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 ʉʝʛʦʜʥʷ ʈʦʩʩʠʷ ʠ ʉʝʨʙʠʷ ʩʝʨʲʝʟʥʦ ʟʘʭʚʘʯʝʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʢʨʠʟʠʩʦʤ. ʕʥʝʨʛʝʪʠʢʘ ʵʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ 

ʚʘʞʥʳʭ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʤʦʛʣʘ ʙʳ ʙʳʪʴ ʬʘʢʪʦʨʦʤ ʧʨʝʦʙʣʘʜʝʥʠʷ ʢʨʠʟʠʩʘ. ɹʫʜʫʱʝʝ 

ʨʘʟʚʠʪʠʝ ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʉʝʨʙʠʠ ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʙʦʣʴʰʝʤ ʧʦʣʴʟʦʚʘʥʠʶ ʨʫʩʩʢʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʥʘ ʧʨʠʤʝʥʝʥʠʶ ʜʦʤʘʰʥʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ɼʣʷ ʪʝʧʣʦʚʳʝ 

ʥʘʟʥʘʯʝʥʠʷ ʚ ʉʝʨʙʠʠ, ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʤʦʛʣʘ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʚʤʝʩʪʝ ʩ 

ʙʠʦʤʘʩʩʦʤ ʠ ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ. ʈʝʩʪʨʫʢʪʫʨʠʟʘʮʠʷ ʵʥʝʨʛʝʪʠʢʠ ʉʝʨʙʠʠ ʚ ʮʝʣʦʤ, ʵʪʦ ʟʘʜʘʯʘ ʩ ʧʝʨʚʠʯʥʦʡ 

ʮʝʣʴʶ ʫʚʝʣʠʯʠʚʘʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʙʦʣʴʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʝʨʝʨʘʙʦʪʢʫ 

ʦʪʭʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʟʘʪʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʚ ʞʠʪʝʣʴʩʪʚʝ, ʘ ʪʦʞʝ ʠ ʣʫʯʰʠʝ 

ʨʝʰʝʥʠʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʚʥʫʪʨʝʥʝʛʦ ʨʳʥʢʘ ʵʥʝʨʛʠʠ. ʉʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʵʥʝʨʛʝʪʠʢʠ ʉʝʨʙʠʠ 

ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʦʢʦʣʦ 20.000 ʧʨʷʤr ʭ ʠ ʦʢʦʣʦ 100.000 ʥʝʧʨ̫ʤr ʭ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ. ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʝʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʠʥʚʝʩʪʠʪʦʨʦʚ ʠʟ ʙʨʘʪʩʢʦʡ ʈʦʩʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʚʳʨʘʞʝʥʠʷ: ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʷ ʵʥʝʨʛʝʪʠʢʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪ, ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʵʥʝʨʛʝʪʠʢʠ, ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʠʷ. 

Key words and expressions: restructuration of energetic, energy efficiency, sustainability of energetic, renewable 

energy. 

1. ʆɹʑʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ: ʕʅɽʈɻɽʊʀʂɸ, ʉɽʈɹʀʗ, ʈʆʉʉʀʗ  

ʇʦʩʣʝ ʚʦʟʣʘʛʘʥʠʷ ʤʥʦʛʠʭ ʥʘʜʝʞʜ ʚ ʖʞʥʳʡ ʧʦʪʦʢ (ʛʘʟʦʧʨʦʚʦʜ ʦʪ ʈʦʩʠʠ, ʥʠʞʝ 

ʏʸʨʥʦʛʦ ʤʦʨʷ, ʯʝʨʝʟ ɹʦʣʛʘʨʠ)ʁ, ʉʝʨʙʠʷ ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʠ 

ʩʪʨʘʪʝʛʠʷʤʠ ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳʝ ʥʝʠʟʚʝʩʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʨʳʥʢʝ 

ʥʝʬʪʠ ʠ ʛʘʟʘ. ʋʛʦʣʴ ʷʚʣʷʝʪʩʷ 99% ʝ yʫʪʚʝʨʞʜʸʥʥʳʤʠ ʟʘʧʘʩʘʤʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʧʦ ʜʦʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʷ ʚ ʥɻʝʨʛʝʪʠʢʠ, ʉʝʨʙʠʷ - ʚʪʦʨʘʷ ʚ ʤʠʨʝ. ʕʪʦ ʥʝʭʦʨʦʰʦ ʠ ʜʣʷ 

ʩʝʛʦʜʥʷʰʥʠʭ ʢɻʦʣʦʛʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʠ ʜʣʷ ʙʫʜʫʱʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʉʝʨʙʠʠ ʚʦʦʙʱʝ.  

ʉʝʨʙʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʪʝʨʠʪʦʨʠʠ ʖʛʦ-ʚʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ. ʕʪʦ ʩʢʫʜʥʘʷ ʦʙʣʘʩʪʴ ʚʦ 

ʚʟʛʣʷʜʝ ʜʦʩʪʫʧʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ. ɽʩʣʠ ʧʦʩʤʦʪʨʠʤ ʥʘ ʧʨʝʞʥʝʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʉʝʨʙʠʠ ʠ ʈʦʩʩʠʠ, ʤʳ ʚʠʜʠʤ ʯʪʦ ʜʝʣʘ ʦʯʝʥʴ ʨʘʟʥʳʝ. 

ʉʝʨʙʠʷ ï ʥɻʝʨʛʝʪʠʯʝʩʢʠ ʜʝʬʠʮʠʪʘʨʥʘ ̫ʤʘʣʘʷ ʢɻʦʥʦʤʠʷ ʚ ʨʝʬʦʨʤʠʨʦʚʘʥʠʶ, ʘ ʈʦʩʩʠʷ, 

ʚʝʣʠʢʘʷ ʢɻʦʥʦʤʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʧʨʦʬʠʮʠʪʥʘʷ, ʩ ʦʛʨʦʤʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ 

ʧʦʪʝʥʮʠʘʣʘʤʠ ʠ ʚʘʞʥʦʡ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʨʦʣʴʶ ʚ ʤʠʨʝ. ʉʝʛʦʜʥʷ ʉʝʨʙʠʷ ʠʟ ʈʦʩʩʠʠ 

ʚʚʦʟʠʪʴ ʜʚʝ ʪʨʝʪʴʠ ʥʝʬʪʠ ʠ ʙʦʣʝʝ ʯʝʤ 90% ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʯʪʦ ʟʥʘʯʠʪ ʯʪʦʙʳ ʢʘʞʜʦʝ 

ʙʦʣʴʰʝʝ ʧʦʪʨʷʩʝʥʠʝ ʥʘ ʨʳʥʢʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʙʳʣʦ ʨʦʢʦʚʦʝ ʜʣʷ ʩʝʨʙʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠ 

ʢɻʦʥʦʤʠʠ. ʉ 2008. ʛʦʜʘ, ʈʫʩʩʢʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ ɻʘʩʧʨʦʤ, ʩʦʙʩʪʚʝʥʥʠʢ 

ʙʦʣʴʰʠʥʩʪʚʘ ʅʝʬʪʥʦʡ ʠʥʜʫʩʪʨʠʠ ʉʝʨʙʠʠ, ʜʦ ʪʝʭ ʧʦʨ ʧʦʢʘ ʫʯʘʩʪʠʝ ʛʦʩʫʜʘʨʩʪʚʘ ʩʥʠʞʝʥʦ 

ʥa ʦʢʦʣʦ 30%. ʅʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʬʪʠ ʠʟ ʩʢʫʜʥʳʭ ʜʦʤʘʰʥʠʭ ʟʘʧʘʩʦʚ ʦʯʝʥʴ 

ʠʥʪʝʥʩʠʚʥʦʝ, ʘ ʦʮʝʥʢʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʟʘʣʝʞʝʚ ï ʙʦʣʝʝ ʢʨʘʪʢʦʩʨʦʯʥʳʝ. 

 ʇʨʦʩʪʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʙʝʟ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʠ ʠ ʤʝʨ 

ʥɻʝʨʛʦʝʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʙʦʟʥʘʯʘʣʦ ʙʳ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʜʦʨʦʛʠʭ ʚʚʦʟʥʳʭ ʚʠʜʦʚ 

ʵʥʝʨʛʠʠ ʠ ʫʛʣʫʙʣʝʥʠʝ ʪʨʫʜʥʦʩʪʝʡ ʧʣʘʪʝʞʥʦʛʦ ʙʘʣʘʥʩʘ. ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʉʪʨʘʪʝʛʠʠ 

ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʉʝʨʙʠʠ ʜʦ 2025. ʛʦʜʘ ʩ ʦʞʠʜʘʥʠʷʤʠ ʜʦ 2030, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘ 3% 
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ɺɺʇ, ʩʦʚʦʢʫʧʥʳʡ ʟʘʧʨʦʩ ʥɻʝʨʛʠʠ ʜʦ 2025. ʛʦʜʘ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʩʠʪʴ 11 ʤʠʣʣʠʦʥʦʚ ʪʵʥ 

(ʪʦʥʥ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʥʝʬʪʠ).  

2. ʂʆʅʂʋʈɽʅʊʆʉʇʆʉʆɹʅʆʉʊʔ, ʂʆʅʂʋʈɽʅʎʀʗ ʀ ʋʉʊʆʁʏʀɺʆʉʊʔ 

ʕʅɽʈɻɽʊʀʂʀ  

ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥɻʝʨʛʝʪʠʢʠ ʟʘʚʠʩʠʪ ʦʪ Ăʤyʢʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʥʝʜʨʷʪʴ 

ʠʥʦʚʘʮʠʠ ʠ ʧʦʜʚʠʛʘʪʴñ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʪʦʨʛʦʚʣʶ ʵʥʝʨʛʠʠ ʪʘʢ ʢʘʢ: Ăʢʦʤʧʘʥʠʠ ʟʘʙʦʪʷʪʩʷ 

ʦ ʩʦʙʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʚʳʩʪʫʧʘʷ ʢʘʢ ʩʦʧʝʨʥʠʢʠ ʧʨʦʪʠʚ ʛʣʦʙʘʣʴʥʦ ʩʘʤʳʭ 

ʣʫʯʰʠʭ ʢʦʥʢʫʨʝʥʪʦʚ, ʧʨʠ ʨʘʟʥʳʤ ʜʘʚʣʝʥʠʷʤ ʠ ʚʳʟʦʚʘʤñ. ʕʪʠʤ ʧʦʣʫʯʘʶʪʩʷ ʧʦʣʴʟʳ ʦʪ 

ʤʦʱʥʳʭ ʧʨʦʪʠʚʥʠʢʦʚ, ʠ ʦʪ ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʜʦʤʘʰʥʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡñ. ɺ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʝʪʠʢʠ, ʢʦʥʢʫʨʝʥʮʠʷ ʨʘʩʰʠʨʷʝʪʩʷ ʦʩʦʙʝʥʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʠ ʧʦʣʠʪʠʢʦʡ ʚ 

ʠʥʪʝʨʝʩʝ ʢɻʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʮʠʠ, ʠʣʠ ʩʝʢʪʦʨʦʚ, ʘ ʥʠʢʘʢ ʥʝ 

ʦʜʠʥʦʯʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʥʘ ʨʳʥʢʝ. ɽʚʨʦʧʝʡʩʢʠʡ ʩʦʚʝʪ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʚʦ ʚʩʝʭ ʤʘʪʝʨʠʘʣʘʭ ʯʸʪʢʦ ʧʝʨʝʜʘʸʪ ʩʦʦʙʱʝʥʠʝ ʯʪʦ ʢʣʶʯ ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʧʨʦʛʨʝʩʩ ʢʦʥʢʫʨʝʥʮʠʠ ʪɻʦ ʩʚʦʙʦʜʥʘʷ ʚʚʦʟʥʘʷ ʦʨʠʝʥʪʘʮʠ.̫ 

[7] 

ʅʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ, ʥʘʯʘʣʘʩʴ ʣʠʙʝʨʘʣʠʟʘʮʠʷ ʵʥʝʨʛʝʪʠʢʠ ʤʠʨʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʚ ɽʚʨʦʧʠʯʝʩʢʦʤ ʩʦʶʟʝ ʧʦʜʩʪʫʧʠʣʦʩʴ ʢ ʧʨʦʮʝʩʩʘʤ ʩʚʷʟʳʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʥɻʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʝʥʥʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. Ăʇʘʢʝʪʳñ ʣʠʙʝʨʘʣʠʟʘʮʠʠ ʩʦʜʝʨʞʘʪ 

ʨʷʜ ʦʩʦʙʝʥʥʳʭ ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʠʨʝʢʪʠʚ ɽʉ. Ăʊʨʝʪʠʡ ʧʘʢʝʪñ ʣʠʙʝʨʘʣʠʟʘʮʠʠ ʚʳʩʪʫʧʘʝʪ ʩ 

2009. ʛʦʜʦʤ. [11] ʀʤ ʧʨʦʤʦʪʠʨʫʝʪʩʷ ʫʩʠʣʝʥʠʝ ʥʦʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʚ ʮʝʣʦʤ 

ʧʨʠʩʧʦʩʦʙʣʝʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚ ʢʦʥʢʫʨʝʥʮʠʠ ʚ ʵʥʝʨʛʝʪʠʢʠ. [9] ɽʚʨʦʧʝʡʩʢʘʷ 

ʢʦʤʠʩʩʠʷ ʧʦ ʟʘʱʠʪʝ ʢʦʥʢʫʨʝʥʮʠʠ ʚ ɹʨʶʩʩʝʣʝ, ʚʳʧʫʩʪʠʣʘʩʴ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠ ʚ ʨʘʟʥʳʝ 

ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʘʯʘʣʘʩʴ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʚʦʚʩʝ ʢʦʥʢʨʝʪʥʳʝ ʤʝʨʳ ʧʨʦʪʠʚ ʨʝʢʩʪʠʢʮʠʡ 

ʢʦʥʢʫʨʝʥʮʠʠ.  

ʆʙʲʝʜʠʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʦʪʢʨʳʪʠʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʨʳʥʢʦʚ ʦʙʫʩʣʦʚʠʣʠ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʳʥʢʘ ʵʥʝʨʛʠʠ ʖʛʦ-ʚʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ. ɼʦʛʦʚʦʨʦʤ ʦʙ ʕʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʩʦʦʙʱʝʩʪʚʝ, ʧʦʜʧʠʩʘʥʥʳʤ ʚ ɸʬʠʥʘʭ 2005. ʛʦʜʘ, ʉʝʨʙʠʷ ʩʪʘʣʘ ʝʸ ʯʣʝʥʦʤ ʩ ʦʯʝʥʴ 

ʢʦʥʢʨʝʪʥʳʤʠ ʦʙʷʟʘʥʥʦʩʪʷʤʠ ʚ ʩʝʢʪʦʨʝ ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʚʷʟʠ ʩ ʩʪʨʫʢʪʫʨʦʡ ʠʩʪʦʯʥʠʢʦʚ, 

ʢɻʦʣʦʛʠʯʝʩʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʘ ʙʦʣʴʰʝ ʚʩʝʛʦ ʩ ʨʳʥʢʦʤ ʵʥʝʨʛʠʠ, ʯʪʦ ʟʥʘʯʠʪ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ.  

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥɻʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ, ʩʦʮʠʘʣʴʥʦ ʩʧʨʘʚʝʜʣʠʚʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʨʠʛʦʜʥʦʡ. ʉʘʤʘʷ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʥʮʝʧʪʘ Ăʟʝʣʸʥʦʡñ ʠʣʠ ʩʝʛʦʜʥʷ yɦʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ Ăʮʠʨʢʫʣʷʨʥʦʡñ 

ʢɻʦʥʦʤʠʠ, ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʦʝʢʪʘʭ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ, ʙʦʣʝʝ ʯʠʩʪʦʡ ʠ ʙʦʣʝʝ ʝʬʬʠʢʘʩʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ.  

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʩʠʥʪʘʛʤʳ Ăʥɻʝʨʛʝʪʠʯʝʩʢʘʷ ʪʨʠʣʝʤʤʘñ, ʩ 2015. ʛʦʜʘ, ʄʠʨʦʚʦʡ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʦʚʝʪ ʦʮʝʥʠʚʘʝʪ ʥʘʮʠʦʥʘʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʝʢʪʦʨʳ ʩ ʧʦʤʦʱʴʶ 

ʠʥʜʝʢʩʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʨʠʣʝʤʤʳ. ʉʪʨʝʤʣʝʥʠʝ ʧʦʩʪʘʚʠʪʴ ʵʥʝʨʛʝʪʠʢʫ ʥʘ ʢɻʦʥʦʤʠʯʝʩʢʠ 

ʩʪʘʙʠʣʴʥʫʶ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʤʦʱʥʫʶ ʦʩʥʦʚʫ, ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʥʳʤ, ʠʥʦʛʜʘ ʠ 

ʧʨʦʪʠʚʦʨʝʯʠʚr ʤ, ʥʦ ʩ ʝʱʸ ʙʦʣʴʰʝʡ ʩʦʮʠʘʣʴʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʧʨʠʯʸʤ ʩʦʩʪʦʷʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʟʥʘʪʥʦ ʫʣʫʯʰʘʝʪʩʷ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʧʦʟʠʮʠʠ 

ʥɻʝʨʛʝʪʠʢ ʈʦʩʩʠʠ ʠ ʉʝʨʙʠʠ ʜʘʥʳʝ ʚ ʊʘʙʝʣʝ 1. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʉʝʨʙʠʠ ʩ 2011. 

ʜʦ 2015. ʛʦʜʘ, ʩ ʥʘʯʘʣʘ ʥʝʤʥʦʛʦ ʫʣʫʯʰʠʣʠʩʴ, ʘ ʟʘʪʝʤ ʫʭʫʜʰʠʣʠʩʴ, ʪʘʢ ʯʪʦ ʝʸ ʩʝʛʦʜʥʷʰʥʷʷ 

ʧʦʟʠʮʠʷ ʪɻʦ 116. ʤʝʩʪʦ ʚ ʤʠʨʝ. ʆʯʝʥʴ ʧʣʦʭʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʥʘʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʤʦʱʥʦʩʪʴ ʥɻʝʨʛʝʪʠʢʠ (122. ʤʝʩʪʦ). ɺʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʜʣʷ 2015. ʛʦʜ ʚʩʝ ʪʝʥʜʝʥʮʠʠ ʚ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʪʦʣʴʢʦ ʦʜʥʘ - Ăʧʦʣʠʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴñ ʚ ʚʦʟʨʘʩʪʘʥʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʙʱʘʷ ʦʮʝʥʢʘ ï ʢʦʤʙʠʥʘʮʠʷ ʪʨʸʭ ʩʘʤʳʭ ʧʣʦʭʠʭ ʦʮʝʥʦʢ (D) ʠ ʪʦʣʴʢʦ ʦʜʥʦʡ ʥʝʤʥʦʛʦ 

ʣʫʯʰʝʡ (C). 
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ʊʘʙʣʠʮʘ 1. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ï Ăʥɻʝʨʛʝʪʠʯʝʩʢʘʷ ʪʨʠʣʝʤʤʘñʉʝʨʙʠʠ ʠ ʈʦʩʩʠʠ ï 

ʩʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ ʄʠʨʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ 2015. 
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ʂʦʣʣʝʢʪʠʚʥʳʡ ʨʘʥʛ ʥɻʝʨʛʝʪʠʯʝʩʢʦʡ ʪʨʠʣʝʤʤʳ ʜʣʷ ʈʦʩʩʠʶ ʵʪʦ 43. ʇʨʠ ʵʪʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʚʝʨʦʷʪʥʦ, ʵʪʦ ʢʨʘʪʢʦʩʨʦʯʥʦ ʩʘʤʳʡ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ. ʈʦʩʩʠʠ ʚʚʠʜʫ ʪʦʛʦ ʧʨʠʥʘʜʣʝʞʠʪ 15. ʘ ʉʝʨʙʠʠ 

95. ʤʝʩʪʦ ʚ ʤʠʨʝ. ʉʦʮʠʘʣʴʥʫʶ ʜʦʩʪʫʧʥʦʩʪʴ (ʚ ʩʣʫʯʘʝ ʈʦʩʠʠ 37. ʘ ʉʝʨʙʠʠ 74. ʤʝʩʪʦ) ʥʝ 

ʤʦʞʝʤ ʦʮʝʥʠʪʴ ʢʘʢ ʩʣʠʰʢʦʤ ʧʣʦʭʫʶ, ʩʢʦʣʴʢʦ ʤʦʞʝʤ ʧʦʩʣʝʜʥʶʶ " ʢɻʦʣʦʛʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ". ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʈʦʩʩʠʷ ʧʦʩʪʘʚʣʝʥʘ ʥʘ 108. ʘ ʉʝʨʙʠʷ ʜʘʞʝ ʥʘ 126. ʤʝʩʪʦ, 

ʯʪʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚʦʣʥʫʝʪ ʠ ʛʨʦʟʠʪʴ ʬɻʬʝʢʪʠʚʥʦʩʪʠ ʩʝʛʦʜʥʷʰʥʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʪʦʢʦʚ ʥʘ ʜʦʣʛʠʡ ʩʨʦʢ.  

ɺ ʯʘʩʥʦʩʪʠ, ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ (ʚʩʝʭ) ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʪʦʧʣʠʚ ʜʘʸʪ ʈʦʩʩʠʠ 

ʦʢʦʣʦ 65% ʣɻʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʦʢʘ ʚ ʉʝʨʙʠʠ ʧʦʯʪʠ 70% ʣɻʝʢʪʨʦʵʥʝʨʛʠʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʛʦʨʘʥʠʝʤ ʫʛʣʷ. ʆʜʥʘʢʦ, ʧʦʢʘ ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʈʦʩʩʠʷ 

ʜʦʙʳʚʘʝʪ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʦ ʠʟ ʷʜʝʨʥʦʡ (16,4%) ʠ ʠʟ ʛʠʜʨʦʵʥʝʨʛʠʠ (16,2%), ʉʝʨʙʠʷ ʦʢʦʣʦ 

28% ʣɻʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʜʦʙʳʚʘʝʪ ʠʟ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ 

ʣɻʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʛʝʥʝʨʠʨʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʩʫʙʩʪʘʥʮʠʝʡ ʠ ʛʘʟʦʚ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ (ʈʦʩʩʠʷ 0,76 ʢʛ, ʘ ʉʝʨʙʠʷ 0,64 ʢʛ CO2 ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʦʣʣʘʨʩʢʦʡ ʝʜʠʥʠʮʳ ɺɺʇ). (ʊʘʙʝʣʴ 2)  

ʊʘʙʣʠʮʘ 2. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥɻʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʈʦʩʩʠʠ ʠ ʉʝʨʙʠʠ 

 ʈʦʩʩʠʷ ʉʝʨʙʠʷ 

ʇʨʦʤʳʰʣʝʥʥʳʡ ʩʝʢʪʦʨ / % ɺɺʇ 37,5 36,9 

ʅʝʪʪʦ ʵʥʝʨʛ. ʕʢʩʧʦʨʪʝʨ 1,82 0,7 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ (ʂɻ CO2 /$) 0,76 0,64 

ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ / ʇʇʉ 17.383 13.380 

ʕʥʝʨʛ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʣʥ ɹʊɽ / ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ 0,34 0,22 

CO2 ʤʝʪʨ. ʪ. / ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ 11,51 6,35 

 

3. ʇʆɼʉʊʈɽʂɸʊɽʃʔʉʊɺʆ ʇʈʀʄɽʅɽʅʀʗ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ 

ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ (ɺʀʕ) 

ʉʦʛʣʘʩʥʦ ʨʘʩʩʣʝʜʦʚʘʥʠʶ ʧ̫ʦʥʩʢʠʭ ʢɻʦʥʦʤʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʣʠ ʧʨʠʤʝʨʳ 

ʨʘʟʚʠʪʠʷ ʥɻʝʨʛʝʪʠʢʠ ʩʦʩʝʜʥʳʭ ʘʟʠʘʪʩʢʠʭ ʟʝʤʝʣʴ, ʚʦʟʥʠʢ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʣɹʥʝʯʥʦʡ ʠ ʵʥʝʨʛʠʠ ʚʝʪʨʘ, ʥʝʦʧʭʦʜʠʤʳʝ ʩʥʘʞʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʩʪʠʤʫʣʳ. ʊʦʣʴʢʦ ʨʳʥʦʯʥʦʝ ʩʦʧʝʨʥʠʯʝʩʪʚʦ, ʚʳʨʘʞʝʥʦ ʮʝʥʘʤʠ ʠʩʢʦʧʘʝʤʳʭ ʪʦʧʣʠʚ ʠ 

ʩʨʝʜʥʝʡ ʚʟʚʝʰʝʥʥʦʡ ʮʝʥʦʡ ʢʘʧʠʪʘʣʘ, ʜʘʸʪ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ.[13] ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪɻʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ - ʦʯʝʥʴ ʩʢʦʨʦʝ ʨʘʟʚʠʪʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʂʠʪʘʝ, ʛʜʝ ʨʘʙʦʪʘʶʪ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʢʦʤʧʘʥʠʠ. ɹʣʘʛʦʜʘʨʷ ʭʦʨʦʰʠʤ ʦʪʥʦʰʝʥʠʷʤ ʩ ʂʠʪʘʝʤ, 
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ʫ ʈʦʩʩʠʠ ʝʩʪʴ ʰʘʥʩ ʫʚʝʣʠʯʠʪʴ ʚʳʚʦʟ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʟʝʤʣʠ ɼʘʣʴʥʝʛʦ ʚʦʩʪʦʢʘ. ʅʝ ʪʦʣʴʢʦ 

ʯʪʦʙʳ ʵʪʠʤ ʤʥʦʛʦ ʨʘʟ ʚʦʟʤʝʩʪʠʣʠʩʴ ʧʦʪʝʨʠ ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʘʥʢʮʠʡ ʘʪʣʘʥʪʠʯʝʩʢʠʭ 

ʟʝʤʝʣʴ, ʥʦ ʠ ʧʦʟʚʦʣʠʣʦʩʴ ʙʳ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʧʦʜʩʪʨʝʢʘʪʝʣʴʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʩʚʦʝʡ ʪʝʨʠʪʦʨʠʠ, ʦʩʦʙʝʥʥʦ ʙʠʦʵʥʝʨʛʠʠ. [1] 

ʆʜʥʘʢʦ, ʨʝʘʣʠʟʘʮʠʷ ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʚʳʢʫʧʥʳʭ ʮʝʥ (Feed-in tariffs) ʪɻʦ ʚʘʞʥʳʡ 

ʧʦʩʪʫʧʦʢ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ɺʀʕ. ʇʦʪɻʦʤʫ ʤʳ ʙʫʜʝʤ ʟʜʝʩʴ ʧʦʤʷʥʫʪʴ ʥʝʢʦʪʦʨʳʝ 

ʤʝʨʳ ʢʦʪʦʨʳʝ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʧʨʝʜʧʨʠʥʠʤʘʣʠ ɻʝʨʤʘʥʠʷ ʠ ʉʝʨʙʠʷ. ɻʝʨʤʘʥʠʷ, ʠʟ-ʟʘ ʦʯʝʥʴ 

ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʧʨʠʤʝʥʝʥʠʷ ɺʀʕ ʥʘ ʩʚʦʝʡ ʪʝʨʠʪʦʨʠʠ, ʜʦʣʞʥʘ ʙʳʣʘ ʧʦʚʳʩʠʪʴ ʫʯʘʩʪʠʝ ʚ 

ʬʠʥʘʣʴʥʦʡ ʮʝʥʳ ʣɻʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢʦʪʦʨʫ ʁ ʟʘʧʣʘʯʠʚʘʶʪ ʭʦʟʷʡʩʪʚʘ ʩ 2,1 

ʝʚʨʦʮʝʥʪʦʚ ʧʦ ʢʠʣʦʚʘʪʪ-ʯʘʩʫ (úc/ʢɺʪ.ʯ) ʚ 2010. ʛʦʜʫ, ʥʘ ʜʘʞʝ 6,2 úc/ʢɺʪ.ʯ ʚ 2014. ʛʦʜʫ. 

[3] ʉʨʘʚʥʝʥʠʷ ʨʘʜʠ, ʚ ʉʝʨʙʠʠ, ʜʝʥʝʞʥʘʷ ʮʝʥʥʦʩʪʴ ʚʦʟʤʝʱʝʥʠʷ ʜʣʷ ʣʴʛʦʪʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘ ʩʯʸʪʝ ʜʣʷ 

ʣɻʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʤʝʩʷʮʘ ʀʶʣʷ, 2016. ʛʦʜʘ, ʙʳʣʘ 0,0775 úc/ʢɺʪ.ʯ, ʠ ʵʪʦ ʨʦʚʥʦ 

ʚʦʩʝʤʴʜʝʩʷʪ ʨʘʟ ʤʝʥʴʰʘʷ ʜʝʥʝʞʥʘʷ ʮʝʥʥʦʩʪʴ ʦʪ ʵʪʦʡ ʢʦʪʦʨʫʶ ʟʘʧʣʘʯʠʚʘʶʪ ʭʦʟʷʡʩʪʚʘ ʚ 

ɻʝʨʤʘʥʠʠ. 

ɺ ʊʘʙʝʣʝ 3 ʜʘʥʥʳ ʚʳʩʦʪʳ ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʚʳʢʫʧʥʳʭ ʮʝʥ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʳʡ 

ʣɻʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʉʝʨʙʠʠ, ʩʦʛʣʘʩʥʦ ʥʦʚʦʤʫ ʟʘʢʦʥʫ ʦ 

ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʤʝʨʘʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣɻʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʩ ʀʶʣʷ 2016. ʛʦʜʘ. ʇʨʘʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʩʪʠʤʫʣʠʨʫʶʱʠʤʠ ʚʳʢʫʧʥʳʤʠ 

ʮʝʥʘʤʠ ʠʤʝʶʪ ʣʴʛʦʪʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʪʝʯʝʥʠʠ 12 ʣʝʪ. [12] 

ʊʘʙʣʠʮʘ 3: ʉʪʠʤʫʣʠʨʫʶʱʠʝ ʚʳʢʫʧʥʳʝ ʮʝʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʣɻʝʢʪʨʠʯʝʩʢʦʡ 

ʥɻʝʨʛʠʠ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʉʝʨʙʠʠ, (úc /ʢɺʪ.ʯ ) 

ʊʠʧ ʣɻʝʢʪʨʦʩʪʘʥʮʠʠ ʋʩʪʘʥʦʚʣʝʥʥʘʷ 

ʤʦʱʥʦʩʪʴ 

(ʄɺʪ) 

ɺʳʢʫʧʥʘ ̫ʮʝʥʘ 

(úc / ʢɺʪ.ʯ) 

ɻʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 0,2 ʜʦ 30 12,6 ï 6,0 

ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʙʠʦʤʘʩʩʝ  < 1 ʜʦ > 10 13,26 ï 8,22 

ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʙʠʦʛʘʟʝ  < 0,2 ʜʦ > 5 18,33 ï 15,0 

ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʩʚʘʣʦʯʥʦʤ ʛʘʟʝ  8,44 

ɺʝʪʨʷʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ   9,2 

ʉʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʥʘ 

ʦʙʲʝʢʪʝ) 

< 0,03 do 0,5 

 

14,6 ï 12,4 

ʉʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʥʘ ʟʝʤʣʝ)  9,0 

ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ   8,2 

ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʮʠʢʣʘ ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ  

  

< 0,5 ʜʦ 10 

 

8,2 ï 7,46 

ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʦʪʭʦʜʘʭ    8,57 

 

ʂʨʦʤʝ ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʚʳʢʫʧʥʳʭ ʮʝʥ, ʧʨʠʤʝʥʝʥʠʝ ɺʀʕ ʚ ʉʝʨʙʠʠ ʧʦʜʩʪʨʝʢʘʝʪʩʷ 

ʩʦʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʘʭ ʩʦ ʩʪʦʨʦʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ. ɺ ʵʪʦʤ ʤʦʤʝʥʪʝ, ʧʦʜ ʧʦʢʨʦʚʠʪʝʣʴʩʪʚʦʤ ɻʕʌ ʠ ʇʈʆʆʆʅ ʩʪʨʦʠʪʩʷ ʰʝʩʪʴ 

ʥʦʚʳʭ ʧʦʩʪʨʦʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʥɻʝʨʛʠʠ ʙʠʦʛʘʟʘ, ʩʦʚʦʢʫʧʥʦʡ ʣɻʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 

6,3 ʄɺʪ. ʉʦʛʣʘʩʥʦ ʩʝʨʙʩʢʦʤ ʇʣʘʥʝ ʜʝʡʩʪʚʠʠ ʜʣʷ ɺʀʕ, ʜʦ 2020. ʛʦʜʘ ʜʦʣʞʥʳ ʧʦʩʪʨʦʠʪʩʷ 

ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠʟ ɺʀ 

ʩʦʚʦʢʫʧʥʦʡ ʤʦʱʥʦʩʪʠ 842 ʄɺʪ. ʆʪ ʵʪʦʡ ʩʪʦʠʤʦʩʪʠ, ʙʦʣʴʰʝ ʚʩʝʛʦ ʧʨʠʥʘʜʣʝʞʘʣʦ ʙʳ 

ʵʥʝʨʛʠʠ ʚʝʪʨʘ (500 ʄɺʪ), ʟʘʪʝʤ ʤʘʣʝʥʴʢʠʤʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ (188 ʄɺʪ), ɻ ʥʝʨʛʠʠ 

ʙʠʦʤʘʩʩʳ (130 ʄɺʪ), ʵʥʝʨʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ (13 ʄɺʪ), ʩʦʣʴʥʝʯʥʦʡ ʥɻʝʨʛʠʠ (10 

ʄɺʪ) ʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʥɻʝʨʛʠʠ (1 ʄɺʪ). [2] ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʵʪʠʭ ʠʜʝʡ, ʚʤʝʩʪʝ ʩ 
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ʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʦʤʘʰʥʠʭ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʈʫʩʩʢʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʪʝʧʣʦʚʳʝ ʮʝʣʠ, ʧʨʠʚʝʣʦ ʙʳ ʢ 

ʦʪʢʨʳʚʘʥʠʶ ʦʢʦʣʦ 20.000 ʧʨʷʤʳʭ ʠ ʦʢʦʣʦ 100.000 ʥʝʧʨʷʤʳʭ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ! 

ɹʦʣʴʰʝ ʚʩʝʛʦ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ʙʠʦʤʘʩʩʳ ʠ ʩʦʣʴʥʝʯʥʦʡ ʥɻʝʨʛʠʠ. [4] 

4. ʈʆʉʉʀʗ ʂɸʂ ʉɽɻʆɼʅʗʐʅʀʁ ʀ ɹʋɼʋʑʀʁ ʇɸʈʊʅɪʈ ʉɽʈɹʀʀ ɺ 

ʕʅɽʈɻɽʊʀʂʀ  

ʉʝʨʙʠʷ ʪʨʘʜʠʮʠʦʥʥʦ ʙʳʣʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʭʦʨʦʰʦ ʩʚʷʟʘʥʘ ʩ ʈʦʩʩʠʝʡ. ɺʦ ʚʨʝʤʷ 

ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ ʖʛʦʩʣʘʚʠʠ, ʉʝʨʙʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʉʦʚʝʪʩʢʦʤʫ ʉʦʶʟʫ ʙʳʣʘ ʪʦʨʛʦʚʦ 

ʧʨʦʬʠʮʠʪʥʘʷ. ʆʜʥʘʢʦ, ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʖʛʦʩʣʘʚʠʠ, ʘ ʧʦʪʦʤ ʠ ʉʉʉʈ-ʘ, ʉʝʨʙʠʷ ʠʟ ʈʦʩʩʠʠ 

ʧʦʩʪʦʷʥʥʦ ʚʚʦʟʠʣʘ ʥʝʬʪʴ ʠ ʛʘʟ, ʥʦ ʚ ʪʷʞʝʣʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʩʘʥʢʮʠʡ ʆʆʅ ʠ 

ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʅɸʊʆ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʢʘʟʘʣʘʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʣʦʞʠʪʴ ʢʦʥʢʫʨʝʥʪʥʳʝ 

ʧʨʦʜʫʢʪʳ ʈʦʩʩʠʠ.  

ɼʣʷ ʵʥʝʨʛʝʪʠʢʠ ʝʩʪʴ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʦʪʥʦʰʝʥʠʷʭ ʈʦʩʩʠʠ ʠ ʉʝʨʙʠʠ, ʧʦʪʦʤʫ ʯʪʦ 

ʉʝʨʙʠʷ ʥɻʝʨʛʝʪʠʯʝʩʢʠ ʜʝʬʠʮʠʪʘʨʥʘ,̫ a ʜʦʤʘʰʥʷʷ ʵʥʝʨʛʠʷ ʚ ʦʩʥʦʚʥʦʤ ʦʙʦʩʥʦʚʘʥʘ ʥʘ 

ʫʛʣʝ. ʂʨʦʤʝ ʪʦʛʦ ʦʢʦʣʦ 90% ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʠ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʠ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʚ ʉʝʨʙʠʠ ʠʣʠ ʈʫʩʩʢʦʛʦ ʠʣʠ ʉʦʚʝʪʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʀʤ ʧʨʝʜʩʪʦʠʪ ʩʝʨʲʸʟʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ. ʈʦʩʩʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʧʨʦʬʠʮʠʪʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢ ʜʦʤʘʰʥʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ, ʧʨʦʠʟʚʦʜʠʪ ʝʱʸ 73% ɻ ʥʝʨʛʠʠ 

ʨʘʜʠ ʚʳʚʦʟʘ. ʕʪʦ ʈʦʩʩʠʠ ʧʨʠʥʦʩʠʪ ʦʯʝʥʴ ʚʘʞʥʳʝ ʚʳʨʫʯʢʠ ʘ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʭʦʨʦʰʫʶ 

ʧʦʟʠʮʠʶ ʚ ʛʣʦʙʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʷʭ ʚʝʣʠʢʠʭ ʩʠʣ. ʆʜʥʘʢʦ, ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʬɻʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʦʡ ʩʪʨʘʪʝʛʠʠ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʯʪʦ ʦʙʝ ʩʪʨʘʥʳ ʤʥʦʛʦ ʙʦʣʴʰʝ ʫʩʠʣʠʠ 

ʚʢʣʘʜʳʚʘʶʪ ʚ ʫʩʠʣʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʠ ʚ ʫʯʘʩʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʥɻʝʨʛʠʠ. ʊʝʤ ʫʤʝʥʴʰʠʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʠ ʫʩʠʣʠʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪ.ɹ [5]  

ʍʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʝʨʙʩʢʦʡ 

ʥʝʬʪʷʥʦʡ ʢʦʤʧʘʥʠʠ ʅʀʉ, ʧʦʩʣʝ ʝʸ ʧʨʠʥʷʪʠʷ ʦʪ ʈʫʩʩʢʦʡ ʢʦʤʧʘʥʠʠ ɻʘʩʧʨʦʤ. ʅʦʚʳʡ 

ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ, ʚʚʝʜʸʥʥʳʡ ʩʦ ʩʪʦʨʦʥʳ ʈʫʩʩʢʠʭ ʢɻʩʧʝʨʪʦʚ, ʧʨʠʚʸʣ ʥʝ ʪʦʣʴʢʦ ʢ 

ʣʫʯʰʝʡ ʧʦʟʠʮʠʝʡ ʅʀʉ-ʘ ʥʘ ʨʳʥʢʝ, ʥʦ ʠ ʢ ʫʩʠʣʝʥʠʶ ʵʥʝʨʛʦʵʬʬʠʢʘʩʥʦʩʪʠ. ʈʘʜʠ 

ʫʤʝʥʴʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʪʝʨʷʭ, ʅʀʉ ʨʘʟʚʠʣʘ ʧʨʦʛʨʘʤʤʫ ʧʦʩʪʨʦʝʥʠʷ ʤʘʣʝʥʴʢʠʭ 

ʢʦʛʝʥʝʨʘʮʠʦʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʢʦʪʦʨʳʝ ʥʘ ʥʝʬʪʷʥʳʤʠ ʧʦʣʷʤʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ 

ʢʘʧʪʘʞʥr ʡ ʥʝʬʪʷʥʦʡ ʛʘʟ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. ʕʪʠʤ ʫʚʝʣʠʯʠʚʘʶʪ 

ʚʳʨʫʯʢʠ ʦʪ ʧʨʦʜʘʞʳ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ. ɼʦ ʢʦʥʮʘ 2015. ʛʦʜʘ ʧʦʩʪʨʦʝʥʦ 

13 ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, ʩʦʚʦʢʫʧʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 11,5 ʄɺʪ. [10]  

ʆʜʥʘʢʦ, ʩʥʘʙʞʝʥʠʝ ʉʝʨʙʠʠ ʧʨʠʨʦʜʥʳʤ ʛʘʟʦʤ ʠʟ ʈʦʩʩʠʠ ʩʦʚʧʘʜʘʝʪ ʚ ʚʳʩʦʢʦ 

ʨʳʩʢʦʚʘʥʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʫ ʥʝʸ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʪʦʣʴʢʦ ʪʨʫʙʦʧʨʦʚʦʜ ʧʦ ɺʝʥʛʨʠʠ ʠ 

ʋʢʨʘʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʯʣʝʥʩʪʚʘ ʉʝʨʙʠʠ ʚ ʕʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ ʖʛʦ-ʚʦʩʪʦʯʥʦʡ 

ɽʚʨʦʧʳ, ʧʨʦʠʩʪʝʢʘʶʪ ʤʥʦʛʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʷʟʘʥʥʦʩʪʠ. ʄʝʞʜʫ ʧʨʦʯʝʤ ʯʪʦʙʳ ʜʦ 

2020. ʛʦʜʘ ʫʚʝʣʠʯʠʣʦʩʴ ʫʯʘʩʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʞʝ ʥʘ 27%. ʕʪʦ ʦʯʝʥʴ 

ʯʝʩʪʦʣʶʙʠʚʘʷ ʟʘʜʘʯʘ ʢʦʪʦʨʘʷ ʥʝ ʚʢʣʶʯʘʝʪʩʷ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʩʝʛʦʜʥʷʰʥʝʡ ʉʝʨʙʠʠ. ʉʘʤʳʡ ʙʦʣʴʰʦʡ ʢʫʩʦʢ ʨʝʬʦʨʤ 

ʵʥʝʨʛʝʪʠʢʠ ʉʝʨʙʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʩʪʘʠʚʘʝʪ ʕʚʨʦʧʝʡʩʢʘʷ ʢʦʤʠʩʩʠʷ ʪɻʦ 

Ăʨʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʡñ, 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʩʦʙʝʥʥʦ ʝʜʠʥʩʪʚʝʥʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʘʟʦʚʘʷ ʢʦʤʧʘʥʠʷ ʉʝʨʙʠʷʛʘʟ. 

[8] 

ʇʝʨʝʜ ʉʝʨʙʠʝʡ ʩʪʦʠʪ ʩʝʨʲʸʟʥʘʷ ʟʘʜʘʯʘ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʕʣʝʢʪʨʦʭʦʟʷʡʩʪʚʘ ʠ ʄʋʇ 
ʪʝʧʣʦʮʝʥʪʨʘʣʷʭ, ʢʦʪʦʨʳʝ ʚ ʚʝʣʠʢʠʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ ʠʟ-ʟʘ ʜʦʩʪʘʚʢʠ ʥɻʝʨʛʠʠ ʥʝ 

ʤʦʛʫʱʝʡ ʙʳʪʴ ʦʧʣʘʯʝʥʥʦʡ, ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʷ ʤʦʥʦʧʦʣʴʥʦʡ ʚʣʘʩʪʴʶ, ʧʣʦʭʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʥʘʚʦʜʥʝʥʠʷ ʢʦʪʦʨʳʝ ʙʨʦʩʠʣʠʩʴ 

ʥʘ ʮʝʥʪʨʘʣʴʥʳʝ ɹʘʣʢʘʥʳ ʚ ʄʘʝ 2014. ʛʦʜʘ, ʦʩʦʙʝʥʥʦ ʦʙʨʫʰʠʣʠʩʴ ʥʘ ʫʛʦʣʴʥʳʝ ʨʘʟʨʝʟʳ. 

ɿʘʪʦʧʣʝʥʥʦʡ ʉʝʨʙʠʠ ʪʦʛʜʘ ʤʥʦʛʦ ʟʥʘʯʠʣʘ ʧʦʤʦʱʴ ʙʨʘʪʩʢʦʡ ʈʦʩʩʠʠ. ʕʪʘ ʧʦʤʦʱʴ ʚ 
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ʙʫʜʫʱʝʤ ʚ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ ʦʪʥʦʩʠʪʩʷ ʥʘ ʩʦʚʤʝʩʪʥʳʝ 

ʥɻʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʬɻʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʠ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ  
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʥʦʤʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ, ʵʥʝʨʛʠʷ ʚʝʪʨʘ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ. 

ʀʟʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʘʤʝʨʠʢʘʥʩʢʠʡ 

ʢʦʥʪʠʥʝʥʪ ʩʪʘʥʦʚʠʪʩʷ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʳʤ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʨʝʟʢʦʤʫ ʦʙʦʩʪʨʝʥʠʶ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ ʩʨʝʜʠ ʚʝʜʫʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʟʘ ʨʳʥʢʠ ɽʚʨʦʧʳ 

ʠ ɸʟʠʠ. ɸʥʘʣʠʟ ʨʳʥʢʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʉʐɸ ʠ ɽʚʨʦʧʳ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʫʩʪʦʡʯʠʚʳʝ ʪʝʥʜʝʥʮʠʠ ʢ ʩʥʠʞʝʥʠʶ ʠʤʧʦʨʪʥʳʭ 

ʧʦʩʪʘʚʦʢ. ʇʦʵʪʦʤʫ ʨʝʘʣʠʟʘʮʠʷ ɺʦʩʪʦʯʥʦʡ ʛʘʟʦʚʦʡ ʧʨʦʛʨʘʤʤʳ (ɺɻʇ) ʠ ʤʘʩʰʪʘʙʥʦʛʦ 

ʵʢʩʧʦʨʪʘ ʥʝʬʪʠ ʧʦ ʩʠʩʪʝʤʝ ɺʉʊʆ ʚ ʩʪʨʘʥʳ ɸʟʠʠ ï ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʚʘʨʠʘʥʪ 

ʨʘʟʚʠʪʠʷ ʵʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ ʤʥʦʛʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʚʧʝʨʝʜ [1].  

ɺ ʤʘʝ 2014 ʛ. ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʂʠʪʘʝʤ ʙʳʣ ʧʦʜʧʠʩʘʥ 30-ʣʝʪʥʠʡ ʢʦʥʪʨʘʢʪ ʥʘ ʧʦʩʪʘʚʢʫ 

ʚ ʂʠʪʘʡʩʢʫʶ ʅʘʨʦʜʥʫʶ ʈʝʩʧʫʙʣʠʢʫ ʙʦʣʝʝ ʯʝʤ 1 ʪʨʣʥ ʤį ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ɺ ʨʘʤʢʘʭ 

ʨʝʘʣʠʟʘʮʠʠ ɺʦʩʪʦʯʥʦʡ ʛʘʟʦʚʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʜʦʙʳʯʠ ʛʘʟʘ ʚ ʯʝʪʳʨʝʭ ʮʝʥʪʨʘʭ ʛʘʟʦʜʦʙʳʯʠ: ʂʨʘʩʥʦʷʨʩʢʦʤ, 

ʀʨʢʫʪʩʢʦʤ, ʗʢʫʪʩʢʦʤ ʠ ʉʘʭʘʣʠʥʩʢʦʤ, ʪʝʢʫʱʠʝ ʟʘʧʘʩʳ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʢʦʪʦʨʳʭ ʧʦ 

ʢʘʪʝʛʦʨʠʷʤ ʉ1 ʠ ʉ2 ʦʮʝʥʠʚʘʶʪʩʷ ʚ 6,6 ʪʨʣʥ ʤį. ɺ ʨʝʛʠʦʥʝ ʦʪʢʨʳʪʳ ʜʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʫʥʠʢʘʣʴʥʳʝ ʧʦ ʨʘʟʤʝʨʘʤ ʟʘʧʘʩʦʚ ï ʂʦʚʳʢʪʠʥʩʢʦʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (2 

ʪʨʣʥ ʤį) ʠ ʏʘʷʥʜʠʥʩʢʦʝ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʅɻʂʄ) (1,24 ʪʨʣʥ ʤį). 

ʕʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʖʨʫʙʯʝʥʦ-ʊʦʭʦʤʩʢʦʝ ʅɻʂʄ (0,7 ʪʨʣʥ ʤį), ʉʦʙʠʥʩʢʦ-

ʇʘʡʛʠʥʩʢʦʝ ʅɻʂʄ (0,17 ʪʨʣʥ ʤį), ʊʘʣʘʢʘʥʩʢʦʝ ʅɻʄʂ (0,05 ʪʨʣʥ ʤį), ʨʝʩʫʨʩʥʘʷ ʙʘʟʘ 

ʧʨʦʝʢʪʦʚ çʉʘʭʘʣʠʥ I, IIè ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ ʰʝʣʴʬʘ ʉʘʭʘʣʠʥʘ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ, ʚʚʦʜ ʢʦʪʦʨʳʭ ʚ ʨʘʟʨʘʙʦʪʢʫ ʦʧʨʝʜʝʣʠʪ ʩʪʨʘʪʝʛʠʶ ʦʩʚʦʝʥʠʷ ʥʝʜʨ 

ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ [2].  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʙʲʝʢʪʦʚ ɺɻʇ ʙʫʜʝʪ ʩʦʟʜʘʥʘ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʦʙʣʘʩʪʷʭ ʈʦʩʩʠʠ ʩ 

ʥʘʣʠʯʠʝʤ ʢʨʫʧʥʳʭ ɻʕʉ ʠ ʊʕʉ, ʧʨʠʚʷʟʘʥʥʳʭ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʝʯʥʳʤ ʩʠʩʪʝʤʘʤ ʠʣʠ ʢ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʨʨʠʪʦʨʠʡ ʨʘʟʤʝʱʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ɺɻʇ ʠʤʝʶʪ ʣʠʙʦ ʥʝʨʘʟʚʠʪʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʣʠʙʦ ʥʝ ʠʤʝʶʪ 

ʝʝ ʚʦʦʙʱʝ. 

ʉʦʟʜʘʥʠʝ ʧʨʦʪʷʞʝʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʦʛʨʦʤʥʦʡ ʧʦ ʧʣʦʱʘʜʠ 

ʪʝʨʨʠʪʦʨʠʠ ʩ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩ ʙʦʣʴʰʠʤʠ ʟʦʥʘʤʠ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ï ʟʘʜʘʯʘ ʪʝʭʥʠʯʝʩʢʠ ʩʚʝʨʭʩʣʦʞʥʘʷ, ʢʦʪʦʨʘʷ ʢ ʪʦʤʫ ʞʝ ʧʦʪʨʝʙʫʝʪ 

ʦʛʨʦʤʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʠ 
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ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩ ʘʚʪʦʥʦʤʥʦʛʦ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʜʦʙʳʯʠ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʚʩʝʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʘʭʪʦʚʳʝ ʧʦʩʝʣʢʠ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʣʦʱʘʜʢʠ ʠ ʟʦʥʳ, ʦʙʲʝʢʪʳ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨ. 

ʂʦʥʮʝʧʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʧʦʪʨʝʙʠʪʝʣʶ ʠʤʝʝʪ ʨʷʜ ʦʯʝʚʠʜʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ [3]: 

Å ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʪʦʧʣʠʚʦ, ʛʠʜʨʦ- ʠʣʠ ʘʪʦʤʥʫʶ ʵʥʝʨʛʠʶ, ʘ ʪʘʢʞʝ ʧʨʦʪʷʞʝʥʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʝʪʝʡ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ; 

Å ʤʠʥʠʤʠʟʠʨʫʝʪ ʟʘʪʨʘʪʳ ʬʠʥʘʥʩʦʚʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʪʷʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ; 

Å ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʧʦʪʝʨʠ ʦʪ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ; 

Å ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʠʠ. 

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʈʦʩʩʠʷ ï ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʩʪʨʘʥʘ ʚ ʤʠʨʝ, 70 % ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʝʚʝʨʥʳʭ ʠ ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ, ʤʳ çʦʙʨʝʯʝʥʳè ʧʦʪʨʝʙʣʷʪʴ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ, 

ʧʨʠʯʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʫ ʥʘʩ ʦʯʝʥʴ ʤʘʣʘ: ʥʝ ʙʦʣʝʝ 22ï25 % ʵʥʝʨʛʠʠ 

ʫʭʦʜʠʪ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ɺɺʇ, ʚʩʝ ʦʩʪʘʣʴʥʦʝ ï ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʧʨʦʪʷʞʝʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʪʝʧʣʦʚʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ [4].  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʛʨʦʤʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʜʘʝʪ ʈʦʩʩʠʠ ʥʝʦʮʝʥʠʤʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʚʩʝʤʠ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ ʤʠʨʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʪʘʢ ʢʘʢ ʧʦʩʣʝʜʥʷʷ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʠ, ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ, ʯʝʤ ʙʦʣʴʰʝ ʪʝʨʨʠʪʦʨʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʤʳ ʵʪʫ ʵʥʝʨʛʠʶ ʩʦʙʠʨʘʝʤʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ, ʪʝʤ ʚʳʰʝ ʝʝ ʧʦʪʝʥʮʠʘʣ. ʊʝʭʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʈʦʩʩʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʙʦʣʝʝ ʯʝʤ ʚ 2,56 ʤʣʨʜ ɻɺʪĀʯ/ʛʦʜ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʝʞʝʛʦʜʥʦʤʫ 

ʧʦʪʨʝʙʣʝʥʠʶ ʧʦʯʪʠ 220 ʤʣʨʜ ʪ ʥ. ʵ. [5], ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʦʣʝʝ ʯʝʤ ʚ 17 ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʫʨʦʚʝʥʴ ʤʠʨʦʚʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ [6]. ʊʝʭʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ 

ʪʦʣʴʢʦ ʚ ʩʫʭʦʧʫʪʥʦʡ ʟʦʥʝ ʈʦʩʩʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚ 70 ʤʣʥ ɻɺʪĀʯ/ʛʦʜ, ʯʪʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʝʞʝʛʦʜʥʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ ʙʦʣʝʝ 6 ʤʣʨʜ ʪ ʥ. ʵ. [5] (ʦʢʦʣʦ 50 % ʤʠʨʦʚʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ 2014 ʛ. [6]). ʂ ʪʦʤʫ ʞʝ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ɺɻʇ ʙʝʨʝʛʦʚʳʝ 

ʣʠʥʠʠ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʠ ʦ. ʉʘʭʘʣʠʥ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʇʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʟʦʥʘʭ ʦʢʦʣʦ 12 ʤ/ʩ ʪʝʭʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʠ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 20 ʜʦ 30 ʪʳʩ. ɻɺʪĀʯ/ʛʦʜ, ʘ ʦ. 

ʉʘʭʘʣʠʥ ï ʦʪ 46 ʜʦ 67 ʪʳʩ. ɻɺʪĀʯ/ʛʦʜ [7]. 

ʄʥʦʛʠʝ ʦʙʲʝʢʪʳ ɺɻʇ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʣʥʮʘ ʠ ʚʝʪʨʘ. ʇʨʠ ʵʪʦʤ ʪʝʭʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʨʝʛʠʦʥʘ, ʛʜʝ ʙʫʜʫʪ 

ʨʘʟʤʝʱʝʥʳ ʦʙʲʝʢʪʳ ɺɻʇ, ʠ ʛʜʝ ʫʨʦʚʝʥʴ ʠʥʩʦʣʷʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 4ï5 ʢɺʪĀʯ/ʤĮ ʚ ʩʫʪʢʠ (ʯʪʦ 

ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʫʨʦʚʥʝʤ ʠʥʩʦʣʷʮʠʠ ʚ ʪʘʢʠʭ ʩʪʨʘʥʘʭ, ʢʘʢ ʀʪʘʣʠʷ ʠ ʀʩʧʘʥʠʷ), ʩʦʧʦʩʪʘʚʠʤ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 20ï25 ʤʣʨʜ ʪ ʥ. ʵ. ʚ ʛʦʜ, ʘ ʪʝʭʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʩ 

ʫʯʝʪʦʤ ʙʝʨʝʛʦʚʳʭ ʣʠʥʠʡ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʠ ʦ. ʉʘʭʘʣʠʥ ï 1,5ï2,0 ʤʣʨʜ ʪ ʥ. ʵ. [5]. ʇʨʠ 

ʵʪʦʤ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ɺɻʇ, ʩʣʘʙʦ ʠʣʠ ʧʦʯʪʠ ʥʝ 

ʟʘʩʝʣʝʥʳ, ʮʝʥʘ ʟʝʤʣʠ ʪʘʤ ʥʝʚʳʩʦʢʘ.  

ʇʦʜ ʤʝʛʘʧʨʦʝʢʪ ï ɺʦʩʪʦʯʥʫʶ ʛʘʟʦʚʫʶ ʧʨʦʛʨʘʤʤʫ ï ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ 

ʬʘʢʪʠʯʝʩʢʠ ʥʦʚʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʦʛʨʦʤʥʳʭ 

ʠʥʚʝʩʪʠʮʠʡ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 



18 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ ʙʘʟʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʜʣʷ ʯʘʩʪʠʯʥʦʛʦ 

ʨʝʝhʥʠʷ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ɺɻʇ.  

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʠʷ ʘʚʪʦʥʦʤʥʦʡ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ɸʂʕʋ) ʤʦʱʥʦʩʪʴʶ 100 ʢɺʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʠ.  

ɼʣʷ ʚʦʩʩʦʟʜʘʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ ɺɻʇ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʦʱʥʦʩʪʝʡ ʤʝʞʜʫ ʩʦʣʥʝʯʥʳʤʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʘʥʝʣʷʤʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʦʩʝʚʳʤʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʚ ɸʂʕʋ. ʊʘʢ, ʥʘ ʶʛʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, 

ʀʨʢʫʪʩʢʦʡ ʦʙʣ. ʠ ʗʢʫʪʠʠ, ʛʜʝ ʫʨʦʚʝʥʴ ʠʥʩʦʣʷʮʠʠ ʜʦʩʪʠʛʘʝʪ 5 ʢɺʪĀʯ/ʤĮ ʚ ʩʫʪʢʠ, ʘ 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 5ï6 ʤ/ʩ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʚ ʇʨʠʤʦʨʩʢʦʤ ʢʨʘʝ ʠ ʥʘ ʦ. ʉʘʭʘʣʠʥ, ʛʜʝ 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʥʝ ʥʠʞʝ 12 ʤ/ʩ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚʝʪʨʘ. 

ɺ 2015 ʛ. ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʫʩʪʘʥʦʚʢʫ 1 ʢɺʪ ʛʝʥʝʨʠʨʫʶʱʝʡ ʤʦʱʥʦʩʪʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʩʦʩʪʘʚʠʣʠ ʦʪ 1050 ʜʦʣʣ. ʚ 

ʂʠʪʘʝ ʜʦ 3000 ʜʦʣʣ. ʚ ʩʪʨʘʥʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʆʨʛʘʥʠʟʘʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʨʘʟʚʠʪʠʷ (ʆʕʉʈ), ʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 

ʥʘ ʩʫʰʝ ï ʦʪ 1100 ʜʦʣʣ. ʚ ʂʠʪʘʝ ʜʦ 1900 ʜʦʣʣ. ʚ ʩʪʨʘʥʘʭ ʆʕʉʈ [8]. ʅʦ ʪʘʢ ʢʘʢ ʧʨʦʝʢʪ ɺɻʇ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʥʚʝʩʪʠʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʢʠʪʘʡʩʢʠʭ ʧʘʨʪʥʝʨʦʚ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪ ʠʭ 

ʦʧʳʪ ʨʝʘʣʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʩʭʦʞʠʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʦʣʠʪʠʯʝʩʢʠʭ ʨʝʘʣʠʷʭ, ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʧʘʨʪʥʝʨʩʪʚʦ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʠʤʝʥʥʦ ʩ ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʨʦʚʝʥʴ ʠʥʚʝʩʪʠʮʠʡ ʚ ʫʩʪʘʥʦʚʢʫ 1 ʢɺʪ ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ 

ʧʨʠʥʠʤʘʣʩʷ ʩʭʦʞʠʤ ʩ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚ ʂʠʪʘʝ, ʥʦ ʩ ʧʦʧʨʘʚʢʘʤʠ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ 

ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʨʝʛʠʦʥʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ɺɻʇ, ʪ.ʝ. ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ï 2000 ʜʦʣʣ/ʢɺʪ, ʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʦʩʝʚʳʭ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʩʫʰʝ ï 1200 

ʜʦʣʣ/ʢɺʪ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʣʫʯʘʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʂʕʋ ʚ ʨʘʡʦʥʝ ʩ 

ʥʝʨʘʟʚʠʪʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠʣʠ ʧʨʠ ʝʝ ʦʪʩʫʪʩʪʚʠʠ, ʚ ʨʘʩʯʝʪʘʭ 

ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ 15 ʨʫʙ/ʢɺʪĀʯ. ʊʘʢ ʢʘʢ ʧʨʦʝʢʪ ɺɻʇ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 2000 ʯ ʚ 

ʛʦʜ ʠ ʚʳʰʝ [9], ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʚ ʨʘʩʯʝʪʘʭ 

ʧʨʠʥʠʤʘʣʩʷ ʥʝ ʚʳʰʝ 25 %. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʨʠ-ʯʝʪʳʨʝ ʤʝʩʷʮʘ ʚ ʛʦʜʫ ʚ ʨʷʜʝ ʨʝʛʠʦʥʦʚ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ɺɻʇ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʫʩʢʘʝʪʩʷ ʜʦ ï40éï50 Áʉ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʦʩʝʚʳʭ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 

ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 50 % [10]. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʩ ʫʯʝʪʦʤ 

ʣʦʛʠʩʪʠʢʠ ʧʨʦʝʢʪʘ (CAPEX), ʯʠʩʪʦʛʦ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʛʦ ʜʝʥʝʞʥʦʛʦ ʜʦʭʦʜʘ (NPV), 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʛʦ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ (DPP) ʧʨʦʝʢʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʣʠ ʵʥʝʨʛʠʠ 

ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʚ ɸʂʕʋ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. 
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ʊʘʙʣʠʮʘ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʠʷ ɸʂʕʋ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʦʩʝʚʳʭ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ɺʝʣʠʯʠʥʘ 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ɸʂʕʋ, ʢɺʪ 100 

ʉʪʦʠʤʦʩʪʴ 1 ʢɺʪĀʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʫʙ/ʢɺʪĀʯ 15 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʚ ɸʂʕʋ, 

% 
25 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʦʩʝʚʳʭ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ ʚ ɸʂʕʋ, % 
50 

ʉʪʦʠʤʦʩʪʴ 1 ʢɺʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ, USD/ʢɺʪ 

2000 

 

ʉʪʦʠʤʦʩʪʴ 1 ʢɺʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʦʩʝʚʳʭ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, USD/ʢɺʪ 
1200 

ɼʦʣʷ ʣʦʛʠʩʪʠʢʠ ʧʨʦʝʢʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʠʥʚʝʩʪʠʮʠʡ, % 20 

ɼʦʣʷ ʝʞʝʛʦʜʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʭʦʜʦʚ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ɸʂʕʋ ʦʪ ʦʙʲʝʤʘ ʠʥʚʝʩʪʠʮʠʡ, % 
10 

ɽʞʝʛʦʜʥʳʡ ʨʦʩʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʭʦʜʦʚ, % 3 

ʉʪʘʚʢʘ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ, % 15 

ɽʞʝʛʦʜʥʳʡ ʨʦʩʪ ʪʘʨʠʬʦʚ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, % 5 

ʅʘʣʦʛ ʥʘ ʧʨʠʙʳʣʴ, % 20 

ʂʫʨʩ ʨʫʙʣʷ ʢ USD 70 

 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʠʷ 

ɸʂʕʋ ʦʪ ʜʦʣʠ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʦʩʝʚʳʭ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ɸʂʕʋ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʜʦʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʝʰʝʚʦʡ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ 

ʧʨʦʝʢʪʝ ʩʦʟʜʘʥʠʷ ɸʂʕʋ, ʪʝʤ ʤʝʥʴʰʝ ʪʨʝʙʫʝʤʳʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ. ʆʜʥʘʢʦ 

ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʪʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʦ, ʪʘʢ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʣʠʤʠʪʠʨʫʝʪʩʷ 



20 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ ʚ ʨʝʛʠʦʥʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʂʕʋ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʛʨʘʬʠʢʦʚ 

ʥʘ ʨʠʩ. 1, ʚ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʨʠʤʝʥʷʝʤʦʡ ʵʥʝʨʛʠʠ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʘʷ ʩʦʣʥʝʯʥʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ï ʦʪ 30 ʜʦ 70 % , ʯʪʦ 

ʦʪʤʝʯʝʥʦ ʨʘʤʢʦʡ) ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʧʨʦʝʢʪ ʧʣʘʥʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 12,1 

ʜʦ 14,8 ʤʣʥ ʨʫʙ., ʦʜʥʘʢʦ ʯʠʩʪʳʡ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʜʝʥʝʞʥʳʡ ʜʦʭʦʜ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ 

ʢʦʣʝʙʘʪʴʩʷ ʦʪ 26 ʜʦ 10,7 ʤʣʥ ʨʫʙ., ʘ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʧʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ ï ʦʪ 3,8 ʜʦ 

8,4 ʣʝʪ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ NPV ʠ DPP ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʦʠʤʦʩʪʠ 1 

ʢɺʪĀʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ɸʂʕʋ, ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ɸʂʕʋ, 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. ʇʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʳʙʨʘʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 

20 ʨʫʙ/ʢɺʪĀʯ. ʈʘʩʯʝʪʘʤʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʯʝʤ ʜʦʨʦʞʝ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʨʝʛʠʦʥʝ, ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʦʝʢʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʂʕʋ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʵʥʝʨʛʠʠ. 

ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʪʘʚʢʠ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʥʠʤʘʣʘʩʴ 15 ʨʫʙ/ʢɺʪĀʯ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ɸʂʕʋ ʦʩʪʘʝʪʩʷ ʨʘʚʥʳʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 

 
 

 

 

 

 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ, ʜʘʞʝ ʧʨʠ ʚʝʩʴʤʘ ʥʝʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʢʨʫʧʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʩʪʘʚʢʝ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ 20 

% ʧʨʦʝʢʪ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ. 

ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʂʕʋ ʜʣʷ ʢʘʞʜʦʛʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʛʨʫʧʧʳ ʦʙʲʝʢʪʦʚ ʠ ʧʦʜʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʂʕʋ ʜʦʣʞʥʳ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʢʦʥʢʫʨʩʥʦʡ ʦʩʥʦʚʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʤʦʱʥʦʩʪʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʠʭ ʢʘʪʝʛʦʨʠʡʥʦʩʪʠ, ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʙʲʝʢʪʘʭ ʇɸʆ çɻʘʟʧʨʦʤè 

ʠ ʌʝʜʝʨʘʣʴʥʳʤ ʥʦʨʤʘʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʝʪʨʦʤʦʥʠʪʦʨʠʥʛʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ 

ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʠʷ ɸʂʕʋ ʦʪ ʩʪʘʚʢʠ 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ 

ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʠʷ ɸʂʕʋ ʦʪ ʩʪʦʠʤʦʩʪʠ  

1 ʢɺʪĀʯ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ 
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ʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʨʘʡʦʥʝ ʨʘʟʤʝʱʝʥʠʷ ʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʢʦʤʧʣʝʢʩ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʚʳʨʘʙʦʪʢʠ ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʦʪ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ ʙʘʟʝ ɺʀʕ, ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ 

ʙʘʪʘʨʝʡ ʠ ʜʨ.), ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ, ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ï ʟʘ ʩʯʝʪ ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʙʦʪʳ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʳ ʥʝ ʩʪʘʚʠʣʠ ʧʝʨʝʜ ʩʦʙʦʡ 

ʮʝʣʴʶ ʧʨʝʜʣʦʞʠʪʴ ʢʦʥʮʝʧʮʠʶ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʦʡ ʜʣʷ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ: 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʵʪʦ ʧʨʦʩʪʦ ʥʝʨʝʘʣʴʥʦ. ʈʝʯʴ ʠʜʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʙ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʟʘ ʩʯʝʪ ʵʢʦʥʦʤʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʪʦʚʘʨʥʦʛʦ ʛʘʟʘ ʠ ʧʦʩʪʝʧʝʥʥʦʛʦ ʝʛʦ 

ʟʘʤʝʱʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʝʡ ʩʦʣʥʮʘ ʠ ʚʝʪʨʘ, ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʳʭ ʚ ʨʝʛʠʦʥʘʭ 

ʨʝʘʣʠʟʘʮʠʠ ɺɻʇ ʦʛʨʦʤʝʥ.  

ʈʝʘʣʠʟʘʮʠʷ ʢʦʥʮʝʧʮʠʠ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʤʦʛʣʘ ʙʳ ʩʪʘʪʴ ʣʦʢʦʤʦʪʠʚʦʤ ʨʘʟʚʠʪʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʥʘʫʢʠ ʠ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʚʳʩʰʝʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʚ ʥʦʚʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʚ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʨʝʛʠʦʥʘʭ 

ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ. 
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MULTI -HYBRID SOLAR CELLS BASED ON CRYSTALLINE SILICON AND 

CONGUGATED POLYMERS  

ʂʦʙʨʷʥʩʢʠʡ ɺ.ʄ. 

ʌʀɸʅ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

Kobryanskii  V.M. 

FIAN RAS, Moscow, Russia 

Multi -hybrid solar cells based on crystalline silicon and conjugated polymers with low content of defects were 

developed and studied for the first time. The results obtained suggest that in the near future this type of solar cells 

will allow increase the solar cells efficiency for 5 - 10% without any noticeable increase of their cost. In this article 

construction of multi-hybrid solar cells contain one layer of inorganic semiconductor and one or two layers 

conjugated polymers with very low content of defects. In optical spectra of such polymers there is no long wave 

tails and absorption bands alternate with transparency windows. It is shown for the first time that doping of such 

conjugated polymers by nonoxidizing protonic acids leads to disappearance of absorption bands in visual region 

and appearance of absorption band in near infrared region. In the two-layer solar cell, the polymer layer may be 

disposed on the surface or back side of silicon plate. In the three-layer solar cell, the first polymer layer may be 

disposed on the surface of the silicon plate and the second polymer layer on the reverse side. The top polymer 

layer is protected by the glass with ITO. 

ɺʚʝʜʝʥʠʝ  

ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʟʘʥʠʤʘʶʪ ʚʩʸ ʙʦʣʝʝ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʨʷʜʫ ʚ ʨʷʜʫ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 

ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 24,6%, ʘ ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʡ ʪʠʧʘ GaInP/GaAs/Ge ï 35 ï 40%. ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦ 

ʙʳʩʪʨʦ ʠ ʥʝʫʢʣʦʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʆʜʥʘʢʦ ʨʷʜ ʥʝʨʝʰʝʥʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʩʦʣʥʝʯʥʳʤ ʙʘʪʘʨʝʷʤ ʩʪʘʪʴ ʧʦʣʥʦʮʝʥʥʳʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ ʜʣʷ ʟʘʤʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʪʝʧʣʦʚʳʭ, ʷʜʝʨʥʳʭ ʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʟʝʤʣʝ, ʘ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ, ʩʦʟʜʘʚʘʝʤʳʝ 

ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʦʩʚʦʝʥʠʷ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʦʩʪʘʨʘʝʤʩʷ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʦʚʳʡ ʧʦʜʭʦʜ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

(ʂʇɼ > 60%) ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʀʜʝʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʜʦʣʞʝʥ 

ʠʤʝʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʝʪ ʧʦʛʣʦʱʘʪʴ ʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʧʦʜʚʠʞʥʳʝ 

ʟʘʨʷʜʳ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ. ʅʦ ʩʧʝʢʪʨ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʈʠʩ. 1) 

ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʜʦ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ. ɸ ʚʝʣʠʯʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ) ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʧʦʯʪʠ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʩʣʫʯʘʝ ʦʜʥʦʩʣʦʡʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 

ʤʳ: 1) ʠʣʠ ʠʩʧʦʣʴʟʫʝʤ ʰʠʨʦʢʦ ʟʦʥʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʠ ʪʝʨʷʝʤ ʚʩʶ ʵʥʝʨʛʠʶ ʢʚʘʥʪʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʥʠʞʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, 2) ʠʣʠ 

ʠʩʧʦʣʴʟʫʝʤ ʫʟʢʦ ʟʦʥʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʠ ʪʝʨʷʝʤ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʦʛʣʦʱʝʥʥʳʭ ʫʨʦʚʥʷʤʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʳʰʝ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʂʇɼ ʦʜʥʦʩʣʦʡʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ 28%. ʊ.ʝ. 24,6% ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʵʪʦ ʧʦʯʪʠ ʧʨʝʜʝʣ. 

ɺ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʠʩʧʦʣʴʟʫʶʪ ʪʨʝʭʩʣʦʡʥʳʝ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʥʘ ʦʩʥʦʚʝ 

ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 40% ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʦʠʤʦʩʪʠ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʂʇɼ ʥʝʦʙʭʦʜʠʤʘ ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʣʦʝʚ 

ʤʘʪʝʨʠʘʣʦʚ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʛʠʙʘʶʱʝʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʢʦʪʦʨʳʭ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ, ʧʨʠ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʦʛʣʦʱʝʥʠʠ ʢʚʘʥʪʦʚ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤʠ ʩʣʦʷʤʠ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʧʝʢʪʨʫ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. (ʈʠʩʫʥʦʢ 1). 

ɺ 2013 ʛʦʜʫ ʫʯʸʥʳʝ ʠʟ ɺʦʝʥʥʦ-ʤʦʨʩʢʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ (ʉʐɸ) ʠ 

ʀʤʧʝʨʩʢʦʛʦ ʢʦʣʣʝʜʞʘ ʃʦʥʜʦʥʘ (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʧʨʝʜʣʦʞʠʣʠ ʢʦʥʩʪʨʫʢʮʠʶ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ (ʈʠʩʫʥʦʢ 2). (ʇʫʙʣʠʢʘʮʠʷ ʥʘ ʩʘʡʪʝ ʣʘʙʦʨʘʪʦʨʠʠ 

http://www.nrl .navy.mil .) ɺ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʞʜʳʡ ʠʟ ʩʣʦʸʚ ʥʘʩʪʨʦʝʥ ʥʘ ʩʚʦʡ 

ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʧʨʠʙʣʠʞʘʷ ʦʛʠʙʘʶʱʠʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ ʢ ʩʧʝʢʪʨʫ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʩʢʣʶʯʘʷ ʤʠʛʨʘʮʠʶ ʵʥʝʨʛʠʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ ʩʣʦʝʚ ʧʦʛʣʦʱʘʶʱʠʭ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢ ʩʣʦʷʤ, 

ʧʦʛʣʦʱʘʶʱʠʤ ʙʦʣʝʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʠʜʝʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ 

ʬʦʪʦʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʚʝʨʭʥʠʤ ʩʣʦʝʤ, ʤʦʛʣʠ ʙʳ ʧʦʧʘʩʪʴ ʚ 

ʥʠʞʝʣʝʞʘʱʠʝ ʩʣʦʠ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʘʚʪʦʨʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʢʘʞʜʳʡ ʩʣʦʡ ʢʦʪʦʨʳʭ ʩʦʯʝʪʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʙʦʯʝʡ 

ʦʙʣʘʩʪʠ ʩ ʦʢʥʦʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʦʩʪʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ, ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʂʇɼ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʭʝʤʳ ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ 87%. ʆʜʥʘʢʦ ʩʦʟʜʘʪʴ 

ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʈʠʩʫʥʢʝ 2 ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 10 ʩʣʦʸʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʦʢʥʘʤʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ 

ʟʘʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʦʯʝʥʴ ʪʨʫʜʥʘʷ ʟʘʜʘʯʘ.  

 

 
 

ʈʠʩ.1 ʉʧʝʢʪʨ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʈʠʩ.2 ʂʦʥʩʪʨʫʢʮʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ. 
 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʜʝʠ, ʢʦʛʜʘ ʢʘʞʜʳʡ ʩʣʦʡ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʬʦʪʦʵʣʝʤʝʥʪʘ 

ʧʦʛʣʦʱʘʝʪ ʪʦʣʴʢʦ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʥʝ ʤʝʰʘʝʪ ʧʦʛʣʦʱʝʥʠʶ ʜʨʫʛʠʭ ʫʯʘʩʪʢʦʚ 

ʩʧʝʢʪʨʘ ʜʨʫʛʠʤʠ ʩʣʦʷʤʠ, ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʥʝʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʛʦʜʥʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʫʟʢʠʤʠ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʙʦʯʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʥʘʣʠʯʠʝʤ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʥʝ ʨʘʙʦʯʝʡ. ʕʪʘ ʟʘʜʘʯʘ ʛʦʨʘʟʜʦ ʣʝʛʯʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʠʙʨʠʜʥʳʭ - (ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ï ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ) ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

 ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ ʠʜʝʷ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʛʠʙʨʠʜʥʳʭ ʜʚʫʭʩʣʦʡʥʳʭ ʠ ʪʨʝʭʩʣʦʡʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʠ ʩʣʦʸʚ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʝʬʝʢʪʦʚ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ GaAs ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʪʨʝʭʩʣʦʡʥʳʝ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʩ 



24 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 45%. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʂʇɼ ʛʠʙʨʠʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 

ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʣʦʸʚ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʙʝʟʜʝʬʝʢʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʜʚʫʭʩʣʦʡʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʥʘ 

ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʠʣʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʥʝʩʝʥ ʦʜʠʥ 

ʧʦʣʠʤʝʨʥʳʡ ʩʣʦʡ. ʇʦʢʘʟʘʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʩʯʝʪʥʳʝ ʦʮʝʥʢʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘ 5 - 

6% ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʘʪʘʨʝʷʤʠ ʠʟ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʬʘʢʪʠʯʝʩʢʠ 

ʜʦʩʪʠʛʥʫʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʘʪʘʨʝʡ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʪʨʝʭʩʣʦʡʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʜʝʨʞʘʱʝʡ ʜʚʘ ʧʦʣʠʤʝʨʥʳʭ ʩʣʦʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʝʱʝ ʚʳʰʝ. ʇʦ 

ʨʘʩʯʝʪʥʳʤ ʦʮʝʥʢʘʤ, ʜʣʷ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʡ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ, - 35 ï 

38%. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʚʫʭʩʣʦʡʥʦʡ ʠ 

ʪʨʝʭʩʣʦʡʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʤ 

ʢʦʤʧʣʝʢʩʝ, ʩ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʚʣʠʷʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʣʦʝʚ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʩʦʣʥʝʯʥʳʡ ʩʧʝʢʪʨ, ʠ ʪ.ʜ.). ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʚʝʨʝʥʘ ʪʦʣʴʢʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʚʫʭʩʣʦʡʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. 

1. ʈʘʟʨʘʙʦʪʘʥ ʨʷʜ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʝʬʝʢʪʦʚ ʠ ʦʢʥʘʤʠ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʧʦʣʦʞʝʥʠʝʤ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʫʧʨʘʚʣʷʪʴ: 1. ɻʣʦʙʫʣʷʨʥʳʡ ʧʦʣʠʘʮʝʪʠʣʝʥ; 2. ʅʘʥʦʧʦʣʠʘʮʝʪʠʣʝʥ; 3. ʇʦʣʠʥʝʦʬʝʥ.  

2. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʚʳʰʝ ʥʘʟʚʘʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

3. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʜʦʧʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ ʚʳʰʝ ʥʘʟʚʘʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

4. ʀʟʫʯʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʳʰʝ ʥʘʟʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʣʴʨʘʬʠʦʣʝʪʦʚʦʡ, 

ʚʠʜʠʤʦʡ, ʙʣʠʞʥʝʡ ʀʂ ʠ ʀʂ ʦʙʣʘʩʪʷʭ. 

5. ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. 

6. ɼʣʷ ʥʘʥʦʧʦʣʠʘʮʝʪʠʣʝʥʘ ʧʨʦʚʝʜʝʥ ʮʝʣʳʡ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʂʇɼ 

ʛʠʙʨʠʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. 

ɼʦʧʠʨʦʚʘʥʠʝ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʝʬʝʢʪʦʚ 

ʧʨʦʪʦʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʥʝ ʦʢʠʩʣʠʪʝʣʷʤʠ. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

 ʇʨʦʮʝʩʩ ʜʦʧʠʨʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʨʦʪʦʥʥʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʠʩʣʦʪʳ. ɺʩʝ ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ 

ʛʨʫʧʧʘ ʢʠʩʣʦʪʳ, ʘʥʠʦʥʳ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ. ʆʥʠ ʜʦʧʠʨʫʶʪ 

ʩʦʧʨʷʞʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʢʠʩʣʦʪ ʃʴʶʠʩʘ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ 

ʦʙʲʝʜʠʥʷʝʪ ʧʨʦʪʦʥʥʳʝ ʢʠʩʣʦʪʳ çʥʝ ʦʢʠʩʣʠʪʝʣʠè. ʆʥʠ ʦʢʠʩʣʷʪ ʪʦʣʴʢʦ ʤʝʪʘʣʣʳ 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʷʜʫ ʥʘʧʨʷʞʝʥʠʡ ʜʦ ʚʦʜʦʨʦʜʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʢʠʩʣʦʪ ʩ 

ʩʪʘʥʜʘʨʪʥʳʤʠ çʜʝʬʝʢʪʥʳʤʠè ʩʦʧʨʷʞʝʥʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ ʧʨʠʚʦʜʠʪ ʪʦʣʴʢʦ ʢ ʮʠʩ-ʪʨʘʥʩ 

ʠʟʦʤʝʨʠʟʘʮʠʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [1,2]. 

 ʅʘʤʠ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʧʨʷʞʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʝʬʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ ʥʘʥʦʧʦʣʠʘʮʝʪʠʣʝʥ, ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʧʨʦʪʦʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ çʥʝ ʦʢʠʩʣʠʪʝʣʷʤʠè ʥʘʧʨʠʤʝʨ ʩʦʣʷʥʦʡ ʠʣʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʘʤʠ. ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʥʝ ʥʘʰʣʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ ʯʪʦ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ. ʉʢʦʨʝʝ ʵʪʦ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʅʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʠʩʭʦʜʥʳʭ - ʪʦʥʢʦʡ (5 ʤʢ) ʠ ʪʦʣʩʪʦʡ (500 ʤʢ) ʧʣʝʥʦʢ ʥʘʥʦʧʦʣʠʘʮʝʪʠʣʝʥʘ. ʅʘ 
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ʨʠʩʫʥʢʘʭ 5 ʠ 6 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʥʘʥʦʧʦʣʠʘʮʝʪʠʣʝʥʘ ʧʦʩʣʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʟʙʘʚʣʝʥʥʳʤ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʦʜʝʨʞʘʱʠʤ ʩʦʣʷʥʫʶ ʠ 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʳ. 

  
ʈʠʩ.3 ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʠʩʭʦʜʥʦʡ 

ʧʣʝʥʢʠ ʥʘʥʦʧʦʣʠʘʮʝʪʠʣʝʥʘ 

ʪʦʣʱʠʥʦʡ (5ʤʢʤ) ʚ ʋʌ ʠ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ. 

ʈʠʩ.4 ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʠʩʭʦʜʥʦʡ ʧʣʝʥʢʠ 

ʥʘʥʦʧʦʣʠʘʮʝʪʠʣʝʥʘ ʪʦʣʱʠʥʦʡ (500 ʤʢʤ) ʚ 

ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ. 

 
 

ʈʠʩ.5 ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʢʠ ʥʘʥʦʧʦʣʠʘʮʝʪʠʣʝʥʘ ʪʦʣʱʠʥʦʡ 50 ʤʢʤ ʚ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. 

 
ʈʠʩ.6 ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʢʠ ʥʘʥʦʧʦʣʠʘʮʝʪʠʣʝʥʘ ʪʦʣʱʠʥʦʡ 100 ʤʢʤ ʚ 

ʙʣʠʞʥʝʡ ʀʂ ʠ ʀʂ ʦʙʣʘʩʪʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. 
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ʀʟ ʨʠʩʫʥʢʦʚ 3 - 6 ʚʠʜʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʥʦʧʦʣʠʘʮʝʪʠʣʝʥʘ ʩ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʦʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʠ 

ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʦʢʥʘ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʠ ʛʣʫʙʠʥʳ ʜʦʧʠʨʦʚʘʥʠʷ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʪʴ ʦʙʣʘʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʧʨʦʧʫʩʢʘʥʠʷ ʢ ʧʦʛʣʦʱʝʥʠʶ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʥʘʰʝʡ ʠʥʬʦʨʤʘʮʠʠ ʵʪʦ ʧʝʨʚʘʷ ʦʪʢʨʳʪʘʷ ʨʘʙʦʪʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʛʠʙʨʠʜʥʳʭ (ʦʨʛʘʥʠʢʘ ï 

ʥʝʦʨʛʘʥʠʢʘ) ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. 
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ʆʇʓʊ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ 

ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ ɺ ʉʊʈɸʅɸʍ ɸʌʈʀʂʀ ɼʃʗ ʋʉʊʆʁʏʀɺʆɻʆ 

ʈɸɿɺʀʊʀʗ ʀ ʉʅʀɾɽʅʀʗ ʕʄʀʉʉʀʀ ʇɸʈʅʀʂʆɺʓʍ ɻɸɿʆɺ 

EXPERIENCE AND PROSPECTS OF RENEWABLE  ENERGY IN AFRICA  FOR 

SUSTAINABLE  DEVELOPMENT  AND REDUCE GREENHOUSE GAS EMISSIONS 

ʅʝʬʝʜʦʚʘ ʃ.ɺ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ; ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

Nefedova L.V. 

