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ɺɺɽɼɽʅʀɽ 

ʉʦʚʨʝʤʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʩʝʢʪʦʨ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʚʳʟʦʚʘʤʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʠʥʪʝʥʩʠʚʥʦʡ ʫʨʙʘʥʠʟʘʮʠʝʡ, ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, 

ʜʝʛʨʘʜʘʮʠʝʡ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʥʘʨʘʩʪʘʶʱʠʤ ʜʝʬʠʮʠʪʦʤ ʧʣʦʜʦʨʦʜʥʳʭ ʟʝʤʝʣʴ. 

ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʝ, ʢ 2030 ʛʦʜʫ ʤʠʨ ʧʦʪʝʨʷʝʪ  

ʦʢʦʣʦ 30 ʤʣʥ ʛʘ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʦʪʝʨʝ 2% ʤʠʨʦʚʳʭ ʧʦʩʝʚʥʳʭ 

ʧʣʦʱʘʜʝʡ (Yuan et al., 2025), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʇʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ (ʌɸʆ) ʧʨʦʛʥʦʟʠʨʫʝʪ, ʯʪʦ ʢ 2050 ʛʦʜʫ ʦʢʦʣʦ 

67% ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ ʙʫʜʝʪ ʧʨʦʞʠʚʘʪʴ ʚ ʛʦʨʦʜʘʭ, ʘ ʦʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʞʠʪʝʣʝʡ 

ʚʦʟʨʘʩʪʝʪ ʜʦ 9,7 ʤʣʨʜ ʯʝʣʦʚʝʢ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʠʨʦʚʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʠ ʧʦʚʳʩʠʪʩʷ ʥʘ 35-70% (ʌɸʆ, 2023). ʋʧʨʘʚʣʷʝʤʳʝ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ 

ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ, ʥʦ ʠ 

ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʙʣʝʤʳ çʩʢʨʳʪʦʛʦ ʛʦʣʦʜʘè ʠ 

ʘʣʠʤʝʥʪʘʨʥʦ-ʟʘʚʠʩʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʪʘʥʦʚʷʩʴ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ (Singh, 2024; Hasiri et al., 2025). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʠʝ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʦʚʦʱʥʳʭ ʠ ʵʬʠʨʦʤʘʩʣʠʯʥʳʭ 

ʢʫʣʴʪʫʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʚ 

ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʘʜʘʧʪʘʮʠʠ ʢ ʜʘʥʥʳʤ ʚʳʟʦʚʘʤ, ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʡ ʥʘʫʢʠ ʩʪʘʥʦʚʠʪʩʷ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʦʡ 

(ʜʘʣʝʝ ï CEA) (Mitchell, 2022) ʠʣʠ ʟʘʢʨʳʪʳʝ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ (ʜʘʣʝʝ ï ɿɸʕʉ) 

(ʇʘʥʠʥ, ʠ ʜʨ., 2022; ʇʘʥʦʚʘ ʠ ʜʨ., 2024; ʂʥʷʟʝʚʘ ʠ ʜʨ., 2025). ʀʥʪʝʛʨʘʮʠʷ 

ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʨʦʙʦʪʠʟʘʮʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ 

ʘʛʨʘʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʥʘʫʢʦʝʤʢʫʶ ʦʪʨʘʩʣʴ (ʋʣʴʷʥʦʚʘ ʠ ʜʨ., 2022; ɹʣʠʢʦʚ ʠ ʜʨ., 

2023; ʆʥʝʞʢʦ ʠ ʜʨ., 2023). 

ʂʦʥʮʝʧʮʠʷ CEA ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʟʜʘʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ ʩ ʧʦʣʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʳ (Saad et al., 2021; 

Mitchell, 2022; Seong et al., 2023). ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʠʥʪʝʛʨʠʨʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʛʠʜʨʦʧʦʥʠʢʫ, ʘʵʨʦʧʦʥʠʢʫ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ ï ʦʪ ʧʨʦʩʪʳʭ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ 
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ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨ ʜʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʧʣʠʮ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ 

ʘʛʨʦʢʦʤʧʣʝʢʩʦʚ (ʉʦʣʜʘʪʝʥʢʦ, 2020; ʂʦʩʪʠʮʳʥ ʠ ɿʝʢʠʥ, 2021; Nesheli et al., 2024; 

Alinayeifard et al., 2025). 

ʅʝʩʤʦʪʨʷ ʥʘ ʷʩʥʦʩʪʴ ʢʦʥʮʝʧʮʠʠ CEA, ʚ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʦʦʙʨʘʟʠʝ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʢʦʥʢʨʝʪʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʅʘʟʚʘʥʠʷ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ: ʚ 

ʉʐɸ, ɸʚʩʪʨʘʣʠʠ ʠ ɽʚʨʦʧʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʪʝʨʤʠʥ çʚʝʨʪʠʢʘʣʴʥʳʝ ʬʝʨʤʳ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤè (VFAL) (Al-Kodmany, 2024), ʚ ʗʧʦʥʠʠ ʠ ɸʟʠʠ ï 

çʬʘʙʨʠʢʠ ʨʘʩʪʝʥʠʡ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤè (PFAL) (Kozai et al., 2020, 2022), 

ʚ ʈʦʩʩʠʠ ï çʩʠʪʠ-ʬʝʨʤʳè (ʈʫʪʢʠʥ ʠ ʜʨ., 2017; ʂʦʩʪʠʮʳʥ ʠ ɿʝʢʠʥ, 2021), 

çʨʝʛʫʣʠʨʫʝʤʳʝ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳè (ʂʦʯʝʪʦʚ ʠ ʜʨ., 2016; ʂʥʷʟʝʚʘ ʠ ʜʨ., 2023ʙ; 

ʃʦʩʢʫʪʦʚ ʠ ʜʨ., 2024) ʠʣʠ çʟʘʢʨʳʪʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳè (ɿʀɸʕʉ) 

(ʀʟʤʘʡʣʦʚ ʠ ʜʨ., 2020). ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʘ. 

ʇʨʦʛʥʦʟʠʨʫʝʤʳʡ ʨʦʩʪ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ  

ʩ 4,5 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʉʐɸ ʚ 2022 ʛʦʜʫ ʜʦ 42,5 ʤʣʨʜ ʢ 2032 ʛʦʜʫ (ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʤ 

ʪʝʤʧʝ ʨʦʩʪʘ 25,5%) ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʚʳʩʦʢʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ 

ʧʦʪʝʥʮʠʘʣʝ (Indoor Farming Market Size, 2023; Rogers, 2024; Vertical Farming Market, 

2025). ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʘʢʞʝ ʧʨʠʟʥʘʥʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠ 

ʚʘʞʥʳʤ: ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ (ʚʢʣʶʯʘʷ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʬʝʨʤʳ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʪʝʧʣʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ) ʟʘʢʨʝʧʣʝʥʦ ʚ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʠʦʨʠʪʝʪʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦ 2030 ʛʦʜʘ, ʯʪʦ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʜʦʢʫʤʝʥʪʘʭ (ʇʨʦʛʥʦʟ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ɸʇʂ, 

2017; ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ˉ529, 2024). 

ɼʠʥʘʤʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʨʳʥʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʧʦʜʜʝʨʞʢʘ ʪʝʭʥʦʣʦʛʠʡ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʘʢʪʫʘʣʠʟʠʨʫʶʪ 

ʨʘʟʨʘʙʦʪʢʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʣʝʢʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ɿɸʕʉ. ʆʜʥʘʢʦ 

ʪʨʘʜʠʮʠʦʥʥʘʷ ʩʝʣʝʢʮʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʦʪʢʨʳʪʳʡ ʛʨʫʥʪ ʠ ʪʝʧʣʠʮʳ ʩ 



8 

 

 

 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʚʝʪʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ (Bhattarai et al., 

2025). ʄʥʦʛʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʫʩʧʝʰʥʳʝ ʩʦʨʪʘ, ʧʨʦʜʫʢʪʠʚʥʳʝ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʘʛʨʦʮʝʥʦʟʘʭ, ʥʝ ʨʝʘʣʠʟʫʶʪ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ ʚ ʫʩʣʦʚʠʷʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʬʝʨʤ (VFAL) 

ʠ ʬʘʙʨʠʢ ʨʘʩʪʝʥʠʡ (PFAL) ʠʟ-ʟʘ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʘ ʧʦʩʪʦʷʥʥʦʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʨʝʛʫʣʠʨʫʝʤʳʡ ʛʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʛʠʜʨʦʧʦʥʥʳʝ 

ʩʫʙʩʪʨʘʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ 

ʢ ʫʥʠʢʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ɿɸʕʉ, ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ 

(ʉʠʥʷʚʠʥʘ ʠ ʜʨ., 2024). 

ʂ ʦʩʥʦʚʥʳʤ ʩʝʣʝʢʮʠʦʥʥʳʤ ʧʨʠʦʨʠʪʝʪʘʤ ʜʣʷ ɿɸʕʉ ʦʪʥʦʩʷʪʩʷ: ʦʧʪʠʤʠʟʘʮʠʷ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʦʩʚʝʱʝʥʠʠ (Artificial Light-

Assisted Evolution, ALAE) (Jªhne, 2020; Kabade, 2024; Bhattarai et al., 2025); 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʝʚʦʡ ʤʦʨʬʦʣʦʛʠʠ ʨʘʩʪʝʥʠʷ ʩ ʜʝʪʝʨʤʠʥʘʥʪʥʳʤ ʪʠʧʦʤ ʨʦʩʪʘ, 

ʢʦʤʧʘʢʪʥʳʤ ʛʘʙʠʪʫʩʦʤ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʢʠ (ʆʛʥʝʚ, 

2020; ɹʘʣʘʰʦʚʘ, 2024); ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʟʘ 

ʩʯʝʪ ʥʘʢʦʧʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ (Kreuger et al., 2018) ʠ ʝʝ ʦʙʦʛʘʱʝʥʠʷ 

ʙʠʦʜʦʩʪʫʧʥʳʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ (ʢʘʣʠʡ, ʞʝʣʝʟʦ, ʮʠʥʢ, ʩʝʣʝʥ, ʡʦʜ) ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʪʠʥʫʪʨʠʝʥʪʦʚ (Golubkina et al., 2023; 

Panwar et al., 2024; Murtaza et al., 2025). ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʝʪʦʜʠʦʜʥʘʷ 

ʩʝʣʝʢʮʠʷ (LED-selection) ï ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʧʨʠʝʤ ʬʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʛʝʥʦʪʠʧʦʚ ʧʦ 

ʮʝʣʝʚʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʚʳʭ ʨʝʮʝʧʪʫʨ 

(Thongtip, 2022; ʋʣʴʷʥʦʚʘ ʠ ʜʨ., 2024; ʅʘʛʘʤʦʚʘ ʠ ʜʨ., 2024). ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʙʠʥʘʮʠʠ ʢʨʘʩʥʦʛʦ ʠ ʩʠʥʝʛʦ, ʘ ʪʘʢʞʝ 

ʢʨʘʩʥʦʛʦ ʠ ʙʝʣʦʛʦ ʩʧʝʢʪʨʦʚ (Nicole et al., 2017). ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʩʯʠʪʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ ʩʚʝʪʦʚʳʭ ʦʙʨʘʙʦʪʦʢ ʥʘ 

ʟʘʚʝʨʰʘʶʱʠʭ ʵʪʘʧʘʭ ʚʝʛʝʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʠ 

ʥʫʪʨʠʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʙʝʟ ʩʥʠʞʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ (Yu et al., 2024; Song 
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et al., 2024). ʄʝʪʦʜʳ ʫʩʢʦʨʝʥʥʦʡ ʩʝʣʝʢʮʠʠ (speed breeding), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʦʣʫʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʢʦʣʝʥʠʡ ʨʘʩʪʝʥʠʡ ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ, ʚʳʩʪʫʧʘʶʪ ʚʘʞʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʣʷ ɿɸʕʉ (Chiurugwi et al., 2019; Xu et al., 2023; ɼʤʠʪʨʠʝʚʘ ʠ ʜʨ., 

2024ʘ; ʂʦʯʝʰʢʦʚʘ ʠ ʜʨ., 2024; ʉʚʠʩʪʫʥʦʚʘ ʠ ʜʨ., 2024ʘ; He et al., 2024). ʉʦʚʨʝʤʝʥʥʦʝ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʦ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʠʥʪʝʛʨʠʨʫʝʪ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ: ʙʠʦʢʦʥʪʨʦʣʴ, ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʙʥʳʭ ʙʠʦʩʪʠʤʫʣʷʪʦʨʦʚ (Khoso et al., 

2024; Shao et al., 2025; Masmoudi et al., 2025) ʠ ʢʣʦʥʘʣʴʥʦʝ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʝ in 

vitro (ʂʠʩʝʣʝʚʘ ʠ ʜʨ., 2023; ɸʭʤʝʪʦʚʘ ʠ ʜʨ., 2024ʘ, ʙ). ʊʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʝ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ɿɸʕʉ ʩʦʨʪʘ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ɿɸʕʉ ʩʦʟʜʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʝʣʝʢʮʠʠ. 

ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʝʛʠʦʥʘ ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʩʝʤʝʥʦʚʦʜʯʝʩʢʠʭ 

ʢʦʨʧʦʨʘʮʠʡ, ʘ ʫʧʨʘʚʣʷʝʤʘʷ ʩʨʝʜʘ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʫʣʫʯʰʘʪʴ ʢʣʶʯʝʚʳʝ 

ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ: ʚʢʫʩ, ʧʠʪʘʪʝʣʴʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ (Kreuger et 

al., 2018; Bhattarai et al., 2025). ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʱʠʡ ʩʦʨʪʠʤʝʥʪ ʢʫʣʴʪʫʨ ʜʣʷ 

ɿɸʕʉ ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ. ʊʘʢ, ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʨʝʝʩʪʨʝ ʩʝʣʝʢʮʠʦʥʥʳʭ 

ʜʦʩʪʠʞʝʥʠʡ 2025 ʛʦʜʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʩʚʳʰʝ 3920 ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ 

(https://gossortrf.ru), ʥʦ ʩʨʝʜʠ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʨʦʩʩʠʡʩʢʠʭ ʩʦʨʪʦʚ ʩ 

ʜʝʪʝʨʤʠʥʘʥʪʥʳʤ ʪʠʧʦʤ ʨʦʩʪʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʧʦʣʥʦʩʪʴʶ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʚʝʪʦʢʫʣʴʪʫʨʳ. ɽʱʝ ʙʦʣʝʝ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʦʪʩʫʪʩʪʚʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ 

ʫʩʣʦʚʠʷʤ ɿɸʕʉ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʦʨʪʠʤʝʥʪʝ. 

ʉʣʦʞʠʚʰʘʷʩʷ ʩʠʪʫʘʮʠʷ ʫʩʫʛʫʙʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʘʩʩʦʨʪʠʤʝʥʪ ʢʫʣʴʪʫʨ 

ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʬʝʨʤ (VFAL) ʦʛʨʘʥʠʯʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʝʣʝʥʥʳʤʠ 

ʢʫʣʴʪʫʨʘʤʠ (ɹʘʣʘʰʦʚʘ ʠ ʜʨ., 2021; Neo et al., 2022; Dsouza et al., 2023; Zhu, 2023; 

Wilkinson, 2024; Zhao et al., 2024), ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ 

ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ (Dinnie ʠ 

MacLean, 2022). ɺ ʵʪʦʡ ʩʚʷʟʠ, ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʪʝʥʮʠʘʣ ɿɸʕʉ, 
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ʛʜʝ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʫʩʣʦʚʠʡ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʘʪʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ, ʦʚʦɦ ʥʳʭ 

ʢʫʣʴʪʫʨ ʠ ʚʦʟʨʦʞʜʝʥʠʷ ʟʘʙʳʪʳʭ ʩʦʨʪʦʚ (Van Delden et al., 2021). 

ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʥʜʘʤ: ʨʘʩʪʫʱʝʤʫ ʩʧʨʦʩʫ 

ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ, ʙʝʟʦʧʘʩʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʌʦʪʝʚ ʠ ʜʨ., 2018; ʂʥʷʟʝʚʘ, 2020; ʂʘʡʛʦʨʦʜʦʚʘ ʠ ʜʨ., 2024). 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʠʪʘʥʠʠ, ʜʝʬʠʮʠʪ ʥʝʟʘʤʝʥʠʤʳʭ ʥʫʪʨʠʝʥʪʦʚ 

ʠ ʨʦʩʪ ʘʣʠʤʝʥʪʘʨʥʦ-ʟʘʚʠʩʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʤ ʘʛʨʦʪʝʭʥʦʣʦʛʠʷʤ (Ares et al., 

2021; Bhattarai et al., 2025).  

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ɿɸʕʉ ʬʦʨʤʫʣʠʨʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʘʷ ʥʘʫʯʥʘʷ ʟʘʜʘʯʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʠʟʫʯʝʥʠʝ, ʧʦʜʙʦʨ ʠ ʚʳʜʝʣʝʥʠʝ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʚʥʝʜʨʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʪʝʥʠʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʩʦʨʪʦʚʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ɿɸʕʉ. ɽʝ ʩʪʨʫʢʪʫʨʥʦ-

ʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩʭʝʤʝ (ʨʠʩʫʥʦʢ 1). ʂʣʶʯʝʚʦʡ ʦʩʥʦʚʦʡ 

ʚʳʩʪʫʧʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʯʝʪʳʨʝ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʙʣʦʢʘ: 1) ʩʚʝʪʦʚʫʶ ʤʦʜʫʣʷʮʠʶ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 

ʠ ʤʝʪʘʙʦʣʠʟʤʦʤ ʨʘʩʪʝʥʠʡ; 2) ʧʨʠʤʝʥʝʥʠʝ ʨʠʟʦʙʘʢʪʝʨʠʡ (PGPR) ʜʣʷ 

ʘʛʨʦʥʦʤʠʯʝʩʢʦʡ ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʠ; 3) ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 4) ʢʦʥʪʨʦʣʴ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʂʘʞʜʳʡ ʙʣʦʢ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʟʥʘʯʠʤʳʭ 

ʧʨʠʟʥʘʢʦʚ, ʘ ʦʧʪʠʤʠʟʘʮʠʷ ʝʛʦ ʫʧʨʘʚʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʠʣʘ ʨʘʟʨʘʙʦʪʘʪʴ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʩʦʨʪʦʚʳʝ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʫʶ 

ʘʜʘʧʪʘʮʠʶ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʥʦʪʠʧʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ɿɸʕʉ. 
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ʈʠʩʫʥʦʢ 1 ï ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʨʪʦʚʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ, ʠʥʪʝʛʨʠʨʫʶʱʠʭ 

ʩʝʣʝʢʮʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʥʘʫʯʥʫʶ ʟʘʜʘʯʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʩʠʩʪʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ɿɸʕʉ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ 

ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʣʦʞʠʣʠ ʨʘʙʦʪʳ D. Despommier (2009-2024). ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ (ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʤʠʢʨʦʢʣʠʤʘʪ, ʩʚʝʪʦʢʫʣʴʪʫʨʘ) ʜʝʪʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʪʨʫʜʘʭ T. Kozai (2013-2022) ʠ S. Zhang (2019-2024). ʕʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʩʩʣʝʜʫʶʪ N. Gruda 

(2005), C.A. Mitchell (2022), E. Kaiser (2024) ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʅ.ʄ. 

ʈʫʪʢʠʥ (2017). ʆʪʜʝʣʴʥʦʝ ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ï ʩʦʟʜʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʠ ʩʝʣʝʢʮʠʝʡ (ʚʢʣʶʯʘʷ 

speed breeding). ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʧʦ ʵʪʦʡ ʪʝʤʝ ʚʥʝʩʣʠ ʟʘʨʫʙʝʞʥʳʝ ʘʚʪʦʨʳ: A. 

Watson (2018), T. Chiurugwi (2019), A. Dsouza (2023), Y. Xu (2023) ʠ K. Bhattarai 

(2025). ɸʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ: 
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ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅ.ɻ. ʉʠʥʷʚʠʥʦʡ (2007-2024), ʨʘʙʦʪʳ ʀ.ʊ. 

ɹʘʣʘʰʦʚʦʡ (2015-2024), ɸ.ʄ. ɸʨʪʝʤʝʥʢʦ (2021), ʘ ʪʘʢʞʝ ʧʫʙʣʠʢʘʮʠʠ ʅ.ɻ. 

ɼʤʠʪʨʠʝʚʘ (2024ʘ, ʙ), ʄ.ɺ. ʂʦʚʘʣʴʯʫʢ (2024), ɺ.ʄ. ʅʘʛʘʤʦʚʘ (2024), ʅ.ʖ. 

ʉʚʠʩʪʫʥʦʚʘ (2024ʘ, ʙ) ʠ ɸ.ɸ. ʋʣʴʷʥʦʚʘ (2024).  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʚʦʱʥʳʭ 

ʢʫʣʴʪʫʨ ʚ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʩ 

ʮʝʣʝʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʝʥʦʪʠʧʦʚ, 

ʫʧʨʘʚʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ: 

1. ʇʨʦʚʝʩʪʠ ʩʢʨʠʥʠʥʛ ʩʝʣʝʢʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʧʦ ʢʦʤʧʣʝʢʩʫ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ.  

2. ɺʳʜʝʣʠʪʴ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʝʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 

3. ʆʮʝʥʠʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʥʦʪʠʧʦʚ ʦʚʦʱʥʳʭ 

ʢʫʣʴʪʫʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢʘʯʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ. 

4. ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ.  

5. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʰʪʘʤʤʦʚ PGPR-ʙʘʢʪʝʨʠʡ ʥʘ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʫ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ. 

6. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʘʧʨʦʙʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʘʜʘʧʪʘʮʠʠ ex vitro ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʛʝʥʦʪʠʧʦʚ ʪʦʤʘʪʘ ʠ ʤʷʪʳ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʢʘʤʝʨʳ. 

7. ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʨʪʦʚʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚʣʝʥʥʫʶ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʥʦʪʠʧʦʚ 

ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ. 
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8. ʇʨʦʚʝʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʩʝʣʝʢʮʠʦʥʥʳʝ ʦʙʨʘʟʮʳ (ʩʦʨʪʘ, ʛʠʙʨʠʜʳ) ʪʦʤʘʪʘ 

(Solanum lycopersicum L.), ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ ʗʩʥʦʪʢʦʚʳʝ 

(Lamiʘceae): ʚʠʜʳ ʨʦʜʘ Mentha L. (M. longifolia, M. aquatica ʠ M. spicata), ʤʝʣʠʩʩʘ 

ʣʝʢʘʨʩʪʚʝʥʥʘʷ (Melissa officinalis L.) ʠ ʙʘʟʠʣʠʢ ʦʙʳʢʥʦʚʝʥʥʳʡ (Ocimum basilicum 

L.). 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-

ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʥʦʪʠʧʦʚ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʩʦʨʪʦʚʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ: ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ, 

ʨʠʟʦʙʘʢʪʝʨʠʡ (PGPR) ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʜʘʧʪʘʮʠʠ ex vitro ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʳʜʝʣʝʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʠʩʭʦʜʥʳʡ 

ʩʝʣʝʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʠʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʪʦʤʘʪʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʘʩʥʦʧʣʦʜʥʳʝ 

ʛʠʙʨʠʜʳ F ), ʤʷʪʳ (ʩʦʨʪʦʦʙʨʘʟʮʳ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ ʠ ʂʦʣʦʩʩ ʄʦʩʢʚʳ), ʤʝʣʠʩʩʳ, 

ʙʘʟʠʣʠʢʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʝʥʦʪʠʧʦʚ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʢʣʶʯʝʚʳʝ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʢʨʠʪʝʨʠʠ ʜʣʷ ʠʭ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʦʪʙʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ. 

ʆʧʨʝʜʝʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʦʢʫʣʷʮʠʠ ʰʪʘʤʤʘʤʠ Bacillus ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʤ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʚʦʱʥʳʭ 

ʢʫʣʴʪʫʨ ʥʘ ʵʪʘʧʘʭ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʨʦʩʪʘ ʠ ʘʜʘʧʪʘʮʠʠ ex vitro ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤ. 

ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʘʜʘʧʪʘʮʠʠ ex vitro, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 
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ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ in vitro-ʨʝʛʝʥʝʨʘʥʪʦʚ ʪʦʤʘʪʘ ʠ ʤʷʪʳ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʩʦʨʪʦʚʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʟʘʢʨʳʪʳʭ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤ, ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʝʥʦʪʠʧʦʚ 

ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʫʧʨʘʚʣʝʥʠʝ ʩʧʝʢʪʨʦʤ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ PGPR-ʙʘʢʪʝʨʠʡ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʘʜʘʧʪʘʮʠʠ ex vitro ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʨʘʩʪʝʥʠʡ ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʝ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʫʯʥʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʠ 

ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ 

ʫʩʣʦʚʠʷʭ ɿɸʕʉ, ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʧʨʠʥʮʠʧʳ ʩʝʣʝʢʮʠʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ 

ʫʧʨʘʚʣʷʝʤʳʭ ʬʘʢʪʦʨʦʚ (ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʠ ʠʥʦʢʫʣʷʮʠʠ PGPR) ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʫ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʟʘʠʤʦʩʚʷʟʠ çʛʝʥʦʪʠʧ-ʩʨʝʜʘè ʠ ʬʦʨʤʠʨʫʶʪ ʥʘʫʯʥʫʶ 

ʙʘʟʫ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʥʪʦʛʝʥʝʟʦʤ ʨʘʩʪʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ɿɸʕʉ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺʳʜʝʣʝʥ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʚʢʣʶʯʘʶʱʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʛʝʥʦʪʠʧʳ ʪʦʤʘʪʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʘʩʥʦʧʣʦʜʥʳʝ 

ʛʠʙʨʠʜʳ F ), ʘ ʪʘʢʞʝ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ (ʩʦʨʪʦʦʙʨʘʟʝʮ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ), ʤʷʪʳ 

ʢʦʣʦʩʠʩʪʦʡ (ʩʦʨʪʦʦʙʨʘʟʝʮ ʂʦʣʦʩʩ ʄʦʩʢʚʳ), ʤʝʣʠʩʩʳ ʠ ʙʘʟʠʣʠʢʘ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʩʦʨʪʦʚʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ, ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʩʚʝʪʦʚʫʶ 

ʤʦʜʫʣʷʮʠʶ, ʧʨʠʤʝʥʝʥʠʝ ʨʠʟʦʙʘʢʪʝʨʠʡ (PGPR), ʘʜʘʧʪʘʮʠʶ ex vitro ʠ ʢʦʥʪʨʦʣʴ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ 

ʢʘʯʝʩʪʚʦʤ ʨʘʩʪʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʘʜʘʧʪʘʮʠʠ 

ʤʠʢʨʦʢʣʦʥʦʚ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ (ʟʘʷʚʢʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ), ʦʪʤʝʯʝʥʥʳʡ 

ʩʝʨʝʙʨʷʥʦʡ ʤʝʜʘʣʴʶ ʥʘ ʚʳʩʪʘʚʢʝ çɿʦʣʦʪʘʷ ʦʩʝʥʴ ï 2024è. ɼʣʷ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʩʦʟʜʘʥʘ, ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ 
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ʢʘʤʝʨʘ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʧʘʪʝʥʪ ˉ 2832305, 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ ˉ2022611267, ˉ2025618595). 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʝʪʦʜʦʣʦʛʠʷ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʯʝʪʘʥʠʠ ʦʙʱʝʥʘʫʯʥʳʭ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʘ, ʦʙʦʙʱʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʫʙʣʠʢʘʮʠʡ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ. ʇʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʘ 

ʧʦʩʪʘʥʦʚʢʫ ʮʝʣʠ, ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯ, ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ, ʧʨʦʚʝʜʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʙʘʟʠʨʦʚʘʣʘʩʴ 

ʥʘ ʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʝʤ ʟʘʢʨʳʪʫʶ ʘʛʨʦʵʢʦʩʠʩʪʝʤʫ ʢʘʢ 

ʮʝʣʦʩʪʥʳʡ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʬʦʨʤʠʨʫʶʪʩʷ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʝʥʦʪʠʧʘ ʠ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʨʝʜʳ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʜʣʷ ʩʝʣʝʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʧʦ ʢʨʠʪʝʨʠʷʤ ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ ʮʝʣʝʚʦʛʦ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʷ. 

2. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦʨʪʦʚʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ, ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʚʝʪʦʚʫʶ 

ʤʦʜʫʣʷʮʠʶ, ʧʨʠʤʝʥʝʥʠʝ ʨʠʟʦʙʘʢʪʝʨʠʡ (PGPR), ʘʜʘʧʪʘʮʠʶ ex vitro ʠ ʢʦʥʪʨʦʣʴ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʟʘʜʘʥʥʳʤʠ 

ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

3. ɹʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʝʣʝʢʮʠʠ ʚ ʟʘʢʨʳʪʳʭ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʶ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ex vitro ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ MS Excel ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ANOVA). ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 
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ʨʘʟʣʠʯʠʷ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ post hoc ʪʝʩʪʘ ɼʫʥʢʘʥʘ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 

p<0,05. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: çɸʛʨʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʣʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʦʚʳʰʝʥʠʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2021); 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʙʠʦʣʦʛʠʠ ʠ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ: ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʜʦʩʪʠʞʝʥʠʷ ʠ ʠʥʥʦʚʘʮʠʠè (ʆʨʝʣ, 2021); 

çʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ ʠ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʚ XXI ʚʝʢʝè, (ʄʦʩʢʚʘ, 2022); 

çʈʘʟʨʘʙʦʪʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡè 

(ʄʦʩʢʚʘ, 2024); çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʩʝʣʝʢʮʠʠ ʦʚʦʱʥʳʭ, ʙʘʭʯʝʚʳʭ ʠ 

ʮʚʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʠʦʪʠʯʝʩʢʠʤ ʠ ʘʙʠʦʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ 

ʩʨʝʜʳè (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, 2024); 26-ʷ ʈʦʩʩʠʡʩʢʘʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʘʷ ʚʳʩʪʘʚʢʘ 

çɿʦʣʦʪʘʷ ʦʩʝʥʴ-2024è (ʄʦʩʢʚʘ, 2024); çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʨʝʥʜʳ, ʥʘʫʯʥʳʝ 

ʜʦʩʪʠʞʝʥʠʷ ʠ ʬʘʢʪʦʨʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʧʠʱʝʚʳʭ ʩʠʩʪʝʤè (ʄʦʩʢʚʘ, 2024); 

çʌʦʪʦʥʠʢʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʠè (ʄʦʩʢʚʘ, 2025); 

çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʩʝʣʝʢʮʠʠ, ʩʝʤʝʥʦʚʦʜʩʪʚʝ ʠ ʪʦʚʘʨʥʦʤ  ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʦʚʦʱʥʳʭ, ʙʘʭʯʝʚʳʭ ʠ ʮʚʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ. ʊʨʘʜʠʮʠʠ, ʩʦʚʨʝʤʝʥʥʦʩʪʴ, ʧʝʨʩʧʝʢʪʠʚʳè 

(ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, 2025). 

ʇʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 18 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ 12 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ 

ʧʝʨʝʯʥʷ ɺɸʂ ʈʌ ʠ 2 ʩʪʘʪʴʠ ʚ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ 

ʜʘʥʥʳʭ Web of Science (Q1). ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʟʘʱʠʱʝʥʳ 1 ʧʘʪʝʥʪʦʤ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ, 2 ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʕɺʄ, 1 ʟʘʷʚʢʦʡ ʥʘ ʧʘʪʝʥʪ ʈʌ (ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ) ʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʴ, 

ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʧʣʘʥʠʨʦʚʘʥ ʠ ʚʳʧʦʣʥʝʥ ʚʝʩʴ ʢʦʤʧʣʝʢʩ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʃʠʯʥʳʡ 

ʚʢʣʘʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʙʦʨʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʟʨʘʙʦʪʢʝ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʧʦʣʫʯʝʥʠʠ ʦʭʨʘʥʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ.  

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 

348 ʩʪʨʘʥʠʮʘʭ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʢʩʪʘ ʠ ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, 

ʤʝʪʦʜʠʯʝʩʢʫʶ ʯʘʩʪʴ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʟʘʢʣʶʯʝʥʠʝ, ʨʝʢʦʤʝʥʜʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 730 ʠʩʪʦʯʥʠʢʦʚ (534 ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ). ʈʘʙʦʪʘ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 61 ʪʘʙʣʠʮʝʡ, 93 ʨʠʩʫʥʢʘʤʠ ʠ ʩʦʜʝʨʞʠʪ 14 ʧʨʠʣʦʞʝʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʠ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ 

ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ, ʜ.ʩ.-ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʈɸʅ ɽ.ɺ. ɾʫʨʘʚʣʝʚʦʡ ʟʘ ʥʘʫʯʥʦʝ 

ʨʫʢʦʚʦʜʩʪʚʦ ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ. ʆʩʦʙʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʨʫʢʦʚʦʜʩʪʚʫ ɸʛʨʦʠʥʞʝʥʝʨʥʦʛʦ ʮʝʥʪʨʘ ɺʀʄ ïʘʢʘʜʝʤʠʢʘʤ ʈɸʅ ɸ.ʖ. ʀʟʤʘʡʣʦʚʫ ʠ 

ɸ.ʉ. ɼʦʨʦʭʦʚʫ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ ʠ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʣʘʛʦʜʘʨʥʦʩʪʴ ʪʘʢʞʝ ʘʜʨʝʩʦʚʘʥʘ ʚʩʝʤ ʢʦʣʣʝʛʘʤ ʟʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ 

ʧʦʤʦʱʴ, ʩʧʦʩʦʙʩʪʚʦʚʘʚʰʠʝ ʫʩʧʝʰʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʨʫʧʥʳʭ 

ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʥʘ ʪʝʤʫ: çʈʘʟʨʘʙʦʪʢʘ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʘʩʪʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʙʠʦʬʦʪʦʥʠʢʠ ʠ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤè (ʉʦʛʣʘʰʝʥʠʝ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ 

ʛʨʘʥʪʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʢʨʫʧʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ  

ˉ 075-15-2024-540 ʦʪ 24.04.2024 ʛ.). 
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ɻʃɸɺɸ 1 ɿɸʂʈʓʊʓɽ ɸɻʈʆʕʂʆʉʀʉʊɽʄʓ ɼʃʗ ʉɽʃɽʂʎʀʀ 

ʈɸʉʊɽʅʀʁ (ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ) 

ʅʘʨʘʩʪʘʶʱʘʷ ʫʨʙʘʥʠʟʘʮʠʷ (ʢ 2050 ʛʦʜʫ 67% ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ, ʯʠʩʣʝʥʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʩʠʪ 9,7 ʤʣʨʜ ʯʝʣʦʚʝʢ, ʙʫʜʝʪ ʧʨʦʞʠʚʘʪʴ ʚ ʛʦʨʦʜʘʭ) ʠ ʘʥʪʨʦʧʦʛʝʥʥʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠʚʝʜʫʪ ʢ ʨʦʩʪʫ ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʥʘ 

35-70%, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Hunter et al., 2017; UN, 2019; ʌɸʆ, 2023;  

Jafarli, 2025; Yuan et al., 2025). ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʫʨʙʘʥʠʟʘʮʠʝʡ ʧʨʦʠʩʭʦʜʠʪ 

ʩʦʢʨʘʱʝʥʠʝ ʩʝʣʴʭʦʟʫʛʦʜʠʡ: ʢ 2030 ʛʦʜʫ ʤʠʨ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ ʦʢʦʣʦ 30 ʤʣʥ ʛʘ 

ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ (~2% ʦʪ ʛʣʦʙʘʣʴʥʳʭ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ), ʯʪʦ ʩʧʦʩʦʙʥʦ ʩʥʠʟʠʪʴ 

ʦʙʲʝʤ ʩʝʣʴʭʦʟʧʨʦʜʫʢʮʠʠ ʥʘ 3,7% (Bren dôAmour et al., 2017; Edmondson, 2020;  

Yuan et al., 2025). 

ɻʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʚʳʟʳʚʘʶʱʠʝ ʥʘʨʫʰʝʥʠʝ ʵʢʦʩʠʩʪʝʤ, 

ʠʩʪʦʱʝʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʵʬʬʝʢʪ çʪʝʧʣʦʚʦʛʦ ʦʩʪʨʦʚʘè ʚ ʛʦʨʦʜʘʭ, ʩʦʟʜʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ (Foley et al., 2011; Cowan et al., 

2022). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

ʚʥʝʜʨʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʚʳʰʘʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʠ ʩʥʠʞʝʥʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

(Gargaro et al., 2023; ʇʦʜʦʣʴʩʢʘʷ ʠ ʜʨ., 2023; Burritt et al., 2025). 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʦʡ (Controlled Environment Agriculture, CEA) ʠʣʠ ʟʘʢʨʳʪʳʭ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤ (ɿɸʕʉ), ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʝ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ 

ʚʳʨʘʱʠʚʘʥʠʝ ʢʫʣʴʪʫʨ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʥʠʭ ʭʦʟʷʡʩʪʚʝʥʥʦ-

ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ (Dinnie ʠ MacLean, 2022). ʕʪʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʪʘʙʠʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʣʴʭʦʟʧʨʦʜʫʢʮʠʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʠ ʩʝʟʦʥʥʦʩʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʘʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʫʩʢʦʨʝʥʥʦʡ ʩʝʣʝʢʮʠʠ, ʚʥʦʩʷ ʚʢʣʘʜ ʚ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ (ʉʠʥʷʚʠʥʘ ʠ ʜʨ., 2024; Bhattarai et 

al., 2025). 
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ʅʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʄʠʪʯʝʣʣʘ (Mitchell, 2022), ʦʧʠʩʳʚʘʶʱʝʛʦ CEA ʢʘʢ 

ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʚʳʨʘʱʠʚʘʥʠʷ ʙʝʟ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʩ ʪʦʯʥʳʤ ʢʦʥʪʨʦʣʝʤ 

ʩʨʝʜʳ, ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʦʙʲʝʜʠʥʷʝʪ ʮʝʣʳʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʠʭ 

ʢʦʥʢʨʝʪʥʳʭ ʨʝʘʣʠʟʘʮʠʡ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ çʟʘʢʨʳʪʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦè, 

çʟʘʢʨʳʪʦʝ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʦè (IA), çʟʘʢʨʳʪʦʝ ʬʝʨʤʝʨʩʪʚʦè (IF), çʨʘʩʪʠʪʝʣʴʥʳʝ 

ʬʘʙʨʠʢʠè (PF), çʚʝʨʪʠʢʘʣʴʥʳʝ ʬʝʨʤʳè (VF), ʩʠʩʪʝʤʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ 

(VFS) çʢʦʥʪʝʡʥʝʨʥʳʝ ʬʝʨʤʳè (CF), çʩʠʪʠ ʬʝʨʤʝʨʩʪʚʦè, çʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʝ 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦè, çʛʦʨʦʜʩʢʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦè, çʩʚʝʪʦʢʫʣʴʪʫʨʘè (ʈʫʪʢʠʥ ʠ 

ʜʨ., 2017; Van Delden et al., 2021; ʉʠʪʠ-ʬʝʨʤʘ, 2023; ʂʣʠʤʦʚʘ ʠ ɽʛʦʨʦʚ, 2024). 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʦʩʪʘʝʪʩʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ: ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʠʣʠ ʪʨʘʢʪʫʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʘ ʝʜʠʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʝʨʤʠʥʦʣʦʛʠʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ CEA ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʝʛʠʦʥʘ. ɺ ʉʐɸ, ɸʚʩʪʨʘʣʠʠ ʠ ɽʚʨʦʧʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʪʝʨʤʠʥ çʚʝʨʪʠʢʘʣʴʥʳʝ 

ʬʝʨʤʳ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤè (VFAL) (Al -Kodmany, 2024), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚ ʗʧʦʥʠʠ ʠ ʜʨʫʛʠʭ ʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʧʦʥʷʪʠʝ çʬʘʙʨʠʢʠ ʨʘʩʪʝʥʠʡ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤè (PFAL) (Kozai et al., 2020). ɺ ʈʦʩʩʠʠ ʧʦʜʦʙʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʥʫʶʪʩʷ çʩʠʪʠ-ʬʝʨʤʘʤʠè (ʈʫʪʢʠʥ ʠ ʜʨ., 2017; ʂʣʠʤʦʚʘ ʠ ɽʛʦʨʦʚ, 

2024), çʟʘʢʨʳʪʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳè (ɿʀɸʕʉ) (ʀʟʤʘʡʣʦʚ ʠ ʜʨ., 2020) 

ʠʣʠ çʠʥʪʝʥʩʠʚʥʳʝ ʩʚʝʪʦʢʫʣʴʪʫʨʳè (ʉʠʥʷʚʠʥʘ ʠ ʜʨ. 2022). 

ʇʦʤʠʤʦ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ, ʩʠʩʪʝʤʳ CEA ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʆʥʠ 

ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʧʨʦʩʪʳʭ ʧʣʘʩʪʠʢʦʚʳʭ ʪʦʥʥʝʣʝʡ, ʢʦʤʧʘʢʪʥʳʭ ʫʩʪʘʥʦʚʦʢ (çgrow 

boxesè) ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨ ʜʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʪʝʧʣʠʮ, ʩʠʪʠ-ʬʝʨʤ (çCity 

Farmsè), ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʬʝʨʤ (çPlant Factoriesè) (ʉʦʣʜʘʪʝʥʢʦ, 2020; ʂʦʩʪʠʮʳʥ ʠ 

ɿʝʢʠʥ, 2021; Saad et al., 2021; Mitchell, 2022; Nesheli et al., 2024; Alinayeifard et al., 

2025). ɺ ʦʩʥʦʚʝ ʵʪʠʭ ʩʠʩʪʝʤ ʣʝʞʠʪ ʠʥʪʝʛʨʘʮʠʷ ʛʠʜʨʦʧʦʥʠʢʠ, ʘʵʨʦʧʦʥʠʢʠ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ (O'Sullivan et al., 2019). ʊʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʣʘʞʥʦʩʪʠ, ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʧʠʪʘʥʠʷ ʩʦʟʜʘʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ 
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ʨʘʩʪʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʱʠʪʫ ʦʪ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʚʨʝʜʠʪʝʣʝʡ ʠ 

ʙʦʣʝʟʥʝʡ (Shamshiri et al., 2018; Seong et al., 2023). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʰʘʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ 

ʨʘʟʚʠʪʠʶ ʛʦʨʦʜʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʷ ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʠʪʘʥʠʝ (Ares 

et al., 2021; Walsh et al., 2022). 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʦʛʥʦʟʘʤʠ 

ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʢʦʪʦʨʳʡ, ʧʦ 

ʦʮʝʥʢʘʤ, ʜʦʩʪʠʛʥʝʪ 42,5 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʢ 2032 ʛʦʜʫ ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʪʝʤʧʝ ʨʦʩʪʘ 

(CAGR) 25,5%. ʕʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʯʪʠ ʜʝʩʷʪʠʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʦʚʥʝʤ 2022 ʛʦʜʘ, ʦʮʝʥʠʚʘʚʰʠʤʩʷ ʚ 4,5 ʤʣʨʜ ʜʦʣʣʘʨʦʚ (Indoor 

Farming Market Size, 2023; Vertical Farming Market, 2025). 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ɿɸʕʉ ʦʩʪʘʝʪʩʷ ʚʳʨʘʱʠʚʘʥʠʝ ʣʠʩʪʦʚʦʡ 

ʟʝʣʝʥʠ, ʢʦʪʦʨʘʷ ʣʠʜʠʨʫʝʪ ʩʨʝʜʠ ʢʫʣʴʪʫʨ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʝ. 

ɽʝ ʘʛʨʦʪʝʭʥʠʢʘ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

(Benke ʠ Tomkins, 2017; Knyazeva et al., 2021; ɹʘʣʘʰʦʚʘ ʠ ʜʨ., 2021; Neo et al., 2022; 

Zhu, 2023; Wilkinson, 2024; Zhao et al., 2024). ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʦʙʟʦʨʳ 

ʧʫʙʣʠʢʘʮʠʡ, ʦʩʥʦʚʥʳʤ ʤʦʜʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚʳʩʪʫʧʘʝʪ ʩʘʣʘʪ-

ʣʘʪʫʢ (Lactuca sativa L.) (Dsouza et al., 2023). ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʢ ʧʨʠʦʨʠʪʝʪʥʦʤʫ 

ʠʟʫʯʝʥʠʶ ʟʝʣʝʥʥʳʭ ʢʫʣʴʪʫʨ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʚ ʩʪʨʫʢʪʫʨʝ ʨʝʘʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢ, ʚ ʉʐɸ ʠ ʂʘʥʘʜʝ ʥʘ ʣʠʩʪʦʚʳʝ ʦʚʦʱʠ ʧʨʠʭʦʜʠʣʦʩʴ 57% 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʝʢʪʦʨʝ ɿɸʕʉ. ʉʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ ʜʦʣʠ ʟʘʥʠʤʘʣʠ ʪʦʤʘʪʳ 

(16%), ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʪʨʘʚʳ (11%), ʮʚʝʪʳ (10%), ʦʛʫʨʮʳ (7%), ʤʠʢʨʦʟʝʣʝʥʴ (6%), 

ʧʝʨʝʮ (3%) ʠ ʟʝʤʣʷʥʠʢʘ (1%). ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʨʘʞʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ 

ʦʨʠʝʥʪʘʮʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘ ʥʘʠʙʦʣʝʝ ʨʝʥʪʘʙʝʣʴʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʦʪʨʘʙʦʪʘʥʥʳʝ ʢʫʣʴʪʫʨʳ ʜʣʷ ɿɸʕʉ (Wong et al., 2020; Dohlman et al., 2024). 

ʇʨʘʢʪʠʢʘ ʝʚʨʦʧʝʡʩʢʠʭ ʠ ʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɿɸʕʉ 

ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʢʫʣʴʪʫʨ, ʚʢʣʶʯʘʷ ʜʳʥʠ, ʩʣʘʜʢʠʡ 

ʧʝʨʝʮ, ʟʝʤʣʷʥʠʢʫ, ʪʦʤʘʪ rʠ ʦʛʫʨʮʳ (Demchak, 2009; Cowan et al., 2022; Ayinde et 
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al., 2024). ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʘʩʩʦʨʪʠʤʝʥʪ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʦʩʩʠʡʩʢʠʭ 

ʩʠʪʠ-ʬʝʨʤʘʭ ʦʩʪʘʝʪʩʷ ʙʦʣʝʝ ʫʟʢʠʤ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 

ʤʠʢʨʦʟʝʣʝʥʠ ʠ ʣʠʩʪʦʚʦʡ ʟʝʣʝʥʠ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ï ɻ ʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ 

ʚ ʢʨʫʧʥʝʡʰʠʭ ʘʛʣʦʤʝʨʘʮʠʷʭ: ʄʦʩʢʚʝ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʅʦʚʦʩʠʙʠʨʩʢʝ, 

ɽʢʘʪʝʨʠʥʙʫʨʛʝ, ʘ ʪʘʢʞʝ ʚ ʨʝʛʠʦʥʘʭ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʠ ʉʘʭʘʣʠʥʘ (ʉʠʪʠ-ʬʝʨʤʘ, 

2023; ʂʦʚʘʣʴʯʫʢ ʠ ʎʠʫʥʝʣʴ, 2024; ʂʣʠʤʦʚʘ ʠ ɽʛʦʨʦʚ, 2024).  

ʇʦʤʠʤʦ ʣʠʩʪʦʚʦʡ ʟʝʣʝʥʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʟʘʢʨʳʪʳʭ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ, ʪʘʢʠʭ ʢʘʢ 

ʙʘʟʠʣʠʢ, ʤʦʥʘʨʜʘ, ʤʝʣʠʩʩʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ, ʤʷʪʘ ʠ ʢʦʨʠʘʥʜʨ (ɹʝʩʧʘʣʴʢʦ ʠ ʜʨ., 2018, 

2019; ʂʥʷʟʝʚʘ ʠ ʜʨ., 2021; Mempel et al., 2021; ɺʝʨʰʠʥʠʥʘ ʠ ʂʥʷʟʝʚʘ, 2022). ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚ Lamiaceae, Hypericaceae ʠ Apiaceae 

ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʫʩʣʦʚʠʷʤ ʛʠʜʨʦʧʦʥʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ɿɸʕʉ. 

ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʨʘʩʪʝʥʠʷʭ ʥʘʢʘʧʣʠʚʘʣʦʩʴ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʠ ʧʦʣʠʬʝʥʦʣʦʚ, ʯʪʦ ʦʧʨʝʜʝʣʷʣʦ ʠʭ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ 

(ɹʘʣʘʰʦʚʘ ʠ ʜʨ., 2021). 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʧʨʝʦʜʦʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʉʦʛʣʘʩʥʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʉʠʥʷʚʠʥʦʡ 

ʅ.ɻ. ʠ ʢʦʣʣʝʛ (2024), ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʩʝʣʝʢʮʠ ̫

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʜʣʷ ɿɸʕʉ, ʚʥʝʜʨʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʫʩʪʦʡʯʠʚʳʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʩʝʢʪʦʨ, ʩʧʦʩʦʙʥʳʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʝʛʠʦʥʘʭ ʠ ʛʦʨʦʜʘʭ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

(ʉʠʥʷʚʠʥʘ ʠ ʜʨ., 2024). ʉʭʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʩʨʝʜʦʚʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʉʝʣʝʢʮʠʷ ʨʘʩʪʝʥʠʡ ʜʣʷ ɿɸʕʉ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʦʨʪʘ, 
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ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʩʧʝʮʠʬʠʯʥʦʤʫ ʤʠʢʨʦʢʣʠʤʘʪʫ ɿɸʕʉ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ 

ʧʦʢʘʟʘʪʝʣʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ (Gruda, 2005). 

 

 

ʈʠʩʫʥʦʢ 2 ï ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʜʣʷ 

ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʝʣʝʢʮʠʷ ʜʣʷ ɿɸʕʉ ʪʨʝʙʫʝʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʢʦʪʦʨʳʡ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3 ʠ ʚʢʣʶʯʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʢʣʶʯʝʚʳʭ 

ʦʙʣʘʩʪʝʡ: ʛʝʥʝʪʠʢʠ ʠ ʛʝʥʦʤʠʢʠ (ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʝʛʦ ʫʣʫʯʰʝʥʠʷ), 

ʘʛʨʦʬʠʟʠʢʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ (ʫʧʨʘʚʣʝʥʠʝ ʩʨʝʜʦʡ ʠ ʬʝʥʦʪʠʧʠʨʦʚʘʥʠʝ), 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʠ ʵʢʦʥʦʤʠʢʠ 

(ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ). ʊʘʢʦʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʦʨʪʘ, ʦʧʪʠʤʘʣʴʥʦ 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʝʩʫʨʩʳ ʠ ʦʪʚʝʯʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ (Bhattarai et al., 2025). 
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ʈʠʩʫʥʦʢ 3 ï ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʝʣʝʢʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʜʣʷ ɿɸʕʉ 

 

ʆʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʟʘʜʘʯ ʪʘʢʦʡ ʩʝʣʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʦʩʪ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʢʠ ʚ ɿɸʕʉ ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ. 

ʂʣʶʯʝʚʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʦʨʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ (Light Use Efficiency, LUE) 

ʟʘʜʘʥʥʦʛʦ ʩʧʝʢʪʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʙʝʟ ʧʦʪʝʨʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (Sandoya, 2019; Engler, 2021). 

ɿʘʢʨʳʪʳʝ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ (çʬʘʙʨʠʢʠ ʨʘʩʪʝʥʠʡè) ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʟ 

ʧʨʦʩʪʦʡ ʩʨʝʜʳ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʫʩʢʦʨʝʥʥʦʡ ʩʝʣʝʢʮʠʠ 

(speed breeding). ɹʣʘʛʦʜʘʨʷ ʪʦʯʥʦʤʫ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ (ʩʚʝʪ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʬʦʪʦʧʝʨʠʦʜ) ʫʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʪʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 

ʨʘʩʪʝʥʠʡ, ʜʦʩʪʠʛʘʷ 4-6 ʧʦʢʦʣʝʥʠʡ ʚ ʛʦʜ ʠ ʪʝʤ ʩʘʤʳʤ ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʢʦʨʷʷ 

ʩʝʣʝʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ (Watson et al., 2018; Chiurugwi et al., 2019; Xu et al., 2023; 

ɼʤʠʪʨʠʝʚʘ ʠ ʜʨ., 2024ʘ; ʂʦʯʝʰʢʦʚʘ ʠ ʜʨ., 2024; ʉʚʠʩʪʫʥʦʚʘ ʠ ʜʨ., 2024ʘ; He et al., 

2024). 
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ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ speed breeding ʧʦʜʪʚʝʨʞʜʝʥʘ ʫʩʧʝʰʥʳʤ ʩʦʟʜʘʥʠʝʤ 

ʥʦʚʳʭ ʣʠʥʠʡ ʠ ʩʦʨʪʦʚ ʟʝʨʥʦʚʳʭ (Alahmad et al., 2018; ɼʤʠʪʨʠʝʚʘ ʠ ʜʨ., 2024ʙ; 

ʉʚʠʩʪʫʥʦʚʘ ʠ ʜʨ., 2024ʙ), ʙʦʙʦʚʳʭ (Peck et al., 2023) ʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ (Gimeno-

Pʘez et al., 2024). ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʚʝʜʝʥʠʷ 

ʩʦʨʪʘ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʩʦʟʜʘʚʘʪʴ ʠ ʦʪʙʠʨʘʪʴ ʨʘʩʪʝʥʠʷ ʩ ʥʦʚʳʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʫʣʫʯʰʝʥʥʳʤ, ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (Yuan et al., 2025). ʀʟʥʘʯʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʟʝʨʥʦʚʳʭ, ʪʝʭʥʦʣʦʛʠʷ speed breeding ʪʝʧʝʨʴ ʘʢʪʠʚʥʦ 

ʘʜʘʧʪʠʨʫʝʪʩʷ ʠ ʜʣʷ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʭʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʦʢʘʟʘʣʘʩʴ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʜʣʷ ʚʘʞʥʦʡ ʛʨʫʧʧʳ ʨʘʩʪʝʥʠʡ ï ʢʦʨʦʪʢʦʜʥʝʚʥʳʭ ʢʫʣʴʪʫʨ, ʫ ʢʦʪʦʨʳʭ ʜʣʠʥʥʳʡ 

ʬʦʪʦʧʝʨʠʦʜ ʧʦʜʘʚʣʷʝʪ ʮʚʝʪʝʥʠʝ. ʈʝʰʝʥʠʝʤ ʩʪʘʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʪʦʢʦʣʳ 

LED-ʩʝʣʝʢʮʠʠ, ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʦʧʪʠʤʠʟʘʮʠʶ ʩʧʝʢʪʨʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʧʨʝʦʜʦʣʝʪʴ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ (Jªhne, 2020; Thongtip, 2022; ʅʘʛʘʤʦʚʘ ʠ ʜʨ., 

2024; ʋʣʴʷʥʦʚʘ ʠ ʜʨ., 2024; Kabade, 2024). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʩʪʨʦʛʦ ʧʝʨʮʘ ʫʜʘʣʦʩʴ 

ʜʦʙʠʪʴʩʷ ʯʝʪʳʨʝʭ ʧʦʢʦʣʝʥʠʡ ʚ ʛʦʜ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʝʣʝʢʮʠʠ 

ʵʪʦʡ ʛʨʫʧʧʳ ʨʘʩʪʝʥʠʡ (Shaik, 2023). 

ʋʯʝʥʳʝ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚʝʜʫʪ ʘʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʧʦ ʩʦʟʜʘʥʠʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʜʣʷ ɿɸʕʉ. ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʷʚʣʷʝʪʩʷ ʧʨʦʬʝʩʩʦʨ ʊ. Kozai, ʩʬʦʨʤʫʣʠʨʦʚʘʚʰʠʡ ʢʣʶʯʝʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʣʠʩʪʦʚʳʤ ʦʚʦʱʥʳʤ ʢʫʣʴʪʫʨʘʤ: ʢʦʤʧʘʢʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (ʜʦ 30 ʩʤ), ʢʦʨʦʪʢʠʡ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (10-30 ʜʥʝʡ), ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʥʠʟʢʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʢʠ, ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ ʦʪʟʳʚʯʠʚʦʩʪʴ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝ ʩʨʝʜʦʡ (Kozai, 2013, 2019, 2020, 2022). ʇʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʣʫʞʠʪ ʢʠʪʘʡʩʢʠʡ ʩʦʨʪ ʩʘʣʘʪʘ çZhongsheng ˉ1è, ʚʳʚʝʜʝʥʥʳʡ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ Zhang J. ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʫʩʣʦʚʠʡ ɿɸʕʉ (Zhang et al., 2022). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʝʛʦ ʧʨʠʤʝʨʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʛʝʥʦʤʥʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ, ʫʩʢʦʨʝʥʥʘʷ 

ʩʝʣʝʢʮʠʷ) ʩ ʪʦʯʥʳʤ ʢʦʥʪʨʦʣʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʥʦʚʦʝ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚ ʩʝʣʝʢʮʠʠ (Zhang et al., 2024). 
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ʇʦʜʦʙʥʳʝ ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʠ ʧʨʠʥʮʠʧʳ ʩʝʣʝʢʮʠʠ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʠ ʚ ʨʘʙʦʪʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʊʘʢ, ʨʦʩʩʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ ʥʘ ʦʩʥʦʚʝ 

ʠʟʫʯʝʥʠʷ 13 ʩʦʨʪʦʚ ʩʘʣʘʪʘ ɹʘʪʘʚʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʠʜʝʘʣʴʥʦʛʦ ʩʦʨʪʘ 

ʜʣʷ ʛʠʜʨʦʧʦʥʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ: ʫʢʦʨʦʯʝʥʥʳʡ ʛʠʧʦʢʦʪʠʣʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʙʦʣʝʟʥʷʤ, ʧʝʨʠʦʜ ʩʦʟʨʝʚʘʥʠʷ 35-41 ʜʝʥʴ, ʜʠʘʤʝʪʨ ʨʦʟʝʪʢʠ ʣʠʩʪʴʝʚ 25-32 ʩʤ, ʤʘʩʩʘ 

ʪʨʝʭ ʨʘʩʪʝʥʠʡ ʥʝ ʤʝʥʝʝ 182 ʛ, ʘ ʪʘʢʞʝ ʷʨʢʦ-ʟʝʣʝʥʘʷ ʩʦʯʥʘʷ ʦʢʨʘʩʢʘ ʨʘʟʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʂʦʚʘʣʴʯʫʢ ʠ ʎʠʫʥʝʣʴ, 2024). ɺ ɸʛʨʦʬʠʟʠʯʝʩʢʦʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ (ʌɻɹʅʋ ɸʌʀ) ʟʘʚʝʨʰʝʥʳ ʩʝʣʝʢʮʠʦʥʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʳʭ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʘʥʥʝʛʦ ʩʦʨʪʘ ʨʝʜʠʩʘ ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʬʠʦʣʝʪʦʚʳʡ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʢ ʫʩʣʦʚʠʷʤ ʩʚʝʪʦʢʫʣʴʪʫʨʳ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʠʥʠʡ 

ʨʝʜʠʩʘ ʠ ʨʝʜʴʢʠ ʜʣʷ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ 

(Sinjavina, et al. 2023).  

ɺ ʤʠʨʦʚʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʥʘʨʷʜʫ ʩ ʩʝʣʝʢʮʠʝʡ ʟʝʣʝʥʥʳʭ ʠ 

ʢʦʨʥʝʧʣʦʜʥʳʭ ʢʫʣʴʪʫʨ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʩʦʨʪʦʚ ʪʦʤʘʪʘ ï ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ, ʥʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʭ 

ʢʫʣʴʪʫʨ ʜʣʷ ɿɸʕʉ. ɼʦʩʪʠʞʝʥʠʝʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʘʣ ʩʦʟʜʘʥʥʳʡ ʚ ʉʐɸ 

ʢʘʨʣʠʢʦʚʳʡ ʩʦʨʪ ʪʦʤʘʪʘ Micro-Tom, ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʝ ʧʦʙʝʛʘ 

(15-20 ʩʤ) ʠ ʢʦʨʦʪʢʦʤʫ ʞʠʟʥʝʥʥʦʤʫ ʮʠʢʣʫ (70-90 ʜʥʝʡ) ʩʪʘʣ ʥʝ ʪʦʣʴʢʦ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʤʦʜʝʣʴʶ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (Koka et al., 2000; 

Marti et al., 2006), ʥʦ ʠ ʜʦʢʘʟʘʣ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʪʦʤʘʪʘ 

ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ɿɸʕʉ (Scott, 

1989, 2000). ɸʢʪʫʘʣʴʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʩʴʤʠ ʢʘʨʣʠʢʦʚʳʭ ʩʦʨʪʦʚ 

ʪʦʤʘʪʘ, ʧʨʦʚʝʜʝʥʥʳʝ Langenfeld N. ʠ Bagby B. (2023), ʚʳʜʝʣʠʣʠ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ɿɸʕʉ ʬʦʨʤʳ ï Rejina Red ʠ Jochalos, ʩʦʯʝʪʘʶʱʠʝ 

ʢʦʤʧʘʢʪʥʦʩʪʴ ʩ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʧʣʦʜʦʚ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʝʣʝʢʮʠʷ ʪʦʤʘʪʘ ʜʣʷ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʚ ʈʦʩʩʠʠ. ʆʪʝʯʝʩʪʚʝʥʥʳʤʠ ʫʯʝʥʳʤʠ ʩʦʟʜʘʥʳ ʫʥʠʢʘʣʴʥʳʝ 

ʥʠʟʢʦʨʦʩʣʳʝ ʩʦʨʪʘ ʪʦʤʘʪʘ ʩ ʜʝʪʝʨʤʠʥʘʥʪʥʳʤ ʪʠʧʦʤ ʨʦʩʪʘ ʜʣʷ ʫʩʣʦʚʠʡ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʚʦʱʝʚʦʜʩʪʚʘ: ʤʝʣʢʦʧʣʦʜʥʳʝ ï ʅʘʪʘʰʘ ʠ ʊʠʤʦʰʘ (30-35 ʩʤ 
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ʚʳʩʦʪʳ); ʩʨʝʜʥʝʧʣʦʜʥʳʝ ï ʆʛʥʠʚʦ, ʄʘʣʝʥʴʢʠʡ ʄʫʢ ʠ ɾʝʛʘʣʦʚ (40-45 ʩʤ ʚʳʩʦʪʳ) 

(ɹʘʣʘʰʦʚʘ, 2015, 2021, 2022, 2024). ʂʦʤʧʘʢʪʥʳʝ ʢʘʨʣʠʢʦʚʳʝ ʩʦʨʪʘ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʠʣʠ ʢʘʩʢʘʜʥʳʤ ʨʦʩʪʦʤ, ʚʢʣʶʯʘʷ ɾʝʣʪʫʶ ʰʘʧʦʯʢʫ, ʂʨʘʩʥʫʶ ʰʘʧʦʯʢʫ, ʆʨʘʥʞʝʚʫʶ 

ʰʘʧʦʯʢʫ, ɹʵʙʠ, ʈʷʙʠʥʦʚʳʝ ʙʫʩʳ ʠ ɿʦʣʦʪʫʶ ʛʨʦʟʜʴ, ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʚʥʝʰʥʦʩʪʠ ʠ ʚʳʩʦʢʦʮʝʥʠʤʳʤ 

ʢʦʤʤʝʨʯʝʩʢʠʤ ʢʘʯʝʩʪʚʘʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʪʦʤʘʪʘ ʪʠʧʘ ʯʝʨʨʠ (ʆʛʥʝʚ, 2020). 

ɺʘʞʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʩʝʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ 

ʫʩʢʦʨʝʥʥʦʛʦ ʮʠʢʣʘ ʚʳʨʘʱʠʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʧʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ çʌʠʪʦʧʠʨʘʤʠʜʘè ʦʙʝʩʧʝʯʠʚʘʣʦ ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʜʦʩʪʠʞʝʥʠʝ ʪʦʤʘʪʘʤʠ 

ʩʪʘʜʠʡ ʮʚʝʪʝʥʠʷ ʠ ʩʦʟʨʝʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʧʣʠʮʘʤʠ 

(ɽʨʦʰʝʚʩʢʘʷ, 2021). 

