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 ɺɺɽɼɽʅʀɽ 

 

 ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʚʠʥʦʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʚʠʥ ʩ ʫʟʥʘʚʘʝʤʦʡ ʩʦʨʪʦʚʦʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴʶ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ ʚʠʥʦʜʝʣʠʷ 

ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʟʜʘʥʠʝ 

ʧʨʦʜʫʢʮʠʠ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʨʪʦʤ ʚʠʥʦʛʨʘʜʘ ʠ ʧʨʠʤʝʥʷʝʤʳʤʠ ʩʝʣʝʢʮʠʦʥʥʳʤʠ ʰʪʘʤʤʘʤʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

 ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʠʩʴ ʟʥʘʥʠʷ ʦ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

(ʛʝʥʝʪʠʯʝʩʢʦʤ) ʨʘʟʥʦʦʙʨʘʟʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʚʠʥʦʜʝʣʠʷ ʥʘ ʦʩʥʦʚʝ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʧʦʩʦʙʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʤʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʚʠʥ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʢʨʝʪʥʦʛʦ ʰʪʘʤʤʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʨʦʣʠ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʳʨʴʝʚʦʡ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠ 

ʦʙʦʩʥʦʚʘʥʥʳʡ ʦʪʙʦʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʜʣʷ ʚʠʥʦʜʝʣʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

 ʊʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʠʥʦʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʛʢʠʭ ʩʪʦʣʦʚʳʭ ʚʠʥ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʘʨʦʤʘʪʦʤ ʠ ʚʢʫʩʦʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʨʪ ʚʠʥʦʛʨʘʜʘ.  

 ɺ ʜʘʥʥʦʤ ʘʩʧʝʢʪʝ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ ʷʚʣʷʶʪʩʷ 

ʚʠʥʘ ʠʟ ʤʫʩʢʘʪʥʳʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʟʘʤʝʪʥʦ ʚʳʜʝʣʷʝʪʩʷ ʩʦʨʪ 

ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ, ʧʦʩʘʜʢʠ ʢʦʪʦʨʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʩʦʩʪʘʚʣʷʶʪ 

527 ʛʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʂʨʳʤʫ ï 54 ʛʘ. 

 ʉʦʨʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ, ʧʦʚʳʰʝʥʥʦʡ 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴʶ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʟʙʫʜʠʪʝʣʷʤ ʙʦʣʝʟʥʝʡ, 

ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʤʫʩʢʘʪʥʳʤʠ ʦʪʪʝʥʢʘʤʠ. ʆʜʥʘʢʦ ʩʦʨʪ 

ʥʘʢʘʧʣʠʚʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʜʦ 600 ʤʛ/100 ʛ, ʯʪʦ 
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ʟʘʪʨʫʜʥʷʝʪ ʦʩʚʝʪʣʝʥʠʝ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ. 

 ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ʇʦʠʩʢ ʠ ʩʝʣʝʢʮʠʷ ʰʪʘʤʤʦʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʙʨʦʞʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ 

ʢʘʢ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʢʨʝʪʥʦʛʦ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ. ʇʦʠʩʢʦʤ ʠ ʩʝʣʝʢʮʠʝʡ ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ ʜʣʷ ʚʠʥʦʜʝʣʠʷ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʫʯʝʥʳʝ: ɹʫʨʴʷʥ ʅ.ʀ., ʀʚʘʥʦʚʘ ɽ.ɺ., 

ʂʠʰʢʦʚʩʢʘʷ ʉ.ɸ., ʆʜʠʥʮʦʚʘ ɽ.ʅ., ʉʘʝʥʢʦ ʅ.ʌ., ʉʝʨʙʠʥʦʚʘ ʅ.ʀ., ʉʢʦʨʠʢʦʚʘ ʊ.ʂ., 

ʊʶʨʠʥʘ ʃ.ɺ. ʠ ʜʨ. ʆʜʥʘʢʦ ʚ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʩʫʪʩʪʚʫʝʪ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʧʦ ʧʦʠʩʢʫ ʠ ʩʝʣʝʢʮʠʠ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʫʩʠʣʝʥʠʷ ʠʣʠ ʩʦʭʨʘʥʝʥʠʷ 

ʘʨʦʤʘʪʘ ʚʠʥʦʛʨʘʜʘ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʨʦʜʚʠʞʝʥʠʷ ʥʘ ʨʳʥʦʢ ʚʠʥ ɿɻʋ ʠ ɿʅʄʇ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ 

ʘʢʪʫʘʣʴʥʝʝ. 

 ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʰʠʨʥʦʝ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ ʩ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʙʠʦʪʠʯʝʩʢʠʤ ʠ ʘʙʠʦʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ 

ʚʠʥʦʛʨʘʜʥʦʡ ʷʛʦʜʝ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʧʦʣʠʤʝʨʦʚ, 

ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʫʩʣʝ ʠ ʚʠʥʝ. 

ʀʟʫʯʝʥʠʶ ʧʝʢʪʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʜʨʦʞʞʝʡ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʢʘʢ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ (ɼʘʪʫʥʘʰʚʠʣʠ ɽ.ʅ., ʃʝʙʝʜʝʚʘ ɺ.ɺ., ʄʫʥʛʠʝʚʦʡ ʅ.ɸ., ʅʛʫʝʥ ʃ.ɸ., 

ʇʦʢʨʦʚʩʢʦʛʦ ɸ.ɺ., ʉʢʦʨʠʢʦʚʦʡ ʊ.ʂ., ʊʶʨʠʥʦʡ ʉ.ʉ. ʠ ʜʨ), ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ 

(Blanco P., Gognies S., Schwan R.F., Wimborne M. ʠ ʜʨ.) ʘʚʪʦʨʦʚ. ʆʜʥʘʢʦ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʬʝʨʤʝʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ ʜʨʦʞʞʝʡ ʧʝʢʪʦʣʠʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʢʪʠʥʘʟʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʠʟ ʜʨʫʛʠʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʪʘʤʤʘ-ʧʨʦʜʫʮʝʥʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʨʦʞʞʝʡ ʜʣʷ ʧʦʠʩʢʘ ʧʨʦʜʫʮʝʥʪʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʝʛʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʢʨʝʪʠʨʫʝʤʦʛʦ 

ʬʝʨʤʝʥʪʘ. 

 ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʪʝʤʘʤʠ, ʧʣʘʥʘʤʠ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʤʢʘʭ ʛʦʩʙʶʜʞʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʅʀʈ ʌɻɹʋʅ çɺʅʅʀʀɺʠɺ çʄʘʛʘʨʘʯè ʈɸʅè ʧʦ ʪʝʤʝ 

çʀʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʫʯʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʛʝʥʦʬʦʥʜʘ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚʠʥʦʜʝʣʠʷè (ɻɿ ˉˉ 0833-2019-0008, 0833-2015-0005), ʛʨʘʥʪʦʚ 

ʈʌʌʀ ˉ 15-34-50040 (ʕʚʦʣʶʮʠʦʥʥʘʷ ʛʝʥʝʪʠʢʘ ʠ ʩʝʣʝʢʮʠʷ ʧʝʢʪʦʣʠʪʠʯʝʩʢʠʭ 

ʬʝʨʤʝʥʪʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces) ʠ ˉ 17-04-00309 (ʉʨʘʚʥʠʪʝʣʴʥʘʷ 

ʛʝʥʝʪʠʢʘ ʠ ʛʝʥʦʤʠʢʘ ʚʠʜʦʚ-ʜʚʦʡʥʠʢʦʚ ʜʨʦʞʞʝʚʦʛʦ ʨʦʜʘ Saccharomyces, ʚʘʞʥʦʛʦ 

ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ), ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʙʘʟʝ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʛʝʥʝʪʠʢʠ ʠ ʩʝʣʝʢʮʠʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʩʝʣʝʢʮʠʦʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ 

ʚ ʩʫʩʣʝ ʠ ʚʣʠʷʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ 

ʨʦʜʦʚ Saccharomyces ʠ Kluyveromyces ʠ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʠʥʦʜʝʣʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ; 

2. ʩʢʨʠʥʠʥʛ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʰʪʘʤʤʦʚ ʩ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʝʪʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ; 

3. ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʦʪʦʙʨʘʥʥʦʛʦ 

ʰʪʘʤʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʦʞʞʝʚʦʛʦ ʬʝʨʤʝʥʪʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ; 

4. ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩʫʩʣʘ ʜʨʦʞʞʝʚʳʤ 

ʬʝʨʤʝʥʪʦʤ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ; 

5. ʩʢʨʠʥʠʥʛ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʘ ʠ ʚʢʫʩʘ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ 

ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ; 

6. ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʙʨʘʞʠʚʘʥʠʷ ʩʫʩʣʘ ʦʪʦʙʨʘʥʥʳʤ 

ʰʪʘʤʤʦʤ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces; 
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7. ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʩʦʨʪʘ 

ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʩʝʣʝʢʮʠʦʥʥʳʭ ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ. 

 ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʠʥʦʛʨʘʜ, ʚʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ, ʚʠʥʦʤʘʪʝʨʠʘʣʳ, 

ʰʪʘʤʤʳ ʜʨʦʞʞʝʡ, ʬʝʨʤʝʥʪʳ. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠ.̫ ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʠʝʤʦʚ ʠ ʨʝʞʠʤʦʚ ʦʩʚʝʪʣʝʥʠʷ ʠ 

ʬʝʨʤʝʥʪʘʮʠʠ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʮʠʦʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ. 

 ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʥʘʫʯʥʳʝ ʟʥʘʥʠʷ ʦʙ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʦʚ Saccharomyces ʠ 

Klyuveromyces. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʝʥʦʚ PGU, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʠʥʪʝʟ ʬʝʨʤʝʥʪʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ, ʫ ʜʨʦʞʞʝʡ ʨʦʜʘ 

Saccharomyces. ʋʩʪʘʥʦʚʣʝʥʳ ʚʠʜʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʚ PGU ʫ ʜʨʦʞʞʝʡ ʚʠʜʘ S. bayanus var. uvarum, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʰʪʘʤʤʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ ʧʨʠ ʬʝʨʤʝʥʪʘʮʠʠ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ. 

ʇʨʦʚʝʜʝʥ ʩʢʨʠʥʠʥʛ ʜʨʦʞʞʝʡ ʚʠʜʘ Kluyveromyces marxianus ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢ ʛʠʜʨʦʣʠʟʫ ʧʝʢʪʠʥʘ ʚ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ. ʉʝʣʝʢʮʠʦʥʠʨʦʚʘʥ ʰʪʘʤʤ 

Kluyveromyces marxianus (ˉ III-407), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ 

ʬʝʨʤʝʥʪʘ. ʆʙʦʩʥʦʚʘʥʳ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʬʝʨʤʝʥʪʘ ʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʩʚʝʪʣʝʥʠʝ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ (ʌʇɼʕ) ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ 

ʩʪʘʜʠʠ ʦʩʚʝʪʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ. 

ʇʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʦʩʚʝʪʣʝʥʠʷ 

ʩʫʩʣʘ ʬʝʨʤʝʥʪʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʘ 

Kluyveromyces marxianus ˉ III-407, ʠ ʰʪʘʤʤʘ Saccharomyces cerevisiae ˉ I-76 ʥʘ 

ʩʪʘʜʠʠ ʬʝʨʤʝʥʪʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟ 

ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. 
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 ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ 

ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʩʝʣʝʢʮʠʦʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ 

Saccharomyces cerevisiae (ˉ I-76) ʠ Kluyveromyces marxianus (ˉ III -407). 

ʉʝʣʝʢʮʠʦʥʥʳʡ ʰʪʘʤʤ Kluyveromyces marxianus ˉ 407 ʜʝʧʦʥʠʨʦʚʘʥ ʚ ʂʄɺ 

çʄʘʛʘʨʘʯè. 

 ʈʘʟʨʘʙʦʪʘʥ ʉʊʆ 01586301.041-2022 çʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ (ʌʇɼʕ) ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʰʪʘʤʤʘ Kluyveromyces marxianus III -407è. 

 ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʩʪʦʣʦʚʳʭ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʝʣʝʢʮʠʦʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ. 

 ʅʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʰʣʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʚʠʥʦʜʝʣʴʯʝʩʢʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ ʬʠʣʠʘʣ çʃʠʚʘʜʠʷè ʌɻʋʇ çʇɸʆ ʄʘʩʩʘʥʜʨʘè 

(2016 ʛ.). ɺ 2019-2021 ʛʛ. ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʚʥʝʜʨʝʥʘ ʥʘ ʙʘʟʝ ʆʆʆ ɸʇʂ 

"ʄʠʣʴʩʪʨʠʤ-ʏʝʨʥʦʤʦʨʩʢʠʝ ʚʠʥʘ" ʚ ʦʙʲʝʤʝ 23 820 ʜʘʣ ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʩ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ 158,5 ʪʳʩ. ʨʫʙ. 

 ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʪʨʫʜʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʸʥʳʭ, ʠʭ ʨʘʟʨʘʙʦʪʢʠ 

ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚʠʥʦʜʝʣʠʷ, ʩʝʣʝʢʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦ ʟʘʜʘʥʥʳʤ 

ʩʚʦʡʩʪʚʘʤ, ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

 ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʱʝʧʨʠʥʷʪʳʝ ʤʝʪʦʜʳ ʬʠʟʠʢʦ- 

ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʭʠʤʠʯʝʩʢʠʭ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʥʝʩʝʥʥʳʭ 

ʥʘ ʟʘʱʠʪʫ, ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʦʩʪʘʥʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟʝ ʠ ʦʙʨʘʙʦʪʢʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʝʯʘʪʠ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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 ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʆʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʞʞʝʡ ʨʦʜʦʚ Saccharomyces ʠ 

Kluyveromyces ʠʟ ʂʄɺ "ʄʘʛʘʨʘʯ" ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʠʥʦʤʘʪʝʨʠʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ 

ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

2. ʉʝʣʝʢʮʠʦʥʥʳʡ ʰʪʘʤʤ ʜʨʦʞʞʝʡ K. marxianus ˉ III -407 ʩ ʚʳʩʦʢʦʡ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʜʣʷ ʦʩʚʝʪʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ. 

3. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʨʦʞʞʝʚʦʡ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ K. marxianus 

ˉ III -407. 

4. ʉʢʨʠʥʠʥʛ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʠʟ ʂʄɺ "ʄʘʛʘʨʘʯ" ʠ 

ʧʨʠʨʦʜʥʳʭ ʠʟʦʣʷʪʦʚ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʘ ʠ ʚʢʫʩʘ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. 

5. ʅʦʚʳʝ ʥʘʫʯʥʳʝ ʜʘʥʥʳʝ ʦ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 12 

ʧʨʦʤʳʰʣʝʥʥʦ ʮʝʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʠʟ ʂʄɺ çʄʘʛʘʨʘʯè 

ʧʨʠ ʬʝʨʤʝʥʪʘʮʠʠ ʩʫʩʣʘ ʠʟ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. 

6. ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʰʪʘʤʤʘ S. cerevisiae ˉ I-76 ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʨʘʞʝʥʥʳʤ ʘʨʦʤʘʪʦʤ ʠʟ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ 

ʄʘʛʘʨʘʯʘ. 

7. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʩʪʦʣʦʚʳʭ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʨʦʞʞʝʡ Saccharomyces cerevisiae (  ̄I-76) ʠ Kluyveromyces marxianus (ˉ III -407). 

 ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʝʥʘ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘʧʨʦʙʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʠʥʟʘʚʦʜʦʚ ʬʠʣʠʘʣ çʃʠʚʘʜʠʷè ʌɻʋʇ çʇɸʆ çʄʘʩʩʘʥʜʨʘè, 

ʠ ɸʇʂ "ʄʠʣʴʩʪʨʠʤ-ʏʝʨʥʦʤʦʨʩʢʠʝ ʚʠʥʘ". ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʣʦʞʝʥʳ ʥʘ ʟʘʩʝʜʘʥʠʷʭ ʩʝʢʮʠʡ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ ʌɻɹʋʅ 
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çɺʅʅʀʀɺʠɺ çʄʘʛʘʨʘʯè ʈɸʅè ʧʦ ʚʠʥʦʜʝʣʠʶ (2012-2014 ʛʛ.). ʄʘʪʝʨʠʘʣʳ 

ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʣʦʞʝʥʳ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʠʥʪʝʨʥʝʪ-

ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʧʨʦʬʝʩʩʦʨʘ ɻ.ɻ. ɺʘʣʫʡʢʦ 

(ʗʣʪʘ, 2014 ʛ.), on International specialized symposium on yeasts (Perugia, Italy, 

2015 ʛ.), ʥʘ 4-ʤ ʉʲʝʟʜʝ ʤʠʢʦʣʦʛʦʚ ʈʦʩʩʠʠ (ʄʦʩʢʚʘ, 2017 ʛ.), ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ 

çʇʝʨʩʧʝʢʪʠʚʳ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʫʪʝʥʪʠʯʥʦʛʦ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ʠ 

ʚʠʥʦʜʝʣʠʷè (ʗʣʪʘ, 2019 ʛ.). 

  ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 13 ʥʘʫʯʥʳʭ 

ʪʨʫʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 7 ʩʪʘʪʝʡ ï ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ ɺɸʂ ʧʨʠ 

ʄʠʥʠʩʪʝʨʩʪʚʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʠ, 3 ï ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

 ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʢʩʪʘ ʥʘ 178 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, 3 

ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʘ, ʟʘʢʣʶʯʝʥʠʝ, ʩʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, 

ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʜʝʨʞʠʪʩʷ 13 

ʪʘʙʣʠʮ, 23 ʨʠʩʫʥʢʘ ʠ 17 ʧʨʠʣʦʞʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʢʪ ʚʥʝʜʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 277 

ʠʩʪʦʯʥʠʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ 167 ï ʷʚʣʷʶʪʩʷ ʠʥʦʩʪʨʘʥʥʳʤʠ. 
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ʈɸɿɼɽʃ 1 

ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1. ʉʦʩʪʦʷʥʠʝ ʚʠʥʦʛʨʘʜʘʨʩʢʦʡ ʦʪʨʘʩʣʠ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ 

 

 ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʠʥʦʛʨʘʜʘ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʦʩʥʦʚʥʳʭ ʠ ʟʥʘʯʠʤʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2021 ʛʦʜ ʪʦʣʴʢʦ ʚ 

ʂʨʳʤʫ ʚʦʟʜʝʣʳʚʘʣʦʩʴ ʙʦʣʝʝ 100 ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ [61, 86]. 

ʉʦʨʪʠʤʝʥʪ ʚʠʥʦʛʨʘʜʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʤʠ ʩʦʨʪʘʤʠ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʦʡ ʛʨʫʧʧʳ (ɸʣʠʛʦʪʝ, ʂʘʙʝʨʥʝ-

ʉʦʚʠʥʴʦʥ, ʐʘʨʜʦʥʝ, ʄʝʨʣʦ, ʈʠʩʣʠʥʛ ʨʝʡʥʩʢʠʡ ʠ ʜʨ.), ʜʦʣʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 

46 %, ʠ ʙʘʩʩʝʡʥʘ ʏʝʨʥʦʛʦ ʤʦʨʷ (ʈʢʘʮʠʪʝʣʠ, ʂʦʢʫʨ ʙʝʣʳʡ, ʉʘʧʝʨʘʚʠ ʠ ʜʨ.), ʥʘ 

ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ 44 % [60, 266]. ʃʠʜʠʨʫʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʢʨʳʤʩʢʠʭ 

ʘʚʪʦʭʪʦʥʥʳʭ ʩʦʨʪʦʚ ʟʘʥʠʤʘʶʪ: ʂʦʢʫʨ ʙʝʣʳʡ, ʐʘʙʘʰ (ʦʙʱʘʷ ʧʣʦʱʘʜʴ 1010,4 ʛʘ, 

5,7 %) ʠ ʂʝʬʝʩʠʷ. ɼʦʣʷ ʩʝʣʝʢʮʠʦʥʥʳʭ ʩʦʨʪʦʚ (ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʠ ʤʝʞʚʠʜʦʚʳʭ 

ʛʠʙʨʠʜʦʚ) ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4 % ʧʣʦʱʘʜʠ ʚʩʝʭ ʚʠʥʦʛʨʘʜʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʂʨʳʤʘ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʵʪʠʭ ʩʦʨʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʙʠʦʪʠʯʝʩʢʠʤ ʠ ʘʙʠʦʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʫʯʝʥʠʝ 

ʩʪʘʙʠʣʴʥʦʛʦ ʫʨʦʞʘʷ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ [57, 59]. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ 

ʂʨʳʤʫ ʚ ʮʝʣʦʤ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʦʟʜʝʣʳʚʘʥʠʷ ʚʠʥʦʛʨʘʜʘ, ʦʜʥʘʢʦ ʚ 

ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʧʦʚʨʝʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʵʧʠʬʠʪʦʪʠʷʤʠ ʠ 

ʟʘʤʦʨʦʟʢʘʤʠ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʝʟʢʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ, ʘ ʠʥʦʛʜʘ ʠ 

ʛʠʙʝʣʠ ʩʘʤʦʛʦ ʨʘʩʪʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʚʠʥʦʛʨʘʜʘ, ʩʧʦʩʦʙʥʳʭ ʩʦʩʪʘʚʠʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʤʠʨʦʚʦʤ ʨʳʥʢʘʭ 

ʢʘʢ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ʤʝʩʪʥʦʩʪʠ, ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. 

 ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚʠʥʦʛʨʘʜʦ-ʚʠʥʦʜʝʣʴʯʝʩʢʦʡ ʦʪʨʘʩʣʠ 

ʷʚʣʷʝʪʩʷ ʚʳʚʝʜʝʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ ï 

ʘʥʘʣʦʛʦʚ ʢʨʳʤʩʢʠʭ ʘʚʪʦʭʪʦʥʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ 
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ʩʦʧʨʷʞʝʥʥʦʩʪʴʶ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʩʪʨʝʩʩ-ʬʘʢʪʦʨʘʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʆʪʜʝʣʦʤ ʩʝʣʝʢʮʠʠ ʠʥʩʪʠʪʫʪʘ 

ñʄʘʛʘʨʘʯò ʚʳʚʝʜʝʥʳ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʝ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʙʦʣʝʟʥʷʤ ʠ ʛʘʨʤʦʥʠʯʥʳʤ ʤʫʩʢʘʪʥʳʤ ʘʨʦʤʘʪʦʤ, ʪʘʢʠʝ ʢʘʢ 

ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ, ʈʠʩʣʠʥʛ ʤʫʩʢʘʪʥʳʡ, ɸʣʠʛʦʪʝ ʤʫʩʢʘʪʥʦʝ [12]. ʉʦʨʪʘ 

ʇʝʨʚʝʥʝʮ ʄʘʛʘʨʘʯʘ ʠ ʇʦʜʘʨʦʢ ʄʘʛʘʨʘʯʘ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʁ

ʢ ʨʷʜʫ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʥʠʟʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʢʦʨʥʝʚʦʡ ʬʦʨʤʝ ʬʠʣʣʦʢʩʝʨʳ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʘʙʠʣʴʥʦ 

ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ [87]. ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʦ 

ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʩʝʣʝʢʮʠʠ ʠʥʩʪʠʪʫʪʘ çʄʘʛʘʨʘʯè ʥʝ ʫʩʪʫʧʘʶʪ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʝʚʦʩʭʦʜʷʪ ʪʨʘʜʠʮʠʦʥʥʳʝ. 

 ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʨʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʠʥʦʛʨʘʜʘ ʠ ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʩʦʨʪʠʤʝʥʪʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʚʠʥʦʛʨʘʜʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʘʙʠʦʪʠʯʝʩʢʠʤ ʠ ʙʠʦʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩ-ʬʘʢʪʦʨʘʤ ʟʘ ʩʯʝʪ ʩʦʨʪʦʚ 

ʤʝʩʪʥʦʡ ʩʝʣʝʢʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʨʥʝʩʦʙʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ [49, 61]. ʊʘʢ, ʩ 2014 ʛ. ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʙʦʣʝʝ 6000 ʛʘ ʥʦʚʳʭ 

ʚʠʥʦʛʨʘʜʥʠʢʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʩʘʞʝʥʮʝʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʟʘʢʣʘʜʢʝ, 

ʧʨʠʭʦʜʠʣʘʩʴ ʥʘ ʫʢʘʟʘʥʥʳʝ ʩʦʨʪʘ. ɺʳʚʝʜʝʥʠʝ ʥʦʚʳʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ, ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʩʪʨʝʩʩ-ʬʘʢʪʦʨʘʤ ʙʠʦʩʬʝʨʳ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ, ʥʘʜ ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʶʪ ʚʠʥʦʛʨʘʜʘʨʠ ʤʥʦʛʠʭ ʩʪʨʘʥ 

[103]. 

 ʅʘʯʘʣʦ ʨʘʙʦʪ ʧʦ ʩʝʣʝʢʮʠʠ ʪʘʢʠʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ ʩʚʷʟʳʚʘʶʪ ʤʘʩʩʦʚʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʬʠʣʦʢʩʝʨʳ ʠ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ, ʟʘʚʝʟʝʥʥʳʭ ʠʟ ɸʤʝʨʠʢʠ ʚ 

ɽʚʨʘʟʠʶ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʦʨʪʦʚ ï 

ʤʝʞʚʠʜʦʚʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʥʦʚʳʝ ʩʦʨʪʘ ʩʦʯʝʪʘʣʠ ʚ ʩʝʙʝ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʤʝʨʠʢʘʥʩʢʠʭ ʚʠʜʦʚ ʠ ʢʘʯʝʩʪʚʦ ʝʚʨʦʧʝʡʩʢʠʭ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʩʝʣʝʢʮʠʦʥʥʘʷ ʨʘʙʦʪʘ, ʧʨʦʚʝʜʝʥʥʘʷ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʠʚʝʣʘ ʢ ʧʦʷʚʣʝʥʠʶ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʛʠʙʨʠʜʦʚ, ʦʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʠʤʝʣʠ ʥʠʟʢʦʝ 
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ʢʘʯʝʩʪʚʦ ʫʨʦʞʘʷ. ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʩʣʠ 

ʩʦʚʝʪʩʢʠʝ ʫʯʝʥʳʝ ʀ.ɺ. ʄʠʯʫʨʠʥ, ʇ.ʗ. ɻʦʣʦʜʨʠʛʘ, ʗ.ʀ. ʇʦʪʘʧʝʥʢʦ [103, 105] ʠ ʜʨ., 

ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ ʠ ʢʨʦʧʦʪʣʠʚʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʠʣʠ ʥʦʚʳʝ ʩʦʨʪʘ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʠʤ 

ʢʘʯʝʩʪʚʦʤ ʧʦʣʫʯʘʝʤʦʛʦ ʩʳʨʴʷ. 

 ʅʝʧʨʝʨʳʚʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʦʪʙʦʨ ʣʫʯʰʠʭ 

ʩʦʨʪʦʚ ʧʦʟʚʦʣʠʣ ʨʘʩʰʠʨʠʪʴ ʩʦʨʪʠʤʝʥʪ ʚʠʥʦʛʨʘʜʘ [24, 69ï71]. ʄʥʦʛʠʝ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʨʪʦʚ ʧʨʦʭʦʜʷʪ ʠʩʧʳʪʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʟʦʥʘʭ. ʏʘʩʪʴ ʩʦʨʪʦʚ ʫʞʝ ʚʚʝʜʝʥʘ ʚ ʈʝʝʩʪʨ ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, 

ʜʦʧʫʱʝʥʥʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʠ ʧʣʦʱʘʜʴ ʠʭ ʚʦʟʜʝʣʳʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʥʘʩʘʞʜʝʥʠʷʭ ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ [10, 16, 103, 105]. ʊʘʢ, ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʩʝʣʝʢʮʠʦʥʝʨʘʤʠ ʚʳʚʝʜʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ, ʥʘʧʨʠʤʝʨ, ʂʝʬʝʩʠʷ 

ʄʘʛʘʨʘʯʘ, ʄʦʨʦʟʢʦ ʦʪʥʦʩʷʪ ʢ ʟʠʤʦʩʪʦʡʢʠʤ ʠ ʤʦʨʦʟʦʫʩʪʦʡʯʠʚʳʤ. ʉʨʝʜʠ ʩʦʨʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʙʦʣʝʟʥʷʤ ʠ ʚʨʝʜʠʪʝʣʷʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ 

ʈʠʩʣʠʥʛ ʄʘʛʘʨʘʯʘ, ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʠ ʜʨʫʛʠʝ [63]. 

 ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʚʦʟʜʝʣʳʚʘʥʠʝ ʪʘʢʠʭ ʩʝʣʝʢʮʠʦʥʥʳʭ ʩʦʨʪʦʚ ʠʤʝʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘ ʩʯʝʪ ʠʭ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʩʦʢʨʘʱʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʙʦʪʦʢ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʠ ʩʦʟʨʝʚʘʥʠʷ [6, 48, 50, 55]. 

 ɸʢʪʫʘʣʴʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʠʥʦʜʝʣʠʷ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʛʢʠʭ ʩʪʦʣʦʚʳʭ ʚʠʥ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʘʨʦʤʘʪʦʤ ʠ 

ʚʢʫʩʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʦʥʢʨʝʪʥʳʡ ʩʦʨʪ ʚʠʥʦʛʨʘʜʘ. ɺ ʜʘʥʥʦʤ ʘʩʧʝʢʪʝ 

ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ ʷʚʣʷʶʪʩʷ ʚʠʥʘ ʠʟ ʤʫʩʢʘʪʥʳʭ ʩʦʨʪʦʚ 

ʚʠʥʦʛʨʘʜʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʟʘʤʝʪʥʦ ʚʳʜʝʣʷʝʪʩʷ ʩʦʨʪ ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ 

ʄʘʛʘʨʘʯʘ, ʧʦʩʘʜʢʠ ʢʦʪʦʨʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʩʦʩʪʘʚʣʷʶʪ 527 ʛʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʂʨʳʤʫ ï 54 ʛʘ. 

 

1.2. ɸʛʨʦʪʝʭʥʠʯʝʩʢʘʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ 

ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

 

 ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩʦʟʜʘʥ ʚʦ ɺʅʀʀɺʠɺ çʄʘʛʘʨʘʯè ʚ 1978 ʛ. ʦʧʳʣʝʥʠʝʤ 
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ʩʦʨʪʘ ʄʘʜʣʝʥ ɸʥʞʝʚʠʥ ʩʤʝʩʴʶ ʧʳʣʴʮʳ ʜʚʫʭ ʢʦʥʪʨʘʩʪʠʨʫʶʱʠʭ ʛʝʥʦʪʠʧʦʚ ï 

ʩʪʦʣʦʚʦʛʦ ʩʦʨʪʘ ʅʦʚʦʫʢʨʘʠʥʩʢʠʡ ʨʘʥʥʠʡ (ɼʞʫʨʘ ʫʟʶʤ ʭ ɾʝʤʯʫʛ ʉʘʙʘ) ʠ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʦʥʥʦʡ ʬʦʨʤʳ ʄʘʛʘʨʘʯ ˉ124-66-26 (ʩʠʙʩ ʩʦʨʪʦʚ ʇʝʨʚʝʥʝʮ 

ʄʘʛʘʨʘʯʘ ʠ ʇʦʜʘʨʦʢ ʄʘʛʘʨʘʯʘ). ɸʚʪʦʨʳ: ɺ.ɸ. ɺʦʣʳʥʢʠʥ, ʇ.ʗ. ɻʦʣʦʜʨʠʛʘ, 

ʃ.ʂ. ʂʠʨʝʝʚʘ, ɺ.ʇ. ʂʣʠʤʝʥʢʦ, ʖ.ɸ. ʄʘʣʴʯʠʢʦʚ, ʅ.ʇ. ʆʣʝʡʥʠʢʦʚ, ʃ.ʇ. ʊʨʦʰʠʥ, 

ɺ.ʊ. ʋʩʘʪʦʚ [104]. ɺʚʝʜʝʥ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, 

ʜʦʧʫʱʝʥʥʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʦʨʪʘʤ, 

ʨʝʢʦʤʝʥʜʫʝʤʳʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʦʣʦʚʳʭ ʠ ʜʝʩʝʨʪʥʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ [35, 64, 

73, 98]. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ, ʧʦʚʳʰʝʥʥʦʡ 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴʶ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʟʙʫʜʠʪʝʣʷʤ ʙʦʣʝʟʥʝʡ. 

ʄʷʢʦʪʴ ʥʝʞʥʘʷ, ʩʦʯʥʘʷ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʪʪʝʥʢʘʤʠ ʮʠʪʨʦʥʘ ʠ 

ʤʫʩʢʘʪʘ [68] ʆʪʤʝʯʘʝʪʩʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʝʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʩ ʩʦʨʪʦʤ 

ʚʠʥʦʛʨʘʜʘ ʄʫʩʢʘʪ ʙʝʣʳʡ [12]. 

 ʉʨʦʢ ʩʦʟʨʝʚʘʥʠʷ: ʨʘʥʥʝʩʨʝʜʥʠʡ ʩ ʙʳʩʪʨʳʤ ʩʘʭʘʨʦʥʘʢʦʧʣʝʥʠʝʤ 

(20-25 ʛ/100 ʤʣ), ʩʦʜʝʨʞʘʥʠʝʤ ʪʠʪʨʫʝʤʳʭ ʢʠʩʣʦʪ ʚ ʜʠʘʧʘʟʦʥʝ 6,0-7,0 ʛ/ʣ.   

ʉʨʝʜʥʠʡ ʚʳʭʦʜ ʩʫʩʣʘ: 70 ʜʘʣ ʠʟ 1 ʪ ʚʠʥʦʛʨʘʜʘ [110]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʦʨʪʘ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʧʦʚʳʰʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʩʚʝʪʣʝʥʠʝ 

ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʷʛʦʜʘʭ ʷʚʣʷʝʪʩʷ ʩʦʨʪʦʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʚʠʥʦʛʨʘʜʘ ʠ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʟʦʥʳ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ɹʘʨʝʝʚʦʡ ʅ.ʅ. ʠ ɼʦʥʯʝʥʢʦ ʃ.ɺ. [11] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʘ ʚ ʪʘʢʠʭ 

ʩʦʨʪʘʭ ʚʠʥʦʛʨʘʜʘ ʢʘʢ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ, ʇʝʨʚʝʥʝʮ ʄʘʛʘʨʘʯʘ, ɺʠʦʨʠʢʘ ʚ 

ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 1,85 ʜʦ 2,03 %. ʇʦ ʜʘʥʥʳʤ ʜʨʫʛʠʭ 

ʘʚʪʦʨʦʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ ʚ ʂʨʳʤʫ, ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʡ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʫʨʦʚʥʷ ʜʦ 

600 ʤʛ/100 ʛ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʠʥʦʛʨʘʜʝ ʩʦʨʪʘ ʄʫʩʢʘʪ ʙʝʣʳʡ ʚ 

2,4 ʨʘʟʘ [72]. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ 

ʬʝʥʦʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫ ʜʘʥʥʳʭ ʩʦʨʪʦʚ ʩʦʧʦʩʪʘʚʠʤʳ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʥʘ 50 % ʙʦʣʴʰʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʙʝʣʢʘ [65, 67]. 
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 ɺʠʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʜʘʥʥʦʛʦ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʘʨʦʤʘʪʦʤ ʠ ʚʢʫʩʦʤ ʮʠʪʨʦʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʤʝʜʦʚʦ-

ʤʫʩʢʘʪʥʳʤʠ ʥʦʪʘʤʠ ʠ ʧʦʣʥʳʤ ʛʘʨʤʦʥʠʯʥʳʤ ʚʢʫʩʦʤ. ɺ ʮʝʣʦʤ, ʜʘʥʥʳʡ ʩʦʨʪ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʚʠʥ ʩ ʤʫʩʢʘʪʥʳʤ 

ʘʨʦʤʘʪʦʤ, ʥʦ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʝ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ. 

 ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʩʦʭʨʘʥʝʥʠʷ ʠ ʫʩʠʣʝʥʠʷ ʩʦʨʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʫʤʝʥʴʰʝʥʠʶ 

ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʩʫʩʣʝ, ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʝʣʳʭ ʩʦʨʪʦʚʳʭ ʚʠʥ ʩ ʤʫʩʢʘʪʥʳʤ ʘʨʦʤʘʪʦʤ. 

 

1.3. ɺʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʥʘ ʢʘʯʝʩʪʚʦ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ 

 

 ʆʩʚʝʪʣʝʥʠʝ ʩʫʩʣʘ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʦ 

ʚʨʝʤʷ ʜʨʦʙʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʡ ʷʛʦʜʳ. ʅʘ ʜʘʥʥʳʭ ʯʘʩʪʠʮʘʭ ʣʦʢʘʣʠʟʦʚʘʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʦʥʪʘʢʪʝ ʩ 

ʩʫʩʣʦʤ ʧʨʠʜʘʶʪ ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʫ ʥʝ ʭʘʨʘʢʪʝʨʥʳʝ ʮʚʝʪʦʚʳʝ ʠ ʚʢʫʩʦʚʳʝ ʦʪʪʝʥʢʠ 

[7, 26]. ɺʠʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʦʩʚʝʪʣʝʥʥʦʛʦ ʩʫʩʣʘ, ʧʦʣʫʯʘʶʪʩʷ 

ʙʦʣʝʝ ʣʝʛʢʠʤʠ ʠ ʘʨʦʤʘʪʥʳʤʠ, ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

 ʉʪʝʧʝʥʴ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʧʝʨʝʜ ʙʨʦʞʝʥʠʝʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʤʫʪʠ. ʆʧʪʠʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥ 10 ï 30 ʛ/ʣ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ (ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʤʝʥʝʝ 10 ʛ/ʣ) ʙʨʦʞʝʥʠʝ 

ʩʫʩʣʘ ʟʘʤʝʜʣʷʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʙʨʦʜʘʤ. ɽʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʩʝʡ 

ʚʳʩʦʢʘʷ, ʧʨʦʮʝʩʩ ʙʨʦʞʝʥʠʷ ʧʨʦʭʦʜʠʪ ʠʟʣʠʰʥʝ ʠʥʪʝʥʩʠʚʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʚʠʥʦʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʘʶʪʩʷ ʛʨʫʙʳʤʠ, ʧʨʦʩʪʳʤʠ ʠ ʯʘʩʪʦ ʩ ʧʦʩʪʦʨʦʥʥʠʤʠ ʪʦʥʘʤʠ ʚ 

ʘʨʦʤʘʪʝ ʠ ʚʢʫʩʝ. 

 ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʢʦʣʣʦʠʜʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʠʥʦʛʨʘʜʥʦʡ ʷʛʦʜʳ ʷʚʣʷʶʪʩʷ ʧʝʢʪʠʥʦʚʳʝ ʠ ʙʝʣʢʦʚʳʝ ʚʝʱʝʩʪʚʘ, 
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ʜʦʣʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 50 ʠ 15 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [42, 256]. ʉʦʜʝʨʞʘʥʠʝ 

ʨʘʩʪʚʦʨʠʤʦʛʦ ʧʝʢʪʠʥʘ ʩʫʩʣʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 50 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʘ ʧʝʢʪʠʥʦʚʦʡ ʠ ʧʝʢʪʦʚʦʡ ʢʠʩʣʦʪʳ ï 30 ʠ 20 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [53]. ʈʘʟʣʠʯʥʳʝ ʘʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʝʢʪʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʧʷʪʩʪʚʫʶʪ ʦʩʚʝʪʣʝʥʠʶ 

ʩʫʩʣʘ ʠ ʦʙʨʘʙʦʪʢʝ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ [81]. ʅʝʛʘʪʠʚʥʦʡ ʩʪʦʨʦʥʦʡ ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʩʫʩʣʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʙʨʦʞʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʜʝʤʝʪʦʢʩʠʣʠʨʦʚʘʥʠʝ ʠ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʦʛʘʱʝʥʠʶ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʤʝʪʘʥʦʣʦʤ [113]. ʂʦʣʠʯʝʩʪʚʦ ʧʝʢʪʠʥʘ ʚ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ 

ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 0,1 ʜʦ 3,5 ʛ/ʣ [25, 36, 257]. ʊʶʨʠʥʦʡ ʉ.ʉ. [106] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʟʘ ʩʯʸʪ 

ʩʦʙʩʪʚʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʚʠʥʦʛʨʘʜʥʦʡ ʷʛʦʜʳ, ʩʦʜʝʨʞʘʥʠʝ ʩʫʤʤʳ ʙʠʦʧʦʣʠʤʝʨʦʚ ʥʝ 

ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 0,12 %, ʚ ʪ.ʯ. ʧʝʢʪʠʥʘ ï ʥʝ ʙʦʣʝʝ 0,03 %. 

 ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʢʘʯʝʩʪʚʦ ʚʠʥʦʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʩʥʠʞʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ ʧʨʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ [118, 134, 

136, 221, 222, 262]. ʄʥʦʛʠʝ ʚʠʥʦʜʝʣʳ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʣʠ ʫʣʫʯʰʝʥʠʝ 

ʘʨʦʤʘʪʘ ʙʝʣʳʭ ʩʫʭʠʭ ʚʠʥ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʦʩʚʝʪʣʝʥʥʦʛʦ ʩʫʩʣʘ [134]. ɺ ʜʘʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʠ ʘʮʝʪʘʪʦʚ ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʠʷʪʥʳʤ ʘʨʦʤʘʪʦʤ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʚʳʩʰʠʝ ʩʧʠʨʪʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʚʠʥʘʤʠ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʥʝʦʩʚʝʪʣʝʥʥʦʛʦ ʩʫʩʣʘ. ʆʧʳʪʳ ʧʦ ʘʥʘʣʠʟʫ ʩʫʩʣʘ ʠʟ 

ʛʫʱʝʚʳʭ ʦʩʘʜʢʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʘʚʷʥʠʩʪʳʝ ʠ ʧʨʝʣʳʝ 

ʦʪʪʝʥʢʠ, ʘ ʚ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʚʠʥʦʛʨʘʜ ʙʳʣ ʧʦʨʘʞʝʥ ʛʥʠʣʴʶ, ʧʣʝʩʥʝʚʳʡ ʪʦʥ [101]. ʇʦ 

ʜʘʥʥʳʤ Dubourdieu et al. ʦʩʚʝʪʣʝʥʠʝ ʩʫʩʣʘ ʧʝʨʝʜ ʙʨʦʞʝʥʠʝʤ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʩʧʠʨʪʦʚ ʉ6 ʨʷʜʘ (ʧʨʦʧʠʣʦʚʳʡ, ʙʫʪʠʣʦʚʳʡ, ʘʤʠʣʦʚʳʡ, 

ʛʝʢʩʠʣʦʚʳʡ ʠ ʜʨʫʛʠʝ), ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʚ ʛʦʪʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ ʩʠʚʫʰʥʳʭ ʦʪʪʝʥʢʦʚ, ʘʨʦʤʘʪʘ ʠ ʚʢʫʩʘ ʧʨʦʛʦʨʢʣʦʛʦ 

ʤʘʩʣʘ, ʛʦʨʴʢʠʝ ʧʨʠʚʢʫʩʳ ʧʦʣʝʚʳʭ ʪʨʘʚ (ʪʘʙʣʠʮʘ 1) [141]. 

 



18 

 

ʊʘʙʣʠʮʘ 1 ï ɺʣʠʷʥʠʝ ʤʫʪʥʦʩʪʠ ʩʫʩʣʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʠʨʪʦʚ ʉ6 ʨʷʜʘ ʚ ʚʠʥʝ 

ʆʙʨʘʟʝʮ ʄʫʪʥʦʩʪʴ, NTU 
ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʩʧʠʨʪʦʚ ʉ6, ʤʛ/ʣ 

ʉʫʩʣʦ ʥʝʦʩʚʝʪʣʝʥʥʦʝ 400 2,0 

ʆʩʚʝʪʣʝʥʥʦʝ ʩʫʩʣʦ 260 1,0 

ʉʫʩʣʦ, ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ 

ʛʫʱʝʚʦʛʦ ʦʩʘʜʢʘ 
8 0,9 

ɻʫʱʝʚʦʡ ʦʩʘʜʦʢ ʥʝ ʦʧʨʝʜʝʣʝʥʘ 2,1 

 

 ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʤʫʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʩʫʩʣʘ ʥʘ 

ʩʠʥʪʝʟ ʜʨʦʞʞʘʤʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʧʨʠʷʪʥʳʤ 

ʘʨʦʤʘʪʦʤ (ʪʘʙʣʠʮʘ 2) [185, 222]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʤʫʪʥʦʩʪʠ ʩʫʩʣʘ ʙʦʣʝʝ 250 NTU 

ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʝ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʥʝʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʘʧʠʪʢʘ ʪʦʥʘ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʝʛʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ ʚ ʮʝʣʦʤ. ɸʚʪʦʨʳ 

ʨʝʢʦʤʝʥʜʫʶʪ ʣʠʤʠʪʠʨʦʚʘʪʴ ʤʫʪʥʦʩʪʴ ʩʫʩʣʘ ʥʘ ʫʨʦʚʥʝ ʚ 250 NTU. ʆʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʩʝʨʳ ʥʘ ʚʠʥʦʛʨʘʜʝ ʷʚʣʷʶʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʫʣʴʬʘʪʳ. ʀʭ 

ʩʦʜʝʨʞʘʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʯʚʳ, 

ʩʦʩʪʘʚʘ ʚʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʦʣʠʚʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ. 

ʊʘʢ, ʥʘ ʚʠʥʦʛʨʘʜʥʠʢʘʭ ɸʚʩʪʨʘʣʠʠ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʩʫʣʴʬʘʪ-ʠʦʥʘʭ, 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 139 ï 381 ʤʛ/ʣ, ʥʘ ʚʠʥʦʛʨʘʜʥʠʢʘʭ ʉʐɸ, ʂʘʥʘʜʳ ʠ ɽʚʨʦʧʳ 

ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʚʘʨʴʠʨʫʝʪ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 30 - 2200 ʤʛ/ʣ [240]. 

ʇʦʤʠʤʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʝʨʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʥʝʢʦʪʦʨʳʭ ʚʠʪʘʤʠʥʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʪʠʘʤʠʥ ʠ ʙʠʦʪʠʥ, ʘ ʪʘʢʞʝ ʛʣʫʪʘʪʠʦʥʘ ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠ 

ʙʝʣʢʦʚ [144, 222]. 

 ɽʩʣʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʩʣʦ ʩ ʤʫʪʥʦʩʪʴʶ 

510 NTU ʠ ʙʦʣʝʝ, ʪʦ ʥʘʙʣʶʜʘʣʩʷ ʧʦʚʳʰʝʥʥʳʡ ʩʠʥʪʝʟ ʩʝʨʦʚʦʜʦʨʦʜʘ, 

ʜʠʤʝʪʠʣʜʠʩʫʣʴʬʠʜʘ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʘʨʦʤʘʪ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʚʠʥʘ (ʨʠʩʫʥʦʢ 1). ʊʘʢ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʘ 
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ʊʘʙʣʠʮʘ 2 ï ɺʣʠʷʥʠʝ ʤʫʪʥʦʩʪʠ ʩʫʩʣʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ, ʤʢʛ/ʣ [185] 

ʉʝʨʦʩʦʜʝʨʞʘʱʠʡ 

ʢʦʤʧʦʥʝʥʪ 

ʄʫʪʥʦʩʪʴ ʩʫʩʣʘ, 

NTU 
ʇʦʨʦʛ 

ʚʦʩʧʨʠʷʪʠʷ, 

ʤʢʛ/ʣ 

ɸʨʦʤʘʪ 

120 250 500 

2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ 113 140 179 130 ʣʫʢʦʚʠʯʥʳʡ, ʧʪʠʯʠʡ 

2-ʪʝʪʨʘʛʠʜʨʦ-ʪʠʦʬʝʥʦʥ 102 131 191 70 ʤʘʩʣʷʥʳʡ, ʙʘʣʴʟʘʤʠʯʝʩʢʠʡ 

2-ʤʝʪʠʣ-ʪʠʦʵʪʘʥʦʣ 61 61 66 250 ʤʷʩʥʦʡ 

ʕʪʠʣ-3(ʤʝʪʠʣʪʠʦ) 

ʧʨʦʧʘʥʦʘʪ 
1 2 2 300 

ʣʫʢʦʚʳʡ, ʩʣʘʜʢʦ-

ʬʨʫʢʪʦʚʳʡ 

3-(ʄʝʪʠʣʪʠʦ)-1-

ʧʨʦʧʘʥʦʣʘʮʝʪʘʪ 
5 6 6 50 

ʤʷʩʥʦʡ, ʣʫʢʦʚʳʡ, ʦʚʦʱʥʦʡ, 

ʩʣʘʜʢʠʡ 

3-(ʄʝʪʠʣʪʠʦ)-1-

ʧʨʦʧʘʥʦʣ-1 (ʤʝʪʠʦʥʦʣ) 
1097 1958 3752 1200 

ʢʨʝʤʦʚʳʡ, ʟʝʤʣʷʥʦʡ, 

ʦʚʦʱʥʦʡ, ʢʘʨʪʦʬʝʣʴʥʳʡ, 

ʪʦʤʘʪʥʳʡ 

4-(ʄʝʪʠʣʪʠʦ)-2-ʙʫʪʘʥʦʣ 35 66 60 80 
ʩʝʨʥʳʡ, ʢʘʨʪʦʬʝʣʴʥʳʡ, 

ʟʝʣʝʥʳʝ ʦʚʦʱʠ 

ɼʠʤʝʪʠʣ-ʩʫʣʴʬʦʦʢʩʠʜ 363 728 1448 
ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ 
ï 

ɹʝʥʟʦʪʠʘʟʦʣ 28 26 29 50 ʨʝʟʠʥʘ 

3-

ʄʝʪʠʣʪʠʦʧʨʦʧʠʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 

85 178 310 50 
ʯʝʩʥʦʯʥʳʡ, ʣʫʢʦʚʳʡ, 

ʩʝʨʥʳʡ, ʪʦʤʘʪʥʳʡ 

 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʘʥʪʠʦʣʘ ʚ 0,3 ʤʢʛ/ʣ, ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ ʧʦʷʚʣʷʣʩʷ 

ʧʦʩʪʦʨʦʥʥʠʡ ʪʦʥ ʛʥʠʣʦʡ ʢʘʧʫʩʪʳ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ 

ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʧʝʨʝʜ ʙʨʦʞʝʥʠʝʤ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʤʫʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʩʫʩʣʘ ʜʦ 

270 NTU ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʪʦʨʦʥʥʠʭ ʪʦʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʘʩʴ, ʯʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʫʣʫʯʰʝʥʠʶ ʘʨʦʤʘʪʘ. 

 ʈʠʙʝʨʦ-ɻʘʡʦʥ ʇ. [222] ʨʝʢʦʤʝʥʜʫʝʪ ʧʝʨʝʜ ʙʨʦʞʝʥʠʝʤ ʦʩʚʝʪʣʷʪʴ ʩʫʩʣʦ ʜʦ 

ʟʥʘʯʝʥʠʡ ʤʫʪʥʦʩʪʠ 100 ï 250 NTU, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʙʨʦʞʝʥʠʷ ʠ ʛʘʨʤʦʥʠʯʥʳʤ ʘʨʦʤʘʪʦʤ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʠʥʪʝʟ ʜʨʦʞʞʘʤʠ ʣʝʪʫʯʠʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʫʪʥʦʩʪʠ ʩʫʩʣʘ [184] 

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʧʝʨʝʜ ʙʨʦʞʝʥʠʝʤ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʘʝʤʳʭ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ, ʘ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʚʠʥ. 

 

1.4. ʉʧʦʩʦʙʳ ʦʩʚʝʪʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ 

 

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʙʝʣʳʭ ʩʪʦʣʦʚʳʭ ʚʠʥ ʠʟ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʨʦʮʝʩʩ 

ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʧʨʦʭʦʜʠʣ ʙʳʩʪʨʦ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʣʦʠʜʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʢʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ ʠʟ ʩʫʩʣʘ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʧʦʣʠʤʝʨʦʚ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʩʚʝʪʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʧʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙ,r ʪʘʢʠʝ ʢʘʢ ʦʪʩʪʘʠʚʘʥʠʝ, ʬʣʦʪʘʮʠʷ, ʬʠʣʴʪʨʘʮʠʷ, 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ, ʩʝʧʘʨʠʨʦʚʘʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ 
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ʜʨʫʛʠʝ. 

 ʅʘ ʚʠʥʦʜʝʣʴʯʝʩʢʠʭ ʟʘʚʦʜʘʭ ʧʝʨʚʠʯʥʦʛʦ ʚʠʥʦʜʝʣʠʷ ʚʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ ʯʘʱʝ 

ʚʩʝʛʦ ʦʩʚʝʪʣʷʶʪ ʧʫʪʝʤ ʦʪʩʪʘʠʚʘʥʠʷ ʚ ʢʨʫʧʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ ʚ ʪʝʯʝʥʠʝ 18-24 ʯ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʙʝʟ 

ʦʭʣʘʞʜʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʘʙʨʘʞʠʚʘʥʠʷ [80]. ɺʦ ʚʨʝʤʷ 

ʦʩʚʝʪʣʝʥʠʷ ʦʪʩʪʘʠʚʘʥʠʝʤ ʧʨʦʪʝʢʘʝʪ ʨʷʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ (ʬʣʦʢʫʣʷʮʠʷ, 

ʩʝʜʠʤʝʥʪʘʮʠʷ, ʘʜʛʝʟʠʷ ʚʟʚʝʩʝʡ) ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ (ʦʢʠʩʣʝʥʠʝ, ʛʠʜʨʦʣʠʟ) 

ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʜʘʣʴʥʝʡʰʝʝ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ 

[18, 45]. 

 Schopfer J.F. [231] ʨʘʟʨʘʙʦʪʘʣ ʪʝʦʨʠʶ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʤʫʪʠ ʠ ʚʳʚʝʣ 

ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

 

ὺ
Ὀ

ρψ–
Ὠ”ȟ ρ 

 

ʛʜʝ  v ï ʩʢʦʨʦʩʪʴ ʩʝʜʠʤʝʥʪʘʮʠʠ ʯʘʩʪʠʮʳ, ʤ/ʩ; 

 D ï ʜʠʘʤʝʪʨ ʯʘʩʪʠʮʳ, ʧʨʠʥʠʤʘʷ ʝʝ ʟʘ ʩʬʝʨʠʯʝʩʢʫʶ, ʤ; 

 dɟ ï ʨʘʟʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʤʘʩʩʳ ʯʘʩʪʠʮʳ ʠ ʞʠʜʢʦʩʪʠ, ʢʛ/ʤ3; 

 ɖ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʢʛ/(ʩĿʤ2). 

 

 ʀʟ ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʯʘʩʪʠʮʳ ʩʢʦʨʦʩʪʴ 

ʝʝ ʦʩʘʞʜʝʥʠʷ ʩʥʠʞʘʝʪʩʷ. ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʘʭʘʨʦʚ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ, ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ. ʆʜʥʦ ʠʟ 

ʦʩʥʦʚʥʳʭ ʟʘʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ Schopfer J.F. [231] ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚʩʝʭ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 0,2 ʤʤ 

ʪʨʝʙʫʝʪʩʷ ʥʝ ʙʦʣʝʝ ʩʫʪʦʢ. 

 ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʝʪʦʜ ʦʪʩʪʘʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʭʦʨʦʰʦ 

ʦʩʚʝʪʣʝʥʥʦʝ ʩʫʩʣʦ. ʇʨʠ ʵʪʦʤ ʛʫʱʝʚʦʡ ʦʩʘʜʦʢ, ʦʩʪʘʚʰʠʡʩʷ ʧʦʩʣʝ ʦʩʚʝʪʣʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʙʨʘʞʠʚʘʪʴ ʦʪʜʝʣʴʥʦ. ʂʦʣʠʯʝʩʪʚʦ ʛʫʱʝʚʦʛʦ ʦʩʘʜʢʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 
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5 % ʠ ʙʦʣʝʝ, ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʨʪ ʠ 

ʢʘʯʝʩʪʚʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚʠʥʦʛʨʘʜʘ, ʨʝʞʠʤʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʩʦʪʳ ʦʪʩʪʦʡʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʧʨʠʤʝʥʝʥʠʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

 ʇʨʦʮʝʩʩ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʨʘʟʜʝʣʝʥʠʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʤʝʩʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ. ɺʟʚʝʰʝʥʥʳʝ 

ʯʘʩʪʠʮʳ ʤʫʪʠ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʩʠʣ ʥʘʧʨʘʚʣʷʶʪʩʷ ʢ ʩʪʝʥʢʘʤ ʮʝʥʪʨʠʬʫʛʠ ʠ ʪʘʤ ʩʢʘʧʣʠʚʘʶʪʩʷ, ʧʨʠ ʵʪʦʤ 

ʦʩʚʝʪʣʝʥʥʦʝ ʩʫʩʣʦ ʦʪʚʦʜʠʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ. ʆʩʘʜʦʢ ʫʜʘʣʷʝʪʩʷ ʣʠʙʦ ʧʝʨʠʦʜʠʯʝʩʢʠ, 

ʣʠʙʦ ʥʝʧʨʝʨʳʚʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʮʝʥʪʨʠʬʫʛʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʩʪʝʧʝʥʥʦ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʝʢʘʥʪʝʨʥʳʝ ʮʝʥʪʨʠʬʫʛʠ ʠ ʩʝʧʘʨʘʪʦʨʳ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʩʚʝʪʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ 

ʩʫʩʣʘ, ʥʦ ʪʘʢʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʝʨʝʣʠʚʦʢ ʤʦʣʦʜʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ, ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʭ ʦʢʣʝʡʢʠ, ʢʦʪʦʨʦʝ ʩʦʢʨʘʱʘʝʪʩʷ ʚ 3-4 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʮʝʩʩʦʤ ʦʪʩʪʘʠʚʘʥʠʷ [27]. 

 ʄʝʪʦʜ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, ʚʚʠʜʫ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ʊʘʢ ʢʘʢ ʚ 

ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʣʦʠʜʦʚ, ʦʥʠ ʙʳʩʪʨʦ 

ʟʘʢʫʧʦʨʠʚʘʶʪ ʬʠʣʴʪʨʫʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʠʣʴʪʨʘʮʠʠ ʠ/ʠʣʠ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʦʩʪʘʥʦʚʢʝ [18, 45, 231]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʬʠʣʴʪʨʫʶʱʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʦʣʴʢʦ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ 

ʧʨʦʟʨʘʯʥʦʝ ʩʫʩʣʦ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʚʦʜʷ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʦʙʨʘʟʦʚʘʥʠʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʘʮʝʪʘʣʴʜʝʛʠʜʘ, ʤʝʪʘʥʦʣʘ ʠ ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ ʥʘ 

ʬʦʥʝ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ [112]. 

 ʌʣʦʪʘʮʠʦʥʥʦʝ ʦʩʚʝʪʣʝʥʠʝ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ. ʇʨʠʥʮʠʧ ʤʝʪʦʜʘ ʦʩʥʦʚʘʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʠʜʨʦʬʦʙʥʳʭ 

ʭʣʦʧʴʝʚʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʤʫʪʠ ʩʫʩʣʘ ʠ 

ʚʥʦʩʠʤʳʭ ʬʣʦʢʫʣʷʥʪʦʚ. ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʚʠʥʦʤʘʪʝʨʠʘʣ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʧʦʜ 
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ʜʘʚʣʝʥʠʝʤ 0,5-0,6 ʄʇʘ ʢʦʤʧʣʝʢʩʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʩ ʬʣʦʢʫʣʷʥʪʘʤʠ, ʚʩʧʣʳʚʘʶʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʦʙʨʘʟʫʷ "ʰʘʧʢʫ", ʢʦʪʦʨʘʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʫʜʘʣʷʝʪʩʷ. 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦ ʧʨʦʚʝʩʪʠ ʦʩʚʝʪʣʝʥʠʝ ʩʫʩʣʘ, ʦʜʥʘʢʦ 

ʤʘʩʩʦʚʦʝ ʝʛʦ ʚʥʝʜʨʝʥʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʜʝʨʞʠʚʘʝʪʩʷ ʜʦʨʦʛʦʚʠʟʥʦʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʣʦʞʥʦʩʪʴ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [20ï23, 43]. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ 

ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʚʝʩʪʠ ʧʨʦʮʝʩʩ ʦʩʚʝʪʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ. ɼʣʷ ʣʫʯʰʝʛʦ ʠ 

ʙʳʩʪʨʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ. 

 ɺ ʧʨʘʢʪʠʢʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʠʥʦʜʝʣʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ 

ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. ʉʫʩʣʦ ʧʨʠ 

ʦʩʚʝʪʣʝʥʠʠ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʪʘʥʠʥʦʤ, ʙʝʥʪʦʥʠʪʦʤ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʫʛʣʝʤ, 

ʨʘʟʣʠʯʥʳʤʠ ʬʝʨʤʝʥʪʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʷʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. 

 ʇʦ ʜʘʥʥʳʤ Schopfer J.F. [231] ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ 

ʦʪʩʪʘʠʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʤʝʥʝʝ 24 ʯ, ʦʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʩʫʩʣʝ 

ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʬʝʨʤʝʥʪʳ, ʣʦʢʘʣʠʟʦʚʘʥʥrʝ ʥʘ ʤʫʪʷʱʠʭ ʯʘʩʪʠʮʘʭ, ʘʢʪʠʚʥʦ 

ʦʢʠʩʣʷʶʪ ʢʦʤʧʦʥʝʥʪʳ ʩʫʩʣʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ ʧʦʢʦʨʠʯʥʝʚʝʥʠʷ ʚʠʥ 

[40]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʬʝʨʤʝʥʪʦʚ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʧʨʠʤʝʥʷʶʪ ʜʠʦʢʩʠʜ ʩʝʨʳ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 100 ʤʛ/ʣ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʚʳʰʝʥʥʳʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʩʚʳʰʝ 120 ʤʛ/ʣ) ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʟʘʜʝʨʞʢʝ ʥʘʯʘʣʘ ʙʨʦʞʝʥʠʷ ʩʫʩʣʘ ʠ  ʠʟʣʠʰʥʝʤʫ ʥʘʢʦʧʣʝʥʠʶ ʫʢʩʫʩʥʦʛʦ ʘʣʴʜʝʛʠʜʘ, 

ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʦʣʫʯʘʝʤʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʚʠʥ [18]. 

 ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʥʪʦʥʠʪ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʩʝʨʥʠʩʪʳʤ ʘʥʛʠʜʨʠʜʦʤ. ʊʘʢ, ʚʚʝʜʝʥʠʝ ʚ ʩʫʩʣʦ ʙʝʥʪʦʥʠʪʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 2 ʛ/ʣ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʴʪʴ ʜʦʟʫ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʩʦ 100 ʜʦ 60 ʤʛ/ʣ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʨʘʙʦʪʳ 

ʦʢʩʠʜʘʟ [18]. ɺʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʩʫʩʣʘ ʙʝʥʪʦʥʠʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʠʩʪʳʭ ʚʝʱʝʩʪʚ. ɿʠʥʯʝʥʢʦ ɺ.ʀ. [44] ʨʝʢʦʤʝʥʜʦʚʘʣ ʚʥʦʩʠʪʴ 

ʙʝʥʪʦʥʠʪ ʚ ʢʦʣʠʯʝʩʪʚʝ 10-13 ʛ/ʣ, ʧʨʠ ʵʪʦʤ ʜʦʟʠʨʦʚʢʘ 1 ʛ/ʣ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʦʙɦʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʘ ʜʦ 26,4 %. ʆʙʨʘʙʦʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʥʪʦʥʠʪʘ 
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ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʫʧʨʝʜʠʪʴ ʧʦʙʫʨʝʥʠʝ ʚʠʥʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʢʩʠʜʘʟʥʦʛʦ ʢʘʩʩʘ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʚʠʥʦʛʨʘʜʘ, ʧʦʨʘʞʝʥʥʦʛʦ ʛʥʠʣʴʶ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʝʥʪʦʥʠʪʘ ʜʣʷ 

ʦʩʚʝʪʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ, ʦʥ ʘʜʩʦʨʙʠʨʫʝʪ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʫʪʷʱʠʝ 

ʯʘʩʪʠʮʳ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʬʝʨʤʝʥʪʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʝ ʦʩʪʘʶʪʩʷ ʚ ʘʢʪʠʚʥʦʡ 

ʬʦʨʤʝ. ʇʨʠ ʚʟʤʫʯʠʚʘʥʠʠ ʦʩʘʜʢʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʢʦʥʪʘʢʪ ʩ ʚʦʟʜʫʭʦʤ ï 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʬʝʨʤʝʥʪʳ ʘʢʪʠʚʠʨʫʶʪʩʷ ʠ ʩʫʩʣʦ ʚʥʦʚʴ ʥʘʯʠʥʘʝʪ ʧʦʛʣʦʱʘʪʴ 

ʢʠʩʣʦʨʦʜ ʠʟ ʚʦʟʜʫʭʘ, ʧʦʵʪʦʤʫ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʙʝʥʪʦʥʠʪʦʤ ʥʝʣʴʟʷ ʜʦʧʫʩʢʘʪʴ 

ʚʟʤʫʯʠʚʘʥʠʷ ʦʩʘʜʢʘ. ɺʥʝʩʝʥʠʝ ʙʝʥʪʦʥʠʪʘ ʥʘ ʩʪʘʜʠʠ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʫʜʘʣʝʥʠʷ ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʙʳʩʪʨʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʙʨʦʞʝʥʠ,̫ ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ [62]. ʇʨʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʙʝʥʪʦʥʠʪʘ ʠ ʢʘʟʝʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ 

ʩʫʩʣʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʣʫʯʘʝʤʳʭ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ [3]. ʆʙʨʘʙʦʪʢʘ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʙʝʥʪʦʥʠʪʦʤ ʤʦʞʝʪ ʩʥʠʞʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʚ ʧʦʣʫʯʘʝʤʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ [127, 183], ʯʪʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʘʨʦʤʘʪʝ [127]. 

 ɺ ʨʘʙʦʪʘʭ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ [263] ʧʦʢʘʟʘʥʦ ʧʦʚʳʰʝʥʠʝ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ 3-5 ʙʘʣʣʦʚ (ʧʦ 100 ʙʘʣʴʥʦʡ 

ʰʢʘʣʝ), ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ (0,3 ʛ/ʣ) 

ʦʩʚʝʪʣʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʩʤʝʩʴ ʦʯʠʱʝʥʥʦʡ ʮʝʣʣʶʣʦʟʳ, ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ, 

ʞʝʣʘʪʠʥʘ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ ʜʦ 1 ʛ/ʣ 

ʠʣʠ ʦʩʚʝʪʣʝʥʠʝʤ ʧʫʪʝʤ ʦʪʩʪʘʠʚʘʥʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʩʫʩʣʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʱʠʪʥʳʭ ʢʦʣʣʦʠʜʦʚ (ʧʝʢʪʠʥʦʚ, ʢʘʤʝʜʝʡ) ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʚʳʰʝʥʥʳʭ 

ʜʦʟʠʨʦʚʦʢ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʙʫʢʝʪʘ 

ʠ ʚʢʫʩʘ ʚʠʥʘ, ʘ ʪʘʢʞʝ ʧʦʪʝʨʶ ʮʚʝʪʘ [3, 17, 19, 258]. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʦʙʟʦʨ ʩʚʝʜʝʥʠʡ ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʩʧʦʩʦʙʦʚ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ 

ʦʧʠʩʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʪʥʦʩʷʪʩʷ: ʨʘʟʙʘʚʣʝʥʠʝ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʠ ʦʩʣʘʙʣʝʥʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ.  

 ʕʬʬʝʢʪʠʚʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʘʤ 

ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʜʝʡʩʪʚʠʝ 
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ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʛʠʜʨʦʣʠʟ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʙʝʣʢʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʳʩʪʨʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʩʫʩʣʘ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʪʴ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʣʴʜʝʛʠʜʦʚ, ʵʬʠʨʦʚ, ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʚ 

ʚʠʥʦʤʘʪʝʨʠʘʣʝ [99]. 

 ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʈʠʙʝʨʦ-ɻʘʡʦʥ ʇ. [222] ʧʨʝʜʣʘʛʘʝʪ 

ʬʝʨʤʝʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʧʣʝʩʥʝʚʦʛʦ ʛʨʠʙʘ Aspergillus niger. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʩʦʤʥʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ (ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʢʦʤʧʣʝʢʩʥʦʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʧʦʣʠʤʝʨʳ ʩʫʩʣʘ), ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩʦʧʨʷʞʝʥʦ ʩ 

ʨʠʩʢʘʤʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʯʠʩʪʢʝ ʦʥʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʆʜʥʠʤ ʠʟ ʬʝʨʤʝʥʪʦʚ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ 

ʛʨʠʙʦʤ, ʷʚʣʷʝʪʩʷ ʮʠʥʥʘʤʘʪʵʩʪʝʨʘʟʘ, ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʡ ʥʘ ʩʫʩʣʦ ʧʨʠʚʦʜʠʪ ʢ 

ʛʠʜʨʦʣʠʟʫ ʛʠʜʨʦʢʩʠʮʠʥʥʘʤʘʪ ʵʬʠʨʦʚ ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʦʛʫʪ 

ʧʦʷʚʣʷʪʴʩʷ ʧʦʩʪʦʨʦʥʥʠʝ ʙʘʣʴʟʘʤʠʯʝʩʢʠʝ ʪʦʥʘ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ [115, 126]. 

ʇʝʢʪʠʥʵʩʪʝʨʘʟʘ ʜʝʤʝʪʦʢʩʠʣʠʨʫʝʪ ʧʝʢʪʠʥ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ, ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʪʘʥʦʣʘ ʚ ʩʫʩʣʝ ʠ ʚʠʥʝ. 

 ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ Martiniere P. et al. [193] ʧʦʢʘʟʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʧʝʢʪʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʜʣʷ ʦʩʚʝʪʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʬʠʣʴʪʨʘʮʠʝʡ ʯʝʨʝʟ ʜʠʘʪʦʤʠʪʦʚʳʡ ʬʠʣʴʪʨ (ʨʠʩʫʥʦʢ 2). ʊʘʢ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʫʩʣʘ 

ʬʝʨʤʝʥʪʥʳʤ ʧʨʝʧʘʨʘʪʦʤ ʚ ʜʦʟʝ 0,5 ʛ/ʣ ʬʠʣʴʪʨʫʝʤʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 7 ʨʘʟ, ʘ 

ʤʫʪʥʦʩʪʴ ʩʫʩʣʘ ʩʥʠʟʠʣʘʩʴ ʚ 9 ʨʘʟ. ʆʙʱʘʷ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʚʦʟʨʦʩʣʘ ʚ 2 ʨʘʟʘ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʩʫʩʣʘ ʚ 1,8 ʨʘʟʘ. 

 ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ [6, 36, 56, 97, 122, 123, 147, 

232] ʧʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʠ Kluyveromyces 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʬʝʨʤʝʥʪ ʵʥʜʦʧʦʣʠʛʘʣʘʪʫʨʦʥʘʟʫ, ʢʦʪʦʨʘʷ ʨʘʟʨʫʰʘʝʪ ʧʝʢʪʠʥʦʚʳʝ 

ʚʝʱʝʩʪʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʩʫʩʣʘ ʠ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ 

ʦʩʚʝʪʣʝʥʠʷ. ʉʠʩʪʝʤʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʩʠʤʙʠʦʟʘ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʜʦʟʳ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ ʢʘʯʝʩʪʚʦ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ 

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʩʫʩʣʘ ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʥʪʝʟʫ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʠ 

ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʚʠʥʘ. 

 

1.5. ʇʝʢʪʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ ʜʨʦʞʞʝʡ ʠ ʠʭ ʨʦʣʴ ʚ ʚʠʥʦʜʝʣʠʠ 

 

 ʇʝʢʪʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʝʢʪʠʥʘʟʦʡ 

(ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʦʡ, ʂ.ʌ.3.2.1.15), ï ʚʘʞʥʳʡ ʧʨʠʟʥʘʢ ʜʨʦʞʞʝʡ, 

ʬʝʨʤʝʥʪʠʨʫʶʱʠʭ ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʢʪʠʥ. ʉʘʤ ʧʝʢʪʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʩʘʭʘʨʠʜ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ Ŭ-(1-4)-ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʴʶ ʦʩʪʘʪʢʦʚ 
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ʛʘʣʘʢʪʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʠʜʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 

 ʆʩʥʦʚʥʦʝ ʜʝʡʩʪʚʠʝ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʟʨʫʰʝʥʠʝ 

Ŭ-(1-4)-ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ (ʨʠʩʫʥʦʢ 3), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʦʙʱʝʛʦ ʚʳʭʦʜʘ 

ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʣʠ ʩʘʤʦʪʝʯʥʦʡ ʬʨʘʢʮʠʠ. 

 

ʈʠʩʫʥʦʢ 3 ï ɼʝʡʩʪʚʠʝ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʥʘ ʤʦʣʝʢʫʣʫ ʧʝʢʪʠʥʘ. 

 

 ʀʟʫʯʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʠ/ʠʣʠ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʚʠʥʦʜʝʣʠʠ, ʢ ʩʠʥʪʝʟʫ ʚʥʝʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʨʦʚʦʜʠʣʦʩʴ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʫʯʝʥʳʤʠ 

[36, 56, 273]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʥʘʨʫʞʝʥʦ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʰʪʘʤʤʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʨʦʞʞʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʜʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʦʜʫʮʝʥʪʘʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʰʪʘʤʤʳ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʨʦʜʫ Kluyveromyces. 

 ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʚʳʙʦʨ ʧʨʦʜʫʮʝʥʪʘ ʠ ʫʩʣʦʚʠʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʚʣʠʷʶʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʬʝʨʤʝʥʪʘ. 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ Wimborne M. ʠ Riecard A. [273] ʦʙʥʘʨʫʞʠʣʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʫ ʩʝʤʠ ʠʟ 17 ʠʟʫʯʝʥʥʳʭ ʰʪʘʤʤʦʚ ʚʠʜʘ 
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Saccharomyces fragilis (ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï Kluyveromyces 

marxianus) [182, 273]. 

 ɼʘʪʫʥʘʰʚʠʣʠ ɽ.ʅ. [36] ʠ ʩʦʪʨʫʜʥʠʢʠ ʚʳʷʚʠʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʠʥʪʝʟʫ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʫ 33 ʰʪʘʤʤʦʚ. ʃʝʙʝʜʝʚʳʤ ɺ.ɺ. [56] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 35 

ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʣʝʜʫʶʱʠʤ ʚʠʜʘʤ ï Fabospora fragilis, 

Fabospora macedoniensis, Zygofabospora marxianus, Candida macedoniensis, 

Candida pseudotropicalis ï ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʩʝ ʦʥʠ 

ʩʠʥʦʥʠʤʳ Kluyveromyces marxianus, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʠʥʪʝʟʠʨʦʚʘʣ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ ʩ ʛʣʶʢʦʟʦʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʉʦʥʠʥʘ ɽ.ɻ. [97] ʧʦʣʫʯʠʣʘ ʠ ʠʟʫʯʠʣʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ ʤʫʪʘʥʪʥʦʛʦ 

ʧʦʣʠʧʣʦʠʜʥʦʛʦ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces cerevisiae ʂʦʢʫʨ 3-28ʙ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʨʘʚʥʷʣʩʷ 30 Áʉ, ʦʧʪʠʤʫʤ ʚʝʣʠʯʠʥʳ 

ʨʅ ʩʦʩʪʘʚʣʷʣ 4,8. ɸʚʪʦʨ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 20 Áʉ 

ʧʦʣʫʯʝʥʥʳʡ ʬʝʨʤʝʥʪ ʩʦʭʨʘʥʷʣ ʙʦʣʝʝ 50 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 ʆʪʝʯʝʩʪʚʝʥʥʳʤʠ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʘ ʜʚʫʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ Kluyveromyces marxianus:  

ɺʂʄ-Y-480 [41] ʠ ʰʪʘʤʤʘ 54 [37, 56]. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ ʫ ʧʦʣʫʯʝʥʥʦʛʦ 

ʬʝʨʤʝʥʪʘ ʨʘʚʥʷʣʩʷ 45 Áʉ, ʘ ʦʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʨʅ ï 5,2. 

  ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʈʷʙʘʷ ʅ.ɽ. [94] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʘ ʙʦʣʝʝ 150 ʰʪʘʤʤʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʘʟʣʠʯʥʳʤ ʨʦʜʘʤ (Candida, Brettanomyces, Cryptococcus, 

Debaryomyces, Fabospora, Hansenula, Kluyveromyces, Pichia, Torulopsis, 

Trishosporum, Saccharomycopsis ʠ Saccharomyces). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ 

ʚʳʙʨʘʥ ʰʪʘʤʤ S. bayanus Y-509, ʦʙʣʘʜʘʶʱʠʡ ʥʘʠʙʦʣʴʰʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʩʠʥʪʝʟʫ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ. ʌʝʨʤʝʥʪ, ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʜʘʥʥʳʤ ʰʪʘʤʤʦʤ, 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʘʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ (ʨʅ 4,0-5,0) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45-50 Áʉ. 

 ʅʛʫʝʥ ʃ.ɸ. [79] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʥʘ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʘ 

ʜʨʦʞʞʝʡ Kluyveromyces marxianus ɺʂʄ-Y-848. ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʦʢʨʦʚʩʢʠʡ ɸ.ɺ. [85] ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʚ ʢʘʯʝʩʪʚʝ 
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ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʢʨʝʧʣʝʥʳʭ ʚʠʥ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʬʝʨʤʝʥʪʘ. ʊʘʢ, ʚʥʝʩʝʥʠʝ ʚ ʩʨʝʜʫ ʮʠʪʨʫʩʦʚʦʛʦ ʧʝʢʪʠʥʦʚʦʛʦ 

ʛʠʜʨʦʣʠʟʘʪʘ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʬʝʨʤʝʥʪʘ ʥʘ 6 %, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ [15]. 

 ʅʘ ʬʦʥʝ ʨʘʟʚʠʪʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʙʦʣʝʝ 

ʦʩʥʦʚʘʪʝʣʴʥʦ ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʭʦʜʷʱʠʝ ʚ ʜʨʦʞʞʝʚʳʭ ʢʣʝʪʢʘʭ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʨʦʞʞʝʡ ʢ ʩʠʥʪʝʟʫ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʧʨʥʘʟʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ. 

 

1.6. ɻʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʫ ʜʨʦʞʞʝʡ ʨʦʜʘ 

Saccharomyces 

 ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʩʚʝʜʝʥʠʷ ʦ 

ʧʝʢʪʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʨʦʞʞʝʡ. 

 ɼʨʦʞʞʠ Saccharomyces cerevisiae ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʙʘʟʦʚʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ. ɻʝʥʦʤ ʜʘʥʥʳʭ ʜʨʦʞʞʝʡ ʩʝʢʚʝʥʠʨʦʚʘʥ ʠ ʘʥʥʦʪʠʨʦʚʘʥ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫ ʵʪʦʛʦ ʚʠʜʘ, ʠʤʝʝʪʩʷ ʚʦʩʝʤʴ ʚʠʜʦʚ-ʜʚʦʡʥʠʢʦʚ: S. arboricola, S. 

bayanus, S. eubauanys, S. cariocanus, S. kudriavzevii, S.mikatae, S. paradoxus ʠ 

S. jurei [152, 161, 181, 203, 204, 208, 269]. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʚʠʥʦʜʝʣʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʰʪʘʤʤʳ ʚʠʜʦʚ S. cerevisiae ʠ S. bayanus. ʇʦʩʣʝʜʥʠʡ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʜʚʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: S. bayanus var. bayanus ʠ S. bayanus var. uvarum. ʇʨʠ ʵʪʦʤ 

ʚʠʥʥʳʝ ʰʪʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʪʦʨʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʜʘʥʥʦʛʦ 

ʚʠʜʘ. 

 ʆʜʠʥʦʯʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʛʝʥ PGU1 (=PLG1), ʢʦʜʠʨʫʶʱʠʡ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ, ʙʳʣ ʚʳʜʝʣʝʥ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ ʠʟ 13 ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [121, 138, 

142, 146, 162, 172, 176]. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʷʚʠʣʦ ʜʦ 

7 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʩʭʦʜʩʪʚʝ. 

ɼʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʝʛʦ ʚʳʩʦʢʘʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ [261]. 
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ʂʣʦʥʠʨʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʛʝʥʘ ʠʟ ʜʨʦʞʞʝʡ ʨʦʜʘ Kluyveromyces marxianus ʧʦʢʘʟʘʣʦ 

ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ ʩ ʛʝʥʦʤ ʜʨʦʞʞʝʡ Saccharomyces (ʜʦ 58 % ʥʘ ʫʨʦʚʥʝ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ) [176, 239]. 

 ʉʢʨʠʥʠʥʛ ʩ ʧʦʤʦʱʴʶ ʩʘʫʟʝʨʥ-ʛʠʙʨʠʜʠʟʘʮʠʠ, ʧʨʦʚʝʜʝʥʥʳʡ ʠʩʧʘʥʩʢʠʤʠ ʠ 

ʶʞʥʦʘʬʨʠʢʘʥʩʢʠʤʠ ʫʯʝʥʳʤʠ, ʧʦʢʘʟʘʣ, ʯʪʦ ʫ 9 ʰʪʘʤʤʦʚ ʠʟ 61 ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʚʠʥʥʳʭ ʜʨʦʞʞʝʡ ʜʘʥʥʳʡ ʛʝʥ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʨʠ ʵʪʦʤ ʪʦʣʴʢʦ 36 ʰʪʘʤʤʦʚ ʤʦʛʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ ʠ ʨʘʟʨʫʰʘʪʴ ʧʝʢʪʠʥ [146]. ʆʪʩʫʪʩʪʚʠʝ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʯʘʩʪʠ ʰʪʘʤʤʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʥʘʣʠʯʠʝʤ 

ʧʩʝʚʜʦ-ʛʝʥʘ ʠʣʠ ʧʦʜʘʚʣʝʥʠʝʤ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ ʩʫʧʨʝʩʩʦʨʦʤ [190]. ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʘʥʥʳʡ ʛʝʥ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʠʪʫʪʠʚʥʳʤ ʜʣʷ 

ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʚʥʫʪʨʠʚʠʜʦʚʦʡ 

ʤʘʨʢʝʨ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠ ʬʝʥʦʪʠʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [146]. 

 Divol B. ʠ Rensburg P. [138] ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʨʦʞʞʝʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʝʣʝʮʠʷʤʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʤʦʙʠʣʴʥʳʤʠ ʊʫ-ʵʣʝʤʝʥʪʘʤʠ. ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [121, 206] 

ʚʳʩʢʘʟʳʚʘʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʛʝʥ ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʪʠʪʫʪʠʚʥʳʤ, ʘ ʢʦʜʠʨʫʶʱʠʡ ʨʝʛʠʦʥ PGU1 ʛʝʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʜʨʦʞʞʘʭ 

ʨʦʜʘ Saccharomyces, ʢʘʢ ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʠʥʪʝʟʫ ʬʝʨʤʝʥʪʘ, ʪʘʢ ʠ ʥʝ 

ʦʙʣʘʜʘʶʱʠʭ. 

 ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʨʘʙʦʪʳ [216] ʧʦ ʠʟʫʯʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʜʘʥʥʦʛʦ ʛʝʥʘ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʦʥʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʨʘʙʦʪʳ ʧʨʦʤʦʪʦʨʘ, ʥʦ ʠ ʦʪ ʧʦʟʠʮʠʠ, ʚ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʠʪʩʷ ʛʝʥ ʚ ʭʨʦʤʦʩʦʤʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʰʪʘʤʤʘʭ 

ʜʨʦʞʞʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʘʢʪʠʚʥʦʩʪʠ ʟʘʚʠʩʠʪ ʥʝ ʩʪʦʣʴʢʦ ʦʪ ʤʫʪʘʮʠʡ ʚ ʩʘʤʦʤ ʛʝʥʝ ʠʣʠ ʧʨʦʤʦʪʦʨʘ, ʩʢʦʣʴʢʦ 

ʦʪ ʦʙʱʝʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʰʪʘʤʤʘ [138, 172, 216].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʥ PGU ʫ ʜʨʦʞʞʝʡ ʚʠʜʦʚ S. cerevisiae, S. arboricola, 

S. cariocanus, S. jurei, S. kudriavzevii, S. mikatae ʠ S. paradoxus ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʪʝʣʦʤʝʨʥʦʤ ʨʘʡʦʥʝ ʭʨʦʤʦʩʦʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ 

ʚʳʷʚʣʝʥʘ ʵʧʠʛʝʥʝʪʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʧʦʜʘʚʣʝʥʠʷ ʨʘʙʦʪʳ ʛʝʥʘ [189, 190], 

ʩʦʯʝʪʘʶʱʘ ̫ʚ ʩʝʙʝ ʪʝʣʦʤʝʨʥʳʡ ʵʬʬʝʢʪ ʧʦʣʦʞʝʥʠʷ [189, 260]. 
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 ɺ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʤʠʮʝʣʠʘʣʴʥʳʭ ʛʨʠʙʦʚ ʩ ʚʳʩʦʢʦʡ 

ʧʝʢʪʠʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʚ ʠʭ ʛʝʥʦʤʘʭ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʣʠʤʝʨʥʳʭ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʢʫʤʫʣʷʪʠʚʥʳʡ ʵʬʬʝʢʪ, ʫʩʠʣʠʚʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʚʦʡʩʪʚʦ [128, 131, 154 202]. 

 ʋ ʜʨʦʞʞʝʡ Saccharomyces, ʘʢʪʠʚʥʘʷ ʬʝʨʤʝʥʪʘʮʠʷ ʩʘʭʘʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʤʘʣʴʪʦʟʘ, ʩʘʭʘʨʦʟʘ, ʤʝʣʠʙʠʦʟʘ ʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʢʨʘʭʤʘʣ, ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʚ 

ʛʝʥʦʤʝ ʜʨʦʞʞʝʡ S. cerevisiae ʧʦʣʠʤʝʨʥʳʭ ʛʝʥʦʚ MAL, SUC, MEL ʠ STA [77]. 

 ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʚʠʜʘ Kluyveromyces marxianus ʩ 

ʚʳʩʦʢʦʡ ʧʝʢʪʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʛʝʥ PGU, ʯʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʝʛʦ ʩʚʝʨʭ ʵʢʩʧʨʝʩʩʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡʩʷ 

ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ [238]. 

 ʀʟʚʝʩʪʝʥ ʰʘʤʧʘʥʩʢʠʡ ʰʪʘʤʤ S. bayanus var. uvarum SCPP, ʢʦʪʦʨʳʡ 

ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʪʨʝʤʷ ʘʢʪʠʚʥʳʤʠ ʧʝʢʪʦʣʠʪʠʯʝʩʢʠʤʠ ʬʝʨʤʝʥʪʘʤʠ: ʧʝʢʪʠʥ-

ʵʩʪʝʨʘʟʦʡ, ʧʝʢʪʠʥ-ʣʠʘʟʦʡ ʠ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʦʡ [159, 162, 206]. ʆʜʥʘʢʦ 

ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʠ ʵʚʦʣʶʮʠʦʥʥʘʷ ʛʝʥʝʪʠʢʘ ʧʝʢʪʠʥʘʟ ʜʨʦʞʞʝʡ Saccharomyces 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʘ. ʇʦʠʩʢ ʧʦʜʦʙʥʳʭ ʰʪʘʤʤʦʚ ʚʘʞʝʥ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʛʝʥʥʦ-

ʠʥʞʝʥʝʨʥʳʭ ʨʘʙʦʪ, ʥʦ ʠ ʜʣʷ ʚʠʥʦʜʝʣʠʷ. 

 ʄʦʣʝʢʫʣʷʨʥʳʡ ʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʡ ʦʪʙʦʨ ʚʠʥʥʳʭ ʰʪʘʤʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ 

ʩʠʥʪʝʟʫ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʠ ʥʝ ʦʙʨʘʟʫʶʱʠʭ ʧʝʢʪʠʥ-ʵʩʪʝʨʘʟʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʦʣɹh ʦʡ ʠʥʪʝʨʝʩ ʢʘʢ ʜʣʷ ʵʚʦʣʶʮʠʦʥʥʦʡ ʛʝʥʝʪʠʢʠ, ʪʘʢ ʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʦʪʙʦʨʘ ʠ ʩʝʣʝʢʮʠʠ ʚʠʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʦʙʣʘʜʘʶʱʠʭ 

ʚʳʩʦʢʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

 

1.7. ɺʣʠʷʥʠʝ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʤʫʩʢʘʪʥʳʤ ʘʨʦʤʘʪʦʤ 

 

 ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʘʨʦʤʘʪ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʩʣʦʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʚʠʯʥʳʭ (ʚʠʥʦʛʨʘʜ) ʠ 

ʚʪʦʨʠʯʥʳʭ (ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʚʦ ʚʨʝʤʷ ʙʨʦʞʝʥʠʷ) ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ [5, 76, 84, 

102, 124, 228, 230, 234]. 
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 ʊʝʨʧʝʥʦʚʳʝ ʩʧʠʨʪʳ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʥʘʠʙʦʣʝʝ ʫʟʥʘʚʘʝʤʳʝ ʠ ʭʘʨʘʢʪʝʨʥʳʝ 

ʘʨʦʤʘʪʳ ʚʠʥʦʛʨʘʜʘ ʠ ʚʠʥʘ. ɿʘ ʤʫʩʢʘʪʥʳʡ ʘʨʦʤʘʪ ʦʪʚʝʯʘʶʪ ʪʝʨʧʝʥʦʚʳʝ ʩʧʠʨʪʳ: 

ʛʝʨʘʥʠʦʣ, Ŭ-ʪʝʨʧʠʥʝʦʣ, ʥʝʨʦʣ ʠ ʣʠʥʘʣʦʦʣ ʩ ʝʛʦ ʦʢʩʠʜʘʤʠ [83, 84, 100, 120, 137, 

237]. ʊʝʨʧʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʥʦʛʨʘʜʥʦʡ ʷʛʦʜʝ ʚ ʜʚʫʭ ʬʦʨʤʘʭ ï 

ʩʚʦʙʦʜʥʦʡ ʠ ʩʚʷʟʘʥʥʦʡ [166, 175, 271, 272]. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʧʝʥʦʚ ʚ ʷʛʦʜʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʷʟʘʥʥʦʡ, ʛʣʠʢʦʣʠʟʠʜʠʨʦʚʘʥʥʦʡ, ʬʦʨʤʝ, ʠʟ-ʟʘ ʯʝʛʦ ʥʝ ʠʤʝʝʪ ʘʨʦʤʘʪʘ 

[166, 167]. ɺʳʩʚʦʙʦʞʜʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʘ ɓ-ʛʣʠʢʦʟʠʜʘʟʳ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʞʠʮʝ ʚʠʥʦʛʨʘʜʥʦʡ 

ʷʛʦʜʳ, ʦʜʥʘʢʦ ʝʸ ʘʢʪʠʚʥʦʩʪʴ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʨʧʝʥʦʚ ʚ ʩʫʩʣʝ [267]. ɻʣʠʢʦʟʠʜʘʟʳ, ʩʧʦʩʦʙʥʳʝ ʫʩʠʣʠʚʘʪʴ ʘʨʦʤʘʪ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʫ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ [165, 168, 254]. ʊʘʢ 

ʜʦʙʘʚʣʝʥʠʝ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʧʣʝʩʥʝʚʦʛʦ ʛʨʠʙʘ Botrytis 

cinerea, ʚ ʤʝʟʛʫ ʧʝʨʝʜ ʧʨʝʩʩʦʚʘʥʠʝʤ ʧʦʚʳʰʘʣʦ ʢʦʣʠʯʝʩʪʚʦ ʘʨʦʤʘʪʦʙʨʘʟʫʶʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ ʚ 1,5 ʨʘʟʘ [163]. 

 ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʪʝʨʧʝʥʦʚʳʭ 

ʚʝʱʝʩʪʚ ʚ ʚʠʥʦʛʨʘʜʥʦʡ ʷʛʦʜʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʦʚ ʠ ʦʪʣʠʯʘʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ. ʊʘʢ, ʜʣʷ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʄʫʩʢʘʪ ʙʝʣʳʡ ʤʘʢʩʠʤʫʤ 

ʥʘʢʦʧʣʝʥʠʷ ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʘʭʘʨʦʚ ï 170-190 ʛ/ʣ, ʜʣʷ ʩʦʨʪʘ ʄʫʩʢʘʪ ʘʣʝʢʩʘʥʜʨʠʡʩʢʠʡ ï 220 ʛ/ʣ [47]. ɼʣʷ 

ʜʨʫʛʠʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ ʤʘʢʩʠʤʫʤ ʪʝʨʧʝʥʦʚʳʭ ʚʝʱʝʩʪʚ ʦʪʤʝʯʝʥ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʘʭʘʨʦʚ ʐʘʨʜʦʥʝ ï 160-180 ʛ/ʣ, ʈʠʩʣʠʥʛ ʨʝʡʥʩʢʠʡ ï 170 

ʛ/ʣ, ʊʨʘʤʠʥʝʨ ʨʦʟʦʚʳʡ ï 172 ʛ/ʣ, ʂʘʙʝʨʥʝ-ʉʦʚʠʥʴʦʥ ï 210 ʛ/ʣ, ɸʣʠʛʦʪʝ ï 200-230 

ʛ/ʣ [38, 39, 46, 47, 83, 95, 108, 133, 192]. ʇʨʠ ʥʘʢʦʧʣʝʥʠʠ ʚ ʚʠʥʦʛʨʘʜʝ ʩʘʭʘʨʦʚ 

ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʨʪʘ, ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ [219, 270]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʩʙʦʨʘ ʧʨʠ 

ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ ʠ ʚʠʥʝ 

ʧʦʷʚʣʷʶʪʩʷ ʪʨʘʚʷʥʠʩʪʳʝ ʦʪʪʝʥʢʠ [133]. 

 ʆʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʩʪʘʠʚʘʥʠʷ ʤʝʟʛʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ 

ʧʝʨʝʭʦʜʠʪ ʠʟ ʢʦʞʠʮʳ ʚ ʩʫʩʣʦ [2, 4, 9, 93, 109, 125, 191, 220, 230]. ʂʦʥʮʝʥʪʨʘʮʠʷ 
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ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʧʦʚʳʰʘʝʪʩʷ ʚ 1,3-3,8 ʨʘʟʘ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʥʘʩʪʘʠʚʘʥʠʠ 

ʤʝʟʛʠ (ʜʦ 8 ʯ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 16-20 Áʉ [93, 107]. ʆʜʥʘʢʦ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʙʝʣʳʭ ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʤʠʥʠʤʘʣʴʥʳʡ 

ʢʦʥʪʘʢʪ ʩʫʩʣʘ ʩ ʪʚʝʨʜʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʝʟʛʠ, ʪʘʢ ʢʘʢ ʥʘ ʪʚʝʨʜʳʭ ʯʘʩʪʷʭ ʷʛʦʜʳ 

ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʬʝʨʤʝʥʪʳ, ʘ ʠʟ ʢʦʞʠʮʳ ʚ ʩʫʩʣʦ ʙʫʜʝʪ 

ʧʝʨʝʭʦʜʠʪʴ ʠʟʣʠʰʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʥʦʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʧʨʠʜʘʶʪ ʙʝʣʳʤ 

ʩʪʦʣʦʚʳʤ ʚʠʥʘʤ ʥʝʩʚʦʡʩʪʚʝʥʥʫʶ ʠʤ ʛʨʫʙʦʩʪʴ, ʘ ʧʨʠ ʥʘʩʪʘʠʚʘʥʠʠ ʤʝʟʛʠ ï 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʦʢʠʩʣʝʥʠʶ [2, 66, 167, 255]. 

 ɺ ʧʨʦʮʝʩʩʝ ʙʨʦʞʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʨʦʞʞʝʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʝʨʝʰʝʜʰʠʭ ʠʟ 

ʚʠʥʦʛʨʘʜʘ ʚ ʩʫʩʣʦ [82, 88ï93]. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʚʣʠʷʥʠʝ ʜʨʦʞʞʝʡ-

ʩʘʭʘʨʦʤʠʮʝʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʙʨʦʞʝʥʠʷ ʥʘ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʤʫʩʢʘʪʥʳʭ 

ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʠʥʪʝʟʫ ʪʝʨʧʝʥʦʚʳʭ 

ʩʧʠʨʪʦʚ, ɓ-ʬʝʥʠʣʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ [130, 178, 

196, 197]. 

 ʈʘʥʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʜʨʦʞʞʝʡ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʪʝʨʧʝʥʦʚʳʝ ʩʧʠʨʪʳ [217]. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʘʣʢʦʛʦʣʴʥʦʛʦ 

ʙʨʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʝʨʧʝʥʦʚʳʭ 

ʩʧʠʨʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʘʧʧʘʨʘʪʘ ʜʨʦʞʞʝʡ, ʦʜʥʘʢʦ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʝʪʩʷ ʚʳʰʝ ʧʦʨʦʛʘ ʚʦʩʧʨʠʷʪʠʷ [218, 219], ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ 

ʩʚʦʙʦʜʥʳʭ ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʩʥʠʞʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʛʝʨʘʥʠʦʣʘ ʠ ʥʝʨʦʣʘ, 

ʘ ʩʦʜʝʨʞʘʥʠʝ ʣʠʥʘʣʦʦʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. [135, 145, 167, 212, 213, 272]. 

 ɿʥʘʯʠʪʝʣʴʥʳʡ ʩʠʥʪʝʟ ʪʘʢʠʭ ʬʝʨʤʝʥʪʦʚ ʢʘʢ ʛʣʶʢʦʟʠʜʘʟʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʠʟ ʩʚʷʟʘʥʥʦʡ ʬʦʨʤʳ, ʦʪʤʝʯʘʝʪʩʷ ʫ ʚʠʜʦʚ, ʥʝ 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʦʜʫ Saccharomyces [148, 149, 200, 227], ʭʦʪʷ ʧʦ ʜʨʫʛʠʤ ʩʚʝʜʝʥʠʷʤ 

ʜʨʦʞʞʠ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʨʫʰʝʥʠʠ ʛʣʠʢʦʟʠʜʥʳʭ ʩʚʷʟʝʡ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʠ 

ʪʝʨʧʝʥʦʚ [140]. ʀʟ ʜʨʦʞʞʝʡ ʥʝ ʩʘʭʘʨʦʤʠʮʝʪʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʠʜʘ 

Kluyveromyces lactis ʩʧʦʩʦʙʥʳ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʮʠʪʨʦʥʝʣʣʦʣ, ʣʠʥʘʣʦʦʣ ʠ ʛʝʨʘʥʠʦʣ 

[139], ʘ ʪʘʢʞʝ ɓ-ʛʣʶʢʦʟʠʜʘʟ r [133]. ʋ ʜʨʦʞʞʝʡ ʚʠʜʘ S. cerevisiae ʜʘʥʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚʩʪʨʝʯʘʣʘʩʴ ʪʦʣʴʢʦ ʫ ʥʝʢʦʪʦʨʳʭ ʰʪʘʤʤʦʚ [165, 195, 253]. ɺ ʪʦ ʞʝ 
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ʚʨʝʤʷ ʚ ʨʘʙʦʪʘʭ ʉ.ʍ. ɸʙʜʫʨʘʟʘʢʦʚʦʡ [1] ʩ ʩʦʘʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʙʨʦʞʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ʪʝʨʧʝʥʦʚʳʝ ʩʧʠʨʪʳ. 

 ʉʣʦʞʥʳʝ ʵʬʠʨʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʠʥʘ [116]. ʀʭ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʨʝʘʢʮʠʝʡ ʩʧʠʨʪʦʚ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ [114], ʧʨʠ ʵʪʦʤ ʚ ʚʠʥʝ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ ʜʚʫʤʷ 

ʧʫʪʷʤʠ: ʟʘ ʩʯʝʪ ʬʝʨʤʝʥʪʦʚ ʜʨʦʞʞʝʡ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʚʦ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ [225, 244]. ʉʠʥʪʝʟ ʵʬʠʨʦʚ ʚ ʜʨʦʞʞʝʚʦʡ ʢʣʝʪʢʝ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʵʩʪʝʨʘʟ ʠ ʣʠʧʘʟ. ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʩʦʩʪʘʚ ʵʬʠʨʦʚ ʚ ʚʠʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʙʨʦʞʝʥʠʷ, ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ [244], ʧʨʠ ʵʪʦʤ 

ʠʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʙʲʝʤʥʦʡ ʜʦʣʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 

9-12 % [177, 229]. ʅʘʩʯʠʪʳʚʘʝʪʩʷ 12 ʦʩʥʦʚʥʳʭ ʵʬʠʨʦʚ, ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʝʤʳʭ ʚ 

ʚʠʥʘʭ [224], ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʚʢʫʩ ʚʠʥʘ ʦʢʘʟʳʚʘʶʪ: 

ʵʪʠʣʘʮʝʪʘʪ, ʠʟʦʘʤʠʣʘʮʝʪʘʪ, ʠʟʦʙʫʪʠʣʘʮʝʪʘʪ, ʵʪʠʣʢʘʧʨʦʘʪ ʠ 2-ʬʝʥʠʣʘʮʝʪʘʪ [225, 

226, 245]. 

 ʊʘʢ, ʠʟʦʘʤʠʣʘʮʝʪʘʪ ʥʘʧʦʤʠʥʘʝʪ ʧʦ ʟʘʧʘʭʫ ʩʤʝʩʴ ʛʨʫʰʠ ʠ ʙʘʥʘʥʘ, ʫ 

ʵʪʠʣʙʫʪʠʨʘʪʘ ʭʘʨʘʢʪʝʨʥʳʡ ʘʥʘʥʘʩʦʚʳʡ ʪʦʥ; ʵʪʠʣʢʘʧʨʠʣʘʪ, ʵʪʠʣʢʘʧʨʠʥʘʪ, 

ʵʪʠʣʢʘʧʨʦʘʪ ʠ ʜʨʫʛʠʝ ʚʳʩʦʢʦʢʠʧʷʱʠʝ ʵʬʠʨʳ ʚʥʦʩʷʪ ʬʨʫʢʪʦʚʦ-ʧʣʦʜʦʚʳʡ ʪʦʥ ʚ 

ʘʨʦʤʘʪ [158]. ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʥʝ ʨʘʚʥʦʮʝʥʥʳ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʠʭ ʨʦʣʴ ʚ ʘʨʦʤʘʪʝ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʛʘʨʤʦʥʠʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ. 

 ɺʳʩʰʠʝ ʩʧʠʨʪʳ, ʢʘʢ ʠ ʩʣʦʞʥʳʝ ʵʬʠʨʳ, ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʠʥʘ. ʊʘʢ 1-ʙʫʪʘʥʦʣ ʠ 1-ʧʝʥʪʘʥʦʣ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 300 ʤʛ/ʣ ʚʥʦʩʷʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʘʨʦʤʘʪ ʚʠʥʘ, ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʵʪʦʛʦ ʧʦʨʦʛʘ ʧʦʷʚʣʷʝʪʩʷ ʨʝʟʢʠʡ ʟʘʧʘʭ [114, 245]. ʆʙʨʘʟʦʚʘʥʠʝ 

ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʘʟʦʪʘ ʚ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ [251, 

252, 264], ʪʘʢ ʠ ʩ ʬʝʨʤʝʥʪʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʜʨʦʞʞʝʡ [170]. ʈʘʟʣʠʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʳʚʘʶʪ ʠʩʭʦʜʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʩʫʩʣʝ ʩ 

ʩʦʨʪʦʚʳʤʠ ʘʨʦʤʘʪʘʤʠ [243]. ʆʜʥʘʢʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʩʧʠʨʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʥʮʝ ʙʨʦʞʝʥʠʷ, ʢʦʛʜʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪ 

ʠʟʨʘʩʭʦʜʦʚʘʥʘ [153, 160], ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʘʤʠʣʘ, ʠʟʦʙʫʪʘʥʦʣʘ ʠ 

ɓ-ʬʝʥʠʣʵʪʘʥʦʣʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʧʠʨʪʦʚʦʛʦ ʙʨʦʞʝʥʠʷ [171]. 
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 ʆʙʣʘʜʘʷ ʨʘʟʣʠʯʥʳʤʠ ʬʝʨʤʝʥʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʰʪʘʤʤʳ ʩʧʦʩʦʙʥʳ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʚʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʙʨʦʞʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʢʘʯʝʩʪʚʝʥʥʦʤʫ 

ʩʦʩʪʘʚʫ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ, ʪʝʤ ʩʘʤʳʤ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʷ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʩʦʨʪʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ,  

[130, 157, 187, 210, 214, 249], ʯʪʦ ʫʢʘʟʳʚʘʝʪ  ʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʜʙʦʨʘ ʰʪʘʤʤʘ 

ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʡ ʢʫʣʴʪʫʨʳ ʜʣʷ ʙʨʦʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʚʠʥʦʜʝʣʴʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. 

 

1.8. ɺʳʚʦʜʳ ʠʟ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

 ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʣʳʭ 

ʩʦʨʪʦʚʳʭ ʚʠʥ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʙʦʣʠʟʤʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ɿʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʢʦʧʣʝʥ ʦʛʨʦʤʥʳʡ ʦʧʳʪ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʫʨʦʚʥʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʪʝʨʧʝʥʦʚʳʭ 

ʩʧʠʨʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʘʨʦʤʘʪʘ ʚʠʥʦʛʨʘʜʘ ʠ 

ʙʫʜʫʱʝʛʦ ʚʠʥʘ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʬʦʥʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ ʠ ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʥʘ ʥʦʚʦʤ 

ʫʨʦʚʥʝ ʚʟʛʣʷʥʫʪʴ ʥʘ ʧʨʠʥʮʠʧʳ ʧʦʠʩʢʘ, ʘʥʘʣʠʟʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ 

ʰʪʘʤʤʦʚ ʧʨʦʜʫʮʝʥʪʦʚ ʚʥʝʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʢʦʨʝʥʥʦʛʦ ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ. 

 ʉʫʱʝʩʪʚʫʶʱʠʝ ʬʝʨʤʝʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ ʚ ʦʩʥʦʚʥʦʤ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʨʘʟʣʠʯʥʳʭ ʨʦʜʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʠʭ ʩʦʩʪʘʚʝ ʧʦʩʣʝ 

ʦʯʠʩʪʢʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʥʘʪʫʨʘʣʴʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

 ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʝʢʪʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʜʨʦʞʞʝʡ 

ʨʦʜʦʚ Saccharomyces ʠ Kluyveromyces ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʚʳʨʘʙʘʪʳʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʝʨʤʝʥʪ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ [75, 79, 85, 97, 

106]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʩʫʩʣʘ, ʘ ʪʘʢʞʝ ʚ ʜʘʣʴʥʝʡʰʝʤ 
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ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʦʭʨʘʥʝʥʠʶ 

ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʷʛʦʜʳ, ʘ ʟʥʘʯʠʪ ʩʦʭʨʘʥʝʥʠʶ ʧʨʠʨʦʜʥʦʛʦ ʘʨʦʤʘʪʘ 

ʚʠʥʦʛʨʘʜʘ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ ʠ ʚʠʥʝ. 

 ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʩʢʨʠʥʠʥʛ ʢʦʣʣʝʢʮʠʡ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʠ Kluyveromyces ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʧʨʦʜʫʮʝʥʪʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ. 

2. ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʨʦʞʞʝʡ ʚʠʜʘ K. marxianus ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʝʢʨʝʮʠʠ ʬʝʨʤʝʥʪʘ. 

3. ʇʨʦʚʝʩʪʠ ʩʢʨʠʥʠʥʛ ʢʦʣʣʝʢʮʠʠ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʰʪʘʤʤʘ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʩʢʨʳʚʘʶʱʝʛʦ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʨʪʘ 

ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ 

ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. 

5. ʇʨʦʚʝʩʪʠ ʘʧʨʦʙʘʮʠʶ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʝʣʳʭ 

ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚʳʭ ʚʠʥ ʩ ʚʳʨʘʞʝʥʥʳʤ ʩʦʨʪʦʚʳʤ ʘʨʦʤʘʪʦʤ.  
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ʈɸɿɼɽʃ 2 

ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

2.1. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

 ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ: 

 ï ʩʫʩʣʦ ʠ ʚʠʥʦʤʘʪʝʨʠʘʣʳ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ (ʖɹʂ), 

ʚʳʨʘʙʦʪʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʚʠʥʦʜʝʣʠʷ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ 

ʌɻɹʋʅ çɺʅʅʀʀɺʠɺ çʄʘʛʘʨʘʯè ʈɸʅè; 

 ï 42 ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʠ 36 ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ 

Kluyveromyces ʠʟ ʂʄɺ çʄʘʛʘʨʘʯè; 

 ï 96 ʧʨʠʨʦʜʥʳʭ ʠʟʦʣʷʪʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces, ʚʳʜʝʣʝʥʥʳʭ ʚ 

ʂʨʳʤʫ ʩ ʚʠʥʦʛʨʘʜʘ ʤʫʩʢʘʪʥʳʭ ʩʦʨʪʦʚ ʚ ʧʝʨʠʦʜ 2012-2016 ʛʛ.; 

 ï 74 ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʠʟ ʢʦʣʣʝʢʮʠʠ ɻ.ʀ. ʅʘʫʤʦʚʘ (ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè- ɻʦʩʅʀʀʛʝʥʝʪʠʢʘ, ʄʦʩʢʚʘ); 

 ï ʛʝʥʳ PGU 112 ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʠʟ 

ʙʘʟ ʜʘʥʥʳʭ GenBank (http://www.ncbi.nlm.nih.gov/genbank/), SGD 

(http://www.yeastgenome.org/) ʠ Sanger Institute (http://www.sanger.ac.uk); 

 ï ʦʧʳʪʥʳʝ ʬʝʨʤʝʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ 

(ʌʇɼʕ), ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ 

K. marxianus (ˉ III -407, ʂʄɺ "ʄʘʛʘʨʘʯ"). 

 ï ʚʠʥʦʤʘʪʝʨʠʘʣʳ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ, ʚʳʨʘʙʦʪʘʥʥʳʝ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʬʠʣʠʘʣ çʃʠʚʘʜʠʷè ʌɻʋʇ çʇɸʆ ʄʘʩʩʘʥʜʨʘè ʠ ʆʆʆ çɸʇʂ 

ʄʠʣʴʩʪʨʠʤ-ʏʝʨʥʦʤʦʨʩʢʠʝ ʚʠʥʘè; 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʌɻɹʋʅ 

çɺʅʅʀʀɺʠɺ çʄʘʛʘʨʘʯè ʈɸʅè ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʥʝʪʠʢʠ ʜʨʦʞʞʝʡ 

ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè- ɻʦʩʅʀʀʛʝʥʝʪʠʢʘ, ʄʦʩʢʚʘ. 



38 

 

2.2. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

2.2.1. ʉʢʨʠʥʠʥʛ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʦʚ K l u y ve r o m yc es ʠ 

S a c ch a r o m y ces ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʥʪʝʟʫ ʚʥʝʢʣʝʪʦʯʥʦʡ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

ï ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʧʦʩʦʙʥʦʩʪʠ ʜʨʦʞʞʝʡ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʥʝʢʣʝʪʦʯʥʫʶ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʰʪʘʤʤʳ ʜʨʦʞʞʝʡ, ʷʚʣʷʶʱʠʝʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʨʦʜʫʮʝʥʪʘʤʠ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʛʝʥʦʬʦʥʜʘ ʂʄɺ çʄʘʛʘʨʘʯè, ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʥʪʝʟʫ ʬʝʨʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʪʝʩʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʧʨʦʷʚʣʝʥʠʠ ʟʦʥ ʣʠʟʠʩʘ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʦʢʨʫʛ ʢʦʣʦʥʠʡ ʜʨʦʞʞʝʡ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʭ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ [122, 232]. ɼʣʷ ʵʪʦʛʦ ʥʘʢʦʧʠʪʝʣʴʥʫʶ 

ʢʫʣʴʪʫʨʫ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʧʦʤʦʱʠ ʨʝʧʣʠʢʘʪʦʨʘ 

ʥʘʥʦʩʠʣʠ ʚ ʯʘʰʢʠ ʇʝʪʨʠ ʥʘ ʧʣʦʪʥʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʩʨʝʜʫ YNB 

(Difco), ʚ ʢʦʪʦʨʫʶ ʜʦʙʘʚʣʷʣʠ 0,2 % ʛʣʶʢʦʟʳ, 1,25 % ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(Sigma Aldrich), ʠ 0,68 % ʢʘʣʠʷ ʤʦʥʦʬʦʩʬʘʪ (KH2PO4), ʚʝʣʠʯʠʥʘ ʨʅ ʩʨʝʜʳ 5,5. 

ʏʘʰʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (30Ñ1) Áʉ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ. ʏʘʰʢʠ ʩ 

ʚʳʨʦʩʰʠʤʠ ʢʦʣʦʥʠʷʤʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 6 ʅ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʪʙʠʨʘʣʠ 

ʰʪʘʤʤʳ, ʚʦʢʨʫʛ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʣʠʩʴ ʟʦʥʳ ʧʨʦʩʚʝʪʣʝʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʚʰʠʝ ʦ 

ʥʘʣʠʯʠʠ ʫ ʥʠʭ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɿʘʪʝʤ, ʦʪʦʙʨʘʥʥʳʝ ʰʪʘʤʤʳ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʧʨʦʙʠʨʢʘʭ ʩ 5 ʤʣ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʨʝʜʳ YPD ʩʣʝʜʫʶʱʝʛʦ 

ʩʦʩʪʘʚʘ, ʛ/ʣ: ʛʣʶʢʦʟʘ ï 20, ʧʝʧʪʦʥ - 20, ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ ï 10, ʚʝʣʠʯʠʥʘ ʨʅ ï 

5,0. ɿʘʩʝʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʝʪʣʝʡ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ (30Ñ1) 

Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪ. ɸʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʦʤ ʚ ʧ. 2.3. 

ʠ ʦʪʙʠʨʘʣʠ ʰʪʘʤʤʳ ʩ ʥʘʠʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ; 
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ʋʩʣʦʚʠʷ ʦʧʳʪʘ  ʕʪʘʧ  ʈʝʟʫʣʴʪʘʪ ʵʪʘʧʘ 

     

ʢʘʪʘʣʦʛ ʂʄɺ 

"ʄʘʛʘʨʘʯ" [52] 
 

ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ 

ʜʘʥʥʳʭ ʛʝʥʦʬʦʥʜʘ 

ʂʄɺ çʄʘʛʘʨʘʯè ʠ ʚʳʙʦʨ ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ 

 

ʰʪʘʤʤʳ ï ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʧʨʦʜʫʮʝʥʪʳ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ 

     

     

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʡ 

ʪʝʩʪ-ʩʨʝʜʝ, ʚʝʣʠʯʠʥʘ 

ʨʅ 5,5 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʢ ʩʠʥʪʝʟʫ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʪʝʩʪʦʤ 

 

ʰʪʘʤʤʳ c 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ 

     

     

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʨʝʜʝ 

YPD, ʚʝʣʠʯʠʥʘ ʨʅ 5,5 

ʆʮʝʥʢʘ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʚʝʣʠʯʠʥʝ ʨʅ 5,0 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʩʧʦʩʦʙʥʦʩʪʠ ʰʪʘʤʤʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ 

 

ʪhʘʤʤʳ ï ʘʢʪʠʚʥʳʝ 

ʧʨʦʜʫʮʝʥʪʳ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ 

 

     

     

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ 

ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ, 

ʚʝʣʠʯʠʥʘ ʨʅ 3,4; 

ʦʮʝʥʢʘ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʚʝʣʠʯʠʥʝ ʨʅ 5,0 

 

ʉʢʨʠʥʠʥʛ ʰʪʘʤʤʦʚ ʧʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ 

ʩʫʩʣʝ 

 

ʰʪʘʤʤ ʩ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤ ʩʠʥʪʝʟʦʤ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ 

     

     

ʨʘʩʩʝʚ ʥʘ 

ʘʛʘʨʠʟʦʚʘʥʥʦʝ 

ʚʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ, 

ʚʝʣʠʯʠʥʘ ʨʅ 3,4 

 
ʉʝʣʝʢʮʠʷ ʰʪʘʤʤʘ-ʧʨʦʜʫʮʝʥʪʘ 

ʤʝʪʦʜʦʤ ʫʣʫʯʰʘʶʱʝʛʦ ʦʪʙʦʨʘ 
 200 ʠʟʦʣʷʪʦʚ 

     

     

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ 

ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ, 

ʚʝʣʠʯʠʥʘ ʨʅ 3,4; 

ʦʮʝʥʢʘ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʚʝʣʝʯʠʥʝ ʨʅ 5,0 

   

ʠʟʦʣʷʪʳ ʩ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, 

ʧʨʝʚʳʰʘʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ 

ʰʪʘʤʤʘ 
     

     

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ 

ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ, 

ʚʝʣʠʯʠʥʘ ʨʅ 3,4; 

ʦʮʝʥʢʘ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʚʝʣʠʯʠʥʝ ʨʅ 3,0 ʠ 3,5 

 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʘʢʪʠʚʥʦʩʪʠ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʚ 

ʫʩʣʦʚʠʷʭ ʚʠʥʦʜʝʣʠʷ 

 

ʰʪʘʤʤ ï ʘʢʪʠʚʥʳʡ 

ʧʨʦʜʫʮʝʥʪ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ 

 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʩʢʨʠʥʠʥʛʘ ʰʪʘʤʤʘ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʚʥʝʢʣʝʪʦʯʥʫʶ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ 
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ï ʧʨʠ ʩʢʨʠʥʠʥʛʝ ʰʪʘʤʤʦʚ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ ʜʨʦʞʞʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʧʨʦʙʠʨʢʘʭ ʩ 5 ʤʣ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʩ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʘʭʘʨʦʚ 200 ʛ/ʣ ʠ ʚʝʣʠʯʠʥʝ ʨʅ ï 3,4. ɿʘʩʝʚ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʝʪʣʝʡ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ (30Ñ1) Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪ. 

ɸʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʦʤ ʚ ʧ. 2.3, ʠ ʦʪʙʠʨʘʣʠ ʰʪʘʤʤ 

ʩ ʥʘʠʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ; 

ï ʧʨʠ ʩʝʣʝʢʮʠʠ ʜʨʦʞʞʝʡ ʤʝʪʦʜʦʤ ʫʣʫʯʰʘʶʱʝʛʦ ʦʪʙʦʨʘ ʠʩʭʦʜʥʳʡ ʰʪʘʤʤ 

ʧʝʪʣʝʡ ʨʘʩʩʝʚʘʣʠ ʥʘ 10 ʯʘʰʝʢ ʇʝʪʨʠ ʩ ʘʛʘʨʠʟʦʚʘʥʥʳʤ ʚʠʥʦʛʨʘʜʥʳʤ ʩʫʩʣʦʤ 

(ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʭʘʨʦʚ 200 ʛ/ʣ, ʚʝʣʠʯʠʥʘ ʨʅ 3,4) ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʨʠ 

(30Ñ1) Áʉ ʚ ʪʝʯʝʥʠʝ 3-5 ʩʫʪ. ʜʦ ʧʦʷʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʨʝʜʳ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʢʦʣʦʥʠʡ. ɼʚʝʩʪʠ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʢʦʣʦʥʠʡ ʦʪʚʠʚʘʣʠ ʚ ʧʨʦʙʠʨʢʠ ʩ 

ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʤ ʚʠʥʦʛʨʘʜʥʳʤ ʩʫʩʣʦʤ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

(30Ñ0,5) Áʉ ʜʦ 5 ʩʫʪ. ʆʪʙʠʨʘʣʠ ʧʨʦʙʠʨʢʠ ʩ ʘʢʪʠʚʥʳʤ ʨʦʩʪʦʤ ʠʟʦʣʷʪʦʚ ʠ 

ʦʧʨʝʜʝʣʷʣʠ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʴ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʨʠ 

ʚʝʣʠʯʠʥʝ ʨʅ 5,0. ɼʣʷ ʦʪʦʙʨʘʥʥʳʭ ʠʟʦʣʷʪʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʢʪʠʚʥʦʩʪʠ 

ʬʝʨʤʝʥʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʢʪʠʚʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʰʪʘʤʤʘ ʧʨʦʚʦʜʠʣʠ 

ʛʝʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (ʧ. 2.3.3.2.) ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʚʠʜʫ K. marxianus. 

ɼʘʣʝʝ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʥʘ ʨʘʟʙʘʚʣʝʥʥʦʤ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ ʧʨʠ (30Ñ1) Áʉ ʚ 

ʪʝʯʝʥʠʠ 5 ʩʫʪ. ʠ ʦʧʨʝʜʝʣʷʣʠ ʘʢʪʠʚʥʦʩʪʴ ʵʥʜʦʧʦʣʠʛʘʣʢʪʫʨʦʥʘʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʮʝʪʘʪʥʳʭ ʙʫʬʝʨʦʚ ʩ ʚʝʣʠʯʠʥʦʡ ʨʅ 3,5 ʠ 3,0. ʆʪʙʠʨʘʣʠ ʩʝʣʝʢʮʠʦʥʥʳʡ ʰʪʘʤʤ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

 

2.2.2. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʰʪʘʤʤʘ 

ʜʨʦʞʞʝʡ K . ma rx i an u s (ˉ I I I -407, ʂʄɺ "ʄʘʛʘʨʘʯ"). ʀʟʫʯʘʣʠ 

ʚʣʠʷʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ, ʚʝʣʠʯʠʥʘ ʨʅ 

ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʢʣʝʪʦʯʥʦʡ 

ʙʠʦʤʘʩʩʳ ʜʨʦʞʞʝʡ ʠ ʩʠʥʪʝʟ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ. 
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ɼʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʩʪʝʨʠʟʦʚʘʥʥʦʝ ʚʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ 

ʦʜʥʦʡ ʧʘʨʪʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʤʘʩʩʦʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʭʘʨʦʚ 200 ʛ/ʣ; ʚʝʣʠʯʠʥʘ ʨʅ 3,4. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʘʣʠ 

ʥʘʢʦʧʠʪʝʣʴʥʫʶ ʢʫʣʴʪʫʨʫ (ʨʘʟʚʦʜʢʫ) ʜʨʦʞʞʝʡ, ʢʫʣʴʪʠʚʠʨʫʷ ʦʪʦʙʨʘʥʥʳʡ ʰʪʘʤʤ ʥʘ 

ʠʩʭʦʜʥʦʤ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (30Ñ1) Áʉ ʚ ʪʝʯʝʥʠʝ 2-3 ʩʫʪ. ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʢ 30-40 ʤʣʥ. ʢʣʝʪʦʢ/ʤʣ. 

 ï ʆʮʝʥʢʫ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ ʥʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʜʨʦʞʞʝʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ, ʨʘʟʚʝʜʝʥʥʦʤ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ 50, 100, 150, 200 ʛ/ʣ, 

ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚʝʣʠʯʠʥʫ ʨʅ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʚʠʥʥʦʡ ʢʠʩʣʦʪʦʡ ʜʦ ʟʥʘʯʝʥʠʷ 

3,4. ɺ ʩʢʣʷʥʢʠ ʦʙʲʝʤʦʤ 250 ʤʣ, ʩʦʜʝʨʞʘʱʠʭ ʧʦ 100 ʤʣ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ, 

ʚʥʦʩʠʣʠ 1 % ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʢʫʣʴʪʫʨʳ. ʀʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (30Ñ1) Áʉ. 

ï ʆʮʝʥʢʫ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ ʨʅ ʥʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʜʨʦʞʞʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ, ʠʩʭʦʜʥʫʶ ʚʝʣʠʯʠʥʫ ʨʅ ʢʦʪʦʨʦʛʦ 

ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʚʠʥʥʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ ʙʝʟʚʦʜʥʳʤ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʜʦ 

ʟʥʘʯʝʥʠʡ 2,5, 3,0, 3,5 ʠ 4,0. ɺ ʩʢʣʷʥʢʠ, ʦʙʲʝʤʦʤ 250 ʤʣ, ʩʦʜʝʨʞʘʱʠʝ ʧʦ 100 ʤʣ 

ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʚʥʦʩʠʣʠ 1 % ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ (30Ñ1) Áʉ. 

ï ʆʮʝʥʢʫ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʜʨʦʞʞʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ. ɺ ʩʢʣʷʥʢʠ, ʦʙʲʝʤʦʤ 250 ʤʣ, 

ʩʦʜʝʨʞʘʱʠʝ ʧʦ 100 ʤʣ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʚʥʦʩʠʣʠ 1 % ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʢʫʣʴʪʫʨʳ 

ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ (20Ñ1) Áʉ, (25Ñ1) Áʉ ʠ (35Ñ1) Áʉ. 

ʇʨʦʙʳ ʦʪʙʠʨʘʣʠ ʢʘʞʜʳʝ 24 ʯ ʚ ʪʝʯʝʥʠʝ 6 ʩʫʪ. ʆʮʝʥʠʚʘʣʠ ʘʢʪʠʚʥʦʩʪʴ ʨʦʩʪʘ 

ʰʪʘʤʤʘ (ʧ. 2.3.2.) ʠ ʦʧʨʝʜʝʣʷʣʠ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (ʧ. 2.3.). 

 

2.2.3. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʨʦʞʞʝʚʦʡ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ (ʌʇɼʕ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ K .  m a r x i a n u s (ˉ I I I - 4 0 7 ,  

ʂʄɺ çʄʘʛʘʨʘʯè) . ɺ ʢʘʯʝʩʪʚʝ ʌʇɼʕ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ 
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ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ K. marxianus (III -407, 

ʂʄɺ çʄʘʛʘʨʘʯè) ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ. ɼʨʦʞʞʠ ʟʘʩʝʚʘʣʠ ʥʘ 

ʚʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ ʩ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʘʭʘʨʦʚ 100 ʛ/ʣ, ʚʝʣʠʯʠʥʦʡ ʨʅ 3,5 ʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (30Ñ1) Áʉ ʜʦ 5 ʩʫʪ., ʧʝʨʝʤʝʰʠʚʘʷ 

ʜʚʘ ʨʘʟʘ ʚ ʩʫʪʢʠ. ʇʦʩʣʝ ʜʚʫʭ ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʝʞʝʜʥʝʚʥʦ ʦʪʙʠʨʘʣʠ ʧʨʦʙʳ 

ʜʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʬʝʨʤʝʥʪʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʚ 

ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʌʇɼʕ ʩ 

ʘʢʪʠʚʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 1500 ʝʜ. 

 

2.2.4. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ ʌʇɼʕ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʚʝʞʝʦʪʞʘʪʦʝ ʚʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. 

ɺʥʦʩʠʣʠ ʜʠʦʢʩʠʜ ʩʝʨʳ ʠʟ ʨʘʩʯʝʪʘ ʦʙʱʝʡ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ SO2 75 ʤʛ/ʣ. 

ʉʪʝʢʣʷʥʥʳʝ ʮʠʣʠʥʜʨʳ ʚʤʝʩʪʠʤʦʩʪʴʶ 250 ʤʣ ʟʘʧʦʣʥʷʣʠ ʚʠʥʦʛʨʘʜʥʳʤ ʩʫʩʣʦʤ ʧʦ 

200 ʤʣ ʠ ʚʥʦʩʠʣʠ ʌʇɼʕ ʘʢʪʠʚʥʦʩʪʴʶ 1500 ʝʜ. ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5, 1,0, 2,0 ʠ 4,0 ʤʣ/ʣ. 

ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʣʘ ʠʟ ʩʣʝʜʫʶʱʠʭ ʚʘʨʠʘʥʪʦʚ: 

 ʘ) ʟʘʜʘʯʘ ʜʨʦʞʞʝʚʦʛʦ ʬʝʨʤʝʥʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18-20 Áʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ 10 Áʉ; 

 ʙ) ʟʘʜʘʯʘ ʜʨʦʞʞʝʚʦʛʦ ʬʝʨʤʝʥʪʘ ʚ ʦʭʣʘʞʜʝʥʥʦʝ ʜʦ 10 Áʉ ʩʫʩʣʦ. 

 ɺʳʜʝʨʞʢʘ ʩʫʩʣʘ ʧʨʠ 10 Áʉ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʧʨʦʮʝʩʩʘ ʩʫʩʣʦ ʥʘʛʨʝʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 18-20 Áʉ, ʠʟʤʝʨʷʣʠ ʝʛʦ ʚʷʟʢʦʩʪʴ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʚʟʚʝʩʝʡ. 

 

2.2.5. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʝʥʦʚ P G U  ʜʨʦʞʞʝʡ ʨʦʜʘ 

S a c ch a r o m y ces . ʆʧʨʝʜʝʣʝʥʠʝ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʠ ʤʝʞʚʠʜʦʚʦʡ ʜʠʚʝʨʛʝʥʮʠʠ 

ʛʝʥʦʚ PGU ʫ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces (ʧʨʠʣʦʞʝʥʠʝ ɸ) ʧʨʦʚʦʜʠʣʠ, ʠʩʧʦʣʴʟʫʷ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ PGU, ʜʣʠʥʦʡ 1086 ʧ.ʥ. 

ʇʦʠʩʢ ʛʦʤʦʣʦʛʦʚ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ GenBank (http://www.ncbi.nlm.nih.gov/genbank/), 

SGD (http://www.yeastgenome.org/) ʠ Sanger Institute (http://www.sanger.ac.uk) ʩ 
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ʨʘʤʢʦʡ ʩʯʠʪʳʚʘʥʠʷ (1086 ʧ.ʥ.) ʠʟʚʝʩʪʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ 

PGU1 ʜʨʦʞʞʝʡ S. cerevisiae S288c ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ BLAST. ɺ 

ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥ PGU ʜʨʦʞʞʝʡ K. marxianus 

KCTC17555 (CBS 6556). ʄʥʦʞʝʩʪʚʝʥʥʳʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʚʨʫʯʥʫʶ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ 

BioEdit (http://www.mbio.ncsu.edu/BioEdit/bioedit.html). ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʜʝʨʝʚʴʷ 

ʩʪʨʦʠʣʠ ʤʝʪʦʜʦʤ ʦʙʲʝʜʠʥʝʥʠʷ ʩʦʩʝʜʝʡ (Neighbor-Joining) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʂʠʤʫʨʘ-

2 ʧʘʨʘʤʝʪʨʘ ʚ ʧʨʦʛʨʘʤʤʝ MEGA 6 [248]. ɺ ʘʥʘʣʠʟ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚʩʝ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʟʠʮʠʠ, ʚʢʣʶʯʘʷ ʚʩʪʘʚʢʠ ʠ ʜʝʣʝʮʠʠ. ɿʥʘʯʝʥʠʝ ʙʫʪʩʪʨʝʧʘ, 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʛʨʫʧʧ, ʧʦʜʩʯʠʪʳʚʘʣʠ 

ʜʣʷ 1000 ʧʩʝʚʜʦʨʝʧʣʠʢ. 

 

2.2.6. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʤʠʢʨʦʚʠʥʦʜʝʣʠʷ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. 

ɺʠʥʦʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʠʟ ʦʜʥʦʡ ʧʘʨʪʠʠ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ 

ʄʘʛʘʨʘʯʘ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 5. ɺʠʥʦʛʨʘʜ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 

ʪʝʭʥʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʚʠʥʦʛʨʘʜʫ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤʫ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ [29]. 

 ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʦ 

ʀʂ 970-1128-00334600-07; ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ, 

ʧʨʠʥʷʪʳʝ ʚ ʚʠʥʦʜʝʣʠʠ [14, 51]. ʇʦʣʫʯʝʥʥʳʝ ʚʠʥʦʤʘʪʝʨʠʘʣʳ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʧ. 2.3.). 

 

2.3. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ 

 

2.3.1. ʆʙʱʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʠ ʦʙʱʝʧʨʠʥʷʪʳʝ ʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠ 

ʚʠʥ. 

 ʆʧʨʝʜʝʣʷʣʠ: 

 ï ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʘʭʘʨʦʚ ï ʧʦ ɻʆʉʊ 13192 [28]; 
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ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ 

 

 ï ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʠʪʨʫʝʤʳʭ ʢʠʩʣʦʪ ï ʧʦ ɻʆʉʊ 32114 [33]; 

 ï ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʣʝʪʫʯʠʭ ʢʠʩʣʦʪ ï ʧʦ ɻʆʉʊ 32001 [30]; 

 ï ʦʙʲʝʤʥʫʶ ʜʦʣʶ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʦ ï ɻʆʉʊ 32095-2013 [32]; 

 ï ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʚʦʙʦʜʥʦʛʦ ʠ ʦʙʱʝʛʦ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ï ʧʦ ɻʆʉʊ 

32115-2013 [34]; 

 ï ʚʝʣʠʯʠʥʫ ʨʅ ï ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [74, ʩ. 40]; 

 ï ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ 

ɺʠʥʦʛʨʘʜ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ɼʨʦʙʣʝʥʠʝ ʩ ʛʨʝʙʥʝʦʪʜʝʣʝʥʠʝʤ 

ʉʫʩʣʦ-ʩʘʤʦʪʸʢ ʠ ʩʫʩʣʦ ʧʝʨʚʦʛʦ ʜʘʚʣʝʥʠʷ 

 

ʆʩʚʝʪʣʝʥʠʝ ʦʪʩʪʘʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 12-24 ʯ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10 Áʉ 

8-10 Áʉ 

ʩʫʩʣʦ-ʩʘʤʦʪʸʢ + ɯ ʧʨʝʩʩʦʚʘʷ ʬʨʘʢʮʠʷ 

 

ʂʦʥʪʨʦʣʴ 

ʚʥʝʩʝʥʠʝ SO2 75 ʤʛ/ʣ 

ʆʧʳʪ 

ʚʥʝʩʝʥʠʝ SO2 75 ʤʛ/ʣ 

ʧʨʝʧʘʨʘʪ ʵʥʜʦ-ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ 4 ʤʣ/ʣ 

ɻʨʝʙʥʠ 

ɺʳʞʠʤʢʘ 

ɹʨʦʞʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 17-20 ʦʉ  ɼʨʦʞʞʝʚʘʷ ʨʘʟʚʦʜʢʘ ʜʨʦʞʞʝʚʦʡ ʦʩʘʜʦʢ 

ɼʦʙʨʘʞʠʚʘʥʠʝ, ʦʩʚʝʪʣʝʥʠʝ ʜʨʦʞʞʝʚʦʡ ʦʩʘʜʦʢ 

ʉʫʣʴʬʠʪʘʮʠʷ, ʭʨʘʥʝʥʠʝ  ʚʥʝʩʝʥʠʝ SO2 100 ʤʛ/ʣ 
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ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʝ ʂʌʂ-3 ʚ ʢʶʚʝʪʘʭ ʩ ʜʣʠʥʦʡ ʩʚʝʪʦʚʦʛʦ ʧʫʪʠ 10 ʤʤ ʧʨʠ 

ʜʣʠʥʝ ʚʦʣʥʳ 590 ʥʤ; 

 ï ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʟʚʝʩʝʡ ʚ ʩʫʩʣʝ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ [74, ʩ. 44]; 

 ï ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ ï ʩ ʧʦʤʦʱʴʶ ʚʠʩʢʦʟʠʤʝʪʨʘ ʤʘʨʢʠ ɺʇɾ-2 ʩ 

ʜʠʘʤʝʪʨʦʤ ʢʘʧʠʣʣʷʨʘ 0,73 ʤʤ ʧʨʠ 20 Áʉ [74, ʩ. 231]. 

ï ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪ ɹ ʜʨʦʞʞʝʡ ï ʚʠʩʢʦʟʠʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʃʠʬʰʠʮ ɼ.ɹ. [58] ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʊʶʨʠʥʦʡ ʉ.ʉ. [106]. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʠʟʤʝʨʝʥʠʠ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʛʠʜʨʦʣʠʟʘ ʬʝʨʤʝʥʪʘʤʠ. 

ʌʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʚ ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʩʣʝ 

ʫʜʘʣʝʥʠʷ ʜʨʦʞʞʝʚʦʛʦ ʦʩʘʜʢʘ ʧʫʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʨʠ 2000 ʦʙ/ʤʠʥ. 

ɸʢʪʠʚʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚʷʟʢʦʩʪʠ 1,0 % ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ ʚ 0,2 ʄ 

ʘʮʝʪʘʪʥʦʤ ʙʫʬʝʨʝ (ʨʅ 5,0). ɿʘ ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʣʠ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʛʠʜʨʦʣʠʟʦʚʘʪʴ 1 ʤʛ ʧʝʢʪʠʥʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 30 Áʉ ʚ ʩʨʝʜʝ ʩ ʚʝʣʠʯʠʥʦʡ ʨʅ 5,0, ʩʥʠʞʘʷ ʚʷʟʢʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʥʘ 20 %. 

 ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

!
ρππ

ὺ Ô
 ȟ ς 

ʛʜʝ: 100 ï ʢʦʣʠʯʝʩʪʚʦ ʩʫʙʩʪʨʘʪʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʤʛ 

 t20 ï ʥʘʡʜʝʥʥʦʝ ʚʨʝʤʷ ʛʠʜʨʦʣʠʟʘ, ʟʘ ʢʦʪʦʨʦʝ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ 

ʩʥʠʞʘʝʪʩʷ ʥʘ 20 %, ʤʠʥ; 

 v ï ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʚʚʝʜʝʥʥʦʛʦ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, 

ʤʣ. 

 ʉʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ, ʚ %, ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

"
Ô Ô

Ô Ô
ρππ Ϸȟ σ 

ʛʜʝ:  tk ï ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩ; 

 t ï ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, ʩ; 

 td ï ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʩ. 
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 ʂʦʥʪʨʦʣʝʤ ʩʣʫʞʠʣ ʨʘʩʪʚʦʨ, ʚ ʢʦʪʦʨʳʡ ʚʤʝʩʪʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʚʥʦʩʠʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ. 

 ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ, ʧʨʠ ʵʪʦʤ 

ʚʤʝʩʪʦ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʘ ʩ ʚʝʣʠʯʠʥʦʡ ʨʅ 5,0 ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʮʝʪʘʪʥʳʡ ʙʫʬʝʨ ʩ 

ʚʝʣʠʯʠʥʦʡ ʨʅ 3,5 ʠʣʠ ʩ ʚʝʣʠʯʠʥʦʡ ʨʅ 3,0. 

ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʘʨʦʤʘʪʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ï 

ʤʝʪʦʜʦʤ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ 

Agilent Technology 6890 (ʢʦʣʦʥʢʘ 30 ʤ, INNOWAX, ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 0,25 ʤʤ, 

ʛʘʟ-ʥʦʩʠʪʝʣʴ ï ʛʝʣʠʡ, ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʢʦʣʦʥʢʫ1 ʤʣ/ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʠʩʧʘʨʠʪʝʣʷ 230 Áʉ). 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʪʝʨʧʝʥʦʚʳʭ ʠ ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ 

ʧʨʷʤʦʛʦ ʫʢʦʣʘ. ʆʩʪʘʣʴʥʳʝ ʘʨʦʤʘʪʦʙʨʘʟʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʭʣʦʨʦʬʦʨʤʦʤ. ʇʝʨʝʜ ʵʢʩʪʨʘʢʮʠʝʡ ʚ ʧʨʦʙʝ ʩʦʟʜʘʚʘʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ (ʘʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ) 1 ʤʛ/ʣ. ɼʣʷ ʵʪʦʛʦ ʢ 25 

ʤʣ ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʜʦʣʠʚʘʣʠ 1 ʤʣ ʭʣʦʨʦʬʦʨʤʘ, ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 2 ʯ ʚ ʟʘʢʨʳʪʦʡ ʧʨʠʪʝʨʪʦʡ ʢʨʳʰʢʦʡ ʢʦʣʙʝ ʚʤʝʩʪʠʤʦʩʪʴʶ 100 ʤʣ ʥʘ 

ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ 250 ʦʙ/ʤʠʥ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ ʧʨʦʙʳ 

ʩʣʝʜʠʣʠ ʟʘ ʩʦʭʨʘʥʝʥʠʝʤ ʨʘʟʜʝʣʘ ʬʘʟ ʤʝʞʜʫ ʧʨʦʙʦʡ ʠ ʵʢʩʪʨʘʛʝʥʪʦʤ. ʐʘʨ 

ʭʣʦʨʦʬʦʨʤʘ, ʩʦʜʝʨʞʘʱʠʡ ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʝʨʝʥʦʩʠʣʠ ʚ ʧʨʦʙʠʨʢʫ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 2 ʤʣ, ʜʦʙʘʚʣʷʣʠ 0,1 ʤʛ ʙʝʟʚʦʜʥʦʛʦ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʚʣʘʛʠ ʠ ʧʦʩʣʝ ʦʩʚʝʪʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʠʩʧʘʨʷʣʠ ʝʛʦ ʧʦʪʦʢʦʤ ʯʠʩʪʦʛʦ ʘʟʦʪʘ ʜʦ ʦʙʲʝʤʘ 

50 ʤʢʣ. ɼʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ 1-2 ʤʢʣ ʨʘʩʪʚʦʨʘ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʠʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʩ 

ʙʠʙʣʠʦʪʝʢʦʡ ʜʘʥʥʳʭ NIST 02. ʉʦʜʝʨʞʘʥʠʝ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʯʠʩʣʷʣʠ ʙʝʟ 

ʫʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ. 

 

2.3.2. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʱʝʧʨʠʥʷʪʳʝ ʤʝʪʦʜʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ [13, 14]: 
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ï ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʜʨʦʞʞʝʚʳʭ ʢʣʝʪʦʢ ʠ ʩʪʝʧʝʥʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʢʫʣʴʪʫʨʘʭ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ 

ʩʫʩʣʝ ʧʦ ʠʩʪʝʯʝʥʠʠ 2-3 ʩʫʪ. ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (26Ñ1) ʉ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ çImageScope Mè [13, ʩ. 345-347]; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʢʣʝʪʦʢ ï ʧʦʜʩʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʚ ʢʘʤʝʨʝ 

ɻʦʨʷʝʚʘ. ʈʘʩʯʝʪ ʧʨʠʤʝʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ (ʤʣʥ/ʤʣ) ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ 

ʬʦʨʤʫʣʝ: ʩʫʤʤʘ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʚ 5 ʙʦʣʴʰʠʭ ʢʚʘʜʨʘʪʘʭ ʫʤʥʦʞʘʣʠ ʥʘ 50 000 

[14, ʩ. 122-123]; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʝʪʦʢ ï ʚ ʥʘʢʦʧʠʪʝʣʴʥʦʡ 

ʢʫʣʴʪʫʨʝ ʩ ʧʨʠʞʠʟʥʝʥʥʳʤ ʦʢʨʘʰʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʤ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ, 

ʠʩʧʦʣʴʟʫʷ ʢʘʤʝʨʫ ɻʦʨʷʝʚʘ; 

ï ʦʮʝʥʢʫ ʨʦʩʪʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʨʦʞʞʝʡ (ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ) ï ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʝ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 590 ʥʤ ʚ 

ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʝ ʩ ʜʣʠʥʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 10 ʤʤ [14, ʩ. 136-137]; 

ï ʦʮʝʥʢʫ ʩʧʦʩʦʙʥʦʩʪʠ ʜʨʦʞʞʝʡ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʝʨʦʚʦʜʦʨʦʜ ï ʢʘʯʝʩʪʚʝʥʥʳʤ 

ʪʝʩʪʦʤ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʫʣʴʬʠʜʦʚ ʤʝʪʘʣʣʦʚ. ɼʨʦʞʞʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʝʪʣʝʡ ʟʘʩʝʚʘʣʠ ʚ ʧʨʦʙʠʨʢʫ ʩ 10 ʤʣ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ. ʇʦʜ 

ʚʘʪʥʦʡ ʧʨʦʙʢʦʡ ʟʘʢʨʝʧʣʷʣʠ ʪʦʥʢʫʶ ʧʦʣʦʩʢʫ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ, 

ʧʨʦʧʠʪʘʥʥʦʡ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʫʢʩʫʩʥʦʢʠʩʣʦʛʦ ʩʚʠʥʮʘ [14, ʩ. 146]. ʋʨʦʚʝʥʴ 

ʩʠʥʪʝʟʘ ʩʝʨʦʚʦʜʦʨʦʜʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʪʝʧʝʥʠ ʧʦʯʝʨʥʝʥʠʷ ʙʫʤʘʛʠ (ʦʪʩʫʪʩʪʚʫʝʪ, 

ʩʣʘʙʳʡ ʩʠʥʪʝʟ (ʧʦʯʝʨʥʝʥʠʝ ʜʦ 1 ʤʤ), ʩʨʝʜʥʠʡ (ʧʦʯʝʨʥʝʥʠʝ 1-2 ʤʤ) ʠ ʩʠʣʴʥʳʡ 

(ʧʦʯʝʨʥʝʥʠʝ ʙʦʣʝʝ 2 ʤʤ). 

 

2.3.3. ɻʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

2.3.3.1. ʇʫʣʴʩ-ʵʣʝʢʪʨʦʬʦʨʝʟ ʥʘʪʠʚʥʳʭ ʭʨʦʤʦʩʦʤʥʳʭ ɼʅʂ ʠ 

ʉʘʫʟʝʨʥ ʛʠʙʨʠʜʠʟʘʮʠʷ 

 ï ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʭʨʦʤʦʩʦʤʥʦʡ ɼʅʂ ï ʪhʘʤʤʳ ʜʨʦʞʞʝʡ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ 

15 ʤʣ ʞʠʜʢʦʡ ʩʨʝʜʳ YPD ʥʘ ʰʝʡʢʝʨʝ ʧʨʠ 300 ʦʙ/ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 28 Áʉ ʚ 

ʪʝʯʝʥʠʝ 10-12 ʯ. ʂʣʝʪʢʠ ʜʨʦʞʞʝʡ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ 
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ʧʨʠ 2000 ʦʙ/ʤʠʥ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ 1000 ʤʢʣ ʙʫʬʝʨʘ 

ʊʨʠʩ/ʕɼʊɸ (10 ʤʄ ʊʨʠʩ, 50 ʤʄ ʕɼʊɸ, ʨʅ 7,5), ʧʦʩʣʝ ʯʝʛʦ ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 200 

ʤʢʣ ʙʫʬʝʨʘ ʊʨʠʩ/ʕɼʊɸ, ʚ ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣ ʜʦʙʘʚʣʝʥ ʬʝʨʤʝʥʪ 

Novozyme 234 ʚ ʢʦʣʠʯʝʩʪʚʝ 4 ʤʛ/ʤʣ, ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ 42 Áʉ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʧʝʨʝʤʝʰʠʚʘʣʠ ʩ 800 ʤʢʣ ʣʝʛʢʦʧʣʘʚʢʦʡ 

ʘʛʘʨʦʟʳ ʩ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʛ/100 ʤʣ, ʦʭʣʘʞʜʝʥʥʦʡ ʜʦ 40 Áʉ, ʠ ʟʘʣʠʚʘʣʠ ʚ 

ʩʧʝʮʠʘʣʴʥʳʝ ʙʣʦʢʠ. ɹʣʦʢʠ ʧʦʤʝʱʘʣʠ ʥʘ ʣʝʜ ʜʦ ʟʘʩʪʳʚʘʥʠʷ ʘʛʘʨʦʟʳ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʝʨʝʥʦʩʠʣʠ ʚ 10 ʤʣ ʧʨʦʙʠʨʢʠ ʠ ʟʘʣʠʚʘʣʠ LET ʙʫʬʝʨʦʤ (0,5 ʄ ʕɼʊɸ, 10 ʤʄ ʊʨʠʩ, 

ʚʝʣʠʯʠʥʘ ʨʅ 7,5) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2-3 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ. 

ɿʘʪʝʤ LET ʙʫʬʝʨ ʟʘʤʝʥʷʣʠ ʥʘ NDS (0,5 ʄ ʕɼʊɸ, 10 ʤʄ ʊʨʠʩ, 1 % N-ʣʘʫʨʦʣ-

ʩʘʨʢʦʟʠʥ, ʚʝʣʠʯʠʥʘ ʨʅ 9,0), ʚ ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʣʠ ʧʨʦʪʝʠʥʘʟʫ ʂ ʚ ʢʦʣʠʯʝʩʪʚʝ 1-2 

ʤʛ/ʤʣ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʥʝʤ ʙʣʦʢʠ ʚ ʪʝʯʝʥʠʝ 10-12 ʯ. ʇʦʣʫʯʝʥʥʳʝ ʙʣʦʢʠ 4 ʨʘʟʘ ʧʦ 

1 ʯ ʧʨʦʤʳʚʘʣʠ ʙʫʬʝʨʦʤ ʊʨʠʩ/ʕɼʊɸ ʠ ʭʨʘʥʠʣʠ ʚ ʥʝʤ ʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 Áʉ; 

 ï ʧʨʠ ʘʤʧʣʠʬʠʢʘʮʠʠ ʛʝʥʘ PGU ʫ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʜʨʦʞʞʝʚʫʶ 

ɼʅʂ ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ Genomic DNA Purification Kit (çFermentasè, 

ʃʠʪʚʘ). ʀʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʠʩʩʣʝʜʫʝʤʳʭ ʜʨʦʞʞʝʡ 

(ʪʘʙʣʠʮʘ 3). 

 

ʊʘʙʣʠʮʘ 3 ï ʇʨʘʡʤʝʨʳ ʜʣʷ ʛʝʥʘ PGU ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces 

ɺʠʜ ʜʨʦʞʞʝʡ ʇʨʷʤʦʡ ʧʨʘʡʤʝʨ ʆʙʨʘʪʥʳʡ ʧʨʘʡʤʝʨ 

S. bayanus var. 

uvarum 
5ᾳ-CCACCAAACGCAATGATTT-3ᾳ 5ᾳ-ATGATGCACCTGAGCCAGAT-3ᾳ 

S. cerevisiae 5ᾳ-TATTTCCACTTTGTGCGCTT-3ᾳ 5ᾳ-TCCTGCATCTTTGTTCTGTT-3ᾳ 

 

 ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ 30 ʤʢʣ ʙʫʬʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 2,5 ʤʄ MgCl2, 

0,1 ʤʄ ʢʘʞʜʦʛʦ dNTP, 50 ʧʤʦʣʴ ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, 2,5 ʝʜʠʥʠʮʳ Taq-ʧʦʣʠʤʝʨʘʟʳ 

(çʉʠʥʪʦʣè, ʈʦʩʩʠʷ) ʠ 20ï200 ʥʛ ɼʅʂ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: ʥʘʯʘʣʴʥʘʷ ʜʝʥʘʪʫʨʘʮʠʷ 

ɼʅʂ ʧʨʠ 94 ÁC ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ, ʟʘʪʝʤ 30 ʮʠʢʣʦʚ ʚ ʩʣʝʜʫʶʱʝʤ ʨʝʞʠʤʝ: 

ʜʝʥʘʪʫʨʘʮʠʷ ʧʨʠ 94 Üʉ ï 30 ʩ, ʦʪʞʠʛ ʧʨʘʡʤʝʨʦʚ ʧʨʠ 56 Üʉ ï 30 ʩ, ʩʠʥʪʝʟ ɼʅʂ ʧʨʠ 

72 Üʉ ï 60 ʩ; ʢʦʥʝʯʥʘʷ ʜʦʩʪʨʦʡʢʘ ʧʨʠ 72 Üʉ ï 10 ʤʠʥ. ʇʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʧʦʜʚʝʨʛʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʫ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʩ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʛʘʨʦʟʳ 
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1 ʛ/100 ʤʣ ʧʨʠ 60ï65 ɺ ʚ 0,5ĬTBE ʙʫʬʝʨʝ (45 ʤʄ ʊʨʠʩ, 10 ʤʄ ʕɼʊɸ, 45 ʤʄ 

ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ, ʚʝʣʠʯʠʥʘ ʨʅ 8,0) ʚ ʪʝʯʝʥʠʝ 2ï3 ʯ. ɻʝʣʴ ʦʢʨʘʰʠʚʘʣʠ ʙʨʦʤʠʩʪʳʤ 

ʵʪʠʜʠʝʤ, ʧʨʦʤʳʚʘʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ ʥʘ ʪʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨʝ Vilber Lourmat (ʌʨʘʥʮʠʷ). ɺ 

ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 1kb DNA Ladder (Fermentas, 

ʃʠʪʚʘ). ɸʤʧʣʠʬʠʮʦʚʘʥʥʳe ʬʨʘʛʤʝʥʪʳ ʛʝʥʦʚ PGU ʵʣʶʠʨʦʚʘʣʠ ʠʟ ʛʝʣʷ ʩ ʧʦʤʦʱʴʶ 

ʥʘʙʦʨʘ DNA Extraction Kit (Fermentas, ʃʠʪʚʘ) ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʬʠʨʤʳ 

ʠʟʛʦʪʦʚʠʪʝʣʷ; 

 ï ʨʘʟʜʝʣʝʥʠʝ ʭʨʦʤʦʩʦʤʥʦʡ ɼʅʂ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʘʧʧʘʨʘʪʝ CHEF-DR III 

(Bio-Rad, ʉʐɸ). ʆʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠ ʚ ʱʝʣʠ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʷ ʩ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʛʘʨʦʟʳ 1 ʛ/100 ʤʣ. ʇʫʣʴʩ-ʵʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 200 ɺ ʚ 

ʪʝʯʝʥʠʝ 15 ʯ ʧʨʠ ʚʨʝʤʝʥʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʣʝʡ 60 ʩ ʠ 9 ʯ ï 90 ʩ. ɺ ʢʘʯʝʩʪʚʝ 

ʙʫʬʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 0,5ĬTBE, ʦʭʣʘʞʜʝʥʥʳʡ ʜʦ 14 ÁC. ʂʘʨʠʦʪʠʧʠʯʝʩʢʠʤ 

ʩʪʘʥʜʘʨʪʦʤ ʩʣʫʞʠʣ ʰʪʘʤʤ Saccharomyces cerevisiae YNN 295 (Bio-Rad), ʠʤʝʶʱʠʡ 

ʠʟʚʝʩʪʥʳʡ ʧʦʨʷʜʦʢ ʠ ʨʘʟʤʝʨʳ ʭʨʦʤʦʩʦʤ. ʆʢʨʘʰʠʚʘʥʠʝ ʛʝʣʷ ʧʨʦʚʦʜʠʣʠ 

ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ ʚ ʪʝʯʝʥʠʝ 2-3 ʯ, ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʚ 

ʪʝʯʝʥʠʝ 2 ʯ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʚ ʋʌ-ʩʚʝʪʝ. 

 ʍʨʦʤʦʩʦʤʥʫʶ ɼʅʂ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʫʶ ʤʝʤʙʨʘʥʫ, 

ʠʩʧʦʣʴʟʫʷ ʘʧʧʘʨʘʪ Vacuum blotter (Bio-Rad). ɼʅʂ ʬʠʢʩʠʨʦʚʘʣʠ ʥʘ ʤʝʤʙʨʘʥʝ 

ʧʫʪʝʤ ʦʪʞʠʛʘ ʧʨʠ 80 ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯ. ɺ ʢʘʯʝʩʪʚʝ ʟʦʥʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʇʎʈ-

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʢʦʜʠʨʫʶʱʝʡ ʦʙʣʘʩʪʠ ʛʝʥʘ PGU1 ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ ʚʠʜʦʚ S. bayanus var. uvarum (MCYC 623), S. cerevisiae (YNN 295). 

ʄʝʪʢʫ ʚʚʦʜʠʣʠ ʥʝʨʘʜʠʦʘʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ dUTP, ʤʝʯʝʥʦʛʦ 

ʜʠʛʦʢʩʠʛʝʥʠʥʦʤ (dig-II -dUTP), ʠʟ ʥʘʙʦʨʘ çDIG High Prime DNA Labeling and 

Detection Starter Kit Iè ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ (Roche, ʐʚʝʡʮʘʨʠʷ); 

 ï ʛʠʙʠʨʠʜʘʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 12-16 ʯ ʧʨʠ 68 Áʉ ʚ ʙʫʬʝʨʝ 5ʍ SSC 

(0,15 M NaCl, 0,015 M Na3C6H5O7 (ʮʠʪʨʘʪ ʥʘʪʨʠʷ), ʨʅ 7,0), ʚ ʢʦʪʦʨʳʡ ʧʝʨʝʜ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʙʘʚʣʷʣʠ 0,1% N-ʣʘʫʨʦʣ-ʩʘʨʢʦʟʠʥ, 0,02 % SDS (ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ 

ʥʘʪʨʠʷ) ʠ 1 % ʙʣʦʢʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ. ɿʘʪʝʤ ʬʠʣʴʪʨʳ ʜʚʘʞʜʳ ʧʦ 10 ʤʠʥ. 

ʦʪʤʳʚʘʣʠ ʚ 2ʍ SSC ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʩʣʝ ʜʚʘʞʜʳ ʧʦ 15 ʤʠʥ. ʚ 
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0,1ʍ SSC, ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0,1 % SDS ʧʨʠ 68 Áʉ; 

 ï ʜʝʪʝʢʮʠʶ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʷʚʣʷʶʱʝʤ ʙʫʬʝʨʝ 

(0,1 ʄ ʊʨʠʩ ʛʠʜʨʦʭʣʦʨʠʜ, 0,1 M NaCl, 50 ʤʄ MgCl2, ʚʝʣʠʯʠʥʘ pH 9,2), 

ʩʦʜʝʨʞʘʱʠʤ ʢʨʘʩʠʪʝʣʠ ʥʠʪʨʦʩʠʥʠʡ ʪʝʪʨʘʟʦʣʠʡ ʠ 5-ʙʨʦʤ-4-ʭʣʦʨ-3-ʠʥʜʦʣʠʣ-

ʬʦʩʬʘʪ ʚ ʪʝʤʥʦʪʝ, ʚ ʪʝʯʝʥʠʝ 10-16 ʯ ʜʦ ʧʦʷʚʣʝʥʠʷ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʭ ʧʷʪʝʥ. 

ʇʦʩʣʝ ʯʝʛʦ ʨʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʧʨʦʤʳʚʘʥʠʝʤ ʤʝʤʙʨʘʥʳ ʙʫʬʝʨʦʤ (10 ʤʄ 

ʊʨʠʩ ʛʠʜʨʦʭʣʦʨʠʜ, 1 ʤʄ ʕɼʊɸ, ʚʝʣʠʯʠʥʘ ʨʅ 8,0). 

2 .3 .3 .2 . ʆʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ 

ʠʟʦʣʷʪʦʚ ʜʨʦʞʞʝʡ K l u yv e r o m yc es ʠ S a c ch a r o m y ces:  

ï ʚʳʜʝʣʝʥʠʝ ʜʨʦʞʞʝʚʦʡ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʣʠʪʠʡ-ʘʮʝʪʘʪʥʳʤ ʤʝʪʦʜʦʤ [188]. 

ɼʨʦʞʞʠ ʨʘʩʩʝʚʘʣʠ ʰʪʨʠʭʦʤ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʩʨʝʜʝ YPD (10 ʛ/ʣ ʜʨʦʞʞʝʚʦʛʦ 

ʵʢʩʪʘʨʘʢʪʘ, 20 ʛ/ʣ ʧʝʧʪʦʥʘ, 20 ʛ/ʣ ʛʣʶʢʦʟʳ, 15 ʛ/ʣ ʘʛʘʨ-ʘʛʘʨ) ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ (26Ñ1) Áʉ. ɼʨʦʞʞʝʚʫʶ ʙʠʦʤʘʩʩʫ, ʚ ʦʙʲʝʤʝ ʩʧʠʯʝʯʥʦʡ ʛʦʣʦʚʢʠ, 

ʩʪʝʨʠʣʴʥʦʡ ʟʫʙʦʯʠʩʪʢʦʡ ʧʝʨʝʥʦʩʠʣʠ ʚ 1,5 ʤʣ ʵʧʧʝʥʜʦʨʬ ʩʦ 100 ʤʢʣ ʣʠʪʠʡ-

ʘʮʝʪʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ (200 ʤʄ LiOAc, Sigma-Aldrich, 1% SDS) ʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ. 

ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ʚ ʪʚʝʨʜʦʪʝʣʴʥʦʤ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 70 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 15 ʤʠʥ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʜʦʙʘʚʣʷʣʠ 300 ʤʢʣ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ 96 %, ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʚʦʨʪʝʢʩʝ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 14000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʠ 3 ʤʠʥ. ʇʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ 

ʥʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ ʩʣʠʚʘʣʠ ʠ ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʩ 

ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ 70 %. ʆʩʘʜʦʢ ʧʦʜʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʠ 15-20 ʤʠʥ. ʠ 

ʟʘʪʝʤ ɼʅʂ ʩ ʢʣʝʪʦʯʥʳʤ ʜʝʙʨʠʩʦʤ ʨʘʩʪʚʦʨʷʣʠ ʚ 100 ʤʢʣ ʊɽ ʙʫʬʝʨʘ (10 ʤʄ 

TrisHCl, 1ʤʄ ʕɼʊɸ). ʇʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʝʪʦʯʥʳʡ ʜʝʙʨʠʩ ʦʩʘʞʜʘʣʠ ʢʦʨʦʪʢʠʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 14000 ʦʙ/ʤʠʥ. ʚ ʪʝʯʝʥʠʠ 1 ʤʠʥ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 1 ʤʢʣ ʩʫʧʝʨʥʘʥʪʘʥʪʘ; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʠʟʦʣʷʪʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ 

Saccharomyces ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʇʎʈ. ɸʤʧʣʠʬʠʢʘʮʠʶ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʭ 

ʫʯʘʩʪʢʦʚ ɼʅʂ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʧʨʘʡʤʝʨʥʦʡ ʇʎʈ ʩ 6 ʧʘʨʘʤʠ 

ʧʨʘʡʤʝʨʦʚ (ʪʘʙʣʠʮʘ 4) [201]. 
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ʊʘʙʣʠʮʘ 4 ï ʇʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʝ ʧʨʘʡʤʝʨʳ ʜʣʷ ʜʨʦʞʞʝʡ ʨʦʜʘ 

Saccharomyces 

ɺʠʜ ʜʨʦʞʞʝʡ ʇʨʷʤʦʡ ʧʨʘʡʤʝʨ (5ᾳï3ᾳ) ʆʙʨʘʪʥʳʡ ʧʨʘʡʤʝʨ (5ᾳï3ᾳ) 

ɼʣʠʥʘ 

ʘʤʧʣʠʢʦʥʘ, 

ʧ.ʥ. 

S. arboricola GGCACGCCCTTACAGCAGCAA TCGTCGTACAGATGCTGGTAGGGC 349 

S. bayanus GCTGACTGCTGCTGCTGCCCCCG TGTTATGAGTACTTGGTTTGTCG 275 

S. cerevisiae GCGCTTTACATTCAGATCCCGAG-3 TAAGTTGGTTGTCAGCAAGATTG 150 

S. kudriavzevii ATCTATAACAAACCGCCAAGGGAG CGTAACCTACCTATATGAGGGCCT 660 

S. mikatae ACAAGCAATTGATTTGAGGAAAAG  CCAGTCTTCTTTGTCAACGTTG 508 

S. paradoxus CTTTCTACCCCTTCTCCATGTTGG CAATTTCAGGGCGTTGTCCAACAG 739 

 

 ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ 25 ʤʢʣ ʙʫʬʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 2,5 ʤʄ MgCl2, 1 ʤʄ dNTP 

ʩʤʝʩʠ, 100 ʧʄ ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, 0,5 ʝʜʠʥʠʮʳ Taq-ʧʦʣʠʤʝʨʘʟʳ (çʉʠʥʪʦʣè, 

ʈʦʩʩʠʷ) ʠ 1 ʤʢʣ ɼʅʂ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: ʥʘʯʘʣʴʥʘʷ ʜʝʥʘʪʫʨʘʮʠʷ ɼʅʂ ʧʨʠ 94 ÁC 

ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ, ʟʘʪʝʤ 35 ʮʠʢʣʦʚ ʚ ʩʣʝʜʫʶʱʝʤ ʨʝʞʠʤʝ: ʜʝʥʘʪʫʨʘʮʠʷ ʧʨʠ 94 Üʉ ï 

60 ʩʝʢ, ʦʪʞʠʛ ʧʨʘʡʤʝʨʦʚ ʧʨʠ 55 Üʉ ï 60 ʩ, ʩʠʥʪʝʟ ɼʅʂ ʧʨʠ 72 Üʉ ï 60 ʩ; ʢʦʥʝʯʥʘʷ 

ʜʦʩʪʨʦʡʢʘ ʧʨʠ 72 Üʉ ï 2 ʤʠʥ. ʇʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʦʜʚʝʨʛʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʫ 

ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʩ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʛʘʨʦʟʳ 1 ʛ/100 ʤʣ ʧʨʠ 60ï65 ɺ ʚ 

1,0ĬTɸɽ ʙʫʬʝʨʝ (45 ʤʄ ʊʨʠʩ, 1ʤʄ ʕɼʊɸ, 45 ʤʄ ʣʝʜʷʥʘʷ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, 

ʚʝʣʠʯʠʥʝ ʨʅ 7,6) ʚ ʪʝʯʝʥʠʝ 2ï3 ʯ. ɻʝʣʴ ʦʢʨʘʰʠʚʘʣʠ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ, 

ʧʨʦʤrʚʘʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ 

ʩʚʝʪʝ ʥʘ ʪʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨʝ ʋɺʊ-1 (ɹʠʦʢʦʤ). ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʝʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 100b DNA Ladder (Fermentas, ʃʠʪʚʘ). ʇʦ ʜʣʠʥʝ ʧʦʣʫʯʝʥʥʳʭ 

ʘʤʧʣʠʢʦʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚʠʜʦʚʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠʟʦʣʷʪʦʚ ʜʨʦʞʞʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 4; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʟʦʣʷʪʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ 

Kluyveromyces ʤʝʪʦʜʦʤ ʇʎʈ-ʇɼʈʌ [143, 215]. ɸʤʧʣʠʬʠʢʘʮʠʶ ʫʯʘʩʪʢʘ ɼʅʂ 

ITS1-ITS4 ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʘʡʤʝʨʦʚ ITS 1 (5' ï TCC GTA GGT GAA 

CCT GCG G - 3') ʠ ITS4 (5' ï TCC TCC GCT TAT TGA TAT GC ï 3'),  

 ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ 25 ʤʢʣ ʙʫʬʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 2,5 ʤʄ MgCl2, 

10 ʤʢʤʄ dNTP ʩʤʝʩʠ, 100 ʧʄ ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, 0,5 ʝʜʠʥʠʮʳ Taq-ʧʦʣʠʤʝʨʘʟʳ 

(çʉʠʥʪʦʣè, ʈʦʩʩʠʷ) ʠ 1 ʤʢʣ ɼʅʂ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: ʥʘʯʘʣʴʥʘʷ ʜʝʥʘʪʫʨʘʮʠʷ 

ɼʅʂ ʧʨʠ 95 ÁC ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ, ʟʘʪʝʤ 35 ʮʠʢʣʦʚ ʚ ʩʣʝʜʫʶʱʝʤ ʨʝʞʠʤʝ: 

ʜʝʥʘʪʫʨʘʮʠʷ ʧʨʠ 94 Üʉ ï 60 ʩ, ʦʪʞʠʛ ʧʨʘʡʤʝʨʦʚ ʧʨʠ 55,5 Üʉ ï 2 ʤʠʥ., ʩʠʥʪʝʟ ɼʅʂ 
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ʧʨʠ 72 Üʉ ï 2 ʤʠʥ.; ʢʦʥʝʯʥʘʷ ʜʦʩʪʨʦʡʢʘ ʧʨʠ 72 Üʉ ï 10 ʤʠʥ. ʇʨʦʜʫʢʪʳ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʦʜʚʝʨʛʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʫ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʩ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʛʘʨʦʟʳ 1 ʛ / 100 ʤʣ ʧʨʠ 60ï65 ɺ ʚ 1,0ĬTɸɽ ʙʫʬʝʨʝ (45 ʤʄ ʊʨʠʩ, 

1ʤʄ ʕɼʊɸ, 45 ʤʄ ʣʝʜʷʥʘʷ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, ʚʝʣʠʯʠʥʘ ʨʅ 7,6) ʚ ʪʝʯʝʥʠʝ 2ï3 ʯ. 

ɻʝʣʴ ʦʢʨʘʰʠʚʘʣʠ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ, ʧʨʦʤʳʚʘʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ ʥʘ ʪʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨʝ ʋɺʊ-1 

(ɹʠʦʢʦʤ). ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 100b DNA 

Ladder (Fermentas, ʃʠʪʚʘ). 

 ʈʝʩʪʨʠʮʢʠʶ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʫʯʘʩʪʢʘ ɼʅʂ ITS1-ITS4 ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʩ ʧʦʤʦʱʴʶ ʨʝʩʪʨʠʢʪʘʟ AspLE I, Hae III ʠ Hinf I ʧʦ ʠʥʩʪʨʫʢʮʠʠ ʬʠʨʤʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʨʦʜʫʢʪʳ ʨʝʩʪʨʠʢʮʠʠ ʧʦʜʚʝʨʛʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʫ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ 

ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʩ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʛʘʨʦʟʳ 1 ʛ / 100 ʤʣ ʧʨʠ 60ï65 ɺ ʚ 

1,0ĬTɸɽ ʙʫʬʝʨʝ (45 ʤʄ ʊʨʠʩ, 1ʤʄ ʕɼʊɸ, 45 ʤʄ ʣʝʜʷʥʘʷ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, 

ʚʝʣʠʯʠʥʘ ʨʅ 7,6) ʚ ʪʝʯʝʥʠʝ 2ï3 ʯ. ɻʝʣʴ ʦʢʨʘʰʠʚʘʣʠ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ, 

ʧʨʦʤʳʚʘʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ 

ʩʚʝʪʝ ʥʘ ʪʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨʝ ʋɺʊ-1 (ɹʠʦʢʦʤ). ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʝʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 100b DNA Ladder (Fermentas, ʃʠʪʚʘ). ʇʦ ʥʘʙʦʨʫ 

ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʦʪʥʦʩʠʣʠ ʰʪʘʤʤ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʚʠʜʫ. ɼʣʷ 

ʜʨʦʞʞʝʡ ʚʠʜʘ K. marxianus ʥʘʙʦʨ ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 5. 

 

ʊʘʙʣʠʮʘ 5 ï ʈʘʟʤʝʨ ʧʨʦʜʫʢʪʦʚ ʨʝʩʪʨʠʢʮʠʠ ʜʣʷ ʜʨʦʞʞʝʡ ʚʠʜʘ K. marxianus 

ʈʝʩʪʨʠʢʪʘʟʘ 
ʈʘʟʤʝʨ ITS1-ITS4 ʬʨʘʛʤʝʥʪʘ 

ɼʅʂ, ʧ.ʥ. 
ʇʨʦʜʫʢʪʳ ʨʝʩʪʨʠʢʮʠʠ, ʧ.ʥ. 

AspLEI 

740 

285; 185; 140; 100 

HaeIII  655; 80 

HinfI 240; 185; 120; 80; 65; 50 
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2.4. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

 

 ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʘʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

IBM SPSS Statistics (v 17.0), Microsoft Excel. ɺʩʝ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ 

ʧʨʦʚʦʨʥʦʩʪʷʭ. 

 ʇʦʣʫʯʝʥʥʳʡ ʤʘʩʩʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʜʚʝʨʛʘʣʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʬʝʨʤʝʥʪʥʳʤ ʧʨʝʧʘʨʘʪʦʤ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʘʣʴʥʘʷ ʩʨʝʜʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʭʦʜʘ 

ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠ ʜʨ. 

 ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ 

ʛʨʫʙʳʭ ʦʰʠʙʦʢ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ. 

 ɺʳʯʠʩʣʝʥʠʝ ʧʘʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʨʠʪʝʨʠʷ ʊʴʶʢʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʨʦʛʨʘʤʤ. ʈʘʟʙʨʦʩ ʪʦʯʝʢ ʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʳʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʥʘʭʦʜʠʣʠ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ ʜʠʩʧʝʨʩʠʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʜʣʷ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ 0,05. ɸʜʝʢʚʘʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʳʷʚʣʝʥʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʦʮʝʥʠʚʘʣʠ ʧʦ ʢʨʠʪʝʨʠʶ 

ʌʠʰʝʨʘ. 

 

2.5. ʇʨʠʙʦʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʙʦʨʳ: 

ï ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨ ʂʌʂ-3-01; 

ï ʠʦʥʦʤʝʨ ʀ-160ʄ; 
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ïʤʠʢʨʦʩʢʦʤ ʄʠʢʤʝʜ 5 ʩ ʩʠʩʪʝʤʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ; 

ï ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ çAgilentè ʅʈ 6890; 

ï ʪʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨ Vilber Lourmat; 

ï ʪʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨ ʋɺʊ-1, ɹʠʦʢʦʤ; 

ï ʪʝʨʤʦʩʪʘʪ ʩʫʭʦʚʦʟʜʫʰʥʳʡ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʊʉʆ 1/80 ʉʇʋ; 

ï ʪʝʨʤʦʩʪʘʪ ʩʫʭʦʚʦʟʜʫʰʥʳʡ ʊʉ 1/80 ʉʇʋ; 

ï ʚʘʢʫʫʤ ʙʣʦʪʪʝʨ çBio-Radè; 

ï CHEF-DR III (çBio-Radè, ʉʐɸ); 

ï ʘʤʧʣʠʬʠʢʘʪʦʨ Eppendorf AG 22331; 

ï ʚʦʜʷʥʘʷ ʙʘʥʷ TW-2, 4 ʣ; 

ï ʚʠʩʢʦʟʠʤʝʪʨ ɺʇɾ-2. 
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ʈɸɿɼɽʃ 3 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

 

3.1. ʉʢʨʠʥʠʥʛ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʦʚ Kluyveromyces ʠ Saccharomyces ʧʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʥʪʝʟʫ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ 

 

3 .1 .1 . ʀʟʫʯʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʜʨʦʞʞʝʡ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʚʥʝʢʣʝʪʦʯʥʫʶ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ. ɼʨʦʞʞʠ ʠʛʨʘʶʪ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʚ ʚʠʥʦ. 

ʆʪ ʠʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʩʢʦʨʦʩʪʴ ʦʩʚʝʪʣʝʥʠʷ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʙʨʦʞʝʥʠʷ, ʢʘʯʝʩʪʚʦ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʫ ʜʨʦʞʞʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʠʥʪʝʟʫ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʫ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʦʚ Saccharomyces ʠ Kluyveromyces ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ 

ʰʪʘʤʤʦʩʧʝʮʠʬʠʯʥʦʡ [123, 172, 176, 235, 238]. 

 ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ 

ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʂʄɺ "ʄʘʛʘʨʘʯ" ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʜʣʷ 

ʧʦʠʩʢʘ ʢʫʣʴʪʫʨ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52, 75, 97]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 66 ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ, ʠʟ ʥʠʭ 30 ʰʪʘʤʤʦʚ ʨʦʜʘ 

Saccharomyces ʠ 36 ʰʪʘʤʤʦʚ ʨʦʜʘ Kluyveromyces. ʀʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ. ʪʘʙʣʠʮʘ ɹ.1. 

 ʉʧʦʩʦʙʥʦʩʪʴ ʦʪʦʙʨʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʵʢʩʧʨʝʩʩ-ʪʝʩʪʘ (ʧ. 2.2.1.) 

(ʨʠʩʫʥʦʢ 6). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 32 ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ (21 ʰʪʘʤʤ ʨʦʜʘ 

Kluyveromyces ʠ 11 ʰʪʘʤʤʦʚ ʨʦʜʘ Saccharomyces) ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʚʳʙʦʨʢʠ 

ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʙʳʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ 

ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ. ɼʣʷ ʦʩʪʘʚʰʠʭʩʷ 34 ʰʪʘʤʤʦʚ (15 ʰʪʘʤʤʦʚ 

ʨʦʜʘ Kluyveromyces ʠ 19 ʰʪʘʤʤʦʚ ʨʦʜʘ Saccharomyces), ʚʦʢʨʫʛ ʢʦʪʦʨʳʭ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʦʥʳ ʧʨʦʩʚʝʪʣʝʥʠʷ (ʨʠʩʫʥʦʢ 7), ʙʳʣʦ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʦʩʣʝ 
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ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʦʙʱʝʧʨʠʥʷʪʦʡ ʜʣʷ ʜʨʦʞʞʝʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʨʝʜʝ YPD 

(ʧ.2.3.) (ʧʨʠʣʦʞʝʥʠʝ ɹ, ʪʘʙʣʠʮʘ ɹ.2). 

 

 

ʈʠʩʫʥʦʢ 6 ï ʉʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ ʢ ʩʠʥʪʝʟʫ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʘʟʥʳ 

 

 

   ɸ       ɹ 

ʈʠʩʫʥʦʢ 7 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʨʝʩʩ-ʪʝʩʪʘ ʥʘ ʥʘʣʠʯʠʝ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʢʦʪʦʨʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ (ɸ) 1 ï III -72, 2 ï 73, 3 ïIII -74 , 

(ɹ) 1 - III -204, 2 ïIII -203, 3 ï III -198, ʂ ï ʢʦʥʪʨʦʣʴ ʙʝʟ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ 

(I-527). 
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 ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʠʤʝʶʱʠʝʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ 

ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʦʚ Kluyveromyces ʠ Saccharomyces ʢ ʩʠʥʪʝʟʫ 

ʵʥʜʦʧʦʣʠʛʘʣʢʪʫʨʦʥʘʟʳ ʠ ʰʪʘʤʤʦʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ. ʆʪʤʝʯʝʥʦ, ʯʪʦ 

ʜʨʦʞʞʠ ʨʦʜʘ Kluyveromyces ʦʙʣʘʜʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʘ 

(278,3-1673,3 ʝʜ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Saccharomyces (0,6-128,0 ʝʜ), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [176, 190, 232]. 

ʌʝʨʤʝʥʪʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ 

Kluyveromyces ʙʳʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 278,3-1673,3 ʝʜ. ʀʟ ʧʷʪʥʘʜʮʘʪʠ ʰʪʘʤʤʦʚ ʜʝʩʷʪʴ 

ʦʙʣʘʜʘʣʠ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʘ ʙʦʣʝʝ 1000 ʝʜ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʮʝʥʪʦʚ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ. ʀʟ ʰʪʘʤʤʦʚ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʙʦʣʝʝ 1000 ʝʜ. ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 8 ʰʪʘʤʤʦʚ (III-74, III-76, III-358, 

III -359, III-360, III-361, III-362, III-363) ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʘ ʚ ʜʠʘʧʘʟʦʥʝ 1280,0-1673,3 ʝʜ. 

ɼʣʷ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʪʘʤʤʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʦʪ 0,6 ʜʦ 128,0 ʝʜ. ʀʟ 19 ʰʪʘʤʤʦʚ 17 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,6 ʜʦ 6,4 ʝʜ ʠ 

ʪʦʣʴʢʦ ʜʚʘ ʰʪʘʤʤʘ (III-203 ʠ III-204) ʠʤʝʣʠ ʚʳʩʦʢʠʝ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʛʦ 

ʨʦʜʘ ʟʥʘʯʝʥʠʷ ï 64,0 ʠ 128,0 ʝʜ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ 

Saccharomyces ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʮʝʥʪʦʚ ʬʝʨʤʝʥʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ ʢʫʣʴʪʫʨ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ ʩʫʩʣʘ ʥʘ ʩʪʘʜʠʠ ʙʨʦʞʝʥʠʷ [122]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʜʨʦʞʞʠ ʨʦʜʘ Kluyveromyces ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ 

ʧʨʦʜʫʮʝʥʪʘʤʠ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʦʜʘ 

Saccharomyces [176, 190, 232], ʠ ʧʦʟʚʦʣʠʣʦ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʪʦʙʨʘʪʴ 8 ʰʪʘʤʤʦʚ ʨʦʜʘ Kluyveromyces (III -74, III-76, III-358, III-359, III-360, 

III -361, III-362, III-363) ʩ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1280,0 ʜʦ 

1673,3 ʝʜ . 
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3 .1 .2 . ʉʢʨʠʥʠʥʛ ʰʪʘʤʤʦʚ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ 

ʩʫʩʣʝ. ɺʩʝ ʦʪʦʙʨʘʥʥʳʝ ʰʪʘʤʤʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʨʦʜʥʳʭ ʥʠʰ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʚʠʥʦʜʝʣʠʶ [52]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʜʨʦʞʞʠ ʨʦʜʘ Kluyveromyces ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʘ ʚʠʥʦʛʨʘʜʝ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʨʅ ʩʨʝʜʳ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ï ʦʪ 3,0 ʜʦ 8,0. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪ 

ʧʨʦʷʚʣʷʝʪ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʨʅ, ʙʣʠʟʢʠʭ ʢ 5,0 [56, 129]. 

ɺʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʢʠʩʣʦʪʥʦʡ ʩʨʝʜʦʡ, ʟʥʘʯʝʥʠʷ ʨʅ 

ʢʦʪʦʨʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3,0-3,5. ʇʦʵʪʦʤʫ ʧʨʠ ʦʪʙʦʨʝ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʚʠʥʦʜʝʣʠʷ ʰʪʘʤʤʦʚ Kluyveromyces ʥʘʤʠ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʥʪʝʟʫ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ ʩʦ ʟʥʘʯʝʥʠʝʤ ʨʅ 3,4. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8. 

 

 

ʈʠʩʫʥʦʢ 8 ïʕʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʰʪʘʤʤʦʚ ʨʦʜʘ Kluyveromyces ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

 



59 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ 

(ʚʝʣʠʯʠʥʘ ʨʅ 3,4) ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʦʡ 

YPD (ʚʝʣʠʯʠʥʘ ʨʅ 5,0) ʥʘ 4,0-28,5 %. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʨʅ ʩʨʝʜʳ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʪʴ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʬʝʨʤʝʥʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʪʘʤʤʘ [56, 75, 232, 233]. 

ʆʙʦʙʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʢʨʠʥʠʥʛʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʩʭʦʞʜʝʥʠʝʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʬʝʨʤʝʥʪʘ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ YPD ʠ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʰʪʘʤʤ 

ʜʨʦʞʞʝʡ K. marxianus ˉ III -358. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʦʪʣʠʯʘʣʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʘ (1253,7 ʝʜ.) ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ ʩ 

ʨʅ 3,4. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʙʨʘʪʴ ʝʛʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʩʝʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

 

3 .1 .3 . ʉʝʣʝʢʮʠʷ ʰʪʘʤʤʘ K.  m a r x i a n u s  (ˉ II I -358) ʤʝʪʦʜʦʤ 

ʫʣʫʯʰʘʶʱʝʛʦ ʦʪʙʦʨʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʚʳʷʚʣʝʥʠʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʣʦʛʠʯʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪʳ 

ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʰʪʘʤʤʘ ˉ III -358 ʧʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʧʨʠʟʥʘʢʫ (ʫʨʦʚʥʶ ʧʨʦʜʫʢʮʠʠ ʬʝʨʤʝʥʪʘ) ʜʣʷ ʦʪʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʦʜʥʦʨʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʥʪʝʟʫ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʜʚʫʭʩʦʪ ʦʪʚʠʪʳʭ ʢʦʣʦʥʠʡ ʙʳʣʦ 

ʦʪʦʙʨʘʥʦ 10 ʠʟʦʣʷʪʦʚ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʘ ʦʪ 1495,6 ʜʦ 1521,5 ʝʜ, ʯʪʦ 

ʧʨʝʚʳʰʘʣʦ ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʰʪʘʤʤʘ ʥʘ 19-21 %. ɼʣʷ ʵʪʠʭ ʠʟʦʣʷʪʦʚ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʛʝʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ 

ʚʠʜʫ K. marxianus ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇɼʈʌ-ʇʎʈ ʘʥʘʣʠʟʘ (ʧ. 2.3.3.2). ʉʦʛʣʘʩʥʦ 

ʨʝʩʪʨʠʢʮʠʦʥʥʦʤʫ ʘʥʘʣʠʟʫ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʠʟʦʣʷʪʳ ʦʪʥʝʩʝʥʳ ʢ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʚʠʜʫ K. marxianus, ʧʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨʳ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʝʩʪʨʠʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʢʘʟʘʪʝʣʷʤ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʜʨʦʞʞʝʡ 

(ʨʠʩʫʥʦʢ 9). 
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ʈʠʩʫʥʦʢ 9 ï ʕʣʝʢʪʨʦʬʦʨʝʟ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʧʨʦʜʫʢʪʦʚ ʨʝʩʪʨʠʢʮʠʠ 

ʬʨʘʛʤʝʥʪʘ ITS1-ITS4 ʨʝʩʪʨʠʢʪʘʟʘʤʠ AspLEI (ɸ), HaeIII  (ɹ) ʠ HinfI (ɺ). ʄ ï ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ 1000 ʧ.ʥ.; ʠʟʦʣʷʪʳ 1 ï III -358-15, 2 ï III -358-17, 3 ï III -358-24, 

4 ï III -358-35, 5 ï III -358-51, 6 ï III -358-60, 7 ï III -358-75, 8 ï III -358-77, 9 ï III -

358-78, 10 ï III -358-90 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʘʢʪʠʚʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ ʜʣʷ ʨʘʙʦʪʳ 

ʬʝʨʤʝʥʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 4,8-5,0 [85, 97, 238], ʘ ʚʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ ʠʤʝʝʪ 

ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʨʅ 3,0-3,5, ʩʣʝʜʦʚʘʣʦ ʧʨʦʚʝʨʠʪʴ ʩʦʭʨʘʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʬʝʨʤʝʥʪʘ ʚ ʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ 

ʥʘ ʩʫʙʩʪʨʘʪʘʭ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʨʅ 3,0 ʠ 3,5 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 5,0 ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʚʩʝʭ 

10 ʰʪʘʤʤʦʚ ʥʘʙʣʶʜʘʣʠ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʟʥʘʯʝʥʠʷ ʨʅ ʩʫʙʩʪʨʘʪʘ. ʊʘʢ, ʧʨʠ ʚʝʣʠʯʠʥʝ ʨʅ 3,5 ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʟʥʘʯʝʥʠʝ ʨʅ 5,0) ʩʦʩʪʘʚʠʣʦ 

58,6-62,0 %, ʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʨʅ 3,0 ï ʦʪ 72,4 ʜʦ 75,8 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʪʘʤʤʘ 

(ʪʘʙʣʠʮʘ 6). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʝʩʷʪʠ ʰʪʘʤʤʦʚ, 

ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʰʪʘʤʤʘ-

ʧʨʦʜʫʮʝʥʪʘ ʥʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʨʠʪʝʨʠʷ ʊʴʶʢʠ 

(ʧʨʠʣʦʞʝʥʠʝ ɺ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʪʦʙʨʘʪʴ ʰʪʘʤʤ ˉ III -358-60. ʋ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ 

ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʤʝʥʴʰʝ ʟʘʚʠʩʝʣʘ ʦʪ ʩʥʠʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʨʅ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʰʪʘʤʤʘʤʠ ʠ ʩʦʩʪʘʚʣʷʣʘ 413,8 ʝʜ ʠ 628,3 ʝʜ 

ʧʨʠ ʟʥʘʯʝʥʠʝʷʭ ʨʅ 3,0 3,5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʙʣʠʮʘ 6 ï ɸʢʪʠʚʥʦʩʪʴ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʨʅ 

ʩʫʙʩʪʨʘʪʘ 

ʐʪʘʤʤ 
ʌʝʨʤʝʥʪʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʝʜ) ʠ ʝʝ ʩʥʠʞʝʥʠʝ (%) ʧʨʠ ʨʅ ʩʫʙʩʪʨʘʪʘ 

ʨʅ 3,0 ȹ1, % ʨʅ 3,5 ȹ2, % ʨʅ 5,0 (ʢʦʥʪʨʦʣʴ) 

III -358-15 368,4 75,8 586,7 61,4 1520,9 

III -358-17 380,5 74,8 595,4 60,6 1510,5 

III -358-24 371,9 75,2 581,0 61,2 1498,8 

III -358-35 414,9 72,4 597,7 60,2 1502,3 

III -358-51 402,1 73,3 623,2 58,6 1505,6 

III -358-60 413,3 72,9 629,8 58,7 1523,8 

III -358-75 377,6 74,8 573,3 61,8 1500,4 

III -358-77 401,5 73,3 593,1 60,6 1506,4 

III -358-78 408,6 72,9 572,5 62,0 1508,5 

III -358-90 410,8 72,7 611,2 59,4 1504,9 

ʇʨʠʤʝʯʘʥʠʝ ȹ1 ï ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʨʅ 3,0; ȹ2 ï 

ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʨʅ 3,4. 

ʌʝʥʦʪʠʧʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʦʚʦʛʦ ʩʝʣʝʢʮʠʦʥʥʦʛʦ 

ʰʪʘʤʤʘ ï ʧʨʦʜʫʮʝʥʪʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʰʪʘʤʤ  ̄III -358-60 ʜʝʧʦʥʠʨʦʚʘʥ ʚ ʂʄɺ 

çʄʘʛʘʨʘʯè ʧʦʜ ʥʦʤʝʨʦʤ III -407 (ʧʨʠʣʦʞʝʥʠʝ ɻ). 

ʊʘʙʣʠʮʘ 7 ï ʇʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʰʪʘʤʤʘ  ̄III -407 

ʇʘʨʘʤʝʥʪ ʆʧʠʩʘʥʠʝ 

1 2 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʫʣʴʪʫʨʳ III -407 

ɺʠʜ Kluyveromyces marxianus [180, 182] 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʩʝʣʝʢʮʠʦʥʥʳʡ  

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 
ʫʣʫʯʰʘʶʱʘʷ ʩʝʣʝʢʮʠʷ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ ʰʪʘʤʤʘ III -358 

(ʂʄɺ çʄʘʛʘʨʘʯè) 

ʄʝʩʪʦ ʧʦʣʫʯʝʥʠʷ 
ʣʘʙʦʨʘʪʦʨʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʌɻɹʋʅ çɺʅʅʀʀɺʠɺ çʄʘʛʘʨʘʯè 

ʈɸʅè 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ:ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ 

ʢʣʝʪʦʢ 

ʢʣʝʪʢʠ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʝ, ʨʘʟʤʝʨʳ 2-6 ʤʢʤ ʚ ʰʠʨʠʥʫ ʠ 5-11 

ʤʢʤ ʚ ʜʣʠʥʫ, ʚʩʪʨʝʯʘʶʪʩʷ ʩʢʦʧʣʝʥʠʷ ʧʦ 2-3 ʢʣʝʪʢʠ, ʧʨʠ 

ʩʧʦʨʦʦʙʨʘʟʦʚʘʥʠʠ ʦʙʨʘʟʫʝʪ ʘʩʢʠ ʩ 1-4 ʩʧʦʨʘʤʠ, ʬʦʨʤʘ ʩʧʦʨ: 

ʩʬʝʨʠʯʝʩʢʘʷ ʠ ʵʣʣʠʧʩʦʠʜʘʣʴʥʘʷ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ 
ʩʠʥʪʝʟʠʨʫʝʪ ʚʥʝʢʣʝʪʦʯʥʫʶ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʣʫʯʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʙʦʪʢʠ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʠʟ ʩʦʨʪʦʚ 

ʚʠʥʦʛʨʘʜʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʢʪʠʥʘ, ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʣʫʯʰʝʛʦ ʚʳʭʦʜʘ ʩʫʩʣʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 7 

1 2 

ʋʩʣʦʚʠʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʭʨʘʥʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (8Ñ2) ʦʉ ʥʘ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ; 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʧʝʨʝʩʝʚʦʚ ï 1 ʨʘʟ ʚ 9 ʤʝʩ.; ʭʨʘʥʝʥʠʝ ʧʨʠ ʤʠʥʫʩ 

86 ʦʉ ʥʘ ʩʨʝʜʝ YPD ʩ 30 % ʛʣʠʮʝʨʠʥʘ 

ɸʚʪʦʨʳ 

ʐʘʣʘʤʠʪʩʢʠʡ ʄ.ʖ., ʊʘʥʘʱʫʢ ʊ.ʅ., ʀʚʘʥʦʚʘ ɽ.ɺ. ï 

ʣʘʙʦʨʘʪʦʨʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʌɻɹʋʅ çɺʅʅʀʀɺʠɺ çʄʘʛʘʨʘʯè 

ʈɸʅè, ʛ. ʗʣʪʘ; 

 

3.2. ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʩʠʥʪʝʟʘ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʬʝʨʤʝʥʪʘ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʰʪʘʤʤʦʤ ʜʨʦʞʞʝʡ K. marxianus ̄  III -407 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʬʝʨʤʝʥʪʘ ʰʪʘʤʤʦʤ-ʧʨʦʜʫʮʝʥʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʝʛʦ ʨʦʩʪʘ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚ ʩʨʝʜʳ ʠ ʨʝʞʠʤʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ [164, 176]. 

 

3 .2 .1 . ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʘʭʘʨʦʚ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʥʘ ʩʠʥʪʝʟ ʬʝʨʤʝʥʪʘ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʃʝʙʝʜʝʚʘ ɺ.ɺ. [56] ʦʧʪʠʤʘʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʶʢʦʟʳ ʚ ʩʨʝʜʝ ʷʚʣʷʣʦʩʴ 50 ʛ/ʣ; ʬʨʫʢʪʦʟʳ ʠ ʩʘʭʘʨʦʟʳ ï 20 ʛ/ʣ; ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʦʚ ʚ ʩʨʝʜʝ ʜʦ 100 ʛ/ʣ ʥʘʙʣʶʜʘʣʠ ʩʥʠʞʝʥʠʝ ʠʭ 

ʧʨʦʜʫʮʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʇʦ ʜʨʫʛʠʤ ʠʩʪʦʯʥʠʢʘʤ [232, 233] ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʬʝʨʤʝʥʪʘ ʨʝʢʦʤʝʥʜʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʘʭʘʨʦʚ ʩʦʩʪʘʚʣʷʣʦ 

100 ʛ/ʣ ʛʣʶʢʦʟʳ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [56, 211, 236, 273], ʩʠʥʪʝʟ ʬʝʨʤʝʥʪʘ ʫ 

ʜʨʦʞʞʝʡ ʨʦʜʘ K. marxianus ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʨʦʜʫʮʝʥʪʦʚ ʠʤʝʝʪ 

ʢʦʥʩʪʠʪʫʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ ʨʘʟʤʥʦʞʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ 

ʬʝʨʤʝʥʪʘ ʩʝʣʝʢʮʠʦʥʥʳʤ ʰʪʘʤʤʦʤ ˉ III -407. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʧʨʠ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 50 ʠ 100 ʛ/ʣ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 
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ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʳ ʨʦʩʪʘ ʜʨʦʞʞʝʡ ʩʦʩʪʘʚʣʷʣʘ 5 ʩʫʪ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʦ 150 ʠ 200 ʛ/ʣ ʜʨʦʞʞʠ 

ʨʘʟʚʠʚʘʣʠʩʴ ʤʝʜʣʝʥʥʝʝ, ʯʪʦ ʧʦʚʣʠʷʣʦ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 5 ʩʫʪ. ʨʦʩʪʘ (1516,6 ʠ 1403,4 ʝʜ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 

 

ʈʠʩʫʥʦʢ 10 ï ɺʣʠʷʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ ʘʢʪʠʚʥʦʩʪʴ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʜʨʦʞʞʘʤʠ 

K. marxianus ˉ III-407 

 

 ʇʨʠ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ 100 ʛ/ʣ ʦʪʤʝʯʝʥʦ ʥʘʢʦʧʣʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʚ ʩʨʝʜʝ. ɸʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ 

ʫ ʰʪʘʤʤʘ ˉ III -407 ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʣʷʣʘ 1605,5 ʝʜ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʚʦʜʦʚ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʜʦ 50 ʛ/ʣ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʥʘ 5 ʩʫʪ. 

ʩʥʠʞʘʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ï ʥʘ 2 %, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʩʪʦʱʝʥʠʝʤ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʟʘʤʝʜʣʝʥʠʝʤ ʨʦʩʪʘ ʢʫʣʴʪʫʨʳ [236]. ʄʘʩʩʦʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʭʘʨʦʚ ʚ ʩʨʝʜʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 150 ʠ 200 ʛ/ʣ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ 

ʟʘʤʝʜʣʝʥʠʶ ʨʦʩʪʘ ʜʨʦʞʞʝʡ ʥʘ 5 ʠ 9 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʥʠʞʝʥʠʝ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʠʟʢʦʡ ʦʩʤʦʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ [268]. 
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3.2.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ ʨʅ ʚʠʥʦʛʨʘʜʥʦʛʦ 

ʩʫʩʣʘ ʥʘ ʩʠʥʪʝʟ ʬʝʨʤʝʥʪʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ. ʃʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ ʦʙ ʦʧʪʠʤʫʤʝ ʟʥʘʯʝʥʠʷ ʨʅ ʜʣʷ ʩʠʥʪʝʟʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʜʨʦʞʞʘʤʠ 

K. marxianus ʨʘʟʣʠʯʘʶʪʩʷ [111, 265, 274]. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ ʅʛʫʝʥ ʃ.ɸ. [79] 

ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʜʣʷ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

3,3-3,5, ʚ ʨʘʙʦʪʘʭ ʃʝʙʝʜʝʚʘ ɺ.ɺ. ʦʧʪʠʤʫʤ ʨʘʚʥʷʝʪʩʷ 4,0 [56]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦ 

ʤʥʝʥʠʶ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ ʷʚʣʷʝʪʩʷ 

4,5 [169, 232, 233]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ 

ʨʅ ʥʘ ʨʦʩʪ ʰʪʘʤʤʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʮʠʨʫʝʤʦʛʦ ʠʤ ʬʝʨʤʝʥʪʘ. ɼʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 11. 

 

 

ʈʠʩʫʥʦʢ 11 ï ɺʣʠʷʥʠʝ ʟʥʘʯʝʥʠʷ pH ʩʨʝʜʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʙʠʦʤʘʩʩʳ ʠ ʘʢʪʠʚʥʦʩʪʴ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʜʨʦʞʞʘʤʠ K. marxianus ˉ III -407 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʠ ʨʅ ʩʨʝʜʳ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 3,5 ʠ 4,0 ʥʘ 5 ʩʫʪ. ʨʦʩʪʘ ʦʪʤʝʯʘʣʦʩʴ ʥʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ 

ʙʠʦʤʘʩʩʳ ʢʫʣʴʪʫʨʦʡ (D590 2,880 ʠ 2,910) ʠ ʘʢʪʠʚʥʦʩʪʴ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ 

1604,3 ʠ 1611,4 ʝʜ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʜʨʦʞʞʝʡ ʧʨʠ ʘʢʪʠʚʥʦʡ 
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ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ 3,0 ʠ 2,5 ʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʢʫʣʴʪʫʨʦʡ ʠ ʝʝ ʩʥʠʞʝʥʠʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ, ʩʦʩʪʘʚʠʣʦ 30,7 ʠ 33,2 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 19,8 ʠ 34,6 %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ʘʢʪʠʚʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ 3,5 ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ 

ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʬʝʨʤʝʥʪʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ ˉ III -407. 

 

3 .2 .3 . ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ 

ʩʠʥʪʝʟ ʬʝʨʤʝʥʪʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʨʦʞʞʝʡ K. marxianus 

ʷʚʣʷʝʪʩʷ 28-30 Áʉ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʰʪʘʤʤʘʭ, 

ʩʧʦʩʦʙʥʳʭ ʢ ʨʘʟʚʠʪʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45 Áʉ [156, 164, 182]. ʃʦʛʠʯʥʳʤ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʨʦʩʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʰʪʘʤʤʘ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩʫʥʦʢ 12). 

 

 

ʈʠʩʫʥʦʢ 12 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ 

ʘʢʪʠʚʥʦʩʪʴ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʜʨʦʞʞʘʤʠ K. marxianus  ̄III -407 
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 ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʥʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 30 ʠ 35 Áʉ. ʇʨʠ ʜʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 2,880 ʠ 2,910 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ 

ʘʢʪʠʚʥʦʩʪʴ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ï 1606,8 ʠ 1613,7 ʝʜ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʜʨʦʞʞʝʡ ʧʨʠ 20 ʠ 25 Áʉ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ 

ʙʠʦʤʘʩʩʳ ʥʘ 20,7 ʠ 10,5 % ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʥʘ 20,4 ʠ 9,8 %. 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʩʯʠʪʘʥʦ 

ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ, ʦʧʠʩʳʚʘʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʦʪ ʫʩʣʦʚʠʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʋʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

 

     ɸ = ï 448,8 + 20,4Ĭf1ï0,9Ĭf2 + 411,1Ĭf3,   (4) 

ʛʜʝ ɸ ï ʘʢʪʠʚʥʦʩʪʴ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ, ʝʜ./ ʤʣ ʤʠʥ -1; 

  f1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, Áʉ; 

 f2 ï ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʭʘʨʦʚ ʩʫʩʣʘ, ʛ/ʣ; 

 f3 ï ʘʢʪʠʚʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʩʫʩʣʘ, ʝʜ. 

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʦ 

ʜʠʥʘʤʠʢʝ ʨʦʩʪʘ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʰʪʘʤʤʘ ˉ III -407 ʠ ʥʘʢʦʧʣʝʥʠʠ ʠʤ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚʳʙʨʘʥʳ: ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʭʘʨʦʚ 100 ʛ/ʣ, 

ʚʝʣʠʯʠʥʘ ʨʅ 3,5 ʠ ʪʝʤʧʝʨʘʪʫʨʘ 30 Áʉ. ʇʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ 

ʚ ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʜʦʩʪʠʛʘʣʘ ʟʥʘʯʝʥʠʷ 1606,8 ʝʜ. ʥʘ 5 ʩʫʪ. 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʠʥʪʝʟ 

ʬʝʨʤʝʥʪʘ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʘʭʘʨʦʚ. 

 ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʙʦʩʥʦʚʘʥʠʷ ʨʝʞʠʤʦʚ 

ʦʩʚʝʪʝʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʧʨʠ ʝʛʦ ʦʙʨʘʙʦʪʢʝ ʌʇɼʕ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ ˉ III -407 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ (ʧ.2.2.3). 
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3.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʌʇɼʕ ʥʘ ʦʩʚʝʪʣʝʥʠʝ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ 

 

 ʀʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʌʇɼʕ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʟʚʝʩʝʡ ʚ 

ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ, ʧʦ ʢʦʪʦʨʳʤ ʩʫʜʠʣʠ ʦ ʩʪʝʧʝʥʠ ʨʘʟʨʫʰʝʥʠʷ ʧʝʢʪʠʥʘ. ʇʦʜʙʦʨ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʬʝʨʤʝʥʪʥʳʤ ʧʨʝʧʘʨʘʪʦʤ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʜʣʷ ʨʘʟʨʫʰʝʥʠ ̫ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʩʫʩʣʘ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫʯʝʥʠʝ ʭʦʨʦʰʦ ʦʩʚʝʪʣʝʥʥʦʛʦ ʩʫʩʣʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʦʮʝʩʩʘ ʙʨʦʞʝʥʠʷ. ɺ ʦʩʥʦʚʥʦʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʮʝʩʩ ʦʩʚʝʪʣʝʥʠʷ 

ʦʪʩʪʘʠʚʘʥʠʝʤ ʧʨʦʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 10-20 Áʉ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʧʪʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʨʘʙʦʪʳ ʬʝʨʤʝʥʪʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʩʦʩʪʘʚʣʷʝʪ 30 Áʉ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʦʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ ʌʇɼʕ ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ, 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ. 

 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʦʟ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ 

ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʠ ʚʟʚʝʩʝʡ ʩʫʩʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ 

ʄʘʛʘʨʘʯʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 13 ʠ 14. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʫʩʣʘ ʯʝʨʝʟ 2 ʯ ʥʘ 5,8 % ʦʙʝʩʧʝʯʠʣʘ ʜʦʟʘ ʌʇɼʕ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 4 ʤʣ/ʣ. ɼʣʷ ʚʘʨʠʘʥʪʘ ʦʧʳʪʘ ʩ ʚʥʝʩʝʥʠʝʤ 2 ʤʣ/ʣ ʌʇɼʕ ʘʥʘʣʦʛʠʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʯʝʨʝʟ 3 ʯ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʥʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʫʩʣʘ ʩ 

ʜʘʙʘʚʣʝʥʠʝʤ ʌʇɼʕ ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʝʥʝʝ 2 ʤʣ/ʣ ʥʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʧʨʝʚʳʰʘʣʦ 3 %. ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʦʪʥʦʰʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʟʚʝʩʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʚʥʝʩʝʥʥʦʛʦ 

ʌʇɼʕ. ʊʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʤʝʪʦʜʦʤ ʦʪʩʪʘʠʚʘʥʠʷ ʧʨʠ ʜʦʟʘʭ ʌʇɼʕ 

2 ʠ 4 ʤʣ/ʣ ʦʪʤʝʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʟʚʝʩʝʡ ʥʘ 48 %, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. ɹʦʣʝʝ ʥʠʟʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʌʇɼʕ ʦʙʝʩʧʝʯʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚʟʚʝʩʝʡ ʣʠʰʴ ʥʘ 13-24 %. 
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ʈʠʩʫʥʦʢ 13 ï ʀʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʫʩʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʌʇɼʕ ʠ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ 

 

 

ʈʠʩʫʥʦʢ 14 ï ʉʦʜʝʨʞʘʥʠʝ ʚʟʚʝʩʝʡ ʚ ʩʫʩʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʌʇɼʕ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʙʦʪʢʠ 20 Áʉ 

 

 ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʌʇɼʕ ʩʫʩʣʘ ʠʟ ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʝʥʥʦʛʦ ʜʦ 10 Áʉ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 15, 16. ʀʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʩʥʠʞʘʝʪʩʷ ʚʦ ʚʩʝʭ 

ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʜʦʟʳ. ʊʘʢ, ʧʨʠ ʚʥʝʩʝʥʠʠ ʌʇɼʕ ʚ 

ʩʫʩʣʦ ʚ ʢʦʣʠʯʝʩʪʚʝ 4 ʤʣ/ʣ ʚʷʟʢʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʥʘ 4,3 %, ʘ ʢʦʣʠʯʝʩʪʚʦ ʚʟʚʝʩʝʡ ʥʘ 
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39 %, ʯʪʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʫʩʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ ʥʘ 25,8 ʠ 18,8 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʜʦʟʠʨʦʚʦʢ 2,0, 1,0 ʠ 0,5 ʤʣ/ʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʚ 

ʦʪʥʦʰʝʥʠʠ ʚʷʟʢʦʩʪʠ ʩʫʩʣʘ ʩʥʠʟʠʣʘʩʴ ʥʘ 37,5, 15,0 ʠ 6,7 %, ʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʚʟʚʝʩʝʡ ï ʥʘ 39,1, 43,6 ʠ 44,4 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʈʠʩʫʥʦʢ 15 ï ʀʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʫʩʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʌʇɼʕ ʠ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10 Áʉ 

 

 

ʈʠʩʫʥʦʢ 16 ïʉʦʜʝʨʞʘʥʠʝ ʚʟʚʝʩʝʡ ʚ ʩʫʩʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʌʇɼʕ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʙʦʪʢʠ 10 Áʉ 
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 ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʦʩʚʝʪʣʝʥʠʠ ʚʠʥʦʛʨʘʜʥʦʛʦ 

ʩʫʩʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʌʇɼʕ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʫʩʣʘ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʚ ʢʦʣʠʯʝʩʪʚʦ 4 ʤʣ/ʣ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʤʝʥʝʝ 

20 Áʉ. 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧ.3.1., 3.2. ʠ 3.3. ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʩʪʘʥʜʘʨʪ ʦʨʛʘʥʠʟʘʮʠʠ: çʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʨʦʞʞʝʚʦʡ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ (ʌʇɼʕ) ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ Kluyveromyces 

marxianus III 407è (ʧʨʠʣʦʞʝʥʠʝ ɼ) 

 

3.4. ɺ ʙrʦʨ ʩʪʘʨʪʦʚʦʡ ʢʫʣʴʪʫʨʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʙʨʦʞʝʥʠʷ ʩʫʩʣʘ ʠʟ 

ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

 

3 .4 .1 .  ʄʦʣʝʢʫʣʷʨʥʳʡ ʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠ ʦʪʙʦʨ ʰʪʘʤʤʦʚ 

ʧʨʦʜʫʮʝʥʪʦʚ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʜʣʷ ʚʠʥʦʜʝʣʠʷ ʇʦʠʩʢ 

ʜʨʦʞʞʝʡ ʩʘʭʘʨʦʤʠʮʝʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʝʣʝʢʮʠʠ ʜʨʦʞʞʝʡ ʜʣʷ 

ʚʠʥʦʜʝʣʠʷ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ ʢʫʣʴʪʫʨ ʠʣʠ ʚ ʩʦʩʪʘʚʝ 

ʜʨʦʞʞʝʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʙʨʦʞʝʥʠʷ ʩʫʩʝʣ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʢʪʠʥʘ [117, 198, 199]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʘʪʝʛʠ ʦʪʙʦʨʘ ʰʪʘʤʤʦʚ-

ʧʨʦʜʫʮʝʥʪʦʚ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʛʝʥʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʝʝ ʩʠʥʪʝʟ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʘ ʩʠʥʪʝʟ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʫ 

ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces ʦʪʚʝʯʘʝʪ ʛʝʥ PGU.  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʛʝʥʘ ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ 112 ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʚʠʜʦʚ S. arboricola, S. bayanus (var. uvarum), 

S. cariocanus, S. cerevisiae, S. kudriavzevii, S. mikatae, S. paradoxus ʠ ʛʠʙʨʠʜʥʦʛʦ 

ʪʘʢʩʦʥʘ S. pastorianus (ʩʠʥʦʥʠʤ S. carlsbergensis), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʙʘʥʢʘʭ (GenBank, Sanger Institute) ʠ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [162]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʰʪʘʤʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ ɸ, ʪʘʙʣʠʮʝ ɸ1. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʨʦʞʞʠ ʨʘʟʜʝʣʠʣʠʩʴ 
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ʥʘ ʯʝʪʢʦ ʦʙʦʩʦʙʣʝʥʥʳʝ ʛʨʫʧʧʳ ʧʦ ʩʪʨʫʢʪʫʨʝ ʛʝʥʘ PGU ʩʦʛʣʘʩʥʦ ʠʭ ʚʠʜʦʚʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʨʠʩʫʥʦʢ 17). 

 ʊʘʢ, ʚ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʦʰʣʠ 46 ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʚʠʜʘ S. cerevisiae (ʛʝʥ 

PGU1), ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ, ʤʝʜʠʮʠʥʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʙʠʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ. ʋ 12 ʠʟ 46 (26 %) ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ 

(VIN13, ARWI796, VL3, Kyokai 7, CBS7960, M3707, SK1, K11, Y9, Y12, YS2 ʠ 

YJM1078) ʚ ʛʝʥʝ PGU1 ʦʙʥʘʨʫʞʝʥʳ ʩʪʦʧ-ʢʦʜʦʥʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʛʝʥʦʚ. ʉʝʤʴ ʠʟ ʥʠʭ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʠʩʪʦʯʥʠʢʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʧʠʨʪʦʚʳʤ ʙʨʦʞʝʥʠʝʤ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ 50 ʰʪʘʤʤʘʤʠ ʜʨʦʞʞʝʡ ʚʠʜʘ S. paradoxus 

ʠ ʝʛʦ ʙʣʠʞʘʡʰʝʛʦ ʨʦʜʩʪʚʝʥʥʠʢʘ S. cariocanus (ʛʝʥ PGU1p). ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʧʫʣʷʮʠʠ ʜʨʦʞʞʝʡ S. paradoxus ʯʘʩʪʠʯʥʦ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʦʣʠʨʦʚʘʥʳ ʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʥʫʢʣʝʦʪʠʜʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʚʩʝʛʦ ʛʝʥʦʤʘ 

[186, 205]. 

 ʊʨʝʪʴʷ ʠ ʯʝʪʚʝʨʪʘʷ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʠʟʫʯʝʥʥʳʤʠ ʥʘʤʠ 

ʰʪʘʤʤʘʤʠ ʚʠʜʘ S. mikatae ʠ S. arboricola (ʛʝʥ PGU1m ʠ PGU1a ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 ɺ ʧʷʪʫʶ ʛʨʫʧʧʫ ʚʦʰʣʠ 4 ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʚʠʜʘ S. kudriavzevii (ʛʝʥ PGU1k), 

ʧʦʜʛʨʫʧʧʳ ʘʣʣʝʣʝʡ PGU ʢʦʪʦʨʦʛʦ ʦʪʨʘʞʘʶʪ ʨʘʟʣʠʯʥʳʝ ʙʠʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʦʧʫʣʷʮʠʠ. ʊʘʢ, ʰʪʘʤʤʳ IFO1802 ʠ IFO1803 ʚʳʜʝʣʝʥʳ ʚ ʗʧʦʥʠʠ, ʘ ʰʪʘʤʤʳ 

ZP591, FM1056 ʠ VIN7 ʠʤʝʶʪ ʝʚʨʦʧʝʡʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

 ʐʝʩʪʘʷ ʛʨʫʧʧʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʟ 7 ʰʪʘʤʤʦʚ ʚʠʜʘ S. bayanus ʠ ʝʛʦ 

ʛʠʙʨʠʜʥʦʛʦ ʪʘʢʩʦʥʘ S. pastorianus. 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʚ PGU ʫ ʚʘʞʥʳʭ ʜʣʷ ʚʠʥʦʜʝʣʠʷ ʜʨʦʞʞʝʡ S. bayanus var. uvarum. 

ʋ ʦʜʥʦʛʦ ʰʪʘʤʤʘ ʠʟ 4 ʦʙʥʘʨʫʞʝʥʦ ʪʨʠ ʜʠʚʝʨʛʝʥʪʥʳʭ ʛʝʥʘ ʚ ʥʘʰʝʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ: PGU1b, PGU2b ʠ PGU3b. ʇʨʠ ʵʪʦʤ ʦʜʠʥʦʯʥʳʡ ʛʝʥ PGU1b 

ʚʳʷʚʣʝʥ ʫ ʪʠʧʦʚʦʡ ʢʫʣʴʪʫʨʳ S. bayanus var. uvarum CBS 395, ʘ ʪʘʢʞʝ ʫ ʰʪʘʤʤʘ 

CLIB113. 

ʅʘʣʠʯʠʝ ʤʫʣʴʪʠʛʝʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʚʠʜʘ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʳʩʦʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʝʨʤʝʥʪʘ [275]. 
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ʈʠʩʫʥʦʢ 17 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ PGU 

ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʦʚʘʥ ʛʝʥ, ʢʦʜʠʨʫʶʱʠʡ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ ʫ ʜʨʦʞʞʝʡ Kluyveromyces marxianus. ʇʨʠʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ ʙʫʩʪʨʝʧʘ 

> 70 %. ʐʢʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 50 ʟʘʤʝʥʘʤ ʥʘ 1000 ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ. ʎʠʬʨʘʤʠ ʚ ʢʨʫʛʣʳʭ 

ʩʢʦʙʢʘʭ ʦʙʦʟʥʘʯʝʥʳ ʛʨʫʧʧʳ ʰʪʘʤʤʦʚ, ʠʤʝʶʱʠʝ ʠʜʝʥʪʠʯʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ PGU: S. cerevisiae ï (1) CLIB324, W303, 322134S, BC187, YS9, 

273614N; (2) RM11ī1a, DBVPG1853, YJM978, DBVPG1373, DBVPG1106, DBVPG6040, 

NCYC361, YJM981, YIIc17_E5, L-1528, YJM975, LalvinQA23, EDRL, EC1118; (3) DBVPG6765, 

L-1374, Y55, NY1308; (4) ZTW1; (5) YPS606, UWO(PS)87-2421, UWO(PS)83-

787.3;(6) DBVPG6044; (7) UWO(PS)05-227.2, UWO(PS)03-461.4; (8) K11, Y9, Y12; S. paradoxus 

- (9) UFRJ50816, DBVPG6304, YPS138, A12, A4; (10) YJM248; (11) N45, N44, IFO1804; (12) Z1; 

(13) Q69.8; (14) N17, CBS5829, KBP3829, Q89.8, KBP828, DBVPG4650, T21.4, Q95.3, Y6.5, 

Q31.4, Z1.1, Y7, Q74.4, W7, Y8.1, Y8.5, Y9.6; S. pastorianus ï (15) CCY48-91; 

S. bayanus var. uvarum ï (16) CLIB113. ʋ ʰʪʘʤʤʦʚ S288c, VIN7, SPCC, MCYC623 ʠ CBS 395 ʚ 

ʢʦʩʳʭ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʛʝʥʳ PGU. 
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 ʊʘʢ ʤʫʣʴʪʠʛʝʥʥʳʝ ʧʝʢʪʠʥʘʟʥʳʝ ʩʝʤʝʡʩʪʚʘ ʩʚʦʡʩʪʚʝʥʥʳ ʤʠʮʝʣʠʘʣʴʥʳʤ 

ʛʨʠʙʘʤ, ʥʘʧʨʠʤʝʨ, ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʨʦʜʦʚ Aspergillus ʠ Sclerotinia [128, 154], ʜʣʷ 

ʢʦʪʦʨʳʭ ʧʝʢʪʠʥ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ. ʅʘʤʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʘʢʪʠʚʥʳʡ ʛʝʥ PGU4b h ʘʤʧʘʥʩʢʦʛʦ ʰʪʘʤʤʘ SPCC [162], ʢʦʪʦʨʳʡ ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʪʘʢʩʦʥʫ S. bayanus var. uvarum, ʷʚʣʷʝʪʩʷ ʢʦʧʠʝʡ ʛʝʥʘ PGU1 ʜʨʦʞʞʝʡ S. cerevisiae: 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 99 %. ʕʪʦ ʨʘʥʝʝ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʤʝʪʦʜʘʤʠ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠ ʢʘʨʠʦʪʠʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [206]. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʝʢʪʦʣʠʪʠʯʝʩʢʠʭ ʰʪʘʤʤʦʚ ʜʣʷ 

ʚʠʥʦʜʝʣʠʷ ʜʨʦʞʞʠ ʚʠʜʘ S. bayanus var. uvarum. ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces. ʊʘʢ, ʫ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʰʪʘʤʤʘ 

 ̄III -204, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʚʠʜʫ S. bayanus var uvarum, ʠʟ ʂʄɺ çʄʘʛʘʨʘʯè 

ʥʘʙʣʶʜʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʝʢʪʦʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

128,0 ʝʜ. (ʧʨʠʣʦʞʝʥʠʝ ɹ, ʪʘʙʣʠʮʘ ɹ.2). 

 ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʛʦ ʚʳʚʦʜʘ ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʛʝʥʦʚ PGU ʫ 74 ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʚʠʜʘ S. bayanus var. 

uvarum, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʠʨʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ɽʚʨʦʧʳ ʠ ʉʐɸ (ʧʨʠʣʦʞʝʥʠʝ ɽ). 

 ʂʘʢ ʧʦʢʘʟʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫ 73 ʰʪʘʤʤʦʚ S. bayanus var. uvarum ʥʘʤʠ 

ʦʙʥʘʨʫʞʝʥʳ ʪʨʠ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʘ ʩ ʟʦʥʜʦʤ PGU1b, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʫ ʥʠʭ ʪʨʝʭ ʧʝʢʪʠʥʘʟʥʳʭ ʛʝʥʦʚ (ʨʠʩʫʥʦʢ 18). 

ʉʠʣʴʥʳʝ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʩ ʟʦʥʜʦʤ PGU1b ʦʪʤʝʯʝʥʳ ʫ 73 

ʰʪʘʤʤʦʚ S. bayanus var. uvarum ʚ ʯʝʪʚʝʨʪʦʡ ʩʥʠʟʫ ʭʨʦʤʦʩʦʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʦ ʨʘʟʤʝʨʫ VI ʜʨʦʞʞʝʡ S. cerevisiae YNN 295. ʅʘʭʦʞʜʝʥʠʝ ʜʘʥʥʦʛʦ ʛʝʥʘ ʚ ʜʨʫʛʦʡ 

ʭʨʦʤʦʩʦʤʝ, ʫ S. cerevisiae ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʭʨʦʤʦʩʦʤʝ X, ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʥʘʣʠʯʠʝʤ ʪʨʝʭ ʨʝʮʠʧʨʦʢʥʳʭ ʪʨʘʥʩʣʦʢʘʮʠʡ ʫ S. bayanus var. uvarum, ʦʜʥʘ ʠʟ 

ʢʦʪʦʨʳʭ ʟʘʪʨʘʛʠʚʘʝʪ ʭʨʦʤʦʩʦʤʳ X ʠ VI (ʩʦʛʣʘʩʥʦ ʥʫʤʝʨʘʮʠʠ ʭʨʦʤʦʩʦʤ ʜʨʦʞʞʝʡ 

S. cerevisiae) [150, 151]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠ ʤʝʩʪʘ 

ʚʳʜʝʣʝʥʠʷ ʰʪʘʤʤʳ S. bayanus var. uvarum, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʛʝʥʦʪʠʧ PGU1b 

PGU2b PGU3b. ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʥʘʣʠʯʠʝʤ 
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ʧʦʣʠʤʝʨʥʳʭ ʛʝʥʦʚ PGU ʠ ʚʳʩʦʢʦʡ ʧʝʢʪʠʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʰʪʘʤʤʦʚ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ ʩʨʝʜʠ 

ʜʨʦʞʞʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʚʠʜʫ S. bayanus var. uvarum. [77, 242, 247]. ʠ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʥʘʣʠʯʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʛʝʥʦʚ PGU ʠ ʚʳʩʦʢʦʡ 

ʧʝʢʪʠʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʰʪʘʤʤʦʚ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʳʷʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ ʩʨʝʜʠ ʜʨʦʞʞʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʚʠʜʫ 

S. bayanus var. uvarum. 

 

 

ʈʠʩʫʥʦʢ 18 ï ʇʫʣʴʩ-ʵʣʝʢʪʨʦʬʦʨʝʟ (A) ʠ ʉʘʫʟʝʨʥ-ʛʠʙʨʠʜʠʟʘʮʠʷ (ɹ) 

ʭʨʦʤʦʩʦʤʥʦʡ ɼʅʂ ʜʨʦʞʞʝʡ Saccharomyces bayanus var. uvarum ʩ ʟʦʥʜʦʤ PGU1b. 

ɼʦʨʦʞʢʠ: 3 ï SCCP; 4 ï 17el; 5 ï DBVPG 1642; 6 ïYIIc2.93; 7 ï CECT 12636; 8 ï

ɺʂʄ Y-1146; 9 ïT13/30; 10 ï NCAIM Y.00677; 11 ïM300; 12 ï TBIIb13.92; 13 ï 

DDI4.95; 14 ï PJS1.94; 15 ï PJS2.95; 16 ï PJP1.95; 17 ï SRC306;18 ï CCY21-31-12; 

19 ï MCYC 623. ʂʦʥʪʨʦʣʴʥʳʝ ʰʪʘʤʤʳ S. cerevisiae: 1 ï YNN 295; 2 ï S288C. 

ʋʢʘʟʘʥʳ ʨʘʟʤʝʨʳ ʠ ʧʦʨʷʜʦʢ ʭʨʦʤʦʩʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʰʪʘʤʤʘ 

S. cerevisiae YNN 295 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʜʣʷ ʚʳʙʦʨʘ ʩʪʘʨʪʦʚʦʡ ʢʫʣʴʪʫʨʳ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʚʠʜʘ S. bayanus var. uvarum ʩ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʦʭʨʘʥʝʥʠʶ 

ʠʣʠ ʫʩʠʣʝʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. 
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3.4 .2 . ɺʳʙʦʨ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʨʦʜʘ S a cch a r o m y ces ʜʣʷ 

ʩʙʨʘʞʠʚʘʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʘʟʳ ʜʘʥʥʳʭ 

ʂʄɺ "ʄʘʛʘʨʘʯ" ʜʣʷ ʨʘʙʦʪʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 12 ʩʝʣʝʢʮʠʦʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ 

ʨʦʜʘ Saccharomyces ʠʟ ʂʄɺ çʄʘʛʘʨʘʯè, ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʤʫʩʢʘʪʥʳʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ. 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʫ ʙʳʣʠ ʚʟʷʪʳ 96 ʧʨʠʨʦʜʥʳʭ ʠʟʦʣʷʪʦʚ ʜʨʦʞʞʝʡ ʠʟ ʨʘʙʦʯʝʡ 

ʢʦʣʝʢʮʠʠ ʂʄɺ "ʄʘʛʘʨʘʯ", ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʙʨʦʜʷʱʝʛʦ ʩʫʩʣʘ ʤʫʩʢʘʪʥʳʭ ʩʦʨʪʦʚ 

ʚʠʥʦʛʨʘʜʘ. ʉ ʮʝʣʴʶ ʦʪʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ ʜʣʷ ʥʠʭ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʤʦʨʬʦʣʦʛʦ-ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠʟ 96 ʠʟʦʣʷʪʦʚ 

ʜʨʦʞʞʝʡ ʥʘʤʠ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 56, ʜʣʷ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʧʦʨʦʦʙʨʘʟʦʚʘʥʠ.ʁ ɼʨʦʞʞʝʚʳʝ ʢʣʝʪʢʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʦʢʨʫʛʣʦʡ, ʷʡʮʝʚʠʜʥʦʡ ʠ ʦʚʘʣʴʥʦʡ ʬʦʨʤʘʤʠ, ʩʨʝʜʥʠʭ ʠ 

ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʦʚ: ʦʢʨʫʛʣʳʝ ï (5,65Ñ0,44) ʤʢʤ; ʷʡʮʝʚʠʜʥʳʝ ï 

(4,25Ñ0,95)ʭ(5,85Ñ0,72) ʤʢʤ; ʦʚʘʣʴʥʳʝ ï (7,95Ñ0,96)ʭ(4,54Ñ0,78) ʤʢʤ; ʩʧʦʨʳ 

ʦʢʨʫʛʣʳʝ ʛʣʘʜʢʠʝ ʩʧʦʨʳ, ʦʪ 1 ʜʦ 4 ʚ ʘʩʢʝ. 

 ʆʧʨʝʜʝʣʝʥʠʝ ʠʭ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʫʣʴʪʠʧʣʝʢʩʥʦʡ ʇʎʈ (ʧ.2.3.3.2) ʧʦʢʘʟʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ʚʳʙʦʨʢʝ ʜʨʦʞʞʝʡ ʚʠʜʘ S. bayanus var. uvarum, ʚʩʝ ʰʪʘʤʤʳ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʚʠʜʫ 

S. cerevisiae (ʨʠʩʫʥʦʢ 19) [201]. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʨʦʞʞʠ ʚʠʜʘ 

S. bayanus var. uvarum ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʝʛʠʦʥʘʭ ʩ ʧʨʦʭʣʘʜʥʳʤ 

ʢʣʠʤʘʪʦʤ [78, 194, 207]. 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʨʘʙʦʯʘʷ ʢʦʣʣʝʢʮʠʷ ʠʟ 56 ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ S. cerevisiae. (ʧʨʠʣʦʞʝʥʠʝ ɾ), ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʥʪʝʟʫ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʣʝʪʫʯʠʭ ʢʠʩʣʦʪ 

ʠ ʙʨʦʜʠʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʰʪʘʤʤʦʚ ʥʘ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ H2S ʧʦʢʘʟʘʣʦ, ʯʪʦ 20 

ʠʟʦʣʷʪʦʚ ʥʝ ʧʨʦʷʚʠʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʠʥʪʝʟʫ ʩʝʨʦʚʦʜʦʨʦʜʘ; 14 ʠʟʦʣʷʪʦʚ ʦʪʤʝʯʝʥʳ 

ʢʘʢ ʩʣʘʙʳʝ ʧʨʦʜʫʮʝʥʪʳ, ʘ 22 ï ʩʨʝʜʥʝʘʢʪʠʚʥʳʝ (ʪʘʙʣʠʮʘ 8). 
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ʈʠʩʫʥʦʢ 19 ï ʇʎʈ-ʧʨʦʜʫʢʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 4 

ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʭ ʧʨʘʡʤʝʨʦʚ ʩ 15 ʠʟʦʣʷʪʘʤʠ ʜʨʦʞʞʝʡ. ʄ ï 100 ʧ.ʥ. ʤʘʨʢʝʨ, 

1 - S. cerevisiae ɺʂʄY-502, 2 ï S. bayanus M-300-8A, 3 ï ʀ-1, 4 ï ʀ-2, 5 ï ʀ-3, 

6 - ʀ-4, 7 ï ʀ-5, 8 ï ʀ-6, 9 ï ʀ-7, 10 ï ʀ-8, 11 ï ʀ-9, 12 ï ʀ-10, 13 ï ʀ-11, 14 - ʀ-12, 

15 ï ʀ-13, 16 ï ʀ-14, 17 ï ʀ-15. 

 

ʊʘʙʣʠʮʘ 8 ï ɺʳʜʝʣʝʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠʟʦʣʷʪʘʤʠ ʜʨʦʞʞʝʡ 

ʅʦʤʝʨ 

ʠʟʦʣʷʪʘ 

ɺʳʜʝʣʝʥʠʝ 

H2S, ʤʤ 

ʅʦʤʝʨ ʠʟʦʣʷʪʘ ɺʳʜʝʣʝʥʠʝ 

H2S, ʤʤ 

ʅʦʤʝʨ ʠʟʦʣʷʪʘ ɺʳʜʝʣʝʥʠʝ 

H2S, ʤʤ 

ʀ-1 ï ʀ-20 ï ʀ-39 +++ 

ʀ-2 + ʀ-21 + ʀ-40 ï 

ʀ-3 ++ ʀ-22 + ʀ-41 + 

ʀ-4 ï ʀ-23 ï ʀ-42 + 

ʀ-5 +++ ʀ-24 ï ʀ-43 + 

ʀ-6 ï ʀ-25 ++ ʀ-44 + 

ʀ-7 ++ ʀ-26 +++ ʀ-45 +++ 

ʀ-8 +++ ʀ-27 ï ʀ-46 ï 

ʀ-9 ï ʀ-28 +++ ʀ-47 ++ 

ʀ-10 ++ ʀ-29 ï ʀ-48 +++ 

ʀ-11 ï ʀ-30 ï ʀ-49 ï 

ʀ-12 ï ʀ-31 +++ ʀ-50 ++ 

ʀ-13 + ʀ-32 +++ ʀ-51 ï 

ʀ-14 + ʀ-33 + ʀ-52 + 

ʀ-15 ï ʀ-34 + ʀ-53 ï 

ʀ-16 + ʀ-35 ++ ʀ-54 ++ 

ʀ-17 +++ ʀ-36 ï ʀ-55 +++ 

ʀ-18 ++ ʀ-37 +++ ʀ-56 +++ 

ʀ-19 ï ʀ-38 +   

ʇʨʠʤʝʯʘʥʠʷ:"ï" ï ʥʝʪ ʧʦʯʝʨʥʝʥʠʷ ʙʫʤʘʛʠ; "+" ï ʜʣʠʥʘ ʧʦʯʝʨʥʝʥʠʷ ʙʫʤʘʛʠ ʜʦ 

1 ʤʤ; "++" ï ʜʣʠʥʘ ʧʦʯʝʨʥʝʥʠʷ ʙʫʤʘʛʠ ʦʪ 1 ʜʦ 2 ʤʤ; "+++" ï ʜʣʠʥʘ ʧʦʯʝʨʥʝʥʠʷ 

ʙʫʤʘʛʠ ʙʦʣʝʝ 2 ʤʤ. 
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ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 34 ʰʪʘʤʤʘ, ʫ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʠʥʪʝʟʫ ʩʝʨʦʚʦʜʦʨʦʜʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʠʣʠ ʙʳʣʘ ʥʠʟʢʦʡ. ʊʘʢʦʡ ʚʳʙʦʨ ʩʚʷʟʘʥ ʩ ʪʝʤ, 

ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʚʠʥʝ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʧʦʨʦʛ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ, ʧʨʠʜʘʝʪ ʥʘʧʠʪʢʫ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʥʝʧʨʠʷʪʥʳʡ ʪʦʥ 

çʪʫʭʣʳʭ ʷʠʮè ʠʣʠ "ʟʘʪʭʣʦʡ ʚʦʜʳ" [174, 241]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʨʦʜʠʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʰʪʘʤʤʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʦʣʴʢʦ 22 ʠʟ 

ʥʠʭ ʚ ʦʧʪʠʤʘʣʴʥʳʝ ʩʨʦʢʠ ʜʣʷ ʚʠʥʦʜʝʣʠʷ ʧʦʣʥʦʩʪʴʶ ʩʙʨʦʜʠʣʠ ʩʘʭʘʨʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʠʨʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʙʲʝʤʥʦʡ ʜʦʣʠ 12,1-13,1 %. ʐʪʘʤʤʳ 

ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʥʪʝʟʫ ʣʝʪʫʯʠʭ ʢʠʩʣʦʪ, ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʦʪʦʨʳʭ ʙʳʣʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,12 ʜʦ 2,15 ʛ/ʣ. ʋ 29,4 % ʰʪʘʤʤʦʚ ʦʪʤʝʯʝʥʦ 

ʧʨʝʚʳʰʝʥʠʝ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ (ʪʘʙʣʠʮʘ 9). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘʤʠ ʦʪʤʝʯʝʥʦ 8 ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʘʥʜʠʜʘʪʦʚ 

ʧʦʜ ʥʦʤʝʨʘʤʠ: ʀ-2, ʀ-6, ʀ-11, ʀ-14, ʀ-15, ʀ-16, ʀ-21, ʀ-30, ʫ ʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʦ 

ʣʝʪʫʯʠʭ ʢʠʩʣʦʪ, ʥʘʢʘʧʣʠʚʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʙʨʦʞʝʥʠʷ, ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 0,50 ʛ/ʣ. 

