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ɸʅʆʊɸʎɯʗ 

ʄʘʢʘʨ ʆ.ʆ. ʌʽʟʽʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʟʝʨʥʘ ʷʨʦʾ ʧʰʝʥʠʮʽ ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

091 çɹʽʦʣʦʛʽʷè (ʛʘʣʫʟʴ ʟʥʘʥʴ 09 çɹʽʦʣʦʛʽʷè). ï ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ. ï ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʃʴʚʽʚ, 2023. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ 

ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʟʝʨʥʘ 24 ʛʝʥʦʪʠʧʽʚ ʷʨʦʾ ʧʰʝʥʠʮʽ (Triticum aestivum L., T. 

durum Desf., T. turgidum subsp. dicoccum) ʫʢʨʘʾʥʩʴʢʦʾ ʩʝʣʝʢʮʽʾ, ʟʦʢʨʝʤʘ ʧʣʽʚʯʘʩʪʦʾ 

ʧʰʝʥʠʮʽ ʧʦʣʙʠ, ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʚʤʽʩʪ ʌʝʨʫʤʫ (Fe), ʎʠʥʢʫ (Zn), ʂʫʧʨʫʤʫ (Cu) ʪʘ 

ʽʜʝʥʪʠʬʽʢʫʚʘʥʥʷ ʙʘʢʪʝʨʽʡ-ʝʥʜʦʬʽʪʽʚ ʧʰʝʥʠʮʽ ʽ ʚʠʚʯʝʥʥʷ ʾʭ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʟ 

ʚʨʦʞʘʡʥʽʩʪʶ ʪʘ ʷʢʽʩʪʶ ʟʝʨʥʘ. 

ʇʰʝʥʠʮʷ (Triticum spp.) ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʢʫʣʴʪʠʚʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʚ ʋʢʨʘʾʥʽ 

ʪʘ ʫ ʩʚʽʪʽ ʟʘʛʘʣʦʤ. ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ 15 ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ (T. aestivum 

L.), ʘʜʞʝ ʩʘʤʝ ʚʦʥʘ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʩʥʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ 

ʭʣʽʙʥʠʭ ʚʠʨʦʙʽʚ; 8 ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʪʚʝʨʜʦʾ (T. durum Desf.) ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʙʽʣʢʽʚ, ʢʣʽʪʢʦʚʠʥʠ ʽ ʤʽʥʝʨʘʣʽʚ; 1 ʩʦʨʪ ʧʰʝʥʠʮʽ ʧʦʣʙʘ (T. turgidum subsp. dicoccum), 

ʦʜʥʽʻʾ ʟ ʥʘʡʜʘʚʥʽʰʠʭ ʧʣʽʚʯʘʩʪʠʭ ʧʰʝʥʠʮʴ ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ (Fe, 

Zn) ʪʘ ʚʽʪʘʤʽʥʽʚ, ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʢʣʝʡʢʦʚʠʥʠ. ɺʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʩʦʨʪʠ ʻ ʥʦʚʽ, 

ʚʥʝʩʝʥʽ ʜʦ ɼʝʨʞʘʚʥʦʛʦ ʨʝʻʩʪʨʫ ʩʦʨʪʽʚ ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʟ 2000 

ʧʦ 2017 ʨʨ.. 

ʅʘʡʙʣʠʞʯʠʤʠ ʨʦʢʘʤʠ ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʪʘ ʾʾ 

ʚʠʨʦʙʥʠʮʪʚʦ ʫ ʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ ʜʣʷ ʥʘʩʝʣʝʥʥʷ, ʷʢʝ ʜʦ 2100 ʨʦʢʫ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 

36 %. ɺʦʜʥʦʯʘʩ, ʙʘʛʘʪʦʨʽʯʥʘ ʩʝʣʝʢʮʽʷ ʧʰʝʥʠʮʽ ʧʦʧʝʨʝʜʥʽʭ ʨʦʢʽʚ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ, ʩʫʧʨʦʚʦʜʞʫʚʘʣʘʩʷ ʟʥʠʞʝʥʥʷʤ ʷʢʦʩʪʽ ʟʝʨʥʘ ʚʥʘʩʣʽʜʦʢ 

ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʙʽʣʢʽʚ, ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʪʘ ʚʽʪʘʤʽʥʽʚ. ʉʘʤʝ ʪʦʤʫ ʧʦʢʨʘʱʝʥʥʷ 

ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʻ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʩʫʯʘʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʛʝʥʝʪʠʢʽʚ, ʬʽʟʽʦʣʦʛʽʚ ʪʘ ʩʝʣʝʢʮʽʦʥʝʨʽʚ.  
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ñʇʨʠʭʦʚʘʥʠʡ ʛʦʣʦʜò, ʩʧʨʠʯʠʥʝʥʠʡ ʥʝʩʪʘʯʝʶ ʚʽʪʘʤʽʥʽʚ ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʭʘʨʯʫʚʘʥʥʷ ʽ ʟʜʦʨʦʚôʷ ʜʣʷ 2 ʤʣʨʜ. ʣʶʜʝʡ ʫ ʩʚʽʪʽ, ʮʝ 

ʥʘʡʧʦʰʠʨʝʥʽʰʘ ʬʦʨʤʘ ʥʝʜʦʾʜʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚʽʜʟʥʘʯʘʶʪʴ ʜʝʬʽʮʠʪʠ ʎʠʥʢʫ (Zn), 

ʌʝʨʫʤʫ (Fe), ʁʦʜʫ (I), ʚʽʪʘʤʽʥʫ ɸ ʪʘ ʬʦʣʽʻʚʦʾ ʢʠʩʣʦʪʠ. ɺʠʚʯʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʛʣʠʥʘʥʥʷ ʽ ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʨʦʩʣʠʥʥʠʭ ʪʢʘʥʠʥʘʭ, ʧʦʰʫʢ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʟʝʨʥʽ ï ʥʝʦʙʭʽʜʥʘ ʧʝʨʝʜʫʤʦʚʘ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ, ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʷʢʽ ʙʠ ʜʦʧʦʚʥʶʚʘʣʠ ʬʝʥʦʪʠʧʦʚʫ ʧʣʘʩʪʠʯʥʽʩʪʴ ʽ ʘʜʘʧʪʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʨʦʩʣʠʥ. 

ɹʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʩʪʨʘʪʝʛʽʡ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ ʪʘ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ. ʎʝʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʙʘʢʪʝʨʽʷʤʠ ʪʘ ʨʦʩʣʠʥʘʤʠ, ʾʭ ʨʦʣʽ ʫ ʧʽʜʚʠʱʝʥʥʽ ʨʦʜʶʯʦʩʪʽ 

ʪʘ ʟʙʘʛʘʯʝʥʥʽ ʡʦʛʦ ʜʦʩʪʫʧʥʠʤʠ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ ʚʥʘʩʣʽʜʦʢ ʩʦʣʶʙʽʣʽʟʘʮʽʾ, 

ʤʦʙʽʣʽʟʘʮʽʾ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʪʨʽʙʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ ʨʦʩʣʠʥʠ. 

ʇʨʦʙʣʝʤʘ ʩʴʦʛʦʜʥʽ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʘ, ʧʨʦʪʝ ʧʝʨʩʧʝʢʪʠʚʥʘ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ 

ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ, ʪʦʤʫ ʮʝ ʩʪʘʣʦ 

ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ ʜʚʦʭ ʨʽʟʥʠʭ 

ʟʘ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ, ʦʩʢʽʣʴʢʠ, ʦʙʤʝʞʝʥʫ 

ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚʚʘʞʘʶʪʴ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʾʭ ʥʠʟʴʢʦʛʦ ʚʤʽʩʪʫ ʚ 

ʟʝʨʥʽ ʧʰʝʥʠʮʽ. ɺʠʷʚʣʝʥʦ ʥʠʟʴʢʫ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʥʘ ʢʘʨʙʦʥʘʪʥʠʭ 

ˇʨʫʥʪʘʭ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ (50Á13'26.6"N 24Á36'50.5"E). ɼʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʽ 

ʩʫʛʣʠʥʢʦʚʽ ˇʨʫʥʪʠ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ (49Á27'17.5"N 23Á23'02.6"E) ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ 

ʩʣʘʙʦ-ʢʠʩʣʠʤ ʨʅ, ʥʠʞʯʠʤ, ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʣʷʥʢʦʶ ɼʤʠʪʨʽʚ, ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ ˇʨʫʥʪʫ (ʆʈɻ) ʪʘ ʚʠʱʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. 

ɺʠʱʽ ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʟʦʢʨʝʤʘ, ʜʦʚʞʠʥʘ ʢʦʨʝʥʷ ʽ ʚʠʩʦʪʘ ʧʘʛʦʥʘ ʜʣʷ 

ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʘ ʯʦʨʥʦʟʝʤʥʠʭ ʩʣʘʙʦʣʫʞʥʠʭ 

ˇʨʫʥʪʘʭ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ. ʇʦʢʘʟʘʥʦ ʽʩʥʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚô̫ ʟʢʽʚ 



4 

 

ʤʽʞ ʧʣʦʱʝʶ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ ʪʘ ʚʨʦʞʘʡʥʽʩʪʶ ʟʝʨʥʘ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ (r = 

0,23**) ʪʘ ʩʣʘʙʢʽ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ (r = 0,07**).  

ɺ ʫʤʦʚʘʭ ʧʦʣʴʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʨʘʭʦʚʘʥʦ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ (WD), 

ʚʽʜʥʦʩʥʦʛʦ ʚʤʽʩʪʫ ʚʦʜʠ (RWC), ʚʦʜʦʫʪʨʠʤʥʦʾ ʟʜʘʪʥʦʩʪʽ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʤʘʩʫ (EL 

WLW) ʽ ʧʣʦʱʫ (EL WLA) ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʚʧʨʦʜʦʚʞ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʝʟʦʥʫ 

2018 ʨ. ʽʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʦʧʘʜʽʚ ʽ ʚʠʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʇʦʢʘʟʥʠʢʠ EL WLW 

ʪʘ EL WLA ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʷʢ ʜʦʜʘʪʢʦʚʽ ʧʦʢʘʟʥʠʢʠ ʩʪʽʡʢʦʩʪʽ ʧʰʝʥʠʮʽ ʜʦ 

ʚʦʜʥʦʛʦ ʩʪʨʝʩʫ. ʇʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʨʝʘʢʮʽʾ ʥʘ ʧʦʩʫʭʫ ʩʝʨʝʜ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

ʤô̫ ʢʦʾ ʽ ʪʚʝʨʜʦʾ (T. aestivum ʽ T. durum). ɺʽʜʟʥʘʯʝʥʦ ʚʠʩʦʢʫ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʩʦʨʪʫ 

MIʇ ʈʘʡʜʫʞʥʘ ʪʘ ʚʠʦʢʨʝʤʣʝʥʦ ʩʦʨʪʠ ʟ ʚʠʩʦʢʦʶ ʚʨʦʞʘʡʥʽʩʪʶ ʪʘ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʶ: 

ɾʽʟʝʣʴ (ʪʚʝʨʜʘ), ɻʦʣʽʢʦʚʩʴʢʘ (ʧʦʣʙʘ) ʽ ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ (ʤôʷʢʘ).  

ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʦʢʨʽʤ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʘʛʨʦʪʝʭʥʽʯʥʠʭ 

ʟʘʭʦʜʽʚ, ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʾʾ ʩʪʨʫʢʪʫʨʫ ʤʘʻ ʚʠʜ ʽ ʩʦʨʪ ʧʰʝʥʠʮʽ. 

ʉʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ ʫ 2017 ʨ. ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʙʫʣʘ ʥʘ 67 % ʚʠʱʦʶ 

ʥʽʞ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ, ʪʘ ʩʪʘʥʦʚʠʣʘ 51,57 ʮ/ʛʘ ʪʘ 16,91 ʮ/ʛʘ ʚʽʜʧʦʚʽʜʥʦ. ʋ 2018 ʨ. 

ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʦʪʨʠʤʘʥʦ ʚʠʱʫ ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʥʘ 53 %. ɺʩʪʘʥʦʚʣʝʥʦ ʚʠʱʽ 

ʧʦʢʘʟʥʠʢʠ ʚʨʦʞʘʡʥʦʩʪʽ ʜʣʷ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ.  

ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʙʽʣʢʘ ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʩʪʘʥʦʚʠʚ ʚʽʜ 8,65 ʜʦ 17,21 %. ɺʠʱʠʡ 

ʚʤʽʩʪ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʘ ʜʝʨʥʦʚʦ-ʙʫʨʦʟʝʤʥʠʭ ʩʫʛʣʠʥʢʦʚʠʭ ˇʨʫʥʪʘʭ 

ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ ʽʟ ʩʣʘʙʦ-ʢʠʩʣʠʤ ʨʅ, ʥʠʞʯʠʤ ʚʤʽʩʪʦʤ ʆʈɻ ʪʘ ʚʠʱʦʶ 

ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ʉʦʨʪʠ ʟ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʣʢʽʚ 

ʚ ʟʝʨʥʽ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ: ɽʪʶʜ, ʂʦʣʝʢʪʠʚʥʘ 3, ɼʠʥʘʩʪʽʷ, 

ɯʟʦʣʴʜʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʥʘʤʠ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ, ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ 

ʩʪʨʫʢʪʫʨʠ ʚʨʦʞʘʶ, ʧʨʠʧʫʱʝʥʦ, ʱʦ ʩʦʨʪʠ ʤô̫ ʢʦʾ ʧʰʝʥʠʮʽ ï ɼʫʙʨʘʚʢʘ, ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ, ʪʘ ʪʚʝʨʜʦʾ ï ʏʘʜʦ, ɼʠʥʘʩʪʽʷ, ʻ ʩʪʽʡʢʽʰʠʤʠ ʜʦ ʬʘʢʪʦʨʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʽʟ ʚʣʘʩʪʠʚʦʶ ʾʤ ʚʠʱʦʶ ʘʜʘʧʪʘʮʽʡʥʦʶ ʧʣʘʩʪʠʯʥʽʩʪʶ 

ʜʦ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ, ʟʘ ʫʤʦʚ ʨʽʟʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 
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ʇʨʦʚʝʜʝʥʦ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʤʽʞ ʚʨʦʞʘʡʥʽʩʪʶ ʪʘ ʝʣʝʤʝʥʪʘʤʠ ʾʾ ʩʪʨʫʢʪʫʨʠ; 

ʥʘʡʙʽʣʴʰʝ ʧʦʟʠʪʠʚʥʠʭ ʢʦʨʝʣʷʮʽʡ ʚʠʷʚʣʝʥʦ ʤʽʞ ʚʨʦʞʘʡʥʽʩʪʶ ʟʝʨʥʘ (ɺɿ) ʪʘ 

ʢʽʣʴʢʽʩʪʶ ʟʝʨʝʥ ʚ ʢʦʣʦʩʽ (ʂɿʂ), ʤʘʩʦʶ 1000 ʟʝʨʝʥ (ʄʊɿ), ʚʠʩʦʪʦʶ ʢʦʣʦʩʘ (ɺʂ). 

ʇʽʜʪʚʝʨʜʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe, Zn ʪʘ Cu ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʚʽʜ 

ʚʤʽʩʪʫ ʾʭ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʚ ˇʨʫʥʪʽ. ɺʠʷʚʣʝʥʦ ʩʦʨʪʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʢʦʧʠʯʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʦ ʟʜʘʪʥʽʩʪʴ ʩʦʨʪʽʚ ʘʢʫʤʫʣʶʚʘʥʥʷ Fe, Zn ʪʘ Cu ʚ ʧʨʘʧʦʨʮʝʚʠʭ 

ʣʠʩʪʢʘʭ ʪʘ ʢʦʣʦʩʘʭ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʟʝʨʥʦ. ɺʩʪʘʥʦʚʣʝʥʦ ʢʦʨʝʣʷʮʽʾ 

ʤ̔ ʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʦʜʥʦʛʦ ʘʙʦ 

ʢʽʣʴʢʦʭ ʩʧʽʣʴʥʠʭ ʛʝʥʝʪʠʯʥʠʭ ʽ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʟʘʣʫʯʝʥʠʭ ʜʦ ʧʦʛʣʠʥʘʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ, ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣ ʚ 

ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ, ʟ ʧʦʜʘʣʴʰʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚ ʟʝʨʥʽ. ɿʛʽʜʥʦ ʟ 

ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʥʘʡʙʽʣʴʰʝ Fe ʪʘ ʉu ʥʘʢʦʧʠʯʫʚʘʣʦʩʷ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ, ʘ 

Zn ʚ ʟʝʨʥʽ. ɿʘ ʫʤʦʚ ʨʽʟʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʪʚʝʨʜʽ ʩʦʨʪʠ ʥʘʢʦʧʠʯʫʚʘʣʠ 

ʙʽʣʴʰʝ Zn, ʥʽʞ ʤôʷʢʽ ʩʦʨʪʠ. ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʪʚʝʨʜʽ ʩʦʨʪʠ ʥʘʢʦʧʠʯʫʚʘʣʠ ʤʘʡʞʝ 

ʚʜʚʽʯʽ ʙʽʣʴʰʝ Zn, ʥʽʞ ʤôʷʢʽ. ɿʘ ʫʤʦʚ ʚʠʱʦʾ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ Fe ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ 

ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʙʫʣʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 30 % ʚʠʱʦʶ. ʇʨʦʪʝ, ʥʝ 

ʚʩʪʘʥʦʚʣʝʥʦ ʨʽʟʥʠʮʽ ʚ ʨʦʟʧʦʜʽʣʽ Fe ʤʽʞ ʤôʷʢʠʤʠ ʪʘ ʪʚʝʨʜʠʤʠ ʩʦʨʪʘʤʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn ʚ ʟʝʨʥʽ ʦʪʨʠʤʘʥʦ ʟʘ ʫʤʦʚ ʨʦʩʪʫ ʥʘ ˇʨʫʥʪʘʭ ʟ ʚʠʱʦʶ 

ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɺʠʱʠʡ ʚʤʽʩʪ Fe ʪʘ ʉu ʚʠʷʚʣʝʥʦ ʚ ʟʝʨʥʽ 

ʦʪʨʠʤʘʥʦʤʫ ʟ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʩʦʢʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʩʦʨʪʠ T. turgidum ʥʘʢʦʧʠʯʫʚʘʣʠ ʙʽʣʴʰʝ Cu, ʥʽʞ T. aestivum. ʉʠʣʴʥʽ 

ʧʦʟʠʪʠʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʷʚʣʝʥʦ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Fe ʪʘ Cu ʚ ʟʝʨʥʽ ʜʣʷ ʦʙʦʭ 

ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ. 

ɿô̫ ʩʦʚʘʥʦ, ʱʦ ʚʠʱʘ ʚʨʦʞʘʡʥʽʩʪʴ ʚʣʘʩʪʠʚʘ ʜʣʷ ʩʦʨʪʽʚ ʟʘ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘ 

ʯʦʨʥʦʟʝʤʘʭ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ˇʨʫʥʪʫ ʪʘ 

ʥʠʟʴʢʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ Fe, Cu ʪʘ Zn, ʧʨʦʪʝ, ʷʢʽʩʪʴ ʟʝʨʥʘ ʚ ʮʠʭ ʫʤʦʚʘʭ ʥʠʞʯʘ: ʚʤʽʩʪ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʪʘ ʙʽʣʢʽʚ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʙʫʚ ʥʠʟʴʢʠʤ. 

ʈʦʟʨʘʭʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʙʽʦʣʦʛʽʯʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʜʦʟʚʦʣʠʚ ʧʦʨʽʚʥʷʪʠ 
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ʩʦʨʪʦʚʫ ʟʜʘʪʥʽʩʪʴ ʢʦʞʥʦʛʦ ʛʝʥʦʪʠʧʫ ʧʦʛʣʠʥʘʪʠ ʝʣʝʤʝʥʪʠ ʟ ˇʨʫʥʪʫ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʾʭ ʜʦ ʟʝʨʥʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʦʢʨʝʤʣʝʥʦ ʩʦʨʪʠ ʟʽ 

ʩʭʦʞʠʤʠ ʜʦʩʣʽʜʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʊʚʝʨʜʽ ʪʘ ʤôʷʢʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʷʨʦʾ ʬʦʨʤʫʚʘʣʠ 

ʦʢʨʝʤʽ ʢʣʘʩʪʝʨʠ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʽʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ 

ʝʣʝʤʝʥʪʘʤʠ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʚʨʦʞʘʡʥʦʩʪʽ, ʟʜʘʪʥʦʩʪʽ ʜʦ ʘʢʫʤʫʣʶʚʘʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʪʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʽʙʨʘʥʦ 4 ʢʦʥʪʨʘʩʪʥʽ ʩʦʨʪʠ 

ʧʰʝʥʠʮʽ: ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ɼʫʙʨʘʚʢʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ. 

ɼʣʷ ʦʙʨʘʥʠʭ ʩʦʨʪʽʚ ʨʦʟʨʘʭʦʚʘʥʦ ʚʝʣʠʯʠʥʫ ʬʘʢʪʦʨʘ ʪʨʘʥʩʣʦʢʘʮʽʾ (ʌʊ). ɺʠʱʽ 

ʚʝʣʠʯʠʥʠ ʌʊ Fe ʪʘ Cu ï ʟʝʨʥʦ/ʢʦʣʦʩ ʥʽʞ ʟʝʨʥʦ/ʧʨʘʧʦʨʮʝʚʠʡ ʣʠʩʪʦʢ, ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʙʽʣʴʰʫ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʪʘ Cu ʚ ʟʝʨʥʽ ʚʽʜ ʾʭ ʚʤʽʩʪʫ ʚ ʢʦʣʦʩʽ ʥʽʞ ʚʽʜ ʚʤʽʩʪʫ 

ʚ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʦʥʪʦʛʝʥʝʟʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ (biplot PCA) ʜʣʷ 

ʦʙʨʘʥʠʭ ʩʦʨʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʟʠʪʠʚʥʫ ʟʘʣʝʞʥʽʩʪʴ ɺɿ ʟ ʂɿʂ, ʄʊɿ, ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

Cu ʽ Fe, ʪʘ ʥʝʛʘʪʠʚʥʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ biplot PCA ʩʦʨʪ ʧʦʣʙʘ 

ɻʦʣʽʢʦʚʩʴʢʘ ʥʘʢʦʧʠʯʫʻ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn ʧʨʠ ʥʝʚʠʩʦʢʽʡ ʚʨʦʞʘʡʥʦʩʪʽ. ʉʦʨʪʠ 

ɼʫʙʨʘʚʢʘ ʪʘ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʚʠʜʽʣʷʣʠʩʴ ʚʠʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Cu ʪʘ Fe 

ʚ ʟʝʨʥʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ. ʆʢʨʽʤ ʪʦʛʦ, ʩʦʨʪ ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ ʚʠʨʽʟʥʷʚʩʷ ʥʘʡʚʠʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Fe, Zn ʪʘ Cu ʚ ʟʘʨʦʜʢʘʭ 

ʫʧʨʦʜʦʚʞ ʜʚʦʭ ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʟʝʨʥʘ ʪʘ ʟ ʦʪʨʠʤʘʥʠʭ 

in vitro ʚʝʛʝʪʘʪʠʚʥʠʭ ʦʨʛʘʥʽʚ ʧʨʦʨʦʩʪʢʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ɼʫʙʨʘʚʢʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ, ʷʢʽ ʨʽʟʥʠʣʠʩʴ ʟʘ 

ʟʜʘʪʥʽʩʪʶ ʥʘʢʦʧʠʯʫʚʘʪʠ Fe, Zn ʪʘ ʉu ʟʘ ʾʭ ʥʠʟʴʢʦʾ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ. ɿ ʟʝʨʥʘ ʧʰʝʥʠʮʽ 

ʷʨʦʾ ʽʟʦʣʴʦʚʘʥʦ, ʢʫʣʴʪʠʚʦʚʘʥʦ ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 20 ʰʪʘʤʽʚ ʙʘʢʪʝʨʽʡ ʝʥʜʦʬʽʪʽʚ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʨʦʜʠ Staphylococcus, Pantoea, Sphingobium, Bacillus, Kosakonia, 

Micrococcus, Kocuria ʪʘ Corynebacterium. ɺʠʟʥʘʯʝʥʽ ʥʫʢʣʝʦʪʠʜʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʚʥʝʩʝʥʦ ʚ ʙʘʟʫ GenBank ʧʽʜ ʥʝʤʝʨʘʤʠ MT302194 ï 

MT302204, MT312840 ʪʘ ʆʈ445710 ï ʆʈ445717. ʂʫʣʴʪʠʚʦʚʘʥʽ ʰʪʘʤʠ 
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ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʜʘʪʥʽʩʪʴ ʩʠʥʪʝʟʫʚʘʪʠ ʪʘ ʚʠʜʽʣʷʪʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʘʫʢʩʠʥ-ʧʦʜʽʙʥʽ ʩʧʦʣʫʢʠ (IRCs ʤʘʢʩ.: 16,57 ʤʢʛ/ʤʣ). IRCs, ʧʨʦʜʫʢʦʚʘʥʽ ʙʘʢʪʝʨʽʷʤʠ 

ʨʦʜʫ Pantoea spp. ʪʘ Bacillus spp. ʽʟ ʟʝʨʥʘ ʚʠʩʦʢʦʚʨʦʞʘʡʥʠʭ ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʜʥʠʤ ʽʟ ʚʠʟʥʘʯʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʪʘ ʡʦʛʦ ʧʦʞʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʙʛʦʚʦʨʶʻʪʴʩʷ ʡʤʦʚʽʨʥʘ ʨʦʣʴ ʦʢʨʝʤʠʭ ʰʪʘʤʽʚ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ ʫ ʥʘʢʦʧʠʯʝʥʥʽ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʪʘ ʾʭ ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ 

ʪʘ ʦʩʥʦʚʥʽ ʾʾ ʢʦʤʧʦʥʝʥʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʝʪʘʛʝʥʦʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʢʘʥʠʥ ʢʦʨʝʥʽʚ ʪʘ ʣʠʩʪʢʽʚ ʧʨʦʨʦʩʪʢʽʚ 

ʧʰʝʥʠʮʽ, ʦʪʨʠʤʘʥʠʭ ʚ ʩʪʝʨʠʣʴʥʽʡ ʢʫʣʴʪʫʨʽ in vitro, ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 14 ʨʦʜʽʚ 

ʙʘʢʪʝʨʽʡ: Propionibacterium, Bacillus, Staphylococcus, Lactobacillus, Leuconostoc, 

Streptococcus, Veillonella, Bradyrhizobium, Paracoccus, Variovorax, Oxalobacter, 

Enterobacter, Erwinia ʪʘ Acinetobacter. ɼʦʚʝʜʝʥʦ, ʱʦ ʩʪʝʨʠʣʴʥʽ ʟʘʨʦʜʢʠ ʩʪʘʣʠ 

ʧʦʯʘʪʢʦʚʦʶ ʪʦʯʢʦʶ ʬʦʨʤʫʚʘʥʥʷ ʝʥʜʦʬʽʪʥʦʛʦ ʤʽʢʨʦʙʽʦʤʫ ʧʨʦʨʦʩʪʢʽʚ ʧʰʝʥʠʮʽ 

ʚʠʨʦʱʝʥʦʾ ʚ ʩʪʝʨʠʣʴʥʠʭ ʫʤʦʚʘʭ in vitro. ɺʩʪʘʥʦʚʣʝʥʦ ʬʘʢʪ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʝʨʝʜʘʯʽ 

ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ ʨʦʜʽʚ Staphylococcus ʪʘ Bacillus. ɺʧʝʨʰʝ ʚʠʜʽʣʝʥʦ ʪʘ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʟʝʨʥʘ  ̔ʪʢʘʥʠʥ ʣʠʩʪʢʽʚ ʪʘ ʢʦʨʝʥʽʚ T. turgidum 

subsp. dicoccum. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʥʦʚʽ ʟʥʘʥʥʷ ʧʨʦ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʝʥʜʦʬʽʪʥʠʤʠ 

ʙʘʢʪʝʨʽʷʤʠ ʟʝʨʥʘ, ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Fe, Cu ʪʘ Zn ʚ ʟʝʨʥʽ ʪʘ ʚʨʦʞʘʡʥʽʩʪʶ ʧʰʝʥʠʮʽ 

ʷʨʠʭ ʩʦʨʪʽʚ T. aestivum ʽ T. turgidum subsp. dicoccum, ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʟʘ 

ʦʙʤʝʞʝʥʦʾ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʮʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʘʥʽ ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ, ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ˇʨʫʥʪʫ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʜʦʚʠʤ ʩʢʣʘʜʦʤ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ ʡʤʦʚʽʨʥʠʡ ʚʧʣʠʚ ʝʥʜʦʬʽʪʥʦʾ ʢʦʣʦʥʽʟʘʮʽʾ ʥʘ 

ʜʽʘʧʘʟʦʥ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʨʦʩʣʠʥʫ, ʾʭ ʜʦʩʪʘʚʢʫ ʜʦ ʨʝʧʨʦʜʫʢʪʠʚʥʠʭ 

ʦʨʛʘʥʽʚ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʝʨʥʦ. 

ɹʘʢʪʝʨʽʾ ʨʦʜʫ Pantoea ʚʠʜʽʣʝʥʽ ʟ ʟʝʨʥʘ ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʩʠʥʪʝʟʫ ʘʫʢʩʠʥʽʚ, ʦʢʨʽʤ ʪʦʛʦ, ʮʝʡ ʩʦʨʪ 
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ʚʠʨʽʟʥʷʚʩʷ ʚʠʩʦʢʦʶ ʚʨʦʞʘʡʥʽʩʪʶ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Fe, Cu ʚ ʟʝʨʥʽ. ʉʦʨʪ ʧʦʣʙʘ 

ɻʦʣʽʢʦʚʩʴʢʘ ʧʨʠ ʥʠʟʴʢʽʡ ʚʨʦʞʘʡʥʦʩʪʽ, ʚʠʜʽʣʷʚʩʷ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʙʽʦʘʢʫʤʫʣʷʮʽʾ Zn ʪʘ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʮʴʦʛʦ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʚ ʟʝʨʥʽ, ʘ ʙʘʢʪʝʨʽʾ 

ʨʦʜʫ Bacillus ʦʪʨʠʤʘʥʽ ʟ ʮʴʦʛʦ ʩʦʨʪʫ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʠʥʪʝʟʫ 

ʘʫʢʩʠʥʽʚ. ɸʫʢʩʠʥʠ, ʱʦ ʚʠʨʦʙʣʷʶʪʴʩʷ ʝʥʜʦʬʽʪʥʠʤʠ ʙʘʢʪʝʨʽʷʤʠ ʩʧʨʠʷʶʪʴ 

ʧʽʜʢʠʩʣʝʥʥʶ ʨʠʟʦʩʬʝʨʠ ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʢʨʘʱʫʻ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪ 

ʝʣʝʤʝʥʪʽʚ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʡʤʦʚʽʨʥʫ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʘʤʽʚ Pantoea spp. U.ʄʆ2, U.ʄʆ3 ʪʘ Bacillus spp. U.H2 ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʨʦʙʦʪʘ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ 

ʤʽʢʨʦʙʽʦʤʫ ʨʦʩʣʠʥ (ʬʽʪʦʤʽʢʨʦʙʽʦʤʫ) ʥʘ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʷʨʦʾ. 

ɽʥʜʦʬʽʪʥʠʡ ʤʽʢʨʦʙʽʦʤ ʤʦʞʝ ʚʠʙʽʨʢʦʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʥʠʟʢʫ ʬʘʢʪʦʨʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʛʦ ʚʨʦʞʘʶ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʷʭ, ʽ ʚ 

ʪʦʡ ʞʝ ʯʘʩ ʤʦʞʝ ʩʧʨʠʷʪʣʠʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ. 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʢʣʘʜʫ ʪʘ ʬʫʥʢʮʽʡ ʝʥʜʦʬʽʪʥʦʛʦ ʤʽʢʨʦʙʽʦʤʫ ʧʰʝʥʠʮʽ ʷʨʦʾ ʤʦʞʝ 

ʩʧʨʠʷʪʠ ʨʦʟʨʦʙʮʽ ʥʦʚʦʾ ʛʨʫʧʠ ʙʽʦʧʨʝʧʘʨʘʪʽʚ ï ʬʽʪʦʧʨʦʙʽʦʪʠʢʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Triticum spp., ʩʪʨʝʩ, ʧʦʩʫʭʘ, ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ, ʤʽʢʨʦʝʣʝʤʝʥʪʠ: 

Fe, Zn, Cu, ʙʽʣʦʢ, ʚʨʦʞʘʡʥʽʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʙʘʢʪʝʨʽʾ-ʝʥʜʦʬʽʪʠ, ʢʦʣʦʥʽʟʘʮʽʷ 

ʢʦʨʝʥʷ, ʨʽʩʪ-ʩʪʠʤʫʣʶʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʙʽʦʩʠʥʪʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ɯʆʂ, 

ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʷ, in vitro. 
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SUMMARY  

Makar O.O. Physiological basis of productivity and grain quality of spring wheat ï 

Qualifying scientific work on the right of the manuscript. 

Thesis for a degree of Doctor of Philosophy on speciality 091 çBiologyè (field of 

knowledge 09 çBiologyè). ï Ivan Franko National University of Lviv. ï Ivan Franko 

National University of Lviv, Lviv, 2023. 

The dissertation is focused on the study of the physiological bases of the formation 

of the quality grain of 24 genotypes of spring wheat (Triticum aestivum L., T. durum 

Desf., T. turgidum subsp. dicoccum) of Ukrainian selection, including flaky spelled 

wheat, with an emphasis on the content of Iron (Fe), Zinc (Zn), Copper (Cu) and the 

identification of wheat endophyte bacteria and the study of their relationship with grain 

yield and quality. 

Wheat (Triticum spp.) is one of the most cultivated crops in Ukraine and the world. 

Fifteen varieties of soft wheat (T. aestivum L.) were used in the study because it is the 

most often used as the main component of bread products; 8 varieties of durum wheat (T. 

durum Desf.) with a high content of proteins, fiber and minerals; 1 variety of spelled 

wheat (T. turgidum subsp. dicoccum), T. dicoccum, one of the oldest durum kinds of 

cereal with high content of trace elements (Mg, Fe, Zn) and vitamins, low gluten content. 

All studied varieties are new and entered into the State Register of varieties suitable for 

cultivation in Ukraine from 2000 to 2017. 

In the coming years, it is necessary to improve the quality of wheat grain and its 

production in sufficient quantity for the population, which will increase by 36 % by 2100. 

At the same time, the multi-year selection of wheat in previous years, aimed at improving 

the yield, was accompanied by a decrease in the quality of the grain due to a reduction of 

the content of proteins, microelements, and vitamins. That is why improving the 

nutritional value of wheat grain is one of the priority areas of modern research by 

geneticists, physiologists, and breeders. 

ñHidden hungerò caused by a lack of vitamins and microelements is an urgent 

problem of nutrition and health for 2 billion people worldwide. It is the most common 
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form of malnutrition, especially deficiencies of Zinc (Zn), Iron (Fe), Iodine (I), vitamin, 

and folic acid. The study of complex physiological mechanisms of absorption and 

maintenance of the necessary concentration of trace elements in plant tissues, the search 

and research of wheat varieties with the increased ability to accumulate them in the grain 

is an essential prerequisite for the development of effective methods of biofortification, 

environmentally safe technologies that would complement the phenotypic plasticity and 

adaptability of plants. Bacterial endophytes can serve as tools for developing new 

strategies for biofortification and food security. This approach involves the study of 

interactions between bacteria and plants, their role in increasing fertility, and enriching it 

with available trace elements as a result of solubilization, mobilization, and movement of 

the necessary elements to various plant organs. Today, the problem is insufficiently 

researched, but it is promising, as evidenced by the increase in scientific publications in 

recent years, so this became the basis for researching the dissertation topic. 

An analysis of the main physicochemical properties of the soils of two experimental 

plots with different bioavailability of microelements was carried out since the limited 

bioavailability of microelements is considered the main reason for their low content in 

wheat grains. The low bioavailability of trace elements on the carbonate soils of the 

Dmytriv area (50Á13'26.6"N 24Á36'50.5" E) was revealed. On the other hand, sod-

podzolic loamy soils of the D. Luzhok site (49Á27'17.5"N 23Á23'02.6" E) were 

characterized by a slightly acidic pH lower compared to the Dmytriv site, the content of 

soil organic matter (SOM) and higher bioavailability of trace elements. 

Higher morphometric indicators, in particular, root length and shoot height, for all 

studied spring wheat varieties were observed on black earth, slightly alkaline soils of the 

Dmytriv site. The existence of positive correlations between the area of the flag leaf and 

grain yield at the Dmytriv plot (r = 0,23**) and weak positive correlations at the D. 

Luzhok plot (r = 0,07**) were shown. 

In the conditions of the field experiment, the drought resistance of the investigated 

wheat varieties was taken into account based on the results of determining the indicators 

of water deficit (WD), relative water content (RWC), excised leaves water loss weight 
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(EL WLW) and excised leaves water loss per area (EL WLA) of flag leaves during the 

2018 growing season, with low rainfall and high temperatures. Indicators EL WLW and 

EL WLA can be recommended as additional indicators of wheat resistance to water stress. 

Differences in response to drought among soft and hard wheat varieties (T. aestivum and 

T. durum) were confirmed. The high drought resistance of the MIP Raiduzhna variety 

was noted, and the varieties with high yield and drought resistance were singled out: 

Zhizelô (hard), Holikovsôka (emmer), and Simkoda myronivska (soft). 

It has been confirmed that, in addition to environmental conditions and agrotechnical 

measures, the type and variety of wheat significantly impact yield and its structure. For 

example, the average yield of wheat in 2017 on the Dmytriv plot was 67 % higher than 

on the D. Luzhok plot and was 51.57 qt/ha and 16.91 qt/ha, respectively. In 2018, a 53 % 

higher grain yield was obtained at the Dmytriv site. In addition, higher grain yields were 

established for soft wheat varieties. 

The total protein content in wheat grain ranged from 8.65 to 17.21 %. The higher 

content of proteins in grain was observed on sod-brown loamy soils with slightly acidic 

pH, lower SOM content, and higher trace elementsô bioavailability. Varieties with an 

increased ability to accumulate proteins in grain under different conditions of mineral 

nutrition: Etiud, Kolektyvna 3, Dynastiia, Izolôda, and Holikovsôka. 

As a result of the analysis of the data we received, in particular, the yield and 

structure of the crop, it was assumed that the varieties of soft wheat ï Dubravka, Oksamyt 

myronivsôkyi, and hard ï Chado, Dynastiia, are more resistant to environmental factors, 

with their inherent higher adaptive plasticity to conditions cultivation, under the 

conditions of a different provision of mineral elements. Therefore, a correlation analysis 

was conducted between yield and elements of its structure; the most positive correlations 

were found between the grain yield (GY) and the number of grains per spike (GPS), 

thousand-grain weight (TGW), and spike height (SH). 

The dependence of the concentration of Fe, Zn, and Cu in wheat organs on the 

content of their available forms in the soil was confirmed. In addition, varietal features of 

the accumulation of elements have been revealed. 
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The ability of varieties to accumulate Fe, Zn, and Cu in flag leaves and spikes with 

their subsequent loading into grain was investigated. Correlations between concentrations 

of microelements were established, which may indicate the existence of one or more 

common genetic and physiological mechanisms involved in the absorption of mineral 

elements by the root system, their movement, and redistribution in plant tissues, with 

subsequent loading and accumulation in grain. According to the obtained data, most Fe 

and Cu accumulated in the flag leaves and Zn in the grain. Under conditions of different 

mineral nutrition, hard cultivars accumulated more Zn than soft cultivars. At the site of 

D. Luzhok, hard cultivars collected almost twice as much Zn as soft cultivars. Under 

conditions of higher bioavailability of Fe at the D. Luzhok site, its concentration in wheat 

organs was, on average, 30 % higher. However, no difference in Fe distribution was found 

between soft and hard varieties. Thus, higher concentrations of Zn in grain were obtained 

under growth conditions on soils with higher bioavailability of this element. A higher 

content of Fe and Cu was found in the grain obtained from the site of D. Luzhok, which 

is explained by high bioavailability. It was shown that T. turgidum cultivars accumulated 

more Cu than T. aestivum. Strong positive relationships were found between the 

concentration of Fe and Cu in grain for both experimental plots. 

It was found that the higher yield is characteristic of the varieties under the 

conditions of cultivation on chernozems of carbonate rocks with a high content of soil 

organic matter and low bioavailability of Fe, Cu, and Zn. However, the grain quality is 

lower under these conditions: microelements and protein content need to be improved. 

The calculated coefficient of biological accumulation made it possible to compare 

the varietal ability of each genotype to absorb elements from the soil and transport them 

to the grain. As a result of the cluster analysis, varieties with similar research 

characteristics were singled out. Hard and soft varieties of spring wheat formed separate 

clusters at both experimental sites with different levels of provision of elements of mineral 

nutrition. 

Considering the yield results, ability to accumulate trace elements, correlation, and 

cluster analysis, four contrasting wheat varieties were selected: Oksamyt myronivsôkyi, 
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Struna myronivsôka, Dubravka, and Holikovsôka. The translocation factor (FT) value was 

calculated for the selected varieties. Higher values of FT of Fe and Cu ï grain/spike than 

grain/flag leaf indicate a greater dependence of the concentration of Fe and Cu in the grain 

on their content in the spike than on the content in the flag leaf at this stage of ontogenesis. 

As a result of the correlation analysis of the main components (biplot PCA) for the 

selected varieties, a positive dependence of GY with GPS, TGW, Cu, and Fe 

concentration and a negative with Zn concentration was established. According to biplot 

PCA, emmer Holikovsôka spelled variety accumulates high concentrations of Zn with low 

yield. Dubravka and Oksamyt myronivsôkyi were distinguished by high concentrations 

of Cu and Fe in the grain, in contrast to Struna myronivsôka. In addition, the Oksamyt 

myronivsôkyi variety was characterized by the highest concentrations of Fe, Zn, and Cu 

in the embryos during the two years of the study. 

Bacterial endophytes of grain and vegetative organs of spring wheat seedlings 

obtained in vitro were identified for the first time in the work. Their ability to accumulate 

Fe, Zn, and Cu differed due to their low bioavailability. From spring wheat grain, 20 

endophytic bacteria strains were isolated, cultivated, and identified, representing the 

genera Staphylococcus, Pantoea, Sphingobium, Bacillus, Kosakonia, Micrococcus, 

Kocuria, and Corynebacterium. The determined nucleotide sequences of bacterial 

endophytes are included in the GenBank database under the names MT302194 ï 

MT302204, MT312840, and ʆʈ445710 ï ʆʈ445717. Cultivated strains demonstrated the 

ability to synthesize and secrete auxin-like compounds into the culture medium (IRCs 

max.: 16.57 ÕgĿmLī1). IRCs produced by bacteria of the genus Pantoea spp. and Bacillus 

spp. from the grain of the high-yielding Oksamyt myronivsôkyi and Holikovsôka varieties 

can be considered one of the determining factors in the formation of wheat grain yield 

and its nutritional characteristics. The potential role of certain strains of endophytic 

bacteria in the accumulation of microelements in the grain of various wheat varieties and 

their possible influence on yield and its main components are discussed. 

As a result of the metagenomic analysis of the tissues of roots and leaves of wheat 

seedlings obtained in sterile in vitro culture, 14 genera of bacteria were identified: 
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Propionibacterium, Bacillus, Staphylococcus, Lactobacillus, Leuconostoc, 

Streptococcus, Veillonella, Bradyrhizobium, Paracoccus, Variovorax, Oxalobacter, 

Enterobacter, Erwinia, and Acinetobacter. It has been proven that sterile embryos became 

the starting point of formation of the endophytic microbiome of wheat seedlings grown 

in sterile conditions in vitro. The fact of vertical transmission of endophytic bacteria of 

the genera Staphylococcus and Bacillus have been established. Bacterial endophytes of 

grain and tissues of leaves and roots of T. turgidum subsp. dicoccum was isolated and 

identified for the first time.  

The presented results provide novel insights into the relationships between the 

grainendophytic bacteria, the Fe, Cu, and Zn concentrations, and the yield in the T. 

aestivum and T. turgidum subsp. dicoccum spring wheat varieties grown with limited bio-

availability of these microelements in the field.  

Data on the concentration of trace elements in grain, taking into account the mineral 

composition of the soil compared to the species composition of bacterial endophytes. The 

obtained results allow us to assume the likely influence of endophytic colonization on the 

range of microelements entering the plant, their delivery to the reproductive organs, and 

loading into the grain. 

Bacteria of the genus Pantoea isolated from the grain of the Oksamyt myronivsôkyi 

variety were characterized by a high ability to synthesize auxins; in addition, this variety 

was distinguished by a high yield and concentration of Fe and Cu in the grain. The variety 

emmer Holikovsôka with low yield was characterized by a high Zn bioaccumulation 

coefficient and a high concentration of this microelement in the grain, and bacteria of the 

Bacillus genus obtained from this variety demonstrated a high level of auxin synthesis. 

Auxins produced by endophytic bacteria contribute to the acidification of the rhizosphere, 

which in turn improves the absorption and transport of elements. The obtained results 

indicate the probable perspective of using strains of Pantoea U.ʄʆ2, U.ʄʆ3 and 

Bacillus spp. U.H2 to increase yield and improve the trace element composition of grain. 

The presented work is an innovative approach to analyzing the influence of the plant 

microbiome (phytomicrobiome) on the nutritional value of spring wheat grain. The 
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endophytic microbiome can selectively influence several factors necessary for obtaining 

high yields at relatively low production capacities and, at the same time, can favorably 

influence the nutritional value of the wheat grain. A detailed analysis of the composition 

and functions of the endophytic microbiome of spring wheat can contribute to developing 

a new group of biological preparations ï phytoprobiotics. 

 

Key words: Triticum spp., stress, drought, drought resistance, microelements: Fe, 

Cu, Zn, protein, grain yield, productivity, bacterial bndophytes, root colonization, plant 

growth promotional properties, biosynthetic potential, IAA , biofortification, in vitrʦ. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

IRCs (indole-related compounds) ï ʘʫʢʩʠʥʦʧʦʜʽʙʥʽ ʩʧʦʣʫʢʠ; 

GS (growth stage) ï ʝʪʘʧ ʨʦʩʪʫ; 

PGPB (plant growth-promoting bacteria) ï ʨʽʩʪ ʩʪʠʤʫʣʶʶʯʽ ʙʘʢʪʝʨʽʾ; 

DW (dry weight) ï ʩʫʭʘ ʤʘʩʘ; 

RWC (relative water content) ï ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʚʦʜʠ; 

EL WLW (excised leaves water loss weight) ï ʚʦʜʦʫʪʨʠʤʥʘ ʟʜʘʪʥʽʩʪʴ ʫ ʧʝʨʝʨʘʭʫʥʢʫ 

ʥʘ ʤʘʩʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ; 

EL WLA (excised leaves water loss per area) ï ʚʦʜʦʫʪʨʠʤʥʘ ʟʜʘʪʥʽʩʪʴ ʫ ʧʝʨʝʨʘʭʫʥʢʫ 

ʥʘ ʧʣʦʱʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ; 

PCA (principal component analysis) ï ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʤʝʪʦʜ 

ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʩʪʘʪʠʩʪʠʮʽ); 

PC (principal components) ï ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ; 

ʄʊɿ ï ʤʘʩʘ 1000 ʟʝʨʝʥ; 

ʂɿʂ ï ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʚ ʢʦʣʦʩʽ; 

ɺʂ ï ʚʠʩʦʪʘ ʢʦʣʦʩʘ; 

ɺɿ ï ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ; 

ʇʃʈ ï ʧʦʣʽʤʝʨʘʟʥʘ ʣʘʥʮʶʛʦʚʘ ʨʝʘʢʮʽʷ; 

ɸɸʉ ï ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ; 

ɸʌʆ ī ʘʢʪʠʚʥʽ ʬʦʨʤʠ ʆʢʩʠʛʝʥʫ; 

Iʆʂ ï ʽʥʜʦʣʽʣ-3-ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ. 
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ɺʉʊʋʇ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ʇʰʝʥʠʮʷ (Triticum spp.) ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʜʣʷ 

ʙʽʣʴʰ ʥʽʞ ʧʦʣʦʚʠʥʠ ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ ʟ ʨʽʯʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʠʙʣʠʟʥʦ 700 

ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ [141; 234; 243]. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʨʽʩʪ 

ʥʘʨʦʜʦʥʘʩʝʣʝʥʥʷ ɿʝʤʣʽ ʜʦ ʧʦʥʘʜ 9 ʤʣʨʜ ʦʩʽʙ ʫ 2050 ʨ. ʽ ʜʦ 11 ʤʣʨʜ ʫ 2100 ʨ., 

ʣʶʜʩʪʚʫ ʧʦʪʨʽʙʥʦ ʚʜʚʽʯʽ ʟʙʽʣʴʰʠʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʨʦʩʣʠʥʥʦʾ ʧʨʦʜʫʢʮʽʾ [406; 409]. 

ʇʨʦʪʝ, ʦʜʥʦʯʘʩʥʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʨʦʞʘʡʥʦʩʪʽ ʚʘʨʪʦ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʽ ʥʘ ʧʦʞʠʚʥʫ 

ʮʽʥʥʽʩʪʴ. ʅʘ ʞʘʣʴ, ʩʝʣʝʢʮʽʷ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʤʠʥʫʣʠʭ ʨʦʢʽʚ ʩʫʧʨʦʚʦʜʞʫʚʘʣʘʩʷ 

ʯʘʩʪʢʦʚʠʤ ʟʥʠʞʝʥʥʷʤ ʷʢʦʩʪʽ ʟʝʨʥʘ: ʥʠʞʯʠʤ ʚʤʽʩʪʦʤ ʙʽʣʢʽʚ, ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽ 

ʚʽʪʘʤʽʥʽʚ [149; 342], ʘ ʪʘʢʦʞ ʧʦʛʣʠʙʣʝʥʥʷʤ ʷʚʠʱʘ ʧʨʠʭʦʚʘʥʦʛʦ ʛʦʣʦʜʫ [245; 256]. 

ʇʨʦʙʣʝʤʘ ʧʨʠʭʦʚʘʥʦʛʦ ʛʦʣʦʜʫ ʷʢ ʥʘʩʣʽʜʦʢ ʥʝʩʪʘʯʽ ʚʽʪʘʤʽʥʽʚ ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ 

ʩʪʦʩʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 2 ʤʣʨʜ ʣʶʜʝʡ, ʪʦʙʪʦ ʢʦʞʥʦʾ ʪʨʝʪʴʦʾ ʣʶʜʠʥʠ ʫ ʩʚʽʪʽ [189; 245; 

309]. ʆʩʦʙʣʠʚʦ ʚʽʜʟʥʘʯʘʶʪʴ ʥʝʩʪʘʯʫ ʚʽʪʘʤʽʥʫ ɸ, ʎʠʥʢʫ (Zn), ʁʦʜʫ (ɯ), ʬʦʣʽʻʚʦʾ 

ʢʠʩʣʦʪʠ ʽ ʌʝʨʫʤʫ (Fe) [191]. ʅʘʧʨʠʢʣʘʜ, ʚʽʜ ʜʝʬʽʮʠʪʫ Zn ʽ Fe ʩʪʨʘʞʜʘʻ ʙʽʣʴʰʝ 

ʧʦʣʦʚʠʥʠ ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ, ʟʜʝʙʽʣʴʰʦʛʦ ʢʨʘʾʥ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ; ʩʘʤʝ ʫ ʾʭʥʴʦʤʫ 

ʭʘʨʯʦʚʦʤʫ ʨʘʮʽʦʥʽ ʧʝʨʝʚʘʞʘʶʪʴ ʟʝʨʥʦʚʽ ï ʧʰʝʥʠʮʷ, ʨʠʩ, ʢʫʢʫʨʫʜʟʘ [189; 309; 383]. 

ʗʢ ʦʜʠʥ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʨʠʭʦʚʘʥʦʛʦ 

ʛʦʣʦʜʫ ʨʦʟʛʣʷʜʘʶʪʴ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʶ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʾ 

ʨʦʩʣʠʥʠ, ʘ ʥʝ ʚ ʜʦʜʘʪʢʦʚʦʤʫ ʚʥʝʩʝʥʥʽ ʤʽʢʨʦʥʫʪʨʽʻʥʪʽʚ ʫ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ [31; 119; 

165; 189; 309; 427; 468]. ɹʽʦʟʙʘʛʘʯʝʥʥʷ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ ʻ 

ʧʨʽʦʨʠʪʝʪʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʛʝʥʝʪʠʢʽʚ ʽ ʩʝʣʝʢʮʽʦʥʝʨʽʚ ʧʰʝʥʠʮʽ [103; 

164; 165; 285]. 

ʊʦʤʫ, ʘʢʪʫʘʣʴʥʠʤ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʚʠʚʯʝʥʥʷ ʩʢʣʘʜʥʠʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ Fʝ, Zn ʪʘ ʉu ʚ ʨʦʩʣʠʥʥʠʭ ʪʢʘʥʠʥʘʭ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʟ ʧʽʜʚʠʱʝʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʡʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʟʝʨʥʽ ʰʣʷʭʦʤ 

ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʝʣʝʢʮʽʾ ʪʘ 

ʛʝʥʥʦʾ ʽʥʞʝʥʝʨʽʾ.  
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ʋ ʩʪʘʣʦʤʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʟʥʘʯʥʦ ʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʫʪʴʩʷ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʨʝʧʘʨʘʪʠ [365; 321; 366]. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʥʘʜʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʶ 

ʨʽʩʪ-ʩʪʠʤʫʣʶʚʘʣʴʥʠʭ ʙʘʢʪʝʨʽʡ (plant growth promoting bacteria, PGPB) [383], ʷʢʽ 

ʟʜʘʪʥʽ ʜʦʧʦʚʥʠʪʠ ʬʝʥʦʪʠʧʦʚʫ ʧʣʘʩʪʠʯʥʽʩʪʴ ʽ ʘʜʘʧʪʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʨʦʩʣʠʥ [364; 

411]. ʎʝ ʨʝʘʣʴʥʘ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʘʡʙʫʪʥʴʦʛʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʽʩʥʠʤʠ ʭʘʨʯʦʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ: ʜʦʩʪʫʧʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʽ ʷʢʦʤʦʛʘ 

ʤʝʥʰʠʤ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɿʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʰʣʷʭʦʤ ʽʥʦʢʫʣʷʮʽʾ ʝʥʜʦʬʽʪʘʤʠ ʨʽʟʥʠʭ 

ʨʦʜʽʚ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟʘʷʚʣʝʥʦ ʷʢ ʦʜʠʥ ʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ ʧʰʝʥʠʮʽ 

[207; 364; 365; 366; 429]. ɼʣʷ ʥʠʟʢʠ ʝʥʜʦʬʽʪʥʠʭ PGPB ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ 

ʟʜʘʪʥʽʩʪʴ ʧʦʢʨʘʱʫʚʘʪʠ ʫʤʦʚʠ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ, ʫʥʘʩʣʽʜʦʢ 

ʩʦʣʶʙʽʣʽʟʫʚʘʥʥʷ, ʤʦʙʽʣʽʟʘʮʽʾ ʪʘ ʧʦʣʝʛʰʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʜʦ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ [344; 364; 395]. ʊʘʢʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʷ) ʧʦʪʨʽʙʥʠʭ ʤʘʢʨʦ- ʪʘ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ [363], ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʜʣʷ ʙʽʣʴʰ ʥʽʞ ʧʦʣʦʚʠʥʠ ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ [141; 234; 243]. 

ɺʦʜʥʦʯʘʩ ʚʘʨʪʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʝʥʜʦʬʽʪʥʠʡ ʬʽʪʦʤʽʢʨʦʙʽʦʤ ʫʪʚʦʨʝʥʠʡ ʛʨʫʧʘʤʠ 

ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ [91; 249]. ʉʘʤʝ ʪʦʤʫ ʥʝʦʙʭʽʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʝʥʜʦʬʽʪʥʦʛʦ ʤʽʢʨʦʙʽʦʤʫ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ, ʧʦʰʫʢ ʽ ʚʠʷʚʣʝʥʥʷ 

ʚʠʛʨʘʰʥʦʛʦ ʩʢʣʘʜʫ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʷʢʽ ʥʘʜʘʣʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʫ 

ʪʝʭʥʦʣʦʛʽʷʭ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ [89; 321; 366; 371; 426; 429].  

ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʜʝʷʢʽ ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʤʘʶʪʴ 

ʟʜʘʪʥʽʩʪʴ ʩʧʨʠʷʪʠ ʨʦʩʪʫ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʮʽʣʦʾ ʨʦʩʣʠʥ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʧʦʢʨʘʱʠʪʴ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ. ʆʪʨʠʤʘʥʽ ʥʘʤʠ ʜʘʥʽ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ 

ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʠʚʯʝʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ 

ʚʨʦʞʘʶ ʟʝʨʥʘ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʚʽʪʯʠʟʥʷʥʦʾ ʩʝʣʝʢʮʽʾ ʚ ʫʤʦʚʘʭ ʧʦʣʴʦʚʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʨʽʟʥʦʾ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʽʟ ʘʢʮʝʥʪʦʤ ʥʘ 

ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʽ ʚʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʌʝʨʫʤʫ (Fe), ʎʠʥʢʫ (Zn), ʂʫʧʨʫʤʫ (Cu); ʪʘ 
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ʽʜʝʥʪʠʬʽʢʫʚʘʥʥʷ ʙʘʢʪʝʨʽʡ-ʝʥʜʦʬʽʪʽʚ ʫ ʟʚôʷʟʢʫ ʽʟ ʾʭ ʧʦʪʝʥʮʽʡʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʟʝʨʥʘ  

ɼʣ ̫ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʠ ʚʠʟʥʘʯʝʥ ̔ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ɼʦʩʣʽʜʠʪʠ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʽʚ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ, 

ʟʦʢʨʝʤʘ ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥ, pH, ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Fe, Zn ʪʘ ʉu.  

2. ɺʠʟʥʘʯʠʪʠ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʦʢʨʝʤʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʟʘ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʪʘ ʾʭ ʟʚô̫ ʟʦʢ ʽʟ ʚʨʦʞʘʡʥʽʩʪʶ. 

3. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʟʘ 

ʫʤʦʚ ʨʽʟʥʦʾ ʜʦʩʪʫʧʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʟʦʢʨʝʤʘ, ʚʨʦʞʘʡʥʽʩʪʴ 

ʪʘ ʩʪʨʫʢʪʫʨʫ ʚʨʦʞʘʶ, ʤʘʩʫ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ, ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ, 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ. 

4. ʆʮʽʥʠʪʠ ʟʜʘʪʥʽʩʪʴ ʨʦʩʣʠʥ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʜʦ ʧʦʛʣʠʥʘʥʥʷ, 

ʪʨʘʥʩʣʦʢʘʮʽʾ ʪʘ ʘʢʫʤʫʣʶʚʘʥʥʷ Fe, Zn ʪʘ ʉu ʚʽʜ ˇʨʫʥʪʫ ʜʦ ʨʝʧʨʦʜʫʢʪʠʚʥʠʭ ʦʨʛʘʥʽʚ 

ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʝʨʥʦ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. 

5. ɯʟʦʣʶʚʘʪʠ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʟ ʟʝʨʥʘ ʪʘ ʪʢʘʥʠʥ 

ʧʨʦʨʦʩʪʢʽʚ in vitro ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ, ʢʦʥʪʨʘʩʪʥʠʭ ʟʘ ʥʘʢʦʧʠʯʝʥʥʷʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ 

ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʡʤʦʚʽʨʥʠʡ ʚʧʣʠʚ ʝʥʜʦʬʽʪʥʦʾ ʢʦʣʦʥʽʟʘʮʽʾ ʥʘ ʜʽʘʧʘʟʦʥ ʥʘʜʭʦʜʞʝʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʜʘʪʥʦʩʪʽ ʜʦ ʩʠʥʪʝʟʫ ʘʫʢʩʠʥʦʧʦʜʽʙʥʠʭ ʩʧʦʣʫʢ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʽʟʽʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʟʝʨʥʘ 

ʧʰʝʥʠʮʽ ʷʨʦʾ, ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʚʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʷʨʦʾ ʟʘ ʫʤʦʚ 

ʚʠʨʦʱʫʚʘʥʥʷ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʥʘ ˇʨʫʥʪʘʭ ʟ ʨʽʟʥʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʌʝʨʫʤʫ (Fe), 

ʎʠʥʢʫ (Zn), ʂʫʧʨʫʤʫ (Cu), ʧʦʩʫʭʦʩʪʦʩʪʽʡʢʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʚ ʟʝʨʥʽ Fe, Zn ʪʘ Cu, ʽʜʝʥʪʠʬʽʢʫʚʘʥʥʷ ʙʘʢʪʝʨʽʡ ʝʥʜʦʬʽʪʽʚ ʧʰʝʥʠʮʽ ʽ 

ʚʠʚʯʝʥʥʷ ʾʭ ʟʚôʷʟʢʫ ʟ ʚʨʦʞʘʡʥʽʩʪʶ ʪʘ ʷʢʽʩʪʶ ʟʝʨʥʘ, ʧʨʦʜʫʢʪʠʚʥʠʡ ʪʘ ʘʜʘʧʪʠʚʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʛʝʥʦʪʠʧʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʣʴʦʚʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ. ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʽʟʽʦʣʦʛʽʯʥʽ (ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʩʪʫ ʪʘ ʚʨʦʞʘʡʥʦʩʪʽ ʨʦʩʣʠʥ ʫ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʘʭ), ʙʽʦʭʽʤʽʯʥʽ 
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(ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʙʽʣʢʘ, ʚʤʽʩʪʫ ʘʫʢʩʠʥʦʧʦʜʽʙʥʠʭ ʩʧʦʣʫʢ), ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ (ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʟʨʘʟʢʽʚ ʪʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʨʦʩʣʠʥʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʪʘ ʨ̌ʫʥʪʘʭ, ʚʠʟʥʘʯʝʥʥʷ ʨʅ ʪʘ 

ʚʤʽʩʪʫ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ˇʨʫʥʪʫ), ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ (ʤʝʪʦʜ ʢʫʣʴʪʫʨʠ ʟʘʨʦʜʢʽʚ in 

vitro), ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʽ (ʧʦʣʽʤʝʨʘʟʥʘ ʣʘʥʮʶʛʦʚʘ ʨʝʘʢʮʽʷ, ʚʠʜʽʣʝʥʥʷ 

ʙʘʢʪʝʨʽʘʣʴʥʦʾ ɼʅʂ ʽʟ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʝʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʜʫʢʪʽʚ ʘʤʧʣʽʬʽʢʘʮʽʾ 

ʚ ʘʛʘʨʦʟʥʦʤʫ ʛʝʣʽ) ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ (ʦʮʽʥʢʘ ʚʽʨʦʛʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

Statistica 12, Past 4.03, Excel 2013) ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ.  

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ ʬʽʟʽʦʣʦʛʽʾ ʪʘ ʝʢʦʣʦʛʽʾ ʨʦʩʣʠʥ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ 

ʌʨʘʥʢʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ CRDF çʉʪʘʣʽ ʧʽʜʭʦʜʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ 

ʭʘʨʯʦʚʘ ʮʽʥʥʦʩʪʽ ʧʰʝʥʠʮʽè (OISE 16-62755, 2017-18 ʨʨ.), ʚ ʤʝʞʘʭ ʩʧʽʚʧʨʘʮʽ 

ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ ʪʘ ʂʦʨʥʝʣʴʩʴʢʦʛʦ 

ʋʥʽʚʝʨʩʠʪʝʪʫ (ʉʐɸ); ʯʘʩʪʢʦʚʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʽ ʢʘʬʝʜʨʠ ʙʽʦʣʦʛʽʾ 

ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ɯʥʩʪʠʪʫʪʫ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʃʶʙʣʽʥʩʴʢʦʛʦ 

ʢʘʪʦʣʠʮʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʇʘʚʣʘ II (ʇʦʣʴʱʘ) ʚ ʤʝʞʘʭ ʩʪʠʧʝʥʜʽʡ 

Visegrad Scholarship çBacterial endophytes of the spring wheat varietiesè (ˉ 51810815, 

2018-19 ʨʨ.) ʪʘ Visegrad Scholarship çBacterial endophytes of the spring wheat varieties 

with different micronutrient acquisition abilityè (ˉ 52010505, 2020-21 ʨʨ.). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ɺʠʟʥʘʯʝʥʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʽʚ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʨʅ, ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ 

Fe, Zn ʪʘ Cu ʚ ˇʨʫʥʪʽ. 

ʇʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʨʝʘʢʮʽʾ ʥʘ ʧʦʩʫʭʫ ʩʝʨʝʜ 24 ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʤô̫ ʢʦʾ 

ʽ ʪʚʝʨʜʦʾ ʫʢʨʘʾʥʩʴʢʦʾ ʩʝʣʝʢʮʽʾ (Triticum aestivum L., T. durum desf., T. turgidum subsp. 

dicoccum) ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ (WD), ʚʽʜʥʦʩʥʦʛʦ ʚʤʽʩʪʫ ʚʦʜʠ (RWC), 

ʚʦʜʦʫʪʨʠʤʥʦʾ ʟʜʘʪʥʦʩʪʽ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʤʘʩʫ (EL WLW) ʽ ʧʣʦʱʫ (EL WLA) 

ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʨʦʩʣʠʥ ʚ ʫʤʦʚʘʭ ʧʦʣʴʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 
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ʩʦʨʪʠ MIʇ ʈʘʡʜʫʞʥʘ, ɾʽʟʝʣʴ, ɻʦʣʽʢʦʚʩʴʢʘ, ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ, ʇʘʥʷʥʢʘ ʪʘ ʊʝʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʚʠʩʦʢʦʶ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʶ. ʇʦʢʘʟʥʠʢʠ EL WLW ʪʘ EL WLA, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʦʜʦʫʪʨʠʤʥʫ ʟʜʘʪʥʽʩʪʴ ʪʢʘʥʠʥ ʣʠʩʪʢʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʷʢ ʜʦʜʘʪʢʦʚʽ ʧʦʢʘʟʥʠʢʠ ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʦʜʥʦʛʦ ʩʪʨʝʩʫ. RWʉ ʷʢ 

ʧʘʨʘʤʝʪʨ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʰʝʥʠʮʽ ʪʚʝʨʜʦʾ, ʪʦʜʽ ʷʢ EL 

WLA 2ï6 ʛʦʜ ï ʜʣʷ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʷʨʦʾ. 

ɺʧʝʨʰʝ ʚʠʟʥʘʯʝʥʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ Fe, Cu, Zn ʚ ʧʨʘʧʦʨʮʝʚʠʭ 

ʣʠʩʪʢʘʭ, ʢʦʣʦʩʽ, ʟʝʨʥʽʚʢʘʭ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ, ʥʘ ʜʦʩʣʽʜʥʠʭ 

ʜʽʣʷʥʢʘʭ, ʷʢʽ ʨʽʟʥʠʣʠʩʴ ʟʘ ʨʅ, ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ʆʮʽʥʝʥʦ ʟʜʘʪʥʽʩʪʴ ʜʦ ʪʨʘʥʩʣʦʢʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ 

ʜʣʷ ʦʢʨʝʤʠʭ ʩʦʨʪʽʚ. ɺʽʜʽʙʨʘʥʦ ʩʦʨʪʠ ʟʜʘʪʥʽ ʥʘʢʦʧʠʯʫʚʘʪʠ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ ʟʘ ʫʤʦʚ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ.  

ɯʜʝʥʪʠʬʽʢʦʚʘʥʦ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʷʨʦʾ, ʷʢʽ ʚʽʜʪʚʦʨʶʶʪʴ ʚʠʩʦʢʽ ʨʽʚʥʽ 

ʛʦʩʧʦʜʘʨʩʴʢʦ-ʮʽʥʥʠʭ ʦʟʥʘʢ ʟʘ ʢʦʥʪʨʘʩʪʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ. ɺʠʷʚʣʝʥʦ 

ʩʦʨʪʠ ʽʟ ʰʠʨʦʢʦʶ ʬʝʥʦʪʠʧʦʚʦʶ ʪʘ ʘʜʘʧʪʠʚʥʦʶ ʧʣʘʩʪʠʯʥʽʩʪʶ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʧʽʜʚʠʱʝʥʥʽ ʚʨʦʞʘʡʥʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʣʢʽʚ ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ. 

ɺʧʝʨʰʝ ʜʣʷ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ʟʜʽʡʩʥʝʥʦ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʚʨʦʞʘʡʥʩ̔ʪʁ, ʾʾ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘ ʟʜʘʪʥʽʩʪʶ ʨʦʩʣʠʥ ʜʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʚ ʟʝʨʥʽ Fe, Cu ʪʘ Zn.  

ɺʧʝʨʰʝ ʚʠʜʽʣʝʥʦ ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʟ ʟʝʨʥʽʚʦʢ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ 

ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ɼʫʙʨʘʚʢʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ, ʷʢʽ ʤʘʣʠ 

ʨʽʟʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ɯʟʦʣʴʦʚʘʥʦ, ʢʫʣʴʪʠʚʦʚʘʥʦ ʪʘ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 20 ʰʪʘʤʽʚ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʨʦʜʽʚ 

Staphylococcus, Pantoea, Sphingobium, Bacillus, Kosakonia, Micrococcus, Kocuria ʪʘ 

Corynebacterium. ɯʜʝʥʪʠʬʽʢʦʚʘʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʥʝʩʝʥʦ ʚ ʙʘʟʫ GenBank ʧʽʜ 

ʥʦʤʝʨʘʤʠ MT302194 ï MT302204, MT312840 ʪʘ ʆʈ445710 ï ʆʈ445717. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʡʤʦʚʽʨʥʠʡ ʚʧʣʠʚ ʦʢʨʝʤʠʭ ʽʟʦʣʴʦʚʘʥʠʭ ʰʪʘʤʽʚ ʙʘʢʪʝʨʽʡ-ʝʥʜʦʬʽʪʽʚ 

ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʶ Fe, Cu ʪʘ Zn ʚ ʟʝʨʥʽ.  
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ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʟʜʘʪʥʦʩʪʽ ʜʦ ʩʠʥʪʝʟʫ ʘʫʢʩʠʥ-ʩʧʦʨʽʜʥʝʥʠʭ 

ʩʧʦʣʫʢ IRCs ʩʝʨʝʜ ʢʫʣʴʪʠʚʦʚʘʥʠʭ ʰʪʘʤʽʚ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ, ʽʟʦʣʴʦʚʘʥʠʭ ʽʟ 

ʟʝʨʥʽʚʦʢ ʧʰʝʥʠʮʽ.  

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʤʝʪʘʛʝʥʦʤʥʠʡ ʘʥʘʣʽʟ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʫ ʪʢʘʥʠʥʘʭ 

ʢʦʨʝʥʽʚ ʪʘ ʣʠʩʪʢʽʚ ʧʨʦʨʦʩʪʢʽʚ ʧʰʝʥʠʮʽ ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ 

ʤʠʨʦʥʽʚʩʴʢʘ, ɼʫʙʨʘʚʢʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ, ʚʠʨʦʱʝʥʠʭ ʚ ʫʤʦʚʘʭ in vitro. ɯʜʝʥʪʠʬʽʢʦʚʘʥʦ 

14 ʨʦʜʽʚ ʙʘʢʪʝʨʽʡ. ɼʦʚʝʜʝʥʦ ʽʩʥʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʝʨʝʜʘʯʽ 

ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ ʨʦʜʽʚ Staphylococcus, Bacillius.  

ɺʧʝʨʰʝ ʽʟʦʣʴʦʚʘʥʦ ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʟ ʟʝʨʥʽʚʦʢ ʪʘ 

ʪʢʘʥʠʥ ʧʨʦʨʦʩʪʢʽʚ ʧʣʽʚʯʘʩʪʦʾ ʧʦʣʙʠ T. turgidum subsp. dicoccum ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʦʧʦʚʥʶʶʪʴ ʩʫʯʘʩʥʽ ʟʥʘʥʥʷ ʧʨʦ ʧʦʛʣʠʥʘʥʥʷ, 

ʪʨʘʥʩʧʦʨʪ ʪʘ ʘʢʫʤʫʣʶʚʘʥʥʷ Fe, Zn ʪʘ Cu ʨʽʟʥʠʤʠ ʦʨʛʘʥʘʤʠ ʧʰʝʥʠʮʽ ʟʘ ʨʦʩʪʫ ʥʘ 

ˇʨʫʥʪʘʭ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʾʭ ʙʽʦʜʦʩʪʫʧʥʠʭ ʬʦʨʤ. ɺʠʦʢʨʝʤʣʝʥʦ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʟ 

ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʘʢʫʤʫʣʶʚʘʪʠ ʤʽʢʨʦʝʣʝʤʝʥʪʠ ʚ ʟʝʨʥʽ ʟʘ ʥʠʟʴʢʦʾ ʾʭ 

ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ ʚ ˇʨʫʥʪʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʠʭ ʰʪʘʤʽʚ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ 

ʤʦʞʝ ʩʧʨʠʷʪʠ ʨʦʩʪʫ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʧʰʝʥʠʮʽ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʧʦʢʨʘʱʠʪʴ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ ʟʝʨʥʘ. ɺʠʜʽʣʝʥʽ, ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʪʘ ʢʫʣʴʪʠʚʦʚʘʥʽ 

ʰʪʘʤʠ ʙʘʢʪʝʨʽʡ-ʝʥʜʦʬʽʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʦʾ ʛʨʫʧʠ 

ʙʽʦʧʨʝʧʘʨʘʪʽʚ ï ʬʽʪʦʧʨʦʙʽʦʪʠʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ʚʠʱʦʾ ʰʢʦʣʠ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʢʫʨʩʽʚ ñʇʨʘʢʪʠʢʫʤ ʟ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥò, 

ñɾʠʚʣʝʥʥʷ ʨʦʩʣʠʥò, ñɹʽʦʪʝʭʥʦʣʦʛʽʷ ʨʦʩʣʠʥò. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ 

ʌʦʨʤʫʚʘʥʥʷ ʽʜʝʾ ʨʦʙʦʪʠ, ʧʣʘʥʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʫʢʦʧʠʩʽʚ 

ʩʪʘʪʝʡ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ, ʷʢʽ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ ʪʘ ʚʠʩʥʦʚʢʽʚ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʦ ʟʘ ʫʯʘʩʪʶ ʥʘʫʢʦʚʦʛʦ ʢʝʨʽʚʥʠʢʘ ʜ.ʙ.ʥ., ʧʨʦʬ. ʊʝʨʝʢ 

ʆ. ɯ. ʪʘ ʢ.ʙ.ʥ., ʜʦʮ. ʈʦʤʘʥʶʢ ʅ. ɼ. ʈʦʙʦʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɸɸʉ (AAʉ C115M1, 

ʉʫʤʠ, ʋʢʨʘʾʥʘ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʨʦʩʣʠʥʘʭ ʧʰʝʥʠʮʽ 
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ʪʘ ˇʨʫʥʪʘʭ ʚʠʢʦʥʘʥʦ ʟʘ ʫʯʘʩʪʽ ʩʪ. ʥʘʫʢ. ʩʧʽʚʨʦʙ. ɯʥʩʪʠʪʫʪʫ ɽʢʦʣʦʛʽʾ ʂʘʨʧʘʪ ʅɸʅ 

ʋʢʨʘʾʥʠ ʢ.ʙ.ʥ. ʂʦʟʣʦʚʩʴʢʦʛʦ ɺ. ɯ. (ʃʴʚʽʚ, ʋʢʨʘʾʥʘ). ɯʟʦʣʶʚʘʥʥʷ, ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʪʘ 

ʽʜʝʥʪʠʬʽʢʫʚʘʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʟ ʟʝʨʥʘ ʪʘ ʢʫʣʴʪʫʨʠ in vitro ʧʨʦʚʦʜʠʣʦʩʷ 

ʩʧʽʣʴʥʦ ʟ ʧʨʦʬʝʩʦʨʦʤ ɸʛʥʝʰʢʦʶ ʂʫʟʥʷʨ (dr. Agnieszka KuŦniar), ʢʘʬʝʜʨʘ ʙʽʦʣʦʛʽʾ 

ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ɯʥʩʪʠʪʫʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʃʶʙʣʽʥʩʴʢʠʡ 

ʢʘʪʦʣʠʮʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʇʘʚʣʘ ɯɯ (ʃʶʙʣʽʥ, ʇʦʣʴʱʘ). ʇʦʰʫʢ ʪʘ ʘʥʘʣʽʟ 

ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ, ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʨʦʙʦʪʠ, ʩʪʘʪʠʩʪʠʯʥʝ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʥʘʧʠʩʘʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʥʘʥʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʠʩʝʨʪʘʥʪʦʤ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ  

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʍIV - XVII ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ ñʄʦʣʦʜʴ ʽ ʧʦʩʪʫʧ ʙʽʦʣʦʛʽʾò (ʃʴʚʽʚ, 

2018, 2019, 2020, 2021); ʩʠʤʧʦʟʽʫʤʽ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ ñʉʪʘʣʽ ʧʽʜʭʦʜʠ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʧʰʝʥʠʮʽò (ʃʴʚʽʚ, 2018); IV, V 

ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ñʉʫʯʘʩʥʘ ʙʽʦʣʦʛʽʷ ʨʦʩʣʠʥ: ʪʝʦʨʝʪʠʯʥʽ ʪʘ 

ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠò (ʍʘʨʢʽʚ, 2018, 2020); ɯV Og·lnopolskie Sympozjum 

Mikrobiologiczne ñMETAGENOMY RčŧNYCH śRODOWISKò (ʃʶʙʣʽʥ, ʇʦʣʴʱʘ, 

2019); X International Agriculture Symposium ñAGROSYM 2019ò (ʗʭʦʨʠʥʘ, ɹʦʩʥʽʷ ʽ 

ɻʝʨʮʝʛʦʚʠʥʘ, 2019); V Og·lnopolskie Sympozjum Mikrobiologiczne 

ñMETAGENOMY RčŧNYCH śRODOWISKò (ɺʘʨʰʘʚʘ, ʇʦʣʴʱʘ, 2021); XV 

ʂʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ñʅʘʫʢʦʚʽ, ʧʨʠʢʣʘʜʥʽ ʪʘ ʦʩʚʽʪʥʽ ʘʩʧʝʢʪʠ ʬʽʟʽʦʣʦʛʽʾ, 

ʛʝʥʝʪʠʢʠ, ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʨʦʩʣʠʥ ʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚò(ʂʠʾʚ, 2021); FEMS ñWorld 

Microbe Forumò (2021); 54th Microbiological Conference ñMICROORGANISMS OF 

DIFFERENT ENVIRONMENTSò (ʃʶʙʣʽʥ, ʇʦʣʴʱʘ, 2021), ʘ ʪʘʢʦʞ ʥʘ ʥʘʫʢʦʚʠʭ 

ʩʝʤʽʥʘʨʘʭ ʢʘʬʝʜʨʠ ʬʽʟʽʦʣʦʛʽʾ ʪʘ ʝʢʦʣʦʛʽʾ ʨʦʩʣʠʥ ʪʘ ʥʘ ʱʦʨʽʯʥʠʭ ʟʚʽʪʥʠʭ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ. 

 

 

 

https://sciprofiles.com/profile/749840
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ʇʫʙʣʽʢʘʮʽʾ 

ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 3 ʩʪʘʪʪʽ: 1 ʩʪʘʪʪʶ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ 

ʚʠʜʘʥʥʽ, ʷʢʝ ʚʭʦʜʠʪʴ ʜʦ ʙʘʟʠ Scopus (ʢʚʘʨʪʠʣʴ Q1) ʽ 2 ʩʪʘʪʪʽ ʚ ʬʘʭʦʚʦʤʫ ʞʫʨʥʘʣʽ 

ʢʘʪʝʛʦʨʽʾ ɹ, ʟ ʷʢʠʭ ʦʜʥʘ ʩʪʘʪʪʷ ʧʨʦʽʥʜʝʢʩʦʚʘʥʘ ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʽʡ ʙʘʟʽ Scopus, ʘ 

ʪʘʢʦʞ 16 ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʟʘʢʦʨʜʦʥʥʠʭ, ʤʽʞʥʘʨʦʜʥʠʭ ʽ ʚʽʪʯʠʟʥʷʥʠʭ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʬʦʨʫʤʘʭ ʪʘ ʩʠʤʧʦʟʽʫʤʘʭ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʪʘʢʽ ʨʦʟʜʽʣʠ: ñɺʩʪʫʧò, ñʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠò, ñʄʘʪʝʨʽʘʣʠ ʪʘ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴò, ñʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴò, ñɸʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴò, ñɺʠʩʥʦʚʢʠò, ñʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣò ʪʘ ñɼʦʜʘʪʢʠò. 

ɼʠʩʝʨʪʘʮʽʶ ʚʠʢʣʘʜʝʥʦ ʥʘ 244 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ ʽ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ 36 

ʨʠʩʫʥʢʘʤʠ ʪʘ 14 ʪʘʙʣʠʮʷʤʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ ʚʢʣʶʯʘʻ 489 ʥʘʡʤʝʥʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 1. ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

1.1. ʇʰʝʥʠʮʷ ʷʢ ʚʘʞʣʠʚʠʡ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʰʝʥʠʮʷ ï ʟʝʨʥʦʚʘ ʢʫʣʴʪʫʨʘ, ʷʢʘ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʫ 

ʚʩʴʦʤʫ ʩʚʽʪʽ [117; 108; 367] ʽ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 30 % ʩʚʽʪʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʟʝʨʥʦʚʠʭ [30; 141; 457]. ʇʰʝʥʠʮʷ ï ʦʜʥʝ ʟ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʠʥʠ, 

ʦʩʦʙʣʠʚʦ ʚ ʢʨʘʾʥʘʭ ʽʟ ʥʠʟʴʢʠʤ ʨʦʟʚʠʪʢʦʤ ʝʢʦʥʦʤʽʢʠ [108; 219], ʪʘ ʚʘʞʣʠʚʝ ʜʞʝʨʝʣʝ 

ʚʫʛʣʝʚʦʜʽʚ, ʙʽʣʢʽʚ ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʜʣʷ ʤʽʣʴʡʦʥʽʚ ʣʶʜʝʡ [113; 28]. ʋ ʚʩʴʦʤʫ ʩʚʽʪʽ 

ʧʰʝʥʠʮʶ ʢʫʣʴʪʠʚʫʶʪʴ ʥʘ ˇʨʫʥʪʘʭ ʧʣʦʱʝʶ ʧʨʠʙʣʠʟʥʦ 214,79 ʤʣʥ ʛʘ [52], 

ʚʠʨʦʙʥʠʮʪʚʦ ʧʰʝʥʠʮʽ ʥʘ 2019ï2020 ʨʦʢʠ ʦʮʽʥʶʻʪʴʩʷ ʚ 765,41 ʤʣʥ ʪʦʥʥ [485]. 

ɺʘʞʣʠʚʽʩʪʴ ʧʰʝʥʠʮʽ ʱʝ ʙʽʣʴʰʝ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʯʝʨʝʟ ʾʾ ʨʦʣʴ ʫ ʭʘʨʯʫʚʘʥʥʽ 

ʣʶʜʝʡ, ʦʩʢʽʣʴʢʠ ʟʽ ʩʧʦʞʠʚʘʥʥʷʤ ʧʰʝʥʠʯʥʠʭ ʚʠʨʦʙʽʚ ʣʶʜʠʥʘ ʦʪʨʠʤʫʻ ʙʣʠʟʴʢʦ 20 % 

ʙʽʣʢʘ ʪʘ 20 % ʚʫʛʣʝʚʦʜʽʚ ʚʽʜ ʜʦʙʦʚʦʾ ʥʦʨʤʠ [358]. ʋ ʭʘʨʯʫʚʘʥʥʽ ʣʶʜʠʥʠ ʧʰʝʥʠʮʷ 

ʩʪʘʥʦʚʠʪʴ 53 % ʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʽ 85 % ʫ ʤʝʥʰ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʩʚʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [108; 358]. 

ʇʰʝʥʠʮʶ ʚʠʨʦʱʫʶʪʴ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ, ʙʘʛʘʪʦ ʪʝʨʠʪʦʨʽʡ ʻ ʩʭʠʣʴʥʠʤʠ ʜʦ  ʧʦʩʫʭʠ, 

ʟʘʩʦʣʝʥʥʷ ʪʘ ʽʥʰʠʭ ʘʙʽʦʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʚʨʦʞʘʶ ʚ ʜʝʷʢʽ ʩʝʟʦʥʠ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʥʘʡʙʣʠʞʯʠʤʠ ʨʦʢʘʤʠ 

ʤʘʪʠʤʫʪʴ ʦʩʦʙʣʠʚʦ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ [234]. 

ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʙʫʣʦ ʚʠʟʥʘʥʦ ʥʘʡʪʝʧʣʽʰʠʤ ʟʘ ʚʩʶ ʽʩʪʦʨʽʶ 

ʩʧʦʩʪʝʨʝʞʝʥʴ [275], ʘ ʄʽʞʫʨʷʜʦʚʘ ʛʨʫʧʘ ʝʢʩʧʝʨʪʽʚ ʟʽ ʟʤʽʥʠ ʢʣʽʤʘʪʫ (IPCC) 

ʧʨʦʛʥʦʟʫʻ, ʱʦ ʜʦ 2050 ʨʦʢʫ ʛʣʦʙʘʣʴʥʘ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʤʦʞʝ 

ʧʽʜʚʠʱʠʪʠʩʷ ʥʘ 2 ÁC.  

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰʠʭ ʚʠʢʣʠʢʽʚ 21 ʩʪʦʣʽʪʪʷ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʜʫʢʪʘʤʠ ʭʘʨʯʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʟʝʤʣʽ ʷʢʝ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ. ɿʘ ʧʦʧʝʨʝʜʥʽʤʠ 

ʦʮʽʥʢʘʤʠ ʜʦ 2050 ʨʦʢʫ ʥʘ ʧʣʘʥʝʪʽ ɿʝʤʣʷ ʙʫʜʝ ʙʽʣʴʰʝ ʷʢ 9 ʤʣʨʜ ʦʩʽʙ, ʘ ʜʦ 2100 ʨʦʢʫ 

ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʩʪʘʥʦʚʠʪʠʤʝ 11 ʤʽʣʴʷʨʜʽʚ, ʪʦʤʫ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ 

ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʧʨʠʨʦʩʪʫ ʥʘʩʝʣʝʥʥʷ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʠʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʧʰʝʥʠʮʽ 

[406; 409]. ɹʘʛʘʪʦʨʽʯʥʘ ʩʝʣʝʢʮʽʷ ʤʠʥʫʣʠʭ ʨʦʢʽʚ ʩʧʨʷʤʦʚʫʚʘʣʘʩʷ ʥʘ ʟʙʽʣʴʰʝʥʥʷ 

ʚʨʦʞʘʡʥʦʩʪʽ ʧʰʝʥʠʮʽ, ʧʨʦʪʝ ʧʨʠʟʚʝʣʘ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʟʝʨʥʘ: ʤʝʥʰʦʛʦ ʚʤʽʩʪʫ 
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ʙʽʣʢʽʚ, ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʪʘ ʚʽʪʘʤʽʥʽʚ [8; 9; 149; 342] ʽ ʧʦʛʣʠʙʣʝʥʥʷ ʷʚʠʱʘ 

ñʧʨʠʭʦʚʘʥʦʛʦ ʛʦʣʦʜʫò [245; 256]. 

ʂʘʣʦʨʽʡʥʝ ʥʝʜʦʾʜʘʥʥʷ, ʪʘʢ ʟʚʘʥʠʡ ñʧʨʠʭʦʚʘʥʠʡ ʛʦʣʦʜò ʚʠʢʣʠʢʘʥʠʡ ʥʝʩʪʘʯʝʶ 

ʚʽʪʘʤʽʥʽʚ ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ 2 ʤʽʣʴʷʨʜʽʚ ʣʶʜʝʡ ʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʥʘʡʧʦʰʠʨʝʥʽʰʘ ʬʦʨʤʘ ʥʝʜʦʾʜʘʥʥʷ [309; 245; 256]. ʆʩʦʙʣʠʚʦ 

ʚʽʜʟʥʘʯʘʶʪʴ ʜʝʬʽʮʠʪʠ ʚʽʪʘʤʽʥʫ ɸ, Zn, I, ʬʦʣʽʻʚʦʾ ʢʠʩʣʦʪʠ ʪʘ Fe [191]. ɼʝʬʽʮʠʪ 

ʤʝʪʘʣʽʚ (ʥʝʜʦʾʜʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ), ʦʩʦʙʣʠʚʦ Zn ʽ Fe, ʚʨʘʞʘʻ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ 

ʥʘʩʝʣʝʥʥʷ ʟʝʤʣʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʧʰʝʥʠʮʽ, ʨʠʩʫ ʪʘ ʢʫʢʫʨʫʜʟʠ, ʷʢʽ ʻ ʫ ʱʦʜʝʥʥʦʤʫ ʨʘʮʽʦʥʽ ʙʽʣʴʰʦʩʪʽ ʣʶʜʝʡ [309]. 

ʇʝʨʝʜ ʜʦʩʣʽʜʥʠʢʘʤʠ ʩʪʦʾʪʴ ʧʦʜʚʽʡʥʝ ʟʘʚʜʘʥʥʷ: ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʰʝʥʠʮʽ ʪʘ ʾʾ 

ʚʠʨʦʙʥʠʮʪʚʦ ʫ ʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʷʢʝ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʊʦʙʪʦ, 

ʦʪʨʠʤʘʥʥʷ ʩʦʨʪʽʚ ʟʽ ʩʪʘʙʽʣʴʥʦʶ ʚʨʦʞʘʡʥʽʩʪʶ ʟʘ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ, ʪʘ ʚʠʩʦʢʦʶ 

ʷʢʽʩʪʶ ʟʝʨʥʘ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʧʨʦʛʨʘʤ ʩʝʣʝʢʮʽʾ ʧʰʝʥʠʮʽ. 

ɿʛʽʜʥʦ ʟ FAO ʫ 2021 ʚ ʜʝʩʷʪʢʫ ʥʘʡʙʽʣʴʰʠʭ ʢʨʘʾʥ-ʚʠʨʦʙʥʠʢʽʚ ʧʰʝʥʠʮʽ ʚ ʫʩʴʦʤʫ 

ʩʚʽʪʽ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʛʦ ʚʨʦʞʘʶ ʚʭʦʜʷʪʴ ʂʠʪʘʡ, ɯʥʜʽʷ, ʉʐɸ, ʌʨʘʥʮʽʷ, ʂʘʥʘʜʘ, 

ʅʽʤʝʯʯʠʥʘ, ʇʘʢʠʩʪʘʥ, ɸʚʩʪʨʘʣʽʷ ʪʘ ʋʢʨʘʾʥʘ. ʋ 2021 ʨʦʮʽ ʋʢʨʘʾʥʘ ʫʚʽʡʰʣʘ ʫ ʊʆʇ-5 

ʢʨʘʾʥ ʝʢʩʧʦʨʪʝʨʽʚ ʧʰʝʥʠʮʽ. 

ʉʝʨʝʜʥʷ ʩʚʽʪʦʚʘ ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 3,4 ʪ/ʛʘ, ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʢʨʘʾʥ ʮʽ ʧʦʢʘʟʥʠʢʠ ʻ ʨʽʟʥʠʤʠ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ɸʚʩʪʨʘʣʽʾ ʩʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ 

ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 2 ʪ/ʛʘ, ʪʦʜʽ ʷʢ ʫ ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ ʚʨʦʞʘʡʥʽʩʪʴ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 

ʚʽʜ 7 ʜʦ 8 ʪ/ʛʘ, ʘ ʚ ʙʘʛʘʪʴʦʭ ʨʝʛʽʦʥʘʭ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ 10 ʪ/ʛʘ [141]. ʅʘʡʚʠʱʘ 

ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ ʙʫʣʘ ʜʦʩʷʛʥʫʪʘ ʚ ʅʦʚʽʡ ɿʝʣʘʥʜʽʾ ʥʘ ʧʦʯʘʪʢʫ 2020 ʨʦʢʫ ï 17,4 

ʪ/ʛʘ [486], ʪʦʜʽ ʷʢ ʙʘʛʘʪʦ ʨʝʛʽʦʥʽʚ ʥʘʤʘʛʘʶʪʴʩʷ ʟʽʙʨʘʪʠ ʙʽʣʴʰʝ 1 ʪ/ʛʘ. ɺʝʣʠʢʘ 

ʤʽʥʣʠʚʽʩʪʴ ʚʨʦʞʘʡʥʦʩʪʽ ʧʰʝʥʠʮʽ ʚʽʜʦʙʨʘʞʘʻ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʠʭ 

ʚʠʨʦʱʫʻʪʴʩʷ ʜʘʥʘ ʢʫʣʴʪʫʨʘ [141].  

