘʩʠʚʥʠʪʝ ʦʙʿʝʢʪʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʝʢʩʪʨʝʤʥʦ ʝʥʝʨʛʝʪʩʢʦ-ʝʬʠʢʘʩʥʠ ʦʙʿʝʢʪʠ.ʉʝ ʨʘʙʦʪʠ 

ʟʘ ʦʙʿʝʢʪʠ ʩʦ ʢʚʘʣʠʪʝʪʥʦ ʠʟʚʝʜʝʥʠ ʠʟʦʣʘʮʠʿʘ, ʠʥʩʦʣʘʮʠʿʘ, ʦʨʠʝʥʪʘʮʠʿʘ, ʤʘʪʝʨʠʘʣʠ ʠʪʥ. 

ʇʨʦʝʢʪʠʨʘˁʝʪʦ ʠ ʠʟʚʝʜʙʘʪʘ ʥʘ ʧʘʩʠʚʥʘ ʢʫ˃ʘ ʧʦʜʨʘʟʙʠʨʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʥʠʩʢʦ ʝʥʝʨʛʝʪʩʢʠ 

ʛʨʘʜʝʞʥʠ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ. ɼʠʟʘʿʥʦʪ ʥʘ ʦʚʦʿ ʪʠʧ ʦʙʿʝʢʪʠ ʩʝ ʙʘʟʠʨʘ ʩʧʦʨʝʜ 

ʥʘʿʩʦʚʨʝʤʝʥʠʪʝ ʧʨʠʥʮʠʧʠ ʠ ʩʪʘʥʜʘʨʜʠ ʟʘ ʧʨʦʝʢʪʠʨʘˁʝ ʠ ʠʟʚʝʜʙʘ ʥʘ ʦʙʿʝʢʪʠ ʚʦ ʚʠʩʦʢ 

ʧʝʨʬʦʨʤʘʥʩ.ɼʠʟʘʿʥʦʪ ʥʘ ʚʘʢʚʠʦʪ ʪʠʧ ʥʘ ʦʙʿʝʢʪʠ ʝ ʚʦ ʥʝʨʘʩʢʠʥʣʠʚʘ ʢʦʨʝʣʘʮʠʿʘ ʩʦ 

ʧʨʠʨʦʜʘʪʘ ʠ ʧʦʪʨʝʙʠʪʝ ʥʘ ʣʫʺʝʪʦ, ʧʨʠʪʦʘ ʦʙʝʟʙʝʜʫʚʘʿ˃ʠ ʤʠʥʠʤʘʣʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ 
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ʝʥʝʨʛʠʿʘ.ʆʚʠʝ ʦʙʿʝʢʪʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʩʘʤʦʦʜʨʞʣʠʚʠ ʩʠʩʪʝʤʠ ʩʘʤʠ ʧʦ ʩʝʙʝ.ɻʣʘʚʥʘʪʘ ʮʝʣ 

ʟʘ ʜʠʟʘʿʥʠʨʘˁʝ ʥʘ ʚʘʢʚʠ ʦʙʿʝʢʪʠ ʝ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʟʜʨʘʚʘ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ ʩʦ 

ʝʣʠʤʠʥʠʨʘʥʠ ʪʦʢʩʠʯʥʠ ʠ ʰʪʝʪʥʠ ʚʣʠʿʘʥʠʿʘ. ʀʥʪʝʛʨʘʣʥʠʦʪ ʦʜʨʞʣʠʚ ʜʠʟʘʿʥ ʦʙʝʟʙʝʜʫʚʘ 

ʙʝʟʙʝʜʥʠ ʠ ʟʜʨʘʚʠ ʞʠʚʦʪʥʠ ʧʨʦʩʪʦʨʠ ʩʦ ʜʦʣʛʦʨʦʯʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʜʝʥʝʰʥʠʪʝ ʠ ʠʜʥʠʪʝ 

ʛʝʥʝʨʘʮʠʠ ʠ ʿʘ ʙʫʜʠ ʩʚʝʩʪʘ ʢʘʿ ʣʫʺʝʪʦ ʟʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. 
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ɸʧʩʪʨʘʢʪ 

ʉʦ ʪʨʫʜʦʪ ʝ ʧʨʝʟʝʥʪʠʨʘʥʘ ʘʥʘʣʠʟʘ ʥʘ ʜʝʣ ʦʜ ʦʙʚʠʚʢʘʪʘ ʥʘ ʝʜʝʥ ʛʨʘʜʝʞʝʥ ʦʙʿʝʢʪ, 

ʧʨʝʢʫ ʢʦʿ ʩʝ ʩʣʫʯʫʚʘ ʪʨʘʥʩʚʝʨ ʥʘ ʪʦʧʣʠʥʘ (ʊʊ),  ʟʝʤʘʿ˃ʠ ʛʦ ʚʦ ʧʨʝʜʚʠʜ ʟʥʘʯʝˁʝʪʦ ʥʘ 

ʝʥʝʨʛʠʿʘʪʘ ʟʘ ʨʘʟʚʦʿ ʥʦ ʠ ʟʘ ʦʧʩʪʘʥʦʢ ʥʘ ʝʜʥʦ ʦʧʰʝʩʪʚʦ.  

ʀʟʙʦʨ ʠ ʧʨʠʤʝʥʘ ʥʘ  ʧʨʘʚʠ  ʤʘʪʝʨʠʿʘʣʠ, ʩʦ ʮʝʣ  ʜʘ ʩʝ ʟʘʯʫʚʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, 

ʢʘʢʦ ʠ ʜʘ ʩʝ ʟʘʰʪʝʜʘʪ ʧʘʨʠ, ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ  ʠʟʚʝʜʙʘ ʥʘ  ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠ (ɽɽ) 

ʦʙʿʝʢʪʠ, ʥʦ ʧʨʝʜ ʩʝ ʜʘ ʩʝ ʟʝʤʘʪ ʚʦ ʧʨʝʜʚʠʜ ʪʝʭʥʦʣʦʰʢʠʪʝ ʠ ʝʢʦʥʦʤʩʢʠʪʝ ʘʩʧʝʢʪʠ  ʠ ʥʘʯʠʥʦʪ 

ʥʘ ʥʠʚʥʦʪʦ ʦʜʥʝʩʫʚʘˁ ʝ.  

ɺʠʩʦʢʘʪʘ ʮʝʥʘ ʥʘ ʩʪʘʥʙʝʥʠʦʪ ʧʨʦʩʪʦʨ, ʥʘʤʝʪʥʫʚʘ ʧʦʪʨʝʙʘ ʦʜ ʠʩʪʨʘʞʫʚʘˁʝ ʩʦ ʮʝʣ 

ʜʘ ʩʝ ʠʟʥʘʿʜʘʪ ʥʦʚʠ ʤʘʪʝʨʠʿʘʣʠ ʟʘ ʠʟʚʝʜʙʘ ʥʘ ʟʛʨʘʜʠ ʟʘ ʜʦʤʫʚʘˁʝ, ʙʦʣʥʠʮʠ, ʫʯʠʣʠʰʪʘ, 

ʨʝʩʪʦʨʘʥʠ, ʤʦʪʝʣʠ  ʠ ʜʨʫʛʠ ʦʙʿʝʢʪʠ,  ʢʦʝ ʝ ʠ ʮʝʣʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʥʘ ʛʨʘʜʝˁʝ ʥʘ 

ʥʦʚʠ ʩʦʚʨʝʤʝʥʠ ʠ ɽɽ ʦʙʿʝʢʪʠ ʥʘ 21-ʦʪ ʚʝʢ. ʉʦ ʪʦʣʢʫ ʤʥʦʛʫ ʩʦʚʨʝʤʝʥʠ ʛʨʘʜʝʞʥʠ 

ʤʘʪʝʨʠʿʘʣʠ ʢʦʿ ʥʠ ʩʝ ʥʫʜʘʪ ʥʘ ʧʘʟʘʨʦʪ,  ʢʘʜʝ ʠ ʢʘʢʦ ʜʘ ʟʘʧʦʯʥʝʤʝ, ʟʘ ʜʘ ʩʝ ʜʦʙʠʝ 

ʧʦʪʨʝʙʥʠʦʪ ʢʦʤʬʦʨ ʟʘ ʞʠʚʝʝˁʝ ʠ ʨʘʙʦʪʘ ʚʦ ʩʦʚʨʝʤʝʥ ɽɽ ʦʙʿʝʢʪʠ.  

ɺʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, ʠʟʚʝʜʙʘʪʘ ʥʘ ʜʨʚʝʥʠ ʦʙʿʝʢʪʠ ʩʝ ʥʝʜʦʚʦʣʥʦ ʟʘʩʪʘʧʝʥʠ ʠʘʢʦ 

ʧʨʝʜʩʪʘʚʫʚʘʘʪ ʤʦʰʥʝ ʠʥʪʝʨʝʩʥʦ ʧʦʜʨʘʯʿʝ ʚʦ ʘʨʭʠʪʝʢʪʫʨʘʪʘ, ʜʦʜʝʢʘ ʚʦ ʥʝʢʦʿ ʜʝʣʦʚʠ ʚʦ 

ʩʚʝʪʦʪ ʠʩʪʠʪʝ ʠʤʘʘʪ ʜʦʣʛʘ ʪʨʘʜʠʮʠʿʘ. ʉʦ ʮʝʣ ʜʘ ʩʝ ʜʦʙʠʝ ʧʨʝʜʩʪʘʚʘ ʟʘ 

ʪʦʧʣʦʧʨʦʚʦʜʣʠʚʦʩʪʘ ʥʘ ʦʚʠʝ ʩʠʩʪʝʤʠ, ʩʦ ʧʦʤʦʰ ʥʘ ʧʨʦʛʨʘʤ Calculation of Wall U-value ʚʦ 

ɽxel, ʥʘʧʨʘʚʝʥʘ ʝ ʘʥʘʣʠʟʘ ʥʘ ʜʚʘ ʩʠʩʪʝʤʘ ʥʘ ʬʘʩʘʜʝʥ ʼʠʜ ʥʘ ʦʙʿʝʢʪ ʦʜ ʜʨʚʦ ʠ 

ʧʨʝʜʩʪʘʚʝʥʠ ʩʝ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʪʦʧʣʠʥʩʢʠ ʟʘʛʫʙʠ (ʊɿ). 

  

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʜʨʚʝʥʠ ʦʙʿʝʢʪʠ, ʩʦʚʨʝʤʝʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ,  
ʪʦʧʣʠʥʩʢʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ. 

 

1. ɺʦʚʝʜ       

ɺʦ ʜʘʤʥʝʰʥʠ ʚʨʝʤʠˁʘ ʥʘ ʧʨʠʤʠʪʠʚʥʠʦʪ ʯʦʚʝʢ ʧʦʪʨʝʙʥʦ ʤʫ ʙʠʣʦ ʤʥʦʛʫ ʤʘʣʢʫ ʦʜ 

ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʜʝʥʝʩ ʤʫ ʝ ʥʝʦʧʭʦʜʥʘ ʥʘ ʩʦʚʨʝʤʝʥʠʦʪ ʯʦʚʝʢ.  ɼʝʥʝʩ ʠ 

ʧʦʢʨʘʿ  ʝʢʦʥʦʤʩʢʘ ʢʨʠʟʘ ʚʦ ʩʚʝʪʦʪ, ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʝ ʩʝ ʧʦʛʦʣʝʤʘ, ʟʘʪʦʘ 

ʤʦʨʘʤʝ ʜʘ ʠʟʥʘʿʜʝʤʝ ʨʝʰʝʥʠʝ ʢʘʢʦ ʠʩʪʘʪʘ ʜʘ ʿʘ ʩʚʝʜʝʤʝ ʥʘ ʤʠʥʠʤʫʤ. ʊʦʘ ʫʢʘʞʫʚʘ ʜʝʢʘ 

ʝʥʝʨʛʠʿʘʪʘ ʪʨʝʙʘ ʜʘ ʩʝ ʰʪʝʜʠ, ʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ (ɽɽ) ʥʝ ʧʦʜʨʘʟʙʠʨʘ ʩʘʤʦ 
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ʰʪʝʜʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘ, ʪʘʘ ʝ ʤʥʦʛʫ ʧʦ ʢʦʤʧʝʢʩʥʘ ʠ ʟʘʪʦʘ ʙʘʨʘ ʨʝʰʘʚʘˁʝ ʥʘ ʩʣʦʞʝʥʘ 

ʧʨʦʙʣʝʤʘʪʠʢʘ, ʢʦʿʘ ʧʦʜʨʘʟʙʠʨʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʫʜʦʙʥʦʩʪʘ ʥʘ ʧʨʦʩʪʦʨʦʪ ʧʨʝʢʫ 

ʦʥʝʚʦʟʤʦʞʫʚʘˁʝ ʊʊ, ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʩʦ ʚʣʘʛʘ, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʿʘʪʘ ʥʘ 

ʰʪʝʪʥʠ ʛʘʩʦʚʠ ʚʦ ʘʪʤʦʩʚʝʨʘʪʘ, ʢʘʢʦ ʠ ʦʙʝʟʙʝʜʫʚʘˁʝ ʜʦʣʛʦʪʨʘʿʥʦʩʪ ʥʘ ʦʙʿʝʢʪʦʪ. 

ʊʨʛʥʫʚʘʿʢʠ ʦʜ ʬʘʢʪʦʪ ʜʝʢʘ ʟʘ ʜʘ ʩʝ ʜʦʙʠʝ ɽɽ ʦʙʿʝʢʪ, ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʤʦʨʘ 

ʜʘ ʩʝ ʥʘʤʘʣʠ, ʟʘʪʦʘ ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʧʨʝʚʟʝʤʘʪ ʩʠʪʝ ʧʦʪʨʝʙʥʠ ʤʝʨʢʠ ʠ ʜʘ ʩʝ ʧʨʝʜʚʠʜʘʪ 

ʩʠʪʝ ʤʦʞʥʠ ʬʘʢʪʦʨʠ ʢʘʢʦ ʰʪʦ ʩʝ: 

- ʠʟʚʝʜʙʘ ʥʘ ʜʦʙʨʘ ʥʘʜʚʦʨʝʰʥʘ ʦʙʚʠʚʢʘ ʥʘ ʦʙʿʝʢʪ, ʩʦ ʰʪʦ ʊʊ ˃ʝ ʩʝ ʩʚʝʜʝ ʥʘ 

ʤʠʥʠʤʫʤ; 

- ʩʠʩʪʝʤʠ ʟʘ ʛʨʝʝˁʝ/ʣʘʜʝˁʝ ʢʦʿ ʨʘʟʫʤʥʦ ʿʘ ʪʨʦʰʘʪ ʝʥʝʨʛʠʿʘʪʘ;  

- ʦʩʚʝʪʣʫʚʘˁʝ ʢʦʝ ʪʨʦʰʠ ʤʘʣʢʫ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ; 

- ʜʦʤʘ˃ʠʥʩʢʠ ʘʧʘʨʘʪʠ ʠ ʜʨʫʛʘ ʪʝʭʥʠʢʘ ʩʦ ʚʠʩʦʢʘ ʝʥʝʨʛʝʪʩʢʘ ʢʣʘʩʘ;  

- ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠ ʝʥʝʨʛʝʪʩʢʠ ʠʟʚʦʨʠ;  

- ʥʘʩʦʯʝʥʦʩʪ ʠ ʧʦʣʦʞʙʘʪʘ ʥʘ ʦʙʿʝʢʪʦʪ ʠ ʧʨʦʟʦʨʮʠ; 

- ʝʥʝʨʛʝʪʩʢʠ ʢʦʜʝʢʩ ʥʘ ʦʜʥʝʩʫʚʘˁʝ ʠ ʩʣʠʯʥʦ. 

 ɹʨʟʠʦʪ ʨʘʟʚʦʿ ʥʘ ʛʨʘʜʝʞʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʠ ʠʩʢʫʩʪʚʦʪʦ ʚʦ ʠʟʛʨʘʜʙʘʪʘ, ʧʨʠʜʦʥʝʩʫʚʘʪ ʟʘ 

ʩʦʟʜʘʚʘˁʝʪʦ ʥʘ ʦʙʿʝʢʪʠ ʩʦ ʩʝ ʧʦʩʪʨʦʛʠ ʙʘʨʘˁʘ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʢʦʿ ʿʘ 

ʩʦʯʠʥʫʚʘʘʪ ʥʝʿʟʠʥʘʪʘ ʥʘʜʚʦʨʝʰʥʘ ʦʙʚʠʚʢʘ, ʧʨʝʢʫ ʢʦʿʘ ʩʝ ʩʣʫʯʫʚʘ ʊʊ. ɿʘʪʦʘ ʇʦʪʨʝʙʥʘ ʝ 

ʘʬʠʨʤʘʮʠʿʘ ʥʘ ʤʦʥʪʘʞʥʠ ɽɽ ʦʙʿʝʢʪʠ ʦʜ ʜʨʚʦ ,ʘ ʟʘ ʪʦʘ ˃ʝ ʧʨʠʜʦʥʝʩʘʪ ʩʣʝʜʥʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʝʜʥʦʩʪʠ: 

- ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʪʨʦʰʦʮʠʪʝ ʥʘ ʨʘʙʦʪʥʦ ʚʨʝʤʝ ʩʦ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ  

- ʙʨʟʘ ʠʟʚʝʜʙʘ, ʣʝʩʝʥ ʪʨʘʥʩʧʦʨʪ ʠ ʤʦʥʪʘʞʘ, ʙʝʟ ʟʛʦʣʝʤʝʥʘ ʤʝʭʘʥʠʟʘʮʠʿʘ; 

- ʧʨʠʤʝʥʘ ʥʘ ʝʜʥʦʩʪʘʚʥʠ ʠ ʩʦʚʨʝʤʝʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʩʠʩʪʝʤʠ ʠ ʤʘʪʝʨʠʿʘʣʠ; 

- ʨʝʣʘʪʠʚʥʦ ʣʝʩʥʘ  ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʿʘ ʠʤʘ ʦʜʣʠʯʥʘ ʠʟʦʣʘʮʠʦʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ 

ʪʦʧʣʠʥʘ, ʤʨʘʟ, ʚʣʘʛʘ, ʟʚʫʢ, ʰʪʦ ʦʚʦʟʤʦʞʫʚʘ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ; 

- ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʢʦʠ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʟʘ ʠʟʚʝʜʙʘ ʥʘ ʝʜʝʥ ʚʘʢʦʚ 

ʦʙʿʝʢʪ ʩʝ ʧʨʠʨʦʜʥʠ ʠ ʝʢʦʣʦʰʢʦ ʟʜʨʘʚʠ ʟʘ ʞʠʚʝʝˁʝ; 

- ʥʠʩʢʦʝʥʝʨʛʝʪʩʢʠ ʦʙʿʝʢʪʠ (ʤʘʣʠ ʪʨʦʰʦʮʠ ʟʘ ʟʘʪʦʧʣʫʚʘˁʝ ʠ ʣʘʜʝˁʝ); 

- ʜʦʙʨʘ ʪʦʧʣʦʪʥʘ ʠ ʟʚʫʯʥʘ ʠʟʦʣʘʮʠʿʘ; 

- ʥʘʤʘʣʝʥʦ ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʦʢʦʣʠʥʘ ʧʨʝʢʫ ʝʤʠʩʠʿʘ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ; 

- ʧʦʟʜʨʘʚʘ, ʧʦʫʜʦʙʥʘ ʠ ʧʦʪʠʚʢʘ  ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ; 

ɿʘʪʦʘ, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ 

ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʚʦ ʩʝʢʪʦʨʦʪ ʥʘ ʛʨʘʜʝʞʥʠ ʦʙʿʝʢʪʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʚʘʞʥʠ ʤʝʨʢʠ ʰʪʦ ʩʝ 

ʧʦʪʨʝʙʥʠ ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʝʥʝʨʛʝʪʩʢʘʪʘ ʟʘʚʠʩʥʦʩʪ ʠ ʝʤʠʩʠʠʪʝ ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ. 

ʇʦʢʨʘʿ ɽʢʦʣʦʰʢʠʦʪ ʤʦʤʝʥʪ ʛʣʘʚʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʚʠʝ ʦʙʿʝʢʪʠ ʝ ʥʠʚʥʘʪʘ ʠʟʦʣʘʮʠʿʘ. 
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2. ʉʦʚʨʝʤʝʥʠ ʝʥʝʨʛʝʪʩʢʦ ʝʬʠʢʘʩʥʠ ʜʨʚʝʥʠ ʩʠʩʪʝʤʠ 

ɼʨʚʝʥʠʪʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦ ʩʚʦʿʘʪʘ ʜʝʬʠʥʠʮʠʿʘ, ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʟʙʠʨ ʥʘ ʜʨʚʝʥʠ 

ʝʣʝʤʝʥʪʠ, ʧʨʝʢʫ ʢʦʠ ʩʝ ʦʙʣʠʢʫʚʘʘʪ ʦʜʨʝʜʝʥʠ ʧʨʦʩʪʦʨʠ ʠ ʧʨʝʢʫ ʢʦʠ ʩʝ ʧʨʝʥʝʩʫʚʘʘʪ 

ʦʜʨʝʜʝʥʠ ʪʦʚʘʨʠ. ɺʦ ʧʦʚʝ˃ʝʪʦ ʟʝʤʿʠ ʚʦ ʩʚʝʪʦʪ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʧʦʚʝ˃ʝ ʩʠʩʪʝʤʠ ʥʘ ʜʨʚʝʥʠ 

ʛʨʘʜʙʠ ʢʘʢʦ ʩʠʪʥʦʧʘʥʝʣʝʥ, ʢʨʫʧʥʦʧʘʥʝʣʝʥ, ʙʦʥʜʨʫʢ ʠ ʜʨʫʛʠ ʩʠʩʪʝʤ ʥʘ ʠʟʚʝʜʙʘ. ʆʩʥʦʚʥʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʩʠʩʪʝʤ ʟʘ ʜʨʚʝʥʠ ʤʦʥʪʘʞʥʠ ʦʙʿʝʢʪʠ ʩʝ: ʢʨʦʚʥʠ ʥʦʩʘʯʠ; ʥʦʩʠʚʠ 

ʼʠʜʥʠ ʧʘʥʝʣʠ; ʪʘʚʘʥʩʢʘ ʠ ʧʦʜʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘ; ʪʝʤʝʣʠ ʠ  ʚʨʩʢʠ.  

ʇʨʠʩʪʘʧʦʪ ʢʦʥ ʮʝʣʠʦʪ ʦʙʿʝʢʪ ʢʘʢʦ ʟʙʠʨʢʘ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʢʘʢʦ ʼʠʜʦʚʠ, ʧʨʦʟʦʨʮʠ, ʚʨʘʪʠ, 

ʧʦʢʨʠʚ ʠ ʧʦʜ, ʪʦʧʣʠʥʩʢʠ-ʚʝʥʪʠʣʘʮʠʦʥʠ-ʢʣʠʤʘʪʠʟʘʮʠʦʥʠ ʩʠʩʪʝʤ, ʢʘʥʘʣʠ, ʘʧʘʨʘʪʠ ʠ 

ʦʩʚʝʪʣʫʚʘˁʝ ʢʦʠ ʦʚʦʟʤʦʞʫʚʘʪ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝ ʢʦʤʙʠʥʠʨʘʥ ʝʬʝʢʪ, ʤʦʨʘ ʜʘ ʙʠʜʘʪ 

ʜʠʟʘʿʥʠʨʘʥʠ ʜʘ ʨʘʙʦʪʘʪ ʟʘʝʜʥʦ ʩʦ ʮʝʣ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʟʘʰʪʝʜʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ. ʈʘʟʣʠʯʥʠ 

ʬʘʢʪʦʨʠ ʧʨʝʜʠʟʚʠʢʘʘʪ ʟʛʦʣʝʤʝʥʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ, ʟʘʪʦʘ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʠʟʙʝʨʝ 

ʥʘʿʩʦʦʜʚʝʪʥʦ ʨʝʰʝʥʠʝ ʢʦʝ ˃ʝ ʧʨʠʜʦʥʝʩʝ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ. 

ʎʝʣʦʢʫʧʥʦ ʜʦʙʘʨ ʜʠʟʘʿʥ ʥʘ ʦʙʿʢʝʪʦʪ ʝ ʢʣʫʯʦʪ ʟʘ ʜʦʙʨʦ ʠʟʚʝʜʝʥʘ ʦʙʚʠʚʢʘ ʥʘ  ʦʙʿʝʢʪ.  ɿʘʪʦʘ 

ʛʣʘʚʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ɽɽ ʦʙʿʝʢʪʠ ʩʝ ʬʦʢʫʩʠʨʘʥʠ ʥʘ ʦʙʚʠʚʢʘʪʘ ʥʘ ʦʙʿʝʢʪʦʪ, ʢʦʿʘ  ʝ 

ʩʦʩʪʘʚʝʥʘ ʦʜ ʠʥʪʝʛʨʘʣʥʠ ʝʣʝʤʝʥʪʠ ʢʦʿ ʰʪʦ ʛʦ ʨʘʟʜʝʣʫʚʘʘʪ ʚʥʘʪʨʝʰʥʠʦʪ ʧʨʦʩʪʦʨ ʥʘ 

ʦʙʿʝʢʪʦʪ ʦʜ ʥʘʜʚʦʨʝʰʥʦʩʪʘ. ʀʟʙʦʨ ʥʘ ʜʦʙʘʨ ʩʠʩʪʝʤ ʥʘ ʛʨʘʜʙʘ ʢʘʢʦ ʠ ʪʝʤʝʣʥʦ ʟʘʪʚʘʨʘˁʝ 

ʥʘ ʩʪʨʫʝˁʝʪʦ ʥʘ ʚʦʟʜʫʭ  ʿʘ ʥʘʤʘʣʫʚʘ ʟʘʛʫʙʘ ʥʘ ʝʥʝʨʛʠʿʘ. ʇʨʦʩʪʦʨʠʠʪʝ ʢʦʠ ʩʝ ʟʘʛʨʝʚʘʘʪ 

ʠʣʠ ʨʘʟʣʘʜʫʚʘʘʪ, ʿʘ ʛʫʙʘʪ ʠʣʠ ʜʦʙʠʚʘʘʪ ʪʦʧʣʠʥʩʢʘʪʘ ʝʥʝʨʛʠʿʘ ʥʠʟ ʼʠʜʦʚʠ, ʧʦʜʦʚʠ, 

ʪʘʚʘʥʠʮʠ, ʚʨʘʪʠ, ʧʨʦʟʦʨʮʠ ʠʣʠ ʧʨʝʢʫ ʝʚʝʥʪʫʘʣʥʠ ʧʫʢʥʘʪʠʥʠ. ɿʘʪʦʘ, ʤʥʦʛʫ ʝ ʚʘʞʥʦ 

ʧʨʝʛʨʘʜʠʪʝ ʜʘ ʧʨʫʞʘʪ ʢʦʣʢʫ ʰʪʦ ʝ ʤʦʞʥʦ ʧʦʛʦʣʝʤ ʦʪʧʦʨ ʥʘ ʪʦʧʣʠʥʩʢʠʪʝ ʧʨʦʪʦʮʠ, ʩʦ ʮʝʣ 

ʪʦʧʣʠʥʘʪʘ ʜʘ ʩʝ ʟʘʜʨʞʠ ʚʦ ʧʨʦʩʪʦʨʦʪ ʢʦʿ ʩʝ ʟʘʛʨʝʚʘ ʚʦ ʟʠʤʩʢʠʦʪ ʧʝʨʠʦʜ, ʠʣʠ ʜʘ ʥʝ ʩʝ 

ʜʦʧʫʰʪʠ ʥʝʿʟʠʥʦ ʥʘʚʣʝʛʫʚʘˁʝ ʚʦ ʧʨʦʩʪʦʨʦʪ ʢʦʿ ʩʝ ʨʘʟʣʘʜʫʚʘ ʚʦ ʣʝʪʦ. ʂʚʘʣʠʪʝʪʥʘ ʠʟʚʝʜʙʘ 

ʥʘ ʤʝʺʫʢʘʪʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʩʠʩʪʝʤʠʪʝ ʥʘ ʼʠʜʦʚʠ, ʧʨʦʟʦʨʠ ʠ ʚʨʘʪʠ, ʢʘʢʦ ʠ ʧʨʠʤʝʥʘʪʘ ʥʘ 

ʢʚʘʣʠʪʝʪʝʥ ʤʘʪʝʨʠʿʘʣ ʟʘ ʥʠʚʥʘ ʠʟʨʘʙʦʪʢʘ, ʧʨʠʜʦʥʝʩʫʚʘʪ ʥʝʧʦʪʨʝʙʥʠʦʪ ʊʊ ʜʘ ʩʝ ʩʚʝʜʝ ʥʘ 

ʤʠʥʠʤʫʤ.   

ɿʘ ʜʘ ʩʝ ʦʮʝʥʠ ʪʦʧʣʠʥʩʢʘ ʧʨʦʚʦʜʣʠʚʦʩʪ (ʊʇ) ʥʘ ʝʜʝʥ ʝʣʝʤʝʥʪ,  ʪʨʝʙʘ ʜʘ ʩʝ ʟʝʤʘʪ ʚʦ 

ʧʨʝʜʚʠʜ: ʧʦʜʦʚʠʪʝ, ʼʠʜʦʚʠʪʝ, ʪʘʚʘʥʠʪʝ, ʧʦʢʨʠʚʦʪ, ʧʨʦʟʦʨʮʠʪʝ ʠ ʩʣʠʯʥʦ. ʉʠʪʝ ʜʝʣʦʚʠ 

ʪʨʝʙʘ ʜʘ ʩʝ ʫʩʦʛʣʘʩʘʪ, ʟʦʰʪʦ ʣʦʰ ʠʟʙʦʨ ʥʘ ʩʘʤʦ ʝʜʥʘ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʝ ʜʘ ʠʤʘ ʧʦʛʦʣʝʤʦ 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʠ ʦʜ ʩʠʪʝ ʧʦʟʠʪʠʚʥʠ ʚʣʠʿʘʥʠʿʘ ʥʘ ʥʘʿʜʦʙʨʘʪʘ ʢʦʤʧʦʥʝʥʪʘ. 
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2.1. ʀʟʚʝʜʙʘ ʩʠʩʪʝʤʠ ʥʘ ʬʘʩʘʜʥʠ ʼʠʜʥʠ ʧʘʥʝʣʠ 

ʊɿ ʥʠʟ ʥʦʨʤʘʣʥʦ ʠʟʚʝʜʝʥ ʛʨʘʜʝʞʝʥ ʦʙʿʝʢʪ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʩʦ ʢʦʝʬʠʮʠʝʥʪ ʥʘ 

ʤʠʥʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘ U [W/m2 K], ʯʠʿʘ ʚʨʝʜʥʦʩʪ ʧʦʢʘʞʫʚʘ ʢʦʣʢʫ ʪʦʧʣʠʥʘ (ʚʦ ʚʘʪʠ - W) ʩʝ 

ʛʫʙʠ ʦʜ m2 ʧʦʚʨʰʠʥʘ ʧʨʠ ʩʪʘʥʜʘʨʜʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ ʦʜ 1 ʩʪʝʧʝʥ ʂʝʣʚʠʥʦʚ, ʧʦʪʦʘ  

l [W/m0C]ïʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʠʥʩʢʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ,  ɛ-ʬʘʢʪʦʨ ʥʘ ʜʠʬʫʟʠʿʘ ʥʘ ʚʦʜʝʥʘ 

ʧʘʨʝʘ ʙʝʟʜʠʤʝʥʟʠʦʥʘʣʥʘ ʛʦʣʝʤʠʥʘ, r=ɛẗa-ʜʠʬʫʟʝʥ ʦʪʧʦʨ, Rïʦʪʧʦʨ ʥʘ ʤʠʥʫʚʘˁʝ ʥʘ 

ʪʦʧʣʠʥʘ. ʆʚʘ ʩʝ ʧʦʪʨʝʙʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ ʠ ʧʘʨʘʤʝʪʨʠ ʩʦ ʢʦʿ ʘʥʘʣʠʪʠʯʢʠ ʤʦʞʝʤʝ ʜʘ ʛʠ 

ʧʨʝʩʤʝʪʘʤʝ, ʟʘ ʜʘ ʛʦ ʜʦʙʠʝʤʝ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʤʠʥʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘ, ʩʧʝʮʠʬʠʯʝʥ 

ʪʦʧʣʠʥʩʢʠ ʧʨʦʪʦʢ q=W/m2, ʢʘʢʦ ʠ ʜʠʿʘʛʨʘʤʦʪ ʥʘ ʜʠʬʫʟʠʿʘ ʥʘ ʚʦʜʝʥʘ ʧʘʨʝʘ, ʥʘ ʝʜʝʥ 

ʩʠʩʪʝʤʩʢʠ ʼʠʜ. 

ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʧʨʝʜʩʪʘʚʝʥʠ ʩʝ ʜʚʘ ʩʠʩʪʝʤʠ ʥʘ ʬʘʩʘʜʥʠ ʼʠʜʥʠ ʧʘʥʝʣʠ ʠ ʜʦʙʠʝʥ ʝ 

ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʤʠʥʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘ U=1/R. [W/m2 K]. 

ʊʨʘʜʠʮʠʦʥʘʣʝʥ ɹʆʅɼʈʋʂ ʩʠʩʪʝʤ ʧʨʠʢʘʞʘʥ ʚʦ ʝʜʥʘ ʩʦʚʨʝʤʝʥʘ ʚʘʨʠʿʘʥʪʘ, ʢʦʿ ʩʦ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ, ʤʦʞʝ ʜʘ ʜʦʞʠʚʝʝ ʢʚʘʣʠʪʝʪʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ ʢʘʢʦ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʪʘʢʘ ʠ ʥʘ ʮʝʣʠʦʪ ʩʠʩʪʝʤ. ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘʧʨʘʚʝʥʘ ʝ 

ʩʧʦʨʝʜʙʘ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʝʥ ʠ ʩʦʚʨʝʤʝʥ ʙʦʥʜʨʫʢ ʩʠʩʪʝʤ ʠ ʧʨʠʢʘʞʘʥʘ ʝ ʥʠʚʥʘʪʝ ʘʥʘʣʠʟʘ 

ʧʨʝʢʫ  ʧʨʠʤʝʨ ʥʘ ʩʠʩʪʝʤ-ʼʠʜ, ʢʦʿ  ʝ ʟʝʤʝʥ ʦʜ ʇʨʘʢʪʠʢʫʤ IV  ʦʜ ɸʨʭʠʪʝʢʪʦʥʩʢʠ ʬʘʢʫʣʪʝʪ. [3] 

 

ü ʉʠʩʪʝʤ ʥʘ ʼʠʜʝʥ ʧʘʥʝʣ ʩʦʩʪʘʚʝʥ ʦʜ ʪʨʠ ʩʣʦʿʘ  

ɸ.  - ʅʘʜʚʦʨʝʰʥʘ ʦʙʨʘʙʦʪʢʘ 

    ʄʘʣʪʝʨ ʚʦ ʜʚʘ ʩʣʦʿʘ ʚʨʟ ʙʘʢʫʣʘ 2,5ʩʤ. 

ɹ.  - ʀʥʪʝʨʤʝʜʠʿʘʣʝʥ ʩʣʦʿ 

    ɺʦʟʜʫʰʝʥ ʧʨʦʩʪʦʨ  3ʩʤ. (ʟʘʨʦʙʝʥ, ʚʝʥʪʠʣʠʨʘʥ) 

    ʅʘʜʚʦʨʝʰʥʘ ʪʝʨʤʦʠʟʦʣʘʮʠʿʘ ï ɽʢʩʧʘʥʜʠʨʘʥ ʧʦʣʝʩʪʠʨʝʥ 2ʩʤ. 

    ʊʝʨʤʦʟʚʫʯʥʘ ʠʟʦʣʘʮʠʿʘ ï 5ʩʤ. 

    ɺʥʘʪʨʝʰʥʘ ʪʝʨʤʦʠʟʦʣʘʮʠʿʘ - ɽʢʩʧʘʥʜʠʨʘʥ ʧʦʣʝʩʪʠʨʝʥ  2ʩʤ. 

ɺ. - ɺʥʘʪʨʝʰʥʘ ʦʙʨʘʙʦʪʢʘ 

    ɻʠʧʩ ʢʘʨʪʦʥ ʧʣʦʯʘ 1,25ʩʤ, ʟʘʚʨʰʥʦ ʦʙʨʘʙʦʪʝʥʘ  
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K 

 
 

ɼʦʙʠʝʥ ʝ ʨʝʟʫʣʪʘʪ ʟʘ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʤʠʥʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘ, ʢʦʿ ʟʘ ʦʚʦʿ ʩʠʩʪʝʤ ʥʘ 

ʼʠʜ ʠʤʘ ʚʨʝʜʥʦʩʪ ʦʜ U= 0,41W/m2K.   

ʉʝ ʨʘʟʙʠʨʘ ʩʦ ʪʝʢ ʥʘ ʚʨʝʤʝ ʠ ʩʦʛʣʘʩʥʦ ʠʩʢʫʩʪʚʘʪʘ ʠ ʧʦʪʨʝʙʠʪʝ ʦʚʦʿ ʩʠʩʪʝʤ ʤʦʞʝ ʜʘ ʩʝ 

ʫʩʦʚʨʰʫʚʘ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʨʘʟʨʝʰʘʪ ʦʜʨʝʜʝʥʠ ʥʝʜʦʩʪʘʪʦʮʠ. 

ʅʘʿʩʝʨʠʦʟʝʥ ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʦʚʘʘ ʚʘʨʠʿʘʥʪʘ ʝ ʥʝʤʦʞʥʦʩʪʘ ʟʘ ʢʚʘʣʠʪʝʪʥʘ ʟʘʰʪʠʪʘ ʦʜ 

ʚʣʠʿʘʥʠʝ ʥʘ ʚʦʜʘ ʠ ʚʣʘʛʘ. ʅʦ ʩʦ ʙʨʟʠʦʪ ʨʘʟʚʦʿ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʟʘ ʭʠʜʨʦʠʟʦʣʘʮʠʿʘ ʠ 

ʪʝʭʥʠʯʢʠʪʝ ʤʦʞʥʦʩʪʠ ʟʘ ʥʠʚʥʘ ʘʧʣʠʢʘʮʠʿʘ ʦʚʦʿ ʧʨʦʙʣʝʤ  ʝ ʥʘʜʤʠʥʘʪ ʠ ʜʦʙʠʝʥʠ ʩʝ ʥʦʚʠ 

ʠʥʦʚʘʪʠʚʥʠ ʨʝʰʝʥʠʿʘ. 

ʉʦʚʨʝʤʝʥ ɹʆʅɼʈʋʂ  ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʫʚʘ ʝʬʠʢʘʩʝʥ ʠ ʨʘʮʠʦʥʘʣʝʥ ʩʠʩʪʝʤ ʥʘ 

ʛʨʘʜʝˁʝ, ʢʘʢʦ ʪʝʤʝʣʥʠʢ ʥʘ ʪ.ʥ ʦʜʨʞʣʠʚʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʟʜʨʘʚʘ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ. ʅʝʛʦʚʘ 

ʧʨʠʤʝʥʘ ʠ ʫʩʦʚʨʰʫʚʘˁʝ ʠʤʧʣʠʮʠʨʘʣʝ ʫʤʝʰʥʦʩʪ ʥʘ ʛʨʘʜʝˁʝ, ʩʝ ʨʘʟʚʠʣʝ ʚʦ ʩʚʦʝʚʠʜʥʠ 

ʘʨʭʠʪʝʢʪʦʥʩʢʠ ʬʦʨʤʠ. ʊʘʢʘ ʜʘ ʩʦ ʩʦʚʨʝʤʝʥʠ ʢʚʘʣʠʪʝʪʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʢʚʘʣʠʪʝʪʥʘ 

ʠʟʨʘʙʦʪʢʘ, ʩʦʬʠʩʪʠʮʠʨʘʥʠ ʩʠʩʪʝʤʠ  ʠ ʥʦʚ ʧʨʠʦʜ  ʥʘ ʦʙʣʠʢʫʚʘˁʝ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʝ 

ʩʦʚʨʝʤʝʥ ɽɽ ʦʙʿʝʢʪ. ʆʩʥʦʚʘʪʘ ʥʘ ʩʦʚʨʝʤʝʥʠʪʝ ʙʦʥʜʨʫʢ ʩʠʩʪʝʤʠ ʿʘ ʯʠʥʝ ʝʜʝʥ ʝʜʥʦʩʪʘʚʝʥ, 

ʣʦʛʠʯʝʥ ʢʦʥʩʪʨʫʢʪʠʚʝʥ ʩʢʣʦʧ. ɽʣʝʤʝʥʪʠʪʝ ʩʝ ʠʟʨʘʙʦʪʝʥʠ ʦʜ ʢʚʘʣʠʪʝʪʥʠ ʤʘʪʝʨʠʿʘʣʠ, 

ʚʠʩʦʢʦ ʬʠʥʘʣʠʟʠʨʘʥʠ, ʠʤʧʨʝʛʥʠʨʘʥʠ ʠ ʟʘʰʪʠʪʝʥʠ ʩʦ ʩʧʝʮʠʿʘʣʥʠ ʝʢʦʣʦʰʢʠ ʧʨʘʿʤʝʨʠ, 

ʛʨʫʥʜʦʚʠ ʠ ʧʨʝʤʘʟʠ. ɼʨʚʦ ʩʪʨʫʢʪʫʨʥʠ ʩʠʩʪʝʤʠ ʨʘʩʧʦʣʘʛʘʘʪ ʩʦ ʥʝʩʧʦʨʝʜʣʠʚʘ ʩʠʣʘ ʠ 

ʮʚʨʩʪʠʥʘ ʠ ʩʝ ʥʘʿʣʝʩʥʠʦʪ ʠ ʥʘʿʝʢʦʥʦʤʠʯʝʥ ʥʘʯʠʥ ʜʘ ʩʝ ʟʘʜʦʚʦʣʘʪ ʥʦʨʤʘʪʠʚʝʥʠʪʝ ʙʘʨʘˁʘ.  

ʆʙʨʘʙʦʪʢʘʪʘ ʥʘ ʥʘʜʚʦʨʝʰʥʠʪʝ ʼʠʜʦʚʠ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚʦ ʧʨʦʜʦʣʞʝʥʠʝ ʠ ʪʦʘ ʚʦ ʪʨʠ ʥʠʚʦʘ, 

ʘ ʩʝ ʟʝʤʝʥʠ ʦʜ ʧʨʠʤʝʨ ʚʦ ʇʨʘʢʪʠʢʫʤ IV ʦʜ ɸʨʭʠʪʝʢʪʦʥʩʢʠ ʬʘʢʫʣʪʝʪ [3] 
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ü ʉʠʩʪʝʤ ʥʘ ʼʠʜʝʥ ʧʘʥʝʣ ʩʦʩʪʘʚʝʥ ʦʜ ʪʨʠ ʩʣʦʿʘ  

ɸ.  - ʅʘʜʚʦʨʝʰʥʘ ʦʙʨʘʙʦʪʢʘ 

 ʍʦʨʠʟʦʥʪʘʣʥʘ/ʚʝʨʪʠʢʘʣʥʘ ʦʧʣʘʪʘ 1.8-2,2ʩʤ. 

 ʍʦʨʠʟʦʥʪʘʣʥʘ/ʜʠʿʘʛʦʥʘʣʥʘ ʦʧʣʘʪʘ 1.8-2,2ʩʤ. 

ɹ. - ʀʥʪʝʨʤʝʜʠʿʘʣʝʥ ʩʣʦʿ 

    ɺʦʟʜʫʰʝʥ ʧʨʦʩʪʦʨ  3ʩʤ. (ʟʘʨʦʙʝʥ, ʚʝʥʪʠʣʠʨʘʥ) 

    ʅʘʜʚʦʨʝʰʥʘ ʪʝʨʤʦʠʟʦʣʘʮʠʿʘ - ɽʢʩʧʘʥʜʠʨʘʥ ʧʦʣʝʩʪʠʨʝʥ 2ʩʤ. 

    ʊʝʨʤʦʟʚʫʯʥʘ ʠʟʦʣʘʮʠʿʘ ï5ʩʤ. ʠʣʠ (7ʩʤ.) 

    ɺʥʘʪʨʝʰʥʘ ʪʝʨʤʦʠʟʦʣʘʮʠʿʘ - ɽʢʩʧʘʥʜʠʨʘʥ ʧʦʣʝʩʪʠʨʝʥ 2ʩʤ. 

ɺ. - ɺʥʘʪʨʝʰʥʘ ʦʙʨʘʙʦʪʢʘ 

    ɻʠʧʩ ʢʘʨʪʦʥ ʧʣʦʯʘ 1,25ʩʤ. ʟʘʚʨʰʥʦ ʦʙʨʘʙʦʪʝʥʘ 

 

͔́͊͋͊͡ нΦ ʇʨʝʩʤʝʪʢʘ  ʉoʦʚʨʝʤʥ ɹʆʅɼʈʋʂ ʩʠʩʪʝʤ ʩʦ U =0.23W/ m
2
K 

 
 

ɼʦʙʠʝʥ ʝ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʤʠʥʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘ, ʢʦʿ ʟʘ ʦʚʦʿ ʩʠʩʪʝʤ ʥʘ 

ʼʠʜ ʠʤʘ ʚʨʝʜʥʦʩʪ ʦʜ U= 0,22W/m2K, ʰʪʦ ʝ ʧʦʜʦʙʘʨ ʦʜ ʧʨʝʜʭʦʜʥʠʦʪ.  

ʆʚʠʝ ʩʠʩʪʝʤʠ ʥʘ ʛʨʘʜʝˁʝ ʩʝ ʧʦʜʨʝʜʝʥʠ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʩʦ ʢʦʠ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʚʠʩʦʢ ʩʪʝʧʝʥ 

ʥʘ ʬʠʥʘʣʠʟʘʮʠʿʘ, ʢʦʤʧʘʪʘʙʠʣʥʦʩʪ ʠ ʝʬʠʢʘʩʥʦʩʪ ʩʦ ʤʥʦʛʫ ʧʦʚʦʣʥʠ ʝʢʦʥʦʤʩʢʠ ʠ ʝʥʝʨʛʝʪʩʢʠ 

ʧʦʢʘʟʘʪʝʣʠ. ʉʦ ʚʘʢʦʚ ʚʠʜ ʦʙʨʘʙʦʪʢʘ ʠ ʩʦ ʩʪʨʫʢʪʫʠʨʘˁʝ ʥʘ ʠʥʪʝʨʤʝʜʠʿʘʣʥʠʦʪ ʩʧʦʿ, ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʜʦʙʘʨ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʝʨʤʠʯʢʘ ʠ ʟʚʫʯʥʘ ʟʘʰʪʠʪʘ, ʰʪʦ ʩʝ ʜʦʣʞʠ ʥʘ 

ʚʝʥʪʠʣʠʨʘʥʠʦʪ ʚʦʟʜʫʰʝʥ ʧʨʦʩʪʦʨ ʢʘʢʦ Ăʟʘʨʦʙʝʥñ ʚʦʟʜʫʭ ʠ ʩʦʚʨʝʤʝʥʠ ʝʢʦʣʦʰʢʠ 

ʤʘʪʝʨʠʿʘʣʠ. ʉʦ ʜʦʜʘʚʘˁʝ ʥʘ ʠʟʦʣʘʮʠʿʘ ʢʘʿ ʢʨʠʪʠʯʢʠʪʝ ʤʝʩʪʘ ʩʝ ʥʘʤʘʣʫʚʘ ʪʝʨʤʠʯʢʦ 
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ʧʨʝʤʦʩʪʫʚʘˁʝ. ʆʜʨʝʜʝʥ ʩʪʝʧʝʥ ʥʘ ʟʘʛʫʙʘ ʥʘ ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ʼʠʜʦʪ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ 

ʪʦʧʣʠʥʩʢʘ ʧʨʝʤʦʩʪʫʚʘˁʝ ʝ ʥʝʠʟʙʝʞʥʦ, ʙʠʜʝʿ˃ʠ  ʤʘʪʝʨʠʿʘʣʠʪʝ ʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘʪʘ ʩʝ 

ʧʦʤʘʣʢʫ ʦʪʧʦʨʥʠ ʥʘ ʪʦʧʣʠʥʘ ʦʜ ʠʟʦʣʘʮʠʿʘʪʘ ʢʦʿʘ ʧʨʝʪʩʪʘʚʫʚʘʰʝ ʬʠʟʠʯʢʘ ʙʘʨʠʝʨʘ ʢʦʿʘ ʛʦ 

ʩʧʨʝʯʫʚʘ ʜʚʠʞʝˁʝ ʥʘ ʚʦʟʜʫʭ ʠ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘ ʧʨʝʢʫ ʼʠʜ.  ɿʘʪʦʘ ʦʚʦʿ ʩʠʩʪʝʤ 

ʧʦʢʨʘʿ ʝʢʦʣʦʰʢʠʦʪ ʢʚʘʣʠʪʝʪ , ʨʘʩʧʦʣʘʛʘ ʠ ʩʦ ʜʦʙʨʠ ʝʥʝʨʛʝʪʩʢʠ ʧʝʨʬʦʨʤʘʥʩʠ, ʰʪʦ ʛʠ 

ʧʨʘʚʠ ʧʦʜʦʙʨʠ ʦʜ ʧʨʝʜʭʦʜʥʠʦʪ ʩʠʩʪʝʤ, ʘ ʩʦ ʥʝʛʦʚʦ ʫʩʦʚʨʰʫʚʘˁʝ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʝ ʫʰʪʝ 

ʧʦʜʦʙʨʦ ʨʝʰʝʥʠʝ. 

 

3.  ɿʘʢʣʫʯʦʢ 
 

ʉʦʚʨʝʤʝʥ ɹʆʅɼʈʋʂ  ʩʠʩʪʝʤ ʝ ʧʦʜʦʙʨʘ ʚʘʨʠʿʘʥʪʘ ʦʜ  ʊʨʘʜʠʮʠʦʥʘʣʝʥ ɹʆʅɼʈʋʂ 

ʩʠʩʪʝʤ ʠʘʢʦ ʥʝʤʘ ʥʝʢʦʿʘ ʧʦʩʝʙʥʘ ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʥʠʚ. ʊʦʘ ʩʝ ʜʦʣʞʠ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʢʦʿ 

ʩʝ ʚʛʨʘʜʝʥʠ ʚʦ ʦʚʠʝ  ʩʠʩʪʝʤʩʢʠ ʼʠʜʝʥʠ ʧʘʥʝʣʠ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʩʦ ʧʦʤʦʰ ʥʘ ʧʨʦʛʨʘʤ Calculation of Wall U-value ʚʦ ɽxel ʩʝ 

ʧʦʥʠʩʢʠ ʦʜ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʝʥʠ ʩʦ ʥʫʤʝʨʠʯʢʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʠʩʪʠʪʝ, ʩʧʦʨʝʜ ʢʦʿʘ ʩʝ ʜʦʙʠʚʘ 

ʥʝʰʪʦ ʧʦʛʦʣʝʤʠ ʚʨʝʜʥʦʩʪʠ. ʈʘʟʣʠʢʘʪʘ ʚʦ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʿʘʚʫʚʘ ʙʠʜʝʿʢʠ 

ʧʨʝʩʤʝʪʢʘʪʘ ʢʦʿʘ ʿʘ ʧʨʠʤʝʥʠʚ ʥʝ ʺʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʪʦʧʣʠʥʩʢʠʪʝ ʤʦʩʪʦʚʠ ʥʠʟ ʢʦʿ ʜʦʘʛʘ ʜʦ 

ʊʊ. 

ʅʘʿʜʦʙʨʠ ʠ ʪʦʯʥʠ ʨʝʟʫʣʪʘʪʠ ʚʦ ʧʨʝʩʤʝʪʫʚʘˁʝʪʦ ʩʝ ʜʦʙʠʚʘ ʩʦ ʢʦʤʧʿʫʪʝʨʩʢʠ ʧʨʦʛʨʘʤ, 

ʙʘʟʠʨʘʥ ʥʘ ʤʝʪʦʜ ʥʘ ʢʦʥʝʯʥʠ ʝʣʝʤʝʥʪʠ, ʢʦʿ ʝ ʤʥʦʛʫ ʧʦ ʩʦʬʠʩʪʠʮʠʪʨʘʥ ʦʜ ʦʩʪʘʥʘʪʠʪʝ 

ʤʝʪʦʜʠ ʥʘ ʧʨʝʩʤʝʪʫʚʘˁʝ. 

ɸʥʘʣʠʪʠʯʢʠ ʠʩʧʠʪʫʚʘˁʘ ʧʦʪʢʨʝʧʝʥʠ ʩʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʪʦʮʠ ʟʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ, ʦʪʚʘʨʘʘʪ ʥʦʚʠ ʤʦʞʥʦʩʪʠ ʟʘ ʦʜʛʦʚʦʨ ʥʘ ʤʥʦʛʫ ʧʨʘʰʘˁʘ 

ʚʨʟʘʥʠ ʩʦ ʦʚʘʘ ʧʨʦʙʣʝʤʘʪʠʢʘ. ʅʘʿʛʦʣʝʤʘ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ  ʧʨʠ ʠʟʛʨʘʜʙʘ ʥʘ ʥʦʚ ʦʙʿʝʢʪ 

ʩʝ ʧʦʩʪʠʛʥʘʪ ʩʦ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʧʦʚʝ˃ʝ ʝʬʠʢʘʩʥʠ ʤʝʨʢʠ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʟʘʝʜʥʦ. 

ʇʨʠʤʝʥʘ ʥʘ ʥʘʿʜʦʙʨʘʪʘ ʤʦʞʥʘ ʠ ʨʘʩʧʦʣʦʞʠʚʘ ʠʟʦʣʘʮʠʿʘ,  ʜʦʣʛʦʨʦʯʥʦ ˃ʝ ʩʝ ʠʩʧʣʘʪʠ ʠ ˃ʝ 

ʦʙʝʟʙʝʜʠ  ʠʟʜʨʞʣʠʚʦʩʪ ʠ ʪʨʘʿʥʦʠʩʪ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠ ʜʨʚʝʥʠ ʦʙʿʝʢʪʠ. 

ʅʦ ʧʦʪʨʝʙʘ ʦʜ ʫʩʦʚʨʰʫʚʘˁʝ ʥʘ ʦʚʠʝ ʩʠʩʪʝʤʠ ʝ ʥʝʤʠʥʦʚʥʘ ʟʘ ʜʘ ʩʝ ʜʦʙʠʝ ʨʝʯʠʩʠ 

ʩʦʚʨʰʝʥ ɽɽ ʦʙʿʝʢʪ, ʧʘʩʠʚʝʥ ʦʙʿʝʢʪ.  
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[4] ɿʘʢʦʥ ʟʘ ʝʥʝʨʛʝʪʠʢʘ ʉʣʫʞʙʝʥ ʚʝʩʥʠʢ ʥʘ ʈʄ, ʙʨ. 16 ʦʜ 10.02.2011 ʛʦʜʠʥʘ 

[5] ɸPA-Bilding Energy Efficient Walls, http://www.cochise.az.gov   2-6  ʠ 

[6] ñUKALKò  ʢʘʣʢʫʣʘʪʦʨ - ʟʘ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ U ïʂʆɽʌʀʎʀɽʅʊ ʥʘ ʪʦʧʣʠʥʩʢʘ 

ʧʨʦʧʫʩʪʣʠʚʦʩʪ  

http://www.cochise.az.gov/
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ʂɺɸʃʀʊɽʊ ʅɸ ɺʆɿɼʋʍʆʊ ʀ ɺɽʅʊʀʃɸʎʀɱɸʊɸ ʀ ʅɽɻʆɺʆʊʆ ɼʀʈɽʂʊʅʆ 
ɺʃʀɱɸʅʀɽ ɺʈɿ ɿɼʈɸɺɱɽʊʆ ʅɸ ʃʋɬɽʊʆ 

 

ɸʣʝʢʩʘʥʜʨʘ ʉʪʦʝʚʘ 

ʆɿʆʅ ʜʦʦʝʣ ʉʢʦʧʿʝ 

contact@ozon.com.mk 

 

ɸʧʩʪʨʘʢʪ 

 ɺʦ ʜʝʥʝʰʥʦ ʚʨʝʤʝ ʠ ʚʦ ʚʨʝʤʝʪʦ ʢʦʝ ʜʦʘʺʘ ʛʣʘʚʥʠ ʧʨʦʙʣʝʤʠ ʥʘ ʫʨʙʘʥʦʪʦ ʞʠʚʝʝˁʝ 

ʩʝ ʩʚʝʞʠʦʪ ʯʠʩʪ ʚʦʟʜʫʭ, ʟʜʨʘʚʠʦʪ ʥʘʯʠʥ ʥʘ ʞʠʚʝʝˁʝ ʠ ʙʫʯʘʚʦʩʪʘ. ɽʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʝ ʩʝ ʩʦʩʪʦʠ ʩʘʤʦ ʚʦ ʜʦʙʨʘʪʘ ʠʟʦʣʘʮʠʿʘ, ʥʦʚʠʪʝ ʥʝʧʨʦʧʫʩʪʣʠʚʠ ʧʨʦʟʦʨʮʠ ʠʣʠ 

ʩʠʩʪʝʤʠʪʝ ʟʘ ʛʨʝʝˁʝ. ʆʩʚʝʥ ʚʘʞʥʦʩʪʘ ʜʘ ʥʝ ʩʝ ʛʫʙʠ ʝʥʝʨʛʠʿʘ, ʚʘʞʥʦ ʝ ʠ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ 

ʜʘ ʠʤʘ ʩʚʝʞ ʚʦʟʜʫʭ ʟʘ ʥʦʨʤʘʣʥʘ ʠ ʥʝʧʨʝʯʝʥʘ ʨʘʙʦʪʘ. ʉʦ ʧʨʠʤʝʥʫʚʘˁʝ ʥʘ ʩʠʪʝ ʦʚʠʝ 

ʫʩʣʦʚʠ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʩʝ ʧʦʿʘʚʫʚʘ ʧʨʦʙʣʝʤ ʩʦ ʟʘʪʚʦʨʝʥ ʧʨʦʩʪʦʨ, ʟʛʦʣʝʤʝʥʦ 

ʥʠʚʦ ʥʘ CO2 ʠ ʨʘʟʥʠ ʤʠʨʠʩʠ. ʇʦʪʨʝʙʘʪʘ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʪʨʦʰʦʮʠʪʝ ʟʘ ʝʥʝʨʛʠʿʘ, ʜʘ ʩʝ 

ʦʜʨʞʠ ʟʜʨʘʚʠʦʪ ʥʘʯʠʥ ʥʘ ʞʠʚʝʝˁʝ ʠ ʜʘ ʩʝ ʧʦʜʦʙʨʘʪ ʫʩʣʦʚʠʪʝ ʟʘ ʥʘʰ ʧʨʝʩʪʦʿ ʚʦ 

ʟʘʪʚʦʨʝʥʠ ʧʨʦʩʪʦʨʠʠ ʥʝ ʫʩʣʦʚʫʚʘ ʜʘ ʧʦʯʥʝʤʝ ʜʘ ʙʘʨʘʤʝ ʠ ʠʤʧʣʝʤʝʪʠʨʘʤʝ ʨʝʰʝʥʠʿʘ ʟʘ 

ʠʩʧʦʣʥʫʚʘˁʝ ʥʘ ʧʦʪʨʝʙʠʪʝ ʥʘ ʩʦʚʨʝʤʝʥʠʦʪ ʥʘʯʠʥ ʥʘ ʞʠʚʝʝˁʝ.  

ʂʚʘʣʠʪʝʪ ʥʘ ʚʦʟʜʫʭʦʪ ʝ ʝʜʝʥ ʦʜ ʥʘʿʛʣʘʚʥʠʪʝ ʬʘʢʪʦʨʠ ʟʘ ʚʦʜʝˁʝ ʥʘ ʟʜʨʘʚ ʞʠʚʦʪ ʠ 

ʢʦʤʬʦʨʪʥʘ ʦʢʦʣʠʥʘ. ɺʦ ʪʘʘ ʥʘʩʦʢʘ ʢʦʥʪʨʦʣʠʨʘʥʘʪʘ ʚʝʥʪʠʣʘʮʠʿʘ ʠʤʘ ʤʥʦʛʫ ʧʨʝʜʥʦʩʪʠ ʧʨʠ 

ʠʟʙʦʨ ʥʘ ʦʧʪʠʤʘʣʥʦʪʦ ʨʝʰʝʥʠʝ ʟʘ ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ. ʆʪʪʫʢʘ,  ʩʝʢʦʿ ʦʙʿʝʢʪ ʪʨʝʙʘ ʜʘ 

ʠʤʘ ʧʨʠʥʫʜʥʘ ʚʝʥʪʠʣʘʮʠʿʘ ʟʘ ʜʘ ʜʦʙʠʝ ʥʘʿʜʦʙʨʠ ʫʩʣʦʚʠ ʟʘ ʧʨʝʩʪʦʿ ʠ ʨʘʙʦʪʘ. 

  ɺʦ ʪʨʫʜʦʪ ʩʝ ʦʧʠʰʫʚʘʘʪ ʆʟʦʥɸʠʨ ʫʨʝʜʠʪʝ ʟʘ ʚʝʥʪʠʣʘʮʠʿʘ ʩʦ ʩʠʩʪʝʤʠ ʟʘ ʦʙʥʦʚʘ ʥʘ 

ʝʥʝʨʛʠʿʘ ʢʦʠ ʛʠ ʩʥʘʙʜʫʚʘʘʪ ʧʨʦʩʪʦʨʠʠʪʝ ʩʦ ʩʚʝʞ ʚʦʟʜʫʭ. ʇʨʠʪʦʘ, ʟʘʛʘʜʝʥʠʦʪ ʚʦʟʜʫʭ ʩʝ 

ʠʟʚʣʝʢʫʚʘ ʦʜ ʧʨʦʩʪʦʨʠʠʪʝ ʠ ʚʦ ʠʩʪʦ ʚʨʝʤʝ ʩʝ ʰʪʝʜʠ ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ʟʘʜʨʞʫʚʘˁʝ ʥʘ 

ʪʦʧʣʠʥʘʪʘ ʦʜ ʦʪʧʘʜʥʠʦʪ ʚʦʟʜʫʭ.  

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʚʝʥʪʠʣʘʮʠʿʘ, ʢʚʘʣʠʪʝʪ ʥʘ ʚʦʟʜʫʭ, ʦʙʥʦʚʘ ʥʘ ʝʥʝʨʛʠʿʘ, ʩʚʝʞ ʚʦʟʜʫʭ. 

 

1. ɺʦʚʝʜ 
 

 ʈʘʩʪʝʯʢʠʪʝ ʮʝʥʠ ʥʘ ʝʥʝʨʛʝʥʩʠʪʝ ʠ ʦʯʝʢʫʚʘˁʝʪʦ ʜʝʢʘ ʪʠʝ ʠ ʚʦ ʠʜʥʠʥʘ ˃ʝ ʨʘʩʪʘʪ 

ʧʦʯʥʘ ʜʘ ʛʠ ʦʩʚʝʩʪʫʚʘ ʛʨʘʺʘʥʠʪʝ ʟʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʩʦʟʜʘʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠ 

ʦʙʿʝʢʪʠ. ʆʙʿʝʢʪʠ ʢʦʠ ʥʝʤʘ ʧʨʝʩʢʘʧʦ ʜʘ ʩʝ ʟʘʛʨʝʚʘʘʪ, ʥʠʪʫ ʜʘ ʩʝ ʣʘʜʝʘʪ. ɽʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʩʪʨʝʤʠ ʟʘ ʨʘʮʠʦʥʘʣʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʚʣʦʞʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ 

ʦʜʥʦʩʥʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʦʤʘʣʢʫ ʝʥʝʨʛʠʿʘ ʟʘ ʠʩʪ ʧʨʦʠʟʚʦʜ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ 

ʟʘʛʘʜʫʚʘʯʢʠʪʝ ʛʘʩʦʚʠ ʚʦ ʘʪʤʦʩʬʝʨʘʪʘ, ʤʝʺʫʪʦʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʝ ʩʝ ʩʦʩʪʦʠ 

ʩʘʤʦ ʚʦ ʠʟʦʣʘʮʠʿʘʪʘ, ʧʨʦʟʦʨʝʮʦʪ ʠʣʠ ʚʦ ʬʘʩʘʜʘʪʘ. 
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 ʇʦʢʨʘʿ ʚʘʞʥʦʩʪʘ ʜʘ ʥʝ ʩʝ ʛʫʙʠ ʝʥʝʨʛʠʿʘ, ʚʘʞʥʦ ʝ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ ʜʘ ʠʤʘ ʩʚʝʞ 

ʚʦʟʜʫʭ ʟʘ ʥʦʨʤʘʣʥʘ ʠ ʥʝʧʨʝʯʝʥʘ ʨʘʙʦʪʘ. ʉʦ ʧʨʠʤʝʥʫʚʘˁʝ ʥʘ ʩʠʪʝ ʦʚʠʝ ʫʩʣʦʚʠ ʟʘ 

ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʩʝ ʧʦʿʘʚʫʚʘ ʧʨʦʙʣʝʤ ʩʦ ʟʘʪʚʦʨʝʥ ʧʨʦʩʪʦʨ ʠ ʥʝʜʦʩʪʘʪʦʢ ʥʘ 

ʢʠʩʣʦʨʦʜ. ʆʩʚʝʥ ʜʦʙʨʘʪʘ ʠʟʦʣʘʮʠʿʘ, ʩʠʩʪʝʤʠʪʝ ʟʘ ʛʨʝʝˁʝ, ʦʩʚʝʪʣʫʚʘˁʝ ʠ ʧʨʦʟʦʨʮʠʪʝ, 

ʫʰʪʝ ʝʜʝʥ ʬʘʢʪʦʨ ʠʤʘ ʚʘʞʥʘ ʫʣʦʛʘ ʧʨʠ ʢʨʝʠʨʘˁʝ ʥʘ ʟʜʨʘʚʘ ʠ ʢʦʤʬʦʨʪʥʘ ʦʢʦʣʠʥʘ ʟʘ  

ʞʠʚʝʝˁʝ ï ɺɽʅʊʀʃɸʎʀɱɸʊɸ. 

 

2. ʂʚʘʣʠʪʝʪ ʥʘ ʚʦʟʜʫʭ ʠ ʚʝʥʪʠʣʘʮʠʿʘ 
 

2.1. ʂʚʘʣʠʪʝʪ ʥʘ ʚʦʟʜʫʭ ʠ ʚʥʘʪʨʝʰʥʘ ʢʣʠʤʘ 

 
ʉʠʪʝ ʧʨʦʩʪʦʨʠʠ ʠʤʘʘʪ ʧʦʪʨʝʙʘ ʦʜ ʚʝʥʪʠʣʘʮʠʿʘ ʟʘ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʟʘʩʪʦʝʥʠʦʪ ʚʦʟʜʫʭ 

ʠ ʚʣʘʛʘ ʢʦʠ ʩʝ ʥʘʦʺʘʘʪ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ ʢʘʜʝ ʰʪʦ ʧʨʝʩʪʦʿʫʚʘʘʪ ʣʫʺʝ ʠ ʚʥʝʩʫʚʘˁʝ ʥʦʚ ʩʚʝʞ 

ʚʦʟʜʫʭ ʢʦʿ ʪʨʝʙʘ ʜʘ ʩʝ ʚʥʝʩʝ ʦʜ ʥʘʜʚʦʨ.  

ʅʦʚʠʪʝ ʥʝʧʨʦʧʫʩʪʣʠʚʠ ʬʘʩʘʜʠ ʠ ʧʨʦʟʦʨʮʠ ʛʠ ʧʦʜʦʙʨʫʚʘʘʪ ʪʦʧʣʠʥʩʢʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʙʿʝʢʪʦʪ, ʥʦ ʦʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʠʩʪʠʪʝ ʩʝ ʜʫʨʠ ʠ ʧʨʝʤʥʦʛʫ ʥʝʧʨʦʧʫʩʪʣʠʚʠ 

ʠ ʧʨʠʨʦʜʥʘʪʘ ʠʥʬʠʣʪʨʘʮʠʿʘ ʝ ʤʠʥʠʤʘʣʥʘ, ʰʪʦ ʧʘʢ ʧʨʝʜʠʟʚʠʢʫʚʘ ʨʝʣʘʪʠʚʥʘʪʘ ʚʣʘʞʥʦʩʪ ʠ 

ʟʘʛʘʜʫʚʘˁʝʪʦ ʥʘ ʚʦʟʜʫʭʦʪ ʜʘ ʩʝ ʟʛʦʣʝʤʘʪ ʜʦ ʚʠʩʦʢʦ ʥʠʚʦ. 

 

͔́͊͋͊͡ мΦ ɻʨʘʥʠʯʥʠ ʚʨʝʜʥʦʩʪʠ ʚʦ ʚʦʟʜʫʭʦʪ ʦʜ ʨʘʟʣʠʯʥʠ ʟʘʛʘʜʫʚʘʯʠ 
[1] 

ɿʘʛʘʜʫʚʘʯʢʠ ʩʫʧʩʪʘʥʮʠ ʄʘʢʩ. ɼʦʟʚʦʣʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ï ʛʨʘʥʠʯʥʠ ʚʨʝʜʥʦʩʪʠ 

ʄʘʢʩ. ɻʨʘʥʠʯʥʠ ʚʨʝʜʥʦʩʪʠ ɼʥʝʚʝʥ ʧʨʦʩʝʢ 

SO2 500 Õg/m3 150 Õg/m3 

ʏʘʜ 150 Õg/m3 50 Õg/m3 

NO2 80 Õg/m3 85 Õg/m3 

SPM  120 Õg/m3 

 ʆʟʦʥ - O3  110 Õg/m3 

CO 3 Õg/m3 1 Õg/m3 

Pb  0.7 Õg/m3 

Cd  0.7 Õg/m3 

 

ʆʚʘ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʩʝʨʠʦʟʥʠ ʧʨʦʙʣʝʤʠ ʩʦ ʢʦʥʜʝʥʟʘʮʠʿʘʪʘ, ʘ ʚʠʩʦʢʘʪʘ 

ʚʥʘʪʨʝʰʥʘ ʚʣʘʞʥʦʩʪ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʨʘʩʪ ʥʘ ʤʫʚʣʘ ʠ ʨʘʟʚʦʿ ʥʘ ʙʘʢʪʝʨʠʠ ʠ ʚʠʨʫʩʠ 

ʩʪʠʤʫʣʘʪʦʨʠ ʟʘ ʥʘʨʫʰʫʚʘˁʝ ʥʘ ʯʦʚʝʢʦʚʦʪʦ ʟʜʨʘʚʿʝ. ʇʨʦʙʣʝʤʠʪʝ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ ʚʦ ʚʨʩʢʘ 
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ʩʦ ʟʘʪʚʦʨʝʥʠʦʪ ʧʨʦʩʪʦʨ ʨʝʟʫʣʪʠʨʘ ʩʦ ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʉʆ2. ʄʝʺʫʥʘʨʦʜʥʦ ʧʨʠʬʘʪʝʥʠʪʝ ʠ 

ʜʦʢʘʞʘʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʧʦʢʘʞʘʘ ʜʝʢʘ ʦʚʘ ʠʤʘ ʥʝʛʘʪʠʚʥʠ ʝʬʝʢʪʠ ʚʨʟ ʟʜʨʘʚʿʝʪʦ ʥʘ ʣʫʺʝʪʦ ʠ 

ʨʘʟʚʦʿʦʪ ʥʘ ʜʝʮʘʪʘ.[2] 

ʃʦʰʘʪʘ ʚʥʘʪʨʝʰʥʘ ʢʣʠʤʘ ʠ ʟʘʛʘʜʝʥʠʦʪ ʚʦʟʜʫʭ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘʘʪ ʰʠʨʦʢ 

ʩʧʝʢʪʘʨ ʥʘ ʥʝʩʘʢʘʥʠ ʧʦʩʣʝʜʠʮʠ ʢʘʿ ʜʝʮʘʪʘ ʠ ʚʦʟʨʘʩʥʠʪʝ ʠ ʪʦʘ: 

- ʠʨʠʪʘʮʠʿʘ ʥʘ ʦʢʦ, ʥʦʩ, ʛʨʣʦ, 

- ʛʣʘʚʦʙʦʣʢʠ,  

- ʟʘʤʦʨ,  

- ʥʝʧʨʠʿʘʪʝʥ ʤʠʨʠʩ,  

- ʚʨʪʦʛʣʘʚʠʮʘ,  

- ʙʨʟʘ ʧʨʝʥʦʩʣʠʚʦʩʪ ʥʘ ʙʦʣʝʩʪʠ ʠ ʥʘʩʪʠʥʢʠ,  

- ʝʤʦʮʠʦʥʘʣʥʘ ʥʝʩʪʘʙʠʣʥʦʩʪ, 

- ʥʘʤʘʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʠ ʚʥʠʤʘʥʠʝ, 

- ʨʘʟʜʨʘʟʣʠʚʦʩʪ ʥʘ ʩʠʪʝ ʩʝʪʠʣʘ 

 

ʆʜ ʛʦʨʝʥʘʚʝʜʝʥʦʪʦ, ʧʨʠʨʦʜʥʘ ʝ ʧʦʪʨʝʙʘʪʘ ʟʘ ʩʚʝʞ ʚʦʟʜʫʭ ʠ ʧʨʚʘʪʘ ʧʨʠʨʦʜʥʘ 

ʨʝʘʢʮʠʿʘ ʥʘ ʯʦʚʝʢʦʪ ʝ ʜʘ ʛʦ ʦʪʚʦʨʠ ʧʨʦʟʦʨʝʮʦʪ. 

ʇʦʩʣʝʜʠʮʘ ʝ, ʠʘʢʦ ʠʤʘ ʦʜʣʠʯʥʘ ʠʟʦʣʘʮʠʿʘ, ʥʦʚʠ ʧʨʦʟʦʨʠ ʠ ʚʨʘʪʠ, ʝʥʝʨʛʠʿʘʪʘ ʩʝ 

ʛʫʙʠ ʧʦʨʘʜʠ ʦʪʚʦʨʝʥʠʪʝ ʧʨʦʟʦʨʠ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ, ʘ ʩʝ ʧʦʨʘʜʠ ʥʝʜʦʩʪʠʛ ʦʜ ʢʠʩʣʦʨʦʜ ʠ 

ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʉʆ2 ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ! 

ɿʘʨʘʜʠ ʪʦʘ ʟʘ ʦʙʿʝʢʪʠʪʝ ʩʪʘʥʘʘ ʟʥʘʯʠʪʝʣʥʦ ʘʢʪʫʝʣʥʠ ʠ ʚʘʞʥʠ ʧʨʘʰʘˁʘʪʘ ʧʦʚʨʟʘʥʠ 

ʟʘ ʩʚʝʞ ʠ ʟʜʨʘʚ ʚʦʟʜʫʭ ʢʘʢʦ ʠ ʢʦʤʬʦʨʪʥʘ ʦʢʦʣʠʥʘ ʟʘ ʣʫʺʝʪʦ. ʉʦ ʩʦʦʜʚʝʪʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʠ 

ʫʨʝʜʠ ʟʘ ʦʙʥʦʚʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʚʝʥʪʠʣʘʮʠʿʘʪʘ, ʝʤʠʩʠʿʘʪʘ ʥʘ ʉʆ2, 

ʜʨʘʩʪʠʯʥʦ ʜʘ ʩʝ ʥʘʤʘʣʠ ʟʘʛʫʙʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʩʦʦʜʚʝʪʥʦ ʪʨʦʰʦʮʠʪʝ ʟʘ 

ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ.  

2.2. ʇʨʠʨʦʜʥʘ ʠ ʤʝʭʘʥʠʯʢʘ ʚʝʥʪʠʣʘʮʠʿʘ 
 

ɺʝʥʪʠʣʘʮʠʿʘ ʧʨʝʢʫ ʧʨʦʟʦʨʮʠ ï ʟʘʩʪʘʨʝʥʘ ʠ ʩʢʘʧʘ ʥʘʚʠʢʘ - ʇʨʘʢʩʘʪʘ ʥʘ ʧʨʠʨʦʜʥʦ 

ʚʝʥʪʠʣʠʨʘˁʝ ʩʦ ʦʪʚʘʨʘˁʝ ʧʨʦʟʦʨʠ ʠ ʚʨʘʪʠ ʢʘʢʦ ʠ ʫʧʦʪʨʝʙʘ ʥʘ ʚʝʥʪʠʣʘʪʦʨʠ ʟʘ ʦʪʩʠʩ ʥʦʩʠ 

ʛʦʣʝʤʠ ʟʘʛʫʙʠ ʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʚʦ ʟʠʤʘ (ʢʘʢʦ ʪʦʧʣʠʥʩʢʘ) ʠ ʣʝʪʦ (ʢʘʢʦ ʝʥʝʨʛʠʿʘ ʟʘ ʣʘʜʝˁʝ) 

ʩʝ ʠʩʬʨʣʘ ʩʦ ʚʦʟʜʫʭʦʪ ʢʦʿ ʪʨʝʙʘ ʜʘ ʩʝ ʩʤʝʥʠ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ. ʆʚʘʘ ʟʘʛʫʙʘ ʥʘ ʝʥʝʨʛʠʿʘ ʥʝ 

ʝ ʚʦʦʧʰʪʦ ʤʘʣʘ ʟʘʪʦʘ ʰʪʦ ʥʦʚʦʚʣʝʟʝʥʠʦʪ ʚʦʟʜʫʭ ʪʨʝʙʘ ʪʝʤʧʝʨʘʪʫʨʥʦ ʜʘ ʩʝ ʠʩʪʨʝʪʠʨʘ ʠ 

ʜʦʚʝʜʝ ʚʦ ʧʨʦʯʠʩʪʝʥʘ ʬʦʨʤʘ ʚʦ ʧʨʦʩʪʦʨʦʪ, ʰʪʦ ʧʦʜʨʘʟʙʠʨʘ ʧʦʚʪʦʨʥʦ ʢʦʨʠʩʪʝˁʝ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʥʘ ʝʥʝʨʛʠʿʘ. ʇʨʠ ʦʪʚʦʨʘˁʝʪʦ ʥʘ ʧʨʦʟʦʨʠʪʝ ʠ ʚʨʘʪʠʪʝ ʠʩʪʦ ʪʘʢʘ ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʠ ʥʠʚʦʪʦ ʥʘ ʙʫʯʘʚʘ ʥʘ ʢʦʿʘ ʩʤʝ ʠʟʣʦʞʝʥʠ  ʦʜ ʥʘʜʚʦʨ, ʘ ʚʣʝʛʫʚʘ ʠ ʥʝʯʠʩʪ ʚʦʟʜʫʭ ʩʦ 

ʥʝʢʦʥʪʨʦʣʠʨʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ.  

ʉʝ ʠʥʚʝʩʪʠʨʘʘʪ ʛʦʣʝʤʠ ʩʨʝʜʩʪʚʘ ʟʘ ʠʟʦʣʠʨʘˁʝ ʥʘ ʦʙʿʝʢʪʠʪʝ, ʟʘ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ 

ʢʚʘʣʠʪʝʪʥʠ ʧʨʦʟʦʨʠ ʠ ʚʨʘʪʠ ʩʦ ʚʠʩʦʢʠ ʪʝʨʤʠʯʢʠ ʢʦʝʬʠʮʠʝʥʪʠ, ʥʦ ʚʦ ʤʦʤʝʥʪʦʪ ʢʦʛʘ ʠʩʪʠʪʝ 

ʩʝ ʦʪʚʦʨʘʘʪ ʟʘ ʚʝʥʪʠʣʘʮʠʿʘ ʥʘ ʧʨʦʩʪʦʨʠʠʪʝ, ʮʝʣʘʪʘ ʝʥʝʨʛʠʿʘ ʠʟʣʝʛʫʚʘ ʥʘʜʚʦʨ, ʠ ʥʘ ʪʦʿ 
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ʥʘʯʠʥ ʝʬʝʢʪʠʪʝ ʥʘ ʠʟʦʣʘʮʠʿʘʪʘ ʩʝ ʥʘʤʘʣʫʚʘʘʪ. ʀ ʦʚʘ ʝ ʧʨʦʙʣʝʤ ʥʘ ʨʝʯʠʩʠ ʩʝʢʦʿʘ ʟʛʨʘʜʘ ʠ 

ʦʙʿʝʢʪ ʟʘ ʞʠʚʝʝˁʝ. 

ʉʧʦʨʝʜ ʪʦʘ ʧʨʠʨʦʜʥʘʪʘ ʚʝʥʪʠʣʘʮʠʿʘ ʚʝ˃ʝ ʥʝ ʝ ʩʦʦʜʚʝʪʥʘ ʟʘ ʩʥʘʙʜʫʚʘˁʝ ʩʦ ʩʚʝʞ 

ʚʦʟʜʫʭ ʩʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʰʪʦ ʧʦʚʝ˃ʝʪʦ ʦʙʿʝʢʪʠ ʩʝ ʥʘʦʺʘʘʪ ʚʦ ʫʨʙʘʥʦ ʧʦʜʨʘʯʿʝ ʢʘʜʝ 

ʟʘʛʘʜʝʥʦʩʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʝ ʟʥʘʯʠʪʝʣʥʦ ʛʦʣʝʤʘ ʢʘʢʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʉʆ2 ʠ ʉʆ. ʆʚʦʿ 

ʧʨʦʙʣʝʤ ʛʦ ʯʫʚʩʪʚʫʚʘʘʪ ʩʪʘʥʘʨʠʪʝ ʠ ʧʦʩʝʪʠʪʝʣʠʪʝ, ʢʦʛʘ ʚʨʝʤʝʪʦ ʝ ʪʦʧʣʦ ʠʣʠ ʣʘʜʥʦ ʥʝ ʛʠ 

ʦʪʚʘʨʘʘʪ ʧʨʦʟʦʨʠʪʝ ʠ ʤʠʨʠʟʙʠʪʝ ʩʝ ʟʘʜʨʞʫʚʘʘʪ ʧʦ ʧʨʦʩʪʦʨʠʠʪʝ, ʩʝ ʤʝʰʘʘʪ ʢʫʿʥʩʢʠʦʪ ʠ 

ʪʦʘʣʝʪʥʠʦʪ ʤʠʨʠʩ. ʀʩʪʦ ʪʘʢʘ ʧʨʠʨʦʜʥʘʪʘ ʚʝʥʪʠʣʘʮʠʿʘ ʧʨʝʢʫ ʧʨʦʟʦʨʮʠʪʝ ʧʨʝʜʠʟʚʠʢʫʚʘ 

ʛʦʣʝʤʘ ʟʘʛʫʙʘ ʥʘ ʝʥʝʨʛʠʿʘ.  

ʄʝʭʘʥʠʯʢʘ ʚʝʥʪʠʣʘʮʠʿʘ ï ʥʘʿʜʦʙʨʠʦʪ ʥʘʯʠʥ ʟʘ ʙʘʣʘʥʩʠʨʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ 

ʚʦʟʜʫʭʦʪ ʠ ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ï ʄʝʭʘʥʠʯʢʘʪʘ ʚʝʥʪʠʣʘʮʠʿʘ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ 

ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʚʦʟʜʫʭʦʪ, ʦʚʦʟʤʦʞʫʚʘ ʢʦʥʪʨʦʣʘ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʥʘʜʚʦʨʝʰʝʥ 

ʚʦʟʜʫʭ ʚʥʝʩʝʥ ʚʦ ʧʨʦʩʪʦʨʠʿʘ ʧʨʠʪʦʘ ʜʝʪʝʢʪʠʨʘʿ˃ʠ ʛʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ CO2  ʠ 

ʧʨʠʣʘʛʦʜʫʚʘˁʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʚʥʝʩʝʥ ʚʦʟʜʫʭ ʚʨʟ ʦʩʥʦʚʘ ʥʘ CO2 ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ. ʉʦ 

ʢʦʥʪʨʦʣʠʨʘʥʘ ʚʝʥʪʠʣʘʮʠʿʘ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʜʦʙʘʨ ʢʚʘʣʠʪʝʪ ʥʘ ʚʦʟʜʫʭʦʪ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʪʨʦʰʦʮʠʪʝ ʟʘ ʝʥʝʨʛʠʿʘ.  

ʂʦʤʬʦʨʪʦʪ ʝ ʤʥʦʛʫ ʧʦʚʝ˃ʝ ʦʜ ʚʠʩʪʠʥʩʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

 

2.3. ʆʟʦʥɸʠʨ ʫʨʝʜʠ ʟʘ ʤʝʭʘʥʠʯʢʘ ʚʝʥʪʠʣʘʮʠʿʘ 

 
ʆʟʦʥɸʠʨ ʫʨʝʜʠʪʝ ʟʘ ʚʝʥʪʠʣʘʮʠʿʘ ʩʦ ʩʠʩʪʝʤ ʟʘ ʦʙʥʦʚʘ ʥʘ ʝʥʝʨʛʠʿʘ ʛʠ ʩʥʘʙʜʫʚʘʘʪ 

ʧʨʦʩʪʦʨʠʠʪʝ ʩʦ ʩʚʝʞ ʚʦʟʜʫʭ ʜʦʜʝʢʘ ʟʘʛʘʜʝʥʠʦʪ ʚʦʟʜʫʭ ʩʝ ʠʟʚʣʝʢʫʚʘ ʦʜ ʧʨʦʩʪʦʨʠʠʪʝ ʢʘʜʝ 

ʰʪʦ ʩʝ ʩʦʟʜʘʚʘ ʠ ʚʦ ʠʩʪʦ ʚʨʝʤʝ ʰʪʝʜʘʪ ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ʟʘʜʨʞʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘʪʘ ʦʜ 

ʦʪʧʘʜʥʠʦʪ ʚʦʟʜʫʭ ʦʜ ʧʨʦʩʪʦʨʠʠʪʝ.  

 ʇʨʝʢʫ ʚʛʨʘʜʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤ ʟʘ ʢʦʥʪʨʦʣʠʨʘʥ ʜʦʚʦʜ ʥʘ ʩʚʝʞ ʚʦʟʜʫʭ ʠ ʦʜʚʦʜ ʥʘ 

ʢʦʥʪʘʤʠʥʠʨʘʥ ʚʦʟʜʫʭ ʩʦ ʚʛʨʘʜʝʥ ʩʠʩʪʝʤ ʟʘ ʦʙʥʦʚʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ ʩʝ 

ʟʘʰʪʝʜʫʚʘ ʝʥʝʨʛʠʿʘʪʘ ʜʦ 95% ʠ ʩʝ ʠʩʧʦʨʘʯʫʚʘ 24 ʯʘʩʘ ʬʠʣʪʨʠʨʘʥ ʚʦʟʜʫʭ. ʉʦ ʪʦʘ ʩʝ 

ʦʙʝʟʙʝʜʫʚʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʢʠʩʣʦʨʦʜ ʚʦ ʧʨʦʩʪʦʨʠʠʪʝ ʠ ʥʝʤʘ ʧʦʪʨʝʙʘ ʦʜ 

ʦʪʚʘʨʘˁʝ ʥʘ ʧʨʦʟʦʨʠ ʠ ʚʨʘʪʠ ʟʘ ʚʝʥʪʠʣʠʨʘˁʝ ʩʦ ʰʪʦ ʜʨʘʩʪʠʯʥʦ ʩʝ ʥʘʤʘʣʫʚʘʘʪ ʟʘʛʫʙʠʪʝ 

ʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʣʘʜʝˁʝ ʠ ʛʨʝʝˁʝ. ʅʦ ʠ ʥʘʿʙʠʪʥʦ, ʩʝ ʟʘʰʪʠʪʫʚʘʤʝ ʦʜ ʙʫʯʘʚʦʩʪʘ ʦʜ 

ʦʢʦʣʠʥʘʪʘ, ʦʜ ʩʦʦʙʨʘ˃ʘʿ, ʯʦʚʝʯʢʘ ʚʨʝʚʘ, ʛʨʘʜʝʞʥʠ ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʜʝʪʩʢʘ ʚʨʝʚʘ ʢʦʠ 

ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʘʪ ʥʘ ʥʘʰʠʦʪ ʟʜʨʘʚ ʧʩʠʭʠʯʢʠ ʨʘʟʚʦʿ ʠ ʞʠʚʝʝˁʝ. 

 

ʂʘʢʦ ʨʘʙʦʪʠ ʆʟʦʥɸʠʨ ʫʨʝʜʦʪ ʩʦ ʚʛʨʘʜʝʥ ʩʠʩʪʝʤ ʟʘ ʦʙʥʦʚʫʚʘˁʝ ʥʘ 

ʝʥʝʨʛʠʿʘʪʘ? 