 

1.1 ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʩʪʝʥʠʡ ʚ ʟʘʢʨʳʪʳʭ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ 

ɺ ʫʩʣʦʚʠʷʭ ɿɸʕʉ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʬʘʢʪʦʨʘʤʠ ʩʨʝʜʳ, 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʙʠʦʭʠʤʠʯʝʢʩʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʦʡ 

ʟʘʜʘʯʝʡ ʩʝʣʝʢʮʠʠ. ʊʨʘʜʠʮʠʦʥʥʳʡ ʦʪʙʦʨ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʯʘʩʪʦ 

ʥʝʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʩʣʦʞʥʦʛʦ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʘʷ ʩʝʣʝʢʮʠʷ ʜʣʷ ɿɸʕʉ ʚʩʝ ʙʦʣʴʰʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʥʘ ʧʨʷʤʫʶ ʠ ʦʙʲʝʢʪʠʚʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʦʪʙʦʨʘ ʛʝʥʦʪʠʧʦʚ ʩ ʮʝʣʝʚʳʤ 

ʧʨʦʬʠʣʝʤ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʚʠʪʘʤʠʥʦʚ, ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʮʠʠ (Sun et al., 2024). 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʮʠʠ, ʚʘʞʥʝʡʰʠʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ. ʕʪʦ ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʡ (ʣʠʟʠʥ, ʤʝʪʠʦʥʠʥ, ʪʨʝʦʥʠʥ, ʪʨʠʧʪʦʬʘʥ, 

ʬʝʥʠʣʘʣʘʥʠʥ, ʚʘʣʠʥ, ʠʟʦʣʝʡʮʠʥ, ʣʝʡʮʠʥ ʠ ʛʠʩʪʠʜʠʥ), ʢʦʪʦʨʳʝ ʥʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ 

ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ ʜʦʣʞʥʳ ʧʦʩʪʫʧʘʪʴ ʩ ʧʠʱʝʡ (World Health Organization, 2007; 

Galili et al., 2016). ʀʭ ʜʝʬʠʮʠʪ, ʦʩʦʙʝʥʥʦ ʣʠʟʠʥʘ, ʤʝʪʠʦʥʠʥʘ, ʪʨʝʦʥʠʥʘ ʠ 

ʪʨʠʧʪʦʬʘʥʘ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʩʥʠʞʘʶʱʠʤ ʧʠʪʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ 
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ʤʥʦʛʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ (Schenck ʠ Maeda, 2018; Vanholme et al., 

2019). ɺ ʨʘʩʪʝʥʠʷʭ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚʳʩʪʫʧʘʶʪ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ 

ʙʝʣʢʘ, ʥʦ ʠ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʤʝʪʘʙʦʣʠʟʤʘ, ʚʣʠʷʷ ʥʘ ʢʣʶʯʝʚʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ (Amir et al., 2018; Yang et al., 2010). ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʩʝʣʝʢʮʠʷ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (Imsande, 2001). ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʝ ɿɸʕʉ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʮʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ (Krishnan, 2005). 

ʅʘʨʷʜʫ ʩ ʥʝʟʘʤʝʥʠʤʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʙʝʣʢʦʚʫʶ 

ʮʝʥʥʦʩʪʴ, ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʶʪʩʷ 

ʢʘʨʦʪʠʥʦʠʜʳ. ʕʪʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʧʠʛʤʝʥʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ ʥʘʪʫʨʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʟʘʱʠʱʘʶʱʠʭ 

ʢʣʝʪʢʠ ʦʪ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ɺ ʨʘʩʪʝʥʠʷʭ ʦʥʠ ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ, 

ʧʨʝʜʦʭʨʘʥʷʷ ʪʢʘʥʠ ʦʪ ʠʟʙʳʪʦʯʥʦʛʦ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʬʦʪʦʦʢʠʩʣʝʥʠʷ (Melʝndez-Martinez, 2019). 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠʤʝʝʪ ʣʠʢʦʧʠʥ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʥʝ 

ʪʦʣʴʢʦ ʠʥʜʠʢʘʪʦʨʦʤ ʟʨʝʣʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʧʣʦʜʦʚ ʪʦʤʘʪʘ, ʥʦ ʠ 

ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ʊʦʤʘʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʧʨʠ ʵʪʦʤ 

ʣʠʢʦʧʠʥ ʩʦʩʪʘʚʣʷʝʪ 80-98% ʦʪ ʠʭ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ (Pinela et al., 2012). ʆʥ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʩʥʠʞʘʷ ʨʠʩʢ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʦʢʘʟʳʚʘʷ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, ʫʣʫʯʰʘʷ ʠʤʤʫʥʠʪʝʪ ʠ 

ʥʦʨʤʘʣʠʟʫʷ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ (Durante et al., 2020; Ali et al., 2021; 

ʄʦʣʯʘʥʦʚʘ ʠ ʂʦʥʜʨʘʪʴʝʚʘ, 2024). ʆʢʦʣʦ 25% ʧʦʪʨʝʙʣʸʥʥʦʛʦ ʣʠʢʦʧʠʥʘ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʪʢʘʥʷʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʣʛʦʩʨʦʯʥʳʡ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ (Cheng et al., 

2019; Park et al., 2020; Sakemi et al., 2020; Saini et al., 2020; Imran et al., 2020). ɺʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʨʫʛʠʤʠ ʬʝʥʦʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʪʦʤʘʪʘ ʣʠʢʦʧʠʥ ʬʦʨʤʠʨʫʝʪ 

ʩʠʩʪʝʤʫ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ (Li et al., 2020; Zhu et al., 2020). ɺʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʨʦʪʠʥʦʠʜʳ (ɓ-ʢʘʨʦʪʠʥ, 
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ʣʠʢʦʧʠʥ), ʚʠʪʘʤʠʥʳ C ʠ E, ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʢʚʝʨʮʝʪʠʥ, ʢʝʤʧʬʝʨʦʣ, 

ʥʘʨʠʥʛʝʥʠʥ, ʢʦʬʝʡʥʘʷ, ʬʝʨʫʣʦʚʘʷ ʠ ʭʣʦʨʦʛʝʥʦʚʘʷ ʢʠʩʣʦʪʳ), ʦʧʨʝʜʝʣʷʝʪ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʪʦʤʘʪʘ. ʈʝʛʫʣʷʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ (Navarro-

Gonzʘlez et al., 2018; ɻʘʨʴʷʥʦʚʘ ʠ ʜʨ., 2018; ʄʦʭʘʤʝʜ ʠ ʜʨ., 2018; ʍʘʥʜʘʨʭʘʝʚʘ, 

2021). 

ʂʘʨʦʪʠʥʦʠʜʳ ʠ ʧʦʣʠʬʝʥʦʣʳ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʷʶʪ ʧʠʪʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ 

ʪʦʤʘʪʘ, ʥʦ ʠ ʚʣʠʷʶʪ ʥʘ ʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʫʣʫʯʰʘʷ ʚʢʫʩ, ʘʨʦʤʘʪ ʠ 

ʪʝʢʩʪʫʨʫ (Tohge ʠ Fernie, 2015). ʂʨʦʤʝ ʪʦʛʦ, ʪʦʤʘʪʳ ʩʦʜʝʨʞʘʪ ʢʦʤʧʣʝʢʩ ʧʠʱʝʚʳʭ 

ʚʦʣʦʢʦʥ (ʛʝʤʠʮʝʣʣʶʣʦʟʫ, ʧʝʢʪʠʥʳ ʠ ʮʝʣʣʶʣʦʟʫ), ʢʦʪʦʨʳʝ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʧʠʱʝʚʘʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʠ ʧʦʤʦʛʘʶʪ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʨʘʟʚʠʪʠʷ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʜʠʘʙʝʪʘ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʧʘʪʦʣʦʛʠʡ ʠ 

ʦʞʠʨʝʥʠʷ (Delzenne et al., 2020; Merenkova et al., 2020) (ʨʠʩʫʥʦʢ 4). 

 

 

ʈʠʩʫʥʦʢ 4 ï ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʪʦʤʘʪʘ ʠ ʠʭ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ 

 

ɹʣʘʛʦʜʘʨʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʚʠʪʘʤʠʥʦʚ, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʪʦʤʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʷʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ 
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ʧʠʪʘʥʠʷ, ʧʦʪʨʝʙʣʝʥʠʝ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʢʨʝʧʣʝʥʠʶ ʟʜʦʨʦʚʴʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʝ 

ʟʘʙʦʣʝʚʘʥʠʡ (Peralta et al., 2017; Taylor et al., 2009; Dom²nguez et al., 2020). 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʝ ʪʦʤʘʪʘ ʠʛʨʘʝʪ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ 

ʚʠʪʘʤʠʥ C. ɸʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚʳʧʦʣʥʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʡ: ʚʳʩʪʫʧʘʝʪ 

ʢʦʬʘʢʪʦʨʦʤ ʚ ʩʠʥʪʝʟʝ ʢʦʣʣʘʛʝʥʘ ʠ ʢʣʝʪʦʯʥʦʤ ʜʝʣʝʥʠʠ, ʫʣʫʯʰʘʝʪ ʫʩʚʦʝʥʠʝ ʞʝʣʝʟʘ 

ʠ ʤʦʜʫʣʠʨʫʝʪ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ (Pehlivan, 2017; ʅʠʢʦʣʘʝʚʘ, 2020). ɽʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʟʘʱʠʱʘʝʪ ʢʣʝʪʢʠ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʢʠʩʣʝʥʠʝ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʩʥʠʞʘʷ ʨʠʩʢ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (Shariat et al., 2013; ʏʝʤʜʞʫ ʠ ʜʨ., 2016), ʘ ʪʘʢʞʝ 

ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʬʠʣʘʢʪʠʢʝ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʠ ʧʩʠʭʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ (Kocot 

et al., 2017). ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʩʫʪʦʯʥʘʷ ʥʦʨʤʘ ʧʦʪʨʝʙʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 70 ʤʛ 

(ʃʝʪʝʤʠʥʘ ʠ ʜʨ., 2024). 

ʇʦʤʠʤʦ ʚʠʪʘʤʠʥʦʚ, ʢʣʶʯʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ɹʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʝ ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʚ 

ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʜʦʣʞʥʳ ʧʦʩʪʫʧʘʪʴ ʩ ʧʠʱʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʣʝʪʦʯʥʳʡ ʨʦʩʪ, ʨʝʛʫʣʷʮʠʷ ʠʤʤʫʥʠʪʝʪʘ ʠ ʘʜʘʧʪʘʮʠʷ ʢ ʩʪʨʝʩʩʫ 

(Paul et al., 2017). ʈʘʩʪʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʐʠʨʷʝʚʘ ʠ ʜʨ., 2022). ʆʥʠ ʥʘʢʘʧʣʠʚʘʶʪ ʤʘʢʨʦʵʣʝʤʝʥʪʳ (Ca, K, Na, P, Mg, S, Cl), 

ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪ 50 ʤʛ ʚ ʩʫʪʢʠ, ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ (Fe, I, Zn, Cu, Se ʠ 

ʜʨ.), ʪʨʝʙʫʶʱʠʝʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʜʦʟʘʭ (Ionete et al., 2016; Solayman et al., 

2016). ʆʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʢʘʣʠʡ, ʢʘʣʴʮʠʡ, ʩʝʣʝʥ ʠ ʡʦʜ, ʫʯʘʩʪʚʫʶʪ ʚ 

ʨʝʛʫʣʷʮʠʠ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʜʜʝʨʞʘʥʠʠ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʠ 

ʫʢʨʝʧʣʝʥʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ (Fairweather-Tait ʠ Cashman, 2015; 

Schreinemachers et al., 2018). ʊʦʤʘʪʳ ʩʣʫʞʘʪ ʮʝʥʥʳʤ ʜʠʝʪʠʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ 

ʢʘʣʴʮʠʷ (ʩʫʪʦʯʥʘʷ ʥʦʨʤʘ 1000-1300 ʤʛ) ʠ ʤʘʛʥʠʷ (320-420 ʤʛ/ʩʫʪ), ʠʛʨʘʶʱʠʭ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʠ ʧʨʦʪʝʢʘʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (Yates et al., 1997; Abdullahi et al., 2016). 

ɺʘʞʥʦʡ ʛʨʫʧʧʦʡ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʜʠʝʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʷʚʣʷʶʪʩʷ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ï 

ʬʝʥʦʣʴʥʳʝ ʢʠʩʣʦʪʳ ʠ ʬʣʘʚʦʥʦʠʜʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ 
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ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʠ ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

(Tohge, 2017; Cory, 2018; Shahidi, 2018). ʂʣʶʯʝʚʳʤ ʧʦʣʠʬʝʥʦʣʦʤ ʚʳʩʪʫʧʘʝʪ 

ʨʦʟʤʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʧʨʦʷʚʣʷʶʱʘʷ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ 

(ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ, ʘʥʪʠʚʠʨʫʩʥʦʝ, ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʦʝ) ʠ 

ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ (Uritu et al., 2018; 

Marchev et al., 2021). ʉʨʝʜʠ ʬʣʘʚʦʥʦʠʜʦʚ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥ ʢʚʝʨʮʝʪʠʥ, ʩʫʪʦʯʥʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʘʨʴʠʨʫʝʪ ʦʪ 4,37 ʤʛ ʚ ʉʝʚʝʨʥʦʤ ʂʠʪʘʝ ʜʦ 16,2 ʤʛ ʚ ʗʧʦʥʠʠ 

ʧʨʠ ʦʙʱʝʡ ʥʦʨʤʝ ʬʣʘʚʦʥʦʠʜʦʚ 5-80 ʤʛ/ʩʫʪ (Sampson et al., 2002; Sun et al., 2014; 

Wang et al., 2016). ʆʥ ʧʨʦʷʚʣʷʝʪ ʢʘʨʜʠʦʧʨʦʪʝʢʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ, ʩʥʠʞʘʷ ʫʨʦʚʝʥʴ 

ʦʢʠʩʣʝʥʥʳʭ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʠ ʥʦʨʤʘʣʠʟʫʷ ʜʘʚʣʝʥʠʝ (Braga et al., 2013; Dai et al., 

2013; Mosawy et al., 2014; Chen et al., 2016), ʘ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪ ʤʝʪʘʙʦʣʠʟʤ ʛʣʶʢʦʟʳ 

ʠ ʟʘʱʠʱʘʝʪ ɓ-ʢʣʝʪʢʠ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ (Egert et al., 2009; Kostyuk et al., 2011). 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʛʨʫʧʧʦʡ ʙʠʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʵʬʠʨʥʳʝ 

ʤʘʩʣʘ ï ʣʝʪʫʯʠʝ ʚʝʱʝʩʪʚʘ, ʩʦʭʨʘʥʷʶʱʠʝ ʘʨʦʤʘʪ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ (Sharifi-Rad et 

al., 2018). ʅʘʧʨʠʤʝʨ, ʤʘʩʣʦ ʤʷʪʳ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʝʡʩʪʚʠʷ: 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ɾʂʊ (Shaikh et al., 2014; Singh et al., 2015; Morcia et 

al., 2016; Mahboubi, 2017; Parrey et al., 2023). ʕʬʠʨʥʦʝ ʤʘʩʣʦ ʙʘʟʠʣʠʢʘ ʪʘʢʞʝ 

ʠʟʚʝʩʪʥʦ ʩʚʦʝʡ ʘʥʪʠʤʠʢʨʦʙʥʦʡ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʠ ʘʜʘʧʪʦʛʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ (Vassilina et al., 2025; Poulios, et al., 2025). ʄʝʣʠʩʩʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ, 

ʙʣʘʛʦʜʘʨʷ ʩʦʜʝʨʞʘʥʠʶ ʪʘʥʠʥʦʚ ʠ ʬʝʥʦʣʴʥʳʭ ʢʠʩʣʦʪ, ʧʨʦʷʚʣʷʝʪ ʚʳʨʘʞʝʥʥʳʝ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʩʚʦʡʩʪʚʘ (Ghazizadeh et al., 2021; Sharifi-

Rad et al., 2021), ʘ ʪʘʢʞʝ ʩʝʜʘʪʠʚʥʳʝ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʠ ʥʦʦʪʨʦʧʥʳʝ ʵʬʬʝʢʪʳ 

(Yamasaki et al., 1998; Iauk et al., 2003; Lawrence et al., 2013), ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʫʣʠʥʘʨʠʠ ʠ ʬʠʪʦʪʝʨʘʧʠʠ (Patora ʠ Klimek, 2002). 

ʇʦʤʠʤʦ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʩʪʝʥʠʷ ʠ 

ʢʘʯʝʩʪʚʘ ʝʛʦ ʙʠʦʤʘʩʩʳ ʠʤʝʶʪ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʠʛʤʝʥʪʳ. ʍʣʦʨʦʬʠʣʣʳ a ʠ b 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʠʛʤʝʥʪʘʤʠ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ a ʚ 

ʣʠʩʪʴʷʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1,40 ʜʦ 3,75 ʤʛ/ʛ ʩʳʨʦʡ ʤʘʩʩʳ, ʭʣʦʨʦʬʠʣʣʘ b ï ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 30% ʦʪ ʵʪʦʛʦ ʫʨʦʚʥʷ, ʬʦʨʤʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝ a/b ʚ ʧʨʝʜʝʣʘʭ 2,5-4,0 (Croft and 
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Chen, 2017). ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʣʫʞʠʪ ʚʘʞʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠʥʜʠʢʘʪʦʨʦʤ, 

ʦʪʨʘʞʘʶʱʠʤ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʪʝʥʠʷ (ʈʝʟʯʝʥʢʦ, 

2021). ʂʘʨʦʪʠʥʦʠʜʳ ʜʦʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʭʣʦʨʦʬʠʣʣʦʚ, ʧʦʛʣʦʱʘʷ ʩʚʝʪ ʚ 

ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʥʠʭ ʜʠʘʧʘʟʦʥʘʭ ʠ ʟʘʱʠʱʘʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʦʪ 

ʬʦʪʦʧʦʚʨʝʞʜʝʥʠʡ (Ritz et al., 2000). 

 

1.2 ɸʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʚʳʰʝʥʠʶ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʨʘʩʪʝʥʠʡ ʚ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ 

ʆʩʥʦʚʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 

ʩʦʚʨʝʤʝʥʥʳʝ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʧʨʘʚʣʝʥʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʝʝ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʗʨʦʰ ʠ 

ɽʨʤʘʢʦʚ, 2017; ʂʘʥʝʚʩʢʘʷ, 2023). ʂ ʯʠʩʣʫ ʢʣʶʯʝʚʳʭ ʨʝʛʫʣʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʩʠʥʪʝʟ ʮʝʣʝʚʳʭ ʤʝʪʘʙʦʣʠʪʦʚ (ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚʠʪʘʤʠʥʦʚ, ʘʤʠʥʦʢʠʩʣʦʪ) ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʘʥʪʠʧʠʪʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʦʪʥʦʩʷʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʨʝʞʠʤ ʦʩʚʝʱʝʥʠʷ, ʤʠʥʝʨʘʣʴʥʦʝ ʧʠʪʘʥʠʝ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʛʘʟʦʚʳʝ ʨʝʞʠʤʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ, ʛʜʝ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ (Zolkin et al., 2022; Montalvo-

Romero et al., 2023). 

ʊʦʤʘʪ (Solanum lycopersicum L.) ï ʪʨʘʚʷʥʠʩʪʦʝ ʨʘʩʪʝʥʠʝ ʩʝʤʝʡʩʪʚʘ 

ʇʘʩʣʝʥʦʚʳʝ (Solanaceae) ʩ ʜʠʧʣʦʠʜʥʳʤ ʥʘʙʦʨʦʤ ʭʨʦʤʦʩʦʤ (2n=24), ʟʘʥʠʤʘʶʱʝʝ 

ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʩʨʝʜʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (Bai et al., 2007; ʍʨʘʧʘʣʦʚʘ, 2015, 2021; ɻʳʣʳʞʦʚ 

ʠ ʜʨ., 2023). ɻʝʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʝʛʦ 

ʙʣʠʞʘʡʰʝʛʦ ʜʠʢʦʛʦ ʨʦʜʩʪʚʝʥʥʠʢʘ ʚʠʜ Solanum pimpinellifolium, ʩ ʛʝʥʦʤʦʤ 

ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ï ʦʢʦʣʦ 0,6% ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʟʘʤʝʥ (Tomato, 2012; ɸʚʜʝʝʚ, 2014). 

ʊʦʤʘʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʤʠʨʦʚʦʛʦ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ FAOSTAT, ʝʞʝʛʦʜʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

186 ʤʣʥ. ʪʦʥʥ ʩ ʧʣʦʱʘʜʠ 5,06 ʤʣʥ ʛʘ. ʂʨʫʧʥʝʡʰʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ï ʂʠʪʘʡ (å33% 
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ʤʠʨʦʚʦʛʦ ʦʙʲʝʤʘ), ʀʥʜʠʷ (å11%), ʊʫʨʮʠʷ (å7%), ʉʐɸ (6%) ʠ ɽʛʠʧʝʪ (å4%). ʉʨʝʜʠ 

ʜʨʫʛʠʭ ʟʥʘʯʠʤʳʭ ʩʪʨʘʥ ï ʀʨʘʥ, ʀʪʘʣʠʷ, ʀʩʧʘʥʠʷ, ʄʝʢʩʠʢʘ, ɹʨʘʟʠʣʠʷ, ʅʠʛʝʨʠʷ ʠ 

ʈʦʩʩʠʷ. ɺ ʈʦʩʩʠʠ ʚ 2020 ʛʦʜʫ ʪʦʤʘʪʳ ʚʳʨʘʱʠʚʘʣʠʩʴ ʥʘ 80,8 ʪʳʩ. ʛʘ, ʚʘʣʦʚʦʡ ʩʙʦʨ 

ʜʦʩʪʠʛ 3 ʤʣʥ ʪʦʥʥ ʧʨʠ ʩʨʝʜʥʝʡ ʫʨʦʞʘʡʥʦʩʪʠ 36,8 ʪ/ʛʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʨʝʜʥʝʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ. ʅʘʠʙʦʣʴʰʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʤʘʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʂʠʪʘʝ, 

ʀʥʜʠʠ, ʩʪʨʘʥʘʭ ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʠ, ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ, ʉʐɸ ʠ ɹʨʘʟʠʣʠʠ, ʛʜʝ 

ʛʦʜʦʚʘʷ ʥʦʨʤʘ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 61,9 ʜʦ 198,9 ʢʛ (ʊʫʪʦʚʘ 

ʠ ʜʨ., 2022; Cerilli et al., 2024). 

ɺ ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ ʚʦʟʜʝʣʳʚʘʝʪʩʷ ʦʢʦʣʦ 7500 ʛʝʥʦʪʠʧʦʚ ʪʦʤʘʪʘ (FAO, 

2023). ʂʨʫʧʥʝʡʰʠʤ ʚ ʈʦʩʩʠʠ ʮʝʥʪʨʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʪʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʷʚʣʷʝʪʩʷ 

ʢʦʣʣʝʢʮʠʷ ɺʀʈ ʠʤ. ʅ.ʀ. ɺʘʚʠʣʦʚʘ, ʥʘʩʯʠʪʳʚʘʶʱʘʷ 7678 ʦʙʨʘʟʮʦʚ ʦʜʥʦʛʦ 

ʢʫʣʴʪʫʨʥʦʛʦ ʠ ʜʝʚʷʪʠ ʜʠʢʠʭ ʚʠʜʦʚ ʨʦʜʘ Lycopersicon (Rick, 1959). ʂʦʣʣʝʢʮʠʷ, 

ʥʘʯʘʪʘʷ ʚ 1922 ʛ. ʵʢʩʧʝʜʠʮʠʷʤʠ ɺʘʚʠʣʦʚʘ ʠ ɹʫʢʘʩʦʚʘ, ʚʢʣʶʯʘʝʪ 6536 ʩʦʨʪʦʚʳʭ ʠ 

1505 ʛʠʙʨʠʜʥʳʭ ʧʦʧʫʣʷʮʠʡ L. esculentum Mill. ɽʝ ʩʦʚʨʝʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʢʦʨʘʩʪʫʱʠʤʠ ʚʠʜʘʤʠ (196), ʧʨʠʤʠʪʠʚʥʳʤʠ ʠ ʩʪʘʨʦʤʝʩʪʥʳʤʠ 

ʬʦʨʤʘʤʠ (922), ʩʝʣʝʢʮʠʦʥʥʳʤʠ ʠ ʣʶʙʠʪʝʣʴʩʢʠʤʠ ʩʦʨʪʘʤʠ (4188), ʛʠʙʨʠʜʘʤʠ 

(1511), ʤʫʪʘʥʪʥʳʤʠ ʬʦʨʤʘʤʠ (49), ʩʘʤʦʦʧʳʣʝʥʥʳʤʠ ʣʠʥʠʷʤʠ (118), 

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (278) ʠ ʜʦʥʦʨʩʢʠʤʠ ʦʙʨʘʟʮʘʤʠ (17) (ʂʫʨʪʠʥʘ ʠ ʜʨ., 

2021).  

ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʩʝʣʝʢʮʠʠ ʪʨʝʙʫʝʪ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʩʣʫʞʠʪ 

ʢʣʶʯʝʚʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʪʦʤʘʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʩʣʝʜʫʶʱʠʝ ʜʠʘʧʘʟʦʥʳ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʣʠʩʪʴʷʭ: ʦʙʱʠʡ 

ʭʣʦʨʦʬʠʣʣ ï 1,99-4,72 ʤʛ/ʛ ʩʳʨʦʡ ʤʘʩʩʳ, ʭʣʦʨʦʬʠʣʣ b ï 0,45ï1,25 ʤʛ/ʛ, ʢʘʨʦʪʠʥ ï 

0,28-0,92 ʤʛ/ʛ ʩʫʭʦʡ ʤʘʩʩʳ. ʋ ʢʫʣʴʪʫʨʥʳʭ ʩʦʨʪʦʚ ʫʨʦʚʝʥʴ ʭʣʦʨʦʬʠʣʣʘ ʚʘʨʴʠʨʦʚʘʣ 

ʰʠʨʝ (0,14-5,11 ʤʛ/100 ʛ), ʯʝʤ ʫ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʜʠʢʠʭ ʬʦʨʤ (2,95-4,57 ʤʛ/100 ʛ) 

(Abdelkader et al., 2022). ʇʦʤʠʤʦ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʣʶʯʝʚʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʦʤʘʪʘ ʷʚʣʷʝʪʩʷ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ. ʆʥʠ ʩʦʜʝʨʞʘʪ 

ʢʦʤʧʣʝʢʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʚʠʪʘʤʠʥʳ, ʤʘʢʨʦ- ʠ 
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ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ, ʙʝʣʢʠ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʢʘʨʦʪʠʥʦʠʜʳ ʠ ʬʠʪʦʩʪʝʨʠʥʳ (ɻʦʣʫʙʢʠʥʘ ʠ ʜʨ., 2010; Chaudhary et al., 2018; Liu et 

al., 2018, 2022; Ahmed et al., 2020; Ali et al., 2020, 2021; Kumar et al., 2020; ʂʫʨʪʠʥʘ 

ʠ ʜʨ., 2021; ɻʳʣʳʞʦʚ ʠ ʜʨ., 2023; USDA, 2025). ʇʨʠ ʵʪʦʤ ʪʦʤʘʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʤʝʥʝʝ ʢʘʣʦʨʠʡʥʳʭ ʦʚʦʱʝʡ, ʦʪʣʠʯʘʷʩʴ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʦʚ ʠ ʧʦʣʥʳʤ 

ʦʪʩʫʪʩʪʚʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ, ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʚʩʝʛʦ 18 ʢʢʘʣ/100 ʛ (USDA, 

2025) (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʣʦʜʦʚ ʪʦʤʘʪʘ  

ʇʦʢʘʟʘʪʝʣʴ 

ʂʦʣʠʯʝʩʪʚʦ  

(ʥʘ 100 ʛ ʩʳʨʦʡ 

ʤʘʩʩʳ)  

ʇʦʢʘʟʘʪʝʣʴ 

ʂʦʣʠʯʝʩʪʚʦ  

(ʥʘ 100 ʛ ʩʳʨʦʡ 

ʤʘʩʩʳ) 

ɺʣʘʛʘ 93-95% ʂʠʩʣʦʪʥʦʩʪʴ  0,48% 

ʨʅ  3,83 
ɺʠʪʘʤʠʥ ʉ (ʦʙʱʘʷ 

ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ)  
16,3 ʤʛ 

ʕʥʝʨʛʠʷ 18-34,7 ʢʢʘʣ ɺʠʪʘʤʠʥ ɺ 0,078 ʤʛ 

ɸʟʦʪ 0,14 ʛ ʊʠʘʤʠʥ 0,046 ʤʛ 

ɹʝʣʦʢ 0,82-1,16 ʛ ʅʠʘʮʠʥ 0,533 ʤʛ 

ɿʦʣʘ 0,3-0,9 ʛ ʈʠʙʦʬʣʘʚʠʥ 0,018 ʤʛ 

ʆʙʱʠʝ ʣʠʧʠʜʳ 

(ʞʠʨʳ) 
0,19-0,31 ʛ ɺʠʪʘʤʠʥ ɺ 0,089 ʤʛ 

ʋʛʣʝʚʦʜ 3,9-5,9 ʛ ʌʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ, ʦʙʱʘʷ 13 ʤʢʛ 

ʂʣʝʪʯʘʪʢʘ 1,2 ʛ ɹʠʦʪʠʥ B 0,469 ʤʢʛ 

ʉʘʭʘʨʘ 2,1-6,0 ʛ ʍʦʣʠʥ, ʦʙʱʠʡ 7,0 ʤʢʛ 

ʉʘʭʘʨʦʟʘ <0,25 ʛ ɺʠʪʘʤʠʥ ɸ 32 ʤʢʛ 

ɻʣʶʢʦʟʘ 1,27 ʛ 
ʂʘʨʦʪʠʥ, ʙʝʪʘ  

(ɓ-ʢʘʨʦʪʠʥ) 
397 ʤʢʛ 

ʌʨʫʢʪʦʟʘ 1,34 ʛ 
ʂʘʨʦʪʠʥ, ʘʣʴʬʘ  

(Ŭ-ʢʘʨʦʪʠʥ) 
61 ʤʢʛ 

ʃʘʢʪʦʟʘ <0,25 ʛ 
ʂʘʨʦʪʠʥ, ʛʘʤʤʘ  

(ɔ- ʢʘʨʦʪʠʥ) 
2 ʤʢʛ 

ʄʘʣʴʪʦʟʘ <0,25 ʛ ɓ-ʢʨʠʧʪʦʢʩʘʥʪʠʥ 6 ʤʢʛ 

ʂʘʣʴʮʠʡ (Ca) 10 ʤʛ Ŭ-ʢʨʠʧʪʦʢʩʘʥʪʠʥ 10 ʤʢʛ 

ɾʝʣʝʟʦ (Fe) 0,22 ʤʛ ʃʠʢʦʧʠʥ 2813 ʤʢʛ 

ʄʘʛʥʠʡ (Mg) 11,0 ʤʛ ʃʶʪʝʠʥ + ʟʝʘʢʩʘʥʪʠʥ 103 ʤʢʛ 

ʌʦʩʬʦʨ (P) 23 ʤʛ ʎʠʩ-ʣʶʪʝʠʥ/ʟʝʘʢʩʘʥʪʠʥ 0 ʤʢʛ 

ʂʘʣʠʡ (K) 226 ʤʛ ʃʶʪʝʠʥ 56 ʤʢʛ 

ʅʘʪʨʠʡ (Na) 4,0 ʤʛ ɺʠʪʘʤʠʥ ɽ (Ŭ-ʪʦʢʦʬʝʨʦʣ) 0,58 ʤʛ 

ʎʠʥʢ (Zn) 0,12 ʤʛ ɺʠʪʘʤʠʥ ʂ (ʬʠʣʣʦʭʠʥʦʥ) 7,5 ʤʢʛ 

ʄʝʜʴ (Cu) 0,051 ʤʛ 
ɾʠʨʥʳʝ ʢʠʩʣʦʪʳ 

ʥʘʩʳʱʝʥʥʳʝ 
0,028 ʛ 

ʄʘʨʛʘʥʝʮ (Mn) 0,087 ʤʛ 
ɾʠʨʥʳʝ ʢʠʩʣʦʪʳ, 

ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʝ 
0,031 ʛ 

ʉʝʣʝʥ (Se) 0 ʤʢʛ 
ɾʠʨʥʳʝ ʢʠʩʣʦʪʳ 

ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ 
0,083 ʛ 
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ʉʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ C ʚ ʧʣʦʜʘʭ ʢʫʣʴʪʫʨʥʳʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ ʩʦʩʪʘʚʣʷʝʪ  

12,4-35,6 ʤʛ/100 ʛ (ʚ ʩʨʝʜʥʝʤ 20,8 ʤʛ/100 ʛ), ʯʪʦ ʥʠʞʝ, ʯʝʤ ʫ ʜʠʢʠʭ ʚʠʜʦʚ  

(23,6-28,1 ʤʛ/100 ʛ), ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʩʥʠʞʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʝʣʝʢʮʠʠ. 

ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʘ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʟʨʝʣʳʤʠ ʢʨʘʩʥʳʤʠ (13,7 ʤʛ/100 ʛ) ʠ ʟʝʣʸʥʳʤʠ 

ʧʣʦʜʘʤʠ (23,4 ʤʛ/100 ʛ). ʇʨʦʤʳʰʣʝʥʥʳʝ ʩʦʨʪʘ ʚ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʪ 19,0 ʤʛ/100 ʛ 

(ʂʫʨʪʠʥʘ ʠ ʜʨ., 2021; Collins et al., 2022). ʆʜʥʘʢʦ ʚʳʜʝʣʷʶʪʩʷ ʛʝʥʦʪʠʧʳ-

ʠʩʢʣʶʯʝʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʩʝʣʝʢʮʠʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ʉ 

(42,2 ʤʛ/100 ʛ) ʠ ʚʳʩʦʢʘʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (272,0 ʤʛ/ʜʤį) ʦʪʤʝʯʝʥʳ ʫ 

ʩʦʨʪʘ ʃʷʥʘ, ʚʳʨʘʱʝʥʥʦʛʦ ʚ ɼʘʛʝʩʪʘʥʝ (ʇʨʠʯʢʦ ʠ ʜʨ., 2023), ʘ ʫ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʥʳʭ 

ʣʠʥʠʡ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛʘʣ 63,4 ʤʛ/100 ʛ (ɺʝʣʠʞʘʥʦʚ, 2021). 

ʉʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ, 

ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ: ʫ ʩʦʨʪʦʚ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ 2,81-4,41% (ʂʫʟʝʤʝʥʩʢʠʡ, 

2004), ʘ ʫ ʛʠʙʨʠʜʦʚ F  ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 6,0% (ʀʛʥʘʪʦʚʘ ʠ ʜʨ., 2020). ʆʩʥʦʚʥʫʶ ʜʦʣʶ 

ʨʘʩʪʚʦʨʠʤʳʭ ʩʘʭʘʨʦʚ ʩʦʩʪʘʚʣʷʶʪ ʬʨʫʢʪʦʟʘ (~25%) ʠ ʛʣʶʢʦʟʘ (~22%), ʪʦʛʜʘ ʢʘʢ 

ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʟʳ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 1% (Gilbert, 2009). 

ʂʘʨʦʪʠʥʦʠʜʳ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʨʝʜʥʝʤ ʚ ʢʦʣʠʯʝʩʪʚʝ 21,86 

ʤʛ/100 ʛ ʩ ʰʠʨʦʢʠʤ ʨʘʟʙʨʦʩʦʤ (0,97ï99,86 ʤʛ/100 ʛ), ʪʦʛʜʘ ʢʘʢ ʫ ʜʠʢʠʭ ʚʠʜʦʚ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ (ʚ ʩʨʝʜʥʝʤ 2,68 ʤʛ/100 ʛ) (Kaur et al., 2013). 

ʆʩʥʦʚʥʳʤ ʧʠʛʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʣʠʢʦʧʠʥ (1,9-18,04 ʤʛ/100 ʛ), ʜʦʩʪʠʛʘʶʱʠʡ 

ʤʘʢʩʠʤʫʤʘ ʫ ʩʦʨʪʦʚ ʩ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʡ ʠ ʧʫʨʧʫʨʥʦ-ʢʨʘʩʥʦʡ ʦʢʨʘʩʢʦʡ (Martinez-

Valverde et al., 2002; Przybylska, 2019; ʂʫʨʪʠʥʘ ʠ ʜʨ., 2021). ɺʪʦʨʦʡ ʢʣʶʯʝʚʦʡ 

ʢʘʨʦʪʠʥʦʠʜ, ɓ-ʢʘʨʦʪʠʥ (0,23-2,83 ʤʛ/100 ʛ), ʦʧʨʝʜʝʣʷʝʪ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʫʶ ʦʢʨʘʩʢʫ 

ʠ ʧʦʚʳʰʘʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʣʦʜʦʚ (Baranska et al., 2006; Przybylska, 

2020). 

ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʱʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ 2,0ï2,5% ʩʫʭʦʡ ʤʘʩʩʳ, ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ 

ʛʣʫʪʘʤʠʥʦʚʦʡ, ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʠ ɔ-ʘʤʠʥʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪ (Sorrequieta et al., 2010; 

Snowden et al., 2015). ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ, Elbadrawy et al. (2016) ʚ ʧʣʦʜʘʭ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ 17 ʘʤʠʥʦʢʠʩʣʦʪ, ʠʟ ʢʦʪʦʨʳʭ ʥʝʟʘʤʝʥʠʤʳʝ ʩʦʩʪʘʚʣʷʣʠ ʦʢʦʣʦ 40%, ʩ 
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ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʝʡʮʠʥʘ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʠʦʥʠʥʘ, ʘ ʩʨʝʜʠ 

ʟʘʤʝʥʠʤʳʭ ʥʘʠʤʝʥʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʤʝʯʝʥʘ ʜʣʷ ʮʠʩʪʝʠʥʘ (ʪʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ 

ɸʤʠʥʦʢʠʩʣʦʪʳ ʂʦʥʮʝʥʪʨʘʮʠʷ  

(ʛ/100 ʛ ʙʝʣʢʘ ʩʳʨʦʡ ʤʘʩʩʳ) 

ɼʠʘʧʘʟʦʥ 

ʊʨʝʦʥʠʥ  1,37Ñ0,97 0,40-2,34 

ɺʘʣʠʥ  2,49Ñ2,09 0,40-2,49 

ʄʝʪʠʦʥʠʥ  0,57Ñ0,45 0,12-1,02 

ʀʟʦʣʝʡʮʠʥ  2,13Ñ1,73 0,40-3,86 

ʃʝʡʮʠʥ  2,80Ñ2,28 0,52-5,07 

ʌʝʥʠʣʘʣʘʥʠʥ  1,77Ñ1,36 0,41-13,12 

ɻʠʩʪʠʜʠʥ  1,93Ñ1,71 0,22-3,64 

ʃʠʟʠʥ  2,45Ñ1,95 0,50-4,40 

ɸʨʛʠʥʠʥ  2,33Ñ2,02 0,31-4,34 

ɸʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ  1,40Ñ0,70 0,70-2,09 

ʉʝʨʠʥ  1,70Ñ1,30 0,48-3,08 

ɻʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ  10,13Ñ4,44 5,69-14,56 

ʇʨʦʣʠʥ  1,53Ñ1,25 0,28-2,78 

ɻʣʠʮʠʥ  2,30Ñ1,99 0,31-4,29 

ɸʣʘʥʠʥ  2,74Ñ2,29 0,45-5,02 

ʎʠʩʪʠʥ  0,21Ñ0,19 0,02-0,39 

ʊʠʨʦʟʠʥ  1,82Ñ1,61 0,21-3,42 

 

ɺʳʩʦʢʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʪʦʤʘʪʦʚ, ʦʪʤʝʯʝʥʥʘʷ 

ʨʘʥʝʝ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ Baek et al. (2024). ʊʘʢ, ʘʥʘʣʠʟ ʧʷʪʠ ʩʦʨʪʦʚ ʪʦʤʘʪʘ 

ʯʝʨʨʠ ʚʳʷʚʠʣ ʥʘʣʠʯʠʝ 22 ʩʚʦʙʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʞʩʦʨʪʦʚʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ. ɼʦʤʠʥʠʨʫʶʱʝʡ ʷʚʣʷʣʘʩʴ ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (12,05-27,54 ʛ/ʢʛ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ), ʩʦʩʪʘʚʣʷʚʰʘʷ 37,62-52,09% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ (Baek et al., 

2024). ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʝʤʝʥʘ ʪʦʤʘʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʠʥʦʢʠʩʣʦʪ (10,43%), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʧʦʪʝʥʮʠʘʣ ʚ 

ʢʘʯʝʩʪʚʝ ʮʝʥʥʦʛʦ ʧʠʱʝʚʦʛʦ ʠʥʛʨʝʜʠʝʥʪʘ (ɸʢʠʰʠʥ ʠ ʜʨ., 2021). 

ɺʘʞʥʝʡʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʪʦʤʘʪʘ ʥʘʨʷʜʫ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʷʚʣʷʶʪʩʷ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʣʘʚʦʥʦʠʜʘʤʠ 

(ʨʫʪʠʥ, ʥʘʨʠʥʛʝʥʠʥ, ʢʚʝʨʮʝʪʠʥ) ʠ ʬʝʥʦʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ (ʭʣʦʨʦʛʝʥʦʚʘʷ, 

ʢʦʬʝʠʥʦʚʘʷ, ʢʫʤʘʨʦʚʘʷ) (Cetkovic et al., 2012). ʀʭ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʪʦʤʘʪʘʭ 
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ʯʝʨʨʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 64,6 ʜʦ 440,0 ʤʛ/100 ʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (Choi et al., 2014). ʉʨʝʜʠ 

ʬʣʘʚʦʥʦʠʜʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʨʫʪʠʥ (1,24-3,63 ʤʛ/100 ʛ), ʜʘʣʝʝ ʩʣʝʜʫʶʪ ʥʘʨʠʥʛʝʥʠʥ ʠ 

ʢʚʝʨʮʝʪʠʥ; ʜʦʤʠʥʠʨʫʶʱʝʡ ʬʝʥʦʣʴʥʦʡ ʢʠʩʣʦʪʦʡ ʷʚʣʷʝʪʩʷ ʭʣʦʨʦʛʝʥʦʚʘʷ (0,75-1,38 

ʤʛ/100 ʛ) (Marti et al., 2018). ɺ ʮʝʣʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʬʝʥʦʣʦʚ ʚ ʩʦʨʪʘʭ ʚʘʨʴʠʨʫʝʪ 

ʦʪ 26,34 ʜʦ 141,98 ʤʛ ʵʢʚʠʚʘʣʝʥʪʘ ʛʘʣʣʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 100 ʛ ʩʳʨʦʡ ʤʘʩʩʳ  

(Kaur et al., 2013). 

ʐʠʨʦʢʦʝ ʙʠʦʭʠʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʦʤʘʪʘ ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʝʛʦ 

ʧʠʪʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ, ʥʦ ʠ ʩʣʫʞʠʪ ʢʣʶʯʝʚʳʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʩʝʣʝʢʮʠʠ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʨʪʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʛʠʙʨʠʜʘʤʠ, ʦʪʦʙʨʘʥʥʳʤʠ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʠ ʩʦʨʪʘʤʠ ʦʪʢʨʳʪʦʛʦ 

ʦʧʳʣʝʥʠʷ, ʩʦʭʨʘʥʷʶʱʠʤʠ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʣʠʤʦʨʬʠʟʤ (Rothan et al., 2019). ʆʜʥʘʢʦ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩʝʣʝʢʮʠʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʚʢʫʩʦʚʳʭ 

ʢʘʯʝʩʪʚ ʠ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʩʦʨʪʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʫʣʫʯʰʝʥʥʳʤ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (Kaur et al., 2023; Anwar et al., 2025).  

ʉʣʝʜʩʪʚʠʝʤ ʪʘʢʦʡ ʫʟʢʦʡ ʩʝʣʝʢʮʠʠ ʩʪʘʣʦ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʷʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ: ʜʠʢʠʝ ʚʠʜʳ  

(S. chmielewskii, S. peruvianum) ʩʦʜʝʨʞʘʣʠ ʙʦʣʝʝ 10% ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ, 

ʪʦʛʜʘ ʢʘʢ ʫ ʢʫʣʴʪʫʨʥʳʭ ʩʦʨʪʦʚ S. lycopersicum ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 4-9% 

(Beckles et al., 2012; ʉʢʦʨʠʥʘ ʠ ʜʨ., 2019; ʂʫʨʪʠʥʘ ʠ ʜʨ., 2021). ɺʢʫʩ ʪʦʤʘʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʣʘʥʩʦʤ ʩʘʭʘʨʦʚ ʠ ʢʠʩʣʦʪ, ʘ ʘʨʦʤʘʪ ï ʢʦʤʧʣʝʢʩʦʤ ʣʝʪʫʯʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʫʪʨʘʯʝʥʳ ʧʨʠ ʩʝʣʝʢʮʠʠ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ 

(Davies et al., 1981; Folta ʠ Klee, 2016; Pereira et al., 2021). ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʠʢʠʭ 

ʚʠʜʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ (Figʘs et al., 2015; Kuhalskaya et al., 2024). 

ʋʞʝ ʩʦʟʜʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʛʝʥʦʪʠʧʳ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʠʥʜʝʪʝʨʤʠʥʘʥʪʥʳʤ ʪʠʧʦʤ ʨʦʩʪʘ, ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʩʘʭʘʨʦʢʠʩʣʦʪʥʳʤ ʠʥʜʝʢʩʦʤ (7-

10), ʚʢʣʶʯʘʷ ʛʠʙʨʠʜʳ F  (ʇʝʨʩʠʘʥʦʚʩʢʠʡ, ɹʦʷʨʠʥ, ʊʝʨʝʢ, ʕʣʴʬ) ʠ ʩʦʨʪʘ (ʉʣʘʜʢʠʡ 

ʬʦʥʪʘʥ, ɻʨʘʥʘʪʦʚʘʷ ʢʘʧʣʷ, ʆʨʘʥʞʝʚʳʡ ʬʦʥʪʘʥ, ʃʫʥʥʳʡ ʬʦʥʪʘʥ, ʄʘʣʠʥʦʚʳʡ 

ʬʦʥʪʘʥ, ʆʨʘʥʞʝʚʘʷ ʛʠʨʣʷʥʜʘ) (ʆʛʥʝʚ ʠ ʜʨ., 2020). ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 
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ʬʦʨʤʳ, ʦʙʦʛʘʱʝʥʥʳʝ ʙʠʦʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ: ʢʘʨʦʪʠʥʦʠʜʘʤʠ (ʩʦʨʪʘ 

ɺʦʣʰʝʙʥʘʷ ɸʨʬʘ, ɿʦʣʦʪʦʡ ʧʦʪʦʢ, ɸʙʨʠʢʦʪʠʥ, ɻʨʝʟʳ ʇʨʦʚʘʥʩʘ), ʘʥʪʦʮʠʘʥʘʤʠ 

(ʬʠʦʣʝʪʦʚʦʧʣʦʜʥʳʝ ʩʦʨʪʘ ɻʨʘʥʘʪʦʚʘʷ ʢʘʧʣʷ, ʂʨʝʦʣʢʘ, ʏʝʨʥʳʡ ʜʨʘʢʦʥ, ʟʘʨʫʙʝʞʥʳʡ 

Indigo Rose), ʦʙʣʘʜʘʶʱʠʝ ʢʘʨʜʠʦʧʨʦʪʝʢʪʦʨʥʳʤ ʜʝʡʩʪʚʠʝʤ (Gammone et al., 2015; 

Ooe et al., 2016; Blando et al., 2019), ʘ ʪʘʢʞʝ ʩʦʨʪʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʩʘʭʘʨʘ (ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ, ʇʝʨʩʪ, ʇʘʪʨʠʩ) (ʆʛʥʝʚ ʠ ʜʨ., 2020). 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀʛʥʘʪʦʚʦʡ ʠ ʜʨ. (2020), ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʛʠʙʨʠʜʳ  

(ʩʝʨʠʠ ɻ950-ɻ960, ʄʘʛʠʩʪʨʘʣʴ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ 

ʠʥʦʩʪʨʘʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʚʢʫʩʦʚʳʤ ʢʘʯʝʩʪʚʘʤ. ʅʦʚʳʡ ʛʝʥʦʪʠʧ 

(ʛʠʙʨʠʜ F  ɾʘʥʥʘ) ʩʦʯʝʪʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩ ʦʪʣʠʯʥʳʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

(ʂʦʟʣʦʚʘ, 2024). ʇʝʨʩʧʝʢʪʠʚʥʳ ʪʘʢʞʝ ʰʪʘʤʙʦʚʳʝ ʣʠʥʠʠ (909/14, 911/14) ʩ 

ʢʦʤʧʘʢʪʥʳʤ ʛʘʙʠʪʫʩʦʤ ʜʝʪʝʨʤʠʥʘʥʪʥʦʛʦ ʪʠʧʘ, ʫʣʫʯʰʝʥʥʳʤ ʢʘʯʝʩʪʚʦʤ ʧʣʦʜʦʚ ʠ 

ʚʳʩʦʢʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ (ʈʦʪʘʨʴ ʠ ʜʨ., 2017), ʘ ʪʘʢʞʝ ʩʦʨʪʘ 

ʅʝʧʨʷʜʚʘ, ɹʝʣʴʭʘʚʩʢʠʡ ʠ ʇʫʣʴʩʘʨ, ʧʨʠʟʥʘʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ (ʄʝʜʝʣʷʝʚʘ ʠ ʊʨʫʥʦʚ, 2022). 

ʄʷʪʘ, ʙʘʟʠʣʠʢ ʠ ʤʝʣʠʩʩʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʗʩʥʦʪʢʦʚʳʝ 

(Lamiaceae), ʢʦʪʦʨʦʝ ʦʙʲʝʜʠʥʷʝʪ ʩʚʳʰʝ 7000 ʚʠʜʦʚ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ ʩʦʜʝʨʞʘʪ ʮʝʥʥʳʝ ʙʠʦʘʢʪʠʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ: ʬʣʘʚʦʥʦʠʜʳ (ʣʶʪʝʦʣʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ), ʧʦʣʠʬʝʥʦʣʳ, 

ʨʦʟʤʘʨʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʵʬʠʨʥʳʝ ʤʘʩʣʘ (Mimica-Dukiʩ ʠ Bozin, 2008; Tang et al., 

2016), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ (Hussein, 

2017; ʄʘʣʘʥʢʠʥʘ ʠ ʂʦʟʣʦʚʩʢʘʷ, 2019; Karpinski, 2020; ʄʘʣʘʥʢʠʥʘ, 2021; ʊʢʘʯʝʚʘ ʠ 

ʜʨ., 2024).  

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ ʵʪʠʭ ʢʫʣʴʪʫʨ, ʷʚʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ Jakubczyk et al. 

(2024), ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʭʣʦʨʦʬʠʣʣʘ (ʘ+b) ʦʪʤʝʯʝʥʦ ʫ ʤʷʪʳ (5,86 

ʤʛ/ʣ) ʠ ʤʝʣʠʩʩʳ (5,58 ʤʛ/ʣ), ʪʦʛʜʘ ʢʘʢ ʫ ʙʘʟʠʣʠʢʘ ʦʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ (2,9 ʤʛ/ʣ). 

ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʷʪʳ (1,02 ʤʛ/ʣ) ʠ 

ʙʘʟʠʣʠʢʘ (0,97 ʤʛ/ʣ) (ʪʘʙʣʠʮʘ 3). 
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ʊʘʙʣʠʮʘ 3 ï ʉʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʤʷʪʳ, ʙʘʟʠʣʠʢʘ 

ʠ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ. M ï ʤʝʜʠʘʥʘ, IQR ï ʤʝʞʢʚʘʨʪʠʣʴʥʳʡ ʨʘʟʤʘʭ. ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (p<0,05).  

ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʧʠʛʤʝʥʪʳ, ʤʛ/ʣ 

ʄʷʪʘ ɹʘʟʠʣʠʢ 
ʄʝʣʠʩʩʘ 

ʣʝʢʘʨʩʪʚʝʥʥʘʷ 

ʄʝʜʠʘʥʘ IQR ʄʝʜʠʘʥʘ IQR ʄʝʜʠʘʥʘ IQR 

ʂʘʨʦʪʠʥʦʠʜʳ 1,02c 0,76 0,97c 0,27 0,30ab 0,13 

ʍʣʦʨʦʬʠʣʣ ʘ 3,03b 2,21 1,56ac 2,89 3,30b 1,39 

ʍʣʦʨʦʬʠʣʣ b 2,83bc 1,32 1,35ac 1,67 2,28ab 0,76 

ʉʫʤʤʘ ʭʣʦʨʦʬʠʣʣ 

(ʘ+ b) 

5,86b 3,53 2,9ac 4,56 5,58b 2,15 

ʉʨʝʜʠ ʩʦʨʪʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʝʣʝʢʮʠʠ ʚʳʩʦʢʠʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʳʜʝʣʷʶʪʩʷ ʙʘʟʠʣʠʢ ɸʨʘʨʘʪ, ʤʝʣʠʩʩʘ ʃʠʤʦʥʥʳʡ ʘʨʦʤʘʪ ʠ ʤʷʪʘ 

ʧʝʨʝʯʥʘʷ ʄʦʩʢʚʠʯʢʘ (ʋʰʘʢʦʚʘ ʠ ʜʨ., 2015). ʄʠʨʦʚʘʷ ʩʝʣʝʢʮʠʷ ʧʨʷʥʦ-

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʦʚʦʱʥʳʭ, ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʙʦʣʝʟʥʷʤ ʠ ʚʨʝʜʠʪʝʣʷʤ 

(ʉʦʣʜʘʪʝʥʢʦ ʠ ʜʨ., 2019). ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʵʬʠʨʦʤʘʩʣʠʯʥʳʭ ʚʠʜʦʚ ʢʣʶʯʝʚʳʤʠ 

ʟʘʜʘʯʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʠ ʫʩʠʣʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢ ʧʘʪʦʛʝʥʘʤ, ʥʘʧʨʠʤʝʨ, ʢ ʚʝʨʪʠʮʠʣʣʝʟʥʦʤʫ ʫʚʷʜʘʥʠʶ (Vining et al., 2020). 

ʈʦʜ Mentha ʦʙʲʝʜʠʥʷʝʪ ʤʥʦʛʦʣʝʪʥʠʝ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʨʘʩʪʝʥʠʷ 

ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʦʣʫʯʠʚʰʠʝ ʤʠʨʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

(Chambers et al., 1994). ʂʫʣʴʪʫʨʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘʧʠʪʢʦʚ ʠ ʬʘʨʤʘʮʝʚʪʠʢʝ (Patra ʠ Kumar, 2012; 

Shaikh et al., 2014; Prakash et al., 2016). ʍʘʨʘʢʪʝʨʥʳʡ ʘʨʦʤʘʪ ʠ ʚʢʫʩ ʦʙʫʩʣʦʚʣʝʥʳ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʥʪʦʣʘ, ʢʘʨʚʦʥʘ ʠ ʣʠʥʘʣʦʣʘ (Kumar et al., 2011). ʕʢʩʪʨʘʢʪ M. 

longifolia ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʪʨʘʢʪʦʤ ʩʝʤʷʥ ʪʤʠʥʘ (Cuminum cyminum L.) (Raeisi et al., 2016). 

ʈʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʦʡ ʪʘʢʩʦʥʦʤʠʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʨʘʩʭʦʞʜʝʥʠʷʤ ʚ ʦʮʝʥʢʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʉʦʛʣʘʩʥʦ ʨʘʟʣʠʯʥʳʤ ʠʩʪʦʯʥʠʢʘʤ, ʨʦʜ 

ʚʢʣʶʯʘʝʪ ʦʪ 13-18 (Bunsawat et al., 2004) ʜʦ 42 ʚʠʜʦʚ ʠ 15 ʛʠʙʨʠʜʦʚ (Salehi et al., 

2018), ʧʨʠ ʵʪʦʤ ʯʘʩʪʦ ʧʨʠʟʥʘʸʪʩʷ ʦʢʦʣʦ 30 ʚʠʜʦʚ (Aparna et al., 2017). 

ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʊʘʢʝʨʘ ʠ ʅʘʮʠ (2007) ʧʦʜʪʚʝʨʜʠʣʘ ʥʘʣʠʯʠʝ 18 ʚʠʜʦʚ, 31 ʧʦʜʚʠʜʘ 
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ʠ 11 ʛʠʙʨʠʜʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ: 

GRIN-Global (2020) ʚʢʣʶʯʘʝʪ 20 ʚʠʜʦʚ, POWO (2025) ï 39 ʪʘʢʩʦʥʦʚ, ʘ GRIN (2025) 

ï ʦʢʦʣʦ 43 ʚʠʜʦʚ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʪʨʘʜʠʮʠʠ ʦʙʳʯʥʦ ʧʨʠʟʥʘʚʘʣʦʩʴ 22 ʚʠʜʘ (ʌʣʦʨʘ 

ʉʉʉʈ; ɹʦʯʢʘʨʝʚ ʠ ʜʨ., 2015). 

ʅʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʚʠʜʳ ʤʷʪʳ: ʧʝʨʝʯʥʘʷ (M. 

piperita), ʧʦʣʝʚʘʷ (M. arvensis), ʜʣʠʥʥʦʣʠʩʪʥʘʷ (M. longifolia), ʚʦʜʥʘʷ (M. aquatica), 

ʢʦʣʦʩʠʩʪʘʷ (M. spicata) ʠ ʙʝʨʛʘʤʦʪʥʘʷ (M. citrata) ʤʷʪʘ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʙʣʘʛʦʜʘʨʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʠ ʢʫʣʠʥʘʨʥʳʤ ʩʚʦʡʩʪʚʘʤ (McKay et al., 2006; ɹʦʯʢʘʨʝʚ ʠ ʜʨ., 2015; 

ʄʘʣʘʥʢʠʥʘ ʠ ʜʨ., 2018-2025; Vining et al., 2020; ʊʢʘʯʝʚʘ ʠ ʜʨ., 2023). 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʝʣʝʢʮʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʩʦʟʜʘʥʠʠ ʩʦʨʪʦʚ ʤʷʪʳ 

ʢʦʣʦʩʠʩʪʦʡ, ʧʦʣʝʚʦʡ ʠ ʤʝʞʚʠʜʦʚʳʭ ʛʠʙʨʠʜʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʷʜʦʤ ʧʘʪʝʥʪʦʚ 

(ʇʘʪʝʥʪ ˉ PP10935, 1999; ʇʘʪʝʥʪ ˉ USPP12030P2, 2018 ʠ ʜʨ.). ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʢʦʣʣʝʢʮʠʷ ʉʐɸ (NPGS) ʚ ʂʦʨʚʘʣʣʠʩʝ ʚʢʣʶʯʘʝʪ ʦʢʦʣʦ 450 ʦʙʨʘʟʮʦʚ 20 ʚʠʜʦʚ ʠ 10 

ʛʠʙʨʠʜʦʚ, ʛʜʝ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʩʦʨʪʘ ʤʷʪʳ ʧʝʨʝʯʥʦʡ (Chocolate, Pineapple), 

ʚʦʜʥʦʡ (Eau de Cologne) ʠ ʢʦʣʦʩʠʩʪʦʡ (Kentucky Colonel) (Hummer et al., 2020).  

ʂʣʶʯʝʚʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʚ ʤʠʨʝ ʚʳʩʪʫʧʘʶʪ: ɹʨʘʟʠʣʠʷ, ʂʠʪʘʡ, ʀʥʜʠʷ 

(ʤʷʪʘ ʧʦʣʝʚʘʷ); ʄʘʨʦʢʢʦ, ʉʐɸ, ɹʦʣʛʘʨʠʷ (ʤʷʪʘ ʧʝʨʝʯʥʘʷ); ɽʛʠʧʝʪ, ʊʫʨʮʠʷ (ʤʷʪʘ 

ʜʣʠʥʥʦʣʠʩʪʥʘʷ). ɻʣʘʚʥʳʤʠ ʩʪʨʘʥʘʤʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʤʷʪʥʦʛʦ ʤʘʩʣʘ ʦʩʪʘʶʪʩʷ 

ʉʐɸ, ʀʥʜʠʷ ʠ ʂʠʪʘʡ (Taneja ʠ Chandra, 2012; Brahmi et al., 2017). ɺ ʈʦʩʩʠʠ, 

ʩʦʛʣʘʩʥʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʨʝʝʩʪʨʫ ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘ 2025 ʛʦʜ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 38 ʩʦʨʪʦʚ ʤʷʪʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 18 ʵʬʠʨʦʤʘʩʣʠʯʥʳʭ, 3 ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʠ 15 ʦʚʦʱʥʳʭ ʩʦʨʪʦʚ 

(https://gossortrf.ru). ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ ʦʜʥʦʤʫ ʩʦʨʪʫ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

(ʜʝʢʦʨʘʪʠʚʥʘʷ) ʠ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ (ʦʚʦʱʥʘʷ) (ʧʨʠʣʦʞʝʥʠʝ 3). 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʬʠʨʥʳʭ ʤʘʩʝʣ Mentha ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ: ʚ ʤʷʪʝ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ï ʧʫʣʝʛʦʥ ʠ 1,8-ʮʠʥʝʦʣ (Mkaddem et al., 2009; Niksic et al., 2012; 

Sharopov et al., 2012; Golparvar et al., 2017); ʚ ʚʦʜʥʦʡ ï ʢʦʤʧʣʝʢʩ ʠʟ ~26 ʩʦʝʜʠʥʝʥʠʡ 

(Do Ngoc Dai et al., 2015); ʚ ʢʦʣʦʩʠʩʪʦʡ ï ʢʘʨʚʦʥ ʠ ʨʦʟʤʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(ʄʘʣʘʥʢʠʥʘ ʠ ʜʨ., 2022; Malankina et al., 2022); ʚ ʧʝʨʝʯʥʦʡ ï ʤʝʥʪʦʣ, ʤʝʥʪʦʥ ʠ 
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ʤʝʥʪʠʣʘʮʝʪʘʪ (Wang et al., 2001; Taherpour et al., 2017; Singh ʠ Pandey, 2018). 

ʈʘʩʪʝʥʠʷ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʬʝʥʦʣʴʥʳʭ ʢʠʩʣʦʪ, ʬʣʘʚʦʥʦʠʜʦʚ ʠ ʤʘʢʨʦ-

/ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (K, Ca, Fe, Zn, Se) (Lozak et al., 2002; Ebrahimi et al., 2022; Qaddoori 

ʠ Adil, 2022; Shahar ʠ Chongtham, 2024). ɺʳʷʚʣʝʥʳ ʤʝʞʩʦʨʪʦʚʳʝ ʨʘʟʣʠʯʠʷ: 

ʥʘʧʨʠʤʝʨ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʝʥʪʦʬʫʨʘʥʘ ʫ ʩʦʨʪʘ óChocolateô ʠ ʣʠʥʘʣʠʣʘʮʝʪʘʪʘ ʫ 

óCitrataô (Barros et al., 2015).  

ɼʨʫʛʦʡ ʟʥʘʯʠʤʦʡ ʵʬʠʨʦʤʘʩʣʠʯʥʦʡ ʠ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ 

ʩʝʤʝʡʩʪʚʘ ʗʩʥʦʪʢʦʚʳʝ ʷʚʣʷʝʪʩʷ ʙʘʟʠʣʠʢ (Ocimum basilicum L.) ʪʨʦʧʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʰʠʨʦʢʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʚ ʨʝʛʠʦʥʘʭ ʦʪ ʄʦʣʜʦʚʳ ʜʦ ʉʨʝʜʥʝʡ ɸʟʠʠ 

(ʊʝʤʠʨʙʝʢʦʚʘ ʠ ʜʨ., 2014). ʆʙʲʝʤ ʝʛʦ ʤʠʨʦʚʳʭ ʧʨʦʜʘʞ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʳʡ 

ʨʦʩʪ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʪʝʤʧʦʤ 1,3% (Global Basil, 2020). ʂʦʤʧʘʢʪʥʳʡ ʛʘʙʠʪʫʩ ʠ 

ʢʦʨʦʪʢʠʡ ʮʠʢʣ ʨʘʟʚʠʪʠʷ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ (DôAquino et al., 2022). ʎʝʥʥʦʩʪʴ ʢʫʣʴʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ʨʦʟʤʘʨʠʥʦʚʦʡ ʠ ʢʦʬʝʡʥʦʡ ʢʠʩʣʦʪ, ʬʣʘʚʦʥʦʠʜʦʚ, ʘʥʪʦʮʠʘʥʦʚ, 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʘʨʦʪʠʥʘ, ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ʜʦ 5%) ʩ 

ʵʚʛʝʥʦʣʦʤ (ʄʘʣʭʘʩʷʥ, 2014). ɹʘʟʠʣʠʢ ʩʧʦʩʦʙʝʥ ʥʘʢʘʧʣʠʚʘʪʴ ʩʝʣʝʥ (40-96 ʤʢʛ/ʢʛ) 

ʧʨʠ ʙʝʟʦʧʘʩʥʦʤ ʫʨʦʚʥʝ ʥʠʪʨʘʪʦʚ (927-956 ʤʛ/ʢʛ) (ɻʦʣʫʙʢʠʥʘ ʠ ʜʨ., 2014). ʊʘʢʦʡ 

ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʙʘʟʠʣʠʢʘ, 

ʚʢʣʶʯʘʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ, 

ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʫʶ ʠ ʘʥʪʠʜʠʘʙʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ (Zhan et al., 2020; Dhama et 

al., 2023). 

