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ɺʀʂʆʈʀʉʊɸʅʅʗ ʄʋʃʔʊʀʉʋɹʉʊʈɸʊʅʀʍ ʉʋʄɯʐɽʁ ɼʃʗ ɹɯʆʉʀʅʊɽɿʋ ʄɽʊɸʅʋ 

ɸɼɸʇʊʆɺɸʅʀʄ ʂʆʄʇʃɽʂʉʆʄ ʄɯʂʈʆʆʈɻɸʅɯɿʄɯɺ ɿ ʆʊʈʀʄɸʅʅʗʄ ʆʈɻɸʅɯʏʅʆɻʆ 

ɼʆɹʈʀɺɸ 

 

ʏʝʨʝʟ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʨʠʥʢʦʚʠʭ ʮʽʥ ʥʘ ʪʨʘʜʠʮʽʡʥʽ ʚʫʛʣʝʚʦʜʥʝʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʪʘ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʧʨʦʜʫʢʪʽʚ ʾʭ ʟʛʦʨʷʥʥʷ ʥʘ ʥʘʚʢʦʣʠ-

ʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʦʩʠʪʴ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʘʩʘʤʧʝʨʝʜ, ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝ-

ʨʝʣ ʝʥʝʨʛʽʾ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʻ ʙʽʦʝʥʝʨʛʝʪʠʢʘ ï ʛʘʣʫʟʴ ʙʽʦʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ ʷʢ ʜʞʝʨʝʣʦ 

ʧʘʣʠʚʘ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ ʙʽʦʤʘʩʠ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʧʝʨʝʚʘʞʥʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʚʽʜʭʦʜʠ). ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʫ ʣʝʛʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ, ʘ ʪʘʢʦʞ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʽʥ ʥʝ ʻ ʯʫʞʠʥʥʠʤ 

ʜʣʷ ʜʦʚʢʽʣʣʷ, ʪʦʤʫ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʧʦʪʨʘʧʣʷʥʥʷ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʢʽʣʴʢʦʩʪʷʭ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ, ʮʝ ʥʝ ʧʨʠʟʚʝʜʝ 

ʜʦ ʥʝʟʚʦʨʦʪʥʠʭ ʟʤʽʥ ʚ ʝʢʦʩʠʩʪʝʤʽ. ʅʘʜʣʠʰʦʢ ʙʽʦʤʘʩʠ ʥʝʟʘʙʘʨʦʤ ʙʫʜʝ ʚʢʣʶʯʝʥʠʡ ʜʦ ʙʽʦʛʝʦʭʽʤʽʯʥʠʭ ʮʠʢʣʽʚ, ʱʦ ʻ ʟʘʧʦʨʫʢʦʶ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ. ʇʨʦʮʝʩ ʙʽʦʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʫ ʟ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʩʫʙʩʪʨʘʪʫ (ʚʫʛʣʝʚʦʜʽʚ, ʙʽʣʢʽʚ, ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʣʽʧʽʜʽʚ, ʦʨʛʘʥʽʯʥʠʭ ʢʠ-

ʩʣʦʪ, ʩʧʠʨʪʽʚ), ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʪʨʠ ʝʪʘʧʠ, ʥʘʟʠʚʘʶʪʴ ʤʝʪʘʥʦʛʝʥʝʟʦʤ. ʋ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʩʧʝʮʠʬʽʯʥʘ ʩʢʣʘʜʥʘ ʬʝʨʤʝʥʪʥʘ 

ʩʠʩʪʝʤʘ ʙʘʢʪʝʨʽʡ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʢʦʬʝʨʤʝʥʪʠ: ʤʝʪʘʥʦʬʫʨʘʥ, ʪʝʪʨʘʛʽʜʨʦ-ʤʝʪʘʥʦʧʪʝʨʠʥ, ʢʦʬʝʨʤʝʥʪʠ F420 ʪʘ F430, ʢʦʬʝʨʤʝʥʪ ʄ 

(ʂʦʄ), ʢʦʬʝʨʤʝʥʪ ɺ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʩʦʙʽʚ ʧʝʨʝʨʦʙʢʠ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʘʭ ʨʝʮʠʢ-

ʣʽʥʛʫ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʦʯʽʢʫʚʘʥʦʛʦ ʝʬʝʢʪʫ, ʟʦʢʨʝʤʘ ʥʘ ʧʨʘʮʶʶʯʠʭ ʫ ʟʘʢʨʠʪʦʤʫ ʨʝʞʠʤʽ ʰʪʫʯʥʦ ʩʪʚʦ-

ʨʝʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʟʦʦʬʝʨʤ. ʂʦʥʮʝʥʪʨʫʚʘʥʥʷ ʥʘ ʥʝʚʝʣʠʢʽʡ ʧʣʦʱʽ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʭʦʜʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ (ʛʥʦʶ, ʧʦʩʣʽʜʫ ʪʘ ʩʪʦʢʽʚ ʪʝʭ-

ʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʦʱʦ) ʫʪʨʠʤʫʚʘʥʦʾ ʥʘ ʦʙô̒ ʢʪʘʭ ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʛʘʣʫʟʽ ʭʫʜʦʙʠ, ʟʘʙʨʫʜʥʶʻ ˇʨʫʥʪʠ, ʚʦʜʦʡʤʠ ʪʘ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ, ʧʠʣʦʤ, ʰʢʽʜʣʠʚʠʤʠ ʛʘʟʘʤʠ ʪʘ ʽʥʰʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʦʟʧʘʜʫ. ʏʘʩʪʦ ʮʝ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʟʨʦʩ-

ʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʧʽʜʧʨʠʻʤʩʪʚ ʪʚʘʨʠʥʥʠʮʪʚʘ ʪʘ ɸʇʂ ʚ ʮʽʣʦʤʫ, ʩʪʨʠʤʫʶʯʠ ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʨʘʡʦʥʽʚ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʘʛʨʘʨ-

ʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ɺʧʝʨʰʝ ʫ ʨʝʛʽʦʥʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʛʦ ʩʧʦʩʦʙʫ ʧʝʨʝʨʦʙʢʠ ʬʽʪʦʤʘʩʠ ʤʩ̔-

ʢʘʥʪʫʩʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʷʢʦʩʪʽ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʤʝʪʘʥʦʚʤʽʩʥʦʾ ʙʽʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʦʛʦ ʜʦʙʨʠʚʘ ʧʨʠʜʘʪʥʦʛʦ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʽʣʴʩʴʢʦʤʫ ʪʘ ʣʽʩʦʚʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʦʥʦʤʽʯʥʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʧʨʠʚʘʙʣʠʚʠʡ ʩʧʦʩʽʙ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʬʽʪʦ- 

ʪʘ ʟʦʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʪʠʩʢ ʥʘ ʜʦʚʢʽʣʣʷ. 

   ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʫʣʴʪʠʩʫʙʩʪʨʘʪʥʘ ʩʫʤʽʰ, ʘʥʘʝʨʦʙʥʝ ʙʨʦʜʽʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʤʝʪʘʥʦʛʝʥʝʟ, ʙʽʦʛʘʟ, ʙʽʦʜʘʡʜʞʝʩʪʝʨ, ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪ-

ʚʦ, ʣʽʩʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʫʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ, ʙʽʦʪʝʩʪʫʚʘʥʥʷ 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄʋʃʔʊʀʉʋɹʉʊʈɸʊʅʓʍ ʉʄɽʉɽʁ ɼʃʗ ɹʀʆʉʀʅʊɽɿɸ ʄɽʊɸʅɸ 

ɸɼɸʇʊʀʈʆɺɸʅʅʓʄ ʂʆʄʇʃɽʂʉʆʄ ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ ʉ ʇʆʃʋʏɽʅʀɽʄ 

ʆʈɻɸʅʀʏɽʉʂʆɻʆ ʋɼʆɹʈɽʅʀʗ 

 

ɺ ʩʚʷʟʠ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʨʳʥʦʯʥʳʭ ʮʝʥ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʠ ʥʝʛʘʪʠʚʥʳʤ ʚʣʠʷʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʠʭ ʩʛʦʨʘʥʠʷ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʙʠʦʵʥʝʨʛʝʪʠʢʘ ï ʦʪʨʘʩʣʴ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʨʘ-

ʩʩʤʘʪʨʠʚʘʶʱʘʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʦʧʣʠʚʘ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʙʠʦʤʘʩʩʳ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʚ ʦʩʥʦʚʥʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-

ʚʝʥʥʳʝ ʦʪʭʦʜʳ). ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʣʸʛʢʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʘ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʥ ʥʝ ʯʫʞʝʨʦʜʝʥ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʵʪʦʤʫ ʜʘʞʝ ʧʨʠ ʚʳʙʨʦʩʝ ʚ ʢʦ-

ʣʠʯʝʩʪʚʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʜʦʧʫʩʪʠʤʳʝ, ʵʪʦ ʥʝ ʧʨʠʚʝʜʸʪ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʵʢʦʩʠʩʪʝʤʝ. ʀʟʙʳʪʦʯʥʘʷ ʙʠʦʤʘʩʩʘ ʙʳʩʪʨʦ ʙʫʜʝʪ 

ʚʢʣʶʯʝʥʘ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʫʱʝʨʙʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʇʨʦʮʝʩʩ ʙʠʦʢʦʥʚʝʨʩʠʠ ʤʝʪʘʥʘ ʠʟ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʫʙʩʪʨʘʪʘ (ʫʛʣʝʚʦʜʦʚ, ʙʝʣʢʦʚ, ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʣʠʧʠʜʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʩʧʠʨʪʦʚ), ʢʦʪʦʨʳʡ ʧʨʦʪʝʢʘʝʪ 