ʉʠʩʪʝʤʦʪ ʚʥʝʩʫʚʘ ʩʚʝʞ ʚʦʟʜʫʭ ʦʜ ʥʘʜʚʦʨ, ʘ ʛʦ ʠʟʥʝʩʫʚʘ ʟʘʩʪʦʿʘʥʠʦʪ ʚʦʟʜʫʭ ʦʜ 

ʚʥʘʪʨʝ, ʥʦʚʠʦʪ ʩʚʝʞ ʚʦʟʜʫʭ ʝ ʟʘʛʨʝʘʥ ʦʜ ʟʘʩʪʦʿʘʥʠʦʪ ʚʦʟʜʫʭ ʩʦ ʪʦʘ ʰʪʦ ʩʝ ʧʨʘʚʠ ʛʦʣʝʤʘ 

ʟʘʰʪʝʜʘ ʧʨʠ ʛʨʝʝˁʝʪʦ ʠ ʣʘʜʝˁʝʪʦ. ʆʚʠʝ ʜʚʘ ʧʨʦʪʦʮʠ ʥʘ ʚʦʟʜʫʭ ʥʠʢʦʛʘʰ ʥʝ ʩʝ ʤʝʰʘʘʪ ï 

ʪʠʝ ʩʝ ʤʝʺʫʩʝʙʥʦ ʦʜʚʦʝʥʠ. 
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ʀʟʛʣʝʜʦʪ ʥʘ ʝʜʝʥ ʦʜ ʨʝʢʫʧʝʨʘʪʦʨʠʪʝ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʝʜʥʘʪʘ ʩʣʠʢʘ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

ʇʨʝʜʥʦʩʪʠ ʥʘ ʆʟʦʥɸʠʨ ʫʨʝʜʠʪʝ ʟʘ ʧʨʠʥʫʜʥʘ ʚʝʥʪʠʣʘʮʠʿʘ ʩʝ: 

¶ ɿʘ ʚʨʝʤʝ ʥʘ ʛʨʝʿʥʘʪʘ ʩʝʟʦʥʘ ʦʙʝʟʙʝʜʫʚʘʘʪ ʜʦ 95% ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ, ʚʦ 

ʩʧʦʨʝʜʙʘ ʩʦ ʧʨʠʨʦʜʥʘʪʘ ʚʝʥʪʠʣʘʮʠʿʘ 

¶ ʇʦʩʪʦʿʘʥ ʧʨʠʣʠʚ ʥʘ ʩʚʝʞ ʚʦʟʜʫʭ ʙʝʟ ʥʘʜʤʠʥʫʚʘˁʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ CO2  

¶ ʌʠʣʪʨʠʨʘʥ ʚʦʟʜʫʭ ʙʝʟ ʢʦʥʪʘʤʠʥʘʮʠʿʘ ʩʦ ʧʨʘʰʠʥʘ ʠʣʠ ʧʦʣʝʥ ï ʦʜʛʦʚʘʨʘ ʟʘ 

ʘʣʝʨʛʠʯʥʠ ʣʠʮʘ  

¶ ɺʠʩʦʢ ʚʥʘʪʨʝʰʝʥ ʢʦʤʬʦʨ ï ʥʝʤʘ ʧʨʦʚʝʚ  

˿͙͊͟͡ м. ʀʟʛʣʝʜ ʠ ʩʦʩʪʘʚʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʆʟʦʥɸʠʨ 
ʫʨʝʜʦʪ 

 

˿͙͊͟͡ 10. ʅʘʯʠʥ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʝʢʫʧʝʨʘʪʦʨ 
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¶ ʅʝʤʘ ʙʫʯʘʚʘ ʦʜ ʥʘʜʚʦʨʝʰʥʦʩʪʘ 

¶ ʇʦʩʪʦʿʘʥʦ ʦʜʚʝʜʫʚʘˁʝ ʥʘ ʚʣʘʛʘʪʘ ï ʟʘʰʪʠʪʘ ʦʜ ʤʫʚʣʘ 

¶ ʉʘʤʦʩʪʦʿʥʦ ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ 

¶ ʇʨʦʠʟʚʦʜʠʪʝ ʩʝ ʩʦ ʚʠʩʦʢ ʢʚʘʣʠʪʝʪ ʠ ʩʦʛʣʘʩʥʦ ʩʦ ɽʋ ʩʪʘʥʜʘʨʜʠʪʝ 

¶ ʫʜʦʙʥʦʩʪ 

¶ ʚʣʝʟ ʥʘ ʟʜʨʘʚ ʠ ʯʠʩʪ ʚʦʟʜʫʭ 

¶ ʟʛʦʣʝʤʝʥʦ ʥʠʚʦ ʥʘ O2 

¶ ʥʘʤʘʣʝʥʠ ʪʨʦʰʦʮʠ ʟʘ ʝʥʝʨʛʠʿʘ 

¶ ʥʝʤʘ ʤʝʰʘˁʝ ʥʘ ʤʠʨʠʩʠ  

¶ ʥʝʤʘ ʙʘʢʪʝʨʠʠ, ʛʘʙʠ ʠ ʚʠʨʫʩʠ  

¶ ʪʨʘʿʥʦ ʩʠʩʪʝʤʩʢʦ ʨʝʰʝʥʠʝ ʩʦ ʛʘʨʘʥʮʠʿʘ 

 

ʆʟʦʥɸʠʨ ʩʠʩʪʝʤʦʪ ʟʘ ʝʬʠʢʘʩʥʦ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʝʥʝʨʛʠʿʘ ʠ ʩʚʝʞ ʚʦʟʜʫʭ ʝ ʩʦʦʜʚʝʪʥʦ 

ʨʝʰʝʥʠʝ ʟʘ ʦʚʠʝ ʧʨʦʙʣʝʤʠ. ɹʝʟʰʫʤʝʥ, ʦʚʦʟʤʦʞʫʚʘ ʠʟʣʝʟʥʘʪʘ (ʚʝ˃ʝ ʪʨʝʪʠʨʘʥʘ) ʝʥʝʨʛʠʿʘ 

ʜʘ ʩʝ ʜʦʜʘʜʝ ʥʘ ʚʣʝʟʥʘʪʘ ʩʦ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʦʙʥʦʚʫʚʘˁʝ ʜʦ 95% ʠ ʚʦ ʪʘʢʚʘ ʩʦʩʪʦʿʙʘ ʜʘ ʩʝ 

ʧʨʝʜʘʜʝ ʥʘ ʢʦʨʠʩʥʠʮʠʪʝ ʰʪʦ ʝ ʜʦʣʛʦʨʦʯʥʘ ʧʨʠʜʦʙʠʚʢʘ ʦʜ ʝʢʦʥʦʤʩʢʠ ʘʩʧʝʢʪ ʙʠʜʝʿ˃ʠ ʟʘ 

ʥʝʛʦʚʦ ʜʦʛʨʝʚʘˁʝ ʠʣʠ ʜʦʣʘʜʫʚʘˁʝ ʥʝ ʝ ʧʦʪʨʝʙʥʦ ʜʦʧʦʣʥʠʪʝʣʥʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘ ʝʥʝʨʛʠʿʘ, 

ʧʨʝʢʫ ʬʠʣʪʝʨʠʪʝ ʩʝ ʩʧʨʝʯʫʚʘ ʚʣʝʟ ʥʘ ʧʦʣʝʥ ʠʣʠ ʧʨʘʰʠʥʘ ʠ ʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ɽʚʨʦʧʩʢʠʪʝ 

ʩʪʘʥʜʘʨʜʠ.  

 

 

 

 

 

 

 

 

3. ɿʘʢʣʫʯʦʢ 
 

ʀʤʘʿ˃ʠ ʛʦ ʧʨʝʜʚʠʜ ʬʘʢʪʦʪ ʜʝʢʘ ʚʠʩʦʢʠʦʪ ʢʚʘʣʠʪʝʪ ʥʘ ʚʦʟʜʫʭʦʪ ʝ ʝʜʝʥ ʦʜ ʥʘʿʛʣʘʚʥʠʪʝ 

ʬʘʢʪʦʨʠ ʟʘ ʚʦʜʝˁʝ ʟʜʨʘʚ ʞʠʚʦʪ ʠ ʢʦʤʬʦʨʪʥʘ ʦʢʦʣʠʥʘ ʢʘʢʦ ʠ ʬʘʢʪʦʪ ʜʝʢʘ ʢʦʥʪʨʦʣʠʨʘʥʘʪʘ 

ʚʝʥʪʠʣʘʮʠʿʘ ʝ ʧʨʝʜʥʦʩʪ ʧʨʠ ʠʟʙʦʨ ʥʘ ʦʧʪʠʤʘʣʥʦʪʦ ʨʝʰʝʥʠʝ ʟʘ ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ, 

ʩʝʢʦʿ ʦʙʿʝʢʪ ʪʨʝʙʘ ʜʘ ʠʤʘ ʧʨʠʥʫʜʥʘ ʚʝʥʪʠʣʘʮʠʿʘ ʟʘ ʜʘ ʜʦʙʠʝ ʥʘʿʜʦʙʨʠ ʫʩʣʦʚʠ ʟʘ ʧʨʝʩʪʦʿ ʠ 

ʨʘʙʦʪʘ. 

ʆʟʦʥ ʝ ʢʦʤʧʘʥʠʿʘ ʢʦʿʘ ʧʨʦʠʟʚʝʜʫʚʘ ʫʨʝʜʠ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʩʦ ʧʦʤʦʰ ʥʘ 

ʆʟʦʥɸʠʨ ʫʨʝʜʠʪʝ ʠʟʨʘʙʦʪʝʥʠ ʦʜ ʩʪʨʘʥʘ ʥʘ ʩʪʨʫʯʥʠʦʪ ʪʠʤ ʥʘ ʚʨʘʙʦʪʝʥʠʪʝ ʚʦ ʆɿʆʅ ʩʝ 

˿͙͊͟͡ оΦ ʇʨʠʢʘʟ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʝʢʫʧʝʨʘʪʦʨʦʪ ʚʦ 

ʨʝʟʠʜʝʥʮʠʿʘʣʝʥ ʦʙʿʝʢʪ 
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ʥʘʤʘʣʫʚʘʘʪ ʪʨʦʰʦʮʠʪʝ ʟʘ ʝʥʝʨʛʠʿʘʪʘ, ʘ ʩʦ ʜʠʟʘʿʥʠʨʘˁʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʠʥʦʚʘʪʠʚʥʠ 

ʧʨʦʠʟʚʦʜʠ ʛʦ ʦʧʪʠʤʠʟʠʨʘʘʪ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʚʦʟʜʫʭʦʪ ʠ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ. 

 

4. ʃʠʪʝʨʘʪʫʨʘ 

[1] ʄʠʥʠʩʪʝʨʩʪʚʦ ʟʘ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ ʠ ʧʨʦʩʪʦʨʥʦ ʧʣʘʥʠʨʘˁʝ. ʇʨʘʚʠʣʥʠʢʦʪ ʟʘ 

ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦʣʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʦʣʠʯʠʥʠ, ʢʘʢʦ ʠ ʜʨʫʛʠ ʰʪʝʪʥʠ ʩʫʧʩʪʘʥʮʠʠ ʢʦʠ 

ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʝʤʠʪʫʚʘʥʠ ʚʦ ʚʦʟʜʫʭʦʪ. http://www.moepp.gov.mk 

[2]ʇʦʚʨʟʘʥʦʩʪ ʥʘ ʚʝʥʪʠʣʘʮʠʿʘʪʘ ʩʦ ʭʨʦʥʠʯʥʦ ʙʝʣʦʜʨʦʙʥʠʪʝ ʙʦʣʝʩʪʠ. 

http://www.rcplondon.ac.uk  

[3] ʉʪʫʜʠʿʘ ñʄʝʭʘʥʠʯʢʘ ʚʝʥʪʠʣʘʮʠʿʘò - http://courses.washington.edu 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.moepp.gov.mk/
http://www.rcplondon.ac.uk/
http://courses.washington.edu/
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ʂʆʈʀʉʊɽɳɽ ʅɸ ʆɹʅʆɺʃʀɺʀ ʀɿɺʆʈʀ ʅɸ ɽʅɽʈɻʀɱɸ ʀ ɽʅɽʈɻɽʊʉʂɸ ɽʌʀʂɸʉʅʆʉʊ 

ɺʆ ɿɽʄɱʆɼɽʃʉʂʀʆʊ ʉɽʂʊʆʈ ʅɸ ʈɽʇʋɹʃʀʂɸ ʄɸʂɽɼʆʅʀɱɸ 

 

ɼʝʿʘʥ ʌʠʣʠʧʦʩʢʠ, ʤ-ʨ ʄʘʨʠʥʘ ʇʝʪʨʦʚʩʢʘ 

ʎʝʥʪʘʨ ʟʘ ʧʨʦʤʦʮʠʿʘ ʥʘ ʦʜʨʞʣʠʚʠ ʟʝʤʿʦʜʝʣʩʢʠ ʧʨʘʢʪʠʢʠ ʠ ʨʫʨʘʣʝʥ ʨʘʟʚʦʿ ï ʎʝʇʨʦʉɸʈɼ 

ʉʢʦʧʿʝ 

ʀʥʩʪʠʪʫʪ ʟʘ ʘʛʨʦʝʢʦʥʦʤʠʢʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

dejan.filiposki@ceprosard.org.mk 

 

ɸʧʩʪʨʘʢʪ 

ʄʦʜʝʨʥʠʦʪ ʥʘʯʠʥ ʥʘ ʞʠʚʦʪ ʠ ʙʨʟʠʦʪ ʨʘʟʚʦʿ ʥʘ ʪʝʭʥʠʢʘʪʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘʪʘ 

ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʨʘʟʣʠʯʥʠ ʧʨʦʤʝʥʠ ʢʦʠ ʯʝʩʪʦ ʧʘʪʠ ʠʤʘʘʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʘ ʚʦʝʜʥʦ ʠ ʚʨʟ ʟʝʤʿʦʜʝʣʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɿʝʤʿʦʜʝʣʩʢʠʪʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʯʝʩʪʦ ʧʘʪʠ ʥʝ ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʠʣʘʛʦʜʘʪ ʥʘ ʦʚʠʝ ʧʨʦʤʝʥʠ, ʘ ʢʘʢʦ ʧʦʩʣʝʜʠʮʘ, 

ʥʠʚʦʪʦ ʥʘ ʤʝʥʘ˅ʤʝʥʪ ʝ ʥʠʩʢʦ, ʧʨʦʩʣʝʜʝʥʦ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʥʝʩʦʦʜʚʝʪʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʚʠʩʦʢʠ ʧʨʦʠʟʚʦʜʥʠ ʪʨʦʰʦʮʠ ʢʦʠ ʜʦʧʦʣʥʠʪʝʣʥʦ ʿʘ ʟʛʦʣʝʤʫʚʘʘʪ ʧʘʟʘʨʥʘʪʘ 

ʮʝʥʘ ʥʘ ʧʨʦʠʟʚʦʜʦʪ. ɽʜʝʥ ʥʘʯʠʥ ʟʘ ʫʙʣʘʞʫʚʘˁʝ ʥʘ ʥʝʛʘʪʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʝ ʫʧʦʪʨʝʙʘʪʘ ʥʘ 

ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ (ʆʀɽ) ʠ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ (ɽɽ). ɺʦ 

ʠʩʪʦ ʚʨʝʤʝ ʦʚʘ ˃ʝ ʧʨʠʜʦʥʝʩʝ ʠ ʜʦ ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʩʥʘʙʜʫʚʘˁʝʪʦ ʩʦ ʝʥʝʨʛʠʿʘ, ʝʢʦʥʦʤʩʢʦ 

ʟʘʿʘʢʥʫʚʘˁʝ ʥʘ ʟʝʤʿʦʜʝʣʩʢʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʧʨʠʤʝʥʘ ʥʘ ʠʥʦʚʘʪʠʚʥʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦ 

ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ. ʎʝʣʪʘ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʝ ʜʘ ʩʝ ʧʨʠʢʘʞʘʪ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʢʦʨʠʩʪʝˁʝ ʥʘ 

ʆʀɽ ʠ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʤʝʨʢʠ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ɽɽ ʚʦ ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ ʚʦ ʈʝʧʫʙʣʠʢʘ 

ʄʘʢʝʜʦʥʠʿʘ, ʢʘʢʦ ʠ ʜʘ ʩʝ ʫʪʚʨʜʘʪ ʧʨʠʜʦʙʠʚʢʠʪʝ ʦʜ ʥʠʚʥʘʪʘ ʫʧʦʪʨʝʙʘ. ɺʦ ʪʘʘ ʥʘʩʦʢʘ, ʦʚʦʿ 

ʪʨʫʜ ʩʝ ʩʦʩʪʦʠ ʦʜ ʘʥʘʣʠʟʘ ʥʘ ʠʩʪʨʘʞʫʚʘˁʘ ʩʧʨʦʚʝʜʝʥʠ ʥʘ ʪʝʨʝʥ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ 

ʩʦʩʪʦʿʙʘʪʘ ʥʘ ʥʝʢʦʣʢʫ ʩʪʫʜʠʠ ʥʘ ʩʣʫʯʘʿ, ʦʜʥʦʩʥʦ ʧʠʣʦʪ ʬʘʨʤʠ ʦʜ ʨʘʟʣʠʯʥʠ ʟʝʤʿʦʜʝʣʩʢʠ 

ʧʦʜʩʝʢʪʦʨʠ, ʥʘ ʢʦʠ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʨʘʟʣʠʯʥʠ ʆʀɽ. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʞʘʘ ʜʝʢʘ ʩʦ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʆʀɽ ʠ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʤʝʨʢʠ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ɽɽ ʟʥʘʯʠʪʝʣʥʦ ʩʝ 

ʧʦʜʦʙʨʫʚʘ ʢʦʥʢʫʨʝʥʪʥʦʩʪʘ ʥʘ ʟʝʤʿʦʜʝʣʩʢʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʩʝ ʧʦʩʪʠʛʥʫʚʘʘʪ ʧʦʟʠʪʠʚʥʠ 

ʨʝʟʫʣʪʘʪʠ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ɽʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʟʝʤʿʦʜʝʣʩʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʦʙʥʦʚʣʠʚʠ 

ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ 

 

1. ɺʦʚʝʜ 

ɿʝʤʿʦʜʝʣʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʧʬʘ˃ʘ ʧʦʚʝ˃ʝ ʦʜ 10% ʦʜ ʙʨʫʪʦ ʜʦʤʘʰʥʠʦʪ ʧʦʨʠʟʚʦʜ ʥʘ 

ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ [1]. ɼʦʢʦʣʢʫ ʩʝ ʚʢʣʫʯʠ ʠ ʠʥʜʫʩʪʨʠʿʘʪʘ ʟʘ ʧʨʝʨʘʙʦʪʢʘ ʥʘ ʭʨʘʥʘ, 

ʧʨʦʮʝʥʪʦʪ ʩʝ ʟʛʦʣʝʤʫʚʘ ʟʘ ʦʢʦʣʫ 6%. ʆʚʦʿ ʩʝʢʪʦʨ ʘʢʦʤʫʣʠʨʘ ʦʢʦʣʫ 20% ʦʜ ʚʢʫʧʥʘʪʘ 
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ʨʘʙʦʪʥʘ ʩʠʣʘ ʚʦ ʟʝʤʿʘʪʘ [2]. ʉʧʦʨʝʜ ʦʚʠʝ ʧʦʜʘʪʦʮʠ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʧʨʝʜʩʪʘʚʫʚʘ 

ʟʝʤʿʦʜʝʣʩʢʘ ʟʝʤʿʘ, ʘ ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ ʝ ʤʥʦʛʫ ʚʘʞʥʘ ʛʨʘʥʢʘ ʟʘ ʥʝʿʟʠʥ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʠ 

ʦʧʩʪʘʥʦʢ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ. 

ɿʘ ʞʘʣ, ʛʦʣʝʤ ʜʝʣ ʦʜ ʟʝʤʿʦʜʝʣʩʢʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʤʘʘʪ ʧʦʪʨʝʙʘ ʦʜ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʧʨʦʠʟʚʜʦʩʪʚʦʪʦ ʠ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʧʦʛʦʣʝʤʘ ʢʦʥʢʫʨʝʥʪʥʦʩʪ ʥʘ 

ʜʦʤʘʰʥʠʪʝ ʠ ʩʪʨʘʥʩʢʠʪʝ ʧʘʟʘʨʠ. ʇʨʠʯʠʥʘ ʟʘ ʚʘʢʚʘʪʘ ʥʝʧʦʚʦʣʥʘ ʩʠʪʫʘʮʠʿʘ ʝ ʤʦʜʝʨʥʠʦʪ 

ʥʘʯʠʥ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʙʨʟʠʦʪ ʨʘʟʚʦʿ ʥʘ ʪʝʭʥʠʢʘʪʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʢʦʠ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʘ ʩʦ ʪʦʘ ʠ ʚʨʟ ʟʝʤʿʦʜʝʣʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ɿʝʤʿʦʜʝʣʩʢʠʪʝ ʧʦʨʠʟʚʦʜʠʪʝʣʠ ʯʝʩʪʦ ʧʘʪʠ ʠʤʘʘʪ ʧʦʪʨʝʙʘ ʦʜ ʧʦʜʦʣʛ ʧʝʨʠʦʜ ʟʘ ʜʘ ʩʝ 

ʧʨʠʣʘʛʦʜʘʪ ʥʘ ʦʚʠʝ ʧʨʦʤʝʥʠ ʧʦʨʘʜʠ ʥʝʜʦʚʦʣʥʦ ʧʦʟʥʘʚʘˁʝ ʥʘ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʤʘʣʘʪʘ ʬʠʥʘʥʩʠʩʢʘ ʤʦ˃. ʂʘʢʦ ʧʦʩʣʝʜʠʮʘ ʥʠʚʦʪʦ ʥʘ ʤʝʥʘ˅ʤʝʥʪ ʝ ʥʠʩʢʦ, ʩʝ ʢʦʨʠʩʪʠ 

ʥʝʩʦʦʜʚʝʪʥʘ, ʥʘʿʯʝʩʪʦ ʟʘʩʪʘʨʝʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʪʨʦʰʦʮʠ 

ʩʝ ʚʠʩʦʢʠ ʩʦ ʰʪʦ ʜʦʧʦʣʥʠʪʝʣʥʦ ʩʝ ʟʛʦʣʝʤʫʚʘ ʮʝʥʘʪʘ ʥʘ ʯʠʥʝˁʝ ʠ ʧʘʟʘʨʥʘʪʘ ʮʝʥʘ ʥʘ 

ʧʨʦʠʟʚʦʜʦʪ.  

ɽʜʝʥ ʥʘʯʠʥ ʟʘ ʫʙʣʘʞʫʚʘˁʝ ʥʘ ʥʝʛʘʪʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʦ ʟʝʤʿʦʜʝʣʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ 

ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ (ʆʀɽ) ʠ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ (ɽɽ). ʆʚʠʝ ʧʨʘʢʪʠʢʠ ˃ʝ ʧʨʠʜʦʥʝʩʘʪ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʪʨʦʰʦʮʠʪʝ ʟʘ ʝʥʝʨʛʠʿʘ 

ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʝʢʦʥʦʤʩʢʦ ʟʘʿʘʢʥʫʚʘˁʝ ʥʘ ʟʝʤʿʦʜʝʣʩʢʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʧʨʠʤʝʥʘ ʥʘ 

ʠʥʦʚʘʪʠʚʥʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦ ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ. ʎʝʣʪʘ ʥʘ ʦʚʦʿ ʪʨʫʜ ʝ ʜʘ ʿʘ ʟʘʧʦʟʥʘʝ 

ʧʦʰʠʨʦʢʘʪʘ ʿʘʚʥʦʩʪ ʩʦ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʆʀɽ ʢʘʢʦ ʤʝʨʢʠ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ 

ɽɽ ʚʦ ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ ʚʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʥʦ ʠ ʜʘ ʛʠ ʧʨʠʢʘʞʝ ʧʨʠʜʦʙʠʚʢʠʪʝ ʦʜ 

ʥʠʚʥʘʪʘ ʫʧʦʪʨʝʙʘ. 

2. ʄʝʪʦʜʦʣʦʛʠʿʘ 

ʄʝʪʦʜʦʣʦʰʢʠʦʪ ʧʠʩʪʘʧ ʩʝ ʙʘʟʠʨʘ ʥʘ ʘʥʘʣʠʟʘ ʥʘ ʠʥʧʫʪʠʪʝ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ 

ʧʨʦʠʟʚʦʜʥʠʦʪ ʧʨʦʮʝʩ ʩʦ ʮʝʣ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʧʦʝʬʠʢʘʩʥʦ ʠ ʢʦʥʢʫʨʝʥʪʥʦ ʦʜʨʞʣʠʚʦ 

ʟʝʤʿʦʜʝʣʩʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʨʠ ʪʦʘ ʘʢʮʝʥʪʦʪ ʝ ʩʪʘʚʝʥ ʥʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ 

ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʤʝʨʢʠ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ. ɺʦ ʪʘʘ ʥʘʩʦʢʘ, ʝʜʝʥ ʦʜ 

ʥʝʦʧʭʦʜʥʠʪʝ ʨʝʩʫʨʩʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ ʧʨʝʜʩʪʘʚʫʚʘ ʝʥʝʨʛʠʿʘʪʘ, ʢʦʿʘ ʚʦ 

ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʟʘʛʨʝʚʘˁʝ ʥʘ ʦʙʿʝʢʪʠʪʝ ʠ ʟʘ ʥʝʧʨʝʯʝʥʦ 

ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʘ ʟʝʤʿʦʜʝʣʩʢʠʪʝ ʤʘʰʠʥʠ. ʅʘʿʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ 

ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʦʜ ʢʦʠ ʜʦʤʠʥʠʨʘʘʪ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʦ 7%, ʠ ʥʘʬʪʝʥʠʪʝ ʜʝʨʠʚʘʪʠ 

ʩʦ 63% [3]. ʂʦʨʠʩʪʝˁʝʪʦ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʜʦʧʦʣʥʠʪʝʣʥʦ ʛʠ 

ʟʛʦʣʝʤʫʚʘʘʪ ʪʨʦʰʦʮʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʠʟʠʢʦʪ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʮʝʥʘʪʘ ʥʘ 

ʝʥʝʨʛʠʿʘʪʘ [4]. 

ʇʦʢʨʘʿ ʪʠʧʦʪ ʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʟʘ ʜʘ ʩʝ ʟʛʦʣʝʤʠ 

ʝʬʠʢʘʩʥʦʩʪʘ ʟʝʤʿʦʜʝʣʩʢʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʪʨʝʙʘ ʜʘ ʧʨʠʤʝʥʫʚʘʘʪ ʠ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠ 

ʠ ʦʜʨʞʣʠʚʠ ʧʨʘʢʪʠʢʠ. ʈʘʟʣʠʯʥʠʪʝ ʥʘʯʠʥʠ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʚʣʠʿʘʘʪ ʚʨʟ 

ʮʝʥʘʪʘ ʥʘ ʯʠʥʝˁʝ ʥʘ ʢʨʘʿʥʠʦʪ ʧʨʦʠʟʚʦʜ. ʇʨʠʤʝʥʘʪʘ ʥʘ ʝʢʦʣʦʰʢʠ ʯʠʩʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʿʘ 

ʚʢʣʫʯʫʚʘ ʠ ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʧʦʢʘʞʫʚʘ ʬʠʥʘʥʩʠʩʢʠ ʜʦʙʨʠ 

ʨʝʟʫʣʪʘʪʠ, ʘ ʧʨʘʢʪʠʢʠʪʝ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʢʦʥ 

ʧʦʝʚʪʠʥʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʦʩʠʛʫʨʫʚʘʘʪ ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʩʠʩʪʝʤʦʪ [4, 5]. ɺʦ ʪʘʘ 
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ʥʘʩʦʢʘ, ʩʦ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʧʦʥʠʩʢʘ ʮʝʥʘ ʥʘ ʯʠʥʝˁʝ ʥʘ ʢʨʘʿʥʠʦʪ ʧʨʦʠʟʚʦʜ, ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʢʦʥʢʫʨʝʥʪʥʦʩʪʘ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʢʘʧʘʮʠʪʝʪʠ. ʆʜ ʆʀɽ ʚʦ ʄʘʢʝʜʦʥʩʢʦʪʦ ʟʝʤʿʦʜʝʣʩʪʚʦ 

ʜʦʤʠʥʠʨʘʘʪ ʛʝʦʪʝʨʤʘʣʥʘʪʘ ʝʥʝʨʛʠʿʘ ʩʦ 27% ʠ ʙʠʦʤʘʩʘʪʘ ʩʦ 3% [3]. 

ɿʘ ʜʘ ʛʦ ʦʙʿʘʩʥʠʤʝ ʪʝʦʨʝʪʩʢʠʦʪ ʧʨʠʩʪʘʧ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘʧʨʘʚʠʚʤʝ ʰʝʤʘ ʥʘ 

ʢʦʿʘ ʝ ʧʨʠʢʘʞʘʥ ʢʦʥʮʝʧʪʦʪ ʥʘ ʟʝʤʿʦʜʝʣʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʢʫ ʫʯʝʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʝʥʩʠʪʝ 

ʚʦ ʮʝʥʘʪʘ ʥʘ ʢʨʘʿʥʠʦʪ ʧʨʦʠʟʚʦʜ, ʧʨʠʢʘʞʘʥʘ ʥʘ ʉʣʠʢʘ 1. 

 
˿͙͊͟͡ м. ʋʯʝʩʪʚʦ ʥʘ ʝʥʝʨʛʝʥʩʠʪʝ ʚʦ ʮʝʥʘʪʘ ʥʘ ʢʨʘʿʥʠʦʪ ʧʨʦʠʟʚʦʜ 

ɺʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʆʀɽ ʠ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ɽɽ ʥʘ ʬʘʨʤʠʪʝ ʚʦ 

ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʘ ʠʥʬʦʨʤʘʮʠʠʪʝ ʩʝ ʜʦʙʠʝʥʠ ʦʜ ʠʩʪʨʘʞʫʚʘˁʝ ʩʧʨʦʚʝʜʝʥʦ ʥʘ ʪʝʨʝʥ ʠ ʧʨʝʛʣʝʜ ʥʘ 

ʩʦʦʜʚʝʪʥʘ ʣʠʪʝʨʘʪʫʨʘ. ʇʨʠʜʦʙʠʚʢʠʪʝ ʦʜ ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʚʠʝ ʦʜʨʞʣʠʚʠ ʧʨʘʢʪʠʢʠ ʩʝ ʫʪʚʨʜʝʥʠ ʚʨʟ ʙʘʟʘ ʥʘ 

ʠʟʨʘʙʦʪʝʥʠ ʩʪʫʜʠʠ ʥʘ ʩʣʫʯʘʿ (ʧʠʣʦʪ ʬʘʨʤʠ) ʥʘ ʢʦʠ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʆʀɽ. 
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3. ʈʝʟʫʣʪʘʪʠ 

ɺʦ ʦʚʦʿ ʜʝʣ ʦʜ ʪʨʫʜʦʪ ʝ ʜʘʜʝʥ ʢʨʘʪʦʢ ʧʨʝʛʣʝʜ ʥʘ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ 

ʆʀɽ ʚʦ ʟʝʤʿʦʜʝʣʩʢʠʦʪ ʩʝʢʪʦʨ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ (ʈʄ) ʠ ʧʨʠʜʦʙʠʚʢʠʪʝ ʦʜ ʥʠʚʥʦ 

ʢʦʨʠʩʪʝˁʝ. 

3.1. ʄʦʞʥʦʩʪʠ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʠʝ ʚʦ ʟʝʤʿʦʜʝʣʩʪʚʦ 

ʉʧʦʨʝʜ ʠʩʪʨʘʞʫʚʘˁʝʪʦ, ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʠʤʘ ʛʦʣʝʤ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʆʀɽ. ʉʦ 
ʟʘʤʝʥʘ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʪʠʝ ʜʘʚʘʘʪ ʟʥʘʯʠʪʝʣʝʥ ʧʨʠʜʦʥʝʩ ʟʘ 
ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʪʨʦʰʦʮʠ. ɺʦ ʊʘʙʝʣʘ 1 ʝ ʜʘʜʝʥ ʜʝʪʘʣʝʥ ʧʨʝʛʣʝʜ ʥʘ ʚʠʜʦʪ ʥʘ 
ʆʀɽ ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ, ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʥʝʿʟʠʥʘ ʧʨʠʤʝʥʘ, ʢʘʢʦ ʠ ʧʦʪʝʥʮʠʿʘʣʦʪ ʩʦ ʢʦʿ 
ʨʘʩʧʦʣʘʛʘ ʜʨʞʘʚʘʪʘ [6, 7]. 

 

 
͔́͊͋͊͡ м. ʇʦʪʝʥʮʠʿʘʣ ʠ ʤʦʞʥʦʩʪʠ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʆʀɽ ʚʦ ʈʄ 

ɺʠʜ ʥʘ 

ʝʥʝʨʛʠʿʘ 
ʄʦʞʥʦʩʪ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʇʦʪʝʥʮʠʿʘʣ ʚʦ ʈʄ 

ʉʦʥʯʝʚʘ 
ʝʥʝʨʛʠʿʘ 

¶ ɿʘʛʨʝʚʘˁʝ ʥʘ ʚʦʜʘ; 

¶ ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 
ʝʥʝʨʛʠʿʘ; 

¶ ʉʫʰʝˁʝ ʥʘ ʟʝʤʿʦʜʝʣʩʢʠ 
ʧʨʦʠʟʚʦʜʠ. 

ʇʨʦʩʝʯʥʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʚʦ ʈʄ ʠʟʥʝʩʫʚʘ 
3,8kWh/m

2
 ʠʣʠ ʚʢʫʧʥʦ ʛʦʜʠʰʥʦ ʩʦʥʯʝʚʦ 

ʟʨʘʯʝˁʝ ʦʜ 1.385kWh/m
2
.
 

ɹʠʦʛʦʨʠʚʦ ¶ ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʩ; 

¶ ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʜʠʟʝʣ; 

¶ ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʨʠʢʝʪʠ ʠ 
ʧʝʣʝʪʠ. 

 

ɻʦʣʝʤʠ ʢʦʣʠʯʠʥʠ ʥʘ ʦʪʧʘʜʥʘ ʨʘʩʪʠʪʝʣʥʘ ʠ 
ʞʠʚʦʪʠʥʩʢʘ ʙʠʦʤʘʩʘ ʚʦ ʟʝʤʿʦʜʝʣʩʢʠʦʪ ʠ 
ʰʫʤʘʨʩʢʠʦʪ ʩʝʢʪʦʨ ʢʘʢʦ ʠ ʚʦ ʜʝʣʦʚʠ ʦʜ 

ʠʥʜʫʩʪʨʠʿʘʪʘ:~5.500.000t ʛʦʜʠʰʥʦ ʦʪʧʘʜ ʦʜ 
ʬʘʨʤʠ, ~700.000t ʛʦʜʠʰʥʦ ʦʪʧʘʜʥʘ ʟʝʣʝʥʘ 
ʙʠʦʤʘʩʘ, ~350.000m

3
 ʰʫʤʩʢʘ ʙʠʦʤʘʩʘ. 

ɺʝʪʝʨʥʘ 

ʝʥʝʨʛʠʿʘ 
¶ ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ; 

¶ ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʝʭʘʥʠʯʢʘ 
ʝʥʝʨʛʠʿʘ. 

ʇʦʪʝʥʮʠʿʘʣʦʪ ʥʘ ʚʝʪʝʨʥʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʈʄ ʥʝ 

ʝ ʜʦʚʦʣʥʦ ʠʩʧʠʪʘʥ. ʇʦʩʪʦʿʘʪ ʤʝʨʝˁʘ ʥʘ 
ʤʝʨʥʠ ʩʪʘʥʠʮʠ ʦʜ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʠ ʟʘʚʦʜ 
ʢʦʠ ʩʝ ʧʦʩʪʘʚʝʥʠ ʥʠʩʢʦ ʠ ʜʦʧʦʣʥʠʪʝʣʥʠ 

ʤʝʨʝˁʘ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʣʦʢʘʮʠʠ ʟʘ 
ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʚʝʪʝʨʥʠʮʠ ʥʘ ʤʝʩʪʘʪʘ ʚʠʢʘʥʠ 
ɹʦʛʦʩʣʦʚʝʮ, ʐʘʰʘʚʘʨʣʠʿʘ, ʂʦʞʫʬ ʠ ɹʦʛʜʘʥʮʠ. 

ɻʝʦʪʝʨʤʘʣʥʘ 

ʝʥʝʨʛʠʿʘ 
¶ ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ; 

¶ ɿʘʛʨʝʚʘˁʝ ʥʘ ʚʦʜʘ 
(ʧʣʘʩʪʝʥʠʮʠ, ʩʪʘʢʣʝʥʠʮʠ, 

ʠʥʜʫʩʪʨʠʩʢʠ ʧʨʦʮʝʩʠ, ʠʪʥ). 

ʇʦʪʝʥʮʠʿʘʣ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʛʝʦʪʝʨʤʘʣʥʘ 

ʝʥʝʨʛʠʿʘ ʠʤʘ ʚʦ ʠʩʪʦʯʥʠʦʪ ʠ ʿʫʛʦ-ʠʩʪʦʯʥʠʦʪ 
ʜʝʣ ʥʘ ʈʄ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʜʘʪʘ ʝ ʦʜ 30ï
78

0
C ʩʦ ʧʨʦʩʝʯʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʦʜ 210GWh 

ʛʦʜʠʰʥʦ ʪ.ʝ. ʧʦʤʘʣʢʫ ʦʜ 0,5% ʦʜ ʚʢʫʧʥʘʪʘ 
ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʜʨʞʘʚʥʦ ʥʠʚʦ. 

ʍʠʜʨʦ-
ʝʥʝʨʛʠʿʘ 

¶ ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʝʭʘʥʠʯʢʘ 
ʝʥʝʨʛʠʿʘ; 

¶ ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 
ʝʥʝʨʛʠʿʘ. 

ʍʠʜʨʦ ʝʥʝʨʛʠʿʘʪʘ ʚʦ ʈʄ ʝ ʥʿʠʩʢʦʨʠʩʪʝʥʠʦʪ 
ʆʀɽ ʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ.  ɺʢʫʧʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ 
ʠʟʥʝʩʫʚʘ 6.666GWh, ʦʜ ʢʦʠ ʤʦʤʝʥʪʘʣʥʦ ʩʝ 
ʠʩʢʦʨʠʩʪʫʚʘʘʪ 26,22%, ʘ ʧʣʘʥʠʨʘʥʦ ʝ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʢʘʧʘʮʠʪʝʪʦʪ ʟʘ ʜʦʧʦʣʥʠʪʝʣʥʠ 
44,14%. ɺʦ ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ ʥʝʿʟʠʥʘʪʘ 
ʠʩʢʦʨʠʩʪʝʥʦʩʪ ʝ ʩʚʝʜʝʥʘ ʥʘ ʤʠʥʠʤʫʤ. 

ɽʥʝʨʛʝʪʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ 
¶ ʄʦʞʥʦʩʪʠ ʟʘ ʟʘʰʪʝʜʘ ʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʩʪʦʯʘʨʩʢʠ 

ɽʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʟʝʤʿʦʜʝʣʩʢʠʦʪ 

ʩʝʢʪʦʨ ʝ ʥʘ ʤʠʥʠʤʘʣʥʦ ʥʠʚʦ. ʇʦʪʝʥʮʠʿʘʣʦʪ ʟʘ 
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ʚʦ 
ʟʝʤʿʦʜʝʣʩʢʠ 
ʩʝʢʪʦʨ 

ʬʘʨʤʠ; 

¶ ɿʘʰʪʝʜʘ ʚʦ ʧʣʘʩʪʝʥʠʮʠ ʠ 
ʩʪʘʢʣʝʥʠʮʠ; 

¶ ʀʥʜʫʩʪʨʠʿʘ ʟʘ ʧʨʝʨʘʙʦʪʢʘ ʥʘ 
ʟʝʤʿʦʜʝʣʩʢʠ ʧʨʦʠʟʚʦʜʠ. 

ʟʘʰʪʝʜʘ ʚʦ ʦʚʦʿ ʩʝʢʪʦʨ ʝ ʤʥʦʛʫ ʛʦʣʝʤ. 

 

3.2. ʇʨʠʜʦʙʠʚʢʠ ʦʜ ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʠʝ 

ʅʘʧʨʘʚʝʥʠ ʩʝ 6 ʩʪʫʜʠʠ ʥʘ ʩʣʫʯʘʿ (ʧʠʣʦʪ ʬʘʨʤʠ) ʥʘ ʢʦʠ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʨʘʟʣʠʯʥʠ 

ʚʠʜʦʚʠ ʥʘ ʆʀɽ. ɺʠʜʦʚʠ ʥʘ ʝʥʝʨʛʠʿʘ ʢʦʠ ʩʝ ʦʧʬʘʪʝʥʠ ʚʦ ʩʪʫʜʠʠʪʝ ʠ ʧʨʠʜʦʙʠʚʢʠʪʝ ʦʜ 

ʥʠʚʥʦ ʢʦʨʠʩʪʝˁʝ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʊʘʙʝʣʘ 2 [8]. 

 
͔́͊͋͊͡ нΦ ʋʧʦʪʨʝʙʘ ʠ ʧʨʠʜʦʙʠʚʢʠ ʦʜ ʢʦʨʠʩʪʝˁʝ ʥʘ ʆʀɽ 

ɺʠʜ ʥʘ ʝʥʝʨʛʠʿʘ/ 

ʪʝʭʥʦʣʦʛʠʿʘ 
ʋʧʦʪʨʝʙʘ ʇʨʠʜʦʙʠʚʢʠ 

ʉʦʥʯʝʚʘ ʝʥʝʨʛʠʿʘ/ 

ʨʘʤʥʠ ʪʝʨʤʘʣʥʠ 

ʩʦʥʯʝʚʠ 

ʢʦʣʝʢʪʦʨʠ ʩʦ 

ʧʫʤʧʝʥ ʩʠʩʪʝʤ  

ʊʝʭʥʠʯʢʘ ʪʦʧʣʘ ʚʦʜʘ 

ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʦ ʠ 

ʬʘʨʤʘ, ʜʠʟʠʥʬʝʢʮʠʿʘ 

ʥʘ ʩʘʜʦʚʠ ʟʘ 

ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʤʣʝʯʥʠ 

ʧʨʦʠʟʚʦʜʠ ʠ ʦʩʪʘʥʘʪʘ 

ʦʧʨʝʤʘ. 

ɿʘʰʪʝʜʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ (ʧʨʠʙʣʠʞʥʦ 

4.000kWh ʛʦʜʠʰʥʦ), ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʥʠʚʦʪʦ ʥʘ 

ʙʘʢʪʝʨʠʠ ʚʦ ʤʣʝʢʦʪʦ ʧʨʠ ʰʪʦ ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʧʨʦʜʘʞʥʘʪʘ ʮʝʥʘ. ɿʛʦʣʝʤʝʥʘ ʭʠʛʠʝʥʘ ʥʘ ʣʫʺʝʪʦ 

ʢʦʠ ʨʘʙʦʪʘʪ ʠ ʧʨʝʩʪʦʿʫʚʘʘʪ ʥʘ 

ʬʘʨʤʘʪʘ/ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ. ʀʥʚʝʩʪʠʮʠʿʘ 1.500EUR, 

ʚʨʝʤʝ ʥʘ ʧʦʚʨʘʪ ʥʘ ʩʨʝʜʩʪʚʘ 3 ʜʦ 4 ʛʦʜʠʥʠ. 

ʉʦʥʯʝʚʘ ʝʥʝʨʛʠʿʘ/ 

ʪʝʨʤʘʣʥʠ ʩʦʥʯʝʚʠ 

ʢʦʣʝʢʪʦʨʠ ʩʦ 

ʚʘʢʫʫʤʩʢʠ ʮʝʚʢʠ ï 

ʪʝʨʤʦʩʠʬʦʥʩʢʠ 

ʩʠʩʪʝʤ 

ʊʝʭʥʠʯʢʘ ʪʦʧʣʘ ʚʦʜʘ 

ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʦ ʠ 

ʬʘʨʤʘ, ʜʠʟʠʥʬʝʢʮʠʿʘ 

ʥʘ ʩʘʜʦʚʠ ʟʘ 

ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʤʣʝʯʥʠ 

ʧʨʦʠʟʚʦʜʠ ʠ ʦʩʪʘʥʘʪʘ 

ʦʧʨʝʤʘ. 

ɿʘʰʪʝʜʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ (ʧʨʠʙʣʠʞʥʦ 

1.400kWh ʛʦʜʠʰʥʦ), ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʥʠʚʦ ʥʘ 

ʙʘʢʪʝʨʠʠ ʚʦ ʤʣʝʢʦʪʦ ʧʨʠ ʰʪʦ ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʧʨʦʜʘʞʥʘʪʘ ʮʝʥʘ. ɿʛʦʣʝʤʝʥʘ ʭʠʛʠʝʥʘ ʥʘ ʣʫʺʝʪʦ 

ʢʦʠ ʨʘʙʦʪʘʪ ʠ ʧʨʝʩʪʦʿʫʚʘʘʪ ʥʘ 

ʬʘʨʤʘʪʘ/ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ. ʀʥʚʝʩʪʠʮʠʿʘ 500EUR, 

ʚʨʝʤʝ ʥʘ ʧʦʚʨʘʪ ʥʘ ʩʨʝʜʩʪʚʘ 2,5 ʛʦʜʠʥʠ. 

ʉʦʥʯʝʚʘ ʝʥʝʨʛʠʿʘ/ 

ʩʦʥʯʝʚʘ ʩʫʰʘʨʘ 

ʟʘ ʜʠʨʝʢʪʥʦ 

ʩʫʰʝˁʝ ʥʘ ʧʨʦʠʟ. 

ʠ ʬʦʪʦʚʦʣʪʘʠʮʠ 

ʟʘ ʦʩʚʝʪʣʫʚʘˁʝ ʠ 

ʧʨʦʚʝʪʨʫʚʘˁʝ 

ɿʘʤʝʥʘ ʥʘ ʢʦʥʚʝʥʮʠʦʥ. 

ʛʦʨʠʚʘ (ʝʣʝʢ. ʝʥʝʨʛʠʿʘ, 

ʥʘʬʪʘ ʠ ʿʘʛʣʝʥ) ʩʦ 

ʩʦʥʯʝʚʘ ʝʥʝʨʛʠʿʘ ʟʘ 

ʩʫʰʝˁʝ ʥʘ ʦʨʠʛʘʥʦ ʠ 

ʦʩʪʘʥʘʪʠ ʘʨʦʤʘʪʠʯʥʠ 

ʨʘʩʪʝʥʠʿʘ.  

ɿʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʝʥʩʠ ʠʣʠ                                                        

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʦ ʢʦʿʘ ʙʠ ʛʦ ʟʘʛʨʝʚʘʣ ʠ 

ʧʨʦʚʝʪʨʫʚʘʣ ʧʨʦʩʪʦʨʦʪ (ʧʨʠʙʣʠʞʥʦ 120.000kWh 

ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ ʠ 30.000kWh ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ). ɺʨʝʜʥʦʩʪ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘ 20.000EUR ʟʘ 

ʩʫʰʘʨʘ ʩʦ ʧʦʚʨʰʠʥʘ ʦʜ 1.000m
2
, ʚʨʝʤʝ ʥʘ 

ʧʦʚʨʘʪ ʥʘ ʩʨʝʜʩʪʚʘ ʧʨʠʙʣʠʞʥʦ 3 ʜʦ 4 ʛʦʜʠʥʠ. 

ɺʝʪʝʨʥʘ ʝʥʝʨʛʠʿʘ/ 

ʤʝʭʘʥʠʯʢʘ 

ʚʝʪʝʨʥʠʮʘ ʟʘ 

ʧʫʤʧʘˁʝ ʚʦʜʘ 

ɿʘʤʝʥʘ ʥʘ ʤʦʪʦʨʠ ʠ 

ʪʨʘʢʪʦʨʠ ʟʘ ʧʫʤʧʘˁʝ 

ʚʦʜʘ ʠ ʩʢʣʘʜʠʨʘˁʝ ʥʘ 

ʠʩʪʘʪʘ ʚʦ ʨʝʟʝʨʚʦʘʨ 

ʥʘ ʧʦʚʠʩʦʢʦ ʥʠʚʦ. 

ɿʘʰʪʝʜʘ ʥʦ ʛʦʨʠʚʦ (ʥʘʬʪʘ ʜʦʢʦʣʢʫ ʩʝ ʧʫʤʧʘ ʩʦ 

ʪʨʘʢʪʦʨ ʠʣʠ ʙʝʟʦʣʦʚʝʥ ʙʝʥʟʠʥ ʜʦʢʦʣʢʫ ʩʝ ʧʫʤʧʘ 

ʩʦ ʜʨʫʛʠ ʪʠʧʦʚʠ ʥʘ ʤʦʪʦʨʠ), ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʪʨʘʢʪʦʨʦʪ ʟʘ ʦʩʪʘʥʘʪʠ ʧʦʪʨʝʙʠ ʥʘ ʬʘʨʤʘʪʘ. ʆʚʘ 

ʝ ʧʨʚʘ ʚʝʪʝʨʥʠʮʘ ʦʜ ʚʘʢʦʚ ʪʠʧ ʚʦ ʈʄ ʩʦ ʚʠʩʠʥʘ 

ʦʜ 9m, ʜʠʿʘʤʝʪʘʨ ʥʘ ʨʦʪʦʨ ʦʜ 3,5m ʠ ʢʘʧʘʮʠʪʝʪ 

ʟʘ ʠʩʧʫʤʧʫʚʘˁʝ ʥʘ ʚʦʜʘ ʦʜ 45.000l ʟʘ 24h ʧʨʠ 

ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨ ʦʜ 4m/s ʥʘ ʚʠʩʠʥʩʢʘ 

ʨʘʟʣʠʢʘ ʦʜ 18m. ʀʥʚʝʩʪʠʮʠʿʘ ʦʜ 13.000EUR ʟʘ 

ʥʘʚʦʜʥʫʚʘˁʝ ʥʘ ʧʨʠʙʣʠʞʥʦ 1ha ʛʨʘʜʠʥʘʨʩʢʠ 
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ʢʫʣʪʫʨʠ ʠ ʚʨʝʤʝ ʥʘ ʧʦʚʨʘʪ ʥʘ ʩʨʝʜʩʪʚʘ 

ʧʨʠʙʣʠʞʥʦ 3 ʛʦʜʠʥʠ. 

ɹʠʦʛʦʨʠʚʦ/ 

ʧʨʦʠʟʚʦʜʩʚʦ ʥʘ 

ʙʨʠʢʝʪʠ ʦʜ 

ʦʪʧʘʜʥʘ ʩʣʘʤʘ 

ɹʨʠʢʝʪʠʪʝ ʦʜ ʩʣʘʤʘ 

ʤʦʞʘʪ ʜʘ ʩʝ ʫʧʦʪʨʝʙʘʪ 

ʚʦ ʩʠʪʝ ʢʦʪʣʠ ʢʦʠ ʢʘʢʦ 

ʝʥʝʨʛʝʥʩ ʢʦʨʠʩʪʘʪ 

ʩʫʨʦʚʦ ʜʨʚʦ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʦʪ ʤʦʞʝ 

ʜʘ ʛʠ ʢʦʨʠʩʪʠ ʟʘ 

ʩʦʧʩʪʚʝʥʠ ʧʦʪʨʝʙʠ ʠʣʠ 

ʜʘ ʛʠ ʧʨʦʜʘʚʘ. 

ʈʝʰʘʚʘˁʝ ʥʘ ʝʜʝʥ ʦʜ ʥʘʿʛʦʣʝʤʠʪʝ ʧʨʦʙʣʝʤʠ ʩʦ 

ʦʪʧʘʜʦʪ ʥʘ ʧʦʣʿʦʜʝʣʩʢʠʪʝ ʬʘʨʤʠ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʞʠʪʦ ʠ ʞʠʪʥʠ ʢʫʣʪʫʨʠ (ʩʣʘʤʘ) 

ʢʘʢʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʦʨʠʟ (ʦʨʠʟʦʚʘ ʘʨʧʘ). 

ʀʥʚʝʩʪʠʮʠʿʘ ʦʜ 9.000EUR ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʙʨʠʢʝʪʠ ʦʜ ʦʪʧʘʜʥʘ ʩʣʘʤʘ ʦʜ ʧʨʠʙʣʠʞʥʦ 50ha ʩʦ 

ʞʠʪʥʠ ʢʫʣʪʫʨʠ. ɺʨʝʤʝ ʥʘ ʧʦʚʨʘʪ ʥʘ ʩʨʝʜʩʪʚʘ 3 ʜʦ 

4 ʛʦʜʠʥʠ ʩʦ ʧʨʝʩʤʝʪʘʥʠ ʪʨʦʰʦʮʠ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ɹʠʦʛʦʨʠʚʦ/ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʫʧʦʪʨʝʙʘ ʥʘ 

ʧʝʣʝʪʠ ʦʜ 

ʦʪʧʘʜʥʘ ʜʨʚʥʘ 

ʙʠʦʤʘʩʘ ʦʜ 

ʧʠʣʘʥʘ 

ɿʘʛʨʝʚʘˁʝ ʥʘ 

ʧʣʘʩʪʝʥʠʮʠ ʟʘ 

ʨʘʥʦʛʨʘʜʠʥʘʨʩʢʠ 

ʢʫʣʪʫʨʠ ʠ ʨʝʞʘʥ ʮʚʝʪ 

ʩʦ ʢʦʪʣʠ ʩʦ 

ʘʚʪʦʤʘʪʠʟʠʨʘʥ ʧʨʦʮʝʩ 

ʠ ʨʝʛʫʣʘʮʠʿʘ. 

ɿʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʝʥʩʠ ʢʦʠ ʧʨʝʜʭʦʜʥʦ ʩʝ 

ʫʧʦʪʨʝʙʫʚʘʥʠ (ʥʘʬʪʘ, ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ 

ʜʨʚʘ), ʧʦʛʦʣʝʤʘ ʥʝʟʘʚʠʩʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ, 

ʘʥʫʣʠʨʘʥʘ ʧʦʪʨʝʙʘ ʦʜ ʨʘʙʦʪʥʘ ʩʠʣʘ ʟʘ ʢʦʥʪʨʦʣʘ 

ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʟʘʛʨʝʚʘˁʝ. ʀʥʚʝʩʪʠʮʠʿʘ ʦʜ 

21.000EUR ʢʦʿʘ ʚʢʣʫʯʫʚʘ 2 ʢʦʪʣʠ ʥʘ ʧʝʣʝʪʠ ʠ 

ʧʦʩʪʨʦʿʢʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʝʣʝʪʠ. ɺʨʝʤʝ ʥʘ 

ʧʦʚʨʘʪ ʥʘ ʩʨʝʜʩʪʚʘ ʦʜ 3,5 ʜʦ 4,5 ʛʦʜʠʥʠ. 

 

ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʠʤʘ ʛʦʣʝʤʘ ʫʣʦʛʘ ʚʦ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʢʦʥʢʫʨʝʥʪʥʦʩʪ ʥʘ 

ʧʘʟʘʨʦʪ ʥʘ ʟʝʤʿʦʜʝʣʩʢʠ ʧʨʦʠʟʚʦʜʠ. ɺʦ ʥʘʿʛʦʣʝʤ ʩʣʫʯʘʿ ʧʨʝʜ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʠʣʠ ʧʣʘʥʠʨʘ 

ʠʥʚʝʩʪʠʮʠʿʘ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʆʀɽ ʥʘ ʬʘʨʤʘ (ʠʣʠ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ) ʧʨʝʪʭʦʜʥʦ ʤʦʨʘ 

ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʦʙʿʝʢʪʦʪ ʠʣʠ ʧʨʦʮʝʩʦʪ ʩʦ ʰʪʦ ʙʠ ʩʝ ʠʟʙʝʛʥʘʣʦ 

ʧʨʝʜʠʤʝʥʟʠʦʥʠʨʘˁʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʧʣʘʥʠʨʘʥʠ ʟʘ ʆʀɽ. ʂʘʿ ʩʠʪʝ ʧʠʣʦʪ ʧʨʦʝʢʪʠ ʧʨʝʜ ʜʘ 

ʩʝ ʥʘʧʨʘʚʠ ʠʥʚʝʩʪʠʮʠʿʘʪʘ, ʙʝʰʝ ʥʘʧʨʘʚʝʥʘ ʧʨʦʮʝʥʢʘ ʥʘ ʥʠʚʦʪʦ ʥʘ ɽɽ ʥʘ ʬʘʨʤʠʪʝ ʠ 

ʤʦʞʥʦʩʪʘ ʟʘ ʥʝʿʟʠʥʦ ʧʦʜʦʙʨʫʚʘˁʝ. ʂʘʢʦ ʚʦ ʪʝʢʦʪ ʥʘ ʠʟʨʘʙʦʪʢʘʪʘ, ʪʘʢʘ ʠ ʚʦ ʪʝʢʦʪ ʥʘ 

ʨʘʙʦʪʘʪʘ ʥʘ ʩʘʤʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝ ʟʘʧʘʟʝʥʠ ʩʠʪʝ ʝʢʦʣʦʰʢʠ ʘʩʧʝʢʪʠ. ʉʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʠ 

ʩʝ ʠʥʩʪʘʣʠʨʘʥʠ ʠʤʘʘʪ ʛʦʣʝʤʦ ʧʦʟʠʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. 

4. ɿʘʢʣʫʯʦʢ 

ʄʦʞʥʦʩʪʠʪʝ ʟʘ ʫʧʦʪʨʝʙʘ ʥʘ ʆʀɽ ʚʦ ʈʄ ʩʝ ʦʜ ʛʦʣʝʤʦ ʟʥʘʯʝˁʝ ʢʘʢʦ ʥʘ ʥʠʚʦ ʥʘ ʜʨʞʘʚʘ, 

ʪʘʢʘ ʠ ʣʦʢʘʥʦ, ʥʘ ʥʠʚʦ ʥʘ ʜʦʤʘ˃ʠʥʩʪʚʦ ʠʣʠ ʬʘʨʤʘ. ʄʘʢʝʜʦʥʠʿʘ ʢʘʢʦ ʝʥʝʨʛʝʪʩʢʠ ʟʘʚʠʩʥʘ 

ʟʝʤʿʘ ʪʨʝʙʘ ʩʝʨʠʦʟʥʦ ʜʘ ʩʝ ʥʘʩʦʯʠ ʢʦʥ ʠʥʚʝʩʪʠʮʠʠ ʚʦ ɽɽ ʠ ʆʀɽ ʢʦʠ ʙʠ ʿʘ ʥʘʤʘʣʠʣʝ 

ʧʦʪʨʝʙʘʪʘ ʦʜ ʢʫʧʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ. ɺʦ ʩʧʦʨʝʜʙʘ ʩʦ ʦʩʪʘʥʘʪʠʪʝ ʟʝʤʿʠ ʦʜ ɽʚʨʦʧʩʢʘʪʘ 

ʋʥʠʿʘ, ʈʄ ʠʤʘ ʥʘʿʥʠʩʢʦ ʥʠʚʦ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ. ʋʧʦʪʨʝʙʘʪʘ ʥʘ ʆʀɽ ʝ ʥʝʰʪʦ 

ʧʦʜʦʙʨʘ ʩʦ ʦʛʣʝʜ ʥʘ ʬʘʢʪʦʪ ʜʝʢʘ ʚʦ ʩʠʪʝ ʩʪʨʘʪʝʰʢʠ ʜʦʢʫʤʝʥʪʠ ʠ ʠʩʪʨʘʞʫʚʘˁʘ ʟʝʤʝʥʠ ʩʝ 

ʚʦ ʧʨʝʜʚʠʜ ʭʠʜʨʦʧʦʪʝʥʮʠʿʘʣʦʪ ʥʘ ʜʨʞʘʚʘʪʘ ʠ ʛʦʣʝʤʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ ʩʫʨʦʚʦ ʦʛʨʝʚʥʦ ʜʨʚʦ 

ʚʦ ʚʢʫʧʥʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʧʦʪʨʦʰʫʚʘʯʢʘ [7]. ʉʝʧʘʢ, ʩʦ ʫʧʦʪʨʝʙʘ ʥʘ ʦʚʝ ʯʠʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘ 

ʣʦʢʘʣʥʦ ʥʠʚʦ ʤʦʞʝ ʤʥʦʛʫ ʣʝʩʥʦ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʟʥʘʯʘʿʥʠ ʨʝʟʫʣʪʘʪʠ ʟʥʘʝʿʢʠ ʙʠʜʝʿʢʠ 

ʤʘʢʝʜʦʥʩʢʠʪʝ ʟʝʤʿʦʜʝʣʩʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʤʘʘʪ ʤʦʞʥʦʩʪ ʠ ʨʝʩʫʨʩʠ ʟʘ ʥʠʚʥʦ 

ʩʧʨʦʚʝʜʫʚʘˁʝ. ʆʚʘ ˃ʝ ʧʨʠʜʦʥʝʩʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʢʦʥʦʤʩʢʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ 

ʬʘʨʤʝʨʠʪʝ, ʰʪʦ ʠʥʜʠʨʝʢʪʥʦ ʿʘ ʧʦʜʦʙʨʫʚʘ ʠ ʤʘʢʨʦʝʢʦʥʦʤʠʿʘʪʘ ʥʘ ʜʨʞʘʚʘʪʘ.  
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ɸʧʩʪʨʘʢʪ 

ɺʦ ʦʚʦʿ ʪʨʫʜ ʢʝ ʙʠʜʝ ʨʘʟʛʣʝʜʘʥ ʩʠʩʪʝʤʘʪʩʢʦ-ʩʪʨʫʢʪʫʨʝʥ ʧʨʠʩʪʘʧ ʧʨʠ ʨʘʟʚʦʿʦʪ ʥʘ 

ʩʪʨʘʪʝʛʠʠʪʝ ʟʘ ʦʜʨʞʣʠʚ ʠ ʢʦʥʢʫʨʝʥʪʝʥ ʨʘʟʚʦʿ ʥʘ ʄʘʢʝʜʦʥʠʿʘ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ʚʦ 

ɽʚʨʦʧʩʢʘʪʘ ʫʥʠʿʘ. ɵʝ ʙʠʜʝ ʧʨʝʜʩʪʘʚʝʥʘ ʦʨʠʛʠʥʘʣʥʘ ʠʪʝʨʘʪʠʚʥʘ ʧʦʩʪʘʧʢʘ - ʤʦʜʝʣ ʥʘ ʠʥʬʦʨʤʘʮʠʩʢʘ 

ʘʣʘʪʢʘ ʟʘ ʨʘʟʚʦʿ ʥʘ ʦʚʠʝ ʩʪʨʘʪʝʛʠʠ, ʪʘʢʘ ʰʪʦ ˃ʝ ʙʠʜʝ ʧʨʦʩʣʝʜʝʥʘ ʩʣʝʜʥʘʪʘ ʩʦʜʨʞʠʥʩʢʦ-ʣʦʛʠʯʢʘʪʘ 

ʪʨʠʿʘʜʘ: ʧʨʦʛʨʝʩʠʚʥʦ ʨʝʩʪʨʫʢʪʫʠʨʘˁʝ ï ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ - ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʥʘ 

ʝʢʦʥʦʤʠʿʘʪʘ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʥʝʿʟʠʥʠʪʝ ʩʘʤʦʨʝʛʫʣʘʪʠʚʥʠ ʤʦʞʥʦʩʪʠ. ʈʝʰʘʚʘˁʝʪʦ ʥʘ ʩʦʚʨʝʤʝʥʠʪʝ 

ʧʨʦʙʣʝʤʠ ʥʘ ʄʘʢʝʜʦʥʠʿʘ ʠ ʩʪʨʘʪʝʛʠʠʪʝ ʟʘ ʨʘʟʚʦʿ ʪʨʝʙʘ ʜʘ ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʥʘ ʥʝʿʟʠʥʦʪʦ ʫʩʧʝʰʥʦ 

ʠʥʪʝʛʨʠʨʘˁʝ ʚʦ ʧʘʟʘʨʦʪ ʥʘ ɽʚʨʦʧʩʢʘʪʘ ʫʥʠʿʘ. ʊʦʘ ˃ʝ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ ʙʨʟʦ ʨʘʩʪʝʯʢʘ ʢʦʥʢʫʨʝʥʪʥʦʩʪ 

ʥʘ ʝʢʦʥʦʤʠʿʘʪʘ ʧʨʝʢʫ ʟʘʙʨʟʘʥ ʨʘʟʚʦʿ ʥʘ ʥʝʿʟʠʥʠʦʪ ʧʨʦʜʫʢʪʠʚʝʥ ʧʦʪʝʥʮʠʿʘʣ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ 

ʚʠʩʦʢʦʝʬʠʢʘʩʥʦʪʦ ʥʠʚʦ ʥʘ ʟʝʤʿʠʪʝ - ʯʣʝʥʢʠ ʥʘ ʦʚʦʿ ʩʦʿʫʟ. 

ɹʠʜʝʿ˃ʠ ʝʢʦʥʦʤʩʢʘ ʨʝʘʣʥʦʩʪ ʥʝ ʠʩʧʨʘʚʫʚʘ ʧʨʝʜ ʛʦʣʝʤʠ ʧʨʝʜʠʟʚʠʮʠ ʢʦʠ ʙʘʨʘʘʪ ʩʠʩʪʝʤʘʪʩʢʦ 

ʧʨʝʠʩʧʠʪʫʚʘˁʝ ʥʘ ʧʨʠʤʝʥʝʪʠʪʝ ʧʨʠʦʜʠ, ʤʝʪʦʜʠ, ʤʦʜʝʣʠ, ʧʦʣʠʪʠʢʠ ʥʘ ʫʧʨʘʚʫʚʘˁʝ ʠ ʜʦʥʝʩʫʚʘˁʝ 

ʥʘ ʚʘʞʥʠ ʦʜʣʫʢʠ ʢʦʠ ʢʝ ʚʣʠʿʘʘʪ ʥʘ ʠʜʥʠʥʘʪʘ, ʚʦ ʦʚʦʿ ʪʨʫʜ  ʢʝ ʙʠʜʘʪ ʜʝʬʠʥʠʨʘʥʠ ʬʫʥʜʘʤʝʥʪʘʣʥʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʫʩʧʝʰʥʠ ʩʪʨʘʪʝʛʠʠ ʟʘ ʦʜʞʣʠʚ ʨʘʟʚʦʿ: ʇʦʩʪʠʛʥʫʚʘˁʝ ʥʘ 

ʩʪʨʘʪʝʛʠʩʢʘ ʦʜʨʞʣʠʚʦʩʪ ʚʦ ʜʨʞʘʚʥʠʪʝ ʠʥʩʪʠʪʫʮʠʠ ʚʦ ʫʩʣʦʚʠʪʝ ʥʘ ʢʨʠʟʘ; ʂʦʨʠʩʪʝˁʝ ʥʘ ʘʣʘʪʢʠʪʝ ʥʘ 

ʝʢʦʥʦʤʝʪʨʠʿʘʪʘ ʢʘʢʦ ʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʧʨʠʩʪʘʧʦʪ ñʦʜʜʦʣʫ-ʥʘʛʦʨʝò ʧʨʠ ʤʦʜʝʣʠʨʘˁʝʪʦ ʥʘ ʩʪʨʘʪʝʛʠʠʪʝ 

ʟʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ, ʧʦʯʥʫʚʘʿʢʠ ʦʜ ʣʦʢʘʣʥʦ ʧʘ ʩʝ ʜʦ ʥʘʮʠʦʥʘʣʥʦ ʥʠʚʦ ʠ ʥʠʚʥʦ ʭʘʨʤʦʥʠʟʠʨˁʝ ʩʦ 

ʛʣʦʙʘʣʥʠʪʝ ʩʪʨʘʪʝʛʠʠ ʟʘ ʦʜʨʞʣʠʚ ʨʘʚʦʿ ʧʨʝʢʫ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʧʨʠʩʪʘʧʦʪ ñʦʜʛʦʨʝ-ʥʘʜʦʣʫò; 

ʋʧʦʪʨʝʙʘʪʘ ʥʘ ʢʣʠʦʤʝʪʨʠʩʢʠʦʪ ʧʨʠʩʪʘʧ ʧʨʠ ʩʦʟʜʘʚʘˁʝʪʦ ʥʘ ʤʦʜʝʣʠ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʨʘʟʚʦʿʦʪ ʠ 

ʦʜʨʞʣʚʦʩʪʘ ʚʦ ʩʠʩʪʝʤʦʪ ʠ ʩʠʪʝ ʜʠʥʘʤʠʯʢʠ ʧʦʜʩʠʩʪʝʤʠ ʚʦ ʥʝʛʦ; ɺʦʚʝʜʫʚʘˁʝ ʥʘ ʧʨʦʤʝʥʠ ʚʦ 

ʤʦʜʝʣʦʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʢʘʢʦ ʠ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʧʦʪʨʝʙʥʠʪʝ ʢʚʘʣʠʪʝʪʠ ʥʘ ʩʧʝʮʠʿʘʣʠʩʪʠʪʝ ʠ 

ʝʢʩʧʝʨʪʠʪʝ  ʟʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʩʦ ʢʦʤʧʣʝʢʩʥʠ ʠ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʠ ʢʚʘʣʠʬʠʢʘʮʠʠ.  

ʉʠʥʪʝʪʠʟʠʨʘˁʝʪʦ ʥʘ ʥʘʚʝʜʥʠʪʝ ʥʘʩʦʢʠ ʩʝ ʦʩʥʦʚʘʥʠ ʥʘ ʧʨʦʛʨʝʩʦʪ, ʧʨʦʤʝʥʠʪʝ ʠ ʨʘʟʚʦʿʦʪ ʥʘ 

ʝʢʦʥʦʤʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ ʟʥʘʝˁʝʪʦ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʩʠʩʪʝʤʩʢʠ ʧʨʠʦʜ, ʩʪʨʘʪʝʛʠʠ ʟʘ ʨʘʟʚʦʿ, ʠʪʝʨʘʪʠʚʥʘ ʧʦʩʪʘʧʢʘ, ʜʠʥʘʤʠʯʥʘ 

ʨʘʤʥʦʪʝʞʘ ʠ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ. 
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1. ɺʦʚʝʜ 

           ɽʥʝʨʛʝʪʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠʤʘʘʪ ʮʝʥʪʨʘʣʥʘ ʫʣʦʛʘ ʚʦ ʦʧʰʪʝʩʪʚʝʥʠʦʪ ʠ ʝʢʦʥʦʤʩʢʠʦʪ 

ʨʘʟʚʦʿ ʥʘ ʩʠʪʝ ʥʠʚʦʘ, ʦʜ ʨʝʛʠʦʥʘʣʥʦ ʥʠʚʦ ʜʦ ʥʘʮʠʦʥʘʣʥʦ ʠ ʤʝʺʫʥʘʨʦʜʥʦ ʥʠʚʦ. ʄʝʺʫ 

ʩʦʮʠʿʘʣʥʠʪʝ ʝʬʝʢʪʠ, ʝʥʝʨʛʠʿʘʪʘ ʝ ʧʦʚʨʟʘʥʘ ʠ ʩʦ ʝʢʦʥʦʤʩʢʠʦʪ ʨʘʟʚʦʿ ʠ ʢʚʘʣʠʪʝʪʦʪ ʥʘ 

ʞʠʚʝʝˁʝ, ʢʘʢʦ ʠ ʩʦ ʟʘʛʘʜʫʚʘˁʝʪʦ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʥʝʿʟʠʥʘʪʘ ʜʝʛʨʘʜʘʮʠʿʘ. ɼʝʥʝʩ, 

ʯʦʚʝʰʪʚʦʪʦ ʝ ʥʘʿʤʥʦʛʫ ʟʘʚʠʩʥʦ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʬʦʩʠʣʥʠ ʛʦʨʠʚʘ, ʢʦʠ ʙʠʣʝ ʠ ˃ʝ 

ʧʨʦʜʦʣʞʘʪ ʜʘ ʙʠʜʘʪ ʛʣʘʚʥʘ ʧʨʠʯʠʥʘ ʟʘ ʟʘʛʘʜʫʚʘˁʝʪʦ ʠ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ. ʇʦʨʘʜʠ 

ʧʨʦʙʣʝʤʦʪ ʥʘ ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʨʝʟʝʨʚʠʪʝ ʥʘ ʥʘʬʪʘ ʠ ʿʘʛʣʝʥ, ʠʟʥʘʦʺʘˁʝʪʦ ʥʘ ʦʜʨʞʣʠʚʠ ʠ 

ʬʣʝʢʩʠʙʠʣʥʠ ʨʝʰʝʥʠʿʘ ʩʪʘʥʫʚʘ ʥʘʿʛʦʣʝʤ ʧʨʝʜʠʟʚʠʢ ʚʦ ʦʩʪʚʘʨʫʚʘˁʝʪʦ ʥʘ ʦʜʨʞʣʠʚʘ 

ʠʜʥʠʥʘ.    

        ʇʣʘʥʠʨʘˁʝʪʦ ʝ ʦʥʘ ʰʪʦ ʛʠ ʦʜʨʞʫʚʘ ʩʠʩʪʝʤʠʪʝ. ʊʦʘ ʝ ʧʨʦʮʝʩ ʥʘ ʘʥʘʣʠʟʘ ʠ 

ʥʝʧʨʝʢʠʥʘʪʦ ʜʦʥʝʩʫʚʘˁʝ ʦʜʣʫʢʠ ʟʘ ʪʦʘ ʢʦʠ ʦʜ ʨʝʩʫʨʩʠʪʝ ʠ ʢʘʢʚʠ ʝʥʝʨʛʝʪʩʢʠ ʪʝʭʥʦʣʦʛʠʠ 

ʪʨʝʙʘ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʝʥʝʨʛʠʿʘ ʥʘ ʦʧʰʪʝʩʪʚʦʪʦ.  

          ʇʨʦʤʝʥʠʪʝ ʩʝ ʥʦʨʤʘʣʥʘ ʧʦʿʘʚʘ ʥʘ ʦʧʰʪʝʩʪʚʦʪʦ ʠ ʙʝʟ ʥʠʚ ʥʝʤʘ ʧʨʦʛʨʝʩ. ʊʠʝ ʩʝ 

ʦʩʥʦʚʘʪʘ ʥʘ ʞʠʚʦʪʥʠʦʪ ʮʠʢʣʫʩ ʠ ʟʘʪʦʘ ʯʦʚʝʢʦʪ ʢʘʢʦ ʤʠʩʣʦʚʥʦ ʙʠʪʠʿʝ ʪʨʝʙʘ ʜʘ ʩʝ ʩʧʨʘʚʫʚʘ 

ʩʦ ʥʠʚ. ʅʝ ʧʦʩʪʦʠ ʧʦʯʝʪʦʢ ʠ ʢʨʘʿ ʥʘ ʧʨʦʮʝʩʦʪ. ɺʝʨʠʛʠʪʝ ʥʘ ʧʦʚʨʘʪʥʘ ʚʨʩʢʘ ʛʠ ʧʦʚʨʟʫʚʘʘʪ 

ʣʫʺʝʪʦ ʠ ʩʨʝʜʠʥʘʪʘ ʚʦ ʢʦʿʘ ʞʠʚʝʘʪ9. ʇʨʦʤʝʥʠʪʝ ʩʦ ʢʦʠ ʩʝ ʩʦʦʯʫʚʘʤʝ ʚʦ ʜʝʥʝʰʥʠʮʘʪʘ ʩʝ 

ʨʝʟʫʣʪʘʪ ʥʘ ʨʝʰʝʥʠʿʘʪʘ ʜʦʥʝʩʝʥʠ ʚʦ ʤʠʥʘʪʦʪʦ. ɿʘʪʦʘ, ʤʦʞʝ ʜʘ ʢʦʥʩʪʘʪʠʨʘʤʝ ʜʝʢʘ 

ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʩʦʦʯʫʚʘ ʩʦ ʛʦʣʝʤʠ ʧʨʝʜʠʟʚʠʮʠ, ʛʣʘʚʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʧʣʘʥʠʨʘˁʝʪʦ, 

ʦʜʣʫʯʫʚʘˁʝʪʦ ʠ ʜʦʥʝʩʫʚʘˁʝʪʦ ʥʘ ʧʨʘʚʠʣʥʠ ʨʝʰʝʥʠʿʘ ʜʝʥʝʩ.  

          ʅʦʚʠʪʝ ʝʢʦʥʦʤʩʢʠ ʨʝʘʣʥʦʩʪʠ ʠ ʛʦʣʝʤʠ ʧʨʝʜʠʟʚʠʮʠ ʥʘʤʝʪʥʫʚʘʘʪ ʩʠʩʪʝʤʩʢʦ 

ʧʨʝʠʩʧʠʪʫʚʘˁʝ ʥʘ ʠʟʨʘʙʦʪʝʥʠʪʝ ʠ ʧʨʠʤʝʥʝʪʠʪʝ ʧʨʠʦʜʠ, ʤʝʪʦʜʠ, ʤʦʜʝʣʠ, ʧʦʣʠʪʠʢʠ ʟʘ 

ʫʧʨʘʚʫʚʘˁʝ, ʩʪʨʘʪʝʛʠʠ ʠ ʜʝʿʥʦʩʪʠ ʚʦ ʥʘʿʚʘʞʥʠʦʪ ʜʝʣ ʥʘ ʦʧʰʪʝʩʪʚʦʪʦ - ʝʢʦʥʦʤʠʿʘʪʘ. 

ʉʦʚʨʝʤʝʥʠʪʝ ʧʨʦʙʣʝʤʠ ʚʦ ʄʘʢʝʜʦʥʠʿʘ ʠ ʩʪʨʘʪʝʛʠʠʪʝ ʟʘ ʥʠʚʥʦ ʨʝʰʘʚʘˁʝ ʝ ʥʝʦʧʭʦʜʥʦ ʜʘ 

ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʥʘ ʥʝʿʟʠʥʦʪʦ ʫʩʧʝʰʥʦ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʚʥʘʪʨʝʰʝʥʥʠʦʪ ʧʘʟʘʨ ʥʘ ɽʚʨʦʧʩʢʘʪʘ 

ʫʥʠʿʘ.  

 

2. ɸʣʘʪʢʠ ʠ ʧʨʦʮʝʩ ʥʘ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʠʥʜʠʢʘʪʦʨʠ, ʩʦʟʜʘʚʘˁʝ ʥʘ ʤʦʜʝʣʠ 

ʠ ʠʟʨʘʙʦʪʢʘ ʥʘ ʩʮʝʥʘʨʠʦ 

        ʄʦʜʝʣʠʪʝ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʨʘʟʚʦʿ ʥʘ ʥʘʮʠʦʥʘʣʥʦ ʥʠʚʦ ʤʦʞʘʪ ʜʘ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ 

ʩʧʦʨʝʜ ʥʠʚʥʦʪʦ ʥʠʚʦ ʥʘ ʘʛʨʝʛʘʮʠʿʘ ʠʣʠ ʧʦʪʦʯʥʦ ʜʝʪʘʣʠʪʝ ʠ ʢʦʤʧʦʥʝʥʪʠʪʝ ʧʨʠ 

ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ, ʢʘʢʦ ʠ ʥʠʚʥʘʪʘ ʧʨʦʩʪʦʨʥʘ, ʬʠʥʘʥʩʠʩʢʘ ʠ ʚʨʝʤʝʥʩʢʘ ʨʝʟʦʣʫʮʠʿʘ. 

ɿʘ ʨʝʰʝʥʠʝʪʦ ʥʘ ʩʝʢʦʿʘ ʠʥʞʝʥʝʨʩʢʘ ʟʘʜʘʯʘ ʧʨʝʜʭʦʜʠ ʧʦʿʘʚʘ ʥʘ ʩʦʦʜʚʝʪʝʥ ʤʦʜʝʣ. ɺʦ 

ʚʠʩʪʠʥʩʢʘʪʘ ʯʦʚʝʯʢʘ ʧʨʘʢʩʘ, ʯʝʩʪʦ ʦʪʩʫʩʪʚʫʚʘ ʬʦʨʤʘʣʝʥ ʤʦʜʝʣ, ʥʦ ʩʝʧʘʢ 

ʧʨʝʪʧʦʩʪʘʚʫʚʘʤʝ ʜʝʢʘ ʧʦʩʪʦʠ ʥʝʢʘʢʚʘ ʚʨʩʢʘ ʤʝʺʫ ʨʘʟʣʠʯʥʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʥʘʙˀʫʜʫʚʘʥʠʪʝ 

ʬʝʥʦʤʝʥʠ (ʬʘʢʪʠ, ʧʦʜʘʪʦʮʠ). ɻʣʘʚʥʘʪʘ ʟʘʜʘʯʘ ʥʘ ʯʦʚʝʯʢʦʪʦ (ʘʧʩʪʨʘʢʪʥʦʪʦ) 

ʨʘʟʤʠʩʣʫʚʘˁʝ ʝ ʜʘ ʙʘʨʘ ʣʦʛʠʯʥʠ ʚʨʩʢʠ ʠ ʨʝʛʫʣʘʨʥʦʩʪʠ, ʢʦʠ ʤʦʞʝ ʜʘ ʧʦʤʦʛʥʘʪ ʚʦ 

ʨʘʟʙʠʨʘˁʝʪʦ ʥʘ ʤʝʺʫʩʝʙʥʦʪʦ ʧʦʚʨʟʫʚʘˁʝ ʠ ʤʝʭʘʥʠʟʤʠʪʝ ʥʘ ʥʝʢʦʿ ʬʝʥʦʤʝʥ/ʠ. ʎʝʣ ʥʘ 

ʥʘʫʯʥʦʪʦ ʧʨʝʙʘʨʫʚʘˁʝ ʝ ʜʘ ʩʝ ʧʨʦʥʘʿʜʘʪ ʟʘʢʦʥʠʪʦʩʪʠ, ʢʦʠ ʩʝ ʦʜʥʝʩʫʚʘʘʪ, ʥʝ ʩʘʤʦ ʥʘ 

ʧʦʝʜʠʥʝʯʥʠ ʦʙʿʝʢʪʠ ʠ ʧʨʦʮʝʩʠ, ʪʫʢʫ ʠ ʟʘ ʢʣʘʩʠ ʦʜ ʦʙʿʝʢʪʠ ʠ ʧʨʦʮʝʩʠ ï ʠʣʠ ʧʦʪʦʯʥʦ 

ʧʨʦʥʘʦʛʘˁʝ ʥʘ ʤʦʜʝʣ. ɽʜʥʘʰ ʧʨʦʥʘʿʜʝʥ, ʤʦʜʝʣʦʪ ʿʘ ʧʦʝʜʥʦʩʪʘʚʫʚʘ ʨʘʟʥʦʚʠʜʥʦʩʪʘ ʚʦ 
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ʬʦʨʤʘ ʥʘ ʟʘʢʦʥʠ, ʬʦʨʤʫʣʠ, ʠʣʠ ʩʪʨʫʢʪʫʨʠ (ʩʣʠʢʠ, ʢʦʣʘ), ʥʫʜʝʿ˃ʠ ʤʦʞʥʦʩʪʠ ʟʘ ʦʙʿʘʩʥʫʚʘˁʝ 

ʠ / ʠʣʠ ʧʨʝʜʚʠʜʫʚʘˁʝ. 

      ʉʠʩʪʝʤʩʢʠʦʪ ʧʨʠʦʜ10  ʛʦ ʨʘʟʛʣʝʜʫʚʘ ʩʝʢʦʿ ʦʙʿʝʢʪ (ʧʨʦʮʝʩ) ʢʘʢʦ ʩʠʩʪʝʤ. ʉʠʩʪʝʤʠʪʝ 

ʧʨʝʜʩʪʘʚʫʚʘʘʪ ʟʘʪʚʦʨʝʥʠ ʬʠʟʠʯʢʠ ʩʠʩʪʝʤʠ ʢʦʠ ʩʝ ʦʧʠʰʫʚʘʘʪ ʩʦ ʪʝʨʤʠʥʠʪʝ ʚʣʝʟ ï ʠʟʣʝʟ.  

ɼʚʘʪʘ ʛʣʘʚʥʠ ʤʝʪʦʜʠ ʟʘ ʩʠʩʪʝʤʩʢʦ ʤʦʜʝʣʠʨʘˁʝ ʩʝ: 

 
                               ʉʣʠʢʘ 2.1 ʘ ï ʙʝʣʘ ʢʫʪʠʿʘ                 ʉʣʠʢʘ 2.1 ʙ ï ʮʨʥʘ ʢʫʪʠʿʘ 
 
¶ ɿʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ ʟʘ ʩʠʩʪʝʤʦʪ ï ʢʦʤʧʦʥʝʥʪ ñʙʝʣʘ ʢʫʪʠʿʘò, ʩʣʠʢʘ 2.1 - ʘ 

¶ ɽʢʩʧʨʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʩʠʩʪʝʤʩʢʠʦʪ ʚʣʝʟ ʠ ʠʟʣʝʟïñʮʨʥʘ ʢʫʪʠʿʘò, ʩʣʠʢʘ 2.1-ʙ 

 

                                  ʉʣʠʢʘ 2.2 ɼʚʘ ʛʣʘʚʥʠ ʧʨʠʦʜʠ ʚʦ ʩʠʩʪʝʤʥʦʪʦ ʤʦʜʝʣʠʨʘˁʝ 

 
ʄʝʪʦʜʦʪ ʥʘ ñʮʨʥʘ ʢʫʪʠʿʘò ʝ ʠʥʜʫʢʪʠʚʝʥ ʤʝʪʦʜ ʠ ʚʢʣʫʯʫʚʘ: 

- ʉʦʙʠʨʘˁʝ ʥʘ ʚʣʝʟʥʦ ï ʠʟʣʝʟʥʠ ʧʦʜʘʪʦʮʠ  

- ʂʨʝʠʨʘˁʝ ʥʘ ʤʦʜʝʣʠ 

- ʇʨʠʣʘʛʦʜʫʚʘˁʝ ʥʘ ʤʦʜʝʣʠʪʝ ʟʘ ʦʧʠʩ/ʤʦʜʝʣʠʨʘˁʝ 

ʄʝʪʦʜʦʪ ʥʘ ñʙʝʣʘʪʘ ʢʫʪʠʿʘò ʝ ʜʝʜʫʢʪʠʚʝʥ ʤʝʪʦʜ ʠ ʚʢʣʫʯʫʚʘ: 

- ʇʦʟʥʘʚʘˁʘ ʥʘ ʤʝʭʘʥʠʟʤʠʪʝ, ʨʝʘʢʮʠʠʪʝ ʠ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʩʠʩʪʝʤʠʪʝ 

- ʄʦʞʥʦʩʪ ʟʘ ʜʝʜʫʢʪʠʚʥʠ ʟʘʢʣʫʯʦʮʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʟʥʘʝˁʝ 

- ʆʩʥʦʚʘ ʟʘ ʨʝʘʣʠʟʘʮʠʿʘ ʥʘ ʝʢʩʧʝʨʪʥʠ ʩʠʩʪʝʤʠ  

ʂʘʿ ʚʠʩʦʢʦ ʘʛʨʝʛʠʨʘʥʠʪʝ ʤʘʢʨʦʝʢʦʥʦʤʩʢʠ ʤʦʜʝʣʠ, ʠʣʠ ʪʘʢʘʥʘʨʝʯʝʥʠʪʝ top-down (ʦʜ ʛʦʨʝ 

ʥʘʜʦʣʫ) ʤʦʜʝʣʠ ʩʦ ʢʦʠ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʝ ʧʨʝʪʩʪʘʚʝʥ ʩʦ ʤʥʦʛʫ ʤʘʣʢʫ ʜʝʪʘʣʠ - ʢʘʢʦ 

ʮʨʥʘ ʢʫʪʠʿʘ (black box).  
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        ʆʚʠʝ ʤʦʜʝʣʠ ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʝʢʦʥʦʤʝʪʨʠʩʢʠ ʠʣʠ ʧʘʨʘʤʝʪʘʨʩʢʠ ʠ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ 

ʦʧʠʰʫʚʘˁʝ ʥʘ ʦʜʥʦʩʠ ʠ ʩʠʥʝʨʛʠʿʘ ʧʦʤʝʺʫ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʝʢʪʦʨ ʠ ʜʨʫʛʠʪʝ ʩʝʢʪʦʨʠ ʥʘ 

ʝʢʦʥʦʤʠʿʘʪʘ. ʊʠʝ ʩʝ ʢʦʨʠʩʪʘʪ ʛʣʘʚʥʦ ʧʨʠ ʢʨʝʠʨʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʧʦʣʠʪʠʢʘ, ʧʨʦʮʝʥʢʘʪʘ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʧʨʝʜʚʠʜʫʚʘˁʘ ʟʘ  ʠʜʥʠʦʪ ʨʘʟʚʦʿʦʪ ʥʘ ʧʘʟʘʨʦʪ ʧʨʝʢʫ ʠʩʪʦʨʠʩʢʠ ʧʦʜʘʪʠʮʠ 

ʟʘ ʝʥʝʨʛʠʿʘʪʘ, ʧʨʦʮʝʥʢʘ ʥʘ ʠʥʪʝʨʘʢʮʠʠʪʝ ʚʦ ʝʢʦʥʦʤʠʿʘʪʘ, ʦʜʥʦʩʠʪʝ ʩʦ ʢʣʠʝʥʪʠ  ʠ ʥʠʚʥʘʪʘ 

ʨʝʘʢʮʠʿʘ ʥʘ ʧʨʦʤʝʥʠ ʚʦ ʮʝʥʠʪʝ. ʇʦʩʪʦʿʘʪ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʥʘʫʯʥʠ ʠʟʚʝʰʪʘʠ ʟʘ ʦʚʦʿ ʪʠʧ ʥʘ 

ʤʦʜʝʣʠ, ʦʨʠʝʥʪʠʨʘʥʠ ʢʦʥ ʦʜʣʫʢʠʪʝ ʚʦ ʝʥʝʨʛʝʪʩʢʘ ʧʦʣʠʪʠʢʘ. ʆʚʘʘ ʩʪʫʜʠʿʘ ʥʝʤʘ ʜʘ ʩʝ 

ʟʘʜʨʞʫʚʘ ʥʘ ʜʝʜʫʢʪʠʚʥʠʪʝ ʤʦʜʝʣʠ ʦʜ ʛʦʨʝ ʥʘʜʦʣʫ, ʥʦ ʟʘʪʦʘ ʧʘʢ ʚʨʝʜʠ ʜʘ ʩʝ ʩʧʦʤʝʥʘʪ 

ʢʘʢʦ ʤʦʞʥʠ ʘʣʪʝʨʥʘʪʠʚʠ ʧʨʠ ʧʦʤʘʛʘˁʝʪʦ ʥʘ ʜʦʥʝʩʫʚʘˁʝʪʦ ʥʘ ʦʜʣʫʢʠ ʟʘ ʣʦʢʘʣʥʦʪʦ 

ʝʥʝʨʛʝʪʩʢʦ ʧʣʘʥʠʨʘˁʝ. 