ʂ ʯʠʩʣʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ɿɸʕʉ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʦʪʥʦʩʠʪʩʷ ʠ 

ʤʝʣʠʩʩʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ (Melissa officinalis L.), ʠʟʚʝʩʪʥʘʷ ʢʘʢ Lemon Balm. ʕʪʦ 

ʵʬʠʨʦʤʘʩʣʠʯʥʦʝ ʨʘʩʪʝʥʠʝ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʳʨʘʱʠʚʘʝʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʖʞʥʦʡ ɽʚʨʦʧʝ, ʠ ʄʘʣʦʡ ɸʟʠʠ 

(Dastmalchi et al., 2008; ɽʨʝʤʝʝʚʘ ʠ ʜʨ., 2015). ʈʦʜ ʚʢʣʶʯʘʝʪ ʜʚʘ ʧʦʜʚʠʜʘ: 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʡ M. officinalis subsp. officinalis ʠ ʜʠʢʦʨʘʩʪʫʱʠʡ M. officinalis subsp. 

altissima (Uritu et al., 2018). ɺ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʨʝʝʩʪʨʝ ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ 

ʈʌ (2025) ʜʦʧʫʱʝʥʦ 18 ʩʦʨʪʦʚ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʚʦʱʥʦʡ ʢʫʣʴʪʫʨʳ 

(https://gossortrf.ru). ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʘʩʪʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʢʦʤʧʣʝʢʩʦʤ 
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ʵʬʠʨʥʳʭ ʤʘʩʝʣ, ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʨʦʟʤʘʨʠʥʦʚʦʡ, ʭʣʦʨʦʛʝʥʦʚʦʡ, 

ʢʦʬʝʡʥʦʡ), ʬʣʘʚʦʥʦʠʜʦʚ ʠ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ (ɽʨʝʤʝʝʚʘ ʠ ʜʨ., 2015). ʉʦʛʣʘʩʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʦʚʝʜʝʥʥʳʤ ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʠʦʥʘ, 

ʩʦʜʝʨʞʘʥʠʝ ʬʣʘʚʦʥʦʠʜʦʚ ʜʦʩʪʠʛʘʣʦ 0,82-1,14%, ʘ ʫʨʦʚʝʥʴ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ï 3,9%, ʯʪʦ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʪʘʥʜʘʨʪʫ ɽʚʨʦʧʝʡʩʢʦʡ ʬʘʨʤʘʢʦʧʝʠ (4%) (ɽʨʝʤʝʝʚʘ ʠ 

ʜʨ., 2015; ɽʨʝʤʝʝʚʘ ʠ ʄʘʣʘʥʢʠʥʘ, 2016). ʂʣʶʯʝʚʳʤ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (0,02-0,30% ʚ ʩʫʭʦʤ ʩʳʨʴʝ), ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʝʣʝʢʮʠʠ ʤʝʣʠʩʩʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʚʳʭʦʜʘ  

(ʅʝʚʢʨʳʪʘʷ ʠ ʜʨ., 2014; Nevkrytaya et al., 2020). 

 

1.2.1  ʀʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʨʘʩʪʝʥʠʡ 

ʈʘʟʚʠʪʠʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʢʨʳʣʦ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʂʫʣʴʯʠʥ ʠ ʜʨ., 2020). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ (ʢʨʘʩʥʦʛʦ, ʩʠʥʝʛʦ, ʋʌ ʠ ʜʨ.) ʚ ʫʩʣʦʚʠʷʭ 

ɿɸʕʉ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʙʠʦʩʠʥʪʝʟ ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʚʠʪʘʤʠʥʦʚ ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ (Bantis et al., 2018; Neo et al., 2022). 

ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʪʠʤʘʣʴʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʧʝʮʠʬʠʯʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʨʘʩʪʝʥʠʡ (ʂʫʣʴʯʠʥ ʠ ʜʨ., 2019, 2020), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʫʛʣʫʙʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ 

ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʥʘ ʩʪʳʢʝ 

ʬʦʪʦʥʠʢʠ, ʙʠʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʦʚʘʷ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʦʙʣʘʩʪʴ ï ʘʛʨʦʙʠʦʬʦʪʦʥʠʢʘ. ɽʝ ʦʩʥʦʚʦʡ ʩʪʘʣʦ ʘʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʰʠʭ ʛʣʫʙʦʢʫʶ ʠʥʪʝʛʨʘʮʠʶ ʬʦʪʦʥʠʢʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʥʠʢʣʦ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʠʟʫʯʘʶʱʝʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʨʦʩʪʦʤ, ʨʘʟʚʠʪʠʝʤ ʠ ʢʘʯʝʩʪʚʦʤ ʨʘʩʪʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʪʦʯʥʳʭ ʩʚʝʪʦʚʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ (ɾʫʨʘʚʣʝʚʘ, 2025). 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ 

ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʘʛʨʦʥʦʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʢʦʨʨʝʢʪʥʳʡ ʚʳʙʦʨ ʩʧʝʢʪʨʘ, ʦʧʪʠʤʠʟʘʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (10-500 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ) ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ (8-20 ʯ), ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʠʪʘʥʠʷ, 

ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʛʘʱʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ɿɸʕʉ (Gupta ʠ Agarwal, 2017; ʂʥʷʟʝʚʘ, 

2020; Lazzarin et al., 2021). 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʠ (ʌɸʈ) 

ʩʣʫʞʠʪ ʧʣʦʪʥʦʩʪʴ ʬʦʪʦʥʥʦʛʦ ʧʦʪʦʢʘ PPFD (Photosynthetic Photon Flux Density) 

(Parrish et al., 2021). ɼʣʷ ʦʮʝʥʢʠ ʩʫʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʚʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ DLI (Daily Light Integral), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʫʤʤʫ PPFD 

ʟʘ ʬʦʪʦʧʝʨʠʦʜ. ʇʦʢʘʟʘʪʝʣʴ DLI ʥʘʧʨʷʤʫʶ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 

ʨʘʩʪʝʥʠʡ ʠ ʧʨʠʨʦʩʪʦʤ ʙʠʦʤʘʩʩʳ (ʪʘʙʣʠʮʘ 4) (Kusuma et al., 2020; Orsini et al., 2020; 

Rahman et al., 2021) (ʪʘʙʣʠʮʘ 4) (Kusuma et al., 2020; Orsini et al., 2020;  

Rahman et al., 2021). 

 

ʊʘʙʣʠʮʘ 4 ï ʂʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʨʘʩʪʝʥʠʡ  

ʉʦʢʨʘʱʝʥʠʝ ʆʧʨʝʜʝʣʝʥʠʝ ɽʜʠʥʠʮʳ 

ʌɸʈ (PAR) ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʨʘʜʠʘʮʠʷ 
ʤʢʤʦʣʴ ʤ Į ʩ ĭ 

(ɛmol m Į s ĭ) 

ʌʌʇ (PPF) ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʬʦʪʦʥʥʳʡ ʧʦʪʦʢ 
ʤʢʤʦʣʴ/ʩ 

(ɛmol sī1) 

ʇʌʌʇ (PPFD) 
ʧʣʦʪʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʬʦʪʦʥʥʦʛʦ ʧʦʪʦʢʘ 

ʤʢʤʦʣʴ ʤ Į ʩ ĭ 

(ɛmol m Į s ĭ) 

ʌʌɸʈ (FPAR) 
ʬʨʘʢʮʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʨʘʜʠʘʮʠʠ 
NA 

ʆʃɽʇʄ (IPPC) 
ʦʩʚʝʱʝʥʥʳʝ ʣʠʩʪʴʷ ʥʘ ʝʜʠʥʠʮʫ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ 

ʤʢʤʦʣʴ/ʩ/ɺʪ 

(Õmol s ī1 Wī1) 

DLI  ʠʥʪʝʛʨʘʣ ʩʫʪʦʯʥʦʛʦ ʩʚʝʪʘ 
ʤʦʣʴĿʤ ĮĿʩʫʪ ĭ 

mol m Į day ĭ 

ʇʣʦʪʥʦʩʪʴ 

ʤʦʱʥʦʩʪʠ  

(Power Density) 

ʤʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ 

ɺʪ/ʤ2 

(W/m2) 
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ʉʫʪʦʯʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʩʚʝʱʝʥʠʠ (DLI) ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʝ ʩʦʩʪʘʚʣʷʝʪ 12-30 

ʤʦʣʴĿʤ ĮĿʩʫʪ ĭ (Dorais et al., 2017). ɺ ʨʝʛʠʦʥʘʭ ʩ ʩʝʟʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʩʚʝʪʢʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (Faust ʠ Logan, 2018). ʆʜʥʘʢʦ ʫʩʨʝʜʥʝʥʥʳʡ 

ʩʦʣʥʝʯʥʳʡ ʩʧʝʢʪʨ ʩʦʜʝʨʞʠʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʣʥ (ʚʢʣʶʯʘʷ ~0,1% UV-

B, 5% UV-A, 19% ʩʠʥʠʭ, 25% ʟʝʣʝʥʳʭ, 26% ʢʨʘʩʥʳʭ ʠ 25% ʜʘʣʴʥʝʢʨʘʩʥʳʭ 

(Kotilainen et al., 2018; Gomez et al., 2019), ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʨʘʤʝʪʨʳ PPFD ʠ DLI ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʨʘʩʪʝʥʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʚ 

ʜʠʘʧʘʟʦʥʝ DLI ʦʪ 5 ʜʦ 25 ʤʦʣʴĿʤ ĮĿʩʫʪ ĭ ʢʘʞʜʳʡ ʧʨʦʮʝʥʪ ʧʨʠʨʦʩʪʘ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʙʠʦʤʘʩʩʳ ʧʨʠʤʝʨʥʦ ʥʘ 1% (Kaiser et al., 2024). 

ʉʦʛʣʘʩʥʦ ʉʠʥʷʚʠʥʦʡ ʅ.ɻ. ʠ ʩʦʘʚʪ. (2024), ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʠʜʦʚʳʝ ʠ 

ʩʦʨʪʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʪʝʥʠʡ. ʀʥʜʠʚʠʜʫʘʣʴʥʘʷ ʛʝʥʦʪʠʧʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʜʝʣʘʝʪ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʨʘʮʠʦʥʘʣʴʥʳʡ ʧʦʜʙʦʨ ʩʧʝʢʪʨʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʬʦʪʦʧʝʨʠʦʜʘ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʫʨʦʞʘʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʪʨʠʝʚʳʝ (ɼʅʘʊ), ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠ ʩʚʝʪʦʜʠʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ 

(Kozai ʠ Niu, 2020). ʅʘʪʨʠʝʚʳʝ ʣʘʤʧʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʪʝʧʣʠʮʘʭ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ɼʅʘʊ ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤʠ 

ʧʘʥʝʣʷʤʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʧʦʚʳʰʘʝʪ ʫʨʦʞʘʡʥʦʩʪʴ 

(Paucek et al., 2020; Palmitessa et al., 2021). ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʚʝʪʦʜʠʦʜʥʳʝ 

ʩʚʝʪʠʣʴʥʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʩʧʝʢʪʨʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʩʚʝʱʝʥʠʷ, ʩʪʘʣʠ ʥʦʚʳʤ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʩʠʩʪʝʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʝ ɿɸʕʉ, ʪʘʢʠʭ ʢʘʢ ʤʥʦʛʦʷʨʫʩʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʬʝʨʤʳ. ʀʭ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʬʦʪʦʩʠʥʪʝʟ ʠ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʩʚʝʪʦʜʠʦʜʦʚ ʩʚʷʟʘʥʦ ʩ ʠʟʣʫʯʝʥʠʝʤ ʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʜʣʷ 

ʬʦʪʦʩʠʥʪʝʟʘ ʜʠʘʧʘʟʦʥʘʭ: ʩʠʥʝʤ (400-500 ʥʤ) ʠ ʢʨʘʩʥʦʤ (600-680 ʥʤ)  

(Zakurin et al., 2020; Cavallaro ʠ Muleo, 2022; Trivellini et al., 2023a). 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʝʪʦʜʠʦʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʪʦʯʥʦʛʦ ʚʳʙʦʨʘ 

ʩʧʝʢʪʨʘ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʢʨʘʩʥʳʡ (600-680 ʥʤ) ʠ ʩʠʥʠʡ 

(400-500 ʥʤ). ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʙʠʦʭʠʤʠʶ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ: ʦʥ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʙʘʟʠʣʠʢʝ 

(Shiga et al., 2009), ʫʣʫʯʰʘʝʪ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʪʠʤʴʷʥʘ (Seyedi et al., 2024), ʧʦʚʳʰʘʝʪ 

ʫʨʦʚʝʥʴ ʬʝʥʦʣʦʚ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʫ ʤʝʣʠʩʩʳ (Aghakarim et al., 2023), ʘ ʫ ʪʦʤʘʪʘ ï 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʩʘʭʘʨʦʚ ʠ ʚʠʪʘʤʠʥʘ C (Cui et al., 

2009; Lu et al., 2012; Panjai et al., 2017; Olle ʠ Alsina, 2019). ʆʜʥʘʢʦ ʤʦʥʦʭʨʦʤʥʳʡ 

ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʤʦʞʝʪ ʫʛʥʝʪʘʪʴ ʨʘʟʚʠʪʠʝ ʰʧʠʥʘʪʘ, ʩʘʣʘʪʘ ʠ ʙʘʟʠʣʠʢʘ (Naznin et al., 

2019). 

ʉʠʥʠʡ ʩʧʝʢʪʨ ʨʝʛʫʣʠʨʫʝʪ ʤʦʨʬʦʛʝʥʝʟ, ʩʧʦʩʦʙʩʪʚʫʷ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʢʦʤʧʘʢʪʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʦʪʢʨʳʪʠʶ ʫʩʪʴʠʮ (Olle ʠ Virsile, 2013; Singh et al., 2015; 

ʗʥʯʝʚʩʢʘʷ et al., 2018; Paponov ʠ Paponov, 2025). ʆʥ ʧʦʚʳʰʘʝʪ ʥʘʢʦʧʣʝʥʠʝ 

ʬʝʥʦʣʦʚ, ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʵʬʠʨʥʳʭ ʤʘʩʝʣ (Tohidi et al., 2019; Rihan et al., 2022; 

Ivanitskikh ʠ Tarakanov, 2022; Chai et al., 2023; Sale et al., 2023), ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ 

ʤʝʣʠʩʩʝ (Aghakarim et al., 2023), ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʘ ʚ ʙʘʟʠʣʠʢʝ (ɿʦʪʦʚ ʠ ʜʨ., 

2020) ʠ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʪʦʤʘʪʘʭ (Xiao et al., 2022). ʀʟʙʳʪʦʢ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ, ʦʜʥʘʢʦ, 

ʤʦʞʝʪ ʧʦʜʘʚʣʷʪʴ ʨʘʟʚʠʪʠʝ ʪʦʤʘʪʘ (Ke et al., 2021; Kusuma et al., 2021). 

ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʨʘʩʥʦʛʦ ʠ ʩʠʥʝʛʦ ʩʧʝʢʪʨʦʚ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʬʦʪʦʤʦʨʬʦʛʝʥʝʟʘ (Pennisi et al., 2019; Vitale et al., 

2020; Izzo et al., 2020; Erdberga et al., 2020; Feldzensztajn et al., 2021; Borbely et al., 

2022; Modarelli et al., 2022). ɼʣʷ ʙʘʟʠʣʠʢʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʬʝʥʦʣʦʚ 

ʜʦʩʪʠʛʘʣʦʩʴ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ 2R:1B ʫ ʟʝʣʝʥʦʛʦ ʩʦʨʪʘ ʠ 1R:1B/1R:2B ʫ ʢʨʘʩʥʦʛʦ 

(Lobiuc et al., 2017), ʘ ʜʣʷ ʩʦʨʪʘ ɺʘʩʠʣʠʩʢ ï ʧʨʠ 75%R:25%B ʠ 50%R:50%B 

(Degtereva et al., 2023). 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʩ ʢʦʤʙʠʥʘʮʠʝʡ ʢʨʘʩʥʦʛʦ ʠ ʩʠʥʝʛʦ ʩʧʝʢʪʨʦʚ ʥʘ ʨʦʩʪ, 

ʨʘʟʚʠʪʝ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ ʪʦʤʘʪʘ (ʪʘʙʣʠʮʘ 5) (Li et al., 2016; Hao 

et al., 2017; Gilli et al., 2018; Bantis et al., 2018; Zhang et al., 2018; Lanoue et al., 2019; 

Kim et al., 2020; Paponov et al., 2020; Ke et al., 2021; Villani et al., 2021; Arif  et al., 
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2014; ʅʘʢʦʥʝʯʥʘʷ ʠ ʜʨ., 2022; ʂʥʷʟʝʚʘ et al., 2024; Marie et al., 2024; Kabacheuskaya 

et al., 2024; Contreras-Avilʝs et al., 2024).  

 

ʊʘʙʣʠʮʘ 5 ï ɺʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʤʘʪʘ  

ʉʧʝʢʪʨ ʦʩʚʝʱʝʥʠʷ ʇʦʢʘʟʘʪʝʣʠ  

ʄʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ 

ʢʨʘʩʥʳʡ (R) 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʫʜʣʠʥʝʥʠʷ ʛʠʧʦʢʦʪʠʣʷ ʠ ʵʧʠʢʦʪʠʣʷ, ʨʘʩʰʠʨʝʥʠʝ 

ʩʝʤʷʜʦʣʝʡ, ʫʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʡ ʠ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ 

ʫʩʠʣʝʥʠʝ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʧʦʚʳʰʝʥʠʝ ʙʠʦʤʘʩʩʳ 

ʄʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ 

ʩʠʥʠʡ (ɺ) 

ʧʦʚʳʰʝʥʠʝ ʫʩʪʴʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʠʥʜʫʢʮʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʈʫʙʠʩʢʦ, ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠ ʩʥʠʞʝʥʠʝ ʙʠʦʤʘʩʩʳ ʫ ʨʘʩʩʘʜʳ 

ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʠʪʘʤʠʥʘ ʉ ʠ ʦʙʱʠʭ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ 

ʚʝʱʝʩʪʚ, ʩʥʠʞʝʥʠʝ ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʡ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʦʩʪʘ 

ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ 

ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ  

ʂʦʤʙʠʥʘʮʠʷ 

ʢʨʘʩʥʦʛʦ ʠ ʩʠʥʝʛʦ  

(R/B) 

ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ, 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʴʠʮ 

ʫʚʝʣʠʯʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ ʣʠʩʪʴʝʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʣʦʜʦʚ 

ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʡ ʤʘʩʩʳ ʧʣʦʜʦʚ 

ɹʝʣʳʡ  

(W) 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʪʝʤʧʦʚ ʨʦʩʪʘ ʧʣʦʜʦʚ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʯʠʩʪʦʡ ʘʩʩʠʤʠʣʷʮʠʠ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ 

ɼʘʣʴʥʠʡ ʢʨʘʩʥʳʡ 

(FR) 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʫʜʣʠʥʝʥʠʷ ʩʪʝʙʣʷ, ʫʣʫʯʰʝʥʠʝ ʫʣʘʚʣʠʚʘʥʠʷ 

ʩʚʝʪʘ, ʫʩʢʦʨʝʥʠʝ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʜʦʥʦʰʝʥʠʷ 

ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ Botrytis cinerea 

ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʡ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʢʨʘʩʥʳʤ ʠ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʧʦʚʳʰʘʣʦ ʩʠʥʪʝʟ 

ʣʠʢʦʧʠʥʘ, ʬʝʥʦʣʦʚ ʠ ʥʘʢʦʧʣʝʥʠʝ ʥʘʪʨʠʷ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ  

(Ouzounis et al., 2016; Bao-xing et al., 2019; Xie et al., 2019; Fanwoua et al., 2019; 

Ngcobo et al., 2020; Paponov et al., 2020; Wang et al., 2021). ɹʝʣʳʡ, ʢʨʘʩʥʳʡ ʠ ʩʠʥʠʡ 
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ʩʧʝʢʪʨʳ ʫʚʝʣʠʯʠʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ, ʥʦ ʥʝ ʚʣʠʷʣʠ ʥʘ 

ʫʨʦʚʝʥʴ ʚʠʪʘʤʠʥʘ C (Lu et al., 2012). 

ʂʨʦʤʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʣ ʨʝʞʠʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʥʦʯʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʢʨʘʩʥʦ-ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ (2:1) ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʦʚʳʰʘʣʦ ʬʦʪʦʩʠʥʪʝʟ ʠ 

ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ (Yu et al., 2024), ʧʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ ʜʦʩʪʠʛʘʣʦʩʴ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 200 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ (Dannehl et al., 

2021; Song et al., 2024). ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ʚ ʚʝʯʝʨʥʠʝ ʯʘʩʳ (7R:2B) 

ʫʚʝʣʠʯʠʚʘʣʦ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ ʚ ʧʣʦʜʘʭ, ʪʦʛʜʘ ʢʘʢ ʫʪʨʝʥʥʝʝ ʥʝ ʦʢʘʟʳʚʘʣʦ 

ʟʥʘʯʠʤʦʛʦ ʵʬʬʝʢʪʘ (Wang et al., 2022). ɺ ʮʝʣʦʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʚʝʪʦʜʠʦʜʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʧʦʚʳʰʘʣʦ ʫʨʦʞʘʡʥʦʩʪʴ ʪʦʤʘʪʘ ʥʘ 40%, ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ 

ʚʝʱʝʩʪʚ ʥʘ 6%, ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 11%, ʭʣʦʨʦʬʠʣʣʘ ʥʘ 31%, 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ 50%, ʘ ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ ʥʘ 9%  

(Appolloni et al., 2021). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʠʩʪʝʤ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʩʚʝʪʦʜʠʦʜʥʳʝ 

ʩʚʝʪʠʣʴʥʠʢʠ ʩʦ ʩʧʝʢʪʨʦʤ, ʙʣʠʟʢʠʤ ʢ ʩʦʣʥʝʯʥʦʤʫ, ʦʙʝʩʧʝʯʠʚʘʣʠ ʧʨʠʨʦʩʪ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʪʦʤʘʪʘ ʥʘ 24% ʠ ʩʘʣʘʪʘ ʥʘ 10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʨʠʝʚʳʤʠ 

ʣʘʤʧʘʤʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʂʫʣʝʰʦʚʘ ʠ ʜʨ., 2022). ʇʣʦʜʳ ʪʦʤʘʪʘ ʩʦʨʪʘ Sorentyno 

ʧʦʜ ʩʚʝʪʦʜʠʦʜʘʤʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʘ 3% ʙʦʣʴʰʝʡ ʩʫʭʦʡ ʤʘʩʩʦʡ, ʥʘ 15% ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠ ʥʘ 16% ʧʦʚʳʰʝʥʥʦʡ 

ʢʠʩʣʦʪʥʦʩʪʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (Palmitessa et al., 2021). ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʘʟʦʨʘʟʨʷʜʥʳʤʠ ʣʘʤʧʘʤʠ ʩʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʫʚʝʣʠʯʠʚʘʣʦ 

ʩʦʜʝʨʞʘʥʠʝ ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʥʘ 60%, ʤʘʛʥʠʷ ʥʘ 14% ʠ ʢʘʣʴʮʠʷ 

ʥʘ 57% (ʂʥʷʟʝʚʘ ʠ ʉʤʠʨʥʦʚ, 2025). 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʦʪʤʝʯʝʥ ʠ 

ʜʣʷ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʢʨʘʩʥʳʡ, ʩʠʥʠʡ 

ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʩʧʝʢʪʨʳ ʧʦʚʳʰʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʠ 

ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʵʪʠʭ ʢʫʣʴʪʫʨʘʭ (Dou et al., 2017). ʕʬʬʝʢʪʠʚʥʦʩʪʴ 
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ʢʦʤʙʠʥʘʮʠʠ R/B ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʜʣʷ ʤʷʪʳ ʚʦʜʷʥʦʡ (ʂʥʷʟʝʚʘ et al., 2023), ʤʝʣʠʩʩʳ 

(Ahmadi et al., 2021, 2022; Mohamed et al., 2024), ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ (Sabzalian et 

al., 2014), ʙʘʟʠʣʠʢʘ ʠ ʰʘʣʬʝʷ (Ivanitskih ʠ Tarakanov, 2014). ɼʣʷ ʧʝʨʝʯʥʦʡ ʤʷʪʳ 

ʦʧʪʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 113-1200 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ ʧʨʠ 

ʬʦʪʦʧʝʨʠʦʜʝ 14-16 ʯʘʩʦʚ (Behn et al., 2010; Sabzalian et al., 2014). ʅʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʶ ʤʝʥʪʦʣʘ ʜʦʩʪʠʛʘʣʠʩʴ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ 7R:3B (Khazaei et al., 2023), ʘ ʦʩʚʝʱʝʥʠʝ R/B ʩʧʝʢʪʨʦʤ ʧʦʚʳʰʘʣʦ 

ʩʦʜʝʨʞʘʥʠʝ ʧʫʣʝʛʦʥʘ ʜʦ 41-43% (Tabbert et al., 2022). ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʣʘʩʴ 

ʨʝʛʫʣʷʮʠʷ ʤʝʪʘʙʦʣʠʟʤʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʥʠʪʨʘʪʦʚ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʠ ʢʦʤʙʠʥʘʮʠʷ R/B ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʩʥʠʞʝʥʠʶ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨʘʭ (Najera ʠ Urrestarazu, 2019; Signore et al., 

2020; Sahin ʠ Dincer Seckin, 2022; Soufi et al., 2023; El Haddaji et al., 2023; Seyrek et 

al., 2024; Ali et al., 2024). ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ ʧʝʨʝʜ 

ʫʙʦʨʢʦʡ ʪʘʢʞʝ ʙʳʣʘ ʵʬʬʝʢʪʠʚʥʘ (Nicole et al., 2019). ʉʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ 

ʩʥʠʞʘʣʦ ʫʨʦʚʝʥʴ ʥʠʪʨʘʪʦʚ ʚ ʙʘʟʠʣʠʢʝ ʠ ʚ ʤʷʪʝ ʜʦ 31% (Ali et al., 2023; Mirgos et al., 

2025), ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʦ ʚ ʢʦʥʪʝʢʩʪʝ ʩʪʨʦʛʠʭ ʥʦʨʤʘʪʠʚʦʚ ʇɼʂ (Santamaria, 

2006; EU, 2024). 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʙʘʟʠʣʠʢʘ ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ (Hammock et al., 2021; Ashenafi, 2022; Daud et al., 2023; 

Shirokova et al., 2025; Li et al., 2025; Skowron et al., 2025; Delgadillo et al., 2025). 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʥʪʝʨʝʩʦʤ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ: ʧʦ ʜʘʥʥʳʤ Google Scholar, ʟʘ 2021-2025 ʛʛ. ʦʧʫʙʣʠʢʦʚʘʥʦ ʩʚʳʰʝ  

17 000 ʨʘʙʦʪ ʧʦ ʚʣʠʷʥʠʶ ʦʩʚʝʱʝʥʠʷ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʘʟʠʣʠʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʩʧʝʢʪʨ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʬʦʪʦʧʝʨʠʦʜ) ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʝʤʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʥʘ 10-40%) ʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʨʘʩʪʝʥʠʡ, ʧʦʟʚʦʣʷʷ ʫʚʝʣʠʯʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʮʝʥʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ ʠ ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ ʥʠʪʨʘʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠ 
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ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ʨʝʘʢʮʠʠ ʥʘ ʩʚʝʪʦʚʳʝ ʨʝʞʠʤʳ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʦʩʚʝʱʝʥʠʷ. 

 

1.2.2 ɸʛʨʦʥʦʤʠʯʝʩʢʘʷ ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ  

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʪʝʥʠʡ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʩʪʠʞʝʥʠʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʲʝʤʦʚ ʫʨʦʞʘʷ, ʥʦ ʠ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʧʠʪʘʪʝʣʴʥʦʡ 

ʮʝʥʥʦʩʪʠ. ʉʣʦʞʠʚʰʠʡʩʷ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʧʨʠʦʨʠʪʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠʚʝʣ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤʥʦʛʦ ʜʝʬʠʮʠʪʘ 

ʢʘʯʝʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʳʩʪʫʧʘʶʪ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʦʙʦʛʘʱʘʪʴ ʨʘʩʪʝʥʠʷ ʮʝʥʥʳʤʠ ʥʫʪʨʠʝʥʪʘʤʠ. ʂʣʶʯʝʚʳʤ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʠʟʦʙʘʢʪʝʨʠʡ (PGPR). ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʩʣʫʞʠʪ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʥʘʢʦʧʣʝʥʠʶ ʚʠʪʘʤʠʥʦʚ, ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʠ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʜʨ. ʚ ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʷʭ (Sun et al., 2024, 2025; Argentel-

Martinez et al., 2025; Wahab et al., 2025; Zhang et al., 2025). 

ʇʦʚʳʰʝʥʠʝ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʥʦ ʠ ʚʘʞʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʳ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, 

ʢʘʞʜʳʡ ʪʨʝʪʠʡ ʯʝʣʦʚʝʢ ʥʘ ɿʝʤʣʝ, ʠʣʠ ʩʚʳʰʝ ʜʚʫʭ ʤʠʣʣʠʘʨʜʦʚ ʯʝʣʦʚʝʢ, ʩʪʨʘʜʘʝʪ ʦʪ 

ʩʢʨʳʪʦʛʦ ʛʦʣʦʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʜʝʬʠʮʠʪʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʦʨʛʘʥʠʟʤʫ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ (Prom-u-thai et al., 2020). ʕʢʩʧʝʨʪʳ ɺʆɿ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʩʝʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ ʧʠʪʘʪʝʣʴʥʳʤ 

ʧʨʦʜʫʢʪʘʤ (Athar et al., 2020).  

ʉʪʨʘʪʝʛʠʠ ʙʦʨʴʙʳ ʩ ʜʝʬʠʮʠʪʦʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚʢʣʶʯʘʶʪ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ ʨʘʮʠʦʥʘ, ʦʙʦʛʘʱʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ 

(ʄʘʶʨʥʠʢʦʚʘ ʠ ʜʨ., 2020; Lele ʠ Goswami, 2021; Ahmed et al., 2024). ʅʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʷ ï ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 
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ʧʦʚʳʰʝʥʠʷ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ (Garg et al., 2018; 

Huang et al., 2020; Praharaj et al., 2021). ʆʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʧʦʜʭʦʜʘ: ʘʛʨʦʥʦʤʠʯʝʩʢʠʡ, ʪʨʘʜʠʮʠʦʥʥʫʶ ʩʝʣʝʢʮʠʶ ʠ ʛʝʥʥʫʶ ʠʥʞʝʥʝʨʠʶ  

(Garg et al., 2018; Gulyas et al., 2024). 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʝʣʝʢʮʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʦʪʙʦʨʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʩʢʨʝʱʠʚʘʥʠʠ ʩʦʨʪʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʠʪʘʤʠʥʦʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʵʣʝʤʝʥʪʦʚ (Strobbe et al., 2018; Paciolla et al., 2019). ɻʝʥʥʘʷ ʠʥʞʝʥʝʨʠʷ ʧʦʟʚʦʣʷʝʪ 

ʦʙʥʘʨʫʞʠʪʴ ʠ ʫʩʠʣʠʪʴ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʠʥʪʝʟʝ ʚʠʪʘʤʠʥʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

(Cruz-Rus et al., 2012); ʦʜʥʘʢʦ ʵʪʦʪ ʧʦʜʭʦʜ ʩʣʦʞʥʝʝ ʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʧʨʘʢʪʠʯʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʘʛʨʦʥʦʤʠʯʝʩʢʘʷ 

ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʷ (ʉʘʤʙʫʨʦʚʘ ʠ ʜʨ., 2025). ʆʥʘ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʢʘʣʴʮʠʷ, ʩʝʣʝʥʘ, 

ʞʝʣʝʟʘ, ʮʠʥʢʘ ʠ ʚʠʪʘʤʠʥʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʠ 

ʙʠʦʫʜʦʙʨʝʥʠʡ, ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʨʠʩʫʥʦʢ 5)  

(Prasad ʠ Shivay, 2020; Malezieux et al., 2024; Panwar et al., 2024).  

 

ʈʠʩʫʥʦʢ 5 ï ʇʨʠʥʮʠʧ ʘʛʨʦʥʦʤʠʯʝʩʢʦʡ ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʠ ʨʘʩʪʝʥʠʡ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʥʠʞʝʥʠʠ ʜʝʬʠʮʠʪʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʜʦʢʘʟʘʥʘ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ (Duborska et al., 2020; Buturi et al., 2021;  
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Kathi et al., 2024; Bandara, Dissanayaka, 2024). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʝʛʦ ʰʠʨʦʢʦʛʦ ʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʛʨʦʥʦʤʠʯʝʩʢʦʡ 

ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʧʦʥʠʢʘ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʜʦʟʠʨʦʚʘʪʴ 

ʵʣʝʤʝʥʪʳ ʚ ʧʠʪʘʪʝʣʴʥʦʤ ʨʘʩʪʚʦʨʝ (Newman et al., 2019; Giordano et al., 2019; 

Puccinelli et al., 2019ʘ; da Silva et al., 2020), ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ 

ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʦʥʪʝʢʩʪʝ ʫʩʪʦʡʯʠʚʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʟʜʦʨʦʚʦʛʦ 

ʧʠʪʘʥʠʷ (Abbasi et al., 2024; Cichocki et al., 2025). 

ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʧʨʦʛʨʘʤʤ ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʢʣʶʯʝʚʳʝ ʦʚʦʱʥʳʝ ʢʫʣʴʪʫʨʳ (ʪʦʤʘʪʳ, ʧʝʨʝʮ, ʰʧʠʥʘʪ, ʢʘʨʪʦʬʝʣʴ, ʤʦʨʢʦʚʴ, 

ʢʘʧʫʩʪʘ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ 

(Schreinemachers et al., 2018). ɼʣʷ ʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʳ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʘʛʨʦʧʨʠʝʤʳ. ʅʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʟ ʥʠʭ ʧʨʠʟʥʘʥʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ 

ʨʠʟʦʙʘʢʪʝʨʠʡ (PGPR), ʙʠʦʩʪʠʤʫʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʚʳʰʝʥʠʝ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʫʨʦʞʘʷ (Argentel-Mart²nez et al., 2025; Sun et al., 

2024; Wahab et al., 2025; Zhang et al., 2025). ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʘʢʪʝʨʠʡ PGPR ʠ ʛʨʠʙʦʚ AMF, ʘ ʪʘʢʞʝ ʮʠʥʢʘ, ʩʝʣʝʥʘ, ʞʝʣʝʟʘ, ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʠʦʫʜʦʙʨʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʚʳʨʘʱʠʚʘʥʠʶ ʢʫʣʴʪʫʨ, ʦʙʦʛʘʱʝʥʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ (ɻʦʣʫʙʢʠʥʘ ʠ ʜʨ., 2017; Conversa et al., 2019; Jha ʠ Warkentin, 

2020; Szerement et al., 2022). ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʨʦʜʦʚ Bacillus, Enterobacter ʠ 

Pseudomonas ʧʦʚʳʰʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʨʘʩʪʝʥʠʷʤ (Laller et al., 2023; 

Ul Din et al., 2023; Khoso et al., 2024). ɹʘʢʪʝʨʠʠ ʨʦʜʘ Bacillus ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʨʘʩʪʝʥʠʡ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ (Blake et al., 2021; Dobrzynski et al., 2022; Etesami et al., 2023ʘ, 

ʙ; Wrʦbel et al., 2023; Kulkova et al., 2023). ʐʪʘʤʤʳ B. subtilis ʠ B. aryabhattai 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ (Zn) ʚ ʟʝʨʥʝ ʢʫʢʫʨʫʟʳ 

(Mumtaz et al., 2018). ɼʣʷ ʧʰʝʥʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʰʪʘʤʤʳ B. pichinotyi-YAM2,  

B. cereus-YAP6 ʠ B. licheniformis-YAP7, ʧʦʢʘʟʘʚʰʠʝ ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʠʣʠʚʘʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ (Se) ʠ ʞʝʣʝʟʘ (Fe) (Yasin et al., 2015 a, ʙ).  
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ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʚ Google Scholar ʧʦ ʟʘʧʨʦʩʫ çʙʠʦʬʦʨʪʠʬʠʢʘʮʠʷ 

ʨʘʩʪʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʡ Bacillusè ʚʳʷʚʠʣ ʙʦʣʝʝ 5500 ʩʪʘʪʝʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 

ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ (2021-2025 ʛʛ.). ɺʳʩʦʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʫʯʝʥʳʭ ʢ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, 

ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ B. cereus ʵʬʬʝʢʪʠʚʥʦ ʩʪʠʤʫʣʠʨʦʚʘʣ 

ʨʘʟʚʠʪʠʝ, ʧʦʚʳʰʘʣ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʩʦʷ (Glycine max L. Merr.), ʧʰʝʥʠʮʘ (Triticum aestivum L.), 

ʢʫʢʫʨʫʟʘ (Zea mays L.), ʛʦʨʦʭ (Pisum sativum L.), ʨʠʩ (Oryza sativa L. var. FARO 44), 

ʧʦʜʩʦʣʥʝʯʥʠʢ (Helianthus annuus L.), ʢʘʨʪʦʬʝʣʴ (Solanum tuberosum L.), ʪʦʤʘʪ  

(Solanum lycopersicum) ʠ ʢʠʪʘʡʩʢʘʷ ʢʘʧʫʩʪʘ (Brassica rapa L., chinensis) (Ku et al., 

2018; Sansinenea, 2019; Kumar et al., 2020; Ali  et al., 2021; Adeleke et al., 2021; Sherpa 

et al., 2021; Ibrahim et al., 2021; Kulkova et al., 2023; ʂʥʷʟʝʚʘ ʠ ʜʨ., 2022, 2023ʘ, ʙ). 

ʐʪʘʤʤ B. cereus DW019 ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣ ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ʉ  

(ʜʦ 14,66 ʤʛ/100 ʛ), ʨʘʩʪʚʦʨʠʤʳʭ ʩʘʭʘʨʦʚ (ʜʦ 91,83%) ʠ ʙʝʣʢʘ (ʜʦ 0,33 ʤʛ/ʛ) ʚ ʧʣʦʜʘʭ 

ʪʦʤʘʪʘ ʯʝʨʨʠ (Dong et al., 2023). ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ in vitro ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʰʪʘʤʤ B. cereus MEN8 ʫʩʢʦʨʷʣ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʠ ʩʪʠʤʫʣʠʨʦʚʘʣ 

ʨʦʩʪ ʨʘʩʪʝʥʠʡ ʥʫʪʘ, ʧʦʚʳʰʘʷ ʚʩʭʦʞʝʩʪʴ, ʜʣʠʥʫ ʢʦʨʥʝʡ ʠ ʧʦʙʝʛʦʚ  

(Baliyan et al., 2022), ʘ ʠʥʦʢʫʣʷʮʠʷ ʩʝʤʷʥ ʨʠʩʘ ʰʪʘʤʤʦʤ GGBSU-1 ʦʙʝʩʧʝʯʠʚʘʣʘ 

100% ʚʩʭʦʞʝʩʪʴ ʢ 4-ʤ ʩʫʪʢʘʤ ʧʨʦʪʠʚ 65% ʚ ʢʦʥʪʨʦʣʝ (Ibrahim et al., 2021).  

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Bacillus, ʚ ʯʘʩʪʥʦʩʪʠ B. subtilis ʠ B. amyloliquefaciens, 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ (Mahapatra et al., 

2022; Ahmed et al., 2022; Soliman et al., 2022). ʇʨʠʤʝʥʝʥʠʝ ʰʪʘʤʤʘ B. velezensis 

FZB42 (ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ B. amyloliquefaciens FZB42) ʧʦʚʳʰʘʣʦ ʙʠʦʤʘʩʩʫ 

ʢʫʢʫʨʫʟʳ ʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 20% (Okoroafor et al., 2022). ʐʪʘʤʤʳ B. 

subtilis 10-4 ʠ 26D ʫʣʫʯʰʘʣʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʬʘʩʦʣʠ ʠ ʧʰʝʥʠʮʳ ʙʣʘʛʦʜʘʨʷ 

ʩʠʥʪʝʟʫ ʩʠʜʝʨʦʬʦʨʦʚ ʠ ʬʠʢʩʘʮʠʠ ʘʟʦʪʘ (Lastochkina et al., 2021). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʥʦʢʫʣʷʮʠʷ ʨʘʩʪʝʥʠʡ ʰʪʘʤʤʘʤʠ B. subtilis, ʧʨʦʜʫʮʠʨʫʶʱʠʤʠ ʮʠʪʦʢʠʥʠʥʳ, 
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ʫʚʝʣʠʯʠʚʘʣʦ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ, ʤʘʩʩʫ ʧʦʙʝʛʦʚ ʠ ʢʦʨʥʝʡ (ɸʨʪʘʤʦʥʦʚʘ ʠ ʜʨ., 

2020; Shao et al., 2025). 

ʆʙʨʘʙʦʪʢʘ ʪʦʤʘʪʘ ʚ ʛʠʜʨʦʧʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʟʣʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ ʙʘʢʪʝʨʠʡ 

B. subtilis (Qiu et al., 2025), B. subtilis SR22 (Rashad et al., 2022), B. spizizenii FMH45 

(Masmoudi et al., 2025) ʠ B. amyloliquefaciens (Ali et al., 2025) ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʢʦʤʧʣʝʢʩʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʦʤʘʪʘ. ʕʬʬʝʢʪ ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʠ ʥʘ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ: 

ʠʥʦʢʫʣʷʮʠʷ B. subtilis ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʣʘ ʩʦʜʝʨʞʘʥʠʝ ʣʠʢʦʧʠʥʘ, ʨʘʩʪʚʦʨʠʤʳʭ 

ʩʘʭʘʨʦʚ, ʙʝʣʢʘ ʠ ʚʠʪʘʤʠʥʘ C (Shi et al., 2024). ʇʨʠ ʵʪʦʤ ʰʪʘʤʤ B. velezensis 83 

(1Ĭ10  ʂʆɽ/ʤʣ) ʧʦʚʳʰʘʣ ʫʨʦʞʘʡʥʦʩʪʴ ʜʦ 4,5 ʢʛ ʩ ʨʘʩʪʝʥʠʷ ʧʨʦʪʠʚ 3,3 ʢʛ ʚ ʢʦʥʪʨʦʣʝ 

(Balderas-Ruiz et al., 2021). ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʩʦʨʮʠʫʤʦʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ: ʢʦʤʙʠʥʘʮʠʷ B. sp. B1,  

B. velezensis Bv1, B. pumilus Bp1, B. licheniformis Bl1 ʠ Priestia megaterium Pm1 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʪʦʤʘʪʘ (Carril et al., 2025). ʇʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʢʦʥʩʦʨʮʠʫʤʘ Bacillus spp. ʩʪʘʣ ʦʧʳʪ ʧʦ ʢʦʥʪʨʦʣʶ ʬʠʪʦʬʪʦʨʦʟʘ ʩʣʘʜʢʦʛʦ ʧʝʨʮʘ ʩ 

ʧʦʤʦʱʴʶ ʩʤʝʩʠ ʰʪʘʤʤʦʚ B. cereus AR156, B. subtilis SM21 ʠ Serratia sp. XY21, 

ʢʦʪʦʨʘʷ ʧʦʜʘʚʣʷʣʘ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ, ʥʦʨʤʘʣʠʟʫʷ ʤʠʢʨʦʬʣʦʨʫ ʨʠʟʦʩʬʝʨʳ  

(Zhang et al., 2019ʙ). ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʩʦʨʮʠʫʤʘ B. megaterium ʂʫʢ2ɸ ʠ 

Paenibacillus sp. 02189 ʩ ʫʜʦʙʨʝʥʠʷʤʠ ʠ ʤʝʣʠʦʨʘʥʪʘʤʠ ʧʦʚʳʰʘʣʦ ʫʨʦʞʘʡʥʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ (ʑʝʨʙʘʢʦʚʘ ʠ ʜʨ., 2024). ʂʦʥʩʦʨʮʠʫʤ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ (B. velezensis HN-2, B. amyloliquefaciens HN-3,  

B. amyloliquefaciens HAB-2, B. subtilis HAB-5, B. amyloliquefaciens FZB42 ʠ B. 

subtilis 168) ʫʚʝʣʠʯʠʚʘʣ ʪʦʣʱʠʥʫ ʩʪʝʙʣʷ ʨʘʩʩʘʜʳ ʧʝʨʮʘ ʥʘ 13%, ʩʫʭʫʶ ʤʘʩʩʫ 

ʣʠʩʪʴʝʚ ʥʘ 14%, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʥʘ 26% ʠ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʥʘ 41%. 

ʉʨʝʜʥʷʷ ʧʨʠʙʘʚʢʘ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 30%  

(Shen et al., 2023). ʉʤʝʩʴ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus (B. amyloliquefaciens 

ɺʂʇʄ ɺ-10642, B. amyloliquefaciens ɺʂʇʄ ɺ-10643, B. subtilis ɺʂʇʄ ɺ-10641) ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10  ʂʆɽ/ʤʣ ʙʳʣʘ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 
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ʩʝʤʷʥ ʪʦʤʘʪʘ ʩʦʨʪʘ ʉʧʦʢ, ʩʪʠʤʫʣʠʨʫʷ ʠʭ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ (ʄʘʩʣʝʥʥʠʢʦʚʘ ʠ ʜʨ., 2021, 2022). 

PGPR-ʙʘʢʪʝʨʠʠ ʩʪʘʥʦʚʷʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʛʨʦʭʠʤʠʢʘʪʘʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (ʉʪʝʧʘʥʦʚ ʠ ʜʨ., 2012; ʐʪʝʨʥʰʠʩ ʠ ʜʨ., 2016; Mazzola et al., 2017; 

Lopes et al., 2018; ʅʦʚʘʢ, 2020; Anckaert et al., 2021; ɼʝʥʠʩʢʠʥʘ ʠ ʜʨ., 2022; ʌʝʪʶʭʠʥ 

ʠ ʜʨ., 2024). ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Bacillus ʠ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʫʜʦʙʨʝʥʠʡ, ʙʠʦʬʫʥʛʠʮʠʜʦʚ ʠ ʙʠʦʧʝʩʪʠʮʠʜʦʚ (ʧʨʠʣʦʞʝʥʠʝ 4). ʉʦʛʣʘʩʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʦʧʨʳʩʢʠʚʘʥʠʝʤ ʨʘʩʪʝʥʠʡ, ʚʥʝʩʝʥʠʝʤ ʚ ʧʦʯʚʫ (ʧʦʜ ʢʦʨʝʥʴ) 

ʠʣʠ ʦʙʨʘʙʦʪʢʦʡ ʩʝʤʷʥ (Rahman, 2016; Toral et al., 2020). ʉʨʝʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ Bacillus 

ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʝʝ ʘʥʘʣʦʛʦʚ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ PGPR (Pseudomonas), 

ʪʘʢ ʢʘʢ ʦʥʠ ʣʫʯʰʝ ʚʳʨʘʙʘʪʳʚʘʶʪ ʧʦʣʝʟʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʠ ʬʦʨʤʠʨʫʶʪ ʫʩʪʦʡʯʠʚʳʝ 

ʩʧʦʨʳ, ʩʦʭʨʘʥʷʶʱʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ (Haas et al., 2005; ʄʝʣʴʥʠʯʫʢ ʠ 

ʜʨ., 2021). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʩʠʤʙʠʦʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ PGPR-ʙʘʢʪʝʨʠʷʤʠ ʠ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʢʫʣʴʪʫʨʘʤʠ (Vaghela et al., 2023; ʂʥʷʟʝʚʘ 2025ʙ, 2025ʚ). ʂʠʪʘʡʩʢʠʤʠ ʫʯʝʥʳʤʠ 

ʚʳʷʚʣʝʥʳ ʚʟʘʠʤʦʚʳʛʦʜʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʰʪʘʤʤʘʤʠ Bacillus spp. ʠ 86 ʚʠʜʘʤʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠʟ 40 ʩʝʤʝʡʩʪʚ, ʚʢʣʶʯʘʷ Lamiaceae (Wu et al., 2021). 

ɼʘʥʥʳʝ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʝ 6 (Wang et al., 2022). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʟʥʦʩʪʦʨʦʥʥʝʝ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʙʘʢʪʝʨʠʡ 

Bacillus ʥʘ ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʠ ʙʠʦʩʠʥʪʝʟ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʠ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʢʩʠʭ ʢʫʣʴʪʫʨ. ʀʥʦʢʫʣʷʮʠʷ ʩʧʝʮʠʬʠʯʥʳʤʠ 

ʰʪʘʤʤʘʤʠ ʘʢʪʠʚʠʨʦʚʘʣʘ ʢʣʶʯʝʚʳʝ ʧʨʦʮʝʩʩʳ: B. pumilus G5 ʠʥʜʫʮʠʨʦʚʘʣ 

ʧʝʨʝʩʪʨʦʡʢʫ ʛʦʨʤʦʥʘʣʴʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʙʠʦʩʠʥʪʝʟ ʬʣʘʚʦʥʦʠʜʦʚ ʫ ʩʦʣʦʜʢʠ 

ʫʨʘʣʴʩʢʦʡ (Ji et al., 2025); B. altitudinis ʠ B. amyloliquefaciens ʫʩʠʣʠʚʘʣʠ ʥʘʢʦʧʣʝʥʠʝ 

ʛʠʥʟʝʥʦʟʠʜʦʚ ʚ ʞʝʥʴʰʝʥʝ (Sun et al., 2019; Zehra et al., 2021; Qi et al., 2021); B. cereus 

ʧʦʚʳʰʘʣ ʩʦʜʝʨʞʘʥʠʝ ʢʫʨʢʫʤʠʥʘ ʥʘ 13% (Chauhan et al., 2017). 
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ʊʘʙʣʠʮʘ 6 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus spp. ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʢʩʠʭ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ 

ʃʝʢʘʨʩʪʚʝʥʥʳʝ 

ʨʘʩʪʝʥʠʷ 

ʐʪʘʤʤ ʙʘʢʪʝʨʠʠ ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʉʩʳʣʢʠ 

ɾʝʥʴʰʝʥʴ 

ʦʙʳʢʥʦʚʝʥʥʳʡ 

(Panax ginseng 

C.A.Mey.) 

B. subtilis 50-1 ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʮʝʥʪʘ ʛʠʙʝʣʠ 

ʨʘʩʪʝʥʠʡ ʧʦʩʣʝ ʧʝʨʝʩʘʜʢʠ 

Dong et al., 

2018 

B. amyloliquefaciens 

SW-34 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʩʝʨʦʡ 

ʛʥʠʣʠ 

Sun et al., 

2019 

B. amyloliquefaciens 

HK34 

ʧʦʜʘʚʣʝʥʠʝ ʙʦʣʝʟʥʝʡ 

(ʣʠʩʪʦʚʳʝ ʧʷʪʥʠʩʪʦʩʪʠ, 

ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ) 

Lee et al., 

2015 

B. stratosphericus 

FW3 

ʧʦʜʘʚʣʝʥʠʝ ʛʨʠʙʢʦʚʳʭ 

ʚʦʟʙʫʜʠʪʝʣʝʡ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ 

Durairaj et 

al., 2018 

ʉʘʣʴʚʠʷ 

ʤʥʦʛʦʢʦʨʥʝʚʘʷ 

(ʐʘʣʬʝʡ 

ʢʨʘʩʥʦʢʦʨʝʥʥʦʡ) 

(Salvia miltiorrhiza 

Bunge) 

B. cereus ʩʪʠʤʫʣʷʮʠʷ ʨʘʟʚʠʪʠʷ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠ 

ʙʠʦʩʠʥʪʝʟʘ ʪʘʥʰʠʥʦʥʘ 

Zhao et al., 

2010 

B. 

amyloliquefaciens,  

B. licheniformis 

ʩʥʠʞʝʥʠʝ ʘʢʢʫʤʫʣʷʮʠʠ 

ʢʘʜʤʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʪʘʥʰʠʥʦʥʦʚ 

Wei et al., 

2020 

ʇʦʣʳʥʴ ʦʜʥʦʣʝʪʥʷʷ 

 (Artemisia annua L.) 

B. subtilis ʩʪʠʤʫʣʷʮʠʷ ʨʦʩʪʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʥʘʢʦʧʣʝʥʠʷ 

ʙʠʦʤʘʩʩʳ  

Awasthi et 

al., 2011 

ɹʘʢʦʧʘ ʄʦʥʴʝ  

(Bacopa monnieri (L.) 

Wettst.)) 

B. flexus 

KM233648, 

 B. safensis 

KM233652 

ʫʣʫʯʰʝʥʠʝ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ  

Pankaj et al., 

2020 

ʇʘʞʠʪʥʠʢ ʩʝʥʥʦʡ, 

ʧʘʞʠʪʥʠʢ ʛʨʝʯʝʩʢʠʡ 

(Trigonella foenum-

graecum L.) 

 

B. subtilis LDR2 ʩʪʠʤʫʣʷʮʠʷ 

ʢʣʫʙʝʥʴʢʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʣʦʥʠʟʘʮʠʷ ʤʠʢʦʨʠʟʥʳʤʠ 

ʛʨʠʙʘʤʠ (AMF), ʫʣʫʯʰʝʥʠʝ 

ʧʠʪʘʥʠʷ, ʨʦʩʪʘ ʠ 

ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ 

Barnawal et 

al., 2013 

ʌʝʥʭʝʣʴ 

ʦʙʳʢʥʦʚʝʥʥʳʡ 

(Foeniculum vulgare 

Mill .) 

B. subtilis PSB-1 ʠ 

PSB-36 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

(ʩʝʤʝʥʘ, ʵʬʠʨʥʦʝ ʤʘʩʣʦ) ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʬʦʩʬʦʨʘ 

Mishra et al., 

2016 

ʈʝʚʝʥʴ ʧʘʣʴʯʘʪʳʡ 

(Rheum palmatum L.) 

B. amyloliquefaciens 

EZ99 

ʧʨʠʨʦʩʪ ʢʦʨʥʝʚʦʡ ʙʠʦʤʘʩʩʳ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʣʠʷ 

Tian et al., 

2022 

ʀʤʙʠʨʴ ʘʧʪʝʯʥʳʡ 

(Zingiber officinale 

Roscoe) 

Bacillus ʩʥʠʞʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʫʚʷʜʘʥʠʷ 

Zhang et al., 

2020 

ɸʥʜʨʦʛʨʘʬʠʩ 

ʤʝʪʝʣʴʯʘʪʳʡ 

(Andrographis 

paniculata (Burm.f.) 

Nees)) 

Bacillus sp. CIMAP-

A7 

ʜʝʪʦʢʩʠʢʘʮʠʷ ʘʪʨʘʟʠʥʘ ʠ 

ʩʥʠʞʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ 

Tripathi et 

al., 2021. 

B. megaterium ʫʩʢʦʨʝʥʠʝ ʨʦʩʪʘ ʠ ʧʦʚʳʰʝʥʠʝ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ 

ʨʘʩʪʝʥʠʡ. 

Khan et al., 

2015 
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ʈʦʩʪʦʨʝʛʫʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʣʘʩʴ ʚ ʜʦʩʪʦʚʝʨʥʦʤ ʫʣʫʯʰʝʥʠʠ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʠʥʦʢʫʣʷʮʠʷ B. subtilis ʫʚʝʣʠʯʠʚʘʣʘ ʙʠʦʤʘʩʩʫ 

ʠʤʙʠʨʷ ʥʘ 18%, ʣʠʩʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ 30% ʠ ʯʠʩʣʦ ʣʠʩʪʴʝʚ ʥʘ 21% (Jabborova 

et al., 2021), ʘ ʫ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʠ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ 

ʜʦʩʪʠʛʘʣ 53-84% (Ye et al., 2020; ʂʥʷʟʝʚʘ, 2025ʘ). ʇʨʠʤʝʥʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʢʦʥʩʦʨʮʠʫʤʦʚ ʦʙʝʩʧʝʯʠʚʘʣʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ: ʦʙʨʘʙʦʪʢʘ ʩʪʝʚʠʠ ʰʪʘʤʤʘʤʠ 

B. cereus ʠ A. brasilense ʧʦʚʳʰʘʣʘ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a ʠ b (Elsayed et al., 

2022); ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʩʦʨʮʠʫʤʘ B. subtilis ʠ B. megaterium ʫʣʫʯʰʘʣʦ ʫʢʦʨʝʥʝʥʠʝ 

ʯʝʨʝʥʢʦʚ ʪʠʤʴʷʥʘ ʧʨʠ ʛʠʜʨʦʧʦʥʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ (ʊʠʪʝʥʢʦʚ ʠ ʜʨ., 2024). 

ʀʩʩʣʝʜʦʚʘʥʠʝ Santoro et al. (2011) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʨʝʜʫ ʄʫʨʘʩʠʛʝ-

ʉʢʫʛʘ ʢʦʤʧʣʝʢʩʘ ʨʠʟʦʙʘʢʪʝʨʠʡ (P. fluorescens, B. subtilis, A. brasilense) ʫʚʝʣʠʯʠʚʘʣʦ 

ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ, ʙʠʦʤʘʩʩʫ ʧʦʙʝʛʦʚ ʠ ʢʦʨʥʝʡ, ʘ ʪʘʢʞʝ ʚʳʭʦʜ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʤʷʪʳ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʰʪʘʤʤʳ 

Bacillus spp. ʜʦʩʪʦʚʝʨʥʦ ʫʣʫʯʰʘʣʠ ʩʢʦʨʦʩʪʴ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ (Pʝrez-Garcia et al., 

2023; Haile et al., 2024), ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ (Nazir et al., 2020; AlAli et al., 

2021), ʜʣʠʥʫ ʧʦʙʝʛʘ (Banchio et al., 2010) ʠ ʩʦʜʝʨʞʘʥʠʝ ʚʘʞʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (Wu et al., 2019, 2020; Helaly et al., 2020; Bano et al., 2023) ʫ hʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʠ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ. 

 

1.3 ɹʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ  

ʢ ʫʩʣʦʚʠʷʤ ex vitro 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʨʘʙʦʪʘʥʥʦʩʪʴ ʤʝʪʦʜʠʢ ʢʣʦʥʘʣʴʥʦʛʦ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ ʜʣʷ 

ʤʥʦʛʠʭ ʢʫʣʴʪʫʨ, ʥʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʳʤʠ ʦʩʪʘʶʪʩʷ ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʵʪʘʧʳ ï 

ʨʠʟʦʛʝʥʝʟ in vitro ʠ ʘʜʘʧʪʘʮʠʷ ex vitro. ʀʭ ʩʣʦʞʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʝʨʝʚʦʜʘ ʨʘʩʪʝʥʠʡ ʠʟ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʘʚʪʦʪʨʦʬʥʦʝ, ʯʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʚʳʩʦʢʦʡ ʛʠʙʝʣʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʢʦʨʥʝʚʦʡ 

ʩʠʩʪʝʤʳ ʠ ʥʘʨʫʰʝʥʠʷ ʚʦʜʥʦʛʦ ʦʙʤʝʥʘ (Chokheli et al., 2020; Tsiupka et al., 2022). 

ɸʜʘʧʪʘʮʠʶ ʨʘʩʪʝʥʠʡ ʢ ʫʩʣʦʚʠʷʤ ex vitro ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʦʚʦʜʷʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʠ-ʧʘʨʥʠʢʦʚ ʠʣʠ ʫʢʨʳʪʠʝʤ ʝʤʢʦʩʪʝʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʦʡ 
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(ʐʫʣʴʛʠʥʘ ʠ ʜʨ., 2020). ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʘʨʴʠʨʫʝʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʷ ʠ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 6 

ʥʝʜʝʣʴ ʜʣʷ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʜʦ 10 ʥʝʜʝʣʴ ʜʣʷ ʪʘʢʠʭ ʢʫʣʴʪʫʨ, ʢʘʢ ʝʞʝʚʠʢʘ, 

ʟʝʤʣʷʥʠʢʘ ʩʘʜʦʚʘʷ ʠ ʙʝʨʝʟʘ (ɻʘʰʝʥʢʦ ʠ ʜʨ., 2021; ɻʨʠʯʠʢ ʠ ʜʨ., 2025; ʗʢʠʤʦʚʘ, 

2025). ʂʣʶʯʝʚʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʤʝʪʦʜʘ ʩʣʫʞʘʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʢʦʣʝʙʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʢʣʠʤʘʪʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʤʘʩʩʦʚʫʶ ʛʠʙʝʣʴ ʨʘʩʪʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʚʠʜʦʚʳʤʠ 

ʠ ʩʦʨʪʦʚʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʫʣʴʪʫʨʳ. 

ʇʦʚʳʰʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʥʘ ʵʪʘʧʝ ʘʜʘʧʪʘʮʠʠ ex vitro 

ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʢʣʦʥʘʣʴʥʦʛʦ 

ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ. ʆʧʪʠʤʠʟʘʮʠʷ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ex vitro ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʝʪʩʷ ʯʝʨʝʟ ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʜʙʦʨ ʩʦʩʪʘʚʘ ʩʫʙʩʪʨʘʪʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʫʯʥʳʭ ʨʘʙʦʪ (ʀʚʘʥʦʚʘ-ʍʘʥʠʥʘ, 2019; ɻʘʰʝʥʢʦ ʠ ʜʨ., 

2020; ʄʘʢʘʨʦʚ ʠ ʜʨ., 2020; ʏʫʜʝʮʢʠʡ ʠ ʜʨ., 2022; Wu et al., 2022; ɽʩʘʫʣʢʦ ʠ ʜʨ., 

2024; ʃʝʙʝʜʝʚʘ ʠ ʜʨ., 2024; ɻʨʠʯʠʢ ʠ ʜʨ., 2025). ʈʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʠʥʦʢʫʣʷʮʠʷ ʩʫʙʩʪʨʘʪʘ 

ʙʘʢʪʝʨʠʷʤʠ ʨʦʜʘ Bacillus (ʂʘʣʘʮʢʘʷ ʠ ʜʨ., 2014; ʂʦʥʦʚʘʣʦʚ ʠ ʜʨ., 2023; Krzepiğko et 

al., 2024) ʠ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ (ɻʦʜʣʠʥ ʠ ʜʨ., 2024;  

ʊʝʨ-ʇʝʪʨʦʩʷʥʮ ʠ ʜʨ., 2024; ʄʘʮʥʝʚʘ ʠ ʜʨ., 2025; Orlova et al., 2025). 

ʇʦʤʠʤʦ ʩʫʙʩʪʨʘʪʘ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, ʫʩʧʝʰʥʘʷ ʘʜʘʧʪʘʮʠʷ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʚʝʱʝʥʠʝ ʠʛʨʘʝʪ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ. ɼʣʷ ʫʩʧʝʰʥʦʡ ʘʜʘʧʪʘʮʠʠ ex vitro ʥʝʦʙʭʦʜʠʤ ʩʪʨʦʛʠʡ 

ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʦʩʚʝʱʝʥʠʷ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʜʣʷ ʬʦʪʦʘʚʪʦʪʨʦʬʥʳʭ 

ʤʠʢʨʦʨʘʩʪʝʥʠʡ. ʉʚʝʪʦʚʳʝ ʩʠʛʥʘʣʳ (280-750 ʥʤ) ʫʣʘʚʣʠʚʘʶʪʩʷ ʬʦʪʦʨʝʮʝʧʪʦʨʘʤʠ 

(ʬʠʪʦʭʨʦʤʳ, ʢʨʠʧʪʦʭʨʦʤʳ, ʬʦʪʦʪʨʦʧʠʥʳ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʪʝʥʠʶ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʬʦʪʦʤʦʨʬʦʛʝʥʝʟ ï ʢʣʶʯʝʚʦʡ ʧʨʦʮʝʩʩ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ in vitro ʠ ʘʜʘʧʪʘʮʠʠ ex 

vitro (Beatrice et al., 2022; Paradiso ʠ Proietti, 2022). 

ʂʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʘʜʘʧʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʦʩʚʝʱʝʥʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ex vitro (Tarakanov et 
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al., 2021; Cavallaro et al., 2022; ʅʝʯʠʧʦʨʝʥʢʦ ʠ ʜʨ., 2023; ʂʦʙʨʠʥʝʮ ʠ ʜʨ., 2023). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʘʩʥʳʡ ʠ ʩʠʥʠʡ ʩʧʝʢʪʨʳ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ: ʫ ʩʣʠʚʳ 

ʦʥʠ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʥʘʢʦʧʣʝʥʠʝ ʬʣʘʚʦʥʦʠʜʦʚ ʠ ʧʦʚʳʰʘʣʠ ʧʨʠʞʠʚʘʝʤʦʩʪʴ 

(ʀʚʘʥʦʚʘ ʠ ʜʨ., 2023), ʫ ʦʨʭʠʜʝʡ ʫʚʝʣʠʯʠʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʭʣʦʨʦʬʠʣʣʘ 

(Cabral et al., 2023), ʘ ʫ ʩʠʥʝʛʦʣʦʚʥʠʢʘ ʧʨʠʤʦʨʩʢʦʛʦ ï ʯʠʩʣʦ ʣʠʩʪʴʝʚ (Mezaka et al., 

2023). ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ-ʨʝʛʝʥʝʨʘʥʪʦʚ ʢ ʫʩʣʦʚʠʷʤ ex 

vitro ʚʢʣʶʯʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʧʦʥʥʳʭ ʠ ʘʵʨʦʧʦʥʥʳʭ ʩʠʩʪʝʤ (ʂʠʩʝʣʝʚʘ ʠ ʜʨ., 

2023; ɸʭʤʝʪʦʚʘ ʠ ʜʨ., 2024ʘ, ʙ). ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʯʥʦʤ ʢʦʥʪʨʦʣʝ 

ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ: ʚʣʘʞʥʦʩʪʠ, ʦʩʚʝʱʝʥʠʷ ʠ ʧʠʪʘʥʠʷ (ɻʨʠʰʠʥ ʠ ʜʨ., 2022; ʀʟʤʘʡʣʦʚ 

ʠ ʜʨ., 2024; ɻʨʠʰʠʥ ʠ ʜʨ., 2025). ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʘʜʘʧʪʘʮʠʷ 

ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʢʨʘʩʥʦʡ ʩʤʦʨʦʜʠʥʳ ʧʦʜ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ (625-740 ʥʤ) 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʫʩʠʣʝʥʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʙʠʦʤʘʩʩʳ ʠ ʭʣʦʨʦʬʠʣʣʘ ʠ ʩʦʢʨʘʱʘʣʘ 

ʩʨʦʢʠ ʧʦʣʫʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (Panfilova et al., 2025). 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʩʠʩʪʝʤ ʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʜʨʫʛʠʭ ʮʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɸʵʨʦʧʦʥʥʳʡ ʤʝʪʦʜ ʧʦʢʘʟʘʣ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʘʜʘʧʪʘʮʠʠ 

ʤʠʢʨʦʢʣʦʥʦʚ ʤʷʪʳ ʧʝʨʝʯʥʦʡ ʠ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ, ʩʪʠʤʫʣʠʨʫʷ ʠʥʪʝʥʩʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʡ ʠ ʩʪʠʤʫʣʷʮʠʶ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ (ɻʫʱʠʥ ʠ ʜʨ., 2023). ɺ 

ʛʠʜʨʦʧʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫ ʨʘʩʪʝʥʠʡ ʭʤʝʣʷ ʜʣʠʥʘ ʧʦʙʝʛʦʚ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ  

36,0-48,3% ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʦ 18-21 ʩʫʪʦʢ (ɹʳʯʢʦʚʘ ʠ ʜʨ., 

2024). ɼʣʷ ʤʷʪʳ ʚʦʜʥʦʡ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʛʠʜʨʦʧʦʥʥʦʡ 

ʩʠʩʪʝʤʝ ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ B:G:R ~ 16:42:39 ʠ 

ʩʫʤʤʘʨʥʦʡ ʌɸʈ 100 ʤʤʦʣʴ/ʤĮĿʩ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ 

ʨʘʟʚʠʪʳʭ ʨʘʩʪʝʥʠʡ (ʂʥʷʟʝʚʘ ʠ ʜʨ., 2023). 

ʄʝʪʦʜʳ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʩʢʦʨʝʥʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʨʘʩʪʝʥʠʡ 

in vitro, ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ, ʩʝʣʝʢʮʠʠ ʠ 

ʩʝʤʝʥʦʚʦʜʩʪʚʝ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩʦʭʨʘʥʝʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʤʘʩʩʦʚʦʛʦ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʮʝʥʥʳʭ ʛʝʥʦʪʠʧʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʦʨʪʦʚ  
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(ʆʩʥʦʚʳ ʩʦʟʜʘʥʠʷ ʛʝʥʦʙʘʥʢʘ..., 2018; ʀʚʘʥʦʚʘ-ʍʘʥʠʥʘ, 2019; ʂʦʨʦʪʢʦʚ ʠ ʂʥʷʟʝʚʘ, 

2021; ʄʠʪʨʦʬʘʥʦʚʘ ʠ ʜʨ., 2021; ʂʘʣʘʰʥʠʢʦʚʘ ʠ ʜʨ., 2023; Krakhmaleva et al., 2024). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ɿɸʕʉ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʩʝʣʝʢʮʠʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ, ʤʝʪʦʜʦʚ ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʠ (ʚʢʣʶʯʘʷ ʧʨʠʤʝʥʝʥʠʝ 

ʨʠʟʦʙʘʢʪʝʨʠʡ), ʪʝʭʥʦʣʦʛʠʡ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ex vitro ʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩʨʝʜʦʡ, ʚ ʢʦʪʦʨʦʤ ʩʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʨʘʩʪʝʥʠʡ. 

ʊʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩʦʩʪʘʚʣʷʝʪ ʥʘʫʯʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ. 

  



59 

 

 

 

ɻʃɸɺɸ 2 ʋʉʃʆɺʀʗ, ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

2.1 ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʥʘʫʯʥʦʛʦ ʘʛʨʦʠʥʞʝʥʝʨʥʦʛʦ ʮʝʥʪʨʘ ɺʀʄ (ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ) ʚ ʧʝʨʠʦʜ ʩ 2020 ʧʦ 

2025 ʛʦʜ.  

ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ (ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʢʘʤʝʨʳ, ʬʠʪʦʢʦʤʥʘʪʘ) (ʨʠʩʫʥʦʢ 6 ɸ-ɻ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʪʦʤʘʪʘʤʠ ʧʨʦʚʦʜʠʣʠ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʉʂ-ɺʀʄ 1.1 (ʨʠʩʫʥʦʢ 6 ɸ), ʠʩʧʦʣʴʟʫʷ ʜʚʝ ʦʜʠʥʘʢʦʚʳʝ 

ʫʩʪʘʥʦʚʢʠ, ʠ ʚ ʬʠʪʦʢʦʤʥʘʪʝ (ʨʠʩʫʥʦʢ 6 ɹ). ʇʣʦʱʘʜʴ ʦʜʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ 

ʩʦʩʪʘʚʣʷʣʘ 4,0 ʤĮ; ʬʠʪʦʢʦʤʥʘʪʳ ï 16,5 ʤĮ. ʇʦʣʝʟʥʘʷ ʧʣʦʱʘʜʴ ʢʘʤʝʨʳ ʧʦʟʚʦʣʷʣʘ 

ʨʘʟʤʝʩʪʠʪʴ ʜʦ 32 ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ, ʬʠʪʦʢʦʤʥʘʪʳ ï ʜʦ 80 ʨʘʩʪʝʥʠʡ. ɺ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʢʘʤʝʨʝ ʧʣʦʪʥʦʩʪʴ ʧʦʩʘʜʢʠ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʩʦʩʪʘʚʣʷʣʘ 8 ʨʘʩʪʝʥʠʡ ʥʘ 1 ʤĮ, ʚ 

ʬʠʪʦʢʦʤʥʘʪʝ ï 5 ʨʘʩʪʝʥʠʡ ʥʘ 1 ʤĮ.   

ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʙʘʟʠʣʠʢʘ, ʤʷʪ rʜʣʠʥʥʦʣʠʩʪʥʦʡ ʠ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʢʘʤʝʨʫ ʉʂ-ɺʀʄ 2.2 ʧʣʦʱʘʜʴʶ 5,0 ʤĮ ʩ ʧʣʦʪʥʦʩʪʴʶ 

ʧʦʩʘʜʢʠ ï 20 ʨʘʩʪʝʥʠʡ ʥʘ 1 ʤĮ ʨʠʩʫʥʦʢ 6 ɺ. ʇʦʣʝʟʥʘʷ ʧʣʦʱʘʜʴ ʢʘʤʝʨʳ ʧʦʟʚʦʣʷʣʘ 

ʨʘʟʤʝʩʪʠʪʴ ʜʦ 60 ʨʘʩʪʝʥʠʡ. ʂʦʥʩʪʨʫʢʮʠʷ ʢʘʤʝʨʳ ʙʳʣʘ ʜʚʫʭʲʷʨʫʩʥʦʡ ʠ ʩʦʩʪʦʷʣʘ ʠʟ 

ʪʨʝʭ ʦʪʜʝʣʴʥʳʭ ʩʝʢʮʠʡ, ʨʘʟʜʝʣʝʥʥʳʭ ʩʚʝʪʦʦʪʨʘʞʘʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ. 

ɸʜʘʧʪʘʮʠʶ ʤʠʢʨʦʨʘʩʪʝʥʠʡ (ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ, ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ ʠ 

ʪʦʤʘʪʘ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ (ʉʂ-ɺʀʄ) ʦʙʲʝʤʦʤ 0,98 ʤį ʩʤ. 

ʨʠʩʫʥʦʢ 6 ɼ (ʧʨʠʣʦʞʝʥʠ ̫ 7-9, 12). ɸʜʘʧʪʘʮʠʶ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʚʦʜʥʦʡ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ (ɺʀʄ-ʂɸ-180) ʦʙʲʝʤʦʤ 0,18 ʤį ʩʤ. 

(ʨʠʩʫʥʦʢ 6 ɻ). 

ʈʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠ ʤʝʪʦʜʦʤ ʛʠʜʨʦʧʦʥʠʢʠ ʥʘ ʤʠʥʝʨʘʣʦʚʘʪʥʦʤ ʩʫʙʩʪʨʘʪʝ. 

ʊʦʤʘʪ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʦ ʤʘʣʦʦʙʲʝʤʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʢʘʧʝʣʴʥʳʤ ʧʦʣʠʚʦʤ, 

ʠʩʧʦʣʴʟʫʷ ʤʘʪʳ ʠ ʢʫʙʠʢʠ ʨʘʟʤʝʨʦʤ 10Ĭ10 ʩʤ. ɼʣʷ ʙʘʟʠʣʠʢʘ, ʤʷʪʳ ʠ ʤʝʣʠʩʩʳ 

ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʜʪʦʧʣʝʥʠʷ ʚ ʢʫʙʠʢʘʭ ʨʘʟʤʝʨʦʤ 7Ĭ7 ʩʤ. 
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ɺ ɻ ɼ 

ʈʠʩʫʥʦʢ 6 ï ɿʘʢʨʳʪʳʝ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ: ɸ ï ʉʂ-ɺʀʄ 1.1; ɹ ï ʬʠʪʦʢʦʤʥʘʪʘ;  

ɺ ï ʉʂ-ɺʀʄ 2.2; ɻ ï ɺʀʄ-ʂɸ-180; ɼ ï ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʢʘʤʝʨʘ ʘʜʘʧʪʘʮʠʠ 

ʨʘʩʪʝʥʠʡ (ʉʂ-ɺʀʄ) 

ʈʘʟʤʥʦʞʝʥʠʝ ʨʘʩʪʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ. ʊʦʤʘʪ ʠ ʙʘʟʠʣʠʢ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʠʟ ʩʝʤʷʥ; ʤʷʪʘ 

ʜʣʠʥʥʦʣʠʩʪʥʘʷ ʠ ʤʝʣʠʩʩʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ï ʨʘʟʤʥʦʞʝʥʳ ʚʝʛʝʪʘʪʠʚʥʦ 

ʯʝʨʝʥʢʦʚʘʥʠʝʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʦʛʦ ʠ ʦʟʜʦʨʦʚʣʝʥʥʦʛʦ 

ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʦʤʘʪʘ, ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ, ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ ʠ ʤʷʪʳ 

ʚʦʜʥʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʢʫʣʴʪʫʨʳ ʪʢʘʥʝʡ in vitro.  

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʢʘʞʜʦʡ 

ʢʫʣʴʪʫʨʳ ʜʠʘʧʘʟʦʥʘʭ ʚ ʪʘʙʣʠʮʝ 7. 
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ʊʘʙʣʠʮʘ 7 ï ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ 

ʫʩʣʦʚʠʷʭ ɿɸʕʉ 

ʇʘʨʘʤʝʪʨ r ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʪʦʤʘʪ ʙʘʟʠʣʠʢ, ʤʷʪʘ ʠ 

ʤʝʣʠʩʩʘ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʜʥʷ, ʯ 16 16 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʜʥʝʤ,  +22Ñ2 +23Ñ2 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʦʯʴʶ,  +17Ñ2 +18Ñ2 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, % 65Ñ2 65Ñ2 

ʎʠʢʣ ʧʦʣʠʚʘ ʚ 

ʩʫʪʢʠ, ʨʘʟ 

ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʠ ʥʘʯʘʣʦ 

ʮʚʝʪʝʥʠʷ 

1 

1 ʟʘʚʷʟʳʚʘʥʠʝ ʠ ʥʘʣʠʚ 

ʧʣʦʜʦʚ 

2 

ʩʦʟʨʝʚʘʥʠʝ ʧʣʦʜʦʚ 1 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʠʚʘ 1 ʨʘʩʪʝʥʠʷ, 

ʤʠʥ  

2 3 

ʆʙʲʝʤ ʧʠʪʘʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 1 
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2.1.1 ʆʩʚʝʱʝʥʠʝ  

ɼʣʷ ʚʩʝʭ ʨʘʩʪʝʥʠʡ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 16-ʯʘʩʦʚʦʡ ʬʦʪʦʧʝʨʠʦʜ (05:00-21:00). 

ɼʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. ɼʣʷ 

ʢʘʞʜʦʡ ʢʦʤʙʠʥʘʮʠʠ ʫʢʘʟʘʥʳ ʧʣʦʪʥʦʩʪʴ ʬʦʪʦʥʥʦʛʦ ʧʦʪʦʢʘ (ʇʌʇ), ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʧʦ ʦʩʥʦʚʥʳʤ ʟʦʥʘʤ ʌɸʈ, ʧʨʦʮʝʥʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ 

ʜʠʘʧʘʟʦʥʘʤ (B:G:R:FR) ʠ ʢʣʶʯʝʚʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʇʘʨʘʤʝʪʨʳ 

ʠʟʣʫʯʝʥʠʷ ʠʟʤʝʨʷʣʠ ʩʧʝʢʪʨʦʤʝʪʨʦʤ MK350D Compact Spectrometer (UPRtek Corp., 

ʊʘʡʚʘʥʴ). ɺ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʪʨʠʝʚʳʝ ʣʘʤʧʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ɼʅʘʊ) ʩ 

ʇʌʇ 143-250 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ; ʙʝʣʳʝ ʩʚʝʪʦʜʠʦʜʳ (ʉʀɼ W) ʚ ʜʠʘʧʘʟʦʥʝ ʇʌʇ 60-267 

ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʛʜʝ ʙʘʟʦʚʳʤ ʙʳʣ 

ʨʝʞʠʤ 16:42:39:3; ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʧʝʢʪʨʳ: ʩʠʥʠʡ 

(ʉʀɼ B, 45-100% ʩʠʥʝʛʦ), ʢʨʘʩʥʳʡ (ʉʀɼ R, 57-100% ʢʨʘʩʥʦʛʦ) ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʙʝʣʳʤ ʠ ʜʘʣʴʥʠʤ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ (ʉʀɼ RB, RW, BRW, WR, WB, RFR). 

 



ʊʘʙʣʠʮʘ 8 ï ɺʘʨʠʘʥʪʳ ʦʩʚʝʱʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʅʘʟʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ɺʘʨʠʘʥʪ 

ʦʩʚʝʱʝʥʠʷ 

ʇʦʪʦʢ ʬʦʪʦʥʦʚ, ʤʢʤʦʣʴ ʤ Į ʩ ĭ ʇʨʦʮʝʥʪʥʳʡ 

ʩʦʩʪʘʚ 

ʩʧʝʢʪʨʘ 

(B:G:R:FR) 

ʇʌʇ (PFD) 

ɚ= 400-800 

ʥʤ 

ʩʠʥʠʡ (B) 
ʟʝʣʝʥʳʡ 

(G) 

ʢʨʘʩʥʳʡ 

(R) 

ʜʘʣʴʥʠʡ 

ʢʨʘʩʥʳʡ 

(FR) 

ʂʦʥʪʨʦʣʴ 

ɼʅʘʊĭ 250,0Ñ10,3 17,5Ñ1,3 152,5Ñ4,9 62,5Ñ3,2 17,5Ñ1,2 7:61:25:7 

ɼʅʘʊĮ 143,0Ñ3,2 4,3Ñ0,3 93,7Ñ4,2 38,5Ñ3,1 6,5Ñ2,1 3:66:27:4 

ʉʀɼį ï W 

(ʙʝʣʳʡ) 
250,1Ñ4,0 46,9Ñ0,6 111,5Ñ1,2 88,6Ñ1,5 3,1Ñ0,2 19:45:35:1 

ʉʀɼ ï W 140,3Ñ3,3 22,8Ñ1,3 58,7Ñ3,2 54,1Ñ2,0 4,7Ñ1,6 16:42:39:3 

ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘĭ 

ʦʩʚʝʱʝʥʠʷ; Bacillus ssp ʥʘ 

ʪʦʤʘʪ ʩʦʨʪʦʚ ɹʣʘʛʦʜʘʪʥʳʡ, 

ʆʨʘʥʞ, ɸʣʝʢʩ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ, ʃʷʥʘ, 

ɺʩʧʳʰʢʘ 

ʉʀɼ ï W 267,0Ñ5,0 47,1Ñ1,2 60,1Ñ1,3 117,2Ñ1,9 43,1Ñ1,0 18:23:44:15 

ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦĭ 

ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʪʦʤʘʪ 

ʩʦʨʪʦʚ ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ 

ɼʅʘʊ 238,0Ñ9,0 16,6Ñ1,2 145,2Ñ4,3 59,5Ñ2,9 16,7Ñ1,0 7:61:25:7 

ʉʀɼ  50,0Ñ5,5 9,0Ñ1,2 11,5Ñ1,5 21,0Ñ1,9 8,5Ñ0,9 18:23:42:17 

ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 1,į 

ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ 

ʧʝʨʠʦʜ ʥʘ ʪʦʤʘʪ ʩʦʨʪʦʚ 

ʅʘʪʘʰʘ ʠ ʊʠʤʦʰʘ 

ʉʀɼ ï ɺ  248,8Ñ3,8 108,1Ñ0,8 74,8Ñ1,2 60,6Ñ1,5 5,3Ñ0,01 43:30:25:2 

ʉʀɼ ï R  250,8Ñ3,9 29,3Ñ1,3 74,2Ñ2,4 140,0Ñ3,4 5,3Ñ0,01 11:30:57:2 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 8 

ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ 

ʨʘʩʪʝʥʠʷ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʠ ʙʘʟʠʣʠʢʘ 

ʉʀɼ ï ɺ  50,0Ñ2,1 49,7Ñ1,9 0,1Ñ0,08 0,2Ñ0,1 0,01Ñ0,01 100:0:0 

ʉʀɼ ï R  50,0Ñ1,8 0,1Ñ0,01 0,1Ñ0,01 49,9Ñ1,8 0,01Ñ0,01 0:0:100 

ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ 

ʧʝʨʠʦʜ ʥʘ ʨʘʩʪʝʥʠʷ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʠ ʙʘʟʠʣʠʢʘ 

ʉʀɼ ï ɺ  190,7Ñ8,2 85,6Ñ3,8 57,4Ñ3,1 47,7Ñ1,3 0,01Ñ0,01 45:30:25:0 

ʉʀɼ ï R  190,2Ñ7,8 29,1Ñ1,5 67,1Ñ2,2 94,0Ñ4,1 0,01Ñ0,01 15:35:50:0 

ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠĮ,  

ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʤʷʪʫ 

ʜʣʠʥʥʦʣʠʩʪʫʶ ʠ ʤʝʣʠʩʩʫ 

ʣʝʢʘʨʩʪʚʝʥʥʫʶ 

ʉʀɼ ï ɺ  140,1Ñ2,3 134,1Ñ2,1 3,7Ñ2,2 2,2Ñ1,0 0,04Ñ0,01 96:3:1:0 

ʉʀɼ ï R  139,6Ñ2,3 1,1Ñ1,3 1,6Ñ1,2 136,9Ñ2,5 0,04Ñ0,01 1:1:98:0 

ʉʀɼ ï Rɺ  142,9Ñ2,3 35,2Ñ2,3 4,6Ñ1,5 103,1Ñ3,5 0,04Ñ0,01 25:3:72:0 

ɺʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ 

ʥʘ ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʤʷʪʳ 

ʚʦʜʥʦʡ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʢ ex 

vitro 

ʉʀɼ ïRW 100,0Ñ1,3 16,1Ñ1,1 42,0Ñ2,2 39,1Ñ2,2 3,0Ñ1,3 16:42:39:3 

ʉʀɼ ï

BRW 
146,0Ñ2,3 26,0Ñ1,5 66,0Ñ3,2 49,1Ñ2,1 5,0Ñ1,6 18:45:34:3 

ɺʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ 

ʥʘ ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʧʨʠ 

ʘʜʘʧʪʘʮʠʠ ʢ ex vitro 

ʉʀɼ ï WR 140,2Ñ3,3 20,5Ñ1,3 1,1Ñ0,3 118,2Ñ2,0 0,03Ñ0,01 15:1:84:0 

ʉʀɼ ï Wɺ 139,0Ñ3,1 48,8Ñ1,3 52,7Ñ1,9 34,9Ñ1,6 2,4Ñ0,6 35:38:25:2 

ʉʀɼ ï 

RFR 
140,0Ñ3,3 15,2Ñ1,3 12,3Ñ0,9 84,5Ñ2,3 28,2Ñ1,2 11:9:60:20 

ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʩʚʝʱʝʥʠʷ ʥʘ 

ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʧʨʠ 

ʘʜʘʧʪʘʮʠʠ ʢ ex vitro 

ʉʀɼ ï W 60,1Ñ1,1 9,6Ñ1,4 25,2Ñ1,2 23,4Ñ1,2 1,8Ñ1,3 16:42:39:3 

ʉʀɼ ï W 100,0Ñ1,1 16,0Ñ1,1 42,0Ñ1,5 39,0Ñ1,3 3,0Ñ1,1 16:42:39:3 

ʉʀɼ ï W 140,3Ñ3,3 22,8Ñ1,3 58,7Ñ3,2 54,1Ñ2,0 4,7Ñ1,6 16:42:39:3 

ʉʀɼ ï W 180,2Ñ1,3 28,8Ñ1,5 75,7Ñ2,1 70,3Ñ2,1 5,4Ñ1,1 16:42:39:3 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 8 

ɺʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ 

ʥʘ ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʪʦʤʘʪʘ 

ʩʦʨʪʦʚ ɻʥʦʤ ʠ ʏʝʣʥʦʢ ʧʨʠ 

ʘʜʘʧʪʘʮʠʠ ʢ ex vitro 

ʉʀɼ ï Rɺ 140,2Ñ3,3 20,5Ñ1,3 1,1Ñ0,3 118,2Ñ2,0 0,03Ñ0,01 15:1:84:0 

ɺʣʠʷʥʠʝ B. amyloliquefaciens 

ʥʘ ʤʠʢʨʦʨʘʩʪʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʷʪʳ 

(ʜʣʠʥʥʦʣʠʩʪʥʦʡ, 

ʢʦʣʦʩʠʩʪʦʡ) ʧʨʠ ʘʜʘʧʪʘʮʠʠ 

ʢ ex vitro 

ʉʀɼ ï W 140,3Ñ3,3 22,8Ñ1,3 58,7Ñ3,2 54,1Ñ2,0 4,7Ñ1,6 16:42:39:3 

ɺʣʠʷʥʠʝ B. subtilis ʥʘ ʤʷʪʫ 

ʜʣʠʥʥʦʣʠʩʪʫʶ ʠ ʤʝʣʠʩʩʫ 

ʣʝʢʘʨʩʪʚʝʥʥʫʶ 

ʉʀɼ ï W 139,9Ñ2,5 23,8Ñ1,3 63,2Ñ3,2 52,9Ñ3,0 0,01Ñ0,01 17:45:38:0 

ɺr ʨʘʱʠʚʘʥʠʝ 11 ʛʠʙʨʠʜʦʚ 

ʪʦʤʘʪʘ 

ʉʀɼ ï W  

ʙʝʣʳʡ 

ʩʧʝʢʪʨ 

250,1Ñ4,0 46,9Ñ0,6 111,5Ñ1,2 88,6Ñ1,5 3,1Ñ0,2 19:45:35:1 

ɺʳʨʘʱʠʚʘʥʠʝ ʩʦʨʪʦʚ ʪʦʤʘʪʘ 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ ʠ 

ɹʣʘʛʦʜʘʪʥʳʡ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʧʣʠʮʳ 

ɺʝʨʭʥʠʡ 

ʙʝʣʳʡ 

ʩʧʝʢʪʨ 

132Ñ2,3 26,0Ñ0,8 36,0Ñ1,0 58,0Ñ1,1 12,0Ñ0,2 20:27:44:9 

ɺʝʨʭʥʠʡ 

ʙʝʣʳʡ+ʢʨʘ

ʩʥʳʡ 

134Ñ2,3 25,0Ñ0,8 29,0Ñ09 69,0Ñ1,3 11,0Ñ0,2 19:22:51:8 

ʄʝʞʜʫʨʷʜ

ʥʳʡ 

ʙʝʣʳʡ+ʢʨʘ

ʩʥʳʡ 

157Ñ2,5 30,0Ñ1,0 35,0Ñ1,0 83,0Ñ1,3 9,0Ñ01 19:22:53:6 
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2.1.1.1 ʀʩʪʦʯʥʠʢʠ ʦʩʚʝʱʝʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʦʩʚʝʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʪʨʠʝʚʳʝ ʣʘʤʧʳ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ɼʅʘʊ (Osram Plantastar, 400 ɺʪ) ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʥʠ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʡ ʠʩʪʦʯʥʠʢ 

ʩʚʝʪʘ ʜʣʷ ʪʝʧʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʀʭ ʚʳʙʦʨ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʠ (ʌɸʈ) ʚ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ, ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʨʠʩʫʥʢʝ 7). ʉʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʫʟʢʦʧʦʣʦʩʥʳʡ ʭʘʨʘʢʪʝʨ ʪʘʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ 

(Palmitessa et al., 2021). 

 

ʈʠʩʫʥʦʢ 7 ï ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʟʣʫʯʝʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘʪʨʠʝʚʳʤʠ ʣʘʤʧʘʤʠ 

ʪʠʧʘ ɼʅʘʊ (ʢʦʥʪʨʦʣʴʥʳʡ ʚʘʨʠʘʥʪ ʵʢʩʧʝʨʠʤʝʥʪʘ) 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ (ʉʀɼ), 

ʩʦʙʨʘʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩʚʝʪʦʪʝʭʥʠʢʠ ɸʛʨʦʠʥʞʝʥʝʨʥʦʛʦ ʮʝʥʪʨʘ ɺʀʄ, ʥʘ 

ʦʩʥʦʚʝ ʜʠʦʜʦʚ Shenzhen Refond Optoelectronics Co., Ltd ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʄʦʱʥʦʩʪʴ ʦʜʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ ʩʦʩʪʘʚʣʷʣʘ 

ʜʦ 30 ɺʪ. ʂʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʩʣʫʞʠʣʠ ʉʀɼ ʙʝʣʦʛʦ ʩʚʝʯʝʥʠʷ ʩ ʮʚʝʪʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 4000 ʂ (ʨʠʩʫʥʦʢ 8). ʉʦʦʪʥʦʰʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʇʌʇ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. ɼʘʥʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ (ʙʝʣʳʡ ʩʚʝʪʦʜʠʦʜʥʳʡ ʩʚʝʪ) ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ, ʪʘʢ ʢʘʢ ʦʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘ, 

ʠʤʠʪʠʨʫʶʱʫʶ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʢʦʤʧʣʝʢʩʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʪʝʥʠʷ ʯʝʨʝʟ ʚʩʝ ʬʦʪʦʨʝʮʝʧʪʦʨʳ. ɽʛʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ 

ʩʦʩʪʘʚ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʩʠʥʝʛʦ ʠ ʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ 
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ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʨʬʦʛʝʥʝʟʦʤ  

(Smirnov et al., 2023). 

 

ʈʠʩʫʥʦʢ 8 ï ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʟʣʝʯʝʥʠʷ ʨʘʩʪʝʥʠʡ ʩʚʝʪʠʣʴʥʠʢʦʤ ʉʀɼ 

ʙʝʣʦʛʦ ʩʧʝʢʪʨʘ (ʢʦʥʪʨʦʣʴʥʳʡ ʚʘʨʠʘʥʪ ʵʢʩʧʝʨʠʤʝʥʪʘ) 

 

2.1.1.2 ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ+ʥʦʯʥʦʡ ʉʀɼ) ʚ ʥʦʯʥʦʡ 

ʧʝʨʠʦʜ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ 

ʪʦʤʘʪʘ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʯʝʪʘʶʱʘʷ ʦʩʥʦʚʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʥʘʪʨʠʝʚʳʤʠ ʣʘʤʧʘʤʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ɼʅʘʊ) ʩ ʥʦʯʥʦʡ 

ʩʚʝʪʦʜʠʦʜʥʦʡ ʜʦʩʚʝʪʢʦʡ (ʨʝʞʠʤ ɼʅʘʊ+ʉʀɼ). ʇʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ɼʅʘʊ-ʣʘʤʧ ʥʘ 4 ʯʘʩʘ ʚʢʣʶʯʘʣʠʩʴ ʩʚʝʪʦʜʠʦʜʳ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ (420-800 ʥʤ) ʩ ʧʣʦʪʥʦʩʪʴʶ ʬʦʪʦʥʥʦʛʦ ʧʦʪʦʢʘ  

50,0Ñ5,5 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ (ʨʠʩʫʥʦʢ 9). 

 

 

ʈʠʩʫʥʦʢ 9 ï ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʉʀɼ) ʚ ʥʦʯʥʦʡ 

ʧʝʨʠʦʜ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ 

 

ʆʙʱʘʷ ʩʪʨʘʪʝʛʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʬʦʪʦʧʝʨʠʦʜʘ ʟʘ ʩʯʝʪ 

ʥʦʯʥʦʛʦ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 
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ʜʦʩʚʝʪʢʠ ʙʳʣ ʧʦʜʦʙʨʘʥ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ (600-700 ʥʤ), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʠʢʘʤ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ (Izzo, 2020), 

ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʣ ʢʦʤʧʝʥʩʘʮʠʶ ʜʝʬʠʮʠʪʥʦʡ ʩʠʥʝʡ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʠʟʣʫʯʝʥʠʠ ɼʅʘʊ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʙʳʣʘ 

ʩʥʠʞʝʥʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʫʪʦʯʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʠʥʪʝʛʨʘʣʘ (DLI) ʥʘ ʫʨʦʚʥʝ 

ʢʦʥʪʨʦʣʷ (~15 ʤʦʣʴĿʤ ĮĿʩʫʪ ĭ). ɼʣʷ ʫʩʠʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʧʦ ʧʨʠʥʮʠʧʫ 

ʵʬʬʝʢʪʘ ʕʤʝʨʩʦʥʘ (Lysenko, 2014; Zhen, 2021) ʜʦʣʷ ʜʘʣʴʥʝʛʦ ʢʨʘʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʱʝʤ ʧʦʪʦʢʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʫʨʦʚʥʝ 17%. 

ʉʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʚ ʥʦʯʥʦʡ ʠ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ.r ɸʥʘʣʠʟ 

ʚʣʠʷʥʠʷ ʨʘʟʥʳʭ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʬʦʥʝ ʙʝʣʦʛʦ ʉʀɼ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʩʠʥʠʭ ʠʣʠ ʢʨʘʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʜʣʷ ʪʦʤʘʪʘ ï ʪʘʢʞʝ 

ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʥʘʪʨʠʝʚʳʤʠ ʣʘʤʧʘʤʠ (ʨʠʩʫʥʦʢ 10 ʠ ʩʤ. ʩʤ. ʪʘʙʣʠʮʘ 8).  

    

ɸ ɹ ɺ ɻ 

ʈʠʩʫʥʦʢ 10 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʅʘʪʘʰʘ ʠ ʊʠʤʦʰʘ: ɸ ï ʢʦʥʪʨʦʣʴ 

(ɼʅʘʊ), ɹ ïʙʝʣʳʡ ʩʧʝʢʪʨ, ɺ ïʩʠʥʠʡ ʩʧʝʢʪʨ, ɻ ïʢʨʘʩʥʳʡ ʩʧʝʢʪʨ  

 

ɺʳʙʦʨ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ ʦʙʫʩʣʦʚʣʝʥ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʢʫʣʴʪʫʨ. ɼʣʷ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʨʘʩʪʝʥʠʡ (ʙʘʟʠʣʠʢ, ʤʷʪʘ) ʩʠʥʠʡ ʩʧʝʢʪʨ  

(450 ʥʤ) ʩʪʠʤʫʣʠʨʦʚʘʣ ʩʠʥʪʝʟ ʵʬʠʨʥʳʭ ʤʘʩʝʣ, ʘ ʢʨʘʩʥʳʡ (660 ʥʤ) ï ʥʘʢʦʧʣʝʥʠʝ 

ʙʠʦʤʘʩʩʳ (Palmitessa, 2021). ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ (Tikhomirov et al., 2025), 

ʢʨʘʩʥʦ-ʩʠʥʠʝ ʩʧʝʢʪʨʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʟʘ 

ʩʯʸʪ ʫʩʠʣʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ. 
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ʅʦʯʥʘʷ ʵʢʩʧʦʟʠʮʠʷ. ɺ ʧʝʨʠʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʙʘʟʠʣʠʢʘ ʠ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʧʨʠʤʝʥʷʣʠ ʥʦʯʥʫʶ ʩʚʝʪʦʚʫʶ ʵʢʩʧʦʟʠʮʠʶ: ʧʦʩʣʝ ʦʩʥʦʚʥʦʛʦ 

16-ʯʘʩʦʚʦʛʦ ʬʦʪʦʧʝʨʠʦʜʘ ʙʝʣʳʤ ʩʧʝʢʪʨʦʤ (5:00-21:00) ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ 

(21:00-1:00) ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʢʣʶʯʘʣʠ ʩʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʩʠʥʝʛʦ (Blue-

NLL) ʠ ʢʨʘʩʥʦʛʦ (Red-NLL) ʩʧʝʢʪʨʦʚ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʇʨʝʜʫʙʦʨʦʯʥʘ ̫ʵʢʩʧʦʟʠʮʠʷ. ɿʘ 14 ʩʫʪʦʢ ʜʦ ʫʙʦʨʢʠ ʫʨʦʞʘʷ ʨʘʩʪʝʥʠʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʘʨʠʘʥʪʘʭ, ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʙʝʣʦʛʦ ʦʩʚʝʱʝʥʠʷ (5:00ï

21:00), ʧʦʣʫʯʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 16-ʯʘʩʦʚʫʶ ʵʢʩʧʦʟʠʮʠʶ ʩʠʥʠʤʠ  

(Blue-P-hLL) ʠʣʠ ʢʨʘʩʥʳʤʠ (Red-P-hLL) ʩʚʝʪʦʜʠʦʜʘʤʠ.  

2.1.1.3 ʉʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʪʝʧʣʠʮ r

ɺ ʪʝʧʣʠʮʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʫʭʫʨʦʚʥʝʚʫʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ 

ʩʚʝʪʦʜʠʦʜʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʬʦʥʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ (ʢʦʥʪʨʦʣʴ). 

ɺʝʨʭʥʠʝ ʦʙʣʫʯʘʪʝʣʠ (ɸ) ʤʦʱʥʦʩʪʴʶ 300 ɺʪ (ʌʌʇ 690 ʤʢʤʦʣʴ ʩ ĭ) ʨʘʟʤʝʱʘʣʠ 

ʥʘ ʚʳʩʦʪʝ 4,2 ʤ ʦʪ ʛʨʫʥʪʘ. ʄʝʞʜʫʨʷʜʥʳʝ ʦʙʣʫʯʘʪʝʣʠ (ɹ) ʤʦʱʥʦʩʪʴʶ 150 ɺʪ 

(ʌʌʇ 345 ʤʢʤʦʣʴ ʩ ĭ) ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʚʳʩʦʪʝ 1,5 ʤ ʦʪ ʛʨʫʥʪʘ. ʀʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʦʩʚʝʱʝʥʠʷ (ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘ ʟʘʜʘʥʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʠʩʪʦʯʥʠʢʦʚ) ʧʨʦʚʦʜʠʣʠ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ ʧʦʩʣʝ ʟʘʭʦʜʘ ʩʦʣʥʮʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8, ʘ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʪʦʯʥʠʢʦʚ ï ʥʘ ʨʠʩʫʥʢʘʭ 11 ʠ 12. 

 

 

ʈʠʩʫʥʦʢ 11 ï ʉʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʝʨʭʥʝʛʦ ʦʩʚʝʱʝʥʠʷ (ʙʝʣʳʡ ʩʧʝʢʪʨ) 
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ʈʠʩʫʥʦʢ 12 ï ʉʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʝʨʭʥʝʛʦ ʠ ʤʝʞʜʫʨʷʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʙʝʣʳʡ+ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ) 

 

2.1.2 ʉʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʫʜʦʙʨʝʥʠʝ GHE 

Flora (General Hydroponics Europe, ʌʨʘʥʮʠʷ). ɽʛʦ ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ 

ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʜʣʷ ʛʠʜʨʦʧʦʥʠʢʠ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʚʳʩʦʢʦʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʥʘʫʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʠʪʘʪʝʣʴʥʳʡ 

ʨʘʩʪʚʦʨ ʛʦʪʦʚʠʣʠ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 9 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ 

ʢʦʤʧʦʥʝʥʪʦʚ GHE Flora Series ʚ ʚʦʜʝ, ʠʩʭʦʜʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʪʦʨʦʡ 

ʩʦʩʪʘʚʣʷʣʘ 0,3 ʤʉʤ/ʩʤ. 

 

ʊʘʙʣʠʮʘ 9 ï ʉʦʩʪʘʚʳ ʧʠʪʘʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʩʠʩʪʝʤʘ Flora Series, GHE) ʧʦ 

ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ 

ʕʪʘʧ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʦʜʝʨʞʘʥʠʝ, ʤʣ/ʣ ɽʉ, 

ʤʉʤ/ʩʤ FloraGro FloraMicro FloraBloom 

ʊʦʤʘʪ  

ɺʩʭʦʜʳ  0,75 1,00 0,50 0,8-1,0 

ʈʘʩʩʘʜʘ  1,40 1,85 0,90 1,3-1,5 

ɺʝʛʝʪʘʪʠʚʥʳʡ ʨʦʩʪ 1,90 2,50 1,25 1,8-2,2 

ʎʚʝʪʝʥʠʝ 2,35 3,10 1,60 2,0-2,5 

ʇʣʦʜʦʥʦʰʝʥʠʝ 2,85 3,75 2,35 3,0-3,5 

ʅʘʧʠʪʳʚʘʥʠʝ ʤʘʪʦʚ 1,90 2,50 1,25 1,8-2,2 

ʕʬʠʨʦʤʘʩʣʠʯʥʳʝ ʢʫʣʴʪʫʨʳ 

ɹʘʟʠʣʠʢ ʦʚʦʱʥʦʡ 2,70 1,35 0,90 1,8-2,0 

ʄʝʣʠʩʩʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ 
2,35 1,20 0,80 1,5-1,8 

ʄʷʪʘ ʜʣʠʥʥʦʣʠʩʪʥʘʷ 

ʇʦʢʘʟʘʪʝʣʴ ʚʦʜʳ: EC = 0,3 (~ 210 ppm), pH ʚ ʧʨʝʜʝʣʘʭ 5,7-6,2 
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ʂʦʥʪʨʦʣʴ ʧʠʪʘʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʢʣʶʯʘʣ ʧʦʜʜʝʨʞʘʥʠʝ pH ʚ ʜʠʘʧʘʟʦʥʝ 

5,7-6,2 ʠ ʤʦʥʠʪʦʨʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʧʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (EC). ɼʣʷ 

ʢʦʨʨʝʢʮʠʠ pH ʧʨʠʤʝʥʷʣʠ ʧʨʝʧʘʨʘʪʳ pH Up ʠ pH Down. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʝʞʝʥʝʜʝʣʴʥʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʚʳʨʘʱʠʚʘʥʠʷ. 

 

2.2 ɹʠʦʩʪʠʤʫʣʷʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʨʠʟʦʙʘʢʪʝʨʠʡ (PGPR) ʨʦʜʘ Bacillus 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʘʛʨʦʥʦʤʠʯʝʩʢʦʡ ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʠ (ʨʠʩʫʥʦʢ 13), 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʙʠʦʩʪʠʤʫʣʷʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus. 

 

ʈʠʩʫʥʦʢ 13 ï ʉʭʝʤʘ ʙʘʢʪʝʨʠʟʘʮʠʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʰʪʘʤʤʘʤʠ Bacillus 

 

ʐʪʘʤʤ Bacillus amyloliquefaciens h ʪʘʤʤ S21 (ʨʝʛ. ʥʦʤʝʨ ʚ ɺʂʇʄ 05969) 

ʠʟ ʢʦʣʣʝʢʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

çɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠè (ʌɻɹʅʋ ɺʅʀʀʉʍʄ, ʛ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ); ʜʚʘ ʰʪʘʤʤʘ Bacillus subtilis (10-4 ʠ 26D). ʐʪʘʤʤ 10-4 (ʨʝʛ. ʥʦʤʝʨ 

ʚ ɺʂʇʄ B-12988), ʚʳʜʝʣʝʥ ʠʟ ʧʘʭʦʪʥʳʭ ʧʦʯʚ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ ʚ 

ɹʘʰʢʠʨʩʢʦʤ ʅʀʀʉʍ ʋʌʀʎ ʈɸʅ (ʛ. ʋʬʘ, ʈʦʩʩʠʷ) ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʠ 
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ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ (Lastochkina, 2017). ʐʪʘʤʤ 26D, ʦʩʥʦʚʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʙʠʦʧʨʝʧʘʨʘʪʘ çʌʠʪʦʩʧʦʨʠʥ-ʄè (ʆʆʆ çʅɺʇ çɹʘʰʀʥʢʦʤè, ʛ. ʋʬʘ, ʈʦʩʩʠʷ); 

Bacillus cereus ʰʪʘʤʤ 96 ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʠʦʙʨʝʪʝʥ ʚ ɻʋʇ çʄʦʩʢʦʚʩʢʠʡ 

ʛʦʨʦʜʩʢʦʡ ʮʝʥʪʨ ʜʝʟʠʥʬʝʢʮʠʠè. 

ɹʘʢʪʝʨʠʘʣʴʥʫʶ ʩʫʩʧʝʥʟʠʶ (10-10  ʂʆɽ/ʤʣ) ʚʥʦʩʠʣʠ ʦʜʥʦʢʨʘʪʥʦ ʚ 

ʧʨʠʢʦʨʥʝʚʫʶ ʟʦʥʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ: ʨʘʩʩʘʜʳ ʪʦʤʘʪʘ ʚ ʬʘʟʫ 4-6 ʣʠʩʪʴʝʚ; 

ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʠ ʤʷʪʳ ʥʘ ʵʪʘʧʝ ʘʜʘʧʪʘʮʠʠ ex vitro (ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʠʞʠʚʘʝʤʦʩʪʠ); ʯʝʨʝʥʢʦʚ ʤʷʪʳ ʠ ʤʝʣʠʩʩʳ (ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ ʫʢʦʨʝʥʝʥʠʷ) 

(ʪʘʙʣʠʮʘ 10 ʠ ʨʠʩʫʥʦʢ 14). 

 

ʊʘʙʣʠʮʘ 10 ï ʐʪʘʤʤʳ ʙʘʢʪʝʨʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ɺʠʜ, ʰʪʘʤʤ 

ʙʘʢʪʝʨʠʠ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʂʆɽ/ʤʣ 

ʈʘʩʭʦʜ 

ʩʫʩʧʝʥʟʠʠ, 

ʤʣ 

ʉʪʘʜʠʷ 

ʦʙʨʘʙʦʪʢʠ  
ʂʫʣʴʪʫʨʘ, ʩʦʨʪ 

Bacillus cereus 

96 

10 5 

4-6 

ʥʘʩʪʦʷʱʠʭ 

ʣʠʩʪʴʝʚ 

ʪʦʤʘʪ ɹʣʘʛʦʜʘʪʥʳʡ, 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ  

Bacillus 

amyloliquefaciens 

S21 

ʪʦʤʘʪ ʃʷʥʘ, 

ɺʩʧʳʰʢʘ, ʆʨʘʥʞ, 

ɸʣʝʢʩ 

10 1 ʘʜʘʧʪʘʮʠʷ  

ʝʭ vitro 

ʪʦʤʘʪ ɻʥʦʤ, ʏʝʣʥʦʢ 

10 1 
ʘʜʘʧʪʘʮʠʷ  

ʝʭ vitro 

ʤ̫ ʪʘ ʜʣʠʥʥʦʣʠʩʪʥʘʷ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ, 

ʤʷʪʘ ʢʦʣʦʩʠʩʪʘʷ 

ʂʦʣʦʩʩ ʄʦʩʢʚʳ 

Bacillus subtilis 

10-4 ʠ 26D 
10 5 ʯʝʨʝʥʢʦʚʘʥʠʝ 

ʤ̫ ʪʘ ʜʣʠʥʥʦʣʠʩʪʥʘʷ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ, 

ʤʝʣʠʩʩʘ 

ʣʝʢʘʨʩʪʚʝʥʥʘʷ 

ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ 

 

ʐʪʘʤʤ B. amyloliquefaciens S21 ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʚʠʜʝ ʛʦʪʦʚʦʡ ʩʫʩʧʝʥʟʠʠ 

ʩ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʚʳʰʝ 2Ĭ10  ʂʆɽ/ʤʣ, ʢʦʪʦʨʫʶ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʟʚʦʜʠʣʠ ʜʦ ʨʘʙʦʯʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 10  ʂʆɽ/ʤʣ (ʇʘʥʬʝʨʦʚʘ ʠ ʜʨ., 2021; 

ʃʦʚʝʮʢʘʷ ʠ ʜʨ., 2023; ʊʠʪʝʥʢʦʚ ʠ ʜʨ., 2024). ʐʪʘʤʤʳ B. subtilis (10-4 ʠ 26D) 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʃʫʨʠʘ-ɹʝʨʪʘʥʠ (LB) ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ 37ÁC 

ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 10  ʂʆɽ/ʤʣ. ɿʘʪʝʤ ʩʫʩʧʝʥʟʠʶ 
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ʨʘʟʚʦʜʠʣʠ ʩʪʝʨʠʣʴʥʦʡ ʚʦʜʦʡ ʜʦ ʨʘʙʦʯʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ: 10  ʂʆɽ/ʤʣ ʜʣʷ 

ʰʪʘʤʤʘ 10-4 ʠ 10  ʂʆɽ/ʤʣ ʜʣʷ ʰʪʘʤʤʘ 26D (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ). ʐʪʘʤʤ B. cereus 96 ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʚʠʜʝ ʩʫʭʠʭ ʩʧʦʨ. ɺ 

ʘʩʝʧʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʦʙʠʨʢʫ ʕʧʧʝʥʜʦʨʬʘ ʥʘ 1,5 ʤʣ ʩ ʩʫʭʠʤʠ ʩʧʦʨʘʤʠ 

ʚʥʦʩʠʣʠ 0,5 ʤʣ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʩʦʛʣʘʩʥʦ ʧʘʩʧʦʨʪʫ ʢʫʣʴʪʫʨʳ. ʇʨʦʙʠʨʢʫ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 37ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯ ʜʦ ʧʦʣʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʦʢʨʘʩʢʠ ʩʨʝʜʳ. ʇʦʣʫʯʝʥʥʫʶ ʙʘʢʪʝʨʠʘʣʴʥʫʶ ʩʫʩʧʝʥʟʠʶ ʩ ʨʘʙʦʯʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

10 ʂʆɽ/ʤʣ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʦʢʫʣʷʮʠʠ ʨʘʩʪʝʥʠʡ. 

ɸ ɹ 

ʈʠʩʫʥʦʢ 14 ï ʏʝʨʝʥʢʠ ʨʘʩʪʝʥʠʡ: ɸ ï ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ; ɹ ï ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ 

 

ʂʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ ʨʘʩʪʝʥʠʷ, ʥʝ ʦʙʨʘʙʦʪʘʥʥʳʝ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʩʫʩʧʝʥʟʠʝʡ. ʂʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʠʟʤʝʨʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʨʠ ʜʣʠʥʝ 

ʚʦʣʥʳ 600 ʥʤ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʣʫʯʝʚʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ UV-2200 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ Jiuxin Group (ʂʠʪʘʡ).  

 

2.3 ɹʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ex vitro 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ. ʅʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʘʜʘʧʪʘʮʠʠ 

ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʠʟʚʣʝʢʘʣʠ ʠʟ ʩʪʝʢʣʷʥʥʳʭ ʩʦʩʫʜʦʚ. ʀʭ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ 

ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʧʦʜʚʝʨʛʘʣʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʶ ï ʧʦʛʨʫʞʝʥʠʶ ʥʘ 5 ʩʝʢʫʥʜ ʚ 0,01%-ʥʳʡ 

ʨʘʩʪʚʦʨ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ (KMnO ). ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ ʚʳʩʘʞʠʚʘʣʠ ʚ 
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ʛʦʨʰʢʠ ʦʙʲʝʤʦʤ ʦʪ 0,2 ʜʦ 0,5 ʣʠʪʨʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʫʣʴʪʫʨʳ), ʟʘʧʦʣʥʝʥʥʳʝ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʤʝʩʴʶ. ʉʫʙʩʪʨʘʪ ʩʦʩʪʦʷʣ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʝʟʟʘʨʘʞʝʥʥʦʛʦ 

ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʦʨʬʘ çɸʛʨʦʙʘʣʪ-ʅè ʠ ʘʛʨʦʧʝʨʣʠʪʘ (ʬʨʘʢʮʠʷ 0,1-1,0 ʤʤ) ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 3:1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʝʨʠʣʠʟʘʮʠʶ ʪʦʨʬʘ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ çʕʢʨʦʩ ʇʕ-4630ʄè (ʈʦʩʩʠʷ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120ÁC ʚ 

ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. 

ɸʜʘʧʪʘʮʠʷ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɸʜʘʧʪʘʮʠʶ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ 

(22 ʩʫʪʦʢ) ʧʨʦʚʦʜʠʣʠ ʚ ʬʠʪʦʢʦʤʥʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +22Ñ2ÁC ʠ 16-ʯʘʩʦʚʦʤ 

ʬʦʪʦʧʝʨʠʦʜʝ. ʈʘʩʪʝʥʠʷ ʚʳʩʘʞʠʚʘʣʠ ʚ ʢʦʥʪʝʡʥʝʨʳ ʦʙʲʝʤʦʤ 0,5 ʣ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ ʵʪʘʧʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ, 

ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʚʣʘʞʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ, ʙʣʠʟʢʦʡ ʢ 100%, ʛʦʨʰʢʠ 

ʥʘʢʨʳʚʘʣʠ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʦʡ. ʆʙʱʘʷ ʩʭʝʤʘ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 15 (ʂʥʷʟʝʚʘ, 2017).  

 

ʈʠʩʫʥʦʢ 15 ï ʉʭʝʤʘ ʦʙʱʝʧʨʠʥʷʪʦʡ (ʪʨʘʜʠʮʠʦʥʥʦʡ) ʪʝʭʥʦʣʦʛʠʠ ʘʜʘʧʪʘʮʠʠ 

ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʢ ʫʩʣʦʚʠʷʤ ex vitro 

 

ʅʘʯʠʥʘʷ ʩ 7-10 ʩʫʪʦʢ ʘʜʘʧʪʘʮʠʠ, ʚ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ 

ʪʦʤʘʪʘ ʠ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʣʠʩʪʴʝʚ, ʚ ʧʣʝʥʢʝ ʧʨʦʜʝʣʳʚʘʣʠ ʧʝʨʬʦʨʘʮʠʶ. ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʣʘʞʥʦʩʪʠ ʠ ʟʘʢʘʣʢʝ ʨʘʩʪʝʥʠʡ. ʇʦ 

ʤʝʨʝ ʠʭ ʘʜʘʧʪʘʮʠʠ ʫʢʨʳʪʠʝ ʯʘʩʪʠʯʥʦ ʩʥʠʤʘʣʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʭʦʜ ʢ 

ʫʩʣʦʚʠʷʤ ex vitro.  

ɸʜʘʧʪʘʮʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ. ɸʜʘʧʪʘʮʠʶ ʤʠʢʨʦʨʘʩʪʝʥʠʡ 

ʪʦʤʘʪʘ ʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʷʪʳ (ʜʣʠʥʥʦʣʠʩʪʥʦʡ, ʢʦʣʦʩʠʩʪʦʡ ʠ ʚʦʜʥʦʡ) 
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ʧʨʦʚʦʜʠʣʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨʘʭ (ʩʤ. ʨʠʩʫʥʦʢ 6, ɻ-ɼ). ʇʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ 

ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʜʨʦʧʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚʳʨʘʱʠʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 16.  

 

ʈʠʩʫʥʦʢ 16 ï ʉʭʝʤʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʢ 

ʫʩʣʦʚʠʷʤ ex vitro ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ 

ɺ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʚʣʘʞʥʦʩʪʴ, ʬʦʪʦʧʝʨʠʦʜ ʠ ʧʦʣʠʚ (ʪʘʙʣʠʮʘ 11).  

 

ʊʘʙʣʠʮʘ 11 ï ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʢʘʤʝʨʝ, ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ: ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ (1), ʤʷʪʳ 

ʚʦʜʷʥʦʡ (2), ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ (3) ʠ ʪʦʤʘʪʘ ʢ ʫʩʣʦʚʠʷʤ ex vitro 

ˉ 

ʧ/ʧ ʇʦʢʘʟʘʪʝʣʴ 

ʂʫʣʴʪʫʨʘ 

ʚʠʜʳ ʤʷʪ ʪʦʤʘʪ 

1 2 3 

1 ʊʝʤʧʝʨʘʪʫʨʘ,  +23Ñ2 +22Ñ2 +23Ñ2 +20Ñ2 

2 

ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ, 

% 
96Ñ2 98Ñ2 96Ñ2 96Ñ2 

ʂʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ, % 50Ñ2 30Ñ5 50Ñ2 50Ñ2 

3 ʉʥʠʞʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʚ ʩʫʪʢʠ, % 3 2,8 3 3,3 

4 ʌʦʪʦʧʝʨʠʦʜ, ʯ  16 16 16 16 

5 ʎʠʢʣ ʧʦʣʠʚʘ ʨʘʟ ʚ ʩʫʪʢʠ  0,5 2 0,5 1  

6 
ʉʧʦʩʦʙ ʧʦʣʠʚʘ (ʂ ï ʢʘʧʝʣʴʥʳʡ;  

ʇ ï ʧʦʜʪʦʧʣʝʥʠʝ) 
ʂ ʇ ʂ ʂ 

7 
ɺʨʝʤʷ ʧʦʣʠʚʘ ʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ, 

ʩʝʢʫʥʜʳ 
30 300 30 30 

8 ʆʙʲʝʤ ʚʦʜʳ ʥʘ ʦʜʥʦ ʨʘʩʪʝʥʠʝ, ʤʣ 25 10 25 25 

9 ʆʙʲʝʤ ʛʦʨʰʢʘ, ʣ 0,5 0,2 0,5 0,3 

10 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ 

ʘʜʘʧʪʘʮʠʠ, ʩʫʪʢʠ 
15 24 15 14 
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ʆʮʝʥʢʫ ʧʨʦʚʦʜʠʣʠ ʧʦ ʢʦʤʧʣʝʢʩʫ ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

ʜʣʠʥʘ ʧʦʙʝʛʘ (ʩʤ), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ (ʰʪ), ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ (ʤʛ/ʛ) ʠ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ NDVI. 

 

2.4 ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʩʝʣʝʢʮʠʦʥʥʳʝ ʦʙʨʘʟʮʳ (ʩʦʨʪʘ, 

ʛʠʙʨʠʜʳ) ʪʦʤʘʪʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ ʗʩʥʦʪʢʦʚʳʝ: ʚʠʜʳ ʨʦʜʘ 

Mentha L. (ʜʣʠʥʥʦʣʠʩʪʥʘʷ, ʢʦʣʦʩʠʩʪʘʷ ʠ ʚʦʜʥʘʷ), ʤʝʣʠʩʩʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʠ 

ʙʘʟʠʣʠʢ ʦʙʳʢʥʦʚʝʥʥʳʡ (ʪʘʙʣʠʮʘ 12). ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ 

ʙʠʦʨʝʩʫʨʩʥʳʭ ʢʦʣʣʝʢʮʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʦʚʦʱʝʚʦʜʩʪʚʘ 

(ʌɻɹʅʋ ʌʅʎʆ), ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʅʀʀ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʨʘʩʪʝʥʠʡ (ɺʀʃɸʈ), ʘ ʪʘʢʞʝ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ï ʄʉʍɸ ʠʤ. ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ (ʈɻɸʋ-ʄʉʍɸ). 

 

ʊʘʙʣʠʮʘ 12 ï ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 ̄

ʂʫʣʴʪʫʨʘ ʅʘʟʚʘʥʠʝ ʩʦʨʪʘ, 

ʩʦʨʪʦʦʙʨʘʟʮʘ*, ʛʠʙʨʠʜʘ 

(F ) 
ʈʫʩʩʢʦʝ ʥʘʟʚʘʥʠʝ ʃʘʪʠʥʩʢʦʝ ʥʘʟʚʘʥʠʝ  

1. 
ɹʘʟʠʣʠʢ 

ʦʙʳʢʥʦʚʝʥʥʳʡ 
Ocimum basilicum L. 

ʊʦʥʫʩ (ʟʝʣʝʥʳʡ) 

ɸʨʘʨʘʪ (ʬʠʦʣʝʪʦʚʳʡ) 

2. ʄʷʪʘ ʜʣʠʥʥʦʣʠʩʪʘʷ 
Mentha longifolia (L.) 

Huds. 
ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ*  

3. ʄʷʪʘ ʚʦʜʥʘʷ Mentha aquatica L. - 

4. ʄʷʪʘ ʢʦʣʦʩʠʩʪʘʷ  Mentha spicata L. ʂʦʣʦʩʩ ʄʦʩʢʚʳ*  

5. 
ʄʝʣʠʩʩʘ 

ʣʝʢʘʨʩʪʚʝʥʥʘʷ 
Melissa officinalis L. ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ 

6. ʊʦʤʘʪ 
Solanum lycopersicum L. 

var. lycopersicum 

ʃʷʥʘ, ɺʩʧʳʰʢʘ, ɻʥʦʤ, 

ʏʝʣʥʦʢ, ɹʣʘʛʦʜʘʪʥʳʡ, 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ, 

ʅʘʪʘʰʘ, F : VS-21-23, VS-

22-23, VS-23-23, VS-24-

23, VS-25-23, VS-26-23 

(ʢʨʘʩʥʦʧʣʦʜʥʳʝ) 

ʊʠʤʦʰʘ, ʆʨʘʥʞ, ɸʣʝʢʩ 

(ʞʝʣʪʦʧʣʦʜʥʳʝ) 
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ʅʘ ʨʠʩʫʥʢʝ 17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʦʨʪʘ ʪʦʤʘʪʘ ʩʝʣʝʢʮʠʠ 

ʌʅʎ ʆʚʦʱʝʚʦʜʩʪʚʘ, ʠʟʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ: ɻʥʦʤ, ʏʝʣʥʦʢ, ɹʣʘʛʦʜʘʪʥʳʡ, ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ, ʅʘʪʘʰʘ, ʊʠʤʦʰʘ (ʧʨʠʣʦʞʝʥʠʝ 1). 

 

 
ʈʠʩʫʥʦʢ 17 ï ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʩʦʨʪʘ ʪʦʤʘʪʘ ʩʝʣʝʢʮʠʠ ʌʅʎ ʆʚʦʱʝʚʦʜʩʪʚʘ 

 

2.5 ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

2.5.1 ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʨʬʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ  

(ʪʦʤʘʪ, ʙʘʟʠʣʠʢ, ʤʷʪʘ ʠ ʤʝʣʠʩʩʘ) 

ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʧʦʙʝʛʘ ʨʘʩʪʝʥʠʡ 

ʢʘʞʜʦʛʦ ʚʠʜʘ ʠ ʩʦʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʭʥʠʯʝʩʢʫ  ʁʣʠʥʝʡʢʫ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ  

0,1 ʤʤ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʧʦʙʝʛʦʚ ʦʪ ʚʝʨʭʫʰʢʠ 

ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ.  
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ʇʣʦʱʘʜʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʧʣʘʥʠʤʝʪʨʘ 

LI-3100 AREA METER (LI-COR, ʉʐɸ).  

ʆʧʨʝʜʝʣʝʥʠʝ ʩʫʭʦʛʦ, ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ Ohaus EX224/AD (OHAUS, ʉʐɸ).  

ʄʘʩʩʦʚʫʶ ʜʦʣʶ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʚʳʩʫʰʠʚʘʥʠ ̫

ʥʘʚʝʩʢʠ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ Memmert UN-450 

(ɻʝʨʤʘʥʠʷ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +105ÁC (ɻʆʉʊ 28561-90). 

ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʠʛʤʝʥʪ r(ʭʣʦʨʦʬʠʣʣ ʠ ʢʘʨʦʪʠʥʦʠʜʳ) ʚ ʣʠʩʪʴʷʭ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʠʛʤʝʥʪʦʚ (ʭʣʦʨʦʬʠʣʣʘ a, b ʠ 

ʢʘʨʦʪʠʥʦʠʜʦʚ) ʧʨʦʚʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ. ʅʘʚʝʩʢʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʘʩʩʦʡ 0,1 ʛ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 100% ʘʮʝʪʦʥʦʤ, ʘ ʦʧʪʠʯʝʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʤʝʨʷʣʠ ʥʘ ʜʚʫʭʣʫʯʝʚʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

UV-2200 UV/VIS (ʂʠʪʘʡ). ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʘ (ʍʣ.) ʠ ʭʣʦʨʦʬʠʣʣʘ b 

(ʍʣ.) ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ɚ = 662 ʥʤ ʠ ɚ = 644 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʨʦʪʠʥʦʠʜʳ 

(ʂʘʨ.) ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ɚ = 440,5 ʥʤ. ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʳ (1)-(4) 

(Lichtenthaler, 1987). 

 

ʍʣ.a = 9,784D662 ï 0,990D644                    (1) 

ʍʣb = 21,426D644 ï 4,650D662                      (2) 

ʍʣ.(a+b) = 5,134D662 + 20,436D644                 (3) 

ʂʘʨ. = 4,695D440,5 ï 0,268ʍʣ. a + b                    (4) 

 

ʉʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ ʨʘʩʪʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ (5) (ʊʨʝʪʴʷʢʦʚ, 1990): 

 

ὢ
ὅϽὠ

ὥϽρπππ
               (5) 

ʛʜʝ ʍ ï ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʘ ʚ ʦʙʨʘʟʮʝ ʨʘʩʪʝʥʠʷ, ʤʛ/ʛ; C ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʠʛʤʝʥʪʦʚ ʚ ʤʛ/ʣ; V ï ʦʙʲʝʤ ʵʢʩʪʨʘʢʪʘ, ʤʣ; ʘ ï ʤʘʩʩʘ ʥʘʚʝʩʢʠ, ʛ 
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2.5.2 ʆʧʨʝʜʝʣʝʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ  

2.5.2.1 ʊʦʤʘʪ, ʙʘʟʠʣʠʢ, ʤʷʪʘ ʠ ʤʝʣʠʩʩʘ 

ɸʤʠʥʦʢʠʩʣʦʪʳ, ʤʘʢʨʦʵʣʝʤʝʥʪʳ ʠ ʥʠʪʨʘʪʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ 

ʜʦʣʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʥʠʪʨʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʙʘʟʝ ʩʠʩʪʝʤʳ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ çʂʘʧʝʣʴ-205è (ʢʦʤʧʘʥʠʷ 

çʃʖʄʕʂʉè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ). ʄʘʢʨʦʵʣʝʤʝʥʪʳ (K, Mg, Ca, S, P) 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʢʠʩʣʦʪʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʘ ʥʠʪʨʘʪ-ʠʦʥʳ ï ʚʦʜʥʦʡ 

ʵʢʩʪʨʘʢʮʠʝʡ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʘʤʠ ʄ 04-65-2010, ʄ 04-73-2011; De 

Carvalho, 2011). ʉʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʛʦ ʠ 

ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʬʝʥʠʣʠʟʦʪʠʦʢʘʨʙʘʤʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʦ ʤʝʪʦʜʠʢʝ ʄ 04-38-2009 (Arlt, 2001). 