ɺʠʨʦʱʫʚʘʥʥʷ ʧʰʝʥʠʮʽ (Triticum spp.) ʟʘʭʦʜʠʪʴ ʜʘʣʝʢʦ ʚ ʽʩʪʦʨʽʶ. ʇʰʝʥʠʮʷ 

ʙʫʣʘ ʦʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʦʜʦʤʘʰʥʝʥʠʭ ʧʨʦʜʦʚʦʣʴʯʠʭ ʢʫʣʴʪʫʨ ʽ ʧʨʦʪʷʛʦʤ 8 000 ʨʦʢʽʚ 

ʙʫʣʘ ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʭʘʨʯʫʚʘʥʥʷ ʮʠʚʽʣʽʟʘʮʽʡ ɭʚʨʦʧʠ, ɿʘʭʽʜʥʦʾ ɸʟʽʾ ʪʘ 

ʇʽʚʥʽʯʥʦʾ ɸʬʨʠʢʠ [412]. ʉʴʦʛʦʜʥʽ ʧʰʝʥʠʮʷ ʧʨʦʜʦʚʞʫʻ ʟʘʣʠʰʘʪʠʩʷ ʥʘʡʚʘʞʣʠʚʽʰʠʤ 
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ʜʞʝʨʝʣʦʤ ʧʨʦʜʦʚʦʣʴʯʦʛʦ ʟʝʨʥʘ ʜʣʷ ʣʶʜʝʡ. ʆʜʥʠʤ ʟ ʧʝʨʰʠʭ ʚʠʜʽʚ ʙʫʣʘ ʜʠʢʘ 

ʧʰʝʥʠʮʷ (Triticum turgidum subsp. dicoccoides) ʦʜʦʤʘʰʥʝʥʘ ʙʣʠʟʴʢʦ 10-12 ʪʠʩʷʯ 

ʨʦʢʽʚ ʪʦʤʫ. ʊʘʢʦʞ ʥʘʡʙʽʣʴʰ ʨʘʥʥʽʤʠ ʢʫʣʴʪʠʚʦʚʘʥʠʤʠ ʚʠʜʘʤʠ ʙʫʣʠ ʜʠʧʣʦʾʜʥʘ 

ʦʜʥʦʟʝʨʥʷʥʢʘ (Triticum monococcum) ʪʘ ʪʝʪʨʘʧʣʦʾʜʥʘ ʝʤʤʝʨ (Triticum dicoccum) 

[412]. 

ʇʰʝʥʠʮʷ ʜʝʤʦʥʩʪʨʫʻ ʜʦʩʪʘʪʥʶ ʛʝʥʝʪʠʯʥʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʦʨʪʽʚ, ʷʢʽ 

ʘʜʘʧʪʫʶʪʴʩʷ ʜʦ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʯʝʥʽ ʩʪʚʦʨʶʶʪʴ 

ʥʦʚʽ ʪʘ ʧʦʣʽʧʰʫʶʪʴ ʽʩʥʫʶʯʽ ʚʠʜʠ ʮʠʭ ʟʣʘʢʽʚ ʤʝʪʦʜʘʤʠ ʛʝʥʝʪʠʯʥʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʝʣʝʢʮʽʾ. ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʙʽʣʴʰʝ 20 ʚʠʜʽʚ ʧʰʝʥʠʮʽ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʛʝʢʩʘʧʣʦʾʥʽ ʪʘ ʪʝʪʨʘʧʣʦʾʜʥʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ.  

ɻʝʢʩʘʧʣʦʾʥʘ ʧʰʝʥʠʮʷ (Triticum aestivum L. 2n = 6x = 42) ï ʮʝ ʤôʷʢʘ ʧʰʝʥʠʮʷ 

ʷʢʘ ʻ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʚʠʜʦʤ ʧʰʝʥʠʮʽ. ʉʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ 90 % 

ʩʚʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʰʝʥʠʮʽ.  

ʊʝʪʨʘʧʣʦʾʜʥʘ ʧʰʝʥʠʮʷ (Triticum turgidum L. var. durum 2n = 4x = 28) ï ʮʝ ʪʚʝʨʜʘ 

ʧʰʝʥʠʮʷ ʷʢʘ ʰʠʨʦʢʦ ʢʫʣʴʪʠʚʫʻʪʴʩʷ, ʧʨʦ ʪʝ ʤʘʻ ʤʝʥʰʽ ʧʣʦʱʽ ʚʠʨʦʱʫʚʘʥʥʷ ʪʘ 

ʤʝʥʰʠʡ ʨʽʯʥʠʡ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʽʚʥʷʥʦ ʟ ʤôʷʢʠʤʠ ʩʦʨʪʘʤʠ [168]. ɺʦʥʘ 

ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ ʚʽʜ 5 % ʜʦ 8 % ʩʚʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʰʝʥʠʮʽ. ɺʠʨʦʙʠ ʟ ʙʦʨʦʰʥʘ 

ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʚʚʘʞʘʶʪʴʩʷ ʙʽʣʴʰ ʢʦʨʠʩʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʽʩʪʷʪʴ 

ʙʽʣʴʰʝ ʙʽʣʢʽʚ, ʤʽʥʝʨʘʣʽʚ ʪʘ ʤʘʻ ʚʠʱʠʡ ʚʤʽʩʪ ʢʣʝʡʢʦʚʠʥʠ. ɺʘʞʣʠʚʽʩʪʴ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ 

ʧʰʝʥʠʮʽ ʧʦʣʷʛʘʻ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʘ ʩʘʤʝ ʤʘʢʘʨʦʥʥʠʭ 

ʚʠʨʦʙʽʚ, ʭʣʽʙʦʙʫʣʦʯʥʠʭ, ʢʫʩʢʫʩʫ, ʙʫʣʛʫʨʫ ʪʘ ʽʥʰʠʭ [21]. 

ʆʢʨʽʤ ʪʦʛʦ, ʜʦ ʪʝʪʨʘʧʣʦʾʜʥʠʭ ʧʰʝʥʠʮʴ (Triticum turgidum subsp. dicoccum 2n = 

4x = 28) ʚʽʜʥʦʩʷʪʴ ʧʰʝʥʠʮʶ ʧʦʣʙʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʦʜʠʥ ʟ ʥʘʡʜʘʚʥʽʰʠʭ 

ʚʠʜʽʚ ʧʰʝʥʠʮʽ, ʤʘʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʟʝʨʥʘ ʪʘ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʽʻʪʠʯʥʦʤʫ 

ʭʘʨʯʫʚʘʥʥʽ. ʇʰʝʥʠʮʷ ʧʦʣʙʘ ʙʘʛʘʪʘ ʮʝʣʶʣʦʟʦʶ, ʤʽʥʝʨʘʣʘʤʠ, ʢʘʨʦʪʠʥʦʾʜʘʤʠ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʚʽʪʘʤʽʥʘʤʠ ʪʘ ʻ ʧʦʚʥʦʮʽʥʥʠʤ ʜʞʝʨʝʣʦʤ ʙʽʣʢʽʚ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ [37]. 

ʆʩʥʦʚʥʽ ʧʣʦʱʽ ʩʚʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʰʝʥʠʮʽ ʟʘʡʤʘʻ ʦʟʠʤʘ ʧʰʝʥʠʮʷ, ʧʨʦʪʝ, 

ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʚ ɭʚʨʦʧʽ, ʘ ʦʩʦʙʣʠʚʦ ʚ ʋʢʨʘʾʥʽ, ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱ 
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ʧʦʩʽʚʽʚ ʷʨʦʾ ʧʰʝʥʠʮʽ [1; 17]. ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʘ ʷʨʫ ʘʙʦ ʦʟʠʤʫ ʧʰʝʥʠʮʶ ʻ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʽ ʪʨʘʜʠʮʽʡʥʦ ʩʪʦʩʫʻʪʴʩʷ ʩʝʟʦʥʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʠʨʦʱʫʻʪʴʩʷ 

ʢʫʣʴʪʫʨʘ. ɼʣʷ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʟʙʠʨʘʥʥʷ ʚʽʜʢʣʘʜʘʻʪʴʩʷ, ʧʦʢʠ ʨʦʩʣʠʥʘ ʥʝ ʧʝʨʝʞʠʚʝ 

ʧʝʨʽʦʜ ʭʦʣʦʜʥʠʭ ʟʠʤʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʚʽʜ 0Á ʜʦ 5 ÁC). ʆʟʠʤʽ ʛʝʥʦʪʠʧʠ ʚʠʩʘʜʞʫʶʪʴ 

ʚʦʩʝʥʠ ʜʣʷ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʤʦʣʦʜʠʭ ʨʦʩʣʠʥ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʫ 

ʚʝʛʝʪʘʪʠʚʥʽʡ ʬʘʟʽ ʧʨʦʪʷʛʦʤ ʟʠʤʠ ʪʘ ʚʽʜʥʦʚʣʶʶʪʴ ʨʽʩʪ ʨʘʥʥʴʦʶ ʚʝʩʥʦʶ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʚʘʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʽʥʥʴʦʾ ʚʦʣʦʛʠ ʜʣʷ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʥʥʴʦʛʦ ʚʝʩʥʷʥʦʛʦ ʩʦʥʮʷ, ʪʝʧʣʘ ʪʘ ʦʧʘʜʽʚ. ʗʨʫ ʧʰʝʥʠʮʶ, ʷʢ 

ʚʠʧʣʠʚʘʻ ʟ ʥʘʟʚʠ, ʟʘʟʚʠʯʘʡ ʩʘʜʷʪʴ ʥʘʚʝʩʥʽ ʪʘ ʜʦʟʨʽʚʘʶʪʴ ʥʘʧʨʠʢʽʥʮʽ ʣʽʪʘ, ʘʣʝ ʾʾ 

ʤʦʞʥʘ ʩʽʷʪʠ ʚʦʩʝʥʠ ʚ ʢʨʘʾʥʘʭ ʟ ʤôʷʢʦʶ ʟʠʤʦʶ, ʥʘʧʨʠʢʣʘʜ ʫ ʇʽʚʜʝʥʥʽʡ ɸʟʽʾ, 

ʇʽʚʥʽʯʥʽʡ ɸʬʨʠʮʽ, ʥʘ ɹʣʠʟʴʢʦʤʫ ʉʭʦʜʽ ʪʘ ʚ ʥʠʞʥʽʭ ʰʠʨʦʪʘʭ. ʇʦʩʽʚ ʷʨʦʾ ʧʰʝʥʠʮʽ 

ʚʘʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚ ʩʪʠʩʣʽ ʪʝʨʤʽʥʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘʚʝʩʥʽ ʩʦʥʮʝ ʽ ʚʽʪʝʨ 

ʚʠʚʦʜʷʪʴ ʚʦʣʦʛʫ ʟ ˇʨʫʥʪʫ. ʈʦʩʣʠʥʘ ʥʝ ʚʩʪʠʛʘʻ ʚʯʘʩʥʦ ʩʬʦʨʤʫʚʘʪʠ ʚʪʦʨʠʥʥʫ 

ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ, ʪʦʤʫ ʥʝ ʦʪʨʠʤʫʻ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʩʪʫ ʤʽʢʨʦʝʣʝʤʝʥʪʠ. ɺʘʞʣʠʚʘ 

ʦʩʦʙʣʠʚʽʩʪʴ ʷʨʦʾ ʧʰʝʥʠʮʽ ï ʧʦʪʫʞʥʽʰʘ ʢʦʨʝʥʝʚʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʢʨʘʱʝ ʟʘʩʚʦʶʻ 

ʤʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ. 

ʇʰʝʥʠʮʶ ʚʠʨʦʱʫʶʪʴ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ. ʅʘʡʚʠʱʘ ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ 

ʻ ʥʘ ʨʦʜʶʯʠʭ, ʙʘʛʘʪʠʭ ʌʦʩʬʦʨʦʤ, ʂʘʣʽʻʤ ʪʘ ʅʽʪʨʦʛʝʥʦʤ ˇʨʫʥʪʘʭ. ʌʦʨʤʫʚʘʥʥʷ 

ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʞʣʠʚʦʩʪʽ 

ʦʪʨʠʤʘʪʠ ʟ ˇʨʫʥʪʫ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʥʝʨʘʣʽʚ. ʇʰʝʥʠʮʷ ʧʦʛʘʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘ 

ʪʦʨʬô̫ ʥʠʩʪʠʭ, ʩʦʣʦʥʮʝʚʠʭ, ʙʦʣʦʪʠʩʪʠʭ ʽ ʧʽʜʟʦʣʠʩʪʠʭ ˇʨʫʥʪʘʭ. ɺʦʥʘ ʜʦʙʨʝ ʨʦʩʪʝ ʥʘ 

ʩʣʘʙʦʣʫʞʥʠʭ ʘʙʦ ʥʝʡʪʨʘʣʴʥʠʭ ˇʨʫʥʪʘʭ, ʢʠʩʣʽ ʥʝʧʨʠʜʘʪʥʽ ʜʣʷ ʧʦʩʽʚʫ [112; 194]. 

ʋʢʨʘʾʥʘ, ʷʢ ʦʜʠʥ ʽʟ ʧʨʦʚʽʜʥʠʭ ʝʢʩʧʦʨʪʝʨʽʚ ʟʝʨʥʘ, ʟʘ ʜʘʥʠʤʠ ʆʨʛʘʥʽʟʘʮʽʾ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʘ ʨʦʟʚʠʪʢʫ ʪʘ FAO ʆʆʅ, ʟʘʣʠʰʠʪʴʩʷ ʚʘʞʣʠʚʠʤ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʧʰʝʥʠʮʽ ʥʘ ʩʚʽʪʦʚʠʡ ʨʠʥʦʢ ʫ ʥʘʡʙʣʠʞʯʦʤʫ ʜʝʩʷʪʠʣʽʪʪʽ [11]. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʘʛʨʘʨʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ, ʩʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚ ʋʢʨʘʾʥʽ ʫ 2021 ʨʦʮʽ ʩʪʘʥʦʚʠʣʘ 4,65 ʪ/ʛʘ, ʮʝʡ ʨʽʢ ʥʘʟʚʘʣʠ 

ñʥʘʡʚʨʦʞʘʡʥʽʰʠʤò ʟʘ ʦʩʪʘʥʥʽ 30 ʨʦʢʽʚ ʥʝʟʘʣʝʞʥʦʩʪʽ. ʉʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ ʫ 2020 

ʨʦʮʽ ʩʪʘʥʦʚʠʣʘ ï 3,8 ʪ/ʛʘ. ʇʣʦʱʽ ʧʦʩʽʚʽʚ ʷʨʦʾ ʧʰʝʥʠʮʶ ʚ ʋʢʨʘʾʥʽ ʻ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ 
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ʧʦʨʽʚʥʷʥʦ ʟ ʦʟʠʤʦʶ, ʫ 2021 ʨʦʮʽ ʮʷ ʧʣʦʱʘ ʩʪʘʥʦʚʠʣʘ 42 ʪʠʩ. ʛʘ, ʘ ʫ 2022 ʨʦʮʽ ʮʽ 

ʧʣʦʱʽ ʟʙʽʣʴʰʠʣʠ ʤʘʡʞʝ ʫ 5 ʨʘʟʽʚ ʜʦ 200 ʪʠʩ. ʛʘ. ʇʨʦ ʪʝ, ʥʘ ʧʦʯʘʪʢʫ XX ʩʪ. ʧʰʝʥʠʮʷ 

ʷʨʘ ʟʘʡʤʘʣʘ ʚ ʋʢʨʘʾʥʽ 39ï41 % ʧʣʦʱʽ ʨʽʣʣʽ, ʪʦʜʽ ʷʢ ʦʟʠʤʘ ʪʽʣʴʢʠ 9ï11 % [1]. 

 

1.2. ʇʦʩʫʭʘ ʪʘ ʪʝʧʣʦʚʠʡ ʩʪʨʝʩ ʷʢ ʬʘʢʪʦʨʠ ʟʥʠʞʝʥʥʷ ʚʨʦʞʘʶ ʟʝʨʥʘ 

ʧʰʝʥʠʮʽ 

ʇʰʝʥʠʮʷ ʻ ʚʘʞʣʠʚʦʶ ʟʝʨʥʦʚʦʶ ʢʫʣʴʪʫʨʦʶ, ʥʘ ʷʢʫ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʩʪʨʝʩ 

ʜʝʬʽʮʠʪʫ ʚʦʜʠ [26]. ʉʪʘʙʽʣʴʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʟʝʨʥʘ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ 

ʩʚʽʪʦʚʦʾ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ, ʧʨʦ ʪʝ, ʚʠʨʦʙʥʠʮʪʚʦ ʧʰʝʥʠʮʽ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻʪʴʩʷ 

ʯʝʨʝʟ ʥʝʩʪʘʯʫ ʚʦʜʠ. 

ʉʝʨʝʜ ʬʘʢʪʦʨʽʚ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʤ ʻ 

ʧʦʩʫʭʘ. ɼʝʬʽʮʠʪ ʚʦʜʠ, ʩʧʨʠʯʠʥʝʥʠʡ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʪʘ ʧʦʛʘʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʦʧʘʜʘʤʠ, ʩʧʨʠʯʠʥʷʻ ʚʝʣʠʯʝʟʥʽ ʛʣʦʙʘʣʴʥʽ ʚʪʨʘʪʠ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ [22]. 

ʇʦʩʫʭʘ ʻ ʧʦʣʽʛʝʥʥʠʤ ʩʪʨʝʩʦʤ [217], ʷʢʠʡ ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʧʦʩʽʚʽʚ, 

ʦʙʤʝʞʫʻ ʫʩʧʽʰʥʫ ʨʝʘʣʽʟʘʮʽʶ ʧʦʪʝʥʮʽʘʣʫ ˇʨʫʥʪʽʚ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ [22; 27; 242; 343], ʪʘ 

ʚʧʣʠʚʘʻ ʱʦʥʘʡʤʝʥʰʝ ʥʘ 60 % ʩʚʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʰʝʥʠʮʽ [22; 27; 87]. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥ ʚʦʜʥʦʛʦ ʩʪʨʝʩʫ, ʟ ʢʦʞʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘ 1 ÁC ʧʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʛʣʦʙʘʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʰʝʥʠʮʽ ʟʤʝʥʰʠʪʴʩʷ ʥʘ 6 % [324; 

463]. 

ɿʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʟʫʤʦʚʣʝʥʝ ʧʦʨʫʰʝʥʥʷʤ 

ʧʨʦʥʠʢʥʦʩʪʽ ʤʝʤʙʨʘʥʠ, ʘʢʪʠʚʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʦʶ ʰʚʠʜʢʽʩʪʶ 

ʪʨʘʥʩʧʽʨʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʛʥʽʯʝʥʥʷ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʨʝʥʽʚ [27]. 

ɺʦʜʥʠʡ ʜʝʬʽʮʠʪ ʧʝʨʝʰʢʦʜʞʘʻ ʨʦʩʪʫ ʨʦʩʣʠʥ ʥʘ ʤʦʨʬʦʣʦʛʽʯʥʦʤʫ, ʬʽʟʽʦʣʦʛʽʯʥʦʤʫ ʪʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʷʭ. ʇʦʩʫʭʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʦʪʦʩʠʥʪʝʟ, ʟʤʽʥʶʶʯʠ 

ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʭʣʦʨʦʧʣʘʩʪʽʚ, ʤʽʪʦʭʦʥʜʨʽʡ, ʚʤʽʩʪ ʭʣʦʨʦʬʽʣʫ ʪʘ ʤʽʥʝʨʘʣʽʚ 

[26]. ɺ ʫʤʦʚʘʭ ʧʦʩʫʭʠ ʩʧʦʞʠʚʘʥʥʷ CO2 ʟʤʝʥʰʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʘʢʨʠʪʪʷ ʧʨʦʜʠʭʽʚ, 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʽʚʝʥʴ ɸʌʆ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʤʝʤʙʨʘʥ [318], 

ʟʥʠʞʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʽʪʨʦʛʝʥʫ (N) ʨʦʩʣʠʥʘʤʠ 

[27]. 
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ɺʧʣʠʚ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʦʩʪʫ ʧʰʝʥʠʮʽ [113], 

ʪʦʜʽ ʷʢ ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʝʩʪʘʯʽ ʚʦʜʠ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʚʠʪʦʢ ʧʰʝʥʠʮʽ ʪʘ ʚ 

ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʟʤʝʥʰʫʻ ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʚʽʜ 17 ʜʦ 70 % [276; 349]. S. 

Daryanto ʪʘ ʽʥ. [113] ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ ʚʪʨʘʪʫ ʚʨʦʞʘʶ ʧʰʝʥʠʮʽ ʥʘ 20,6 % ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʚʦʜʠ ʥʘ 40 %. ʇʨʠ ʘʥʘʣʽʟʽ 60 ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʨʝʩ 

ʚʽʜ ʧʦʩʫʭʠ ʩʧʨʠʯʠʥʷʻ ʟʥʠʞʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʧʰʝʥʠʮʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 27 % [211]. 

ɼʝʬʽʮʠʪ ʚʦʜʠ ʧʽʜ ʯʘʩ ʮʚʽʪʽʥʥʷ ʪʘ ʥʘʣʠʚʫ ʟʝʨʥʘ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ 

[27; 242]. ʂʨʽʤ ʨʝʧʨʦʜʫʢʪʠʚʥʠʭ ʝʪʘʧʽʚ, ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʧʣʠʚʘʻ ʥʘ ʪʘʢʽ ʝʪʘʧʠ 

ʷʢ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ, ʧʦʷʚʘ ʩʭʦʜʽʚ ʽ ʾʭ ʫʢʦʨʽʥʝʥʥʷ [135]. ʅʘ ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ 

ʪʝʧʣʦʚʠʡ ʩʪʨʝʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ Aʌʆ, ʷʢʽ ʧʦʨʫʰʫʶʪʴ ʤʝʤʙʨʘʥʥʫ ʩʠʩʪʝʤʫ 

ʪʠʣʘʢʦʾʜʽʚ, ʭʣʦʨʦʧʣʘʩʪʽʚ ʽ ʧʣʘʟʤʘʪʠʯʥʦʾ ʤʝʤʙʨʘʥʠ. ʂʨʽʤ ʪʦʛʦ, ʪʝʧʣʦʚʠʡ ʩʪʨʝʩ 

ʽʥʛʽʙʫʻ ʬʦʪʦʩʠʥʪʝʟ, ʟʥʠʞʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʬʦʪʦʩʠʩʪʝʤ ʪʘ ʽʥʘʢʪʠʚʘʮʽʻʶ Rubisco ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʝʥʰʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʬʦʪʦʘʩʠʤʽʣʷʪʽʚ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʧʣʦʱʽ ʣʠʩʪʢʽʚ, ʙʽʦʤʘʩʠ ʧʘʛʦʥʽʚ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʟʝʨʥʘ [70]. ʎʝ ʟʨʝʰʪʦʶ ʚʧʣʠʚʘʻ ʥʘ 

ʮʚʽʪʽʥʥʷ, ʥʘʣʠʚ, ʨʦʟʤʽʨ, ʢʽʣʴʢʽʩʪʴ ʽ ʩʪʠʛʣʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʪʘ ʢʽʥʮʝʚʫ ʚʨʦʞʘʡʥʽʩʪʴ 

[232; 70]. ɺʟʘʻʤʦʜʽʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʪʘ ʛʦʨʤʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ 

ʨʦʣʴ ʫ ʥʘʜʘʥʥʽ ʧʰʝʥʠʮʽ ʩʪʽʡʢʦʩʪʽ ʜʦ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʫ [232]. 

ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʚʠʩʦʪʘ ʨʦʩʣʠʥʠ, ʙʽʦʤʘʩʘ ʪʘ ʚʨʦʞʘʡʥʽʩʪʴ ʻ ʙʽʣʴʰ 

ʯʫʪʣʠʚʠʤʠ ʜʦ ʜʝʬʽʮʠʪʫ ʚʦʜʠ ʧʦʨʽʚʥʷʥʦ ʟ ʢʽʣʴʢʽʩʪʶ ʢʦʣʦʩʢʽʚ ʥʘ ʢʦʣʦʩ ʪʘ ʤʘʩʦʶ 1000 

ʟʝʨʝʥ. ʂʽʣʴʢʽʩʪʴ ʢʦʣʦʩʽʚ ʥʘ ʨʦʩʣʠʥʫ, ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ, ʤʘʩʘ 1000 ʟʝʨʝʥ ʪʘ 

ʜʦʚʞʠʥʘ ʢʚʽʪʢʦʥʦʩʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʧʰʝʥʠʮʽ ʜʦ ʧʦʩʫʭʠ [276]. ʉʪʨʝʩ ʚʽʜ 

ʧʦʩʫʭʠ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʚʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ʣʠʩʪʷ, ʷʢ ʥʘʩʣʽʜʦʢ ʟʥʠʞʝʥʥʷ ʪʫʨʛʦʨʫ, 

ʧʨʦʚ̔ʜʥʦʩʪʽ ʧʨʦʜʠʭʽʚ, ʬʦʪʦʩʠʥʪʝʟʫ, ʨʦʩʪʫ ʪʘ ʚʨʦʞʘʡʥʦʩʪʽ ʧʰʝʥʠʮʽ [87]. 

ɺʘʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʨʽʟʥʠʭ ʛʝʥʦʪʠʧʽʚ ʧʰʝʥʠʮʽ ʜʦ ʧʦʩʫʭʠ, ʦʩʦʙʣʠʚʦ 

ʟ ʽʥʪʝʥʩʠʚʥʠʤʠ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʫ, ʷʢʽ ʧʨʠʟʚʝʣʠ ʜʦ ʪʦʛʦ, ʱʦ ʧʦʩʫʭʘ ʩʪʘʣʘ ʙʽʣʴʰ 

ʝʢʩʪʨʝʤʘʣʴʥʦʶ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʨʦʱʫʚʘʥʥʷ ʧʦʩʫʭʦʩʪʽʡʢʠʭ ʢʫʣʴʪʫʨ ʯʝʨʝʟ 

ʜʝʜʘʣʽ ʦʙʤʝʞʝʥʽ ʟʘʧʘʩʠ ʚʦʜʠ ʜʣʷ ʟʨʦʰʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʘ ʪʘʢʦʞ 

ʩʪʨʝʩʠ, ʩʧʨʠʯʠʥʝʥʽ ʛʣʦʙʘʣʴʥʠʤʠ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʫ, ʪʘʢʠʤʠ ʷʢ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʟʤʽʥʘ ʨʝʞʠʤʫ ʦʧʘʜʽʚ ʽ ʟʙʽʣʴʰʝʥʥʷ ʜʝʬʽʮʠʪʫ ʚʦʜʠ ʚ ʧʦʩʫʰʣʠʚʠʭ ʽ 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/drought-stress
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/drought-stress
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ʥʘʧʽʚʧʦʩʫʰʣʠʚʠʭ ʨʘʡʦʥʘʭ [26; 27]. ɺʨʘʭʦʚʫʶʯʠ ʛʣʦʙʘʣʴʥʽ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʪʘ 

ʧʨʦʛʥʦʟʦʚʘʥʝ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘʡʙʣʠʞʯʠʤʠ ʨʦʢʘʤʠ, ʥʝʦʙʭʽʜʥʦ 

ʧʦʢʨʘʱʠʪʠ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʧʰʝʥʠʮʽ ʧʨʠ ʤʦʞʣʠʚʽʡ ʧʨʦʙʣʝʤʽ ʜʝʬʽʮʠʪʫ 

ʧʨʦʜʦʚʦʣʴʩʪʚʘ ʜʣʷ ʟʨʦʩʪʘʶʯʦʛʦ ʥʘʩʝʣʝʥʥʷ [58; 267]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʘʞʣʠʚʠʤ 

ʧʠʪʘʥʥʷʤ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʮʽʥʢʠ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʨʽʟʥʠʭ ʛʝʥʦʪʠʧʽʚ ʧʰʝʥʠʮʽ 

ʝʢʩʧʨʝʩ-ʧʦʣʴʦʚʠʤʠ ʪʘ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

 

1.3. ʍʘʨʯʦʚʘ ʷʢʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ  

ʍʘʨʯʦʚʘ ʷʢʽʩʪʴ ʧʰʝʥʠʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʠʟʢʦʶ ʩʧʦʣʫʢ ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ, 

ʚʢʣʶʯʘʶʯʠ ʙʽʣʢʠ, ʧʦʣʽʩʘʭʘʨʠʜʠ, ʣʽʧʽʜʠ, ʤʽʥʝʨʘʣʠ, ʚʘʞʢʽ ʤʝʪʘʣʠ, ʚʽʪʘʤʽʥʠ ʪʘ 

ʬʽʪʦʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ [5; 195; 465]. 

ɿʛʽʜʥʦ ʟ ɼʉʊʋ 3768:2010 ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʤôʷʢʫ ʧʰʝʥʠʮʶ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʰʽʩʪʴ ʢʣʘʩʽʚ (ʢʣʘʩʠ 1-3 ï ʛʨʫʧʘ ɸ, ʢʣʘʩʠ 4-5 ï ʛʨʫʧʘ ɹ ʽ ʢʣʘʩ 6), ʪʚʝʨʜʫ 

ʧʰʝʥʠʮʶ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʦʜʽʣʷʶʪʴ ʥʘ ʧôʷʪʴ ʢʣʘʩʽʚ. ʇʨʠ ʨʦʟʧʦʜʽʣʽ 

ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢ: ʥʘʪʫʨʘ, ʩʢʣʦʧʦʜʽʙʥʽʩʪʴ, ʚʦʣʦʛʽʩʪʴ, ʟʝʨʥʦʚʘ ʜʦʤʽʰʢʘ, 

ʩʤʽʪʪʻʚʘ ʜʦʤʽʰʢʘ, ʩʘʞʢʦʚʝ ʟʝʨʥʦ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʙʽʣʢʘ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʩʠʨʦʾ 

ʢʣʝʡʢʦʚʠʥʠ, ʷʢʽʩʪʴ ʢʣʝʡʢʦʚʠʥʠ, ʯʠʩʣʦ ʧʘʜʘʥʥʷ. ʏʠʤ ʢʨʘʱʠʤʠ ʻ ʮʽ ʧʦʢʘʟʥʠʢʠ ʪʠʤ 

ʚʠʱʠʤ ʻ ʛʨʫʧʘ ʪʘ ʢʣʘʩ ʧʰʝʥʠʮʽ. ʄôʷʢʫ ʧʰʝʥʠʮʶ ʛʨʫʧʠ ɸ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʧʨʦʜʦʚʦʣʴʯʠʭ (ʧʝʨʝʚʘʞʥʦ ʚ ʙʦʨʦʰʥʦʤʝʣʴʥʽʡ ʪʘ ʭʣʽʙʦʧʝʢʘʨʩʴʢʽʡ ʛʘʣʫʟʷʭ) ʧʦʪʨʝʙ ʽ 

ʜʣʷ ʝʢʩʧʦʨʪʫʚʘʥʥʷ. ʇʰʝʥʠʮʶ ʛʨʫʧʠ ɹ ʽ 6-ʛʦ ʢʣʘʩʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘ ʧʨʦʜʦʚʦʣʴʯʽ 

ʽ ʥʝʧʨʦʜʦʚʦʣʴʯʽ ʧʦʪʨʝʙʠ ʪʘ ʜʣʷ ʝʢʩʧʦʨʪʫʚʘʥʥʷ (ɼʉʊʋ 3768:2010). 

 

1.3.1. ɹʽʣʢʠ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʷʢ ʚʘʞʣʠʚʠʡ ʧʦʢʘʟʥʠʢ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ 

ɺʠʩʦʢʠʡ ʘʙʦ ʥʠʟʴʢʠʡ ʚʤʽʩʪ ʙʽʣʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʽʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʦʨʪʫ 

ʪʘ ʨʷʜʫ ʝʢʦʣʦʛʽʯʥʠʭ (ʪʝʤʧʝʨʘʪʫʨʘ, ʦʧʘʜʠ, ʚʦʣʦʛʽʩʪʴ/ʩʦʥʷʯʥʽ ʛʦʜʠʥʠ ʪʦʱʦ) ʪʘ 

ʘʛʨʦʥʦʤʽʯʥʠʭ (ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ, ʱʽʣʴʥʽʩʪʴ ʧʦʩʽʚʫ, ʪʝʨʤʽʥʠ ʪʘ ʢʽʣʴʢʽʩʪʴ ʚʥʝʩʝʥʥʷ 

ʘʟʦʪʥʠʭ ʜʦʙʨʠʚ ʪʦʱʦ) ʯʠʥʥʠʢʽʚ [195]. ʂʽʣʴʢʽʩʪʴ ʙʽʣʢʘ ʚ ʟʝʨʥʽ ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʟʝʨʥʘ, ʭʘʨʘʢʪʝʨʠʟʟʫʻ ʩʪʫʧʽʥʴ ʩʠʪʥʦʩʪʽ ʧʨʦʜʫʢʪʫ.  
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ɺʤʽʩʪ ʙʽʣʢʽʚ ʫ ʟʝʨʥʽ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʥʮʝʚʫ ʚʘʨʪʽʩʪʴ ʷʢ 

ʤôʷʢʠʭ, ʪʘʢ ʽ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ [450]. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ ʻ 

ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʯʠʩʣʝʥʥʠʭ ʩʝʣʝʢʮʽʡʥʠʭ ʧʨʦʛʨʘʤ ʧʰʝʥʠʮʽ ʫ ʥʘʧʨʷʤʢʫ 

ʧʦʢʨʘʱʝʥʥʷʤ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ [225; 450]. 

ɿʨʽʣʝ, ʬʽʟʽʦʣʦʛʽʯʥʦ ʪʘ ʙʽʦʭʽʤʽʯʥʦ ʨʦʟʚʠʥʫʪʝ ʟʝʨʥʦ ʟʙʝʨʽʛʘʻ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʢʨʦʭʤʘʣʴ, ʙʽʣʦʢ, ʦʣʽʾ ʪʘ ʤʽʥʝʨʘʣʠ. ɺʠʩʦʢʘ ʮʽʥʥʽʩʪʴ ʪʘ ʥʝʟʘʤʽʥʥʽʩʪʴ 

ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ ʟʫʤʦʚʣʝʥʘ ʦʩʦʙʣʠʚʽʩʪʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʽʚʢʠ. 

ʆʩʥʦʚʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʝʨʥʽʚʢʠ ʻ: ʝʥʜʦʩʧʝʨʤ 80ï84 %, ʟʘʨʦʜʦʢ 

20ï3 % ʪʘ ʚʠʩʽʚʢʠ (ʦʙʦʣʦʥʢʘ) 130ï17 % (ʘʣʝʡʨʦʥʦʚʠʡ ʰʘʨ 60ï9 %). ɽʥʜʦʩʧʝʨʤ 

ʟʨʽʣʦʛʦ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʤʽʩʪʠʪʴ 550ï75 % ʚʫʛʣʝʚʦʜʽʚ ʽ 10ï20 % ʙʽʣʢʽʚ [158]. ʅʘʡʚʠʱʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ (Triticum aestivum) 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʰʘʨʽ ʢʣʽʪʠʥ ʝʥʜʦʩʧʝʨʤʫ ï ʘʣʝʡʨʦʥʦʚʦʤʫ h ʘʨ̔ [36], ʷʢʠʡ 

ʻ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʚʽʪʘʤʽʥʽʚ ʪʘ ʤʽʥʝʨʘʣʽʚ ʫ ʥʘʩʽʥʥʽ ʧʰʝʥʠʮʽ, ʘ ʪʘʢʦʞ 

ʙʘʛʘʪʠʡ ʙʽʣʢʘʤʠ ʪʘ ʣʽʧʽʜʘʤʠ [320]. 

ʅʝʟʘʤʽʥʥʽʩʪʴ ʪʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʧʰʝʥʠʮʽ ʧʦʚôʷʟʘʥʽ ʟ ʙʽʣʢʦʚʠʤ 

ʢʦʤʧʣʝʢʩʦʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʣʽʘʜʠʥʽʚ, ʛʣʶʪʝʥʽʥʽʚ, ʘʣʴʙʫʤʽʥʽʚ ʽ ʛʣʦʙʫʣʽʥʽʚ. 

ɻʣʽʘʜʠʥʠ ʪʘ ʛʣʶʪʝʥʽʥʠ ʩʢʣʘʜʘʶʪʴ ʧʨʠʙʣʠʟʥʦ 30 ʽ 50 % ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʙʽʣʢʘ ʚ ʟʝʨʥʽ 

ʧʰʝʥʠʮʽ [360; 408]. 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʧʦʧʫʣʷʨʥʠʤʠ ʻ ʧʨʦʜʫʢʪʠ ʟ ʤʘʨʢʫʚʘʥʥʷʤ ñgluten-freeò ʪʦʙʪʦ 

ʪʘʢʽ ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʛʣʶʪʝʥʫ, ʥʘʧʨʠʢʣʘʜ ʙʝʟʛʣʶʪʝʥʦʚʽ ʜʝʩʝʨʪʠ, ʚʠʧʽʯʢʘ ʡ ʽʥʰʽ 

ʧʨʦʜʫʢʪʠ. ɻʣʶʪʝʥʦʤ ʥʘʟʠʚʘʶʪʴ ʟʘʧʘʩʥʽ ʙʽʣʢʠ ʚ ʧʰʝʥʠʮʽ, ʘʣʝ ʛʣʶʪʝʥ ʻ ʩʫʢʫʧʥʽʩʪʶ 

ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʙʽʣʢʽʚ: ʛʣʽʘʜʠʥʫ ʪʘ ʛʣʶʪʝʥʽʥʫ. ɻʣʽʘʜʠʥʠ ʩʢʣʘʜʘʶʪʴ 40-50 % ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʙʽʣʢʘ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ ʢʣʝʡʢʦʚʠʥʠ [45]. 

ɻʣʶʪʝʥʽʥ ʚʽʜʧʦʚʽʜʘ ̒ʟʘ ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʧʨʫʞʥʽʩʪʴ ʪʽʩʪʘ [359]. ʂʣʝʡʢʦʚʠʥʘ ʚ ʪʽʩʪʽ 

ʩʪʚʦʨʶʻʪʴʩʷ ʟ ʮʠʭ ʙʽʣʢʽʚ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ ʟ ʚʦʜʦʶ. 

ɺôʷʟʢʦʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʭʣʽʙʥʦʤʫ ʪʽʩʪʫ ʥʘʜʘʻ ʩʘʤʝ ʛʣʶʪʝʥ, ʪʦʤʫ ʚʽʥ ʻ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʷʢʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʟ ʧʰʝʥʠʮʽ, ʪʘʢʠʭ ʷʢ ʭʣʽʙ ʽ ʣʦʢʰʠʥʘ [408]. ʆʢʨʽʤ ʪʦʛʦ 

ʢʣʝʡʢʦʚʠʥʘ ʻ ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ ʧʰʝʥʠʮʽ, ʷʢʠʡ ʚʨʘʭʦʚʫʶʪʴ ʧʨʠ ʧʦʜʽʣʽ ʧʰʝʥʠʮʽ ʥʘ 

ʛʨʫʧʠ ʽ ʢʣʘʩʠ, ʪʘ ʚʧʣʠʚʘʻ ʥʘ ʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʪʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ, ʷʢʠʤʠ ʚʦʣʦʜʽʻ 
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ɺʆʆɿ ï ʙʽʣʷ 1 % ʥʘʩʝʣʝʥʥʷ ʧʣʘʥʝʪʠ ʩʪʨʘʞʜʘʻ ʥʘ ʮʝʣʽʘʢʽʶ ï ʩʧʘʜʢʦʚʫ 

ʥʝʧʝʨʝʥʦʩʠʤʽʩʪʴ ʛʣʶʪʝʥʫ, ʪʘʢʠʤ ʣʶʜʷʤ ʚʘʨʪʦ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ, ʷʢʽ ʤʽʩʪʷʪʴ ʛʣʶʪʝʥ. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʛʣʶʪʝʥʫ ʧʰʝʥʠʮʽ 

ʧʦʣʙʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʤôʷʢʠʭ ʩʦʨʪʽʚ, ʪʦʤʫ ʣʶʜʠ ʟ ʘʣʝʨʛʽʻʶ ʥʘ ʛʣʶʪʝʥ 

ʤʦʞʫʪʴ ʙʝʟʧʝʯʥʦ ʚʞʠʚʘʪʠ ʡʦʛʦ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʧʦʙʽʯʥʠʭ ʝʬʝʢʪʽʚ [37]. ʆʢʨʽʤ 

ʛʣʽʘʜʠʥʫ ʪʘ ʛʣʶʪʝʥʽʥʫ, ʚ ʟʝʨʥʽ ʤʽʩʪʷʪʴʩʷ ʘʣʴʙʫʤʽʥʠ ʽ ʛʣʦʙʫʣʽʥʠ, ʷʢʽ ʻ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʽ ʬʝʨʤʝʥʪʥʠʤʠ ʙʽʣʢʘʤʠ, ʚ ʦʩʥʦʚʥʦʤʫ, ʘʣʝʡʨʦʥʦʚʦʛʦ ʰʘʨʫ ʽ ʟʘʨʦʜʢʽʚ [169].  

ʆʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʤʽʩʪ ʙʽʣʢʘ ʚ ʟʝʨʥʽ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʩʣʠʥʠ ʥʝʦʙʭʽʜʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ: N, S, Fe, Zn ʪʘ ʽʥ. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, 

[145] ʱʦ ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʫʧʥʦʛʦ N ʚ ˇʨʫʥʪʽ ʪʘ ʛʝʥʝʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʦʨʪʫ ʻ 

ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʤʽʩʪ ʙʽʣʢʘ ʚ ʟʝʨʥʽ. ʆʩʥʦʚʥʽ ʜʞʝʨʝʣʘ 

ʅʽʪʨʦʛʝʥʫ ʜʣʷ ʨʦʩʣʠʥ ï ʮʝ ʤʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʧʦʞʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʨʦʩʣʠʥʠ ʟʜʘʪʥʽ ʧʦʛʣʠʥʘʪʠ ʥʽʪʨʦʛʝʥ ˇʨʫʥʪʫ ʷʢ ʫ ʬʦʨʤʽ ʢʘʪʽʦʥʘ NH4+, ʪʘʢ 

ʽ ʘʥʽʦʥʘ NO3ï. ʂʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʥʽʪʨʦʛʝʥʫ ʚ ˇʨʫʥʪʽ ʥʝʧʦʩʪʽʡʥʘ ʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʤʝʭʘʥʽʯʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʫ, ʡʦʛʦ ʬʽʟʠʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʠʨʦʱʫʚʘʥʠʭ ʨʦʩʣʠʥ ʪʘ ʽʥ. [443]. 

 

1.3.2. ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʛʣʠʥʘʥʥ̫  ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʨʦʩʣʠʥʘʤʠ ʪʘ ʾʭ ʨʦʣʴ ʚ 

ʧʦʢʨʘʱʝʥʥʽ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʟʝʨʥʘ  

ʄʽʢʨʦʝʣʝʤʝʥʪʠ ʨʝʛʫʣʶʶʪʴ ʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʫʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ. ɼʝʬʽʮʠʪ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʰʢʽʜʣʠʚʠʤ ʽ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ ʟʽ 

ʟʜʦʨʦʚôʷʤ. ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʛʣʦʙʘʣʴʥʽ ʟʤʽʥʠ 

ʢʣʽʤʘʪʫ ʩʧʨʠʯʠʥʠʣʠ ʩʝʣʝʢʮʽʶ ʧʰʝʥʠʮʽ ʚ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʽ 

ʦʜʥʦʯʘʩʥʦʛʦ ʟʥʠʞʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʟʝʨʥʘ, ʦʩʦʙʣʠʚʦ ʚʤʽʩʪʫ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. 

ɿʝʨʥʦ ʟʣʘʢʦʚʠʭ ʢʫʣʴʪʫʨ ʻ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʚʫʛʣʝʚʦʜʽʚ, ʙʽʣʢʽʚ, ʤʽʥʝʨʘʣʽʚ 

(Zn, Fe, Mn, Mg) ʪʘ ʚʽʪʘʤʽʥʽʚ (B ʽ E), ʷʢʽ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ 

ʭʘʨʯʫʚʘʥʥʷ, ʧʦʢʨʘʱʝʥʥʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʪʘ ʭʘʨʯʦʚʦʾ ʙʝʟʧʝʢʠ, ʦʩʦʙʣʠʚʦ ʚ ʢʨʘʾʥʘʭ 

ʟ ʥʠʟʴʢʠʤ ʨʦʟʚʠʪʢʦʤ ʝʢʦʥʦʤʽʢʠ [396; 397]. ʇʨʦʪʝ, ʟʝʨʥʘ ʙʽʣʴʰʦʩʪʽ ʟʣʘʢʦʚʠʭ 
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ʢʫʣʴʪʫʨ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʰʝʥʠʮʽ, ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʥʠʟʴʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʦʙʭʽʜʥʠʭ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ Zn ʪʘ Fe [56; 103; 165]. ʇʦʢʨʘʱʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ 

ʪʘ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʟʣʘʢʦʚʠʭ ʢʫʣʴʪʫʨ, ʚ ʪ.ʯ. ʩʫʯʘʩʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʭʘʨʯʫʚʘʥʥʽ ʟʥʘʯʥʫ ʯʘʩʪʢʫ ʩʢʣʘʜʘʶʪʴ ʟʝʨʥʦʚʽ ʢʫʣʴʪʫʨʠ, ʷʢʽ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʢʘʣʦʨʽʡʥʽʩʪʴ, ʧʨʦ ʪʝ ʥʠʟʴʢʫ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʦʛʦʜʫʚʘʪʠ 9 

ʤʽʣʴʷʨʜʽʚ ʣʶʜʝʡ, ʷʢʽ ʞʠʪʠʤʫʪʴ ʥʘ ɿʝʤʣʽ ʜʦ ʢʽʥʮʷ 21 ʩʪʦʨʽʯʯʷ, ʟʥʘʜʦʙʣʷʪʴʩʷ ʥʘʙʦʨʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ ʜʦ ʙʽʦʪʠʯʥʠʭ ʪʘ 

ʘʙʽʦʪʠʯʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʟ ʚʠʩʦʢʦʶ ʭʘʨʯʦʚʦʶ ʷʢʽʩʪʶ. 

ʉʝʣʝʢʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʽ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʟʝʨʥʘ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 

ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʽʚʢʠ, ʟʦʢʨʝʤʘ, ʥʘʣʝʞʥʦʛʦ ʚʤʽʩʪʫ ʚ ʟʝʨʥʽ ʪʘ ʟʝʨʥʦʧʨʦʜʫʢʪʘʭ 

ʥʝʦʙʭʽʜʥʠʭ ʤʽʢʨʦʥʫʪʨʽʻʥʪʽʚ (Zn, Cu, Fe), ʱʦ ʻ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʦʜʦʚʦʣʴʯʦʾ 

ʙʝʟʧʝʢʠ, ʦʩʢʽʣʴʢʠ ʧʨʠʙʣʠʟʥʦ ʪʨʝʪʠʥʘ ʣʶʜʩʪʚʘ ʟʘʟʥʘʻ ʧʨʠʭʦʚʘʥʦʛʦ ʛʦʣʦʜʫ, 

ʩʧʨʠʯʠʥʝʥʦʛʦ ʜʝʬʽʮʠʪʦʤ Fe (ʘʥʝʤʽʾ), Zn ʘʙʦ Cu.  

ʇʨʠʙʣʠʟʥʦ 43 % ʜʽʪʝʡ ʚʽʢʦʤ ʜʦ ʧôʷʪʠ ʨʦʢʽʚ ʩʭʠʣʴʥʽ ʜʦ ʘʥʝʤʽʾ ʯʝʨʝʟ ʜʝʬʽʮʠʪ Fe 

[377], ʘ ʟʘ ʜʘʥʠʤʠ ɺʆʆɿ ʙʽʣʴʰʝ 60 % ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ ʧʦʪʝʨʧʘʻ ʚʽʜ Fe-ʜʝʬʽʮʠʪʫ. 

ɹʣʠʟʴʢʦ ʯʚʝʨʪʽ ʥʘʩʝʣʝʥʥʷ ʫ ʩʚʽʪʽ ʩʪʨʘʞʜʘʻ ʚʽʜ ʟʘʣʽʟʦʜʝʬʽʮʠʪʥʦʾ ʘʥʝʤʽʾ [269]. ʑʦ 

ʩʪʦʩʫʻʪʴʩʷ ʎʠʥʢʫ, ʪʦ 17,3 % ʥʘʩʝʣʝʥʥʷ ʩʪʠʢʘʻʪʴʩʷ ʟ ʥʝʩʪʘʯʝʶ ʮʠʥʢʫ ʚ ʾʞʽ [424]. ʊʘʢ 

ʩʘʤʦ 190 ʤʽʣʴʡʦʥʽʚ ʜʽʪʝʡ ʜʦʰʢʽʣʴʥʦʛʦ ʚʽʢʫ ʩʪʠʢʘʶʪʴʩʷ ʟ ʜʝʬʽʮʠʪʦʤ ʚʽʪʘʤʽʥʫ ɸ [184; 

416]. ʈʘʥʽʰʝ P. White ʪʘ M. Broadly [428] ʧʦʢʘʟʘʣʠ, ʱʦ 340 ʤʽʣʴʡʦʥʽʚ ʜʽʪʝʡ 

ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʥʝʜʦʾʜʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ, ʚʠʩʥʘʞʝʥʥʷ ʘʙʦ 

ʥʘʜʤʽʨʥʦʾ ʚʘʛʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʘʢʠʭ ʨʦʟʣʘʜʽʚ, ʷʢ ʢʩʝʨʦʬʪʘʣʴʤʽʷ, ʟʘʭʚʦʨʶʚʘʥʥʷ 

ʰʢʽʨʠ ʪʘ ʨʘʢ [384].  

ʋ ʩʝʨʝʜʥʴʦʤʫ ʟʜʦʨʦʚʽʡ ʜʦʨʦʩʣʽʡ ʣʶʜʠʥʽ ʧʦʪʨʽʙʥʦ ʧʦ 15 ʤʛ Fe ʽ Zn ʪʘ 600 ʤʢʛ 

ʚʽʪʘʤʽʥʫ ɸ. ʆʜʥʘʢ ʮʷ ʚʠʤʦʛʘ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʯʝʨʝʟ ʾʞʫ, ʷʢʫ ʩʧʦʞʠʚʘʻ ʙʽʣʴʰʽʩʪʴ 

ʥʘʩʝʣʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʟʚʠʯʘʡ ʦʩʥʦʚʥʠʡ ʨʘʮʽʦʥ ʤʽʩʪʠʪʴ ʣʠʰʝ 2ï3 ʤʛ Fe, 7ï8 ʤʛ 

Zn ʽ ʩʣʽʜʠ ʚʽʪʘʤʽʥʫ A, ʯʦʛʦ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ [384].  
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ʄʝʪʘʣʠ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʨʦʩʣʠʥ, ʘʣʝ ʤʦʞʫʪʴ ʩʪʘʪʠ ʪʦʢʩʠʯʥʠʤʠ, ʷʢʱʦ ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʥʘʜʪʦ ʚʠʩʦʢʽ: Co, Fe, Cu, Cr, Mn, Zn. ʅʘ ʩʴʦʛʦʜʥʽ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ (Cu, 

Fe, Mn, ʪʘ Zn) ʫ ʟʝʨʥʽ ʩʦʨʪʽʚ T. aestivum [56; 103; 106; 165]. ʈʽʟʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʫʶʪʴ ʰʠʨʦʢʽ ʜʽʘʧʘʟʦʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ Fe ʪʘ Zn ʫ ʟʝʨʥʽ ʩʝʨʝʜ ʛʝʥʦʪʠʧʽʚ 

ʧʰʝʥʠʮʽ. ɼʽʘʧʘʟʦʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn 32ï57 ʤʛĿʢʛ
ḍ1

 ʪʘ Fe 39ï58 ʤʛĿʢʛ
ḍ1

 ʩʝʨʝʜ 

ʛʝʥʦʪʠʧʽʚ ʷʨʦʾ ʧʰʝʥʠʮʽ ʟʛʽʜʥʦ ʟ R. Chatrath ʪʘ ʽʥ. [82]. 

ɼʘʚʥʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ, ʥʘʧʨʠʢʣʘʜ ʪʝʪʨʘʧʣʦʾʜʥʘ ʧʰʝʥʠʮʷ Triticum turgidum 

subsp. dicoccum ʚʩʝ ʙʽʣʴʰʝ ʚʠʟʥʘʻʪʴʩʷ ʮʽʥʥʠʤ ʜʞʝʨʝʣʦʤ ʭʘʨʯʫʚʘʥʥʷ ʯʝʨʝʟ ʚʠʩʦʢʠʡ 

ʚʤʽʩʪ ʩʪʽʡʢʦʛʦ ʢʨʦʭʤʘʣʶ, ʮʝʣʶʣʦʟʠ, ʢʘʨʦʪʠʥʦʾʜʽʚ, ʙʽʣʢʽʚ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʩʧʦʣʫʢ 

ʪʘ ʚʽʪʘʤʽʥʠ ɺ2, ɺ5, ɺ6 ʽ ɸ [37; 92; 393]. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ, ʪʘʢʽ ʧʰʝʥʠʮʽ ʷʢ T. 

monococcum, T. dicoccon ʪʘ T. dicoccoides, ʥʘʢʦʧʠʯʫʶʪʴ ʙʽʣʴʰʝ Fe ʽ Zn ʚ ʟʝʨʥʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʢʫʣʴʪʠʚʦʚʘʥʠʤʠ ʚʠʜʘʤʠ [74; 75; 265], ʦʜʥʘʢ ʥʘʰʝ ʨʦʟʫʤʽʥʥʷ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʽ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʮʽʻʾ ʨʠʩʠ, ʚʩʝ ʱʝ 

ʦʙʤʝʞʝʥʦ. 

ʋ ʨʦʩʣʠʥʘʭ Zn ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʚʫʛʣʝʚʦʜʥʦʤʫ ʦʙʤʽʥʽ [34], ʤʝʪʘʙʦʣʽʟʤʽ ʘʫʢʩʠʥʽʚ 

[33], ʜʽʻ ʷʢ ʧʦʪʫʞʥʠʡ ʘʥʪʠʦʢʩʠʜʘʥʪ ʪʘ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʦʟʚʠʪʢʫ ʪʢʘʥʠʥ ʢʚʽʪʽʚ, ʮʚʽʪʽʥʥʽ, ʟʘʧʣʽʜʥʝʥʥʽ, ʧʣʦʜʦʥʦʰʝʥʥʽ ʪʘ ʨʦʟʚʠʪʢʫ ʟʝʨʥʘ [137; 

172]. ʎʠʥʢ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʠʩʷʯ ʙʽʣʢʽʚ ʨʦʩʣʠʥ, ʭʦʯʘ ʚ ʥʘʜʣʠʰʢʫ ʚʽʥ 

ʪʦʢʩʠʯʥʠʡ. ʂʨʽʤ ʪʦʛʦ, Zn ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʨʦʟʚʠʪʢʫ ʢʦʣʝʦʧʪʠʣʷ ʪʘ ʧʨʦʨʦʩʪʘʥʥʽ ʥʘʩʽʥʥʷ 

[282]. ʅʘʩʽʥʥʷ ʟ ʚʠʱʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn, ʧʦʢʘʟʘʣʦ ʙʽʣʴʰʫ ʩʭʦʞʽʩʪʴ ʥʘʩʽʥʥʷ ʪʘ 

ʨʘʥʥʽʡ, ʨʽʚʥʦʤʽʨʥʠʡ ʩʭʽʜ ʧʦʩʽʚʽʚ [72]. ɼʝʬʽʮʠʪ Zn ʚʧʣʠʚʘʻ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ, 

ʫʪʚʦʨʝʥʥʷ ʧʠʣʢʫ, ʨʦʟʚʠʪʦʢ ʢʦʨʝʥʽʚ ʪʘ ʣʠʩʪʢʽʚ, ʘ ʪʘʢʦʞ ʥʘ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪ 

ʚʦʜʠ [33; 392]. ɹʽʣʴʰʽʩʪʴ Zn-ʨʝʛʫʣʴʦʚʘʥʠʭ ʬʝʨʤʝʥʪʽʚ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʝʛʫʣʷʮʽʾ 

ʪʨʘʥʩʢʨʠʧʮʽʾ ɼʅʂ, ʩʧʣʘʡʩʠʥʛʫ ʈʅʂ ʪʘ ʪʨʘʥʩʣʷʮʽʾ [172]. 

Fe ʻ ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʠʤ ʤʽʢʨʦʝʣʝʤʝʥʪʦʤ ʜʣʷ ʨʦʩʣʠʥ. ʗʢ ʦʢʠʩʣʶʚʘʣʴʥʦ-

ʚʽʜʥʦʚʥʠʡ ʤʝʪʘʣ Fe ʻ ʢʦʤʧʦʥʝʥʪʦʤ ʙʘʛʘʪʴʦʭ ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʩʣʠʥ 

ʬʝʨʤʝʥʪʽʚ [338], ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʬʦʪʦʩʠʥʪʝʟʽ, ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʦʤʫ ʜʠʭʘʥʥʽ, ʟʘʩʚʦʻʥʥʽ 

ʅʽʪʨʦʛʝʥʫ ʪʘ ʉʫʣʴʬʫʨʫ, ʦʩʤʦʪʠʯʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ, ʙʽʦʩʠʥʪʝʟʽ ʛʦʨʤʦʥʽʚ (ʝʪʠʣʝʥ, 
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ʛʽʙʝʨʝʣʦʚʘ ʢʠʩʣʦʪʘ, ʞʘʩʤʦʥʦʚʘ ʢʠʩʣʦʪʘ), ɼʅʂ ʪʘ ʟʘʭʠʩʪʽ ʚʽʜ ʧʘʪʦʛʝʥʽʚ [172; 222]. 

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ ʨʦʣʴ Fe ʚ ʫʪʚʦʨʝʥʥʽ ʭʣʦʨʦʬʽʣʫ [179]. ɼʝʬʽʮʠʪ ʙʽʦʜʦʩʪʫʧʥʦʛʦ Fe 

ʚ ˇʨʫʥʪʽ ʻ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʬʦʪʦʩʠʥʪʝʟʫ [398], ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʦʛʦ ʜʠʭʘʥʥʷ, 

ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʢʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ [460] ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ ʪʘ 

ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ [200; 202]. 

Cu ʻ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʠʤ ʧʝʨʝʭʽʜʥʠʤ ʤʝʪʘʣʦʤ, ʷʢʠʡ ʻ ʢʦʬʘʢʪʦʨʦʤ ʜʣʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʬʝʨʤʝʥʪʽʚ, ̫ ʢʽ ʟʘʣʫʯʝʥʽ ʫ ʨʝʘʢʮʽʷʭ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ [69]. ʊʦʤʫ, ʚʽʥ 

ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʩʠʥʪʝʟʽ ʢʣʽʪʠʥʥʦʾ ʩʪʽʥʢʠ, ʬʦʪʦʩʠʥʪʝʟʽ, ʜʠʭʘʥʥʽ, ʤʝʪʘʙʦʣʽʟʤʽ ʅʽʪʨʦʛʝʥʫ 

ʪʘ ʧʨʠʛʥʽʯʫʻ ʨʦʟʚʠʪʦʢ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʫ ʚʥʘʩʣʽʜʦʢ ʷʢʦʛʦ ʫʪʚʦʨʶʶʪʴʩʷ ɸʌʆ 

[172]. ɼʝʬʽʮʠʪʫ Cu ʟʥʠʞʫʻ ʧʣʦʜʶʯʽʩʪʴ ʨʦʩʣʠʥ, ʧʨʠʛʥʽʯʫʻ ʫʪʚʦʨʝʥʥʷ ʢʚʽʪʦʢ, 

ʫʧʦʚʽʣʴʥʶʻ ʨʽʩʪ ʚʩʽʻʾ ʨʦʩʣʠʥʠ ʪʘ ʦʙʤʝʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʩʣʠʥ ʽ ʚʨʦʞʘʡʥʽʩʪʴ [66; 

69; 306; 357].  

ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʘʭ ʧʰʝʥʠʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʥʝʪʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʦʪʝ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʽ ʚʽʜ ʮʽʣʦʛʦ ʨʷʜʫ ʽʥʰʠʭ 

ʯʠʥʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʧʦʛʦʜʥʠʭ ʫʤʦʚ [375], ʪʠʧʫ ˇʨʫʥʪʫ [151] ʪʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʬʘʢʪʦʨʽʚ [47]. 

ɼʝʬʽʮʠʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʽ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʷʩʥʶʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʜʦʙʨʠʚ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʫ ʜʦʟʫ, ʝʨʦʟʽʻʶ 

ˇʨʫʥʪʫ ʪʘ ʽʥʰʠʤʠ ʘʛʨʦʥʦʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʷʢʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʧʝʨʝʤʽʱʝʥʥʶ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ʎʝ ʧʦʨʫʰʫʻ ʨʽʚʥʦʚʘʛʫ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ˇʨʫʥʪʽ, ʩʧʨʠʯʠʥʷʻ 

ʜʠʩʙʘʣʘʥʩ ʫ ʢʽʣʴʢʦʩʪʽ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʌʦʩʬʦʨʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʧʦʩʠʣʶʻʪʴʩʷ 

ʥʘ ʪʘʢʠʭ ˇʨʫʥʪʘʭ, ʷʢ ʚʘʧʥʷʥʽ, ʟʘʙʦʣʦʯʝʥʽ, ʪʦʨʬôʷʥʽ, ʧʦʩʫʰʣʠʚʽ, ʣʫʞʥʽ, ʧʽʱʘʥʽ ʪʘ 

ʩʦʣʦʥʽ ˇʨʫʥʪʠ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ˇʨʫʥʪʫ [34; 435]. ʆʢʨʽʤ ʪʦʛʦ, ʩʪʨʘʪʝʛʽʷ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ˇʨʫʥʪʽ ʪʦʢʩʠʯʥʠʭ ʨʽʚʥʽʚ Cu ʽ Cd [71]. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʦʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʧʦʢʨʘʱʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʘ ʻ ʚʥʝʩʝʥʥʷ 

ʮʠʥʢʚʤʽʩʥʠʭ ʜʦʙʨʠʚ ʫ ˇʨʫʥʪ ʘʙʦ ʧʦʟʘʢʦʨʝʥʝʚʝ ʪʘ ʢʦʤʙʽʥʦʚʘʥʝ ʾʭ ʚʥʝʩʝʥʥʷ [134]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʟʘʢʦʨʝʥʝʚʝ ʧʽʜʞʠʚʣʝʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʎʠʥʢʫ ʪʘ ʌʝʨʫʤʫ ʚ ʟʝʨʥʽ ʟʣʘʢʦʚʠʭ [309]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʣʴʬʘʪʫ 
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ʌʝʨʫʤʫ (FeSO4) ʪʘ ʩʫʣʴʬʘʪʫ ʎʠʥʢʫ (ZnSO4) ʷʢ ʜʦʙʨʠʚʘ, ʟʙʽʣʴʰʫʚʘʣʠ ʚʠʩʦʪʫ ʨʦʩʣʠʥ 

ʧʰʝʥʠʮʽ, ʚʠʩʦʪʫ ʢʦʣʦʩʢʘ, ʢʽʣʴʢʽʩʪʴ ʢʦʣʦʩʢʽʚ ʫ ʢʦʣʦʩʽ, ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ, ʤʘʩʫ 

1000 ʟʝʨʝʥ, ʝʢʦʥʦʤʽʯʥʫ ʪʘ ʙʽʦʣʦʛʽʯʥʫ ʚʨʦʞʘʡʥʽʩʪʴ, ʚʤʽʩʪ ʂʘʣʴʮʽʶ, ʄʘʛʥʽʶ, ʌʝʨʫʤʫ, 

ʎʠʥʢʫ, ʂʫʧʨʫʤʫ ʪʘ ʙʽʣʢʘ [309]. ʂʦʤʙʽʥʘʮʽʷ Zn ʽ Fe ʷʢ ʧʦʟʘʢʦʨʝʥʝʚʝ ʦʙʧʨʠʩʢʫʚʘʥʥʷ 

(0,5% ZnSO4 ʽ 1% FeSO4) ʧʽʜʚʠʱʫʚʘʣʘ ʚʨʦʞʘʡʥʽʩʪʴ ʧʦʩʽʚʽʚ ʧʰʝʥʠʮʽ ʪʘ ʷʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʟʝʨʥʘ [309]. ʈʘʟʦʤ ʟ ʪʠʤ ʚʽʜʦʤʦ, ʱʦ ʚʤʽʩʪ Fe ʚ ʟʝʨʥʽ ʢʦʨʝʣʶʻ ʽʟ ʚʤʽʩʪʦʤ 

ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʫ ʪ.ʯ. Zn, S ʪʘ ʽʥ. [215], ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʩʦʨʪʽʚ, ʷʢʽ ʙ ʤʽʩʪʠʣʠ ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʜʦʨʦʚô̫  

ʣʶʜʠʥʠ ʢʽʣʴʢʽʩʪʴ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ. 

ɺʽʜ ʪʠʧʫ ˇʨʫʥʪʫ ʪʘ ʡʦʛʦ ʢʠʩʣʦʪʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʤʽʩʪ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʜʣʷ ʨʦʩʣʠʥ. ʈʦʩʣʠʥʠ ʟʜʽʡʩʥʶʶʪʴ ʤʦʙʽʣʽʟʘʮʽʶ ʪʘ ʩʦʣʶʙʽʣʽʟʘʮʽʶ 

ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ ʯʝʨʝʟ ʢʦʨʝʥʝʚʽ ʚʠʜʽʣʝʥʥʷ ʜʝʢʽʣʴʢʦʤʘ ʙʽʦʭʽʤʽʯʥʠʤʠ ʰʣʷʭʘʤʠ: 

ʧʽʜʢʠʩʣʝʥʥʷ ʨʠʟʦʩʬʝʨʠ ʯʝʨʝʟ ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ ʚ ʢʦʨʝʥʝʚʠʭ ʝʢʩʫʜʘʪʘʭ; ʫʪʚʦʨʝʥʥʷ 

ʨʦʟʯʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʽʦʥʽʚ ʤʝʪʘʣʫ ʟ ʘʤʽʥʦʢʠʩʣʦʪʘʤʠ ʘʙʦ ʦʨʛʘʥʽʯʥʠʤʠ ʢʠʩʣʦʪʘʤʠ 

ʪʘ ʽʥʰʠʤʠ ʭʝʣʘʪʦʨʘʤʠ; ʚʥʘʩʣʽʜʦʢ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʨʝʘʢʮʽʾ; ʘʙʦ 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʯʝʨʝʟ ʙʽʦʩʪʠʤʫʣʶʶʯʠʡ ʝʬʝʢʪ ʢʦʨʝʥʝʚʠʭ ʝʢʩʫʜʘʪʽʚ ʟʘʚʜʷʢʠ 

ʢʦʨʠʩʥʠʤ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤ ʚ ʨʠʟʦʩʬʝʨʽ [295; 353]. 

ʇʦʛʣʠʥʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʻ ʨʽʟʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʋ ʜʝʷʢʠʭ 

ʛʝʥʦʪʠʧʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʻ ʜʫʞʝ ʚʠʩʦʢʦʶ, ʘʣʝ ʧʝʨʝʤʽʱʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚʽʜ ʢʦʨʝʥʽʚ ʜʦ 

ʧʘʛʦʥʽʚ ʪʘ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʝʨʥʦ ʻ ʥʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ [365]. ʊʦʤʫ, ʪʨʘʥʩʧʦʨʪ ʘʙʦ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʯʘʩʪʠʥʘʭ ʨʦʩʣʠʥ ʻ ʚʘʞʣʠʚʠʤ ʧʨʦʮʝʩʦʤ ʷʢʠʡ 

ʥʝʦʙʭʽʜʥʦ ʨʝʛʫʣʶʚʘʪʠ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʤʽʢʨʦʝʣʝʤʝʥʪʠ ʚ ʾʩʪʽʚʥʠʭ ʯʘʩʪʠʥʘʭ ʨʦʩʣʠʥʠ. 

ʋ ʟʝʤʥʽʡ ʢʦʨʽ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ Fe ʽ Zn, ʘʣʝ ʚʦʥʠ ʥʝʜʦʩʪʫʧʥʽ ʜʣʷ ʨʦʩʣʠʥ, 

ʦʩʢʽʣʴʢʠ ʧʨʠʩʫʪʥʽ ʫ ʬʦʨʤʽ ʥʝʨʦʟʯʠʥʥʠʭ ʩʦʣʝʡ. ʄʦʙʽʣʽʟʘʮʽʷ Fe ʚ ʨʦʩʣʠʥʘʭ ʯʘʩʪʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʭʝʣʘʪʫʚʘʥʥʷ ʟ ʬʽʪʦʩʠʜʝʨʦʬʦʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʮʠʪʨʘʪ, 

ʥʽʢʦʪʠʥʘʤʽʥ (NA) ʽ mugineic acid (MA) (ʩʪʨʘʪʝʛʽʷ II) ʘʙʦ ʫ ʬʦʨʤʽ ʚʽʣʴʥʠʭ ʽʦʥʽʚ ʟʘʣʽʟʘ 

ï Fe2+ (ʷʢ ʨʦʩʣʠʥʠ ʩʪʨʘʪʝʛʽʾ I, ʪʘʢ ʽ ʩʪʨʘʪʝʛʽʾ II) [460]. Fe2+ ʮʝ ʚʽʣʴʥʘ ʬʦʨʤʘ ʌʝʨʫʤʫ, 

ʷʢʘ ʦʙʤʝʞʝʥʘ ʚ ˇʨʫʥʪʽ. Fe2+ʻ ʙʽʣʴʰ ʨʦʟʯʠʥʥʦʶ ʬʦʨʤʦʶ ʽ ʤʦʞʝ ʧʦʛʣʠʥʘʪʠʩʷ 
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ʢʦʨʽʥʥʷʤ ʫʩʽʭ ʚʠʜʽʚ ʨʦʩʣʠʥ, ʘʣʝ ʚʽʥ ʣʝʛʢʦ ʦʢʠʩʣʶʻʪʴʩʷ ʜʦ Fe3+ ʟʘʚʜʷʢʠ ʭʽʤʽʯʥʠʤ 

ʨʝʘʢʮʽʷʤ. Fe3+ ʻ ʥʘʡʙʽʣʴʰ ʜʦʤʽʥʫʶʯʦʶ ʬʦʨʤʦʶ ʌʝʨʫʤʫ ʚ ˇʨʫʥʪʽ, ʧʨʦʪʝ, ʚʦʥʘ ʻ 

ʥʝʨʦʟʯʠʥʥʦʶ, ʪʦʤʫ ʥʝʜʦʩʪʫʧʥʦʶ ʜʣʷ ʨʦʩʣʠʥ [250]. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʨʦʩʣʠʥʠ 

ʨʦʟʨʦʙʠʣʠ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʌʝʨʫʤʫ ʚ ʫʤʦʚʘʭ 

ʜʝʬʽʮʠʪʫ. ʅʝʟʣʘʢʦʚʽ ʨʦʩʣʠʥʠ, ʚʽʜʦʤʽ ʷʢ ʨʦʩʣʠʥʠ ʩʪʨʘʪʝʛʽʾ I, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʝʭʘʥʽʟʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʝʥʥʷ ʽʦʥʽʚ ʟʘʣʽʟʘ (Fe3+) ʜʦ ʚʽʣʴʥʦʾ ʬʦʨʤʠ ʽʦʥʽʚ Fe (Fe2+) 

ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʘ FRO2, ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʫʪʚʦʨʝʥʠʭ ʽʦʥʽʚ Fe 

ʯʝʨʝʟ ʧʣʘʟʤʘʪʠʯʥʫ ʤʝʤʙʨʘʥʫ ʢʦʨʝʥʷ ʷʢʝ ʨʝʛʫʣʶʻʪʴʩʷ ʛʝʥʦʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʌʝʨʫʤʫ 

IRT1. ɿʣʘʢʦʚʽ ʨʦʩʣʠʥʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʰʝʥʠʮʷ, ʚʽʜʦʤʽ ʷʢ ʨʦʩʣʠʥʠ ʩʪʨʘʪʝʛʽʾ II, ʤʘʶʪʴ 

ʭʝʣʘʪʥʫ ʩʪʨʘʪʝʛʽʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ Fe3+. ʈʦʩʣʠʥʠ ʩʪʨʘʪʝʛʽʾ II ʚʠʜʽʣʷʶʪʴ 

ʬʽʪʦʩʠʜʝʨʦʬʦʨ (PS), ʷʢʠʡ ʫʪʚʦʨʶʻ ʨʦʟʯʠʥʥʠʡ ʢʦʤʧʣʝʢʩ PSïFe3+ ʫ ʨʠʟʦʩʬʝʨʽ, ʽ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʢʦʨʽʥʥʷʤ ʨʦʩʣʠʥ ʪʘ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʤʠ ʙʽʣʢʘʤʠ 

ʧʣʘʟʤʘʣʝʤʠ [221; 364].  

ʎʠʥʢ ʻ ʥʘʡʤʝʥʰ ʜʦʩʪʫʧʥʠʤ ʤʽʢʨʦʥʫʪʨʽʻʥʪʦʤ ʫ ʩʚʽʪʽ [64]. ʅʝʨʦʟʯʠʥʥʠʡ Zn 

ʩʪʘʥʦʚʠʪʴ > 90 % Zn ʫ ˇʨʫʥʪʽ ʪʘ ʥʝʜʦʩʪʫʧʥʠʡ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʨʦʩʣʠʥʘʤʠ. ʉʫʣʴʬʘʪ 

Zn ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʜʞʝʨʝʣʦʤ Zn, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʡʦʛʦ ʚʠʱʫ ʨʦʟʯʠʥʥʽʩʪʴ 

ʧʦʨʽʚʥʷʥʦ ʟ ʦʢʩʠʜʘʤʠ ʪʘ ʢʘʨʙʦʥʘʪʘʤʠ [150]. ʂʘʪʽʦʥʠ Zn, ʧʨʠʩʫʪʥʽ ʚ ʥʠʟʴʢʠʭ 

ʢʽʣʴʢʦʩʪʷʭ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ [35], ʦʪʞʝ ʽ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʽʦʥʽʚ Zn ʫ ˇʨʫʥʪʽ ʻ ʜʫʞʝ 

ʤʘʣʦʶ. ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ ʽ ʚʠʜʦʫʪʚʦʨʝʥʥʷ Zn ʫ ˇʨʫʥʪʽ 

 ̒ʨʅ ˇʨʫʥʪʫ [23]. ɿʘʟʚʠʯʘʡ Zn ʙʽʣʴʰ ʙʽʦʜʦʩʪʫʧʥʠʡ ʟʘ ʢʠʩʣʦʛʦ ʨʅ, ʥʽʞ ʣʫʞʥʦʛʦ ʨʅ 

[299]. Zn2+ ʻ ʧʝʨʝʚʘʞʘʶʯʦʶ ʬʦʨʤʦʶ Zn ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤʫ ʨʅ, ʧʨʠ ʣʫʞʥʦʤʫ ʨʅ 

(ʥʠʞʯʝ 7,7) ZnOH+, ʟʘ pH 7,7ï9,1 ʧʝʨʝʚʘʞʘʻ ʥʝʡʪʨʘʣʴʥʘ ʬʦʨʤʘ Zn(OH)2 [341]. 

ʈʦʩʣʠʥʠ ʟʜʘʪʥʽ ʚʠʜʽʣʷʪʠ ʢʦʨʝʥʝʚʽ ʝʩʢʫʜʘʥʪʠ ʚ ˇʨʫʥʪ, ʷʢʽ ʧʦʢʘʱʫʶʪʴ ʩʦʣʶʙʽʣʽʟʘʮʽʶ 

Zn ʪʘ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʶʚʘʪʠ ʢʦʤʧʣʝʢʩʠ ʟ Zn, ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʡʦʛʦ 

ʤʦʙʽʣʴʥʽʩʪʴ ʥʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ. ʊʘʢʽ ʭʝʣʘʪʦʨʠ ʫʪʚʦʨʶʶʪʴ ʨʦʟʯʠʥʥʽ 

ʢʦʤʧʣʝʢʩʠ ʟ Zn2+ ʪʘ ʟʤʝʥʰʫʶʪʴ ʡʦʛʦ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ˇʨʫʥʪʫ [44]. 

ɽʢʩʫʜʘʪʠ ʢʦʨʝʥʽʚ ʨʦʩʣʠʥ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʶʪʴ ʨʦʟʯʠʥʥʫ ʯʘʩʪʢʫ Zn ʫ ˇʨʫʥʪʦʚʦʤʫ 

ʨʦʟʯʠʥʽ ʯʝʨʝʟ ʨʽʟʥʽ ʙʽʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ [461]. 
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ʋ ˇʨʫʥʪʘʭ ʉu ʫʪʚʦʨʶʻ ʢʦʤʧʣʝʢʩʠ ʽʟ ʦʨʛʘʥʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ, ʷʢʽ ʻ ʥʝʜʦʩʪʫʧʥʽ 

ʜʣʷ ʨʦʩʣʠʥ [378]. ɺ ʦʩʥʦʚʥʦʤʫ, Cu ʫ ˇʨʫʥʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʬʦʨʤʽ Cu(H2O)5ʆʅ. ɺʤʽʩʪ 

ʨʫʭʦʤʠʤ ʬʦʨʤ Cu ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʫʤʦʚ, ʟ ʧʦʩʠʣʝʥʥʷʤ ʦʢʠʩʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚʤʽʩʪ Cu ʟʤʝʥʰʫʻʪʴʩʷ. ʆʢʨʽʤ ʪʦʛʦ ʚʤʽʩʪ Cu ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʠʩʣʦʪʥʦʩʪʽ 

ˇʨʫʥʪʫ, ʽʟ ʧʽʜʣʫʛʦʚʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʚʤʽʩʪ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Cu ʟʙʽʣʴʰʫʻʪʴʩʷ [325; 

378].  

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚʽʜʽʛʨʘʶʪʴ ʟʥʘʯʥʫ ʨʦʣʴ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʨʦʩʣʠʥ ʥʝʦʙʭʽʜʥʠʤʠ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʋ ʙʘʛʘʪʴʦʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʬʦʨʤʠ 

ʌʦʩʬʦʨʫ ʧʨʠʻʜʥʘʥʽ ʜʦ ʢʘʪʽʦʥʽʚ, ʪʘʢʠʭ ʷʢ ʌʝʨʫʤ, ɸʣʶʤʽʥʽʡ ʽ ʂʘʣʴʮʽʡ. 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʮʴʦʛʦ 

ʌʦʩʬʦʨʫ ʜʣʷ ʨʦʩʣʠʥ. ʅʘʧʨʠʢʣʘʜ, ʙʘʢʪʝʨʽʘʣʴʥʽ ʬʝʨʤʝʥʪʠ ʤʦʞʫʪʴ ʟʙʽʣʴʰʫʚʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʧʨʦʪʦʥʽʚ ʫ ˇʨʫʥʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʨʦʙʥʠʮʪʚʘ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ, ʽ ʮʷ 

ʟʤʥ̔ʘ ʨʅ ʩʧʨʠʷʻ ʨʦʟʯʠʥʝʥʥʶ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʌʦʩʬʦʨʫ [204]. ɯʩʥʫʶʪʴ ʨʽʟʥʽ 

ʤʝʭʘʥʽʟʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʟʙʽʣʴʰʫʶʪʴ ʜʦʩʪʫʧʥʽʩʪʴ Zn ʽ Fe ʚ 

ˇʨʫʥʪʽ ʪʘ ʧʦʩʠʣʶʶʪʴ ʾʭ ʤʦʙʽʣʽʟʘʮʽʶ ʚ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ. ʉʝʨʝʜ ʥʠʭ: ʩʠʥʪʝʟ 

ʩʠʜʝʨʦʬʦʨʽʚ ʪʘ ʽʥʰʠʭ ʭʝʣʘʪʫʶʯʠʭ ʨʝʯʦʚʠʥ, ʚʠʜʽʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ ʽ 

ʝʢʩʪʨʫʟʽʷ ʧʨʦʪʦʥʽʚ, ʟʤʽʥʘ ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʘʥʘʪʦʤʽʾ ʢʦʨʝʥʷ, ʧʽʜʚʠʱʝʥʘ ʨʝʛʫʣʷʮʽʷ 

ʪʨʘʥʩʧʦʨʪʝʨʽʚ Zn ʽ Fe, ʟʤʝʥʰʝʥʥʷ ʬʽʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʩʝʢʨʝʮʽʷ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ 

ʪʘ ʬʽʪʦʛʦʨʤʦʥʽʚ ʷʢ ʩʠʛʥʘʣʴʥʠʭ ʤʦʣʝʢʫʣ [364].  

ʉʝʨʝʜ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʥʠʟʴʢʦʛʦ ʚʤʽʩʪʫ ʤʽʥʝʨʘʣʽʚ ʚ 

ʟʝʨʥʽ ï ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʷ [165; 309]. ʊʦʤʫ, ʘʢʪʫʘʣʴʥʠʤ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʚʠʚʯʝʥʥʷ 

ʩʢʣʘʜʥʠʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ Fʝ, Cu ʪʘ Zn 

ʚ ʨʦʩʣʠʥʥʠʭ ʪʢʘʥʠʥʘʭ ʪʘ ʩʪʚʦʨʝʥʥʷ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʟ ʧʽʜʚʠʱʝʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʡʦʛʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʟʝʨʥʽ ʰʣʷʭʦʤ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʝʣʝʢʮʽʾ ʪʘ ʛʝʥʥʦʾ ʽʥʞʝʥʝʨʽʾ. ɼʣʷ ʮʴʦʛʦ ʟʜʽʡʩʥʶʶʪʴ ʧʦʰʫʢ ʛʝʥʽʚ ʪʘ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʨʢʝʨʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʩʝʣʝʢʮʽʦʥʝʨʘʤ ʧʦʢʨʘʱʠʪʠ ʽʩʥʫʶʯʽ ʩʦʨʪʠ ʘʙʦ ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ˇʨʫʥʪʦʚʠʭ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. 
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1.4. ɹʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʪʘ ʾʭ ʨʦʣʴ ʚ ʧʦʢʨʘʱʝʥʥʽ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʟʝʨʥʘ 

ʧʰʝʥʠʮʽ 

ʈʦʩʣʠʥʠ ʨʦʟʨʦʙʠʣʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʭʘʥʽʟʤʠ, ʱʦʙ ʚʧʦʨʘʪʠʩʷ ʟ ʥʝʛʘʪʠʚʥʠʤ 

ʚʧʣʠʚʦʤ ʙʽʦʪʠʯʥʠʭ ʽ ʘʙʽʦʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʦʜʥʠʤ ʟ ʪʘʢʠʭ ʻ ʟʚô̫ ʟʦʢ ʨʦʩʣʠʥ ʟ 

ʙʘʢʪʝʨʽʷʤʠ. ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ [364; 411]. ʎʝʡ ʧʽʜʭʽʜ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤ 

ʧʨʦʪʝ ʙʘʛʘʪʦʦʙʽʮʷʶʯʠʤ, ʚʽʥ ʧʝʨʝʜʙʘʯʘʻ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʙʘʢʪʝʨʽʷʤʠ ʪʘ 

ʨʦʩʣʠʥʘʤʠ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʧʦʢʨʘʱʝʥʥʽ ʧʦʞʠʚʥʦʛʦ ʩʪʘʪʫʩʫ 

ˇʨʫʥʪʫ ʪʘ ʟʙʘʛʘʯʝʥʥʽ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ ʯʝʨʝʟ ʩʦʣʶʙʽʣʽʟʘʮʽʶ, ʤʦʙʽʣʽʟʘʮʽʶ ʪʘ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʪʨʽʙʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ ʨʦʩʣʠʥʠ [7; 85; 310]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʩʠʣʝʥʥʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ ʦʩʥʦʚʥʠʭ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʪʘʢʠʭ ʷʢ ʨʠʩ ʪʘ 

ʧʰʝʥʠʮʷ [301; 311; 364]. 

ʏʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʟʚôʷʟʢʽʚ ʤʽʞ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʨʦʩʣʠʥʦʶ ʥʘ ʩʴʦʛʦʜʥʽ 

ʥʝʦʙʭʽʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʣʝʞʘʪʴ ʚ 

ʦʩʥʦʚʽ ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʦʩʪʫ ʨʦʩʣʠʥ PGPB (ʨʽʩʪ-ʩʪʠʤʫʣʶʶʯʽ ʙʘʢʪʝʨʽʾ). ʄʽʞ 

ʨʦʩʣʠʥʦʶ ʪʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʤʦʞʣʠʚʽ ʝʥʜʦʬʽʪʥʽ, ʝʧʽʬʽʪʥʽ ʯʠ ʨʠʟʦʩʬʝʨʥʽ 

ʚʟʘʻʤʦʜʽʾ (ʨʠʩ. 1.1) [159; 192; 239; 433].  

ɽʥʜʦʬʽʪʥʠʡ ʤʽʢʨʦʙʽʦʤ ʨʦʩʣʠʥ ʫʪʚʦʨʝʥʠʡ ʛʨʫʧʘʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʫ ʪ.ʯ. 

ʙʘʢʪʝʨʽʡ, ʧʦʚô̫ ʟʘʥʠʭ ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʦʙʤʽʥ ʨʝʯʦʚʠʥ, ʨʽʩʪ ʪʘ ʩʪʽʡʢʽʩʪʴ ʨʦʩʣʠʥʠ [91; 249]. ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʝʥʜʦʬʽʪʥʦʛʦ ʤʽʢʨʦʙʽʦʤʫ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʧʝʨʩʧʝʢʪʠʚʥʝ ʟ ʦʛʣʷʜʫ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʠʛʨʘʰʥʦʛʦ ʩʢʣʘʜʫ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʷʢʽ 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʘʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʷ 

ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʟʝʨʥʘ ʮʽʻʾ ʢʫʣʴʪʫʨʠ. ɺʟʘʻʤʦʜʽʾ ʤʽʞ 

ʨʦʩʣʠʥʘʤʠ ʪʘ ʝʥʜʦʬʽʪʥʠʤʠ ʙʘʢʪʝʨʽʷʤʠ ʯʘʩʪʦ ʤʫʪʫʘʣʽʩʪʠʯʥʽ. ʈʦʩʣʠʥʘ ʟʘʙʝʟʧʝʯʫʻ 

ʙʘʢʪʝʨʽʾ ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʘ ʙʘʢʪʝʨʽʾ ʟʘʭʠʱʘʶʪʴ ʨʦʩʣʠʥʫ ʚʽʜ ʧʘʪʦʛʝʥʽʚ, 
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ʩʧʨʠʷʶʪʴ ʩʠʥʪʝʟʫ ʬʽʪʦʛʦʨʤʦʥʽʚ ʽ ʬʽʢʩʘʮʽʾ ʘʟʦʪʫ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʪʁʴ ʧʦʛʣʠʥʘʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ [381]. 

 

ʈʠʩ. 1.1. ʊʠʧʠ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʨʽʩʪ-ʩʪʠʤʫʣʶʚʘʣʴʥʠʤʠ ʙʘʢʪʝʨʽʷʤʠ (PGPB) ʽ 

ʨʦʩʣʠʥʘʤʠ [159]. 

ɺʠʚʯʝʥʥʷ ʝʥʜʦʬʽʪʽʚ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʾʭ ʚʧʣʠʚʫ ʥʘ ʨʦʩʣʠʥʠ, ʻ ʥʦʚʦʶ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʧʦʤôʷʢʰʝʥʥʷ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʚʧʣʠʚʫ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ 

ʢʣʽʤʘʪʫ ʥʘ ʨʦʩʣʠʥʥʠʮʪʚʦ, ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. ɿʦʢʨʝʤʘ, ʢʦʨʠʩʥʽ ʰʪʘʤʠ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʧʰʝʥʠʮʽ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ, ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ ʙʽʦʟʙʘʛʘʯʝʥʥʷ 

[89; 321; 365; 366; 371; 426; 429]. 

ʊʝʨʤʽʥ ñendophyteò ʧʦʭʦʜʠʪʴ ʚʽʜ ñendonò ʱʦ ʦʟʥʘʯʘʻ ʚʩʝʨʝʜʠʥʽ ʪʘ ñphytonò ɦ ʦ 

ʦʟʥʘʯʘʻ ʨʦʩʣʠʥʘ [433]. ʊʝʨʤʽʥ ñʝʥʜʦʬʽʪò ʫʧʝʨʰʝ ʚʠʢʦʨʠʩʪʘʚ ʫ 1886 ʨ. ɸʥʪʫʘʥ ʜʝ 

ɹʘʨʽ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʛʨʠʙʽʚ, ʜʨʽʞʜʞʽʚ ʪʘ ʙʘʢʪʝʨʽʡ), ʷʢʽ 

ʢʦʣʦʥʽʟʫʶʪʴ ʚʥʫʪʨʽʰʥʽ ʪʢʘʥʠʥʠ ʨʦʩʣʠʥ [116]. ʋ 1904 ʙʫʣʠ ʨʦʟʧʦʯʘʪʦ ʧʝʨʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʜʦʬʽʪʽʚ ʚʠʜʽʣʝʥʠʭ ʟ Agrostemma githago L., ʷʢʽ ʙʫʣʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ 

ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʚʠʜʦʚʽʡ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ, ʘʣʝ ʥʝ ʥʘ ʾʭ ʚʟʘʻʤʦʜʽʾ [387]. ʇʽʩʣʷ 1980-ʭ 

ʨʦʢʽʚ, ʫ ʧʝʨʽʦʜ ʘʢʪʠʚʥʦʛʦ ʽʟʦʣʶʚʘʥʥʷ ʝʥʜʦʬʽʪʽʚ ʽʟ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʪʨʘʚôʷʥʠʩʪʠʭ 

ʨʦʩʣʠʥ, ʭʚʦʡʥʠʭ ʽ ʣʠʩʪʷʥʠʭ ʜʝʨʝʚ, ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-
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ʛʝʥʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷ ʾʭʥʽʭ ʚʟʘʻʤʦʜʽʡ ʽʟ 

ʨʦʩʣʠʥʘʤʠ [77; 296].  

ʅʝʱʦʜʘʚʥʽʡ ʰʚʠʜʢʠʡ ʧʨʦʛʨʝʩ ʫ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʩʝʢʚʝʥʫʚʘʥʥʷ 

ɼʅʂ, ʤʝʪʦʜʽʚ ʛʝʥʦʤʥʦʛʦ ʪʘ ʤʝʪʘʛʝʥʦʤʥʦʛʦ ʘʥʘʣʽʟʽʚ ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʥʘʙʘʛʘʪʦ 

ʧʦʚʥʽʰʝ ʜʦʩʣʽʜʞʫʚʘʪʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʝʥʜʦʩʬʝʨʠ ʚʘʞʣʠʚʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʽ ʤʦʜʝʣʴʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ, ʚʽʜʢʨʠʚʘʶʯʠ ʚʽʜʤʽʥʥʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʤʽʢʨʦʙʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʟʘʣʝʞʥʽ ʚʽʜ ʯʘʩʪʠʥʠ ʨʦʩʣʠʥʠ ʡ ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ, 

ʧʦʛʣʠʙʣʶʚʘʪʠ ʥʘʰʝ ʨʦʟʫʤʽʥʥʷ ʨʦʣʽ ʨʦʩʣʠʥʥʦʛʦ ʤʽʢʨʦʙʽʦʤʫ [355]. ʋ 2021ï2022 

ʨʦʢʘʭ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʜʝʢʩʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʧʦʰʫʢʦʤ ñWheat + 

bacterial endophytesò ʫ PubMed ʧʝʨʝʚʠʱʠʣʘ 1500 ʧʫʙʣʽʢʘʮʽʡ, ʫ Scopus ʥʘʣʽʯʫʚʘʣʘ 

1858 ʽ 1612, ʚʽʜʧʦʚʽʜʥʦ, ʟʨʦʩʪʘʶʯʠ ʙʽʣʴʰ ʷʢ ʫʜʚʽʯʽ, ʧʦʨʽʚʥʷʥʦ ʟ 2018 ʨ.. 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʘ ʝʥʜʦʬʽʪʠ ʟʘ ʩʪʦʨʽʯʯʷ ʟʘʟʥʘʣʦ ʫʪʦʯʥʝʥʴ. ʋ ʨʦʙʦʪʽ P. R. 