ʀʥʜʫʢʪʠʚʥʠʪʝ ʤʦʜʝʣʠ ʦʜ ʜʦʣʫ ʥʘʛʦʨʝ ʩʝ ʦʙʠʯʥʦ ʥʘʨʝʯʝʥʠ ʤʦʜʝʣʠ ʟʘ ʝʥʝʨʛʝʪʩʢʠʦʪ 

ʩʠʩʪʝʤ, ʠʥʞʝʥʝʨʠʥʛ ʤʦʜʝʣʠ, ʧʘ ʜʫʨʠ ʠ ʤʦʜʝʣʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ. 

ʆʚʠʝ ʤʦʜʝʣʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʧʨʠʣʠʯʥʦ ʜʝʪʘʣʝʥ ʧʨʠʢʘʟ ʥʘ ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ. ɺʦ ʧʨʠʥʮʠʧ, ʧʦʪʝʨʝʙʝʥ ʝ ʛʦʣʝʤ ʦʙʝʤ ʥʘ ʠʥʬʦʨʤʘʮʠʠ 

ʟʘ ʜʘ ʩʝ ʦʧʠʰʘʪ ʢʘʢʦ ʩʠʩʪʝʤʠ. 

ʄʦʜʝʣʠʪʝ ʦʜ ʜʦʣʫ ʥʘʛʦʨʝ ʛʝʥʝʨʘʣʥʦ ʧʨʝʜʩʪʘʚʘʘʪ ʛʦʣʝʤʠ ʣʠʥʝʘʨʥʠ ʧʨʦʛʨʘʤʠ ʢʦʠ 

ʦʙʝʟʙʝʜʫʚʘʘʪ ʨʝʰʝʥʠʿʘ ʟʘ ʦʧʪʠʤʘʣʥʘ ʘʣʦʢʘʮʠʿʘ ʥʘ ʨʝʩʫʨʩʠ ʠ ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʟʙʠʨ ʥʘ 

ʢʨʠʪʝʨʠʫʤʠ ʦʜ ʘʩʧʝʢʪʠʪʝ ʥʘ ʦʜʞʣʠʚʦʩʪʘ - ʪʝʭʥʠʯʢʠ, ʝʢʦʥʦʤʩʢʠ ʠ ʢʨʠʪʝʨʠʫʤʠ ʥʘ 

ʦʛʨʘʥʠʯʫʚʘˁʘʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ.  

 

 

ʉʣʠʢʘ 2.3  ʄʫʣʪʠ ʜʠʤʝʥʟʠʦʥʘʣʝʥ ʧʨʠʢʘʟ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʥʠʚʦʘʪʘ ʠ ʚʨʝʤʝʥʩʢʠʪʝ ʭʦʨʠʟʦʥʪʠ  

ʀʘʢʦ ʦʜʨʞʣʠʚʦʩʪʘ ʠ ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʥʘ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ, ʪʠʝ ʩʝ 

ʥʝʧʨʠʢʦʩʥʦʚʝʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʤʥʦʛʫ ʜʨʫʛʠ ʩʝʛʤʝʥʪʠ ʥʘ ʨʘʟʚʦʿʦʪ, ʢʘʢʦ ʰʪʦ ʝ ʝʢʦʥʦʤʩʢʠʦʪ ʠ 

ʝʢʦʣʦʰʢʠʦʪ ʨʘʟʚʦʿ, ʩʦʮʠʿʘʣʥʘʪʘ ʩʧʨʘʚʝʜʣʠʚʦʩʪ, ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ 

ʩʪʘʢʣʝʥʠʯʢʠʪʝ ʛʘʩʦʚʠ, ʦʜʛʦʚʦʨʥʦʪʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ ʠʪʥ. ʆʜʨʞʣʠʚʠʦʪ 

ʨʘʟʚʦʿ ˃ʝ ʙʘʨʘ ʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʮʝʣʠʪʝ, ʥʦ ʠ ʧʨʘʚʝˁʝ ʥʘ ʦʪʩʪʘʧʢʠ ʧʦʤʝʺʫ 

ʮʝʣʠʪʝ ʢʘʜʝ ʠʥʪʝʛʨʘʮʠʿʘʪʘ ʥʝ ʝ ʤʦʞʥʘ ʚʦ ʜʘʜʝʥʘʪʘ ʬʦʨʤʘ ʠ ʟʘʪʦʘ ˃ʝ ʙʠʜʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ 

ʧʨʦʥʘʿʜʝ ʩʦʦʜʚʝʪʥʦ ʨʝʰʝʥʠʝ. 



152 
 

ɹʠʜʝʿʢʠ ʟʘ ʚʘʢʚʠʪʝ ʘʥʘʣʠʟʠ, ʩʝ ʢʦʨʠʩʪʘʪ ʢʘʚʥʪʠʪʘʪʠʚʥʘʪʘ ʠ ʢʚʘʣʠʪʘʪʠʚʥʘʪʘ ʤʝʪʦʜʘ, 

ʧʦʪʨʝʙʥʠ ʥʠ ʩʝ ʨʝʣʝʚʘʥʪʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʪʦʮʠ ʦʜ ʤʠʥʘʪʦʪʦ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ 

ʩʪʘʪʠʩʪʠʯʢʠʪʝ ʧʦʜʘʪʦʮʠ ʩʝ ʦʜʝʨʝʜʫʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʧʨʤʝʨʦʢ ʢʦʿ ʢʝ ʿʘ ʧʨʝʜʩʪʘʚʫʚʘ 

ʢʫʤʫʣʘʪʠʚʥʘʪʘ ʜʠʩʪʨʠʙʫʮʠʩʢʘ ʬʫʥʢʮʠʿʘ (CDF),  ʘ ʧʦʪʦʘ ʠʩʪʘʪʘ ʢʘʢʦ ʢʦʤʫʣʘʪʠʚʥʘ 

ʚʝʨʦʿʘʪʥʦʩʪ ʥʘ ʬʠʟʠʯʢʠʦʪ ʠʣʠ ʤʘʪʝʤʘʪʠʯʢʠʦʪ ʩʠʩʪʝʤ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʜʦʣʞʠ ʧʦ ʩʣʫʯʘʝʥ 

ʧʨʠʤʝʨʦʢ ʦʜ ʩʠʩʪʝʤʦʪ ʢʦʿ ʛʦ ʘʥʘʣʠʟʠʨʘʤʝ ʚʦ ʠʥʪʝʨʚʘʣʦʪ ʦʜ [0.1] ʰʪʦ ʝ ʧʦʟʥʘʪʘ ʢʘʢʦ 

ʤʝʪʦʜʘ ʥʘ ʄʦʥʪʝ ʂʘʨʣʦ. 

Ὂὼ
π Ḋ           ὼ π
ὼ Ḋ  π ὼ ρ
ρ Ḋ           ρ ὼ

 

3. ʆʜʨʞʣʠʚ ʨʘʟʚʦʿ ʥʘ ʝʢʦʥʦʤʠʿʘʪʘ ʧʨʝʢʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʥʦʚʘʪʘ 

ʧʘʨʘʜʠʛʤʘ ʟʘ ɿʝʣʝʥʘ ʝʢʦʥʦʤʠʿʘ ʚʦ ʄʘʢʝʜʦʥʠʿʘ 

      ɺʦ ʮʝʣʠʪʝ ʥʘ ʦʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ ʝ ʚʢʣʫʯʝʥʦ "ʦʞʠʚʫʚʘˁʝ ʥʘ ʨʘʩʪʦʪ ʠ ʧʨʦʤʝʥʘ ʥʘ 

ʥʝʛʦʚʠʦʪ ʢʚʘʣʠʪʝʪ; ʟʘʜʦʚʦʣʫʚʘˁʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʧʦʪʨʝʙʠ ʟʘ ʨʘʙʦʪʥʠ ʤʝʩʪʘ, ʝʥʝʨʛʠʿʘ, ʚʦʜʘ 

ʠ ʟʜʨʘʚʩʪʚʝʥʘ ʟʘʰʪʠʪʘ; ʦʜʨʞʫʚʘˁʝ ʥʘ ʩʪʘʙʠʣʝʥ ʙʨʦʿ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ; ʟʘʯʫʚʫʚʘˁʝ ʠ 

ʧʨʦʰʠʨʫʚʘˁʝ ʥʘ ʨʝʩʫʨʩʥʘʪʘ ʙʘʟʘ; ʧʨʝʥʘʩʦʯʫʚʘˁʝ ʥʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʠ ʫʧʨʘʚʫʚʘˁʝʪʦ ʩʦ 

ʨʠʟʠʢʦʪ ʢʘʢʦ ʠ ʦʙʝʜʠʥʫʚʘˁʝ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʩʦ ʝʢʦʥʦʤʠʿʘʪʘ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ 

ʜʦʥʝʩʫʚʘˁʝ ʥʘ ʦʜʣʫʢʠ".11  

      ʉʦʩʪʦʿʙʘʪʘ ʚʦ ʄʘʢʝʜʦʥʠʿʘ ʚʦ ʧʦʛʣʝʜ ʥʘ ʠʟʨʘʙʦʪʢʘʪʘ ʥʘ ʩʪʨʘʪʝʛʠʠʪʝ ʝ ʜʠʩʢʫʪʠʨʘʥʦ 

ʧʨʘʰʘˁʝ ʥʘ ʧʦʚʝʢʝ ʢʦʥʬʝʨʝʥʮʠʠ ʦʜʨʞʫʚʘʥʠ ʚʦ ʠʟʤʠʥʘʪʠʪʝ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ. ʅʘ ʧʦʚʝʢʝʪʦ 

ʢʦʥʬʝʨʝʥʮʠʠ ʦʜʨʞʘʥʠ ʚʦ ʄʘʢʝʜʦʥʠʿʘ, ʥʘ ʪʝʤʘ ʨʘʟʚʦʿ ʠ ʥʝʿʟʠʥʠʪʝ ʙʣʠʩʢʠ ʪʝʤʠ 

(ʩʦʮʠʦʝʢʦʥʦʤʩʢʠ ʨʘʟʚʦʿ, ʨʘʟʚʦʿ ʚʦ ʝʥʝʨʛʝʪʠʢʘʪʘ, ʝʢʦʣʦʛʠʿʘʪʘ, ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʠ 

ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ, ʩʦʩʪʦʿʙʠʪʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʥʠʚʥʠʪʝ ʧʦʣʠʪʠʢʠ ʠ 

ʧʦʪʝʥʮʠʿʘʣʠ ʟʘ ʧʨʘʚʠʣʥʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʨʝʩʫʨʩʠʪʝ, ʟʘʢʦʥʩʢʠ ʨʝʛʫʣʘʪʠʚʠ  ʠ ʧʦʣʠʪʠʢʠ ʥʘ 

ʫʧʨʘʚʫʚʘˁʝ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪ, ʠʥʦʚʘʮʠʠ ʠ ʦʙʫʢʘ ʠ ʨʘʟʚʦʿ ) ʩʝ ʢʦʥʩʪʘʪʠʨʘ ʦʜ 

ʧʦʚʝʢʝʪʦ ʫʯʝʩʥʠʮʠ, ʜʝʢʘ ʧʨʠʩʪʘʧʦʪ ʢʦʥ ʠʟʨʘʙʦʪʢʘʪʘ ʥʘ ʪʠʝ ʩʪʨʘʪʝʛʠʠ ʥʝ ʝ ʠʥʪʝʛʨʠʨʘʥ.     

ʂʦʥʩʪʘʪʠʨʘʥʦ ʝ ʠ ʜʝʢʘ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʠ ʠʥʜʠʢʘʪʦʨʠʪʝ ʢʦʠ ʩʝ ʚʣʝʟ ʚʦ 

ʩʠʩʪʝʤʦʪ ʧʨʠ ʬʦʨʤʫʣʠʨʘˁʝ ʥʘ ʮʝʣʠʪʝ ʠ ʬʫʥʢʮʠʠʪʝ ʥʘ ʩʪʨʘʪʝʛʠʿʘʪʘ, ʥʝ ʦʜʛʦʚʘʨʘʘʪ ʥʘ 

ʨʝʘʣʥʦʩʪʘ, ʙʠʜʝʿʢʠ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʠ ʤʫʣʪʠʧʣʠʢʘʪʦʨʠʪʝ ʚʦ ʧʨʝʩʤʝʪʢʦʚʥʠʪʝ ʦʧʝʨʘʮʠʠ 

ʚʨʰʝʥʠ ʧʨʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʤʝʪʦʜʘʪʘ ʥʘ ʢʦʣʠʯʠʥʩʢʘ ʘʥʘʣʠʟʘ ʩʝ ʥʘʿʜʦʙʨʠʦʪ ʤʝʪʦʜ ʟʘ 

ʚʨʰʝˁʝ ʥʘ ʩʠʤʫʣʘʮʠʠ ʚʨʟ ʝʢʦʥʦʤʩʢʠʦʪ ʨʘʟʚʦʿ ʠ ʚʦ ʩʝʢʪʨʦʩʢʘʪʘ ʘʥʘʣʟʘ. ʊʦʘ ʚʦ ʩʫʰʪʠʥʘʪʘ 

ʥʝ ʩʝ ʠʥʜʠʢʘʪʦʨʠ, ʪʦʘ ʩʝ ʤʘʪʝʤʘʪʠʯʢʠ ʤʫʣʪʠʧʣʠʢʘʪʦʨʠ ʙʝʟ ʢʦʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʨʰʠ 

ʩʠʤʫʣʘʮʠʿʘ, ʩʮʝʥʘʨʦ ʘʥʘʣʠʟʘ ʠ ʢʨʝʠʨʘ ʨʝʘʣʥʘ ʩʪʨʘʪʝʛʠʿʘ ʩʦ ʣʦʛʠʯʢʠ ʨʘʤʢʠ. ʉʝʢʦʿʘ 

ʩʪʨʘʪʝʛʠʿʘ ʢʦʿʘ ʥʝ ʝ ʧʦʪʢʨʝʧʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʠ ʤʘʪʝʤʘʪʠʯʢʠ, ʥʝ ʝ ʚʝʨʦʜʦʩʪʦʿʥʘ. 

ɿʘʢʣʫʯʫʚʘʤʝ, ʜʝʢʘ ʠʥʜʠʢʘʪʦʨʠʪʝ ʥʝ ʩʝ ʨʝʘʣʥʠ, ʧʘ ʟʘʪʦʘ ʠ ʜʦʩʝʛʘʰʥʘʪʘ ʠʟʨʘʙʦʪʢʘ ʥʘ 

ʩʪʨʘʪʝʛʝʛʠʠ ʪʨʝʙʘ ʜʘ ʩʝ ʨʝʚʠʜʠʨʘ ʩʝ ʮʝʣ ʧʦʫʩʧʝʰʥʦ ʜʘ ʩʝ ʠʥʪʝʛʨʠʨʘʘʪ ʠ ʭʘʨʤʦʥʠʟʠʨʘʘʪ 

ʩʦ ʝʚʨʦʧʩʢʠʪʝ ʩʪʨʘʪʝʛʠʠ.   

ʉʠʥʪʝʪʠʟʠʨʘʥʠʪʝ ʝʣʝʤʝʥʪʠ ʚʦ ʦʚʠʝ ʩʪʨʘʪʝʛʠʠ ʪʨʝʙʘ ʜʘ ʙʠʜʝ: ʧʨʦʛʨʝʩʦʪ (ʚʦ ʩʝʦʧʬʘʪʥʘ 

ʩʤʠʩʣʘ ʥʘ ʧʦʠʤʦʪ) ʠ ʩʦʦʜʚʝʪʥʦ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʦ-ʤʝʥʘ˅ʝʨʩʢʠʪʝ ʠ ʧʨʦʤʝʥʠ ʚʦ 

ʦʜʥʝʩʫʚʘˁʝʪʦ, ʙʘʟʠʨʘʥʠ ʚʨʟ ʨʘʟʚʦʿʦʪ ʥʘ ʟʥʘʝˁʝʪʦ. ɺʦ ʦʚʦʿ ʜʫʭ ʝ ʠ ʚʦʜʝʯʢʠʦʪ ʘʢʮʝʥʪ ʦʜ 
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ʃʠʩʘʙʦʥʩʢʘʪʘ ʜʝʢʣʘʨʘʮʠʿʘ ʥʘ ɽʚʨʦʧʩʢʘʪʘ ʫʥʠʿʘ ʟʘ ʨʘʟʚʦʿ ʥʘ ʝʢʦʥʦʤʠʿʘʪʘ, ʙʘʟʠʨʘʥʘ ʚʨʟ 

ʟʥʘʝˁe. 

3.1. ʉʪʨʘʪʝʛʠʠʪʝ ï ʦʩʥʦʚʥʦ ʤʝʥʘ˅ʝʨʩʢo ʨʘʢʦʚʦʜʩʪʚʦ ʟʘ ʫʩʧʝʰʝʥ 

ʨʘʟʚʦʿ ʥʘ ʟʝʣʝʥʘʪʘ ʝʢʦʥʦʤʠʿʘʪʘ 

ʈʝʘʣʠʟʘʮʠʿʘʪʘ ʥʘ ʥʘʚʝʜʝʥʠʪʝ ʜʦʣʛʦʨʦʯʥʠ ʮʝʣʠ ʦʜ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʫʧʨʘʚʫʚʘˁʝ ʤʦʞʝ 

ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʨʝʢʫ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʘʜʝʢʚʘʪʥʘ ʧʦʣʠʪʠʢʘ ʟʘ ʩʪʨʘʪʝʛʠʩʢʠ ʨʘʟʚʦʿ ʥʘ 

ʟʝʤʿʘʪʘ ʠ ʦʩʦʙʝʥʦ - ʧʨʝʢʫ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʩʨʝʜʥʦʨʦʯʥʠ ʠ ʜʦʣʛʦʨʦʯʥʠ ʩʪʨʘʪʝʛʠʠ ʟʘ ʥʝʿʟʠʥ 

ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʠ ʠʥʪʝʛʨʘʮʠʿʘ ʩʦ ʨʘʩʪ ʚʦ ɽʚʨʦʧʩʢʘʪʘ ʫʥʠʿʘ. 

ɻʣʘʚʥʠʪʝ ʮʝʣʥʠ ʙʘʨʘˁʘ ʚʦ ʦʚʠʝ ʩʪʨʘʪʝʛʠʠ ʩʝ ʩʚʝʜʫʚʘʘʪ ʥʘ ʪʨʠʿʘʜʘʪʘ: 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦ ʨʝʩʪʨʫʢʪʫʠʨʘˁʝ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʦ-ʨʝʘʣʠʟʘʮʠʦʥʝʥ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʝʥ-

ʤʝʥʘ˅ʤʝʥʪ) - ʨʘʩʪʝʯʢʠ ʧʨʦʜʫʢʪʠʚʝʥ ʧʦʪʝʥʮʠʿʘʣ ʠ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʥʘ ʝʢʦʥʦʤʩʢʠʦʪ ʩʠʩʪʝʤ. 

ʂʘʿ ʦʚʘʘ ʩʠʩʪʝʤʩʢʘ ʚʨʩʢʘ ʪʨʝʙʘ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʧʦʚʨʟʘʥʦʩʪ ʤʝʺʫ ʪʨʠʪʝ ʚʠʜʘ ʝʬʠʢʘʩʥʦʩʪ: 

ʘʣʦʢʘʪʠʚʥʘ (ʧʦʩʣʝʜʠʮʘ ʦʜ ʧʨʝʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʠʪʝ ʨʝʩʫʨʩʠ), ʪʝʭʥʠʯʢʦ-

ʪʝʭʥʦʣʦʰʢʘ (ʧʦʩʣʝʜʠʮʘ ʦʜ ʨʝʥʪʘʙʠʣʥʦʪʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʚʠʝ ʨʝʩʫʨʩʠ) ʠ ʍ-ʦʨʛʘʥʠʟʘʮʠʩʢʘ 

(ʧʦʩʣʝʜʠʮʘ ʦʜ ʧʦʜʦʙʨʝʥʠʪʝ ʠʥʪʝʛʨʘʪʠʚʥʦ-ʢʦʦʨʜʠʥʘʪʠʚʥʠ ʘʢʪʠʚʥʦʩʪʠ). 

ʆʜ ʠʟʚʨʰʝʥ ʘʩʧʝʢʪ ʦʚʠʝ ʩʪʨʘʪʝʛʠʠ, ʩʦ ʠʩʪʘʢʥʘʪʠ ʮʝʣʥʠ ʙʘʨʘˁʘ, ʪʨʝʙʘ ʜʘ ʛʠ 

ʠʩʧʦʣʥʫʚʘʘʪ ʩʦʚʨʝʤʝʥʠʪʝ ʧʘʟʘʨʥʦ-ʠʥʪʝʛʨʘʪʠʚʥʠ ʧʨʦʮʝʩʠ, ʢʘʢʦ ʠ  ʫʩʦʛʣʘʩʫʚʘˁʝ ʤʝʺʫ 

ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ, ʢʦʨʧʦʨʘʪʠʚʥʦ-ʛʨʫʧʥʠʪʝ ʠ ʿʘʚʥʠʪʝ ʠʥʪʝʨʝʩʠ. 

ʀʥʚʝʩʪʠʮʠʦʥʦʪʦ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʩʪʨʘʪʝʛʠʠʪʝ ʧʨʝʢʫ ʤʝʭʘʥʠʟʤʠʪʝ ʥʘ 

ʧʘʟʘʨʥʦʢʦʥʢʫʨʝʥʪʥʦʪʦ ʥʘʩʦʯʫʚʘˁʝ ʥʘ ʢʦʨʧʦʨʘʪʠʚʥʠʪʝ ʠʥʚʝʩʪʠʮʠʠ ʪʨʝʙʘ ʜʘ ʩʝ ʜʦʧʦʣʥʠ ʩʦ 

ʩʦʟʜʘʚʘˁʝ ʠ ʦʜʨʞʫʚʘˁʝ ʥʘ ʧʦʚʦʣʥʘ ʙʠʟʥʠʩ ʩʨʝʜʠʥʘ ʦʜ ʜʨʞʘʚʘʪʘ, ʦʜ ʝʜʥʘ ʩʪʨʘʥʘ, ʠ ʦʜ 

ʜʨʫʛʘ - ʦʜ ʥʘʫʯʥʘʪʘ ʩʚʝʨʘ, ʘʜʝʢʚʘʪʥʦ ʩʧʨʦʚʝʜʫʚʘˁʝ ʠ ʨʘʟʚʦʿ ʥʘ ʥʘ ʩʪʨʘʪʝʛʠʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʦʙʨʘʟʦʚʘʥʠʝ (ʠ ʧʨʝʪʝʞʥʦ ʨʘʟʚʦʿ ʥʘ ʢʚʘʣʠʬʠʢʘʮʠʩʢʠʦʪ 

ʢʘʧʠʪʘʣ ʥʘ ʥʘʮʠʿʘʪʘ - ʟʥʘʝˁʘ, ʚʝʰʪʠʥʠ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʩʧʦʩʦʙʥʦʩʪʠ), ʟʜʨʘʚʩʪʚʦ, ʯʠʩʪʘ 

ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ ʠ ʜʨʫʛʠ, ʠ ʦʩʦʙʝʥʦ ʧʦʚʦʣʥʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʘ-ʫʧʨʘʚʫʚʘʯʢʘ ʩʨʝʜʠʥʘ, 

ʦʙʝʟʙʝʜʫʚʘʿ˃ʠ ʜʦʤʠʥʘʮʠʿʘʪʘ ʥʘ ʧʘʟʘʨʥʦ-ʢʦʥʢʫʨʝʥʪʥʦʪʦ ʩʘʤʦʨʝʛʫʣʠʨʘˁʝ ʚʦ ʨʘʟʚʦʿʦʪ ʥʘ 

ʝʢʦʥʦʤʠʿʘʪʘ. 

  
3.2. ʉʠʩʪʝʤʩʢʦ-ʩʪʨʫʢʪʫʨʥʠʦʪ ʧʨʠʩʪʘʧ ʢʘʢʦ ʪʝʦʨʝʪʩʢʦ-ʤʝʪʦʜʦʣʦʰʢʘ 

ʦʩʥʦʚʘ ʟʘ ʩʪʨʘʪʝʛʠʩʢʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʝʢʦʥʦʤʠʿʘʪʘ 

 ʇʦʟʥʘʚʘˁʘʪʘ ʢʘʢʦ ʚʦʜʝʯʢʘ ʧʨʝʧʦʩʪʘʚʢʘ ʟʘ ʩʝʢʦʿʘ ʢʦʨʠʩʥʘ ʘʢʪʠʚʥʦʩʪ, ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʧʦ 

ʜʚʘ ʦʩʥʦʚʥʠ ʥʘʯʠʥʘ: 

ʘ) ʉʦ ʧʨʠʤʝʥʘ ʥʘ ʘʥʘʣʠʪʠʯʢʦ-ʦʧʠʩʝʥ ʧʨʠʩʪʘʧ.  

ʊʦʿ ʠʤʘ ʝʤʧʝʨʠʩʢʦ ʠʥʪʫʠʪʠʚʝʥ ʠ ʜʦ ʛʦʣʝʤ ʩʪʝʧʝʥ, ʩʦ ʩʫʙʿʝʢʪʠʚʝʥ ʢʘʨʘʢʪʝʨ.   ɺʦ 

ʧʦʛʦʣʝʤʘ ʤʝʨʘ ʝ ʠʟʨʘʟʝʥʦ ʢʘʿ ʝʣʝʤʝʥʪʘʨʥʠʪʝ ʥʠʚʦʘ ʥʘ ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʬʝʥʦʤʝʥʠ. ʇʨʠʤʝʨ 

ʟʘ ʪʘʢʦʚ ʪʠʧ ʠʩʪʨʘʞʫʚʘˁʘ ʩʝ ʥʘʿʯʝʩʪʦ ʘʥʢʝʪʥʠʪʝ ʩʪʫʜʠʠ ʤʝʺʫ ʧʨʝʪʩʪʘʚʥʠʮʠʪʝ ʥʘ ʙʠʟʥʠʩʦʪ, 

ʥʘʩʦʯʝʥʠ ʢʦʥ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʬʘʢʪʦʨʠʪʝ ʢʦʠ ʛʦ ʜʝʬʠʥʠʨʘʘʪ ʙʠʟʥʠʩ ʦʜʥʝʩʫʚʘˁʝʪʦ. 

ʅʘʚʝʜʝʥʦʪʦ ʚʘʞʠ ʥʘʿʤʥʦʛʫ ʟʘ ʥʝʨʘʟʚʠʝʥʠʪʝ, ʩʣʘʙʦ ʩʪʨʫʢʪʫʨʠʨʘʥʠ ʧʘʟʘʨʥʠ ʩʠʩʪʝʤʠ. 

ʂʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʤʝʪʦʜʠ ʧʨʠʤʝʥʝʪʠ ʧʨʠ ʦʚʦʿ ʧʨʠʩʪʘʧ ʩʝ ʧʨʝʪʝʞʥʦ ʦʜ ʠʥʝʨʪʝʥ-

ʝʢʩʪʨʘʧʦʣʘʮʠʦʥʝʥ ʪʠʧ ʠ ʟʘʪʦʘ ʜʦʙʠʚʘʘʪ ʧʨʦʛʥʦʟʥʠ ʧʨʦʮʝʥʢʠ ʢʦʠ ʯʝʩʪʦ ʥʝ ʩʝ ʜʦʚʦʣʥʦ 

ʩʠʛʫʨʥʠ. 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʥʘʫʢʠ, ʢʘʢʦ ʬʠʟʠʢʘ, ʙʠʦʣʦʛʠʿʘ, ʭʝʤʠʿʘ, ʝʢʦʥʦʤʠʿʘ ʠ ʜʨʫʛʠ, ʚʦ ʩʚʦʿʦʪ 

ʠʩʪʨʘʞʫʚʘʯʢʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʫʤ ʚʢʣʫʯʫʚʘʘʪ ʘʥʘʣʠʪʠʯʥʦ-ʦʧʠʩʥʠ ʤʝʪʦʜʠ ʠ ʤʦʜʝʣʠ, ʥʦ ʩʝ 

ʜʦʧʦʣʥʫʚʘʘʪ ʩʦ ʩʠʩʪʝʤʘʪʩʢʦ-ʩʪʨʫʢʪʫʨʥʠ ʤʝʪʦʜʠ ʚʦ ʟʨʝʣʠʪʝ ʬʘʟʠ ʥʘ ʩʚʦʿʦʪ ʨʘʟʚʦʿ. ʇʨʝʢʫ 

ʥʠʚ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʩʠʥʪʝʟʘ, ʚʟʘʝʤʥʘ ʧʦʚʨʟʘʥʦʩʪ ʠ ʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʧʨʝʢʫ ʘʥʘʣʠʪʠʯʢʦ-ʦʧʠʩʥʠʪʝ ʤʝʪʦʜʠ ʠ ʤʦʜʝʣʠ, ʧʨʝʪʩʪʘʚʝʥʠ ʚʦ ʬʦʨʤʘ ʥʘ ʧʦʰʠʨʦʢʠ ʧʦʚʝ˃ʝ 

ʘʩʧʝʢʪʥʠ ʪʝʦʨʠʠ. ʊʦʘ ʩʝ ʧʨʘʚʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʩʠʩʪʝʤʘʪʩʢʠ-ʩʪʨʫʢʪʫʨʘʣʥʠʦʪ ʧʨʠʩʪʘʧ ʟʘ 

ʩʪʝʢʥʫʚʘˁʝ ʥʘ ʟʥʘʝˁʘ, ʠʩʪʦʚʨʝʤʝʥʦ ʚʢʣʫʯʫʚʘʿʢʠ ʛʠ ʩʠʩʪʝʤʠʪʝ ʩʦ ʥʠʚʥʠʪʝ ʩʪʨʫʢʪʫʨʥʠ 

ʝʣʝʤʝʥʪʠ, ʚʨʩʢʠ ʠ ʠʥʪʝʨʘʢʮʠʠ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʨʘʟʚʦʿ. ʊʘʢʘ ʩʝ ʢʦʨʠʩʪʘʪ ʩʘʤʦʨʝʛʫʣʘʪʠʚʥʠʪʝ 

ʤʦʞʥʦʩʪʠ ʥʘ ʩʠʩʪʝʤʠʪʝ, ʦʜʥʦʩʥʦ ʥʠʚʥʘʪʘ ʤʦʞʥʦʩʪ ʟʘ ʩʘʤʦ-ʦʨʛʘʥʠʟʠʨʘˁʝ, ʢʦʿʘ ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʚʦ ʧʨʦʮʝʩʠʪʝ ʥʘ ʥʠʚʥʦʪʦ ʧʨʝʤʠʥʫʚʘˁʝ ʦʜ ʝʜʥʘ ʢʦʥ ʜʨʫʛʘ ʩʪʘʙʠʣʥʘ ʩʦʩʪʦʿʙʘ. 

ɺʦ ʚʨʩʢʘ ʩʦ ʪʦʘ, ʪʨʝʙʘ ʜʘ ʩʝ ʢʘʞʝ ʜʝʢʘ ʪʝʦʨʠʿʘ ʥʘ ʚʝʨʦʿʘʪʥʦʩʪ ʥʘ ʩʠʩʪʝʤʠʪʝ ʝ ʪʝʦʨʝʪʩʢʠ 

ʢʦʨʠʩʥʦ ʠ ʝ ʣʦʮʠʨʘʥʦ ʤʝʺʫ ʭʘʦʩʦʪ ʠ ʦʨʛʘʥʠʟʠʨʘʥʦʩʪʪʘ, ʥʦ ʧʨʠ ʦʩʪʚʘʨʫʚʘˁʝʪʦ ʥʘ 

ʦʜʨʝʜʝʥʠ ʚʠʜʦʚʠ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʬʨʝʢʚʝʥʮʠʠʪʝ, ʩʠʩʪʝʤʦʪ ʩʝ ʩʚʝʜʫʚʘ ʦʜ ʚʝʨʦʿʘʪʥʦʩʪʝʥ - 

ʥʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ. ʊʦʘ ʩʝ ʦʩʪʚʘʨʫʚʘ ʠ ʧʨʝʢʫ ʘʛʨʝʛʘʮʠʿʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ, ʥʘ ʧʨʠʤʝʨ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʩʠʩʪʝʤʠ: ʧʨʦʠʟʚʦʜʠ - ʚʠʜʦʚʠ ʧʨʦʮʝʩʠ - ʝʢʩʧʦʟʠʪʫʨʠ - ʠʥʜʫʩʪʨʠʠ. 

ʉʧʦʨʝʜʙʘʪʘ ʤʝʺʫ ʘʥʘʣʠʪʠʯʢʦ-ʦʧʠʩʥʠʪʝ ʠ ʩʠʩʪʝʤʘʪʩʢʦ-ʩʪʨʫʢʪʫʨʘʣʥʠʪʝ ʧʨʠʦʜʠ ʿʘ ʧʨʘʚʠ 

ɺ. ʃʝʦʥʪʠʝʚ12 ʥʘ ʩʣʝʜʥʠʦʚ ʥʘʯʠʥ: "ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʿʘʩʥʦ ʬʦʨʤʫʣʠʨʘʥʘʪa ʪʝʦʨʝʪʩʢʘ ʰʝʤʘ - 

ʧʨʦʤʝʥʠʪʝ ʚʦ ʝʢʦʥʦʤʠʿʘʪʘ ʤʦʞʘʪ ʜʘ ʩʝ ʦʙʿʘʩʥʘʪ ʢʘʢʦ ʩʪʨʫʢʪʫʨʥʠ ʧʨʦʤʝʥʠ ʠʣʠ ʢʘʢʦ 

ʜʠʥʘʤʠʯʥʠ ʧʨʦʮʝʩʠ . ɺʦ ʧʨʚʠʦʪ ʩʣʫʯʘʿ ʧʨʦʤʝʥʠʪʝ ʥʘ ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʩʝ ʧʦʚʨʟʫʚʘʘʪ 

ʩʦ ʧʨʦʤʝʥʠʪʝ ʥʘ ʥʝʢʦʠ ʦʜ ʦʩʥʦʚʥʠʪʝ ʧʦʜʘʪʦʮʠ, ʚʦ ʚʪʦʨʠʦʪ ʩʣʫʯʘʿ ʟʘʢʦʥʦʪ ʥʘ ʧʨʦʤʝʥʠʪʝ ʩʝ 

ʩʤʝʪʘ ʢʘʢʦ ʢʘʢʦ ʥʝʨʘʟʜʝʣʥʦ ʧʦʚʨʟʘʥ ʩʦ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʦʙʿʘʩʥʫʚʘˁʝʪʦ ʥʘ ʰʝʤʘʪʘ. ɿʘʢʦʥʦʪ 

ʥʘ ʧʨʦʤʝʥʠʪʝ ʩʦ ʪʝʢʦʪ ʥʘ ʚʨʝʤʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʤʝʥʠ. ɺʦ ʪʘʢʦʚ ʩʣ ʫʯʘʿ ʧʦʩʪʦʿʘʪ 

ʩʪʨʫʢʪʫʨʥʠ ʠʟʤʝʥʠ ʚʦ ʜʠʥʘʤʠʯʥʠʦʪ ʩʠʩʪʝʤ ". 

ʙ) ʇʨʝʢʫ ʧʨʠʩʪʘʧʦʪ ʥʘ ʩʠʩʪʝʤʩʢʦ ʩʪʨʫʢʪʫʨʠʨʘˁʝ. 

ʉʣʦʞʝʥʠ ʩʠʩʪʝʤʠ ʚʦ ʝʢʦʥʦʤʠʿʘʪʘ ʩʝ ʦʪʚʦʨʝʥʠʪʝ ʩʠʩʪʝʤʠ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʩʦ ʢʦʠ ʩʝ 

ʦʜʣʠʢʫʚʘ ʩʠʩʪʝʤʩʢʦʪʦ ʩʪʨʫʢʪʫʨʠʨʘˁʝ ʝ ʩʣʝʜʥʦʪʦ:  

Á ʍʦʣʠʟʘʤ - ʢʘʢʦ ʧʦʩʣʝʜʠʮʘ ʦʜ ʚʨʩʢʠʪʝ ʠ ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʢʦʠ ʛʦ 

ʬʦʨʤʠʨʘʘʪ ʩʠʩʪʝʤʦʪ. 

Á ʆʜʥʝʩʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ. ʊʦʘ ʧʦʢʘʞʫʚʘ ʢʘʢʦ ʤʥʦʞʝʩʪʚʦ ʦʜ ʦʜʨʝʜʝʥʠ ʩʦʩʪʦʿʙʠ ʥʘ 

ʚʣʝʟʦʪ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʩʠʩʪʝʤʦʪ ʩʝ ʢʦʥʚʝʨʪʠʨʘ ʚʦ ʥʦʚʠ ʤʥʦʞʝʩʪʚʘ ʦʜ ʥʠʚʥʠʪʝ 

ʩʦʩʪʦʿʙʠ ʥʘ ʠʟʣʝʟʦʪ ʦʜ ʩʠʩʪʝʤʦʪ. ʂʘʿ ʥʝʛʦ ʢʣʫʯʥʘ ʫʣʦʛʘ ʠʤʘ ʧʨʦʤʝʥʘʪʘ ʥʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʩʠʩʪʝʤʦʪ, ʪ.ʝ. ʥʘ ʤʨʝʞʘʪʘ ʦʜ ʝʜʥʦʥʘʩʦʯʥʠ ʠ ʧʦʚʨʘʪʥʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠ ʤʝʺʫ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʩʠʩʪʝʤʦʪ. 

Á ʅʘʯʠʥ ʥʘ ʜʝʿʩʪʚʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ.  

Á ʇʦʚʨʘʪʥʠʪʝ ʚʨʩʢʠ, ʧʦʜ ʛʣʘʚʥʘʪʘ ʜʠʿʘʛʦʥʘʣʘ ʥʘ ʤʘʪʨʠʮʘʪʘ ʥʘ ʧʨʝʢʫʩʝʢʪʨʦʩʢʠʪʝ 

ʚʨʩʢʠ. ʊʠʝ ʿʘ ʫʩʣʦʚʫʚʘʘʪ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʩʠʩʪʝʤʦʪ, ʪʘʢʘ ʰʪʦ ʿʘ ʙʘʣʘʥʩʠʨʘʘʪ 

ʨʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʩʪʘʨʘʪʘ ʠ ʥʦʚʘʪʘ, ʢʘʢʦ ʠ ʤʦʤʝʥʪʥʘʪʘ ʩʦʩʪʦʿʙʘ, ʦʜʥʦʩʥʦ ʠʤʘʘʪ 

ʢʦʤʧʝʥʟʘʮʠʩʢʠ ʢʘʨʘʢʪʝʨ. 

Á ɽʨʛʦʜʠʯʥʠ ʧʨʦʮʝʩʠ ʚʦ ʨʘʟʚʦʿʦʪ. ʊʠʝ ʩʝ ʚʘʣʠʜʥʠ, ʢʦʛʘ ʧʨʦʤʝʥʠʪʝ ʥʘ ʩʦʩʪʦʿʙʘʪʘ ʥʘ 

ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʩʠʩʪʝʤʦʪ ʩʪʘʥʘʪ ʥʝʟʘʚʠʩʥʠ ʦʜ ʥʠʚʥʠʪʝ ʧʦʯʝʪʥʠ ʩʦʩʪʦʿʙʠ. 

ɼʦʙʠʝʥʠʪʝ ʧʦʚʨʘʪʥʠ ʠʥʬʦʨʤʘʮʠʠ ʩʝ ʚʦ ʫʣʦʛʘʪʘ ʥʘ ʩʨʝʜʩʪʚʘ ʟʘ ʩʘʤʦʫʧʨʘʚʫʚʘˁʝ 

(ʩʘʤʦʨʝʛʫʣʘʮʠʿʘ) ʥʘ ʩʠʩʪʝʤʦʪ ʧʨʠ ʥʝʛʦʚʘ ʪʨʘʥʟʠʮʠʿʘ ʢʦʥ ʥʦʚʘ ʩʪʘʙʠʣʥʘ ʩʦʩʪʦʿʙʘ. 

                                                                 
12
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ʇʨʦʮʝʩʠʪʝ ʥʘ ʨʘʟʚʦʿ - ʪʨʘʥʟʠʮʠʠʪʝ ʢʦʥ ʥʦʚʘ ʩʪʘʙʠʣʥʘ ʩʦʩʪʦʿʙʘ ʥʘ ʩʠʩʪʝʤʦʪ, ʩʝ ʤʦʞʥʠ ʚʦ 

ʦʜʨʝʜʝʥʠ ʛʨʘʥʠʮʠ, ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʧʨʦʤʝʥʘʪʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ. ɿʘ ʝʢʦʥʦʤʩʢʠʦʪ ʩʠʩʪʝʤ, 

ʦʚʠʝ ʛʨʘʥʠʮʠ ʩʝ ʦʧʨʝʜʝʣʫʚʘʘʪ ʦʜ ʧʨʦʤʝʥʘʪʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʢʦʠ ʿʘ 

ʦʙʨʘʟʫʚʘʘʪ (ʧʨʦʠʟʚʦʜʠ, ʚʠʜʦʚʠ ʜʝʿʩʪʚʠʿʘ ʠ ʘʢʮʠʠ, ʝʢʩʧʦʟʠʪʫʨʠ, ʠʥʜʫʩʪʨʠʠ) ʠ ʧʦʢʦʥʢʨʝʪʥʦ 

ʦʜ ʨʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʧʨʝʥʝʩʝʥʘʪʘ ʠ ʜʦʜʘʜʝʥʘʪʘ ʚʨʝʜʥʦʩʪ (ʚʦ ʢʦʨʠʩʪ ʥʘ ʧʦʩʣʝʜʥʘʪʘ) ʚʦ 

ʝʜʠʥʠʮʘ ʧʨʦʠʟʚʝʜʝʥ ʧʨʦʜʫʢʪ. ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʤʦʜʝʣʦʪ ʥʘ ʨʘʤʥʦʪʝʞʘ ʥʘ ʤʝʛʫʩʝʢʪʦʨʩʢʠʪʝ 

ʚʨʩʢʠ, ʦʚʘʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʩʝ ʦʧʨʝʜʝʣʫʚʘ ʦʜ ʢʦʣʦʥʠʪʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʟʘ ʜʠʨʝʢʪʥʠ ʪʨʦʰʦʮʠ 

- ɸ, ʩʦ ʥʫʤʝʨʠʯʢʠ ʚʨʝʜʥʦʩʪʠ ʧʦʜ ʝʜʠʥʠʮʘ. 

ʉʧʦʤʝʥʘʪʠʪʝ ʦʩʥʦʚʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʪʚʦʨʝʥʠʪʝ ʢʦʤʧʣʝʢʩʥʠ ʩʠʩʪʝʤʠ ʛʦ 

ʜʝʬʠʥʠʨʘʘʪ ʥʝʩʪʘʮʠʦʥʘʨʥʠʦʪ ʢʘʨʘʢʪʝʨ ʥʘ ʥʠʚʥʠʦʪ ʨʘʟʚʦʿ ʠ  ʦʜ ʩʠʥʝʨʛʠʩʢʠʪʝ, 

ʤʫʣʪʠʧʣʠʢʘʪʦʨʥʠ ʠ ʘʢʩʝʣʝʨʘʪʠʚʥʠ ʝʬʝʢʪʠ ʢʦʠ ʛʦ ʦʧʨʝʜʝʣʫʚʘʘʪ ʠ ʢʦʠ ʩʝ ʧʦʩʣʝʜʠʮʘ ʦʜ 

ʧʨʦʤʝʥʘʪʘ ʚʦ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʤʨʝʞʘʪʘ ʦʜ ʚʨʩʢʠ ʠ ʠʥʪʝʨʘʢʮʠʠ ʧʦʤʝʺʫ ʝʣʝʤʝʥʪʠʪʝ ʥʘ 

ʩʠʩʪʝʤʦʪ. ʇʨʠ ʘʥʘʣʠʪʠʯʢʦ-ʦʧʠʩʥʠʦʪ ʧʨʠʩʪʘʧ, ʥʘ ʨʘʟʚʦʿʦʪ ʩʝ ʛʣʝʜʘ ʢʘʢʦ ʥʘ ʩʪʘʙʠʣʝʥ 

ʧʨʠʦʜ, ʦʜʥʦʩʥʦ ʙʝʟ ʦʪʯʠʪʫʚʘˁʝ ʥʘ ʩʧʦʤʝʥʘʪʠʪʝ ʝʬʝʢʪʠ, ʩʦʦʜʚʝʪʥʦ ʙʝʟ ʢʚʘʣʠʪʘʪʠʚʥʠ 

ʧʨʦʤʝʥʠ ʢʦʠ ʦʙʝʟʙʝʜʫʚʘʘʪ ʟʛʦʣʝʤʝʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʥʘ ʩʠʩʪʝʤʠʪʝ. ʆʩʥʦʚʥʠʪʝ 

ʧʨʝʪʧʦʩʪʘʚʢʠ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʘʪʘ  ʬʦʨʤʘ ʥʘ ʨʘʟʚʦʿ ʩʝ ʥʝʨʝʘʣʥʠ. ɻʣʘʚʥʠʪʝ ʧʨʝʪʧʦʩʪʘʚʢʠ ʟʘ 

ʧʨʦʮʝʩʠʪʝ ʥʘ ʨʘʟʚʦʿ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʦʪ ʩʠʩʪʝʤ ʩʝ: ʩʦʩʪʘʚʦʪ ʥʘ ʬʘʢʪʦʨʠʪʝ ʟʘ ʨʘʟʚʦʿʦʪ ʩʝ 

ʦʧʨʝʜʝʣʥʠ, ʩʝʢʦʿ ʦʜ ʥʠʚ ʝ ʚʥʘʪʨʝʰʥʦ ʭʦʤʦʛʝʥ; ʥʘ ʪʝʭʥʠʯʢʠʦʪ ʧʨʦʛʨʝʩ ʩʝ ʛʣʝʜʘ ʢʘʢʦ 

ʝʢʩʧʣʠʮʠʪʥʘ ʬʫʥʢʮʠʿʘ ʥʘ ʚʨʝʤʝʪʦ - ʩʝ ʜʦʧʫʰʪʘ ʝʜʥʦʩʪʘʚʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʥʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʭʥʦʣʦʰʢʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ ʚʦ ʦʚʦʿ ʩʠʩʪʝʤ, ʢʘʢʦ ʠ ʮʝʣʦʩʥʘ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʥʘ 

ʬʘʢʪʦʨʠʪʝ, ʦʜʥʦʩʥʦ ʪʨʦʰʦʮʠʪʝ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʧʨʦʠʟʚʦʜʩʪʚʝʥʦ-ʩʪʦʧʘʥʩʢʘʪʘ ʜʝʿʥʦʩʪ ʟʘ 

ʨʘʟʣʠʯʥʠ, ʜʫʨʠ ʠ ʧʨʝʤʥʦʛʫ ʦʜʜʘʣʝʯʝʥʠ ʧʝʨʠʦʜʠ, ʙʝʟ ʜʘ ʩʝ ʟʝʤʘʪ ʧʨʝʜʚʠʜ ʤʦʞʥʠʪʝ 

ʢʚʘʣʠʪʘʪʠʚʥʠ ʧʨʦʤʝʥʠ. 

ʈʘʩʪʝʯʢʘʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʥʘ ʩʠʩʪʝʤʦʪ ʿʘ ʦʜʨʝʜʫʚʘ ʥʝʛʦʚʘʪʘ ʦʜʨʞʣʠʚʦʩʪ ʚʦ ʚʨʝʤʝʪʦ, 

ʦʜʥʦʩʥʦ ʙʨʟʠʥʘʪʘ ʩʦ ʢʦʿʘ ʪʦʿ ʧʨʝʤʠʥʫʚʘ ʦʜ ʝʜʥʘ ʢʦʥ ʜʨʫʛʘ ʜʠʥʘʤʠʯʢʘ ʧʨʦʤʝʥʣʠʚʘ 

ʨʘʚʥʦʪʝʞʘ  ʢʦʥ "ʩʦʟʨʝʚʘˁʝ" ʠʣʠ ʢʦʥ "ʩʪʘʨʝʝˁʝ". ʆʚʘ ʩʝ ʩʣʫʯʫʚʘ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʟʘʩʠʣʫʚʘˁʝʪʦ ʠ ʩʣʘʙʝʝˁʝʪʦ ʥʘ ʜʦʙʠʝʥʠʪʝ ʧʦʚʨʘʪʥʠ ʠʥʬʦʨʤʘʮʠʠ. ʆʚʠʝ ʩʚʦʿʩʪʚʘ ʚʦ 

ʨʘʟʚʦʿʦʪ ʥʘ ʩʠʩʪʝʤʠʪʝ ʩʝ ʦʧʨʝʜʝʣʫʚʘʘʪ ʩʦ ʧʨʦʤʝʥʠʪʝ ʚʦ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʦʜʥʦʩʠ ʥʘ 

ʝʣʝʤʝʥʪʠʪʝ - ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʢʚʘʣʠʪʘʪʠʚʥʠʪʝ ʧʨʦʜʫʢʪʠʚʥʠ ʧʨʦʤʝʥʠ ʚʦ ʥʠʚ, ʢʘʢʦ ʠ ʦʜ 

ʨʘʟʣʠʯʥʘʪʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʫʣʦʛʘ ʚʦ ʦʜʜʝʣʥʠʪʝ ʬʘʟʠ ʦʜ ʨʘʟʚʦʿʦʪ. ʇʦʨʘʩʪʦʪ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ ʥʘ ʩʠʩʪʝʤʦʪ ʩʝ ʦʩʪʚʘʨʫʚʘ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʧʨʦʤʝʥʠ ʥʘ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʦ ʥʠʚʦ ʥʘ ʘʛʨʝʛʘʮʠʿʘ, ʠ ʩʝ ʦʧʨʝʜʝʣʫʚʘ ʦʜ ʧʨʦʤʝʥʣʠʚʠʪʝ ʦʜʥʦʩʠ ʧʦʤʝʺʫ 

ʧʨʠʤʘʨʥʠʦʪ, ʩʝʢʫʥʜʘʨʥʠʦʪ ʠ ʪʝʨʮʠʿʘʣʥʠʦʪ ʩʝʢʪʦʨ ʥʘ ʝʢʦʥʦʤʠʿʘʪʘ. 

ɺʦ ʢʦʥʪʝʢʩʪ ʥʘ ʦʚʠʝ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʥʘʫʯʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʪʚʦʨʝʥʠʪʝ 

(ʢʦʤʧʣʝʢʩʥʠ) ʩʠʩʪʝʤʠ. ʩʣʝʜʫʚʘ ʜʘ ʩʝ ʧʨʠʤʝʥʘʪ ʘʜʝʢʚʘʪʥʠ ʘʣʘʪʢʠ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʧʨʠ 

ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʩʠʩʪʝʤʩʢʦ-ʩʪʨʫʢʪʫʨʘʣʥʠʦʪ ʧʨʠʩʪʘʧ ʟʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʩʪʨʘʪʝʛʠʠʪʝ ʟʘ ʨʘʟʚʦʿ 

ʥʘ ʝʢʦʥʦʤʠʿʘʪʘ. 

  

3.3. ʀʪʝʨʘʪʠʚʥʘ ʧʦʩʪʘʧʢʘ ʟʘ ʨʘʟʚʦʿ ʥʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘ 
ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʥʘ ʝʢʦʥʦʤʠʿʘʪʘ 

ʄʝʪʦʜʦʣʦʛʠʿʘʪʘ ʥʘ ʨʘʟʨʘʙʦʪʝʥʘʪʘ (ʠ ʧʨʠʤʝʥʝʪʘʪʘ) ʠʪʝʨʘʪʠʚʥʘ ʧʦʩʪʘʧʢʘ ʠʤʘ ʧʦʩʪʦʿʘʥʦ 

ʩʠʩʪʝʤʩʢʦ-ʩʪʨʫʢʪʫʨʝʥ ʢʘʨʘʢʪʝʨ. ʀʟʣʝʟʥʠʦʪ ʤʝʪʦʜʦʣʦʰʢʠ ʠ ʠʥʬʦʨʤʘʪʠʚʝʥ ʠʥʩʪʨʫʤʝʥʪ ʝ 

ʙʠʣʘʥʩ ʥʘ ʤʝʛʫʩʝʢʪʦʨʩʢʠʪʝ ʚʨʩʢʠ ʟʘ ʧʦʯʝʪʥʘʪʘ ʛʦʜʠʥʘ, ʢʘʢʦ ʠ ʝʛʟʦʛʝʥʠ ʧʦʩʪʘʚʝʥʠʦʪ 
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(ʦʯʝʢʫʚʘʥʠʦʪ) ʧʨʠʨʘʩʪ - ʅʘʤʘʣʫʚʘˁʘ ʥʘ ʨʝʘʣʠʟʠʨʘʥʘʪʘ ʧʨʦʜʫʢʮʠʿʘ ʥʘ ʩʝʢʪʨʦʠ ȹʍ ʩʧʨʝʤʘ 

ʥʠʚʥʠʪʝ ʧʦʩʪʠʛʥʘʪʠ ʥʫʤʝʨʠʯʢʠ ʚʨʝʜʥʦʩʪʠ ʚʦ ʧʦʯʝʪʥʘʪʘ ʛʦʜʠʥʘ. ʄʝʛʫʩʝʢʪʦʨʩʢʦʪʦ 

ʙʘʣʘʥʩʠʨʘˁʝ ʥʘ ʨʝʘʣʠʟʠʨʘʥʘʪʘ ʠ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʧʨʦʜʫʢʮʠʿʘ - ʚʢʫʧʥʦ ʟʘ ʝʢʦʥʦʤʠʿʘʪʘ ʠ ʟʘ 

ʩʝʢʦʿ ʩʝʢʪʦʨ, ʩʝ ʦʧʨʝʜʝʣʫʚʘ ʧʨʝʢʫ ʧʨʠʤʝʥʘʪʘ ʥʘ ʤʝʪʦʜʦʪ ʥʘ ʠʪʝʨʘʪʠʚʥʘʪʘ ʧʦʩʪʘʧʢʘ.13 ʇʨʝʢʫ 

ʦʚʦʿ ʤʝʪʦʜ ʠʪʝʨʘʪʠʚʥʦ ʩʝ ʧʨʝʙʘʣʘʥʩʠʨʘ ʠʟʣʝʟʥʘ ʤʘʪʨʠʮʘ ʚʦ ʥʦʚʘ ʤʝʺʫʩʝʢʪʦʨʩʢʘ 

ʙʘʣʘʥʩʠʨʘʥʘ ʤʘʪʨʠʮʘ. ʊʦʘ ʩʝ ʧʨʘʚʠ ʧʦ ʣʠʥʠʿʘ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʧʨʦʜʫʢʮʠʿʘ - ʧʨʝʢʫ 

ʝʛʟʦʛʝʥʠʪʝ ʠʟʤʝʨʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʚʝʢʪʦʨʦʪ S, ʠ ʨʝʘʣʠʟʘʮʠʿʘʪʘ ʥʘ ʠʩʪʘʪʘ ʧʨʦʜʫʢʮʠʿʘ - 

ʧʨʝʢʫ ʚʝʢʪʦʨʦʪ R. ɸ ʝ ʤʘʪʨʠʮʘ ʥʘ ʜʠʨʝʢʪʥʠʪʝ ʤʘʪʝʨʠʿʘʣʥʠ ʪʨʦʰʦʮʠ. 

ɻʣʘʚʥʘʪʘ ʧʨʦʤʝʥʘ ʚʦ ʠʪʝʨʘʪʠʚʥʘʪʘ ʧʦʩʪʘʧʢʘ ʚʦ ʦʜʥʦʩ ʥʘ ʤʝʪʦʜʦʪ RAS ʝ ʜʝʢʘ ʩʝ 

ʠʩʢʣʫʯʫʚʘ ʜʠʿʘʛʦʥʘʣʥʘʪʘ ʤʘʪʨʠʮʘ ʩʦ ʝʛʟʦʛʝʥʠ ʟʘʜʘʜʝʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʚʝʢʪʦʨʦʪ S ʢʘʢʦ 

ʤʫʣʪʠʧʣʠʢʘʪʦʨʠ ʥʘ ʢʦʣʦʥʠʪʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ɸ. ʂʘʿ ʥʝʘ ʦʩʪʘʥʫʚʘ ʩʘʤʦ ʜʠʿʘʛʦʥʘʣʥʘʪʘ ʤʘʪʨʠʮʘ 

ʩʦ ʝʛʟʦʛʝʥʦ ʟʘʜʘʜʝʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʚʝʢʪʦʨʦʪ R ʢʘʢʦ ʤʫʣʪʠʧʣʠʢʘʪʦʨʠ ʥʘ ʨʝʜʦʚʠʪʝ ʥʘ ʠʩʪʘʪʘ 

ʤʘʪʨʠʮʘ, ʦʜʥʦʩʥʦ ʥʘ ʨʝʘʣʠʟʠʨʘʥʘʪʘ ʧʨʦʜʫʢʮʠʿʘ.(ɿʘ ʧʦʛʦʣʝʤʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʧʨʝʩʤʝʪʢʠʪʝ ʚʦ 

ʠʪʝʨʘʪʠʚʥʘʪʘ ʧʦʩʪʘʧʢʘ ʩʝ ʢʦʨʠʩʪʠ ʤʘʪʨʠʮʘʪʘ ʥʘ ʤʝʛʫʩʝʢʪʦʨʩʢʠ ʧʨʦʪʦʮʠ X ij, ʙʠʜʝʿ˃ʠ ɸ ij = X ij: 

X j) ʆʚʘʘ ʤʦʜʠʬʠʢʘʮʠʿʘ ʥʘ ʤʝʪʦʜʦʪ RAS ʠʤʘ ʩʦʜʨʞʠʥʩʢʘ ʦʧʨʘʚʜʘʥʦʩʪ: 

ʇʨʝʟʝʥʪʠʨʘʥʘʪʘ ʠʪʝʨʘʪʠʚʥʘ ʧʦʩʪʘʧʢʘ ʟʘ ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʤʝʛʫʩʝʢʪʦʨʩʢʠ ʠʟʙʘʣʘʥʩʠʨʘʥ 

ʨʘʟʚʦʿ ʥʘ ʥʘʮʠʦʥʘʣʥʘʪʘ ʝʢʦʥʦʤʠʿʘ - ʢʘʿ ʦʢʦʣʫ 90 ʠʥʜʫʩʪʨʠʠ ʠ ʩʝʢʪʦʨʠ, ʠʤʘ ʩʦʦʜʚʝʪʥʘ 

ʧʨʦʛʨʘʤʩʢʘ ʩʫʛʫʨʥʦʩʪ ʠ ʜʘʚʘ ʤʦʞʥʦʩʪ ʟʘ ʧʦʩʪʦʿʘʥʘ ʧʨʠʤʝʥʘ ʢʘʢʦ ʚʦ ʧʨʝʜʚʠʜʫʚʘˁʝʪʦ, ʪʘʢʘ ʠ 

ʧʨʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʘ ʘʥʘʣʠʟʘ ʥʘ ʥʝʿʟʠʥʦʪʦ ʨʝʩʪʨʫʢʪʫʠʨʘˁʝ ʠ ʨʘʟʚʦʿ. ʀʪʝʨʘʪʠʚʥʘʪʘ ʧʦʩʪʘʧʢʘ 

ʟʘ ʤʝʛʫʩʝʢʪʦʨʩʢʦ ʙʘʣʘʥʩʠʨʘˁʝ ʥʘ ʨʝʘʣʠʟʠʨʘʥʘʪʘ ʠ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʧʨʦʜʫʢʮʠʿʘ - ʢʘʢʦ 

ʤʝʪʦʜʦʣʦʰʢʘ ʘʣʘʪʢʘ ʟʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʝʥ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʠ ʟʝʣʝʥ ʨʘʩʪ ʟʝʤʿʘʪʘ, ʠʤʘ  ʧʦʚʝʢʝ 

ʧʨʝʜʥʦʩʪʠ. 

 
4. ɿʘʢʣʫʯʦʢ 

ʀʪʝʨʘʪʠʚʥʘʪʘ ʧʦʩʪʘʧʢʘ ʟʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʩʪʨʘʪʝʛʠʠ ʟʘ ʨʘʟʚʦʿ ʥʘ ʥʘʮʠʦʥʘʣʥʘʪʘ 

ʝʢʦʥʦʤʠʿʘ, ʥʘ ʦʜʜʝʣʥʠʪʝ ʩʝʢʪʦʨʠ ʠ ʢʦʤʧʘʥʠʠ - ʢʘʢʦ ʢʦʥʩʪʨʫʢʪʠʚʝʥ ʠʥʬʦʨʤʘʮʠʩʢʠ- 

ʫʧʨʘʚʫʚʘʯʢʘ ʘʣʘʪʢʘ ʥʘ ʩʠʩʪʝʤʘʪʩʢʦ-ʩʪʨʫʢʪʫʨʠʨʘʥʠʦʪ ʧʨʠʩʪʘʧ, ʢʘʢʦ ʰʪʦ ʩʝ ʛʣʝʜʘ ʦʜ ʪʝʢʩʪʦʪ ʝ 

ʤʝʪʦʜʦʣʦʰʢʠ ʦʧʨʘʚʜʘʥʘ, ʘ ʠ ʚʝʢʝ ʧʨʠʤʝʥʝʪʘ ʚʦ ʧʨʘʢʩʘ ʚʦ ʂʠʥʘ. ʇʨʝʢʫ ʥʝʘ ʩʝ ʨʝʘʣʠʟʠʨʘʘʪ 

ʠʥʪʝʨʥʠʪʝ ʤʦʞʥʦʩʪʠ ʟʘ ʨʘʟʚʦʿ ʥʘ ʝʢʦʥʦʤʩʢʠʦʪ ʩʠʩʪʝʤ, ʩʣʝʜʝʿ˃ʠ ʿʘ ʣʦʛʠʯʢʘʪʘ ʪʨʠʿʘʜʘ: 

ʧʨʦʛʨʝʩʠʚʥʦ ʨʝʩʪʨʫʢʪʫʠʨʘˁʝ - ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ - ʦʜʨʞʣʠʚ (ʜʠʥʘʤʠʯʥʦ - 

ʙʘʣʘʥʩʠʨʘʥ) ʨʘʟʚʦʿ ʥʘ ʧʨʦʜʫʢʪʠʚʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʝʢʦʥʦʤʩʢʠʦʪ ʩʠʩʪʝʤ ʠ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ 

ʥʝʛʦʚʘ ʢʦʥʢʫʨʝʥʪʥʦʩʪ. 

ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʩʧʨʦʚʝʜʫʚʘˁʝʪʦ ʥʘ ʩʠʩʪʝʤʩʢʦ-ʩʪʨʫʢʪʫʨʥʠʦʪ ʧʨʠʩʪʘʧ ʠ ʦʧʠʰʘʥʘʪʘ 

ʠʪʝʨʘʪʠʚʥʘ ʢʦʥʢʨʝʪʠʟʘʮʠʿʘ, ʦʜʥʦʩʥʦ ʩʧʨʦʚʝʜʫʚʘˁʝʪʦ ʥʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠ ʩʪʨʘʪʝʛʠʠ ʟʘ 

ʨʘʟʚʦʿ, ʫʧʨʘʚʫʚʘˁʝʪʦ ʪʨʝʙʘ ʜʘ ʩʝ ʩʪʨʝʤʠ ʧʨʚʝʥʩʪʚʝʥʦ ʢʦʥ ʩʧʨʝʯʫʚʘˁʝ ʥʘ ʥʘʨʫʰʫʚʘˁʘʪʘ ʚʦ 

ʨʘʙʦʪʘʪʘ ʥʘ ʩʠʩʪʝʤʠʪʝ, ʥʘʤʝʩʪʦ ʢʦʥ ʥʘʜʤʠʥʫʚʘˁʝ ʥʘ ʩʢʘʧʠʪʝ ʧʦʩʣʝʜʠʮʠ ʦʜ ʥʠʚ. 

     ʉʦ ʦʛʣʝʜ ʥʘ ʜʣʘʙʦʢʠʪʝ ʧʨʦʤʝʥʠ ʚʦ ʦʩʥʦʚʥʠʪʝ ʚʨʝʜʥʦʩʪʠ, ʨʝʰʝʪʢʠʪʝ ʠʣʠ ʪʘʢʘʥʘʨʝʯʝʥʠʪʝ 

ʣʦʛʠʯʢʠ ʨʘʤʢʠ ʥʘ ʦʧʰʪʝʩʪʚʦʪʦ ʠ ʥʝʛʦʚʘʪʘ  ʥʝʩʪʘʙʠʣʥʦʩʪ, ʜʨʞʘʚʥʠʪʝ ʠʥʩʪʠʪʫʮʠʠ ʩʦ ʩʚʦʿʘʪʘ 

ʠʥʪʝʨʚʝʥʮʠʿʘ ʟʘʝʜʥʦ ʩʦ ʫʥʠʚʝʨʟʠʪʝʪʠʪʝ ʠ ʛʨʘʺʘʥʩʢʦʪʦ ʦʧʰʪʝʩʪʚʦ ʧʨʝʢʫ ʥʠʚʥʘ ʢʦʥʪʠʥʫʠʨʘʥʘ 

ʧʘʨʪʠʮʠʧʘʮʠʿʘ ʚʦ ʧʨʦʮʝʩʠʪʝ ʥʘ ʦʜʣʫʯʫʚʘˁʝ ʠ ʢʨʝʠʨʘˁʝ ʧʦʣʠʪʠʢʠ, ʪʨʝʙʘ ʜʘ ʧʨʠʜʦʥʝʩʘʪ ʟʘ 

ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʧʦʛʦʣʝʤʘ ʙʘʣʘʥʩʠʨʘʥʘ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪ ʠ ʭʘʨʤʦʥʠʯʥʦʩʪ ʚʦ ʠʩʧʦʣʥʫʚʘˁʝʪʦ 

ʨʘʟʣʠʯʥʠʪʝ ʠʥʪʝʨʝʩʠ ʠ ʨʝʰʘʚʘˁʝʪʦ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʥʘ ʘʥʪʨʦʧʦʛʝʥʠʦʪ ʬʘʢʪʦʨ ʥʘ 
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ʢʦʤʧʣʝʢʩʥʠʪʝ ʩʠʩʪʝʤʠ ʦʜ ʠʥʪʝʨʥʠʪʝ ʠ ʝʢʩʪʝʨʥʠʪʝ ʚʣʠʿʘʥʠʿʘ ʚʦ ʜʨʞʘʚʘʪʘ, ʩʚʝʪʦʪ  ʠ 

ʚʩʝʣʝʥʘʪʘ.  

      ɺʦ ʥʝʧʨʝʢʠʥʘʪʠʦʪ ʩʪʨʝʤʝʞ ʢʦʥ ʨʘʟʚʦʿ, ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʥʝʧʦʟʥʘʪʦʪʦ ʠ ʫʩʦʚʨʰʫʚʘˁʝ ʥʘ 

ʚʝ˃ʝ ʩʦʟʜʘʜʝʥʦʪʦ, ʯʦʚʝʯʢʘʪʘ ʮʠʚʠʣʠʟʘʮʠʿʘ ʛʠ ʩʦʟʜʘʜʝ ʢʦʤʧʿʫʪʝʨʠʪʝ - ʢʘʢʦ ʩʨʝʜʩʪʚʦ ʟʘ 

ʧʦʣʝʩʥʦ ʠ ʧʦʙʨʟʦ ʠʟʚʨʰʫʚʘˁʝ ʥʘ ʦʜʨʝʜʝʥʠ ʟʘʜʘʯʠ. ʎʝʣʘʪʘ ʪʝʭʥʦʣʦʰʢʘ ʨʝʚʦʣʫʮʠʿʘ ʝ ʧʣʦʜ 

ʥʘ ʯʦʚʝʯʢʘʪʘ ʤʠʩʣʘ ʠ ʢʨʝʘʪʠʚʥʦʩʪ ʢʘʿ ʯʦʚʝʢʦʪ. ɸʢʦ ʫʩʧʝʝʤʝ ʜʘ ʛʠ ʠʩʢʦʨʠʤʝ ʛʦʨʝʥʘʚʝʜʝʥʠʪʝ 

ʘʣʘʪʢʠ ʠ ʤʝʪʦʜʦʣʦʛʠʠ  ʟʘ ʜʘ ʩʦʟʜʘʜʝʤʝ ʤʦʜʝʣ ʢʦʿ ʢʝ ʤʦʞʝ ʫʩʧʝʰʥʦ ʜʘ ʛʠ ʢʦʨʠʩʪʠ 

ʩʘʤʦʦʙʫʯʫʚʘʯʢʠʪʝ ʘʣʛʦʨʠʪʤʠ ʥʘ ʚʝʰʪʘʯʢʘʪʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʜʘ "ʤʠʩʣʠ" ʥʘʤʝʩʪʦ ʯʦʚʝʢʦʪ ʠ ʜʘ 

ʫʧʨʘʚʫʚʘ ʦʧʪʠʤʘʣʥʦ ʩʦ ʩʠʪʝ ʨʝʩʫʨʩʠ, ʪʘʢʘ ʰʪʦ ʢʝ ʤʦʞʝ ʜʘ ʿʘ ʫʧʨʘʚʫʚʘ ʝʢʦʥʦʤʠʿʘʪʘ ʥʘ 

ʣʦʢʘʣʥʦ, ʥʘʮʠʦʥʘʣʥʦ ʠ ʛʣʦʙʘʣʥʦ ʥʠʚʦ, ʪʦʛʘʰ ʜʝʬʠʥʠʪʠʚʥʦ ʙʠ ʩʝ ʠʟʙʝʛʥʘʣʝ ʝʢʦʥʦʤʩʢʠʪʝ 

ʢʨʠʟʠ, ʥʝʢʦʥʪʨʦʣʠʨʘʥʦʪʦ ʠʩʮʨʧʫʚʘˁʝ ʥʘ ʨʝʩʫʨʩʠʪʝ ʠ ʛʨʝʰʢʠʪʝ ʦʜ ʯʦʚʝʢʦʚʘʪʘ ʥʝʩʦʚʨʰʝʥʦʩʪ 

ʠ ʧʦʥʝʢʦʛʘʰ ʩʝʙʠʯʥʦʩʪ ʠ ʘʣʯʥʦʩʪ ʦʜ ʢʘʜʝ ʧʨʦʠʟʣʝʛʫʚʘ ʢʦʨʫʤʧʠʨʘʥʦʩʪʘ, ʪʦʛʘʰ ˃ʝ ʤʦʞʝ ʜʘ ʩʝ 

ʧʦʜʦʙʨʠ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʞʠʚʝʝˁʝ ʢʘʢʦ ʠ  ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʯʦʚʝʢʦʪ.14 
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ɸʧʩʪʨʘʢʪ 

ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʧʦʪʝʥʮʠʨʘ ʟʥʘʯʝˁʝʪʦ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʦʜ ʙʠʦʤʘʩʘʪʘ, ʢʘʢʦ 

ʟʥʘʯʘʝʥ ʦʙʥʦʚʣʠʚ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ. ʉʝ ʜʘʚʘ ʧʨʝʛʣʝʜ ʥʘ ʚʠʜʦʚʠʪʝ ʙʠʦʤʘʩʘ ʠ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ 

ʤʝʪʦʜʠʪʝ ʠ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʥʝʿʟʠʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ. ʇʨʠʪʦʘ, ʧʨʠʢʘʞʘʥʠ ʩʝ ʧʨʘʢʪʠʯʥʠ ʧʨʠʤʝʨʠ ʟʘ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʙʠʦʤʘʩʘ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ, ʢʘʢʦ ʠ ʨʝʘʣʠʟʠʨʘʥʠ ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʝʢʪʠ. ʇʨʠʤʝʨʠʪʝ 

ʛʠ ʦʧʬʘ˃ʘʘʪ ʧʨʠʜʦʙʠʚʢʠʪʝ ʦʜ ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʙʠʦʤʘʩʘʪʘ, ʘ ʪʦʘ ʩʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʘ, 

ʛʦʨʠʚʘ ʠ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ.  

ɺʦ ʪʨʫʜʦʪ ʩʝ ʨʘʟʛʣʝʜʘʥʠ ʧʨʝʜʥʦʩʪʠʪʝ ʠ ʥʝʜʦʩʪʘʪʦʮʠʪʝ ʧʨʠ ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʙʠʦʤʘʩʘʪʘ, 

ʛʣʝʜʘʥʦ ʦʜ ʝʢʦʣʦʰʢʠ ʠ ʝʢʦʥʦʤʩʢʠ ʘʩʧʝʢʪ. ʀʜʝʿʘʪʘ ʝ ʩʦ ʦʚʦʿ ʪʨʫʜ ʜʘ ʩʝ ʧʦʙʫʜʠ ʝʢʦʣʦʰʢʘʪʘ ʩʚʝʩʪ ʢʘʿ 

ʣʫʺʝʪʦ, ʢʦʠ ʧʨʝʢʫ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʙʠʦʤʘʩʘʪʘ ʟʘ ʩʦʧʩʪʚʝʥʠ ʧʦʪʨʝʙʠ ʙʠ ʧʨʠʜʦʥʝʣʝ ʚʦ 

ʟʘʯʫʚʫʚʘˁʝʪʦ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ʀʥʚʝʩʪʠʨʘˁʝʪʦ ʠ ʨʝʘʣʠʟʠʨʘˁʝʪʦ ʥʘ ʧʨʦʝʢʪʠ ʟʘ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʙʠʦʤʘʩʘʪʘ ʟʘ ʝʥʝʨʛʝʪʩʢʠ ʮʝʣʠ ˃ʝ ʧʨʠʜʦʥʝʩʝ ʚʦ ʧʦʛʦʣʝʤʘ ʨʘʟʥʦʦʙʨʘʟʥʦʩʪ ʠ 

ʩʠʛʫʨʥʦʩʪ ʚʦ ʩʥʘʙʜʫʚʘˁʝʪʦ ʩʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʘʜʫʚʘˁʝʪʦ ʥʘ ʞʠʚʦʪʥʘʪʘ 

ʩʨʝʜʠʥʘ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʙʠʦʤʘʩʘ, ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ, ʝʢʦʣʦʰʢʠ ʘʩʧʝʢʪʠ. 

 

1. ɺʦʚʝʜ, ʦʩʥʦʚʥʠ ʧʦʠʤʠ  

ʇʦʜ ʧʦʠʤʦʪ ʙʠʦʤʘʩʘ ʩʝ ʧʦʜʨʘʟʙʠʨʘ ʙʠʣʦ ʢʦʿʘ ʙʠʦʣʦʰʢʠ ʨʘʟʛʨʘʜʣʠʚʘ ʦʨʛʘʥʩʢʘ 

ʤʘʪʝʨʠʿʘ ʜʦʙʠʝʥʘ ʩʦ ʧʨʦʮʝʩʦʪ ʥʘ ʬʦʪʦʩʠʥʪʝʟʘ, ʚʦ ʨʘʩʪʠʪʝʣʥʠʦʪ ʩʚʝʪ ʥʘ ɿʝʤʿʘʪʘ [1]. 

ɹʠʦʤʘʩʘʪʘ ʝ ʥʘʿʩʪʘʨʠʦʪ ʧʦʟʥʘʪ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ. ʏʦʚʝʢʦʪ ʿʘ ʢʦʨʠʩʪʝʣ ʫʰʪʝ ʦʜ 

ʧʨʦʥʘʦʺʘˁʝʪʦ ʥʘ ʦʛʥʦʪ, ʧʘ ʩⱪ ʜʦ ʜʝʥʝʩ. ʅʘʨʝʯʝʥʘ ʝ ʦʙʥʦʚʣʠʚ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ, ʙʠʜʝʿ˃ʠ 

ʥʝʿʟʠʥʦʪʦ ʩʦʟʜʘʚʘˁʝ ʝ ʢʦʥʪʠʥʫʠʨʘʥʦ ʠ ʥʝʦʛʨʘʥʠʯʝʥʦ. ɺʦ ʙʠʦʤʘʩʘ ʢʘʢʦ ʠʟʚʦʨ ʟʘ ʜʦʙʠʚʘˁʝ 

ʥʘ ʝʥʝʨʛʠʿʘ ʩʧʘʺʘʘʪ: ʨʘʩʪʝʥʠʿʘ ʚʦ ʚʠʜ ʥʘ ʪʨʝʚʘ ʠ ʜʨʚʿʘ, ʟʝʤʿʦʜʝʣʩʢʠ ʧʨʝʭʨʘʥʙʝʥʠ ʠ ʩʪʦʯʥʠ 

ʨʘʩʪʝʥʠʿʘ, ʦʪʧʘʜʦʮʠ ʠ ʦʩʪʘʪʦʮʠ ʦʜ ʟʝʤʿʦʜʝʣʩʢʠ ʧʦʩʝʚʠ, ʠʥʜʫʩʪʨʠʩʢʠ ʨʘʩʪʝʥʠʿʘ,ʦʪʧʘʜʦʮʠ ʠ 

ʦʩʪʘʪʦʮʠ ʦʜ ʜʨʚʿʘ, ʚʦʜʥʠ ʨʘʩʪʝʥʠʿʘ ʠ ʜʨʫʛʠ ʦʪʧʘʜʥʠ ʤʘʪʝʨʠʠ, ʢʘʢʦ ʠ ʥʝʢʦʠ ʤʘʪʝʨʠʠ ʦʜ 

ʢʦʤʫʥʘʣʝʥ ʦʪʧʘʜ. ɹʠʦʤʘʩʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʫʧʦʪʨʝʙʫʚʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʘ, ʛʦʨʠʚʘ 

ʠ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʰʪʦ ʝ ʧʦʟʥʘʪʦ ʠ ʢʘʢʦ ʙʠʦʝʥʝʨʛʠʿʘ. ɹʠʦʝʥʝʨʛʠʿʘʪʘ ʤʦʞʝ ʜʘ ʙʠʜʝ 
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ʦʜʨʞʣʠʚ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʟʘʤʝʥʘ ʥʘ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ, ʘ ʚʦ ʠʩʪʦ ʚʨʝʤʝ ʠ ʘʢʫʤʫʣʘʪʦʨ 

ʥʘ ʿʘʛʣʝʨʦʜʦʪ, ʩʦ ʰʪʦ ʩʝ ʥʘʤʘʣʫʚʘ ʠ ʝʬʝʢʪʦʪ ʥʘ ʩʪʘʢʣʝʥʘ ʛʨʘʜʠʥʘ. ʅʘ ʩʣ. 1 ʝ ʧʨʠʢʘʞʘʥʦ 

ʫʯʝʩʪʚʦʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʝʥʝʨʛʝʥʩʠ ʚʦ ʚʢʫʧʥʘʪʘ ʧʨʠʤʘʨʥʘ ʝʥʝʨʛʠʿʘ [1].  

 

ɹʠʦʤʘʩʘʪʘ ʝ ʚʪʦʨ ʟʥʘʯʘʝʥ ʦʙʥʦʚʣʠʚ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʄʘʢʝʜʦʥʠʿʘ (ʧʦʩʣʝ 

ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʦʜʥʠʪʝ ʪʝʢʦʚʠ). ʅʘʿʧʦʧʫʣʘʨʥʘ ʬʦʨʤʘ ʥʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʙʠʦʤʘʩʘ ʟʘ ʛʨʝʝˁʝ 

ʝ ʦʛʨʝʚʥʦʪʦ ʜʨʚʦ, ʧʦʪʦʘ ʩʣʝʜʫʚʘʘʪ ʙʨʠʢʝʪʠʪʝ, ʘ ʚʦ ʤʘʣ ʧʨʦʮʝʥʪ ʩʝ ʢʦʨʠʩʪʘʪ ʧʝʣʝʪʠ ʠ 

ʜʨʚʥʘ ʠʚʝʨʢʘ. ɺʦ ʄʘʢʝʜʦʥʠʿʘ ʥʝ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʙʠʦʤʘʩʘ, ʠʘʢʦ ʝ 

ʟʝʤʿʘ ʢʦʿʘ ʝ ʩʠʣʥʦ ʟʘʚʠʩʥʘ ʦʜ ʫʚʦʟ ʥʘ ʥʘʬʪʘ ʠ ʥʘʬʪʥʠ ʧʨʦʠʟʚʦʜʠ. ɺʦ ʥʘʰʘʪʘ ʟʝʤʿʘ ʧʦʩʪʦʠ 

ʥʠʩʢʘ ʩʚʝʩʪ ʠ ʤʘʣʘ ʟʘʠʥʪʝʨʝʩʠʨʘʥʦʩʪ ʟʘ ʧʨʝʨʘʙʦʪʢʘ ʠ ʥʘʪʘʤʦʰʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ 

ʦʪʧʘʜʦʮʠʪʝ ʦʜ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʧʦʛʦʥʠ ʚʦ ʥʘʩʦʢʘ ʥʘ ʜʦʙʠʚʘˁʝ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʝ ʧʨʠʬʘʪʣʠʚʘ 

ʦʜ ʝʢʦʣʦʰʢʠ ʘʩʧʝʢʪ. ɿʘʪʦʘ, ʚʦ ʪʨʫʜʦʪ ʩʝ ʥʘʚʝʜʝʥʠ ʥʝʢʦʣʢʫ ʧʨʠʤʝʨʠ, ʦʜ ʢʦʠ ʩʝ ʟʘʢʣʫʯʫʚʘ 

ʜʝʢʘ ʩʦ ʝʥʪʫʟʠʿʘʟʘʤ ʠ ʠʥʠʮʠʿʘʪʠʚʥʦʩʪ ʥʘ ʧʦʝʜʠʥʮʠ, ʥʘʜʦʧʦʣʥʝʪʘ ʬʠʥʘʥʩʠʩʢʘ ʧʦʤʦʰ ʦʜ 

ʩʪʨʘʥʩʢʠ ʠʥʚʝʩʪʠʮʠʠ, ʤʦʞʘʪ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʧʦʟʠʪʠʚʥʠ ʨʝʟʫʣʪʘʪʠ ʥʘ ʦʚʘ ʧʦʣʝ. 

2. ʊʝʭʥʦʣʦʛʠʠ ʠ ʧʨʘʢʪʠʯʥʠ ʧʨʠʤʝʨʠ  

ʅʘʿʨʘʩʧʨʦʩʪʨʘʥʝʪʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʧʨʝʨʘʙʦʪʢʘ ʥʘ ʙʠʦʤʘʩʘʪʘ ʚʦ ʝʥʝʨʛʝʪʩʢʠ 

ʧʨʦʜʫʢʪʠ ʩʝ [2]:  

Å ɼʠʨʝʢʪʥʦ ʩʦʛʦʨʫʚʘˁʝ (ʧʘʣʝˁʝ); 

Å ʇʠʨʦʣʠʟʘ (ʩʝ ʧʦʜʨʘʟʙʠʨʘ ʭʝʤʠʩʢʘ ʧʨʝʦʙʨʘʟʙʘ ʥʘ ʦʨʛʘʥʩʢʠʪʝ ʩʦʝʜʠʥʝʥʠʿʘ ʦʜ ʝʜʥʠ ʚʦ 

ʜʨʫʛʠ ʦʨʛʘʥʩʢʠ ʩʦʝʜʠʥʝʥʠʿʘ ʧʦʜ ʜʝʿʩʪʚʦ ʥʘ ʪʦʧʣʠʥʘʪʘ, ʘ ʠʩʪʦ ʪʘʢʘ ʠ ʩʫʚʘ ʜʝʩʪʠʣʘʮʠʿʘ ʙʝʟ 

ʦʢʩʠʜʘʥʩʠ); 

Å ɻʘʩʠʬʠʢʘʮʠʿʘ (ʧʨʝʪʚʦʨʙʘ ʥʘ ʪʚʨʜʠʪʝ ʦʪʧʘʜʦʮʠ ʥʘ ʙʠʦʤʘʩʘʪʘ ʚʦ ʛʦʨʣʠʚʠ ʛʘʩʦʚʠ ʧʦ ʧʘʪ 

ʥʘ ʥʝʧʦʪʧʦʣʥʘ ʦʢʩʠʜʘʮʠʿʘ ʩʦ ʚʦʟʜʫʭ, ʧʨʠ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ); 

45% 

7% 

15% 

3% 

14% 

16% 

ʉʣ.1 ʋʯʝʩʪʚʦ ʥʘ ʙʠʦʤʘʩʘʪʘ ʚʦ ʚʢʫʧʥʘʪʘ ʧʨʠʤʘʨʥʘ 
ʝʥʝʨʛʠʿʘ ʚʦ ʩʚʝʪʦʪ ʚʦ 2003 ʛʦʜʠʥʘ 
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Å ɸʥʘʝʨʦʙʥʘ ʬʝʨʤʝʥʪʘʮʠʿʘ ʩʦ ʦʙʨʘʟʫʚʘˁʝ ʥʘ ʤʝʪʘʥ (ʧʨʦʮʝʩ ʚʦ ʢʦʿ ʩʣʦʞʝʥʠʪʝ ʦʨʛʘʥʩʢʠ 

ʩʫʧʩʪʘʥʮʠ ʩʝ ʨʘʟʣʦʞʫʚʘʘʪ ʜʦ ʉʆ2 ʠ ʉʅ4, ʧʨʠ ʰʪʦ ʥʘ ʫʜʝʣʦʪ ʥʘ ʤʝʪʘʥ ʧʨʠʧʘʺʘ ʦʢʦʣʫ 90% 

ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʢʦʿʘ ʩʝ ʥʘʦʺʘ ʚʦ ʩʫʙʩʪʨʘʪʦʪ); 

Å ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʘʣʢʦʭʦʣʠ ʠ ʤʘʩʣʘ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʦʪʦʨʥʦ ʛʦʨʠʚʦ. 

 

͔́͊͋͊͡ мΦ ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʨʦʜʫʢʪʠ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʿʘʪ ʩʦ                                                           

ʢʦʨʠʩʪʝˁʝ ʥʘ ʙʠʦʤʘʩʘ [2]. 