ʚ ʪʨʠ ʵʪʘʧʘ, ʥʘʟʳʚʘʶʪ ʤʝʪʘʥʦʛʝʥʝʟʦʤ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʩʣʦʞʥʘʷ ʬʝʨʤʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ʙʘʢʪʝʨʠʡ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʢʦʬʝʨʤʝʥʪʳ: ʤʝʪʘʥʦʬʫʨʘʥ, ʪʝʪʨʘʛʠʜʨʦ-ʤʝʪʘʥʦʧʪʝʨʠʥ, ʢʦʬʝʨʤʝʥʪʳ F420 ʠ F430, ʢʦʬʝʨʤʝʥʪ ʄ (ʂʦʄ), ʢʦʬʝʨʤʝʥʪ ɺ. ʀʩʧʦ-

ʣʴʟʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʨʝʮʠʢʣʠʥʛʘ ʦʨʛʘʥʠʯʝʩ-

ʢʠʭ ʧʦʣʣʶʪʘʥʪʦʚ, ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʦʞʠʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʨʘʙʦʪʘʶʱʠʭ ʚ ʟʘʢʨʳʪʦʤ ʨʝʞʠʤʝ ʠʩʢʫʩʪʚʝʥʥʦ ʩʦʟʜʘʥ-

ʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʟʦʦʬʝʨʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ (ʥʘʚʦʟʘ, ʧʦʤʸʪʘ, 

ʩʪʦʢʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪ.ʜ.) ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʥʘ ʦʙʲʝʢʪʘʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʩʢʦʪʘ, ʟʘʛʨʷʟʥʷʝʪ ʧʦʯʚʫ, ʚʦʜʦʸʤʳ ʠ ʘʪʤʦ-

ʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʧʳʣʴʶ, ʚʨʝʜʥʳʤʠ ʛʘʟʘʤʠ ʠ ʜʨʫʛʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ. ʏʘʩʪʦ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʨʦʩʪ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʡ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ɸʇʂ ʚ ʮʝʣʦʤ, ʩʜʝʨʞʠʚʘʷ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʨʘʡʦ-

 É ʉ. ɺ. ɼʽʛʪʷʨ, ɸ. ɺ. ʇʘʩʝʥʢʦ, ʆ. ɺ. ʅʦʚʦʭʘʪʴʢʦ, ʆ. ɺ. ʄʘʟʥʠʮʴʢʘ, ʆ. ʆ. ʅʠʢʠʬʦʨʦʚʘ, 2021 



ISSN 2079-0821 (print) 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè  

ʉʝʨʽʷ: ʍʽʤʽʷ, ʭʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʝʢʦʣʦʛʽʷ, ˉ 2 (6) 2021 53 
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ʩʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʬʠʪʦ- ʠ ʟʦʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʘʥʪʨʦʧʦ-

ʛʝʥʥʳʡ ʧʨʝʩʩʠʥʛ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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THE USE OF MULTISUBSTRATE MIXTURES FOR M ETHANE BIOSYNTHESIS BY AN ADAPTED 

COMPLEX OF MICROORGA NISMS FOR OBTAINING ORGANIC FERTILIZER  

 

Due to the istabiity of market prices for traditional hydrocarbon energy resources and negative impact of their combustion products on the 

environment, recently quite rapidly develop technology that provide for, first of all, renewable energy sources. One of the promising areas of 

alternative energy is bioenergy is a branch of biotechnology that considers organic matter of biomass of various origins (mainly agricultural waste) as 

a fuel source. Among the main advantages of energy biotechnology, it should be noted the speed and relative ease of recovery of the energy substrate, 

as well as the fact that it is not alien to the environment, so, even if released in quantities exceeding the permissible ones, this will not lead to 

irreversible changes in the ecosystem. Excess biomass will quickly be incorporated into biogeochemical cycles, which is the key to minimizing 

environmental damage. The process of bioconversion of methane from organic substrate compounds (carbohydrates, proteins, nucleic acids, lipids, 

organic acids, alcohols), which in three stages, is called methanogenesis. This process involves a specific complex bacterial enzyme system, 

consisting of the following coenzymes: methanofuran, tetrahydro-methanopterin, coenzymes F420 and F430, coenzyme M (CoM), coenzyme B. 

Using of ways of processing and waste disposal, that based on alternative biological recycling methods of organic pollutants does not always allow to 

achieve the expected effect, in particular on artificially created ecosystems of animal farms working in a closed mode. Concentration on a small area 

of a significant amount of biowaste (manure, dung, process runoffs etc.) of the cattle kept in the facilities of live-stock industry, contaminates soils, 

water bodies and atmospheric air with microorganisms, dust, harmful gases and other decomposition products. Often, it is one of the main factors 

constrainting on the growth of livestock enterprises and agro-industrial complex (AIC) capacities in general, restraining the economic development of 

regions specializing in agricultural production. For the first time in the region, study was carried out in order to determine the most efficient way to 

process miskantus phytomass for the production as target products of methane-containing biogas mixture and organo-mineral fertilizer suitable for 

use in agriculture and forestry. An economically and ecologically attractive way of utilization of wastes of phyto- and zoogenic origin, which makes it 

possible significantly reduce anthropogenic pressure on the environment, has been proposed. 

   Keywords: multisubstrate mixture, anaerobic fermentation of microorganisms methanogenesis, biogas, bio-digester, agriculture, forestry, waste 

disoposal, biotesting. 

 

ɺʩʪʫʧ. 

ɺʥʘʩʣʽʜʦʢ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʨʠʥʢʦʚʠʭ ʮʽʥ ʥʘ 

ʪʨʘʜʠʮʽʡʥʽ ʚʫʛʣʝʚʦʜʥʝʚʽ ʝʥʝʨʛʦʨʝʩʫʨʩʠ [1] ʪʘ ʥʝʛʘ-

ʪʠʚʥʠʡ ʚʧʣʠʚ ʧʨʦʜʫʢʪʽʚ ʾʭ ʛʦʨʽʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ [2] 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʦʩʠʪʴ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ, ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʆʜʥʠʤ ʟ ʧʝʨ-

ʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ  ̒

ʙʽʦʝʥʝʨʛʝʪʠʢʘ ï ʛʘʣʫʟ ɹʙʽʦʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʨʦʟʛʣʷʜʘʻ ʚ 

ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʘʣʠʚʘ ʦʨʛʘʥʽʯʥʫ ʨʝʯʦ-

ʚʠʥʫ ʙʽʦʤʘʩʠ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 

(ʟʜʝʙʽʣʴʰʦʛʦ ʚʽʜʭʦʜʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙ-

ʥʠʮʪʚʘ). ʉʝʨʝʜ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʫ 

ʧʨʦʩʪʦʪʫ ʚʽʜʥʦʚʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ, ʘ ʪʘ-

ʢʦʞ ʪʝ, ʱʦ ʚʽʥ ʥʝ ʻ ʯʫʞʠʥʥʠʤ ʜʣʷ ʜʦʚʢʽʣʣʷ, ʦʪʞʝ 

ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʧʦʪʨʘʧʣʷʥʥʷ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝ-

ʨʝʜʦʚʠʱʘ ʫ ʢʽʣʴʢʦʩʪʷʭ ʚʠʱʠʭ ʟʘ ʜʦʧʫʩʪʠʤʽ, ʮʝ ʥʝ 

ʧʨʠʟʚʝʜʝ ʜʦ ʥʝʟʚʦʨʦʪʥʠʭ ʟʤʽʥ ʚ ʝʢʦʩʠʩʪʝʤʽ. ʅʘʜʣʠʰ-

ʢʠ ʙʽʦʤʘʩʠ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʙʫʜʫʪʴ ʚʢʣʶʯʝʥʽ ʜʦ 

ʙʽʦʛʝʦʭʽʤʽʯʥʠʭ ʮʠʢʣʽʚ, ʱʦ ʻ ʟʘʧʦʨʫʢʦʶ ʤʽʥʽʤʽʟʘʮʽʾ 

ʰʢʦʜʠ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ. 

ɺʠʢʦʨʠʩʪaʥʥʷ ʥa ʧʽʜʧʨʠʻʤʩʪʚʘʭ ɸʇʂ ʤʝʪʦʜʽʚ 

ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʪa ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʫʪʠʣʽʟaʮʽʾ, 

ʟaʩʥʦʚaʥʠʭ ʥa ʽʥʰʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʩʧʦʩʦʙaʭ ʧʝʨʝʨʝʨʦ-

ʙʢʠ ʦʨʛʘʥʽʯʥʠʭ ʟaʙʨʫʜʥʶʚʘʯʽʚ ʥʝ ʟaʚʞʜʠ ʚʠʷʚʣʷʻʪʴʩʷ 

ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚaʭ ʰʪʫʯʥʦ ʩʪʚʦ-

ʨʝʥʠʭ ʟʦʦʝʢʦʩʠʩʪʝʤ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʟaʢʨʠʪʦʤʫ 

ʨʝʞʠʤʽ. ʅaʢʦʧʠʯʝʥʥʷ ʥa ʥʝʟʥaʯʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʚʝʣʠ-

ʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʭʦʜʽʚ ʪʚaʨʠʥʥʠʮʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, a 

ʩaʤʝ ʛʥʦʶ, ʛʥʦʡʦʚʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʦʢʽʚ, ʧʦʩʣʽʜʫ 

ʟaʙʨʫʜʥʶʻ ˇʨʫʥʪʠ, ʚʦʜʥʽ ʦʙô̒ ʢʪʠ ʪʘ ʧʦʚʽʪʨʷʥʠʡ ʙaʩʝʡʥ 

ʰʢʽʜʣʠʚʠʤʠ ʛaʟaʤʠ, ʤʽʢʨʦʦʨʛaʥʽʟʤaʤʠ, ʧʠʣʦʤ ʪa ʽʥ-

ʰʠʤʠ ʧʨʦʜʫʢʪaʤʠ ʨʦʟʱʝʧʣʝʥʥʷ ʦʨʛaʥʽʯʥʠʭ ʨʝʯʦʚʠʥ 

ʚʽʜʭʦʜʽʚ, ʱʦ ʻ ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʥa ʰʣʷʭʫ ʩʪʚʦ-

ʨʝʥʥʷ ʚʝʣʠʢʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʚʠʨʦʙʥʠʮʪʚa ʧʨʦʜʫʢʮʽʾ 

ʪʚʘʨʠʥʥʠʮʪʚʘ [3]. 