 

ʊʘʙʣʠʮʘ 9 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʦʣʷʪʦʚ ʜʨʦʞʞʝʡ 

ʅʦʤʝʨ 

ʠʟʦʣʷʪʘ 

ʆʙʲʝʤʥʘʷ ʜʦʣʷ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, % 

ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʛ/ʣ 

ʦʩʪʘʪʦʯʥʳʭ ʩʘʭʘʨʦʚ ʣʝʪʫʯʠʭ ʢʠʩʣʦʪ 

1 2 3 4 

ʀ-1 12,3 3,1 0,95 

ʀ-2 12,6 3,0 0,25 

ʀ-4 12,1 3,1 1,82 

ʀ-6 13,0 3,3 0,18 

ʀ-9 12,2 4,0 0,68 

ʀ-11 12,5 2,3 0,31 

ʀ-12 12,1 1,4 0,57 

ʀ-13 12,1 2,1 0,70 

ʀ-14 12,3 3,1 0,25 

ʀ-15 12,1 1,8 0,15 

ʀ-16 12,9 3,6 0,23 

ʀ-19 12,5 3,1 1,31 

ʀ-20 12,8 3,1 0,71 

ʀ-21 12,5 2,4 0,34 

ʀ-22 12,6 1,2 0,64 

ʀ-23 12,5 2,6 1,25 

ʀ-24 12,6 2,9 1,60 

ʀ-27 13,0 3,7 1,51 

ʀ-29 13,1 1,5 0,75 

ʀ-30 13,1 1,5 0,15 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 9 

ʀ-33 13,0 2,2 2,12 

ʀ-34 12,8 2,5 2,15 

ʀ-36 12,8 2,5 0,88 

ʀ-38 12,9 3,1 0,75 

ʀ-40 12,9 1,6 1,93 

ʀ-41 12,4 2,7 1,12 

ʀ-42 12,5 1,5 1,11 

ʀ-43 12,6 1,3 0,74 

ʀ-44 12,4 1,9 0,54 

ʀ-46 12,1 1,9 0,81 

ʀ-49 12,5 1,6 0,59 

ʀ-51 12,3 3,5 0,81 

ʀ-52 12,3 3,1 0,72 

ʀ-53 12,7 4,0 0,61 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨʢʘ ʰʪʘʤʤʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ 

ʄʘʛʘʨʘʯʘ ʩʦʩʪʘʚʠʣʘ 12 ʩʝʣʝʢʮʠʦʥʥʳʭ ʠʟ ʂʄɺ "ʄʘʛʘʨʘʯ" (ˉ I-1, I-76, I-144, I-279, 

I-421, I-438, I-491, I-492, I-493, I-525, I-637, I-638) ʠ 8 ʧʨʠʨʦʜʥʳʭ ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ (ʀ-2, ʀ-6, ʀ-11, ʀ-14, ʀ-15, ʀ-16, ʀ-21, ʀ-30). 

ʇʨʦʚʝʨʢʘ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʥʪʝʟʫ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʦʢʘʟʘʣʘ 

ʦʪʩʫʪʩʪʚʠʝ ʵʪʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ, ʢʨʦʤʝ ˉ I-421, I-438, ʫ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʣʘʩʴ ʥʝʙʦʣʴʰʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ. 

 

3 .4.3 ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʥʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ 

ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. ɸʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʠʥʦʜʝʣʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʚʠʥ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʦʨʪʦʚʦʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴʶ. ɺ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ 

ʷʚʣʷʶʪʩʷ ʚʠʥʘ ʠʟ ʤʫʩʢʘʪʥʳʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ-ʩʘʭʘʨʦʤʠʮʝʪʦʚ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʨʪʦʚʦʛʦ ʘʨʦʤʘʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ ʦʮʝʥʢʫ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʪʘʙʣʠʮʘ 10). 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ ʜʨʦʞʞʝʡ, 
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ʦʙʝʩʧʝʯʠʣʠ ʧʦʣʥʦʝ ʚʳʙʨʘʞʠʚʘʥʠʝ ʩʘʭʘʨʦʚ: ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʘ 

 

ʊʘʙʣʠʮʘ 10 ï ʌʠʟʠʢʦ - ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ 

ˉ 

ʧ/ʧ 

ʂʦʣʣʝʢʮʠʦʥʥʳʡ 

ʥʦʤʝʨ ʰʪʘʤʤʘ 

ʆʙʲʸʤʥʘʷ ʜʦʣʷ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, % 

ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʛ/ʣ 

ʩʘʭʘʨʦʚ 
ʪʠʪʨʫʝʤʳʭ 

ʢʠʩʣʦʪ 
ʣʝʪʫʯʠʭ ʢʠʩʣʦʪ 

ʐʪʘʤʤʳ ʠʟ ʂʄɺ çʄʘʛʘʨʘʯè 

1 I-1 11,6 2,4 7,2 0,25 

2 I-76 11,7 2,1 7,5 0,36 

3 I-144 11,8 3,1 7,9 0,82 

4 I-279 11,4 2,7 7,3 0,18 

5 I-421 11,4 2,1 7,4 0,18 

6 I-438 11,9 2,8 7,4 0,31 

7 I-491 11,5 3,3 8,3 0,57 

8 I-492 11,4 3,3 8,1 0,70 

9 I-493 11,5 3,5 7,4 0,25 

10 I-525 12,0 1,8 7,0 0,15 

11 I-637 11,9 1,9 6,9 0,23 

12 I-638 11,9 2,0 7,1 0,31 

ʇʨʠʨʦʜʥʳʝ ʠʟʦʣʷʪʳ 

13 ʀ-2 11,5 4,1 7,2 0,34 

14 ʀ-6 11,6 3,5 7,1 0,25 

15 ʀ-11 11,4 3,3 7,4 0,60 

16 ʀ-14 11,7 2,8 7,8 0,31 

17 ʀ-15 11,7 2,1 7,9 0,34 

18 ʀ-16 11,4 4,4 8,3 0,51 

19 ʀ-21 11,8 1,9 7,6 0,75 

20 ʀ-30 11,8 2,6 7,7 0,60 

 

ʥʝ ʧʨʝʚʳʰʘʣʘ 4 ʛ/ʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʪʝʛʦʨʠʠ ʩʫʭʠʭ ʚʠʥ, ʢʨʦʤʝ ʰʪʘʤʤʦʚ ʀ-2 ʠ 

ʀ-16, ʫ ʢʦʪʦʨʳʭ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʭʦʜʠʣʩʷ ʥʘ ʫʨʦʚʥʝ 4,1 ʠ 4,4 ʛ/ʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʦʙʨʘʟʮʘʭ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 

11,4 - 12,0 %. ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʠʪʨʫʝʤʳʭ ʢʠʩʣʦʪ ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ ʨʘʟʣʠʯʘʣʘʩʴ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʠ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 

6,9 - 8,3 ʛ/ʣ. ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʝʪʫʯʠʭ ʢʠʩʣʦʪ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ ʪʘʢʞʝ 

ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ï 0,15-0,82 ʛ/ʣ. ʊʨʠʥʘʜʮʘʪʴ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ 

ʚ ʧʨʦʮʝʩʩʝ ʙʨʦʞʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʤʝʥʝʝ 0,4 ʛ/ʣ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

 ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʨʦʞʞʠ ʩʧʦʩʦʙʥʳ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʨʦʞʝʥʠʷ, ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 
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ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʢʫʩʘ ʠ ʘʨʦʤʘʪʘ ʚʠʥʘ. ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʙʠʦʩʠʥʪʝʟʫ ʨʘʟʣʠʯʥʳʭ 

ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʨʧʝʥʦʚʳʝ ʠ ʚʳʩʰʠʝ ʩʧʠʨʪʳ, ʩʣʦʞʥʳʝ ʵʬʠʨʳ, ʘʮʝʪʦʠʥ ʠ 

ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ 

[8, 96, 132, 179, 246]. 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ 

ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 17 ʢʦʤʧʦʥʝʥʪʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʛʨʫʧʧʘʤ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʚʳʩʰʠʤ ʠ 

ʪʝʨʧʝʥʦʚʳʤ ʩʧʠʨʪʘʤ, ʩʣʦʞʥʳʤ ʵʬʠʨʘʤ. 

 ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʤʫʩʢʘʪʥʳʡ ʘʨʦʤʘʪ ʦʙʫʩʣʦʚʣʝʥ 

ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʨʧʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʠʟʫʯʝʥʠʶ 

ʜʠʥʘʤʠʢʠ ʜʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʠʩʪʝʤʝ çʩʫʩʣʦ-ʚʠʥʦʤʘʪʝʨʠʘʣè. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʚ 

ʦʧʳʪʥʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,46 ʜʦ 1,51 ʤʛ/ʣ 

(ʨʠʩʫʥʦʢ 20). 

 

 

 

ʈʠʩʫʥʦʢ 20 ï ʉʦʜʝʨʞʘʥʠʝ ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʚ ʦʧʳʪʥʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ Ŭ-ʪʝʨʧʠʥʝʦʣ ʦʪʚʝʯʘʝʪ ʟʘ ʥʦʪʳ ʩʠʨʝʥʠ ʠ ʮʚʝʪʦʯʥʳʡ ʘʨʦʤʘʪ ʧʨʠ 

ʧʦʨʦʛʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 80 ʤʢʛ/ʣ, ʣʠʥʘʣʦʦʣ ï ʟʘ ʥʦʪʳ ʮʠʪʨʫʩʦʚ (15 ʤʢʛ/ʣ), ʪʨʘʥʩ- 

ʠ ʮʠʩ-ʣʠʥʘʣʦʦʣʦʢʩʠʜʳ ï ʟʘ ʪʦʥʢʠʡ, ʮʚʝʪʦʯʥʦ-ʬʨʫʢʪʦʚʳʡ ʘʨʦʤʘʪ, ʛʝʨʘʥʠʦʣ 

ʦʙʣʘʜʘʝʪ ʥʝʞʥʳʤ ʘʨʦʤʘʪʦʤ ʨʦʟʳ ʠ ʮʚʝʪʦʚ (30 ʤʢʛ/ʣ) [210, 214, 250]. ʇʦ ʩʪʝʧʝʥʠ 

ʚʣʠʷʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʚ 

ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʠʩʭʦʜʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʩʫʩʣʝ, ʥʘʤʠ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʪʨʠ ʛʨʫʧʧʳ: ʜʝʚʷʪʴ ʰʪʘʤʤʦʚ (I-76, I-421, I-438, I-491, I-492, I-493, I-525, 

ʀ-6, ʀ-16) ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʘ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʝ; 

ʚʦʩʝʤʴ ʰʪʘʤʤʦʚ ʥʝ ʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ (I-1, I-144, I-279, I-638, ʀ-2, 

ʀ-15, ʀ-21, ʀ-30). ɺ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʦʚ 

I-637, ʀ-11, ʀ-14 ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ. ʅʝ 

ʟʘʚʠʩʠʤʦ ʦʪ ʚʘʨʠʘʥʪʘ ʦʧʳʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ Ŭ-ʪʝʨʧʠʥʝʦʣʘ ʩʥʠʟʠʣʘʩʴ ʥʘ 0,34-0,59 

ʤʛ/ʣ. ɺʩʝ ʰʪʘʤʤʳ ʚ ʧʨʦʮʝʩʩʝ ʙʨʦʞʝʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʥʘʣʦʦʣʘ ʥʘ 0,13-0,67 ʤʛ/ʣ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʰʪʘʤʤʘ ʀ-15). ʇʦ 

ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʛʝʨʘʥʠʦʣʘ ʠʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ 2 

ʛʨʫʧʧʳ: ʜʨʦʞʞʠ ʠʟ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʨʦʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʣʠ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘ 0,10-0,29 ʤʛ/ʣ (I-1, I-76, I-144, I-279, I-421, I-438, I-491, I-492, I-

493, I-525, I-638, ʀ-2, ʀ-6, ʀ-16, ʀ-21). ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʨʦʞʞʠ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʝʨʘʥʠʦʣʘ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʩʣʦʤ (I-637, ʀ-11, ʀ-14, ʀ-15, ʀ-

30). 

 ʅʘ ʩʣʦʞʝʥʠʝ ʘʨʦʤʘʪʘ ʠ ʚʢʫʩʘ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʶʪ ʚʳʩʰʠʝ ʩʧʠʨʪʳ [243]. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ 

(ʧʨʦʧʘʥʦʣ, ʠʟʦʙʫʪʘʥʦʣ, ʛʝʢʩʘʥʦʣ, ʠʟʦʘʤʠʣʦʚʳʡ ʠ ɓ-ʬʝʥʠʣʵʪʠʣʦʚʳʡ ʩʧʠʨʪ) ʚ 

ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ ʥʘʭʦʜʠʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 153,9 ʜʦ 263,9 ʤʛ/ʣ (ʪʘʙʣʠʮʘ 11), 

ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʠʟʦʘʤʠʣʦʚʳʡ ʩʧʠʨʪ (57-73 %). ɺ 

ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʳʪʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ, 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʜʠʘʧʘʟʦʥʝ 94,8-172,8 ʤʛ/ʣ, ʧʨʠ ʧʦʨʦʛʝ 

ʚʦʩʧʨʠʷʪʠʷ ʚ 100 ʤʛ/ʣ. 

 



82 

 

ʊʘʙʣʠʮʘ 11 ï ʉʦʜʝʨʞʘʥʠʝ ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ ʚ ʦʧʳʪʥʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ 

ʅʦʤʝʨ 

ʰʪʘʤʤʘ 

ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʣ 

ʧʨʦʧʘʥʦʣ ʠʟʦʙʫʪʘʥʦʣ ʛʝʢʩʘʥʦʣ 
ʠʟʦʘʤʠʣʦʚʳʡ 

ʩʧʠʨʪ 

ɓ-

ʬʝʥʠʣʵʪʠʣʦʚʳʡ 

ʩʧʠʨʪ 

ʉʫʤʤʘ 

I-1 0,5 18,0 0,5 167,6 77,3 263,9 

I-76 0,7 9,5 0,7 94,8 59,4 165,1 

I-144 0,3 15,8 0,9 139,0 44,3 200,3 

I-279 0,9 12,1 0,8 142,0 51,8 207,6 

I-421 0,6 10,4 0,7 172,8 58,0 242,5 

I-438 0,9 13,2 0,9 155,7 79,2 249,9 

I-491 1,0 13,1 1,1 148,7 77,8 241,7 

I-492 1,2 13,4 0,7 98,5 45,9 159,7 

I-493 0,6 6,4 0,8 130,4 62,6 200,8 

I-525 0,5 7,4 1,0 161,7 80,7 251,3 

I-637 1,2 15,7 0,5 131,3 34,5 183,2 

I-638 0,5 8,5 0,6 99,1 54,8 163,5 

ʀ2 1,3 10,4 0,7 129,3 49,7 191,4 

ʀ6 0,8 8,1 0,7 143,0 64,3 216,9 

ʀ11 0,0 6,6 0,6 130,6 45,8 183,6 

ʀ14 2,2 8,0 0,4 140,5 41,5 192,6 

ʀ15 1,3 18,4 0,5 120,1 25,8 166,1 

ʀ16 1,8 16,5 1,5 151,5 54,7 226,0 

ʀ21 0,4 7,9 0,7 100,7 44,2 153,9 

ʀ30 1,7 11,8 0,5 130,8 30,5 175,3 

 

 ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʚʝʪʦʯʥʳʭ ʦʪʪʝʥʢʦʚ ʘʨʦʤʘʪʘ ʠʛʨʘʶʪ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʧʠʨʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ ɓ-ʬʝʥʠʣʵʪʘʥʦʣ. ʕʪʦʪ ʢʦʤʧʦʥʝʥʪ ʩ ʧʦʨʦʛʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1,5 ʤʛ/ʣ [276, 277] ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʘʨʦʤʘʪʘ ʚʠʥʘ ʠ ʦʙʣʘʜʘʝʪ ʮʚʝʪʦʯʥʦ-ʬʨʫʢʪʦʚʳʤ ʟʘʧʘʭʦʤ ʩ ʦʪʪʝʥʢʘʤʠ 

ʩʚʝʞʝʩʢʦʰʝʥʥʦʡ ʪʨʘʚʳ [209], ʤʝʜʘ ʠ ʯʘʡʥʦʡ ʨʦʟʳ [155]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʥʪʝʟʫ ɓ-ʬʝʥʠʣʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ, ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ 

ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 25,8 ʜʦ 80,7 ʤʛ/ʣ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʧʦʥʝʥʪʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʝ, ʧʦʣʫʯʝʥʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ I-525. ʄʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ɓ-ʬʝʥʠʣʵʪʘʥʦʣʘ (25,8 ʤʛ/ʣ) ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʦʙʨʘʟʝʮ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʰʪʘʤʤʘ ʀ-15. ɺ 85 % ʦʙʨʘʟʮʦʚ ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɓ-ʬʝʥʠʣʵʪʘʥʦʣʘ 

ʩʦʩʪʘʚʣʷʣʘ ʙʦʣʝʝ 40 ʤʛ/ʣ. ʆʩʪʘʣʴʥʳʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʧʠʨʪʳ (ʠʟʦʙʫʪʘʥʦʣ, 
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ʧʨʦʧʘʥʦʣ ʠ ʛʝʢʩʘʥʦʣ) ʥʘʭʦʜʠʣʠʩʴ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ, ʯʝʤ ʠʭ 

ʧʦʨʦʛʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠ ʥʝ ʤʦʛʣʠ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʘ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ. 

 ʉʣʦʞʥʳʝ ʵʬʠʨʳ, ʦʙʨʘʟʫʝʤʳʝ ʧʨʠ ʙʨʦʞʝʥʠʠ, ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʘʨʦʤʘʪʘ ʚʠʥ. ʆʥʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪɻʝʨʠʬʠʢʘʮʠʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʬʨʫʢʪʦʚʳʤʠ ʠ 

ʮʚʝʪʦʯʥʳʤʠ ʟʘʧʘʭʘʤʠ, ʩʦʟʜʘʚʘʷ ʧʨʠʷʪʥʳʡ ʬʨʫʢʪʦʚʦ-ʧʣʦʜʦʚʳʡ ʬʦʥ. [158]. ɸʥʘʣʠʟ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʩʣʦʞʥʳʭ 

ʵʬʠʨʦʚ ʚ ʦʧʳʪʥʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʰʪʘʤʤʘ ʠ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʜʠʘʧʘʟʦʥʝ 4,0-19,1 ʤʛ/ʣ (ʪʘʙʣʠʮʘ 12). 

ʉʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʵʬʠʨʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 7 

ʰʪʘʤʤʦʚ: ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ ʩʦʩʪʘʚʠʣʘ 

ʙʦʣʝʝ 15 ʤʛ/ʣ. ɼʣʷ 11 ʰʪʘʤʤʦʚ (I-144, I-279, I-421, I-436, I-491, I-492, I-493, I-525, 

ʀ-2, ʀ-6, ʀ-21) ʥʘʢʦʧʣʝʥʠʝ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 6,9 ʜʦ 

14,6 ʤʛ/ʣ. ʇʨʦʚʝʜʝʥʠʝ ʙʨʦʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʦʚ I-638 ʠ ʀ-14 ʧʨʠʚʝʣʦ 

ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ: 5,7 ʠ 4,0 ʤʛ/ʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʳʙʦʨ ʜʨʦʞʞʝʡ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʥ, ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ ʩʠʥʪʝʟ ʘʮʝʪʦʠʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ (ʦʙʳʯʥʦ ʜʦ 5 ʤʛ/ʣ), ʦʥ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʘʨʦʤʘʪ ʠ ʧʨʠ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʠ ʚ ʜʠʘʮʝʪʠʣ ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ 

ʧʦʷʚʣʝʥʠʷ ʪʦʥʦʚ ʦʢʠʩʣʝʥʥʦʩʪʠ. ɺʠʥʘ ʥʝ ʦʢʠʩʣʝʥʥʦʛʦ ʪʠʧʘ ʩʦʜʝʨʞʘʪ ʦʙʳʯʥʦ ʥʝ 

ʙʦʣʝʝ 1 ʤʛ/ʣ ʘʮʝʪʦʠʥʘ. 

ɸʥʘʣʠʟ ʦʧʳʪʥʳʭ ʚʠʥʦʤʘʪʝʨʠʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʪʦʙʨʘʥʥʳʭ 

ʥʘʤʠ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʮʝʪʦʠʥʘ 

(ʤʝʥʝʝ 1 ʤʛ/ʣ) (ʨʠʩʫʥʦʢ 21). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʰʪʘʤʤʳ ʀ-8, ʀ-19 ʠ 

ʀ-20: ʚ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʢʦʣʠʯʝʩʪʚʦ ʘʮʝʪʦʠʥʘ 

ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʧʨʝʜʝʣʘʭ 2,8-4,1 ʤʛ/ʣ. 
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ʊʘʙʣʠʮʘ 12 ï ʉʦʜʝʨʞʘʥʠʝ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʚ ʦʧʳʪʥʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ 

ʅʦʤʝʨ 

ʰʪʘʤʤʘ 

ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʣ 

ʠ
ʟ
ʦ
ʘ
ʤ
ʠ
ʣ
ʘ
ʮ
ʝ
ʪ
ʘ
ʪ

 

ʵ
ʪ
ʠ
ʣ
ʙ
ʫ
ʪ
ʠ
ʨ
ʘ
ʪ

 

ʵ
ʪ
ʠ
ʣ
ʢ
ʘ
ʧ
ʨ
ʠ
ʣ
ʘ
ʪ

 

ʵ
ʪ
ʠ
ʣ
ʢ
ʘ
ʧ
ʨ
ʠ
ʥ
ʘ
ʪ

 

ʵ
ʪ
ʠ
ʣ
ʢ
ʘ
ʧ
ʨ
ʦ
ʥ
ʘ
ʪ

 

ʵ
ʪ
ʠ
ʣ
ʣ
ʘ
ʢ
ʪ
ʘ
ʪ

 

ʵ
ʪ
ʠ
ʣ
ʣ
ʣ
ʘ
ʫ
ʨ
ʠ
ʥ
ʘ
ʪ

 

ʤ
ʦ
ʥ
ʦ
ʵ
ʪ
ʠ
ʣ
ʩ
ʫ
ʢ
ʮ
ʠ
ʥ
ʘ
ʪ

 

ʉʫʤʤʘ 

I-1 4,1 0,0 1,5 1,3 0,6 1,7 0,2 8,9 18,3 

I-76 6,1 0,2 1,4 1,1 0,7 2,8 0,2 6,6 19,1 

I-144 3,0 0,0 1,0 0,4 0,6 0,9 0,0 4,1 10,0 

I-279 5,9 0,3 1,0 0,2 0,6 1,8 0,0 2,9 12,7 

I-421 7,8 0,2 1,3 0,5 1,0 1,4 0,1 2,1 14,4 

I-438 4,2 0,1 1,1 0,3 0,6 0,8 0,1 4,1 11,3 

I-491 0,6 0,1 0,2 0,1 0,2 2,9 0,1 3,3 7,5 

I-492 1,5 0,2 1,0 0,3 0,5 0,5 0,1 3,0 7,1 

I-493 5,0 0,0 1,2 0,2 1,0 1,2 0,1 4,1 12,8 

I-525 3,6 0,1 0,8 0,3 0,7 0,5 0,0 3,4 9,4 

I-637 6,4 0,4 1,2 0,8 0,7 2,1 0,1 5,4 17,1 

I-638 0,4 0,0 0,1 0,2 0,3 0,7 0,1 3,9 5,7 

ʀ-2 5,1 0,0 0,0 0,1 0,5 1,3 0,0 4,3 11,3 

ʀ-6 5,7 0,0 1,2 0,3 0,8 1,3 0,1 5,2 14,6 

ʀ-11 3,1 0,3 1,4 1,3 0,8 3,5 0,2 7,3 17,9 

ʀ-14 0,1 0,0 0,3 0,1 0,0 1,1 0,0 2,4 4,0 

ʀ-15 3,9 2,0 1,5 1,4 0,8 3,1 0,2 5,6 18,5 

ʀ-16 3,2 0,4 1,5 0,1 1,5 3,1 0,2 6,8 16,8 

ʀ-21 0,8 0,0 0,7 0,3 0,5 1,4 0,1 4,2 8,0 

ʀ-30 2,4 0,3 1,7 1,4 1,0 2,6 0,2 7,5 17,1 
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ʈʠʩʫʥʦʢ 21 ï ʉʦʜʝʨʞʘʥʠʝ ʘʮʝʪʦʠʥʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʘʭ 

 

 ʇʨʦʜʦʣʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʦʚ ʘʨʦʤʘʪʦʙʨʘʟʫʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʛʫʩʪʘʮʠʦʥʥʦʡ ʦʮʝʥʢʠ ʥʘʤʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 7 ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠʩʴ ʩʦʨʪʦʚʳʤ ʘʨʦʤʘʪʦʤ ʮʚʝʪʦʯʥʦ-ʬʨʫʢʪʦʚʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʦʷʚʣʝʥʠʷ ʪʦʥʦʚ ʮʠʪʨʫʩʦʚʳʭ ʠ ʨʦʟʳ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ I-1, I-76, I-279, I-438, I-492, 

I-637, I-638 (ʪʘʙʣʠʮʘ 13). ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʮʳ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʰʪʘʤʤʦʚ I-76, I-637, ʦʪʣʠʯʘʣʠʩʴ ʙʦʣʝʝ ʧʦʣʥʳʤ ʠ ʛʘʨʤʦʥʠʯʥʳʤ ʚʢʫʩʦʤ ʩ ʤʝʜʦʚʦ-

ʮʠʪʨʫʩʦʚʳʤʠ ʦʪʪʝʥʢʘʤʠ. 

ɺʠʥʦʤʘʪʝʨʠʘʣʳ, ʙʨʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʦʣʷʪʦʚ ʜʨʦʞʞʝʡ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʣʠʙʦ ʩʣʘʙʳʤ ʩʦʨʪʦʚʳʤ ʘʨʦʤʘʪʦʤ, ʣʠʙʦ ʝʛʦ 

ʦʪʩʫʪʩʪʚʠʝʤ ʠ ʥʘʣʠʯʠʝʤ ʧʘʨʬʶʤʝʨʥʳʭ, ʜʶʰʝʩʥʳʭ ʠ ʢʘʨʘʤʝʣʴʥʳʭ ʪʦʥʦʚ ʚ 

ʘʨʦʤʘʪʝ ʠ ʚʢʫʩʝ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʧʦʩʪʦʨʦʥʥʠʤʠ ʪʦʥʘʤʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩ ʥʠʤʠ ʜʘʣʴʥʝʡʰʠʭ ʩʝʣʝʢʮʠʦʥʥʳʭ ʨʘʙʦʪ. 
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ʊʘʙʣʠʮʘ 13 ï ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʦʣʫʯʝʥʥʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ˉ ʧ/ʧ ʐʪʘʤʤ ʜʨʦʞʞʝʡ ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɼʝʛʫʩʪʘʮʠʦʥʥʘʷ 

ʦʮʝʥʢʘ, ʩʨʝʜʥʠʡ 

ʙʘʣʣ 

1 2 3 4 

1 I-1 ʐʪʝʡʥʙʝʨʛ 1892 ʛ 

ʉʚʝʪʣʦ-ʩʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ. 

ɸʨʦʤʘʪ ʮʚʝʪʦʯʥʳʡ, ʩ ʥʦʪʘʤʠ ʨʦʟʳ ʠ ʰʘʣʬʝʷ. 

ɺʢʫʩ ʵʢʩʪʨʘʢʪʠʚʥʳʡ, ʩʣʝʛʢʘ ʦʢʠʩʣʝʥʥʳʡ ʩ 

ʛʦʨʯʠʥʢʦʡ. 

7,75 

2 I-76 ɸʣʠʛʦʪʝ ʄ 

ʉʚʝʪʣʦ-ʩʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ. 

ɸʨʦʤʘʪ ʷʨʢʠʡ, ʧʨʷʥʦ-ʤʝʜʦʚʳʡ, ʩ ʮʚʝʪʦʯʥʳʤʠ 

ʪʦʥʘʤʠ ʠ ʮʠʪʨʦʥʦʤ. ɺʢʫʩ ʛʘʨʤʦʥʠʯʥʳʡ, ʩ 

ʛʦʨʯʠʥʢʦʡ, ʤʝʜʦʚʦʡ ʠ ʮʠʪʨʦʥʥʦʡ ʥʦʪʦʡ. 

7,80 

3 
I-144 ʄʫʩʢʘʪ 

ʚʝʥʛʝʨʩʢʠʡ 

ʉʚʝʪʣʦ-ʩʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʦʩʣʘʙʣʝʥʥʳʡ ʮʚʝʪʦʯʥʳʡ, ʣʝʛʢʘʷ 

ʟʘʜʫʰʢʘ. ɺʢʫʩ ʣʝʛʢʠʡ, ʩʣʝʛʢʘ ʨʘʟʣʘʞʝʥʥʳʡ ʩ 

ʮʚʝʪʦʯʥʳʤʠ ʪʦʥʘʤʠ 

7,69 

4 I-279 ʂʦʢʫʨ 3 

ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʩʦʨʪʦʚʦʡ, ʩ ʤʫʩʢʘʪʥʳʤʠ ʦʪʪʝʥʢʘʤʠ. 

ɺʢʫʩ ʛʘʨʤʦʥʠʯʥʳʡ, ʬʨʫʢʪʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

7,70 

5 I-421 ʋʞʛʦʨʦʜ 231-1 

ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʦʩʣʘʙʣʝʥʥʳʡ ʩ ʪʨʘʚʷʥʠʩʪʳʤʠ 

ʦʪʪʝʥʢʘʤʠ, çʟʘʜʫʰʢʘè. ɺʢʫʩ ʤʷʛʢʠʡ, 

ʛʣʠʮʝʨʠʥʠʩʪʳʡ 

7,72 

6 I-438 ɹʝʨʝʛʦʚʦ 2-10 

ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʡ, ʩ ʤʫʩʢʘʪʥʳʤʠ ʠ 

ʮʠʪʨʦʥʳʤʠ ʥʦʪʘʤʠ. ɺʢʫʩ ʩʣʘʞʝʥʥʳʡ, ʤʷʛʢʠʡ. 

7,74 

7 I-491 ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʣʝʛʢʠʡ, ʮʚʝʪʦʯʥʳʝ ʪʦʥʘ. ɺʢʫʩ 

ʦʩʚʝʞʘʶʱʠʡ ʩ ʛʦʨʯʠʥʢʦʡ ʚʦ ʚʢʫʩʝ. 

7,70 

8 I-492 ʄʫʩʢʘʪ ʨʦʟʦʚʳʡ 

ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ. 

ɸʨʦʤʘʪ ʯʠʩʪʳʡ, ʩ ʥʦʪʘʤʠ ʰʘʣʬʝʷ ʠ ʨʦʟʳ. ɺʢʫʩ 

ʧʦʣʥʳʡ, ʛʘʨʤʦʥʠʯʥʳʡ, ʩ ʤʝʜʦʚʳʤʠ ʦʪʪʝʥʢʘʤʠ. 

7,76 

9 I-493 ɸʣʝʘʪʠʢʦ 

ʉʚʝʪʣʦ-ʩʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʡ ʩʦʨʪʦʚʦʡ. 

ɺʢʫʩ ʨʘʟʣʘʞʝʥʥʳʡ, ʙʝʟ ʧʦʩʪʦʨʦʥʥʠʭ ʪʦʥʦʚ. 

7,69 

10 
I-525 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ 23 

ʉʚʝʪʣʦ-ʩʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʥʝʡʪʨʘʣʴʥʳʡ. 

ɺʢʫʩ ʩ ʪʘʥʠʥʥʳʤʠ ʦʪʪʝʥʢʘʤʠ. 

7,70 

11 I-637 ʄʫʩʢʘʪ 4 (ʈ) 

ʉʚʝʪʣʦ ʩʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ. 

ɸʨʦʤʘʪ ʪʦʥʢʠʡ, ʮʚʝʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩ 

ʪʦʥʘʤʠ ʨʦʟʳ ʠ ʮʠʪʨʦʥʘ.  

ɺʢʫʩ ʦʢʨʫʛʣʳʡ, ʮʚʝʪʦʯʥʦ-ʬʨʫʢʪʦʚʳʡ, ʩ ʣʝʛʢʦʡ 

ʛʦʨʯʠʥʢʦʡ. 

7,80 

12 I-638 ʄʝʛʘʥʦʤ ʙʝʣʳʡ 

ʉʚʝʪʣʦ-ʩʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ. 

ɸʨʦʤʘʪ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʡ ʤʫʩʢʘʪʥʦ-

ʮʚʝʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺʢʫʩ ʧʦʣʥʳʡ, ʩʣʝʛʢʘ 

ʦʢʠʩʣʝʥʥʳʡ 

7,72 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 13 
1 2 3 4 

13 ʀ-2 

ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʦʩʣʘʙʣʝʥʥʳʡ, ʮʠʪʨʦʥʥʳʡ. 

ɺʢʫʩ ʧʨʷʥʳʡ, ʙʝʟ ʧʦʩʪʦʨʦʥʥʠʭ ʦʪʪʝʥʢʦʚ 

7,68 

14 ʀ-6 
ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʣʝʛʢʠʡ, ʮʚʝʪʦʯʥʦ-ʧʨʷʥʳʡ, ʩ 

ʢʘʨʘʤʝʣʴʥʳʤʠ ʥʦʪʘʤʠ. ɺʢʫʩ ʧʦʣʥʳʡ, ʧʣʦʜʦʚʳʡ 

7,66 

15 ʀ-11 
ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʧʨʠʛʣʫʰʝʥʥʳʡ, ʧʣʦʜʦʚʦ-ʧʨʷʥʳʡ. ɺʢʫʩ 

ʪʝʨʧʢʠʡ, ʩ ʛʦʨʯʠʥʢʦʡ, ʠ ʪʦʥʘʤʠ ʛʫʜʨʦʥʘ. 

7,60 

16 ʀ-14 

ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʥʝʡʪʨʘʣʴʥʳʡ, ʩ ʪʨʘʚʷʥʠʩʪʳʤʠ 

ʦʪʪʝʥʢʘʤʠ. ɺʢʫʩ ʛʨʫʙʦʚʘʪʳʡ, ʩ ʦʢʠʩʣʝʥʥʳʤʠ 

ʦʪʪʝʥʢʘʤʠ, ʩʣʘʱʘʚʳʡ 

7,60 

17 ʀ-15 

ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ: ʦʩʣʘʙʣʝʥʥʳʡ, ʧʨʷʥʦ-ʮʚʝʪʦʯʥʳʡ ʩ 

ʥʦʪʘʤʠ ʜʶʰʝʩʘ. ɺʢʫʩ ʧʨʷʥʳʡ, ʤʷʛʢʠʡ. 

7,66 

18 ʀ-16 

ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʧʨʠʛʣʫʰʝʥʥʳʡ, ʬʨʫʢʪʦʚʦ-

ʧʘʨʬʶʤʝʨʥʳʡ. ɺʢʫʩ ʫʤʝʨʝʥʥʦ-ʢʠʩʣʦʪʥʳʡ, ʩ 

ʮʚʝʪʦʯʥʳʤʠ ʦʪʪʝʥʢʘʤʠ. 

7,52 

19 ʀ-21 

ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʩ ʛʫʜʨʦʥʥʦ-ʪʨʘʚʷʥʠʩʪʳʤʠ ʥʦʪʘʤʠ. ɺʢʫʩ 

ʧʨʦʩʪʦʡ, ʩ ʛʦʨʯʠʥʢʦʡ 

7,61 

20 ʀ-30 

ʉʦʣʦʤʝʥʥʦʛʦ ʮʚʝʪʘ 

ɸʨʦʤʘʪ ʧʣʦʜʦʚʳʡ, ʩ ʛʫʜʨʦʥʥʳʤ ʦʪʪʝʥʢʦʤ. ɺʢʫʩ 

ʤʷʛʢʠʡ ʩ ʛʦʨʯʠʥʢʦʡ 

7,64 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʥʦ-

ʢʠʩʣʦʪʥʦʛʦ ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʦʣʦʚʳʭ ʚʠʥ ʠʟ 

ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʚʘ ʢʦʣʣʝʢʮʠʦʥʥʳʭ 

ʰʪʘʤʤʘ (I-76, I-637) ʠʟ ʂʄɺ çʄʘʛʘʨʘʯè. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʠʥʦʤʘʪʝʨʠʘʣʳ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ 

ʷʨʢʠʤ ʨʘʟʚʠʪʳʤ ʘʨʦʤʘʪʦʤ ʮʚʝʪʦʯʥʦ-ʬʨʫʢʪʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʪʦʥʦʚ ʮʠʪʨʫʩʦʚʳʭ ʠ ʨʦʟʳ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʰʪʘʤʤ ˉ I-76 ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʦʙʦʛʘʱʝʥʠʶ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʪʝʨʧʝʥʦʚʳʤʠ ʩʧʠʨʪʘʤʠ ʠ ʩʣʦʞʥʳʤʠ ʵʬʠʨʘʤʠ, 

ʰʪʘʤʤ ˉ I-637 ï ʩʣʦʞʥʳʤʠ ʵʬʠʨʘʤʠ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʤʠ 

ʙʳʣ ʚʳʙʨʘʥ ʰʪʘʤʤ ˉ I-76, ʫʪʦʯʥʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʚʥʝʩʝʥʳ ʚ ʧʘʩʧʦʨʪ ʰʪʘʤʤʘ 

(ʧʨʠʣʦʞʝʥʠʝ ʀ). 
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3.5. ʈʘʟʨʘʙʦʪʢʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

 

 ʇʦʣʫʯʝʥʥʳʝ ʚ ʧ.ʧ. 3.2., 3.3. ʠ 3.4. ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠ ̫ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ ʜʨʦʞʞʝʡ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʌʇɼʕ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ 

ʜʨʦʞʞʝʡ Kluyveromyces marxianus ˉ III -407, ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʫʩʣʘ ʠ 

ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚ ʥʝʤ ʚʟʚʝʩʝʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʙʨʘʞʠʚʘʥʠʷ ʥʘ ʦʪʦʙʨʘʥʥʦʤ 

ʰʪʘʤʤʝ Saccharomyces cerevisiae ˉ I-76 ʩ ʮʝʣʴʶ ʫʩʠʣʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʘʨʦʤʘʪʘ 

ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. 

 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 22. 

   ʉʪʝʨʠʣʴʥʦʝ ʚʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ 

ʩ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʩʘʭʘʨʦʚ 100 ʛ/ʣ 

    

ɼʨʦʞʞʝʚʘʷ ʨʘʟʚʦʜʢʘ 

ʰʪʘʤʤ ˉ III -407 

      

    

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ 

ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪʦʢ 

 

    

        

   ʋʜʘʣʝʥʠʝ ʜʨʦʞʞʝʡ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ 

ɼʨʦʞʞʝʚʦʡ 

ʦʩʘʜʦʢ 

   

        

   ʍʨʘʥʝʥʠʝ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʌʇɼʕ 

    

ʈʠʩʫʥʦʢ 22 ï ʉʭʝʤʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʌʇɼʕ 

 

 ʇʝʨʝʨʘʙʦʪʢʫ ʚʠʥʦʛʨʘʜʘ ʠ ʚʳʨʘʙʦʪʢʫ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ 

ʧʨʦʛʨʘʤʤʝ ʠ ʤʝʪʦʜʠʢʝ ʠʩʧʳʪʘʥʠʡ (ʧʨʠʣʦʞʝʥʠʝ ʂ) ʠ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 23. 
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ʈʠʩʫʥʦʢ 23 ï ʉʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʨʪʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ 

ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

 

 ʊʝʭʥʦʣʦʛʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʩʚʝʞʝʦʪʜʝʣʝʥʥʦʛʦ ʚʠʥʦʛʨʘʜʥʦʛʦ 

ʩʫʩʣʘ ʌʇɼʕ ʚ ʢʦʣʠʯʝʩʪʚʝ 4 ʤʣ/ʣ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʝʨʞʢʦʡ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʩʫʣʴʬʠʪʘʮʠʝʡ 75 ʤʛ/ʣ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ 10 Áʉ ʠ 

ʦʩʚʝʪʣʝʥʠʝʤ ʦʪʩʪʘʠʚʘʥʠʝʤ ʜʦ 24 ʯ. ʆʩʚʝʪʣʝʥʥʦʝ ʩʫʩʣʦ ʩʥʠʤʘʝʪʩʷ ʩ ʛʫʱʝʚʦʛʦ 

ʦʩʘʜʢʘ ʠ ʩʙʨʘʞʠʚʘʝʪʩʷ ʥʘ ʰʪʘʤʤʝ ʜʨʦʞʞʝʡ ˉ I-76 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 17-20 ÁC. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʙʨʦʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʚʠʥʦʤʘʪʝʨʠʘʣʳ ʩʥʠʤʘʶʪʩʷ ʩ 

ʜʨʦʞʞʝʚʦʛʦ ʦʩʘʜʢʘ, ʩʫʣʴʬʠʪʠʨʫʶʪʩʷ ʠ ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʭʨʘʥʝʥʠʝ. 

ɺʠʥʦʛʨʘʜ ʩʦʨʪʘ 

ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ɼʨʦʙʣʝʥʠʝ ʩ 

ʛʨʝʙʥʝʦʪʜʝʣʝʥʠʝʤ 

ʉʫʩʣʦ ʩʘʤʦʪʝʢ ʠ ʩʫʩʣʦ 

ʧʝʨʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʌʝʨʤʝʥʪʘʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ 

Ű = 2 ʯʘʩʘ t = 20 ÁC 

ʆʩʚʝʪʣʝʥʠʝ ʦʪʩʪʘʠʚʘʥʠʝʤ 

Ű = 12-24 ʯ t = 8-10 Áʉ 

ɹʨʦʞʝʥʠʝ 

t = 17-20 Áʉ 

ɼʦʙʨʘʞʠʚʘʥʠʝ ʠ ʦʩʚʝʪʣʝʥʠʝ 

ɺʠʥʦʤʘʪʝʨʠʘʣ ʥʘ ʭʨʘʥʝʥʠʠ 

ɺʥʝʩʝʥʠʝ SO2 

75 ʤʛ/ʣ 

ɺʥʝʩʝʥʠʝ 2-3 % ʨʘʟʚʦʜʢʠ 

ʰʪʘʤʤʘ ˉ I-76 

ɺʥʝʩʝʥʠʝ SO2 

100 ʤʛ/ʣ 

 

ɺʥʝʩʝʥʠʝ ʌʇɼʕ 

4 ʤʣ/ʣ 

ɻʨʝʙʥʠ 

 

ɺʳʞʠʤʢʘ 

 

ɻʫʱʝʚʳʝ 

ʦʩʘʜʢʠ 

ɼʨʦʞʞʝʚʦʡ 

ʦʩʘʜʦʢ 

ɼʨʦʞʞʝʚʦʡ 

ʦʩʘʜʦʢ 
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 ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʪʝʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ 

ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʦʞʞʝʡ 

Saccharomyces cerevisiae (  ̄I-76) ʠ Kluyveromyces marxianus (ˉ III -407) 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ 2016 ʛ. ʥʘ ʚʠʥʟʘʚʦʜʝ çʃʠʚʘʜʠʷè ʌɻʋʇ çʇɸʆ çʄʘʩʩʘʥʜʨʘè 

(ʧʨʠʣʦʞʝʥʠ ̫ʃ, ʄ, ʅ). 

 ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʘʨʠʘʥʪ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʦʪʩʪʘʠʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10 Áʉ ʜʦ 

24 ʯ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʩʫʩʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ʇ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʰʪʘʤʤʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʙʨʦʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤ 

ˉ I-527 ʠʟ ʂʄɺ "ʄʘʛʘʨʘʯ". 

 ʇʦʣʫʯʝʥʥʘʷ ʧʘʨʪʠʷ ʦʧʳʪʥʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 1 000 ʜʘʣ 

ʧʦʣʫʯʠʣʘ ʚʳʩʦʢʫʶ ʦʮʝʥʢʫ (ʧʨʠʣʦʞʝʥʠʝ ʈ). 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʩʪʨʫʢʮʠʷ (ʊʀ 9103063859.002:2016) ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ 

ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʦʞʞʝʡ Saccharomyces cerevisiae (  ̄I-76) ʠ Kluyveromyces 

marxianus (ˉ III -407) (ʧʨʠʣʦʞʝʥʠʝ ʉ). 

 ɺ ʩʝʟʦʥʳ ʚʠʥʦʜʝʣʠʷ 2019-2022 ʛʛ. ʥʘ ʚʠʥʟʘʚʦʜʝ ʆʆʆ "ɸʇʂ "ʄʠʣʴʩʪʨʠʤ-

ʏʝʨʥʦʤʦʨʩʢʠʝ ʚʠʥʘ" (ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ) ʧʨʦʚʦʜʠʣʦʩʴ ʚʥʝʜʨʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʥʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʦʨʪʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʜʣʷ ʦʩʚʝʪʣʝʥʠʷ 

ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʠ ʰʪʘʤʤʘ ˉ I-76 ʜʣʷ ʧʨʦʚʝʜʥʠʷ ʧʨʦʮʝʩʩʘ ʙʨʦʞʝʥʠʷ. ʉ 

ʧʨʠʤʝʥʝʥʠʝʤ ʫʢʘʟʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʙʦʪʘʥʦ 23 820 ʜʘʣ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. 

 ɸʢʪ ʦ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʧʨʠʚʝʜʝʥ ʚ ʧʨʠʣʦʞʝʥʠʠ ʊ. 

 ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 6 660 ʨʫʙ. ʥʘ 1000 ʜʘʣ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ (ʧʨʠʣʦʞʝʥʠʝ ʋ).  
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ɿɸʂʃʖʏɽʅʀɽ 

 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʧʘʪʝʥʪʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. 

2. ɺʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ ʨʦʜʦʚ Saccharomyces ʠ Kluyveromyces. ʇʦʜʪʚʝʨʞʜʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ Kluyveromyves ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʮʝʥʪʦʚ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ. 

3. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʝʥʦʚ PGU ʫ ʜʨʦʞʞʝʡ ʨʦʜʘ 

Saccharomyces. ʋʩʪʘʥʦʚʣʝʥʳ ʚʠʜʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʚ PGU ʫ ʜʨʦʞʞʝʡ ʚʠʜʘ S. bayanus var. uvarum, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʰʪʘʤʤʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ ʧʨʠ ʬʝʨʤʝʥʪʘʮʠʠ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ. 

4. ʉʝʣʝʢʮʠʦʥʠʨʦʚʘʥ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʰʪʘʤʤ ʜʨʦʞʞʝʡ K. marxianus ˉ III-407 (ʂʄɺ çʄʘʛʘʨʘʯè) ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʘʢʪʠʚʥʫʶ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʫ. ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ 

(ʌʇɼʕ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʬʝʨʤʝʥʪʘ ʥʝ ʤʝʥʝʝ 1500 ʝʜ./ʤʣ: 

ʨʘʟʙʘʚʣʝʥʥʦʝ ʚʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ ʜʦ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ 100 ʛ/ʣ, ʨʅ 

ʩʨʝʜʳ 3,5, ʪʝʤʧʝʨʘʪʫʨʘ 30 Áʉ. 

5. ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʌʇɼʕ ʥʘ ʩʪʘʜʠʠ ʦʩʚʝʪʣʝʥʠʷ 

ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ. ʉʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʥʘ 5,8 % ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʟʚʝʩʝʡ ʚ ʩʫʩʣʝ ʜʦ 

57 % ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʥʦʩʠʤʦʡ ʜʦʟʦʡ ʧʨʝʧʘʨʘʪʘ 4 ʤʣ/ʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʙʨʘʙʦʪʢʠ 20 Áʉ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 2 ʯ. 

6. ʈʘʟʨʘʙʦʪʘʥ ʩʪʘʥʜʘʨʪ ʦʨʛʘʥʠʟʘʮʠʠ 01586301.041-2022 çʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʰʪʘʤʤʘ Kluyveromyces marxianus III - 407è. 

7. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʚʠʜʘ Saccharomyces 

cerevisiae ʜʣʷ ʬʝʨʤʝʥʪʘʮʠʠ ʩʫʩʣʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ 
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ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʝʱʝʩʪʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ 

ʘʨʦʤʘʪ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʰʪʘʤʤʘ ˉ I-76 (ʂʄɺ çʄʘʛʘʨʘʯè) ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʨʘʞʝʥʥʳʤ ʩʦʨʪʦʚʳʤ ʘʨʦʤʘʪʦʤ. 

8. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʩʪʦʣʦʚʳʭ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʨʦʞʞʝʡ Saccharomyces cerevisiae (ˉ I-76) ʠ Kluyveromyces marxianus (ˉ III -407). 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʫʪʚʝʨʞʜʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ 

ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ Saccharomyces cerevisiae (ˉ I-76) ʠ 

Kluyveromyces marxianus (ˉ III-407) (ʊʀ 9103063859.002:2016).  

9. ʅʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʰʣʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ çʃʠʚʘʜʠʷè 

ʌɻʋʇ çʇɸʆ çʄʘʩʩʘʥʜʨʘè, ʦʙʲʝʤ ʦʧʳʪʥʦʡ ʧʘʨʪʠʠ 1000 ʜʘʣ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ ʚʥʝʜʨʝʥʘ ʥʘ ɸʇʂ "ʄʠʣʴʩʪʨʠʤ-ʏʝʨʥʦʤʦʨʩʢʠʝ ʚʠʥʘ" (2019-2021 ʛʛ.), 

ʦʙʲʝʤ ʦʧʳʪʥʦʡ ʧʘʨʪʠʠ ʩʦʩʪʘʚʠʣ 23 820 ʜʘʣ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ 158,5 ʪʳʩ. ʨʫʙ. 
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

 

ɿɻʋ ï ʚʠʥʘ ʟʘʱʠʱʝʥʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʫʢʘʟʘʥʠʷ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʨʝʛʠʦʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ɿʅʄʇ ï ʚʠʥʘ ʟʘʱʠʱʝʥʥʦʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ ʤʝʩʪʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʩ ʫʢʘʟʘʥʠʝʤ 

ʚʠʥʦʛʨʘʜʥʠʢʘ/ʤʘʣʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʂʄɺ çʄʘʛʘʨʘʯè ï ʢʦʣʣʝʢʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚʠʥʦʜʝʣʠʷ çʄʘʛʘʨʘʯè 

ʌʇɼʕ ï ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ 

ʧ.ʥ. ï ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ 

ʇɼʈʌ ï ʧʦʣʠʤʦʨʬʠʟʤ ʜʣʠʥ ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʇʎʈ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

UFRJ ï Instituto de Microbiologia, Universidade Federal do Rio de Janeiro, ɹʨʘʟʠʣʠʷ 

ATTC ï American Type Culture Collection, ʄʘʥʘʩʩʘʩ, ʉʐɸ 

CBS ï CentraalbureauvoorSchimmelcultures, ʋʪʨʝʭʪ, ʅʠʜʝʨʣʘʥʜʳ 

CCY ï Culture Collection of Yeasts, Institute of Chemistry, Slovak Academy of 
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ʇʨʠʣʦʞʝʥʠʝ ɸ 

ʊʘʙʣʠʮʘ ɸ.1 ï ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠʟʫʯʘʝʤʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʨʦʜʘ Saccharomyces 

ʐʪʘʤʤ ʀʩʪʦʯʥʠʢ ʠ ʤʝʩʪʦ ʚʳʜʝʣʝʥʠʷ ʂʦʜ ʚ GenBank, ʩʩʳʣʢʘ 

1 2 3 

S. arboricola 

H-6 ʂʦʨʘ ʜʫʙʘ Quercus fabri CM001572 

S. bayanus var. uvarum 

SCPP (CLIB2025) ʐʘʤʧʘʥʩʢʠʝ ʜʨʦʞʞʠ, ʌʨʘʥʮʠʷ [162] 

MCYC 623 

(CBS7001) 
ʈʫʯʝʡʥʠʢ Mesophylax adopersus, ʀʩʧʘʥʠʷ 

AACA01000043, 

AACA000682, 

AACA000194 

CLIB 113 ɺʠʥʦʛʨʘʜ, ʀʪʘʣʠʷ FR847038 

CBS 395 ʉʦʢ Ribes nigrum, ʅʠʜʝʨʣʘʥʜʳ FR847037 

S. cariocanus 

UFRJ50791, 

UFRJ50816 
Drosophila sp., ɹʨʘʟʠʣʠʷ Sanger Institute 

S. cerevisiae 

S288c ɻʝʥʝʪʠʯʝʩʢʘʷ ʣʠʥʠʷ BK006943 

SK1 ɻʝʥʝʪʠʯʝʩʢʘʷ ʣʠʥʠʷ JRIH01000251 

W303 ɻʝʥʝʪʠʯʝʩʢʘʷ ʣʠʥʠʷ LIUU01000034 

FL100 (ATCC 

28383) 
ɻʝʥʝʪʠʯʝʩʢʘʷ ʣʠʥʠʷ JRIT01000192 

EC1118 ɺʠʥʥʳʡ ʰʪʘʤʤ FN393076 

EDRL (S. 

boulardii) 
ʅʝʠʟʚʝʩʪʥʳ ATCS01000073 

BC187 ɺʠʥʦʜʝʣʠʝ, ʉʐɸ JRII01000238 

Kyokai 7 ʉʘʢʝ, ʗʧʦʥʠʷ BABQ01000107 

Y9 ɼʘʛʫʩʩʘ (Eleusine coracana), ʀʥʜʦʥʝʟʠʷ Sanger Institute 

YJM248 ʂʣʠʥʠʯʝʩʢʠʡ ʠʟʦʣʷʪ CP005139 

YJM269 ɺʠʥʦʛʨʘʜ, ʇʦʨʪʫʛʘʣʠʷ AEWN01000864 

YJM789 ʂʣʠʥʠʯʝʩʢʠʡ ʠʟʦʣʷʪ AAFW02000040 

YJM978 ʂʣʠʥʠʯʝʩʢʠʡ ʠʟʦʣʷʪ, ʀʪʘʣʠʷ CP005104 

YJM981 ʂʣʠʥʠʯʝʩʢʠʡ ʠʟʦʣʷʪ, ʀʪʘʣʠʷ CP005105 

YJM975 ʂʣʠʥʠʯʝʩʢʠʡ ʠʟʦʣʷʪ, ʀʪʘʣʠʷ CP005103 

YJM1078 ʂʣʠʥʠʯʝʩʢʠʡ ʠʟʦʣʷʪ, ʇʦʨʪʫʛʘʣʠʷ CP004108 

YJM1252 ɸʣʴʧʝʭʠʥ, ʀʩʧʘʥʠʷ CP006072 

DBVPG1106 ɺʠʥʦʛʨʘʜ, ɸʚʩʪʨʘʣʠʷ Sanger Institute 

DBVPG1373 ʇʦʯʚʘ, ʅʠʜʝʨʣʘʥʜʳ Sanger Institute 

DBVPG1788 ʇʦʯʚʘ, ʌʠʥʣʷʥʜʠʷ Sanger Institute 

DBVPG1853 ɹʝʣʳʡ ʪʝʬ, ʕʬʠʦʧʠʷ Sanger Institute 

DBVPG6040 ʌʝʨʤʝʥʪʠʨʦʚʘʥʥʳʡ ʩʦʢ, ʅʠʜʝʨʣʘʥʜʳ Sanger Institute 

DBVPG6044 
ɺʠʥʦ ʠʟ Osbeckia grandiflora, ɿʘʧʘʜʥʘʷ 

ɸʬʨʠʢʘ 
Sanger Institute 

DBVPG6765 ʅʝʠʟʚʝʩʪʥʳ Sanger Institute 

UWO(PS)05-217.3 ʇʘʣʴʤʘ ɹʝʨʪʨʘʥʘ, ʄʘʣʘʡʟʠʷ JRIM01000380 

UWO(PS)03-461.4 ʇʘʣʴʤʘ ɹʝʨʪʨʘʥʘ, ʄʘʣʘʡʟʠʷ Sanger Institute 

UWO(PS)87-2421 ʂʘʢʪʫʩ O. megacantha, ɻʘʚʘʠ Sanger Institute 

Y12 ʇʘʣʴʤʦʚʦʝ ʚʠʥʦ, ɹʝʨʝʛ ʩʣʦʥʦʚʦʡ ʢʦʩʪʠ Sanger Institute 

 



125 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ɸ.1 
1 2 3 

Y55 ɺʠʥʦʛʨʘʜ, ʌʨʘʥʮʠʷ Sanger Institute 

NY1308 ʇʦʯʚʘ, ʂʠʪʘʡ ASJZ01000006 

YS2 ʇʝʢʘʨʩʢʠʝ ʜʨʦʞʞʠ, ɸʚʩʪʨʘʣʠʷ Sanger Institute 

YS4 ʇʝʢʘʨʩʢʠʝ ʜʨʦʞʞʠ, ʅʠʜʝʨʣʘʥʜʳ Sanger Institute 

YS9 ʇʝʢʘʨʩʢʠʝ ʜʨʦʞʞʠ, ʉʠʥʛʘʧʫʨ Sanger Institute 

ZTW1 ʂʫʢʫʨʫʟʥʳʡ ʟʘʪʦʨ, ʂʠʪʘʡ AMDD01000021 

K11 ʉʘʢʝ, ʗʧʦʥʠʷ JRIJ01000069 

RM11-1A ʅʝʠʟʚʝʩʪʥʳ JRIP01000009 

NAM34-4C ʅʝʠʟʚʝʩʪʥʳ BAUH01000022 

NCYC110 
ʀʤʙʠʨʥʦʝ ʧʠʚʦ ʠʟ Z. officinale, ɿʘʧʘʜʥʘʷ 

ɸʬʨʠʢʘ 
Sanger Institute 

NCYC361 ʇʠʚʥʦʡ ʟʘʪʦʨ, ʀʨʣʘʥʜʠʷ Sanger Institute 

FostersO ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʣʷ AEEZ01000057 

FostersB ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʣʷ AEHH01000043 

T7 ʉʦʢʦʪʝʯʝʥʠʝ ʜʫʙʘ Q. rubra, ʉʐɸ AFDE01000120 

UCLM-39 ɺʠʥʦʜʝʣʠʝ, ʀʩʧʘʥʠʷ KJ513092 

AWRI796 ɺʠʥʥʳʡ ʰʪʘʤʤ ADVS01000034 

UWO(PS)05-227.2 Trigona sp. ʫ ʧʘʣʴʤʳ ɹʝʪʨʘʥʘ, ʄʘʣʘʡʟʠʷ Sanger Institute 

UWO(PS)83-787.3 ʂʘʢʪʫʩ Opuntiastrica, ɹʘʛʘʤʩʢʠʝ ʦ-ʚʘ Sanger Institute 

S. paradoxus 

RO88 ɺʠʥʥʳʝ ʜʨʦʞʞʠ, ʍʦʨʚʘʪʠʷ HQ680400 

Q31.4, Q32.3, 

Q62.5, Q69.8, 

Q74.4, Q89.8, 

Q95.3 

ʂʦʨʘ ʜʫʙʘ Quercussp., ɺʠʥʜʟʦʨʩʢʠʡ ʧʘʨʢ, 

ɸʥʛʣʠʷ 
Sanger Institute 

S36.7, T21.4, W7, 

Y6.5, Y7, Y8.1, 

Y8.5, Y9.6, Z1, 

Z1.1 

ʂʦʨʘ ʜʫʙʘ Quercus sp., ʉʠʣʚʫʜʧʘʨʢ, ɸʥʛʣʠʷ Sanger Institute 

A4 ʂʦʨʘ ʜʫʙʘ Q. rubra, ʂʘʥʘʜʘ Sanger Institute 

A12 ʇʦʯʚʘ ʫ ʜʫʙʘ Q. rubra, ʂʘʥʘʜʘ Sanger Institute 

YPS138 ʇʦʯʚʘ ʫ ʜʫʙʘ Q. velutina, ʉʐɸ Sanger Institute 

CBS432 ʂʦʨʘ ʜʫʙʘ Quercussp., ʈʦʩʩʠʷ Sanger Institute 

CBS5829 ʃʝʩʥʘʷ ʧʦʯʚʘ, ɼʘʥʠʷ Sanger Institute 

IFO1804 ʂʦʨʘ ʜʫʙʘ Quercus sp., ʗʧʦʥʠʷ Sanger Institute 

UWO(PS)91-917.1 
ʉʦʢʦʪʝʯʝʥʠʝ Myoporum sandwichense, ɻʘʚʘʠ, 

ʉʐɸ 
Sanger Institute 

DBVPG4650 ʆʢʘʤʝʥʝʣʦʝ ʛʫʘʥʦ, ʀʪʘʣʠʷ Sanger Institute 

DBVPG6304 Drosophila pseudoobscura, ʉʐɸ Sanger Institute 

KBP3828, 

KBP3829 
ʂʦʨʘ ʜʫʙʘ Q. robur, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ Sanger Institute 

N17 

(NBRC102006) 

ʉʦʢʦʪʝʯʝʥʠʝ ʜʫʙʘ Q. robur, ʊʘʪʘʨʩʪʘʥ, 

ʈʦʩʩʠʷ 
Sanger Institute 

322134S, 

378604X, 273614N 
ʂʣʠʥʠʯʝʩʢʠʝ ʠʟʦʣʷʪʳ, ɸʥʛʣʠʷ Sanger Institute 

VL3 ɺʠʥʥʳʡ ʰʪʘʤʤ AEJS01000043 

PW5 ʇʘʣʴʤʦʚʦʝ ʚʠʥʦ, ʅʠʛʝʨʠʷ AFDC01001101 

CBS7960 ʉʠʨʦʧ ʠʟ ʪʨʦʩʪʥʠʢʘ, ɹʨʘʟʠʣʠʷ AEWL01001135 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ɸ.1 
1 2 3 

CLIB324 ʇʝʢʘʨʩʢʠʝ ʜʨʦʞʞʠ, ɺʴʝʪʥʘʤ AEWM01002611 

L-1374 ɺʠʥʦʜʝʣʠʝ Sanger Institute 

L-1528 ɺʠʥʦʜʝʣʠʝ Sanger Institute 

CLIB382 ʇʝʢʘʨʩʢʠʝ ʜʨʦʞʞʠ, ʀʨʣʘʥʜʠʷ AFDG01002665 

YIIc17_E5 ɺʠʥʦ, ʌʨʘʥʮʠʷ Sanger Institute 

Lalvin QA23 ɺʠʥʥʳʡ ʰʪʘʤʤ ADVV 01000055 

YPS128 ʇʦʯʚʘ ʫ ʜʫʙʘ Q. alba, ʉʐɸ JRID01000110 

YPS163 ɼʫʙ Quercus sp., ʉʐɸ JRIC01000372 

YPS606 ɼʫʙ Quercus sp., ʉʐɸ Sanger Institute 

M3707 ʉʧʠʨʪʦʚʳʝ ʜʨʦʞʞʠ AMQB01000055 

VIN13 ɺʠʥʥʳʡ ʰʪʘʤʤ ADXC01000048 

N43 (CBS8437), 

N44 (CBS8438), 

N45 (CBS8439) 

ʉʦʢʦʪʝʯʝʥʠʝ Q. mongolica, ɼʘʣʴʥʠʡ ʚʦʩʪʦʢ, 

ʈʦʩʩʠʷ 
Sanger Institute 

S. kudriavzevii 

IFO 1802 ɻʥʠʶʱʠʝ ʣʠʩʪʴʷ, ʗʧʦʥʠʷ JH797534 

IFO 1803 ʇʦʯʚʘ, ʗʧʦʥʠʷ AJIG01006137 

ZP591 ɼʫʙ Q. pyrenaica, ʇʦʨʪʫʛʘʣʠʷ AJIH01002237 

FM1056 ɼʫʙ Q. faginea, ʇʦʨʪʫʛʘʣʠʷ CM001572 

S. mikatae 

IFO 1815 ʇʦʯʚʘ, ʗʧʦʥʠʷ AABZ01000345 

S. pastorianus 

NRRL Y-1551 ʇʠʚʦ, ɼʘʥʠʷ FR847040 

Weihenstephan 

34/70 
ʇʠʚʦ, ɻʝʨʤʘʥʠʷ 

ABPO01000141, 

ABPO01000470 

CCY48-91 ʅʝʠʟʚʝʩʪʥʳ ALJS01000172 

S. cerevisiae x S. kudriavzevii 

VIN7 ɺʠʥʥʳʝ ʜʨʦʞʞʠ 
AGVY01000037, 

AGVY01000284 

 

  



127 

 

ʇʨʠʣʦʞʝʥʠʝ ɹ 

ʊʘʙʣʠʮʘ ɹ.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ˉ 

ʧ/ʧ 

ʅʦʤʝʨ 

ʰʪʘʤʤʘ 
ʅʘʟʚʘʥʠʝ ʰʪʘʤʤʘ ʆʧʠʩʘʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ 

1 2 3 4 

Saccharomyces 

1 I-5 ʂʨʳʤʩʢʠʝ 1 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ ʉʦʥʠʥʦʡ ɽ.ɻ. [97] 

2 I-6 ʂʠʣʣʝʨ Y-23 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ ʉʦʥʠʥʦʡ ɽ.ɻ. [97] 

3 I-38 ʂʠʣʝʨ ʊ-3 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ ʉʦʥʠʥʦʡ ɽ.ɻ. [97] 

4 I-279 ʂʦʢʫʨ 3 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ ʉʦʥʠʥʦʡ ɽ.ɻ. [97] 

5 I-300 ʅʦʚʦʮʠʤʣʷʥʩʢʘʷ 3 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ ʄʫʥʛʠʝʚʦʡ [46] 

6 I-324 Scharlachberg 1 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ ʄʫʥʛʠʝʚʦʡ [46] 

7 I-421 ʋʞʛʦʨʦʜ  231-1 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ ʉʦʥʠʥʦʡ ɽ.ɻ. [97] 

8 I-438 ɹʝʨʝʛʦʚʦ 2-10 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ ʉʦʥʠʥʦʡ ɽ.ɻ. [97] 

9 I-472 ʐʪʘʤʤ 26 (ʂ-26) ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʚʠʜʫ S. uvarum 

10 I-478 ʐʪʘʤʤ 80 ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʚʠʜʫ S. uvarum 

11 I-490 ʐʪʘʤʤ  19-1 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ ʉʦʥʠʥʦʡ ɽ.ɻ. [97] 

12 II -206 ʐʪʘʤʤ 26 (ʂ-26) ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʚʠʜʫ S. uvarum 

13 II -207 
ʐʪʘʤʤ ʀʅʄʀ ɸʅ 

ʉʉʉʈ 
ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʚʠʜʫ S. uvarum 

14 III -198 ʐʪʘʤʤ ɺʂʄ Y-502 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

15 III -199 ʐʪʘʤʤ ɺʂʄ Y -1702 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

16 III -200 ʐʪʘʤʤ ɺʂʄ- Y -1147 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

17 III -201 ʐʪʘʤʤ ɺʂʄ- Y -481 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

18 III -202 ʐʪʘʤʤ ɺʂʄ- Y -483 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

19 III -203 ʐʪʘʤʤ ɺʂʄ- Y -522 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ɹ.1 

1 2 3 4 

20 III -204 ʅʦʚʦʮʠʤʣʷʥʩʢʘʷ 3 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

21 III -205 ʐʘʨʣʘʭʙʝʨʛ 1 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

22 
III -206 ʐʪʘʤʤ 26 (ʂ-26) 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

23 III -208 ʈʘʩʘ 51 ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʚʠʜʫ S. uvarum 

24 III -209 ʐʪʘʤʤ ʂ-26 ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʚʠʜʫ S. uvarum 

25 III -237 ʂʦʢʫʨ 3 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ ʉʦʥʠʥʦʡ ɽ.ɻ. [97] 

26 III -238 ɹ-25 ʤʫʪʘʥʪ ʰʪʘʤʤʘ III-237 

27 III -239 ɹ-27 ʤʫʪʘʥʪ ʰʪʘʤʤʘ III-237 

28 III -240 ɹ-28 ʤʫʪʘʥʪ ʰʪʘʤʤʘ III-237 

29 III -241 ɹ-31 ʤʫʪʘʥʪ ʰʪʘʤʤʘ III-237 

30 III -242 ɹ-34 ʤʫʪʘʥʪ ʰʪʘʤʤʘ III-237 

Kluyveromyces 

31 
I-449 ʈʘʩʘ 163-3 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

32 
I-450 ʈʘʩʘ 163-6 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

33 
I-451 ʈʘʩʘ 163-10 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

34 
II -52 ʐʪʘʤʤ ʂʦ-II-1 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

35 
II -53 ʐʪʘʤʤ ʂʦ-II-5 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

36 
II -54 ʐʪʘʤʤ ʂʦ-I-2 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

37 
III -68 ʐʪʘʤʤ ɺʂʄ-Y-126 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

38 
III -69 ʐʪʘʤʤ ɺʂʄ- Y -429 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

39 
III -70 ʐʪʘʤʤ ɺʂʄ- Y -431 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ɹ.1 

1 2 3 4 

40 
III -71 ʐʪʘʤʤ ɺʂʄ- Y -1335 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

41 
III -72 

ʐʪʘʤʤ ʀɹʌʄ- Y -

577 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

42 
III -73 ʐʪʘʤʤ 54 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

43 
III -74 ʐʪʘʤʤ ɺʂʄ- Y -480 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

44 
III -75 ʐʪʘʤʤ ɺʂʄ- Y -486 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

45 
III -76 ʐʪʘʤʤ ɺʂʄ- Y -1187 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

46 
III -355 ʐʪʘʤʤ 830 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

47 
III -356 ʐʪʘʤʤ 831 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

48 
III -357 ʐʪʘʤʤ 834 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

49 
III -358 ʐʪʘʤʤ ʀɹʌʄ-609 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

50 
III -359 ʐʪʘʤʤ ɺʉɹ-619 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

51 
III -360 ʐʪʘʤʤ 848 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

52 III -361 ʐʪʘʤʤ 848-2 ʤʫʪʘʥʪ ʰʪʘʤʤʘ III -360 

53 III -362 ʐʪʘʤʤ 848-3 ʤʫʪʘʥʪ ʰʪʘʤʤʘ III -360 

54 III -363 ʐʪʘʤʤ 848-10 ʤʫʪʘʥʪ ʰʪʘʤʤʘ III -360 

55 
III -364 ʐʪʘʤʤ ɺʂʄ Y-832 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

56 
III -365 ʐʪʘʤʤ ɺʂʄ Y-859 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ɹ.1 

1 2 3 4 

57 
III -366 ʐʪʘʤʤ ɺʂʄ Y -861 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

58 
III -367 ʐʪʘʤʤ ɺʂʄ Y -865. 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

59 
III -368 ʐʪʘʤʤ ɺʂʄ Y -866 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

60 
III -369 ʐʪʘʤʤ ɺʂʄ Y -897. 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

61 
III -370 ʐʪʘʤʤ 734 D 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

62 
III -371 ʐʪʘʤʤ 30 D 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

63 
III -373 ʈʘʩʘ 163-3 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

64 
III -374 ʈʘʩʘ 163-6 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

65 
III -375 ʈʘʩʘ 163-10 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

66 
III -376 

ʐʪʘʤʤ ʊʫʨʢʤʝʥʩʢʠʡ 

1983 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʫʣʴʪʫʨʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ [52] 

 

  



ʊʘʙʣʠʮʘ ɹ.2 ï ʕʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ 

ˉ 

ʧ/ʧ 

ʂʦʣʣʝʢʮʠʦʥʥʳʡ 

ʥʦʤʝʨ 
ʅʘʟʚʘʥʠʝ ʰʪʘʤʤʘ ɺʠʜ ɸʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ, ʝʜ. ʇʨʠʤʝʯʘʥʠʝ 

1 2 3 4 5 6 

1 I-5 ʂʨʳʤʩʢʘʷ 1 
S. bauanus var. uvarum1, 

S. cerevisiae2 
0,8  

2 I-324 ʐʘʨʣʘʭʙʝʨʛ 1 
S. bauanus var. uvarum1, 

S. cerevisiae2 
1,1  

3 I-421 ʋʞʛʦʨʦʜ 231-1 
S. oviformis1, 

S. cerevisiae2 
1,9 ɸʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ 0,7 ʝʜ. [97] 

4 I-438 ɹʝʨʝʛʦʚʦ 2-10 
S. vini1, 

S. cerevisiae2 
0,6 ɸʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ 0,6 ʝʜ. [97] 

5 I-472 ʐʪʘʤʤ 26 
S. bauanus var. uvarum1, 

S. cerevisiae2 
0,9  

6 III -199 ʐʪʘʤʤ ɺʂʄ Y-1702 
S. paradoxus1, 

S. cerevisiae2 
4,5  

7 III -200 ʐʪʘʤʤ ɺʂʄ Y-1147 
S. paradoxus1, 

S. cerevisiae2 
4,0  

8 III -201 ʐʪʘʤʤ ɺʂʄY-481 
S. paradoxus1, 

S. cerevisiae2 
4,6  

9 III -202 ʐʪʘʤʤ ɺʂʄ Y-483 
S. paradoxus1, 

S. cerevisiae2 
0,6  

10 III -203 ʐʪʘʤʤ ɺʂʄY-522 
S. paradoxus1, 

S. cerevisiae2 
64,0  

11 III -204 ʅʦʚʦʮʠʤʣʷʥʩʢʘʷ 3 S. bayanus var. uvarum1,2,3 128,0  

12 III -205 ʐʘʨʣʘʭʙʝʨʛ 1 
S. bayanus var. uvarum1, 

S. cerevisiae2 
1,2  

13 III -206 ʐʪʘʤʤ 26 
S. bayanus var. uvarum1, 

S. cerevisiae2 
1,3  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ɹ.2 

1 2 3 4 5 6 

14 III -238 ɹ-25 
S. vini1, 

S. cerevisiae2 
2,1  

15 III -239 ɹ-27 
S. vini1, 

S. cerevisiae2 
2,1  

16 III -240 ɹ-28 
S. vini1, 

S. cerevisiae2 
4,0 

ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ 40-67 ʝʜ [52, 

97] 

17 III -241 ɹ-31 
S. vini1, 

S. cerevisiae2 
5,3  

18 III -242 ɹ-34 
S. vini1, 

S. cerevisiae2 
3,2  

19 III -68 ʐʪʘʤʤ ɺʂʄ Y-126 
Fabosporafragilis Jºrgensen1, 

K. marxianus2 
1066,7  

20 III -69 ʐʪʘʤʤ ɺʂʄ Y-429 
F. fragilis Jºrgensen1, 

K. marxianus2 
800,0  

21 III -70 ʐʪʘʤʤ ɺʂʄY-431 
F. fragilis Jºrgensen1, 

K. marxianus2 
581,8  

22 III -71 ʐʪʘʤʤ ɺʂʄY-1335 
F. fragilis Jºrgensen1, 

K. marxianus2 
627,5  

23 III -72 ʐʪʘʤʤ ʀɹʌʄ-577 
F. fragilis Jºrgensen1, 

K. marxianus2 
492,3  

24 III -73 ʐʪʘʤʤ 54 
F. fragilis Jºrgensen1, 

K. marxianus2 
278,3  

25 III -74 ʐʪʘʤʤ ɺʂʄ Y-480 
F. fragilis Jºrgensen1, 

K. marxianus2 
1673,3  

26 III -75 ʐʪʘʤʤ ɺʂʄY-486 
F. fragilis Jºrgensen1, 

K. marxianus2 
1163,6  

27 III -76 ʐʪʘʤʤ ɺʂʄY-1187 
F. fragilis Jºrgensen1, 

K. marxianus2 
1422,2  



133 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ɹ.2 

1 2 3 4 5 6 

28 III -198 ʐʪʘʤʤ ɺʂʄ Y-502 
S. paradoxus1, 

S. cerevisiae2 
6,4  

29 III -358 ʐʪʘʤʤ ʀɹʌʄ-609 
Zygofabospora marxiana1, 

K. marxianus2 
1306,1  

30 III -359 ʐʪʘʤʤ ɺʉɹ-619 
Z. marxiana1, 

K. marxianus2 
1280,0  

31 III -360 ʐʪʘʤʤ 848 
Z. marxiana1, 

K. marxianus2 
1422,2  

32 III -361 ʐʪʘʤʤ 848-2 
Z. marxiana1, 

K. marxianus2 
1438,2  

33 III -362 ʐʪʘʤʤ 848-3 
Z. marxiana1, 

K. marxianus2 
1454,6  

34 III -363 ʐʪʘʤʤ 848-10 
Z. marxiana1, 

K. marxianus2 
1391,3  

ʇʨʠʤʝʯʘʥʠʷ. ʉʠʩʪʝʤʘʪʠʢʘ ʜʨʦʞʞʝʡ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: 1. ʂʫʜʨʷʚʮʝʚ ɺ.ʀ. [54]. 2. Kreger-van Rij N.J.W. 

[180]. 3. Kurtzman C.P. [259]. 
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ʇʨʠʣʦʞʝʥʠʝ ɺ 

 

ʊʘʙʣʠʮʘ ɺ.1 ï ʆʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ Kluyveromyces 

 

 

ʉʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ ʩʪ.ʩʚ 

ʉʨʝʜʥʠʡ 

ʢʚʘʜʨʘʪ F ɿʥʘʯʠʤʦʩʪʴ 

ʨʅ3.0 ʄʝʞʜʫ ʛʨʫʧʧʘʤʠ 9034,865 9 1003,874 140,671 0,000 

ɺʥʫʪʨʠ ʛʨʫʧʧ 142,727 20 7,136   

ɺʩʝʛʦ 9177,592 29    

ʨʅ3.5 ʄʝʞʜʫ ʛʨʫʧʧʘʤʠ 10514,443 9 1168,271 287,516 0,000 

ɺʥʫʪʨʠ ʛʨʫʧʧ 81,267 20 4,063   

ɺʩʝʛʦ 10595,710 29    

ʨʅ5.0 ʄʝʞʜʫ ʛʨʫʧʧʘʤʠ 1839,687 9 204,410 10,802 0,000 

ɺʥʫʪʨʠ ʛʨʫʧʧ 378,460 20 18,923   

ɺʩʝʛʦ 2218,147 29    

 

 

ʊʘʙʣʠʮʘ ɺ.2 ï ɸʧʦʩʪʝʨʠʦʨʥʳʝ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ Kluyveromyces ʧʨʠ ʨʅ 3,0 

ʅʦʤʝʨ ʰʪʘʤʤʘ 

ɿʥʘʯʠʤʳʝ ʛʨʫʧʧʳ ʧʨʠ ʨ = 0.05 

1 2 3 4 5 

III -358-15 368,400     

III -358-24 371,900 371,900    

III -358-75  377,600 377,600   

III -358-17   380,500   

III -358-77    401,500  

III -358-51    402,133  

III -358-78    408,567 408,567 

III -358-90     410,833 

III -358-60     413,300 

III -358-35     414,867 

ɿʥʘʯʠʤʦʩʪʴ 0,831 0,273 0,935 0,091 0,173 
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ʊʘʙʣʠʮʘ ɺ.3 ï ɸʧʦʩʪʝʨʠʦʨʥʳʝ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ Kluyveromyces ʧʨʠ ʨʅ 3,5 

 

ʅʦʤʝʨ 

ʰʪʘʤʤʘ 

ɿʥʘʯʠʤʳʝ ʛʨʫʧʧʳ ʧʨʠ ʨ = 0.05 

1 2 3 4 5 6 

III -358-78 572,533      

III -358-75 573,333      

III -358-24  580,967     

III -358-15  586,733     

III -358-77   593,067    

III -358-17   595,433    

III -358-35   597,667    

III -358-90    611,233   

III -358-51     623,233  

III -358-60      629,833 

ɿʥʘʯʠʤʦʩʪʴ 1,000 0,054 0,203 1,000 1,000 1,000 

 

 

 

ʊʘʙʣʠʮʘ ɺ.4 ï ɸʧʦʩʪʝʨʠʦʨʥʳʝ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ Kluyveromyces ʧʨʠ ʨʅ 3,5 

 

ʅʦʤʝʨ 

ʰʪʘʤʤʘ 

ɿʥʘʯʠʤʳʝ ʛʨʫʧʧʳ ʧʨʠ ʨ = 0.05 

1 2 3 

III -358-24 1498,833   

III -358-75 1500,400   

III -358-35 1502,300   

III -358-90 1504,933   

III -358-51 1505,600   

III -358-778 1506,367   

III -358-78 1508,533 1508,533  

III -358-17 1510,467 1510,467  

III -358-15  1520,867 1520,867 

III -358-60   1523,800 

ɿʥʘʯʠʤʦʩʪʴ 0,085 0,057 0,997 
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ʇʨʠʣʦʞʝʥʠʝ ɻ 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʧʝʨʚʠʯʥʦʤ ʜʝʧʦʥʠʨʦʚʘʥʠʠ ʠ ʧʘʩʧʦʨʪ ʰʪʘʤʤʘ ˉ III -407 
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ʇʘʩʧʦʨʪ ʰʪʘʤʤʘ ˉ III -407 
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ʇʨʠʣʦʞʝʥʠʝ ɼ 
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ʇʨʝʜʠʩʣʦʚʠʝ 

 

ʎʝʣʠ ʠ ʧʨʠʥʮʠʧʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 27 ʜʝʢʘʙʨʷ 2002 ʛ. ˉ 184-ʌɿ çʆ ʪʝʭʥʠʯʝʩʢʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠè, ʘ ʧʨʘʚʠʣʘ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ  ï ɻʆʉʊ ʈ 1.4-

2004 çʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉʪʘʥʜʘʨʪʳ ʦʨʛʘʥʠʟʘʮʠʡ. ʆʙʱʠʝ 

ʧʦʣʦʞʝʥʠʷè. 

 

ʉʚʝʜʝʥʠʷ ʦ ʩʪʘʥʜʘʨʪʝ 

 

1 ʈɸɿʈɸɹʆʊɸʅ ʣʘʙʦʨʘʪʦʨʠʝʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ʠ ʚʠʥʦʜʝʣʠʷ çʄʘʛʘʨʘʯè 

ʈɸʅè (ʌɻɹʋʅ çɺʅʅʀʀɺʠɺ çʄʘʛʘʨʘʯè ʈɸʅè) 

 

2   ʇʈʀʅʗʊ ʨʝʰʝʥʠʝʤ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ʠ ʚʠʥʦʜʝʣʠʷ çʄʘʛʘʨʘʯè ʈɸʅè 

(ʌɻɹʋʅ çɺʅʅʀʀɺʠɺ çʄʘʛʘʨʘʯè ʈɸʅè) ʦʪ  ç31è     03     2022 ʛ. ʇʨʦʪʦʢʦʣ ˉ 3 

 

3  ɺɺɽɼɽʅ ɺʇɽʈɺʓɽ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ò ʌɻɹʋʅ çɺʅʅʀʀɺʠɺ çʄʘʛʘʨʘʯè ʈɸʅè, 2022 

 

ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥ, ʪʠʨʘʞʠʨʦʚʘʥ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥ 

ʙʝʟ ʨʘʟʨʝʰʝʥʠʷ ʌɻɹʋʅ çɺʅʅʀʀɺʠɺ çʄʘʛʘʨʘʯè ʈɸʅè 
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ʉʆɼɽʈɾɸʅʀɽ 
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ʉʊɸʅɼɸʈʊ ʆʈɻɸʅʀɿɸʎʀʀ 

_________________________________________________________________  

ʂʆʃʃɽʂʎʀʗ ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ ɺʀʅʆɼɽʃʀʗ çʄɸɻɸʈɸʏè 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʨʦʞʞʝʚʦʡ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ (ʌʇɼʕ) ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ 

Kluyveromyces marxianus  III -407 

_________________________________________________________________ 
 

ɼʘʪʘ ʚʚʝʜʝʥʠʷ ï 2022 .04.04 

 

 

1. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

 

ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʂʄɺ çʄʘʛʘʨʘʯè ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʧʦʨʷʜʦʢ ʠ ʫʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʰʪʘʤʤʘ ˉ III -407 ʚʠʜʘ 

Kluyveromyces   marxianus ï ʧʨʦʜʫʮʝʥʪʘ ʬʝʨʤʝʥʪʘ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ. 

ʉʠʥʪʝʟʠʨʫʝʤʳʡ ʜʨʦʞʞʘʤʠ ʬʝʨʤʝʥʪ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʫʶ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʌʇɼʕ ʚ 

ʚʠʥʦʜʝʣʠʠ ʜʣʷ ʦʩʚʝʪʣʝʥʠʷ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʢʪʠʥʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʚʷʟʢʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʶ 

ʦʩʘʞʜʝʥʠʷ ʚʟʚʝʩʝʡ.  

 

2 ʅʦʨʤʘʪʠʚʥʳʝ ʩʩʳʣʢʠ 

 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʩʳʣʢʠ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ: 

ɻʆʉʊ 12.1.005-88 ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. ʆʙʱʠʝ 

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʦʟʜʫʭʫ ʨʘʙʦʯʝʡ ʟʦʥʳ 

ɻʆʉʊ 12.1.007-76 ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. ɺʨʝʜʥʳʝ 

ʚʝʱʝʩʪʚʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɻʆʉʊ 12.1.010-76 ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. 

ɺʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʴ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ɻʆʉʊ 12.1.018-93 ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. 

ʇʦʞʘʨʦʚʟʨʳʚʦʙʝʟʦʧʘʩʪʥʦʩʪʴ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ 

 ɻʆʉʊ 12.1.019-2017 ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. 

ʕʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʴ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʥʦʤʝʥʢʣʘʪʫʨʘ ʚʠʜʦʚ ʟʘʱʠʪʳ 

 ɻʆʉʊ 5556-81 ɺʘʪʘ ʤʝʜʠʮʠʥʩʢʘʷ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʘʷ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

 ɻʆʉʊ 5962-2013 ʉʧʠʨʪ ʵʪʠʣʦʚʳʡ ʨʝʢʪʠʬʠʢʦʚʘʥʥʳʡ ʠʟ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ  

 ɻʆʉʊ 9412-93 ʄʘʨʣʷ ʤʝʜʠʮʠʥʩʢʘʷ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

 ɻʆʉʊ 12026-76 ɹʫʤʘʛʘ ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

 ɻʆʉʊ 19881-74 ɸʥʘʣʠʟʘʪʦʨʳ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʅ 

ʤʦʣʦʢʘ ʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

 ɻʆʉʊ 25336-82 ʇʦʩʫʜʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʪʝʢʣʷʥʥʳʝ. ʊʠʧʳ, 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʘʟʤʝʨʳ  
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 ɻʆʉʊ ʈ 55298-2012 ʌʝʨʤʝʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ ʜʣʷ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʢʪʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

 ɻʆʉʊ ISO 7218-2015 ʄʠʢʨʦʙʠʦʣʦʛʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʢʦʨʤʦʚ ʜʣʷ 

ʞʠʚʦʪʥʳʭ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

 ɻʆʉʊ ISO/TS 11133-1-2014 ʄʠʢʨʦʙʠʦʣʦʛʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʢʦʨʤʦʚ 

ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʚʦʜʳ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʭʨʘʥʝʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜ  

 ɻʆʉʊ ʈ 53228-2008 ɺʝʩʳ ʥʝʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ʏʘʩʪʴ 1. 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʀʩʧʳʪʘʥʠʷ  

 ɻʆʉʊ ʈ 58144-2018 ɺʦʜʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ.  

ʇʨʠʤʝʯʘʥʠʝ ï ʇʨʠ ʧʦʣʴʟʦʚʘʥʠʠ ʥʘʩʪʦʷʱʠʤ ʩʪʘʥʜʘʨʪʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʦʚʝʨʠʪʴ ʜʝʡʩʪʚʠʝ ʩʩʳʣʦʯʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʫʢʘʟʘʪʝʣʶ ʩʪʘʥʜʘʨʪʦʚ, ʩʦʩʪʘʚʣʝʥʥʦʤʫ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 1 

ʷʥʚʘʨʷ ʪʝʢʫʱʝʛʦ ʛʦʜʘ, ʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʫʢʘʟʘʪʝʣʷʤ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʪʝʢʫʱʝʤ ʛʦʜʫ. ɽʩʣʠ ʩʩʳʣʦʯʥʳʡ ʩʪʘʥʜʘʨʪ ʟʘʤʝʥʝʥ (ʠʟʤʝʥʝʥ), ʪʦ 

ʧʨʠ ʧʦʣʴʟʦʚʘʥʠʠ ʥʘʩʪʦʷʱʠʤ ʩʪʘʥʜʘʨʪʦʤ ʩʣʝʜʫʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʟʘʤʝʥʷʶʱʠʤ 

(ʠʟʤʝʥʝʥʥʳʤ) ʩʪʘʥʜʘʨʪʦʤ. ɽʩʣʠ ʩʩʳʣʦʯʥʳʡ ʩʪʘʥʜʘʨʪ ʦʪʤʝʥʝʥ ʙʝʟ ʟʘʤʝʥʳ, ʪʦ 

ʧʦʣʦʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʜʘʥʘ ʩʩʳʣʢʘ ʥʘ ʥʝʛʦ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʯʘʩʪʠ, ʥʝ 

ʟʘʪʨʘʛʠʚʘʶʱʝʡ ʵʪʫ ʩʩʳʣʢʫ.  

3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʩʦʙʘ 

 ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʨʦʞʞʝʚʦʡ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ (ʌʇɼʕ) ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ   ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ  ʰʪʘʤʤʘ 

ʜʨʦʞʞʝʡ ʚʠʜʘ Kluyveromyces   marxianus III -407  (ʂʄɺ ñʄʘʛʘʨʘʯò) ʥʘ  

ʨʘʟʙʘʚʣʝʥʥʦʤ ʚʠʥʦʛʨʘʜʥʦʤ ʩʫʩʣʝ ʜʦ ʥʘʢʦʧʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʜʝʣʝʥʠʝʤ ʦʩʘʜʢʘ ʦʪ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʌʇɼʕ. 

4  ʆʙʦʨʫʜʦʚʘʥʠʝ, ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʧʦʩʫʜʘ, ʤʘʪʝʨʠʘʣʳ, ʨʝʘʢʪʠʚʳ  

4.1 ʀʦʥʦʤʝʨ ʠʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨ, ʩʧʦʩʦʙʥʳʡ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ 

ʘʢʪʠʚʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ (pH), ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʦʡ ʠ ʢʦʤʧʣʝʢʪʦʤ 

ʵʣʝʢʪʨʦʜʦʚ ʧʦ ɻʆʉʊ 19881. 

4.2 ʊʝʨʤʦʩʪʘʪ TC-1/80 ʉʇʋ.  

4.3 ʐʢʘʬ ʩʫʰʠʣʴʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʉʅʆʃ 24/350.  

4.4 ɺʝʩʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ WPS 510/C/1 ʧʦ  ɻʆʉʊ ʈ 53228. 

4.5 ʉʪʝʨʠʣʠʟʘʪʦʨ ʧʘʨʦʚʦʡ ɺʂ-30 

4.6 ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʘʪʥʳʭ ʧʨʦʙʦʢ. 

4.7  ʎʝʥʪʨʠʬʫʛʘ 

4.8 ʄʠʢʨʦʩʢʦʧ 

4.9 ɺʠʩʢʦʟʠʤʝʪʨ 

4.10 ʉʪʘʢʘʥʳ ʩʪʝʢʣʷʥʥʳʝ ʪʝʨʤʦʫʩʪʦʡʯʠʚʳʝ ʧʦ ɻʆʉʊ 25336 
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4.11 ɻʦʨʝʣʢʘ ʩʧʠʨʪʦʚʘʷ 

4.12 ɼʦʟʘʪʦʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʤʝʥʥʦʛʦ ʦʙʲʝʤʘ 

4.13 ʂʦʣʙʳ ʩʪʝʢʣʷʥʥʳʝ ʪʝʨʤʦʫʩʪʦʡʯʠʚʳʝ ʨʘʟʣʠʯʥʦʛʦ ʦʙʲʝʤʘ ʧʦ 

ɻʆʉʊ 25336. 

4.14 ʇʨʦʙʠʨʢʠ ʩʪʝʢʣʷʥʥʳʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ɻʆʉʊ 25336. 

4.15 ʄʘʨʣʷ ʤʝʜʠʮʠʥʩʢʘʷ ʧʦ ɻʆʉʊ 9412 

4.16 ɺʘʪʘ ʤʝʜʠʮʠʥʩʢʘʷ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʘʷ ʧʦ ɻʆʉʊ 5556 

4.17 ʉʧʠʨʪ ʵʪʠʣʦʚʳʡ ʨʝʢʪʠʬʠʢʦʚʘʥʥʳʡ ʧʦ ɻʆʉʊ 5962 

4.18 ɺʦʜʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʧʦ ɻʆʉʊ ʈ 58144 

4.19 ɺʦʜʘ ʧʠʪʴʝʚʘʷ 

4.20  ʎʝʥʪʨʠʬʫʞʥʳʝ ʧʨʦʙʠʨʢʠ 

4.21  ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʧʝʪʣʷ. 