ɺʠʜ ʥʘ ʙʠʦʤʘʩʘ ʊʝʭʥʦʣʦʰʢʠ ʧʨʦʮʝʩ ɽʥʝʨʛʝʪʩʢʠ ʧʨʦʜʫʢʪ 
 
 

ʉʫʚʘ ʙʠʦʤʘʩʘ 

ʇʘʣʝˁʝ ʊʦʧʣʠʥʩʢʘ ʠ ʝʣʝʢʪʨʠʯʥʘ 
ʝʥʝʨʛʠʿʘ 

ɻʘʩʠʬʠʢʘʮʠʿʘ ʉʦʛʦʨʣʠʚʠ ʛʘʩʦʚʠ, ʤʝʪʘʥʦʣ 
ʇʠʨʦʣʠʟʘ ʉʦʛʦʨʣʠʚʠ ʛʘʩʦʚʠ, ʩʤʦʣʠ 

ɼʨʚʝʥ ʿʘʛʣʝʥ (ʧʦʣʫʢʦʢʩ) 

ʍʠʜʨʦʣʠʟʘ ʠ ʜʝʩʪʠʣʘʮʠʿʘ ɽʪʠʣʘʣʢʦʭʦʣ 
 
ɺʣʘʞʥʘ ʙʠʦʤʘʩʘ 

ɹʨʠʢʝʪʥʦ ʧʨʝʩʫʚʘˁʝ ɹʨʠʢʝʪʠ ʢʘʢʦ ʛʦʨʠʚʦ 

ɸʥʘʝʨʦʙʥʘ ʬʝʨʤʝʥʪʘʮʠʿʘ ɹʠʦʛʘʩ 
ʌʝʨʤʝʥʪʘʮʠʿʘ ʠ ʜʝʩʪʠʣʘʮʠʿʘ ɽʪʠʣʘʣʢʦʭʦʣ 

 

2.1. ʈʝʘʣʠʟʠʨʘʥ ʧʨʦʝʢʪ ʟʘ ʩʦʧʩʪʚʝʥʠ ʧʦʪʨʝʙʠ  

ɽʚʝ ʝʜʝʥ ʠʥʩʧʠʨʘʪʠʚʝʥ ʧʨʠʤʝʨ ʦʜ ʥʘʰʠʪʝ ʩʝʚʝʨʥʠ ʩʦʩʝʜʠ ʢʦʿ ʩʘʤʠʦʪ ʠʥʚʝʩʪʠʨʘʣ 

ʚʦ ʧʦʠʥʘʢʦʚ ʥʘʯʠʥ ʥʘ ʛʨʝʝˁʝ ʟʘ ʩʦʧʩʪʚʝʥʠ ʧʦʪʨʝʙʠ. ɾʠʚʠʮʘ ʊʝʨʟʠ˃- ʜʠʧʣʦʤʠʨʘʥ ʘʛʨʦʥʦʤ 

ʠ ʤʘʛʠʩʪʨʘʥʪ ʥʘ ʟʝʤʿʦʜʝʣʩʢʠʦʪ ʬʘʢʫʣʪʝʪ ʚʦ ʅʦʚʠ ʉʘʜ, ʟʥʘʝˁʝʪʦ ʢʦʝ ʛʦ ʜʦʙʠʣ ʥʘ ʩʚʦʿʦʪ 

ʬʘʢʫʣʪʝʪ, ʛʦ ʧʨʠʤʝʥʠʣ ʚʦ ʩʚʦʿʦʪ ʜʦʤ [3]. ʂʦʥʩʪʨʫʠʨʘʣ ʢʦʪʝʣ ʥʘ ʙʠʦʤʘʩʘ, ʟʘ ʢʦʿ ʢʦʨʠʩʪʠ 

ʞʝʪʚʝʥʠ ʦʩʪʘʪʦʮʠ ʠ ʛʨʘʥʢʠ ʦʜ ʦʚʦʰʢʠ ʢʘʢʦ ʦʩʥʦʚʥʦ ʛʦʨʠʚʦ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘ 

ʝʥʝʨʛʠʿʘ. ʆʚʘʘ ʠʥʚʝʩʪʠʮʠʿʘ ʩʝ ʧʦʢʘʞʘʣʘ ʜʦʩʪʘ ʠʩʧʣʘʪʣʠʚʘ, ʩʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʰʪʦ 

ʪʨʦʰʦʮʠʪʝ ʟʘ ʛʨʝʝˁʝ ʩʝ ʧʦʢʘʞʘʣʝ ʯʝʪʠʨʠ ʧʘʪʠ ʧʦʤʘʣʠ ʚʦ ʦʜʥʦʩ ʥʘ ʧʨʝʪʭʦʜʥʠʦʪ ʥʘʯʠʥ ʥʘ 

ʛʨʝʝˁʝ ʩʦ ʧʨʠʨʦʜʝʥ ʛʘʩ. ɺʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʨʘʜʠʿʘʪʦʨʠʪʝ, ʮʝʚʢʠʪʝ, ʢʘʢʦ ʠ ʤʘʪʝʨʠʿʘʣʦʪ ʟʘ 

ʠʟʨʘʙʦʪʢʘ ʥʘ ʢʦʪʝʣʦʪ, ʪʦʿ ʠʥʚʝʩʪʠʨʘʣ ʧʦʤʘʣʢʫ ʦʜ 3.000 ʝʚʨʘ. ʀʥʠʮʠʿʘʣʥʠʪʝ ʚʣʦʞʫʚʘˁʘ ʥʝ 

ʩʝ ʤʘʣʠ, ʥʦ ʩʘʤʘʪʘ ʠʥʚʝʩʪʠʮʠʿʘ ʩʝ ʚʨʘ˃ʘ ʚʦ ʧʝʨʠʦʜ ʦʜ ʜʚʝ ʛʦʜʠʥʠ.   ʊʦʿ ʪʚʨʜʠ ʜʝʢʘ 

ʛʨʝʝˁʝʪʦ ʥʘ ʙʠʦʤʘʩʘ ʠʤʘ ʜʦʙʨʘ ʧʝʨʩʧʝʢʪʠʚʘ, ʦʩʦʙʝʥʦ ʚʦ ʨʫʨʘʣʥʠʪʝ ʤʝʩʪʘ ʧʦʨʘʜʠ, 

ʜʦʩʪʘʧʥʦʩʪʘ ʥʘ ʩʫʨʦʚʠʥʠʪʝ. ʅʦ, ʟʘ ʞʘʣ ʩʦʩʪʦʿʙʘʪʘ ʚʦ ʉʨʙʠʿʘ ʝ ʩʣʠʯʥʘ ʢʘʢʦ ʠ ʚʦ 

ʄʘʢʝʜʦʥʠʿʘ-ʞʠʪʥʠʪʝ ʦʩʪʘʪʦʮʠ ʩʝ ʧʘʣʘʪ ʥʘ ʩʘʤʠʪʝ ʥʠʚʠ, ʥʘʤʝʩʪʦ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ ʢʘʢʦ 

ʛʦʨʠʚʦ ʟʘ ʛʨʝʝˁʝ. 

2.2. ʈʝʘʣʠʟʠʨʘʥ ʧʨʦʝʢʪ ʦʜ ʭʨʚʘʪʩʢʘ ʢʦʤʧʘʥʠʿʘ  

ʀʥʪʝʨʝʩʝʥ ʟʘ ʨʘʟʛʣʝʜʫʚʘˁʝ ʝ ʧʨʠʤʝʨʦʪ ʥʘ ʭʨʚʘʪʩʢʘʪʘ ʢʦʤʧʘʥʠʿʘ Ăʄʦʜʝʨʘʪʦʨñ ʢʦʿʘ 

ʩʝ ʟʘʥʠʤʘʚʘ ʩʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʝʣʝʪʠ. ʂʦʥʪʠʥʫʠʨʘʥʠʦʪ ʨʘʩʪ ʥʘ ʮʝʥʘʪʘ ʥʘ ʬʦʩʠʣʥʠʪʝ 

ʛʦʨʠʚʘ, ʛʠ ʤʦʪʠʚʠʨʘʣʦ ʜʘ ʠʥʚʝʩʪʠʨʘʘʪ ʚʦ ʝʬʠʢʘʩʝʥ ʩʠʩʪʝʤ ʥʘ ʜʦʙʠʚʘˁʝ ʝʥʝʨʛʠʿʘ, ʢʦʿ ʰʪʦ 

ʛʠ ʢʦʨʠʩʪʠ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ [4]. ɺʦ 2011 ʪʠʝ ʿʘ ʠʟʛʨʘʜʠʣʝ ʢʦʛʝʥʝʨʘʪʠʚʥʘʪʘ 

ʧʦʩʪʨʦʿʢʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʥʝʨʛʠʿʘ, ʘ ʦʜ ʤʘʿ 2012 ʛʦʜʠʥʘ ʧʦʩʪʨʦʿʢʘʪʘ ʟʘʧʦʯʥʘʣʘ ʩʦ 

ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʩʢʘ ʠ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʆʩʥʦʚʥʘ ʩʫʨʦʚʠʥʘ ʰʪʦ 



161 
 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʘ ʦʚʘʘ ʮʝʥʪʨʘʣʘ ʝ ʰʫʤʩʢʘʪʘ ʙʠʦʤʘʩʘ ʠʣʠ ñʯʠʧʩò. 

ɼʦʙʠʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʧʨʦʜʘʚʘ, ʜʦʜʝʢʘ ʪʦʧʣʠʥʩʢʘʪʘ ʝʥʝʨʛʠʿʘ ʩʝ ʠʩʢʦʨʠʩʪʫʚʘ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʝʣʝʪʠ. ʂʦʛʝʥʝʨʘʪʠʚʥʘʪʘ ʧʦʩʪʨʦʿʢʘ ʠʤʘ ʚʢʫʧʥʘ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ 

ʦʜ 0,95 MW ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ 4,1 MW ʟʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ. 

ʇʦʩʪʨʦʿʢʘʪʘ ʝ ʠʟʛʨʘʜʝʥʘ ʋʜʙʠʥʘ, ʃʠʢʘ - ʝʜʝʥ ʦʜ ʥʘʿʥʝʨʘʟʚʠʝʥʠʪʝ ʭʨʚʘʪʩʢʠ ʨʝʛʠʦʥʠ. ʉʦ 

ʨʝʘʣʠʟʘʮʠʿʘʪʘ ʥʘ ʦʚʦʿ ʧʨʦʝʢʪ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʨʘʟʫʤʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ 

ʨʝʩʫʨʩʠ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʘʜʫʚʘˁʝʪʦ. ʉʝ ʧʨʦʮʝʥʫʚʘ ʜʝʢʘ ʩʦ ʨʘʙʦʪʝˁʝʪʦ ʥʘ ʦʚʘʘ 

ʢʦʛʝʥʝʨʘʪʠʚʥʘ ʧʦʩʪʨʦʿʢʘ, ʩʝ ʥʘʤʘʣʫʚʘ ʝʤʠʩʠʿʘʪʘ ʥʘ ʉʆ2 ʟʘ ʦʢʦʣʫ 41,106t ʥʘ ʛʦʜʠʰʥʦ ʥʠʚʦ. 

2.3. ʈʝʘʣʠʟʠʨʘʥ ʧʨʦʝʢʪ ʚʦ ʤʘʢʝʜʦʥʠʿʘ  

ʇʨʦʝʢʪʦʪ Ăʅʘʤʘʣʫʚʘˁʝ ʥʘ ʉʆ2 ʧʨʝʢʫ ʟʘʤʝʥʘ ʥʘ ʬʦʩʠʣʥʦʪʦ ʛʦʨʠʚʦ ʩʦ ʙʠʦʤʘʩʘ ï 

ʜʨʚʝʥ ʦʪʧʘʜñ ʢʦʿ ʟʘʧʦʯʥʘʣ ʩʦ ʨʝʘʣʠʟʘʮʠʿʘ ʚʦ 2011ʛʦʜ, ʝ ʝʜʠʥʩʪʚʝʥ  ʧʨʠʤʝʨ ʚʦ ʄʘʢʝʜʦʥʠʿʘ 

ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʪʧʘʜʥʘʪʘ ʙʠʦʤʘʩʘ  ʠ ʜʦʙʠʚʘˁʝ ʥʘ ʯʠʩʪʘ ʝʥʝʨʛʠʿʘ, ʨʝʘʣʠʟʠʨʘʥ ʚʦ 

ʆʋ Ăɼʝʜʦ ʀˀʦ ʄʘʣʝʰʝʚʩʢʠñ ʦʜ ʙʝʨʦʚʩʢʦʪʦ ʩʝʣʦ ɼʚʦʨʠʰʪʝ. ʅʦʩʠʪʝʣ ʥʘ ʧʨʦʝʢʪʦʪ ʝ ɿɻ 

ʇʨʠʚʘʪʥʠ ʐʫʤʠ, ʩʦ ʧʦʜʨʰʢʘ ʥʘ ɻʣʦʙʘʣʥʠʦʪ ɽʢʦʣʦʰʢʠ ʌʦʥʜ-ʇʨʦʛʨʘʤʘʪʘ ʟʘ ʤʘʣʠ ʛʨʘʥʪʦʚʠ 

(ɻɽʌ ʇʄɻ), CNVP (Connecting Natural Values &People) ʧʦʜʨʫʞʥʠʮʘ ʄʘʢʝʜʦʥʠʿʘ ʠ ʦʧʰʪʠʥʘ 

ɹʝʨʦʚʦ [5]. ʉʦ ʥʝʛʦʚʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʚʦ ʫʯʠʣʠʰʪʝʪʦ ʩʝ ʩʧʨʦʚʝʜʫʚʘ ʟʘʤʝʥʘ ʥʘ 

ʬʦʩʠʣʥʦʪʦ ʛʦʨʠʚʦ ʩʦ ʜʨʚʝʥ ʯʠʧʩ ʠ ʠʚʝʨʢʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ ʟʘ 

ʟʘʪʦʧʣʫʚʘˁʝ ʥʘ ʧʨʦʩʪʦʨʠʠʪʝ ʚʦ ʦʙʿʝʢʪʦʪ. ʅʘ ʩʣ. 2 ʩʝ ʧʨʠʢʘʞʘʥʠ ʜʝʣ ʦʜ ʤʘʰʠʥʠʪʝ ʢʦʠ ʩʝ 

ʢʦʨʠʩʪʘʪ ʚʦ ʦʚʦʿ ʧʨʦʮʝʩ [5]. 

 

˿͙͊͟͡ нΦ ʄʘʰʠʥʘ ʟʘ ʜʨʦʙʝˁʝ ʥʘ ʜʨʚʥʘʪʘ ʙʠʦʤʘʩʘ  ʠ  ʢʦʪʝʣ (ʚʦ ʧʦʩʝʙʥʘ ʘʜʘʧʪʠʨʘʥʘ ʧʨʦʩʪʦʨʠʿʘ) ʩʦ ʮʝʣʦʢʫʧʥʘ 

ʧʨʠʜʨʫʞʥʘ ʦʧʨʝʤʘ 

 

ɺʦ ʧʦʪʨʝʙʥʘʪʘ ʦʧʨʝʤʘ ʟʘ ʧʨʦʝʢʪʦʪ ʩʧʘʺʘʘʪ: ʯʠʧʝʨ (ʤʘʰʠʥʘ ʟʘ ʜʨʦʙʝˁʝ ʥʘ ʜʨʚʥʘʪʘ 

ʙʠʦʤʘʩʘ), ʚʣʘʛʦʤʝʨ ʠ ʢʦʪʝʣ ʟʘ ʛʨʝʝˁʝ ʢʦʿ ʨʘʙʦʪʠ ʥʘ ʜʨʚʥʘ ʠʚʝʨʢʘ. ɼʦ ʢʦʪʝʣʦʪ ʠʤʘ 

ʧʨʠʢʣʫʯʝʥ ʨʝʟʝʨʚʦʘʨ ʟʘ ʪʦʧʣʘ ʚʦʜʘ ʦʜ 2.500 ʣʠʪʨʠ. ʅʘʿʧʨʚʦ ʩʝ ʟʘʛʨʝʚʘ ʚʦʜʘʪʘ ʚʦ 

ʨʝʟʝʨʚʦʘʨʦʪ ʠ ʦʜ ʪʘʤʫ ʦʜʠ ʚʦ ʩʠʩʪʝʤʦʪ ʟʘ ʛʨʝʝˁʝ ʪ.ʝ. ʨʘʜʠʿʘʪʦʨʠʪʝ. ʆʚʘ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ 

ʧʦʝʬʠʢʘʩʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʤʦ˃ʥʦʩʪʘ ʥʘ ʢʦʪʝʣʦʪ ʠ ʥʝ ʜʦʟʚʦʣʫʚʘ ʚʦʜʘʪʘ ʜʘ ʩʝ ʣʘʜʠ 

ʜʠʨʝʢʪʥʦ ʦʜ ʩʠʩʪʝʤʦʪ. 

ʆʜ ʥʘʮʠʦʥʘʣʥʦʪʦ ʟʜʨʫʞʝʥʠʝ ʦʙʿʘʩʥʫʚʘʘʪ ʜʝʢʘ ʩʫʨʦʚʠʥʘʪʘ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ 

ʜʨʚʝʥʠʦʪ ʯʠʧʩ ʟʘ ʟʘʛʨʝʚʘˁʝ ʥʘ ʦʙʿʝʢʪʦʪ ʩʝ ʟʝʤʘ ʦʜ ʦʪʧʘʜʦʪ ʥʘ ʥʘʿʛʦʣʝʤʠʪʝ ʣʦʢʘʣʥʠ 

ʧʠʣʘʥʠ ʠ ʦʜ ʦʪʧʘʜʦʪ ʧʦ ʩʝʯʘʪʘ ʥʘ ʰʫʤʠʪʝ.  
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ʈʘʩʧʦʣʦʞʠʚʠ ʠʟʚʦʨ ʥʘ ʜʨʚʥʘ ʤʘʩʘ ʚʦ ɹʝʨʦʚʦ: 

- ʦʢʦʣʫ 4.500 m3 ʦʩʪʘʪʧʢ ʧʦ ʩʝʯʘ/ʦʪʧʘʜ ʧʦ ʩʝʯʘ; 

- 3.000 m3 ʦʩʪʘʪʦʢ ʚʦ ʧʠʣʘʥʠ;  

- 40.000 m3 ʩʝʯʠʚ ʝʪʘʪ (28.000-30.000 m3 ʦʜ ʩʪʨʘʥʘ ʥʘ ɱʇ ʄʘʢʝʜʦʥʩʢʠ ʰʫʤʠ).                                                                                                                                                         

 

͔́͊͋͊͡ н. ʈʝʟʫʣʪʘʪʠ ʧʨʝʜ ʠ ʧʦ ʨʝʘʣʠʟʘʮʠʿʘ ʥʘ ʧʨʦʝʢʪʦʪ [5]. 

  

ȷɔɗɘɔɭɇɆ 

ɕɖɋɊ ɆɐɘɎɈɓɔɗɘɎɘɋ 

ɔɊ ɕɖɔɋɐɘɔɘ 

 

 

ȷɔɗɘɔɭɇɆ 

ɕɔɗɑɋ ɆɐɘɎɈɓɔɗɘɎɘɋ 

ɔɊ ɕɖɔɋɐɘɔɘ 

 

 

 

ȶȦȭȱȮȰȦ 

ȨɎɊ ɓɆ ɉɔɖɎɈɔ ȳɆɚɘɆ ɎɑɎ ɒɆɍəɘ ȪɖɈɓɆ ɎɈɋɖɐɆ  
 

ȩɔɊɎɞɓɆ 

ɕɔɘɖɔɞəɈɆɝɐɆ ɓɆ 

ɉɔɖɎɈɔ ɍɆ ɊɆɊɋɓɎɔɘ 

ɔɇɭɋɐɘ 

 

6.000 ɑɎɘɖɎ 

(64.200 kW h)  

*1 l = 10,7 kW h  

 

100 ɒ3 (100.000 

kW h)  

*1 m3 = 1.000 kW h  

35.800 kW h  

ȩɔɊɎɞɓɎ ɋɒɎɗɎɎ ɓɆ 

CO2 

(1 ȸȴȳ = 1.000 Ȱȩ) 

16 ,1 4 t  CO2 

ȷɋ ɕɖɋɗɒɋɘəɈɆ 

Ɏɍɓɔɗɔɘ ɕɖɎ 

ɗɋɉɆɞɓɆ ɗɔɗɘɔɭɇɆ 

0 ɘɔɓɎ CO2  

(ɐɔɖɎɗɘɎɒɋ ɐɆɖɇɔɓ 

ɓɋəɘɖɆɑɓɔ ɉɔɖɎɈɔ) 

- 16,14 t  CO2 

 

ȩɔɊɎɞɓɎ ɘɖɔɞɔɜɎ 

*  [MKȪ] 

ȭɆ ɈɎɊɔɘ ɓɆ ɉɔɖɎɈɔɘɔ 

~ 3 60.000 ȲȰȪ ~180 .000 ȲȰȪ ~180 .000 ȲȰȪ 

 

ʆʜ ɻɽʌ ʇʄɻ ʄʘʢʝʜʦʥʠʿʘ ʥʘʧʦʤʝʥʫʚʘʘʪ ʜʝʢʘ ʦʚʘ ʝ ʧʨʚʠʦʪ ʧʨʦʝʢʪ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ 

ʥʘ ʦʪʧʘʜʥʘʪʘ ʙʠʦʤʘʩʘ ʢʦʿ ʰʪʦ ʝ ʧʦʜʨʞʘʥ ʦʜ ʥʠʚʥʘ ʩʪʘʥʘ, ʥʦ ʠ ʜʝʢʘ ʚʦ ʠʜʥʠʥʘ ʧʣʘʥʠʨʘʘʪ 

ʜʘ ʠʤ ʧʦʤʦʛʥʘʪ ʥʘ ʟʘʜʨʫʞʝʥʠʿʘʪʘ ʥʘ ʛʨʘʺʘʥʠ, ʚʦ ʚʠʩʠʥʘ ʦʜ 50% ʦʜ ʬʠʥʘʥʩʠʩʢʠʪʝ ʩʨʝʜʩʪʚʘ 

ʥʝʦʧʭʦʜʥʠ ʟʘ ʨʝʘʣʠʟʘʮʠʿʘ ʥʘ ʚʘʢʚʠ ʟʘʬʘʪʠ. 

 

3. ɿʘʢʣʫʯʦʮʠ ʩʦʛʣʝʜʘʥʠ  ʦʜ ʝʢʦʣʦʰʢʠʪʝ ʠ ʝʢʦʥʦʤʩʢʠʪʝ ʘʩʧʝʢʪʠ ʥʘ 
ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʙʠʦʤʘʩʘʪʘ   

 

ɽʢʦʣʦʰʢʠ ʘʩʧʝʢʪʠ ʥʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʙʠʦʤʘʩʘ [6]: 

- ʙʠʦʤʘʩʘʪʘ ʚʦ ʧʦʪʧʦʣʥʦʩʪ ʝ ʦʙʥʦʚʣʠʚ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ;  

- ʙʠʦʘʨʘʟʛʨʘʜʣʠʚʦʩʪʘ ʥʘ ʙʠʦʤʘʩʘʪʘ ʝ ʦʜʣʠʯʥʘ ʟʘʪʦʘ ʰʪʦ 95% ʦʜ ʤʘʪʝʨʠʿʘʪʘ ʥʘ 

ʙʠʦʤʘʩʘʪʘ ʩʝ ʨʘʩʧʘʺʘ ʟʘ 28 ʜʝʥʘ;  

- ʥʝʤʘ ʝʤʠʩʠʿʘ ʥʘ ʿʘʛʣʝʚʦʜʦʨʦʜʠ, ʢʘʢʦ ʥʝʧʦʪʧʦʣʥʠ ʧʨʦʜʫʢʪʠ ʥʘ ʩʦʛʦʨʫʚʘˁʝ;  
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- ʙʠʦʛʦʨʠʚʘʪʘ ʩʦʜʨʞʘʪ ʥʝʟʥʘʯʠʪʝʣʥʘ ʤʘʣʘ ʢʦʣʠʯʠʥʘ ʥʘ ʩʫʣʬʫʨ;  

- ʮʝʣʘʪʘ ʪʘʘ ʙʠʦʤʘʩʘ ʧʦʩʪʦʠ ʥʘ ʧʣʘʥʝʪʘʪʘ ɿʝʤʿʘ ʠ ʥʝ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʩʦʟʜʘʚʘ, ʪʫʢʫ 

ʪʨʝʙʘ ʧʣʘʥʩʢʠ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʠ ʜʘ ʩʝ ʨʝʛʝʥʝʨʠʨʘ.   

                                                                                                                                                                                                          

¶ ɽʢʦʥʦʤʩʢʠ ʘʩʧʝʢʪʠ ʥʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʙʠʦʤʘʩʘ: 
- ʧʨʝʚʝʥʮʠʿʘ ʦʜ ʝʨʦʟʠʿʘ;  

- ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʦʧʘʩʥʦʩʪʠ ʦʜ ʧʦʞʘʨʠ; 

- ʟʘʰʪʠʪʘ ʥʘ ʞʠʚʦʪʠʥʩʢʠʦʪ ʠ ʨʘʩʪʠʪʝʣʥʠʦʪ ʩʚʝʪ; 

- ʧʦʤʘʣʘ ʝʤʠʩʠʿʘ ʥʘ ʰʪʝʪʥʠ ʤʘʪʝʨʠʠ ʦʜ ʛʝʥʝʨʘʪʦʨʠʪʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʠ 

ʢʦʨʠʩʪʘʪ ʙʠʦʤʘʩʘ ʢʘʢʦ ʛʦʨʠʚʦ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʩʣʠʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʠ ʢʦʨʠʩʪʘʪ 

ʬʦʩʠʣʥʠ ʛʦʨʠʚʘ;  

- ʨʝʜʫʢʮʠʿʘ ʥʘ ʛʘʩʦʚʠʪʝ ʢʦʠ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʝʬʝʢʪ ʥʘ ʩʪʘʢʣʝʥʘ ʛʨʘʜʠʥʘ;  

- ʝʢʦʥʦʤʩʢʘ ʢʦʨʠʩʪ ʚʦ ʨʫʨʘʣʥʠʪʝ ʩʨʝʜʠʥʠ.                                                                                                                                                         

ʄʝʺʫʪʦʘ, ʠ ʧʦʢʨʘʿ ʤʥʦʛʫʪʝ ʧʨʝʜʥʦʩʪʠ ʢʦʠ ʛʠ ʧʦʩʝʜʫʚʘ ʙʠʦʤʘʩʘʪʘ ʢʘʢʦ ʠʟʚʦʨ ʥʘ 
ʝʥʝʨʛʠʿʘ, ʧʨʠ ʥʝʿʟʠʥʘʪʘ ʝʢʩʧʣʦʘʪʘʮʠʿʘ ʧʦʩʪʦʿʘʪ ʠ ʦʜʨʝʜʝʥʠ ʥʝʧʦʛʦʜʥʦʩʪʠ ʟʘ ʧʨʠʤʝʥʘ. 

ʅʝʢʦʠ ʦʜ ʥʠʚ ʩʝ: 

- ʤʘʥʠʧʫʣʘʮʠʦʥʠ ʠ ʝʢʦʥʦʤʩʢʠ ʧʨʦʙʣʝʤʠ ʩʦ ʩʦʙʠʨʘˁʝ, ʧʘʢʫʚʘˁʝ ʠ ʩʢʣʘʜʠʨʘˁʝ ʥʘ 

ʙʠʦʤʘʩʘʪʘ;  

- ʥʝʧʦʚʦʣʝʥ ʦʙʣʠʢ ʠ ʚʠʩʦʢʘ ʚʣʘʞʥʦʩʪ ʥʘ ʙʠʦʤʘʩʘʪʘ;  

- ʩʢʘʧʠ ʠʥʚʝʩʪʠʮʠʠ ʟʘ ʧʦʩʪʨʦʿʢʠʪʝ ʟʘ ʧʨʝʨʘʙʦʪʢʘ, ʧʨʠʧʨʝʤʘ ʠ ʩʦʛʦʨʫʚʘˁʝ ʥʘ 

ʙʠʦʤʘʩʘʪʘ;  

- ʥʠʩʢʘ ʛʫʩʪʠʥʘ ʠ ʢʘʣʦʨʠʩʢʘ ʚʨʝʜʥʦʩʪ ʥʘ ʙʠʦʤʘʩʘʪʘ ʧʦ ʝʜʠʥʠʮʘ ʚʦʣʫʤʝʥ;  

- ʧʝʨʠʦʜʠʯʥʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʙʠʦʤʘʩʘʪʘ.     

                                                                                                                                                                                       

4. ʃʠʪʝʨʘʪʫʨʘ 

[1] Eʥʝʨʛʠʿʘ ʥʘ ʙʠʦʤʘʩʘ/ʉʣʘʚʝ ɸʨʤʝʥʩʢʠ ïʉʢʦʧʿʝ: ɸʣʬʘ 94,2009.-243ʩʪʨ.    
[2] ʎʝʥʪʘʨ ʟʘ ʨʘʟʚʦʿ ʥʘ ɺʘʨʜʘʨʩʢʠ ʧʣʘʥʩʢʠ ʨʝʛʠʦʥ  http://www.vardarregion.gov.mk 
[3] Ăɻʨʝʝˁʝ ʥʘ ʙʠʦʤʘʩʘñ (ʆʙʿʘʚʝʥʦ ʥʘ 24.12.2012) http://energetskaefikasnost.info 

[4] ĂKʦʛʝʥʝʨʘʪʠʚʥʘ ʧʦʩʪʨʦʿʢʘ ʥʘ ʙʠʦʤʘʩʘñ(ʆʙʿʘʚʝʥʦ ʥʘ 22.01.2013) 

http://energetskaefikasnost.info 

[5] ʇʝʪʨʦʚʩʢʠ ʉ.,ʉʢʝʥʜʝʨʩʢʠ ɼ.( ɹʝʨʦʚʦ, 28.01.2013) ʈʝʛʠʦʥʘʣʥʘ ʧʨʦʤʦʮʠʿʘ ʥʘ ʧʨʦʝʢʪ 

Ăʅʘʤʘʣʫʚʘˁʝ ʥʘ CO2 ʧʨʝʢʫ ʟʘʤʝʥʘ ʥʘ ʬʦʩʠʣʥʦ ʛʦʨʠʚʦ ʩʦ ʙʠʦʤʘʩʘ - ʜʨʚʝʥ ʦʪʧʘʜñ 

[6]  ɹʠʦʛʝʥʝʨʘʪʦʨ-ʧʫʙʣʠʢʘʮʠʿʘ  http://www.biogenerator.avm.rs/files/Energija%20biomase.pdf  
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ʂʃʀʄɸʊʉʂʀ ʇʈʆʄɽʅʀ ʀ ʅʀɺʅʆʊʆ ɺʃʀɱɸʅʀɽ ɺʈɿ ɹʀʆɼʀɺɽʈɿʀʊɽʊʆʊ 

 

ʄʠʣʝʥʘ ɺʘʥʯʦʩʢʘ 

ʇʨʠʨʦʜʥʦ ʄʘʪʝʤʘʪʠʯʢʠ ʌʘʢʫʣʪʝʪ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

ɹʠʦʣʦʛʠʿʘ- ʅʘʩʪʘʚʥʘ 

milenavanchoska@gmail.com 

 

ɸʧʩʪʨʘʢʪ 

ɺʦ ʦʚʦʿ ʩʪʨʫʯʝʥ ʪʨʫʜ ʜʝʪʘʣʥʦ ʩʝ ʦʧʠʰʫʚʘʘʪ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʩʦ ʢʦʠ 

ʩʝʢʦʿʜʥʝʚʥʦ ʩʝ ʩʦʦʯʫʚʘʤʝ ʠ ʚʦʝʜʥʦ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʟʘʢʘʥʘ ʟʘ ʩʝʢʦʿʘ ʝʢʦʣʦʰʢʘ ʟʘʝʜʥʠʮʘ. 

ʉʝ ʨʘʟʛʣʝʜʫʚʘʘʪ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʥʠʟ ʠʩʪʦʨʠʿʘʪʘ, ʥʠʚʥʘʪʘ ʧʨʦʤʝʥʘ ʩʦ ʪʝʢʦʪ ʥʘ 

ʛʦʜʠʥʠʪʝ ʠ ʩʝ ʧʨʝʜʚʫʜʫʚʘʘʪ ʤʦʞʥʠʪʝ ʩʮʝʥʘʨʠʿʘ ʩʦ ʢʦʠ ʙʠ ʩʝ ʩʦʦʯʠʣʘ ʧʣʘʥʝʪʘʪʘ ɿʝʤʿʘ ʚʦ 

ʠʜʥʠʥʘ. ʇʦʩʝʙʝʥ ʘʢʮʝʥʪ ʩʝ ʩʪʘʚʘ ʥʘ ʧʨʠʯʠʥʠʪʝ ʢʦʠ ʜʦʚʝʜʫʚʘʘʪ ʜʦ ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ ʠ 

ʤʦʞʥʘʪʘ ʟʘʰʪʠʪʘ ʦʜ ʠʩʪʠʪʝ. ʂʘʢʦ ʛʣʘʚʥʘ ʪʦʯʢʘ ʢʦʿʘ ʩʝ ʨʘʟʛʣʝʜʫʚʘ ʚʦ ʦʚʦʿ ʪʨʫʜ 

ʧʨʝʪʩʘʚʫʚʘʘʪ ʝʬʝʢʪʠʪʝ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʚʨʟ ʝʢʦʩʠʩʪʝʤʠʪʝ, ʪʘʢʩʦʥʠʪʝ, ʝʢʦʣʦʰʢʠʪʝ 

ʧʨʦʮʝʩʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʿʘ ʜʠʩʪʨʠʙʫʮʠʿʘʪʘ ʥʘ ʚʠʜʦʚʠʪʝ, ʙʠʦʣʦʰʢʦʪʦ ʦʜʥʝʩʫʚʘˁʝ, ʩʦʩʪʘʚʦʪ ʠ 

ʝʢʦʣʦʰʢʠʪʝ ʠʥʪʝʨʘʢʮʠʠ ʚʦ ʟʘʝʜʥʠʮʠʪʝ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʢʣʠʤʘʪʩʢʠ  ʧʨʦʤʝʥʠ, ʙʠʦʜʠʚʝʨʟʠʪʝʪ, ʝʥʜʝʤʩʢʠ ʚʠʜʦʚʠ, ʝʢʦʩʠʩʪʝʤʠ. 

 

1. ɺʦʚʝʜ 

 ʉʝʢʦʿʜʥʝʚʥʦ ʩʝ ʩʦʦʯʫʚʘʤʝ ʩʦ ʧʦʠʤʦʪ ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ, ʧʘ ʪʫʢʘ ʙʠ ʩʝ ʟʘʧʨʘʰʘʣʝ 

ʰʪʦ ʚʩʫʰʥʦʩʪ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ? 

ʂʦʥʢʨʝʪʥʦ ʚʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʦʙʨʘʙʦʪʫʚʘʘʪ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʢʦʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ 

ʩʣʦʞʝʥʘ ʪʝʤʘ ʠ ʤʦʤʝʥʪʘʣʥʦ ʩʝ ʩʝʨʠʦʟʥʘ ʟʘʢʘʥʘ ʟʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʠ ʝʢʦʩʠʩʪʝʤʠʪʝ 

ʚʦʦʧʰʪʦ. 

ʀʩʪʦʨʠʩʢʠ ʛʣʝʜʘʥʦ, ʧʣʘʥʝʪʘʪʘ ɿʝʤʿʘ ʙʠʣʘ ʩʦʦʯʝʥʘ ʩʦ ʤʥʦʛʫ ʝʧʠʟʦʜʠ ʦʜ 

ʜʨʘʤʘʪʠʯʥʠ ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ. ʇʦʩʪʦʝʣʝ ʧʝʨʠʦʜʠ ʢʦʛʘ ʮʝʣʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ ɿʝʤʿʘʪʘ 

ʙʠʣʘ ʧʦʜ ʤʨʘʟ ʠ ʧʨʝʦʚʣʘʜʫʚʘʣʝ ʟʠʤʩʢʠ ʫʩʣʦʚʠ, ʠʩʪʦ ʪʘʢʘ ʧʦʩʪʦʝʣʝ ʠ ʧʝʨʠʦʜʠ ʢʦʛʘ ʚʦ 

ʧʦʛʦʣʝʤʠ ʩʝʛʤʝʥʪʠ ʦʜ ʧʣʘʥʝʪʘʪʘ ʢʣʠʤʘʪʘ ʙʠʣʘ ʜʦʩʪʘ ʩʫʚʘ ʠ ʞʝʰʢʘ. ʇʦʜ ʚʣʠʿʘʥʠʝ ʥʘ 

ʚʘʢʚʠ ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʩʝ ʤʝʥʫʚʘʣ ʠ ʩʝ ʫʰʪʝ ʩʝ ʤʝʥʫʚʘ. ʆʚʠʝ 

ʧʨʦʤʝʥʠ ʙʠʣʝ ʟʘʩʪʘʧʝʥʠ ʚʦ ʩʝʢʦʿ ʜʝʣ ʦʜ ʧʣʘʥʝʪʘʪʘ, ʥʠʚʥʦʪʦ ʜʝʿʩʪʚʦ ʙʠʣʦ ʙʨʟʦ, ʥʝʢʦʛʘʰ 
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ʩʧʦʨʦ, ʥʘ ʤʘʣʠ ʠʣʠ ʧʘʢ ʛʦʣʝʤʠ ʩʝʛʤʝʥʪʠ ʦʜ ʧʣʘʥʝʪʘʪʘ ʠ ʨʝʟʫʣʪʠʨʘʣʦ ʩʦ ʨʝʘʨʘʥʞʠʨʘˁʝ ʥʘ 

ʙʠʦʣʦʰʢʠʪʝ ʘʩʦʮʠʿʘʮʠʠ. ʅʦ ʜʝʥʝʩ ʦʩʚʝʥ ʦʚʠʝ ʥʦʨʤʘʣʥʠ ʧʨʦʤʝʥʠ ʥʘ ʢʣʠʤʘʪʘ ʩʝ ʟʘʩʪʘʧʝʥʠ 

ʠ ʜʨʫʛ ʪʠʧ ʥʘ ʧʨʦʤʝʥʠ ʢʦʠ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʘʢʪʠʚʥʦʩʪʘ ʥʘ ʯʦʚʝʢʦʪ, ʪʠʝ ʿʘ ʥʘʨʫʰʫʚʘʘʪ 

ʧʨʠʨʦʜʥʘʪʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʠ ʛʦ ʟʘʙʨʟʫʚʘʘʪ ʧʨʦʮʝʩʦʪ ʥʘ ʟʘʛʫʙʘ ʥʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ. 

ʂʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʩʝ ʥʘʿʛʦʣʝʤʠʦʪ ʧʨʝʜʠʟʚʠʢ ʩʦ ʢʦʿ ʩʝ ʩʦʦʯʫʚʘʤʝ ʜʝʥʝʩ, ʚʝ˃ʝ ʩʝ 

ʯʫʚʩʪʚʫʚʘ ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʦ ʩʝʢʦʝ ʢʘʪʯʝ ʦʜ ʩʚʝʪʦʪ, ʩʝʢʦʿʜʥʝʚʥʦ ʩʤʝ ʩʦʦʯʝʥʠ ʩʦ 

ʝʢʩʪʨʝʤʥʠ ʢʣʠʤʘʪʩʢʠ ʧʦʿʘʚʠ ʢʦʠ ʩʪʘʥʫʚʘʘʪ ʩʝ ʧʦʯʝʩʪʠ.  ʉʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ ʜʦ ʢʨʘʿʦʪ 

ʥʘ ʦʚʦʿ ʚʝʢ ʣʠʢʦʪ ʥʘ ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ ˃ʝ ʧʨʝʪʨʧʠ ʟʥʘʯʠʪʝʣʥʠ ʠʟʤʝʥʠ ʢʦʠ ʤʦʞʝ ʜʘ ʜʦʚʝʜʘʪ 

ʜʦ ʫʥʠʰʪʫʚʘˁʝ ʥʘ ʤʥʦʛʫ ʤʘʣʠ ʦʩʪʨʦʚʩʢʠ ʜʨʞʘʚʠ, ʧʦʧʣʘʚʫʚʘˁʝ ʥʘ ʢʨʘʿʙʨʝʞʥʠ ʦʙʣʘʩʪʠ, 

ʨʘʩʝʣʫʚʘˁʝ ʥʘ ʠʣʿʘʜʥʠʮʠ ʣʫʺʝ, ʟʥʘʯʠʪʝʣʥʘ ʟʘʛʫʙʘ ʥʘ ʦʙʨʘʙʦʪʣʠʚʠʪʝ ʟʝʤʿʦʜʝʣʩʢʠ 

ʧʦʚʨʰʠʥʠ, ʟʘʛʫʙʘ ʠ ʫʥʠʰʪʫʚʘˁʝ ʥʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ. ʅʘ ʪʦʿ ʥʘʯʠʥ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ 

ʤʦʞʘʪ ʜʘ ʤʫ ʟʘʩʪʘʥʘʪ ʥʘ ʧʘʪʦʪ ʥʘ ʯʦʚʝʢʦʚʠʦʪ ʨʘʟʚʦʿ. 

ʆʧʪʠʤʠʩʪʠʯʢʠ ʤʦʞʥʦʩʪʠ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʬʝʢʪʠʪʝ ʦʜ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ 

ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʙʨʦʿʥʠʪʝ ʩʦʨʘʙʦʪʢʠ ʧʦʤʝʺʫ ʜʨʞʘʚʠʪʝ, ʜʦʥʝʩʫʚʘˁʝ ʥʘ ʟʘʢʦʥʩʢʠ ʨʝʛʫʣʘʪʠʚʠ 

ʩʦ ʢʦʠ ʝ ʦʧʬʘʪʝʥʘ ʟʘʰʪʠʪʘʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʙʨʦʿʥʠ ʥʝʚʣʘʜʠʥʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʝʢʦʣʦʰʢʠ ʜʨʫʰʪʚʘ ʢʦʠ ʩʝ ʟʘʥʠʤʘʚʘʘʪ ʩʦ ʦʚʦʿ ʧʨʦʙʣʝʤ. 

ʎʝʣʪʘ ʥʘ ʦʚʦʿ ʩʪʨʫʯʝʥ ʪʨʫʜ ʝ ʜʘ ʩʝ ʧʦʪʪʠʢʥʝ ʩʚʝʩʪʘ ʥʘ ʯʦʚʝʯʢʦʚʘʪʘ ʧʦʧʫʣʘʮʠʿʘ ʟʘ 

ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʠ ʧʦʩʣʝʜʠʮʠʪʝ ʩʦ ʢʦʠ ʙʠ ʩʝ ʩʦʦʯʠʣʝ ʠ ˃ʝ ʧʨʝʪʩʪʘʚʫʚʘ ʦʩʥʦʚʘ ʟʘ 

ʙʨʦʿʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʚʦ ʦʚʘʘ ʦʙʣʘʩʪ. 

2. ʂʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ, ʧʨʠʯʠʥʠ ʠ ʧʦʩʣʝʜʠʮʠ 
 

2.1. ʂʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ, ʜʝʬʠʥʠʮʠʿʘ 
 

ʂʣʠʤʘʪʘ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʢʦ ʧʨʦʩʝʯʥʘ ʩʦʩʪʦʿʙʘ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ʠʣʠ ʧʨʦʩʝʯʥʘ 

ʩʦʩʪʦʿʙʘ ʥʘ ʤʝʪʝʨʦʣʦʰʢʠʪʝ ʝʣʝʤʝʥʪʠ ʠ ʤʝʪʝʨʦʣʦʰʢʠ ʧʦʿʘʚʠ ʥʘʜ ʦʜʨʝʜʝʥʦ ʤʝʩʪʦ, ʚʦ 

ʦʜʨʝʜʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʩʦ ʟʝʤʘˁʝ ʧʨʝʜʚʠʜ ʥʘ ʩʠʪʝ ʧʨʦʩʝʯʥʠ ʠ ʝʢʩʪʨʝʤʥʠ ʚʨʝʜʥʦʩʪʠ. 

ʉʧʦʨʝʜ ʦʚʘʘ ʜʝʬʠʥʠʮʠʿʘ ʟʘ ʢʣʠʤʘ ʤʦʞʝ ʜʘ ʩʝ ʜʦʜʘʜʝ ʠ ʜʝʢʘ ʢʣʠʤʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘ 

ʤʥʦʞʝʩʪʚʦ ʥʘ ʘʪʤʦʩʬʝʨʩʢʠ ʫʩʣʦʚʠ ʦʜʥʦʩʥʦ ʧʦʜ ʧʦʠʤʦʪ ʢʣʠʤʘ ʩʝ ʧʦʜʨʘʟʙʠʨʘ ʟʙʠʨ ʥʘ ʩʠʪʝ 

ʚʨʝʤʝʥʩʢʠ ʧʦʿʘʚʠ ʠ ʘʪʤʦʩʬʝʨʩʢʠ ʧʨʦʮʝʩʠ ʢʦʠ ʿʘ ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʩʨʝʜʥʘʪʘ ʬʠʟʠʯʢʘ 

ʩʦʩʪʦʿʘʙʘ ʥʘ ʦʜʨʝʜʝʥʦ ʤʝʩʪʦ ʚʦ ʦʜʨʝʜʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ. ʂʣʠʤʘʪʘ ʝ ʧʨʦʤʝʥʣʠʚʘ ʠ 

ʟʘʚʠʩʠ ʦʜ ʥʠʟʘ ʧʦʿʘʚʠ ʢʦʠ ʩʝ ʧʦʜʝʣʝʥʠ ʚʦ ʜʚʝ ʦʩʥʦʚʥʠ ʛʨʫʧʠ: ʢʣʠʤʘʪʩʢʠ ʝʣʝʤʝʥʪʠ ʠ 

ʢʣʠʤʘʪʩʢʠ ʬʘʢʪʦʨʠ. ʂʣʠʤʘʪʩʢʠʪʝ ʝʣʝʤʝʥʪʠ ʛʠ ʦʧʬʘ˃ʘʘʪ ʨʘʜʠʿʘʮʠʿʘʪʘ, ʚʦʟʜʫʰʥʠʦʪ 

ʧʨʠʪʠʩʦʢ, ʚʝʪʝʨʦʪ, ʚʣʘʞʥʦʩʪʘ ʥʘ ʚʦʟʜʫʭʦʪ, ʠʩʧʘʨʫʚʘˁʝʪʦ, ʦʙʣʘʯʥʦʩʪʘ, ʚʨʥʝʞʠʪʝ, ʠʪʥ. 

ʉʠʪʝ ʢʣʠʤʘʪʩʢʠ ʝʣʝʤʝʥʪʠ ʩʝ ʫʩʣʦʚʝʥʠ ʦʜ ʢʣʠʤʘʪʩʢʠʪʝ ʬʘʢʪʦʨʠ ʢʦʠ ʠʤʘʘʪ ʩʠʣʥʦ ʚʣʠʿʘʥʠʝ 

ʚʨʟ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʢʣʠʤʘʪʘ, ʜʦʜʝʢʘ ʢʣʠʤʘʪʩʢʠ ʬʘʢʪʦʨʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʟʝʤʿʠʥʘʪʘ 

ʨʦʪʘʮʠʿʘ, ʛʝʦʛʨʘʬʩʢʘʪʘ ʰʠʨʠʥʘ, ʤʦʨʩʢʠʪʝ ʩʪʨʫʠ, ʢʘʨʘʢʪʝʨʦʪ ʥʘ ʧʦʜʣʦʛʘʪʘ, ʘʢʪʠʚʥʦʩʪʘ ʥʘ 

ʯʦʚʝʢʦʪ. ɺʦ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʜʦʩʪʘ ʚʘʞʥʦ ʚʣʠʿʘʥʠʝ ʠʤʘʘʪ ʘʢʪʠʚʥʦʩʪʠʪʝ ʥʘ 

ʯʦʚʝʢʦʪ ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ: ʚʝʰʪʘʯʢʦʪʦ ʤʝʥʫʚʘˁʝ ʥʘ ʩʦʩʪʘʚʦʪ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ, ʚʝʰʪʘʯʢʦ 
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ʟʘʛʨʝʚʘˁʝ ʠ ʣʘʜʝˁʝ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ, ʚʝʰʪʘʯʢʦ ʤʝʥʫʚʘˁʝ ʥʘ ʦʙʣʠʢʦʪ ʠ ʬʠʟʠʯʢʠʦʪ ʩʦʩʪʘʚ 

ʥʘ ʟʝʤʿʠʥʘʪʘ ʧʦʚʨʰʠʥʘ ʢʦʠ ʜʦʚʝʜʫʚʘʘʪ ʜʦ ʜʨʘʩʪʠʯʥʠ ʧʨʦʤʝʥʠ ʥʘ ʢʣʠʤʘʪʘ.15  

ʂʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʢʘʢʦ ʪʨʘʿʥʠ ʧʨʦʤʝʥʠ ʚʦ ʜʠʩʪʨʫʙʫʮʠʿʘʪʘ ʥʘ 

ʚʨʝʤʝʥʩʢʠʪʝ ʫʩʣʦʚʠ ʚʦ ʜʦʣʛʠ ʧʝʨʠʦʜʠ (ʦʜ ʜʝʮʝʥʠʠ ʜʦ ʤʠʣʠʦʥʠ ʛʦʜʠʥʠ). ʂʣʠʤʘʪʩʢʠʪʝ 

ʧʨʦʤʝʥʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʦʛʨʘʥʠʯʝʥʠ ʥʘ ʝʜʝʥ ʨʝʛʠʦʥ ʠʣʠ ʧʘʢ ʜʘ ʩʝ ʩʣʫʯʘʪ ʥʘ ʮʝʣʘʪʘ 

ʟʝʤʿʠʥʘ ʧʦʚʨʰʠʥʘ.  

2.2. ʇʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ ʠ ʤʦʞʥʠ ʧʦʩʣʝʜʠʮʠ ʦʜ 
ʠʩʪʠʪʝ 

ʇʦʚʝ˃ʝʪʦ ʥʘʫʯʥʠʮʠ ʩʝ ʩʣʦʞʫʚʘʘʪ ʟʘ ʪʦʘ ʜʝʢʘ ʛʣʘʚʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʤʦʤʝʥʪʘʣʥʠʪʝ 

ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ ʢʦʠ ʩʝ ʟʘʢʘʥʘ ʟʘ ʯʦʚʝʰʪʚʦʪʦ ʢʘʢʦ ʟʘʝʜʥʠʮʘ ʠ ʧʣʘʥʝʪʘʪʘ ɿʝʤʿʘ ʝ 

ʯʦʚʝʯʢʘʪʘ ʘʢʪʠʚʥʦʩʪ ʢʦʿʘ ʜʦʚʝʜʫʚʘ ʜʦ ʝʬʝʢʪʦʪ ʥʘ ʩʪʘʢʣʝʥʘ ʛʨʘʜʠʥʘ16- ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ 

ʟʘʪʦʧʣʫʚʘˁʝ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ʿʘ ʟʘʨʦʙʫʚʘ ʪʦʧʣʦʪʥʘʪʘ ʨʘʜʠʿʘʮʠʿʘ ʦʜ ʟʝʤʿʘʪʘ, ʢʦʿʘ ʧʦ 

ʧʨʘʚʠʣʦ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʦʩʣʦʙʦʜʫʚʘ ʚʦ ʚʩʝʣʝʥʪʘ. ʆʜʨʝʜʝʥʠ ʛʘʩʦʚʠ ʚʦ ʘʪʤʦʩʬʝʨʘʪʘ ʿʘ 

ʙʣʦʢʠʨʘʘʪ ʪʦʧʣʠʥʘ ʜʘ ʥʝ ʠʟʙʝʛʘ. ɼʝʢʘ ʛʘʩʦʚʠʪʝ ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ ʝʬʝʢʪʦʪ ʥʘ ʩʪʘʢʣʝʥʘ 

ʛʨʘʜʠʥʘ ʥʠ ʫʢʘʞʫʚʘ ʩʣʝʜʥʦʚʦ: 

¶ ɺʦʜʝʥʘ ʧʘʨʝʘ- ʥʘʿʟʘʩʪʘʧʝʥʠʦʪ ʛʘʩ ʚʦ ʘʪʤʦʩʬʝʨʘʪʘ, ʥʦ ʥʘʿʚʘʞʥʦ ʝ ʪʦʘ ʰʪʦ ʪʘʘ 

ʜʝʿʩʪʚʫʚʘ ʢʘʢʦ ʧʦʚʨʘʪʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʟʘ ʢʣʠʤʘʪʘ. ɺʦʜʝʥʘʪʘ ʧʘʨʝʘ ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʢʘʢʦ ʰʪʦ ʩʝ ʟʘʛʨʝʚʘ ʘʪʤʦʩʬʝʨʘʪʘ ʥʘ ɿʝʤʿʘʪʘ. 

¶ ɱʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ-(ʉʆ2)- ʥʘʿʚʘʞʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ, ʿʘʛʣʝʨʦʜʥʠʦʪ 

ʜʚʦʦʢʩʠʜ ʩʝ ʦʩʣʦʙʦʜʫʚʘ ʧʨʝʢʫ ʧʨʠʨʦʜʝʥ ʧʨʦʮʝʩ. ʂʘʢʦ ʰʪʦ ʜʠʰʝˁʝʪʦ, ʚʫʣʢʘʥʩʢʠʪʝ 

ʝʨʫʧʮʠʠ ʠ ʧʨʝʢʫ ʯʦʚʝʯʢʠ ʘʢʪʠʚʥʦʩʪʠ ʢʘʢʦ ʰʪʦ ʩʝ ʫʥʠʰʪʫʚʘˁʝʪʦ ʥʘ ʰʫʤʠʪʝ, 

ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʟʝʤʿʠʰʪʝʪʦ ʠ ʧʨʦʤʝʥʠ, ʛʦʨʝˁʝʪʦ ʥʘ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ. ʅʘ ɿʝʤʿʘʪʘ 

ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ CO2 ʩʝ ʟʛʦʣʝʤʫʚʘ ʟʘ ʪʨʠ ʧʘʪʠ ʧʦʩʣʝ 

ʀʥʜʫʩʪʨʠʩʢʘʪʘ ʨʝʚʦʣʫʮʠʿʘ. ʆʚʘ ʝ ʥʘʿʚʘʞʥʠʦʪ ʧʝʨʠʦʜ ʢʦʿ ʨʝʟʫʣʪʠʨʘ ʜʦʣʛʦʚʝʯʥʠ  

ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ. 

¶ ʄʝʪʘʥ- ʦʚʦʿ ʛʘʩ ʟʘʝʜʥʦ ʩʦ ʿʘʛʣʝʚʦʜʦʨʦʜʦʪ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʧʨʝʢʫ ʧʨʠʨʦʜʥʠ 

ʧʨʦʮʝʩʠ ʠ ʯʦʚʝʢʦʚʠʪʝ ʘʢʪʠʚʥʦʩʪʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʦ ʠ ʨʘʩʧʘʺʘˁʝ ʥʘ ʦʪʧʘʜʦʪ ʚʦ 

ʜʝʧʦʥʠʠʪʝ, ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ ʠʪʥ. ʅʘ ʤʦʣʝʢʫʣʘʨʥʦ ʥʠʚʦ ʤʝʪʘʥʦʪ ʝ ʜʘʣʝʢʫ ʧʦʘʢʪʠʚʝʥ 

ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩ ʦʜ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜʦʪ, ʥʦ ʝ ʧʦʤʘʣʢʫ ʧʨʠʩʫʪʝʥ ʚʦ ʘʪʤʦʩʬʝʨʘʪʘ. 

¶ ɸʟʦʪʥʠ ʦʢʩʠʜʠ- ʦʚʠʝ ʩʝ ʤʦ˃ʥʠ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ ʧʨʦʠʟʚʝʜʝʥʠ ʦʜ ʩʪʨʘʥʘ ʥʘ 

ʢʫʣʪʠʚʘʮʠʿʘ ʥʘ ʧʦʯʚʘʪʘ, ʦʩʦʙʝʥʦ ʩʦ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʢʦʤʝʨʮʠʿʘʣʥʠ ʠ ʦʨʛʘʥʩʢʠ 

ʺʫʙʨʠʚʘ, ʩʦʛʦʨʫʚʘˁʝ ʥʘ ʬʦʩʠʣʥʠ ʛʦʨʠʚʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʘʟʦʪʥʘ ʢʠʩʝʣʠʥʘ, ʛʦʨʝˁʝ 

ʥʘ ʙʠʦʤʘʩʘ. 

¶ ʍʣʦʨʦʬʣʫʦʨʦʢʘʨʙʦʥʘʪʠʪʝ (CFC)- ʉʝ ʩʠʥʪʝʪʠʯʢʠ ʩʦʩʪʦʿʢʠ ʮʝʣʦʩʥʦ ʦʜ ʠʥʜʫʩʪʨʠʩʢʦ 

ʧʦʪʝʢʣʦ, ʠʤʘʘʪ ʰʠʨʦʢʘ ʫʧʦʪʨʝʙʘ ʢʦʿʘ ʩʝʛʘ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ ʝ ʨʝʛʫʣʠʨʘʥʘ ʩʦ 

ʤʝʺʫʥʘʨʦʜʝʥ ʜʦʛʦʚʦʨ ʟʘ ʥʠʚʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʧʨʠʜʦʥʝʩʠ ʚʦ ʫʥʠʰʪʫʚʘˁʝʪʦ ʥʘ 

ʦʟʦʥʩʢʘʪʘ ʦʙʚʠʚʢʘ. ʊʠʝ ʩʝ ʠʩʪʦ ʪʘʢʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ. 
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ʅʘ ʟʝʤʿʘʪʘ ʯʦʚʝʯʢʠʪʝ ʘʢʪʠʚʥʦʩʪʠ ʛʠ ʤʝʥʫʚʘʘʪ ʧʨʠʨʦʜʥʠʪʝ ʧʨʦʮʝʩʠ. ɺʦ ʪʝʢʦʪ ʥʘ 

ʤʠʥʘʪʠʦʪ ʚʝʢ ʦʜ ʩʦʛʦʨʫʚʘˁʝʪʦ ʥʘ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ, ʢʘʢʦ ʿʘʛʣʝʥʦʪ ʠ ʥʘʬʪʘʪʘ ʿʘ 

ʟʛʦʣʝʤʫʚʘʘʪ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʘʪʤʦʩʬʝʨʩʢʠʦʪ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ (ʉʆ2). ʆʚʘ ʩʝ 

ʩʣʫʯʫʚʘ ʧʦʨʘʜʠ ʧʨʦʮʝʩʦʪ ʥʘ ʛʦʨʝˁʝ ʥʘ ʿʘʛʣʝʥ ʠʣʠ ʥʘʬʪʘ, ʧʨʠ ʰʪʦ ʩʝ ʢʦʤʙʠʥʠʨʘ 

ʿʘʛʣʝʨʦʜʦʪ ʩʦ ʢʠʩʣʦʨʦʜʦʪ ʚʦ ʚʦʟʜʫʭʦʪ ʜʘ ʩʝ ʬʦʨʤʠʨʘ ʉʆ2. ɺʦ ʧʦʤʘʣʘ ʤʝʨʘ, ʚʣʠʿʘʥʠʝ 

ʠʤʘ ʠ ʨʘʩʯʠʩʪʫʚʘˁʝ ʥʘ ʟʝʤʿʠʰʪʝʪʦ ʟʘ ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ, ʠʥʜʫʩʪʨʠʿʘʪʘ ʠ ʜʨʫʛʠ ʯʦʚʝʯʢʠ 

ʘʢʪʠʚʥʦʩʪʠ ʩʦ ʢʦʠ ʩʝ ʟʛʦʣʝʤʫʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ. ʇʦʩʣʝʜʠʮʠʪʝ 

ʦʜ ʤʝʥʫʚʘˁʝ ʥʘ ʧʨʠʨʦʜʥʠʦʪ ʘʪʤʦʩʬʝʨʩʢʠ ʝʬʝʢʪ ʥʘ ʩʪʘʢʣʝʥʘ ʛʨʘʜʠʥʘ ʝ ʪʝʰʢʦ ʜʘ ʩʝ 

ʧʨʝʜʚʠʜʠ, ʥʦ ʩʝ ʯʠʥʠ ʜʝʢʘ ʩʣʝʜʥʠʚʝ ʝʬʝʢʪʠ ʧʨʝʜʩʪʘʚʫʚʘʘʪ ʤʦʞʥʠʪʝ ʩʮʝʥʘʨʠʿʘ ʩʦ ʢʦʠ 

ʙʠ ʩʝ ʩʦʦʯʠʣʝ ʚʦ ʠʜʥʠʥʘ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ɿʝʤʿʘʪʘ ʙʠ ʩʝ ʟʛʦʣʝʤʠʣʘ ʟʘ ʥʝʢʦʣʢʫ 

ʩʪʝʧʝʥʠ ʦʜ ʧʨʦʩʝʯʥʘʪʘ, ʧʦʪʦʧʣʠʪʝ ʫʩʣʦʚʠ ʚʝʨʦʿʘʪʥʦ ˃ʝ ʜʦʚʝʜʘʪ ʜʦ ʧʦʚʝ˃ʝ ʠʩʧʘʨʫʚʘˁʘ 

ʠ ʚʨʥʝʞʠ ʚʦ ʮʝʣʦʩʪ, ʥʦ ʠʥʜʠʚʠʜʫʘʣʥʦ ʨʝʛʠʦʥʠʪʝ ˃ʝ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ, ʥʝʢʦʠ ˃ʝ ʩʪʘʥʘʪ 

ʧʦʚʣʘʞʠʥʠ, ʘ ʜʨʫʛʠ ʧʦʩʫʚʠ. ɿʘʩʠʣʝʥʠʦʪ ʝʬʝʢʪ ʥʘ  ʩʪʘʢʣʝʥʘ ʛʨʘʜʠʥʘ ˃ʝ ʛʠ ʟʘʛʨʝʝ 

ʦʢʝʘʥʠʪʝ ʠ ʜʝʣʫʤʥʦ ˃ʝ ʟʘʧʦʯʥʝ ʪʦʧʝˁʝ ʛʣʝʯʝʨʠʪʝ ʠ ʜʨʫʛʠ ʣʝʜʝʥʠ ʧʦʚʨʰʠʥʠ, ʰʪʦ ˃ʝ 

ʨʝʟʫʣʪʠʨʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʥʠʚʦʪʦ ʥʘ ʤʦʨʝʪʦ. ʀʩʪʦ ʪʘʢʘ ʦʢʝʘʥʩʢʘʪʘ ʚʦʜʘ ʙʠ ʩʝ 

ʟʘʛʨʝʚʘʣʘ ʪʦʘ ʠ ʙʠ ʩʝ ʧʨʦʰʠʨʠʣʘ, ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʠʜʦʥʝʩʫʚʘʿ˃ʠ ʠ ʧʦʥʘʪʘʤʫ ʠʤʘ ʧʦʨʘʩʪ 

ʥʘ ʤʦʨʩʢʦʪʦ ʥʠʚʦ. ɺʦ ʤʝʺʫʚʨʝʤʝ, ʥʝʢʦʠ ʢʫʣʪʫʨʠ ʠ ʨʘʩʪʝʥʠʿʘ ʙʠ ʤʦʞʝʣʝ ʜʘ ʦʜʛʦʚʦʨʘʪ 

ʧʦʟʠʪʠʚʥʦ ʥʘ ʟʛʦʣʝʤʝʥʘ ʘʪʤʦʩʬʝʨʩʢʠʪʘ ʢʦʣʠʯʠʥʘ ʥʘ CO2, ʙʠ ʨʘʩʪʝʣʝ ʧʦʝʥʝʨʛʠʯʥʦ ʠ 

ʧʦʝʬʠʢʘʩʥʦ ʙʠ ʿʘ ʢʦʨʠʩʪʘʪ ʥʘ ʚʦʜʘʪʘ. ɺʦ ʠʩʪʦ ʚʨʝʤʝ, ʧʦʚʠʩʦʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʤʝʥʫʚʘˁʝʪʦ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʤʦʞʝ ʜʘ ʚʣʠʿʘʘʪ ʥʝʛʘʪʠʚʥʦ ʥʘ  ʨʘʩʪʠʪʝʣʥʠʪʝ 

ʢʫʣʪʫʨʠ ʠ ʜʘ ʛʦ ʠʟʤʝʥʘʪ ʠʣʠ ʫʥʠʰʪʘʪ ʩʦʩʪʘʚʦʪ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʨʘʩʪʠʪʝʣʥʠ ʟʘʝʜʥʠʮʠ. 

ʉʧʦʨʝʜ ʯʝʪʚʨʪʠʦʪ ʠʟʚʝʰʪʘʿ ʦʜ ʧʨʦʮʝʥʢʘʪʘ ʥʘ ʄʝʺʫʚʣʘʜʠʥʠʦʪ ʧʘʥʝʣ ʟʘ ʢʣʠʤʘʪʩʢʠ 

ʧʨʦʤʝʥʠ
17
, ʥʘ ʢʦʿ ʨʘʙʦʪʝʘ ʛʨʫʧʘ ʦʜ 1.300 ʥʝʟʘʚʠʩʥʠ ʥʘʫʯʥʠ ʝʢʩʧʝʨʪʠ ʦʜ ʟʝʤʿʠ ʦʜ 

ʮʝʣʠʦʪ ʩʚʝʪ ʧʦʜ ʧʦʢʨʦʚʠʪʝʣʩʪʚʦ ʥʘ ʆʙʝʜʠʥʝʪʠʪʝ ʥʘʮʠʠ, ʩʝ ʠʩʪʘʢʥʫʚʘ ʜʝʢʘ ʯʦʚʝʯʢʠʪʝ 

ʘʢʪʠʚʥʦʩʪʠ ʩʝ ʧʨʠʯʠʥʘʪʘ ʟʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʫʚʘˁʝ ʠ ʤʦʤʝʥʪʘʣʥʠʪʝ ʧʨʦʤʝʥʠ ʥʘ 

ʢʣʠʤʘʪʘ. ɺʦ ʦʚʦʿ ʠʟʚʝʰʪʘʿ ʩʝ ʠʩʪʘʢʥʫʚʘ ʜʝʢʘ ʘʢʪʠʚʥʦʩʪʠʪʝ ʥʘ ʥʘʰʘʪʘ ʤʦʜʝʨʥʘ 

ʠʥʜʫʩʪʨʠʩʢʘʪʘ ʮʠʚʠʣʠʟʘʮʠʿʘ ʚʣʠʿʘʘʪ ʥʘ ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʥʠʚʦʪʦ ʥʘ ʘʪʤʦʩʬʝʨʩʢʠ 

ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ ʠ ʪʦʘ ʚʦ ʧʦʩʣʝʜʥʠʪʝ 150 ʛʦʜʠʥʠ. ʉʢʦʨʦ 90 % ʦʜ ʧʨʦʠʟʚʝʜʝʥʠʪʝ 

ʝʤʠʩʠʠ ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ ʚʝʨʦʿʘʪʥʦ ʩʝ ʦʜ ʩʪʨʘʥʘ ʥʘ ʯʦʚʝʢʦʪ, ʢʘʢʦ ʿʘʛʣʝʨʦʜ 

ʜʠʦʢʩʠʜ, ʘʟʦʪʝʥ ʦʢʩʠʜ ʠ ʤʝʪʘʥ ʠ ʪʠʝ ʚʦ ʛʦʣʝʤ ʜʝʣ ʛʦ ʧʨʝʜʠʟʚʠʢʘʘ ʥʘʙˀʫʜʫʚʘʥʦʪ 

ʧʦʨʘʩʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ɿʝʤʿʘʪʘ ʚʦ ʪʝʢʦʪ ʥʘ ʠʟʤʠʥʘʪʠʪʝ 50 ʛʦʜʠʥʠ. 

ʈʘʟʫʤʥʦ ʝ ʜʘ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʝʢʘ  ʧʨʦʤʝʥʠʪʝ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ 

ʩʦʥʮʝʪʦ ʙʠ ʧʨʝʜʠʟʚʠʢʘʣʝ ʢʣʠʤʘʪʘ ʜʘ ʩʝ ʧʨʦʤʝʥʠ, ʙʠʜʝʿ˃ʠ ʩʦʥʮʝʪʦ ʝ ʦʩʥʦʚʝʥ ʠʟʚʦʨ ʥʘ 

ʝʥʝʨʛʠʿʘ. ɺʩʫʰʥʦʩʪ, ʩʪʫʜʠʠʪʝ ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʩʦʣʘʨʥʠʪʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʿʘ ʠʛʨʘʣʝ ʪʘʘ 

ʫʣʦʛʘ. ʅʘ ʧʨʠʤʝʨ, ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʩʦʥʯʝʚʘʪʘ ʘʢʪʠʚʥʦʩʪ ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʿʘ ʧʦʪʪʠʢʥʘʣʘ 

ʤʘʣʘʪʘ ʣʝʜʝʥʘ ʜʦʙʘ ʧʦʤʝʺʫ 1650 ʠ 1850 ʛʦʜʠʥʘ, ʢʦʛʘ ɻʨʝʥʣʘʥʜ  ʙʠʣ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ 

ʦʪʩʝʯʝʥʠ ʩʦ ʤʨʘʟ, ʠ ʧʝʨʠʦʜʦʪ ʦʜ 1410 ʜʦ 1720 ʛʦʜʠʥʘ ʢʦʛʘ ʛʣʝʯʝʨʠʪʝ ɸʣʧʠʪʝ ʜʦʩʪʘ 

ʥʘʧʨʝʜʥʘʣʝ. ʅʦ, ʥʝʢʦʣʢʫ ʜʦʢʘʟʠ ʛʦ ʧʦʢʘʞʫʚʘʘʪ ʪʝʢʦʚʥʦʪʦ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʫʚʘˁʝ, 

ʪʦʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʙʿʘʩʥʠ ʩʦ ʧʨʦʤʝʥʠ ʚʦ ʝʥʝʨʛʠʿʘ ʦʜ ʩʦʥʮʝʪʦ: 
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¶ ʆʜ 1750 ʛʦʜʠʥʘ, ʧʨʦʩʝʯʥʘʪʘ ʢʦʣʠʯʠʥʘ ʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʜʦʘʺʘ ʦʜ ʩʦʥʮʝʪʦ 

ʦʩʪʘʥʫʚʘ ʢʦʥʩʪʘʥʪʥʘ ʠʣʠ ʤʘʣʢʫ ʟʛʦʣʝʤʝʥʘ. 

¶ ɸʢʦ ʟʘʪʦʧʣʫʚʘˁʝʪʦ ʙʝʰʝ ʧʨʝʜʠʟʚʠʢʘʥʦ ʦʜ ʘʢʪʠʚʥʦʩʪʘ ʩʦʥʮʝʪʦ, ʙʠ ʩʝ ʦʯʝʢʫʚʘʣʦ 

ʜʘ ʠʤʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʚʦ ʩʠʪʝ ʩʣʦʝʚʠ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ. 

ʅʘʤʝʩʪʦ ʪʦʘ, ʩʝ ʟʘʙʝʣʝʞʘʥʠ ʣʘʜʝˁʘ ʚʦ ʛʦʨʥʠʦʪ ʜʝʣ ʦʜ ʘʪʤʦʩʬʝʨʘʪʘ ʠ 

ʟʘʪʦʧʣʫʚʘˁʝ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʠ ʚʦ ʧʦʥʠʩʢʠʪʝ ʜʝʣʦʚʠ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ. ʊʦʘ ʝ 

ʨʝʟʫʣʪʘʪ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʘʩʦʚʠ ʢʦʠ ʩʝ ʟʘʨʦʙʝʥʠ ʚʦ ʧʦʜʦʣʥʠʪʝ 

ʪʦʧʣʠ ʜʝʣʦʚʠ ʦʜ ʘʪʤʦʩʬʝʨʘʪʘ 

3. ʂʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʥʠʟ ʠʩʪʦʨʠʿʘʪʘ 
 

ʋʰʪʝ ʦʜ ʥʘʿʨʘʥʠ ʚʨʝʤʠˁʘ ʣʫʺʝʪʦ ʧʨʝʪʧʦʩʪʘʚʫʚʘʣʝ ʜʝʢʘ ʩʝʢʦʿʜʥʝʚʥʠʪʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ 

ʛʠ ʠʟʚʨʰʫʚʘʘʪ ʠʤʘʘʪ ʚʣʠʿʘʥʠʝ ʚʨʟ ʢʣʠʤʘʪʘ. ʅʘʿʩʪʘʨʠʪʝ ʧʨʝʪʪʧʦʩʪʘʚʢʠ ʟʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ 

ʘʢʪʠʚʥʦʩʪʠʪʝ ʥʘ ʯʦʚʝʢʦʪ ʚʨʟ ʢʣʠʤʘʪʘ ʜʘʪʠʨʘʘʪ ʫʰʪʝ ʦʜ ɸʥʪʠʯʢʘ ɻʨʮʠʿʘ, ʢʦʛʘ ñʫʯʝʥʠʪʝò 

ʣʫʺʝ ʜʝʙʘʪʠʨʘʣʝ ʟʘ ʪʦʘ ʜʝʢʘ ʩʝʯʝˁʝʪʦ ʥʘ ʰʫʤʠʪʝ ʙʠ ʜʦʚʝʣʦ ʜʦ ʟʛʦʣʝʤʫʚʘˁʝ ʠʣʠ ʧʘʢ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʨʥʝʞʠʪʝ. ʅʠʟ ʤʠʥʘʪʦʪʦ ʧʦʩʪʦʝʣʝ ʟʥʘʯʠʪʝʣʥʠ ʧʨʦʤʝʥʠ ʥʘ ʢʣʠʤʘʪʘ ʢʦʠ ʩʝ 

ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ ʩʝ ʩʣʫʯʠʣʝ ʩʘʤʠ ʧʦ ʩʝʙʝ, ʙʝʟ ʥʠʢʘʢʚʠ ʧʨʠʯʠʥʠ. ɺʦ ʪʝʢʦʪ ʥʘ 

ʜʝʚʝʪʥʘʝʩʝʪʠʦʪ ʠ ʜʚʘʝʩʝʪʠʦʪ ʚʝʢ ʩʝ ʩʣʫʯʫʚʘ ʨʝʚʦʣʫʮʠʿʘ ʚʦ ʠʩʪʨʘʞʫʚʘˁʝʘʪʘ ʚʦ ʦʙʣʘʩʪʘ 

ʥʘ ʛʝʦʤʦʨʬʦʣʦʛʠʿʘʪʘ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʿʘʪʘ ʩʦ ʰʪʦ ʩʝ ʦʙʝʟʙʝʜʝʥʠ ʜʦʚʦʣʥʦ ʧʦʜʘʪʦʮʠ ʟʘ 

ʢʣʠʤʘʪʘ ʚʦ ʤʠʥʘʪʦʪʦ. ɺʦ ʧʘʣʝʦʟʦʿʩʢʘʪʘ ʝʨʘ ʧʨʝʦʚʣʘʜʫʚʘʣʘ ʧʦʪʦʧʣʘ ʠ ʧʦʣʘʜʥʘ ʢʣʠʤʘ ʟʘ 

ʨʘʟʣʠʢʘ ʦʜ ʜʝʥʝʰʥʘʚʘ, ʪʝʨʮʠʝʨʥʠʦʪ ʧʝʨʠʦʜ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦʪʦʧʦʣ, ʜʦʜʝʢʘ ʚʦ ʢʚʘʪʝʨʥʠʦʪ 

ʧʝʨʠʦʜ ʩʝ ʟʘʙʝʣʝʞʫʚʘʣʝ ʦʩʮʠʣʘʮʠʠ ʤʝʺʫ ʛʣʘʮʠʿʘʣʥʠ ʠ ʠʥʪʝʨʛʣʘʮʠʿʘʣʥʠ ʫʩʣʦʚʠ. ɺʦ ʢʨʘʪʢʠ 

ʮʨʪʠ ʢʣʠʤʘʪʘ ʥʘ ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ ʚʦ ʠʟʤʠʥʘʪʠʪʝ ʯʝʪʠʨʠ ʤʠʣʠʦʥʠ ʛʦʜʠʥʠ ʤʦʞʝ ʜʘ ʩʝ 

ʦʧʠʰʝ ʚʦ ʥʝʢʦʣʢʫ ʚʘʞʥʠ ʪʦʯʢʠ: 

¶ ʂʣʠʤʘʪʘ ʥʘ ɿʝʤʿʘʪʘ ʝ ʥʝʩʪʘʙʠʣʥʘ- ɾʠʚʦʪʦʪ ʥʘ ɿʝʤʿʘʪʘ ʝʚʦʣʫʠʨʘʣ ʥʠʟ ʛʦʜʠʥʠʪʝ. 

ʉʝʧʘʢ, ʦʚʘ ʥʝ ʟʥʘʯʠ ʜʝʢʘ ʢʣʠʤʘʪʘ ʙʠʣʘ ʩʪʘʙʠʣʥʘ. ɻʝʦʣʦʰʢʠʪʝ ʧʦʜʘʪʦʮʠ 

ʧʦʢʘʞʫʚʘʘʪ ʜʦʢʘʟʠ ʟʘ ʛʦʣʝʤʠ ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ ʚʦ ʤʠʥʘʪʦʪʦ, ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ 

ʬʘʢʪʦʨʠ ʢʘʢʦ ʰʪʦ ʩʝ ʧʨʦʤʝʥʘʪʘ ʥʘ ʦʩʢʘʪʘ ʥʘ ɿʝʤʿʘʪʘ ʠ ʜʚʠʞʝˁʘʪʘ ʥʘ ʪʝʢʪʦʥʩʢʠʪʝ 

ʧʣʦʯʠ. ʅʝʢʦʠ ʦʜ ʦʚʠʝ ʧʨʦʤʝʥʠ ʙʠʣʝ ʧʦʩʪʝʧʝʥʠ, ʜʨʫʛʠ ʙʠʣʝ ʤʥʦʛʫ ʧʦʙʨʟʠ. 

¶ ʇʝʨʠʦʜʦʪ ʥʘ ʂʨʝʜʘ- ɼʠʩʪʨʠʙʫʮʠʿʘʪʘ ʥʘ ʬʦʩʠʣʥʠʪʝ ʦʩʪʘʪʦʮʠ ʦʜ ʨʘʩʪʝʥʠʿʘ ʠ 

ʜʠʥʦʩʘʫʨʫʩʠʪʝ ʩʫʛʝʨʠʨʘ ʜʝʢʘ ʚʦ ʩʨʝʜʠʥʘʪʘ ʥʘ ʢʨʝʜʘ, ʧʨʝʜ ʦʢʦʣʫ 100 ʤʠʣʠʦʥʠ 

ʛʦʜʠʥʠ, ʩʫʧʪʨʦʧʩʢʘʪʘ ʢʣʠʤʘ ʩʝ ʧʨʦʪʝʛʘʣʘ ʜʦ ɸʣʿʘʩʢʘ ʠ ɸʥʪʘʨʢʪʠʢʦʪ ʉʧʦʨʝʜ, 

ʥʘʫʯʥʠʮʠʪʝ ʝ ʧʨʦʮʝʥʝʪʦ ʜʝʢʘ ʝ 6-8 Á C ʧʦʪʦʧʦʣʦ. ʅʠʚʦʪʦ ʥʘ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ ʚʦ 

ʘʪʤʦʩʬʝʨʘʪʘ ʙʠʣʦ ʦʢʦʣʫ 5 ʧʘʪʠ ʧʦʛʦʣʝʤ ʦʪʢʦʣʢʫ ʜʝʥʝʩ.  

¶ ɹʨʟʠ ʧʨʦʤʝʥʘʪʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ- ɻʝʦʣʦʰʢʠʪʝ ʧʦʜʘʪʦʮʠ, ʠʩʪʦ ʪʘʢʘ ʦʪʢʨʠʚʘʪʘ 

ʜʨʘʤʘʪʠʯʥʠ ʥʘʩʪʘʥʠ ʢʦʠ ʩʝ ʧʦʙʨʟʠ ʦʜ ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ. ɽʜʥʘ ʦʜ ʥʘʿʛʦʣʝʤʠʪʝ 

ʧʨʦʤʝʥʠ ʚʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ɿʝʤʿʘʪʘ ʝ ʟʘʙʝʣʝʞʘʥʘ ʟʘ ʚʨʝʤʝ ʥʘ ʝʜʝʥ ʥʘʩʪʘʥ ʢʦʿ 

ʦʢʝʘʥʦʛʨʘʬʠʪʝ ʛʦ ʥʘʨʝʢʫʚʘʘʪ ʧʣʝʦʮʝʥ-ʝʦʮʝʥ ʪʝʨʤʠʯʢʠ ʤʘʢʩʠʤʫʤ18. ʇʨʝʜ 55 

ʤʠʣʠʦʥʠ ʛʦʜʠʥʠ, ʛʣʦʙʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʟʛʦʣʝʤʫʚʘ ʟʘ 6 Á C ʦʚʦʿ ʧʝʨʠʦʜ ʪʨʘʝ 

ʦʢʦʣʫ 20.000  ʛʦʜʠʥʠ ʠʣʠ ʧʦʤʘʣʢʫ. ɼʝʥʝʩ, ʥʘʫʯʥʠʮʠʪʝ ʩʤʝʪʘʘʪ ʜʝʢʘ ʟʛʦʣʝʤʫʚʘˁʝ 
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ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ ʛʦ ʧʨʝʜʠʟʚʠʢʫʚʘ ʚʘʢʚʦʪʦ ʨʘʧʠʜʥʦ ʟʘʪʦʧʣʫʚʘˁʝ. 

ɺʦ ʦʚʦʿ ʧʝʨʠʦʜ ʢʘʢʦ ʧʨʠʯʠʥʘ ʩʝ ʩʤʝʪʘ ʢʘʪʘʩʪʨʦʬʘʣʥʦʪʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʟʘʤʨʟʥʘʪʠ ʤʝʪʘʥ ʜʝʧʦʟʠʪʠ - ʢʘʢʦ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ. ʆʚʦʿ ʧʝʨʠʦʜ ʢʣʠʤʘʪʩʢʠʪʝ 

ʧʨʦʤʝʥʠ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ  ʠʩʯʝʟʥʫʚʘˁʘ ʥʘ ʤʥʦʛʫ ʦʨʛʘʥʠʟʤʠ. 

¶  ʃʝʜʝʥʦ ʜʦʙʘ- ɺʦ ʙʣʠʩʢʦʪʦ ʤʠʥʘʪʦ, ʛʦʣʝʤ ʜʝʣ ʦʜ ʆʙʝʜʠʥʝʪʦʪʦ ʂʨʘʣʩʪʚʦ ʙʠʣ 

ʧʦʢʨʠʝʥ ʩʦ ʤʨʘʟ. ʂʘʢʦ ʜʦʢʘʟ ʩʝ ʠʩʪʘʢʥʫʚʘʘʪ ʤʥʦʛʫʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʛʣʘʮʠʿʘʣʥʠ 

ʬʦʨʤʠ, ʦʩʦʙʝʥʦ ʚʦ ɺʝʣʩ, ʐʢʦʪʩʢʘ ʠʪʥ. ʀʩʪʦ ʪʘʢʘ, ʬʦʩʠʣʠʪʝ ʥʘ ʤʘʤʫʪʠʪʝ ʠ 

ʥʦʩʦʨʦʟʠʪʝ, ʢʦʠ ʞʠʚʝʝʣʝ ʚʦ ʣʘʜʥʘ ʢʣʠʤʘ, ʢʦʠ ʩʝ ʧʨʦʥʘʿʜʝʥʠ ʚʦ ʿʫʞʥʘ ɹʨʠʪʘʥʠʿʘ. 

ʆʚʦʿ ʪʠʧ ʥʘ ʜʦʢʘʟʠ, ʟʘʝʜʥʦ ʩʦ ʤʦʨʩʢʠʪʝ ʩʝʜʠʤʝʥʪʠ ʿʘʜʨʘ ʠ ʤʨʘʟ ʿʘʜʨʘ, ʧʦʢʘʞʫʚʘʘʪ 

ʜʝʢʘ ʚʦ ʪʝʢʦʪ ʥʘ ʠʟʤʠʥʘʪʠʪʝ 2 ʤʠʣʠʦʥʠ ʛʦʜʠʥʠ, ʬʣʫʢʪʠʫʠʨʘʘʣʘ ʜʨʘʤʘʪʠʯʥʘ ʢʣʠʤʘ 

ʤʝʺʫ ʣʝʜʝʥʠ ʜʦʙʘ ʠ ʧʨʠʿʘʪʥʠ ʠʥʪʝʨʛʣʘʮʠʿʘʣʥʠ ʧʝʨʠʦʜʠ, ʩʣʠʯʥʦ ʥʘ ʜʝʥʝʰʥʘʪʘ 

ʢʣʠʤʘ. ʆʚʠʝ ʛʦʣʝʤʠ ʧʨʦʤʝʥʠ ʫʧʨʘʚʫʚʘʥʠ ʦʜ ʮʠʢʣʠʯʥʠ ʧʨʦʤʝʥʠ ʚʦ ʦʨʙʠʪʘʪʘ ʥʘ 

ɿʝʤʿʘʪʘ, ʿʘ ʤʝʥʫʚʘʘʪ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʩʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ ʧʦʤʝʺʫ ʛʦʜʠʰʥʠʪʝ 

ʚʨʝʤʠˁʘ ʠ ʥʠʟ ʟʝʤʿʘʪʘ. ʅʝʠʟʙʝʞʝʥ ʟʘʢʣʫʯʦʢ ʥʘ ʦʚʘ ʝ ʜʝʢʘ ʢʣʠʤʘʪʘ ʥʘ ɿʝʤʿʘʪʘ ʝ 

ʥʝʩʪʘʙʠʣʥʘ ʠ ʧʨʠ ʤʘʣʠ ʧʨʦʤʝʥʠ ʚʦ ʝʥʝʨʛʝʪʩʢʠʦʪ ʙʫ˅ʝʪ ʥʘ ɿʝʤʿʘʪʘ ʜʘ ʧʨʝʜʠʟʚʠʢʘʘʪ 

ʛʦʣʝʤʠ ʧʨʦʤʝʥʠ ʚʦ ʢʣʠʤʘʪʘ. 

4. ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʚʨʟ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ 
 

ɹʠʦʜʠʚʝʨʟʠʪʝʪ ʢʘʢʦ ʪʝʨʤʠʥ ʛʦ ʦʟʥʘʯʫʚʘ ʚʘʨʠʝʪʝʪʦʪ ʥʘ ʚʠʜʦʚʠ ʥʘ ʧʣʘʥʝʪʘʪʘ ɿʝʤʿʘ, ʢʦʿ 

ʦʙʝʟʙʝʜʫʚʘ ʧʨʝʢʫ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ ʨʘʟʣʠʯʥʠ ʜʦʙʨʘ ʠ ʫʩʣʫʛʠ ʢʦʠ ʚʣʠʿʘʘʪ 

ʧʦʟʠʪʠʚʥʦ ʚʨʟ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ ʞʠʚʦʪʦʪ ʥʘ ʯʦʚʝʰʪʚʦʪʦ. ʏʦʚʝʯʢʠʪʝ  ʧʨʠʪʠʩʦʮʠ ʚʨʟ 

ʝʢʦʩʠʩʪʝʤʠʪʝ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʠʟʤʝʥʠ ʠ ʟʘʛʫʙʠ, ʣʫʺʝʪʝ ʛʠ ʨʝʘʨʘʥʞʠʨʘʘʪ  ʝʢʦʩʠʩʪʝʤʠ 

ʧʦʙʨʟʦ ʠ ʧʦʠʥʪʝʥʟʠʚʥʦ ʦʜ ʢʦʿ ʙʠʣʦ ʜʨʫʛ ʧʝʨʠʦʜ ʚʦ ʪʝʢʦʪ ʯʦʚʝʯʢʘʪʘ ʠʩʪʦʨʠʿʘ. ʂʣʠʤʘʪʩʢʠʪʝ 

ʧʨʦʤʝʥʠ, ʩʝ ʫʰʪʝ ʝʜʝʥ ʧʨʠʪʠʩʦʢ ʚʨʟ ʧʨʠʨʦʜʥʠʪʝ ʝʢʦʩʠʩʪʝʤʠ. ʉʧʦʨʝʜ ʜʦʩʝʛʘʰʥʠʪʝ 

ʧʨʦʮʝʥʢʠ ʤʦʞʥʦ ʝ ʜʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʩʪʘʥʘʪ ʜʦʤʠʥʘʥʪʥʦ ʦʜʛʦʚʦʨʥʠ ʟʘ ʟʘʛʫʙʘʪʘ ʥʘ 

ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʜʦ ʢʨʘʿʦʪ ʥʘ ʦʚʦʿ ʚʝʢ. ʇʨʦʝʢʪʠʨʘʥʠ ʩʝ ʧʨʦʤʝʥʠʪʝ  ʚʦ ʢʣʠʤʘʪʘ, ʚʦ 

ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʟʝʤʿʠʰʪʝʪʦ, ʰʪʦ ʥʘʿʚʝʨʦʿʘʪʥʦ ˃ʝ ʿʘ ʦʛʨʘʥʠʯʘʪ ʩʧʦʩʦʙʥʦʩʪʘ 

ʥʘ ʥʝʢʦʠ ʚʠʜʦʚʠ ʜʘ ʤʠʛʨʠʨʘʘʪ  ʠ ʜʘ ʩʝ ʟʘʙʨʟʘ ʥʠʚʥʘʪʘ ʟʘʛʫʙʘ. ɺʠʜʦʚʠʪʝ ʢʦʠ ʩʝ ʧʦʜ 

ʚʣʠʿʘʥʠʿʝ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʚʨʟ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʩʝ ʦʜ ʛʦʣʝʤʘ ʟʘʛʨʠʞʝʥʦʩʪ ʟʘ 

ʂʦʥʚʝʥʮʠʿʘʪʘ ʟʘ ʙʠʦʣʦʰʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪ
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ʀʘʢʦ ʝʢʦʩʠʩʪʝʤʠʪʝ ʩʝ ʧʨʠʣʘʛʦʜʠʣʝ ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ ʫʩʣʦʚʠ ʚʦ ʤʠʥʘʪʦʪʦ, 

ʤʦʤʝʥʪʘʣʥʠʪʝ ʧʨʦʤʝʥʠ ʩʝ ʩʣʫʯʫʚʘʘʪ ʩʦ ʛʦʣʝʤʘ ʩʪʘʧʢʘ ʠ ʥʝ ʩʝ ʩʨʝʪʥʫʚʘʘʪ ʥʠʟ ʠʩʪʦʨʠʿʘʪʘ. 