ʈʦʟʚʠʪʦʢ ʪʚʘʨʠʥʥʠʮʪʚʘ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪ-

ʚʽ ʚ ʥʘʰ ʯʘʩ ʧʦʪʨʝʙʫʻ ʟaʧʨʦʚaʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦ-

ʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚa ʧʨʦʜʫʢʮʽʾ, ʱʦ, ʢʨʽʤ ʝʢʦʥʦʤʽʯʥʦʾ 

ʚʠʛʦʜʠ, ʧʦʛʣʠʙʣʶʻ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚô̫ ʟaʥʽ ʽʟ 

ʢʦʥʮʝʥʪʨaʮʽʻʶ ʧʦʛʦʣʽʚô̫  ʪa ʥaʢʦʧʠʯʝʥʥʷʤ ʟʥʘʯʥʦʾ ʢʽ-

ʣʴʢʦʩʪʽ ʝʢʩʢʨʝʤʝʥʪʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʦʢʽʚ ʥa ʦʙʤʝ-

ʞʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ [4ï6]. 
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ɸʥʘʣʽʟ ʩʪʘʥʫ ʧʠʪʘʥʥʷ. ʇʨʦʮʝʩ ʙʽʦʢʦʥʚʝʨʩʽʾ ʤʝ-

ʪʘʥʫ ʟ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʩʫʙʩʪʨʘʪʫ (ʚʫʛʣʝʚʦʜʽʚ, ʙʽʣ-

ʢʽʚ, ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʣʽʧʽʜʽʚ, ʚʫʛʣʝʚʦʜʥʽʚ, ʦʨʛʘʥʽʯ-

ʥʠʭ ʢʠʩʣʦʪ, ʩʧʠʨʪʽʚ) ʥʘʟʠʚʘʶʪʴ ʤʝʪʘʥʦʛʝʥʝʟʦʤ, ʷʢʠʡ 

ʚʽʜʙʫʚʘʻʪʩɹʷ ʫ ʪʨʠ ʝʪʘʧʠ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘ ʫʯʘʩʪʶ ʬʝʨʤʝʥʪʽʚ ʛʽʜʨʦʣʘʟ, 

ʱʦ ʩʠʥʪʝʟʫʶʪʴ ʛʨʘʤ-ʥʝʛʘʪʠʚʥʽ ʥʝʩʧʦʨʦʫʪʚʦʨʶʶʯʽ 

ʘʥʘʝʨʦʙʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʢʣʘʜʘʥʥʷ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʙʽʦʧʦʣʽʤʝʨʥʠʭ ʩʧʦʣʫʢ (ʚʫʛʣʝʚʦ-

ʜʽʚ, ʙʽʣʢʽʚ, ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ), ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ ʣʽʧʽʜʽʚ 

ʜʦ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ (ʤʦʥʦ- ʽ 

ʦʣʽʛʦʩʘʭʘʨʠʜʽʚ, ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʧʝʧʪʠʜʽʚ ʨʽʟʥʦʛʦ ʩʪʫʧʝ-

ʥʷ ʩʢʣʘʜʥʦʩʪʽ, ʧʫʨʠʥʦʚʠʭ ʽ ʧʽʨʠʤʽʜʠʥʦʚʠʭ ʘʟʦʪʠʩʪʠʭ 

ʦʩʥʦʚ, ʛʣʽʮʝʨʠʥʫ ʽ ʨʽʟʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ), ʘ ʪʘʢʦʞ 

ʉʆ2 ʡ ʅ2. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʤʝʪʘʥʦʛʝʥʝʟʫ ʟ ʦʪʨʠʤʘʥʠʭ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʜʫʢʪʽʚ (ʟʘ ʚʠʥʷʪʢʦʤ ʦʮʪʦʚʦʾ ʢʠʩʣʦ-

ʪʠ, ʉʆ2 ʡ ʅ2) ʧʽʜ ʜʽʻʶ ʢʠʩʣʦʪʦʫʪʚʦʨʶʶʯʠʭ ʤʽʢʨʦʦʨ-

ʛʘʥʽʟʤʽʚ ʫʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʽ ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ, ʷʢʽ ʧʦ-

ʪʽʤ ʦʢʠʩʣʶʶʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʜʦ ʘʮʝʪʘʪʫ ʽ ʉʆ2. 

ʅʘ ʮʽʡ ʩʪʘʜʽʾ ʪʘʢʦʞ ʫʪʚʦʨʶʶʪʴʩʷ ʚʦʜʝʥʴ, ʘʤʽʘʢ ʽ ʩʽʨ-

ʢʦʚʦʜʝʥʴ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʟʘ ʫʯʘʩʪʶ ʬʝʨʤʝʥʪʽʚ, ʱʦ ʧʨʦ-

ʜʫʢʫʶʪʴ ʘʥʘʝʨʦʙʥʽ ʩʧʦʨʦ- ʽ ʥʝʩʧʦʨʦʫʪʚʦʨʶʶʯʽ ʤʝʪʘ-

ʥʦʛʝʥʥʽ ʙʘʢʪʝʨʽʾ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʪʘʪʦʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʤʝʪʘʥ ʽ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ. ɹʽʦʣʦ-

ʛʽʯʥʘ ʨʦʣʴ ʫʪʚʦʨʝʥʥʷ ʉʅ4 ʤʝʪʘʥʦʛʝʥʥʠʤʠ ʙʘʢʪʝʨʽʷʤʠ 

ʧʦʣʷʛʘʻ ʚ ʦʜʝʨʞʘʥʥʽ ʢʣʽʪʠʥʘʤʠ ʝʥʝʨʛʽʾ (ʫʪʚʦʨʝʥʥʷ ʤʦ-

ʣʝʢʫʣ ɸʊʌ) ʜʣʷ ʧʨʦʮʝʩʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. 

ʄʝʪʘʥʦʛʝʥʥʽ ʙʘʢʪʝʨʽʾ ʟʜʘʪʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʪ-

ʨʠʤʘʥʥʷ ʝʥʝʨʛʽʾ ʬʦʨʤʽʘʪ, ʤʝʪʘʥʦʣ, ʉʆ, ʘʮʝʪʘʪ, ʘ ʪʘʢʦʞ 

ʤʝʪʠʣʴʦʚʘʥʽ ʘʤʽʥʠ: 

 

  4ʅʉʆʆʅ Ÿ ʉʅ4 + 3ʉʆ2 + 2ʅ2ʆ,                (1) 

  4ʉʅ3ʆʅ Ÿ 3ʉʅ4 + ʉʆ2 + 2ʅ2ʆ,                (2) 

  4ʉʆ + 2ʅ2ʆ Ÿ ʉʅ4 + 3ʉʆ2,                   (3) 

  ʉʅ3ʉʆʆʅ Ÿ ʉʅ4 + ʉʆ2,                                (4) 

  4ʉʅ3Nʅ3 + 2ʅ2ʆ Ÿ 3ʉʅ4 + ʉʆ2 + 4 Nʅ4.         (5) 

 

ʅʘʧʨʠʢʽʥʮʽ ʤʝʪʘʥʦʛʝʥʝʟʫ ʟʽ ʩʢʣʘʜʦʚʠʭ ʉʆ2 ʡ ʅ2 

ʫʪʚʦʨʶʻʪʴʩʷ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʥʫ ʽ ʚʦʜʠ. ɽʥʝʨʛʽʶ 

ʙʘʢʪʝʨʽʾ ʦʪʨʠʤʫʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʦʢʠʩʣʝʥʥʷ ʅ2 ʷʢ ʜʦʥʦ-

ʨʘ ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʫʤʦʚ ʩʧʨʷʞʝʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʉʆ2 ï 

ʘʢʮʝʧʪʦʨʘ ʝʣʝʢʪʨʦʥʽʚ: 

 

  4ɸʅ2 + ʉʆ2  ʉʅ4 + 2ʅ2ʆ + ɸ.             (6) 

 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʙʣʠʟʴʢʦ 70 % ʤʝʪʘʥʫ ʫʪʚʦʨʶʻʪʴ-

ʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʡ (2, 4), 25 % ï ʚ ʨʝʘʢʮʽʾ (6), ʽʥʰʽ  

5 % ï ʚ ʨʝʘʢʮʽʷʭ (1, 3, 5). 

ʋ ʧʨʦʮʝʩʽ ʤʝʪʘʥʦʛʝʥʝʟʫ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ 

ʩʧʝʮʠʬʽʯʥʘ ʩʢʣʘʜʥʘ ʬʝʨʤʝʥʪʥʘ ʩʠʩʪʝʤʘ ʙʘʢʪʝʨʽʡ, ʜʦ 

ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʢʦʬʝʨʤʝʥʪʠ ʤʝʪʘʥʦʬʫʨʘʥ, 

ʪʝʪʨʘʛʽʜʨʦ-ʤʝʪʘʥʦʧʪʝʨʠʥ, ʢʦʬʝʨʤʝʥʪʠ F420 ʪʘ F430, 

ʢʦʬʝʨʤʝʥʪ M (ʂʦʄ), ʢʦʬʝʨʤʝʥʪ B [7]. 