ʂʚʝʨʮʝʪʠʥ ʠ ʨʦʟʤʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʢʚʝʨʮʝʪʠʥʘ ʠ 

ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ LC-20A (çShimadzuè, ʗʧʦʥʠʷ). ɼʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʚʝʨʮʝʪʠʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʣʦʥʢʫ C18 Luna 

250Ĭ4,6 ʤʤ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 5 ʤʢʤ (çPhenomenexè, ʉʐɸ) ʚ ʨʝʞʠʤʝ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʘʮʝʪʦʥʠʪʨʠʣ ï 0,1% ʦʨʪʦʬʦʩʬʦʨʥʘʷ 

ʢʠʩʣʦʪʘ (30:70), ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠ 365 ʥʤ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʣʦʥʢʠ 38 ÁC. 

ɸʥʘʣʠʟ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʝ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʵʣʶʠʨʦʚʘʥʠʷ ʥʘ ʢʦʣʦʥʢʝ ODS Hypersil 250Ĭ4,6 ʤʤ (çThermo Scientificè, ʉʐɸ) 

ʩ ʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ ʘʮʝʪʦʥʠʪʨʠʣ ï ʦʨʪʦʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ (ʨʅ 2,5) ʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʧʨʠ 330 ʥʤ, ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚ ʵʣʶʝʥʪʘ ʠʟʤʝʥʷʣʠ ʧʦ 

ʛʨʘʜʠʝʥʪʥʦʡ ʧʨʦʛʨʘʤʤʝ (Rukovodstvo, 2004; ʊʫʪʝʣʴʷʥ, 2010; Shiga, 2009). 

ʈʫʪʠʥ ʠ ʥʘʨʠʥʛʠʥ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʫʪʠʥʘ ʠ ʥʘʨʠʥʛʠʥʘ 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʦʙʨʘʱʝʥʥʦ-ʬʘʟʦʚʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʆʌ-ɺʕɾʍ) ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʵʣʶʠʨʦʚʘʥʠʝʤ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Shimadzu LC-20A, ʦʩʥʘʱʝʥʥʦʡ ʋʌ-ʜʝʪʝʢʪʦʨʦʤ. 

ɸʥʘʣʠʟ ʨʫʪʠʥʘ ʚʳʧʦʣʥʷʣʠ ʥʘ ʢʦʣʦʥʢʝ Luna C18 (250Ĭ4,6 ʤʤ, 5 ʤʢʤ, 

Phenomenex) ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʜʣʠʥʘ ʚʦʣʥʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 360 ʥʤ, 
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ʧʦʜʚʠʞʥʘʷ ʬʘʟʘ - ʘʮʝʪʦʥʠʪʨʠʣ/ʪʨʠʭʣʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (ʨʅ 2,5), ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ 1,0 ʤʣ/ʤʠʥ, ʚʨʝʤʷ ʘʥʘʣʠʟʘ 30 ʤʠʥ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʨʠʥʛʠʥʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʣʦʥʢʫ Agilent Eclipse Plus C18 (150Ĭ4,6 ʤʤ, Agilent 

Technologies) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʜʣʠʥʘ ʚʦʣʥʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ  

287 ʥʤ, ʧʦʜʚʠʞʥʘʷ ʬʘʟʘ - ʘʮʝʪʦʥʠʪʨʠʣ/ʚʦʜʘ ʩ 0,1% ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ 

(30:70), ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 0,8 ʤʣ/ʤʠʥ, ʚʨʝʤʷ ʘʥʘʣʠʟʘ å30 ʤʠʥ. ʆʙʲʝʤ ʚʚʦʜʘ 

ʧʨʦʙʳ ʩʦʩʪʘʚʣʷʣ 10 ʤʢʣ ʜʣʷ ʦʙʦʠʭ ʤʝʪʦʜʦʚ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʨʘʩʯʝʪ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʫ ʚʥʝʰʥʝʛʦ ʩʪʘʥʜʘʨʪʘ (ʊʫʪʝʣʴʷʥ, 2010;  

ɼʤʠʪʨʠʝʥʢʦ ʠ ʜʨ., 2012). 

2.5.2.2 ʊʦʤʘʪ 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ çʂʘʧʝʣʴ-205è. ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʚʢʣʶʯʘʣʘ ʵʢʩʪʨʘʢʮʠʶ ʘʥʘʣʠʪʦʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʄ 04-74-2012 (2012). 

ɺʠʪʘʤʠʥʘ ʉ ʠ ʨʘʩʪʚʦʨʠʤʳʝ ʩʫʭʠʝ ʚʝʱʝʩʪʚʘ (Brix). ʉʦʜʝʨʞʘʥʠʝ 

ʚʠʪʘʤʠʥʘ ʉ ʦʧʨʝʜʝʣʷʣʠ ʪʠʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ  

2,6-ʜʠʭʣʦʨʬʝʥʦʣʠʥʜʦʬʝʥʦʣʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʘʤʠ AOAC (2012) ʠ 

ɻʦʣʫʙʢʠʥʦʡ (2020). ʂʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠʟʤʝʨʷʣʠ 

ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠ ʥʘ ʧʨʠʙʦʨʝ Atago Pal-1 (ʗʧʦʥʠʷ) ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʤʝʪʦʜʠʢʘʤ (AOAC, 1990; Patanʝ, 2017). 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʘ ̫ʘʢʪʠʚʥʦʩʪ ɹ(ɸʆɸ) ʠ ʧʦʣʠʬʝʥʦʣ.r ɸʥʪʠʦʢʩʠʜʘʥʪʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʪʠʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʪʠʪʨʦʚʘʥʠʷ 

0,01 ʅ ʨʘʩʪʚʦʨʦʤ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ (KMnO ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 0,02% 

ʛʘʣʣʦʚʦʡ ʢʠʩʣʦʪʳ (C H O ) ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ (ɻʦʣʫʙʢʠʥʘ, 

2020; Gʦmez-Romero, 2007). ʉʦʜʝʨʞʘʥʠʝ ʧʦʣʠʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʮʝʥʠʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩ ʨʝʘʢʪʠʚʦʤ ʌʦʣʠʥʘ-ʏʦʢʘʣʴʪʝʫ ʧʨʠ ʜʣʠʥʝ 

ʚʦʣʥʳ 730 ʥʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Unico 2100 (ʉʐɸ) (Barbagallo, 2013; 

ɻʦʣʫʙʢʠʥʘ, 2020). 

ʂʘʨʦʪʠʥʦʠʜʥʳʡ ʩʦʩʪʘʚ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʧʣʦʜʘʭ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
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ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. ʇʦʩʣʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʥʘ ʧʣʘʩʪʠʥʘʭ Sorbfil (ʘʣʶʤʠʥʠʝʚʘʷ ʦʩʥʦʚʘ, ʩʦʨʙʝʥʪ 5-17 ʤʢʤ, ʨʘʟʤʝʨ 10Ĭ20 ʩʤ) 

ʧʨʦʚʦʜʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ɓ-ʢʘʨʦʪʠʥʘ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 450 ʥʤ 

ʠ ʣʠʢʦʧʠʥʘ ʧʨʠ 474 ʥʤ. ʈʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʜʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ EĭῈ% ʩʤ: 2580 ʜʣʷ  

ɓ-ʢʘʨʦʪʠʥʘ ʠ 3470 ʜʣʷ ʣʠʢʦʧʠʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ ʩʪʘʥʜʘʨʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʝʧʘʨʘʪʳ ɓ-ʢʘʨʦʪʠʥʘ ʠ ʣʠʢʦʧʠʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ Sigma Inc. (ʗʧʦʥʠʷ) 

(ɻʦʣʫʙʢʠʥʘ, 2020). 

2.5.2.3 ɹʘʟʠʣʠʢ, ʤʷʪʘ ʠ ʤʝʣʠʩʩʘ 

ʕʬʠʨʥʦʝ ʤʘʩʣʦ. ɺʳʭʦʜ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʛʠʜʨʦʜʠʩʪʠʣʣʷʮʠʠ ʥʘ ʘʧʧʘʨʘʪʝ ɻʠʥʟʙʝʨʛʘ. ʈʝʞʠʤ ʜʠʩʪʠʣʣʷʮʠʠ (ʤʘʩʩʘ ʥʘʚʝʩʢʠ 

ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ) ʜʣʷ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʩʪʘʚʠʣʠ 50 ʛ ʠ 1 ʯ, ʜʣʷ 

ʙʘʟʠʣʠʢʘ ʠ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ï 150 ʛ ʠ 1,5 ʯ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʬʘʨʤʘʢʦʧʝʷ ʈʌ, 2018; ʅʫʛʘʥʦʚ ʠ ʜʨ., 2024).  

ʍʣʦʨʦʛʝʥʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʭʣʦʨʦʛʝʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʦʙʨʘʱʝʥʥʦ-ʬʘʟʦʚʦʡ ɺʕɾʍ ʩ ʋʌ-

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ (ʊʫʪʝʣʴʷʥ, 2010). ʈʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

60% ʤʝʪʘʥʦʣʦʤ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ. ɸʥʘʣʠʟ 

ʚʳʧʦʣʥʷʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ LC-20A (Shimadzu) ʩ ʢʦʣʦʥʢʦʡ Luna C18  

(250Ĭ4,6 ʤʤ, 5 ʤʢʤ) ʚ ʨʝʞʠʤʝ ʛʨʘʜʠʝʥʪʥʦʛʦ ʵʣʶʠʨʦʚʘʥʠʷ ʩʤʝʩʴʶ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʨʘʩʪʚʦʨʘ ʪʨʠʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (pH=2,5). ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ 330 ʥʤ. 

2.5.3 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

(ANOVA) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ post hoc ʪʝʩʪʘ ɼʫʥʢʘʥʘ ʧʨʠ pÒ0,05. 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʝ MS Excel. ɺʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ; 

ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪʨʝʙʦʚʘʥʠʷʤ ʤʝʪʦʜʠʢ ʠ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 3 ʜʦ 10. 
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ɻʃɸɺɸ 3 ʍʆɿʗʁʉʊɺɽʅʅʆ-ɹʀʆʃʆɻʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ 

ʀʉʍʆɼʅʓʍ ʌʆʈʄ ʊʆʄɸʊɸ ɼʃʗ ʉɽʃɽʂʎʀʀ ɺ  

ɿɸʂʈʓʊʓʍ ɸɻʈʆʕʂʆʉʀʉʊɽʄɸʍ 

ʉʦʟʜʘʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʨʝʜʳ ʚ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ (ɿɸʕʉ) 

ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ 

ʦʩʚʝʱʝʥʠʶ (Stein, 2021). ʕʪʦʪ ʧʦʜʭʦʜ ʩʦʟʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʝʜʠʥʳʭ ʩʦʨʪʦʚ, ʧʦʚʳʰʘʷ ʠʥʪʝʨʝʩ ʢ ʪʝʭʥʦʣʦʛʠʠ (Kozai, 

2013), ʘ ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʩʨʝʜʳ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʫʣʫʯʰʘʪʴ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ (Kreuger et al., 2018; Bhattarai et al., 

2025).  

ʂʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʪʘʢʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʝʣʝʢʮʠʠ 

ʷʚʣʷʶʪʩʷ ʫʩʢʦʨʝʥʥʦʝ ʩʦʟʨʝʚʘʥʠʝ, ʢʦʤʧʘʢʪʥʳʡ ʛʘʙʠʪʫʩ, ʧʘʨʪʝʥʦʢʘʨʧʠʷ, 

ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʥʠʟʢʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʪʨʝʩʩʘʤ ʛʠʜʨʦʧʦʥʠʢʠ 

(Sharath Kumar, 2020; Al-Kodmany, 2024; Bhattarai et al., 2025). ʅʝ ʤʝʥʝʝ ʚʘʞʥʳ 

ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ: ʚʳʩʦʢʘʷ ʧʠʪʘʪʝʣʴʥʘʷ ʮʝʥʥʦʩʪʴ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʚʠʜ ʠ 

ʚʢʫʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤʫ ʩʧʨʦʩʫ (Kreuger et al., 2018; Folta, 

2019; Awika et al., 2021; Egorova et al., 2021; Xi et al., 2022; Csambalik et al., 

2023) (ʪʘʙʣʠʮʘ 13).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʝʣʝʢʮʠʠ ʪʦʤʘʪʘ ʜʣʷ ɿɸʕʉ ʚʳʷʚʠʣʠ ʯʝʪʢʫʶ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʥʘʩʣʝʜʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʧʨʠʟʥʘʢʦʚ. ʂʦʤʧʘʢʪʥʦʩʪʴ ʛʘʙʠʪʫʩʘ ʠ 

ʩʢʦʨʦʩʧʝʣʦʩʪʴ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʝʥʘʤʠ ʦʪʮʦʚʩʢʦʡ ʣʠʥʠʠ, 

ʪʦʛʜʘ ʢʘʢ ʤʘʩʩʘ ʠ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʜʦʚ ð ʛʝʥʝʪʠʯʝʩʢʠʤ ʚʢʣʘʜʦʤ 

ʤʘʪʝʨʠʥʩʢʦʡ ʣʠʥʠʠ (ʇʠʚʦʚʘʨʦʚ ʠ ʜʨ., 2013, 2017; ɹʘʣʘʰʦʚʘ ʠ ʜʨ., 2015). ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʩʦʟʜʘʚʘʪʴ ʥʠʟʢʦʨʦʩʣʳʝ ʬʦʨʤʳ ʩ ʟʘʜʘʥʥʦʡ ʤʘʩʩʦʡ 

ʧʣʦʜʘ 30-50 ʛ, ʠʩʧʦʣʴʟʫʷ ʢʨʫʧʥʦʧʣʦʜʥʳʝ ʛʝʥʦʪʠʧʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʥʩʢʠʭ ʨʦʜʠʪʝʣʝʡ. ʂʦʥʢʨʝʪʥʳʝ ʛʝʥʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʥʠʟʢʦʨʦʩʣʦʩʪʴ, 

ʫʩʢʦʨʝʥʥʦʝ ʮʚʝʪʝʥʠʝ ʠ ʩʢʦʨʦʩʧʝʣʦʩʪʴ ʫ ʪʦʤʘʪʘ ʠ ʬʠʟʘʣʠʩʘ, ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ (Sharath Kumar et al., 2020). 

ɺ ʫʩʣʦʚʠʷʭ ɿɸʕʉ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʛʠʙʨʠʜʳ ʪʦʤʘʪʘ F  

ʨʘʥʥʝʛʦ ʠ ʩʨʝʜʥʝʩʧʝʣʦʛʦ ʩʨʦʢʦʚ ʩʦʟʨʝʚʘʥʠʷ ʩ ʚʳʩʦʢʦʡ ʟʘʚʷʟʳʚʘʝʤʦʩʪʴʶ ʠ 
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ʨʘʚʥʦʤʝʨʥʦʡ ʦʪʜʘʯʝʡ ʫʨʦʞʘʷ (ʂʦʨʦʣʴ, 2021). ʆʜʥʘʢʦ, ʢʦʣʠʯʝʩʪʚʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʩʦʨʪʦʚ ʥʘ ʨʳʥʢʝ ʦʩʪʘʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʤ: ʠʟ ʙʦʣʝʝ ʯʝʤ 3920 ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʨʝʝʩʪʨʝ ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ (2025) ʜʣʷ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʣʠʰʴ 67 ʠʥʜʝʪʝʨʤʠʥʘʥʪʥʳʭ ʛʠʙʨʠʜʦʚ F , 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʥʦʩʪʨʘʥʥʦʡ ʩʝʣʝʢʮʠʠ. 

 

ʊʘʙʣʠʮʘ 13 ï ʂʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʠʩʭʦʜʥʳʭ ʬʦʨʤ ʪʦʤʘʪʘ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 

ʫʩʣʦʚʠʷʤ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ 

ʇʨʠʟʥʘʢ ʆʧʠʩʘʥʠʝ 

ɻʘʙʠʪʫʩ ʨʦʩʪʘ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ ʨʘʩʪʝʥʠʷ: ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 

ʈʘʟʤʝʨ ʧʣʦʜʘ 
ʤʘʩʩʘ ʠ ʬʦʨʤʘ ʧʣʦʜʘ: ʤʝʣʢʠʝ (ʯʝʨʨʠ), ʩʨʝʜʥʠʝ 

(ʩʘʣʘʪʥʳʝ), ʢʨʫʧʥʳʝ (ʜʝʩʝʨʪʥʳʝ) 

ʂʦʣʠʯʝʩʪʚʦ ʛʥʝʟʜ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʧʣʦʜʘ: ʦʜʥʦ-, ʜʚʫ-, ʪʨʝʭʢʘʤʝʨʥʳʝ 

ʉʢʦʨʦʩʧʝʣʦʩʪʴ ʨʘʥʥʝʩʧʝʣʦʩʪʴ ʠʣʠ ʩʨʝʜʥʝʨʘʥʥʠʝ ʩʨʦʢʠ ʩʦʟʨʝʚʘʥʠʷ 

ʎʚʝʪ 
ʚʥʝʰʥʠʡ ʦʢʨʘʩ ʟʨʝʣʦʛʦ ʧʣʦʜʘ (ʢʨʘʩʥʳʡ, ʞʝʣʪʳʡ, 

ʦʨʘʥʞʝʚʳʡ, ʨʦʟʦʚʳʡ, ʬʠʦʣʝʪʦʚʳʡ) 

ʊʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʥʠʟʢʦʤʫ 

ʫʨʦʚʥʶ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʨʦʞʘʷ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʫʨʦʚʥʷʭ ʦʩʚʝʱʝʥʠʷ 

ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʩʦʩʪʘʚ ʚʘʞʥʳʭ ʥʫʪʨʠʝʥʪʦʚ (ʣʠʢʦʧʠʥ, ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ, 

ʠʥʜʝʢʩ, ʠʥʜʝʢʩ Brix, ʚʠʪʘʤʠʥ ʉ, ʩʘʭʘʨʦ-ʢʠʩʣʦʪʥʳʡ 

ʠʥʜʝʢʩ), ʚʣʠʷʶʱʠʡ ʥʘ ʧʠʪʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʦʣʝʟʥʷʤ 
ʠʤʤʫʥʠʪʝʪ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʘʪʦʛʝʥʘʤ ʠ 

ʬʠʪʦʧʘʪʦʣʦʛʠʷʤ 

ʂʘʯʝʩʪʚʦ ʩʝʤʷʥ/ʧʦʩʘʜʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ 

ʚr ʩʦʢʘʷ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ, ʦʜʥʦʨʦʜʥʦʩʪʴ, ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʨʘʩʩʘʜʳ 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ 

ʚʳʨʘʱʠʚʘʥʠʷ (ʛʠʜʨʦʧʦʥʠʢʘ, ʘʵʨʦʧʦʥʠʢʘ, 

ʤʫʣʴʪʠʫʨʦʚʥʝʚʳʝ ʩʪʝʣʣʘʞʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ) 

 

ɺ ʈʝʝʩʪʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʛʠʙʨʠʜʳ (ʥʘʧʨʠʤʝʨ, F  

ɹʝʨʝʟʠʥʘ, ɹʠʞʫ, ʄʦʥʘʤʠ, ʈʦʢʩʠ ʢʦʤʧʘʥʠʠ çɻʘʚʨʠʰè), ʦʜʥʘʢʦ ʨʳʥʦʢ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʦʤʘʪʦʚ ʜʣʷ ɿɸʕʉ ʧʦ-ʧʨʝʞʥʝʤʫ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʠʪ ʦʪ ʟʘʨʫʙʝʞʥʦʡ ʩʝʣʝʢʮʠʠ (https://gossortrf.ru). ʂʨʠʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ 

ʦʩʪʘʝʪʩʷ ʧʦʯʪʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʚ ʈʝʝʩʪʨʝ ʜʝʪʝʨʤʠʥʘʥʪʥʳʭ ʛʠʙʨʠʜʦʚ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʫʩʣʦʚʠʷʤ ʩʚʝʪʦʢʫʣʴʪʫʨʳ. ʕʪʦʪ ʜʝʬʠʮʠʪ ʩʜʝʨʞʠʚʘʝʪ 



83 

 

 

 

ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʩʢʠʭ ʬʝʨʤ, ʧʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʪʘʢʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʡ ʜʝʬʠʮʠʪ, ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠ 

ʦʮʝʥʢʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʮʝʣʝʚʳʭ ʛʠʙʨʠʜʦʚ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʝʥʳ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʛʠʙʨʠʜʳ 

ʢʨʘʩʥʦʧʣʦʜʥʳʭ ʪʦʤʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʜʣ̫ ʩʦʟʜʘʥʠʷ ʜʝʪʝʨʤʠʥʘʥʪʥʦʛʦ ʛʠʙʨʠʜʘ F , ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʢ ʫʩʣʦʚʠʷʤ ɿɸʕʉ 

ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ (ʧʨʠʣʦʞʝʥʠʝ 2). ɼʣʷ ʦʮʝʥʢʠ ʠʭ ʩʝʣʝʢʮʠʦʥʥʦʡ 

ʮʝʥʥʦʩʪʠ ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʥʘ ʢʣʶʯʝʚʳʭ ʵʪʘʧʘʭ 

ʦʥʪʦʛʝʥʝʟʘ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʘʜʘʧʪʘʮʠʶ 11 ʛʠʙʨʠʜʦʚ ʢ 

ʫʩʣʦʚʠʷʤ ɿɸʕʉ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʦʥʪʦʛʝʥʝʟʘ ï ʦʪ ʬʘʟʳ 4-6 ʣʠʩʪʴʝʚ ʜʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʣʦʩʪʠ ʧʣʦʜʦʚ (ʪʘʙʣʠʮʘ 14).  

 

ʊʘʙʣʠʮʘ 14 ï ɼʠʥʘʤʠʢʘ ʜʣʠʥʳ ʧʦʙʝʛʘ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

(ʨ<0,05) 

ɻʠʙʨʠʜ 

(F1) 

ɼʣʠʥʘ ʧʦʙʝʛʘ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ, ʩʤ 

4-6 ʥʘʩʪʦʷʱʠʭ 

ʣʠʩʪʴʝʚ 

ʥʘʯʘʣʦ 

ʮʚʝʪʝʥʠʷ 

ʤʘʩʩʦʚʳʡ 

ʥʘʣʠʚ ʧʣʦʜʦʚ 

ʩʦʟʨʝʚʘʥʠʝ 

(ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʩʧʝʣʦʩʪʴ) 

1-2-20 13,25Ñ0,65d 26,10Ñ0,42c 34,00Ñ1,63d 60,25Ñ2,36d 

ɹ-16-19 17,78Ñ0,84b 46,13Ñ1,84a 62,75Ñ2,63b 97,75Ñ2,50c 

10-6-20 18,38Ñ1,03b 44,85Ñ1,65a 70,00Ñ4,76ab 105,75Ñ2,99b 

19-18-19 13,05Ñ0,42e 24,43Ñ0,82d 32,50Ñ1,29d 51,0Ñ2,56e 

20-14-19 21,0Ñ1,29a 44,95Ñ2,11a 71,25Ñ1,71a 128,0Ñ3,16a 

VS-21-23 12,05Ñ0,53e 23,25Ñ1,04d 30,25Ñ2,06d 50,75Ñ2,50e 

VS-22-23 11,88Ñ0,48e 23,75Ñ1,40d 31,0Ñ2,16d 63,25Ñ2,99d 

VS-23-23 15,68Ñ0,77c 37,38Ñ2,15b 56,25Ñ3,59c 94,75Ñ3,40c 

VS-24-23 16,25Ñ1,04bc 39,23Ñ1,26b 58,25Ñ2,62bc 104,75Ñ3,86b 

VS-25-23 12,03Ñ0,51e 24,53Ñ0,81d 34,00Ñ2,16d 55,25Ñ2,22e 

VS-26-23 12,05Ñ0,53e 25,55Ñ0,56cd 27,25Ñ0,96e 54,0Ñ2,58e 

 

ɻʠʙʨʠʜ 20-14-19 ʦʪʣʠʯʘʣʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ ʧʦʙʝʛʘ ʥʘ 

ʙʦʣʴʰʠʥʩʪʚʝ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ, ʜʦʩʪʠʛʥʫʚ 128 ʩʤ ʢ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʣʦʩʪʠ. 
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ɽʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʝʧʣʠʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʘʢʦ, ʜʣʷ ʩʠʩʪʝʤ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

(ʩʪʝʣʣʘʞʥʳʝ ʩʠʩʪʝʤʳ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʢʘʤʝʨʳ, ɿɸʕʉ) ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʥʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟ-ʟʘ ʚʳʨʘʞʝʥʥʦʛʦ ʠʥʜʝʪʝʨʤʠʥʘʥʪʥʦʛʦ ʨʦʩʪʘ. ʉʨʝʜʥʝʨʦʩʣʳʝ 

ʛʠʙʨʠʜʳ VS-23-23 ʠ VS-24-23 (94,75-104,75 ʩʤ) ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʛʠʙʨʠʜʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʢʨʝʱʠʚʘʥʠʷ ʩ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʬʦʨʤʘʤʠ.  

ɻʠʙʨʠʜʳ 19-18-19, VS-21-23, VS-25-23 ʠ VS-26-23 ʠʤʝʣʠ ʜʦʩʪʦʚʝʨʥʦ 

ʤʝʥʴʰʫʶ ʜʣʠʥʫ ʧʦʙʝʛʘ (p<0,05), ʬʦʨʤʠʨʫʷ ʦʜʥʦʨʦʜʥʫʶ ʛʨʫʧʧʫ ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʪ 51,0 ʜʦ 55,25 ʩʤ, ʯʪʦ ʥʘ 40% ʥʠʞʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

(128,0 ʩʤ ʫ ʛʠʙʨʠʜʘ 20-14-19). ɹʣʘʛʦʜʘʨʷ ʢʦʤʧʘʢʪʥʦʤʫ ʛʘʙʠʪʫʩʫ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʤʫ 55 ʩʤ, ʵʪʠ ʛʝʥʦʪʠʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʩʝʣʝʢʮʠʠ ʪʦʤʘʪʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʢ ʩʪʝʣʣʘʞʥʳʤ ʩʠʩʪʝʤʘʤ ʠ ʜʨʫʛʠʤ ʪʠʧʘʤ 

ɿɸʕʉ. 

ɼʣʷ ʦʮʝʥʢʠ ʘʜʘʧʪʘʮʠʠ ʛʝʥʦʪʠʧʦʚ ʢ ʫʩʣʦʚʠʷʤ ʧʦʥʠʞʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʚ ɿɸʕʉ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʫ 

ʦʪʦʙʨʘʥʥʳʭ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʜʝʨʞʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʬʦʪʦʩʠʥʪʝʟʘ ï ʢʣʶʯʝʚʦʡ ʬʘʢʪʦʨ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ (ʪʘʙʣʠʮʘ 15). 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʳʝ ʤʝʞʛʠʙʨʠʜʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʚʩʝʤ 

ʠʟʫʯʘʝʤʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ a (2,37 ʤʛ/ʛ) 

ʠ ʩʫʤʤʘʨʥʳʭ ʭʣʦʨʦʬʠʣʣʦʚ (3,47 ʤʛ/ʛ) ʦʪʤʝʯʝʥʦ ʫ ʛʠʙʨʠʜʘ 19-18-19, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʧʦʚʳʰʝʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʦʛʣʦʱʝʥʠʶ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ 

ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʆʩʪʘʣʴʥʳʝ ʛʠʙʨʠʜʳ ʧʦʢʘʟʘʣʠ ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʩ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 2,76 ʜʦ 3,13 ʤʛ/ʛ. ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʤʤʳ  

ʭʣʦʨʦʬʠʣʣʦʚ (2,46-2,53 ʤʛ/ʛ) ʦʙʥʘʨʫʞʝʥʦ ʫ ʛʠʙʨʠʜʦʚ (VS-22-23 ʠ VS-26-23) 

ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʩʣʘʙʦʛʦ ʨʘʟʚʠʪʠʷ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʣʠʩʪʘ ʠʣʠ 

ʥʘʨʫʰʝʥʠʡ ʚ ʩʠʥʪʝʟʝ ʭʣʦʨʦʬʠʣʣʘ. ʇʨʠ ʵʪʦʤ ʛʠʙʨʠʜʳ 1-2-20, 10-6-20, 20-14-19, 

VS-21-23 ʠ VS-25-23 ʦʙʨʘʟʦʚʳʚʘʣʠ ʛʨʫʧʧʫ ʩʦ ʩʭʦʜʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʭʣʦʨʦʬʠʣʣʘ ʘ, ʥʘʭʦʜʷʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2,04 ʜʦ 2,20 ʤʛ/ʛ. ʉʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʝ 
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ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ b, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʛʠʙʨʠʜʦʚ 1-2-20, 10-6-20,  

19-18-19, VS-21-23 ʠ VS-25-23 (ʚ ʜʠʘʧʘʟʦʥʝ 0,97-1,10 ʤʛ/ʛ), ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ 

ʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʚʦʡ 

ʵʥʝʨʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ. 

 

ʊʘʙʣʠʮʘ 15 ï ʉʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʛʠʙʨʠʜʦʚ 

ʪʦʤʘʪʘ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɻʠʙʨʠʜ 

(F ) 

ʂʦʣʠʯʝʩʪʚʦ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ, ʤʛ/ʛ 

ʭʣʦʨʦʬʠʣʣ, ʘ  ʭʣʦʨʦʬʠʣʣb 
ʩʫʤʤʘ 

ʭʣʦʨʦʬʠʣʣʦʚ(ʘ+b) 
ʢʘʨʦʪʠʥʦʠʜʳ 

1-2-20 2,04Ñ0,10bc 0,97Ñ0,06bc 3,01Ñ0,15bc 0,48Ñ0,03c 

ɹ-16-19 1,80Ñ0,05d 1,0Ñ0,05bc 2,80Ñ0,10c 0,58Ñ0,04ab 

10-6-20 2,08Ñ0,09bc 1,03Ñ0,04b 3,11Ñ0,12b 0,60Ñ0,03a 

19-18-19 2,37Ñ0,02a 1,10Ñ0,03a 3,47Ñ0,05a 0,61Ñ0,03a 

20-14-19 2,11Ñ0,03b 0,91Ñ0,03c 3,02Ñ0,07b 0,56Ñ0,04ab 

VS-21-23 2,04Ñ0,05bc 0,93Ñ0,06bc 2,98Ñ0,11bc 0,54Ñ0,02b 

VS-22-23 1,76Ñ0,07d 0,70Ñ0,05e 2,46Ñ0,12d 0,39Ñ0,02d 

VS-23-23 1,97Ñ0,04c 0,83Ñ0,03d 2,80Ñ0,08c 0,47Ñ0,03c 

VS-24-23 1,94Ñ0,08c 0,82Ñ0,03d 2,76Ñ0,11c 0,49Ñ0,03c 

VS-25-23 2,20Ñ0,14b 0,93Ñ0,05b 3,13Ñ0,19b 0,57Ñ0,03ab 

VS-26-23 1,75Ñ0,09d 0,78Ñ0,03de 2,53Ñ0,12d 0,45Ñ0,02c 

 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʧʦʪʝʥʮʠʘʣ 

ʛʠʙʨʠʜʘ 19-18-19 ʢ ʧʦʛʣʦʱʝʥʠʶ ʩʚʝʪʘ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ, ʥʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʬʘʢʪʦʨʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ. ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʘʜʘʧʪʘʮʠʠ ʢ 

ʩʪʨʝʩʩʦʚʳʤ ʫʩʣʦʚʠʷʤ ɿɸʕʉ ʠʛʨʘʶʪ ʢʘʨʦʪʠʥʦʠʜʳ. ʂʘʨʦʪʠʥʦʠʜʳ ʚʳʧʦʣʥʷʶʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʫʥʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ: ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʚ 

ʫʣʘʚʣʠʚʘʥʠʠ ʩʚʝʪʘ, ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʚʘʞʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ, ʟʘʱʠʱʘʶʱʠʝ 

ʢʣʝʪʢʠ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ ʠʟʙʳʪʦʯʥʳʤ ʩʚʝʪʦʤ ʠ ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʨʦʮʝʩʩʳ 

ʬʦʪʦʠʥʛʠʙʠʨʦʚʘʥʠʷ (Simkin et al., 2022). ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
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ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ ʪʦʤʘʪʘ ʦʪʤʝʯʝʥʘ ʫ ʛʠʙʨʠʜʦʚ ɹ-16-19, 10-6-20,  

19-18-19, 20-14-19, VS-21-23 ʠ VS-25-23, ʩʦʩʪʘʚʣʷʷ ʦʪ 0,54 ʜʦ 0,61 ʤʛ/ʛ. ɻʠʙʨʠʜ 

VS-22-23 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʘʠʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ  

ʢʘʨʦʪʠʥʦʠʜʦʚ (0,39 ʤʛ/ʛ), ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʟʘʱʠʪʳ ʢʣʝʪʦʢ ʠ ʦʙʱʝʛʦ ʬʦʪʦʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʘʩʪʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʫ 11 ʠʟʫʯʝʥʥʳʭ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʦʪʙʦʨ ʰʝʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʥʦʪʠʧʦʚ: VS-21-23, VS-22-23,  

VS-23-23, VS-24-23, VS-25-23 ʠ VS-26-23 (ʪʘʙʣʠʮʘ 16).  

 

ʊʘʙʣʠʮʘ 16 ï ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ 

ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ɸʥʘʣʠʟ ʤʘʩʩʳ ʧʣʦʜʦʚ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʛʠʙʨʠʜʘʤʠ ʪʦʤʘʪʘ. ʅʘʠʙʦʣʴʰʝʡ ʩʨʝʜʥʝʡ ʤʘʩʩʦʡ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʛʠʙʨʠʜʳ VS-23-23 (65,56 ʛ) ʠ VS-22-23 (58,92 ʛ). ɺ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʫ ʛʠʙʨʠʜʦʚ 

VS-26-23 (25,06 ʛ) ʠ VS-24-23 (30,72 ʛ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʨʘʟʙʨʦʩ ʧʦ ʜʘʥʥʦʤʫ ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʦʤʫ ʧʨʠʟʥʘʢʫ ʚ ʠʟʫʯʘʝʤʦʡ ʢʦʣʣʝʢʮʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʛʠʙʨʠʜʳ VS-21-23 ʠ VS-23-23 ʜʦʩʪʦʚʝʨʥʦ 

ʧʨʝʚʦʩʭʦʜʠʣʠ ʦʩʪʘʣʴʥʳʝ ʠʟʫʯʝʥʥʳʝ ʛʝʥʦʪʠʧʳ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʜʦʩʪʠʛʘʷ 

ʫʨʦʞʘʡʥʦʩʪʠ ʜʦ 4,04 ʢʛ ʩ ʨʘʩʪʝʥʠʷ. ʄʠʥʠʤʘʣʴʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʙʳʣʘ 

ɻʠʙʨʠʜ 

(F ) 

ʄʘʩʩʘ  

ʧʣʦʜʘ, ʛ 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ, 

ʢʛ 

ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, 

ʩʫʪʢʠ 

VS-21-23 51,54Ñ4,05b 4,04Ñ0,21a 81,0Ñ2,0b 

VS-22-23 58,92Ñ4,18ab 3,49Ñ0,27b 85,0Ñ2,0a 

VS-23-23 65,56Ñ2,36a 3,95Ñ0,06a 85,0Ñ2,0a 

VS-24-23 30,72Ñ1,93c 3,10Ñ0,09c 86,0Ñ2,0a 

VS-25-23 51,80Ñ2,10b 3,68Ñ0,16ab 83,0Ñ2,0ab 

VS-26-23 25,06Ñ0,50d 2,26Ñ0,09d 82,0Ñ2,0ab 
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ʚʳʷʚʣʝʥʘ ʫ ʛʠʙʨʠʜʦʚ VS-26-23 (2,26 ʢʛ/ʨʘʩʪʝʥʠʝ) ʠ VS-24-23  

(3,10 ʢʛ/ʨʘʩʪʝʥʠʝ). 

ɸʥʘʣʠʟ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʳʷʚʠʣ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʠʙʨʠʜʘʤʠ. ɻʠʙʨʠʜ VS-21-23 

ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʣʩʷ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʤ ʧʝʨʠʦʜʦʤ ʦʪ ʚʩʭʦʜʦʚ ʜʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʣʦʩʪʠ, ʩʦʩʪʘʚʠʚʰʠʤ 81,0 ʩʫʪʢʠ. ʆʩʪʘʣʴʥʳʝ ʠʟʫʯʝʥʥʳʝ 

ʛʝʥʦʪʠʧʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 82,0 ʜʦ 86,0 ʩʫʪʦʢ, ʧʨʠ ʵʪʦʤ ʛʠʙʨʠʜ VS-24-23 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʮʠʢʣʘ ʨʘʟʚʠʪʠʷ (86,0 ʩʫʪʦʢ). ʅʝʩʤʦʪʨʷ ʥʘ 

ʚʳʷʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ, ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʠʦʜʘ 

ʩʨʝʜʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʛʠʙʨʠʜʦʚ ʥʝ ʧʨʝʚʳʰʘʣʘ 5 ʩʫʪʦʢ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʩʢʦʨʦʩʪʠ ʨʘʟʚʠʪʠʷ. 

ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʠʥʘʤʠʢʠ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʠʣ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʛʝʥʦʪʠʧʳ ʧʦ ʢʦʤʧʣʝʢʩʫ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ɻʠʙʨʠʜ VS-23-23 ʧʨʝʜʩʪʘʚʣʷʣ ʮʝʥʥʦʩʪʴ ʢʘʢ ʢʨʫʧʥʦʧʣʦʜʥʘʷ ʬʦʨʤʘ (65,56 ʛ) ʩʦ 

ʩʪʘʙʠʣʴʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (3,95 ʢʛ), ʥʝʩʤʦʪʨʷ ʥʘ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ. ɻʠʙʨʠʜ VS-21-23 ʩ ʢʦʤʧʘʢʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

(50,75 ʩʤ) ʚʳʜʝʣʝʥ ʢʘʢ ʩʢʦʨʦʩʧʝʣʳʡ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʡ ʩʝʣʝʢʮʠʦʥʥʳʡ 

ʦʙʨʘʟʝʮ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʝʛʝʪʘʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤ (81,0 ʩʫʪʢʠ) ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (4,04 ʢʛ), ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʘʟʚʠʪʦʡ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ (ʩʫʤʤʘ ʭʣʦʨʦʬʠʣʣʦʚ 2,98 ʤʛ/ʛ). ɻʠʙʨʠʜ  

VS-25-23 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʢʘʢ ʛʝʥʦʪʠʧ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ 

ʧʨʠʟʥʘʢʦʚ, ʧʦʢʘʟʘʚʰʠʡ ʫʩʪʦʡʯʠʚʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (3,68 ʢʛ), ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ (3,13 ʤʛ/ʛ) ʠ ʩʨʝʜʥʠʝ ʩʨʦʢʠ 

ʩʦʟʨʝʚʘʥʠʷ (83 ʩʫʪʦʢ). ʂʦʤʧʘʢʪʥʳʡ ʛʘʙʠʪʫʩ ʨʘʩʪʝʥʠʡ ʩ ʜʣʠʥʦʡ ʧʦʙʝʛʘ 55,25 ʩʤ 

ʚ ʬʘʟʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʣʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʣ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʷʨʫʩʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʮʝʥʥʦʩʪʴ ʜʣʷ 

ʩʝʣʝʢʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʩʦʟʜʘʥʠʶ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʛʠʙʨʠʜʦʚ ʜʣʷ ɿɸʕʉ. 

ɻʠʙʨʠʜʳ VS-24-23 ʠ VS-26-23, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʟʤʝʨʘʤʠ (ʜʣʠʥʘ ʧʦʙʝʛʘ 
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94,75-104,75 ʩʤ) ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (2,26-3,10 ʢʛ), ʥʝʩʤʦʪʨʷ ʥʘ 

ʫʤʝʨʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʫ VS-24-23 (2,76 ʤʛ/ʛ), ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʡ 

ʩʝʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʚʳʰʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʇʦʤʠʤʦ ʦʮʝʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʣʠʥʳ ʧʦʙʝʛʘ, ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʝʣʝʢʮʠʦʥʥʦʡ ʦʮʝʥʢʠ ʦʪʦʙʨʘʥʥʳʭ ʛʝʥʦʪʠʧʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʣʦʜʦʚ (ʪʘʙʣʠʮʘ 17).  

 

ʊʘʙʣʠʮʘ 17 ï ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ (2023-2024 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

(ʨ<0,05) 

ɻʠʙʨʠʜ (F ) 
ʈʘʩʪʚʦʨʠʤʳʝ ʩʫʭʠʝ 

ʚʝʱʝʩʪʚʘ (Brix), % 

ʉʫʭʦʝ 

ʚʝʱʝʩʪʚʦ, % 

ɺʠʪʘʤʠʥ ʉ, 

ʤʛ/100 ʛ  

ʃʠʢʦʧʠʥ,  

ʤʛ/100 ʛ 

VS-21-23 7,93Ñ0,73b 6,58Ñ0,08a 21,65Ñ0,72a 4,19Ñ0,12a 

VS-22-23 5,37Ñ0,37d 5,24Ñ0,21b 17,83Ñ0,61c 3,70Ñ0,13b 

VS-23-23 6,60Ñ0,57c 6,24Ñ0,39a 19,61Ñ0,96b 4,0Ñ0,11a 

VS-24-23 5,18Ñ0,22d 5,37Ñ0,13b 18,87Ñ0,64bc 3,59Ñ0,16b 

VS-25-23 9,98Ñ0,25a 6,36Ñ0,31a 20,85Ñ0,42ab 4,03Ñ0,13a 

VS-26-23 6,81Ñ0,28c 5,53Ñ0,28b 20,36Ñ1,31ab 3,18Ñ0,09c  

 

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ (ÁBx) ʚʳʷʚʠʣ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʧʦ ʜʘʥʥʦʤʫ 

ʧʦʢʘʟʘʪʝʣʶ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫ ʛʠʙʨʠʜʘ VS-25-23 

(9,98%), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʪʥʝʩʪʠ ʝʛʦ ʢ ʛʨʫʧʧʝ ʩ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ 

ʚʢʫʩʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɻʠʙʨʠʜ VS-21-23 ʚʳʜʝʣʷʣʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʘʭʘʨʦʚ (7,93%), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʣʦʜʦʚ. ɻʠʙʨʠʜʳ VS-23-23 (6,60%) ʠ VS-26-23 (6,81%) 

ʩʬʦʨʤʠʨʦʚʘʣʠ ʛʨʫʧʧʫ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ÁBx, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʫʤʝʨʝʥʥʦʡ ʩʣʘʜʦʩʪʠ ʧʣʦʜʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʥʘʠʤʝʥʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪʤʝʯʝʥʳ 

ʫ ʛʠʙʨʠʜʦʚ VS-22-23 (5,37%) ʠ VS-24-23 (5,18%), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʠʭ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚʘʭ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʠʤʝʶʪ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʝʣʝʢʮʠʠ ʪʦʤʘʪʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʛʝʥʦʪʠʧʠʯʝʩʢʫʶ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ 

ʥʘʢʦʧʣʝʥʠʷ ʚʠʪʘʤʠʥʘ ʉ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʠʪʘʤʠʥʘ C ʦʪʤʝʯʝʥʘ ʫ ʛʠʙʨʠʜʘ VS-21-23 (21,65 ʤʛ/100 ʛ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʪʥʝʩʪʠ ʝʛʦ ʢ ʢʘʪʝʛʦʨʠʠ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʭ ʧʦ ʜʘʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʩʨʝʜʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʝʥʦʪʠʧʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʫʶ ʛʨʫʧʧʫ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʠʪʘʤʠʥʘ ʉ ʦʙʨʘʟʦʚʘʣʠ ʪʘʢʞʝ ʛʠʙʨʠʜʳ  

VS-25-23 (20,85 ʤʛ/100 ʛ) ʠ VS-26-23 (20,36 ʤʛ/100 ʛ). ɻʠʙʨʠʜ VS-22-23 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (17,83 ʤʛ/100 ʛ), 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʝʛʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʮʝʥʥʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʠʪʘʤʠʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʨʘʟʨʳʚ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʛʠʙʨʠʜʦʚ ʜʦʩʪʠʛʘʣ 21,4%, ʯʪʦ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʩʝʣʝʢʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʪʦʤʘʪʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʢʦʧʠʥʘ (4,19 ʤʛ/100 ʛ) ʚʳʷʚʣʝʥʦ ʫ ʛʠʙʨʠʜʘ 

VS-21-23, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʢʘʢ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʡ ʠʩʪʦʯʥʠʢ ʵʪʦʛʦ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʛʝʥʦʪʠʧʦʚ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʣʶʯʝʚʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ (ʣʠʢʦʧʠʥ, ʚʠʪʘʤʠʥ ʉ) ʜʝʣʘʝʪ ʧʣʦʜʳ ʜʘʥʥʦʛʦ ʛʠʙʨʠʜʘ ʮʝʥʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʫʢʨʝʧʣʝʥʠʶ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʩʪʘʪʫʩʘ ʦʨʛʘʥʠʟʤʘ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʢʦʧʠʥʘ ʪʘʢʞʝ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫ ʛʠʙʨʠʜʦʚ VS-23-23 (4,0 ʤʛ/100 ʛ) ʠ VS-25-23 (4,03 ʤʛ/100 ʛ). 

ɻʠʙʨʠʜ VS-26-23 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʛʝʥʦʪʠʧʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʠʢʦʧʠʥʘ (3,18 ʤʛ/100 ʛ), ʯʪʦ ʩʥʠʞʘʝʪ ʝʛʦ ʮʝʥʥʦʩʪʴ ʢʘʢ 

ʠʩʪʦʯʥʠʢʘ ʵʪʦʛʦ ʚʘʞʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ. 

ʇʦʤʠʤʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, 

ʚʘʞʥʝʡʰʠʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ 

ʥʠʪʨʘʪʦʚ. ʅʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʢʪʫʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʫʩʣʦʚʠʷʤʠ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʩʠʩʪʝʤʦʡ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. ʂʦʥʪʨʦʣʴ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ. ɼʦʧʫʩʪʠʤʘʷ ʩʫʪʦʯʥʘʷ ʥʦʨʤʘ ʥʠʪʨʘʪʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 3,7 ʤʛ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ 248 ʤʛ ʥʠʪʨʘʪʦʚ 
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ʚ ʩʫʪʢʠ ʜʣʷ ʚʟʨʦʩʣʦʛʦ ʤʘʩʩʦʡ 65 ʢʛ (WHO, 2003). ʇʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʫʯʝʥʳʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ 

ʠ ʥʠʪʨʠʪʦʚ ʚ ʧʠʱʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʵʪʠʭ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʚʦʱʘʭ ʠ ʬʨʫʢʪʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʤʦʥʠʪʦʨʠʥʛ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʠʭ 

ʥʘʢʦʧʣʝʥʠʷ (Qasemi et al., 2024).  

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʣʦʜʘʭ ʠʟʫʯʝʥʥʳʭ ʛʠʙʨʠʜʦʚ 

ʪʦʤʘʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʣʦʩʴ (p<0,05). ʇʨʠ ʵʪʦʤ, ʫ ʚʩʝʭ 

ʛʠʙʨʠʜʦʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʧʨʝʚʳʰʘʣ ʜʦʧʫʩʪʠʤʫʶ ʥʦʨʤʫ  

(Ò300 ʤʛ/ʢʛ ʩʦʛʣʘʩʥʦ ʊʈ ʊʉ 021/2011) (ʨʠʩʫʥʦʢ 18). ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪʦʚ ʚʳʷʚʣʝʥʘ ʫ ʛʠʙʨʠʜʘ VS-26-23 (188,81 ʤʛ/ʢʛ), 

ʤʠʥʠʤʘʣʴʥʘʷ ï ʫ ʛʠʙʨʠʜʘ VS-25-23 (169,66 ʤʛ/ʢʛ). ɻʠʙʨʠʜʳ VS-21-23,  

VS-22-23, VS-24-23 ʠ VS-25-23 ʦʙʨʘʟʦʚʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʫʶ ʛʨʫʧʧʫ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʪʨʘʪʦʚ ʚ ʧʨʝʜʝʣʘʭ 169,66-181,04 ʤʛ/ʢʛ. 

 

 

ʈʠʩʫʥʦʢ 18 ï ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʣʦʜʘʭ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ (2023-2024 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʨʘʟʣʠʯʠʷʭ ʚ ʥʘʢʦʧʣʝʥʠʠ ʥʠʪʨʘʪʦʚ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʘ VS-25-23 ʚ ʩʝʣʝʢʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʚ ʧʨʦʜʫʢʮʠʠ ɿɸʕʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʙʨʠʜ VS-25-23 ʧʦʜʪʚʝʨʜʠʣ ʩʚʦʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʢʘʢ ʛʝʥʦʪʠʧ ʩ ʥʠʟʢʠʤ ʥʘʢʦʧʣʝʥʠʝʤ ʥʠʪʨʘʪʦʚ (169,66 ʤʛ/ʢʛ), ʥʦ ʠ ʢʘʢ 

ʬʦʨʤʘ ʩ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ ʚʢʫʩʦʚʳʤʠ ʢʘʯʝʩʪʚʘʤʠ (ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

Brix 9,98%), ʩʪʘʙʠʣʴʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (3,68 ʢʛ/ʨʘʩʪʝʥʠʝ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʛʠʙʨʠʜ VS-21-23 ʧʨʦʷʚʠʣ ʩʝʙʷ ʢʘʢ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʛʝʥʦʪʠʧ, ʩʦʯʝʪʘʶʱʠʡ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ C (21,65 ʤʛ/100 ʛ), ʚʳʩʦʢʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (4,04 ʢʛ/ʨʘʩʪʝʥʠʝ), ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ (177,58 ʤʛ/ʢʛ) 

ʠ ʢʦʨʦʪʢʠʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (81 ʩʫʪʢʠ). 

ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʢʫʩʘ ʠ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʪʦʤʘʪʘ ʫʯʘʩʪʚʫʝʪ 

ʢʦʤʧʣʝʢʩ ʤʝʪʘʙʦʣʠʪʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʧʝʨʚʠʯʥʳʝ (ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, 

ʘʤʠʥʦʢʠʩʣʦʪʳ) ʠ ʚʪʦʨʠʯʥʳʝ (ʬʣʘʚʦʥʦʠʜʳ) ʩʦʝʜʠʥʝʥʠʷ (Yan et al., 2021). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʘʞʝ ʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʩʭʦʜʥʳʭ ʛʝʥʦʪʠʧʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʣʶʯʝʚʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (Baldina et al., 2016). ɼʣʷ ʦʮʝʥʢʠ ʧʠʱʝʚʦʡ 

ʮʝʥʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʠʙʨʠʜʦʚ (VS-21-23 ʠ VS-25-23) ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʠʭ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩʫʥʦʢ 19). ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ (p<0,05) ʤʝʞʛʠʙʨʠʜʥʳʝ ʨʘʟʣʠʯʠʷ. ɻʠʙʨʠʜ 

VS-21-23 ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʦʩʭʦʜʠʣ ʛʠʙʨʠʜ VS-25-23 ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ.  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʚ ʩʦʩʪʘʚʝ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʜʚʫʭ ʛʠʙʨʠʜʦʚ ʷʚʣʷʣʠʩʴ 

ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʛʣʫʪʘʤʠʥ, ʩʫʤʤʘʨʥʘʷ ʜʦʣʷ ʢʦʪʦʨʳʭ, ʚ ʩʨʝʜʥʝʤ, 

ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 36,4% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʘʤʠʥʦʢʠʩʣʦʪ. ɻʠʙʨʠʜ VS-21-23 

ʧʨʝʚʦʩʭʦʜʠʪ VS-25-23 ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʘʤʠʥʦʢʠʩʣʦʪ, ʦʙʝʩʧʝʯʠʚʘʷ ʣʫʯʰʫʶ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʠ ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʡ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʧʣʦʜʦʚ ʪʦʤʘʪʘ. 

ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʛʠʙʨʠʜʘ VS-21-23 ʜʦʩʪʠʛʣʦ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 499,3 ʤʛ/100 ʛ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ (ʥʘ 29,3%) ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʛʠʙʨʠʜʘ VS-25-23, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ  

386,16 ʤʛ/100 ʛ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʦʙʥʘʨʫʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ 
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ʧʦ ʚʩʝʤ ʘʤʠʥʦʢʠʩʣʦʪʘʤ, ʢʨʦʤʝ ʪʠʨʦʟʠʥʘ (Tyr), ʤʝʪʠʦʥʠʥʘ (Met), ʛʠʩʪʠʜʠʥʘ 

(His) ʠ ʪʨʠʧʪʦʬʘʥʘ (Trp). 

 

 

ʈʠʩʫʥʦʢ 19 ï ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ  

(2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɻʠʙʨʠʜ VS-21-23 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʟʘʤʝʥʠʤʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʦʨʛʘʥʠʟʤʫ. ʅʘʧʨʠʤʝʨ, ʫʨʦʚʝʥʴ 

ʪʨʝʦʥʠʥʘ (Thr) ʩʦʩʪʘʚʣʷʣ 48,99 ʤʛ/100 ʛ, ʯʪʦ ʙʳʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʟʥʘʯʝʥʠʷ 

ʚʪʦʨʦʛʦ ʛʠʙʨʠʜʘ VS-25-23 (26,65 ʤʛ/100 ʛ) ʥʘ ʮʝʣʳʭ 88,8%. ʊʘʢʞʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʣʠʟʠʥʘ ʥʘ 43,5% ʠ ʩʫʤʤʘʨʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʣʝʡʮʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ ʥʘ 31,6% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʧʣʦʜʦʚ ʛʠʙʨʠʜʘ VS-25-23. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʫʢʘʟʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʩʧʦʩʦʙʝʥ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʙʦʪʫ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʫʩʢʦʨʠʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʢʘʥʝʡ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ 

ʯʝʣʦʚʝʢʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʠ ʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ 

ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (32,38 ʤʛ/100 ʛ) ʠ ʧʨʦʣʠʥʘ  

(42,82 ʤʛ/100 ʛ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʜʘʤʠ VS-25-23, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫ ʛʠʙʨʠʜʘ VS-21-23 ʢʣʶʯʝʚʳʭ 

ʚʢʫʩʦʦʙʨʘʟʫʶʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ï ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (16%) ʠ ʘʣʘʥʠʥʘ 

(16%), ʯʪʦ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʝʛʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠ 
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ʵʪʦʤ, ʤʝʪʘʙʦʣʠʟʤ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ (ʤʝʪʠʦʥʠʥ, ʮʠʩʪʠʥ) ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪ (ʪʠʨʦʟʠʥ, ʪʨʠʧʪʦʬʘʥ) ʦʧʨʝʜʝʣʠʣ ʩʪʘʙʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʝ 

ʧʦʢʘʟʳʚʘʷ ʟʥʘʯʠʤʳʭ ʤʝʞʛʠʙʨʠʜʥʳʭ ʨʘʟʣʠʯʠʡ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ 

ʛʠʙʨʠʜʘ F  VS-21-23 ʥʘʜ ʛʠʙʨʠʜʦʤ F  VS-25-23 ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʩ ʦʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʣʶʯʝʚʳʭ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ï ʣʠʟʠʥʘ, ʪʨʝʦʥʠʥʘ ʠ ʬʝʥʠʣʘʣʘʥʠʥʘ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤ ʩʦʩʪʘʚʝ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʚʠʪʘʤʠʥʘ ʉ, 

ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʛʠʙʨʠʜ F  VS-21-23 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʜʣʷ 

ʚʢʣʶʯʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʳ ʩʝʣʝʢʮʠʠ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʪʦʤʘʪʘ ʚ 

ʢʦʥʪʨʦʣʪʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ.  

ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʦʪʦʙʨʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʛʠʙʨʠʜʳ 

ʪʦʤʘʪʘ ʜʣʷ ʩʝʣʝʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ. ɻʠʙʨʠʜ VS-21-23 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʢʘʢ ʠʩʪʦʯʥʠʢ ʢʦʤʧʘʢʪʥʦʩʪʠ (50,75 ʩʤ), ʩʢʦʨʦʩʧʝʣʦʩʪʠ  

(81 ʩʫʪʢʠ) ʠ ʚʳʩʦʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ: ʦʥ ʩʦʯʝʪʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (4,04 ʢʛ/ʨʘʩʪ.), ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ʉ (21,65 ʤʛ/100 

ʛ), ʣʠʢʦʧʠʥʘ (4,19 ʤʛ/100 ʛ) ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ (ʣʠʟʠʥ, ʪʨʝʦʥʠʥ). ɻʠʙʨʠʜ VS-25-23 

ʚʳʜʝʣʷʣʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ ʚʢʫʩʦʚʳʤʠ ʢʘʯʝʩʪʚʘʤʠ (ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ Brix 9,98%), ʩʪʘʙʠʣʴʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (3,68 ʢʛ/ʨʘʩʪʝʥʠʝ), 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ (3,13 ʤʛ/ʛ) ʠ 

ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʥʠʪʨʘʪʦʚ (169,66 ʤʛ/ʢʛ), ʯʪʦ ʦʧʨʝʜʝʣʷʣʦ ʝʛʦ ʢʘʢ 

ʛʝʥʦʪʠʧ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɻʠʙʨʠʜ VS-23-23 ʧʨʝʜʩʪʘʚʣʷʣ ʮʝʥʥʦʩʪʴ ʢʘʢ 

ʢʨʫʧʥʦʧʣʦʜʥʘʷ ʬʦʨʤʘ (65,56 ʛ) ʩʦ ʩʪʘʙʠʣʴʥʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ  

(3,95 ʢʛ/ʨʘʩʪʝʥʠʝ). ɻʠʙʨʠʜʳ VS-24-23 ʠ VS-26-23, ʥʝʩʤʦʪʨʷ ʥʘ ʫʤʝʨʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʡ ʩʝʣʝʢʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʜʙʦʨʘ 

ʛʝʥʦʪʠʧʦʚ ʩ ʢʦʤʧʣʝʢʩʦʤ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʠʙʨʠʜʦʚ ʢ ʫʩʣʦʚʠʷʤ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ.    



94 

 

 

 

ɻʃɸɺɸ 4 ɺʃʀʗʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʆʉɺɽʑɽʅʀʗ ʅɸ 

ʄʆʈʌʆʃʆɻʀʏɽʉʂʀɽ ʀ ɹʀʆʍʀʄʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ 

ʆɺʆʑʅʓʍ ʂʋʃʔʊʋʈ ɺ ɿɸʂʈʓʊʓʍ ɸɻʈʆʕʂʆʉʀʉʊɽʄɸʍ 

4.1 ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʪʦʤʘʪʘ ʩʦʨʪʦʚ ɹʣʘʛʦʜʘʪʥʳʡ, ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ, ʃʷʥʘ, ɺʩʧʳʰʢʘ, 

ɸʣʝʢʩ ʠ ʆʨʘʥʞ  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ (Zhao et al., 2025b). ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʘʪʨʠʝʚʳʭ ʣʘʤʧ, ʩʧʝʢʪʨ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (570-620 ʥʤ) 

ʠ ʚʳʨʘʞʝʥʥʳʤ ʜʝʬʠʮʠʪʦʤ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ (400-500 ʥʤ), ʩʚʝʪʦʜʠʦʜʥʳʝ 

ʩʚʝʪʠʣʴʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʩʚʝʪʦʚʫʶ ʩʨʝʜʫ. 

ʅʘʣʠʯʠʝ ʚ ʠʭ ʩʧʝʢʪʨʝ ʧʠʢʦʚ ʚ ʩʠʥʝʤ (400-500 ʥʤ) ʠ ʢʨʘʩʥʦʤ (600-680 ʥʤ) 

ʜʠʘʧʘʟʦʥʘʭ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ (Palmitessa, 2021;  

Tikhomirov et al., 2025). 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ɿɸʕʉ ʷʚʣʷʝʪʩʷ ʩʢʨʠʥʠʥʛ 

ʩʦʨʪʦʚʳʭ ʢʦʣʣʝʢʮʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʪʠʧʦʚ, ʦʧʪʠʤʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ 

ʫʩʣʦʚʠʷʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ɸʨʪʝʤʴʝʚʘ ʠ ʜʨ., 2021; Lejeune et al., 

2022; Nguyen et al., 2023; ʂʫʨʠʥʘ ʠ ʜʨ., 2023). ʆʜʥʘʢʦ ʨʝʘʢʮʠʷ ʩʦʨʪʦʚ ʥʘ ʪʘʢʠʝ 

ʫʩʣʦʚʠʷ ʯʘʩʪʦ ʥʝʧʨʝʜʩʢʘʟʫʝʤʘ: ʛʝʥʦʪʠʧʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ ʠʣʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʧʣʠʮʘʭ, 

ʤʦʛʫʪ ʥʝ ʨʘʩʢʨʳʚʘʪʴ ʩʚʦʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʦʣʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ 

ɿɸʕʉ. ʕʬʬʝʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʪʦʤʘʪʘ ʚ ʩʠʩʪʝʤʳ ɿɸʕʉ, ʪʨʝʙʫʝʪ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʩʝʣʝʢʮʠʠ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʢʘʞʜʦʛʦ ʪʠʧʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʧʣʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʠʥʜʝʪʝʨʤʠʥʘʥʪʥʳʝ ʩʦʨʪʘ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʧʣʦʜʦʥʦʰʝʥʠʷ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʫʣʴʪʫʨʳ ʚ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʳʭ 

ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ ʩʫʱʝʩʪʚʫʝʪ ʜʝʬʠʮʠʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʪʘʢʠʤ ʫʩʣʦʚʠʷʤ ʩʦʨʪʦʚ (ɻʫʨʝʚʠʯ, ɸʥʜʨʦʥʝʥʢʦ, 2024; 
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ɼʦʙʨʦʜʴʢʠʥ, 2022; ʊʠʪʦʚʘ, ɹʦʨʦʜʠʥ, 2024). ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ, ʟʘʜʘʯʘʤʠ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ ʧʦʜʙʦʨ, ʚʳʜʝʣʝʥʠʝ ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʥʦʪʠʧʦʚ ʪʦʤʘʪʘ ʧʦ ʢʦʤʧʣʝʢʩʫ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ (ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ, ʘʜʘʧʪʘʮʠʷ ʢ ʩʚʝʪʦʜʠʦʜʥʦʤʫ 

ʦʩʚʝʱʝʥʠʶ) ʜʣʷ ʩʝʣʝʢʮʠʠ ʩʦʨʪʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ɿɸʕʉ.  

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʘʜʘʧʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚʳʷʚʠʣʠ, ʯʪʦ ʠʩʪʦʯʥʠʢ 

ʦʩʚʝʱʝʥʠʷ ʦʢʘʟʳʚʘʣ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ ʫ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ 

ʪʦʤʘʪʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ (ʪʘʙʣʠʮʘ 18). 