ɺʦ ʧʨʠʥʮʠʧ, ʢʦʣʢʫ ʧʦʙʨʟʦ ʩʝ ʩʣʫʯʫʚʘʘʪ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ, ʪʦʣʢʫ ʝ ʧʦʛʦʣʝʤʦ 

ʚʣʠʿʘʥʠʝʪʦ ʚʨʟ ʣʫʺʝʪʦ ʠ ʝʢʦʩʠʩʪʝʤʠʪʝ. ʅʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʰʪʝʪʥʠ ʛʘʩʦʚʠ ʢʦʠ ʛʦ 

ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʝʬʝʢʪʦʪ ʥʘ ʩʪʘʢʣʝʥʘ ʛʨʘʜʠʥʘ ʤʦʞʝ ʜʘ ʛʠ ʥʘʤʘʣʠ ʦʚʠʝ ʝʬʝʢʪʠ, ʩʦ ʰʪʦ ʥʘ  

ʝʢʦʩʠʩʪʝʤʠʪʝ ʠʤ ʩʝ  ʜʘʚʘʘʪ ʧʦʚʝ˃ʝ ʚʨʝʤʝ ʜʘ ʩʝ ʘʜʘʧʪʠʨʘʘʪ. ɺʦ ʧʨʠʣʦʛ ʥʘ ʫʙʣʘʞʫʚʘˁʝʪʦ 

ʥʘ ʧʦʩʣʝʜʠʮʠʪʝ, ʪʨʝʙʘ ʜʘ ʧʦʩʪʦʠ ʠʪʥʘ ʧʦʪʨʝʙʘ ʜʘ ʩʝ ʨʘʟʚʠʿʘʪ ʧʣʘʥʦʚʠ ʠ ʜʘ ʩʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʘʪ ʩʦ ʮʝʣ ʜʘ ʩʝ ʦʣʝʩʥʘʪ ʝʬʝʢʪʠʪʝ ʦʜ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ. ʃʫʺʝʪʦ ʠ 

ʦʩʪʘʥʘʪʠʪʝ ʚʠʜʦʚʠ ʩʝ ʦʩʦʙʝʥʦ ʨʘʥʣʠʚʠ ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ, ʧʦʨʘʜʠ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ ʚʦʜʘʪ ʢʦʥ ʜʝʛʨʘʜʘʮʠʿʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʢʘʢʦ ʫʥʠʰʪʫʚʘˁʝʪʦ ʥʘ 
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ʰʫʤʠʪʝ ʛʠ ʚʣʦʰʫʚʘʘʪ ʧʦʩʣʝʜʠʮʠʪʝ ʦʜ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ. ɺʦ ʤʥʦʛʫ ʟʝʤʿʠ, ʦʩʦʙʝʥʦ 

ʦʥʠʝ ʩʦ ʧʦʥʠʟʦʢ ʝʢʦʥʦʤʩʢʠ ʩʪʘʪʫʩ, ʣʫʺʝʪʦ ʩʝ ʧʨʠʥʫʜʝʥʠ ʜʘ ʞʠʚʝʘʪ  ʚʦ ʦʙʣʘʩʪʠ ʢʦʠ ʩʝ 

ʠʟʣʦʞʝʥʠ ʥʘ ʦʚʠʝ ʧʨʦʤʝʥʠ ʠ ʩʝ ʧʦʜ ʧʦʩʪʦʿʘʥ ʨʠʟʠʢ ʦʜ ʥʝʛʘʪʠʚʥʠ ʚʣʠʿʘʥʠʿʘ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ 

ʧʨʦʤʝʥʠ. ɺʦ ʦʚʠʝ ʦʙʣʘʩʪʠ, ʝʚʝʥʪʫʘʣʥʦ ʤʘʣʠ ʧʨʦʤʝʥʠ ʚʦ ʢʣʠʤʘʪʘ ʤʦʞʘʪ ʜʘ ʠʤʘʘʪ 

ʢʘʪʘʩʪʨʦʬʘʣʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ʀʩʪʦʪʦ ʤʦʞʝ ʜʘ ʩʝ ʢʘʞʝ ʠ ʟʘ ʤʥʦʛʫ 

ʚʠʜʦʚʠ, ʢʦʠ ʩʝ ʧʨʠʣʘʛʦʜʝʥʠ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʢʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ. ɽʜʥʘ ʤʘʣʘ ʧʨʦʤʝʥʘ ʚʦ 

ʦʚʠʝ ʫʩʣʦʚʠ ʤʦʞʝ ʜʘ ʟʥʘʯʠ ʛʫʙʝˁʝ ʦʚʠʝ ʚʠʜʦʚʠ ʟʘʩʝʢʦʛʘʰ.  

ɺʨʩʢʠʪʝ ʧʦʤʝʺʫ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʠ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʩʝ ʦʙʦʩʪʨʘʥʠ: ʢʣʠʤʘʪʩʢʠʪʝ 

ʧʦʤʝʥʠ ʩʝ ʟʘʢʘʥʘ ʟʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ, ʥʦ ʧʨʘʚʠʣʥʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʤʦʞʝ 

ʜʘ ʛʦ ʨʝʜʫʮʠʨʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ. ʇʦʩʪʦʿʘʪ ʜʦʢʘʟʠ ʜʝʢʘ ʢʣʠʤʘʪʩʢʠʪʝ 

ʧʨʦʤʝʥʠ ʚʝ˃ʝ ʚʣʠʿʘʘʪ ʥʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʠ ˃ʝ ʧʨʦʜʦʣʞʘʪ ʩʦ ʪʦʘ ʪʝʤʧʦ. ʇʦʩʣʝʜʠʮʠʪʝ ʦʜ 

ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʚʨʟ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʚʢʣʫʯʫʚʘʘʪ:  

Å ʇʨʦʤʝʥʠ ʚʦ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʚʠʜʦʚʠʪʝ 

Å ɿʛʦʣʝʤʝʥʘ ʩʪʘʧʢʘ ʠʟʫʤʠʨʘˁʝ 

Å ʇʨʦʤʝʥʠ ʚʦ ʚʨʝʤʝʪʦ ʥʘ ʨʝʧʨʦʜʫʢʮʠʿʘ  

Å ʇʨʦʤʝʥʠ ʚʦ ʜʦʣʞʠʥʘ ʦʜ ʨʘʩʪʠʪʝʣʘʪʝ ʩʝʟʦʥʘ ʢʘʿ ʨʘʩʪʝʥʠʿʘʪʘ. 

ɽʥʜʝʤʩʢʠʪʝ ʚʠʜʦʚʠ ʢʦʠ ʚʝ˃ʝ ʩʝ ʟʘʛʨʦʟʝʥʠ ʩʝ ʦʩʦʙʝʥʦ ʨʘʥʣʠʚʠ ʥʘ ʚʣʠʿʘʥʠʿʘʪʘ ʥʘ 

ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʧʨʦʤʝʥʠ. 

ʇʨʠʤʝʨʠ ʥʘ ʟʘʛʨʦʟʝʥʠ ʚʠʜʦʚʠ ʠ ʥʠʚʥʘʪʘ ʨʘʥʣʠʚʦʩʪ: 

¶ Tree Frog- ʦʚʠʠʝ ʞʘʙʠ ʩʝ ʧʦʪʧʠʨʘʘʪ ʥʘ ʚʦʜʘ ʟʘ ʜʘ ʩʝ ʧʘʨʘʪ, ʙʠʣʦ ʢʘʢʚʘ ʧʨʦʤʝʥʘ ʚʦ 

ʚʨʥʝʞʠʪʝ ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʘʤʘʣʝʥʘ ʨʝʧʨʦʜʫʢʮʠʿʘ. ɿʛʦʨʘ ʥʘ ʩʝ ʧʦʢʘʯʫʚʘˁʝʪʦ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʝʠʪʝ ʨʝʟʫʣʪʠʨʘ ʩʦ ʛʘʙʠʯʥʠ ʝʧʠʜʝʤʠʠ ʰʪʦ ʜʦʧʨʠʥʝʩʫʚʘ ʟʘ 

ʜʦʧʦʣʥʠʪʝʣʥʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘʧʦʧʫʣʘʮʠʿʘʪʘ ʥʘ ʞʘʙʠʪʝ. 

 

˿͙͊͟͡ 1.  Tree Frog, ͙͍ͦͪ͘Υ ƘǘǘǇΥκκǾŀƴƛǎƘƛƴƎǎǇŜŎƛŜǎΦǇōǿƻǊƪǎΦŎƻƳκ 

¶ ɸʟʠʩʢʠ ʪʠʛʘʨ-  ʝʜʠʥʢʠʪʝ ʦʜ ʦʚʦʿ ʚʠʜ ʞʠʚʝʘʪ ʚʦ ɸʟʠʿʘ, ʚʦ ʤʘʥʛʘʨʦʚʠʪʝ ʰʫʤʠ. 

ʇʨʦʝʢʪʠʨʘʥʠʪʝ ʧʨʦʮʝʥʢʠ ʟʘ ʧʦʜʠʛʘˁʝ ʥʘ ʤʦʨʩʢʦʪʦ ʥʠʚʦ ʛʠ ʟʘʛʨʦʟʫʚʘ ʚʦ 

ʮʝʣʦʩʪ ʦʚʠʝ ʚʠʜʦʚʠ ʠ ʙʠ ʜʦʚʝʣʦ ʜʦ ʠʟʫʤʠʨʘˁʝ ʥʘ ʠʩʪʠʪʝ. 



171 
 

 

˿͙͊͟͡ 2.11 ˢ͙͙ͫ͘͟ ͙͎́͊ͪΣ ͙͍ͦͪ͘Υ ƘǘǘǇΥκκǇƭŜŀǎŜǇǊƻǘŜŎǘŀƴƛƳŀƭǎΦōƭƻƎǎǇƻǘΦŎƻƳκ 

¶ ɸʬʨʠʢʘʥʩʢʠ ʩʣʦʥ- ʚʦ ɸʬʨʠʢʘ, ʜʦʣʛʠʪʝ ʩʫʰʥʠ ʧʝʨʠʦʜʠ ʚʣʠʿʘʘʪ ʥʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʘʨʝʘʣʠʪʝ ʚʦ ʢʦʠ ʞʠʚʝʘʪ ʦʚʠʝ ʚʠʜʦʚʠ, ʩʦ ʰʪʦ ʦʚʘʘ ʛʨʫʧʘ ʝ ʜʦʩʪʘ ʨʘʥʣʠʚʘ ʦʜ 

ʧʦʩʣʝʜʠʮʠʪʝ ʦʜ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ.  

 

˿͙͊͟͡ 3.12 ˢͺ͙͙ͪ͊ͤͫ͟͟ ͫͦͤ͡Σ ͙͍ͦͪ͘Υ ƘǘǘǇΥκκŀƴƛmals.nationalgeographic.com/ 

¶ ɺʦ ɸʚʩʪʨʘʣʠʩʢʠʦʪ ʢʦʨʘʣʝʥ ʛʨʝʙʝʥ ʙʠ ʤʦʞʝʣʝ ʜʘ ʠʟʫʤʨʘʪ ʩʢʦʨʦ 95 % ʦʜ ʢʦʨʘʣʠʪʝ, 

ʦʚʘ ʙʠ ʙʠʣʦ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʦʤʝʥʘʪʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʜʘʪʘ ʠ ʭʝʤʠʩʢʠʪʝ 

ʩʦʿʩʪʚʘ. 

 

˿͙͊͟͡ 5.13 ˢ͍͙͙ͫͭͪ͊ͫ͟͡ ͔ͦͪ͊ͤ͟͡ ͎͔͔ͪ͋ͤΣ ͙͍ͦͪ͘Υ ƘǘǘǇΥκκŀƴƛƳŀƭǎΦƴŀǘƛƻƴŀƭƎŜƻƎǊŀǇƘƛŎΦŎƻƳκ
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ʀʟʜʨʞʣʠʚʦʩʪʘ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ ʤʦʞʝ ʜʘ ʙʠʜʝ ʟʛʦʣʝʤʝʥʘ, ʢʘʢʦ ʠ ʨʠʟʠʢʦʪ ʦʜ 

ʦʰʪʝʪʫʚʘˁʝ ʥʘ ʯʦʚʝʢʦʚʠʪʝ ʠ ʧʨʠʨʦʜʥʠʪʝ ʝʢʦʩʠʩʪʝʤʠ ʧʨʝʢʫ ʫʩʚʦʿʫʚʘˁʝ ʥʘ ʨʘʟʣʠʯʥʠ  

ʩʪʨʘʪʝʛʠʠ. ʋʙʣʘʞʫʚʘˁʝʪʦ ʝ ʦʧʠʰʘʥʦ ʢʘʢʦ ʯʦʚʝʯʢʘ ʠʥʪʝʨʚʝʥʮʠʿʘ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʠʪʝ 

ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ, ʠ ʥʠʚʥʠ ʠʟʚʦʨʠ, ʜʦʜʝʢʘ ʘʜʘʧʪʘʮʠʿʘʪʘ ʢʦʥ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʩʝ 

ʦʜʥʝʩʫʚʘ ʥʘ ʢʦʨʝʢʮʠʿʘ ʚʦ ʧʨʠʨʦʜʥʠʪʝ ʠ ʯʦʚʝʯʢʠʪʝ ʝʢʦʩʠʩʪʝʤʠ ʢʘʢʦ ʦʜʛʦʚʦʨ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ 

ʩʪʠʤʫʣʠ ʠʣʠ ʥʠʚʥʠʪʝ ʝʬʝʢʪʠ. ʇʨʠʤʝʨʠ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ ʧʨʦʤʦʚʠʨʘʘʪ ʫʙʣʘʞʫʚʘˁʝ ʠʣʠ 

ʘʜʘʧʪʘʮʠʿʘ ʢʦʥ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ: 

Å ɺʨʘ˃ʘˁʝ ʠ ʦʜʨʞʫʚʘˁʝ ʥʘ ʥʘʪʠʚʥʠʪʝ ʝʢʦʩʠʩʪʝʤʠ 

Å ɿʘʰʪʠʪʘ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʫʩʣʫʛʠʪʝ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ 

Å ʋʧʨʘʚʫʚʘˁʝ ʩʦ ʞʠʚʝʘʣʠʰʪʘ ʟʘ ʟʘʛʨʦʟʝʥʠ ʚʠʜʦʚʠ 

Å ʂʨʝʠʨʘˁʝ ʥʘ ʪʘʤʧʦʥ ʟʦʥʠ 

Å ɺʦʩʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʤʨʝʞʠ ʥʘ ʪʝʨʝʩʪʨʠʯʥʠ, ʩʣʘʪʢʦʚʦʜʥʠ ʠ ʤʦʨʩʢʠ ʧʦʜʨʘʯʿʘ ʢʦʠ ʩʝ 

ʟʘʰʪʠʪʝʥʠ, ʠ ʩʝ ʟʝʤʘʘʪ ʚʦ ʧʨʝʜʚʠʜ ʧʨʦʝʢʪʠʨʘʥʠʪʝ ʧʨʦʤʝʥʠ ʚʦ ʢʣʠʤʘʪʘ ʚʦ ʪʠʝ ʧʦʜʨʘʯʿʘ. 

5. ʂʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʠ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʚʦ ʄʘʢʝʜʦʥʠʿʘ 

 
ʂʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʩʝ ʨʝʘʣʥʦʩʪ ʩʦ ʢʦʿʘ ʩʝʢʦʿʜʥʝʚʥʦ ʩʝ ʩʦʦʯʫʚʘʤʝ, ʢʘʢʦ ʠ ʦʩʪʘʪʦʢʦʪ ʦʜ 

ʩʚʝʪʦʪ ʠ ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʩʦʦʯʫʚʘ ʩʦ ʧʦʩʣʝʜʠʮʠʪʝ ʦʜ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ, ʩʝ ʚʢʣʫʯʫʚʘ ʚʦ 

ʟʘʰʪʠʪʘ ʦʜ ʠʩʪʠʪʝ ʠ ʧʨʝʟʝʤʘ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʰʪʝʪʥʠʪʝ ʝʬʝʢʪʠ. ɿʘ ʨʝʰʘʚʘˁʝʪʦ 

ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʦʜ ʦʚʦʿ ʪʠʧ ʄʘʢʝʜʦʥʠʿʘ ʩʪʘʥʫʚʘ ʧʦʪʧʠʩʥʠʢ ʥʘ ʂʿʦʪʦ ʇʨʦʪʦʢʦʣʦʪ ʦʜ 2004 

ʛʦʜʠʥʘ. ʄʘʢʝʜʦʥʠʿʘ ʢʘʢʦ ʧʦʪʧʠʩʥʠʢ ʥʘ ʇʨʦʪʦʢʦʣʦʪ ʦʜ ʂʿʦʪʦ ʝ ʟʝʤʿʘ ʢʦʿʘ ʩʧʘʺʘ ʚʦ ʟʝʤʿʠʪʝ ʢʦʠ 

ʥʝ ʧʨʠʧʘʺʘʘʪ ʥʘ ɸʥʝʢʩ I. ʊʦʘ ʟʥʘʯʠ ʜʝʢʘ ʢʘʢʦ ʪʘʢʚʘ ʥʝʤʘ ʦʙʨʩʢʘ ʜʘ ʛʠ ʥʘʤʘʣʫʚʘ ʩʚʦʠʪʝ 

ʝʤʠʩʠʠ ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ. ʆʙʨʩʢʠʪʝ ʢʦʠ ʄʘʢʝʜʦʥʠʿʘ ʛʠ ʠʤʘ ʢʘʢʦ ʧʦʪʧʠʩʥʠʢ ʥʘ ʦʚʘʘ 

ʢʦʥʚʝʥʮʠʿʘ ʝ ʧʦʜʥʝʩʫʚʘˁʝ ʀʟʚʝʰʪʘʠ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʢʦʥ ʂʦʥʚʝʥʮʠʿʘʪʘ. ɼʦ ʜʝʥʝʩ ʩʝ 

ʠʟʨʘʙʦʪʝʥʠ ʜʚʘ ʠʟʚʝʰʪʘʠ, ʝʜʥʠʦʪ ʚʦ 2003, ʘ ʜʨʫʛʠʦʪ ʚʦ 2008. ɺʢʫʧʥʠʪʝ ʝʤʠʩʠʠ ʥʘ CO2-eq ʚʦ 

ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʟʘ 2000 ʛʦʜʠʥʘ ʠʟʥʝʩʫʚʘʪ 14,318 kt CO2-eq. ʆʙʣʘʩʪʠ ʚʦ ʢʦʠ ʩʝ 

ʩʦʟʜʘʚʘʘʪ ʛʘʩʦʚʠ ʥʘ ʩʪʘʢʣʝʥʘ ʛʨʘʜʠʥʘ ʩʝ ʩʣʝʜʥʠʪʝ: ʝʥʝʨʛʝʪʠʢʘ, ʠʥʜʫʩʪʨʠʩʢʠ ʧʨʦʮʝʩʠ, 

ʟʝʤʿʦʜʝʣʠʝ, ʧʨʦʤʝʥʘ ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʟʝʤʿʠʰʪʝ ʠ ʰʫʤʘʨʩʪʚʦ, ʦʪʧʘʜ ʠ ʢʦʨʠʩʪʝˁʝ ʦʨʛʘʥʩʢʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ ʠ ʜʨʫʛʠ ʩʦʝʜʠʥʝʥʠʿʘ. ʇʨʠ ʪʦʘ, ʥʘʿʛʦʣʝʤ ʧʨʠʜʦʥʝʩ ʢʦʥ ʝʤʠʩʠʠʪʝ ʠʤʘʘʪ 

ʩʝʢʪʦʨʦʪʝʥʝʨʛʝʪʠʢʘ ʩʦ 78,1%1, ʟʝʤʿʦʜʝʣʠʝ 8,6%, ʦʪʧʘʜ 6,7% ʠʥʜʫʩʪʨʠʿʘ 6,3%. 

͔́͊͋͊͡ 1. ˩͙͙͙ͣͫ ͤ͊ /hн-͔ ͍͙͍͔͙͊ͤͭ͟͡ ͨͦ ͔͙ͫͭͦͪ͟Σ ͙͍ͦͪ͘Υ ǿǿǿΦǳƴŦŎŎŎΦƻǊƎΦƳƪ 

 



 

173 
 

ʆʚʠʝ ʝʤʠʩʠʠ ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ ʩʝʢʘʢʦ ʜʝʢʘ ʠʤʘʘʪ ʦʛʨʦʤʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʥʘ ʥʘʰʘʪʘ ʟʝʤʿʘ.  

ʇʦʜʘʪʦʮʠʪʝ ʟʘ ʢʣʠʤʘʪʘ ʥʘ ʄʘʢʝʜʦʥʠʿʘ ʚʦ ʧʦʩʣʝʜʥʠʚʝ ʛʦʜʠʥʠ ʫʢʘʞʫʚʘʘʪ ʥʘ ʟʥʘʯʠʪʝʣʥʦ 

ʚʘʨʠʨʘˁʝ, ʪʘʢʘ ʰʪʦ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʥʝʢʘʢʦʚ ʟʥʘʯʠʪʝʣʝʥ ʪʨʝʥʜ. ɻʦʜʠʰʥʠʪʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʚʦ ʨʘʟʣʠʯʥʠ ʨʝʛʠʦʥʠ, ʧʨʠ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʘʪ ʩʣʘʙʠ 

ʧʦʟʠʪʠʚʥʠ ʠ ʥʝʛʘʪʠʚʥʠ ʪʨʝʥʜʦʚʠ, ʠʣʠ ʧʘʢ ʚʦʦʧʰʪʦ ʥʝ ʧʦʩʪʦʿʘʪ. ʆʚʠʝ ʧʦʜʘʪʦʮʠ ʚʘʞʘʪ ʠ ʟʘ 

ʩʨʝʜʥʦ-ʿʫʥʩʢʘʪʘ ʠ ʩʨʝʜʥʦ-ʿʘʥʫʘʨʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʊʨʝʥʜʦʚʠʪʝ ʥʘ ʛʦʜʠʰʥʠʪʝ ʩʫʤʠ ʥʘ ʚʨʥʝʞʠ 

ʠ ʥʝ ʦʪʩʪʘʧʫʚʘʘʪ ʟʥʘʯʠʪʝʣʥʦ ʦʜ ʧʨʦʩʝʯʥʠʪʝ, ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʥʝʟʥʘʯʠʪʝʣʝʥ ʥʝʛʘʪʠʚʝʥ 

ʪʨʝʥʜ ʥʘ ʥʦʝʤʚʨʠʩʢʠʪʝ ʠ ʤʘʿʩʢʠʪʝ ʚʨʥʝʞʠ ʚʦ ʨʘʟʣʠʯʥʠ ʨʝʛʠʦʥʠ. ɼʦʜʝʢʘ ʣʝʪʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦʚʠʩʦʢʠ ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʤʠʥʘʪʦʪʦ. 

ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʜʦʩʪʘ ʛʦʣʝʤʘ ʙʠʦʣʦʰʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪ, ʠ ʧʦʩʝʜʫʚʘ 

ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʝʥʜʝʤʩʢʠ ʚʠʜʦʚʠ. ʏʝʩʪʦ ʙʠʦʣʦʟʠʪʝ ʠ ʝʢʦʣʦʟʠʪʝ ʿʘ ʥʘʨʝʢʫʚʘʘʪ óʞʝʰʢʘ ʪʦʯʢʘô ʟʘ 

ʙʠʦʜʠʚʝʨʟʠʪʝʪ ʥʘ ɹʘʣʢʘʥʦʪ, ʘ ʠ ʚʦ ɽʚʨʦʧʘ. ɼʦ ʜʝʥʝʩ ʩʝ ʨʝʛʠʩʪʨʠʨʘʥʠ ʦʢʦʣʫ 16 000 ʚʠʜʦʚʠ ʚʦ 

ʦʚʠʝ ʩʝʢʘʢʦ ʩʝ ʚʢʣʫʯʝʥʠ ʠ 854-ʪʝ ʝʥʜʝʤʩʢʠ ʚʠʜʦʚʠ. ʄʦʤʝʥʪʘʣʥʦ ʝʬʝʢʪʠʪʝ ʦʜ ʢʣʠʤʘʪʩʢʠʪʝ 

ʧʨʦʤʝʥʠ ʚʠʣʠʿʘʘʪ ʥʘ ʛʦʣʝʤ ʙʨʦʿ ʚʠʜʦʚʠ ʠ ʩʪʘʥʠʰʪʘ. ʂʘʢʦ ʥʘʿʟʘʛʨʦʟʝʥʠ ʩʝ ʩʤʝʪʘʘʪ ʚʦʜʝʥʠʪʝ 

ʝʢʦʩʠʩʪʝʤʠ, ʙʣʘʪʘʪʘ ʠ ʤʦʯʫʨʠʰʪʘʪʘ. ʇʦʨʘʜʠ ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʜʝʥʝʩ ʠʤʘʤʝ 

ʤʠʥʠʤʘʣʥʘ ʟʘʩʪʘʧʝʥʦʩʪ ʥʘ ʥʝʢʦʠ ʨʝʣʠʢʪʥʠ ʤʦʯʫʨʠʰʥʠ ʟʘʝʜʥʠʮʠ ʢʦʠ ʩʝ ʬʨʘʛʤʝʥʪʠʨʘʥʠ. ɺʦ 

ʨʘʤʢʠʪʝ ʥʘ ʧʘʩʠʰʪʘʪʘ ʟʘʛʨʦʟʝʥʠ ʩʝ ʠ ʚʣʘʞʥʠʪʝ ʣʠʚʘʜʩʢʠ ʟʘʝʜʥʠʮʠ. ʀʩʪʦ ʪʘʢʘ ʟʘʢʘʥʘ ʟʘ 

ʠʟʯʝʥʫʚʘˁʝ ʠʤ ʧʨʝʩʪʦʠ ʠ ʥʘ ʭʘʣʦʬʠʪʥʠʪʝ ʟʘʝʜʥʠʮʠ ʠ ʥʝʢʦʠ ʰʫʤʩʢʠ ʚʠʜʦʚʠ. ʉʧʦʨʝʜ ʚʪʦʨʠʦʪ 

ʠʟʚʝʰʪʘʿ, ʤʦʤʝʥʪʘʣʥʘʪʘ ʩʠʪʫʘʮʠʿʘ ʥʘ ʟʘʛʨʦʟʝʥʠ ʚʠʜʦʚʠ ʝ ʩʣʝʜʥʘʚʘ. ɺʢʫʧʥʦ 79 ʚʠʜʦʚʠ ʛʘʙʠ ʠ 

ʣʠʰʘʠ, 74 ʚʠʜʦʚʠ ʘʣʛʠ, 392 ʚʠʰʠ ʨʘʩʪʝʥʠʿʘ ʠ 113 óʨʙʝʪʥʠʮʠ. ʂʘʢʦ ʠʩʪʨʝʙʝʥʠ ʚʠʜʦʚʠ ʩʝ 

ʩʤʝʪʘʘʪ 10 ʚʠʜʦʚʠ ʘʣʛʠ, 5 ʮʚʝʪʥʠʮʠ, ʆʭʨʠʜʩʢʘʪʘ ʧʦʪʦʯʥʘ ʧʘʩʪʨʤʢʘ, ʯʘʢʘʣʦʪ. ʂʣʠʤʘʪʩʢʠʪʝ 

ʧʨʦʤʝʥʠ ʦʩʦʙʝʥʦ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʟʘʢʘʥʘ ʟʘ ʠʥʚʝʨʪʝʙʨʘʪʠʪʝ, ʧʦʨʘʜʠ ʦʩʦʙʝʥʠʦʪ ʨʠʟʠʢ ʦʜ 

ʧʨʦʤʝʥʘ ʥʘ ʩʪʘʥʠʰʪʘʪʘ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʪʫʢʘ ʠ 650-ʪʝ ʝʥʜʝʤʠʯʥʠ ʪʘʢʩʦʥʠ, ʦʜ ʢʦʠ ʛʦʣʝʤ ʙʨʦʿ ʩʝ 

ʩʪʘʮʠʦʥʠʨʘʥʠ ʦʢʦʣʫ ʪʨʠʪʝ ʧʨʠʨʦʜʥʠ ʝʟʝʨʘ (ʆʭʨʠʜ, ʇʨʝʩʧʘ ʠ ɼʦʿʨʘʥ). ʆʜ óʨʙʝʪʥʠʮʠʪʝ ʩʝ 

ʟʘʛʨʦʟʝʥʠ ʧʨʝʢʫ 22% ʦʜ ʚʠʜʦʚʠʪʝ ʢʦʠ ʩʝ ʩʨʝʪʥʫʚʘʘʪ ʥʘ ʥʘʰʘʪʘ ʪʝʨʠʪʦʨʠʿʘ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʠ 

17-ʪʝ ʚʠʜʦʚʠ ʢʦʠ ʩʝ ʝʥʜʝʤʠʯʥʠ ʟʘ ʄʘʢʝʜʦʥʠʿʘ. 
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6. ɿʘʢʣʫʯʦʢ 
 

ʆʜ ʜʦʩʝʛʘ ʠʟʥʝʩʝʥʦʪʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ 

ʩʝʨʠʦʟʥʘ ʟʘʢʘʥʘ ʟʘ ʩʝʢʦʿ ʞʠʪʝʣ ʥʘ ʧʣʘʥʝʪʘʪʘ ɿʝʤʿʘ. ʂʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ 

ʩʫʧʪʠʣʥʘ ʬʦʨʤʘ ʥʘ ʢʨʰʝˁʝ ʥʘ ʯʦʚʝʢʦʚʠʪʝ ʧʨʘʚʘ. ʅʝʤʘ ʟʘʢʦʥʩʢʘ ʟʘʢʘʥʘ, ʥʠʪʫ ʧʨʦʛʦʥ, ʥʦ 

ʩʦʛʦʨʫʚʘˁʝʪʦ ʥʘ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʥʘʮʠʠ ʧʨʝʪʩʪʘʚʫʚʘ ʟʘʢʘʥʘ ʟʘ ʤʦʞʥʦʩʪʘ 

ʥʘ ʦʜʨʝʜʝʥʠ ʦʧʰʪʝʩʪʚʘ ʜʘ ʛʠ ʟʘʜʨʞʘʪ ʩʚʦʠʪʝ ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʧʨʘʢʪʠʢʠ ʠ ʨʘʟʫʨʥʫʚʘ˃ʠ 

ʠʜʝʥʪʠʪʝʪ ʠ ʧʦʚʨʟʘʥʦʩʪʘ ʩʦ ʧʨʠʨʦʜʥʘʪʘ ʩʨʝʜʠʥʘ.  

ɺʦ ʠʟʤʠʥʘʪʠʚʝ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ ʩʤʝ ʩʚʝʜʦʮʠ ʥʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʟʝʤʿʦʪʨʝʩʠ ʠ ʮʫʥʘʤʠ ʢʦʠ ʩʝ 

ʜʦʩʪʘ ʪʝʰʢʠ ʧʨʠʨʦʜʥʠ ʢʘʪʘʩʪʨʦʬʠ, ʦʚʠʝ ʯʝʩʪʦ ʩʝ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʩʪʨʘʥʘ ʥʘ ʯʦʚʝʢʦʪ ʠʣʠ ʧʘʢ 

ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ. ʆʚʘ ʝ ʩʘʤʦ ʫʰʪʝ ʝʜʝʥ ʜʦʢʘʟ ʜʝʢʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ 

ʩʝ ʧʨʦʙʣʝʤ ʥʘ ʩʝʢʦʿʘ ʝʜʠʥʢʘ ʥʘ ɿʝʤʿʘʪʘ. ɿʘʝʤʥʦʪʦ ʚʣʠʿʘʥʠʝ ʥʘ ʢʣʠʤʘʪʘ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʫʚʘˁʝʪʦ ʥʘ ʚʠʜʦʚʠʪʝ ʝ ʩʣʦʞʝʥʦ ʧʨʘʰʘˁʝ ʠ ʤʦʞʝ ʩʘʤʦ ʜʘ ʥʘʧʨʘʚʠʤʝ ʧʨʦʮʝʥʢʠ 

ʟʘ ʩʪʝʧʝʥʦʪ ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʚʨʟ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʚʦ ʤʠʥʘʪʦʪʦ ʠ 

ʧʨʦʝʢʮʠʠ ʟʘ ʠʜʥʠʥʘʪʘ. ʅʦ ʥʘʰʝʪʦ ʩʝʛʘʰʥʦ ʟʥʘʝˁʝ ʥʠ ʫʢʘʞʫʚʘ ʜʝʢʘ ʦʜ 1970 ʥʘʚʘʤʫ, 

ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʩʝ ʚʠʥʦʚʥʠ ʟʘ ʠʟʫʤʠʨʘˁʝ ʥʘ ʛʦʣʝʤ ʙʨʦʿ ʦʜ ʚʠʜʦʚʠʪʝ, ʢʘʢʦ ʠ ʟʘ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʙʨʦʿʥʦʩʪʘ ʠ ʥʠʚʥʠʪʝ ʘʨʝʘʣʠ. 

ʊʦʘ ʥʝ ʟʥʘʯʠ ʜʝʢʘ ʥʠʝ ʢʘʢʦ ʧʦʧʫʣʘʮʠʿʘ, ʢʘʢʦ ʜʝʣ ʦʜ ʦʚʘʘ ʙʠʦʮʝʥʦʟʘ ʩʤʝ ʥʝʤʦ˃ʥʠ ʜʘ ʩʝ 

ʩʦʦʯʠʤʝ ʩʦ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ, ʩʦ ʩʘʤʦʪʦ ʪʦʘ ʰʪʦ ʩʝ ʟʛʦʣʝʤʫʚʘ ʩʚʝʩʥʦʩʪʘ ʥʘ ʣʫʺʝʪʦ ʟʘ ʦʚʦʿ 

ʧʨʦʙʣʝʤ, ʠ ʩʦ ʦʜʙʠʨʘˁʝʪʦ ʥʘ ʧʘʪʠʰʪʘ ʟʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʩʝ ʩʪʘʚʘʤʝ ʧʨʝʜ ʤʦʞʥʦʩʪ ʜʘ ʩʝ 

ʩʦʦʯʠʤʝ ʩʦ ʝʬʝʢʪʠʪʝ ʦʜ ʧʨʦʤʝʥʠʪʝ ʚʦ ʢʣʠʤʘʪʘ ʠ ʠʩʪʦʚʨʝʤʝʥʦ ʜʘ ʥʘʧʨʘʚʠʤʝ ʥʘʧʦʨ ʜʘ ʦʚʠʝ 

ʝʬʝʢʪʠ ʛʠ ʩʚʝʜʝʤʝ ʥʘ ʤʠʥʠʤʫʤ. 
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ɸʧʩʪʨʘʢʪ 

 ʊʫʨʠʟʤʦʪ ʝ ʝʜʥʘ ʦʜ ʥʘʿʛʦʣʝʤʠʪʝ ʠ ʥʘʿʙʨʟʦ ʨʘʩʪʝʯʢʠ ʠʥʜʫʩʪʨʠʠ ʚʦ ʉʚʝʪʦʪ ʢʦʿa 

ʧʨʝʪʩʪʘʚʫʚʘ ʦʩʦʙʝʥʦ ʚʘʞʝʥ ʨʘʩʪʝʯʢʠ ʬʘʢʪʦʨ ʥʘ ʧʨʠʭʦʜʠ, ʚʨʘʙʦʪʫʚʘˁʝ ʠ ʦʧʪʠʤʘʣʝʥ ʥʘʯʠʥ ʟʘ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʙʦʛʘʪʩʪʚʘ. ʉʝʧʘʢ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʙʨʟʠʥʘʪʘ ʠ ʩʪʝʧʝʥʦʪ ʥʘ 

ʝʢʩʧʘʥʟʠʿʘ ʥʘ ʩʝʢʪʦʨʦʪ ʟʘ ʪʫʨʠʟʘʤ ʚʦ ʜʦʤʘʰʥʘʪʘ ʝʢʦʥʦʤʠʿʘ ʩʝ ʩʣʫʯʫʚʘ ʜʘ ʩʝ ʧʦʿʘʚʘʪ ʥʠʟʘ 

ʥʝʛʘʪʠʚʥʠ ʠʤʧʣʠʢʘʮʠʠ ʢʦʠ ʩʝ ʰʪʝʪʥʠ ʟʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʠʩʪʨʘʞʫʚʘʘʪ 

ʛʣʘʚʥʠʪʝ ʝʢʦʥʦʤʩʢʠ ʧʨʠʜʦʙʠʚʢʠ, ʝʢʦʣʦʰʢʠʪʝ ʚʣʠʿʘʥʠʿʘ ʥʘ ʪʫʨʠʟʤʦʪ ʠ ʚʦʚʝʜʫʚʘˁʝ ʥʘ 

ʢʦʥʮʝʧʪʦʪ ʥʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ. ʀʟʚʨʰʝʥʘ ʝ ʘʥʘʣʠʟʘ ʥʘ ʥʘʿʥʦʚʠʪʝ ʠ ʠʜʥʠ ʪʨʝʥʜʦʚʠ ʥʘ ʧʦʣʝʪʦ ʥʘ 

ʪʫʨʠʟʤʦʪ ʠ ʧʨʠʩʪʘʧʦʪ ʥʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʢʘʿ ʨʘʟʚʠʝʥʠʪʝ ʟʝʤʿʠ. ʇʨʠ ʚʦʚʝʜʫʚʘˁʝʪʦ ʥʘ 

ʧʨʠʩʪʘʧʦʪ ʥʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʢʘʿ ʪʫʨʠʟʤʦʪ ʦʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʩʚʝʪʠ ʥʘ 

ʤʠʥʠʤʠʟʠʨʘˁʝ ʥʘ ʣʦʢʘʣʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʜʘ ʩʝ ʜʘʜʝ ʧʦʛʦʣʝʤ ʧʨʠʦʨʠʪʝʪ 

ʥʘ ʘʢʪʠʚʥʦʪʦ ʫʯʝʩʪʚʦ ʥʘ ʟʘʝʜʥʠʮʘʪʘ ʠ ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʧʦʤʝʺʫ ʪʫʨʠʟʤʦʪ ʠ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. 

ʉʦ ʮʝʣ ʫʩʧʝʰʥʦ ʜʘ ʩʝ ʚʦʚʝʜʝ ʢʦʥʮʝʧʪʦʪ ʥʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʚʦ ʪʫʨʠʟʤʦʪ ʧʦʩʝʙʥʦ ʚʥʠʤʘʥʠʝ 

ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʩʚʝʪʠ ʦʜ ʩʪʨʘʥʘ ʥʘ ʩʠʪʝ ʟʘʩʝʛʥʘʪʠ ʠʥʩʪʠʪʫʮʠʠ ʥʘ ʥʘʮʠʦʥʘʣʥʦ, ʨʝʛʠʦʥʘʣʥʦ ʠ 

ʣʦʢʘʣʥʦ ʥʠʚʦ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʪʫʨʠʟʘʤ, ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ, ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ. 

1. ɺʦʚʝʜ 

ʊʫʨʠʟʤʦʪ ʩʝ ʩʤʝʪʘ ʟʘ ʝʜʝʥ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʪʝ ʩʦʮʠʦ-ʝʢʦʥʦʤʩʢʠ ʬʘʢʪʦʨʠ ʥʘ 20 ʚʝʢ. ʆʜ 

ʘʢʪʠʚʥʦʩʪ ʚʦ ʢʦʿʘ ʫʞʠʚʘʘ Ăʤʘʣʘ ʛʨʫʧʘñ ʥʘ ʨʝʣʘʪʠʚʥʦ ʙʦʛʘʪʠ ʠ ʧʦʟʥʘʪʠ ʣʫʺʝ ʚʦ ʧʨʚʘʪʘ 

ʧʦʣʦʚʠʥʘ ʥʘ ʤʠʥʘʪʠʦʪ ʚʝʢ, ʪʫʨʠʟʤʦʪ ʧʨʝʨʘʩʥʫʚʘ ʚʦ ʤʘʩʦʚʥʘ ʧʦʿʘʚʘ ʦʜ 70 ʛʦʜʠʥʠ ʧʘ ʩʝ ʜʦ 

ʜʝʥʝʩ. ɼʝʥʝʰʥʠʦʪ ʪʫʨʠʟʘʤ ʚʢʣʫʯʫʚʘ ʦʛʨʦʤʝʥ ʙʨʦʿ ʥʘ ʣʫʺʝ ʦʜ ʮʝʣʠʦʪ ʩʚʝʪ ʠ ʩʝ ʩʤʝʪʘ ʟʘ 

ʚʠʪʘʣʝʥ ʜʝʣ ʦʜ ʛʣʦʙʘʣʥʘʪʘ ʠʥʪʝʛʨʘʮʠʿʘ. 

ʉʚʝʪʩʢʘʪʘ ʊʫʨʠʩʪʠʯʢʘ ʆʨʛʘʥʠʟʘʮʠʿʘ (ʉʊʆ), ʪʫʨʠʟʤʦʪ ʛʦ ʜʝʬʠʥʠʨʘ ʢʘʢʦ Ăʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʣʠʮʘ ʢʦʠ ʧʘʪʫʚʘʘʪ ʠ ʧʨʝʩʪʦʿʫʚʘʘʪ ʥʘ ʤʝʩʪʘ ʥʘʜʚʦʨ ʦʜ ʥʠʚʥʘʪʘ ʚʦʦʙʠʯʘʝʥʘ ʦʢʦʣʠʥʘ ʥʘ 

ʞʠʚʝʝˁʝ, ʥʦ ʥʝ ʧʦʜʦʣʛʦ ʦʜ ʝʜʥʘ ʛʦʜʠʥʘ ʘ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʦʜʤʦʨ, ʙʠʟʥʠʩ ʠ ʜʨʫʛʠ ʮʝʣʠ ʢʦʠ ʥʝ 

ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ ʦʩʪʚʘʨʫʚʘˁʝ ʥʘ ʩʦʦʜʚʝʪʝʥ ʥʘʜʦʤʝʩʪñ[1] 

 ɹʨʟʠʦʪ ʨʘʩʪ ʥʘ ʪʫʨʠʟʤʦʪ ʢʘʢʦ ʩʝʢʪʦʨ ʢʦʿ ʠʤʘ ʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʝʢʦʥʦʤʩʢʠʦʪ ʨʘʩʪ ʠ 

ʨʘʟʚʦʿ ʥʘ ʜʨʞʘʚʘʪʘ ʚʦ ʧʦʩʣʝʜʥʘʪʘ ʜʝʢʘʜʘ ʩʝ ʜʦʣʞʠ ʧʨʝʜ ʩʝ ʥʘ ʟʛʦʣʝʤʝʥʠʦʪ ʙʨʦʿ ʪʫʨʠʩʪʠʯʢʠ 
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ʜʝʩʪʠʥʘʮʠʠ ʢʦʠ ʩʪʘʥʫʚʘʘʪ ʜʦʩʪʘʧʥʠ ʟʘ ʧʦʛʦʣʝʤʠʦʪ ʜʝʣ ʦʜ ʧʦʧʫʣʘʮʠʿʘʪʘ. ɹʨʟʘʪʘ ʜʠʥʘʤʠʢʘ ʛʦ 

ʧʨʝʪʚʦʨʠ ʪʫʨʠʟʤʦʪ ʚʦ ʝʜʝʥ ʦʜ ʜʚʠʞʝʯʢʠʪʝ ʬʘʢʪʦʨʠ ʟʘ ʩʦʮʠʦ-ʝʢʦʥʦʤʩʢʠ ʥʘʧʨʝʜʦʢ. ɼʝʥʝʰʥʠʦʪ 

ʦʙʝʤ ʥʘ ʙʠʟʥʠʩ ʢʦʿ ʩʝ ʦʩʪʚʘʨʫʚʘ ʧʨʝʢʫ ʪʫʨʠʟʤʦʪ ʝ ʥʘ ʝʜʥʘʢʚʦ ʥʠʚʦ ʩʦ ʠʟʚʦʟʦʪ ʥʘ ʥʘʬʪʘ, ʭʨʘʥʘ 

ʠʣʠ ʘʚʪʦʤʦʙʠʣʠ. ʊʫʨʠʟʤʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʝʜʝʥ ʦʜ ʛʦʣʝʤʠʪʝ ʠʛʨʘʯʠ ʥʘ ʧʦʣʝʪʦ ʥʘ ʤʝʺʫʥʘʨʦʜʥʘʪʘ 

ʪʨʛʦʚʠʿʘ ʠ ʠʟʚʦʨ ʥʘ ʧʨʠʭʦʜʠ ʟʘ ʤʥʦʛʫ ʟʝʤʿʠ ʚʦ ʨʘʟʚʦʿ.  

 ʇʨʠʜʦʥʝʩʦʪ ʥʘ ʪʫʨʠʟʤʦʪ ʟʘ ʝʢʦʥʦʤʩʢʘʪʘ ʙʣʘʛʦʩʦʩʪʦʿʙʘ ʟʘʚʠʩʠ ʦʜ  ʧʨʠʭʦʜʠʪʝ ʠ 

ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʩʘʤʘʪʘ ʪʫʨʠʩʪʠʯʢʘ ʧʦʥʫʜʘ. ʇʦʟʠʮʠʦʥʠʨʘˁʝʪʦ ʥʘ ʪʫʨʠʩʪʠʯʢʘ ʧʦʥʫʜʘ ʥʘ ʧʘʟʘʨʦʪ 

ʥʘ ʪʫʨʠʟʘʤ ʝ ʧʨʚʠʦʪ ʯʝʢʦʨ ʦʜ ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʥʠʟʘʪʘ ʥʘ ʧʦʟʠʪʠʚʥʠ ʝʢʦʥʦʤʩʢʠ ʝʬʝʢʪʠ ʢʦʠ 

ʩʝ ʧʨʠʜʦʙʠʚʢʘ ʦʜ ʪʫʨʠʟʤʦʪ. ʉʝʧʘʢ ʧʨʦʙʣʝʤʦʪ ʢʦʿ ʩʝ ʿʘʚʫʚʘ ʪʫʢʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʥʘʯʠʥʦʪ ʥʘ ʢʦʿ 

˃ʝ ʙʠʜʝ ʧʦʩʪʘʚʝʥʘ ʩʦʦʜʚʝʪʥʘʪʘ ʪʫʨʠʩʪʠʯʢʘ ʧʦʥʫʜʘ ʥʘ ʧʘʟʘʨʦʪ. ʆʩʦʙʝʥʦ ʚʘʞʥʦ ʝ ʜʘ ʩʝ 

ʚʦʩʧʦʩʪʘʚʠ ʪʫʨʠʩʪʠʯʢʘ ʧʦʥʫʜʘ ʢʦʿʘ ˃ʝ ʦʙʝʟʙʝʜʠ ʦʜʨʞʣʠʚʦʩʪ, ʫʩʧʝʰʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʦ 

ʧʨʠʨʦʜʘʪʘ ʠ ʟʝʣʝʥ ʨʘʟʚʦʿ. 

 ʀʥʩʪʠʪʫʮʠʠʪʝ ʢʘʢʦ ʉʚʝʪʩʢʘʪʘ ʪʫʨʠʩʪʠʯʘ ʦʨʛʘʥʠʟʘʮʠʿʘ, ʆɽʎɼ ʠ ʉʚʝʪʩʢʘ ɹʘʥʢʘ ʚʦ 

ʧʦʩʣʝʜʥʠʦʪ ʧʝʨʠʦʜ ʦʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʧʦʩʚʝʪʫʚʘʘʪ ʥʘ ʥʝʢʦʣʢʫ ʢʦʥʮʝʧʪʠ ʢʦʠ ʩʝ ʧʨʠʤʝʥʣʠʚʠ 

ʥʘ ʧʦʣʝʪʦ ʥʘ ʪʫʨʠʟʤʦʪ: 

Á ʆʜʨʞʣʠʚ ʨʘʟʚʦʿ 

Á ɿʝʣʝʥ ʨʘʟʚʦʿ 

Á ɿʘʯʫʚʫʚʘˁʝ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ 

ʋʩʧʝʰʥʘʪʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʩʠʪʝ ʪʨʠ ʢʦʥʮʝʧʪʠ ʢʘʿ ʪʫʨʠʟʤʦʪ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ 

ʧʦʚʝ˃ʝʢʨʘʪʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʦʟʠʪʠʚʥʠʪʝ ʝʬʝʢʪʠ. ʆʚʦʿ ʪʨʫʜ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʪʫʨʠʟʤʦʪ ʢʘʢʦ 

ʢʦʥʮʝʧʪ ʚʦ ʢʦʿ ʝ ʥʝʦʧʭʦʜʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʦ ʧʨʠʨʦʜʘʪʘ ʠ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʩʦ ʮʝʣ ʜʘ ʩʝ 

ʦʙʝʟʙʝʜʠ ʦʜʨʞʣʠʚ ʨʘʩʪ ʠ ʨʘʟʚʦʿ. ʄʦʪʠʚʦʪ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʦʚʦʿ ʪʨʫʜ ʝ ʧʦʪʨʝʙʘʪʘ ʟʘ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʩʚʝʩʪʘ ʠ ʚʥʝʩʫʚʘˁʝ ʥʘ ʢʦʥʮʝʧʪʦʪ ʥʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʥʘ ʧʦʣʝʪʦ ʥʘ ʪʫʨʠʟʤʦʪ 

ʚʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ. 

 ʊʨʫʜʦʪ ʝ ʧʦʜʝʣʝʥ ʥʘ ʪʨʠ ʜʝʣʘ, ʦʜ ʢʦʠ ʧʨʚʠʦʪ ʜʝʣ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʧʦʜʘʪʦʮʠ 

ʟʘ ʪʝʢʦʚʥʠʪʝ ʠ ʠʜʥʠ ʪʨʝʥʜʦʚʠ ʥʘ ʧʦʣʝʪʦ ʥʘ ʪʫʨʠʟʤʦʪ, ʚʪʦʨʠʦʪ ʜʝʣ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ 

ʝʢʦʥʦʤʩʢʠʪʝ ʝʬʝʢʪʠ ʠ ʧʦʪʨʝʙʘʪʘ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʤʝʺʫ ʪʫʨʠʟʤʦʪ ʠ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, 

ʜʦʜʝʢʘ ʪʨʝʪʠʦʪ ʜʝʣ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʢʦʥʮʝʧʪʦʪ ʥʘ ʦʜʨʞʣʠʚ ʪʫʨʠʟʘʤ. ɿʘ ʠʟʨʘʙʦʪʢʘʪʘ ʥʘ ʦʚʦʿ 

ʪʨʫʜ ʩʝ ʢʦʨʠʩʪʝʥʠ ʧʦʚʝ˃ʝ ʤʝʪʦʜʠ: ʢʚʘʣʠʪʘʪʠʚʝʥ, ʢʚʘʥʪʠʪʘʪʠʚʝʥ, ʝʤʧʠʨʠʩʢʠ ʤʝʪʦʜ ʠ 

ʢʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ. 

2. ʊʫʨʠʟʤʦʪ ʠ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ 

 

2.1 ʊʝʢʦʚʥʠ ʠ ʠʜʥʠ ʪʨʝʥʜʦʚʠ ʢʘʿ ʉʚʝʪʩʢʠʦʪ ʪʫʨʠʟʘʤ 

 ɽʜʥʘ ʦʜ ʛʦʜʠʥʠʪʝ ʚʦ ʢʦʠ ʉʚʝʪʩʢʠʦʪ ʪʫʨʠʟʘʤ ʟʘʙʝʣʝʞʘ ʩʝʨʠʦʟʥʠ ʥʝʛʘʪʠʚʥʠ ʙʨʦʿʢʠ ʝ 

2009 ʛʦʜʠʥʘ ʧʨʝʜ ʩʝ ʢʘʢʦ ʧʦʩʣʝʜʠʮʘ ʥʘ ʉʚʝʪʩʢʘʪʘ ʝʢʦʥʦʤʩʢʘ ʢʨʠʟʘ. ɺʦ 2010 ʛʦʜʠʥʘ, 

ʤʝʺʫʥʘʨʦʜʥʠʦʪ ʪʫʨʠʟʘʤ ʟʘʙʝʣʝʞʘ ʩʠʣʝʥ ʧʨʦʛʨʝʩ ʠ ʤʥʦʛʫ ʧʦʙʨʟʦ ʦʧʦʨʘʚʫʚʘˁʝ ʦʜ 

ʦʯʝʢʫʚʘʥʦʪʦ.  
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͔́͊͋͊͡ 1. ʊʝʢʦʚʥʠ ʪʨʝʥʜʦʚʠ ʥʘ ʉʚʝʪʩʢʠʦʪ ʪʫʨʠʟʘʤ ʟʘ 2010 ʠ 2011 ʛʦʜʠʥʘ 

ʀʟʛʣʝʜ ʚʦ ʙʨʦʿʢʠ ʥʘ ʉʚʝʪʩʢʠʦʪ ʪʫʨʠʟʘʤ ʧʦʜʝʣʝʥ ʥʘ ʧʦʜ-ʨʝʛʠʦʥʠ 

 
ɺʢʫʧʥʠ ʧʨʠʭʦʜʠ ʦʜ 

ʪʫʨʠʟʤʦʪ 

(ʤʠʣʠʿʘʨʜʠ ʜʦʣʘʨʠ) 

ʋʜʝʣ 
ɹʨʦʿʦʪ ʥʘ ʪʫʨʠʩʪʠ 
ʚʦ ʉʚʝʪʩʢʠ ʨʘʤʢʠ 

(ʤʠʣʠʦʥʠ) 

ʋʜʝʣ 

 2010 2011 % 2010 2011 % 

ʉʚʝʪ 928 1030 100 939 982 100 
ʈʘʟʚʠʝʥʠ ʝʢʦʥʦʤʠʠ 589 664 64 449 523 53 
ɽʢʦʥʦʤʠʠ ʚʦ ʨʘʟʚʦʿ 339 367 36 440 459 47 

ɽʚʨʦʧʘ 409.3 463.4 45 474.7 503.7 51 
ʉʝʚʝʨʥʘ ɽʚʨʦʧʘ 61.4 70.3 7 56.1 59.3 6 
ɿʘʧʘʜʥʘ ɽʚʨʦʧʘ 142.2 160.4 16 153.8 159.0 16 

ʎʝʥʪʨʘʣʥʘ ʠ ʠʩʪʦʯʥʘ ɽʚʨʦʧʘ 48.1 56.1 5 95.7 103.5 11 
ɱʫʞʥʘ ʠ ʄʝʜʠʪʝʨʘʥʩʢʘ ɽʚʨʦʧʘ 157.6 176.6 17 169.0 181.9 19 

- ʦʜ ʢʦʠ ɽʋ 27 335.0 377.5 37 364.8 384.8 39 

ɸʟʠʿʘ ʠ ʇʘʮʠʬʠʢ 255.2 289.0 28 204.4 217.0 22 
ʉʝʚʝʨʦ-ʠʩʪʦʯʥʘ ɸʟʠʿʘ 128.6 142.4 14 111.5 115.8 12 
ɱʫʛʦ-ʠʩʪʦʯʥʘ ɸʟʠʿʘ 68.6 81.9 8 69.9 77.2 8 

ʆʢʝʘʥʠʿʘ 39.1 41.6 4 11.6 11.7 1 
ɱʫʞʥʘ ɸʟʠʿʘ 18.9 23.1 2 11.5 12.4 1 
ɸʤʝʨʠʢʘ 181.0 199.5 19 149.7 155.9 16 

ʉʝʚʝʨʥʘ ɸʤʝʨʠʢʘ 131.0 144.9 14 98.2 101.0 10 
ʂʘʨʠʙʠ 23.3 24.5 2 20.0 20.9 2 

ʎʝʥʪʨʘʣʥʘ ɸʤʝʨʠʢʘ 6.7 7.2 1 7.9 8.3 1 

ɱʫʞʥʘ ɸʤʝʨʠʢʘ 20.1 22.9 2 23.6 25.8 3 
ɸʬʨʠʢʘ 30.4 32.6 3 49.7 50.1 5 

ɱʫʞʥʘ ɸʬʨʠʢʘ 9.7 9.5 1 18.8 17.0 2 

ʉʫʙ-ʉʘʭʘʨʘ 20.7 23.1 2 31.0 33.1 3 
ɹʣʠʩʢʠʦʪ ʠʩʪʦʢ 51.7 45.9 4 60.4 55.4 6 

       

ʀʟʚʦʨ: WTO statistical annual report 2011 

 ɺʦ 2010 ʛʦʜʠʥʘ ʚʢʫʧʥʠʦʪ ʙʨʦʿ ʥʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʥʠ ʧʦʩʝʪʠʪʝʣʠ ʩʝ ʟʛʦʣʝʤʠ ʟʘ 6 % ʠ 

ʜʦʩʪʠʛʥʘ ʥʠʚʦ ʥʘ 939 ʤʠʣʠʦʥʠ ʜʦʜʝʢʘ ʦʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʨʠʭʦʜʠʪʝ ʦʜ ʪʫʨʠʟʤʦʪ ʧʦʨʘʩʥʘʘ ʟʘ 5 

% ʠ ʜʦʩʪʠʛʥʘʘ ʥʠʚʦ ʥʘ 928 ʤʠʣʠʿʘʨʜʠ ʘʤʝʨʠʢʘʥʩʢʠ ʜʦʣʘʨʠ. ʉʠʪʝ ʨʝʛʠʦʥʠ ʜʦʞʠʚʝʘʿʘ ʧʦʨʘʩʪ ʥʘ 

ʙʨʦʿʦʪ ʥʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʥʠ ʪʫʨʠʩʪʠ ʦʜ ʘʩʧʝʢʪ ʥʘ ʧʦʩʝʪʠʪʝʣʠ ʠ ʧʨʠʭʦʜʠ ʦʜ ʪʫʨʠʟʤʦʪ, ʩʦ 

ʠʩʢʣʫʯʦʢ ʥʘ ɽʚʨʦʧʘ ʢʘʜʝ ʧʨʠʭʦʜʠʪʝ ʦʜ ʊʫʨʠʟʤʦʪ ʩʪʘʛʥʠʨʘʘ ʥʘ ʝʜʥʘʢʚʦ ʥʠʚʦ. 

 ʅʘ ʪʘʙʝʣʘ 1. ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʚʢʫʧʥʠʪʝ ʧʨʠʭʦʜʠ ʦʜ ʪʫʨʠʟʤʦʪ ʠ ʙʨʦʿʦʪ ʥʘ ʪʫʨʠʩʪʠ ʚʦ 

ʉʚʝʪʩʢʠ ʨʘʤʢʠ ʟʘ 2010 ʠ 2011 ʛʦʜʠʥʘ ʧʦʜʝʣʝʥʠ ʥʘ ʧʦʜ-ʨʝʛʠʦʥʠ. ʉʝ ʟʘʙʝʣʝʞʫʚʘ ʜʝʢʘ 

ʩʪʘʪʠʩʪʠʯʢʠʪʝ ʧʦʜʘʪʦʮʠ ʧʦʢʘʞʫʚʘʘʪ ʦʩʦʙʝʥʦ ʧʦʟʠʪʠʚʥʠ ʙʨʦʿʢʠ ʟʘ ʮʝʣʦʩʥʘʪʘ ʩʦʩʪʦʿʙʘ ʚʦ 

ʤʝʺʫʥʘʨʦʜʥʠʦʪ ʪʫʨʠʟʘʤ. ɺʦ 2011 ʛʦʜʠʥʘ ʤʝʺʫʥʘʨʦʜʥʠʦʪ ʪʫʨʠʟʘʤ ʙʝʣʝʞʠ ʨʝʢʦʨʜʥʠ ʙʨʦʿʢʠ ʠ 

ʧʦʢʨʘʿ ʧʦʿʘʚʘʪʘ ʥʘ ʥʝʢʦʠ ʥʝʛʘʪʠʚʥʠ ʝʢʦʥʦʤʩʢʠ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢʦ ʠ ʧʦʣʠʪʠʯʢʠʪʝ ʧʨʦʤʝʥʠ ʥʘ 

ɹʣʠʩʢʠʦʪ ʠʩʪʦʢ  ʠ ɸʬʨʠʢʘ. ɹʨʦʿʦʪ ʥʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʥʠ ʪʫʨʠʩʪʠ ʜʦʩʪʠʛʥʘ ʨʝʢʦʨʜʥʦ ʥʠʚʦ ʦʜ 

982 ʤʠʣʠʦʥʠ ʧʦʩʝʪʠʪʝʣʠ, ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʧʦʨʘʩʪ ʟʘ 4,6 % ʚʦ ʦʜʥʦʩ ʥʘ 2010 ʛʦʜʠʥʘ, ʜʦʜʝʢʘ 

ʥʠʚʦʪʦ ʥʘ ʧʨʠʭʦʜʠ ʧʦʨʘʩʥʘ ʟʘ 3,8 % ʠ ʟʘ ʧʨʚ ʧʘʪ ʥʘʜʤʠʥʫʚʘ 1000 ʤʠʣʠʿʘʨʜʠ ʘʤʝʨʠʢʘʥʩʢʠ 

ʜʦʣʘʨʠ ʠ ʠʟʥʝʩʫʚʘ 1030 ʤʠʣʠʿʘʨʜʠ. ɺʦ 2012 ʛʦʜʠʥʘ ʪʫʨʠʟʤʦʪ ʫʩʧʝʚʘ ʢʦʥʝʯʥʦ ʜʘ ʩʨʫʰʠ ʫʰʪʝ 

ʝʜʥʘ ʙʨʦʿʢʘ ʢʦʿʘ ʝ ʧʦʩʪʘʚʝʥʘ ʢʘʢʦ ʮʝʣ ʫʰʪʝ ʚʦ 2006 ʛʦʜʠʥʘ ʘ ʪʦʘ ʝ ʚʢʫʧʥʠʦʪ ʙʨʦʿ ʥʘ ʪʫʨʠʩʪʠ 

ʢʦʥʝʯʥʦ ʜʘ ʜʦʩʪʠʛʥʝ ʝʜʥʘ ʤʠʣʠʿʘʨʜʘ ʣʫʺʝ. ʂʨʘʿʦʪ ʥʘ ʜʝʢʝʤʚʨʠ 2012 ʝ ʥʘʜʤʠʥʘʪʘ ʙʨʦʿʢʘʪʘ ʦʜ 

ʤʠʣʠʿʘʨʜʘ ʧʦʩʝʪʠʪʝʣʠ ʢʦʠ ʧʘʪʫʚʘʣʝ ʥʠʟ ʉʚʝʪʦʪ ʟʘ ʝʜʥʘ ʛʦʜʠʥʘ. ʉʚʝʪʩʢʘʪʘ ʪʫʨʠʩʪʠʯʢʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʚʦ ʠʟʤʠʥʘʪʠʪʝ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ ʠʟʛʦʪʚʠ ʩʪʫʜʠʿʘ ʟʘ ʧʦʩʘʢʫʚʘʥʠʪʝ ʮʝʣʠ ʥʘ ʪʫʨʠʟʤʦʪ 

ʜʦ 2030 ʛʦʜʠʥʘ. ɼʝʣ ʦʜ ʛʣʘʚʥʠʪʝ ʮʝʣʠ ʩʝ ʩʣʝʜʥʠʪʝ[2]: 

Á ʌʦʨʤʫʣʠʨʘˁʝ ʥʘ ʦʜʨʞʣʠʚ ʠ ʜʦʣʛʦʨʦʯʝʥ ʧʣʘʥ ʟʘ ʪʫʨʠʟʤʦʪ; 
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Á ɺʦ 2030 ʛʦʜʠʥʘ ʧʝʪ ʤʠʣʠʦʥʠ ʣʫʺʝ ʩʝʢʦʿʜʥʝʚʥʦ ʜʘ ʛʠ ʧʦʤʠʥʫʚʘʘʪ ʤʝʺʫʥʘʨʦʜʥʠʪʝ 

ʛʨʘʥʠʮʠ ʟʘ ʦʜʤʦʨ, ʙʠʟʥʠʩ ʠʣʠ ʜʨʫʛʠ ʧʦʪʨʝʙʠ; 

Á ʊʨʘʜʠʮʠʦʥʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʥʠ ʪʫʨʠʩʪʠ ʢʦʠ ʧʦʩʝʪʫʚʘʘʪ ʩʘʤʦ 

ʦʧʨʝʜʝʣʝʥʠ ʜʝʩʪʠʥʘʮʠʠ ˃ʝ ʙʠʜʝ ʜʘʣʝʢʫ ʨʝʜʫʮʠʨʘʥʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʘ ʥʘ ʛʣʦʙʘʣʥʦ ʥʠʚʦ; 

Á ɿʛʦʣʝʤʫʚʘˁʝ ʥʘ ʢʦʥʢʫʨʝʥʪʥʦʩʪʘ ʚʦ ʪʫʨʠʟʤʦʪ; 

Á ʇʨʦʤʦʚʠʨʘˁʝ ʥʘ ʦʜʨʞʣʠʚ ʪʫʨʠʟʘʤ; 

Á ɿʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʯʝʩʪʚʦʪʦ ʥʘ ʪʫʨʠʟʤʦʪ ʚʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʩʠʨʦʤʘʰʪʠʿʘʪʘ ʠ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʚʨʘʙʦʪʝʥʦʩʪʘ; 

Á ɺʦ 2015 ʛʦʜʠʥʘ ʟʝʤʿʠʪʝ ʚʦ ʨʘʟʚʦʿ ʟʘ ʧʨʚ ʧʘʪ ʩʝ ʦʯʝʢʫʚʘ ʜʘ ʧʨʠʤʘʪ ʧʦʛʦʣʝʤ ʙʨʦʿ ʥʘ 

ʪʫʨʠʩʪʠ ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʨʘʟʚʠʝʥʠʪʝ ʟʝʤʿʠ; 

Á ɼʦ 2030 ʛʦʜʠʥʘ ɸʟʠʿʘ ʠ ʇʘʮʠʬʠʢʦʪ ˃ʝ ʧʨʝʚʟʝʤʘʪ ʥʘʿʛʦʣʝʤ ʜʝʣ ʦʜ ʧʦʩʝʪʠʪʝʣʠʪʝ ʠ ˃ʝ 

ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʥʘʿʙʨʟʦ ʨʘʩʪʝʯʢʠ ʪʫʨʠʩʪʠʯʢʠ ʨʝʛʠʦʥʠ.  

2.2 ɽʢʦʥʦʤʩʢʠ ʧʨʠʜʦʙʠʚʢʠ ʦʜ ʪʫʨʠʟʤʦʪ 

ʊʫʨʠʟʤʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʥʘ ʝʢʦʥʦʤʩʢʠ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝ ʩʤʝʪʘ ʟʘ ʥʘʿʛʦʣʝʤʘ 

ʠʥʜʫʩʪʨʠʿʘ ʚʦ ʉʚʝʪʦʪ. ʀʥʪʝʨʥʘʮʠʦʥʘʣʥʠʦʪ ʪʫʨʠʟʘʤ ʚʦ 90 ʪʠʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʪʠʦʪ ʚʝʢ ʙʝʣʝʞʠ 

ʧʨʦʩʝʯʥʘ ʩʪʘʧʢʘ ʥʘ ʧʦʨʘʩʪ ʥʘ ʛʦʜʠʰʥʦ ʥʠʚʦ ʢʦʿʘ ʝ ʧʦʚʠʩʦʢʘ ʦʜ ʧʨʦʩʝʯʥʘʪʘ ʩʪʘʧʢʘ ʥʘ ʙʨʫʪʦ 

ʜʦʤʘʰʝʥ ʧʨʦʠʟʚʦʜ (ɹɼʇ). ʉʝʧʘʢ ʧʦʩʣʝʜʥʠʪʝ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ ʩʪʘʧʢʘʪʘ ʥʘ ʨʘʩʪ ʩʝ ʥʘʤʘʣʫʚʘ ʥʘ 

ʥʠʚʦ ʦʜ ʦʢʦʣʫ 3-4 % ʠ ʩʝ ʦʯʝʢʫʚʘ ʚʘʢʚʠʦʪ ʪʨʝʥʜ ʜʘ ʧʨʦʜʦʣʞʠ ʠ ʚʦ ʥʘʨʝʜʥʠʦʪ ʧʝʨʠʦʜ. 

ʊʫʨʠʟʤʦʪ ʠʤʘ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʝʢʦʥʦʤʩʢʠ ʧʨʠʜʦʙʠʚʢʠ ʟʘ ʩʘʤʠʪʝ ʜʨʞʘʚʠ. ɽʜʝʥ ʦʜ ʧʦʟʠʪʠʚʥʠʪʝ 

ʧʨʠʜʦʙʠʚʢʠ ʥʘ ʪʫʨʠʟʤʦʪ ʝ ʦʙʝʟʙʝʜʫʚʘˁʝʪʦ ʠ ʨʘʟʤʝʥʘ ʥʘ ʜʦʧʦʣʥʠʪʝʣʥʠ ʟʘʰʪʝʜʠ ʠ ʚʘʣʫʪʠ ʟʘ 

ʜʦʤʘʰʥʘʪʘ ʝʢʦʥʦʤʠʿʘ ʪ.ʝ. ʝʢʦʥʦʤʠʿʘʪʘ ʢʦʿʘ ʛʠ ʧʨʠʤʘ ʧʦʩʝʪʠʪʝʣʠʪʝ.  

 ʊʫʨʠʟʤʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʝʜʝʥ ʦʜ ʦʩʥʦʚʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʧʨʠʭʦʜʠ ʟʘ ʤʘʣʠʪʝ ʦʩʪʨʦʚʩʢʠ 

ʜʨʞʘʚʠ ʠ ʧʦʤʘʣʢʫ ʨʘʟʚʠʝʥʠʪʝ ʜʨʞʘʚʠ ʢʦʠ ʠʤʘʘʪ ʜʦʙʨʠ ʫʩʣʦʚʠ ʟʘ ʨʘʟʚʦʿ ʥʘ ʪʫʨʠʟʤʦʪ. ʊʦʿ ʠʩʪʦ 

ʪʘʢʘ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ  ʧʨʦʮʝʥʪʦʪ ʥʘ ʜʨʞʘʚʥʠʪʝ ʧʨʠʭʦʜʠ ʧʦ ʦʩʥʦʚ ʥʘ ʜʘʥʦʮʠ. 

ɼʦʧʦʣʥʠʪʝʣʥʦ ʨʘʟʚʦʿʦʪ ʥʘ ʪʫʨʠʟʤʦʪ ʝ ʧʦʚʨʟʘʥ ʩʦ ʨʘʟʚʦʿ ʥʘ ʩʦʦʜʚʝʪʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ 

ʢʨʫʧʥʠ ʠʥʚʝʩʪʠʮʠʠ ʚʦ ʦʙʿʝʢʪʠ, ʧʘʪʠʰʪʘ, ʘʝʨʦʜʨʦʤʠ, ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʚʦʜʘ, ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʠ 

ʠ ʜʨʫʛʠ ʿʘʚʥʠ ʦʙʿʝʢʪʠ. ɺʘʢʚʠʪʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʠʥʚʝʩʪʠʮʠʠ ʥʝ ʩʘʤʦ ʰʪʦ ʛʝʥʝʨʠʨʘʘʪ 

ʙʝʥʝʬʠʪʠ ʟʘ ʪʫʨʠʩʪʠʪʝ, ʥʘʧʨʦʪʠʚ ʪʠʝ ʛʠ ʧʦʜʦʙʨʫʚʘʘʪ ʩʘʤʠʪʝ ʞʠʚʦʪʥʠ ʫʩʣʦʚʠ ʟʘ ʣʦʢʘʣʥʦʪʦ 

ʥʘʩʝʣʝʥʠʝ ʠ ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʥʠʚʥʘʪʘ ʙʣʘʛʦʩʦʩʪʦʿʙʘ. ɿʛʦʣʝʤʝʥʠʦʪ ʨʘʩʪ ʥʘ 

ʩʦʮʠʿʘʣʥʠʦʪ ʢʘʧʠʪʘʣ ʠʩʪʦ ʪʘʢʘ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʘʪʨʘʢʪʠʚʥʦʩʪʘ ʥʘ ʩʘʤʘʪʘ 

ʣʦʢʘʮʠʿʘ ʠ ʧʨʠʚʣʝʢʫʚʘˁʝ ʥʘ ʛʦʣʝʤ ʜʝʣ ʦʜ ʠʥʜʫʩʪʨʠʠʪʝ ʢʦʠ ʧʨʝʜʭʦʜʥʦ ʥʝʤʘʣʝ ʤʦʪʠʚʘʮʠʿʘ ʟʘ 

ʠʥʚʝʩʪʠʨʘˁʝ ʘ ʩʦ ʩʘʤʦʪʦ ʪʦʘ ʩʝ ʩʪʠʤʫʣʠʨʘ ʠ ʝʢʦʥʦʤʩʢʠʦʪ ʨʘʟʚʦʿ. 

 ʉʝʢʪʦʨʦʪ ʥʘ ʪʫʨʠʟʘʤ ʝ ʦʩʦʙʝʥʦ ʟʥʘʯʘʝʥ ʠʟʚʦʨ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʚʨʘʙʦʪʝʥʦʩʪʘ ʚʦ 

ʜʨʞʘʚʘʪʘ ʠ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʥʝʚʨʘʙʦʪʝʥʦʩʪʘ ʥʘ ʜʝʣ ʦʜ ʥʠʩʢʦ 

ʢʚʘʣʠʬʠʢʫʚʘʥʘʪʘ ʨʘʙʦʪʥʘ ʩʠʣʘ, ʤʠʛʨʘʥʪʠʪʝ ʦʜ ʨʫʨʘʣʥʠʪʝ ʦʙʣʘʩʪʠ, ʣʫʺʝ ʢʦʠ ʧʨʝʬʝʨʠʨʘʘʪ ʜʘ 

ʨʘʙʦʪʘʪ ʩʦ ʩʢʨʘʪʝʥʦ ʨʘʙʦʪʥʦ ʚʨʝʤʝ ʠ ʞʝʥʠ. ʀʥʚʝʩʪʠʮʠʠʪʝ ʚʦ ʦʚʦʿ ʩʝʢʪʦʨ ʠʤʘʘʪ ʪʝʥʜʝʥʮʠʿʘ ʜʘ 

ʧʨʠʜʦʥʝʩʘʪ ʟʘ ʧʦʚʠʩʦʢʘ ʩʪʘʧʢʘ ʥʘ ʚʨʘʙʦʪʝʥʦʩʪ ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʠʩʪʘ ʠʥʚʝʩʪʠʮʠʿʘ ʚʦ ʜʨʫʛ ʩʝʢʪʦʨ. 

ʊʫʨʠʟʤʦʪ ʝ ʝʜʥʘ ʦʜ ʛʨʘʥʢʠʪʝ ʢʦʠ ʠʩʪʦ ʪʘʢʘ ʦʙʝʟʙʝʜʫʚʘʘʪ ʨʘʙʦʪʥʠ ʤʝʩʪʘ ʟʘ ʛʦʣʝʤ ʜʝʣ ʦʜ 

ʞʝʥʠʪʝ ʘ ʩʦ ʩʘʤʦʪʦ ʪʦʘ ʧʨʠʜʦʥʝʩʫʚʘ ʠ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʦʣʦʚʘʪʘ ʨʘʤʥʦʧʨʘʚʥʦʩʪ ʦʜ ʘʩʧʝʢʪ 

ʥʘ ʚʨʘʙʦʪʫʚʘˁʝʪʦ. 
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2.3 ʀʥʪʝʨʘʢʮʠʿʘʪʘ ʧʦʤʝʺʫ ʪʫʨʠʟʤʦʪ ʠ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ 

 ʇʦʢʨʘʿ ʪʦʘ ʰʪʦ ʪʫʨʠʟʤʦʪ ʦʙʝʟʙʝʜʫʚʘ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʝʢʦʥʦʤʩʢʠ ʧʨʠʜʦʙʠʚʢʠ ʟʘ ʛʦʣʝʤ 

ʙʨʦʿ ʥʘ ʜʨʞʘʚʠ ʠ ʨʝʛʠʦʥʠ, ʟʛʦʣʝʤʘʪʘ ʝʢʩʧʘʥʟʠʿʘ ʥʘ ʦʚʦʿ ʩʝʢʪʦʨ ʠʩʪʦ ʪʘʢʘ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɿʛʦʣʝʤʝʥʦʪʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʙʦʛʘʪʩʪʚʘ ʠ ʫʙʘʚʠʥʠʪʝ ʥʘ 

ʧʨʠʨʦʜʘʪʘ ʧʦʚʨʟʘʥʠ ʩʦ ʘʢʪʠʚʥʦʩʪʠʪʝ ʥʘ ʪʫʨʠʟʤʦʪ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʛʦʣʝʤ ʙʨʦʿ ʥʝʛʘʪʠʚʥʠ 

ʧʨʦʙʣʝʤʠ ʟʘ ʤʥʦʛʫ ʪʫʨʠʩʪʠʯʢʠ ʙʦʛʘʪʠ ʨʝʛʠʦʥʠ. ʌʘʢʪʦʪ ʰʪʦ ʛʦʣʝʤ ʜʝʣ ʦʜ ʪʫʨʠʩʪʠʪʝ ʧʨʠ 

ʧʨʠʩʪʠʛʥʫʚʘˁʝʪʦ ʥʘ ʩʚʦʿʘʪʘ ʜʝʩʪʠʥʘʮʠʿʘ ʟʘʜʨʞʫʚʘʘʪ ʜʝʣ ʦʜ ʩʚʦʠʪʝ ʥʘʚʠʢʠ ʟʘ ʧʦʪʨʦʰʫʚʘʯʢʘ, 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʨʝʩʫʨʩʠʪʝ ʠ ʬʨʣʘˁʝ ʥʘ ʦʪʧʘʜ, ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʩʝʨʠʦʟʥʠ ʟʘʢʘʥʠ ʟʘ ʟʝʤʿʠʪʝ 

ʚʦ ʨʘʟʚʦʿ ʢʦʠ ʥʝʤʘʘʪ ʠʤʧʣʝʤʝʥʪʠʨʘʥʦ ʩʦʦʜʚʝʪʥʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʞʠʚʦʪʥʘʪʘ 

ʩʨʝʜʠʥʘ ʠ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ. ɼʚʝʪʝ ʦʙʣʘʩʪʠ ʢʘʜʝ ʰʪʦ ʪʫʨʠʟʤʦʪ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʩʝ: ʟʛʦʣʝʤʝʥʠʦʪ ʧʨʠʪʠʩʦʢ ʚʨʟ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ ʠ ʦʰʪʝʪʫʚʘˁʝ ʥʘ 

ʧʨʠʨʦʜʥʠʦʪ ʝʢʦʩʠʩʪʝʤ.  ʅʝʢʦʥʪʨʦʣʠʨʘʥʘʪʘ ʝʢʩʧʘʥʟʠʿʘ ʥʘ ʪʫʨʠʟʤʦʪ ʠʤʘ ʛʦʣʝʤʘ ʚʝʨʦʿʘʪʥʦʩʪ ʜʘ 

ʜʦʚʝʜʝ ʜʦ ʜʝʛʨʘʜʘʮʠʿʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʰʪʦ ʦʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʘʢ ʧʨʝʪʩʪʘʚʫʚʘ ʩʝʨʠʦʟʥʘ 

ʟʘʢʘʥʘ ʟʘ ʪʫʨʠʩʪʠʯʢʠʪʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʘʪʨʘʢʪʠʚʥʦʩʪʘ ʥʘ ʣʦʢʘʮʠʿʘʪʘ[3]. 

2.3.1 ʅʝʛʘʪʠʚʥʠ ʝʬʝʢʪʠ ʦʜ ʟʛʦʣʝʤʝʥʠʦʪ ʧʨʠʪʠʩʦʢ ʚʨʟ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ 

  ɿʛʦʣʝʤʝʥʦʪʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ ʟʘ ʨʘʟʚʦʿ ʥʘ ʪʫʨʠʟʤʦʪ ʠʤʘ ʠ ʩʚʦʠ 

ʧʦʩʣʝʜʠʮʠ ʚʨʟ ʩʘʤʠʪʝ ʞʠʪʝʣʠ ʥʘ ʥʘʩʝʣʝʥʦʪʦ ʤʝʩʪʦ ʦʜ ʘʩʧʝʢʪ ʥʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʮʝʥʠʪʝ ʥʘ 

ʨʝʩʫʨʩʠʪʝ ʢʦʠ ʛʠ ʢʦʥʩʫʤʠʨʘʘʪ, ʢʘʢʦ ʰʪʦ ʩʝ ʝʥʝʨʛʝʪʠʢʘʪʘ, ʮʝʥʠʪʝ ʥʘ ʭʨʘʥʘʪʘ ʠ ʦʩʥʦʚʥʠʪʝ 

ʩʫʨʦʚʠʥʠ ʟʘ ʨʘʟʚʦʿ ʥʘ ʩʪʦʧʘʥʩʪʚʦʪʦ ʠ ʠʥʜʫʩʪʨʠʿʘʪʘ. ʅʝʚʥʠʤʘʪʝʣʥʦʪʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ 

ʟʝʤʿʠʰʪʝʪʦ ʙʝʟ ʧʨʝʜʭʦʜʥʦ ʩʦʦʜʚʝʪʝʥ ʠʟʛʦʪʚʝʥ ʧʣʘʥ ʧʦʨʘʜʠ ʛʦʣʝʤʘʪʘ ʝʢʩʧʘʥʟʠʿʘ ʥʘ ʪʫʨʠʟʤʦʪ 

ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʟʛʦʣʝʤʝʥʘ ʢʦʥʢʫʨʝʥʮʠʿʘ ʘ ʩʦ ʩʘʤʦʪʦ ʪʦʘ ʠ ʧʦʨʘʩʪ ʥʘ ʮʝʥʘʪʘ ʥʘ ʟʝʤʿʠʰʪʝʪʦ 

ʠ ʟʛʦʣʝʤʝʥ ʧʨʠʪʠʩʦʢ ʟʘ ʠʟʛʨʘʜʙʘ. 

 ʇʦʥʘʪʘʤʫ ʠʥʪʝʥʟʠʚʥʠʦʪ ʨʘʟʚʦʿ ʥʘ ʪʫʨʠʟʤʦʪ ʩʝ ʟʘʢʘʥʫʚʘ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʧʝʿʟʘʞʠ ʧʨʝʢʫ 

ʫʥʠʰʪʫʚʘˁʝ ʥʘ ʰʫʤʠʪʝ, ʛʫʙʝˁʝ ʥʘ ʤʦʯʫʨʠʰʪʘʪʘ ʠ ʝʨʦʟʠʿʘ ʥʘ ʧʦʯʚʘʪʘ. ʈʘʟʚʦʿʦʪ ʥʘ ʪʫʨʠʟʤʦʪ 

ʥʘ ʢʨʘʿʙʨʝʞʥʠʪʝ ʦʙʣʘʩʪʠ ʚʢʣʫʯʫʚʘ ʠʟʛʨʘʜʙʘ ʥʘ ʭʦʪʝʣʠ, ʘʝʨʦʜʨʦʤʠ ʘ ʩʝʪʦ ʪʦʘ ʧʨʝʜʠʟʚʠʢʫʚʘ 

ʧʨʦʤʝʥʘ ʥʘ ʩʘʤʠʦʪ ʠʟʛʣʝʜ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɼʦʩʪʘʧʥʦʩʪʘ ʜʦ ʚʦʜʘ ʟʘ ʧʠʝˁʝ ʟʘ 

ʩʝʢʦʿʜʥʝʚʥʠʪʝ ʧʦʪʨʝʙʠ ʥʘ ʣʫʺʝʪʦ ʥʦ ʠ ʟʘ ʫʧʦʪʨʝʙʘ ʚʦ ʨʘʟʚʦʿ ʥʘ ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ ʠ ʠʥʜʫʩʪʨʠʿʘʪʘ 

ʝ ʫʰʪʝ ʝʜʝʥ ʦʜ ʧʨʦʙʣʝʤʠʪʝ ʩʦ ʢʦʠ ʩʝ ʩʦʦʯʫʚʘʘʪ ʜʝʣ ʦʜ ʦʙʣʘʩʪʠʪʝ ʢʦʠ ʜʦʞʠʚʫʚʘʘʪ ʠʥʪʝʥʟʠʚʥʘ 

ʝʢʩʧʘʥʟʠʿʘ ʥʘ ʪʫʨʠʟʤʦʪ. ʊʫʨʠʟʤʦʪ ʢʘʢʦ ʩʝʢʪʦʨ ʢʦʿ ʠʤʘ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʙʠʜʝ ʦʩʦʙʝʥʦ ʠʥʪʝʥʟʠʚʝʥ 

ʚʦ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʚʦʜʘ ʯʝʩʪʦ ʧʨʠʜʦʥʝʩʫʚʘ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʧʦʪʨʝʙʘʪʘ ʦʜ ʜʦʧʦʣʥʠʪʝʣʥʘ 

ʚʦʜʘ ʟʘ ʧʠʝˁʝ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʟʛʦʣʝʤʝʥʠʦʪ ʙʨʦʿ ʥʘ ʭʦʪʝʣʠ ʠ ʪʫʨʠʩʪʠ ʘ ʩʦ ʩʘʤʦʪʦ ʪʦʘ ʛʦ 

ʟʛʦʣʝʤʫʚʘ ʧʨʠʪʠʩʦʢʦʪ ʚʨʟ ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ.   

 ʈʘʟʚʦʿʦʪ ʥʘ ʢʨʘʿʙʨʝʞʥʠ ʪʫʨʠʩʪʠʯʢʠ ʘʢʪʠʚʥʦʩʪʠ ʢʘʢʦ ʰʪʦ ʩʝ ʥʫʨʢʘˁʝʪʦ, ʩʧʦʨʪʩʢʠʦʪ 

ʨʠʙʦʣʦʚ ʠʩʪʦ ʪʘʢʘ ʧʨʝʩʪʘʚʫʚʘʘʪ ʟʘʢʘʥʘ ʟʘ ʨʠʙʘʨʩʪʚʦʪʦ ʠ ʞʠʚʦʪʠʥʩʢʠʦʪ ʩʚʝʪ. ʄʘʣʠʪʝ 

ʦʩʪʨʦʚʩʢʠ ʜʨʞʘʚʠ ʢʘʢʦ ʂʘʨʠʙʠʪʝ ʠ ɹʘʭʘʤʠʪʝ ʚʦ ʧʦʩʣʝʜʥʦ ʚʨʝʤʝ ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʩʦ ʝʜʝʥ ʛʦʣʝʤ 

ʧʨʦʙʣʝʤ ʩʦʟʜʘʜʝʥ ʦʜ ʩʘʤʠʪʝ ʩʠʜʨʘ ʥʘ ʛʦʣʝʤʠʪʝ ʙʨʦʜʦʚʠ ʢʦʠ ʚʣʝʯʝʿʢʠ ʩʝ ʧʦ ʜʥʦʪʦ 

ʜʦʧʦʣʥʠʪʝʣʥʦ ʛʠ ʫʥʠʰʪʫʚʘʘʪ ʢʦʨʘʣʠʪʝ ʠ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ. 

2.3.2 ʋʥʠʰʪʫʚʘˁʝ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ 

 ʇʦʢʨʘʿ ʟʛʦʣʝʤʝʥʦʪʦ ʢʦʥʟʫʤʠʨʘˁʝ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ, ʪʫʨʠʟʤʦʪ ʛʝʥʝʨʠʨʘ ʠ 

ʟʛʦʣʝʤʝʥʦ ʟʘʛʘʜʫʚʘˁʝ ʠ ʦʪʧʘʜ. ʀʩʧʫʰʪʘˁʝʪʦ ʥʘ ʟʘʛʘʜʝʥʠ ʚʦʜʠ ʠ ʦʪʧʘʜ ʜʦʧʦʣʥʠʪʝʣʥʦ 

ʧʨʠʜʦʥʝʩʫʚʘ ʪʫʨʠʟʤʦʪ  ʜʘ ʧʨʝʪʩʪʘʚʫʚʘ ʩʝʨʠʦʟʝʥ ʧʨʦʙʣʝʤ ʟʘ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʚʠʩʦʢʦ ʨʘʟʚʠʝʥʠ 

ʜʨʞʘʚʠ.  ɻʦʣʝʤ ʜʝʣ ʦʜ ʭʦʪʝʣʠʪʝ ʧʨʝʩʪʘʚʫʚʘʘʪ ʛʦʣʝʤʠ ʧʦʪʨʦʰʫʚʘʯʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ 
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ʛʦʨʠʚʦ ʢʦʠ ʛʠ ʠʩʢʦʨʠʩʪʫʚʘʘʪ ʟʘ ʢʣʠʤʘ ʫʨʝʜʠ, ʟʘʪʦʧʣʫʚʘˁʝ, ʛʦʪʚʝˁʝ, ʧʨʝʚʦʟ ʘ ʩʦ ʪʦʘ 

ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ ʟʛʦʣʝʤʝʥʦ ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʚʦʟʜʫʭʦʪ. ɿʛʦʣʝʤʝʥʦʪʦ ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʚʦʟʜʫʭʦʪ 

ʚʦ ʤʥʦʛʫ ʩʣʫʯʘʠ ʤʦʞʝ ʜʘ ʧʨʠʜʦʥʝʩʝ ʟʘ ʦʙʝʩʭʨʘʙʨʫʚʘˁʝ ʥʘ ʪʫʨʠʩʪʠʪʝ ʜʘ ʛʠ ʧʦʩʝʪʫʚʘʘʪ 

ʘʪʨʘʢʪʠʚʥʠʪʝ ʪʫʨʠʩʪʠʯʢʠ ʤʝʩʪʘ ʢʦʠ ʠʤʘʘʪ ʚʠʩʦʢʘ ʩʪʘʧʢʘ ʥʘ ʟʘʛʘʜʝʥʦʩʪ. 