Hardoim ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ [176] ʝʥʜʦʬʽʪʘʤʠ ʥʘʟʚʘʥʦ ʦʨʛʘʥʽʟʤ, ʷʢʠʡ ʤʘʻ ʽʩʥʫʚʘʪʠ 

ʚʩʝʨʝʜʠʥʽ ʨʦʩʣʠʥʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʫʥʢʮʽʡ ʽ ʥʘʩʣʽʜʢʽʚ ʘʩʦʮʽʘʮʽʾ ʟ ʥʝʶ. ɿʛʦʜʦʤ K. Le 

Cocq ʪʘ ʽʥ. [235] ʽ L. S. Van Overbeek ʪʘ K. Saikkonen [410] ʝʥʜʦʬʽʪʘʤʠ 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʚʚʘʞʘʪʠ ñʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʱʦ ʢʦʣʦʥʽʟʫʶʪʴ ʚʥʫʪʨʽʰʥʽ ʪʢʘʥʠʥʠ 

ʨʦʩʣʠʥ, ʧʨʠʥʘʡʤʥʽ ʫʧʨʦʜʦʚʞ ʯʘʩʪʠʥʠ ʾʭʥʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʥʝ ʩʧʨʠʯʠʥʶʶʯʠ 

ʩʠʤʧʪʦʤʽʚ ʟʘʭʚʦʨʶʚʘʥʥʷò. ʊʝʧʝʨ ʙʘʢʪʝʨʽʷʤʠ-ʝʥʜʦʬʽʪʘʤʠ ʨʦʩʣʠʥ ʥʘʟʠʚʘʶʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʷʢʠʭ ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʨʦʩʣʠʥʠ. ʂʦʞʝʥ ʚʠʜ ʨʦʩʣʠʥ ʤʘʻ ʩʚʽʡ ʦʩʦʙʣʠʚʠʡ ʝʥʜʦʤʽʢʨʦʙʽʦʤ, ʷʢʠʡ ʽʩʥʫʻ 

ʚʟʘʻʤʦʚʠʛʽʜʥʦ, ʥʝʡʪʨʘʣʴʥʦ ʘʙʦ ʚʠʛʽʜʥʦ ʜʣʷ ʨʦʩʣʠʥʠ [226; 459]. 

ʇʨʦʛʨʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʚʢʣʶʯʘʶʯʠ ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ, 

ʪʦʙʪʦ ʘʩʦʮʽʡʦʚʘʥʠʭ ʟ ʨʦʩʣʠʥʘʤʠ ʙʘʢʪʝʨʽʡ ʷʢʽ ʞʠʚʫʪʴ ʫ ʚʥʫʪʨʽʰʥʽʭ ʪʢʘʥʠʥʘʭ, 

ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, 

ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʚ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ 

[298], ʦʩʦʙʣʠʚʦ ʚ ʧʰʝʥʠʮʽ, ʢʫʢʫʨʫʜʟʠ ʪʘ ʨʠʩʫ [19; 311].  

ʉʪʨʘʪʝʛʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʥʜʦʬʽʪʽʚ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʩʠʩʪʝʤʘʭ ʫ ʚʝʣʠʢʠʭ 

ʤʘʩʰʪʘʙʘʭ ʧʦʢʠ ʥʝ ʚʽʜʦʤʘ. ʅʘʡʙʽʣʴʰ ʦʯʝʚʠʜʥʠʡ ʧʽʜʭʽʜ ï ʜʦʜʘʚʘʥʥʷ ʽʥʦʢʫʣʷʥʪʽʚ ʚ 

ˇʨʫʥʪ ʘʙʦ ʽʥʦʢʫʣʶʚʘʥʥʷ ʥʘʩʽʥʥʷ. ɭ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦʪʝ, ʱʦ ʮʝʡ ʧʽʜʭʽʜ ʙʫʚ 
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ʫʩʧʽʰʥʠʤ ʜʣʷ ʮʫʢʨʦʚʦʾ ʪʨʦʩʪʠʥʠ [111]. ʂʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʚʝʜʝʥʥʷ 

ʝʥʜʦʬʽʪʽʚ ʻ ʾʭ ʧʦʚʝʜʽʥʢʘ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ, ʚʘʞʣʠʚʦ ʚʠʚʯʠʪʠ ʾʭ ʧʦʚʥʽ ʞʠʪʪʻʚʽ ʮʠʢʣʠ 

ʪʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʛʝʥʦʤʫ, ʱʦʙ ʦʮʽʥʠʪʠ ʾʭ ʨʠʟʠʢ ʩʪʘʪʠ ʧʘʪʦʛʝʥʥʠʤʠ ʘʙʦ ʯʝʨʝʟ ʟʤʽʥʫ 

ʘʙʽʦʪʠʯʥʠʭ ʯʠʥʥʠʢʽʚ ʘʙʦ ʯʝʨʝʟ ʘʜʘʧʪʘʮʽʶ ʜʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʛʦʩʧʦʜʘʨʷ [319]. 

ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʫʩʧʽʭ ʢʽʣʴʢʦʭ ʚʽʜʦʤʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʝʥʜʦʬʽʪʘʤʠ ʪʘ 

ʨʦʩʣʠʥʘʤʠ [176], ʥʘʰʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʘʛʨʦʭʽʤʽʢʘʪʽʚ ʧʨʦʜʦʚʞʫʻ ʤʘʪʠ ʧʝʨʝʚʘʛʫ ʥʘʜ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʨʽʰʝʥʥʷʤʠ. 

ɽʥʜʦʬʽʪʥʽ ʙʘʢʪʝʨʽʾ ʥʘʣʝʞʘʪʴ ʜʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʷʢʠʭ ʯʘʩʪʢʦʚʦ 

ʘʙʦ ʧʦʚʥʽʩʪʶ ʧʨʦʭʦʜʠʪʴ ʚʩʝʨʝʜʠʥʽ ʨʦʩʣʠʥʠ. ʂʦʣʦʥʽʟʘʮʽʡʥʘ ʧʦʚʝʜʽʥʢʘ ʝʥʜʦʬʽʪʽʚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʚʽʜ ʛʝʥʦʪʠʧʫ ʨʦʩʣʠʥʠ, ʪʠʧʫ ʨʦʩʣʠʥʥʦʾ 

ʪʢʘʥʠʥʠ, ʙʽʦʪʠʯʥʠʭ ʪʘ ʘʙʽʦʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [258; 415].  

ɺʽʜʦʤʦ, ʱʦ ʢʦʞʝʥ ʚʠʜ ʨʦʩʣʠʥ ʤʘʻ ʩʚʽʡ ʚʣʘʩʥʠʡ ʝʥʜʦʤʽʢʨʦʙʽʦʤ ʷʢʠʡ ʧʨʘʮʶʻ 

ʚʟʘʻʤʦʚʠʛʽʜʥʦ ʘʙʦ ʚʠʛʽʜʥʦ ʜʣʷ ʨʦʩʣʠʥʠ-ʛʦʩʧʦʜʘʨʷ [226; 459]. ʗʢ ʧʨʘʚʠʣʦ, ʝʥʜʦʬʽʪʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʥʫʪʨʽʰʥʴʦ- ʪʘ ʤʽʞʢʣʽʪʠʥʥʠʭ ʧʨʦʩʪʦʨʘʭ ʘʙʦ ʚ ʩʫʜʠʥʥʽʡ ʪʢʘʥʠʥʽ, ʾʭ 

ʤʦʞʥʘ ʽʟʦʣʶʚʘʪʠ ʷʢ ʟ ʥʘʜʟʝʤʥʦʾ ʯʘʩʪʠʥʠ ʪʘʢ ʽ ʟ ʢʦʨʝʥʽʚ [347]. 

ɺʘʞʣʠʚʠʤ ʫ ʧʨʦʮʝʩʘʭ ʢʦʣʦʥʽʟʘʮʽʾ ʙʘʢʪʝʨʽʷʤʠ-ʝʥʜʦʬʽʪʘʤʠ ʻ ʛʝʥʦʪʠʧ ʨʦʩʣʠʥʠ 

ʪʘ ʧʨʠʨʦʜʥʠʡ ʩʢʣʘʜ ˇʨʫʥʪʫ [68]. ʆʢʨʽʤ ʪʦʛʦ, ʘʩʦʮʽʘʮʽʾ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ 

ʟʤʽʥʶʶʪʴʩʷ ʟ ʚʽʢʦʤ ʨʦʩʣʠʥʠ ʪʘ ʟʽ ʟʤʽʥʦʶ ʬʘʢʪʦʨʽʚ ʩʝʨʝʜʦʚʠʱʘ [198]. ʂʦʨʽʥʴ 

ʚʚʘʞʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʦʨʛʘʥʦʤ ʯʝʨʝʟ ʷʢʠʡ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʨʦʩʣʠʥʫ ʽ 

ʤʘʻ ʥʘʡʚʠʱʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ. ɹʘʛʘʪʦ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ 

ʧʦʭʦʜʷʪʴ ʟ̔ ʨʠʟʦʩʬʝʨʠ ʨʦʩʣʠʥ ʟʘʚʜʷʢʠ ʢʦʨʝʥʝʚʠʤ ʚʠʜʽʣʝʥʥʷʤ [102; 128]. ɺ ʧʝʚʥʽʡ 

ʤʽʨʽ ʧʦʚʝʨʭʥʽ ʩʪʝʙʣʘ ʽ ʣʠʩʪʽʚ ʪʘʢʦʞ ʚʠʨʦʙʣʷʶʪʴ ʝʢʩʫʜʘʪ ʷʢʠʡ ʧʨʠʪʷʛʫʻ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ. ʆʜʥʘʢ ʋʌ-ʩʚʽʪʣʦ, ʥʝʩʪʘʯʘ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʚʦʜʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʟʤʝʥʰʫʶʪʴ ʢʦʣʦʥʽʟʘʮʽʶ ʣʠʩʪʦʚʠʭ ʧʦʚʝʨʭʦʥʴ [176]. ʇʨʠʨʦʜʥʠʡ ʩʢʣʘʜ ˇʨʫʥʪʫ ʪʘ 

ʛʝʥʦʪʠʧ ʨʦʩʣʠʥʠ ʪʘʢʦʞ ʚʚʘʞʘʶʪʴʩʷ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʠʭ 

ʝʥʜʦʬʽʪʽʚ ʨʦʩʣʠʥʦʶ-ʛʦʩʧʦʜʘʨʝʤ. ɼʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʝʥʝʚʠʭ ʝʥʜʦʬʽʪʽʚ 

ʨʦʩʣʠʥ ʘʨʘʙʽʜʦʧʩʠʩʫ ʚʠʨʦʱʝʥʠʭ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ, ʽʥʬʦʨʤʫʻ ʧʨʦʪʝ, ʱʦ ʪʠʧ 

ˇʨʫʥʪʫ, ʡʤʦʚʽʨʥʦ, ʚʧʣʠʚʘʻ ʥʘ ʩʢʣʘʜ ʩʧʽʣʴʥʦʪʠ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ, ʟʥʘʡʜʝʥʠʭ 

ʫ ʢʦʨʝʥʷʭ ʛʦʩʧʦʜʘʨʷ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʨʽʟʥʽ ʪʠʧʠ ˇʨʫʥʪʫ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʝʣʝʥʽ 
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ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʙʘʢʪʝʨʽʘʣʴʥʠʤʠ ʧʦʧʫʣʷʮʽʷʤʠ, ʷʢʽ ʩʣʫʞʘʪʴ ʧʦʯʘʪʢʦʚʠʤ ʽʥʦʢʫʣʷʪʦʤ 

[68]. ˆʨʫʥʪʦʚʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʯʝʨʝʟ ʩʦʣʶʙʽʣʽʟʘʮʽʶ ʪʘ ʭʝʣʘʪʫʚʘʥʥʷ [301]. ɹʘʢʪʝʨʽʾ, ʱʦ 

ʩʪʠʤʫʣʶʶʪʴ ʨʽʩʪ ʨʦʩʣʠʥ (PGPB) (ʝʥʜʦʬʽʪʠ ʪʘ/ʘʙʦ ʨʠʟʦʩʬʝʨʥʽ ʙʘʢʪʝʨʽʾ) ʧʽʜʚʠʱʫʶʪʴ 

ʜʦʩʪʫʧʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʨʦʩʣʠʥ. ɯʥʦʢʫʣʷʮʽʷ ʢʦʨʝʥʽʚ ʨʦʩʣʠʥ ʝʥʜʦʬʽʪʘʤʠ 

ʟʙʽʣʴʰʫʻ ʝʥʜʦʬʽʪʥʫ ʤʽʢʨʦʙʽʪʫ ʧʰʝʥʠʮʽ, ʩʠʥʪʝʟ ʩʠʜʝʨʦʬʦʨʽʚ ʽ ʪʠʤ ʩʘʤʠʤ ʧʦʢʨʘʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ [429]. 

ɺʽʜʦʤʦ, ʱʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʙʽʦʟʙʘʛʘʯʝʥʥʽ Zn ʽ Fe ʫ 

ʟʝʨʥʘʭ ʟʣʘʢʽʚ [310; 356]. ʗʢ ʨʠʟʦʩʬʝʨʥʽ, ʪʘʢ ʽ ʝʥʜʦʬʽʪʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʘʶʪʴ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʜʣʷ ʨʦʩʣʠʥ. ʆʜʥʘʢ ʝʥʜʦʬʽʪʥʽ 

ʙʘʢʪʝʨʽʾ ʚʚʘʞʘʶʪʴʩʷ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʘʛʝʥʪʘʤʠ ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʥʘʢʦʧʠʯʝʥʥʷ ʢʦʨʠʩʥʠʭ ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ Fe ʪʘ Zn, ʪʘ ʨʦʩʪʫ ʨʦʩʣʠʥ ʥʽʞ ʨʠʟʦʩʬʝʨʥʽ 

ʙʘʢʪʝʨʽʾ, ʦʩʢʽʣʴʢʠ ʝʥʜʦʬʽʪʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʦʞʫʪʴ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʨʝʛʫʣʷʮʽʶ ʪʨʘʥʩʧʦʨʪʝʨʽʚ ʤʝʪʘʣʽʚ ʟʘʚʜʷʢʠ ʢʨʘʱʦʤʫ ʢʦʥʪʘʢʪʫ ʟ ʪʢʘʥʠʥʘʤʠ ʨʦʩʣʠʥ 

[263; 322; 425]. 

ɹʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʚʠʜʽʣʝʥʥʽ ʡ ʽʜʝʥʪʠʬʽʢʫʚʘʥʥʽ ʝʥʜʦʬʽʪʥʠʭ 

ʙʘʢʪʝʨʽʡ ʽʟ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ ʽ ʪʢʘʥʠʥ ʧʰʝʥʠʮʽ [12; 86; 228; 327; 466]. ɽʥʜʦʬʽʪʠ ʥʘʩʽʥʥʷ 

ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʮʽʢʘʚʠʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘʚʜʷʢʠ ʾʭʥʽʡ ʟʜʘʪʥʦʩʪʽ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʝʨʝʥʝʩʝʥʥʷ ʽ ʥʘʷʚʥʦʩʪʽ ʚ ʥʘʩʪʫʧʥʠʭ ʧʦʢʦʣʽʥʥʷʭ [98; 99; 176; 281; 347; 402]. 

ʂʦʨʠʩʥʘ ʝʥʜʦʬʽʪʥʘ ʩʧʽʣʴʥʦʪʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘʱʘʜʢʘʤ ʨʘʟʦʤ ʽʟ ʾʾ ʢʦʨʠʩʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ [144], ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʥʦʚʣʝʥʥʷ ʽ ʩʪʘʣʽʩʪʴ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ 

ʤʽʢʨʦʙʽʦʤʫ ʧʨʦʨʦʩʪʢʽʚ, ʱʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʨʽʟʥʠʭ ʢʫʣʴʪʫʨʘʭ, ʪʘʢʠʭ ʷʢ: ʨʠʩ 

[205], ʝʚʢʘʣʽʧʪ [144], ʢʫʢʫʨʫʜʟʘ [329]. ʆʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʛʨʫʧʠ ʝʥʜʦʬʽʪʽʚ ʻ ʾʭʥʷ 

ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʶʚʘʪʠ ʝʥʜʦʩʧʦʨʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʟʘʭʠʩʪ ʚʽʜ ʟʤʽʥʠ ʫʤʦʚ 

ʫʩʝʨʝʜʠʥʽ ʥʘʩʽʥʥʷ. ɸʩʦʮʽʡʦʚʘʥʽ ʟ ʥʘʩʽʥʥʷʤ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʪʘʢʦʞ ʚʘʞʣʠʚʽ ʜʣʷ ʡʦʛʦ 

ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʨʦʨʦʩʪʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʤʦʞʫʪʴ ʚʠʜʽʣʷʪʠ ʮʠʪʦʢʽʥʽʥʠ ï ʬʽʪʦʛʦʨʤʦʥʠ, 

ʷʢʽ ʧʦʨʫʰʫʶʪʴ ʩʪʘʥ ʩʧʦʢʦʶ ʥʘʩʽʥʥʷ ʪʘ ʧʨʠʛʥʽʯʫʶʪʴ ʤʽʢʨʦʙʥʽ ʽʥʚʘʟʽʾ [84; 355]. 

ɺʚʘʞʘʶʪʴ, ʱʦ ʝʥʜʦʬʽʪʠ ʽʟ ʥʘʩʽʥʥʻʚʠʭ ʟʘʨʦʜʢʽʚ ʨʦʟʤʥʦʞʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʨʦʩʪʘʥʥʷ 

ʫ ʟʘʨʦʜʢʦʚʠʭ ʣʠʩʪʢʘʭ, ʜʘʣʽ ʤʽʛʨʫʶʯʠ ʜʦ ʩʪʝʙʣʘ ʽ ʛʝʥʝʨʘʪʠʚʥʠʭ ʦʨʛʘʥʽʚ [355]. ɸʥʘʣʽʟ 
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16S ʨʠʙʦʩʦʤʘʣʴʥʠʭ ʈʅʂ ʟôʷʩʫʚʘʚ ʽʜʝʥʪʠʯʥʽʩʪʴ ʤʘʡʞʝ 30 % ʙʘʢʪʝʨʽʡ-ʝʥʜʦʬʽʪʽʚ ʫ 

ʜʦʨʦʩʣʠʭ ʦʩʦʙʠʥ ʽ ʧʨʦʨʦʩʪʢʽʚ, ʚʠʨʦʱʝʥʠʭ ʟʽ ʩʪʝʨʠʣʽʟʦʚʘʥʦʛʦ ʥʘʩʽʥʥʷ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʚʘʞʣʠʚʽʩʪʴ ʝʥʜʦʤʽʢʨʦʙʽʦʤʫ ʥʘʩʽʥʥʷ ʜʣʷ ʜʦʨʦʩʣʦʾ ʨʦʩʣʠʥʠ [101]. 

ɼʦʩʪʦʚʽʨʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʪʘ 

ʩʧʨʘʚʞʥʴʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʾʭ ʚʽʜʥʦʩʥʦ ʤʘʣʦ [98; 176; 281]. ʅʘ 

ʧʨʠʢʣʘʜʽ ʽʟʦʣʴʦʚʘʥʠʭ ʟʘʨʦʜʢʽʚ Triticum aestivum, ʧʦʢʘʟʘʥʦ, ʱʦ ʩʧʨʘʚʞʥʻ 

ʚʝʨʪʠʢʘʣʴʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʟʘʚʞʜʠ: ʧʦʚʝʨʭʥʝʚʦ ʩʪʝʨʠʣʴʥʽ ʟʘʨʦʜʢʠ 

ʙʝʟ ʞʦʜʥʦʛʦ ʫʩʧʽʭʫ ʽʥʢʫʙʫʚʘʣʠ ʟ ʧʦʪʝʥʮʽʡʥʠʤʠ ʝʥʜʦʬʽʪʘʤʠ [331]. ɺʦʜʥʦʯʘʩ ʩʘʤʝ ʮʽ 

ʙʘʢʪʝʨʽʾ ʮʽʢʘʚʽ ʟ ʢʦʤʝʨʮʽʡʥʦʛʦ ʧʦʛʣʷʜʫ ï ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʦʜʦʙʨʠʚ ʽ ʙʽʦʨʝʤʝʜʽʘʮʽʾ. 

ɺʝʣʠʯʝʟʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʤʝʪʘʙʦʣʽʯʥʠʭ ʰʣʷʭʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʝʥʜʦʬʽʪʽʚ 

ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʽʤʫʥʽʪʝʪʫ ʨʦʩʣʠʥ, ʩʦʣʶʙʽʣʽʟʘʮʽʾ ʌʦʩʬʦʨʫ, 

ʂʘʣʽʶ ʪʘ ʎʠʥʢʫ, ʬʽʢʩʘʮʽʾ N2, ʩʧʨʠʷʶʯʠ ʪʠʤ ʩʘʤʠʤ ʨʦʩʪʫ ʪʘ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ ʪʘ 

ʧʽʜʚʠʱʝʥʥʽ ʚʨʦʞʘʡʥʦʩʪʽ, ʦʢʨʽʤ ʪʦʛʦ ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʮʽʥʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʙʽʦʨʝʤʝʜʽʘʮʽʾ. [218; 333]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʝʥʜʦʬʽʪʠ ʟʜʘʪʥʽ 

ʩʠʥʪʝʟʫʚʘʪʠ ʚʪʦʨʠʥʥʽ ʤʝʪʘʙʦʣʽʪʠ ʪʘʢʽ ʷʢ ʨʦʩʣʠʥʥʽ ʬʽʪʦʛʦʨʤʦʥʠ ʘʙʦ ʾʭ ʧʦʧʝʨʝʜʥʠʢʠ, 

ʚʽʪʘʤʽʥʠ B12 [186] ʽ B1 ʪʘ ʤʝʪʘʙʦʣʽʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʧʨʦʪʠʛʨʠʙʢʦʚʽ ʪʘ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [259; 376]. ʅʘ ʩʴʦʛʦʜʥʽ ʻ ʙʘʛʘʪʦ ʧʫʙʣʽʢʘʮʽʡ ʜʝ 

ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʻ ʜʞʝʨʝʣʦ ʬʽʪʦʛʦʨʤʦʥʽʚ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʚʪʦʨʠʥʥʠʭ ʤʝʪʘʙʦʣʽʪʽʚ [133; 161; 192; 366; 298]. 

ʄʝʭʘʥʽʟʤʠ ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʦʩʪʫ ʨʦʩʣʠʥ ʟʘ ʨʘʭʫʥʦʢ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ 

ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ [364] ʪʘ ʚʢʣʶʯʘʶʪʴ (1) ʩʝʢʨʝʮʽʶ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ ʪʘ ʝʢʩʪʨʫʟʽʶ 

ʧʨʦʪʦʥʽʚ, ʷʢ ʥʘʩʣʽʜʦʢ ï ʩʦʣʶʙʽʣʽʟʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ; (2) 

ʥʝʧʨʷʤʫ ʘʢʪʠʚʘʮʽʶ ʪʨʘʥʩʧʦʨʪʝʨʽʚ Zn ʽ Fe; (3) ʩʝʢʨʝʮʽʶ ʬʽʪʦʛʦʨʤʦʥʽʚ (ʘʫʢʩʠʥʠ 

(Iʆʂ), ʮʠʪʦʢʽʥʽʥʠ, ʘʙʩʮʠʟʦʚʘ ʢʠʩʣʦʪʘ, ʙʨʘʩʠʥʦʩʪʝʨʦʾʜʠ, ʝʪʠʣʝʥ, ʛʽʙʝʨʝʣʽʥʠ, 

ʞʘʩʤʦʥʘʪʠ, ʩʪʨʠʛʦʣʘʢʪʦʥʠ), ʜʝʷʢʠʭ ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʥʠʟʢʠ ʚʪʦʨʠʥʥʠʭ ʤʝʪʘʙʦʣʽʪʽʚ 

(ʨʠʩ. 1.2.) [24; 60; 133; 255; 321; 348; 363]. 

ʉʠʥʪʝʟ ʙʘʢʪʝʨʽʷʤʠ ʽʥʜʦʣʽʣ-3-ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ (Iʆʂ) ʢʣʘʩʠʬʽʢʫʶʪʴ ʷʢ ʬʘʢʪʦʨ 

ʧʨʷʤʦʛʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʦʩʪʫ: Iʆʂ ʝʥʜʦʬʽʪʽʚ ʜʽʻ ʩʠʥʝʨʛʽʯʥʦ ʨʘʟʦʤ ʟ ʝʥʜʦʛʝʥʥʦʶ 

Iʆʂ ʨʦʩʣʠʥʠ [133; 321]. ʆʢʨʽʤ ʮʴʦʛʦ, Iʆʂ ʻ ʦʩʥʦʚʥʦʶ ʝʬʝʢʪʦʨʥʦʶ ʤʦʣʝʢʫʣʦʶ ʫ 
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ʬʽʪʦʩʪʠʤʫʣʶʚʘʥʥʽ, ʟʘʙʝʟʧʝʯʝʥʥʽ ʽʤʫʥʽʪʝʪʫ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʨʦʩʣʠʥʘ-ʤʽʢʦʦʨʛʘʥʽʟʤ 

[57; 240; 304; 374]. M. WoŦniak ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ [433] ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʽʟʦʣʴʦʚʘʥʠʭ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘ ʟʜʘʪʥʽʩʪʶ ʧʨʦʜʫʢʫʚʘʪʠ Iʆʂ 

ʟʘʣʝʞʥʦ ʚʽʜ: 1) ʰʪʘʤʫ ʪʘ ʨʦʜʫ ʙʘʢʪʝʨʽʡ, 2) ʨʦʩʣʠʥʠ, ʟ ʷʢʦʾ ʚʦʥʠ ʚʠʜʽʣʝʥʽ, 3) 

ʥʘʷʚʥʦʩʪʽ ʚ ʩʝʨʝʜʦʚʠʱʽ ʘʤʽʥʦʢʠʩʣʦʪʠ-ʧʦʧʝʨʝʜʥʠʢʘ. 

 

ʈʠʩ. 1.2. ɯʤʦʚʽʨʥʽ ʤʝʭʘʥʽʟʤʠ ʨʽʩʪ-ʩʪʠʤʫʣʶʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʝʥʜʦʬʽʪʥʠʭ PGPB ʥʘ 

ʨʦʩʣʠʥʫ 

ɼʝʷʢʽ ʙʘʢʪʝʨʽʾ ʝʥʜʦʬʽʪʠ ʟʜʘʪʥʽ ʩʠʥʪʝʟʫʚʘʪʠ ʝʥʟʠʤ ACC-ʜʝʟʘʤʽʥʘʟʫ, ʷʢʘ ʙʣʦʢʫʻ 

ʥʘʜʤʽʨʥʝ ʚʠʜʽʣʝʥʥʷ ʝʪʠʣʝʥʫ [159; 294]. ʆʧʪʠʤʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʭ ʙʘʢʪʝʨʽʡ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʠʥʝʨʛʽʟʤʦʤ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ACC-ʜʝʟʘʤʽʥʘʟʦʶ ʽ ʷʢ ʘʫʢʩʠʥʘʤʠ 

ʨʦʩʣʠʥʠ, ʪʘʢ ʽ ʙʘʢʪʝʨʽʘʣʴʥʦʶ Iʆʂ. ʎʽ ʙʘʢʪʝʨʽʾ ʥʝ ʪʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʧʨʠʷʶʪʴ 

ʨʦʩʪʫ ʨʦʩʣʠʥ, ʚʦʥʠ ʪʘʢʦʞ ʟʘʭʠʱʘʶʪʴ ʨʦʩʣʠʥʠ ʚʽʜ ʧʦʩʫʭʠ, ʟʘʩʦʣʝʥʥʷ, ʚôʷʥʝʥʥʷ 

ʢʚʽʪʽʚ, ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ, ʘ ʪʘʢʦʞ ʚʽʜ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʽ ʛʨʠʙʢʦʚʠʭ 

ʧʘʪʦʛʝʥʽʚ. 

ɹʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʽʟʦʣʷʮʽʾ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʾ ʟ ʨʽʟʥʠʭ 

ʦʨʛʘʥʽʚ ʪʘ ʪʢʘʥʠʥ ʧʰʝʥʠʮʽ [7; 86; 327; 466]. ɯʟʦʣʴʦʚʘʥʦ ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʙʘʛʘʪʦ 
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ʙʘʢʪʝʨʽʡ ʝʥʜʦʬʽʪʽʚ ʧʰʝʥʠʮʽ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʨʽʟʥʠʭ ʨʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ 

Achromobacter, Acinetobacter, Arthrobacter, Bacillus, Chitinophaga, Corynebacterium, 

Enterobacter, Erwinia, Kocuria, Flavobacterium, Klebsiella, Leifsonia, Microbispora, 

Micrococcus, Micromonospora, Mycobacterium, Paenibacillus, Pantoea, Pseudomonas, 

Roseomonas, Kosakonia, Sphingobium, Staphylococcus, Streptomyces ʪʘ Xanthomonas 

[136; 253; 312; 413; 466]. 

ʇʨʦʪʝ, ʱʦ ˇʨʫʥʪʦʚʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ 

ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫʥʘʩʣʽʜʦʢ ʧʝʨʝʚʝʜʝʥʥʷ ʚ ʜʦʩʪʫʧʥʫ ʬʦʨʤʫ 

(ʩʦʣʶʙʽʣʽʟʫʚʘʥʥʷ) ʯʠ ʭʝʣʘʪʫʚʘʥʥʷ, ʚʽʜʦʤʦ ʚʞʝ ʜʦʩʠʪʴ ʜʘʚʥʦ [41; 213; 326]. 

ɿôʷʩʦʚʘʥʦ, ʱʦ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜʚʠʱʫʶʪʴ 

ʙʽʣʴʰʽʩʪʴ PGPB (ʽ ʝʥʜʦʬʽʪʽʚ, ʽ ʨʠʟʦʩʬʝʨʥʠʭ ʙʘʢʪʝʨʽʡ). ɺʝʣʠʯʝʟʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʤʝʪʘʙʦʣʽʯʥʠʭ ʰʣʷʭʽʚ, ʚʣʘʩʪʠʚʠʭ ʝʥʜʦʬʽʪʘʤ, ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʝ ʜʣʷ 

ʩʦʣʶʙʽʣʽʟʫʚʘʥʥʷ ʌʦʩʬʦʨʫ (ʈ), ʂʘʣʽʶ (K), ʎʠʥʢʫ (Zn), ʌʝʨʫʤʫ (Fe), ʂʫʧʨʫʤʫ (Cu); 

ʬʽʢʩʘʮʽʾ N2 ʽ ʩʪʠʤʫʣʶʚʘʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ ʨʦʩʪʫ ʡ ʨʦʟʚʠʪʢʫ, ʧʽʜʚʠʱʝʥʥʷ 

ʚʨʦʞʘʡʥʦʩʪʽ ʨʦʩʣʠʥ. ʆʢʨʽʤ ʮʴʦʛʦ, ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʽ ʜʣʷ 

ʙʽʦʨʝʤʝʜʽʘʮʽʾ ʩʝʨʝʜʦʚʠʱʘ [218; 333]. 

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʰʣʷʭʦʤ ʽʥʦʢʫʣʷʮʽʾ 

ʝʥʜʦʬʽʪʘʤʠ ʨʽʟʥʠʭ ʨʦʜʽʚ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟʘʷʚʣʝʥʦ ʷʢ ʦʜʠʥ ʽʟ ʧʽʜʭʦʜʽʚ ʜʦ 

ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ ʧʰʝʥʠʮʽ [189; 207; 364; 365; 366; 401; 429]. ʄʽʢʨʦʦʨʛʘʥʽʟʤʘʤ 

ʚʽʜʚʦʜʷʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʪʝʭʥʦʣʦʛʽʷʭ ʙʽʦʟʙʘʛʘʯʝʥʥʷ ʟʝʨʥʘ ʟʣʘʢʽʚ Zn ʽ Fe [310; 

356; 364]. ɺʘʞʣʠʚʦ, ʱʦʙ ʮʽ ʝʣʝʤʝʥʪʠ ʢʦʥʮʝʥʪʨʫʚʘʣʠʩʷ ʚ ʝʥʜʦʩʧʝʨʤʽ ʪʘ ʟʘʨʦʜʢʘʭ, 

ʦʩʢʽʣʴʢʠ ʥʘʩʽʥʥʻʚʽ ʧʦʢʨʠʚʠ ʚʪʨʘʯʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʝʨʥʘ [280]. 

ʗʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʚʧʣʠʚ ʝʥʜʦʬʽʪʽʚ ʽʟ ʨʠʟʦʩʬʝʨʥʠʤʠ ʙʘʢʪʝʨʽʷʤʠ, ʪʦ ʦʢʨʝʤʦ 

ʚʠʜʽʣʷʶʪʴ ʾʭʥʶ ʟʜʘʪʥʽʩʪʴ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʙʦʪʫ ʪʨʘʥʩʧʦʨʪʝʨʽʚ 

ʤʝʪʘʣʽʚ ʧʽʜ ʯʘʩ ʢʦʥʪʘʢʪʫ ʟ ʨʦʩʣʠʥʥʠʤʠ ʪʢʘʥʠʥʘʤʠ [125; 425; 246]. ɽʥʜʦʬʽʪʠ ʟʜʘʪʥʽ 

ʚʠʨʦʙʣʷʪʠ ʩʠʜʝʨʦʬʦʨʠ, ʩʧʦʣʫʢʠ, ʷʢʽ ʭʝʣʘʪʫʶʪʴ ʽʦʥʠ Fe, ʫʪʚʦʨʶʶʯʠ Fe3+, ʢʦʪʨʠʡ 

ʟʛʦʜʦʤ ʧʦʪʨʘʧʣʷʻ ʚʩʝʨʝʜʠʥʫ ʢʣʽʪʠʥʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʫ. ʂʦʥʢʫʨʫʶʯʠ ʟʘ ʮʝʡ ʝʣʝʤʝʥʪ 

ʽʟ ʬʽʪʦʧʘʪʦʛʝʥʘʤʠ, ʝʥʜʦʬʽʪʠ ʟʘʭʠʱʘʶʪʴ ʨʦʩʣʠʥʫ-ʭʘʟʷʾʥʘ ʚʽʜ ʭʚʦʨʦʙ [133; 340]. 

ʉʠʜʝʨʦʬʦʨʠ Pseudomonas spp. ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʢʦʤʧʣʝʢʩʠ ʟ ʽʦʥʘʤʠ 
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ʜʚʦʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ (Zn2+, Ni2+, Co2+, Cu2+, Cd2+, Mn2+) ʚ ʫʤʦʚʘʭ ʾʭʥʴʦʛʦ ʥʘʜʣʠʰʢʫ, 

ʘ ʪʦʤʫ ʨʦʟʛʣʷʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʥʝ ʣʠʰʝ ʚ ʘʛʨʦʙʽʦʪʝʭʥʦʣʦʛʽʷʭ, ʘ ʡ 

ʫ ʙʽʦʨʝʤʝʜʽʘʮʽʾ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱ [15]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʦʢʫʣʷʮʽʷ ʢʦʨʝʥʽʚ ʧʰʝʥʠʮʽ ʙʘʢʪʝʨʽʷʤʠ-ʝʥʜʦʬʽʪʘʤʠ ʟʙʘʛʘʯʫʻ 

ʤʽʢʨʦʙʽʦʤ, ʚʧʣʠʚʘʻ ʥʘ ʩʠʥʪʝʟ ʩʠʜʝʨʦʬʦʨʽʚ ʽ ʪʠʤ ʩʘʤʠʤ ʧʦʢʨʘʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ [426]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʫʢʦʚʠʭ 

ʧʫʙʣʽʢʘʮʽʡ, ʟʥʘʥʥʷ ʧʨʦ ʨʦʣʴ ʦʢʨʝʤʠʭ ʨʦʜʽʚ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ ʫ ʟʘʩʚʦʻʥʥʽ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʻ ʥʝʜʦʩʪʘʪʥʽ [307; 312; 364; 365]. ʇʨʠʤʽʨʦʤ, 

ʧʦʟʘʢʦʨʝʥʝʚʝ ʦʜʥʦʯʘʩʥʝ ʚʥʝʩʝʥʥʷ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ Enterobacter sp. MN17 ʽ 

Burkholderia phytofirmans PsJNʫ ʪʘ ʤʽʢʨʦʜʦʙʨʠʚ ʫ ʧʦʣʴʦʚʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ 

ʟʙʽʣʴʰʠʣʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʘʢʨʦ- (N, P, K) ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ (Fe, Cu, Mn, Zn ʽ ɺ) ʫ 

ʟʝʨʥʽ, ʧʽʜʚʠʱʠʣʦ ʟʘʛʘʣʴʥʫ ʚʨʦʞʘʡʥʽʩʪʴ [445]. Eʥʜʦʬʽʪʠ Bacillus spp., Arthrobacter 

spp. [207; 365; 366; 413] ʪʘ Panthea spp. [207] ʟʙʽʣʴʰʫʚʘʣʠ ʚʤʽʩʪ Zn. ʋ ʧʦʣʴʦʚʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʦʟʘʢʦʨʝʥʝʚʝ ʚʥʝʩʝʥʥʷ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ ʟʙʽʣʴʰʠʣʦ ʚʠʩʦʪʫ 

ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ, ʧʣʦʱʫ ʣʠʩʪʢʽʚ, ʚʠʩʦʪʫ ʢʦʣʦʩʘ ʪʘ ʙʽʦʤʘʩʫ ʨʦʩʣʠʥ [445].  

ɯʩʥʫʻ ʙʘʛʘʪʦ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʭ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʙʘʢʪʝʨʽʡ 

ʫ ˇʨʫʥʪʽ, ʘʣʝ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʙʘʢʪʝʨʽʡ ʝʥʜʦʬʽʪʽʚ ʚʩʝ ʱʝ ʦʙʤʝʞʝʥʽ [53]. 

ɻʝʥʠ ʨʈʅʂ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʩʠʩʪʝʤʘʪʠʢʠ. ʇʦʩʣʽʜʦʚʥʦʩʪʽ ʛʝʥʽʚ 16S ʨʈʅʂ ʻ ʯʫʜʦʚʠʤ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʙʘʢʪʝʨʽʡ ʷʢ ʫ ˇʨʫʥʪʽ ʪʘʢ ʽ ʚ ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ [190]. ʈʠʙʦʩʦʤʥʘ ɼʅʂ 

(ʨɼʅʂ) ï ʮʝ ʨʦʜʠʥʘ ʛʝʥʽʚ, ʷʢʽ ʢʦʜʫʶʪʴ ʨʠʙʦʩʦʤʥʫ ʈʅʂ (ʨʈʅʂ). ʆʩʥʦʚʥʦʶ 

ʬʫʥʢʮʽʻʶ ʨʈʅʂ ʻ ʩʠʥʪʝʟ ʙʽʣʢʽʚ, ʘʜʞʝ ʾʭ ʤʦʣʝʢʫʣʠ ʻ ʦʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʨʠʙʦʩʦʤ [171]. ɿʚʘʞʘʶʯʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʾʭ ʬʫʥʢʮʽʾ, ʛʝʥʠ ʨʈʅʂ 

ʤʽʩʪʷʪʴʩʷ ʫ ʚʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ 

ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʩʠʩʪʝʤʘʪʠʢʠ [78]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʾʭ ʬʫʥʢʮʽʡ ʫ ʨʦʩʣʠʥʥʦ-

ˇʨʫʥʪʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʚʠʡʰʣʠ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʩʝʢʚʝʥʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ (NGS) [50; 279]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʪʬʦʨʤ NGS 

ʟʘʙʝʟʧʝʯʠʣʦ ʧʦʪʫʞʥʫ ʘʣʴʪʝʨʥʘʪʠʚʫ ʜʣʷ ʘʥʘʣʽʟʫ ʤʽʢʨʦʙʥʠʭ ʩʧʽʣʴʥʦʪ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 
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ʩʝʢʚʝʥʫʚʘʥʥʷʤ 16S pɼʅʂ ʜʣʷ ʢʫʣʴʪʠʚʦʚʘʥʠʭ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʽʟʦʣʷʪʽʚ ʘʙʦ ʙʽʙʣʽʦʪʝʢ 

ʢʣʦʥʽʚ [328]. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʩʝ ʚʠʱʝʩʢʘʟʘʥʝ, ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʚʯʝʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ 

ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʚʨʦʞʘʶ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʚ ʫʤʦʚʘʭ ʧʦʣʴʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ 

ʨʽʟʥʦʾ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʽʟ ʘʢʮʝʥʪʦʤ ʥʘ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ, ʚʤʽʩʪ ʽ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʌʝʨʫʤʫ (Fe), ʎʠʥʢʫ (Zn), ʂʫʧʨʫʤʫ (Cu) ʚ 

ʨ̔ ʟʥʠʭ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʟ ʧʦʜʘʣʴʰʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʟʝʨʥʦ. ʆʩʢʽʣʴʢʠ, ʜʝʷʢʽ 

ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʧʰʝʥʠʮʽ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʩʧʨʠʷʪʠ ʨʦʩʪʫ ʪʘ ʧʦʢʨʘʱʝʥʥʶ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʮʽʣʦʾ ʨʦʩʣʠʥ, ʚʘʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʡʤʦʚʽʨʥʫ ʨʦʣʴ ʙʘʢʪʝʨʽʡ-

ʝʥʜʦʬʽʪʽʚ ʚ ʧʽʜʚʠʱʝʥʥʽ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʭʘʨʯʦʚʦʾ ʷʢʦʩʪʽ ʟʝʨʥʘ ʧʰʝʥʠʮʽ. ɿô̫ ʩʫʚʘʥʥʶ 

ʮʠʭ ʧʠʪʘʥʴ ʽ ʧʨʠʩʚʷʯʝʥʽ ʥʘʰʽ ʜʦʩʣʽʜʞʝʥʥʷ.  
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ʈʆɿɼɯʃ 2. ʋʄʆɺʀ, ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʽʥʥʷ 24 ʛʝʥʦʪʠʧʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʟ ɼʝʨʞʘʚʥʦʛʦ 

ʨʝʻʩʪʨʫ ʩʦʨʪʽʚ ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ [4]: Triticum aestivum L., 

Triticum turgidum subsp. durum Desf., Triticum turgidum subsp. dicoccum. ʉʦʨʪʦʟʨʘʟʢʠ 

ʦʪʨʠʤʘʥʦ ʟ ʄʠʨʦʥʽʚʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ ʧʰʝʥʠʮʽ ʽʤʝʥʽ ɺ. ʄ. ʈʝʤʝʩʣʘ ʅɸɸʅ ʋʢʨʘʾʥʠ 

(ʄɯʇ), ʍʘʨʢʽʚʩʴʢʦʛʦ ɯʥʩʪʠʪʫʪʫ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽʤ. ɺ. ʗ. ʖʨôʻʚʘ ʅɸɸʅ ʋʢʨʘʾʥʠ (ʍɯʈ) 

ʪʘ ʅʦʩʽʚʩʴʢʦʾ ʩʝʣʝʢʮʽʡʥʦ-ʜʦʩʣʽʜʥʦʾ ʩʪʘʥʮʽʾ (ʅʉɼʉ) (ʪʘʙʣ. 2.1, ʨʠʩ. 2.1). 

ʊʘʙʣʠʮʷ 2.1. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ˆ˃˅ ̍
ˈʥʺˆ˃ˁ˃ˀ˥˓ˁʥɯ

ʺʿʥˆʶˏ˥ʺʥ˒˥˞ 
˃ˆˈʶˆˈ˥ˆˈ˚ 

ˆ˃˅ˈ˃- 

ʨʿʥˆˁʶʺʶ 

˅˥ʺɯ

˅ʭ˩ˆˈ˅ʥ˒˥˦ 

ʺ̑̍˸̖̈̄˳̏˰ɯƗ Triticum aestivum L. ̖̖̑̔̄̔˰ ˀ˥  ˄ 2000 

˃̈̔˰̖̎̄ɯ̰̎̄̓̑̏˳̨̔̈̄̅ Triticum aestivum L. ˲˸̖̂̑̔˰ ˀ˥  ˄ 2017 

˄˰̬̏̏̈˰ Triticum aestivum L. ˲˸̖̂̑̔˰ ˀ˥  ˄ 2015 

ˆ̖̗̓̏˰ɯ̰̎̄̓̑̏˳̨̔̈˰ Triticum aestivum L. ̖̖̑̔̄̔˰ ˀ˥  ˄ 2008 

ˀ˥˄ɯˆ˳̰̖̍˰̏˰ Triticum aestivum L. ˲˸̖̂̑̔˰ ˀ˥  ˄ 2017 

ˀ˥˄ɯʴ̍˰̖˰ Triticum aestivum L. ˲˸̖̂̑̔˰ ˀ˥  ˄ 2017 

ʭ̖̫˷ Triticum aestivum L. ̖̖̑̔̄̔˰ ˀ˥  ˄ 2006 

ʬ̗˲̓˰˳̈˰ Triticum aestivum L. ˲˸̖̂̑̔˰ ˀ˥  ˄ 2017 

ʧ̑˼˸̏˰ Triticum aestivum L. ˲˸̖̂̑̔˰ ˀ˥  ˄ 2017 

ʭ̍˸˴̰̬ɯ̰̎̄̓̑̏˳̨̔̈˰ Triticum aestivum L. ˲˸̖̂̑̔˰ ˀ˥  ˄ 2004 

ˆ̰̎̈̑˷˰ɯ̰̎̄̓̑̏˳̨̔̈˰ Triticum aestivum L. ˲˸̖̂̑̔˰ ˀ˥  ˄ 2013 

ʱ̰̂˸̨̍ Triticum turgidum subsp. durum Desf. ̖̖̑̔̄̔˰ ˀ˥  ˄ 2008 

˥̨̂̑̍˷˰ Triticum turgidum subsp. durum Desf. ̖̖̑̔̄̔˰ ˀ˥  ˄ 2004 

ˀ˥˄ɯ˅˰ ̅˷̗˼̏˰ Triticum turgidum subsp. durum Desf. ̖̖̑̔̄̔˰ ˀ˥  ˄ 2017 

ʬ̰˰̏˰ Triticum turgidum subsp. durum Desf. ̖̖̑̔̄̔˰ ˀ˥  ˄ 2015 

ʩ˸̱̬̓̑̏ Triticum aestivum L. ˲˸̖̂̑̔˰ ː˥˅ 2005 

ː˰̰̓̈˳̨̔̈˰ɯƗƔ Triticum aestivum L. ˲˸̖̂̑̔˰ ː˥˅ 2003 

ˋ̫̍˲̍˸̏˰ Triticum aestivum L. ˲˸̖̂̑̔˰ ː˥˅ 2014 

ˆ̒˰˷̥̄̏˰ Triticum turgidum subsp. durum Desf. ̖̖̑̔̄̔˰ ː˥˅ 2006 

˓˰˷̑ Triticum turgidum subsp. durum Desf. ̖̖̑̔̄̔˰ ː˥˅ 2004 

ʬ̄̏˰̖̰̬̔ Triticum turgidum subsp. durum Desf. ̖̖̑̔̄̔˰ ː˥˅ 2014 

ʩ̰̑̍̈̑˳̨̔̈˰ Triticum turgidum subsp. dicoccum ̖̖̑̔̄̔˰ ː˥˅ 2015 

˄̓̑˳̰̠̰̏˰̍̈˰ Triticum aestivum L. ˲˸̖̂̑̔˰ ˁˆʬ ̂ 2016 

ˈ˸̓˰ Triticum turgidum subsp. durum Desf. ̖̖̑̔̄̔˰ ˁˆʬ ̂ 2014 
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ʈʠʩ. 2.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʦʣʦʩʽʚ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ. ɽʪʘʧ ʧʦʚʥʦʾ 

ʩʪʠʛʣʦʩʪʽ GS89. 
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ʆʙʨʘʥʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʷʨʦʾ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʚ ʉʪʝʧʫ, 

ʃʽʩʦʩʪʝʧʫ ʪʘ ʇʦʣʽʩʩʽ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʩʦʨʪʽʚ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʨʘʥʥʽ ʩʪʨʦʢʠ ʩʽʚʙʠ ï 

ʧʝʨʰʽ ʜʥʽ ʧʦʯʘʪʢʫ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ. ʊʨʠʚʘʣʽʩʪʴ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʚ ʩʝʨʝʜʥʴʦʤʫ 

101 ʜʦʙʘ. 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʥʠʟʴʢʦʨʦʩʣʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʚʠʣʷʛʘʥʥʷ. ʉʦʨʪ ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ ʟʘʷʚʣʝʥʠʡ ʩʦʨʪʦʚʣʘʩʥʠʢʘʤʠ ʷʢ ʩʪʘʥʜʘʨʪ. ʉʦʨʪ 

ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʾ ʧʦʣʙʠ ʤʘʻ ʥʝʟʥʘʯʥʫ 

ʧʣʽʚʯʘʩʪʽʩʪʴ (ʥʘ ʨʽʚʥʽ 17 %), ʉʝʨʝʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ 12 ʦʩʪʠʩʪʠʭ ʪʘ 12 ʙʝʟʦʩʪʠʭ 

ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʦʩʪʫ ʨʦʩʣʠʥ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʜʽʚ 

ʬʝʥʦʣʦʛʽʯʥʠʭ ʩʪʘʜʽʡ ʨʦʩʪʫ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ (GS00 ï GS99) ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ 

Zadoks [452]. 

 

2.2. ʋʤʦʚʠ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʥʘ ˇʨʫʥʪʘʭ ʽʟ ʨʽʟʥʠʤ ʨʅ ʫ 

ɼʨʦʛʦʙʠʮʴʢʦʤʫ ʨʘʡʦʥʽ ʚ ʤʝʞʘʭ ʩ. ɼʦʣʽʰʥʽʡ ʃʫʞʦʢ 49Á27'17.5"N 23Á23'02.6"E 

(ʥʘʜʘʣʽ ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼ. ʃʫʞʦʢ) ʪʘ ʈʘʜʝʭʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʩ. ɼʤʠʪʨʽʚ 

50Á13'26.6"N 24Á36'50.5"E (ʥʘʜʘʣʽ ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼʤʠʪʨʽʚ) ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

(ʨʠʩ. 2.2, ʨʠʩ. 2.3). 

ʊʨʠʚʘʣʽʩʪʴ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʦʚʠʣʘ ʜʚʘ ʨʦʢʠ, ʚʧʨʦʜʦʚʞ ʚʝʛʝʪʘʮʽʡʥʠʭ 

ʩʝʟʦʥʽʚ 2017-18 ʨʦʢʽʚ. ʈʦʩʣʠʥʘ ʧʦʧʝʨʝʜʥʠʢ ï ʛʨʝʯʢʘ. ɼʣʷ ʧʽʜʞʠʚʣʝʥʥʷ ʧʰʝʥʠʮʽ ʷʢ 

ʦʩʥʦʚʥʝ ʜʦʙʨʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ N 120 ʢʛ/ʛʘ, P2O5 10 ʢʛ/ʛʘ ʪʘ K2O 29 ʢʛ/ʛʘ, ʷʢʝ 

ʚʥʦʩʠʣʠ ʫ ˇʨʫʥʪ ʧʝʨʝʜ ʧʦʩʽʚʦʤ. ʇʦʩʽʚ ʷʨʦʾ ʧʰʝʥʠʮʽ ʙʫʚ ʟʜʽʡʩʥʝʥʠʡ ʫ ʜʨʫʛʽʡ 

ʧʦʣʦʚʠʥʽ ʢʚʽʪʥʷ ʫ ʨʦʟʨʘʭʫʥʢʫ 125 ʢʛ/ʛʘ. ʋ ʩ. ɼʦʣʽʰʥʽʡ ʃʫʞʦʢ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʫ 3-ʭ ʢʨʘʪʥʽʡ ʧʦʚʪʦʨʥʦʩʪʽ (72 ʜʦʩʣʽʜʥʽ ʜʽʣʷʥʢʠ), ʫ ʩ. ɼʤʠʪʨʽʚ ï ʫ 4-ʭ 

ʢʨʘʪʥʽʡ (96 ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ), ʨʦʟʤʽʨ ʜʽʣʷʥʢʠ ʦʜʥʽʻʾ ʧʦʚʪʦʨʥʦʩʪʽ ʩʪʘʥʦʚʠʚ 30 ʤ2 

(5Ῐ6), ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʜʽʣʷʥʦʢ ʫ ʩ. ɼʦʣʽʰʥʽʡ ʃʫʞʦʢ ʩʪʘʥʦʚʠʣʘ 2161 ʤ2, ʫ ʩ. ɼʤʠʪʨʽʚ 

ï 2880 ʤ2. ʂʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʽʚ ʥʘ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʚʽʜʨʽʟʥʷʣʘʩʴ ʯʝʨʝʟ ʙʽʣʴʰʫ 

ʧʣʦʱʫ ʧʦʣʷ ʩ. ɼʤʠʪʨʽʚ. ɿʙʽʨ ʚʨʦʞʘʶ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ ʚ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ 
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ʩʝʨʧʥʷ ʥʘ ʝʪʘʧʽ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ GS89 (hard dough) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʦʨʪʦʚʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʞʥʦʛʦ ʩʦʨʪʫ. 

 

ʈʠʩ. 2.2. ʈʦʟʪʘʰʫʚʘʥʥʷ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ, ʃʴʚʽʚʩʴʢʘ ʦʙʣʘʩʪʴ, ʩ. ɼʤʠʪʨʽʚ 

(50Á13'26.6"N 24Á36'50.5"E) ʪʘ ʩ. ɼʦʣʽʰʥʽʡ ʃʫʞʦʢ (49Á27'17.5"N 23Á23'02.6"E). 

 

 

ʈʠʩ. 2.3. ʈʦʩʣʠʥʠ ʧʰʝʥʠʮʽ ʷʨʦʾ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʚʝʛʝʪʘʮʽʾ, ʧʦʣʴʦʚʠʡ ʜʦʩʣʽʜ 2017 ʨ., 

ʩ. ɼʤʠʪʨʽʚ (50Á13'26.6"N 24Á36'50.5"E).  

ɼʘʥʽ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʫ ʃʴʚʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʟʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʝʨʽʦʜ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 2.4. ɺʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 2017 ʨ. ʚʽʜʟʥʘʯʘʚʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʦʧʘʜʽʚ ʫ ʢʚʽʪʥʽ 

ʪʘ ʪʨʘʚʥʽ, ʪʘ ʟʥʘʯʥʦ ʤʝʥʰʠʤ ʨʽʚʥʝʤ ʦʧʘʜʽʚ ʫ ʯʝʨʚʥʽ (32.4 ʤʤ). ʊʝʤʧʝʨʘʪʫʨʥʽ 
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ʧʦʢʘʟʥʠʢʠ ʙʫʣʠ ʥʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʫ ʢʚʽʪʥʽ (8,1 Áʉ) ʪʘ ʪʨʘʚʥʽ (13,7 Áʉ). ɺʝʛʝʪʘʮʽʡʥʠʡ 

ʩʝʟʦʥ 2018 ʨ. ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʚʽʜʥʦʩʥʦ ʩʫʭʠʤ ʧʝʨʽʦʜʦʤ ʟ ʢʚʽʪʥʷ ʜʦ ʢʽʥʮʷ ʯʝʨʚʥʷ, 

ʟʘ ʷʢʠʤ ʙʫʚ ʚʽʜʥʦʩʥʦ ʚʦʣʦʛʠʡ ʧʝʨʽʦʜ ʟ 25 ʯʝʨʚʥʷ ʜʦ ʩʝʨʝʜʠʥʠ ʣʠʧʥʷ. ʋ ʢʚʽʪʥʽïʪʨʘʚʥʽ 

ʚʠʧʘʣʦ ʚ ʩʝʨʝʜʥʴʦʤʫ 75,3 ʤʤ ʦʧʘʜʽʚ. ʉʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʢʚʽʪʥʽ, ʢʦʣʠ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʦʩʽʚ ʩʪʘʥʦʚʠʣʘ 13,5 Áʉ, ʪʘ ʙʫʣʘ ʥʠʟʴʢʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʚʧʨʦʜʦʚʞ 

ʮʴʦʛʦ ʤʽʩʷʮʷ (24 ʤʤ), ʱʦ ʩʧʨʠʯʠʥʠʣʦ ʩʝʨʡʦʟʥʠʡ ʜʝʬʽʮʠʪ ʚʦʣʦʛʠ. ʇʦʜʽʙʥʽ ʫʤʦʚʠ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʽ ʫ ʪʨʘʚʥʽ, ʚ ʧʝʨʽʦʜ ʘʢʪʠʚʥʦʛʦ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʨʦʩʪʫ ï ʜʝʬʽʮʠʪ ʚʦʣʦʛʠ ʪʘ 

ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ [487].  

 

ʈʠʩ. 2.4. ʇʦʛʦʜʥʽ ʫʤʦʚʠ ʫ ʃʴʚʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ, ʚʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 2017-2018 ʨʨ. 

ʉʝʨʝʜʥʷ ʤʽʩʷʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ (Áʉ) ʪʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ (ʤʤ).  

 

2.3. ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ˇʨʫʥʪʫ 

ɺʽʜʙʽʨ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʧʨʦʚʦʜʠʣʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʧʦʩʽʚʦʤ ʧʰʝʥʠʮʽ. ɿ 

ʢʦʞʥʦʾ ʧʦʚʪʦʨʥʦʩʪʽ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʯʥʦʛʦ ˇʨʫʥʪʦʚʽʜʙʽʨʥʠʢʘ ʥʘ 

ʛʣʠʙʠʥʽ ʚʽʜ 0 ʜʦ 15 ʩʤ, ʚʽʜʙʠʨʘʣʠ ʧʦ 3 ʧʨʦʙʠ, ʷʢʽ ʧʦʪʽʤ ʟʤʽʰʫʚʘʣʠ. ʋ ʧʦʚʽʪʨʷʥʦ-

ʩʫʭʠʭ ʟʨʘʟʢʘʭ ʚʠʟʥʘʯʘʣʠ ʨʅ ʚʦʜʥʦʛʦ ʚʠʪʷʛʫ, ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʚʤʽʩʪ 

DTPA-ʝʢʩʪʨʘʛʦʚʘʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ.  

 

2.3.1. ɺʠʟʥʘʯʝʥʥʷ ʨʅ ˇʨʫʥʪʫ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʅ ˇʨʫʥʪʫ ʛʦʪʫʚʘʣʠ ʚʦʜʥʠʡ ʚʠʪʷʛ (1:2), ʜʣʷ ʷʢʦʛʦ ʟʨʘʟʦʢ 20 ʛ 

ʧʦʚʽʪʨʷʥʦ-ʩʫʭʦʾ ʧʨʦʙʠ ˇʨʫʥʪʫ, ʧʝʨʝʩʠʧʘʣʠ ʚ ʢʦʣʙʫ ɽʨʣʝʥʤʝʡʝʨʘ ʤʽʩʪʢʽʩʪʶ 100-200 
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ʤʣ. ʋ ʢʦʣʙʫ ʜʦʜʘʚʘʣʠ 40 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʟʘʢʨʠʚʘʣʠ ʢʦʨʢʦʤ ʪʘ ʜʦʙʨʝ 

ʟʙʦʚʪʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 5 ʭʚʠʣʠʥ. ʋʪʚʦʨʝʥʠʡ ʨʦʟʯʠʥ ʬʽʣʴʪʨʫʚʘʣʠ ʯʝʨʝʟ ʩʢʣʘʜʯʘʩʪʠʡ 

ʬʽʣʴʪʨ ʫ ʩʫʭʫ ʢʦʣʙʫ, ʷʢʱʦ ʬʽʣʴʪʨʘʪ ʙʫʚ ʢʘʣʘʤʫʪʥʠʤ ʡʦʛʦ ʧʦʚʪʦʨʥʦ ʧʨʦʧʫʩʢʘʣʠ 

ʯʝʨʝʟ ʪʦʡ ʩʘʤʠʡ ʬʽʣʴʪʨ. ʇʨʦʬʽʣʴʪʨʫʚʘʚʰʠ ʚʝʩʴ ʨʦʟʯʠʥ ʦʪʨʠʤʫʚʘʣʠ ʚʦʜʥʠʡ ʚʠʪʷʛ ʚ 

ʷʢʦʤʫ ʚʠʟʥʘʯʘʣʠ ʢʠʩʣʦʪʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʅ-ʤʝʪʨʘ (SevenCompact S220-Basic, 

Giessen, Germany) [291]. 

 

2.3.2. ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ˇʨʫʥʪʫ 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʆʈɻ) ʫ ˇʨʫʥʪʽ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʚʪʨʘʪʠ ʤʘʩʠ ʧʨʠ ʧʨʦʞʘʨʶʚʘʥʥʽ. ʎʝʡ ʤʝʪʦʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʚʤʽʩʪ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʰʣʷʭʦʤ ʾʾ ʦʢʠʩʣʝʥʥʷ ʜʦ CO2 ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ 

ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ. 

ʅʘʚʘʞʢʠ ʩʫʭʦʛʦ ˇʨʫʥʪʫ 5-10 ʛ ʧʦʤʽʱʘʣʠ ʫ ʬʘʨʬʦʨʦʚʽ ʪʠʛʣʽ ʪʘ ʩʫʰʠʣʠ 2 ʛʦʜ ʧʨʠ 

105 ÁC ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʛʽʛʨʦʩʢʦʧʽʯʥʦʾ ʚʦʜʠ, ʟʨʘʟʢʠ ʟʚʘʞʫʚʘʣʠ. ɼʘʣʽ, ʪʠʛʣʽ ʽʟ ʟʨʘʟʢʘʤʠ 

ʧʦʤʽʱʘʣʠ ʚ ʤʫʬʝʣʴʥʫ ʧʽʯ, ʚʩʪʘʥʦʚʣʝʥʫ ʥʘ 360 ÁC ʥʘ 2 ʛʦʜ, ʧʽʩʣʷ ʦʭʦʣʦʜʞʫʚʘʣʠ ʜʦ 

150 ÁC ʪʘ ʟʥʦʚʫ ʟʚʘʞʫʚʘʣʠ. ɿʚʘʞʫʚʘʣʠ ʟ ʪʦʯʥʽʩʪʶ ʜʦ Ñ 0,001 ʛ. ɺʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ [96]: 

ʆʈɻ,% = 
̍́̒́ ̨̠̐̒̌ Ј ̍́̒́ ̨̠̐̒̌ Ј

̍́̒́ ̨̠̐̒̌ Ј
ρzππ 

 

2.3.3. ɽʢʩʪʨʘʛʫʚʘʥʥʷ ʙʽʦʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽʟ ˇʨʫʥʪʫ 

ʄʽʢʨʦʝʣʝʤʝʥʪʠ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ɸɸʉ (ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽʷ) 

ʝʢʩʪʨʘʢʮʽʾ DTPA (diethylenetriaminepenta-acetic acid) ï ʮʝ ʥʝʨʽʚʥʦʚʘʞʥʘ ʝʢʩʪʨʘʢʮʽʷ 

ʜʣʷ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʦ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Zn, Cu, ʽ Fe ʫ ˇʨʫʥʪʘʭ. ɼʣʷ ʮʴʦʛʦ, ʧʦʚʽʪʨʷʥʦ-

ʩʫʭʽ ʟʨʘʟʢʠ ˇʨʫʥʪʫ ʧʦʜʨʽʙʥʶʚʘʣʠ ʪʘ ʧʝʨʝʩʽʶʚʘʣʠ ʢʨʽʟʴ ʩʠʪʦ (ˉ10) ʽʟ ʥʝʨʞʘʚʽʶʯʦʾ 

ʩʪʘʣʽ. ʅʘʚʘʞʢʠ ʤʘʩʦʶ 10 ʛ ʧʦʤʽʱʘʣʠ ʚ ʢʦʣʙʠ ɽʨʣʝʥʤʝʡʝʨʘ, ʜʦʚʦʜʠʣʠ ʦʙôʻʤ 

ʜʝʽʦʥʽʟʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ 50 ʤʣ, ʪʘ ʜʦʜʘʚʘʣʠ 20 ʤʣ DTPA-ʚʤʽʩʥʦʾ ʩʫʤʽʰʽ ʜʣʷ 

ʝʢʩʪʨʘʛʫʚʘʥʥʷ (0,005 ʄ DTPA, 0,01 M CaCl2 ʪʘ 0,1 ʄ TEA (ʪʨʠʝʪʘʥʦʣʘʤʽʥʫ), ʨʅ 

7.30), ʢʦʞʥʫ ʢʦʣʙʫ ʟʘʢʨʠʚʘʣʠ ʣʘʙʦʨʘʪʦʨʥʦʶ ʧʣʽʚʢʦʶ Parafilm ʪʘ ʩʪʨʫʰʫʚʘʣʠ ʥʘ 

ʰʝʡʢʝʨʽ ʧʨʠ 180 ʦʙ/ʭʚ ʚʧʨʦʜʦʚʞ 2 ʛʦʜ. ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʬʽʣʴʪʨʫʚʘʣʠ ʯʝʨʝʟ ʬʽʣʴʪʨ, 
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ʷʢʱʦ ʟʨʘʟʢʠ ʙʫʪʠ ʤʫʪʥʽ ʪʦ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʦʚʪʦʨʶʚʘʣʠ. ɿʨʘʟʢʠ ʧʝʨʝʤʽʱʘʣʠ ʚ 

ʧʨʦʙʽʨʢʠ ʟ ʢʦʨʢʘʤʠ, ʟʙʝʨʽʛʘʣʠ ʚ ʪʝʤʥʦʤʫ ʤʽʩʮʽ. ʂʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʘ ʩʘʤʝ Fe, Cu ʪʘ Zn, ʫ ˇʨʫʥʪʽ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ɸɸʉ (AAʉ 

C115M1, ʉʫʤʠ, ʋʢʨʘʾʥʘ) [237].  

 

2.4. ɺʠʟʥʘʯʝʥʥʷ ʧʦʩʽʚʥʦʾ ʷʢʦʩʪʽ ʥʘʩʽʥʥʷ  

ɿʛʽʜʥʦ ʟ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ISTA (International Seed Testing Association) 

ʪʘ ʜʝʨʞʘʚʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʋʢʨʘʾʥʠ ɼʉʊʋ 4138-2002 ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

ʚʠʟʥʘʯʘʣʠ ʩʭʦʞʽʩʪʴ ʥʘʩʽʥʥʷ. ʇʦʢʘʟʥʠʢ ʝʥʝʨʛʽʾ ʧʨʦʨʦʩʪʘʥʥʷ ʥʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ 

ʟʽ ʩʪʘʥʜʘʨʪʦʤ ISTA, ʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʣʠʰʝ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʤ ʚʠʤʦʛʘʤ 

ʋʢʨʘʾʥʠ ɼʉʊʋ. ʅʘʩʽʥʥʷ ʧʨʦʨʦʱʫʚʘʣʠ ʚ ʯʘʰʢʘʭ ʇʝʪʨʽ ʥʘ ʚʦʣʦʛʦʤʫ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʧʘʧʝʨʽ ʚ ʪʝʤʨʷʚʽ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽʡ ʜʣʷ 

ʧʨʦʨʦʱʫʚʘʥʥʷ ʥʘʩʽʥʥʷ ʧʰʝʥʠʮʽ (+20 Áʉ). ʇʦʢʘʟʥʠʢʠ ʩʭʦʞʦʩʪʽ ʥʘʩʽʥʥʷ ʪʘ ʝʥʝʨʛʽʾ 

ʧʨʦʨʦʩʪʘʥʥʷ ʚʠʨʘʞʘʣʠ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʩʽʥʥʷ ʚʟʷʪʦʛʦ ʜʣʷ 

ʧʨʦʨʦʱʫʚʘʥʥʷ. ʏʝʨʝʟ 3 ʜʥʽ ʧʨʦʨʦʱʫʚʘʥʥʷ ʚʠʟʥʘʯʘʣʠ ʝʥʝʨʛʽʶ ʧʨʦʨʦʩʪʘʥʥʷ, ʘ ʯʝʨʝʟ 

7 ï ʣʘʙʦʨʘʪʦʨʥʫ ʩʭʦʞʽʩʪʴ. ʇʨʠ ʘʥʘʣʽʟʽ ʚʨʘʭʦʚʫʚʘʣʠ ʩʪʘʥ ʧʨʦʨʦʩʪʢʽʚ. 

 

2.5. ɺʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʫ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʤʝʪʦʜ ʚʽʜʙʠʪʢʽʚ, ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʣʠʩʪʢʽʚ ʽʟ ʩʪʘʥʜʘʨʪʥʦʶ 

ʬʦʨʤʦʶ. ɼʣʷ ʮʴʦʛʦ ʟʨʽʟʘʣʠ ʧʨʘʧʦʨʮʝʚʽ ʣʠʩʪʢʠ ʨʦʩʣʠʥ ʥʘ ʝʪʘʧʽ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ 

GS43 (start of the booting phase) ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʜʝʩʷʪʢʦʚʠʭ ʩʪʘʜʽʡ ʨʦʩʪʫ ʟʘ J. C. 

Zadoks ʪʘ ʽʥ. [452]. ʂʦʥʪʫʨ ʣʠʩʪʢʘ ʦʙʚʦʜʠʣʠ ʥʘ ʤʽʣʽʤʝʪʨʦʚʦʤʫ ʧʘʧʝʨʽ. ʈʘʭʫʚʘʣʠ 

ʢʽʣʴʢʽʩʪʴ ʢʚʘʜʨʘʪʥʠʭ ʤʽʣʽʤʝʪʨʽʚ, ʱʦ ʧʨʠʧʘʣʠ ʥʘ ʧʣʦʱʫ ʣʠʩʪʢʘ. ʇʦ ʢʨʘʶ ʣʠʩʪʘ ʟʘ 

ʮʽʣʠʡ ʤʽʣʽʤʝʪʨ ʙʨʘʣʠ ʙʽʣʴʰʝ 1/2 ʤʤ 2, ʘ ʤʝʥʰʝ 1/2 ʤʤ 2 ʚ ʨʦʟʨʘʭʫʥʦʢ ʥʝ ʧʨʠʡʤʘʣʠ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʴ ʦʙʠʨʘʣʠ 5 ʨʦʩʣʠʥ ʟ ʷʢʠʭ ʦʙʨʘʭʦʚʫʚʘʣʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ [16].  
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2.6. ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʨʦʩʣʠʥ 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʨʦʩʣʠʥ ʧʨʦʚʦʜʠʣʠ ʫ ʚʝʛʝʪʘʮʽʡʥʦʤʫ ʩʝʟʦʥʽ 2018 

ʨʦʢʫ ʥʘ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ, ʟʽʙʨʘʥʠʭ ʽʟ ʨʦʩʣʠʥ ʥʘ ʝʪʘʧʽ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ GS43 

(start of the booting phase) ʥʘ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʩ. ɼʤʠʪʨʽʚ.  

ɺʦʜʥʠʡ ʩʪʘʪʫʩ ʨʦʩʣʠʥ ʚʠʟʥʘʯʘʣʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ (WD), 

ʚʽʜʥʦʩʥʦʛʦ ʚʤʽʩʪʫ ʚʦʜʠ (RWC), ʚʪʨʘʪʠ ʚʦʜʠ ʣʠʩʪʢʦʤ ʥʘ ʤʘʩʫ (EL WLW) ʪʘ ʥʘ 

ʧʣʦʱʫ (EL WLA) ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ.  

ɺʧʨʦʜʦʚʞ ʧʝʨʰʦʾ ʜʝʢʘʜʠ ʯʝʨʚʥʷ, ʨʘʥʜʦʤʥʦ ʚʽʜʙʠʨʘʣʠ ʧʦ 10 ʧʨʘʧʦʨʮʝʚʠʭ 

ʣʠʩʪʢʽʚ ʽʟ ʢʦʞʥʦʾ ʧʦʚʪʦʨʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʜʽʾ ʨʦʩʪʫ ʢʦʞʥʦʛʦ ʩʦʨʪʫ ʧʰʝʥʠʮʽ. 

ʃʠʩʪʢʠ ʧʦʤʽʱʘʣʠ ʚ ʧʦʣʽʝʪʠʣʝʥʦʚʽ ʧʘʢʝʪʠ-ʙʣʠʩʢʘʚʢʠ ʫ ʩʫʤʢʫ-ʭʦʣʦʜʠʣʴʥʠʢ ʽ 

ʥʝʛʘʡʥʦ ʜʦʩʪʘʚʣʷʣʠʩʷ ʚ ʣʘʙʦʨʘʪʦʨʽʶ. ʉʚʽʞʽ ʣʠʩʪʢʠ ʢʽʣʴʢʘ ʨʘʟʽʚ ʟʚʘʞʫʚʘʣʠ ʥʘ 

ʝʣʝʢʪʨʦʥʥʠʭ ʚʘʛʘʭ (Radwag AS 310.R2,ʋʢʨʘʾʥʘ); ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙ 

ʚʠʟʥʘʯʘʣʠ ʩʠʨʫ ʤʘʩʫ ʣʠʩʪʢʽʚ (FW), ʯʝʨʝʟ 12 ʛʦʜ ʟʘʥʫʨʝʥʥʷ ʢʽʥʯʠʢʽʚ ʣʠʩʪʢʽʚ ʫ ʚʦʜʫ, 

ʾʭ ʟʥʦʚʫ ʟʚʘʞʫʚʘʣʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʴ ʤʘʩʠ ʫ ʩʪʘʥʽ ʪʫʨʛʦʨʝʩʮʝʥʪʥʦʩʪʽ (TW), 

ʜʘʣʽ ʽʟʦʣʴʦʚʘʥʽ ʣʠʩʪʢʠ ʧʦʤʽʱʘʣʠ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ ʪʘ ʟʘʣʠʰʘʣʠ ʥʘ ʧʦʚʽʪʨʽ 

ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʟʚʘʞʫʶʯʠ ʯʝʨʝʟ 2, 4, 6 ʽ 24 ʛʦʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʚʦʜʦʫʪʨʠʤʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʠʩʪʢʽʚ. ʉʫʭʫ ʤʘʩʫ (DW) ʦʪʨʠʤʫʚʘʣʠ ʧʽʩʣʷ 

ʚʠʩʫʰʫʚʘʥʥʷ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ (UOSlab, ʉʇ 100, ʂʠʾʚ, ʋʢʨʘʾʥʘ) ʧʨʠ 105 ÁC. 

ɺʦʜʥʠʡ ʜʝʬʽʮʠʪ (WD) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʷʢ [178]:  

WD (%) = ρzππ. 

 

ɺʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʚʦʜʠ (RWC) ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ [421; 423]: 

RWC (%) = ρzππ. 

 

ɺʦʜʦʫʪʨʠʤʥʫ ʟʜʘʪʥʽʩʪʴ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʤʘʩʫ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ (EL 

WLW) ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ Arlando [109] ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪʠ ʚʦʜʠ 

ʣʠʩʪʢʦʤ ʚʧʨʦʜʦʚʞ ʬʽʢʩʦʚʘʥʠʭ ʧʝʨʽʦʜʽʚ ʯʘʩʫ ï 2, 4, 6, 24 ʛʦʜ:  
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EL WLW0-"xͼ̄̏̅ (%) = ρππ 
 ̍́̒́ ̨̠̐̒̌ ͼͼ̄̏̅  z

, 

ʜʝ: ʚʘʛʘ ʧʽʩʣʷ çʭè ʛʦʜ ï ʤʘʩʘ ʣʠʩʪʢʘ ʯʝʨʝʟ 2, 4, 6 ʪʘ 24 ʛʦʜ. 

 

ɺʦʜʦʫʪʨʠʤʥʫ ʟʜʘʪʥʽʩʪʴ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʧʣʦʱʫ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ (EL 

WLA) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʷʢ ʚʪʨʘʪʫ ʚʦʜʠ ʥʘ ʧʣʦʱʫ ʯʝʨʝʟ 2, 4, 6 ʪʘ 24 ʛʦʜʠʥʠ. EL WLA 

ʷʢ ʰʚʠʜʢʽʩʪʴ ʚʪʨʘʪʠ ʚʦʜʠ/ʩʤ2 ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ [93]: 

EL WLA 0-"x"̄̏̅ ̍̄Ⱦ̒̍2) =  
 ̍́̒́ ̨̠̐̒̌ ͼͼ̄̏̅

, 

ʜʝ: ʤʘʩʘ ʧʽʩʣʷ çxè ʛʦʜ ï ʤʘʩʘ ʣʠʩʪʷ ʯʝʨʝʟ 2, 4, 6 ʪʘ 24 ʛʦʜ, LA ï ʧʣʦʱʘ ʣʠʩʪʷ.  

ʇʣʦɦʫ ʣʠʩʪʢʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ ʦʧʠʩʘʥʦʶ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.5. 

 

2.7. ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʙʽʣʢʽʚ ʫ ʟʝʨʥʽ 

ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʚ ʩʪʘʥʽ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ 

GS89 (hard dough) ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʦʤ ɹʨʝʜʬʦʨʜʘ. ɿʨʘʟʢʠ ʧʦʧʝʨʝʜʥʴʦ 

ʧʦʜʨʽʙʥʶʚʘʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʤʣʠʥʢʫ (ʃɿʄʂ, ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ). ɼʦ ʥʘʚʘʞʢʠ 

ʤʘʩʦʶ 0,1 ʤʛ ʜʦʜʘʚʘʣʠ 2 ʤʣ ʙʦʨʘʪʥʦʛʦ ʙʫʬʝʨʫ (ʨʅ 10). ɽʢʩʪʨʘʢʪ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 

30 ʭʚ ʧʨʠ 8000 ʦʙ/ʭʚ. ʉʫʧʝʨʥʘʪʘʥʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʽʣʢʘ. ɼʦ 0,2 

ʤʣ ʝʢʩʪʨʘʢʪʫ ʜʦʜʘʚʘʣʠ 1 ʤʣ ʨʝʘʢʪʠʚʫ ɹʨʝʜʬʦʨʜʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ 

ʚʠʤʽʨʶʚʘʥʥʷʤ (0,5-1 ʭʚ). ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʦʪʠ ʢʦʥʪʨʦʣʶ 0,2 ʤʣ 

ʙʦʨʘʪʥʦʛʦ ʙʫʬʝʨʫ + 1 ʤʣ ʨʝʘʢʪʠʚʫ ɹʨʝʜʬʦʨʜʘ. ɺʠʤʽʨʶʚʘʥʥʷ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ (ULAB 101 Spectrophotometer, ʋʢʨʘʾʥʘ) ʧʨʠ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 595 ʥʤ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʫ 4-ʢʨʘʪʥʽʡ ʙʽʦʣʦʛʽʯʥʽʡ ʪʘ 

ʘʥʘʣʽʪʠʯʥʽʡ ʧʦʚʪʦʨʥʦʩʪʷʭ, ʨʝʟʫʣʴʪʘʪʠ ʦʧʨʘʮʴʦʚʫʚʘʣʠ ʩʪʘʪʠʩʪʠʯʥʦ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʤʽʩʪʫ ʙʽʣʢʘ ʚ ʟʝʨʥʽ ʙʫʜʫʚʘʣʠ ʢʘʣʽʙʨʫʚʘʣʴʥʫ [61]. 

 

2.8. ɺʠʟʥʘʯʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʘ ʪʘ ʩʪʨʫʢʪʫʨʠ ʚʨʦʞʘʶ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʨʦʞʘʶ ʪʘ ʚʨʦʞʘʡʥʦʩʪʽ ʧʰʝʥʠʮʽ ʚʠʟʥʘʯʘʣʠ ʪʘʢʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢ ʤʘʩʘ 1000 ʟʝʨʝʥ (ʄʊɿ), ʚʠʩʦʪʘ ʢʦʣʦʩʘ (ɺʂ) ʪʘ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ 

(ʂɿʂ) ʥʘ ʝʪʘʧʽ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ GS89. 
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ɺʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ (ɺɿ) ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

ɺɿ = (n ʂʆʃʆʉʂɯɺ ʅɸ 1 ʤ2) Ῐ (n ʅɸʉɯʅʀʅ/ɿɽʈʅɯɺʆʂ ɺ 1 ʂʆʃʆʉɯ) Ῐ 

(m1 ʅɸʉɯʅʀʅʀ/ɿɽʈʅɯɺʂʀ) 

 

2.9. ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʨʦʩʣʠʥʥʦʤʫ ʤʘʪʝʨʽʘʣʽ 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ Fe, Cu ʪʘ Zn ʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ, ʢʦʣʦʩʽ, ʟʝʨʥʽ ʪʘ 

ʟʘʨʦʜʢʘʭ ʧʰʝʥʠʮʽ ʷʨʦʾ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ɸʉʉ ʫ ʟʨʘʟʢʘʭ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʫ ʩʫʤʽʰʽ 

ʜʝʽʦʥʽʟʦʚʘʥʘ ʅ2ʆ : HNO3 ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʠ Multiwave Go (Anton Paar, Graz, Austria).  

ʂʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ ʪʘ ʟʘʨʦʜʢʘʭ ʚʠʟʥʘʯʘʣʠ ʥʘ ʝʪʘʧʽ ʧʦʚʥʦʾ 

ʩʪʠʛʣʦʩʪʽ GS89 (hard drough), ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʥʘʧʨʠʢʽʥʮʽ ʝʪʘʧʫ ʚʠʭʦʜʫ ʚ 

ʪʨʫʙʢʫ GS49 (end of booting), ʚ ʢʦʣʦʩʽ ʥʘ ʝʪʘʧʽ ʮʚʽʪʽʥʥʷ GS65 (flowering half-way) 

[452]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʟʘʨʦʜʢʘʭ ʙʫʣʦ ʽʟʦʣʴʦʚʘʥʦ ~ 

1500 ʟʘʨʦʜʢʽʚ ʽʟ ʧʦʧʝʨʝʜʥʴʦ ʟʘʤʦʯʝʥʦʛʦ ʥʘʩʽʥʥʷ ʢʦʞʥʦʛʦ ʩʦʨʪʫ. ʉʢʣʘʜ ʩʫʤʽʰʽ ʜʣʷ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 2.2.  

ʊʘʙʣʠʮʷ 2.2 

ʂʦʤʧʦʥʝʥʪʥʠʡ ʩʢʣʘʜ ʩʫʤʽʰʽ ʜʣʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʟʨʘʟʢʽʚ ʫ ʧʨʠʣʘʜʽ Multiwave 

Go(Anton Paar, Graz, Austria)  

 

˅̑̔̍̄̏̏̄̅ɯ̎˰̖˸̰̓˰̍ 

 

ˀ˰̔˰ɯ̂̓˰̂̈˰Ȯɯ˴ 
ˆ̈̍˰˷ɯ̗̰̤̰̔̎ 

HNO 3Ȯɯ̎̍ H 2OȮɯ̎̍ H 2O2Ȯɯ̎̍ 

̂˸̓̏̑ 1 6 3 ɬ 

̂˰̓̑˷̑̈ 0,5 5 3 1 

̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ 0,7 6 3 1 

̈̑̍̑̔ 1 8 1 1 

 

ʊʝʤʧʝʨʘʪʫʨʫ ʪʘ ʯʘʩ ʮʠʢʣʽʚ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʠ ʨʝʛʫʣʶʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʨʘʟʢʽʚ, 

ʘʣʝ ʜʣʷ ʚʩʽʭ ʮʠʢʣʽʚ ʭʘʨʘʢʪʝʨʥʠʤʠ ʙʫʣʠ ʪʨʠ ʝʪʘʧʠ: ʥʘʛʨʽʚʘʥʥʷ, ʩʧʘʣʶʚʘʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ. ʄʽʥʝʨʘʣʽʟʘʮʽʷ ʟʝʨʥʘ: 1). ʥʘʛʨʽʚʘʥʥʷ ʚʧʨʦʜʦʚʞ 15 ʭʚ ʜʦ 180 ÁC, ʧʽʩʣʷ, 

ʥʘʩʪʫʧʥʠʡ ʝʪʘʧ 2). ʩʧʘʣʶʚʘʥʥʷ ʚʧʨʦʜʦʚʞ 40 ʭʚ ʧʨʠ 180 ÁC, ʜʘʣʽ 3). ʦʭʦʣʦʜʞʝʥʥʷ 

10 ʭʚ ʜʦ 40 ÁC. ʆʪʨʠʤʘʥʽ ʤʽʥʝʨʘʣʽʟʦʚʘʥʽ ʟʨʘʟʢʠ ʧʝʨʝʥʦʩʠʣʠ ʚ 15 ʤʣ ʧʨʦʙʽʨʢʠ ʪʘ 
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ʜʦʚʦʜʠʣʠ ʜʦ ʢʽʥʮʝʚʦʛʦ ʦʙôʻʤʫ 15 ʤʣ, ʜʦʜʘʶʯʠ ʜʝʽʦʥʽʟʦʚʘʥʫ H2O, ʱʽʣʴʥʦ ʟʘʢʨʠʚʘʣʠ 

ʢʦʨʢʘʤʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ 

ʪʝʤʥʦʤʫ ʤʽʩʮʽ ʜʦ ʘʥʘʣʽʟʫ. ʂʦʥʮʝʥʪʨʘʮʽʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ɸɸʉ 

(AAʉ C115M1, ʉʫʤʠ, ʋʢʨʘʾʥʘ). ɺʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʨʘʭʦʚʫʚʘʣʠ ʥʘ ʦʜʠʥʠʮʶ ʤʘʩʠ 

ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ.  

 

2.10. ɺʠʜʽʣʝʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʟ ʟʝʨʥʘ ʧʰʝʥʠʮʽ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʟʝʨʥʦ ʥʘ ʝʪʘʧʽ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ (GS89), 

ʫʨʦʞʘʶ 2017-2018 ʨʨ. ʽʟ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ. ɽʥʜʦʬʽʪʥʽ ʙʘʢʪʝʨʽʾ ʚʠʜʽʣʷʣʠ ʟ 

ʟʝʨʥʘ ʪʨʴʦʭ ʩʦʨʪʽʚ T. aestivum L. (ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ , 

ɼʫʙʨʘʚʢʘ) ʪʘ ʦʜʥʦʛʦ ʩʦʨʪʫ T. turgidum subsp. dicoccum (ɻʦʣʽʢʦʚʩʴʢʘ), ʧʽʩʣʷ ʜʚʦʭ 

ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʝʨʠʣʽʟʘʮʽʾ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʩʪʝʨʠʣʽʟʘʮʽʾ ʟʝʨʥʦ 

ʚʠʪʨʠʤʫʚʘʣʠ 20 ʭʚ ʫ ʩʫʤʽʰʽ ʚʦʜʘ: ʛʽʧʦʭʣʦʨʠʪ ʅʘʪʨʽʶ (1:1), ʧʽʩʣʷ ʧʨʦʤʠʚʘʣʠ ʯʦʪʠʨʠ 

ʨʘʟʠ ʩʪʝʨʠʣʴʥʦʶ ʚʦʜʦʶ ʪʘ ʩʪʨʘʪʠʬʽʢʫʚʘʣʠ ʧʨʠ 4 ÁC ʚʧʨʦʜʦʚʞ 24 ʛʦʜʠʥ ʫ 

ʩʪʝʨʠʣʴʥʽʡ ʚʦʜʽ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʝʨʥʘ ʩʪʝʨʠʣʽʟʫʚʘʣʠ ʫ ʩʫʤʽʰʽ ʚʦʜʘ: ʛʽʧʦʭʣʦʨʠʪ 

ʅʘʪʨʽʶ (1:2) ʚʧʨʦʜʦʚʞ 15 ʭʚ ʪʘ ʧʨʦʤʠʚʘʣʠ ʯʦʪʠʨʠ ʨʘʟʠ ʩʪʝʨʠʣʴʥʦʶ ʚʦʜʦʶ ʚ 

ʩʪʝʨʠʣʴʥʠʭ ʫʤʦʚʘʭ ʧʽʜ ʣʘʤʽʥʘʨʥʠʤ ʙʦʢʩʦʤ. 

ɺʠʜʽʣʝʥʥʶ ʙʘʢʪʝʨʽʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʧʝʨʝʜʫʚʘʚ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʪʝʨʠʣʽʟʘʮʽʾ. ʉʪʝʨʠʣʴʥʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʢʦʥʪʨʦʣʶʚʘʣʠ ʥʝʧʨʷʤʠʤ (ʧʦʩʽʚ ʥʘ 

ʟʘʛʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʙʘʢʪʝʨʽʡ, ʞʠʚʠʣʴʥʠʡ ʘʛʘʨ (BTL, Lodz, Poland) ʪʘ ʧʨʷʤʠʤ 

(ʇʃʈ) ʤʝʪʦʜʘʤʠ. ʆʧʠʩ ʫʤʦʚ ʇʃʈ ʻ ʥʘʚʝʜʝʥʦ ʚ ʤʝʪʦʜʠʢʘʭ ʥʠʞʯʝ (2.11). 

ʉʪʝʨʠʣʴʥʝ ʥʘʩʽʥʥʷ ʧʦʜʨʽʙʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʨʠʣʴʥʦʛʦ ʩʢʘʣʴʧʝʣʷ, 

ʧʦʣʦʚʠʥʫ ʟʘʣʠʰʘʣʠ ʚ ʧʦʜʨʽʙʥʝʥʦʤʫ ʩʪʘʥʽ, ʘ ʧʦʣʦʚʠʥʫ ʟʤʽʰʫʚʘʣʠ ʟʽ ʩʪʝʨʠʣʴʥʦʶ 

ʚʦʜʦʶ. ʆʙʠʜʚʘ ʚʠʜʠ ʟʨʘʟʢʽʚ ʧʦʤʽʱʘʣʠ ʚ ʩʪʝʨʠʣʴʥʽ ʯʘʰʢʠ ʇʝʪʨʽ ʥʘ ʘʛʘʨʠʟʦʚʘʥʝ 

ʞʠʚʠʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʫʥʽʚʝʨʩʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʨʦʩʪʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ) (BTL, Poland) ʷʢʝ ʤʽʩʪʠʣʦ ʥʽʩʪʘʪʠʥ (50 ʤʛĿʤʣï1) ʪʘ 

ʽʥʢʫʙʫʚʘʣʠ 144 ʛʦʜ ʧʨʠ 30 ÁC ʚ ʪʝʤʨʷʚʽ. ʆʢʨʝʤʽ ʢʦʣʦʥʽʾ, ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʩʚʽʞʝ 

ʘʛʘʨʠʟʦʚʘʥʝ ʞʠʚʠʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ (BTL, ʇʦʣʴʱʘ), ʪʘʢʽ ʤʘʥʽʧʫʣʷʮʽʾ ʧʦʚʪʦʨʶʚʘʣʠ 

ʜʦ ʦʪʨʠʤʘʥʥʷ ʯʠʩʪʠʭ ʢʫʣʴʪʫʨ, ʱʦ ʧ̔ ʜʪʚʝʨʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʃʈ. 
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2.11. ɺʠʜʽʣʝʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʾ ɼʅʂ  

ɹʘʢʪʝʨʽʘʣʴʥʫ ɼʅʂ ʝʢʩʪʨʘʛʫʚʘʣʠ ʟ ʽʟʦʣʷʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʨʦʟʨʦʙʣʝʥʦʛʦ 

J. Sambrook ʪʘ ʽʥ. [345]. ʂʣʽʪʠʥʠ ʦʩʘʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʧʨʠ 

17 500 ʦʙ/ʭʚ ʫʧʨʦʜʦʚʞ 5 ʭʚ (4 ÁC, Sigma 3ï18 K, Sigma Laborzentrifugen GmbH, 

Osterode am Harz, Germany) ʪʘ ʧʽʜʜʘʚʘʣʠ ʣʽʟʠʩʫ ʫ ʩʫʤʽʰʽ, ʱʦ ʤʽʩʪʠʣʘ: 5 ʤʦʣʴĿʣ-1 

ʛʫʘʥʽʜʠʥ ʪʽʦʮʽʘʥʘʪ (Sigma-Aldrich, Saint Louis, MO, USA), 100 ʤʤʦʣʴ/ʣ EDTA 

(Sigma-Aldrich, Saint Louis, MO, USA) ʪʘ 0,5% ʩʘʨʢʦʟʠʣ (Sigma-Aldrich, Saint Louis, 

MO, USA; pH 8,0). ɼʅʂ ʦʯʠʱʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʪʨʘʢʮʽʾ 7,5 ʄ ʭʦʣʦʜʥʠʤ 

ʘʮʝʪʘʪʦʤ ʘʤʦʥʽʶ ʥʘ ʣʴʦʜʫ (Sigma-Aldrich, Saint Louis, MO, USA), ʘ ʧʦʪʽʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʤʽʰʽ ʭʣʦʨʦʬʦʨʤ:3-ʤʝʪʠʣ-1-ʙʫʪʘʥʦʣ (24:1) (Sigma-Aldrich, Saint 

Louis, MO, USA). ɼʚʦʬʘʟʥʠʡ ʦʙôʻʤ ʨʽʜʠʥʠ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʠ 17500 ʦʙ/ʭʚ. 