ɼʦ ʩʢʣʘʜʫ ʧʨʠʨʦʜʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽ-

ʟʤʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʨʦʮʝʩ ʤʝʪʘʥʦʛʝʥʝʟʫ, ʚʭʦʜʷʪʴ ʨʽ-

ʟʥʦʤʘʥʽʪʥʽ ʚʠʜʠ ʘʥʘʝʨʦʙʥʠʭ ʙʘʢʪʝʨʽʡ, ʱʦ ʨʦʟʢʣʘʜʘ-

ʶʪʴ ʢʣʽʪʢʦʚʠʥʫ, ʚʫʛʣʝʚʦʜʠ, ʙʽʣʢʠ, ʧʝʧʪʠʜʠ, 

ʘʤʽʥʦʢʠʩʣʦʪʠ, ʣʽʧʽʜʠ ʪʘ ʽʥ. ʩʧʦʣʫʢʠ. ɿʘʚʜʷʢʠ ʾʭ ʜʽʷʣʴ-

ʥʦʩʪʽ ʦʨʛʘʥʽʯʥʽ ʨʝʰʪʢʠ, ʚʽʜʤʝʨʣʘ ʙʽʦʤʘʩʘ ʨʽʟʥʦʛʦ ʧʦ-

ʭʦʜʞʝʥʥʷ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʚʠʭʽʜʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʙʽʦʛʘʟʫ ʚ ʧʨʦʮʝʩʽ ʙʽʦʜʝʩʪʨʫʢʮʽʾ. ʆʩʢʽʣʴʢʠ 

ʙʽʦʛʘʟ ʦʪʨʠʤʫʶʪʴ ʟ ʦʨʛʘʥʽʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʨʽʟʥʦʛʦ ʛʝ-

ʥʝʟʠʩʫ, ʪʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʪʘʥʦʫʪʚʦʨʝʥʥʷ ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʤʽʢʨʦʙʥʽ ʘʩʦ-

ʮʽʘʮʽʾ. ɼʦ ʾʭ ʩʢʣʘʜʫ ʦʢʨʽʤ ʤʝʪʘʥʦʛʝʥʽʚ ʚʭʦʜʷʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ ʦʨʛʘʥʽʯʥʽ ʩʫʙʩʪʨʘ-

ʪʠ ʥʘ ʤʝʪʘʥʦʣ, ʤʫʨʘʰʠʥʫ ʪʘ ʦʮʪʦʚʽ ʢʠʩʣʦʪʠ, ʚʦʜʝʥʴ, 

ʉʆ2 ʪʦʱʦ. ʎʝ ʩʠʤʙʽʦʪʠʯʥʝ ʫʛʨʫʧʦʚʘʥʥʷ ʟʜʘʪʥʝ ʟʤʽ-

ʥʶʚʘʪʠ ʰʣʷʭʠ ʬʝʨʤʝʥʪʘʮʽʾ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ ʽ ʬʫʥʢ-

ʮʽʦʥʫʻ ʷʢ ʩʘʤʦʨʝʛʫʣʶʶʯʘ ʩʠʩʪʝʤʘ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʨʅ, ʦʢʠʩʣʶʚʘʣʴʥʦ-

ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʨʽʚʥʦʚʘʛʫ 

ʜʣʷ ʩʚʦʛʦ ʨʦʩʪʫ ʡ ʨʦʟʚʠʪʢʫ ʽ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʤʝʪʘʥʦʛʝʥʝʟʫ.  

ɸʥʘʣʽʟ ʦʩʥʦʚʝʥʠʭ ʜʦʩʷʛʥʝʥʴ ʽ ʣʽʪʝʨʘʪʫʨʠ. 

ɿʘ ʙʽʦʭʽʤʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʙʘʢʪʝʨʽʾ, ʱʦ ʟʜʽʡʩ-

ʥʶʶʪʴ ʤʝʪʘʥʦʛʝʥʝʟ, ʧʦʜʽʣʷʶʪʴ ʥʘ 4 ʛʨʫʧʠ:  

ï ʛʽʜʨʦʣʽʪʠʯʥʽ ʙʘʢʪʝʨʽʾ;  

ï ʢʠʩʣʦʪʦʫʪʚʦʨʶʶʯʽ ʙʘʢʪʝʨʽʾ; 

ï ʛʝʪʝʨʦʘʮʝʪʦʛʝʥʥʽ, ʛʦʤʦʘʮʝʪʦʛʝʥʥʽ ʙʘʢʪʝʨʽʾ;  

ï ʤʝʪʘʥʦʫʪʚʦʨʶʶʯʽ ʙʘʢʪʝʨʽʾ. 

 

ʇʝʨʰʘ ʩʪʘʜʽʷ ʜʝʩʪʨʫʢʮʽʾ ʩʢʣʘʜʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʧʦʣʽʤʝʨʽʚ ï ʛʽʜʨʦʣʽʟ ï ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʘʢʪʝʨʽʷʤʠ ʨʦʜʽʚ 

Clostridium, Bacteroides, Ruminococcus, Butyrʦvibrio ʪʘ 

ʽʥ. ʎʝʡ ʧʨʦʮʝʩ ʧʦʟʘʢʣʽʪʠʥʥʠʡ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʯʘʩʪʶ 

ʢʦʤʧʣʝʢʩʫ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʢʟʦʬʝʨʤʝʥʪʽʚ. ɺʽʜ ʥʘʙʦʨʫ ʡ 

ʢʽʣʴʢʦʩʪʽ ʮʠʭ ʝʥʟʠʤʽʚ, ʨʅ, ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʟ ʩʫʙʩʪʨʘʪʦʤ 

ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʙʽʛʫ ʛʽʜʨʦʣʽ-

ʟʫ. ʆʩʥʦʚʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʦʣʽʟʫ ʻ ʘʤʽʥʦʢʠʩʣʦʪʠ, 

ʮʫʢʨʠ, ʞʠʨʥʽ ʢʠʩʣʦʪʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʨʫʛʦʾ ʩʪʘʜʽʾ 

ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʢʠʩʣʦʪʦʫʪʚʦʨʶʶʯʽ ʙʘʢʪʝʨʽʾ ʨʦʜʽʚ 

Syntrophobacter, Syntrophomonas ʪʘ Desulfovibrio ʦʢʠ-

ʩʣʶʶʪʴ ʮʽ ʧʨʦʜʫʢʪʠ ʜʦ ʘʮʝʪʘʪʫ, ʧʨʦʧʽʦʥʘʪʫ, ʩʫʢʮʠʥʘ-

ʪʫ, ʩʧʠʨʪʽʚ, ʘʣʴʜʝʛʽʜʽʚ, NH3, H2S, ʅ2 ʽ ʉʆ2. 

ɹʘʢʪʝʨʽʾ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʮʽʻʾ ʩʪʘʜʽʾ ʙʽʦʜʝʩʪʨʫʢʮʽʾ 

(ʨʦʜʽʚ Acetobacterium, Acetogenium, Syntrophobacter, 

Syntrophomonas ʪʘ ̔ʥ.) ʚʠʢʣʠʢʘʶʪʴ ʨʦʟʢʣʘʜ ʧʨʦʧʽʦʥʘ-

ʪʫ, ʙʫʪʠʨʘʪʫ, ʣʘʢʪʘʪʫ ʡ ʧʽʨʫʚʘʪʫ ʜʦ ʘʮʝʪʘʪʫ, ʅ2 ʽ ʉʆ2. 
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ʅʘ ʦʩʪʘʥʥʽʡ ʪʨʝʪʽʡ ʩʪʘʜʽʾ ʤʝʪʘʥʦʛʝʥʝʟʫ ʧʨʘʮʶʶʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʝʪʘʥʦʫʪʚʦʨʶʶʯʽ ʙʘʢʪʝʨʽʾ. 

ʄʝʪʘʥʦʫʪʚʦʨʶʶʯʽ ʙʘʢʪʝʨʽʾ ʚʽʜʥʦʩʷʪʴ ʜʦ ʪʠʧʫ 

Euryarchaeota ʨʦʜʽʚ Methanobacterium, 

Methanobrevibacter, Methanothrix, Methanocalculus, 

Methanococcoides, Methanosphaera, Methanococcus, 

Methanocorpusculum, Methanoculleus, Methanofollis, 

Methanogenium, Methanomicrobium, Methanopyrus, Me-

thanoregula, Methanosaeta, Methanosarcina,  Methanos-

pirillium, Methanothermobacter. 

ɯʥʛʽʙʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʤʝʪʘʥʦʛʝʥʝʟʫ ʚʠʢʣʠʢʘʶʪʴ 

ʧʽʜʚʠʱʝʥʽ ʫ ʞʠʚʠʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʡʦʥʽʚ ʘʤʦʥʽʶ, ʥʘʪʨʽʶ, ʢʘʣʽʶ, ʢʘʣʴʮʽʶ, ʤʘʛʥʽʶ, ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ, ʥʽʪʨʘʪʽʚ, ʩʫʣʴʬʽʜʽʚ, ʘ ʪʘʢʦʞ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʢʩʝʥʦʙʽʦʪʠʢʽʚ. ʐʣʷʭʠ ʧʦʜʦʣʘʥʥʷ ʽʥʛʽʙʫʚʘʥʥʷ: 

ï ʚʠʜʘʣʝʥʥʷ ʪʦʢʩʠʯʥʦʾ ʨʽʜʢʦʾ ʬʘʟʠ; 

ï ʨʦʟʚʝʜʝʥʥʷ ʚʦʜʦʶ ʩʫʙʩʪʨʘʪʫ; 

ï ʜʦʜʘʚʘʥʥʷ ʘʥʪʘʛʦʥʽʩʪʘ ʚʠʷʚʣʝʥʦʛʦ ʪʦʢʩʠʥʫ; 

ï  ʦʩʘʜʞʝʥʥʷ ʪʦʢʩʠʥʽʚ; 

ï ʫʪʚʦʨʝʥʥʷ ʭʝʣʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʪʦʢʩʠʥʘʤʠ; 

ï ʘʜʩʦʨʙʮʽʷ ʪʦʢʩʠʥʽʚ. 