 ɺʦ ʤʥʦʛʫ ʤʘʣʠ ʧʣʘʥʠʥʩʢʠ ʨʝʛʠʦʥʠ ʠ ʦʩʪʨʦʚʠ ʧʦʩʪʦʠ ʦʩʦʙʝʥʘ ʟʘʛʨʠʞʝʥʦʩʪ ʜʝʢʘ 

ʥʝʛʘʪʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʥʘ ʪʫʨʠʟʤʦʪ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʤʦʞʝ ʜʘ ʧʨʠʜʦʥʝʩʝ ʟʘ ʫʥʠʰʪʫʚʘˁʝ 

ʥʘ ʩʘʤʠʦʪ ʩʝʢʪʦʨ. ɻʦʣʝʤ ʙʨʦʿ ʥʘ ʧʦʧʫʣʘʨʥʠ ʪʫʨʠʩʪʠʯʢʠ ʜʝʩʪʠʥʘʮʠʠ, ʜʝʥʝʩ ʩʝ ʩʚʝʜʦʮʠ ʥʘ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʪʫʨʠʩʪʠʯʢʠʪʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʜ ʩʝ ʧʦʨʘʜʠ ʙʨʟʠʦʪ ʨʘʩʪ ʠ ʨʘʟʚʦʿ ʥʘ ʩʘʤʠʦʪ 

ʩʝʢʪʦʨ ʠ ʢʨʘʪʢʦʨʦʯʥʘʪʘ ʥʝʦʜʨʞʣʠʚʘ ʩʪʨʘʪʝʛʠʿʘ. ʆʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʩʚʝʪʫʚʘ ʥʘ 

ʪʨʦʰʦʮʠʪʝ ʢʦʠ ʛʠ ʧʨʝʜʠʟʚʠʢʫʚʘ ʪʫʨʠʟʤʦʪ ʥʘ ʩʤʝʪʢʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɼʦʢʦʣʢʫ 

ʪʨʦʰʦʮʠʪʝ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʟʘʙʨʟʘʥʠʦʪ ʨʘʟʚʦʿ ʥʘ ʪʫʨʠʟʤʦʪ ʥʘ ʜʦʣʛ ʨʦʢ ʿʘ ʥʘʜʤʠʥʘʪ 

ʚʨʝʜʥʦʩʪʘ ʥʘ ʧʨʠʭʦʜʠʪʝ ʥʘ ʜʨʞʘʚʘʪʘ ʠ ʩʝ ʩʣʫʯʫʚʘ ʜʚʦʿʥʘ ʟʘʛʫʙʘ. ʇʨʚʦ ʜʨʞʘʚʘʪʘ ʠʤʘ ʟʘʛʫʙʠ 

ʩʦ ʩʘʤʘʪʘ ʧʨʦʤʝʥʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʟʛʦʣʝʤʝʥʦʪʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʧʨʠʨʦʜʥʠʪʝ 

ʨʝʩʫʨʩʠ, ʘ ʚʪʦʨʦ ʜʨʞʘʚʘʪʘ ʠʤʘ ʟʘʛʫʙʘ ʙʠʜʝʿ˃ʠ ʥʘ ʜʦʣʛ ʨʦʢ ʪʨʦʰʦʮʠʪʝ ʛʠ ʥʘʜʤʠʥʫʚʘʘʪ 

ʧʨʠʭʦʜʠʪʝ ʘ ʪʫʨʠʟʤʦʪ ʜʦʞʠʚʫʚʘ ʢʦʣʘʧʩ ʠ ʝʢʦʥʦʤʩʢʠʪʝ ʟʘʛʫʙʠ ʩʝ ʦʛʨʦʤʥʠ.  

 ɼʨʫʛ ʬʘʢʪʦʨ ʢʦʿ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ ʪʫʨʠʟʤʦʪ ʩʝ ʥʘʜʚʦʨʝʰʥʠʪʝ ʰʦʢʦʚʠ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ 

ʧʨʦʤʝʥʠʪʝ ʚʦ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɻʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʫʚʘˁʝ ʠ  ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʥʠʚʦʪʦ ʥʘ 

ʤʦʨʝʪʦ  ʧʨʝʩʪʘʚʫʚʘʘʪ ʧʦʪʝʥʮʠʿʘʣʥʘ ʟʘʢʘʥʘ ʟʘ ʨʘʟʚʦʿ ʥʘ ʩʘʤʠʦʪ ʪʫʨʠʟʘʤ. ʇʦʨʘʩʪʦʪ ʥʘ ʥʠʚʦʪʦ 

ʥʘ ʤʦʨʝʪʦ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʩʝʨʠʦʟʥʠ ʟʘʛʫʙʠ ʥʘ ʦʙʣʘʩʪʠʪʝ ʚʦ ʢʦʠ ʪʫʨʠʟʤʦʪ ʩʝ ʙʘʟʠʨʘ ʥʘ 

ʢʨʘʿʙʨʝʞʥʠ ʦʙʣʘʩʪʠ ʠ ʤʘʣʠ ʦʩʪʨʦʚʠ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʫʚʘˁʝ ʧʨʠʜʦʥʝʩʫʚʘ 

ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʣʘʥʠʥʩʢʠʦʪ ʪʫʨʠʟʘʤ ʙʠʜʝʿ˃ʠ ʟʘʙʨʟʘʥʦʪʦ ʪʦʧʝˁʝ ʥʘ ʩʥʝʛʦʪ ʛʦ ʥʘʤʘʣʫʚʘ 

ʚʨʝʤʝʪʨʘʝˁʝʪʦ ʥʘ ʟʠʤʩʢʘʪʘ ʩʝʟʦʥʘ[4]. 

2.4 ʆʜʨʞʣʠʚ ʨʘʟʚʦʿ ʚʦ ʪʫʨʠʟʤʦʪ 

 ʂʦʥʮʝʧʪʦʪ ʟʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʟʘ ʧʨʚ ʧʘʪ ʝ ʩʧʦʤʥʘʪ ʚʦ 1980 ʛʦʜʠʥʘ ʚʦ Ăʉʚʝʪʩʢʘʪʘ 

ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʟʘʰʪʠʪʘñ ʠʟʜʘʜʝʥʘ ʦʜ ʤʝʺʫʥʘʨʦʜʥʘʪʘ ʫʥʠʿʘ ʟʘ ʟʘʰʪʠʪʘ ʥʘ ʧʨʠʨʦʜʘʪʘ. ʐʪʦ 

ʧʨʝʩʪʘʚʫʚʘ ʦʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ? ʆʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ ʝ ʢʦʥʮʝʧʪ ʢʦʿ ʛʠ ʟʘʜʦʚʦʣʫʚʘ ʧʦʪʨʝʙʠʪʝ ʥʘ 

ʩʝʛʘʰʥʠʪʝ ʛʝʥʝʨʘʮʠʠ ʙʝʟ ʜʘ ʿʘ ʟʘʛʨʦʟʠ ʤʦʞʥʦʩʪʘ ʥʘ ʠʜʥʠʪʝ ʛʝʥʝʨʘʮʠʠ ʟʘ ʟʘʜʦʚʦʣʫʚʘˁʝ ʥʘ 

ʥʠʚʥʠʪʝ ʧʦʪʨʝʙʠ. ʆʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ ʧʦʜʨʘʟʙʠʨʘ ʢʨʝʠʨʘˁʝ ʥʘ ʧʦʣʠʪʠʢʠ ʢʦʠ ˃ʝ ʧʨʠʜʦʥʝʩʘʪ ʟʘ 

ʟʘʰʪʠʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʯʦʚʝʢʦʪ, ʦʩʪʚʘʨʫʚʘˁʝ ʥʘ 

ʝʢʦʥʦʤʩʢʠ ʨʘʟʚʦʿ ʧʨʝʢʫ ʨʘʮʠʦʥʘʣʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ[5]. ʂʘʢʦ 

ʧʦʩʣʝʜʠʮʘ ʥʘ ʩʝ ʧʦʛʦʣʝʤʦʪʦ ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʦʜ ʘʢʪʠʚʥʦʩʪʠʪʝ ʥʘ ʪʫʨʠʟʤʦʪ, 

ʩʝ ʧʦʚʝ˃ʝ ʩʝ ʥʘʛʣʘʩʫʚʘ ʧʦʪʨʝʙʘʪʘ ʦʜ ʧʨʦʤʦʚʠʨʘˁʝ ʥʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʥʘ ʪʫʨʠʟʤʦʪ ʩʦ ʮʝʣ ʜʘ 

ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʥʝʛʘʪʠʚʥʠʦʪ ʠʤʧʘʢʪ ʢʦʿ ʙʠ ʛʦ ʠʤʘʣ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ʅʘʿʥʦʚʠʪʝ 

ʠʩʪʨʘʞʫʚʘˁʘ ʚʦ ʉʚʝʪʩʢʠ ʨʘʤʢʠ ʧʦʢʘʞʘʣʝ ʜʝʢʘ ʠʥʚʝʩʪʠʮʠʠʪʝ ʚʦ ʦʜʨʞʣʠʚ ʠʣʠ Ăʟʝʣʝʥñ ʪʫʨʠʟʘʤ 

ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ ʩʪʠʤʫʣʠʨʘˁʝ ʥʘ ʥʦʚʠ ʨʘʙʦʪʥʠ ʤʝʩʪʘ, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʩʠʨʦʤʘʰʪʠʿʘʪʘ, 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʪʨʦʰʦʮʠʪʝ ʟʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʚʦʜʘ ʠ ʦʪʧʘʜ ʠ ʧʦʟʠʪʠʚʥʠ ʧʨʝʣʝʚʘˁʘ ʥʘ 

ʝʬʝʢʪʠʪʝ ʚʦ ʝʢʦʥʦʤʩʢʠʦʪ ʨʘʟʚʦʿ. ʄʠʥʠʤʘʣʥʠʪʝ ʘʩʧʝʢʪʠ ʢʦʥ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ ʩʪʨʝʤʘʪ ʩʠʪʝ 

ʙʠʟʥʠʩʠ ʢʦʠ ʩʝ ʟʘʥʠʤʘʚʘʘʪ ʩʦ ʪʫʨʠʟʘʤ ʚʦ ʥʘʩʦʢʘ ʥʘ ʦʜʨʞʣʠʚʦʩʪ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ[6]: 

Á ɽʬʝʢʪʠʚʥʦ ʦʜʨʞʣʠʚʦ ʧʣʘʥʠʨʘˁʝ 

Á ʄʘʢʩʠʤʠʟʠʨʘˁʝ ʥʘ ʧʦʟʠʪʠʚʥʠʪʝ ʝʬʝʢʪʠ ʟʘ ʣʦʢʘʣʥʦʪʦ ʥʘʩʝʣʝʥʠʝ 

Á ɿʘʰʪʠʪʘ ʥʘ ʢʫʣʪʫʨʥʦʪʦ ʥʘʩʣʝʜʩʪʚʦ 

Á ʅʘʤʘʣʫʚʘˁʝ ʥʘ ʥʝʛʘʪʠʚʥʠʦʪ ʠʤʧʘʢʪ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. 
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3. ɿʘʢʣʫʯʦʢ 

 ʅʘ ʧʦʯʝʪʦʢʦʪ ʥʘ ʦʚʦʿ ʪʨʫʜ ʩʫʤʠʨʘʚʤʝ ʜʝʢʘ ʩʝ ʦʯʝʢʫʚʘ ʪʫʨʠʟʤʦʪ ʜʘ ʜʦʞʠʚʝʝ ʟʘʙʨʟʘʥ 

ʨʘʩʪ ʚʦ ʥʘʨʝʜʥʠʦʪ ʧʝʨʠʦʜ. ɿʛʦʣʝʤʝʥʠʦʪ ʨʘʩʪ ʥʘ ʪʫʨʠʟʤʦʪ ˃ʝ ʧʨʠʜʦʥʝʩʝ ʟʘ ʧʦʛʦʣʝʤʦ ʫʞʠʚʘˁʝ 

ʥʘ ʪʫʨʠʩʪʠʪʝ, ʧʦʚʝ˃ʝʢʨʘʪʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʢʦʥʦʤʩʢʠʪʝ ʧʨʠʜʦʙʠʚʢʠ ʢʘʢʦ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʞʠʚʦʪʥʠʪʝ ʩʪʘʥʜʘʨʜʠ ʟʘ ʜʦʤʘʰʥʠʪʝ ʜʨʞʘʚʠ. ɺʦ ʠʩʪʦ ʚʨʝʤʝ, ʜʦʢʦʣʢʫ ʥʝ ʩʝ ʧʨʝʚʟʝʤʘʘʪ 

ʩʦʦʜʚʝʪʥʠ ʤʝʨʢʠ, ʥʝʢʦʥʪʨʦʣʠʨʘʥʠʦʪ ʨʘʩʪ ʥʘ ʪʫʨʠʟʤʦʪ ˃ʝ ʧʨʠʜʦʥʝʩʝ ʟʘ ʥʝʛʘʪʠʚʥʠ ʠʤʧʣʠʢʘʮʠʠ 

ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʩʦʮʠʦ-ʝʢʦʥʦʤʩʢʠʦʪ ʞʠʚʦʪ ʥʘ ʩʘʤʠʪʝ ʜʨʞʘʚʠ.  

 ʉʪʨʘʪʝʛʠʠʪʝ ʢʦʠ ʜʝʥʝʩ ʛʠ ʢʨʝʠʨʘʘʪ ʚʠʩʦʢʦ ʨʘʟʚʠʝʥʠʪʝ ʜʨʞʘʚʠ ʚʦ ʩʝʙʝ ʩʦʜʨʞʘʪ ʝʜʥʘ 

ʥʦʚʘ ʢʦʤʧʦʥʝʥʪʘ ʢʦʿʘ ʩʝ ʥʘʨʝʢʫʚʘ Ăʦʜʨʞʣʠʚʦʩʪñ ʠ ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʠ ʩʠʛʫʨʥʦʩʪ ʜʝʢʘ 

ʝʢʦʥʦʤʩʢʠʪʝ ʧʨʠʜʦʙʠʚʢʠ ʦʜ ʪʫʨʠʟʤʦʪ ˃ʝ ʙʠʜʘʪ ʜʘʣʝʢʫ ʧʦʚʠʩʦʢʠ ʦʜ ʟʘʛʫʙʠʪʝ ʘ ʠʩʪʦʚʨʝʤʝʥʦ ˃ʝ 

ʩʝ ʥʘʤʘʣʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʯʦʚʝʯʢʠʦʪ ʬʘʢʪʦʨ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ʆʜʨʞʣʠʚʦʩʪʘ ʢʘʢʦ 

ʢʦʥʮʝʧʪ ʪʨʝʙʘ ʜʘ ʧʨʝʩʪʘʚʫʚʘ ʢʣʫʯʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʩʪʨʘʪʝʛʠʠʪʝ ʟʘ ʨʘʟʚʦʿ ʥʘ ʪʫʨʠʟʤʦʪ ʥʘ ʩʠʪʝ 

ʜʨʞʘʚʠ.  

 ɼʨʫʛʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʠ ʩʝ ʧʦʩʚʝʪʠ ʦʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʚʦ ʢʨʝʠʨʘˁʝʪʦ ʥʘ 

ʩʪʨʘʪʝʛʠʠ ʟʘ ʨʘʟʚʦʿ ʥʘ ʪʫʨʠʟʤʦʪ ʝ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʩʠʨʦʤʘʰʪʠʿʘʪʘ ʧʨʝʢʫ ʢʨʝʠʨʘˁʝ ʥʘ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ ˃ʝ ʧʨʠʜʦʥʝʩʘʪ ʟʘ ʧʘʨʪʠʮʠʧʘʮʠʿʘ ʥʘ ʥʝʚʨʘʙʦʪʝʥʠʪʝ ʣʠʮʘ, ʧʦʛʦʣʝʤʘ ʪʝʭʥʠʯʢʘ ʠ 

ʬʠʥʘʥʩʠʩʢʘ ʧʦʤʦʰ ʢʘʢʦ ʠ ʠʟʛʨʘʜʙʘ ʥʘ ʯʦʚʝʯʢʠ ʢʘʧʘʮʠʪʝʪʠ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʠ ʢʘʧʘʮʠʪʝʪʠ. 

 ʉʝʧʘʢ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʥʝ ʤʫ ʧʨʠʧʘʺʘ ʥʘ ʯʦʚʝʢʦʪ, ʥʘʧʨʦʪʠʚ ʯʦʚʝʢʦʪ ʝ ʜʝʣ ʦʜ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʘ ʧʨʠʪʦʘ ʩʠʪʝ ʥʝʛʘʪʠʚʥʠ ʧʦʩʣʝʜʠʮʠ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ˃ʝ ʩʝ ʦʜʨʘʟʘʪ 

ʠ ʚʨʟ ʞʠʚʦʪʦʪ ʥʘ ʠʥʜʠʚʠʜʫʘʪʘ. ɺʦʩʧʦʩʪʘʚʫʚʘˁʝʪʦ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʤʝʺʫ ʪʫʨʠʟʤʦʪ ʠ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠʛʨʘ ʢʨʫʮʠʿʘʣʥʘ ʫʣʦʛʘ ʚʦ ʦʜʨʞʣʠʚʦʩʪʘ ʥʘ ʩʘʤʠʦʪ ʩʝʢʪʦʨ.  
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ɹʨʘʥʢʘ ɺʘʩʠ˃ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ 

branka.vasikj@gmail.com 

 

ɸʧʩʪʨʘʢʪ 

ʇʦʣʠʪʠʢʘʪʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʦʩʪʚʘʨʫʚʘ ʧʨʝʢʫ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʝʨʢʠ ʟʘ 

ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʥʝʿʟʠʥʦ ʝʬʠʢʘʩʥʦ ʢʦʨʠʩʪʝˁʝ, ʜʦʥʝʩʫʚʘˁʝ ʥʘ ʧʨʦʛʨʘʤʠ ʠ ʧʣʘʥʦʚʠ ʟʘ 

ʫʥʘʧʨʝʜʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʥʠʚʥʦ ʩʧʨʦʚʝʜʫʚʘˁʝ. ʉʦ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʦʩʪʚʘʨʫʚʘʘʪ ʮʝʣʠʪʝ ʟʘ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ, ʩʝ ʥʘʤʘʣʫʚʘ ʥʘ 

ʥʝʛʘʪʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʢʘʢʦ ʧʦʩʣʝʜʠʮʘ ʥʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʠ ʠʟʚʨʰʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʜʝʿʥʦʩʪʠ ʠ ʩʝ ʥʘʤʘʣʫʚʘ ʝʤʠʩʠʿʘʪʘ ʥʘ 

ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ.  

ʀʤʘʿ˃ʠ ʿʘ ʧʨʝʜʚʠʜ ʧʨʘʚʥʘʪʘ ʨʘʤʢʘ ʟʘ ʧʦʪʪʠʢʥʫʚʘˁʝ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʠ ʢʦʥʪʨʦʣʘ ʥʘ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʚʦ ʦʚʦʿ ʪʨʫʜ ʝ ʜʘʜʝʥ ʢʨʘʪʦʢ ʦʩʚʨʪ ʥʘ 

ʤʝʭʘʥʠʟʤʠʪʝ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʨʝʟʠʜʝʥʮʠʿʘʣʥʠʦʪ ʩʝʢʪʦʨ, 

ʠʥʜʫʩʪʨʠʿʘʪʘ ʠ ʪʨʘʥʩʧʦʨʪʦʪ.  

ɿʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʩʪʘʥʙʝʥʠʪʝ ʠ ʿʘʚʥʠʪʝ ʦʙʿʝʢʪʠ ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʩʪʘʧʢʘʪʘ ʥʘ ʨʝʥʦʚʠʨʘˁʝ, ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʦʝʬʠʢʘʩʥʠ ʫʨʝʜʠ ʢʦʠ 

ʚʦ ʟʛʨʘʜʠʪʝ, ʢʘʢʦ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ɿʛʦʣʝʤʫʚʘˁʝʪʦ 

ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ, ʧʘʢ, ʩʝ ʦʩʪʚʘʨʫʚʘ ʧʨʝʢʫ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʥʘʬʪʘ ʠ ʿʘʛʣʝʥ ʠ ʥʠʚʥʘ ʟʘʤʝʥʘ ʩʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ ʧʨʠʨʦʜʝʥ ʛʘʩ, ʢʘʢʦ ʠ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʯʝʣʠʢ ʠ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʭʝʤʠʢʘʣʠʠ, ʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʮʝʣʫʣʦʟʘ ʠ ʭʘʨʪʠʿʘ. ɿʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʪʨʘʥʩʧʦʨʪʦʪ ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʤʝʨʢʠ ʟʘ ʦʛʨʘʥʠʯʫʚʘˁʝ ʥʘ ʠʩʧʫʰʪʘˁʝʪʦ ʥʘ ʉʆ2 ʚʦ ʚʦʟʜʫʭʦʪ ʠ 

ʟʘʤʝʥʘ ʥʘ ʩʪʘʨʠʪʝ ʩʦ ʥʦʚʠ ʧʦʝʬʠʢʘʩʥʠ ʚʦʟʠʣʘ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʿʘʚʥʠ ʟʛʨʘʜʠ, ʪʨʘʥʩʧʦʨʪ, ʠʥʜʫʩʪʨʠʿʘ, ʤʝʭʘʥʠʟʤʠ ʟʘ ʧʦʜʜʨʰʢʘ. 

 

1. ɺʦʚʝʜ 

ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʝ ʥʘʯʠʥ ʥʘ ʫʧʨʘʚʫʚʘˁʝ ʠ ʦʛʨʘʥʠʯʫʚʘˁʝ ʥʘ ʧʦʨʘʩʪʦʪ ʥʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ. ʅʝʰʪʦ ʠʤʘ ʧʦʛʦʣʝʤʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʜʦʢʦʣʢʫ 

ʦʙʝʟʙʝʜʫʚʘ ʧʦʚʝ˃ʝ ʫʩʣʫʛʠ ʟʘ ʠʩʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʠʩʢʦʨʠʩʪʝʥʘ ʝʥʝʨʛʠʿʘ ʠʣʠ ʠʩʪʠ ʫʩʣʫʛʠ ʟʘ 

ʧʦʤʘʣʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʠʩʢʦʨʠʩʪʝʥʘ ʝʥʝʨʛʠʿʘ [1].  
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ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʫʜʠ ʤʦ˃ʝʥ ʠ ʝʬʝʢʪʠʚʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ 

ʦʜʨʞʣʠʚʘ ʝʥʝʨʛʝʪʩʢʘ ʠʜʥʠʥʘ. ʇʦʜʦʙʨʫʚʘˁʘʪʘ ʚʦ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʤʦʞʝ ʜʘ 

ʧʨʠʜʦʥʝʩʘʪ ʚʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʠʥʚʝʩʪʠʮʠʠ ʚʦ ʝʥʝʨʛʝʪʩʢʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʩʤʝʪʢʠʪʝ ʟʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʟʜʨʘʚʿʝʪʦ, ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʢʦʥʢʫʨʝʥʪʥʦʩʪʘ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʙʣʘʛʦʩʦʩʪʦʿʙʘʪʘ ʥʘ ʧʦʪʨʦʰʫʚʘʯʠʪʝ. ʇʨʠʜʦʙʠʚʢʠʪʝ ʟʘ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʦʩʪʠʛʥʘʪʠ ʩʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ 

ʛʘʩʦʚʠ ʠ ʥʘ ʣʦʢʘʣʥʠʪʝ ʟʘʛʘʜʫʚʘˁʘ ʥʘ ʚʦʟʜʫʭʦʪ. ɽʥʝʨʛʝʪʩʢʘʪʘ ʙʝʟʙʝʜʥʦʩʪ - ʥʝʧʨʝʢʠʥʘʪʘ 

ʜʦʩʪʘʧʥʦʩʪ ʥʘ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʧʦ ʧʨʠʩʪʘʧʥʘ ʮʝʥʘ - ʠʩʪʦ ʪʘʢʘ ʤʦʞʝ ʜʘ ʩʝ ʫʥʘʧʨʝʜʠ ʦʜ 

ʧʦʜʦʙʨʝʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʩʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʚʠʩʥʦʩʪʘ ʦʜ ʫʚʦʟ ʥʘ ʬʦʩʠʣʥʠ ʛʦʨʠʚʘ 

[1]. 

2. ʄʝʭʘʥʠʟʤʠ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʈʝʧʫʙʣʠʢʘ 

ʄʘʢʝʜʦʥʠʿʘ 

ʉʦ ʮʝʣ ʧʦʫʩʧʝʰʥʦ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʧʦʣʠʪʠʢʘʪʘ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ 

ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʧʦʜʛʦʪʚʝʥʘ ʝ ʩʪʨʘʪʝʛʠʿʘ ʢʦʿʘ ʦʧʬʘ˃ʘ ʧʦʚʝ˃ʝ ʤʝʨʢʠ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʢʘʢʦ ʰʪʦ ʩʝ ʬʦʨʤʠʨʘˁʝ ʥʘ ɸʛʝʥʮʠʿʘ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ 

(ɸɽɽ), ʌʦʥʜ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʝʥʝʨʛʝʪʩʢʠ ʢʦʜʝʢʩʠ ʟʘ ʥʦʚʦʠʟʛʨʘʜʝʥʠʪʝ ʦʙʿʝʢʪʠ, 

ʝʥʝʨʛʝʪʩʢʠ ʩʪʘʥʜʘʨʜʠ ʠ ʦʟʥʘʯʫʚʘˁʝ, ʜʦʙʠʚʘˁʝ ʩʝʨʪʠʬʠʢʘʪ ʦʜ ʨʝʚʠʟʦʨ ʟʘ ʝʥʝʨʛʝʪʠʢʘ. ʉʠʪʝ 

ʦʚʠʝ ʤʝʨʢʠ ˃ʝ ʙʠʜʘʪ ʧʨʠʤʝʥʝʪʠ ʚʦ ʩʣʝʜʥʠʚʝ ʦʙʣʘʩʪʠ: ʨʝʟʠʜʝʥʮʠʿʘʣʝʥ ʩʝʢʪʦʨ, ʠʥʜʫʩʪʨʠʿʘ ʠ 

ʪʨʘʥʩʧʦʨʪ [2]. ʂʘʢʦ ʤʝʨʢʘ ʟʘ ʦʩʪʚʘʨʝʥʠʦʪ ʥʘʧʨʝʜʦʢ ʚʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʦʨʠʩʪʘʪ ʧʦʢʘʟʘʪʝʣʠ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʢʦʠ ʩʝ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʩʝʢʦʿ ʦʜ 

ʩʝʢʪʦʨʠʪʝ. 

2.1 ʈʝʟʠʜʝʥʮʠʿʘʣʝʥ ʩʝʢʪʦʨ  

ʉʧʦʨʝʜ ʧʦʜʘʪʦʮʠʪʝ ʟʘ 2006 ʛʦʜʠʥʘ, ʚʪʦʨʘ ʥʘʿʛʦʣʝʤʘ ʛʨʫʧʘ ʧʦʪʨʦʰʫʚʘʯʠ ʥʘ ʬʠʥʘʣʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ. ʊʠʝ ʠʤʘʘʪ ʧʦʛʦʣʝʤʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʦʜʥʦʩ ʥʘ ʜʨʫʛʠʪʝ ʩʝʢʪʦʨʠ, ʧʦʚʝ˃ʝ ʜʫʨʠ ʠ ʦʜ ʠʥʜʫʩʪʨʠʿʘʪʘ [2]. ɻʣʘʚʥʠ ʬʦʨʤʠ ʥʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ ʩʝ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ (ʢʦʿʘ ʚʦ 

ʛʦʣʝʤ ʧʨʦʮʝʥʪ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʛʨʝʝˁʝ) ï 52,6% ʠ ʙʠʦʤʘʩʘ (ʦʛʨʝʚʥʦ ʜʨʚʦ) ï 33,3%. ʊʝʯʥʠʪʝ 

ʛʦʨʠʚʘ ʠ ʪʦʧʣʠʥʩʢʘʪʘ ʝʥʝʨʛʠʿʘ ʩʝ ʩʦ ʧʦʤʘʣ ʠ ʩʣʠʯʝʥ ʫʜʝʣ (6,7 - 6,9%). ɺʦ ʨʝʟʠʜʝʥʮʠʿʘʣʥʠʦʪ 

ʩʝʢʪʦʨ ʩʝʫʰʪʝ ʥʝ ʩʝ ʢʦʨʠʩʪʠ ʧʨʠʨʦʜʥʠʦʪ ʛʘʩ [2].  

ɺʠʩʦʢʠʦʪ ʧʨʦʮʝʥʪ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʿʘ ʧʨʘʚʠ ʦʚʘʘ ʦʙʣʘʩʪ 

ʧʨʠʦʨʠʪʝʪʥʘ ʟʘ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ. ɺʦ ʦʚʦʿ ʩʝʢʪʦʨ ʤʝʨʢʠʪʝ ʢʦʠ 

ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʤʝʥʘʪ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʩʣʝʜʥʠ [3]: 

ʄʝʨʢʠ ʟʘ ʟʘʰʪʝʜʘ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ: 

1. ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ ʪʝʨʤʠʯʢʘ ʠʟʦʣʘʮʠʿʘ ʥʘ ʥʘʜʚʦʨʝʰʥʠ ʼʠʜʦʚʠ; 

2. ɿʘʤʝʥʘ ʥʘ ʧʦʩʪʦʿʥʘʪʘ ʛʨʘʜʝʞʥʘ ʩʪʦʣʘʨʠʿʘ (ʧʨʦʟʦʨʮʠ ʠ ʥʘʜʚʦʨʝʰʥʠ ʚʨʘʪʠ) ʩʦ ʥʦʚʘ 

ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʘ; 

3. ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ ʪʝʨʤʠʯʢʘ ʠʟʦʣʘʮʠʿʘ ʥʘ ʧʦʢʨʠʚʦʪ; 

4. ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ ʪʝʨʤʠʯʢʘ ʠʟʦʣʘʮʠʿʘ ʥʘ ʧʦʜʦʪ; 

5. ɺʛʨʘʜʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʘʚʪʦʤʘʪʩʢʦ ʫʧʨʘʚʫʚʘˁʝ ʰʪʦ ʨʘʙʦʪʘʪ ʥʘ ʧʦʩʪʦʿʥʠʪʝ 

ʪʦʧʣʦʪʥʠ ʧʦʩʪʘʥʠʮʠ ʚʦ ʿʘʚʥʠʪʝ ʟʛʨʘʜʠ ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʪʦʧʣʠʬʠʢʘʮʠʩʢʠʦʪ ʩʠʩʪʝʤ; 

6. ʈʝʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʢʦʪʣʘʨʠʪʝ ʢʘʿ ʧʦʩʪʦʿʥʠʪʝ ʩʠʩʪʝʤʠ ʥʘ ʪʦʧʣʦʚʦʜʥʦ ʨʘʜʠʿʘʪʦʨʩʢʦ 

ʛʨʝʝˁʝ; 
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7. ɺʛʨʘʜʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʘʚʪʦʤʘʪʩʢʦ ʫʧʨʘʚʫʚʘˁʝ ʚʦ ʢʦʪʣʘʨʠʪʝ ʥʘ ʧʦʩʪʦʿʥʠʪʝ 

ʩʠʩʪʝʤʠ ʩʦ ʪʦʧʣʦʚʦʜʥʦ ʨʘʜʠʿʘʪʦʨʩʢʦ ʛʨʝʝˁʝ; 

8. ɿʘʤʝʥʘ ʥʘ ʧʦʩʪʦʿʥʠʪʝ ʧʝʯʢʠ ʥʘ ʦʛʨʝʚʥʦ ʜʨʚʦ ʩʦ ʥʦʚʠ ʚʠʩʦʢʦʝʬʠʢʘʩʥʠ ʧʝʯʢʠ; 

9. ɿʘʤʝʥʘ ʥʘ ʧʦʩʪʦʿʥʠʪʝ ʨʘʜʠʿʘʪʦʨʩʢʠ ʤʘʩʢʠ ʚʦ ʜʝʪʩʢʠʪʝ ʛʨʘʜʠʥʢʠ ʩʦ ʥʦʚʠ ʢʦʠ 

ʦʚʦʟʤʦʞʫʚʘʘʪ ʧʦʜʦʙʨʘ ʝʤʠʩʠʿʘ ʥʘ ʪʦʧʣʠʥʘ ʦʜ ʨʘʜʠʿʘʪʦʨʠʪʝ; 

10. ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ ʩʦʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ ʥʘ ʥʦʚʠʪʝ ʟʛʨʘʜʠ; 

 

ʄʝʨʢʠ ʟʘ ʟʘʰʪʝʜʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ: 

11.  ʇʦʜʦʙʨʫʚʘˁʝ ʥʘ ʦʩʚʝʪʣʫʚʘˁʝʪʦ, ʦʜʥʦʩʥʦ ʢʦʨʠʩʪʝˁʝ ʝʬʠʢʘʩʥʠ    ʩʠʿʘʣʠʮʠ; 

12.  ɿʘʤʝʥʘ ʥʘ ʧʦʩʪʦʿʥʠʪʝ ʧʫʤʧʠ ʚʦ ʩʠʩʪʝʤʠʪʝ ʟʘ ʪʦʧʣʦʚʦʜʥʦ ʨʘʜʠʿʘʪʦʨʩʢʦ ʛʨʝʝˁʝ ʩʦ 

ʥʦʚʠ ʝʥʝʨʛʝʪʩʢʦ ʝʬʠʢʘʩʥʠ ʧʫʤʧʠ. 

 

2.2 ʀʥʜʫʩʪʨʠʩʢʠ ʩʝʢʪʦʨ 

ɽʬʠʢʘʩʥʦʪʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠʦʪ ʩʝʢʪʦʨ ʝ ʝʜʝʥ ʦʜ ʢʣʫʯʥʠʪʝ 

ʬʘʢʪʦʨʠ ʟʘ ʫʩʧʝʰʝʥ ʨʘʩʪ ʥʘ ʝʢʦʥʦʤʠʿʘʪʘ ʠ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʢʦʥʢʫʨʝʥʪʥʦʩʪʘ ʚʦ ʦʚʦʿ ʩʝʢʪʦʨ. 

ʇʦʣʠʪʠʢʘʪʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʛʦ ʦʣʝʩʥʠ ʠʥʜʫʩʪʨʠʩʢʠʦʪ ʨʘʩʪ ʚʦ 

ʟʝʤʿʘʚʘ, ʠʩʪʦʚʨʝʤʝʥʦ ʦʚʦʟʤʦʞʫʚʘʿ˃ʠ ʠ ʟʘʰʪʠʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ʄʝʨʢʠʪʝ ʧʨʝʜʚʠʜʝʥʠ 

ʟʘ ʦʚʦʿ ʩʝʢʪʦʨ ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʦʧʨʝʤʘʪʘ ʠ ʩʠʩʪʝʤʠʪʝ ʟʘ 

ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ. 

ɺʦ ʨʘʥʘ ʬʘʟʘ ʥʘ ʧʨʠʤʝʥʘ ʥʘ ʤʝʨʢʠʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ ʩʝ 

ʧʨʝʜʚʠʜʝʥʠ ʩʣʝʜʥʠʚʝ ʤʝʨʢʠ [2]: 

 

1. ʇʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʧʨʦʮʝʩʠʪʝ; 

2. ʉʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʢʦʥʪʨʦʣʠ; 

3.   ʂʦʤʙʠʥʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʩʢʘ ʠ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ; 

4.   ɽʥʝʨʛʝʪʩʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʥʝʨʝʟʠʜʝʥʮʠʿʘʣʥʠ ʦʙʿʝʢʪʠ; 

5.   ʇʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʦʩʚʝʪʣʫʚʘˁʝ; 

6. ʇʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʛʨʝʝˁʝ,  ʚʝʥʪʠʣʘʮʠʿʘ ʠ 

ʢʣʠʤʘʪʠʟʘʮʠʿʘ; 

7.   ʇʨʦʤʝʥʘ ʥʘ ʥʝʝʬʠʢʘʩʥʠʪʝ ʝʥʝʨʛʝʥʩʠ; 

8.   ʄʝʭʘʥʠʟʤʠ ʟʘ ʝʢʦʣʦʰʢʠ ʯʠʩʪ ʨʘʟʚʦʿ; 

9.   ʀʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʪʧʘʜʥʘʪʘ ʪʦʧʣʠʥʘ; 

10. ʇʦʛʦʥʠ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ; 

11. ʉʥʘʙʜʫʚʘˁʝ ʩʦ ʢʦʤʧʨʠʤʠʨʘʥ ʚʦʟʜʫʭ; 

12. ɼʦʙʘʨ ʢʫ˃ʝʥ ʨʝʜ. 

 

ʄʝʭʘʥʠʟʤʠʪʝ ʟʘ ʧʦʜʜʨʰʢʘ ʟʘʚʠʩʘʪ ʦʜ ʧʦʚʝ˃ʝ ʬʘʢʪʦʨʠ ʢʘʢʦ ʰʪʦ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʯʦʪ ʠ 

ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝ, ʢʦʠ ʠʤʘʘʪ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʪʨʦʰʦʮʠʪʝ, ʚʨʝʜʥʦʩʪʘ ʥʘ 

ʟʘʝʤʦʪ, ʛʦʜʠʰʥʠʦʪ ʙʨʦʿ ʥʘ ʨʘʙʦʪʥʠ ʯʘʩʦʚʠ ʰʪʦ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʝʥʝʨʛʝʪʩʢʠ ʟʘʰʪʝʜʠ, ʪʨʦʰʦʢʦʪ 

ʟʘ ʦʜʨʞʫʚʘˁʝ, ʥʠʚʦʪʦ ʥʘ ʚʦʚʝʜʫʚʘˁʝ ʥʘ ʥʦʚʘʪʘ ʪʝʭʥʦʣʦʛʠʿʘ (ʟʘʜʨʞʫʚʘˁʝ ʥʘ ʥʝʢʦʣʢʫ ʩʪʘʨʠ 

ʜʝʣʦʚʠ), ʠʪʥ. ʇʦʢʘʟʘʪʝʣʠʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠʦʪ ʩʝʢʪʦʨ ʚʢʣʫʯʫʚʘʘʪ: 

ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʝʥʝʨʛʠʿʘʪʘ (ʚʢʫʧʝʥ ʠ ʤʝʺʫ ʨʘʟʣʠʯʥʠʪʝ ʠʥʜʫʩʪʨʠʩʢʠ ʛʨʘʥʢʠ ï ʝʥʝʨʛʝʪʩʢʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ ʧʦ ʜʦʜʘʜʝʥʘʪʘ ʚʨʝʜʥʦʩʪ), ʧʨʠʣʘʛʦʜʝʥʘ ʝʥʝʨʛʠʿʘ, ʠʥʜʝʢʩ ʟʘ ʝʥʝʨʛʝʪʩʢʘ 
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ʝʬʠʢʘʩʥʦʩʪ, ʝʜʠʥʠʮʘ ʧʦʪʨʦʰʫʚʘʯʢʘ (ʯʝʣʠʢ, ʘʣʫʤʠʥʠʫʤ, ʭʘʨʪʠʿʘ, ʮʝʤʝʥʪ, ʩʪʘʢʣʦ ï ʧʦ ʪʦʥ 

ʧʨʦʠʟʚʦʜ) ʠ ʠʥʪʝʥʟʠʪʝʪ ʥʘ CO2 (ʧʦ ʠʥʜʫʩʪʨʠʩʢʘ ʛʨʘʥʢʘ). 

2.3 ʊʨʘʥʩʧʦʨʪ 

ʊʨʘʥʩʧʦʨʪʥʠʦʪ ʩʝʢʪʦʨ ʝ ʟʥʘʯʘʝʥ ʧʦʪʨʦʰʫʚʘʯ ʥʘ ʝʥʝʨʛʠʿʘ ʩʦ ʦʢʦʣʫ 21% ʦʜ ʚʢʫʧʥʘʪʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ. ɽʥʝʨʛʝʥʩʠʪʝ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʪʨʘʥʩʧʦʨʪʦʪ ʩʝ ʚʦ ʥʘʿʛʦʣʝʤ ʫʜʝʣ ʥʘʬʪʥʠ 

ʧʨʦʠʟʚʦʜʠ (ʜʠʟʝʣ, ʥʘʬʪʘ, ʢʝʨʦʟʠʥ, ʙʫʪʘʥ, ʠʪʥ.). ɺʦ ʄʘʢʝʜʦʥʠʿʘ ʜʦʤʠʥʠʨʘʘʪ ʚʦʟʠʣʘ ʢʦʠ 

ʢʦʨʠʩʪʘʪ ʙʝʥʟʠʥ, ʠʘʢʦ ʩʝ ʟʛʦʣʝʤʫʚʘ ʠ ʙʨʦʿʦʪ ʥʘ ʚʦʟʠʣʘ ʢʦʠ ʢʦʨʠʩʪʘʪ ʢʦʤʙʠʥʘʮʠʿʘ ʦʜ ʙʝʥʟʠʥ ʠ 

ʪʝʯʝʥ ʛʘʩ. 

 

ʇʨʝʜʚʠʜʝʥʠ ʤʝʨʢʠ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʝʟʝʤʘʪ ʚʦ ʪʨʘʥʩʧʦʨʪʦʪ ʩʝ [2]: 

 

1. ʆʙʥʦʚʘ ʥʘ ʥʘʮʠʦʥʘʣʥʠʦʪ ʚʦʟʝʥ ʧʘʨʢ ʥʘ ʜʨʫʤʩʢʠ ʚʦʟʠʣʘ 

2.  ʇʨʦʤʦʮʠʿʘ ʥʘ ʦʜʨʞʣʠʚʠ ʪʨʘʥʩʧʦʨʪʥʠ ʩʠʩʪʝʤʠ ʚʦ ʫʨʙʘʥʠʪʝ ʩʨʝʜʠʥʠ 

-   ɺʦʚʝʜʫʚʘˁʝ ʥʘ ʪʨʘʤʚʘʿ ʚʦ ʉʢʦʧʿʝ 

-   ʆʙʥʦʚʘ ʥʘ ʚʦʟʥʠʦʪ ʧʘʨʢ ʥʘ ʘʚʪʦʙʫʩʠʪʝ ʟʘ ʿʘʚʝʥ ʧʨʝʚʦʟ 

- ɺʦʚʝʜʫʚʘˁʝ ʥʘ ʮʝʥʪʘʨ ʟʘ ʠʥʪʝʛʨʠʨʘʥʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʩʦʦʙʨʘ˃ʘʿʦʪ 

-   ʇʨʦʤʦʚʠʨʘˁʝ ʥʘ ʧʦʛʦʣʝʤʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʚʝʣʦʩʠʧʝʜʠ 

-   ʇʦʣʠʪʠʢʘ ʟʘ ʧʘʨʢʠʨʘˁʝ 

3.  ʉʪʘʥʜʘʨʜʠ ʟʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʛʦʨʠʚʘ ʠ ʟʘ ʝʢʦʥʦʤʠʯʥʦʩʪ ʥʘ ʛʦʨʠʚʘ 

4.  ɼʝʥʦʚʠ ʙʝʟ ʘʚʪʦʤʦʙʠʣʠ 

5. ʇʨʦʤʦʮʠʿʘ ʥʘ ʧʦʛʦʣʝʤʘ ʫʧʦʪʨʝʙʘ ʥʘ ʞʝʣʝʟʥʠʮʘʪʘ ʟʘ ʤʝʺʫʛʨʘʜʩʢʠ    ʧʨʝʚʦʟ 

 

ʇʦʢʘʟʘʪʝʣʠʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʪʨʘʥʩʧʦʨʪʥʠʦʪ ʩʝʢʪʦʨ ʚʢʣʫʯʫʚʘʘʪ: 

ʠʥʪʝʥʟʠʪʝʪ, ʠʥʜʝʢʩ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʧʦʪʨʦʰʫʚʘʯʢʘ ʧʦ ʝʜʠʥʠʮʘ (ʧʦ ʥʘʯʠʥ ʥʘ ʧʨʝʚʦʟ 

ʠ ʛʦʨʠʚʦ, ʚʦ ʝʢʚʠʚʘʣʝʥʪʥʠ ʘʚʪʦʤʦʙʠʣʠ), ʩʧʝʮʠʬʠʯʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ (ʚʢʣʫʯʫʚʘʿ˃ʠ ʠ 

ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʛʦʨʠʚʦ ʢʘʿ ʢʘʤʠʦʥʠʪʝ ʠ ʘʚʪʦʤʦʙʠʣʠʪʝ ï ʚʢʫʧʝʥ ʧʨʦʩʝʢ ʥʘ ʚʦʟʥʠʦʪ ʧʘʨʢ ʠ 

ʥʦʚʠʪʝ ʘʚʪʦʤʦʙʠʣʠ), ʝʤʠʩʠʠ ʥʘ CO2 ʧʦ ʥʘʯʠʥ ʥʘ ʧʨʝʚʦʟ (ʘʚʪʦʤʦʙʠʣʠ ï ʚʢʫʧʝʥ ʧʨʦʩʝʢ ʥʘ 

ʚʦʟʥʠʦʪ ʧʘʨʢ ʠ ʥʦʚʠʪʝ ʘʚʪʦʤʦʙʠʣʠ - ʢʘʤʠʦʥʠ, ʘʚʪʦʙʫʩ, ʚʦʟʜʫʰʝʥ ʩʦʦʙʨʘ˃ʘʿ ʠ ʞʝʣʝʟʥʠʮʘ). 

 

 3. ɿʘʢʣʫʯʦʢ 

 ʉʦ ʮʝʣ ʫʩʧʝʰʥʦ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʤʝʨʢʠʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʧʦʪʨʝʙʥʘ ʝ 

ʧʦʤʦʰ ʚʦ ʚʠʜ ʥʘ ʠʥʚʝʩʪʠʮʠʠ ʟʘ ʯʠʿʘ ʮʝʣ ʝ ʧʨʝʜʚʠʜʝʥʦ ʬʦʨʤʠʨʘˁʝ ʥʘ ʌʦʥʜ ʟʘ ʝʥʝʨʛʝʪʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ. ʇʨʠʜoʙʠʚʢʠʪʝ ʦʜ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘ ʝʢʦʥʦʤʠʿʘʪʘ ʩʝ ʛʦʣʝʤʠ. ʇʦʢʨʘʿ 

ʧʨʠʤʝʥʘʪʘ ʥʘ ʩʦʦʜʚʝʪʥʠ ʤʝʨʢʠ ʪʨʝʙʘ ʜʘ ʩʝ ʨʘʙʦʪʠ ʠ ʥʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʩʚʝʩʪʘ ʥʘ ʛʨʘʺʘʥʠʪʝ 

ʟʘ ʨʘʟʫʤʥʦ ʪʨʦʰʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ, ʘ ʧʨʝʜ ʩ® ʪʨʝʙʘ ʜʘ ʩʝ ʚʣʠʿʘʝ ʚʨʟ ʦʥʠʝ ʢʦʠ ʜʠʨʝʢʪʥʦ ʛʠ 

ʧʨʝʟʝʤʘʘʪ ʤʝʨʢʠʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʩʝ ʜʠʨʝʢʥʦ ʠʥʚʦʣʚʠʨʘʥʠ ʚʦ ʥʠʚʥʘʪʘ ʧʨʠʤʝʥʘ 

ʚʦ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʝʢʪʦʨ.   

 

 



 

186 
 

4. ʃʠʪʝʨʘʪʫʨʘ 
 

[1] ʀʥʪʝʨʥʘʮʠʦʥʘʣʥʘ ʘʛʝʥʮʠʿʘ ʟʘ ʝʥʝʨʛʠʿʘ, http://www.iea.org/topics/energyefficiency/   

[2] ʄʠʥʠʩʪʝʨʩʪʚʦ ʟʘ ʝʢʦʥʦʤʠʿʘ, ʇʨʚ ʘʢʮʠʦʥʝʥ ʧʣʘʥ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʈʝʧʫʙʣʠʢʘ 

ʄʘʢʝʜʦʥʠʿʘ ʜʦ 2018 ʛʦʜʠʥʘ, ʉʢʦʧʿʝ, ʥʦʝʤʚʨʠ 2011 

[3] ʄʠʥʠʩʪʝʨʩʪʚʦ ʟʘ ʝʢʦʥʦʤʠʿʘ ʥʘ ʈʝʧʫʙʣʠʢʘ ʤʘʢʝʜʦʥʠʿʘ, ʅʘʮʨʪ - ʅʘʮʠʦʥʘʣʥʘ ʧʨʦʛʨʘʤʘ ʟʘ 

ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʿʘʚʥʠʪʝ ʟʛʨʘʜʠ ʚʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʟʘ ʧʝʨʠʦʜʦʪ 2012-2018 

ʛʦʜʠʥʘ, ʥʦʝʤʚʨʠ 2011 
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ʇʈʀʄɽʅɸ ʅɸ ɽʅɽʈɻɽʊʉʂɸ ɽʌʀʂɸʉʅʆʉʊ ʀ ʆɼʈɾʃʀɺ ʈɸɿɺʆɱ ɺʆ ɼʆʄɸɵʀʅʉʊɺɸʊɸ 

 

ɲʫʧʢʘ ɾʠʚʢʦʚʩʢʘ, ɲʫʧʯʦ ʉʦʪʠʨʦʚʩʢʠ 

ʌʘʢʫʣʪʝʪ ʟʘ ʙʠʟʥʠʩ ʝʢʦʥʦʤʠʿʘ - ʉʢʦʧʿʝ 

ʄʘʨʢʝʪʠʥʛ ʤʝʥʘ˅ʤʝʥʪ ʌʠʥʘʥʩʠʩʢʠ ʤʝʥʘ˅ʤʝʥʪ 

ljupka.zivkovska@gmail.com ljupcho.sotirovski988@live.com 

 

ɸʧʩʪʨʘʢʪ 

ʆʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ ʦʚʦʟʤʦʞʫʚʘ ʟʘʜʦʚʦʣʫʚʘˁʝ ʥʘ ʧʦʪʨʝʙʠʪʝ ʥʘ ʩʝʛʘʰʥʠʪʝ ʛʝʥʝʨʘʮʠʠ, 

ʙʝʟ ʧʨʠʪʦʘ ʜʘ ʛʠ ʟʘʛʨʦʟʠ ʤʦʞʥʦʩʪʠʪʝ ʥʘ ʠʜʥʠʪʝ ʛʝʥʝʨʘʮʠʠ ʜʘ ʛʠ ʟʘʜʦʚʦʣʘʪ ʩʚʦʠʪʝ ʧʦʪʨʝʙʠ. 

ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʝ ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʦʤʘʣʢʫ ʝʥʝʨʛʠʿʘ ʟʘ ʠʩʪ ʧʨʦʠʟʚʦʜ/ʫʩʣʫʛʘ. 

ɽʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʰʪʝʜʫʚʘ ʝʥʝʨʛʠʿʘ, ʘ ʩʦ ʪʦʘ ʠ ʧʘʨʠ, ʧʨʠʪʦʘ ʟʘʰʪʠʪʫʚʘʿ˃ʠ ʿʘ 

ʦʢʦʣʠʥʘʪʘ ʧʨʝʢʫ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʟʘʛʘʜʫʚʘʯʢʠ ʛʘʩʦʚʠ ʚʦ ʘʪʤʦʩʬʝʨʘʪʘ. ɻʣʘʚʥʘʪʘ 

ʮʝʣ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʝ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʩʠʩʪʝʤʦʪ ʚʦ ʮʝʣʠʥʘ, ʩʦ 

ʰʪʦ ˃ʝ ʩʝ ʥʘʤʘʣʠ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʠ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ. ɽʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ ʝ ʥʘʿʩʝʨʠʦʟʝʥ, ʥʘʿʝʬʪʠʥ ʠ ʥʘʿʙʨʟ ʧʨʠʩʪʘʧ ʢʦʿ ʥʠ ʝ ʥʘ ʨʘʩʧʦʣʘʛʘˁʝ. 

ɺʦ ʦʚʦʿ ʩʪʨʫʯʝʥ ʪʨʫʜ ʥʠʝ ˃ʝ ʩʝ ʟʘʜʨʞʠʤʝ ʥʘ ʝʢʦʥʦʤʩʢʦ-ʩʦʮʠʿʘʣʥʠʪʝ ʘʩʧʝʢʪʠ ʥʘ 

ʦʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ ʠ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ ʠ ʢʘʢʦ ʪʠʝ ʙʠ ʛʠ ʥʘʤʘʣʠʣʝ 

ʩʚʦʠʪʝ ʪʨʦʰʦʮʠ ʟʘ ʝʥʝʨʛʠʿʘ. ɼʦʤʘ˃ʠʥʩʪʚʘʪʘ ʦʧʬʘ˃ʘʘʪ ʦʢʦʣʫ 29,2% ʦʜ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ 

ʬʠʥʘʣʥʘ ʝʥʝʨʛʠʿʘ. ʆʚʘ ʦʧʬʘ˃ʘ ʛʦʣʝʤ ʜʝʣ ʦʜ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ, ʠ ʝ ʧʦʪʨʝʙʥʦ ʚʦ 

ʦʧʩʝʛ ʥʘ ʤʦʞʥʦʩʪʠʪʝ ʥʘ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ ʜʘ ʧʨʝʟʝʤʘʪ ʦʜʨʝʜʝʥʠ ʤʝʨʢʠ ʟʘ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ. 

ʊʫʢʘ ˃ʝ ʩʝ ʟʘʜʨʞʠʤʝ ʧʦʚʝ˃ʝ ʥʘ ʪʦʧʣʠʥʩʢʘʪʘ ʠʟʦʣʘʮʠʿʘ ʠ ʩʦʥʯʝʚʠʪʝ ʧʘʥʝʣʠ ʢʘʢʦ ʥʘʿʩʦʦʜʚʝʪʥʠ 

ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʟʘʰʪʝʜʘ ʥʘ ʪʨʦʰʦʮʠʪʝ ʟʘ ʝʥʝʨʛʠʿʘ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ. ʇʦʨʘʜʠ ʧʦʩʪʦʿʘʥʠʦʪ ʨʘʩʪ 

ʥʘ ʮʝʥʠʪʝ ʥʘ ʝʥʝʨʛʝʥʩʠʪʝ ʠ ʝʥʝʨʛʠʿʘʪʘ, ʦʚʠʝ ʘʣʪʝʨʥʘʪʠʚʠ ʩʝ ʠʩʧʣʘʪʣʠʚʘ ʚʘʨʠʿʘʥʪʘ ʦʜ ʜʚʝ 

ʛʣʘʚʥʠ ʧʨʠʯʠʥʠ: ʛʠ ʥʘʤʘʣʫʚʘʘʪ ʪʨʦʰʦʮʠʪʝ ʟʘ ʝʥʝʨʛʠʿʘ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ ʟʘʰʪʝʜʫʚʘʿ˃ʠ ʠʤ 

ʧʘʨʠ ʠ ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʦʢʦʣʠʥʘ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʜʦʤʘ˃ʠʥʩʪʚʘ, ʟʘʰʪʝʜʘ, ʪʨʦʰʦʮʠ, ʝʥʝʨʛʠʿʘ 

 

1. ɺʦʚʝʜ  

ɽʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʝ ʠʟʚʨʰʫʚʘˁʝ ʠʩʪʘ ʠʣʠ ʧʦʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʘʢʪʠʚʥʦʩʪʠ ʩʦ ʠʩʪʦ 

ʠʣʠ ʧʦʤʘʣʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʦʰʝʥʘ ʝʥʝʨʛʠʿʘ (ʪʦʧʣʦʪʥʘ, ʩʚʝʪʣʦʩʥʘ, ʢʠʥʝʪʠʯʢʘ) ʠ ʩʦ ʧʦʤʘʣʘ 

ʝʤʠʩʠʿʘ ʥʘ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ ʚʦ ʘʪʤʦʩʬʝʨʘʪʘ. 

ʆʙʥʦʚʣʠʚʘ ʝʥʝʨʛʠʿʘ ʝ ʝʥʝʨʛʠʿʘʪʘ ʢʦʿʘ ʩʝ ʦʙʥʦʚʫʚʘ ʙʨʟʦ ʧʨʝʢʫ ʧʨʠʨʦʜʥʠʪʝ ʧʨʦʮʝʩʠ. 

ʆʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʩʦʥʮʝ, ʚʝʪʝʨ, ʚʦʜʘ, ʛʝʦʪʝʨʤʠʿʘ ʠ ʙʠʦʤʘʩʘ. ʇʨʝʜʥʦʩʪʘ ʥʘ 

ʦʚʠʝ ʨʝʩʫʨʩʠ ʝ ʪʦʘ ʰʪʦ ʪʠʝ ʩʝ ʚʦ ʥʝʦʛʨʘʥʠʯʝʥʠ ʢʦʣʠʯʠʥʠ ʠ ʥʠʚʥʦʪʦ ʢʦʨʠʩʪʝˁʝ ʥʝ ʿʘ ʟʘʛʘʜʫʚʘ 

ʦʢʦʣʠʥʘʪʘ. 

mailto:ljupka.zivkovska@gmail.com
mailto:ljupcho.sotirovski988@live.com
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ʆʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ ʝ ʧʨʦʮʝʩ ʥʘ ʧʨʦʤʝʥʠ ʚʦ ʢʦʿʰʪʦ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʨʝʩʫʨʩʠ, 

ʥʘʩʦʯʫʚʘˁʝʪʦ ʥʘ ʠʥʚʝʩʪʠʮʠʠ, ʦʨʠʝʥʪʘʮʠʿʘʪʘ ʥʘ ʪʝʭʥʠʯʢʠʦʪ ʨʘʟʚʦʿ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʠʪʝ 

ʧʨʦʤʝʥʠ ʩʝ ʚʦ ʭʘʨʤʦʥʠʿʘ ʠ ʛʠ ʟʛʦʣʝʤʫʚʘʘʪ ʢʘʢʦ ʩʝʛʘʰʥʠʪʝ ʪʘʢʘ ʠ ʠʜʥʠʪʝ ʧʦʪʝʥʮʠʿʘʣʠ, ʩʦ ʮʝʣ 

ʜʘ ʩʝ ʟʘʜʦʚʦʣʘʪ ʯʦʚʝʯʢʠʪʝ ʧʦʪʨʝʙʠ ʠ ʘʩʧʠʨʘʮʠʠ. ʀʜʥʠʪʝ ʛʝʥʝʨʘʮʠʠ ʪʨʝʙʘ ʜʘ ʠʤʘʘʪ ʚʦ 

ʥʘʿʤʘʣʘ ʤʝʨʢʘ ʧʦʚʦʣʥʠ ʫʩʣʦʚʠ ʟʘ ʜʦʙʘʨ ʞʠʚʦʪ, ʢʘʢʦ ʰʪʦ ʠʤʘ ʠ ʩʝʛʘʰʥʘʪʘ ʛʝʥʝʨʘʮʠʿʘ ʢʘʢʦ ʠ 

ʩʦʣʠʜʝʥ ʩʦʮʠʿʘʣʥʦ ʫʨʘʤʥʦʪʝʞʝʥ ʝʢʦʥʦʤʩʢʠ ʨʘʟʚʦʿ.  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʿʘ ʥʘ ʦʜʨʞʣʠʚʠ ʧʨʦʝʢʪʠ ʦʜ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ 

ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʧʨʠʜʦʙʠʚʢʠʪʝ ʩʝ ʧʦʚʝ˃ʝʢʨʘʪʥʠ. ʉʦ ʧʨʠʤʝʥʘ ʥʘ ʤʝʨʢʠʪʝ ʟʘ 

ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʟʘ ʫʧʦʪʨʝʙʘ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʢʨʝʠʨʘʘʪ ʥʦʚʠ 

ʨʘʙʦʪʥʠ ʤʝʩʪʘ, ʧʦʥʘʪʘʤʫ ʩʝ ʟʛʦʣʝʤʫʚʘ ʝʢʦʥʦʤʩʢʠʦʪ ʠ ʬʠʥʘʥʩʠʩʢʠʦʪ ʧʨʦʬʠʪ. ʀʩʪʦ ʪʘʢʘ ʩʝ 

ʟʛʦʣʝʤʫʚʘ ʠ ʢʦʥʢʫʨʝʥʪʥʦʩʪʘ ʥʘ ʧʘʟʘʨʦʪ, ʢʘʢʦ ʥʘ ʣʦʢʘʣʥʦ ʪʘʢʘ ʠ ʥʘ ʨʝʛʠʦʥʘʣʥʦ ʥʠʚʦ. ɽʜʥʘ ʦʜ 

ʛʣʘʚʥʠʪʝ ʧʨʠʜʦʙʠʚʢʠ ʦʜ ʧʨʠʤʝʥʘʪʘ ʥʘ ʤʝʨʢʠʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʟʘ ʫʧʦʪʨʝʙʘ ʥʘ 

ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʝ ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʩʠʛʫʨʥʦʩʪ. ʀʩʪʦ ʪʘʢʘ ʩʝ 

ʟʛʦʣʝʤʫʚʘʘʪ ʤʝʩʝʯʥʠʪʝ ʧʨʠʤʘˁʘ ʧʦ ʜʦʤʘ˃ʠʥʩʪʚʦ, ʦʜʥʦʩʥʦ ʩʝ ʟʛʦʣʝʤʫʚʘ ʙʣʘʛʦʩʦʩʪʦʿʙʘʪʘ. ɺʦ 

ʦʧʰʪ ʩʤʠʩʦʣ ʩʦʮʠʿʘʣʥʠʪʝ ʧʨʦʜʦʙʠʚʢʠ ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘʘʪ ʚʦ ʧʦʜʠʛʥʫʚʘˁʝʪʦ ʥʘ ʢʚʘʣʠʪʝʪʦʪ 

ʥʘ ʞʠʚʝʝˁʝ. 

 

2. ɽʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʪʦʧʣʠʥʩʢʘ ʠʟʦʣʘʮʠʿʘ 

  ʇʦʨʘʜʠ ʩʪʘʨʠʪʝ ʠʣʠ ʧʘʢ ʥʝʢʚʘʣʠʪʝʪʥʠ ʛʨʘʜʙʠ, ʩʪʘʥʙʝʥʠʪʝ ʧʨʦʩʪʦʨʠʠ ʿʘ ʛʫʙʘʪ 

ʪʦʧʣʠʥʩʢʘʪʘ ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ʼʠʜʦʚʠʪʝ, ʧʦʜʦʚʠʪʝ, ʪʘʚʘʥʠʪʝ, ʚʨʘʪʠʪʝ ʠ ʧʨʦʟʦʨʠʪʝ. ʊʦʧʣʠʥʩʢʘʪʘ 

ʠʟʦʣʘʮʠʿʘ ʛʠ ʥʘʤʘʣʫʚʘ ʦʚʠʝ ʟʘʛʫʙʠ ʥʘ ʪʦʧʣʠʥʘ, ʦʜʥʦʩʥʦ ʚʦ ʛʨʝʿʥʘʪʘ ʩʝʟʦʥʘ ʿʘ ʟʘʜʨʞʫʚʘ 

ʪʦʧʣʣʠʥʘʪʘ, ʘ ʧʨʝʢʫ ʣʝʪʦ ʥʝ ʜʦʟʚʦʣʫʚʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʪʦʧʣʠʥʘ ʜʘ ʥʘʚʣʝʟʝ ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ 

ʥʘ ʩʪʘʥʙʝʥʠʦʪ ʧʨʦʩʪʦʨ [1]. 

 
˿͙͊͟͡ 1. ʇʨʦʩʝʯʥʠ ʟʘʛʫʙʠ ʥʘ ʪʦʧʣʠʥʘ ʥʠʟ ʧʨʝʛʨʘʜʠʪʝ ʥʘ ʝʜʥʘ ʢʫ˃ʘ [1] 

 

2.1 ʌʘʩʘʜʠ 

ʉʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘ ʠʟʦʣʘʮʠʿʘ, ʦʜʥʦʩʥʦ ʬʘʩʘʜʠ ʥʘ ʩʪʘʥʙʝʥʠʪʝ ʧʨʦʩʪʦʨʠʠ, 

ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʘʪ ʛʦʣʝʤʠ ʟʘʰʪʝʜʠ. ʂʘʢʦ ʧʨʠʤʝʨ ˃ʝ ʟʝʤʝʤʝ ʧʨʦʩʝʯʝʥ ʩʪʘʥ ʦʜ 60 ʤ² ʙʝʟ 

ʪʦʧʣʠʥʩʢʘ ʠʟʦʣʘʮʠʿʘ. ʇʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʘʨʠʨʘ, ʥʦ ʚʦ ʧʨʦʩʝʢ ʝ ʟʝʤʝʥʦ 

54 ʝʚʨʘ ʤʝʩʝʯʥʦ ʚʦ ʚʨʝʤʝ ʥʘ ʛʨʝʿʥʘ ʩʝʟʦʥʘ. ʉʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʩʪʠʨʦʧʦʨ ʠʣʠ ʢʘʤʝʥʘ ʚʦʣʥʘ 

ʩʦ ʜʝʙʝʣʠʥʘ ʦʜ 6ʩʤ ʢʘʢʦ ʤʠʥʠʤʫʤ ʥʘ ʪʦʧʣʠʥʩʢʘ ʠʟʦʣʘʮʠʿʘ, ʩʝ ʟʘʰʪʝʜʫʚʘ 40-50% ʪʦʧʣʠʥʩʢʘ 

ʟʘʰʪʠʪʘ. ʆʜʥʦʩʥʦ ʩʤʝʪʢʘʪʘ ʦʜ 54 ʝʚʨʘ ʩʝ ʥʘʤʘʣʫ ʟʘ 22 ʝʚʨʘ, ʠ ʠʟʥʝʩʫʚʘ 32 ʝʚʨʘ ʤʝʩʝʯʥʦ [2]. 
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͔́͊͋͊͡ 1. ʇʨʝʩʤʝʪʢʘ ʥʘ ʟʘʰʪʝʜʘ, ʠʥʚʝʩʪʠʮʠʿʘ ʠ ʧʦʚʨʘʪʦʢ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ ʦʜ ʧʦʩʪʘʚʝʥʠ ʬʘʩʘʜʠ ʢʘʢʦ ʠʟʦʣʘʮʠʿʘ ʥʘ 
ʮʝʣʘ ʟʛʨʘʜʘ [3] 

 ɺʨʝʜʥʦʩʪ ʚʦ ʝʚʨʘ ʇʦ ʤ²/ʤʝʩʝʯʥʦ 

ʇʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʥʝʠʟʦʣʠʨʘʥ 

ʦʙʿʝʢʪ 59 830 57 ʜʝʥʘʨʠ 

ʇʦʪʨʦʰʫʚʘʯʢʘ ʩʦ ʩʘʥʠʨʘʥʘ 

ʬʘʩʘʜʘ 35 070 33 ʜʝʥʘʨʠ 

ɿʘʰʪʝʜʘ 24 760 25 ʜʝʥʘʨʠ 

ʀʥʚʝʩʪʠʮʠʿʘ ʟʘ ʬʘʩʘʜʘ 145 737  

ʇʦʚʨʘʪ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ 5,88 ʛʦʜʠʥʠ  

 

͔́͊͋͊͡ 2. ʉʧʦʨʝʜʙʘ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ ʚʦ ʧʦʜʦʙʨʘ ʠʟʦʣʘʮʠʿʘ ʩʦ ʠʥʚʝʩʪʠʨʘˁʝ ʚʦ ʢʣʘʩʠʯʥʦ ʙʘʥʢʘʨʩʢʦ ʰʪʝʜʝˁʝ 

ɻʦʜʠʥʠ ʀʥʚʝʩʪʠʮʠʿʘ ʚʦ 

ʠʟʦʣʘʮʠʿʘ 

ʀʥʚʝʩʪʠʮʠʿʘ ʚʦ 

ʰʪʝʜʝˁʝ 

6 12% 5% 

 

2.2 ʇʨʦʟʦʨʠ, ʚʨʘʪʠ, ʪʘʚʘʥ, ʧʦʜ ʠ ʝʥʝʨʛʝʪʩʢʦ ʝʬʠʢʘʩʥʦ ʦʩʚʝʪʣʫʚʘˁʝ 

ʇʨʦʟʦʨʠʪʝ ʠ ʚʨʘʪʠʪʝ ʩʝ ʜʝʣ ʩʝʚʢʫʧʥʠʦʪ ʩʪʘʥʙʝʥ ʦʙʿʝʢʪ. ʊʠʝ ʠʩʪʦ ʪʘʢʘ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ 

ʧʨʠʯʠʥʘ ʟʘ ʪʦʧʣʠʥʩʢʠ ʟʘʛʫʙʠ, ʜʦʢʦʣʢʫ ʥʝ ʩʝ ʢʚʘʣʠʪʝʪʥʠ ʠʣʠ ʧʘʢ ʥʝ ʩʝ ʧʨʘʚʠʣʥʦ ʤʦʥʪʠʨʘʥʠ. 

ɿʘʤʝʥʘʪʘ ʥʘ ʩʪʘʨʠʪʝ ʧʨʦʟʦʨʠ ʠ ʚʨʘʪʠ ʩʦ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠ, ʚʦ ʧʨʦʩʝʢ ʟʘʰʪʝʜʫʚʘ ʦʢʦʣʫ 

10% ʚʦ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ [1]. 

 

͔́͊͋͊͡ 3. ʊʨʦʰʦʮʠ ʟʘ ʧʦʢʨʠʚʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ 

 ʊʦʧʣʠʥʩʢʠ ʟʘʛʫʙʠ 

ʥʠʟ ʥʘʜʚʦʨʝʰʥʠ 

ʧʨʝʛʨʘʜʠ (100ʤ² ) 

ʊʦʧʣʠʥʩʢʠ ʟʘʛʫʙʠ ʥʘ 

ʛʦʜʠʰʥʦ ʥʠʚʦ 

ʊʦʰʦʮʠ ʟʘ 

ʧʦʢʨʠʚʘˁʝ ʥʘ 

ʟʘʛʫʙʠʪʝ 

W/m²K W kWh/m²ʛʦʜ. ʄʂɼ/ʛʦʜ. 

1,25 4215 98 32 340 

0,125 412 10 3 300 
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˿͙͊͟͡ 2. ʈʝʥʦʚʠʨʘˁʝ ʥʘ ʩʪʘʨʘ ʟʛʨʘʜʘ. ʃʝʚʦ-ʧʨʝʜ ʨʝʥʦʚʠʨʘˁʝ, ʜʝʩʥʦ-ʧʦʩʣʝ ʨʝʥʦʚʠʨʘˁʝ (ʧʨʠʤʝʥʝʪʘ ʜʦʙʨʘ 

ʠʟʦʣʘʮʠʿʘ ʠ ʧʨʦʟʦʨʠ [1] 

 

 ɼʦʤʘ˃ʠʥʩʪʚʘʪʘ ʤʦʞʘʪ ʜʘ ʿʘ ʥʘʤʘʣʘʪ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʟʘ 

ʦʩʚʝʪʣʫʚʘˁʝ ʟʘ ʦʢʦʣʫ 50% ʠʣʠ ʧʦʚʝ˃ʝ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ɽɽ ʩʚʝʪʠʣʢʠ. ʂʦʤʧʘʢʪʥʠ ʬʣʫʦʨʦʩʮʝʥʪʥʠ 

ʩʚʝʪʠʣʢʠ (CFL), ʜʠʦʜʠ ʢʦʠ ʝʤʠʪʠʨʘʘʪ ʩʚʝʪʣʠʥʘ (LED) ʠ ʬʣʫʦʨʦʩʮʝʥʪʥʠ ʩʚʝʪʠʣʢʠ, ʩʝ ʩʚʝʪʠʣʢʠ 

ʢʦʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʦʩʚʝʪʣʫʚʘˁʝ ʥʘ ʧʨʦʩʪʦʨʦʪ ʩʦ ʧʦʤʘʣʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʠ ʩʚʝʪʣʦʩʥʠʪʝ ʮʝʚʢʠ ʢʦʠ ʟʘʬʘ˃ʘʘʪ ʜʥʝʚʥʘ ʩʚʝʪʣʠʥʘ ʠ ʿʘ ʥʦʩʘʪ ʢʦʥ ʧʦʪʝʤʥʠʪʝ 

ʜʝʣʦʚʠ ʥʘ ʩʪʘʥʙʝʥʠʦʪ ʧʨʦʩʪʦʨ. ʆʚʠʝ ʩʚʝʪʠʣʢʠ ʤʦʞʘʪ ʜʘ ʛʠ ʥʘʤʘʣʘʪ ʪʨʦʰʦʮʠʪʝ ʟʘ 

ʦʩʚʝʪʣʫʚʘˁʝ ʥʘ ʧʨʦʩʪʦʨʠʠʪʝ ʟʘ 80% [1]. 

 

˿͙͊͟͡ 3. ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʚʦ ʝʜʥʦ ʜʦʤʘ˃ʠʥʩʪʚʦ ʚʦ ɽʚʨʦʧʘ [1] 

 

 

 



 

191 
 

3. ʇʨʠʤʝʥʘ ʥʘ ʦʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ ʧʨʝʢʫ ʩʦʥʯʝʚʠ ʧʘʥʝʣʠ 

(ʢʦʣʝʢʪʦʨʠ) 

ʉʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʤʦʞʝʤʝ ʜʘ ʿʘ ʠʩʢʦʨʠʩʪʠʤʝ ʟʘ ʜʦʙʠʚʘˁʝ ʢʘʢʦ ʥʘ ʪʦʧʣʠʥʩʢʘ 

(ʩʦʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ) ʪʘʢʘ ʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʦ ʧʘʪ ʥʘ ʩʦʥʯʝʚʠ ʧʘʥʝʣʠ (ʧʦʟʥʘʪʠ ʢʘʢʦ 

ʬʦʪʦʚʦʣʪʘʠʯʢʠ, ʬʦʪʦʥʘʧʦʥʩʢʠ ʧʘʥʝʣʠ). ʉʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʩʦʥʯʝʚʠ ʬʦʪʦʚʦʣʪʘʠʯʢʠ ʧʘʥʝʣʠ 

ʥʘ ʧʦʢʨʠʚʦʪ ʥʘ ʢʫ˃ʘ ʠʣʠ ʟʛʨʘʜʘ, ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝ ʧʦʣʦʚʠʥʘ ʦʜ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ 

ʢʦʿʘ ʩʝ ʪʨʦʰʠ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʦʪʦ. ʀʩʪʦ ʪʘʢʘ, ʩʦʥʯʝʚʠʪʝ ʧʘʥʝʣʠ ʩʝ ʣʝʩʥʠ ʟʘ ʦʜʨʞʫʚʘˁʝ, ʥʝ 

ʝʤʠʪʠʨʘʘʪ ʟʘʛʘʜʫʚʘʯʢʠ ʛʘʩʦʚʠ, ʘ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ ʧʨʠ ʦʙʣʘʯʥʠ ʫʩʣʦʚʠ ʠ 

ʚʦ ʟʠʤʘ. 

ʉʦʥʯʝʚʠʪʝ ʢʦʣʝʢʪʦʨʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʟʘʛʨʝʚʘˁʝ ʥʘ ʚʦʜʘ ʩʦ ʧʦʤʦʰ ʥʘ ʩʦʥʮʝʪʦ, ʢʦʿʘ 

ʧʦʪʦʘ ʙʠ ʩʝ ʢʦʨʠʩʪʝʣʘ ʟʘ ʟʘʛʨʝʚʘˁʝ ʥʘ ʢʦʪʣʠ ʥʘ ʢʦʠ ʩʝ ʧʦʚʨʟʘʥʠ ʩʠʩʪʝʤʠ ʟʘ ʟʘʛʨʝʚʘˁʝ ʥʘ 

ʧʨʦʩʪʦʨʠʠʪʝ. ɺʦ ʄʘʢʝʜʦʥʠʿʘ, ʩʧʦʨʝʜ ʥʝʢʦʠ ʧʨʝʩʤʝʪʢʠ, ʩʝ ʠʥʩʪʘʣʠʨʘʥʠ ʦʢʦʣʫ 8000 ʩʦʥʯʝʚʠ 

ʢʦʣʝʢʪʦʨʠ, ʢʦʠʰʪʦ ʠʩʢʦʨʠʩʪʫʚʘʘʪ ʩʘʤʦ 5% ʦʜ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ, ʠʘʢʦ ʛʦʜʠʰʥʦ ʠʤʘʤʝ ʦʜ 240 

ʜʦ 270 ʩʦʥʯʝʚʠ ʜʝʥʦʚʠ. ʅʠʩʢʠʦʪ ʞʠʚʦʪʝʥ ʩʪʘʥʜʘʨʜ ʩʝ ʩʤʝʪʘ ʢʘʢʦ ʛʣʘʚʥʘ ʢʦʯʥʠʮʘ ʟʘ 

ʧʦʤʘʩʥʦʚʥʦ ʧʦʩʪʘʚʫʚʘˁʝ ʩʦʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ. 

 
˿͙͊͟͡ 4. % ʥʘ ʝʥʝʨʛʠʿʘ ʧʦʪʨʦʰʝʥʘ ʚʦ ʧʨʦʩʝʯʥʦ ʯʝʪʠʨʠʯʣʝʥʦ ʩʝʤʝʿʩʪʚʦ [3] 

ʉʪʨʘʪʝʛʠʿʘʪʘ ʟʘ ʫʥʘʧʨʝʜʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʧʦʢʘʞʫʚʘ ʜʝʢʘ 42% ʦʜ 

ʧʦʪʨʦʰʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʝ ʟʘ ʜʦʤʘʰʥʠʪʝ ʘʧʘʨʘʪʠ, 28% ʟʘ ʛʨʝʝˁʝ, 18% ʟʘ ʪʦʧʣʘ 

ʚʦʜʘ ʠ 12% ʟʘ ʦʩʚʝʪʣʫʚʘˁʝ. ʊʦʢʤʫ ʩʪʨʫʿʘʪʘ ʟʘ ʪʦʧʣʝˁʝ ʚʦʜʘ, ʟʘ ʤʘʰʠʥʠʪʝ ʟʘ ʧʝʨʝˁʝ ʘʣʠʰʪʘ 

ʠ ʩʘʜʦʚʠ, ʠ ʟʘ ʛʨʝʝˁʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʜʦʤʝʩʪʠ ʧʨʝʢʫ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʨʘʟʣʠʯʥʠ ʩʦʣʘʨʥʠ 

ʩʠʩʪʝʤʠ. ɽʜʠʥʩʪʚʝʥʦ ʧʨʝʢʫ ʩʦʣʘʨʥʘʪʘ ʝʥʝʨʛʠʿʘ ʙʝʩʧʣʘʪʥʦ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʝ ʪʦʧʣʘ ʚʦʜʘ ʚʦ 

ʛʦʣʝʤʠ ʢʦʣʠʯʠʥʠ. ʅʘʚʠʩʪʠʥʘ ʩʤʝ ʩʨʝ˃ʥʠ ʰʪʦ ʢʘʢʦ ʜʨʞʘʚʘ ʩʤʝ ʧʦʟʠʮʠʦʥʠʨʘʥʠ ʥʘ ʚʘʢʚʦ ʤʝʩʪʦ 

ʢʘʜʝ ʰʪʦ ʨʝʯʠʩʠ ʚʦ ʪʝʢʦʪ ʥʘ ʮʝʣʘʪʘ ʛʦʜʠʥʘ ʠʤʘʤʝ ʩʦʥʯʝʚʠ ʜʝʥʦʚʠ, ʧʘ ʙʝʥʝʬʠʪʦʪ ʤʦʞʝ ʜʘ 

ʙʠʜʝ ʦʛʨʦʤʝʥ. ɼʦʢʦʣʢʫ ʩʝ ʚʣʦʞʘʪ ʧʘʨʠ ʚʦ ʩʦʣʘʨʝʥ ʩʠʩʪʝʤ ʟʘ ʟʘʪʦʧʣʫʚʘˁʝ ʚʦʜʘ, 

ʠʥʚʝʩʪʠʮʠʿʘʪʘ ˃ʝ ʩʝ ʚʨʘʪʠ ʟʘ 3 ʜʦ 4 ʛʦʜʠʥʠ, ʘ ʧʦʪʦʘ ʠʥʚʝʩʪʠʪʦʨʦʪ ˃ʝ ʠʤʘ ʙʝʩʧʣʘʪʥʘ ʝʥʝʨʛʠʿʘ 

ʟʘ ʟʘʛʨʝʚʘˁʝ ʚʦʜʘ, ʧʨʠ ʰʪʦ ʘʧʩʫʨʜʥʦ ʝ ʜʘ ʥʝ ʩʝ ʢʦʨʠʩʪʠ. 
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ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʝʢʦʥʦʤʠʿʘ ʩʝʢʦʿʘ ʛʦʜʠʥʘ ʿʘ ʩʫʙʚʝʥʮʠʦʥʠʨʘ ʥʘʙʘʚʢʘʪʘ ʥʘ ʩʦʥʯʝʚʠ 

ʢʦʣʝʢʪʦʨʠ ʜʦ 300 ʝʚʨʘ ʧʦ ʜʦʤʘ˃ʠʥʩʪʚʦ. ɼʦʩʝʛʘ ʩʫʙʚʝʥʮʠʠʪʝ ʛʠ ʠʩʢʦʨʠʩʪʠʣʝ 1901 

ʜʦʤʘ˃ʠʥʩʪʚʘ, ʠ ʪʦʘ ʚʦ 2007 ʠ 2009 ʛʦʜʠʥʘ ʧʦ 500 ʜʦʤʘ˃ʠʥʩʪʚʘ, ʚʦ 2011 ʛʦʜʠʥʘ 420 

ʜʦʤʘ˃ʠʥʩʪʚʘ ʠ ʚʦ 2012 ʛʦʜʠʥʘ 481 ʜʦʤʘ˃ʠʥʩʪʚʘ. ɿʘ ʦʚʘʘ ʥʘʤʝʥʘ ʜʦʩʝʛʘ ʩʝ ʧʦʪʨʦʰʝʥʠ 355,6 

ʠʣʿʘʜʠ ʝʚʨʘ. ʇʨʠʪʦʘ ʙʫ˅ʝʪʦʪ ʟʘ ʦʚʘʘ ʥʘʤʝʥʘ ʚʦ 2009 ʛʦʜʠʥʘ ʠʟʥʝʩʫʚʘʣ 128 ʠʣʿʘʜʠ ʝʚʨʘ, ʘ ʟʘ 

2013 ʩʝ ʠʟʜʚʦʝʥʠ 97,5 ʠʣʿʘʜʠ ʝʚʨʘ ʠ ʧʦʢʨʘʿ ʪʦʘ ʰʪʦ ʠʥʪʝʨʝʩʦʪ ʝ ʜʨʘʩʪʠʯʥʦ ʟʛʦʣʝʤʝʥ. ɿʘ ʩʘʤʦ 

ʝʜʥʘ ʛʦʜʠʥʘ ʙʨʦʿʦʪ ʥʘ ʙʘʨʘʪʝʣʠ ʝ ʟʛʦʣʝʤʝʥ ʟʘ 234%. ɺʦ 2011 ʛʦʜʠʥʘ ʠʤʘʣʦ 604 ʙʘʨʘʪʝʣʠ, 

ʜʦʜʝʢʘ ʚʦ 2012 ʛʦʜʠʥʘ ʥʠʚʥʠʦʪ ʙʨʦʿ ʧʦʨʘʩʥʘʣ ʥʘ 2023. 

 

͔́͊͋͊͡ 4. ʀʥʚʝʩʪʠʮʠʿʘ, ʠ ʧʦʚʨʘʪʦʢ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘ ʦʜ ʩʦʣʘʨʝʥ ʪʝʨʤʘʣʝʥ ʢʦʣʝʢʪʦʨ 

 ʇʦʪʨʦʰʫʚʘʯʢʘ 
ʥʘ ʚʦʜʘ - 

ʜʥʝʚʥʦ 

ʇʦʪʨʦʰʫʚʘʯʢʘ  
ʥʘ ʪʦʧʣʘ ʚʦʜʘ 

- ʜʥʝʚʥʦ 

ʀʥʚʝʩʪʠʮʠʿʘ 
(ʩʦʣʘʨʝʥ 

ʪʝʨʤʘʣʝʥ 
ʢʦʣʝʢʪʦʨ) 

ɿʘʰʪʝʜʘ  
kW/ʛʦʜʠʰʥʦ 

ɿʘʰʪʝʜʘ ʚʦ 
ʜʝʥʘʨʠ/ʛʦʜʠʰʥʦ 

ʇʦʚʨʘʪʦʢ 
ʥʘ 

ʠʥʚʝʩʪʠʮʠʿʘ 
(ʛʦʜʠʥʠ) 

ʇʨʦʩʝʯʥʦ 
ʯʝʪʠʨʠʯʣʝʥʦ 

ʩʝʤʝʿʩʪʚʦ 

300-400 ʣʠʪʨʠ 150-200 ʣʠʪʨʠ 
60 000 
ʜʝʥʘʨʠ 

2500 
ʦʢʦʣʫ 9 000 
ʜʝʥʘʨʠ 

6,5ʛʦʜ 

  

 

͔́͊͋͊͡ 5. ʀʥʚʝʩʪʠʮʠʿʘ ʠ ʟʘʰʪʝʜʘ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʢʠ ʢʦʣʝʢʪʦʨ 

 ʀʥʚʝʩʪʠʮʠʿʘ 

(ʬʦʪʦʚʦʣʪʘʠʯʢʠ 

ʢʦʣʝʢʪʦʨ) 

ɼʥʝʚʥʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ 

kW/ʯʘʩ 

ɿʘʰʪʝʜʘ 

kW/ʛʦʜʠʰʥʦ 

ʇʨʦʩʝʯʥʦ 

ʯʝʪʠʨʠʯʣʝʥʦ 

ʩʝʤʝʿʩʪʚʦ 

110 000 ʜʝʥʘʨʠ 10 1400 

 

4. ɿʘʢʣʫʯʦʢ  

ʇʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʄʘʢʝʜʦʥʠʿʘ ʝ ʩʢʦʥʮʝʥʪʨʠʨʘʥʘ ʚʦ ʯʝʪʠʨʠ ʩʝʢʪʦʨʠ. 

ʅʘʿʛʦʣʝʤʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʬʠʥʘʣʥʘ ʝʥʝʨʛʠʿʘ ʠʤʘ ʠʥʜʫʩʪʨʠʿʘʪʘ (33,8%), ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ 

(29,2%), ʩʦʦʙʨʘ˃ʘʿʦʪ (20,5%), ʠ ʢʦʤʝʨʮʠʿʘʣʥʠʦʪ ʠ ʫʩʣʫʞʝʥ ʩʝʢʪʦʨ (13,1%). ʉʧʦʨʝʜ ʧʦʩʣʝʜʥʠʪʝ 

ʧʦʜʘʪʦʮʠ, ʄʘʢʝʜʦʥʠʿʘ ʠʤʘ ʙʣʠʟʫ 5,5 ʧʘʪʠ ʧʦʛʦʣʝʤʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʦ 

ʝʜʠʥʠʮʘ ɹɼʇ ʦʜ ʨʘʟʚʠʝʥʠʪʝ ʝʚʨʦʧʩʢʠ ʟʝʤʿʠ. ʉʧʦʨʝʜ ʦʩʥʦʚʥʦʪʦ ʩʮʝʥʘʨʠʦ, ʚʢʫʧʥʘʪʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʬʠʥʘʣʥʘ ʝʥʝʨʛʠʿʘ ʜʦ 2020 ʛʦʜʠʥʘ ˃ʝ ʨʘʩʪʝ ʩʦ ʧʨʦʩʝʯʥʘ ʛʦʜʠʰʥʘ ʩʪʘʧʢʘ ʦʜ 

2,6% ʠ ʚʦ 2020 ʛʦʜʠʥʘ ˃ʝ ʠʟʥʝʩʫʚʘ 2616 ʢʠʣʦʪʦʥʠ ʝʥʝʨʛʠʿʘ. 