ɺʝʨʭʥʽʡ ʰʘʨ ʧʝʨʝʥʦʩʠʣʠ ʚ ʥʦʚʫ ʧʨʦʙʽʨʢʫ. ɼʅʂ ʦʩʘʜʞʫʚʘʣʠ ʧʨʠ -20 ÁC 2-

ʧʨʦʧʘʥʦʣʦʤ (Sigma-Aldrich, Saint Louis, MO, USA) ʚʧʨʦʜʦʚʞ 1 ʛʦʜʠʥʠ. ʆʩʘʜ 

ʚʽʜʜʽʣʷʣʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 17500 ʦʙ/ʭʚ ʚʧʨʦʜʦʚʞ 30 ʭʚ, ʜʘʣʽ ʧôʷʪʴ ʨʘʟʽʚ 

ʧʨʦʤʠʚʘʣʠ 70% ʝʪʘʥʦʣʦʤ (Sigma-Aldrich, SaintLouis, MO, USA), ʩʫʰʠʣʠ ʧʽʜ 

ʚʘʢʫʫʤʦʤ (RVC 2_18, Christ, Gºttingen, Germany) ʽ ʨʝʩʫʩʧʝʥʟʫʚʘʣʠ ʚ 30 ʤʣ 

ʩʪʝʨʠʣʴʥʦʛʦ ʙʽʜʠʩʪʠʣʷʪʫ (free DNase, EURx, Gdansk, Poland). ʏʠʩʪʦʪʫ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ɼʅʂ ʦʮʽʥʶʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦ (BioSpectrofotometer, 

Eppendorf, Hamburg, Germany) (ʜʦʜʘʪʦʢ ɹ, ʪʘʙʣ. ɹ.1). 

ʇʃʈ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʱʦ ʤʽʩʪʠʣʘ: 1 Ĭ Phusion FlaɺʂHigh-

Fidelity PCR Master Mix (Thermo Scientific, Waltham, MA, USA), 1 ʤʢʣ ʤʘʪʨʠʯʥʦʾ 

ɼʅʂ (71.56 ï 1278,19 ʤʢʛĿʤʣ-1 (ʜʦʜʘʪʦʢ ɹ, ʪʘʙʣ. ɹ.1)) ʪʘ ʩʪʝʨʠʣʴʥʠʡ ʙʽʜʠʩʪʠʣʷʪ (free 

DNase, EURx, Poland), ʢʽʥʮʝʚʠʡ ʦʙôʻʤ ʩʪʘʥʦʚʠʚ 25 ʤʢʣ. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʫʥʽʚʝʨʩʘʣʴʥʽ ʝʫʙʘʢʪʝʨʽʘʣʴʥʽ ʧʨʘʡʤʝʨʠ (ʢʦʞʝʥ ʧʦ 1,0 ʤʢʄ): 27F (5ǋ-

AGAGTTTGATCATGGCTCAG-3ǋ) ʽ 1492R (5ǋ-TACCTTGTTACGACTT-3ǋ) [233; 

403] (Genomed S.A., Warsaw, Poland). ʋʤʦʚʠ ʇʃʈ ʙʫʣʠ ʪʘʢʠʤʠ: 98 ÁC ʚʧʨʦʜʦʚʞ 10 

ʩ; 30 ʮʠʢʣʽʚ ʧʨʠ 95 ÁC ʧʨʦʪʷʛʦʤ 5 ʩ, 56 ÁC ʚʧʨʦʜʦʚʞ 5 ʩ ʽ 72 ÁC ʚʧʨʦʜʦʚʞ 40 ʩ 

(LABCYCLER, SensoQuest GmbH, Gdansk, Germany). ʆʪʨʠʤʘʥʽ ʇʃʈ ʧʨʦʜʫʢʪʠ 

ʨʦʟʜʽʣʷʣʠ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʚ 1% ʘʛʘʨʦʟʥʦʤʫ ʛʝʣʽ ʪʘ ʚʽʟʫʘʣʽʟʫʚʘʣʠ ʚ ʋʌ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ SimplySafeÊ (EURx, Gdansk, Poland) (ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.1). ʉʪʝʨʠʣʴʥʠʡ 

ʙʽʜʠʩʪʠʣʷʪ (free DNase, EURx, Poland) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʥʝʛʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ, ʘ 

gDNA ʚʠʜʽʣʝʥʫ ʟ E. coli DH5ŬÊ (Thermo Scientific, USA) ï ̫ ʢ ʧʦʟʠʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ. 

ʆʯʠʱʝʥʽ ʧʨʦʜʫʢʪʠ ʇʃʈ ʚʽʜʧʨʘʚʣʷʣʠ ʥʘ ʩʝʢʚʝʥʫʚʘʥʥʷ (Genomed S.A., Warsaw, 

Poland). ɼʘʥʽ ʦʪʨʠʤʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟ ʤʝʪʦʶ ʽʜʝʥʪʠʬʽʢʫʚʘʥʥʷ ʽʟʦʣʷʪʽʚ 

ʘʥʘʣʽʟʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʚʝʨʩʽʾ ʘʣʛʦʨʠʪʤʫ BLASTN (NCBI Bethesda, MD, 

USA). ɯʜʝʥʪʠʬʽʢʦʚʘʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʙʝʨʝʞʝʥʦ ʚ GenBank (NCBI, 

http://www.ncbi.nlm.nih.gov/, ʜʦʩʪʫʧ ʚʽʜ 9 ʢʚʽʪʥʷ 2020 ʨ.): MT302194 ï MT302204, 

MT312840 ʪʘ ʆʈ445710 ï ʆʈ445717 (NCBI, http://www.ncbi.nlm.nih.gov/, ʜʦʩʪʫʧ ʚʽʜ 

21 ʚʝʨʝʩʥʷ 2022 ʨ.) 

 

2.12. ɺʠʟʥʘʯʝʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ ʩʠʥʪʝʟʫ ʘʫʢʩʠʥʦʧʦʜʽʙʥʠʭ 

ʩʧʦʣʫʢ (IRCs) 

ɯʜʝʥʪʠʬʽʢʦʚʘʥʽ ʰʪʘʤʠ ʙʘʢʪʝʨʽʡ, ʘ ʩʘʤʝ MT302194ïMT302204 ʪʘ MT312840 (n 

= 3), ʽʥʢʫʙʫʚʘʣʠ ʧʨʠ 30 ÁC ʫ ʪʝʤʨʷʚʽ ʥʘ ʨʦʪʘʮʽʡʥʦʤʫ ʰʝʡʢʝʨʽ (125 ʦʙ/ʭʚ) ʫ ʨʽʜʢʦʤʫ 

ʞʠʚʠʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (BTL, Lodz, Poland) ʟ ʜʦʜʘʚʘʥʥʷʤ 5 ʤʤʦʣʴĿʣ-1 L-

ʪʨʠʧʪʦʬʘʥʫ. ʏʝʨʝʟ 120 ʛʦʜ ʟʨʘʟʢʠ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʠ 10 000 ʦʙ/ʭʚ ʚʧʨʦʜʦʚʞ 10 

ʭʚ, ʚʽʜʙʠʨʘʣʠ 2 ʤʣ ʩʫʧʝʨʥʘʪʘʥʪʫ ʪʘ ʟʤʽʰʫʚʘʣʠ ʟ 4 ʤʣ ʨʝʘʢʪʠʚʫ ʉʘʣʴʢʦʚʩʴʢʦʛʦ (50 

ʤʣ 35% HClO4, 1 ʤʣ 0,5 ʄ FeCl3Ŀ6H2O) [160]. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʨʠʛʽʥʘʣʴʥʠʡ ʩʢʣʘʜ 

ʨʝʘʢʪʠʚʫ ʉʘʣʴʢʦʚʩʴʢʦʛʦ, ʘ ʪʘʢʦʞ ʩʪʘʥʜʘʨʪʥʠʡ ʯʘʩ ʤʽʞ ʜʦʜʘʚʘʥʥʷʤ ʨʝʘʛʝʥʪʫ ʪʘ 

ʚʠʤʽʨʶʚʘʥʥʷʤ ʘʙʩʦʨʙʮʽʾ. ʆʪʨʠʤʘʥʫ ʪʘʢʠʤ ʯʠʥʦʤ ʩʫʤʽʰ ʽʥʢʫʙʫʚʘʣʠ ʧʨʠ 30 ÁC 

ʚʧʨʦʜʦʚʞ 30 ʭʚ ʫ ʪʝʤʨʷʚʽ. ʂʦʥʮʝʥʪʨʘʮʽʶ IRCs ʚʠʤʽʨʶʚʘʣʠ ʢʦʣʦʨʠʤʝʪʨʠʯʥʦ ʧʨʠ 530 

ʥʤ (BioSpectrofotometer, Eppendorf, Germany) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ 

ʢʨʠʚʦʾ ʜʣʷ ʽʥʜʦʣʽʣ-3-ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ (Iʆʂ), ʩʪʘʥʜʘʨʪʥʠʡ ʜʽʘʧʘʟʦʥ ʜʦ 100 ʤʢʛĿʤʣï1 

(Sigma-Aldrich, Saint Louis, MO, USA). ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ IRCs, ʚʢʣʶʯʘʶʯʠ Iʆʂ, 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʟʽ ʩʪʘʥʜʘʨʪʥʦʾ ʢʨʠʚʦʾ. ʉʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷ ʪʘ ʩʪʘʥʜʘʨʪʥʽ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʴʦʭ 

ʙʽʦʣʦʛʽʯʥʠʭ ʧʦʚʪʦʨʥʦʩʪʝʡ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʢʦʞʥʽ 24 ʛʦʜʠʥʠ ʚʧʨʦʜʦʚʞ 7 

ʜʥʽʚ ʨʦʩʪʫ ʢʫʣʴʪʫʨʠ. 

 

http://www.ncbi.nlm.nih.gov/
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2.13. ʆʪʨʠʤʘʥʥʷ ʘʩʝʧʪʠʯʥʦʾ ʢʫʣʴʪʫʨʠ ʧʨʦʨʦʩʪʢʽʚ ʧʰʝʥʠʮʽ ʚ ʫʤʦʚʘʭ in 

vitro 

ɸʩʝʧʪʠʯʥʫ ʢʫʣʴʪʫʨʫ ʤʦʣʦʜʠʭ ʧʨʦʨʦʩʪʢʽʚ ʦʪʨʠʤʫʚʘʣʠ ʟʽ ʩʪʝʨʠʣʴʥʠʭ ʟʘʨʦʜʢʽʚ, 

ʚʠʜʽʣʝʥʠʭ ʽʟ ʩʪʠʛʣʦʛʦ ʥʘʩʽʥʥʷ (GS89). ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʝʨʝʜʦʚʠʱʝ, ʧʨʠʟʥʘʯʝʥʝ 

ʜʣʷ ʨʦʟʚʠʪʢʫ ʧʨʦʨʦʩʪʢʽʚ [268], ʷʢʝ ʤʽʩʪʠʣʦ ʤʽʥʝʨʘʣʴʥʽ ʩʦʣʽ, ʚʽʪʘʤʽʥʠ, ʪʘ ʤʽʦ-

ʽʥʦʟʠʪʦʣ, 20 ʛ/ʣ ʩʘʭʘʨʦʟʠ ʪʘ 7,8 ʛ/ʣ ʘʛʘʨʫ. ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʜʦʚʦʜʠʣʠ ʜʦ 5,7 ʧʝʨʝʜ 

ʘʚʪʦʢʣʘʚʫʚʘʥʥʷʤ ʧʨʠ 121 ÁC ʽ 103 ʢʇʘ ʚʧʨʦʜʦʚʞ 18 ʭʚ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʝʨʠʣʴʥʠʭ ʧʨʦʨʦʩʪʢʽʚ ʩʪʠʛʣʝ ʥʘʩʽʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ 

ʩʪʝʨʠʣʽʟʫʚʘʣʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʤʝʪʦʜʠʢʦʶ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʩʪʝʨʠʣʽʟʘʮʽʾ ʮʽʣʝ 

ʥʘʩʽʥʥʷ ʩʪʝʨʠʣʽʟʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 20 ʭʚ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ 

(Domestos, Unilever, UK) ʨʦʟʚʝʜʝʥʦʤʫ 1:1 (ʛʽʧʦʭʣʦʨʠʪ ʥʘʪʨʽʶ:ʚʦʜʘ) ʪʘ ʧʨʦʤʠʚʘʣʠ 

ʯʦʪʠʨʠ ʨʘʟʠ ʜʝʽʦʥʽʟʦʚʘʥʦʶ ʚʦʜʦʶ ʚʧʨʦʜʦʚʞ 4ï5 ʭʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʘʩʽʥʥʷ ʧʦʤʽʱʘʣʠ 

ʚ ʜʝʽʦʥʽʟʦʚʘʥʫ ʚʦʜʫ ʥʘ 48 ʛʦʜ (4 ÁC). ʊʘʢʠʡ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʟʘʤʦʯʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʥʝ ʧʦʰʢʦʜʞʝʥʦʛʦ ʟʘʨʦʜʢʘ ʚʽʜ ʨʝʰʪʠ ʥʘʩʽʥʠʥʠ, ʷʢʝ 

ʧʨʦʚʦʜʠʣʠ ʧʽʜ ʩʪʝʨʝʦʤʽʢʨʦʩʢʦʧʦʤ (ED.1302-S, Newcastle, UK). 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʩʪʝʨʠʣʽʟʘʮʽʾ, ̔ ʟʦʣʴʦʚʘʥʽ ʟʘʨʦʜʢʠ ʦʙʨʦʙʣʷʣʠ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ 

ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ, ʨʦʟʚʝʜʝʥʦʤʫ 1:2 (V:V) ʽ ʧʨʦʤʠʚʘʣʠ ʯʦʪʠʨʠ ʨʘʟʠ ʜʝʽʦʥʽʟʦʚʘʥʦʶ 

ʩʪʝʨʠʣʴʥʦʶ ʚʦʜʦʶ ʚʧʨʦʜʦʚʞ 4ï5 ʭʚ ʫ ʩʪʝʨʠʣʴʥʠʭ ʫʤʦʚʘʭ ʧʽʜ ʣʘʤʽʥʘʨʥʠʤ ʙʦʢʩʦʤ. 

ʇʽʩʣʷ ʧʨʦʤʠʚʘʥʥʷ ʩʪʝʨʠʣʴʥʽ ʟʘʨʦʜʢʠ ʧʦʤʽʱʘʣʠ ʚ 450 ʤʣ ʩʢʣʷʥʽ ʻʤʥʦʩʪʽ (ʧʦ 4 

ʟʘʨʦʜʢʠ ʥʘ ʻʤʥʽʩʪʴ), ʱʦ ʤʽʩʪʠʣʠ 80 ʤʣ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʨʦʟʚʠʪʢʫ ʧʨʦʨʦʩʪʢʽʚ. 

ʇʨʦʨʦʩʪʢʠ ʚʠʨʦʱʫʚʘʣʠ ʚ ʨʦʩʪʦʚʽʡ ʢʘʤʝʨʽ ʧʨʠ 23 + 1 ÁC ʟ 16-ʛʦʜʠʥʥʠʤ 

ʬʦʪʦʧʝʨʽʦʜʦʤ (16 ʛʦʜ ʩʚʽʪʣʘ/8 ʛʦʜ ʪʝʤʨʷʚʠ). ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ ʭʦʣʦʜʥʠʭ ʙʽʣʠʭ 

ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʣʘʤʧ ʩʪʘʥʦʚʠʣʘ 50 ʤʤʦʣʴ ʤ
ḍ2

 ʩ
ḍ1
. ʇʨʦʨʦʩʪʢʠ ʚʠʨʦʱʫʚʘʣʠ in vitro 

ʚʧʨʦʜʦʚʞ 3ï4 ʪʠʞʥʽʚ ʜʦ ʝʪʘʧʫ ʪʨʴʦʭ ʨʦʟʛʦʨʥʫʪʠʭ ʣʠʩʪʢʽʚ GS13 (three unfolded 

leaves) (ʨʠʩ. 2.5). 

https://www.google.com/search?rlz=1C1GGRV_enUA1026UA1026&sxsrf=ALiCzsZVOBeHW4DqyIch6OxPC5cPY1fr7g:1668350295677&q=%D0%9D%D1%8C%D1%8E%D0%BA%D0%B0%D1%81%D0%BB+%D0%A1%D0%B8%D1%82%D0%B8+%D0%A1%D0%B5%D0%BD%D1%82%D1%80&stick=H4sIAAAAAAAAAOPgE-LQz9U3yDLPS1fiArFMjItystK1FLKTrfRz8pMTSzLz8_QLchKTU63yUjPTM5LyizLy81OKF7EqXZh7sedi34VdFzZcbLywW-HCwgs7LjZd2AFibL2w92LTxYYdrIy72Jk4GAHDfP6XZwAAAA&sa=X&ved=2ahUKEwjd_O-Vsav7AhUjDRAIHabGDr4QmxMoAXoECEsQAw
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ʈʠʩ. 2.5. ʈʦʩʣʠʥʠ ʧʰʝʥʠʮʽ ʷʨʦʾ T. aestivum L. ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ 

ʤʠʨʦʥʽʚʩʴʢʘ, ɼʫʙʨʘʚʢʘ ʪʘ T. turgidum subsp. dicoccum ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ, ʢʫʣʴʪʫʨʘ 

in vitro, ʝʪʘʧ ʪʨʴʦʭ ʨʦʟʛʦʨʥʫʪʠʭ ʣʠʩʪʢʽʚ GS13. 

 

2.14. ɽʢʩʪʨʘʛʫʚʘʥʥʷ ʪʘ ʩʝʢʚʝʥʫʚʘʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʾ ɼʅʂ, ʦʪʨʠʤʘʥʦʾ ʟ 

ʨʦʩʣʠʥ in vitro  

ɿʨʘʟʢʠ ʧʨʦʨʦʩʪʢʽʚ ʚʠʨʦʱʝʥʠʭ in vitro ʚʽʜʙʠʨʘʣʠ ʚ ʪʨʴʦʭ ʧʦʚʪʦʨʥʦʩʪʷʭ, ʦʢʨʝʤʦ 

ʘʥʘʣʽʟʫʚʘʣʠ ʣʠʩʪʢʠ ʪʘ ʢʦʨʝʥʽ, ʷʢʽ ʘʩʝʧʪʠʯʥʦ ʥʘʨʽʟʘʣʠ ʧʽʜ ʣʘʤʽʥʘʨʥʠʤ ʙʦʢʩʦʤ ʪʘ 

ʛʦʤʦʛʝʥʽʟʫʚʘʣʠ ʫ 0,4-0,6 ʤʣ 0,1 ʄ ʙʫʬʝʨʫ PBS (Phosphate Buffered Saline, pH 7,4). 

ɽʢʩʪʨʘʢʮʽʶ ɼʅʂ ʟ ʣʠʩʪʢʽʚ ʪʘ ʢʦʨʝʥʽʚ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ Power Soil 

DNA Isolation Kit ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʩʪʨʫʢʮʽʡ ʚʠʨʦʙʥʠʢʘ (QIAGEN, Hilden, Germany). 

ʂʽʣʴʢʽʩʪʴ ʽ ʯʠʩʪʦʪʫ ɼʅʂ ʦʮʽʥʶʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦ (BioSpectrometerÈ, 

Eppendorf, Hamburg, Germany) (ʜʦʜʘʪʦʢ ɹ, ʪʘʙʣ. ɹ.2). ʊʨʠ ʧʦʚʪʦʨʥʦʩʪʽ ʧʨʝʧʘʨʘʪʽʚ 

ɼʅʂ, ʷʢʽ ʥʝ ʧʦʢʘʟʘʣʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʟʘ ʢʽʣʴʢʽʩʪʶ ʽ ʩʪʫʧʝʥʝʤ ʦʯʠʩʪʢʠ 

ʦʙôʻʜʥʫʚʘʣʠ ʪʘ ʜʦʙʨʝ ʟʤʽʰʫʚʘʣʠ ʚ ʦʜʥʽʡ ʧʨʦʙʽʨʮʽ, ʷʢ ʦʧʠʩʘʥʦ ʚ ʧʨʘʮʷʭ ʙʘʛʘʪʴʦʭ 

ʜʦʩʣʽʜʥʠʢʽʚ [229; 372]. ʂʦʞʝʥ ʟʨʘʟʦʢ ɼʅʂ ʧʝʨʝʚʽʨʷʣʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʨʦʩʣʠʥʥʦʾ ɼʅʂ 

ʟ ʧʨʘʡʤʝʨʘʤʠ ʜʣʷ ʘʤʧʣʽʬʽʢʘʮʽʾ ʚʠʩʦʢʦʢʦʥʩʝʨʚʘʪʠʚʥʦʾ ʜʽʣʷʥʢʠ ɼʅʂ ʭʣʦʨʦʧʣʘʩʪʘ 

(ʧʨʘʡʤʝʨ 1ð5'-AGTTCGAGCCTGATTATCCC-3' ʽ ʧʨʘʡʤʝʨ 2ð5'-

GCATGCCGCCAGCGTTCATC-3'ðPhire Plant Direct PCR Kit by Finnzymes). 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʧʦʣʷʛʘʚ ʫ ʧʨʦʚʝʜʝʥʥʽ ʇʃʈ, ʜʝ ʟʘʛʘʣʴʥʫ ɼʅʂ (ʧʽʩʣʷ ʦʙôʻʜʥʘʥʥʷ 
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ʪʨʴʦʭ ʧʦʚʪʦʨʥʦʩʪʝʡ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʤʘʪʨʠʯʥʫ ɼʅʂ. ʎʝʡ ʝʪʘʧ ʙʫʚ ʥʝʦʙʭʽʜʥʠʡ 

ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʪʘ ʧʨʠʜʘʪʥʦʩʪʽ ɼʅʂ ʜʣʷ ʩʝʢʚʝʥʫʚʘʥʥʷ NGS. ɼʣʷ ʇʃʈ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʨʘʡʤʝʨʠ ʱʦ ʘʤʧʣʽʬʽʢʫʶʪʴ ʚʘʨʽʘʙʝʣʴʥʽ ʜʽʣʷʥʢʠ 16S 

ʨʈʅʂ: 27F (5ǋ-AGAGTTTGATCATGGCTCAG-3ǋ) ʽ 1492R (5ǋ-

TACCTTGTTACGACTT-3ǋ) [233; 403] ʪʘ ɼʅʂ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ (ʜʦʜʘʪʦʢ ɹ, ʪʘʙʣ. 

ɹ.2). ʋʤʦʚʠ ʇʃʈ ʙʫʣʠ ʪʘʢʠʤʠ: 98 ÁC ʚʧʨʦʜʦʚʞ 5 ʭʚ; 30 ʮʠʢʣʽʚ 98 ÁC ʚʧʨʦʜʦʚʞ 35 

ʩ, 54 ÁC ʚʧʨʦʜʦʚʞ 45 ʩ ʽ 72 ÁC ʚʧʨʦʜʦʚʞ 60 ʩ. ʊʘʢʦʞ, ʜʣʷ ʇʃʈ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 5x 

FIREPolÈ Master Mix (Soils BioDyne, Tartu, Estonia). ɼʘʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʝʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʜʫʢʪʽʚ ʇʃʈ ʥʘ ʘʛʘʨʦʟʥʦʤʫ ʛʝʣʽ (1 %) ʪʘ ʾʭ ʚʽʟʫʘʣʽʟʘʮʽʷ ʚ ʋʌ ʟʘ 

ʜʦʧʦʤʦʛʦʶ SimplySafeÊ (EURx, GdaŒsk, Poland) (ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.2). ʇʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʇʃʈ, ʦʙôʻʜʥʘʥʫ ɼʅʂ ʩʝʢʚʝʥʫʚʘʣʠ Genomed 

S.A. (Warsaw, Poland) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʪʬʦʨʤʠ MiSeq 2000 (Illumina Inc., San 

Diego, CA, USA). ɸʥʘʣʽʟ ʧʨʦʚʦʜʠʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʘʛʤʝʥʪʽʚ V3ïV4 ʛʝʥʘ 16S 

ʨʈʅʂ (ʧʘʨʘ ʧʨʘʡʤʝʨʽʚ: 341F ʽ 785R). ʇʃʈ ʧʨʦʚʦʜʠʣʠ ʟ Q5 Hot Start High-Fidelity 2X 

Master Mix ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ʚʠʨʦʙʥʠʢʘ. 

 

2.15. ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ 

ʉʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ Microsoft Excel 2013, Statistica 12 ʪʘ Past 4.03. ʂʦʞʝʥ ʜʦʩʣʽʜ 

ʧʨʦʚʦʜʠʣʠ ʫ 3-ʨʘʟʦʚʦʤʫ ʧʦʚʪʦʨʝʥʥʽ ʽ ʚʽʜʪʚʦʨʶʚʘʣʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʽʜ 3-5 ʨʘʟʠ. ɹʽʦʭʽʤʽʯʥʽ ʘʥʘʣʽʟʠ ʚʠʢʦʥʫʚʘʣʠ ʫ 3-ʨʘʟʦʚʦʤʫ ʙʽʦʣʦʛʽʯʥʦʤʫ ʧʦʚʪʦʨʝʥʥʽ, 

ʫ 3-5 ʥʝʟʘʣʝʞʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʆʙʯʠʩʣʶʚʘʣʠ ʩʝʨʝʜʥʽ ʘʨʠʬʤʝʪʠʯʥʽ ʚʝʣʠʯʠʥʠ ï ʄ 

ʪʘ ʩʪʘʥʜʘʨʪʥʫ ʧʦʭʠʙʢʫ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ï m. ɺʽʨʦʛʽʜʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʟʥʘʯʫʱʦʩʪʽ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʛʨʫʧʦʚʠʤʠ ʩʝʨʝʜʥʽʤʠ ʦʮʽʥʶʚʘʣʠ ʥʘ ʦʩʥʦʚʽ 

ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (ANOVA). ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʨʽʟʥʠʮʽ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ t-ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ ʪʘ ʦʜʥʦʩʪʦʨʦʥʥʽʡ 

ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʪʝʩʪ ʊʴʶʢʽ. ɺʽʨʦʛʽʜʥʦʶ ʚʚʘʞʘʣʠ ʨʽʟʥʠʮʶ ʧʨʠ ʽ ʨÓ0.95 (ʨʽʚʝʥʴ 

ʟʥʘʯʠʤʦʩʪʽ ʈ<0.05).  
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ʈʆɿɼɯʃ 3. ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

3.1. ʆʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʽʚ ʟ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʥʠʭ 

ʜʽʣʷʥʦʢ 

ʗʢʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʦʨʪʦʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʦʪʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʽ ʚʽʜ ʥʠʟʢʠ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ, 

ʟʦʢʨʝʤʘ, ʪʠʧʫ ˇʨʫʥʪʫ ʪʘ ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [151; 375]. ɺʽʜ 

ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʚʤʽʩʪʫ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʟʘʣʝʞʠʪʴ ʟʜʘʪʥʽʩʪʴ ʨʦʩʣʠʥ 

ʟʘʩʚʦʶʚʘʪʠ ʤʽʥʝʨʘʣʴʥʽ ʝʣʝʤʝʥʪʠ. ɺʽʜʦʤʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʥʘʡʢʨʘʱʝ 

ʟʘʩʚʦʶʶʪʴʩʷ, ʷʢʱʦ ˇʨʫʥʪ, ʤʘʻ ʨʅ ʚʽʜ 5,5 ʜʦ 7,0, ʪʦʜʽ ʷʢ ʧʨʠ ʣʫʞʥʦʤʫ ʨʅ ʙʘʛʘʪʦ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʥʝʜʦʩʪʫʧʥʽ [139; 273; 407]. ˆʨʫʥʪʠ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʷʢ ʯʦʨʥʦʟʝʤʠ ʥʘ ʝʣʶʚʽʾ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʽʟ ʣʫʞʥʠʤ ʨʅ [488]. 

ʋ ʪʘʢʠʭ ˇʨʫʥʪʘʭ ʤʽʩʪʠʪʴʩʷ ʧʽʜʚʠʱʝʥʘ ʢʽʣʴʢʽʩʪʴ ʽʦʥʽʚ ʉʘ2+ ̔  ʅʉʆ3-, ʱʦ ʚʠʟʥʘʯʘʻ ʾʭʥʶ 

ʣʫʞʥʫ ʨʝʘʢʮʽʶ. 

ˆʨʫʥʪʠ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ ï ʜʝʨʥʦʚʦ-ʙʫʨʦʟʝʤʥʽ ʩʫʛʣʠʥʠʩʪʽ ʟʽ ʩʣʘʙʦ-

ʢʠʩʣʠʤ ʘʙʦ ʥʝʡʪʨʘʣʴʥʠʤ ʨʅ [488]. ɼʦʩʣʽʜʥʽ ʜʽʣʷʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʨʽʟʥʠʤ ʨʅ, 

ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ 

(ʪʘʙʣ. 3.1). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʅ ˇʨʫʥʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʩʪʘʥʦʚʠʚ 6,7 (2017) ʪʘ 

7,1 (2018) ʪʘʢʽ ˇʨʫʥʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʷʢ ʩʣʘʙʦʢʠʩʣʽ, ʘ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ï 7,2, 

ʩʣʘʙʦʣʫʞʥ.̔  

ʋʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ˇʨʫʥʪʽ (ʆʈɻ) ʻ ʥʘʩʣʽʜʢʦʤ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʨʦʩʣʠʥ ʪʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ [147]. ʆʈɻ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʘʟʦʪʫ ʪʘ ʚʫʛʣʝʮʶ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ, ʚʦʜʥʦʛʦ ʡ ʧʦʚʽʪʨʷʥʦʛʦ 

ʨʝʞʠʤʽʚ, ʨʅ ˇʨʫʥʪʫ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʫ ʪʦʱʦ. ɿʤʝʥʰʝʥʥʷ ʆʈɻ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʥʝ ʪʽʣʴʢʠ ʜʦ ʟʥʠʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ʪʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʘʣʝ ʡ ʜʦ ʟʥʠʞʝʥʥʷ 

ʚʦʣʦʛʦ̒ʤʥʦʩʪʽ ˇʨʫʥʪʫ, ʧʦʛʽʨʰʝʥʥʷ ʘʝʨʘʮʽʾ, ʟʨʦʩʪʘʻ ʨʠʟʠʢ ʝʨʦʟʽʾ [18; 147]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʤʽʩʪʠʣʦʩʴ ʥʘ 30ï50 % ʙʽʣʴʰʝ ʆʈɻ, ʥʽʞ ʥʘ 

ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ (ʪʘʙʣ. 3.1). 
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ʊʘʙʣʠʮʷ 3.1 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ˇʨʫʥʪʽʚ: ʨʅ, ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ ɼʤʠʪʨʽʚ 

(50Á13ǋ26,6ǋǋN 24Á36ǋ50,5ǋǋE) ʪʘ ɼ. ʃʫʞʦʢ (49Á27'17.5"N 23Á23'02.6"E). 

*  ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʽʟʥʠʮʽ ʤʽʞ ʜʦʩʣʽʜʥʠʤʠ ʜʽʣʷʥʢʘʤʠ; ** p<0.01, * p<0.05 

 

ɺʽʜʦʤʦ, ʱʦ ʜʦʩʪʫʧʥʽʩʪʴ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ pH ˇʨʫʥʪʫ. ʄʽʥʽʤʘʣʴʥʽ 

ʟʤʽʥʠ ʨʅ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴ ʨʦʟʯʠʥʥʽʩʪʴ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ 

ˇʨʫʥʪʽ. ɿʛʽʜʥʦ ʟ M. L. Guerinot ʪʘ Y. Yi [163] ʜʦʩʪʫʧʥʽʩʪʴ Fe ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 1000 

ʨʘʟʽʚ ʟʘ ʧʽʜʚʠʱʝʥʥ ̫ʨʅ ʥʘ ʦʜʥʫ ʦʜʠʥʠʮʶ. ʇʦʜʽʙʥʦ J. L. Havlin ʪʘ ʽʥ. [177] 

ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʚ 100 ʨʘʟʽʚ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ Zn. ɿʘʟʚʠʯʘʡ Zn ʙʽʣʴʰ 

ʙʽʦʜʦʩʪʫʧʥʠʡ ʧʨʠ ʢʠʩʣʦʤʫ ʨʅ ʥʽʞ ʧʨʠ ʣʫʞʥʦʤʫ ʨʅ [299]. ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ˇʨʫʥʪʠ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ ʤʘʣʠ ʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Fe ʪʘ Cu ʚ ʦʙʠʜʚʘ ʨʦʢʠ ʜʦʩʣʽʜʞʝʥʴ. ʂʦʥʮʝʥʪʨʘʮʽʷ Fe ʫ 2017 ʨ. ʥʘ 

ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʙʫʣʘ ʥʘ 96 % ʚʠʱʦʶ, ʥʽʞ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ. ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Cu ʙʫʣʘ ʥʘʡʚʠʱʦʶ ʫ 2018 ʨ. ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ, ʱʦ ʫʪʨʠʯʽ 

ʧʝʨʝʚʠʱʫʚʘʣʦ ʙʽʦʜʦʩʪʫʧʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʱʦʜʦ ʜʘʥʠʭ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʢʫ ʜʦʩʣʽʜʞʝʥʴ. ʆʙʠʜʚʽ ʜʦʩʣʽʜʥʽ ʜʽʣʷʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ 

ʥʠʟʴʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʨʫʭʦʤʠʭ ʬʦʨʤ Zn ʷʢ ʟʘ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʪʘʢ ʽ ʟʘ 

ʟʥʘʯʝʥʥʷʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʢʠʜʫ ʜʘʥʠʭ. ɿʘʛʘʣʦʤ, ˇʨʫʥʪʠ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ 

ʬ̰̑̔̍˷̏˰ɯɯɯɯɯɯɯɯɯɯɯ        

˷̰̬̍̏̈˰ 

 

˅̰̈ 

 

pH  

ʨ̰̖̎̔ɯ̑̓˴˰̡̰̱̏̏̑ɯ

̓˸̡̑˳̄̏̄Ȯ 

 /˴̈ ˴

ʺ̠̑̏˸̖̏̓˰̠̰̬ɯ̰̎̈̓̑˸̍˸̎˸̖̰̏˳Ȯ  ̎˴ɤ̈˴ 

(min -max) 

Zn  Fe Cu 

ʬ̖̰̎̄̓˳  

2017 

7.18** ǷɯƔȭƔƕ 74.56** ǷɯƔȭƛƙ 1.66** ǷɯƔȭƔƚɯ

(0.67ɬ4.44) 

12.43** ǷɯƔȭƖƛɯ

(4.57ɬ22.4) 

0.45** ǷɯƔȭƔƕɯ

(0.11ɬ0.93) 

ʬȭɯʿ̗˼̑̈ 6.73** ǷɯƔȭƔƖ 37.45** ǷɯƔȭƗƝ 1.26** Ƿ 0.03 

(0.82ɬ2.11) 

329.45** ǷɯƖƘȭƚƝɯ

(80ɬ770) 

1.16** ǷɯƔȭƔƛɯ

(0.17ɬ2.6) 

ʬ̖̰̎̄̓˳  

2018 

7.24** Ƿ 0.01 88.30** Ƿ 0.89 0.54** Ƿ 0.01 

(0.41ɬ0.75) 

21.49** Ƿ 0.48 

(13.33ɬ35.83) 

0.57** Ƿ 0.01 

(0.29ɬ0.97) 

ʬȭɯʿ̗˼̑̈ 7.15** ǷɯƔȭƔƖ 62.06** Ƿɯƕȭƙƛ 0.68** ǷɯƔȭƔƕɯ

(0.51ɬ0.87) 

ƖƙȭƔƕɯǷɯƔȭƚƕɯ

(9.17ɬ38.33) 

3.82** ǷɯƔȭƔƝɯ

(0.86ɬ61) 
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ɼʤʠʪʨʽʚ ï ʮʝ ˇʨʫʥʪʠ ʟ ʦʙʤʝʞʝʥʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʆʈɻ. 

ɿʛʽʜʥʦ ʟ ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ ʤʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 15 ʛʨʫʜʥʷ 2021 ʨ. ˉ 1325 

ñʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʥʦʨʤʘʪʠʚʽʚ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʝʙʝʟʧʝʯʥʠʭ 

ʨʝʯʦʚʠʥ ʫ ˇʨʫʥʪʘʭ, ʘ ʪʘʢʦʞ ʧʝʨʝʣʽʢʫ ʪʘʢʠʭ ʨʝʯʦʚʠʥò, ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ɻɼʂ ʫ ˇʨʫʥʪʽ 

ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢ Zn ʪʘ Cu. ɻɼʂ ʜʣʷ Zn ʩʪʘʥʦʚʠʪʴ 23,0 ʤʛ/ʢʛ, ʜʣʷ 

Cu ï 3,0 ʤʛ/ʢʛ, ɻɼʂ ʜʣʷ Fe ʥʝ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ. ʆʢʨʽʤ ʪʦʛʦ, ˇʨʫʥʪʠ ʋʢʨʘʾʥʠ ʙʽʜʥʽ ʥʘ 

ʨʫʭʦʤʽ ʬʦʨʤʠ Zn ʽ ʤʽʩʪʷʪʴ, ʚ ʩʚʦʾʡ ʙʽʣʴʰʦʩʪʽ, ʚʽʜ ʩʣʽʜʽʚ ʜʦ 0,30 ʤʛ/ʢʛ ʩʫʭʦʛʦ ˇʨʫʥʪʫ. 

ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ Zn ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ ɻɼʂ ʫ ʞʦʜʥʦʤʫ ʽʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ˇʨʫʥʪʽʚ, ʪʦʜʽ ʷʢ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ Cu ʫ ˇʨʫʥʪʘʭ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ 

ʧʝʨʝʚʠʱʫʚʘʚ ɻɼʂ ʥʘ 27 %, ʘ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʙʫʣʠ ʫʜʚʽʯʽ ʚʠʱʠʤʠ ʚʽʜ 

ʜʦʧʫʩʪʠʤʠʭ ʥʦʨʤ. ɺʤʽʩʪ ʚ ˇʨʫʥʪʽ ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʨʦʩʣʠʥ ʬʦʨʤ Fe, ʜʫʞʝ ʨʽʟʥʠʡ, ʚ 

ʜʝʷʢʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ ʚʽʥ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,36 ʜʦ 174 ʤʛ/ʢʛ [368]. 

ʃʫʞʥʽ ˇʨʫʥʪʠ ʚʚʘʞʘʶʪʴʩʷ Fe ʜʝʬʽʮʠʪʥʠʤʠ ʜʣʷ ʨʦʩʪʫ ʨʦʩʣʠʥ, ʪʦʜʽ ʷʢ ʚʠʩʦʢʘ 

ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʢʠʩʣʠʭ ˇʨʫʥʪʘʭ ʤʦʞʝ ʙʫʪʠ ʪʦʢʩʠʯʥʦʶ ʜʣʷ ʨʦʩʣʠʥ 

[34; 309]. ʆʙʤʝʞʝʥʘ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ Fe ʫ ʧʝʚʥʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ ʻ ʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʾʭ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʨʦʩʣʠʥʥʽʡ ʧʨʦʜʫʢʮʽʾ. ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʝʬʽʮʠʪ 

Fe, ʦʩʥʦʚʥʦʤʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʥʘ ʣʫʞʥʠʭ ʪʘ ʙʘʛʘʪʠʭ ʦʨʛʘʥʽʢʦʶ ˇʨʫʥʪʘʭ, ʷʢʽ 

ʟʘʡʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ 30 % ʩʚʽʪʦʚʦʾ ʨʽʣʣʽ, ʤʘʡʞʝ 50 % ʩʚʽʪʦʚʠʭ ʢʫʣʴʪʠʚʦʚʘʥʠʭ 

ʟʝʨʥʦʚʠʭ ˇʨʫʥʪʽʚ ʤʘʶʪʴ ʜʝʬʽʮʠʪ ʎʠʥʢʫ (Zn) [224], ʱʦ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʚʨʦʞʘʡʥʽʩʪʴ 

ʧʰʝʥʠʮʽ [65] ʪʘ ʟʘʛʨʦʞʫʻ ʧʨʦʜʦʚʦʣʴʯʽʡ ʙʝʟʧʝʮʽ [114; 309; 357]. ʉʭʦʞʠʡ ʪʠʧ ˇʨʫʥʪʽʚ 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ: ʣʫʞʥʝ ʨʅ, ʙʘʛʘʪʦ ʦʨʛʘʥʽʢʠ ʪʘ ʜʝʬʽʮʠʪ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. 

ʆʢʨʽʤ ʪʦʛʦ, ʪʠʧ ˇʨʫʥʪʫ ʪʘ ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ 

ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʯʝʨʝʟ ʩʦʣʶʙʽʣʽʟʘʮʽʶ ʪʘ ʭʝʣʘʪʫʚʘʥʥʷ [301].  

ʇʽʜʩʫʤʢʠ ʜʦ ʧʽʜʨʦʟʜʽʣʫ 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ ʜʦʩʣʽʜʥʠʭ 

ʜʽʣʷʥʦʢ ɼʤʠʪʨʽʚ ʪʘ ɼ. ʃʫʞʦʢ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʨʅ, ʚʤʽʩʪʽ ʆʈɻ ʪʘ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʦʜʦʩʪʫʧʥʠʭ ʨʫʭʦʤʠʭ ʬʦʨʤ Fe, Cu, Zn. ɺʠʱʽ ʨʅ, ʆʈɻ ʚʣʘʩʪʠʚʽ ʜʣʷ 

ʢʘʨʙʦʥʘʪʥʠʭ ˇʨʫʥʪʽʚ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ, ʧʦʨʽʚʥʷʥʦ ʟ ʜʝʨʥʦʚʦ-ʙʫʨʦʟʝʤʥʠʤʠ 

ʩʫʛʣʠʥʢʘʤʠ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ. ɺʽʜʧʦʚʽʜʥʦ, ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʽʟ ʥʠʞʯʠʤ ʨʅ ʽ ʆʈɻ 

ʚʠʷʚʣʝʥʦ ʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Fe ʪʘ Cu ʚʧʨʦʜʦʚʞ ʜʚʦʭ ʨʦʢʽʚ 

ʜʦʩʣʽʜʞʝʥʴ. ɺʤʽʩʪ Zn ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʣʷʥʢʘʭ ʙʫʚ ʥʠʞʯʠʤ ʚʽʜ ɻɼʂ ʽʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʦʟʢʠʜʦʤ ʜʘʥʠʭ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ.  

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʩʪʘʪʪʷʭ [252, 253] ʪʘ ʤʘʪʝʨʽʘʣʘʭ 

ʢʦʥʬʝʨʝʥʮʽʡ [470, 477, 479]. 

 

3.2. ʄʦʨʬʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʷʨʦʾ ʟʘ ʫʤʦʚ 

ʚʠʨʦʱʫʚʘʥʥʷ ʥʘ ˇʨʫʥʪʘʭ ʽʟ ʨʽʟʥʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ 

ɿʤʽʥʠ ʨʦʩʪʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʾ ʧʦʚʝʨʭʥʦʩʪʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʧʣʠʚ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʨʽʩʪ ʽ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ [6]. 

ɿʦʢʨʝʤʘ, ʧʣʦʱʘ ʣʠʩʪʢʽʚ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ [362]. ʇʣʦʱʘ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʻ ʪʘʢʦʞ ʦʜʥʠʤ ʽʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʦʪʦʩʠʥʪʝʟʫ. ɿʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʘʩʠʤʽʣʶʶʯʦʾ ʧʦʚʝʨʭʥʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥ, ʘ ʜʣʷ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ 

ʪʘʢʠʤ ʢʣʶʯʦʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʻ ʧʣʦʱʘ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ, ʚʽʜ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʽʜʪʽʢ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʦ ʢʦʣʦʩʘ [32; 140].  

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.1 ʪʘ ʨʠʩ. 3.2 ʜʣʷ ʚʩʽʭ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʚʠʷʚʣʝʥʦ 

ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʚʠʩʦʪʠ ʧʘʛʦʥʘ ʪʘ ʜʦʚʞʠʥʠ ʢʦʨʝʥʷ. ɺ ʩʝʨʝʜʥʴʦʤʫ, ʥʘ ʜʽʣʷʥʮʽ 

ɼʤʠʪʨʽʚ ʧʘʛʦʥʠ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʙʫʣʠ ʚʠʱʠʤʠ ʥʘ 24 %, ʘ ʢʦʨʝʥʽ ʥʘ 23 % ʜʦʚʰʠʤʠ 

ʥʽʞ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ. ɺʠʱʠʡ ʚʤʽʩʪ ʆʈɻ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ ʩʧʨʠʚ̫ ʨʦʩʪʫ ʧʰʝʥʠʮʽ. 

ɺʽʜʦʤʦ, ʱʦ ʥʘ ʢʠʩʣʠʭ ˇʨʫʥʪʘʭ ʨʽʟʢʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘʩʚʦʻʥʥʷ Fe ʪʘ Mn, ʘʣʝ 

ʟʤʝʥʰʫʻʪʴʩʷ ï P, K, Ca ʽ S [287]. ʅʘʜʣʠʰʦʢ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʨʫʰʫʻ ʧʨʦʮʝʩʠ 

ʚʫʛʣʝʚʦʜʥʦʛʦ ʪʘ ʙʽʣʢʦʚʦʛʦ ʦʙʤʽʥʽʚ ʽ ʫʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʚ ʨʦʟʤʥʦʞʝʥʥʷ, ʱʦ ʟʥʘʯʥʦ 

ʟʥʠʞʫʻ ʚʨʦʞʘʡʥʽʩʪʴ. ɿʥʘʯʥʠʡ ʚʤʽʩʪ ʙʽʦʜʦʩʪʫʧʥʦʛʦ Fe ʪʘ ʥʠʟʴʢʠʡ ʚʤʽʩʪ ʆʈɻ ʥʘ 

ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʤʘʣʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʰʝʥʠʮʽ. 
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ʈʠʩ. 3.1. ɺʠʩʦʪʘ ʧʘʛʦʥʘ (ʩʤ) ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʷʨʦʾ ʥʘ ʝʪʘʧʽ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ (GS43), 

ʧʦʣʴʦʚʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʚʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 2017 ʨ., ʩ. ɼʤʠʪʨʽʚ (50Á13ǋ26,6ǋǋN 

24Á36ǋ50,5ǋǋE) ʪʘ ʩ. ɼ. ʃʫʞʦʢ (49Á27'17.5"N 23Á23'02.6"E). 

 

 

ʈʠʩ. 3.2. ɼʦʚʞʠʥʘ ʢʦʨʝʥʷ (ʩʤ) ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʷʨʦʾ ʥʘ ʝʪʘʧʽ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ 

(GS43), ʧʦʣʴʦʚʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʚʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 2017 ʨ., ʩ. ɼʤʠʪʨʽʚ 

(50Á13ǋ26,6ǋǋN 24Á36ǋ50,5ǋǋE) ʪʘ ʩ. ɼ. ʃʫʞʦʢ (49Á27'17.5"N 23Á23'02.6"E). 
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ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʙʽʣʴʰʘ ʧʣʦʱʘ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʫ ʚʩʽʭ ʩʦʨʪʽʚ 

ʧʰʝʥʠʮʽ ʚʠʷʚʣʝʥʘ ʫ ʨʦʩʣʠʥ ʽʟ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ, ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 40 % 

(ʨʠʩ. 3.3). ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʦʩʽʚ ʥʘ ʜʚʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʟʜʽʡʩʥʶʚʘʚʩʷ 

ʦʜʥʘʢʦʚʠʤ ʥʘʩʽʥʥʷʤ, ʘ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʚ ʤʝʞʘʭ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʙʫʣʠ ʩʭʦʞʠʤʠ, ʪʦ 

ʡʤʦʚʽʨʥʦ, ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʩʪʘʣʠ 

ʪʠʧ ʨ̌ʫʥʪʫ ʪʘ ʫʤʦʚʠ ˇʨʫʥʪʦʚʦʛʦ ʞʠʚʣʝʥʥʷ, ʟʦʢʨʝʤʘ ʡ ʜʦʩʪʫʧʥʽʩʪʴ ʚʘʞʣʠʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. 

 

ʈʠʩ. 3.3. ʇʣʦʱʘ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ (ʩʤ2) 24 ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

ʷʨʦʾ ʥʘ ʝʪʘʧʽ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ (GS43), ʧʦʣʴʦʚʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʚʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 

2017 ʨ., ʩ. ɼʤʠʪʨʽʚ (50Á13ǋ26,6ǋǋN 24Á36ǋ50,5ǋǋE) ʪʘ ʩ. ɼ. ʃʫʞʦʢ (49Á27'17.5"N 

23Á23'02.6"E). 

ʅʘ ʜʦʩʣʽʜʥʽʡ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʥʘʡʙʽʣʴʰʦʶ ʧʣʦʱʝʶ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʤôʷʢʽ ʩʦʨʪʠ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ ʪʘ 

ʪʚʝʨʜʠʡ ï ʉʧʘʜʱʠʥʘ. ʅʘʡʤʝʥʰʘ ʧʣʦʱʘ ʣʠʩʪʢʽʚ ʙʫʣʘ ʟʘʬʽʢʩʦʚʘʥʘ ʫ ʩʦʨʪʽʚ ʉʽʤʢʦʜʘ 

ʤʠʨʦʥʽʚʩʴʢʘ (ʤôʷʢʘ) ʪʘ ɼʽʘʥʘ (ʪʚʝʨʜʘ). ʋ ʨʦʩʣʠʥ ʽʟ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʣʦʱʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʙʽʣʴʰʝ ʥʽʞ 11 ʩʤ2 ʜʣʷ ʪʨʴʦʭ ʩʦʨʪʽʚ, ʮʝ 

ʤôʷʢʽ ʩʦʨʪʠ ʇʘʥʷʥʢʘ, ʋʣʶʙʣʝʥʘ ʪʘ ʩʦʨʪ ʪʚʝʨʜʦʾ ʧʰʝʥʠʮʽ ʊʝʨʘ. ʅʘʡʤʝʥʰʘ ʧʣʦʱʘ 

ʣʠʩʪʢʽʚ ʙʫʣʘ ʟʘʬʽʢʩʦʚʘʥʘ ʫ ʩʦʨʪʽʚ ʍʘʨʢʽʚʩʴʢʘ 30 (ʤôʷʢʘ) ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ (ʧʦʣʙʘ). ʅʘ 
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ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʧʣʦʱʘ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʫ ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʙʫʣʘ 

ʤʘʡʞʝ ʫʪʨʠʯʽ ʙʽʣʴʰʘ, ʥʽʞ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ. 

ɺʯʝʥʽ ʦʧʠʩʫʶʪʴ ʧʨʷʤʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʨʦʞʘʡʥʽʩʪʶ ʢʫʣʴʪʫʨʠ ʪʘ 

ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʝʛʝʪʘʪʠʚʥʦʾ ʤʘʩʠ [437]. ʉʭʦʞʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʘ ʽ ʚ 

ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʜʦʩʣʽʜʥʠʭ ʛʝʥʦʪʠʧʽʚ ʧʰʝʥʠʮʽ. ʅʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ 

ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʧʣʦʱʝʶ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ ʪʘ ʚʨʦʞʘʡʥʽʩʪʶ ʥʘ ʜʽʣʷʥʮʽ 

ɼʤʠʪʨʽʚ (r = 0,23**) ʪʘ ʩʣʘʙʢʽ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ (r = 0,07**). 

ɼʣʷ ʩʦʨʪʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʙʽʣʴʰʦʶ ʧʣʦʱʝʶ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʚʨʦʞʘʡʥʦʩʪʽ. ʇʦʢʘʟʥʠʢʠ ʚʨʦʞʘʡʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʠʞʯʝ ʥʘ ʨʠʩ. 3.10 ɸ, ɹ (ʜʠʚ. ʩʪʦʨ. 97). 

ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʚʠʱʽ ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ 

ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʧʦʚô̫ ʟʘʥʽ ʟ ʚʠʱʠʤ ʚʤʽʩʪʦʤ ʆʈɻ ʪʘ ʪʠʧʦʤ ˇʨʫʥʪʫ. Hʘ ʬʦʨʤʫʚʘʥʥʷ 

ʧʣʦʱ̔ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʤʘʻ ʥʘʷʚʥʽʩʪʴ ʚ ˇʨʫʥʪʽ S ʪʘ Zn, Fe [65; 380]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʜʝʬʽʮʠʪʫ Zn ʟʥʠʞʫʻʪʴʩʷ ʤʝʪʘʙʦʣʽʟʤ ʘʫʢʩʠʥʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʨʽʩʪ ʣʠʩʪʢʽʚ ʧʨʠʧʠʥʷʻʪʴʩʷ [380]. ʊʦʤʫ, ʙʽʣʴʰʘ ʧʣʦʱʘ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʥʘ 

ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʘ ʟ ʚʠʱʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʙʽʦʜʦʩʪʫʧʥʠʭ 

ʬʦʨʤ Zn. ʇʦʟʘʢʦʨʝʥʝʚʝ ʧʽʜʞʠʚʣʝʥʥʷ ʧʰʝʥʠʮʽ ʚ ʢʦʤʙʽʥʘʮʽʾ 100 ppm Fe ʪʘ 30 ppm Zn 

ʟʙʽʣʴʰʫʶʪʴ ʧʣʦʱʫ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʘ [313]. ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʟʥʘʯʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʽʦʜʦʩʪʫʧʥʦʛʦ Fe ʚ ˇʨʫʥʪʽ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʤʘʣʘ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ 

ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʣʦʱʽ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ. 

ʇʽʜʩʫʤʢʠ ʜʦ ʧʽʜʨʦʟʜʽʣʫ 

ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʚʠʩʦʪʠ ʧʘʛʦʥʽʚ ʪʘ ʜʦʚʞʠʥʠ 

ʢʦʨʝʥʽʚ ʧʰʝʥʠʮʽ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ. ɺʠʷʚʣʝʥʦ ʬʦʨʤʫʚʘʥʥʷ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʽʟ 

ʙʽʣʴʰʦʶ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ ʜʣʷ ʚʩʽʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʥʘ ʯʝʨʥʦʟʝʤʥʠʭ 

ʩʣʘʙʦʣʫʞʥʠʭ ˇʨʫʥʪʘʭ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ. ʇʦʢʘʟʘʥʦ ʽʩʥʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʠʭ 

ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚô̫ ʟʢʽʚ ʤʽʞ ʧʣʦʱʝʶ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ ʪʘ ʚʨʦʞʘʡʥʽʩʪʶ ʥʘ ʜʽʣʷʥʮʽ 

ɼʤʠʪʨʽʚ (r = 0,23**) ʪʘ ʩʣʘʙʢʽ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ (r = 0,07**). 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʩʪʘʪʪʷʭ [252] ʪʘ ʤʘʪʝʨʽʘʣʘʭ 

ʢʦʥʬʝʨʝʥʮʽʡ [473, 478]. 
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3.3. ɺʦʜʥʠʡ ʨʝʞʠʤ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʟʘ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘ ˇʨʫʥʪʘʭ ʽʟ 

ʥʠʟʴʢʦʶ ʜʦʩʪʫʧʥʽʩʪʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ 

ʇʦʩʫʭʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʜʝʬʽʮʠʪ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʯʝʨʝʟ ʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ, ʟʤʝʥʰʫʶʯʠ ʨʫʭʣʠʚʽʩʪʴ ʪʘ ʧʦʛʣʠʥʘʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʨʦʩʣʠʥʦʶ [25]. ʏʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʽ 

ʧʦʛʽʨʰʫʻʪʴʩʷ ʤʽʥʝʨʘʣʴʥʝ ʞʠʚʣʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʽʣʴʥʦʾ ʜʠʬʫʟʽʾ 

ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʽʟ ˇʨʫʥʪʫ ʜʦ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʪʨʘʥʩʣʦʢʘʮʽʾ ʜʦ ʣʠʩʪʢʽʚ. ɺʦʜʥʠʡ ʜʝʬʽʮʠʪ ʚʠʢʣʠʢʘʻ ʟʘʢʨʠʪʪʷ ʧʨʦʜʠʭʽʚ, ʪʠʤ ʩʘʤʠʤ 

ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʽʨʘʮʽʾ ʪʘ ʦʙʤʝʞʫʻ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʟ 

ʢʦʨʝʥʷ ʜʦ ʧʘʛʦʥʘ [25; 110]. 

ʏʝʨʝʟ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʦʜʠ ʚ ˇʨʫʥʪʽ ʧʦʛʣʠʥʘʥʥʷ Zn ʢʦʨʝʥʷʤʠ ʨʦʩʣʠʥ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʟʘ ʮʠʭ ʫʤʦʚ ʨʫʭʣʠʚʽʩʪʴ Zn ʧʨʠʛʥʽʯʫʻʪʴʩʷ [25]. ɺʦʣʦʛʽʩʪʴ 

ˇʨʫʥʪʫ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʚʘʣʦʚʠʡ ʚʤʽʩʪ, ʪʘʢ ʽ ʪʘ ʥʘ ʚʤʽʩʪ ʙʽʦʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Fe. ʋ ʜʦʙʨʝ 

ʟʚʦʣʦʞʝʥʠʭ ˇʨʫʥʪʘʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Fe2+/Fe3+ ʻ ʚʠʱʠʤ, ʧʨʦ ʪʝ ʚ ʫʤʦʚʘʭ ʧʦʩʫʭʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Fe2+/Fe3+ ʟʥʠʞʫʻʪʴʩʷ, ʡʤʦʚʽʨʥʦ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ O2, ʱʦ ʟʤʝʥʰʫʻ 

ʙʽʦʜʦʩʪʫʧʥʽ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʨʦʩʣʠʥʘʤʠ ʬʦʨʤʠ, ʦʩʢʽʣʴʢʠ Fe3+ ʤʝʥʰ ʨʦʟʯʠʥʥʠʡ, ʥʽʞ 

Fe2+ [25]. ɿʘ ʜʝʬʽʮʠʪʫ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʽ ʟʥʠʞʫʻʪʴʩʷ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ Cu [399]. 

ʉʧʨʠʯʠʥʝʥʠʡ ʧʦʩʫʭʦʶ ʜʝʬʽʮʠʪ B ʽ Zn ʫ ʨʦʩʣʠʥ ʧʽʜʚʠʱʫʻ ʥʘʢʦʧʠʯʝʥʥʷ ɸʌʆ ʽ 

ʚʪʨʘʪʫ ʮʽʣʽʩʥʦʩʪʽ ʤʝʤʙʨʘʥ [170]. ɼʝʬʽʮʠʪ Fe ʧʽʜ ʯʘʩ ʧʦʩʫʭʦʚʦʛʦ ʩʪʨʝʩʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ H2O2 ʫ ʨʦʩʣʠʥʘʭ ʰʣʷʭʦʤ ʽʥʛʽʙʫʚʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʛʝʤʚʤʽʩʥʠʭ 

ʬʝʨʤʝʥʪʽʚ ʧʝʨʦʢʩʠʜʘʟʠ ʽ ʢʘʪʘʣʘʟʠ [337]. ʆʢʨʽʤ ʪʦʛʦ, B, Zn ʽ Si ʟʙʽʣʴʰʫʶʪʴ 

ʫʪʨʠʤʘʥʥʷ ʚʦʜʠ ʢʣʽʪʠʥʘʤʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʟʙʝʨʽʛʘʶʯʠ ʮʽʣʽʩʥʽʩʪʴ ʢʣʽʪʠʥʥʦʾ ʤʝʤʙʨʘʥʠ 

ʪʘ ʚʤʽʩʪ ʭʣʦʨʦʬʽʣʫ ʚ ʫʤʦʚʘʭ ʧʦʩʫʭʠ [48]. 

 

3.3.1. ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʷʢ 

ʽʥʜʠʢʘʪʦʨʠ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ 

ʋʤʦʚʠ ʧʦʣʴʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʧʨʦʜʦʚʞ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʝʟʦʥʫ 2018 ʨ. 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʦʧʘʜʽʚ ʽ ʚʠʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʱʦ ʩʪʚʦʨʠʣʦ 

ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʩʫʭʦʩʽʡʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ 

https://link.springer.com/article/10.1007/s10725-022-00795-z#ref-CR17
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ʚ ʫʤʦʚʘʭ ɿʘʭʽʜʥʦʛʦ ʨʝʛʽʦʥʫ ʋʢʨʘʾʥʠ [487]. ɼʣʷ ʦʮʽʥʢʠ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʚʠʟʥʘʯʝʥʦ ʥʠʟʢʫ ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ 

ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ, ʟʦʢʨʝʤʘ, ʚʦʜʥʠʡ ʜʝʬʽʮʠʪ (WD), ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʚʦʜʠ (RWC) 

(ʨʠʩ. 3.4 ɸ, ɹ), ʚʦʜʦʫʪʨʠʤʥʫ ʟʜʘʪʥʽʩʪʴ ʣʠʩʪʢʽʚ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʤʘʩʫ (EL WLW) ʪʘ 

ʧʣʦʱʫ (EL WLA) (ʨʠʩ. 3.5 ɸ, ɹ, ɺ, ɻ). ʋʩʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʟ ʨʦʩʣʠʥʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʚʽʜʽʙʨʘʥʠʤ ʽʟ ʨʦʩʣʠʥ, ʱʦ ʨʦʩʣʠ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ. 

ɺʦʜʥʠʡ ʜʝʬʽʮʠʪ ʪʘ ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʚʦʜʠ ʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʩʦʨʪʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʚʤʽʩʪʽ ʚʦʜʠ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ 

ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʪʘ ʚ ʫʩʽʭ ʟʨʘʟʢʘʭ ʯʝʨʝʟ 24 ʛʦʜ ʧʽʩʣʷ ʧʦʚʥʦʛʦ 

ʥʘʩʠʯʝʥʥʷ ʚʦʜʦʶ. ɺ ʫʤʦʚʘʭ ʧʨʠʨʦʜʥʦʾ ʧʦʩʫʭʠ WD ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʢʦʣʠʚʘʚʩʷ 

ʚʽʜ 18,0 ʜʦ 37,8 % ʫ ʣʠʩʪʢʘʭ ʤôʷʢʠʭ ʪʘ ʚʽʜ 19,4 ʜʦ 33,3 % ʫ ʣʠʩʪʢʘʭ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ 

ʧʰʝʥʠʮʽ (ʨʠʩ. 3.4 ɸ, ɹ). ʅʘʡʤʝʥʰʠʡ WD (Ò 20 %) ʟʘʬʽʢʩʦʚʘʥʦ ʫ ʤôʷʢʠʭ ʩʦʨʪʽʚ 

ʧʰʝʥʠʮʽ ʂʦʣʝʢʪʠʚʥʘ 3, ɽʣʝʛʽʷ ʄʠʨʦʥʽʚʩʴʢʘ ʪʘ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ï ɼʽʘʥʘ, ʏʘʜʦ. 

ɺʠʩʦʢʠʡ WD ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʽʚ ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ ʪʘ ʄɯʇ ʈʘʡʜʫʞʥʘ ï 37,8 % 

ʪʘ 33,3 %, ʚʽʜʧʦʚʽʜʥʦ. 

RWC ʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʧʰʝʥʠʮʽ ʩʦʨʪʫ ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ, ʷʢʠʡ 

ʚʚʘʞʘʶʪʴ ʟʘ ʩʪʘʥʜʘʨʪʥʠʡ ʧʦʩʫʭʦʩʪʽʡʢʠʡ ʩʦʨʪ [3], ʙʫʚ ʥʘ ʨʽʚʥʽ 72 % (ʨʠʩ. 3.4 ɸ), 

RWC ʚʠʱʝ 75 % ʚʠʷʚʣʝʥʦ ʫ ʜʚʦʭ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ï ɽʪʶʜ, ʂʦʣʝʢʪʠʚʥʘ 3 ʪʘ 

ʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʩʦʨʪʫ ï ʏʘʜʦ. ʅʘʡʥʠʞʯʠʡ RWC, ʤʝʥʰʝ 53 %, ʟʘʬʽʢʩʦʚʘʥʦ ʫ ʩʦʨʪʽʚ 

ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ (ʤôʷʢʠʡ) ʪʘ ʄɯʇ ʈʘʡʜʫʞʥʘ (ʪʚʝʨʜʠʡ). ʊʝʪʨʘʧʣʦʾʜʥʠʡ ʩʦʨʪ 

ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʪʘʢʦʞ ʤʘʚ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʠʡ RWC (70 %). 

ɿʘʛʘʣʦʤ, ʤʽʞ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʛʝʢʩʘ- ʪʘ ʪʝʪʨʘʧʣʦʾʜʥʠʤʠ ʛʝʥʦʪʠʧʘʤʠ ʧʰʝʥʠʮʽ 

ʚʠʷʚʣʝʥʦ ʥʝʟʥʘʯʫʱʽ ʚʽʜʤʽʥʥʦʩʪʽ. ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, RWC ʧʨʠ 

ʚô̫ ʥʝʥʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʠʜʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 60 % ʜʦ 

70 % [247]. 
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ʈʠʩ. 3.4. ɺʦʜʥʠʡ ʜʝʬʽʮʠʪ (WD, %) ʪʘ ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʚʦʜʠ (RWC, %) ʫ ʧʨʘʧʦʨʮʝʚʠʭ 

ʣʠʩʪʢʘʭ ʧʰʝʥʠʮʽ ʷʨʦʾ ʤôʷʢʠʭ (ɸ) ʪʘ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ (ɹ) ʥʘ ʝʪʘʧʽ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ GS43 

ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ, ʚʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 2018 ʨ., ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼʤʠʪʨʽʚ 

(50Á13ǋ26,6ǋǋN 24Á36ǋ50,5ǋǋE). 

ɺʪʨʘʪʘ ʚʦʜʠ ʣʠʩʪʢʘʤʠ. EL WL ʷʢ ʧʦʢʘʟʥʠʢʠ ʚʦʜʦʫʪʨʠʤʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʦʢʨʝʤʦ ʥʘ ʩʫʭʫ ʤʘʩʫ EL WLW (ʨʠʩ. 3.5 ɸ, ɹ) ʪʘ 

ʥʘ ʧʣʦʱʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ EL WLA (ʨʠʩ.3.5 ɺ, ɻ). ʅʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʚʪʨʘʪ ʚʦʜʠ 

ʚʽʜʟʥʘʯʝʥʽ ʥʘ ʜʨʫʛʫ ʛʦʜʠʥʫ ʝʢʩʧʦʟʠʮʽʾ. 

ʅʘʡʥʠʞʯʠʡ EL WLW ʚʠʷʚʣʝʥʦ ʫ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʉʧʘʜʱʠʥʘ 14,7 % ʪʘ 

ɼʽʘʥʘ ï 16,7 %, ʧʦʧʝʨʝʜʥʴʦ ʜʣʷ ʮʠʭ ʩʦʨʪʽʚ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚʠʩʦʢʠʡ WD (ʨʠʩ. 3.4 

ɹ). ʉʝʨʝʜ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ EL WLW ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʫ ʩʦʨʪʽʚ 

ɼʫʙʨʘʚʢʘ ï 17,0 % ʪʘ ʇʨʦʚʽʥʮʽʘʣʢʘ ï 18,4 %. ʊʦʜʽ ʷʢ ʚʠʩʦʢʠʡ EL WLW ʚʩʪʘʥʦʚʣʝʥʦ 

ʫ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ 31,7 %, ʪʚʝʨʜʦʾ ʧʰʝʥʠʮʽ ʏʘʜʦ 27,3 % ʪʘ 

ʧʰʝʥʠʮʽ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ 29,6 %. ɼʦʩʣʽʜʞʫʚʘʥʽ ʩʦʨʪʠ ʥʘʡʙʽʣʴʰʝ ʚʪʨʘʯʘʣʠ ʚʦʜʫ 

ʚʧʨʦʜʦʚʞ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʜʚʦʭ ʛʦʜʠʥʥʠʭ ʧʝʨʽʦʜʽʚ [252]. 
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ʈʠʩ. 3.5. ɺʦʜʦʫʪʨʠʤʥʘ ʟʜʘʪʥʽʩʪʴ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʤʘʩʫ (EL WLW, %) ʽ ʧʣʦʱʫ (EL 

WLA, ʤʛ/ʩʤ2) ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ (GS43) ʧʰʝʥʠʮʽ ʷʨʦʾ ʤôʷʢʠʭ (A, ɺ) ʪʘ ʪʚʝʨʜʠʭ 

(ɹ, ɻ) ʩʦʨʪʽʚ ʥʘ 0ï2, 0ï4, 0ï6 ʪʘ 0ï24 ʛʦʜ, ʚ ʫʤʦʚʘʭ ʧʦʣʴʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʜʦʩʣʽʜʥʽ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ (50Á13ǋ26.6ǋǋN 24Á36ǋ50.5ǋǋE), ʚʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 2018 ʨ. 
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ʅʠʟʴʢʠʡ EL WLW ʚʠʷʚʣʝʥʦ ʫ ʤôʷʢʠʭ ʩʦʨʪʽʚ ɼʫʙʨʘʚʢʘ, ɻʝʨʦʾʥʷ, ʇʨʦʚʽʥʮʽʘʣʢʘ 

ï 28ï42 %, ʧʦʨʽʚʥʷʥʦ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʥʘ ʨʽʚʥʽ 43ï52 % EL WLW, ʚʩʪʘʥʦʚʣʝʥʠʤʠ 

ʜʣʷ ʩʦʨʪʽʚ ʄɯʇ ʉʚʽʪʣʘʥʘ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ʪʘ ɽʪʶʜ. ʉʝʨʝʜ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ 

ʚʽʜʟʥʘʯʝʥʦ ʥʘʡʥʠʞʯʠʡ EL WLW ʫ ʩʦʨʪʽʚ ʉʧʘʜʱʠʥʘ, ɼʽʘʥʘ ï 27ï36 %, ʪʦʜʽ ʷʢ 

ʥʘʡʙʽʣʴʰʽ ʚʪʨʘʪʠ ʚʦʜʠ ï ʫ ʩʦʨʪʽʚ ɾʽʟʝʣʴ, ʏʘʜʦ, ɯʟʦʣʴʜʘ ï 37ï46 % ʥʘ 4ï6 ʛʦʜ 

ʜʦʩʣʽʜʫ. ʋ ʩʦʨʪʫ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʥʘ 4 ʛʦʜ ʽ 6 ʛʦʜ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʚʠʱʠʡ EL WLW 

48,7 % ʪʘ 58,7 %, ʚʽʜʧʦʚʽʜʥʦ. ʅʘ 24 ʛʦʜ ʜʦʩʣʽʜʫ ʩʧʦʩʪʝʨʽʛʘʣʠ ʤʘʢʩʠʤʫʤ WLW 72ï

79 %, ʜʦʩʪʦʚʽʨʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʩʦʨʪʘʤʠ ʥʝ ʙʫʣʦ [252 

ʇʦʢʘʟʥʠʢʠ EL WLA ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ EL WLW. ʉʦʨʪʠ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ ʉʽʤʢʦʜʘ 

ʤʠʨʦʥʽʚʩʴʢʘ, ʇʨʦʚʽʥʮʽʘʣʢʘ, ʇʘʥʷʥʢʘ ʪʘ ʪʚʝʨʜʽ ʩʦʨʪʠ ɾʽʟʝʣʴ, ʊʝʨʘ ʪʘ ʧʦʣʙʘ 

ɻʦʣʽʢʦʚʩʴʢʘ ʚʪʨʘʯʘʣʠ ʥʘʡʤʝʥʰʝ ʚʦʜʠ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ, ʤʘʢʩʠʤʘʣʴʥʽ ʚʪʨʘʪʠ ʚʦʜʠ 

ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʫ ʤôʷʢʠʭ ʩʦʨʪʽʚ ɽʪʶʜ, ɼʫʙʨʘʚʢʘ ʪʘ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʏʘʜʦ, 

ʉʧʘʜʱʠʥʘ. ʅʘʡʙʽʣʴʰʽ ʚʪʨʘʪʠ ʚʦʜʠ ʧʽʜ ʯʘʩ 2ï6 ʛʦʜ ʚʽʜʤʽʯʝʥʦ ʜʣʷ ʩʦʨʪʽʚ ʤôʷʢʦʾ 

ʧʰʝʥʠʮʽ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʂʦʣʝʢʪʠʚʥʘ 3 ʪʘ ɽʪʶʜ, ʩʝʨʝʜ ʪʚʝʨʜʠʭ ʫ ʩʦʨʪʽʚ ï 

ʏʘʜʦ ʽ ʉʧʘʜʱʠʥʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʢʘʟʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʤʝʪʦʜʦʤ 

ʧʦʙʫʜʦʚʠ ʧʦʜʚʽʡʥʦʛʦ ʛʨʘʬʽʢʘ ʽ ʘʥʘʣʽʟʫ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʈʉɸ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Past 3. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (PCA) 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.6 ɸ, ɹ, ɺ.  

ʂʦʤʧʦʥʝʥʪ 1 ʩʢʣʘʚ 43,7 % ʟʘʛʘʣʴʥʦʾ ʚʘʨʽʘʮʽʾ, ʂʦʤʧʦʥʝʥʪ 2 ï 28,4 %. ɻʦʩʪʨʽ 

ʢʫʪʠ ʤʽʞ ʚʝʢʪʦʨʘʤʠ PC EL WLW 2ï6 ʛʦʜ ʪʘ EL WLA 2ï6 ʛʦʜ ʪʘ ʧʦʢʘʟʥʠʢʠ RWC 

ʧʦʢʘʟʘʣʠ ʟʚôʷʟʦʢ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʦʢʘʟʥʠʢ ʚʨʦʞʘʡʥʦʩʪʽ ʥʝʟʥʘʯʥʦ ʧʦʟʠʪʠʚʥʦ 

ʢʦʨʝʣʶʻ ʟ ʂʦʤʧʦʥʝʥʪʦʤ 2 (0,17) ʽ ʥʝʛʘʪʠʚʥʦ (-0,13) ʟ ʂʦʤʧʦʥʝʥʪʦʤ 1. ʎʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʤʘʣʦ ʟʘʣʝʞʘʣʘ ʚʽʜ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ɻʨʘʬʽʢʠ PC ʧʦʢʘʟʘʣʠ ʱʦ 

ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʥʝʛʘʪʠʚʥʦ ʢʦʨʝʣʶʻ ʟ EL WLA 2ï6 ʛʦʜ. ɿ ʦʛʣʷʜʫ ʥʘ ʜʦʚʞʠʥʫ 

ʚʝʢʪʦʨʽʚ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʙʫʣʠ EL WLW 2ï6 ʛʦʜ ʪʘ EL WLA 2ï6 ʛʦʜ, 

ʪʦʜʽ, ʷʢ ʪʽ ʞ ʧʦʢʘʟʥʠʢʠ ʥʘ 24 ʛʦʜ ʜʦʩʣʽʜʫ ʪʘ ʧʦʯʘʪʢʦʚʠʡ RWC ʙʫʣʠ ʤʝʥʰ 

ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʚ ʘʥʘʣʽʟʽ (ʨʠʩ. 3.6 ɺ) [252]. 
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ʈʠʩ. 3.6. ɼʚʦʢʦʤʧʦʥʝʥʪʥʠʡ biplot ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʪʘ ʚʨʦʞʘʡʥʦʩʪʽ 

ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ. ɸ ï ʤʘʪʨʠʮʷ ʥʘʚʘʥʪʘʞʝʥʴ, ɹ ï ʢʦʨʝʣʷʮʽʷ, ɺ ï ʜʽʘʛʨʘʤʘ ʨʦʟʢʠʜʫ. 

PC = ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʈʉ1-ʈʉ8 ʦʩʥʦʚʥʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʧʰʝʥʠʮʽ. RWC 

ï ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʚʦʜʠ, LW ï ʚʦʜʦʫʪʨʠʤʥʘ ʟʜʘʪʥʽʩʪʴ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʤʘʩʫ ʩʫʭʦʾ 

ʨʝʯʦʚʠʥʠ (EL WLW); WLA ï ʚʪʨʘʪʠ ʚʦʜʠ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʣʠʩʪʢʘ (EL WLA) ʥʘ 

2, 4, 6, 24 ʛʦʜ ʚʠʩʫʰʫʚʘʥʥʷ; GY ï ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ, ʮ/ʛʘ. 

ʇʰʝʥʠʮʷ ʩʦʨʪʫ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʟʘʡʤʘʻ ʯʽʪʢʫ ʦʢʨʝʤʫ ʧʦʟʠʮʽʶ ʥʘ ʛʨʘʬʽʢʫ ʟ 

ʚʠʩʦʢʦʶ ʚʦʜʦʫʪʨʠʤʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʨʦʞʘʡʥʦʩʪʽ. ɺʠʩʦʢʘ 

-0,2

0

0,2

0,4

0,6

0,8

1

͔ͦͪ͟͡Ύͼ͜Ύ
 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8 

RWC 0.40 -0.40 -0.47 0.71 -0.04 -0.01 0.01 0.001 

WLW 2 h 0.69 0.66 -0.04 -0.04 -0.28 0.03 0.08 -0.007 

WLW 4 h 0.68 0.69 -0.13 0.02 0.12 -0.14 -0.01 0.03 

WLW 6 h 0.76 0.59 -0.16 0.01 0.16 0.12 -0.06 -0.02 

WLA 2 h  0.83 -0.42 0.28 -0.04 -0.21 -0.01 -0.10 0.02 

WLA 4 h  0.85 -0.48 0.17 -0.07 0.09 -0.06 0.03 -0.06 

WLA 6 h  0.81 -0.53 0.16 -0.08 0.13 0.06 0.07 0.04 

GY -0.14 0.40 0.76 0.49 0.04 0.01 0.01 -0.001 

ɺ 
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ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ [369; 

385]. ɿʘ ʜʘʥʠʤʠ biplot ʘʥʘʣʽʟʫ ʩʦʨʪʠ ɾʽʟʝʣʴ, ʄɯʇ ʈʘʡʜʫʞʥʘ, ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʪʘ ʚʨʦʞʘʡʥʦʩʪʽ; ʤôʷʢʽ ʩʦʨʪʠ 

ʂʦʣʝʢʪʠʚʥʘ 3, ɽʪʶʜ ï ʚ ʨʘʡʦʥʽ ʯʫʪʣʠʚʦʩʪʽ; ʩʦʨʪʠ ɹʦʞʝʥʘ ʪʘ ɼʫʙʨʘʚʢʘ ï ʙʣʠʟʴʢʽ ʜʦ 

ʚʝʢʪʦʨʽʚ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʪʦʣʝʨʘʥʪʥʦʩʪʽ, ʟʛʽʜʥʦ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ H. Abdi ʪʘ M. T. 

Mazandarai [20] ʤʦʜʝʣʣʶ biplot ʘʥʘʣʽʟʫ.  

ʅʝʩʪʘʯʘ ʚʦʣʦʛʠ ʥʘ ʝʪʘʧʽ ʢʫʱʽʥʥʷ ʧʰʝʥʠʮʽ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʥʝʧʣʽʜʥʠʭ 

ʢʦʣʦʩʢʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʫ ʚʪʨʘʪʫ ʚʨʦʞʘʶ ʫ ʧʰʝʥʠʮʽ [2; 3; 317; 448]. 

ɯʩʥʫʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʶ ʢʫʣʴʪʫʨ ʽ ʚʠʩʦʢʦʶ ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ, 

ʚʦʜʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ [94; 330] ʪʘ ʮʽʣʽʩʥʽʩʪʶ ʤʝʤʙʨʘʥ. ɿʛʽʜʥʦ ʟ ʜʝʷʢʠʤʠ 

ʧʫʙʣʽʢʘʮʽʷʤʠ [206], ʛʝʥʦʪʠʧʠ, ̫ ʢʽ ʤʘʶʪʴ ʚʠʱʠʡ RWC, ̒  ʧʦʩʫʭʦʩʪʽʡʢʽʰʠʤʠ, ʦʜʥʘʢ ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ RWC ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʜʽʾ ʦʥʪʦʛʝʥʝʟʫ [93]. 

ɺʚʘʞʘʶʪʴ, ʱʦ ʟʥʠʞʝʥʥʷ RWC ʟʘ ʫʤʦʚ ʧʦʩʫʭʠ ʧʦʚôʷʟʘʥʝ ʟʽ ʟʜʘʪʥʽʩʪʶ 

ʪʦʣʝʨʘʥʪʥʠʭ ʩʦʨʪʽʚ ʢʨʘʱʝ ʧʦʛʣʠʥʘʪʠ ʚʦʜʫ ʟ ˇʨʫʥʪʫ ʪʘ ʟʘʧʦʙʽʛʘʪʠ ʪʨʘʥʩʧʽʨʘʮʽʡʥʠʤ 

ʚʪʨʘʪʘʤ [130]. ɺʠʱʠʡ RWC ʪʘ ʚʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ʣʠʩʪʢʽʚ ʚ ʫʤʦʚʘʭ ʧʦʩʫʭʠ 

ʚʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʪʚʝʨʜʦʾ ʪʝʪʨʘʧʣʦʾʜʥʦʾ ʧʰʝʥʠʮʽ. ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʥʘʰʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ ʥʘ ʦʩʥʦʚʽ RWC, ʩʚʽʜʯʘʪʴ ʱʦ ʩʪʽʡʢʠʤʠ ʜʦ ʧʦʩʫʭʠ ʻ ʥʘʩʪʫʧʥʽ ʩʦʨʪʠ 

ʧʰʝʥʠʮʽ: ɽʪʶʜ, ʂʦʣʝʢʪʠʚʥʘ 3 (ʤôʷʢʘ), ʏʘʜʦ, ɼʽʘʥʘ (ʪʚʝʨʜʘ) ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ (ʧʦʣʙʘ) 

[252]. 

ɺʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ EL WL ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʥʝʛʘʪʠʚʥʦ ʢʦʨʝʣʶʶʪʴ ʟ 

ʚʨʦʞʘʡʥʽʩʪʶ ʧʰʝʥʠʮʽ ʚ ʫʤʦʚʘʭ ʧʦʩʫʭʠ [79]. ʊʘʢʦʞ ʻ ʜʘʥʽ ʧʨʦʪʝ, ʱʦ ʤôʷʢʽ ʩʦʨʪʠ 

ʧʰʝʥʠʮʽ ʩʪʽʡʢʽʰʽ ʜʦ ʥʝʩʪʘʯʽ ʚʦʜʠ ʚ ˇʨʫʥʪʽ, ʥʽʞ ʪʚʝʨʜʽ [447]. ʊʚʝʨʜʽ ʩʦʨʪʠ ʤʘʶʪʴ 

ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʚʠʥʝʥʫ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ ʽ ʥʠʟʴʢʫ ʚʦʜʦʫʪʨʠʤʥʫ ʟʜʘʪʥʽʩʪʴ ʣʠʩʪʢʽʚ 

ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʨʦʩʪʫ [79]. ʇʨʦʪʝ, ʜʝʷʢʽ ʚʯʝʥʽ ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ ʚʠʱʫ 

ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ [80]. 

ʂʨʘʱʠʡ ʨʽʩʪ T. durum ʽ T. dicoccum ʟʘ ʚʦʜʥʦʛʦ ʩʪʨʝʩʫ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʛʝʢʩʘʧʣʦʾʜʥʠʤʠ ʛʝʥʦʪʠʧʘʤ T. aestivum, ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʾʭ ʢʨʘʱʦʶ 

ʟʜʘʪʥʽʩʪʶ ʫʪʨʠʤʫʚʘʪʠ ʚʦʜʫ, ʱʦ ʧʦʚô̫ ʟʫʶʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ɸɹʂ ʧʨʠ ʥʝʩʪʘʯʽ 

ʚʦʜʠ, ʚʠʱʠʤʠ ʩʪʘʙʽʣʴʥʽʩʪʶ ʤʝʤʙʨʘʥ ʪʘ ʥʽʪʨʘʪʨʝʜʫʢʪʘʟʥʦʶ ʘʢʪʠʚʥʽʩʪʶ [109]. 
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ʇʦʢʘʟʥʠʢʠ RWC ʘʙʦ ELWL ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʢʨʠʪʝʨʽʡ 

ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʥʘʤʠ ʜʘʥʽ ʟʘ ʟʥʘʯʝʥʥʷʤ EL WLW, ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ 

ʩʦʨʪʽʚ ʟʥʠʞʫʚʘʣʘʩʷ ʚ ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ: ɼʫʙʨʘʚʢʘ ï ɻʝʨʦʾʥʷ ï ʇʨʦʚʽʥʮʽʘʣʢʘ ï 

ʇʘʥʷʥʢʘ ï ɹʦʞʝʥʘ (ʤôʷʢʽ) ʪʘ ʉʧʘʜʱʠʥʘ ï ɼʽʘʥʘ ï ɼʠʥʘʩʪʽʷ ï ʊʝʨʘ ï ʄɯʇ ʈʘʡʜʫʞʥʘ 

(ʪʚʝʨʜʽ). ɸʜʘʧʪʠʚʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʦʩʫʭʠ ʚʽʜʤʽʯʝʥʘ ʪʘʢʦʞ ʫ ʩʦʨʪʽʚ ʉʪʨʫʥʘ 

ʤʠʨʦʥʽʚʩʴʢʘ ʪʘ ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ. 

EL WL ʤʦʞʝ ʙʽʣʴʰ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʙʘʣʘʥʩ ʤʽʞ ʥʘʜʭʦʜʞʝʥʥʷʤ ʚʦʜʠ ʜʦ 

ʣʠʩʪʢʽʚ ʪʘ ʰʚʠʜʢʽʩʪʶ ʪʨʘʥʩʧʽʨʘʮʽʾ, ʟʜʘʪʥʽʩʪʴ ʨʦʩʣʠʥʠ ʚʽʜʥʦʚʣʶʚʘʪʠʩʷ ʧʽʩʣʷ ʩʪʨʝʩʫ, 

ʘ ʦʪʞʝ, ʜʦ ʚʠʩʦʢʦʾ ʚʨʦʞʘʡʥʦʩʪʽ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ, ʪʦʤʫ ʚʽʥ ʧʨʠʜʘʪʥʠʡ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʝʣʠʢʠʭ ʧʦʧʫʣʷʮʽʷʭ. 

ɺʦʜʥʠʡ ʜʝʬʽʮʠʪ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʦʨʪʦʚʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʢʘʟʥʠʢʠ EL WLA ʪʘ RWC ʻ 

ʝʬʝʢʪʠʚʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʩʢʨʠʥʽʥʛʫ ʥʘ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʜʣʷ ʨʽʟʥʠʭ ʩʦʨʪʽʚ 

ʧʰʝʥʠʮʽ. ɿʘ ʥʘʰʠʤʠ ʜʘʥʠʤʠ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʚʦʜʦʫʪʨʠʤʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʚʦʜʥʦ-

ʜʝʬʽʮʠʪʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʷʨʦʾ ʧʰʝʥʠʮʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝ 

ʟʘʚʞʜʠ. ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʦʩʦʙʣʠʚʦ ʯʫʪʣʠʚʦʶ ʜʦ ʜʝʬʽʮʠʪʫ ʚʦʜʠ ʻ 

ʨʝʧʨʦʜʫʢʪʠʚʥʘ ʬʘʟʘ ʨʦʟʚʠʪʢʫ. 

ʇʽʜʩʫʤʢʠ ʜʦ ʧʽʜʨʦʟʜʽʣʫ 

ɼʝʬʽʮʠʪ ʚʦʣʦʛʠ ʩʧʨʠʯʠʥʠʚ ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʚʤʽʩʪʫ ʚʦʜʠ ʚ ʣʠʩʪʢʘʭ ʚʩʽʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. ʇʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʨʝʘʢʮʽʾ ʥʘ ʧʦʩʫʭʫ ʩʝʨʝʜ 

ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ T. aestivum ʽ T. durum. ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ WD ʚʽʜʟʥʘʯʝʥʦ ʜʣʷ ʩʦʨʪʽʚ 

ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ ʪʘ ʄɯʇ ʈʘʡʜʫʞʥʘ. ʅʠʟʴʢʽ ʟʥʘʯʝʥʥʷ WLW EL, ʘ ʦʪʞʝ, ʚʠʱʘ 

ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʚʽʜʤʽʯʝʥʘ ʜʣʷ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʪʚʝʨʜʦʾ ʉʧʘʜʱʠʥʘ ʪʘ ɼʽʘʥʘ. 

ɼʚʦʢʦʤʧʦʥʝʥʪʥʠʡ biplot ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʠʚ ʚʠʩʦʢʫ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʩʦʨʪʫ MIʇ 

ʈʘʡʜʫʞʥʘ. ʇʦʢʘʟʥʠʢʠ EL WLW ʪʘ EL WLA, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʦʜʦʫʪʨʠʤʥʫ 

ʟʜʘʪʥʽʩʪʴ ʪʢʘʥʠʥ ʣʠʩʪʢʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʷʢ ʜʦʜʘʪʢʦʚʽ ʧʦʢʘʟʥʠʢʠ 

ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʦʜʥʦʛʦ ʩʪʨʝʩʫ.  
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ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʩʪʘʪʪʷʭ [252] ʪʘ ʤʘʪʝʨʽʘʣʘʭ 

ʢʦʥʬʝʨʝʥʮʽʡ [473, 478]. 

 

3.4. ʗʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʪʨʫʢʪʫʨʠ ʚʨʦʞʘʶ ʧʰʝʥʠʮʽ ʷʨʦʾ ʟʘ ʫʤʦʚ 

ʚʠʨʦʱʫʚʘʥʥʷ ʥʘ ˇʨʫʥʪʘʭ ʽʟ ʨʽʟʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

3.4.1. ʇʦʩʽʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʽʥʥʷ ʧʰʝʥʠʮʽ, ʚʠʨʦʱʝʥʦʾ ʥʘ ˇʨʫʥʪʘʭ ʽʟ 

ʨʽʟʥʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ  

ɻʦʣʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʥʘʩʽʥʥʷ ʩʣʫʛʫʶʪʴ ʝʥʝʨʛʽʷ 

ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʩʭʦʞʽʩʪʴ. ɿʛʽʜʥʦ ʟ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ISTA (International Seed 

Testing Association) [489] ʪʘ ʩʪʘʥʜʘʨʪʦʤ ʋʢʨʘʾʥʠ ɼʉʊʋ 4138-2002 ʩʭʦʞʽʩʪʴ ʥʘʩʽʥʥʷ 

ʚʠʟʥʘʯʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. ʉʭʦʞʽʩʪʴ ʻ ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ ʥʘʩʽʥʥʷ, 

ʷʢʠʡ ʚʩʝʙʽʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʡʦʛʦ ʧʦʩʽʚʥʫ ʧʨʠʜʘʪʥʽʩʪʴ. ɽʥʝʨʛʽʷ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʥʘʩʽʥʥʷ ʪʘ ʜʨʫʞʥʽʩʪʴ ʧʦʷʚʠ ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʨʦʩʪʢʽʚ ʟʘ 

ʧʝʚʥʠʡ ʪʝʨʤʽʥ. ʅʘʩʽʥʥʷ ʟ ʚʠʩʦʢʦʶ ʝʥʝʨʛʽʻʶ ʧʨʦʨʦʩʪʘʥʥʷ ʜʘʻ ʨʘʥʥʽ ʡ ʨʽʚʥʦʤʽʨʥʽ 

ʩʭʦʜʠ. ɺʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʽʾ ʧʨʦʨʦʩʪʘʥʥʷ ʤʘʻ ʟʜʦʨʦʚʝ ʥʘʩʽʥʥʷ, ʚʠʨʽʚʥʷʥʝ ʟʘ 

ʬʽʟʽʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʢʘʟʥʠʢ ʝʥʝʨʛʽʾ ʧʨʦʨʦʩʪʘʥʥʷ ʥʝ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ISTA, ʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʣʠʰʝ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʤ ʚʠʤʦʛʘʤ ʋʢʨʘʾʥʠ ɼʉʊʋ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʚʠʟʥʘʯʘʣʠ ʝʥʝʨʛʽʶ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʩʭʦʞʽʩʪʴ 

ʥʘʩʽʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʽʥʥʷ ʦʪʨʠʤʘʥʝ ʫ 2017 ʨʦʮʽ ʽʟ 

ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ ɼ. ʃʫʞʦʢ ʪʘ ɼʤʠʪʨʽʚ ʥʘ ʜʚʦʭ ʨʽʟʥʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ, ʷʢʽ ʨʽʟʥʠʣʠʩʴ 

ʟʘ ʨʅ, ʜʦʩʪʫʧʥʽʩʪʶ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. ɿʨʘʟʢʠ 

ʥʘʩʽʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʟʙʝʨʽʛʘʣʠ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʫ ʥʝʛʝʨʤʝʪʠʯʥʽʡ ʪʘʨʽ, ʧʨʠ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ (ʢʽʤʥʘʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ) ʪʘ ʚʦʣʦʛʦʩʪʽ.  

ʋ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʝʥʝʨʛʽʷ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʚʘʨʽʶʚʘʣʘ 

ʚʽʜ 72 ʜʦ 100 %, ʘ ʩʭʦʞʽʩʪʴ ï ʚʽʜ 82 ʜʦ 100 %, ʚʤʽʩʪ ʚʦʜʠ ʚ ʥʘʩʽʥʥʽ ʩʪʘʥʦʚʠʚ 8,53 ï 

10,45 % (ʨʠʩ. 3.7 ɸ, ɹ).  
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ʈʠʩ. 3.7. ɽʥʝʨʛʽʷ ʧʨʦʨʦʩʪʘʥʥʷ (%), ʩʭʦʞʽʩʪʴ ʥʘʩʽʥʥʷ (%) ʪʘ ʚʤʽʩʪ ʚʦʜʠ ʚ ʟʝʨʥʽ (%) 

24 ʩʦʨʪʽʚ ʷʨʦʾ ʧʰʝʥʠʮʽ, ʜʦʩʣʽʜʥʽ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ (ɸ) (50Á13ǋ26,6ǋǋN 24Á36ǋ50,5ǋǋE) 

ʪʘ ɼ. ʃʫʞʦʢ (ɹ) (49Á27'17.5"N 23Á23'02.6"E), ʚʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 2017 ʨ.. 