 

ɹʽʦʢʦʥʚʝʨʩʽʶ ʦʨʛʘʥʽʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʟ ʫʪʚʦʨʝʥ-

ʥʷʤ ʉʅ4 ʟʜʽʡʩʥʶʻ ʘʩʦʮʽʘʮʽʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʟʤʽʰʘʥʘ 

ʢʫʣʴʪʫʨʘ), ʪʦʤʫ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʝ-

ʪʘʥʦʛʝʥʥʠʭ ʙʘʢʪʝʨʽʡ ʫ ʟʤʽʰʘʥʽʡ ʢʫʣʴʪʫʨʽ ʚʝʜʝ ʜʦ ʟʥʠ-

ʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʤʝʪʘʥʫ. ʏʝʨʝʟ ʚʽʜʥʦʩ-

ʥʦ ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʩʫʙʩʪʨʘʪʫ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʽʥʦʢʫʣʷʪʫ 

ʙʽʦʘʛʝʥʪʘ ï ʥʝ ʤʝʥʰ 30ï50 % ʚʽʜʥʦʩʥʦ ʜʦ ʦʙô̒ ʤʫ ʩʫʙ-

ʩʪʨʘʪʫ. ɯʥʬʽʢʫʚʘʥʥʷ ʩʫʙʩʪʨʘʪʫ, ʷʢʠʡ ʬʝʨʤʝʥʪʫʶʪʴ, 

ʚʠʢʣʶʯʝʥʦ, ʪʦʤʫ ʱʦ ʧʨʦʮʝʩ ʚʝʜʝʪʴʩʷ ʟʤʽʰʘʥʠʤʠ ʢʫ-

ʣʴʪʫʨʘʤʠ ʽ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚ ʩʪʝʨʠʣʴʥʦʩ-

ʪʽ. ɯʥʦʢʫʣʷʪ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʨʦʜʥʴʦ ʧʨʠʩʫʪʥʽʡ ʫ ʚʠʭʽ-

ʜʥʦʤʫ ʩʫʙʩʪʨʘʪʽ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʦʜʷʪʴ ʧʦʧʝʨʝʜʥʻ 

ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʢʫʣʴʪʫʨ ʛʨʫʧʠ ʤʝʪʘʥʦʛʝʥʽʚ ʥʘ ʢʦʤʙʽ-

ʥʦʚʘʥʠʭ ʧʦʞʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦ-

ʜʷʪʴ ʨʦʩʪʦʚʽ ʬʘʢʪʦʨʠ (ʥʘʧʨ., ʢʦʬʝʨʤʝʥʪ ʄ (ʂʦʄ), 

ʬʘʢʪʦʨ F420), ʱʦ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʦʥʦʢʫʣʴ-

ʪʫʨʠ ʤʝʪʘʥʦʛʝʥʽʚ. ʆʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʽʥʦʢʫʣʷʪʫ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʟʘ ʚʠʭʦʜʦʤ ʙʽʦʛʘʟʫ ʧʨʦ-

ʜʫʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʘʮʽʾ. 

ʉʧʨʠʷʪʣʠʚʠʤ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʫʛʨʫʧʦʚʘʥʥʷ 

ʤʝʪʘʥʦʫʪʚʦʨʶʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʚʘʞʘʻʪʴʩʷ ʩʝʨʝ-

ʜʦʚʠʱʝ, ʫ ʷʢʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ 10ï12 % (ʫʤʽʩʪ ʚʦʜʠ 60ï80 % ʟʘ ʤʘ-

ʩʦʶ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚô̫ ʟʢʽʩʪʴ ʩʫʙʩʪʨʘʪʫ ʟʘʙʝʟʧʝʯʫʻ 

ʚʽʣʴʥʠʡ ʨʫʭ ʨʽʜʠʥʠ ʽʟ ʩʫʩʧʝʥʜʦʚʘʥʠʤʠ ʫ ʥʽʡ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʢʘʤʠ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʤʽʢʨʦʙʥʠʤʠ ʢʣʽʪʠ-

ʥʘʤʠ, ʘ ʪʘʢʦʞ ʧʫʭʠʨʮʷʤʠ ʛʘʟʫ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʩ-

ʢʦʨʶʻ ʧʨʦʮʝʩʠ ʛʽʜʨʦʣʟ̔ʫ, ʘʮʝʪʦʛʝʥʝʟʫ ʽ ʤʝʪʘʥʦʛʝʥʝʟʫ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʟʨʦʩʪʘʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʢʣʽ-

ʪʠʥ. 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʫ, ʱʦ 

ʢʦʥʪʘʢʪʫʻ ʟ ʙʘʢʪʝʨʽʘʣʴʥʠʤʠ ʢʣʽʪʠʥʘʤʠ, ʟʜʽʡʩʥʶʶʪʴ 

ʢʦʥʪʨʦʣʴ ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʷʢ ʜʦʚʞʠʥʘ ʦʨʛʘʥʽʯʥʠʭ 

ʨʝʰʪʦʢ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʙʽʦʤʘʩʠ, ʚʽʜʭʦʜʽʚ. ʎʝʡ 

ʧʦʢʘʟʥʠʢ ʥʝ ʧʦʚʠʥʥʠʡ ʧʝʨʝʚʠʱʫʚʘʪʠ 10ï30 ʤʤ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʦʤʘʩʠ ʮʽʘʥʦʙʘʢʪʝʨʽʡ ʮʝ ʧʠʪʘʥʥʷ ʩʪʘʻ 

ʥʝʘʢʪʫʘʣʴʥʠʤ. 

ʇʨʦʮʝʩ ʬʝʨʤʝʥʪʘʮʽʾ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʫʤʦʚ ʜʚʦʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ. ʄʝʟʦʬʽʣʴʥʠʡ ʨʝʞʠʤ ʤʝʪʘʥʦ-

ʛʝʥʝʟʫ ʨʝʘʣʽʟʫʶʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 30ï35 
ʦ
ʉ. ʊʝʨʤʦ-

ʬʽʣʴʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

50ï55 
ʦ
ʉ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 

36 ʜʦ 48 
0
ʉ ʧʨʦʮʝʩ ʤʝʪʘʥʦʛʝʥʝʟʫ ʟʘʛʘʩʘʻ. ʇʝʨʝʚʘʛʠ 

ʪʝʨʤʦʬʽʣʴʥʦʛʦ ʨʝʞʠʤʫ: ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʽʦʢʦʥ-

ʚʝʨʩʽʾ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʤʝʪʘʥʦ-

ʛʝʥʝʟʫ (ʫ 2 ʨʘʟʠ ʢʦʨʦʪʰʝ ʤʝʟʦʬʽʣʴʥʦʛʦ), ʩʫʧʨʦʚʦʜʞʫ-

ʻʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʛʘʟʦʚʠʜʽʣʝʥʥʷʤ, ʩʘʥʽʪʘʨʥʘ 

ʙʝʟʧʝʢʘ ʜʠʛʝʩʪʘʪʫ (ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʠʥʫʪʴ 

ʧʘʪʦʛʝʥʥʽ ʙʘʢʪʝʨʽʾ ʡ ʷʡʮʷ ʛʝʣʴʤʽʥʪʽʚ). ʅʝʜʦʣʽʢ ʚʠʱʝ-

ʚʢʘʟʘʥʦʛʦ ʨʝʞʠʤʫ ï ʡʦʛʦ ʝʥʝʨʛʦʻʤʥʽʩʪʴ (ʟʙʽʣʴʰʝʥʽ 

ʚʠʪʨʘʪʠ ʪʝʧʣʘ). 

ɿʛʽʜʥʦ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ REN21 ʙʽʦʝʥʝʨʛʝʪʠʢʘ 

ʥʘʣʝʞʠʪʴ ʜʦ ʚʠʜʽʚ ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

(ʇɼɽ), ʱʦ ʥʘʡʙʽʣʴʰ ʜʠʥʘʤʽʯʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʦʩʪʘʥ-

ʥʽʤ ʯʘʩʦʤ [8]. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʙʽʦ-

ʤʘʩʠ ʚʽʜʽʛʨʘʻ ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ ʩʝʨʝʜ ʽʥʰʠʭ ʚʠʜʽʚ ʇɼɽ, 

ʬʦʨʤʫʶʯʠ ʙʽʣʷ 46% ʨʠʥʢʫ ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ. ɿ ʨʽʟʥʠʭ ʚʠʜʽʚ ʙʽʦʤʘʩʠ ʚʠʨʦʙʣʷʶʪʴ ʛʘʟʦʧʦʜʽʙ-

ʥʝ (ʙʽʦʛʘʟ), ʨʽʜʢʝ (ʙʽʦʝʪʘʥʦʣ, ʙʽʦʜʠʟʝʣʴ) ʪʘ ʪʚʝʨʜʝ ʙʽʦ-

ʧʘʣʠʚʦ. ʅʘ ʦʩʥʦʚʽ ʙʽʦʧʘʣʠʚʘ ʟʨʦʩʪʘʶʪʴ ʦʙʩʷʛʠ ʚʠʨʦʙ-

ʥʠʮʪʚʘ ʪʝʧʣʦ- ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [9]. 

ɺʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ ʟ ʛʥʦʶ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫ-

ʜʦʙʠ (ɺʈʍ) ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ ʚʠʢʠʜʫ ʤʝʪʘʥʫ ʚ ʘʪʤʦ-

ʩʬʝʨʫ, ʘ ʡʦʛʦ ʫʣʦʚʣʶʚʘʥʥʷ ï ʥʘʡʢʨʘʱʠʡ ʩʧʦʩʽʙ ʟʘʧʦ-

ʙʽʛʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ. ɹʽʦʛʘʟ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʽ ʟʚʠʯʘʡʥʠʡ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʜʣʷ 

ʦʙʽʛʨʽʚʫ, ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʬʝʨʤʘ ʩʘʤʦʩʪʽʡʥʦ ʤʦʞʝ ʩʝʙʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʝʧʣʦʚʦʶ 

ʪʘ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ. ʉʧʦʞʠʚʘʥʥʷ ʙʽʦʛʘʟʫ ʚ ʪʝʭ-

ʥʽʯʥʠʭ ʮʽʣʷʭ ʤʦʞʝ ʩʧʨʠʷʪʠ ʟʤʝʥʰʝʥʥʶ ʝʤʽʩʽʾ ʤʝʪʘʥʫ. 

ʎʽʥʥʽʩʪʴ ʛʥʦʶ ɺʈʍ, ʩʚʠʥʝʡ ʪʘ ʧʪʠʮʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʜʞʝʨʝʣʘ ï ʙ̔ -

ʦʛʘʟʫ ï ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʫ ʥʴʦʤʫ ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘ-

ʜʦʚʦʾ, ʩʠʨʠʭ ʨʦʩʣʠʥʥʠʭ ʟʘʣʠʰʢʽʚ ʪʘ ʚʦʜʠ. 

ʆʧʪʠʤʘʣʴʥʦʶ ʚʚʘʞʘʻʪʴʩʷ ʚʦʣʦʛʽʩʪʴ ʩʫʙʩʪʨʘʪʫ 86 ï 

90 % [10]. 