ʉʧʦʨʝʜ ʩʚʝʪʩʢʠʪʝ ʩʪʘʪʠʩʪʠʢʠ ʠ ʠʩʪʨʘʞʫʚʘˁʘ, ʩʝʢʦʿ ʮʝʥʪ ʚʣʦʞʝʥ ʚʦ ʝʥʝʨʛʝʪʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʙʝʟ ʠʩʢʯʫʯʦʢ ʩʝ ʚʨʘ˃ʘ ʪʨʠʢʨʘʪʥʦ. ʇʦʪʨʝʙʥʦ ʝ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ ʠ ʛʨʘʺʘʥʠʪʝ ʜʘ 

ʨʘʟʙʝʨʘʪ ʜʝʢʘ ʟʘ ʩʝʢʦʿ ʚʣʦʞʝʥ ʜʝʥʘʨ ʚʦ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʚʨʘ˃ʘʘʪ ʪʨʠ ʜʝʥʘʨʠ. 

ɼʦʢʦʣʢʫ ʩʝʢʦʝ ʩʝʤʝʿʩʪʚʦ ʚʣʦʞʠ ʚʦ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʟʘʰʪʝʜʠʪʝ ʙʠ ʙʠʣʝ ʜʦ ʠʣʿʘʜʘ ʝʚʨʘ 

ʛʦʜʠʰʥʦ. 
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ɸʧʩʪʨʘʢʪ 

ɿʘʩʠʣʝʥʠʪʝ ʧʨʝʜʠʟʚʠʮʠ ʩʦ ʢʦʠ ʩʤʝ ʩʦʦʯʝʥʠ ʢʘʢʦ ʦʧʰʪʝʩʪʚʘ ʠ ʠʥʜʠʚʠʜʫʠ ʘ ʢʦʠ ʛʠ 

ʥʘʤʝʪʥʫʚʘʘʪ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ, ʥʝʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʮʝʥʠʪʝ ʥʘ ʥʘʬʪʘʪʘ, ʟʛʦʣʝʤʫʚʘˁʘ ʥʘ 

ʣʠʤʠʪʠʪʝ ʟʘ ʝʤʠʩʠʠ ʥʘ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ, ʫʨʙʘʥʦʪʦ ʟʜʨʘʚʿʝ ʠ ʠʩʮʨʧʫʚʘˁʝʪʦ ʥʘ ʧʨʠʨʦʜʥʠʪʝ 

ʨʝʩʫʨʩʠ, ʿʘ ʦʙʥʦʚʠʿʘ ʧʦʪʨʝʙʘʪʘ ʠ ʥʝʦʧʭʦʜʥʦʩʪʘ ʦʜ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʦʜʥʦʩʥʦ ʧʦʦʜʨʞʣʠʚ 

ʪʨʘʥʩʧʦʨʪʝʥ ʩʠʩʪʝʤ. ʆʚʦʿ ʪʨʫʜ ʠʩʪʨʘʞʫʚʘ ʢʘʢʦ ʥʦʚʠʪʝ ʦʜʨʞʣʠʚʠ ʠ ʟʝʣʝʥʠ ʪʝʭʥʦʣʦʛʠ ʢʘʢʦ 

ʭʠʙʨʠʜʥʠʪʝ ʠ ʝʣʝʢʪʨʠʯʥʠʪʝ ʚʦʟʠʣʘ ʿʘ ʟʛʦʣʝʤʫʚʘʘʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʪʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ 

ʦʧʰʪʝʩʪʚʘʪʘ, ʠ ʚʩʫʰʥʦʩʪ ʢʘʢʦ ʠʥʪʝʛʨʘʣʝʥ ʜʝʣ ʦʜ ʧʣʘʥʦʪ ʟʘ ʢʨʝʠʨʘˁʝ ʥʘ ʠʥʪʝʛʨʠʨʘʥʠ 

ʧʘʤʝʪʥʠ ʝʣʝʢʪʨʠʯʥʠ ʤʨʝʞʠ (smart grids) ʩʝ ʚʘʞʥʘ ʢʦʤʧʦʥʝʥʪʘ ʚʦ ʦʩʪʚʘʨʫʚʘˁʝʪʦ ʥʘ ʝʬʠʢʘʩʝʥ 

ʠ ʦʜʨʞʣʠʚ ʪʨʘʥʩʧʦʨʪʝʥ ʩʠʩʪʝʤ. ʇʦʩʚʝʪʝʥʦʩʪʘ ʥʘ ʦʧʰʪʝʩʪʚʘʪʘ ʢʦʥ ʟʛʦʣʝʤʝʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʪʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʦʪ ʠ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʧʨʝʪʩʪʘʚʫʚʘ ʚʘʞʝʥ 

ʪʝʤʝʣ ʠ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʦʪʧʦʨʥʦʩʪʘ ʥʘ ʩʠʪʝ ʧʦʚʨʟʘʥʠ ʩʠʩʪʝʤʠ ʢʦʥ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʥʘ 

ʩʪʨʝʩʦʚʠ ʢʦʠ ʛʦ ʚʦʜʘʪ ʠʩʪʠʦʪ ʢʦʥ ʥʝʩʪʘʙʠʣʥʦʩʪ ʠʣʠ ʪʦʪʘʣʝʥ ʢʦʣʘʧʩ ʥʘ ʚʦʦʙʠʯʘʝʥʦʪʦ 

ʬʫʥʢʮʠʦʥʠʨʘˁʝ. ɼʦʙʘʨ ʩʣʫʯʘʿ ʟʘ ʧʨʦʫʯʫʚʘˁʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʪʘ ʝʣʘʩʪʠʯʥʦʩʪ ʝ 

ʢʘʪʘʩʪʨʦʬʘʪʘ ʚʦ ʌʫʢʫʰʠʤʘ, ɱʘʧʦʥʠʿʘ ʥʘ 3 ʤʘʨʪ 2011 ʛʦʜʠʥʘ ʢʦʿ ʚʦ ʠʩʪʦ ʚʨʝʤʝ ʧʦʢʘʞʫʚʘ ʜʝʢʘ 

ʠ ʝʬʠʢʘʩʥʠ ʩʠʩʪʝʤʠ ʤʦʨʘ ʜʘ ʧʦʜʣʝʛʥʘʪ ʥʘ ʰʦʢʦʚʠ ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʨʦʮʝʥʠ, ʨʝʝʚʘʣʫʠʨʘ ʠ 

ʘʜʘʧʪʠʨʘ ʩʠʩʪʝʤʩʢʘʪʘ ʧʦʩʪʘʚʝʥʦʩʪ ʠ ʧʦʩʪʠʛʥʘʪʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʝʣʘʩʪʠʯʥʦʩʪ. 

ɽʣʝʢʪʨʠʯʥʠʪʝ ʠ ʭʠʙʨʠʜʥʠʪʝ ʚʦʟʠʣʘ ʩʝ ʩʘʤʦ ʝʣʝʤʝʥʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʦʪ ʩʠʩʪʝʤ ʥʦ ʚʦ ʠʩʪʦ 

ʚʨʝʤʝ, ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʥʠʚʥʠʦʪ ʙʨʦʿ, ʪʠʝ ʩʪʘʥʫʚʘʘʪ ʚʘʞʥʠ ʠ ʥʝʠʟʜʚʦʠʚʣʠ ʢʦʤʧʦʥʝʥʪʠ ʚʦ 

ʨʝʛʫʣʘʮʠʿʘʪʘ ʠ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʦʪ ʩʠʩʪʝʤ, ʦʙʝʟʙʝʜʫʚʘʘʪ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʧʨʠ 

ʧʦʛʦʣʝʤʠ ʰʦʢʦʚʠ ʢʘʢʦ ʧʨʠʨʦʜʥʠ ʢʘʪʘʩʪʨʦʬʠ ʠ ʜʦʧʨʠʥʝʩʫʚʘʘʪ ʢʦʥ ʧʦʥʘʪʘʤʦʰʝʥ ʦʜʨʞʣʠʚ 

ʨʘʟʚʦʿ ʥʘ ʦʧʰʪʝʩʪʚʘʪʘ ʩʦ ʪʦʘ ʰʪʦ ʙʠ ʙʠʣʝ ʠʥʪʝʛʨʘʣʝʥ ʜʝʣ ʦʜ ʠʜʥʠʪʝ ʧʘʤʝʪʥʠ ʤʨʝʞʠ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʝʣʘʩʪʠʯʥʦʩʪ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʭʠʙʨʠʜʥʠ, ʝʣʝʢʪʨʠʯʥʠ, 

ʦʜʨʞʣʠʚʦʩʪ. 

1. ɺʦʚʝʜ  

ʀʘʢʦ ʥʝʢʦʠ ʥʘʫʯʥʠʮʠ ʩʝ ʫʰʪʝ ʜʝʙʘʪʠʨʘʘʪ, ʧʦʚʝ˃ʝʪʦ ʩʝ ʩʦʛʣʘʩʫʚʘʘʪ ʜʝʢʘ ʞʠʚʝʝʤʝ ʚʦ ʥʦʚʘ 

ʛʝʦʣʦʰʢʘ ʝʧʦʭʘ ʜʚʠʞʝʿ˃ʠ ʩʝ ʦʜ ʍʦʣʦʮʝʥʦʪ ʢʦʥ ɸʥʪʨʦʧʦʮʝʥʦʪ20  (ʘʥʪʨʦʧʦ-ʟʥʘʯʠ ʯʦʚʝʢ ʠ - cene 

ʟʥʘʯʠ "ʥʦʚ"). ʉʦ ʜʨʫʛʠ ʟʙʦʨʦʚʠ, ʟʘ ʧʨʚʧʘʪ  ʠʤʘʤʝ ʥʘʚʣʝʟʝʥʦ ʚʦ ʜʦʙʘʪʘ ʥʘ ʏʦʚʝʢʦʪ. ʆʚʘʘ ʥʦʚʘ 

                                                                 
20
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ʛʝʦʣʦʰʢʘ ʝʧʦʭʘ ʥʝʤʘ ʧʨʝʮʠʟʝʥ ʧʦʯʝʪʦʢ, ʥʦ ʧʦʚʝ˃ʝʪʦ ʩʝ ʩʦʛʣʘʩʫʚʘʘʪ ʜʝʢʘ ʟʘʧʦʯʥʫʚʘ ʧʨʝʜ 

ʦʢʦʣʫ 8000 ʛʦʜʠʥʠ ʩʦ ʨʘʟʚʦʿʦʪ ʥʘ ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ. ʄʝʺʫʪʦʘ, ʧʦʚʝ˃ʝʪʦ ʧʨʦʤʝʥʠ ʥʘ ʞʠʚʦʪʥʘʪʘ 

ʩʨʝʜʠʥʘ ʩʦ ʢʦʠ ʩʝ ʩʦʦʯʫʚʘʤʝ ʜʝʥʝʩ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʠ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ, ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʠʧʠʰʘʪ ʧʝʨʠʦʜʦʪ ʦʜ ʠʥʜʫʩʪʨʠʩʢʘʪʘ ʨʝʚʦʣʫʮʠʿʘ (1750-1850ʛ.) ʜʦ ʜʝʥʝʩ. ʆʜ 1800ʛ. ʚʦ ʩʚʝʪʦʪ 

ʧʨʠʭʦʜʦʪ ʧʦ ʞʠʪʝʣ ʝ ʟʛʦʣʝʤʝʥ 10 ʧʘʪʠi, ʜʦʜʝʢʘ ʥʘʩʝʣʝʥʠʝʪʦ ʩʝ ʟʛʦʣʝʤʠ ʦʜ ʝʜʥʘ ʤʠʣʠʿʘʨʜʘ ʥʘ 

6.9 ʤʠʣʠʿʘʨʜʠ (ʠʟʚʦʨ ʉʚʝʪʩʢʘ ɹʘʥʢʘ 2010) ʘ ʩʦ ʪʦʘ ʠ ʥʠʚʦʪʦ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʿʘ ʥʘ ʧʨʠʨʦʜʥʠʪʝ 

ʨʝʩʫʨʩʠ ʠ ʚʣʠʿʘʥʠʝʪʦ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɽʜʝʥ ʦʜ ʥʘʯʠʥʠʪʝ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʥʝʛʘʪʠʚʥʠʪʝ ʚʣʠʿʘʥʠʿʘ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʝ ʨʘʟʚʠʚʘˁʝ ʥʘ ʦʜʨʞʣʠʚʠ ʝʥʝʨʛʝʪʩʢʠ ʠ 

ʪʨʘʥʩʧʦʨʪʥʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʩʠʩʪʝʤʠ. 

ʇʨʠʤʝʨʠ ʥʘ ʝʢʦʣʦʰʢʠ ʦʜʨʞʣʠʚʠ ʚʦʟʠʣʘ ʚʢʣʫʯʫʚʘʘʪ "ʝʣʝʢʪʨʠʯʥʠ ʚʦʟʠʣʘ ʥʘʧʦʿʫʚʘʥʠ ʦʜ 

ʙʘʪʝʨʠʠ, ʭʠʙʨʠʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʚʦʟʠʣʘ ʩʦ ʚʛʨʘʜʝʥʠ ʙʘʪʝʨʠʠ ʠ ʤʘʣʠ ʙʝʥʟʠʥʩʢʠ ʠʣʠ ʜʠʟʝʣ 

ʤʦʪʦʨʠ ʢʦʠ ʛʝʥʝʨʠʨʘʘʪ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʚʦʟʠʣʘ ʥʘ ʧʨʠʨʦʜʝʥ ʛʘʩ ʟʘ ʿʘʚʥʠ ʪʨʘʥʩʧʦʨʪʥʠ 

ʩʠʩʪʝʤʠ,"ii ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʥʘʧʨʘʚʝʥʠ ʩʦ ʤʘʣʘ ʪʝʞʠʥʘ ʠ ʦʜ ʢʦʤʧʦʟʠʪʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʢʘʢʦ ʠ 

ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʥʘ ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʚʦʟʠʣʘ ʩʦ ʛʦʨʠʚʥʠ ˃ʝʣʠʠ. ʆʚʠʝ ʚʦʟʠʣʘ ʠʤʘʘʪ 

ʧʦʪʝʥʮʠʿʘʣ ʜʘ ʛʦ ʟʛʦʣʝʤʘʪ ʧʨʦʮʝʥʪʦʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʘ ʩʦ 

ʪʦʘ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʪʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʠ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʩʠʩʪʝʤʠ. 

2. ʄʝʪʦʜʦʣʦʛʠʿʘ 

2.1 ɸʢʘʜʝʤʩʢʘ ʣʠʪʝʨʘʪʫʨʘ 

ɺʦ ʦʜʥʦʩ ʥʘ ʭʠʙʨʠʜʥʠ ʠ ʝʣʝʢʪʨʠʯʥʠ ʚʦʟʠʣʘ ʢʘʢʦ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʠ 

ʛʝʥʝʨʘʣʥʦ ʦʧʰʪʝʩʪʚʝʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʧʦʩʪʦʿʘʪ ʤʥʦʛʫ ʠʩʪʨʘʞʫʚʘˁʘ ʠ ʢʚʘʣʠʪʘʪʠʚʥʠ ʠ 

ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʧʦʜʘʪʦʮʠ ʢʦʠ ʩʝ ʣʝʩʥʦ ʜʦʩʪʘʧʥʠ ʟʘ ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ. ʅʦ ʥʘʿʛʦʣʝʤʠʦʪ ʧʨʝʜʠʟʚʠʢ 

ʝ ʜʘ ʩʝ ʠʥʪʝʧʨʝʪʠʨʘʘʪ ʥʘ ʥʘʯʠʥ ʢʦʿ ʙʠ ʙʠʣ ʣʝʩʥʦ ʨʘʟʙʠʨʣʠʚ ʠ ʣʝʩʥʦ ʧʨʠʬʘʪʝʥ ʦʜ ʧʦʰʠʨʦʢʘʪʘ 

ʿʘʚʥʦʩʪ, ʧʦʚʨʟʘʥʠ ʚʣʘʜʠʥʠ ʘʛʝʥʮʠʠ ʠ ʢʨʝʘʪʦʨʠ ʥʘ ʿʘʚʥʠ ʧʦʣʠʪʠʢʠ ʢʦʠ ʧʦʥʘʪʘʤʫ ʙʠ ʿʘ 

ʠʩʢʦʨʠʩʪʠʣʝ ʘʥʘʣʠʟʘʪʘ ʩʦ ʮʝʣ ʥʦʩʝˁʝ ʥʘ ʦʜʨʞʣʠʚʠ ʦʜʣʫʢʠ ʧʦʚʨʟʘʥʠ ʩʦ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʦʜʥʦʩʥʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʪʘ ʝʣʘʩʪʠʯʥʦʩʪ. ʅʝʢʦʠ ʦʜ ʠʟʚʝʰʪʘʠʪʝ ʠ ʠʩʧʠʪʫʚʘˁʘʪʘ ʢʦʠ ʛʠ 

ʧʦʢʨʠʚʘʘʪ ʧʦʚʝ˃ʝʪʦ ʦʜ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʠ ʢʚʘʣʠʪʘʪʠʚʥʠʪʝ ʧʦʜʘʪʦʮʠ ʩʝ  KPMG (2011) Global 

Automotive Executive Survey (2012), KPMG International Report (2012), Deloitte survey (2011), 

OECD report (2011), EPRI Report (2012), Pike Research (2012) ʠʪʥ.  

 

ɺʦ ʬʦʢʫʩʦʪ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʘʢʘʜʝʤʩʢʠ ʠʩʪʨʘʞʫʚʘˁʘ ʚʦ ʦʙʣʘʩʪʘ ʥʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʝʚʦʣʫʮʠʿʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʤʦʙʠʣʥʦʩʪ ʠʟʨʘʙʦʪʝʥʠ ʦʜ : Rene Kemp, Marc Dijk, 

Yarime Orsato, Bijker W. E., Clayton M. Christensen, G.Dosi, Freeman C., Schumpeter J.A, 

Sartorius C., etc. ɸʢʘʜʝʤʩʢʘʪʘ ʨʘʙʦʪʘ ʥʘ ʦʚʠʝ ʠ ʜʨʫʛʠ ʘʚʪʦʨʠ ʿʘ ʦʙʝʟʙʝʜʠʿʘ ʥʝʦʧʭʦʜʥʘʪʘ 

ʪʝʦʨʝʪʩʢʘ ʨʘʤʢʘ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʘʢʘʜʝʤʩʢʘʪʘ ʨʘʙʦʪʘ ʥʘ   Slovic P., Chapin, Cockeril K., Folke 

C., Kasperson R. E., Fiunicane M., Klinke A., Tversky & Kahneman, ʠʪʥ. ʙʝʘ ʢʦʨʠʩʪʝʥʠ ʜʘ ʿʘ 

ʜʦʦʙʣʠʢʫʚʘʘʪ ʪʝʦʨʝʪʩʢʘʪʘ ʦʩʥʦʚʘ ʦʜ ʘʩʧʝʢʪ ʥʘ ʧʝʨʮʝʧʮʠʠ ʠ ʝʣʘʩʪʠʯʥʦʩʪ ʢʦʠ ʩʝ  ʢʨʫʮʠʿʘʣʥʠ 

ʟʘ ʨʘʟʙʠʨʘˁʝʪʦ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠʪʝ ʩʠʩʪʝʤʠ ʠ ʥʠʚʥʘʪʘ ʩʦʮʠʿʘʣʥʘ ʠ 

ʠʥʞʝʥʝʨʩʢʘ ʢʦʥʦʪʘʮʠʿʘ ʚʦ ʦʧʰʪʝʩʪʚʘʪʘ.  

2.2 ʉʠʚʘ ʣʠʪʝʨʘʪʫʨʘ  

ʂʦʛʘ ʩʝ ʨʘʟʛʣʝʜʫʚʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʪʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʝʜʥʦ ʦʧʰʪʝʩʪʚʦ, ʘ ʩʦ ʪʦʘ ʠ 

ʧʦʚʨʟʘʥʠʪʝ ʿʘʚʥʠ ʧʝʨʮʝʧʮʠʠ ʟʘ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʜ ʛʦʣʝʤʘ ʧʦʤʦʰ ʝ ʘʥʘʣʠʟʠʨʘˁʝʪʦ ʥʘ 

ʧʝʯʘʪʝʥʠʪʝ ʠ ʝʣʝʢʪʨʦʥʩʢʠʪʝ ʤʝʜʠʫʤʠ. ʊʦʘ ʰʪʦ ʪʠʝ ʛʦ ʥʫʜʘʪ ʢʘʢʦ ʠʥʬʦʨʤʘʮʠʿʘ ʝ ʩʪʝʧʝʥʦʪ ʜʦ 

ʢʦʿ ʿʘʚʥʦʩʪʘ ʛʠ ʨʘʟʙʠʨʘ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦʜʛʦʪʚʝʥʦʩʪʘ ʜʘ ʩʝ ʧʨʠʬʘʪʘʪ, ʥʦ ʠʩʪʦ ʪʘʢʘ 
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ʥʫʜʘʪ ʠ ʧʨʝʩʝʢ ʥʘ ʢʦʨʧʦʨʘʪʠʚʥʠʪʝ ʛʣʝʜʠʰʪʘ ʢʦʠ ʩʝ ʧʦʩʝʙʥʦ ʢʨʫʮʠʿʘʣʥʠ ʟʘ ʥʘʧʨʝʜʦʢʦʪ ʥʘ ʥʦʚʠ 

ʠ ʦʜʨʞʣʠʚʠ ʪʝʭʥʦʣʦʛʠʠ.  ʅʝʢʦʠ ʦʜ ʦʚʠʝ ʠʟʚʦʨʠ ʛʠ ʚʢʣʫʯʫʚʘʘʪ, ʥʦ ʥʝ ʩʝ ʦʛʨʘʥʠʯʝʥʠ ʥʘ: BBC, 

The Economist, New York Times, Wall Street Journal, Reuters, Green Car Congress, Green Car 

Reports, and Union of Concerned Scientists (UCS) Reports, ʠʪʥ. 

 
2.3 ʊʝʦʨʠʩʢʘ ʨʘʤʢʘ 

ʈʘʤʢʘʪʘ ʧʦʜʦʣʫ ʝ ʘʜʘʧ-

ʪʘʮʠʿʘ ʥʘ ʚʝ˃ʝ ʧʦʩʪʦʝʯʢʘ 

ʨʘʤʢʘ ʢʦʿʘ ʝ ʠʩʢʦʨʠʩʪʝʥʘ ʦʜ 

Chapin & Folke (2009) iii  ʢʦʿʘ 

ʦʨʠʛʠʥʘʣʥʦ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ 

ʠʩʭʦʜʠ ʦʜ ʧʨʠʨʦʜʥʠ ʠʣʠ 

ʪʝʭʥʦʣʦʰʢʠ ʢʘʪʘʩʪʨʦʬʠ ʠ 

ʥʘʯʠʥʠʪʝ ʥʘ ʢʦʠ ʤʝʨʢʠʪʝ 

ʧʨʝʚʟʝʤʝʥʠ ʟʘ ʚʨʝʤʝ ʥʘ ʠʣʠ 

ʧʦʩʣʝ ʢʘʪʘʩʪʨʦʬʘʪʘ 

ʟʛʦʣʝʤʫʚʘʘʪ ʠʣʠ ʥʘʤʘʣʫʚʘʘʪ 

ʦʜʨʝʜʝʥʠ ʨʘʥʣʠʚʦʩʪʠ ʥʘ 

ʩʠʩʪʝʤʠʪʝ ʘ ʩʦ ʪʦʘ ʿʘ ʘʤʧʣʠ-

ʬʠʮʠʨʘ ʠʣʠ ʜʝʛʨʘʜʠʨʘ 

ʦʪʧʦʨʥʦʩʪʘ ʥʘ ʰʦʢʦʚʠ. iv  ʆʜ 

ʜʨʫʛʘ ʩʪʨʘʥʘ, ʘʜʘʧʪʠʨʘʥʘʪʘ 

ʨʘʤʢʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ 

ʧʨʦʤʝʥʘ ʚʦ ʪʝʭʥʦʣʦʰʢʠʪʝ 

ʨʝʞʠʤʠ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʝʣʘʩʪʠʯʥʦʩʪ. ɼʦʧʦʣʥʠʪʝʣʥʦ ʩʦ ʦʚʘʘ ʨʘʤʢʘ ʤʦʞʝ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ 

ʢʘʢʦ ʦʜʨʝʜʝʥʠ ʤʝʨʢʠ ʛʦ ʟʛʦʣʝʤʫʚʘʘʪ ʠʣʠ ʥʘʤʘʣʫʚʘʘʪ ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ ʘʜʘʧʪʘʮʠʿʘ ʘ ʩʦ ʪʦ 

ʚʣʠʿʘʘʪ ʠ ʥʘ ʩʪʝʧʝʥʦʪ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʢʦʿʘ ʧʦʥʘʪʘʤʫ ʛʦ ʜʝʬʠʥʠʨʘ ʨʘʟʚʦʿʥʠʦʪ 

ʧʘʪ ʥʘ ʚʝ˃ʝ ʚʦʩʧʦʩʪʘʚʝʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ (ʭʠʙʨʠʜʥʠ ʠ ʝʣʝʢʪʨʠʯʥʠ ʚʦʟʠʣʘ ʠ 

ʜʨʫʛʠ ʦʜʨʞʣʠʚʠ ʪʝʭʥʦʣʦʛʠʠ).  

ɼʚʠʛʘʪʝʣʠ (Drivers) ʥʘ ʪʝʭʥʦʣʦʰʢʠʪʝ ʨʝʞʠʤʠ ʤʦʞʘʪ ʜʘ ʚʢʣʫʯʫʚʘʘʪ ʬʘʢʪʦʨʠ ʢʘʢʦ: ʛʣʦʙʘʣʝʥ 

ʝʢʦʥʦʤʩʢʠ ʨʘʩʪ, ʝʢʦʥʦʤʩʢʠ ʢʨʠʟʠ, ʚʣʠʿʘʥʠʿʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʧʨʦʤʝʥʠ ʚʦ ʨʝʛʫʣʘʪʠʚʘʪʘ, 

ʧʨʠʨʦʜʥʠ ʠ ʪʝʭʥʦʣʦʰʢʠ ʢʘʪʘʩʪʨʦʬʠ ʠʪʥ. ʀʟʣʦʞʝʥʦʩʪʘ (Exposure) ʥʘ ʨʘʟʣʠʯʥʠʪʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʩʠʩʪʝʤʠ ʢʦʥ ʦʚʠʝ ʜʚʠʛʘʪʝʣʠ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʨʘʟʣʠʯʥʠ ʜʝʿʩʪʚʠʿʘ ʠ 

ʠʥʪʝʨʘʢʮʠʠ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʧʦʩʪʦʝʯʢʘʪʘ ʩʝʥʟʠʪʠʚʥʦʩʪ, ʚʣʠʿʘʥʠʝ, ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠʪʝ 

ʩʠʩʪʝʤʠ. ɺʣʘʜʠʥʠʪʝ ʧʦʣʠʪʠʢʠ ʠ ʤʝʨʢʠ ʩʝ ʠʥʝʛʨʘʣʝʥ ʠ ʢʦʥʪʨʦʣʠʨʘʯʢʠ ʬʘʢʪʦʨ ʟʘ ʥʘʚʝʜʝʥʠʪʝ 

ʝʣʝʤʝʥʪʠ ʦʜ ʨʘʤʢʘʪʘ. ʏʝʪʠʨʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʜʥʦʪʦ ʥʘ ʨʘʤʢʘʪʘ ʿʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ 

ʪʝʤʧʦʨʘʣʥʘʪʘ ʜʠʤʝʥʟʠʿʘ ʢʘʜʝʰʪʦ ʨʘʥʣʠʚʦʩʪ (vulnerability) ʝ ʠʥʠʮʠʿʘʣʥʘʪʘ ʬʘʟʘ ʘ 

ʝʣʘʩʪʠʯʥʦʩʪʘ (resilience) ʠ ʨʝʟʫʣʪʘʪʠʪʝ  (outcomes) ʩʝ ʢʨʘʿʥʘʪʘ ʬʘʟʘ.  ʆʚʘʘ ʘʜʘʧʪʠʨʘʥʘ 

ʪʝʦʨʝʪʩʢʘ ʨʘʤʢʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʨʝʟʫʣʪʘʪʠ ʦʜ ʤʝʨʢʠ ʧʨʝʚʟʝʤʝʥʠ ʧʨʝʜ, ʟʘ ʚʨʝʤʝ ʥʘ, ʠ ʧʦʩʣʝ 

ʧʦʛʦʣʝʤʠ ʩʠʩʪʝʤʩʢʠ ʰʦʢʦʚʠ ʠʣʠ ʥʝʩʪʘʙʠʣʥʦʩʪʠ ʠ ʩʝ ʧʦʜʝʣʝʥʠ ʚʦ 3 ʤʦʞʥʦʩʪʠ: 

1. ʆʜʨʞʫʚʘˁʝ ʥʘ ʠʩʪʠʦʪ ʩʠʩʪʝʤ (Persistence) ï ʇʨʝʚʟʝʤʝʥʠʪʝ ʤʝʨʢʠ ʧʦ ʧʦʛʦʣʝʤʠʦʪ 

ʰʦʢ ʚʦʜʘʪ ʢʦʥ ʦʜʨʞʫʚʘˁʝ ʥʘ ʩʪʘʪʫʩ ʢʚʦ ʚʦ ʦʜʥʦʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʠʥʦʚʘʮʠʿʘ ʚʦ 

ʩʚʝʨʘʪʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʠ ʪʨʘʥʩʧʦʨʪʥʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʆʚʦʿ ʨʝʟʫʣʪʘʪ ʝ ʙʣʠʩʢʫ 

ʧʦʚʨʟʘʥ ʩʦ ʚʝ˃ʝ ʚʦʩʧʦʩʪʘʚʝʥʠʪʝ ʪʝʭʥʦʣʦʛʛʠ ʢʘʢʦ ʤʦʪʦʨʠ ʥʘ ʚʥʘʪʨʝʰʥʦ ʩʦʛʦʨʫʚʘˁʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʬʦʩʠʣʥʠ ʠ ʥʫʢʣʝʘʨʥʠ ʛʦʨʠʚʘ. ʅʦ ʦʜʨʞʣʠʚʦʩʪʘ 

ʥʘ ʦʚʦʿ ʨʝʟʫʣʪʘʪ ʠ ʥʝʛʦʚʘʪʘ ʠʜʥʠʥʘ ʝ ʧʦʜ ʩʠʣʝʥ ʧʨʠʪʠʩʦʢ ʜʘ ʩʝ ʧʨʦʤʝʥʠ ʧʦʨʘʜʠ: 

˥ͪ͊ͺ͙͟ м ς ʈʘʤʢʘ ʥʘ ʪʝʭʥʦʣʦʰʢʘ ʩʠʩʪʝʤʩʢʘ ʜʠʥʘʤʠʢʘ (Shurkov, 2012) ï 

ʘʜʘʧʪʘʮʠʿʘ ʥʘ ʨʘʤʢʘʪʘ ʦʜ Chapin & Folke (2009)  
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ʟʛʦʣʝʤʝʥʘ ʚʣʘʜʠʥʘ ʧʦʜʜʨʰʢʘ ʠ ʠʥʪʝʨʝʩ ʥʘ ʧʨʠʚʘʪʥʠʦʪ ʩʝʢʪʦʨ ʟʘ ʥʦʚʠ ʠ ʦʜʨʞʣʠʚʠ 

ʟʝʣʝʥʠ ʪʪʝʭʥʦʣʦʛʠʠ, ʟʛʦʣʝʤʝʥʠ ʠ ʥʝʩʪʘʙʠʣʥʠ ʮʝʥʠ ʥʘ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ, ʣʠʤʠʪʠ ʟʘ 

ʝʤʠʪʠʨʘˁʝ ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ, ʧʨʦʰʠʨʝʥʠ ʨʝʛʫʣʘʪʦʨʥʠ ʤʝʭʘʥʠʟʤʠ, ʧʦʠʟʨʘʟʝʥʠ 

ʿʘʚʥʠ ʧʝʨʮʝʧʮʠʠ ʠ ʜʨʫʛʠ ʧʘʟʘʨʥʠ ʩʠʣʠ.  

2. ɸʢʪʠʚʥʦ ʫʧʨʘʚʫʚʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ (Actively Navigated Transformation) ï 

ʇʨʝʚʟʝʤʝʥʠʪʝ ʤʝʨʢʠ ʚʦʜʘʪ ʢʦʥ ʨʝʣʘʪʠʚʥʦ ʨʘʜʠʢʘʣʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʚʦ ʥʘʯʠʥʦʪ ʥʘ 

ʢʦʿ ʬʫʥʢʮʠʦʥʠʨʘʘʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠʪʝ ʩʠʩʪʝʤʠ. ʆʚʠʝ ʤʝʨʢʠ ʧʦʥʘʪʘʤʫ ʜʘʚʘʘʪ 

ʧʦʥʘʪʘʤʦʰʝʥ ʧʦʪʪʠʢ ʟʘ ʛʨʘʜʝˁʝ ʝʣʘʩʪʠʯʥʦʩʪ ʠ ʨʘʟʚʦʿ ʥʘ ʠʥʚʦʪʘʠʚʥʠ ʢʘʧʘʮʠʪʝʪʠ ʟʘ 

ʘʜʘʧʪʘʮʠʿʘ ʢʦʥ ʰʦʢʦʚʠ (ʧʨʠʤʝʨ: ʧʘʤʝʪʥʠ ʤʨʝʞʠ ʠ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʣ. ʝʥʝʨʛʠʿʘ ʥʘ 

ʩʘʤʠʪʝ ʤʨʝʞʠ)  

3. ʅʝʧʣʘʥʠʨʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ (Unintended Transformation) ï ʅʝʜʦʩʪʘʪʦʢʦʪ ʥʘ 

ʥʝʢʦʠ ʧʦʟʥʘʯʘʿʥʠ ʤʝʨʢʠ ʠ ʧʦʣʠʪʠʢʠ ʠʣʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʥʝʝʬʝʢʪʠʚʥʠ ʤʝʨʢʠ 

ʟʘʩʥʦʚʘʥʠ ʥʘ ʜʝʣʫʤʥʦ ʨʘʟʙʠʨʘˁʝ ʥʘ ʢʨʘʪʢʦʨʦʯʥʠʪʝ ʠ ʜʦʣʛʦʨʦʯʥʠʪʝ ʝʬʝʢʪʠ ʠ ʚʣʠʿʘʥʠʿʘ 

ʚʦʜʘʪ ʢʦʥ ʦʚʦʿ ʪʠʧ ʥʘ ʨʝʟʫʣʪʘʪ. ñɸʢʦ ʢʘʧʘʮʠʪʝʪʠʪʝ ʥʘ ʘʜʘʧʪʘʮʠʿʘ ʥʘ ʥʝʢʦʿʘ ʦʜ 

ʢʦʤʧʦʥʝʥʪʠʪʝ ʝ ʥʝʜʦʚʦʣʥʘ ʟʘ ʜʘ ʩʝ ʩʧʨʘʚʠ ʩʦ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʰʦʢʦʚʠ, ʪʦʛʘʰ 

ʪʠʝ ʧʦʢʘʞʫʚʘʘʪ ʨʘʥʣʠʚʦʩʪ ʥʘ ʥʝʧʣʘʥʠʨʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʢʦʥ ʥʦʚʘ ʩʦʩʪʦʿʙʘ ʢʦʿʘ 

ʦʙʠʯʥʦ ʚʢʣʫʯʫʚʘ ʜʝʛʨʘʜʘʮʠʿʘ ʚʦ ʫʩʣʦʚʠʪʝ ʥʘ ʬʫʥʮʢʠʦʥʠʨʘˁʝ.òʀɹʀɼ  

ʇʦʩʪʦʿʘʪ ʦʜʨʝʜʝʥʠ ʝʣʝʤʥʪʠ ʦʜ ʦʚʠʝ 3 ʧʦʝʜʠʥʝʯʥʠ ʨʝʟʫʣʪʘʪʠ ʢʦʠ ʩʝ ʧʨʝʢʣʦʧʫʚʘʘʪ ʚʦ ʩʚʦʝʪʦ 

ʚʣʠʿʘʥʠʝ ʠ ʢʦʤʫʥʠʮʠʨʘʘʪ ʥʘ ʦʜʨʝʜʝʥʦ ʥʠʚʦ, ʩʦ ʰʪʦ ʥʝ ʤʦʞʝʤʝ ʜʘ ʙʠʜʝʤʝ ʩʠʛʫʨʥʠ ʪʦʯʥʦ ʢʦʠ 

ʤʝʨʢʠ ʩʝ ʦʜʛʦʚʦʨʥʠ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. ɺʦ ʣʠʥʠʿʘ ʥʘ ʛʦʨʝʥʘʚʝʜʥʦʪʦ ʤʦʨʘ ʜʘ ʙʠʜʝ 

ʧʦʪʝʥʮʠʨʘʥʦ ʜʝʢʘ ʪʨʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʝ ʩʝ ʝʢʩʢʣʫʟʠʚʥʠ ʟʘʪʦʘ ʰʪʦ ʥʝʢʦʠ ʢʦʤʧʥʦʥʝʪʠ ʦʜ 

ʩʠʩʪʝʤʦʪ (ʧʨ. ʝʢʦʣʦʰʢʠ ʩʫʙ-ʩʠʩʪʝʤʠ, ʠʥʩʪʠʪʫʮʠʠ, ʩʦʮʠʿʘʣʥʠ ʝʜʠʥʠʮʠ) ʤʦʞʘʪ ʜʘ ʩʝ ʦʜʨʞʘʪ 

ʠʩʪʠ, ʜʨʫʛʠ ʜʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘʘʪ, ʘ ʦʩʪʘʥʘʪʠʪʝ ʜʘ ʩʝ ʜʝʛʨʘʜʠʨʘʘʪ.òʀɹʀɼ   

 
3. ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʧʨʝʢʫ ʭʠʙʨʠʜʥʠ ʠ ʝʣʝʢʪʨʠʯʥʠ ʚʦʟʠʣʘ ʠ 

ʧʘʤʝʪʥʠ ʤʨʝʞʠ 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʝ ʧʨʦʮʝʩ ʥʘ ʫʯʝˁʝ ʠ ʘʜʘʧʪʠʚʝʥ ʧʨʦʮʝʩ ʢʘʜʝ ʰʪʦ ʧʝʨʠʦʜʠ 

ʥʘ ʢʨʠʟʠ ʠʣʠ ʰʦʢʦʚʠ ʩʝ ʧʨʦʩʣʝʜʝʥʠ ʩʦ ʧʝʨʠʦʜʠ ʥʘ ʥʘʜʦʛʨʘʜʙʘ ʥʘ ʟʥʘʝˁʘʪʘ ʠ ʢʘʧʘʮʠʪʝʪʠ ʥʘ 

ʘʜʘʧʪʘʮʠʿʘ. ʆʚʘ ʟʥʘʝˁʝ ʧʦʥʘʪʘʤʫ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʘʢʪʠʚʥʦ ʫʧʨʘʚʫʚʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ 

ʢʦʿʘ ʥʘʿʯʝʩʪʦ ʿʘ ʤʝʥʫʚʘ ʩʦʮʠʿʘʣʥʘʪʘ ʢʦʥʦʪʘʮʠʿʘ ʥʘ ʦʜʝʨʝʜʝʥʘʪʘ ʪʝʭʥʦʣʦʛʠʿʘ. ʊʦʢʤʫ ʪʦʘ  ʝ 

ʮʝʣʪʘ ʥʘ ʦʚʦʿ ʪʨʫʜ, ʩʦ ʢʦʿ ʩʝ ʜʝʪʝʨʤʠʥʠʨʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʩʦʩʪʦʿʙʘ ʥʘ ʟʘʧʦʯʥʫʚʘˁʝ ʘʢʪʠʚʥʦ 

ʫʧʨʘʚʫʚʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʦʪ ʩʠʩʪʝʤ ʢʦʥ ʧʘʤʝʪʥʠ ʝʣʝʢʪʨʠʯʥʠ ʤʨʝʞʠ ʢʦʠ 

ʠʥʢʦʨʧʦʨʠʨʘʘʪ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʩʘʤʘʪʘ ʤʨʝʞʘ ʩʦ ʧʦʩʝʙʥʠ ʢʦʤʧʥʦʥʝʥʪʠ ʢʘʢʦ 

ʝʣʝʢʪʨʠʯʥʠ ʠ ʭʠʙʨʠʜʥʠ ʚʦʟʠʣʘ. ɺʦ ʣʠʥʠʿʘ ʩʦ ʦʚʦʿ ʘʨʛʫʤʝʥʪ, ʛʣʦʙʘʣʥʘʪʘ ʢʨʠʟʘ ʢʦʿʘ ʟʘʧʦʯʥʘ ʚʦ 

2008 ʛʦʜʠʥʘ, ʘ ʩʦ ʪʦʘ ʠ ʩʦʮʠʦ-ʧʦʣʠʪʠʯʢʠʪʝ ʧʦʩʣʝʜʠʮʠ ʦʜ ʛʣʦʙʘʣʥʘʪʘ ʨʝʮʝʩʠʿʘ, ʟʛʦʣʝʤʝʥʠʪʝ 

ʮʝʥʠ ʥʘ ʥʘʬʪʘʪʘ ʠ ʩʝ ʧʦʘʢʪʠʚʥʘʪʘ ʜʝʙʘʪʘ ʠ ʤʝʨʢʠ ʟʘ ʩʧʨʘʚʫʚʘˁʝ ʩʦ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ, 

ʚʩʫʰʥʦʩʪ ʧʨʝʩʪʘʚʫʚʘʘʪ ʛʦʣʝʤ ʰʦʢ ʟʘ ʪʨʘʥʩʧʦʨʪʥʠʦʪ ʩʠʩʪʝʤ ʢʦʿ ʜʦʩʝʛʘ ʬʫʥʢʮʠʦʥʠʨʘʣ ʚʦ 

ʬʘʟʘʪʘ ʥʘ ʠʩʪʨʘʿʥʦʩʪ ʧʨʠʢʘʞʘʥʘ ʚʦ ʨʘʤʢʘʪʘ ʧʦʛʦʨʝ. 
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ʉʦʛʣʘʩʥʦ, ʧʦʩʪʦʿʘʪ ʥʝʢʦʣʢʫ ʠʥʦʚʘʪʠʚʥʠ ʪʝʭʥʦʣʦʛʠʠ ʢʦʠ ʩʝ ʠʤʘʘʪ ʨʘʟʚʠʝʥʦ ʟʘ ʚʨʝʤʝ ʥʘ ʦʚʦʿ 

ʥʝʩʪʘʙʠʣʝʥ ʧʝʨʠʦʜ ʠ 

ʢʦʠ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʤʦʞʘʪ ʜʘ ʩʪʘʥʘʪ 

ʚʠʪʘʣʥʠ ʝʣʝʤʝʥʪʠ ʥʘ 

ʠʜʥʠʦʪ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝʥ ʩʠ-

ʩʪʝʤ ʢʦʿ ʙʠ ʩʝ ʟʘʩʥʦ-

ʚʘʣ ʥʘ ʜʚʘ ʧʨʠʥʮʠʧʠ: 

ʦʜʨʞʣʠʚʦʩʪ ʠ ʝʣʘ-

ʩʪʠʯʥʦʩʪ. ʊʫʢʘ ʝ ʥʝ-

ʦʧʭʦʜʥʦ ʜʘ ʩʝ 

ʧʦʪʝʥʮʠʨʘ ʜʝʢʘ ʚʣʘʜʠ-

ʪʝ ʢʘʢʦ ʛʣʘʚʥʠ 

ʦʨʛʘʥʠʟʘʮʠʩʢʠ ʪʝʣʘ ʿʘ 

ʠʤʘʘʪ ʛʣʘʚʥʘʪʘ ʫʣʦʛʘ 

ʚʦ ʚʦʩʧʦʩʪʘʚʫʚʘˁʝ ʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠʪʝ 

ʩʠʩʪʝʤʠ ʢʦʠ ʩʝ 

ʢʨʫʮʠʿʘʣʥʠ ʟʘ 

ʬʫʥʢʮʠʦʥʠʨʘˁʝʪʦ ʥʘ 

ʦʧʰʪʝʩʪʚʘʪʘ. ʋʣʦʛʘʪʘ 

ʥʘ ʚʣʘʜʘʪʘ ʝ ʿʘʩʥʘ: 

ʛʨʘʜʝˁʝ ʥʘ ʦʜʨʞʣʠʚʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʦ ʮʝʣ ʦʜʨʞʫʚʘˁʝ ʥʘ ʩʪʘʙʠʣʥʠ ʠ ʧʨʦʩʧʝʨʠʪʝʪʥʠ 

ʦʧʰʪʝʩʪʚʘ.   

ʅʘ ʧʨʠʤʝʨ, ʛʣʘʚʥʘʪʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʢʘʪʘʩʪʨʦʬʘʪʘ ʚʦ ʌʫʢʫʰʠʤʘ ʢʦʿʘ ʩʝ ʩʣʫʯʠ ʥʘ 

11.03.2011 ʙʝʰʝ ʦʪʩʫʩʪʚʦʪʦ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʚʦ ʝʥʝʨʛʝʪʩʢʠʦʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝʥ ʩʠʩʪʝʤ, 

ʦʜʥʦʩʥʦ ʧʨʝʛʦʣʝʤʘʪʘ ʟʘʚʠʩʥʦʩʪ ʦʜ ʝʜʝʥ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ (ʅʫʢʣʝʘʨʥʘ ʝʥʝʨʛʠʿʘ) ʢʦʿ ʧʦʥʘʪʘʤʫ 

ʢʘʩʢʘʜʠʨʘʰʝ ʢʦʥ ʜʨʫʛʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʩʠʩʪʝʤʠ: ʪʨʘʥʩʧʦʨʪ, ʟʜʨʘʚʩʪʚʝʥʘ ʟʘʰʪʠʪʘ, 

ʢʦʤʫʥʠʢʘʮʠʠ ʠʪʥ. ʆʚʘʘ ʢʘʪʘʩʪʨʦʬʘ ʝ ʦʯʠʛʣʝʜʝʥ ʘʨʛʫʤʝʥʪ ʢʦʥ ʧʦʪʨʝʙʘʪʘ ʦʜ ʝʣʘʩʪʠʯʝʥ ʠ 

ʠʥʪʝʛʨʠʨʘʥ ʠʬʨʘʩʪʨʫʢʪʫʨʝʥ ʩʠʩʪʝʤ. ɼʦʧʦʣʥʠʪʝʣʥʦ ʦʚʦʿ ʰʦʢ ʧʨʠʯʠʥʠ ʜʨʘʩʪʠʯʥʘ ʧʨʦʤʝʥʘ ʚʦ 

ʿʘʚʥʠʪʝ ʧʝʨʮʝʧʮʠʠ ʢʦʥ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʠ ʩʦʮʠʿʘʣʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʟʘ ʢʦʝʰʪʦ ʧʦʩʚʝʜʦʯʠ ʚʦ 

ʠʥʪʝʨʚʿʫ ʠ ɻ. ʇʘʫʣʦ ʉʘʫʩʘv  ʢʦʿ ʝ ʤʘʛʠʩʪʝʨ ʥʘ ʋʥʠʚʝʨʟʠʪʝʪʦʪ ʚʦ ʉʝʥʜʘʠ, ɱʘʧʦʥʠʿʘ ʠ ʚʦʝʜʥʦ ʙʠʣ 

ʧʨʠʩʫʪʝʥ ʚʦ ɱʘʧʦʥʠʿʘ ʟʘ ʚʨʝʤʝ ʥʘ ʢʘʪʘʩʪʨʦʬʘʪʘ. ʉʦ ʦʚʘ ɱʘʧʦʥʩʢʦʪʦ ʦʧʰʪʝʩʪʚʦ ʩʝ ʧʨʠʜʚʠʞʠ 

ʧʦʜʘʣʝʢʫ ʦʜ ʥʫʢʣʝʘʨʥʘʪʘ ʝʥʝʨʛʠʿʘ ʠ ʧʦʙʣʠʩʢʫ ʢʦʥ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ 

ʥʘ ʝʥʝʨʛʠʿʘ, ʝʥʝʨʛʝʪʩʢʘ ʥʝʟʘʚʠʩʥʦʩʪ ʠ ʜʠʚʝʨʟʠʬʠʢʘʮʠʿʘ ʚʢʣʫʯʠʪʝʣʥʦ ʠ  V2G21  ï V2H 22 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʠ ʩʝ ʥʝʠʟʝʤʝʥ ʜʝʣ ʦʜ ʠʜʥʠʪʝ ʧʘʤʝʪʥʠ ʝʣʝʢʪʨʠʯʥʠ ʤʨʝʞʠ.  

V2G ʪʝʭʥʦʣʦʛʠʠ ʩʝ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʧʘʤʝʪʥʠʪʝ ʤʨʝʞʠ ʢʦʠ ʤʦʞʝ ʜʘ ʛʠ ʠʥʢʦʨʧʦʨʠʨʘʘʪ ʚʦʟʠʣʘʪʘ 

ʩʦ ʙʘʪʝʨʠʠ (ʝʣʝʢʪʨʠʯʥʠ ʠ ʭʠʙʨʠʜʥʠ ʚʦʟʠʣʘ) ʚʦ ʝʣʝʢʪʨʠʯʥʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʩʦ ʮʝʣ ʜʘ 

ʙʠʜʘʪ ʤʦʙʠʣʝʥ ʜʝʣ ʦʜ ʢʦʥʮʝʧʪʦʪ ʥʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʥʠʚʦ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʤʨʝʞʘ, ʢʦʿʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʠʩʢʦʨʠʩʪʝʥʘ ʧʦ ʧʦʪʨʝʙʘ. ɻʦʣʝʤʠʦʪ ʟʝʤʿʦʪʨʝʩ ʚʦ 

ɱʘʧʦʥʠʿʘ ʥʘ 11 ʄʘʨʪ 2011 ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʘʪʘ ʥʫʢʣʝʘʨʥʘ ʢʘʪʘʩʪʨʦʬʘ ʚʦ ʌʫʢʫʰʠʤʘ ʿʘ 

ʥʘʚʝʜʦʘ ɱʘʧʦʥʠʿʘ ʢʦʥ ʧʦʥʘʪʘʤʦʰʥʦ ʨʘʟʚʠʚʘˁʝ ʥʘ ʥʝʿʟʠʥʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʝʣʘʩʪʠʯʥʦʩʪ. 

                                                                 
21

 V2G- ǾŜƘƛŎƭŜ ǘƻ ƎǊƛŘ ͔ ͍͔ͫͤ͊͋͒ͯ͊ͥ ͤ͊ ͔͡Φ ͔͔͎͙ͤͪ͊͞ ͦ͒ ͍͙ͦ͊ͭ͊͘͡ ό͔͔͙ͭͪ͟͡;͙ͤ ͙ ͻ͙͙͙͋ͪ͒ͤύ ͦͤ͟ ͔͡Φ ͔͙ͣͪ͗ 
22

 V2H- ǾŜƘƛŎƭŜ ǘƻ ƘƻǳǎŜ ͔ ͍͔ͫͤ͊͋͒ͯ͊ͥ ͤ͊ ͔͡Φ ͔͔͎͙ͤͪ͊͞ ͦ͒ ͍͙ͦ͊ͭ͊͘͡ ό͔͔͙ͭͪ͟͡;͙ͤ ͙ ͻ͙͙͙͋ͪ͒ͤύ ͦͤ͟ ͙͍͒ͦͣ͊ͤͫͭ͊͠ 

˥ͪ͊ͺ͙͟ н ς ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʧʘʤʝʪʥʠ ʤʨʝʞʠ ʠ ʢʘʧʘʮʠʪʝʪʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ 
ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʩʘʤʘʪʘ ʤʨʝʞʘ. 

Source: http://emileglorieux.blogspot.nl/2011/04/smart-grid-report-1.html 
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ɽʜʥʘ ʦʜ ʦʚʠʝ ʤʝʨʢʠ ʟʘ ʟʘʩʠʣʫʚʘˁʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʪʘ ʝʣʘʩʪʠʯʥʦʩʪ ʝ ʠ V2G ʪʝʭʥʦʣʦʰʢʠ 

ʩʠʩʪʝʤʠ ʩʦ ʢʦʠ ʢʦʛʘ ʝʣʝʢʪʨʠʯʥʦʪʦ ʠʣʠ ʭʠʙʨʠʜʥʦʪʦ ʚʦʟʠʣʦ ˃ʝ ʩʝ ʧʦʚʨʟʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ 

ʤʨʝʞʘ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʦʪʦ ʤʦʞʝ ʜʘ ʛʠ ʟʘʜʦʚʦʣʠ ʩʠʪʝ ʧʦʪʨʝʙʠ ʦʜ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʨʦʢ ʦʜ 

2 ʜʦ 3 ʜʝʥʘ (BBC, 09.03.2012)v i. ʇʨʠʜʚʠʞʫʚʘˁʝʪʦ ʢʦʥ ʦʚʦʿ ʪʠʧ ʥʘ ʦʜʨʞʣʠʚʠ ʪʝʭʥʦʣʦʛʠʠ ʛʠ 

ʠʥʢʦʨʧʦʨʠʨʘ ɹɽɺ (ɹʘʪʝʨʠʩʢʠ ʝʣʝʢʪʨʠʯʥʠ ʚʦʟʠʣʘ) ʚʦ ʩʝʢʦʿʜʥʝʚʥʠʦʪ ʞʠʚʦʪ ʠ ʿʘ ʦʙʝʟʙʝʜʫʚʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʤʨʝʞʘ, ʘ ʩʦ ʪʦʘ ʠ  ʧʦʰʠʨʦʢʘʪʘ ʿʘʚʥʦʩʪ, ʩʦ ʥʝʦʧʭʦʜʥʘʪʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʚʦ 

ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʝʥʝʨʛʠʿʘʪʘ ʠ ʝʥʝʨʛʝʪʩʢʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʦʩʦʙʝʥʦ ʚʦ ʧʝʨʠʦʜʠ ʥʘ ʧʦʛʦʣʝʤʠ 

ʰʦʢʦʚʠ ʠʣʠ ʥʝʩʪʘʙʠʣʥʦʩʪʠ. ʇʨʠʤʝʨ ʥʘ ʪʘʢʚʘ ʧʘʤʝʪʥʘ ʤʨʝʞʘ ʝ ʧʨʠʢʘʞʘʥʘ ʚʦ ʛʨʘʬʠʢ 2,  ʢʘʜʝ 

ʰʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʩʢʣʘʜʠʨʘˁʝʪʦ ʥʘ ʦʙʥʦʚʣʠʚʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʨʝʟʠʜʝʥʮʠʿʘʣʥʠ ʠ 

ʢʦʤʝʨʮʠʿʘʣʥʠ ʦʙʿʝʢʪʠ ʝ ʠʥʪʝʛʨʠʨʘʥʦ ʟʘʝʜʥʦ ʩʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʩʢʘʣʜʠʨʘˁʝʪʦ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʦʙʿʝʢʪʠ, ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘ ʦʜ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʢʦʛʝʥʝʨʘʮʠʿʘ, ʘʚʪʦʤʘʮʠʿʘ, ʧʘʤʝʪʥʠ ʤʝʨʘʯʠ ʠ 

ʜʠʩʪʨʠʙʫʮʠʿʘ. ɹɽɺ ʚʦ ʦʚʦʿ ʧʨʠʢʘʟ ʝ ʦʜ ʮʝʥʪʨʘʣʥʦ ʟʥʘʯʝˁʝ ʟʘ ʧʨʘʚʠʣʥʦ ʠ ʝʬʠʢʘʩʥʦ 

ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʤʦʙʠʣʥʦ ʩʢʣʘʜʠʰʪʝ ʥʘ 

ʝʥʝʨʛʠʿʘ ʠ ʠʥʪʝʛʨʘʣʝʥ ʜʝʣ ʦʜ ʝʥʝʨʛʝʪʩʢʠʦʪ, ʪʨʘʥʩʧʦʨʪʥʠʦʪ ʩʠʩʪʝʤ ʠ ʧʦʚʨʟʘʥʠʪʝ ʩʫʙʩʠʩʪʝʤʠ. 

ʃʠʯʥʠʪʝ ʚʦʟʠʣʘ ʥʠʢʦʛʘʰ ʧʦʨʘʥʦ ʥʝ ʙʠʣʝ ʢʦʤʧʣʝʤʝʥʪʘʨʝʥ ʜʝʣ ʦʜ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ, 

ʛʣʝʜʠʰʪʝ ʢʦʝʰʪʦ ʙʨʟʦ ʩʝ ʤʝʥʫʚʘ.  

ʇʘʤʝʪʥʠ ʠ ʝʣʝʢʪʨʠʯʥʠ ʤʨʝʞʠ ʧʦʚʨʟʘʥʠ ʥʘ ʨʝʛʠʦʥʘʣʥʦ ʥʠʚʦ ʥʘ ʧʨʠʤʝʨ ʚʦ ɽʚʨʦʧʘ, ʤʦ-

ʞʘʪ ʜʘ ʦʙʝʟʙʝʜʘʪ ʠ ʜʦʧʦʣʥʠʪʝʣʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʝʣʘʩʪʠʯʥʦʩʪ. ʇʦʚʨʟʫʚʘˁʝʪʦ ʥʘ ʨʝʛʠʦʥʘʣ-

ʥʦ ʥʠʚʦ ʙʠ ʛʦ ʥʘʧʨʘʚʠʣʦ ʩʢʣaʜʠʨʘˁʝʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʦʤʘʣʢʫ ʚʘʞʥʦ ʩʦ ʪʦʘ ʰʪʦ 

ʥʝʜʦʩʪʘʪʦʢʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ (ʚʝʪʘʨ ʠ ʩʦʥʯʝʚʘ) 

ʚʦ ʝʜʝʥ ʨʝʛʠʦʥ ʤʦʞʝ ʜʘ ʙʠʜʝ ʥʘʜʦʧʦʣʥʝʪʦ ʩʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ ʨʝʛʠʦʥʠ, ʢʘʜʝ ʚʦ ʪʦʿ ʤʦʤʝʥʪ ʛʠ 

ʠʤʘ ʚʦ ʠʟʦʙʠʣʩʪʚʦ. ʌʣʝʢʩʠʙʠʣʥʦʩʪʘ ʢʦʿʘ ʿʘ ʥʫʜʘʪ ʧʘʤʝʪʥʠʪʝ ʝʣʝʢʪʨʠʯʥʠ ʤʨʝʞʠ ʝ ʚʦ ʧʨʠʥʮʠʧ 

ʩʣʠʯʥʘ ʥʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ ʢʦʿʘ 

ʿʘ ʥʫʜʠ ʢʦʤʫʥʠʢʘʮʠʩʢʘʪʘ ʤʨʝʞʘ 

ʦʜʥʦʩʥʦ ʠʥʪʝʨʥʝʪʦʪ. ʂʦʛʘ 

ʦʜʨʝʜʝʥ ʩʝʨʚʝʨ ʠʣʠ 

ʢʨʩʪʦʩʥʠʮʘ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ˃ʝ 

ʧʨʝʢʠʥʝ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘ 

ʢʦʤʫʥʠʢʘʮʠʩʢʠʦʪ ʩʘʦʙʨʘ˃ʘʿ ʩʝ 

ʧʨʝʥʘʩʦʯʫʚʘ ʢʦʥ ʜʨʫʛʠ ʩʝʨʚʝʨʠ 

ʠʣʠ ʢʨʩʪʦʩʥʠʮʠ ʠ ʥʘ ʪʦʿ ʥʘʯʠʥ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʘ ʠ 

ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʩʠʩʪʝʤʦʪ ʝ 

ʦʜʨʞʘʥʘ. ɻʨʘʬʠʢ 2 

ʧʨʝʪʩʪʘʚʫʚʘ ʛʨʘʬʠʯʢʘ 

ʧʨʝʟʝʥʪʘʮʠʿʘ ʥʘ ʧʘʤʝʪʥʘ 

ʤʨʝʞʘ ʩʦ ʠʥʢʦʨʧʦʨʠʨʘʥʠ 

ʢʘʧʘʮʠʪʝʪʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ.  

 
ʎʝʣʪʘ ʥʘ ʧʦʩʪʦʝˁʝʪʦ ʥʘ 

ʢʘʧʘʮʠʪʝʪʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʝ ʝ ʩʘʤʦ ʜʘ ʿʘ ʧʦʜʦʙʨʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʦʜ ʥʝʧʦʩʪʦʿʘʥʠ ʠʟʚʦʨʠ ʥʘ ʦʜʨʞʣʠʚʘ ʝʥʝʨʛʠʿʘ (ʩʦʥʮʝ, ʚʝʪʘʨ). ʇʦʙʘʨʫʚʘʯʢʘʪʘ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʿʘ ʪʠʧʠʯʥʦ ʝ ʥʝʩʪʘʙʠʣʥʘ ʚʦ ʨʦʢ ʦʜ ʝʜʝʥ 24 ʯʘʩʦʚʝʥ ʮʠʢʣʫʩ, ʦʜʥʦʩʥʦ 

ʩʦ ʥʘʿʛʦʣʝʤʘ ʧʦʙʘʨʫʚʘʯʢʘ ʧʦʤʝʺʫ 6 ʠ 20 ʯʘʩʦʪ ʠ ʥʘʿʥʠʩʢʘ ʤʝʺʫ 20 ʠ 6 ʯʘʩʦʪ ʥʘʫʪʨʦ (ʛʨʘʬʠʢ 3) 

ʢʦʛʘ ʧʦʚʝ˃ʝʪʦ ʦʜ ʧʦʧʫʣʘʮʠʿʘʪʘ ʝ ʥʝʘʢʪʠʚʥʘ. ɺʩʫʰʥʦʩʪ, ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʥʝ 

˥ͪ͊ͺ͙͟ о ς ʊʠʧʠʯʝʥ 24 ʯʘʩʦʚʝʥ ʮʠʢʣʫʩ ʥʘ ʧʦʙʘʨʫʚʘʯʢʘ, ʧʦʥʫʜʘ ʠ 
ʢʦʥʟʫʤʘʮʠʿʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ Source: 

http://en.wikipedia.org/wiki/Grid_energy_storage 
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ʤʦʞʝ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʘʪ ʥʘʿʝʬʠʢʘʩʥʦ ʪʦʢʤʫ ʟʘʨʘʜʠ ʦʚʘ ʛʦʣʝʤʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʙʘʨʫʚʘʯʢʘʪʘ 

ʟʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʉʢʣʘʜʠʨʘˁʝʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʘʢʦ ʠʥʪʝʛʨʘʣʝʥ ʜʝʣ ʦʜ 

ʧʘʤʝʪʥʠʪʝ ʝʣʝʢʪʨʠʯʥʠ ʤʨʝʞʠ ʠʤʘ ʧʦʪʝʥʮʠʿʘʣ ʜʘ ʛʠ ʠʟʨʘʤʥʠ ʢʨʠʚʠʪʝ ʥʘ ʧʦʙʘʨʫʚʘʯʢʘ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ (ʟʝʣʝʥʘʪʘ ʣʠʥʠʿʘ ʥʘ ʩʣʠʢʘ 18) ʩʦ ʪʦʘ ʰʪʦ ʙʠ ʩʝ ʦʩʣʦʙʦʜʠʣʘ ʝʥʝʨʛʠʿʘʪʘ 

ʩʢʣʘʜʠʨʘʥʘ ʟʘ ʚʨʝʤʝ ʥʘ ʥʘʤʘʣʝʥʘʪʘ ʧʦʙʘʨʫʚʘʯʢʘ.  ɼʦʧʦʣʥʠʪʝʣʥʦ, ʝʥʝʨʛʠʿʘʪʘ ʧʨʦʠʟʚʝʜʝʥʘ ʚʦ 

ʚʨʝʤʝ ʥʘ ʥʘʤʘʣʝʥʘ ʧʦʙʘʨʫʚʘʯʢʘ (ʧʨʝʢʫ ʥʦ˃) ʝ ʠ ʧʦʝʚʪʠʥʘ (ʝʚʪʠʥʘ ʪʘʨʠʬʘ) ʩʦ ʰʪʦ ʠ 

ʩʦʧʩʪʚʝʥʠʮʠʪʝ ʥʘ ɹɽɺ ʠ ʢʨʘʿʥʠʪʝ ʢʦʨʠʩʥʠʮʠ ʙʠ ʠʤʘʣʝ ʙʝʥʝʬʠʪ, ʠʤʝʥʦ ʟʘʪʦʘ ʰʪʦ ɹɽɺ 

ʥʘʿʯʝʩʪʦ ʩʝ ʧʦʣʥʘʪ ʥʘʚʝʯʝʨ. ʇʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʥʘʧʨʘʚʘʪ ʜʦʧʦʣʥʠʪʝʣʥʠ ʥʘʫʯʥʠ ʠ ʩʪʨʫʯʥʠ 

ʠʩʪʨʘʞʫʚʘˁʘ ʥʘ ʦʚʘʘ ʪʝʤʘ, ʩʦ ʮʝʣ ʧʦʜʦʙʨʦ ʨʘʟʙʠʨʘˁʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʪʘ ʝʣʘʩʪʠʯʥʦʩʪ ʠ 

ʥʘʯʠʥʦʪ ʥʘ ʢʦʿ ʨʘʟʣʠʯʥʠʪʝ ʤʝʨʢʠ ʚʣʠʿʘʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʠ ʝʥʝʨʛʝʪʩʢʠʪʝ ʩʠʩʪʝʤʠ, ʘ ʩʦ ʪʦʘ 

ʜʘ ʩʝ ʧʦʩʚʝʪʠ ʠ ʧʦʛʦʣʝʤʠ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʥʠʪʝ ʪʝʭʥʦʣʦʰʢʠ ʘʩʧʝʢʪʠ: 

 

- Liquid Metal Battery Corp.  ʚʦ ʩʦʧʩʪʚʝʥʦʩʪ ʥʘ ʧʨʦʬʝʩʦʨʦʪ ʦʜ ʄʀʊ Donald Sadoway, ʢʦʿ ʝ 

ʝʜʝʥ ʦʜ ʛʣʘʚʥʠʪʝ ʧʨʦʧʦʥʝʥʪʠ ʟʘ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʛʦʣʝʤʠ ʢʘʧʘʮʠʪʝʪʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʩʘʤʠʪʝ ʤʨʝʞʠ, ʚʝʣʠ ñʉʦ ʦʛʨʦʤʥʘ ʙʘʪʝʨʠʿʘ, ʥʠʝ ʙʠ ʙʠʣʝ 

ʩʧʦʩʦʙʥʠ ʜʘ ʩʝ ʩʧʨʘʚʠʤʝ ʩʦ ʧʨʦʙʣʝʤʦʪ ʥʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʚʦ ʝʥʝʨʛʝʪʩʢʘʪʘ ʤʨʝʞʘ ʢʦʠ ʛʠ 

ʩʧʨʝʯʫʚʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʚʝʪʘʨ ʠ ʩʦʥʮʝ, ʜʘ ʜʦʧʨʠʥʝʩʫʚʘʘʪ ʢʦʥ 

ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʥʘ ʠʩʪ ʥʘʯʠʥ ʠ ʧʨʝʜʚʠʜʣʠʚʦʩʪ ʢʦʿ ʰʪʦ ʛʦ ʥʫʜʘʪ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ 

ʠ ʥʫʢʣʝʘʨʥʘʪʘ ʝʥʝʨʛʠʿʘ.òv ii 

- ɼʦ 2017 ʛʦʜʠʥʘ ʩʝ ʦʯʝʢʫʚʘ ʩʪʘʥʠʮʠʪʝ ʟʘ ʧʦʣʥʝˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʠ ʠ ʭʠʙʨʠʜʥʠ ʚʦʟʠʣʘ ʜʘ 

ʧʦʨʘʩʥʘʪ ʥʘ 4,1 ʤʠʣʠʦʥʠ, ʦʜ ʢʦʠ ʰʪʦ 500.000 ˃ʝ ʙʠʜʘʪ ʿʘʚʥʦ ʜʦʩʪʘʧʥʠ, ʘ 3,5 ʤʠʣʠʦʥʠ 

ʢʝ ʙʠʜʘʪ ʚʦ ʨʝʟʠʜʝʥʮʠʿʘʣʥʠ ʦʙʣʘʩʪʠ.v iii   

- ɼʦʧʦʣʥʠʪʝʣʥʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʠ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʩʠʩʪʝʤʠ ˃ʝ ʧʦʥʫʜʠ ʠ 

ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʥʘ Qualcomm  ʟʘ ʙʝʞʠʯʥʦ (ʠʥʜʫʢʪʠʚʥʦ) ʩʪʘʪʠʯʥʦ, ʢʚʘʟʠ-ʜʠʥʘʤʠʯʥʦ ʠ 

ʜʠʥʘʤʠʯʥʦ ʧʦʣʥʝˁʝ ʥʘ ʙʘʪʝʨʠʠ ʥʘ ɹɽɺ ʢʦʠʰʪʦ ʙʠ ʿʘ ʦʪʩʪʨʘʥʠʣʝ ʧʦʪʨʝʙʘʪʘ ʚʦʟʠʣʘʪʘ 

ʠʣʠ ʙʘʪʝʨʠʠʪʝ ʜʘ ʙʠʜʘʪ ʬʠʟʠʯʢʠ ʧʦʚʨʟʘʥʠ ʩʦ ʝʣʝʢʪʨʠʯʥʠʪʝ ʤʨʝʞʠ ʟʘ ʜʘ ʩʝ ʧʦʣʥʘʪ ʠʣʠ 

ʧʨʘʟʥʘʪ.ix 

- ɼʨʫʛ ʪʝʭʥʦʣʦʰʢʠ ʨʘʟʚʦʿ ʩʝ ʩʣʫʯʫʚʘ ʚʦ ʩʬʝʨʘʪʘ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʩʪʘʨʠ ʠ 

ʠʩʬʨʣʝʥʠ ɹɽɺ ʙʘʪʝʨʠʠ ʢʦʠ ʙʠ ʙʠʣʝ ʠʥʪʝʨʛʨʠʨʘʥʠ ʟʘʝʜʥʦ ʠ ʧʦʚʨʟʘʥʠ ʩʦ ʧʘʤʝʪʥʠʪʝ 

ʝʣʝʢʪʨʠʯʥʠ ʤʨʝʞʠ ʩʦ ʮʝʣ ʜʘ ʧʦʩʣʫʞʘʪ ʢʘʢʦ ʢʘʧʘʮʠʪʝʪʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʣ. ʝʥʝʨʛʠʿʘ 

ʘ ʩʦ ʪʦʘ ʙʠ ʿʘ ʧʦʜʦʙʨʠʣʝ ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠʪʝ ʩʠʩʪʝʤʠ.x 

4. ɿʘʢʣʫʯʦʢ 

ʆʚʦʿ ʪʨʫʜ, ʧʦʜʜʨʞʘʥ ʦʜ ʧʨʝʟʝʥʪʠʨʘʥʠʪʝ ʘʨʛʫʤʝʥʪʠ ʠ ʧʨʦʥʘʿʜʦʮʠ, ʩʫʛʝʨʠʨʘ ʜʝʢʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʨʝʢʫ ʠʥʢʦʨʧʦʨʠʨʘˁʝ ʥʘ ʥʦʚʠ ʦʜʨʞʣʠʚʠ ʠ 

ʝʬʠʢʘʩʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢʦ ɹɽɺ ʠ ʇʍɽɺ, ʚʦ ʚʝ˃ʝ ʧʦʩʪʘʚʝʥʠʦʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝʥ ʩʠʩʪʝʤ. 

ʅʘʜʦʛʨʘʜʫʚʘˁʝ ʢʦʥ ʥʦʚʠ ʙʘʪʝʨʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʚʦʿ ʠ ʥʘʜʦʛʨʘʜʙʘ ʥʘ ʧʦʩʪʦʝʯʢʘʪʘ 

ʝʥʝʨʛʝʪʩʢʘ ʠ ʪʨʘʥʩʧʦʨʪʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʦʥ ʧʘʤʝʪʥʠ ʤʨʝʞʠ ʠ ʠʥʩʪʘʣʠʨʘʥʠ ʢʘʧʘʮʠʪʝʪʠ ʟʘ 

ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʢʦʠ ʿʘ ʧʦʜʦʙʨʫʚʘʘʪ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʧʨʦʟʚʦʜʩʪʚʦ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʣʠ ʠʟʚʦʨʠ, ʘ ʩʦ ʪʦʘ ʿʘ ʟʛʦʣʝʤʫʚʘʘʪ ʠ ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ ʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ, ʛʝʥʝʨʘʣʥʦ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʜʝʣ ʦʜ ʤʝʨʢʠʪʝ ʢʦʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ 

ʩʪʠʤʫʣʠʨʘʥʠ ʦʜ ʜʨʞʘʚʘʪʘ, ʥʦ ʠ ʦʜ ʘʢʘʜʝʤʩʢʘʪʘ ʟʘʝʜʥʠʮʘ ʠ ʧʦʞʠʨʦʢʘʪʘ ʿʘʚʥʦʩʪ. ʀʘʢʦ 

ʜʨʞʘʚʥʠʪʝ ʠʥʩʪʠʪʫʮʠʠ ʩʝ ʛʝʥʝʨʘʣʥʦ ʦʜʛʦʚʦʨʥʠ ʟʘ ʨʘʟʚʦʿ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ, ʘ ʩʦ ʪʦʘ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʪʘ ʝʣʘʩʪʠʯʥʦʩʪ, ʩʝʧʘʢ ʠʥʜʠʚʠʜʫʘʣʮʠʪʝ ʢʘʢʦ ʜʝʣ ʦʜ ʝʜʥʦ ʦʧʰʪʝʩʪʚʦ ʠʩʪʦ 

ʪʘʢʘ ʥʦʩʘʪ ʦʜʛʦʚʦʨʥʦʩʪ ʟʘ ʧʨʦʤʦʚʠʨʘˁʝ ʠ ʧʨʠʬʘ˃ʘˁʝ ʥʘ ʦʜʨʞʣʠʚʠ ʠ ʝʬʠʢʘʩʥʠ ʤʝʨʢʠ. 
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ʃʠʪʝʨʘʪʫʨʘʪʘ ʠʩʪʦ ʪʘʢʘ ʩʫʛʝʨʠʨʘ ʜʝʢʘ ʢʦʨʧʦʨʘʪʠʚʥʠʪʝ ʧʝʨʮʝʧʮʠʠ ʟʘ ʥʦʚʠʪʝ ʠ ʦʜʨʞʣʠʚʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʩʦʙʝʥʦ ʟʘ ʭʠʙʨʠʜʥʠʪʝ ʠ ʝʣʝʢʪʨʠʯʥʠ ʚʦʟʠʣʘ, ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʧʨʦʤʝʥʝʪʠ ʚʦ 

ʧʦʟʠʪʠʚʥʘ ʥʘʩʦʢʘ ʦʜ ʧʦʯʝʪʦʢʦʪ ʥʘ 2000-ʪʘ ʛʦʜʠʥʘ, ʘ ʩʝ ʧʦʪʧʦʤʦʛʥʘʪʠ ʦʜ ʟʛʦʣʝʤʝʥʘʪʘ ʚʣʘʜʠʥʘ 

ʠʥʚʦʣʚʠʨʘʥʦʩʪ ʚʦ ʨʝʛʫʣʠʨʘˁʝʪʦ ʠ ʥʘʯʠʥʦʪ ʥʘ ʩʫʙʚʝʥʮʠʦʥʠʨʘˁʝ ʥʘ ʘʚʪʦʤʦʙʠʣʩʢʠʦʪ ʠ 

ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʝʢʪʦʨ. ʆʩʪʘʥʫʚʘ ʥʘ ʚʣʘʜʠʪʝ ʚʦ ʢʦʦʨʜʠʥʘʮʠʿʘ ʩʦ ʙʠʟʥʠʩ ʟʘʝʜʥʠʮʘʪʘ ʜʘ ʛʠ 

ʨʝʘʣʠʟʠʨʘʘʪ ʚʝ˃ʝ ʧʦʩʪʦʝʯʢʠʪʝ ʨʝʰʝʥʠʿʘ ʟʘ ʥʘʰʠʪʝ ʩʝʢʦʿʜʥʝʚʥʠ ʧʨʦʙʣʝʤʠ ʠ ʜʘ ʛʠ ʦʙʝʟʙʝʜʘʪ 

ʥʘʰʠʪʝ ʠʜʥʠ ʝʥʝʨʛʝʪʩʢʠ ʧʦʪʨʝʙʠ, ʧʨʝʢʫ ʛʨʘʜʝˁʝ ʥʘ ʬʣʝʢʩʠʙʠʣʝʥ ʠ ʝʣʘʩʪʠʯʝʥ ʝʥʝʨʛʝʪʩʢʠ ʠ 

ʪʨʘʥʩʧʦʨʪʝʥ ʩʠʩʪʝʤ, ʟʘʩʥʦʚʘʥ ʥʘ ʩʠʤʙʠʦʪʠʯʝʥ ʩʠʩʪʝʤ ʦʜ ʦʜʨʞʣʠʚʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʜʨʞʣʠʚʠ 

ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʝʣʝʤʝʥʪʠ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. 
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ɸʣʝʢʩʘʥʜʘʨ ʂʨʣʝʩʢʠ, ʀʨʝʥʘ ɼʫʢʦʚʩʢʘ, ʄʘʿʘ ɱʦʚʘʥʦʚʩʢʘ ʠ ɹʦʰʢʦ ʀʛʥʘʪʦʚʩʢʠ, 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ ʠ ʫʧʨʘʚʫʚʘˁʝ 
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ɸʧʩʪʨʘʢʪ 

ʉ® ʧʦʛʦʣʝʤʠʦʪ ʙʨʦʿ ʥʘ ʚʠʩʦʢʦ ʦʙʨʘʟʦʚʥʠ ʠʥʩʪʠʪʫʮʠʠ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, ʘ ʚʦʝʜʥʦ  

ʟʛʦʣʝʤʝʥʠʦʪ ʙʨʦʿ ʥʘ ʩʪʫʜʝʥʪʠ, ʦʙʿʝʢʪʠ, ʬʘʢʫʣʪʝʪʩʢʠ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʠʥʩʪʘʣʠʨʘʥʘ ʦʧʨʝʤʘ ʚʦ 

ʥʠʚ, ʟʥʘʯʠʪʝʣʥʦ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ 

ʪʦʿ ʩʝʛʤʝʥʪ. ʂʘʢʦ ʩ® ʧʦʛʦʣʝʤʠ ʧʦʪʨʦʰʫʚʘʯʠ, ʬʘʢʫʣʪʝʪʠʪʝ ʪʨʝʙʘ ʜʘ ʩʪʘʥʘʪ ʩʚʝʩʥʠ ʟʘ ʩʚʦʝʪʦ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʜʘ ʧʨʝʚʟʝʤʘʪ ʩʦʦʜʚʝʪʥʠ ʤʝʨʢʠ ʩʦ ʢʦʠ ˃ʝ ʩʝ ʟʛʦʣʝʤʠ 

ʥʠʚʥʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ.   

ʌʘʢʪʦʪ ʰʪʦ ʬʘʢʫʣʪʝʪʠʪʝ ʩʝ ʦʙʨʘʟʦʚʥʠ ʠʥʩʪʠʪʫʮʠʠ ʜʦʧʦʣʥʠʪʝʣʥʦ ʫʢʘʞʫʚʘ ʥʘ 

ʦʜʛʦʚʦʨʥʦʩʪʘ ʢʦʿʘ ʿʘ ʠʤʘʘʪ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʩʚʝʩʥʦʩʪʘ ʢʘʿ ʩʪʫʜʝʥʪʠʪʝ ʠ ʚʨʘʙʦʪʝʥʠʪʝ ʟʘ 

ʝʢʦʣʦʰʢʦʪʦ ʚʣʠʿʘʥʠʝ.  

ʀʟʚʨʰʝʥʘ ʝ ʘʥʘʣʠʟʘ ʥʘ ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ 

ʪʦʘ ʢʦʣʢʫ ʩʝʛʘʰʥʘʪʘ ʩʠʪʫʘʮʠʿʘ ʥʘ ʦʙʿʝʢʪʠʪʝ ʛʠ ʟʘʜʦʚʦʣʫʚʘ ʩʪʘʥʜʘʨʜʠʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʦʣʢʫ ʩʝ ʧʨʘʢʪʠʢʫʚʘʘʪ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʨʝʩʫʨʩʠ ʤʝʺʫ 

ʧʝʨʩʦʥʘʣʦʪ ʠ ʩʪʫʜʝʥʪʠʪʝ, ʩʦ ʢʦʠ ʥʝʛʘʪʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʩʝ ʩʚʝʜʫʚʘ ʥʘ 

ʤʠʥʠʤʘʣʥʦ ʥʠʚʦ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʧʦʜʘʪʦʮʠ ʠ ʧʦʩʪʦʝʯʢʠʪʝ ʤʦʜʝʣʠ ʟʘ ʦʜʨʞʣʠʚʦʩʪ ʥʘ 

ʬʘʢʫʣʪʝʪʠʪʝ, ʢʨʝʠʨʘʥ  ʝ  ʧʨʝʜʣʦʛ ʤʦʜʝʣ ʟʘ ʘʥʘʣʠʟʘ ʠ ʢʦʥʢʨʝʪʥʠ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʝʨʢʠ ʟʘ 

ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʢʘʤʧʫʩʦʪ ʥʘ ʌɽʀʊ, ʥʘ ʜʦʣʛʦʨʦʯʝʥ ʧʣʘʥ. ɺʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʫʩʣʦʚʠʪʝ ʢʦʠ ʛʠ 

ʦʚʦʟʤʦʞʫʚʘ ʬʘʢʫʣʪʝʪʦʪ, ʢʘʢʦ ʧʨʠʤʝʨ ʩʝ ʠʩʢʦʨʠʩʪʝʥʠ ʤʦʜʝʣʠʪʝ ʥʘ ʋʥʠʚʝʨʟʠʪʝʪʦʪ ʍʘʨʚʘʨʜ, 

ɼʨʞʘʚʥʠʦʪ ʫʥʠʚʝʨʟʠʪʝʪ ʚʦ ʂʘʥʟʘʩ ʠ ʋʥʠʚʝʨʟʠʪʝʪʦʪ ʚʦ ʄʘʨʠʣʝʥʜ. 

ʉʦ ʦʚʦʿ ʤʦʜʝʣ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʩʦ ʤʘʣʠ ʚʣʦʞʫʚʘˁʘ ʥʘ ʬʠʥʘʥʩʠʠ ʠ ʚʨʝʤʝ, ʜʘ ʩʝ 

ʧʦʩʪʠʛʥʘʪ ʟʥʘʯʠʪʝʣʥʠ ʨʝʟʫʣʪʘʪʠ ʚʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʦʜʨʞʣʠʚʦʩʪʘ ʥʘ ʬʘʢʫʣʪʝʪʦʪ ʚʦ ʮʝʣʠʥʘ, ʘ 

ʧʨʠʪʦʘ ʜʘ ʥʝ ʩʝ ʥʘʤʘʣʠ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʨʘʙʦʪʥʠʪʝ ʫʩʣʦʚʠ, ʪʫʢʫ ʥʘʧʨʦʪʠʚ, ʠʩʪʠʦʪ ʜʘ ʩʝ 

ʧʦʜʦʙʨʠ, ʦʜ ʦʙʨʘʟʦʚʝʥ, ʥʘʫʯʝʥ, ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʠ ʠ ʝʢʦʣʦʰʢʠ ʘʩʧʝʢʪ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʦʜʨʞʣʠʚʦʩʪ, ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʬʘʢʫʣʪʝʪʩʢʠ ʢʘʤʧʫʩʠ. 
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1. ɺʦʚʝʜ 
ɼʦʢʦʣʢʫ ʛʠ ʨʘʟʛʣʝʜʘʤʝ ʨʝʘʣʥʠʪʝ ʩʦʩʪʦʿʙʠ ʩʦ ʧʣʘʥʝʪʘʪʘ ɿʝʤʿʘ ˃ʝ ʩʬʘʪʠʤʝ ʜʝʢʘ ʝʜʠʥʩʪʚʝʥ 

ʢʦʥʮʝʧʪ ʢʦʿ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʤʝʥʠ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʰʪʝʪʠʪʝ ʢʦʠ ʜʦʩʝʛʘ ʩʝ ʧʨʝʜʠʟʚʠʢʘʥʠ ʚʨʟ 

ʥʝʘ, ʢʘʢʦ ʠ ʟʘ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʠʩʪʠʪʝ ʚʦ ʠʜʥʠʥʘ, ʝ ʢʦʥʮʝʧʪʦʪ ʥʘ ʦʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ. ʇʦʜ 

ʧʦʠʤʦʪ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʩʝ ʧʦʜʨʘʟʙʠʨʘ  ʨʘʟʚʦʿ ʢʦʿ ʛʠ ʟʘʜʦʚʦʣʫʚʘ ʩʝʛʘʰʥʠʪʝ ʧʦʪʨʝʙʠ ʥʘ 

ʯʦʚʝʰʪʚʦʪʦ ʙʝʟ ʧʨʠʪʦʘ ʜʘ ʿʘ ʟʘʛʨʦʟʠ ʤʦʞʥʦʩʪʘ ʥʘ ʩʣʝʜʥʠʪʝ ʛʝʥʝʨʘʮʠʠ ʜʘ ʛʠ ʟʘʜʦʚʦʣʘʪ ʩʚʦʠʪʝ 

ʧʦʪʨʝʙʠ. [1] ʆʚʦʿ ʢʦʥʮʝʧʪ ʠʩʢʦʤʙʠʥʠʨʘʥ ʩʦ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʿʘ ʧʦʜʨʘʟʙʠʨʘ 

ʠʟʚʨʰʫʚʘˁʝ ʥʘ ʧʦʪʨʝʙʠʪʝ ʠ ʘʢʪʠʚʥʦʩʪʠʪʝ ʩʦ ʘʥʛʘʞʠʨʘˁʝ ʥʘ ʧʦʤʘʣʢʫ ʝʥʝʨʛʠʿʘ ʠ ʨʝʩʫʨʩʠ ʙʝʟ 

ʜʘ ʩʝ ʥʘʤʘʣʠ ʢʦʤʬʦʨʦʪ ʥʘ ʞʠʚʦʪ, ʩʝ ʢʣʫʯʥʠʦʪ ʤʦʜʝʣ ʢʦʿ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʩʧʨʦʚʝʜʝʥ ʚʦ ʩʠʪʝ 

ʦʙʣʘʩʪʠ ʥʘ ʜʝʣʫʚʘˁʝ ʥʘ ʯʦʚʝʢʦʪ. ʂʘʢʦ ʩʪʫʜʝʥʪʠ ʥʘ ʬʘʢʫʣʪʝʪʦʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ 

ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ʩʝ ʦʜʣʫʯʠʚʤʝ ʜʘ ʥʘʧʨʘʚʠʤʝ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʩʦʩʪʦʿʙʠʪʝ ʚʦ ʦʚʘʘ 

ʠʥʩʪʠʪʫʮʠʿʘ ʚʦ ʧʦʣʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʦʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ ʠ ʜʘ ʧʨʝʜʣʦʞʠʤʝ 

ʨʝʰʝʥʠʿʘ ʠ ʤʦʜʝʣʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʠʩʪʠʪʝ. ʆʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʠʤʘ ʟʘ ʮʝʣ ʥʝ ʩʘʤʦ ʜʘ 

ʜʦʥʝʩʝ ʨʝʰʝʥʠʿʘ ʢʦʠ ˃ʝ ʩʝ ʟʘʩʥʦʚʘʘʪ ʥʘ ʠʥʬʦʨʤʘʪʠʚʝʥ ʢʘʨʘʢʪʝʨ, ʪʫʢʫ ʠ ʜʘ ʧʨʝʜʣʦʞʠ 

ʨʝʰʝʥʠʿʘ ʢʦʠ ˃ʝ ʛʠ ʩʤʝʥʘʪ ʥʘʚʠʢʠʪʝ ʥʘ ʩʪʫʜʝʥʪʠʪʝ ʠ ʚʨʘʙʦʪʝʥʠʪʝ ʥʘ ʦʚʦʿ ʬʘʢʫʣʪʝʪ. 