ʇʦʨʽʚʥʶʶʯʠ ʜʘʥʽ ʱʦʜʦ ʧʦʩʽʚʥʦʾ ʷʢʦʩʪʽ ʥʘʩʽʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʽʟ ʜʚʦʭ ʜʦʩʣʽʜʥʠʭ 

ʜʽʣʷʥʦʢ, ʚʩʪʘʥʦʚʣʝʥʦ ʙʽʣʴʰʽ ʢʦʣʠʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʽʾ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʩʭʦʞʦʩʪʽ 

ʫ ʟʨʘʟʢʘʭ ʽʟ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ (ʨʠʩ. 3.7 ɸ). ʅʘʡʚʠʱʘ ʝʥʝʨʛʽʷ ʧʨʦʨʦʩʪʘʥʥʷ 
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ʙʫʣʘ ʚ ʥʘʩʽʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʟ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ: ʩʦʨʪ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ɽʪʶʜ, ʩʦʨʪ 

ʧʰʝʥʠʮʽ ʪʚʝʨʜʦʾ ʊʝʨʘ. ʅʘʡʥʠʞʯʘ ʝʥʝʨʛʽʷ ʧʨʦʨʦʩʪʘʥʥʷ ʙʫʣʘ ʚʣʘʩʪʠʚʘ ʥʘʩʽʥʥʶ 

ʤôʷʢʦʾ ʧʰʝʥʠʮʽ ʩʦʨʪʫ ɻʝʨʦʾʥʷ ʪʘ ʪʚʝʨʜʦʾ ʩʦʨʪʫ ʏʘʜʦ. ʋ ʩʦʨʪʫ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ 

ʚʠʷʚʣʝʥʦ ʥʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʧʨʦʨʦʩʪʘʥʥʷ ʩʝʨʝʜ ʫʩʽʭ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ï 72,21 

%. 

ɽʥʝʨʛʽʷ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʫʩʽʭ 24 ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ, ʦʪʨʠʤʘʥʦʛʦ ʟ 

ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ, ʙʫʣʘ ʧʨʘʢʪʠʯʥʦ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ. ʋ 13 ʟ 24 ʩʦʨʪʽʚ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʜʦʩʷʛʘʚ ʟʥʘʯʝʥʥʷ 100 % (ʨʠʩ. 3.7 ɹ). ʅʘʡʥʠʞʯʘ ʝʥʝʨʛʽʷ ʧʨʦʨʦʩʪʘʥʥʷ 

ʥʘʩʽʥʥʷ ʚʽʜʤʽʯʝʥʘ ʫ ʩʦʨʪʽʚ ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ (ʤôʷʢʘ) ʪʘ ɼʠʥʘʩʪʽʷ (ʪʚʝʨʜʘ).  

ʅʘʡʚʠʱʘ ʩʭʦʞʽʩʪʴ ʥʘʩʽʥʥʷ ʟ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ ʙʫʣʘ ʫ ʩʦʨʪʽʚ ɽʪʶʜ ʪʘ 

ʇʨʦʚʽʥʮʽʘʣʢʘ ʩʝʨʝʜ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʪʘ ʄɯʇ ʈʘʡʜʫʞʥʘ ʩʝʨʝʜ ʪʚʝʨʜʠʭ. ʅʘʡʥʠʞʯʘ 

ʩʭʦʞʽʩʪʴ ʥʘʩʽʥʥʷ ʚʠʷʚʣʝʥʘ ʜʣʷ ʩʦʨʪʽʚ ɻʝʨʦʾʥʷ (ʤôʷʢʘ) ʪʘ ɼʠʥʘʩʪʽʷ (ʪʚʝʨʜʘ). ʉʦʨʪ 

ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʥʘʡʥʠʞʯʦʶ ʩʭʦʞʽʩʪʶ ʥʘʩʽʥʥʷ ʪʘ ʝʥʝʨʛʽʻʶ 

ʧʨʦʨʦʩʪʘʥʥʷ ʩʝʨʝʜ ʫʩʽʭ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ʟ ʜʘʥʦʾ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ.  

ʋ ʥʘʩʽʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʟ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ ʩʭʦʞʽʩʪʴ ʙʫʣʘ ʥʘ ʨʽʚʥʽ 100 

% ʫ 15 ʩʦʨʪʽʚ ʽʟ 24 ʜʦʩʣʽʜʞʝʥʠʭ. ʅʘʡʥʠʞʯʽ ʧʦʢʘʟʥʠʢʠ ʥʘ ʨʽʚʥʽ 97,78 % ʪʘ 96,66 % ʫ 

ʩʦʨʪʽʚ ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ (ʤôʷʢʘ) ʪʘ ɼʠʥʘʩʪʽʷ (ʪʚʝʨʜʘ) ʚʽʜʧʦʚʽʜʥʦ. ʇʨʦʪʝ, 

ʜʦʩʪʦʚʽʨʥʦʾ ʨʽʟʥʠʮʽ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʝʥʝʨʛʽʾ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʩʭʦʞʦʩʪʽ ʥʘʩʽʥʥʷ ʥʝ 

ʚʩʪʘʥʦʚʣʝʥʦ. ʉʦʨʪ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʧʦʢʘʟʘʚ 100 % ʩʭʦʞʽʩʪʴ ʥʘʩʽʥʥʷ ʪʘ ʝʥʝʨʛʽʶ 

ʧʨʦʨʦʩʪʘʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʢʦʣʠ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʥʘʩʽʥʥʷ ʮʴʦʛʦ ʩʦʨʪʫ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʦʩʴ ʥʘʡʥʠʞʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ.  

ɺʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ ʧʨʦʨʦʩʪʘʥʥʽ ʥʘʩʽʥʥʷ ʚʽʜʽʛʨʘʻ ʚʤʽʩʪ ʚʦʜʠ ʚ ʟʝʨʥʽ. ɺ ʟʝʨʥʽ 

ʧʰʝʥʠʮʽ, ʷʢʝ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʦʥʘʜ 1 ʨʽʢ, ʤʽʩʪʠʪʴʩʷ 8ï15 % ʚʦʜʠ [196]. ʏʠʤ ʙʽʣʴʰʠʡ 

ʚʤʽʩʪ ʚʦʜʠ ʚ ʟʝʨʥʽ ʪʠʤ ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʽʾ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʩʭʦʞʦʩʪʽ ʥʘʩʽʥʥʷ. 

ɺ ʩʝʨʝʜʥʴʦʤʫ, ʚʤʽʩʪ ʚʦʜʠ ʙʫʚ ʚʠʱʠʤ ʫ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ 

ʜʽʣʷʥʢʘʭ (ʨʠʩ. 3.7 ɸ, ɹ). ɺʠʱʠʤ ʚʤʽʩʪ ʚʦʜʠ ʚ ʟʝʨʥʽ ʙʫʚ ʫ ʚʩʽʭ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ɼ. 

ʃʫʞʦʢ, ʯʠʤ ʤʦʞʝʤʦ ʯʘʩʪʢʦʚʦ ʧʦʷʩʥʶʚʘʪʠ ʡʦʛʦ ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʽʾ 

ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʩʭʦʞʦʩʪʽ. 
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ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʚʠʱʠʡ ʚʤʽʩʪ ʙʽʦʜʦʩʪʫʥʦʛʦ Fe ʪʘ Cu ʟʙʽʣʴʰʫʶʪʴ 

ʝʥʝʨʛʽʶ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʩʭʦʞʽʩʪʴ ʥʘʩʽʥʥʷ (ʜʠʚ. ʪʘʙʣ. 3.1, ʩʪʦʨ. 74). ɺʩʪʘʥʦʚʣʝʥʦ 

ʧʦʟʠʪʠʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʝʥʝʨʛʽʻʶ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʚʤʽʩʪʦʤ ʚʦʜʠ ʚ ʥʘʩʽʥʥʽ ʥʘ 

ʜʽʣʷʥʢʘʭ ɼʤʠʪʨʽʚ (r = 0,609**) ʪʘ ɼ. ʃʫʞʦʢ (r = 0,482**), ʪʘ ʤʽʞ ʩʭʦʞʽʩʪʶ ʥʘʩʽʥʥʷ 

ʪʘ ʚʤʽʩʪʦʤ ʚʦʜʠ ï r = 0,561** ʪʘ r = 0,391** ʚʽʜʧʦʚʽʜʥʦ.  

 

3.4.2. ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʙʽʣʢʽʚ ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʷʨʦʾ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ 

ˇʨʫʥʪʦʚʦʛʦ ʞʠʚʣʝʥʥʷ 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʙʽʣʢʘ ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʝʨʥʘ, ʷʢʘ ʚ 

ʋʢʨʘʾʥʽ ʥʦʨʤʫʻʪʴʩʷ ʟʛʽʜʥʦ ɼʉʊʋ 3768:2010, ʮʝ ʦʩʥʦʚʥʠʡ ʢʨʠʪʝʨʽʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʭʣʽʙʦʧʝʢʘʨʩʴʢʦʾ ʷʢʦʩʪʽ ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ ʪʘ ʢʽʥʮʝʚʦʾ ʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʪʫ [14; 

146; 231]. 

ɺʠʟʥʘʯʝʥʦ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʙʽʣʢʘ ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ, ʦʪʨʠʤʘʥʦʛʦ ʽʟ ʚʨʦʞʘʾʚ ʜʚʦʭ 

ʨʦʢʽʚ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 3.8 ɸ, ɹ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʤʽʩʪ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʪʘ ʤʘʻ ʩʦʨʪʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ. 

ɺʠʱʠʡ ʚʤʽʩʪ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ʩʧʦʩʪʝʨʽʛʘʣʠ ʚ ʟʝʨʥʽ 

ʚʨʦʞʘʶ 2017 ʨʦʢʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʩʫʰʣʠʚʠʤ 2018 ʨʦʢʦʤ: 8,93ï17,21 %  ʪʘ 8,65ï14,88 

%, ʚʽʜʧʦʚʽʜʥʦ. ɯʩʪʦʪʥʦʾ ʨʽʟʥʠʮʽ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʚʤʽʩʪʫ ʙʽʣʢʽʚ ʜʣʷ ʤôʷʢʠʭ ʪʘ 

ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʥʝ ʚʠʷʚʣʝʥʦ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʙʽʣʢʘ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʟʝʨʥʽ ʨʦʩʣʠʥ, 

ʚʠʨʦʱʝʥʠʭ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʜʣʷ ʪʚʝʨʜʦʛʦ ʩʦʨʪʫ ʄɯʇ ʈʘʡʜʫʞʥʘ ï 17,21 % (2017) 

ʥʘʡʤʝʥʰʠʡ ï ʫ ʩʦʨʪʫ ɾʽʟʝʣʴ ï 8,65 % (2018). ʉʝʨʝʜ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʚʠʩʦʢʦʶ 

ʟʜʘʪʥʽʩʪʶ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʣʢʽʚ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ ʚʠʨʽʟʥʷʣʠʩʴ ʩʦʨʪʠ ʂʦʣʝʢʪʠʚʥʘ 3 

ʪʘ ɽʪʶʜ, ʩʝʨʝʜ ʪʚʝʨʜʠʭ ï ɼʠʥʘʩʪʽʷ ʪʘ ɯʟʦʣʴʜʘ. ʉʦʨʪ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʚʠʨʽʟʥʷʚʩʷ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʙʽʣʢʽʚ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʚʧʨʦʜʦʚʞ ʜʚʦʭ ʨʦʢʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ (11,78ï14,23 %). ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʙʽʣʢʘ 

ʟʫʤʦʚʣʝʥʠʡ ʛʝʥʝʪʠʯʥʠʤʠ ʦʩʦʙʣʠʚʽʩʪʶ ʧʰʝʥʠʮʽ T. dicoccum, ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʩʦʨʪʠ 

ʚʚʘʞʘʶʪʴʩʷ ʮʽʥʥʠʤʠ ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʙʽʣʢʘ ʚ ʟʝʨʥʽ [37; 220; 260]. 
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* ï ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʽʟʥʠʮʽ ʤʽʞ ʜʦʩʣʽʜʥʠʤʠ ʜʽʣʷʥʢʘʤʠ; ** p<0.01, * p<0.05 

ʈʠʩ. 3.8. ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʙʽʣʢʽʚ (%) ʚ ʟʝʨʥʽ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʥʘ ʝʪʘʧʽ GS89 ʚ 

ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʥʘ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ɼʤʠʪʨʽʚ(50Á13ǋ26.6ǋǋN 24Á36ǋ50.5ǋǋE) ʪʘ ɼ. 

ʃʫʞʦʢ (49Á27'17.5"N 23Á23'02.6"E), ʚʝʛʝʪʘʮʽʡʥʽ ʩʝʟʦʥʠ 2017 (ɸ) ʪʘ 2018 (ɹ) ʨʦʢʽʚ. 

ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʥʘ ʝʪʘʧʽ ʥʘʣʠʚʫ ʟʝʨʥʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʩʪʨʝʩ ʤʦʞʝ 

ʟʥʠʟʠʪʠ ʥʝ ʪʽʣʴʢʠ ʚʨʦʞʘʡʥʽʩʪʴ, ʘʣʝ ʡ ʚʤʽʩʪ ʙʽʣʢʽʚ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʛʽʨʰʠʪʴ ʷʢʽʩʪʴ 

ʟʝʨʥʘ ʪʘ ʭʣʽʙʦʧʝʢʘʨʩʴʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʦʨʦʰʥʘ [40]. ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʥʠʞʯʠʡ 
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ʨʽʚʝʥʴ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ ʫ ʚʨʦʞʘ ʁ 2018 ʨʦʢʫ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʚʠʱʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʦʧʘʜʽʚ ʫ ʪʨʘʚʥʽ ʪʘ ʯʝʨʚʥʽ, ʢʦʣʠ ʨʦʩʣʠʥʠ 

ʧʝʨʝʙʫʚʘʣʠ ʥʘ ʝʪʘʧʽ ʘʢʪʠʚʥʦʾ ʚʝʛʝʪʘʮʽʾ (ʜʠʚ. ʨʠʩ. 2.4, ʩʪʦʨ. 61). 

ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʚ 2017 ʨ. ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʱʠʡ ʚʤʽʩʪ ʙʽʣʢʘ ʫ 22 

ʩʦʨʪʽʚ ʥʘ ʜʦʩʣʽʜʥʽʡ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ. ʉʦʨʪʠ ʄɯʇ ɿʣʘʪʘ ʪʘ ɼʠʥʘʩʪʽʷ ʚʠʨʽʟʥʷʣʠʩʴ 

ʚʠʱʠʤ ʚʤʽʩʪʦʤ ʙʽʣʢʘ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ, ʦʜʥʘʢ ʮʝʡ ʨʽʚʝʥʴ ʙʫʚ ʥʝʟʥʘʯʥʠʤ ʪʘ 

ʧʝʨʝʙʫʚʘʚ ʚ ʤʝʞʘʭ ʩʪʘʥʜʘʨʪʥʠʭ ʚʽʜʭʠʣʝʥʴ. ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʥʠʞʯʠʡ ʚʤʽʩʪ 

ʙʽʣʢʽʚ ʫ ʟʝʨʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʠʡ ʟ 

ʜʝʬʽʮʠʪʦʤ ʙʽʦʜʦʩʪʫʧʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ˇʨʫʥʪʘʭ (ʜʠʚ. ʪʘʙʣ. 3.1, ʩʪʦʨ. 74).  

ɺʤʽʩʪ ʙʽʣʢʘ ʚ ʟʝʨʥʽ ʻ ʩʧʘʜʢʦʚʦʶ ʦʟʥʘʢʦʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ 

ʚʠʨʦʱʫʚʘʥʥʷ ʪʘ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ [173]. ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʣʢʽʚ (10ï14 %). ɹʘʛʘʪʦʦʙʽʮʷʶʯʠʤ ʜʞʝʨʝʣʦʤ 

ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ ʙʽʣʢʽʚ ʻ ʜʠʢʘ ʧʰʝʥʠʮʷ T. dicoccoides Schweinf., ʜʝ ʚʤʽʩʪ ʙʽʣʢʘ ʚ 

ʟʝʨʥʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 18 ʜʦ 30 % [83]. ʋ ʩʝʨʝʜʥʴʦʤʫ ʚ 100 ʛ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʤʽʩʪʠʪʴʩʷ 

9,4ï13,9 ʛ ʙʽʣʢʘ [467].  

ɹʽʣʦʢ ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʥʘʣʠʚʘʥʥʷ ʧʝʨʝʚʘʞʥʦ 

ʚʥʘʩʣʽʜʦʢ ʨʝʫʪʠʣʽʟʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ʽʟ ʚʝʛʝʪʘʪʠʚʥʠʭ ʦʨʛʘʥʽʚ, ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʜʦ ʽ ʧʽʜ ʯʘʩ ʮʚʽʪʽʥʥʷ [13; 185]. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʧʨʘʧʦʨʮʝʚʠʡ ʣʠʩʪʦʢ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʚʘʞʣʠʚʠʡ ʜʣʷ ʘʩʠʤʽʣʷʮʽʾ N ʽ ʩʣʫʞʠʪʴ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʤʝʪʘʙʦʣʽʪʽʚ N 

ʪʘʢʠʭ ʷʢ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʷʢʽ ʟʛʦʜʦʤ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʚ ʟʝʨʥʦ [185]. ʅʘʷʚʥʽʩʪʴ N ʫ 

ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ, ʱʦ ʦʪʦʯʫʻ ʢʦʨʽʥʴ, ʥʘ ʮʽʡ ʬʘʟʽ ʨʦʟʚʠʪʢʫ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʣʢʘ ʚ ʟʝʨʥʽ. ʋ 

ʟʨʽʣʽʡ ʟʝʨʥʽʚʮʽ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ N ʤʽʩʪʠʪʴʩʷ ʚ ʾʾ ʙʽʣʢʘʭ [46; 467]. Cʫʣʴʬʫʨ ʤʦʞʝ 

ʟʙʽʣʴʰʠʪʠ ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʙʽʣʢʘ, ʦʩʢʽʣʴʢʠ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ S-ʚʤʽʩʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ [390]. ʍʦʯʘ ʚʩʽ ʘʤʽʥʦʢʠʩʣʦʪʠ ʤʽʩʪʷʪʴ N, ʜʚʽ 

ʚʘʞʣʠʚʽ ʘʤʽʥʦʢʠʩʣʦʪʠ ʤʽʩʪʷʪʴ S ï ʤʝʪʽʦʥʽʥ ʪʘ ʮʠʩʪʝʾʥ. ʄʝʪʽʦʥʽʥ ʻ ʙʫʜʽʚʝʣʴʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʩʠʥʪʝʟʫ ʚʩʽʭ ʙʽʣʢʽʚ, ʘ ʮʠʩʪʝʾʥ, ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʟʜʘʪʥʦʩʪʽ ʫʪʚʦʨʶʚʘʪʠ 

ʜʠʩʫʣʴʬʽʜʥʽ ʟʚô̫ ʟʢʠ, ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʙʽʣʢʽʚ [67]. 

ʆʢʨʽʤ ʪʦʛʦ, ʟʥʘʯʥʫ ʨʦʣʴ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʣʢʘ ʚʽʜʽʛʨʘʻ ʘʩʧʘʨʘʛʽʥ, ʦʩʢʽʣʴʢʠ ʚʽʥ 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/methionine
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/disulfide-bond
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/asparagine
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ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʩʪʨʝʩʫ ʷʢ ʙʽʦʣʦʛʽʯʥʘ ʚʽʜʧʦʚʽʜʴ ʥʘ ʦʙʤʝʞʝʥʥʷ ʩʠʥʪʝʟʫ ʙʽʣʢʘ. 

ʊʘʢʽ ʩʪʨʝʩʦʚʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʽ ʧʦʩʫʭʦʶ, ʧʘʪʦʛʝʥʘʤʠ, ʪʦʢʩʠʯʥʽʩʪʶ 

ʘʙʦ ʜʝʬʽʮʠʪʦʤ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ. ɺʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʦʛʦ ʘʩʧʘʨʘʛʽʥʫ ʚ 

ʟʝʨʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ N, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʟʝʨʥʘ [430]. Cu ʻ ʘʢʪʠʚʘʪʦʨʦʤ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʣʢʽʚ [172], ʡʦʛʦ ʜʝʬʽʮʠʪ ʚ ˇʨʫʥʪʽ ʤʦʞʝ ʙʫʪʠ ʦʜʥʽʻʶ ʟ 

ʧʨʠʯʠʥ ʥʠʟʴʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ. ɿʛʽʜʥʦ ʟ 

M. Zeidan ʪʘ ʽʥ. [456] ʟʘʩʪʦʩʫʚʘʥʥʷ Zn ʪʘ Fʝ ʚʤʽʩʥʠʭ ʜʦʙʨʠʚ ʟʙʽʣʴʰʫʻ ʚʤʽʩʪ ʙʽʣʢʘ ʚ 

ʟʝʨʥʽ. ʆʢʨʽʤ ʪʦʛʦ, ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʪʘ/ʘʙʦ Zn ʚ 

ʟʝʨʥʽ ʚʤʽʩʪ ʙʽʣʢʘ ʟʥʠʞʫʻʪʴʩʷ [439]. ʎʝ ʯʘʩʪʢʦʚʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʦʪʨʠʤʘʥʠʤʠ ʥʘʤʠ 

ʜʘʥʠʤʠ (ʜʘʥʽ ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʪʘ Zn ʚ ʟʝʨʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.12ï3.14), 

ʜʠʚ. ʥʠʞʯʝ ʩʪʦʨ. 105-108. 

ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʫ T. aestivum ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʚʤʽʩʪ ʙʽʣʢʘ ʚ ʟʝʨʥʽ 

ʥʝʛʘʪʠʚʥʦ ʢʦʨʝʣʶʶʪʴ [83; 450]. ɿʜʽʡʩʥʝʥʦ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ, ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʙʽʣʢʘ ʪʘ ʩʝʨʝʜʥʴʦʶ ʚʨʦʞʘʡʥʽʩʪʶ (ʨʠʩ. 3.9). ʇʦʢʘʟʥʠʢʠ ʚʨʦʞʘʡʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩ. 3.10 ɸ, ɹ ʩʪʦʨ. 97 ʪʘ ʨʠʩ. 3.11 ɸ, ɹ ʩʪʦʨ. 98. 

ʉʣʘʙʢʽ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʙʽʣʢʦʤ ʪʘ ɺɿ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ 

ʜʽʣʷʥʢʘʭ ʫ 2018 ʨ. ʅʘʡʚʠʱʽ ʧʦʟʠʪʠʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ɺɿ ʪʘ ʙʽʣʢʦʤ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ 

ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʫ 2018 ʨ. (r = 0.17**). ɼʣʷ ʜʽʣʷʥʦʢ ɼʤʠʪʨʽʚ ʪʘ ɼ. ʃʫʞʦʢ ʫ 2017 

ʨʦʮʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʩʣʘʙʢʽ ʚʽʜôʻʤʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʟʚô̫ ʟʢʠ. ʆʜʥʘʢ, ʟʛʽʜʥʦ ʟ 

ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʤʠ ʥʝ ʤʦʞʝʤʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʤʽʩʪ ʙʽʣʢʽʚ ʪʘ ʚʨʦʞʘʡʥʽʩʪʴ 

ʟʘʚʞʜʠ ʥʝʛʘʪʠʚʥʦ ʢʦʨʝʣʶʶʪʴ.  

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/nutrient-deficiencies


95 

 

 

*(ʯʝʨʚʦʥʠʡ ï ʪʚʝʨʜʽ ʩʦʨʪʠ, ʞʦʚʪʠʡ ï ʤôʷʢʽ ʩʦʨʪʠ) 

ʈʠʩ. 3.9. ʂʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʘʛʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʙʽʣʢʘ (%) ʪʘ 

ʩʝʨʝʜʥʴʦʶ ʚʨʦʞʘʡʥʽʩʪʶ (ɺɿ, ʮ/ʛʘ) ʥʘ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ɼʤʠʪʨʽʚ (50Á13ǋ26,6ǋǋN 

24Á36ǋ50,5ǋǋE) ʪʘ ɼ. ʃʫʞʦʢ (49Á27'17.5"N 23Á23'02.6"E), ʧʦʣʴʦʚʠʡ ʜʦʩʣʽʜ, 

ʚʝʛʝʪʘʮʽʡʥʽ ʩʝʟʦʥʠ 2017ï2018 ʨʨ.. 

 

3.4.3. ɺʨʦʞʘʡʥʽʩʪʴ ʪʘ ʩʪʨʫʢʪʫʨʘ ʚʨʦʞʘʶ ʧʰʝʥʠʮʽ ʟʘ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘ 

ˇʨʫʥʪʘʭ ʟ ʨʽʟʥʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ɺʨʦʞʘʡʥʽʩʪʴ ʪʘ ʩʪʨʫʢʪʫʨʘ ʚʨʦʞʘʶ ʧʰʝʥʠʮʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʧʣʠʚʦʤ ʫʤʦʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘʛʨʦʪʝʭʥʽʯʥʠʤʠ ʟʘʭʦʜʘʤʠ, ʚʠʜʦʤ ʪʘ ʩʦʨʪʦʤ ʨʦʩʣʠʥ 

[432]. ɼʦ ʧʦʢʘʟʥʠʢʽʚ ʩʪʨʫʢʪʫʨʠ ʚʨʦʞʘʶ ʚʽʜʥʦʩʷʪʴ ʤʘʩʫ 1000 ʟʝʨʝʥ (ʄʊɿ), ʢʽʣʴʢʽʩʪʴ 

ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ (ʂɿʂ) ʪʘ ʚʠʩʦʪʫ ʢʦʣʦʩʘ (ɺʂ). ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʨʦʞʘʡʥʽʩʪʴ (ɺɿ) ʪʘ ʧʦʢʘʟʥʠʢʠ ʩʪʨʫʢʪʫʨʠ ʚʨʦʞʘʶ ʜʣʷ ʧʰʝʥʠʮʽ ʷʨʦʾ 

r = -0.09
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ʛʝʢʩʘ ʪʘ ʪʝʪʨʘʧʣʦʾʜʥʠʭ ʩʦʨʪʽʚ, ʥʘ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ɼʤʠʪʨʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʷʢ ʯʦʨʥʦʟʝʤʠ ʥʘ ʝʣʶʚʽʾ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʟ ʣʫʞʥʠʤ ʨʅ, 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʆʈɻ ʪʘ ʜʝʬʽʮʠʪʦʤ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Fe, Zn ʪʘ ʉu, ʪʘ ʜʽʣʷʥʢʘʭ ɼ. 

ʃʫʞʦʢ ʟ ʜʝʨʥʦʚʦ-ʙʫʨʦʟʝʤʥʠʤʠ ʩʫʛʣʠʥʢʦʚʠʤʠ ˇʨʫʥʪʘʤʠ ʟ ʩʣʘʙʦ-ʢʠʩʣʠʤ ʨʅ, 

ʥʠʞʯʠʤ ʚʤʽʩʪʦʤ ʆʈɻ ʪʘ ʚʠʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʙʽʣʴʰʫ ʚʠʩʦʪʫ ʢʦʣʦʩʘ ʜʣʷ ʤô̫ ʢʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʫ 2017 ʨ. ʥʘ 

ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ (ʨʠʩ. 3.10 ɸ, ɹ). ʉʝʨʝʜ ʤôʷʢʠʭ ʩʦʨʪʽʚ, ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ 

ʥʘʡʜʦʚʰʠʤ ʢʦʣʦʩʦʤ ʚʠʨʽʟʥʷʣʠʩʴ ʩʦʨʪʠ ɹʦʞʝʥʘ, ʇʘʥʷʥʢʘ ʪʘ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, 

ʩʝʨʝʜ ʪʚʝʨʜʠʭ ï ʉʧʘʜʱʠʥʘ, ɯʟʦʣʴʜʘ, ʊʝʨʘ. ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʢʦʣʦʩʠ ʚʩʽʭ ʩʦʨʪʽʚ 

ʙʫʣʠ ʢʦʨʦʪʰʠʤʠ (ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 25ï30 %). ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʩʦʪʘ ʢʦʣʦʩʘ ʟʘʣʝʞʠʪʴ 

ʥʝ ʣʠʰʝ ʚʽʜ ʩʦʨʪʫ ʧʰʝʥʠʮʽ, ʘʣʝ ʽ ʚʽʜ ˇʨʫʥʪʦʚʠʭ ʫʤʦʚ. ʅʘʡʜʦʚʰʽ ʢʦʣʦʩʠ ʙʫʣʠ ʫ 

ʤôʷʢʠʭ ʩʦʨʪʽʚ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ʉʚʽʪʣʘʥʘ, ʇʘʥʷʥʢʘ ʪʘ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʉʧʘʜʱʠʥʘ, 

ʊʝʨʘ, ɾʽʟʝʣʴ. ʋ 2018 ʨʦʮʽ (ʨʠʩ. 3.11 ɸ, ɹ) ʥʘʡʜʦʚʰʠʤ ʢʦʣʦʩʦʤ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ 

ʚʠʨʽʟʥʷʣʠʩʴ ʤôʷʢʽ ʩʦʨʪʠ ʂʦʣʝʢʪʠʚʥʘ 3, ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʋʣʶʙʣʝʥʘ ʪʘ ʪʚʝʨʜʽ 

ʄɯʇ ʈʘʡʜʫʞʥʘ, ʉʧʘʜʱʠʥʘ, ɯʟʦʣʴʜʘ. ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʥʘʡʜʦʚʰʽ ʢʦʣʦcʠ ʩʝʨʝʜ 

ʤô̫ ʢʦʾ ʧʰʝʥʠʮʽ ʙʫʣʠ ʫ ʩʦʨʪʽʚ ɹʦʞʝʥʘ, ɻʝʨʦʾʥʷ, ʋʣʶʙʣʝʥʘ, ʩʝʨʝʜ ʪʚʝʨʜʦʾ ʫ ʩʦʨʪʽʚ 

ʄɯʇ ʈʘʡʜʫʞʥʘ, ʉʧʘʜʱʠʥʘ, ʊʝʨʘ. ʉʦʨʪʠ ʇʘʥʷʥʢʘ, ɹʦʞʝʥʘ, ʋʣʶʙʣʝʥʘ, ʉʪʨʫʥʘ 

ʤʠʨʦʥʽʚʩʴʢʘ, ʊʝʨʘ ʪʘ ʉʧʘʜʱʠʥʘ ʚʠʜʽʣʷʣʠʩʴ ʙʽʣʴʰʦʶ ʚʠʩʦʪʦʶ ʢʦʣʦʩʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʪʠʧʫ ˇʨʫʥʪʫ. ʉʦʨʪʠ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ʇʘʥʷʥʢʘ ʪʘ ʉʧʘʜʱʠʥʘ ʚʠʨʽʟʥʷʣʠʩʴ 

ʜʦʚʰʠʤʠ ʢʦʣʦʩʘʤʠ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʚʧʨʦʜʦʚʞ 2 ʨʦʢʽʚ 

ʜʦʩʣʽʜʞʝʥʴ.  

ʂʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʚ ʢʦʣʦʩʽ ï ʮʝ ʚʘʞʣʠʚʠʡ ʧʦʢʘʟʥʠʢ ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʜʘʪʥʦʩʪʽ 

ʢʦʣʦʩʘ ʛʝʥʝʨʫʚʘʪʠ ʢʦʣʦʩʢʠ (ʫ ʙʽʣʴʰʦʩʪʽ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʮʝ 10-20 ʢʦʣʦʩʢʽʚ), ʪʘ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘʯʘʪʢʽʚ ʢʚʽʪʦʢ, ʷʢʽ, ʟʨʝʰʪʦʶ ʤʦʞʫʪʴ ʨʦʟʚʠʥʫʪʠʩʴ ʚ ʟʝʨʥʘ ʽ 

ʚʠʟʥʘʯʠʪʠ ʂɿʂ [457, 462]. ɺʠʱʽ ʧʦʢʘʟʥʠʢʠ ʂɿʂ ʧʨʠ ʤʝʥʰʽʡ ʚʠʩʦʪʽ ʢʦʣʦʩʘ ʜʣʷ ʚʩʽʭ 

ʤôʷʢʠʭ ʩʦʨʪʽʚ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ ʩʧʦʩʪʝʨʽʛʘʣʠ ʫ 2017 ʨ. (ʨʠʩ. 3.10 ɸ, ɹ), ʪʦʜʽ ʷʢ ʫ 2018 

ʨ. (ʨʠʩ. 3.11 ɸ, ɹ) ʥʝ ʦʪʨʠʤʘʣʠ ʧʦʜʽʙʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʤʝʥʰʘ 

ʢʽʣɹʢʽʩʪʴ ʟʝʨʝʥ ʚ ʢʦʣʦʩʽ ʥʘ ʜʽʣʷʥʮʽ ɼ. ɼʫʞʦʢ ʫ 2017 ʨʦʮʽ ʧʦʚô̫ ʟʘʥʘ ʟ ʚʠʩʦʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʙʽʦʜʦʩʪʫʧʥʦʛʦ Fe ʚ ̌ʨʫʥʪʽ, ʦʩʢʽʣʴʢʠ, ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʱʦ ʟʥʘʯʥʠʡ 
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ʚʤʽʩʪ ʙʽʦʜʦʩʪʫʧʥʦʛʦ Fe ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʢʚʽʪʽʚ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ 

ʢʦʣʦʩ [418]. ʋ 2018 ʨ. ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ ʫ ʚʩʽʭ ʩʦʨʪʽʚ 

ʙʫʣʘ ʚʠʱʦʶ, ʘ ʚʤʽʩʪ ʙʽʦʜʦʩʪʫʧʥʦʛʦ Fe ʚ ̌ʨʫʥʪʽ ʙʫʚ ʤʝʥʰʠʤ ʥʘ 93 % ʥʽʞ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʢʫ. 

 

ʈʠʩ. 3.10. ɺʨʦʞʘʡʥʽʩʪʴ (ɺɿ, ʮ/ʛʘ) ʪʘ ʩʪʨʫʢʪʫʨʘ ʚʨʦʞʘʶ ʧʰʝʥʠʮʽ ʷʨʦʾ 2017 ʨ.: ʤʘʩʘ 

1000 ʟʝʨʝʥ (ʄʊɿ, ʛ), ʚʠʩʦʪʘ ʢʦʣʦʩʘ (ɺʂ, ʤʤ), ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ (ʂɿʂ, ʰʪ), 

ʧʦʣʴʦʚʽ ʫʤʦʚʠ, ʜʦʩʣʽʜʥʽ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ (ɸ) (50Á13'26.6"N 24Á36'50.5"E) ʪʘ ɼ. 

ʃʫʞʦʢ (ɹ) (49Á27'17.5"N 23Á23'02.6"E). 
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ʈʠʩ. 3.11. ɺʨʦʞʘʡʥʽʩʪʴ (ɺɿ, ʮ/ʛʘ) ʪʘ ʩʪʨʫʢʪʫʨʘ ʚʨʦʞʘʶ ʷʨʦʾ ʧʰʝʥʠʮʽ 2018 ʨ.: ʤʘʩʘ 

1000 ʟʝʨʝʥ (ʄʊɿ, ʛ), ʚʠʩʦʪʘ ʢʦʣʦʩʘ (ɺʂ, ʤʤ), ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ (ʂɿʂ, ʰʪ), ʥʘ 

ʩʪʘʜʽ GS89, ʧʦʣʴʦʚʽ ʫʤʦʚʠ, ʜʦʩʣʽʜʥʽ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ (ɸ) (50Á13'26.6"N 

24Á36'50.5"E) ʪʘ ɼ. ʃʫʞʦʢ (ɹ) (49Á27'17.5"N 23Á23'02.6"E). 

ʄʊɿ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʽʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʥʦʪʠʧʫ ʪʘ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʄʊɿ ʻ ʧʨʦʜʫʢʪʠʚʥʦʶ ʦʟʥʘʢʦʶ, ʷʢʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ 

[108]. ʉʦʨʪʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʘʁʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʽʜʤʽʥʥʦʩʪʽ ʄʊɿ ʤʽʞ ʩʦʨʪʘʤʠ 

(ʨʠʩ. 3.10 ɸ, ɹ ʪʘ ʨʠʩ. 3.11 ɸ, ɹ). 
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ʋ ʚʨʦʞʘʾ 2017 ʨ. ʩʝʨʝʜʥʷ ʄʊɿ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʥʘ 

ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʩʪʘʥʦʚʠʣʘ 38,62 ʛ, ʪʚʝʨʜʠʭ ï 44,50 ʛ, ʧʦʣʙʘ ï 33,29 ʛ. ʅʘ ʜʽʣʷʥʮʽ ɼ. 

ʃʫʞʦʢ ʤôʷʢʽ ʩʦʨʪʠ ï 40,51 ʛ, ʪʚʝʨʜʽ ï 37,35 ʛ, ʧʦʣʙʘ ï 32,49 ʛ (ʨʠʩ.3.10 ɸ, ɹ). 

ɺʠʩʦʢʦʶ ʄʊɿ ʫ 2017 ʨʦʮʽ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ ʩʝʨʝʜ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʚʠʜʽʣʷʣʠʩʴ 

ʇʘʥʷʥʢʘ, ʇʨʦʚʽʥʮʽʘʣʢʘ, ʩʝʨʝʜ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ï ɾʽʟʝʣʴ ʪʘ ʉʧʘʜʱʠʥʘ.  

ɺ ʩʝʨʝʜʥʴʦʤʫ, ʄʊɿ ʫ ʚʨʦʞʘʾ 2018 ʨ. ʜʣʷ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ 

ʩʪʘʥʦʚʠʣʘ 45,7 ʛ, ʪʚʝʨʜʠʭ ï 52,53 ʛ, ʧʦʣʙʘ ï 40,92, ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʤôʷʢʽ ï 27,01 

ʛ, ʪʚʝʨʜʽ ï 27,79 ʛ, ʧʦʣʙʘ ï 21,14 (ʨʠʩ. 3.11 ɸ, ɹ). ɺʠʩʦʢʦʶ ʄʊɿ ʫ 2018 ʨʦʮʽ ʥʘ ʦʙʦʭ 

ʜʽʣʷʥʢʘʭ ʚʠʜʽʣʷʣʠʩʴ ʤô̫ ʢʠʡ ʩʦʨʪ ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ ʪʘ ʪʚʝʨʜʽ ʩʦʨʪʠ ʉʧʘʜʱʠʥʘ ʪʘ 

ɼʠʥʘʩʪʽʷ. ʅʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʤʘʩʘ 1000 ʟʝʨʝʥ ʚʩʽʭ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ʙʫʣʘ ʚʠʱʦʶ ʫ 

2018 ʨʦʮʽ, ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʫ 2017 ʨ. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʪʚʝʨʜʠʡ ʩʦʨʪ 

ʉʧʘʜʱʠʥʘ ʚʠʜʽʣʷʚʩʷ ʚʠʩʦʢʦʶ ʄʊɿ ʟʘ ʫʤʦʚ ʨʽʟʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʪʘ ʆʈɻ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʄʊɿ ʫ ʧʰʝʥʠʮʽ ʧʦʣʙʘ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʜʘʥʠʤʠ 

ʥʘʚʝʜʝʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ [464]. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʧʨʦ ʄʊɿ ʜʣʷ ʧʰʝʥʠʮʽ ʷʨʦʾ 22,9 ï 

42,6 ʛ [266], ʜʣʷ ʦʟʠʤʦʾ ʫ ʩʝʨʝʜʥʴʦʤʫ 40 ʛ [10]. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʟʢʠ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʢʽʣʴʢʽʩʪʴ ʨʦʩʣʠʥ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ, ʢʽʣʴʢʽʩʪʴ ʢʦʣʦʩʽʚ ʥʘ 

ʨʦʩʣʠʥʫ, ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʫ ʢʦʣʦʩʽ, ʢʽʣʴʢʽʩʪʴ ʢʦʣʦʩʢʽʚ ʫ ʢʦʣʦʩʽ, ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ 

ʢʦʣʦʩ ʪʘ ʢʦʣʦʩʦʢ, ʚʠʩʦʪʘ ʢʦʣʦʩʘ, ʤʘʩʘ 1000 ʟʝʨʝʥ [107]. ʆʢʨʽʤ ʪʦʛʦ, ʚʨʦʞʘʡʥʽʩʪʴ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʩʦʨʪʦʚʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʧʦʛʦʜʥʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ˇʨʫʥʪʽʚ.  

ʉʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ ʫ 2017 ʨ. ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʙʫʣʘ ʥʘ 67 % 

ʚʠʱʦʶ ʥʽʞ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ, ʪʘ ʩʪʘʥʦʚʠʣʘ 51,57 ʮ/ʛʘ ʪʘ 16,91 ʮ/ʛʘ ʚʽʜʧʦʚʽʜʥʦ 

(ʨʠʩ. 3.10 ɸ, ɹ). ʇʨʠ ʮʴʦʤʫ, ʤôʷʢʽ ʩʦʨʪʠ ʙʫʣʠ ʙʽʣʴʰ ʚʨʦʞʘʡʥʠʤʠ ʥʽʞ ʪʚʝʨʜʽ. 

ʉʝʨʝʜʥʷ ɺɿ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ï 53,48 ʮ/ʛʘ, ʪʚʝʨʜʠʭ ï 49,97 ʮ/ʛʘ. 

ʄôʷʢʽ ʩʦʨʪʠ ʟ ʥʘʡʚʠʱʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʨʦʞʘʡʥʦʩʪʽ ï ɹʦʞʝʥʘ, ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ, ɼʫʙʨʘʚʢʘ, ʪʚʝʨʜʽ ï ʉʧʘʜʱʠʥʘ, ʏʘʜʦ. ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʩʝʨʝʜʥʷ 

ʚʨʦʞʘʡʥʽʩʪʴ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʩʪʘʥʦʚʠʣʘ 20,05 ʮ/ʛʘ. ʄʘʢʩʠʤʘʣʴʥʽ ɺɿ ʩʝʨʝʜ ʤô̫ ʢʠʭ 

ʧʰʝʥʠʮʽ ʦʪʨʠʤʘʥʦ ʫ ʩʦʨʪʽʚ ʍʘʨʢʽʚʩʴʢʘ 30, ɼʫʙʨʘʚʢʘ ʪʘ ʇʘʥʷʥʢʘ. ʉʝʨʝʜʥʷ ɺɿ 



100 

 

ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ï 10,88 ʮ/ʛʘ. ɺʠʩʦʢʘ ɺɿ ʩʝʨʝʜ ʪʚʝʨʜʦʾ ʧʰʝʥʠʮʽ ʙʫʣʠ ʫ ʩʦʨʪʽʚ ʏʘʜʦ ʪʘ 

ʊʝʨʘ. ʇʦʢʘʟʥʠʢʠ ʚʨʦʞʘʡʥʦʩʪʽ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʥʘ ʜʘʥʽʡ ʜʽʣʷʥʮʽ ʙʫʣʠ ʥʘ 78 % 

ʥʠʞʯʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʽʣʷʥʢʦʶ ɼʤʠʪʨʽʚ. ʊʚʝʨʜʠʡ ʩʦʨʪ ʉʧʘʜʱʠʥʘ ʚʠʜʽʣʷʚʩʷ 

ʚʠʩʦʢʦʶ ʄʊɿ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʨʦʞʘʡʥʽʩʪʶ ʩʝʨʝʜ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ 

ɼʤʠʪʨʽʚ. ʉʦʨʪ ʇʘʥʷʥʢʘ ʚʠʨʽʟʥʷʚʩʷ ʚʠʩʦʢʦʶ ʄʊɿ ʪʘ ʚʨʦʞʘʡʥʽʩʪʶ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ. 

ʉʦʨʪ ʇʨʦʚʽʥʮʽʘʣʢʘ ʚʠʜʽʣʷʚʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʄʊɿ ʩʝʨʝʜ ʤô̫ ʢʠʭ ʩʦʨʪʽʚ ʥʘ ʦʙʦʭ 

ʜʽʣʷʥʢʘʭ ʫ 2017 ʨʦʮʽ, ʧʨʦʪʝ ʥʘʡʥʠʞʯʦʶ ʚʨʦʞʘʡʥʽʩʪʶ ʩʝʨʝʜ ʤô̫ ʢʠʭ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ 

ɼʤʠʪʨʽʚ, ʪʘ ɺɿ ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʾ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ. ʊʚʝʨʜʠʡ ʩʦʨʪ ɾʽʟʝʣʴ 

ʚʠʨʽʟʥʷʚʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʄʊɿ ʩʝʨʝʜ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ, ʧʨʦʪʝ ɺɿ 

ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʛʦ. 

ɺʠʱʽ ʧʦʢʘʟʥʠʢʠ ʚʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʘ ʜʣʷ ʚʩʽʭ ʩʦʨʪʽʚ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ ʦʪʨʠʤʘʥʦ 

ʫ 2018 ʨ. (ʨʠʩ. 3.11 ɸ, ɹ). ɺʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʥʘ ʢʘʨʙʦʥʘʪʥʠʭ ʯʦʨʥʦʟʝʤʘʭ ʜʽʣʷʥʢʠ 

ɼʤʠʪʨʽʚ ʙʫʣʘ ʚʠʱʦʶ ʥʘ 53 % ʧʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʦʛʽʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʥʘ ʜʽʣʷʥʮʽ ɼ. 

ʃʫʞʦʢ. ʉʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʩʪʘʥʦʚʠʣʘ 71,46 ʮ/ʛʘ, ʱʦ ʥʘ 

27 % ʧʝʨʝʚʠʱʫʚʘʣʦ ɺɿ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʢʫ. ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʮʝʡ ʧʦʢʘʟʥʠʢ ʙʫʚ 

ʚʠʠɦʤ ʥʘ 49 %, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 2017 ʨ. ʉʝʨʝʜʥʷ ɺɿ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ 

ʩʪʘʥʦʚʠʣʘ 66, 29 ʮ/ʛʘ. ɺʠʩʦʢʫ ɺɿ ʚʠʷʚʣʝʥʦ ʫ ʩʦʨʪʽʚ ʋʣʶʙʣʝʥʘ, ɼʫʙʨʘʚʢʘ, ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ ʪʘ ɹʦʞʝʥʘ. ʉʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ 

ï 78,78 ʮ/ʛʘ. ʉʦʨʪʠ ɯʟʦʣʴʜʘ, ʏʘʜʦ ʪʘ ɼʠʥʘʩʪʽʷ ʚʠʜʽʣʷʣʠʩʴ ʥʘʡʚʠʱʦʶ ʚʨʦʞʘʡʥʽʩʪʶ 

ʟʝʨʥʘ. ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʩʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ ʜʣʷ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʩʪʘʥʦʚʠʣʘ ï 

38,48 ʮ/ʛʘ, ʜʣʷ ʪʚʝʨʜʠʭ ï 24,64 ʮ/ʛʘ. ʄôʷʢʽ ʩʦʨʪʠ ʟ ʥʘʡʚʠʱʦʶ ɺɿ ï ʂʦʣʝʢʪʠʚʥʘ 3, 

ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʋʣʶʙʣʝʥʘ, ʪʚʝʨʜʽ ʩʦʨʪʠ ï ɼʠʥʘʩʪʽʷ, ʏʘʜʦ, ʊʝʨʘ. ʉʦʨʪ ʧʦʣʙʘ 

ɻʦʣʽʢʦʚʩʴʢʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ɺɿ ʚʠʱʝ ʩʝʨʝʜʥʴʦʾ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʚʧʨʦʜʦʚʞ 

ʜʚʦʭ ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʴ.  

ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʩʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ ʧʦʣʙʠ ʻ ʟʥʘʯʥʦ ʥʠʞʯʦʶ, 

ʥʽʞ ʫ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ [244]. ʄôʷʢʽ ʩʦʨʪʠ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʪʘ ɼʫʙʨʘʚʢʘ 

ʚʠʜʽʣʷʣʠʩʴ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʨʦʞʘʡʥʦʩʪʽ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʽʡ ʄʊɿ ʥʘ 

ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʚʧʨʦʜʦʚʞ ʜʚʦʭ ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʪʚʝʨʜʦʛʦ ʩʦʨʪʫ 

ʉʧʘʜʱʠʥʘ, ʷʢʠʡ ʚʠʜʽʣʷʚʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʄʊɿ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ, ʚʩʪʘʥʦʚʣʝʥʦ ɺɿ 
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ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʾ ʥʘ ʦʙʦʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ. ʊʚʝʨʜʠʡ ʩʦʨʪ ɼʠʥʘʩʪʽʷ ʚʠʨʽʟʥʷʚʩʷ ʚʠʩʦʢʦʶ 

ʄʊɿ ʪʘ ɺɿ ʫ 2018 ʨ. ʟʘ ʨʽʟʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ 

ʧʦʢʘʟʥʠʢʠ ʚʨʦʞʘʡʥʦʩʪʽ ʚʧʨʦʜʦʚʞ ʜʚʦʭ ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤôʷʢʽ 

ʩʦʨʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʙʽʣʴʰ ʚʨʦʞʘʡʥʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʚʝʨʜʠʤʠ, ʧʨʦʪʝ, ʤʘʩʘ 1000 

ʟʝʨʝʥ ʟʘʟʚʠʯʘʡ ʻ ʚʠʱʦʶ ʫ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ.  

ɺʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʚʦʜʠ ʚ ˇʨʫʥʪʽ ʥʘ 

ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ, ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʜʦʩʪʘʪʥʽʡ ʜʣʷ ʨʦʩʣʠʥʠ ʚʤʽʩʪ ʚʦʜʠ ʥʘ 

ʝʪʘʧʘʭ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ, ʢʦʣʦʩʽʥʥʷ ʪʘ ʮʚʽʪʽʥʥʷ [351]. ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʥʠʟʴʢʠʡ 

ʨʽʚʝʥʴ ʦʧʘʜʽʚ ʚʧʨʦʜʦʚʞ ʯʝʨʚʥʷ 2017 ʨ. (ʜʠʚ. ʨʠʩ. 2.4, ʩʪʦʨ. 61), ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʚ 

ʥʘ ʧʦʢʘʟʥʠʢʠ ʚʨʦʞʘʡʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʥʘ ʮʝʡ ʧʝʨʽʦʜ ʧʨʠʧʘʣʠ ʝʪʘʧʠ ʢʦʣʦʩʽʥʥʷ ʪʘ 

ʮʚʽʪʽʥʥʷ, ̫ ʢʽ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʢʽʥʮʝʚʦʾ ʚʨʦʞʘʡʥʦʩʪʽ. ʇʨʦʪʝ, ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʫ 2018 

ʨ. (ʜʠʚ. ʨʠʩ. 2.4, ʩʪʦʨ. 61) ʥʝʜʦʩʪʘʪʥʴʦ ʦʧʘʜʽʚ ʪʘ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʧʨʦʜʦʚʞ 

ʢʚʽʪʥʷ-ʪʨʘʚʥʷ, ʥʘ ʷʢʽ ʧʨʠʧʘʣʠ ʝʪʘʧʠ ʢʫʱʽʥʥʷ ʪʘ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ, ʪʘʢʦʞ ʤʘʣʠ ʚʧʣʠʚ 

ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʘ. 

ʇʦʩʫʭʘ ʻ ʦʩʥʦʚʥʠʤ ʘʙʽʦʪʠʯʥʠʤ ʩʪʨʝʩʦʤ, ʷʢʠʡ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʚʨʦʞʘʡʥʽʩʪʴ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʦʩʦʙʣʠʚʦ ʧʰʝʥʠʮʽ [167]. ɺ ʫʤʦʚʘʭ ʧʦʩʫʭʠ 

ʟʥʠʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʪʦʩʠʥʪʝʟʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʙʽʦʤʘʩʠ, ʪʘ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʚʧʣʠʚʘʻ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʾʾ ʩʪʨʫʢʪʫʨʫ [336]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʩʫʭʦʚʠʡ ʩʪʨʝʩ ʟʤʝʥʰʫʻ ʚʠʩʦʪʫ 

ʢʦʣʦʩʘ, ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ, ʤʘʩʫ 1000 ʟʝʨʝʥ ʪʘ ʟʘʛʘʣʴʥʫ ʚʨʦʞʘʡʥʽʩʪʴ [39; 167]. 

ʆʢʨʽʤ ʪʦʛʦ, ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʨʦʩʣʠʥ ʎʠʥʢʦʤ ʪʘ ʌʝʨʫʤʦʤ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʚʠʩʦʪʫ ʨʦʩʣʠʥʠ ʪʘ ʢʦʣʦʩʘ, ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ, ʤʘʩʫ 1000 ʟʝʨʝʥ ʪʘ ʚʨʦʞʘʡʥʽʩʪʴ 

[309]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʙʽʦʜʦʩʪʫʧʥʠʤ Zn ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʚʨʦʞʘʡʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʻ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʩʪʫ, ʪʘʢʠʭ ʷʢ 

ʬʦʪʦʩʠʥʪʝʟ, ʜʠʭʘʥʥʷ, ʩʠʥʪʝʟ ʛʦʨʤʦʥʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷ ʙʽʣʢʘ [308]. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ 

ʤʘʩʘ 1000 ʟʝʨʝʥ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ ʪʘ ʚʠʩʦʪʠ 

ʢʦʣʦʩʘ [297].  
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ʇʨʦʚʝʜʝʥʦ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʤʽʞ ʚʨʦʞʘʡʥʽʩʪʶ, ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʾʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ˇʨʫʥʪʘʭ (ʪʘʙʣ. 

3.2). 

ʊʘʙʣʠʮʷ 3.2 

ɼʘʥʽ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʤʽʞ ʚʨʦʞʘʡʥʽʩʪʶ (ɺɿ), ʤʘʩʦʶ 1000 ʟʝʨʝʥ (ʄʊɿ), 

ʢʽʣʴʢʽʩʪʶ ʟʝʨʝʥ ʚ ʢʦʣʦʩʽ (ʂɿʂ), ʚʠʩʦʪʘ ʢʦʣʦʩʘ (ɺʂ) ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʙʽʦʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Fe, Zn ʪʘ Cu, ʜʦʩʣʽʜʥʽ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ ʪʘ ɼ. ʃʫʞʦʢ, 

ʚʝʛʝʪʘʮʽʡʥʽ ʩʝʟʦʥʠ 2017-18 ʨʨ.  

ʬ̖̰̎̄̓˳ 

2017 

ˀˈ  ɹ ʺʴ  ̋ ʨ  ̋ ʨ  ɹ  ʬȭɯʿ̗ ˼̑̈ 

2017 

ˀˈ  ɹ ʺʴ  ̋ ʨ  ̋ ʨ  ɹ

ʺʴ  ̋ -0,311     ʺʴ  ̋ 0,580    

ʨ  ̋ -0,323** 0,778**    ʨ  ̋ 0,630 0,825   

ʨ  ɹ -0,005* 0,401* 0,326*   ʨ  ɹ 0,428 0,734 0,698  

%Ìɯ̗̖̾̓̏ -0,029* -0,202* -0,190** -0,100*  %Ìɯ̗̖̾̓̏ -0,364** -0,146** -0,282** -0,454** 

9Õɯ̗̖̾̓̏ -0,275** 0,034** 0,249** 0,276**  9Õɯ̗̖̾̓̏ -0,269 -0,129 -0,046* -0,462 

"Üɯ̗̖̾̓̏ -0,552** 0,316** 0,269** 0,024**  "Üɯ̗̖̾̓̏ 0,117 0,163 0,282** -0,049 

           

ʬ̖̰̎̄̓˳ɯ

2018 

ˀˈ  ɹ ʺʴ  ̋ ʨ  ̋ ʨ  ɹ  ʬȭɯʿ̗˼̑̈ɯ

2018 

ˀˈ  ɹ ʺʴ  ̋ ʨ  ̋ ʨ  ɹ

ʺʴ  ̋ 0,049**     ʺʴ  ̋ 0,038    

ʨ  ̋ -0,201** 0,239**    ʨ  ̋ 0,046** 0,509**   

ʨ  ɹ 0,151** 0,514** -0,204   ʨ  ɹ 0,347 0,657 0,640*  

%Ìɯ̗̖̾̓̏ -0,259** 0,196** 0,412** -0,069*  %Ìɯ̗̖̾̓̏ -0,002 -0,119 -0,218** -0,082* 

9Õɯ̗̖̾̓̏ -0,096** 0,309** 0,327** -0,003**  9Õɯ̗̖̾̓̏ -0,015** -0,098** -0,096** -0,014** 

"Üɯ̗̖̾̓̏ -0,139** -0,088** 0,185** -0,343**  "Üɯ̗̖̾̓̏ -0,342* -0,258** -0,015** -0,229** 

** p<0.01, * p<0.05 

 

ʂʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʟʜʽʡʩʥʝʥʦ ʤʽʞ ʩʽʤʦʤʘ ʦʟʥʘʢʘʤʠ: ʄʊɿ, ʂɿʂ, ɺʂ, ɺɿ, 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʙʽʦʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Fe, Zn ʪʘ Cu ʚ ˇʨʫʥʪʽ (ʪʘʙʣ. 3.2). ʅʘʡʙʽʣʴʰʫ 

ʧʦʟʠʪʠʚʥʫ ʢʦʨʝʣʷʮʽʶ (r = 0,825) ʚʩʪʘʥʦʚʣʝʥʦ ʤʽʞ ʂɿʂ ʪʘ ɺʂ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ. 

ʂʦʨʝʣʷʮʽʷ ʤʽʞ ʜʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʙʫʣʘ ʧʦʟʠʪʠʚʥʦʶ ʜʣʷ ʚʩʽʭ ʚʘʨʽʘʥʪʽʚ ʜʦʩʣʽʜʫ (r 

= 0,778**, r = 0,509**, r = 0,239**). ʅʘʡʙʽʣʴʰʘ ʥʝʛʘʪʠʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʘ 

ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʤʽʞ ʄʊɿ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Cu ʚ ˇʨʫʥʪʽ (r = -

0,552**). ʅʘʡʙʽʣʴʰʝ ʧʦʟʠʪʠʚʥʠʭ ʢʦʨʝʣʷʮʽʡ ʚʩʪʘʥʦʚʣʝʥʦ ʤʽʞ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʷʢ ɺɿ ʪʘ ʂɿʂ, ʄʊɿ, ɺʂ. ʂʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ ʩʫʪʪʻʚʦ ʧʦʚôʷʟʘʥʘ ʟ ʚʨʦʞʘʡʥʽʩʪʶ 

ʚ ʩʫʯʘʩʥʠʭ ʩʦʨʪʘʭ ʧʰʝʥʠʮʽ [436], ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʦʪʨʠʤʘʥʠʤʠ ʥʘʤʠ ʜʘʥʠʤʠ. 
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ʆʪʨʠʤʘʥʦ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ɺɿ ʪʘ ʂɿʂ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʚʧʨʦʜʦʚʞ 

ʜʚʦʭ ʨʦʢʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ (2017: ɼʤʠʪʨʽʚ ï r = 0,401*, ɼ. ʃʫʞʦʢ ï r = 0,734; 2018: 

ɼʤʠʪʨʽʚ ï r = 0,514**, ɼ. ʃʫʞʦʢ ï r = 0,657). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʥʘʤʠ ʜʘʥʠʭ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʢʘʟʥʠʢʠ 

ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʠ ʚʨʦʞʘʶ, ʤʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʩʦʨʪʠ ʤô̫ ʢʦʾ ʧʰʝʥʠʮʽ 

ɼʫʙʨʘʚʢʘ, ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʪʘ ʪʚʝʨʜʽ ʩʦʨʪʠ ʏʘʜʦ, ɼʠʥʘʩʪʽʷ ʻ ʩʪʽʡʢʽʰʠʤʠ ʜʦ 

ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘ ʚʦʣʦʜʽʶʪʴ ʚʠʱʦʶ ʘʜʘʧʪʘʮʽʡʥʦʶ 

ʧʣʘʩʪʠʯʥʽʩʪʶ ʜʦ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ ʄʊɿ ʟʘ ʫʤʦʚ ʨʽʟʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. 

 

3.4.4. ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ, ʢʦʣʦʩʽ, ʟʝʨʥʽ 

ʪʘ ʟʘʨʦʜʢʘʭ ʧʰʝʥʠʮʽ ʟʘ ʨʽʟʥʠʭ ˇʨʫʥʪʦʚʠʭ ʫʤʦʚ 

ɺʤʽʩʪ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ˇʨʫʥʪʽ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ 

ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʥʘ ʷʢʽʩʪʴ 

ʟʝʨʥʘ. ʅʠʟʴʢʘ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʘʭ ʟʫʤʦʚʣʝʥʘ ʚʠʩʦʢʠʤ ʨʅ, 

ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʚʤʽʩʪʫ ʚʦʣʦʛʠ, 

ʱʽʣʴʥʦʩʪʽ ʪʘ ʧʦʨʠʩʪʦʩʪʽ ˇʨʫʥʪʫ [222; 429]. 

ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʩʣʽʜʞʝʥʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʘ ʩʘʤʝ Fe, Cu 

ʪʘ Zn ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʷʨʦʾ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʟʜʽʡʩʥʝʥʦ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ 

ʚʧʨʦʜʦʚʞ ʚʝʛʝʪʘʮʽʡʥʠʭ ʩʝʟʦʥʽʚ 2017 ʪʘ 2018 ʨʨ., ʥʘ ʪʠʧʘʭ ˇʨʫʥʪʽʚ, ʷʢʽ ʨʽʟʥʠʣʠʩʴ ʟʘ 

ʨʽʚʥʝʤ pH, ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʶ ʨʝʯʦʚʠʥʠ ʪʘ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Fe, Cu ʪʘ Zn. ɼʘʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ, ʪʘ 

ʦʙʨʘʪʠ ʩʝʨʝʜ ʥʠʭ ʩʦʨʪʠ ʟ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ 

ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʟʘ ʨʽʟʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ.  

ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ (2017 ʨ.).  

ʋ 2017 ʨʦʮʽ ʜʦʩʣʽʜʞʝʥʦ ʢʦʥʮʝʥʪʨʘʮʽʶ Fe, Cu ʪʘ Zn ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʥʘ ʝʪʘʧʽ 

ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ GS89 (ʨʠʩ. 3.12 ɸ, ɹ, ɺ). ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.12 ɸ ʚʠʱʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ Zn ʚ ʟʝʨʥʽ ʚʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʫʩʽʭ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ. ʁʤʦʚʽʨʥʦ, 



104 

 

ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Zn ʚ ˇʨʫʥʪʽ. ʉʝʨʝʜ ʤôʷʢʠʭ ʩʦʨʪʽʚ 

ʧʰʝʥʠʮʽ ʤʘʢʩʠʤʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ Zn ʚʠʷʚʣʝʥʦ ʫ ʩʦʨʪʫ ʇʨʦʚʽʥʮʽʘʣʢʘ, ʤʽʥʽʤʘʣʴʥʫ 

ʫ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ. ʉʝʨʝʜ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʥʘʡʚʠʱʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn ʚ ʟʝʨʥʽ ʥʘ 

ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʚʠʜʽʣʷʚʩʷ ʩʦʨʪ ʊʝʨʘ (19,9 ʤʢʛ/ʛ). ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʢʦʥʮʝʥʪʨʘʮʽʷ 

Zn ʚ ʟʝʨʥʽ ʤʝʥʰʘ ʥʘ ʚ ʩʝʨʝʜʥʴʦʤʫ 20 %, ʘ ʚʤʽʩʪ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ 

ˇʨʫʥʪʽ ʤʝʥʰʠʡ ʥʘ 24 %. ʅʘʡʚʠʱʠʡ ʚʤʽʩʪ Zn ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʽʚ ʍʘʨʢʽʚʩʴʢʘ 30 

(ʤôʷʢʘ), ɯʟʦʣʴʜʘ (ʪʚʝʨʜʘ) ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ (ʧʦʣʙʘ). ɼʣʷ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ ʚʠʷʚʣʝʥʘ 

ʥʘʡʤʝʥʰʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Zn ʚ ʟʝʨʥʽ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʚʠʱʠʡ ʚʤʽʩʪ Fe ʚ ʟʝʨʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʦʨʪʽʚ ʥʘ ʜʝʨʥʦʚʦ-

ʙʫʨʦʟʝʤʥʠʭ ʩʫʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʘʭ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ (ʨʠʩ. 3.12 ɹ), ʫ 2017 ʨ. ʮʷ 

ʜʽʣʷʥʢʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʙʽʦʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Fe. ʅʘʡʚʠʱʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʚ ʟʝʨʥʽ ʚʠʷʚʣʝʥʦ ʫ ʩʦʨʪʽʚ: ɽʪʶʜ, ɼʫʙʨʘʚʢʘ, ɹʦʞʝʥʘ, ʍʘʨʢʽʚʩʴʢʘ 30, 

ʥʘʡʥʠʞʯʽ ʫ ʩʦʨʪʽʚ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ʪʘ ɾʽʟʝʣʴ. ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʥʠʟʴʢʠʡ ʚʤʽʩʪ 

Fe ʚ ʟʝʨʥʽ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʩʧʨʠʯʠʥʝʥʠʡ ʜʝʬʽʮʠʪʦʤ ʙʽʦʜʦʩʪʫʧʥʦʛʦ Fe ʚ ˇʨʫʥʪ ̔ʪʘ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʆʈɻ. 

ʑʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ Cu ʚ ʟʝʨʥʽ, ʚʠʷʚʣʝʥʦ ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ, 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 30 % (ʨʠʩ. 3.12 ɺ). ʉʦʨʪʠ T. turgidum, ʥʘ ʜʘʥʽʡ ʜʽʣʷʥʮʽ, 

ʥʘʢʦʧʠʯʫʚʘʣʠ ʙʽʣʴʰʝ Cu ʥʘ 15 %, ʥʽʞ ʤôʷʢʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ. ʇʨʦʪʝ, ʥʘ ʜʽʣʷʥʮʽ 

ɼʤʠʪʨʽʚ ʪʘʢʘ ʪʝʥʜʝʥʮʽʷ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ. ʅʘʡʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Cu ʚ ʟʝʨʥʽ 

ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʩʦʨʪʫ ɼʽʘʥʘ (3,94 ʤʢʛ/ʛ) ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ, ʘ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ 

ʮʝʡ ʩʦʨʪ ʧʦʢʘʟʘʚ ʚʜʚʽʯʽ ʤʝʥʰʠʡ ʚʤʽʩʪ Cu ʚ ʟʝʨʥʽ. ʉʭʦʞʘ ʪʝʥʜʝʥʮʽʷ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʽ 

ʫ ʩʦʨʪʽʚ ɼʠʥʘʩʪʽʷ, ɯʟʦʣʴʜʘ ʪʘ ɾʽʟʝʣʴ. ʄʦʞʝʤʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʨʽʚʝʥʴ Cu ʚ ʟʝʨʥʽ 

ʚʠʱʝʟʛʘʜʘʥʠʭ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʻ ʦʩʦʙʣʠʚʦ ʟʘʣʝʞʥʠʤ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʦʩʪʫʧʥʠʭ ʡʦʛʦ ʬʦʨʤ ʫ ˇʨʫʥʪʽ. ʉʝʨʝʜ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ ʥʘʡʚʠʱʠʡ ʚʤʽʩʪ Cu ʚ ʟʝʨʥʽ ʥʘ 

ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʽʚ ʄɯʇ ɿʣʘʪʘ ʪʘ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʥʘ 

ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʫ ʩʦʨʪʽʚ ɼʫʙʨʘʚʢʘ, ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ ʪʘ ɻʝʨʦʾʥʷ. ʅʠʟʴʢʘ 

ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ Cu ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʫ ˇʨʫʥʪʽ, ʷʢʘ, ʷʢ ʚʽʜʦʤʦ, ʟʥʠʞʫʻ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. 
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* ï ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʽʟʥʠʮʽ ʤʽʞ ʜʦʩʣʽʜʥʠʤʠ ʜʽʣʷʥʢʘʤʠ; ** p<0.01, * p<0.05  

ʈʠʩ. 3.12. ʂʦʥʮʝʥʪʨʘʮʽʷ Zn (ɸ), Fe (ɹ) ʪʘ Cu (ɺ) (ʤʢʛ/ʛ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ) ʚ ʟʝʨʥʽ ʥʘ 

ʝʪʘʧʽ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ GS89 ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ, ʧʦʣʴʦʚʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 

2017 ʨ., ʜʦʩʣʽʜʥʽ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ (50Á13'26.6"N 24Á36'50.5"E) ʪʘ ɼ. ʃʫʞʦʢ 

(49Á27'17.5"N 23Á23'02.6"E). 
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ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ, ʢʦʣʦʩʽ ʪʘ ʟʝʨʥʽ 

(2018 ʨ.). 

ɺʘʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽʟ ˇʨʫʥʪʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʾʭ ʜʦ 

ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ ʪʘ ʧʦʜʘʣʴʰʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʝʨʥʦ [152; 180; 261]. ʊʦʤʫ, ʫ 

2018 ʨʦʮʽ ʚʠʟʥʘʯʝʥʦ ʢʦʥʮʝʥʪʨʘʮʽʶ Fe, Cu ʪʘ Zn ʥʝ ʣʠʰʝ ʚ ʟʝʨʥʽ, ʘʣʝ ʽ ʚ ʽʥʰʠʭ 

ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ, ʥʘ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʪʘʧʘʭ ʦʥʪʦʛʝʥʝʟʫ, ʦʩʢʽʣʴʢʠ ʚʘʞʣʠʚʠʤ ʙʫʣʦ 

ʜʦʩʣʽʜʠʪʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʨʦʩʣʠʥʦʶ  ̔ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʟʝʨʥʦ. ɺʩʪʘʥʦʚʣʝʥʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ ʥʘ ʝʪʘʧʽ 

ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ GS89, ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʥʘ ʝʪʘʧʽ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ GS49 ʪʘ ʚ 

ʢʦʣʦʩʽ ʥʘ ʝʪʘʧʽ ʮʚʽʪʽʥʥʷ GS65 (ʨʠʩ. 3.13 ɸ, ɹ, ɺ ʪʘ ʨʠʩ. 3.14 ɸ, ɹ, ɺ).  

ʂʦʥʮʝʥʪʨʘʮʽʶ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ 

ʜʞʝʨʝʣʦ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʽʥʝʨʘʣʽʚ ʚ ʟʝʨʥʦ [314; 315]. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʚʤʽʩʪ 

Zn ʽ Fe ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ ʽ, 

ʤʝʥʰʦʶ ʤʽʨʦʶ, ʚʽʜ ʥʠʞʥʽʭ ʣʠʩʪʢʽʚ [420]. ʅʘʤʠ ʚʠʷʚʣʝʥʽ ʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn, ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʩʦʨʪʽʚ, ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ (ʨʠʩ. 3.13 ɸ), ʚ ʢʦʣʦʩʘʭ 

ʪʘ ʟʝʨʥʽ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ (ʨʠʩ.3.14 ɸ). ɺ ʩʝʨʝʜʥʴʦʤʫ, ʪʚʝʨʜʽ ʩʦʨʪʠ ʥʘʢʦʧʠʯʫʚʘʣʠ 

ʙʽʣʴʰʝ Zn ʥʽʞ ʤôʷʢʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʚ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʦʨʛʘʥʘʭ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ. 

ʄôʷʢʽ ʩʦʨʪʠ ʥʘʢʦʧʠʯʫʚʘʣʠ Zn ʚ ʨʦʟʧʦʜʽʣʽ ʟʝʨʥʦ>ʣʠʩʪʦʢ>ʢʦʣʦʩ ʘʙʦ ʞ 

ʟʝʨʥʦ>ʢʦʣʦʩ>ʣʠʩʪʦʢ. ʉʝʨʝʜ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʨʦʟʧʦʜʽʣ Zn ʙʫʚ ʪʘʢʠʤ ï 

ʟʝʨʥʦ>ʢʦʣʦʩ>ʣʠʩʪʦʢ. ʊʚʝʨʜʽ ʩʦʨʪʠ ʥʘʢʦʧʠʯʫʚʘʣʠ ʥʘʡʙʽʣʴʰʝ Zn ʚ ʟʝʨʥʽ ʥʘ ʜʽʣʷʥʮʽ 

ɼ. ʃʫʞʦʢ, ʱʦ ʙʫʣʦ ʤʘʡʞʝ ʚʜʚʽʯʽ ʙʽʣʴʰʝ ʥʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷ Zn ʫ ʤôʷʢʠʭ ʩʦʨʪʽʚ. 

ʇʨʦʪʝ, ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʪʘʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʤôʷʢʠʤʠ ʪʘ ʪʚʝʨʜʠʤʠ ʩʦʨʪʘʤʠ ʥʝ 

ʚʠʷʚʣʝʥʘ. ʅʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʩʦʨʪ ɽʪʶʜ ʥʘʢʦʧʠʯʫʚʘʚ ʥʘʡʤʝʥʰʝ Zn ʚ ʣʠʩʪʢʫ (17,10 

ʤʢʛ/ʛ) ʦʜʥʘʢ ʥʘʡʙʽʣʴʰʝ ʩʝʨʝʜ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʘʢʫʤʫʣʶʚʘʚ ʚ ʟʝʨʥʽ (49,73 ʤʢʛ/ʛ). ʋ 

ʩʦʨʪʫ ʍʘʨʢʽʚʩʴʢʘ 30 ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn ʚ ʫʩʽʭ ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʘʭ: 

ʧʨʘʧʦʨʮʝʚʠʡ ʣʠʩʪʦʢ (24,41 ʤʢʛ/ʛ), ʢʦʣʦʩ (27,12 ʤʢʛ/ʛ), ʟʝʨʥʦ (46,38 ʤʢʛ/ʛ). ʉʦʨʪ 

ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ ʥʘʢʦʧʠʯʫʚʘʚ ʥʘʡʙʽʣʴʰʝ Zn ʚ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ (29,64 ʤʢʛ/ʛ), 

ʧʨʦʪʝ, ʢʦʥʮʝʥʪʨʘʮʽʷ Zn ʚ ʟʝʨʥʽ ʙʫʣʘ ʥʘ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʽ (37,67 ʤʢʛ/ʛ). 
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ʈʠʩ. 3.13. ʂʦʥʮʝʥʪʨʘʮʽʷ Zn (ɸ), Fe (ɹ) ʪʘ Cu (ɺ) (ʤʢʛ/ʛ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ) ʚ ʟʝʨʥʽ 

(GS89), ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ (GS49) ʪʘ ʢʦʣʦʩʢʘʭ (GS65) ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

ʷʨʦʾ, ʧʦʣʴʦʚʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 2018 ʨ., ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼʤʠʪʨʽʚ (50Á13'26.6"N 

24Á36'50.5"E).  
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ʈʠʩ. 3.14. ʂʦʥʮʝʥʪʨʘʮʽʷ Zn (ɸ), Fe (ɹ) ʪʘ Cu (ɺ) (ʤʢʛ/ʛ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ) ʚ ʟʝʨʥʽ 

(GS89), ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ (GS49) ʪʘ ʢʦʣʦʩʽ (GS65) ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

ʷʨʦʾ, ʧʦʣʴʦʚʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 2018 ʨ., ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼ. ʃʫʞʦʢ (49Á27'17.5"N 

23Á23'02.6"E).  
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ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ (ʨʠʩ. 3.14 ɸ) ʩʦʨʪ ɼʫʙʨʘʚʢʘ (ʤôʷʢʘ) ʚʠʨʽʟʥʷʚʩʷ ʥʠʟʴʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn ʚ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ ʪʘ ʢʦʣʦʩʽ, ʧʨʦʪʝ ʚʠʩʦʢʦʶ ʚ ʟʝʨʥʽ ï 40,87 

ʤʢʛ/ʛ. ʉʦʨʪ ʇʨʦʚʽʥʮʽʘʣʢʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʥʘʡʚʠʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Zn ʚ ʢʦʣʦʩʽ 

(25,82 ʤʢʛ/ʛ) ʪʘ ʟʝʨʥʽ (42,61 ʤʢʛ/ʛ) ʩʝʨʝʜ ʤôʷʢʠʭ ʩʦʨʪʽʚ. ʉʝʨʝʜ ʪʚʝʨʜʠʭ ʫ ʩʦʨʪʫ 

ɯʟʦʣʴʜʘ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ (21,47 ʤʢʛ/ʛ), 

ʧʨʦʪʝ ʥʘʡʥʠʞʯʽ ʟ ʟʝʨʥʽ (31,78 ʤʢʛ/ʛ). ʉʦʨʪ ʄɯʇ ʈʘʡʜʫʞʥʘ ʘʢʫʤʫʣʶʚʘʚ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ Zn ʚ ʣʠʩʪʢʘʭ (20,71 ʤʢʛ/ʛ) ʪʘ ʟʝʨʥʽ (64,54 ʤʢʛ/ʛ). ɺ ʢʦʣʦʩʽ ʤʘʢʩʠʤʘʣʴʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ Zn ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʫ ɼʠʥʘʩʪʽʷ (33,77 ʤʢʛ/ʛ). ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ 

ʜʘʥʠʤʠ, ʦʩʦʙʣʠʚʽʩʪʴ Zn ï ʘʢʫʤʫʣʶʚʘʪʠʩʴ ʥʘʡʙʽʣʴʰʝ ʚ ʟʝʨʥʽ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʩʦʨʪʫ 

ʧʰʝʥʠʮʽ. ʉʦʨʪ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʚʠʨʽʟʥʷʚʩʷ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ 

Zn ʚ ʦʨʛʘʥʘʭ ʟʘ ʨʽʟʥʦʾ ʡʦʛʦ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ.  

ʉʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʥʘʤʠ ʝʣʝʤʝʥʪʽʚ, ʨʦʩʣʠʥʠ ʧʰʝʥʠʮʽ ʥʘʡʙʽʣʴʰʝ ʘʢʫʤʫʣʶʚʘʣʠ 

Fe. ɺ ʩʝʨʝʜʥʴʦʤʫ, ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʢʦʥʮʝʥʪʨʘʮʽʷ Fe ʚ ʧʨʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ 

ʩʪʘʥʦʚʠʣʘ ï 33,68 ʤʢʛ/ʛ, ʚ ʢʦʣʦʩʽ ï 24,79 ʤʢʛ/ʛ, ʚ ʟʝʨʥʽ ï 23,33 ʤʢʛ/ʛ (ʨʠʩ. 3.13 ɹ), ʥʘ 

ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ï 57,94 ʤʢʛ/ʛ, ʚ ʢʦʣʦʩʽ ï 48,12 ʤʢʛ/ʛ, ʚ ʟʝʨʥʽ 

ï 34,09 ʤʢʛ/ʛ (ʨʠʩ. 3.14 ɹ). ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʢʦʥʮʝʥʪʨʘʮʽʷ Fe ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ 

ʙʫʣʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 30 % ʚʠʱʦʶ. ʈʦʟʧʦʜʽʣ Fe ʚ ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʙʫʚ 

ʪʘʢʠʤ: ʣʠʩʪʦʢ>ʢʦʣʦʩ>ʟʝʨʥʦ ʘʙʦ ʣʠʩʪʦʢ>ʟʝʨʥʦ>ʢʦʣʦʩ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʩʦʨʪʽʚ 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʚ ʣʠʩʪʢʘʭ. ʅʝ ʚʠʷʚʣʝʥʦ ʨʽʟʥʠʮʽ ʚ ʨʦʟʧʦʜʽʣʽ 

ʤʽʞ ʤô̫ ʢʠʤʠ ʪʘ ʪʚʝʨʜʠʤʠ ʩʦʨʪʘʤʠ ʧʰʝʥʠʮʽ. ʉʝʨʝʜ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ 

ʥʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʚ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʽʚ ʇʘʥʷʥʢʘ 

(40,83 ʤʢʛ/ʛ), ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ (42,78 ʤʢʛ/ʛ) ʪʘ ʍʘʨʢʽʚʩʴʢʘ 30 (38,86 ʤʢʛ/ʛ). 

ʂʨʽʤ ʪʦʛʦ, ʩʦʨʪ ʍʘʨʢʽʚʩʴʢʘ 30 ʚʠʨʽʟʥʷʚʩʷ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Fe ʚ ʢʦʣʦʩʽ (27,73 

ʤʢʛ/ʛ) ʪʘ ʟʝʨʥʽ (29,85 ʤʢʛ/ʛ). ʊʘʢʦʞ, ʚʠʩʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ Fe ʚ ʟʝʨʥʽ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʽʚ ʇʘʥʷʥʢʘ (29,73 ʤʢʛ/ʛ) ʪʘ ɹʦʞʝʥʘ (32,91 ʤʢʛ/ʛ). ʊʚʝʨʜʠʡ ʩʦʨʪ 

ɯʟʦʣʴʜʘ ʥʘʢʦʧʠʯʫʚʘʚ ʟʥʘʯʥʠʡ ʚʤʽʩʪ Fe ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ (36,11 ʤʢʛ/ʛ) ʪʘ ʢʦʣʦʩʽ 

(26,21 ʤʢʛ/ʛ), ʧʨʦʪʝ ʤʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʟʝʨʥʽ (19,15 ʤʢʛ/ʛ). ʉʝʨʝʜ ʪʚʝʨʜʦʾ ʧʰʝʥʠʮʽ 

ʩʦʨʪ ʊʝʨʘ ʚʠʜʽʣʷʚʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Fe ʚ ʟʝʨʥʽ ï 25,18 ʤʢʛ/ʛ. ʅʘ 

ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʤô̫ ʢʠʡ ʩʦʨʪ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʚʠʜʽʣʷʚʩʷ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ 
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ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ Fʝ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ (88,78 ʤʢʛ/ʛ), ʢʦʣʦʩʽ (61,65 ʤʢʛ/ʛ) ʪʘ ʟʝʨʥʽ 

(37,68 ʤʢʛ/ʛ). ʉʦʨʪ ʇʘʥʷʥʢʘ ʚʠʨʽʟʥʷʚʩʷ ʥʘʡʚʠʱʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Fe ʚ ʟʝʨʥʽ ʩʝʨʝʜ 

ʤôʷʢʠʭ ʩʦʨʪʽʚ ï 39,41 ʤʢʛ/ʛ, ʧʨʠ ʮʴʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʪʘ 

ʢʦʣʦʩʽ ʙʫʣʘ ʥʘ ʨʽʚʥʽ ʩʝʨʝʜʥʴʦʾ. ʅʘʡʥʠʞʯʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ 

(32,06 ʤʢʛ/ʛ) ʪʘ ʢʦʣʦʩʘʭ (38,05 ʤʢʛ/ʛ) ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʩʦʨʪ ɹʦʞʝʥʘ, ʦʜʥʘʢ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʟʝʨʥʽ (37,89 ʤʢʛ/ʛ) ʙʫʣʘ ʥʘ ʨʽʚʥʽ ʚʠʱʝ ʩʝʨʝʜʥʴʦʛʦ. ʉʝʨʝʜ ʪʚʝʨʜʦʾ 

ʧʰʝʥʠʮʽ ʩʦʨʪ ʄɯʇ ʈʘʡʜʫʞʥʘ ʚʠʜʽʣʷʚʩʷ ʥʘʡʚʠʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Fe ʚ 

ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ (102,08 ʤʢʛ/ʛ) ʪʘ ʢʦʣʦʩʽ (62,67 ʤʢʛ/ʛ) ʪʘ ʥʘʡʥʠʞʯʦʶ ʚ ʟʝʨʥʽ 

(32,30 ʤʢʛ/ʛ). ʅʘʡʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Fe ʩʝʨʝʜ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʚʩʪʘʥʦʚʣʝʥʘ ʜʣʷ ʩʦʨʪʫ 

ɼʠʥʘʩʪʽʷ ï 42,57 ʤʢʛ/ʛ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ (46,43 ʤʢʛ/ʛ) ʪʘ ʢʦʣʦʩʽ 

(46,07 ʤʢʛ/ʛ) ʚʠʱʝ ʩʝʨʝʜʥʴʦʾ. ʉʦʨʪ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʚʠʨʽʟʥʷʚʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Fe 

ʥʘ ʨʽʚʥʽ ʚʠʱʝ ʩʝʨʝʜʥʴʦʾ ʚ ʟʝʨʥʽ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ. ʅʘʡʚʠʱʫ ʢʦʥʮʝʥʪʨʘʮʽʶ Fe ʫ ʩʦʨʪʫ 

ɻʦʣʽʢʦʚʩʴʢʘ ʚʠʷʚʣʝʥʦ ʚ ʢʦʣʦʩʽ (46,49 ʤʢʛ/ʛ) ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ.  

ʉʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ Cu ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʩʪʘʥʦʚʠʣʘ 

ï 5,64 ʤʢʛ/ʛ, ʚ ʢʦʣʦʩʽ ï 3,79 ʤʢʛ/ʛ, ʚ ʟʝʨʥʽ ï 3,01 ʤʢʛ/ʛ (ʨʠʩ. 3.13 ɺ), ʥʘ ʜʽʣʷʥʮʽ ɼ. 

ʃʫʞʦʢ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ï 6,84 ʤʢʛ/ʛ, ʚ ʢʦʣʦʩʽ ï 4,39 ʤʢʛ/ʛ, ʚ ʟʝʨʥʽ ï 4,31 ʤʢʛ/ʛ 

(ʨʠʩ. 3.14 ɺ). ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.14 ɺ ʢʦʥʮʝʥʪʨʘʮʽʷ Cu ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʙʫʣʘ 

ʚʠʱʦʶ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ. ʈʦʟʧʦʜʽʣ Cu ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʙʫʚ ʦʜʥʘʢʦʚʠʤ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʩʦʨʪʽʚ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ ï ʣʠʩʪʦʢ>ʢʦʣʦʩ>ʟʝʨʥʦ. ʅʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ 

ʢʦʥʮʝʥʪʨʘʮʽʷ Cu ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʙʫʣʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 47 % ʚʠʱʦʶ ʥʽʞ ʚ 

ʟʝʨʥʽ. ʉʦʨʪ ʤô̫ ʢʦʾ ʧʰʝʥʠʮʽ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ Cu ʚ ʫʩʽʭ ʦʨʛʘʥʘʭ: ʧʨʘʧʦʨʮʝʚʠʡ ʣʠʩʪʦʢ ï 6,21 ʤʢʛ/ʛ, ʢʦʣʦʩ ï 4,09 

ʤʢʛ/ʛ, ʟʝʨʥʦ ï 3,75 ʤʢʛ/ʛ. ʉʭʦʞʫ ʪʝʥʜʝʥʮʽʶ ʚʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʩʦʨʪʽʚ ʇʘʥʷʥʢʘ: ʣʠʩʪʦʢ 

ï 6,05 ʤʢʛ/ʛ, ʢʦʣʦʩ ï 3,01 ʤʢʛ/ʛ, ʟʝʨʥʦ ï 3,43 ʤʢʛ/ʛ, ʪʘ ʍʘʨʢʽʚʩʴʢʘ 30: ʧʨʘʧʦʨʮʝʚʠʡ 

ʣʠʩʪʦʢ ï 6,04 ʤʢʛ/ʛ, ʢʦʣʦʩ ï 4,61 ʤʢʛ/ʛ, ʟʝʨʥʦ ï 3,61 ʤʢʛ/ʛ. ʊʚʝʨʜʠʡ ʩʦʨʪ ɾʽʟʝʣʴ 

ʚʠʜʽʣʷʚʩʷ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʉu ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ (6,01 

ʤʢʛ/ʛ) ʪʘ ʢʦʣʦʩʽ (4,16 ʤʢʛ/ʛ), ʧʨʦʪʝ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʟʝʨʥʽ ʙʫʣʘ ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʾ (2,46 

ʤʢʛ/ʛ). ʅʘʡʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʶ Cu ʚ ʟʝʨʥʽ ʩʝʨʝʜ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʩʦʨʪʫ 

ɼʽʘʥʘ ï 3,67 ʤʢʛ/ʛ, ʪʘʢʦʞ ʮʝʡ ʩʦʨʪ ʚʠʜʽʣʷʚʩʷ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Cu ʚ 
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ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ ï 5,86 ʤʢʛ/ʛ ʪʘ ʢʦʣʦʩʽ ï 3,73 ʤʢʛ/ʛ. ʉʦʨʪ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ 

ʧʦʢʘʟʘʚ ʥʠʟʴʢʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʢʫʤʫʣʶʚʘʥʥʷ Cu ʥʘ ʜʘʥʦʤʫ ʪʠʧʽ ˇʨʫʥʪʫ, ʢʦʥʮʝʥʪʨʘʮʽʷ 

Cu ʫ ʚʩʽʭ ʦʨʛʘʥʘʭ ʙʫʣʘ ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʾ. ʅʘ ʜʽʣʷʥʮ ̔ɼ. ʃʫʞʦʢ, ʩʝʨʝʜ ʤô̫ ʢʦʾ ʧʰʝʥʠʮʽ 

ʥʘʡʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Cu ʚ ʟʝʨʥʽ ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ ï 5,35 ʤʢʛ/ʛ, ʧʨʠ 

ʮʴʦʤʫ ʮʝʡ ʩʦʨʪ ʥʘʡʤʝʥʰʝ ʘʢʫʤʫʣʶʚʘʚ Cu ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ï 6,12 ʤʢʛ/ʛ, ʪʘ 

ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʛʦ ʚ ʢʦʣʦʩʽ ï 4,14 ʤʢʛ/ʛ. ʉʦʨʪ ʍʘʨʢʽʚʩʴʢʘ 30 ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ Cu ʚʠʱʝ ʩʝʨʝʜʥʴʦʾ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ (8,01 ʤʢʛ/ʛ) ʪʘ ʢʦʣʦʩʽ 

(4,74 ʤʢʛ/ʛ), ʧʨʦʪʝ, ʫ ʮʴʦʛʦ ʩʦʨʪʫ ʚʠʷʚʣʝʥʘ ʤʽʥʽʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Cu ʚ ʟʝʨʥʽ 

ʩʝʨʝʜ ʤôʷʢʠʭ ʩʦʨʪʽʚ (3,21 ʤʢʛ/ʛ). ʉʦʨʪ ɻʝʨʦʾʥʷ, ʜʣʷ ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʚʠʱʠʡ 

ʨʽʚʝʥʴ Cu ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ï 8,76 ʤʢʛ/ʛ, ʧʦʢʘʟʘʚ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʠʞʯʝ 

ʩʝʨʝʜʥʴʦʾ ʚ ʟʝʨʥʽ ï 4,29 ʤʢʛ/ʛ. ʉʝʨʝʜ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʥʘʡʚʠʱʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʥʘʢʦʧʠʯʝʥʥʷ Cu ʦʨʛʘʥʘʭ ʚʠʜʽʣʷʚʩʷ ʩʦʨʪ ɾʽʟʝʣʴ. ɼʣʷ ʮʴʦʛʦ ʩʦʨʪʫ ʚʩʪʘʥʦʚʣʝʥʦ 

ʥʘʡʚʠʱʽ ʩʝʨʝʜ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ Cu ʚ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ ï 7,04 ʤʢʛ/ʛ, 

ʢʦʣʦʩʽ ï 4,95 ʤʢʛ/ʛ ʪʘ ʟʝʨʥʽ ï 5,03 ʤʢʛ/ʛ. ʊʘʢʦʞ, ʚʠʩʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ Cu ʚ ʟʝʨʥʽ 

ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʽʚ ɼʽʘʥʘ (5,11 ʤʢʛ/ʛ) ʪʘ ɼʠʥʘʩʪʽʷ (5,01 ʤʢʛ/ʛ). ɼʘʥʽ ʩʦʨʪʠ ʥʝ 

ʚʠʜʽʣʷʣʠʩʴ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʘʢʫʤʫʣʶʚʘʥʥʷ Cu ʚ ʽʥʰʠʭ ʦʨʛʘʥʘʭ. ʅʘ ʜʘʥʦʤʫ 

ʪʠʧʽ ˇʨʫʥʪʫ ʩʦʨʪ ɻʦʣʽʢʦʚʩʴʢʘ ʧʦʢʘʟʘʚ ʚʠʱʫ ʢʦʥʮʝʥʪʨʘʮʽʶ Cu ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʜʽʣʷʥʢʦʶ ɼʤʠʪʨʽʚ. ʉʦʨʪ ɻʦʣʽʢʦʚʩʴʢʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʚʠʩʦʢʫ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʘʢʫʤʫʣʶʚʘʥʥʷ Cu ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ (7,93 ʤʢʛ/ʛ) ʪʘ ʟʝʨʥʽ (5,01 ʤʢʛ/ʛ). 