ʂʨʽʤ ʪʦʛʦ ʧʽʜʩʪʠʣʢʦʚʠʡ ʛʥʽʡ ɺʈʍ ʤʦʞʥʘ ʨʦʟʛʣʷ-

ʜʘʪʠ ʷʢ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʝ ʦʨʛʘʥʽʯʥʝ ʜʦʙʨʠʚʦ, ʱʦ 

ʤʽʩʪʠʪʴ ʨʷʜ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʞʠʚʣʝʥʥʷ 
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ʨʦʩʣʠʥ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʨʦʜʶʯʦʩʪʽ 

ˇʨʫʥʪʫ ʽ ʫʪʚʦʨʝʥʥʷ ʛʫʤʫʩʫ. 

ɻʥʦʡʦʚʽ ʚʽʜʭʦʜʠ ʪʚʘʨʠʥʥʠʮʪʚʘ (ʛʥʽʡ ɺʈʍ), ʦʩʦʙ-

ʣʠʚʦ ʙʝʟʧʽʜʩʪʠʣʢʦʚʽ, ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʚʤʽʩʪʫ ʚʦʜʠ, ʻ 

ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʨʦʟʙʘʚʣʝʥʥʷ ʽʥʰʠʭ, ʙʽʣʴʰ ʢʦʥʮʝʥʪ-

ʨʦʚʘʥʠʭ ʩʫʙʩʪʨʘʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʢʘʯʫʚʘʪʠ ʾʭ ʥʘ-

ʩʦʩʘʤʠ. ʊʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʚ ʩʚʽʪʽ, ʘ 

ʟʘʛʘʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʝʥʝʨʛʽʾ ʟ ʙʽʦʛʘʟʫ, ʟʦʢʨʝʤʘ ʚ ʢʨʘ-

ʾʥʘʭ ɭʉ, ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ. ɯʥ-

ʪʝʥʩʠʚʥʝ ʥʘʨʦʱʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ ʤʘʻ ʤʽʩʮʝ 

ʚ ʢʨʘʾʥʘʭ, ʜʝ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ 

ʚʠʨʦʱʝʥʽ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʚʠʜʠ ʨʦʩʣʠʥʥʦʾ 

ʩʠʨʦʚʠʥʠ, ʩʝʨʝʜ ʷʢʠʭ ʢʫʢʫʨʫʜʟʘ ʥʘ ʩʠʣʦʩ ʻ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʶ, ʘ ʚʽʜʪʘʢ ʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʩʠʨʦʚʠ-

ʥʦʶ. ʇʨʠ ʮʴʦʤʫ, ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʦʙʫʤʦ-

ʚʣʶʻ ʥʘʧʨʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʠʨʦʙʣʝʥʦʛʦ ʙʽʦʛʘ-

ʟʫ, ʻ ʚʠʜʠ ʩʪʠʤʫʣʶʚʘʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʬʽʢʩʦʚʘʥʦʛʦ çʟʝʣʝʥʦʛʦè ʪʘʨʠʬʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʾ 

ʟ ʙʽʦʛʘʟʫ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʪʘ ʜʽʻʚʠʤ ʟʘʩʦʙʦʤ 

ʩʪʠʤʫʣʶʚʘʥʥʷ. ɺ ʋʢʨʘʾʥʽ ʙʽʦʛʘʟʦʚʽ ʧʨʦʝʢʪʠ, ʧʦʧʨʠ 

ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ ʷʢ ʫ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ ʚʽʜʭʦʜʽʚ ʪʘ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʪʘʢ ʽ ʚ ʝʥʝʨʛʝʪʠ-

ʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʨʦʟʚʠʚʘʶʪʴ-

ʩʷ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦ. ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ, ʙʝʟ ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʙʝʟ ʜʽʻʚʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʩʪʠʤʫʣʶʚʘʥʥʷ, ʜʦʩʷʛʪʠ ʪʘʢʠʭ ʧʣʘʥʽʚ ʙʫʜʝ 

ʩʢʣʘʜʥʦ. 

ɼʣʷ ʧʝʨʝʨʦʙʢʠ ʛʥʦʶ ɺʈʍ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴ ʤʝʪʘʥʦʚʝ ʙʨʦʜʽʥʥʷ ʚʽʜʭʦʜʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʙʽʦʛʘʟʫ, 

ʷʢʠʡ ʥʘ 60 ï 80 % ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʪʘʥʫ ʽ ʥʘ 15 ï 

20 % ï ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʄʝʪʘʥʦʚʝ ʟʙʨʦʜʞʫʚʘʥʥʷ ï 

ʮʝ ʧʨʦʮʝʩ, ʷʢʠʡ ʟʜʘʪʥʠʡ ʜʘʪʠ ʚʝʣʠʯʝʟʥʫ ʢʦʨʠʩʪʴ ʚ 

ʟʥʝʟʘʨʘʞʝʥʥʽ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ. ɺʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ 

ʰʣʷʭʦʤ ʤʝʪʘʥʦʚʦʛʦ ʙʨʦʜʽʥʥʷ ʚʽʜʭʦʜʽʚ ï ʦʜʥʝ ʟ ʤʦʞ-

ʣʠʚʠʭ ʚʠʨʽʰʝʥʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. 

ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʡ ʨʦʟʚʠʪʦʢ ʽ ʝʢʦ-

ʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʦʢ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘ-

ʟʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʨʷʜ ʙʽʦʭʽʤʽʯʥʠʭ, ʤʽʢʨʦʙʽʦʣʦ-

ʛʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ. 

ʆʜʥʦʯʘʩʥʦ ʟ ʛʥʦʻʤ ɺʈʍ ʟʥʘʯʥʫ ʫʚʘʛʫ ʷʢ ʜʞʝʨʝʣʦ 

ʜʣʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʤʝʪʘʥʦʛʝʥʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠʚʝʨ-

ʪʘʻ ʽ ʧʪʘʰʠʥʠʡ ʧʦʩʣʽʜ, ʱʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʧʪʘʭʦʢʦʤʧʣʝʢʩʽʚ ʪʘ ʜʽʷʣʴʥʦʩʪʽ ʬʝʨʤʝʨʩʴʢʠʭ 

ʛʦʩʧʦʜʘʨʩʪʚ. ɼʘʥʠʡ ʪʠʧ ʚʽʜʭʦʜʽʚ ʪʘʢʦʞ ʻ ʜʦʩʠʪʴ ʥʝʙʝ-

ʟʧʝʯʥʠʤ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʥʝʩʝ ʟʘ-

ʛʨʦʟʫ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʷʢ ʚ ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʦʤʫ ʪʘʢ ʽ ʫ 

ʝʢʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ. ʍʽʤʽʯʥʘ ʘʛʨʝʩʠʚʥʽʩʪʴ ʧʪʘʰʠʥʦʛʦ 

ʧʦʩʣʽʜʫ ʟʫʤʦʚʣʝʥʘ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʫ ʥʴʦʤʫ ʘʟʦʪʠʩ-

ʪʠʭ ʩʧʦʣʫʢ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ, ʱʦ ʚʝʜʫʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʫ 

ʩʫʙʩʪʨʘʪʽ ʚʽʣʴʥʦʛʦ ʘʤʽʘʢʫ. ɺʩʝ ʮʝ ʟʘʛʨʦʞʫʻ ʧʝʨʝʜʯʘʩ-

ʥʠʤ ʚʠʯʝʨʧʘʥʥʷʤ ʨʝʩʫʨʩʫ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʟʘʩʪʦʩʦʚʫ-

ʻʪʴʩʷ ʫ ʙʽʦʛʘʟʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʦʩʫʶʪʴʩʷ ʪʘʢʠʭ ʤʦʤʝʥʪʽʚ: 

ï ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʣʘ ʩʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚ 

ʦʙʣʘʜʥʘʥʥʽ; 

ï ʩʪʚʦʨʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟ ʦʧʪʠʤʽʟʦʚʘʥʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ; 

ï ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʥʘʛʨʽʚʘʯʽʚ; 

ï ʥʘʛʨʽʚʘʥʥʷ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʚʥʦʚʢʠ ʩʦʥʷʯʥʦʶ 

ʝʥʝʨʛʽʻʶ; 

ï ʦʙô̒ ʜʥʘʥʥʷ ʩʠʩʪʝʤ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ ʟ 

ʽʥʰʠʤʠ ʥʝʪʨʘʜʠʮʽʡʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ; 

ï ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʦʜʠʥʠʮʴ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽ ʤʽʩʪ; 

ï ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ; 

ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʙʨʦʜʽʥʥʷ ʽ ʧʦʯʘʪʢʦʚʦʾ 

ʜʝʛʨʘʜʘʮʽʾ ʚʽʜʭʦʜʽʚ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʠʭ ʤʝʪʘ-

ʥʦʛʝʥʥʠʭ ʰʪʘʤʽʚ ʙʘʢʪʝʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʛʝʥʥʦʾ ʽʥʞʝʥʝʨʽʾ; 

ï ʧʽʜʙʽʨ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʩʫʙʩʪʨʘʪʥʠʭ ʩʫ-

ʤʽʰʝʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ ʥʘ ʦʩʥʦʚʽ ʦʨʛʽʥʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ ʬʽʪʦ- ʪʘ ʟʦʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʢʣʘʜʦʚʠʭ 

ʤʫʣʴʪʠʩʫʙʩʪʨʘʪʫ. 

ʅʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʫʣʴʪʠ- ʯʠ ʤʦʥʦʩʫʙʩʪʨʘʪʥʠʭ ʩʫʤʽʰʝʡ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʭʦʜʫ ʙʽʦʛʘʟʫ ʷʢ ʮʽ-

ʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʙʝʟʚʽʜʭʦʜʥʦʾ ʙʽʦʪʝʭʥʦʣʦʛʽʾ, ʟʘʟʚʠʯʘʡ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʟʘ ʫʚʘʛʦʶ ʚʽʪʯʠʟʥʷʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʟ 

ʦʛʣʷʜʫ ʥʘ ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʙʽʦʝʥʝʨʛʝʪʠʯ-

ʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʜʝʨʞʘʚʽ. ɻʦʣʦʚʥʦʶ ʟʘʜʘʯʝʶ ʧʝʨʝʚʘ-

ʞʥʦ ʻ ʫʪʠʣʽʟʘʮʽʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦ-

ʜʽʚ ɸʇʂ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜ-

ʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʨʝʛʽʦʥʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʤʫʣʴʪʠʩʫʙʩʪʨʘʪʥʠʭ ʩʫʤʽʰʝʡ ʥʘ 

ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚʽʜʭʦʜʽʚ ɸʇʂ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ:  

ï ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʩ-

ʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʦʨʛʘʥʽʯʥʠʭ ʤʫʣʴʪʠʩʫʙʩʪʨʘʪʥʠʭ 

ʩʫʤh̔ʝʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ;  

ï ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʩʠʨʦʚʠʥʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʤʫʣʴʪʠʩʫʙʩʪʨʘʪʥʠʭ ʩʫʤʽʰʝʡ;  

ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ʚ ʣʘʙʦʨʘ-

ʪʦʨʥʠʭ ʫʤʦʚʘʭ ʽʟ ʤʫʣʴʪʠʩʫʙʩʪʨʘʪʥʠʭ ʪʘ ʤʦʥʦʩʫʙʩʪʨʘ-

ʪʥʠʭ ʩʫʤʽʰʝʡ; 

ï ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʝʨʝʚʘʛʠ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ʦʯʝʚʠʜʥʽ, ʦʩʢʽʣʴʢʠ 

ʧʨʦʮʝʩ ʤʝʪʘʥʦʛʝʥʝʟʫ ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʪʨʝʙʫ ʚ ʝʥʝʨʛʽʾ, 

ʮʽʥʥʦʤʫ ʦʨʛʘʥʽʯʥʦʤʫ ʜʦʙʨʠʚʽ ʽ ʩʧʨʠʷʻ ʦʭʦʨʦʥʽ ʥʘʚʢʦ-

ʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ʉʠʥʪʝʟ ʙʽʦʛʘʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʞʠʪʪʻʜʽ-

ʷʣʴʥʦʩʪʽ ʢʦʤʧʣʝʢʩʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ 

ʚʩʝʨʝʜʠʥʽ ʙʽʦʨʝʘʢʪʦʨʘ ʧʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ 

ʩʫʙʩʪʨʘʪʫ. ʇʝʨʝʨʦʙʢʘ ʩʠʨʦʚʠʥʠ ʥʘ ʤʝʪʘʥ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚ ʭʦʜʽ ʩʢʣʘʜʥʠʭ ʚʟʘʻʤʦʜʽʡ ʫ ʟʤʽʰʘʥʠʭ ʧʦʧʫʣʷʮʽʷʭ ʙʘ-

ʢʪʝʨʽʡ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʛʨʫʧʠ ʘʨʭʝʾʚ, ʚʽʜʦʤʠʭ ʧʽʜ ʟʘ-

ʛʘʣʴʥʦʶ ʥʘʟʚʦʶ ʤʝʪʘʥʦʛʝʥʽʚ. ʋʪʚʦʨʝʥʥʷ ʤʝʪʘʥʫ ʟ ʦʨ-

ʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʯʦʪʠʨʠ ʩʪʘʜʽʾ, ʦʩʥʦʚʥʦʶ ʟ 

ʷʢʠʭ ʻ ʚʣʘʩʥʝ ʤʝʪʘʥʦʛʝʥʥʘ ʩʪʘʜʽʷ. ɻʦʣʦʚʥʽ ʙʽʦʭʽʤʽʯʥʽ ʰʣʷ-

ʭʠ ʩʠʥʪʝʟʫ ʤʝʪʘʥʫ ï ʙʽʦʩʠʥʪʝʟ ʟ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʙʽ-

ʦʩʠʥʪʝʟ ʟ ɻʽʜʨʦʛʝʥʫ ʪʘ ʜʽʦʢʩʠʜʫ ʂʘʨʙʦʥʫ [11]. 

ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʪʘ ʘʧʘʨʘʪʫʨʥʫ ʩʭʝʤʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ʽʟ ʛʥʦʶ ɺʈʍ ʧʦ ʦʙ-

ʨʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʢʣʶʯʘʻ ʧʽʜʛʦ-

ʪʦʚʢʫ ʩʠʨʦʚʠʥʠ ï ʧʦʜʨʽʙʥʝʥʥʷ, ʛʦʤʦʛʝʥʽʟʘʮʽʷ, ʟʤʽʰʫ-

ʚʘʥʥʷ ʪʘ ʜʦʚʝʜʝʥʥʷ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʚʦʣʦʛʦʩʪʽ, 

ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ʚ ʤʝʪʘʥʪʝʥʢʫ ʟ ʧʦʜʘʣʴʰʦʶ ʡʦʛʦ 

ʦʯʠʩʪʢʦʶ ʪʘ ʧʦʜʘʯʝʶ ʜʦ ʛʘʟʛʦʣʴʜʝʨʘ ʯʠ ʙʝʟʧʦʩʝʨʝʜ-

ʥʴʦ ʜʦ ʩʧʘʣʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ, ʘ ʪʘʢʦʞ ʧʝʨʝʨʦʙʢʫ ʚʽʜ-

ʭʦʜʽʚ ʥʘ ʙʽʦʜʦʙʨʠʚʘ. ʈʦʟʨʦʙʣʝʥʦ ʢʨʝʩʣʝʥʥʷ ʘʧʘʨʘʪʫʨ-

ʥʦʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤ. 

ɿʙʨʦʜʞʫʚʘʥʥʷ ʛʥʦʶ ʜʘʻ ʟʤʦʛʫ ʚʠʨʽʰʠʪʠ ʝʢʦʥʦ-

ʤʽʯʥʽ, ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʽ ʧʨʦ-

ʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʥʘʩʣʽʜʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʽʜʭʦʜʽʚ ʪʚʘʨʠʥʥʠʮʪʚʘ. ɺʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ 

ʻ ʦʜʥʽʻʶ ʟ ʙʝʟʚʽʜʭʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʘ ʚʠʢʦʥʫʻ ʧʨʠ-

ʨʦʜʦʦʭʦʨʦʥʥʫ ʽ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʫ ʬʫʥʢʮʽʶ, ʘʜʞʝ ʚʦ-

ʥʦ ʥʝ ʣʠʰʝ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʙʫʜʴ ʷʢʠʭ ʚʽ-

ʜʭʦʜʽʚ, ʘ ʽ ʫʪʠʣʽʟʫʻ ʚʽʜʭʦʜʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ, 

ʩʧʠʨʪʦʚʦʛʦ, ʭʘʨʯʦʚʦʛʦ ʪʘ ʽʥʰʠʭ ʚʠʨʦʙʥʠʮʪʚ. ɯ ʨʘʟʦʤ ʟ 

ʪʠʤ, ʯʘʩʪʢʦʚʦ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʟʙʝʨʝ-

ʞʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʱʦ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʠʤ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʯʝʨʧʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨ-

ʛʽʾ ʪʘ ʾʭ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʠʨʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ, ʪʝʤʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʧʘʣʠʚʘ ʩʪʘʻ ʜʝʜʘʣʽ 

ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ. ɿʦʢʨʝʤʘ ʟʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʰʠ-

ʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʢʫʣʴʪʫʨʫ ʪʘʢ ʟʚʘʥʠʭ ʝʥʝʨʛʝʪʠʯ-

ʥʠʭ ʨʦʩʣʠʥ. ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ ʙʽʦʝʥʝʨʛʝʪʠ-

ʯʥʦʾ ʛʘʣʫʟʽ ʚʠʜʽʚ ʻ miscanthus giganteus [12]. 

ʄʽʩʢʘʥʪʫʩ ï ʮʝ ʨʽʜ ʙʘʛʘʪʦʨʽʯʥʠʭ ʪʨʘʚ, ʷʢʠʡ ʤʘʻ 

ʉ4 ʰʣʷʭ ʬʦʪʦʩʠʥʪʝʟʫ ʪʘ ʧʦʭʦʜʠʪʴ ʽʟ ɸʟʽʾ ʪʘ ɸʬʨʠʢʠ. 

ɼʘʚʥʦ ʚʠʟʥʘʥʘ ʡʦʛʦ ʜʝʢʦʨʘʪʠʚʥʘ ʮʽʥʥʽʩʪʴ, ʯʝʨʝʟ ʱʦ 

ʚʽʥ ʘʢʪʠʚʥʦ ʢʫʣʴʪʠʚʫʻʪʴʩʷ, ʘʣʝ ʷʢ ʙʽʦʝʥʝʨʛʝʪʠʯʥʫ ʢʫ-

ʣʴʪʫʨʫ ʡʦʛʦ ʩʪʘʣʠ ʨʦʟʛʣʷʜʘʪʠ ʚʽʜʥʦʩʥʦ ʥʝʜʘʚʥʦ.  

ɼʽʘʧʘʟʦʥ ʚʨʦʞʘʡʥʦʩʪʽ ʤʽʩʢʘʥʪʫʩʫ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 5 

ʜʦ 55 ʪ/ʛʘ [13], ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʦʜʥʽʻʶ ʽʟ ʥʘʡʙʽʣʴʰ 

ʧʨʦʜʫʢʪʠʚʥʠʭ ʢʫʣʴʪʫʨ ʧʦʤʽʨʥʦʛʦ ʢʣʽʤʘʪʫ. 

ɺʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʤʽʩʢʘʥʪʫʩʫ ʻ ʡʦʛʦ ʥʝʚʠ-

ʙʘʛʣʠʚʽʩʪʴ ʜʦ ˇʨʫʥʪʽʚ. ɺʽʥ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʜʦ-

ʙʨʠʚ. ɻʦʣʦʚʥʦʶ ʦʟʥʘʢʦʶ ˇʨʫʥʪʫ, ʷʢʘ ʜʣʷ ʮʽʻʾ ʢʫʣʴʪʫʨʠ 

ʧʝʨʝʚʘʞʘʻ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʠʩʣʦʪʥʦʩʪʽ ʯʠ ʡʦʛʦ 

ʪʠʧʫ, ʻ ʡʦʛʦ ʨʦʟʧʫʰʝʥʽʩʪʴ [14]. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʬʽʪʦʤʘʩʠ ʤʽʩʢʘʥʪʫʩʫ ʚ ʢʚʽʪʥʽ 2019 ʨʦʢʫ ʥʘ 

ʜʦʩʣʽʜʥʽʡ ʜʽʣʷʥʮʽ ʧʣʦʱʝʶ 20 ʤ
2
 ʫ ʜʚʘ ʨʷʜʠ ʙʫʣʠ ʚʠʩʘ-

ʜʞʝʥ̔ 15 ʢʫʨʪʠʥʦʢ ʮʽʻʾ ʨʦʩʣʠʥʠ. ʉʘʜʞʘʥʮʽ ʫʩʧʽʰʥʦ 

ʧʝʨʝʥʝʩʣʠ ʟʠʤʠ 2020 ʪʘ 2021 ʨʦʢʽʚ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʟʘ 

ʥʠʤʠ ʪʨʠʚʘʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʆʪʞʝ ʘʢʣʽʤʘʪʠʟʘʮʽʶ ʜʘ-

ʥʠʭ ʟʨʘʟʢʽʚ ʤʽʩʢʘʥʪʫʩʫ ʚ ʫʤʦʚʘʭ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʫʩʧʽʰʥʦʶ.  

ʈʝʟʫʣʴʪʘʪʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʫʙ-

ʩʪʨʘʪʽʚ ʟʘ ʩʢʣʘʜʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʚʠʩʦʢʠʡ ʚʤʽʩʪ 

ʅʽʪʨʦʛʝʥʫ ʪʘ ʥʠʟʴʢʠʡ ʚʤʽʩʪ ʂʘʨʙʦʥʫ ʜʣʷ ʧʪʘʰʠʥʦʛʦ 

ʧʦʩʣʽʜʫ ʪʘ ʧʨʦʪʠʣʝʞʥʘ ʩʠʪʫʘʮʽʷ ʜʣʷ ʤʽʩʢʘʥʪʫʩʫ) ʜʦ-

ʟʚʦʣʠʣʠ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʫʤʽʰʝʡ. ɿʘʚʜʷʢʠ ʢʦʤʙʽʥʫʚʘʥʥʶ ʤʦʞʥʘ 

ʜʦʩʷʛʘʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʘʨʙʦʥʫ ʜʦ 

ʅʽʪʨʦʛʝʥʫ (30:1), ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʠʡ ʚʠ-

ʭʽʜ ʙʽʦʛʘʟʫ. ʇʨʦʛʨʘʤʘ ʜʦʩʣʽʜʞʝʥ ɹʧʝʨʝʜʙʘʯʘʣʘ ʧʨʦʚʝ-

ʜʝʥʥ ̫ʪʨɹʦʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚ ʭʦʜʽ ʷʢʠʭ ʽʟ ʩʫʙʩʪʨʘʪʽʚ 

ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʯʠʩʪʦʾ ʚʝʛʝʪʘʪʠʚ-

ʥʦʾ ʤʘʩʠ ʤʽʩʢʘʥʪʫʩʫ, ʧʪʘʰʠʥʦʛʦ ʧʦʩʣʽʜʫ ʪʘ ʾʭ ʩʫʤʽʰʽ ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1 ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʙʽʦʛʘʟʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʚʠʜʦʙʫʪʦʢ ʤʝʪʘʥʦʚʤʽʩʥʦʾ ʙʽ-

ʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʟʜʽʡʩʥʶʚʘʚʩʷ ʫ ʩʧʝʮʽʘʣʴʥʦ ʟʤʦʥʪʦʚʘ-

ʥ̔ ʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʷʢʘ ʷʚʣʷʣʘ ʩʦʙʦʶ ʻʤʥʽʩʪʴ, 

ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʚʥʝʥʫ ʩʫʙʩʪʨʘʪʦʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʫʙʢʠ ʚʦʥʘ ʩʧʦʣʫʯʘʣʘʩʷ ʟ ʪʘʢʦʶ ʩʘʤʦʶ ʻʤʥʽʩʪʶ, ʟʘ-

ʧʦʚʥʝʥʦʶ ʚʦʜʦʶ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʠʚʩʷ ʪʘʢ ʟʚʘ-

ʥʠʡ ʚʦʜʷʥʠʡ ʟʘʪʚʦʨ. ɼʦʩʣʽʜ ʚʽʜʙʫʚʘʚʩʷ ʫ ʪʝʨʤʦʩʪʘʪʽ 

ʊʉ-8014ʋ4.2, ʜʝ ʙʫʣʦ ʨʦʟʤʽʱʝʥʦ ʫʩʪʘʥʦʚʢʫ, ʟʘ ʪʝʤʧʝ-

ʨʘʪʫʨʠ 25 Áʉ (ʨʠʩ. 1).  

ɺʠʜʽʣʝʥʥʷ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʧʦʯʘʣʦʩʷ ʚʞʝ ʥʘʩʪʫʧ-

ʥʦʾ ʜʦʙʠ ʧʽʩʣʷ ʤʦʥʪʘʞʫ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦʩʣʽʜʥʦʾ 

ʫʩʪʘʥʦʚʢʠ. ɼʦʙʫʪʦʢ ʙʽʦʛʘʟʫ ʚʽʜʟʥʘʯʘʚʩʷ ʱʦʜʦʙʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʦʩʣʽʜʥʘ ʙʽʦʛʘʟʦʚʘ ʫʩʪʘʥʦʚʢʘ 



  ISSN 2708-5252 (online) 

 ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè 

58  ʉʝʨʽʷ: ʍʽʤʽʷ, ʭʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʝʢʦʣʦʛʽʷ, ˉ 2(6) 2021 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʧʦʙʫʜʫʚʘʪʠ ʜ̔ -

ʘʛʨʘʤʫ (ʨʠʩ. 2), ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʙʽ-

ʣʴʰʦʛʦ ʚʠʭʦʜʫ ʙʽʦʛʘʟʫ ʟʘ ʫʤʦʚ ʧʦʻʜʥʘʥʥʷ ʫ ʤʫʣʴʪʠʩʫʙʩʪ-

ʨʘʪʥʽʡ ʩʫʤʽʰʽ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʦʪʨʠʤʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʂʘʨʙʦʥʫ ʜʦ ʅʽʪʨʦʛʝʥʫ ʜʦʨʽʚʥʶʻ 30:1 ʚ ʦʨʛʘʥʽʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʷʢʝ ʧʽʜʜʘʻʪʴʩʷ ʙʽʦʬʝʨʤʝʥʪʘʮʽʾ.  

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʜʦʙʫʪʢʫ ʙʽʦʛʘʟʫ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ 

ʩʫʙʩʪʨʘʪʽʚ 

 

ɺʠʩʥʦʚʢʠ. ʇʪʘʰʠʥʠʡ ʧʦʩʣʽʜ ʚ ʷʢʦʩʪʽ ʦʜʥʦʛʦ ʟ 

ʢʦʤʧʦʥʝʥʪʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʤʫʣʴʪʠʩʫʙʩʪʨʘʪʫ ʙʫʚ ʦʙʨʘ-

ʥʠʡ, ʚʠʭʦʜʷʯʠ ʟʽ ʩʪʫʧʝʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʟʘʛʨʦʟʠ ʥʘʚʢʦ-

ʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʷʢʘ ʚʠʥʠʢʘʻ ʟ ʙʦʢʫ ʧʽʜʧʨʠ-

ʻʤʩʪʚ ɸʇʂ ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʢʦʥʘʣʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʫʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ ʧʪʘʭʽʚʥʠʮʪʚʘ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʝʨʝ-

ʨʦʙʢʘ ʧʪʘʰʠʥʦʛʦ ʧʦʩʣʽʜʫ ʥʘ ʙʽʦʛʘʟ ʜʦʟʚʦʣʷ̒ ʥʝ ʣʠʰʝ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʧʨʝʩʠʥʛ ʥʘ ʜʦʚʢʽʣ-

ʣʷ, ʘ ʡ ʦʪʨʠʤʘʪʠ ʮʽʥʥʠʡ ʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ 

ʧʨʦʜʫʢʪ ï ʙʽʦʛʘʟ. ɺʩʝ ʮʝ ʨʦʙʠʪʴ ʜʘʥʠʡ ʤʝʪʦʜ ʙʽʣʴʰ 

ʧʨʠʚʘʙʣʠʚʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ. ʂʨʽʤ ʪʦʛʦ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ ʚ ʭʦʜʽ ʤʝʪʘʥʦʛʝʥʝʟʫ ʟʘʣʠʰʢʦʚʠʡ ʩʫʙ-

ʩʪʨʘʪ (ʜʠʛʝʩʪʘʪ) ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ 

ʷʢʦʩʪʽ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʦʛʦ ʜʦʙʨʠʚʘ ʫ ʩʽʣʴʩʴʢʦʤʫ ʪʘ 

ʣʽʩʦʚʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʡʦ-

ʛʦ ʪʦʢʩʠʯʥʽʩʪʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʪʘ 

ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ. ʉʝʨʝʜ ʦʩʪʘʥʥʽʭ ʚʘʨʪʝ ʟʘʟʥʘʯʠʪʠ 

ʤʝʪʦʜ ʙʽʦʪʝʩʪʫʚʘʥʥʷ ʪʘ ʨʦʩʪʦʚʦʛʦ ʪʝʩʪʫ [15]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʧʝʨʰʝ ʚ ʨʝʛʽʦʥʽ ʧʨʦʚʝʜʝʥʦ ʢʦʤ-

ʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʥʘʡ-

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʰʣʷʭʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʤʘʩʠ 

ʤʽʩʢʘʥʪʫʩʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʦʣʦʛʽʯʥʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦ 

ʧʨʠʚʘʙʣʠʚʠʡ ʩʧʦʩʽʙ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʪʚʘʨʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ.  
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