 

2. ʄʝʪʦʛʦʣʦʛʠʿʘ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ 
ʄʝʪʦʜʠʪʝ ʢʦʠ ʩʝ ʧʨʠʤʝʥʝʪʠ ʚʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʘʥʘʣʠʟʠ. ɺʦ ʥʘʰʝʪʦ 

ʠʩʪʨʘʞʫʚʘˁʝ ʠʟʚʨʰʝʥʦ ʝ ʘʥʢʝʪʠʨʘˁʝ ʥʘ ʧʨʠʤʝʨʦʢ ʦʜ 100 ʠʩʧʠʪʘʥʠʮʠ ʢʦʠ ʩʝ ʩʪʫʜʝʥʪʠ ʥʘ 

ʌɽʀʊ. ʆʚʘʘ ʧʦʧʫʣʘʮʠʿʘ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʿʘ ʦʜʨʝʜʠ ʩʦʩʪʦʿʙʘʪʘ ʥʘ ʩʚʝʩʪ ʢʘʿ ʩʪʫʜʝʥʪʠʪʝ ʟʘ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʦʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ. ʆʮʝʥʢʘʪʘ ʥʘ ʣʘʙʦʨʘʪʦʨʠʠʪʝ ʝ ʥʘʧʨʘʚʝʥʘ ʥʘ 

ʧʨʠʤʝʨʦʢ ʦʜ 6 ʣʘʙʦʨʘʪʦʨʠʠ ʩʦ ʘʥʢʝʪʠʨʘˁʝ ʥʘ ʣʘʙʦʨʘʥʪʠʪʝ ʠ ʨʘʢʦʚʦʜʠʪʝʣʠʪʝ ʥʘ 

ʣʘʙʦʨʘʪʦʨʠʠʪʝ. ɺʦ ʠʟʨʘʙʦʪʢʘʪʘ ʥʘ ʪʨʫʜʦʪ ʝ ʢʦʨʠʩʪʝʥʘ ʠ ʪʝʦʨʠʩʢʘ ʘʥʘʣʠʟʘ ʥʘ ʩʦʚʨʝʤʝʥʘ 

ʣʠʪʝʨʘʪʫʨʘ ʦʜ ʦʙʣʘʩʪʘ. 

ʄʘʨʢʝʪʠʥʛʦʪ ʟʘʩʥʦʚʘʥ ʥʘ ʩʦʮʠʿʘʣʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ ʝ ʨʘʟʚʠʝʥʘ ʘʣʘʪʢʘ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʦʜ 

ʩʪʨʘʥʘ ʥʘ Doug McKenzie-Mohr ʯʠʿʘ ʪʝʦʨʠʿʘ ʛʠ ʠʜʝʥʪʠʬʠʢʫʚʘ ʠ ʘʜʨʝʩʠʨʘ ʧʨʝʯʢʠʪʝ ʥʘ 

ʠʥʜʠʚʠʜʫʠʪʝ ʚʦ ʧʨʦʤʝʥʘ ʥʘ ʥʘʚʠʢʠʪʝ ʠ ʫʙʝʜʫʚʘˁʘʪʘ ʟʘ ʦʜʥʝʩʫʚʘˁʝ ʢʦʥ ʦʢʦʣʠʥʘʪʘ. ʅʘʰʠʪʝ 

ʧʨʝʜʣʦʛ ʤʦʜʝʣʠ ʩʝ ʜʘʜʝʥʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʦʚʦʿ ʠʩʪʨʘʞʫʚʘʯ ʟʘ ʧʨʦʤʝʥʘ ʥʘ 

ʥʘʚʠʢʠʪʝ.  ʇʨʠʥʮʠʧʠʪʝ ʥʘ ʧʨʝʯʢʠʪʝ ʚʦ ʨʘʟʚʠʚʘˁʝʪʦ ʥʘ ʥʘʚʠʢʠʪʝ ʩʝ: 

- ʅʝʜʦʩʪʘʪʦʢ ʥʘ ʤʦʪʠʚʘʮʠʿʘ 
- ʅʝʜʦʩʪʘʪʦʢ ʥʘ ʩʦʮʠʿʘʣʝʥ ʧʨʠʪʠʩʦʢ 
- ʅʝʜʦʩʪʘʪʦʢ ʥʘ ʟʥʘʝˁʝ 
- ʉʪʨʫʢʪʫʨʥʠ ʙʘʨʠʝʨʠ ( ʥʘ ʧʨʠʤʝʨ ʙʝʟʙʝʜʥʦʩʪ, ʚʨʝʤʝ, ʧʘʨʠ) 
- ɿʘʥʝʤʘʨʫʚʘˁʝʪʦ.[2] 

 
3. ɸʥʘʣʠʟʘ ʥʘ ʧʨʦʙʣʝʤʦʪ 
ɺʦ ʦʚʦʿ ʜʝʣ ʥʘ ʥʘʰʝʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ˃ʝ ʙʠʜʘʪ ʧʨʝʟʝʠʥʪʠʨʘʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʘʥʢʝʪʠʪʝ 

ʩʧʨʦʚʝʜʝʥʠ ʥʘ ʩʪʫʜʝʥʪʠʪʝ ʥʘ ʌɽʀʊ. ɸʥʢʝʪʥʠʦʪ ʣʠʩʪʠ ʠʤʘ ʚʢʫʧʥʦ ʰʝʩʥʘʝʩʝʪ ʧʨʘʰʘˁʘ ʩʦ ʢʦʠ 

ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʘʪ ʥʘʚʠʢʠʪʝ ʥʘ ʩʪʫʜʝʥʪʠʪʝ ʢʦʠ ʠʤʘʘʪ ʚʣʠʿʘʥʠʝ ʚʨʟ ʨʘʟʚʦʿʦʪ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʬʘʢʫʣʪʝʪʩʢʠʦʪ ʢʘʤʧʫʩ ʥʘ ʢʦʿ ʩʪʫʜʠʨʘʘʪ. ʇʨʦʙʣʝʤʦʪ ʢʦʿ ʩʝ ʿʘʚʫʚʘ ʩʦ ʥʠʩʢʘʪʘ 

ʩʚʝʩʪ ʟʘ ʝʥʝʨʛʠʿʘʪʘ ʩʧʦʨʝʜ ʠʩʪʨʘʞʫʚʘʯʠʪʝ ʝ ʧʦʨʘʜʠ ʪʦʘ ʰʪʦ ʪʘʘ ʝ Ăʥʝʚʠʜʣʠʚʘò. ʂʦʛʘ 

ʠʥʜʠʚʠʜʫʠʪʝ ˃ʝ ʦʪʢʨʠʿʘʪ ʜʝʢʘ ˃ʝ ʤʦʞʘʪ ʜʘ ʥʘʧʨʘʚʘʪ ʥʝʰʪʦ ʥʝʟʘʚʠʩʥʦ ʜʘʣʠ ʪʦʘ ʝ ʤʘʪʝʨʠʿʘʣʥʦ 

ʠʣʠ ʥʝʤʘʪʝʨʠʿʘʣʥʦ ʩʦ ʥʠʚʥʦʪʦ ʦʜʥʝʩʫʚʘˁʝ, ʪʠʝ ʩʝ ʤʦʪʠʚʠʨʘʥʠ ʜʘ ʛʦ ʤʦʜʝʣʠʨʘʘʪ ʥʠʚʥʦʪʦ 

ʦʜʥʝʩʫʚʘˁʝ. ɻʣʘʚʥʘʪʘ ʮʝʣ ʥʘ ʩʦʟʜʘʚʘˁʝ ʥʘ ʩʦʮʠʿʘʣʥʦ ʦʜʦʙʨʫʚʘˁʝ, ʥʘ ʢʦʥʮʝʧʪʦʪ ʟʘ 

ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʝ ʧʦʩʪʠʛʥʘʪʦ ʧʨʝʢʫ ʥʘʩʦʯʫʚʘˁʝ ʥʘ ʣʫʺʝʪʦ ʩʚʝʩʥʦ ʠ ʥʘʤʝʨʥʦ ʜʘ 
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ʠʟʛʨʘʜʘʪ ʟʘʚʠʜʥʘ ʚʨʩʢʘ, ʧʦʤʝʺʫ ʛʨʠʞʘʪʘ ʟʘ ʦʢʦʣʠʥʘʪʘ ʠ ʥʘʯʠʥʦʪ ʥʘ ʠʟʚʨʰʫʚʘˁʝ ʥʘ ʩʚʦʠʪʝ 

ʧʦʪʨʝʙʠ. ʆʚʘʘ ʧʦʩʪʘʧʢʘ ʝ ʦʧʰʪʦ ʦʜʦʙʨʝʥʘ ʪʘʢʘ ʰʪʦ ʥʘ ʪʦʿ ʥʘʯʠʥ ʚʣʠʿʘʝ ʥʘ ʟʛʦʣʝʤʫʚˁʝ ʥʘ 

ʩʘʤʦʧʦʯʠʪʪʘ. 

ʆʜ ʘʥʘʣʠʟʘʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʘʥʢʝʪʠʨʘʥʠʪʝ ʩʪʫʜʝʥʪʠ ʚʦ ʚʨʩʢʘ ʩʦ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʦʩʚʝʪʣʫʚʘˁʝʪʦ ʩʝ ʜʦʙʠʿʘ ʨʝʟʫʣʪʘʪʠ ʢʦʠ ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ 21 % ʦʜ ʩʪʫʜʝʥʪʠʪʝ ʛʠ ʦʩʪʘʚʘʘʪ 

ʩʚʝʪʠʣʢʠʪʝ ʜʘ ʨʘʙʦʪʘʪ ʠ ʪʦʛʘʰ ʢʦʿʘ ʥʝʤʘ ʥʠʢʦʿ ʚʦ ʧʨʦʩʪʦʨʠʿʘʪʘ ʦʜʥʦʩʥʦ ʪʠʝ ʥʝ ʩʝ ʧʦʪʨʝʙʥʠ. 

ʉʪʫʜʝʥʪʠʪʝ ʥʝ ʩʝ ʜʦʚʦʣʥʦ ʟʘʧʦʟʥʘʝʥʠ ʠ ʩʦ ʥʦʚʠʪʝ ʛʝʥʝʨʘʮʠʠ ʥʘ ʪʘʢʘ ʥʘʨʝʯʝʥʠʪʝ Ăhʪʝʜʣʠʚʠò 

ʩʚʝʪʠʣʢʠ, 54 % ʦʜ ʥʠʚ ʩʝʫʰʪʝ ʥʝ ʠʟʚʨʰʠʣʝ ʟʘʤʝʥʘ ʥʘ ʥʝʝʬʠʢʘʩʥʠʪʝ ʩʚʝʪʠʣʢʠ ʚʦ ʩʚʦʠʪʝ 

ʜʦʤʦʚʠ. ɽʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠʪʝ ʩʚʝʪʠʣʢʠ ʪʨʦʰʘʪ ʚʦ ʧʨʦʩʝʢ ʝʜʥʘ ʪʨʝʪʠʥʘ ʧʦʤʘʣʢʫ ʝʥʝʨʛʠʿʘ ʟʘ 

ʨʘʟʣʠʢʘ ʦʜ ʦʥʠʝ ʩʦ ʚʞʘʨʝʥʦ ʚʣʘʢʥʦ, ʘ  ʧʨʠ ʪʦʘ ʿʘ ʠʤʘʤʝ ʠʩʪʘʪʘ ʦʩʚʝʪʣʝʥʦʩʪ.  

ɼʦʢʦʣʢʫ ʠʟʚʨʰʠʤʝ ʩʧʦʨʝʜʙʘ ʥʘ ʜʚʝ ʩʚʝʪʠʣʢʠ ʦʜ ʢʦʠ ʝʜʥʘʪʘ ˃ʝ ʙʠʜʝ ʢʣʘʩʠʯʥʘ ( ʩʚʝʪʠʣʢʘ 

ʩʦ ʚʞʘʨʝʥʦ ʚʣʘʢʥʦ) ʦʜ 100 W ʠ ʰʪʝʜʣʠʮʘ ʩʚʝʪʠʣʢʘ ʦʜ 23 W ʟʘ ʢʦʠ ˃ʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘʤʝ ʜʝʢʘ 

ʜʚʝʪʝ ʩʚʝʪʠʣʢʠ ʩʚʝʪʘʪ ʧʨʦʩʝʯʥʦ 5 ʯʘʩʘ ʜʥʝʚʥʦ ʠ ʠʤʘʤʝ ʝʜʠʥʩʪʚʝʥʘ ʪʘʨʠʬʘ ʧʦ ʮʝʥʘ ʦʜ 3,34 

ʜʝʥ, ˃ʝ ʫʪʚʨʜʠʤʝ ʜʝʢʘ ʢʣʘʩʠʯʥʘ ʩʚʝʪʠʣʢʘ ʧʦ ʦʚʠʝ ʧʘʨʘʤʝʪʨʠ ʛʦʜʠʰʥʦ ˃ʝ ʧʦʪʨʦʰʠ ʦʢʦʣʫ 182 

kWh, ʠʣʠ 607.88 ʜʝʥʘʨʠ ʜʦʜʝʢʘ ʧʘʢ ʰʪʝʜʣʠʚʘ ʩʚʝʪʠʣʢʘ ʧʦ ʦʚʠʝ ʧʘʨʘʤʝʪʨʠ ʛʦʜʠʰʥʦ ˃ʝ 

ʧʦʪʨʦʰʠ ʦʢʦʣʫ 42 kWh,  ʠʣʠ 140.28 ʜʝʥʘʨʠ. ɺʢʫʧʥʘʪʘ ʟʘʰʪʝʜʘ ʩʦ ʢʦʨʠʩʪʝˁʝ ʰʪʝʜʣʠʚʘ 

ʩʚʝʪʠʣʢʘ ʠʟʥʝʩʫʚʘ 467,6 ʜʝʥʘʨʠ. 

ʅʠʩʢʦ ʥʠʚʦ ʥʘ ʩʚʝʩʪ ʟʘ ʥʘʚʠʢʠʪʝ ʟʘ ʢʣʠʤʘʪʠʟʘʮʠʿʘ ʧʦʢʘʞʫʚʘʘʪ ʦʢʦʣʫ ʜʝʩʝʪ ʧʨʦʮʝʥʪʠ ʦʜ 

ʩʪʫʜʝʥʪʠʪʝ ʥʘ ʦʚʦʿ ʬʘʢʫʣʪʝʪ. ʊʠʝ ʥʝ ʚʦʜʘʪ ʩʤʝʪʢʘ ʟʘ ʨʘʙʦʪʘʪʘ ʥʘ ʫʨʝʜʠʪʝ ʟʘ ʛʨʝʝˁʝ ʠ 

ʣʘʜʝˁʝ. 

ɺʦ ʥʘʰʠʦʪ ʬʘʢʫʣʪʝʪ ʠʤʘ ʧʦʩʪʘʚʝʥ ʩʠʩʪʝʤ ʟʘ ʮʝʥʪʨʘʣʥʦ ʛʨʝʝˁʝ. ɼʦʢʦʣʢʫ ʩʠʩʪʝʤʦʪ ʟʘ 

ʛʨʝʝˁʝ ʝ ʦʧʨʝʤʝʥ ʩʦ ʪʝʨʤʦʩʪʘʪ ʢʦʿ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʧʦʩʪʘʚʝʥ ʥʘ ʦʢʦʣʫ 20 ʩʪʝʧʝʥʠ ˃ʝ ʩʝ 

ʧʦʩʪʠʛʥʝ ʨʘʤʥʦʤʝʨʥʦ ʟʘʪʦʧʣʫʚʘˁʝ ʠ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ. ɺʨʘʪʠʪʝ ʠ ʧʨʦʟʦʨʠʪʝ 

ʪʨʝʙʘ ʜʘ ʩʝ ʦʪʚʘʨʘʘʪ ʢʨʘʪʢʦ, ʥʦ ʧʦʯʝʩʪʦ. ɿʘ ʣʘʜʝˁʝ ʥʘ ʧʨʦʩʪʦʨʠʠʪʝ ʩʝ ʢʦʨʠʩʪʘʪ ʢʣʠʤʘ ʫʨʝʜʠ 
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ʢʦʠ ʧʦʨʘʜʠ ʚʦʩʧʦʩʪʘʚʝʥʘʪʘ ʢʦʥʪʨʦʣʘ ʩʝ ʢʦʨʠʩʪʘʪ ʤʘʢʩʠʤʘʣʥʦ ʝʬʠʢʘʩʥʦ. ɼʦʧʦʣʥʠʪʝʣʥʠ 

ʟʘʰʪʝʜʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʥʘʧʨʘʚʝʥʠ ʩʦ ʯʠʩʪʝˁʝʪʦ ʥʘ ʬʠʣʪʨʠʪʝ ʥʘ ʢʣʠʤʘ ʫʨʝʜʠʪʝ. 

ɺʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʚʦ 2012 ʛʦʜʠʥʘ ʝ ʜʦʥʝʩʝʥ ʟʘʢʦʥ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʝʣʝʢʪʨʦʥʩʢʠ 

ʦʪʧʘʜ ʩʧʦʨʝʜ ʢʦʿ ʨʝʮʠʢʣʠʨʘˁʝʪʦ ʥʘ ʦʚʠʝ ʫʨʝʜʠ ʝ ʟʘʜʦʣʞʠʪʝʣʥʦ. ɺʝ˃ʝ ʧʦʩʪʦʿʘʪ ʠ ʢʦʤʧʘʥʠʠʠ 

ʢʦʠ ʩʝ ʟʘʥʠʤʘʚʘʘʪ ʩʦ ʦʚʘʘ ʜʝʿʥʦʩʪ. ʉʧʦʨʝʜ ʟʘʢʦʥʦʪ, ʪʦʥʝʨʠʪʝ ʥʝ ʩʧʘʺʘʘʪ ʚʦ ʝʣʝʢʪʨʦʥʩʢʠ 

ʦʪʧʘʜ ʠ ʥʝ ʧʦʜʣʝʞʘʪ ʥʘ ʥʝʦʧʭʦʜʥʦʩʪʘ ʟʘ ʨʝʮʠʢʣʠʨʘˁʝ, ʥʦ ʠ ʧʦʢʨʘʿ ʦʚʘʘ ʦʜʨʝʜʙʘ ʪʠʝ ʩʝʢʘʢʦ 

ʤʦʞʘʪ ʧʦʚʪʦʨʥʦ ʜʘ ʙʠʜʘʪ ʠʩʢʦʨʠʩʪʝʥʠ ʢʘʢʦ ʨʝʮʠʢʣʠʨʘʥʘ ʩʫʨʦʚʠʥʘ. ɻʦʣʝʤ ʜʝʣ ʦʜ 83 % ʥʘ 

ʩʪʫʜʝʥʪʠ ʥʝ ʛʠ ʨʝʮʠʢʣʠʨʘʘʪ ʩʪʘʨʠʪʝ ʙʘʪʝʨʠʠ. ɺʦ ʧʦʛʦʣʝʤʠʪʝ ʤʘʨʢʝʪʠ ʚʦ ʟʝʤʿʘʚʘ ʧʦʩʪʦʿʘʪ 

ʜʦʩʪʘʧʥʠ ʢʦʨʧʠ ʚʦ ʢʦʿ ʩʝʢʦʿ ʤʦʞʝ ʜʘ ʛʠ ʦʩʪʘʚʠ ʩʪʘʨʠʪʝ ʙʘʪʝʨʠʠ ʥʘ ʨʝʮʠʢʣʠʨʘˁʝ. ʅʘ 

ʧʨʘʰʘˁʝʪʦ ʜʘʣʠ ʩʪʘʨʠʪʝ ʤʦʙʠʣʥʠ ʪʝʣʝʬʦʥʠ ʛʠ ʬʨʣʘʘʪ ʚʦ ʦʙʠʯʝʥ ʦʪʧʘʜ, ʜʫʨʠ 52 % 

ʦʜʛʦʚʦʨʠʣʝ ʧʦʪʚʨʜʥʦ. ɻʦʣʝʤ ʜʝʣ ʦʜ ʩʪʫʜʝʥʪʠʪʝ ʢʦʠ ʥʝ ʛʦ ʧʨʘʚʘʪ ʠʩʪʦʪʦ ʩʝʧʘʢ ʥʝ ʩʝ 

ʩʧʨʘʚʫʚʘʘʪ ʥʘ ʧʨʘʚʠʣʝʥ ʥʘʯʠʥ ʩʦ ʦʚʦʿ ʚʠʜ ʥʘ ʦʪʧʘʜ. ʅʘʿʛʦʣʝʤ ʜʝʣ ʦʜ ʥʠʚ ʛʠ ʯʫʚʘʘʪ ʩʚʦʠʪʝ 

ʩʪʘʨʠ ʪʝʣʝʬʦʥʠ. 

ɺʦ ʦʜʥʦʩ ʩʦ ʫʧʨʘʚʫʚʘˁʝʪʦ ʩʦ ʦʙʠʯʥʠʦʪ ʦʪʧʘʜ 76 % ʦʜʛʦʚʦʨʠʣʝ ʜʝʢʘ ʥʝ ʛʦ ʩʝʣʝʢʪʠʨʘʘʪ 

ʦʪʧʧʘʜʦʪ, 96 % ʦʜ ʠʩʪʠʪʝ ʙʠ ʛʦ ʩʪʦʨʠʣʝ ʠʩʪʦʪʦ ʜʦʢʦʣʢʫ ʠʤʘʘʪ ʜʦʩʪʘʧʥʠ ʫʩʣʦʚʠ ʟʘ ʪʦʘ. 

ʀʘʢʦ ʫʨʝʜʠʪʝ ʢʦʠ ʩʝ ʚʦ Stand-by ʩʦʩʪʦʿʙʘ ʪʨʦʰʘʪ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, 21 % ʦʜ 

ʠʩʧʠʪʘʥʠʮʠʪʝ ʥʝ ʛʠ ʠʩʢʣʫʯʫʚʘʘʪ ʩʚʦʠʪʝ ʫʨʝʜʠ ʦʜ ʮʝʣʦʩʥʦ ʥʘʧʦʿʫʚʘˁʝ. ʅʘ ʦʚʦʿ ʥʘʯʠʥ ʝʜʥʦ 

ʜʦʤʘ˃ʠʥʩʪʚʦ ʤʦʞʝ ʜʘ ʟʘʰʪʝʜʠ ʜʦ 250 kWh ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʛʦʜʠʰʥʦ ʥʠʚʦ. 

 

4. ʇʨʝʜʣʦʛ ʤʝʨʢʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʥʘʚʠʢʠʪʝ ʢʘʿ ʩʪʫʜʝʥʪʠʪʝ 

ʆʨʛʘʥʠʟʠʨʘˁʝ ʥʘʩʪʘʥʠ ʦʜ ʪʠʧʦʪ ʥʘ ʉʂɽɽʆʈ (ʉʪʫʜʝʥʪʩʢʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ʝʥʝʨʛʝʪʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ) ʤʦʞʘʪ ʜʘ ʧʨʠʜʦʥʝʩʘʪ ʧʦʢʨʘʿ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʠʥʬʦʨʤʠʨʘʥʦʩʪʘ 

ʟʘ ʦʜʨʞʣʠʚʦʩʪ ʠ ʚʦ ʩʤʝʥʫʚʘˁʝ ʥʘʚʠʢʠ ʥʘ ʩʪʫʜʝʥʪʠʪʝ. ʇʨʝʜʘʚʘˁʘ ʚʦ ʦʙʨʘʟʦʚʥʠ ʠʥʩʪʠʪʫʮʠʠ 
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ʥʘ ʦʚʘʘ ʪʝʤʘ ʝ ʜʦʙʘʨ ʥʘʯʠʥ ʥʘ ʧʦʜʠʛʘˁʝ ʥʘ ʩʚʝʩʪʘ. ɺʦ ʦʚʘʘ ʮʝʣ ʤʦʞʝ ʜʘ ʩʝ ʚʢʣʫʯʠ 

ʤʝʜʠʫʤʩʢʘ ʧʨʦʧʘʛʘʥʜʘ ʟʘ ʧʦʜʠʛʘˁʝ ʥʘ ʩʚʝʩʪʘ ʢʘʢʦ ʠ ʜʝʣʝˁʝ ʥʘ ʙʨʦʰʫʨʠ ʠ ʣʝʪʦʮʠ. 

ʂʦʨʠʩʪʝˁʝʪʦ ʥʘ ʧʦʪʩʝʪʥʠʮʠ ʧʦʢʘʞʘ ʜʝʢʘ ʤʦʞʝ ʜʘ ʛʠ ʧʨʦʤʝʥʠ ʥʘʚʠʢʠʪʝ ʥʘ 50 % ʦʜ ʫʯʝʩʥʠʮʠʪʝ 

ʚʦ ʘʥʢʝʪʘʪʘ ʢʦʠ ʧʨʝʪʭʦʜʥʦ ʠʤʘʣʝ ʥʝʛʘʪʠʚʥʘ ʩʚʝʩʪ ʟʘ ʧʨʦʙʣʝʤʦʪ. 

 

5. ɸʥʘʣʠʟʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ ʌɽʀʊ ʩʦ ʧʨʝʜʣʦʛ 
ʤʝʨʢʠ 

ʇʨʘʰʘʣʥʠʢʦʪ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʿʘ ʫʪʚʨʜʠ ʤʦʤʝʥʪʘʣʥʘʪʘ ʩʦʩʪʦʿʙʘ, ʜʘ ʛʠ ʟʘʙʝʣʝʞʠ 

ʥʝʜʦʩʪʘʪʦʮʠʪʝ ʠ ʜʘʜʝ ʦʩʥʦʚʘ ʟʘ ʩʦʛʣʝʜʫʚʘˁʝ ʟʘ ʤʦʞʥʦʩʪʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʦʜʨʞʣʠʚʦʩʪʘ ʠ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ. ʇʨʘʰʘʣʥʠʢʦʪ ʝ ʠʟʨʘʙʦʪʝʥ  ʩʧʦʨʝʜ ʘʥʢʝʪʘʪʘ ʩʧʨʦʚʝʜʝʥʘ ʥʘ 

ɼʨʞʘʚʥʠʦʪ ʫʥʠʚʝʨʟʠʪʝʪ ʚʦ ʂʘʥʟʘʩ (Kansas State University).  

ʆʮʝʥʢʘʪʘ ʝ ʬʦʨʤʠʨʘʥʘ ʚʨʟ ʙʘʟʘ ʥʘ ʦʮʝʥʢʘ ʥʘ: ʩʠʩʪʝʤʦʪ ʟʘ ʢʣʠʤʘʪʠʟʘʮʠʿʘ, ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ 

ʠʥʬʦʨʤʘʪʠʯʢʘʪʘ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʦʤʨʝʞʫʚʘˁʝʪʦ, ʦʩʚʝʪʣʫʚʘˁʝʪʦ, ʩʧʨʘʚʫʚʘˁʝʪʦ ʩʦ ʦʪʧʘʜʦʪ ʠ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʢʣʘʩʘ ʥʘ ʣʘʙʦʨʘʪʦʨʠʩʢʘʪʘ ʦʧʨʝʤʘ. 

 

ʊʘʙʝʣʘ 1. ʆʮʝʥʢʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʘʙʦʨʘʪʦʨʠʠʪʝ ( ʦʮʝʥʢʘ ʦʜ 1 ʜʦ 5 ) 

ʃʘʙʦʨʘʪʦʨʠʿʘ ʆʮʝʥʢʘ ʩʧʦʨʝʜ 
ʣʘʙʦʨʘʪʦʨʠʿʘʪʘ 

ʈʝʘʣʥʘ ʦʮʝʥʢʘ 

ɺʠʩʦʢ ʥʘʧʦʥ 2 1 

ɽʣʝʢʪʨʠʯʥʠ ʤʝʨʝˁʘ ʠ ʤʘʪʝʨʠʿʘʣʠ  2 2 

ʌʃɸʆʇ 3 2 

ɽʣʝʢʪʨʦʪʝʨʤʠʿʘ, ʝʣʝʢʪʠʯʥʦ ʟʘʚʘʨʫʚʘˁʝ ʠ 
ʝʣʝʢʪʨʠʯʝʥ ʩʦʦʙʨʘ˃ʘʿ 

5 2 

ɽʣʝʢʪʨʦʥʠʢʘ  4 2 

ʌʠʟʠʢʘ 2 2 

 

ʇʨʝʜʣʦʛ ʤʝʨʢʠ ʩʦ ʢʦʠ ˃ʝ ʩʝ ʧʦʜʦʙʨʠ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʌɽʀʊ ʩʝ ʩʣʝʜʥʠʚʝ:  

- ʦʪʚʘʨʘˁʝ ʥʘ ʢʘʥʮʝʣʘʨʠʿʘ ʟʘ ʦʜʨʞʣʠʚʦʩʪ, ʦʚʘʘ ʢʘʥʮʝʣʘʨʠʿʘ ˃ʝ ʠʤʘ ʟʘʜʘʯʘ ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʜʘ ʠʟʛʦʪʚʫʚʘ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘ ʧʣʘʥʦʚʠ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʬʘʢʫʣʪʝʪʦʪ 

- ʢʘʥʪʠ ʟʘ ʩʝʣʝʢʪʠʨʘˁʝ ʦʪʧʘʜ ʠ ʧʦʪʨʦʰʝʥʠ ʙʘʪʝʨʠʠ, 

- ʠʥʠʮʠʿʘʪʠʚʘ ʟʘ ʩʧʨʘʚʫʚʘˁʝ ʩʦ ʝʣʝʢʪʨʦʥʩʢʠ ʦʪʧʘʜ, 

- ʟʘʤʝʥʘ ʥʘ ʩʪʘʨʠʪʝ ʝʣʝʢʪʨʦʥʩʢʠ ʫʨʝʜʠ ʩʦ ʧʦʥʦʚʘ ʛʝʥʝʨʘʮʠʿʘ ʠ ʠʥʚʝʩʪʠʪʠʮʠʿʘ ʚʦ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ, 

- ʟʘʤʝʥʘ ʥʘ ʥʝʝʬʠʢʘʩʥʠʪʝ ʩʚʝʪʠʣʢʠ. 

 
6. ɿʘʢʣʫʯʦʢ 
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 ʆʜ ʩʧʨʦʚʝʜʝʥʦʪ ʠʩʪʨʘʞʫʚʘˁʝ ʤʦʞʝ ʜʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʦ ʥʠʚʦ ʥʘ ʩʚʝʩʪ 

ʢʘʿ ʚʨʘʙʦʪʝʥʠʪʝ ʠ ʩʪʫʜʝʥʪʠʪʝ. ʇʦʪʨʝʙʥʘ ʝ ʠʥʠʮʠʿʘʪʠʚʘ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʧʣʘʥ ʩʦ ʤʝʨʢʠ ʠ 

ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʥʝʛʦʚʦ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʌɽʀʊ. 
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ʄʘʿʘ ʎʝʣʝʩʢʘ, ʜʠʧʣ. ʝʣ. ʠʥʞ. 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ï ʉʢʦʧʿʝ, ʋʂʀʄ 

ʆʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ 

m.celeska@ieee.org 

 

ɸʧʩʪʨʘʢʪ 

ʉʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ, ʫʰʪʝ ʥʘʨʝʯʝʥʠ ʠ ʋʣʪʨʘ-ʢʦʥʜʝʥʟʘʪʦʨʠ ʠʣʠ EDLC 

(Electrochemical double-layer capacitor), ʩʝ ʝʣʝʢʪʨʠʯʥʠ ʫʨʝʜʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ, ʢʦʠ 

ʠʤʘʘʪ ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢʘ ʛʫʩʪʠʥʘ ʥʘ ʝʥʝʨʛʠʿʘ, ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʚʠʩʦʢʘ ʛʫʩʪʠʥʘ ʥʘ ʤʦ˃ʥʦʩʪ. 

ʇʦʩʣʝʜʥʠʦʪ ʨʘʟʚʦʿ ʥʘ ʦʩʥʦʚʥʠʪʝ ʧʨʠʥʮʠʧʠ ʚʦ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʢʦʥʜʝʥʟʘʪʦʨʠ, 

ʤʘʪʝʨʠʿʘʣʠʪʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʛʠ ʥʘʧʨʘʚʠʿʘ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʥʫʞʥʘ ʘʣʘʪʢʘ ʟʘ 

ʢʨʘʪʢʦʨʦʯʥʦ ʩʢʘʣʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʦʙʣʘʩʪʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʣʝʪʨʦʥʠʢʘ. 

ʉʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ, ʩʦ ʩʚʦʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ ʠ ʩʦ ʤʥʦʛʫ ʧʦʚʠʩʦʢʘʪʘ ʛʫʩʪʠʥʘ ʥʘ ʝʥʝʨʛʠʿʘ, ʩʝ 

ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʤʥʦʛʫ ʧʦʜʦʙʨʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʙʘʪʝʨʠʠ 

ʢʦʠ ʜʦ ʜʝʥʝʩ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʠ ʠʥʜʫʩʪʨʠʿʘʪʘ. 

ɺʦ ʦʚʦʿ ʩʪʨʫʯʝʥ ʪʨʫʜ ˃ʝ ʙʠʜʘʪ ʧʨʝʟʝʥʪʠʨʘʥʠ ʦʩʥʦʚʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ 

ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠ, ʢʘʢʦ ʠ ʘʧʣʠʢʘʪʠʚʥʠ ʧʨʠʤʝʨʠ ʢʦʠ ʛʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʢʘʢʦ ʥʘʿʩʦʚʨʝʤʝʥ ʜʝʣ 

ʦʜ ʪʝʭʥʠʢʘʪʘ. ʆʙʨʥʘʪʦ ʝ ʚʥʠʤʘʥʠʝ ʢʦʥ ʧʨʦʙʣʝʤʘʪʠʯʥʘʪʘ ʧʨʠʨʦʜʘ ʥʘ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ. 

ʀʩʪʦ ʪʘʢʘ, ʜʘʜʝʥ ʝ ʢʨʘʪʦʢ ʧʨʝʛʣʝʜ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ, ʢʦʠ ʩʝ ʙʘʟʠʨʘʘʪ 

ʥʘ ʭʠʙʨʠʜʠʟʘʮʠʿʘ ʥʘ ʙʘʪʝʨʠʠʪʝ ʩʦ ʧʦʚʪʦʨʥʦ ʧʦʣʥʝˁʝ ʠ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ, ʩʦ ʩʦʦʜʚʝʪʥʦ 

ʜʠʟʘʿʥʠʨʘʥ ʢʦʤʧʘʢʪʝʥ ʨʘʩʧʦʨʝʜ- ʩʝ ʩʦ ʮʝʣ ʜʘ ʩʝ ʜʦʙʠʝ ʰʪʦ ʧʦʚʠʩʦʢʘ ʛʫʩʪʠʥʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ 

ʜʦʣʛ ʨʘʙʦʪʝʥ ʚʝʢ. ʅʘ ʢʨʘʿʦʪ, ʧʨʠʢʘʞʘʥʠ ʩʝ ʠʜʥʠʪʝ ʪʨʝʥʜʦʚʠ ʚʦ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ 

ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ, ʢʘʢʦ ʠ ʥʝʢʦʠ ʦʜ ʩʮʝʥʘʨʠʿʘʪʘ ʟʘ ʧʨʠʤʝʥʘ ʥʘ ʚʘʢʚʠʪʝ ʢʦʥʜʝʥʟʘʪʦʨʠ ʢʘʿ 

ʚʣʝʯʥʠ ʤʘʰʠʥʠ, ʘʚʪʦʤʦʙʠʣʠ ʠʪʥ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠ, ʛʫʩʪʠʥʘ ʥʘ ʝʥʝʨʛʠʿʘ, ʢʘʧʘʮʠʪʝʪ, ʩʢʣʘʜʠʨʘˁʝ. 

 

1. ɺʦʚʝʜ 

ɽʣʝʢʪʨʦʥʩʢʠʪʝ ʫʨʝʜʠ ʠʤʘʘʪ ʧʘʩʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʰʪʦ ʝ 

ʤʦʞʥʦ ʧʦʤʘʣʠ ʧʦʨʮʠʠ ʠ ʢʦʣʠʯʠʥʠ. ʀʟʙʦʨʦʪ ʥʘ ʪʠʧʦʪ ʥʘ ʪʘʢʚʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʩʝ ʧʨʘʚʠ ʚʨʟ 

ʦʩʥʦʚʘ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʢʦʿʘ ʤʫ ʝ ʧʦʪʨʙʥʘ ʥʘ ʢʦʥʢʨʝʪʥʠʦʪ ʫʨʝʜ. 

ɻʝʥʝʨʘʣʥʦ, ʫʨʝʜʠʪʝ ʟʘ ʩʢʘʣʜʠʨʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʝʣʘʪ ʚʦ ʪʨʠ ʛʨʫʧʠ: 

ʬʘʨʘʜʝʝʚʠ ʙʘʪʝʨʠʠ, ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʠ ʢʦʥʜʝʥʟʘʪʦʨʠ ʠ ʤʘʛʥʝʪʥʠ ʥʘʤʦʪʢʠ. ʅʠʚʥʠʪʝ ʤʦʞʥʦʩʪʠ ʠ 

ʧʝʨʬʦʤʘʥʩʠ ʥʘʿʜʦʙʨʦ ʩʝ ʧʨʠʢʘʞʘʥʠ ʩʦ ʧʦʤʦʰ ʥʘ ʈʘʛʦʥʦʚʠʦʪ ʛʨʘʬʠʢ ʥʘ ʩʣ. 1. 
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˿͙͊͟͡ мΦ ʈʘʥʛʦʚ ʛʨʘʬʠʢ ʟʘ ʧʨʠʢʘʟ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʚʦ ʦʜʥʦʩ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʤʦ˃ʥʦʩʪ. 

 

ʉʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʩʝ ʝʥʝʨʛʝʪʩʢʠ ʫʨʝʜʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʩʦ ʤʥʦʛʫ ʚʠʩʦʢ 

ʢʘʧʘʮʠʪʝʪ ʠ ʤʘʣ ʚʥʘʪʨʝʰʝʥ ʦʪʧʦʨ. ɽʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ, ʩʝ 

ʩʢʣʘʜʠʨʘ ʚʦ ʝʣʝʢʪʨʦʣʠʪʩʢʠ ʜʚʦʝʥ ʩʣʦʿ. ɿʘʪʦʘ, ʚʘʢʚʠʪʝ ʫʨʝʜʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ 

ʫʰʪʝ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʠ ʝʣʝʢʪʨʦʭʝʤʠʩʢʠ ʢʦʥʜʝʥʟʘʪʦʨʠ ʩʦ ʜʚʦʝʥ ʩʣʦʿ - EDLC (electrochemical 

double-layer capacitors), ʫʰʪʝ ʧʦʟʥʘʪʠ ʠ ʢʘʢʦ BOOSTCAP. ʆʚʠʝ ʢʦʥʜʝʥʟʘʪʦʨʠ ʩʝ ʤʥʦʛʫ 

ʘʪʨʘʢʪʠʚʥʠ ʟʘʨʘʜʠ ʥʠʚʥʘʪʘ ʛʦʣʝʤʘ ʛʫʩʪʠʥʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʤʦ˃, ʜʦʣʛʠʦʪ ʨʘʙʦʪʝʥ ʚʝʢ, ʢʘʢʦ ʠ 

ʤʦʞʥʦʩʪʘ ʟʘ ʢʦʨʠʩʪʝˁʝ ʧʨʠ ʛʦʣʝʤ ʙʨʦʿ ʮʠʢʣʫʩʠ. ɿʘ ʨʘʟʣʠʢʘ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʙʘʪʝʨʠʠ, ʚʦ 

ʢʦʥʪʝʢʩʪ ʥʘ ʩʧʝʮʠʬʠʯʥʘʪʘ ʤʦ˃ʥʦʩʪ, ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʩʦ 

ʨʝʚʝʨʟʠʙʠʣʥʦʩʪ. 

ʆʜ ʛʨʘʬʠʢʦʪ ʥʘ ʩʣ. 1, ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ: ʛʫʩʪʠʥʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʢʘʿ ʙʘʪʝʨʠʠʪʝ 

ʤʦʞʝ ʜʘ ʜʦʩʪʠʛʥʝ ʚʨʝʜʥʦʩʪʠ ʜʦ 150 Wh/kg- ʰʪʦ ʝ ʜʝʩʝʪ ʧʘʪʠ ʧʦʚʝ˃ʝ ʦʜ ʥʘʿʚʠʩʦʢʘʪʘ ʦʯʝʢʫʚʘʥʘ 

ʚʨʝʜʥʦʩʪ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʢʘʿ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʛʫʩʪʠʥʘʪʘ ʥʘ 

ʤʦ˃ʥʦʩʪ ʢʘʿ ʙʘʪʝʨʠʠʪʝ ʝʜʚʘʿ ʜʦʩʪʠʛʥʫʚʘ 200 W/kg- ʰʪʦ ʝ ʜʚʘʝʩʝʪ ʧʘʪʠ ʧʦʤʘʣʢʫ ʦʜ 

ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʢʘʿ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ. ɻʝʥʝʨʘʣʥʦ, ʙʘʪʝʨʠʠʪʝ ʠʤʘʘʪ ʤʥʦʛʫ ʥʝʜʦʩʪʘʪʦʮʠ, 

ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʙʨʟʦʪʦ ʧʨʘʟʥʝˁʝ- ʪ.ʝ. ʢʨʘʪʢʦʪʦ ʚʨʝʤʝʪʨʘˁʝ ʥʘ ʝʜʝʥ ʮʠʢʣʫʩ, ʧʦʪʨʝʙʘʪʘ ʦʜ 

ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘ ʘʤʙʠʝʥʪʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʘʧʦ ʦʜʨʞʫʚʘˁʝ, ʢʨʘʪʦʢ ʨʘʙʦʪʝʥ ʚʝʢ- ʢʦʠ 

ʜʦʚʝʜʫʚʘʘʪ ʪʠʝ ʨʘʧʠʜʥʦ ʜʘ ʩʝ ʠʩʬʨʣʘʘʪ ʦʜ ʫʧʦʪʨʝʙʘ ʠ ʜʘ ʩʝ ʟʘʤʝʥʫʚʘʘʪ ʩʦ ʩʫʧʝʨ 

ʢʦʥʜʝʥʟʘʪʦʨʠ. ʆʜ ʩʠʪʝ ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʢʦʥʜʝʥʟʘʪʦʨʠ, EDLC 

ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʩʦ ʥʘʿʛʦʣʝʤʘ ʛʫʩʪʠʥʘ ʥʘ ʝʥʝʨʛʠʿʘ. ɼʠʝʣʝʢʪʨʠʯʥʠʪʝ, 

ʝʣʝʢʪʨʦʣʠʪʩʢʠʪʝ ʠ ʢʝʨʘʤʠʯʢʠʪʝ ʢʦʥʜʝʥʟʘʪʦʨʠ ʠʤʘʘʪ ʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʛʫʩʪʠʥʘʪʘ ʥʘ 

ʤʦ˃ʥʦʩʪʘ, ʥʦ ʤʥʦʛʫ ʥʠʩʢʘ ʛʫʩʪʠʥʘ ʥʘ ʝʥʝʨʛʠʿʘ [1]. ʄʦʞʝ ʜʘ ʩʦʛʣʝʜʘʤʝ ʜʝʢʘ ʩʫʧʝʨ 

ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʩʝ ʥʘʦʺʘʘʪ ʚʦ ʩʨʝʜʠʥʘʪʘ ʥʘ ʈʘʥʛʦʚʠʦʪ ʛʨʘʬʠʢ, ʧʦʤʝʺʫ ʩʠʪʝ ʦʩʪʘʥʘʪʠ ʫʨʝʜʠ ʟʘ 

ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ, ʘ ʩʝ ʢʚʘʣʠʬʠʢʫʚʘʥʠ ʠ ʩʦ ʤʥʦʛʫ ʜʨʫʛʠ ʧʨʝʜʥʦʩʪʠ.  

 ʈʘʟʣʠʯʥʠʪʝ ʤʦʞʥʦʩʪʠ ʥʘ ʫʨʝʜʠʪʝ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ, ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʪʘʙʝʣʘ 

1. 
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͔́͊͋͊͡ мΦ ʉʧʦʨʝʜʙʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʫʨʝʜʠʪʝ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʝʥʝʨʛʠʿʘ 

 
 

ʂʦʥʜʝʥʟʘʪʦʨʠ EDLC ɹʘʪʝʨʠʠ 

ɻʫʩʪʠʥʘ ʥʘ ʝʥʝʨʛʠʿʘ [Wh/kg] 0.1 3 100 

ɻʫʩʪʠʥʘ ʥʘ ʤʦ˃ [W/kg] 10
7 3000 100 

ɺʨʝʤʝ ʥʘ ʧʦʣʥʝˁʝ [s] 10
-6

-10
-3 0.3-30 >1000 

ɺʨʝʤʝ ʥʘ ʧʨʘʟʥʝˁʝ [s] 10
-6

-10
-3 0.3-30 1000 ï 10000 

ɹʨʦʿ ʥʘ ʮʠʢʣʫʩʠ [1] 10
10

 10
6
 1000 

ʈʘʙʦʪʝʥ ʚʝʢ [ʛʦʜ]. 30 30 5 

ɽʬʠʢʘʩʥʦʩʪ [%] >95 85-98 70-85 

 

 

2. ʊʝʭʥʦʣʦʰʢʠ ʘʩʧʝʢʪ ʥʘ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ 

ɽʜʥʘ ˃ʝʣʠʿʘ ʥʘ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ, ʚʦ ʦʩʥʦʚʘ ʩʝ ʩʦʩʪʦʠ ʦʜ ʜʚʝ ʝʣʝʢʪʨʦʜʠ, 

ʩʝʧʘʨʘʪʦʨ ʠ ʝʣʝʢʪʨʦʣʠʪ (ʩʣ. 2). ɽʣʝʢʪʨʦʜʠʪʝ ʩʝ ʠʟʨʘʙʦʪʝʥʠ ʦʜ ʤʝʪʘʣʝʥ ʢʦʣʝʢʪʦʨ ʢʦʿ ʛʦ 

ʧʨʝʪʩʪʘʚʫʚʘ ʩʧʨʦʚʦʜʣʠʚʠʦʪ ʜʝʣ ʠ ʘʢʪʠʚʝʥ ʤʘʪʝʨʠʿʘʣ, ʢʦʿ ʛʦ ʧʨʝʪʩʪʘʚʫʚʘ ʛʦʣʝʤʠʦʪ 

ʧʦʚʨʰʠʥʩʢʠ ʜʝʣ. ɼʚʝʪʝ ʝʣʝʢʪʨʦʜʠ ʩʝ ʦʜʜʝʣʝʥʠ ʩʦ ʤʝʤʙʨʘʥʘ-ʩʝʧʘʨʘʪʦʨ, ʢʦʿ ʠʤ ʦʚʦʟʤʦʞʫʚʘ 

ʤʦʙʠʣʥʦʩʪ ʥʘ ʥʘʝʣʝʢʪʠʨʟʠʨʘʥʠʪʝ ʿʦʥʠ, ʥʦ ʿʘ ʩʧʨʝʯʫʚʘ ʝʣʝʢʪʨʦʥʩʢʘʪʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ. ʆʚʦʿ 

ʢʦʤʧʦʟʠʪ, ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʩʝ ʥʘʚʠʪʢʫʚʘ ʚʦ ʮʠʣʠʥʜʨʠʯʥʘ ʠʣʠ ʧʨʘʚʦʘʛʦʣʥʘ ʬʦʨʤʘ ʠ ʩʝ ʨʝʜʘʪ 

ʚʦ ʢʫʪʠʿʘ. ʇʦʪʦʘ ʦʚʦʿ ʩʦʩʪʘʚ ʩʝ ʠʤʧʨʝʛʥʠʨʘ ʩʦ ʝʣʝʢʪʨʦʣʠʪ, ʢʦʿ ʤʦʞʝ ʜʘ ʙʠʜʝ ʚʦ ʮʚʨʩʪʘ ʠʣʠ 

ʪʝʯʥʘ ʩʦʩʪʦʿʙʘ, ʦʜ ʦʨʛʘʥʩʢʠ ʪʠʧ, ʟʘʚʠʩʥʦ ʦʜ ʧʦʪʨʝʙʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʫʨʝʜʦʪ. ʈʘʙʦʪʥʠʦʪ ʥʘʧʦʥ 

ʥʘ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʝ ʦʧʨʝʜʝʣʝʥ ʦʜ ʥʘʧʦʥʦʪ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʥʘ ʝʣʝʢʪʨʦʣʠʪʦʪ ʠ ʛʣʘʚʥʦ 

ʟʘʚʠʩʠ ʦʜ ʘʤʙʠʝʥʪʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʤʦʤʝʥʪʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ ʧʦʪʨʝʙʥʠʦʪ ʨʘʙʦʪʝʥ 

ʚʝʢ. ɽʣʝʢʪʨʠʯʥʠʦʪ ʢʘʧʘʮʠʪʝʪ ʥʘ EDLC ʤʦʞʝ ʜʘ ʙʠʜʝ ʤʥʦʛʫ ʛʦʣʝʤ, ʜʫʨʠ ʠ ʜʦ ʥʝʢʦʣʢʫ ʩʪʦʪʠʮʠ 

ʬʘʨʘʜʠ, ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʧʨʝʤʘʣʦʪʦ ʨʘʩʪʦʿʘʥʠʝ ʢʦʝ ʛʠ ʦʜʜʝʣʫʚʘ ʩʧʨʦʪʠʚʥʠʪʝ ʧʦʣʥʝʞʠ ʥʘ 

ʢʦʥʝʢʪʦʨʠʪʝ ʧʦʤʝʺʫ ʝʣʝʢʪʨʦʣʠʪʦʪ ʠ ʝʣʝʢʪʨʦʜʠʪʝ ʠ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʛʦʣʝʤʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ 

ʝʣʝʢʪʨʦʜʠʪʝ. ɹʠʜʝʿ˃ʠ ʝʣʝʢʪʨʠʯʥʠʦʪ ʢʘʧʘʮʠʪʝʪʦʪ  ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʩʦ ʧʦʚʨʰʠʥʘʪʘ ʥʘ 

ʧʣʦʯʢʠʪʝ ʥʘ ʢʦʥʜʝʥʟʘʪʦʨʦʪ, ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʝʣʝʢʪʨʦʜʠʪʝ ʥʘ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʩʝ 

ʢʦʨʠʩʪʘʪ ʝʣʝʢʪʨʦʭʝʤʠʩʢʠ ʠʥʝʨʪʥʠ ʤʘʪʝʨʠʿʘʣʠ ʩʦ ʥʘʿʛʦʣʝʤʘ ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʩʢʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʪʦʩʪ, ʩʝ ʩʦ ʮʝʣ ʜʘ ʩʝ ʬʦʨʤʠʨʘ ʜʚʦʝʥ ʩʣʦʿ ʩʦ ʤʘʢʩʠʤʘʣʝʥ ʙʨʦʿ ʥʘ ʝʣʝʢʪʨʦʣʠʪʥʠ 

ʿʦʥʠ. ʂʘʢʦ ʤʘʪʝʨʠʿʘʣʠ ʩʦ ʚʘʢʚʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʿʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʤʝʪʘʣʥʠ ʦʢʩʠʜʠ, ʿʘʛʣʝʨʦʜ 

ʠ ʛʨʘʬʠʪ. ʅʘʿʛʦʣʝʤ ʧʨʦʙʣʝʤ ʝ ʥʘʦʺʘˁʝʪʦ ʥʘ ʝʚʪʠʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʢʦʠ ʩʝ  
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˿͙͊͟͡ нΦ ʉʢʠʮʘ ʥʘ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨ. 

 
 
 

 
͔́͊͋͊͡ нΦ ʅʘʿʜʦʙʨʠ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ EDLC 

ɼʝʙʝʣʠʥʘ ʥʘ ʘʢʪʠʚʥʠʦʪ ʩʣʦʿ ρππ ʈÍ 

ɺʦʣʫʤʝʥʩʢʠ ʢʘʧʘʮʠʪʝʪ ρππ &ȾÃÍ 

ʉʧʨʦʚʜʣʠʚʦʩʪ ʥʘ ʝʣʝʢʪʨʦʣʠʪ πȢπυ 3ȾÃÍ 

ʅʘʧʦʥ ʥʘ ˃ʝʣʠʿʘ ςȢυ 6 

ɼʝʙʝʣʠʥʘ ʥʘ ʩʝʧʘʨʘʪʦʨʦʪ ςυ ʈÍ 

ʇʦʨʦʟʥʦʩʪ ʥʘ ʩʝʧʘʨʘʪʦʨʦʪ υπ Ϸ 

ɼʠʩʪʨʠʙʫʠʨʘʥ ʦʪʧʦʨ ʧʦ 
ʧʦʨʠʪʝ 

10 x 
ʝʣʝʢʪʨʦʣʠʪʦʪ 

 

 

ʝʣʝʢʪʨʠʯʥʦ ʠ ʭʝʤʠʩʢʠ ʢʦʤʧʘʪʠʙʠʣʥʠ ʩʦ ʝʣʝʢʪʨʦʣʠʪʦʪ. ɽʣʝʢʪʨʦʜʠʪʝ ʪʨeʙʘ ʜʘ ʩʝ ʠʟʨʘʙʦʪʝʥʠ 

ʦʜ ʤʘʪʝʨʠʿʘʣʠ ʩʦ ʚʠʩʦʢʦ ʭʝʤʠʩʢʠ ʘʢʪʠʚʥʘ ʧʦʚʨʰʠʥʘ ʠ ʘʜʝʢʚʘʪʥʘ ʤʦʣʝʢʫʣʘʨʥʘ ʛʝʦʤʝʪʨʠʿʘ. 

ɱʘʛʣʝʨʦʜʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʢʦʠ ʦʙʠʯʥʦ ʤʦʞʝ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʘʪ, ʩʝ: ʘʢʪʠʚʥʠ ʢʘʨʙʦʥʩʢʠ ʚʣʘʢʥʘ, 

ʩʘʺʠ, ʘʢʪʠʚʝʥ ʿʘʛʣʝʥ, ʢʘʨʙʦʥʩʢʠ ʚʣʘʢʥʘ, ʿʘʛʣʝʨʦʜʝʥ ʛʝʣ, ʤʠʢʨʦʥʩʢʠ ʟʨʥʘ ʦʜ ʿʘʛʣʝʨʦʜ... 

ʅʘʿʜʦʙʨʠʪʝ ʿʘʛʣʝʨʦʜʥʠ ʝʣʝʢʪʨʦʜʠ ʠʤʘʘʪ ʩʧʝʮʠʬʠʯʥʘ ʘʢʪʠʚʥʘ ʧʦʚʨʰʠʥʘ ʦʜ 3000 ÍȾÇ. 

ʉʧʝʮʠʬʠʯʥʠʦʪ ʢʘʧʘʮʠʪʝʪʦʪ  ʩʝ ʟʛʦʣʝʤʫʚʘ ʣʠʥʝʘʨʥʦ ʩʦ ʘʢʪʠʚʥʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ ʝʣʝʢʪʨʦʜʠʪʝ  ʠ 

ʚʦ ʩʣʫʯʘʿ ʥʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʿʘʛʣʝʨʦʜ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʚʨʝʜʥʦʩʪ  ʦʜ 250 F/g, ʟʘʪʦʘ 

ʝʣʝʢʪʨʦʜʠʪʝ ʩʝ ʧʨʝʤʘʯʢʫʚʘʘʪ ʩʦ ʿʘʛʣʝʨʦʜʥʘ ʧʫʜʨʘ ʠʣʠ ʩʝ ʦʙʚʠʪʢʫʚʘʘʪ ʩʦ ʿʘʛʣʝʨʦʜʥʠ ʚʣʘʢʥʘ. 

ɺʘʢʚʘʪʘ ʧʦʩʪʘʧʢʘ ʩʝʧʘʢ ʜʦʚʝʜʫʚʘ ʜʦ ʟʥʘʯʠʪʝʣʝʥ ʢʦʥʪʘʢʪʝʥ ʦʪʧʦʨ ʧʦʤʝʺʫ ʥʘʥʝʩʝʥʠʦʪ ʩʣʦʿ ʠ 

ʦʩʥʦʚʘʪʘ-ʝʣʝʢʪʨʦʜʘʪʘ. ʉʦ ʮʝʣ ʜʘ ʩʝ ʥʘʜʤʠʥʘʪ ʦʚʠʝ ʧʨʦʙʣʝʤʠ, ʧʨʝʤʘʟʦʪ ʦʜ ʿʘʛʣʝʨʦʜ ʩʝ 

ʥʘʥʝʩʫʚʘ ʥʘ ʤʝʪʘʣʥʘʪʘ ʝʣʝʢʪʨʦʜʘ ʩʦʧʨʦʮʝʜʫʨʘ ʧʦʜ ʧʨʠʪʠʩʦʢ, ʩʦ ʰʪʦ ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʩʧʨʦʚʦʜʣʠʚʦʩʪʘ.  

ʂʦʛʘ ʩʝ ʠʟʙʠʨʘ ʝʣʝʢʪʨʦʣʠʪʦʪ, ʪʨʝʙʘ ʜʘ ʩʝ ʚʥʠʤʘʚʘ ʪʦʿ ʜʘ ʦʙʝʟʙʝʜʫʚʘ ʛʦʣʝʤʘ 

ʩʧʨʦʚʦʜʣʠʚʦʩʪ ʠ ʦʜʨʝʜʝʥʘ ʝʣʝʢʪʨʦʭʝʤʠʩʢʘ ʩʪʘʙʠʣʥʦʩʪ, ʟʘ ʜʘ ʩʝ ʦʚʦʟʤʦʞʠ ʢʦʥʜʝʥʟʘʪʦʨʦʪ ʜʘ 

ʨʘʙʦʪʠ ʥʘ ʥʘʿʚʠʩʢʠʦʪ ʤʦʞʝʥ ʥʘʧʦʥ. ʆʨʛʘʥʩʢʠʪʝ ʝʣʝʢʪʨʦʣʠʪʠ ʩʝ ʧʨʦʠʟʚʝʜʝʥʠ ʩʦ ʨʘʩʪʚʦʨʫʚʘˁʝ 

ʥʘ ʢʚʘʨʪʝʨʥʠ ʩʦʣʠ ʚʦ ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯ. ʅʠʚʥʠʦʪ ʥʘʧʦʥ ʥʘ ʜʠʩʦʮʠʿʘʮʠʿʘ ʤʦʞʝ ʜʘ ʙʠʜʝ 

ʧʦʛʦʣʝʤ ʦʜ 2,5 V. ʂʘʢʦ ʝʣʝʢʪʨʦʣʠʪʠ ʚʦ ʪʝʯʥʘ ʩʦʩʪʦʿʙʘ ʥʘʿʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʩʫʣʬʫʨʥʘ 

ʢʠʩʝʣʠʥʘ ((3/) [7] ʠʣʠ ʢʘʣʠʫʤ ʭʠʜʨʦʢʩʠʜ (+/() [8], ʩʦ ʥʘʧʦʥ ʥʘ ʜʠʩʦʮʠʿʘʮʠʿʘ ʜʦ 1,23 V. ʊʘʢʘ, 

ʛʫʩʪʠʥʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʝ ʜʫʨʠ ʯʝʪʠʨʠ ʧʘʪʠ ʧʦʛʦʣʝʤʘ ʟʘ ʦʨʛʘʥʩʢʠʪʝ ʝʣʝʢʪʨʦʣʠʪʠ. ʂʘʢʦ 

ʧʦʩʣʝʜʠʮʘ ʦʜ ʢʚʘʜʨʘʪʥʘʪʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʛʫʩʪʠʥʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʢʦʥʜʝʥʟʘʪʦʨʦʪ ʠ 

ʥʝʛʦʚʠʦʪ ʥʘʧʦʥ, ʩʝ ʩʦʛʣʝʜʫʚʘ ʜʝʢʘ ʧʦʞʝʣʥʦ ʝ ʜʘ ʩʝ ʫʧʦʪʨʝʙʫʚʘ ʦʨʛʘʥʩʢʠ ʝʣʝʢʪʨʦʣʠʪ. ʀʩʪʦ 

ʪʘʢʘ, ʙʠʜʝʿ˃ʠ ʝ ʚʘʞʥʘ ʠ ʛʫʩʪʠʥʘʪʘ ʥʘ ʤʦ˃ʥʦʩʪ, ʪʨʝʙʘ ʜʘ ʩʝ ʦʙʨʥʝ ʚʥʠʤʘʥʠʝ ʠ ʥʘ 

ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʚʥʘʪʨʝʰʥʠʦʪ ʦʪʧʦʨ ʢʦʿ ʩʝ ʜʦʣʞʠ ʥʘ ʤʘʣʘʪʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ ʥʘ 

ʝʣʝʢʪʨʦʣʠʪʦʪ. ʂʘʿ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ, ʢʘʢʦ ʝʣʝʢʪʨʦʣʠʪ ʩʝ ʢʦʨʠʩʪʠ ʪʝʪʨʘʝʪʠʣ ʘʤʦʥʠʫʤ-

ʪʝʪʨʘʬʣʫʦʨ ʙʨʦʤ (ʊɽɸ-TFB) ʚʦ ʘʮʝʪʦʥʠʪʨʠʣ [2], ʪ.ʰ. ʩʝ ʬʦʨʤʠʨʘ ʪʝʨʤʦʩʪʘʙʠʣʝʥ ʧʦʣʠʤʝʨʝʥ 

ʧʨʩʪʝʥ ʦʢʦʣʫ ʧʝʨʠʬʝʨʠʿʘʪʘ ʥʘ ˃ʝʣʠʿʘʪʘ ʥʘ EDLC. ʆʚʠʝ ʝʣʝʢʪʨʦʣʠʪʠ ʥʝ ʩʝ ʢʦʨʦʟʠʚʥʠ, ʥʘʿʯʝʩʪʦ 

ʩʧʦʨʦʚʜʣʠʚʦʩʪʘ ʠʤ ʝ ʦʢʦʣʫ ψ Í3ȾÃÍ, ʤʦʞʝ ʜʘ ʨʘʙʦʪʘʪ ʥʦʨʤʘʣʥʦ ʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ρυπ #. 
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ʀʟʤʝʰʘʥʠ ʩʦ ʘʮʝʪʦʥʠʪʨʠʣ, ʩʧʨʦʚʦʜʣʠʚʦʩʪʘ ʥʘ ʦʚʠʝ ʝʣʝʢʪʨʦʣʠʪʠ ʤʦʞʝ ʜʘ ʜʦʩʪʠʛʥʝ ʠ φπ Í3Ⱦ

ÃÍ. 

ʆʜ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʟʘ ʠʩʢʣʫʯʠʪʝʣʥʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ EDLC, ʝ ʠ ʠʟʙʦʨʦʪ ʥʘ 

ʩʝʧʘʨʘʪʦʨ [3-6]. ɸʢʦ ʩʝ ʢʦʨʠʩʪʠ ʦʨʛʘʥʩʢʠ ʝʣʝʢʪʨʦʣʠʪ ʠʣʠ ʧʦʣʠʤʝʨ, ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʭʘʨʪʠʝʥʠ 

ʩʝʧʘʨʘʪʦʨʠ, ʥʦ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ ʠ ʩʪʘʢʣʝʥʠ ʚʣʘʢʥʘ, ʢʝʨʘʤʠʯʢʠ ʩʝʧʘʨʘʪʦʨʠ ʠ ʩʣ. 

ʉʝʧʘʨʘʪʦʨʦʪ ʦʚʦʟʤʦʞʫʚʘ ʧʨʝʥʦʩ ʥʘ ʥʘʝʣʝʢʪʨʠʟʠʨʘʥʠʪʝ ʿʦʥʠ, ʥʦ ʟʘʙʨʘʥʫʚʘ ʝʣʝʢʪʨʦʥʩʢʠ 

ʢʦʥʪʘʢʪ ʧʦʤʝʺʫ ʝʣʝʢʪʨʦʜʠʪʝ. ʆʩʥʦʚʥʠʪʝ ʧʨʠʥʮʠʧʠ ʟʘ ʜʘ ʩʝ ʜʦʙʠʝ EDLC ʢʦʿ ˃ʝ ʦʜʛʦʚʦʨʠ ʥʘ 

ʙʘʨʘˁʘʪʘ, ʩʝ: ʚʠʩʦʢʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ ʥʘ ʿʦʥʠʪʝ ʚʦ ʝʣʝʢʪʨʦʣʠʪʦʪ ʠ ʩʝʧʘʨʘʪʦʨʦʪ, ʚʠʩʦʢ 

ʝʣʝʢʪʦʨoʥʩʢʠ ʦʪʧʦʨ ʥʘ ʩʝʧʘʨʘʪʦʨʦʪ, ʛʦʣʝʤʘ ʧʦʚʨʰʠʥʘ ʥʘ ʝʣʝʢʪʨʦʜʠʪʝ, ʪʝʥʦʢ ʩʝʧʘʨʘʪʦʨ ʠ 

ʨʝʣʘʪʠʚʥʦ ʜʝʙʝʣʠ ʝʣʝʢʪʨʦʜʠ. ɺʦ ʪʘʙʝʣʘ 2 ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʟʘ ʤʘʪʝʨʠʿʘʣʠʪʝ 

ʩʦ ʥʘʿʜʦʙʨʠ ʧʝʨʬʦʨʤʘʥʩʠ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ EDLC ʩʦ ʦʨʛʘʥʩʢʠ ʝʣʝʢʪʨʦʣʠʪ. 

ɺʦ ʧʨʦʮʝʩʦʪ ʥʘ ʥʘʤʦʪʫʚʘˁʝ, ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ ʨʘʟʥʠ ʪʝʭʥʠʢʠ, ʥʦ ʥʘʿʚʘʞʥʦ ʝ 

ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʜʘ ʝ ʜʦʚʝʨʣʠʚʘ, ʚʠʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʘ ʠ ʩʦ ʥʠʩʢʠ ʪʨʦʰʦʮʠ (ʩʣ. 3). ʊʝʭʥʠʢʘʪʘ ʥʘ 

ʥʘʤʦʪʫʚʘˁʝ ʦʚʦʟʤʦʞʫʚʘ ʨʘʟʥʠ ʛʦʣʝʤʠʥʠ ʠ ʜʠʟʘʿʥʠ ʥʘ EDLC ʧʨʠ hʪʦ ʢʦʤʧʦʟʠʪʠʪʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʩʝ ʥʘʚʠʪʢʫʚʘʘʪ ʚʦ ʩʦʦʜʚʝʪʥʘʪʘ ʬʦʨʤʘ ʠ ʩʝ ʜʦʙʠʚʘ ʛʦʣʝʤʘ ʢʦʥʪʨʦʣʘ ʚʦ 

ʥʘʤʦʪʫʚʘˁʝ ʥʘ ʬʦʣʠʠʪʝ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʪʝʛʥʘʪʦʩʪʘ ʟʘ ʚʨʝʤʝ ʥʘ ʚʠʪʢʘˁʝʪʦ, ʩʦ ʰʪʦ ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʠ ʥʠʟʦʢ ʚʥʘʪʨʝʰʝʥ ʦʪʧʦʨ. 

 

˿͙͊͟͡ оΦ MONTENA- ʤʘʰʠʥʘ ʟʘ ʥʘʤʦʪʫʚʘˁʝ. 

 

3. ʇʨʠʤʝʥʘ ʥʘ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ 

ʉʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʠʤʘʘʪ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʥʘ ʘʧʣʠʢʘʮʠʠ, ʢʦʠ ʚʢʣʫʯʫʚʘʘʪ: 

¶ ɼʦʣʛʦʪʨʘʿʥʦ ʥʘʧʦʿʫʚʘˁʝ ʥʘ ʥʠʩʢʠ ʩʪʨʫʠ, ʢʘʢʦ ʢʘʿ ʤʝʤʦʨʠʩʢʠʪʝ ʝʜʠʥʠʮʠ (SRAMs) 

¶ ɽʥʝʨʛʝʪʩʢʠ ʝʣʝʢʪʨʦʥʩʢʠ ʫʨʝʜʠ ʢʦʠ ʙʘʨʘʘʪ ʤʥʦʛʫ ʢʨʘʪʢʘ, ʥʦ ʚʠʩʦʢʘ ʩʪʨʫʿʘ, ʢʘʢʦ ʰʪʦ ʩʝ 

ʩʪʘʨʪʥʠʪʝ ʩʠʩʪʝʤʠ KERS ʚʦ ʪʨʢʘʯʢʠʪʝ ʘʚʪʦʤʦʙʠʣʠ Formula 1. 

¶ ʀʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʧʦʚʨʘʪʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʢʦʯʥʠʮʠʪʝ ʢʘʿ ʘʚʪʦʤʦʙʠʣʠʪʝ 

 ʂʘʿ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʜʦʘʺʘ ʜʦ ʧʦʣʘʨʠʟʘʮʠʿʘ ʥʘ ʝʣʝʢʪʨʦʣʠʪʦʪ, ʰʪʦ ʦʚʦʟʤʦʞʫʚʘ 

ʝʣʝʢʪʨʦʩʪʘʪʩʢʦ ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ. ʀʘʢʦ, ʩʝ ʨʘʙʦʪʠ ʟʘ ʝʣʝʢʪʨʦʭʝʤʠʩʢʠ ʫʨʝʜ, 

ʤʝʭʘʥʠʟʤʦʪ ʥʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʝ ʚʢʣʫʯʫʚʘ ʭʝʤʠʩʢʠ ʨʝʘʢʮʠʠ. ɹʠʜʝʿ˃ʠ ʩʪʘʥʫʚʘ ʟʙʦʨ 

ʟʘ ʧʦʣʘʨʠʟʘʮʠʿʘ, ʢʦʿʘ ʝ ʨʝʚʝʨʟʠʙʠʣʝʥ ʧʨʦʮʝʩ, ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʧʦʣʥʝʪʠ ʠ 

ʧʨʘʟʥʝʪʠ ʩʪʦʪʠʮʠ ʠʣʿʘʜʠ ʧʘʪʠ. ʆʚʘ ʚʩʫʰʥʦʩʪ ʿʘ ʦʚʦʟʤʦʞʫʚʘ ʥʠʚʥʘʪʘ ʧʦʪʝʥʮʠʿʘʣʥʘʪʘ ʧʨʠʤʝʥʘ. 

 ɺʦ ʥʘʩʦʢʘ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʠ ʟʛʦʣʝʤʫʚʘˁʝ 

ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ, ʢʘʢʦ ʠ ʦʨʠʝʥʪʠʨʘˁʝʪʦ ʢʦʥ ʘʣʪʝʨʥʘʪʠʚʥʠ ʝʥʝʨʛʝʪʩʢʠ ʠʟʚʦʨʠ, 

ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʦʜ ʦʩʦʙʝʥʦ ʟʥʘʯʝˁʝ. ʅʠʚʥʘʪʘ ʧʨʠʤʝʥʘ, ʛʣʘʚʥʦ ʥʘʦʺʘ 

ʤʝʩʪʦ ʢʘʿ ʭʠʙʨʠʜʥʠʪʝ ʚʦʟʠʣʘ (HEVs ʠ PHEVs). ʉʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʦʩʥʦʚʝʥ 

http://en.wikipedia.org/wiki/Formula_1
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ʝʥʝʨʛʝʪʩʢʠ ʠʟʚʦʨ ʟʘ ʚʨʝʤʝ ʥʘ ʟʘʙʨʟʫʚʘˁʝ ʠ ʠʩʢʘʯʫʚʘˁʝ ʥʘ ʦʚʠʝ ʘʚʪʦʤʦʙʠʣʠ, ʥʦ ʠʩʪʦ ʪʘʢʘ 

ʥʘʦʺʘʘʪ ʧʨʠʤʝʥʘ ʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʧʦʚʨʘʪʥʘʪʘ ʝʥʝʨʛʠʿʘ ʧʨʠ ʢʦʯʝˁʝʪʦ, ʧʦʨʘʜʠ ʥʠʚʥʘʪʘ 

ʩʚʦʿʩʪʚʝʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʫʣʪʨʘ ʙʨʟ ʦʜʛʦʚʦʨ (ʢʘʢʦ ʧʨʠ ʧʦʣʥʝˁʝ ʪʘʢʘ ʠ ʧʨʘʟʥʝˁʝ). 

ʇʨʠʤʝʥʘʪʘ, ʧʘʢ ʥʘ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʚʦ ʩʧʨʝʛʘ ʩʦ ʩʪʘʥʜʘʨʥʠʪʝ ʙʘʪʝʨʠʠ (ʘʢʫʤʫʣʘʪʦʨʠ), ʿʘ 

ʢʦʤʙʠʥʠʨʘ ʥʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ ʩʦ ʧʦʛʦʣʝʤʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʙʘʪʝʨʠʠʪʝ. ʊʦʘ 

ʦʚʦʟʤʦʞʫʚʘ ʧʨʦʜʦʣʞʫʚʘˁʝ ʥʘ ʨʘʙʧʪʥʠʦʪ ʚʝʢ ʥʘ ʙʘʪʝʨʠʠʪʝ, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʪʨʦʰʦʮʠʪʝ ʟʘ 

ʟʘʤʝʥʘ ʠ ʦʜʨʞʫʚʘˁʝ, ʧʘʨʘʣʝʣʥʦ ʩʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʜʠʤʝʥʟʠʠʪʝ ʥʘ ʙʘʪʝʨʠʠʪʝ 

(ʘʢʫʤʫʣʘʪʧʨʠʪʝ). ʀʩʪʦʚʨʝʤʝʥʦ, ʚʘʢʚʠʦʪ ʩʠʩʪʝʤ ʿʘ ʦʚʦʟʤʦʞʫʚʘ ʠʩʧʦʨʘʢʘʪʘ ʥʘ ʢʨʘʪʢʦʪʨʘʿʥʠ 

ʠʤʧʫʣʩʠ ʩʦ ʚʠʩʦʢʘ ʝʥʝʨʛʠʿʘ, ʩʝʢʦʛʘʰ ʢʦʛʘ ʟʘ ʪʦʘ ʠʤʘ ʧʦʪʨʝʙʘ. ɽʜʠʥʩʪʚʝʥʘ ʥʝʧʦʛʦʜʥʦʩʪ ʝ ʪʦʘ 

ʰʪʦ ʚʘʢʚʠʦʪ ʩʠʩʪʝʤ ʠʤʘ ʥʝʰʪʦ ʟʛʦʣʝʤʝʥʘ ʮʝʥʘ ʥʘ ʯʠʥʝˁʝ ʧʦʨʘʜʠ ʚʢʣʫʯʫʚʘˁʝʪʦ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʥʠ ʝʣʝʢʪʨʦʥʩʢʠ ʫʨʝʜʠ, ʢʘʢʦ ʥʘ ʧʨ. ʢʦʥʚʝʨʪʦʨʠ.  

ʇʨʠʤʝʥʘʪʘ ʥʘ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʧʦʚʨʘʪʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ 

ʢʦʯʝˁʝʪʦ, ʟʥʘʯʠʪʝʣʥʦ ʿʘ ʟʛʦʣʝʤʫʚʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʛʦʨʠʚʦʪʦ, ʦʩʦʙʝʥʦ ʧʨʠ ʚʦʟʝˁʝ ʚʦ ʫʨʙʘʥʠ 

ʩʨʝʜʠʥʠ ʩʦ ʤʥʦʛʫʢʨʘʪʥʠ ʪʨʛʥʫʚʘˁʘ ʠ ʟʘʩʪʘʥʫʚʘˁʘ. ɺʦ ʚʘʢʚʠ ʫʩʣʦʚʠ, ʝʜʠʥʩʪʚʝʥʦ 

ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʤʦʞʝ ʜʘ ʟʘ ʩʢʣʘʜʠʨʘʘʪ ʠ ʟʘʯʫʚʘʘʪ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʩʦʟʜʘʜʝʥʘ 

ʧʨʠ ʢʦʯʝˁʝʪʦ ʠ ʧʦʪʦʘ ʙʨʟʦ ʜʘ ʿʘ ʦʩʣʦʙʦʜʘʪ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʩʣʝʜʥʦʪʦ ʟʘʙʨʟʫʚʘˁʝ. 

ʀʩʪʨʘʞʫʚʘʯʠʪʝ ʦʜ ʀʥʩʪʠʪʫʪʦʪ ʄʘʢʩ ʇʣʘʥʢ ʠʤʘʘʪ ʦʙʿʘʚʝʥʦ ʜʝʢʘ ʩʦ ʥʠʚʥʠʦʪ ʧʨʦʪʦʪʠʧ ʥʘ EDLC 

ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨ, ʢʦʿ ʠʤʘ ʛʫʩʪʠʥʘ ʥʘ ʤʦ˃ʥʦʩʪ 0,47 kW/kg ʠ ʝʥʝʨʛʝʪʩʢʘ ʛʫʩʪʠʥʘ 300 Wh/kg ʠ 

ʤʘʩʘ ʦʜ 200 kg, ʤʦʞʝ ʜʘ ʩʦʟʜʘʜʝ ʝʥʝʨʛʠʿʘ ʦʜ 60 kWh. ʇʨʠ ʧʨʝʜʚʠʜʫʚʘˁʝ ʥʘ 10% ʝʥʝʨʛʝʪʩʢʠ 

ʟʘʛʫʙʠ, ʘʚʪʦʤʦʙʠʣ ʢʦʿ ʩʝ ʥʘʧʦʿʫʚʘ ʩʦ ʦʚʦʿ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨ ʤʦʞʝ ʜʘ ʧʦʤʠʥʝ ʦʢʦʣʫ 360-540 

km, ʧʨʠʪʦʘ ʜʦʩʪʠʛʥʫʚʘʿ˃ʠ ʙʨʟʠʥʘ ʠ ʜʦ 100 km/h.EDCL ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ 

ʩʝʢʘʜʝ ʢʘʿ ʰʪʦ ʠʤʘ ʧʦʪʨʝʙʘ ʦʜ ʠʩʧʦʨʘʢʘ ʥʘ ʤʦ˃ʥʦʩʪ ʠʣʠ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ. ʊʠʧʠʯʥʠ 

ʧʨʠʤʝʨʠ ʩʝ: 

ǒ ʉʪʘʨʪʝʨʠ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʥʘ ʤʦʪʦʨʠ, ʢʘʜʝ ʜʦ ʩʝʛʘ ʩʝ ʢʦʨʠʩʪʝʥʠ Pb ʠʣʠ Ni-Cd ʙʘʪʝʨʠʠ- 

ʢʦʠ ʠʤʘʘʪ ʛʦʣʝʤ ʚʥʘʪʨʝʰʝʥ ʦʪʧʦʨ ʠ ʿʘ ʦʛʨʘʥʠʯʫʚʘʘʪ ʧʦʯʝʪʥʘʪʘ ʚʨʚʥʘ ʚʨʝʜʥʦʩʪ ʥʘ 

ʩʪʨʫʿʘʪʘ; 

ǒ ɼʝʪʩʢʠ ʠʛʨʘʯʢʠ- ʛʠ ʟʘʤʝʥʫʚʘʘʪ ʙʘʪʝʨʠʠʪʝ ʢʦʠ ʚʦʦʙʠʯʘʝʥʦ ʥʝ ʪʨʘʘʪ ʧʦʚʝ˃ʝ ʦʜ 10 ʯʘʩʘ; 

ǒ GSM ʘʧʣʠʢʘʮʠʠ ʠ ʤʦʙʠʣʥʠ ʪʝʣʝʬʦʥʠ; 

ǒ ʃʠʬʪʦʚʠ, ʜʠʛʘʣʢʠ, ʚʦʟʠʣʘ ʥʘ ʝʣʝʢʪʨʠʯʝʥ ʧʦʛʦʥ; 

ǒ ʈʘʜʘʨʠ, ʩʘʪʝʣʠtʠ ʠ ʦʩʪʘʥʘʪʘ ʦʧʨʝʤʘ ʟʘ ʚʦʝʥʠ ʧʦʪʨʝʙʠ; 

ǒ ɼʝʬʠʙʨʠʣʘʪʦʨʠ, ʩʨʮʝʚʠ ʧʝjʩʤʝʿʢʝʨʠ... 

ʇʦʟʥʘʪʠ ʤʘʨʢʠ ʥʘ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠ ʢʦʠ ʩʝ ʜʝʥʝʩ ʥʘ ʧʘʟʘʨʦʪ ʩʝ: APowerCap, BestCap, 

BoostCap, CAP-XX, DLCAP, EneCapTen, EVerCAP, DynaCap, Faradcap, GreenCap, Goldcap, 

HY-CAP, Kapton capacitor, Super capacitor, SuperCap, PAS Capacitor, PowerStor, PseudoCap, 

Ultracapacitor. ʆʚʠʝ ʢʦʤʧʘʥʠʠ ʚʦ 2009 ʛʦʜʠʥʘ ʠʤʘʘʪ ʦʩʪʚʘʨʝʥʦ ʧʨʠʭʦʜʠ ʦʜ 275 ʤʠʣʠʦʥʠ  USD,  

ʦʜ ʧʨʦʜʘʞʙʘʪʘ ʥʘ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠ. ʉʧʦʨʝʜ ʧʨʝʜʚʠʜʫʚʘˁʘʪʘ ʥʘ ʧʘʟʘʨʦʪ, ʜʦ 2014 ʛʦʜʠʥʘ, 

ʩʝ ʧʨʝʜʚʠʜʫʚʘ ʧʨʦʩʝʯʝʥ ʛʦʜʠʰʝʥ ʧʦʨʘʩʪ ʥʘ ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʦʜ 21.4%. 

4. ɿʘʢʣʫʯʦʢ 

ʉʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ ʩʝʢʘʜʝ ʢʘʜʝ ʰʪʦ ʠʤʘ ʧʦʪʨʝʙʘ ʦʜ ʧʦʛʦʣʝʤʦ 

ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ, ʧʘ ʟʘʪʦʘ ʠ ʥʠʚʥʘʪʘ ʧʨʠʤʝʥʘ ʝ ʪʦʣʢʫ ʩʝʩʪʨʘʥʘ. EDLC ʦʚʦʟʤʦʞʫʚʘʘʪ 

ʜʦʧʦʣʥʫʚʘˁʝ ʥʘ ʙʘʪʝʨʠʠʪʝ ʠ ʢʦʤʙʠʥʠʨʘʥʘ ʫʧʦʪʨʝʙʘ ʩʦ ʰʪʦ ʩʝ ʜʦʙʠʚʘ ʧʦʜʦʣʛ ʞʠʚʦʪʝʥ ʚʝʢ ʥʘ 

ʫʨʝʜʠʪʝ, ʧʦʛʦʣʝʤʘ ʠʟʣʝʟʥʘ ʤʦ˃ʥʦʩʪ ʠ ʧʦʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʥʘ ʨʘʙʦʪʘ. ʀʟʙʦʨʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣʠ 
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ʠ ʥʘʯʠʥʦʪ ʥʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʩʫʧʝʨ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʩʝ ʢʣʫʯʥʠ ʬʘʢʪʦʨʠ ʟʘ ʜʘ ʩʝ ʜʦʙʠʿʘʪ ʫʨʝʜʠ ʩʦ 

ʧʦʩʘʢʫʚʘʥʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ. 
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ʩʝ ʥʘʧʨʘʚʘʪ ʧʨʠʙʣʠʞʥʠ ʧʨʝʩʤʝʪʢʠ ʟʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʠ ʥʝʿʟʠʥʦʪʦ 

(ʥʝ)ʨʘʮʠʦʥʘʣʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ. ʆʮʝʥʢʘʪʘ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʦʙʿʝʢʪʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʜʦʙʨʘ 

ʦʩʥʦʚʘ ʟʘ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʩʠʪʝ ʩʣʘʙʠ ʪʦʯʢʠ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʠ ʠʥʩʪʘʣʘʮʠʠʪʝ ʥʘ ʥʘʙˀʫʜʫʚʘʥʠʪʝ 

ʦʙʿʝʢʪʠ ʰʪʦ ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʧʨʘʚʘʪ ʠʣʠ ʟʘʤʝʥʘʪ ʙʠʜʝʿ˃ʠ ʩʝ ʥʝʝʬʠʢʘʩʥʠ ʠʣʠ ʥʝ ʿʘ ʚʨʰʘʪ ʜʦʙʨʦ 

ʬʫʥʢʮʠʿʘʪʘ ʟʘ ʢʦʿʘ ʩʝ ʥʘʤʝʥʝʪʠ. ʉʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʰʪʦ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʥʝʢʦʥʪʘʢʪʝʥ ʠ 

ʥʝʜʝʩʪʨʫʢʪʠʚʝʥ ʤʝʪʦʜ, ʠʥʬʨʘʮʨʚʝʥʘʪʘ ʪʝʨʤʦʛʨʘʬʠʿʘ ʦʚʦʟʤʦʞʫʚʘ ʝʜʥʦʩʪʘʚʥʦ ʩʥʠʤʘˁʝ ʠ 

ʜʦʢʫʤʝʥʪʠʨʘˁʝ ʥʘ ʪʝʨʤʠʯʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʦʙʠʚʘˁʝ ʥʘ ʪʝʨʤʦʛʨʘʤʠ. ʊʝʨʤʦʛʨʘʤʦʪ 

ʤʦʞʝ ʙʨʟʦ ʠ ʣʝʩʥʦ ʜʘ ʛʠ ʣʦʮʠʨʘ ʘʙʥʦʨʤʘʣʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʪʦʧʣʠʥʘ, ʢʦʠ ʯʝʩʪʦ ʫʢʘʞʫʚʘʘʪ ʥʘ 

ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʦʙʣʝʤʠ. ɽʜʥʦʩʪʘʚʥʠ ʟʘ ʢʦʨʠʩʪʝˁʝ ʠ ʧʨʘʢʪʠʯʥʠ ʚʦ ʩʚʦʿʘʪʘ ʥʘʤʝʥʘ, 

ʪʝʨʤʦʚʠʟʠʩʢʠʪʝ ʢʘʤʝʨʠ ʤʫ ʦʚʦʟʤʦʞʫʚʘʘʪ ʥʘ ʢʦʨʠʩʥʠʢʦʪ ʠʥʩʪʘʥʪ-ʧʦʛʣʝʜ ʚʨʟ ʪʝʤʧʝʨʘʪʫʨʥʘʪʘ 

ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʪʝʣʦʪʦ ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʥʘʙˀʫʜʫʚʘˁʝ.  

ʊʠʝ ʦʚʦʟʤʦʞʫʚʘʘʪ ʟʘʰʪʝʜʘ ʥʘ ʚʨʝʤʝ ʧʨʠ ʦʜʨʞʫʚʘˁʝʪʦ ʟʘʨʘʜʠ ʤʦʞʥʦʩʪʘ ʟʘ ʩʣʠʢʦʚʠʪ 

ʧʨʠʢʘʟ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʪʘ ʨʘʩʧʨʝʜʝʣʙʘ, ʥʘʤʝʩʪʦ ʧʦʝʜʠʥʝʯʥʦʪʦ ʤʝʨʝˁʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʦ 

ʪʦʯʢʠ ʠ ʧʨʘʚʝˁʝ ʪʝʤʧʝʨʘʪʫʨʥʘ ʤʘʧʘ. ɿʘʨʘʜʠ ʩ¯ ʧʦʩʪʨʦʛʠʪʝ ʝʢʦʣʦʰʢʠ ʩʪʘʥʜʘʨʜʠ ʚʦ ʩʚʝʪʦʪ ʠ 

ʨʘʟʚʦʿʦʪ ʠ ʧʨʠʤʝʥʘʪʘ ʥʘ ʩʦʚʨʝʤʝʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʠʟʨʘʙʦʪʢʘ ʥʘ ʥʦʚʠ ʛʨʘʜʝʞʥʠ ʦʙʿʝʢʪʠ, 

ʛʣʘʚʥʘ ʘʤʙʠʮʠʿʘ ʥʘ ʠʥʚʝʩʪʠʪʦʨʠʪʝ ʠʤ ʩʝ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠʪʝ ʦʙʿʝʢʪʠ. ʀʥʬʨʘʮʨʚʝʥʘʪʘ 

ʪʝʨʤʦʛʨʘʬʠʿʘ ʚʦ ʦʚʦʿ ʧʦʛʣʝʜ ʝ ʜʦʚʦʣʥʦ ʧʨʘʢʪʠʯʥʘ ʠ ʩʦ ʤʥʦʛʫ ʧʨʝʜʥʦʩʪʠ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʠʥʬʨʘʮʨʚʝʥʦ ʟʨʘʯʝˁʝ, ʪʝʨʤʦʛʨʘʬʠʿʘ, ʪʝʨʤʦʚʠʟʠʩʢʘ ʢʘʤʝʨʘ, ʪʝʨʤʦʛʨʘʤ, 

ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ. 

 

1. ɺʦʚʝʜ 

ɹʝʩʢʦʥʪʘʢʪʥʠ ʪʝʨʤʠʯʢʠ ʩʝʪʠʣʘ ʩʝ ʟʨʘʯʥʠ ʩʝʪʠʣʘ ʢʦʠ ʨʘʙʦʪʘʪ ʥʘ ʧʨʠʥʮʠʧʦʪ ʥʘ ʜʝʪʝʢʮʠʿʘ 

ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʪʝ ʙʨʘʥʦʚʠ ʢʦʠ ʩʝ ʝʤʠʪʫʚʘʥʠ ʦʜ ʪʦʧʣʠʥʩʢʠʦʪ ʠʟʚʦʨ. ʉʦ ʧʦʤʦʰ ʥʘ 

ʙʝʩʢʦʥʪʘʢʪʥʠʪʝ ʩʝʪʠʣʘ ʜʘʣʝʯʠʥʩʢʠ ʩʝ ʜʝʪʝʢʪʠʨʘ ʝʤʠʩʠʿʘ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦ ʟʨʘʯʝˁʝ. ʉʠʪʝ 

ʪʝʣʘ ʩʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʜ ʘʧʩʦʣʫʪʥʘʪʘ ʥʫʣʘ ʝʤʠʪʠʨʘʘʪ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦ ʟʨʘʯʝˁʝ ʦʜ 