Lomonosov Moscow State University, Russia; Moscow,  

nefludmila@mail.ru 

Keywords: renewable energy sources, Sub-Saharan Africa countries, decentralized energy supply, PV batteries, 

windfarms, geothermal energy, technology transfer. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʩʪʨʘʥʳ ʉʫʙʩʘʭʘʨʩʢʦʡ ɸʬʨʠʢʠ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʪʨʘʥʩʬʝʨ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʉʪʨʘʥʳ ɸʬʨʠʢʠ ʶʞʥʝʝ ʉʘʭʘʨʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʦʙʣʝʤʥʳʭ ʨʝʛʠʦʥʦʚ ʚ ʧʣʘʥʝ 

ʢʨʘʡʥʝ ʥʠʟʢʦʛʦ ʜʦʩʪʫʧʘ ʥʘʩʝʣʝʥʠʷ ʢ ʵʣʝʢʪʨʠʯʝʩʪʚʫ, ʥʝʨʘʟʚʠʪʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʵʣʝʢʪʨʦʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʧʠʱʠ ʠ ʦʙʦʛʨʝʚʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʩʚʝʜʝʥʠʶ ʣʝʩʦʚ. ʇʦ ʜʘʥʥʳʤ ʇʨʦʛʨʘʤʤʳ ʆʆʅ ʧʦ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ (UNEP) ʚ ɸʬʨʠʢʝ ʦʢʦʣʦ 600 ʤʠʣʣʠʦʥʦʚ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʝ 

ʠʤʝʝʪ ʜʦʩʪʫʧʘ ʢ ʩʝʪʝʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʟ ʢʦʪʦʨʳʭ 99,6% ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ 

ʉʫʙʩʘʭʘʨʩʢʦʤ ʨʝʛʠʦʥʝ. ɼʦʩʪʫʧ ʢ ʠʩʪʦʯʥʠʢʘʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʘʭ ʨʝʛʠʦʥʘ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 3% ʚ ɹʫʨʫʥʜʠ ʜʦ 100% ʥʘ ʄʘʚʨʠʢʠʠ. ɺ 30 ʩʪʨʘʥʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 11 ʜʦ 39%, ʘ ʚ 10 ʩʪʨʘʥʘʭ ï ʤʝʥʝʝ 10% [1]. ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʕʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ 

ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʨʝʛʠʦʥʝ ʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦ 756 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ, ʪʦ ʝʩʪʴ 

ʝʞʝʛʦʜʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʩʫʤʤʝ 36 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ ʚ ʧʝʨʠʦʜ 2010-2030 ʛ. [2]. ɽʩʣʠ ʥʝ 

ʙʫʜʫʪ ʧʨʠʥʷʪʳ ʤʝʨʳ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʦʚ, ʪʦ ʨʦʩʪ 

ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ ʨʝʛʠʦʥʝ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʳʨʴʷ ʠʟ ʙʠʦʤʘʩʩʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ, ʚʳʨʘʩʪʝʪ ʥʘ 40% ʢ 2040 ʛ., ʯʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ. ɺʦʧʨʦʩʘʤ ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʚʷʟʠ 

ʩ ʧʨʦʙʣʝʤʦʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʙʦʨʴʙʳ ʩ ʙʝʜʥʦʩʪʴʶ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʚ ʨʘʤʢʘʭ ʆʆʅ. ɻʣʘʚʥʦʡ çʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡè ʫʨʦʚʥʷ 

20ʉ ʷʚʣʷʝʪʩʷ ʚʦʜʘ ï ʥʝʜʦʩʪʘʪʦʢ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠ ʚʳʟʳʚʘʝʤʳʝ ʠʤ ʧʨʦʙʣʝʤʳ ʩ ʩʝʣʴʩʢʠʤ 

ʭʦʟʷʡʩʪʚʦʤ ʠ ʵʢʦʩʠʩʪʝʤʘʤʠ. ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʛʦʚʦʨʠʪ, 

ʯʪʦ ʚ ʟʦʥʫ ʜʝʬʠʮʠʪʘ ʚʦʜʳ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʥʝ ʪʦʣʴʢʦ ɸʬʨʠʢʘ, ɸʤʝʨʠʢʘ ʠ ɸʚʩʪʨʘʣʠʷ, ʥʦ ʠ 

ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʦʪ ʇʦʨʪʫʛʘʣʠʠ ʠ ʄʘʨʦʢʢʦ ʜʦ ʟʘʧʘʜʥʳʭ ʛʨʘʥʠʮ ʂʠʪʘʷ. Cʦʟʜʘʥ ʨʷʜ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʬʦʥʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʜʜʝʨʞʢʫ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʢʘʢ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʢʨʫʧʥʳʭ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ ʥʘ ɺʀʕ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʦʩʚʦʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ), ʪʘʢ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʣʠʦʨʝʩʫʨʩʦʚ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʙʳʣ ʚʥʝʩʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ ʧʨʦʛʨʘʤʤ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ: ʦʮʝʥʢʠ ʛʝʣʠʦ- ʠ ʚʝʪʨʦʵʥʝʨʛʦʨʝʩʫʨʩʦʚ 

(SWERA) ʩ ʩʦʩʪʘʚʣʝʥʠʝʤ ʦʪʢʨʳʪʳʭ ʙʘʟ ʜʘʥʥʳʭ ʛʝʣʠʦʨʝʩʫʨʩʦʚ ʠ ʵʥʝʨʛʠʠ ʚʝʪʨʘ, 

ɺʩʝʤʠʨʥʳʤ ʙʘʥʢʦʤ ʩ 2009ʛ. ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʛʨʘʤʤʘ AFREA  ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʦʚ 

ʧʦ ʫʩʪʘʥʦʚʢʝ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ɺʘʞʥʳʤ ʨʳʯʘʛʦʤ ʦʩʚʦʝʥʠʷ 

ɺʀʕ ʚ ʩʪʨʘʥʘʭ ɸʬʨʠʢʠ ʷʚʣʷʝʪʩʷ ʩ 2011ʛ. ʠʥʠʮʠʘʪʠʚʘ ʆʆʅ çʋʩʪʦʡʯʠʚʘʷ ʵʥʝʨʛʝʪʠʢʘ ʜʣʷ 

ʚʩʝʭè (SE4ALL ). ʎʝʥʪʨʦʤ ʧʨʦʚʝʜʝʥʠʷ ʚ ʞʠʟʥʴ ʠʥʠʮʠʘʪʠʚʳ çʋʩʪʦʡʯʠʚʘʷ ʵʥʝʨʛʝʪʠʢʘ ʜʣʷ 



28 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ʚʩʝʭè ʷʚʣʷʝʪʩʷ ɸʬʨʠʢʘʥʩʢʠʡ ʙʘʥʢ ʨʘʟʚʠʪʠʷ (AfDB ) ʩʦʚʤʝʩʪʥʦ ʩ ʂʦʤʠʩʩʠʝʡ ɸʬʨʦʩʦʶʟʘ 

ʠ ɸʛʝʥʪʩʪʚʦʤ ʥʦʚʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ɸʬʨʠʢʠ (NEPAD) ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʬʦʥʜʘ 

çʋʩʪʦʡʯʠʚʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ɸʬʨʠʢʠè (SEFA). ɽʱʝ ʚ 2008 ʛ. ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʨʦʭʦʜʠʚʰʝʡ ʚ ɼʘʢʘʨʝ, ʙʳʣʠ ʧʨʠʥʷʪʳ ɼʝʢʣʘʨʘʮʠʷ ʠ ʇʣʘʥ 

ʜʝʡʩʪʚʠʡ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʦʩʚʦʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘ 

ɸʬʨʠʢʘʥʩʢʦʤ ʢʦʥʪʠʥʝʥʪʝ. ʉʨʝʜʠ ʛʣʘʚʥʳʭ ʟʘʜʘʯ - ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʦʩʪʘ ʠʥʚʝʩʪʠʮʠʡ ʚ ʵʪʫ 

ʩʬʝʨʫ ʩʦ ʩʪʦʨʦʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʠʥʦʩʪʨʘʥʥʳʭ ʧʘʨʪʥʝʨʦʚ, ʯʘʩʪʥʳʭ 

ʠʥʚʝʩʪʦʨʦʚ. ʇʦʜ ʵʛʠʜʦʡ UNEP ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʪʚʦʨʷʝʪʩʷ ʚ ʞʠʟʥʴ 

ʧʨʦʛʨʘʤʤʘ ʢʨʝʜʠʪʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʪʨʘʥʘʭ ɸʬʨʠʢʠ. ɺ 2012ʛ. ʧʦ 

ʇʨʦʛʨʘʤʤʝ ʉʦʜʝʡʩʪʚʠʷ ʋʧʨʘʚʣʝʥʠʶ ʕʥʝʨʛʝʪʠʯʝʩʢʠʤ ʉʝʢʪʦʨʦʤ (ESMAP) ɺʩʝʤʠʨʥʦʛʦ 

ɹʘʥʢʘ ʥʘʯʘʪ ʧʨʦʝʢʪ çɻʣʦʙʘʣʴʥʦʛʦ ʇʣʘʥʘ ʨʘʟʚʠʪʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʪʨʘʥʘʭ 

ɺʝʣʠʢʦʛʦ ɸʬʨʠʢʘʥʩʢʦʛʦ ʨʘʟʣʦʤʘè ʦʙʱʝʡ ʩʫʤʤʦʡ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 500 ʤʣʥ. ʜʦʣʣ. ʉʐɸ 

ʥʘ 25 ʧʨʦʝʢʪʦʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ ʙʦʣʝʝ 100 ʩʢʚʘʞʠʥ [3]. ʇʦ 

ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʠʥʚʝʩʪʠʮʠʠ ʚ ʵʪʫ ʩʬʝʨʫ ʵʢʦʥʦʤʠʢʠ ʢʦʥʪʠʥʝʥʪʘ ʟʘ 7 ʣʝʪ ʚʦʟʨʦʩʣʠ ʚ 

4,8 ʨʘʟʘ - ʩ $750 ʤʣʥ ʚ 2004 ʛ. ʜʦ $3,6 ʤʣʨʜ ʚ 2011 ʛ., ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʤʠʨʝ ʚ 6,3 ʨʘʟʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ $33 ʤʣʨʜ ʜʦ $211 ʤʣʨʜ. [4]. ʅʘ IV ɸʩʩʘʤʙʣʝʝ, ʩʦʟʚʘʥʥʦʡ 

ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ (IRENA) ʚ ɸʙʫ-ɼʘʙʠ ʚ ʷʥʚʘʨʝ 

2014ʛ., ʤʠʥʠʩʪʨʳ ʵʥʝʨʛʝʪʠʢʠ ʠʟ 19-ʪʠ ʘʬʨʠʢʘʥʩʢʠʭ ʩʪʨʘʥ ʧʨʠʥʷʣʠ ʨʝʰʝʥʠʝ ʧʦ ʩʦʟʜʘʥʠʶ 

ʚ ɸʬʨʠʢʝ çʂʦʨʠʜʦʨʘ ʯʠʩʪʦʡ ʵʥʝʨʛʠʠè ʩʪʨʘʥ ɺʦʩʪʦʯʥʦʛʦ ʠ ʖʞʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʙʘʩʩʝʡʥʦʚ ʘʬʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ, ʯʪʦ ʙʫʜʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʧʦʤʦʞʝʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʠʶ ʚ ʩʪʨʘʥʘʭ ʚʦʩʪʦʯʥʦʡ ɸʬʨʠʢʠ ʶʞʥʝʝ ʉʘʭʘʨʳ, 

ʩʥʠʟʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʘʩʩʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ - ʩʚʝʜʝʥʠʝ 

ʣʝʩʦʚ. ɼʘʥʥʘʷ ʠʥʠʮʠʘʪʠʚʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʠ 

ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʘ ʦʩʚʦʝʥʠʷ ɺʀʕ, ʘ ʪʘʢʞʝ ʪʨʘʥʩʬʝʨʘ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥ ʨʝʛʠʦʥʘ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ 

çɸʬʨʠʢʘʥʩʢʠʡ ʢʦʨʠʜʦʨ ʯʠʩʪʦʡ ʵʥʝʨʛʠʠè ʦʙʝʩʧʝʯʠʪ ʢʦʥʪʠʥʝʥʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʭʦʜʘ 

ʚ ʫʩʪʦʡʯʠʚʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʙʫʜʫʱʝʝ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥ 

ɸʬʨʠʢʠ ʶʞʥʝʝ ʉʘʭʘʨʘ ʙʣʘʛʦʜʘʨʷ ʘʢʪʠʚʠʟʘʮʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʥʘ ʙʘʟʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʀʕ [5]. ʅʘ ʦʩʦʙʳʡ ʫʨʦʚʝʥʴ ʚʳʡʜʝʪ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʙʝʩʪʦʧʣʠʚʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʚ ɸʬʨʠʢʝ ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʇʘʨʠʞʩʢʦʛʦ ʩʦʛʣʘʰʝʥʠʷ ʚ ʜʝʢʘʙʨʝ 

2015ʛ.ʦ ʚʳʜʝʣʝʥʠʠ ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʬʦʥʜʘ ʚ 100 ʤʣʨʜ ʜʦʣʣ ʉʐɸ ʥʘ ʦʩʚʦʝʥʠʝ ɺʀʕ 

ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʠ ʝʞʝʛʦʜʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʪʠʭ ʩʨʝʜʩʪʚ ʩ 2020ʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʉʦʛʣʘʰʝʥʠʡ ʚ ʇʘʨʠʞʝ ʙʳʣʘ ʦʙʨʘʟʦʚʘʥʘ ɸʬʨʠʢʘʥʩʢʘʷ ʀʥʠʮʠʘʪʠʚʘ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʵʥʝʨʛʝʪʠʪʢʝ (AREI) , ʢʦʪʦʨʘʷ ʠ ʙʫʜʝʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʩʚʦʝʥʠʷ ɺʀʕ ʥʘ 

ʢʦʥʪʠʥʝʥʪʝ, ʢʘʢ ʦʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʦʡ 

ʫʷʟʚʠʤʦʩʪʠ ʨʝʛʠʦʥʘ ʢ ʧʦʩʣʝʜʩʪʚʠʷʤ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʤʤʘʨʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʩʪʨʘʥʘʭ 

ɸʬʨʠʢʠ ʖʞʥʝʝ ʉʘʭʘʨʳ (ʙʝʟ ʖɸʈ) ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 80 ɻɺʪ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʨʘʥ ʨʝʛʠʦʥʘ 

ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʜʝʬʠʮʠʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʥʘʩʝʣʝʥʠʷ ʢ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʶ ʧʣʘʥʠʨʫʶʪ ʨʦʩʪ ʚ 3-5 ʨʘʟ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ʠ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢ 2030ʛ. ʅʘʧʨʠʤʝʨ, ɸʥʛʦʣʘ ʢ 2025 ʛʦʜʫ ʩʦʙʠʨʘʝʪʩʷ 

ʫʚʝʣʠʯʠʪʴ ʦʙʲʸʤ ʝʞʝʛʦʜʥʦ ʧʨʦʠʟʚʦʜʠʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ 1800 ʜʦ 9000 

ʄɺʪ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʠʝ ʤʘʩʰʪʘʙʳ ʥʘʨʘʱʠʚʘʥʠʷ ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʛʣʝʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʙʫʜʫʪ ʠʤʝʪʴ ʢʦʣʦʩʩʘʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʦʩʚʦʝʥʠʷ ɺʀʕ ʚ 

ʩʪʨʘʥʘʭ ʉʫʙʩʘʭʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ɸʬʨʠʢʠ. 

ɺ ʩʪʨʘʥʘʭ ɸʬʨʠʢʠ ʶʞʥʝʝ ʉʘʭʘʨʳ, ʠʤʝʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʛʝʣʠʦʨʝʩʫʨʩʦʚ (ʢʨʦʤʝ ʩʪʨʘʥ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʦʷʩʘ), ʧʨʦʚʝʜʝʥʥʳʝ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʦʮʝʥʢʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʧʦʩʝʣʝʥʠʡ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ 

ɸʬʨʠʢʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʝʪʝʡ ʃʕʇ ʠ ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 
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ʧʦʩʣʝʜʩʪʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʩʪʦʠʤʦʩʪʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʧʦʢʘʟʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʃʕʇ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ. ʅʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠ ʩʠʩʪʝʤ ʩ PV ʫʩʪʘʥʦʚʢʘʤʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʘʭ ʠʣʠ ʘʛʨʦʦʙʲʝʢʪʘʭ [6,7]. . ʇʨʦʛʨʘʤʤʳ ʨʘʟʤʝʱʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 

ʧʨʦʚʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʧʨʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʩʥʘʱʝʥʠʠ ʝʚʨʦʧʝʡʩʢʠʤʠ ʬʠʨʤʘʤʠ. ʄʦʱʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ 

ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 10-50 ʢɺʪ, ʜʣʷ ʩʥʘʙʞʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

(ʰʢʦʣʳ, ʤʝʜʧʫʥʢʪʳ, ʪʝʧʣʠʮʳ). ɺ ʨʝʛʠʦʥʝ ʨʘʙʦʪʘʝʪ ʌʦʥʜ ʨʘʟʚʠʪʠʷ ʪʦʨʛʦʚʣʠ 

ʫʛʣʝʨʦʜʥʳʤʠ ʘʢʪʠʚʘʤʠ ʚ ɸʬʨʠʢʝ (ɸʂɸɼ) ï ʵʪʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʝ ʧʘʨʪʥʝʨʩʪʚʦ, 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʝ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʇʨʦʛʨʘʤʤʳ ʆʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ ʧʦ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʝʝ ʮʝʥʪʨʘ çʈʠʩʝè. Aʂɸɼ, ʦʩʥʦʚʘʥʥʳʡ ʚ 2009 ʛʦʜʫ ʩʦʚʤʝʩʪʥʦ ʩʦ 

çʉʪʵʥʜʘʨʜ ʙʵʥʢè, ʩʣʫʞʠʪ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʥʘʯʘʣʴʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʦʜʠʪ ʢʦʥʩʫʣʴʪʘʮʠʠ ʜʣʷ çʟʝʣʝʥʳʭè ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ 

ʧʦ ʚʦʧʨʦʩʘʤ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʢʨʝʜʠʪʦʚ ʠ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʚ 

ʥʠʟʢʦʫʛʣʝʨʦʜʥʳʝ ʠʥʠʮʠʘʪʠʚʳ. 

Aʂɸɼ ʦʢʘʟʘʣ ʩʦʜʝʡʩʪʚʠʝ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʙʦʣʝʝ 15 ʧʨʦʝʢʪʦʚ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ 

ɸʬʨʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ ʪʝʯʝʥʠʝ 20 ʣʝʪ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʉʆ2 ʥʘ 5 ʤʣʥ. ʪʦʥʥ. ʂ 

ʧʨʠʤʝʨʘʤ ʫʩʧʝʰʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ Aʂɸɼ ʦʪʥʦʩʷʪʩʷ: ʢʨʫʧʥʝʡʰʠʡ ʧʨʦʝʢʪ ɺʕʉ ʊʫʨʢʘʥʘ 

(ʂʝʥʠʷ) ʚ ʩʪʨʘʥʘʭ ɸʬʨʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʶʛʫ ʦʪ ʉʘʭʘʨʳ; ʧʝʨʚʘʷ ʚ ʈʫʘʥʜʝ ʧʨʦʛʨʘʤʤʘ 

ʧʦ ʧʨʦʜʘʞʝ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʟʘʤʝʥʷʶʱʠʭ ʢʝʨʦʩʠʥʦʚʳʝ ʣʘʤʧʳ; ʧʨʦʛʨʘʤʤʘ ʧʦ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʰʘʤʦʪʥʦʛʦ ʢʠʨʧʠʯʘ ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ; ʠ ʧʨʦʝʢʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ çʟʝʣʝʥʦʛʦè ʜʨʝʚʝʩʥʦʛʦ ʫʛʣʷ ʠʟ ʙʠʦʤʘʩʩʳ ʦʪʭʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʤʝʩʪʥʳʤʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤʠ ʚ ʄʘʣʠ. ʊʘʢʞʝ ʚ ʄʘʣʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʷʤʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʫʭʫʜʰʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ 500 ʧʝʯʝʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʚ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦʜʜʝʨʞʢʠ 

ʤʝʩʪʥʦʡ ʘʩʩʦʮʠʘʮʠʠ çʅʘʟʘʭʘè ʧʦ ʦʭʨʘʥʝ ʟʜʦʨʦʚʴʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʘʥʥʳʡ ʧʨʦʝʢʪ, 

ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʝʥʦ ʦʢʦʣʦ 50 ʪʳʩ. ʜʦʣʣ. ʉʐɸ ʧʦ ʣʠʥʠʠ ʇʨʦʛʨʘʤʤʳ 

ʤʘʣʳʭ ʛʨʘʥʪʦʚ ɻʣʦʙʘʣʴʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʬʦʥʜʘ ʠ ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʆʨʛʘʥʠʟʘʮʠʠ 

ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ, ʥʘʮʝʣʝʥ ʥʘ ʫʢʨʝʧʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ, 

ʨʘʩʰʠʨʝʥʠʝ ʧʨʘʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʞʝʥʱʠʥ ʠ ʩʦʢʨʘʱʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʥʠʱʝʪʳ, ʘ ʪʘʢʞʝ 

ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʫʩʪʦʡʯʠʚʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʨʷʜʝ ʩʪʨʘʥ ɸʬʨʠʢʠ 

ʫʞʝ ʥʘʯʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʢʨʫʧʥʳʝ ʛʝʣʠʦʧʨʦʝʢʪʦʚ: ɼʞʠʙʫʪʠ - ʉʕʉ 200 ʄɺʪ, ʊʘʥʟʘʥʠʷ ï 

ʉʕʉ 45 ʄɺʪ, ʘ ʪʘʢʞʝ ʠʥʠʮʠʘʪʠʚʘ çʄʠʣʣʠʦʥ ʩʦʣʥʝʯʥʳʭ ʜʦʤʦʚè, ʅʠʛʝʨʠʷ ï ʉʕʉ 50 ʄɺʪ, 

ʩʪʦʠʤʦʩʪʴ 100 ʤʣʥ ʜʦʣʣ ʉʐɸ, ɿʘʤʙʠʷ ï ʜʚʝ ʉʕʉ ʧʦ 50 ʄɺʪ, ʅʘʤʠʙʠʷ ï ʉʕʉ 5 ʄɺʪ, 

ʧʨʦʝʢʪʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ɹʝʥʠʥʝ, ɿʠʤʙʘʙʚʝ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. 

ʉ 2013 ʛ. ʚ ʂʝʥʠʠ ʚr ʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʘʢʞʝ ʚʦʟʨʦʩʣʘ ʩ 1765 ʄɺʪ ʜʦ 2400 

Mɺʪ, ʙʦʣʝʝ 50% ʠʟ ʥʠʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʠ. ɹʣʘʛʦʜʘʨʷ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʉʐɸ ʚ ʦʙʲʝʤʝ ʚ 350 ʤʣʥ ʜʦʣʣ ʚ ʨʘʤʢʘʭ ʠʥʠʮʠʘʪʠʚʳ ɹʘʨʘʢʘ ʆʙʘʤʳ 

çʕʥʝʨʛʠʷ ɸʬʨʠʢʝè ʚ ʩʪʨʘʥʝ ʫʜʚʦʠʣʦʩʴ ʯʠʩʣʦ ʛʨʘʞʜʘʥ, ʠʤʝʶʱʠʭ ʜʦʩʪʫʧ ʢ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩ 13 ʤʣʥ ʜʦ 25 ʤʣʥ, ʚʚʝʜʝʥʦ ʚ ʩʪʨʦʡ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʵʣʝʢʪʨʠʯʝʩʪʚʫ ʙʦʣʝʝ 

ʯʝʤ ʚ 22 ʪʳʩ. ʰʢʦʣ, ʦʢʦʣʦ 4000 ʠʟ ʵʪʠʭ ʰʢʦʣ ʧʦʜʢʣʶʯʘʶʪʩʷ ʯʝʨʝʟ ʘʚʪʦʥʦʤʥʳʡ 

ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ. ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʂʝʥʠʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʢʨʝʜʠʪʘ ʦʪ 

ʬʨʘʥʮʫʟʩʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʚ 33 ʤʣʥ ʝʚʨʦ ʧʣʘʥʠʨʫʝʪ ʩʦʟʜʘʥʠʝ 23 ʩʦʣʥʝʯʥʳʭ ʤʠʥʠ-ʩʝʪʝʡ 

ʥʘ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ 9,6 ʄɺʪ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʦʚ ʥʘ ʩʝʚʝʨʝ ʩʪʨʘʥʳ.  

ɿʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʂʝʥʠʠ ʧʦʣʫʯʠʣʘ ʠ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. ʇʨʠ 

ʩʦʜʝʡʩʪʚʠʠ ʠʥʦʩʪʨʘʥʥʳʭ ʢʦʤʧʘʥʠʡ ʚʳʷʚʣʝʥʦ ʙʦʣʝʝ 14 ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ɻʝʦʕʉ, ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦ ʧʨʦʛʥʦʟʥʳʤ ʦʮʝʥʢʘʤ ʩʦʩʪʘʚʣʷʝʪ 
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ʦʢʦʣʦ 10 ʪʳʩ. ʄɺʪ. ʂʝʥʠʷ ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ ʩʨʝʜʠ ʘʬʨʠʢʘʥʩʢʠʭ ʩʪʨʘʥ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ɻʝʦʕʩ - 596 ʄɺʪ (ʈʠʩ.1).  

 
ʈʠʩ.1. ʋʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ɻʝʦʕʉ ʚ ʂʝʥʠʠ ʚ 2000-2014ʛʛ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʫʶʱʘʷ ʢʦʤʧʘʥʠʷ ʂʝʥʠʠ (KenGen) ʘʢʪʠʚʥʦ 

ʧʨʠʚʣʝʢʘʝʪ ʢʘʢ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ ʫʛʣʝʨʦʜʥʳʭ ʬʦʥʜʦʚ, ʪʘʢ ʠ 

ʯʘʩʪʥʳʝ ʠʥʦʩʪʨʘʥʥʳʝ ʠʥʚʝʩʪʠʮʠʠ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ 

ʵʤʠʩʩʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʀʕ, ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʳ ʫʛʦʣʴʥʳʤ ʊʕʉ 

ʧʦ ʧʨʦʝʢʪʘʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩ ʠʥʦʩʪʨʘʥʥʳʤ ʫʯʘʩʪʠʝʤ ʚ ʂʝʥʠʠ. ʇʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʧʣʘʥʫ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʜʦ 2030ʛ. çɺʟʛʣʷʜ ʚ ʙʫʜʫʱʝʝ (Kenya vision)è ʚ 

ʩʪʨʘʥʝ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʙʫʨʝʥʠʝ 566 ʥʦʚʳʭ ʩʢʚʘʞʠʥ ʥʘ ʪʨʝʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʧʦʣʷʭ (Olkaria, 

Menengai and Silali) ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʴʶ 2,6 ʤʣʨʜ ʜʦʣʣ ʉʐɸ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʜʦʚʝʩʪʠ 

ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ɻʝʦʕʉ ʩʪʨʘʥʳ ʜʦ 2330 ʄɺʪ ʢ 2030ʛ.  

ɸʬʨʠʢʘʥʩʢʠʝ ʩʪʨʘʥʳ ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʠ ʪʨʘʥʩʬʝʨʫ ʪʝʭʥʦʣʦʛʠʡ 

ʩ ʨʦʩʩʠʡʩʢʠʤʠ ʧʘʨʪʥʝʨʘʤʠ. ʊʘʢ, ʣʝʪʦʤ 2015 ʛʦʜʘ ʥʘ ʋʨʘʣʴʩʢʦʤ ʪʫʨʙʠʥʥʦʤ ʟʘʚʦʜʝ 

(ʭʦʣʜʠʥʛ ʈʆʊɽʂ) ʧʦʙʳʚʘʣʘ ʜʝʣʝʛʘʮʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʠ 

ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʠʟ ʘʬʨʠʢʘʥʩʢʠʭ ʩʪʨʘʥ: ʂʝʥʠʠ, ʖɸʈ, ʈʫʘʥʜʳ ʠ ʊʘʥʟʘʥʠʠ. ʆʩʥʦʚʥʦʡ ʪʝʤʦʡ 

ʚʠʟʠʪʘ ʩʪʘʣʦ ʦʙʩʫʞʜʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʘʚʦʢ ʫʨʘʣʴʩʢʠʭ ʪʫʨʙʠʥ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʦʙʲʝʢʪʦʚ ʛʝʥʝʨʘʮʠʠ ʚ ʩʪʨʘʥʘʭ ɸʬʨʠʢʠ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʷ ʵʩʢʠʟʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʘ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʪʫʨʙʠʥʳ ʤʦʱʥʦʩʪʴʶ 70 ʄɺʪ ʜʣʷ ʂʝʥʠʠ.  

ɺʓɺʆɼʓ  

ɼʣʷ ʩʪʨʘʥ ɸʬʨʠʢʠ ʶʞʥʝʝ ʉʘʭʘʨʳ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʦʛʦ ʜʦʩʪʫʧʘ ʥʘʩʝʣʝʥʠʷ ʢ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʶ ʩʪʦʠʪ ʢʨʘʡʥʝ ʦʩʪʨʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʟʝʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʥʦ, ʧʦʩʢʦʣʴʢʫ ʛʦʨʝʥʠʝ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ 

ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʫʩʪʘʥʦʚʢʠ ʟʘʚʠʩʷʪ ʦʪ 

ʥʘʜʸʞʥʦʩʪʠ ʧʦʩʪʘʚʦʢ ʛʦʨʶʯʝʛʦ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʨʠʩʢ ʢʨʘʞʠ ʪʦʧʣʠʚʘ. ʈʘʩʪʫʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ ʚ ʚʝʩʴʤʘ 

ʢʨʫʧʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʢʨʫʧʥʳʭ ʫʛʦʣʴʥʳʭ ʊʕʉ ʚ ʪʨʝʙʫʝʤʳʭ ʦʙʲʝʤʘʭ 

ʧʨʠʚʝʜʝʪ ʢ ʩʝʨʴʝʟʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ.  

 



INTERNATIONAL  RENEWABLE ɽNERGY CONGRESS REENCONï XXI 2016 31 

 

 

 

ʊʘʙʣʠʮʘ. ʇʨʦʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʀʕ ʩ ʠʥʦʩʪʨʘʥʥʳʤ ʫʯʘʩʪʠʝʤ ʚ ʂʝʥʠʠ ʠ ʦʮʝʥʢʘ ʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʇʨʦʝʢʪʳ ʀʥʚʝʩʪʦʨ/ɼʝʚʝʣʦʧʝ

ʨ 

ʂʦʤʧʘʥʠʷ 

ʩʦʙʩʪʚʝʥʥʠ

ʢ 

ʈʘʩʯʝʪʥʦʝ 

ʝʞʝʛʦʜʥʦʝ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

(ʩʥʠʞʝʥʠʝ) 

ʵʤʠʩʩʠʠ ʉʆ2 

(ʪʳʩ. ʪ ʉʆ2) 
ʇʨʦʝʢʪ ɹʠʦʕʉ ʄʫʤʠʘʩ 

ʂʦʛʝʥʝʨʘʮʠʷ ʥʘ ʙʘʛʘʩʩʝ  

ʋʛʣʝʨʦʜʥʦʝ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʗʧʦʥʠʠ  

Mumias 

Sugar 

Company  

125,591  

Sondu Miriu  Hydro Power 

Project  

ʋʛʣʝʨʦʜʥʳʡ ʬʦʥʜ 

ɼʘʥʠʠ (ɺʩʝʤʠʨʥʳʡ 

ʙʘʥʢ)  

KenGen  211,068  

Olkaria II Geothermal 

Expansion Project  

ʆʙʱʝʩʪʚʝʥʥʳʡ ʬʦʥʜ 

ʨʘʟʚʠʪʠʷ (ɺʩʝʤʠʨʥʳʡ 

ʙʘʥʢ)  

KenGen  149,632  

Conversion of the Kipevu 

Open Cycle Gas Turbine to 

Combined Cycle Operation  

ʋʛʣʝʨʦʜʥʳʡ ʬʦʥʜ 

ʨʘʟʚʠʪʠʷ (ɺʩʝʤʠʨʥʳʡ 

ʙʘʥʢ )  

KenGen  44,808  

ʇʝʨʝʦʩʥʘʱʝʥʠʝ ɻʕʉ Tana  ʋʛʣʝʨʦʜʥʳʡ ʬʦʥʜ 

ʨʘʟʚʠʪʠʷ (ɺʩʝʤʠʨʥʳʡ 

ʙʘʥʢ )  

KenGen  25,680  

ʄʦʜʝʨʥʠʟʘʮʠʷ ɻʕʉ 

Kiambere  

ʋʛʣʝʨʦʜʥʳʡ ʬʦʥʜ 

ʨʘʟʚʠʪʠʷ (ɺʩʝʤʠʨʥʳʡ 

ʙʘʥʢ )  

KenGen  38,758  

ʇʨʦʝʢʪ ɹʠʦʕʉ ʄʫʭʦʨʦʥʠ 

ʂʦʛʝʥʝʨʘʮʠʷ ʥʘ ʙʘʛʘʩʩʝ 

(ɺʩʝʤʠʨʥʳʡ ʙʘʥʢ ) 

Pioneer Carbon 

(ɸʥʛʣʠʷ)  

Muhoroni 

Sugar 

Company  

16,758  

ɻʝʦʕʉ Olkaria I ɹʣʦʢʠ 4 ʠ 5 

(140MW)  

ɺʩʝʤʠʨʥʳʡ ʙʘʥʢ  KenGen  

ɻʝʦʕʉ Olkaria III ʌʘʟʘ 2  ʂʦʤʧʘʥʠʷ 

çOrPower4è  

KenGen 177,60 

ɻʝʦʕʉ Olkaria IV (140MW)  ɺʩʝʤʠʨʥʳʡ ʙʘʥʢ  KenGen  

ɺʕʉ Ngong ɼʝʡʩʪʚʫʶʱʘʷ 

(5.1MW)  

KenGen  KenGen  

ɺʕʉ Ngong II (20MW)  KenGen  KenGen  

ɺʕʉ ʆʟʝʨʦ Turkana 300 MW  ʌʦʥʜ ʨʘʟʚʠʪʠʷ 

ɸʬʨʠʢʠ, ʗʧʦʥʠʷ, 

ʀʩʧʘʥʠʷ  

LTWP  736,615  

ʄɻʕʉ Sangôoro (21MW)  KenGen  KenGen  

ʇʨʦʝʢʪ ʩʦʭʨʘʥʝʥʠʷ ʣʝʩʦʚ 

Aberdare Range-ɻʦʨʳ ʄʘʣʘʷ 

ʂʝʥʠʷ  

ʂʘʥʘʜʘ, ʀʪʘʣʠʷ, 

ʃʶʢʩʝʤʙʫʨʛ  

 24,778 

ʉʦʩʪʘʚʣʝʥʦ ʧʦ [8].  

 

ʄʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ, ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʬʠʥʘʥʩʦʚʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʧʨʦʚʦʜʷʪ ʚ ʞʠʟʥʴ ʧʨʦʛʨʘʤʤʳ ʧʦʜʜʝʨʞʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʘʭ ʉʫʙʩʘʭʘʨʩʢʦʡ ɸʬʨʠʢʠ. ʀʥʠʮʠʘʪʠʚʘ ʆʆʅ 

çʋʩʪʦʡʯʠʚʘʷ ʵʥʝʨʛʝʪʠʢʘ ʜʣʷ ʚʩʝʭè (SE4ALL) ʠʤʝʝʪ ʮʝʣʴʶ ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʢ ʧʨʦʙʣʝʤʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠ ʧʦʚʳʩʠʪʴ 

ʦʩʦʟʥʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʥʷʪʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨ ʜʣʷ ʝʸ ʨʝʰʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʟʥʘʸʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʘʚʪʦʥʦʤʥʳʭ ʨʝʰʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʤʘʰʥʠʭ 
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ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʤʠʥʠ-ʩʝʪʝʡ ʚ ɸʬʨʠʢʝ, ʨʘʙʦʪʘʶʱʠʭ ʦʪ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʙʘʟʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ. ʇʨʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫʛʣʝʨʦʜʥʳʭ 

ʬʦʥʜʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʢʨʫʧʥʳʝ ʧʨʦʝʢʪʳ ʧʦ ʩʦʦʨʫʞʝʥʠʶ ɻʝʦʕʉ ʠ ɺʕʉ ʚ ʩʪʨʘʥʘʭ 

ɸʬʨʠʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʚ ʨʝʛʠʦʥʝ ʙʝʟ ʥʘʨʘʱʠʚʘʥʠʷ ʵʤʠʩʩʠʠ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 
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ɻɽʆʊɽʈʄɸʃʔʅɸʗ ʕʅɽʈɻɽʊʀʂɸ. ʇʈʆɹʃɽʄʓ ʈɸɿɺʀʊʀʗ 

GEOTHERMAL  ENERGY. THE PROBLEMS OF DEVE LOPMENT  
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Keywords: geothermal energy, geothermal resources, direct use. 

Abstract. The problems and perspectives of geothermal energy use in Russia and in the world are investigated. 

Russa has huge geothermal resources, but they are not utilized enough. It is necessary to use international 

experience and examples of success. 

 ɹʳʩʪʨʳʡ ʨʦʩʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʠ ʫʜʦʨʦʞʘʥʠʝ ʨʝʩʫʨʩʦʚ 

ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʦʙʦʩʪʨʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʟʘʩʪʘʚʣʷʶʪ ʤʠʨʦʚʫʶ 

ʵʢʦʥʦʤʠʢʫ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ɻʝʦʪʝʨʤʘʣʴʥʳʝ 

ʨʝʩʫʨʩʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ, ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʘʥʘʪʦʨʥʦ-ʙʘʣʴʥʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʦʚ. ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʳʤʠ ʟʘʧʘʩʘʤʠ ʛʠʜʨʦʛʝʦʪʝʨʤʘʣʴʥʳʭ, ʪ.ʝ. 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʠ ʧʝʪʨʦʪʝʨʤʘʣʴʥʳʭ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜʘʭ, ʨʝʩʫʨʩʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʣʝʢʦ ʥʝʜʦʩʪʘʪʦʯʥʦ [1-

14]. ʇʨʦʰʝʜʰʠʡ ʚ ɸʚʩʪʨʘʣʠʠ ʚ ʘʧʨʝʣʝ 2015 ʛ. ɺʩʝʤʠʨʥʳʡ ɻʝʦʪʝʨʤʘʣʴʥʳʡ ʂʦʥʛʨʝʩʩ 

ʧʦʜʚʝʣ ʥʝʢʦʪʦʨʳʝ ʠʪʦʛʠ ʨʘʟʚʠʪʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ. 

 ʅʘʠʙʦʣʝʝ ʷʨʢʠʭ ʫʩʧʝʭʦʚ ʚ ʨʘʟʚʠʪʠʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʷ ʜʦʩʪʠʛʣʘ ʥʘ 

ʂʘʤʯʘʪʢʝ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ ʥʘ ʂʘʤʯʘʪʢʝ, ʚʢʣʶʯʘʷ ʄʫʪʥʦʚʩʢʫʶ (50 

ʄɺʪ), ɺʝʨʭʥʝ-ʄʫʪʥʦʚʩʢʫʶ (12 ʄɺʪ) ʠ ʇʘʫʞʝʪʩʢʫʶ ɻʝʦʕʉ (14,5 ʄɺʪ ʚ 2014), 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 76,5 ʄɺʪ. ʕʪʦ ʩʦʩʪʘʚʣʷʝʪ 25 % ʧʦʪʨʝʙʥʦʩʪʠ ʨʝʛʠʦʥʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʧʨʝʢʨʘʱʝʥʠʷ ʧʦʩʪʘʚʦʢ ʤʘʟʫʪʘ ʥʘ ʧʦʣʫʦʩʪʨʦʚ ʨʝʰʠʪʴ 

ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʞʠʣʦʛʦ ʩʝʢʪʦʨʘ ʠ ʞʠʟʥʝʥʥʦ 

ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʘ ʂʫʨʠʣʘʭ ʨʘʙʦʪʘʶʪ ʜʚʝ ɻʝʦʕʉ ï ʤʦʱʥʦʩʪʴʶ 1,8 ʄɺʪ 

(ʄʝʥʜʝʣʝʝʚʩʢʘʷ ʥʘ ʦ. ʂʫʥʘʰʠʨ) ʠ 3,6 ʄɺʪ (ʆʢʝʘʥʩʢʘʷ ʥʘ ʦ. ʀʪʫʨʫʧ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ ɻʝʦʕʉ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 81,9 ʄɺʪ.  

ʀʥʪʝʨʝʩʥʦ ʩʨʘʚʥʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ 

ʩʪʨʘʥʘʤ (ʊʘʙ.1) [8]. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ ʉʝʚʝʨʥʳʡ ʂʘʚʢʘʟ, ɿʘʧʘʜʥʘʷ 

ʉʠʙʠʨʴ, ʇʨʠʙʘʡʢʘʣʴʝ, ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʠʡ ʨʝʛʠʦʥ, ʇʨʠʤʦʨʴʝ, ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʠʡ 

ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʧʦʷʩ. ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʚʥʫʪʨʝʥʥʝʝ ʪʝʧʣʦ ɿʝʤʣʠ ʤʦʞʝʪ 

ʦʩʚʘʠʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ. 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʟʘʥʠʤʘʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʦʨʛʘʥʠʟʘʮʠʡ. ʇʠʦʥʝʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʈʦʩʩʠʠ ʷʚʠʣʠʩʴ ʅʇʆ çʅʝʜʨʘè ʚ ʗʨʦʩʣʘʚʣʝ ʠ ɻʨʫʧʧʘ ʂʦʤʧʘʥʠʡ 

çʀʅʉʆʃɸʈ-ʀʅɺɽʉʊè ʚ ʄʦʩʢʚʝ. ʅʘ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʘʭ ʨʘʙʦʪʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʰʢʦʣʘ ʚ ʜʝʨʝʚʥʝ ʌʠʣʠʧʧʦʚʦ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ 

çʕʢʦʧʘʨʢ-ʌʠʣʠè, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʞʠʣʦʡ ʜʦʤ ʚ ʄʦʩʢʚʝ ʥʘ ʫʣʠʮʝ ɸʢʘʜʝʤʠʢʘ 

ɸʥʦʭʠʥʘ, 62, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʝ ʟʜʘʥʠʝ çɻʠʧʝʨʢʫʙè - ʧʝʨʚʦʝ ʟʜʘʥʠʝ ʠʥʥʦʛʨʘʜʘ 

"ʉʢʦʣʢʦʚʦ". 
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ʊʘʙʣʠʮʘ 1. ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʤʠʨʝ. 

ʉʪʨʘʥʘ 1990, 

ʄɺʪ 

1995, 

ʄɺʪ 

2000, 

ʄɺʪ 

2005, 

ʄɺʪ 

2010, 

ʄɺʪ 

2015, 

ʄɺʪ 

ɸʨʛʝʥʪʠʥʘ 0,67 0,67 0 0  0 0 

ɸʚʩʪʨʘʣʠʷ 0 0,17 0,17 0,2  0,1 1,1 

ɸʚʩʪʨʠʷ 0 0 0 1  1,4 1,2 

ʂʠʪʘʡ 19,2 28,78 29,17 28  24 27 

ʂʦʩʪʘ ʈʠʢʘ 0 55 142,5 163  166 207 

ʉʘʣʴʚʘʜʦʨ 95 105 161 151  204 204 

ʕʬʠʦʧʠʷ 0 0 8,52 7  7,3 7,3 

ʌʨʘʥʮʠʷ  4,2 4,2 4,2 15  16 16 

ɻʝʨʤʘʥʠʷ 0 0 0 0,2  6,6 27 

ɻʚʘʪʝʤʘʣʘ 0 33,4 33,4 33  52 52 

ʀʩʣʘʥʜʠʷ 44,6 50 170 322  575 665 

ʀʥʜʦʥʝʟʠʷ 144,75 309,75 589,5 797  1197 1340 

ʀʪʘʣʠʷ 545 631,7 785 790  843 916 

ʗʧʦʥʠʷ 214,6 413,71 546,9 535  536 519 

ʂʝʥʠʷ 45 45 45 127  202 594 

ʄʝʢʩʠʢʘ 700 753 755 953  958 1017 

ʅʦʚʘʷ 

ɿʝʣʘʥʜʠʷ 

283,2 286 437 435  762 1005 

ʅʠʢʘʨʘʛʫʘ 35 70 70 77  88 159 

ʇʘʧʫʘ ʅʦʚʘʷ 

ɻʚʠʥʝʷ 

0 0 0 39  56 50 

ʌʠʣʠʧʧʠʥʳ 891 1227 1909 1931  1904 1670 

ʇʦʨʪʫʛʘʣʠʷ 3 5 16 16  29 29 

ʈʦʩʩʠʷ  11 11 23 73  82 82 

ʊʘʡʚʘʥʴ 0 0 0 0 0 0,1 

ʊʘʡʣʘʥʜ 0,3 0,3 0,3 0,3  0,3 0,3 

ʊʫʨʮʠʷ 20,6 20,4 20,4 20,4  91 397 

ʉʐɸ 2774,6 2816,7 2228 2544  3098 3450 

ɺʉɽɻʆ 5831,72 6833,38 7974,06 9058,1 10897 12635 

 

ʆʥʦ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʢʫʙʘ ʩ ʨʝʙʨʦʤ, ʨʘʚʥʳʤ 30 ʤ, ʠʤʝʝʪ ʩʝʤʴ ʵʪʘʞʝʡ ʠ ʧʣʦʱʘʜʴ, 

ʨʘʚʥʫʶ 6 ʪʳʩ. ʢʚ. ʤʝʪʨʦʚ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ çɻʠʧʝʨʢʫʙʘè ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʵʨʛʦʥʦʤʠʢʠ ʠ 

ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʵʢʩʧʣʫʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. ɿʜʘʥʠʝ ʩʥʘʙʞʝʥʦ ʩʦʣʥʝʯʥʳʤʠ 

ʙʘʪʘʨʝʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʝʛʦ ʶʞʥʦʤ ʬʘʩʘʜʝ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʩʚʝʱʝʥʠʷ 

ʢʦʨʠʜʦʨʦʚ, ʣʝʩʪʥʠʮ ʠ ʪ.ʜ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʚʥʫʪʨʠ ʟʜʘʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ ʠʟ ʘʨʪʝʟʠʘʥʩʢʠʭ ʩʢʚʘʞʠʥ ʠ ʢʨʫʛʣʳʡ ʛʦʜ ʠʤʝʝʪ 

ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʦʣʦ 5 Áʉ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ çɻʠʧʝʨʢʫʙʘè 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʦʩʩʠʡʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ Vizerra, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʝ 

3D-ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʝʨʚʳʤʠ ʨʝʟʠʜʝʥʪʘʤʠ çɻʠʧʝʨʢʫʙʘè ʩʪʘʣʠ ʦʢʦʣʦ ʜʚʫʭ 

ʜʝʩʷʪʢʦʚ ʢʦʤʧʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ Cisco, IBM ʠ Siemens. 

 ʉʪʨʦʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ LEED (Leadership in Energy 

& Environmental Design Standards) - ʵʪʦ ʨʝʡʪʠʥʛʦʚʘʷ ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʝʢʪʦʚ ʠ 

ʟʜʘʥʠʡ ʠʩʭʦʜʷ ʠʟ ʫʨʦʚʥʷ ʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʠ 

ʵʢʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɸʤʝʨʠʢʘʥʩʢʠʤ ʉʦʚʝʪʦʤ ʧʦ ɿʝʣʝʥʳʤ ɿʜʘʥʠʷʤ ï United 

States Green Building Council. 
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 ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʡʪʠʥʛʘ LEED ʚ ɻʠʧʝʨʢʫʙʝ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʩʭʝʤʘ ʥʘ ʙʘʟʝ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ Stibel Eltron WPF 66 G. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʪʝʧʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʫʬʝʨʥʘʷ ʝʤʢʦʩʪʴ ʦʙʲʝʤʦʤ 1500ʣ, ʢʦʪʦʨʘʷ ʧʦʜʢʣʶʯʝʥʘ ʢ ʪʨʠʥʘʜʮʘʪʠ 

ʛʝʦʪʝʨʤʘʣʴʥʳʤ ʟʦʥʜʘʤ. ɻʣʫʙʠʥʘ ʢʘʞʜʦʛʦ ʟʦʥʜʘ ʩʦʩʪʘʚʣʷʝʪ 80ʤ. ʊʘʢʘʷ ʩʭʝʤʘ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʤʠ ʠ ʪʨʝʭʭʦʜʦʚʳʤʠ ʢʣʘʧʘʥʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʪʝʧʣʦʚʦʤʫ ʥʘʩʦʩʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʠ ʥʘ ʚʳʨʘʙʦʪʢʫ 

ʪʝʧʣʘ. 

 ɸʚʪʦʤʘʪʠʢʘ ʊʅʋ ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʩʠʩʪʝʤʫ çʫʤʥʦʛʦ ʜʦʤʘè ɻʠʧʝʨʢʫʙʘ ʠ 

ʫʧʨʘʚʣʷʝʪʩʷ ʢʦʤʧʴʶʪʝʨʦʤ ʦʧʝʨʘʪʦʨʘ ʩʣʫʞʙʳ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʘʝʪ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʠʟʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʦʥʪʫʨʘʭ ʠ ʩʘʤʘ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʚʢʣʶʯʝʥʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ, ʜʚʠʛʘʪʝʣʝʡ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʦʚ ʠ ʢʦʤʧʨʝʩʩʦʨʘ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. 

 ʆʩʦʙʝʥʥʦ ʰʠʨʦʢʦ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʪʪʝʜʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʈʦʩʩʠʠ ʠʤʝʝʪ ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʨʝʟʝʨʚʳ 

ʟʜʝʩʴ ʦʛʨʦʤʥʳ. 

 ʀʩʪʦʯʥʠʢʦʤ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʛʨʫʥʪ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ɿʝʤʣʠ, ʚʦʜʦʸʤʳ ʠ ʧʨʠʨʦʜʥʳʝ ʚʦʜʥʳʝ ʧʦʪʦʢʠ, ʦʢʨʫʞʘʶʱʠʡ ʚʦʟʜʫʭ, 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʚʳʙʨʦʩʳ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʩʪʦʢʠ, ʩʙʨʦʩʥʦʝ 

ʪʝʧʣʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

 ʀʤʧʫʣʴʩʦʤ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʤʠʨʝ ʧʦʩʣʫʞʠʣ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ 1973 ʛʦʜʘ. ɿʘ 3 ʛʦʜʘ ʨʳʥʦʢ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʉʐɸ ʜʦʩʪʠʛ 

ʫʨʦʚʥʷ 300 000 ʫʩʪʘʥʦʚʦʢ ʚ ʛʦʜ.  

 ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʠ ʩʠʩʪʝʤʳ ʧʦʣʫʯʠʣʠ ʚ ʉʐɸ, ʂʘʥʘʜʝ, ʗʧʦʥʠʠ, 

ʀʩʣʘʥʜʠʠ, ɸʚʩʪʨʠʠ, ɻʝʨʤʘʥʠʠ, ʐʚʝʮʠʠ, ʐʚʝʡʮʘʨʠʠ. 

 ʊʝʤʧʳ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 30-40%. 

ʊʘʢ ʚ ʗʧʦʥʠʠ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʙʦʣʝʝ 10 ʤʣʥ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʚ ʉʐɸ ʝʞʝʛʦʜʥʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ 1 ʤʣʥ ʫʩʪʘʥʦʚʦʢ. ɺ ʐʚʝʮʠʠ ʧʦʣʫʯʘʶʪ ʦʪ ʪʝʧʣʦʥʘʩʦʩʦʚ ʙʦʣʝʝ 50% ʪʝʧʣʘ. 

ʄʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ ʚʝʣʠʯʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ɿʝʤʣʠ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʐʚʝʡʮʘʨʠʷ. 

 ɺ ʈʦʩʩʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʢʦʣʦ 1000 ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʛʦʜ, ʯʪʦ, ʢʦʥʝʯʥʦ, 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɼʘʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʢʦʥʦʤʠʠ ʚ ʦʪʦʧʣʝʥʠʠ, ʩʣʘʙʘʷ 

ʛʘʟʠʬʠʢʘʮʠʷ ʩʪʨʘʥʳ, ʦʛʨʦʤʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʠ 

ʦʪʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʩʪʦʣʴ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʪʨʘʩʣʠ. 

 ʉʦʯʝʪʘʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʩ ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ï ʩʦʣʥʮʘ, ʚʝʪʨʘ, ʙʠʦʪʦʧʣʠʚʘ ï ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʵʢʦʣʦʛʠʯʥʦʛʦ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

 ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʤ ʜʘʥʥʳʝ ʧʦ ʧʨʷʤʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʚ ʤʠʨʝ [9] (ʊʘʙ. 2, 3). 

ʊʘʙʣʠʮʘ 2. ʇʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʤʠʨʝ 

ʉʪʨʘʥʘ 1995  1995 2000 2000  2015 2015 

 ʄʦʱʥʦʩʪʴ 

ʄɺʪ 

ʕʥʝʨʛʠʷ  

ʊɼʞ/ʛ 

ʄʦʱʥʦʩʪʴ 

ʄɺʪ 

ʕʥʝʨʛʠʷ  

ʊɼʞ/ʛ 

ʄʦʱʥʦʩʪʴ 

ʄɺʪ 

ʕʥʝʨʛʠʷ  

ʊɼʞ/ʛ 

ɸʣʙʘʥʠʷ     16,23 107,59 

ɸʣʞʠʨ 100 1657 100 1586 54.64 1699,65 

ɸʨʛʝʥʪʠʥʘ     25,7 449 163,60 1000,03 

ɸʨʤʝʥʠʷ    1 15 1,50 22,50 

ɸʚʩʪʨʘʣʠʷ     34,4 351 16,09 194,36 

ɸʚʩʪʨʠʷ 21,1 200 255,3 1609 903,40 6538 

ɹʝʣʘʨʫʩʴ     4,73 113,53 
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ɹʝʣʴʛʠʷ 3,9 101,6 3,9 107 206,08 864,40 

ɹʦʩʥʠʷ ʠ 

ɻʝʨʮʝʛʦʚʠʥʘ 

    23,92 252,33 

ɹʨʘʟʠʣʠʷ     360,10 6622,40 

ɹʦʣʛʘʨʠʷ 133,1 778,5 107,2 1637 93,11 1224,42 

ʂʘʥʘʜʘ 1,68 47 377,6 1023 1466,78 11615 

ʂʘʨʠʙʩʢʠʝ 

ʦʩʪʨʦʚʘ 

    0,1 1 0,1 2,78 

ʏʠʣʠ     0,4 7 19,91 186,12 

ʂʠʪʘʡ 1915 16981 2282 37908 17870 17435 

ʂʦʣʫʤʙʠʷ     13,3 266 18 289,88 

ʂʦʩʪʘ ʈʠʢʘ     1 21 

ʍʦʨʚʘʪʠʷ     113,9 555 79,94 684,49 

ʏʝʭʠʷ     12,5 128 304,50 1790 

ɼʘʥʠʷ 3,5 45 7,4 75 353 3755 

ʕʢʚʘʜʦʨ     5,16 102,40 

ɽʛʠʧʝʪ     1 15 6,80 88 

ʉʘʣʴʚʘʜʦʨ     3,36 56 

ʕʩʪʦʥʠʷ     63 356 

ʕʬʠʦʧʠʷ     2,20 41,60 

ʌʠʥʣʷʥʜʠʷ     80,5 484 1560 18000 

ʌʨʘʥʮʠʷ 599 7350 326 4895 2346,90 15867 

ɻʨʫʟʠʷ 245 7685 250 6307 73,42 695,16 

ɻʝʨʤʘʥʠʷ 32 303 397 1568 2848,60 19531,30 

ɻʨʝʮʠʷ 22,6 135 57,1 385 221,88 1326,45 

ɻʨʝʥʣʘʥʜʠʷ     1 21 

ɻʚʘʪʝʤʘʣʘ 2,64 83 4,2 117 2,31 56,46 

ɻʦʥʜʫʨʘʩ     0,7 17 1,93 45 

ɺʝʥʛʨʠʷ 340 5861 472,7 4086 905,58 10268,06 

ʀʩʣʘʥʜʠʷ 1443 21158 1469 20170 2040 26717 

ʀʥʜʠʷ     80 2517 986 4302 

ʀʥʜʦʥʝʟʠʷ     2,3 43 2,30 42,60 

ʀʨʘʥ     81,50 1103,12 

ʀʨʣʘʥʜʠʷ     265,54 1240,54 

ʀʟʨʘʠʣʴ 44,2 1196 63,3 1713 82,40 2193 

ʀʪʘʣʠʷ 307 3629 325,8 3774 1014 8682 

ʗʧʦʥʠʷ 319 6942 1167 26933 2186,17 26130,08 

ʀʦʨʜʘʥʠʷ     153,3 1540 153,30 1540 

ʂʝʥʠʷ      1,3 10 22,40 182,62 

ʂʦʨʝʷ (ʖʞ.)      35,8 753 835,60 2682,65 

ʃʘʪʚʠʷ     1,63 31,81 

ʃʠʪʚʘ     21 599 94,60 712,90 

ʄʘʢʝʜʦʥʠʷ 69,5 509,6 81,2 510 48,68 601,11 

ʄʘʜʘʛʘʩʢʘʨ     2,81 75,59 

ʄʝʢʩʠʢʘ     164,2 3919 155,82 4171 

ʄʦʥʛʦʣʠʷ     20,16 340,46 

ʄʘʨʦʢʢʦ     5 50 

ʅʝʧʘʣ     1,1 22 3,32 81,11 

ʅʠʜʝʨʣʘʥʜʳ     10,8 57 790 6426 

ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ 264 6614 307,9 7081 487,45 8621 

ʅʦʨʚʝʛʠʷ     6 32 1300 8260 

ʇʘʢʠʩʪʘʥ     0,54 2,46 
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ʇʘʧʫʘ ʅʦʚʘʷ 

ɻʚʠʥʝʷ 

    0,10 1 

ʇʝʨʫ     2,4 49 3 61 

ʌʠʣʠʧʧʠʥʳ     1 25 3,30 39,58 

ʇʦʣʴʰʘ 63 740 68,5 275 488,84 2742,60 

ʇʦʨʪʫʛʘʣʠʷ     5,5 35 35,20 478,20 

ʈʫʤʳʥʠʷ 137 2753 152,4 2871 245,13 1905,32 

ʈʦʩʩʠʷ 210 2422 308,2 6144 308,20 6143,50 

ʉʘʫʜʦʚʩʢʘʷ 

ɸʨʘʚʠʷ 

    44 152,89 

ʉʝʨʙʠʷ     115,64 1802,48 

ʉʣʦʚʘʢʠʷ 99,7 1808 132,3 2118 149,40 2469,60 

ʉʣʦʚʝʥʠʷ 37 761 42 705 152,75 37 

ʖʞʥʘʷ ɸʬʨʠʢʘ     2,30 37 

ʀʩʧʘʥʠʷ     64,13 344,85 

ʐʚʝʮʠʷ 47 960 377 4128 5600 51920 

ʐʚʝʡʮʘʨʠʷ 110 3470 547,3 2386 1733,08 11836,80 

ʊʘʜʞʠʢʠʩʪʘʥ     2,93 55,40 

ʊʘʡʣʘʥʜ     0,7 15 128,51 1181,20 

ʊʫʥʠʩ     23,1 201 43,80 364 

ʊʫʨʮʠʷ 140 1987 820 15756 2886,30 45126 

ʋʢʨʘʠʥʘ     10,90 118,80 

ɺʝʣʠʢʦʙʨʠʪʘʥʠ

 ̫

    2,9 21 283,76 1906,50 

ʉʐɸ 1874 13890 3766 20302 17415,91 75862,20 

ɺʝʥʝʩʫʵʣʘ     0,7 14 0,70 14 

ɺʴʝʪʥʘʤ     31,20 92,33 

ʁʝʤʝʥ     1 15 1 15 

ʖʛʦʩʣʘʚʠʷ 80 2375 80 2375   

ɺʉɽɻʆ 8604 112441 15145 190699 70358,98 587786.43 

 

ʊʘʙʣʠʮʘ 3. ʉʫʤʤʘʨʥʦʝ ʧʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʤʠʨʝ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʢʘʪʝʛʦʨʠʷʤ (ʄʦʱʥʦʩʪʴ, ʄɺʪ) 

 1995 2000 2005 2010 2015 

ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ 1854 5275 15384 33134 49898 

ʆʙʦʛʨʝʚ ʞʠʣʴʷ 2579 3263 4366 5394 7556 

ʊʝʧʣʠʮʳ 1085 1246 1404 1544 1830 

ɹʘʩʩʝʡʥʳ 1097 605 616 653 695 

ʉ.-ʭ. ʩʫʰʢʘ 67 74 157 125 161 

ʀʥʜʫʩʪʨʠʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

544 474 484 533 610 

ɼʫʰʝʚʳʝ 1085 3957 5401 6700 9140 

ʆʭʣʘʞʜʝʥʠʝ/ʩʥʝʛʦʪʘʷʥʠʝ 115 114 371 368 360 

ɼʨʫʛʦʝ 238 137 86 42 79 

ɺʩʝʛʦ 8664 15145 28269 48493 70329 
 

 ɺ ʦʢʪʷʙʨʝ 2014 ʛʦʜʘ ʧʨʦʰʝʣ ʜʚʫʭʜʥʝʚʥʳʡ ʩʘʤʤʠʪ ʛʣʘʚ ʩʪʨʘʥ ɽʚʨʦʩʦʶʟʘ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʨʠʥʷʪʘ ʩʪʨʘʪʝʛʠʷ ʧʦ ʢʣʠʤʘʪʫ ʠ ʵʥʝʨʛʝʪʠʢʝ ʜʦ 2030 ʛʦʜʘ. ʆʩʥʦʚʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʥʘ ʨʳʥʢʝ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʆɺʂ) ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʩʦʶʟʘ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɼʠʨʝʢʪʠʚʳ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

(2012) ʠ ɼʠʨʝʢʪʠʚʳ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʵʥʝʨʛʠʠ (2009). ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʵʪʠʭ ʜʦʢʫʤʝʥʪʦʚ ï ʧʦʜʚʠʛʥʫʪʴ ʨʳʥʦʢ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ 

ʟʜʘʥʠʡ ʩ ʥʫʣʝʚʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʪ.ʝ. ʫʛʣʷ, ʥʝʬʪʠ ʠ ʛʘʟʘ. 

 ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʆɺʂ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʟʜʘʥʠʡ. ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ ʧʣʘʥʝʪʳ ʦʪ ʨʘʡʦʥʦʚ ʩ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʦʡ ʜʦ ʵʢʚʘʪʦʨʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʟʜʘʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ ʠ ʭʦʣʦʜʦʤ. ɹʫʜʫʱʝʝ ʟʘ ʛʠʙʨʠʜʥʳʤʠ 

ʪʝʧʣʦʥʘʩʦʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʪʝʧʣʦʭʣʘʜʦʩʥʘʙʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʥʠʟʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʨʫʥʪ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʪʝʧʣʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʟʜʘʥʠʡ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʩʝʛʦʜʥʷ ʫʞʝ 

ʧʦʚʩʝʤʝʩʪʥʦ ʜʦʩʪʫʧʥʘ. 

 ʇʝʪʨʦʛʝʦʪʝʨʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʉʐɸ, ɸʚʩʪʨʘʣʠʠ, ɸʥʛʣʠʠ, 

ɻʝʨʤʘʥʠʠ, ʗʧʦʥʠʠ, ʌʨʘʥʮʠʠ. ɿʘʧʘʩʳ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʦʛʨʦʤʥʳ. ʇʝʨʩʧʝʢʪʠʚʳ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʥʜʠʦʟʥʳ ʠ ʟʘ ʥʠʤʠ ʙʫʜʫʱʝʝ. ʉʝʡʯʘʩ ʚ ʈʦʩʩʠʠ ʦʧʷʪʴ ʚʦʟʥʠʢ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʧʣʘ ʩʫʭʠʭ ʛʦʨʷʯʠʭ ʧʦʨʦʜ, ʯʪʦ ʚʳʟʚʘʥʦ ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ 

ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ.  
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ʌʋʅɼɸʄɽʅʊɸʃʔʅɸʗ ʅɸʋʂɸ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʈɸɿɺʀʊʀɽ 

FUNDAMENTAL SCIENCE AND TECHNOLOGY DEVELOPME NT 

ʉʪʨʝʙʢʦʚ ɼ.ʉ. 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

(ɺʀʕʉʍ), ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

Strebkov D.S. 

 

Summary. The forecast and search of new sources of development is a priority task of fundamental science. The 

task of scientists ï to predict future, relying on prior experience and potential opportunities of scientific and 

technology development. 

Upon transition to the sixth technological way scientists shall provide strategic planning and formulate the main 

directions of development of Russia in the 21st century. 

The main challenges, threats and risks in the 21st century are displaced from military and nuclear, food and energy 

security to the ecological safety connected with global warming of climate. By our researches it is shown that 

signed in 2016 the Parisian agreement on restriction of emission of greenhouse gases has no justification reasons, 

and anthropogenous thermal pollution of the atmosphere is the main reason of global warming of climate. By 

different estimates, in 20-60 years there can be a non-return point on warming of climate of Earth when no material 

resources of mankind are able to stop the global disaster connected with thawing of glaciers, increase in level of 

the ocean on 80-100 m and transition of Earth climate to a condition incompatible with biological life. 

Urgent transition to fuel-free power, creation of the electric generators using energy of the environment with its 

chilling and change of radiation balance of Earth by increase in albedo of the cities and deserts and the radiation 

of excessive energy in the optical range in an outer space is necessary. 

The new technologies determining development of power in the 21st century and transition of a modern civilization 

to a way of sustainable noosphere development are considered. The forecast of the main directions of technology 

development of Russia and world economy till 2100 is provided. 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʛʥʦʟ ʠ ʧʦʠʩʢ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʰʝʩʪʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʫʢʣʘʜʫ ʫʯʝʥʳʝ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʛʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʚ 21 ʚʝʢʝ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ ʚ 21 ʚʝʢʝ ʠ ʧʝʨʝʭʦʜ ʩʦʚʨʝʤʝʥʥʦʡ 

ʮʠʚʠʣʠʟʘʮʠʠ ʥʘ ʧʫʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʥʦʦʩʬʝʨʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʨʦʛʥʦʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʠ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʜʦ 2100 ʛʦʜʘ. 

Keywords: forecast of technology development, ecological safety, new energy technologies. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʥʦʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ. 

ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʘ ʫʯʝʥʳʭ ï ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʙʫʜʫʱʝʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʦʧʳʪ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʫʯʥʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʆʩʥʦʚʥʳʝ ʚʳʟʦʚʳ, ʫʛʨʦʟʳ ʠ ʨʠʩʢʠ ʚ 21 ʚʝʢʝ ʩʤʝʱʘʶʪʩʷ ʦʪ ʚʦʝʥʥʦ-ʷʜʝʨʥʦʡ, 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʛʣʦʙʘʣʴʥʳʤ ʧʦʪʝʧʣʝʥʠʝʤ ʢʣʠʤʘʪʘ. ʅʘʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʜʧʠʩʘʥʥʦʝ ʚ 2016 ʛ. ʇʘʨʠʞʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ ʦʙ ʦʛʨʘʥʠʯʝʥʠʠ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ 

ʥʝ ʠʤʝʝʪ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʘ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ 

ʷʚʣʷʝʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʪʝʧʣʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ. [1-3]. ʇʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ, 

ʯʝʨʝʟ 20-60 ʣʝʪ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʪʦʯʢʘ ʥʝʚʦʟʚʨʘʪʘ ʧʦ ʧʦʪʝʧʣʝʥʠʶ ʢʣʠʤʘʪʘ ɿʝʤʣʠ, ʢʦʛʜʘ 

ʥʠʢʘʢʠʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʝ ʩʤʦʛʫʪ ʦʩʪʘʥʦʚʠʪʴ ʛʣʦʙʘʣʴʥʫʶ 

ʢʘʪʘʩʪʨʦʬʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʪʘʷʥʠʝʤ ʣʝʜʥʠʢʦʚ, ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʦʢʝʘʥʘ ʥʘ 80-100 ʤ ʠ 

ʧʝʨʝʭʦʜʘ ʟʝʤʥʦʛʦ ʢʣʠʤʘʪʘ ʚ ʩʦʩʪʦʷʥʠʝ, ʥʝʩʦʚʤʝʩʪʠʤʦʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʞʠʟʥʴʶ. 

ʅʝʦʙʭʦʜʠʤ ʩʨʦʯʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʙʝʩʪʦʧʣʠʚʥʫʶ ʵʥʝʨʛʝʪʠʢʫ, ʩʦʟʜʘʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʵʥʝʨʛʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʝʝ 

ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʠʟʤʝʥʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʘʣʴʙʝʜʦ 
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ʛʦʨʦʜʦʚ ʠ ʧʫʩʪʳʥʴ ʠ ʠʟʣʫʯʝʥʠʝ ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚ ʦʪʢʨʳʪʳʡ 

ʢʦʩʤʦʩ. 

ʅʘʫʢʘ ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʛʥʦʟʘ ʠ ʧʦʠʩʢʘ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʚʠʪʠʷ. 

ɸʢʘʜʝʤʠʢ ʈɸʅ ʉʝʨʛʝʡ ɻʣʘʟʴʝʚ ʧʦʜʯʝʨʢʠʚʘʣ, ʯʪʦ ʜʣʷ ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʢʣʘʜʘ ʦʯʝʥʴ ʚʘʞʥʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ. ʉʪʨʘʪʝʛʠʷ ʦʧʝʨʝʞʘʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʵʢʩʧʝʨʪʥʳʡ ʦʪʙʦʨ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʚʝʥʯʫʨʥʦʝ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʢʨʝʜʠʪʦʚʘʥʠʝ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ. ɼʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʤʥʦʛʦʵʰʝʣʦʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅ. ʊʝʩʣʘ ʧʠʩʘʣ, ʯʪʦ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʚʦʣʶʮʠʠ ʯʝʣʦʚʝʢʘ ʠʤʝʝʪ 

ʩʦʟʜʘʥʠʝ ʠʟʦʙʨʝʪʝʥʠʡ. ʕʪʦ ʩʘʤʳʡ ʚʘʞʥʳʡ ʧʨʦʮʝʩʩ ʝʛʦ ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚʢʣʘʜ ʈʦʩʩʠʠ ʚ ʛʣʦʙʘʣʴʥʳʡ ʚʘʣʦʚʳʡ ʧʨʦʜʫʢʪ 3 %, ʘ ʜʦʣʷ ʈʦʩʩʠʠ ʥʘ ʨʳʥʢʝ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ï 0,3 %, ʪ.ʝ. ʚ 10 ʨʘʟ ʤʝʥʴʰʝ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʂʠʪʘʝ, ʉʐɸ ʠ ʈʦʩʩʠʠ 

ˉ  ̄ ʉʪʨʘʥʘ ʏʠʩʣʦ ʚʳʜʘʥʥʳʭ ʧʘʪʝʥʪʦʚ ʟʘ ʛʦʜ 

1 ʂʠʪʘʡ 1 300 000 

2 ʉʐɸ 500 000 

3 ʉʉʉʈ 300 000 

4 ʈʦʩʩʠʷ 29 000 

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʥʘʫʢʠ ʚ ʈʦʩʩʠʠ ʚ 5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʐʚʝʡʮʘʨʠʠ, ʚ 

3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚʦ ʌʨʘʥʮʠʠ ʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʕʩʪʦʥʠʠ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2. ʈʘʩʭʦʜʳ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʥʘʫʢʫ, % ʦʪ ɺɺʇ ʚ ʧʨʦʤʳʰʣʝʥʥʦ-ʨʘʟʚʠʪʳʭ 

ʩʪʨʘʥʘʭ 

 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʝʢʨʘʱʝʥʠʝ ʙʝʩʩʤʳʩʣʝʥʥʦʡ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʩʣʦʞʠʚʰʝʡʩʷ ʚ 

ʪʝʯʝʥʠʝ 86 ʣʝʪ ʩʠʩʪʝʤʳ ʠʥʩʪʠʪʫʪʦʚ ʈɸʅ ʠ ʚʳʚʦʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ ʠʟ-ʧʦʜ 

ʶʨʠʩʜʠʢʮʠʠ ʌɸʅʆ ʚ ʯʘʩʪʠ ʫʪʚʝʨʞʜʝʥʠʷ ʧʣʘʥʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠʥʩʪʠʪʫʪʦʚ ʠ ʠʭ ʨʫʢʦʚʦʜʩʪʚʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ˉ  ̄ ʉʪʨʘʥʘ % ʦʪ ɺɺʇ 

1 ʐʚʝʡʮʘʨʠʷ 0,9 

2 ʖʞʥʘʷ ʂʦʨʝʷ 0,76 

3 ʀʩʣʘʥʜʠʷ 0,65 

4 ʅʠʜʝʨʣʘʥʜʳ 0,56 

5 ʌʨʘʥʮʠʷ 0,54 

6 ʕʩʪʦʥʠʷ 0,37 

7 ʉʣʦʚʘʢʠʷ 0,31 

8 ʇʦʨʪʫʛʘʣʠʷ 0,29 

9 ɻʨʝʮʠʷ 0,28 

10 ʇʦʣʴʰʘ 0,23 

11 ʈʦʩʩʠʷ 0,18 

12 ʏʠʣʠ 0,12 

13 ʄʝʢʩʠʢʘ 0,11 
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ɼʣʷ ʫʩʠʣʝʥʠʷ ʨʦʣʠ ʥʘʫʢʠ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʚʝʜʝʥʠʝ 

ʜʦʣʞʥʦʩʪʠ ʚʠʮʝ-ʧʨʝʤʴʝʨʘ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʧʦ ʥʘʫʢʝ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʥʘ ʵʪʫ ʜʦʣʞʥʦʩʪʴ 

ʘʢʘʜʝʤʠʢʘ ʈɸʅ ʠ ʚʚʝʜʝʥʠʝ ʜʦʣʞʥʦʩʪʝʡ ʟʘʤʝʩʪʠʪʝʣʝʡ ʤʠʥʠʩʪʨʘ ʧʦ ʥʘʫʢʝ ʚʦ ʚʩʝ 

ʥʘʫʢʦʝʤʢʠʝ ʤʠʥʠʩʪʝʨʩʪʚʘ (ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʵʥʝʨʛʝʪʠʢʠ, 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʜʨ.) ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʥʘ ʜʦʣʞʥʦʩʪʠ ʘʢʘʜʝʤʠʢʦʚ ʠʣʠ ʯʣʝʥ - 

ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʚ ʈɸʅ. 

ʉ ʮʝʣʴʶ ʨʘʟʚʠʪʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʝʥʠʝ ʚ ʙʶʜʞʝʪʥʳʝ ʧʣʘʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ 

ʟʘʱʠʱʝʥʥʳʭ ʩʪʘʪʝʡ ʨʘʩʭʦʜʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʦʭʨʘʥʝ ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ (ʧʘʪʝʥʪʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ), ʩʦʟʜʘʥʠʶ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʠ 

ʧʠʣʦʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʦʚʦʡ ʪʝʭʥʠʢʠ, ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʚʝʜʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʪʯʝʪʥʦʩʪʠ ʧʦ ʵʪʠʤ ʨʘʟʜʝʣʘʤ ʧʣʘʥʘ. 

ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʵʥʝʨʛʠʷ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʛʝʥʝʨʠʨʫʶʱʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʩʝʭ 

ʚʠʜʦʚ, ʜʦʚʦʜʠʪʩʷ ʜʦ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦ ʩʠʩʪʝʤʘʤ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʛʜʝ 

ʩʫʱʝʩʪʚʝʥʥʘʷ ʝʝ ʯʘʩʪʴ ʪʝʨʷʝʪʩʷ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʣʫʯʘʝʤʘʷ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝʵʬʬʝʢʪʠʚʥʦ ʠʟ-ʟʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʷʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʘʪʝʛʠʡ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʫʢʘʟʘʥʥʳʭ ʧʨʠʯʠʥ ʪʝʭʥʠʯʝʩʢʦʛʦ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʜʦ 40-50% ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʧʦʣʝʟʥʦ 

ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʊʘʢ, ʚ ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʠʩʧʦʣʴʟʫʝʤʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 420 ʤʣʥ. ʪ ʫ. ʪ., ʠʣʠ 45% ʦʪ ʚʩʝʛʦ ʫʨʦʚʥʷ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ 2005 ʛ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʧʦʪʝʨʷʤʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚ ʤʠʨʝ ʚ ʩʨʝʜʥʝʤ 8,8% ʦʪ ʝʝ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʦʙʲʝʤʘ. ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʧʨʝʚʳʰʘʶʪ ʦʙʲʝʤ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʪʘʢʦʡ 

ʩʪʨʘʥʝ, ʢʘʢ ʂʠʪʘʡ (3433,4 ʊɺ.ʯ) [4, 5]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʩʦʟʜʘʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʜʥʦʧʨʦʚʦʜʥʳʭ ʠʣʠ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʢʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʜʝʷʭ ʠ ʦʧʳʪʘʭ 

ʛʝʥʠʘʣʴʥʦʛʦ ʫʯʝʥʦʛʦ ʅʠʢʦʣʳ ʊʝʩʣʳ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʨʝʰʘʪʴ 

ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ, ʥʦ ʠ ʩʦʟʜʘʚʘʪʴ ʩʚʝʨʭʥʘʜʝʞʥʳʝ ʛʣʦʙʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʅʘ ʨʝʟʦʥʘʥʩʥʳʝ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʫʯʝʥʳʤʠ ɺʀʕʉʍ ʧʦʣʫʯʝʥʦ 

ʙʦʣʝʝ 50 ʧʘʪʝʥʪʦʚ ʈʌ [6]. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ 

ʅʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ ʚ XXI 

ʚʝʢʝ ʠ ʧʝʨʝʭʦʜ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʥʘ ʧʫʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʥʦʦʩʬʝʨʥʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ɺ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 20 ʣʝʪ ʵʣʝʢʪʨʦʤʦʙʠʣʠ ʩʪʘʥʫʪ ʩʘʤʳʤ ʜʝʰʝʚʳʤ ʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʥʘ ʨʳʥʢʝ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ. ʂ 2035 ʛʦʜʫ ʵʣʝʢʪʨʦʤʦʙʠʣʴ ʩ 

ʧʨʦʙʝʛʦʤ 300 ʢʤ ʙʫʜʝʪ ʩʪʦʠʪʴ ʜʝʰʝʚʣʝ ʘʚʪʦʤʦʙʠʣʷ ʩ ɼ.ɺ.ʉ. ʕʣʝʢʪʨʦʤʦʙʠʣʴ ʠʩʧʦʣʴʟʫʝʪ 

ʪʦʣʴʢʦ 10% ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ ʘʚʪʦʤʦʙʠʣʷ ʩ ɼ.ɺ.ʉ. 

 ʏʠʩʣʦ ʤʘʨʦʢ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʥʘ ʨʳʥʢʝ ʚʳʨʦʩʣʦ ʩ 2 ʚ 2010ʛ ʜʦ 25 ʚ 2015ʛ. 

ʂʦʤʧʘʥʠʷ çʊʝʩʣʘ ʄʦʪʦʨʩè ʧʦʣʫʯʠʣʘ 400000 ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʟʘʢʘʟʦʚ ʥʘ ʤʦʜʝʣʴ 

ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʩʪʦʠʤʦʩʪʴʶ 35000ʜʦʣʣ. ʥʘ ʦʙʱʫʶ ʩʫʤʤʫ 14 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣ.  

 ʌʦʨʜ ʠʥʚʝʩʪʠʨʦʚʘʣ 4,5 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ ʚ ʵʣʝʢʪʨʦʤʦʙʠʣʠ ʠ ʢ 2020ʛ ʚʳʧʫʩʪʠʪ 

13 ʤʦʜʝʣʝʡ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʜʦʚʝʜʷ ʦʙʲʝʤ ʚʳʧʫʩʢʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʜʦ 40% ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 



42 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

 ʃʠʪʠʡ-ʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʩ 1990ʛ ʧʦ 2005ʛ ʧʦʜʝʰʝʚʝʣʠ ʥʘ 90%. ʂ 2020ʛ 

ʩʪʦʠʤʦʩʪʴ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʩʥʠʟʠʪʩʷ ʜʦ 100ʜʦʣʣ/ʢɺʪĿʯ, ʘ ʩʪʦʠʤʦʩʪʴ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦ 0,11ʜʦʣʣ/ʢɺʪĿʯ. 

ɿʘʨʷʜʢʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʦʪ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʦʙʝʩʧʝʯʠʪ ʙʝʩʪʦʧʣʠʚʥʦʝ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ. ɿʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʩʪʦʠʤʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ 

ʩʥʠʟʠʣʘʩʴ ʚ 30 ʨʘʟ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʢ 2020ʛʦʜʫ 

ʫʚʝʣʠʯʠʪʩʷ ʚ 3 ʨʘʟʘ ʠ ʜʦʩʪʠʛʥʝʪ 600ɻɺʪ, ʘ ʮʝʥʘ ʟʘ ʩʦʣʥʝʯʥʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʩʥʠʟʠʪʩʷ ʜʦ 

2,5 ʮʝʥʪʦʚ/ʢɺʪĿʯ, ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʜʝʰʝʚʣʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʛʘʟʦʚʳʭ ʠ ʫʛʦʣʴʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ɺ ʐʚʝʡʮʘʨʠʠ ʨʘʟʨʘʙʦʪʘʥ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʘʤʦʣʝʪ ʥʘ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʷʭ, ʢʦʪʦʨʳʡ ʚ 2016ʛ. ʩʦʚʝʨʰʠʣ ʧʦʣʝʪ ʚʦʢʨʫʛ ʟʝʤʥʦʛʦ ʰʘʨʘ. 

 ɺ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʧʝʨʝʚʦʟʠʪ ʧʘʩʩʘʞʠʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʨʘʙʣʴ, ʘʢʢʫʤʫʣʷʪʦʨʳ 

ʢʦʪʦʨʦʛʦ ʟʘʨʷʞʘʶʪʩʷ ʚʦ ʚʨʝʤʷ ʦʩʪʘʥʦʚʢʠ ʚ ʧʦʨʪʫ ʜʣʷ ʧʦʩʘʜʢʠ ʧʘʩʩʘʞʠʨʦʚ. 

ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʝʨʪʦʣʝʪʳ ʠ ʙʝʩʧʠʣʦʪʥʠʢʠ. 

ɺ ɺʀʕʉʍʝ ʟʘ 20 ʣʝʪ ʩ 1996 ʧʦ 2016 ʛʦʜ ʨʘʟʨʘʙʦʪʘʥʳ ʙʝʩʧʨʦʚʦʜʥʳʝ ʠ 

ʦʜʥʦʧʨʦʚʦʜʥʳʝ ʤʝʪʦʜʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘʟʝʤʥʦʛʦ, ʤʦʨʩʢʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʳʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [6,7].  

 ɺ ɺʀʕʉʍʝ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʩ 

ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʨʦʪʦʨʦʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʠʞʠʪʝʣʠ ʙʝʟ ʦʪʙʨʦʩʘ ʤʘʩʩʳ ʩ 

ʫʧʨʘʚʣʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ ʜʣʷ ʥʘʟʝʤʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ [8]. 

ʊʘʙʣʠʮʘ 3 

ˉ  ̄ ʈʘʟʜʝʣʳ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʅʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

1 ʌʠʟʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ 

ɻʣʦʙʘʣʴʥʘʷ ʩʦʣʥʝʯʥʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʵʥʝʨʛʝʪʠʢʘ ʩ ʢʨʫʛʣʦʩʫʪʦʯʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɻʠʙʨʠʜʥʳʝ ʢʨʦʚʝʣʴʥʳʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ 

ʜʣʷ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ çʆʜʠʥ ʤʠʣʣʠʘʨʜ 

ʩʦʣʥʝʯʥʳʭ ʢʨʳʰè. 

2 ɽʜʠʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, 

ʤʘʪʝʨʠʠ ʠ ʧʦʣʷ 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʵʥʝʨʛʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ  

ʉʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʜʚʠʞʠʪʝʣʠ ʙʝʟ ʦʪʙʨʦʩʘ ʤʘʩʩʳ.  

ʅʦʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ 

3 ʈʝʟʦʥʘʥʩʥʘʷ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ 

ʅ.ʊʝʩʣʘ 

ɽʚʨʘʟʠʡʩʢʘʷ ʠ ʤʠʨʦʚʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ. ɹʝʩʢʦʥʪʘʢʪʥʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ 

ʥʘʟʝʤʥʦʛʦ ʠ ʤʦʨʩʢʦʛʦ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ.  

ʇʨʝʩʥʘʷ ʚʦʜʘ ʠʟ ʚʦʟʜʫʭʘ ʠ ʤʦʨʩʢʦʡ ʚʦʜʳ. 

4 ʃʘʟʝʨʥʘʷ ʠ ʵʣʝʢʪʨʦʥʥʦ-

ʣʫʯʝʚʘʷ ʪʝʭʥʠʢʘ 

ɹʝʩʧʨʦʚʦʜʥʳʝ ʥʘʧʨʘʚʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ʠ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

5 ʇʣʘʟʤʝʥʥʳʝ ʠ 

ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ 

ɺʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. ɹʳʩʪʨʳʡ ʧʠʨʦʣʠʟ 

ʪʚʝʨʜʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚ 

ʛʘʟʦʦʙʨʘʟʥʦʝ ʠ ʞʠʜʢʦʝ ʪʦʧʣʠʚʦ. 

6 ʍʦʣʦʜʥʳʡ ʷʜʝʨʥʳʡ ʩʠʥʪʝʟ ʅʦʚʘʷ ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 

7 ʊʨʘʥʩʤʫʪʘʮʠʷ ʷʜʝʨ ʅʦʚʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

8 ʅʦʚʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ ʉʥʠʞʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʦʪʭʦʜʦʚ ɸʕʉ. 

9 ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʦʝ ʚʦʜʥʦʝ 

ʦʢʠʩʣʝʥʠʝ 

ʇʦʣʫʯʝʥʠʝ ʤʝʪʘʥʘ ʠʟ ʞʠʜʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ. 
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ʇʨʦʛʥʦʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʅʘʰ ʧʨʦʛʥʦʟ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ʈʦʩʩʠʠ ʠ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʜʦ 

2100 ʛʦʜʘ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ: 

1. ʅʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʣʘʥʪʘʮʠʷʭ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ-

ʨʦʙʦʪʳ ʩ ʘʢʪʠʚʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 2040 ʛ. [9]. 

2 ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʪ ʩʦʟʜʘʪʴ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʚ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʠ ʚ ʨʘʡʦʥʘʭ, ʥʝʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʤʝʛʘʧʦʣʠʩʘʭ ʙʫʜʫʪ ʩʪʨʦʠʪʴʩʷ ʤʥʦʛʦʵʪʘʞʥʳʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʙʨʠʢʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʭ ʧʨʦʜʫʢʪʦʚ - 2030 ʛ. [9,10]. 

3. ɺʦʟʜʫʰʥʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʙʫʜʫʪ ʟʘʤʝʥʝʥʳ ʥʘ ʧʦʜʟʝʤʥʳʝ 

ʚʦʣʥʦʚʦʜʥʳʝ ʦʜʥʦʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʘʙʝʣʴʥʳʝ ʣʠʥʠʠ - 2050 ʛ. [6]. 

4. ɾʠʜʢʦʝ ʪʦʧʣʠʚʦ ʠ ʛʘʟ ʙʫʜʫʪ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʠʟ ʙʠʦʤʘʩʩʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʣʘʥʪʘʮʠʡ ʩ ʧʦʤʦʱʴʶ ʨʝʟʦʥʘʥʩʥʳʭ ʦʜʥʦʵʣʝʢʪʨʦʜʥʳʭ ʧʣʘʟʤʘʪʨʦʥʦʚ - 2030 ʛ. [5, 9]. 

5. ɾʠʜʢʠʝ ʠ ʪʚʝʨʜʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʦʧʣʠʚʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʥʘ ʜʣʷ ʢʦʛʝʥʝʨʘʮʠʦʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 2030 ʛ. [5, 9]. 

6. ʄʠʢʨʦʚʦʜʦʨʦʩʣʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ ʠ ʢʦʨʤʦʚʳʭ 

ʜʦʙʘʚʦʢ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ ʨʳʙʦʚʦʜʩʪʚʝ ï 2035 ʛ. [9]. 

7. ʉʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʙʫʜʫʪ ʟʘʤʝʥʝʥʳ ʥʘ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ ʩ ʭʦʣʦʜʥʳʤʠ ʢʘʪʦʜʘʤʠ ʠ ʘʚʪʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʝʡ - 2030 ʛ. 

[6]. 

8. ɹʫʜʫʪ ʩʦʟʜʘʥʳ ʦʙʲʝʜʠʥʝʥʥʳʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʄʦʩʢʚʘ-ʇʝʢʠʥ, ʄʦʩʢʚʘ-ɼʝʣʠ ʠ 

ɺʣʘʜʠʚʦʩʪʦʢ-ʃʠʩʩʘʙʦʥ - 2060 ʛ. [6]. 

9. ɹʫʜʝʪ ʩʦʟʜʘʥʘ ʛʣʦʙʘʣʴʥʘʷ ʩʦʣʥʝʯʥʘʷ ʨʝʟʦʥʘʥʩʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 

ʧʨʦʠʟʚʦʜʷʱʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʚʦʜʦʨʦʜʥʦʝ ʪʦʧʣʠʚʦ ʠ ʪʝʧʣʦ ʜʣʷ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʥʘ 

ɿʝʤʣʝ - 2080 ʛ. [6,11]. 

10. ɹʝʩʪʦʧʣʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʦʙʝʩʧʝʯʠʪ 80-90% ʤʠʨʦʚʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʥʝʨʛʠʠ 

-2090 ʛ. [5, 6]. 

11. ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʧʝʨʝʜʘʯʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʤʦʙʠʣʴʥʳʝ ʦʙʲʝʢʪʳ ʜʘ ɿʝʤʣʝ ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʨʝʟʦʥʘʥʩʥʳʤʠ ʙʝʩʧʨʦʚʦʜʥʳʤʠ ʤʝʪʦʜʘʤʠ - 2060ʛ. [6]. 

12. ʊʝʧʣʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʙʫʜʫʪ ʟʘʤʝʥʝʥʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʜʚʠʞʠʪʝʣʷʤʠ ʙʝʟ ʦʪʙʨʦʩʘ ʤʘʩʩʳ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ 2-10 ʪ. - 

2050 ʛ. [8,12]. 

13. ʂʦʩʤʠʯʝʩʢʠʝ ʢʦʨʘʙʣʠ ʙʫʜʫʪ ʩʪʘʨʪʦʚʘʪʴ ʩ ɿʝʤʣʠ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʢʝʪʥʳʭ 

ʜʚʠʛʘʪʝʣʷʭ, ʠʤʝʷ ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʧʦʣʝʟʥʦʛʦ ʛʨʫʟʘ ʢ ʩʪʘʨʪʦʚʦʡ ʤʘʩʩʝ 80-90% ʚʤʝʩʪʦ 

ʩʝʛʦʜʥʷʰʥʠʭ 5% - 2060 ʛ. [6, 12]. 

14. ɹʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʵʢʟʘʬʣʦʧʩʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 1 ʵʢʟʘʬʣʦʧʩ = 1018 ʦʧʝʨʘʮʠʠ ʚ ʩʝʢʫʥʜʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʨʫʧʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʝʢʪʘʤʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ 

ʛʣʦʙʘʣʴʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ - 2030 ʛ. [13]. 

15. ɹʝʩʧʨʦʚʦʜʥʳʝ ʤʝʪʦʜʳ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʤʦʨʩʢʠʭ ʩʫʜʦʚ - 2030 ʛ. [14]. 

16. ʇʦ ʦʮʝʥʢʝ ʥʦʙʝʣʝʚʩʢʠʭ ʣʘʫʨʝʘʪʦʚ ʌʝʡʥʤʘʥʘ ʠ ɼʞ. ʋʠʣʣʝʨʘ, ʚ ʚʘʢʫʫʤʝ, 

ʟʘʢʣʶʯʝʥʥʦʤ ʚ ʦʙʲʝʤʝ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ, ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʠʠ, ʯʪʦʙʳ ʚʩʢʠʧʷʪʠʪʴ ʚʩʝ 

ʦʢʝʘʥʳ ʥʘ ɿʝʤʣʝ. ɹʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ - 2075 ʛ. [1-3, 15]. 

17. ʈʝʟʦʥʘʥʩʥʳʝ ʤʝʪʦʜʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʙʦʣʝʟʥʝʡ ʯʝʣʦʚʝʢʘ ʠ 

ʞʠʚʦʪʥʳʭ, ʫʥʠʯʪʦʞʝʥʠʷ ʩʦʨʥʷʢʦʚ (ʚʤʝʩʪʦ ʧʝʩʪʠʮʠʜʦʚ), ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ 



44 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ʠ ʦʪʭʦʜʦʚ, ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʦʩʦʙʦ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʦʣʥʝʯʥʦʛʦ 

ʢʨʝʤʥʠʷ) -2040 ʛ. [6]. 

ɺʳʚʦʜʳ 

1. ʇʨʦʛʥʦʟ ʠ ʧʦʠʩʢ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʰʝʩʪʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʫʢʣʘʜʫ ʫʯʝʥʳʝ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʛʣʘʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʚ 21 ʚʝʢʝ. 

2. ʈʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ ʚ 21 ʚʝʢʝ ʠ 

ʧʝʨʝʭʦʜ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʥʘ ʧʫʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʥʦʦʩʬʝʨʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʧʨʦʛʥʦʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʠ 

ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʜʦ 2100 ʛʦʜʘ. 
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Abstract. The article analyzes effect of climate and infrastructure factors on cultivation of microalgae for further 

biofuels production. On the basis of authorôs long-term experimental and publications data reasonable limits for 

climatic factors in conditions of Russian region were proved on the example of a model object culture - Microalgae 

Spirulina / Arthrospira. We showed the significance of accounting these factors for selecting areas suitable for 

microalgae production. For the mapping of climatic factors and further districting we collected and structured 

meteorological and solar radiation data. We have compiled and analyzed maps of climatic indicators for the 

territory of Russia. This work could be a basis for further detailed analysis and selection of the regions that are 

suitable for producing microalgal as a feedstock and co- products, including for bio-energy projects. 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʚʣʠʷʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʚʳʨʘʱʠʚʘʥʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʣʫʯʝʥʠʷ ʠʟ ʥʠʭ ʙʠʦʪʦʧʣʠʚʘ. ʅʘ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʳʭ 

ʤʥʦʛʦʣʝʪʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʙʦʩʥʦʚʘʥʳ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʫʩʣʦʚʠʡ ʈʦʩʩʠʠ ʥʘ ʧʨʠʤʝʨʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ï 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʩʧʠʨʫʣʠʥʳ/ʘʨʪʨʦʩʧʠʨʳ. ʇʦʢʘʟʘʥʘ ʟʥʘʯʠʤʦʩʪʴ ʫʯʝʪʘ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʚʳʙʦʨʘ 

ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʙʦʨ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʉʦʩʪʘʚʣʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʘʣʴʥʝʡʰʝʛʦ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʚʳʙʦʨʘ ʨʝʛʠʦʥʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʚʦʛʦ ʩʳʨʴʷ ʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʨʦʝʢʪʦʚ ʙʠʦʵʥʝʨʛʝʪʠʢʠ.  

Keywords: microalgae, biofuel, biodiesel, outdoor and closed cultivators, climate, infrastructure, resource 

assessment.  
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ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʤʘʩʰʪʘʙʦʚ 

ʠ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʤʘʩʩʳ ʚ ʵʥʝʨʛʝʪʠʢʝ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʚʠʜʦʚ 

ʠ ʪʝʭʥʦʣʦʛʠʡ ʝʸ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʙʠʦʤʘʩʩʳ ʟʘʥʠʤʘʶʪ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ (ʄʂɺ) ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʠʜʢʦʛʦ 

ʙʠʦʪʦʧʣʠʚʘ. ʄʂɺ ʧʦ ʩʚʦʝʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʦʩʦʜʝʨʞʘʥʠʶ ʥʘ 

ʧʦʨʷʜʢʠ ʧʨʝʚʳʰʘʶʪ ʪʨʘʜʠʮʠʦʥʥʫʶ ʙʠʦʤʘʩʩʫ, ʧʨʠ ʪʦʤ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʠʭ ʜʘʣʝʢʦ ʥʝ 

ʠʩʯʝʨʧʘʥ. ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʜʠʟʝʣʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʥʝʧʦʣʷʨʥʳʭ ʣʠʧʠʜʦʚ, ʚ ʦʩʥʦʚʥʦʤ 

ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʥʦʚ (ʊɸɻ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʠʭ ʥʘʢʦʧʣʝʥʠʝʤ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʫʩʣʦʚʠʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʭ ʦʙʳʯʥʦ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 1õ85% ʩʫʭʦʛʦ ʚʝʩʘ [1]. ɹʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠʟ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʪʨʘʜʠʮʠʦʥʥʦ ʧʦʣʫʯʘʶʪ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ ʣʠʧʠʜʦʚ, ʦʜʥʘʢʦ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʞʝ 

ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʞʠʞʝʥʠʷ (HTL) [2]. ɺʟʨʳʚʥʦʡ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʊɸɻ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʧʨʠʟʥʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʡ. ʂ 

ʚʘʞʥʝʡʰʠʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʪʦʧʣʠʚʘ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ ʠʟ ʊɸɻ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, 
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ʦʪʥʦʩʠʪʩʷ ñCO2-ʥʝʡʪʨʘʣʴʥʦʩʪʴò ʠ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ɺ ʮʝʣʦʤ, ʧʨʠ ʩʞʠʛʘʥʠʠ ʙʠʦʪʦʧʣʠʚʘ ʠʟ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʜʝʣʷʝʪʩʷ ʥʘ 98% ʤʝʥʴʰʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʘ 50% ʤʝʥʴʰʝ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʯʝʤ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʦʪʢʨʳʚʘʶʪʩʷ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ CO2 ʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ 

ʟʘʛʨʷʟʥʠʪʝʣʠ. ɺʘʞʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʙʠʦʪʦʧʣʠʚʘ ʠʟ ʊɸɻ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʝ ʫʛʨʦʞʘʝʪ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʝ ʟʘʥʠʤʘʶʪ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ [3]. 

ʇʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʮʝʣʝʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʥʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʣʦʱʘʜʢʠ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʳ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠʨʦʜʥʳʝ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʫʩʣʦʚʠʷ. ɺʳʙʦʨ 

ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʮʝʜʫʨʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʮʝʥʢʘ ʨʝʩʫʨʩʦʚ ï ʦʙʷʟʘʪʝʣʴʥʘʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʣʥʝʯʥʳʭ, ʚʝʪʨʦʚʳʭ, 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʠʥʳʭ ʦʙʲʝʢʪʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ (ɺʕ) ï ʚʢʣʶʯʘʝʪʩʷ ʠ 

ʚ ʪʝʤʘʪʠʢʫ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʚʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ɿʥʘʯʠʤʦʩʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʜʦʩʪʠʞʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʤʘʩʩʳ ʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʘʥʝʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ [4] ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʨʨʠʪʦʨʠʠ ʀʥʜʠʠ. ʂʨʦʤʝ ʪʦʛʦ 

ʦʧʳʪ ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚʳʨʘʱʠʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʤʘʩʩʳ ʚ ʦʪʢʨʳʪʳʭ 

ʢʫʣʴʪʠʚʘʪʦʨʘʭ: 

- ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ (ʧʨʦʝʢʪ Earthrise Farms ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ 

ʩʧʠʨʫʣʠʥʳ/ʘʨʪʨʦʩʧʠʨʳ, ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ï ʂʘʣʠʬʦʨʥʠʷ, ʧʫʩʪʳʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ [5]; 

ɻʘʚʘʡʩʢʠʡ ʧʨʦʝʢʪ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʄʂɺ ʛʝʤʘʪʦʢʦʢʢʫʩ ʜʣʷ ʧʠʱʝʚʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʮʝʣʝʡ, ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ï ɻʘʚʘʡʩʢʠʝ ʦʩʪʨʦʚʘ) [6]; 

- ʧʝʩʯʘʥʳʝ ʙʫʨʠ (ʧʨʦʝʢʪʳ ʚʳʨʘʱʠʚʘʥʠʷ ʄʂɺ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʀʟʨʘʠʣʴ); 

- ʤʫʩʩʦʥʥʳʝ ʜʦʞʜʠ (ʧʨʦʝʢʪʳ ʚʳʨʘʱʠʚʘʥʠʷ ʄʂɺ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʀʥʜʠʷ). 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʬʘʢʪʦʨʳ, ʟʥʘʯʠʤʳʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

1.1. ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: 

- ʦʪʢʨʳʪʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʪʝʧʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ; 

- ʟʘʢʨʳʪʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʘʭ; 

- ʟʘʢʨʳʪʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʬʝʨʤʝʥʪʝʨʘʭ ʧʨʠ ʛʝʪʝʨʦʪʨʦʬʥʦʤ 

ʧʠʪʘʥʠʠ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʬʦʪʦʘʚʪʦʪʨʦʬʠʠ. 

ʅʘʠʙʦʣʝʝ ʜʝʰʝʚʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚ 

ʙʘʩʩʝʡʥʘʭ, ʢʘʥʘʣʘʭ, ʠʣʠ ʟʘʢʨʳʪʳʭ ʝʤʢʦʩʪʷʭ ʠʟ ʜʝʰʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʦʜʥʦʨʘʟʦʚʳʝ 

ʝʤʢʦʩʪʠ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʠʣʠ ʧʦʣʠʫʨʝʪʘʥʘ: ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʤʝʰʢʠ, ʧʣʦʩʢʠʝ ʧʘʥʝʣʠ, 

ʥʘʜʫʚʥʳʝ ʤʝʰʢʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʘʥʝʣʷʤʠ, ʧʦʣʠʫʨʝʪʘʥʦʚʳʝ ʪʨʫʙʯʘʪʳʝ 

ʢʫʣʴʪʠʚʘʪʦʨʳ, ʪʨʝʭʩʪʦʨʦʥʥʠʝ ʪʨʫʙʯʘʪʳʝ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʳ (ʌɹʈ), ʪʨʫʙʯʘʪʳʝ ʌɹʈ ʩ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʦʜʘʯʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠ ʧʨ.), ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʦʪʢʨʳʪʳʝ ʙʘʩʩʝʡʥʳ, 

ʩʣʫʞʘʱʠʝ ʪʝʨʤʦʩʪʘʪʘʤʠ [7]. ʆʜʥʘʢʦ ʠʤʝʥʥʦ ʵʪʠ ʦʪʢʨʳʪʳʝ ʩʧʦʩʦʙʳ ʥʘʠʙʦʣʝʝ 

ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ. 

ʀʟʚʝʩʪʥʳʝ ʫʩʣʦʚʠʷ ʦʪʢʨʳʪʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʡ ʧʝʨʝʯʝʥʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ: 

- ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ; 
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- ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʥʝ ʤʝʥʝʝ ʥʝʦʙʭʦʜʠʤʦʡ, ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

(ʪ.ʝ. ʩʦʦʪʥʦʰʝʥʠʝ ʩʚʝʪʦʚʦʡ ʠ ʪʝʤʥʦʚʦʡ ʬʘʟʳ ʨʦʩʪʘ); 

- ʪʝʤʧʝʨʘʪʫʨʳ (ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ); 

- ʨʝʞʠʤ ʦʩʘʜʢʦʚ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʚ ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ); 

- ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʘʨʝʥʠʷ; 

- ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʯʘʱʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʣʠʰʴ 

ʚ ʪʝʯʝʥʠʝ ʯʘʩʪʠ ʛʦʜʘ, ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʞʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ 

ʠʤʝʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪ.ʜ. ʚ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʇʦʤʠʤʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʫʩʣʦʚʠʡ (ʬʘʢʪʦʨʦʚ): 

- ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʳʭ ʟʝʤʝʣʴ (ʥʝʧʣʦʜʦʨʦʜʥʳʭ, ʙʝʜʣʝʥʜʦʚ, ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʠ ʪ.ʧ.); 

- ʧʣʦʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʫʢʣʦʥ ʥʝ ʙʦʣʝʝ 5%); 

- ʥʘʣʠʯʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ: ʤʦʨʩʢʠʝ, ʧʨʝʩʥʳʝ ʠ ʩʦʣʦʥʦʚʘʪʳʝ ʚʦʜʳ; 

- ʙʣʠʟʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ,  

- ʪʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ,  

- ʥʘʣʠʯʠʝ ʩʝʪʝʚʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ; 

- ʙʣʠʟʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ; 

- ʥʘʣʠʯʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ (ʩʙʨʦʩʥʳʝ ʚʦʜʳ ʊʕʉ, ɸʕʉ). 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʣʶʙʘʷ ʪʝʨʨʠʪʦʨʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʚʨʝʤʝʥʥʤrʠ ʚʘʨʠʘʮʠʷʤʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʤʝʪʦʜʳ 

ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

1.2. ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʪʝʨʨʠʪʦʨʠʡ ʩ ʧʦʟʠʮʠʡ ʠʭ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʜʣʷ ʮʝʣʝʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʠʥʳʭ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʫʤʝʥʴʰʘʶʱʠʭ ʩʪʦʠʤʦʩʪʴ 

ʟʘʪʨʘʪ ʥʘ ʦʩʥʦʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ. ʈʘʥʝʝ ʵʪʘ ʪʝʤʘ ʫʞʝ ʟʘʪʨʘʛʠʚʘʣʘʩʴ ʚ ʨʘʙʦʪʝ 

[8] ʥʘ ʧʨʠʤʝʨʝ ʚʳʨʘʱʠʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʩʧʠʨʫʣʠʥʳ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ 

ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʤʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤ 

ʵʪʫ ʤʠʢʨʦʚʦʜʦʨʦʩʣʴ/ʮʠʘʥʦʙʘʢʪʝʨʠʶ, ʢʦʪʦʨʘʷ ʜʦʧʫʩʢʘʝʪ ʚʳʨʘʱʠʚʘʥʠʝ ʚ ʦʪʢʨʳʪʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ [9, 10, 11]. 

1.3. ʀʟʚʝʩʪʥʳʝ ʫʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʄʂɺ ʩʧʠʨʫʣʠʥʳ [12, 13], ʘ ʪʘʢʞʝ ʦʧʳʪ 

ʚʳʨʘʱʠʚʘʥʠʷ ʰʪʘʤʤʦʚ ʩʧʠʨʫʣʠʥʳ, ʚʭʦʜʷʱʠʭ ʚ ʢʦʣʣʝʢʮʠʶ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ 

ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʧʝʨʝʯʝʥʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʟʥʘʯʝʥʠʡ: 

- ʦʩʚʝʱʝʥʥʦʩʪʴ 4,0 ʢɺʪʯ/ʤ2/ʩʫʪ ʠʣʠ ʧʨʠʤʝʨʥʦ 14 Mɼʞ/ʤ2 ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ [14];   

- ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʚʝʪʦʚʦʡ ʠ ʪʝʤʥʦʚʦʡ ʬʘʟʳ ʨʦʩʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ 

ʤʝʥʝʝ, ʯʝʤ 6:18, ʪ.ʢ. ʜʥʠ ʩ ʤʝʥʝʝ ʯʝʤ 6-ʯʘʩʦʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʣʥʝʯʥʳʭ ʯʘʩʦʚ ʩʯʠʪʘʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʨʦʩʪʘ ʚʦʜʦʨʦʩʣʝʡ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʩʧʠʨʫʣʠʥʘ/ʘʨʪʨʦʩʧʠʨʘ ʥʝ ʜʘʝʪ ʧʨʠʨʦʩʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 120ʉ. ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʨʘʩʪʫʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʝ ʦʥʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʟʘʤʦʨʘʞʠʚʘʥʠʶ ʠ ʧʦʵʪʦʤʫ ʥʝʣʴʟʷ ʜʦʧʫʩʢʘʪʴ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʠʞʝ 0Áʉ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʡʜʝʪ ʛʠʙʝʣʴ ʢʫʣʴʪʫʨʳ. 

ɼʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʢʨʳʪʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʩʧʠʨʫʣʠʥʳ, ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʙʦʨ ʠ 
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ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɺ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʨʝʛʫʣʷʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʝʪʢʝ ʥʘʤʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ NASA Surface meteorology and Solar Energy 

[15] ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟ ɹɼ NASA SSE ʜʣʷ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʘʥʝʝ [16]. 

ɸʥʘʣʠʟ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʥʝʪ 

ʨʝʛʠʦʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʷʣʠ ʙʳ ʚʳʨʘʱʠʚʘʪʴ ʄʂɺ 

ʢʨʫʛʣʦʛʦʜʠʯʥʦ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷʤʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʙʦʣʝʝ 4 ʢɺʪʯ/ʤ2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʘʷ ʧʦʣʦʚʠʥʘ 

ʧʣʦʱʘʜʠ ʈʌ ʚ ʪʝʧʣʳʝ ʧʦʣʛʦʜʘ (ʘʧʨʝʣʴ-ʩʝʥʪʷʙʨʴ) ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ - ʚ ʣʝʪʥʠʝ 

ʤʝʩʷʮʳ [16]. ʆʜʥʘʢʦ, ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ ʧʨʠʛʦʜʥʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʄʂɺ ʣʠʰʴ 

ʶʞʥʳʝ ʨʝʛʠʦʥʳ ʈʌ, ʛʜʝ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ ʧʨʝʚʳʰʘʝʪ 18Áʉ ʢʘʢ 

ʤʠʥʠʤʫʤ 6 ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ. 

ʇʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʪʘʢʞʝ (ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʄʂɺ ʙʳʣʦ ʧʨʠʥʷʪʦ > 6 ʯ/ʩʫʪʢʠ) ʧʨʠʛʦʜʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʛʠʦʥʳ ʶʛʘ ʈʦʩʩʠʠ ʠ ʦʪʜʝʣʴʥʳʝ 

ʮʝʥʪʨʘʣʴʥʳʝ ʨʘʡʦʥʳ ʗʢʫʪʠʠ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʠʣ ʥʘʤ ʚʳʜʝʣʠʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʜʝʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʶ ʖʛʘ ʈʦʩʩʠʠ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʖʞʥʳʡ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʠ 

ʂʨʳʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʝ ʦʢʨʫʛʘ, ʛʜʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʄʂɺ. 

ɺʳʚʦʜʳ  

ʆʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ: ʦʩʚʝʱʝʥʥʦʩʪʴ 4,0 

ʢɺʪʯ/ʤ2/ʩʫʪ ʠʣʠ ʧʨʠʤʝʨʥʦ 14 Mɼʞ/ʤ2, ʩʦʦʪʥʦʰʝʥʠʝ ʩʚʝʪʦʚʦʡ ʠ ʪʝʤʥʦʚʦʡ ʬʘʟʳ ʨʦʩʪʘ ʥʝ 

ʤʝʥʝʝ, ʯʝʤ 6:18, ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝ ʥʠʞʝ 12ʦʉ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʠʣ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʜʝʣʠʪʴ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ, ʚ ʢʦʪʦʨʳʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʝ: ʖʞʥʳʡ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʠ 

ʂʨʳʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʝ ʦʢʨʫʛʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʥʘʯʠʤʳʭ ʜʣʷ ʈʦʩʩʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʚʳʙʦʨ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʥʘʤʠ 

ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ:  

- ʥʘʣʠʯʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ; 

- ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʦʚ ʉʆ2 (ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʳʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʊʕʉ, ʊʕʎ, ʢʨʫʧʥʳʝ 

ʢʦʪʝʣʴʥʳʝ); 

- ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ (ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʳʭ 

ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʦʙʲʝʢʪʳ ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʛʝʥʝʨʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ɸʕʉ) 

- ʥʘʣʠʯʠʝ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʟʝʤʝʣʴ (ʬʘʢʪʦʨ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʠʦʥʘ).  

ʇʨʦʚʝʜʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʶʞʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʧʨʦʚʝʩʪʠ 

ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʟʘʜʘʥʥʳʤ ʚʝʣʠʯʠʥʘʤ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ, ʘ ʟʘʪʝʤ ʩʦʟʜʘʪʴ 

ʢʦʤʧʣʝʢʩʥʫʶ ʢʘʨʪʫ, ʦʪʨʘʞʘʶʱʫʶ ʩʪʝʧʝʥʴ ʧʨʠʛʦʜʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ ʦʪʢʨʳʪʦʛʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 15-08-02596. 
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Kozhukhovskiy I .S., 1; Nikolaev V.G., 2; Ganaga S.V., 2; Kudryashov Yu.I ., 2;  
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ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʫʩʣʦʚʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 50 ɻɺʪ (ɻʠʛʘɺʕʉ) ʥʘ 

ʨʦʩʩʠʡʩʢʠʭ ʧʦʙʝʨʝʞʴʷʭ ʤʦʨʝʡ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʠ ʊʠʭʦʛʦ ʦʢʝʘʥʦʚ ʩ ʧʝʨʝʜʘʯʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʕʕ) 

ʚ ʂʠʪʘʡ ʧʦ ʣʠʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʃʕʇ) ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʫʣʴʪʨʘʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʜʦ 1100 ʢɺ).  

ɺ ʨʘʤʢʘʭ ʫʢʘʟʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ (ʌʃʖɻɽʈ-XXI) ʠ ʤʠʨʦʚʳʭ 

(WAsP-11) ʤʝʪʦʜʠʢ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʈʦʩʩʠʠ ʙʘʟ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʘʪʤʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʝʪʨʘ 

ʠʩʩʣʝʜʦʚʘʥ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ɺʕʇ) ʚ 27 ʨʘʡʦʥʘʭ ʩʝʚʝʨʥʳʭ ʧʦʣʷʨʥʳʭ ʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ 

ʧʨʠʙʨʝʞʥʳʭ ʦʙʣʘʩʪʝʡ ʈʦʩʩʠʠ, ʠʟ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʨʘʙʦʪʝ ʢʨʠʪʝʨʠʷʤ ʠ 

ʬʘʢʪʦʨʘʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʨʘʡʦʥʘ ʩ ʜʚʫʤʷïʪʨʝʤʷ ʧʦʣʠʛʦʥʘʤʠ ʩ ʧʣʦʱʘʜʴʶ ʜʦ 15 ï 20 ʪʳʩ ʢʤ2, 

ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ɻʠʛʘɺʕʉ ʤʦʱʥʦʩʪʴʶ ʜʦ 50 ɻɺʪ, ʠʟ ʥʠʭ: 2 ʧʦʣʠʛʦʥʘ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ 

ɻʳʜʘʥʩʢʠʡ ʚ ʨʘʡʦʥʘʭ ʩ ʮʝʥʪʨʘʤʠ ʚ ʧʦʩʝʣʢʘʭ ɻʳʜʘ-ʗʤʦ ʠ ɸʥʪʠʧʘʶʪʘ; 3 ʧʦʣʠʛʦʥʘ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʊʘʡʤʳʨ 

ʩ ʮʝʥʪʨʘʤʠ ʚ ʧʦʩʝʣʢʘʭ ɼʠʢʩʦʥ, ʂʘʨʘʫʣ ʠ ʉʦʧʢʘʨʛʘ; 2 ʧʦʣʠʛʦʥʘ ʥʘ ʉʘʭʘʣʠʥʝ ʚ ʨʘʡʦʥʘʭ ʆʭʠ ï ʈʳʙʥʦʚʩʢʘ ʠ 

ʇʦʛʠʙʠ ï ʏʘʡʚʦ. 

ʇʦʜʦʙʨʘʥʳ ʤʘʨʰʨʫʪʳ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʃʕʇ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 1100 ʢɺ, ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ɻʠʛʘɺʕʉ ʜʦ ʛʨʘʥʠʮʳ ʩ 

ʂʠʪʘʝʤ; 

ʇʨʦʚʝʜʝʥ ʦʪʙʦʨ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ɺʕʋ) ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʭ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ, ʚʝʪʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘ ʨʦʣʴ ʧʨʦʪʦʪʠʧʦʚ 

ʜʣʷ ɻʠʛʘɺʕʉ ʜʣʷ ʤʝʩʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʪʝʨʤʠʥʘʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʂʀʋʄ) ʦʢʘʟʘʣʠʩʴ ɺʕʋ Mervento 118/3,6 MW, 

Sinovel 105/3,0 MW, Siemens SWT 118/3,6 MW ʠ General Electric GE 3.6 MW.  

ʋʩʪʘʥʦʚʣʝʥʳ ʮʝʣʝʩʦʦʙʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʠ ʤʝʩʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʫʛʦʣʴʥʳʭ 

ï ʥʘ ʙʘʟʝ ʂʝʤʝʨʦʚʩʢʠʭ ʠʣʠ ʉʘʭʘʣʠʥʩʢʠʭ ʨʘʟʨʝʟʦʚ ʣʠʙʦ ʛʘʟʦʚʳʭ ï ʥʘ ʙʘʟʝ ʊʘʟʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) 

ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦ 15 ï 20 ɻɺʪ, ʨʝʟʝʨʚʠʨʫʶʱʠʭ ʠ ʚʳʨʘʚʥʠʚʘʶʱʠʭ ʥʝʧʦʩʪʦʷʥʥʫʶ ʚʦ ʚʨʝʤʝʥʠ 

ʤʦʱʥʦʩʪʴ ʠ ʚʳʨʘʙʦʪʢʫ ʕʕ ʥʘ ɻʠʛʘɺʕʉ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʦʮʝʥʢʘʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ɻʠʛʘɺʕʉ ʚ ʚʳʙʨʘʥʥʳʭ ʨʘʡʦʥʘʭ, ʠʩʭʦʜʷ ʠʟ 

ʢʠʪʘʡʩʢʠʭ (ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʦʧʳʪʘ) ʨʘʩʮʝʥʦʢ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ɻʠʛʘɺʕʉ, 

ʨʝʟʝʨʚʠʨʫʶʱʠʭ ʊʕʉ (ʫʛʦʣʴʥʳʭ ʣʠʙʦ ʛʘʟʦʚʳʭ) ʠ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʭ ʤʦʱʥʦʩʪʠ ʜʦ ʛʨʘʥʠʮʳ ʩ ʂʅʈ 

ʜʦʩʪʠʞʠʤʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ɻʠʛʘɺʕʉ ʕʣʕʥ) ʤʝʥʝʝ 66 USD/ʢɺʪĿʯ ʧʨʠ ʜʦʭʦʜʥʦʩʪʠ ʧʨʦʝʢʪʦʚ 

ʜʦ 9 ï 11% ʠ ʧʨʠʝʤʣʝʤʳʭ ʩʨʦʢʘʭ ʦʢʫʧʘʝʤʦʩʪʠ.  

ɺ 2015 ʛʦʜʫ ʈʦʩʩʠʡʩʢʦʝ ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ɸʛʝʥʩʪʚʦ ʄʠʥʵʥʝʨʛʦ ʈʦʩʩʠʠ (ʈʕɸ) 

ʩʦʚʤʝʩʪʥʦ ʩ ʅʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʮʝʥʪʨʦʤ "ɸʊʄʆɻʈɸʌ" ʟʘʚʝʨʰʠʣʦ ʨʘʙʦʪʳ ʧʦ 

ʜʦʛʦʚʦʨʫ ʩ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʕʣʝʢʪʨʦʩʝʪʝʚʦʡ ʂʦʨʧʦʨʘʮʠʝʡ (ɻʕʂ) ʂʠʪʘʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʫʥʠʢʘʣʴʥʦʛʦ ʜʣʷ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʠ ʧʦ ʤʘʩʰʪʘʙʘʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ ʧʨʦʝʢʪʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʩʫʤʤʘʨʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 50 ɻɺʪ (ɻʠʛʘɺʕʉ) ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʧʦʙʝʨʝʞʴʷʭ ʤʦʨʝʡ ʉʝʚʝʨʥʦʛʦ 

ʃʝʜʦʚʠʪʦʛʦ ʠ ʊʠʭʦʛʦ ʦʢʝʘʥʦʚ ʩ ʧʝʨʝʜʘʯʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʕʕ) ʚ ʂʠʪʘʡ ʧʦ ʣʠʥʠʷʤ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʃʕʇ) ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʫʣʴʪʨʘʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʜʦ 1100 ʢɺ).  

ɺ ʨʘʤʢʘʭ ʫʢʘʟʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʈʕɸ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: 
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C ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ (ʌʃʖɻɽʈ-XXI) ʠ ʤʠʨʦʚʳʭ (WAsP-11) 

ʤʝʪʦʜʠʢ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʈʦʩʩʠʠ ʙʘʟ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʟʤʝʨʝʥʠʡ ʘʪʤʦʩʬʝʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʝʪʨʘ ʠʩʩʣʝʜʦʚʘʥ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ɺʕʇ) ʚ 27 ʨʘʡʦʥʘʭ 

ʩʝʚʝʨʥʳʭ ʧʦʣʷʨʥʳʭ ʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʧʨʠʙʨʝʞʥʳʭ ʦʙʣʘʩʪʝʡ ʈʦʩʩʠʠ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ 

ʨʠʩ. 1 [1]. 

 ɺʳʙʦʨ ʨʘʡʦʥʦʚ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʜʣʷ ʇʨʦʝʢʪʘ ʨʘʟʤʝʱʝʥʠʷ ɻʠʛʘɺʕʉ ʦʩʫʱʝʩʪʚʣʝʥ 

ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʝʚ ʠ ʬʘʢʪʦʨʦʚ: 

ï ʥʘʣʠʯʠʷ ʚʳʩʦʢʦʛʦ ɺʕʇ ʠ ʤʘʣʦʡ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʙʝʨʝʛʦʚ ʤʦʨʝʡ ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʚʳʷʚʣʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʩʥʠʞʝʥʠʷ ɺʕʇ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʤʦʨʷ ʚʛʣʫʙʴ ʤʘʪʝʨʠʢʘ;  

ï ʧʨʝʦʙʣʘʜʘʥʠʷ ʨʘʚʥʠʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ɻʠʛʘɺʕʉ ʤʦʱʥʦʩʪʴʶ ʜʦ 50 ɻɺʪ 

(ʜʦ 18 ʪʳʩʷʯ ʢʤ2); 

ï ʫʜʘʣʝʥʥʦʩʪʠ ʨʘʡʦʥʦʚ ʨʘʟʤʝʱʝʥʠʷ ɻʠʛʘɺʕʉ ʦʪ ʧʦʨʪʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʥʝ ʙʦʣʝʝ 100 ï 150 

ʢʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ; 

ï ʤʠʥʠʤʘʣʴʥʦʡ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʡ ʛʨʘʥʠʮʳ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʃʕʇ ʠ ʠʭ ʩʪʦʠʤʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʢʠʪʘʡʩʢʠʤ ʨʘʩʮʝʥʢʘʤ;  

ï ʥʘʣʠʯʠʷ ʚ ʨʘʡʦʥʘʭ ʨʘʟʤʝʱʝʥʠʷ ɻʠʛʘɺʕʉ ʠʣʠ ʃʕʇ ʫʛʦʣʴʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʟʝʨʚʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʜʣʷ ɻʠʛʘɺʕʉ; 

ï ʫʯʝʪʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʚʝʪʨʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɻʠʛʘɺʕʉ 

(ʩʚʝʨʭʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ, ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ);  

ï ʥʝ ʧʨʝʚʳʰʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʕʕ ɻʠʛʘɺʕʉ ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʝʭʦʜʘ ʃʕʇ ʠʟ ʈʦʩʩʠʠ ʚ ʂʅʈ 

ʫʨʦʚʥʷ, ʟʘʜʘʥʥʦʛʦ ʢʠʪʘʡʩʢʦʡ ʩʪʦʨʦʥʦʡ ï ʥʝ ʙʦʣʝʝ 66 USD/ʄɺʪĿʯ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʨʘʡʦʥʘ ʩ 

ʜʚʫʤʷïʪʨʝʤʷ ʧʦʣʠʛʦʥʘʤʠ ʩ ʧʣʦʱʘʜʴʶ ʜʦ 15 ï 20 ʪʳʩ ʢʤ2, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ɻʠʛʘɺʕʉ ʤʦʱʥʦʩʪʴʶ ʜʦ 50 ɻɺʪ (ʨʠʩ. 2 [1]), ʠʟ ʥʠʭ: 2 ʧʦʣʠʛʦʥʘ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ 

ɻʳʜʘʥʩʢʠʡ ʚ ʨʘʡʦʥʘʭ ʩ ʮʝʥʪʨʘʤʠ ʚ ʧʦʩʝʣʢʘʭ ɻʳʜʘ-ʗʤʦ ʠ ɸʥʪʠʧʘʶʪʘ; 3 ʧʦʣʠʛʦʥʘ ʥʘ 

ʧʦʣʫʦʩʪʨʦʚʝ ʊʘʡʤʳʨ ʩ ʮʝʥʪʨʘʤʠ ʚ ʧʦʩʝʣʢʘʭ ɼʠʢʩʦʥ, ʂʘʨʘʫʣ ʠ ʉʦʧʢʘʨʛʘ; 2 ʧʦʣʠʛʦʥʘ ʥʘ 

ʉʘʭʘʣʠʥʝ ʚ ʨʘʡʦʥʘʭ ʆʭʠ ï ʈʳʙʥʦʚʩʢʘ ʠ ʇʦʛʠʙʠ ï ʏʘʡʚʦ. 

ʇʦʜʦʙʨʘʥʳ ʤʘʨʰʨʫʪʳ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ 

ʨʘʩʧʦʣʦʞʝʥʠʶ ʃʕʇ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 1100 ʢɺ, ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ɻʠʛʘɺʕʉ ʜʦ ʛʨʘʥʠʮʳ ʩ ʂʠʪʘʝʤ; 

ʇʨʦʚʝʜʝʥ ʦʪʙʦʨ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ɺʕʋ) ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ, ʚʝʪʨʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘ ʨʦʣʴ ʧʨʦʪʦʪʠʧʦʚ ʜʣʷ ɻʠʛʘɺʕʉ ʜʣʷ ʤʝʩʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʪʝʨʤʠʥʘʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʂʀʋʄ) ʦʢʘʟʘʣʠʩʴ ɺʕʋ Mervento 118/3,6 MW, Sinovel 105/3,0 

MW, Siemens SWT 118/3,6 MW ʠ General Electric GE 3.6 MW. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ɻʠʛʘɺʕʉ ʥʘ ʙʘʟʝ ʚʳʙʨʘʥʥʳʭ ɺʕʋ ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʋʩʪʘʥʦʚʣʝʥʳ ʮʝʣʝʩʦʦʙʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʠ ʤʝʩʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʫʛʦʣʴʥʳʭ ï ʥʘ ʙʘʟʝ ʂʝʤʝʨʦʚʩʢʠʭ ʠʣʠ ʉʘʭʘʣʠʥʩʢʠʭ ʨʘʟʨʝʟʦʚ ʣʠʙʦ 

ʛʘʟʦʚʳʭ ï ʥʘ ʙʘʟʝ ʊʘʟʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦ 15 ï 20 ɻɺʪ, 

ʨʝʟʝʨʚʠʨʫʶʱʠʭ ʠ ʚʳʨʘʚʥʠʚʘʶʱʠʭ ʥʝʧʦʩʪʦʷʥʥʫʶ ʚʦ ʚʨʝʤʝʥʠ ʤʦʱʥʦʩʪʴ ʠ ʚʳʨʘʙʦʪʢʫ ʕʕ 

ʥʘ ɻʠʛʘɺʕʉ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʦʮʝʥʢʘʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ɻʠʛʘɺʕʉ ʚ 

ʚʳʙʨʘʥʥʳʭ ʨʘʡʦʥʘʭ, ʠʩʭʦʜʷ ʠʟ ʢʠʪʘʡʩʢʠʭ (ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʦʧʳʪʘ) 

ʨʘʩʮʝʥʦʢ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ɻʠʛʘɺʕʉ, ʨʝʟʝʨʚʠʨʫʶʱʠʭ ʊʕʉ (ʫʛʦʣʴʥʳʭ 

ʣʠʙʦ ʛʘʟʦʚʳʭ) ʠ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʭ ʤʦʱʥʦʩʪʠ ʜʦ ʛʨʘʥʠʮʳ ʩ ʂʅʈ ʜʦʩʪʠʞʠʤʘ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ɻʠʛʘɺʕʉ ʕʣʕʥ) ʤʝʥʝʝ 66 USD/ʢɺʪĿʯ ʧʨʠ ʜʦʭʦʜʥʦʩʪʠ 

ʧʨʦʝʢʪʦʚ ʜʦ 9 ï 11% ʠ ʧʨʠʝʤʣʝʤʳʭ ʩʨʦʢʘʭ ʦʢʫʧʘʝʤʦʩʪʠ.  
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ʈʠc. 1. ʈʝʛʠʦʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʝʢʪʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʠʛʘɺʕʉ 
 

ʊʘʙʣʠʮʘ 1. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ɻʠʛʘɺʕʉ ʥʘ ʙʘʟʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ɺʕʋ 

ʄʝʩʪʦ  

ʨʘʩʧʦʣʦʞʝʥʠʷ  

ɻʠʛʘɺʕʉ  

ʊʠʧʳ ɺʕʉ  
General Electric 

GE 3.6s  
Mervento 
MRV 3.6  

SINOVEL SL 
3.0  

Siemens 
SWT-3.0 MW  

ʂʀʋʄ  ʕʣʕʥ  ʂʀʋʄ  ʕʣʕʥ  ʂʀʋʄ  ʕʣʕʥ  ʂʀʋʄ  ʕʣʕʥ  

%  
ʄʣʨʜ. 
ʂʚʪĀʯ  %  

ʄʣʨʜ. 
ʂʚʪĀʯ  %  

ʄʣʨʜ. 
ʂʚʪĀʯ  %  

ʄʣʨʜ. 
ʂʚʪĀʯ  

ʇʦʣʫʦʩʪʨʦʚ ɻʳʜʘʥʩʢʠʡ                  

ɻʳʜʘ-ʗʤʦ  37,1  163  38,7  170  38,1  167  36,9  162  

ɸʥʪʠʧʘʶʪʘ  34,8  152  36,4  159  35,8  157  34,7  152  

ʇʦʣʫʦʩʪʨʦʚ ʊʘʡʤʳʨ                  

ɼʠʢʩʦʥ  42,4  186  43,9  192 43,3  190  42,2  185  

ʉʦʧʢʘʨʛʘ  38,5  169  40,0  175 39,4  173  38,3  168  

ʂʘʨʘʫʣ  34,1  149  35,6  156  35,0  153  34,0  149  

ʆʩʪʨʦʚ ʉʘʭʘʣʠʥ                  

ʆʭʘ  30,0  131 31,3  137  30,8  135  29,9  131  

ʇʦʛʠʙʠ  28,9  127  30,2  132  29,7  130 28,8  126  
 

 

 

˾͚͊ͦͤ ˾͚͊ͦͤ

Ѕ

1 ˽π͍ͦ ˥·͙͚͒͊ͤͫ͟ ό˥·͒͊π̒ͣͦύ

2 ˽π͍ͦ ͚́͊ͣ·ͪ όͨΦ ˨͙ͫͦͤ͟ύ

3 ˽π͍ͦ ͚́͊ͣ·ͪ  όͨΦ ͚́͊ͣ·ͪ·ύ

4 ˿͔ͦͤ͡;ͤ͊Ύ ͋ͯͻͭ͊

5 ̂ͫͭΈπ˻͔͔ͤ͟͡Σ ͊ͨ͊͒͘ 

6 ͦπ͍ ˿ͭͦ͋͡

7 ˣͯͦͪπ̆͊Ύ π ̂ͫͭΈΎͣͫ͟

8 ͣΦ ˿͍Ύ͚ͭͦ ˹ͦͫΣ ͍ͦͫͭͦ͟

9 ˢ͔͊͘͡Ύ 

10 ˣͯͻͭ͊ ˢͣ͋͊ͪ;͙͟

11 ˻π͍ ˢͤΈͦͤ π ˤ͊͡Έ͚͊ͪ͊͟͟

12 ˸·ͫ ͙̊ͣ͒ͭ͊ π ˤ͔͊ͤ͊ͪͣ͟

13 ̂Ή͔ͤ͡ π ˶͍͔͙͚͊ͪͤͭ

14 ˣͯͻͭ͊ ˽͍͔͔͙ͪͦ͒ͤΎ

15 ˢͤ͊͒·ͪΈ

16 ͎̂ͦ͡Έͤ͊Ύ ˣͯͻͭ͊ 

17 ̆͊ͭ·ͪ͊͟ π ͣ·ͫ ˹͍͙͊͊ͪͤ

18 ˴ͦͪͺ π ͙͙́͡;͙͙͟

19 ͔͙̉ͣͪͤ͊ͯͭ

20 ˥͙͙͎͗͊ 

21 ˽͔ͫͭͪ͊Ύ ˨͔͍ͪͫ͊

22 ͙̉ͯͣ͊ͤ͟

23 ˶͙͔ͭ͟ π ˣ͚͍͊͒ͯͦ͟

24 ˻ͻ͊ π ˾·͍͋ͤͦͫ͟ π ˽͎͙͙ͦ͋

25 ͔͔͚́ͪͤ π ˣ͔͙ͤ͟͡

26 ˸·ͫ ˽͍ͦͦͪͦͭͤ·͚ π ͦΦ ˢͫͦ͟͡Έ͒

27 ˽ͦͫΈ͔ͭ π ˿͍͊͡Ύͤ͊͟
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ʋʩʪʘʥʦʚʣʝʥʦ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʦʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ʠʥʜʝʢʩʦʚ ʠʥʬʣʷʮʠʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ), ʘ ʪʘʢʞʝ ʩʪʦʠʤʦʩʪʠ ʙʘʥʢʦʚʩʢʠʭ ʢʨʝʜʠʪʦʚ.  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʇʨʦʝʢʪʦʚ ɻʠʛʘɺʕʉ ʟʘ ʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ: 

ǒ ʜʚʫʭʨʘʟʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ɻʠʛʘɺʕʉ ʩ ʟʘʤʝʥʦʡ ʚʳʙʳʚʘʶʱʠʭ ʧʦ 

ʚʳʨʘʙʦʪʢʝ ʨʝʩʫʨʩʘ ɺʕʋ ʥʘ ʥʦʚʳʝ ʥʘ ʪʝʭ ʞʝ ʬʫʥʜʘʤʝʥʪʘʭ ʠ ʙʘʰʥʷʭ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ 

ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʕʕ ɻʠʛʘɺʕʉ (ʉʕʕ) ʥʘ 7 ï 9%; 

ǒ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʤʦʱʥʦʩʪʝʡ ʨʝʟʝʨʚʠʨʫʶʱʠʭ ʊʕʉ (ʩʥʠʞʝʥʠʝ ʉʕʕ ʥʘ 2%); 

ǒ ʦʧʪʠʤʠʟʘʮʠʷ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ɺʕʋ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʳʩʦʪʳ ʙʘʰʝʥ ɺʕʋ  

 ʩ ʫʯʝʪʦʤ ʚʳʩʦʪʥʦʛʦ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ (ʩʥʠʞʝʥʠʝ ʢʘʧʟʘʪʨʘʪ ʥʘ 4 ï 5%); 

ǒ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ɺʕʋ ʩ 20 ʜʦ 25 ʣʝʪ (ʩʥʠʞʝʥʠʝ ʉʕʕ ʥʘ 10 ï 12%); 

ǒ ʚʳʙʦʨʘ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɻʠʛʘɺʕʉ (10 ʣʝʪ) ʩʦ ʩʥʠʞʝʥʠʝʤ ʉʕʕ ʥʘ 4 ï 5%;  

ǒ ʣʦʢʘʣʠʟʘʮʠʠ ʯʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ɺʕʋ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʦ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ɻʠʛʘɺʕʉ ʚ ʨʘʡʦʥʘʭ ʈʦʩʩʠʠ, ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʤʝʩʪʘʤ ʨʘʟʤʝʱʝʥʠʷ 

ɻʠʛʘɺʕʉ (ʩʥʠʞʝʥʠʝ ʢʘʧʟʘʪʨʘʪ ʥʘ 5 ï 6%); 

ǒ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʦʧʳʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ ʉʝʚʝʨʘ ʠ ʜʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ.  

ʉ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʜʘʥʥʦʛʦ ʇʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʷ 

ʠʤʝʝʪ ʚʩʝ ʦʩʥʦʚʘʥʠʷ (ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ, ʨʝʩʫʨʩʥʳʝ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ) ʟʘʥʷʪʴ ʦʜʥʫ 

ʚʝʜʫʱʠʭ ʨʦʣʝʡ ʚ ʛʣʦʙʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʘʭ ʥʘ ʙʘʟʝ ʥʝ ʪʦʣʴʢʦ ʪʨʘʜʠʮʠʦʥʥʳʭ, 

ʥʦ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ.  

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʇʨʦʝʢʪʦʚ ɻʠʛʘɺʕʉ 

ʉʫʤʤʘʨʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʝʪʨʘ ʚ ʈʦʩʩʠʠ ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʚ 12 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʦʚʨʝʤʝʥʥʦʝ ʛʦʜʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʕʕ ʚ ʈʦʩʩʠʠ 

(ʦʢʦʣʦ 1050 ʤʣʨʜ ʢɺʪĿʯ) [2, 3]. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ ʚʝʪʨʦʚʳʝ ʨʝʩʫʨʩʳ ʥʝ ʪʦʣʴʢʦ 

ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʕʕ ʜʣʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʈʦʩʩʠʠ, ʥʦ ʠ ʦʩʥʦʚʦʡ ʝʝ 

ʵʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʧʣʘʥʝ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʦʚ ɻʠʛʘɺʕʉ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʥʘ 

ʖʛʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʈʦʩʩʠʠ (ʨʘʡʦʥʳ ʆʤʩʢʘ - ɹʘʨʘʙʠʥʩʢʘ - ʂʫʣʫʥʜʳ). 

ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʕʕ ʚʦʟʚʝʜʝʥʥʳʭ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ 

ɻʠʛʘɺʕʉ ʥʠʞʝ ʥʘ 10ï15% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʧʦʣʷʨʥʳʤʠ ʧʨʠ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʛʝʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʙʘʟʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ɺʕʋ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʭ ʜʦʨʘʙʦʪʦʢ.  

ɺʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ ʛʝʣʠʦ- ʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʝ ʩ 

ʂʘʟʘʭʩʪʘʥʦʤ, ʨʷʜ ʨʘʡʦʥʦʚ ʢʦʪʦʨʦʛʦ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʩʪʝʧʥʳʤ ʨʘʡʦʥʘʤ ʖʞʥʦʡ ʉʠʙʠʨʠ, 

ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʝʪʨʦʚʳʤʠ ʠ ʩʦʣʥʝʯʥʳʤʠ ʨʝʩʫʨʩʘʤʠ.  

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʩʪʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʝʢʪʳ ʚʝʪʨʦʚʳʭ ʠ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʛʠʛʘʚʘʪʪʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʦʨʪʥʳʭ 

ʧʦʩʪʘʚʦʢ ʕʕ ʚ ʩʪʨʘʥʳ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʖʞʥʦʡ ɸʟʠʠ ʠ ɽʚʨʦʧʳ (ʠʩʧʦʣʴʟʫʷ ʩʝʪʴ ʨʦʩʩʠʡʩʢʠʭ 

ʃʕʇ ɸʟʠʷ-ʎʝʥʪʨ-ɽʚʨʦʧʘ) (ʨʠʩ. 2). 

ʋʩʣʦʚʠʝʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʝʨʩʧʝʢʪʠʚʳ ʵʪʠʭ ʧʨʦʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʬʬʰʦʨʥʳʭ ɻʠʛʘɺʕʉ ʥʘ ʰʝʣʴʬʘʭ ʦʩʪʨʦʚʦʚ ʉʘʭʘʣʠʥ ʠ ʂʫʥʘʰʠʨ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʨʦʝʢʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ 

ʙʘʟʝ ʩʦʣʥʝʯʥʳʭ ʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʥʦʚʦʛʦ ʐʝʣʢʦʚʦʛʦ ʇʫʪʠ ʠ ʨʷʜʘ 

ʩʦʚʤʝʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʩʪʨʘʥ ɹʈʀʂʉ. 
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ʈʠʩ 2. ʈʘʡʦʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʠ ʚʝʪʨʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʙʘʟʝ ɻʠʛʘɺʕʉ ʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ɺʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʚʤʝʩʪʥʳʭ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ɻʠʛʘɺʕʉ ʩʫʤʤʘʨʥʦʡ 

ʤʦʱʥʦʩʪʠ ʜʦ 50 ɻɺʪ ʠ ʙʦʣʝʝ ʩ ʧʝʨʝʜʘʯʝ ʠʭ ʕʕ ʚ ʂʠʪʘʡ ʠ ʜʨʫʛʠʝ ʩʪʨʘʥʳ ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ 

ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʘ ʪʘʢʞʝ ɽʚʨʦʧʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʨʝʩʫʨʩʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ.  

ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʈʦʩʩʠʠ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʩʪʨʘʥ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ, ʫʥʠʢʘʣʴʥʳʭ ʜʣʷ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʠ ʧʦ ʤʘʩʰʪʘʙʘʤ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ, ʤʦʛʣʘ ʙʳ ʩʪʘʪʴ ʚʘʞʥʳʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʰʘʛʦʤ ʚ ʨʘʟʚʠʪʠʠ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʩʪʨʦʝʥʠʠ ʛʣʦʙʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ 

ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  
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ɺ ʜʦʢʣʘʜʝ ʜʘʥʳ ʩʚʝʜʝʥʠʷ ʦ ʩʦʟʜʘʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ GEIDCO ïGlobal Energy Interconnection 

Development and Cooperation Organisation. ɽʝ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʥʝʜʦʧʫʱʝʥʠʝ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʣʘʥʝʪʝ 

ʢ 2050 ʛ. ʙʦʣʝʝ 1,5Áʉ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʠʜʝʦʣʦʛʠʷ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʜʦ 2050 ʛ., ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʯʠʩʪʘʷ ʵʥʝʨʛʝʪʠʢʘ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʧʝʨʝʭʦʜʘ ʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʘʢ ʦʩʥʦʚʥʦʤʫ ʚʠʜʫ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ. 

ʆʧʠʩʘʥʘ ʨʝʘʣʠʟʫʶʱʘʷ ʵʪʫ ʢʦʥʮʝʧʮʠʶ ʪʨʝʭʫʨʦʚʥʝʚʘʷ ʛʣʦʙʘʣʴʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʩ ʚʝʨʭʥʠʤ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʩ ʧʝʨʝʪʦʢʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʮʝʥʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʥʘ ʙʘʟʝ 

ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʚ ɸʨʢʪʠʢʝ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ) ʢ ʮʝʥʪʨʘʤ ʥʘʛʨʫʟʦʢ 

ʧʦ ʣʠʥʠʷʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 800-1500 ʢɺ; ʩʨʝʜʥʠʤ 

ʤʝʞʥʘʮʠʦʥʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʩ ʧʝʨʝʪʦʢʘʤʠ ʧʦ ʃʕʇ 220-500 ʢɺ ʠ ʥʠʞʥʠʤ ʫʨʦʚʥʝʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʝʛʠʦʥʘʭ ʧʦ ʃʕʇ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɼʘʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʧʝʨʝʪʦʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʤʠʨʝ ʜʦ 2050 ʛʛ. 

ɼʘʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ GEIDCO ʧʦ ʨʘʟʚʠʪʠʶ ʤʠʨʦʚʦʡ ɻ ʥʝʨʛʝʪʠʢʠ ʜʦ 2050 

ʛ. ɼʦʣʷ ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢ 2050 ʛ. ʜʦʣʞʥʘ ʩʦʩʪʘʚʠʪʴ 

30% ʦʪ ʤʠʨʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʜʦʣʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʚ ʤʠʨʝ "ʯʠʩʪʦʡ" ʵʥʝʨʛʠʠ ʠ ʛʝʥʝʨʠʨʫʶʱʠʭ ʝʝ 

ʤʦʱʥʦʩʪʝʡ ʜʦʣʞʥʳ ʩʦʩʪʘʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 60 ʠ 80 % ʧʨʠ ʜʦʣʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ 

ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʷʭ "ʯʠʩʪʦʡ" ʵʥʝʨʛʠʠ ï 90%. 

ʇʨʠʚʝʜʝʥʳ ʢʨʠʪʝʨʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʭʦʜʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʦʚ 

GEIDCO, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚ ʠ ʚʝʩʦʚʦʡ ʚʢʣʘʜ ʠʥʜʝʢʩʦʚ ʧʨʦʛʨʝʩʩʘ ʚ ʛʣʦʙʘʣʴʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʲʝʜʠʥʝʥʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʧʨʠʥʷʪʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ GEIDCO ʠ ʬʘʢʪʠʯʝʩʢʠʤ ʥʘʯʘʣʦʤ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʨʘʤʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʨʷʜ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʝʨʝʜ ʈʦʩʩʠʝʡ:  

ï ʩʦʛʣʘʩʥʳ ʣʠ ʤʳ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʘʨʪʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ ʙʫʜʫʱʝʛʦ?  

 ï ʝʩʣʠ ʥʝʪ ï ʩʧʦʩʦʙʥʳ ʣʠ ʤʳ ʚʳʜʚʠʥʫʪʴ ʮʝʣʦʩʪʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ? 

ï ʢʘʢʦʚʘ ʨʦʣʴ ʈʦʩʩʠʠ ʚ ʤʝʭʘʥʠʟʤʝ ʨʝʘʣʠʟʘʮʠʠ GEIDCO ? 

ï ʢʘʢʦʚʘ ʨʦʣʴ ʈʦʩʩʠʠ ʚ ʙʫʜʫʱʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʢʣʘʜʝ?  

ï ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʈʦʩʩʠʠ ʥʘʤʝʨʝʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʭʦʜ ʢ "ʯʠʩʪʦʡ" ʵʥʝʨʛʝʪʠʢʝ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ? 

 ʆʜʥʠʤ ʠʟ ʚʳʚʦʜʦʚ ʜʦʢʣʘʜʘ ʷʚʣʷʝʪʩʷ ʩʦʦʙʨʘʞʝʥʠʝ ʘʚʪʦʨʦʚ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʘʢʪʠʚʥʦʤ ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ ʠ 

ʵʥʝʨʛʦʝʤʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʚ ʈʦʩʩʠʠ ʚʳʧʦʣʥʝʥʠʝ ʫʩʪʘʥʦʚʦʢ GEIDCO ʧʦ ʩʜʝʨʞʠʚʘʥʠʶ ʚʳʙʨʦʩʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʙʝʟ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʀʕ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʳʤ. 

ʆʪʤʝʯʝʥʘ ʧʘʩʩʠʚʥʘʷ ʨʦʣʴ ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ ʠ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ ʚ ʩʦʟʜʘʥʠʠ ʮʝʣʝʚʦʡ ʢʘʨʪʠʥʳ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʵʥʝʨʛʝʪʠʢʠ ʙʫʜʫʱʝʛʦ. ʇʦʜʯʝʨʢʥʫʪʘ ʚʘʞʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʣʷ ʩʪʨʘʥʳ ʚ 

ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʶ ʧʦʟʠʮʠʶ ʚ ʦʪʥʦʰʝʥʠʠ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ, ʧʨʠʥʷʪʦʡ 

GEIDCO. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʨʘʟʚʠʪʠʝ 

ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʡ. ɽʩʪʝʩʪʚʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʜʝʡ ʂʠʦʪʩʢʦʛʦ 

ʇʨʦʪʦʢʦʣʘ ʷʚʠʣʘʩʴ ʧʨʠʥʷʪʘʷ ʚ 2015 ʛ. ʚ ʇʘʨʠʞʝ ʈʘʤʦʯʥʘʷ ʢʦʥʚʝʥʮʠʷ ʆʆʅ ʧʦ ʢʣʠʤʘʪʫ, 

ʧʦʜʧʠʩʘʥʥʦʝ ʧʝʨʚʳʤʠ ʣʠʮʘʤʠ 195 ʛʦʩʫʜʘʨʩʪʚ, ʦʧʨʝʜʝʣʠʚʰʘʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ 

ʤʝʨʳ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʠ ʦʙʲʸʤʳ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ 

ʧʦʩʣʝ 2020 ʛ. ɻʣʘʚʥʘʷ ʮʝʣʴ ʚʩʝʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ï ʥʝ ʜʦʧʫʩʪʠʪʴ ʨʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʢ ʢʦʥʮʫ 21 ʚʝʢʘ ʙʦʣʝʝ 2Áʉ, ʘ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ - ʙʦʣʝʝ 1,5Áʉ.  



56 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ʉʦʛʣʘʰʝʥʠʝ ʦʙʷʟʳʚʘʝʪ ʚʩʝ ʩʪʨʘʥʳ ʨʘʟʨʘʙʦʪʘʪʴ ʢ 2020 ʛ. ʠ ʧʨʠʥʷʪʴ ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʭʦʜʘ ʥʘ ʙʝʟʫʛʣʝʨʦʜʥʫʶ ʵʢʦʥʦʤʠʢʫ. ʆʮʝʥʢʫ ʨʝʘʣʠʟʘʮʠʠ ʉʦʛʣʘʰʝʥʠʷ 

ʨʝʰʝʥʦ ʧʨʦʚʦʜʠʪʴ ʢʘʞʜʳʝ ʧʷʪʴ ʣʝʪ, ʥʘʯʠʥʘʷ ʩ 2023 ʛ. 

Global Energy Interconnection GEIDCO - ʵʪʘʧʳ ʧʨʦʜʚʠʞʝʥʠʷ 

ʆʩʝʥʴʶ 2015 ʛʦʜʘ ʥʘ ʩʘʤʤʠʪʝ ʆʆʅ ʧʦ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʧʨʝʜʩʝʜʘʪʝʣʴ ʂʅʈ 

ʉʠ ʎʟʠʥʴʧʠʥ ʚʳʜʚʠʥʫʣ ʠʥʠʮʠʘʪʠʚʫ ʦ ʩʦʟʜʘʥʠʠ ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʠʷ ʫʩʠʣʠʡ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʩʧʨʦʩʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘ 

ʦʩʥʦʚʝ ʟʝʣʝʥʦʡ ʵʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʙʨʦʩʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʢ ʢʦʥʮʫ 21 ʩʪʦʣʝʪʠʷ ï ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 1,5 ʛʨʘʜʫʩʘ. ʇʨʝʜʣʦʞʝʥʠʝ 

ʙʳʣʦ ʦʜʦʙʨʝʥʦ, ʘ ʚ ʝʛʦ ʨʘʟʚʠʪʠʝ ʩ ʦʢʪʷʙʨʷ 2015 ʧʦ ʤʘʨʪ 2016 ʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʨʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʬʦʨʫʤʘ ʧʦ ʚʦʧʨʦʩʘʤ ʩʦʟʜʘʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ (ʏʠʢʘʛʦ, 

ɹʝʨʣʠʥ, ʇʝʢʠʥ). ʇʦʩʣʝʜʥʠʡ, ʩʦʩʪʦʷʚʰʠʡʩʷ 30 ʤʘʨʪʘ 2016 ʛ. ʚ ʇʝʢʠʥʝ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʦʜʚʠʥʫʣ ʠ ʧʦʜʚʝʣ ʠʪʦʛʠ ʨʘʟʚʠʪʠʷ ʠʜʝʠ ʛʣʦʙʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʉ ʧʦʩʪʘʥʦʚʦʯʥʳʤʠ ʜʦʢʣʘʜʘʤʠ ʚʳʩʪʫʧʠʣʠ ʟʘʤʝʩʪʠʪʝʣʴ ɻʝʥʝʨʘʣʴʥʦʛʦ ʩʝʢʨʝʪʘʨʷ ʆʆʅ 

Hongo Wu, ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʕʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ɸʛʝʥʪʩʪʚʘ 

ʌʘʪʠʭ ɹʠʨʦʣ, ʇʨʝʜʩʝʜʘʪʝʣʴ ɻʕʂ ʂʠʪʘʷ ʃʶ ʏʞʝʥʴʷ.  

ʅʘ ʬʦʨʫʤʝ ʨʘʙʦʪʘʣʦ 6 ʢʨʫʛʣʳʭ ʩʪʦʣʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʩʪʨʘʪʝʛʠʠ ʩʦʟʜʘʥʠʷ GEI, 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʝʪʝʡ ʫʣʴʪʨʘʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ɺʀʕ, ʥʘʢʦʧʠʪʝʣʝʡ, ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʂ ʌʦʨʫʤʫ ʧʦʜʛʦʪʦʚʣʝʥʳ, ʚʳʧʫʱʝʥʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʘʪʝʨʠʘʣʳ SGCC 

Global Energy Interconnection Development Report (ʆʪʯʝʪ ʦ ʨʘʟʚʠʪʠʠ ʛʣʦʙʘʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ), Global Energy Review and Outlook (ʆʙʟʦʨ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ). 

(SGCC ʩʦʚʤʝʩʪʥʦ ʩ EIA), A Study on Wind Power Resources in the Arctic Region and Their 

Development (ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʠ 

ʧʨʦʝʢʪʦʚ ʧʦ ʠʭ ʨʘʟʚʠʪʠʶ), ʜʚʫʭʪʦʤʥʠʢ "Proceeding of 2016 Global Energy 

Interconnectionò, ʚʢʣʶʯʘʶʱʠʡ ʙʦʣʝʝ 100 ʩʪʘʪʝʡ ʘʚʪʦʨʦʚ ʨʘʟʥʳʭ ʩʪʨʘʥ ʧʦ ʚʦʧʨʦʩʘʤ 

ʩʦʟʜʘʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ.  

ɺʘʞʥʦʡ ʠʜʝʡʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʴʶ ʌʦʨʫʤʘ ʩʪʘʣʘ ʧʨʝʟʝʥʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʦʚʤʝʩʪʥʦʛʦ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʫʩʣʦʚʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʧʦʪʝʥʮʠʘʣʘ ʘʨʢʪʠʯʝʩʢʠʭ ʠ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʥʘ ɻʠʛʘɺʕʉ ʤʦʱʥʦʩʪʴʶ 50 ɻɺʪ ʠ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʣʠʥʠʷʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʫʣʴʪʨʘʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʂʠʪʘʡ. ʇʨʦʝʢʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʂʠʪʘʡʩʢʦʡ ʩʪʦʨʦʥʦʡ ʢʘʢ ʚʘʞʥʘʷ ʯʘʩʪʴ ʟʘʷʚʣʝʥʥʦʛʦ ʥʘ ʌʦʨʫʤʝ ɻʣʦʙʘʣʴʥʦʛʦ ʇʨʦʝʢʪʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʢʫʨʠʨʫʝʪʩʷ ɻʕʂ ʂʠʪʘʷ.  

ɺʘʞʥʳʤ ʧʨʘʢʪʠʯʝʩʢʠʤ ʰʘʛʦʤ ʌʦʨʫʤʘ ʷʚʠʣʦʩʴ ʧʦʜʧʠʩʘʥʠʝ ʢʨʫʧʥʝʡʰʠʤʠ 

ʢʦʤʧʘʥʠʷʤʠ 4-ʭ ʩʪʨʘʥ (ɻʕʂ ʂʠʪʘʷ, ʂɽʇʂʆ ʂʦʨʝʷ, ʉʦʬʪ ɹʘʥʢ ʗʧʦʥʠʠ ʠ ʈʦʩʩʝʪʠ ʈʦʩʩʠʷ) 

ʉʦʛʣʘʰʝʥʠʷ ʦʙ ʫʯʨʝʞʜʝʥʠʠ ʢʦʥʩʦʨʮʠʫʤʘ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ 

ɹʦʣʴʰʦʛʦ ʘʟʠʘʪʩʢʦʛʦ ʂʦʣʴʮʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʂʠʪʘʷ, ʈʦʩʩʠʠ, ʂʦʨʝʠ, 

ʗʧʦʥʠʠ ʠ ʄʦʥʛʦʣʠʠ.  

ʌʦʨʫʤ ʚ ʇʝʢʠʥʝ ʟʘʚʝʨʰʠʣʩʷ ʫʯʨʝʞʜʝʥʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ 

ʢʦʦʧʝʨʘʮʠʠ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʚ ʩʦʟʜʘʥʠʠ ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ ï GEIDCO 

(Global Energy Interconnection Development and Cooperation Organisation). ɺ ʩʦʩʪʘʚ 

GEIDCO ʚʦʰʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʫʥʠʚʝʨʩʠʪʝʪʳ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʠʥʩʪʠʪʫʪʳ ʂʠʪʘʷ, ʉʐɸ, ɽʚʨʦʧʳ, ʗʧʦʥʠʠ, ʖʞʥʦʡ ʂʦʨʝʠ, ɹʨʘʟʠʣʠʠ ʠ ʈʦʩʩʠʠ. 

ʇʨʝʜʩʝʜʘʪʝʣʝʤ GEIDCO ʠʟʙʨʘʥ ʧʨʝʜʩʝʜʘʪʝʣʴ ɻʕʂ ʂʠʪʘʷ ʃʶ ʏʞʝʥʴʷ, ʝʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ï ʄʘʩʘʝʰʠ ʉʦʥ (Masayoshi Son) - ʦʩʥʦʚʘʪʝʣʴ SoftBank Group Corp. ʠ 

Renewable Energy Institute ʗʧʦʥʠʠ, ʘ ʪʘʢʞʝ ʉʪʠʚʝʥ ʏʫ (Steven Chu) ï ʙʳʚʰʠʡ ʄʠʥʠʩʪʨ 

ʵʥʝʨʛʝʪʠʢʠ ʉʐɸ 2009 ï 2013, ʣʘʫʨʝʘʪ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ. 

ʀʜʝʡʥʳʤ ʠ ʬʘʢʪʠʯʝʩʢʠʤ ʣʠʜʝʨʦʤ ʧʨʠʥʷʪʦʛʦ ʢʫʨʩʘ GEIDCO ʩʪʘʣ ʂʠʪʘʡ ʙʣʘʛʦʜʘʨʷ 

ʫʥʠʢʘʣʴʥʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʦʧʳʪʫ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 
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ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʃʕʇ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʫʣʴʪʨʘʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʠ ʣʠʜʠʨʫʶʱʝʡ ʚ ʤʠʨʝ ʨʦʣʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʚʦʡ 

ʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ (ʢ 2016 ʛʦʜʫ ʚ ʂʠʪʘʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ ʦʢʦʣʦ 130 ɻɺʪ ʚʝʪʨʦʚʳʭ ʠ 

43 ɻɺʪ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʘ ʜʦʣʷ ɺʀʕ ʚ ʦʙʱʝʡ ʛʝʥʝʨʠʨʫʶʱʝʡ ʤʦʱʥʦʩʪʠ 

ʜʦʩʪʠʛʣʘ ʧʦʯʪʠ 25%). 

ɹʘʟʦʚʳʝ ʠʜʝʠ GEIDCO ʢʨʘʪʢʦ ʦʧʠʩʳʚʘʶʪʩʷ ʬʦʨʤʫʣʦʡ:  

 GEIDCO = Clean Energy + UHVL + Smart Grid  

ʉʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ GEIDCO ʧʝʨʝʭʦʜ ʢ ʯʠʩʪʦʡ ʵʥʝʨʛʝʪʠʢʝ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ 

ʧʝʨʝʭʦʜʘ ʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʘʢ ʦʩʥʦʚʥʦʤʫ ʚʠʜʫ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʚ ʢʦʪʦʨʫʶ ʤʦʛʫʪ 

ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʳ.ʚʩʝ ʚʠʜʳ ʧʝʨʚʠʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʪʨʝʭʫʨʦʚʥʝʚʫʶ ʛʣʦʙʘʣʴʥʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʢʘʢ ʦʩʥʦʚʫ ʫʩʪʦʡʯʠʚʦʛʦ ʤʠʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ: ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ï 

ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩ ʧʝʨʝʪʦʢʘʤʠ ʦʪ ʮʝʥʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʥʘ ʙʘʟʝ 

ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʚ ɸʨʢʪʠʢʝ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ) ʢ 

ʮʝʥʪʨʘʤ ʥʘʛʨʫʟʦʢ ï ʧʦ ʣʠʥʠʷʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ (ʃʕʇ) ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʥʘʧʨʷʞʝʥʠʝʤ 800-1500 ʢɺ; ʩʨʝʜʥʠʡ ï ʤʝʞʥʘʮʠʦʥʘʣʴʥʳʡ ʩ ʧʝʨʝʪʦʢʘʤʠ ʧʦ ʃʕʇ 220-500 

ʢɺ; ʥʠʞʥʠʡ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʝʛʠʦʥʘʭ ʧʦ ʃʕʇ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

ʆʙʱʘʷ ʢʘʨʪʠʥʘ ʧʝʨʝʪʦʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʠʨʝ ʠ ʚ ɸʟʠʠ ʩʦʛʣʘʩʥʦ ʩʪʨʘʪʝʛʠʠ 

GEIDCO ʚ 2030 ʠ 2050 ʛʛ. ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1 ʠ 2. 

 

 

 

2030 ʛ. 2050 ʛ. 
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ʈʠʩ. 2 ʉʪʨʘʪʝʛʠʷ  GEIDCO: ʊʨʘʥʩ-ʥʘʮʠʦʥʘʣʴʥʘʷ ʩʝʪʴ ɸʟʠʠ ʚ 2050 ʛ. 

 

 

ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʮʝʣʠ GEIDCO ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1  

ʊʘʙʣʠʮʘ 1  

ʎʝʣʠ \ ʛʦʜ 2020 2030 2050 

ʊʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʡ ʠ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ 

ʨʳʥʦʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (% ʤʠʨʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ) 
5 10 30 

ɼʦʣʷ ʟʘʤʝʱʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʚ ʤʠʨʝ ʵʥʝʨʛʠʠ "ʯʠʩʪʦʡ" ʵʥʝʨʛʠʝʡ (ʚʢʣʶʯʘʷ ɸʕʉ) 

 % ʦʪ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ  25 33 60 

 % ʦʪ ʩʫʤʘʨʥʳʭ ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ  35 50 80 

% ɺʀʕ ʦʪ ʩʫʤʘʨʥʳʭ ʛʝʥʝʨʠʨʫʶʱʠʭ 

ʤʦʱʥʦʩʪʝʡ 

  90 

ɿʘʤʝʱʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʤʠʨʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ 

 ɼʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (%)  20 25 50 

 ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʨʘʥʩʧʦʨʪ, ʤʣʥ ʰʪʫʢ  9 90 2000 

 

ʉʪʨʫʢʪʫʨʘ ʤʠʨʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʝʝ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʜʦ 2050 

ʛ. ʩʦʛʣʘʩʥʦ ʩʪʨʘʪʝʛʠʠ GEIDCO ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3 ʠ 4. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʭʘʥʠʟʤ ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʭʦʜʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʦʚ GEIDCO, 

ʩʦʩʪʘʚ ʠ ʚʝʩʦʚʦʡ ʚʢʣʘʜ ʠʥʜʝʢʩʦʚ ʧʨʦʛʨʝʩʩʘ ʚ ʛʣʦʙʘʣʴʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʲʝʜʠʥʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʈʠʩ. 3. ʇʦʪʨʝʙʣʷʝʤʘʷ ʚ ʤʠʨʝ ʵʥʝʨʛʠʷ ʧʦ 

ʚʠʜʘʤ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ 

ʈʠʩ. 4. ɼʦʣʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʚ 

ʩʫʤʤʘʨʥʦʤ ʤʠʨʦʚʦʤ ʧʦʪʨʝʙʣʝʥʠʠ 

ʵʥʝʨʛʠʷ 

ʊʘʙʣʠʮʘ 2. ʀʥʜʝʢʩʳ ʠʟʤʝʨʝʥʠʷ ʧʨʦʛʨʝʩʩʘ GEIDCO.  

ʋʨʦʚʝʥʴ 1 ʋʨʦʚʝʥʴ 2 

ʈʘʟʚʠʪʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ  
ʩʝʪʝʡ (0.2) .  

 ɸʢʪʠʚʥʦʩʪʴ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ 

(0,25)  

 ʇʦʣʠʪʠʢʘ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʳʥʢʘ ʧʦʪʨʝʙʣʝʥʠʷ (0,2)  

 ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ (0.2) 

 ʆʙʲʝʤʳ ʠʥʚʝʩʪʠʮʠʡ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʝʪʠ (0,15)  

 ʉʪʨʘʪʝʛʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʝʡ 

(0.2)  

ʈʘʟʚʠʪʠʝ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʩʝʪʝʡ  

(0.5)  

 ʋʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ (0,15)  

 ʊʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩʝʪʷʤʠ (0,25)  

 ʉʫʤʤʘʨʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʤʦʱʥʦʩʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʝʡ 

(0,15)  

 ʉʫʤʤʘʨʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (0,15)  

 ʂʨʦʩʩ-ʨʝʛʠʦʥʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʝʟʝʨʚʠʨʫʶʱʝʡ ʤʦʱʥʦʩʪʠ 

(0,3)  

ʈʘʟʚʠʪʠʝ ʯʠʩʪʦʡ 

ʵʥʝʨʛʝʪʠʢʠ  

(0.3)  

 ɼʦʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʯʠʩʪʦʡ ʵʥʝʨʛʠʠ (0,2)  

 ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʯʠʩʪʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

(0,15)  

 ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʯʠʩʪʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (0,2)  
 ɺʳʙʨʦʩʳ ʫʛʣʝʨʦʜʘ ʥʘ ʝʜʠʥʠʮʫ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (0,15)  

 ʉʪʨʘʪʝʛʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʯʠʩʪʦʡ ʵʥʝʨʛʝʪʠʢʠ (0,3)  
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʪʝʦʨʝʪʠʯʝʩʢʘʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʳ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ GEIDCO ʩʦʟʜʘʥʳ ʠ ʬʘʢʪʠʯʝʩʢʠ ʥʘʯʘʪʘ ʝʝ ʨʝʘʣʠʟʘʮʠʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʝʜ ʈʦʩʩʠʝʡ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ:  

ï ʩʦʛʣʘʩʥʳ ʣʠ ʤʳ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʘʨʪʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ ʙʫʜʫʱʝʛʦ?  

 ï ɽʩʣʠ ʥʝʪ ï ʩʧʦʩʦʙʥʳ ʣʠ ʤʳ ʚʳʜʚʠʥʫʪʴ ʮʝʣʦʩʪʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ? 
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ï ʢʘʢʦʚʘ ʨʦʣʴ ʈʦʩʩʠʠ ʚ ʤʝʭʘʥʠʟʤʝ ʨʝʘʣʠʟʘʮʠʠ GEIDCO ? 

ï ʢʘʢʦʚʘ ʨʦʣʴ ʈʦʩʩʠʠ ʚ ʙʫʜʫʱʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʢʣʘʜʝ?  

ï ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʈʦʩʩʠʠ ʥʘʤʝʨʝʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʭʦʜ ʢ "ʯʠʩʪʦʡ" ʵʥʝʨʛʝʪʠʢʝ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ? 

ʇʦʪʝʥʮʠʘʣ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʉʆ2 ʚ ʨʘʟʨʝʟʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʠʚʝʜʝʥ ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6.  

 
 

ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʦ ʦʪʨʘʩʣʷʤ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ  

 

 

 

ʈʠʩ. 6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʦ ʦʪʨʘʩʣʷʤ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʠ 

ʚʠʜʘʤ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ  

ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʤ ʜʘʥʥʳʤ, ʚʢʣʘʜ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʈʦʩʩʠʠ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʚʝʨʜʦʛʦ, ʞʠʜʢʦʛʦ ʠ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʚʦ 

ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʚ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʩʦʩʪʘʚʣʷʣ ʚ 2013 ʛ. å 84%. 

ʇʨʠ ʘʢʪʠʚʥʦʤ ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ ʠ ʵʥʝʨʛʦʝʤʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʚ ʈʦʩʩʠʠ ʚʳʧʦʣʥʝʥʠʝ 

ʫʩʪʘʥʦʚʦʢ GEIDCO ʧʦ ʩʜʝʨʞʠʚʘʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʙʝʟ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʀʕ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʳʤ. 

ʇʦʢʘ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʨʦʣʴ ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ ʠ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ ʚ ʩʦʟʜʘʥʠʠ 

ʮʝʣʝʚʦʡ ʢʘʨʪʠʥʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʵʥʝʨʛʝʪʠʢʠ ʙʫʜʫʱʝʛʦ ʧʘʩʩʠʚʥʘ. ʅʦ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠʜʝʪʩʷ ʠ ʥʝʦʙʭʦʜʠʤʦ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʦ 

ʩʚʦʝʡ ʧʦʟʠʮʠʝʡ ʚ ʦʪʥʦʰʝʥʠʠ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ, ʧʨʠʥʷʪʦʡ GEIDCO. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. The Proceedings of 2016 Global Energy Interconnection. Global Energy Review and Outlook, 

Beijing, 2016. 

 

ɺʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʦ ʦʪʨʘʩʣʷʤ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʚ 2012 ʛ., ʤʣʥ ʪ

827; 37%

414; 18%

74; 3%

143; 7%

36; 2%

141; 6%

165; 8%

188; 9%

80; 4%

122; 6% ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ

ʥʝʬʪʝʛʘʟʦʚʘʷ 

ʫʛʦʣʴʥʘʷ 

ʤʝʪʘʣʣʫʨʛʠʷ

ʭʠʤʠʯʝʩʢʘʷ

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʧʨ.

ʩ/ʭ, ʣʝʩʥʘʷ, ʨʳʙʥʘʷ

ʘʚʪʦ ʠ ʞ/ʜ ʪʨʘʥʩʧʦʨʪ

ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ

ɾʂʍ

ɺʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʈʌ ʚ 2012 ʛ., ʤʣʥ ʪ

454,9; 

56%

346,6; 

42%

15,9; 2%

2,0; 0%

ʥʘ ʛʘʟʝ

ʥʘ ʫʛʣʝ

ʥʘ ʤʘʟʫʪʝ ʠ ʜʠʟʪʦʧʣʠʚʝ

ʥʘ ʪʦʨʬʝ ʠ ʜʨʝʚʝʩʠʥʝ
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ʆ ʈɽɿʋʃʔʊɸʊɸʍ ʀ ʇɽʈʉʇɽʂʊʀɺɸʍ ʈɸɿʈɸɹʆʊʂʀ ɹɽɿʊʆʇʃʀɺʅʓʍ 

ʀʉʊʆʏʅʀʂʆɺ ɸɺʊʆʅʆʄʅʆɻʆ ʕʅɽʈɻʆʉʅɸɹɾɽʅʀʗ 

THE RESULTS AND PROSPECTS OF THE DEVELOPM ENT FUEL-FREE 

AUTONOMOUS POWER SUPPLY SOURCES OF NEW TYPE 

ʉʦʥ ʕ.ɽ., 1; ʂʫʜʨʷʰʦʚ ʖ.ʀ., 2; ʅʠʢʦʣʘʝʚ ɺ.ɻ., 2; ʅʠʢʦʣʘʝʚ ɺ.ɺ., 2 

1: ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʈɸʅ 

2: ʅʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʮʝʥʪʨ çɸʊʄʆɻʈɸʌè, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 

Son E.E., 1; Nikolaev V.G., 2; Kudryashov Yu.I ., 2; Nikolaev V.V., 2 

1: Joint Institute for High Temperatures of the Russian Academy of Sciences JIHT RAS 

2: Research & Information Center çATMOGRAPHè, Moscow, Russia 

ʄʘʪʝʨʠʘʣʳ ʠ ʚʳʚʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʜʦʢʣʘʜʘ ʦʩʥʦʚʘʥʳ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʀɺʊɸʅ ʈɸʅ ʠ ʅʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʎʝʥʪʨʘ "ɸʊʄʆɻʈɸʌ" ʩʭʝʤʳ 

ʘʚʪʦʥʦʤʥʦʛʦ ʙʝʟʪʦʧʣʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (ɹʀʕʉ), ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʙʘʟʝ 

ʧʝʨʝʜʦʚʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʠʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ɺʕʋ) ʥʦʚʦʛʦ ʪʠʧʘ ʠ ʝʛʦ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʙʝʟʪʦʧʣʠʚʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʈɸʅ çʇʦʠʩʢʦʚʳʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʚʠʪʠʷ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌè.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʨʘʙʦʯʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʩ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ, ʤʦʜʝʣʠʨʫʶʱʠʤ ʨʘʙʦʪʫ ɺʕʋ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʦ 

ʚʨʝʤʝʥʠ ʤʦʱʥʦʩʪʴʶ. ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʚʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʨʘʙʦʪʢʫ ʧʨʦʪʦʪʠʧʘ ɹʀʕʉ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ (å 10 ʢɺʪ) ʥʘ ʙʘʟʝ ʢʦʤʧʨʝʩʩʦʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 150 - 250 ʘʪʤ) ʩ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ, ʨʝʩʠʚʝʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʩ ʜʘʚʣʝʥʠʝʤ ʜʦ 250 ʘʪʤ, ʩʠʩʪʝʤʳ 

ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʧʦʜʘʯʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ (ʚʦʟʜʫʭʘ) ʠʟ ʨʝʩʠʚʝʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 8 - 10 ʘʪʤ, ʩʣʫʞʘʱʝʛʦ ʨʘʙʦʯʠʤ ʪʝʣʦʤ ʜʣʷ ʚʳʩʦʢʦʦʙʦʨʦʪʥʦʡ ʪʫʨʙʠʥʳ (ʜʦ 

ʩʦʪʥʠ ʪʳʩʷʯ ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ) ʠ ʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʨʘʙʦʪʫ ʢʦʤʧʨʝʩʩʦʨʘ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 150 - 250 ʘʪʤ) ʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʥʦʤʥʦʛʦ ʙʝʟʪʦʧʣʠʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (ɹʀʕʉ), ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʧʝʨʝʜʦʚʳʭ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʠʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ɺʕʋ) ʥʦʚʦʛʦ ʪʠʧʘ ʠ ʝʛʦ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʜʣʷ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʙʝʟʪʦʧʣʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ɹʀʕʉ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʘʨʜʠʥʘʣʴʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʘʚʪʦʥʦʤʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʚʦʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʝʪʝʡ 

ʪʝʨʨʠʪʦʨʠʷʭ ʈʌ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʈʦʩʩʠʠ ʠ ʚ ʤʠʨʝ ʦʙʦʩʥʦʚʘʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʝʟʪʦʧʣʠʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʈʦʩʩʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʣʷ ʩʪʨʘʥʳ ʚ ʩʣʫʯʘʝ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʟʘʜʘʯ ʩʚʷʟʘʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʦʢ 

ʜʦʨʦʛʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʘʚʪʦʥʦʤʥʦʩʪʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʮʝʣʝʥʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʘʫʯʥʳʭ ʧʨʠʥʮʠʧʦʚ, 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʘʚʪʦʥʦʤʥʦʛʦ ʙʝʟʪʦʧʣʠʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ (ɹʀʕʅ), ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʧʝʨʝʜʦʚʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʠʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺʕʋ ʥʦʚʦʛʦ ʪʠʧʘ ʠ ʝʛʦ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. 