ɺʤʽʩʪ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʟʘʢʦʥʦʜʘʚʯʦ ʟʛʽʜʥʦ ɼʉʊʋ 3768-2010, 

ɻɼʂ ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʜʣʷ Zn ï 50 ʤʛ/ʢʛ, Cu ï 10 ʤʛ/ʢʛ. ʋ 2018 ʨ. ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʥʦʨʤ ɻɼʂ Zn ʚ ʟʝʨʥʽ ʜʣʷ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ: 

ʄɯʇ ʈʘʡʜʫʞʥʘ ʥʘ 29 %, ɼʽʘʥʘ ʥʘ 31 %, ʉʧʘʜʱʠʥʘ ʥʘ 13 %, ɼʠʥʘʩʪʽʷ ʥʘ 22 %, ʊʝʨʘ 

ʥʘ 17% ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ ʥʘ 25 %. 

ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʚʠʩʦʢʠʡ ʚʤʽʩʪ Fe, Zn ʯʠ Cu ʚ ʧʨʘʧʦʨʮʝʚʦʤʫ 

ʣʠʩʪʢʫ ʯʠ ʢʦʣʦʩʽ ʥʝ ʻ ʫʤʦʚʦʶ ʾʭ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʟʝʨʥʽ. ʆʩʢʽʣʴʢʠ, ʩʘʤʝ ʟʝʨʥʦ 

ʧʰʝʥʠʮʽ ʻ ʧʨʦʜʫʢʪʦʤ ʭʘʨʯʫʚʘʥʥʷ, ʚʘʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʩʦʨʪʠ ʟ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ ʟʘ ʫʤʦʚ ʨʽʟʥʦʾ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ʆʩʦʙʣʠʚʦ ʮʽʥʥʠʤʠ ʻ ʩʦʨʪʠ, ʷʢʽ ʟʜʘʪʥʽ ʘʢʫʤʫʣʶʚʘʪʠ ʦʜʥʦʯʘʩʥʦ 
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ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe, Zn ʪʘ Cu. ʊʚʝʨʜʠʡ ʩʦʨʪ ʊʝʨʘ ʚʠʜʽʣʷʚʩʷ ʥʘʡʚʠʱʦʶ ʟʜʘʪʥʽʩʪʶ 

ʜʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʦʜʥʦʯʘʩʥʦ Fe, Zn ʪʘ Cu ʚ ʟʝʨʥʽ ʥʘ ʦʙʦʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ. ʉʦʨʪʠ 

ʇʘʥʷʥʢʘ, ʍʘʨʢʽʚʩʴʢʘ 30, ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ, ʉʽʤʢʦʜʘ 

ʤʠʨʦʥʽʚʩʴʢʘ, ʉʧʘʜʱʠʥʘ, ʇʨʦʚʽʥʮʽʘʣʢʘ ʚʠʨʽʟʥʷʣʠʩʴ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ 

ʘʢʫʤʫʣʶʚʘʪʠ Fe, Zn ʪʘ Cu ʚ ʟʝʨʥʽ ʥʘ ʯʦʨʥʦʟʝʤʘʭ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʜʽʣʷʥʢʠ 

ɼʤʠʪʨʽʚ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ ʥʠʟʴʢʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʮʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘ 

ʜʝʨʥʦʚʦ-ʙʫʨʦʟʝʤʥʠʭ ʩʫʛʣʠʥʠʥʢʦʚʠʭ ˇʨʫʥʪʘʭ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ, ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ 

ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ Fe, Zn ʪʘ Cu ʚ ʟʝʨʥʽ ʚʠʜʽʣʷʣʠʩʴ ʩʦʨʪʠ ɼʫʙʨʘʚʢʘ, ɹʦʞʝʥʘ, ɼʠʥʘʩʪʽʷ, 

ɯʟʦʣʴʜʘ, ʍʘʨʢʽʚʩʴʢʘ 30, ɼʽʘʥʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ. ʉʦʨʪ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ʚʠʨʽʟʥʷʚʩʷ 

ʥʠʟʴʢʦʶ ʟʜʘʪʥʽʩʪ ʁʦʜʥʦʯʘʩʥʦ ʘʢʫʤʫʣʶʚʘʪʠ ʚ ʟʝʨʥʽ Fe, Zn ʪʘ Cu ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽʟ ˇʨʫʥʪʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʾʭ ʜʦ ʧʨʘʧʦʨʮʝʚʦʛʦ 

ʣʠʩʪʢʘ ʪʘ ʧʦʜʘʣʴʰʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʝʨʥʦ [152; 180; 261], ʧʨʦʪʝ, ʷʢ ʚʠʜʥʦ ʟ ʥʘʰʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʩʦʨʪʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʋ ʪʘʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʨʽʟʥʽ ʪʨʘʥʩʧʦʨʪʝʨʠ ʤʝʪʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʨʝʛʫʣʴʦʚʘʥʽ ʎʠʥʢʦʤ 

ʪʨʘʥʩʧʦʨʪʝʨʠ (ZRT)/ʨʝʛʫʣʴʦʚʘʥʽ ʌʝʨʫʤʦʤ ʪʨʘʥʩʧʦʨʪʝʨʠ (IRT), ʪʘʢʽ ʷʢ ʨʦʜʠʥʠ 

ʙʽʣʢʽʚ ZIP, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʪʨʘʥʩʣʦʢʘʮʽʾ ʜʚʦʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ: Fe2+, Zn2+, Ni2+ ʽ 

Mn2+, ʧʦʩʠʣʶʚʘʯʽ ʜʠʬʫʟʽʾ ʢʘʪʽʦʥʽʚ (CDF), ̫ ʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʢʣʽʪʠʥ ʜʦ 

ʽʦʥʽʚ ʜʚʦʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ, ATʌ-ʘʟʠ P-ʪʠʧʫ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʚ 

ʢʩʠʣʝʤʫ Zn ʪʘ ʽʥʰʠʭ ʤʝʪʘʣʽʚ [95; 131], Cu ʪʨʘʥʩʧʦʨʪʝʨʠ (COPTs) [199; 451] ʪʘ 

ʙʽʣʢʠ-ʪʨʘʥʩʧʦʨʪʝʨʠ YSL (Yellow Stripe-Like) [105]. ʊʨʘʥʩʧʦʨʪ ʤʝʪʘʣʽʚ YSL-

ʙʽʣʢʘʤʠ ʘʢʪʠʚʫʻʪʴʩʷ H+ -ʩʠʤʧʦʨʪʦʤ. ʊʨʘʥʩʧʦʨʪʝʨʠ YSL ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ 

ʧʦʛʣʠʥʘʥʥʽ ʤʝʪʘʣʽʚ ʟ ˇʨʫʥʪʫ ʫ ʦʜʥʦʜʦʣʴʥʠʭ ʽ ʨʦʟʧʦʜʽʣʽ ʤʝʪʘʣʽʚ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʷʢ 

ʫ ʦʜʥʦʜʦʣʴʥʠʭ, ʪʘʢ ʽ ʫ ʜʚʦʜʦʣʴʥʠʭ ʨʦʩʣʠʥ [100]. ɹʽʣʢʠ ʨʦʜʠʥʠ ZIP ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ 

ʨʠʩʫ, ʧʰʝʥʠʮʽ, ʢʫʢʫʨʫʜʟʠ ʪʘ Arabidopsis thaliana [138; 441]. ʅʘʜʝʢʩʧʨʝʩʽʷ ʮʠʭ 

ʙʽʣʢʽʚ ʧʨʠʟʚʝʣʘ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ Zn ʫ ʜʠʢʦʾ ʧʰʝʥʠʮʽ [126]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʛʣʠʥʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ 

https://en.wikipedia.org/wiki/Divalent
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Fe/Zn ʚʽʜ ʢʦʨʝʥʽʚ ʜʦ ʟʝʨʥʘ ʤʦʞʝ ʩʧʨʠʷʪʠ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʪʘ ʧʦʢʨʘʱʝʥʥʶ 

ʽʩʥʫʶʯʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʟʙʘʛʘʯʝʥʥʷʤ Fe/Zn.  

ʗʢ ʚʽʜʦʤʦ, ʧʰʝʥʠʮʷ ʥʘʣʝʞʠʪʴ ʜʦ ʨʦʩʣʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʨʘʪʝʛʽʶ II ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʞʠʚʣʝʥʥʷ Fe, ʽ ʜʦʣʘʶʪʴ ʜʝʬʽʮʠʪ Fe ʰʣʷʭʦʤ ʚʠʜʽʣʝʥʥʷ ʬʽʪʦʩʠʜʝʦʬʦʨʽʚ 

(PS) ʢʦʨʝʥʷʤʠ [221; 364]. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʢʦʨʝʥʽ ʚʠʜʽʣʷʶʪʴ PS ʚ ʨʠʟʦʩʬʝʨʫ ʜʣʷ 

ʨʦʟʯʠʥʝʥʥʷ ʽʦʥʽʚ Fe3+, ʥʘ ʜʨʫʛʦʤʫ ï ʩʧʝʮʠʬʽʯʥʽ ʙʽʣʢʦʚʽ ʪʨʘʥʩʧʦʨʪʝʨʠ ʧʝʨʝʥʦʩʷʪʴ 

Fe3+ -PS ʢʦʤʧʣʝʢʩ. ʋ ʧʰʝʥʠʮʽ ʚʩʽ ʦʨʛʘʥʽʯʥʽ ʘʙʦ ʤʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ 

ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʚʽʜ ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ ʜʦ ʟʝʨʥʘ ʯʝʨʝʟ ʬʣʦʝʤʫ, ʦʩʢʽʣʴʢʠ ʩʫʜʠʥʥʽ 

ʧʫʯʢʠ ʢʩʠʣʝʤʠ ʥʝ ʧʦʚôʷʟʘʥʽ ʽʟ ʟʝʨʥʦʤ [104]. ʆʜʥʘʢ, ʨʫʭʣʠʚʽʩʪʴ Fe, ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ 

ʢʦʨʽʥʥʷʤ, ʧʦ ʬʣʦʝʤʽ ʻ ʩʣʘʙʢʦʶ, ʘ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜ ʣʠʩʪʷ ʜʦ ʟʝʨʥʘ 

ʦʙʤʝʞʝʥʝ [391]. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʨʽʟʥʽ ʩʧʦʣʫʢʠ N (ʪʘʢʽ ʷʢ ʘʤʽʥʦʢʠʩʣʦʪʠ, 

ʥʽʢʦʪʠʥʘʤʽʜ, ʧʝʧʪʠʜʠ) ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ Fe ʫ ʬʣʦʝʤʫ, ʡʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʪʘ ʘʢʫʤʫʣʶʚʘʥʥʷ ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ [469]. ʗʢʱʦ 

ʨʦʩʣʠʥʘ ʦʪʨʠʤʫʻ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ N, ʪʦ ʙʣʠʟʴʢʦ 60 % Fe ʤʦʞʝ ʙʫʪʠ 

ʪʨʘʥʩʧʦʨʪʦʚʘʥʦ ʜʦ ʟʝʨʥʘ, ʧʨʦʪʝ, ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ N ʫ ʨʦʩʣʠʥʘʭ ʥʠʟʴʢʘ, ʪʦʜʽ 

ʤʘʢʩʠʤʫʤ 38 % Fe ʙʫʜʝ ʪʨʘʥʩʧʦʨʪʦʚʘʥʦ ʚ ʟʝʨʥʦ [227]. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʠʟʴʢʠʡ 

ʚʤʽʩʪ ʙʽʣʢʘ ʚ ʟʝʨʥʽ ʻ ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʥʠʟʴʢʦʛʦ ʚʤʽʩʪʫ Zn ʽ Fe ʚ ʟʝʨʥʽ. ʆʢʨʽʤ ʪʦʛʦ, 

ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʧʨʦ ʟʥʘʯʥʽ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʤʽʞ Zn ʪʘ Fe ʚ ʟʝʨʥʽ ʪʘ ʚʤʽʩʪʦʤ ʙʽʣʢʘ 

ʚ ʟʝʨʥʘ [74]. ʁʤʦʚʽʨʥʦ, ʛʝʥʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʢʦʧʠʯʝʥʥʷ Zn, Fe ʪʘ ʙʽʣʢʘ ʚ ʟʝʨʥʽ, 

ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʫ T. dicoccoides [75]. 

ɺʘʞʣʠʚʠʤ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʢʦʣʦʩʽ ʥʘ ʩʪʘʜʽʾ 

ʮʚʽʪʽʥʥʷ GS65, ʦʩʢʽʣʴʢʠ ʮʚʽʪʽʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤ ʧʝʨʽʦʜʦʤ, 

ʧʦʚôʷʟʘʥʠʤ ʽʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʰʝʥʠʮʽ, ʚʧʣʠʚ ʮʽʻʾ ʬʘʟʠ ʨʦʟʚʠʪʢʫ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ 

ʩʢʣʘʜʘʻ, ʟʘ ʨʽʟʥʠʤʠ ʜʘʥʠʤʠ, ʚʽʜ 20 % ʜʦ 25 % [352]. ʎʚʽʪʽʥʥʷ ʨʝʛʫʣʶʻʪʴʩʷ ʛʝʥʘʤʠ, 

ʷʢʽ ʨʝʘʛʫʶʪʴ ʥʘ ʩʝʟʦʥʥʽ ʦʟʥʘʢʠ, ʟʦʢʨʝʤʘ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʜʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ 

ʢʦʦʨʜʠʥʫʶʪʴ ʚʠʨʦʙʥʠʮʪʚʦ ʟʝʨʥʘ [154]. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʪʢʘʥʠʥʘʭ ʧʰʝʥʠʮʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʬʘʢʪʦʨʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ ʚ 

ˇʨʫʥʪʽ. ʄʽʥʝʨʘʣʴʥʽ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʚʢʣʶʯʘʶʯʠ ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʠ, 
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ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʩʪʽʡʢʦʩʪʽ ʨʦʩʣʠʥ ʜʦ ʧʦʩʫʭʠ. ʈʦʣʴ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʫ ʩʪʽʡʢʦʩʪʽ ʨʦʩʣʠʥ ʜʦ ʘʙʽʦʪʠʯʥʦʛʦ ʩʪʨʝʩʫ ʧʦʢʠ ʱʦ ʤʘʣʦ ʚʠʚʯʝʥʘ. ɿʥʠʞʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ ʧʦʩʫʭʦʚʦʛʦ ʩʪʨʝʩʫ ʧʦʛʽʨʰʫʻ ʤʽʥʝʨʘʣʴʥʝ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ. 

ɿʘʢʨʠʪʪʷ ʧʨʦʜʠʭʽʚ, ʚʠʢʣʠʢʘʥʝ ʧʦʩʫʭʦʶ, ʪʘʢʦʞ ʦʙʤʝʞʫʻ ʪʨʘʥʩʧʦʨʪ ʤʽʥʝʨʘʣʴʥʠʭ 

ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʚʽʜ ʢʦʨʝʥʷ ʜʦ ʧʘʛʦʥʘ, ʟʤʝʥʰʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʽʨʘʮʽʾ ʪʘ 

ʟʤʽʥʶʻ ʬʫʥʢʮʽʾ ʤʝʤʙʨʘʥʥʠʭ ʪʨʘʥʩʧʦʨʪʝʨʽʚ. ʄʽʢʨʦʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ Fe, Cu, Zn ʪʘ 

Mn ʻ ʦʩʥʦʚʥʠʤʠ ʢʦʬʘʢʪʦʨʘʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʬʝʨʤʝʥʪʽʚ  [25; 49]. 

ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ Se, Fe, P, Zn ʪʘ Mg ʫ ʟʝʨʥʽ ʟʘ ʚʦʜʥʦʛʦ 

ʜʝʬʽʮʠʪʫ [272]. ɺ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʝʬʽʮʠʪ ʚʦʣʦʛʠ ʫ 2017 ʨʦʮʽ ʧʨʠʧʘʚ ʥʘ 

ʢʽʥʮʝʚʽ ʝʪʘʧʠ ʦʥʪʦʛʝʥʝʟʫ, ʘ ʚ 2018 ʨ. ʥʘ ʧʦʯʘʪʢʦʚʽ, ʪʦʤʫ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʜʦʩʪʘʪʥʷ 

ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʚʧʨʦʜʦʚʞ ʯʝʨʚʥʷ-ʩʝʨʧʥʷ 2018 ʨ. ʩʧʨʠʷʣʘ ʧʦʛʣʠʥʘʥʥʶ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʨʦʩʣʠʥʦʶ, ʾʭ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥ  ʁʪʘ ʟʘʚʘʥʪʘʞʝʥʥ  ʁʚ ʟʝʨʥʦ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ (Cu, Fe, Mn, ʪʘ Zn) ʫ ʟʝʨʥʽ ʩʦʨʪʽʚ T. aestivum [56; 103; 

106; 165]. ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ Fe ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʩʪʘʥʦʚʠʪʴ 45,1ï48,2 ʤʛ/ʢʛ [215]. 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ, ʥʘʚʽʪʴ ʫ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʧʨʠʭʦʚʘʥʝ 

ʛʦʣʦʜʫʚʘʥʥʷ ʟʫʤʦʚʣʝʥʝ ʥʝʩʪʘʯʝʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʚ ʪ.ʯ. Fʝ ʚ ʧʨʦʜʫʢʪʘʭ ʭʘʨʯʫʚʘʥʥʷ. 

ʈʽʟʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ ʰʠʨʦʢʽ ʜʽʘʧʘʟʦʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ Fe ʪʘ Zn ʫ ʟʝʨʥʽ ʩʝʨʝʜ 

ʛʝʥʦʪʠʧʽʚ ʧʰʝʥʠʮʽ. ɼʽʘʧʘʟʦʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn 32ï57 ʤʛ/ʢʛ ʪʘ Fe 39ï58 ʤʛ/ʢʛ ʩʝʨʝʜ 

ʛʝʥʦʪʠʧʽʚ ʷʨʦʾ ʧʰʝʥʠʮʽ ʟʛʽʜʥʦ ʟ R. Chatrath ʪʘ ʽʥ. [82]. ɺ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Cu, Fe ʪʘ Zn ʚ ʟʝʨʥʘʭ ʩʦʨʪʽʚ T. ʘestivum ʙʫʣʠ ʥʝʚʠʩʦʢʠʤʠ, ʘʣʝ ʚ ʤʝʞʘʭ 

ʜʽʘʧʘʟʦʥʽʚ ʧʨʦ ʷʢʽ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʚ ʣʽʪʝʨʘʪʫʨʽ [82; 215]. ɿʛʽʜʥʦ ʟ ʦʧʫʙʣʽʢʦʚʘʥʠʤʠ 

ʜʘʥʠʤʠ, ʪʘʢʽ ʧʰʝʥʠʮʽ ʷʢ T. monococcum, T. dicoccon ʽ T. dicoccoides, ʥʘʢʦʧʠʯʫʶʪʴ 

ʙʽʣʴʰʝ Fe ʪʘ Zn ʫ ʟʝʨʥʽ ʥʽʞ ʛʝʢʩʘʧʣʦʾʜʥʽ ʚʠʜʠ [74; 73; 75]. E. Suchowilska ʪʘ ʽʥ. [379] 

ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe, Zn ʽ Cu ʥʘ ʨʽʚʥʽ 49, 54 ʽ 4,1 ʤʛ/ʢʛ ʚʽʜʧʦʚʽʜʥʦ. 

ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ, ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʧʨʦ ʩʝʨʝʜʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe, Zn ʽ Cu ʚ ʣʽʥʽʷʭ 

ʧʰʝʥʠʮʽ ʧʦʣʙʠ 41,72 ʤʛ/ʢʛ, 17,06 ʤʛ/ʢʛ, ʽ 2,85 ʤʛ/ʢʛ ʚʽʜʧʦʚʽʜʥʦ [393]. ɼʘʥʽ ʦʪʨʠʤʘʥʽ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʧʰʝʥʠʮʽ 

ʧʦʣʙʘ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʜʘʥʠʤʠ ʥʘʚʝʜʝʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ. ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ 
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ʜʘʥʠʤʠ [464] ʩʝʨʝʜʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʪʘ Zn ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʧʦʣʙʘ ʙʫʣʠ ʪʘʢʠʤʠ: Fe 

ï 34,1 ʤʛ/ʢʛ ʪʘ Zn ï 22,8 ʤʛ/ʢʛ.  

ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ ʧʨʦ ʩʝʨʝʜʥʶ ʢʦʥʮʝʥʪʨʘʮʽʶ Zn ʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ 

ʧʰʝʥʠʮʽ ʚʽʜ 12 ʜʦ 18 ʤʛ/ʢʛ [188]. ɿʘ ʜʘʥʠʤʠ E. Rafique ʪʘ ʽʥ. [305], ʢʨʠʪʠʯʥʘ ʩʝʨʝʜʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʷ Zn ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʧʰʝʥʠʮʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 12 ʜʦ 16 ʤʛ/ʢʛ, 

ʥʠʞʯʝ ʮʴʦʛʦ ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʦʙʤʝʞʝʥʘ ʥʠʟʴʢʦʶ ʜʦʩʪʫʧʥʽʩʪʶ Zn. ɺ ʥʘʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʢʦʥʮʝʥʪʘʮʽʶ Zn ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʘʢʘʭ ʙʫʣʘ ʚʠʱʦʶ ʥʽʞ 14 ʤʛ/ʢʛ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʦʨʛʘʥʘʭ 

ʨʦʩʣʠʥ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʾʭ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʚ ˇʨʫʥʪʽ ʧʨʦʚʝʜʝʥʦ ʢʦʨʝʣʷʮʽʡʥʠʡ 

ʘʥʘʣʽʟ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Zn, Fe ʪʘ Cu ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ, ʢʦʣʦʩʽ, ʟʝʨʥʽ ʪʘ 

ˇʨʫʥʪʘʭ (ʪʘʙʣ. 3.3). 

ɺʠʷʚʣʝʥʦ ʩʠʣʴʥʽ ʧʦʟʠʪʠʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʤʽʞ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ Fe ʪʘ Cu ʚ ʟʝʨʥʽ (ɼʤʠʪʨʽʚ r = 0,486, ɼ. ʃʫʞʦʢ r = 0,631) (ʪʘʙʣ. 3.3). 

ʅʘʡʚʠʱʫ ʧʦʟʠʪʠʚʥʫ ʢʦʨʝʣʷʮʽʶ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʤʽʞ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn ʚ ʢʦʣʦʩʽ ʪʘ ʟʝʨʥʽ (r = 0,776**). ʅʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʮʝʡ ʟʚô̫ ʟʦʢ 

ʙʫʚ ʧʦʟʠʪʠʚʥʠʤ, ʧʨʦʪʝ ʤʝʥʰ ʩʠʣʴʥʠʤ (r = 0,180**). ʅʘʡʚʠʱʘ ʧʦʟʠʪʠʚʥʘ ʢʦʨʝʣʷʮʽʷ 

ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʦʪʨʠʤʘʥʘ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Cu ʚ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ ʪʘ 

ʢʦʣʦʩʽ (r = 0,579). ʅʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʢʦʥʮʝʥʪʨʘʮʽʷ Fe ʚ ʣʠʩʪʢʫ ʧʦʟʠʪʠʚʥʦ 

ʢʦʨʝʣʶʚʘʣʘ ʟ ʫʩʽʤʘ ʧʦʢʘʟʥʠʢʘʤʠ ʦʢʨʽʤ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn ʚ ʢʦʣʦʩʽ ʪʘ ʟʝʨʥʽ.  

ʇʦʢʘʟʘʥʦ ʟʥʘʯʥʽ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʚʤʽʩʪʦʤ Fe, Zn ʽ Mn ʫ ʟʝʨʥʽ T. 

dicoccum [379]. ɺʩʪʘʥʦʚʣʝʥʦ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʚʤʽʩʪʦʤ Fe, Zn ʪʘ Cu ʚ ʟʝʨʥʽ 

ʧʰʝʥʠʮʽ. ʊʘʢʦʞ, ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʥʝʨʘʣʽʚ ʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ 

ʟʣʘʢʽʚ ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʻ ʟ ʾʭ ʥʘʢʦʧʠʯʝʥʥʷʤ ʫ ʟʝʨʥʽ [314; 315]. ɿʛʽʜʥʦ ʟ ʥʘʰʠʤʠ 

ʜʘʥʠʤʠ, ʪʘʢʽ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʥʝ ʟʘʚʞʜʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʤʽʩʪ Cu 

ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʻ ʟ ʚʤʽʩʪʦʤ Zn [241], ʪʘʢʫ ʟʘʣʝʞʥʽʩʪʴ ʦʪʨʠʤʘʥʦ ʽ 

ʚ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʦʟʠʪʠʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Fe, 

Cu ʪʘ Zn ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʪʘ ʾʭ ʜʦʩʪʫʧʥʠʤʠ ʬʦʨʤʘʤʠ ʚ ˇʨʫʥʪʽ. ʂʦʨʝʣʷʮʽʷ ʤʽʞ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʨʽʟʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʦʜʥʦʛʦ ʘʙʦ 

ʢʽʣʴʢʦʭ ʩʧʽʣʴʥʠʭ ʛʝʥʝʪʠʯʥʠʭ ʽ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʟʘʣʫʯʝʥʠʭ ʜʦ ʧʦʛʣʠʥʘʥʥʷ 
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ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ, ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣ ʚ 

ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ, ʟ ʧʦʜʘʣʴʰʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚ ʟʝʨʥʽ [83]. 

ʊʘʙʣʠʮʷ 3.3 

ʂʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Zn, Fe, Cu ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ 

(ʧʨʘʧʦʨʮʝʚʠʡ ʣʠʩʪʦʢ, ʢʦʣʦʩ, ʟʝʨʥʦ) ʪʘ ʾʭ ʜʦʩʪʫʧʥʠʤʠ ʬʦʨʤʘʤʠ ʚ ˇʨʫʥʪʘʭ ʥʘ 

ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ɼʤʠʪʨʽʚ (50Á13'26.6"N 24Á36'50.5"E) ʪʘ ɼ. ʃʫʞʦʢ 

(49Á27'17.5"N 23Á23'02.6"E), ʚʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 2018 ʨ.. 

ʬ̖̰̎̄̓˳ 
Zn 

̖̍̄̔̑̈ 

Zn 

̈̑̍̑̔ 

Zn 

̂˸̓̏̑ 

Fe 

̖̍̄̔̑̈ 

Fe 

̈̑̍̑̔ 

Fe 

̂˸̓̏̑ 

Cu 

̖̍̄̔̑̈ 

Cu 

̈̑̍̑̔ 

Cu 

̂˸̓̏̑ 

Fe 

̗̖̾̓̏ 

Zn 

̗̖̾̓̏ 

9Õɯ̈̑̍̑̔ 0,385 
          

9Õɯ̂˸̓̏̑ -0,038** 0,180** 
         

%Ìɯ̖̍̄̔̑̈ 0,358** -0,011** -0,314* 
        

%Ìɯ̈̑̍̑̔ 0,202 0,440 -0,037** 0,346** 
       

%Ìɯ̂˸̓̏̑ 0,085 -0,151 0,331** 0,279** 0,064 
      

"Üɯ̖̍̄̔̑̈ -0,027** -0,109** -0,270** 0,440** 0,207** 0,078** 
     

"Üɯ̈̑̍̑̔ -0,254** 0,110** -0,206** 0,137** 0,303** 0,135** 0,579 
    

"Üɯ̂˸̓̏̑ 0,237** 0,055** 0,266** 0,438** 0,178** 0,486** 0,212 0,242 
   

%Ìɯ̗̖̾̓̏ 0,096 -0,009 0,115** 0,149** -0,128 0,022 0,250** 0,129** 0,203** 
  

Zn ̗̖̾̓̏ 0,331** 0,003** 0,029** 0,159** 0,232** 0,024** 0,270** 0,197* 0,326 0,291** 
 

"Üɯ̗̖̾̓̏ -0,237** 0,004* -0,120** 0,333** 0,127** -0,004** 0,379** 0,407 0,133 0,233** 0,229* 

 

ʬȭɯʿ̗˼̑̈ 
Zn 

̖̍̄̔̑̈ 

Zn 

̈̑̍̑̔ 

Zn 

̂˸̓̏̑ 

Fe 

̖̍̄̔̑̈ 

Fe 

̈̑̍̑̔ 

Fe 

̂˸̓̏̑ 

Cu 

̖̍̄̔̑̈ 

Cu 

̈̑̍̑̔ 

Cu 

̂˸̓̏̑ 

Fe 

̗̖̾̓̏ 

Zn 

̗̖̾̓̏ 

9Õɯ̈̑̍̑̔ -0,059 
          

9Õɯ̂˸̓̏̑ -0,072** 0,776** 
         

%Ìɯ̖̍̄̔̑̈ 0,367** -0,400** -0,240** 
        

%Ìɯ̈̑̍̑̔ 0,092** 0,118** 0,232 0,375 
       

%Ìɯ̂˸̓̏̑ 0,006** 0,384 0,559 -0,430** 0,068** 
      

"Üɯ̖̍̄̔̑̈ 0,118** -0,290** -0,322** 0,219* -0,071** -0,413** 
     

"Üɯ̈̑̍̑̔ 0,085* 0,521** 0,394** 0,077** 0,271** -0,098** 0,312 
    

"Üɯ̂˸̓̏̑ -0,067** 0,127** 0,499** -0,253** 0,049** 0,631** -0,102 0,242 
   

%Ìɯ̗̖̾̓̏ 0,215 0,162 0,272** 0,164** 0,171** -0,007 0,013** 0,254** 0,187** 
  

Zn ̗̖̾̓̏ -0,128** 0,025** 0,189** 0,059* 0,507** 0,279** -0,082 -0,043 0,195 0,273** 
 

"Üɯ̗̖̾̓̏ 0,266** -0,104** -0,204** -0,222** 0,028** 0,238** -0,125 -0,288 -0,061 -0,245** 0,077** 

** p<0.01, * p<0.05 

 

ɿʛʽʜʥʦ ʟ ʥʘʰʠʤʠ ʜʘʥʠʤʠ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʨʦʩʪʫ ʧʰʝʥʠʮʽ ʥʘ ʜʝʨʥʦʚʦ-

ʙʫʨʦʟʝʤʥʠʭ ʩʫʛʣʠʥʠʩʪʠʭ ʨ̌ʫʥʪʘʭ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʥʠʞʯʠʤ 
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ʨʅ, ʚʤʽʩʪʦʤ ʆʈɻ ʪʘ ʚʠʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Cu ʪʘ Fe ʫ ˇʨʫʥʪʽ, 

ʨʦʩʣʠʥʠ ʧʰʝʥʠʮʽ ʘʢʫʤʫʣʶʶʪʴ ʚ ʟʝʨʥʽ ʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʂʦʝʬʽʮʽʻʥʪ ʙʽʦʣʦʛʽʯʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʦʮʽʥʢʘ ʚʨʦʞʘʡʥʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʤʽʩʪʫ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʥʘʰʦʾ ʨʦʙʦʪʠ ʙʫʚ ʚʽʜʙʽʨ ʩʦʨʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘʰʦʶ ʤʝʪʦʶ ʙʫʣʦ ʦʙʨʘʪʠ 4 ʢʦʥʪʨʘʩʪʥʽ ʩʦʨʪʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʨʦʞʘʡʥʦʩʪʽ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʢʦʝʬʽʮʽʻʥʪʦʤ ʙʽʦʣʦʽʛʯʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ (ʂɹʅ) ʪʘ 

ʦʮʽʥʢʦʶ ʚʨʦʞʘʡʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ Fe, Zn ʪʘ Cu (ɺɿZn, ɺɿFe, ɺɿCu).  

ʂʦʝʬʽʮʽʻʥʪ ʙʽʦʣʦʛʽʯʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʻ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ 

ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʫ, ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʘ ʚ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ ʜʦ ʡʦʛʦ ʚʤʽʩʪʫ ʚ ˇʨʫʥʪʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʤʽʩʪ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ˇʨʫʥʪʽ ʪʘ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ 

ʟʝʨʥʽ, ʤʠ ʨʦʟʨʘʭʫʚʘʣʠ ʂɹʅ Zn, Fe ʪʘ Cu ʧʰʝʥʠʮʽ ʷʨʦʾ, ʷʢʫ ʚʠʨʦʱʫʚʘʣʠ ʚ ʧʦʣʴʦʚʠʭ 

ʫʤʦʚʘʭ ʚʧʨʦʜʦʚʞ 2017 ʨʦʢʫ ʥʘ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʟ ʨʽʟʥʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʮʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 3.15 ɸ, ɹ, ɺ).  

ʊʘʢʦʞ, ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʨʘʭʫʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ 

ʧʨʠ ʦʮʽʥʮʽ ʚʨʦʞʘʡʥʦʩʪʽ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʚ ʟʝʨʥʽ (ɺɿZn, ɺɿFe, ɺɿCu) (ʨʠʩ. 3.15 ɸ, ɹ, ɺ). ʎʝʡ ʧʦʢʘʟʥʠʢ ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʷʪʠ ʩʦʨʪʠ 

ʧʰʝʥʠʮʽ ʱʦʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʟʝʨʥʽ, ʥʘ 

ʜʦʜʘʪʦʢ ʜʦ ʤʘʩʠ 1000 ʟʝʨʝʥ ʪʘ ʢʽʣʴʢʦʩʪʽ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ. ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʩʦʨʪʫ, ʚʨʘʭʦʚʫʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ Fe, Cu ʪʘ Zn 

ʚ ʟʝʨʥʽ ʪʘ ʚʨʦʞʘʡʥʽʩʪʴ. 

ʂɹʅ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʷʪʠ ʩʦʨʪʦʚʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʜʦ ʟʝʨʥʘ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.15 ɸ, ɹ, ɺ ʂɹʅ ʜʣʷ ʚʩʽʭ 

ʝʣʝʤʝʥʪʽʚ ʙʫʚ ʚʠʱʠʤ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ, ʷʢʘ ʚʠʜʽʣʷʣʘʩʴ ʜʝʬʽʮʠʪʦʤ ʜʦʩʪʫʧʥʠʭ 

ʬʦʨʤ Fe ʪʘ ʉu ʚ ˇʨʫʥʪʽ. ʊʘʢʦʞ, ʜʘʥʘ ʜʽʣʷʥʢʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ ʚʠʱʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʚʨʦʞʘʡʥʦʩʪʽ ʚʨʘʭʦʚʫʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʘ (Zn, Fe, Cu).  
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ʈʠʩ. 3.15. ʂʦʝʬʽʮʽʻʥʪ ʙʽʦʣʦʛʽʯʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ (ʂɹʅ: Zn (ɸ), Fe (ɹ), Cu (ɺ)) ʪʘ 

ʚʨʦʞʘʡʥʽʩʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʢʨʦʝʣʝʤʝʥʪʘ (ɺɿZn(ɸ), ɺɿFe(ɹ), ɺɿCu(ɺ)), ʜʽʣʷʥʢʠ 

ɼʤʠʪʨʽʚ (50Á13'26.6"N 24Á36'50.5"E) ʪʘ ɼ. ʃʫʞʦʢ (49Á27'17.5"N 23Á23'02.6"E), 

ʚʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 2017 ʨ.. 
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ʅʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʂɹʅ Zn (ʨʠʩ. 3.15 ɸ) ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʩʝʨʝʜ ʤôʷʢʠʭ 

ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʚʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʩʦʨʪʽʚ ʇʨʦʚʽʥʮʽʘʣʢʘ, ɹʦʞʝʥʘ, ʇʘʥʷʥʢʘ, ʩʝʨʝʜ 

ʪʚʝʨʜʠʭ ʜʣʷ ʩʦʨʪʽʚ ɼʽʘʥʘ ʪʘ ʉʧʘʜʱʠʥʘ. ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʥʘʡʚʠʱʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʂɹʅ Zn ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʩʦʨʪʠ ʍʘʨʢʽʚʩʴʢʘ 30, ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ, ʇʘʥʷʥʢʘ, ʩʝʨʝʜ ʪʚʝʨʜʠʭ ʩʦʨʪʠ ɯʟʦʣʴʜʘ, ɾʽʟʝʣʴ, ʄɯʇ ʈʘʡʜʫʞʥʘ. ʉʦʨʪ 

ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʦʜʥʽ ʟ ʥʘʡʚʠʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʂɹʅ Zn ʥʘ ʜʽʣʷʥʮʽ 

ɼ. ʃʫʞʦʢ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ɺɿZn ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʤôʷʢʦʛʦ 

ʩʦʨʪʫ ɹʦʞʝʥʘ. ʊʘʢʦʞ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ɺɿZn ʚʠʨʽʟʥʷʣʠʩʴ ʤôʷʢʽ ʩʦʨʪʠ ʄɯʇ 

ɿʣʘʪʘ, ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʪʘ ʪʚʝʨʜʽ ʩʦʨʪʠ ɼʽʘʥʘ, ʉʧʘʜʱʠʥʘ, ʏʘʜʦ. ʅʘ ʜʽʣʷʥʮʽ 

ɼ. ʃʫʞʦʢ ʥʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ɺɿZn ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʽʚ ʍʘʨʢʽʚʩʴʢʘ 30 (ʤôʷʢʘ), 

ʇʘʥʷʥʢʘ (ʤôʷʢʘ), ɼʫʙʨʘʚʢʘ (ʤôʷʢʘ), ʉʧʘʜʱʠʥʘ (ʪʚʝʨʜʘ) ʪʘ ʊʝʨʘ (ʪʚʝʨʜʘ). 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʂɹʅ Fe (ʨʠʩ. 3.15 ɹ) ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʩʝʨʝʜ ʤô̫ ʢʦʾ 

ʧʰʝʥʠʮʽ ʚʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʩʦʨʪʽʚ ɼʫʙʨʘʚʢʘ, ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʪʘ ʉʽʤʢʦʜʘ 

ʤʠʨʦʥʽʚʩʴʢʘ, ʩʝʨʝʜ ʪʚʝʨʜʦʾ ʜʣʷ ʩʦʨʪʽʚ ʊʝʨʘ ʪʘ ɼʽʘʥʘ. ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʥʘʡʚʠʱʽ 

ʟʥʘʯʝʥʥʷ ʂɹʅ Fe ʚʠʷʚʣʝʥʦ ʜʣʷ ʤôʷʢʠʭ ʩʦʨʪʽʚ ɼʫʙʨʘʚʢʘ, ʍʘʨʢʽʚʩʴʢʘ 30, ʉʽʤʢʦʜʘ 

ʤʠʨʦʥʽʚʩʴʢʘ. ʉʝʨʝʜ ʪʚʝʨʜʦʾ ʧʰʝʥʠʮʽ ʥʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦ ʜʣʷ ʩʦʨʪʽʚ ʄɯʇ 

ʈʘʡʜʫʞʥʘ ʪʘ ʊʝʨʘ. ɼʣʷ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ ʦʪʨʠʤʘʥʦ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʂɹʅ Fe ʥʘ 

ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ. ɼʣʷ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʄɯʇ ɿʣʘʪʘ ʪʘ ɹʦʞʝʥʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ɺɿFe ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ. ʅʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ɺɿFe 

ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʦʪʨʠʤʘʥʦ ʜʣʷ ʤôʷʢʠʭ ʩʦʨʪʽʚ ɼʫʙʨʘʚʢʘ ʪʘ ʍʘʨʢʽʚʩʴʢʘ 30. 

ʉʝʨʝʜ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ ʚʠʩʦʢʠʡ ʂɹʅ Cu (ʨʠʩ. 3.15 ɺ) ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ 

ʚʠʷʚʣʝʥʦ ʜʣʷ ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ɼʫʙʨʘʚʢʘ ʪʘ ʇʨʦʚʽʥʮʽʘʣʢʘ, ʩʝʨʝʜ 

ʪʚʝʨʜʦʾ ʜʣʷ ʩʦʨʪʽʚ ʊʝʨʘ ʪʘ ʄɯʇ ʈʘʡʜʫʞʥʘ. ʊʘʢʦʞ, ʩʦʨʪʠ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʪʘ 

ɼʫʙʨʘʚʢʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʦʜʥʠʤʠ ʟ ʥʘʡʚʠʱʠʭ ʟʥʘʯʝʥʴ ɺɿCu ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ. 

ɼʣʷ ʤôʷʢʠʭ ʩʦʨʪʽʚ ɿʣʘʪʘ ʪʘ ʇʨʦʚʽʥʮʽʘʣʢʘ ʦʪʨʠʤʘʥʦ ʤʘʢʩʠʤʘʣʴʥʽ ʂɹʅ Cu ʥʘ ʜʽʣʷʥʮʽ 

ɼ. ʃʫʞʦʢ. ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ɺɿCu ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʦʪʨʠʤʘʥʦ ʜʣʷ ʤôʷʢʠʭ ʩʦʨʪʽʚ 

ʍʘʨʢʽʚʩʴʢʘ 30, ɼʫʙʨʘʚʢʘ ʪʘ ʇʘʥʷʥʢʘ.  

ʇʦʢʘʟʥʠʢʠ GYZn, GYFe, GYCu ʜʣʷ ʚʩʽʭ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʙʫʣʠ 

ʚʠʱʠʤʠ ʥʽʞ ʜʣʷ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ. ʉʦʨʪʠ ɼʫʙʨʘʚʢʘ ʪʘ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ 



120 

 

ʚʠʨʽʟʥʷʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʂɹʅ Fe ʪʘ Cu ʽ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ɺɿFe, ɺɿCu ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ.  

ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ.  

ɼʣʷ ʚʽʜʙʦʨʫ ʩʦʨʪʽʚ ʪʘ ʛʨʫʧʫʚʘʥʥʷ ʾʭ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ ʚʢʣʶʯʘʣʠ 

ʚʨʦʞʘʡʥʽʩʪʴ, ʩʪʨʫʢʪʫʨʫ ʚʨʦʞʘʶ, ʢʦʥʮʝʥʪʨʘʮʽʶ Fe, Cu, Zn ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ 

ʫʧʨʦʜʦʚʞ 2017-2018 ʨʨ. ʟʜʽʡʩʥʝʥʦ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ. 

ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ, ʷʢ ʙʘʛʘʪʦʚʠʤʽʨʥʘ ʩʪʘʪʠʩʪʠʯʥʘ ʧʨʦʮʝʜʫʨʘ, ʚʠʢʦʥʫʻ ʟʙʽʨ ʜʘʥʠʭ, 

ʷʢʽ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʦʩʣʽʜʥʽ ʩʦʨʪʠ, ʜʦʟʚʦʣʷʻ ʫʧʦʨʷʜʢʫʚʘʪʠ ʩʦʨʪʠ ʧʰʝʥʠʮʽ 

ʚ ʧʦʨʽʚʥʷʥʦ ʦʜʥʦʨʽʜʥʽ ʛʨʫʧʠ ï ʢʣʘʩʪʝʨʠ. ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʣʠ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʩʭʦʞʠʭ ʩʦʨʪʽʚ ʫ ʚʠʙʽʨʮʽ ʟʘ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʆʙʯʠʩʣʝʥʥʷ 

ʟʜʡ̔ʩʥʶʚʘʣʠ ʤʝʪʦʜʦʤ ɺʘʨʜʘ (Ward, 1963), ʦʩʢʽʣʴʢʠ ʜʘʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʤʝʪʦʜʠ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʦʮʽʥʢʠ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ, ʪʘ ʻ 

ʝʬʝʢʪʠʚʥʠʤ, ʪʦʤʫ ʱʦ ʩʪʚʦʨʶʻ ʢʣʘʩʪʝʨʠ ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ. ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ, ʟʘ 

ʜʘʥʠʤʠ ʜʦʩʣʽʜʥʠʭ ʦʟʥʘʢ 24 ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ, ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʘʜʘʧʪʠʚʥʫ ʟʜʘʪʥʽʩʪʴ ʩʦʨʪʽʚ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. 

ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʠ ʧʨʘʛʥʫʣʠ ʦʙʨʘʣʠ ʩʦʨʪʠ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʨʽʟʥʠʭ 

ʢʣʘʩʪʝʨʽʚ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.16 ɸ, ɹ ʥʘ ʜʽʣʷʥʢʘʭ ɼʤʠʪʨʽʚ ʪʘ ɼ. ʃʫʞʦʢ ʫʪʚʦʨʝʥʽ 

ʢʣʘʩʪʝʨʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʅʘ ʥʫʣʴʦʚʽʡ ʚʽʜʩʪʘʥʽ ʢʦʞʝʥ ʩʦʨʪ ʚʚʘʞʘʻʪʴʩʷ ʦʢʨʝʤʠʤ 

ʢʣʘʩʪʝʨʦʤ. ʅʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ, ʦʙôʻʜʥʘʣʠʩʴ ʚ ʢʣʘʩʪʝʨʠ ʩʦʨʪʠ ʟ ʥʘʡʤʝʥʰʦʶ ʤʽʞ 

ʥʠʤʠ ʚʽʜʩʪʘʥʥʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʡʙʽʣʴʰʫ ʩʭʦʞʽʩʪʴ ʤʽʞ ʜʦʩʣʽʜʥʠʤʠ ʦʟʥʘʢʘʤʠ 

ʜʘʥʠʭ ʩʦʨʪʽʚ. ʅʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʥʘ ʝʚʢʣʽʜʦʚʽʡ ʚʽʜʩʪʘʥʽ ʜʦ 50 ʫʪʚʦʨʝʥʦ ʯʦʪʠʨʠ 

ʢʣʘʩʪʝʨʠ. ʇʝʨʰʠʡ ʢʣʘʩʪʝʨ ʩʬʦʨʤʫʚʘʣʠ ʤôʷʢʽ ʩʦʨʪʠ ʂʦʣʝʢʪʠʚʥʘ 3, ʇʨʦʚʽʥʮʽʘʣʢʘ, 

ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ, ɻʝʨʦʾʥʷ, ʍʘʨʢʽʚʩʴʢʘ 3, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ʄɯʇ ʉʚʽʪʣʘʥʘ ʪʘ 

ʄɯʇ ɿʣʘʪʘ. 
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ʈʠʩ. 3.16. ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ 24 ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʟʘ ʚʨʦʞʘʡʥʽʩʪʶ, ʝʣʝʤʝʥʪʘʤʠ ʾʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ, ʢʦʣʦʩʽ ʪʘ 

ʟʝʨʥʽ, 2017-2018 ʨʨ.. ɸ ï ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼʤʠʪʨʽʚ (50Á13ǋ26.6ǋǋN 24Á36ǋ50.5ǋǋE), ɹ ï 

ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼ. ʃʫʞʦʢ (49Á27'17.5"N 23Á23'02.6"E). 
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ɼʨʫʛʠʡ ʢʣʘʩʪʝʨ ʪʘʢʦʞ ʙʫʚ ʫʪʚʦʨʝʥʠʡ ʟ ʤô̫ ʢʦʾ ʧʰʝʥʠʮʽ ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ, ʇʘʥʷʥʢʘ, ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ, ɼʫʙʨʘʚʢʘ, ɹʦʞʝʥʘ ʪʘ ʋʣʶʙʣʝʥʘ. 

ʊʨʝʪʽʡ ʢʣʘʩʪʝʨ ʙʫʚ ʥʘʡʤʝʥʰʠʡ, ʪʘ ʚʢʣʶʯʘʚ ʫ ʩʝʙʝ ʣʠʰʝ ʪʨʠ ʩʦʨʪʠ, ʩʝʨʝʜ ʥʠʭ ʜʚʘ 

ʪʚʝʨʜʠʭ ʩʦʨʪʠ ʊʝʨʘ ʪʘ ʉʧʘʜʱʠʥʘ, ʪʘ ʦʜʠʥ ʤô̫ ʢʠʡ ʩʦʨʪ ɽʪʶʜ, ʧʨʦ ʪʝ, ʮʝʡ ʩʦʨʪ ʙʫʚ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʜʦ ʢʣʘʩʪʝʨʫ ʟ ʤô̫ ʢʠʤʠ ʩʦʨʪʘʤʠ. ʏʝʪʚʝʨʪʠʡ 

ʢʣʘʩʪʝʨ ʩʬʦʨʤʫʚʘʣʠ ʣʠʰʝ ʪʚʝʨʜʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ɾʽʟʝʣʴ, ʏʘʜʦ, ɼʠʥʘʩʪʽʷ, ɯʟʦʣʴʜʘ, 

ʄɯʇ ʈʘʡʜʫʞʥʘ, ɼʽʘʥʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ. 

ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ (ʨʠʩ. 3.16 ɹ) ʝʚʢʣʽʜʦʚʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʦʨʪʘʤʠ ʻ ʙʽʣʴʰʠʤʠ 

ʥʽʞ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʝʥʰʫ ʩʭʦʞʽʩʪʴ ʤʽʞ ʜʦʩʣʽʜʥʠʤʠ ʦʟʥʘʢʘʤʠ. 

ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʥʘ ʝʚʢʣʽʜʦʚʽʡ ʚʽʜʩʪʘʥʽ ʜʦ 80 ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʯʦʪʠʨʠ ʢʣʘʩʪʝʨʠ. 

ɼʦ ʧʝʨʰʦʛʦ ʢʣʘʩʪʝʨʫ, ʷʢʠʡ ʻ ʥʘʡʙʽʣʴʰʠʤ, ʥʘʣʝʞʘʪʴ ʤôʷʢʽ ʩʦʨʪʠ ʂʦʣʝʢʪʠʚʥʘ 3, ʄɯʇ 

ɿʣʘʪʘ, ɻʝʨʦʾʥʷ, ʇʘʥʷʥʢʘ, ʄɯʇ ʉʚʽʪʣʘʥʘ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ɼʫʙʨʘʚʢʘ, ʉʽʤʢʦʜʘ 

ʤʠʨʦʥʽʚʩʴʢʘ, ʇʨʦʚʽʥʮʽʘʣʢʘ ʪʘ ɹʦʞʝʥʘ. ɼʨʫʛʠʡ ʢʣʘʩʪʝʨ ʫʪʚʦʨʠʣʠ ʤôʷʢʽ ʩʦʨʪʠ 

ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʋʣʶʙʣʝʥʘ, ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ, ʍʘʨʢʽʚʩʴʢʘ 30 ʪʘ ʪʚʝʨʜʠʡ 

ʩʦʨʪ ʄɯʇ ʈʘʡʜʫʞʥʘ. ʊʨʝʪʽʡ ʢʣʘʩʪʝʨ ʫʪʚʦʨʝʥʠʡ ʣʠʰʝ ʜʚʦʤʘ ʩʦʨʪʘʤʠ, ʤô̫ ʢʠʤ ï ɽʪʶʜ 

ʪʘ ʪʚʝʨʜʠʤ ï ɯʟʦʣʴʜʘ. ʏʝʪʚʝʨʪʠʡ ʢʣʘʩʪʝʨ ʩʬʦʨʤʫʚʘʣʠ ʪʚʝʨʜʽ ʩʦʨʪʠ ɾʽʟʝʣʴ, ʏʘʜʦ, 

ɼʠʥʘʩʪʽʷ, ɼʽʘʥʘ, ʉʧʘʜʱʠʥʘ, ʊʝʨʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ.  

ʅʘʡʙʽʣʴʰʫ ʛʝʥʝʪʠʯʥʫ ʜʠʚʝʨʛʝʥʮʽʶ ʤʽʞ ʜʦʩʣʽʜʥʠʤʠ ʦʟʥʘʢʘʤʠ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʩʦʨʪʠ ʋʣʶʙʣʝʥʘ ʪʘ ɽʪʶʜ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ, ʪʘ ʩʦʨʪʠ ɹʦʞʝʥʘ 

ʪʘ ʄɯʇ ʈʘʡʜʫʞʥʘ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ. ʆʢʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʚʝʨʜʽ ʪʘ ʤôʷʢʽ 

ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʷʨʦʾ ʬʦʨʤʫʚʘʣʠ ʦʢʨʝʤʽ ʢʣʘʩʪʝʨʠ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ. 

ʂʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʘ ʜʣʷ ʦʙʨʘʥʠʭ ʩʦʨʪʽʚ.  

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʥʘʰʦʾ ʨʦʙʦʪʠ ʙʫʚ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʦʙʨʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʥʘ ʜʦʩʣʽʜʥʽʡ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ, ʪʦʤʫ ʱʦ ʩʘʤʝ 

ʮʽ ˇʨʫʥʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʷʢ ʣʫʞʥʽ, ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ 

ʥʠʟʴʢʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʩʘʤʝ ʪʘʢʽ ʪʠʧʠ ˇʨʫʥʪʽʚ ʟʘʡʤʘʶʪʴ ʙʣʠʟʴʢʦ 

30 % ʩʚʽʪʦʚʦʾ ʨʽʣʣʽ. ɺʨʘʭʦʚʫʶʯʠ ʧʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ, 

ʟʜʘʪʥʦʩʪʽ ʜʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʪʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʤʠ ʚʽʜʽʙʨʘʣʠ 4 ʢʦʥʪʨʘʩʪʥʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ, ʘ ʩʘʤʝ 3 ʤôʷʢʽ ʩʦʨʪʠ ʄʠʨʦʥʽʚʩʴʢʦʛʦ 
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ʽʥʩʪʠʪʫʪʫ ʧʰʝʥʠʮʽ: ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ɼʫʙʨʘʚʢʘ ʪʘ ʩʦʨʪ 

ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʍʘʨʢʽʚʩʴʢʦʛʦ ɯʥʩʪʠʪʫʪʫ ʨʦʩʣʠʥʥʠʮʪʚʘ. ʄôʷʢʽ ʩʦʨʪʠ ʙʫʣʠ ʦʙʨʘʥʽ 

ʪʦʤʫ, ʱʦ ʩʘʤʝ T. aestivum L. ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʦʶ ʧʰʝʥʠʮʝʶ ʫ ʩʚʽʪʦʚʦʤʫ ʩʧʦʞʠʚʘʥʥʽ, 

ʘ ʩʦʨʪ ʧʦʣʙʘ T. turgidum subsp. dicoccum ʥʘʣʝʞʠʪʴ ʜʦ ʦʜʥʠʭ ʟ ʥʘʡʜʘʚʥʽʰʠʭ 

ʧʣʽʚʯʘʩʪʠʭ ʧʰʝʥʠʮʴ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʙʽʣʢʽʚ, ʚʽʪʘʤʽʥʽʚ ʪʘ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ 

ɼʣʷ ʦʙʨʘʥʠʭ ʩʦʨʪʽʚ ʧʨʦʚʝʣʠ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ ʟʝʨʥʘ. ʂʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʣʠ ʤʽʞ ʚʤʽʩʪʦʤ ʙʽʣʢʘ ʟʝʨʥʽ, ʧʣʦʱʝʶ 

ʧʨʘʧʦʨʮʝʚʦʛʦ ʣʠʩʪʢʘ (ʇʃ), ʤʘʩʦʶ 1000 ʟʝʨʝʥ (ʄʊɿ), ʢʽʣʴʢʽʩʪʶ ʟʝʨʝʥ ʚ ʢʦʣʦʩʽ 

(ʂɿʂ), ʚʠʩʦʪʦʶ ʢʦʣʦʩʘ (ɺʂ), ʚʨʦʞʘʡʥʽʩʪʶ ʟʝʨʥʘ (ɺɿ), ʢʦʥʮʝʥʪʨʘʮʽʻʶ Fe, Zn, Cu ʚ 

ʟʝʨʥʽ ʪʘ ʾʭ ʜʦʩʪʫʧʥʠʤʠ ʬʦʨʤʘʤʠ ʚ ˇʨʫʥʪʽ, ʚʤʽʩʪʦʤ ʆʈɻ ʪʘ ʨʅ ˇʨʫʥʪʫ (ʪʘʙʣ. 3.4).  

ɼʣʷ ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ (ʪʘʙʣ. 3.4) ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʚʠʱʽ ʧʦʟʠʪʠʚʥʽ 

ʟʚôʷʟʢʠ ʤʽʞ ʇʃ ʪʘ ʂɿʂ (r = 0,926*), ʇʃ ʪʘ ɺʂ (r = 0,927**), ʂɿʂ ʪʘ ɺʂ (r = 0,998**), 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ Fe ʚ ʟʝʨʥʽ ʪʘ ˇʨʫʥʪʽ (r = 0,962**), ɺɿ ʪʘ pH ˇʨʫʥʪʫ (r = 0,930**). ɼʣʷ 

ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ʚʩʪʘʥʦʚʣʝʥʦ ʩʠʣʴʥʫ ʧʦʟʠʪʠʚʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʙʽʣʢʦʤ ʪʘ 

ʄʊɿ (r = 0,824**), ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn ʪʘ Fe ʚ ʟʝʨʥʽ (r = 0,949**). ʇʦʢʘʟʥʠʢ ʂɿʂ 

ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʚʘʚ ʟ ʙʽʣʴʰʽʩʪʶ ʜʦʩʣʽʜʥʠʭ ʦʟʥʘʢ. ɼʣʷ ʩʦʨʪʫ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʙʽʣʴʰʝ ʧʦʟʠʪʠʚʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʙʽʣʢʦʤ ʪʘ ʜʦʩʣʽʜʥʠʤʠ 

ʦʟʥʘʢʘʤʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʩʦʨʪʘʤʠ. ɿʦʢʨʝʤʘ, ʚʩʪʘʥʦʚʣʝʥʦ ʤʘʡʞʝ ʣʽʥʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʙʽʣʢʦʤ ʪʘ ʄʊɿ (r = 0,967**), ʂɿʂ (r = 0,904**), ɺʂ (r = 0,978**) ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn ʚ ʟʝʨʥʽ (r = 0,976**). ʋ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ ʧʦʢʘʟʥʠʢʠ ʇʃ, ʂɿʂ, ʪʘ 

ɺʂ ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʚʘʣʠ ʟ ʙʽʣʴʰʽʩʪʶ ʜʦʩʣʽʜʥʠʭ ʦʟʥʘʢ. ʅʘʡʙʽʣʴʰʝ ʧʦʟʠʪʠʚʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʦʪʨʠʤʘʥʦ ʤʽʞ ɺɿ ʪʘ ʜʦʩʣʽʜʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʅʝʛʘʪʠʚʥʽ ʟʚôʷʟʢʠ ʟʥʘʡʜʝʥʦ 

ʣʠʰʝ ʤʽʞ ɺɿ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn ʪʘ Cu ʚ ʟʝʨʥʽ. ɼʣʷ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ ʚʩʪʘʥʦʚʣʝʥʦ 

ʥʘʡʤʝʥʰʝ ʚʽʜô̒ ʤʥʠʭ ʢʦʨʝʣʷʮʽʡ ʤʽʞ ʜʦʩʣʽʜʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʩʦʨʪʘʤʠ. ɼʣʷ ʚʩʽʭ ʩʦʨʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʥʽ ʧʦʟʠʪʠʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʂɿʂ ʪʘ ɺʂ. 

ɼʣʷ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʚʽʜʤʽʯʝʥʦ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʇʃ ʪʘ ʂɿʂ.  
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ʊʘʙʣʠʮʷ 3.4 

ʂʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʤʽʞ ʚʤʽʩʪʦʤ ʙʽʣʢʘ ʚ ʟʝʨʥʽ, ʧʣʦʱʝʶ ʧʨʘʧʦʨʮʝʚʠʭ 

ʣʠʩʪʢʽʚ (ʇʃ), ʤʘʩʦʶ 1000 ʟʝʨʝʥ (ʄʊɿ), ʢʽʣʴʢʽʩʪʶ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ (ʂɿʂ), ʚʠʩʦʪʘ 

ʢʦʣʦʩʘ (ɺʂ), ʚʨʦʞʘʡʥʽʩʪʶ (ɺɿ), ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn, Cu, Fe ʚ ʟʝʨʥʽ, ʚʤʽʩʪʦʤ 

ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Zn, Cu, Fe ʚ ˇʨʫʥʪʽ, ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʨ̌ʫʥʪʫ (ʆʈɻ) ʪʘ 

pH ˇʨʫʥʪʫ ʜʣʷ ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ɼʫʙʨʘʚʢʘ ʪʘ 

ɻʦʣʽʢʦʚʩʴʢʘ, ʚʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 2017 ʨʦʢʫ, ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼʤʠʪʨʽʚ 

(50Á13'26.6"N 24Á36'50.5"E). 

˃̈̔˰̖̎̄ɯ

̰̎̄̓̑̏˳̨̔̈̄̅ 
ʧ̰̍̑̈ ˄  ʿ ˀˈ  ɹ ʺʴ  ̋ ʨ  ̋ ʨ  ɹ

Zn 

̂˸̓̏̑ 

Fe 

̂˸̓̏̑ 

Cu 

̂˸̓̏̑ 

˄  ʿ -0,353**         

ˀˈ  ɹ 0,333** -0,751**        

ʺʴ  ̋ -0,650** 0,926* -0,821       

ʨ  ̋ -0,617** 0,927** -0,858** 0,998**      

ʨ  ɹ -0,213** -0,530** -0,113** -0,231** -0,204**     

9Õɯ̂˸̓̏̑ -0,855* 0,720 -0,416** 0,849** 0,812** -0,298**    

Fe ̂ ˸̓̏̑ -0,282** 0,541* 0,134 0,407 0,355** -0,857** 0,671**   

"Üɯ̂˸̓̏̑ 0,707 -0,837** 0,447** -0,877** -0,843** 0,494** -0,970* -0,768**  

9Õɯ̗̖̾̓̏ 0,645 -0,076** 0,595** -0,414** -0,434** -0,789** -0,284* 0,518** 0,111 

%Ìɯ̗̖̾̓̏ -0,177* 0,294 0,398** 0,153** 0,095** -0,820** 0,511 0,962** -0,591 

"Üɯ̗̖̾̓̏ 0,002 -0,195** 0,783** -0,306** -0,366** -0,582** 0,161** 0,718** -0,186 

˃˅ʩ 0,822** -0,680** 0,811** -0,904** -0,905** -0,190 -0,788** -0,104** 0,716** 

pH  -0,451 -0,552* 0,058** -0,201** -0,199** 0,930** -0,076 -0,622** 0,311 

 

ˆ̖̗̓̏˰ɯ

̰̎̄̓̑̏˳̨̔̈˰ 
ʧ̰̍̑̈ ˄  ʿ ˀˈ  ɹ ʺʴ  ̋ ʨ  ̋ ʨ  ɹ

Zn 

̂˸̓̏̑ 

Fe 

̂˸̓̏̑ 

Cu 

̂˸̓̏̑ 

˄  ʿ -0,115*         

ˀˈ  ɹ 0,824** -0,221**        

ʺʴ  ̋ -0,722** 0,612** -0,420       

ʨ  ̋ -0,738** 0,487** -0,362** 0,987**      

ʨ  ɹ 0,761** -0,297** 0,315* -0,933** -0,978**     

9Õɯ̂˸̓̏̑ -0,537** 0,652 -0,188** 0,968** 0,960** -0,901**    

%Ìɯ̂˸̓̏̑ -0,753** 0,630** -0,488 0,997 0,975** -0,913** 0,949*   

"Üɯ̂˸̓̏̑ -0,833 -0,388** -0,769** 0,227** 0,276** -0,370** 0,001** 0,265**  

Zn ̗̖̾̓̏ -0,242 0,970** -0,210** 0,770** 0,673** -0,509** 0,815** 0,775** -0,313** 

%Ìɯ̗̖̾̓̏ -0,250 0,967 -0,209** 0,778** 0,683** -0,521** 0,824 0,783** -0,307 

"Üɯ̗̖̾̓̏ -0,463 0,933** -0,516** 0,789** 0,679* -0,515** 0,752** 0,818** -0,036 

˃˅ʩ 0,530** 0,518** 0,703** 0,199** 0,177** -0,097** 0,430** 0,144** -0,887** 

pH  -0,043 -0,929 -0,101** -0,619** -0,532** 0,373** -0,738* -0,605** 0,582 
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ʬ̗˲̓˰˳̈˰ ʧ̰̍̑̈ ˄  ʿ ˀˈ  ɹ ʺʴ  ̋ ʨ  ̋ ʨ  ɹ
Zn 

̂˸̓̏̑ 

Fe 

̂˸̓̏̑ 

Cu 

̂˸̓̏̑ 

˄  ʿ 0,506**         

ˀˈ  ɹ -0,290** 0,645**        

ʺʴ  ̋ 0,595** 0,908** 0,57       

ʨ  ̋ 0,728** 0,780** 0,359** 0,960**      

ʨ  ɹ 0,410** 0,854** 0,709** 0,973** 0,912**     

9Õɯ̂˸̓̏̑ -0,414* -0,563 -0,038** -0,219** -0,096** -0,054**    

%Ìɯ̂˸̓̏̑ 0,355** 0,703 0,645 0,914 0,898** 0,970** 0,182*   

"Üɯ̂˸̓̏̑ -0,099 -0,908** -0,892** -0,770** -0,560** -0,800** 0,427* -0,658**  

9Õɯ̗̖̾̓̏ 0,615 0,813** 0,498** 0,982** 0,987** 0,965** -0,061* 0,950** -0,654 

%Ìɯ̗̖̾̓̏ 0,367 0,760 0,679** 0,939** 0,905** 0,987** 0,103 0,996** -0,716 

Cu ̗̖̾̓̏ -0,134 -0,062** 0,312** 0,310** 0,394** 0,466** 0,858* 0,662** -0,021 

˃˅ʩ 0,901** 0,770** 0,010** 0,700** 0,713 0,519* -0,715** 0,372** -0,445** 

pH  -0,719 0,212* 0,874** 0,118** -0,109** 0,307** 0,181 0,288** -0,598 

 

ʩ̰̑̍̈̑˳̨̔̈˰ ʧ̰̍̑̈ ˄  ʿ ˀˈ  ɹ ʺʴ  ̋ ʨ  ̋ ʨ  ɹ
Zn 

̂˸̓̏̑ 

Fe 

̂˸̓̏̑ 

Cu 

̂˸̓̏̑ 

˄  ʿ -0,022*         

ˀˈ  ɹ 0,967** -0,170**        

ʺʴ  ̋ 0,904** -0,431** 0,911       

ʨ  ̋ 0,978** 0,006** 0,899** 0,897**      

ʨ  ɹ -0,958** 0,113** -0,884 -0,936 -0,991**     

9Õɯ̂˸̓̏̑ 0,976** -0,119 0,998** 0,902** 0,915** -0,895**    

%Ìɯ̂˸̓̏̑ -0,280** 0,798** -0,276 -0,642 -0,363** 0,488 -0,249**   

"Üɯ̂˸̓̏̑ 0,767 0,296 0,579** 0,630** 0,874** -0,858** 0,614** -0,270**  

9Õɯ̗̖̾̓̏ -0,814 0,184 -0,696** -0,869** -0,906** 0,946** -0,707** 0,661** -0,884 

%Ìɯ̗̖̾̓̏ -0,727** 0,425 -0,878** -0,760** -0,586** 0,584** -0,854 0,228** -0,120** 

"Üɯ̗̖̾̓̏ -0,591 -0,373* -0,661** -0,293** -0,443** 0,339** -0,673* -0,524** -0,178 

˃˅ʩ -0,138** 0,726** -0,101** -0,502** -0,255 0,382* -0,079** 0,979** -0,258** 

pH  -0,906 0,058 -0,795** -0,884** -0,972** 0,986** -0,811** 0,511** -0,919 

** p<0.01, * p<0.05 

 

ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ ʤʘʻ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ 

ʤʘʩʫ 1000 ʟʝʨʝʥ [297], ʚ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥ ̔ʪʘʢʘ ʪʝʥʜʝʥʮʽʷ ʚʩʪʘʥʦʚʣʝʥʘ ʜʣʷ ʩʦʨʪʽʚ 

ɻʦʣʽʢʦʚʩʴʢʘ ʪʘ ɼʫʙʨʘʚʢʘ. ʆʪʨʠʤʘʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʻ ʨʽʟʥʠʤʠ ʜʣʷ ʦʢʨʝʤʠʭ 

ʛʝʥʦʪʠʧʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʦʨʪʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʥʘʤʠ 

ʩʦʨʪʫ. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʫ ʧʰʝʥʠʮʽ (Triticum aestivum) ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʚʤʽʩʪ ʙʽʣʢʘ 

ʚ ʟʝʨʥʽ ʥʝʛʘʪʠʚʥʦ ʢʦʨʝʣʶʶʪʴ [83; 450]. ɺ ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʪʘʢʘ ʪʝʥʜʝʥʮʽʷ 

ʚʩʪʘʥʦʚʣʝʥʘ ʜʣʷ ʩʦʨʪʽʚ ɻʦʣʽʢʦʚʩʴʢʘ (r = -0,958**) ʪʘ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ (r = -

0,213**) (ʪʘʙʣ. 3.4). ʇʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ɺɿ ʪʘ ʙʽʣʢʦʤ ʦʪʨʠʤʘʥʦ ʜʣʷ ʩʦʨʪʽʚ 

ɼʫʙʨʘʚʢʘ (r = 0,410**) ʪʘ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ (r = 0,761**). ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ ʧʨʦ 
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ʟʥʘʯʥʽ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʤʽʞ Zn ʪʘ Fe ʚ ʟʝʨʥʽ ʟ ʙʽʣʢʦʤ ʟʝʨʥʘ [74] ʚ ʭʦʜʽ ʥʘʰʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘʢʽ ʧʦʟʠʪʠʚʥʽ ʟʚôʷʟʢʠ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʽʚ ɻʦʣʽʢʦʚʩʴʢʘ ʪʘ ɼʫʙʨʘʚʢʘ. 

ɺʨʦʞʘʡʥʽʩʪʴ ʪʘ ʭʘʨʯʦʚʘ ʮʽʥʥʽʩʪʴ ʟʝʨʥʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʟʘʻʤʦʜʽʾ ʙʘʛʘʪʴʦʭ 

ʛʝʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [270]. ɼʦʩʣʽʜʞʝʥʦ 

ʟʚôʷʟʢʠ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ (Zn, Fe, Cu) ʫ ʟʝʨʥʽ ʪʘ ʜʝʷʢʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʩʪʨʫʢʪʫʨʠ ʚʨʦʞʘʶ ʜʣʷ ʦʙʨʘʥʠʭ ʩʦʨʪʽʚ. ɿʦʢʨʝʤʘ, ʮʝ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘ 

ʢʦʣʦʩʽ (ʂɿʂ), ʚʠʩʦʪʘ ʢʦʣʦʩʘ (ɺʂ), ʤʘʩʘ 1000 ʟʝʨʝʥ (ʄʊɿ) ʪʘ ʚʨʦʞʘʡʥʽʩʪʴ (ɺɿ) 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʝʟʦʥʫ 2017-18 ʨʨ. (ʪʘʙʣ. 3.5, ʨʠʩ. 3.17 ɸ, ɹ). 

ʊʘʙʣʠʮʷ 3.5 

ɺʨʦʞʘʡʥʽʩʪʴ ʪʘ ʩʪʨʫʢʪʫʨʘ ʚʨʦʞʘʶ ʷʨʦʾ ʧʰʝʥʠʮʽ, ʝʪʘʧ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ (GS89), 

ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼʤʠʪʨʽʚ (50Á13'26.6"N 24Á36'50.5"E), ʩʝʟʦʥ ʚʨʦʞʘʶ  

2017 ʪʘ 2018 ʨʨ. 

˅
̰
̈
ɯ

˷
̑
̔
̍
̰
˷
ȭ

  

ˆ̖̑̓ɯ̤̒˸̠̰̏̄ 

ʺ̨̨̰̰̖̍̈̔ɯ̂˸̓˸̏ɯ

̏˰ɯ̈̑̍̑̔Ȯɯ̤̖ 

ʺʴ  ̋

ʨ̖̄̔̑˰ɯ̈̑̍̑̔˰Ȯɯ

̎  ̎

ʨ  ̋

ˀ˰̔˰ɯƕƔƔƔ 

̂˸̓˸̏Ȯɯ˴ 

ˀˈ  ɹ

ʨ̓̑˼˰̨̰̖̅̏̔Ȯɯ

/̠˴ ˰

ʨ  ɹ

2
0

1
7 

˃̈̔˰̖̎̄ɯ̰̎̄̓̑̏˳̨̔̈̄̅ 32.52 AB ǷɯƕȭƖƕ 88.81 ABC ǷɯƗȭƘƕ 40.01 AB ǷɯƕȭƜƙ 63.26 a ǷɯƗȭƜƘ 

ˆ̖̗̓̏˰ɯ̰̎̄̓̑̏˳̨̔̈˰ 35.77 A ǷɯƕȭƔƘ 85.84 AB ǷɯƗȭƙƙ 37.83 AB ǷɯƔȭƝƖ 59.14 a ǷɯƗȭƖƕ 

ʬ̗˲̓˰˳̈˰ 35.62 A ǷɯƕȭƝƗ 78.93 AC ǷɯƖȭƙƗ 37.46 AB ǷɯƕȭƔƙ 60.66 a ǷɯƖȭƕƖ 

ʩ̰̑̍̈̑˳̨̔̈˰ 29.57 B ǷɯƔȭƝƘ 58.02 D ǷɯƕȭƗƘ 33.29 B ǷɯƕȭƕƜ 34.64 b ǷɯƗȭƙƘ 

2
0

1
8 

˃̈̔˰̖̎̄ɯ̰̎̄̓̑̏˳̨̔̈̄̅ 41,48 AB ǷɯƖȮƕƜ 101,55 A ǷɯƘȮƛƕ 46,93 ABC ǷɯƗȮƔƝ 84,78 B Ƿ 0,51 

ˆ̖̗̓̏˰ɯ̰̎̄̓̑̏˳̨̔̈˰ 34,55 ACD ǷɯƘȮƖƜ 83,68 ABC ǷɯƙȮƝƘ 48,79 AB Ƿ 0,05 59,15 db Ƿ 11,68 

ʬ̗˲̓˰˳̈˰ 42,17 A ǷɯƕȮƗƗ 84,17 BC ǷɯƖȮƕƝ 49,70 aB ǷɯƕȮƜƜ 81,176 BC Ƿ 4,53 

ʩ̰̑̍̈̑˳̨̔̈˰ 38,98 ABC ǷɯƗȮƜƗ 61,05 d ǷɯƖȮƗƙ 40,92 CD ǷɯƕȮƖƚ 90,28 ABc Ƿ 14,43 

* ʈʽʚʥʽ, ʥʝ ʟô̒ ʜʥʘʥʽ ʦʜʥʽʻʶ ʙʫʢʚʦʶ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʚʝʣʠʢʽ ʣʽʪʝʨʠ p < 0.05; ʤʘʣʽ ʣʽʪʝʨʠ p < 0.01; ʩʪʘʥʜʘʨʪʥʽ 

ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʦʪʠʨʴʦʭ ʧʦʚʪʦʨʽʚ  

 

ʋ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʢʘʟʥʠʢʠ ʂɿʂ, ʄʊɿ ʽ ɺɿ ʥʝʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ 

ʪʨʴʦʤʘ ʛʝʥʦʪʠʧʘʤʠ T. aestivum: ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ʪʘ 

ɼʫʙʨʘʚʢʘ (ʪʘʙʣ. 3.5), ʧʨʦʪʝ, ʚʽʜʨʽʟʥʷʣʠʩʴ ʤʽʞ ʨʦʢʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʦʨʪ ʧʦʣʙʘ 

ɻʦʣʽʢʦʚʩʴʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦ ʥʠʞʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʩʪʨʫʢʪʫʨʠ ʚʨʦʞʘʶ ʫ 

2017 ʨʦʮʽ (ʥʘ 27ï34 % ɺʂ, ʥʘ 9ï18 % ʂɿʂ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤôʷʢʠʤʠ ʩʦʨʪʘʤʠ ʧʰʝʥʠʮʽ. 

ʋ 2017 ʨʦʮʽ ʥʘʡʚʠʱʘ ɺɿ ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ (63,26 ʮ/ʛʘ), ʟ 
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ʄʊɿ 40,01 ʛ, ʥʠʞʯʘ ʚʨʦʞʘʡʥʽʩʪʴ ʙʫʣʘ ʫ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ (60,66 ʮ/ʛʘ) ʪʘ ʥʘʡʥʠʞʯʘ 

ʩʝʨʝʜ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʫ ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ (59,14 ʮ/ʛʘ). ʅʘʡʥʠʞʯʫ 

ʚʨʦʞʘʡʥʽʩʪʴ ʩʝʨʝʜ ʩʦʨʪʽʚ ʫ 2017 ʨʦʮʽ ʟʘʬʽʢʩʦʚʘʥʦ ʫ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ (34,64 ʮ/ʛʘ) 

[253]. 

ʋ 2018 ʨʦʮʽ ʜʣʷ ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ɼʫʙʨʘʚʢʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʩʪʨʫʢʪʫʨʠ ʚʨʦʞʘʶ ʪʘ ʚʨʦʞʘʡʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ 2017 

ʨʦʢʦʤ. ʉʦʨʪ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʥʠʞʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʂɿʂ ʪʘ 

ɺʂ ʪʘ ʚʠʱʠʤ ʄʊɿ ʧʦʨʽʚʥʷʥʦ ʟ 2018 ʨʦʢʦʤ, ʧʨʦʪʝ ʮʽ ʚʽʜʤʽʥʥʦʩʪʽ ʙʫʣʠ ʥʝʟʥʘʯʥʠʤʠ. 

ɺʨʦʞʘʡʥʽʩʪʴ ʜʘʥʦʛʦ ʩʦʨʪʫ ʧʝʨʝʙʫʚʘʣʘ ʧʨʘʢʪʠʯʥʦ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʚʧʨʦʜʦʚʞ ʜʚʦʭ 

ʨʦʢʽʚ. ʅʘʡʚʠʱʘ ʚʨʦʞʘʡʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʘ ʜʣʷ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ 90,28 ʮ/ʛʘ, ʽ ʻ 

ʚʪʨʠʯʽ ʚʠʱʦʶ ʥʽʞ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʢʫ. 

ɺʽʜʦʤʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ, ʽ ʟʦʢʨʝʤʘ ʚ ʟʝʨʥʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʥʝʨʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ ʚ ˇʨʫʥʪʽ, pH ˇʨʫʥʪʫ, ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ ʪʘ ʟʜʘʪʥʦʩʪʽ ʨʦʩʣʠʥʠ ʜʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ. ʂʦʥʮʝʥʪʨʘʮʽʾ Zn, Fe ʽ Cu ʚ ʟʝʨʥʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʛʝʥʦʪʠʧʽʚ ʧʰʝʥʠʮʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.17 ɸ, ɹ. ɺʩʪʘʥʦʚʣʝʥʦ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʫ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʦʢʨʽʤ Fe, ʤʽʞ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʩʦʨʪʘʤʠ ʧʰʝʥʠʮʽ 

ʚʨʦʞʘʶ 2017 ʨ. ʉʦʨʪ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʚʠʜʽʣʷʚʩʷ ʥʘʡʚʠʱʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn ʚ 

ʟʝʨʥʽ (18,28 ʤʢʛ/ʛ) ʪʘ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ Fe ʽ Cu ï 30,32 ʤʢʛ/ʛ ʽ 2,01 ʤʢʛ/ʛ ʚʽʜʧʦʚʽʜʥʦ. 

ɻʝʥʦʪʠʧ ʟ ʥʘʡʚʠʱʠʤ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʙʽʦʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʚ ʟʝʨʥʽ ï ʩʦʨʪ 

ɼʫʙʨʘʚʢʘ ï 32,49 ʤʢʛ/ʛ, ʟʘ ʥʠʤ ʩʦʨʪ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ï 31,25 ʤʢʛ/ʛ ʪʘ 

ɻʦʣʽʢʦʚʩʴʢʘ ï 30,32 ʤʢʛ/ʛ, ʘ ʥʘʡʤʝʥʰʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʠʷʚʣʝʥʦ ʫ ʩʦʨʪʫ ʉʪʨʫʥʘ 

ʤʠʨʦʥʽʚʩʴʢʘ ï 29,39 ʤʢʛ/ʛ. ʄʘʢʩʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Cu ʚʩʪʘʥʦʚʣʝʥʘ ʜʣʷ ʩʦʨʪʽʚ 

ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ï 2,40 ʤʢʛ/ʛ ʪʘ ɼʫʙʨʘʚʢʘ ï 2,31 ʤʢʛ/ʛ, ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʘʚ ʩʦʨʪ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ï 1,74 ʤʢʛ/ʛ [253].  

 



128 

 

 
* ʈʽʚʥʽ, ʥʝ ʟô̒ ʜʥʘʥʽ ʦʜʥʽʻʶ ʙʫʢʚʦʶ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʚʝʣʠʢʽ ʣʽʪʝʨʠ p < 0.05; ʤʘʣʽ ʣʽʪʝʨʠ p < 0.01; ʩʪʘʥʜʘʨʪʥʽ 

ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʦʪʠʨʴʦʭ ʧʦʚʪʦʨʽʚ 

ʈʠʩ. 3.17. ʂʦʥʮʝʥʪʨʘʮʽʾ Zn, Fe ʪʘ Cu ʚ ʟʝʨʥʽ (ʤʢʛ/ʛ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ), ʝʪʘʧ ʧʦʚʥʦʾ 

ʩʪʠʛʣʦʩʪʽ (GS89), ʧʦʣʴʦʚʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼʤʠʪʨʽʚ (50Á13'26.6"N 

24Á36'50.5"E), ʚʝʛʝʪʘʮʽʡʥʠʡ cʝʟʦʥ 2017 (ɸ) ʪʘ 2018 (ɹ) ʨʨ.. 

ʋ ʟʝʨʥ ̔ʚʨʦʞʘʶ 2018 ʨʦʢʫ ʚʠʷʚʣʝʥʦ ʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn ʪʘ Cu ʪʘ ʤʝʥʰʽ Fe 

(ʨʠʩ. 3.17 ɹ). ɺʠʱʠʡ ʨʽʚʝʥʴ Cu ʡʤʦʚʽʨʥʦ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʡʦʛʦ 
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ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ ʚ ˇʨʫʥʪʽ. ʊʝʥʜʝʥʮʽʷ ʥʘʢʦʧʠʯʝʥʥʷ Cu ʧʦ ʩʦʨʪʘʭ ʪʘʢʘ ʞ ʷʢ ʽ ʫ 2017 ʨ. 

ʅʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ (3,39 ʤʢʛ/ʛ) > ɼʫʙʨʘʚʢʘ (3,06 

ʤʢʛ/ʛ) > ɻʦʣʽʢʦʚʩʴʢʘ (2,96 ʤʢʛ/ʛ) > ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ (2,64 ʤʢʛ/ʛ). ʅʘʡʚʠʱʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ Zn, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʮʽ, ʚʠʷʚʣʝʥʘ ʫ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ ï 48,20 

ʤʢʛ/ʛ, ʥʘʡʤʝʥʰʘ ʫ ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ï 32,23 ʤʢʛ/ʛ. ʂʦʥʮʝʥʪʨʘʮʽʷ Fe ʚ ʟʝʨʥʽ 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʣʘ ʚʽʜ 20 ʜʦ 30 ʤʢʛ/ʛ. ʅʘʡʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʠʷʚʣʝʥʘ ʫ ʩʦʨʪʫ 

ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʥʘʡʤʝʥʰʘ ʫ ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ. ʋ ʟʝʨʝʥ ʚʨʦʞʘʶ 

2018 ʨʦʢʫ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʤʝʥʰʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʩʽʭ ʜʦʩʣʽʜʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ 

ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ. 

ɺʨʘʭʦʚʫʶʯʠ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚ ˇʨʫʥʪʘʭ, ʩʦʨʪʠ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ 

ʪʘ ɼʫʙʨʘʚʢʘ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʷʢ ʩʦʨʪʠ ʟ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʚ ʟʝʨʥʽ 

ʉu ʪʘ Fe, ʘ ʧʦʣʙʫ ɻʦʣʽʢʦʚʩʴʢʘ ʷʢ ʩʦʨʪ ʷʢʠʡ ʤʦʞʝ ʥʘʛʨʦʤʘʜʞʫʚʘʪʠ ʟʥʘʯʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Zn. ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Zn ʽ 

Cu ʚ ʟʝʨʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ, ʩʧʨʠʯʠʥʝʥʽ ʥʠʟʴʢʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʮʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚ ˇʨʫʥʪʽ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʾʭ ʟʘʩʚʦʻʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʩʦʨʪʘʤʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ 2017 ʨʦʢʫ 

ʧʦʙʫʜʦʚʘʥʦ biplot PCA, ʷʢʠʡ ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʄʊɿ, ʂɿʂ, ɺɿ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Zn, Fe ʪʘ Cu. ɺʘʞʣʠʚʠʤʠ ʻ ʧʝʨʰʽ ʜʚʘ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʧʦʷʩʥʶʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʽ ʢʫʤʫʣʷʪʠʚʥʽ ʜʠʩʧʝʨʩʽʾ 0,94828 % (ʪʘʙʣ. 3.6). 

ʊʘʙʣʠʮʷ 3.6 

ɺʝʢʪʦʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʘʨʽʘʮʽʾ ʫ ʚʽʜʩʦʪʢʘʭ, ʷʢʽ ʧʦʷʩʥʶʶʪʴʩʷ ʪʨʴʦʤʘ 

ʧʨʠʥʮʠʧʘʤʠ ʢʦʤʧʦʥʝʥʪʠ (PC). 

 PC1 PC2 PC3 

ʺʴ  ̋ 0.72112 -0.55793 0.41075 

ˀˈ  ɹ 0.93699 -0.092344 -0.33693 

ʨ  ɹ 0.97985 -0.19252 -0.053142 

Fe 0.44635 0.89224 0.06846 

Cu 0.46273 0.87517 0.14126 

Zn  -0.99163 0.12679 0.024547 

ˁ˰˳˰̖̏˰˼˸̬̏̏: 

ʨ̍˰̰̔̏ɯ̂̏˰̡˸̬̏̏ 3.75474 1.93496 0.310304 

 % variance 0.62579 0.32249 0.051717 
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ʉʝʨʝʜ ʫʩʽʭ PCs ʧʝʨʰʠʡ PC (0,62579 %) ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʚʘʛʫ ʫ ʟʘʛʘʣʴʥʽʡ 

ʜʠʩʧʝʨʩʽʾ. ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʽ ʩʧʨʠʷʣʠ ʩʪʚʦʨʝʥʥʶ ʧʝʨʰʦʛʦ PC ʙʫʣʠ Zn, 

ɺɿ, ʄʊɿ ʽ ʂɿʂ. ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʽ ʜʨʫʛʦʛʦ PC ʙʫʣʠ Fe ʽ Cu. ʂɿʂ ʽ Cu 

ʙʫʣʠ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʨʝʪʴʦʛʦ PC. Biplot ʧʦʷʩʥʶʻ ʟʚôʷʟʦʢ ʯʦʪʠʨʴʦʭ 

ʛʝʥʦʪʠʧʽʚ ʧʰʝʥʠʮʽ ʟ ʢʦʤʧʦʥʝʥʪʦʤ (ʨʠʩ. 3.18). ʋ ʚʩʽʭ ʩʦʨʪʽʚ ɺɿ ʧʦʟʠʪʠʚʥʦ ʧʦʚô̫ ʟʘʥʘ 

ʟ ʂɿʂ, ʄʊɿ, Cu ʽ Fe ʪʘ ʥʝʛʘʪʠʚʥʦ ʟ Zn. Fe ʽ Cu ʙʫʣʠ ʟʛʨʫʧʦʚʘʥʽ ʨʘʟʦʤ ʪʘ ʄʊɿ, ɺɿ, 

ʂɿʂ ʙʫʣʠ ʟʛʨʫʧʦʚʘʥʽ ʨʘʟʦʤ. ʉʦʨʪʠ ɼʫʙʨʘʚʢʘ ʪʘ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʟʛʨʫʧʦʚʘʥʽ 

ʨʘʟʦʤ, ʪʦʜʽ ʷʢ ʩʦʨʪ ɻʦʣʽʢʦʚʩʴʢʘ ʨʦʟʪʘʰʦʚʫʚʘʚʩʷ ʚʽʜʜʘʣʝʥʦ. Biplot PCA ʧʦʢʘʟʫʻ ʱʦ 

ʩʦʨʪ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ ʟʚôʷʟʦʢ ʽʟ Zn. ʎʝ ʦʟʥʘʯʘʻ ʱʦ ʚʨʦʞʘʡʥʽʩʪʴ 

ɻʦʣʽʢʦʚʩʴʢʦʾ ʙʫʣʘ ʤʝʥʰʦʶ, ʘʣʝ ʮʝʡ ʩʦʨʪ ʤʦʞʝ ʥʘʢʦʧʠʯʫʚʘʪʠ ʚʠʩʦʢʽ ʨʽʚʥʽ Zn. ʉʦʨʪʠ 

ɼʫʙʨʘʚʢʘ ʪʘ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʤʘʣʠ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Cu ʪʘ Fe, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ [253]. 

 

ʈʠʩ. 3.18. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (PCA) ʜʣʷ Fe, Cu, Zn, ʚʨʦʞʘʡʥʦʩʪʽ (GY), 

ʢʽʣʴʢʦʩʪʽ ʟʝʨʝʥ ʥʘ ʢʦʣʦʩ (GPS) ʪʘ ʤʘʩʠ 1000 ʟʝʨʝʥ (TGW) ʷʨʦʾ ʧʰʝʥʠʮʽ (ʩʝʨʝʜʥʻ ʟʘ 

2017 ʨ..). 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʘʨʦʜʢʘʭ ʧʰʝʥʠʮʽ. 

ɿʘʨʦʜʦʢ ʧʰʝʥʠʮʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2,5-3,8 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʟʝʨʥʽʚʢʠ [63]. 

ʇʰʝʥʠʯʥʽ ʟʘʨʦʜʢʠ ʻ ʫʥʽʢʘʣʴʥʠʤ ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥʠ ʪʘʢʠʭ ʷʢ ʙʽʣʢʠ, ʣʽʧʽʜʠ, ʮʫʢʨʠ ʪʘ ʤʽʥʝʨʘʣʠ, ʚʽʪʘʤʽʥ ɽ (ʪʦʢʦʬʝʨʦʣ), ʚʽʪʘʤʽʥʠ 
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ʛʨʫʧʠ ɺ (ʪʽʘʤʽʥ, ʨʠʙʦʬʣʘʚʽʥ), ʢʘʨʦʪʠʥʦʾʜʠ, ʬʣʘʚʦʥʦʾʜʠ, ʬʽʪʦʩʪʝʨʦʣʠ ʪʘ 

ʧʦʣʽʢʦʟʘʥʦʣʠ. ɿʘʨʦʜʦʢ ʤʽʩʪʠʪʴ ʙʣʠʟʴʢʦ 10-15 % ʣʽʧʽʜʽʚ, 26-35 % ʙʽʣʢʽʚ, 17 % ʮʫʢʨʽʚ, 

1,5-4,5 % ʮʝʣʶʣʦʟʠ ʪʘ 4 % ʤʽʥʝʨʘʣʽʚ [63; 132; 405].  

ʅʘʡʚʘʞʣʠʚʽʰʫ ʨʦʣʴ ʧʨʠ ʧʨʦʨʦʩʪʘʥʥʽ ʟʝʨʥʘ ʚʽʜʽʛʨʘʻ ʟʘʨʦʜʦʢ, ʪʦʜʽ ʷʢ ʝʥʜʦʩʧʝʨʤ 

ʚʚʘʞʘʻʪʴʩʷ ʟʘʧʘʩʘʣʴʥʦʶ ʪʢʘʥʠʥʦʶ, ʷʢʘ ʧʦʩʪʘʯʘʻ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ ʥʘ ʧʦʯʘʪʢʦʚʠʭ 

ʝʪʘʧʘʭ ʨʦʩʪʫ ʨʦʩʣʠʥ [444]. ʉʢʣʘʜ ʝʥʜʦʩʧʝʨʤʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʫʤʦʚʘʭ ʩʪʨʝʩʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʙʫʜʝ ʚʧʣʠʚʘʪʠ 

ʥʘ ʨʦʟʚʠʪʦʢ ʟʘʨʦʜʢʘ ʪʘ ʚʤʽʩʪ ʫ ʥʴʦʤʫ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʙʽʣʢʽʚ, ʚʫʛʣʝʚʦʜʽʚ. 

ɼʘʥʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽ ʾFe, Cu ʪʘ Zn ʚ ʟʘʨʦʜʢʘʭ (GS89) ʯʦʪʠʨʴʦʭ ʩʦʨʪʽʚ 

ʧʰʝʥʠʮʽ, ʢʦʥʪʨʘʩʪʥʠʭ ʟʘ ʟʜʘʪʥʽʩʪʶ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʚʧʨʦʜʦʚʞ 2 

ʚʝʛʝʪʘʮʽʡʥʠʭ ʩʝʟʦʥʽʚ ʥʘ ʯʦʨʥʦʟʝʤʘʭ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ ʣʫʞʥʠʤ pH, ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʆʈɻ ʪʘ ʥʠʟʴʢʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ 

Fe, Zn ʪʘ Cu, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.19. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʙʫʣʦ ʽʟʦʣʴʦʚʘʥʦ ʧʨʠʙʣʠʟʥʦ 1500 

ʟʘʨʦʜʢʽʚ ʢʦʞʥʦʛʦ ʩʦʨʪʫ. ɿʘʨʦʜʢʠ ʤʽʩʪʠʣʠ ʚʠʱʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʦʨʛʘʥʘʤʠ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʠʱʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʟʘ ʨʦʢʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʝʥʦ ʫ 2017 ʨ., ʘ Zn ʪʘ Cu ï ʫ 2018 ʨ. 