4.22 ʅʘʢʦʥʝʯʥʠʢʠ ʜʦ 200 ʤʢʣ; ʥʘʢʦʥʝʯʥʠʢʠ ʜʦ 5000 ʤʢʣ 

4.23  ɹʫʤʘʛʘ ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʧʦ ɻʆʉʊ 12026 

4.24 ʐʪʘʪʠʚ ʜʣʷ ʧʨʦʙʠʨʦʢ ʙʠʦʣʦʛʠʯʝʩʢʠʭ. 

4.25 ɻʣʶʢʦʟʘ 

4.26  ɼʨʦʞʞʝʚʦʡ ʧʝʧʪʦʥ 

4.27 ɼʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ 

4.28 ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ, ʭ.ʯ 

4.29  ʅʘʪʨʠʷ ʛʠʜʨʦʦʢʠʩʴ, ʭ.ʯ 

4.30 ɻʠʛʨʦʤʝʪʨ 

4.31 ʊʝʨʤʦʤʝʪʨʳ 

 

ɼʦʧʫʩʢʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝ ʫʩʪʫʧʘʶʱʠʭ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʧʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʝʘʢʪʠʚʦʚ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝ ʥʠʞʝ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ. 

 

5. ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ 

 

5.1 ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʦʤʝʱʝʥʠʷʤ ï ʧʦ ɻʆʉʊ ISO 7218. 

5.2 ʈʘʙʦʪʳ ʧʨʦʚʦʜʷʪ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣ ʘʩʝʧʪʠʢʠ, ʠʩʢʣʶʯʘʶʱʠʭ 

ʤʠʢʨʦʙʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1].  

5.3 ɺʩʝ ʦʧʝʨʘʮʠʠ ʧʨʦʚʦʜʷʪ ʚ ʧʦʤʝʱʝʥʠʷʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ  (25+5) 0ʉ; 

ï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ  (97+10) ʢʇʘ; 

ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ  (65+15) %; 

ï ʯʘʩʪʦʪʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ  (50+5) ɻʮ; 

ï ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʝʪʠ  (220+10) ɺ. 
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6. ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʨʦʚʝʜʝʥʠʶ ʨʘʙʦʪ 

 

6.1 ʇʦʜʛʦʪʦʚʢʘ ʧʦʤʝʱʝʥʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʦʩʫʜʳ, 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ 

ʇʦʜʛʦʪʦʚʢʫ ʠ ʢʦʥʪʨʦʣʴ ʧʦʤʝʱʝʥʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʦʩʫʜʳ, 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʷʪ ʧʦ 

ɻʆʉʊ ISO 7218. 

6.2 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜ ʠ ʨʘʩʪʚʦʨʦʚ 

6.2.1 ʇʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ ʧʨʠʛʦʪʘʚʣʠʚʘʶʪ ʠ ʭʨʘʥʷʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 

ISO 11133-1. 

6.2.2  ʂʦʨʨʝʢʪʠʨʦʚʢʫ ʨʅ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜ ʜʦ ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʚʦʜʷʪ 

ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʦʢʠʩʠ ʥʘʪʨʠʷ (NaOH) ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 40 ʛ/ʣ 

(ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1 ʤʦʣ/ʣ) ʠʣʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ (HCl) ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 36,5 ʛ/ʣ 

(ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1 ʤʦʣ/ʣ) ʧʦ ɻʆʉʊ ISO 11133; ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 10-

20 %-ʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ; 

6.2.3 ɺʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ ʨʘʟʙʘʚʣʝʥʥʦʝ [2]. 

ɺʠʥʦʛʨʘʜʥʦʝ ʩʫʩʣʦ ʨʘʟʙʘʚʣʷʶʪ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ ʜʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩʘʭʘʨʦʚ 100 ʛ/ʜʤ3 ʠ ʨʅ 3,5 ʠ ʬʠʣʴʪʨʫʶʪ ʯʝʨʝʟ ʜʚʦʡʥʦʡ ʙʫʤʘʞʥʳʡ ʬʠʣʴʪʨ ʜʦ 

ʧʦʣʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʨʘʟʣʠʚʘʶʪ ʚ ʧʨʦʙʠʨʢʠ ʠʣʠ ʩʢʣʷʥʢʠ ʧʦʜ ʚʘʪʥʦ-ʤʘʨʣʝʚʳʤʠ 

ʧʨʦʙʢʘʤʠ ʠ ʩʪʝʨʠʣʠʟʫʶʪ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (105Ñ1) Áʉ ʚ ʪʝʯʝʥʠʝ 20 

ʤʠʥ.   

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʙʘʚʣʝʥʥʦʝ ʩʫʩʣʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʚʝʨʛʘʶʪ ʦʙʝʩʧʣʘʞʠʚʘʶʱʝʡ ʬʠʣʴʪʨʘʮʠʠ ʠʣʠ ʧʘʩʪʝʨʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

85-90 ʦʉ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. 

6.2.3 ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ YPD [3] ʞʠʜʢʘʷ. ɺ ʤʝʨʥʫʶ ʢʦʣʙʫ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 1,0 ʜʤ3 ʧʦʤʝʱʘʶʪ 20 ʛ ʛʣʶʢʦʟʳ, 20 ʛ ʜʨʦʞʞʝʚʦʛʦ ʧʝʧʪʦʥʘ ʠ 10 ʛ 

ʜʨʦʞʞʝʚʦʛʦ ʵʢʩʪʨʘʢʪʘ, ʥʘʣʠʚʘʶʪ 700 ʩʤ3 ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʧʝʨʝʤʝʰʠʚʘʶʪ 

ʠ ʜʦʣʠʚʘʶʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ. ʈʘʩʪʚʦʨʷʶʪ ʢʦʤʧʦʥʝʥʪʳ 

ʥʘʛʨʝʚʘʥʠʝʤ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʨʅ (3,3Ñ0,1). ʌʠʣʴʪʨʫʶʪ ʯʝʨʝʟ 

ʜʚʦʡʥʦʡ ʙʫʤʘʞʥʳʡ ʬʠʣʴʪʨ ʜʦ ʧʦʣʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʨʘʟʣʠʚʘʶʪ ʧʦ 10 ʩʤ3 ʚ 

ʩʪʝʨʠʣʴʥʳʝ ʧʨʦʙʠʨʢʠ. ʉʪʝʨʠʣʠʟʫʶʪ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (121Ñ1) Áʉ ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʀʩʧʦʣʴʟʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʠʭ ʩʪʝʨʠʣʴʥʦʩʪʠ ʠʥʢʫʙʠʨʦʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (26Ñ0,5) 

Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪ. 

 

7.  ʇʦʣʫʯʝʥʠʝ  ʌʇɼʕ 

 

7.1.ʇʦʜʛʦʪʦʚʢʘ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʢʫʣʴʪʫʨʳ (ʣʘʙʦʨʘʪʦʨʥʘʷ ʩʪʘʜʠʷ)  

  

ʇʝʨʝʩʝʚ ʧʨʦʚʦʜʷʪ ʩʦʛʣʘʩʥʦ  ʉʊʆ  01586301.025 [4]. 

ʂʫʣʴʪʫʨʫ ʜʨʦʞʞʝʡ (ʰʪʘʤʤ ʜʨʦʞʞʝʡ K. marxianus  ̄III -407), ʚʟʷʪʫʶ ʩ 

ʭʨʘʥʝʥʠʷ,  ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʝʪʣʝʡ (1-2 ʧʝʪʣʠ) ʧʝʨʝʩʝʚʘʶʪ ʚ  ʧʨʦʙʠʨʢʫ ʩʦ 

ʩʨʝʜʦʡ YPD ʠ ʠʥʢʫʙʠʨʫʶʪ ʚ ʪʝʯʝʥʠʝ 1-3 ʩʫʪ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

(30Ñ0,5) Áʉ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʘʢʪʠʚʥʦʛʦ ʙʨʦʞʝʥʠʷ (ʩʠʣʴʥʦʝ ʧʦʤʫʪʥʝʥʠʝ 
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ʩʨʝʜʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʝ). ʇʨʠ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʦʩʪʘ ʧʨʦʚʦʜʷʪ 

ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʩʝʚʦʚ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʦʨʤʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɻʦʪʦʚʥʦʩʪʴ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʥʝ ʤʝʥʝʝ 30 ʪʳʩ. ʢʣʝʪʦʢ /ʤʣ; ʢʦʣʠʯʝʩʪʚʦ ʧʦʯʢʫʶʱʠʭʩʷ ʢʣʝʪʦʢ 

ʥʝ ʤʝʥʝʝ 25 %; ʤʝʨʪʚʳʭ ʥʝ ʙʦʣʝʝ 5 %. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʘʢʦʧʠʪʝʣʴʥʘʷ ʢʫʣʴʪʫʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʜʨʦʞʞʝʚʦʡ ʨʘʟʚʦʜʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʌʇɼʕ. 

 

 7.2 ʇʦʣʫʯʝʥʠʝ ʌʇɼʕ  

 

7.2.1 ɼʨʦʞʞʝʚʫʶ ʨʘʟʚʦʜʢʫ (ʥʘʢʦʧʠʪʝʣʴʥʫʶ ʢʫʣʴʪʫʨʫ) ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ 

K. marxianus III -407 ʟʘʜʘʶʪ  ʚ ʩʪʝʨʠʣʴʥʳʝ ʩʢʣʷʥʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ (ʢʦʣʙʳ, 

ʙʘʣʣʦʥʳ) ʠʣʠ ʙʠʦʨʝʘʢʪʦʨʳ ʩʦ ʩʪʝʨʠʣʴʥʳʤ  ʨʘʟʙʘʚʣʝʥʥʳʤ ʚʠʥʦʛʨʘʜʥʳʤ ʩʫʩʣʦʤ ʩ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʘʭʘʨʦʚ 100 ʛ/ʣ, ʨʅ 3,5  ʜʦ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʣʝʪʦʢ  ʚ ʩʨʝʜʝ 2 ʤʣʥ./ʤʣ. ʂʫʣʴʪʠʚʠʨʫʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (30Ñ0,5) Áʉ ʜʦ 5 ʜʥʝʡ, 

ʧʝʨʝʤʝʰʠʚʘʷ ʜʚʘ ʨʘʟʘ ʚ ʩʫʪʢʠ. 

7.2.2. ʇʦʩʣʝ ʜʚʫʭ ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʝʞʝʜʥʝʚʥʦ ʦʪʙʠʨʘʶʪ ʧʨʦʙʳ 

ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʬʝʨʤʝʥʪʘ 

ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʧʦ ɻʆʉʊ ʈ 55298. 

ɻʦʪʦʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 1500 ʝʜ.  

7.2.3. ʅʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ ʦʪʜʝʣʷʶʪ ʦʪ ʜʨʦʞʞʝʚʦʛʦ ʦʩʘʜʢʘ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 4000 ʦʙ/ʤʠʥ. ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʠ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʌʇɼʕ. 

 

8. ʋʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʧʘʨʘʪʘ 

 

8.1 ʌʇɼʕ ʩ ʘʢʪʠʚʥʦʩʪʴʶ 1500 ʝʜ. ʟʘʜʘʶʪ ʚ ʩʫʩʣʦ, ʧʦʩʪʫʧʘʶʱʝʝ ʥʘ 

ʦʩʚʝʪʣʝʥʠʝ, ʚ ʜʦʟʠʨʦʚʢʝ 40 ʤʣ /ʜʘʣ ʠ ʚʳʜʝʨʞʠʚʘʶʪ 2 ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ. 

ɼʘʣʴʥʝʡʰʝʝ ʦʩʚʝʪʣʝʥʠʝ ʧʨʦʚʦʜʷʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʠʥʷʪʳʤʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ.   

 

9. ʊʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

9.1 ʇʨʠ ʨʘʙʦʪʝ ʩ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʩʣʝʜʫʝʪ ʩʦʙʣʶʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ɻʆʉʊ ISO 7218, ɻʆʉʊ ISO/TS 11133-1  

9.2 ʇʨʠ ʨʘʙʦʪʝ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʪʠʚʘʤʠ ʩʣʝʜʫʝʪ ʩʦʙʣʶʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ 

ɻʆʉʊ 12.1.005 ʠ ɻʆʉʊ 12.1.007. 

9.3 ʊʨʝʙʦʚʘʥʠʷ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ ï ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 12.1.010. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʘ, 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ, ʠʦʥʦʤʝʨʘ ʩʦʙʣʶʜʘʶʪ ʧʨʘʚʠʣʘ ʧʦʞʘʨʦʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ ï ʧʦ 

ɻʆʉʊ 12.1.018, ʧʨʘʚʠʣʘ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ï ʧʦ ɻʆʉʊ 12.1.019 ʠ ʠʥʩʪʨʫʢʮʠʠ 

ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʙʦʨʘ. 
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10. ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʥʠʢʘ 

 

ʂ ʚʳʧʦʣʥʝʥʠʶ ʧʝʨʝʩʝʚʘ, ʦʙʨʘʙʦʪʢʝ, ʦʬʦʨʤʣʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʧʫʩʢʘʝʪʩʷ 

ʩʧʝʮʠʘʣʠʩʪ, ʠʤʝʶʱʠʡ ʩʨʝʜʥʝʝ ʩʧʝʮʠʘʣʴʥʦʝ ʠʣʠ ʚʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʦʧʳʪ 

ʨʘʙʦʪʳ ʚ ʥʘʫʯʥʦʡ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠ 

ʠʟʫʯʠʚʰʠʡ ʠʥʩʪʨʫʢʮʠʶ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ  

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ.  

 

 

 

ɹʠʙʣʠʦʛʨʘʬʠʷ 

 

[1] ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 
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ʇʨʠʣʦʞʝʥʠʝ ɽ 

ʊʘʙʣʠʮʘ ɺ.1ï ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠʟʫʯʘʝʤʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ 

Saccharomyces bayanus var. uvarum 

ʐʪʘʤʤ ʀʩʪʦʯʥʠʢ ʠ ʤʝʩʪʦ ʚʳʜʝʣʝʥʠʷ 

CBS395 ʉʦʢ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ, ʅʠʜʝʨʣʘʥʜʳ 

SRC274, SRC410 ʗʙʣʦʯʥʳʡ ʩʦʢ, ʅʦʨʤʘʥʜʠʷ, ʌʨʘʥʮʠʷ 

ɺʂʄ Y-1146 ɺʠʥʦʛʨʘʜ, ʈʦʩʩʠʷ 

M471, M472, M477, M478, M488, M489 ɺʠʥʦʛʨʘʜ, ʄʦʣʜʘʚʠʷ 

DBVPG 1642, DBVPG 1689, DBVPG 

1690, DBVPG 1693 
ɺʠʥʦʛʨʘʜ, ʀʪʘʣʠʷ 

Sɛ1 = SG1.95 ʗʛʦʜʳ ʚʠʥʦʛʨʘʜʘ, ʉʘʥʩʝʨ, ɼʦʣʠʥʘ ʃʫʘʨʳ, ʌʨʘʥʮʠʷ 

17e1 ɺʠʥʦʛʨʘʜʥʳʡ ʩʦʢ, ɹʦʨʜʦ, ʌʨʘʥʮʠʷ 

SCU11, SCU13, SCU197, SCU299, 

SCU374, SCU74, SCU397 
ɺʠʥʦ çʄʶʩʢʘʜʝè, ɼʦʣʠʥʘ ʃʫʘʨʳ, ʅʘʥʪ, ʌʨʘʥʮʠʷ 

L19, L99, L490 ɺʠʥʦ, ʊʫʨ, ɼʦʣʠʥʘ ʃʫʘʨʳ, ʌʨʘʥʮʠʷ 

PJP11.94, PJP12.94, PJP1.95 
ɹʨʦʜʷʱʘʷ ʤʝʟʛʘ, ʇʫʡʠ-ʌʶʤʝ, ɼʦʣʠʥʘ ʃʫʘʨʳ, 

ʌʨʘʥʮʠʷ 

PJS1.94, PJS2.95, LC1.95, VS2.94 ɹʨʦʜʷʱʘʷ ʤʝʟʛʘ, ʉʘʥʩʝʨ, ɼʦʣʠʥʘ ʃʫʘʨʳ, ʌʨʘʥʮʠʷ 

YIIc2.93, TBIIb13.92, TBVIc2.95 ɹʨʦʜʷʱʘʷ ʤʝʟʛʘ, ɹʦʨʜʦ, ʉʦʪʝʨʥ, ʌʨʘʥʮʠʷ 

DDI4.95 ɹʨʦʜʷʱʘʷ ʤʝʟʛʘ, ɹʦʨʜʦ, ɹʘʨʩʘʢ, ʌʨʘʥʮʠʷ 

D13 ɺʠʥʦ, ʕʣʴʟʘʩ, ʌʨʘʥʮʠʷ 

SCPP, SC4 ʐʘʤʧʘʥʩʢʦʝ, ʐʘʤʧʘʥʴ, ʌʨʘʥʮʠʷ 

SRC55 ɹʨʦʜʷʱʠʡ ʷʙʣʦʯʥʳʡ ʩʦʢ, ɹʨʝʪʘʥʴ, ʌʨʘʥʮʠʷ 

SRC437 ʉʠʜʨ, ɹʨʝʪʘʥʴ, ʌʨʘʥʮʠʷ 

SRC258, SRC306 ɹʨʦʜʷʱʠʡ ʷʙʣʦʯʥʳʡ ʩʦʢ, ʅʦʨʤʘʥʜʠʷ, ʌʨʘʥʮʠʷ 

CECT 12636, CECT 12638, 

CECT 12635 
ɹʨʦʜʷʱʠʡ ʚʠʥʦʛʨʘʜʥʳʡ ʩʦʢ, ʀʩʧʘʥʠʷ 

CECT 1369, CECT 1884, 

CECT 10560 
ɹʝʣʦʝ ʚʠʥʦ, ʀʩʧʘʥʠʷ 

M300 ʂʨʘʩʥʦʝ ʚʠʥʦ, ʈʦʩʪʦʚ, ʈʦʩʩʠʷ 

M369 ɺʠʥʦ, ʉʣʦʚʘʢʠʷ 

ɺʂʄ Y-361, ɺʂʄ Y-509, ɺʂʄ Y-362, 

ɺʂʄ Y-363, ɺʂʄ Y-364, ɺʂʄ Y-508 
ʊʦʢʘʡʩʢʦʝ ʚʠʥʦ, ʉʣʦʚʘʢʠʷ 

T4/1, T5/6, T13/30 ʊʦʢʘʡʩʢʦʝ ʚʠʥʦ, ɺʝʥʛʨʠʷ 

NCAIM Y.00676, 

NCAIMY.00677 
ɸʣʢʦʛʦʣʴʥʳʡ ʥʘʧʠʪʦʢ, ɺʝʥʛʨʠʷ 

MCYC 623 ʈʫʯʝʡʥʠʢ Mesophylax adopersus, ʀʩʧʘʥʠʷ 

CCY21-31-12 Amanita citrina, ʉʣʦʚʘʢʠʷ 

UCDFST 51-206, 

UCDFST 61-137 
Drosophilapersimiles, ʉʐɸ 

136.01, 148.01 ʉʦʢʦʪʝʯʝʥʠʷ Ulmus pumila, ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ ʈʦʩʩʠʷ 
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ʇʨʠʣʦʞʝʥʠʝ ɾ 

ʊʘʙʣʠʮʘ ɾ.1 ï ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʚʠʜʘ S. cerevisiae 

ʅʦʤʝʨ 

ʠʟʦʣʷʪʘ 
ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ ʉʦʨʪ ʚʠʥʦʛʨʘʜʘ 

1 2 3 

ʀ-1 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-2 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-3 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʀʪʘʣʠʷ 

ʀ-4 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-5 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʎʠʪʨʦʥʥʳʡʄʘʛʘʨʘʯʘ 

ʀ-6 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-7 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-8 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-9 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʀʪʘʣʠʷ 

ʀ-10 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʨʦʟʦʚʳʡ 

ʀ-11 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʨʦʟʦʚʳʡ 

ʀ-12 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ɸʣʝʘʪʠʢʦ 

ʀ-13 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʘʣʝʢʩʘʥʜʨʠʡʩʢʠʡ 

ʀ-14 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-15 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-16 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʉʘʨʳ ʇʘʥʜʘʩ 

ʀ-17 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʉʘʨʳ ʇʘʥʜʘʩ 

ʀ-18 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʀʪʘʣʠʷ 

ʀ-19 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-20 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʂʦʢʫʨ ʙʝʣʳʡ 

ʀ-21 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-22 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʀʪʘʣʠʷ 

ʀ-23 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-24 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-25 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-26 ɿʘʧʘʜʥʳʡ ʧʨʝʜʛʦʨʥʦ-ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-27 ɿʘʧʘʜʥʘʷ ʧʨʝʜʛʦʨʥʦ-ʧʨʠʤʦʨʩʢʘʷ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-28 ɿʘʧʘʜʥʘʷ ʧʨʝʜʛʦʨʥʦ-ʧʨʠʤʦʨʩʢʘʷ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-29 ɿʘʧʘʜʥʘʷ ʧʨʝʜʛʦʨʥʦ-ʧʨʠʤʦʨʩʢʘʷ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-30 ɿʘʧʘʜʥʘʷ ʧʨʝʜʛʦʨʥʦ-ʧʨʠʤʦʨʩʢʘʷ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-31 ɿʘʧʘʜʥʘʷ ʧʨʝʜʛʦʨʥʦ-ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ʨʦʟʦʚʳʡ 

ʀ-32 ɿʘʧʘʜʥʘʷ ʧʨʝʜʛʦʨʥʦ-ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ʨʦʟʦʚʳʡ 

ʀ-33 ɿʘʧʘʜʥʘʷ ʧʨʝʜʛʦʨʥʦ-ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-34 ɿʘʧʘʜʥʘʷ ʧʨʝʜʛʦʨʥʦ-ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-35 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-36 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʘʣʝʢʩʘʥʜʨʠʡʩʢʠʡ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ɾ.1 

1 2 3 

ʀ-37 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʘʣʝʢʩʘʥʜʨʠʡʩʢʠʡ 

ʀ-38 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-39 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ɸʣʝʘʪʠʢʦ 

ʀ-40 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʉʘʨʳ ʇʘʥʜʘʩ 

ʀ-41 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʉʘʨʳ ʇʘʥʜʘʩ 

ʀ-42 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʨʦʟʦʚʳʡ 

ʀ-43 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʨʦʟʦʚʳʡ 

ʀ-44 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʘʣʝʢʩʘʥʜʨʠʡʩʢʠʡ 

ʀ-45 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-46 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-47 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʘʣʝʢʩʘʥʜʨʠʡʩʢʠʡ 

ʀ-48 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-49 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-50 ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-51 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-52 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ɸʣʝʢʩʘʥʜʨʠʡʩʢʠʡ 

ʀ-53 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ 

ʀ-54 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ʙʝʣʳʡ 

ʀ-55 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ɸʣʝʢʩʘʥʜʨʠʡʩʢʠʡ 

ʀ-56 ɻʦʨʥʦ-ʜʦʣʠʥʥʘʷ ʧʨʠʤʦʨʩʢʘʷ ʄʫʩʢʘʪ ʙʝʣʳʡ 
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1 ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ 

1.1 ʅʘʟʥʘʯʝʥʠʝ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʅʘʩʪʦʷʱʘʷ ʧʨʦʛʨʘʤʤʘ ʠ ʤʝʪʦʜʠʢʘ ʩʦʩʪʘʚʣʝʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʩʝʣʝʢʮʠʦʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ 

Kluyveromyces marxianus (ʰʪʘʤʤ ˉ III -407) ʥʘ ʩʪʘʜʠʠ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʠ Saccharomyces 

cerevisiae (ʪhʘʤʤ ˉ I-76) ʥʘ ʩʪʘʜʠʠ ʙʨʦʞʝʥʠʷ ʩʫʩʣʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. 

1.2 ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʠ ʧʨʠʥʮʠʧ ʪʝʭʥʦʣʦʛʠʠ 

1.2.1 ʉʢʣʦʥʥʦʩʪʴ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʢ ʚʳʩʦʢʦʤʫ ʥʘʢʦʧʣʝʥʠʶ 

ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʝʩʦʤʳʭ ʧʨʠʯʠʥ ʫʚʝʣʠʯʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʫʩʣʘ, 

ʟʘʪʨʫʜʥʝʥʠʷ ʝʛʦ ʦʩʚʝʪʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʚʳʭʦʜʘ ʩʫʩʣʘ. ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʧʦʣʠʤʝʨʦʚ 

ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʩʪʘʜʠʠ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʝʨʤʝʥʪʦʚ ʠʣʠ ʧʨʠʤʝʥʝʥʠʷ ʦʢʣʝʠʚʘʶʱʠʭ ʚʝʱʝʩʪʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʩ ʧʝʢʪʦʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʨʦʞʞʠ ʚʠʜʘ Kluyveromyces marxianus ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʦʙʲʝʢʪ ʜʣʷ ʩʝʣʝʢʮʠʠ ʘʢʪʠʚʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ. 

ʄʠʢʨʦʙʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʧʘʨʘʪʘ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʰʪʘʤʤʘ 

ʜʨʦʞʞʝʡ Kluyveromyces marxianus. 

1.2.2 ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʠʝʤʦʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʨʪʦʚʳʭ ʚʠʥ 

ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʪʘʨʪʦʚʦʡ ʢʫʣʴʪʫʨʳ ʜʨʦʞʞʝʡ ʥʝ ʪʦʣʴʢʦ ʧʦ ʙʨʦʜʠʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʥʦ ʠ ʧʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʪʦʨʠʯʥʳʝ ʠ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʙʨʦʞʝʥʠʷ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʨʪʦʚʦʛʦ ʘʨʦʤʘʪʘ ʠ ʚʢʫʩʘ ʚʠʥʘ. 

1.3 ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʧʳʪʘʥʠʡ 

1.3.1 ɺʳʨʘʙʦʪʘʪʴ ʚʠʥʦʤʘʪʝʨʠʘʣʳ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʫʩʣʘ ʦʧʳʪʥʳʤ ʧʨʝʧʘʨʘʪʦʤ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʝʣʝʢʮʠʦʥʥʦʡ ʩʪʘʨʪʦʚʦʡ ʢʫʣʴʪʫʨʳ ʜʨʦʞʞʝʡ ʥʘ ʩʪʘʜʠʠ 

ʬʝʨʤʝʥʪʘʮʠʠ ʩʫʩʣʘ ʜʣʷ ʫʩʠʣʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ 

ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ. 

1.3.2 ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

1.3.3 ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠ ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʮʠʦʥʥʳʭ 

ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ. 
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2 ʊʈɽɹʆɺɸʅʀʗ ʂ ʋʉʃʆɺʀʗʄ ʇʈʆɺɽɼɽʅʀʗ ʀʉʇʓʊɸʅʀʁ 

2.1. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʮʠʦʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ 

ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʙʘʟʝ ʚʠʥʟʘʚʦʜʘ çʃʠʚʘʜʠʷè ʌɻʋʇ çʇɸʆ çʄʘʩʩʘʥʜʨʘè ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʦʪʜʝʣʝ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʌɻɹʋʅ çɺʅʅʀɺʠɺ çʄʘʛʘʨʘʯè 

ʈɸʅè. 

2.2. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʝ ʚʠʥʦʜʝʣʴʯʝʩʢʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʚʠʥʦʜʝʣʴʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

2.3. ʇʨʝʜʧʨʠʷʪʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʦʩʥʦʚʥʳʤʠ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʵʥʝʨʛʠʝʡ ʠ ʩʳʨʴʝʤ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ. 

2.4. ʈʘʟʨʘʙʦʪʯʠʢ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ: ʧʨʦʛʨʘʤʤʫ ʠ ʤʝʪʦʜʠʢʫ ʠʩʧʳʪʘʥʠʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʠʥʩʪʨʫʢʮʠʶ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ 

ʄʘʛʘʨʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʦʞʞʝʡ Saccharomyces cerevisiae (ˉ I-76) ʠ 

Kluyveromyces marxianus (ˉ III -407), ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʌɻɹʋʅ çɺʅʅʀɺʠɺ çʄʘʛʘʨʘʯè ʈɸʅè. 

2.5. ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʪʩʷ ʯʣʝʥʘʤʠ 

ʢʦʤʠʩʩʠʠ ʩ ʫʯʘʩʪʠʝʤ ʩʦʪʨʫʜʥʠʢʦʚ ʌɻɹʋʅ çɺʅʅʀɺʠɺ çʄʘʛʘʨʘʯè ʈɸʅè. 

2.6. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʶʪʩʷ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ 

ʪʨʝʙʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʘʥʠʪʘʨʠʠ. 

 

3 ʇʆʈʗɼʆʂ ʇʈʆɺɽɼɽʅʀʗ ʀʉʇʓʊɸʅʀʁ 

3.1. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ 

ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʮʠʦʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ 

ʧʨʦʚʦʜʷʪʩʷ ʢʦʤʠʩʩʠʝʡ ʚ ʩʦʩʪʘʚʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ, ʥʘʟʥʘʯʝʥʥʳʭ ʧʨʠʢʘʟʦʤ ʧʦ ʚʠʥʟʘʚʦʜʫ 

çʃʠʚʘʜʠʷè ʌɻʋʇ çʇɸʆ çʄʘʩʩʘʥʜʨʘè. 

3.2. ʂʦʤʠʩʩʠʷ ʧʨʦʚʦʜʠʪ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʘʧʧʘʨʘʪʫʨʦʡ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʧʨʦʚʝʨʷʝʪ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ 

ʩʳʨʴʝʤ, ʦʩʥʦʚʥʳʤʠ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʠʭ ʢʘʯʝʩʪʚʘ 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ɻʆʉʊ, ʊʋ). 

3.3. ʂʦʤʠʩʩʠʷ ʧʨʦʚʝʨʷʝʪ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʚʦʜʦʡ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ, ʣʘʙʦʨʘʪʦʨʥʳʤʠ 

ʧʨʠʙʦʨʘʤʠ, ʨʝʘʢʪʠʚʘʤʠ, ʪʝʭʥʠʯʝʩʢʠʤ ʧʝʨʩʦʥʘʣʦʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʤʝʱʝʥʠʷʤʠ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ. 
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3.4. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʪʦʚʥʦʩʪʴʶ, ʢʦʤʠʩʩʠʷ ʥʘʟʥʘʯʘʝʪ ʢʦʥʢʨʝʪʥʳʡ ʩʨʦʢ ʥʘʯʘʣʘ 

ʠʩʧʳʪʘʥʠʡ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʪʦʯʥʷʝʪ ʧʨʦʛʨʘʤʤʫ ʠ ʤʝʪʦʜʠʢʫ ʠʩʧʳʪʘʥʠʡ. 

3.5. ʉʨʝʜʠ ʯʣʝʥʦʚ ʢʦʤʠʩʩʠʠ ʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʢʦʤʠʩʩʠʷ ʨʘʩʧʨʝʜʝʣʷʝʪ 

ʦʙʷʟʘʥʥʦʩʪʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʠ ʢʦʥʪʨʦʣʶ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʦʚ ʠʩʧʳʪʫʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

3.6. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʧ. 4 ʥʘʩʪʦʷʱʝʡ ʧʨʦʛʨʘʤʤʳ. 

3.7. ɺ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʠʩʩʠʷ ʧʦʩʪʦʷʥʥʦ ʘʥʘʣʠʟʠʨʫʝʪ ʠ ʦʙʦʙʱʘʝʪ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʨʦʚʦʜʠʪ ʧʦʚʪʦʨʥʫʶ ʠʣʠ ʢʦʥʪʨʦʣʴʥʫʶ ʧʨʦʚʝʨʢʫ. 

3.8. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʢʦʤʠʩʩʠʷ ʜʝʣʘʝʪ ʚʳʚʦʜʳ ʦ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʝ ʚʥʝʜʨʝʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʠʥʦʜʝʣʴʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʦʙʨʘʟʮʳ ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʌɻɹʋʅ çɺʅʅʀɺʠɺ çʄʘʛʘʨʘʯè ʈɸʅè. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʳʪʘʥʠʷ ʟʘʚʝʨʰʘʶʪʩʷ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʘʥʘʣʠʟʦʚ. 

3.9. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʢʦʤʠʩʩʠʷ ʩʦʩʪʘʚʣʷʝʪ ʘʢʪ ʠ ʧʨʦʪʦʢʦʣ ʠʩʧʳʪʘʥʠʡ, ʚ 

ʢʦʪʦʨʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʨʘʞʝʥʳ ʚʦʧʨʦʩʳ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʠ ʠʩʧʳʪʘʥʠʡ. 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʠ ʯʣʝʥʳ ʢʦʤʠʩʩʠʠ ʧʦʜʧʠʩʳʚʘʶʪ ʜʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ. ɸʢʪ ʠ ʧʨʦʪʦʢʦʣ ʠʩʧʳʪʘʥʠʡ 

ʫʪʚʝʨʞʜʘʶʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. 

 

4 ʄɽʊʆɼʀʂɸ ʇʈʆɺɽɼɽʅʀʗ ʀʉʇʓʊɸʅʀʁ 

4.1. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʠʥʦʛʨʘʜʘ 

ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʮʠʦʥʥʳʭ ʰʪʘʤʤʦʚ ʜʨʦʞʞʝʡ ʥʘ 

ʚʠʥʦʜʝʣʴʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʩʫʩʣʘ ʦʧʳʪʥʳʤ ʧʨʝʧʘʨʘʪʦʤ 

ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩʝʣʝʢʮʠʦʥʥʦʛʦ 

ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ʚʠʜʘ Kluyveromyces marxianus (ˉ III -407, ʂʄɺ çʄʘʛʘʨʘʯè), ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʙʨʦʞʝʥʠʝʤ ʥʘ ʰʪʘʤʤʝ ʜʨʦʞʞʝʡ ʚʠʜʘ Saccharomyces cerevisiae (ˉ I-76, ʂʄɺ çʄʘʛʘʨʘʯè)  

4.2. ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʷʪ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʭʝʤʝ: ʜʨʦʙʣʝʥʠʝ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ, ʩ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʘʭʘʨʦʚ 

180-200 ʛ/ʣ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʚʘʣʢʦʚʦʡ ʜʨʦʙʠʣʢʝ-ʛʨʝʙʥʝʦʪʜʝʣʠʪʝʣʝ ɺɼɻ-20. ʉʫʩʣʦ ʦʪʙʠʨʘʝʪʩʷ 

ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʙʦʣʝʝ 60 ʜʘʣ ʩ 1 ʪ ʚʠʥʦʛʨʘʜʘ. ʇʦʣʫʯʝʥʥʦʝ ʩʫʩʣʦ ʩʫʣʴʬʠʪʠʨʫʝʪʩʷ ʠʟ ʨʘʩʯʝʪʘ 

ʧʦʣʫʯʝʥʠʷ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʜʠʦʢʩʠʜʘ ʩʝʨʳ 75-80 ʤʛ/ʣ. ɺ ʩʫʩʣʦ ʚʥʦʩʷʪ ʦʧʳʪʥʳʡ 

ʧʨʝʧʘʨʘʪ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 1500 ʝʜ /ʤʣ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʨʘʩʯʝʪʘ 6000 ʝʜ/ʣ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 2 ʯ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʥʠʞʝ 20 Áʉ, ʜʘʣʴʥʝʡʰʝʝ ʦʩʚʝʪʣʝʥʠʝ ʧʨʦʚʦʜʷʪ ʦʪʩʪʘʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 12-24 

ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 8-10 Áʉ. 

4.3. ɺ ʦʩʚʝʪʣʝʥʥʦʝ ʩʫʩʣʦ ʚʥʦʩʷʪ ʜʨʦʞʞʝʚʫʶ ʨʘʟʚʦʜʢʫ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ˉ I-76 

(ʂʄɺ çʄʘʛʘʨʘʯè). ɹʨʦʞʝʥʠʝ ʧʨʦʚʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 17-20 ʦʉ. ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʩʧʠʨʪʦʚʦʛʦ  
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 ï ʦʩʚʝʪʣʝʥʠʝ ʦʪʩʪʘʠʚʘʥʠʝʤ ʩʫʩʣʘ, ʜʝʢʘʥʪʘʮʠʶ ʩ ʦʩʘʜʢʘ ʦʩʚʝʪʣʝʥʥʦʡ ʯʘʩʪʠ 

ʩʫʩʣʘ, ʬʠʣʴʪʨʘʮʠʶ, ʘʥʘʣʠʟ ʚʳʭʦʜʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʟʚʝʩʝʡ ʚ ʩʫʩʣʝ; 

 ï ʙʨʦʞʝʥʠʝ ʩʫʩʣʘ ʥʘ ʰʪʘʤʤʘʭ ʜʨʦʞʞʝʡ ˉ I-527 (ʢʦʥʪʨʦʣʴ) ʠ ˉ I-76 (ʦʧʳʪ); 

 ï ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʣʫʯʝʥʥʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ. 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʯʝʩʢʦʡ 

ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ: 

 ï ʦʪʙʦʨ ʩʨʝʜʥʝʡ ʧʨʦʙʳ ʦʪ ʦʜʥʦʨʦʜʥʦʡ ʧʘʨʪʠʠ ʩʫʩʣʘ ʠ ʚʠʥʦʤʘʪʝʨʠʘʣʘ 

ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ "ʉʙʦʨʥʠʢʫ ʦʩʥʦʚʥʳʭ ʧʨʘʚʠʣ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʢʮʠʡ ʠ 

ʥʦʨʤʘʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʚʠʥʦʜʝʣʴʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ" (ʫʪʚ. 

ʄʠʥʩʝʣʴʭʦʟʧʨʦʜʦʤ ʈʌ 05.05.1998); 

 ï ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʩʪʦʣʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʦʞʞʝʡ 

Saccharomyces cerevisiae (  ̄I-76) ʠ Kluyveromyces marxianus (ˉ III -407) 

(ʊʀ 9103063859.002:2016). 

  

 ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʙʳʣʦ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʩʫʩʣʦ ʠ ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʥʝʛʦ ʩʪʦʣʦʚʳʝ 

ʚʠʥʦʤʘʪʝʨʠʘʣʳ, ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʬʠʣʠʘʣʘ "ʃʠʚʘʜʠʷ" ʌɻʋʇ "ʇɸʆ 

ʄʘʩʩʘʥʜʨʘ" ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

 ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ: ʜʨʦʙʣʝʥʠʝ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʎʠʪʨʦʥʥʳʡ ʄʘʛʘʨʘʯʘ ʩ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʘʭʘʨʦʚ 180-200 ʛ/ʣ ʧʨʦʠʚʦʜʠʣʠ ʥʘ ʚʘʣʢʦʚʦʡ ʜʨʦʙʠʣʢʝ-

ʛʨʝʙʥʝʦʪʜʝʣʠʪʝʣʝ ɺɼɻ-20. ʉʫʩʣʦ ʦʪʙʠʨʘʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʙʦʣʝʝ 60 ʜʘʣ ʩ 1 ʪ 

ʚʠʥʦʛʨʘʜʘ. ʇʦʣʫʯʝʥʥʦʝ ʩʫʩʣʦ ʩʫʣʴʬʠʪʠʨʦʚʘʣʠ ʠʟ ʨʘʩʯʝʪʘ ʧʦʣʫʯʝʥʠʷ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʜʠʦʢʩʠʜʘ ʩʝʨʳ 75-80 ʤʛ/ʣ. ʉʫʩʣʦ ʨʘʟʜʝʣʷʣʠ ʥʘ 2 ʨʘʚʥʳʝ 

ʧʘʨʪʠʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʟ ʙʳʣʘ ʢʦʥʪʨʣʴʥʦʡ, ʚʦ ʚʪʦʨʫʶ  ʚʥʦʩʠʣʠ ʬʝʨʤʝʥʪʥʳʡ 

ʧʨʝʧʘʨʘʪ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ (ʌʇɼʕ) ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 

1500 ʝʜ /ʤʣ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʨʘʩʯʝʪʘ 6000ʦ ʝʜ/ʜʘʣ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʥʠʞʝ 20 Áʉ. ʆʙʝ ʧʘʨʪʠʠ ʩʫʩʣʘ 

ʦʩʚʝʪʣʷʣʠ ʦʪʩʪʘʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 8-10 Áʉ. 

 ʇʦʩʣʝ ʦʪʩʪʘʠʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʚʳʭʦʜʘ ʦʩʚʝʪʣʝʥʥʦʛʦ ʩʫʩʣʘ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʚʟʚʝʩʝʡ ʚ ʥʝʤ. 
 

 ɺ ʦʩʚʝʪʣʝʥʥʦʝ ʩʫʩʣʦ ʚʥʦʩʠʣʠ ʜʨʦʞʞʝʚʫʶ ʨʘʟʚʦʜʢʫ ʰʪʘʤʤʘ ʜʨʦʞʞʝʡ ˉ I-76 

(ʦʧʳʪ) ʠ I-527 (ʢʦʥʪʨʦʣʴ) (ʂʄɺ çʄʘʛʘʨʘʯè). ɹʨʦʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 17-20 ʦʉ. ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʩʧʠʨʪʦʚʦʛʦ ʙʨʦʞʝʥʠʷ ʚʠʥʦʤʘʪʝʨʠʘʣʳ 

ʩʥʠʤʘʣʠ ʩ ʜʨʦʞʞʝʚʦʛʦ ʦʩʘʜʢʘ, ʩʫʣʴʬʠʪʠʨʦʚʘʣʠ ʠ ʦʪʧʨʘʚʣʷʣʠ ʥʘ ʭʨʘʥʝʥʠʝ. 
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 ʇʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʦʮʝʥʢʫ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʥʳʭ ʚʥʦʤʘʪʝʨʠʘʣʦʚ. 

 ʍʨʘʥʝʥʠʝ ʦʧʳʪʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʧʘʨʪʠʡ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ 

ʵʤʘʣʠʨʦʚʘʥʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 20 ÁC. ʆʙʱʠʡ ʦʙʲʝʤ 

ʦʧʳʪʥʦʡ ʧʘʨʪʠʠ ʩʫʩʣʘ ʩʦʩʪʘʚʠʣ 1000 ʪʳʩ. ʜʘʣ. 

 ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʦʢ ʠ ʜʝʛʫʩʪʘʮʠʦʥʥʘʷ ʦʮʝʥʢʘ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ  ʚ ʧʨʦʪʦʢʦʣʘʭ ʜʝʛʫʩʪʘʮʠʠ ʩʫʩʣʘ ʠ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ. 

 ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʫʩʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʝʛʦ ʦʩʚʝʪʣʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʦʪʥʦʛʦ, ʧʦʜʚʠʞʥʦʛʦ ʦʩʘʜʢʘ, ʯʪʦ 

ʦʙʣʝʛʯʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʧʨʠ ʧʝʨʝʢʘʯʠʚʘʥʠʠ ʛʫʱʝʚʳʭ ʦʩʘʜʢʦʚ. 

ɼʝʛʫʩʪʘʮʠʦʥʥʘʷ ʦʮʝʥʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʫʩʣʘ ʬʝʨʤʝʥʪʥʳʤ 

ʧʨʝʧʘʨʘʪʦʤ ʜʨʦʞʞʝʚʦʡ ʵʥʜʦʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʥʝ ʠʤʝʣʠ 

ʧʦʩʪʦʨʦʥʥʭ ʦʪʪʝʥʢʦʚ ʚ ʘʨʦʤʘʪʝ ʠ ʚʢʫʩʝ ʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʧʘʨʪʠʡ. 

 ʇʨʦʚʝʜʝʥʠʝ ʙʨʦʞʝʥʠʷ ʥʘ ʰʪʘʤʤʝ I-76 ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʦʣʥʦʝ ʩʙʨʘʞʠʚʘʥʠʝ 

ʩʘʭʘʨʦʚ ʩʫʩʣʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʨʘʞʝʥʥʳʤ 

ʮʠʪʨʦʥʥʦ-ʤʫʩʢʘʪʥʳʤ ʘʨʦʤʘʪʦʤ ʠ ʚʢʫʩʦʤ. 

 ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʦʙʨʘʙʦʪʢʝ ʩʫʩʣʘ ʌʇɼʕ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʦʩʚʝʪʣʝʥʠʝ ʩʫʩʣʘ ʠ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʪʨʝʙʫʶʪ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʢʣʝʠʚʘʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. ɼʝʛʫʩʪʘʮʠʦʥʥʘʷ ʦʮʝʥʢʘ ʦʙʨʘʟʮʦʚ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʩʙʨʘʞʠʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩʫʩʣʘ ʥʘ ʰʪʘʤʤʝ I-76 ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ 

ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʮʠʪʨʦʥʥʦ-ʤʫʩʢʘʪʥʳʤ ʘʨʦʤʘʪʦʤ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʠ ʥʝ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʷ ʚ ʘʨʦʤʘʪʝ ʠ ʚʢʫʩʝ ʥʠʢʘʢʠʭ 

ʧʦʩʪʦʨʦʥʥʠʭ ʦʪʪʝʥʢʦʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. 

 ɺʳʚʦʜʳ: 

 1. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩʫʩʣʘ ʧʨʝʧʘʨʘʪʦʤ ʜʨʦʞʞʝʚʦʡ ʧʝʢʪʠʥʘʟʳ ʥʘ ʩʪʘʜʠʠ 

ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʣʘ ʦʪʩʪʘʠʚʘʥʠʝʤ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʩʚʝʪʣʝʥʠʝ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʦʪʥʦʛʦ ʦʩʘʜʢʘ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʧʨʠ 

ʜʝʢʘʥʪʘʮʠʠ ʩʫʩʣʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠ ʁ ʦʢʣʝʠʚʘʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠ 

ʜʘʣʴʥʝʡʰʠʭ ʦʙʨʘʙʦʪʢʘʭ. 

 2. ʇʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʩʫʩʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʘ I-76, ʧʦʣʫʯʝʥʥʳʝ 

ʚʠʥʦʤʘʪʝʨʠʘʣʳ ʦʪʣʠʯʘʣʠʩʴ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʤʫʩʢʘʪʥʳʤ ʘʨʦʤʘʪʦʤ ʠ ʚʢʫʩʦʤ ʠ 

ʠʤʝʣʠ ʜʝʛʫʩʪʘʮʠʦʥʥʫʶ ʦʮʝʥʢʫ ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. 

 3. ʈʝʢʦʤʝʥʜʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʌɻɹʋʅ "ɺʅʅʀʀɺʠɺ"ʄʘʛʘʨʘʯ" ʈɸʅ" 

ʪʝʭʥʦʣʦʛʠʶ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʝʣʳʭ ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚʳʭ ʚʠʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ 
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