62 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ɺ ʭʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʅʀʈ ʩʠʣʘʤʠ ʀɺʊɸʅ ʠ ʅʀʎ "ɸʊʄʆɻʈɸʌ" ʚ 

ʦʙʱʠʭ ʯʝʨʪʘʭ ʨʘʟʨʘʙʦʪʘʥʳ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ɹʀʕʅ; 

ʦʧʨʝʜʝʣʝʥʳ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʣɻʝʤʝʥʪʦʚ ʠ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʠʤ; ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ɹʀʕʅ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ (å 10 ʢɺʪ), ʜʦʧʫʩʢʘʶʱʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ; ʦʮʝʥʝʥʳ 

ʩʪʦʠʤʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʩʝʨʠʡʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʠʤʝʨʥʘʷ ʝʤʢʦʩʪʴ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ ɹʀʕʅ; ʦʮʝʥʝʥʳ ʩʫʤʤʘʨʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪʳ ʠʭ ʚʥʝʜʨʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʩʥʦʚʳʚʘʶʪ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʪʝʭʥʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʀʕʅ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʘʧʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ɹʀʕʅ ʷʚʣʷʝʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ:  

ï ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ɺʕʇ) ʘʨʢʪʠʯʝʩʢʦʡ 

ʟʦʥʳ ʈʦʩʩʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ɺʕʋ ʚ ʩʝʚʝʨʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʠ 

ʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʵʥʝʨʛʠʶ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʦʚʳʭ ʪʠʧʦʚ ʠ ʥʘʟʥʘʯʝʥʠʷ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ɺʕʋ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʚʝʪʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ;  

ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʭʝʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠ ʝʛʦ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ; 

ï ʪʝʭʥʠʯʝʩʢʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʭʝʤʳ ʠ ʩʦʟʜʘʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ 8 õ 10 ʢɺʪ; 

ï ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʀʕʅ ʜʣʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʧʦʨʪʦʚ ʉʝʚʝʨʥʦʛʦ ʄʦʨʩʢʦʛʦ ʇʫʪʠ ʩ ʫʯʝʪʦʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ ʤʝʩʪʥʳʭ ʚʝʪʨʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ; 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʨʳʥʢʘ ʩʙʳʪʘ ʨʘʟʨʘʙʘʪʳʚʘʝʦʛʦ ɹʀʕʅ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʦʚʝʨʥʳʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʕʇ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɺʕʋ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʩʠʡʩʢʦʛʦ ɿʘʧʦʣʷʨʴʷ ʠ ʚʳʙʦʨʦʤ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ɹʀʕʅ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ɺʕʋ ʠ ʩʠʩʪʝʤʘʤ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ɺʕʇ ʚ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʘʭ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ (ʤʘʩʰʪʘʙʦʚ ʦʪ ʤʠʥʫʪ ʜʦ ʩʫʪʦʢ) ʠ 

ʩʝʟʦʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ (ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʠ ʚʳʩʦʪʥʦʡ) ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʤʦʜʝʣʠ 

ʚʝʪʨʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ɺʕʇ ʚ ʦʧʦʨʥʳʭ ʧʫʥʢʪʘʭ ʉʝʚʝʨʥʦʛʦ ʄʦʨʩʢʦʛʦ ʇʫʪʠ 

ʦʩʥʦʚʘʥʳ ʥʘ ʬʠʟʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘ ʙʘʟʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ (ʜʘʚʣʝʥʠʠ, ʪʝʤʧʝʨʘʪʫʨʝ, 

ʧʣʦʪʥʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ, ʚʝʪʨʝ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʦʧʘʩʥʳʭ ʜʣʷ ʪʝʭʥʠʢʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʷʭ ʠ ʧʨ.) ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ɿʝʤʣʠ (ʨʝʣʴʝʬʝ, ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʛʨʫʥʪʘʭ, ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʠ ʧʨ.), ʧʦʣʫʯʝʥʥʳʭ ʠ ʧʦʣʫʯʘʝʤʳʭ ʚ ʭʦʜʝ 

ʤʥʦʛʦʣʝʪʥʠʭ ʩʝʪʝʚʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ, 

ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ (ʰʘʨʦʧʠʣʦʪʥʳʭ), ʩʧʫʪʥʠʢʦʚʳʭ, ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ [1, 2].  

ɺʝʪʨʦʚʦʡ ʨʝʞʠʤ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘʧʦʣʷʨʥʦʡ ʟʦʥʝ ʈʦʩʩʠʠ 

ʦʧʨʝʜʝʣʷʣʩʷ ʠ ʦʮʝʥʠʚʘʣʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ɺʕʇ ʠ ʤʦʱʥʦʩʪʠ ɺʕʋ ʧʦ 

ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʚʝʪʨʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʇʉɸ ʥʘ ʩʝʪʠ 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ (ʯʠʩʣʦʤ ʜʦ 600) ʠ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ (ʦʢʦʣʦ 60) 

ʩʪʘʥʮʠʡ ʈʦʩʩʠʠ ʠ ʙʳʚʰʝʛʦ ʉʉʉʈ (ʙʘʟʦʚʳʝ ʧʝʨʠʦʜʳ ʦʪ 10 ʜʦ 40 ʣʝʪ) ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜ ʟʘʜʘʯʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʢʨʘʪʢʦʩʨʦʯʥʳʭ (ʟʘ 1 ï 2 ʛʦʜʘ) 

ʪʨʝʭʫʨʦʚʥʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʤʘʯʪʘʭ ʚ ʚʳʩʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 10 ï 60 

ʤ (ʚʝʪʨʦʚʦʡ ʨʘʟʚʝʜʢʠ) ʚ ʦʪʜʝʣʴʥʳʭ ʧʫʥʢʪʘʭ ʨʦʩʩʠʡʩʢʦʛʦ ʟʘʧʦʣʷʨʴʷ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 

ʨʘʟʥʳʝ ʛʦʜʳ ʩʠʣʘʤʠ ʈɸʆ ʕʉ ɺʦʩʪʦʢʘ [2].  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʚʳʩʦʢʦʪʦʯʥʦʝ (ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʚʳʰʝ 15ï18 %) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ɺʕʇ ʚ ʣʶʙʦʡ ʟʘʜʘʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʪʦʯʢʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʟʘʧʦʣʷʨʴʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩ ʤʘʩʰʪʘʙʘʤʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʩʝʟʦʥʥʳʭ ʠ 

ʤʝʞʛʦʜʦʚʳʭ. ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʨʝʜʥʠʭ 

ʤʥʦʛʦʣʝʪʥʠʭ ʩʝʟʦʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʠ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

ʚʝʪʨʘ ʚ ʨʘʡʦʥʝ ʊʠʢʩʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ (ʩ ʤʠʥʫʪʥʳʤ 

ʠ ʩʫʪʦʯʥʳʤ ʤʘʩʰʪʘʙʦʤ) ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ.  

ʅʘ ʙʘʟʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʫʥʢʪʘʭ ʦʧʨʝʜʝʣʝʥʳ ʚʝʪʨʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʙʘʟʦʚʳʤ ɺʕʋ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʩ ʫʯʝʪʦʤ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʲʝʤʳ 

ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠ ʢʦʤʧʨʝʩʩʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʨʦʪʦʪʠʧʘ ɹʀʕʅ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʢʘʢ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ. 

 
ʈʠʩ.1. ʈʘʩʯʝʪʥʳʝ ʚʳʩʦʪʥʳʝ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ V(h) ʚ ʨʘʡʦʥʝ ʧ. ʊʠʢʩʠ 
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ʈʠʩ.2. ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʰʪʠʣʝʡ ʚ ʨʘʡʦʥʝ ʧ. ʊʠʢʩʠ 

ʆʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ ʚʳʚʦʜʘʤʠ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʝʝ ʧʦʤʦʱʴʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦïʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ɺʕʇ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʧʦʣʷʨʥʳʭ ɹʀʕʅ ʥʘ ʙʘʟʝ ɺʕʋ ʠ ʩʠʩʪʝʤ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʥʠʤ ʷʚʠʣʠʩʴ:  

ï ɺʕʇ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʫʥʢʪʦʚ ʉʝʚʄʦʨʇʫʪʠ (ɼʠʢʩʦʥ, ʊʠʢʩʠ, ʇʝʚʝʢ, ʤ. ʐʤʠʜʪʘ, 

ɸʥʘʜʳʨʴ) ʜʦʩʪʘʪʦʯʝʥ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʢʨʠʪʝʨʠʷʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʩʚʦʝʥʠʷ.  

ï ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʟʘʧʦʣʷʨʥʳʭ ɹʀʕʅ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜ 

ʩʝʚʝʨʥʳʝ ʚʝʪʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʩʦʢʘʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ, ʚʝʯʥʘʷ ʤʝʨʟʣʦʪʘ ʠ ʧʨ.) ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɺʕʋ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʨʘʙʦʪʳ ʩ ʥʠʤʠ. 

ï ʌʫʥʢʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʪʨʘ ʧʦ ʩʢʦʨʦʩʪʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʤʥʦʛʦʣʝʪʥʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ 4-ʭ ʠ 8-ʤʠ ʩʨʦʯʥʳʭ ʩʝʪʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʜʘʥʥʳʭ 

ʚʝʪʨʦʚʦʡ ʨʘʟʚʝʜʢʠ ʩ 10-ʤʠʥʫʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʩ ʚʳʩʦʢʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʤʦʱʥʦʩʪʴʶ ʚʝʪʨʘ, ʘ ʪʘʢʞʝ 

ʧʝʨʠʦʜʦʚ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʠʰʠʡ (ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʚʘʨʴʠʨʫʶʱʝʡʩʷ ʚʜʦʣʴ 

ʉʝʚʝʨʥʦʛʦ ʄʦʨʩʢʦʛʦ ʇʫʪʠ ʠ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ ʦʪ 36 ʜʦ 72 ʯʘʩʦʚ.  

ɺ ʧʣʘʥʝ ʨʘʟʨʘʙʦʪʢʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤ r ɹʀʕʅ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʠʤ ʧʨʦʚʝʜʝʥʳ 

ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ɹʀʕʅ ʥʘ ʙʘʟʝ ɺʕʋ ʠ ʩʠʩʪʝʤ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ, ʧʦʜʘʯʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ:  

ï ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ ʧʨʦʤʳʰʣʝʥʥʳʤʠ 

ʠ ʞʠʣʳʤʠ ʦʙʲʝʢʪʘʤʠ ʨʦʩʩʠʡʩʢʦʛʦ ʟʘʧʦʣʷʨʴʷ ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ɹʀʕʅ ʚ ʮʝʣʦʤ ʠ ʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ.  

ï ʈʘʟʨʘʙʦʪʘʥʘ ʬʫʥʢʮʠʘʣʴʥʘʷ ʩʭʝʤʘ ɹʀʕʅ ʥʘ ʙʘʟʝ ɺʕʋ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʝʧʣʦ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ 

ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ ʠ ʧʦʵʣʝʤʝʥʪʥʳʡ ʝʝ ʩʦʩʪʘʚ (ʨʠʩ. 3). 
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ï ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ (ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʦʱʥʦʩʪʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʲʝʤʳ ʩʠʩʪʝʤʳ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ, ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʷ ʠ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ) ʧʨʦʪʦʪʠʧʘ ʀɻɸʕʉ. 

ï ʇʨʦʚʝʜʝʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ ʘʥʘʣʦʛʦʚ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʦʩʥʦʚʫ ɹʀʕʅ (ɺʕʋ, ʚʦʟʜʫʰʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʛʘʟʛʦʣʴʜʝʨʦʚ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʨʝʛʫʣʠʨʫʶʱʝʡ ʜʘʚʣʝʥʠʝ ʘʧʧʘʨʘʪʫʨʳ, ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʝʡ ʧʦʨʰʥʝʚʦʛʦ ʠ 

ʪʫʨʙʠʥʥʦʛʦ ʪʠʧʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʩʠʩʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʮʝʥʢʠ 

ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚ ʮʝʣʦʤ [3, 4].  

 
ʈʠʩ. 3. ʇʨʠʥʮʠʧʠʘʣɹ ʥʘʷ ʩʭʝʤʘ ɹʀʕʅ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ: 

ï ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʥʘʣʦʛʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʭʝʤʳ ɹʀʕʅ ʦʪʩʫʪʩʪʚʫʶʪ. ɸʥʘʣʦʛʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ɹʀʕʅ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ɺʕʋ, ʢʦʤʧʨʝʩʩʦʨʦʚ, ʛʘʟʛʦʣʴʜʝʨʦʚ ʠ 

ʨʝʜʫʢʪʦʨʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʝʡ, ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʧʨ.) 

ʨʘʟʨʘʙʦʪʘʥʳ, ʧʨʦʠʟʚʦʜʷʪʩʷ, ʠ h ʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʳʥʢʝ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʦʙʨʘʟʘ ɹʀʕʅ. ɺʦʟʤʦʞʥʳʝ 

ʚʘʨʠʘʥʪʳ ʠʭ ʪʠʧʦʨʘʟʤʝʨʦʚ, ʩʦʩʪʘʚʘ ʠ ʢʦʤʧʦʥʦʚʢʠ ʚ ʧʨʦʦʙʨʘʟʝ ɹʀʕʅ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʠ 

ʜʦʧʫʩʢʘʶʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ.  

ï ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʟʘʧʦʣʷʨʥʳʭ ɹʀʕʅ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ɺʕʋ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜ ʩʭʝʤʫ ɹʀʕʅ (ʚʳʩʦʢʠʡ ʨʘʟʚʠʚʘʝʤʳʡ ʤʦʤʝʥʪ ʠ 

ʠʟʙʳʪʦʯʥʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʴ), ʜʦʧʫʩʢʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʴʶ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʠ 

ʨʝʤʦʥʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʩʠʡʩʢʦʛʦ ʟʘʧʦʣʷʨʴʷ (ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʳʩʦʢʘʷ ʧʦʨʳʚʠʩʪʦʩʪʴ ʚʝʪʨʘ, ʚʝʯʥʘʷ ʤʝʨʟʣʦʪʘ ʠ ʧʨ.). 

ï ʄʦʱʥʦʩʪʴ ɺʕʋ ʠ ʩʠʩʪʝʤʳ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ, ʧʦʜʘʯʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʜʣʷ ɹʀʕʅ (ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ) ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ 

ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʪʝʧʣʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʛʨʘʬʠʢʫ 

ʥʘʛʨʫʟʢʠ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʛʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʝʨʠʦʜʳ ʙʝʟʚʝʪʨʠʷ ʠ ʩʣʘʙʦʛʦ (ʤʝʥʝʝ 

ʪʨʝʙʫʝʤʦʡ ʧʦʪʨʝʙʠʪʝʣʶ ʤʦʱʥʦʩʪʠ) ɺʕʇ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʚʘʨʴʠʨʫʶʱʝʡʩʷ ʜʣʷ ʨʘʟʥʳʭ 

ʧʫʥʢʪʦʚ ʚʜʦʣʴ ʉʝʚʄʦʨʇʫʪʠ ʦʪ 36 ʜʦ 60 ʯʘʩʦʚ. 

ï ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ɹʀʕʅ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʠ 100 ʢɺʪ ʦʙʲʝʤ ʩʞʘʪʦʛʦ ʜʦ 100 - 150 ʘʪʤ ʚʦʟʜʫʭʘ, ʟʘʧʘʩʝʥʥʦʛʦ 

ʥʘ ʩʣʫʯʘʡ 48 ʯʘʩʦʚʦʛʦ (2-ʭ ʩʫʪʦʯʥʦʛʦ) ʙʝʟʚʝʪʨʠʷ ʩʦʩʪʘʚʠʪ 2400 - 160 ʤ3. 

 

 

1 ï ʚʳʩʦʢʦʤʦʤʝʥʪʥʦʝ ʚʝʪʨʦʢʦʣʝʩʦ 
2 ï ʭʚʦʩʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʣʠʙʦ ʟʘʤʝʥʷʶʱʠʡ ʭʚʦʩʪ  
      ʧʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 
3 ï ʧʦʚʦʨʦʪʥʦʝ ʢʦʣʝʩʦ 
4 ïʤʝʭʘʥʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ 
5 ï ʢʦʤʧʨʝʩʩʦʨ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 1-1.5 ʄʇʘ 
6 ï ʙʫʩʪʝʨ 10-15 ʄʇʘ 
7 ï ʚʳʩʦʢʦʦʙʦʨʦʪʥʘʷ ʪʫʨʙʠʥʘ (ʜʦ 100000 ʦʙ./ʤʠʥ) 
8 ï ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʳ 
9 ïʩʘʤʦʨʝʛʫʣʠʨʫʶʱʠʝʩʷ ʧʥʝʚʤʦʨʝʜʫʢʪʦʨʳ 
10 ï ʨʝʩʠʚʝʨ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 1 - 1.5 ʄʇʘ 
11 ïʨʝʩʠʚʝʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 10  -15 ʄʇʘ 
12 ï ʵʣʝʢʪʨʦʩʝʪʴ ʧʦʪʨʝʙʠʪʝʣʷ 
13 ï ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʴ 

 



66 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ï ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ ɹʀʕʅ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʦʨʰʥʝʚʳʝ ʠʣʠ ʚʠʥʪʦʚʳʝ, 

ʠʤʝʶʪ ʂʇɼ ʧʦʨʷʜʢʘ 0.7. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʠʥʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʪ ɺʕʋ 

ʥʘ ʚʘʣ ʜʚʠʛʘʪʝʣʷ ʢʦʤʧʨʝʩʩʦʨʘ ɹʀʕʅ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 100 ʢɺʪ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʢʨʳʪʠʝ ʛʨʘʬʠʢʘ ʥʘʛʨʫʟʢʠ, ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʦʢʦʣʦ 200ï220 ʢɺʪ, ʘ ʩ 

ʫʯʝʪʦʤ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʜʣʷ ʟʘʧʦʣʷʨʴʷ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʠʪʝʣʴʥʳʭ ʟʘʪʠʰʠʡ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɺʕʋ, ʜʚʠʛʘʪʝʣʴ ʢʦʤʧʨʝʩʩʦʨʘ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ 

ʧʨʠʤʝʨʥʦ 1,5ïʢʨʘʪʥʳʤ ʟʘʧʘʩʦʤ ʤʦʱʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʧʦʨʷʜʢʘ 300 ï 330 ʢɺʪ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʦʮʝʥʢʘʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʳ 

ʀɻɸʕʉ ʠ ʠʭ ʩʨʘʚʥʝʥʠʷ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʫʜʝʣʴʥʳʝ (ʥʘ 1 

ʢɺʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ) ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ɹʀʕʅ ʥʘ ʙʘʟʝ ɺʕʋ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʧʨʠʚʦʜʦʤ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʘʢʢʫʤʫʣʷʮʠʝʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʧʨʠʤʝʨʥʦ ʥʘ 20 ï 25 % ʥʠʞʝ, ʯʝʤ ʫ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʝʪʨʦʜʠʟʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ (ɺɼʂ) ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ.  

ʋʜʝʣʴʥʳʝ ʢʘʧʟʘʪʨʘʪʳ ʥʘ ɹʀʕʅ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʭʝʤʳ ʦʢʘʞʫʪʩʷ ʚ 2ï3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ 

ʫ ɺɼʂ ʠ ɻʊʋ ʙʝʟ ʩʠʩʪʝʤ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʦʜʥʘʢʦ ʩ ʫʯʝʪʦʤ ʠʭ ʪʦʧʣʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ (ʦʪ 10 ʨʫʙ./ʢɺʪϊʯ ʠ ʚʳʰʝ) ʚʦ ʤʥʦʛʠʭ ʧʫʥʢʪʘʭ ʨʦʩʩʠʡʩʢʦʛʦ ʩʝʚʝʨʘ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ɹʀʕʅ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚ 1,5 ï 2 ʨʘʟʘ ʥʠʞʝ ʪʘʢʦʚʦʡ ʫ ɼʕʉ.  

ɺʚʠʜʫ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʅʀʈ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ɹʀʕʅ ʥʘ ʙʘʟʝ ɺʕʉ ʠ ʩʠʩʪʝʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʧʨʦʜʦʣʞʠʪʴ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ ʨʘʟʨʘʙʦʪʢʫ ʩʭʝʤʳ ɹʀʕʅ ʠ ʝʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. ɼʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ 

ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ɹʀʕʅ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 8 õ 10 ʢɺʪ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʝʭʥʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʝʟʪʦʧʣʠʚʥʦʛʦ ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʘ ʥʦʚʦʛʦ ʪʠʧʘ ʥʘ ʙʘʟʝ ɺʕʋ ʠ 

ʩʠʩʪʝʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. 
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ʇʈʆʀɿɺʆɼʉʊɺɸ ʕʅɽʈɻʀʀ ʀ ʉɾʀɾɽʅʅʆɻʆ ɻɸɿɸ 
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CRIMEA  

ʅʠʢʦʣʘʝʚ ɺ.ɻ., ɻʘʥʘʛʘ ʉ.ɺ., ʂʫʜʨʷʰʦʚ ʖ.ʀ., ʅʠʢʦʣʘʝʚ ɺ.ɺ. 
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ɺ ʜʦʢʣʘʜʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʝʩʫʨʩʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʵʬʬʝʢʪʘ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʕʂ) ʥʘ ʙʘʟʝ ʛʘʟʦʧʦʨʰʥʝʚʳʭ (ɻʇʋ) ʠ ʚʝʪʨʦʚʳʭ (ɺʕʋ) ʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ (ʌʕʋ) ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ (ʕʂɻɺ ʠ ʕʂɻʌ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʦʙʝʩʧʝʯʝʥʥʳʭ ʛʘʟʦʤ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʨʝʩʫʨʩʘʤʠ ʨʘʡʦʥʦʚ ʈʦʩʩʠʠ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʘ. ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʕʂɻɺ ʠ ʕʂɻʌ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʟʘʜʘʥʥʳʤ ʛʨʘʬʠʢʘʤ 

ʥʘʛʨʫʟʢʠ ʩ ʫʯʝʪʦʤ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ɺʕʋ ʠ ʌʕʋ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʂɻɺ ʠ ʕʂɻʌ ʚ ʫʩʣʦʚʠʷʭ ʛ. ʂʝʨʯʴ (ʂʨʳʤ). ɺʳʷʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʚʘʨʠʘʥʪʳ ʪʠʧʦʨʘʟʤʝʨʦʚ ɻʇʋ, ɺʕʋ ʠ ʌʕʋ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʠʭ ʤʦʱʥʦʩʪʝʡ ʚ ʩʦʩʪʘʚʝ ʕʂɻɺ ʠ ʕʂɻʌ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʫʶ ʵʢʦʥʦʤʠʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʘ ʠ ʥʘʠʣʫʯʰʠʝ ʠʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʩʥʦʚʳʚʘʶʪ ʚʳʚʦʜ ʘʚʪʦʨʦʚ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʘʡʦʥʘʭ ʈʦʩʩʠʠ ʩ ʙʦʣʴʰʠʤʠ 

ʩʦʣʥʝʯʥʳʤʠ ʠ ʚʝʪʨʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʤʝʩʪʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʛʘʟʘ ʚʦʟʤʦʞʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʦʚ ʥʘ ʙʘʟʝ ɻʇʋ, ɺʕʋ ʠ ʌʕʋ ʠ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʞʠʞʝʥʥʦʛʦ 

ʛʘʟʘ ʜʣʷ ʧʦʢʨʳʪʠʷ ʜʝʬʠʮʠʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʥʘʨʘʱʠʚʘʥʠʷ ʙʘʟʦʚʳʭ ʠ ʧʠʢʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ 

ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʘʟʠʬʠʢʘʮʠʠ ʤʝʩʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʥʘʩʝʣʝʥʠʷ.  

ʂʨʳʤ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʧʦʣʠʛʦʥʦʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʚʦʡ 

ʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ (ʂʀʋʄ) ʩʦʚʨʝʤʝʥʥʳʭ ɺʕʋ ʧʨʝʚʳʰʘʝʪ 30% ʩ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʠʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʕʣʕʥ) ʤʝʥʝʝ 0,06 ʜʦʣʣʘʨʦʚ ʉʐɸ 

($) ʟʘ 1 ʢɺʪĿʯ. ʉʫʤʤʘʨʥʘʷ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʂʨʳʤʘ ʧʨʝʚʳʰʘʝʪ 

1350 ʢɺʪĿʯ/ʤ2, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʌʕʋ. ʂʨʳʤ ʪʘʢʞʝ 

ʦʙʣʘʜʘʝʪ ʤʝʩʪʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʛʘʟʘ [1, 2]. 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʟʷʪʘ ɻʇʋ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ɻɼɻ49 ʩʦʚʤʝʩʪʥʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʡ "ʊʨʘʥʩʤʘʰʭʦʣʜʠʥʛ" ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 2.25 ʄɺʪ, 

ʦʙʣʘʜʘʶʱʘʷ ʨʝʩʫʨʩʦʤ ʚ 90 ʪʳʩʷʯ ʯʘʩʦʚ ʜʦ ʢʘʧʨʝʤʦʥʪʘ, ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʘʩʭʦʜʦʤ ʛʘʟʘ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʟʘʧʯʘʩʪʝʡ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʩ 

ʤʦʱʥʦʩʪʷʤʠ ʜʦ 10% ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ, ʚʳʩʦʢʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ. ɼʝʬʠʮʠʪ ʤʦʱʥʦʩʪʠ ʚ 

ʂʝʨʯʠ (30 ʄɺʪ) ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ 10ï12 ɻʇʋ ʵʪʦʛʦ ʪʠʧʘ. 

ʅʘʣʠʯʠʝ ɺʕʋ ʠ ʌʕʋ ʚ ʩʦʩʪʘʚʝ ʕʂ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʨʝʙʥʦʡ ʤʦʱʥʦʩʪʠ ɻʇʋ 

ʥʘ ʚʝʣʠʯʠʥʫ ʠʭ ʤʦʱʥʦʩʪʠ, ʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʠʭ ʤʦʱʥʦʩʪʠ (ʧʨʠ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ ʠ ʟʥʘʯʝʥʠʷʭ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ) ï ʢ ʧʦʣʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʤʦʱʥʦʩʪʠ 

ɻʇʋ ʩ ʠʭ ʚʳʚʦʜʦʤ ʚ ʛʦʨʷʯʠʡ ʨʝʞʠʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʢʦʥʦʤʠʝʡ ʛʘʟʘ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʩʯʝʪʘʭ ʟʥʘʯʝʥʠʷ ʩʫʪʦʯʥʦʛʦ ʠ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʤʦʱʥʦʩʪʠ ʌʕʋ 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʨʘʚʥʦʡ ʤʦʱʥʦʩʪʠ ɻʇʋ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʠʭ 

ʠʟʤʝʨʝʥʠʡ ʧʦʩʪʫʧʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʚ ʂʝʨʯʠ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʩʯʝʪʘʭ ʟʥʘʯʝʥʠʷ ʩʫʪʦʯʥʦʛʦ ʠ ʛʦʜʦʚʦʛʦ ʭʦʜʘ ʤʦʱʥʦʩʪʠ ɺʕʋ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʪʨʘ ʧʦ ʩʢʦʨʦʩʪʷʤ ʠ ʨʘʙʦʯʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɺʕʋ.  



68 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ɹʘʟʦʚʦʡ ʜʣʷ ʕʂɻɺ ʚʳʙʨʘʥʳ ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʂʨʳʤʫ ɺʕʋ FL 2500 (ʥʦʤʠʥʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ 2.5 ʄɺʪ ʩʦ 100-ʤʝʪʨʦʚʦʡ ʙʘʰʥʝʡ) ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ ʌʫʨʣʘʥʜʝʨ 

ʊʝʭʥʦʣʦʜʞʠ (ʋʢʨʘʠʥʘ).  

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʚʦʜʘ ɺʕʋ ʠ ʌʕʋ ʚ ʕʂ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʵʢʦʥʦʤʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʘ, ʧʦʷʩʥʷʝʤʘʷ ʜʘʥʥʳʤʠ ʦ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʘʙʦʪʳ ɻʇʋ ʚ ʂʝʨʯʠ ʚ ʠʶʣʝ ʩ ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʴʶ (ʪʘʙʣ.1), ʨʘʩʩʯʠʪʘʥʥʦʡ ʩ ʫʯʝʪʦʤ 

ʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʡ ʤʦʱʥʦʩʪʠ ɺʕʋ ʧʨʠ ʨʘʚʥʳʭ ʥʦʤʠʥʘʣʴʥʳʭ ʤʦʱʥʦʩʪʷʭ ɻʇʋ ʈɻʇʋ ʠ 

ɺʕʋ ʈɺʕʋ (ʧʘʨʘʤʝʪʨ Ů=ʈɻʇʋ/ʈɺʕʋ=1). 

ʊʘʙʣʠʮʘ 1. ɺʝʨʦʷʪʥʦʩʪʠ ʤʦʱʥʦʩʪʝʡ ɻʇʋ ʠ ɺʕʋ 

 
 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ɻʇʋ ʟʘ ʩʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʠʶʣʴʩʢʠʝ ʩʫʪʢʠ ʧʨʦʨʘʙʦʪʘʶʪ ʩ 

ʂʀʋʄ, ʨʘʚʥʳʤ 62,5%, 55,9%, 36,8% ʠ 3,8% ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 16,3%, 22,3%, 

22,4% ʠ 17,5%, ʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 21,6% ɻʇʋ ʤʦʛʫʪ ʙʳʪʴ ʚʳʢʣʶʯʝʥʳ ʧʨʠ ʧʦʣʥʦʤ 

ʧʦʢʨʳʪʠʠ ʠʭ ʥʘʛʨʫʟʢʠ ʤʦʱʥʦʩʪʷʤʠ ɺʕʋ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʛʘʟʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ɻʇʋ ʥʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʠʭ ʂʀʋʄ ʦʪ 50 ʜʦ 100% ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʕʂɻɺ 

ʥʝʩʢʦʣʴʢʠʤʠ ɻʇʋ ʠ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʩʚʦʝʚʨʝʤʝʥʥʦ (ʩ ʫʯʝʪʦʤ ʪʝʢʫʱʝʡ ʤʦʱʥʦʩʪʠ 

ɺʕʋ) ʚʳʢʣʶʯʘʶʱʝʡ ʠʣʠ ʚʢʣʶʯʘʶʱʝʡ ʚ ʨʘʙʦʪʫ ʙʦʣʴʰʝʝ ʠʣʠ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ɻʇʋ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ.  

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʕʂ ʜʣʷ ʂʝʨʯʠ ʦʙʝʩʧʝʯʝʥ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʚʝʪʨʦʚʳʭ ("ʌʣʶʛʝʨ XXI") ʠ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ("ʌʘʵʪʦʥ") ʠ 

ʧʨʦʛʨʘʤʤʳ "ɺʦʩʪʦʢ" (É ʅʀʎ "ɸʪʤʦʛʨʘʬ") [3]. 

ʂʨʠʪʝʨʠʷʤʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʙʨʘʥʳ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʕʣʕʥ ʉʙʉʕʜʕʥ, ʧʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ ʕʂ ʊʆʂ ʠ ʜʦʭʦʜ ʧʨʦʝʢʪʘ ʏɼɼ.  

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʨʳʥʦʯʥʳʭ ʮʝʥ ʢʘʧʟʘʪʨʘʪʳ ʥʘ ɻʇʋ, ɺʕʋ ʠ ʌʕʋ 

ʧʨʠʥʷʪʳ ʨʘʚʥʳʤʠ 900, 1300 ʠ 650 $/ʢɺʪ. 

ɼʠʩʢʦʥʪʠʨʦʚʘʥʥʳʝ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ɻʇʋ ʨʘʩʩʯʠʪʘʥʳ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʕʂ ʩ 20-ʣʝʪʥʠʤ ʨʝʩʫʨʩʦʤ ʚ 2018 ʛʦʜʫ ʠ ʝʛʦ ʨʘʙʦʪʳ ʚ 2019ï

2038 ʛʦʜʳ c ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ r=0.12. ɼʠʩʢʦʥʪʠʨʦʚʘʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʛʘʟ 

ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʝʛʦ ʮʝʥʝ ʚ 2016 ʛ. 5000 ʨʫʙ./ʢʛ ʩ ʅɼʉ.  

ʏʘʩ

< 4 ʠ        

> 25
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5,99

6,0 -

7,99

8,0 -

9,99

10,0 -

11,99

12,0 -

13,99
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25 ʂʀʋʄ, %

0 20,0 24,1 22,9 16,3 9,5 4,5 2,6 24,7

2 23,0 24,8 22,5 14,9 8,3 4,1 2,4 24,6

4 16,0 23,9 24,6 18,3 10,5 4,4 2,5 28,5

6 15,0 21,5 22,0 17,8 12,0 6,5 5,2 32,6

8 14,5 20,8 21,5 17,7 12,5 7,0 6,0 33,9

10 15,0 21,5 22,0 17,8 12,0 6,5 5,2 32,7

12 15,4 22,2 22,7 17,9 11,5 5,9 4,3 31,3

14 15,4 22,2 22,6 17,9 11,5 5,9 4,4 31,4

16 14,9 21,4 21,9 17,8 12,1 6,6 5,3 32,8

18 14,3 20,7 21,4 17,7 12,6 7,1 6,2 34,2

20 14,9 21,3 21,8 17,8 12,1 6,6 5,4 33,0

22 15,9 23,8 24,5 18,2 10,5 4,5 2,6 28,7

23 20,0 24,1 22,9 16,3 9,5 4,5 2,6 26,7

ʉʨʝʜʥʝʝ16,3 22,3 22,4 17,5 11,3 5,9 4,4 30,7

ʂʀʋʄ 
ɻʇʋ, %62,5 55,9 36,8 3,8 0 0 0

       ɼʠʘʧʘʟʦʥ  ʩʢʦʨʦʩʪʝʡ  ʚ  ʛʨʘʜʘʮʠʷʭ , ʤ/ʩ
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ɼʦʭʦʜ ʦʪ ʧʨʦʜʘʞʠ ʕʣʕʥ ʕʂ ʠʩʯʠʩʣʝʥ ʠʩʭʦʜʷ ʠʟ ʪʘʨʠʬʦʚ ʥʘ ʕʣʕʥ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʂʨʳʤʘ ʚ 2016 ʛ. ʨʘʚʥʳʭ 3.30 ʨʫʙ./ʢɺʪĿʯ.  

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, ʤʠʥʠʤʘʣʴʥʘʷ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʕʣʕʥ ʕʂ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʦʱʥʦʩʪʝʡ ʧʘʢʝʪʦʚ ʇɻʋ 1.0:0.8:0.60:0.2:0.05, 

ʦʪʢʣʶʯʘʝʤʳʭ ʠʣʠ ʚʢʣʶʯʘʝʤʳʭ ʩ ʫʯʝʪʦʤ ʪʝʢʫʱʝʡ ʤʦʱʥʦʩʪʠ ɺʕʋ ʠʣʠ ʌʕʋ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʤʠʥʠʤʘʣʴʥʳʭ ʤʦʱʥʦʩʪʷʭ ʧʘʢʝʪʦʚ ɻʇʋ (ʚ % ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ), ʨʘʚʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

50:50:50:35:10%. 

ʅʘ ʨʠʩ. 1 ï 4 ʧʨʠʚʝʜʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʕʂ ʜʣʷ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʫʤʤʘʨʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʇɻʋ, ɺʕʋ ʠ ʌʕʋ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʂ ʪʦʣʴʢʦ ʜʣʷ 

ʧʦʢʨʳʪʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʩ ʧʦʪʝʨʝʡ ʠʟʙʳʪʦʯʥʦʡ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʘʬʠʢʫ 

ʥʘʛʨʫʟʢʠ) ʕʣʕʥ ɺʕʋ ʠʣʠ ʌʕʋ (ʚʘʨʠʘʥʪ ɸ), ʠ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʧʦʩʣʝʜʥʝʡ ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʵʥʘʤʠ ʚ ʢʦʪʝʣʴʥʳʭ ʂʝʨʯʠ ʧʦ ʮʝʥʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

(ʊʕʥ) (å1.10 ʨʫʙ./ʢɺʪĿʯ ʚ 2016 ʛ.) (ʚʘʨʠʘʥʪ ɹ). 

 

 
 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʛʘʟʘ ʦʪ 

ʧʘʨʘʤʝʪʨʘ Ů.=.ʈɺʀʕ./ʈʊʕʉ 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʕʣʕʥ 

ʕʂ ʥʘ ʙʘʟʝ ɺʕʋ ʠʣʠ ʌʕʋ ʦʪ ʧʘʨʘʤʝʪʨʘ Ů 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʕʂɻɺ ʠ ʕʂɻʌ ʧʨʠʚʦʜʠʪ ʢ ʵʢʦʥʦʤʠʠ 

(ʟʘʤʝʱʝʥʠʶ) ʛʘʟʘ, ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ Ů, ʠ ʜʦʩʪʠʛʘʶʱʝʡ 70% ʠ 57% 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʂɻɺ ʠ ʕʂɻʌ ʧʨʠ Ů = 2 (ʨʠʩ. 1).  

ʅʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɺʕʋ ʠ ʌʕʋ ʚ ʩʦʩʪʘʚʝ ʕʂ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʨʦʢʦʚ ʦʢʫʧʘʝʤʦʩʪʠ 

ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʕʣʕʥ ʠ ʫʤʝʥʴʰʝʥʠʶ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʛʦ ʜʦʭʦʜʘ ʧʨʦʝʢʪʘ ʕʂ (ʨʠʩ. 2, 3, 

4) ʠ ʧʦʪʦʤʫ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʠ ʠʥʚʝʩʪʦʨʦʚ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ (ʜʦ 70% ʠ 57% ʧʨʠ Ů=2.0) ʩʙʝʨʝʞʝʥʠʠ ʛʘʟʘ, ʨʘʩʪʫʱʠʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ 

ɺʕʋ ʠ ʌʕʋ. 

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʊʆʂ (ʧʝʨʠʦʜʘ 

 ʦʢʫʧʘʝʤʦʩʪʠ ʕʂ) ʦʪ ʧʘʨʘʤʝʪʨʘ Ů 

ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʪʦʛʦ ʜʠʩʢʦʥʪʠʨʦ-

ʚʘʥʥʦʛʦ ʜʦʭʦʜʘ ʏɼɼ ʦʪ ʧʘʨʘʤʝʪʨʘ Ů 
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ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʂʨʳʤʫ ʇɻʋ ʩ ɺʕʋ ʠʣʠ ʌʕʋ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʉʇɻ), ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 

ʛʘʟʠʬʠʢʘʮʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʛʘʟʦʩʥʘʙʞʝʥʠʷ, ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʢʘʢ ʜʝʰʸʚʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ, ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʫʩʪʨʦʡʩʪʚʘ 

ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʜʣʷ ʟʘʤʦʨʦʟʢʠ ʧʨʦʜʫʢʮʠʠ [1]. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ, ʭʨʘʥʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʇɻ ʥʘʣʘʞʝʥʦ ʚ ʈʦʩʩʠʠ (ʆɸʆ "ɻʝʣʠʡʤʘʰ" ʠ "ʂʨʠʦʛʝʥʤʘʰ", ʅʇʆ 

çʂʨʠʦʪʝʭʥʠʢʘè, ʎʉʂɹ çʇʨʦʛʨʝʩʩè).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʉʇɻ ʥʘ ʙʘʟʝ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʕʣʕʥ (ʩʣʫʯʘʡ ɻʇʋ ʩ 

ɺʕʋ ʠ ʌʕʋ), ʧʦʩʢʦʣʴʢʫ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʇɻ (å 10 ʨʫʙ./ʢʛ) ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝʤ ʕʣʕʥ (0,6 ï 1 ʢɺʪĿʯ ʥʘ 1 ʢʛ ʉʇɻ). 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʠʜʝʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʙʳʪʦʯʥʦʡ ʢ ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ 

ʕʣʕʥ ɺʕʋ ʠ ʌʕʋ ʜʣʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʇɻ.  

ʅʘ ʨʠʩ. 5 ï 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʩʷ ʠʟʙʳʪʦʯʥʘʷ 

ʵʥʝʨʛʠʷ ʕʂ ʪʨʘʪʠʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʉʇɻ (ʥʘ ʛʨʘʬʠʢʘʭ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ 

"ɺʕʋ(ʕʣʕʥ)+ʉʇɻ" ʠ "ʌʕʋ(ʕʣʕʥ)+ʉʇɻ".  

   
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ 

ʩʝʙʝʩʪʦʠ-ʤʦʩʪʠ ʕʣʕʥ ʕʄʢʉ 

ʦʪ ʧʘʨʘʤʝʪʨʘ Ů.=.ʈɺʀʕ./ʈʊʕʉ 

ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʊʆʂ 

(ʧʝʨʠʦʜʘ ʦʢʫʧʘʝʤʦʩʪʠ ʕʂ) 

ʦʪ ʧʘʨʘʤʝʪʨʘ Ů. 

 ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʏɼɼ 

(ʯʠʩʪʦʛʦ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʛʦ 

ʜʦʭʦʜʘ) ʦʪ ʧʘʨʘʤʝʪʨʘ Ů. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʕʂ ʧʦʪʨʝʙʣʷʝʪ ʛʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʕʂ ʙʝʟ ɺʕʋ ʠ ʌʕʋ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʇɻ, ʘ ʥʝʜʦʩʪʘʶʱʠʡ ʜʣʷ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʣʕʥ ʕʂ ʛʘʟ ʟʘʢʫʧʘʝʪʩʷ 

ʧʦ ʦʧʪʦʚʳʤ ʮʝʥʘʤ 5,00 ʨʫʙ./ʤ3 ʚ ʮʝʥʘʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʢ 2016 ʛʦʜʫ. ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ 

ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʥʷʪʳʭ ʧʨʠ ʨʘʩʯʝʪʝ ʚʘʨʠʘʥʪʦʚ ʙʝʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʇɻ. ʎʝʥʳ ʥʘ 

ʨʝʘʣʠʟʫʝʤʳʡ ʉʇɻ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʕʂ, ʥʘ 2015 ʛ. ʧʨʠʥʷʪʳ ʨʘʚʥʳʤʠ 20 ʨʫʙ./ʢʛ ʩ ʫʯʝʪʦʤ 

ʨʦʟʥʠʯʥʳʭ ʮʝʥ ʥʘ ʉʇɻ, ʨʝʘʣʠʟʫʝʤʳʡ çʂʨʳʤʛʘʟʩʝʪʠè ʠ ʠʤʝʷ ʚʚʠʜʫ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʉʇɻ ʕʂ ʥʘ ʨʳʥʢʝ. 

ʉʦʛʣʘʩʥʦ ʨʠʩ. 5 ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʕʣʕʥ ʕʂɻɺ ʠ ʕʂɻʌ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʕʣʕʥ ʠ ʉʇɻ, ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Ů ʦʪ 0 ʜʦ 2 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ 33 ï 35 % ʚʳʰʝ, ʯʝʤ ʫ ʕʂ ʩ ʢʦʛʝʥʝʨʘʮʠʦʥʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʕʣʕʥ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʦʩʪʦʤ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʉʇɻ. ʊʦ ʝʩʪʴ ʧʦ ʢʨʠʪʝʨʠʶ ʉʙʉʕʜʕʥ ʧʨʦʠʟʚʦʜʩʪʚʦ ʉʇɻ ʥʘ ʕʂ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩʘ ʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ (ʠʟ-ʟʘ ʛʨʦʟʷʱʝʛʦ ʨʦʩʪʘ ʪʘʨʠʬʦʚ), ʠ ʜʣʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʕʣʕʥ (ʠʟ-ʟʘ ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʦʨʦʞʘʚʰʝʡ ʕʣʕʥ). ʆʜʥʘʢʦ, 

ʨʠʩʫʥʢʠ 6 ʠ 7 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʥʘ ʕʂ ʩ 

ʧʦʧʫʪʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʉʇɻ ʧʨʠ ʫʩʣʦʚʠʠ ʠʭ ʦʙʲʝʜʠʥʝʥʠʷ ʚ ʦʜʥʦʤ ʣʠʮʝ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʘ ʧʨʠ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ Ů ʧʝʨʠʦʜʳ ʦʢʫʧʘʝʤʦʩʪʠ ʕʂ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʉʇɻ, ʦʢʘʞʫʪʩʷ ʤʝʥʴʰʝ, 
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ʯʝʤ ʙʝʟ ʉʇɻ (ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ "ɺʕʋ ʠ ʌʕʋ (ʕʣʕʥ)+ʉʇɻ)" ʥʘ ʨʠʩ. 6), ʘ ʏɼɼ ï ʙʦʣʴʰʝ 

(ʨʠʩ. 7). ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʜʦʭʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʪʘʨʠʬʦʚ ʥʘ 

ʕʣʕʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʕʂɻɺ ʠ ʕʂɻʌ ʚ ʫʩʣʦʚʠʷʭ ʂʝʨʯʠ (ʠ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʂʨʳʤʘ), 

ʦʙʣʘʜʘʶʱʠʭ ʧʨʘʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʜʘʞʠ ʕʣʕʥ ʠ ʉʇɻ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʩ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʉʇɻ ʤʦʞʝʪ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. 

ɺʳʚʦʜ: ʚ ʨʘʡʦʥʘʭ ʈʦʩʩʠʠ ʩ ʙʦʣʴʰʠʤʠ ʩʦʣʥʝʯʥʳʤʠ ʠ ʚʝʪʨʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ 

ʤʝʩʪʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʛʘʟʘ ʚʦʟʤʦʞʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʕʂ ʥʘ 

ʙʘʟʝ ɻʇʋ, ɺʕʋ ʠ ʌʕʋ ʠ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ ʜʣʷ ʧʦʢʨʳʪʠʷ 

ʜʝʬʠʮʠʪʘ ʠ ʥʘʨʘʱʠʚʘʥʠʷ ʙʘʟʦʚʳʭ ʠ ʧʠʢʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʛʘʟʠʬʠʢʘʮʠʠ ʤʝʩʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʥʘʩʝʣʝʥʠʷ.  
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ʄɽʊʆɼʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʅʆɺʆɻʆ ɸʊʃɸʉɸ ɺɽʊʈʆɺʓʍ ʈɽʉʋʈʉʆɺ 

ʈʆʉʉʀʀ ʀ ʉʊʈɸʅ ʉʅɻ 

METHODIC AL AND INFORMATION B ASIS FOR THE NEW WIN D RESOURCES 

ATLAS  OF RUSSIA AND CIS COUNTRIES 

ʅʠʢʦʣʘʝʚ ɺ.ɻ., ɻʘʥʘʛʘ ʉ.ɺ., ʂʫʜʨʷʰʦʚ ʖ.ʀ., ʅʠʢʦʣʘʝʚ ɺ.ɺ. 

ʅʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʮʝʥʪʨ çɸʊʄʆɻʈɸʌè, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ  

Nikolaev V.G., Ganaga S.V., Kudryashov Yu.I ., Nikolaev V.V. 

Research & Information Center çATMOGRAPHè, Moscow, Russia 

ɺ ʜʦʢʣʘʜʝ ʜʘʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ɺʕʇ). ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤʠ ʠʟ ʥʠʭ ʦʢʘʟʳʚʘʶʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʌʃʖɻɽʈ XXI  (É ʅʀʎ ñɸʊʄʆɻʈɸʌò). ʆʥʘ ʧʦʩʪʨʦʝʥʘ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ɺʕʇ ʠ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ (ɺʕʉ) ʧʦ ʤʥʦʛʦʣʝʪʥʠʤ 

ʜʘʥʥʳʤ ʩʝʪʝʚʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ (ʄʉ) ʠ ʜʘʥʥʳʤ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʝʪʨʘ ʥʘ 

ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ (ɸʉ) ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ ʥʘ ʚʳʩʦʪʘʭ 100, 200, 300 ʠ 600 ʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɺʕʇ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ <13ï16% ʜʣʷ ʨʘʡʦʥʦʚ ʩ 

ʨʘʚʥʠʥʥʳʤ ʠ <18ï25% ï ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ. 

ɺʝʜʫʱʝʡ ʟʘʨʫʙʝʞʥʦʡ ʤʝʪʦʜʠʢʦʡ ʦʧʨʝʜʝʣʝʥʠʷ ɺʕʇ ʩʯʠʪʘʝʪʩʷ ʤʝʪʦʜʠʢʘ WASP (RISO, ɼʘʥʠʷ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʨʠʝʤʣʝʤʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɺʕʇ ʠ ʤʦʱʥʦʩʪʠ ɺʕʉ ʧʨʠ ʥʘʣʠʯʠʠ ʜʘʥʥʳʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 1-2-ʣʝʪʥʠʭ ʠʟʤʝʨʝʥʠʡ ʚʝʪʨʘ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʝʪʨʦʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

(ɺʀʂ). ɸʚʪʦʨʘʤʠ ʚʳʷʚʣʝʥʳ ʧʨʝʜʝʣʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʠʢʘ WASP, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʟʘʜʘʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʝʣʴʝʬʘ ʠ ʢ ʟʥʘʯʝʥʠʷʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ ʚ ʧʨʠʟʝʤʥʦʤ 200-ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ, ʧʨʠʤʝʥʠʤʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʦʛʨʘʥʠʯʝʥʘ ʥʘ ʚʳʩʦʪʘʭ > 30 ʤ.  

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ɸʪʣʘʩʘ ʚʝʪʨʦʚ ʈʦʩʩʠʠ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʠ ʦʧʠʩʘʥʥʳʭ ʚ ʜʦʢʣʘʜʝ ʤʝʪʦʜʠʢ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʥʦʚʦʛʦ ɸʪʣʘʩʘ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ, ʩʪʨʘʥ ʉʅɻ ʠ ɹʘʣʪʠʠ ʧʨʠʥʷʪʘ 

ʪʨʝʭʩʣʦʡʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ñʉʵʥʜʚʠʯò ʥʘ ʙʘʟʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚʠʜʘ: 

)/1(*)( dhLnzV +Ö=u  , 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʧʨʦʬʠʣʴ V(h) ʚ ʩʣʦʝ ʦʪ 0 ʜʦ ʥʝʢʦʪʦʨʦʡ ʘʧʨʠʦʨʠ ʥʝʠʟʚʝʩʪʥʦʡ ʚʳʩʦʪʳ HȹLn, ʚʳʰʝ 

ʢʦʪʦʨʦʡ ʠ ʜʦ ʚʳʩʦʪʳ 100 ʤ (ʧʝʨʚʳʡ ʘʵʨʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ) V(h) ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʵʣʣʠʧʪʠʯʝʩʢʠʤʠ 

ʬʫʥʢʮʠʷʤʠ c ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʠʟ ʫʩʣʦʚʠʡ ʛʣʘʜʢʦʡ ʩʰʠʚʢʠ ʩ ʧʨʦʬʠʣʷʤʠ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʥʠʞʥʠʤ ʠ ʚʝʨʭʥʠʤ ʩʣʦʝʤ, ʤʦʜʝʣʠʨʫʝʤʳʤ ʢʫʙʠʯʝʩʢʠʤ ʩʧʣʘʡʥʦʤ. ʂʦʵʬʬʠʮʠʝʥʪʳ u*  ʠ d ʚ ʬʫʥʢʮʠʠ (1) ʠ 

ʚʳʩʦʪʘ HLn, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ ʤʝʪʝʦʠʟʤʝʨʝʥʠʡ ʠ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ 

ʪʦʣʱʠʥʳ ʚʳʪʝʩʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ŭ** , ʯʠʩʣʝʥʥʦ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʚʳʩʦʪʳ HLn. ʋʩʣʦʚʠʝ 

ʤʠʥʠʤʫʤʘ ʪʦʣʱʠʥʳ ʚʳʪʝʩʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ŭ**  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʧʫʱʝʥʠʶ ʘʚʪʦʨʦʚ ʦ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʦʝ ʪʨʝʥʠʝ 

ʚʝʪʨʦʚʳʭ ʧʦʪʦʢʦʚ ʦ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʜʪʚʝʨʞʜʘʝʤʦʝ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʘʚʪʦʨʦʚ.  

ʇʨʝʜʣʦʞʝʥʦ ʚʢʣʶʯʠʪʴ ʚ ɸʪʣʘʩ ʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ: ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʰʪʠʣʝʡ ʠ ʦʮʝʥʦʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʠʧʦʚʳʭ ɺʕʋ ʩ ʩʝʟʦʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʩ ʫʢʘʟʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ. ʉ ʫʯʝʪʦʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʥʘʢʦʧʣʝʥʥʳʝ ʙʘʟ ʜʘʥʥʳʭ ʦ ʚʝʪʨʝ ʥʘʣ ʪʝʨʨʠʪʦʨʠʝʡ ʙʳʚʰʝʛʦ ʉʉʉʈ ʟʘ 

ʧʝʨʠʦʜ 1960 - 1980 ʛʛ. ʛʝʦʛʨʘʬʠʷ ɸʪʣʘʩʘ ʨʘʩʰʠʨʝʥʘ ʜʦ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʉʉʉʈ.  

ʉʦʛʣʘʩʥʦ ʈʘʩʧʦʨʷʞʝʥʠʶ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 1-ʨ ʦʪ 08.01.2009 ʛ. ʚ ʈʦʩʩʠʠ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ɺʕʉ ʜʦ 7 ɻɺʪ ʩ ʛʦʜʦʚʦʡ ʚʳʨʘʙʦʪʢʦʡ ʜʦ 16,5 ʤʣʨʜ ʢɺʪϊʯ. 
ʅʝʦʙʭʦʜʠʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ɺʕʇ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ.  

ɺ ʜʦʢʣʘʜʝ ʜʘʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ 

ʦʧʨʝʜʝʣʝʥʠʷ ɺʕʇ [1]. ʇʝʨʚʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ 

ʥʘʢʦʧʣʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʘʥʥʳʭ: ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ, ʩʧʫʪʥʠʢʦʚʳʭ, 

ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ. ɺʪʦʨʳʝ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʟʘ ʨʫʙʝʞʦʤ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ 1ï2-ʭ ʛʦʜʦʚʳʭ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ (3 - 4-ʭ) ʠʟʤʝʨʝʥʠʷʭ ʚʝʪʨʘ ʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʝʪʨʦʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ (ɺʀʂ) ʥʘ ʤʘʯʪʘʭ ʚʳʩʦʪʦʡ ʜʦ 100 
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ʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ɺʀʂ ʜʘʥʥʳʭ ʩʦʚʤʝʩʪʥʦ ʩ ʜʘʥʥʳʤʠ 

ʤʥʦʛʦʣʝʪʥʠʭ ʠʟʤʝʨʝʥʠʡ ʚʝʪʨʘ ʥʘ ʩʦʩʝʜʥʠʭ ʤʝʪʝʦʩʪʘʥʮʠʷʭ.  

ʉʦʛʣʘʩʥʦ [2] ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ɺʕʇ ʠ ʤʦʱʥʦʩʪʠ ɺʕʋ ʜʦ 10 % ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ɺʀʂ ʜʦ 2 ï 5 ʢʤ ʜʣʷ 

ʨʘʚʥʠʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠ 1 ï 2 ʢʤ ʜʣʷ ʭʦʣʤʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ (ʪʦ ʝʩʪʴ ʜʣʷ ʩʨʝʜʥʝʛʦ ʨʝʣʴʝʬʘ 

ʠʟʤʝʨʝʥʠʷ ʥʘ ɺʀʂ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʜʘʥʥʫʶ ʪʦʯʥʦʩʪʴ ʥʘ ʧʣʦʱʘʜʠ ʥʝ ʙʦʣʝʝ 20 ï25 ʢʤ2).  

ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ɺʕʋ ʚ ʩʦʩʪʘʚʝ ɺʕʉ (8 ï 10 ʜʠʘʤʝʪʨʦʚ ʠʭ 

ʨʦʪʦʨʘ [1]), ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʝ ɺʕʉ ʩʫʤʤʘʨʥʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 7 ɻɺʪ ʥʘ 

ʙʘʟʝ ɺʕʋ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ 2 ï 3,6 ʄɺʪ ʩ ʜʠʘʤʝʪʨʦʤ ʨʦʪʦʨʘ ʦʪ 80 ʜʦ 120 ʤ ʟʘʡʤʫʪ 

ʧʣʦʱʘʜʴ ʜʦ 20 ï 25 ʪʳʩʷʯ ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʯʝʩʢʠʤ 

ʫʢʘʟʘʥʠʷʤ [2] ʪʨʝʙʫʝʪ ʜʦ 1000 ʠʟʤʝʨʝʥʠʡ ʥʘ ɺʀʂ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʩʪʦʠʤʦʩʪʴʶ ʜʦ 100 

ʤʣʥ USD, ʯʪʦ ʚʨʷʜ ʣʠ ʨʝʘʣʴʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʘʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ɺʕʇ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʤʠʨʝ ʠ ʈʦʩʩʠʠ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɺʕʇ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ 

ʦʩʥʦʚʥʦʤ 4 ʪʠʧʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ, ʩʧʫʪʥʠʢʦʚʳʭ, 

ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʘʯʪʦʚʳʭ) ʤʦʛʫʪ ʜʘʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ 

ʜʘʞʝ ʢʘʯʝʩʪʚʝʥʥʦ [1]. 

ʅʘ ʥʘʠʙʦʣʴʰʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠ ʦʮʝʥʢʝ ɺʕʇ ʈʦʩʩʠʠ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ 

ʘʪʤʦʩʬʝʨʳ ʜʦ 200 ʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʪʝʥʜʫʶʪ 2 ʤʝʪʦʜʠʢʠ: ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʌʃʖɻɽʈ 

XXI  ʨʘʟʨʘʙʦʪʢʠ ɸʅʆ ʅʀʎ ñɸʊʄʆɻʈɸʌò ʠ WASP-10-11 ʨʘʟʨʘʙʦʪʢʠ ɼʘʪʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ RISO, ʩʯʠʪʘʶʱʝʡʩʷ ʥʘʠʙʦʣʝʝ ʘʚʪʦʨʠʪʝʪʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʚ ʤʠʨʝ. ʄʦʜʝʣʴ 

WASP ʠ ʨʝʘʣʠʟʫʶʱʠʡ ʝʝ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʩʣʫʞʠʪ ʙʘʟʦʚʳʤ ʨʘʩʯʝʪʥʳʤ ʤʦʜʫʣʝʤ ʤʥʦʛʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʤʠʨʝ ʠ ʚ ʈʦʩʩʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɺʕʉ 

(WindFarmer, Resoft, Wind Farm ʠ ʜʨ.). 

WASP ʦʩʥʦʚʘʥʘ ʥʘ ʯʠʩʣʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʘ ʠ ɺʕʋ ʧʦ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʟʤʝʨʝʥʠʡ ʚʝʪʨʘ ʥʘ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ (ʄʉ) ʥʘ ʚʳʩʦʪʝ hʤʝʪʝʦ å 10ï15 ʤ ʠ ʠʭ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʦ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʥʘ ʚʳʩʦʪʳ ʜʦ 200 ʤ ʧʦ ʜʘʥʥʳʤ ʩʦʩʝʜʥʝʡ ʄʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʩʰʪʘʙʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ zo.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ WASP ʧʝʨʚʳʭ ʚʝʨʩʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 2000 ʛ. ʨʫʩʩʢʦ-

ʜʘʪʩʢʠʡ ɸʪʣʘʩ ʚʝʪʨʦʚ ʈʦʩʩʠʠ [3]. 

ʄʝʪʦʜʠʢʘ ʘʚʪʦʨʦʚ ʌʃʖɻɽʈ XXI  (É ʅʀʎ ñɸʊʄʆɻʈɸʌò) ʧʦʩʪʨʦʝʥʘ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ɺʕʇ ʠ ɺʕʉ ʧʦ ʤʥʦʛʦʣʝʪʥʠʤ ʜʘʥʥʳʤ ʄʉ ʠ 

ʜʘʥʥʳʤ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʝʪʨʘ ʥʘ 146 ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ (ɸʉ) ʙʳʚʰʝʛʦ 

ʉʉʉʈ ʥʘ ʚʳʩʦʪʘʭ 100, 200, 300 ʠ 600 ʤ. ʆʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʂʘʜʘʩʪʨʘ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ [1]. 

ʇʦʚʳʰʝʥʥʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺʕʇ ʤʝʞʜʫ ʄʉ ʠ ʚʳʰʝ ʚʳʩʦʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, 

ʩʪʨʘʥ ʉʅɻ ʠ ɹʘʣʪʠʠ (ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʥʝʝ 13ï16 % ʜʣʷ ʨʘʡʦʥʦʚ ʩ ʨʘʚʥʠʥʥʳʤ ʠ < 18ï

25 % ï ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ [1]) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʥʦʚʳʭ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ: 

1. ʕʢʩʪʨʘʧʦʣʷʮʠʷ ʜʘʥʥʳʭ ʩ ʚʳʩʦʪʳ hʤʝʪʝʦ (10 ï 15 ʤ) ʥʘ ʚʳʩʦʪʳ ʦʩʠ ʚʝʪʨʦʢʦʣʝʩʘ Hɺʂ (>70 

ʤ) ʟʘʤʝʥʝʥʘ ʥʘ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʪʦʯʥʫʶ ʠʥʪʝʨʧʦʣʷʮʠʶ ʧʦ ʜʘʥʥʳʤ ʄʉ ʠ ɸʉ. 

2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ hʤʝʪʝʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʦʜʝʣʠʨʫʶʪʩʷ ʧʦ ñʦʯʠʱʝʥʥʳʤò 

ʜʘʥʥʳʤ ʚʩʝʭ (ʜʦ 50 ʠ ʙʦʣʝʝ) ʄʉ ʨʘʡʦʥʘ ʚ ʨʘʜʠʫʩʝ ʜʦ 250 ï 500 ʢʤ ʦʪ ʠʩʢʦʤʦʡ ʪʦʯʢʠ. 

3. ʇʦʚʪʦʨʷʝʤʦʩʪʠ ʚʝʪʨʘ ʧʦ ʩʢʦʨʦʩʪʷʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ʚʩʝʭ ʄʉ ʠ ɸʉ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ ʚ ʨʘʜʠʫʩʝ ʦʪ 500 ʜʦ 700 ʢʤ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʠ ʚ ʦʪʣʠʯʠʝ ʦʪ 

WASP, ʦʧʨʝʜʝʣʷʶʱʝʡ ʵʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦ ʜʘʥʥʳʤ ʙʣʠʞʘʡʰʝʡ ʄʉ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʅʀʎ ñɸʊʄʆɻʈɸʌò ʩ ʜʨʫʛʠʤʠ 

ʠʟʚʝʩʪʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʜʘʥʦ ʚ ʨʘʙʦʪʝ [1]. 



74 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ɼʣʷ ʚʳʩʦʪʳ 100, 200, 300 ʠ 600 ʤ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ɸʉ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʙʳʚʰʝʛʦ ʉʉʉʈ ʤʝʪʦʜʠʢʘ ñɸʊʄʆɻʈɸʌò ʠʩʧʦʣʴʟʫʝʪ ʨʝʟʫʣʴʪʘʪʳ 10ï20-ʣʝʪʥʠʭ 

ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʤʝʪʦʜʠʢ ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʘʚʥʝʥʠʷ ʠʭ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʚ [1] ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʝʪʦʜʠʢ ʅʀʎ 

ñɸʊʄʆɻʈɸʌò ʠ WASP, ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʜʝʣʠ WASP ʨʘʥʥʠʭ ʚʝʨʩʠʡ, ʩʣʫʞʠʚʰʠʝ ʦʩʥʦʚʦʡ 

ʨʘʟʨʘʙʦʪʢʠ ɸʪʣʘʩʘ ʚʝʪʨʦʚ [2], ʟʘʥʠʞʘʶʪ ʩʨʝʜʥʝʛʦʜʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ 50 ʤ ʥʘ 15 ï 

25%, ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʷ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʕʉ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ 

ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 4 ï 5 ɻɺʪ.  

ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚʳʷʚʠʚʰʝʝ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʠ 

WASP-10-11 ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʡ, ʨʘʙʦʪʘʶʱʝʡ ʩ ʦʙʦʣʦʯʢʦʡ WindFarmer ʨʘʟʨʘʙʦʪʢʠ ʦʜʥʦʡ 

ʠʟ ʚʝʜʫʱʠʭ ʚ ʤʠʨʝ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʭ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ï Garrad Hassan, ʠ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʝ ʨʘʟʚʠʪʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʚʳʰʝʥʠʷ ʝʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʈʦʩʩʠʠ ʤʥʦʛʦʣʝʪʥʠʭ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʆʪʣʠʯʠʝʤ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʡ WASP ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʨʝʣʴʝʬʘ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ Google Earth. ɼʣʷ 

ʫʪʦʯʥʝʥʠʷ ʚʣʠʷʥʠʷ ʨʝʣʴʝʬʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ WASP-10-11 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʦ ʨʝʣʴʝʬʝ ʥʘ ʧʣʦʱʘʜʠ 20ʭ20 ʢʤ. ɺ 

ʩʚʷʟʠ ʩ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ɺʕʇ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦʛʦ 

ʟʘʜʘʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʦʜʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʝʥʳ. ʅʦ ʧʦ ʧʨʝʞʥʝʤʫ, 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʛʨʝʰʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʡ ʧʨʦʠʟʚʦʣ ʥʘ ʵʪʘʧʝ ʪʨʫʜʦʝʤʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʚ ʛʨʘʬʠʯʝʩʢʠʡ ʠ ʯʠʩʣʝʥʥʳʡ ʬʦʨʤʘʪ,r 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʱʠʡ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʦʧʳʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʀʟʚʝʩʪʥʦ [2. 3], ʯʪʦ ʤʦʜʝʣʴ WASP ʨʘʥʥʠʭ ʚʝʨʩʠʡ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʟʘʜʘʥʠʶ 

ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʤʘʩʰʪʘʙʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʣʦʚʠʡ zo. ʅʘʠʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʶʪʩʷ ʪʝʨʨʠʪʦʨʠʠ ʩ ʤʘʣʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ 

ʢʣʘʩʩʘ 1 ʠ 2 ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʣʦʛʠʠ WASP, ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ zo ʤʝʥʷʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0.0001 ʜʦ 0.003. ɺʧʦʣʥʝ ʚʦʟʤʦʞʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ zo ʚ ʪʘʢʠʭ 

ʧʨʝʜʝʣʘʭ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʰʠʙʢʘʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʳʩʦʪʥʦʛʦ ʧʨʦʬʠʣʷ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʪʨʘ ʧʦ ʩʢʦʨʦʩʪʷʤ ʩ ʨʦʩʪʦʤ 

ʚʳʩʦʪʳ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ 

WASP-10-11 ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʨʷʜʘ ʧʫʥʢʪʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʩ ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ zo ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʝʣʴʝʬʘ 

ʠ ʚʝʪʨʘ. ʅʘ ʨʠʩ. 1 ʜʣʷ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʫʩʣʦʚʠʡ ʚ 

ʨʘʡʦʥʝ ɹʘʨʘʙʠʥʩʢʘ. 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʚʦʟʤʦʞʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ WASP-10 ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ zo ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.0001 ʜʦ 0.4 ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʦʪ 0.5 ʜʦ 1,0 ʤ/ʩ, ʚʦʟʨʘʩʪʘʶʱʠʤ ʩ 

ʚʳʩʦʪʦʡ (ʨʠʩ. 1). ʊʘʢ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʟʘʜʘʥʠʷ zo, ʦʧʠʩʳʚʘʶʱʝʛʦ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʢʣʘʩʩʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 1 ʜʦ 3 ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʦʜʠʢʠ WASP [3], ʜʘʝʪ ʨʘʟʙʨʦʩ 

ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ɹʘʨʘʙʠʥʩʢʝ ʥʘ ʚʳʩʦʪʘʭ ʜʦ 200 ʤ ʦʢʦʣʦ 2 ʤ/ʩ. 
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ʈʠʩ. 1. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ ʧʨʠ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʷʭ zo ʚ ʨʘʡʦʥʝ ɹʘʨʘʙʠʥʩʢʘ 

 
ʈʠʩ. 2. ɺʳʩʦʪʥʳʝ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʨʘʡʦʥʝ ɹʘʨʘʙʠʥʩʢʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ 

ʨʘʟʥʳʤ ʤʦʜʝʣʷʤ  

ʅʘʣʠʯʠʝ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘ ʚʳʩʦʪʘʭ 100, 200, 300, 600 ʤ ʠ ʚʳʰʝ ʜʘʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʠʢ ʚʳʩʦʢʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ [1], ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʤʦʜʝʣʴ WASP 

ʚʤʝʩʪʦ ʜʘʥʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ. ɺ ʅʀʎ ñɸʊʄʆɻʈɸʌò ʯʠʩʣʝʥʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʪʘʢʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʩ ʝʝ ʧʦʤʦʱʴʶ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʘ ʜʣʷ ʨʷʜʘ ʧʫʥʢʪʦʚ 
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ʈʦʩʩʠʠ, ʚʭʦʜʷʱʠʭ ʚ ɸʪʣʘʩ ʚʝʪʨʦʚ [3] ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʡ ʥʝʪʦʯʥʦʩʪʠ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʘ 

zo.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʤʦʜʝʣʴ WASP-10-11 ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʥʘ ʚʳʩʦʪʘʭ 100 ʤ ʚʤʝʩʪʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ (ʩ ʚʳʩʦʪʳ 10 ʤ) ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʦʧʦʨʥʦʡ ʚʳʩʦʪʝ 100 ʤ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ 

ʤʝʪʝʦʜʘʥʥʳʤ ʦʪ 2 ʤ/ʩ ʥʘ ʚʳʩʦʪʘʭ ʜʦ 30 ʤ ʜʦ 3 ʤ/ʩ ʠ ʙʦʣʝʝ ʥʘ ʚʳʩʦʪʘʭ ʙʦʣʝʝ 50 ʤ. ʇʨʠ 

ʵʪʦʤ ʥʝʪʦʯʥʦʩʪʴ ʟʘʜʘʥʠʷ zo ʜʘʝʪ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʦ ʘʵʨʦʣʦʛʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʥʘ ʚʳʩʦʪʘʭ ʜʦ 200 ʤ ʜʦ 2 ʤ/ʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʘʭ ʜʦ 200 ʤ ʧʦ 

ʤʦʜʝʣʠ WASP-10-11 ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʨʝʰʥʦʩʪʠ ʟʘʜʘʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʪʨʘ 

(ʩʢʦʨʦʩʪʝʡ ʠ ʦʧʦʨʥʳʭ ʚʳʩʦʪ) ʚ ʙʦʣʴʰʝ, ʯʝʤ ʦʪ ʧʦʛʨʝʰʥʦʩʪʝʡ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ zo.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʧʦ ʘʵʨʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʠ ʠʭ 

ʩʨʘʚʥʝʥʠʷ ʩ ʤʦʜʝʣʴʶ ʧʦ ʤʝʪʝʦʜʘʥʥʳʤ ʜʣʷ ɹʘʨʘʙʠʥʩʢʘ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʧʨʠʤʝʨʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ WASP-10-11 ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦ ʘʵʨʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʚʳʩʦʪʘʭ 100 ʤ, ʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʤʦʜʝʣʷʤ WASP-10-11 ʠ WASP ʨʘʥʥʠʭ ʚʝʨʩʠʡ ʧʦ 

ʤʝʪʝʦʜʘʥʥʳʤ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʦʪ 50 ʜʦ 120 ʤ. ʅʘ ʚʳʩʦʪʘʭ 150 ï 200 ʤ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ 

ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʜʘʝʪ WASP ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʚʳʩʦʪʳ 200 ʤ. ʅʘ ʚʳʩʦʪʘʭ ʜʦ 20 ï 30 ʤ ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ WASP ʧʦ ʤʝʪʝʦʜʘʥʥʳʤ.  

ʈʘʩʭʦʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʤʦʜʝʣʠ WASP, ʩ ʜʘʥʥʳʤʠ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʳ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʝʤʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʧʳʪʢʦʡ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʝʘʣʴʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʧʨʠʟʝʤʥʦʤ 200-

ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ï ʣʦʛʘʨʠʬʤʦʤ, 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʛʣʘʩʥʦ ʨʷʜʫ ʠʩʩʣʝʜʦʚʘʥʠʡ [1, 3, 4] ʬʠʟʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥʘ ʥʘ 

ʚʳʩʦʪʘʭ ʙʦʣʝʝ 25 ʤ. ɺʦ-ʚʪʦʨʳʭ, ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʤʦʜʝʣʠ WASP ʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʝʣʴʝʬʘ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʚ ʪʨʝʪʴʠʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʤʦʜʝʣʠ WASP ʢ ʟʥʘʯʝʥʠʷʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʩʦʪʥʳʭ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʦ 

ʤʝʪʦʜʠʢʝ ʅʀʎ ñɸʊʄʆɻʈɸʌò, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦ 

ʜʘʥʥʳʤ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʜʘʶʪ ʛʣʘʜʢʠʝ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ, ʩʦʚʧʘʜʘʶʱʠʝ ʥʘ ʚʳʩʦʪʘʭ 10, 100 ʠ 200 ʤ ʩ ʜʘʥʥʳʤʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʳʩʦʪʘʭ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʦ ʤʝʪʦʜʠʢʝ 

ʅʀʎ "ɸʊʄʆɻʈɸʌ" ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʙʦʣʝʝ ʪʦʯʥʳʤʠ, ʯʝʤ 

ʵʢʩʪʨʦʧʦʣʷʮʠʦʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ WASP. 

ɽʱʝ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʤʦʞʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ WASP 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʤʝʪʦʜʠʯʝʩʢʠ ʠ ʘʧʧʘʨʘʪʥʦ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʟʥʘʯʝʥʠʷʤ ʩʢʦʨʦʩʪʝʡ ʠ 

ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʪʨʘ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʧʨʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʘʪʤʦʩʬʝʨʳ ʙʝʟ ʫʯʝʪʘ ʠʭ ʛʦʜʦʚʳʭ ʠ ʩʝʟʦʥʥʳʭ ʚʘʨʠʘʮʠʡ. ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʘʢʠʝ ʦʩʨʝʜʥʝʥʠʷ ʥʝʣʠʥʝʡʥʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞ ʩʦʙʦʡ ʚʝʣʠʯʠʥ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ (ʩ 

ʫʯʝʪʦʤ ʤʘʣʦʩʪʠ ʚʥʦʩʠʤʳʭ ʪʘʢʠʤʠ ʦʩʨʝʜʥʝʥʠʷʤʠ ʧʦʛʨʝʰʥʦʩʪʝʡ) ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʤʝʪʦʜʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤʠ.  

ɼʘʥʥʳʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʝ WASP-10-11 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ (ʥʦʤʠʥʘʣʴʥʦʡ) ʤʦʱʥʦʩʪʠ ɺʕʋ (ʂʀʋʄ ʚ 

%) ʧʦ ʘʵʨʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩ ʚʳʩʦʪʳ 100 ʤ ʜʣʷ ʪʨʝʭ ʨʘʟʥʳʭ ɺʕʋ: ɺʕʋ 1 ï Siemens 
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114/3.0 MW, ɺʕʋ 2 ï Mervento 118/3,6 MW, ɺʕʋ 3 ï Sinovel 105/3,0 MW), ʛʠʧʦʪʝʪʠʯʝʩʢʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʘʡʦʥʝ ɹʘʨʘʙʠʥʩʢʘ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

.  
ʈʠʩ. 6. ɻʦʜʦʚʦʡ ʭʦʜ ʂʀʋʄ ɺʕʋ ʚ % 

ʉ ʫʯʝʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʘʚʪʦʨʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʥʦʚʦʛʦ ɸʪʣʘʩʘ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ, ʩʪʨʘʥ ʉʅɻ ʠ ɹʘʣʪʠʠ ʧʨʠʥʷʪʘ ʪʨʝʭʩʣʦʡʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ñʉʵʥʜʚʠʯò ʥʘ ʙʘʟʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚʠʜʘ: 

)/1(*)( dhLnzV +Ö=u      (1), 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʧʨʦʬʠʣʴ V(h) ʚ ʩʣʦʝ ʦʪ 0 ʜʦ ʥʝʢʦʪʦʨʦʡ ʘʧʨʠʦʨʠ ʥʝʠʟʚʝʩʪʥʦʡ 

ʚʳʩʦʪʳ HȹLn, ʚʳʰʝ ʢʦʪʦʨʦʡ ʠ ʜʦ ʚʳʩʦʪʳ 100 ʤ (ʧʝʨʚʳʡ ʘʵʨʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ) V(h) 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʵʣʣʠʧʪʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ c ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʠʟ 

ʫʩʣʦʚʠʡ ʛʣʘʜʢʦʡ ʩʰʠʚʢʠ ʩ ʧʨʦʬʠʣʷʤʠ ʥʘ ʛʨʘʥʠʮʝ ʩ ʥʠʞʥʠʤ ʠ ʚʝʨʭʥʠʤ ʩʣʦʝʤ, 

ʤʦʜʝʣʠʨʫʝʤʳʤ ʢʫʙʠʯʝʩʢʠʤ ʩʧʣʘʡʥʦʤ. ʂʦʵʬʬʠʮʠʝʥʪʳ u*  ʠ d ʚ ʬʫʥʢʮʠʠ (1) ʠ ʚʳʩʦʪʘ HLn, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

(ʠʟʤʝʨʝʥʥʳʤ ʠʣʠ ʤʦʜʝʣʠʨʫʝʤʳʤ) ʠ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʪʦʣʱʠʥʳ ʚʳʪʝʩʥʝʥʠʷ 

ʠʤʧʫʣʴʩʘ ŭ**, ʯʠʩʣʝʥʥʦ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʚʳʩʦʪʳ HLn. ʋʩʣʦʚʠʝ ʤʠʥʠʤʫʤʘ 

ʪʦʣʱʠʥʳ ʚʳʪʝʩʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ŭ**  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʧʫʱʝʥʠʶ ʘʚʪʦʨʦʚ ʦ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʤʠʥʠʤʘʣʴʥʦʝ ʪʨʝʥʠʝ ʚʝʪʨʦʚʳʭ ʧʦʪʦʢʦʚ ʦ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʜʪʚʝʨʞʜʘʝʤʦʝ 

ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʘʚʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʥʦʛʦʣʝʪʥʠʭ 

ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʉʉʉʈ ʠ ʜʘʥʥʳʭ ɺʀʂ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʚ ʨʘʟʥʳʭ ʚʝʪʨʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʈʦʩʩʠʠ. 

ɺʳʚʦʜʳ 

¶ ʉ ʫʯʝʪʦʤ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʚʝʪʨʦʪʝʭʥʠʢʠ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ɸʪʣʘʩʘ ʚʝʪʨʦʚ ʈʦʩʩʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʠ ʦʧʠʩʘʥʥʳʭ ʚ ʜʦʢʣʘʜʝ 

ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʤʝʪʦʜʠʢ. 

¶ ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʦʚʦʛʦ ɸʪʣʘʩʘ ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʈʦʩʩʠʠ ʠ ʙʳʚʰʝʤ 

ʉʉʉʈ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʥʘʨʘʙʦʪʦʢ. 
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¶ ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʢʣʶʯʝʥʠʝ ʚ ɸʪʣʘʩ ʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʦʚʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ: ʚʝʨʦʷʪʥʦʩʪʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʰʪʠʣʝʡ ʠ ʦʮʝʥʦʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʠʧʦʚʳʭ ɺʕʋ ʚ ʪʝʨʤʠʥʘʭ ʂʀʋʄ ʩ ʩʝʟʦʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʩ ʫʢʘʟʘʥʠʝʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ. 

¶ ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʠ ʥʘʢʦʧʣʝʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʥʘʣ 

ʪʝʨʨʠʪʦʨʠʝʡ ʙʳʚʰʝʛʦ ʉʉʉʈ ʟʘ ʧʝʨʠʦʜ 1960 - 1980 ʛʛ. ʷʚʣʷʶʪʩʷ ʜʦʙʨʦʪʥʦʡ ʦʩʥʦʚʦʡ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʘʚʪʦʨʘʤʠ ʥʦʚʦʛʦ ʘʪʣʘʩʘ ʚʝʪʨʦʚ, ʝʜʠʥʦʛʦ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, 

ʩʪʨʘʥ ʉʅɻ ʠ ɹʘʣʪʠʠ. ʊʘʢʦʡ ʘʪʣʘʩ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʦʢʘʞʝʪ ʩʦʜʝʡʩʪʚʠʝ ʙʦʣʝʝ 

ʩʦʛʣʘʩʦʚʘʥʥʦʤʫ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʩʚʦʝʥʠʶ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʩʪʨʘʥ ʉʅɻ ʠ ɹʘʣʪʠʠ. 
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ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʀ ʉʆʃʅɽʏʅʆʁ ʀ ʊɽʇʃʆɺʆʁ ʕʅɽʈɻʀʀ ʅɸ ʆʉʅʆɺɽ 

ʆʊɽʏɽʉʊɺɽʅʅʆɻʆ ʂʈɽʄʅʀʗ 

CONVERTERS OF SOLAR AND THERMAL  ENERGY ON THE BASIS OF 

DOMESTIC  SILICON  

ʂʘʜʳʨʦʚ ɸ.ʃ.  

ʍʫʜʞʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɹ. ɻʘʬʫʨʦʚʘ, ʛ.ʍʫʜʞʘʥʜ, 

ʊʘʜʞʠʢʠʩʪʘʥ  

Kadirov A.L.  

Khujand State University named after academician B. Gafurov  

ʇʦʣʫʯʝʥ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ ʚʪʦʨʠʯʥʳʡ ʣʠʪʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ (ɺʃʇʂ) ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ 

~100õ300 ʤʢʤ ʠʟ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʚʦʜʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʤʝʪʘʣʣʫʨʛʠʠ ʢʨʝʤʥʠʷ, ʧʨʠʛʦʜʥʳʡ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʉʕ ʇʊʕ ʥʘ ʝʛʦ ʦʩʥʦʚʝ.  

 ɺʳʷʚʣʝʥ ʜʠʘʧʘʟʦʥ ʂʉʀ (5·10 ʢʨʘʪ, ʈʦ = 850 ɺʪ/ʤ2) ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʥʘ ʉʕ ʠʟ ɺʃʇʂ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʵʬʬʝʢʪ ʩʚʝʨʭʣʠʥʝʡʥʦʛʦ ʨʦʩʪʘ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʩ ʨʦʩʪʦʤ ʫʨʦʚʥʷ ʦʙʣʫʯʝʥʠʷ. ʇʨʝʜʣʦʞʝʥ 

ʬʠʟʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʦʙʲʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʚʘʜʨʘʪʠʯʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʤ ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʛʨʘʥʠʮ ʟʝʨʝʥ 

ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʦʙʣʫʯʝʥʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʩʚʝʨʭʣʠʥʝʡʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ɺʃʇʂ ʠ ʩʪʝʧʝʥʠ ʠʭ ʧʘʩʩʠʚʘʮʠʠ 

ʚʦʜʦʨʦʜʦʤ. ʅʘ ʧʦʣʥʦʩʪʴʶ ʧʘʩʩʠʚʠʨʦʚʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʪ 

ʫʨʦʚʥʷ ʟʘʩʚʝʪʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʙʣʶʜʘʝʤʳʭ ʫ ʄʂ ʉʕ.  

 ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʪʝʧʣʦʚʦʣʴʪʘʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ɺʃʇʂ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʥʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʩʥʷʪʳʝ ʥʘ n+- p ʩʪʨʫʢʪʫʨʘʭ, ʧʨʠ ʠʭ 

ʦʜʥʦʨʦʜʥʦʤ ʥʘʛʨʝʚʝ ʠ ʥʘ n+- p ï p+, ʥʘʛʨʝʚʘʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʥʘʤʝʨʝʥʥʦ ʩʦʟʜʘʚʘʝʤʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ɺʃʇʂ, ʛʝʥʝʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʩ ʫʯʘʩʪʠʝʤ ʛʣʫʙʦʢʠʭ 

ʫʨʦʚʥʝʡ ʚ ʢʦʪʦʨʦʤ ʨʘʩʪʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʟʸʨʝʥ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʝʚʘ. 

 ɺ ʨʘʟʚʠʪʠʝ ʩʦʟʜʘʥʥʦʛʦ ʠʟ ʥʘʰʠʭ ɺʃʇʂ ʩʪʨʫʢʪʫʨ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚʘʨʠʘʥʪ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʇʊʕ ʚ ʚʠʜʝ ʢʫʙʘ ʠʟ ɺʃʇʂ ʨʘʟʤʝʨʦʤ 10ʭ10ʭ10ʭ ʤʤ. ʂʫʙ ʨʘʟʨʝʟʘʥ ʥʘ 

ʛʣʫʙʠʥʫ ~8õ9 ʤʤ. ʩ ʰʘʛʦʤ 1 ʤʤ., ʪʦ ʝʩʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʷ çʚʳʩʪʫʧʦʚè ʩ ʧʣʦʱʘʜʴʶ ʪʦʨʮʘ 1ʭ1 ʤʤ2 ʠ 

ʚʳʩʦʪʦʡ 8õ9 ʤʤ. çɺʳʩʪʫʧʳè ʚʳʧʦʣʥʝʥʳ ʠʟʦʪʠʧʥʳʤʠ, ʘ ʩʚʦʙʦʜʥʦʝ ʤʝʞʜʫ ʥʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʧʦʣʥʝʥʦ 

ʣʠʙʦ ʤʫʣʴʪʠʧʦʨʦʰʢʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʣʠʙʦ ʤʠʢʨʦ ʠ ʥʘʥʦ 

ʯʘʩʪʠʮʘʤʠ ʢʨʝʤʥʠʷ.  