(ʨʠʩ. 3.19). ʁʤʦʚʽʨʥʦ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʚ ʟʘʨʦʜʢʘʭ ʧʦʚôʷʟʘʥʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ Zn, Fe, Cu ʚ ˇʨʫʥʪʽ (ʜʠʚ. ʪʘʙʣ. 3.1, ʩʪʦʨ. 74). 

ʋ ʟʝʨʥʘ ʚʨʦʞʘʶ 2017 ʨ. (ʨʠʩ. 3.19) ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ, ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʙʫʣʠ ʪʘʢʠʤʠ: Fe 30,53 ʤʢʛ/ʛ, Zn 16,53 ʤʢʛ/ʛ, Cu 2,09 ʤʢʛ/ʛ, ʚ 

ʟʘʨʦʜʢʘʭ: Fe 163,57 ʤʢʛ/ʛ, Zn 176,44 ʤʢʛ/ʛ, Cu 7,71 ʤʢʛ/ʛ. 

ʋ ʟʝʨʥʘ ʚʨʦʞʘʶ 2018 ʨ. (ʨʠʩ. 3.19) ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʙʫʣʠ ʪʘʢʠʤʠ: Fe 24,87 ʤʢʛ/ʛ, Zn 37,18 ʤʢʛ/ʛ, Cu 3,01 ʤʢʛ/ʛ, ʚ 

ʟʘʨʦʜʢʘʭ: Fe 120,96 ʤʢʛ/ʛ, Zn 267,06 ʤʢʛ/ʛ, Cu 11,72 ʤʢʛ/ʛ. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ 

ʜʘʥʠʤʠ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʷ ʩʝʨʝʜ ʩʦʨʪʽʚ ʢʦʥʮʝʥʪʨʘʮʽʷ Fe, Cu ʯʠ Zn ʚ ʟʘʨʦʜʢʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʟʝʨʥʽ, ʯʠʤ ʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʝʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʟʝʨʥʽ, 

ʪʠʤ ʚʦʥʘ ʚʠʱʘ ʽ ʚ ʟʘʨʦʜʢʫ. 
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ʈʠʩ. 3.19. ʂʦʥʮʝʥʪʨʘʮʽʷ Fe, Zn ʪʘ Cu (ʤʢʛ/ʛ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ) ʚ ʟʘʨʦʜʢʘʭ ʧʰʝʥʠʮʽ 

ʷʨʦʾ ʥʘ ʝʪʘʧʽ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ (GS89), ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʥʘ ʜʦʩʣʽʜʥʽʡ ʜʽʣʷʥʮʽ 

ɼʤʠʪʨʽʚ (50Á13'26.6"N 24Á36'50.5"E), ʩʝʟʦʥ ʚʨʦʞʘʶ 2017-2018 ʨʨ.. 

ʉʦʨʪ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʚʠʜʽʣʷʚʩʷ ʥʘʡʚʠʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Fe, Zn ʪʘ 

Cu ʚ ʟʘʨʦʜʢʘʭ ʫʧʨʦʜʦʚʞ ʜʚʦʭ ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʡʥʠʞʯʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʫ 2017 

ʨʦʮʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʫ ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ʫ 2018 ʨʦʮʽ ʫ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ. 

ʉʦʨʪ ɼʫʙʨʘʚʢʘ ʚʠʜʽʣʷʚʩʷ ʥʘʡʥʠʞʯʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Zn ʚ ʟʘʨʦʜʢʘʭ ʫʧʨʦʜʦʚʞ 

ʜʚʦʭ ʨʦʢʽʚ. ʅʘʡʥʠʞʯʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Cu ʫ 2017 ʨʦʮʽ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʫ ʉʪʨʫʥʘ 

ʤʠʨʦʥʽʚʩʴʢʘ, ʫ 2018 ʨʦʮʽ ʫ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ. 

ɿʘ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʠ ʝʥʜʦʩʧʝʨʤ ʽ ʘʣʝʡʨʦʥʦʚʠʡ ʰʘʨ ʨʘʟʦʤ ʤʽʩʪʷʪʴ ʙʣʠʟʴʢʦ 70 

% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ Fe ʚ ʟʝʨʥʽ, ʪʦʜʽ ʷʢ 7ï8 % ʤʽʩʪʠʪʴʩʷ ʚ ʟʘʨʦʜʢʫ. ɹʽʣʴʰʘ 

ʯʘʩʪʠʥʘ Zn ʤʽʩʪʠʪʴʩʷ ʚ ʘʣʝʡʨʦʥʦʚʦʤʫ ʰʘʨʽ ʪʘ ʟʘʨʦʜʢʫ, ʪʦʜʽ ʷʢ ʝʥʜʦʩʧʝʨʤ ʤʘʻ 

ʟʥʘʯʥʦ ʥʠʞʯʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn. ʂʦʥʮʝʥʪʨʘʮʽʷ Zn ʚ ʟʘʨʦʜʢʫ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 150 

ʤʛ/ʢʛ ʽ ʧʨʠʙʣʠʟʥʦ 15 ʤʛ/ʢʛ ʚ ʝʥʜʦʩʧʝʨʤʽ [282; 29]. ɹʽʦʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʮʠʭ 

ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʣʦʢʘʣʽʟʘʮʽʾ ʜʚʦʭ ʤʽʥʝʨʘʣʽʚ ʚ ʟʝʨʥʽ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝʚʽʜʦʤʝ. ʆʪʨʠʤʘʥʽ 

ʥʘʤʠ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦʪʝ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʚ ʟʘʨʦʜʢʫ ʥʘʢʦʧʠʯʫʻʪʴʩʷ Zn. ɿʘ ʽʥʰʠʤʠ 
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ʜʘʥʠʤʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʟʘʨʦʜʢʘʭ ʩʪʘʥʦʚʠʣʘ Fe ï 79 ʤʢʛ/ʛ, Cu ï 13 

ʤʢʛ/ʛ, Zn ï 158 ʤʢʛ/ʛ [434]. 

ʆʩʢʽʣʴʢʠ, ʽʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ ʚʽʜ ʾʭ ʧʦʛʣʠʥʘʥʥʷ 

ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʦ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʨʦʩʣʠʥʠ, ʤʠ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʥʘʢʦʧʠʯʝʥʥʷ Zn, 

Fe ʪʘ Cu ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ, ʢʦʣʦʩʽ ʥʘ ʝʪʘʧʽ ʮʚʽʪʽʥʥʷ, ʟʝʨʥʽ ʪʘ ʟʘʨʦʜʢʘʭ ʧʰʝʥʠʮʽ 

ʥʘ ʝʪʘʧʽ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ (ʪʘʙʣ. 3.7). 

ʊʘʙʣʠʮʷ 3.7 

ʈʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn, Fe, Cu ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ, ʢʦʣʦʩʽ, ʟʝʨʥʽ ʪʘ ʟʘʨʦʜʢʘʭ 

ʧ ʝhʥʠʮʽ, ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼʤʠʪʨʽʚ (50Á13'26.6"N 24Á36'50.5"E), ʚʝʛʝʪʘʮʽʡʥʠʡ 

ʩʝʟʦʥ 2018 ʨ. 

 

ˀ̰̈̓̑˸̍˸̎˸̖̏ 
 

ˆ̖̑̓ 
 

ˁ˰̡̈̑̒̄˸̬̏̏ɯZn, Fe, Cu  

 

Zn 

˃̈̔˰̖̎̄ɯ̰̎̄̓̑̏˳̨̔̈̄̅ ̈̑̍̑̔ < ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̂˸̓̏̑ < ̂˰̓̑˷̑̈ 

ˆ̖̗̓̏˰ɯ̰̎̄̓̑̏˳̨̔̈˰ ̈̑̍̑̔ < ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̂˸̓̏̑ < ̂˰̓̑˷̑̈ 

ʬ̗˲̓˰˳̈˰ ̈̑̍̑̔ < ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̂˸̓̏̑ < ̂˰̓̑˷̑̈ 

ʩ̰̑̍̈̑˳̨̔̈˰ ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̈̑̍̑̔ < ̂˸̓̏̑ < ̂˰̓̑˷̑̈ 

 

Fe 

˃̈̔˰̖̎̄ɯ̰̎̄̓̑̏˳̨̔̈̄̅ ̈̑̍̑̔ < ̂˸̓̏̑ < ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̂˰̓̑˷̑̈ 

ˆ̖̗̓̏˰ɯ̰̎̄̓̑̏˳̨̔̈˰ ̈̑̍̑̔ < ̂˸̓̏̑ < ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̂˰̓̑˷̑̈ 

ʬ̗˲̓˰˳̈˰ ̈̑̍̑̔ < ̂˸̓̏̑ < ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̂˰̓̑˷̑̈ 

ʩ̰̑̍̈̑˳̨̔̈˰ ̈̑̍̑̔ < ̂˸̓̏̑ < ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̂˰̓̑˷̑̈ 

 

Cu 

˃̈̔˰̖̎̄ɯ̰̎̄̓̑̏˳̨̔̈̄̅ ̂˸̓̏̑ < ̈̑̍̑̔ < ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̂˰̓̑˷̑̈ 

ˆ̖̗̓̏˰ɯ̰̎̄̓̑̏˳̨̔̈˰ ̂˸̓̏̑ < ̈̑̍̑̔ < ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̂˰̓̑˷̑̈ 

ʬ̗˲̓˰˳̈˰ ̂˸̓̏̑ < ̈̑̍̑̔ < ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̂˰̓̑˷̑̈ 

ʩ̰̑̍̈̑˳̨̔̈˰ ̂˸̓̏̑ < ̈̑̍̑̔ < ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ < ̂˰̓̑˷̑̈ 

*ʢʦʣʴʦʨʦʚʘ ʰʢʘʣʘ, ʟʘʙʘʨʚʣʝʥʥʷ ʚʽʜ ʩʚʽʪʣʽʰʦʛʦ ʜʦ ʪʝʤʥʽʰʦʛʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʘ ʚ ʯʘʩʪʠʥʘʭ 

ʧʰʝʥʠʮʽ 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.7, ʜʣʷ ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʷʢʠʡ ʚʠʜʽʣʷʚʩʷ 

ʥʘʡʚʠʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Fe, Zn, ʪʘ Cu ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ, ʚʠʷʚʣʝʥʦ ʪʘʢʦʞ 

ʥʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʟʘʨʦʜʢʘʭ. ʆʢʨʽʤ ʪʦʛʦ, ʜʣʷ ʮʴʦʛʦ ʩʦʨʪʫ 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Cu ʚ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʯʘʩʪʠʥʘʭ. ʉʦʨʪ ʧʦʣʙʘ 

ɻʦʣʽʢʦʚʩʴʢʘ ʚʠʨʽʟʥʷʚʩʷ ʥʘʡʚʠʱʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn ʚ ʢʦʣʦʩʽ ʪʘ ʟʝʨʥʽ, ʧʨʦʪʝ, ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʟʘʨʦʜʢʫ ʙʫʣʘ ʥʘ ʨʽʚʥʽ ʩʝʨʝʜʥʴʦʾ. ʄʘʢʩʠʤʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ Zn ʚ 

ʢʦʣʦʩʽ ʦʪʨʠʤʘʥʦ ʚ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ, ʪʦʜʽ ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʟʝʨʥʽ ʪʘ ʟʘʨʦʜʢʫ ʙʫʣʘ ʥʘ 

ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʽ. 
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ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʫ ʤʽʞ ˇʨʫʥʪʦʤ ʪʘ 

ʥʘʜʟʝʤʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʧʰʝʥʠʮʽ ʤʠ ʨʦʟʨʘʭʫʚʘʣʠ ʚʝʣʠʯʠʥʫ ʬʘʢʪʦʨʘ ʪʨʘʥʩʣʦʢʘʮʽʾ 

(ʌʊ) ʜʣʷ Fe, Zn ʪʘ Cu, ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʧʨʘʧʦʨʮʝʚʠʡ 

ʣʠʩʪʦʢ/ˇʨʫʥʪ, ʢʦʣʦʩ/ʧʨʘʧʦʨʮʝʚʠʡ ʣʠʩʪʦʢ, ʟʝʨʥʦ/ʢʦʣʦʩ, ʟʝʨʥʦ/ʧʨʘʧʦʨʮʝʚʠʡ ʣʠʩʪʦʢ, 

ʟʘʨʦʜʦʢ/ʟʝʨʥʦ (ʪʘʙʣ. 3.8). 

ʊʘʙʣʠʮʷ 3.8 

ʌʘʢʪʦʨ ʪʨʘʥʩʣʦʢʘʮʽʾ (ʌʊ) Fe, Zn ʪʘ Cu ʤʽʞ ʦʨʛʘʥʘʤʠ ʧʰʝʥʠʮʽ ʷʨʦʾ ʚ ʧʦʣʴʦʚʠʭ 

ʫʤʦʚʘʭ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ (50Á13'26.6"N 24Á36'50.5"E), ʚʨʦʞʘʡ 2018 ʨ. 
3 

 

ˏ˰̖̈̑̓ɯ̖̓˰̏̔̍̑̈˰̠̰̱ 
˃̈̔˰̖̎̄ɯ

̰̎̄̓̑̏˳̨̔̈̄̅ 

ˆ̖̗̓̏˰ɯ

̰̎̄̓̑̏˳̨̔̈˰ 

3 

 

ʬ̗˲̓˰˳̈˰ 

3 

 

ʩ̰̑̍̈̑˳̨̔̈˰ 

 

 

Fe 

̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ɤ̗̖̾̓̏ 1,763  1,624        1,584 1,577  

̈̑̍̑̔ɤ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ 0,681 0,699  0,927  0,827  

̂˸̓̏̑ɤ̈̑̍̑̔ 1,284  1,018  1,334  1,067  

̂˸̓̏̑ɤ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ 0,829  0,640  0,909  0,857  

̂˰̓̑˷̑̈ɤ̂˸̓̏̑ 5,609  4,603  5,248  4,121  

 

 

Zn 

̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ɤ̗̖̾̓̏ 47,439  45,665  42,057  51,734  

̈̑̍̑̔ɤ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ 0,814  0,985  0,914  1,113  

̂˸̓̏̑ɤ̈̑̍̑̔ 1,671  1,433  1,636  1,470  

̂˸̓̏̑ɤ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ 1,354  1,195  1,353  1,612  

̂˰̓̑˷̑̈ɤ̂˸̓̏̑ 7,578  8,606  7,430  7,294  

 

 

Cu 

̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ɤ̗̖̾̓̏ 11,165  10,932  11,468  10,437  

̈̑̍̑̔ɤ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ 0,672  0,703  0,753  0,598  

̂˸̓̏̑ɤ̈̑̍̑̔ 0,861  0,703  0,830  1,018  

̂˸̓̏̑ɤ̒̓˰̠̒̑̓˸˳̄̅ɯ̖̍̄̔̑̈ 0,618  0,473  0,600  0,606  

̂˰̓̑˷̑̈ɤ̂˸̓̏̑ 4,720  3,766  3,735  3,244  

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʬʘʢʪʦʨʘ ʪʨʘʥʩʣʦʢʘʮʽʾ (ʪʘʙʣ. 3.8) ʤʽʞ ˇʨʫʥʪʦʤ ʪʘ 

ʥʘʜʟʝʤʥʠʤʠ ʦʨʛʘʥʘʤʠ ʧʰʝʥʠʮʽ ʚʘʨʽʶʚʘʣʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ Fe, Zn ʪʘ ʉu ʚ ˇʨʫʥʪʽ 

ʪʘ ʦʨʛʘʥʘʭ. ʅʘʡʚʠʱʠʤʠ ʙʫʣʠ ʧʦʢʘʟʥʠʢʠ ʌʊ Zn ˇʨʫʥʪ/ʧʨʘʧʦʨʮʝʚʠʡ ʣʠʩʪʦʢ ʜʣʷ ʩʦʨʪʫ 

ɻʦʣʽʢʦʚʩʴʢʘ. ʗʢ ʟʛʘʜʘʥʦ ʚʠʱʝ ʮʝʡ ʩʦʨʪ ʚʠʨʽʟʥʷʚʩʷ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʘʢʫʤʫʣʷʮʽʾ 

Zn ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. ʇʨʦʪʝ, ʩʦʨʪ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ 

ʚʠʜʽʣʷʚʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤ ʌʊ Zn ʟʘʨʦʜʦʢ/ʟʝʨʥʦ. ɼʣʷ ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ 

ʚʩʪʘʥʦʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʽ ʌʊ Fe ʪʘ Cu ʟʘʨʦʜʦʢ/ʟʝʨʥʦ. ʆʢʨʽʤ ʪʦʛʦ, ʜʣʷ ʫʩʽʭ ʩʦʨʪʽʚ 

ʚʠʷʚʣʝʥʦ, ʚʠʱʽ ʌʊ Fe ʪʘ Cu ʟʝʨʥʦ/ʢʦʣʦʩ, ʥʽʞ ʟʝʨʥʦ/ʧʨʘʧʦʨʮʝʚʠʡ ʣʠʩʪʦʢ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʽʣʴʰʫ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʪʘ Cu ʚ ʟʝʨʥʽ ʚʽʜ ʾʭ ʚʤʽʩʪʫ ʚ ʢʦʣʦʩʽ, 

ʥʽʞ ʚʽʜ ʚʤʽʩʪʫ ʚ ʧʨʘʧʦʨʮʝʚʦʤʫ ʣʠʩʪʢʫ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʦʥʪʦʛʝʥʝʟʫ ʨʦʩʣʠʥ. ʆʪʨʠʤʘʥʽ 
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ʜʘʥʽ ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʦʜʽʙʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ Fe ʪʘ Cu ʚ ʟʝʨʥʦ 

ʧʰʝʥʠʮʽ. 

ʇʽʜʩʫʤʢʠ ʜʦ ʧʽʜʨʦʟʜʽʣʫ 

ɺʠʱʠʡ ʚʤʽʩʪ ʙʽʣʢʘ ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʦʪʨʠʤʘʥʦ ʥʘ ʜʝʨʥʦʚʦ-ʙʫʨʦʟʝʤʥʠʭ 

ʩʫʛʣʠʥʢʦʚʠʭ ʨ̌ʫʥʪʘʭ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ ʟ ʩʣʘʙʦ-ʢʠʩʣʠʤ ʨʅ, ʥʠʞʯʠʤ ʚʤʽʩʪʦʤ ʆʈɻ ʪʘ 

ʚʠʱʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ɺʠʦʢʨʝʤʣʝʥʦ ʩʦʨʪʠ ʟ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ 

ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʣʢʽʚ ʚ ʟʝʨʥ ̔ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ: ɽʪʶʜ, 

ʂʦʣʝʢʪʠʚʥʘ 3, ɼʠʥʘʩʪʽʷ, ɯʟʦʣʴʜʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ.  

ʆʪʨʠʤʘʥʦ ʚʠʱʫ ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʜʣʷ ʚʩʽʭ ʩʦʨʪʽʚ ʥʘ ʯʦʨʥʦʟʝʤʘʭ ʢʘʨʙʦʥʘʪʥʠʭ 

ʧʦʨʽʜ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ 

ʟʝʨʥʽ ʚʽʜ ʾʭ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʚ ʨ̌ʫʥʪʽ. ɼʦʩʣʽʜʞʝʥʦ ʟʜʘʪʥʽʩʪʴ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

ʷʨʦʾ ʜʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʘ ʪʨʘʥʩʣʦʢʘʮʽʾ Fe, Zn ʪʘ ʉu ʚʽʜ ˇʨʫʥʪʫ ʜʦ ʨʝʧʨʦʜʫʢʪʠʚʥʠʭ 

ʦʨʛʘʥʽʚ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʝʨʥʦ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. ʊʚʝʨʜʠʡ 

ʩʦʨʪ ʊʝʨʘ ʚʠʜʽʣʷʚʩʷ ʥʘʡʚʠʱʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʘʢʫʤʫʣʶʚʘʥʥʷ Fe, Zn ʪʘ Cu ʚ ʟʝʨʥʽ ʥʘ 

ʦʙʦʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ. 

ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʨʘʥʦ ʩʦʨʪʠ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ 

ʤʠʨʦʥʽʚʩʴʢʘ, ɼʫʙʨʘʚʢʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ, ̫ ʢʽ ʨʽʟʥʠʣʠʩʴ ʟʜʘʪʥʽʩʪʶ ʘʢʫʤʫʣʶʚʘʪʠ Fe, Zn 

ʪʘ Cu ʟʘ ʫʤʦʚ ʜʝʬʽʮʠʪʫ ʾʭ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʚ ʨ̌ʫʥʪʽ. ʉʦʨʪ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, 

ʷʢʠʡ ʚʠʜʽʣʷʚʩʷ ʚʠʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Fe, Zn, ʪʘ Cu ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʟʘ ʫʤʦʚ 

ʨʽʟʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʛʝʥʦʪʠʧ ʟ ʚʠʩʦʢʦʶ 

ʚʨʦʞʘʡʥʽʩʪʶ ʪʘ ʟʜʘʪʥʽʩʪʶ ʜʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʩʪʘʪʪʷʭ [252, 253] ʪʘ ʤʘʪʝʨʽʘʣʘʭ 

ʢʦʥʬʝʨʝʥʮʽʡ [470, 471, 472, 474, 475, 477, 479, 480, 481, 482, 483]. 
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3.5. ɹʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʧʰʝʥʠʮʽ ʷʨʦʾ ʪʘ ʾʭ ʡʤʦʚʽʨʥʘ ʨʦʣʴ ʫ ʟʘʩʚʦʻʥʥʽ 

Fe, Cu ʪʘ Zn ʨʦʩʣʠʥʘʤʠ ʟʘ ʥʠʟʴʢʦʾ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʽ 

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʰʣʷʭʦʤ ʽʥʦʢʫʣʷʮʽʾ 

ʝʥʜʦʬʽʪʘʤʠ ʨʽʟʥʠʭ ʨʦʜʽʚ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟʘʷʚʣʝʥʦ ʷʢ ʦʜʠʥ ʽʟ ʧʽʜʭʦʜʽʚ ʜʦ 

ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ ʧʰʝʥʠʮʽ [207; 364; 365; 366; 429]. ɽʥʜʦʬʽʪʥʽ ʙʘʢʪʝʨʽʾ ʩʪʚʦʨʶʶʪʴ 

ʨʽʟʥʽ ʪʠʧʠ ʚʟʘʻʤʦʜʽʡ ʟ ʨʦʩʣʠʥʘʤʠ: ʩʠʤʙʽʦʟ, ʤʫʪʫʘʣʽʟʤ, ʢʦʤʝʥʩʘʣʽʟʤ ʘʙʦ ʪʨʦʬʽʯʥʽ 

ʟʚôʷʟʢʠ [192]. ʋ ʧʦʣʴʦʚʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʦʟʘʢʦʨʝʥʝʚʝ ʚʥʝʩʝʥʥʷ ʝʥʜʦʬʽʪʥʠʭ 

ʙʘʢʪʝʨʽʡ ʟʙʽʣʴʰʠʣʦ ʚʠʩʦʪʫ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ, ʧʣʦʱʫ ʣʠʩʪʢʽʚ, ʚʠʩʦʪʫ ʢʦʣʦʩʘ ʪʘ 

ʙʽʦʤʘʩʫ ʨʦʩʣʠʥ [445]. ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʥʘʚʝʜʝʥʝ ʪʘ ʦʪʨʠʤʘʥ ̔ ʨʝʟʫʣʴʪʘʪʠ, ʫ 

ʥʘʩʪʫʧʥʦʤʫ ʙʣʦʮʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʜʦʩʣʽʜʞʝʥʦ ʥʘʷʚʥʽʩʪʴ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʫ 

ʟʝʨʥʽ ʪʘ ʪʢʘʥʠʥʘʭ ʧʨʦʨʦʩʪʢʽʚ, ʚʠʨʦʱʝʥʠʭ ʽʟ ʧʦʚʝʨʭʥʝʚʦ ʩʪʝʨʠʣʴʥʦʛʦ ʟʝʨʥʘ ʚ ʫʤʦʚʘʭ 

in vitro. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʧʦʢʘʟʘʪʠ ʧʦʪʝʥʮʽʘʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʷʢʠʭ ʙʘʢʪʝʨʽʡ ʷʢ 

ʙʽʦʜʦʙʨʠʚʘ. 

ʅʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʩʢʣʘʜ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʚ ʟʝʨʥʽ ʪʘ ʝʥʜʦʬʽʪʥʦʛʦ 

ʤʽʢʨʦʙʽʦʤʫ ʪʢʘʥʠʥ ʧʨʦʨʦʩʪʢʽʚ in vitro ʯʦʪʠʨʴʦʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʫʢʨʘʾʥʩʴʢʦʾ 

ʩʝʣʝʢʮʽʾ, ʷʢʽ ʨʽʟʥʠʣʠʩʷ ʟʜʘʪʥʽʩʪʶ ʜʦ ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ.  

 

3.5.1. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʽʟʦʣʴʦʚʘʥʠʭ ʝʥʜʦʬʽʪʽʚ 

ɿʝʨʥʦ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʷʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʢʦʤʧʘʨʪʤʝʥʪʠ ï ʟʘʨʦʜʦʢ, 

ʝʥʜʦʩʧʝʨʤ ʪʘ ʦʙʦʣʦʥʢʘ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʦʨʛʘʥʽʚ ʨʦʩʣʠʥ, ʢʦʣʦʥʽʟʦʚʘʥʠʭ 

ʝʥʜʦʬʽʪʥʦʶ ʤʽʢʨʦʙʽʦʪʦʶ [354; 289]. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʜʽʣʝʥʦ ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 

ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʟ̔ ʟʝʨʥʘ ʩʦʨʪʽʚ T. aestivum L. ʪʘ T. turgidum subsp. dicoccum, 

ʦʪʨʠʤʘʥʦʛʦ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʚ 2017-18 ʨʨ.. ɯʟ ʟʝʨʥʘ ʚʨʦʞʘʶ 

2017 ʨʦʢʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 34 ʤʽʢʨʦʙʥʠʭ ʽʟʦʣʷʪʠ, ʘ ʟ̔ ʟʝʨʥʘ 2018 ʨʦʢʫ ï 19 ʽʟʦʣʷʪʽʚ. 

ʋʩʽ ʽʟʦʣʷʪʠ ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ ʛʨʫʧʠ ʟʽ ʩʭʦʞʠʤʠ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʦʟʥʘʢʘʤʠ (ʪʘʙʣ. 

3.9). 
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ʊʘʙʣʠʮʷ 3.9 

ɹʘʢʪʝʨʽʘʣʴʥʽ ʽʟʦʣʷʪʠ, ʦʪʨʠʤʘʥʽ ʽʟ ʟʝʨʥʘ ʯʦʪʠʨʴʦʭ ʩʦʨʪʽʚ ʷʨʦʾ ʧʰʝʥʠʮʽ ʚ ʫʤʦʚʘʭ 

ʧʦʣʴʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼʤʠʪʨʽʚ (50Á13ǋ26.6ǋǋN 24Á36ǋ50.5ǋǋE), 

ʚʝʛʝʪʘʮʽʡʥʠʡ ʩʝʟʦʥ 2017 ʪʘ 2018 ʨʨ. (ʘʙʨʝʚʽʘʪʫʨʘ ʽʜʝʥʪʠʯʥʦʩʪʽ: + ʪʘʢ,- ʥʽ) 
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ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙʨʘʥʦ ʽʟʦʣʷʪʠ ʟ ʮʠʭ ʛʨʫʧ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ 

ʚʠʜʽʣʝʥʦ ʡ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 12 ʨʽʟʥʠʭ ʽʟʦʣʷʪʽʚ ʽʟ ʟʝʨʥʘ ʚʨʦʞʘʶ 2017 ʨʦʢʫ ʪʘ 8 

ʽʟʦʣʷʪʽʚ ï 2018 ʨʦʢʫ. ɿʦʢʨʝʤʘ, ʽʟ ʟʝʨʥʘ ʚʨʦʞʘʶ 2017 ʨʦʢʫ ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ ʪʘ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ʜʣʷ ʷʢʠʭ ʚʣʘʩʪʠʚʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʦʜʝʨʞʘʥʦ ʧʦ 11 ʦʢʨʝʤʠʭ ʽʟʦʣʷʪʽʚ. ɯʟ 

ʟʝʨʥʘ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ ʦʪʨʠʤʘʥʦ 8 ʦʢʨʝʤʠʭ ʽʟʦʣʷʪʽʚ. ʅʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʨʽʜʥʠʭ 

ʽʟʦʣʷʪʽʚ ï 4, ʚʠʜʽʣʝʥʦ ʽʟ ʟʝʨʝʥ ʪʝʪʨʘʧʣʦʾʜʥʦʾ ʧʣʽʚʯʘʩʪʦʾ ʧʦʣʙʠ ɻʦʣʽʢʦʚʩʴʢʘ. 

ʅʘʪʦʤʽʩʪʴ ʽʟ ʟʝʨʥʘ ʚʨʦʞʘʶ 2018 ʨʦʢʫ ʦʪʨʠʤʘʥʦ 3 ʽʟʦʣʷʪʠ ʽʟ ʟʝʨʥʘ ʩʦʨʪʫ ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ, 9 ï ̔ ʟ ʟʝʨʥʘ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ ʪʘ 7 ï ̔ ʟ ʟʝʨʥʘ ʧʦʣʙʠ. ʅʝ ʚʜʘʣʦʩʴ ʚʠʜʽʣʠʪʠ 

ʞʦʜʥʦʛʦ ʽʟʦʣʷʪʘ ʽʟ ʟʝʨʥʘ ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ. ɺʦʜʥʦʯʘʩ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, 

ʱʦ ʟʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʣʠʰʝ 0,001-1 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʥʜʦʬʽʪʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʤʦʞʫʪʴ ʢʫʣʴʪʠʚʫʚʘʪʠʩʷ [400].  

ɯʟ ʢʦʞʥʦʾ ʛʨʫʧʠ ʽʟʦʣʷʪʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʣʠ ʧʝʚʥʫ ʤʦʨʬʦʣʦʛʽʯʥʫ ʛʨʫʧʫ, ʙʫʣʦ 

ʚʽʜʽʙʨʘʥʦ ʽʟʦʣʷʪʠ ʜʣʷ ʜʝʪʘʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɺʠʜʽʣʝʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʽʟ ʟʝʨʥʘ 

2017 ʨ. ʤʘʣʠ ʰʽʩʪʴ ʪʠʧʽʚ ʧʽʛʤʝʥʪʘʮʽʾ (ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.3). ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚʠʜʽʣʝʥʽ 

ʽʟ ʟʝʨʥʘ ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʤʘʣʠ ʯʦʪʠʨʠ ʪʠʧʠ ʧʽʛʤʝʥʪʘʮʽʾ: ʞʦʚʪʘ (36,5 %), 

ʙʽʣʘ (27,5 %), ʙʝʞʝʚʘ (18 %) ʽ ʞʦʚʪʦ-ʙʝʞʝʚʘ (18 %). ɯʟʦʣʷʪʠ ʽʟ ʟʝʨʝʥ ʩʦʨʪʫ ʉʪʨʫʥʘ 

ʤʠʨʦʥʽʚʩʴʢʘ: ʞʦʚʪʦ-ʢʨʝʤʦʚʘ (27,3 %), ʙʝʞʝʚʘ (12,5 %), ʙʝʞʝʚʦ-ʨʦʞʝʚʘ (27,3 %) ʪʘ 

ʤʘʡʞʝ ʧʦʣʦʚʠʥʘ ʟʨʘʟʢʽʚ ʤʘʣʘ ʞʦʚʪʫ (45,5 %) ʧʽʛʤʝʥʪʘʮʽʶ. ɾʦʚʪʦ-ʢʨʝʤʦʚʽ (25 %), 

ʞʦʚʪʦ-ʙʝʞʝʚʽ (37,5 %), ʞʦʚʪʽ (25 %) ʽ ʙʝʞʝʚʽ (12,5 %) ʢʦʣʦʥʽʾ ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʣʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʚʠʜʽʣʝʥʠʭ ʽʟ ʟʝʨʝʥ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ. ɼʣʷ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ 

ʚʽʜʤʽʯʝʥʦ ʪʨʠ ʪʠʧʠ ʧʽʛʤʝʥʪʘʮʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ: ʞʦʚʪʦ-ʢʨʝʤʦʚʘ (50 %), ʙʝʞʝʚʘ (25 

%) ʽ ʞʦʚʪʘ (25 %) [253]. 

ɯʟʦʣʷʪʠ ʦʪʨʠʤʘʥʽ ʽʟ ʟʝʨʥʘ 2018 ʨ. ʪʝʞ ʤʘʣʠ ʘʥʘʣʦʛʽʯʥʽ ʰʽʩʪʴ ʚʘʨʽʘʥʪʽʚ 

ʧʽʛʤʝʥʪʘʮʽʾ, ʘʣʝ ʚ ʽʥʰʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.4). ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ, 

ʦʪʨʠʤʘʥʽ ʽʟ ʟʝʨʝʥ ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ 2 ʪʠʧʠ ʧʽʛʤʝʥʪʘʮʽʾ: ʞʦʚʪʘ (25 %) ʪʘ 

ʙʝʞʝʚʘ (75 %). ʇʽʛʤʝʥʪʘʮʽʾ ʞʦʚʪʦʛʦ, ʞʦʚʪʦ-ʙʝʞʝʚʦʛʦ ʪʘ ʙʝʞʝʚʦʛʦ ʢʦʣʴʦʨʽʚ ʚ 

ʦʜʥʘʢʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (33,3 %) ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʫ ʢʦʣʦʥʽʡ ʽʟʦʣʴʦʚʘʥʠʭ ʽʟ ʟʝʨʥʘ 

ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ. ɯʟʦʣʷʪʠ ʽʟ ʟʝʨʝʥ ʩʦʨʪʫ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʚʨʦʞʘʶ 2018 ʨʦʢʫ ʤʘʣʠ 
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ʥʘʡʙʽʣʴʰʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʽʛʤʝʥʪʘʮʽʾ, 5 ʨʽʟʥʠʭ ʪʠʧʽʚ: ʞʦʚʪʦ-ʢʨʝʤʦʚʘ (42,8 %), ʞʦʚʪʘ 

(14,3 %), ʞʦʚʪʦ-ʙʝʞʝʚʘ (14,3 %), ʙʽʣʘ (14,3 %) ʪʘ ʙʝʞʝʚʦ-ʨʦʞʝʚʘ (14,3 %).  

ɸʥʘʣʽʟ ʫ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʩʦʨʪʫ ʧʦʢʘʟʘʚ ʧʝʨʝʚʘʞʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽʟ 

ʞʦʚʪʦʶ ʧʽʛʤʝʥʪʘʮʽʻʶ (ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.3, ʨʠʩ. ɹ.4). ʅʘʡʙʽʣʴʰʝ ʚʘʨʽʘʥʪʽʚ 

ʧʽʛʤʝʥʪʘʮʽʾ ʚʠʷʚʣʝʥʦ ʜʣʷ ʢʦʣʦʥʽʡ ʙʘʢʪʝʨʽʡ, ʽʟʦʣʴʦʚʘʥʠʭ ʽʟ ʟʝʨʥʘ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ 

ʚʨʦʞʘʶ 2018 ʨʦʢʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʩʪʝʤʫ BLAST (Basic Local Alignment Search Tool) ʪʘ ʙʘʟʫ 

ʜʘʥʠʭ NCBI (National Center for Biotechnology Information), ʚʩʽ ʽʟʦʣʷʪʠ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʜʦ ʨʦʜʽʚ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʜʘʥʠʭ ʥʫʢʣʝʦʪʠʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʝʥʫ 16S 

ʨʈʅʂ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʜʦ ʰʝʩʪʠ ʨʦʜʽʚ ʰʪʘʤʽʚ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʟʝʨʝʥ 2017 

ʨ., ʘ ʩʘʤʝ ï Staphylococcus (4), Pantoea (2), Sphingobium (2), Bacillus (2), Kosakonia 

(1) ʪʘ Micrococcus (1). ʂʫʣʴʪʠʚʦʚʘʥʽ ʰʪʘʤʠ ʽʟ ʟʝʨʥʘ ʚʨʦʞʘʶ 2018 ʨ. ʥʘʣʝʞʘʣʠ ʜʦ 

ʯʦʪʠʨʴʦʭ ʨʦʜʽʚ: Kocuria (1), Staphylococcus (5), Corynebacterium (1), Micrococcus (1) 

(ʪʘʙʣ. 3.10). 

ɯʜʝʥʪʠʬʽʢʫʚʘʥʥʷ ʽʟʦʣʷʪʽʚ ʽʟ ʟʝʨʥʘ ʚʨʦʞʘʶ 2017 ʨ. ʧʦʢʘʟʘʣʦ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ 

ʰʪʘʤʽʚ ʨʦʜʫ Pantoea ʪʘ ʦʜʠʥ Staphylococcus spp. ʫ ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ. 

ɺʠʜʽʣʝʥʽ ʰʪʘʤʠ ʟ̔ ʟʝʨʥʘ ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ʥʘʣʝʞʘʣʠ ʜʦ ʪʨʴʦʭ ʨʽʟʥʠʭ ʨʦʜʽʚ: 

Kosakonia, Micrococcus ʽ Staphylococcus. ɿ ʯʦʪʠʨʴʦʭ ʽʟʦʣʷʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ̔ ʟʝʨʥʘ 

ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʪʨʠ ʰʪʘʤʠ ʨʦʜʽʚ Bacillus, Staphylococcus ʽ 

Sphingobium. ʋ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʰʪʘʤʠ ʪʠʭ ʩʘʤʠʭ ʨʦʜʽʚ  ̔

ʧʦʟʥʘʯʝʥʽ ʷʢ U.H1, U.H2 ʪʘ U.H3 (ʪʘʙʣ. 3.10). 

ɯʟ ʟʝʨʥʘ 2018 ʨ. ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʰʪʘʤʠ ʙʘʢʪʝʨʽʡ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʯʦʪʠʨʴʦʭ 

ʨʦʜʽʚ. ʇʨʦʪʝ, ʽʟ ʟʝʨʥʘ ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ʥʝ ʚʜʘʣʦʩʴ ʚʠʜʽʣʠʪʠ ʪʘ 

ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʞʦʜʥʦʛʦ ʰʪʘʤʫ. ʋ ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʚʠʷʚʣʝʥʦ ʜʚʘ 

ʰʪʘʤʠ ʨʦʜʫ Staphylococcus ʪʘ ʦʜʠʥ ʰʪʘʤ Kocuria. ɿ ʪʨʴʦʭ ʦʙʨʘʥʠʭ ʽʟʦʣʷʪʽʚ, ʷʢʽ 

ʦʪʨʠʤʘʣʠ ʽʟ ʟʝʨʝʥ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ, ʚʜʘʣʦʩʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʜʚʘ ʰʪʘʤʠ ʨʦʜʽʚ 

Staphylococcus ʪʘ Corynebacterium. ʋ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʜʚʘ ʰʪʘʤʠ 

ʨʦʜʫ Staphylococcus ʪʘ ʦʜʠʥ Micrococcus (ʪʘʙʣ. 3.10). 
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ʊʘʙʣʠʮʷ 3.10 

ʇʝʨʝʣʽʢ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ (ʧʨʠʩʚʦʻʥʽ ʥʦʤʝʨʠ GenBank, 

NCBI), ʷʢʽ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʟ̔ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʷʨʦʾ, ʦʪʨʠʤʘʥʦʛʦ ʚ ʫʤʦʚʘʭ ʧʦʣʴʦʚʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ɼʤʠʪʨʽʚ (50Á13ǋ26.6ǋǋN 24Á36ǋ50.5ǋǋE), ʚʝʛʝʪʘʮʽʡʥʽ 

ʩʝʟʦʥʠ 2017 ʪʘ 2018 ʨʨ. 

 

ˆ̖̑̓ɯ

̤̒˸̠̰̏̄ 

2017 2018 

 

˅̰˷ɯ˲˰̖̈˸̰̓̅ 
Culture 

collection 

ID  

˄̓̄̔˳̮̰̑̏ɯ

̏̑̎˸̓̄ɯ

GenBank  

 

˅̰˷ɯ˲˰̖̈˸̰̓̅ 
Culture 

collection 

ID  

˄̓̄̔˳̮̰̑̏ɯ

̏̑̎˸̓̄ɯ

GenBank  
 

˃̈̔˰̖̎̄ɯ

̰̎̄̓̑̏˳̨̔̈̄̅ 

Staphylococcus U.MO1 MT302199 Kocuria U.MO2.1 OP445710 

Pantoea U.MO2 MT302200 Staphylococcus U.MO2.2 OP445711 

Pantoea U.MO3 MT302201 Staphylococcus U.MO2.3 OP445712 
 

ˆ̖̗̓̏˰ɯ

̰̎̄̓̑̏˳̨̔̈˰ 

Kosakonia U.SM1 MT302202 ɬ ɬ ɬ 

Micrococcus U.SM2 MT302203 ɬ ɬ ɬ 

Staphylococcus U.SM3 MT302204 ɬ ɬ ɬ 

 

ʬ̗˲̓˰˳̈˰ 

 

Bacillus U.D1 MT302194 Staphylococcus U.D2.1 OP445716 

Staphylococcus U.D2 MT302195 Corynebacterium U.D2.2 OP445717 

Sphingobium U.D4 MT302196 ɬ ɬ ɬ 

 

ʩ̰̑̍̈̑˳̨̔̈˰ 

 

Staphylococcus U.H1 MT302197 Micrococcus U.H2.1 OP445713 

Bacillus U.H2 MT312840 Staphylococcus U.H2.2 OP445714 

Sphingobium U.H3 MT302198 Staphylococcus U.H2.3 OP445715 

 

ʂʫʣʴʪʠʚʦʚʘʥʽ ʝʥʜʦʬʽʪʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʜʘʤʠ Staphylococcus, 

Pantoea, Kosakonia, Micrococcus, Bacillus, Sphingobium, Corynebacterium ʪʘ Kocuria. 

ʅʘʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʤʽʢʨʦʙʽʦʤ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʨʽʟʥʠʭ ʩʦʨʪʽʚ 

ʧʰʝʥʠʮʽ ʷʨʦʾ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʴ ʷʢ ʢʽʣʴʢʽʩʥʠʤ, ʪʘʢ ʽ ʷʢʽʩʥʠʤ ʩʢʣʘʜʦʤ, ʱʦ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʽʥʰʠʭ ʧʫʙʣʽʢʘʮʽʡ [97].  

ʇʦʚôʷʟʘʥʽ ʟ ʥʘʩʽʥʥʷʤ ʤʽʢʨʦʙʽʦʤʠ, ʷʢʽ, ʷʢ ʚʚʘʞʘʶʪʴ, ʧʝʨʝʜʘʶʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ, 

ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʢʦʘʜʘʧʪʫʚʘʪʠʩʷ ʨʘʟʦʤ ʟʽ ʩʚʦʾʤ ʛʦʩʧʦʜʘʨʝʤ ʧʨʦʪʷʛʦʤ ʧʦʢʦʣʽʥʴ ʜʦ 

ʨʽʟʥʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ [281]. ʇʦʢʘʟʘʥʦ ʪʘʢʦʞ, ʱʦ ʙʘʢʪʝʨʽʾ, ʘʩʦʮʽʡʦʚʘʥʽ ʟ ʥʘʩʽʥʥʷʤ 

ʤô̫ʢʠʭ ʩʦʨʪʽʚ T. aestivum ʤʝʥʰ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʩʽʥʥʷʤ ʧʰʝʥʠʮʽ T. 

dicoccoides. ʇʨʦʪʝ, ʥʘ ʚʽʜʤʽʥʫ ʜʦ ʦʧʠʩʘʥʠʭ ʜʘʥʠʭ, ʤʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ ʙʽʣʴʰʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʽʟʦʣʷʪʽʚ ʽʟ ʟʝʨʝʥ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʟʦʣʷʪʘʤʠ ʟ 
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ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤôʷʢʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. ɹʘʢʪʝʨʽʾ ʜʝʷʢʠʭ ʨʦʜʽʚ, ʱʦ ʚʠʷʚʣʝʥʽ ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʘʭ, ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʷʢ ʽʥʦʢʫʣʷʥʪʠ ʜʣʷ ʙʽʦʟʙʘʛʘʯʝʥʥʷ ʧʰʝʥʠʮʽ 

Zn, Cu ʘʙʦ Fe [365; 366; 426]. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʽʣʝʛʝʥʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʛʝʥʫ 16S ʨʈʅʂ ʜʦʩʣʽʜʞʫʚʘʥʽ ʰʪʘʤʠ 

ʟʛʨʫʧʫʚʘʣʠʩʴ ʧʦ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʢʣʘʜʘʭ (ʨʠʩ. 3.20). ɿʦʢʨʝʤʘ ʰʪʘʤʠ U.MO2, 

U.MO3, U.SM1, U.H3 ʪʘ U.D4 ʛʨʫʧʫʚʘʣʠʩʷ ʟ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʪʠʧʫ Proteobacteria, ʘ 

ʩʘʤʝ: ʰʪʘʤʠ U.MO2, U.MO3 ʛʨʫʧʫʚʘʣʠʩʷ ʟ ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʠʤʠ ʨʦʜʘʤʠ Erwinia 

ʪʘ Pantoea, ʰʪʘʤ U.SM1 ʟ ʨʦʜʦʤ Kosakonia, ʘ ʰʪʘʤʠ U.H3 ʪʘ U.D4 ʟ ʨʦʜʦʤ 

Sphingomonas. ʈʦʜʠ Erwinia, Pantoea ʪʘ Kosakonia ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ɔ-

Proteobacteria, ʪʦʜʽ ʷʢ ʨʽʜ Sphingomonas ʜʦ ʢʣʘʩʫ Ŭ-Proteobacteria. ʎʝ ʚʢʘʟʫʻ ʥʘ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ Proteobacteria ʚ ʝʥʜʦʩʬʝʨʽ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ. ʂʨʽʤ ʪʦʛʦ, ʰʪʘʤ U.SM1 

ʛʨʫʧʫʚʘʚʩʷ ʟ Kosakonia oryzae Ola 51, ʷʢʘ ʻ ʝʥʜʦʬʽʪʦʤ ʨʠʩʫ. 

ʈʝʰʪʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʰʪʘʤʽʚ ʛʨʫʧʫʚʘʣʠʩ ɹʚ ʦʩʥʦʚʥʦʤʫ ʟ ʛʨʘʤ-ʧʦʟʠʪʠʚʥʠʤʠ 

ʙʘʢʪʝʨʽʷʤʠ (ʨʠʩ. 3. 20). ɿʦʢʨʝʤʘ, ʰʪʘʤ U.SM2 ʫʪʚʦʨʶʻ ʩʧʽʣʴʥʫ ʢʣʘʜʫ ʟ 

ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʦʜʫ Micrococcus, ʮʝ ʨʽʜ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʦʢʘʤʠ, ʷʢʽ ʯʘʩʪʦ 

ʫʪʚʦʨʶʶʪʴ ʪʽʩʥʽ ʚʟʘʻʤʦʜʽʾ ʟ ʨʦʩʣʠʥʘʤʠ ʪʘ ʧʨʦʜʫʢʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʪʦʨʠʥʥʠʭ 

ʤʝʪʘʙʦʣʽʪʽʚ. ʐʪʘʤʠ U.D1 ʪʘ U.H2 ʛʨʫʧʫʚʘʣʠʩʷ ʟ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʦʜʫ Bacillus, 

ʧʨʦʪʝ, ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʮʽ ʰʪʘʤʠ ʫʪʚʦʨʶʚʘʣʠ ʥʝʟʘʣʝʞʥʫ ʢʣʘʜʫ ʚ ʩʝʨʝʜʠʥʽ ʢʣʘʜʠ 

ʨʦʜʫ Bacillus. ʁʤʦʚʽʨʥʦ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʥʘʰʽ ʰʪʘʤʠ ʝʥʜʦʬʽʪʥʽ ʬʦʨʤʠ 

ʨʦʩʣʠʥ, ʪʦʜʽ ʷʢ Bacillus, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʬʽʣʦʛʝʥʝʪʠʯʥʦʤʫ ʜʝʨʝʚʽ, ʚʽʣʴʥʦʞʠʚʫʯʽ 

ˇʨʫʥʪʦʚʽ ʙʘʢʪʝʨʽʾ. ʇʦʜʽʙʥʦ ʟʛʨʫʧʫʚʘʣʠʩʴ ʰʪʘʤʠ U.MO1, U.D2, U.SM3 ʪʘ U.H1, ʷʢʽ 

ʭʦʯ ʽ ʛʨʫʧʫʚʘʣʠʩʴ ʟ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʦʜʫ Staphylococcus, ʧʨʦʪʝ, ʫʪʚʦʨʠʣʠ 

ʥʝʟʘʣʝʞʥʫ ʛʽʣʢʫ, ʦʩʢʽʣʴʢʠ ʝʥʜʦʬʽʪʥʽ ʰʪʘʤʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʚʽʜ ʰʪʘʤʽʚ, ʷʢʽ ʻ 

ʧʘʪʦʛʝʥʘʤʠ ʣʶʜʠʥʠ ʪʘ ʪʚʘʨʠʥ. ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ 

ʨʦʜʫ Staphylococcus ʻ ʤʘʣʦ ʧʦʰʠʨʝʥʠʤ, ʘ ʚʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʨʦʩʣʠʥʥʠʭ 

ʩʠʤʙʽʦʥʪʽʚ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʦ. 
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ʈʠʩ. 3.20. ʌʽʣʦʛʝʥʝʪʠʯʥʝ ʜʝʨʝʚʦ ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʛʝʥʫ 16S ʨʈʅʂ 

ʰʪʘʤʽʚ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʷʨʦʾ (ʤʝʪʦʜ ʦʙô̒ ʜʥʘʥʥʷ ʩʫʩʽʜʽʚ). 

ɺʝʣʠʯʠʥʘ ʙʫʪʩʪʨʝʧ-ʘʥʘʣʽʟʫ = 1000 ʨʝʧʣʽʢ. 
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ɿ ʦʛʣʷʜʫ ʥʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʚʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʨʦʩʣʠʥʥʠʭ ʝʥʜʦʬʽʪʽʚ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʦ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʰʪʘʤʽʚ, 

ʷʢʽ ʛʨʫʧʫʚʘʣʠʩʴ ʦʢʨʝʤʦ ʚʽʜ ʛʦʤʦʣʦʛʽʯʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʦʜʫ. ʐʪʘʤʠ, ʷʢʽ 

ʫʪʚʦʨʶʚʘʣʠ ʦʢʨʝʤʽ ʢʣʘʜʠ ʻ ʧʦʪʝʥʮʽʡʥʦ ʥʦʚʠʤʠ ʚʠʜʘʤʠ, ʘ ʾʭ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʦʟʚʦʣʠʪʴ ʨʦʟʰʠʨʠʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʝʥʜʦʩʬʝʨʠ ʨʦʩʣʠʥ, ʦʩʦʙʣʠʚʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʱʦ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʜʦʟʚʦʣʠʪʴ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ 

ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʨʦʩʣʠʥ. 

 

3.5.2. ʄʝʪʘʛʝʥʦʤʥʠʡ ʘʥʘʣʽʟ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʚ 

ʫʤʦʚʘʭ in vitro  

ɽʥʜʦʬʽʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʩʣʠʥʘʤʠ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʽʜ 

ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʜʦ ʨʦʟʚʠʪʢʫ ʧʣʦʜʽʚ. ʆʜʠʥ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʦʨʛʘʥʽʚ ʨʦʩʣʠʥʠ, 

ʢʦʣʦʥʽʟʦʚʘʥʠʭ ʝʥʜʦʬʽʪʘʤʠ ï ʟʝʨʥʦ. ɼʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʫ ʪʘ ʬʫʥʢʮʽʾ 

ʝʥʜʦʬʽʪʥʦʛʦ ʤʽʢʨʦʙʽʦʤʫ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʧʝʨʩʧʝʢʪʠʚʥʝ ʟ ʦʛʣʷʜʫ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʠʛʨʘʰʥʦʛʦ ʩʢʣʘʜʫ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʷʢʽ 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʘʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ, ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʟʝʨʥʘ ʮʽʻʾ ʢʫʣʴʪʫʨʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʝʥʜʦʬʽʪʥʽ ʙʘʢʪʝʨʽʾ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʠʟʴʢʫ 

ʢʫʣʴʪʠʚʦʚʘʥʽʩʪʴ [400], ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʛʨʫʧʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʦʩʪʽʡʥʦ 

ʨʦʟʰʠʨʶʶʪʴʩʷ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʨʽʟʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʚʽʜ ʢʫʣʴʪʠʚʫʚʘʥʥʷ 

ʤʝʪʦʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʽʟʦʣʷʮʽʾ ʚʩʽʭ 16S ʨʈʅʂ, ʧʨʠʩʫʪʥʽʭ ʫ ʨʦʩʣʠʥʘʭ, ʷʢʽ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʷʢ ʢʫʣʴʪʠʚʦʚʘʥʠʭ, ʪʘʢ ʽ ʥʝ ʢʫʣʴʪʠʚʦʚʘʥʠʭ ʝʥʜʦʬʽʪʽʚ [129; 

402]. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʻ ʩʝʢʚʝʥʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ (NGS) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ MiSeq 2000 ʚʽʜ Illumina. ɯʩʥʫʻ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʠ ʝʥʜʦʬʽʪʽʚ ʫ ʧʽʜʟʝʤʥʠʭ ʽ ʥʘʜʟʝʤʥʠʭ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ 

ʥʘ ʦʩʥʦʚʽ NGS. NGS ïʮʝ ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ ʢʫʣʴʪʫʨʠ ʤʝʪʦʜ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʣʽʜʠʪʠ ʚʩʶ ʤʽʢʨʦʙʥʫ ʧʦʧʫʣʷʮʽ ʁ ʚ ʧʝʚʥʦʤʫ ʟʨʘʟʢʫ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ NGS 

ʬʨʘʛʤʝʥʪʘ ɼʅʂ (16S ʨʈʅʂ) ʫ ʬʦʨʤʽ ʟʯʠʪʫʚʘʥʥʷ (ʢʦʨʦʪʢʠʡ ʬʨʘʛʤʝʥʪ ɼʅʂ) ʜʘʻ 

https://www.sciencedirect.com/science/article/pii/S0723202019303200#bib0055
https://www.sciencedirect.com/science/article/pii/S0723202019303200#bib0055
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ʟʤʦʛʫ ʟʘ ʤʝʥʰʠʡ ʯʘʩ ʟʨʦʙʠʪʠ ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʪʘʣʦʥʥʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʟ ʙʘʟ 

ʜʘʥʠʭ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʧʦʨʽʜʥʝʥʦʾ ʙʘʢʪʝʨʽʾ ʟ ʮʠʤ ʬʨʘʛʤʝʥʪʦʤ [209]. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʥʘʰʦʾ ʨʦʙʦʪʠ ʙʫʚ ʘʥʘʣʽʟ ʝʥʜʦʬʽʪʥʦʛʦ ʤʽʢʨʦʙʽʦʤʫ ʪʢʘʥʠʥ 

ʧʨʦʨʦʩʪʢʽʚ ʯʦʪʠʨʴʦʭ ʦʙʨʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ, ʱʦ ʚʠʨʦʱʫʚʘʣʠʩʷ ʚ ʫʤʦʚʘʭ in 

vitro (ʩʦʨʪʠ ɼʫʙʨʘʚʢʘ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ɻʦʣʽʢʦʚʩʴʢʘ)  ̔

ʪʘ ʨʽʟʥʠʣʠʩʷ ʟʜʘʪʥʽʩʪʶ ʜʦ ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʪʘ ʧʦʨʽʚʥʷʪʠ ʮʽ ʜʘʥʽ ʟ ʜʘʥʠʤʠ 

ʚʤʽʩʪʫ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ (Fe, Cu, Zn) ʫ ʟʘʨʦʜʢʘʭ ʚʽʜʧʦʚʽʜʥʠʭ ʩʦʨʪʽʚ. ɿʝʨʥʦ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʪʨʠʤʘʥʦ ʟ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ ʫ 2017 

ʨʦʮʽ. 

ɯʟ ʥʘʩʽʥʥʷ T. aestivum L. ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ʪʘ 

ɼʫʙʨʘʚʢʘ ʪʘ ʦʜʥʦʛʦ ʩʦʨʪʫ T. dicoccum ï ɻʦʣʽʢʦʚʩʴʢʘ, ʙʫʣʦ ʽʟʦʣʴʦʚʘʥʦ ʟʘʨʦʜʢʠ ʜʣʷ 

ʢʫʣʴʪʠʚʫʚʘʥʥʷ in vitro. ʉʪʝʨʠʣʴʥʽ ʟʘʨʦʜʢʠ ʚʠʨʦʱʫʚʘʣʠ in vitro ʜʦ ʝʪʘʧʫ ʪʨʴʦʭ 

ʨʦʟʛʦʨʥʫʪʠʭ ʣʠʩʪʢʽʚ GS13. ɼʅʂ ʙʫʣʘ ʚʠʜʽʣʝʥʘ ʟ ʣʠʩʪʢʽʚ ʪʘ ʢʦʨʝʥʽʚ ʧʨʦʨʦʩʪʢʽʚ 

ʧʰʝʥʠʮʽ, ʷʢʽ ʥʝ ʤʘʣʠ ʩʠʤʧʪʦʤʽʚ ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʯʠ ʛʨʠʙʢʦʚʦʾ ʽʥʬʝʢʮʽʾ ʧʽʜ ʯʘʩ 

ʢʫʣʴʪʠʚʫʚʘʥʥʷ in vitro. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ in vitro ʝʥʜʦʬʽʪʠ ʧʨʠʩʫʪʥʽ ʷʢ ʫ 

ʪʢʘʥʠʥʘʭ ʢʦʨʝʥʽʚ, ʪʘʢ ʽ ʣʠʩʪʢʽʚ (ʨʠʩ. 3.21 ɸ, ɹ, ɺ ʪʘ ʨʠʩ. 3.22). ʎʝʡ ʬʘʢʪ ʥʝʟʘʧʝʨʝʯʥʦ 

ʜʦʚʦʜʠʪʴ, ʱʦ ʥʘʚʽʪʴ ʩʪʝʨʠʣʴʥʽ ʟʘʨʦʜʢʠ ʧʰʝʥʠʮʽ, ʱʦ ʨʦʩʪʫʪʴ ʚ ʫʤʦʚʘʭ in vitro, ʥʝ 

ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʪʝʨʠʣʴʥʫ ʥʽʰʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘʩʝʣʝʥʽ ʝʥʜʦʬʽʪʥʠʤ 

ʤʽʢʨʦʙʽʦʤʦʤ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘʩʽʥʥʷʤ, ʷʢʠʡ ʜʘʣʽ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʚ ʢʦʨʽʥʥʷ ʪʘ 

ʣʠʩʪʢʠ ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ in vitro. ʉʧʽʣʴʥʦʪʠ ʝʥʜʦʬʽʪʽʚ ʚ ʪʢʘʥʠʥʘʭ ʧʰʝʥʠʮʽ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʘʭ.  

ʄʝʪʘʛʝʥʦʤʥʠʡ ʘʥʘʣʽʟ ʤʽʢʨʦʙʽʦʤʫ ʧʦʢʘʟʘʚ, ʱʦ ʜʦʩʣʽʜʞʝʥʽ ʬʨʘʛʤʝʥʪʠ ʧʰʝʥʠʮʽ 

(ʨʽʟʥʠʭ ʩʦʨʪʽʚ), ʱʦ ʨʦʩʣʠ ʚ ʫʤʦʚʘʭ in vitro, ʢʦʣʦʥʽʟʫʶʪʴʩʷ ʝʥʜʦʬʽʪʥʠʤʠ ʙʘʢʪʝʨʽʷʤʠ 

ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʨʽʟʥʠʭ ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʛʨʫʧ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.21 ɸ, ɹ, ɺ ʥʘ ʨʽʚʥʽ 

ʪʠʧʫ (ɸ) ʪʘ ʢʣʘʩʫ (ɹ) ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʥʦʾ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʦʨʪʘʤʠ ʧʰʝʥʠʮʽ. 

ɿʥʘʯʥʦ ʨʽʟʥʦʤʘʥʽʪʥʽʰʠʤ ʚʠʷʚʠʚʩʷ ʥʠʞʯʠʡ ʨʽʚʝʥʴ ʪʘʢʩʦʥʦʤʽʾ, ʘ ʩʘʤʝ ʨʦʜʠʥʠ (ʨʠʩ. 

3.21 ɺ). ɺʠʷʚʣʝʥʦ 16 ʨʦʜʠʥ ʙʘʢʪʝʨʽʡ ʫ ʪʢʘʥʠʥʘʭ ʣʠʩʪʢʽʚ ʪʘ ʢʦʨʝʥʽʚ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ. 

ʅʘʡʙʽʣʴʰʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʨʦʜʠʥ ʙʘʢʪʝʨʽʡ ʚʠʷʚʣʝʥʦ ʫ ʩʦʨʪʫ ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ. 
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ʈʠʩ. 3.21. ʊʠʧʠ (ɸ), ʢʣʘʩʠ (ɹ) ʪʘ ʨʦʜʠʥʠ (ɺ) ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ ʦʪʨʠʤʘʥʠʭ ʟ 

ʪʢʘʥʠʥ ʢʦʨʝʥʽʚ (ʂ) ʪʘ ʣʠʩʪʢʽʚ (ʃ) ʧʨʦʨʦʩʪʢʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʧʰʝʥʠʮʽ ʚ ʫʤʦʚʘʭ in vitro, 

ʝʪʘʧ ʪʨʴʦʭ ʨʦʟʛʦʨʥʫʪʠʭ ʣʠʩʪʢʽʚ GS13, NGS ʤʝʪʦʜ. 
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ʈʠʩ. 3.22. ʏʘʩʪʢʘ ʨʦʜʽʚ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ ʪʢʘʥʠʥ ʣʠʩʪʢʽʚ (ʃ) ʪʘ ʢʦʨʝʥʽʚ (ʂ) 

ʧʨʦʨʦʩʪʢʽʚ ʧʰʝʥʠʮʽ ʧʰʝʥʠʮʽ ʷʨʦʾ ʚ ʫʤʦʚʘʭ in vitro, ʝʪʘʧ ʪʨʴʦʭ ʨʦʟʛʦʨʥʫʪʠʭ ʣʠʩʪʢʽʚ 

GS13, NGS ʤʝʪʦʜ. 
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ɿ ʪʢʘʥʠʥ ʣʠʩʪʢʽʚ ʪʘ ʢʦʨʝʥʽʚ ʯʦʪʠʨʴʦʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 

ʙʘʢʪʝʨʽʾ, ʷʢʽ ʥʘʣʝʞʘʣʠ ʜʦ 14 ʨʦʜʽʚ: Propionibacterium, Bacillus, Staphylococcus, 

Lactobacillus, Leuconostoc, Streptococcus, Veillonella, Bradyrhizobium, Paracoccus, 

Variovorax, Oxalobacter, Enterobacter, Erwinia ʪʘ Acinetobacter (ʨʠʩ. 3.22). 

ʂʦʨʝʥʝʚʽ ʪʘ ʣʠʩʪʢʦʚʽ ʫʛʨʫʧʦʚʘʥʥʷ ʧʰʝʥʠʮʽ ʚʽʜʨʽʟʥʷʣʠʩʴ ʟʘ ʩʢʣʘʜʦʤ ʙʘʢʪʝʨʽʡ-

ʝʥʜʦʬʽʪʽʚ. ʈʦʜʠ Propionibacterium, Bacillus ʪʘ Staphylococcus ʙʫʣʠ ʜʦʤʽʥʘʥʪʥʠʤʠ 

ʨʦʜʘʤʠ ʙʘʢʪʝʨʽʡ ʫ ʪʢʘʥʠʥʘʭ ʧʰʝʥʠʮʽ. ɿʘʛʘʣʦʤ, ʢʦʨʽʥʥʷ ʧʰʝʥʠʮʽ ʚʚʘʞʘʶʪʴʩʷ 

ʦʨʛʘʥʘʤʠ ʟ ʚʠʱʠʤ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷʤ [155; 257; 332], ʱʦ ʪʘʢʦʞ ʚʠʷʚʣʝʥʦ ʚ ʥʘʰʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ. ɺ ʢʦʨʝʥʷʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʚʠʷʚʣʝʥʦ ʦʜʥʘʢʦʚʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

3 ʨʦʜʽʚ ʙʘʢʪʝʨʽʡ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ Propionibacterium, Bacillus, Staphylococcus. ʋ 

ʢʦʨʝʥʷʭ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ ʚʠʷʚʣʝʥʦ ʥʘʡʙʽʣʴʰʝ ʨʦʜʽʚ ʙʘʢʪʝʨʽʡ: Propionibacterium, 

Bacillus, Staphylococcus, Lactobacillus, Streptococcus, Veillonella, Paracoccus, 

Enterobacter ʪʘ Acinetobacter. ʅʘʡʤʝʥʰʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʨʦʜʽʚ ʙʘʢʪʝʨʽʡ ʫ ʢʦʨʝʥʷʭ 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʫ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ: Propionibacterium, Bacillus, Staphylococcus, 

Erwinia. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʦʩʣʽʜʞʝʥʴ ʢʦʨʝʥʝʚʠʭ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ, ʣʠʩʪʢʦʚʽ ʝʥʜʦʬʽʪʥʽ 

ʙʘʢʪʝʨʽʾ ʚʠʚʯʝʥʽ ʤʝʥʰʝ [122]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʨʽʥʥʷ ʚʩʽʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʙʫʣʠ 

ʢʨʘʱʠʤʠ ʦʨʛʘʥʘʤʠ ʜʣʷ ʙʘʢʪʝʨʽʡ ʝʥʜʦʬʽʪʽʚ, ʥʽʞ ʣʠʩʪʢʠ, ʜʝ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʙʫʣʦ 

ʦʙʤʝʞʝʥʠʤ. ʋ ʣʠʩʪʢʘʭ ʥʘʡʙʽʣʴʰʫ ʨʦʜʦʚʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʙʘʢʪʝʨʽʡ ʚʠʷʚʣʝʥʦ ʫ 

ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʙʘʢʪʝʨʽʾ ʥʘʣʝʞʘʣʠ ʜʦ 6 ʨʦʜʽʚ: 

Propionibacterium, Bacillus, Staphylococcus, Oxalobacter, Enterobacter ʪʘ 

Acinetobacter. ʅʘʡʤʝʥʰʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʨʦʜʽʚ ʝʥʜʦʬʽʪʽʚ ʚʠʷʚʣʝʥʦ ʚ ʣʠʩʪʢʘʭ ʩʦʨʪʫ 

ɻʦʣʽʢʦʚʩʴʢʘ ï ʪʽʣʴʢʠ Staphylococcus. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʜʟʝʤʥʽ ʪʢʘʥʠʥʠ ʰʚʠʜʢʦ ʢʦʣʦʥʽʟʫʶʪʴʩʷ ʝʥʜʦʬʽʪʘʤʠ ʷʢʽ 

ʧʝʨʝʜʘʶʪʴʩʷ ʥʘʩʽʥʥʷʤ, ʽ ʱʦ ʩʧʽʣʴʥʦʪʠ ʣʠʩʪʢʽʚ ʜʫʞʝ ʥʘʛʘʜʫʶʪʴ ʩʧʽʣʴʥʦʪʠ ʝʥʜʦʬʽʪʽʚ 

ʥʘʩʽʥʥʷ [175], ʧʨʦʪʝ ʚ ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʤʠ ʥʝ ʚʠʷʚʠʣʠ ʪʘʢʦʾ ʩʭʦʞʦʩʪʽ. ʋ ʟʝʨʥʽ 

ʧʰʝʥʠʮʽ (T. aestivum L. ʽ T. dicoccum) ʚʠʷʚʣʝʥʦ ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ, ̫ ʢʽ ʥʘʣʝʞʘʪʴ 

ʜʦ ʨʦʜʽʚ Pantoea, Kosakonia, Micrococcus, Staphylococcus, Sphingobium, Bacillus, 
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Corynebacterium ʪʘ Kocuria. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʩʧʽʣʴʥʠʤʠ ʜʣʷ ʟʝʨʥʘ ʪʘ 

ʪʢʘʥʠʭ ʧʨʦʨʦʩʪʢʽʚ in vitro ʙʫʣʠ ʣʠʰʝ ʜʚʘ ʨʦʜʠ ʙʘʢʪʝʨʽʡ, Bacillus ʪʘ Staphylococcus. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʝʜʘʯʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʯʝʨʝʟ ʥʘʩʽʥʥʷ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʚʘʞʣʠʚʠʡ ʬʘʢʪʦʨ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʽʢʨʦʙʽʦʤʘ ʨʦʩʣʠʥ ʽ, ʟʨʝʰʪʦʶ, ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʩʣʠʥ [354]. ɸ. Kuzniar ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ [229] ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʫ 

ʧʰʝʥʠʮʽ ʙʘʨô̒ ʨʠ ʚ ʢʩʠʣʝʤʽ ʪʘ ʭʘʣʘʟʘʣʴʥʠʭ ʢʣʽʪʠʥʘʭ ʤʦʞʫʪʴ ʦʙʤʝʞʫʚʘʪʠ ʩʧʨʘʚʞʥʶ 

ʚʝʨʪʠʢʘʣʴʥʫ ʧʝʨʝʜʘʯʫ ʚʽʜ ʤʘʪʝʨʠʥʩʴʢʦʾ ʜʦ ʜʦʯʽʨʥʴʦʾ ʪʢʘʥʠʥʠ. ɽʥʜʦʬʽʪʥʽ ʪʘ 

ʧʘʪʦʛʝʥʥʽ ʙʘʢʪʝʨʽʾ ʟʘʟʚʠʯʘʡ ʧʦʚôʷʟʘʥʽ ʟ ʥʘʩʽʥʥʻʚʦʶ ʦʙʦʣʦʥʢʦʶ ʯʠ ʝʥʜʦʩʧʝʨʤʦʤ, ʽ 

ʨʽʜʰʝ ʟ ʟʘʨʦʜʢʦʤ [229]. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʥʘʩʽʥʥʻʚʘ ʤʽʢʨʦʙʽʦʪʘ ʻ ʧʦʯʘʪʢʦʚʦʶ 

ʪʦʯʢʦʶ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʩʧʽʣʴʥʦʪʠ ʥʦʚʦʛʦ ʤʽʢʨʦʙʽʦʤʫ ʧʨʦʨʦʩʪʢʽʚ ʽ ʦʜʥʦʯʘʩʥʦ 

ʢʽʥʮʝʚʦʶ ʪʦʯʢʦʶ ʫʪʚʦʨʝʥʥʷ ʩʧʽʣʴʥʦʪʠ ʚ ʥʘʩʽʥʥʽ [354; 355]. ʊʦʙʪʦ, ʚ ʥʘʰʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ ʤʽʢʨʦʙʽʦʪʘ ʟʘʨʦʜʢʘ ʙʫʣʘ ʧʦʯʘʪʢʦʚʦʶ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʩʧʽʣʴʥʦʪ 

ʝʥʜʦʬʽʪʽʚ ʚ ʪʢʘʥʠʥʘʭ ʧʰʝʥʠʮʽ. 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʽʟʥʽ ʝʥʜʦʬʽʪʠ ʢʦʣʦʥʽʟʫʶʪʴ ʨʽʟʥʽ ʯʘʩʪʠʥʠ 

ʥʘʩʽʥʥʷ ʨʦʩʣʠʥ [354], ʥʘʧʨʠʢʣʘʜ, Fusarium culmorum ʽ Epichloe typhina ʚʠʷʚʣʝʥʽ ʚ 

ʟʘʨʦʜʢʘʭ ʧʰʝʥʠʮʽ [354], Clavibacter michiganensis ʽ Verticillium dahliae ʧʨʠʩʫʪʥʽ ʚ 

ʝʥʜʦʩʧʝʨʤʽ ʧʦʤʽʜʦʨʽʚ [388], ʪʦʜʽ ʷʢ Bacillus ʽ Alternaria alternata ʢʦʣʦʥʽʟʫʚʘʣʠ 

ʦʙʦʣʦʥʢʫ ʥʘʩʽʥʥʷ ʚʠʥʦʛʨʘʜʥʦʾ ʣʦʟʠ [99]. ʅʘʷʚʥʽʩʪʴ ʙʘʢʪʝʨʽʡ ʨʦʜʫ Bacillus ʪʘ 

Pantoea ʚ ʝʥʜʦʩʧʝʨʤʘʭ ʷʨʦʾ ʧʰʝʥʠʮʽ ʧʦʢʘʟʘʣʠ D. Herrera ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ [120]. 

ʉʪʨʫʢʪʫʨʘ ʝʥʜʦʬʽʪʥʦʾ ʤʽʢʨʦʙʽʦʪʠ ʚ ʥʘʩʽʥʥʽ ʧʰʝʥʠʮʽ (ʦʢʨʝʤʦ ʚ ʟʘʨʦʜʢʫ ʪʘ 

ʝʥʜʦʩʧʝʨʤʽ) ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʘ. R. J. Robinson ʪʘ ʽʥ. [331,332] ʚʠʩʫʥʫʣʠ 

ʛʽʧʦʪʝʟʫ, ʱʦ ʙʘʢʪʝʨʽʘʣʴʥʽ ʩʧʽʣʴʥʦʪʠ ʧʝʨʝʥʦʩʷʪʴʩʷ ʚ ʦʙʦʣʦʥʢʫ ʥʘʩʽʥʥʷ ʧʰʝʥʠʮʽ ʪʘ 

ʝʥʜʦʩʧʝʨʤ, ʘʣʝ ʚʽʜʩʫʪʥʽ ʚ ʟʘʨʦʜʢʘʭ ʧʰʝʥʠʮʽ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʧʽʩʣʷ ʧʨʦʨʦʩʪʘʥʥʷ 

ʥʘʩʽʥʥʷ ʦʩʥʦʚʥʠʡ ʝʥʜʦʬʽʪʥʠʡ ʤʽʢʨʦʙʽʦʤ ʝʥʜʦʩʧʝʨʤʫ ʢʦʣʦʥʽʟʫʻ ʽʥʰʽ ʪʢʘʥʠʥʠ 

ʨʦʩʣʠʥʠ (ʪʦʙʪʦ ʟʘʨʦʜʦʢ, ʢʦʨʽʥʥʷ, ʣʠʩʪʷ), ʜʦʩʷʛʘʶʯʠ ʷʢ ʝʥʜʦ-, ʪʘʢ ʽ ʝʢʟʦʨʠʟʦʩʬʝʨʠ 

[120]. A. Kuzniar ʪʘ ʽʥ. [228] ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʯʦʪʠʨʴʦʭ ʨʦʜʽʚ ʙʘʢʪʝʨʽʡ 

(Pantoea, Pseudomonas, Flavobacterium ̔  Paenibacillus) ʫ ʟʘʨʦʜʢʘʭ T. aestivum ʩʦʨʪʫ 

Hondia. ʇʨʦʪʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʤʽʢʨʦʙʽʦʤʫ ʟʘʨʦʜʢʽʚ ʷʢ ʧʦʯʘʪʢʦʚʦʾ 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/seed-germination
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ʪʦʯʢʠ ʜʣʷ ʟʘʩʝʣʝʥʥʷ ʪʢʘʥʠʥ ʣʠʩʪʢʽʚ ʪʘ ʢʦʨʝʥʽʚ T. aestivum ʪʘ T. dicoccum 

ʙʘʢʪʝʨʽʘʣʴʥʠʤʠ ʝʥʜʦʬʽʪʘʤʠ ʻ ʦʙʤʝʞʝʥʠʤ. 

ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ ʪʘ ʟʘʨʦʜʢʘʭ ʧʰʝʥʠʮʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʙʘʢʪʝʨʽʡ-ʝʥʜʦʬʽʪʽʚ. ʋ ʟʘʨʦʜʢʘʭ ʧʰʝʥʠʮʽ ʩʦʨʪʫ 

ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʚʠʷʚʣʝʥʦ ʥʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʪʘ Cu ʚ ʟʘʨʦʜʢʘʭ, ʪʘ 

ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ, ʚʨʦʞʘʡʥʽʩʪʴ ʜʣʷ ʜʘʥʦʛʦ ʩʦʨʪʫ ʙʫʣʘ 

ʚʠʱʝ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. ɺʦʜʥʦʯʘʩ, ʟʝʨʥʦ ʚʠʨʦʱʫʚʘʣʦʩʴ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʟʘ 

ʥʠʟʴʢʦʾ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ Zn, Fe ʽ Cu. ʆʢʨʽʤ ʪʦʛʦ, ʩʦʨʪ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʥʘʡʚʠʱʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʨʦʜʽʚ ʙʘʢʪʝʨʽʡ ʚ ʪʢʘʥʠʥʘʭ ʣʠʩʪʢʽʚ, ʪʘ 

ʚʠʩʦʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʚ ʪʢʘʥʠʥʘʭ ʢʦʨʝʥʽʚ. ʊʦʤʫ, ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʟʥʘʯʥʠʡ 

ʚʧʣʠʚ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʪʘ ʚʨʦʞʘʡʥʽʩʪʴ ʤʘʣʘ ʥʘʷʚʥʽʩʪʴ ʝʥʜʦʬʽʪʽʚ 

ʧʝʚʥʠʭ ʨʦʜʽʚ, ʟʦʢʨʝʤʘ Bacillus, Staphylococcus ʪʘ Pantoea. ɺʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn ʚ 

ʟʝʨʥʽ ʪʘ ʟʘʨʦʜʢʘʭ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʙʘʢʪʝʨʽʡ 

ʨʦʜʽʚ Bacillus ʪʘ Erwinia, ʷʢʽ, ʷʢ ʚʽʜʦʤʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʩʪ-ʩʪʠʤʫʣʶʶʯʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ [142; 182; 207; 413]. 

ʐʪʘʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ Staphylococcus spp. ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʟ ʟʝʨʥʘ ʢʦʞʥʦʛʦ 

ʜʦʩʣʽʜʥʦʛʦ ʛʝʥʦʪʠʧʫ ʧʰʝʥʠʮʽ 2017 ʪʘ 2018 ʨʨ. ʪʘ ʟ ʪʢʘʥʠʭ ʧʨʦʨʦʩʪʢʽʚ in vitro ʫʩʽʭ 

ʩʦʨʪʽʚ (ʜʠʚ. ʪʘʙʣ. 3.10, ʨʠʩ. 3.22). ɰʭ ʚʧʣʠʚ ʥʘ ʤʽʢʨʦʙʽʦʤ ʨʦʩʣʠʥ, ʘ ʦʪʞʝ ʽ ʥʘ ʩʘʤʫ 

ʨʦʩʣʠʥʫ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʴ ʚʽʜ ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʦʩʪʫ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʙʽʦʪʠʯʥʠʭ ʽ ʘʙʽʦʪʠʯʥʠʭ ʩʪʨʝʩʽʚ. ʗʢ ʧʦʚʽʜʦʤʠʣʠ A. Jayakumar ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ [192], 

ʰʪʘʤ Ceb1 Staphylococcus sp., ʦʪʨʠʤʘʥʠʡ ʽʟ ʢʦʨʝʥʝʚʠʱʘ Curcuma longa, ʩʠʥʪʝʟʫʚʘʚ 

ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ Iʆʂ ʪʘ ʜʦʧʦʤʘʛʘʚ ʧʝʨʝʥʦʩʠʪʠ ʧʦʩʫʭʫ. S. pasteuri MBL_B3 ʟ 

Corchorus olitorius ̔ ʩʪʦʪʥʦ ʩʪʠʤʫʣʶʚʘʚ ʨʽʩʪ, ʪʦʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ 

ʙʽʦʽʥʦʢʫʣʷʥʪ ʜʣʷ ʨʦʩʣʠʥ ʨʦʜʫ Corchorus [166]. PGPB Staphylococcus sp. ʚʠʜʽʣʝʥʘ ʟ 

ʢʦʨʝʥʽʚ Salicornia sʨ., ʟʜʘʪʥʘ ʧʨʦʜʫʢʫʚʘʪʠ ACC-ʜʝʘʤʽʥʘʟʫ ʪʘ ɯʆʂ, ʟʤʝʥʰʫʚʘʣʘ 

ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʟʘʩʦʣʝʥʥʷ, ʘ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʙʽʦʽʥʦʢʫʣʷʥʪʘ ʧʽʜʚʠʱʫʚʘʣʦ 

ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ [370]. ʆʢʨʽʤ ʪʦʛʦ, ʙʘʢʪʝʨʽʾ ʮʴʦʛʦ ʨʦʜʫ, ʥʘʧʨʠʢʣʘʜ S. ʘureus 

ʧʨʦʜʫʢʫʶʪʴ ʭʘʨʯʦʚʽ ʪʦʢʩʠʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʽʥʪʦʢʩʠʢʘʮʽʶ ʦʨʛʘʥʽʟʤʫ 

ʣʶʜʠʥʠ [123]. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʚʩʽ ʚʠʜʽʣʝʥʽ ʰʪʘʤʠ ʨʦʜʫ Staphylococcus 
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spp. ʩʠʥʪʝʟʫʚʘʣʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪʽ IRCs (ʨʠʩ. 3.23, ʩʪʦʨ. 157). ɰʭ 

ʢʦʥʢʨʝʪʥʘ ʨʦʣʴ ʚ ʤʝʪʘʙʦʣʽʟʤʽ ʧʰʝʥʠʮʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʦʞʝʤʦ 

ʧʨʠʧʫʩʪʠʪʠ ʽʩʥʫʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʝʨʝʜʘʯʽ ʙʘʢʪʝʨʽʡ ʨʦʜʫ Staphylococcus, 

ʦʩʢʽʣʴʢʠ, ʚʦʥʠ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ ʢʦʞʥʦʛʦ ʨʦʜʫ ʚʧʨʦʜʦʚʞ ʜʚʦʭ ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʴ.  

ɹʘʢʪʝʨʽʾ ʨʦʜʫ Bacillus spp. ʙʫʣʦ ʽʟʦʣʴʦʚʘʥʦ ʟ̔ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʩʦʨʪʽʚ ɼʫʙʨʘʚʢʘ 

ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ ʚʨʦʞʘʶ 2017 ʨ., ʧʨʦʪʝ ʾʭ ʥʝ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʽʟ ʟʝʨʥʘ 2018 ʨ. ʊʘʢʦʞ 

ʙʘʢʪʝʨʽʾ ʮʴʦʛʦ ʨʦʜʫ ʙʫʣʠ ʚʠʜʽʣʝʥ ̔ʟ ʪʢʘʥʠʥ ʢʦʨʝʥʽʚ ʩʦʨʪʽʚ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, 

ɼʫʙʨʘʚʢʘ, ɻʦʣʽʢʦʚʩʴʢʘ ʪʘ ʟ ʪʢʘʥʠʥ ʣʠʩʪʢʽʚ ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʽ ʉʪʨʫʥʘ 

ʤʠʨʦʥʽʚʩʴʢʘ (ʜʠʚ. ʪʘʙʣ. 3.10, ʨʠʩ. 3.22). ɿʘ ʜʘʥʠʤʠ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʝʥʜʦʬʽʪʠ 

Bacillus spp. ʟʜʘʪʥʽ ʩʪʠʤʫʣʶʚʘʪʠ ʨʽʩʪ ʧʰʝʥʠʮʽ, ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʛʣʠʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ; ʚ ʦʩʥʦʚʥʦʤʫ ʾʭ ʚʠʜʽʣʷʶʪʴ ʽʟ ʟʝʨʥʘ ʪʘ ʨʠʟʦʩʬʝʨʠ [89 ;371; 

389]. ɯʥʦʢʫʣʶʚʘʥʥʷ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʝʥʜʦʬʽʪʘʤʠ B.subtilis DS-178e ʪʘ Arthrobacter sp. 

ɼʉ-179 ʟʙʽʣʴʰʫʚʘʣʦ ʚʤʽʩʪ Zn ʚʜʚʽʯʽ, ʩʪʠʤʫʣʶʚʘʣʦ ʨʽʩʪ ʪʘ ʧʽʜʚʠʱʫʚʘʣʦ ʚʨʦʞʘʡʥʽʩʪʴ 

ʷʢ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ, ʪʘʢ ʽ ʚ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [365; 366]. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ 

ʙʘʛʘʪʦ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʾ Bacillus spp. ʝʬʝʢʪʠʚʥʦ ʟʘʭʠʱʘʶʪʴ ʨʦʩʣʠʥʠ ʧʨʦʪʠ 

ʧʘʪʦʛʝʥʥʠʭ ʚʠʜʽʚ Fusarium [42; 214; 277]. ʗʢ ʧʦʚʽʜʦʤʣʷʻ D. Pan ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ 

[283], B. megaterium (BM1) ʪʘ B. subtilis (BS43, BSM0, BSM2), ʚʠʜʽʣʝʥʽ ʟ ʟʝʨʥʘ 

ʧʰʝʥʠʮʽ, ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʚʠʩʦʢʦʶ ʘʥʪʘʛʦʥʽʩʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʧʨʦʪʠ F. 

graminearum. ʇʨʦʪʠʛʨʠʙʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʣʠ ʝʥʜʦʬʽʪʠ ʟʝʨʥʘ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ B. 

gibsonii  ̔ B. pumilus [97]. ʄʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ ʥʘ ʤʽʥʝʨʘʣʴʥʝ 

ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ ʪʘ ʟʘʭʠʩʪ ʚʽʜ ʧʘʪʦʛʝʥʽʚ ʧʦʚôʷʟʫʶʪʴ ʽʟ ʾʭʥʴʦʶ ʟʜʘʪʥʽʩʪʶ 

ʧʨʦʜʫʢʫʚʘʪʠ  ʩʠʜʝʨʦʬʦʨʠ, ʷʢʽ ʭʝʣʘʪʫʶʪʴ ʽʦʥʠ Fe, ʫʪʚʦʨʶʶʪʴ ʽʦʥʠ Fe3+ ʷʢʽ, 

ʧʦʪʨʘʧʣʷʶʯʠ ʚʩʝʨʝʜʠʥʫ ʢʣʽʪʠʥ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʢʦʥʢʫʨʫʶʪʴ ʟʘ ʮʝʡ ʝʣʝʤʝʥʪ ʽʟ 

ʬʽʪʦʧʘʪʦʛʝʥʘʤʠ ʽ ʪʘʢ ʟʘʭʠʱʘʶʪʴ ʨʦʩʣʠʥʫ ʚʽʜ ʭʚʦʨʦʙ [133; 340]. ʉʦʣʶʙʽʣʽʟʘʮʽʷ Zn 

ʝʥʜʦʬʽʪʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʩʧʦʞʠʚʘʥʥʷ Zn ʨʦʩʣʠʥʦʶ, ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ 

ʧʦʪʨʝʙʠ ʨʦʩʣʠʥ ʪʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʫ ʪʘ ʨʦʟʚʠʪʢʫ. ɼʝʷʢʽ ʨʽʩʪ-

ʩʪʠʤʫʣʶʚʘʣʴʥʽ ʙʘʢʪʝʨʽʾ, ʥʘʧʨʠʢʣʘʜ B. aryabhattai [307], B. amyloliquefaciens, B. 

megaterium ʪʘ ʽʥʰʽ ʙʘʢʪʝʨʽʾ Bacillus spp. [182; 413] ʩʦʣʶʙʽʣʽʟʫʶʪʴ Zn, ʽ ʪʘʢ 

ʩʪʠʤʫʣʶʶʪʴ ʨʽʩʪ ʪʘ ʟʙʽʣʴʰʫʶʪʴ ʥʘʢʦʧʠʯʝʥʥʷ Zn ʨʦʩʣʠʥʦʶ [142; 207]. ɸʥʘʣʽʟ 
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ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʟʘʩʚʽʜʯʠʚ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʩʴʦʛʦʜʥʽ ʜʘʥʠʭ ʧʨʦ ʽʟʦʣʶʚʘʥʥʷ ʪʘ 

ʽʜʝʥʪʠʬʽʢʫʚʘʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʟ ʟʝʨʥʘ Triticum turgidum subsp. dicoccum. 

ʊʦʤʫ ʥʘʰʽ ʜʘʥʽ ʻ ʧʝʨʰʠʤʠ ʧʨʦ ʚʠʜʽʣʝʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʟ ʮʴʦʛʦ ʨʦʜʫ 

ʧʰʝʥʠʮʽ [253]. ʅʘʤʠ ʚʠʜʽʣʝʥʦ ʜʚʘ ʰʪʘʤʠ ʨʦʜʫ Bacillus, ʦʜʠʥ ʟ ʥʠʭ, ʘ ʩʘʤʝ Bacillus 

spp. UH2 ʽʟʦʣʴʦʚʘʥʠʡ ʽʟ ʟʝʨʥʘ ʧʦʣʙʠ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ. ɭ ʜʘʥʽ ʱʦʜʦ ʚʠʜʽʣʝʥʥʷ 

ʛʨʠʙʢʦʚʠʭ ʝʥʜʦʬʽʪʽʚ ʟ T. turgidum ssp. dicoccum ʽ T. dicoccoides [124; 278; 382].  

ɹʘʢʪʝʨʽʾ ʨʦʜʫ Pantoea (ʨʦʜʠʥʘ Erwiniaceae) ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʟ ʟʝʨʥʘ ʣʠʰʝ ʦʜʥʦʛʦ 

ʩʦʨʪʫ ï ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ (ʜʠʚ. ʪʘʙʣ. 3.10). ʎʝʡ ʩʦʨʪ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ 

ʚʠʩʦʢʦʶ ʚʨʦʞʘʡʥʽʩʪʶ ʪʘ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ Cu ʪʘ Zn ʫ ʟʝʨʥʽ. ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ 

ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʦʢʨʽʤ ʩʦʨʪʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʚôʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʝʥʜʦʬʽʪʽʚ Pantoea spp.. ʎʽ ʧʨʠʧʫʱʝʥʥʷ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ 

ʯʠʩʣʝʥʥʠʤʠ ʧʫʙʣʽʢʘʮʽʷʤʠ ʧʨʦ ʨʽʩʪ-ʩʪʠʤʫʣʶʚʘʣʴʥʠʡ ʚʧʣʠʚ Pantoea, ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʩʦʣʶʙʽʣʽʟʫʚʘʥʥʷ Zn ʟʘ ʫʯʘʩʪʽ ʝʥʜʦʬʽʪʽʚ ʧʰʝʥʠʮʽ. ɿʛʽʜʥʦ ʟ M. G. 

Links ʪʘ ʽʥ. [238] ʙʘʢʪʝʨʽʾ ʮʴʦʛʦ ʨʦʜʫ ʤʘʶʪʴ ʘʥʪʘʛʦʥʽʩʪʠʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʬʽʪʦʧʘʪʦʛʝʥʥʽ ʛʨʠʙʠ ʧʰʝʥʠʮʽ. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ ʪʘʢʦʞ, ʱʦ Pantoea spʨ. ʧʽʜʚʠʱʫʶʪʴ 

ʩʪʽʡʢʽʩʪʴ ʧʰʝʥʠʮʽ ʜʦ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ [86]. ɯʥʦʢʫʣʶʚʘʥʥʷ ʨʦʩʣʠʥ Triticum durum 

L. ʰʪʘʤʦʤ P. agglomerans Pa ʩʧʨʠʷʣʦ ʧʨʦʨʦʩʪʘʥʥʶ ʥʘʩʽʥʥʷ, ʟʙʽʣʴʰʫʚʘʣʦ ʚʤʽʩʪ 

ʭʣʦʨʦʬʽʣʽʚ, ʟʥʠʞʫʚʘʣʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʦʣʽʥʫ ʪʘ ʩʧʨʠʷʣʦ ʥʘʛʨʦʤʘʜʞʝʥʥʶ ʽʦʥʽʚ K+. 

ʊʘʢʦʞ, ʮʝʡ ʰʪʘʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʜʦ ʩʠʥʪʝʟʫ ʚʪʦʨʠʥʥʠʭ ʤʝʪʘʙʦʣʽʪʽʚ, ʷʢʽ 

ʟʤʝʥʰʫʶʪʴ ʩʪʨʝʩ ʚʽʜ ʟʘʩʦʣʝʥʥʷ ʪʘ ʩʪʠʤʫʣʶʶʪʴ ʨʽʩʪ ʨʦʩʣʠʥ. ʊʦʤʫ, ʰʪʘʤ P. 

agglomerans Pa ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʙʽʦʜʦʙʨʠʚʦ ʜʣʷ ʧʰʝʥʠʮʽ ʚ 

ʧʦʩʫʰʣʠʚʠʭ ʪʘ ʟʘʩʦʣʝʥʠʭ ʨʝʛʽʦʥʘʭ [90]. ɯʥʰʠʡ ʚʠʜ ʮʴʦʛʦ ʨʦʜʫ, P. alhagi ʤʘʻ 

ʟʜʘʪʥʽʩʪʴ ʩʪʠʤʫʣʶʚʘʪʠ ʨʽʩʪ ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʧʰʝʥʠʮʽ ʜʦ ʧʦʩʫʭʠ [86]. 