 

ʊʘʙʣʠʮʘ 18 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ 

(2020-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05)  

ʌʘʟʘ ʨʘʟʚʠʪʠʷ 

ɼʣʠʥʘ ʧʦʙʝʛʘ, ʩʤ 

ʉʦʨʪ 
ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ɼʅʘʊ (ʢʦʥʪʨʦʣʴ) ʉʀɼ 

4-6 ʥʘʩʪʦʷʱʠʭ 

ʣʠʩʪʴʝʚ 

ɹʣʘʛʦʜʘʪʥʳʡ 15,71Ñ0,71c 17,30Ñ0,85b 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 17,31Ñ0,79b 19,44Ñ0,77a 

ʃʷʥʘ 6,05Ñ0,11j 7,55Ñ0,20h 

ɺʩʧʳʰʢʘ 6,45Ñ0,13i 8,15Ñ0,21g 

ɸʣʝʢʩ 13,85Ñ0,51d 15,52Ñ0,47c 

ʆʨʘʥʞ 10,91Ñ0,34f 12,82Ñ0,35e 

ʅʘʯʘʣʦ ʮʚʝʪʝʥʠʷ 

ɹʣʘʛʦʜʘʪʥʳʡ 32,75Ñ1,21ab 33,21Ñ1,44ab 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 32,05Ñ1,29ab 29,87Ñ1,32bc 

ʃʷʥʘ 21,25Ñ0,55f 24,15Ñ0,39e 

ɺʩʧʳʰʢʘ 28,08Ñ0,71c 29,33Ñ0,80bc 

ɸʣʝʢʩ 30,83Ñ1,09b 33,41Ñ1,04a 

ʆʨʘʥʞ 23,24Ñ0,67e 25,71Ñ0,77d 

ʄʘʩʩʦʚʳʡ ʥʘʣʠʚ 

ʧʣʦʜʦʚ 

ɹʣʘʛʦʜʘʪʥʳʡ 52,99Ñ2,43ab 53,94Ñ1,87ab 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 54,26Ñ1,95ab 52,82Ñ1,82b 

ʃʷʥʘ 26,08Ñ0,93f 29,00Ñ0,82e 

ɺʩʧʳʰʢʘ 35,11Ñ0,86d 37,80Ñ0,52c 

ɸʣʝʢʩ 52,90Ñ1,94b 57,15Ñ2,01a 

ʆʨʘʥʞ 30,10Ñ1,15e 33,34Ñ1,11d 

ʉʦʟʨʝʚʘʥʠʝ ʧʣʦʜʦʚ  

(ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʩʧʝʣʦʩʪʴ) 

ɹʣʘʛʦʜʘʪʥʳʡ 94,47Ñ4,08b 92,81Ñ3,81b 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 93,41Ñ4,53b 107,34Ñ4,60a 

ʃʷʥʘ 31,32Ñ0,33h 35,80Ñ0,48g 

ɺʩʧʳʰʢʘ 40,43Ñ0,72f 44,06Ñ0,97e 

ɸʣʝʢʩ 59,77Ñ2,09d 64,56Ñ2,04c 

ʆʨʘʥʞ 39,55Ñ1,18f 43,19Ñ1,57e 

*ʪʝʩʪ ɼʫʥʢʘʥʘ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʢʘʞʜʦʡ ʬʘʟʝ ʦʪʜʝʣʴʥʦ 



96 

 

 

 

ɺ ʬʘʟʝ 4-6 ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ ʉʀɼ-ʦʩʚʝʱʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʦ 

ʜʣʠʥʫ ʧʦʙʝʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ɼʅʘʊ) ʫ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ. 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʥʘʙʣʶʜʘʣʩʷ ʫ ʩʦʨʪʦʚ ɺʩʧʳʰʢʘ ʠ ʃʷʥʘ ʜʦ 26,4%, ʪʦʛʜʘ 

ʢʘʢ ʫ ʩʦʨʪʘ ʆʨʘʥʞ (17,5%) ʵʬʬʝʢʪ ʙʳʣ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤ. ʉʦʨʪʘ 

ɹʣʘʛʦʜʘʪʥʳʡ, ɸʣʝʢʩ ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ (10,1-12,3%) ʧʦʢʘʟʘʣʠ 

ʫʤʝʨʝʥʥʫʶ, ʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʦʪʟʳʚʯʠʚʦʩʪʴ. 

ʂ ʥʘʯʘʣʫ ʮʚʝʪʝʥʠʷ ʭʘʨʘʢʪʝʨ ʨʝʘʢʮʠʠ ʩʦʨʪʦʚ ʥʘ ʠʩʪʦʯʥʠʢ ʦʩʚʝʱʝʥʠʷ 

ʠʟʤʝʥʠʣʩʷ. ʉʦʨʪʘ ɸʣʝʢʩ (8,4%) ʠ ʃʷʥʘ (13,6%) ʩʦʭʨʘʥʠʣʠ ʜʦʩʪʦʚʝʨʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʜʣʠʥʝ ʧʦʙʝʛʘ ʧʨʠ ʩʚʝʪʦʜʠʦʜʥʦʤ ʦʩʚʝʱʝʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʟʠʣʩʷ ʥʘ 7,0% ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʢʦʥʪʨʦʣʝʤ. ʉʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʩʧʳʰʢʘ ʥʝ ʧʦʢʘʟʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʚʘʨʠʘʥʪʘʤʠ ʦʩʚʝʱʝʥʠʷ. 

ɺ ʬʘʟʝ ʤʘʩʩʦʚʦʛʦ ʥʘʣʠʚʘ ʧʣʦʜʦʚ ʥʘʠʙʦʣʴʰʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘ ʉʀɼ 

ʦʩʚʝʱʝʥʠʝ ʧʨʦʷʚʠʣʠ ʩʦʨʪʘ ɸʣʝʢʩ (8,0%) ʠ ʆʨʘʥʞ (10,8%). ʂ ʬʘʟʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʣʦʩʪʠ ʩʦʨʪ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ ʧʨʦʷʚʠʣ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʨʠʨʦʩʪ ʜʣʠʥʳ ʧʦʙʝʛʘ ʧʦʜ ʉʀɼ ʦʩʚʝʱʝʥʠʝʤ (107,3 ʩʤ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʬʦʨʤʳ ʜʣʷ ʩʝʣʝʢʮʠʠ ʥʘ ʘʜʘʧʪʘʮʠʶ ʢ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤʫ ʩʚʝʪʦʜʠʦʜʥʦʤʫ ʦʙʣʫʯʝʥʠʶ. ʉʦʨʪʘ ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ 

ʧʨʦʷʚʣʷʣʠ ʩʪʘʙʠʣʴʥʦʝ ʠ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʧʦʙʝʛʘ ʧʦʜ ʉʀɼ 

ʦʩʚʝʱʝʥʠʝʤ ʥʘ ʚʩʝʭ ʬʘʟʘʭ ʨʘʟʚʠʪʠʷ (12,0-14,3% ʠ 8,0-9,0% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʮʝʥʥʦʩʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʦʩʪʘ ʚ ʫʩʣʦʚʠʷʭ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ʆʨʘʥʞ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʩʚʝʪʦʚʦʡ ʨʝʞʠʤ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʭ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʩʤʝʥʝ ʠʩʪʦʯʥʠʢʘ 

ʦʩʚʝʱʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ 

ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʫ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ. ʉʀɼ-ʦʩʚʝʱʝʥʠʝ ʦʙʝʩʧʝʯʠʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ a, b ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ɼʅʘʊ) (ʪʘʙʣʠʮʘ 19).  
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ʊʘʙʣʠʮʘ 19 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʪʦʤʘʪʘ (2020-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ 

ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ, ʤʛ/ʛ  

ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
ʉʀɼ 

ʍʣʦʨʠʬʠʣʣ ʘ 

ɹʣʘʛʦʜʘʪʥʳʡ 3,15Ñ0,13b 3,62Ñ0,15a 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 3,12Ñ0,11b 3,47Ñ0,14a 

ʃʷʥʘ 1,87Ñ0,05f 1,99Ñ0,04e 

ɺʩʧʳʰʢʘ 2,02Ñ0,07e 2,53Ñ0,07c 

ɸʣʝʢʩ 1,51Ñ0,05g 2,20Ñ0,08d 

ʆʨʘʥʞ 1,53Ñ0,03g 2,56Ñ0,06c 

ʍʣʦʨʠʬʠʣʣ b 

ɹʣʘʛʦʜʘʪʥʳʡ 1,17Ñ0,06b 1,42Ñ0,07a 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 0,98Ñ0,04c 1,18Ñ0,05b 

ʃʷʥʘ 0,52Ñ0,02h 0,58Ñ0,03g 

ɺʩʧʳʰʢʘ 0,67Ñ0,02f 0,77Ñ0,04e 

ɸʣʝʢʩ 0,50Ñ0,02h 0,83Ñ0,02d 

ʆʨʘʥʞ 0,64Ñ0,02f 0,95Ñ0,03c 

ʍʣʦʨʠʬʠʣʣ (ʘ+b) 

ɹʣʘʛʦʜʘʪʥʳʡ 4,32Ñ0,19b 5,04Ñ0,22a 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 4,10Ñ0,15b 4,65Ñ0,19ab 

ʃʷʥʘ 2,39Ñ0,07g 2,57Ñ0,07f 

ɺʩʧʳʰʢʘ 2,69Ñ0,09f 3,30Ñ0,11d 

ɸʣʝʢʩ 2,01Ñ0,07i 3,03Ñ0,10e 

ʆʨʘʥʞ 2,17Ñ0,05h 3,51Ñ0,09c 

ʂʘʨʦʪʠʥʦʠʜʳ 

ɹʣʘʛʦʜʘʪʥʳʡ 0,83Ñ0,04c 1,27Ñ0,06a 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 1,07Ñ0,05b 1,35Ñ0,06a 

ʃʷʥʘ 0,33Ñ0,01j 0,37Ñ0,01i 

ɺʩʧʳʰʢʘ 0,40Ñ0,01h 0,45Ñ0,02g 

ɸʣʝʢʩ 0,49Ñ0,01f 0,57Ñ0,02e 

ʆʨʘʥʞ 0,45Ñ0,02g 0,64Ñ0,02d 

 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ ʧʦʜ ʉʀɼ-ʦʩʚʝʱʝʥʠʝʤ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫ ʜʚʫʭ ʩʦʨʪʦʚ: ʫ ɸʣʝʢʩʘ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ a ʚʦʟʨʦʩʣʦ ʥʘ 45,7%, ʭʣʦʨʦʬʠʣʣʘ b ï ʥʘ 66,0%, ʘ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʦʬʠʣʣʦʚ (a+b) ï ʥʘ 50,7%; ʫ ʆʨʘʥʞʘ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ 

ʩʦʩʪʘʚʠʣʠ 67,3%, 48,4% ʠ 61,8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʛʝʥʦʪʠʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʮʝʥʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʧʦʚʳʰʝʥʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

ʅʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʩʦʜʝʨʞʘʥʠʠ ʢʘʨʦʪʠʥʦʠʜʦʚ: ʫ ʩʦʨʪʘ 

ɹʣʘʛʦʜʘʪʥʳʡ ʦʥʦ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 53,0%, ʘ ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ ï ʥʘ 
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26,2% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɸʥʘʣʠʟ ʧʠʛʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʮʝʣʦʤ 

ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʜʚʘ ʪʠʧʘ ʨʝʘʢʮʠʠ ʛʝʥʦʪʠʧʦʚ ʥʘ ʩʤʝʥʫ ʦʩʚʝʱʝʥʠʷ. ʉʦʨʪʘ 

ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ ʦʪʣʠʯʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʭ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʨʪʘ ɸʣʝʢʩ ʠ ʆʨʘʥʞ ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʷ ʩʦʩʪʘʚ ʧʠʛʤʝʥʪʦʚ ʚ ʦʪʚʝʪ ʥʘ ʩʤʝʥʫ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʝʘʢʮʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ 

ʠʩʪʦʯʥʠʢ ʦʩʚʝʱʝʥʠʷ ʦʢʘʟʘʣʠ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʘʞʥʝʡʰʠʝ ʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ. ʉʀɼ ʦʩʚʝʱʝʥʠʝ ʦʢʘʟʘʣʦ ʜʦʩʪʦʚʝʨʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʪʦʤʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

(ɼʅʘʊ), ʩʧʦʩʦʙʩʪʚʫʷ ʫʚʝʣʠʯʝʥʠʶ ʦʙʦʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʪʘʙʣʠʮʘ 20). 

 

ʊʘʙʣʠʮʘ 20 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʪʦʤʘʪʘ (2020-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʇʦʢʘʟʘʪʝʣʴ  ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
ʉʀɼ 

ʄʘʩʩʘ ʧʣʦʜʘ, ʛ 

ɹʣʘʛʦʜʘʪʥʳʡ 62,71Ñ2,14bc 64,30Ñ2,47bc 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 57,18Ñ1,96d 55,05Ñ2,01d 

ʃʷʥʘ 66,08Ñ2,46b 61,80Ñ1,13c 

ɺʩʧʳʰʢʘ 74,24Ñ3,09a 71,99Ñ2,11a 

ɸʣʝʢʩ 45,13Ñ2,55e 57,43Ñ2,02d 

ʆʨʘʥʞ 52,05Ñ2,41d 65,11Ñ2,58bc 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʢʛ 

ɹʣʘʛʦʜʘʪʥʳʡ 2,55Ñ0,10b 2,81Ñ0,10a 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 2,36 Ñ0,09c 2,73Ñ0,11ab 

ʃʷʥʘ 2,15Ñ0,07d 2,45Ñ0,08c 

ɺʩʧʳʰʢʘ 1,97Ñ0,06e 2,14Ñ0,10d 

ɸʣʝʢʩ 1,61Ñ0,08f 1,98Ñ0,14e 

ʆʨʘʥʞ 2,08Ñ0,09de 2,35Ñ0,13c 

ɺʝʛʝʪʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ, ʩʫʪʢʠ 

ɹʣʘʛʦʜʘʪʥʳʡ 96,0Ñ2,0b 91,0Ñ2,0c 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 94,0Ñ2,0bc 88,0Ñ2,0cd 

ʃʷʥʘ 102,0Ñ2,0a 94,0Ñ2,0bc 

ɺʩʧʳʰʢʘ 93,0Ñ2,0bc 88,0Ñ1,0d 

ɸʣʝʢʩ 101,0Ñ2,0a 95,0Ñ2,0b 

ʆʨʘʥʞ 91,0Ñ2,0c 84,0Ñ2,0e 
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ʇʨʠʤʝʥʝʥʠʝ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʦʙʝʩʧʝʯʠʣʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʠʨʦʩʪ ʦʙʱʝʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʫ ʚʩʝʭ ʛʝʥʦʪʠʧʦʚ: ʤʘʢʩʠʤʘʣʴʥʳʡ ï ʫ ʩʦʨʪʘ ɸʣʝʢʩ (23,0%), 

ʟʘʪʝʤ ʫ ɺʦʩʭʦʜʘ ɺʅʀʀʉʉʆʂɸ (15,7%), ʃʷʥʳ (14,0%), ʆʨʘʥʞʘ (13,0%) ʠ 

ɹʣʘʛʦʜʘʪʥʦʛʦ (10,2%). ʄʠʥʠʤʘʣʴʥʦʝ, ʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫ ʩʦʨʪʘ ɺʩʧʳʰʢʘ (8,6%) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ɼʅʘʊ). 

ʇʦ ʤʘʩʩʝ ʧʣʦʜʘ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʉʀɼ 

ʦʩʚʝʱʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʞʝʣʪʦʧʣʦʜʥʳʭ ʩʦʨʪʦʚ ʆʨʘʥʞ (25,1%) ʠ ɸʣʝʢʩ 

(27,2%), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʭ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠʩʭʦʜʥʳʝ ʬʦʨʤʳ 

ʥʘ ʢʨʫʧʥʦʧʣʦʜʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ. ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ 

ʢʨʘʩʥʦʧʣʦʜʥʳʭ ʩʦʨʪʦʚ ɺʩʧʳʰʢʘ, ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 

ʩʦʭʨʘʥʠʣʠ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (55-72 ʛ) ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʦʩʚʝʱʝʥʠʷ. ʉʦʨʪ ʃʷʥʘ ʧʦʢʘʟʘʣ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʧʣʦʜʘ ʩ 66,08 ʛ ʜʦ 61,80 ʛ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʥʘ ʉʀɼ ʦʩʚʝʱʝʥʠʝ, ʥʦ ʦʩʪʘʣʩʷ ʚ ʛʨʫʧʧʝ ʩʨʝʜʥʝʢʨʫʧʥʳʭ ʛʝʥʦʪʠʧʦʚ. 

ʂʣʶʯʝʚʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦʜ ʉʀɼ ʦʩʚʝʱʝʥʠʝʤ. ʅʘʠʙʦʣʴʰʝʝ ʫʩʢʦʨʝʥʠʝ 

ʨʘʟʚʠʪʠʷ ʦʪʤʝʯʝʥʦ ʫ ʩʦʨʪʦʚ ʃʷʥʘ (ʥʘ 8 ʩʫʪʦʢ) ʠ ʆʨʘʥʞ (ʥʘ 7 ʩʫʪʦʢ), ʘ ʪʘʢʞʝ ʫ 

ʩʦʨʪʦʚ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ ʠ ɺʩʧʳʰʢʘ (ʥʘ 6 ʩʫʪʦʢ). ʉʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ 

ɸʣʝʢʩ ʩʦʢʨʘʪʠʣʠ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʥʘ 5 ʩʫʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʉʀɼ-

ʦʩʚʝʱʝʥʠʠ ʚʩʝ ʩʦʨʪʘ ʜʦʩʪʠʛʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʣʦʩʪʠ ʟʘ 84-95 ʩʫʪʦʢ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 91-102 ʩʫʪʢʘʤʠ ʚ ʢʦʥʪʨʦʣʝ. ʉʦʨʪʘ ʆʨʘʥʞ, ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 

ʠ ɺʩʧʳʰʢʘ, ʧʨʦʷʚʠʚʰʠʝ ʥʘʠʙʦʣʴʰʫʶ ʦʪʟʳʚʯʠʚʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʢʘʢ ʠʩʭʦʜʥʳʝ ʬʦʨʤʳ ʥʘ ʩʢʦʨʦʩʧʝʣʦʩʪʴ ʚ ʠʥʪʝʥʩʠʚʥʦʡ ʩʚʝʪʦʢʫʣʴʪʫʨʝ. 

ʅʘʨʷʜʫ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʉʀɼ 

ʦʩʚʝʱʝʥʠʝ ʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ. 

ʉʀɼ ʦʩʚʝʱʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʣʦ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ 

ʚʝʱʝʩʪʚ (Brix) ʫ ʚʩʝʭ ʩʦʨʪʦʚ: ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʧʦʢʘʟʘʣʠ 

ʩʦʨʪʘ ɸʣʝʢʩ (71,8%), ʆʨʘʥʞ (45,5%) ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ (25,1%) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ɼʅʘʊ). ʅʘʠʙʦʣʴʰʠʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ Brix 

ʦʪʤʝʯʝʥʳ ʫ ʩʦʨʪʦʚ ɺʩʧʳʰʢʘ (7,11%) ʠ ʃʷʥʘ (5,98%) (ʪʘʙʣʠʮʘ 21). 
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ʊʘʙʣʠʮʘ 21 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʣʦʜʦʚ ʪʦʤʘʪʘ (2020-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʇʦʢʘʟʘʪʝʣʴ  ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
ʉʀɼ 

ʈʘʩʪʚʦʨʠʤʳʝ ʩʫʭʠʝ 

ʚʝʱʝʩʪʚʘ (Brix), % 

ɹʣʘʛʦʜʘʪʥʳʡ 2,72Ñ0,08f 3,31Ñ0,13e 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 1,83Ñ0,07i 2,29Ñ0,10g 

ʃʷʥʘ 5,50Ñ0,07d 5,98Ñ0,10c 

ɺʩʧʳʰʢʘ 6,45Ñ0,08b 7,11Ñ0,15a 

ɸʣʝʢʩ 1,63Ñ0,08j 2,80Ñ0,11f 

ʆʨʘʥʞ 1,45Ñ0,06k 2,11Ñ0,09h 

ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ,  

% 

ɹʣʘʛʦʜʘʪʥʳʡ 4,93Ñ0,10cd 5,41Ñ0,13b 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 5,07Ñ0,14c 5,85Ñ0,18a 

ʃʷʥʘ 3,87Ñ0,09f 4,09Ñ0,13e 

ɺʩʧʳʰʢʘ 4,69Ñ0,10d 4,80Ñ0,08d 

ɸʣʝʢʩ 4,18Ñ0,14e 4,74Ñ0,10d 

ʆʨʘʥʞ 5,25Ñ0,18bc 5,68Ñ0,20ab 

ɺʠʪʘʤʠʥ ʉ,  

ʤʛ/100 ʛ 

ɹʣʘʛʦʜʘʪʥʳʡ 18,0Ñ0,64b 18,9Ñ0,73ab 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 18,7Ñ0,79ab 20,1Ñ0,85a 

ʃʷʥʘ 12,69Ñ0,50d 11,84Ñ0,36e 

ɺʩʧʳʰʢʘ 17,18Ñ0,49bc 19,20Ñ0,17a 

ɸʣʝʢʩ 11,55Ñ0,41e 12,08Ñ0,57de 

ʆʨʘʥʞ 17,18Ñ0,50bc 16,51Ñ0,67c 

ʃʠʢʦʧʠʥ,  

ʤʛ/100 ʛ 

ɹʣʘʛʦʜʘʪʥʳʡ 3,43Ñ0,14d 4,57Ñ0,17b 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 4,39Ñ0,11b 5,11Ñ0,21a 

ʃʷʥʘ 4,09Ñ0,06c 4,11Ñ0,07c 

ɺʩʧʳʰʢʘ 3,19Ñ0,08e 3,05Ñ0,06e 

ɸʣʝʢʩ  0,17Ñ0,01i 0,23Ñ0,01h 

ʆʨʘʥʞ  1,24Ñ0,05g 1,65Ñ0,07f 

 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʩʦʨʪʦʚ ɸʣʝʢʩ (13,4%) ʠ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ (15,4%). ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪʤʝʯʝʥʦ 

ʫ ʩʦʨʪʦʚ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ (5,85%) ʠ ʆʨʘʥʞ (5,68%), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʭ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʥʘ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ʉ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʣʦʩʴ ʧʦʜ ʉʀɼ ʦʩʚʝʱʝʥʠʝʤ ʫ 

ʩʦʨʪʦʚ ɺʩʧʳʰʢʘ (11,8%) ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ (7,5%), ʪʦʛʜʘ ʢʘʢ ʫ ʩʦʨʪʦʚ 

ʃʷʥʘ ʠ ʆʨʘʥʞ ʥʘʙʣʶʜʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʥʘ 6,7% ʠ 3,9% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ ʣʠʢʦʧʠʥʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫ ʢʨʘʩʥʦʧʣʦʜʥʳʭ ʩʦʨʪʦʚ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ (16,4%) ʠ 

ɹʣʘʛʦʜʘʪʥʳʡ (33,2%) ʧʨʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ. ɾʝʣʪʦʧʣʦʜʥʳʝ ʩʦʨʪʘ ɸʣʝʢʩ ʠ 
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ʆʨʘʥʞ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʠʢʦʧʠʥʘ ʥʘ 35,3% ʠ 33,1% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʜʥʘʢʦ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ ʥʠʟʢʠʤʠ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʩʦʨʪʦʚʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ. 

ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚ ʧʣʦʜʦʚ, ʥʘʨʷʜʫ ʩ ʫʛʣʝʚʦʜʘʤʠ ʠ 

ʚʠʪʘʤʠʥʘʤʠ, ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉʀɼ ʦʩʚʝʱʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʣʶʯʝʚʳʭ ʢʠʩʣʦʪ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʨʪʦʚ 

(ʪʘʙʣʠʮʘ 22).  

 

ʊʘʙʣʠʮʘ 22 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ. ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ 

ʤʛ/100 ʛ (*ʛ/ʢʛ) 
ʉʦʨʪ 

ɺʘʨʠʘʥʪʳ ʦʩʚʝʱʝʥʠʷ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
ʉʀɼ 

ʑʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ 

ɹʣʘʛʦʜʘʪʥʳʡ 5,67Ñ0,27ab 6,24Ñ0,30a 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 5,76Ñ0,30ab 5,37Ñ0,18b 

ʃʷʥʘ 3,46Ñ0,12e 3,32Ñ0,09e 

ɺʩʧʳʰʢʘ 4,95Ñ0,08c 4,50Ñ0,10d 

ɸʣʝʢʩ 0,54Ñ0,05g 0,53Ñ0,03g 

ʆʨʘʥʞ 1,26Ñ0,08f 1,35Ñ0,07f 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ 

ɹʣʘʛʦʜʘʪʥʳʡ 3,10Ñ0,14f 6,40Ñ0,32a 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 4,08Ñ0,14d 4,94Ñ0,08c 

ʃʷʥʘ 4,94Ñ0,15c 5,64Ñ0,10b 

ɺʩʧʳʰʢʘ 4,15Ñ0,18d 6,80Ñ0,11a 

ɸʣʝʢʩ 2,71Ñ0,11g 2,90Ñ0,15fg 

ʆʨʘʥʞ 3,46Ñ0,18e 3,99Ñ0,21d 

ʗʙʣʦʯʥʘʷ ʢʠʩʣʦʪʘ* 

ɹʣʘʛʦʜʘʪʥʳʡ 0,42Ñ0,02e 0,68Ñ0,02a 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 0,52Ñ0,02c 0,66Ñ0,02a 

ʃʷʥʘ 0,38Ñ0,01f 0,41Ñ0,02ef 

ɺʩʧʳʰʢʘ 0,52Ñ0,02c 0,60Ñ0,02b 

ɸʣʝʢʩ 0,43Ñ0,01e 0,47Ñ0,02d 

ʆʨʘʥʞ 0,53Ñ0,03c 0,59Ñ0,03b 

ʃʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ* 

ɹʣʘʛʦʜʘʪʥʳʡ 5,85Ñ0,15b 7,03Ñ0,20a 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 5,43Ñ0,13c 6,08Ñ0,13b 

ʃʷʥʘ 3,13Ñ0,14f 4,44Ñ0,10d 

ɺʩʧʳʰʢʘ 2,45Ñ0,13g 2,39Ñ0,08g 

ɸʣʝʢʩ  2,68Ñ0,10g 3,11Ñ0,18f 

ʆʨʘʥʞ  4,06Ñ0,20e 4,55Ñ0,20d 

 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʥʘʙʣʶʜʘʣʩʷ ʫ 

ʩʦʨʪʦʚ ɹʣʘʛʦʜʘʪʥʳʡ (61,9%; 0,68 ʛ/ʢʛ) ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ  

(26,9%; 0,66 ʛ/ʢʛ), ʯʪʦ ʦʧʨʝʜʝʣʷʣʦ ʠʭ ʮʝʥʥʦʩʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʫʣʫʯʰʝʥʠʝ 
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ʚʢʫʩʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʣʘ, 

ʦʩʦʙʝʥʥʦ ʫ ʩʦʨʪʦʚ ʃʷʥʘ (41,9%) ʠ ɹʣʘʛʦʜʘʪʥʳʡ (20,2%). ʇʦ ʩʦʜʝʨʞʘʥʠʶ 

ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʟʘʬʠʢʩʠʨʦʚʘʥ ʫ ʩʦʨʪʦʚ ɺʩʧʳʰʢʘ 

(63,9%) ʠ ɹʣʘʛʦʜʘʪʥʳʡ (106,5%). ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʘ ʨʝʘʢʮʠʷ ʩʦʨʪʘ 

ɺʩʧʳʰʢʘ, ʢʦʪʦʨʳʡ ʧʦʜ ʉʀɼ ʦʩʚʝʱʝʥʠʝʤ ʬʦʨʤʠʨʦʚʘʣ ʧʣʦʜʳ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʷʙʣʦʯʥʦʡ (0,60 ʛ/ʢʛ) ʠ ʷʥʪʘʨʥʦʡ 

(6,80 ʤʛ/100 ʛ) ʢʠʩʣʦʪ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʩ ʟʘʜʘʥʥʳʤ ʢʠʩʣʦʪʥʳʤ ʧʨʦʬʠʣʝʤ. ʉʤʝʥʘ 

ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ ʥʝ ʦʢʘʟʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ (ʃʷʥʘ, ɸʣʝʢʩ, ʆʨʘʥʞ). 

ʅʘʠʙʦʣʴʰʠʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʫ ʩʦʨʪʦʚ 

ɹʣʘʛʦʜʘʪʥʳʡ (6,24 ʤʛ/100 ʛ) ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ (5,37 ʤʛ/100 ʛ) ʧʨʠ ʉʀɼ 

ʦʩʚʝʱʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʩʦʨʪ ɺʩʧʳʰʢʘ ʧʦʢʘʟʘʣ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ 9,1% 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ʩ 4,95 ʜʦ 4,50 ʤʛ/100 ʛ) ʧʨʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʣʦ ʥʘ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʝʛʦ ʧʣʦʜʦʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʉʀɼ ʦʩʚʝʱʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣʦ ʫʨʦʚʝʥʴ ʥʠʪʨʘʪʦʚ 

ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʘʭ ʪʦʤʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ɼʅʘʊ)  

(ʨʠʩʫʥʦʢ 20). ʉʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʧʦ ʩʦʨʪʘʤ ʦʪ 12,1% 

ʜʦ 20,7%. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ (ʩʥʠʞʝʥʠʝ ʙʦʣʝʝ 19%) ʥʘʙʣʶʜʘʣʩʷ ʫ ʩʦʨʪʦʚ 

ɺʩʧʳʰʢʘ (20,7%) ʠ ɹʣʘʛʦʜʘʪʥʳʡ (19,1%). ʇʨʠ ʵʪʦʤ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤ ʜʣʷ ʪʦʤʘʪʘ. ʅʘʠʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʧʨʠ ʉʀɼ 

ʦʩʚʝʱʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ ʫ ʩʦʨʪʦʚ ʆʨʘʥʞ (147,91 ʤʛ/ʢʛ) ʠ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ (150,13 ʤʛ/ʢʛ), ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʧʦʚʳʰʝʥʥʫʶ ʧʠʱʝʚʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ɿɸʕʉ. 
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ʈʠʩʫʥʦʢ 20 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ 

ʧʣʦʜʘʭ ʪʦʤʘʪʘ (2020-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʢʘʯʝʩʪʚʘ ʧʣʦʜʦʚ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʛʝʥʦʪʠʧʳ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʝʣʝʢʮʠʠ ʚ ɿɸʕʉ. ʂʘʢ ʠʩʪʦʯʥʠʢʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʚʳʩʪʫʧʠʣʠ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ, ʩʦʯʝʪʘʚʰʠʝ ʚʳʩʦʢʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ  

(2,81 ʠ 2,73 ʢʛ/ʨʘʩʪʝʥʠʝ), ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠ ʣʠʢʦʧʠʥʘ, 

ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʥʠʪʨʘʪʦʚ (ʜʦ 19,1% ʠ 15,8%) ʧʦʜ ʉʀɼ 

ʦʩʚʝʱʝʥʠʝʤ. ʂʘʢ ʛʝʥʦʪʠʧʳ ʩ ʚʳʩʦʢʦʡ ʘʜʘʧʪʠʚʥʦʩʪʴʶ ʢ ʩʚʝʪʦʜʠʦʜʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʦʷʚʠʣʠ ʩʝʙʷ ʩʦʨʪʘ ɸʣʝʢʩ ʠ ʆʨʘʥʞ, ʧʦʢʘʟʘʚʰʠʝ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʨʠʨʦʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (23,0% ʠ 13,0%) ʠ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ 

ʚʝʱʝʩʪʚ (71,8% ʠ 45,5%) ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʉʀɼ ʦʩʚʝʱʝʥʠʝ. ʉʦʨʪ ʃʷʥʘ 

ʧʨʝʜʩʪʘʚʠʣ ʮʝʥʥʦʩʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ (ʧʨʠʨʦʩʪ 41,9%), ʘ ʪʘʢʞʝ ʢʦʤʧʘʢʪʥʦʛʦ ʛʘʙʠʪʫʩʘ. ʉʦʨʪ ɺʩʧʳʰʢʘ 

ʦʪʣʠʯʘʣʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʢʨʫʧʥʦʧʣʦʜʥʦʩʪʠ (71,99 ʛ) ʠ ʫʣʫʯʰʝʥʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ 

ʧʨʦʬʠʣʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ (6,80 ʤʛ/100 ʛ), 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʢʘʟʳʚʘʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ 
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ʜʣʷ ʤʥʦʛʦʷʨʫʩʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʩʦʨʪʘ ʪʦʤʘʪʘ, 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʧʦ ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ: 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ (ɹʣʘʛʦʜʘʪʥʳʡ, ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ), ʘʜʘʧʪʠʚʥʳʭ 

(ɸʣʝʢʩ, ʆʨʘʥʞ), ʢʨʫʧʥʦʧʣʦʜʥʳʭ (ɺʩʧʳʰʢʘ), ʩʢʦʨʦʩʧʝʣʳʭ (ʆʨʘʥʞ, ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ, ɺʩʧʳʰʢʘ) ʠ ʬʦʨʤ ʩ ʫʣʫʯʰʝʥʥʳʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

ʧʣʦʜʦʚ (ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ) (ʧʨʠʣʦʞʝʥʠʝ 5, 6). 

 

4.2 ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ 

ʙʳʣʠ ʨʘʥʝʝ ʦʪʦʙʨʘʥʳ ʩʦʨʪʘ ʪʦʤʘʪʘ ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʮʝʥʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʦʯʝʪʘʥʠʶ 

ʘʛʨʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʥʦʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʣʦʩʴ ʛʠʙʨʠʜʥʳʤ ʩʚʝʪʦʚʳʤ ʨʝʞʠʤʘʤ, ʩʦʯʝʪʘʚʰʠʤ ʦʩʥʦʚʥʦʝ ʥʘʪʨʠʝʚʦʝ 

(ɼʅʘʊ) ʦʩʚʝʱʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʜʥʷ ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ (Knyazeva 

et al., 2024; Kowalczyk et al., 2025). ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʧʦʚʳʰʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʦʤʘʪʘ ʟʘ ʩʯʝʪ ʘʢʪʠʚʠʟʘʮʠʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʫʣʫʯʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʘʩʩʠʤʠʣʷʪʦʚ  

(Wang, 2022; Yu, 2024). 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʠʙʨʠʜʥʳʭ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ ʜʣʷ ʦʪʦʙʨʘʥʥʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ 

ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʣʠʷʥʠʷ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʣʠʥʝʡʥʳʡ ʨʦʩʪ ʠʟʫʯʘʝʤʳʭ 

ʩʦʨʪʦʚ ʪʦʤʘʪʘ (ʨʠʩʫʥʦʢ 21). ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʦʨʪʦʚʳʝ 

ʨʘʟʣʠʯʠʷ: ʩʦʨʪ ɺʩʧʳʰʢʘ (44,4 ʩʤ) ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʦʩʭʦʜʠʣ ʩʦʨʪ ʃʷʥʘ (33,4 ʩʤ) 

ʧʦ ʜʣʠʥʝ ʧʦʙʝʛʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ. 
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ʈʠʩʫʥʦʢ 21 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʚ 

ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ 

(2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʘʥʘʣʠʟ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʣʠʩʪʴʝʚ ʪʦʤʘʪʘ ʢʘʢ ʠʥʜʠʢʘʪʦʨʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ 

ʦʩʚʝʱʝʥʠʝ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʦ ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ a, ʭʣʦʨʦʬʠʣʣʘ b, ʠʭ ʦʙʱʝʡ ʩʫʤʤʳ (a+b) ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ 

ʪʦʤʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʪʘʙʣʠʮʘ 23).  

 

ʊʘʙʣʠʮʘ 23 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʚ 

ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʪʦʤʘʪʘ 

ʩʦʨʪʦʚ ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ, ʤʛ/ʛ  

ʃʷʥʘ ɺʩʧʳʰʢʘ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 

ɼʅʘʊ+ʥʦʯʥʦʝ 

ʉʀɼ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 

ɼʅʘʊ+ʥʦʯʥʦʝ 

ʉʀɼ 

ʍʣʦʨʦʬʠʣʣ a 0,87Ñ0,13b 1,22Ñ0,12a 0,95Ñ0,14b 1,31Ñ0,16a 

ʍʣʦʨʦʬʠʣʣ b 0,37Ñ0,05b 0,55Ñ0,08a 0,39Ñ0,06b 0,57Ñ0,08a 

ʉʫʤʤʘ ʭʣʦʨʦʬʠʣʣʦʚ (ʘ+b) 1,24Ñ0,18b 1,77Ñ0,20a 1,34Ñ0,20b 1,88Ñ0,24a 

ʂʘʨʦʪʠʥʦʠʜʳ 0,22Ñ0,04b 0,31Ñ0,06a 0,28Ñ0,05b 0,36Ñ0,05a 
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ʋ ʩʦʨʪʘ ʃʷʥʘ ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʦʯʥʦʛʦ ʉʀɼ ʦʩʚʝʱʝʥʠʷ 

ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ a ʥʘ 40,2%, 

ʭʣʦʨʦʬʠʣʣʘ b ʥʘ 48,6%, ʩʫʤʤʳ ʭʣʦʨʦʬʠʣʣʦʚ (a+b) ʥʘ 42,7% ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ 

ʥʘ 40,9% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɸʥʘʣʦʛʠʯʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ 

ʥʘʙʣʶʜʘʣʘʩʴ ʫ ʩʦʨʪʘ ɺʩʧʳʰʢʘ, ʛʜʝ ʧʨʠʨʦʩʪ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʘʚʠʣ: ʭʣʦʨʦʬʠʣʣʘ 

a ï 37,9%, ʭʣʦʨʦʬʠʣʣʘ b ï 46,2%, ʩʫʤʤʳ ʭʣʦʨʦʬʠʣʣʦʚ ï 40,3%, ʢʘʨʦʪʠʥʦʠʜʦʚ 

ï 28,6% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ɼʅʘʊ). ɺ ʩʨʝʜʥʝʤ, ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 43,1% ʫ ʩʦʨʪʘ ʃʷʥʘ ʠ 

ʥʘ 38,2% ʫ ʩʦʨʪʘ ɺʩʧʳʰʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

(ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʪʦʣʴʢʦ ɼʅʘʊ). ʇʦʚʳhʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʠʤʫʣʷʮʠʝʡ ʠʭ ʙʠʦʩʠʥʪʝʟʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʯʥʦʛʦ ʉʀɼ-ʦʩʚʝʱʝʥʠʷ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʩʦʨʪ ɺʩʧʳʰʢʘ ʩʦʭʨʘʥʷʣ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʧʠʛʤʝʥʪʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʚ ʦʪʚʝʪ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ʙʳʣ 

ʚʳʰʝ ʫ ʩʦʨʪʘ ʃʷʥʘ ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʢʨʦʤʝ ʭʣʦʨʦʬʠʣʣʘ b. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʪʦʤʘʪʘ 

ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʪʦʣʴʢʦ ɼʅʘʊ) ʥʘ ʦʙʘ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʥʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʩʠʣʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʦʙʦʠʭ ʩʦʨʪʦʚ ʚ ʩʨʝʜʥʝʤ ʥʘ 21,7% ʜʦ 2,75 ʢʛ (ʨʠʩʫʥʦʢ 22 ɸ). ʇʣʦʜʳ ʪʦʤʘʪʘ, 

ʚʳʨʘʱʝʥʥʳʝ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʦʣʝʝ 

ʚʳʨʦʚʥʝʥʥʦʡ ʬʦʨʤʦʡ, ʠʥʪʝʥʩʠʚʥʦʡ ʦʢʨʘʩʢʦʡ ʠ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʥʝʰʥʠʭ ʜʝʬʝʢʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʨʠʩʫʥʦʢ 22 ɹ), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʣʫʯʰʝʥʠʠ ʠʭ ʪʦʚʘʨʥʳʭ ʢʘʯʝʩʪʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʜʘʥʥʦʛʦ 

ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ. 
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ʈʠʩʫʥʦʢ 22 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʚ 

ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (ɸ) ʪʦʤʘʪʘ; ʚʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ ʧʣʦʜʦʚ (ɹ) 

ʩʦʨʪʦʚ ʃʷʥʘ (1) ʠ ɺʩʧʳʰʢʘ (2) (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05)  

 

ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚʳʨʘʟʠʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʠ ʪʦʚʘʨʥʦʛʦ ʚʠʜʘ, ʥʦ ʠ ʚ ʠʟʤʝʥʝʥʠʠ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʣʦʜʦʚ. ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʜʦʩʪʦʚʝʨʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ (Brix): ʥʘ 35,5% ʫ ʩʦʨʪʘ 

ʃʷʥʘ ʠ ʥʘ 26,0% ʫ ʩʦʨʪʘ ɺʩʧʳʰʢʘ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʥʦʯʥʦʤ ʉʀɼ 

ʦʩʚʝʱʝʥʠʠ (ʪʘʙʣʠʮʳ 24). ʋ ʩʦʨʪʘ ʃʷʥʘ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦ ʫʚʝʣʠʯʠʣʦʩʴ 

ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ʉ (ʥʘ 26,5%) ʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (ʥʘ 17,4%). ʋ ʩʦʨʪʘ 

ɺʩʧʳʰʢʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʦʪʤʝʯʝʥ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʠʬʝʥʦʣʦʚ (ʥʘ 

20,7%) ʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (ʥʘ 14,6%). ʇʨʠ ʵʪʦʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʚʦʟʨʦʩʣʘ ʫ ʦʙʦʠʭ ʩʦʨʪʦʚ (ʥʘ 16,4% ʠ 12,4% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʘʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʦʤ ʭʘʨʘʢʪʝʨʝ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ʥʘ ʥʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ. ʅʦʯʥʦʝ ʉʀɼ ʦʩʚʝʱʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʠʣʦ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ, ʦʩʦʙʝʥʥʦ ʫ ʩʦʨʪʘ ʃʷʥʘ, ʟʘ ʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ, Brix, ʚʠʪʘʤʠʥ C), ʯʪʦ 

b

a

b

a

0,0

1,0

2,0

3,0

4,0

ɼʅaʊ 

(ʢʦʥʪʨʦʣʴ)

ɼʅaʊ+ʥʦʯʥʦʝ 

ʉʀɼ

ɼʅaʊ 

(ʢʦʥʪʨʦʣʴ)

ɼʅaʊ+ʥʦʯʥʦʝ 

ʉʀɼ

ʃʷʥʘ ɺʩʧʳʰʢʘ

ʇ
ʨ
ʦ
ʜ
ʫ
ʢ
ʪ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʴ

, 
ʢ
ʛ
/
ʨ
ʘ
ʩ
ʪ
ʝ
ʥ
ʠ
ʝ



108 

 

 

 

ʧʦʚʳʩʠʣʦ ʠʭ ʪʦʚʘʨʥʳʝ ʠ ʧʠʪʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʦʤ ʭʘʨʘʢʪʝʨʝ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʥʘ 

ʥʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ. 

 

ʊʘʙʣʠʮʘ 24 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʚ 

ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ 

ʩʦʨʪʦʚ ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ (2023-2024 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʇʦʢʘʟʘʪʝʣʴ 
ʃʷʥʘ ɺʩʧʳʰʢʘ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
ɼʅʘʊ+ʥʦʯʥʦʝ 

ʉʀɼ 
ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
ɼʅʘʊ+ʥʦʯʥʦʝ 

ʉʀɼ 
ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ, % 4,37Ñ0,16b 5,13Ñ0,24a 4,44Ñ0,18b 5,09Ñ0,31a 
ʈʘʩʪʚʦʨʠʤʳʝ ʩʫʭʠʝ 

ʚʝʱʝʩʪʚʘ (Brix), % 
6,42Ñ0,39ʩ 8,70Ñ0,53b 7,84Ñ0,45b 9,88Ñ0,49a 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ (ɸɸ), ʤʛ-

ʵʢʚ ʛʘʣʣʦʚʦʡ 

ʢʠʩʣʦʪʳ/100 ʛ 

107,49Ñ5,47d 125,14Ñ5,76c 136,51Ñ5,39b 153,38Ñ7,75a 

ʇʦʣʠʬʝʥʦʣʳ, ʤʛ-ʵʢʚ 

ʛʘʣʣʦʚʦʡ ʢʠʩʣʦʪʳ/100 ʛ 
35,13Ñ2,21c 39,57Ñ2,18b 45,47Ñ4,48b 54,89Ñ4,69a 

ɺʠʪʘʤʠʥ ʉ, ʤʛ/100 ʛ 11,37Ñ0,99d 14,38Ñ1,05c 20,61Ñ1,27b 23,89Ñ1,42a 

 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʢʘʨʦʪʠʥʦʠʜʦʚ (ʣʠʢʦʧʠʥʘ, ɓ-ʢʘʨʦʪʠʥʘ, ʣʶʪʝʠʥʘ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʩʚʝʱʝʥʠʝ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) 

ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʦ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʣʦʜʘʭ ʦʙʦʠʭ ʩʦʨʪʦʚ (ʨʠʩʫʥʦʢ 20 A-

ɻ). ʅʘʠʙʦʣʴʰʠʡ ʦʪʢʣʠʢ ʥʘ ʩʚʝʪʦʚʦʡ ʨʝʞʠʤ ʦʪʤʝʯʝʥ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʣʶʪʝʠʥʘ: 

ʫ ʩʦʨʪʘ ʃʷʥʘ ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 39,9%, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʣʦ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʨʪʘ ɺʩʧʳʰʢʘ (18,9%) (ʨʠʩʫʥʦʢ 23 A). ʆʙʘ ʩʦʨʪʘ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ɓ-ʢʘʨʦʪʠʥʘ (ʥʘ 

32,1% ʠ 35,4% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʠʭ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʵʪʦʛʦ ʧʨʦʚʠʪʘʤʠʥʘ  

(ʨʠʩʫʥʦʢ 23 B). ʉʦʨʪ ʃʷʥʘ, ʧʦʢʘʟʘʚʰʠʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʧʦ ʩʫʤʤʝ 

ʢʘʨʦʪʠʥʦʠʜʦʚ (30,0%) ʠ ʣʠʢʦʧʠʥʫ (27,7%) (ʨʠʩʫʥʦʢ 23 ɺ, ɻ), ʧʨʦʷʚʠʣ ʩʝʙʷ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʛʝʥʦʪʠʧ ʜʣʷ ɿɸʕʉ. ɺʳʨʘʞʝʥʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 
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ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ ʩʦʨʪʦʚ ʥʘ ʥʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʮʝʣʝʚʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʧʨʘʚʣʷʝʤʳʭ ʘʛʨʦʩʠʩʪʝʤʘʭ. 

 

  

ɸ ɹ 

  

ɺ ɻ 

ʈʠʩʫʥʦʢ 23 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʚ 

ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʣʶʪʝʠʥʘ (ɸ), ɓ-ʢʘʨʦʪʠʥʘ (ɹ), ʣʠʢʦʧʠʥʘ (ɺ) ʠ 

ʩʫʤʤʫ ʢʘʨʦʪʠʥʦʠʜʦʚ (ɻ) ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ  

(2023-2024 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ  

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʢʣʶʯʝʚʳʤʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ, ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ 

ʫʩʪʦʡʯʠʚʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ 

ʧʣʦʜʦʚ. ʆʙʥʘʨʫʞʝʥʳ ʫʤʝʨʝʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 
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ʩʦʜʝʨʞʘʥʠʝʤ ʚʠʪʘʤʠʥʘ C ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ (Brix), 

ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʚʠʪʘʤʠʥʦʤ C ʠ ʧʦʣʠʬʝʥʦʣʘʤʠ (ʨʠʩʫʥʦʢ 24). ʂʣʶʯʝʚʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʘ ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʠʬʝʥʦʣʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʝʜʫʱʫʶ ʨʦʣʴ 

ʧʦʣʠʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʩʚʝʱʝʥʠʝ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) 

ʫʩʠʣʠʚʘʣʦ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʧʦʣʠʬʝʥʦʣʦʚ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠ ʧʦʣʠʬʝʥʦʣʦʚ. 

 

 

ʈʠʩʫʥʦʢ 24 ï ʄʘʪʨʠʮʳ ʧʘʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ: (ɸ) ʩʦʨʪ ʃʷʥʘ, ɼʅʘʊ; (ɹ) ʩʦʨʪ ʃʷʥʘ, ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ; (ɺ) 

ʩʦʨʪ ɺʩʧʳʰʢʘ, ɼʅʘʊ; (ɻ) ʩʦʨʪ ɺʩʧʳʰʢʘ, ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ.  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʣʝ ʢʦʨʨʝʣʷʮʠʠ  

(ʩʚʝʪʣʘʷ ï ʩʣʘʙʘʷ/ʫʤʝʨʝʥʥʘʷ, ʪʝʤʥʦ-ʩʠʥʷʷ ï ʩʠʣʴʥʘʷ) 

 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʥʝ 

ʪʦʣʴʢʦ ʧʦʚʳʩʠʣʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʣʶʯʝʚʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 
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(ʨʘʩʪʚʦʨʠʤʳʝ ʩʫʭʠʝ ʚʝʱʝʩʪʚʘ, ʧʦʣʠʬʝʥʦʣʳ, ʚʠʪʘʤʠʥ C, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ), ʥʦ ʠ ʧʨʠʚʦʜʠʣʦ ʢ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ʋ ʩʦʨʪʘ ʃʷʥʘ ʥʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ 

ʦʩʣʘʙʠʣʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʭʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʧʦʣʠʬʝʥʦʣʘʤʠ, ʥʦ ʫʩʠʣʠʣʦ 

ʚʟʘʠʤʦʩʚʷʟʴ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʩ ʚʠʪʘʤʠʥʦʤ C. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʫ ʩʦʨʪʘ 

ɺʩʧʳʰʢʘ ʥʘʙʣʶʜʘʣʦʩʴ ʫʩʠʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʫʭʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ 

ʧʦʣʠʬʝʥʦʣʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʚʷʟʴ ʧʦʣʠʬʝʥʦʣʦʚ ʩ ʚʠʪʘʤʠʥʦʤ C ʦʩʪʘʚʘʣʘʩʴ 

ʩʣʘʙʦʡ. 

ɺʳʷʚʣʝʥʥʘʷ ʨʘʟʥʘʷ ʤʝʪʘʙʦʣʠʯʝʩʢʘʷ ʩʪʨʘʪʝʛʠʷ ʩʦʨʪʦʚ ʚ ʦʪʚʝʪ ʥʘ ʦʜʠʥ ʠ 

ʪʦʪ ʞʝ ʩʚʝʪʦʚʦʡ ʨʝʞʠʤ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʣʦʜʦʚ ʟʘ ʩʯʝʪ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʭ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʠʨʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯ: ʚʳʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ ʩ ʟʘʜʘʥʥʳʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

(ʧʦʣʠʬʝʥʦʣʴʥʳʤ ʠʣʠ ʚʠʪʘʤʠʥʥʳʤ) ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʛʝʥʦʪʠʧʦʚ ʪʦʤʘʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʧʦʣʝʟʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ ʚ ɿɸʕʉ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ, ʥʘʨʷʜʫ ʩ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ ʧʨʦʬʠʣʝʤ 

ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʩʘʭʘʨʦʚ, ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ 

ʢʘʢ ʢʣʶʯʝʚʦʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʭ ʧʠʱʝʚʫʶ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. 

ɸʥʘʣʠʟ ʚʳʷʚʠʣ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

(ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ ʪʦʤʘʪʘ. ɻʣʫʪʘʤʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ʠ ʛʣʫʪʘʤʠʥ (Glu+Gln) ʩʦʩʪʘʚʣʷʣʠ ʜʦ 45,4% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʬʦʨʤʠʨʫʷ ʦʩʥʦʚʫ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʧʨʦʬʠʣʷ (ʨʠʩʫʥʦʢ 25). 

ʅʦʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʚʝʪʦʜʠʦʜʘʤʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʩʝʤʠ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʩʦʨʪʘ ʃʷʥʘ, ʪʘʢʠʭ ʢʘʢ ʣʠʟʠʥ 

(Lys) ï ʥʘ 9,2%, ʛʠʩʪʠʜʠʥ (His) ï ʥʘ 25,9%, ʚʘʣʠʥ (Val) ï ʥʘ 8,9%, 

ʣʝʡʮʠʥ+ʠʟʦʣʝʡʮʠʥ (Leu+Ile) ï ʥʘ 7,7%, ʤʝʪʠʦʥʠʥ (Met) ï ʥʘ 24,6% ʠ ʪʨʝʦʥʠʥ 

(Thr) ï ʥʘ 8,0%. ɸʥʘʣʦʛʠʯʥʦ, ʫ ʩʦʨʪʘ ɺʩʧʳʰʢʘ ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʰʝʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ: ʛʠʩʪʠʜʠʥʘ (His) ï ʥʘ 17,1%, ʚʘʣʠʥʘ (Val) ï ʥʘ 13,3%, 
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ʣʝʡʮʠʥʘ + ʠʟʦʣʝʡʮʠʥʘ (Leu+Ile) ï ʥʘ 9,9%, ʤʝʪʠʦʥʠʥʘ (Met) ï ʥʘ 28,6% ʠ 

ʪʨʝʦʥʠʥʘ (Thr) ï ʥʘ 13,1% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ.   

 

ʈʠʩʫʥʦʢ 25 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʚ 

ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʃʷʥʘ ʠ 

ɺʩʧʳʰʢʘ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʩʚʝʱʝʥʠʝ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʥʘʢʦʧʣʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʦʙʦʠʭ ʩʦʨʪʦʚ. ʋ 

ʩʦʨʪʘ ʃʷʥʘ ʩʦʜʝʨʞʘʥʠʝ ʢʣʶʯʝʚʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʫʚʝʣʠʯʠʣʦʩʴ: ʛʣʫʪʘʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʛʣʫʪʘʤʠʥʦʤ (Glu+Gln) ï ʥʘ 19,4%, ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʘʩʧʘʨʘʛʠʥʦʤ (Asp+Asn) ï ʥʘ 16,5%, ʧʨʦʣʠʥʘ (Pro) ï ʥʘ 14,0%. ʋ ʩʦʨʪʘ ɺʩʧʳʰʢʘ 

ʥʘʙʣʶʜʘʣʩʷ ʩʭʦʜʥʳʡ, ʥʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʡ ʧʨʠʨʦʩʪ ʧʦ ʪʝʤ ʞʝ ʩʦʝʜʠʥʝʥʠʡ 

(18,5%, 9,4% ʠ 13,1% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʪʦʪ ʵʬʬʝʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʘʢʪʠʚʘʮʠʝʡ 

ʬʝʨʤʝʥʪʦʚ ʙʠʦʩʠʥʪʝʟʘ ʘʤʠʥʦʢʠʩʣʦʪ (ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ Ŭ-

ʢʝʪʦʛʣʫʪʘʨʘʪ-ʟʘʚʠʩʠʤʦʡ ɔ-ʘʤʠʥʦʙʫʪʠʨʘʪʪʨʘʥʩʘʤʠʥʘʟʳ). 

ʇʦʩʢʦʣʴʢʫ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʙʝʣʢʦʚʫʶ 

ʮʝʥʥʦʩʪʴ, ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʙʳʣ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ 

ʤʘʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ. ɸʥʘʣʠʟ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ 
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ʃʷʥʘ ɼʅʘʊ (ʢʦʥʪʨʦʣʴ)

ʃʷʥʘ ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ

ɺʩʧʳʰʢʘ ɼʅʘʊ (ʢʦʥʪʨʦʣʴ)

ɺʩʧʳʰʢʘ ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ
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ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʥʘ ʤʘʢʨʦʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ ʧʣʦʜʦʚ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʦʨʪʦʚʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ. ʅʘʠʙʦʣʴʰʠʡ ʦʪʢʣʠʢ 

ʫ ʦʙʦʠʭ ʩʦʨʪʦʚ ʥʘʙʣʶʜʘʣʩʷ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʤʘʛʥʠʷ ʠ ʩʝʨʳ: ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ 

ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 20,2% ʫ ʃʷʥʳ ʠ ʥʘ 14,0% ʫ ɺʩʧʳʰʢʠ, ʩʝʨʳ ï ʥʘ 16,9% ʠ 40,8% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 25). 

 

ʊʘʙʣʠʮʘ 25 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʚ 

ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ 

ʩʦʨʪʦʚ ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʜʝʨʞʘʥʠʝ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, 

ʤʛ/100 ʛ  

ʃʷʥʘ ɺʩʧʳʰʢʘ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 

ɼʅʘʊ+ʥʦʯʥʦʝ 

ʉʀɼ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 

ɼʅʘʊ+ʥʦʯʥʦʝ 

ʉʀɼ 

K 263,18Ñ2,88b 271,96Ñ4,19a 231,13Ñ6,07d 250,63Ñ4,60c 

Mg 9,62Ñ0,16b 11,56Ñ0,42a 8,57Ñ0,47c 9,77Ñ0,25b 

Ca 10,58Ñ0,39a 10,25Ñ0,41a 9,35Ñ0,37b 9,52Ñ0,34b 

S 6,86Ñ0,17b 8,02Ñ0,18a 5,83Ñ0,08c 8,21Ñ0,07a 

P 25,10Ñ0,55c 28,16Ñ0,49a 26,98Ñ0,10b 27,57Ñ0,25a 
 

ʅʘʨʷʜʫ ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ (ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʪʦʚʘʨʥʳʡ ʚʠʜ), ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʴ (ʨʠʩʫʥʦʢ 26). 

 

 

ʈʠʩʫʥʦʢ 26 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ) ʚ 

ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʃʷʥʘ ʠ 

ɺʩʧʳʰʢʘ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 
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ʅʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʠʪʨʘʪʦʚ ʚ 

ʧʣʦʜʘʭ ʦʙʦʠʭ ʩʦʨʪʦʚ, ʧʨʠ ʵʪʦʤ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʩʪʘʚʘʣʦʩʴ 

ʥʠʞʝ ʇɼʂ. ʋ ʩʦʨʪʘ ʃʷʥʘ ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 23,2% (ʜʦ 122,7 ʤʛ/ʢʛ), ʫ 

ɺʩʧʳʰʢʠ ï 25,3% (ʜʦ 131,4 ʤʛ/ʢʛ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ɼʣʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʦʨʪʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʩʚʝʪʦʚʳʭ 

ʨʝʞʠʤʦʚ ʥʘ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʠʟʫʯʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, 

ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʙʝʟʦʧʘʩʥʦʩʪʴ) ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) (ʨʠʩʫʥʦʢ 27).  

 

 

ʈʠʩʫʥʦʢ 27 ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA): ʜʚʦʡʥʦʡ ʛʨʘʬʠʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʧʦ ʠʟʫʯʝʥʥʳʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

 

ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʚʳʷʚʠʣ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʦʙʨʘʟʮʦʚ 

ʧʦ ʜʚʫʤ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʘʤ: ʩʦʨʪʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ) ʠ 

ʨʝʞʠʤʫ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ ʠ ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ). ʇʝʨʚʳʝ ʜʚʝ ʛʣʘʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʦʙʲʷʩʥʠʣʠ ʧʦʜʘʚʣʷʶʱʫʶ ʯʘʩʪʴ ʦʙʱʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ 

(ʩʫʤʤʘʨʥʦ 99,4%), ʯʪʦ ʚʠʟʫʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʠ 
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ʢʦʤʧʣʝʢʩʥʦʝ ʚʣʠʷʥʠʝ ʢʘʢ ʛʝʥʦʪʠʧʘ, ʪʘʢ ʠ ʫʩʣʦʚʠʡ ʩʚʝʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʧʣʦʜʦʚ ʪʦʤʘʪʘ. ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʢʘʟʘʣ 

ʯʝʪʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʘ ʧʦ ʨʝʞʠʤʫ ʦʩʚʝʱʝʥʠʷ: 

ʨʘʩʪʝʥʠʷ, ʚʳʨʘʱʝʥʥʳʝ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ɼʅʘʊ, ʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʚ ʣʝʚʦʡ ʯʘʩʪʠ 

ʛʨʘʬʠʢʘ, ʘ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʦʩʚʝʱʝʥʠʠ (ɼʅʘʊ+ʉʀɼ) ï ʚ ʧʨʘʚʦʡ, 

ʧʦʢʘʟʳʚʘʷ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʨʦʤʝ 

ʥʠʪʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʣʠʩʴ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʙʨʘʙʦʪʢʘ 

ɼʅʘʊ+ʥʦʯʥʦʝ ʉʀɼ ʚʳʟʚʘʣʘ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʷ. ʉʦʨʪ ʃʷʥʘ ʧʦʢʘʟʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ 

(ʣʶʪʝʠʥ, ʣʠʢʦʧʠʥ, ɓ-ʢʘʨʦʪʠʥ), ʘ ʩʦʨʪ ɺʩʧʳʰʢʘ ï ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʧʦ ʢʦʤʧʣʝʢʩʫ 

ʧʨʠʟʥʘʢʦʚ ʢʘʯʝʩʪʚʘ (ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʧʦʣʠʬʝʥʦʣʳ, Brix). ʇʨʠ 

ʵʪʦʤ ʫ ʦʙʦʠʭ ʩʦʨʪʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʩʠʣʦ 

ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 

15,9-26,5%, ʧʦʣʠʬʝʥʦʣʦʚ ʥʘ 12,6-20,7%, ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʘ 21,0-39,9%, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʠʣʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʧʨʦʬʠʣʴ. ʀʩʢʣʶʯʝʥʠʝʤ ʩʪʘʣʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʠʪʨʘʪʦʚ, ʢʦʪʦʨʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʩʥʠʟʠʣʘʩʴ ʥʘ 23,2% ʠ 25,3% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʘ ʩʦʨʪʘ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʚ ɿɸʕʉ, ʥʦ ʩ ʨʘʟʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ. ʉʦʨʪ ɺʩʧʳʰʢʘ ʦʙʝʩʧʝʯʠʚʘʣ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʮʝʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʩʝʨʳ (ʧʨʠʨʦʩʪ 40,8%), ʧʦʣʠʬʝʥʦʣʦʚ (20,7%) ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʦʨʪ ʃʷʥʘ ʚʳʜʝʣʷʣʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʦʪʟʳʚʯʠʚʦʩʪʴʶ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʦʩʚʝʱʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʥʘʠʙʦʣʴʰʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʧʦ ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ: ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ (17,4%), 

ʨʘʩʪʚʦʨʠʤʳʤ ʩʘʭʘʨʘʤ (35,5%), ʣʶʪʝʠʥʫ (39,9%), ʣʠʢʦʧʠʥʫ (27,7%), ʚʠʪʘʤʠʥʫ 

ʉ (26,5%) ʠ ʤʘʛʥʠʶ (20,2%).  

ʉʦʨʪ ʃʷʥʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʟʳʚʯʠʚʦʩʪʴʶ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʶ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʮʝʥʥʦʩʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢʘ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʬʦʨʤ. ʉʦʨʪ ɺʩʧʳʰʢʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʩʪʘʙʠʣʴʥʦ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʣʶʯʝʚʳʭ ʥʫʪʨʠʝʥʪʦʚ (ʩʝʨʘ, ʧʦʣʠʬʝʥʦʣʳ) ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʮʝʥʥʦʩʪʴ ʥʘ ʧʦʚʳʰʝʥʥʫʶ 

ʠ ʩʪʘʙʠʣʴʥʫʶ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʧʣʦʜʦʚ. 
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4.3 ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʅʘʪʘʰʘ ʠ ʊʠʤʦʰʘ  

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʦʨʪʘ ʪʦʤʘʪʘ 

ʅʘʪʘʰʘ ʠ ʊʠʤʦʰʘ ï ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʝʪʝʨʤʠʥʘʥʪʥʳʝ ʛʝʥʦʪʠʧʳ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʜʣʷ ʤʥʦʛʦʷʨʫʩʥʦʡ ʛʠʜʨʦʧʦʥʠʢʠ. ʂʨʠʪʝʨʠʷʤʠ ʦʪʙʦʨʘ 

ʧʦʩʣʫʞʠʣʠ ʠʭ ʘʜʘʧʪʠʨʦʚʘʥʥʦʩʪʴ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʝ, ʢʦʤʧʘʢʪʥʳʡ 

ʛʘʙʠʪʫʩ, ʩʢʦʨʦʩʧʝʣʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ. ʀʟʫʯʝʥʠʝ ʠʭ ʘʜʘʧʪʠʚʥʳʭ 

ʨʝʘʢʮʠʡ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʠʜʨʦʧʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʂʣʶʯʝʚʳʤ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ ʚ ʫʧʨʘʚʣʷʝʤʦʤ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʷʚʣʷʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʧʝʢʪʨʦʤ ʩʚʝʪʘ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʝʜʫʙʦʨʦʯʥʘʷ ʩʚʝʪʦʚʘʷ ʦʙʨʘʙʦʪʢʘ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʪʦʙʨʘʥʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʚʝʱʝʥʠʷ ʚ 

ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʚʣʠʷʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ  

(Virsilǟ et al., 2024; Shen et al., 2024).  

ʅʘʰʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʨʘʩʪʝʥʠʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʦʝ (p<0,05) ʚʣʠʷʥʠʝ 

ʩʧʝʢʪʨʘ ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ, ʢʦʪʦʨʦʝ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʦʪʠʧʘ ʠ 

ʬʘʟʳ ʨʘʟʚʠʪʠʷ. ɺ ʬʘʟʝ 4-6 ʣʠʩʪʴʝʚ ʙʝʣʳʡ ʩʧʝʢʪʨ ʫʚʝʣʠʯʠʚʘʣ ʜʣʠʥʫ ʧʦʙʝʛʘ ʫ 

ʦʙʦʠʭ ʩʦʨʪʦʚ ʥʘ 11,6ï14,2% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ɼʅʘʊ). ʅʘʧʨʦʪʠʚ, 

ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʩʠʥʠʡ ʩʧʝʢʪʨ, ʧʨʠʤʝʥʷʚʰʠʡʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ, ʩʥʠʞʘʣ 

ʜʣʠʥʫ ʧʦʙʝʛʘ ʩʦʨʪʘ ʅʘʪʘʰʘ ʥʘ 26,5% (ʪʘʙʣʠʮʘ 26). ʂ ʬʘʟʝ ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ 

ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ ʫ ʩʦʨʪʦʚ ʙʳʣʦ ʨʘʟʣʠʯʥʳʤ. ʋ ʩʦʨʪʘ ʅʘʪʘʰʘ 

ʥʠ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʥʝ ʧʨʝʚʳʩʠʣ ʢʦʥʪʨʦʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (29,93 ʩʤ), ʘ ʩʠʥʠʡ 

ʩʧʝʢʪʨ ʧʨʦʜʦʣʞʘʣ ʩʥʠʞʘʪʴ ʜʣʠʥʫ ʧʦʙʝʛʘ (ʜʦ 23,87 ʩʤ, ʥʘ 20,2%). ʋ ʩʦʨʪʘ 

ʊʠʤʦʰʘ ʨʘʩʪʝʥʠʷ ʧʦʜ ʢʨʘʩʥʳʤ ʠ ʙʝʣʳʤ ʩʧʝʢʪʨʦʤ (33,63 ʠ 31,97 ʩʤ) 
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ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʢʦʥʪʨʦʣʷ (34,00 ʩʤ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ 

ʧʦʚʳʰʝʥʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʛʝʥʦʪʠʧʘ ʜʣʷ ɿɸʕʉ. 