 ʉʦʟʜʘʥʠʝ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʝʤʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʧʦʟʚʦʣʠʪ ʈʊ ʧʦʣʫʯʠʪʴ ʩʦʚʨʝʤʝʥʥʦʝ, ʠʥʥʦʚʘʮʠʦʥʥʦʝ, ʪʨʫʜʦʝʤʢʦʝ, ʥʘʫʢʦʝʤʢʦʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʠʤʧʦʨʪʦʟʘʤʝʱʘʶʱʝʝ ʠ ʵʢʩʧʦʨʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ, ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ 

ʥʘ ʚʳʧʫʩʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʘʙʩʦʣʶʪʥʦ ʙʝʟʦʧʘʩʥʦʡ ʠ ʚʳʩʦʢʦʣʠʢʚʠʜʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʧʦʩʦʙʥʦʝ ʨʝʰʠʪʴ 

ʵʥʝʨʛʦʜʝʬʠʮʠʪ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʜʨʫʛʠʝ ʨʦʜʩʪʚʝʥʥʳʝ ʠ ʩʤʝʞʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʨʝʛʠʦʥʝ, ʜʘʪʴ ʪʦʣʯʦʢ 

ʨʘʟʚʠʪʠʶ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʨʘʙʦʯʠʭ ʠ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ. 

Key words: secondary polycrystalline silicon, solar energy, thermal energy, vein quartz, anthracite 

ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʤʩʷ ʦʪʨʘʩʣʷʤ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ 

ʠ ʪʝʭʥʦʣʦʛʠʠ. ʆʩʥʦʚʫ ʪʘʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʩʪʘʚʣʷʝʪ ʩʦʟʜʘʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʠ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʇʦ ʩʚʦʠʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʷʚʣʷʝʪʩʷ ʢʨʝʤʥʠʡ 

ʨʘʟʣʠʯʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʆʜʥʘʢʦ, ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʧʦ ʩʝʡ ʜʝʥʴ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ-ʟʘ ʜʦʨʦʛʦʚʠʟʥʳ ʠʩʭʦʜʥʦʛʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʳʨʴʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʜʝʰʝʚʳʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʩʳʨʴʷ ʜʣʷ ʬʦʪʦʵʥʝʨʛʝʪʠʢʠ-ʚʪʦʨʠʯʥʳʡ ʣʠʪʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ 

(ɺʃʇʂ) ʠʟ ʦʪʭʦʜʦʚ ʩʳʨʮʦʚʦʛʦ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʠ ʥʝʜʦʨʦʛʠʭ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʉʕ) ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 
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(ʇʊʕ) ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ʉʣʠʪʢʠ ɺʃʇʂ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ~(1õ3)Ŀ10-4 ʤ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʉʕ ʇʊʕ ʧʦʣʫʯʘʣʠʩʴ ʥʘ ʙʘʟʝ ʫʩʪʘʥʦʚʢʠ ʉ-3179 ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ, ʚʧʦʣʥʝ 

ʨʝʘʣʠʟʫʝʤʦʤ ʚʳʙʦʨʝ ʩʳʨʴʷ [1,2].  

 ɹʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʣʶʙʳʤʠ ʠʟ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: 

ʜʠʬʬʫʟʠʷ, ʠʦʥʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ, ʩʦʟʜʘʥʠʝ ʄɼʇ-ʩʪʨʫʢʪʫʨʳ) ʇʂ ʉʕ ʩ ʢʧʜ ʜʦ 12 % ʧʨʠ 

ʦʩʚʝʱʝʥʠʠ ɸʄ 1,5 ʠ 25 ʦʉ ʠ ʉʕ ʧʦ ʫʧʨʦʱʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʢʧʜ 8 %, ʚʧʦʣʥʝ 

ʧʨʠʝʤʣʝʤʳʭ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʥʘ ʤʦʱʥʦʩʪʠ 0,5·3ɺʪ., ʥʦ ʠ 
ʩʦʣʥʝʯʥʳʭ ʩʪʘʥʮʠʡ ʥʘ ʤʦʱʥʦʩʪʠ ʜʦ 250 ɺʪ., ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʧʝʨʘʮʠʷʭ ʩʦʟʜʘʥʠʷ ʨ-n- ʧʝʨʝʭʦʜʦʚ ʥʘ ɺʃʇʂ ʚʳʙʠʨʘʝʪʩʷ 

ʥʠʞʝ ʯʝʤ ʥʘ ʘʥʘʣʦʛʠʯʥʳʭ ʦʧʝʨʘʮʠʷʭ ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʄʂ, ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʝʡ ʜʠʬʬʫʟʠʠ ʤʝʣʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ (ʨʠʩ.1). 

ʆʙʥʘʨʫʞʝʥ ʥʝʪʨʠʚʠʘʣʴʥʳʡ ʭʦʜ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʜʚʠʞʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʚ 

ɺʃʇʂ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʷʤʳè 

ʧʦʜʚʠʞʥʦʩʪʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ɺʃʇʂ (ʨʠʩ.2).  

 ɺʳʷʚʣʝʥ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (5·10 ʢʨʘʪ, ʈʦ = 850 

ɺʪ/ʤ2) ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʥʘ ʉʕ ʠʟ ɺʃʇʂ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʵʬʬʝʢʪ ʩʚʝʨʭʣʠʥʝʡʥʦʛʦ 

ʨʦʩʪʘ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʩ ʨʦʩʪʦʤ ʫʨʦʚʥʷ ʦʙʣʫʯʝʥʠʷ. ʇʨʝʜʣʦʞʝʥ ʬʠʟʠʯʝʩʢʠʡ 

ʤʝʭʘʥʠʟʤ ʦʙʲʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʚʘʜʨʘʪʠʯʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʤ ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʭ 

ʮʝʥʪʨʦʚ ʛʨʘʥʠʮ ʟʝʨʝʥ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʦʙʣʫʯʝʥʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʩʚʝʨʭʣʠʥʝʡʥʦʩʪʠ ʟʘʚʠʩʠʪ 

ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ɺʃʇʂ ʠ ʩʪʝʧʝʥʠ ʠʭ ʧʘʩʩʠʚʘʮʠʠ ʚʦʜʦʨʦʜʦʤ. ʅʘ ʧʦʣʥʦʩʪʴʶ 

ʧʘʩʩʠʚʠʨʦʚʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʪ ʫʨʦʚʥʷ 

ʟʘʩʚʝʪʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʙʣʶʜʘʝʤʳʭ ʫ ʄʂ ʉʕ. ʄʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʉʕ ʠʟ ɺʃʇʂ ʩʜʚʠʥʫʪ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ (l=0,7Ŀ10-6 ʤ.), ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʝʢʪʨʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʛʨʘʥʠʯʥʳʭ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʡ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʝʣʘʝʪ ɺʃʇʂ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʥʘʟʝʤʥʦʡ ʬʦʪʦʵʥʝʨʛʝʪʠʢʝ. 

 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ (ʩʦʩʪʘʚ ʣʠʛʘʪʫʨʳ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ ʚʨʝʤʷ 

ʚʳʜʝʨʞʢʠ ʨʘʩʧʣʘʚʘ ʚ ʣʠʪʝʡʥʦʡ ʬʦʨʤʝ ʠ ʠʟʣʦʞʥʠʮʝ) ʧʦʣʫʯʝʥʠʷ ɺʃʇʂ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʚ ʙʘʟʝ ʠ ʬʨʦʥʪʘʣʴʥʦʤ ʩʣʦʝ ʉʕ ʠʟ ɺʃʇʂ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ çʷʤʳè 

ʧʦʜʚʠʞʥʦʩʪʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʠ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʧʨʦʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʩʚʝʨʭʣʠʥʝʡʥʦʩʪʠ ʨʦʩʪʘ 

ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʩʦʜʝʨʞʘʪ ʵʣʝʤʝʥʪʳ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʳ ʠ ʟʘʱʠʱʘʝʤʳʝ 

ʧʦʣʦʞʝʥʠʷ. 

 ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʥʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠ ʦʩʫʱʝʩʪʚʣʝʥ 

ʤʝʭʘʥʠʟʤ ʧʦʣʫʯʝʥʠʷ ʇʂ ʠʟ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʊʂ ʤʘʨʢʠ ʂʨ1 ʥʘʧʨʷʤʫʶ ʤʠʥʫʷ 

ʭʣʦʨʩʠʣʘʥʦʚʫʶ ʪʝʭʥʦʣʦʛʠʶ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʚʳʧʫʩʢʘ ɺʃʇʂ, 

ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʢʠ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʠʟʣʦʞʥʠʮʝ ʫʜʘʝʪʩʷ ʦʯʠʩʪʠʪʴ ʊʂ ʟʘ ʩʯʝʪ 

ʚʳʜʝʨʞʢʠ ʨʘʩʧʣʘʚʘ ʚ ʬʦʨʚʘʢʫʫʤʝ ʠ ʩʝʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʝʡ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʨʘʩʧʣʘʚʘ 

[3]. ʅʘ ʦʙʨʘʟʮʘʭ ʉʕ ʠʟ ʇʂ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘ ʃʂʈʄ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʧʝʨʝʜʝʣʦʤ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʊʂ ʤʘʨʢʠ ʂʨ1, ʜʦʩʪʠʛʥʫʪ ʢʧʜ 5·7 %. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʦʣʝʟʥʳʤʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʕ ʠʟ ʊʂ ʚʳʩʰʠʭ ʤʘʨʦʢ 

ʥʘʧʨʷʤʫʶ, ʤʠʥʫʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʝʟʦʧʘʩʥʫʶ ʭʣʦʨʩʠʣʘʥʦʚʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʧʦʩʢʦʣʴʢʫ 

ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʘʥʘʣʦʛʠʯʝʥ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤʫ ɺʃʇʂ.  

 ʅʝ ʤʝʥʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ 

ʥʝʬʦʪʦʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʘ ʠ ʪʝʧʣʘ 

ʥʘʛʨʝʪʳʭ ʪʝʣ, ʠʤʝʶʱʠʤʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʡ ʤʘʩʰʪʘʙ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʪʝʧʣʦʚʦʣʴʪʘʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʥʘʤʠ ʦʙʨʘʟʮʘʭ ɺʃʇʂ ʚ [4] ʚʧʝʨʚʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʦʷʚʣʝʥʠʝ ʪʝʧʣʦʚʦʣʴʪʘʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚʩʣʝʜʩʪʚʠʝ 
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ʛʝʥʝʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʩʫʙʟʦʥʥʳʭ ʬʦʪʦʥʦʚ ʩ ʫʯʘʩʪʠʝʤ ʛʣʫʙʦʢʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, ʧʨʠʯʝʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʥʠʞʝ ~4Ŀ1018 ʩʤ-3 ʠʣʠ ʧʨʦʩʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ɺʃʇʂ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʧʦʨʷʜʢʘ 10 ʤʢʤ, ʪʦ ʝʩʪʴ ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʢʦʤʦʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʝʡ ʟʘ ʩʯʝʪ ʜʝʬʝʢʪʦʚ ʥʘ ʤʝʞʟʝʨʝʥʥʳʭ 

ʛʨʘʥʠʮʘʭ ï ʥʝʦʙʭʦʜʠʤʦʝ ʠ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷ. 

 ɼʘʣʝʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʫ ʠʟʦʪʠʧʥʳʭ ʦʙʨʘʟʮʦʚ ɺʃʇʂ ʚʳʷʚʠʣʠ ʵʬʬʝʢʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ (ʨʠʩ.3), ʪʦ ʝʩʪʴ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷʨʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ, ʤʦʞʝʪ ʙʳʪʴ, ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʙʝʩʢʦʥʪʘʢʪʥʳʭ 

ʪʝʧʣʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ [5]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʠʟʦʪʠʧʥʳʭ ʧʣʘʩʪʠʥ 

ɺʃʇʂ ʠʦʥʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (K, Na, Cs) ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ, ʢʘʢ 

ʩʠʪʫʘʮʠʶ ʩ ʧʝʨʚʳʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʤʝʨʥʦ 350 ʦʂ, ʪʘʢ ʠ ʩʦ ʚʪʦʨʳʤ, 

ʦʩʥʦʚʥʳʤ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ.  

 ʊʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪ ʧʝʨʝʢʣʶʯʝʥʠʷ ï ʠʟʤʝʥʝʥʠʝ 

ʧʦʣʷʨʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʫ 

ʠʟʦʪʠʧʥʳʭ ʦʙʨʘʟʮʦʚ ɺʃʇʂ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ 

ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʝʣʘʭ ʧʦʨʦʛʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ ʧʣʘʩʪʠʥ ɺʃʇʂ 

ʠʦʥʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (K, Na, Cs) ʷʚʣʷʶʪʩʷ ʟʘʱʠʱʘʝʤʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ.  

 ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ 

ʪʝʧʣʦʚʦʣʴʪʘʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʟʝʨʝʥ ɺʃʇʂ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʥʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʩʥʷʪʳʝ ʥʘ n+- p ʩʪʨʫʢʪʫʨʘʭ, ʧʨʠ ʠʭ ʦʜʥʦʨʦʜʥʦʤ ʥʘʛʨʝʚʝ ʠ ʥʘ n+- p 

ï p+, ʥʘʛʨʝʚʘʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʥʘʤʝʨʝʥʥʦ ʩʦʟʜʘʚʘʝʤʦʛʦ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ɺʃʇʂ, ʛʝʥʝʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʩ ʫʯʘʩʪʠʝʤ ʛʣʫʙʦʢʠʭ 

ʫʨʦʚʥʝʡ ʚ ʢʦʪʦʨʦʤ ʨʘʩʪʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʟʸʨʝʥ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ ʧʨʠ ʥʝʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʝʚʘ (ʨʠʩ.4,5). 

 ɺ ʨʘʟʚʠʪʠʝ ʩʦʟʜʘʥʥʦʛʦ ʠʟ ʥʘʰʠʭ ɺʃʇʂ ʩʪʨʫʢʪʫʨ (ʨʠʩ.6) ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʇʊʕ ʚ ʚʠʜʝ ʢʫʙʘ ʠʟ 

ɺʃʇʂ ʨʘʟʤʝʨʦʤ 10ʭ10ʭ10ʭ ʤʤ. ʂʫʙ ʨʘʟʨʝʟʘʥ ʥʘ ʛʣʫʙʠʥʫ ~8õ9 ʤʤ. ʩ ʰʘʛʦʤ 1 ʤʤ., ʪʦ ʝʩʪʴ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʷ çʚʳʩʪʫʧʦʚè ʩ ʧʣʦʱʘʜʴʶ ʪʦʨʮʘ 1ʭ1 ʤʤ2 ʠ ʚʳʩʦʪʦʡ 8õ9 ʤʤ. 

çɺʳʩʪʫʧʳè ʚʳʧʦʣʥʝʥʳ ʠʟʦʪʠʧʥʳʤʠ, ʘ ʩʚʦʙʦʜʥʦʝ ʤʝʞʜʫ ʥʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʧʦʣʥʝʥʦ 

ʣʠʙʦ ʤʫʣʴʪʠʧʦʨʦʰʢʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʣʠʙʦ 

ʤʠʢʨʦ ʠ ʥʘʥʦ ʯʘʩʪʠʮʘʤʠ ʢʨʝʤʥʠʷ. 

 ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʥʘʤʠ ʠʥʠʮʠʠʨʫʝʪʩʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʧʦʣʫʯʝʥʠʷ ʊʂ, ʇʂ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥ (ʈʊ), ʧʦʩʢʦʣʴʢʫ ʈʊ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʳʥʢʦʤ 

ʩʙʳʪʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʩʠʣʫ ʩʚʦʠʭ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʥʦ 

ʠ ʩʪʨʘʥʦʡ, ʠʤʝʶʱʝʡ ʤʦʱʥʳʝ ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʚʳʧʣʘʚʢʠ ʊʂ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʘʜʝʣʠ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ɺʃʇʂ, ʊʂ ʠ ʧʝʨʝʜʝʣʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʊʂ ʚ ʣʠʪʦʡ ʇʂ, ʘ ʪʘʢʞʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʕ ʠ ʇʊʕ ʥʘ ʠʭ ʦʩʥʦʚʝ [5]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʊʂ ʚʳʩʰʠʭ ʤʘʨʦʢ ʧʨʠʤʝʥʷʶʪ ʥʘʠʙʦʣʝʝ ʯʠʩʪʫʶ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʨʠʤʝʩʝʡ 

ʤʦʜʠʬʠʢʘʮʠʶ ʢʨʝʤʥʝʟʝʤʘ-ʞʠʣʴʥʳʡ ʢʚʘʨʮ (ɾʂ), ʘ ʉʝʚʝʨʥʳʡ ʊʘʜʞʠʢʠʩʪʘʥ ʯʨʝʟʚʳʯʘʡʥʦ 

ʙʦʛʘʪ ʨʝʩʫʨʩʘʤʠ ʠʤʝʥʥʦ ɾʂ. ʅʘ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʤʥʦʛʠʝ ʜʝʩʷʪʢʠ ʧʨʦʷʚʣʝʥʠʡ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ 

ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ: ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʵʤʘʥʘʮʠʷʤʠ ʠ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʚʪʦʨʠʯʥʳʭ ʢʚʘʨʮʠʪʦʚ, ʩʚʟ̫ʘʥʥʳʭ ʩ ʛʠʧʦʛʝʥʥʳʤ 

ʦʢʚʘʨʮʝʚʘʥʠʝʤ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʚʫʣʢʘʥʠʪʦʚ.ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʚʘʨʮʘ SiO2-

95,60õ98,40%; ɸ12O3-0,22õ1,54%; ʉʘO-0,06õ0,89%; ʈ-0,00õ0,04%; S-0,01õ0,03%. 



82 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ʋʜʝʣʴʥʳʡ ʠ ʦʙʲʝʤʥʳʡ ʚʝʩʘ ʤʘʩʩʠʚʥʦʛʦ ʢʚʘʨʮʘ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

2,64õ2,66ʛ/ʩʤ3 ʠ 2,57õ2,62ʛ/ʩʤ3; ʧʦʨʠʩʪʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,2 ʜʦ 4õ5 %. 

 ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ ʖʛʝ ʨʝʩʧʫʙʣʠʢʠ, ʚ 300 ʢʤ. ʦʪ ʛ. ɼʫʰʘʥʙʝ ʠʤʝʝʪʩʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʘʥʪʨʘʮʠʪʘ, ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʠʪʴ ʢʘʢ ʫʛʣʝʨʦʜʠʩʪʳʡ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʜʣʷ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʥʘ ʨʫʜʦʪʝʨʤʠʯʝʩʢʠʭ 

ʧʝʯʘʭ. ʇʣʘʩʪʳ ʖʨʩʢʠʭ ʫʛʣʝʡ ʥʘ ʫʯʘʩʪʢʘʭ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʠ ʧʨʦʩʪʦʝ 

ʩʪʨʦʝʥʠʝ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʛʣʠ ʜʶʨʝʥʦ-ʢʣʘʨʝʥʦʚʳʝ. 

ʀʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʡ ʩʣʫʞʠʣʠ ʚ ʦʩʥʦʚʥʦʤ ʩʪʝʙʣʝʚʳʝ ʯʘʩʪʠ 

ʨʘʩʪʝʥʠʡ ʠ ʩʧʦʨʳ, ʣʠʩʪʴʷ ʠ ʩʤʦʣʳ. ʇʣʦʱʘʜʴ ʟʘʣʝʞʠ ʧʨʠʤʝʨʥʦ 25 ʢʤ2, ʧʨʦʪʷʞʝʥʥʦʩʪʴ 

ʧʣʘʩʪʦʚ ʙʦʣʝʝ 10 ʢʤ.  

 ʂʘʯʝʩʪʚʦ ʘʥʪʨʘʮʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʮʠʬʨʘʤʠ: ʚʣʘʞʥʦʩʪʴ-0,78õ4,66 

%; ʟʦʣʴʥʦʩʪʴ-1,2õ4,2 % (ʚ ʩʨʝʜʥʝʤ 2,8 %); ʚʳʭʦʜ ʣʝʪʫʯʠʭ -3,0õ5,0 %; ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ-

0,13õ0,62 %, ʫʛʣʝʨʦʜʘ-89,27õ93,86 %, ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ-35,14 ʄɼʞ/ʢʛ. ʇʦ 

ʩʚʦʠʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʥʠ ʧʨʝʚʦʩʭʦʜʷʪ ʫʢʨʘʠʥʩʢʠʝ, ʢʫʟʥʝʮʢʠʝ, ʫʟʙʝʢʩʢʠʝ ʠ ʚ 

ʮʝʣʦʤ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʟʥʘʤʝʥʠʪʳʤ ʚʴʝʪʥʘʤʩʢʠʤ ʘʥʪʨʘʮʠʪʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʘ-ʊʫ. 

 ʉʦʟʜʘʥʠʝ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʝʤʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʵʥʝʨʛʠʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʦʟʚʦʣʠʪ ʈʊ ʧʦʣʫʯʠʪʴ ʩʦʚʨʝʤʝʥʥʦʝ, ʠʥʥʦʚʘʮʠʦʥʥʦʝ, ʪʨʫʜʦʝʤʢʦʝ, 

ʥʘʫʢʦʝʤʢʦʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʠʤʧʦʨʪʦʟʘʤʝʱʘʶʱʝʝ ʠ ʵʢʩʧʦʨʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ, 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ ʚʳʧʫʩʢ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʘʙʩʦʣʶʪʥʦ ʙʝʟʦʧʘʩʥʦʡ ʠ ʚʳʩʦʢʦʣʠʢʚʠʜʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʧʦʩʦʙʥʦʝ ʨʝʰʠʪʴ 

ʵʥʝʨʛʦʜʝʬʠʮʠʪ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʜʨʫʛʠʝ ʨʦʜʩʪʚʝʥʥʳʝ ʠ ʩʤʝʞʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʨʝʛʠʦʥʝ, 

ʜʘʪʴ ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʜʛʦʪʦʚʢʠ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʨʘʙʦʯʠʭ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ.  
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 ʈʠʩ.1. ʅʘʛʨʫʟʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʕ ʧʨʠ ʦʩʚʝʱʝʥʠʝ ʚʦʣʴʬʨʘʤʦʚʦʡ ʣʘʤʧʦʡ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ 75 ʤɺʪ/ʩʤ2: 

1 ï ʉʕ ʥʘ ʦʩʥʦʚʝ ɺʃʇʂ ʨʘʟʤʝʨʦʤ 2ʭ4 ʩʤ2; 2 ï ʉʕ ʠʟ ʄʂ.  

 
ʈʠʩ.2. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʭʦʣʣʦʚʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʦʪ ʫʨʦʚʥʷ 

ʣʝʛʠʨʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʜʣʷ ʉʕ: 1 ï ʦʙʲʝʤʥʳʡ ʇʂ, ʦʩʘʞʜʝʥʥʳʡ ʠʟ 

ʛʘʟʦʚʦʡ ʬʘʟʳ (SiCl4+H2) [159]; 2 ï ʇʂ, ʦʩʘʞʜʝʥʥʳʡ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ; 3 ï ɺʃʇʂ; 4 ï ʄʂ.  
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ʈʠʩ. 3. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʣʦʚʫʰʝʢ (1), ʘ ʪʘʢʞʝ ʪʝʤʥʦʚʳʭ ʪʦʢʘ 

(2) ʠ ʥʘʧʨʷʞʝʥʠʷ (3) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. Ysso, 1ʢʟʦ, Uxxo ʠʟʤʝʨʝʥʳ ʧʨʠ 300ʂ. 

 
ʈʠʩ.4. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Iʢʟ (ʘ) ʠ Uʭʭ (ʙ) ʠʟʦʪʠʧʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ (ʤʝʪʘʣʣ-SI-ʤʝʪʘʣʣ) ʩ ʨʘʙʦʯʠʤ ʪʝʣʦʤ ʜʣʠʥʦʡ L=6 ʤʤ. ʠ ʜʠʘʤʝʪʨʦʤ d=2 ʤʤ., 

ʚʳʧʦʣʥʝʥʥʳʤ ʠʟ ʤʠʢʨʦʟʝʨʥʠʩʪʦʛʦ ʢʨʝʤʥʠʷ; 1-ʨ-ʪʠʧ ʙʝʟ ʜʦʙʘʚʢʠ ʛʣʫʙʦʢʦʡ ʧʨʠʤʝʩʠ; 2-ʚ 

ʨ- ʪʠʧʥʳʡ ʢʨʝʤʥʠʡ ʚʚʝʜʝʥʦ ʜʦ 50% ʊʂ; 3-ʨʘʙʦʯʝʝ ʪʝʣʦ ʮʝʣʠʢʦʤ ʚʳʧʦʣʥʝʥʦ ʠʟ ʊʂ; 4- 

ʊʂ ʚʚʝʜʝʥ ʚ n-ʪʠʧʥʳʡ ʢʨʝʤʥʠʡ 
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ʈʠʩ.5. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Iʢʟ(ʘ), Uʭʭ(ʙ) ʇʊʕ ʠʟ ʤʠʢʨʦʟʝʨʥʠʩʪʦʛʦ ʢʨʝʤʥʠʷ ʩ 

ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʦʡ ʨʘʟʥʦʪʠʧʥʦʛʦ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 12 ʤʤ ʠ ʧʣʦʱʘʜʴʶ p-n-ʧʝʨʝʭʦʜʘ 

S=2,26ʭ 10-2ʩʤ2. ʉʦʩʪʘʚ ʤʠʢʨʦʟʝʨʥʠʩʪʦʛʦ ʢʨʝʤʥʠʝʚʦʛʦ ʨʘʙʦʯʝʛʦ ʪʝʣʘ; 1-ʢʨʝʤʥʠʡ p-

ʪʠʧʘ; 2-ʢʨʝʤʥʠʡ n-ʪʠʧʘ +50% ʊʂ; 3,4 ï ʢʨʝʤʥʠʡ ʨ-ʪʠʧʘ +50% ʊʂ; ʢʦʥʪʘʢʪʳ: 1,2,3-ʥʘ 

ʦʩʥʦʚʝ ʩʧʣʘʚʘ ʞʝʣʝʟʘ, 4-ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ. 

 
ʈʠʩ 6. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʵʥʝʨʛʠʠ ʩ ʨʘʙʦʯʠʤ ʪʝʣʦʤ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʳ ʠʟ ɺʃʇʂ: 

 ʘ) - ʚʠʜ ʩʙʦʢʫ, ʙ - ʚʠʜ ʚ ʧʣʘʥʝ: 1 ï ʨʘʙʦʯʝʝ ʪʝʣʦ; 2 ï p-n ʧʝʨʝʭʦʜ; 3 ï ʠʟʦʪʠʧʥʳʡ 

ʧʝʨʝʭʦʜ; 4, 5 ï ʨʘʟʥʦʧʦʣʷʨʥʳʝ ʦʤʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ; 6 ï ʩʝʣʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ; 7 ï 

ʵʣʝʢʪʨʦʜʳ. 
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ʇʨʦʚʝʜʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʛʠʜʨʦ- ʠ ʧʝʪʨʦʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʥʫʞʜ. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ɻʝʦʕʉ, ʚ ʢʦʪʦʨʦʡ ʥʘʛʨʝʚ 

ʥʠʟʢʦʢʠʧʷʱʝʛʦ ʨʘʙʦʯʝʛʦ ʘʛʝʥʪʘ ʚʪʦʨʠʯʥʦʛʦ ʢʦʥʪʫʨʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʦ 

ʚʥʫʪʨʠʩʢʚʘʞʠʥʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʳ 

ʧʝʨʚʠʯʥʦʛʦ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʚʠʯʥʦʛʦ 

ʢʦʥʪʫʨʘ ɻʝʦʕʉ ʩ ʦʪʙʦʨʦʤ ʪʝʧʣʘ ʩʫʭʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʳʩʦʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

Keywords: power generation, petrothermal energy, binary GPP, low-boiling agent, circulating system. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʝʪʨʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʙʠʥʘʨʥʘʷ ɻʝʦʕʉ, ʥʠʟʢʦʢʠʧʷʱʠʡ 

ʨʘʙʦʯʠʡ ʘʛʝʥʪ, ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. 

ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʩʦʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʵʥʝʨʛʝʪʠʢʠ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ, ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [1]. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʦʙʫʩʣʦʚʣʝʥʳ ʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ: ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ, ʦʪʩʫʪʩʪʚʠʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʨʘʩʭʦʜʦʚ ʥʘ ʜʦʩʪʘʚʢʫ ʪʦʧʣʠʚʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤʠ ʩʨʦʢʘʤʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʅʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ɻʝʦʕʉ, ʛʜʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʚʳʙʨʦʩʳ CO2 ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʳ.  

ʄʠʨʦʚʦʡ ʧʦʪʝʥʮʠʘʣ ʠʟʫʯʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 0,2 ʊɺʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 4,4 ʊɺʪ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʠʤʝʨʥʦ 70% ʵʪʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʬʣʶʠʜʘ ʤʝʥʝʝ 130 Üʉ. ʇʦ 

ʦʮʝʥʢʘʤ ʩʝʛʦʜʥʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʦʣʦ 3,5% ʤʠʨʦʚʦʛʦ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 0,2% - ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʘ [2]. 

ʂ ʥʘʯʘʣʫ 2005 ʛ. ɻʝʦʕʉ ʨʘʙʦʪʘʶʪ ʚ 24 ʩʪʨʘʥʘʭ ʤʠʨʘ, ʩʫʤʤʘʨʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ 

ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʣʘ 8910,7 ʄɺʪ, ʚ ʢʦʥʮʝ 2008 ʛ. ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ɻʝʦʕʉ ʚ ʤʠʨʝ 

ʚʳʨʦʩʣʘ ʜʦ 10500 ʄɺʪ. ʃʠʜʝʨʘʤʠ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ɻʝʦʕʉ 

ʷʚʣʷʶʪʩʷ ʉʐɸ (3000 ʄɺʪ), ʌʠʣʠʧʧʠʥʳ, ʄʝʢʩʠʢʘ, ʀʥʜʦʥʝʟʠʷ, ʀʪʘʣʠʷ. ʈʦʩʩʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʩʪʘʝʪ ʦʪ ʩʪʨʘʥ-ʣʠʜʝʨʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ɻʝʦʕʉ. 

ɺ [2] ʧʨʠʚʝʜʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʙʠʥʘʨʥʳʭ ɻʝʦʕʉ ʤʘʣʦʡ ʠ 

ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ɹʠʥʘʨʥʳʡ ʮʠʢʣ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʂ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʙʦʣʝʝ ʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʘ ʨʘʩʩʦʣʘ ʠ ʟʘʢʘʯʢʘ ʝʛʦ ʚ 

ʧʣʘʩʪ ʩ ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ; ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; ʘʛʨʝʩʩʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝ 

ʧʦʧʘʜʘʶʪ ʚ ʪʫʨʙʠʥʫ, ʢʦʥʜʝʥʩʘʪʦʨ ʠ ʜʨʫʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʚʨʝʜʥʳʝ ʛʘʟʳ ʥʝ ʧʦʩʪʫʧʘʶʪ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʮʠʢʣʘ ʷʚʣʷʶʪʩʷ ʫʩʣʦʞʥʝʥʠʝ ʩʭʝʤʳ ʠ ʥʝʢʦʪʦʨʘʷ 

ʧʦʪʝʨʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʦʪ ʬʣʶʠʜʘ ʢ ʨʘʙʦʯʝʤʫ 

ʘʛʝʥʪʫ ʥʝʦʙʭʦʜʠʤʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʘʩʩʝʡʥʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʟʘʥʠʤʘʶʪ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʯʘʩʪʴ ʩʫʰʠ, ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʨʝʩʫʨʩʦʚ ʪʝʧʣʘ ʩʫʭʠʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ [2]. ʇʦʵʪʦʤʫ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʜʦʣʞʥʘ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ 

ʦʪʳʩʢʘʥʠʠ ʩʧʦʩʦʙʦʚ ʠʟʚʣʝʯʝʥʠʷ ʪʝʧʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʛʝʦʪʝʨʤʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʷʯʠʭ ʧʦʨʦʜ ʥʘ ʦʩʥʦʚʝ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʎʉ) ʧʨʦʚʦʜʷʪʩʷ ʚ ʉʐɸ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ɻʝʨʤʘʥʠʠ, 

ʌʨʘʥʮʠʠ, ʗʧʦʥʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ʇʝʨʚʳʝ ʦʧʳʪʳ ʠʟʚʣʝʯʝʥʠʷ ʪʝʧʣʘ ʩʫʭʠʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʃʦʩ-ɸʣʘʤʦʩʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʩʫʭʠʤʠ ʧʦʨʦʜʘʤʠ 

ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʳʤ ʠʟʚʣʝʯʝʥʠʝʤ ʪʝʧʣʘ. ʏʪʦʙʳ 

ʠʟʚʣʝʯʝʥʠʝ ʪʝʧʣʘ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ ʙʳʣʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʠ ʧʨʦʠʩʭʦʜʠʣʦ 

ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʦʨʦʜʝ ʩʦʟʜʘʪʴ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʪʝʧʣʦʦʪʜʘʯʠ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʢʘʯʢʫ, ʮʠʨʢʫʣʷʮʠʶ ʠ ʠʟʚʣʝʯʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʪʴ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʚʥʫʪʨʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʢʦʪʦʨʘʷ ʙʳ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʦʙʝʩʧʝʯʠʚʘʣʘ ʥʘʛʨʝʚ ʟʘʢʘʯʠʚʘʝʤʦʡ 

ʚʦʜʳ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʥʘʣʦʚ ʩ ʥʠʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʜʚʠʞʝʥʠʶ ʬʣʶʠʜʘ ʠ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʨʘʟʨʳʚ ʤʘʩʩʠʚʘ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʙʠʥʘʨʥʦʡ ɻʝʦʕʉ ʩ ʦʪʙʦʨʦʤ ʪʝʧʣʘ 

ʩʫʭʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʧʝʨʚʠʯʥʦʤ ʮʠʨʢʫʣʷʮʠʦʥʥʦʤ ʢʦʥʪʫʨʝ. 

 
ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ɻʝʦʕʉ. 

1-ʜʦʙʳʯʥʘʷ ʩʢʚʘʞʠʥʘ; 2-ʥʘʛʥʝʪʘʪʝʣʴʥʘʷ ʩʢʚʘʞʠʥʘ; 3-ʩʠʩʪʝʤʘ ʪʨʝʱʠʥ ʚ ʤʘʩʩʠʚʝ; 4-

ʚʥʫʪʨʠʩʢʚʘʞʠʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ; 5-ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ ʚʪʦʨʠʯʥʦʛʦ ʢʦʥʪʫʨʘ; 6-

ʠʩʧʘʨʠʪʝʣʴ; 7-ʪʫʨʙʠʥʘ; 8-ʛʝʥʝʨʘʪʦʨ;9-ʢʦʥʜʝʥʩʘʪʦʨ; 10-ʧʦʜʚʦʜ ʠ ʦʪʚʦʜ ʦʭʣʘʞʜʘʶʱʝʡ 

ʚʦʜʳ 
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ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʩʲʝʤ ʪʝʧʣʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʩʥʦʡ ʟʘʢʘʯʠʚʘʝʤʦʡ 

ʚʦʜʦʡ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʪʚʦʣʘʭ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ (2) ʠ ʜʦʙʳʯʥʦʡ (1) 

ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʝ ʪʨʝʱʠʥ ʚ ʤʘʩʩʠʚʝ (3), ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʫʪʝʤ ʛʠʜʨʦʨʘʟʨʳʚʘ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ʅʘʛʨʝʪʘʷ ʟʘ ʩʯʝʪ ʩʲʝʤʘ ʪʝʧʣʘ ʩ ʩʫʭʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʚʦʜʘ ʧʝʨʝʜʘʝʪ ʩʚʦʝ 

ʪʝʧʣʦ ʚʦ ʚʥʫʪʨʠʩʢʚʘʞʠʥʥʦʤ ʧʨʦʪʠʚʦʪʦʯʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ (4) ʥʠʟʢʦʢʠʧʷʱʝʤʫ 

ʨʘʙʦʯʝʤʫ ʘʛʝʥʪʫ, ʟʘʢʘʯʠʚʘʝʤʦʤʫ ʧʦ ʥʘʨʫʞʥʦʤʫ ʤʝʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠʟ 

ʢʦʥʜʝʥʩʘʪʦʨʘ (9). ʇʨʠ ʧʦʜʲʝʤʝ ʚʚʝʨʭ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʤʝʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ, 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʨʘʙʦʯʝʛʦ ʘʛʝʥʪʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ, ʜʘʣʴʥʝʡʰʝʝ ʝʛʦ 

ʠʩʧʘʨʝʥʠʝ ʠ ʧʝʨʝʛʨʝʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʟʝʤʥʦʤ ʠʩʧʘʨʠʪʝʣʝ (6). ʊʝʭʥʦʣʦʛʠʷ, ʚ ʢʦʪʦʨʦʡ ʜʣʷ 

ʥʘʛʨʝʚʘ ʨʘʙʦʯʝʛʦ ʘʛʝʥʪʘ ʚʪʦʨʠʯʥʦʛʦ ʢʦʥʪʫʨʘ ɻʝʦʕʉ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʫʪʨʠʩʢʚʘʞʠʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʧʨʝʜʣʦʞʝʥʘ ʠ ʦʧʠʩʘʥʘ ʚ [2].  

ɺʳʙʦʨ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚʦ ʚʪʦʨʠʯʥʦʤ ʢʦʥʪʫʨʝ ʙʠʥʘʨʥʦʡ ɻʝʦʕʉ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʤʦʤʝʥʪʦʤ ʧʨʠ ʝʝ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʈʘʙʦʯʝʝ ʪʝʣʦ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʘʙʦʪʳ. ʅʘ ʦʩʥʦʚʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʛʦʜʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ ʨʘʟʣʠʯʥʳʭ ʥʠʟʢʦʢʠʧʷʱʠʭ ʨʘʙʦʯʠʭ ʪʝʣ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʷʚʣʷʝʪʩʷ ʠʟʦʙʫʪʘʥ [1]. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʙʠʥʘʨʥʳʭ ɻʝʦʕʉ ʩ ʥʠʟʢʦʢʠʧʷʱʠʤʠ ʨʘʙʦʯʠʤʠ ʪʝʣʘʤʠ ʚʦ ʚʪʦʨʠʯʥʦʤ ʢʦʥʪʫʨʝ, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʘ. ʇʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ (ʨʠʩ.2), 

ʨʝʘʣʠʟʫʝʤʦʛʦ ʚʦ ʚʪʦʨʠʯʥʦʤ ʢʦʥʪʫʨʝ ʙʠʥʘʨʥʦʡ ɻʝʦʕʉ ʩ ʥʠʟʢʦʢʠʧʷʱʠʤ ʨʘʙʦʯʠʤ ʪʝʣʦʤ, ʚ 

ʧʝʨʚʠʯʥʦʤ ʢʦʥʪʫʨʝ ʢʦʪʦʨʦʡ ʮʠʨʢʫʣʠʨʦʚʘʣʘ ʪʝʨʤʘʣʴʥʘʷ ʚʦʜʘ.  

 
 ʈʠʩ. 2. ʎʠʢʣ ʧʘʨʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʊ, S ï ʜʠʘʛʨʘʤʤʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʮʠʢʣʘ ʈʝʥʢʠʥʘ ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘ 1 ʢʛ/ʩ ʨʘʩʭʦʜʘ ʪʝʨʤʘʣʴʥʦʡ ʚʦʜʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʠʟ ʭʦʨʦʰʦ ʦʩʚʦʝʥʥʳʭ ʨʘʙʦʯʠʭ ʘʛʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʠʟʦʙʫʪʘʥ ʠ ʜʠʬʪʦʨʭʣʦʨʵʪʘʥ [1]. 

ɼʘʣʴʥʝʡʰʝʝ ʩʨʘʚʥʝʥʠʝ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ ʠʟʦʙʫʪʘʥʘ. ʀʟʦʙʫʪʘʥ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʠʪʝʣʝʤ 

ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʠ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ, ʩʦʚʤʝʩʪʠʤ ʩ 

ʤʘʩʣʘʤʠ ʠ ʥʝ ʚʳʟʳʚʘʝʪ ʢʦʨʨʦʟʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʨʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʦʮʝʩʩ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ 

ʧʝʨʚʠʯʥʦʤ ʮʠʨʢʫʣʷʮʠʦʥʥʦʤ ʢʦʥʪʫʨʝ (ʨʠʩ. 1). ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 
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ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʦʩʚʦʝʥʠʝ 

ʧʝʪʨʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʣʳʝ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʇʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ (ɻʎʉ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʪʝʧʣʘ ʥʘ 

ʜʦʣʛʠʝ ʛʦʜʳ (30 ʣʝʪ ʠ ʙʦʣʝʝ). 

ʇʨʠ ʩʦʟʜʘʥʠʠ ɻʝʦʕʉ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʝʟʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ. ʇʦʚʳʰʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʧʝʨʚʠʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, 

ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʢʦʥʪʫʨʝ ɻʎʉ, ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ 

ʚʪʦʨʠʯʥʦʛʦ ʢʦʥʪʫʨʘ.  

ʆʧʪʠʤʠʟʘʮʠʷ ʮʠʢʣʘ, ʨʝʘʣʠʟʫʝʤʦʛʦ ʚʦ ʚʪʦʨʠʯʥʦʤ ʢʦʥʪʫʨʝ ʙʠʥʘʨʥʦʡ ɻʝʦʕʉ 

ʧʨʦʚʝʜʝʥʘ ʚ [1]. ʋʜʝʣʴʥʳʡ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʪʦʨʠʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ m  ʠ ʤʦʱʥʦʩʪʴ 

ʪʫʨʙʠʥʳ ʕN  (ʥʘ 1 ʢʛ/ʩ ʨʘʩʭʦʜʘ ʧʝʨʚʠʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

( ) ( )[ ]TʊʊCiim sʪʚ D+-=-23       

( ) ( )[ ]ʥsʚ TTTʉiim -D+=-12  ,     (1)  

( )43. iimN ʦɻʵ -=h        

ʛʜʝ ʉʚ - ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ, ʢɼʞ/ʢʛÖ ʂ; ʊʪ ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʙʳʚʘʝʤʦʡ ʚʦʜʳ 

(ʧʝʨʚʠʯʥʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʮʠʨʢʫʣʠʨʫʶʱʠʡ ʚ ʢʦʥʪʫʨʝ ɻʎʉ), 0ʉ; ʊs ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʠʩʧʘʨʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; ʊʥ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʨʘʙʦʪʘʥʥʦʡ ʚʦʜʳ; Dʊ ï 

ʥʘʠʤʝʥʴʰʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʧʦʨ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ-ʠʩʧʘʨʠʪʝʣʝ; hʦ.ʵ ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʂʇɼ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ; i1, i2, i3, i4 ï ʵʥʪʘʣʴʧʠʠ ʚʪʦʨʠʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʥʘ ʨʠʩ. 2, ʢɼʞ/ʢʛ. 

ʄʦʱʥʦʩʪʴ (ʥʝʪʪʦ) ʪʫʨʙʠʥʳ ʟʘ ʚʳʯʝʪʦʤ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʠʪʘʪʝʣʴʥʳʤ 

ʥʘʩʦʩʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2] 

( )

ʥ

ʢʢʠ
ʵ

ʥ

ʵ

mʈʈ
NN

h

n-
-= ,      (2) 

ʛʜʝ ʈʠ ʠ ʈʢ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʘʚʣʝʥʠʝ ʠʩʧʘʨʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʨʘʙʦʯʝʛʦ ʘʛʝʥʪʘ, ʇʘ; 

nʢ ï ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʢʦʥʜʝʥʩʘʪʘ, ʤ3/ʢʛ; hʥ ï ʂʇɼ ʧʠʪʘʪʝʣʴʥʦʛʦ ʥʘʩʦʩʘ. 

ʅʘ ʧʨʘʢʪʠʢʝ Dʊ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʳʤ 

Dʊ=10é250ʉ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʝʨʚʠʯʥʦʛʦ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ 

ʩʠʩʪʝʤʳ (ʨʠʩ. 1) ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʦʪʫʨʙʠʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ [2] ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦ ʚʪʦʨʠʯʥʦʤ ʢʦʥʪʫʨʝ ʠʟʦʙʫʪʘʥʘ ʧʦʜʯʠʪʘʥʘ 

ʤʦʱʥʦʩʪʴ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʦʡ (ʨʠʩ.1). ʊʘʢ ʧʨʠ ʜʣʠʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʩʪʚʦʣʘ ʜʦʙʳʯʥʦʡ ʩʢʚʘʞʠʥʳ L=1500 ʄ, ʪʝʤʧʝʨʘʪʫʨʝ ʜʦʙʳʚʘʝʤʦʡ ʥʘʛʨʝʪʦʡ ʧʨʝʩʥʦʡ ʚʦʜʳ 

ʧʝʨʚʠʯʥʦʛʦ ʢʦʥʪʫʨʘ T=130 Üʉ, ʦʙʲʝʤʥʦʤ ʨʘʩʭʦʜʝ Q=1500 ʤ3/ʩʫʪ ʤʦʱʥʦʩʪʴ 

ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʦʡ N=0,42 ʄɺʪ; ʧʨʠ ʊ=150 Üʉ, L=2000ʤ, Q=2000 ʤ3/ʩʫʪ 

ʤʦʱʥʦʩʪʴ ʨʘʚʥʘ N=0,88 ʄɺʪ. 

ʋʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʧʝʨʚʠʯʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʢʦʥʪʫʨʝ ɻʎʉ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʪʚʦʣʦʚ ʩʠʩʪʝʤʳ ʧʦ ʦʪʙʦʨʫ ʪʝʧʣʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʦʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʩʚʦʝʥʠʷ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ɿʝʤʣʠ ï ʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʧʫʪʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʙʠʥʘʨʥʳʭ ɻʝʦʕʉ ʥʘ ʥʠʟʢʦʢʠʧʷʱʠʭ ʨʘʙʦʯʠʭ ʘʛʝʥʪʘʭ. ʆʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ɻʎʉ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʦʛʨʦʤʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ16-08-00529. 
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ʂʆʅʎɽʅʊʈɸʊʆʈʅʓɽ ʉʆʃʅɽʏʅʓɽ ʄʆɼʋʃʀ ʉ ɺʓʉʆʂʆʁ 

ʕʌʌɽʂʊʀɺʅʆʉʊʔʖ ɺ ʐʀʈʆʂʆʄ ɼʀɸʇɸɿʆʅɽ ʈɸɹʆʏʀʍ ʊɽʄʇɽʈɸʊʋʈ 

CONCENTRATOR  SOLAR MODULES OF HIGH  EFFICIENCY  IN WIDE  

TEMPERATURE  DIAPASON 
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ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʤʦʜʫʣʷʭ ʩ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʩʢʘʜʥʳʤʠ ʩʦʣʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ɸ3ɺ5 ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʥʘʟʝʤʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʵʥʝʨʛʝʪʠʢʠ. ʏʨʝʟʚʳʯʘʡʥʦ 

ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʩʢʘʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʦʜʫʣʝʡ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʨʘʪʥʦʩʪʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. 

ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ ʥʘʟʝʤʥʳʭ ʬʦʪʦʵʥʝʨʛʦʩʠʩʪʝʤ ʧʨʠ ʥʠʟʢʠʭ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʘʞʥʘ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʝʛʠʦʥʘʭ ɿʝʤʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʠʟʢʠʤʠ ʩʨʝʜʥʠʤʠ 

ʨʘʙʦʯʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ɸʨʢʪʠʢʝ. ʕʬʬʝʢʪʠʚʥʘʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʨʘʙʦʪʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʚʘʞʥʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ, ʟʘʧʫʩʢʘʝʤʳʭ ʚ ʩʪʦʨʦʥʫ çʦʪ ʉʦʣʥʮʘè. 

ʇʦʚʳʰʝʥʥʳʝ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ ʧʣʶʩ 100Áʉ ʠ ʙʦʣʝʝ) ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ 100-1000 ʢʨʘʪʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʨʝʛʠʦʥʘʭ ɿʝʤʣʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʠʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʦʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʤʦʜʫʣʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 90Áʉ ʜʦ ʧʣʶʩ 90Áʉ, 

ʨʘʙʦʪʘʶʱʠʝ ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ çʩʦʣʥʮè ʜʦ ʙʦʣʝʝ 

500 çʩʦʣʥʮè. 

ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ (ʥʘʟʝʤʥʳʝ ʠ ʢʦʩʤʠʯʝʩʢʠʝ) ʥʘ ʦʩʥʦʚʝ 

ʪʨʝʭʧʝʨʝʭʦʜʥʳʭ GaInP/GaAs/Ge ʢʘʩʢʘʜʥʳʭ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ɼʦʩʪʠʛʥʫʪʦ ʫʚʝʣʠʯʝʥʠʝ ʂʇɼ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 7-8% ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 25Áʉ ʜʦ ʤʠʥʫʩ 

100Áʉ ʧʨʠ ʢʨʘʪʥʦʩʪʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ çʥʘʟʝʤʥʦʛʦè (ɸʄ1.5) ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 50-700 çʩʦʣʥʮè. ɺ 

çʥʘʟʝʤʥʳʭè ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʷʭ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʢʨʘʪʥʦʩʪʴ 

500 çʩʦʣʥʮè) ʥʘ ʦʩʥʦʚʝ ʣʠʥʟ ʌʨʝʥʝʣʷ ʜʦʩʪʠʛʥʫʪʳ ʟʥʘʯʝʥʠʷ ʂʇɼ ʙʦʣʝʝ 34% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʶʩ 25Áʉ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʂʇɼ ʥʘ 4-5% ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʤʠʥʫʩ 50Áʉ. 

ɺ çʢʦʩʤʠʯʝʩʢʠʭè ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʠ 10-100 çʩʦʣʥʮʘʭè ʜʦʩʪʠʛʥʫʪʦ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʝʣʠʯʠʥʳ ʂʇɼ 31-33% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +25Áʉ ʜʦ ʟʥʘʯʝʥʠʷ ʂʇɼ 36-38% ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 100Áʉ.  

Keywords: Photovoltaic modules, solar radiation concentrators, multijunction solar cells 

1. ɺʚʝʜʝʥʠʝ 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʤʦʜʫʣʷʭ ʩ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʩʢʘʜʥʳʤʠ ʩʦʣʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ɸ3ɺ5 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʥʘʟʝʤʥʦʡ ʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʵʥʝʨʛʝʪʠʢʠ [1-4]. ʏʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʩʢʘʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʦʜʫʣʝʡ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʨʘʪʥʦʩʪʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ [5,6]. 

ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ ʥʘʟʝʤʥʳʭ ʬʦʪʦʵʥʝʨʛʦʩʠʩʪʝʤ ʧʨʠ 

ʥʠʟʢʠʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʘʞʥʘ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʝʛʠʦʥʘʭ ɿʝʤʣʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʠʟʢʠʤʠ ʨʘʙʦʯʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ɸʨʢʪʠʢʝ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʨʘʙʦʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʚʘʞʥʘ ʥʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ, ʟʘʧʫʩʢʘʝʤʳʭ ʚ ʩʪʦʨʦʥʫ çʦʪ ʉʦʣʥʮʘè. 



92 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ʇʦʚʳʰʝʥʥʳʝ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ ʧʣʶʩ 100Áʉ ʠ ʙʦʣʝʝ) ʠʤʝʶʪ ʤʝʩʪʦ ʚ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ 100-1000 ʢʨʘʪʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʨʝʛʠʦʥʘʭ ɿʝʤʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʠʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʭʢʘʩʢʘʜʥʳʭ InGaP/InGaAs/Ge ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

(ʌʕʇ) ʠ ʤʦʜʫʣʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (-100ÜC Ò T Ò +90ÜC). 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʩʪʨʫʢʪʫʨʳ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʚ ʥʘʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʪʘʢ ʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʦʩʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʟʘʩʚʝʪʢʠ ʌʕʇ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʨʘʙʦʪʝ ʧʨʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʩʦʣʥʝʯʥʦʤ ʦʙʣʫʯʝʥʠʠ. ɺ ʦʪʩʫʪʩʪʚʠʠ çʧʘʨʘʟʠʪʥʳʭè ʬʘʢʪʦʨʦʚ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʌʕʇ, ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʂʇɼ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʩʯʸʪ 

ʫʚʝʣʠʯʝʥʠʷ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʫʪʝʤ ʨʘʩʯʸʪʦʚ ʙʳʣʘ ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʂʇɼ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʙʘʟʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʌʕʇ. 

2. ʂʘʩʢʘʜʥʳʝ ʌʕʇ ʠ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʝ ʤʦʜʫʣʠ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʘʩʢʘʜʥʳʝ ʌʕʇ, ʚʢʣʶʯʘʚʰʠʝ 

ʚ ʩʝʙʷ ʪʨʠ ʬʦʪʦʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʩ p-n ʧʝʨʝʭʦʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʤʘʪʝʨʠʘʣʘʭ 

InGaP, InGaAs ʠ Ge [6]. ʕʪʠ ʦʙʣʘʩʪʠ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ 

ʪʫʥʥʝʣʴʥʳʭ p-n ʧʝʨʝʭʦʜʦʚ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ. ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ 

ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʣ ʨʷʜ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ 

ʙʨʝʛʛʦʚʩʢʠʝ ʦʪʨʘʞʘʪʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʨʘʜʠʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʌʕʇ. 

ʂʘʞʜʳʡ ʪʠʧ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʙʳʣ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ ʝʛʦ ʟʘʩʚʝʪʢʝ 

ʠʟʣʫʯʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ: ɸʄ 0  ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠ 

ɸʄ 1.5d ï ʜʣʷ ʥʘʟʝʤʥʳʭ. ɼʘʥʥʳʝ ʌʕʇ ʷʚʣʷʶʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʦʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ (ʂʌʕʄ) ʜʣʷ ʥʘʟʝʤʥʦʛʦ ʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʌʕʄ ʜʣʷ ʥʘʟʝʤʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʪʦʧʨʠʝʤʥʫʶ ʠ ʣʠʥʟʦʚʫʶ 

ʧʘʥʝʣʴ, ʩʢʨʝʧʣʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʩʪʝʥʦʢ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ. ʃʠʥʟʦʚʘʷ ʧʘʥʝʣʴ ʨʘʟʤʝʨʦʤ 1 ʭ 0.5 ʤ2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʠʚ 

ʠʟ 128 ʢʚʘʜʨʘʪʥʳʭ ʝʜʠʥʠʯʥʳʭ ʣʠʥʟ ʌʨʝʥʝʣʷ 60 ʭ 60 ʤʤ ʢʘʞʜʘʷ. ʌʦʪʦʧʨʠʝʤʥʘʷ ʧʘʥʝʣʴ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʫʱʝʛʦ ʩʪʝʢʣʷʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 16 

ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ ʧʣʘʩʪʠʥ ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ. ʅʘ ʢʘʞʜʦʡ ʪʘʢʦʡ ʧʣʘʩʪʠʥʝ 

ʩʤʦʥʪʠʨʦʚʘʥʳ 8 ʌʕʇ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʰʠʥ 

(ʨʠʩʫʥʦʢ 1 ʘ,ʙ).  

ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʦʩʘ ʩʦʟʜʘʥ ʂʌʕʄ, 

ʦʩʥʘʱʝʥʥʳʝ ʣʠʥʝʡʥʳʤʠ ʣʠʥʟʦʚʳʤʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʷʯʝʡʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʥʦʛʦ ʤʦʜʫʣʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʬʝʨʤʝʥʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ, ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʪʦʨʦʡ ʤʦʥʪʠʨʫʝʪʩʷ ʣʠʥʝʡʥʳʡ 

ʣʠʥʟʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ ʪʠʧʘ ʣʠʥʟʳ ʌʨʝʥʝʣʷ, ʘ ʥʘ ʟʘʜʥʶʶ  ʢʝʨʘʤʠʯʝʩʢʦʝ 

ʪʝʧʣʦʦʪʚʦʜʷʱʝʝ ʦʩʥʦʚʘʥʠʝ ʩ ʜʚʫʤʷ ʵʥʝʨʛʦʛʝʥʝʨʠʨʫʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ. 

3. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʌʕʇ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʊ = ī100Üʉ ʜʦ +90Üʉ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʫʪʝʤ ʟʘʧʠʩʠ ʥʘʛʨʫʟʦʯʥʳʭ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʯʠʩʣʝʥʠʷ 

ʂʇɼ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 

ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʤʠʪʘʪʦʨʘʭ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ 

ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ [7]. ʂʦʨʨʝʢʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʢʩʝʥʦʥʦʚʦʡ 

ʣʘʤʧʳ ʜʣʷ ʜʦʚʝʜʝʥʠʷ ʩʧʝʢʪʨʘ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ɸʄ 0 ʠʣʠ ɸʄ 1.5d (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 
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ʠʟʤʝʨʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ) ʦʩʫʱʝʩʪʚʣʷʣʘʩɹ ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʩʚʝʪʦʬʠʣʴʪʨʘ. ɺʥʝʰʥʠʡ ʚʠʜ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʌʕʇ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʝʢʣʷʥʥʳʡ ʩʦʩʫʜ ɼʴʶʘʨʘ ʩ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʢʦʤʧʴʶʪʝʨʦʤ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʛʨʝʚʘ. ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚʦʣʴʪ

ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʣʦʚʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʬʦʪʦʵʣʝʤʝʥʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʧʪʠʯʝʩʢʦʝ 

ʧʨʦʧʫʩʢʘʥʠʝ ʩʪʝʥʦʢ ʩʦʩʫʜʘ ʫʯʠʪʳʚʘʣʦʩʴ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 
ʈʠʩ. 1. ʘ  ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʥʘʟʝʤʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʥʦʛʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ c ʣʠʥʟʘʤʠ ʌʨʝʥʝʣʷ 60 ʭ 60 ʤʤ2; ʙ  ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʡ ʤʦʜʫʣʴ, ʨʘʟʤʝʨʘʤʠ 

1 ʭ 0.5 ʤ2 (ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʣʠʥʟʦʚʦʡ ʧʘʥʝʣʠ). 

 
ʈʠʩ. 2. ʗʯʝʡʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʥʦʛʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʜʚʫʭ ʵʥʝʨʛʦʛʝʥʝʨʠʨʫʶʱʠʭ ʣʠʥʝʝʢ ʩ ʤʥʦʛʦʧʝʨʝʭʦʜʥʳʤʠ InGaP/GaAs/Ge ʌʕʇ ʥʘ 

ʢʝʨʘʤʠʯʝʩʢʦʤ ʪʝʧʣʦʩʙʨʘʩʳʚʘʶʱʝʤ ʦʩʥʦʚʘʥʠʠ ʠ ʩʜʚʦʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʣʠʥʟʦʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ (ʣʠʥʟʳ ʌʨʝʥʝʣʷ) ʩ ʘʧʝʨʪʫʨʦʡ 5 ʭ 10 ʩʤ2. 
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ʈʠʩ. 3. ɺʥʝʰʥʠʡ ʚʠʜ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʣʴʪʘʤʧʝʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʌʕʇ. ʉʣʝʚʘ ʥʘ ʬʦʪʦʛʨʘʬʠʠ ʨʘʩʧʦʣʦʞʝʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ ʤʦʜʫʣʝʡ ʨʘʟʤʝʨʦʤ ʜʦ 0.5 ʤ2 ʥʘʟʝʤʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (ʩʧʝʢʪʨ ɸʄ 1.5), 

ʩʧʨʘʚʘ  ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʡ çʢʦʩʤʠʯʝʩʢʠʭè ʌʕʇ ʠ ʤʦʜʫʣʝʡ ʨʘʟʤʝʨʦʤ ʜʦ 0.25 ʤ2 

(ʩʧʝʢʪʨ ɸʄ 0). 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʪʦʚʳʝ ɺɸʍ ʜʣʷ ʌʕʇ ʥʘʟʝʤʥʦʛʦ (ʘ) ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

(ʙ) ʥʘʟʥʘʯʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʙʨʘʟʮʳ ʜʣʷ ʨʘʙʦʪʳ ʧʦʜʙʠʨʘʣʠʩʴ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʩʪʨʦʝʥʥʳʭ çʧʘʨʘʟʠʪʥʳʭè ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ. ʀʤʝʝʪ 

ʤʝʩʪʦ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʠʩʢʘʞʝʥʠʡ ɺɸʍ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʣʫʯʘʝ 

ʵʣʝʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 4ʘ. ɺ ʨʷʜʝ ʢʦʩʤʠʯʝʩʢʠʭ ʌʕʇ ʥʘʙʣʶʜʘʣʦʩʴ 

ʟʘʤʝʪʥʦʝ ʠʩʢʘʞʝʥʠʝ ɺɸʍ (ʨʠʩʫʥʦʢ 4ʙ). ɼʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʥʦ ʩʪʘʙʠʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

 
ʈʠʩ. 4. ʉʚʝʪʦʚʳʝ ɺɸʍ ʜʣʷ ʌʕʇ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: ʘ  ʜʣʷ 

ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʥʘʟʝʤʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ; ʙ  ʜʣʷ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʩʤʦʩʘ. 
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ɼʣʷ ʦʙʨʘʟʮʦʚ ʥʘʟʝʤʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʥʦʪʦʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʙʦʣʴʰʠʤ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ ʟʘʧʦʣʥʝʥʠʷ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʴʥʦʤʫ ʨʦʩʪʫ ʂʇɼ ʌʕʇ ʜʦ ʟʥʘʯʝʥʠʷ 

50% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -100ʦʉ (ʨʠʩʫʥʦʢ 5ʘ). ɿʘʤʝʜʣʝʥʠʝ ʨʦʩʪʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʝʨʴ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʦʙʨʘʟʮʘ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʘʝʪ ʟʥʘʯʝʥʠʝ ʧʦʨʷʜʢʘ 38% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50ʦʉ. 

ɼʣʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ çʢʦʩʤʠʯʝʩʢʠʭè ʌʕʇ ʧʨʠ 100 çʩʦʣʥʮʘʭè ʧʦʣʫʯʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʂʇɼ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʝʣʠʯʠʥʳ ʂʇɼ = 31 ï 33% ʧʨʠ T = +25ʦʉ 

ʜʦ ʟʥʘʯʝʥʠʷ ʂʇɼ = 36 ï 37% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 100ʦʉ. ɼʣʷ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʨʠʩʫʥʦʢ 5ʙ) ʫʚʝʣʠʯʝʥʠʝ ʂʇɼ ʜʦ 36% ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 10ʦʉ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʥʘʯʠʥʘʝʪ 

ʠʩʢʘʞʘʪʴʩʷ ʬʦʨʤʘ ɺɸʍ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʪʴʩʷ ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʂʇɼ ʥʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ 

ʠʟʤʝʥʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʘ ʥʦʩʠʪʝʣʝʡ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʘʥʥʦʤ ʌʕʇ, ʚʩʣʝʜʩʪʚʠʝ 

ʥʘʣʠʯʠʷ ʚʩʪʨʦʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ʜʣʷ ʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ 

n-GaInP/Ge. ʈʘʩʯʝʪʥʘʷ ʚʝʣʠʯʠʥʘ ʂʇɼ ʢʦʩʤʠʯʝʩʢʦʛʦ ʂʌʕʄ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʌʕʇ, ʩʦʩʪʘʚʣʷʝʪ 30-31% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10ʦʉ. 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; ʘ  ʜʣʷ ʌʕʇ ʥʘʟʝʤʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʢʨʘʪʥʦʩʪʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 300 çʩʦʣʥʮè; ʙ  ʜʣʷ çʢʦʩʤʠʯʝʩʢʦʛʦè ʌʕʇ, ʢʨʘʪʥʦʩʪʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 150 çʩʦʣʥʮè. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʳ ʨʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʂʇɼ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ ʌʕʇ. 

5. ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʩʢʘʜʥʳʭ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ 

ʤʦʜʫʣʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʣʷ ʥʘʟʝʤʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʂʇɼ (ʜʦ 50%) ʚ ʌʕʇ ʠ ʜʦ 40% ʚ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ ʤʦʜʫʣʷʭ ʧʨʠ ʩʥʠʞʝʥʠʠ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 100ʦʉ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50ʦʉ ʂʇɼ ʌʕʇ ʩʦʩʪʘʚʣʷʝʪ 47% ʠ ʂʇɼ 

ʤʦʜʫʣʷ 37%. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʥʘʤʠ ʌʕʇ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʤʦʜʫʣʠ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʧʦʢʘʟʘʣʠ ʟʥʘʯʝʥʠʷ ʂʇɼ 36% (ʌʕʇ) ʠ 31% (ʤʦʜʫʣʴ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10ʦʉ. ɼʘʣʴʥʝʡʰʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʷʜʝ ʦʙʨʘʟʮʦʚ ʌʕʇ ʧʨʠʚʦʜʠʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʂʇɼ ʌʕʇ ʠʟ-

ʟʘ ʩʥʠʞʝʥʠʷ ʬʘʢʪʦʨʘ ʟʘʧʦʣʥʝʥʠʷ ʥʘʛʨʫʟʦʯʥʦʡ ɺɸʍ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ n-GaInP/Ge. 
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ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊʆɼʓ ʇɽʈɽʈɸɹʆʊʂʀ ʊɺɽʈɼʓʍ ɹʓʊʆɺʓʍ ʆʊʍʆɼʆɺ 

ʀ ʄʀʂʈʆɺʆɼʆʈʆʉʃɽʁ ɺ ʊʆʇʃʀɺʆ 

NEW METHODS FOR TREA TMENT OF MUNICIPAL S OLID WASTE AND 

MICROALGAE INTO FUEL S 

ɺʣʘʩʢʠʥ ʄ.ʉ. 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

Vlaskin M.S. 

The Joint Institute for High Temperatures of the Russian Academy of Sciences,  

Moscow, Russia 

vlaskin@inbox.ru 

Waste is one of the main challenges to the sustainable development of economy and society. Today, the world 

produces about 4 billion tons of various types of waste, of which 1.6-2 billion tonnes - municipal solid waste 

(MSW). The main methods of solid waste disposal is landfilling, composting, recovery of secondary raw materials 

and incineration. Incineration of MSW today is the main, the most common, method of thermochemical processing 

of waste. The Joint institute for high temperatures of Russian academy of science offered new technology of 

thermochemical conversion of solid waste, the product is a solid coal-like fuel. Obtained by the proposed 

technology coal contains 50 to 90% of the carbon contained in the MSW, its specific heat energy content by weight 

in comparison with MSW increases in 1.4 times, the volume increases in 7-8 times, the specific energy of obtained 

coal can reach >27 MJ/kg. The resulting coal can be used as a primary or additional fuel in the conventional coal-

fired power plants (those electrical efficiency > 35%, whereas electrical efficiency of modern MSW incinerators 

is no more than 10-15%) and boiler. 

Microalgae - another promising source of renewable raw materials, from which it is possible to obtain high-quality 

fuels. Interest in obtaining the so-called bio-oil from microalgae is bounded with high rate of microalgae growth, 

high productivity per unit area, high content of oil and relatively simple technology of their cultivation. However, 

due to the high water content (80-90% by weight) such traditional thermochemical processes as pyrolysis and 

gasification in the case of the microalgae are economically unprofitable (too much energy is consumed for drying). 

The Joint institute for high temperatures of Russian academy of science proposes a new energy-efficient 

technology - hydrothermal liquefaction, which does not require pre-drying stage. Furthermore, bio-oil in the 

proposed process can be synthesized not only from lipids as in the known methods but also from carbohydrates 

and proteins that increases the overall yield. 

Keywords: municipal solid waste, coal, microalgae, hydrothermal liquefaction 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʳʝ ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ, ʫʛʦʣʴ, ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʣʠʢʚʠʬʠʢʘʮʠʷ 

ʆʪʭʦʜʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʥʘ ʧʫʪʠ ʩʪʘʙʠʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. ʏʝʣʦʚʝʯʝʩʪʚʦ ʦʙʨʘʟʫʝʪ ʦʪʭʦʜʳ, ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʝʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʪʦʚʦʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. 

ɺ 2012 ʛʦʜʫ ʚ ʤʠʨʝ ʙʳʣʦ ʦʙʨʘʟʦʚʘʥʦ ʦʢʦʣʦ 4 ʤʣʨʜ. ʪʦʥʥ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʪʭʦʜʦʚ, ʠʟ 

ʢʦʪʦʨʳʭ 1,6-2 ʤʣʨʜ. ʪʦʥʥ ï ʪʚʝʨʜʳʝ ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ [1]. ʇʦ ʜʘʥʥʳʤ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʘ 

ʚ ʈʦʩʩʠʠ ʚ 2012 ʛʦʜʫ ʙʳʣʦ ʦʙʨʘʟʦʚʘʥʦ ʦʢʦʣʦ 60 ʤʣʥ.ʪʦʥʥ ʊɹʆ, ʠʟ ʥʠʭ ʦʪ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ï ʦʢʦʣʦ 50 ʤʣʥ. ʪʦʥʥ, ʠ 10 ʤʣʥ. ʪʦʥʥ ʦʪ ʧʨʝʜʧʨʠʷʪʠʡ [2]. 

ʇʨʠ ʵʪʦʤ ʝʞʝʛʦʜʥʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 3-4 %. ʆʙʲʝʤ ʦʪʭʦʜʦʚ 

ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʛʦʨʦʜʝ ʄʦʩʢʚʘ ʚ 2010 ʛʦʜʫ ʩʦʩʪʘʚʠʣ 3,5 ʤʣʥ. ʪʦʥʥ [3]. 

ʆʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʫʪʠʣʠʟʘʮʠʠ ʊɹʆ ʷʚʣʷʶʪʩʷ ʟʘʭʦʨʦʥʝʥʠʝ ʥʘ ʧʦʣʠʛʦʥʘʭ, 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ, ʠʟʚʣʝʯʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʠ ʩʞʠʛʘʥʠʝ. ʆʢʦʣʦ 70 % ʊɹʆ, 

ʦʙʨʘʟʫʝʤʳʭ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʧʦʣʠʛʦʥʳ, 11 % ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʝʟʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ (ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʊɹʆ, ʦʩʪʘʣʴʥʳʝ 19 % ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʤʝʭʘʥʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ, ʚʢʣʶʯʘʷ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ [1]. ɺ ʈʦʩʩʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʦʙʲʝʤ ʊɹʆ 

ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʧʦʣʠʛʦʥʘʭ ʠ ʩʚʘʣʢʘʭ [2]. ɺ ʧʝʨʝʨʘʙʦʪʢʫ ʚʦʚʣʝʢʘʶʪʩʷ ʪʦʣʴʢʦ 4-5 %.  

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʊɹʆ ʚ ʧʨʦʮʝʩʩ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ (waste-to-energy) ʥʝ 

ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʭ ʩʦʤʥʝʥʠʡ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʊɹʆ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʣʷʭ 



98 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʦʩʪʘʚʦʤ, ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ ʊɹʆ, ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʦʧʘʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʜʨ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʦʪʭʦʜʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʊɹʆ ï ʵʪʦ ʛʨʫʧʧʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʠɦʝʚʳʝ ʠ ʩʘʜʦʚʳʝ ʦʪʭʦʜʳ, ʙʫʤʘʛʫ, 

ʜʝʨʝʚʦ, ʪʝʢʩʪʠʣʴ, ʢʦʞʫ, ʨʝʟʠʥʫ ʠ ʧʣʘʩʪʠʢ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ (ʝʛʦ ʫʨʦʚʥʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʢʫʣʴʪʫʨʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʪ.ʜ.) ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʜʦʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʙʱʝʤ ʩʦʩʪʘʚʝ ʊɹʆ, ʦʜʥʘʢʦ 

ʩʫʤʤʘʨʥʘʷ ʜʦʣʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 80 %. ɼʦʣʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʊɹʆ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 20 %. ʆʨʛʘʥʠʯʝʩʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʊɹʆ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʦʨʶʯʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʨʝʛʠʦʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʊɹʆ ʦʙʨʘʟʫʶʪʩʷ, ʢʘʢ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʷʤʦʛʦ ʩʛʦʨʘʥʠʷ ʊɹʆ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʛʦʨʘʥʠʷ ʪʦʛʦ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ ʧʝʨʝʨʘʙʦʪʢʠ ʊɹʆ. 

ʉʞʠʛʘʥʠʝ ʊɹʆ ʥʘ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʟʘʚʦʜʘʭ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ, 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, ʩʧʦʩʦʙʦʤ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. ɼʣʷ 

ʩʞʠʛʘʥʠʷ ʊɹʆ ʥʘ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʟʘʚʦʜʘʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʢʘʣʦʨʠʡʥʦʛʦ ʪʦʧʣʠʚʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ 

ʊɹʆ ʙʳʣʘ ʚʳʰʝ 5-6 ʄɼʞ/ʢʛ [4]. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʊɹʆ 

ʩʦʩʪʘʚʣʷʶʪ 7-9 ʄɼʞ/ʢʛ. ʅʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʊɹʆ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʟʘʚʦʜʘʭ ʧʨʝʚʳʰʘʝʪ 10 ʄɼʞ/ʢʛ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʟʘ 

ʩʯʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʦʨʪʠʨʦʚʢʠ ʊɹʆ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʩʞʠʛʘʥʠʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʩʫʰʢʫ, ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʜʨʫʛʠʝ ʩʪʘʜʠʠ. 

ɺ ʆʀɺʊ ʈɸʅ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʊɹʆ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ ʪʚʝʨʜʦʝ ʫʛʣʝʧʦʜʦʙʥʦʝ ʪʦʧʣʠʚʦ. ɺ 

ʧʨʝʜʣʘʛʘʝʤʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʊɹʆ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ 

ʩʨʝʜʝ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʜʦʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʦʜʘ ʚ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʨʝʘʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʙʣʘʛʦʜʘʨʷ ʧʦʥʠʞʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʠ ʧʦʚʳʰʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʦʝ ʩʳʨʴʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʷʜ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʨʝʘʢʮʠʡ ʛʠʜʨʦʣʠʟʘ, ʜʝʛʠʜʨʘʪʘʮʠʠ, ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ, 

ʘʨʦʤʘʪʠʟʘʮʠʠ ʠ ʨʝʢʦʥʜʝʥʩʘʮʠʠ.  

ʇʦʣʫʯʝʥʥʳʡ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʛʦʣʴ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʦʪ 50 ʜʦ 90 % 

ʫʛʣʝʨʦʜʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʠʩʭʦʜʥʦʤ ʩʳʨʴʝ, ʝʛʦ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʦ ʚʝʩʫ 

ʧʨʝʚʦʩʭʦʜʠʪ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʚ 1,4 ʨʘʟ, ʘ ʧʦ ʦʙʲʝʤʫ ʚ 7ï8 ʨʘʟ, ʫʜʝʣʴʥʘʷ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʫʛʣʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 27 ʄɼʞ/ʢʛ ʠ ʚʳʰʝ. ʇʦʣʫʯʘʝʤʳʡ ʫʛʦʣʴ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ, ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ, ʪʘʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ (ʂʇɼʵ ʢʦʪʦʨʳʭ > 35 %, ʪʦʛʜʘ ʢʘʢ ʂʇɼʵ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʟʘʚʦʜʦʚ ʥʝ ʙʦʣʝʝ 10-15 %) ʠ ʢʦʪʝʣʴʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʘʥʥʳʡ ʫʛʦʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʫʜʦʙʨʝʥʠʷ ʧʦʯʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʙʨʦʩʳ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʞʠʛʘʥʠʝʤ ʊɹʆ ʠ 

ʧʦʣʠʛʦʥʥʳʤ ʟʘʭʦʨʦʥʝʥʠʝʤ (ʚʳʙʨʦʩʳ ʤʝʪʘʥʘ).  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʳʭ ʩʧʦʩʦʙʦʚ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʊɹʆ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʫʛʣʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ, ʢʘʢ ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʂʦʣʠʯʝʩʪʚʦ ʫʛʣʷ, ʢʦʪʦʨʦʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ 

ʧʦʣʫʯʠʪʴ ʠʟ ʊɹʆ, ʤʦʞʝʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʣʝʥʦ ʩ ʦʙʲʝʤʘʤʠ ʧʦʪʨʝʙʣʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʫʛʣʷ. ʂʦʣʠʯʝʩʪʚʦ ʫʛʣʷ, ʧʦʩʪʘʚʣʷʝʤʦʛʦ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʈʦʩʩʠʠ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 120 

ʤʣʥ. ʪʦʥʥ. ʂʦʣʠʯʝʩʪʚʦ ʫʛʣʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʦʣʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚʩʝʛʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʙʲʝʤʘ ʊɹʆ, ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 

10 ʤʣʥ.ʪʦʥʥ, ʪ.ʝ. ʦʢʦʣʦ 8 % ʦʪ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ ʢʦʣʠʯʝʩʪʚʘ.  

ʄʠʢʨʦʚʦʜʦʨʦʩʣʠ ï ʜʨʫʛʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʦʧʣʠʚ [5]. ʀʥʪʝʨʝʩ ʢ 
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ʧʦʣʫʯʝʥʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʙʠʦʥʝʬʪʠ ʠʟ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʠʭ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ ʤʘʩʣʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠʭ 

ʚʳʨʘʱʠʚʘʥʠʷ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ (ʜʦ 80-90 % ʧʦ ʤʘʩʩʝ) ʪʘʢʠʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʧʠʨʦʣʠʟ ʠ ʛʘʟʠʬʠʢʘʮʠʷ ʚ ʩʣʫʯʘʝ ʩ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʤʠ ʩʪʘʥʦʚʷʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳʤʠ (ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʪʨʘʪʠʪʩʷ ʥʘ ʩʫʰʢʫ).  

ɺ ʆʀɺʊ ʈɸʅ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʣʠʢʚʠʬʠʢʘʮʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʚ ʢʦʪʦʨʦʡ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʪʘʜʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʫʰʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʠʦʥʝʬʪʴ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʨʦʮʝʩʩʝ ʤʦʞʝʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʠʟ 

ʣʠʧʠʜʦʚ, ʢʘʢ ʚ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʘʭ, ʥʦ ʠ ʠʟ ʫʛʣʝʚʦʜʦʚ ʠ ʙʝʣʢʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʫʤʤʘʨʥʳʡ 

ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ.  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʣʠʢʚʠʬʠʢʘʮʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʙʳʣʘ ʩʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ ʧʦʣʫʯʝʥʠʶ ʦʙʨʘʟʮʦʚ ʙʠʦʥʝʬʪʠ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʤʠ Spirulina 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʩʩʦʚʳʡ ʚʳʭʦʜ ʙʠʦʥʝʬʪʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝ 10 % ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʫʭʦʡ ʤʘʩʩʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ɺʳʩʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʙʠʦʥʝʬʪʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30 ʄɼʞ/ʢʛ.  
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ɸʅɸʃʀɿ ʇʋʊɽʁ ʈɽʐɽʅʀʗ ʇʈʆɹʃɽʄʓ ʂʆʄʇʃɽʂʉʅʆɻʆ ʕʅɽʈɻʆ-, 

ʊɽʇʃʆ- ʀ ʍʃɸɼʆʉʅɸɹɾɽʅʀʗ ɸɺʊʆʅʆʄʅʓʍ ʉɽʃʔʉʂʀʍ 

ʇʆʊʈɽɹʀʊɽʃɽʁ ɺ ʄʔʗʅʄɽ 

ʂʦ ɸʫʥʛ, ʄʘʣʠʥʠʥ ʅ.ʂ., ʐʝʩʪʦʧʘʣʦʚʘ ʊ.ɸ. 

ʅʀʋ ʄʕʀ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʈʝʩʧʫʙʣʠʢʠ ʉʦʶʟʘ ʄʴʷʥʤʘ (ʈʉʄ) ï ʵʪʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʩʪʨʘʥʘ, ʠ ʢʦʥʝʯʥʦ, ʩʘʤʘʷ 

ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ ʩʪʨʘʥʳ ʩʝʛʦʜʥʷ ï ʵʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʚʳʰʝʥʠʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʞʠʟʥʠ ʤʥʦʛʦʯʠʩʣʝʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ, ʢʦʪʦʨʳʡ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʜʝʰʸʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ. ʋʨʦʚʝʥʴ 

ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʄʴʷʥʤʝ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʥʠʟʢʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʝʜʥʠʤʠ 

ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʩʪʨʘʥʘʤʠ. ʆʙʲʝʜʠʥʝʥʥʘʷ ʵʥʝʨʛʦʩʠʩʪʝʤʘ (ʆʕʉ) ʧʦʢʨʳʚʘʝʪ ʪʦʣʴʢʦ 30% 

ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ. ɹʦʣʝʝ 70% ʥʘʩʝʣʝʥʠʷ ʈʉʄ ʞʠʚʝʪ ʚ ʨʘʡʦʥʘʭ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠʣʠ 

ʥʝʥʘʜʝʞʥʦʛʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ 64907 ʩʝʣʴʩʢʠʭ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ʉʨʝʜʠ ʥʠʭ ʪʦʣʴʢʦ 7% ʧʦʜʢʣʶʯʝʥʦ ʢ ʦʙʲʝʜʠʥʝʥʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ 

[1]. ʆʕʉ ʥʝ ʧʦʢʨʳʚʘʝʪ ʛʦʨʥʳʝ ʨʝʛʠʦʥʳ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

ɻʦʨʥʳʝ ʠ ʦʪʜʘʣʝʥʥʳʝ ʨʝʛʠʦʥʳ ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʴʢʦ ʩʣʘʙʳʝ ʤʝʩʪʥʳʝ ʩʝʪʠ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʜʠʟʝʣʴʥʳʝ ʠʣʠ ʙʝʥʟʠʥʦʚʳʝ 

ʜʚʠʛʘʪʝʣʠ. ɺ ʟʦʥʝ, ʦʭʚʘʯʝʥʥʦʡ ʆʕʉ, ʪʘʢʞʝ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʟʝʣʴʥʳʝ ʠʣʠ 

ʙʝʥʟʠʥʦʚʳʝ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʠʟ-ʟʘ ʤʘʣʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ. 

ɺ ʞʘʨʢʠʡ ʩʝʟʦʥ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ ʚʳʰʝ +30ʉ̄ ʚʦ ʤʥʦʛʠʭ 

ʯʘʩʪʷʭ ʄʴʷʥʤʳ. ɺ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʠ ʩʝʚʝʨʥʳʭ ʯʘʩʪʷʭ ʩʪʨʘʥʳ ʛʦʨʘʟʜʦ ʧʨʦʭʣʘʜʥʝʝ 

(ʪʝʤʧʝʨʘʪʫʨʳ ʥʦʯʴʶ ʚ ʧʨʦʭʣʘʜʥʦʤ ʩʝʟʦʥʝ ʠʥʦʛʜʘ ʙʳʚʘʝʪ ʜʦ -5 ʉ̄ ), ʚ ʜʦʣʠʥʘʭ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʧʨʝʚʳʰʘʶʪ +20 ʉ̄.ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʦʙʱʘʷ ʧʨʦʙʣʝʤʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʀʕ ʜʣʷ ʵʣʝʢʪʨʦ-, ʪʝʧʣʦ ʠ ʭʣʘʜʦʩʥʘʙʞʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʥʝ ʧʦʜʢʣʶʯʝʥʦ ʩ ʆʕʉ ʄʴʷʥʤʳ ʠ 

ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʴʢʦ ʜʦʨʦʛʠʝ ʜʠʟʝʣʴʥʳʝ ʠ ʙʝʥʟʠʥʦʚʳʝ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ. ɺʳʧʦʣʥʝʥʥʳʝ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʄʴʷʥʤʝ, ʚ ʦʩʥʦʚʥʦʤ, ʢʘʩʘʣʠʩʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʄʴʷʥʤʝ ʩʪʘʨʘʝʪʩʷ ʩʦʢʨʘʪʠʪʴ ʜʝʬʠʮʠʪ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʝ. ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʷʪʩʷ ʥʦʚʳʝ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʳʝ ʠ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʆʜʥʘʢʦ ʵʪʠ ʤʝʨʳ ʧʨʠʛʦʜʥʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʪʦʣʴʢʦ ʚ ʛʦʨʦʜʘʭ, ʛʜʝ ʝʩʪʴ ʩʚʷʟʴ ʩ ʦʙʲʝʜʠʥʝʥʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʦʡ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚ 

ʄʴʷʥʤʝ ʠʤʝʝʪʩʷ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʝʩʫʨʩʦʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʦʩʪʘʸʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʫʜʘʣʝʥʥʳʭ ʨʘʡʦʥʦʚ, ʛʜʝ ʥʝ ʫʜʘʝʪʩʷ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʦʙʲʝʜʠʥʝʥʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʝʛʦʜʥʷ ʚ ʄʴʷʥʤʝ ʧʫʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʚʝʩʴʤʘ ʥʝʵʢʦʥʦʤʠʯʥʳ ʜʣʷ ʥʝʙʦʛʘʪʦʛʦ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʳ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʊʅʋ, ʉʌʕʋ, ɼʕʋ ʠ ɸɹ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʚʪʦʥʦʤʥʳʡ ʪʠʧʦʚʦʡ ʞʠʣʦʡ ʜʦʤ, ʥʝ ʠʤʝʶʱʠʡ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ, ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 160 ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʩʝʚʝʨʥʦʡ ʭʦʣʦʜʥʦʡ ʟʦʥʝ ʄʴʷʥʤʳ. ʊʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ʟʜʘʥʠʷ ʠ ʥʦʨʤʳ 

ʧʦʪʨʝʙʣʝʥʠʷ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʥʷʪʳʤ ʚ ASHRARE ʜʣʷ 

ʵʥʝʨʛʦʵʬʬʬʝʢʪʠʚʥʳʭ ʟʜʘʥʠʡ [2]. 

ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ɼʕʋ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʵʥʝʨʛʠʠ ʦʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 
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ʇʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʕʂ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʕʀ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ (T=20 ʣʝʪ ) 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʨʠʪʝʨʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ($/ʢɺʪ.ʯ) ʧʦʣʫʯʘʝʤʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ -ὅʫʜ
ʕʂ , ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ [1]: 

 ὅ̔ ̅
˪˗ S̝

̅̉̒̋

˪̐ ̏̓̑
ᴼÍÉÎ      (1) 

ʛʜʝ ä̝
̅̉̒̋Ὕ - ʩʫʤʤʘʨʥʳʝ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʝ ʟʘʪʨʘʪʳ ʧʦ ʕʂ ʟʘ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ (T=20 

ʣʝʪ); ˪̐ ̏̓Ὕ̑ïʩʫʤʤʘʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʕʕ ʕʂ ʟʘ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ʉʫʤʤʘʨʥʳʝ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʝ ʟʘʪʨʘʪʳ ʧʦ ʕʂ ʟʘ ʚʝʩʴ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 

(T=20ʣʝʪ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʘʟʠʩʥʦʤʫ ʛʦʜʫ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ : 

 S̝
̅̉̒̋Ὕ ˗˪ ˗ В ˕˪ ˗ρ e  ,     (2) 

ʛʜʝ ˗˪  ̠ī ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʕʂ (0-ʡ ʛʦʜ) ($); ˕˪  ̠īʛʦʜʦʚʳʝ ʠʟʜʝʨʞʢʠ ʕʂ ($); e ï 

ʥʦʨʤʘ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ (%); t ī ʥʦʤʝʨ ʰʘʛʘ ʨʘʩʯʸʪʘ (ʛʦʜ) (0,1, 2, 3... 20). 

ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ(ʊ=20 ʣʝʪ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ˪̐ ̏̓Ὕ̑  В В ˪̐ ̏̓  ̑,     (3) 

 ˪̐ ̏̓̑ ˝̜̂̓ ˝˟˚ˠȢЎὸ,      (4) 

 ˝˟˚ˠ ̏̓

̏̓
 ʜʣʷ ʦʪʦʧʣʝʥʠʷ,     (5) 

 ˝˟˚ˠ ̖̏

̖̏
 ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ,     (6) 

ʛʜʝ ˪̐ ̏̓ï̑ ʯʘʩʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʕʕ ʚ i-ʦʡ ʯʘʩ (ʢɺʪ.ʯ); Ўὸ ï ʰʘʛ ʚʨʝʤʝʥʠ (1 ʯʘʩ); ˝̜̂̓ï

ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʤʦʱʥʦʩʪʴ ʙʳʪʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ (ʢɺʪ); ˝˟˚ˠ ï ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʤʦʱʥʦʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ (ʢɺʪ); ὗ̏  ̓ȟὗ̏  ̖ï ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʪʦʧʣʝʥʠʝ, ʦʭʣʘʞʜʝʥʠʝ ʚ 

ʨʘʩʯʝʪʥʳʡ i-ʡ ʯʘʩ (ʢɺʪ) ; –̏ ï̓ ʂʇɼ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ; –̏ ï̖ ʂʇɼ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. 

ʇʨʠ ʨʘʩʯʸʪʝ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʘʣʘʥʩʦʚʳʝ ʫʩʣʦʚʠʷ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ: 

 ˝˟ ˚ˠ ˝
˟˚ˠ ˝˟ ˚  ɣ,      (7) 

 ˝˟˚ˠ  ὔ˟ ˚ˠὗ̏ ̓Ὕ̏ ȟὗ̏ ̖Ὕ̏ ȟὗ̄ ̃ ,̒      (8) 

 π ὔ˟ ˚ˠ ὔ˟ ˚ˠ
̔̒̓̏̓ͅ

,      (9) 

  π ὗ̏ ̓Ὕ̏ ὗ̏ ̓  ,      (10) 

 Ὕ̏ Ȣ̓̑ ̘́̒Ὕ̏ Ὕ̂́̌ ,      (11) 

 π ὔ˟ ˚ˠ ὔ˟ ˚ˠ
̖̔̒̓̏ͅ

 ,      (12) 

 π ὗ̏ Ὕ̏ ὗ̏ ̖  ,      (13) 

 Ὕ̂́̌ Ὕ̏ Ὕ̏ Ȣ̖̑ ̘́̒ ,      (14) 

 ὗ̄ ̃̒ ὗ̄ ̃̒ ὗ̄ ̃  ̒,      (15) 

˝˟ ˚,ɣ ˝˟ ˚ ïɣ ʤʠʥʠʤʘʣʴʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

(ʢɺʪ);ὔ˟ ˚ˠὗ̏ ̓Ὕ̏ ȟὗ̏ ̖Ὕ̏ ȟὗ̄ ̃ ī̒ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʤʦʱʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʷ ʥʘ 

ʦʪʦʧʣʝʥʠʝ, ʦʭʣʘʞʜʝʥʠʝ ʠ ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʚ ʨʘʩʯʝʪʥʳʡ i-ʡ ʯʘʩ (ʢɺʪ);ὔ˟ ˚ˠ
̔̒̓̏̓ͅ

, 

ὔ˟ ˚ˠ
̖̔̒̓̏ͅ

ï ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʦʪʦʧʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ (ʢɺʪ); Ὕ̏ Ȣ̓̑ ̘́̒,Ὕ̏ Ȣ̖̑ ́̒ï̘

ʨʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʪʦʧʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ (ʉ̄);Ὕ̏ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʚ ʨʘʩʯʝʪʥʳʡ i-ʡ ʯʘʩ (ʉ̄); Ὕ̂́̌ ï ʙʘʣʘʥʩʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʤʝʱʝʥʠʷ (ʉ̄); ὗ̏ ̓  

,ὗ̏ ̖ , ὗ̄ ̃  ̒ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʪʦʧʣʝʥʠʝ, ʦʭʣʘʞʜʝʥʠʝ ʠ ʛʦʨʷʯʝʝ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʚ ʨʘʩʯʝʪʥʳʡ i-ʡ ʯʘʩ (ʢɺʪ);ὗ̄ ̃  ̒ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʛʦʨʷʯʝʝ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʚ ʨʘʩʯʝʪʥʳʡ i-ʡ ʯʘʩ (ʢɺʪ);ὗ̏ ̓Ὕ̏ ,ὗ̏ ̖Ὕ̏ , ὗ̄ ̃ ̒ ï ʩʨʝʜʥʝʯʘʩʦʚʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʦʪʦʧʣʝʥʠʝ, ʦʭʣʘʞʜʝʥʠʝ ʠ ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʚ ʨʘʩʯʝʪʥʳʡ i-ʡ ʯʘʩ (ʢɺʪ). 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ: 
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 ˝̃  ὔ˞ ˡ˪ˠ
̔̒̓

 ὔˑ ˪ˠ
̔̒̓

,      (16) 

 ˝̃ ˝̂ ̜̓ ˝˟ ˚ˠ
̒ ,      (17) 

 ˝̃ ˝̜̂̓ ˝˟˚ˠ ὔ˞ ˡ˪ ɣ  ὔ̱ˎ̑ ̠́̈̑̅ ὔˑ ˪ ɣ ὔ̱ˎ̈ ̠́̑̅ ,    (18) 

 ὔ˞ ˡ˪ ɣ ὔ˞ ˡ˪ ɣ Ὑ ȟ˟   ,      (19) 

 π Ὑ Ὑ  ,      (20) 

 ˟ ˟ ˟ ,      (21) 

 ὔˑ ˪ˠ ὔˑ ˪ ɣ ὔˑ ˪ˠ
̔̒̓

 ,      (22) 

 π ˪̱ˎ̈ ̠́̑̅ ˪̱ ˎ̠̈́̑̅ ,      (23) 

 π ˪̱ˎ̑ ̠́̈̑̅ ˪̱ ˎ̠̑́̈̑̅ ,      (24) 

 ˪ˍˎ ˪ˍˎ ˪̱ˎ̈ ̠́̑̅ ˪̱ˎ̑ ̠́̈̑̅  ,      (25) 

 ˪̱ ˎ ˪ˍˎ ˪̱ ˎ  ,      (26) 

ʛʜʝ ˝̃ ī ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʷ (ʢɺʪ);˝̂ ̜ ï̓ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʙʳʪʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ (ʢɺʪ) ; ὔ˞ ˡ˪ˠ
̔̒̓

, ὔˑ ˪ˠ
̔̒̓
ī ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʉʌʕʋ ʠ ɼʕʋ 

(ʢɺʪ);i=1, 2,é.., 8760 (ʯʘʩʦʚ);˝̃ īʩʨʝʜʥʝʯʘʩʦʚʘʷ ʤʦʱʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʨʘʩʯʝʪʥʳʡ i-ʡ 

ʯʘʩ (ʢɺʪ); ὔ˞ ˡ˪ ɣ, ὔ̱  ˎὔˑ ˪ ɣīʩʨʝʜʥʝʯʘʩʦʚʘʷ ʤʦʱʥʦʩʪʴ ʉʌʕʋ, ɸɹ ʠ ɼʕʋ ʚ ʨʘʩʯʝʪʥʳʡ i-

ʡ ʯʘʩ (ʢɺʪ);Ὑ īʩʨʝʜʥʝʯʘʩʦʚʦʡ ʧʨʠʭʦʜ Cʈ ʥʘ ʦʧʪʠʤʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʢ ʩʦʣʥʮʫ 

ʧʨʠʸʤʥʫʶ ʧʣʦʱʘʜʢʫ ī ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ (ɺʪ/ʤ2) ʚ ʨʘʩʯʝʪʥʳʡ i-ʡ ʯʘʩ;ὔ̅ ̞  ̔

ī ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʥʘʛʨʫʟʢʘ ɼʕʋ (ʢɺʪ); ˪̱ ˎ̠̈́̑̅ ,˪̱ ˎ̠̑́̈̑̅ïʤʘʢʩʠʤʘʣʴʥʘʷ 

ʯʘʩʦʚʘʷ ʵʥʝʨʛʠʷ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ɸɹ ʚ ʨʘʩʯʝʪʥʳʡ i-ʡ ʯʘʩ (ʢɺʪ.ʯ) ; ˪̱ ˎ̠̈́̑̅ , ˪̱ ˎ̠̑́̈̑̅ï

ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʦʚʘʷ ʵʥʝʨʛʠʷ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ɸɹ ʚ ʨʘʩʯʝʪʥʳʡ i-ʡ ʯʘʩ (ʢɺʪ.ʯ) ; ˪̱ˎ̈ ̠́̑̅  

, ˪ ˍˎ̠̑́̈̑̅ ï ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʵʥʝʨʛʠʷ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ɸɹ ʚ ʨʘʩʯʝʪʥʳʡ i-ʡ ʯʘʩ (ʢɺʪ.ʯ) ; ˪ˍˎ 

ï ʦʩʪʘʶʱʘʷʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ɸɹ ʚ ʨʘʩʯʝʪʥʳʡ (i-1)-ʡ ʯʘʩ (ʢɺʪ.ʯ) ; ˪̱ ˎ , ˪̱ ˎ  ï 

ʤʠʥʠʤʘʣʴʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʸʤʢʦʩʪʴ ɸɹ (ʢɺʪ.ʯ). 

ʂʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʕʂ ʟʘ ʧʝʨʚʳʡ ʛʦʜ (0-ʡ ʛʦʜ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [1]: 

 ˗˪ ˗ ˣ˪ Ȣ̠˞ ˡ˪ˠ ˣˑ ˪ˠ ˣ˟ ˚ˠ ˣ˪ Ȣ̠˞ ˡ˪ˠ
̍̏̎̓́̇ˣ˟ ˚ˠ

̍̏̎̓́̇ ,   (27) 

ʛʜʝ ˣ˪ Ȣ̠˞ ˡ˪ȟɣxˑ˪ȟɣx˟˚ïɣ ʩʪʦʠʤʦʩʪʠ ʕʂ ʉʌʕʋ, ɼʕʋ ʠ ʊʅʋ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ($);ˣ˞ ˡ˪ˠ
̍̏̎̓́̇, 

ˣ˟ ˚ˠ
̍̏̎̓́̇ï ʩʪʦʠʤʦʩʪʴ ʤʦʥʪʘʞʘʕʂ ʉʌʕʋ ʠ ʊʅʋ (% ʦʪˣ˪ Ȣ̠˞ ˡ˪ʠɣ x˟˚)ɣ ($). 

ʉʪʦʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʕʂ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ: 

 ˣ˪ Ȣ̠˞ ˡ˪ˠ ὔ˞ ˡ˪ˠ
̔̒̓
ᶻx ˞ˡ˪ˠ
̔̅

 ˪̱ ˎz ˣ̱ ˎ
̔̅

ὔ̠ ̏̎̃̆̑ᶻx ˗̏̎̃̆̑
̔̅

πȟπυzˣ˞ ˡ˪ˠ,  (28) 

 ˣˑ ˪ˠ ὔˑ ˪ˠ
̔̒̓
ᶻx ˙ː˪˞
̔̅

,      (29) 

 ˣ˟ ˚ˠ ὔ˟ ˚ˠ
̔̒̓̏̓ͅ

ᶻx ̏̓
̔̅
ὔ˟ ˚ˠ
̖̔̒̓̏ͅ

ᶻx ̖̏
̔̅

ä̝
̅̏̐

,   (30) 

ʛʜʝ ˣ˞ ˡ˪ˠ
̔̅

,ˣ̠ ̏̎̃̆̑
̔̅

, ˣ̠ ̏̎̓̑
̔̅

,ˣˑ ˪ˠ
̔̅
ï ʫʜʝʣʴʥʳʝ ʮʝʥʳ ʉʌʕʋ, ɼʕʋ, ʂʦʥʚʝʨʪʦʨ, ʂʦʥʪʨʦʣʣʝʨ 

($/ʢɺʪ); ˪̱ ïˎ ʝʤʢʦʩʪʴ ɸɹ (ʢɺʪ.ʯ); ˣ̱ ˎ
̔̅
ï ʫʜʝʣʴʥʘʷ ʮʝʥʘ ɸɹ ($/ʢɺʪ.ʯ);ὔ̠ ̏̎̃̆̑ï ʤʦʱʥʦʩʪʠ 

ʢʦʥʚʝʨʪʦʨʘ (ʢɺʪ);ˣ̏ ̓
̔̅

 , ˣ̏ ̖
̔̅
ï ʫʜʝʣʴʥʳʝ ʮʝʥʳ ʦʪʦʧʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ($/ʢɺʪ);ä̝

̅̏̐
ï 

ʩʫʤʤʘʨʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʊʅʋ. ɽʞʝʛʦʜʥʳʝ ʠʟʜʝʨʞʢʠ ʕʂ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ[1]: 

 ˕˪ Ȣ̠ ˕˪ Ȣ̠˞ ˡ˪Ȣɣ ˕ˑ ˪Ȣɣ ˕˟ ˚Ȣɣ ,    (31) 

 ˕˪ Ȣ̠˞ ˡ˪Ȣɣ ˕̑ ̆Ȣ̍˞ˡ˪Ȣɣ ˕̈ ́Ȣ̍˞ˡ˪Ȣɣ ˕̈ ́Ȣ̱̍ Ȣˎ ˕̈ ́Ȣ̠̍̏̎̃̆̑Ȣ ˕̈ ́Ȣ̠̍̏Ȣ̎  (32) 

 ˕ˑ ˪Ȣɣ ˕̈ ́Ȣ̍ˑ˪Ȣɣ ˕̓ ̏Ȣ̐ ˕̍ ́Ȣ̒,    (33) 

 ˕˟ ˚Ȣɣ ˕̑ ̆Ȣ̍˟˚Ȣɣ ˕̈ ́Ȣ̍˟˚Ȣɣ,    (34) 

ʛʜʝ ˕̑ ̆Ȣ̍˟˚Ȣɣ, ˕̑ ̆Ȣ̍˞ˡ˪Ȣɣï ʠʟʜʝʨʞʢʠ ʥʘ ʨʝʤʦʥʪ ʊʅʋ, ʉʌʕʋ($); ˕̈ ́Ȣ̍˟˚Ȣɣ, ˕̈ ́Ȣ̍˞ˡ˪Ȣɣ 

,˕̈ ́Ȣ̱̍ Ȣˎ, ˕̈ ́Ȣ̍ˑ˪Ȣɣ, ˕̈ ́Ȣ̠̍̏̎̃̆̑Ȣ, ˕̈ ́Ȣ̠̍̏Ȣ̎ï ʠʟʜʝʨʞʢʠ ʥʘ ʟʘʤʝʥʫʊʅʋ, ʉʌʕʋ, ɸɹ, ɼʕʋ, 

ʢʦʥʚʝʨʪʦʨʦʚ ʠ ʢʦʥʪʨʦʣʣʝʨʦʚ($); ˕̓ ̏Ȣ̐ȟ̞̍́Ȣ̒ï ʠʟʜʝʨʞʢʠ ʥʘ ʪʦʧʣʠʚʦ ʠ ʤʘʩʣʦ($). 
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ʉʨʝʜʥʝʯʘʩʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʕʕ ʚʦ ʚʨʝʤʝʥʠ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʢʨʳʪʦ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʂ ʥʘ ʦʩʥʦʚʝ ʉʌʕʋ, ɸɹ ʠ ɼʕʋ. ʉʨʝʜʥʝʯʘʩʦʚʘʷ ʤʦʱʥʦʩʪʴ ʉʌʕʋ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ὔ˞ ˡ˪Ȣɣ  –SȢ
˞ˡ˪ˠὛz̍ ὙzȢ ,     (35) 

ʛʜʝ –SȢ
˞ˡ˪ˠī ʂʇɼ ʉʌʕʋ i-ʳʡ ʯʘʩ (%); ὙȢī ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ 

ʦʧʪʠʤʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʢ ʩʦʣʥʮʫ ʧʨʠʸʤʥʫʶ ʧʣʦʱʘʜʢʫ (ɺʪ/ʤ2) ʚ ʨʘʩʯʝʪʥʳʡ i-ʳʡ 

ʯʘʩ; Ὓ̍ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ (ʤ2). 

ʕʥʝʨʛʠʷ ʟʘʨʷʜʘ ʠ ʤʦʱʥʦʩʪʴ ɸɹ ʚ i ïʡ ʯʘʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ˪˞ ˡ˪ˠ ˪̃  ʧʦ ʬʦʨʤʫʣʝ: 

 ˪̱ˎ̈ ̠́̑̅ 
˪̱ ˎ ˪̱ ˎ  ̐̑ ̉˪

ˍˎ  ˪˞ˡ˪ˠ ˪̃ ˪̱ ˎ

˪̱ ˎ ˪ˍˎ ˪˞ ˡ˪ˠ ˪̃  ̐̑ ̉ ˪˞ˡ˪ˠ ˪̃ ˪̱ ˎ

 ,   (36) 

 ὔ̱ˎ̈ ̠́̑̅ 

˪̱ˎ̈ ̠́̑̅ 

D
 , (37) 

ʕʥʝʨʛʠʷ ʨʘʟʨʷʜʘ ʠ ʤʦʱʥʦʩʪʴ ʚ i ïʡ ʯʘʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ˪˞ ˡ˪ˠ ˪̃  ʧʦ ʬʦʨʤʫʣʝ:  

 ˪̱ˎ̑ ̠́̈̑̅ 
˪̱ ˎ ˪ˍˎ ˪˞ ˡ˪ˠ ˪̃  ̐̑ ̉˪ˍˎ ˪̱ ˎ  ˪˞ˡ˪ˠ ˪̃ π

˪̱ ˎ ˪̱ ˎ̐̑ ̉˪
ˍˎ ˪̱ ˎ  ˪˞ˡ˪ˠ ˪̃ π 

  (38) 

 ὔ̱ˎ̑ ̠́̈̑̅ 

˪̱ˎ̑ ̠́̈̑̅ 

D
 , (39) 

ʕʥʝʨʛʠʷ ʚʳʨʘʙʦʪʢʠ ʠ ʤʦʱʥʦʩʪʴ ɼʕʋ ʚ i-ʡ ʯʘʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ˪˞ ˡ˪ˠ ˪̃  ʧʦ 

ʬʦʨʤʫʣʝ: 

 ˪ˑ ˪ ɣ
˪̃ ˪ˍˎ ˪̱ ˎ  ˪˞ ˡ˪ˠ

π ̐̑ ̉ ˪˞ ˡ˪ˠ ˪̃
,     (40) 

 ὔˑ ˪ˠ
˪ˑ ˪ˠ

Ў
 ,       (41) 

 ὔˑ ˪ˠ
̔̒̓ ˪ˑ ˪ ɣ

Ў
 ,       (42) 

 ˪ˑ ˪ˠ
̄̏̅ В ὔˑ ˪Ȣɣ ЎzÔ      (43) 

ʛʜʝ Dt = 1 ʯʘʩ; ˪ˑ ˪ ɣïʤʘʢʩʠʤʘʣʴʥʘ ʵʥʝʨʛʠʷ ʚʳʨʘʙʦʪʢʠ ʦʪ ɼʕʋ; ʕɼʕʋ
ʛʦʜ

 ï ʛʦʜʦʚʘʷ ʵʥʝʨʛʠʷ 

ʚʳʨʘʙʦʪʢʠ ɼʕʋ. 

ʈʘʩʯʝʪ ʥʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʷʶʪ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʜʦʭʦʜʦʚ ʟʘ ʩʯʝʪ ʵʢʦʥʦʤʣʝʥʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʨʘʩʭʦʜʦʚ ʚ ʚʠʜʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʟʜʝʨʞʝʢ ʠ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʕʂ. ɼʣʷ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʂ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʯʠʩʪʳʡ 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʜʦʭʦʜ (ʏɼɼ), ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʧʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ 

ʚʣʦʞʝʥʠʡ (Tʦʢ) [3]. 

ʏʠʩʪʳʡ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʜʦʭʦʜ ʧʨʠ ʨʘʩʯʸʪʝ ʚ ʪʝʢʫʱʠʭ (ʙʘʟʠʩʥʳʭ) ʮʝʥʘʭ ʠ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʥʦʨʤʝ ʜʠʩʢʦʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ˤˑˑ В ˔̓̏̐̌˗˪ ˗ ˕˪  ̠ ρ e ,    (44) 

ʛʜʝ ˔̓̏̐̌ ï ʟʘʪʨʘʪʳ ʥʘ ʧʦʢʫʧʢʫ ʠ ʜʦʩʪʘʚʢʫ ʚ ʜʘʥʥʦʡ ʨʘʡʦʥ ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʧʣʠʚʘ ; T 

ï ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ (20 ʣʝʪ). 

ɼʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 В ˔̓̏̐̌˗˪ ˗ ˕˪  ̠ ρ e π̏̋ ,    (45) 

ʛʜʝ Ὕ̏ ï̋ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʮʝʣʳʡ ʨʷʜ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ 

ʟʘʜʘʯ ʜʣʷ ʫʩʣʦʚʠʡ ʄʴʷʥʤʳ. ɺ ʪʦʤ ʯʠʩʣʝ ʠ ʠʟ-ʟʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʕʂ. ʆʩʦʙʦ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʚ ʫʩʣʦʚʠʷʭ, ʚ ʮʝʣʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦʛʦ ʝʛʦ ʫʨʦʚʥʷ ʚ 
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ʫʩʣʦʚʠʷʭ ʄʴʷʥʤʳ. ʊʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʪʦʤ ʯʠʩʣʝ: ʧʦ ʧʦʪʨʝʙʠʪʝʣʶ ʵʥʝʨʛʠʠ ï ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʪʠʧʦʚʦʛʦ ʩʝʣʴʩʢʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ, ʨʘʩʯʸʪ ʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʟʘ 

ʭʘʨʘʢʪʝʨʥʳʝ ʩʫʪʢʠ ʛʦʜʘ; ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ ʕʂ- ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʕʂ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʨʝʞʠʤʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ; ʧʦ ʨʝʩʫʨʩʘʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʕʂ ʚʠʜʘʭ 

ɺʀʕ (ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʪʝʧʣʦ), ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʕʂ ʚ ʄʴʷʥʤʝ ʠ ʪ.ʜ. ʅʘʢʦʥʝʮ, ʪʨʝʙʫʝʪʩʷ 

ʥʘʣʠʯʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚ ʕʂ ʥʘ ʦʩʥʦʚʝ ʊʅʋ, ʉʌʕʋ, ɼʕʋ ʠ ɸɹ, 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʉʌʕʋ, ɼʕʋ ʠ 

ʸʤʢʦʩʪʴ ɸɹ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʪʦʠʤʦʩʪʴ ʕʕ ʦʪ ʕʂ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʦʠʩʢʘ ʩ ʟʘʜʘʥʥʳʤʠ ʰʘʛʘʤʠ ʧʝʨʝʤʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʉʌʕʋ, ɼʕʋ ʠ ɸɹ.ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʧʝʨʝʤʝʥʥʳʝ ʨʘʥʞʠʨʫʶʪʩʷ: 

ʉʌʕʋ ʦʪ 0 ʜʦ 2*˝̃  ʢɺʪ ʩ ʰʘʛʦʤ 0,04*˝̃ , ɸɹ ʦʪ 0 ʜʦ 2*˪̃̏̅̉ ̝̎̅̆̎ʢɺʪ.ʯ ʩ ʰʘʛʦʤ 
0,04*˪ ˜

̏̅̉ ̝̎̅̆̎
 (˪̃̏̅̉ ̝̎̅̆̎ - ʧʦʪʨʝʙʣʝʥʠʝ ʕʕ ʟʘ ʦʜʠʥ ʜʝʥʴ). ɼʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʉʌʕʋ, ɼʕʋ ʠ ʝʤʢʦʩʪʠ ɸɹ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʘ 

ʨʘʩʯʝʪʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʇʨʦʛʨʘʤʤʥʦʛʦ ʷʟʳʢʘ ʉ++. 

ɺʳʚʦʜʳ 

1. ɺʧʝʨʚʳʝ ʜʘʸʪʩʷ ʦʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʦʩʥʦʚʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʵʣʝʢʪʨʦ-, ʪʝʧʣʦ- ʠ ʭʣʘʜʦʩʥʘʙʞʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʝʣʴʩʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʄʴʷʥʤʳ, ʥʝ ʠʤʝʶʱʠʭ ʩʚʷʟʠ ʩ ʆʕʉ. 

2. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ, 
ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʦʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʢʘʬʝʜʨʝ ɻɺʀʕ ʅʀʋ ʄʕʀ. 

3. ɼʣʷ ʦʮʝʥʢʠ ʨʝʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʂ ʥʘ ʦʩʥʦʚʝ ʊʅʋ , 
ʉʌʕʋ, ɼʕʋ ʠ ɸɹ ʜʣʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʄʴʷʥʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʪʝʧʣʦ ʠ ʭʣʘʜʦʩʥʘʙʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʅʋ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʠʧʦʚʳʭ ʩʝʣʴʩʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʨʝʛʠʦʥʘʭ ʄʴʷʥʤʳ. 
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ɸʅɸʃʀɿ ʈɸɿɺʀʊʀʗ ɺʆɿʆɹʅʆɺʃʗɽʄʆʁ ʕʅɽʈɻɽʊʀʂʀ ʄʀʈɸ 

ANALYSIS OF THE WORL D RENEVABLE ENERGY D EVELOPMENT  

ɹʝʟʨʫʢʠʭ ʇ.ʇ., 1; ɹʝʟʨʫʢʠʭ ʇ.ʇ. (ʤʣ), 2 

1: ʆɸʆ çʕʅʀʅè  

2: ʇɸʆ çʃʫʢʦʡʣè 

Bezrukikh P.P., 1; Bezrukikh P.P.(Jr ), 2 

1:Krzhizhanovsky Power Engineering Institute (ENIN) 

2: OIL COMPANY ñLUKOILò 

ʆʧʨʝʜʝʣʝʥʳ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʝʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ ʠ ʚʝʜʫʱʠʭ ʩʪʨʘʥʘʭ 

ʤʠʨʘ ʟʘ ʧʝʨʠʦʜ 2004-2015 ʛʦʜʳ, ʧʦʢʘʟʘʥʘ ʨʦʣʴ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʥ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ɺʀʕ, 

ʦʧʨʝʜʝʣʝʥʘ ʜʦʣʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʦʙʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʠʨʝ ʢ 2020 ʛʦʜʫ, 

ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ɺʕʉ, ʌʕʉ. ɹʠʦʕʉ, ʦʧʨʝʜʝʣʝʥʳ ʦʙʱʠʝ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʜʦʣʷ ɺʀʕ, ʚʝʪʨʦʩʪʘʥʮʠʠ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ, 

ʩʪʘʥʮʠʠ ʥʘ ʙʘʟʝ ʙʠʦʤʘʩʩʳ, ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ, ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ.  

Keywords: power generation, RES share, wind farm, photovoltaic power plants, biomass plats, levelised Cost of 

Energy, development forecast. 

ʅʘ ʢʦʥʝʮ 2015 ʛʦʜʘ ʦʙʱʠʝ ʜʘʥʥʳʝ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʝ ʚʳʛʣʷʜʷʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɺ ɻ ʥʝʨʛʦʙʘʣʘʥʩʝ ʧʦ ʧʦʪʨʝʙʣʝʥʠʶ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʠʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ 

ʩʦʩʪʘʚʣʷʝʪ 78,3%, ʘʪʦʤʥʳʝ ʩʪʘʥʮʠʠ ï 2,5%, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ï 19,2%. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʜʝʣʷʪʩʷ ʥʘ ʪʨʘʜʠʮʠʦʥʥʫʶ ʙʠʦʤʘʩʩʫ (ʚ 

ʦʩʥʦʚʥʦʤ ʜʨʦʚʘ) ï 8,9% ʠ çʥʦʚʳʝè ɺʀʕ ï 10,3%. ɺ çʥʦʚʳʭè ɺʀʕ ʜʦʣʷ ʛʠʜʨʦʵʥʝʨʛʠʠ 

ʨʘʚʥʘ 3,9%, ʛʝʦʪʝʨʤʘʣʴʥʦʝ ʪʝʧʣʦ, ʩʦʣʥʝʯʥʳʝ ʥʘʛʨʝʚʘʪʝʣʠ, ʙʠʦʤʘʩʩʘ ï 4,2%; ʚʝʪʝʨ, 

ʩʦʣʥʮʝ, ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ, ʙʠʦʪʦʧʣʠʚʦ ï 2,2%. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʵʪʦʤ ʵʥʝʨʛʦʙʘʣʘʥʩʝ ʜʦʣʷ çʥʦʚʳʭè ɺʀʕ ʧʨʝʚʦʩʭʦʜʠʪ ɸʕʉ ʚ 2,5 ʨʘʟʘ. 

ɺ ɻʣʝʢʪʨʦʙʘʣʘʥʩʝ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʨʛʘʥʠʯʝʩʢʦʝ ʪʦʧʣʠʚʦ (59,3%) 

ʠ ɸʕʉ (17,0%) ʩʦʩʪʘʚʠʣʠ ʚ ʩʫʤʤʝ 76,3%, ʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ 23,7%. ʇʨʠ ʵʪʦʤ, 

ʜʦʣʷ ɻʕʉ ï 16,4%, ʘ çʥʦʚʳʝè ɺʀʕ ï 7,3%, ʚ ʪʦʤ ʯʠʩʣʝ ɺʕʉ ï 3,7%, ʙʠʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

ï 2,0%, ʌʕʉ ï 1,2%, ʦʩʪʘʣʴʥʳʝ ï 0,4%.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʤʠʨʘ 

ʟʘ ʧʝʨʠʦʜ 2004 ï 2015 ʛʦʜʳ. 

ʇʦʵʪʦʤʫ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʧʝʨʚʳʭ ʪʨʝʭ ʦʪʨʘʩʣʝʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʜʦʢʣʘʜʝ.  

ʆʙʱʝʝ ʚʧʝʯʘʪʣʝʥʠʝ ʦ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʜʘʝʪ ʟʥʘʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʧʨʦʮʝʥʪʘ ʢ 

ʧʨʝʜʳʜʫʱʝʤʫ ʛʦʜʫ ʟʘ ʧʝʨʠʦʜ 2004 ï 2014 ʠ 2004 ï 2015 ʛʦʜʳ. ɼʣʷ  

ʬʦʪʦʵʥʝʨʛʝʪʠʢʠ ʦʥ ʨʘʚʝʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 52,5 ʠ 50,1%, ʜʣʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ï 22,65 

ʠ 22,13%. 

ɼʘʥʥʳʝ ʧʦ ʧʨʦʮʝʥʪʫ ʨʦʩʪʘ ʚ 2014 ʛʦʜʫ ʢ 2013 ʛʦʜʫ ʠ 2015 ʛʦʜʘ ʢ 2014 ʛʦʜʫ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʟʘʤʝʜʣʝʥʠʠ ʪʝʤʧʦʚ ʨʦʩʪʘ ʬʦʪʦʵʥʝʨʛʝʪʠʢʠ, ʠ ʤʝʥʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ. ʇʦʥʷʪʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʦʙʲʝʤʘ ʪʝʤʧʳ ʦʙʲʝʢʪʠʚʥʦ 

ʟʘʤʝʜʣʷʶʪʩʷ, ʥʦ ʚʝʣʠʯʠʥʘ ʧʨʠʨʦʩʪʘ 28% ʜʣʷ ʬʦʪʦʵʥʝʨʛʝʪʠʢʠ ʠ 16 ï 17% ʜʣʷ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚʦ ʤʥʦʛʦ ʨʘʟ (4 ï 5) ʧʨʝʚʳʰʘʝʪ ʧʨʦʮʝʥʪ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢ ʩʪʨʘʥ 

ɽʚʨʦʩʦʶʟʘ, ʪʝʤʧ ʨʦʩʪʘ ɹʠʦʕʉ ï 6,7% ʪʦʞʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ. 

ʊʘʢ ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʥʝ 

ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ, ʦ ʯʝʤ ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʥʠʞʝ. 
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ʊʘʙʣʠʮʘ 1. ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʤʠʨʘ 

 

ɼʘʣʝʝ ʚ ʪʘʙʣ.2 ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʧʦ ʩʪʨʘʥʘʤ ï ʣʠʜʝʨʘʤ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʥʘ ʙʘʟʝ ɺʀʕ. 

 

ʇʦʢʘʟʘʪʝʣʴ 

ɿʥʘʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʛʦʜʘʤ 

ʉʨʝʜʥʝʛʦʜʦʚʦʡ 

ʨʦʩʪ ʟʘ 

2004-2014  

/2004-2015, % 

ʋʚʝʣʠʯʝʥʠʝ ʚ 

2014 ʢ 2013/ 

2015 ʢ 2014 ʛ, 

% 
2004 2014 2015 

ʅʦʚʳʝ ʛʦʜʦʚʳʝ 

ʠʥʚʝʩʪʠʮʠʠ, ʤʣʨʜ. ʜʦʣ. 

ʉʐɸ 

45 273 285,9 19,62/18,34 16,37/4,7 

ʄʦʱʥʦʩʪʴ ʥʘ ʙʘʟʝ 

ɺʀʕ (ʙʝʟ ɻʕʉ), ɻɺʪ 

85 665 785 22,7/22,39 17,32/18,04 

ʄʦʱʥʦʩʪʴ ʥʘ ʙʘʟʝ 

ɺʀʕ (ʩ ɻʕʉ), ɻɺʪ 

800 1701 1849 7,9/7,9 8,49/8,7 

ʄʦʱʥʦʩʪʴ 

ʛʠʜʨʦʩʪʘʥʮʠʡ (ɻʕʉ), 

ɻɺʪ 

715 1036 1064 3,97/3,7 3,63/2,7 

ʄʦʱʥʦʩʪʴ ʥʘ ʙʘʟʝ 

ʙʠʦʤʘʩʩʳ, ɻɺʪ 

<36 101 106 9,95/10,31 5,68/4,95 

ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʙʘʟʝ ʙʠʦʤʘʩʩʳ, ʊɺʪĿʯ 

227 429 464 6,67/6,71 9,34/8,16 

ʄʦʱʥʦʩʪʴ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ɻɺʪ 

8,9 12,9 13,2 3,7/3,5 5,78/2,32 

ʄʦʱʥʦʩʪʴ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ɻɺʪ 

2,6 177 227 52,5/50,1 28,26/28,25 

ʄʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ,ɻɺʪ  

0,4 4,3 4,8 27,1/25,34 29,41/11,63 

ʄʦʱʥʦʩʪʴ 

ʚʝʪʨʦʩʪʘʥʮʠʡ, ɻɺʪ 

48 370 433 22,65/22,13 15,99/17,03 

ʄʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ 

ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ, ɻɺʪ (ʪʝʧʣ.) 

86 409 435 16,79/15,88 8,85/6,36 

ɻʦʜʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʪʘʥʦʣʘ, ʤʣʨʜ. ʣʠʪʨʦʚ 

28,5 94,5 98,3 12,67/11,91 7,06/4,02 

ɻʦʜʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʙʠʦʜʠʟʝʣʷ, 

ʤʣʨʜ.ʣʠʪʨʦʚ 

2,4 30,4 30,1 28,6/24,85 12,93/-1,0 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʘʥ, ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʮʝʣʷʤʠ ʧʦ ɺʀʕ  

48 164 173 13,07/12,52 13,89/5,49 
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ʊʘʙʣʠʮʘ 2. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʙʘʟʝ ɺʀʕ, ʧʝʨʚʳʝ ʩʝʤʴ ʩʪʨʘʥ, 

ʤʠʨ, 2015 ʛ., ɻɺʪ 
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ʊʝʭʥʦʣʦʛʠʷ ɻɺʪ 

ɹʠʦʕʉ 106 10,3 16,7 7,1 4,8 5,6 4,1 1 

ɻʝʦʕʉ 13,2 ~ 0 3,6 ~ 0 0,5 0 0,9 0 

ɻʕʉ 1064 296 80 5,6 22 47 18 17 

ʆʢʝʘʥ ʕʉ 0,5 ~ 0 0 0 0 0 0 ~ 0 

ʌʕʉ 227 44 26 40 34 5,2 18,9 5,4 

ʉʕʉ 4,8 ~ 0 1,7 ~ 0 0 0,2 ~ 0 2,3 

ɺʕʉ 433 145 74 45 3 25 9 23 

ɺʩʝʛʦ ʥʘ 

ʙʘʟʝ ɺʀʕ 

(ʚʢʣʶʯʘʷ 

ɻʕʉ) 

1849 

496 202 97 65 83 51 49 

ɺʩʝʛʦ ʥʘ 

ʙʘʟʝ ɺʀʕ 

(ʙʝʟ ɻʕʉ) * 

785 

199 122 92 43 36 33 32 

ʄʦʱʥʦʩʪʴ 

ʥʘ ʙʘʟʝ ɺʀʕ 

ʥʘ ʯʝʣʦʚʝʢʘ 

(ʙʝʟ ɻʕʉ), 

ʢɺʪ/ʯʝʣ. 

0,1 

0,1 0,4 1,1 0,3 0,03 0,5 0,7 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʫʜʝʣʴʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʩʦʦʨʫʞʘʝʤʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʮʝʥʥʦ ʪʦ, ʯʪʦ ʧʦʢʘʟʘʥ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʝʛʦ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ ʦʮʝʥʠʚʘʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ 

ʧʨʦʝʢʪʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʦ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

ʇʦ ʥʘʟʝʤʥʳʤ ɺʕʉ.  

ɼʠʘʧʘʟʦʥ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ɺʕʉ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 

ʜʦ 5,5 ʮʝʥʪʦʚ ʉʐɸ/ʢɺʪĀʯ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʉʐɸ ʠ ʂʠʪʘʝ 5,5 ʮʝʥʪʘ ʉʐɸ/ʢɺʪĀʯ, 

ʥʘʠʙʦʣʴʰʝʝ ʥʘ ʉʨʝʜʥʝʤ ɺʦʩʪʦʢʝ ʠ ʆʢʝʘʥʠʠ. ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʡ ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ 

ɺʕʉ ʦʪ 1228 ʜʦ 2533 $/ʢɺʪ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʀʥʜʠʠ, ʥʘʠʙʦʣʴʰʝʝ ʚ ʆʢʝʘʥʠʠ ʠ 

ʉʨʝʜʥʝʤ ɺʦʩʪʦʢʝ. ɺʧʝʯʘʪʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʂʀʋʄ ʥʘ ʚʩʝʭ 

ʢʦʥʪʠʥʝʥʪʘʭ, ʜʠʘʧʘʟʦʥ ʦʪ 0,234 ʜʦ 0,434, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʖʞʥʦʡ 

ɸʤʝʨʠʢʝ, ʥʘʠʤʝʥʴʰʝʝ ʚ ʀʥʜʠʠ ʠ ʂʠʪʘʝ. 

ʇʦ ʩʠʩʪʝʤʥʳʤ ʌʕʉ.  

ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʌʕʉ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 9 ʜʦ 21 ʮʝʥʪʦʚ ʉʐɸ/ʢɺʪĀʯ, ʪ.ʝ. 

ʚʳʰʝ, ʯʝʤ ʥʘ ʩʫʭʦʧʫʪʥʳʭ ʠ ʤʦʨʩʢʠʭ ɺʕʉ. ʆʜʥʘʢʦ ʵʪʦ ʩʘʤʘʷ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ 

ʦʪʨʘʩʣʴ. ʋʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʂʇɼ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʪʝʪ.. ʋ 

ʘʚʪʦʨʦʚ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʂʀʋʄ (0,32) ʖʞʥʦʡ ɸʤʝʨʠʢʠ ʠ ʉʨʝʜʥʝʛʦ 

ɺʦʩʪʦʢʘ (0,256). 

ʇʦ ɹʠʦʕʉ.  

 ʇʦ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʙʠʦʪʦʧʣʠʚʝ ʧʨʝʚʦʩʭʦʜʷʪ ʚʩʝ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 4 õ 5 ʮʝʥʪʦʚ ʉʐɸ/ʢɺʪĀʯ ʚ 

ʂʠʪʘʝ, ʀʥʜʠʠ, ʖʞʥʦʡ ɸʤʝʨʠʢʝ, ɽʚʨʦɸʟʠʠ, ɸʟʠʠ. ɺʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʝ ʦʯʝʥʴ ʥʠʟʢʦʝ 
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ʟʥʘʯʝʥʠʝ ʂʀʋʄ (0,317) ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ (5,5 ʮʝʥʪʦʚ ʉʐɸ/ʢɺʪĀʯ) ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʤʝʨʠʢʝ, ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʂʀʋʄ (0,93) ʚ ʉʐɸ. 

ɺ ʮʝʣʦʤ ʧʦ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ:  

 ʅʘ ʢʦʥʝʮ 2015 ʛʦʜʘ 25 ʩʪʨʘʥ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ɺʕʉ ʧʨʝʚʳʩʠʣʠ 1 ɻɺʪ.  

ʀʟ 25 ʩʪʨʘʥ ɽʚʨʦʧʫ ʧʨʝʜʩʪʘʚʣʷʶʪ 17 ʩʪʨʘʥ. ʅʦ ʯʝʨʝʟ 2 ï 3 ʛʦʜʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ 

ʜʨʫʛʠʭ ʢʦʥʪʠʥʝʥʪʦʚ ʚ ʵʪʦʤ ʩʧʠʩʢʝ ʫʜʚʦʠʪʩʷ, ʩʫʜʷ ʧʦ ʪʝʤʧʘʤ ʚʚʦʜʘ ʤʦʱʥʦʩʪʠ ʚ ʵʪʠʭ 

ʩʪʨʘʥʘʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʜʦʣʞʘʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ 

ʧʦ ʩʦʟʜʘʥʠʶ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ: ʦʪ 5 ʜʦ 8 ʄɺʪ. ʇʨʠ ʵʪʦʤ ʦʞʠʜʘʝʪʩʷ, 

ʯʪʦ ʚʝʪʨʦʪʫʨʙʠʥʘ ʤʦʱʥʦʩʪʴʶ 10 ʄɺʪ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʪʦʨʦʡ ʦʪʨʠʮʘʣʦʩʴ ʝʱʝ 

10 ï 15 ʣʝʪ ʥʘʟʘʜ, ʙʫʜʝʪ ʩʦʟʜʘʥʘ ʧʦʩʣʝ 2020 ʛʦʜʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʥʝʧʦʣʥʳʤ 

ʜʘʥʥʳʤ ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ɽʚʨʦʧʝ ʥʘʭʦʜʠʪʩʷ 291 ʚʝʪʨʦʪʫʨʙʠʥʘ ʝʜʠʥʠʯʥʦʡ 

ʤʦʱʥʦʩʪʠ 5 ʄɺʪ ʠ 134 ʚʝʪʨʦʪʫʨʙʠʥʳ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ 6 ʄɺʪ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʘʥʥʳʝ ʩʘʤʦʡ ʤʦʱʥʦʡ ʚʝʪʨʦʪʫʨʙʠʥ r(ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ) ʚ ʤʠʨʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʦʧʳʪʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺʝʪʨʦʪʫʨʙʠʥʘ Vestas V164 ï 8,0 MW. ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 8 ʄɺʪ, ʜʠʘʤʝʪʨ ʨʦʪʦʨʘ 

ï 164 ʤ, ʜʣʠʥʘ ʣʦʧʘʩʪʠ ï 80 ʤ, ʚʝʩ ʣʦʧʘʩʪʠ ï 35 ʪʦʥʥ. ɺ ʠʩʧʳʪʫʝʤʦʤ ʚʘʨʠʘʥʪʝ 

ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʵʪʦʡ ʚʝʪʨʦʪʫʨʙʠʥʳ ʙʳʣʘ 7 ʄɺʪ, ʘ ʟʘʪʝʤ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ ʤʦʱʥʦʩʪʴ ʫʚʝʣʠʯʝʥʘ ʜʦ 8 ʄɺʪ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʦ 8,25 ʄɺʪ. 

ɼʣʷ ʦʮʝʥʢʠ ʛʨʘʥʜʠʦʟʥʦʩʪʠ ʚʨʘʱʘʶʱʠʭʩʷ ʚʝʪʨʦʢʦʣʝʩ (ʨʦʪʦʨʦʚ) ʚʝʪʨʦʪʫʨʙʠʥ 

ʤʦʱʥʦʩʪʴʶ 6 ï 8 ʄɺʪ ʩ ʜʠʘʤʝʪʨʦʤ ʨʦʪʦʨʘ 130 ï 180 ʤ, ʧʨʠʚʦʜʠʤ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʟʤʝʨ 

ʬʫʪʙʦʣʴʥʦʛʦ ʧʦʣʷ ï 105 ³ 68 ʤʝʪʨʦʚ. 

o ʉʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ ʤʦʱʥʦʩʪʴ ʥʘʟʝʤʥʳʭ ʚʝʪʨʦʩʪʘʥʮʠʡ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. ʊʘʢ ʚ 

ʧʝʨʝʯʥʝ ɺʕʉ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 500 ʄɺʪ ʫʧʦʤʠʥʘʶʪʩʷ 22 ʩʪʘʥʮʠʠ, ʘ ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʠʟ 

ʥʠʭ ʤʦʱʥʦʩʪʴʶ 6800 ʄɺʪ ʩʦʦʨʫʞʝʥʘ ʚ ʂʠʪʘʝ.  

o ʀʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʤʦʨʩʢʠʝ ʚʝʪʨʦʩʪʘʥʮʠʠ, ʥʘʟʳʚʘʝʤʳʝ ʦʬʬʰʦʨʥʳʤʠ ʚ 

ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʇʝʨʝʯʝʥʴ ʦʬʬʰʦʨʥʳʭ ɺʕʉ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 200 ʄɺʪ 

ʩʦʜʝʨʞʠʪ 25 ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʩʘʤʘʷ ʤʦʱʥʘʷ ʠʟ ʥʠʭ 630 ʄɺʪ ʥʘʭʦʜʠʪʩʷ ʚ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ.ʇʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʢʨʫʧʥʳʭ ʚʝʪʨʦʫʩʪʘʥʦʚʢʘʭ ʚʳʜʘʯʘ ʤʦʱʥʦʩʪʠ ʦʪ 

ʛʝʥʝʨʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʳʧʨʷʤʠʪʝʣʴ ï ʠʥʚʝʨʪʦʨ ʣʠʙʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʯʘʩʪʦʪʳ, ʣʠʙʦ ʛʝʥʝʨʘʪʦʨʦʤ ʜʚʦʡʥʦʛʦ ʧʠʪʘʥʠʷ (ʧʦ ʥʘʰʝʡ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʡ ʛʝʥʝʨʘʪʦʨ). 

ʊʘʢʠʝ ʩʭʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ɺʕʋ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʚ ʦʙʲʝʤʝ 

ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʚ ʪʦʯʢʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ɺʕʉ ʢ ʩʝʪʠ. 

o ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ɺʕʋ ʠ ɺʕʉ (Energy Payback Time) 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,5 ʜʦ 0,9 ʛʦʜʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʧʨʦʮʝʩʩʘʭ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ.  

ɺ 2014 ʛʦʜʫ ʧʨʠ ʦʙʱʝʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʌʕʉ 183 ɻɺʪĀʯ ʜʦʣʷ ʩʪʨʘʥ ʠ 

ʢʦʥʪʠʥʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʷʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ɻʝʨʤʘʥʠʷ ï 20%, ʂʠʪʘʡ, ʚʢʣʶʯʘʷ 

ʊʘʡʚʘʥʴ ï 18%, ʦʩʪʘʣʴʥʘʷ ɽʚʨʦʧʘ ï 18%, ʗʧʦʥʠʷ ï 13%,ʉʝʚʝʨʥʘʷ ɸʤʝʨʠʢʘ ï 12%, ʀʪʘʣʠʷ 

ï 10%, ʦʩʪʘʣʴʥʦʡ ʤʠʨ ï 9%. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʥʘʯʘʣʦ 2016 ʛʦʜʘ ʧʝʨʝʯʝʥʴ ʌʕʉ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 100 ʄɺʪ 

ʩʦʜʝʨʞʠʪ 50 ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ 15 ʩʪʨʘʥʘʭ ʤʠʨʘ. ʇʨʠ ʵʪʦʤ ʚ ʉʐɸ ʩʦʦʨʫʞʝʥʦ 18 ʪʘʢʠʭ 

ʌʕʉ, ʚ ʂʠʪʘʝ ï 8, ʚ ʀʥʜʠʠ ï 6, ʚ ɻʝʨʤʘʥʠʠ ï 3, ʚ ʦʩʪʘʣʴʥʳʭ ʩʪʘʥʘʭ ʤʠʨʘ ï ʦʜʥʘ ï ʜʚʝ 

ʩʪʘʥʮʠʠ. 

ʆʧʨʝʜʝʣʠʣʘʩʴ ʠʥʪʝʨʝʩʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʜʫʣʝʡ ʌʕʉ 

ʠ ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʌʕʉ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 34 ʣʝʪ (ʩ 1980 ʧʦ 2014 ʛʦʜ) ʧʨʠ 

ʢʘʞʜʦʤ ʫʜʚʦʝʥʠʠ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʌʕʉ ʩʥʠʞʘʣʘʩʴ ʥʘ 19,4%. 
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ʂʨʦʤʝ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʦʩʥʦʚʥʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠ ʨʘʩʭʦʜ ʢʨʝʤʥʠʷ ʥʘ ʧʣʘʩʪʠʥʳ. ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʨʘʩʭʦʜ 

ʢʨʝʤʥʠʷ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʥʠʟʠʣʩʷ ʧʨʠʤʝʨʥʦ ʩ 16 ʛʨ./ɺʘʪʪ(ʧ) ʜʦ 6 ʛʨ./ɺʘʪʪ(ʧ). 

ɿʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥʳ. 

ʈʝʢʦʨʜʥʳʡ ʂʇɼ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʨʝʤʥʠʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʡ ʚ 

ʣʘʙʦʨʘʪʦʨʠʷʭ, ʩʦʩʪʘʚʠʣ 25,6% ʠ 20,8% ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʨʝʤʥʠʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘʠʚʳʩʰʠʡ ʂʇɼ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʠʣ 21% ʜʣʷ CdTe ʠ 20,5% ʜʣʷ CIGS. 

ɼʣʷ ʤʦʜʫʣʝʡ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥ 

ʂʇɼ 23%. 

ʈʝʢʦʨʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʂʇɼ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʌʕʉ. 

ʇʦʢʘ ʝʱʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ï ʩʘʤʳʡ ʜʦʨʦʛʦʡ ʚʠʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʅʦ ʚ ʉʐɸ ʧʦ 

ʜʘʥʥʳʤ REN 21 ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʤʦʜʫʣʠ ʧʦʜʝʰʝʚʝʣʠ ʚ 3 ʨʘʟʘ, ʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ï ʚ 2,4 ʨʘʟʘ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʦʜʫʣʝʡ ʩʦʩʪʘʚʠʣʘ ʚ 2014 ʛʦʜʫ 0,4 $/ɺʪ (ʧʠʢ). 

ʇʦ ʜʘʥʥʳʤ ʠʥʩʪʠʪʫʪʘ Fraunhofer ʩʨʦʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʢʫʧʘʝʤʦʩʪʠ (EPBT) ʌʕʉ ʥʘ 

ʢʨʝʤʥʠʝʚʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʫʣʷʭ ʚ ʖʞʥʦʡ ɽʚʨʦʧʝ ʧʨʠ ʧʨʠʭʦʜʝ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ 1700 ʢɺʪĀʯ/ʤ2/ʚ ʛʦʜ ʠ ʦʧʪʠʤʘʣʴʥʦʤ ʫʛʣʝ ʥʘʢʣʦʥʘ ʩʥʠʟʠʣʩʷ ʩ 3,3 ʣʝʪ ʚ 1990 ʛʦʜʫ 

ʜʦ 1,2 ʛʦʜʘ ʚ 2013 ʛʦʜʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ EPBT ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʦʩʪʘʚʣʷʝʪ 

ʦʪ 0,7 ʜʦ 2 ʣʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ (ʜʣʷ ʉʝʚʝʨʥʦʡ ɽʚʨʦʧʳ 

ʦʢʦʣʦ 2,5 ʣʝʪ, ʜʣʷ ʖʞʥʦʡ ɽʚʨʦʧʳ 1,5 ʛʦʜʘ ʠ ʤʝʥʴʰʝ). 

ʆʙʨʘʪʠʤʩʷ ʢ ʧʝʨʩʧʝʢʪʠʚʝ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʠ ɺʀʕ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢ 2020 ʛʦʜʫ ʥʝʦʙʭʦʜʠʤʦ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʘʢ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ ʦʙʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʜʠʥʘʤʠʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʙʘʟʝ ʢʘʞʜʦʛʦ ʚʠʜʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ. 

ɺ ʪʘʙʣʠʮʝ 3 ʜʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʧʨʦʛʥʦʟʘ ʕʅʀʅʘ ʠ IEA/ 

ʊʘʙʣʠʮʘ 8. ɼʦʣʷ ɺʀʕ ʚ ʦʙʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʠʨʝ ʚ 2020 ʛʦʜʫ 

ɸʚʪʦʨ ʧʨʦʛʥʦʟʘ ʄʠʥʠʤʘʣʴʥʘʷ ʉʨʝʜʥʷʷ ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʕʅʀʅ 
9,3 % 

(5,3)*  

11,2 % 

(6,1) 

13,4 % 

(7,0) 

IEA 7,2 8,4 10,1 

*ɺ ʩʢʦʙʢʘʭ ï ʧʨʦʛʥʦʟ ʜʦʣʠ ʚʝʪʨʘ. 

 

ɺʳʚʦʜʳ 

1. ɹʦʣʝʝ 100 ʩʪʨʘʥ ( ʰʪʘʪʦʚ,ʧʨʦʚʠʥʮʠʡ) ʧʨʠʥʷʣʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʮʝʣʠ ʧʦ 

ʜʦʩʪʠʞʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʜʦʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʙʘʟʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ɼʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʙʘʟʝ ɺʀʕ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʜʦʢʫʤʝʥʪʘʭ, 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 3-10% ʜʦ 80-100%. 

ʉʨʦʢʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 2015 ʛʦʜʘ ʜʦ 2030 ʛʦʜʘ. ɺ ʉʐɸ 

ʥʘʮʠʦʥʘʣʴʥʳʝ ʮʝʣʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ, ʥʦ ʚ 33 ʰʪʘʪʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʮʝʣʠ ʜʣʷ ʰʘʪʦʚ. 

 ɺ ʂʠʪʘʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʮʝʣʠ ʠ ʮʝʣʠ ʧʨʦʚʠʥʮʠʡ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ, ʥʦ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘ ʙʘʟʝ ɺʀʕ ʂʠʪʘʡ ʣʠʜʠʨʫʝʪ ʧʦ 9 ʠʟ ʪʨʠʥʘʜʮʘʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ɺʀʕ. 

ɺ ʀʥʜʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʮʠʦʥʘʣʴʥʳʝ ʮʝʣʠ ʠ ʮʝʣʠ ʚ 34 ʰʪʘʪʘʭ. 

ʇʦ ʧʨʦʛʥʦʟʫ ʘʚʪʦʨʦʚ ʤʠʥʠʤʘʣʴʥʘʷ ʜʦʣʷ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ï 9,3 % , ʩʨʝʜʥʷʷ ï 11,3 %, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ï 13,4 %. 
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2. ʋʢʘʟʘʥʥʘʷ ʚʳʰʝ ʜʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʚ 

ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʥʘ ɺʕʉ, ʌʕʉ ʠ ɹʠʦʕʉ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʚ 2015 ʛʦʜʫ 

ʦʪ ʦʙʱʝʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʙʘʟʝ ɺʀʕ ʩʦʩʪʘʚʠʣʘ 97,5 ʧʨʦʮʝʥʪʦʚ. 

3. ʈʘʟʚʠʪʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ: 

¶ ʆʙʱʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ɺʕʉ ʥʘ ʢʦʥʝʮ 2015 ʛ. ʩʦʩʪʘʚʠʣʘ 433 ɻɺʪ, ʧʨʠ 

ʙʝʩʩʧʦʨʥʦʤ ʣʠʜʝʨʩʪʚʝ ʂʠʪʘʷ 129,3(145,4) ɻɺʪ. ʚʪʦʨʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʉʐɸ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʩʪʘʚʘʷ ï 73 ɻɺʪ; 

¶ ʝʜʠʥʠʯʥʘʷ ʤʦʱʥʦʩʪʴ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 8 ʄɺʪ. ɺʕʋ ʤʦʱʥʦʩʪʴʶ 6-

8 ʄɺʪ ʜʦʩʪʠʛʣʠ çʮʠʢʣʦʧʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚè: ʜʠʘʤʝʪʨ ʨʦʪʦʨʘ ï 120-180 ʤ, ʜʣʠʥʘ ʣʦʧʘʩʪʠ 

ï 60-80 ʤ, ʚʳʩʦʪʘ ʙʘʰʥʠ 80-90 ʤ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʤʝʨʳ ʬʫʪʙʦʣʴʥʦʛʦ ʧʦʣʷ 105ʭ68 ʤ.  

¶ ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʭʝʤʳ ʚʳʜʘʯʠ ʤʦʱʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʚʝʨʪʦʨʦʚ, 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ, ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʚʝʪʨʦʩʪʘʥʮʠʠ ʫʯʘʩʪʚʫʶʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 

ʵʥʝʨʛʦʩʠʩʪʝʤʝ, ʪ.ʢ. ʛʝʥʝʨʘʪʦʨʳ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʚʳʜʘʯʫ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʚʥʦʡ 

ʥʦʤʠʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʡ.  

¶ ʈʘʟʚʠʚʘʶʪʩʷ ʤʦʨʩʢʠʝ (ʦʬʬʰʦʨʥʳʝ) ɺʕʉ; 

¶ ʋʚʝʣʠʯʠʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦ 0,3 ï 0,4;  

¶  ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ɺʕʉ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʪʘʣʘ 

ʥʠʞʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʫʛʣʝ. 

¶ ʉʨʦʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʢʫʧʘʝʤʦʩʪʠ ɺʕʉ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1 ʛʦʜʘ. 

4. ʈʘʟʚʠʪʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ: 

¶ ʆʙʱʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʚʩʝʭ ʪʠʧʦʚ ʥʘ ʢʦʥʝʮ 
2015 ʛʦʜʘ ʩʦʩʪʘʚʠʣʘ 227 ɻɺʪ (ʧ). ɺ ʵʪʦʤ ʛʦʜʫ ʂʠʪʘʡ ʚʳʰʝʣ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ (43,5 ɻɺʪ 

(ʧʠʢ)), ʦʙʦʛʥʘʚ ɻʝʨʤʘʥʠʶ (39,7 ɻɺʪ (ʧʠʢ)), ʣʠʜʠʨʦʚʘʚʰʫʶ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʚ ʪʝʯʝʥʠʝ 15 ʣʝʪ; 

¶ ʇʦʣʫʯʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʜʣʷ ʢʨʝʤʥʠʝʚʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʂʇɼ 
25,6%. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʂʇɼ ʢʨʝʤʥʠʝʚʳʭ ʤʦʜʫʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 15-16 %. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʨʝʟʫʣʴʪʘʪʳ ʛʘʨʘʥʪʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʂʇɼ 

ʤʦʜʫʣʝʡ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ; 

¶ ʋʚʝʣʠʯʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʌʕʉ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 100 ʄɺʪ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ 
ʚʦʟʨʦʩʣʦ ʜʦ 45, ʘ ʤʦʱʥʦʩʪʴ ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʩʦʩʪʘʚʠʣʘ 850 ʄɺʪ; 

¶ ʉʨʦʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʢʫʧʘʝʤʦʩʪʠ ʌʕʉ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʣʩʷ ʠ ʩʦʩʪʘʚʠʣ ʦʪ 1 
ʛʦʜʘ ʜʦ 1,5 ʣʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

5. ɹʠʦʵʥʝʨʛʝʪʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: 

¶ ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʙʠʦʤʘʩʩʝ ʠʤʝʶʪ ʩʘʤʫʶ ʥʠʟʢʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (4-7 ʮʝʥʪʦʚ ʉʐɸ/ʢɺʪÖʯ), ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ 

ʩʪʦʠʤʦʩʪʴʶ (1000-2000 $/ʢɺʪ) ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ (0,8 ʠ ʚʳʰʝ); 

¶ ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʣʝʩʦʟʘʛʦʪʦʚʢʠ, ʣʝʩʦʧʝʨʝʨʘʙʦʪʢʠ, ʩʝʣʴʩʢʦʛʦ 
ʭʦʟʷʡʩʪʚʘ (ʧʨʷʤʦʝ ʩʞʠʛʘʥʠʝ); 

¶ ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʛʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʷ ʙʠʦʛʘʟʘ ʥʘ ʩʚʘʣʢʘʭ (landfield gas); 

¶ ʇʦʣʫʯʝʥʠʝ ʙʠʦʵʪʘʥʦʣʘ ʠ ʙʠʦʜʠʟʝʣʷ ʠʟ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. 

ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

6. ɺʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʩʦʮʠʘʣʴʥʫʶ ʟʥʘʯʠʤʦʩʪʴ: ʢʨʦʤʝ 
ʩʥʠʞʝʥʠʷ ʵʤʠʩʩʠʠ ʉʆ2, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʥʘ ʢʦʥʝʮ 2015 ʛʦʜʘ ʩʦʩʪʘʚʠʣʦ 8,1 ʤʣʥ. 
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ʂ ʢʦʥʮʫ 2013 ʛʦʜʘ 144 ʚʝʜʫʱʠʭ ʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ ʤʠʨʘ ʧʨʠʥʷʣʠ ʧʨʦʛʨʘʤʤʫ 

ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (REN 

21). Cʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʝʞʝʛʦʜʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʙʘʥʢʘ Lazard 

ʧʨʠʚʝʜʝʥʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (LCOE) ʦʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 37 ʜʦ 81 ʜʦʣʣ. ʉʐɸ/ʄɺʪ-ʯ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʛʦʣʴʥʘʷ 

ʛʝʥʝʨʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʩʪʦʠʤʦʩʪʴʶ ʦʪ 66 ʜʦ 151 ʜʦʣʣ. ʉʐɸ/ʄɺʪ-ʯ, 

ʛʘʟʦʚʘʷ ʛʝʥʝʨʘʮʠʷ ï ʦʪ 61 ʜʦ 87 ʜʦʣʣ. ʉʐɸ/ʄɺʪ- ʯ [1]. ʅʘ ʧʨʦʪʷʞʝʥʠʠ 5 ʣʝʪ ʩʪʦʠʤʦʩʪʴ 

ʚʝʪʨʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʥʠʟʠʣʘʩʴ ʥʘ 58%, ʘ ʩʪʦʠʤʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 78% . ʇʦ ʦʮʝʥʢʘʤ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ [2], ʛʣʦʙʘʣʴʥʳʝ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʚʦʟʦʙʥʦʚʣʷʝʤʫʶ ʵʥʝʨʛʝʪʠʢʫ ʫʚʝʣʠʯʘʪʩʷ ʩ ʙʳʚʰʠʭ ʚ 2010 ʛʦʜʫ 105 ʤʣʨʜ 

ʜʦʣʣ. ʉʐɸ ʚ ʛʦʜ ʜʦ 180 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ ʢ 2020 ʛʦʜʫ ʠ ʤʦʛʫʪ ʜʦʩʪʠʛʥʫʪʴ 300 ʤʣʨʜ ʜʦʣʣ. 

ʉʐɸ ʢ 2030 ʛʦʜʫ. ʇʨʠ ʵʪʦʤ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ .ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ɺʀʕ ʚʳʨʘʩʪʫʪ ʢ 

2030 ʛʦʜʫ ʧʦʯʪʠ ʚ ʜʝʩʷʪʴ ʨʘʟ ʦʪ ʤʦʱʥʦʩʪʠ ɺʀʕ ʚ 2010 ʛʦʜʫ ʠ ʜʦʩʪʠʛʥʫʪ 2770 ɻɺʪ (36% 

ʛʣʦʙʘʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ). ʕʢʩʧʝʨʪʳ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʦʩʪʦʤ ʤʘʩʰʪʘʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʀʕ ʚ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ ʙʫʜʝʪ 

ʩʦʢʨʘʱʘʪʴʩʷ ʜʦʣʷ ʫʛʦʣʴʥʦʡ ʠ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʝʡ, ʘ ʧʦʩʣʝ 2030 ʛʦʜʘ ʪʘʢʞʝ ʠ ʛʘʟʦʚʦʛʦ 

ʩʝʢʪʦʨʘ. ʇʦ ʠʭ ʤʥʝʥʠʶ, ʠʤʝʥʥʦ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʝʪʠʢʘ ʩʪʘʥʝʪ 

ʘʙʩʦʣʶʪʥʦ ʢʦʥʢʫʨʝʥʪʥʦʡ ʪʨʘʜʠʮʠʦʥʥʦʡ ʚ ʚʝʜʫʱʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ [2] .  

ʅʦ ʨʝʘʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʦʧʝʨʝʞʘʝʪ ʵʪʠ ʧʨʦʛʥʦʟʳ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ. ʊʘʢ, ʚ ʦʪʯʝʪʝ National Bank of Abu Dhabi (2015 ʛ.) 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʩʦʣʥʝʯʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʘ ʩ ʠʩʢʦʧʘʝʤʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʨʠ ʮʝʥʝ 

ʛʘʟʘ ʥʘ ʫʨʦʚʥʝ 5 ʜʦʣʣ. ʉʐɸ/ʄɹʊɽ, ʠ ʥʘ ʥʝʬʪʴ ï ʚ 10 ʜʦʣʣ. ʉʐɸ ʟʘ ʙʘʨʨʝʣʴ [3]. ɺ ʜʦʢʣʘʜʝ 

ʢʦʥʩʘʣʪʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ Ernst & Young et Associ®s ʝ (2015 ʛ.) ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʪʝʯʝʥʠʠ 

ʙʣʠʞʘʡʰʠʭ ʧʷʪʠ ʣʝʪ ʜʦʣʞʥʳ ʜʦ 20% ʩʦʢʨʘʪʠʪʴʩʷ ʨʘʩʭʦʜʳ ʥʘ ʨʘʟʚʠʪʠʝ ʚʝʪʨʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʷʪʦʡ ʚʝʜʫʱʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ɽʉ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʪʫʨʙʠʥ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ ʦʪʙʦʨ 

ʵʥʝʨʛʠʠ, ʨʝʰʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʦʬʬʰʦʨʥʳʤ ʚʝʪʨʦʚʳʤ ʫʩʪʘʥʦʚʢʘʤ ʫʞʝ ʢ 2020 ʛʦʜʫ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʵʥʝʨʛʝʪʠʢʦʡ [4]. ʎʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ɺʀʕ ʠʛʨʘʶʪ ʚʝʜʫʱʠʝ ʩʪʨʘʥʳ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ (ɽʉ), ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʪʨʘʥʳ ʙʘʩʩʝʡʥʘ ʉʝʚʝʨʥʦʛʦ ʤʦʨʷ (ɹʉʄ): 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ɻʝʨʤʘʥʠʷ, ʅʠʜʝʨʣʘʥʜʳ, ʌʨʘʥʮʠʷ, ʅʦʨʚʝʛʠʷ, ɼʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ 

ʦʙʝʩʧʝʯʝʥʳ ʩʦʙʩʪʚʝʥʥʳʤʠ ʠʣʠ ʟʘʢʫʧʘʝʤʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ʉʪʨʘʥʳ ɹʉʄ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʥʠʟʢʦʫʛʣʝʨʦʜʥʫʶ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʧʦʣʠʪʠʢʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
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ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʘʤʠʭ ʵʪʠʭ ʩʪʨʘʥ ʠ ɽʉ ʚ ʮʝʣʦʤ. ɽʱʝ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʨʘʟʚʠʪʠʷ ɺʀʕ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʝ ʠʩʪʦʱʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʉʝʚʝʨʥʦʤ 

ʤʦʨʝ. ʅʘʧʨʠʤʝʨ, ʪʦʣʴʢʦ ʟʘ ʜʚʫʭʣʝʪʥʠʡ ʧʝʨʠʦʜ ʢ 2012 ʛʦʜʫ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʬʪʠ 

ʠ ʛʘʟʘ ʥʘ ʰʝʣʴʬʝ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʩʦʢʨʘʪʠʣʠʩʴ ʥʘ 30% ʜʦ 1,55 ʤʣʥ. ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʙʘʨʨʝʣʝʡ ʚ ʩʫʪʢʠ, ʘ ʚ ʪʝʯʝʥʠʝ 2013 ʛʦʜʘ ʝʱʸ ʜʦ 1,3 ʤʣʥ. ʙʘʨʨʝʣʝʡ. ɼʨʫʛʠʤ ʩʪʠʤʫʣʦʤ ʜʣʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʞʝʣʘʥʠʝ ʤʥʦʛʠʭ ʩʪʨʘʥ ɹʉʄ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʪʘʢ ʞʝ, ʢʘʢ ʵʪʦ ʧʨʦʠʟʦʰʣʦ ʫʞʝ ʚ ɻʝʨʤʘʥʠʠ ʧʦʩʣʝ ʘʚʘʨʠʠ ʚ ʌʘʢʫʩʠʤʝ. 

ɺʝʜʫʱʠʝ ʨʦʩʩʠʡʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʫʞʝ ʢ 2030 ʛʦʜʫ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʠʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʟʘ ʩʯʝʪ ʨʝʟʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ (ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʚʝʪʨʦʚʦʡ ʠ ʩʦʣʥʝʯʥʦʡ) ʚ ʚʝʜʫʱʠʭ ʩʪʨʘʥʘʭ ɽʉ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʷʪʩʷ ʦʙʲʝʤʳ ʠʤʧʦʨʪʘ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ. ʅʘ ʵʪʦʤ ʬʦʥʝ ʦʞʠʜʘʝʪʩʷ ʙʳʩʪʨʦʝ ʩʥʠʞʝʥʠʝ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʡ ʚ ʥʝʬʪʷʥʦʡ, ʛʘʟʦʚʦʡ ʠ ʫʛʦʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʝ [2]. ɺ ʧʨʦʮʝʩʩʘʭ 

ʟʘʤʝʱʝʥʠʷ ʚ ʩʪʨʘʥʘʭ ɹʉʄ ʛʣʘʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʥʘʮʠʦʥʘʣʴʥʘʷ ʧʦʣʠʪʠʢʘ ʨʘʟʚʠʪʠʷ ɺʀʕ (Renewable Energy Road Map ɽʉ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩ ʥʝʡ ʚ ɻʝʨʤʘʥʠʠ ʫʞʝ ʢ 2020 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʚʳʨʘʙʘʪʳʚʘʪʴ ʦʪ ɺʀʕ ʜʦ 30% 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʜʦ 14% ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʂ ʵʪʦʤʫ ʞʝ ʚʨʝʤʝʥʠ ʦʞʠʜʘʝʪʩʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʦʚʥʝʤ 2014 ʛʦʜʘ ʨʦʩʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʦʬʬʰʦʨʥʳʭ ʚʝʪʨʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʥʘ 7 ɻɺʪ, ɻʝʨʤʘʥʠʠ ʥʘ 6 ɻɺʪ, ʅʠʜʝʨʣʘʥʜʘʭ,ʌʨʘʥʮʠʠ, ɼʘʥʠʠ 

ʚ ʢʘʞʜʦʡ ʩʪʨʘʥʝ ʥʘ 2 ɻɺʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʚ ɽʉ ʩʫʤʤʘʨʥʫʶ ʤʦʱʥʦʩʪʴ ʪʦʣʴʢʦ ʪʘʢʠʭ ɺʀʕ 

ʜʦ 28 ɻɺʪ [4].  

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʟʘʤʝʱʝʥʠʷ ʚ ʩʪʨʘʥʘʭ ɹʉʄ 

ʠʛʨʘʝʪ ʧʦʣʠʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʧʨʠʥʷʪʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʥʦʨʤʠʨʫʶʱʠʭ ʘʢʪʦʚ, ʤʝʨʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ. 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ.. ʊʘʢʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʝ 

ʟʘʢʫʧʦʯʥʳʝ ʪʘʨʠʬʳ (feed-in tariff), ʩʦʟʜʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʦʥʜʦʚ, ʩʫʙʩʠʜʠʠ, ʣʴʛʦʪʥʳʝ 

ʢʨʝʜʠʪʳ ʠ ʛʨʘʥʪʳ, ʥʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ ʠ ʦʩʚʦʙʦʞʜʝʥʠʷ., ʩʠʩʪʝʤʘ ʧʣʘʪʝʞʝʡ ʟʘ ʚʳʨʘʙʦʪʢʫ 

çʚʦʟʦʙʥʦʚʣʷʝʤʦʡè ʵʥʝʨʛʠʠ, ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʝʧʣʘ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ɹʦʣʴʰʦʡ ʵʬʬʝʢʪ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ ʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʨʳʥʦʯʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ɺʀʕ ʚ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ [2,5]. 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʩʪʨʘʥ ɹʉʄ, ʧʨʠʥʠʤʘʷ ʜʘʥʥʫʶ 

ʪʝʥʜʝʥʮʠʶ, ʜʝʡʩʪʚʫʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʥʝʡ - ʫʞʝ ʚ 2014 ʛʦʜʫ 79% ʦʪ ʚʩʝʭ ʚʚʝʜʝʥʥʳʭ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʦʪʥʦʩʠʣʠʩʴ ʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʧʨʠ 

ʪʦʤ, ʯʪʦ ʚ 2013 ʛ. ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 72% . ʋʯʠʪʳʚʘʷ ʤʦʨʘʣʴʥʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ 

ʫʩʪʘʨʝʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚ ʩʪʨʘʥʘʭ ɹʉʄ 

ʯʠʩʪʳʡ ʧʨʠʨʦʩʪ ʛʝʥʝʨʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ɺʀʕ. ʅʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʥʝ ʧʨʦʩʪʦ 

çʧʨʦʤʳʰʣʝʥʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘè ʫʛʣʝʚʦʜʦʨʦʜʘʤ, ʥʦ ʪʨʝʥʜ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʦʪʢʘʟʘ 

ʦʪ ʥʠʭ ʚ ʵʥʝʨʛʝʪʠʢʝ ʙʫʜʫʱʝʛʦ. ʇʨʠʥʷʪʠʝ ʧʦʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʩʥʠʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʦʪʢʘʟ ʦʪ ʫʛʦʣʴʥʦʡ ʠ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʩʚʷʟʘʥʦ ʩ ʩʝʨʴʝʟʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ. ɺ ʝʚʨʦʧʝʡʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚʘʭ ʫʪʚʝʨʞʜʝʥʳ ʮʝʣʝʚʳʝ 

ʦʨʠʝʥʪʠʨʳ ʧʦ ʚʳʙʨʦʩʫ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʥʘ 80ï95% ʦʪ 

ʫʨʦʚʥʷ 1990 ʛ. ʫʞʝ ʢ 2050 ʛ. [2]. ʆʜʥʘʢʦ, ʥʘ ʬʦʥʝ ʧʦʟʠʪʠʚʥʳʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠ 

ʧʨʦʛʥʦʟʥʦʛʦ ʨʘʟʚʠʪʠʷ ɺʀʕ, ʚ ʧʦʩʣʝʜʥʝʝ ʛʦʜʳ ʤʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʛʦʚʦʨʷʪ ʦ ʥʝʛʘʪʠʚʥʳʭ 

ʩʮʝʥʘʨʠʷʭ ʨʘʟʚʠʪʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ɽʚʨʦʧʝ. ʕʢʩʧʝʨʪʳ ɽʚʨʦʢʦʤʠʩʩʠʠ ʠ 

Financial Times ʩʯʠʪʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʀʕ ʢ 2020 ʛʦʜʫ ʠ 

ʟʘʤʝʥʘ ʠʤʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ 

15 ʣʝʪ ʚ ɽʚʨʦʧʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝʫʢʣʦʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʘʨʠʬʦʚ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, 

ʘ ʥʘʯʠʥʘʷ ʩ 2030 ʛʦʜʘ, ʧʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ ʥʘʤʝʯʝʥʥʳʭ ʩʝʛʦʜʥʷ ʧʨʦʝʢʪʦʚ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʫʚʝʣʠʯʠʪʩʷ ʝʱʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 



114 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ʇʦʵʪʦʤʫ, ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʠʟʥʝʩ ʠ ʥʘʩʝʣʝʥʠʝ, ʚ ɽʉ ʩʦʟʜʘʝʪʩʷ ʢʦʥʬʣʠʢʪʥʘʷ 

ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʩʦʛʣʘʩʥʳ ʩ ʪʝʤ, ʯʪʦʙʳ ʨʳʥʦʢ ʦʧʣʘʯʠʚʘʣ ʜʦʨʦʛʫʶ 

ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ [5], ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚ 

ʨʘʟʚʠʪʠʷ ɺʀʕ ʚ ʩʪʨʘʥʘʭ ɹʉʄ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʧʨʦʮʝʩʩʳ ʟʘʤʝʱʝʥʠʷ, ʠ ʨʘʟʨʘʙʦʪʢʠ, ʥʘ ʠʭ ʦʩʥʦʚʝ, ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʟʠʮʠʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ [6]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ ʚ 

ʩʪʨʘʥʘʭ ɹʉʄ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʱʠʝ ʪʨʝʥʜʳ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ï 

ʜʠʥʘʤʠʢʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ɺɺʇ, ʜʠʥʘʤʠʢʠ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʪʨʝʙʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ 

ʠ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ,ʘ ʪʘʢʞʝ ʪʨʝʥʜʳ ʚ 

ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʷʭ ï ʥʝʬʪʷʥʦʡ,ʫʛʦʣʴʥʦʡ, ʛʘʟʦʚʦʡ, ʘʪʦʤʥʦʡ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʝ [2]. ʊʘʢʞʝ ʚʘʞʝʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʝʥʠʡ 

ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ, 

ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʧʦʣʠʪʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ [1,2,4,5,6].  

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʘ ʦʮʝʥʢʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ ʚ ʩʪʨʘʥʘʭ ɹʉʄ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʪʨʝʥʜʦʚ, ʬʘʢʪʦʨʦʚ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʧʨʦʛʥʦʟʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʢʦʪʦʨʦʝ 

ʜʦʣʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʮʝʥʘʨʠʡ ʨʘʟʚʠʪʠʷ ʠ ʚʝʨʦʷʪʥʫʶ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʝʨʠʦʜʝ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ɽʉ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʘʣʴʥʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʙʘʣʘʥʩ ʵʪʦʛʦ ʟʘʤʝʱʝʥʠʷ. ɺʝʜʫʱʠʤʠ ʨʦʩʩʠʡʩʢʠʤʠ ʵʥʝʨʛʝʪʠʢʘʤʠ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪʩʷ [2], 

ʯʪʦ ʥʝ ʦʜʠʥ ʧʨʦʛʥʦʟʥʳʡ ʩʮʝʥʘʨʠʡ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʜʦʛʤʘ ʦʪ ʦʜʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʦ ʜʨʫʛʦʛʦ, ʘ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ ʘʥʘʣʠʟ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʨʝʥʜʦʚ ʩ ʥʘ ʥʝʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʦʪ ʛʦʜʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʣʝʪ. ʇʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʩʨʝʜʥʝʩʨʦʯʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʥʦʨʤʘʪʠʚʥʳʝ. 

ʧʨʦʛʥʦʟʥʳʝ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʨʘʙʦʪʳ 

[2], ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʫʜʝʪ ʧʨʦʚʝʩʪʠ ʠʟʫʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʜʠʥʘʤʠʢʠ 

ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ ʚ ʩʪʨʘʥʘʭ ɹʉʄ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 3 ʛʦʜʘ, ʟʘ ʧʝʨʠʦʜ ʥʘʯʠʥʘʷ ʩ 2015 

ʛʦʜʘ ʧʦ 2033 ʛʦʜ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ ʠ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʪʦʯʥʳʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʦʛʥʦʟ ʩʪʨʘʪʝʛʠʠ ʟʘʤʝʱʝʥʠʷ. ʇʨʦʛʥʦʟʥʳʡ ʧʝʨʠʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʥʝʛʦ ʚʦʡʜʝʪ 2030 ʛʦʜ, ʢʦʪʦʨʳʡ ʚʦ ʤʥʦʛʠʭ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʮʝʥʘʨʠʷʭ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʪʦʚ ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ ʧʝʨʝʣʦʤʥʳʡ ʤʦʤʝʥʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʨʝʥʜʦʚ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ [2]. ʅʦ ʵʪʦ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʛʦʨʘʟʜʦ ʨʘʥʴʰʝ, ʫʯʠʪʳʚʘʷ ʩʪʨʝʤʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʛʥʦʟʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʅʝʦʙʭʦʜʠʤʘ ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʛʥʦʟʥʳʭ ʩʮʝʥʘʨʠʝʚ ʵʥʝʨʛʝʪʠʢʠ ʩ 

ʫʯʝʪʦʤ ʧʦʜʦʙʥʳʭ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ. ʅʘʙʣʶʜʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʮʝʩʩʳ ʟʘʤʝʱʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʦʯʝʪʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʠ 

ʩʪʘʛʥʘʮʠʦʥʥʦʛʦ ʩʮʝʥʘʨʠʝʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʮʝʥʘʨʠʷ, ʧʦʜʨʦʙʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚʝʜʫʱʠʤʠ ʨʦʩʩʠʡʩʢʠʤʠ ʵʥʝʨʛʝʪʠʢʘʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʵʢʩʧʝʨʪʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ [2]. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʧʨʠ ʵʪʦʤ ʦʪʤʝʪʠʪʴ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ɺʀʕ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ çʫʤʥʳʭè ʩʝʪʝʡ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ, 

ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ çʧʨʠʨʦʜʥʳʡ ʛʘʟ, ɺʀʕ ʠ ʙʣʦʢʠ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠè ʜʣʷ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʧʨʠ ʥʝʩʪʘʙʠʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ [7] ʠ ʪ.ʧ. ( 

ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʩʮʝʥʘʨʠʡ ), ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ, 

ʥʦʨʤʘʪʠʚʥʦ-ʨʝʛʫʣʷʪʠʚʥʦʛʦ ʠ ʩʠʩʪʝʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʩʪʘʛʥʘʮʠʦʥʥʳʡ ʩʮʝʥʘʨʠʡ). ɼʣ̫  

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʟʘʤʝʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʚ ʩʪʨʘʥʘʭ ɹʉʄ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʚʩʝʤʠ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, ʩ ʮʝʣʴʶ 
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ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʚʩʝʭ ʧʦʪʨʝʙʠʪʝʣʝʡ [6]. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʤʝʭʘʥʠʟʤʘʤ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ. ɺ ʠʜʝʘʣʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʟʜʘʥʳ ʫʩʣʦʚʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʜʣʷ ʨʦʩʪʘ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʠ ʜʣʷ ʝʸ ʨʳʥʦʯʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʵʥʝʨʛʦʩʠʩʪʝʤʫ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ ʙʫʜʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʛʠʧʦʪʝʟʝ ʦ ʪʦʤ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʩʪʨʘʥʳ ɹʉʄ ʥʝ ʙʫʜʫʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʦʚ 

ʧʝʨʚʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʫʨʦʚʝʥʴ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ 

ʚ ʵʪʠʭ ʩʪʨʘʥʘʭ ʙʫʜʝʪ ʥʝʫʢʣʦʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʯʪʦ ʙʫʜʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʩʪʨʝʤʣʝʥʠʝ ʢ 

ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʠ ʵʪʦ 

ʙʫʜʝʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʩʪʨʝʤʣʝʥʠʝ ʢ ʚʚʦʜʫ ʥʦʚʳʭ ʤʦʱʥʦʩʪʝʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʳʥʦʢ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

(ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʧʨʦʜʫʢʮʠʠ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʳʥʢʦʤ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʧʦʩʣʝʜʥʠʝ 1,5 ï 2 ʛʦʜʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʝʥ ʧʦ ʮʝʥʦʚʳʤ ʧʘʨʘʤʝʪʨʘʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʘʨʨʝʣʴ ʥʝʬʪʠ ʚ ʩʝʨʝʜʠʥʝ 

2014 ʛʦʜʘ ʦʮʝʥʠʚʘʣʩʷ ʥʘ ʬʦʥʜʦʚʳʭ ʨʳʥʢʘʭ ʧʦʨʷʜʢʘ 110 ï 115 ʜʦʣʣʘʨʦʚ ʉʐɸ, ʥʦ ʫʞʝ ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ ʩʝʨʝʜʠʥʫ 2016 ʛʦʜʘ ʙʘʨʨʝʣʴ ʥʝʬʪʠ ʪʦʨʛʫʝʪʩʷ ʥʘ ʨʳʥʢʝ ʧʦ ʮʝʥʝ ʧʦʨʷʜʢʘ 40 

ï 45 ʜʦʣʣʘʨʦʚ ʉʐɸ. ʇʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʳʡ ʪʝʤʧ ʩʥʠʞʝʥʠʷ ʮʝʥʳ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʦ 

ʜʨʫʛʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʝʩʫʨʩʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

(ʩʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʫʛʦʣʴ). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʧʦ ʮʝʥʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʚʝʣʠʯʠʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʚ 2,5 ï 2,7 ʨʘʟʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 2014 ʛʦʜʘ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʨʠ 

ʢʣʁʯʝʚʳʭ ʠʥʜʠʢʘʪʦʨʘ: ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʠ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʤʝʱʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʯʝʨʝʟ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʦʭʦʜʦʚ ʦʪ ʨʝʘʣʠʟʘʮʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʨʘʩʭʦʜʦʚ (ʢʘʢ ʪʝʢʫʱʠʭ, ʪʘʢ ʠ ʢʘʧʠʪʘʣʴʥʳʭ), ʩʚʷʟʘʥʥʳʭ ʩ 

ʩʦʟʜʘʥʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʛʝʥʝʨʘʮʠʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʜʦʣʞʥʦ ʧʨʠʥʦʩʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʷʤʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʚʳʛʦʜʳ, ʥʦ ʠ ʢʦʩʚʝʥʥʳʝ ʵʬʬʝʢʪʳ ʚ ʚʠʜʝ ʩʥʠʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʧʨʠʨʦʜʥʫʶ ʩʠʩʪʝʤʫ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʷʪʴ ʨʘʩʯʝʪʳ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʫʨʦʚʝʥʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ: 

Ὧ ρ
ὉὈ

Ὂ
 (1) 

ɻʜʝ:  

ED ï ʦʮʝʥʝʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ; F ï ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʪʝʭ ʠʣʠ ʠʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ɺʪʦʨʳʤ ʚʘʞʥʝʡʰʠʤ ʠʥʜʠʢʘʪʦʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ 

ʟʘʤʝʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ, ʤʳ 

ʩʯʠʪʘʝʤ ʠʥʜʠʢʘʪʦʨ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʟʘʤʝʱʝʥʠʷ. ʆʪʜʝʣʴʥʳʤʠ ʘʚʪʦʨʘʤʠ [8] ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʦʮʝʥʠʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʦʜʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʨʫʛʠʤʠ ʯʝʨʝʟ 

ʧʦʢʘʟʘʪʝʣʴ ʵʢʦʥʦʤʠʯʥʦʩʪʠ: 

Ὁ
ὖ ὗz

Вὅ
 (2) 

ɻʜʝ:  
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P ï ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʝʜʠʥʠʮʳ ʟʘʤʝʱʘʝʤʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ (ʥʘʧʨʠʤʝʨ, 

ʫʩʣʦʚʥʦʡ ʪʦʥʥʳ); Q ï ʦʙʲʝʤ ʟʘʤʝʱʘʝʤʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ; ɆC ï ʩʪʦʠʤʦʩʪʴ 

ʩʦʚʦʢʫʧʥʳʭ ʨʘʩʭʦʜʦʚ (ʪʝʢʫʱʠʭ ʠ ʢʘʧʠʪʘʣʴʥʳʭ), ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʤʝʱʝʥʠʝʤ. 

ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʜʠʥʘʤʠʢʠ ʟʘʤʝʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝʥʠʚʘʪʴ ʯʝʨʝʟ ʫʨʦʚʝʥʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʢ ʨʘʩʯʝʪʫ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʦʧʪʠʤʘʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʨʝʛʠʦʥʘ (ʩʪʨʘʥʳ, ʪʝʨʨʠʪʦʨʠʠ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ 

ʝʜʠʥʠʮʳ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʨʘʩʯʝʪ ʪʨʝʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ: ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʢʘʯʝʩʪʚʘ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʳ 

ʨʘʩʯʝʪʘ ʫʨʦʚʥʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [9], ʥʦ ʜʦʧʦʣʥʝʥʥʘʷ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʩ ʫʯʝʪʦʤ ʪʝʤʘʪʠʢʠ ʜʘʥʥʦʛʦ 

ʜʦʢʣʘʜʘ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ὃ
ὃ ὃ ὃ ὃ

ὃ ὃ
 (3) 

ɻʜʝ:  

Afr ʠ Aft ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʘʢʪʠʯʝʩʢʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʨʝʛʠʦʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ; Aminr ʠ Amint ï ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ 

ʫʨʦʚʝʥʴ ʩʘʤʦʦʙʝʩʧʝʯʝʥʠʷ ʨʝʛʠʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ; Amin ʠ Amax ï ʩʫʤʤʘʨʥʳʡ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʘʤʦʦʙʝʩʧʝʯʝʥʠʷ ʨʝʛʠʦʥʘ ʚʩʝʤʠ ʚʠʜʘʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʭ ʧʦʣʫʯʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʛʠʦʥʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ 

ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (PP) ʠ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ (FC) ʧʦ 

ʢʘʞʜʦʤʫ ʚʠʜʫ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: r ï 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ, t ï ʪʨʘʜʠʮʠʦʥʥʳʝ):  

ὄ
ὖὖ ὖὖ

Ὂὅ Ὂὅ
 (4) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʯʝʩʪʚʘ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ ʯʝʨʝʟ ʩʦʦʪʥʦʰʝʥʠʝ 

ʛʝʥʝʨʘʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʧʨʦʛʨʝʩʩʘ (GPI) ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʚʘʣʦʚʦʛʦ ʧʨʦʜʫʢʪʘ (GDP): 

Ὀ
ὋὖὍ

ὋὈὖ
 (5) 

ʆʪʩʶʜʘ ʠʥʜʠʢʘʪʦʨ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ, ʦʮʝʥʠʚʘʝʤʳʡ ʯʝʨʝʟ 

ʫʨʦʚʝʥʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʛʠʦʥʘ (ʩʪʨʘʥʳ, ʪʝʨʨʠʪʦʨʠʠ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ 

ʝʜʠʥʠʮʳ), ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

ὍὛὄᶻ
ὃ Ὀ

ς
 (6) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʯʠʪʳʚʘʷ ʣʦʛʠʢʫ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʨʘʩʯʝʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʷʪʴ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ: 

1)ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʢʩʪʝʥʩʠʚʥʦʩʪʴʶ, ʝʩʣʠ ʪʝʤʧʳ ʨʦʩʪʘ ʠʥʜʠʢʘʪʦʨʘ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʥʠʞʝ ʪʝʤʧʦʚ ʨʦʩʪʘ ʠʥʜʠʢʘʪʦʨʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʝʪʠʢʘ ʥʝ ʧʦʪʝʥʮʠʨʫʝʪ ʨʦʩʪ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʳʛʦʜ ʦʪ ʨʘʟʚʠʪʠʷ ʝʸ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ; 

2)ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʝʩʣʠ ʪʝʤʧʳ ʨʦʩʪʘ ʠʥʜʠʢʘʪʦʨʘ 
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ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚʳʰʝ ʪʝʤʧʦʚ ʨʦʩʪʘ ʠʥʜʠʢʘʪʦʨʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʝʪʠʢʘ ʬʦʨʤʠʨʫʝʪ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ ʦʪ ʝʸ ʨʘʟʚʠʪʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

3)ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴʶ, ʝʩʣʠ ʪʝʤʧʳ ʨʦʩʪʘ 

ʠʥʜʠʢʘʪʦʨʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʨʘʚʥʦʟʥʘʯʥʳ ʪʝʤʧʘʤ ʨʦʩʪʘ ʠʥʜʠʢʘʪʦʨʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ ʚ ʧʦʣʫʯʘʝʤʳʝ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ ʚ ʚʠʜʝ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʢʘʢ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ 

ʫʨʦʚʥʝ, ʪʘʢ ʠ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʥ. ʇʨʦʮʝʩʩʳ ʟʘʤʝʱʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳ ʚ ʩʪʨʘʥʘʭ 

ɹʉʄ, ʚʝʜʫʪ ʢ ʚʳʪʝʩʥʝʥʠʶ ʈʦʩʩʠʠ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʳʥʢʘ ɽʉ . ʇʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʥʝʬʪʝʛʘʟʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ 

ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʚʦʠʭ ʪʦʨʛʦʚʳʭ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ. 
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ʈʦʩʩʠʷ ʦʤʳʚʘʝʪʩʷ ʪʨʠʥʘʜʮʘʪʴʶ ʤʦʨʷʤʠ, ʝʝ ʚʦʜʥʘʷ ʛʨʘʥʠʮʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʥʘ 40 ʪʳʩ. 

ʢʤ, ʧʦʵʪʦʤʫ ʩʦʚʦʢʫʧʥʳʝ ʨʝʩʫʨʩʳ ʵʥʝʨʛʠʠ ʚʝʪʨʦʚʦʛʦ ʚʦʣʥʝʥʠʷ, ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʠ 

ʦʬʬʰʦʨʥʦʛʦ ʚʝʪʨʘ ʚ ʩʪʨʘʥʝ ʦʯʝʥʴ ʚʝʣʠʢʠ. ʅʘʧʨʠʤʝʨ, ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʚʦʣʥʝʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʚʝʣʠʯʠʥʳ 29 ʢɺʪ/ʤ, ʘ ʜʣʷ ʦʪʢʨʳʪʳʭ ʦʪ 

ʣʴʜʘ ʘʢʚʘʪʦʨʠʡ ʆʭʦʪʩʢʦʛʦ ʠ ɹʝʨʠʥʛʦʚʘ ï 30-35 ʢɺʪ/ʤ, ʩʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚʦ 

ʤʥʦʛʠʭ ʫʯʘʩʪʢʘʭ ɹʘʨʝʥʮʝʚʘ, ɹʝʣʦʛʦ, ʆʭʦʪʩʢʦʛʦ ʠ ɹʝʨʠʥʛʦʚʘ ʤʦʨʷʭ ʜʦʩʪʠʛʘʝʪ 3-4 ʤ/ʩ. ɺ 

ʤʦʨʷʭ ʈʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʥʘʙʣʶʜʘʶʪʩʷ ʦʯʝʥʴ ʩʠʣʴʥʳʝ ʚʝʪʨʘ [1]. 

ɺ ʥʦʚʦʡ ʄʦʨʩʢʦʡ ʜʦʢʪʨʠʥʝ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʇʨʝʟʠʜʝʥʪʦʤ ʈʌ ʦʪ 26 ʠʶʣʷ 2015 ʛʦʜʘ ʚ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʜʦʣʛʦʩʨʦʯʥʳʭ ʟʘʜʘʯ ʧʨʦʧʠʩʘʥʦ: ç éʦʩʚʦʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʳʭ 

ʷʚʣʝʥʠʡ, ʧʨʠʙʨʝʞʥʳʭ ʧʨʠʚʦʜʥʳʭ ʚʝʪʨʦʚ ʠ ʚʝʪʨʦʚʳʭ ʚʦʣʥ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʚʦʜʳ, ʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ ʪʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʚʦʡ ʢʘʣʦʨʠʡʥʦʩʪʠ ʙʠʦʤʘʩʩʳ 

ʚʦʜʦʨʦʩʣʝʡè. ɿʘ ʨʫʙʝʞʦʤ ʤʦʨʩʢʠʤʠ ʠ ʦʢʝʘʥʩʢʠʤʠ ɺʀʕ (ʆɺʀʕ) ʚʦʣʥʝʥʠʷ, ʪʝʯʝʥʠʡ, 

ʪʝʧʣʘ ʠ ʚʝʪʨʘ ʟʘʥʠʤʘʶʪʩʷ ʫʞʝ ʩʦʪʥʠ ʢʦʤʧʘʥʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʅʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 

ʨʦʩʪʘ ʝʜʠʥʠʯʥʳʭ ʤʦʱʥʦʩʪʝʡ ʪʠʧʦʚʦʛʦ ʨʷʜʘ ʆɺʀʕ ʠ ʨʘʟʤʝʱʝʥʠʝ ʠʭ ʚʩʝ ʜʘʣʴʰʝ ʦʪ ʙʝʨʝʛʘ 

ʚ ʦʪʢʨʳʪʦʤ ʤʦʨʝ (ʜʦ 15-50 ʢʤ) ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 100 ʤ. ʊʘʢʠʝ ʘʚʪʦʥʦʤʥʳʝ ʟʥʝʨʛʦʙʣʦʢʠ, 

ʤʦʱʥʦʩʪʴʶ ʦʪ ʩʦʪʝʥ ʢʠʣʦʚʘʪʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʛʘʚʘʪʪ, ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ 

ʥʝʙʦʣʴʰʠʭ ʟʘʚʦʜʘʭ ʠ ʚʝʨʬʷʭ, ʪʠʨʘʞʠʨʦʚʘʪʴ ʙʦʣʴʰʠʤʠ ʩʝʨʠʷʤʠ, ʣʝʛʢʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ 

ʚ ʠʟʙʨʘʥʥʫʶ ʪʦʯʢʫ ʘʢʚʘʪʦʨʠʠ ʠ, ʛʣʘʚʥʦʝ, ʙʳʩʪʨʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʣʶʙʦʤ 

ʛʨʫʥʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʜ ʚʦʜʦʡ (ʧʦ ʣʴʜʦʤ), ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʀʟ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ, 

ʙʳʩʪʨʦ ʠ ʧʦʵʪʘʧʥʦ ʤʦʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʬʝʨʤʳ ʤʦʱʥʦʩʪʴʶ ʚ ʩʦʪʥʠ 

ʤʝʛʘʚʘʪʪ, ʘ ʪʘʢʞʝ ʠʭ ʫʜʦʙʥʦ ʧʦʜʥʠʤʘʪʴ ʧʨʠ ʨʝʤʦʥʪʝ ʠʣʠ ʧʝʨʝʩʪʘʚʣʷʪʴ ʚ ʜʨʫʛʦʝ ʤʝʩʪʦ. 

ɺʘʞʥʦ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʙʣʦʢʦʚ ʠ ʬʝʨʤ ʧʨʠʤʝʥʷʶʪʩʷ ʫʞʝ ʥʝ ʩʣʦʞʥʳʝ ʧʨʦʝʢʪʳ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʦʬʬʰʦʨʥʳʝ ʠʣʠ ʦʢʝʘʥʩʢʠʝ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʠ 

ʧʦʜʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʅʘʧʨʠʤʝʨ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʭ 

ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʚʦʣʥʦʚʦʡ ʙʫʡ PowerBuoy. ʉ 2012 ʛʦʜʘ ʢʦʨʧʦʨʘʮʠʝʡ 

Lockheed Martin ʥʘʯʘʣʦʩʴ ʩʦʟʜʘʥʠʝ ʫ ʙʝʨʝʛʦʚ ʉʐɸ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʘʨʢʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʦʪʝʥ ʪʘʢʠʭ ʵʥʝʨʛʦʙʫʝʚ ʩ ʧʣʘʥʠʨʫʝʤʦʡ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 50 ʄɺʪ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʝʢʪ ʩ ʟʘʷʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 100 ʄɺʪ ʨʝʘʣʠʟʫʝʪʩʷ ʫ ʧʦʙʝʨʝʞʴʷ 

ɸʚʩʪʨʘʣʠʷ. ʂʨʫʧʥʳʝ ʧʨʦʝʢʪʳ ʚʦʣʥʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʬʝʨʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʘʢʞʝ 

ʰʦʪʣʘʥʜʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Pelamis (150 ʄɺʪ), ʬʨʘʥʮʫʟʩʢʦʡ ʢʦʨʧʦʨʘʮʠʝʡ DCNS (16 ʄɺʪ) 

ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʬʠʨʤ. ʇʣʘʥʠʨʫʝʪʩʷ ʵʢʩʧʦʨʪ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʇʦ 

ʧʨʦʛʥʦʟʫ, ʚʳʧʦʣʥʝʥʥʦʤʫ ʵʢʩʧʝʨʪʘʤʠ ʚ 2013 ʛ., ʦʞʠʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʜʦ 2040 ʛ. ʦʙʱʝʛʦ 

ʫʨʦʚʥʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʪʦʣʴʢʦ ʚʦʣʥʦʚʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʦʢʦʣʦ 10 ɻɺʪ [2]. ʅʦ 
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ʘʢʪʠʚʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʠ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʦ ʤʥʦʛʠʭ ʚʝʜʫʱʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʵʪʠ ʦʮʝʥʢʠ ʚ ʩʪʦʨʦʥʫ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʛʥʦʟʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʠʤʝʨʦʤ ʪʦʤʫ ʷʚʣʷʶʪʩʷ ʧʨʠʥʷʪʘʷ ʚʝʩʥʦʡ 2016 

ʛʦʜʘ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʌʨʘʥʮʠʠ ʧʨʦʛʨʘʤʤʘ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʵʥʝʨʛʠʠ 

ʚʦʣʥʝʥʠʷ, ʪʝʯʝʥʠʡ ʠ ʚʝʪʨʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʫʞʝ ʯʝʨʝʟ 7 ʣʝʪ ʚ ʩʪʨʘʥʝ ʜʦʣʞʝʥ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪ ʫʨʦʚʝʥʴ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʆɺʀʕ ʜʦ 2 ɻɺʪ. ʇʦ ʨʝʰʝʥʠʶ ʇʨʝʟʠʜʠʫʤʘ 

ʉʦʚʝʪʘ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʈʦʩʩʠʠ ʦʪ 16.07.15. ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʣʘʥ ʨʝʘʣʠʟʘʮʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʀʥʠʮʠʘʪʠʚʳ (ʅʊʀ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʣʛʦʩʨʦʯʥʫʶ ʩʪʨʘʪʝʛʠʶ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʥʘ 20 ʣʝʪ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʚʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʛʣʦʙʘʣʴʥʳʭ ʨʳʥʢʦʚ. ʇʦ ʤʥʝʥʠʶ ʇʨʝʜʩʝʜʘʪʝʣʷ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ: ç ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʅʊʀ ʚ ʛʣʦʙʘʣʴʥʦʤ ʩʤʳʩʣʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʡ 

ʢ ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʠʶ ʥʘʰʝʡ ʵʢʦʥʦʤʠʢʠ ʠʟ ʩʳʨʴʝʚʦʡ ʚ ʠʥʥʦʚʘʮʠʦʥʥʫʶé è. ʆʩʥʦʚʥʦʡ 

ʮʝʣʴʶ ʅʊʀ ʷʚʣʷʝʪʩʷ ʧʨʝʦʜʦʣʝʥʠʝ ʨʘʟʨʳʚʘ ʤʝʞʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʠ ʧʨʠʢʣʘʜʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʈʦʩʩʠʠ. ʉʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʅʊʀ ʷʚʣʷʶʪʩʷ 

çʜʦʨʦʞʥʳʝ ʢʘʨʪʳè, ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʳʥʢʦʚ. ɺ ʦʢʪʷʙʨʝ 2015 ʛʦʜʘ ʙʳʣʠ ʫʪʚʝʨʞʜʝʥʳ ʨʫʢʦʚʦʜʩʪʚʦ ʠ ʩʦʩʪʘʚ ʈʘʙʦʯʝʡ ɻʨʫʧʧʳ 

çʄʘʨʠʅʵʪè, ʘ ʪʘʢʞʝ ʝʸ ɼʦʨʦʞʥʘʷ ʢʘʨʪʘ ʅʊʀ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʜʝʨʩʢʠʭ 

ʧʦʟʠʮʠʡ ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʳʥʢʘʭ ʛʣʦʙʘʣʴʥʦʡ 

ʤʦʨʩʢʦʡ ʦʪʨʘʩʣʠ. ʇʣʘʥʠʨʫʶʪʩʷ ʨʘʜʠʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʨʝʭ ʦʙʣʘʩʪʷʭ ï ʮʠʬʨʦʚʘʷ 

ʥʘʚʠʛʘʮʠʷ (e-Navigation), ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʩʫʜʦʩʪʨʦʝʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʦʩʚʦʝʥʠʷ ʨʝʩʫʨʩʦʚ 

ʦʢʝʘʥʘ. ʆʙʲʝʤ ʵʪʠʭ ʢʣʶʯʝʚʳʭ ʩʝʛʤʝʥʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʤʦʨʩʢʦʡ ʦʪʨʘʩʣʠ ʧʨʝʚʳʰʘʝʪ 2,5 

ʪʨʣʥ. ʜʦʣʣʘʨʦʚ ʉʐɸ ʠ ʩʪʘʙʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʨʳʥʢʦʚ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʦʩʚʦʝʥʠʷ ʨʝʩʫʨʩʦʚ ʦʢʝʘʥʘ: ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʤʦʨʩʢʦʡ ʜʦʙʳʯʠ, ʩʨʝʜʩʪʚʘ ʧʦʜʚʦʜʥʦʡ ʩʚʷʟʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʢʚʘʢʫʣʴʪʫʨ, 

ʤʦʨʩʢʠʝ ʠ ʦʢʝʘʥʩʢʠʝ ɺʀʕ. ʇʨʠ ʵʪʦʤ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʨʝʩʫʨʩʦʚ ʦʢʝʘʥʘ ʚ 21 ʚʝʢʝ, ʦʩʦʙʝʥʥʦ ɻ ʥʝʨʛʠʠ ʠ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʚʩʝʭ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʈɻ ç 

ʄʘʨʠʅʝʪè, ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʦʜʝʣʝʡ ʚ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ ʠ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʤʘʢʝʪʦʚ ʆɺʀʕ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦ ʦʜʠʥʘʢʦʚʳʤ ʤʝʪʦʜʠʢʘʤ ʠ 

ʩʪʘʥʜʘʨʪʘʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʜʠʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ɼʂ ʈɻ ʄʘʨʠʅʝʪ ʥʘʤʝʯʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʘʟʚʠʪʠʷ ʆɺʀʕ. ʊʘʢʦʡ ʞʝ 

ʧʦʜʭʦʜ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʤʦʨʩʢʫʶ ʨʦʙʦʪʦʪʝʭʥʠʢʫ, ʧʦʜʚʦʜʥʫʶ ʩʚʷʟʴ ʠ ʥʘʚʠʛʘʮʠʶ ʠ 

ʪ.ʜ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ɽʚʨʦʧʝ, ʂʘʥʘʜʝ,ʉʐɸ ʠ ʨʷʜʝ ʜʨʫʛʠʭ ʩʪʨʘʥ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʫʩʠʣʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʆɺʀʕ ʚ 

2013 ʛʦʜʫ ʙʳʣʘ ʦʙʨʘʟʦʚʘʥʘ ɽʚʨʦʧʝʡʩʢʘʷ ɸʩʩʦʮʠʘʮʠʷ ʵʥʝʨʛʠʠ ʦʢʝʘʥʘ (Ocean Energy 

Europe - ʆɽE), ʦʙʲʝʜʠʥʷʶʱʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʢʦʣʦ 113 ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ɽʉ [3].ʉʨʝʜʠ ʥʠʭ ʢʨʫʧʥʝʡʰʠʝ ʢʦʤʧʘʥʠʠ ʠ 

ʢʦʨʧʦʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ALSTOM, SIEMENS, DCNS, EDF, DP ENERGY, ATLANTIS ʠ 

ʜʨʫʛʠʝ. ʎʝʣʴʶ OEE ̫ ʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʠʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʠʠ ʦʢʝʘʥʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʫʣʫʯʰʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʧʨʦʝʢʪʦʚ ʆɺʀʕ ʠ ʨʘʩʰʠʨʝʥʠʶ 

ʜʝʣʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʩʚʦʠʭ ʯʣʝʥʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʆɽE ʫʩʪʘʥʦʚʠʣʘ 

ʪʝʩʥʳʝ ʩʚʷʟʠ ʩ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʝʡ, ʉʦʚʝʪʦʤ ɽʚʨʦʧʳ, ɽʚʨʦʧʝʡʩʢʠʤ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤ 

ʙʘʥʢʦʤ ʠ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʤʠʥʠʩʪʝʨʩʪʚʘʤʠ ʧʦ ɻ ʥʝʨʛʝʪʠʢʝ, ʢʣʠʤʘʪʫ ʠ ʬʠʥʘʥʩʘʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʣʦ ʧʦʜʜʝʨʞʢʫ ɽʉ ʠ ʧʨʠʪʦʢ ʠʥʚʝʩʪʠʮʠʡ ʢ ʧʨʦʝʢʪʘʤ ʆɺʀʕ. ʅʘʧʨʠʤʝʨ, ʪʦʣʴʢʦ ʧʦ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʝ Horizon 2020 ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʚ 2014-2015 ʛʦʜʘʭ ʚ ʩʝʢʪʦʨ 

ʤʦʨʩʢʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʦʣʝʝ 62 ʤʣʥ. ɽʚʨʦ. ɸʩʩʦʮʠʘʮʠʷ ʆɽE ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʪʘʢʞʝ ʦʨʛʘʥʠʟʫʝʪ ʝʞʝʛʦʜʥʫʶ ɽʚʨʦʧʝʡʩʢʫʶ ʂʦʥʬʝʨʝʥʮʠʶ ʠ 

ɺʳʩʪʘʚʢʫ ʧʦ ʕʥʝʨʛʝʪʠʢʝ ʆʢʝʘʥʘ (Ocean Energy Europe Conference & Exhibition), ʛʜʝ 
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ʫʯʘʩʪʚʫʶʪ ʝʚʨʦʧʝʡʩʢʠʝ ʤʠʥʠʩʪʨʳ, ʨʫʢʦʚʦʜʠʪʝʣʠ ʠ ʚʝʜʫʱʠʝ ʩʦʪʨʫʜʥʠʢʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ (ʕʜʠʥʙʫʨʛ -2013, ʇʘʨʠʞ -2014, ɼʫʙʣʠʥ ï 2015, ɹʨʶʩʩʝʣʴ ï 

2016). ɺ 2013 ʛʦʜʫ ʆɽE ʦʩʥʦʚʘʣʘ ʊʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʇʣʘʪʬʦʨʤʫ çʕʥʝʨʛʠʷ ʦʢʝʘʥʘè (TP 

Ocean), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʬʠʮʠʘʣʴʥʳʤ ʢʦʥʩʫʣʴʪʘʪʠʚʥʳʤ ʦʨʛʘʥʦʤ ʧʨʠ ɽʚʨʦʧʝʡʩʢʦʡ 

ʂʦʤʠʩʩʠʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʦʨʠʪʝʪʳ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʛʨʘʤʤ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʆɺʀʕ ʩ ʧʦʤʦʱʴʶ ʆɽE 

ʚʳʧʦʣʥʷʶʪʩʷ ʜʝʩʷʪʢʠ ʨʘʟʣʠʯʥʳʭ ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʦʚ ʩʪʨʘʥ ɽʉ. ʍʘʨʘʢʪʝʨʝʥ ʦʧʳʪ 

ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ - MaRINET, ʬʠʥʘʥʩʠʨʫʝʤʦʡ ɽʉ ʠ ʚʝʜʫʱʠʤʠ ʢʦʤʧʘʥʠʷʤʠ-

ʩʧʦʥʩʦʨʘʤʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʩ ʮʝʣʴʶ ʫʩʢʦʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʤʦʨʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ - ʚʦʣʥʝʥʠʷ, ʪʝʯʝʥʠʷ 

ʠ ʦʬʬʰʦʨʥʦʛʦ ʚʝʪʨʘ. ʉʝʪʴ MaRINET ʦʙʲʝʜʠʥʷʝʪ 29 ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ 45 ʦʙʲʝʢʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʟ 12 ʩʪʨʘʥ ɽʚʨʦʧʳ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʝʢʪʦʚ ʆɺʀʕ, ʧʨʦʚʝʜʝʥʠʷ ʠʭ ʤʦʜʝʣʴʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʪʦʷʥʥʦʛʦ 

ʦʙʤʝʥʘ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʨʦʚʝʜʝʥʠʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʪʨʝʥʠʥʛʘ ʩʧʝʮʠʘʣʠʩʪʦʚ 

[4]. ʉʦʚʦʢʫʧʥʳʡ ʙʶʜʞʝʪ ʩʦʩʪʘʚʣʷʝʪ 11 ʤʣʥ. ɽʚʨʦ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʵʪʦʡ ʥʘʫʯʥʦʡ 

ʩʝʪʴʶ ʚʳʧʦʣʥʷʝʪʩʷ ʙʦʣʝʝ 300 ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʦʚ. ʀʤʝʶʱʠʡʩʷ ʫʞʝ ʦʧʳʪ ʨʘʙʦʪʳ 

MaRINET ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʤʦʨʩʢʠʭ ɺʀʕ ʠ ʠʭ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʨʛʘʥʠʟʘʮʠʠ-ʧʘʨʪʥʝʨʳ ʩʝʪʠ ʢʦʦʨʜʠʥʠʨʫʶʪ ʨʘʟʨʘʙʦʪʢʫ 

ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʧʳʪʘʥʠʡ ʧʦ ʝʜʠʥʳʤ 

ʤʝʪʦʜʠʢʘʤ ʠ ʢʨʠʪʝʨʠʷʤ ʆɺʀʕ. ɺ ʩʪʨʫʢʪʫʨʝ MaRINET ʫʩʪʘʥʦʚʣʝʥʘ ʯʝʪʢʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪ ʩʦ ʩʚʦʙʦʜʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʦʩʪʫʧʘ 

ʚʩʝʤ ʩʚʦʠʤ ʯʣʝʥʘʤ - ʦʨʛʘʥʠʟʘʮʠʷʤ ʢʦ ʚʩʝʡ ʩʚʦʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʚʦʜʷʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʤʘʣʳʭ ʤʘʩʰʪʘʙʦʚ 

(ʦʪ 1:100 ʜʦ 1:25) ʚ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ ʧʨʠ ʨʝʛʫʣʷʨʥʦʤ ʚʦʣʥʝʥʠʠ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʚʳʧʦʣʥʷʶʪʩʷ ʠʩʧʳʪʘʥʠʷ ʤʦʜʝʣʝʡ ʆɺʀʕ ʤʘʩʰʪʘʙʦʚ ʦʪ 1:25 ʜʦ 1:10 ʚ ʙʘʩʩʝʡʥʘʭ ʠ 

ʨʝʘʣʴʥʳʭ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʠʩʧʳʪʳʚʘʶʪʩʷ ʫʞʝ ʤʦʜʝʣʠ ʙʦʣʴʰʦʛʦ 

ʤʘʩʰʪʘʙʘ (ʦʪ 1: 4 ʜʦ 1:1) ʚ ʥʘʪʫʨʥʳʭ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʠʭ ʢ ʫʩʣʦʚʠʷʤ 

ʢ ʤʝʩʪʫ ʧʨʝʜʩʪʦʷʱʝʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʆɺʀʕ. ʆʨʛʘʥʠʟʘʮʠʠ - ʧʘʨʪʥʝʨʳ ʩʝʪʠ ʘʢʪʠʚʥʦ 

ʫʯʘʩʪʚʫʶʪ ʚ ʩʦʚʤʝʩʪʥʳʭ ʥʘʫʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʰʠʨʦʢʠʡ ʦʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʤʝʪʦʜʠʢʘʤʠ, ʠʟʫʯʘʶʪ ʝʜʠʥʳʝ ʩʪʘʥʜʘʨʪʳ ʠ ʧʨʦʛʨʘʤʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʤʦʜʝʣʝʡ, ʧʨʦʚʦʜʷʪ ʪʨʝʥʠʥʛʠ ʠ ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ɼʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʥʦʚʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʆɺʀʕ ʚ 2013 ʛʦʜʫ ʚ ɽʉ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ - Ocean Energy European Research Area Network (OCEANERA-NET), 

ʦʙʲʝʜʠʥʷʶʱʘʷ 16 ʫʯʨʝʞʜʝʥʠʡ ʠʟ 9 ʩʪʨʘʥ, ʚʭʦʜʷʱʠʭ ʚ MaRINET. ɼʝʧʘʨʪʘʤʝʥʪ 

ʵʥʝʨʛʝʪʠʢʠ ʉʐɸ ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʛʦʜʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪ ʦʨʠʛʠʥʘʣʴʥʫʶ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʧʨʦʛʨʘʤʤʫ Wave Energy Prize, ʚ ʢʦʪʦʨʦʤ ʩ ʚʝʩʥʳ 2015 ʛʦʜʘ ʧʨʠʥʷʣʦ 

ʫʯʘʩʪʠʝ ʙʦʣʝʝ 90 ʢʦʤʘʥʜ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʢʦʤʧʘʥʠʡ ʩʪʨʘʥʳ, ʧʨʝʜʩʪʘʚʠʚʰʠʝ 

ʚ ʞʶʨʠ ʩʚʦʠ ʧʨʦʝʢʪʳ ʚʦʣʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ[5]. ʕʢʩʧʝʨʪʳ ʧʦ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʠʚʘʣʠ ʢʘʞʜʫʶ ʢʦʤʘʥʜʫ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʤʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʝʢʪʥʳʭ ʤʦʜʝʣʝʡ, 

ʧʣʘʥʦʚ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʤʘʣʦʛʦ ʤʘʩʰʪʘʙʘ (1:50) 

ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʚ ʦʧʳʪʦʚʦʤ ʙʘʩʩʝʡʥʝ. ʇʨʦʠʛʨʘʚʰʠʝ ʫʯʘʩʪʥʠʢʠ ʚʳʙʳʚʘʣʠ ʠʟ 

ʢʦʥʢʫʨʩʘ. ɺ ʥʘʯʘʣʝ ʤʘʨʪʘ 2016 ʛ. ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʧʦʩʣʝʜʥʠʭ 17 ʢʦʤʘʥʜ ʜʝʚʷʪʴ 

ʬʠʥʘʣʠʩʪʦʚ ʠ ʜʚʝ ʟʘʧʘʩʥʳʝ ʢʦʤʘʥʜʳ. ʂʘʞʜʘʷ ʬʠʥʘʣʠʩʪ ʧʦʣʫʯʠʣ ʦʪ ʛʦʩʫʜʘʨʩʪʚʘ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʛʦ ʤʘʩʰʪʘʙʘ (1:20). ʕʪʠ 

ʤʦʜʝʣʠ ʙʫʜʫʪ ʠʩʧʳʪʘʥʳ ʢʦʤʘʥʜʘʤʠ ʜʦ ʥʦʷʙʨʷ 2016 ʛ. ʚ ʦʜʥʦʤ ʠʟ ʣʫʯʰʠʭ ʚʦʣʥʦʚʳʭ 

ʙʘʩʩʝʡʥʦʚ ʉʐɸ. ʇʨʠ ʵʪʦʤ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʝʢʪʥʳʭ ʢʦʤʘʥʜ ʷʚʣʷʝʪʩʷ ʫʜʚʦʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʙʦʨʘ ʵʥʝʨʛʠʠ ʚʦʣʥʝʥʠʷ. ʇʦʙʝʜʠʪʝʣʴ ʧʦʣʫʯʠʪ ʧʨʠʟ ʚ 2 ʤʣʥ. ʜʦʣʣ. ʉʐɸ., 
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ʘ ʟʘ ʚʪʦʨʦʝ ʠ ʪʨʝʪʴʝ ʤʝʩʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 500 ʠ 250 ʪʳʩ. ʜʦʣʣ. ʉʐɸ. ʂʦʥʢʫʨʩ ʧʦʟʚʦʣʠʪ 

ʦʪʦʙʨʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ 

ʠʭ ʩʦʟʜʘʥʠʝ ʠ ʩʝʨʴʝʟʥʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʆɺʀʕ. ʇʦʜʦʙʥʘʷ ʞʝ 

ʥʘʫʯʥʦ- ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ ʧʨʦʚʦʜʠʪʩʷ ɺʝʣʠʢʦʙʨʠʪʘʥʠʝʡ, ʀʩʧʘʥʠʝʡ, ʇʦʨʪʫʛʘʣʠʝʡ, 

ʗʧʦʥʠʝʡ, ʂʠʪʘʝʤ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚ. ʅʘʠʙʦʣʴʰʠʡ ʦʧʳʪ ʚ ʩʝʢʪʦʨʝ ʆɺʀʕ 

ʥʘʢʦʧʣʝʥ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ [6]. ɹʣʘʛʦʜʘʨʷ ʬʠʥʘʥʩʦʚʦʡ ʠ 

ʧʦʣʠʪʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʦʩʪ ʦʬʬʰʦʨʥʦʡ ʚʝʪʨʦʚʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʪʨʘʥʝ ʩʦʩʪʘʚʠʣ 30% ʚ ʛʦʜ. ʆʜʥʘ ʠʟ ʧʨʦʛʨʘʤʤ çʋʩʢʦʨʝʥʠʝ ʤʦʨʩʢʦʡ 

ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠè (Offshore Wind Accelerator) ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʜʝʣʝʥʠʝ 40 ʤʣʥ. 

GBP ʥʘ ʩʦʟʜʘʥʠʝ ʚʝʪʨʦʚʳʭ ʬʝʨʤ ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 30500 ʢʤ, ʧʦʵʪʦʤʫ ʩʫʤʤʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʦʣʥʦʚʦʡ ʠ 

ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʦʛʨʦʤʥʳʡ ʨʝʩʫʨʩ, ʢʦʪʦʨʳʡ ʫʞʝ ʘʢʪʠʚʥʦ 

ʦʩʚʘʠʚʘʝʪʩʷ - ʚ ʩʪʨʘʥʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 25% ʚʩʝʭ ʤʠʨʦʚʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʚʦʣʥʦʚʦʡ 

ʵʥʝʨʛʝʪʠʢʝ ʠ 30% ʧʨʦʝʢʪʦʚ ʧʦ ʵʥʝʨʛʝʪʠʢʝ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ. ɺ 2012 ʛʦʜʫ ʂʦʤʠʪʝʪ ʧʦ 

ʵʥʝʨʛʝʪʠʢʝ ʠ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ (Energy and Climate Change Select Committee) 

ʧʨʝʜʣʦʞʠʣ ʧʨʘʚʠʪʝʣʴʩʪʚʫ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʜʝʡʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʨʝʰʠʪʝʣʴʥʦ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʚʠʪʠʷ ʚʦʣʥʦʚʦʛʦ ʠ ʧʨʠʣʠʚʥʦʛʦ ʩʝʢʪʦʨʘ ʵʥʝʨʛʝʪʠʢʠ ʩʪʨʘʥʳ, 

ʦʮʝʥʠʚʘʝʤʦʛʦ ʚ 3,7 ʤʣʨʜ. GBP. ɹʨʠʪʘʥʩʢʠʝ ʚʦʣʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʤʝʶʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 50 ʊɺʪ-ʯʘʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʧʦʩʦʙʥʳʡ ʦʙʝʩʧʝʯʠʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ 11 ʤʣʥ. 

ʜʦʤʦʚ, ʘ ʦʪ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 17 ʊɺʪ-ʯʘʩ ʜʣʷ 4 ʤʣʥ. ʜʦʤʦʚ. ɺ 

ʘʢʚʘʪʦʨʠʶ ʆʨʢʥʝʡʩʢʠʭ ʦʩʪʨʦʚʦʚ ʐʦʪʣʘʥʜʠʠ ʧʨʠʭʦʜʷʪ ʚʦʣʥʳ ʚʳʩʦʪʦʡ 15 ʤ ʠʟ ʉʝʚʝʨʥʦʡ 

ɸʪʣʘʥʪʠʢʠ, ʪʘʤ ʞʝ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʤʝʞʦʩʪʨʦʚʥʳʭ ʫʯʘʩʪʢʦʚ, ʛʜʝ ʧʨʠʣʠʚʥʳʝ ʪʝʯʝʥʠʷ 

ʜʦʩʪʠʛʘʶʪ ʩʢʦʨʦʩʪʠ ʜʦ 4 ʤ/ʩ. ʕʪʦʪ ʨʘʡʦʥ ʩʪʨʘʥʳ ʥʘʟʳʚʘʶʪ ʉʘʫʜʦʚʩʢʦʡ ɸʨʘʚʠʝʡ 

ʚʦʣʥʦʚʦʡ ʠ ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ [6]. ʇʦ ʜʘʥʥʳʤ Renewables UK, ʚʝʩʴ ʩʝʢʪʦʨ ʤʦʨʩʢʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʢ 2030 ʛʦʜʫ ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʤʣʨʜ. GBP ʠ 

ʦʥ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ 20% ʧʦʪʨʝʙʥʦʩʪʠ ʩʪʨʘʥʳ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʄʠʥʠʩʪʝʨʩʪʚʦ 

DECC ʚʳʜʝʣʠʣʦ 20 ʤʣʥ. GBP ʠʟ ʬʦʥʜʘ Carbon Trust ʥʘ ʨʘʟʚʠʪʠʝ ʤʦʨʩʢʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʩʪʨʘʥʳ, ʘ ʢʦʤʧʘʥʠʷ Crown Estate ʚʧʝʨʚʳʝ ʚ ʤʠʨʝ ʧʨʦʚʝʣʘ ʪʝʥʜʝʨ 

ʥʘ ʟʘʢʣʶʯʝʥʠʝ ʣʠʟʠʥʛʦʚʳʭ ʩʦʛʣʘʰʝʥʠʡ ʧʦ ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʦʝʢʪʘʤ ʤʦʨʩʢʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʇʣʘʥʠʨʫʝʪʩʷ, ʯʪʦ ʢ 2020 ʛʦʜʫ ʥʘ ʩʝʚʝʨʝ ʐʦʪʣʘʥʜʠʠ ʙʫʜʫʪ ʩʤʦʥʪʠʨʦʚʘʥʳ ʛʝʥʝʨʠʨʫʶʱʠʝ 

ʫʩʪʘʥʦʚʢʠ ʤʦʱʥʦʩʪʴʶ 1,6 ɻɺʪ. ʋʞʝ ʧʦʜʧʠʩʘʥʳ ʩʦʛʣʘʰʝʥʠʷ ʧʦ ʰʝʩʪʠ ʚʦʣʥʦʚʳʤ 

ʧʨʦʝʢʪʘʤ ʠ ʯʝʪʳʨʝʤ ʧʨʦʝʢʪʘʤ ʥɻʝʨʛʠʠ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʩʫʤʤʘʨʥʦʡ ʛʝʥʝʨʠʨʫʶʱʝʡ 

ʤʦʱʥʦʩʪʴʶ 450 ʄɺʪ. ɺʩʝʛʦ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʠʥʚʝʩʪʠʨʦʚʘʣʦ 

ʙʦʣʝʝ 60 ʤʣʥ. GBP ʚ ʩʝʢʪʦʨ ʤʦʨʩʢʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʐʦʪʣʘʥʜʠʷ ʪʘʢʞʝ ʩʦʟʜʘʣʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʬʦʥʜ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ɺʀʕ (National Renewables Infrastructure 

Fund) ʩ ʢʘʧʠʪʘʣʦʤ 70 ʤʣʥ. GBP, ʧʨʠʟʚʘʥʥʳʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʤʦʱʥʦʩʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʆɺʀʕ. ʕʪʦʪ ʬʦʥʜ ʧʨʠʚʣʝʯʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ 

ʯʘʩʪʥʦʛʦ ʩʝʢʪʦʨʘ, ʧʦʤʦʞʝʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ 28 ʪʳʩ. ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʫʩʠʣʠʪʴ ʵʢʦʥʦʤʠʢʫ 

ʐʦʪʣʘʥʜʠʠ ʥʘ 7,1 ʤʣʨʜ. GBP ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ 

ʩʦʟʜʘʥ ʌʦʥʜ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʤʦʨʩʢʠʭ ɺʀʕ (Marine Array Commercialisation Fund - 

MRCF) ʩ ʢʘʧʠʪʘʣʦʤ ʚ 18 ʤʣʥ. GBP[6]. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʆɺʀʕ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ ʨʳʥʢʘ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʦʙʱʠʭ ʟʘʪʨʘʪ ʥʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʶ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ɺʀʕ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʦʨʩʢʠʭ, ʧʨʠʥʷʪʦ 

ʦʮʝʥʠʚʘʪʴ ʫʨʘʚʥʦʚʝʰʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ LCOE (Levelized Cost Of 

Electricity), ʦʪʧʫʩʢʘʝʤʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʧʝʨʚʳʭ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʚʦʣʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʟʥʘʯʝʥʠʷ LCOE ʩʦʩʪʘʚʣʷʶʪ 0,52 ɽʚʨʦ/ʢɺʪ-ʯ, ʘ 

ʜʣʷ ʧʝʨʚʳʭ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ LCOE 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 0,37 ɽʚʨʦ / ʢɺʪ-ʯʘʩ. ʅʦ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ 

ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʆɺʀʕ, ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʠ ʜʨʫʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʞʝ ʢ 2030 ʛʦʜʫ ʵʢʩʧʝʨʪʳ ʦʮʝʥʠʚʘʶʪ LCOE ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʧʨʝʜʝʣʘʭ 0, 11- 0,23 ɽʚʨʦ/ ʢɺʪ-ʯ, ʘ ʜʣʷ 
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ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ ʪʝʯʝʥʠʡ ʝʱʸ ʥʠʞʝ [2]. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ LCOE ʠ ʧʦʚʳʰʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʙʦʨʘ ʵʥʝʨʛʠʠ ʟʘ ʨʫʙʝʞʦʤ ʤʥʦʛʠʤʠ ʥʘʫʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ 

ʧʨʦʚʦʜʷʪʩʷ ʨʝʛʫʣʷʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʠ ʤʘʢʝʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʦʚ ʆɺʀʕ. 

ɻʣʘʚʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʛʨʘʝʪ ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʝʚʨʦʧʝʡʩʢʠʡ ʮʝʥʪʨ ʤʦʨʩʢʦʡ 

ʵʥʝʨʛʝʪʠʢʠ (EMEC), ʦʙʨʘʟʦʚʘʥʥʳʡ ʝʱʸ ʚ 2003 ʛʦʜʫ ʥʘ ʩʝʚʝʨʝ ʐʦʪʣʘʥʜʠʠ (ʆʨʢʥʝʡʩʢʠʝ 

ʦʩʪʨʦʚʘ). ɿʜʝʩʴ ʟʘʢʘʟʯʠʢʘʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʫʛʠ, ʥʘʯʠʥʘʷ ʦʪ 

ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʨʦʝʢʪʘ, ʟʘʢʘʥʯʠʚʘʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʤʠ 

ʠʩʧʳʪʘʥʠʷʤʠ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʤʦʨʩʢʠʭ ʧʦʣʠʛʦʥʘʭ ʎʝʥʪʨʘ [6]. ʎʝʥʪʨ 

ʠʤʝʝʪ ʜʚʘ ʤʦʨʩʢʠʭ ʧʦʣʠʛʦʥʘ (ʦʪʜʝʣʴʥʦ ʜʣʷ ʆɺʀʕ ʚʦʣʥʝʥʠʷ ʠ ʜʣʷ ʆɺʀʕ ʪʝʯʝʥʠʡ) ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʤʘʢʝʪʦʚ, ʘ ʪʘʢʞʝ ʝʱʸ ʜʚʘ ʤʦʨʩʢʠʭ ʧʦʣʠʛʦʥʘ ʜʣʷ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʤʝʨʯʝʩʢʠʭ ʆɺʀʕ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʐʦʪʣʘʥʜʠʠ. ʄʦʨʩʢʠʝ ʧʦʣʠʛʦʥʳ ʦʙʦʨʫʜʦʚʘʥʳ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʪʝʨʤʠʥʘʣʘʤʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʠ ʧʦʜʢʣʶʯʝʥʠʷ ʵʥʝʨʛʦʙʣʦʢʦʚ ʆɺʀʕ, 

ʧʦʜʚʦʜʥʳʤʠ ʩʠʣʦʚʳʤʠ ʢʘʙʝʣʷʤʠ ʠ ʣʠʥʠʷʤʠ ʩʚʷʟʠ ʪʝʨʤʠʥʘʣʦʚ ʩ ʙʝʨʝʛʦʚʳʤʠ ʧʫʥʢʪʘʤʠ 

ʩʙʦʨʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ, ʚʦʣʥʦʛʨʘʬʘʤʠ, ʜʦʥʥʳʤʠ ʠʟʤʝʨʠʪʝʣʷʤʠ ʪʝʯʝʥʠʡ, ʨʘʜʘʨʘʤʠ, 

ʘʢʫʩʪʠʯʝʩʢʦʡ, ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʠ ʪ.ʧ. ɽʄɽʉ ʨʘʩʧʦʣʘʛʘʝʪ ʙʦʣʴʰʠʤ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʦʧʳʪʦʤ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ 1000 ʤʦʨʩʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ, ʩʦʝʜʠʥʝʥʠʷ ʩʝʪʠ, 

ʧʨʦʢʣʘʜʢʠ ʧʦʜʚʦʜʥʳʭ ʢʘʙʝʣʝʡ, ʩʙʦʨʘ ʜʘʥʥʳʭ, ʨʘʟʣʠʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ 

ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʆʙʳʯʥʦ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʧʦʵʪʘʧʥʦ, ʧʦʜʦʙʥʦ ʧʨʦʛʨʘʤʤʘʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʩʝʪʠ MaRINET. ʇʝʨʚʳʡ ʵʪʘʧ - ʧʦʤʦʱʴ ʚ ʩʦʟʜʘʥʠʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 

ʤʦʜʝʣʝʡ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ ʚ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʦʤʫ ʚʦʣʥʝʥʠʶ ʚ ʧʣʘʥʠʨʫʝʤʦʤ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ. ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ 

- ʧʦʤʦʱʴ ʚ ʩʦʟʜʘʥʠʠ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʙʦʣʴʰʦʛʦ ʤʘʩʰʪʘʙʘ ʠ ʧʨʦʚʝʜʝʥʠʠ ʠʭ 

ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʦʪʢʨʳʪʦʤ ʤʦʨʝ ʚ ʤʝʩʪʝ ʧʨʝʜʩʪʦʷʱʝʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʆɺʀʕ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ï ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʝ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʤʦʨʩʢʠʭ 

ʧʦʣʠʛʦʥʘʭ ʎʝʥʪʨʘ. ʊʘʢ, ʪʦʣʴʢʦ ʚ 2011Άʤ ʠ 2012 ʛʦʜʘʭ ʚ ɽʄɽʉ ʙʳʣʠ ʧʦʜʢʣʶʯʝʥʳ ʢ 

ʵʣʝʢʪʨʦʩʝʪʠ ʠ ʧʨʦʚʝʜʝʥʳ ʤʦʨʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 

ʵʥʝʨʛʠʠ ʪʝʯʝʥʠʡ: HS1000 ʤʦʱʥʦʩʪʴʶ 1,0 ʄɺʪ ʢʦʤʧʘʥʠʠ Andritz Hydro Hammerfest; 

AR1000 ʤʦʱʥʦʩʪʴʶ 1,0 ʄɺʪ ʬʠʨʤʳ Atlantis Resources; SR250 ʤʦʱʥʦʩʪʴʶ 0,25 ʄɺʪ 

ʢʦʤʧʘʥʠʠ ScotRenewables, Clean Current ʊidal ʊurbine ʤʦʱʥʦʩʪʴʶ 1,0 ʄɺʪ ʢʦʤʧʘʥʠʠ 

Voith Hydro, ʫʩʪʘʥʦʚʢʠ ʤʦʱʥʦʩʪʴʶ 500 ʄɺʪ ʠ 1,0 ʄɺʪ ʬʠʨʤʳ Tidal Generation ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ REDAPT; ʵʥʝʨʛʠʠ ʚʦʣʥʝʥʠʷ: PelamisP2 ʤʦʱʥʦʩʪʴʶ 0,75 ʄɺʪ ʬʠʨʤʳ Pelamis 

Wave Power (2 ʫʩʪʘʥʦʚʢʠ), Oyster 800 ʠ Oyster 801 ʤʦʱʥʦʩʪʴʶ ʧʦ 0,8 ʄɺʪ ʢʘʞʜʘʷ ʬʠʨʤʳ 

Aquamarine Power, ʘ ʪʘʢ ʞʝ ʚʦʣʥʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʬʠʨʤ Seatricity, Wello ʠ 

ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʡ[6]. ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʛʫʣʷʨʥʳʡ 

ʝʞʝʤʝʩʷʯʥʳʡ ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʚʦʣʥʦʛʨʘʬʦʚ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. 

ʊʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʡ ʦʯʝʥʴ ʧʦʤʦʛʘʝʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʡ 

ʆɺʀʕ, ʦʮʝʥʢʠ ʩʧʦʩʦʙʦʚ ʠ ʩʨʝʜʩʪʚ ʠʭ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʎʝʥʪʨʘ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʮʠʬʨʦʚʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʵʥʝʨʛʠʠ ʚʦʣʥʝʥʠʷ ʠʣʠ ʪʝʯʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʘʚʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʠʣʠ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ. ʅʝʜʘʚʥʦ ɽʄɽʉ ʧʦʣʫʯʠʣ 

ʧʨʠʟ ɽʉ çɻʦʣʫʙʘʷ ʙʠʟʥʝʩ ʵʢʦʥʦʤʠʢʘ 2016è ʟʘ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʥʦʚʘʮʠʡ 

ʚ ʤʦʨʩʢʫʶ ʵʢʦʥʦʤʠʢʫ ɽʚʨʦʧʳ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʸ ʫʩʪʦʡʯʠʚʦʡ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ, 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʨʠʪʦʢʘ ʠʥʚʝʩʪʠʮʠʡ, ʨʘʟʚʠʪʠʝ ʵʢʩʧʦʨʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʵʢʦʥʦʤʠʢʠ 

ʧʨʠʙʨʝʞʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʇʨʠ ʧʦʜʜʝʨʞʢʝ ɽʄɽʉ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʪʨʠ ʤʦʨʩʢʠʭ ʧʦʣʠʛʦʥʘ 

ʂʠʪʘʷ ʜʣʷ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʆɺʀʕ ʚ ʐʘʥʴʜʫʥʝ (ʪʝʭʥʦʣʦʛʠʠ ʚʦʣʥʦʚʦʡ ʠ 

ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʠʠ), ʚ ʏʞʵʮʟʷʥʝ (ʪʝʭʥʦʣʦʛʠʠ ʵʥʝʨʛʠʠ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ) ʠ ɻʫʘʥʜʫʥʝ 

(ʪʝʭʥʦʣʦʛʠʠ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ). ʇʦ ʜʘʥʥʳʤ ʉʠʥʴʭʫʘ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʫʞʝ ʠʥʚʝʩʪʠʨʦʚʘʣʦ 
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163,4 ʤʣʥ. ʜʦʣʣ. ʉʐɸ ʚ ʧʨʦʛʨʘʤʤʳ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ 

ʆɺʀʕ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʥʳ ʠ ʜʨʫʛʠʝ ʧʦʜʦʙʥʳʝ ʤʦʨʩʢʠʝ ʎʝʥʪʨʳ ʜʣʷ ʆɺʀʕ, 

ʥʘʧʨʠʤʝʨ, ʤʦʨʩʢʦʡ ʧʦʣʠʛʦʥʘ Wave Hab ʚ ʛʨʘʬʩʪʚʝ ʂʦʨʥʫʦʣʣ (UK), ʤʦʨʩʢʦʡ ʧʦʣʠʛʦʥ 

FORCE (ʂʘʥʘʜʘ, ʟʘʣʠʚ ʌʘʥʜʠ), ʤʦʨʩʢʦʡ ʧʦʣʠʛʦʥ SmartBay (ɻʦʣʚʵʡ, ʀʨʣʘʥʜʠʷ), ʤʦʨʩʢʦʡ 

ʧʦʣʠʛʦʥ SEM-REV (ʅʘʥʪ, ʌʨʘʥʮʠʷ) ʎʝʥʪʨ ʠʩʧʳʪʘʥʠʡ ʧʨʠʣʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ Tidal 

Testing Centre (ɼʝʥ ʦʠʚʝʨ, ʅʠʜʝʨʣʘʥʜʳ) ʠ ʪ.ʜ. ʅʝʜʘʚʥʦ ɼʝʧʘʨʪʘʤʝʥʪʦʤ ʵʥʝʨʛʝʪʠʢʠ (DOE) 

ʉʐɸ ʙʳʣʦ ʨʝʰʝʥʦ ʩʦʟʜʘʪʴ ʪʨʠ ʤʦʨʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʎʝʥʪʨʦʚ ʜʣʷ ʆɺʀʕ, ʥʘ ʯʪʦ 

ʫʞʝ ʚʳʜʝʣʝʥʦ ʙʦʣʝʝ 40 ʤʣʥ. ʜʦʣʣ. ʉʐɸ. ɺ ʈʦʩʩʠʠ ʈɻ ʄʘʨʠʅʝʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʜʝʣʝʡ ʆɺʀʕ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʘ ʪʘʢʞʝ ʤʘʢʝʪʦʚ ʦʙʨʘʟʮʦʚ ʧʦʜʚʦʜʥʦʡ ʩʚʷʟʠ, 

ʥʘʚʠʛʘʮʠʠ ʠ ʤʦʨʩʢʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʠʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʌɻʋʇ çʂʨʳʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨè, ʢʦʪʦʨʳʡ 

ʨʘʩʧʦʣʘʛʘʝʪ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʧʳʪʦʚʳʤʠ ʙʘʩʩʝʡʥʘʤʠ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʎʝʥʪʨʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʘʟʚʠʪʠʷ ʆɺʀʕ ʠ ʜʨʫʛʦʡ ʪʝʭʥʠʢʠ ʦʩʚʦʝʥʠʷ ʦʢʝʘʥʘ 

ʈɻ ʄʘʨʠʅʝʪ ʙʳʣ ʚʳʙʨʘʥ ʤʦʨʩʢʦʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ ʚ ʖʞʥʦʤ ʦʪʜʝʣʝʥʠʠ 

ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ ʈɸʅ (ʛ. ɻʝʣʝʥʜʞʠʢ). ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ, ʪ.ʢ. ʜʣʷ ʣʶʙʳʭ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʤʘʢʝʪʘʤʠ ʠʣʠ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʦʢʝʘʥʩʢʦʡ (ʤʦʨʩʢʦʡ) ʪʝʭʥʠʢʠ, ʚʢʣʶʯʘʷ ʆɺʀʕ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʛʠʜʨʦʬʠʟʠʯʝʩʢʦʡ, ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠ ʜʨʫʛʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʡʦʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ. ʊʘʤ ʫʞʝ ʠʤʝʶʪʩʷ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʢʦʨʧʫʩʘ, ʘʥʛʘʨ ʜʣʷ ʭʨʘʥʝʥʠʷ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʧʨʠʯʘʣ 

ʜʣʠʥʦʡ 200 ʤ ʩ ʛʣʫʙʠʥʦʡ ʤʦʨʷ ʚ ʝʛʦ ʦʢʦʥʯʘʥʠʠ ʦʢʦʣʦ 6 ʤ. ʅʘ ʧʨʠʯʘʣʝ ʨʘʩʧʦʣʦʞʝʥʳ 

ʢʫʥʛʠ-ʣʘʙʦʨʘʪʦʨʠʠ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʚʝʜʝʥʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝ. ɼʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʫʞʜ 

ʧʦʣʠʛʦʥʘ ʚ ʤʦʨʝ ʠʤʝʝʪʩʷ ʤʘʣʦʝ ʅʀʉ çɸʰʘʤʙʘè ʦʙʦʨʫʜʦʚʘʥʥʦʝ ʩʪʨʝʣʦʡ ʇ-ʨʘʤʦʡ ʠ 

ʜʚʫʭʙʘʨʘʙʘʥʥʦʡ ʣʝʙʝʜʢʦʡ. ʆʙʝʩʧʝʯʠʚʘʶʪʩʷ ʢʨʫʛʣʦʛʦʜʠʯʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʥʦʤʥʳʭ ʜʦʥʥʳʭ ʠ ʟʘʷʢʦʨʝʥʥʳʭ ʙʫʡʢʦʚʳʭ ʩʪʘʥʮʠʡ ʥʘ ʤʦʨʩʢʦʤ ʧʦʣʠʛʦʥʝ, 

ʚʢʣʶʯʘʷ ʟʦʥʜ-ʧʨʦʬʠʣʦʛʨʘʬ çɸʢʚʘʣʦʛè, ʪʝʨʤʦʢʦʩʫ, ʜʦʥʥʳʡ ʠʟʤʝʨʠʪʝʣʴ ʪʝʯʝʥʠʷ ADCP ʠ 

ʪ.ʧ., ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʤʝʪʝʦʩʪʘʥʮʠʠ ʥʘ ʧʠʨʩʝ. ɼʣʷ ʧʨʦʝʢʪʦʚ ʄʘʨʠʅʝʪ ʚ ʦʙʣʘʩʪʠ 

ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʝʱʸ ʧʨʦʣʦʞʠʪʴ ʧʦ ʜʥʫ ʤʦʨʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1300 ʤ ʦʪ ʧʠʨʩʘ 

ʦʧʪʦʚʦʣʦʢʦʥʥʫʶ ʣʠʥʠʶ ʩʚʷʟʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʥʝʤʫ ʘʧʧʘʨʘʪʫʨʳ ʜʦʥʥʳʭ ʠ ʙʫʡʢʦʚʳʭ 

ʩʪʘʥʮʠʡ, ʘ ʪʘʢʞʝ ʩʠʣʦʚʳʝ ʢʘʙʝʣʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʝʨʤʠʥʘʣʘʤʠ ʥʘ ʘʢʚʘʪʦʨʠʠ ʧʦʣʠʛʦʥʘ 

ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʤʘʢʝʪʦʚ ʆɺʀʕ. ɼʣʷ ʢʨʝʧʣʝʥʠʷ ʩʘʤʠʭ ʪʝʨʤʠʥʘʣʦʚ 

ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʚ ʙʫʭʪʝ ʜʦʥʥʳʝ ʷʢʦʨʷ ʩ ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ ʙʫʡʢʘʤʠ. ʊʘʢʞʝ 

ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʧʦʣʠʛʦʥʝ ʚʦʣʥʦʛʨʘʬʦʚ ʠ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʙʫʷ, ʦʩʥʘʱʝʥʥʦʛʦ 

ʤʦʨʩʢʦʡ ʤʝʪʝʦʩʪʘʥʮʠʝʡ, ʠ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʙʝʨʝʛʦʚʦʡ ʮʝʥʪʨ. ʅʘ ʩʣʝʜʫʶʱʠʭ 

ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʨʘʟʤʝʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʨʩʢʠʭ ʧʦʣʠʛʦʥʦʚ ʄʘʨʠʅʝʪ ʥʘ 

ɹʘʨʝʥʮʝʚʦʤ ʠ ɹʝʣʦʤ ʤʦʨʷʭ, ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ, ʚ ʂʨʳʤʫ ʠ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ, 

ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʠ ʟʘ ʨʫʙʝʞʦʤ (ɹʈʀʂʉ). 
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The basic sources of power supply removed territories of Russia are diesel stations. Power sources, the using 

energy of the sun and a wind are applied to decrease in fuel consumption. The greatest prospect, from the point of 

view of consumers, application of complexes with a power from several kW to 100 kW on the basis of use of 

renewables - wind power and the sun and use of reserve diesel generators is. Successful development of application 

of such complexes requires existence of state support, regional programs and the developed system of service. In 

Russia there is a possibility of creation of the complexes which are fully completed by the domestic equipment. 

The complex solution of creation and use of the equipment on renewables requires creation as well as branch 

institute on renewables , and the branch. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ ʜʠʟʝʣʴʥʳʝ ʩʪʘʥʮʠʠ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʧʨʠʤʝʥʷʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʥʝʨʛʠʷ ʩʦʣʥʮʘ ʠ ʚʝʪʨʘ. 

ʅʘʠʙʦʣʴʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʤʦʱʥʦʩʪʴʶ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʢɺʪ ʜʦ 100 ʢɺʪ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ - ɻ ʥʝʨʛʠʶ ʚʝʪʨʘ 

ʠ ʩʦʣʥʮʘ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʟʝʨʚʥʳʭ ʜʠʟʝʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʛʦʩʧʦʜʜʝʨʞʢʠ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʳ ʩʝʨʚʠʩʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺ ʈʦʩʩʠʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʥʦʩʪʴʶ ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʩʦʟʜʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʢʘʢ ʦʪʨʘʩʣʝʚʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ 

ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ, ʪʘʢ ʠ ʩʘʤʦʡ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʫʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʳ, ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ, ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦ-ʜʠʟʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ,ʦʪʨʘʩʣʝʚʦʡ ʠʥʩʪʠʪʫʪ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

Keywords: power supply of remote regions, renewables, diesel generators, wind turbines, ʚʝʪʨʦ - solar and diesel 

complexes of the guaranteed power supply, branch institute on renewables. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʨʘʟʚʠʪʠʷ ʥʘʰʝʛʦ ʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ 

ʚʩʝʭ ʛʨʘʞʜʘʥ ʥʘ ʦʩʥʦʚʝ ʛʘʨʤʦʥʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʠ, ʤʝʜʠʮʠʥʳ, ʢʫʣʴʪʫʨʳ ʠ ʪ.ʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʙʨʘʥʳ 

ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʜʘʪʴ ʦʩʥʦʚʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ 

ʛʘʨʤʦʥʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʛʨʘʞʜʘʥ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʊʘʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʨʘʟʚʠʪʠʝ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʛʨʘʞʜʘʥ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʢʘ. 

 ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ ʠ ʜʘʞʝ 

ʥʘʙʣʶʜʘʶʱʫʶʩʷ ʠʟʙʳʪʦʯʥʦʩʪʴ, ʠʤʝʶʪʩʷ ʨʷʜ ʵʥʝʨʛʦʜʝʬʠʮʠʪʥʳʭ ʨʘʡʦʥʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʘʢ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʥʘ ʫʜʘʣʝʥʥʳʭ ʝʸ 

ʪʝʨʨʠʪʦʨʠʷʭ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʵʥʝʨʛʦʩʝʪʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʪʦʣʴʢʦ ʦʜʥʘ 

ʪʨʝʪʴ ʝʸ ʪʝʨʨʠʪʦʨʠʠ ʦʭʚʘʯʝʥʦ ʝʜʠʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʧʨʦʞʠʚʘʝʪ ʜʦ 10 ʤʣʥ. ʯʝʣʦʚʝʢ, ʪʘʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʵʥʝʨʛʦʨʝʩʫʨʩʳ, ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, 

ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʬʠʣʝʡ. ʂ ʪʘʢʠʤ ʨʝʛʠʦʥʘʤ ʦʪʥʦʩʷʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ, ʥʘ ʢʦʪʦʨʦʤ 

ʥʝʩʤʦʪʨʷ ʥʘ ʵʥʝʨʛʦʠʟʙʳʪʦʯʥʦʩʪʴ ʨʝʛʠʦʥʘ, ʜʦ 5 % ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʝ ʦʭʚʘʯʝʥʳ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝʤ. ɼʘʣʝʝ ʈʝʩʧʫʙʣʠʢʘ ʉʘʭʘ ïʗʢʫʪʠʷ, ɼʘʣʴʥʠʡ 

ɺʦʩʪʦʢ, ʀʨʢʫʪʩʢʘʷ ʦʙʣ. ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʩʪʨʦʚʥʳʝ ʧʦʩʝʣʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ 
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ʠ ʚ ʎʝʥʪʨʘʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʈʦʩʩʠʠ - ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ, ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʢʨʘʡ, 

ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʠ ʪ.ʜ.  

ʄʥʦʛʠʝ ʛʨʘʞʜʘʥʝ ʈʦʩʩʠʠ ʠʤʝʶʪ ʜʘʯʥʳʝ ʭʦʟʷʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝ 

ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʳ, ʠ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʠʭ ʩʪʦʷʪ ʦʯʝʥʴ ʦʩʪʨʦ. ʊʘʢʠʝ ʭʦʟʷʡʩʪʚʘ 

ʝʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʈʦʩʩʠʠ, ʚʢʣʶʯʘʷ ʜʘʞʝ ʄʦʩʢʦʚʩʢʫʶ ʦʙʣʘʩʪʴ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʤʥʦʞʝʩʪʚʦ ʧʫʥʢʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʛʨʘʥʠʮʝ ʠ ʧʨʠʛʨʘʥʠʯʥʳʭ ʧʦʩʝʣʝʥʠʷʭ ʈʦʩʩʠʠ. ʇʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʢʘʩʘʶʪʩʷ ʠ 

ʘʨʢʪʠʯʝʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʅʘ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ ʨʘʟʚʠʪʠʷ ʩʝʣʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʮʝʣʝʚʘʷ ʧʨʦʛʨʘʤʤʘ çʋʩʪʦʡʯʠʚʦʝ 

ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘ 2014-2017 ʛʦʜʳ ʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛʦʜʘè , ʢʦʪʦʨʘʷ ʪʘʢ 

ʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʝʛʦ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʦʟʜʘʥʠʝ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʞʠʟʥʠ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ 

ʧʨʠʚʣʝʯʝʥʠʷ ʤʦʣʦʜʝʞʠ.  

ʇʨʦʩʪʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʝʩʰʫʤʥʳ, ʠʤʝʶʪ ʤʘʣʳʡ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ- 0,18 -0,3 ʢʛ/ʢɺʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʠ ʝʛʦ ʧʦʪʨʝʙʣʷʶʪ. ɺ ʨʷʜʝ ʨʝʛʠʦʥʦʚ 

ʜʦʩʪʘʚʢʘ ʪʦʧʣʠʚʘ ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʘ, ʜʦʩʪʘʚʢʘ ʪʦʧʣʠʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʜʥʳʤ 

ʪʨʘʥʩʧʦʨʪʦʤ, ʘʚʪʦ-ʪʨʘʢʪʦʨʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʚʝʨʪʦʣʝʪʘʤʠ. ʉʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʢʫʧʦʯʥʦʡ ʮʝʥʦʡ ʚʦʟʨʘʩʪʘʝʪ ʚ 2-3 ʨʘʟʘ. ʇʦʵʪʦʤʫ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʟʘʢʫʧʢʫ ʪʦʧʣʠʚʘ. 

ʂʘʨʜʠʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʦʪʢʘʟʘ ʦʪ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʙʝʩʪʦʧʣʠʚʥʦʛʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ , ʠʣʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʯʪʦ ʚʦʟʤʦʞʥʦ 

ʟʘ ʩʯʝʪ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʢ ʢʦʪʦʨʳʤ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʵʥʝʨʛʠʶ ʚʝʪʨʘ, ʩʦʣʥʮʘ, ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ, ʙʠʦʵʥʝʨʛʝʪʠʢʫ, 

ʠʩʧʦʣʴʟʫʶʱʫʶ ʦʪʭʦʜʳ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʤʝʩʪʥʦʝ ʪʦʧʣʠʚʦ 

ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʟʝʤʣʠ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ, ʠ ʪ.ʜ. 

ɺʝʪʨʦ ʠ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

1. ʉʠʩʪʝʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ-ʵʪʦ ʩʝʪʝʚʳʝ ʚʝʪʨʦʧʘʨʢʠ ʠ ʩʦʣʥʝʯʥʳʝ ʩʪʘʥʮʠʠ 

ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʩʝʪʴ. ʀʭ ʤʦʱʥʦʩʪʴ ʦʥ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʪʝʥ ʢɺʪ, ʝʜʠʥʠʮ ʄɺʊ, ʘ ʚʝʪʨʦʧʘʨʢʦʚ ʜʝʩʷʪʢʦʚ ʠ ʜʘʞʝ ʩʦʪʝʥ ʄɺʪ. 

2. ɺʝʪʨʦ-ʜʠʟʝʣʴʥʳʝ, ʩʦʣʥʝʯʥʦ-ʜʠʟʝʣʴʥʳʝ ʠ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦ- ʜʠʟʝʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ. ʀʭ ʤʦʱʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʢɺʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʄɺʪ. 

3. ɿʘʨʷʜʥʳʝ ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ, ʩʦʣʥʝʯʥʳʝ ʠ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦ-ʜʠʟʝʣʴʥʳʝ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ (ʜʦ 100 ʢɺʪ), ʠʤʝʶʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʘʢʢʫʤʫʣʷʪʦʨʳ. 

 ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʥʳʭ ʚʝʪʨʦ ʠ ʩʦʣʥʝʯʥʳʭ ʩʪʘʥʮʠʡ ʤʝʛʦʚʘʪʪʥʦʛʦ ʢʣʘʩʩʘ ʧʦʟʚʦʣʷʝʪ 

ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ ʥʘʮʠʦʥʘʣʴʥʦʛʦ, ʣʠʙʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʦʙʝʩʧʝʯʝ-

ʥʠʷ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ ʥʘ ʨʘʟʚʠʪʫʶ ʝʜʠʥʫʶ ʵʥʝʨʛʦʩʝʪʴ, ʣʠʙʦ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʫʶ 

ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ ʥʘ ʫʜʘʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʦʙʲʝʤʳ 

ʨʘʩʭʦʜʦʚ ʠ ʚʳʙʨʦʩʦʚ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʪʘʨʠʬʳ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ɻ ʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚ, ʤʘʣʳʭ ʧʦʩʝʣʝʥʠʡ, 

ʧʫʥʢʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʜʨ. ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʨʝʙʫʶʪʩʷ ʤʦʱʥʦʩʪʠ ʦʪ 1é5 ʜʦ 

100 ʢɺʪ.  

ʈʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʫʜʘʩʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʪʨʦ-

ʩʦʣʥʝʯʥʳʭ, ʣʠʙʦ ʚʝʪʨʦ-ʜʠʟʝʣʴʥʳʭ, ʣʠʙʦ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦ-ʜʠʟʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʊʠʧʦʚʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘ ɺʀʕ ʠ ʨʝʟʝʨʚʥʳʤ 

ʧʠʪʘʥʠʝʤ ʦʪ ʜʠʟʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʛʜʝ ɺʕʋ- ʚʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ; ʉɹ ï 

ʩʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ, ɼɻ ï ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ; ʂɿɸ ï ʢʦʥʪʨʦʣʣʝʨ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ 

ʙʘʪʘʨʝʡ ʦʪ ɺʕʋ; ʂɿɸ ʉɹ ï ʢʦʥʪʨʦʣʣʝʨ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʦʪ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ; ʉʋ 

ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʠʟʝʣʴʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ; ɸɹ ï ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ; ʀ ï 

ʠʥʚʝʨʪʦʨ. 

ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʦʙʝʩʧʝʯʝʥʠʝ ʚʝʪʨʦ-

ʜʠʟʝʣʴʥʳʤʠ ʠ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʦ-ʜʠʟʝʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʷʚʣʷʝʪʩʷ ʠʭ ʩʝʨʚʠʩʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʦʩʪʘʚʱʠʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʝʛʦ ʤʦʥʪʘʞ, 

ʧʫʩʢʦʥʘʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʧʣʦʪʴ ʜʦ 

ʦʢʦʥʯʘʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 20-25 ʣʝʪ. 

ʈʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳ ʢʦʤʧʣʝʢʩʦʚ ʚ ʈʦʩʩʠʠ ʝʩʪʴ ʠ ʦʥʠ ʤʦʛʫʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ. 

ʆʜʥʘʢʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩ ʠʭ ʚʥʝʜʨʝʥʠʷ ʠʜʝʪ ʢʨʘʡʥʝ 

ʤʝʜʣʝʥʥʦ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʫʪʝʤ ʠʭ ʚʥʝʜʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʝʩʪʴ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ, ʥʦ ʦʥʠ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʳ ʠʟ-ʟʘ 

ʩʢʫʜʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʛʠʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʄʫʨʤʘʥʩʢʫʶ ʦʙʣʘʩʪʴ, ʛʜʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʵʣʝʢʪʨʦʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʝʣʝʥʠʡ 

ʊʝʨʩʢʦʛʦ ʙʝʨʝʛʘ ʏʘʚʘʥʴʛʘ, ʏʘʧʦʤʘ, ʊʝʪʨʠʥʦ ʠ ʇʷʣʠʮʘ ʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʚʳʷʚʣʝʥʠʶ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʝʪʨʦ-ʜʠʟʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʫʜʘʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦʣʫʦʩʪʨʦʚʘ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʦʚ ʚ 

ʃʦʚʦʟʝʨʩʢʦʤ ʨʘʡʦʥʝ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʝʣʦ ʉʦʩʥʦʚʢʘ, ʂʘʥʝʚʢʘ ʠ ʂʨʘʩʥʦʱʝʣʴʝ) ʠ 

ʦʪʢʣʦʥʝʥʦ ʨʷʜ ʜʨʫʛʠʭ ʧʦʞʝʣʘʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʚʝʪʨʦ-ʜʠʟʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ-ʟʘ 

ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʪ ʛʠʜʨʦʩʪʘʥʮʠʡ, ʠʣʠ ʧʨʦʩʪʦ ʦʪʩʫʪʩʪʚʠʝʤ ʞʠʪʝʣʝʡ ʚ 

ʜʝʨʝʚʥʷʭ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠʤʧʦʨʪʥʳʭ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ 

ʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʚʚʠʜʫ ʠʭ ʤʘʣʦʡ ʩʪʦʠʤʦʩʪʠ, ʥʦ ʦʥʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, 

ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʥʝʥʘʜʝʞʥʳʤʠ, ʠ ʨʘʙʦʪʘʶʪ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ, ʯʪʦ 

ʜʠʩʢʨʝʜʠʪʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʝʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 15 ʣʝʪ 

ʚʳʧʫʩʢʘʶʪ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʤʦʱʥʦʩʪʴʶ ʦʪ 100 ɺʪ ʜʦ 10-15 ʢɺʪ 

(ʧʨʝʜʧʨʠʷʪʠʝ ɿɸʆ ʅʀʎ çɺʠʥʜʵʢè), ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ, ʩʘʤʠ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ, ʢʘʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʦʩʝʚʳʝ, ʪʘʢ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦ-ʦʩʝʚʳʝ. 

ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʦʩʚʦʠʣʘ ʚʳʧʫʩʢ ʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʆʩʚʦʝʥ 

ʚʳʧʫʩʢ ʛʝʣʠʝʚʳʭ ʠ ʣʠʪʠʝʚʦ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 
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ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ. ʈʷʜ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚʳʧʫʩʢʘʶʪ ʠʥʚʝʨʪʦʨʳ ʠ 

ʢʦʥʪʨʦʣʣʝʨʳ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʠ ʚ ʯʝʤ ʥʝ ʫʩʪʫʧʘʶʪ ʟʘʨʫʙʝʞʥʳʤ, ʘ 

ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ ʧʦ ʥʘʜʝʞʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʤʦʩʢʦʚʩʢʦʝ 

ʧʨʝʜʧʨʠʷʪʠʝ çʉʚʷʟʴ ʠʥʞʠʥʠʨʠʥʛè.  

 ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʫʩʧʝʰʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʦ 100 ʢɺʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʈʦʩʩʠʠ ʩʦʟʜʘʥʳ ʚʩʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʧʫʩʢʘ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʦʷʱʠʭ 

ʮʝʣʠʢʦʤ ʠʟ ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪ.ʝ. ʩʜʝʣʘʥ ʰʘʛ ʢ ʩʦʟʜʘʥʠʶ ʦʪʨʘʩʣʠ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʦʤʧʣʝʢʩʦʚ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʥʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ-ʅʀʀ, ʢʦʪʦʨʦʝ 

ʟʘʥʠʤʘʣʦʩʴ ʙʳ ʢʦʤʧʣʝʢʩʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʠʭ ʧʨʦʙʣʝʤ ʚ ʠʥʪʝʨʝʩʘʭ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʈʦʩʩʠʠ. ɺ ʦʩʥʦʚʥʦʤ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʥʝʩʢʦʣʴʢʦ ʢʘʬʝʜʨ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʝ ʚ ɺʋɿʘʭ, ʠʥʩʪʠʪʫʪ ɻʅʋ ɺʀʕʉʍ, 

ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʶʪ ʩ ʠʥʩʪʠʪʫʪʦʤ ʤʝʭʘʥʠʟʘʮʠʠ ʩ/ʭ, ʢʦʪʦʨʳʝ ʯʪʦ-ʪʦ ʧʳʪʘʶʪʩʷ ʩʜʝʣʘʪʴ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ɺʳʚʦʜ r

ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʪʝʧʣʦʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦ: 

1.ʀʤʝʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ ʧʝʨʝʜʦʚʳʭ 

ʛʦʩʫʜʘʨʩʪʚʘʭ;  

2. ʉʦʟʜʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʀʥʩʪʠʪʫʪʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ, ʥʘʧʨʘʚʣʷʪʴ ʨʘʟʚʠʪʠʝ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʚ ʤʥʦʛʦʫʢʣʘʜʥʦʝ 

ʭʦʟʷʡʩʪʚʦ ʈʦʩʩʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʠ ʢʦʪʦʨʳʡ, ʥʝ ʙʫʜʝʪ ʜʦʧʫʩʢʘʪʴ ʧʦʷʚʣʝʥʠʝ ʥʘ 

ʥʘʰʝʤ ʨʳʥʢʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

3.ʉʦʟʜʘʥʠʝ ʦʪʨʘʩʣʠ ʧʦ ʨʘʟʚʠʪʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʚʢʣʶʯʘʶʱʫʶ ʨʷʜ ʧʨʦʬʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

4.ʉʦʟʜʘʥʠʝ ʩʝʨʚʠʩʥʦʡ ʩʣʫʞʙʳ, ʠʤʝʶʱʝʡ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʝʪʴ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʮʝʥʪʨʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɿʘʜʘʯʝʡ ʩʝʨʚʠʩʥʦʡ ʩʣʫʞʙʳ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʨʝʛʠʦʥʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʩʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 

ʜʚʫʭ ʜʥʝʡ. 

5. ʉʦʟʜʘʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʧʦʣʠʛʦʥʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʙʫʜʝʪ 

ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʠʢʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʠ ʝʸ 

ʚʦʟʤʦʞʥʦʩʪʠ. 
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ʉʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʦʡ ʩʝʪʴʶ ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʦʪ ʦʙʳʯʥʳʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʚ ʦʙʱʫʶ ʩʝʪʴ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ , ʯʪʦ, ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʢ ʩʠʩʪʝʤʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʛʝʥʝʨʘʮʠʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʋʩʪʦʡʯʠʚʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʰʠʨʦʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ (ɻʅʕ), ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʣʠʪʠʡ ʠʦʥʥʳʭ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʙʘʪʘʨʝʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʩʦʧʨʷʞʝʥʠʷ ʩ ʩʝʪʴʶ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ 

ʜʚʫʥʘʧʨʦʚʣʝʥʥʳʝ ʠʥʚʝʨʪʦʨʳ ʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʛʠʙʨʠʜʥʳʡ 

ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ ɻʅʕ 1000 ʩ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ 1 ʤɺʪ-ʯʘʩ ʠ ʤʦʱʥʦʩʪʴʶ 1 ʤɺʪ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʢʦʤʧʝʥʩʘʮʠʠ ʚʦʟʤʫʱʝʥʠʡ ʚ ʩʝʪʠ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 20 ʤʠʣʣʠʩʝʢʫʥʜ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʦʧʨʝʜʝʣʷʝʪ 

ʫʥʠʢʘʣʴʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʠʙʢʦʩʪʴ ɻʅʕ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʢʫʤʫʣʷʪʦʨʥʳʤʠ ʥʘʢʦʧʠʪʝʣʷʤʠ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʠʧʘ. ɻʅʕ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ - ʧʦʜʘʚʣʝʥʠʝ ʚʝʩʴʤʘ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ, ʯʘʩʪʦʪʳ, ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ 

ʤʝʩʪʦ ʧʨʠ ʩʝʨʴʝʟʥʳʭ ʘʚʘʨʠʷʭ. 

Development of smart electro-energy systems with active-adaptive grid , distinguished from the conventional 

centralized energy systems by that a big number of renewable energy sources are integrated into a common grid 

which means the transfer to the system with distributive electric power generation. 

Stable functioning of such systems is impossible without the wide use of hybrid energy storages (HESS) built on 

the basis of lithium ion batteries bank , supercapacitors bank and grid connection devices including two-way 

invertors and management system. The work describes the developed hybrid energy storage ï HESS 1000 with 

energy capacity 1 MW-h and 1 MV power. The possibility to compensate grid disturbances with duration from 20 

milliseconds to a few hours determines a unique functional flexibility of HESS in comparison with traditional 

battery energy storages. HESS is capable of providing control over electric energy quality , suppression of very 

short term deteriorations of current, voltage, frequency, active and reactive power and support to non-interruptible 

power supply to load during a few hours which may have place at serious accidents.  

Keywords: Hybrid energy storage, lithium-ion battery, supercapacitor, sopryazheiya device to the network, the 

inverter 

1. ʅʘʟʥʘʯʝʥʠʝ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ 

ʤʝʛʘʚʘʪʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʠ ʚ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ ʙʫʨʥʦ 

ʨʘʟʚʠʚʘʶʱʝʤʫʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʦʡ ʩʝʪʴʶ (ʀʕʉ ɸɸʉ). 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʦʙʳʯʥʳʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʚ ʦʙʱʫʶ ʩʝʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ), ʯʪʦ, ʧʦ ʩʫʪʠ, ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʢ ʩʠʩʪʝʤʝ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʋʩʪʦʡʯʠʚʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ 

(ɻʅʕ), ʚʳʧʦʣʥʷʶʱʠʭ ʚʳʧʦʣʥʷʶʪ ʮʝʣʳʡ ʨʷʜ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ: 

- ʆʙʝʩʧʝʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʠ ʩʙʨʦʩʝ/ʥʘʙʨʦʩʝ 

ʥʘʛʨʫʟʢʠ; 
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- ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ (ʯʘʩʪʦʪʘ); 

- ʋʣʫʯʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ) ʠ ʤʦʱʥʦʩʪʠ (ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ) ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ; 

- ɼʠʩʧʝʪʯʝʨʠʟʘʮʠʷ ʤʦʱʥʦʩʪʠ - ʚʳʨʘʚʥʠʚʘʥʠʝ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ ʚ ʩʝʪʠ (ʥʘʢʦʧʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʝʨʠʦʜʳ ʠʟʙʳʪʦʯʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚʳʜʘʯʘ ʚ ʩʝʪʴ ʚ ʧʝʨʠʦʜʳ 

ʜʝʬʠʮʠʪʘ); 

- ʉʦʢʨʘʱʝʥʠʝ ʥʝʨʝʛʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʤʝʞʩʠʩʪʝʤʥʳʭ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, 

ʧʦʚʳʰʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ; 

- ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ ʢʘʢ ʩʦʙʩʪʚʝʥʥʦ ʧʦʜʩʪʘʥʮʠʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʝʡ (ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ), ʪʘʢ ʠ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ; 

- ʆʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʠ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʢʘʢ ʘʚʪʦʥʦʤʥʦ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ɽʅʕʉ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʢʦʥʝʯʥʦʡ ʤʦʱʥʦʩʪʠ. ʅʦ ʠ ʜʣʷ ɽʕʉ ʵʪʘ 

ʟʘʜʘʯʘ ʪʘʢʞʝ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʘʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, 

ʥʫʞʥʦ ʠʤʝʪʴ ʩʠʩʪʝʤʫ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʥʘ ʤʦʱʥʦʩʪʴ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ ʄɺʪ ʠ ʙʦʣʝʝ. ɺ ʩʚʷʟʠ 

ʩ ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ (ʪʨʝʙʫʝʤʦʝ 

ʚʨʝʤʷ ï ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ), ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʩʝʛʦʜʥʷ ʚʧʦʣʥʝ ʪʝʭʥʠʯʝʩʢʠ 

ʦʩʫʱʝʩʪʚʠʤʳ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʚ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʤʝʥʥʦ ʵʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ɻʅʕ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʦ, ʠ ʠʤʝʥʥʦ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʰʣʘ ʨʝʯʴ ʠʤʝʥʥʦ ʦ ʩʦʟʜʘʥʠʠ 

ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ.  

- ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ çʛʦʨʷʯʝʛʦè ʨʝʟʝʨʚʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʉʦʛʣʘʩʥʦ [1], çʅʘ ʧʦʜʩʪʘʥʮʠʷʭ 330ʢɺ ʠ ʚʳʰʝ ʩʣʝʜʫʝʪ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʧʠʪʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʦʪ ʪʨʝʪʴʝʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷè. ʊʨʝʙʫʝʤʦʝ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʧʨʦʝʢʪʥʳʡ ʨʝʞʠʤ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʦʜʥʦʡ 

ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʝ ʧʦʪʝʨʷʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʚ ʵʪʦ ʚʨʝʤʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ɻʅʕ. ɺʨʝʤʷ ʧʝʨʝʭʦʜʘ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʨʝʞʠʤ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʥʘ 

ʥʘʛʨʫʟʢʫ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 10 ʤʩʝʢ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʢʦʨʜʥʳʤ ʜʣʷ ʧʦʜʦʙʥʳʭ 

ʫʩʪʨʦʡʩʪʚ.  

2. ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʛʠʙʨʠʜʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʤʝʛʘʚʘʪʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ  

ɻʅʕ ʩʪʨʦʷʪʩʷ ʠʟ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʙʦʣʴʰʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ (ɸɹɹʕ) ʠ ʙʘʪʘʨʝʡ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ (ʉʂ). ʇʨʠ ʵʪʦʤ ɸɹ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʜʦʩʪʠʛʘʶʱʠʤ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ, ʘ ʉʂ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʢʦʨʨʝʢʮʠʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ (ʜʦ ʜʝʩʷʪʢʦʚ ʩʝʢʫʥʜ) ʚʦʟʤʫʱʝʥʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. 

ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ɻʅʕ-1000 ʠ ʩʦʩʪʘʚ ʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʩʠʩʪʝʤʦʡ ʟʘʜʘʯ (ʬʫʥʢʮʠʷʤʠ), ʩʪʦʠʤʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʭʘʨʘʢʪʝʨʦʤ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦʪʨʝʙʠʪʝʣʷ. ʆʩʥʦʚʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʅʕ-1000 ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ: 

ï ʘʚʪʦʥʦʤʥʳʡ ʨʝʞʠʤ ï ʨʝʞʠʤ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʥʘ ʥʘʛʨʫʟʢʫ ʚ ʧʝʨʠʦʜ ʦʪʩʫʪʩʪʚʠʷ 

ʩʝʪʠ. 

ï ʨʝʞʠʤ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʥʘʛʨʫʟʢʠ ï ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʢʘ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʦʧʝʨʘʪʦʨʦʤ ʫʨʦʚʥʝ. 

ï ʨʝʞʠʤ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʤʦʱʥʦʩʪʠ ï ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʜʘʯʫ ʚ ʥʘʛʨʫʟʢʫ ʤʦʱʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʦʧʝʨʘʪʦʨʦʤ. 
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ï ʨʝʞʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ï ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʣʠʯʠʥʘ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʫʩʪʘʥʦʚʢʦʡ ʤʦʱʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʩʝʪʠ. 

ï ʨʝʞʠʤ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ï ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʝʥʩʘʮʠʶ ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʱʥʦʩʪʠ, ʧʨʦʪʝʢʘʶʱʝʡ 

ʚ ʥʘʛʨʫʟʢʝ. 

ï ʨʝʞʠʤ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʨʷʜʘ ʙʘʪʘʨʝʠ ï ʢʦʛʜʘ ʥʝ ʚʳʙʨʘʥ ʢʘʢʦʡ-ʣʠʙʦ ʨʝʞʠʤ, 

ʫʩʪʘʥʦʚʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʨʷʜʘ ʙʘʪʘʨʝʠ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ. 

ï ʨʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. 

ï ʨʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ 

ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʅʕ-1000 

ʅʦʤʠʥʘʣʴʥʘʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, (ʄɺʪ) 1,0 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (3-ʬ, 50 ɻʮ), ʢɺ 0,4 

ʕʥʝʨʛʦʝʤʢʦʩʪʴ, (ʄɺʪĿʯ) 1,0 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ (ʚʳʜʘʯʘ), (ʄɺʪ) 2,5 

ɺʨʝʤʷ ʨʘʙʦʪʳ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʴʶ, (ʩ) 

10,0 

ɺʨʝʤʷ ʨʘʙʦʪʳ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ, 

(ʯ) 

1,0 

ɼʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ (ʄʚʘʨ) ʦʪ -0,7 ʜʦ +0,7 

ʈʝʩʫʨʩ, ʥʝ ʤʝʥʝʝ (ʮʠʢʣʦʚ çʟʘʨʷʜ-ʨʘʟʨʷʜè) ʧʨʠ ʦʩʪʘʚʰʝʤʩʷ ʨʘʟʨʷʜʝ 

80% 

7000 

ʂʇɼ ʚ ʮʠʢʣʝ, ʥʝ ʤʝʥʝʝ (%) 85 

ʈʝʛʫʣʠʨʦʚʢʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪʜʝʣʴʥʦ ʧʦ ʢʘʞʜʦʡ ʬʘʟʝ (ʄʚʘʨ); ʦʪ -0,23 ʜʦ +0,23 

ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʧʦ RS-485 (ʢʙʠʪ/ʩ) 56 

ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʧʦ CAN (ʢʙʠʪ/ʩ) 250 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʟʘ ʚʝʩʴ ʩʨʦʢ ʩʣʫʞʙʳ 0,99 

ʅʘʟʥʘʯʝʥʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝ ʤʝʥʝʝ (ʣʝʪ) 20 

ʉʨʦʢ ʩʣʫʞʙʳ ʜʦ ʧʝʨʚʦʛʦ ʢʘʧ. ʨʝʤʦʥʪʘ, ʥʝ ʤʝʥʝʝ (ʣʝʪ) 5 

ʅʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ, ʥʝ ʤʝʥʝʝ (ʯ) 25000 

 

3. ʋʩʪʨʦʡʩʪʚʦ ʩʦʧʨʷʞʝʥʠʷ ʩ ʩʝʪʴʶ ʋʉʉ-1000 

ʋʩʪʨʦʡʩʪʚʦ ʩʦʧʨʷʞʝʥʠʷ ʩ ʩʝʪʴʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ 

(ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʠʥʚʝʨʪʦʨ), ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʟ 

ʟʚʝʥʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (ʠʟ ʩʝʪʠ) ʚ ʟʚʝʥʦ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ï 

ɸɹ, ʉʂ) ʠ ʦʙʨʘʪʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʣʛʦʨʠʪʤʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ 

ʋʉʉ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʂʇɼ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʚʝʢʪʦʨʥʳʭ 

ʩʧʦʩʦʙʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʆʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 10 ʄɺʪ ʥʘ 

ʢʘʥʘʣ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩ 

ʝʤʢʦʩʪʥʳʤ ʜʝʣʠʪʝʣʝʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ IGBT ʠʣʠ MOSFET ʤʦʜʫʣʷʭ [2,3].  

ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʋʉʉ-1000 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2.  
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ʊʘʙʣʠʮʘ 2. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋʉʉ 1000 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʅʦʤʠʥʘʣʴʥʘʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʋʉʉ, ʢɺʪ 1000 

ʉʭʝʤʘ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʪʨʝʭʫʨʦʚʥʝʚʘʷ 

ʅʘʧʨʷʞʝʥʠʝ ʚ ʟʚʝʥʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʢɺ  0.4 + 10% 

ʅʘʧʨʷʞʝʥʠʝ ʚ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ, ɺ 

900 

ʂʇɼ ʥʝ ʤʝʥʝʝ, % 97 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʝ ʭʫʞʝ. % 

2 

ɼʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʋʉʉ, (ʄʚʘʨ) 

ʦʪ -0,7 ʜʦ +0,7 

ʈʝʛʫʣʠʨʦʚʢʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪʜʝʣʴʥʦ 

ʧʦ ʢʘʞʜʦʡ ʬʘʟʝ (ʄʚʘʨ) 

ʦʪ -0,23 ʜʦ +0,23 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 

ʩʪʫʧʝʥʯʘʪʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʥʝ ʙʦʣʝʝ, ʤʩʝʢ 

10 

ʏʘʩʪʦʪʘ ʐʀʄ, ʥʝ ʤʝʥʝʝ ʢɻʮ 2.0 

ʇʫʣʴʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ, ʥʝ ʙʦʣʝʝ, % 

0.4 

ɺʨʝʤʷ ʧʝʨʝʭʦʜʘ ʚ ʘʚʪʦʥʦʤʥʳʡ ʨʝʞʠʤ, ʥʝ 

ʙʦʣʝʝ, ʤʩʝʢ 

50 

ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʧʦ RS-485 (ʢʙʠʪ/ʩ) 56 

ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʧʦ CAN (ʢʙʠʪ/ʩ) 250 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʟʘ ʚʝʩʴ ʩʨʦʢ 

ʩʣʫʞʙʳ 

0,99 

ʅʘʟʥʘʯʝʥʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝ ʤʝʥʝʝ 

(ʣʝʪ) 

20 

ʉʨʦʢ ʩʣʫʞʙʳ ʜʦ ʧʝʨʚʦʛʦ ʢʘʧ. ʨʝʤʦʥʪʘ, ʥʝ 

ʤʝʥʝʝ (ʣʝʪ) 

5 

ʅʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ, ʥʝ ʤʝʥʝʝ (ʯ) 25000 

 

4. ɹʘʪʘʨʝʷ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʃʀɹ-1000 

ɺ ʜʘʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʧʨʝʜʣʦʞʝʥʠʠ ʤʳ ʩʯʠʪʘʝʤ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʦʤʧʣʝʢʪ ʠʟ ʜʚʫʭ ʙʘʪʘʨʝʡ ʤʦʱʥʦʩʪʴʶ 500 ʢɺʪ ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʴʶ 500 ʢɺʪʯʘʩ (ʃʀɹ 500). 

ʇʨʠ ʨʘʙʦʪʝ ʚ ʩʦʩʪʘʚʝ ɻʅʕ ʜʚʝ ʙʘʪʘʨʝʠ ʦʙʝʩʧʝʯʘʪ ʥʝʦʙʭʦʜʠʤʫʶ ʤʦʱʥʦʩʪʴ (1 ʄɺʪ) ʠ 

ʵʥʝʨʛʦʸʤʢʦʩʪʴ (1 ʄɺʪʯʘʩ), ʥʦ ʠ ʪʘʢʞʝ ʧʦʟʚʦʣʷʪ ʧʨʦʚʦʜʠʪʴ ʨʝʛʣʘʤʝʥʪʥʳʝ ʠ ʨʝʤʦʥʪʥʳʝ 

ʨʘʙʦʪʳ ʥʘ ʦʜʥʦʡ ʠʟ ʙʘʪʘʨʝʡ - ʚʳʢʣʶʯʠʚ ʝʸ ʠʟ ʮʝʧʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ɻʅʕ ʧʨʠ 

ʨʘʙʦʪʘʶʱʝʡ ʚʪʦʨʦʡ ʙʘʪʘʨʝʠ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ɻʅʕ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʣʘʤʝʥʪʥʳʭ 

ʨʘʙʦʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ɸɹɹʕ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʥʦʚʳʡ, ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʪʠʧ ʣʠʪʠʡ 

- ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ï ʪ.ʥ. ʤʫʣʴʪʠʦʢʩʠʜʥʘʷ ʪʠʪʘʥʘʪ ʣʠʪʠʝʚʘʷ ʩʠʩʪʝʤʘ 

(ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ MLTO) - ʊʠʧ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ - 

LiʭMnOʫCozFeq/LiaTibOcC. ɼʘʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʠʤʝʶʪ ʨʝʩʫʨʩ ʙʦʣʝʝ 7 000 ʮʠʢʣʦʚ 

ʟʘʨʷʜ/ʨʘʟʨʷʜ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ 10/30ʉ ʠ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ 150 ɺʪʯ/ʢʛ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʜʘʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʧʨʝʚʦʩʭʦʜʷʪ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʣʠʚʠʥʦʚʳʝ (LiFePO4 ) ʩʠʩʪʝʤ r - ʧʦ ʨʝʩʫʨʩʫ 

ʙʦʣʝʝ, ʯʝʤ ʚ 4 ʨʘʟʘ, ʧʦ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 5-6 ʨʘʟ, ʧʦ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʥʘ 20-
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25%. ʇʨʠ ʵʪʦʤ ʙʘʪʘʨʝʠ MLTO ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʟʘʚʦʜʘʭ ʠ ʩʪʦʷʪ ʥʝ ʜʦʨʦʞʝ, 

ʯʝʤ ʠʭ ʦʣʠʚʠʥʦʚʳʝ ʟʘʨʫʙʝʞʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʘʥʘʣʦʛʠ. 

 ɹʘʪʘʨʝʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʦʤʧʣʝʢʪ ʠʟ ʜʚʫʭ ʙʘʪʘʨʝʡ ʃʀɹ-500, ʩʫʤʤʘʨʥʘʷ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʪ ʥʝʦʙʭʦʜʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʟʘʨʷʜʥʦ- ʨʘʟʨʷʜʥʳʝ ʪʦʢʠ ʠ ʩʦʟʜʘʪʴ ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ ʩ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ 1 ʄɺʪʯʘʩ ʠ ʤʦʱʥʦʩʪʴʶ 5 ʄɺʪ. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʃʀɹ-1000 ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3 

ʊʘʙʣʠʮʘ 3. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʃʀɹ-1000 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 
ɿʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ 

ʅʦʤʠʥʘʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, (ʄɺʪĿʯʘʩ)  1 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ɺ) 750 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʄɺʪ) 1,0 

ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ, (ʢɸ) 1,33 

ɺʨʝʤʷ ʨʘʙʦʪʳ ʚ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʨʝʞʠʤʝ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ (ʯʘʩ)  

1 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʄɺʪ) 1,5 

ɺʨʝʤʷ ʨʘʙʦʪʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 5 Mɺʪ (ʤʠʥ) 10 

ɺʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʝ ʙʦʣʝʝ (ʤʆʤ) 0,11 

ʊʦʢ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʥʝ ʙʦʣʝʝ (ʢɸ) 1,33 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʟʘʨʷʜʘ (ʢɸ) 6,65 

ʈʝʩʫʨʩ ʧʨʠ ʛʣʫʙʠʥʝ ʨʘʟʨʷʜʘ 80 % ʠ ʥʘʛʨʫʟʢʝ 2ʉ, ʥʝ ʤʝʥʝʝ (ʮʠʢʣʦʚ 

ʟʘʨʷʜ-ʨʘʟʨʷʜ) 

7000 

ʈʝʩʫʨʩ ʧʨʠ ʛʣʫʙʠʥʝ ʨʘʟʨʷʜʘ 20 %, ʥʝ ʤʝʥʝʝ (ʮʠʢʣʦʚ ʟʘʨʷʜ-ʨʘʟʨʷʜ), 

ʥʝ ʤʝʥʝʝ 

200 000 

ʂʇɼ ʚ ʮʠʢʣʝ, ʥʝ ʤʝʥʝʝ (%) 95 

ʉʘʤʦʨʘʟʨʷʜ ʙʘʪʘʨʝʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʦʪʢʣʶʯʝʥʠʠ ʠ ʩʢʣʘʜʩʢʦʤ 

ʭʨʘʥʝʥʠʠ 

 - ʧʝʨʚʳʡ ʤʝʩʷʮ ʭʨʘʥʝʥʠʷ, %  

 - ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʤʝʩʷʮ, %  

 

 

15 

5 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʦʣʷʮʠʠ, (ʄʦʤ), ʥʝ ʤʝʥʝʝ 20 

ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʧʦ RS-485 (ʢʙʠʪ/ʩ) 56 

ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʧʦ CAN (ʢʙʠʪ/ʩ) 250 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʟʘ ʚʝʩʴ ʩʨʦʢ ʩʣʫʞʙʳ 0,99 

ʅʘʟʥʘʯʝʥʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝ ʤʝʥʝʝ (ʣʝʪ) 20 

ʉʨʦʢ ʩʣʫʞʙʳ ʜʦ ʧʝʨʚʦʛʦ ʢʘʧ. ʨʝʤʦʥʪʘ, ʥʝ ʤʝʥʝʝ (ʣʝʪ) 5 

ʅʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ, ʥʝ ʤʝʥʝʝ (ʯ) 25000 

 

5. ɹʘʪʘʨʝʷ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ɹʉʂ-1000 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʙʘʪʘʨʝʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʚʤʝʩʪʥʦ ʆʀɺʊ ʈɸʅ ʠ ɿɸʆ "ʊʝʭʥʦʢʦʨ" ʠʟʜʝʣʠʷ ʩʪʵʢʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ ʚʳʩʦʢʠʤ ʥʦʤʠʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 

ʝʜʠʥʠʯʥʳʭ ʤʦʜʫʣʝʡ, ʧʨʦʩʪʦʪʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. ɺʘʞʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʳʭ ɿɸʆ "ʊʝʭʥʦʢʦʨ" ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʝʨʝʜ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʥʦʛʦʣʝʪʥʠʤ ʦʧʳʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʘʨʤʠʠ ʚ ʪʷʞʝʣʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ, ʚ ʪ.ʯ. ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ɹʉʂ-1000 ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 



134 ʂʆʅɻʈɽʉʉ REENCONï XXI  çɺʆɿʆɹʅʆɺʃʗɽʄɸʗ ʕʅɽʈɻɽʊʀʂɸ XXI ɺɽʂè   

 

 

 

ʧʦʣʫʙʘʪʘʨʝʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ 100 ʰʪʫʢ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʄʅʕ-

0,93/360ɹ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹʉʂ-1000 ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹʉʂ-1000 

ʅʦʤʠʥʘʣʴʥʦʝ ʩʪʘʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʟʘʨʷʜʘ, (ʢɺ) 0,7 

ʅʘʧʨʷʞʝʥʠʝ ʧʨʠ ʨʘʟʨʷʜʝ, (ʢɺ)  
0,

10%

15%380+-  

ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʙʘʪʘʨʝʠ ʚ ʮʠʢʣʝ, (ʢɺ) 0,72-0,42 

ʅʦʤʠʥʘʣʴʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠ ʨʘʟʨʷʜʝ, (ʄɺʪ) 1 

ɺʨʝʤʷ ʨʘʙʦʪʳ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʚ 

ʜʠʘʧʘʟʦʥʝ, (ʩʝʢ) 

5 õ 10 

ɺʳʭʦʜʥʦʡ ʪʦʢ ʙʘʪʘʨʝʠ ʚ ʪʝʯʝʥʠʠ 5-10 ʩʝʢʫʥʜ, (ɸ) 660é380 

ʈʝʩʫʨʩ, ʥʝ ʤʝʥʝʝ ʮʠʢʣʦʚ ʟʘʨʷʜ-ʨʘʟʨʷʜ 150000 

ʂʇɼ ʚ ʮʠʢʣʝ, ʥʝ ʤʝʥʝʝ (%) 85 

ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʧʦ RS-485 (ʢʙʠʪ/ʩ) 56 

ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʧʦ CAN (ʢʙʠʪ/ʩ) 250 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʟʘ ʚʝʩʴ ʩʨʦʢ ʩʣʫʞʙʳ 0,99 

ʅʘʟʥʘʯʝʥʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝ ʤʝʥʝʝ (ʣʝʪ) 20 

ʉʨʦʢ ʩʣʫʞʙʳ ʜʦ ʧʝʨʚʦʛʦ ʢʘʧ. ʨʝʤʦʥʪʘ, ʥʝ ʤʝʥʝʝ (ʣʝʪ) 5 

ʅʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ, ʥʝ ʤʝʥʝʝ (ʯ) 25000 

 

ɺʳʚʦʜʳ 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ 

ʧʦ ʩʦʟʜʘʥʠʶ ʛʠʙʨʠʜʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ ɻʅʕ-1000, ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

1000 ʢɺʪ ʠ ʟʘʧʘʩʝʥʥʘʷ ʵʥʝʨʛʠʷ 1000 ʢɺʪ-ʯʘʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ: 

- ʙʘʪʘʨʝʷ ʣʠʪʠʡ ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʃʀɹ-1000;  

 ʙʘʪʘʨʝʷ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ɹʉʂ-1000;  

 ʫʩʪʨʦʡʩʪʚʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʩʝʪʴʶ ʋʉʉ-1000. 

2. ɺ ʦʩʥʦʚʫ ʙʘʪʘʨʝʠ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʃʀɹ-1000 ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʣʦʞʠʪʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʣʠʪʠʡ-ʠʦʥʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʭʝʤʦʡ 

LiʭMnOʫCozFeq/LiaTibOcC (MLTO). ɸʢʢʫʤʫʣʷʪʦʨʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʝʚʦʩʭʦʜʷʪ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʣʠʚʠʥʦʚʳʝ (LiFePO4) ʩʠʩʪʝʤʳ - ʧʦ ʨʝʩʫʨʩʫ ʙʦʣʝʝ, 

ʯʝʤ ʚ 4 ʨʘʟʘ, ʧʦ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 5-6 ʨʘʟ, ʧʦ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʥʘ 20-25%. 

ʇʨʠ ʵʪʦʤ ʙʘʪʘʨʝʠ MLTO ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʡ ʞʝ ʮʝʥʦʚʦʡ ʛʨʫʧʧʝ, ʯʪʦ ʠ ʦʣʠʚʠʥʦʚʳʝ ʙʘʪʘʨʝʠ 

ʟʘʨʫʙʝʞʥʦʛʦ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

3. ɺ ʦʩʥʦʚʫ ʙʘʪʘʨʝʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ɹʉʂ-1000 ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʣʦʞʠʪʴ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨʥʳʡ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨ ʩ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʫʚʝʣʠʯʝʥʥʫʶ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘʤʠ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘʙʦʨʥʳʝ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʨʘʙʦʪʝ ʚ ʩʦʩʪʘʚʝ 

ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʩʝʪʷʭ ʩ ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ 

ʥʘʧʨʷʞʝʥʠʷ. 

4. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʩʦʧʨʷʞʝʥʠʷ ʩ ʩʝʪʴʶ ʤʝʛʘʚʘʪʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʋʉʉ-1000 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʯʘʩʪʦʪʳ ʩ ʝʤʢʦʩʪʥʳʤ ʜʝʣʠʪʝʣʝʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ IGBT ʠʣʠ MOSFET ʤʦʜʫʣʷʭ ʠ ʧʝʨʝʭʦʜ 



INTERNATIONAL  RENEWABLE ɽNERGY CONGRESS REENCONï XXI 2016 135 

 

 

 

ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʚʫʭʫʨʦʚʥʝʚʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʦ ʩʚʦʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʩʪʦʠʤʦʩʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

5. ʇʨʦʚʝʜʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɻʅʕ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʦʢʨʳʪʠʷ ʥʘʛʨʫʟʦʢ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʩʝʪʠ ʚ 

ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʜʦ 5 ʯʘʩʦʚ. [4] ʅʘʛʨʫʟʢʠ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʧʦʜʢʣʶʯʝʥʠʠ ʤʦʱʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʣʠ ʘʚʘʨʠʡʥʦʤ ʦʪʢʘʟʝ ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʫʶʱʠʭ ʠʣʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

6. ɺʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʚʦʟʤʫʱʝʥʠʡ ʚ ʩʝʪʠ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 20 

ʤʠʣʣʠʩʝʢʫʥʜ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʦʧʨʝʜʝʣʷʝʪ ʫʥʠʢʘʣʴʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʠʙʢʦʩʪʴ 

ɻʅʕ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʢʫʤʫʣʷʪʦʨʥʳʤʠ ʥʘʢʦʧʠʪʝʣʷʤʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʠʧʘ. ɻʅʕ 

ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ - ʧʦʜʘʚʣʝʥʠʝ ʚʝʩʴʤʘ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ, ʯʘʩʪʦʪʳ ʠ ʤʦʱʥʦʩʪʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ 

ʤʝʩʪʦ ʧʨʠ ʩʝʨʴʝʟʥʳʭ ʘʚʘʨʠʷʭ. 

7. ʅʘʠʙʦʣʴʰʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠʤʝʝʪ ʧʨʠʤʝʥʝʥʠʝ ɻʅʕ-1000 ʜʣʷ ʧʦʢʨʳʪʠʷ 

ʨʝʟʢʠʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ ï çʚʩʧʣʝʩʢʦʚè ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ï ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ, ʢʦʛʜʘ ɻʅʕ-1000 ʩʧʦʩʦʙʝʥ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʚʦʟʤʫʱʝʥʠʡ. 

8. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɻʅʕ-1000 ʥʘ ʙʘʟʝ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ 

ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʜʥʷʪʴ ʨʝʩʫʨʩ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʦʧʪʠʤʠʟʠʨʫʷ ʨʝʞʠʤ ʠʭ ʨʘʙʦʪʳ.  
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ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤ ʵʥʝʨʛʝʪʠʢʠ ʠʤ. ʃ.ɸ. ʄʝʣʝʥʪʴʝʚʘ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

Saneev B.G., Ivanova I .Yu., Tuguzova T.F. 

 Melentiev Energy Systems Institute SB RAS, Irkutsk, Russia 

ɺ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʠʤʝʶʪʩʷ ʵʢʦʥʦʤʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʨʝʩʫʨʩʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʥʘʣʠʯʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʦʥ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʚ ʩʠʣʫ ʩʣʘʙʦʡ ʦʩʚʦʝʥʥʦʩʪʠ ʠ ʧʨʦʪʷʞʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʦʢʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ 

ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʛʜʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʙʦʣʝʝ 30% ʤʦʱʥʦʩʪʠ ʤʘʣʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʈʦʩʩʠʠ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʥʳʭ ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʦʚ ʥʘ ʢʦʥʮʘʭ 

ʧʨʦʪʷʞʝʥʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʚ ʢʦʪʝʣʴʥʳʭ, ʙʦʣʴʥʠʮʘʭ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʷʚʣʷʝʪʩʷ ʘʚʪʦʥʦʤʥʳʤʠ ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʘʤʠ ʚ ʥʝʙʦʣʴʰʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ ʧʦ 

ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ.  

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ. 

ʇʦʢʘʟʘʥʳ ʨʝʩʫʨʩʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʚʦʩʪʦʢʝ ʈʌ: 

ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʥʝʨʛʠʠ ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ, ʚʝʪʨʘ, ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ɺʳʧʦʣʥʝʥʦ ʟʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʌ ʧʦ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ ʩ ʫʢʘʟʘʥʠʝʤ ʤʝʩʪ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚʝʪʨʦ- ʠ 

ʬʦʪʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʛʨʫʟʢʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥ ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2050 

ʛ. ʚ ʟʦʥʘʭ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘ ʚʦʩʪʦʢʝ ʈʌ ʩ ʫʢʘʟʘʥʠʝʤ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ, ʟʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʛʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʪʝʥʮʠʘʣʘ, ʦʧʪʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʤʘʢʩʠʤʫʤ ʥʘʛʨʫʟʢʠ, ʧʨʦʛʥʦʟʳ ʨʘʟʚʠʪʠʷ. 

Key words. Off-grid consumers, zoning of territory, annual distribution of resource indices, optimal capacity, 

maximum load, development forecasts 

ʈʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ 

ʵʢʦʥʦʤʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʨʝʩʫʨʩʥʳʤʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ: ʥʘʣʠʯʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʟʦʥ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʚ ʩʠʣʫ ʩʣʘʙʦʡ 

ʦʩʚʦʝʥʥʦʩʪʠ ʠ ʧʨʦʪʷʞʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʠ ʠʤʝʶʱʠʡʩʷ ʧʦʪʝʥʮʠʘʣ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʧʨʠʨʦʜʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʙʦʣʝʝ 30% 

ʤʦʱʥʦʩʪʠ ʤʘʣʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʈʦʩʩʠʠ [1]. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʣʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʧʨʝʚʳʰʘʝʪ 1,4 ʪʳʩ. ʰʪʫʢ, ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ï 3 ʪʳʩ. ʰʪʫʢ, 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ï 800 ʄɺʪ ʠ 1080 ʄɺʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʨʘʙʦʪʢʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 1,9 ʤʣʨʜ ʢɺʪĿʯ ʠ 1,3 ʤʣʨʜ ʢɺʪĿʯ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʤʦʱʥʦʩʪʠ ʪʘʢʠʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʘʢʪʠʚʠʟʘʮʠʝʡ ʨʘʙʦʪ ʧʦ ʦʩʚʦʝʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ 

ʵʪʠʭ ʩʫʙʲʝʢʪʦʚ ʈʌ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʠ ʧʫʩʢʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ 

ʥʝʬʪʝʧʨʦʚʦʜʘ ɺʉʊʆ.  
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ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ 

ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʢɻʩʧʣʫʘʪʠʨʫʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʫʜʘʣʝʥʥʳʭ ʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʟʦʥʳ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ.  

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʦʪʝʨʤʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ: ʚʩʝ ʨʦʩʩʠʡʩʢʠʝ 

ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɻʝʦʕʉ) ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ 

(ʇʘʫʞʝʪʩʢʘʷ, ʄʫʪʥʦʚʩʢʘʷ ʠ ɺʝʨʭʥʝ-ʄʫʪʥʦʚʩʢʘʷ) ʠ ʉʘʭʘʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʄʝʥʜʝʣʝʚʩʢʘʷ 

ʠ ʆʢʝʘʥʩʢʘʷ). ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ɻʝʦʕʉ ʚ 2013-2014 ʛʛ. ʩʥʠʟʠʣʘʩʴ ʜʦ 77,6 ʄɺʪ ʚ ʩʚʷʟʠ 

ʩ ʚʳʚʦʜʦʤ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʫʭ ʙʣʦʢʦʚ ʧʦ 1,8 ʄɺʪ ʆʢʝʘʥʩʢʦʡ ɻʝʦʕʉ. ɽʞʝʛʦʜʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʛʝʦʪʝʨʤʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ 440-470 

ʤʣʥ ʢɺʪĿʯ.  

ʊʘʙʣʠʮʘ. ɼʠʥʘʤʠʢʘ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, 

ʄɺʪ 

ʇʦʢʘʟʘʪʝʣʴ 
ɻʦʜ 

2011 2012 2013 2014 2015 

ɺʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴ, ʚʩʝʛʦ 0,3 0,3 0,4 0,43 5,43 

ʚ ʪʦʤ ʯʠʩʣʝ: ʄɻʕʉ 0,3 0,3 0,3 0,3 0,3 

ɺʕʉ - 0,015 0,015 0,027 0,027 

ʉʕʉ - 0,086 0,086 0,098 5,1 

ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ, ʚʩʝʛʦ 108,3 133,5 131,9 130,8 132,5 

ʚ ʪʦʤ ʯʠʩʣʝ: ʄɻʕʉ 23,8 48,8 48,8 48,8 48,8 

ɺʕʉ 3,25 3,4 3,6 4,2 4,8 

ɻʝʦʕʉ 81,2 81,2 79,4 77,6 77,6 

ʉʕʉ 0,01 0,05 0,09 0,23 1,34 

ʀʊʆɻʆ 108,6 133,9 132,3 131,3 137,9 
ʇʨʠʤʝʯʘʥʠʝ ï ʩʦʩʪʘʚʣʝʥʦ ʧʦ ʬʦʨʤʘʤ ʈʦʩʩʪʘʪʘ 6-ʊʇ ʠ ʜʘʥʥʳʤ ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʤʘʣʳʭ ʨʝʢ ʚ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ ʥʝʚʝʣʠʢʦ. ɿʜʝʩʴ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚʩʝʛʦ ʯʝʪʳʨʝ ʤʘʣʳʝ ɻʕʉ (ʄɻʕʉ) (ʂʳʟʳʣ-ʍʘʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʳʚʘ, 

ʢʘʩʢʘʜ ʊʦʣʤʘʯʝʚʩʢʠʭ ʠ ɹʳʩʪʨʠʥʩʢʘ ̫ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ, ʉʝʚʝʨʦ-ʂʫʨʠʣʴʩʢʘ ̫ ʥʘ 

ʦ. ʇʘʨʘʤʫʰʠʨ ʚ ʉʘʭʘʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ) ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ 49,1 ʄɺʪ (ʨʠʩ. 1).  

ʅʘ ʚʦʩʪʦʢʝ ʈʦʩʩʠʠ ʥʘʭʦʜʪ̫ʩʷ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ (ɺʕʉ) 

ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 5 ʄɺʪ ï ɸʥʘʜʳʨʩʢʘʷ ɺʕʉ (2,5 ʄɺʪ) ʚ ʏʫʢʦʪʩʢʦʤ ɸʆ, ɺʕʉ 

ʚ ʩ. ʅʠʢʦʣʴʩʢʦʝ ʥʘ ʦ. ɹʝʨʠʥʛʘ (1,05 ʄɺʪ) ʠ ʚ ʧ. ʋʩʪʴ-ʂʘʤʯʘʪʩʢ (0,575 ʄɺʪ) ʂʘʤʯʘʪʩʢʦʛʦ 

ʢʨʘ̫, ʚ ʚ ʧ. ʅʦʚʠʢʦʚʦ (0,45 ʄɺʪ) ʉʘʭʘʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʧ. ɹʳʢʦʚ ʄʳʩ (0,04 ʄɺʪ) 

ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ), ʚ ʩ. ʇʝʨʝʪʳʯʠʭʘ (0,05 ʄɺʪ) ʠ ʥʘ ʦ. ʈʝʡʥʝʢʝ (0,05 ʄɺʪ) 

ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ, ʚ ʆʕɿ çɹʘʡʢʘʣʴʩʢʘʷ ʛʘʚʘʥʴè (0,012 ʄɺʪ) ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ ʠ ʥʘ 

ʧʦʙʝʨʝʞʴʝ ʦʟ. ɹʘʡʢʘʣ (0,015 ʄɺʪ) ʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʝʪʨʦʫʩʪʘʥʦʚʢʘ ʚ ʧ. ʊʠʢʩʠ (0,25 

ʄɺʪ) ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʚ 2015 ʛ. ʚʳʚʝʜʝʥʘ ʠʟ ʩʪʨʦʷ. 

ɿʘ ʧʝʨʠʦʜ 2012-2015 ʛʛ. ʚ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ ʚʚʝʜʝʥʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 15 ʤʝʣʢʠʭ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʉʕʉ) ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʪ ʵʥʝʨʛʦʩʠʩʪʝʤ ʨʘʡʦʥʘʭ ʠ ʟʦʥʘʭ 

ʦʩʦʙʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ʆʩʦʙʝʥʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʈʝʩʧʫʙʣʠʢʫ ʉʘʭʘ (ʗʢʫʪʠʷ), ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʉʕʉ ʩʦʩʪʘʚʣʷʝʪ 1,34 ʄɺʪ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ɹʘʪʘʛʘʡʩʢʘʷ ʉʕʉ ʤʦʱʥʦʩʪʴʶ 1 ʄɺʪ. ʉʘʤʦʡ ʢʨʫʧʥʦʡ 

ʷʚʣʷʝʪʩʷ ɸʙʘʢʘʥʩʢʘʷ ʩʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʤʦʱʥʦʩʪʴʶ 5 ʄɺʪ, ʚʚʝʜʝʥʥʘʷ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʈʝʩʧʫʙʣʠʢʝ ʍʘʢʘʩʠʷ ʚ ʢʦʥʮʝ 2015 ʛ.  

ʈʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ɺ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʌ ʠʤʝʶʪʩʷ ʠ ʨʝʩʫʨʩʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥ 
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ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ: ʵʥʝʨʛʠʠ ʤʘʣʳʭ 

ʚʦʜʦʪʦʢʦʚ, ʚʝʪʨʘ, ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ.  

 

 
ʈʠʩ. 1. ʈʘʟʤʝʱʝʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʌ 

(ʩʦʩʪʦʷʥʠʝ 2015 ʛ.) 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ ʨʝʛʠʦʥʘʤ ʠ ʦʙʫʩʣʦʚʣʝʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʧʦʪʝʥʮʠʘʣʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 

ɺʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʙʦʣʝʝ 50% ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʈʌ, ʦʜʥʘʢʦ ʝʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʨʝʛʠʦʥʦʚ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɹʦʣʝʝ 65% ʚʘʣʦʚʦʛʦ 

ʚʝʪʨʦʧʦʪʝʥʮʠʘʣʘ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ [2].  

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʦʩʚʦʝʥʠʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚ ʚʦʩʪʦʯʥʳʭ 

ʨʝʛʠʦʥʘʭ ʷʚʣʷʶʪʩʷ ʧʦʙʝʨʝʞʴ̫  ʩʝʚʝʨʥʳʭ ʠ ʚʦʩʪʦʯʥʳʭ ʤʦʨʝʡ, ʘ ʪʘʢʞʝ ʛʦʨʥʳʝ ʨʘʡʦʥʳ ʠ 

ʚʦʟʚʳʰʝʥʥʳʝ ʤʝʩʪʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʠʤʝʶʱʠʝ ʦʩʦʙʳʝ ʚʝʪʨʦʚʳʝ ʨʝʞʠʤʳ ï 

ʥʘʧʨʠʤʝʨ, ʟʦʥʘ ʦʟʝʨʘ ɹʘʡʢʘʣ [3].  

ɻʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. ɺʘʣʦʚʳʡ ʛʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʦʩʪʦʯʥʳʭ 

ʨʝʛʠʦʥʦʚ ʈʌ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1343 ʤʣʨʜ ʪ ʫ.ʪ., ʙʦʣʝʝ 60% ʢʦʪʦʨʦʛʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ [2]. 

 ʇʨʠʭʦʜ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʢʘʢ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ, 

ʥʦʩʠʪ ʜʦʩʪʘʪʦʯʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʷʩʥʦʡ ʭʘʨʘʢʪʝʨ ʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 700 ʢɺʪĿʯ/ʤ2 ʥʘ 

ʂʨʘʡʥʝʤ ʉʝʚʝʨʝ ʜʦ 1400 ʢɺʪĿʯ/ʤ2 ʚ ʶʞʥʦʡ ʯʘʩʪʠ [3]. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ 

ʩʠʷʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʦʚ, ʚʢʣʶʯʘʷ ʉʘʭʘʣʠʥʩʢʫʶ 

ʦʙʣʘʩʪʴ ʠ ʂʘʤʯʘʪʩʢʠʡ ʢʨʘʡ, ʥʝ ʧʨʝʚʳʰʘʝʪ 1700 ʯ/ʛʦʜ, ʘ ʚ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ʜʦʩʪʠʛʘʝʪ 2600 

ʯ/ʛʦʜ.  

ʕʥʝʨʛʦʨʝʩʫʨʩʳ ʤʘʣʳʭ ʨʝʢ. ɺʦʩʪʦʯʥʳʝ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ ʨʘʩʧʦʣʘʛʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʛʠʜʨʦʧʦʪʝʥʮʠʘʣʦʤ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʨʝʢ, ʘ 

ʪʘʢʞʝ ʨʫʯʴʝʚ.  
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ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʟʘʢʣʶʯʝʥʦ ʙʦʣʝʝ 70% 

ʚʘʣʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʘʣʳʭ ʨʝʢ ʈʦʩʩʠʠ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ 

ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʌ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 802 ʤʣʨʜ ʢɺʪĿʯ, ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ [2].  

ʀʩʭʦʜʷ ʠʟ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ, ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʀʨʢʫʪʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ, ʨʝʩʧʫʙʣʠʢʘʭ ɹʫʨʷʪʠʠ, ʍʘʢʘʩʠʠ ʠ ʶʞʥʦʡ ʯʘʩʪʠ 

ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ).  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʋʯʠʪʳʚʘʷ ʧʝʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʦʪʝʥʮʠʘʣʘ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʚʳʩʦʢʫʶ ʢʘʧʠʪʘʣʦʝʤʢʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ, ʠʭ 

ʠʩʧʦʣʴʟʫʶʱʠʭ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʫ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʪ 

ʵʥʝʨʛʦʩʠʩʪʝʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʤʝʝʪ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ɺʀʕ ʩ ʧʦʟʠʮʠʡ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʩʪʦʠʤʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʘʚʪʦʨʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʵʥʝʨʛʠʠ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʘʷ ʚ [4], ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʚʤʝʱʝʥʠʠ ʛʦʜʦʚʳʭ ʛʨʘʬʠʢʦʚ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ɺʀʕ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ. 

ʂʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚʳʩʪʫʧʘʝʪ ʤʠʥʠʤʫʤ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʚ ɺʀʕ 

ʠ ʩʪʦʠʤʦʩʪʠ ʚʳʪʝʩʥʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʤ ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʝ. 

ʄʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ 

ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʪ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

ʧʦʪʨʝʙʠʪʝʣʝʡ: ʨʝʟʫʣʴʪʘʪʳ ʩʣʫʞʘʪ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʘ ʩʦʦʨʫʞʝʥʠʷ ɺʀʕ ʥʘ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʦʢʦʚ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʠ ʵʪʘʧʳ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʜʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠ ʧʨʠʤʝʨʳ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [1].  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʥʥʳʭ 

ʛʠʜʨʦʤʝʪʝʦʩʪʘʥʮʠʡ ʦʙ ʠʟʤʝʥʝʥʠʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʚ ʚʦʩʪʦʯʥʳʭ 

ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʚʳʷʚʣʝʥʳ ʪʨʠ ʛʨʫʧʧʳ ʚʥʫʪʨʠʛʦʜʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʚʝʪʨʦʧʦʪʝʥʮʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩ ʭʘʨʘʢʪʝʨʥʳʤ 

ʤʘʢʩʠʤʫʤʦʤ (ʨʠʩ. 2):  

- ʟʠʤʥʠʤ ï ʥʘ ʧʦʙʝʨʝʞʴʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ; 

- ʣʝʪʥʠʤ ï ʥʘ ʘʨʢʪʠʯʝʩʢʦʤ ʧʦʙʝʨʝʞʴʝ;  

- ʚʝʩʝʥʥʝ-ʦʩʝʥʥʠʤ ï ʥʘ ʤʘʪʝʨʠʢʦʚʦʡ ʯʘʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʙʱʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ 

ʩʦʩʪʘʚʝ ʚʝʪʨʦʜʠʟʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʛʨʫʟʢʠ ʧʦʪʨʝʙʠʪʝʣʷ. ʅʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʝʣʠʯʠʥʘ ʚʝʪʨʦʧʦʪʝʥʮʠʘʣʘ: ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʦʧʪʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ɺʕʉ ʧʨʝʚʦʩʭʦʜʠʪ ʤʘʢʩʠʤʫʤ ʥʘʛʨʫʟʢʠ ʧʦʪʨʝʙʠʪʝʣʷ ʚ 3-10 ʨʘʟ, 

ʧʨʠ ʚʳʩʦʢʠʭ ï ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 3). ʆʧʪʠʤʘʣʴʥʦʡ 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʤʦʱʥʦʩʪʴ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʤʠʥʠʤʫʤʝ 

ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʦʡ. 

ɺʣʠʷʥʠʝ ʚʥʫʪʨʠʛʦʜʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʧʦʪʝʥʮʠʘʣʘ ʥʘ ʚʝʣʠʯʠʥʫ 

ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʥʝ ʩʪʦʣʴ ʚʳʨʘʞʝʥʥʦ ʠ ʧʨʦʷʚʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʤʝʥʴʰʝ 25%. ʅʘʠʣʫʯʰʠʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʮʝʣʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʠʛʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʪʨʦʧʦʪʝʥʮʠʘʣʘ, ʠʤʝʶʱʝʝ ʟʠʤʥʠʡ ʤʘʢʩʠʤʫʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʪ ʵʥʝʨʛʦʩʠʩʪʝʤ.  
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ʈʠʩ. 1. ʍʘʨʘʢʪʝʨʥʳʝ ʛʨʫʧʧʳ ʚʥʫʪʨʠʛʦʜʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʪʨʦʧʦʪʝʥʮʠʘʣʘ  
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ʟʠʤʥʠʡ ʤʘʢʩʠʤʫʤ ʣʝʪʥʠʡ ʤʘʢʩʠʤʫʤ ʚʝʩʝʥʥʝ-ʦʩʝʥʥʠʡ ʤʘʢʩʠʤʫʤ 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ɺʕʉ ʠ ʤʘʢʩʠʤʫʤʘ ʥʘʛʨʫʟʢʠ 

ʧʦʪʨʝʙʠʪʝʣʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʪʨʦʧʦʪʝʥʮʠʘʣʘ 

ʇʨʦʛʥʦʟʳ ʨʘʟʚʠʪʠʷ 

ʈʘʮʠʦʥʘʣʴʥʳʝ ʤʘʩʰʪʘʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ 

ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʌ ʥʘ ʧʝʨʠʦʜ ʜʦ 2050 ʛ. ʦʧʨʝʜʝʣʝʥʳ ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʘʚʪʦʨʘʤʠ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʵʥʝʨʛʦʩʪʨʘʪʝʛʠʡ ʩʫʙʲʝʢʪʦʚ 

ʈʌ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ [5-7].  

ʉʫʤʤʘʨʥʳʝ ʚʚʦʜʳ ʤʦʱʥʦʩʪʠ ɺʀʕ ʚ ʨʘʡʦʥʘʭ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʌ ʚ ʧʝʨʠʦʜ ʜʦ 2050 ʛ. ʦʮʝʥʠʚʘʶʪʩʷ ʚ 875-1230 

ʄɺʪ ʧʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤʫ ʠ ʮʝʣʝʚʦʤʫ ʩʮʝʥʘʨʠʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʥʦʚʥʘʷ ʜʦʣʷ 

ʚʚʦʜʠʤʳʭ ʤʦʱʥʦʩʪʝʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʦʚ (360-370 ʄɺʪ) ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʦʢʦʣʦ 40% ʦʪ ʩʫʤʤʘʨʥʳʭ ʚʚʦʜʦʚ ʩʦʩʪʘʚʣʷʶʪ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʩʪʘʥʮʠʠ ï 142-222 ʄɺʪ. 

ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʢ ʢʦʥʮʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ ʚ ʮʝʣʦʤ ʧʦ ʨʝʛʠʦʥʫ ʩʦʩʪʘʚʠʪ ʧʦʨʷʜʢʘ 1006-1360 ʄɺʪ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʮʝʥʘʨʠʷ ʨʘʟʚʠʪʠʷ (ʨʠʩ. 4).  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʪʘʢʠʭ ʤʘʩʰʪʘʙʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ɺʀʕ ʚ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ ʢ 2030 ʛ. ʩʦʩʪʘʚʠʪ 1,0-1,7 

ʤʣʨʜ ʢɺʪĿʯ/ʛʦʜ, ʢ 2050 ʛ. ï 2,2-2,7 ʤʣʨʜ ʢɺʪĿʯ/ʛʦʜ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʘ ʚ 

ʦʙʲʝʤʘʭ 0,3-0,7 ʠ 0,8-1 ʤʣʥ ʪ ʫ.ʪ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʨʝʜʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ ʚ ʮʝʥʦʚʦʡ ʟʦʥʝ ʦʧʪʦʚʦʛʦ ʨʳʥʢʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʠ ʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʨʘʡʦʥʳ ʩ 

ʣʫʯʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʪʝʥʮʠʘʣʘ:  

- ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ï ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢ ʍʘʢʘʩʠʷ ʠ ʊʳʚʘ, 

ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʠ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ; 

- ʚʝʪʨʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ï ʥʘ ʩʝʚʝʨʝ ʊʘʡʤʳʨʩʢʦʛʦ ɸʆ; 

- ʤʘʣʳʭ ɻʕʉ ï ʫʜʘʣʝʥʥʳʝ ʨʘʡʦʥʳ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ. 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚʝʪʨʦʧʦʪʝʥʮʠʘʣʘ ʠ ʩʣʦʞʠʚʰʠʝʩʷ ʫʩʣʦʚʠʷ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ 

ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʟʦʥʳ ʠ ʫʜʘʣʝʥʥʳʭ ʨʘʡʦʥʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʙʝʨʝʞʴʝ ʩʝʚʝʨʥʳʭ ʠ ʚʦʩʪʦʯʥʳʭ ʤʦʨʝʡ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ), 

ʊʘʡʤʳʨʩʢʦʛʦ ʠ ʏʫʢʦʪʩʢʦʛʦ ʘʚʪʦʥʦʤʥʳʭ ʦʢʨʫʛʦʚ, ʇʨʠʤʦʨʩʢʦʛʦ, ʍʘʙʘʨʦʚʩʢʦʛʦ ʠ 

ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʝʚ, ʉʘʭʘʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʩʣʦʞʠʚʰʝʡʩʷ ʩʪʦʠʤʦʩʪʥʦʡ ʩʠʪʫʘʮʠʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʝ ʪʦʣʴʢʦ ʚ ʶʞʥʳʭ ʨʘʡʦʥʘʭ, ʥʦ ʠ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʈʝʩʧʫʙʣʠʢʠ 

ʉʘʭʘ (ʗʢʫʪʠʷ), ʫʯʠʪʳʚʘʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʮʝʥʳ ʥʘ ʟʘʤʝʱʘʝʤʦʝ ʪʦʧʣʠʚʦ. ʆʧʳʪ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʕʉ ʚ ʨʝʩʧʫʙʣʠʢʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʪʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ.  

ʇʝʨʝʯʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʦʝʢʪʦʚ ʩʦʦʨʫʞʝʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʌ ʧʨʠʚʝʜʝʥ ʚ [8].  

 

 

ɺʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴ ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ 

ʈʠʩ. 4. ɼʠʥʘʤʠʢʘ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ 

ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʌ 

1 ï ɻʝʦʕʉ, 2 ï ʄɻʕʉ, 3 ï ɺʕʉ, 4 - ʉʕʉ 
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ʄɽʊɸʃʃʆɻʀɼʈʀɼʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʆʏʀʉʊʂʀ ʀ ʍʈɸʅɽʅʀʗ 

ɺʆɼʆʈʆɼɸ, ʇʈʆʀɿɺʆɼʀʄʆɻʆ ʀɿ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ ʀʉʊʆʏʅʀʂʆɺ 

METAL HYDRIDE MATERIALS FOR SEPARATION AND STORAGE OF 

HYDROGEN, PRODUCED FROM RENEWABLES 

ʂʘʟʘʢʦʚ ɸ.ʅ., 1; ɼʫʥʠʢʦʚ ɼ.ʆ., 1; ɹʣʠʥʦʚ ɼ.ɺ., 1; ʄʠʪʨʦʭʠʥ ʉ.ɺ.,2 

1: ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʈɸʅ, ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

2: ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʈʦʩʩʠʷ, ʄʦʩʢʚʘ 

Kazakov A.N., 1; Dunikov D.O., 1; Blinov D.V., 1; Mitrokhin  S.V., 2 

1:Joint Institute for High Temperatures Russian Academy of Sciences, Russia, Moscow 

2: Moscow State University, Russia, Moscow 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ (ɺʀʕ) ʚ ʵʥʝʨʛʝʪʠʢʝ ʪʨʝʙʫʶʪ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʜʦʨʦʜʥʦʝ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʮʝʧʦʯʢʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʧʝʨʚʠʯʥʳʡ 

ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ, ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʥʫʶ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʫ. 

ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʀʄʉ) ɸɺ5-ʪʠʧʘ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʦʯʠʩʪʢʠ, 

ʧʝʨʚʠʯʥʦʡ ʢʦʤʧʨʝʩʩʠʠ ʚʦʜʦʨʦʜʘ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʠʟ ɺʀʕ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʀʄʉ ʧʨʠʛʦʪʦʚʣʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʣʘʚʳ ɸɺ5-ʪʠʧʘ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ 

ʨʘʚʥʦʚʝʩʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ 0.02 ï 0.04 ʄʇʘ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʠʟ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʜʠʘʛʨʘʤʤ ɺʘʥʪ-ɻʦʬʬʘ. ʈʉʊ-ʜʠʘʛʨʘʤʤʳ ʩʧʣʘʚʦʚ ʠʟʤʝʨʝʥʳ 

ʤʝʪʦʜʦʤ ʉʠʚʝʨʪʩʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 293 ï 333 ʂ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʚʥʦʚʝʩʥʳʝ ʜʘʚʣʝʥʠʷ 

ʜʝʩʦʨʙʮʠʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ. 

A significant increase in the use of renewable energy sources required new technologies of energy production and 

storage. Hydrogen energy storage seems to be promising for such applications. This approach include chain 

connecting a primary energy source, a hydrogen production, a hydrogen storage system and a hydrogen power 

plant. 

AB5-type intermetallic compounds (IMCs) have a number of advantages for the storage, separation and 

purification, primary compression of hydrogen produced from renewable energy sources. Based on the semi-

empirical model for calculating alloysô thermodynamic properties AB5-type IMCs with predicted equilibrium 

pressures of 0.02 - 0.04 MPa, capable of hydrogen sorption of the gas streams, were prepared and investigated. 

The thermodynamic parameters were determined from van't Hoff plots. PCT-isotherms of the alloys were 

measured in temperature range 293 ï 333 K by Sievertôs method. The experimental equilibrium pressure for 

desorption of the alloys were slightly higher than projected. 

Keywords: intermetallic compounds, metal hydrides, PCT-properties, hydrogen purification, hydrogen storage, 

renewable energy sources 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʤʝʪʘʣʣʦʛʠʜʨʠʜʳ, ʈʉʊ-ʩʚʦʡʩʪʚʘ, ʦʯʠʩʪʢʘ ʚʦʜʦʨʦʜʘ, 

ʭʨʘʥʝʥʠʝ ʚʦʜʦʨʦʜʘ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚʦ ʚʥʝʜʨʝʥʠʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʵʥʝʨʛʝʪʠʢʝ ʪʨʝʙʫʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ [1]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʜʦʨʦʜʥʦʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ 

ʵʥʝʨʛʠʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʮʝʧʦʯʢʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʧʝʨʚʠʯʥʳʡ 

ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ, ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʥʫʶ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʫ [2]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠʷ ʩ ɺʀʕ ʵʪʘ ʮʝʧʦʯʢʘ ʩʚʦʜʠʪʩʷ ʢʘʢ ʧʨʘʚʠʣʦ 

ʢ ʧʦʣʫʯʝʥʠʶ ʚʦʜʦʨʦʜʘ ʧʫʪʝʤ ʵʣʝʢʪʨʦʣʠʟʘ, ʭʨʘʥʝʥʠʶ ʚʦʜʦʨʦʜʘ ʚ ʩʞʘʪʦʤ ʠʣʠ 

ʪʚʝʨʜʦʬʘʟʥʦʤ ʩʚʷʟʘʥʥʦʤ ʚʠʜʝ ʠ ʧʦʣʫʯʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʚʦʜʦʨʦʜʦʩʞʠʛʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ (ʚʢʣʶʯʘʷ ʜʚʠʛʘʪʝʣʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ) [3, 4]. ɼʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʚʦʜʦʨʦʜʘ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʝʛʦ ʦʯʠʩʪʢʘ ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʦʧʣʠʚʥʳʭ 

ʵʣʝʤʝʥʪʘʭ [5-7].  
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ʉʨʝʜʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʩʪʨʦʡʩʪʚ ʦʯʠʩʪʢʠ ʠ ʭʨʘʥʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʜʣʷ ʘʚʪʦʥʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʤʠ ʠ ʙʝʟʦʧʘʩʥʳʤʠ ʤʦʛʫʪ 

ʩʪʘʪʴ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʨʘʪʠʤʳʭ ʤʝʪʘʣʣʦʛʠʜʨʠʜʦʚ 

(ʄɻ) ï ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʀʄʉ), ʩʧʦʩʦʙʥʳʭ ʠʟʙʠʨʘʪʝʣʴʥʦ ʠ ʦʙʨʘʪʠʤʦ 

ʧʦʛʣʦʱʘʪʴ ʚʦʜʦʨʦʜ [8]. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʚʦʜʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʚʷʟʘʥʥʦʤ ʪʚʝʨʜʦʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʩ ʧʦʤʦʱʴʶ ʚʘʨʠʘʮʠʠ ʠʭ 

ʩʦʩʪʘʚʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʥʦ ʠ ʜʣʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʦʯʠʩʪʢʠ ʚʦʜʦʨʦʜʘ, ʩʦʟʜʘʥʠʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʠ ʚʦʜʦʨʦʜʥʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ [8-11]. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʀʄʉ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʣʘʚʳ ɸɺ5-ʪʠʧʘ (LaNi5-xMx) ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ 

ʨʘʚʥʦʚʝʩʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ 0.02 ï 0.04 ʄʇʘ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʠʟ ʛʘʟʦʚʳʭ 

ʧʦʪʦʢʦʚ ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ (ʙʠʦʚʦʜʦʨʦʜ). ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʜʠʘʛʨʘʤʤ ɺʘʥʪ-ɻʦʬʬʘ. ʈʉʊ-ʜʠʘʛʨʘʤʤʳ ʩʧʣʘʚʦʚ ʠʟʤʝʨʝʥʳ ʤʝʪʦʜʦʤ 

ʉʠʚʝʨʪʩʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 293 ï 333 ʂ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʄʦʜʝʣʴ ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʀʄʉ 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɺʝʛʘʨʜʘ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʦʥʦʪʦʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʬʘʟʥʦʡ ʦʙʣʘʩʪʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʇʦʵʪʦʤʫ, ʠʤʝʷ ʜʦʩʪʘʪʦʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʵʪʠʭ ʬʫʥʢʮʠʡ ʤʦʞʥʦ, 

ʠʩʧʦʣʴʟʫʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʠʭ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʝʡ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪ ʤʦʥʦʪʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ "ʩʦʩʪʘʚ-ʩʚʦʡʩʪʚʦ". ʄʦʜʝʣʴ ʨʘʩʯʝʪʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ 

ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʩʩʯʠʪʘʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ȹH ʠ ȹS) ʨʝʘʢʮʠʠ ʩ ʚʦʜʦʨʦʜʦʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʧʦʣʠʥʦʤʦʤ 

ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʚ ʢʦʪʦʨʦʤ ʘʨʛʫʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʨʘʟʫʶʱʠʭ ʀʄʉ 

ʢʦʤʧʦʥʝʥʪʦʚ: 

Ὂὼ ὣ Вὃ ὼ  Вὄ ὼ ὼ  Ὦ²Ὥ    (1) 

ʛʜʝ: x ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʀʄʉ; 

Y0 ï ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ ʙʠʥʦʤʘ; 

ɸ, ɺ - ʢʦʵʬʬʠʮʠʝʥʪʳ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʘʢʦʛʦ ʧʦʣʠʥʦʤʘ (ɸi, ɺijé) ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʞʝ 

ʠʤʝʶʱʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʘʢʠʭ ʨʘʩʯʝʪʘʭ ʪʨʝʙʫʶʪʩʷ ʢʘʢ ʤʦʞʥʦ 

ʙʦʣʴʰʝ ʜʘʥʥʳʭ ʜʣʷ ʛʨʘʥʠʯʥʳʭ ʩʦʩʪʘʚʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ ʠʥʪʝʨʚʘʣ 

ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʀʄʉ 

ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʨʘʚʥʦʚʝʩʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 0.02 ï 0.04 ʄʇʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 298 ʂ: LaNi4.4Fe0.3Al0.3, LaNi4.5Fe0.3Sn0.2, LaNi4.6Mn0.2Al0.2, LaNi4.7Mn0.2Sn0.1.  

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʀʄʉ 

ɺʳʧʣʘʚʢʘ ʦʙʨʘʟʮʦʚ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʤʝʡʩʪʚʘ LaNi5 ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʝʯʠ ʬʠʨʤʳ Cianflone ʤʦʜʝʣʠ 2701 ʩ ʥʝʨʘʩʭʦʜʫʝʤʳʤ ʚʦʣʴʬʨʘʤʦʚʳʤ 

ʵʣʝʢʪʨʦʜʦʤ ʥʘ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʤ ʤʝʜʥʦʤ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʚ ʘʨʛʦʥʦʚʦʡ ʘʪʤʦʩʬʝʨʝ [12]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʘʣʣʳ ʩ ʫʢʘʟʘʥʥʦʡ ʯʠʩʪʦʪʦʡ: 

La (99,9%), Ni (ʩʚʳʰʝ 99,9%) Fe (99,9%), Al  (99,99%), Sn (99,8) ʠ Mn (99,5%), 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʤʘʩʩʳ ʢʦʪʦʨʳʭ ʟʘʛʨʫʞʘʣʠʩʴ ʚ ʷʯʝʡʢʫ ʜʣʷ ʧʣʘʚʢʠ. ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʢ 
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ʨʘʩʩʯʠʪʘʥʥʦʡ ʤʘʩʩʝ ʣʝʛʢʦʣʝʪʫʯʠʭ ʤʝʪʘʣʣʦʚ La, Sn, Al , Mn ʜʦʙʘʚʣʷʣʠ 1-2% ʠʟʙʳʪʢʘ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʠʩʧʘʨʝʥʠʷ ʚʦ ʚʨʝʤʷ ʧʣʘʚʣʝʥʠʷ. ʀʟʥʘʯʘʣʴʥʦ ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ ʧʝʯʠ 

ʚʘʢʫʫʤʠʨʦʚʘʣʘʩʴ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʨʷʜʢʘ 4Ŀ10-5 ʇʘ, ʟʘʪʝʤ 2-3 ʨʘʟʘ ʧʨʦʜʫʚʘʣʘʩʴ 

ʘʨʛʦʥʦʤ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ. ʀʥʪʝʥʩʠʚʥʳʡ ʧʨʦʜʫʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʘʨʛʦʥʦʤ ʟʘʤʝʥʷʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʣʘʚʣʝʥʠʝ ʪʠʪʘʥʦʚʦʛʦ ʛʝʪʪʝʨʘ. ɺʦ ʚʨʝʤʷ ʧʣʘʚʣʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʧʦʜʘʯʘ ʘʨʛʦʥʘ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 41 ʢʇʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʦʰʢʠ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʝʨʝʪʠʨʘʥʠʝʤ ʚ ʬʘʨʬʦʨʦʚʦʡ ʩʪʫʧʢʝ. 

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 Advance (Bruker) ʩ ʤʝʜʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ (ʂŬ1 ʠ ʂŬ2). ʐʘʛ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʣ 0.02 ʛʨʘʜʫʩʘ, ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ 60.8ʩ 

ʚ ʪʦʯʢʝ. ʀʟʤʝʨʝʥʠʝ 2ɗ-ʫʛʣʦʚ ʥʘʭʦʜʠʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10Ü ʜʦ 120Ü. ʆʙʨʘʙʦʪʢʘ 

ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʘʭ Jana2006 ʠ Search-

Match. 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʠ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʠʟʦʪʝʨʤ ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʀʄʉ ʠ ʠʟʤʝʨʝʥʠʝ ʈʉʊ-ʠʟʦʪʝʨʤ ʚ ʦʙʣʘʩʪʠ ʜʘʚʣʝʥʠʡ 0,01-10 ʄʇʘ 

ʧʨʦʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʈʉʊ-ʫʩʪʘʥʦʚʢʝ. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʘʚʪʦʢʣʘʚʦʚ, 

ʤʘʥʦʤʝʪʨʦʚ, ʚʝʥʪʠʣʝʡ, ʢʦʤʤʫʥʠʢʘʮʠʡ, ʩʪʝʢʣʷʥʥʦʡ ʢʘʣʠʙʨʦʚʘʥʥʦʡ ʝʤʢʦʩʪʠ ʩ 

ʚʘʢʫʫʤʤʝʪʨʦʤ. 

ʇʝʨʝʜ ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʥʘʚʝʩʢʫ ʦʙʨʘʟʮʘ (~10 ʛ) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʘʣʠ ʥʘ 

ʢʦʨʫʥʜʦʚʦʤ ʢʨʫʛʫ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʚʟʚʝʰʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʨʘʙʦʯʠʡ ʘʚʪʦʢʣʘʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʠʩʪʝʤʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 10-2 

ʤʤ.ʨʪ.ʩʪ. ʬʦʨʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʣʦʚʫʰʢʠ ʩ 

ʞʠʜʢʠʤ ʘʟʦʪʦʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʘʢʪʠʚʘʮʠʷ ʩʧʣʘʚʦʚ ʚʢʣʶʯʘʣʘ ʪʨʠ ʮʠʢʣʘ 

ʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 353 ʂ ʠ ʜʘʚʣʝʥʠʠ 3.5 ʄʇʘ ʇʦʩʣʝ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ 

ʧʦʜʘʚʘʣʠ ʚʦʜʦʨʦʜ ʠʟ ʘʢʢʫʤʫʣʷʪʦʨʘ ʚ ʙʫʬʝʨʥʳʡ ʘʚʪʦʢʣʘʚ ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʜʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ. ɿʘʪʝʤ ʩʦʝʜʠʥʷʣʠ ʙʫʬʝʨʥʳʡ ʘʚʪʦʢʣʘʚ ʩ ʨʘʙʦʯʠʤ. ʈʝʘʢʮʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʀʄʉ ʩ ʚʦʜʦʨʦʜʦʤ ʧʨʦʪʝʢʘʣʘ ʚ ʪʝʯʝʥʠʝ 15-30 ʤʠʥ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ʨʝʘʢʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠʟʦʪʝʨʤ ʜʝʩʦʨʙʮʠʠ 

ʚʦʜʦʨʦʜʘ ʧʨʦʚʦʜʠʣʠ ʦʪʙʦʨ ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʧʦʨʮʠʡ ʚʦʜʦʨʦʜʘ ʠʟ ʨʘʙʦʯʝʛʦ ʘʚʪʦʢʣʘʚʘ ʚ 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʡ ʙʫʬʝʨʥʳʡ ʘʚʪʦʢʣʘʚ ʠʣʠ ʚ ʢʘʣʠʙʨʦʚʘʥʥʫʶ ʩʪʝʢʣʷʥʥʫʶ ʝʤʢʦʩʪʴ 

ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʈʘʚʥʦʚʝʩʠʝ ʚ ʩʠʩʪʝʤʝ ʩʯʠʪʘʣʠ ʜʦʩʪʠʛʥʫʪʳʤ, ʝʩʣʠ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʣ 

ʚʳʩʦʢʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ. ɺʩʝ ʩʧʣʘʚʳ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ 

CaCu5. ɿʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Ni ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʘʪʦʤʳ Sn ʠ Al ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʩʧʣʘʚʳ ʧʦʛʣʦʱʘʣʠ 

ʚʦʜʦʨʦʜ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʌʘʟʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ ʜʦʩʪʠʛʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 15-20 ʤʠʥʫʪ. 

ɺ ʭʦʜʝ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʮʠʢʣʦʚ ʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʢʦʨʦʣʴʢʠ ʩʧʣʘʚʦʚ ʧʨʝʚʨʘʱʘʣʠʩʴ ʚ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʘʢʪʠʚʥʳʡ ʥʘ ʚʦʟʜʫʭʝ. ʈʉʊ-ʠʟʦʪʝʨʤʳ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 298-333 ʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 2-5.  
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ʈʠʩ.2. ʈʉʊ-ʜʠʘʛʨʘʤʤʘ ʜʣʷ LaNi4.4Fe0.3Al0.3. 

 
ʈʠʩ.3. ʈʉʊ-ʜʠʘʛʨʘʤʤʘ ʜʣʷ LaNi4.5Fe0.3Sn0.2 

ɼʣʷ ʚʩʝʭ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩʧʣʘʚʦʚ ʭʘʨʘʢʪʝʨʥʦ ʰʠʨʦʢʘʷ ʦʙʣʘʩʪʴ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʢʣʦʥ ʧʣʘʪʦ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʈʉʊ-ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ. 

ɻʣʘʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʛʠʜʨʠʜʥʳʭ ʩʧʣʘʚʦʚ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʤʘʣʳʭ ʧʦʪʦʢʦʚ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʷʚʣʷʶʪʩʷ ʥʠʟʢʦʝ ʨʘʚʥʦʚʝʩʥʦʝ 

ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠ ʦʙʨʘʪʠʤʘʷ ʝʤʢʦʩʪʴ ʩʧʣʘʚʘ. ʊʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʀʄʉ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʥʘʢʣʦʥʘ ʧʣʘʪʦ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘʤʠ ʚʳʜʝʣʝʥʳ ʜʚʘ ʩʧʣʘʚʘ ʥʘʠʙʦʣʝʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʵʪʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ: LaNi4.4Fe0.3Al0.3 ʠ LaNi4.6Mn 0.2Al 0.2. ʅʠʟʢʠʝ ʨʘʚʥʦʚʝʩʥʳʝ ʜʘʚʣʝʥʠʷ, 

ʦʙʨʘʪʠʤʘʷ ʝʤʢʦʩʪʴ ʠ ʥʝʙʦʣʴʰʦʡ ʥʘʢʣʦʥ ʧʣʘʪʦ ʵʪʠʭ ʩʧʣʘʚʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʟʚʣʝʯʝʥʠʠ ʠ ʭʨʘʥʝʥʠʠ ʚʦʜʦʨʦʜʘ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʈʉʊ-ʜʠʘʛʨʘʤʤ 

ʪʘʢʞʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ. ɿʥʘʯʝʥʠʷ 

ʵʥʪʘʣʴʧʠʡ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʭʦʜʝ 
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ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ. ɺʳʜʝʣʝʥʥʳʝ ʚʳʰʝ ʦʙʨʘʟʮʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʣʘʚʦʚ ʚ ʮʠʢʣʠʯʝʩʢʦʡ ʨʘʙʦʪʝ.  

 
ʈʠʩ.4. ʈʉʊ-ʜʠʘʛʨʘʤʤʘ ʜʣʷ LaNi4.6Mn0.2Al0.2 

 
ʈʠʩ.5. ʈʉʊ-ʜʠʘʛʨʘʤʤʘ ʜʣʷ LaNi4.7Mn0.2Sn0.1 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 14-08-92001). ɸʚʪʦʨʳ 

ʪʘʢʞʝ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʯʣʝʥʘʤ ʣʘʙʦʨʘʪʦʨʠʠ ɺʦʜʦʨʦʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʆʀɺʊ ʈɸʅ ʟʘ ʦʙʩʫʞʜʝʥʠʝ ʨʘʙʦʪʳ, ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʤʦʱʴ 

ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 
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ʊʘʙʣʠʮʘ. ʈʉʊ-ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʀʄʉ ʊ, 

ʂ 

ɼʘʚʣʝʥʠʝ, 

ʄʇʘ 

ʆʙʨʘʪʠʤʘʷ 

ʝʤʢʦʩʪʴ 

ʧʨʠ 298 ʂ, 

%ʤʘʩʩ 

ʅʘʢʣʦʥ 

ʧʣʘʪʦ,  

ȹH, ʢɼʞ/ʤʦʣʴ 

 

ʪʝʦʨ. ʵʢʩʧ. 

LaNi4.4Fe0.3Al 0.3 298 0.027 0.9 0.12 35.8 40.3 

313 0.65 

333 0.15 

LaNi4.5Fe0.3Sn0.2 298 0.06 1.0 0.2 33.3 32.8 

313 0.1 

333 0.24 

LaNi4.6Mn0.2Al0.2 298 0.029 0.9 0.19 37.9 41.6 

313 0.07 

333 0.17 

LaNi4.7Mn0.2Sn0.1 298 0.05 0.8 0.24 35.6 33.8 

313 0.1 

333 0.21 
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ʈɸɿʈɸɹʆʊʂɸ ʅʆɺʓʍ ʉʆʃʅɽʏʅʓʍ ʂʆʃʃɽʂʊʆʈʆɺ ɺ ʅʀʋ ʄʕʀ ʀ ʅʇʌ 

ɸʃʔʊʕʅ 

ʂʘʟʘʥʜʞʘʥ ɹ.ʀ. 

ʅʀʋ ʄʦʩʢʦʚʩʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʥʦʚʝʡʰʠʝ ʜʘʥʥʳʝ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʢʦʣʣʝʢʪʦʨʦʚ, ʠʭ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʠ ʚʳʨʘʙʦʪʢʝ ʵʥʝʨʛʠʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʥʘʭ, ʨʝʛʠʦʥʘʭ ʠ ʚ ʤʠʨʝ. ʕʪʠ 

ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʘʚʠʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ, 

ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʧʝʨʝʜ ʨʦʩʩʠʡʩʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʦʙʣʘʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʢʘʬʝʜʨʳ ʊʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʪʝʧʣʦʪʝʭʥʠʢʠ ʄʕʀ ʠ 

ʅʇʌ ɸʃʔʊʕʅ ʚ ʦʙʣʘʩʪʠ ʪʝʧʣʦʚʳʭ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʕʀ ʷʚʣʷʝʪʩʷ 

ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʘ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʅʇʌ 

ɸʃʔʊʕʅ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʢʦʥʩʪʨʫʢʮʠʡ ʥʦʚʳʭ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ 

ʜʦʢʣʘʜʝ ʧʦʢʘʟʘʥʳ ʜʦʩʪʠʛʥʫʪʳʝ ʥʘ ʵʪʦʤ ʧʫʪʠ ʫʩʧʝʭʠ, ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʧʘʪʝʥʪʳ ʥʘ ʥʦʚʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʞʠʜʢʦʩʪʥʳʭ ʠ ʚʦʟʜʫʰʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʠʥʮʠʧʳ, ʝʱʝ ʥʝ ʥʘʰʝʜʰʠʝ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ, ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ 

ʦʜʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʝʧʣʦʚʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʧʨʦʟʨʘʯʥʦʡ ʠʟʦʣʷʮʠʠ 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʪʠʧʘ ʠ ʜʨʫʛʠʝ. ʂʦʣʣʝʢʪʦʨ ɸʃʔʊʕʅ-1ɸ, ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʧʘʪʝʥʪʘ, ʙʳʣ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥ ʚ ɻʝʨʤʘʥʠʠ ʠ ʉʐɸ, ʘ ʢʦʣʣʝʢʪʦʨ ɸʃʔʊʕʅ 2 ʙʳʣ ʟʘʱʠʱʝʥ ʠ ʨʦʩʩʠʡʩʢʠʤ ʧʘʪʝʥʪʦʤ, ʠ 

ʧʘʪʝʥʪʦʤ ʉʐɸ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʜʦʢʣʘʜʘ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʳʧʦʣʥʝʥʥʘʷ ʨʘʙʦʪʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʜʘʣʝʢʦ 

ʧʨʦʜʚʠʥʫʪʳʡ ʩʪʘʨʪʘʧ, ʛʦʪʦʚʳʡ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʠ ʚʥʝʜʨʝʥʠʶ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʨʘʙʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʥʘʫʯʥʦ - ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʄʕʀ 

ʠ ʥʘʫʯʥʦïʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʬʠʨʤʝ ɸʃʔʊʕʅ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʪʠʧʦʚ ʩʦʣʥʝʯʥʳʭ 

ʢʦʣʣʝʢʪʦʨʦʚ ʜʣʷ ʥʫʞʜ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ʆʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʄʝʞʜʫʥʘʨʦʜʥʳʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ ʚ 2015 ʛ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʩʦʚʦʢʫʧʥʘʷ ʤʦʱʥʦʩʪʴ ʚʩʝʭ 

ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʚ ʤʠʨʝ ʥʘ ʢʦʥʝʮ 2013ʛ ʩʦʩʪʘʚʣʷʣʘ 374,7 ɻɺʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʣʦʱʘʜʠ ʢʦʣʣʝʢʪʦʨʦʚ 535ʤʣʥ.ʤ2. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʚʩʝʭ ʢʦʣʣʝʢʪʦʨʦʚ ʚ 

ʂʠʪʘʝ 262,3 ɻɺʪ, ʚ ɽʚʨʦʧʝ 44.1 ɻɺʪ, ʚ ʉʐɸ ʠ ʂʘʥʘʜʝ 17,7 ɻɺʪ, ʚ ɸʟʠʠ ʙʝʟ ʂʠʪʘʷ 10.0 

ɻɺʪ, ʚ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʝ 8,7 ɻɺʪ, ʚ ʩʪʨʘʥʘʭ ʄɽʅɸ 6,1 ɻɺʪ, ɸʚʩʪʨʘʣʠʠ ʠ ʅʦʚʦʡ 

ɿʝʣʘʥʜʠʠ 5.9 ɻɺʪ, ʚ ʩʪʨʘʥʘʭ. ʶʞʥʝʝ ʉʘʭʘʨʳ 1,2 ɻɺʪ, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʩʪʨʘʥʳ ʤʠʨʘ ʚ ʩʫʤʤʝ 

18,7 ɻɺʪ. 

ʂ ʢʦʥʮʫ 2013 ʛ. ʚ ʤʠʨʝ ʨʘʙʦʪʘʣʦ ʧʨʠʤʝʨʥʦ 111 ʤʠʣʣʠʦʥʦʚ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ 80% ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʦʜʥʦʩʝʤʝʡʥʳʭ ʜʦʤʦʚ, 9% ʜʣʷ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʢʨʫʧʥʳʭ ʟʜʘʥʠʡ 

(ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʝ ʜʦʤʘ, ʛʦʩʪʠʥʠʮʳ, ʙʦʣʴʥʠʮʳ, ʰʢʦʣʳ), 6% ʜʣʷ ʧʣʘʚʘʪʝʣʴʥʳʭ 

ʙʘʩʩʝʡʥʦʚ, 3% ʜʣʷ ʜʦʤʦʚ ʩ ʩʦʣʥʝʯʥʳʤ ʦʪʦʧʣʝʥʠʝʤ ʠ ʛʦʨʷʯʠʤ ʚʦʜʦʩʥʘʙʞʝʥʠʝʤ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʦʜʥʦʩʝʤʝʡʥʳʭ ʜʦʤʦʚ: ʚ ɸʚʩʪʨʘʣʠʠ ʠ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ï 99%, ʚ ʉʐɸ ʠ 

ʂʘʥʘʜʝ ï 84%, ʚ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʝ 82%, ʚ ʂʠʪʘʝ 80%, ʚ ɽʚʨʦʧʝ ï 57%, ʚʩʝʛʦ ʚ ʤʠʨʝ ï 

78%, ɺʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʟʘʥʠʤʘʶʪ ʜʦʤʘ ʛʜʝ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʜʣʷ ʦʪʦʧʣʝʥʠʷ. ʆʩʪʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʩʦʩʪʘʚʣʷʶʱʠʝ 1% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʡʦʥʥʳʭ ʩʠʩʪʝʤ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʥʫʞʜ ʠ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ.  

ʆ ʪʝʤʧʘʭ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ 

ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ.1 
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ʈʠʩ.1.ʉʫʤʤʘʨʥʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʚʩʝʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʤʠʨʝ ʠ 

ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʠʤʠ ʵʥʝʨʛʠʷ. 

ʉ 2000 ʧʦ 2014 ʛʦʜ ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ ʦʩʪʝʢʣʝʥʥʳʭ ʚ ʥʝʦʩʪʝʢʣʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʚ 

ʤʠʨʝ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 62 ɻɺʪ (89 ʤʣʥ.ʤ2) ʜʦ 406 ɻɺʪ (580 ʤʣʥ.ʤ2). ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ 

ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʢʦʣʣʝʢʪʦʨʦʚ ʫʚʝʣʠʯʠʣʦʩʴ ʩ 52 ʊɺʪ-ʯ ʚ 2000ʛ ʜʦ 341 

ʊɺʪ-ʯ ʚ 2014 ʛ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʦʛʦ ʪʠʧʘ ʢʦʣʣʝʢʪʦʨʳ ʧʨʝʦʙʣʘʜʘʶʪ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʱʝʤʠʨʦʚʫʶ ʩʪʘʪʠʩʪʠʢʫ, 

ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ 2, ʪʦ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʩʘʤʳʤʠ ʧʦʧʫʣʷʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʘʢʫʫʤʥʳʝ 

ʢʦʣʣʝʢʪʦʨʳ (70.95%), ʘ ʥʘ ʧʣʦʩʢʠʝ ʢʦʣʣʝʢʪʦʨʳ ʧʨʠʭʦʜʠʪʩʷ ʥʝʤʥʦʛʠʤ ʙʦʣʝʝ 22%. 

 
ʈʠʩ 2 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʪʠʧʘʤ ʢʦʣʣʝʢʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚʦ 

ʚʩʝʤ ʤʠʨʝ. 

ʆʜʥʘʢʦ, ʝʩʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʝʚʨʦʧʝʡʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ, ʛʜʝ ʜʦʩʪʠʛʥʫʪʳ ʥʘʠʙʦʣʴʰʠʝ 

ʫʩʧʝʭʠ ʚ ʨʘʟʚʠʪʠʠ ʩʦʣʥʝʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʪʦ ʢʘʨʪʠʥʘ ʧʦʫʯʘʝʪʩʷ 

ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ (ʨʠʩ.3). ɺ ɽʚʨʦʧʝ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ 

ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʧʣʦʩʢʠʝ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ 83.8%. 

ʊʘʢʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʷʩʥʷʝʪ ʨʠʩʫʥʦʢ 4, ʥʘ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʘ ʜʦʣʷ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʢʦʣʣʝʢʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚ ʦʙʱʝʤʠʨʦʚʦʤ ʙʘʣʘʥʩʝ ʜʣʷ 

ʨʘʟʥʳʭ ʩʪʨʘʥ. 

ɺ ʂʠʪʘʝ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʧrʫʩʢʘʶʪʩʷ ʜʝʰʝʚʳʝ ʚʘʢʫʫʤʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʥʝ 

ʚʩʝʛʜʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʤʝʩʪʥʦʤ ʨʳʥʢʝ ʠ 

ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʚ ʜʨʫʛʠʝ ʩʪʨʘʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʝʚʨʦʧʝʡʩʢʠʝ ʩʪʨʘʥʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʚʳʧʫʩʢ ʙʦʣʝʝ ʜʦʨʦʛʠʭ, ʥʦ ʙʦʣʝʝ ʥʘʜʝʞʥʳʭ ʚʘʢʫʫʤʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ.  



INTERNATIONAL  RENEWABLE ɽNERGY CONGRESS REENCONï XXI 2016 151 

 

 

 

 
ʈʠʩ.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʪʠʧʘʤ ʢʦʣʣʝʢʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ɽʚʨʦʧʝ 

 
ʈʠʩ.4. ɼʦʣʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʤʠʨʝ ʢʦʣʣʝʢʪʦʨʦʚ ʚʩʝʭ ʪʠʧʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʨʘʡʦʥʘʤ ʤʠʨʘ 

ɾʠʜʢʦʩʪʥʳʝ ʧʣʦʩʢʠʝ ʠ ʚʘʢʫʫʤʥʳʝ ʢʦʣʣʝʢʪʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʤʠʨʦʚʦʡ 

ʧʨʘʢʪʠʢʝ, ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʣʠʙʦ ʥʘ ʥʘʩʦʩʥʦʤ, ʣʠʙʦ ʥʘ 

ʪʝʨʤʦʩʠʬʦʥʥʦʤ ʧʨʠʥʮʠʧʝ ʮʠʨʢʫʣʷʮʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ɺ ʉʐɸ, ɽʚʨʦʧʝ, ɸʚʩʪʨʘʣʠʠ ʠ ʥʘ 

ɹʣʠʞʥʝʤ ɺʦʩʪʦʢʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʪʜʘʝʪʩʷ ʥʘʩʦʩʥʳʤ ʩʠʩʪʝʤʘʤ, ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 76% ʢʦʣʣʝʢʪʦʨʦʚ, ʚʳʧʫʩʢʘʝʤʳʭ ʚ ʤʠʨʝ, ʫʩʪʘʥʦʚʣʝʥʦ ʚ 

ʪʝʨʤʦʩʠʬʦʥʥʳʭ ʩʠʩʪʝʤʘʭ (ʨʠʩ.5) 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʪʝʨʤʦʩʠʬʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʙʘʢʠ ï ʘʢʢʫʤʫʣʷʪʦʨʳ, ʧʦ-ʨʘʟʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʭʦʜʘ ʚʦʜʳ ʠʟ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ 

ʪʠʧʠʯʥʳʭ ʪʝʨʤʦʩʠʬʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ. ʀʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʚʠʜʥʦ, ʯʪʦ ʪʝʨʤʦʩʠʬʦʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ, ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʙʘʢʦʚ-

ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʠʭ ʧʦʣʦʞʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʜʨʫʛʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ. ʃʠʪʝʨʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʩʪʨʝʯʠ ʩ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʬʠʨʤ, ʧʨʦʠʟʚʦʜʷʱʠʤʠ ʪʝʨʤʦʩʠʬʦʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝ ʚʩʝʤ 

ʬʘʢʪʦʨʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʥʫʪʨʠ ʙʘʢʘ-ʘʢʢʫʤʫʣʷʪʦʨʘ, ʚʣʠʷʶʱʝʡ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʣʣʝʢʪʦʨʘ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʚʩʝʡ ʩʠʩʪʝʤʳ, ʫʜʝʣʷʝʪʩʷ ʜʦʣʞʥʦʝ 

ʚʥʠʤʘʥʠʝ. ʅʘ ʨʠʩ.7 ʧʦʢʘʟʘʥʳ, ʥʘʧʨʠʤʝʨ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʙʘʢʠ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʠ 

ʜʣʠʥʥʳʝ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ, ʨʘʩʧʣʦʞʸʥʥʳʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʣʣʝʢʪʦʨʘ ʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʚʳʩʦʪʝ ʦʪ ʥʝʛʦ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʩʠʬʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʪʨʝʙʫʶʪ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʠ ʠʭ ʚʳʙʦʨʝ. 
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ʈʠʩ 5 ʉʦʦʪʥʦʰʝʥʠʝ ʪʝʨʤʦʩʠʬʦʥʥʳʭ ʠ ʥʘʩʦʩʥʳʭ ʩʠʩʪʝʤ ʚ ʤʠʨʝ 

  

  
ʈʠʩ 6 ɺʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʨʤʦʩʠʬʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ɺ ʎʝʥʪʨʝ ɺʀʕ ʢʘʬʝʜʨʳ ʊʆʊ ʄʕʀ ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʝʨʤʦʩʠʬʦʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʡ ʢʦʤʧʦʥʦʚʢʠ. 

ʘ)  ʙ)   
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