ʅʘ ʩʴʦʛʦʜʥʽ, ʙʽʣʴʰʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʦʧʠʩʫʶʪʴ ʰʪʘʤʠ P. agglomerans, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ/ʘʙʦ ʣʽʢʫʚʘʥʥʷ ʭʚʦʨʦʙ ʣʶʜʝʡ ʽ ʪʚʘʨʠʥ, 

ʙʽʦʨʝʤʝʜʽʘʮʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [127]. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʜʝʷʢʽ ʞʦʚʪʽ, 

ʛʨʘʤʥʝʛʘʪʠʚʥʽ ʙʘʢʪʝʨʽʾ ʨʦʜʫ Pantoea ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʤʠʩʣʦʚʦ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ 

ʙʘʢʪʝʨʽʘʣʴʥʠʤʠ ʦʧʽʢʘʤʠ ̫ ʙʣʫʥʴ ʪʘ ʛʨʫʰ, ʥʘʧʨʠʢʣʘʜ BlightBan C9-1 ʪʘ BloomtimeTM 

Biological. ɯʥʰʽ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʦ ʙʽʦʨʝʤʝʜʽʘʮʽʾ ˇʨʫʥʪʽʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 
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ʟʜʘʪʥʽʩʪʶ ʨʦʟʢʣʘʜʘʪʠ ʛʝʨʙʽʮʠʜʠ ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʐʪʘʤʠ P. 

dispersa, ʚʠʜʽʣʝʥʽ ʟ Ipomoea batatas ̔ ʩʪʦʪʥʦ  ʧʨʠʛʥʽʯʫʚʘʣʠ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ 

ʬʽʪʦʧʘʪʦʛʝʥʥʦʛʦ Ceratocytis fimbriata [193]. ʎʽʢʘʚʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʣʷ 

ʰʪʘʤʽʚ P. dispersa ʽ P. agglomerans, ̫ ʢʽ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʟ ʧʰʝʥʠʮʽ [207]. ɯʥʦʢʫʣʷʮʽʷ 

ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʰʪʘʤʦʤ P. agglomerans (EPS 17), ʷʢʠʡ ʧʨʦʜʫʢʫʚʘʚ ʚʠʩʦʢʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Iʆʂ (8,449 ʤʢʛ/ʤʣ), ʧʨʠʟʚʦʜʠʣʘ  ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ Zn ʫ 

ʢʦʨʝʥʷʭ ʪʘ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʦʜʦʩʪʫʧʥʦʛʦ Zn.  

ɹʘʢʪʝʨʽʾ ʨʦʜʫ Kosakonia ʚʠʜʽʣʝʥʦ ʣʠʰʝ ʟ ʟʝʨʥʘ ʩʦʨʪʫ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ (ʜʠʚ. 

ʪʘʙ. 3.10). ʐʪʘʤʠ K. radicincitans, ʷʢʽ ʩʪʠʤʫʣʶʶʪʴ ʨʽʩʪ ʨʦʩʣʠʥ ʪʘ ʽʩʪʦʪʥʦ 

ʧʽʜʚʠʱʫʶʪʴ  ʚʨʦʞʘʡʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʟʝʨʥʘ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʠʷʚʣʝʥʦ ʚ ʪʢʘʥʠʥʘʭ ʨʽʟʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ [51; 54; 62; 323; 431]. ɿʦʢʨʝʤʘ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʰʪʘʤ K. radicincitans DSM 16656T (ʨʘʥʽʰʝ ʚʽʜʦʤʠʡ ʷʢ Erwinia radicincitans DSM 

16656T ʽ ʷʢ Pantoea agglomerans D5/23) [62] ʚʠʜʽʣʝʥʠʡ ʽʟ ʬʽʣʦʩʬʝʨʠ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ, ʟʜʘʪʥʠʡ ʜʦ ʙʽʦʣʦʛʽʯʥʦʾ ʬʽʢʩʘʮʽʾ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʫ [431]. ʊʘʢʦʞ 

ʧʦʚʽʜʦʤʣʷʶʪʴ, ʱʦ P. agglomerans ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ  ʩʪʠʤʫʣʶʚʘʥʥʷ 

ʨʦʩʪʫ ʢʦʨʝʥʽʚ T. aestivum [323]. ʆʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʰʪʘʤ ʟʜʘʪʥʠʡ ʢʦʣʦʥʽʟʫʚʘʪʠ ʷʢ 

ʨʠʟʦʩʬʝʨʫ, ʪʘʢ ʽ ʬʽʣʦʩʬʝʨʫ ʟʣʘʢʦʚʠʭ ʢʫʣʴʪʫʨ ʪʘ ʤʽʛʨʫʚʘʪʠ ʚʩʝʨʝʜʠʥʽ ʨʦʩʣʠʥʠ. 

ʇʦʩʠʣʝʥʠʡ ʨʽʩʪ ʢʦʨʝʥʽʚ ʧʦʢʨʘʱʫʻ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʠ ʪʘ ʟʘʩʚʦʻʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ, ʪʠʤ ʩʘʤʠʤ ʟʙʽʣʴʰʫʶʯʠ ʚʨʦʞʘʡʥʽʩʪʴ. ɯʥʦʢʫʣʷʮʽʷ K. radicincitans ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ʩʦʨʪʫ Alcedo ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ [51]. ʐʪʘʤ K. oryzae 

EPS 7, ʦʪʨʠʤʘʥʠʡ ʟ ʧʰʝʥʠʮʽ, ʩʠʥʪʝʟʫʚʘʚ ʩʠʜʝʨʦʬʦʨʠ ʪʘ ʧʽʜʚʠʱʫʚʘʚ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ [207]. ʐʪʘʤʠ Kosakonia sp. ICB 117 ʪʘ K. radicincitans DSM 

16656T ʦʪʨʠʤʘʥʽ ʟ ʮʫʢʨʦʚʦʾ ʪʨʦʩʪʠʥʠ, ʩʠʥʪʝʟʫʚʘʣʠ ʘʫʢʩʠʥʠ ʪʘ ʮʠʪʦʢʽʥʽʥʠ, ʩʧʨʠʷʣʠ 

ʨʦʩʪʫ ʽ ʽʥʪʝʥʩʠʬʽʢʫʚʘʣʠ ʤʝʪʘʙʦʣʽʟʤ ʨʦʩʣʠʥ [76; 350].  

ʑʝ ʦʜʠʥ ʰʪʘʤ ʙʘʢʪʝʨʽʡ, ʷʢʠʡ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʣʠʰʝ ʟ ʟʝʨʥʘ ʩʦʨʪʫ ʉʪʨʫʥʘ 

ʤʠʨʦʥʽʚʩʴʢʘ ʫ 2017 ʨ. ʙʫʚ Micrococcus spp. U.SM2, ʪʘʢʦʞ Micrococcus spp. U.ʅ2.1 

ʚʠʜʽʣʝʥʠʡ ʫ 2018 ʨ. ʽʟ ʟʝʨʥʘ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ (ʜʠʚ. ʪʘʙʣ. 3.10). ʅʘ ʩʴʦʛʦʜʥʽ 

ʚʠʷʚʣʝʥʦ ʜʚʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʚʠʜʽʣʝʥʥʷ Micrococcus sp. ʽʟ ʟʝʨʥʘ T. aestivum [371; 

414]. ɿʛʽʜʥʦ ʟ ʧʫʙʣʽʢʘʮʽʻʶ P. Verma ʪʘ ʽʥ. [414], M. luteus ʘʩʦʮʽʡʦʚʘʥʠʡ ʽʟ 
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ʧʰʝʥʠʮʝʶ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʩʦʣʶʙʽʣʽʟʫʚʘʪʠʠ ʌʦʩʬʦʨ ʪʘ ʩʠʥʪʝʟʫʚʘʪʠ 

ʛʽʙʝʨʝʣʦʚʫ ʢʠʩʣʦʪʫ. M. luteus ʪʘʢʦʞ ʻ ʯʘʩʪʠʥʦʶ ʧʨʠʨʦʜʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʰʢʽʨʠ 

ʣʶʜʠʥʠ ʪʘ ʩʠʥʪʝʟʫʶʪʴ ʘʥʪʠʤʽʢʨʦʙʥʽ ʤʝʪʘʙʦʣʽʪʠ ʽʟ ʧʨʦʙʽʦʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

[422]. ʈʘʟʦʤ ʟ ʪʠʤ, ʩʪʽʡʢʠʡ ʜʦ ʢʘʜʤʽʶ PGPB Micrococcus sp. TISTR2221, ʚʠʜʽʣʝʥʠʡ 

ʟ Helianthus annuus L., ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʜʦʚʞʠʥʠ ʢʦʨʝʥʽʚ ʢʫʢʫʨʫʜʟʠ ʟʘ ʚʧʣʠʚʫ 

ʢʘʜʤʽʶ [346; 300]. ɸ. Raza ʪʘ M. Faisal [316] ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʽʥʦʢʫʣʷʮʽʷ M. luteus-

chp 37 ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ ʣʠʩʪʢʽʚ, ʜʦʚʞʠʥʫ ʧʘʛʦʥʘ, ʢʦʨʝʥʷ ʪʘ ʤʘʩʫ ʨʦʩʣʠʥ 

ʢʫʢʫʨʫʜʟʠ. Micrococcus sp. NII-0909 ʽʟ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʧʨʦʜʫʢʫʚʘʪʠ Iʆʂ, ʫ 

ʨʦʩʣʠʥ ʩʪʠʤʫʣʶʚʘʚ ʨʽʩʪ Vigna unguiculata. [115]. ʆʜʥʘʢ, ʫ ʚʠʩʦʢʦʚʨʦʞʘʡʥʦʛʦ ʩʦʨʪʫ 

ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ʥʘʤʠ ʥʝ ʚʠʷʚʣʝʥʦ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ, 

ʪʦʜʽ ʷʢ ʚʨʦʞʘʡʥʽʩʪʴ ʙʫʣʘ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʦʶ, ʪʦʤʫ, ʡʤʦʚʽʨʥʦ ʮʽ ʧʦʢʘʟʥʠʢʠ ʥʝ 

ʧʦʚôʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʰʪʘʤʽʚ U.SM1 ʪʘ U.SM2 ʽ ʤʠ ʥʝ ʤʦʞʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʮʽ ʰʪʘʤʠ 

ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ.  

ɽʥʜʦʬʽʪʥʽ ʙʘʢʪʝʨʽʾ Sphingobium spp. ʚʠʜʽʣʝʥʦ ʟ̔ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʩʦʨʪʽʚ ɼʫʙʨʘʚʢʘ 

(U.D4 MT302196) ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ (U.ʅ3 ʄʊ302198) (ʜʠʚ. ʪʘʙʣ. 3.10). Sphingobium 

sp. ï ʮʝ ʪʠʧʦʚʽ ʝʥʜʦʬʽʪʠ ʙʘʛʘʪʴʦʭ ʨʦʩʣʠʥ, ʷʢʽ ʷʢ ʚʽʜʦʤʦ, ʻ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʨʦʩʣʠʥ 

ʟʘʚʜʷʢʠ ʧʨʦʜʫʢʮʽʾ ʬʽʪʦʛʦʨʤʦʥʽʚ ʪʘ ʩʪʠʤʫʣʶʚʘʥʥʶ ʨʦʩʪʫ [38; 212]. ʐʪʘʤʠ 

ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ Sphingobium spʨ. ʚʠʜʽʣʝʥʦ ʟ ʨʽʟʥʠʭ ʨʦʩʣʠʥ: Oryza sativa [88], 

ʘʨʘʭʽʩʫ [450], Ammophila breviligulata [417], Fortunella hindsii [446] ʪʘ ʢʫʢʫʨʫʜʟʠ 

[292]. ɼʘʥʽ ʙʘʢʪʝʨʽʾ ʚʠʜʽʣʝʥʽ ʽʟ ʢʦʨʝʥʽʚ, ʣʠʩʪʢʽʚ ʪʘ ʢʚʽʪʽʚ, ʧʦʢʘʟʘʥʦ, ʱʦ ʚʦʥʠ 

ʟʘʭʠʱʘʶʪʴ ʨʦʩʣʠʥʠ ʚʽʜ ʬʽʪʦʧʘʪʦʛʝʥʽʚ [212; 248]. ʆʙʨʦʙʢʘ ʥʘʩʽʥʥʷ ʨʠʩʫ ʙʘʢʪʝʨʽʷʤʠ 

S. yanoikuyae MH394206 ʽ Azospirillum brasilense ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ 

ʨʦʩʣʠʥ, ʦʙôʻʤʫ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʩʠʨʦʾ ʤʘʩʠ ʟʝʨʥʘ [302]. ʄʦʣʝʢʫʣʷʨʥʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʦʢʘʟʘʣʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʛʦʤʦʣʦʛʽʾ ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʽʟʦʣʴʦʚʘʥʠʭ ʪʘ ʢʫʣʴʪʠʚʦʚʘʥʠʭ ʥʘʤʠ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʰʪʘʤʽʚ Sphingobium sp. 

(GenBank: MT302196, MT302198) ʽʟ ʰʪʘʤʦʤ Sphingobium sp. SMB MK386690, ʷʢʠʡ 

ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʟ ˇʨʫʥʪʫ [458]. ɺʥʘʩʣʽʜʦʢ ʽʥʦʢʫʣʶʚʘʥʥʷ ʥʘʩʽʥʥʷ ʧʰʝʥʠʮʽ ʰʪʘʤʦʤ 

Sphingomonas spp. ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʤʘʩʘ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ [438]. ɺʠʱʝʟʛʘʜʘʥʽ ʦʟʥʘʢʠ Sphingobium spp. ʚʠʢʣʠʢʘʶʪʴ 
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ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ, ʧʨʠʧʫʩʢʘʶʯʠ ʾʭ ʤʦʞʣʠʚʫ ʨʦʣʴ ʫ ʩʪʠʤʫʣʶʚʘʥʥʽ ʨʦʩʪʫ ʪʘ 

ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ. ɯʜʝʥʪʠʬʽʢʦʚʘʥʽ ʥʘʤʠ ʰʪʘʤʠ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ Sphingobium 

spp. U.D4 MT302196 ʽ U.H3 MT302198 ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʥʘ 

ʨʽʚʥʽ ʚʟʘʻʤʦʜʽʾ ʨʦʩʣʠʥʘ-ʙʘʢʪʝʨʽʷ-ˇʨʫʥʪ, ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʤʽʥʝʨʘʣʴʥʝ 

ʞʠʚʣʝʥʥʷ ʧʰʝʥʠʮʽ. 

ɽʥʜʦʙʘʢʪʝʨʽʾ ʨʦʜʫ Kocuria ʚʧʝʨʰʝ ʚʠʜʽʣʝʥʽ ʟ Prosopis laegivata [335]. ɺ 

ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʘʢʪʝʨʽʾ ʮʴʦʛʦ ʨʦʜʫ ʚʠʜʽʣʝʥʦ ʟ̔ ʟʝʨʥʘ ʩʦʨʪʫ ʆʢʩʘʤʠʪ 

ʤʠʨʦʥʽʚʩʴʢʠʡ ʚʨʦʞʘʶ 2018 ʨ. (U.MO2.1 OP445710) (ʜʠʚ. ʪʘʙʣ. 3.10). Kocuria sp. 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʩʣʠʥʫ, ʾʭ ʜʽʶ ʯʘʩʪʦ ʧʦʚôʷʟʫʶʪʴ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʩʦʣʝʩʪʽʡʢʦʩʪʽ [121; 334; 335]. ʇʨʠʤʽʨʦʤ, ʽʥʦʢʫʣʶʚʘʥʥʷ ʥʘʩʽʥʥʷ ʧʰʝʥʠʮʽ ʰʪʘʤʦʤ 

Kocuria sp. 26E ʟʤʝʥʰʫʚʘʣʦ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʟʘʩʦʣʝʥʥʷ, ʟʙʽʣʴʰʫʶʯʠ ʩʫʭʫ ʤʘʩʫ 

ʢʦʨʝʥʷ, ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʌʦʩʬʦʨʫ ʚ ʢʦʨʝʥʷʭ ʪʘ ʤʘʩʫ 1000 ʟʝʨʝʥ 

[43]. Kocuria kristinae, ʚʠʜʽʣʝʥʽ ʟ ʧʰʝʥʠʮʽ, ʧʨʦʷʚʣʷʣʠ ʘʥʪʘʛʦʥʽʩʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʱʦʜʦ F. graminearum [413]. Kocuria sp. ʰʪʘʤ MBL_B19 ʦʪʨʠʤʘʥʠʡ ʽʟ Corchorus 

olitorius ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʠʥʪʝʟʫ ɯʆʂ ʪʘ ʩʦʣʶʙʽʣʽʟʘʮʽʾ ʬʦʩʬʘʪʽʚ [166]. 

ɯʥʦʢʫʣʶʚʘʥʥʷ ʩʦʾ K. rhizophila ʟʙʽʣʴʰʫʚʘʣʦ ʟʘʛʘʣʴʥʫ ʙʽʦʤʘʩʫ [181], ʢʫʢʫʨʫʜʟʠ ï 

ʧʽʜʚʠʱʫʚʘʣʦ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʦʣʴʦʚʦʛʦ ʩʪʨʝʩʫ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ 

ʬʽʪʦʛʦʨʤʦʥʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʧʦʛʣʠʥʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʽʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʫ, ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ, ʷʢʽ 

ʨʝʘʛʫʶʪʴ ʥʘ ʩʪʨʝʩ [236]. 

ɭʜʠʥʠʡ ʰʪʘʤ ʙʘʢʪʝʨʽʡ ʨʦʜʫ Corynebacterium ʚʠʜʽʣʝʥʦ ʽʟ ʟʝʨʥʘ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ 

ʚʨʦʞʘʶ 2018 ʨ. (U.D2.2 OP445717) (ʜʠʚ. ʪʘʙʣ. 3.10). ɽʥʜʦʬʽʪʥʽ Corynebacterium 

ʚʠʷʚʣʝʥʽ ʫ ʨʦʩʣʠʥʘʭ ʢʫʢʫʨʫʜʟʠ, ʙʫʣʴʙʘʭ ʢʘʨʪʦʧʣʽ, ʢʦʨʝʥʷʭ ʣʠʤʦʥʘ (ʉitrus jambhiri), 

ʢʦʨʝʥʽ ʙʫʨʷʢʘ (Beta vulgaris), ʧʣʦʜʘʭ ʨʘʤʙʫʪʘʥʫ (Nephelium lappaceum), ʧʘʛʦʥʘʭ 

Kalidium cuspidatum [81; 143; 381]. ɹʽʣʴʰʽʩʪʴ ʝʥʜʦʬʽʪʽʚ Corynebacterium ʩʧʨʠʷʶʪʴ 

ʢʨʘʱʦʤʫ ʨʦʩʪʫ, ʧʨʠʛʥʽʯʫʶʯʠ ʢʦʣʦʥʽʟʘʮʽʶ ʽʥʰʠʤʠ ʰʪʘʤʘʤʠ ʪʘ ʧʨʦ̫ʚʣʷʶʪʴ 

ʘʥʪʘʛʦʥʽʟʤ ʱʦʜʦ ʬʽʪʦʧʘʪʦʛʝʥʥʠʭ ʛʨʠʙʽʚ [59; 361]. ɼʝʷʢʽ ʝʥʜʦʬʽʪʠ ʨʦʜʫ 

Corynebacterium ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʩʠʥʪʝʟʫ Rubisco, ʪʠʤ ʩʘʤʠʤ ʚʧʣʠʚʘʶʯʠ ʥʘ ʧʨʦʮʝʩ 

ʬʦʪʦʩʠʥʪʝʟʫ [148]. 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/kocuria
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/tubers
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/beta-vulgaris
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ɹʘʢʪʝʨʽʾ ʨʦʜʫ Erwinia ʙʫʣʦ ʽʟʦʣʴʦʚʘʥʦ ʟ ʪʢʘʥʠʥ ʢʦʨʝʥʽʚ ʩʦʨʪʫ ɻʦʣʽʢʦʚʩʴʢʘ ʪʘ 

ʪʢʘʥʠʥ ʣʠʩʪʢʽʚ ʩʦʨʪʫ ɼʫʙʨʘʚʢʘ ʚ ʫʤʦʚʘʭ in vitro (ʜʠʚ. ʨʠʩ. 3.22). ɻʨʘʤʥʝʛʘʪʠʚʥʠʡ 

ʨʽʜ Erwinia (ʪʠʧ Proteobacteria) ʯʘʩʪʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʨʦʩʣʠʥʥʠʤʠ ʧʘʪʦʛʝʥʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ ʫ ʥʘʩʽʥʥʽ ʢʚʘʩʦʣʽ [254] ʪʘ ʟʝʨʥʽ ʨʠʩʫ [386]. ʆʜʥʘʢ ʙʘʢʪʝʨʽʾ ʨʦʜʫ Erwinia 

ʪʘʢʦʞ ʧʦʚôʷʟʫʶʪʴ ʟ ʙʽʦʢʦʥʪʨʦʣʝʤ ʛʨʠʙʢʦʚʠʭ ʧʘʪʦʛʝʥʽʚ ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ [117]. ʐʪʘʤ 

A4 Erwinia gerundensis ʚʠʜʽʣʝʥʠʡ ʟ ʪʢʘʥʠʥ ʣʠʩʪʷ ʤʠʛʜʘʣʶ ʟʜʘʪʥʠʡ ʢʦʣʦʥʽʟʫʚʘʪʠ 

ʧʽʜʟʝʤʥʽ ʪʘ ʥʘʜʟʝʤʥʽ ʪʢʘʥʠʥʠ Arabidopsis thaliana. ɺʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʢʨʘʱʫʚʘʪʠ ʨʽʩʪ ʨʦʩʣʠʥ, ʧʽʜʚʠʱʫʚʘʪʠ ʜʦʩʪʫʧʥʽʩʪʴ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ 

ʪʘ ʚʠʨʦʙʣʷʪʠ ʧʦʣʽʘʤʽʥ ʩʧʝʨʤʽʜʠʥ, ʷʢʠʡ ʟʤʝʥʰʫʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʩʪʨʝʩʫ [344]. 

ʆʢʨʽʤ ʪʦʛʦ, ʙʘʢʪʝʨʽʾ ʨʦʜʫ Erwinia ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʜʦ ʬʽʢʩʘʮʽʾ N2, 

ʩʠʥʪʝʟʫ ʩʠʜʝʨʦʬʦʨʽʚ, ɯʆʂ ʪʘ ʩʦʣʶʙʽʣʽʟʘʮʽʾ ʎʠʥʢʫ ʽ ʌʦʩʬʦʨʫ [395]. ʐʪʘʤ Erwinia 

persicina EU-A3SK3 ʦʪʨʠʤʘʥʠʡ ʟ ʢʦʨʝʥʝʚʠʭ ʪʢʘʥʠʥ ʧʰʝʥʠʮʽ ʦʧʠʩʫʶʪʴ ʷʢ 

ʩʦʣʶʙʽʣʽʟʘʪʦʨ ʌʦʩʬʦʨʫ [118]. 

ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ ʧʨʦ ʚʠʜʽʣʝʥʥʷ ʙʘʢʪʝʨʽʡ-ʝʥʜʦʬʽʪʽʚ ʨʦʜʫ Enterobacter ʟ ʥʘʩʽʥʥʷ 

ʧʰʝʥʠʮʽ [198], Propionibacterium ʟ ʣʠʩʪʢʽʚ ʪʘ ʢʦʨʝʥʽʚ, Paracoccus ʟ ʝʥʜʦʩʧʝʨʤʫ 

ʧʰʝʥʠʮʽ ʩʦʨʪʫ Hondia [228; 229], Lactobacillus ʟ ʢʦʣʦʩʽʚ ʥʘ ʝʪʘʧʽ ʟʨʽʣʦʩʪʽ [262], 

Variovorax ʟ ʪʢʘʥʠʭ ʣʠʩʪʢʽʚ ʪʘ ʢʦʨʝʥʽʚ ʧʰʝʥʠʮʽ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ [331], ʧʨʝʪʝ, ʾʭ 

ʨʦʣʴ ʷʢ PGPB ʜʣʷ ʧʰʝʥʠʮʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʽʜʦʤʦʶ. 

ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʝʥʜʦʬʽʪʽʚ, 

ʱʦ ʢʦʣʦʥʽʟʫʶʪʴ ʪʢʘʥʠʥʠ ʧʰʝʥʠʮʽ, ʽ ʻ ʥʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ, 

ʟʚôʷʟʦʢ ʤʽʞ ʥʘʩʽʥʥʷʤ ʽ ʤʽʢʨʦʙʽʦʤʦʤ in vitro ʟʘʣʠʰʘʻʪʴʩʷ ʱʝ ʥʝʚʠʚʯʝʥʠʤ. 

 

3.5.3. ʉʠʥʪʝʟ IRCs ʰʪʘʤʘʤʠ ʙʘʢʪʝʨʽʡ ʝʥʜʦʬʽʪʽʚ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʟʦʣʷʪʽʚ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ ʩʧʨʠʷʪʠʤʝ ʧʦʣʽʧʰʝʥʥʶ ʭʘʨʯʦʚʦʾ 

ʮʽʥʥʦʩʪʽ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʪʘ ʚʨʦʞʘʡʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʠʧʫʩʪʠʪʠ ʡʤʦʚʽʨʥʠʡ ʚʧʣʠʚ ʝʥʜʦʬʽʪʥʦʾ ʢʦʣʦʥʽʟʘʮʽʾ ʥʘ ʜʽʘʧʘʟʦʥ ʥʘʜʭʦʜʞʝʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʨʦʩʣʠʥʫ ʪʘ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʝʨʥʦ. 

ʇʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʟʜʘʪʥʽʩʪʴ ʝʥʜʦʙʘʢʪʝʨʽʡ ʜʦ ʩʠʥʪʝʟʫ ʩʧʦʣʫʢ ʘʫʢʩʠʥʦʚʦʛʦ ʪʠʧʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʦʩʪʫ ʡ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥʠ-ʛʦʩʧʦʜʘʨʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ 
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ʟʘ ʨʘʭʫʥʦʢ ʧʦʢʨʘʱʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. ʊʦʤʫ, ʦʜʥʠʤ ʽʟ ʝʪʘʧʽʚ ʨʦʙʦʪʠ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʽʟʦʣʷʪʽʚ ʩʠʥʪʝʟʫʚʘʪʠ ʘʫʢʩʠʥ-ʧʦʜʽʙʥʽ ʩʧʦʣʫʢʠ 

(IRCs). 

ʊʝʨʤʽʥʦʤ IRCs ʧʦʟʥʘʯʘʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʨʽʟʥʠʭ ʩʧʦʣʫʢ ʘʫʢʩʠʥʦʚʦʛʦ ʨʷʜʫ. 

ʇʨʠʨʦʜʥʽ ʘʫʢʩʠʥʠ ʪʨʘʧʣʷʶʪʴʩʷ ʚ ʪʘʢʠʭ ʘʢʪʠʚʥʠʭ ʬʦʨʤʘʭ ʷʢ: ʽʥʜʦʣʽʣ-3-ʦʮʪʦʚʘ 

ʢʠʩʣʦʪʘ (Iʆʂ), 4-ʭʣʦʨ-ʽʥʜʦʣʽʣ-3-ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ (4-Cl-Iʆʂ) ʽ ʬʝʥʽʣʦʮʪʦʚʘ ʢʠʩʣʦʪʘ 

(PAA). ʅʝʘʢʪʠʚʥʠʤʠ ʧʦʧʝʨʝʜʥʠʢʘʤʠ ʚʚʘʞʘʶʪʴ ʽʥʜʦʣʽʣ-3-ʧʽʨʦʚʠʥʦʛʨʘʜʥʫ ʢʠʩʣʦʪʫ 

(IPyA), ʽʥʜʦʣʘʮʝʪʘʤʽʥ (IAM), ʽʥʜʦʣʽʣ-3-ʘʮʝʪʘʣʴʜʦʢʩʠʤ (IAOx), ʽʥʜʦʣʽʣ-3-

ʘʮʝʪʦʥʽʪʨʠʣ (IAN) ʪʘ ʽʥʜʦʣʽʣ-3-ʘʮʝʪʘʣʴʜʝʛʽʜ (IAAld); ʘ ʬʦʨʤʘʤʠ ʟʘʧʘʩʘʥʥʷ: ʽʥʜʦʣʽʣ-

3-ʤʘʩʣʷʥʘ ʢʠʩʣʦʪʘ (Iʄʂ), ʤʝʪʠʣ-IAA (MeIAA) ʪʘ ʘʫʢʩʠʥʠ, ʢʦʥôʶʛʦʚʘʥʽ ʟ 

ʘʤʽʥʦʢʠʩʣʦʪʘʤʠ ʘʙʦ ʮʫʢʨʘʤʠ [223; 230; 449]. ɸʫʢʩʠʥʠ, ʟʦʢʨʝʤʘ ɯʆʂ ʤʦʞʫʪʴ ʜʽʷʪʠ 

ʷʢ ʩʠʛʥʘʣʴʥʽ ʤʦʣʝʢʫʣʠ ʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʙʘʢʪʝʨʽʷʤʠ ʪʘ ʨʦʩʣʠʥʘʤʠ [57; 240; 374], 

ʥʘʡʢʨʘʱʝ ʚʠʚʯʝʥʘ ʨʦʣʴ Iʆʂ. 

ʋʩʽ ʚʠʜʽʣʝʥʽ ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʰʪʘʤʠ ʙʘʢʪʝʨʽʡ ʽʟ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʷʨʦʾ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʝʟʦʥʫ 2017 ʨ. ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʜʘʪʥʽʩʪʴ ʩʠʥʪʝʟʫʚʘʪʠ IRCs ʧʽʜ ʯʘʩ 

ʨʦʩʪʫ in vitro ʚ ʧʨʠʩʫʪʥʦʩʪʽ L-ʪʨʠʧʪʦʬʘʥʫ, ʷʢʠʡ ʚʚʘʞʘʻʪʴʩʷ ʢʣʶʯʦʚʠʤ 

ʧʦʧʝʨʝʜʥʠʢʦʤ Iʆʂ ʫ ʪʨʠʧʪʦʬʘʥ-ʟʘʣʝʞʥʦʤʫ ʰʣʷʭʫ [210]. ʋʩʽʤ ʽʟʦʣʷʪʘʤ ʙʫʣʘ 

ʧʨʠʪʘʤʘʥʥʘ ʟʜʘʪʥʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʟʘʙʘʨʚʣʝʥʥʷ ʢʫʣʴʪʫʨʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʨʝʘʢʮʽʾ 

ʟ ʨʝʘʢʪʠʚʦʤ ʉʘʣʴʢʦʚʩʴʢʦʛʦ ʚʽʜ ʩʚʽʪʣʦ-ʨʦʞʝʚʦʛʦ ʜʦ ʨʦʞʝʚʦʛʦ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʚʘʣʦ 

ʥʘʷʚʥʽʩʪʴ ʫ ʩʝʨʝʜʦʚʠʱʽ IRCs [157; 160]. ɼʘʥʽ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ IRCs (ʤʢʛ/ʤʣ), 

ʷʢʫ ʜʦʩʣʽʜʞʫʚʘʥʽ ʰʪʘʤʠ ʙʘʢʪʝʨʽʡ ʚʠʜʽʣʷʣʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟʙʘʛʘʯʝʥʝ 5 

ʤʄ L-ʪʨʠʧʪʦʬʘʥʦʤ ʚʧʨʦʜʦʚʞ 24-168 ʛʦʜ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.23. 

ʋʩʽ ʜʦʩʣʽʜʞʝʥʽ ʰʪʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʜʦʩʪʦʚʽʨʥʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʚ 

ʟʜʘʪʥʦʩʪʽ ʜʦ ʩʠʥʪʝʟʫ IRCs ʫ ʨʽʜʢʦʤʫ ʞʠʚʠʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ L-ʪʨʠʧʪʦʬʘʥʦʤ 

ʚʧʨʦʜʦʚʞ 168 ʛʦʜ (p <0.00001). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʟʦʣʴʦʚʘʥʽ ʰʪʘʤʠ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ 

ʨʦʜʫ, ʥʘʧʨʠʢʣʘʜ, Bacillus ʧʨʦʜʫʢʫʶʪʴ ʨʽʟʥʽ ʢʽʣʴʢʦʩʪʽ IRCs. ɿʦʢʨʝʤʘ,  ʰʪʘʤ Bacillus 

spp. U.D1 ʩʠʥʪʝʟʫʚʘʚ ʥʠʟʴʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ IRCs ʯʝʨʝʟ 24 ʪʘ 48 ʛʦʜʠʥ (0,36 ʪʘ 1,65 

ʤʢʛ/ʤʣ), ʪʦʜʽ ʷʢ ʰʪʘʤ Bacillus spp. UH2 ï ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʢʽʣʴʢʦʩʪʽ IRCs ʚʧʨʦʜʦʚʞ 

ʝʢʩʧʝʨʠʤʝʥʪʫ (1,39 ï 9,13 ʤʢʛ/ʤʣ). ɺ ʭʦʜʽ 168-ʛʦʜʠʥʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 
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ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʪʘʤʠ Pantoea spp. U.MO2, U.MO3, Kosakonia spp. U.SM1, 

Micrococcus spp. U.SM2, Staphylococcus spp. U.SM3 ʽ Bacillus spp. UH2 ʙʝʟʧʝʨʝʨʚʥʦ 

ʚʠʜʽʣʷʣʠ IRCs ʫ ʢʫʣʴʪʫʨʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʨʠʩ. 3.23). 

 

ʈʠʩ. 3.23. ʂʦʥʮʝʥʪʨʘʮʽʷ ʘʫʢʩʠʥʦʧʦʜʽʙʥʠʭ ʩʧʦʣʫʢ (IRCs, ʤʢʛ/ʤʣ), ʚʠʜʽʣʝʥʠʭ 

ʰʪʘʤʘʤʠ ʽʟʦʣʴʦʚʘʥʠʭ ʝʥʜʦʬʽʪʽʚ ʟʝʨʥʘ ʚ ʨʽʜʢʦʤʫ ʢʫʣʴʪʫʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ 

ʜʦʜʘʚʘʥʥʷʤ 5 ʤʄ L-ʪʨʠʧʪʦʬʘʥʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʰʫʚʘʥʥʽ. ʈʝʘʢʮʽʷ 

ʉʘʣʴʢʦʚʩʴʢʦʛʦ, ʚʽʜʙʽʨ ʟʨʘʟʢʽʚ ʢʦʞʥʽ 24 ʛʦʜ.  

ʇʨʠʯʦʤʫ, Pantoea spp. U.MO2 ʽ U.MO3 ʧʨʦʜʫʢʫʚʘʣʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ IRCs 

ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʯʘʩʦʚʦʛʦ ʚʽʜʨʽʟʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʠʥʪʝʟ IRCs ʜʣʷ 

Pantoea spp. U.MO2 ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ 144 ʛʦʜ ï 16,57 ʤʢʛ/ʤʣ, ʘ ʤʽʥʽʤʫʤ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʥʘ 168 ʛʦʜ ï 7,49 ʤʢʛ/ʤʣ. ʅʠʟʴʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ IRCs ʚʠʷʚʣʷʣʠ ʫ ʢʫʣʴʪʫʨʘʣʴʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʥʘʩʪʫʧʥʠʭ ʰʪʘʤʽʚ: Staphylococcus spp. U.MO1 ï 0,22-2,07 ʤʢʛ/ʤʣ, U.H1 

ï 1,04 ʤʢʛ/ʤʣ, U.D2 ï 1,12-2,19 ʤʢʛ/ʤʣ; Bacillus spp. U.D1 ï 0,36-1,65 ʤʢʛ/ʤʣ, 

Sphingobium spp. U.D4 ï 0,98 ʤʢʛ/ʤʣ, ʪʘ U.H3 ï 1,19 ʤʢʛ/ʤʣ. 

ʋʩʽ ʜʦʩʣʽʜʞʝʥʽ ʰʪʘʤʠ ʙʘʢʪʝʨʽʡ ʩʠʥʪʝʟʫʚʘʣʠ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ IRCs ʚʧʨʦʜʦʚʞ 

ʨʦʩʪʫ in vitro. ʅʘ ʜʫʤʢʫ M. WoŦniak ʪʘ ʽʥ. [433] ʤʘʡʞʝ ʚʩʽ ʝʥʜʦʬʽʪʥʽ ʽʟʦʣʷʪʠ ʟʜʘʪʥʽ 

ʧʨʦʜʫʢʫʚʘʪʠ Iʆʂ, ʫ ʢʽʣʴʢʦʩʪʷʭ ʟʘʣʝʞʥʠʭ  ʚʽʜ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʙʘʢʪʝʨʽʡ 
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ʽ ʨʦʩʣʠʥʠ ʟ ʷʢʦʾ ʚʦʥʠ ʙʫʣʠ ʚʠʜʽʣʝʥʽ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʦʩʪʽ ʘʤʽʥʦʢʠʩʣʦʪʥʦʛʦ 

ʧʦʧʝʨʝʜʥʠʢʘ. ɼʝʷʢʽ ʚʯʝʥʽ [288; 290; 454] ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ ʚʥʫʪʨʽʰʥʽ ʫʤʦʚʠ ʟʘ ʷʢʠʭ 

PGPB ʟʜʘʪʥʽ ʧʽʜʚʠʱʫʚʘʪʠ ʩʚʽʡ ʨʽʚʝʥʴ ʩʠʥʪʝʟʫ Iʆʂ. ʎʝ ʧʦʚôʷʟʫʶʪʴ ʽʟ ʘʢʪʠʚʥʽʩʪʶ 

ʛʝʥʽʚ, ʷʢʽ ʨʝʛʫʣʶʶʪʴ ʩʠʥʪʝʟ, ʽ ʥʘʷʚʥʽʩʪʶ ʬʝʨʤʝʥʪʽʚ, ʱʦ ʤʦʞʫʪʴ ʤʦʜʠʬʽʢʫʚʘʪʠ 

ʘʢʪʠʚʥʫ ʚʽʣʴʥʫ Iʆʂ [339]. ʈʽʚʥʽ ʘʢʪʠʚʥʦʾ ʚʽʣʴʥʦʾ Iʆʂ ʤʦʞʥʘ ʤʦʜʫʣʶʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ Iʄʂ ʘʙʦ ʧʨʠʻʜʥʘʥʥʷʤ Iʆʂ ʜʦ ʘʤʽʜʽʚ ʘʙʦ ʩʢʣʘʜʥʠʭ 

ʝʬʽʨʽʚ. ʂʦʥôʶʛʘʮʽʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ Iʄʂ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʤʝʭʘʥʽʟʤ 

ʪʠʤʯʘʩʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʦʙʦʨʦʪʥʦ ʽʥʘʢʪʠʚʦʚʘʥʠʭ ʘʫʢʩʠʥʽʚ [339]. P. R. Hardoim [174] 

ʧʦʚʽʜʦʤʣʷʻ ʱʦ ʢʣʶʯʦʚʠʡ ʛʝʥ, ʷʢʠʡ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʩʠʥʪʝʟʽ ʽʥʜʦʣʴʥʠʭ ʩʧʦʣʫʢ ï ipdC, 

ʢʦʜʫʻ ʽʥʜʦʣʽʣ-3-ʧʽʨʫʚʘʪʜʝʢʘʨʙʦʢʩʠʣʘʟʫ (EC, 4.1.1.74). IPyA ʰʣʷʭ ʙʽʦʩʠʥʪʝʟʫ Iʆʂ 

ʚʠʷʚʣʝʥʦ ʚ 34 ʛʝʥʦʤʘʭ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ; ʚʩʽ ʰʪʘʤʠ Kosakonia ʚ ʥʘʚʝʜʝʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʣʠ ʦʜʥʫ ʢʦʧʽʶ ʛʝʥʘ ipdC [174]. ʆʜʥʘʢ, H. Gross ʪʘ J. Loper [162] 

ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʮʴʦʛʦ ʛʝʥʘ ʫ ʛʝʥʦʤʘʭ ʘʫʢʩʠʥ-ʧʨʦʜʫʮʝʥʪʽʚ ʨʦʜʫ 

Pseudomonas. 

Iʆʂ ʻ ʦʩʥʦʚʥʦʶ ʝʬʝʢʪʦʨʥʦʶ ʤʦʣʝʢʫʣʦʶ ʫ ʬʽʪʦʩʪʠʤʫʣʷʮʽʾ, ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʽʤʫʥʽʪʝʪʫ ʪʘ ʚʟʘʻʤʦʜʽʾ ʨʦʩʣʠʥ ʽ ʙʘʢʪʝʨʽʡ [304]. ɸʫʢʩʠʥʠ, ʷʢʽ ʩʠʥʪʝʟʫʶʪʴʩʷ 

ʝʥʜʦʬʽʪʥʦʶ ʤʽʢʨʦʙʽʦʪʦʶ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʥʘʜʭʦʜʞʝʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʩʧʨʠʷʶʪʴ ʧʽʜʢʠʩʣʝʥʥʶ ʨʠʟʦʩʬʝʨʠ ʚʥʘʩʣʽʜʦʢ ʩʪʠʤʫʣʶʚʘʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʅ+-ɸʊʌ-ʘʟʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʝʢʩʧʨʝʩʽ ʾʯʠʩʣʝʥʥʠʭ ʛʝʥʽʚ, ʷʢʽ ʚʘʞʣʠʚʽ 

ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʛʦʤʝʦʩʪʘʟʫ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ [304; 364].  

ɺʽʜʦʤʦ, ʱʦ ʘʫʢʩʠʥ ʟʘʣʫʯʝʥʠʡ ʫ ʧʽʜʪʨʠʤʢʫ ʛʦʤʝʦʩʪʘʟʫ Fe ʪʘ Zn ʫ ʟʣʘʢʦʚʠʭ, 

ʧʨʦʪʝ ʡʦʛʦ ʢʦʥʢʨʝʪʥʘ ʨʦʣʴ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʽʜʦʤʦʶ. ɼʣʷ ʨʠʩʫ ʧʦʢʘʟʘʥʦ, ʱʦ ʬʘʢʪʦʨ 

ʪʨʘʥʩʢʨʠʧʮʽʾ OsARF12 ʘʢʪʠʚʫʻ ʛʝʥ ʘʫʢʩʠʥʦʚʦʾ ʚʽʜʧʦʚʽʜʽ ʪʘ ʚʧʣʠʚʘʻ ʥʘ ʥʘʢʦʧʠʯʝʥʥʷ 

ʪʘ ʨʦʟʧʦʜʽʣ Fe [304]. ʋ ʩʚʦʶ ʯʝʨʛʫ OsABCB1 ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʪʨʘʥʩʧʦʨʪʽ ʘʫʢʩʠʥʫ ʪʘ 

ʛʦʤʝʦʩʪʘʟʽ Fe [440]. ɸʫʢʩʠʥ ʪʘʢʦʞ ʽʥʜʫʢʫʻ ʚʠʜʽʣʝʥʥʷ ʩʠʜʝʨʦʬʦʨʽʚ [153], ʨʝʛʫʣʶʻ 

ʨʝʘʢʮʽʾ ʚʽʜʧʦʚʽʜʽ ʢʦʨʝʥʽʚ ʧʰʝʥʠʮʽ ʥʘ ʜʝʬʽʮʠʪ Fe, ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡʢʽʩʪʴ ʧʰʝʥʠʮʽ ʜʦ 

ʪʦʢʩʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ Fe [201]. ɻʦʤʝʦʩʪʘʟ Cu ʚ ʦʩʥʦʚʥʦʤʫ ʨʝʛʫʣʶʻʪʴʩʷ 

ʬʘʢʪʦʨʘʤʠ ʪʨʘʥʩʢʨʠʧʮʽʾ SPL7 ʽ CITF1, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴ ʧʦʛʣʠʥʘʥʥʷ ʢʦʨʝʥʷʤʠ Cu 

ʽ ʪʨʘʥʩʣʦʢʘʮʽʶ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʜʦ ʢʚʽʪʽʚ ʟʘ ʫʤʦʚ ʜʝʬʽʮʠʪʫ Cu [55; 442]. ʋʯʘʩʪʴ 
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ʘʫʢʩʠʥʽʚ ʚ ʮʠʭ ʧʨʦʮʝʩʘʭ ʤʦʞʝ ʙʫʪʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʶ, ʟʘ ʨʘʭʫʥʦʢ  ʟʤʽʥ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʞʘʩʤʦʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɺ ʨʦʙʦʪʽ M. R. Ishka ʪʘ O. K. Vatamaniuk [306] ʧʦʢʘʟʘʥʦ, ʱʦ 

ʜʝʷʢʽ ʦʟʥʘʢʠ ʜʝʬʽʮʠʪʫ Cu (ʟʙʽʣʴʰʝʥʥʷ ʧʘʛʦʥʽʚ ʨʦʟʛʘʣʫʞʝʥʥʷ ʚ Arabidopsis) ʤʦʞʥʘ 

ʟʤʽʥʠʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʢʟʦʛʝʥʥʦʛʦ ʘʫʢʩʠʥʫ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʘʢʪʠʚʥʠʡ ʨʽʩʪ ʨʦʩʣʠʥ 

ʚʠʢʣʠʢʘʻ ʧʦʩʠʣʝʥʝ ʚʠʜʽʣʝʥʥʷ ʢʦʨʝʥʝʚʠʭ ʝʢʩʫʜʘʪʽʚ, ʷʢʽ ʧʦʢʨʘʱʫʶʪʴ ʤʝʪʘʙʦʣʽʟʤ 

ʨʠʟʦʙʘʢʪʝʨʽʡ. ɺʦʥʠ ʤʦʞʫʪʴ ʧʽʜʚʠʱʫʚʘʪʠ ʚʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ, ʰʣʷʭʦʤ ʩʪʠʤʫʣʷʮʽʾ ʨʦʩʪʫ ʢʦʨʝʥʽʚ [271; 321; 419], ʬʦʪʦʩʠʥʪʝʟ, ʧʦʛʣʠʥʘʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ Fe ʽ Zn ʪʘ ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ [271; 

366; 429]. 

ʇʽʜʩʫʤʢʠ ʜʦ ʧʽʜʨʦʟʜʽʣʫ 

ɯʟ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʽʟʦʣʴʦʚʘʥʦ, ʢʫʣʴʪʠʚʦʚʘʥʦ ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 20 ʰʪʘʤʽʚ 

ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʨʦʜʽʚ: Staphylococcus, Pantoea, 

Sphingobium, Bacillus, Kosakonia, Micrococcus, Kocuria ʪʘ Corynebacterium. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʝʪʘʛʝʥʦʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʢʘʥʠʥ ʣʠʩʪʢʽʚ ʪʘ ʢʦʨʝʥʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʚ 

ʫʤʦʚʘʭ in vitro ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 14 ʨʦʜʽʚ ʙʘʢʪʝʨʽʡ: Propionibacterium, Bacillus, 

Staphylococcus, Lactobacillus, Leuconostoc, Streptococcus, Veillonella, 

Bradyrhizobium, Paracoccus, Variovorax, Oxalobacter, Enterobacter, Erwinia ʪʘ 

Acinetobacter. 

ɼʦʩʣʽʜʞʝʥʦ ʡʤʦʚʽʨʥʫ ʨʦʣʴ ʦʢʨʝʤʠʭ ʰʪʘʤʽʚ ʫ ʥʘʢʦʧʠʯʝʥʥʽ Fe, Zn ʪʘ Cu ʚ ʟʝʨʥʽ 

ʪʘ ʟʘʨʦʜʢʘʭ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʜʘʪʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʰʪʘʤʽʚ ʙʘʢʪʝʨʽʡ ʜʦ IRCs ʧʽʜ 

ʯʘʩ ʨʦʩʪʫ in vitro ʚ ʧʨʠʩʫʪʥʦʩʪʽ L-ʪʨʠʧʪʦʬʘʥʫ. Pantoea spp. U.MO2, U.MO3 ʪʘ 

Bacillus spp. U.H2 ʤʦʞʫʪʴ ʤʘʪʠ ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʷʢ ʢʦʨʠʩʥʽ ʨʦʩʣʠʥʥʽ 

ʽʥʦʢʫʣʷʥʪʠ ʜʣʷ ʘʛʨʦʝʢʦʩʠʩʪʝʤ ʟ ʜʝʬʽʮʠʪʦʤ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ.  

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʩʪʘʪʪʷʭ [7, 253] ʪʘ ʤʘʪʝʨʽʘʣʘʭ 

ʢʦʥʬʝʨʝʥʮʽʡ [471, 472, 476, 480, 481, 482, 483, 484].  
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ʈʆɿɼɯʃ 4. ɸʅɸʃɯɿ ʊɸ ʋɿɸɻɸʃʔʅɽʅʅʗ ʈɽɿʋʃʔʊɸʊɯɺ 

ɼʆʉʃɯɼɾɽʅʅʗ 

ʇʰʝʥʠʮʷ (Triticum spp.) ʻ ʦʩʥʦʚʥʦʶ ʧʨʦʜʦʚʦʣʴʯʦʶ ʢʫʣʴʪʫʨʦʶ ʜʣʷ ʪʨʝʪʠʥʠ 

ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ [187; 251]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʨʘʜʠʮʽʡʥʦ ʚʝʣʠʢʽ ʧʣʦʱʽ ʧʦʩʽʚʽʚ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ ɭʚʨʦʧʽ, ʘ ʦʩʦʙʣʠʚʦ ʚ ʋʢʨʘʾʥʽ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʣʦʱʽ ʧʦʩʽʚʽʚ ʷʨʦʾ ʧʰʝʥʠʮʽ [1; 17]. ʉʪʘʣʠ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ ʩʦʨʪʠ ʪʝʪʨʘʧʣʦʾʜʥʦʾ 

ʧʣʽʚʯʘʩʪʦʾ ʧʰʝʥʠʮʽ ʧʦʣʙʘ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʟʝʨʥʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʽʻʪʠʯʥʦʤʫ ʭʘʨʯʫʚʘʥʥʽ ʪʘ ʤʘʶʪʴ ʤʦʨʬʦʬʽʟʽʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ [220; 260; 293]. 

ʇʨʠ ʙʘʛʘʪʦʨʽʯʥʽʡ ʩʝʣʝʢʮʽʾ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ, ʷʢʘ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʙʽʣʴʰʝʥʥʷ 

ʚʨʦʞʘʡʥʦʩʪʽ, ʚʽʜʙʫʣʘʩʴ ʚʪʨʘʪʘ ʚʤʽʩʪʫ ʙʽʣʢʽʚ, ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʪʘ ʚʽʪʘʤʽʥʽʚ ʱʦ ʟʥʘʯʥʦ 

ʟʥʠʟʠʣʦ ʡʦʛʦ ʷʢʽʩʪʴ. ʇʦʢʨʘʱʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʛʝʥʝʪʠʢʽʚ ʽ ʩʝʣʝʢʮʽʦʥʝʨʽʚ. 

ɺʦʜʥʦʯʘʩ ʟʘʛʨʦʟʦʶ ʤʘʡʙʫʪʥʽʡ ʧʨʦʜʦʚʦʣʴʯʽʡ ʙʝʟʧʝʮʽ ʻ ʽ ʛʣʦʙʘʣʴʥʽ ʟʤʽʥʠ 

ʢʣʽʤʘʪʫ [267; 274; 286; 303]. ʅʘʧʨʠʢʣʘʜ, ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 2 ÁC ʟʤʝʥʰʠʣʦ 

ʛʣʦʙʘʣʴʥʫ ʚʨʦʞʘʡʥʽʩʪʴ ʧʰʝʥʠʮʽ ʥʘ 11 %; ʚʠʭʦʜʷʯʠ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʫ 2017 ʨʦʮʽ, ʮʝ 

ʜʦʨʽʚʥʶʻ ʚʪʨʘʪʽ ʚʨʦʞʘʶ ʥʘ 84,8 ʤʣʥ ʪ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʰʝʥʠʮʽ 

ʚʠʨʦʙʣʝʥʦʾ ʱʦʨʽʯʥʦ ʚ ʇʽʚʥʽʯʥʽʡ ɭʚʨʦʧʽ [455]. ɺʝʩʥʘ ʚ ɭʚʨʦʧʽ ʚʩʝ ʯʘʩʪʽʰʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʩʫʭʦʶ, ʧʦʚʽʪʨʷʥʠʤʠ ʙʫʨʷʤʠ, ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʦʧʘʜʽʚ 

ʪʘ ʟʥʘʯʥʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨ; ʣʽʪʦ ï ʩʠʣʴʥʦʶ ʧʦʩʫʭʦʶ, ʷʢʘ ʩʧʨʠʯʠʥʷʻ 

ʥʝʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʨʦʩʪʫ ʙʘʛʘʪʴʦʭ ʢʫʣʴʪʫʨ [264; 317; 394]. 

ɿʘ ʜʘʥʠʤʠ CORDEX, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʋʢʨʘʾʥʽ ʜʦ 2070 ʨʦʢʫ ʟʨʦʩʪʝ ʥʘ 1,65ï2,98 

Áʉ, ʟʽ ʟʤʽʥʦʶ ʭʘʨʘʢʪʝʨʫ ʦʧʘʜʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʰʝʥʠʮʽ ʥʘ 6ï11 %. ʋ ʮʠʭ ʫʤʦʚʘʭ, ʚʘʞʣʠʚʦ ʚʧʦʨʘʪʠʩʷ ʟ ʤʦʞʣʠʚʦʶ 

ʧʨʦʙʣʝʤʦʶ ʥʝʩʪʘʯʽ ʧʨʦʜʦʚʦʣʴʩʪʚʘ ʜʣʷ ʟʨʦʩʪʘʶʯʦʛʦ ʥʘʩʝʣʝʥʥʷ. ʊʦʤʫ, ʚʘʞʣʠʚʠʤ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ [58; 267; 394]. ʇʦʩʫʭʦʚʠʡ ʩʪʨʝʩ ʥʘ 

ʙʫʜʴ-ʷʢʽʡ ʩʪʘʜʽʾ ʨʦʩʪʫ ʧʨʠʛʥʽʯʫʻ ʨʽʩʪ ʧʰʝʥʠʮʽ ʪʘ ʟʥʠʞʫʻ ʚʨʦʞʘʡʥʽʩʪʴ [453]. ɽʬʝʢʪ 

ʚʧʣʠʚʫ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ  ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʪʘʧʫ ʨʦʩʪʫ ʧʰʝʥʠʮʽ [113], ʪʦʜʽ ʷʢ 

ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʝʩʪʘʯʽ ʚʦʜʠ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʚʠʪʦʢ ʪʘ ʚ ʧʽʜʩʫʤʢʫ ʟʥʠʞʫʻ 
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ʚʨʦʞʘʡʥʽʩʪʴ [349]. ʇʦʩʫʭʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʠʩʦʪʫ ʨʦʩʣʠʥ, ʢʽʣʴʢʽʩʪʴ ʣʠʩʪʢʽʚ, 

ʢʫʱʠʩʪʽʩʪʴ ʽ ʧʣʦʱʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ [183]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʟʥʘʯʫʱʠʤ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʮʽʥʢʠ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʩʦʨʪʽʚ ʝʢʩʧʨʝʩ-ʧʦʣʴʦʚʠʤʠ ʪʘ 

ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʫʢʨʘʾʥʩʴʢʦʾ ʩʝʣʝʢʮʽʾ 

(T. aestivum L., T. durum Desf., T. turgidum subsp. dicoccum) ʟʘ ʥʠʟʴʢʦʾ 

ʙʦ̔ʜʦʩʪʫʧʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ (WD), 

ʚʽʜʥʦʩʥʦʛʦ ʚʤʽʩʪʫ ʚʦʜʠ (RWC), ʚʦʜʦʫʪʨʠʤʥʦʾ ʟʜʘʪʥʦʩʪʽ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʤʘʩʫ (EL 

WLW) ʽ ʧʣʦʱʫ (EL WLA) ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʽʚ ʨʦʩʣʠʥ ʥʘ ʝʪʘʧʽ GS43, ʚ ʫʤʦʚʘʭ 

ʧʦʣʴʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʧʨʦʜʦʚʞ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʝʟʦʥʫ 2018 ʨ., ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʦʧʘʜʽʚ ʽ ʚʠʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ɼʝʬʽʮʠʪ 

ʚʦʣʦʛʠ ʩʧʨʠʯʠʥʠʚ ʟʤʝʥʰʝʥʥʷ RWC ʚ ʣʠʩʪʢʘʭ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ. 

ʇʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʨʝʘʢʮʽʾ ʥʘ ʧʦʩʫʭʫ ʩʝʨʝʜ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʤô̫ ʢʦʾ ʽ ʪʚʝʨʜʦʾ 

(T. aestivum ʽ T. durum). ʇʦʢʘʟʥʠʢʠ ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ ʙʫʣʠ ʚ ʤʝʞʘʭ ʚʽʜ 18,0 ʜʦ 37,8 

% ʜʣʷ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ʪʘ 19,4ï33,3 % ʜʣʷ ʪʚʝʨʜʦʾ. ʅʘʡʥʠʞʯʠʡ ʧʦʢʘʟʥʠʢ WD 

(Ò 20 %) ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʣʷ ʩʦʨʪʽʚ ʤôʷʢʦʾ ʧʰʝʥʠʮʽ ʂʦʣʝʢʪʠʚʥʘ 3, ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ 

ʽ ʪʚʝʨʜʦʾ ï ɼʽʘʥʘ ʪʘ ʏʘʜʦ. ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ WD ʚʽʜʟʥʘʯʝʥʦ ʜʣʷ ʩʦʨʪʽʚ ʉʽʤʢʦʜʘ 

ʤʠʨʦʥʽʚʩʴʢʘ ʪʘ ʄɯʇ ʈʘʡʜʫʞʥʘ. ʅʠʟʴʢʽ ʟʥʘʯʝʥʥʷ WLW EL, ʘ ʦʪʞʝ, ʚʠʱʘ 

ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʚʽʜʤʽʯʝʥʘ ʜʣʷ ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ ʪʚʝʨʜʦʾ ʉʧʘʜʱʠʥʘ ʪʘ ɼʽʘʥʘ. ʉʦʨʪʠ 

ʤôʷʢʦʾ ʧʰʝʥʠʮʽ ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ, ʇʘʥʷʥʢʘ ʪʘ ʪʚʝʨʜʽ ʩʦʨʪʠ ɾʽʟʝʣʴ, ʊʝʨʘ, ʄɯʇ 

ʈʘʡʜʫʞʥʘ ʪʘ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʚʪʨʘʪʠʣʠ ʤʝʥʰʝ ʚʦʜʠ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥʠʮʶ 

ʧʣʦʱʽ ʣʠʩʪʢʘ (EL WLA). ɼʚʦʢʦʤʧʦʥʝʥʪʥʠʡ biplot ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʠʚ ʚʠʩʦʢʫ 

ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʴ ʩʦʨʪʫ MIʇ ʈʘʡʜʫʞʥʘ ʽ ʜʘʚ ʟʤʦʛʫ ʚʠʦʢʨʝʤʠʪʠ ʪʘʢʽ ʩʦʨʪʠ ʟ ʚʠʩʦʢʦʶ 

ʚʨʦʞʘʡʥʽʩʪʶ ʪʘ ʧʦʩʫʭʦʩʪʽʡʢʽʩʪʶ, ʷʢ ɾʽʟʝʣʴ (ʪʚʝʨʜʘ), ɻʦʣʽʢʦʚʩʴʢʘ (ʧʦʣʙʘ) ʽ ʉʽʤʢʦʜʘ 

ʤʠʨʦʥʽʚʩʴʢʘ (ʤôʷʢʘ). ʉʦʨʪʠ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ ɹʦʞʝʥʘ, ɼʫʙʨʘʚʢʘ ʪʘ ʪʚʝʨʜʦʾ ʉʧʘʜʱʠʥʘ, 

ɼʽʘʥʘ ʙʫʣʠ ʩʧʨʠʡʥʷʪʣʠʚʠʤʠ ʜʦ ʧʦʩʫʭʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ 

RWC. ʆʪʞʝ, ʧʦʢʘʟʥʠʢʠ EL WLW ʪʘ EL WLA, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʦʜʦʫʪʨʠʤʥʫ 

ʟʜʘʪʥʽʩʪʴ ʪʢʘʥʠʥ ʣʠʩʪʢʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʷʢ ʜʦʜʘʪʢʦʚʽ ʧʦʢʘʟʥʠʢʠ 

ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʦʜʥʦʛʦ ʩʪʨʝʩʫ. RWʉ ʷʢ ʧʘʨʘʤʝʪʨ ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʜʦʮʽʣʴʥʦ 
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ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʰʝʥʠʮʽ ʪʚʝʨʜʦʾ, ʪʦʜʽ ʷʢ EL WLA 2ï6 ʛʦʜ ï ʜʣʷ ʧʰʝʥʠʮʽ ʤôʷʢʦʾ 

ʷʨʦʾ. 

ʍʘʨʯʦʚʘ ʷʢʽʩʪʴ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʥʠʟʢʠ ʩʧʦʣʫʢ ʟʦʢʨʝʤʘ 

ʙʽʣʢʽʚ, ʧʦʣʽʩʘʭʘʨʠʜʽʚ, ʣʽʧʽʜʽʚ, ʤʽʥʝʨʘʣʽʚ, ʚʽʪʘʤʽʥʽʚ ʪʘ ʘʥʪʠʥʫʪʨʽʻʥʪʽʚ. ɿʽ 

ʩʧʦʞʠʚʘʥʥʷʤ ʧʰʝʥʠʯʥʠʭ ʚʠʨʦʙʽʚ ʣʶʜʠʥʘ ʦʪʨʠʤʫʻ ʙʣʠʟʴʢʦ 20 % ʚʽʜ ʜʦʙʦʚʦʾ ʥʦʨʤʠ 

ʙʽʣʢʘ [108]. ʊʦʤʫ, ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ ʻ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʙʘʛʘʪʴʦʭ 

ʩʝʣʝʢʮʽʡʥʠʭ ʧʨʦʛʨʘʤ [450; 225]. 

ɿʛʽʜʥʦ ʟ ʥʘʰʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʽʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʦʨʪʫ ʪʘ 

ˇʨʫʥʪʦʚʠʭ ʫʤʦʚ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʠʱʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ ʚʨʦʞʘʶ 2017 ʨ. ʥʘ 

ʜʝʨʥʦʚʦ-ʙʫʨʦʟʝʤʥʠʭ ʩʫʛʣʠʥʠʩʪʠʭ ʨ̌ʫʥʪʘʭ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ ʽʟ ʩʣʘʙʦ-ʢʠʩʣʠʤ pH, 

ʥʠʞʯʠʤ ʚʤʽʩʪʦʤ ʆʈɻ ʪʘ ʚʠʱʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ Fe, Zn ʪʘ Cu. ɯʩʪʦʪʥʦʾ ʨʽʟʥʠʮʽ ʟʘ 

ʚʤʽʩʪʦʤ ʙʽʣʢʽʚ ʤʽʞ ʤôʷʢʠʤʠ ʪʘ ʪʚʝʨʜʠʤʠ ʩʦʨʪʘʤʠ ʥʝ ʚʠʷʚʣʝʥʦ. ʉʦʨʪʠ ʄɯʇ ɿʣʘʪʘ, 

ɼʠʥʘʩʪʽʷ, ɯʟʦʣʴʜʘ, ʂʦʣʝʢʪʠʚʥʘ 3, ɼʠʥʘʩʪʽʷ ʚʠʨʽʟʥʷʪʁʴʩʷ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʣʢʽʚ ʚ ʟʝʨʥʽ ʟʘ ʫʤʦʚ ʨʽʟʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. ʉʦʨʪ ʧʦʣʙʘ 

ɻʦʣʽʢʦʚʩʴʢʘ ʚʠʨʽʟʥʷʚʩʷ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʙʽʣʢʽʚ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ 

ʚʧʨʦʜʦʚʞ ʜʚʦʭ ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʯʽʪʢʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʤʽʩʪʦʤ ʙʽʣʢʫ ʪʘ ʚʨʦʞʘʡʥʽʩʪʶ ʟʝʨʥʘ, 

ʦʩʢʽʣʴʢʠ ʟʘ ʜʘʥʠʤʠ 2017 ʨ. ʢʦʨʝʣʷʮʽʾ ʚʽʜôʻʤʥʽ, ʪʦʜʽ ʷʢ ʫ 2018 ʨ. ʩʣʘʙʢʽ ʧʦʟʠʪʠʚʥʽ. 

ɸʙʽʦʪʠʯʥʽ ʪʘ ʙʽʦʪʠʯʥʽ ʬʘʢʪʦʨʠ, ʟʦʢʨʝʤʘ ʨʅ ˇʨʫʥʪʽʚ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʟʝʨʥʘ ʧʰʝʥʠʮʽ 

[203]. ʇʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʚʠʚʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʨʦʞʘʡʥʦʩʪʽ 

ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʷʨʦʾ ʧʰʝʥʠʮʽ, ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʦʛʣʠʥʘʥʥʷ Fe, Zn ʪʘ Cu ʟ ˇʨʫʥʪʫ ʪʘ 

ʧʦʜʘʣʴʰʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʝʨʥʦ ʟʘ ʫʤʦʚ ʨʽʟʥʦʾ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ ʩʦʨʪʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʘ ʤʽʞ 

ʜʦʩʣʽʜʥʠʤʠ ʜʽʣʷʥʢʘʤʠ. ʉʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ ʫ 2017 ʨ. ʥʘ ʯʦʨʥʦʟʝʤʘʭ ʜʽʣʷʥʢʠ 

ɼʤʠʪʨʽʚ ʙʫʣʘ ʥʘ 67 % ʚʠʱʦʶ, ʥʽʞ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ, ʪʘ ʩʪʘʥʦʚʠʣʘ 51,57 ʮ/ʛʘ ʪʘ 

16,91 ʮ/ʛʘ ʚʽʜʧʦʚʽʜʥʦ. ʋ 2018 ʨ. ʦʪʨʠʤʘʥʦ ʚʠʱʫ ʚʨʦʞʘʡʥʩ̔ʪɹ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ: 71,46 

ʮ/ʛʘ ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ, ʪʘ ï 33,34 ʮ/ʛʘ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ. ʄôʷʢʽ ʩʦʨʪʠ ʆʢʩʘʤʠʪ 
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ʤʠʨʦʥʽʚʩʴʢʠʡ ʪʘ ɼʫʙʨʘʚʢʘ ʚʠʜʽʣʷʣʠʩʴ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʨʦʞʘʡʥʦʩʪʽ ʧʨʠ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʽʡ ʄʊɿ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʚʧʨʦʜʦʚʞ ʜʚʦʭ ʨʦʢʽʚ 

ʜʦʩʣʽʜʞʝʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʥʽ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢ 

ɺɿ ʪʘ ʂɿʂ, ʄʊɿ, ɺʂ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʚʦʭ ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ʤôʷʢʽ 

ʩʦʨʪʠ  ̒ʚʨʦʞʘʡʥʽʰʠʤʠ, ʥʽʞ ʪʚʝʨʜʽ. 

ʇʽʜʪʚʝʨʜʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽ ʾFe, Zn ʪʘ Cu ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʚʽʜ 

ʚʤʽʩʪʫ ʾʭ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʫ ̌ʨʫʥʪ ̔ ʪʘ ʩʦʨʪʫ ʧʰʝʥʠʮʽ. ʋ 2017 ʨ. ʙʽʣʴʰʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ Zn ʚ ʟʝʨʥʽ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʫʩʽʭ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ʥʘ ʯʦʨʥʦʟʝʤʘʭ 

ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʜʽʣʷʥʢʠ ɼʤʠʪʨʽʚ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ ʚʠʱʠʤ ʚʤʽʩʪʦʤ 

ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʫ. ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʢʦʥʮʝʥʪʨʘʮʽʷ Zn ʚ ʟʝʨʥʽ 

ʙʫʣʘ ʤʝʥʰʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 20 %, ʘ ʚʤʽʩʪ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ˇʨʫʥʪʽ 

ʙʫʚ ʤʝʥʰʠʡ ʥʘ 24 %. ɺʩʪʘʥʦʚʣʝʥʦ ʚʠʱʠʡ ʚʤʽʩʪ Fe ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʦʨʪʽʚ ʥʘ ʜʽʣʷʥʮʽ 

ɼ. ʃʫʞʦʢ ʫ 2017 ʨ., ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʩʦʢʦʶ ʡʦʛʦ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ. ʆʪʨʠʤʘʥʦ ʚʠʱʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Cu ʚ ʟʝʨʥʽ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ ʫ 2017 ʨ., ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʱʦʶ ʚʜʚʽʯʽ 

ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ Cu. ʉʦʨʪʠ T. turgidum ʥʘʢʦʧʠʯʫʚʘʣʠ ʙʽʣʴʰʝ Cu ʥʽʞ ʤôʷʢʽ. ʅʠʟʴʢʘ 

ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ Cu ʥʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʫ ˇʨʫʥʪʽ, ʷʢʘ, ʷʢ ʚʽʜʦʤʦ, ʟʥʠʞʫʻ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ.  

ʋ 2018 ʨʦʮʽ, ʦʢʨʽʤ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe, Cu ʪʘ Zn ʚ ʟʝʨʥʽ, ʥʘʤʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ, ʢʦʣʦʩʘʭ ʪʘ ʟʘʨʦʜʢʘʭ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʪʨʘʥʩʣʦʢʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʝʨʥʦ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Zn, ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʦʨʪʽʚ, ʚ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʥʘ ʜʽʣʷʥʮʽ 

ɼʤʠʪʨʽʚ, ʚ ʢʦʣʦʩʘʭ ʪʘ ʟʝʨʥʽ ʥʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ. ɺ ʩʝʨʝʜʥʴʦʤʫ, ʪʚʝʨʜʽ ʩʦʨʪʠ 

ʥʘʢʦʧʠʯʫʚʘʣʠ ʙʽʣʴʰʝ Zn ʥʽʞ ʤôʷʢʽ ʩʦʨʪʠ ʥʘ ʦʙʦʭ ʜʽʣʷʥʢʘʭ. ɺʠʷʚʣʝʥʦ, ʱʦ Zn 

ʥʘʡʙʽʣʴʰʝ ʘʢʫʤʫʣʶʻʪʴʩʷ ʟʝʨʥʽ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʩʦʨʪʫ ʧʰʝʥʠʮʽ. ʆʢʨʽʤ ʪʦʛʦ, ʥʘ 

ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ, ʜʣʷ ʷʢʦʾ ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʱʫ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʚʩʽʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, 

ʦʪʨʠʤʘʥʦ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʥʦʨʤ ɻɼʂ Zn ʚ ʟʝʨʥʽ ʫ ʪʚʝʨʜʠʭ ʩʦʨʪʽʚ: ʄɯʇ 

ʈʘʡʜʫʞʥʘ, ɼʽʘʥʘ, ʉʧʘʜʱʠʥʘ, ɼʠʥʘʩʪʽʷ, ʊʝʨʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ. ʅʘ ʜʽʣʷʥʮʽ ɼ. ʃʫʞʦʢ 

ʢʦʥʮʝʥʪʨʘʮʽʷ Fe ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʙʫʣʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 30 % ʚʠʱʦʶ, ʥʽʞ ʥʘ 
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ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʩʦʨʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʚ 

ʣʠʩʪʢʘʭ. ʅʝ ʚʩʪʘʥʦʚʣʝʥʦ ʨʽʟʥʠʮʽ ʚ ʨʦʟʧʦʜʽʣʽ ʤʽʞ ʤôʷʢʠʤʠ ʪʘ ʪʚʝʨʜʠʤʠ ʩʦʨʪʘʤʠ 

ʧʰʝʥʠʮʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʠʱʫ ʢʦʥʮʝʥʪʨʘʮʽʶ Cu ʚ ʦʨʛʘʥʘʭ ʧʰʝʥʠʮʽ ʥʘ ʜʽʣʷʥʮʽ ɼ. 

ʃʫʞʦʢ. ʅʘ ʜʽʣʷʥʮʽ ɼʤʠʪʨʽʚ ʚ ʩʝʨʝʜʥʴʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ Cu ʣʠʩʪʢʘʭ ʥʘ 47 % ʚʠʱʘ v 

ʥʽʞ ʚ ʟʝʨʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʩʠʣʴʥʽ ʧʦʟʠʪʠʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ 

ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Fe ʪʘ Cu ʚ ʟʝʨʥʽ. 

ʉʦʨʪʠ ʇʘʥʷʥʢʘ, ʍʘʨʢʽʚʩʴʢʘ 30, ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ɽʣʝʛʽʷ ʤʠʨʦʥʽʚʩʴʢʘ, 

ʉʽʤʢʦʜʘ ʤʠʨʦʥʽʚʩʴʢʘ, ʉʧʘʜʱʠʥʘ, ʇʨʦʚʽʥʮʽʘʣʢʘ ʚʠʨʽʟʥʷʣʠʩʴ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ 

ʘʢʫʤʫʣʶʚʘʪʠ Fe, Zn ʪʘ Cu ʚ ʟʝʨʥʽ ʥʘ ʯʦʨʥʦʟʝʤʘʭ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʜʽʣʷʥʢʠ 

ɼʤʠʪʨʽʚ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ ʥʠʟʴʢʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʮʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘ 

ʜʝʨʥʦʚʦ-ʙʫʨʦʟʝʤʥʠʭ ʩʫʛʣʠʥʢʦʚʠʭ ˇʨʫʥʪʘʭ ʜʽʣʷʥʢʠ ɼ. ʃʫʞʦʢ, ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʥʘʢʦʧʠʯʝʥʥʷ Fe, Zn ʪʘ Cu ʚ ʟʝʨʥʽ ʚʠʜʽʣʷʣʠʩʴ ʩʦʨʪʠ ɼʫʙʨʘʚʢʘ, ɹʦʞʝʥʘ, ɼʠʥʘʩʪʽʷ, 

ɯʟʦʣʴʜʘ, ʍʘʨʢʽʚʩʴʢʘ 30, ɼʽʘʥʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ. ʉʦʨʪ ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ ʚʠʨʽʟʥʷʚʩʷ 

ʥʠʟʴʢʦʶ ʟʜʘʪʥʽʩʪ ʁʦʜʥʦʯʘʩʥʦ ʘʢʫʤʫʣʶʚʘʪʠ ʚ ʟʝʨʥʽ Fe, Zn ʪʘ Cu ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. ʊʚʝʨʜʠʡ ʩʦʨʪ ʊʝʨʘ ʚʠʜʽʣʷʚʩʷ ʥʘʡʚʠʱʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʘʢʫʤʫʣʶʚʘʥʥʷ Fe, Zn ʪʘ Cu ʚ ʟʝʨʥʽ ʥʘ ʦʙʦʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʧʦʢʘʟʥʠʢʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ, ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʾʾ ʩʪʨʫʢʪʫʨʠ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʢʦʝʬʽʮʽʻʥʪʫ ʙʽʦʣʦʛʽʯʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ, ʦʮʽʥʢʠ 

ʚʨʦʞʘʡʥʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʪʘ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʦʙʨʘʥʦ ʢʦʥʪʨʘʩʪʥʽ 

ʩʦʨʪʠ, ʘ ʩʘʤʝ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, ɼʫʙʨʘʚʢʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ 

ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʧʦʩʪʝʨʽʛʘʣʠʩʷ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Zn ʽ Cu ʚ ʟʝʨʥʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʝʥʦʪʠʧʽʚ, ʩʧʨʠʯʠʥʝʥʽ ʥʠʟʴʢʦʶ 

ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ˇʨʫʥʪʽ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʾʭ ʟʘʩʚʦʻʥʥʷ ʦʙʨʘʥʠʤʠ 

ʩʦʨʪʘʤʠ. 

ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʜʣʷ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ [364; 411]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ ʦʩʥʦʚʥʠʭ 

ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʪʘʢʠʭ ʷʢ ʨʠʩ ʪʘ ʧʰʝʥʠʮʷ [301; 311; 364]. ʏʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʟʚôʷʟʢʽʚ 
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ʤʽʞ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʨʦʩʣʠʥʦʶ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝʦʙʭʽʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʦʩʪʫ ʨʦʩʣʠʥ 

PGPB. ʊʦʤʫ, ʤʠ ʚʠʜʽʣʠʣʠ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʝʥʜʦʬʽʪʥʽ ʙʘʢʪʝʨʽʾ ʟʝʨʥʘ ʟ ʚʽʜʽʙʨʘʥʠʭ 

ʩʦʨʪʽʚ ʷʨʦʾ ʧʰʝʥʠʮʽ, ʷʢʽ ʚʠʨʦʱʫʚʘʣʠʩʴ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʟ ʥʠʟʴʢʦʶ 

ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚʧʨʦʜʦʚʞ ʜʚʦʭ ʨʦʢʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʝʨʝʜʘʯʽ ʦʢʨʝʤʠʭ ʨʦʜʽʚ ʙʘʢʪʝʨʽʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʥʦʚʽ ʟʥʘʥʥʷ ʧʨʦ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ 

ʝʥʜʦʬʽʪʥʠʤʠ ʙʘʢʪʝʨʽʷʤʠ ʟʝʨʥʘ, ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Fe, Cu ʪʘ Zn ʚ ʟʝʨʥʽ ʪʘ ʚʨʦʞʘʡʥʽʩʪʶ 

ʷʨʠʭ ʩʦʨʪʽʚ T. aestivum L. ʽ T. turgidum subsp. dicoccum, ʷʢʽ ʚʠʨʦʱʫʚʘʣʠʩʷ ʫ 

ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʥʘ ˇʨʫʥʪʘʭ ʟ ʦʙʤʝʞʝʥʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʮʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 

4.1). 

 

ʈʠʩ. 4.1. ɹʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʟʝʨʥʘ ʷʨʦʾ ʧʰʝʥʠʮʽ, ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʠʥʪʝʟʫ ʘʫʢʩʠʥʽʚ 

(IRCs) ʪʘ ʘʢʫʤʫʣʶʚʘʥʥʷ Fe, Cu ʪʘ Zn ʚ ʟʝʨʥʽ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʟʘ ʾʭ ʥʠʟʴʢʦʾ 

ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ ʚ ˇʨʫʥʪʽ, ʜʽʣʷʥʢʘ ɼʤʠʪʨʽʚ (50Á13'26.6"N 24Á36'50.5"E), 2017 ʨ.. 

ɺʠʩʦʢʦʚʨʦʞʘʡʥʽ ʤôʷʢʽ ʩʦʨʪʠ ɼʫʙʨʘʚʢʘ ʪʘ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ 

ʥʘʢʦʧʠʯʫʚʘʣʠ ʚ ʟʝʨʥʽ ʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe, Cu ʪʘ Zn ʟʘ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ ʚ ʥʘ 

ʯʦʨʥʦʟʝʤʥʦ-ʢʘʨʙʦʥʘʪʥʦʤʫ ˇʨʫʥʪʽ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. 



166 

 

ɺʨʦʞʘʡʥʽʩʪʴ ʟʝʨʥʘ ʧʦʟʠʪʠʚʥʦ ʧʦʚôʷʟʘʥʘ ʟ Cu ʪʘ Fe ʽ ʥʝʛʘʪʠʚʥʦ ʢʦʨʝʣʶʚʘʣʘ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ Zn ʫ ʟʝʨʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʝʥʦʪʠʧʽʚ. ʉʦʨʪ ʧʦʣʙʘ ɻʦʣʽʢʦʚʩʴʢʘ ʟ 

ʤʝʥʰʦʶ ʚʨʦʞʘʡʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʙʽʦʘʢʫʤʫʣʷʮʽʾ Zn ʪʘ 

ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʮʴʦʛʦ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʚ ʟʝʨʥʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʟʝʨʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʪʽʚ T. 

aestivum ʽ T. turgidum dicoccum ʚʥʫʪʨʽʰʥʴʦ ʧʦʚôʷʟʘʥʘ ʟ ʫʛʨʫʧʫʚʘʥʥʷʤʠ ʙʘʢʪʝʨʽʡ, 

ʜʝʷʢʽ ʟ ʷʢʠʭ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʽʥʦʢʫʣʷʥʪʠ PGP ʜʣʷ ʮʽʣʝʡ 

ʙʽʦʟʙʘʛʘʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ. ɿ ʟʝʨʥʘ ʧʰʝʥʠʮʽ ʤʠ ʽʟʦʣʶʚʘʣʠ, ʢʫʣʴʪʠʚʫʚʘʣʠ ʪʘ 

ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ 20 ʰʪʘʤʽʚ ʝʥʜʦʬʽʪʥʠʭ ʙʘʢʪʝʨʽʡ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʨʦʜʽʚ: 

Staphylococcus, Pantoea, Kosakonia, Micrococcus, Bacillus, Sphingobium, Kocuria ʪʘ 

Corynebacterium, ʾʭ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʢʦʞʥʦʛʦ ʩʦʨʪʫ ʙʫʣʘ ʨʽʟʥʦʶ. ʅʘʤʠ ʙʫʣʦ ʚʧʝʨʰʝ 

ʚʠʜʽʣʝʥʦ ʪʘ ʢʫʣʴʪʠʚʦʚʘʥʦ ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʽʟ ʟʝʨʥʘ ʧʰʝʥʠʮʽ T. turgidum subsp. 

dicoccum. 

ɯʜʝʥʪʠʬʽʢʦʚʘʥʽ ʰʪʘʤʠ 2017 ʨʦʢʫ ʩʠʥʪʝʟʫʚʘʣʠ ʘʫʢʩʠʥ-ʧʦʜʽʙʥʽ ʩʧʦʣʫʢʠ (IRCs). 

ʅʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʩʠʥʪʝʟʫ IRCs ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʰʪʘʤʽʚ ʜʣʷ Pantoea spp. U.MO2 

MT302200 ʽ Pantoea spp. U.MO3 MT302201. ʈʦʩʣʠʥʠ ʪʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ 

ʚʟʘʻʤʦʜʽʶʪʴ ʷʢ ʛʦʣʦʙʽʦʥʪ, ʘ ʥʝ ʷʢ ʦʢʨʝʤʽ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ, ʪʦʤʫ ʩʠʥʪʝʟ IRCs in vitro 

ʤʦʞʝ ʥʝ ʚʽʜʦʙʨʘʞʘʻ ʩʠʥʪʝʟ in situ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʘʤʦʾ ʨʦʩʣʠʥʠ ʪʘ ʚʩʽʻʾ 

ʝʥʜʦʬʽʪʥʦʾ ʩʧʽʣʴʥʦʪʠ. ʄʠ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠ ʩʠʥʪʝʟ ʝʥʜʦʛʝʥʥʠʭ ʘʫʢʩʠʥʽʚ ʧʰʝʥʠʮʽ, ʷʢʽ 

ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʬʽʪʦʛʦʨʤʦʥʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʧʰʝʥʠʮʽ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʫʢʩʠʥʫ ʤʘʶʪʴ ʽʥʛʽʙʫʶʯʫ ʜʽʶ, ʘ ʦʪʞʝ, 

ʝʥʜʦʛʝʥʥʠʡ ʨʽʚʝʥʴ ʧʦʚʠʥʝʥ ʧʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʨʦʩʣʠʥʘʤʠ. ʊʦʤʫ, ʟʥʘʯʥʽ 

ʨʽʚʥʽ ʩʠʥʪʝʟʫ IRCs ʰʪʘʤʘʤʠ Pantoea spp. ʘʙʦ/ʪʘ Bacillus spp. ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʦʜʠʥ ʟ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʟʝʨʥʘ 

ʩʦʨʪʫ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ. IRCs (ʘʫʢʩʠʥʠ), ʷʢʽ ʫʪʚʦʨʶʚʘʣʠ ʝʥʜʦʬʽʪʥʽ ʙʘʢʪʝʨʽʾ 

ʨʦʜʫ Pantoea spp. U.MO2 ʽ U.MO3 ʽ Bacillus spp. U.H2, ʚʠʜʽʣʝʥʽ ʽʟ ʟʝʨʝʥ ʩʦʨʪʽʚ 

ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʜʥʠʤ ʽʟ ʚʠʟʥʘʯʘʣʴʥʠʭ 

ʬʘʢʪʦʨʽʚ ʚʨʦʞʘʡʥʦʩʪʽ ʧʰʝʥʠʮʽ ʪʘ ʾʾ ʧʦʞʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. Pantoea spp. U.MO2, 
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U.MO3 ʪʘ Bacillus spp. U.H2 ʤʦʞʫʪʴ ʤʘʪʠ ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʷʢ ʢʦʨʠʩʥʽ 

ʨʦʩʣʠʥʥʽ ʽʥʦʢʫʣʷʥʪʠ ʜʣʷ ʘʛʨʦʝʢʦʩʠʩʪʝʤ ʟ ʜʝʬʽʮʠʪʦʤ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ in vitro ʝʥʜʦʬʽʪʠ ʧʨʠʩʫʪʥʽ ʷʢ ʫ ʪʢʘʥʠʥʘʭ ʢʦʨʝʥʽʚ, 

ʪʘʢ ʽ ʣʠʩʪʢʽʚ. ʎʝʡ ʬʘʢʪ ʥʝʟʘʧʝʨʝʯʥʦ ʜʦʚʦʜʠʪʴ, ʱʦ ʥʘʚʽʪʴ ʩʪʝʨʠʣʴʥʽ ʟʘʨʦʜʢʠ 

ʧʰʝʥʠʮʽ, ʱʦ ʨʦʩʪʫʪʴ ʚ ʫʤʦʚʘʭ in vitro, ʥʝ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʪʝʨʠʣʴʥʫ ʥʽʰʫ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘʩʝʣʝʥʽ ʝʥʜʦʬʽʪʥʠʤ ʤʽʢʨʦʙʽʦʤʦʤ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘʩʽʥʥʷʤ, ʷʢʠʡ 

ʜʘʣʽ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʚ ʢʦʨʽʥʥʷ ʪʘ ʣʠʩʪʷ ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ in vitro. ɼʦʚʝʜʝʥʦ, ʱʦ 

ʩʪʝʨʠʣʴʥʽ ʟʘʨʦʜʢʠ ʙʫʣʠ ʧʦʯʘʪʢʦʚʦʶ ʪʦʯʢʦʶ ʬʦʨʤʫʚʘʥʥʷ ʝʥʜʦʬʽʪʥʦʛʦ ʤʽʢʨʦʙʽʦʤʫ 

ʧʨʦʨʦʩʪʢʽʚ ʧʰʝʥʠʮʽ, ʚʠʨʦʱʝʥʦʾ ʚ ʩʪʝʨʠʣʴʥʠʭ ʫʤʦʚʘʭ in vitro.  

ɺʩʪʘʥʦʚʣʝʥʦ ʚʝʨʪʠʢʘʣʴʥʫ ʧʝʨʝʜʘʯʫ ʙʘʢʪʝʨʽʡ ʨʦʜʫ Staphylococcus ʪʘ Bacillius 

ʦʩʢʽʣʴʢʠ ʾʭ ʚʜʘʣʦʩʴ ʚʠʜʽʣʠʪʠ ʟ ʫʩʽʭ ʩʦʨʪʽʚ ʚʧʨʦʜʦʚʞ ʜʚʦʭ ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʴ. ɺʦʥʠ 

ʙʫʣʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʚ ʪʢʘʥʠʥʘʭ ʧʨʦʨʦʩʪʢʽʚ ʚʩʽʭ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ ʚ ʫʤʦʚʘʭ in vitro.  

ʅʦʚʠʟʥʦʶ ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʻ ʚʠʜʽʣʝʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʟ ʟʝʨʥʘ 

ʪʘ ʦʨʛʘʥʽʚ ʧʰʝʥʠʮʽ ʷʨʦʾ ʩʦʨʪʽʚ ʆʢʩʘʤʠʪ ʤʠʨʦʥʽʚʩʴʢʠʡ, ʉʪʨʫʥʘ ʤʠʨʦʥʽʚʩʴʢʘ, 

ɼʫʙʨʘʚʢʘ ʪʘ ɻʦʣʽʢʦʚʩʴʢʘ ʫʢʨʘʾʥʩʴʢʦʾ ʩʝʣʝʢʮʽʾ. ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʤʝʪʘʛʝʥʦʤʥʠʡ 

ʘʥʘʣʽʟ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦʬʽʪʽʚ ʪʢʘʥʠʭ ʢʦʨʝʥʽʚ ʪʘ ʣʠʩʪʢʽʚ ʦʙʨʘʥʠʭ ʩʦʨʪʽʚ. ʆʢʨʽʤ 

ʪʦʛʦ, ʥʘʤʠ ʚʧʝʨʰʝ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʙʘʢʪʝʨʽʘʣʴʥʽ ʝʥʜʦʬʽʪʠ ʟ̔ ʟʝʨʥʘ ʪʘ ʪʢʘʥʠʥ ʣʠʩʪʢʽʚ 

ʪʘ ʢʦʨʝʥʽʚ T. turgidum subsp. dicoccum. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʝʪʘʛʝʥʦʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʢʘʥʠʥ 

ʢʦʨʝʥʽʚ ʪʘ ʣʠʩʪʢʽʚ ʧʨʦʨʦʩʪʢʽʚ ʧʰʝʥʠʮʽ ʤʝʪʦʜʦʤ NGS, ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 14 ʨʦʜʽʚ 

ʙʘʢʪʝʨʽʡ: Propionibacterium, Bacillus, Staphylococcus, Lactobacillus, Leuconostoc, 

Streptococcus, Veillonella, Bradyrhizobium, Paracoccus, Variovorax, Oxalobacter, 

Enterobacter, Erwinia ʪʘ Acinetobacter. 

ɹʽʣʴʰʽʩʪʴ ʚʠʜʽʣʝʥʠʭ ʽ ʢʫʣʴʪʠʚʦʚʘʥʠʭ ʟ ʧʰʝʥʠʮʽ ʙʘʢʪʝʨʽʡ-ʝʥʜʦʬʽʪʽʚ, ʟʛʽʜʥʦ ʟ 

ʥʘʰʠʤʠ ʪʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʤʘʶʪʴ ʨʽʩʪ-ʩʪʠʤʫʣʶʚʘʣʴʥʠʡ ʝʬʝʢʪ ʪʘ ʟʜʘʪʥʽ 

ʧʽʜʚʠʱʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ (ʨʠʩ. 

4.2) [156; 197; 208; 216; 253; 284; 373; 404]. ʇʨʦ ʪʝ, ʨʦʣʴ ʜʝʷʢʠʭ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ 

ʥʘʤʠ ʨʦʜʽʚ ʙʘʢʪʝʨʽʡ ʷʢ PGPB ʜʣʷ ʧʰʝʥʠʮʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʽʜʦʤʦʶ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 4.2 ʜʣʷ ʨʦʜʽʚ ʙʘʢʪʝʨʽʡ ʦʪʨʠʤʘʥʠʭ ʟ ʧʰʝʥʠʮʽ ʚʣʘʩʪʠʚʠʡ ʩʠʥʪʝʟ IOK 

(Micrococcus, Kosakonia, Bacillus, Pantoea, Staphylococcus, Kosuria, Sphingobium, 
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Erwinia) ʪʘ ɻʂ (Micrococcus), ʩʦʣʶʙʽʣʽʟʘʮʽʷ ʈ (Micrococcus, Bacillus, Erwinia, 

Acinetobacter), K (Bacillus) ʪʘ Zn (Bacillus), ʩʠʥʪʝʟ ʩʠʜʝʨʦʬʦʨʽʚ (Kosakonia, Bacillus, 

Erwinia), ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ ʛʨʠʙʽʚ (Pantoea, Acinetobacter, Staphylococcus, 

Kosuria), ʚʠʩʦʢʘ ʢʘʪʘʣʘʟʥʘ (Bacillus, Pantoea, Staphylococcus) ʪʘ ʥʽʪʨʘʪʨʝʜʫʢʪʘʟʥʘ 

ʘʢʪʠʚʥʽʩʪʴ (Bacillus) [156; 197; 208; 216; 253; 284; 373; 404]. 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʢʣʘʜʫ ʪʘ ʬʫʥʢʮʽʡ ʝʥʜʦʬʽʪʥʦʛʦ ʤʽʢʨʦʙʽʦʤʫ ʧʰʝʥʠʮʽ ʷʨʦʾ 

ʤʦʞʝ ʩʧʨʠʷʪʠ ʨʦʟʨʦʙʮʽ ʥʦʚʦʾ ʛʨʫʧʠ ʙʽʦʧʨʝʧʘʨʘʪʽʚ ï ʬʽʪʦʧʨʦʙʽʦʪʠʢʽʚ. 
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ʈʠʩ. 4.2. ɽʬʝʢʪʠ ʚʟʘʻʤʦʜʽʾ ʙʘʢʪʝʨʽʡ-ʝʥʜʦʬʽʪʽʚ ʟ ʨʦʩʣʠʥʘʤʠ ʧʰʝʥʠʮʽ. 
























































































































