 

ʊʘʙʣʠʮʘ 26 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʅʘʪʘʰʘ ʠ ʊʠʤʦʰʘ (2024-2025 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

(ʨ<0,05)  

 

ɺ ʬʘʟʫ ʤʘʩʩʦʚʦʛʦ ʥʘʣʠʚʘ ʧʨʝʜʫʙʦʨʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ 

ʦʢʘʟʳʚʘʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʡ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʦʙʘ ʩʦʨʪʘ, 

ʫʚʝʣʠʯʠʚʘʷ ʜʣʠʥʫ ʧʦʙʝʛʘ ʥʘ 12,0-12,8% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʇʨʠ ʵʪʦʤ 

ʜʣʷ ʩʦʨʪʘ ʊʠʤʦʰʘ ʘʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ (11,3%) ʦʙʝʩʧʝʯʠʚʘʣ ʪʘʢʞʝ ʠ 

ʧʦʩʪʦʷʥʥʳʡ ʙʝʣʳʡ ʩʧʝʢʪʨ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʝʛʦ ʚʳʩʦʢʫʶ ʘʜʘʧʪʠʚʥʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʢ ʨʘʟʥʳʤ ʨʝʞʠʤʘʤ ʦʩʚʝʱʝʥʠʷ. ʂ ʬʘʟʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʣʦʩʪʠ 

ʧʦʩʪʦʷʥʥʦʝ ʙʝʣʦʝ ʦʩʚʝʱʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʦʙʦʠʭ 

ʩʦʨʪʦʚ, ʦʙʝʩʧʝʯʠʚ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʜʣʠʥʳ ʧʦʙʝʛʘ: 15,0% ʫ ʩʦʨʪʘ 

ʅʘʪʘʰʘ ʠ 24,2% (ʜʦ 56,87 ʩʤ) ʫ ʩʦʨʪʘ ʊʠʤʦʰʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʇʨʝʜʫʙʦʨʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ʩʦʨʪʘ ʊʠʤʦʰʘ (50,87 ʩʤ).  

 

ʌʘʟʘ ʨʘʟʚʠʪʠʷ 

ʉʦʨʪ ɼʣʠʥʘ ʧʦʙʝʛʘ, ʩʤ 

ʚʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
ʙʝʣʳʡ ʩʧʝʢʪʨ  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʠʥʠʡ ʩʧʝʢʪʨ  
ʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ  
4-6 ʥʘʩʪʦʷʱʠʭ 

ʣʠʩʪʴʝʚ 

ʅʘʪʘʰʘ 9,52Ñ0,57ʩ 10,87Ñ0,35b 7,00Ñ0,43e 8,15Ñ0,34d 

ʊʠʤʦʰʘ 11,17Ñ0,64b 12,47Ñ0,65a 10,07Ñ0,38ʩ 10,97Ñ0,61bʩ 

ʥʘʯʘʣʦ ʮʚʝʪʝʥʠʷ ʅʘʪʘʰʘ 29,93Ñ1,25b 29,00Ñ1,32bʩ 23,87Ñ1,18d 27,07Ñ0,90c 

ʊʠʤʦʰʘ 34,00Ñ2,29a 31,97Ñ1,45ab 27,63Ñ1,03c 33,63Ñ1,63a 

ʤʘʩʩʦʚʳʡ ʥʘʣʠʚ ʅʘʪʘʰʘ 36,47Ñ1,05c 39,07Ñ1,40b 35,33Ñ1,53c 40,83Ñ1,61b 

ʊʠʤʦʰʘ 40,33Ñ0,80b 44,87Ñ2,60a 43,00Ñ0,78ab 45,50Ñ3,04a 

ʩʦʟʨʝʚʘʥʠʝ 

ʧʣʦʜʦʚ 

(ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʩʧʝʣʦʩʪʴ) 

ʅʘʪʘʰʘ 42,00Ñ1,32d 48,30Ñ1,92bc 42,57Ñ1,29d 46,45Ñ1,42c 

ʊʠʤʦʰʘ 45,77Ñ1,16c 56,87Ñ1,55a 48,77Ñ2,61bc 50,87Ñ3,26b 
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ɼʣʷ ʦʮʝʥʢʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʚʳʷʚʣʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʜʣʠʥʝ 

ʧʦʙʝʛʘ ʚ ʦʪʚʝʪ ʥʘ ʩʧʝʢʪʨ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ (ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ) ʚ ʣʠʩʪʴʷʭ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ 

(ʪʘʙʣʠʮʘ 27). ʋ ʩʦʨʪʘ ʅʘʪʘʰʘ ʚʩʝ ʚʘʨʠʘʥʪʳ ʧʨʝʜʫʙʦʨʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ. 

ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ: ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ ʘ ʚʦʟʨʘʩʪʘʣʦ ʥʘ 61,8%, ʭʣʦʨʦʬʠʣʣʦʚ (a+b) ʥʘ 46,5% ʠ 

ʢʘʨʦʪʠʥʦʠʜʦʚ ï ʥʘ 88,2% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʪʠʤʫʣʠʨʦʚʘʣ ʥʘʢʦʧʣʝʥʠʝ ʭʣʦʨʦʬʠʣʣʘ b (ʧʨʠʨʦʩʪ 31,3%).  

 

ʊʘʙʣʠʮʘ 27 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʅʘʪʘʰʘ 

ʠ ʊʠʤʦʰʘ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05)  

 

ʋ ʩʦʨʪʘ ʊʠʤʦʰʘ ʨʝʘʢʮʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʙʳʣʘ ʠʥʦʡ: ʥʠ 

ʦʜʠʥ ʨʝʞʠʤ ʥʝ ʧʦʚʳʰʘʣ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʘ. ʉʠʥʠʡ ʩʧʝʢʪʨ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ b (ʥʘ 9,0%), ʘ ʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ ʩʥʠʞʘʣ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʘ 14,7% (ʜʦ 0,58 ʤʛ/ʛ).  

ɺʳʷʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʝʘʢʮʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦʨʪʦʚ 

ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ʦʪʨʘʟʠʣʠʩʴ ʥʘ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʋ ʩʦʨʪʘ 

ʅʘʪʘʰʘ ʧʨʝʜʫʙʦʨʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʩʠʥʠʤ ʠ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ ʩʥʠʞʘʣʦ ʤʘʩʩʫ 

ʉʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ, ʤʛ/ʛ  
ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 

ʙʝʣʳʡ 

ʩʧʝʢʪʨ  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʠʥʠʡ 

ʩʧʝʢʪʨ  
ʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ  

ʍʣʦʨʦʬʠʣʣ ʘ 
ʅʘʪʘʰʘ 1,78Ñ0,06d 2,61Ñ0,14ab 2,88Ñ0,16a 2,25Ñ0,10bc 

ʊʠʤʦʰʘ 2,49Ñ0,17b 2,36Ñ0,05b 2,38Ñ0,09b 2,21Ñ0,05c 

ʍʣʦʨʦʬʠʣʣ  b 
ʅʘʪʘʰʘ 0,67Ñ0,01d 0,66Ñ0,04cd 0,71Ñ0,03c 0,88Ñ0,01b 

ʊʠʤʦʰʘ 0,89Ñ0,07b 0,92Ñ0,01b 0,97Ñ0,01a 0,89Ñ0,04b 

ʉʫʤʤʘ 

ʭʣʦʨʦʬʠʣʣʦʚ (ʘ+b) 

ʅʘʪʘʰʘ 2,45Ñ0,0d 3,27Ñ0,13bc 3,59Ñ0,18a 3,12Ñ0,10c 

ʊʠʤʦʰʘ 3,38Ñ0,23abc 3,28Ñ0,04b 3,35Ñ0,10ab 3,09Ñ0,08c 

ʂʘʨʦʪʠʥʦʠʜʳ 
ʅʘʪʘʰʘ 0,51Ñ0,02e 0,53Ñ0,01e 0,96Ñ0,05a 0,60Ñ0,02d 

ʊʠʤʦʰʘ 0,68Ñ0,03b 0,57Ñ0,02d 0,63Ñ0,01c 0,58Ñ0,03d 
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ʧʣʦʜʘ ʥʘ 26,8% ʠ 33,0% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (14,64 ʛ). 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (0,46 ʢʛ, ʥʘ 7,0% ʚʳʰʝ ʢʦʥʪʨʦʣʷ) ʜʦʩʪʠʛʘʣʘʩʴ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʙʝʣʦʤ ʦʩʚʝʱʝʥʠʠ. ʕʪʠ ʞʝ ʩʧʝʢʪʨʳ ʫʚʝʣʠʯʠʚʘʣʠ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʥʘ 4 ʩʫʪʦʢ (ʜʦ 85 ʩʫʪʦʢ) (ʪʘʙʣʠʮʘ 28). 

 

ʊʘʙʣʠʮʘ 28 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʅʘʪʘʰʘ ʠ ʊʠʤʦʰʘ 

(2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʇʦʢʘʟʘʪʝʣʴ ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 

ʙʝʣʳʡ 

ʩʧʝʢʪʨ  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʠʥʠʡ 

ʩʧʝʢʪʨ  

ʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ  

ʄʘʩʩʘ ʧʣʦʜʘ, ʛ 
ʅʘʪʘʰʘ 14,64Ñ0,64a 14,12Ñ0,40a 10,71Ñ0,49bc 9,81Ñ0,50cd 

ʊʠʤʦʰʘ 8,89Ñ0,50d 9,88Ñ0,50c 10,25Ñ0,16c 11,10Ñ0,21b 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ, 

ʢʛ 

ʅʘʪʘʰʘ 0,43Ñ0,02b 0,46Ñ0,01a 0,40Ñ0,02bc 0,41Ñ0,02bc 

ʊʠʤʦʰʘ 0,40Ñ0,01c 0,42Ñ0,01b 0,39Ñ0,01c 0,39Ñ0,01c 

ɺʝʛʝʪʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ, ʩʫʪʢʠ 

ʅʘʪʘʰʘ 81,00Ñ2,00bc 82,00Ñ1,00b 85,00Ñ1,00a 85,00Ñ1,00a 

ʊʠʤʦʰʘ 82,00Ñ2,00bc 80,00Ñ1,00c 84,00Ñ1,00a 83,00Ñ2,00ab 

 

ʋ ʩʦʨʪʘ ʊʠʤʦʰʘ ʦʪʤʝʯʝʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʪʝʥʜʝʥʮʠʷ: ʧʨʝʜʫʙʦʨʦʯʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ ʫʚʝʣʠʯʠʚʘʣʦ ʤʘʩʩʫ ʧʣʦʜʘ ʥʘ 24,9% (ʜʦ 11,10 ʛ), 

ʘ ʩʠʥʠʡ ʩʧʝʢʪʨ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʦʚʳʰʘʣ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʅʘʠʙʦʣʴʰʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (0,42 ʢʛ, ʥʘ 5,0% ʚʳʰʝ 

ʢʦʥʪʨʦʣʷ) ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʙʝʣʦʤ ʦʩʚʝʱʝʥʠʠ.  

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʧʝʢʪʨʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʝ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʜʦʩʪʦʚʝʨʥʦ (p<0,05) ʟʘʚʠʩʝʣʠ ʦʪ 

ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ ʛʝʥʦʪʠʧʠʯʝʩʢʠ 

ʩʧʝʮʠʬʠʯʥʦʡ (ʪʘʙʣʠʮʘ 29). ʋ ʩʦʨʪʘ ʅʘʪʘʰʘ ʧʨʝʜʫʙʦʨʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʩʠʥʠʤ 

ʩʧʝʢʪʨʦʤ ʦʙʝʩʧʝʯʠʚʘʣʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʢʣʶʯʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ: ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ (17,5%), ʚʠʪʘʤʠʥʘ ʉ (54,0%), 
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ʣʠʢʦʧʠʥʘ (45,6%) ʠ ʥʘʨʠʥʛʠʥʘ (39,0%). ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʦʚʳʰʘʣ ʫʨʦʚʝʥʴ 

ʢʚʝʨʮʝʪʠʥʘ ʥʘ 41,2%, ʘ ʧʦʩʪʦʷʥʥʦʝ ʙʝʣʦʝ ʦʩʚʝʱʝʥʠʝ ʫʚʝʣʠʯʠʚʘʣʦ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʫʪʠʥʘ ʥʘ 61,8%. 

 

ʊʘʙʣʠʮʘ 29 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʅʘʪʘʰʘ ʠ 

ʊʠʤʦʰʘ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʇʦʢʘʟʘʪʝʣʴ ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 

ʙʝʣʳʡ 

ʩʧʝʢʪʨ  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʠʥʠʡ ʩʧʝʢʪʨ  
ʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ  

ʈʘʩʪʚʦʨʠʤʳʝ 

ʩʫʭʠʝ ʚʝʱʝʩʪʚʘ 

(Brix), % 

ʅʘʪʘʰʘ 5,30Ñ0,20d 5,67Ñ0,06c 6,23Ñ0,15b 5,67Ñ0,21c 

ʊʠʤʦʰʘ 6,07Ñ0,12b 5,63Ñ0,23c 7,47Ñ0,21a 5,80Ñ0,10c 

ʉʫʭʦʝ 

ʚʝʱʝʩʪʚʦ, % 

ʅʘʪʘʰʘ 7,43Ñ0,43a 6,45Ñ0,08c 7,38Ñ0,34a 6,30Ñ0,06d 

ʊʠʤʦʰʘ 7,18Ñ0,21ab 6,36Ñ0,27cd 7,03Ñ0,47ab 6,84Ñ0,18b 

ɺʠʪʘʤʠʥ ʉ, 

ʤʛ/100 ʛ 

ʅʘʪʘʰʘ 11,00Ñ0,14e 14,65Ñ0,47b 16,94Ñ0,43a 15,60Ñ0,52b 

ʊʠʤʦʰʘ 10,15Ñ0,50f 12,03Ñ0,17d 12,80Ñ0,25c 11,89Ñ0,15d 

ʃʠʢʦʧʠʥ, 

ʤʛ/100 ʛ 

ʅʘʪʘʰʘ 3,42Ñ0,18c 3,97Ñ0,12b 4,98Ñ0,14a 3,97Ñ0,21b 

ʊʠʤʦʰʘ 0,14Ñ0,01f 0,22Ñ0,01e 0,28Ñ0,01d 0,23Ñ0,01e 

ʅʘʨʠʥʛʠʥ, 

ʤʛ/100 ʛ 

ʅʘʪʘʰʘ 0,59Ñ0,02d 0,40Ñ0,02g 0,82Ñ0,05ab 0,44Ñ0,02f 

ʊʠʤʦʰʘ 0,68Ñ0,03c 0,80Ñ0,02b 0,87Ñ0,04a 0,51Ñ0,02e 

ʂʚʝʨʮʝʪʠʥ, 

ʤʛ/100 ʛ 

ʅʘʪʘʰʘ 0,51Ñ0,02f 0,60Ñ0,03d 0,48Ñ0,02g 0,72Ñ0,03c 

ʊʠʤʦʰʘ 0,55Ñ0,02e 0,83Ñ0,03b 0,74Ñ0,03c 0,94Ñ0,05a 

ʈʫʪʠʥ, ʤʛ/100 ʛ 
ʅʘʪʘʰʘ 6,60Ñ0,28f 10,68Ñ0,27e 11,54Ñ0,34d 10,83Ñ0,16e 

ʊʠʤʦʰʘ 12,70Ñ0,14c 22,15Ñ0,19a 20,88Ñ0,23b 20,85Ñ0,51b 

 

ʋ ʩʦʨʪʘ ʊʠʤʦʰʘ ʪʘʢʞʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ ʦʪʟʳʚʯʠʚʦʩʪʴ ʥʘ ʩʠʥʠʡ 

ʩʧʝʢʪʨ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ: Brix ʥʘ 23,1%, ʥʘʨʠʥʛʠʥʘ ʥʘ 27,9% ʠ ʚʠʪʘʤʠʥʘ ʉ ʥʘ 

26,1% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɹʝʣʳʡ ʩʧʝʢʪʨ ʧʦʚʳʰʘʣ ʫʨʦʚʝʥʴ ʨʫʪʠʥʘ ʥʘ 

74,4%, ʘ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʫʚʝʣʠʯʠʚʘʣ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʚʝʨʮʝʪʠʥʘ ʥʘ 70,9%. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ ʧʦʚʳʰʘʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʢʦʧʠʥʘ ʥʘ 100,0% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʧʣʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʦʝ (p<0,05) ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ. ʋ 
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ʩʦʨʪʘ ʅʘʪʘʰʘ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʩʠʥʠʡ ʩʧʝʢʪʨ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʥʘʠʙʦʣʴʰʝʤʫ 

ʥʘʢʦʧʣʝʥʠʶ ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʳ (25,0%), ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʢʫʩʦʚʦʡ 

ʧʨʦʬʠʣʴ ʧʣʦʜʦʚ (ʪʘʙʣʠʮʘ 30). ʆʜʥʘʢʦ, ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʨʠʚʦʜʠʣ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ (ʥʘ 82,1%), ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʛʘʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ, ʪʘʢ ʢʘʢ ʵʪʘ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ 

ʘʥʪʠʥʫʪʨʠʝʥʪʦʤ. ɺʩʝ ʚʘʨʠʘʥʪʳ ʧʨʝʜʫʙʦʨʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦ 

ʩʥʠʞʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʷʥʪʘʨʥʦʡ (ʥʘ 39,2-57,1%) ʠ ʣʠʤʦʥʥʦʡ (ʥʘ 17,5-25,3%) 

ʢʠʩʣʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

 

ʊʘʙʣʠʮʘ 30 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʅʘʪʘʰʘ ʠ ʊʠʤʦʰʘ 

(2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05)  

ʆʨʛʘʥʠʯʝʩʢʘʷ 

ʢʠʩʣʦʪʘ, ʤʛ/100 ʛ  

(*ʛ/ʢʛ) 

ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 

ʙʝʣʳʡ 

ʩʧʝʢʪʨ  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʠʥʠʡ 

ʩʧʝʢʪʨ  

ʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ  

ʑʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ 
ʅʘʪʘʰʘ 1,34Ñ0,08c 1,73Ñ0,08b 1,36Ñ0,05c 2,44Ñ0,07a 

ʊʠʤʦʰʘ 0,61Ñ0,04d 0,64Ñ0,03d 0,50Ñ0,03e 0,46Ñ0,03e 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ 
ʅʘʪʘʰʘ 3,01Ñ0,12c 1,29Ñ0,06f 1,61Ñ0,05e 1,83Ñ0,07d 

ʊʠʤʦʰʘ 4,33Ñ0,11a 3,18Ñ0,15c 4,03Ñ0,09b 3,89Ñ0,25b 

ʗʙʣʦʯʥʘʷ ʢʠʩʣʦʪʘ* 
ʅʘʪʘʰʘ 0,40Ñ0,03e 0,42Ñ0,02e 0,50Ñ0,01b 0,41Ñ0,01e 

ʊʠʤʦʰʘ 0,46Ñ0,01d 0,39Ñ0,02e 0,48Ñ0,01c 0,58Ñ0,01a 

ʃʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ* 
ʅʘʪʘʰʘ 6,85Ñ0,20c 5,46Ñ0,07e 5,98Ñ0,13d 5,65Ñ0,19e 

ʊʠʤʦʰʘ 7,54Ñ0,12a 6,64Ñ0,09c 7,18Ñ0,06b 7,67Ñ0,07a 

 

ʋ ʩʦʨʪʘ ʊʠʤʦʰʘ ʜʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʢʠʩʣʦʪ ʙʳʣʘ ʠʥʦʡ. ʅʘʠʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʩʦʭʨʘʥʷʣʦʩʴ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ɼʅʘʊ  

(4,33 ʤʛ/100 ʛ). ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʳ (26,1%, ʜʦ 0,58 ʛ/ʢʛ), ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʷ ʩʦʜʝʨʞʘʥʠʝ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʨʝʜʫʙʦʨʦʯʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʣʦʜʘʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ. ʋ ʩʦʨʪʘ ʅʘʪʘʰʘ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʧʨʦʷʚʠʣʦʩʴ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ (ʥʘ 17,2%) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʨʘʩʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʬʦʩʬʦʨʘ  
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(ʥʘ 15,2%) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʝʣʦʛʦ ʩʧʝʢʪʨʘ, ʧʨʠ ʩʪʘʙʠʣʴʥʦʤ ʫʨʦʚʥʝ ʤʘʛʥʠʷ ʠ 

ʩʝʨʳ. ʇʨʠ ʵʪʦʤ ʙʝʣʳʡ ʩʧʝʢʪʨ ʩʥʠʞʘʣ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʥʘ 42,4%, ʘ ʢʨʘʩʥʳʡ 

ï ʥʘ 14,3% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ɼʅʘʊ) (ʪʘʙʣʠʮʘ 31).  

 

ʊʘʙʣʠʮʘ 31 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʅʘʪʘʰʘ ʠ 

ʊʠʤʦʰʘ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05)  

ʉʦʜʝʨʞʘʥʠʝ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ,  

ʤʛ/100 ʛ  

ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 

ʙʝʣʳʡ 

ʩʧʝʢʪʨ  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʠʥʠʡ 

ʩʧʝʢʪʨ  

ʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ  

K 
ʅʘʪʘʰʘ 211,84Ñ3,80c 203,89Ñ6,54c 215,77Ñ6,53c 248,34Ñ4,15b 

ʊʠʤʦʰʘ 253,74Ñ5,36b 249,30Ñ7,56b 245,30Ñ5,84b 291,63Ñ9,46a 

Na 
ʅʘʪʘʰʘ 4,03Ñ0,10c 4,39Ñ0,18b 2,62Ñ0,16e 3,50Ñ0,27d 

ʊʠʤʦʰʘ 3,41Ñ0,19d 2,59Ñ0,13e 7,42Ñ0,24a 1,85Ñ0,13f 

Mg 
ʅʘʪʘʰʘ 7,61Ñ0,07b 6,38Ñ0,20d 6,66Ñ0,09c 7,50Ñ0,17b 

ʊʠʤʦʰʘ 8,26Ñ0,62a 7,42Ñ0,10b 8,25Ñ0,43a 8,47Ñ0,20a 

Ca 
ʅʘʪʘʰʘ 4,67Ñ0,19b 2,69Ñ0,15d 4,72Ñ0,20b 4,00Ñ0,15c 

ʊʠʤʦʰʘ 6,26Ñ0,29a 3,94Ñ0,21c 1,88Ñ0,03e 2,77Ñ0,15d 

S 
ʅʘʪʘʰʘ 6,46Ñ0,14b 5,33Ñ0,25d 5,62Ñ0,21d 6,51Ñ0,27b 

ʊʠʤʦʰʘ 7,06Ñ0,19a 6,04Ñ0,07c 5,42Ñ0,09d 6,59Ñ0,14b 

P ʅʘʪʘʰʘ 37,88Ñ0,67d 43,66Ñ1,75bc 37,94Ñ1,79d 40,48Ñ1,21cd 

ʊʠʤʦʰʘ 44,42Ñ0,59b 46,36Ñ2,16b 41,28Ñ0,94c 51,68Ñ1,05a 

 

ʋ ʩʦʨʪʘ ʊʠʤʦʰʘ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʠʤʝʣʦ ʠʥʦʡ ʭʘʨʘʢʪʝʨ: ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ 

ʧʦʚʳʰʘʣ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ (ʥʘ 14,9%) ʠ ʬʦʩʬʦʨʘ (ʥʘ 16,3%), ʘ ʩʠʥʠʡ ʚʳʟʳʚʘʣ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʪʨʠʷ (ʥʘ 117,6%) ʧʨʠ ʝʛʦ ʩʥʠʞʝʥʠʠ ʢʨʘʩʥʳʤ 

ʩʧʝʢʪʨʦʤ (ʥʘ 45,7%). ɼʘʥʥʳʡ ʩʦʨʪ ʦʪʣʠʯʘʣʩʷ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʘʛʥʠʷ ʧʨʠ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʩʚʝʱʝʥʠʷ.  

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʨʝʜʫʙʦʨʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ 

ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʪʦʤʘʪʘ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ 

ʧʣʦʜʦʚ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ. ɸʥʘʣʠʟ ʚʳʷʚʠʣ, ʯʪʦ ʫ ʩʦʨʪʘ ʅʘʪʘʰʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ, ʦʩʦʙʝʥʥʦ ʥʝʟʘʤʝʥʠʤʳʭ, ʙʳʣ 

ʦʧʪʠʤʘʣʝʥ ʧʦʩʪʦʷʥʥʳʡ ʙʝʣʳʡ ʩʧʝʢʪʨ. ʆʥ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣ ʩʦʜʝʨʞʘʥʠʝ: 

ʛʠʩʪʠʜʠʥʘ (ʥʘ 120,9%), ʩʫʤʤʳ ʣʝʡʮʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ (32,6%), ʤʝʪʠʦʥʠʥʘ 
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(24,4%), ʚʘʣʠʥʘ (26,1%), ʪʨʝʦʥʠʥʘ (22,2%), ʪʨʠʧʪʦʬʘʥʘ (ʥʘ 15,9%), ʘ ʪʘʢʞʝ 

ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʩʪʠʥʘ (ʧʦ 20,0%) (ʨʠʩʫʥʦʢ 28).   

 

 

ʈʠʩʫʥʦʢ 28 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʩʦʨʪʘ ʅʘʪʘʰʘ (2024-2025 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ (ʨ<0,05)  

 

ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʧʦʚʳʰʘʣ ʩʦʜʝʨʞʘʥʠʝ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʛʣʫʪʘʤʠʥʦʤ ʠ ʪʠʨʦʟʠʥʘ  

(ʥʘ 9,8%-10,2% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʠʥʠʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʫʟʢʦʩʧʝʮʠʬʠʯʥʦʝ 

ʜʝʡʩʪʚʠʝ, ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʷ ʪʦʣʴʢʦ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʣʠʥʘ (ʥʘ 32,2%). 

ʉʦʜʝʨʞʘʥʠʝ ʬʝʥʠʣʘʣʘʥʠʥʘ, ʩʝʨʠʥʘ ʠ ʣʠʟʠʥʘ ʥʝ ʤʝʥʷʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦ ʥʠ ʧʦʜ 

ʦʜʥʠʤ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʦʩʚʝʱʝʥʠʷ. 

ʋ ʩʦʨʪʘ ʊʠʤʦʰʘ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʙʳʣ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʝʥ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʷ ʩʦʜʝʨʞʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ. 

ʉʨʝʜʠ ʥʝʟʘʤʝʥʠʤʳʭ ʥʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʧʦʢʘʟʘʣʠ ʘʨʛʠʥʠʥ (56,5%), 

ʤʝʪʠʦʥʠʥ (51,7%) ʠ ʚʘʣʠʥ (24,9%). ʉʨʝʜʠ ʟʘʤʝʥʠʤʳʭ ï ʩʝʨʠʥ (50,2%), 

ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩ ʛʣʫʪʘʤʠʥʦʤ (27,4%) ʠ ʪʠʨʦʟʠʥ (25,7%). ʉʠʥʠʡ ʩʧʝʢʪʨ 

ʦʢʘʟʳʚʘʣ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʦʝ ʜʝʡʩʪʚʠʝ, ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʷ ʩʦʜʝʨʞʘʥʠʝ 
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ʪʨʝʦʥʠʥʘ (20,4%) ʠ ʧʨʦʣʠʥʘ (13,3%). ɹʝʣʳʡ ʩʧʝʢʪʨ ʥʝ ʠʤʝʣ ʜʦʩʪʦʚʝʨʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ (ʨʠʩʫʥʦʢ 29).  

 

 

ʈʠʩʫʥʦʢ 29 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʩʦʨʪʘ ʊʠʤʦʰʘ (2024-2025 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ (ʨ<0,05)   

 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ. ʉʠʥʠʡ ʩʧʝʢʪʨ 

ʙʳʣ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʫ ʦʙʦʠʭ ʩʦʨʪʦʚ: 

ʫ ʅʘʪʘʰʠ ï ʥʘ 28,3% (ʜʦ 129,00 ʤʛ/ʢʛ), ʫ ʊʠʤʦʰʠ ï ʥʘ 58,0% (ʜʦ 112,67 ʤʛ/ʢʛ). 

ɹʝʣʳʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʫʤʝʥʴʰʘʣ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ (ʥʘ 9,8% ʠ 24,5% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʦʛʜʘ ʢʘʢ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʥʝ ʦʢʘʟʳʚʘʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ. ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʦʩʪʘʚʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʇɼʂ (300 ʤʛ/ʢʛ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ (ʨʠʩʫʥʦʢ 30).  
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ʈʠʩʫʥʦʢ 30 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʅʘʪʘʰʘ ʠ ʊʠʤʦʰʘ  

(2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʛʝʥʦʪʠʧʳ ʪʦʤʘʪʘ, ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʝʚʳʭ ʥʫʪʨʠʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʉʦʨʪ ʅʘʪʘʰʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʳʩʦʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (0,46 ʢʛ/ʨʘʩʪʝʥʠʝ) ʠ ʬʦʨʤʠʨʦʚʘʣ ʧʣʦʜʳ ʩʦ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʟʦʚʦʛʦ 

ʙʝʣʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʣʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ ʘ (2,61 ʤʛ/ʛ) ʠ ʣʠʢʦʧʠʥʘ (3,97 ʤʛ/100 ʛ). ʉʦʨʪ ʊʠʤʦʰʘ ʧʦʢʘʟʘʣ 

ʫʥʠʢʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ: ʚʳʩʦʢʫʶ 

ʦʪʟʳʚʯʠʚʦʩʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʩʧʝʢʪʨʘ. ʇʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʢʨʘʩʥʦʛʦ ʩʧʝʢʪʨʘ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʥʦʤʫ 

ʥʘʢʦʧʣʝʥʠʶ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ (ʢʘʣʠʡ 291,63 ʤʛ/100 ʛ, ʬʦʩʬʦʨ 51,68 ʤʛ/100 ʛ) ʠ 

ʘʤʠʥʦʢʠʩʣʦʪ (ʘʨʛʠʥʠʥ 99,12 ʤʛ/100 ʛ), ʘ ʩʠʥʠʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʥʠʟʢʠʡ 

ʫʨʦʚʝʥʴ ʥʠʪʨʘʪʦʚ (112,67 ʤʛ/ʢʛ) ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʩʫʭʠʭ ʚʝʱʝʩʪʚ (7,47%) ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩʦʨʪʦʚ ʥʘ ʩʚʝʪʦʚʳʝ ʨʝʞʠʤʳ 

ʫʩʪʘʥʦʚʣʝʥʦ ʠʭ ʮʝʣʝʚʦʝ ʥʘʟʥʘʯʝʥʠʝ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤ: ʩʦʨʪ ʅʘʪʘʰʘ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ ʩ 

a
b

c

a a

c

d

a

0

50

100

150

200

ɼʅʘʊ (ʢʦʥʪʨʦʣʴ)ʙʝʣʳʡ ʩʧʝʢʪʨʙʝʣʳʡ+ʩʠʥʠʡ 

ʩʧʝʢʪʨ 

ʙʝʣʳʡ+ʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ 

ɼʅʘʊ (ʢʦʥʪʨʦʣʴ)ʙʝʣʳʡ ʩʧʝʢʪʨʙʝʣʳʡ+ʩʠʥʠʡ 

ʩʧʝʢʪʨ 

ʙʝʣʳʡ+ʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ 

ʅʘʪʘʰʘ ʊʠʤʦʰʘ

ʅ
ʠ
ʪ
ʨ
ʘ
ʪ
ʳ

, 
ʤ
ʛ/ʢ
ʛ



126 

 

 

 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʟʦʚʦʛʦ 

ʙʝʣʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʨʪ ʊʠʤʦʰʘ ʦʧʪʠʤʘʣʝʥ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʫʣʫʯʰʝʥʥʳʤ ʢʘʯʝʩʪʚʦʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʢʦʤʙʠʥʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʘʩʥʦʛʦ ʠ ʩʠʥʝʛʦ ʩʧʝʢʪʨʦʚ ʦʩʚʝʱʝʥʠʷ. 

 

4.4 ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʪʦʤʘʪʘ ʩʦʨʪʦʚ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ ʚ ʫʩʣʦʚʠʷʭ ʪʝʧʣʠʮʳ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʤʦʨʬʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ. ʇʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ 

(ʢʦʥʪʨʦʣʴ) ʚʳʷʚʠʣ ʛʝʥʦʪʠʧʠʯʝʩʢʠ ʩʧʝʮʠʬʠʯʥʳʝ ʨʝʘʢʮʠʠ ʩʦʨʪʦʚ ʪʦʤʘʪʘ. ʉʦʨʪ 

ɹʣʘʛʦʜʘʪʥʳʡ ʧʨʦʷʚʠʣ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʝʣʦʛʦ 

ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ, ʥʝ ʧʦʢʘʟʘʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʩ ʢʦʥʪʨʦʣʝʤ 

ʧʦ ʜʣʠʥʝ ʧʦʙʝʛʘ, ʤʘʩʩʝ ʧʣʦʜʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ, ʛʠʙʨʠʜʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʦʢʘʟʘʣʦ ʟʥʘʯʠʤʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ: ʤʘʩʩʘ ʧʣʦʜʘ 

ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 15,5% (ʩ 78,80 ʛ ʜʦ 91,05 ʛ), ʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʦʟʨʦʩʣʘ ʥʘ 

10,1% (ʩ 5,15 ʢʛ/ʨʘʩʪʝʥʠʝ ʜʦ 5,67 ʢʛ/ʨʘʩʪʝʥʠʝ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʚʝʨʭʥʠʡ ʙʝʣʳʡ+ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʨʠʚʝʣʦ ʢ ʜʦʩʪʦʚʝʨʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʘ 31,6% (ʜʦ 3,52 ʢʛ/ʨʘʩʪʝʥʠʝ) (ʪʘʙʣʠʮʘ 32). ʋ 

ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʣʦʛʦ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ 

ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʤʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ 

ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʜʦʩʪʦʚʝʨʥʦʤ ʫʣʫʯʰʝʥʠʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʤʘʩʩʘ 

ʧʣʦʜʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 18,7%, ʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ï ʥʘ 22,4% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ (ʢʦʥʪʨʦʣʝʤ). ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʜʘʥʥʦʛʦ ʛʝʥʦʪʠʧʘ 

ʦʢʘʟʘʣʦʩʴ ʛʠʙʨʠʜʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʰʝʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʧʦ 

ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ: ʜʣʠʥʘ ʧʦʙʝʛʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 14,5%, ʤʘʩʩʘ ʧʣʦʜʘ ï ʥʘ 

32,7%, ʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ï ʥʘ 65,3% (ʩ 2,94 ʢʛ/ʨʘʩʪʝʥʠʝ ʜʦ 4,86 ʢʛ/ʨʘʩʪʝʥʠʝ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 
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ʊʘʙʣʠʮʘ 32 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʨʪ 
ɺʘʨʠʘʥʪ 

ʦʩʚʝʱʝʥʠʷ 

ɼʣʠʥʘ 

ʧʦʙʝʛʘ, ʩʤ 

ʄʘʩʩʘ 

ʧʣʦʜʘ, ʛ 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ, 

ʢʛ/ʨʘʩʪʝʥʠʝ 

ɺʝʛʝʪʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ, ʩʫʪʢʠ 

ɹʣʘʛʦʜʘʪʥʳʡ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ 

(ʢʦʥʪʨʦʣʴ) 
150,3Ñ6,1b 78,80Ñ2,91b 5,15Ñ0,19b 86,0Ñ2,0ab 

ʚʝʨʭʥʠʡ ʙʝʣʳʡ  151,1Ñ6,5b 82,12Ñ3,58b 5,20Ñ0,21b 84,0Ñ2,0ab 

ʚʝʨʭʥʠʡ 

ʙʝʣʳʡ+ʢʨʘʩʥʳʡ  
132,2Ñ5,6c 79,47Ñ2,87b 3,52Ñ0,11c 84,0Ñ2,0ab 

ʛʠʙʨʠʜʥʳʡ  153,0Ñ5,9ab 91,05Ñ3,87a 5,67Ñ0,23a 86,0Ñ2,0ab 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ 

(ʢʦʥʪʨʦʣʴ) 
143,2Ñ6,0bc 69,57Ñ3,01c 2,94Ñ0,13d 86,0Ñ2,0ab 

ʚʝʨʭʥʠʡ ʙʝʣʳʡ  135,5Ñ5,5c 82,61Ñ3,60b 3,60Ñ0,12c 83,0Ñ2,0b 

ʚʝʨʭʥʠʡ 

ʙʝʣʳʡ+ʢʨʘʩʥʳʡ 
113,7Ñ4,5d 71,33Ñ2,98c 2,66Ñ0,10e 84,0Ñ2,0ab 

ʛʠʙʨʠʜʥʳʡ 164,0Ñ6,1a 92,28Ñ3,74a 4,86Ñ0,20b 87,0Ñ2,0a 

ʇʨʠʤʠʯʘʥʠʝ: ʛʠʙʨʠʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ï ʚʝʨʭʥʠʡ (ʙʝʣʳʡ)+ʤʝʞʜʫʨʷʜʥʳʡ (ʙʝʣʳʡ+ʢʨʘʩʥʳʡ) 

 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʦʚ ʦʩʚʝʱʝʥʠʷ, ʥʘʨʷʜʫ ʩ ʧʨʦʜʫʢʮʠʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ɺʣʠʷʥʠʝ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ ʥʘ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ ʫ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʥʦʩʠʣʦ ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɻʠʙʨʠʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʚʳʟʚʘʣʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʩʝʭ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʠʩʣʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ʪʘʙʣʠʮʘ 33). ʉʦʜʝʨʞʘʥʠʝ 

ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʚʦʟʨʦʩʣʦ ʤʘʢʩʠʤʘʣʴʥʦ ï ʥʘ 86,7%. ʇʨʠʨʦʩʪ ʱʘʚʝʣʝʚʦʡ ʠ 

ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪ ʩʦʩʪʘʚʠʣ 55,0% ʠ 48,4% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ 

ï 32,6%. ʋ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʝʣʦʛʦ ʉʀɼ-ʦʩʚʝʱʝʥʠʷ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʥʘ 26,7% ʠ ʷʥʪʘʨʥʦʡ 

ʢʠʩʣʦʪʳ ʥʘ 16,8% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʪʤʝʯʘʣʦʩʴ 

ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʥʘ 22,8%.  

ʋ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʦʢʘʟʘʣʦʩʴ ʪʘʢʞʝ ʛʠʙʨʠʜʥʦʝ ʦʩʚʝʱʝʥʠʝ. ʕʪʦʪ 

ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʣ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ: ʩʦʜʝʨʞʘʥʠʝ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ 

ʫʚʝʣʠʯʠʣʦʩʴ ʧʦʯʪʠ ʚʜʚʦʝ (ʥʘ 99,5%), ʘ ʱʘʚʝʣʝʚʦʡ ï ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ (ʥʘ 
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129,7%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʨʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʷʙʣʦʯʥʦʡ (ʥʘ 8,9%) ʠ ʣʠʤʦʥʥʦʡ (ʥʘ 7,6%) ʢʠʩʣʦʪ. ɼʨʫʛʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʨʝʞʠʤʳ ʧʦʢʘʟʘʣʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʝ ʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʝ 

ʜʝʡʩʪʚʠʝ. ɹʝʣʳʡ ʩʧʝʢʪʨ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʫʚʝʣʠʯʝʥʠʶ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʥʘ 

21,8%, ʥʦ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʣ ʩʦʜʝʨʞʘʥʠʝ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʥʘ 19,0%. 

 

ʊʘʙʣʠʮʘ 33 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ  

(2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʨʪ 
ɺʘʨʠʘʥʪ 

ʦʩʚʝʱʝʥʠʷ 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ ʤʛ/100 ʛ (*ʛ/ʢʛ) 

ʘɦʚʝʣʝʚʘʷ 

ʢʠʩʣʦʪʘ 

ʥ̫ʪʘʨʥʘʷ 

ʢʠʩʣʦʪʘ 

ʙ̫ʣʦʯʥʘʷ 

ʢʠʩʣʦʪʘ* 

ʣʠʤʦʥʥʘʷ 

ʢʠʩʣʦʪʘ* 

ɹʣʘʛʦʜʘʪʥʳʡ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ 

(ʢʦʥʪʨʦʣʴ) 
4,16Ñ0,12c 2,44Ñ0,05e 0,30Ñ0,01f 3,68Ñ0,03c 

ʚʝʨʭʥʠʡ ʙʝʣʳʡ  3,82Ñ0,08d 2,85Ñ0,12d 0,38Ñ0,01e 2,84Ñ0,8e 

ʚʝʨʭʥʠʡ 

ʙʝʣʳʡ+ʢʨʘʩʥʳʡ  
4,66Ñ0,19b 2,81Ñ0,10d 0,54Ñ0,01b 3,77Ñ0,07c 

ʛʠʙʨʠʜʥʳʡ  6,45Ñ0,08a 3,62Ñ0,12c 0,56Ñ0,01a 4,88Ñ0,04a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ 

(ʢʦʥʪʨʦʣʴ) 
2,79Ñ0,09f 3,76Ñ0,13c 0,45Ñ0,02cd 3,69Ñ0,15c 

ʚʝʨʭʥʠʡ ʙʝʣʳʡ  3,26Ñ0,05e 4,58Ñ0,17b 0,43Ñ0,02d 2,99Ñ0,06d 

ʚʝʨʭʥʠʡ 

ʙʝʣʳʡ+ʢʨʘʩʥʳʡ 
3,14Ñ0,09e 4,80Ñ0,17b 0,38Ñ0,01e 2,84Ñ0,11de 

ʛʠʙʨʠʜʥʳʡ 6,41Ñ0,24a 7,50Ñ0,29a 0,49Ñ0,01c 3,97Ñ0,08b 

ʇʨʠʤʠʯʘʥʠʝ: ɻʠʙʨʠʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ï ʚʝʨʭʥʠʡ (ʙʝʣʳʡ)+ʤʝʞʜʫʨʷʜʥʳʡ (ʙʝʣʳʡ+ʢʨʘʩʥʳʡ) 

 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʮʠʠ ʙʳʣʦ ʪʘʢʞʝ ʠʟʫʯʝʥʦ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ: ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ, ʚʠʪʘʤʠʥʦʚ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ 

ʧʠʛʤʝʥʪʦʚ (ʪʘʙʣʠʮʘ 34). ʉʦʨʪ ɹʣʘʛʦʜʘʪʥʳʡ ʜʦʩʪʠʛ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʛʠʙʨʠʜʥʦʤ ʦʩʚʝʱʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ (ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ) ʩ ʜʦʩʪʦʚʝʨʥʳʤ ʧʨʠʨʦʩʪʦʤ ʧʦ ʚʩʝʤ ʢʣʶʯʝʚʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ: ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 12,1%, 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ï ʥʘ 28,2%, ʚʠʪʘʤʠʥʘ ʉ ï ʥʘ 20,6%, ʘ ʣʠʢʦʧʠʥʘ ï ʥʘ 8,2%. 

ʅʘʧʨʦʪʠʚ, ʨʝʞʠʤ ʚʝʨʭʥʠʡ ʙʝʣʳʡ+ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʨʠʚʦʜʠʣ ʢ ʩʥʠʞʝʥʠʶ 
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ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ʉ ʥʘ 12,7% ʠ ʣʠʢʦʧʠʥʘ ʥʘ 9,0% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. 

 

ʊʘʙʣʠʮʘ 34 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ (2023-2024 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

(ʨ<0,05) 

ʉʦʨʪ 

ɺʘʨʠʘʥʪ 

ʦʩʚʝʱʝʥʠʷ 

ʈʘʩʪʚʦʨʠʤʳʝ 

ʩʫʭʠʝ 

ʚʝʱʝʩʪʚʘ 

(Brix), % 

ʉʫʭʦʝ 

ʚʝʱʝʩʪʚʦ, 

% 

ɺʠʪʘʤʠʥ 

ʉ, ʤʛ/100 ʛ 

ʃʠʢʦʧʠʥ, 

ʤʛ/100 ʛ 

ɹʣʘʛʦʜʘʪʥʳʡ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ 

(ʢʦʥʪʨʦʣʴ) 
3,97Ñ0,1c 4,75Ñ0,2c 21,99Ñ0,6c 3,55Ñ0,1d 

ʚʝʨʭʥʠʡ ʙʝʣʳʡ  4,02Ñ0,2c 5,41Ñ0,2b 23,02Ñ0,5c 3,41Ñ0,1de 

ʚʝʨʭʥʠʡ 

ʙʝʣʳʡ+ʢʨʘʩʥʳʡ  
3,58Ñ0,1d 4,49Ñ0,1d 19,19Ñ0,4e 3,23Ñ0,1e 

ʛʠʙʨʠʜʥʳʡ  4,45Ñ0,2b 6,09Ñ0,2a 26,51Ñ0,6a 3,84Ñ0,1c 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ 

(ʢʦʥʪʨʦʣʴ) 
4,78Ñ0,2b 4,87Ñ0,2c 22,18Ñ0,6c 3,98Ñ0,1bc 

ʚʝʨʭʥʠʡ ʙʝʣʳʡ  4,68Ñ0,2b 4,94Ñ0,2c 20,22Ñ0,5d 4,12Ñ0,1b 

ʚʝʨʭʥʠʡ 

ʙʝʣʳʡ+ʢʨʘʩʥʳʡ 
4,10Ñ0,2c 3,89Ñ0,2e 17,24Ñ0,4f 3,71Ñ0,1cd 

ʛʠʙʨʠʜʥʳʡ 5,20Ñ0,2a 5,12Ñ0,2bc 24,23Ñ0,6b 4,65Ñ0,1a 

ʇʨʠʤʠʯʘʥʠʝ: ʛʠʙʨʠʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ï ʚʝʨʭʥʠʡ (ʙʝʣʳʡ)+ʤʝʞʜʫʨʷʜʥʳʡ (ʙʝʣʳʡ+ʢʨʘʩʥʳʡ) 

 

ɼʣʷ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ, ʘʥʘʣʦʛʠʯʥʦ ʩʦʨʪʫ ɹʣʘʛʦʜʘʪʥʳʡ, 

ʛʠʙʨʠʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʙʳʣʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʣʠʢʦʧʠʥʘ (ʥʘ 16,8%), ʚʠʪʘʤʠʥʘ ʉ  

(ʥʘ 9,2%) ʠ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ (ʥʘ 8,8%) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʣʥʝʯʥʦʛʦ 

ʢʦʥʪʨʦʣʷ. ʇʨʠ ʵʪʦʤ ʨʝʞʠʤ ʚʝʨʭʥʠʡ ʙʝʣʳʡ+ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ, ʪʘʢʞʝ, ʢʘʢ ʠ ʫ 

ʧʨʝʜʳʜʫʱʝʛʦ ʛʝʥʦʪʠʧʘ, ʦʢʘʟʳʚʘʣ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ, ʩʥʠʞʘʷ ʩʦʜʝʨʞʘʥʠʝ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 20,1%, ʚʠʪʘʤʠʥʘ ʉ ʥʘ 22,3% ʠ ʣʠʢʦʧʠʥʘ ʥʘ 6,8% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ, ʢʦʥʪʨʦʣʴ ʢʦʪʦʨʦʛʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʳʨʘʱʠʚʘʥʠʷ 

ʧʦʜ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʧʦʜʪʚʝʨʜʠʣ 
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ʟʘʚʠʩʠʤʦʩʪʴ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ, ʦʙʱʫʶ ʜʣʷ 

ʦʙʦʠʭ ʩʦʨʪʦʚ (ʨʠʩʫʥʦʢ 31). 

 

 

ʈʠʩʫʥʦʢ 31 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ 

ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ (2023-2024 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ (ʨ<0,05). ʇʨʠʤʝʯʘʥʠʝ: ʛʠʙʨʠʜʥʳʡ ʚʘʨʠʘʥʪ ï ʢʦʤʙʠʥʘʮʠʷ ʚʝʨʭʥʝʛʦ 

(ʙʝʣʳʡ) ʠ ʤʝʞʜʫʨʷʜʥʦʛʦ (ʙʝʣʳʡ+ʢʨʘʩʥʳʡ) ʦʩʚʝʱʝʥʠʷ 

 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʛʠʙʨʠʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ ʥʘ 5,9-6,2% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ɺ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʨʝʞʠʤ ʚʝʨʭʥʠʡ (ʙʝʣʳʡ+ʢʨʘʩʥʳʡ) ʩʧʝʢʪʨ ʚʳʟʳʚʘʣ 

ʚʳʨʘʞʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʠʭ ʧʦʚʳʰʝʥʠʶ ï ʥʘ 19,6% ʫ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ 

ʥʘ 20,3% ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʘʨʠʘʥʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʦʩʪʘʚʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʊʈ ʊʉ 021/2011 (300 ʤʛ/ʢʛ). 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ 

ʦʧʪʠʤʠʟʘʮʠʷ ʩʧʝʢʪʨʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʰʘʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʦʤʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʪʝʧʣʠʮʳ, ʥʦ ʠ ʫʧʨʘʚʣʷʪʴ 

ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʛʠʙʨʠʜʥʦʝ ʦʩʚʝʱʝʥʠʝ (ʢʦʤʙʠʥʘʮʠʷ ʩʧʝʢʪʨʦʚ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 
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ʵʬʬʝʢʪʠʚʥʳʤ ʘʛʨʦʧʨʠʝʤʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʜʦ 65,3% ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ), ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʚʠʪʘʤʠʥʘ ʉ ʜʦ 

20,6%, ʣʠʢʦʧʠʥʘ ʜʦ 16,8%, ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʜʦ 99,5%) ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʥʠʪʨʘʪʦʚ (ʜʦ 6,2%). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʪʦʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʬʬʝʢʪʠʚʥʳʡ ʘʛʨʦʧʨʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʫʣʫʯʰʝʥʥʳʤ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʨʠʪʝʨʠʷʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʧʠʪʘʥʠʷ. 

 

4.5. ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʙʘʟʠʣʠʢʘ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʩʦʨʪʘ ʙʘʟʠʣʠʢʘ ɸʨʘʨʘʪ ʠ 

ʊʦʥʫʩ, ʦʪʙʦʨ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥ ʢʦʤʧʣʝʢʩʦʤ ʢʣʶʯʝʚʳʭ ʭʦʟʷʡʩʪʚʝʥʥʦ-

ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ.  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʩ ʟʘʜʘʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʣʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʙʘʟʠʣʠʢʘ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ (Rahman et 

al., 2021). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ ʢʨʘʩʥʦʛʦ ʠ ʩʠʥʝʛʦ ʩʧʝʢʪʨʦʚ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʨʦʩʪʫ ʠ ʨʘʟʚʠʪʠʶ ʨʘʩʪʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʙʝʣʳʡ ʩʧʝʢʪʨ 

ʩʪʠʤʫʣʠʨʦʚʘʣ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ, ʘ ʩʠʥʠʡ ʩʧʝʢʪʨ ʫʚʝʣʠʯʠʚʘʣʠ ʩʠʥʪʝʟ 

ʮʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʬʠʨʥʳʝ ʤʘʩʣʘ (Semenova et al., 

2022; Hammock ʠ Sams, 2023; Maran et al., 2024; Oehler et al., 2025). ʅʝʩʤʦʪʨʷ 

ʥʘ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ, ʦʩʪʘʶʪʩʷ ʥʝʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ 

ʥʦʯʥʦʛʦ ʠ ʧʨʝʜʫʙʦʨʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʙʘʟʠʣʠʢʘ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ 

ʩʦʨʪʦʩʧʝʮʠʬʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ (Brindisi ʠ Simon, 2023; 

Knyazeva et al., 2024). ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʠ ʩʝʣʝʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʨʘʟʨʘʙʦʪʘʪʴ 
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ʵʬʬʝʢʪʠʚʥʳʝ ʩʦʨʪʦʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʚʝʱʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʜʫʢʮʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ 

ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʜʚʫʭ ʩʦʨʪʦʚ ʙʘʟʠʣʠʢʘ. ɼʣʷ ʩʦʨʪʘ ɸʨʘʨʘʪ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʥʦʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʧʨʦʷʚʠʣ ʩʝʙʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ, ʦʙʝʩʧʝʯʠʚ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʨʦʩʪ ʧʦʙʝʛʘ ʜʦ 76,3 ʩʤ (ʥʘ 64,1%), ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ ʜʦ 111,8 ʰʪ 

(ʥʘ 41,0%), ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 60,2% ʠ ʩʳʨʦʡ ʙʠʦʤʘʩʩʳ ʥʘ 

52,8%) (ʨʠʩʫʥʦʢ 32 ɸ-ɻ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʠʥʠʡ ʩʧʝʢʪʨ ʧʦʢʘʟʘʣ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʵʬʬʝʢʪ, ʩʥʠʞʘʷ ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 14,1% ʠ 

ʙʠʦʤʘʩʩʫ ʥʘ 20,3% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʉʦʨʪ ʊʦʥʫʩ ʧʨʦʷʚʠʣ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʫʶ ʨʝʘʢʮʠʶ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʜʣʠʥʳ ʧʦʙʝʛʘ ʥʘ 

60,9% (ʜʦ 75,5 ʩʤ) ʦʙʝʩʧʝʯʠʣ ʩʠʥʠʡ ʩʧʝʢʪʨ, ʢʦʪʦʨʳʡ, ʦʜʥʘʢʦ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʳʟʳʚʘʣ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʣʠʩʪʴʝʚ ʥʘ 26,2% (ʨʠʩʫʥʦʢ 32 ɸ-ɻ). ʂʨʘʩʥʳʡ 

ʩʧʝʢʪʨ ʧʦʢʘʟʘʣ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ ʩ ʧʨʠʙʘʚʢʦʡ ʚ 35,8%, ʥʦ 

ʦʙʫʩʣʦʚʠʣ ʥʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ: ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 24,9%, ʘ ʩʳʨʘʷ ʙʠʦʤʘʩʩʘ ï ʥʘ 44,0%. ʇʨʠ ʵʪʦʤ 

ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ 112,0 ʰʪ.  

(ʥʘ 77,8%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 
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ʈʠʩʫʥʦʢ 32 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ ʜʣʠʥʫ 

ʧʦʙʝʛʘ (ɸ), ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ (ɹ), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ (ɺ) ʠ ʙʠʦʤʘʩʩʫ (ɻ) 

ʨʘʩʪʝʥʠʡ ʙʘʟʠʣʠʢʘ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ 

ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘ 

ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʫ ʜʚʫʭ 

ʩʦʨʪʦʚ ʙʘʟʠʣʠʢʘ, ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʠ ʩʦʨʪʦʚ ʠʤʝʣʠ ʚʳʨʘʞʝʥʥʳʝ ʛʝʥʦʪʠʧʠʯʝʩʢʠʝ 

ʨʘʟʣʠʯʠʷ. ɼʣʷ ʩʦʨʪʘ ɸʨʘʨʘʪ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʝ ʦʢʘʟʘʣ 

ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʭʣʦʨʦʬʠʣʣ ʘ ʠ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ. ʆʜʥʘʢʦ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚʳʟʚʘʣ 

ʩʠʥʠʡ ʩʧʝʢʪʨ, ʦʙʝʩʧʝʯʠʚ ʠʭ ʫʤʝʥʴʰʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 12,1% ʜʦ 19,3% 

(ʨʠʩʫʥʦʢ 33 ɸ-ɻ). ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʩʦʨʪʘ ɸʨʘʨʘʪ ʧʦʢʘʟʘʣ 

ʢʦʥʪʨʦʣʴʥʳʡ ʙʝʣʳʡ ʩʧʝʢʪʨ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʩʝʭ ʧʠʛʤʝʥʪʦʚ: ʭʣʦʨʦʬʠʣʣʘ ʘ (1,93 ʤʛ/ʛ), ʭʣʦʨʦʬʠʣʣʘ b (0,88 ʤʛ/ʛ), ʩʫʤʤʳ 

ʭʣʦʨʦʬʠʣʣʦʚ (2,81 ʤʛ/ʛ) ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ (0,58 ʤʛ/ʛ). ɼʣʷ ʩʦʨʪʘ ʊʦʥʫʩ ʩʠʥʠʡ 

ʩʧʝʢʪʨ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʚʣʠʷʥʠ ʁ ʥʘ 

ʧʠʛʤʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʚʝʣʠʯʠʚ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʘ 21,4%. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʥʦʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʚʳʟʚʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʩʝʭ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ 

ʦʪ 15,1% ʜʦ 31,0% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 
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ʈʠʩʫʥʦʢ 33 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ: ʭʣʦʨʦʬʠʣʣʘ ʘ (ɸ), ʭʣʦʨʦʬʠʣʣʘ b 

(ɹ), ʭʣʦʨʦʬʠʣʣʘ (ʘ+b) (ɺ) ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ (ɻ) ʚ ʣʠʩʪʴʷʭ ʙʘʟʠʣʠʢʘ ʩʦʨʪʦʚ 

ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʨʘʥʝʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʦʨʪʘʤʠ ʦʧʨʝʜʝʣʠʣʠ ʠʭ ʢʦʥʝʯʥʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ɼʣʷ ʩʦʨʪʘ ɸʨʘʨʘʪ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʣ ʫʨʦʞʘʡʥʦʩʪʴ 

0,97 ʢʛ/ʤĮ, ʪʦʛʜʘ ʢʘʢ ʩʠʥʠʡ ʩʧʝʢʪʨ ʚʳʟʚʘʣ ʝʝ ʩʥʠʞʝʥʠʝ ʜʦ 0,69 ʢʛ/ʤĮ. ɼʣʷ ʩʦʨʪʘ 

ʊʦʥʫʩ ʦʙʘ ʩʧʝʢʪʨʘ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ: ʢʨʘʩʥʳʡ ʦʙʝʩʧʝʯʠʣ  

1,30 ʢʛ/ʤĮ, ʘ ʩʠʥʠʡ ï 1,11 ʢʛ/ʤĮ, ʯʪʦ ʧʨʝʚʳʰʘʣʦ ʢʦʥʪʨʦʣʴ (0,90 ʢʛ/ʤĮ)  

(ʨʠʩʫʥʦʢ 34).  
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ʈʠʩʫʥʦʢ 34ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʙʘʟʠʣʠʢʘ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ (2023-2024 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʠʟʫʯʝʥ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʙʠʦʤʘʩʩʳ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʫ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ ʙʘʟʠʣʠʢʘ (ʪʘʙʣʠʮʘ 35). ɼʣʷ ʩʦʨʪʘ ɸʨʘʨʘʪ 

ʩʠʥʠʡ ʩʧʝʢʪʨ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʦʙʝʩʧʝʯʠʣ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʥʘʪʨʠʷ (ʥʘ 58,3%), ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʢʘʣʠʷ ʠ ʤʘʛʥʠʷ ʜʦ 13,6%. ʆʜʥʘʢʦ, ʧʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʘʣʴʮʠʷ, ʩʝʨʳ ʠ ʬʦʩʬʦʨʘ. ʂʨʘʩʥʳʡ 

ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʢʘʣʠʷ (ʥʘ 19,2%) ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʝʨʳ ʠ ʬʦʩʬʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɼʣʷ ʩʦʨʪʘ ʊʦʥʫʩ 

ʩʠʥʠʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʘʪʨʠʷ ʥʘ 

67,5% ʠ ʢʘʣʠʷ ʥʘ 21,3%, ʥʦ ʧʨʠʚʦʜʠʣ ʢ ʩʥʠʞʝʥʠʶ ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ, ʩʝʨʳ ʠ 

ʬʦʩʬʦʨʘ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʣ ʫʚʝʣʠʯʝʥʠʝ ʢʘʣʠʷ ʥʘ 17,4% ʠ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ, ʥʦ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʤʘʛʥʠʷ ʥʘ 

28,7% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʙʝʣʳʤ ʩʧʝʢʪʨʦʤ. 
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ʊʘʙʣʠʮʘ 35 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʤʘʩʩʝ ʙʘʟʠʣʠʢʘ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ 

ʊʦʥʫʩ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʜʝʨʞʘʥʠʝ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, 

 ʤʛ/100 ʛ  

ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ  

ʙʝʣʳʡ ʩʧʝʢʪʨ 

(ʢʦʥʪʨʦʣʴ)  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʠʥʠʡ ʩʧʝʢʪʨ  
ʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ  

K 
ɸʨʘʨʘʪ  380,40Ñ8,99d 432,23Ñ10,78b 453,60Ñ12,26a 

ʊʦʥʫʩ  331,47Ñ9,37e 402,08Ñ3,07c 389,16Ñ12,51cd 

Na 
ɸʨʘʨʘʪ 6,96Ñ0,15c 11,02Ñ0,56a 6,84Ñ0,22c 

ʊʦʥʫʩ 5,39Ñ0,22d 9,03Ñ0,52b 5,48Ñ0,15d 

Mg 
ɸʨʘʨʘʪ 31,59Ñ0,82b 35,75Ñ0,69a 29,74Ñ1,15c 

ʊʦʥʫʩ 37,53Ñ1,56a 26,82Ñ0,78d 26,74Ñ1,04d 

Ca 
ɸʨʘʨʘʪ 53,17Ñ1,22a 49,21Ñ1,36b 44,76Ñ0,92c 

ʊʦʥʫʩ 56,03Ñ2,70a 38,22Ñ0,93d 46,54Ñ2,57bc 

S 
ɸʨʘʨʘʪ 11,97Ñ0,25a 8,76Ñ0,25e 11,06Ñ0,10b 

ʊʦʥʫʩ 12,25Ñ0,24a 10,25Ñ0,38d 10,78Ñ0,13c 

P 
ɸʨʘʨʘʪ 49,39Ñ0,31c 34,14Ñ0,80e 43,20Ñ0,68d 

ʊʦʥʫʩ 55,41Ñ0,96a 42,35Ñ0,27d 53,08Ñ0,67b 

 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ 

(ʙʘʟʠʣʠʢʘ) ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ ʫ ʩʦʨʪʘ ɸʨʘʨʘʪ ʥʘʙʣʶʜʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʚʝʨʮʝʪʠʥʘ ʥʘ 74,7% (1,59 ʤʛ/100 ʛ), ʨʦʟʤʘʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (63,90 ʤʛ/100 ʛ) ʥʘ 145,5% ʠ ʚʳʭʦʜʘ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʥʘ 97,6% (0,81%). 

ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʧʨʠʚʦʜʠʣ ʢ ʜʦʩʪʦʚʝʨʥʦʤʫ, ʥʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʨʠʩʫʥʦʢ 34 ɸ-ɺ). ʋ ʩʦʨʪʘ ʊʦʥʫʩ ʩʠʥʠʡ ʩʧʝʢʪʨ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʚʝʨʮʝʪʠʥʘ ʥʘ 71,1% 

(ʜʦ 1,42 ʤʛ/100 ʛ), ʚʳʭʦʜʘ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʥʘ 162,2% (ʜʦ 0,97%) ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 20,0% (ʜʦ 51,80 ʤʛ/100 ʛ). ʂʨʘʩʥʳʡ 

ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝ: ʩʪʠʤʫʣʠʨʦʚʘʣ ʥʘʢʦʧʣʝʥʠʝ 

ʢʚʝʨʮʝʪʠʥʘ ʥʘ 45,8% ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʥʘ 78,4%, ʥʦ ʧʨʠʚʦʜʠʣ ʢ ʩʥʠʞʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 46,3% (ʜʦ 23,20 ʤʛ/100 ʛ) ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʢʦʥʪʨʦʣʝʤ ʙʝʣʳʤ ʩʧʝʢʪʨʦʤ. 
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ʈʠʩʫʥʦʢ 34 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʢʚʝʨʮʝʪʠʥʘ (ɸ), ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɹ) ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ɺ) 

ʚ ʙʘʟʠʣʠʢʝ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ɺʘʞʥʦʡ ʩʩʦʪʘʚʣʷʶʱʝʡ ʦʮʝʥʢʠ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʝʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʠ ʚʳʨʘʞʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʙʠʦʩʠʥʪʝʟ ʘʤʠʥʦʢʠʩʣʦʪ ʫ ʩʦʨʪʘ 

ɸʨʘʨʘʪ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʚʘʨʠʘʥʪʘ ʦʩʚʝʱʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʣʠ 

ʣʝʡʮʠʥ+ʠʟʦʣʝʡʮʠʥ ʠ ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ+ʛʣʫʪʘʤʠʥ (ʨʠʩʫʥʦʢ 35). 
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ʈʠʩʫʥʦʢ 35 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʙʘʟʠʣʠʢʘ ʩʦʨʪʘ ɸʨʘʨʘʪ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ 

ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʨʠ ʥʦʯʥʦʤ ʦʩʚʝʱʝʥʠʠ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ, ʢʦʪʦʨʦʝ ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʦʩʭʦʜʠʣʦ 

ʢʘʢ ʢʦʥʪʨʦʣʴ, ʪʘʢ ʠ ʚʘʨʠʘʥʪ ʩ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ ʦʪʤʝʯʘʣʦʩʴ ʜʣʷ ʩʝʨʠʥʘ 

(178% ʜʦ 49,80 ʤʛ/100 ʛ), ʪʨʝʦʥʠʥʘ (ʧʨʠʨʦʩʪ 183% ʜʦ 62,53 ʤʛ/100 ʛ) ʠ 

ʬʝʥʠʣʘʣʘʥʠʥʘ (111% ʜʦ 76,97 ʤʛ/100 ʛ). ɼʣʷ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ: ʣʠʟʠʥʘ ʥʘ 97%, ʘʨʛʠʥʠʥʘ ʥʘ 90%, 

ʣʝʡʮʠʥʘ+ʠʟʦʣʝʡʮʠʥʘ ʥʘ 51%, ʚʘʣʠʥʘ ʥʘ 64%, ʤʝʪʠʦʥʠʥʘ ʥʘ 50%, ʛʠʩʪʠʜʠʥʘ ʥʘ 

30,8% ʠ ʪʨʠʧʪʦʬʘʥʘ ʥʘ 26,0% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʨʘʩʪʝʥʠʡ. 

ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʫʤʝʨʝʥʥʳʡ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʠʨʦʟʠʥʘ (63% ʜʦ 14,46 ʤʛ/100 ʛ) ʠ ʤʝʪʠʦʥʠʥʘ 

(27% ʜʦ 13,69 ʤʛ/100 ʛ), ʦʜʥʘʢʦ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʘʤʠʥʦʢʠʩʣʦʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʪʫʧʘʣ ʩʠʥʝʤʫ ʩʧʝʢʪʨʫ. ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ ʙʘʟʠʣʠʢʘ ʩʦʨʪʘ 

ʊʦʥʫʩ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʳʨʘʞʝʥʥʳʤ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʣʝʡʮʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ, 

ʜʦʣʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ 16,5% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ (ʨʠʩʫʥʦʢ 36).  

 

c
c

b

c

b

c

c

c
c

c c

c c

b

b

c
c

a

a

a

a

a

a

a

a
a a

a

a
a

a

a

a
a

b
b

a

b

b

b

b

b
b

b b

b
b

b

b

b
b

Arg Lys Tyr Phe His Leu + Ile Met Val Pro Thr Ser Ala Gly Asp + 

Asn

Glu + 

Gln

Cys-Cys Trp
0

50

100

150

200

ɸ
ʤ
ʠ
ʥ
ʦ
ʢ
ʠ
ʩ
ʣ
ʦ
ʪ
ʘ
,
 
ʤ
ʛ
/
1
0
0
 
ʛ

ʙʝʣʳʡ ʩʧʝʢʪʨ (ʢʦʥʪʨʦʣʴ) 

ʩʠʥʠʡ ʩʧʝʢʪʨ
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ʈʠʩʫʥʦʢ 36 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʙʘʟʠʣʠʢʘ ʩʦʨʪʘ ʊʦʥʫʩ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ 

ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʋ ʩʦʨʪʘ ʊʦʥʫʩ ʥʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʦʙʝʩʧʝʯʠʣʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ, ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʳʰʘʷ 

ʢʦʥʪʨʦʣʴ ʠ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʜʣʷ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 75,5% (ʜʦ 56,15 ʤʛ/100 ʛ) ʠ ʛʣʫʪʘʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʥʘ 68,0% (ʜʦ 76,96 ʤʛ/100 ʛ). ʕʪʦʪ ʨʝʞʠʤ ʪʘʢʞʝ ʧʦʚʳʩʠʣ ʩʦʜʝʨʞʘʥʠʝ 

ʚʩʝʭ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ: ʣʠʟʠʥʘ ʥʘ 42,3%, ʬʝʥʠʣʘʣʘʥʠʥʘ ʥʘ 62,9%, 

ʪʨʝʦʥʠʥʘ ʥʘ 39,6%, ʤʝʪʠʦʥʠʥʘ ʥʘ 16,5%, ʚʘʣʠʥʘ ʥʘ 46,0%, 

ʣʝʡʮʠʥʘ+ʠʟʦʣʝʡʮʠʥʘ ʥʘ 50,1% ʠ ʪʨʠʧʪʦʬʘʥʘ ʥʘ 46,4% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ: ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʪʨʝʦʥʠʥʘ ʠ ʤʝʪʠʦʥʠʥʘ ʦʪʤʝʯʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ 

ʩʥʠʞʝʥʠʝ ʥʘ 19,8% ʠ 15,7% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʢʣʶʯʝʥʠʝʤ ʩʪʘʣ ʮʠʩʪʠʥ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʤʝʥʥʦ ʧʨʠ ʜʘʥʥʦʤ ʩʧʝʢʪʨʝ 

ʦʩʚʝʱʝʥʠʷ (8,56 ʤʛ/100 ʛ). 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 

ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʫ ʠʟʫʯʝʥʥʳʭ 
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ʩʦʨʪʦʚ ʙʘʟʠʣʠʢʘ. ʇʨʠ ʥʦʯʥʦʤ ʦʩʚʝʱʝʥʠʠ ʩʠʥʠʡ ʩʧʝʢʪʨ ʧʨʠʚʦʜʠʣ ʢ 

ʜʦʩʪʦʚʝʨʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʫ ʩʦʨʪʘ ɸʨʘʨʘʪ ʥʘ 40,6% 

(991,20 ʤʛ/ʢʛ), ʪʦʛʜʘ ʢʘʢ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʠʭ ʫʚʝʣʠʯʝʥʠʶ ʥʘ 

8,4% (1806,92 ʤʛ/ʢʛ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʨʠʩʫʥʦʢ 37). 

 

 

ʈʠʩʫʥʦʢ 37 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʙʘʟʠʣʠʢʝ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ (2023-2024 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʋ ʩʦʨʪʘ ʊʦʥʫʩ ʥʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʢʘʢ ʩʠʥʠʤ, ʪʘʢ ʠ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ 

ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ: ʥʘ 20,8% (1649,95 ʤʛ/ʢʛ) ʠ 

41,3% (1929,72 ʤʛ/ʢʛ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ 

ʦʧʳʪʘ, ʚʢʣʶʯʘʷ ʢʦʥʪʨʦʣʴ, ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʦʩʪʘʚʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

ɼʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʩʪʝʥʠʡ 

ʙʘʟʠʣʠʢʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʚʝʪʦʜʠʦʜʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʠʣʫ 
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ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʠʟʫʯʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ 

ʦʩʚʝʱʝʥʠʷ (ʨʠʩʫʥʦʢ 38). 

 

ʈʠʩʫʥʦʢ ï 38. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʘʟʠʣʠʢʘ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ ʧʨʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʦʩʚʝʱʝʥʠʠ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ 

 

ʇʨʠ ʥʦʯʥʦʤ ʜʦʩʚʝʯʠʚʘʥʠʠ ʚʳʷʚʣʝʥʳ ʟʥʘʯʠʤʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʢʣʶʯʝʚʳʤʠ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʩʠʣʴʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (r = 0,97-1,00) ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʩʪʘ (ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ, ʙʠʦʤʘʩʩʘ, 
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ʫʨʦʞʘʡʥʦʩʪʴ) ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʩʬʦʨʘ ʩ ʥʠʪʨʘʪʘʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʢʣʶʯʝʚʦʡ ʨʦʣʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣʘ ʚʳʷʚʣʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʠʥʪʝʟʦʤ 

ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʠ ʦʩʥʦʚʥʳʤʠ ʚʝʛʝʪʘʪʠʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 

ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʧʦʢʘʟʘʣʦ ʩʣʘʙʫʶ ʠʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ/ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʚʝʛʝʪʘʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʦʩʪʘ: ʙʠʦʤʘʩʩʦʡ (r = 0,18), ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (r = 0,18) ʠ 

ʢʦʣʠʯʝʩʪʚʦʤ ʣʠʩʪʴʝʚ (r = ī0,35). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ʪʝʨʧʝʥʦʠʜʦʚ ʦʪ ʦʩʥʦʚʥʳʭ ʨʦʩʪʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ 

ʵʬʠʨʦʤʘʩʣʠʯʥʦʩʪʠ ʙʝʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʊʘʢʞʝ 

ʥʘʙʣʶʜʘʣʘʩʴ ʤʠʥʠʤʘʣʴʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʠʪʨʘʪʦʚ (r = ī0,15). 

ʉʦʜʝʨʞʘʥʠʝ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʚʝʨʮʝʪʠʥʘ ʧʦʢʘʟʘʣʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ (r = 0,67), 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʷʚʣʷʷ ʫʤʝʨʝʥʥʫʶ ʠ ʩʠʣʴʥʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʪʨʘʪʦʚ (r = ī0,83 ʠ ī0,40 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʋʩʪʘʥʦʚʣʝʥʥʳʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʣʠ ʨʦʣʴ ʜʘʥʥʳʭ ʬʝʥʦʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʥʘʜʝʞʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʫʣʫʯʰʝʥʥʳʤ ʬʠʪʦʭʠʤʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʦʤ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ 

ʩʥʠʞʝʥʥʦʤ ʥʘʢʦʧʣʝʥʠʠ ʥʠʪʨʘʪʦʚ. ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʠʛʤʝʥʪʳ (ʭʣʦʨʦʬʠʣʣ 

a, ʭʣʦʨʦʬʠʣʣ b ʠ ʢʘʨʦʪʠʥʦʠʜʳ) ʧʦʢʘʟʳʚʘʣʠ ʪʝʩʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʙʦʡ (r = 0,86-0,92). ʆʜʥʘʢʦ ʥʘʙʣʶʜʘʣʘʩʴ ʠʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʣʘʙʘʷ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩ ʢʣʶʯʝʚʳʤʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ, ʙʠʦʤʘʩʩʘ) ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ .ʁ 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʚʩʝʤʠ 

ʠʟʫʯʝʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA). ʕʪʦʪ 

ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʠʩʪʦʯʥʠʢʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʚ ʦʪʢʣʠʢʝ 
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ʨʘʩʪʝʥʠʡ ʙʘʟʠʣʠʢʘ ʥʘ ʥʦʯʥʦʝ ʩʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʬʘʢʪʦʨʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ (ʨʠʩʫʥʦʢ 39). 

 

ʈʠʩʫʥʦʢ 39 ï ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʧʦʢʘʟʘʪʝʣʝʡ ʙʘʟʠʣʠʢʘ ʧʨʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʥʦʯʥʦʤ ʦʩʚʝʱʝʥʠʠ: A ï ʚʢʣʘʜ ʧʝʨʝʤʝʥʥʳʭ ʚ ʛʣʘʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ; ɹ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʨʪʦʚ; ɺ ï ʙʠʧʣʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʚʳʷʚʠʣ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʦʩʠ ʠʟʤʝʥʯʠʚʦʩʪʠ. ʇʝʨʚʘʷ ʢʦʤʧʦʥʝʥʪʘ (Dim-1), ʦʙʲʷʩʥʷʶʱʘʷ 40,5% 

ʜʠʩʧʝʨʩʠʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

(ʙʠʦʤʘʩʩʘ, ʫʨʦʞʘʡʥʦʩʪʴ, ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ) ʠ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (ʥʘʪʨʠʡ, ʬʦʩʬʦʨ, ʨʦʟʤʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, 
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ʥʠʪʨʘʪʳ). ʕʪʠ ʧʨʠʟʥʘʢʠ ʦʙʫʩʣʦʚʠʣʠ ʦʩʥʦʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʚʢʣʘʜ ʚ Dim-1 ʪʘʢʠʭ 

ʧʨʠʟʥʘʢʦʚ, ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʜʣʠʥʘ ʧʦʙʝʛʘ ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ, 

ʙʳʣ ʤʠʥʠʤʘʣʴʥʳʤ (ʨʠʩʫʥʦʢ 39 ɸ). ɺʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ (Dim-2), ʦʙʲʷʩʥʷʶʱʘʷ 

22,20% ʜʠʩʧʝʨʩʠʠ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʝʣʘ ʦʪ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

(ʢʘʣʴʮʠʡ, ʤʘʛʥʠʡ, ʩʝʨʘ) ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʚʪʦʨʠʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ (ʵʬʠʨʥʦʝ 

ʤʘʩʣʦ, ʢʚʝʨʮʝʪʠʥ), ʦʪʨʘʞʘʷ ʚʘʨʠʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ, ʘ ʥʝ 

ʩ ʝʝ ʢʦʣʠʯʝʩʪʚʦʤ. 

ɹʠʧʣʦʪ-ʘʥʘʣʠʟ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʡ ʧʦ ʩʦʨʪʘʤ (ʨʠʩʫʥʦʢ 39 ɹ), ʧʦʢʘʟʘʣ 

ʩʭʦʞʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ ʙʝʟ ʯʝʪʢʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʦʩʷʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʇʨʠ ʵʪʦʤ ʩʦʨʪ ʊʦʥʫʩ ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʫʨʦʞʘʡʥʦʩʪʴ, 

ʙʠʦʤʘʩʩʘ, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ), ʪʦʛʜʘ ʢʘʢ ʩʦʨʪ ɸʨʘʨʘʪ ʧʦʢʘʟʳʚʘʣ ʙʦʣʴʰʫʶ 

ʩʚʷʟʴ ʩʦ ʚʪʦʨʠʯʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ (ʢʚʝʨʮʝʪʠʥ, ʵʬʠʨʥʦʝ ʤʘʩʣʦ, ʨʦʟʤʘʨʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ). ʆʪʩʫʪʩʪʚʠʝ ʚʳʨʘʞʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʩʭʦʜʥʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʦʙʦʠʭ ʩʦʨʪʦʚ ʚ ʦʪʚʝʪ ʥʘ ʥʦʯʥʦʝ ʩʚʝʪʦʜʠʦʜʥʦʝ 

ʦʩʚʝʱʝʥʠʝ. 

ɻʨʫʧʧʠʨʦʚʢʘ ʧʦ ʩʧʝʢʪʨʘʤ ʦʩʚʝʱʝʥʠʷ (ʨʠʩʫʥʦʢ 39 ɺ) ʚʳʷʚʠʣʘ ʯʝʪʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: ʦʙʨʘʙʦʪʢʘ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʪʝʩʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʙʠʦʤʘʩʩʳ, ʫʨʦʞʘʡʥʦʩʪʠ, ʥʠʪʨʘʪʦʚ ʠ ʬʦʩʬʦʨʘ, 

ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʩʪʠʤʫʣʷʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʆʙʨʘʙʦʪʢʘ ʩʠʥʠʤ 

ʩʧʝʢʪʨʦʤ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʛʨʫʧʧʠʨʦʚʘʣʘʩʴ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʢʚʘʜʨʘʪʝ 

ʚʤʝʩʪʝ ʩ ʢʚʝʨʮʝʪʠʥʦʤ, ʵʬʠʨʥʳʤ ʤʘʩʣʦʤ, ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʥʘʪʨʠʝʤ, 

ʧʦʢʘʟʳʚʘʷ ʩʜʚʠʛ ʚ ʩʪʦʨʦʥʫ ʥʘʢʦʧʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ. ɹʝʣʳʡ ʩʧʝʢʪʨ 

ʟʘʥʠʤʘʣ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ 

ʦ ʝʛʦ ʥʝʡʪʨʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʠʟʫʯʘʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚʣʠʷʣ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʥʦ ʠ ʧʝʨʝʩʪʨʘʠʚʘʣ 

ʠʭ ʩʠʩʪʝʤʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ, ʙʦʣʝʝ ʪʦʛʦ ʩʠʥʠʡ ʠ ʢʨʘʩʥʳʡ ʩʚʝʪʦʜʠʦʜʳ 

ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʫ ʙʘʟʠʣʠʢʘ. ɺʳʷʚʣʝʥʥʳʝ 
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ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʙʘʟʠʣʠʢʘ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ. 

ʉʠʥʠʡ ʩʧʝʢʪʨ ʥʦʯʥʦʛʦ ʜʦʩʚʝʯʠʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʧʦʣʫʯʝʥʠʶ 

ʧʨʦʜʫʢʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʝʣʝʚʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʦʪʠʧʘ. 

ɼʣʷ ʩʦʨʪʘ ɸʨʘʨʘʪ ʦʥ ʦʙʝʩʧʝʯʠʚʘʣ ʧʦʣʫʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʩʳʨʴʷ ʩ ʚʳʩʦʢʦʡ 

ʥʫʪʨʠʮʝʚʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ: ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʚʝʨʮʝʪʠʥʘ ʥʘ 74,7% ʠ 

ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 145,5%, ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʥʠʪʨʘʪʦʚ ʥʘ 40,6%, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʥʘʪʨʠʷ. ɼʣʷ ʩʦʨʪʘ 

ʊʦʥʫʩ ʪʦʪ ʞʝ ʨʝʞʠʤ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʩʳʨʴʷ 

ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ: ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 23,3%, 

ʚʳʭʦʜ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʜʦ 0,97%, ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʣʶʯʝʚʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʢʘʣʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʥʠʡ ʩʧʝʢʪʨ ʥʦʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʧʦʢʘʟʘʣ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʝʤ ʜʣʷ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʙʘʟʠʣʠʢʘ ʚ 

ʫʩʣʦʚʠʷʭ ɿɸʕʉ. 

 

4.6 ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʙʘʟʠʣʠʢʘ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ 

ɸʥʘʣʠʟ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʚʝʱʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʚʣʠʷʣ ʥʘ ʨʦʩʪʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʠʩʭʦʜʥʳʭ ʬʦʨʤ ʙʘʟʠʣʠʢʘ (ʨʠʩʫʥʦʢ 40 ɸ-ɻ). ʋ 

ʩʦʨʪʘ ɸʨʘʨʘʪ ʧʨʠʤʝʥʝʥʠʝ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ ʚʳʟʳʚʘʣʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ ʥʘ 39,9% (74,50 ʰʪ) ʠ ʩʳʨʦʡ ʙʠʦʤʘʩʩʳ ʥʘ 27,0%  

(43,51 ʛ/ʨʘʩʪʝʥʠʝ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʨʠʨʦʩʪ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 44,4% (1190,19 ʩʤĮ) ʠ ʙʠʦʤʘʩʩʳ ʥʘ 

59,4% (54,60 ʛ/ʨʘʩʪʝʥʠʝ). 
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ɺ ɻ 

ʈʠʩʫʥʦʢ 40 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ (ɸ), ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ (ɹ), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ (ɺ) ʠ  

ʙʠʦʤʘʩʩʫ (ɻ) ʙʘʟʠʣʠʢʘ (2024-2025 ʛʛ.) ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʋ ʩʦʨʪʘ ʊʦʥʫʩ ʦʙʘ ʚʘʨʠʘʥʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʣʠ ʜʣʠʥʫ ʧʦʙʝʛʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ʩʠʥʠʡ ʩʧʝʢʪʨ 

6,8% ï 87,03 ʩʤ, ʢʨʘʩʥʳʡ 6,2% ï 86,51 ʩʤ), ʦʜʥʘʢʦ, ʧʦ ʦʩʪʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ: ʧʨʠ ʩʠʥʝʤ ʦʩʚʝʱʝʥʠʠ ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ 

ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 45,0% (2057,45 ʩʤĮ ʧʨʦʪʠʚ 3743,15 ʩʤĮ), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï 

ʥʘ 32,6% (246,25 ʰʪ ʧʨʦʪʠʚ 365,25 ʰʪ), ʙʠʦʤʘʩʩʘ ï ʥʘ 45,4%  

(106,60 ʛ/ʨʘʩʪʝʥʠʝ ʧʨʦʪʠʚ 195,29 ʛ/ʨʘʩʪʝʥʠʝ). 
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ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ 

ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʠ ʛʝʥʦʪʠʧʠʯʝʩʢʠ 

ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʨʪʘ ʙʘʟʠʣʠʢʘ 

(ʨʠʩʫʥʦʢ 41 ɸ-ɻ). ʉʠʥʠʡ ʩʧʝʢʪʨ ʦʩʚʝʱʝʥʠʷ ʚʳʟʳʚʘʣ ʫ ʩʦʨʪʘ ɸʨʘʨʘʪ 

ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʧʠʛʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʦʪ 

16,9% ʜʦ 25,5%. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʧʨʠʚʦʜʠʣ ʢ ʩʥʠʞʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

  

ɸ ɹ 

  

ɺ ɻ 

ʈʠʩʫʥʦʢ 41 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ: ʭʣʦʨʦʬʠʣʣʘ ʘ (ɸ),  

ʭʣʦʨʦʬʠʣʣʘ b (ɹ), ʭʣʦʨʦʬʠʣʣʘ (ʘ+b) (ɺ) ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ (ɻ) ʚ ʣʠʩʪʴʷʭ 

ʙʘʟʠʣʠʢʘ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 
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ʋ ʩʦʨʪʘ ʊʦʥʫʩ ʩʠʥʠʡ ʩʧʝʢʪʨ ʦʩʚʝʱʝʥʠʷ ʦʢʘʟʳʚʘʣ ʩʪʠʤʫʣʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ, ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʷ ʩʦʜʝʨʞʘʥʠʝ ʢʣʶʯʝʚʳʭ ʧʠʛʤʝʥʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ: ʭʣʦʨʦʬʠʣʣʘ b ʥʘ 16,4% (0,78 ʤʛ/ʛ), ʩʫʤʤʳ 

ʭʣʦʨʦʬʠʣʣʦʚ (ʘ+b) ʥʘ 9,0% (2,41 ʤʛ/ʛ) ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʘ 31,0% (0,55 ʤʛ/ʛ). 

ɺʳʷʚʣʝʥʥʘʷ ʛʝʥʦʪʠʧʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʧʠʛʤʝʥʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʦʧʨʝʜʝʣʷʣʘ ʠ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʦʨʪʦʚ. ʋ ʩʦʨʪʘ ɸʨʘʨʘʪ 

ʦʙʘ ʚʘʨʠʘʥʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ: ʧʦʜ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʩʦʩʪʘʚʠʣʘ 0,87 ʢʛ/ʤĮ, ʧʦʜ ʢʨʘʩʥʳʤ ï 1,09 ʢʛ/ʤĮ (ʢʦʥʪʨʦʣʴ ï 0,69 ʢʛ/ʤĮ)  

(ʨʠʩʫʥʦʢ 42). ʋ ʩʦʨʪʘ ʊʦʥʫʩ ʦʙʘ ʚʘʨʠʘʥʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʧʨʠʚʦʜʠʣʠ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ. ʊʘʢ, ʧʦʜ 

ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 2,13 ʢʛ/ʤĮ; ʧʦʜ ʢʨʘʩʥʳʤ ï 2,90 ʢʛ/ʤĮ, 

ʯʪʦ ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (3,91 ʢʛ/ʤĮ). 

 

 

ʈʠʩʫʥʦʢ 42 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʙʘʟʠʣʠʢʘ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ (2024-2025 ʛʛ.) ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ  

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʂʣʶʯʝʚʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʦʨʪʘʤʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʚ ʩʦʜʝʨʞʘʥʠʠ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ. ʇʦʜ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ ʧʨʝʜʫʙʦʨʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʫ ʦʙʦʠʭ ʩʦʨʪʦʚ: 
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ʫ ɸʨʘʨʘʪ ï 57,2% (9,59 ʤʛ/100 ʛ), ʫ ʊʦʥʫʩ ï 133,0% (28,52 ʤʛ/100 ʛ). ʂʨʦʤʝ ʪʦʛʦ, 

ʫ ʩʦʨʪʘ ɸʨʘʨʘʪ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʦʚʳʰʘʣ ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ï 64,4% (15,86 

ʤʛ/100 ʛ) ʠ ʤʘʛʥʠʷ ï 14,6% (33,76 ʤʛ/100 ʛ), ʘ ʫ ʩʦʨʪʘ ʊʦʥʫʩ ï  

ʢʘʣʴʮʠʷ ï 47,8% (126,62 ʤʛ/100 ʛ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʙʝʣʳʤ ʩʧʝʢʪʨʦʤ)  

(ʪʘʙʣʠʮʘ 36).  

 

ʊʘʙʣʠʮʘ 36 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʤʘʩʩʝ ʙʘʟʠʣʠʢʘ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ (2024-2025 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

(ʨ<0,05) 

ʉʦʜʝʨʞʘʥʠʝ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, 

 ʤʛ/100 ʛ  
ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ  

ʙʝʣʳʡ ʩʧʝʢʪʨ 

(ʢʦʥʪʨʦʣʴ) 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʠʥʠʡ ʩʧʝʢʪʨ  
ʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ  

K 
ɸʨʘʨʘʪ 467,47Ñ9,12d 503,60Ñ6,91c 485,58Ñ14,67cd 

ʊʦʥʫʩ 438,11Ñ14,73e 832,28Ñ22,24a 523,43Ñ8,38b 

Na 
ɸʨʘʨʘʪ 9,65Ñ0,40c 8,69Ñ0,45d 15,86Ñ0,58a 

ʊʦʥʫʩ 15,80Ñ0,41a 14,01Ñ0,38b 13,58Ñ0,25b 

Mg 
ɸʨʘʨʘʪ 29,47Ñ1,06f 31,35Ñ1,12e 33,76Ñ1,11d 

ʊʦʥʫʩ 39,38Ñ0,78c 86,12Ñ3,32a 48,19Ñ1,20b 

Ca 
ɸʨʘʨʘʪ 48,86Ñ1,36d 42,66Ñ1,81e 53,79Ñ1,87c 

ʊʦʥʫʩ 85,68Ñ2,89b 125,25Ñ2,68a 126,62Ñ3,71a 

S 
ɸʨʘʨʘʪ 6,10Ñ0,31f 7,22Ñ0,30e 9,59Ñ0,28d 

ʊʦʥʫʩ 12,24Ñ0,23c 18,90Ñ0,64b 28,52Ñ1,10a 

P 
ɸʨʘʨʘʪ 48,33Ñ1,28d 54,0Ñ1,28c 52,60Ñ1,38c 

ʊʦʥʫʩ 67,58Ñ2,35b 80,93Ñ1,63a 80,56Ñ1,01a 

 

ʉʠʥʠʡ ʩʧʝʢʪʨ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣ ʥʘʢʦʧʣʝʥʠʝ ʢʘʣʠʷ ʫ ʩʦʨʪʘ ʊʦʥʫʩ 

ʥʘ 90,0% (832,28 ʤʛ/100 ʛ), ʪʦʛʜʘ ʢʘʢ ʫ ʩʦʨʪʘ ɸʨʘʨʘʪʘ ʧʨʠʨʦʩʪ ʙʳʣ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ï 7,7% (503,60 ʤʛ/100 ʛ). ʂʨʦʤʝ ʪʦʛʦ, ʫ ʩʦʨʪʘ ʊʦʥʫʩ ʧʦʜ ʩʠʥʠʤ 

ʩʧʝʢʪʨʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʥʘ 118,6% ʠ ʢʘʣʴʮʠʷ 

ʥʘ 46,2%. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʫ ʩʦʨʪʘ ɸʨʘʨʘʪ ʩʠʥʠʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʦʩʥʦʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʩʬʦʨ, ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʜʦ 54,0 ʤʛ/100 ʛ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ. 
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ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʚʝʱʝʥʠʷ ʦʢʘʟʳʚʘʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 

ʚʣʠʷʥʠʝ ʠ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ, ʯʪʦ ʦʪʨʘʞʘʣʦʩʴ ʚ ʠʟʤʝʥʝʥʠʠ ʙʠʦʩʠʥʪʝʟʘ ʚʪʦʨʠʯʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ (ʨʠʩʫʥʦʢ 43 ɸ-ɺ). ʋ ʩʦʨʪʘ ɸʨʘʨʘʪ ʦʩʚʝʱʝʥʠʝ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ 

ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʚʝʨʮʝʪʠʥʘ ʥʘ 13,9% (2,70 ʤʛ/100 ʛ), 

ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 17,6% (34,67 ʤʛ/100 ʛ) ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʥʘ 164,3% 

(1,11%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

 

  

ɸ ɹ 

 

ɺ 

ʈʠʩʫʥʦʢ 43 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʢʚʝʨʮʝʪʠʥʘ (ɸ), ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɹ) ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ 

(ɺ) ʚ ʙʘʟʠʣʠʢʝ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ 

ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 
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ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʨʠʚʦʜʠʣ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʚʝʨʮʝʪʠʥʘ ʥʘ 17,3% 

(1,96 ʤʛ/100 ʛ) ʠ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 25,6% (21,93 ʤʛ/100 ʛ), ʦʜʥʘʢʦ 

ʫʚʝʣʠʯʠʚʘʣ ʚʳʭʦʜ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʥʘ 81,0% (0,76%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. 

ʋ ʩʦʨʪʘ ʊʦʥʫʩ ʩʠʥʠʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚʩʝʭ 

ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʩʦʜʝʨʞʘʥʠʝ ʢʚʝʨʮʝʪʠʥʘ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 118,6%  

(1,88 ʤʛ/100 ʛ), ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ï ʥʘ 150,0% (65,83 ʤʛ/100 ʛ), ʵʬʠʨʥʦʛʦ 

ʤʘʩʣʘ ï ʥʘ 94,1% (0,99%). ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʦʚʘʣ ʩʠʥʪʝʟ 

ʢʚʝʨʮʝʪʠʥʘ (45,3%) ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (21,6%), ʥʦ ʩʥʠʞʘʣ ʥʘʢʦʧʣʝʥʠʝ 

ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 46,4% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʅʘ ʨʠʩʫʥʢʝ 44 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ ʙʘʟʠʣʠʢʘ ʩʦʨʪʘ ɸʨʘʨʘʪ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ. 

ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʝʡʮʠʥʘ ʠ 

ʠʟʦʣʝʡʮʠʥʘ, ʩʨʝʜʥʷʷ ʜʦʣʷ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʣʘ 15,4% ʦʪ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʙʝʣʢʦʚʦʤ ʤʝʪʘʙʦʣʠʟʤʝ 

ʜʘʥʥʦʛʦ ʛʝʥʦʪʠʧʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʩʧʝʢʪʨʦʚ ʦʩʚʝʱʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 44 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʙʘʟʠʣʠʢʘ ʩʦʨʪʘ ɸʨʘʨʘʪ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ  

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ 

ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ, ʚʳʟʳʚʘʷ 

ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ: ʛʠʩʪʠʜʠʥʘ 

(152,5%), ʬʝʥʠʣʘʣʘʥʠʥʘ (47,5%), ʤʝʪʠʦʥʠʥʘ (46,1%), ʪʨʝʦʥʠʥʘ (37,8%), 

ʣʝʡʮʠʥʘ+ʠʟʦʣʝʡʮʠʥʘ (32,3%), ʪʨʠʧʪʦʬʘʥʘ (25,7%) ʠ ʚʘʣʠʥʘ (22,4%). 

ʅʘʢʦʧʣʝʥʠʝ ʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʠʙʘʚʢʦʡ ʧʦ ʘʨʛʠʥʠʥʫ (28,5%), ʩʝʨʠʥʫ (83,0%) ʠ ʘʣʘʥʠʥʫ (35,6%). 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʣ ʮʠʩʪʠʥ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʩʥʠʟʠʣʦʩʴ ʥʘ 

15,7% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʠʟʙʠʨʘʪʝʣʴʥʦʤ 

ʚʣʠʷʥʠʠ ʢʨʘʩʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪ. ʉʠʥʠʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʩʪʠʤʫʣʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ+ʛʣʫʪʘʤʠʥʘ ʥʘ 50,0%  

(109,21 ʤʛ/100 ʛ) ʠ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ+ʘʩʧʘʨʘʛʠʥʘ ï 49,5%  

(79,44 ʤʛ/100 ʛ), ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʮʠʩʪʠʥʘ ï 71,6%  

(12,13 ʤʛ/100 ʛ). ɹʳʣʦ ʦʪʤʝʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʠʨʦʩʪʦʤ ʧʦ ʤʝʪʠʦʥʠʥʫ (51,1%), 

ʬʝʥʠʣʘʣʘʥʠʥʫ (38,0%), ʣʠʟʠʥʫ (31,5%), ʪʨʠʧʪʦʬʘʥʫ (30,1%), ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʝʡʮʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ ʥʘ 19,3%, ʪʨʝʦʥʠʥʘ ï ʥʘ 16,1% 

ʠ ʚʘʣʠʥʘ ï ʥʘ 15,1% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʧʨʦʬʠʣʴ ʩʦʨʪʘ ʊʦʥʫʩ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ 

ʠʟʤʝʥʷʣʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʧʝʢʪʨʘ ʧʨʝʜʫʙʦʨʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʨʠʩʫʥʦʢ 45). 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʚ ʙʠʦʤʘʩʩʝ ʙʘʟʠʣʠʢʘ ʩʦʨʪʘ ʊʦʥʫʩ 

ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʦʪ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʣʠʩʴ ʛʣʫʪʘʤʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ+ʛʣʫʪʘʤʠʥ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ 13,5% ʦʪ ʦʙʱʝʛʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ.  ʉʠʥʠʡ ʩʧʝʢʪʨ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣ ʩʦʜʝʨʞʘʥʠʝ 

ʙʦʣʴʰʠʥʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ. ʉʨʝʜʠ ʥʝʟʘʤʝʥʠʤʳʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦ ʚʦʟʨʘʩʪʘʣʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʠʩʪʠʜʠʥʘ (130,1%) ʠ ʪʨʝʦʥʠʥʘ (139,8%), ʘ ʪʘʢʞʝ 

ʣʝʡʮʠʥʘ+ʠʟʦʣʝʡʮʠʥʘ (79,1%) ʠ ʚʘʣʠʥʘ (76,2%). ʉʫʱʝʩʪʚʝʥʥʳʡ ʧʨʠʨʦʩʪ 

ʦʪʤʝʯʝʥ ʜʣʷ ʩʝʨʦʩʦʜʝʨʞʘʱʝʛʦ ʤʝʪʠʦʥʠʥʘ (137,3%), ʘʨʦʤʘʪʠʯʝʩʢʠʭ 
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ʬʝʥʠʣʘʣʘʥʠʥʘ (119,8%) ʠ ʪʨʠʧʪʦʬʘʥʘ (53,7%), ʘ ʪʘʢʞʝ ʣʠʟʠʥʘ (70,0%). 

ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʦʚʘʣ ʥʘʢʦʧʣʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ, ʧʦʚʳʰʘʷ 

ʩʦʜʝʨʞʘʥʠʝ ʥʝʟʘʤʝʥʠʤʳʭ: ʣʠʟʠʥʘ (87,8%), ʬʝʥʠʣʘʣʘʥʠʥʘ (89,9%), ʛʠʩʪʠʜʠʥʘ 

(85,6%), ʤʝʪʠʦʥʠʥʘ (89,3%), ʩʫʤʤʳ ʣʝʡʮʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ (65,5%), ʚʘʣʠʥʘ 

(69,7%), ʪʨʝʦʥʠʥʘ (151,5%) ʠ ʪʨʠʧʪʦʬʘʥʘ (38,8%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

 

 

ʈʠʩʫʥʦʢ 45 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʙʘʟʠʣʠʢʘ ʩʦʨʪʘ ʊʦʥʫʩ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

(ʨ<0,05) 

 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʩʥʠʞʘʣʦʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʫ ʦʙʦʠʭ ʩʦʨʪʦʚ, ʧʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʧʝʢʪʨʦʚ ʙʳʣʘ ʛʝʥʦʪʠʧʠʯʝʩʢʠ ʩʧʝʮʠʬʠʯʥʦʡ (ʨʠʩʫʥʦʢ 46). ʋ ʩʦʨʪʘ ʊʦʥʫʩ ʦʙʘ 

ʩʧʝʢʪʨʘ ʧʨʦʷʚʣʷʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ: ʩʠʥʠʡ ʩʚʝʪ ʫʤʝʥʴʰʘʣ ʩʦʜʝʨʞʘʥʠʝ 

ʥʠʪʨʘʪʦʚ ʥʘ 35,1% (1078,96 ʤʛ/ʢʛ), ʘ ʢʨʘʩʥʳʡ ï ʥʘ 39,9% (999,27 ʤʛ/ʢʛ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʋ ʩʦʨʪʘ ɸʨʘʨʘʪ, ʥʘʧʨʦʪʠʚ, ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ 

ʩʥʠʞʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʣ ʪʦʣʴʢʦ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ï ʥʘ 29,7% (1385,52 ʤʛ/ʢʛ), 

ʪʦʛʜʘ ʢʘʢ ʜʝʡʩʪʚʠʝ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ ʙʳʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʘʙʝʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʥʠʪʨʘʪʦʚ ʚʦ ʚʩʝʭ ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʘʭ ʥʝ ʧʨʝʚʳʰʘʣʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ 

ʫʨʦʚʥʷ (2000 ʤʛ/ʢʛ), ʚʘʨʴʠʨʫʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 999,3 ʜʦ 1754,3 ʤʛ/ʢʛ ʩʳʨʦʡ 

ʤʘʩʩʳ. 
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ʈʠʩʫʥʦʢ 46 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʙʘʟʠʣʠʢʝ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ  

(2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʙʘʟʠʣʠʢʘ ʙʳʣʠ ʦʮʝʥʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 47). ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ 

ʩʠʣʫ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (ʜʣʠʥʘ ʧʦʙʝʛʘ, ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ, ʙʠʦʤʘʩʩʘ), 

ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ, ʥʘʢʦʧʣʝʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 

ʨʘʩʪʝʥʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʚʳʟʳʚʘʣʦ ʫ ʨʘʩʪʝʥʠʡ ʙʘʟʠʣʠʢʘ ʢʦʤʧʣʝʢʩʥʫʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʷʚʣʝʥʳ ʩʠʣʴʥʳʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ (r = 0,80-0,99) ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ 

ʨʦʩʪʘ (ʜʣʠʥʘ ʧʦʙʝʛʘ, ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ, ʙʠʦʤʘʩʩʘ) ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʧʨʷʞʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ 

ʨʦʩʪʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʫ ʙʘʟʠʣʠʢʘ ʚ ʟʘʚʝʨʰʘʶʱʝʡ ʬʘʟʝ ʚʝʛʝʪʘʮʠʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʫʙʦʨʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʦʢʘʟʘʣʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
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ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (r = 0,55) ʠ ʢʘʣʠʝʤ (r = 0,54). ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ 

ʵʪʦʤʫ, ʩʚʷʟʴ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʩ ʙʠʦʤʘʩʩʦʡ ʦʢʘʟʘʣʘʩʴ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ  

(r = ī0,31). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʠʥʪʝʟ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʧʨʠ ʧʨʝʜʫʙʦʨʦʯʥʦʤ 

ʦʩʚʝʱʝʥʠʠ ʪʝʩʥʝʝ ʩʚʷʟʘʥ ʩ ʚʪʦʨʠʯʥʳʤ ʤʝʪʘʙʦʣʠʟʤʦʤ, ʯʝʤ ʩ ʚʝʛʝʪʘʪʠʚʥʳʤ 

ʨʦʩʪʦʤ. ɺʳʷʚʣʝʥʘ ʩʠʣʴʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʚʝʨʮʝʪʠʥʘ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʨʦʩʪʘ: ʧʣʦʱʘʜʴʶ ʣʠʩʪʴʝʚ (r =ī0,94), 

ʢʦʣʠʯʝʩʪʚʦʤ ʣʠʩʪʴʝʚ (r = ī0,93) ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (r =ī0,95). ʕʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʩʠʣʝʥʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʬʘʟʝ ʦʥʪʦʛʝʥʝʟʘ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ ʚʝʛʝʪʘʪʠʚʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

 

 

ʈʠʩʫʥʦʢ 47 ï ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʘʟʠʣʠʢʘ ʩʦʨʪʦʚ ɸʨʘʨʘʪ ʠ ʊʦʥʫʩ ʧʨʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʦʩʚʝʱʝʥʠʠ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 
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ʉʨʝʜʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʢʘʣʴʮʠʡ ʧʦʢʘʟʘʣ ʫʩʪʦʡʯʠʚʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʢʦʨʨʝʣʷʮʠʠ ʩ ʜʣʠʥʦʡ ʧʦʙʝʛʘ (r = 0,95), ʧʣʦʱʘʜʴʶ ʣʠʩʪʴʝʚ (r = 0,62) ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (r = 0,68), ʧʦʜʪʚʝʨʞʜʘʷ ʝʛʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ. ʌʦʩʬʦʨ ʠ ʩʝʨʘ 

ʦʙʨʘʟʦʚʘʣʠ ʪʝʩʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ (r = 0,51-0,97) ʩ ʨʦʩʪʦʚʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʠʛʤʝʥʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʭʣʦʨʦʬʠʣʣ a ʠ 

ʭʣʦʨʦʬʠʣʣ b, ʧʦʢʘʟʳʚʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩ ʢʘʨʦʪʠʥʦʠʜʘʤʠ (r = 0,62-0,68), ʘ ʪʘʢʞʝ ʩʣʘʙʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʩʚʷʟʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʪʨʘʪʦʚ (r = 0,34 ʜʣʷ ʭʣʦʨʦʬʠʣʣʘ a). ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʠ ʵʬʠʨʥʳʤ 

ʤʘʩʣʦʤ ʦʢʘʟʘʣʘʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʦʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʧʠʛʤʝʥʪʘ ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʥʝ ʩʚʷʟʘʥʳ ʥʘʧʨʷʤʫʶ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʧʝʢʪʨʦʤ ʧʝʨʝʜ ʩʙʦʨʦʤ ʫʨʦʞʘʷ. 

ʄʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʙʘʟʠʣʠʢʘ ʧʨʠ ʧʨʝʜʫʙʦʨʦʯʥʦʤ ʩʚʝʪʦʜʠʦʜʥʦʤ 

ʦʩʚʝʱʝʥʠʠ (ʨʠʩʫʥʦʢ 48 ɸ-ɺ). ʅʘ ʨʠʩʫʥʢʝ 48 ɸ ʧʦʢʘʟʘʥ ʚʢʣʘʜ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʧʝʨʚʳʝ ʜʚʝ ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʇʝʨʚʘʷ ʢʦʤʧʦʥʝʥʪʘ (Dim-1), ʦʙʲʷʩʥʷʶʱʘʷ 

53,30% ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʚʝʛʝʪʘʪʠʚʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ: ʜʣʠʥʦʡ ʧʦʙʝʛʘ, ʩʦʜʝʨʞʘʥʠʝʤ 

ʬʦʩʬʦʨʘ, ʢʦʣʠʯʝʩʪʚʦʤ ʣʠʩʪʴʝʚ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʘʣʴʮʠʷ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʧʣʦʱʘʜʴʶ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ (Dim-2), ʦʧʠʩʳʚʘʶʱʘʷ 

24,30% ʜʠʩʧʝʨʩʠʠ, ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʢʘʟʘʪʝʣʷʤʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ: 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ, ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʘʨʦʪʠʥʦʠʜʦʚ, ʤʘʛʥʠʷ, ʵʬʠʨʥʳʭ 

ʤʘʩʝʣ ʠ ʢʚʝʨʮʝʪʠʥʘ, ʯʪʦ ʦʪʨʘʞʘʣʦ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʚ ʥʘʢʦʧʣʝʥʠʠ 

ʬʠʪʦʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʘʢʦʧʣʝʥʠʠ ʧʠʛʤʝʥʪʦʚ. ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʙʲʷʩʥʷʝʪ 77,6% ʦʙʱʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʠ ʦʪʨʘʞʘʝʪ ʯʝʪʢʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ 

ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʫʨʦʞʘʷ. 
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ʈʠʩʫʥʦʢ 48 ï ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʧʦʢʘʟʘʪʝʣʝʡ ʙʘʟʠʣʠʢʘ ʧʨʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʨʝʜʫʙʦʨʦʯʥʦʤ ʦʩʚʝʱʝʥʠʠ: A ï ʚʢʣʘʜ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ; ɹ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʨʪʦʚ; ɺ ï ʙʠʧʣʦʪ ʚʟʘʠʤʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

 

ʅʘ ʨʠʩʫʥʢʝ 48 ɹ ʧʨʝʜʩʪʘʚʣʝʥ ʙʠʧʣʦʪ-ʘʥʘʣʠʟ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʡ ʧʦ 

ʩʦʨʪʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʯʝʪʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʤʝʞʜʫ ʩʦʨʪʘʤʠ ʊʦʥʫʩ ʠ ɸʨʘʨʘʪ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

ɸʥʘʣʠʟ ʚʳʷʚʠʣ ʚʳʨʘʞʝʥʥʫʶ ʩʦʨʪʦʚʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʬʠʟʠʦʣʦʛʦ-

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ: ʩʦʨʪ ʊʦʥʫʩ ʧʦʢʘʟʘʣ ʪʝʩʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʫ, ʪʦʛʜʘ ʢʘʢ ʩʦʨʪ ɸʨʘʨʘʪ ʦʙʨʘʟʦʚʘʣ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʪʝʨ 
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ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʪʘʢʠʤʠ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʢʚʝʨʮʝʪʠʥʘ, 

ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ, ʭʣʦʨʦʬʠʣʣʘ b ʠ ʥʠʪʨʘʪʦʚ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʦʙʲʝʢʪʦʚ ʥʘ ʨʠʩʫʥʢʝ 48 C ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʠʤʝʥʷʚʰʝʛʦʩʷ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʦʩʚʝʱʝʥʠʷ. ɸʥʘʣʠʟ ʚʳʷʚʠʣ ʯʝʪʢʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʦʙʨʘʙʦʪʢʘ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ 

ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʦʙʨʘʟʦʚʳʚʘʣʘ ʢʦʤʧʘʢʪʥʳʡ ʢʣʘʩʪʝʨ ʚ ʦʙʣʘʩʪʠ 

ʚʝʛʝʪʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʦʩʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ, ʧʣʦʱʘʜʴʶ ʣʠʩʪʴʝʚ, ʢʦʣʠʯʝʩʪʚʦʤ ʣʠʩʪʴʝʚ, ʙʠʦʤʘʩʩʦʡ ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʚʳʨʘʞʝʥʥʦʤ ʩʪʠʤʫʣʠʨʫʶʱʝʤ 

ʵʬʬʝʢʪʝ ʢʨʘʩʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʙʘʟʠʣʠʢʘ. ɺ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʦʙʨʘʙʦʪʢʘ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ 

ʧʝʨʠʦʜ ʩʚʷʟʘʥʘ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʣʷʷ 

ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʢʚʝʨʮʝʪʠʥʦʤ, ʵʬʠʨʥʳʤ ʤʘʩʣʦʤ, 

ʢʘʨʦʪʠʥʦʠʜʘʤʠ ʠ ʢʘʣʠʝʤ. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʣʦ ʨʦʣʴ ʩʠʥʝʛʦ 

ʩʧʝʢʪʨʘ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚʪʦʨʠʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʩʪʘʪʫʩʘ ʨʘʩʪʝʥʠʡ ʙʘʟʠʣʠʢʘ. ɹʝʣʳʡ ʩʚʝʪʦʜʠʦʜʥʳʡ ʩʧʝʢʪʨ 

ʟʘʥʠʤʘʣ ʮʝʥʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʝʛʦ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʫʯʘʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʧʦʟʚʦʣʠʣʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʫʣʫʯʰʘʪʴ 

ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʘʟʠʣʠʢʘ, ʧʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʝʢʪʨ ʟʘʚʠʩʝʣ ʦʪ 

ʛʝʥʦʪʠʧʘ. ʊʘʢ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʠʨʦʤʘʩʣʠʯʥʦʩʪʠ ʫ ʩʦʨʪʘ ɸʨʘʨʘʪ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʙʳʣ ʩʠʥʠʡ ʩʧʝʢʪʨ (ʜʦ 1,11%), ʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʛʠʩʪʠʜʠʥʘ ï ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ (ʧʨʠʨʦʩʪ ʥʘ 152,5%). ɼʣʷ ʦʙʦʛʘʱʝʥʠʷ ʩʦʨʪʘ ʊʦʥʫʩ 

ʢʘʨʦʪʠʥʦʠʜʘʤʠ, ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ (ʤʝʪʠʦʥʠʥ) ʠ ʪʠʨʦʟʠʥʦʤ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʙʳʣʠ ʩʠʥʠʡ (ʧʨʠʨʦʩʪ ʜʦ 137,3%) ʠ ʢʨʘʩʥʳʡ (ʧʨʠʨʦʩʪ 151,2%) 

ʩʧʝʢʪʨʳ. ʇʨʠ ʵʪʦʤ ʦʙʘ ʩʦʨʪʘ ʧʦʢʘʟʳʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ 

ʥʠʪʨʘʪʦʚ (ʜʦ 39,9%).  



159 

 

 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʩʧʝʢʪʨʳ 

ʧʨʝʜʫʙʦʨʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚʣʠʷʣʠ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʨʘʩʪʝʥʠʡ 

ʙʘʟʠʣʠʢʘ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ: ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʥʘʢʦʧʣʝʥʠʶ ʙʠʦʤʘʩʩʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʥʠʡ ʩʧʝʢʪʨ ʩʪʠʤʫʣʠʨʦʚʘʣ ʥʘʢʦʧʣʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʳʷʚʣʝʥʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ɺʳʷʚʣʝʥʥʘʷ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʙʘʟʠʣʠʢʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʙʦʨʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʦʩʚʝʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ. 

 

4.7 ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ 

ʧʨʠʟʥʘʢʠ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʣʶʯʝʚʫʶ ʟʘʜʘʯʫ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʠ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʷʭ ɿɸʕʉ. ʄʷʪʘ ʜʣʠʥʥʦʣʠʩʪʥʘʷ, ʦʙʣʘʜʘʶʱʘʷ ʮʝʥʥʳʤʠ 

ʬʠʪʦʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʦʷʚʣʷʝʪ ʚʳʨʘʞʝʥʥʫʶ ʚʠʜʦʩʧʝʮʠʬʠʯʥʫʶ 

ʨʝʘʢʮʠʶ ʥʘ ʧʘʨʘʤʝʪʨʳ ʦʩʚʝʱʝʥʠʷ (Shahar ʠ Chongtham, 2024; Mostafavizadeh 

Ardestani et al., 2025). ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʨʘʙʦʪʳ 

Jadwisienczak ʠ ʩʦʘʚʪ. (2025), ʫʩʪʘʥʦʚʠʣʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʥʘʪʨʠʝʚʳʤʠ ʣʘʤʧʘʤʠ (ɼʅʘʊ) ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʦʜʘ Mentha. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ 

ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʢ ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʝʞʠʤʘʤ ʚ ʫʩʣʦʚʠʷʭ 

ʛʠʜʨʦʧʦʥʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʧʦʜ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʠʟʫʯʝʥʳ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥ r ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʧʝʢʪʨʦʚ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ ï ʢʦʥʪʨʦʣʴ, ʙʝʣʳʡ ʩʧʝʢʪʨ, ʩʠʥʠʡ 

ʩʧʝʢʪʨ, ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ, ʢʨʘʩʥʦ-ʩʠʥʠʡ ʩʧʝʢʪʨ) ʥʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ. 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣ ʦʪʤʝʯʝʥ ʧʨʠ 

ʦʩʚʝʱʝʥʠʠ ʙʝʣʳʤ ʩʧʝʢʪʨʦʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ɼʅʘʊ) ʧʣʦʱʘʜʴ 
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ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 95,4%, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï ʥʘ 132,7%, 

ʦʙʱʘʷ ʙʠʦʤʘʩʩʘ ʨʘʩʪʝʥʠʷ ï ʥʘ 44,6% (ʪʘʙʣʠʮʘ 37). ʉʫʱʝʩʪʚʝʥʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʜʣʠʥʳ ʧʦʙʝʛʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʝʣʦʛʦ ʩʧʝʢʪʨʘ ʥʘ 42,5% 

ʢʦʤʧʝʥʩʠʨʦʚʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʬʝʥʦʪʠʧʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʚʠʪʳʤ 

ʣʠʩʪʦʚʳʤ ʘʧʧʘʨʘʪʦʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʝʣʦʛʦ ʩʚʝʪʘ, ʩʠʥʠʡ ʩʧʝʢʪʨ ʠʥʛʠʙʠʨʦʚʘʣ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʟʳʚʘʷ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʜʣʠʥʳ 

ʧʦʙʝʛʘ ʠ ʙʠʦʤʘʩʩʳ ʥʘ 21-23%. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ, ʪʘʢʞʝ ʧʦʜʘʚʣʷʷ ʣʠʥʝʡʥʳʡ ʨʦʩʪ 

ʠ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ, ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʪʠʤʫʣʠʨʦʚʘʣ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ 

ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 30%. 

 

ʊʘʙʣʠʮʘ 37 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

(2024-2025 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05). 

ɺʘʨʠʘʥʪ 

ʦʩʚʝʱʝʥʠʷ 

ɼʣʠʥʘ ʧʦʙʝʛʘ, 

ʩʤ 

ʇʣʦʱʘʜʴ ʣʠʩʪʴʝʚ, 

ʩʤĮ/ʨʘʩʪʝʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ, ʰʪ 
ɹʠʦʤʘʩʩʘ, ʛ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
84,63Ñ5,06a  623,67Ñ36,14c 151,00Ñ9,54cd  30,78Ñ2,16c 

ɹʝʣʳʡ ʩʧʝʢʪʨ 48,67Ñ3,21c 1218,33Ñ24,13a 351,33Ñ8,33a 44,51Ñ2,79a 

ʉʠʥʠʡ ʩʧʝʢʪʨ  66,73Ñ4,02b 670,33Ñ23,35c 142,67Ñ4,73d 23,78Ñ1,42e 

ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ 68,07Ñ3,38b 818,00Ñ52,12b  162,67Ñ9,02c 27,99Ñ0,36d 

ʂʨʘʩʥʳʡ+ʩʠʥʠʡ 

ʩʧʝʢʪʨ 
72,33Ñ3,69b 875,33Ñ28,02b 221,33Ñ12,06b 34,91Ñ0,70b 

 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʘʩʥʳʡ+ʩʠʥʠʡ ʩʧʝʢʪʨ. ɺ ʵʪʦʤ ʚʘʨʠʘʥʪʝ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʫʣʫʯʰʝʥʠʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʜʣʠʥʳ ʧʦʙʝʛʘ ʥʘ 14,5% ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 

40,4%, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï ʥʘ 46,6%, ʘ ʙʠʦʤʘʩʩʘ ï ʥʘ 13,4% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʦʙʝʩʧʝʯʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʘʙʠʪʫʩʘ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ ʢʘʢ ʣʠʩʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʦʙʱʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚʳʷʚʠʣ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 
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ʦʩʚʝʱʝʥʠʷ ʥʘ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʣʠʩʪʴʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ. ʅʘʠʙʦʣʴʰʝʝ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʧʠʛʤʝʥʪʦʚ ʦʢʘʟʳʚʘʣ ʩʠʥʠʡ ʩʧʝʢʪʨ, ʯʪʦ ʚʳʨʘʞʘʣʦʩʴ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʥʘʢʦʧʣʝʥʠʠ ʢʘʢ ʭʣʦʨʦʬʠʣʣʦʚ, ʪʘʢ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

(ɼʅʘʊ) ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 46-51%, ʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʘ 

39,5% (ʪʘʙʣʠʮʘ 38).  

 

ʊʘʙʣʠʮʘ 38 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɺʘʨʠʘʥʪ 

ʦʩʚʝʱʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ, ʤʛ/ʛ  

ʭʣʦʨʦʬʠʣʣ ʘ  ʭʣʦʨʦʬʠʣʣ b 

ʩʫʤʤʘ 

ʭʣʦʨʦʬʠʣʣʦʚ 

(ʘ+b) 

ʢʘʨʦʪʠʥʦʠʜʳ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
1,60Ñ0,04c 0,58Ñ0,02b 2,18Ñ0,06c 0,43Ñ0,01d 

ɹʝʣʳʡ ʩʧʝʢʪʨ 1,67Ñ0,06c 0,56Ñ0,02ab 2,23Ñ0,07c 0,45Ñ0,01c 

ʉʠʥʠʡ ʩʧʝʢʪʨ 2,41Ñ0,07a 0,85Ñ0,04a 3,26Ñ0,08a 0,60Ñ0,02a 

ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ 2,06Ñ0,06b 0,78Ñ0,03c 2,84Ñ0,09b 0,54Ñ0,01b 

ʂʨʘʩʥʳʡ+ʩʠʥʠʡ 

ʩʧʝʢʪʨ 
2,13Ñ0,06b 0,76Ñ0,03c 2,89Ñ0,07b 0,58Ñ0,02a 

 

ʆʩʚʝʱʝʥʠʝ ʢʨʘʩʥʳʤ ʠ ʢʨʘʩʥʦ-ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʪʘʢʞʝ ʚʳʟʳʚʘʣʦ 

ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ, ʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʩʠʥʠʡ ʩʧʝʢʪʨ. ʇʨʠ ʢʨʘʩʥʦʤ 

ʩʧʝʢʪʨʝ ʦʩʚʝʱʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʚʦʟʨʦʩʣʦ ʥʘ 28,8-34,5%, ʘ 

ʢʘʨʦʪʠʥʦʠʜʦʚ ï ʥʘ 25,6%. ʂʨʘʩʥʦ-ʩʠʥʠʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʦʚʘʣ 

ʥʘʢʦʧʣʝʥʠʝ ʧʠʛʤʝʥʪʦʚ, ʦʜʥʘʢʦ ʝʛʦ ʵʬʬʝʢʪ ʙʳʣ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤ, ʯʝʤ ʫ 

ʩʠʥʝʛʦ. ʇʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ a, b ʠ ʠʭ ʩʫʤʤʳ ʩʦʩʪʘʚʠʣ  

26,3-32,6%, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 34,9% ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ (ɼʅʘʊ). ʆʩʚʝʱʝʥʠʝ ʙʝʣʳʤ ʩʧʝʢʪʨʦʤ ʥʝ ʧʨʠʚʝʣʦ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚ ʩʦʜʝʨʞʘʥʠʠ ʭʣʦʨʦʬʠʣʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, 

ʧʦʢʘʟʳʚʘʷ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 
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ɺʳʷʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦʩʣʝʜʫʶʱʠʝ ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʨʘʩʪʝʥʠʡ, 

ʦʩʥʦʚʥʳʝ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʫʨʦʞʘʡ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʩʣʫʞʠʪ 

ʛʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (Mansoori, 

2014; Majkowska-Gadomska, 2024), ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ 

ʧʘʨʘʤʝʪʨʘʤ, ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ï ʙʠʦʤʘʩʩʝ ʠ 

ʢʦʣʠʯʝʩʪʚʫ ʣʠʩʪʴʝʚ. ʅʘʰʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜ Majkowska-Gadomska 

et al. (2024) ʦ ʪʦʤ, ʯʪʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʣʘ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʛʝʥʦʪʠʧʘ, ʥʦ ʠ ʦʪ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʠʦʤʘʩʩʳ ʙʳʣ ʦʪʤʝʯʝʥ ʧʨʠ 

ʦʩʚʝʱʝʥʠʠ ʙʝʣʳʤ ʩʧʝʢʪʨʦʤ ʧʨʝʚʳʩʠʚ ʢʦʥʪʨʦʣʴ (ɼʅʘʊ) ʥʘ 44,6% ʠ ʜʦʩʪʠʛʥʫʚ 

0,89 ʢʛ/ʤĮ. ʂʨʘʩʥʦ-ʩʠʥʠʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʘ 13,4% (0,70 ʢʛ/ʤĮ). ʅʘʧʨʦʪʠʚ, ʤʦʥʦʭʨʦʤʥʳʝ 

ʩʧʝʢʪʨʳ ʧʨʠʚʦʜʠʣʠ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ: ʧʦʜ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʥʘ 22,7%, ʘ ʧʦʜ ʢʨʘʩʥʳʤ ï ʥʘ 9,0% (ʨʠʩʫʥʦʢ 49). 

  

 

ʈʠʩʫʥʦʢ 49 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʦ ʚʣʠʷʥʠʠ ʩʧʝʢʪʨʘ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʧʝʢʪʨʳ (ʢʨʘʩʥʳʡ, ʩʠʥʠʡ) ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʪʠʤʫʣʠʨʦʚʘʣʠ 

ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʴʥʦʝ ʧʠʪʘʥʠʝ, ʯʝʤ ɼʅʘʊ (Pinho ʠ Jokinen, 

2017). ʆʜʥʘʢʦ ʦʧʪʠʤʠʟʘʮʠʷ ʩʧʝʢʪʨʘ ʪʨʝʙʫʝʪ ʙʘʣʘʥʩʘ: ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʩʠʥʝʛʦ 

ʩʧʝʢʪʨʘ (ʩʠʥʠʡ:ʢʨʘʩʥʳʡ = 5:1), ʩʧʦʩʦʙʩʪʚʫʷ ʘʢʢʫʤʫʣʷʮʠʠ ʵʣʝʤʝʥʪʦʚ (N, Mg, 

Zn, Cu), ʤʦʞʝʪ ʧʦʜʘʚʣʷʪʴ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʠ ʨʘʟʚʠʪʠʝ ʣʠʩʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ 

(Meng et al., 2020). ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʧʦʜʙʦʨʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʢʫʣʴʪʫʨ, 

ʥʦ ʠ ʜʣʷ ʩʦʨʪʦʚ ʚ ʮʝʣʷʭ ʦʧʪʠʤʠʟʘʮʠʠ ʮʝʣʝʚʳʭ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʘʥʥʳʝ ʣʠʪʝʨʘʪʫʨʳ ʦ 

ʧʦʚʳʰʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʚ ʥʘʢʦʧʣʝʥʠʠ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ. ʊʘʢ, ʢʨʘʩʥʦ-ʩʠʥʠʡ ʩʧʝʢʪʨ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 4:1 ʦʙʝʩʧʝʯʠʣ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʨʝʜʠ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʥʘʢʦʧʣʝʥʠʝ ʢʘʣʠʷ (445,42 ʤʛ/100 ʛ), 

ʤʘʛʥʠʷ (52,04 ʤʛ/100 ʛ) ʠ ʢʘʣʴʮʠʷ (107,27 ʤʛ/100 ʛ), ʧʨʝʚʳʩʠʚ ʢʦʥʪʨʦʣʴ ʥʘ 

33,7%, 39,4% ʠ 25,0% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʪʘʢʞʝ ʙʳʣʦ 

ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 14,0% (ʪʘʙʣʠʮʘ 38). 

 

ʊʘʙʣʠʮʘ 38 ï ɺʣʠ̫ʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɺʘʨʠʘʥʪ 

ʦʩʚʝʱʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʤʛ/100 ʛ  

K Na Mg Ca S P 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
333,17Ñ16,43d 8,84Ñ0,21b 37,32Ñ1,76ʩ 85,83Ñ3,87ʩ 25,19Ñ1,64ʩ 60,57Ñ2,50b 

ɹʝʣʳʡ ʩʧʝʢʪʨ 391,89Ñ7,57c 12,24Ñ0,20a 43,56Ñ2,94b 88,16Ñ2,67ʩ 40,41Ñ1,98a 61,32Ñ2,45b 

ʉʠʥʠʡ ʩʧʝʢʪʨ 425,88Ñ9,06ab 7,43Ñ0,31c 47,92Ñ2,31ab  103,72Ñ3,45ab 34,56Ñ2,05b 70,92Ñ2,40a 

ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ 410,81Ñ9,70b 12,56Ñ0,52a 45,92Ñ2,08b 101,33Ñ1,95b 42,35Ñ2,72a 69,82Ñ1,26a 

ʂʨʘʩʥʳʡ+ʩʠʥʠʡ 

ʩʧʝʢʪʨ 
445,42Ñ13,17a 7,77Ñ0,28c 52,04Ñ3,10a 107,27Ñ1,86a 33,49Ñ2,02b 68,95Ñ2,52a 
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ʆʩʚʝʱʝʥʠʝ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʜʦʩʪʦʚʝʨʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ (ʥʘ 27,8%), ʤʘʛʥʠʷ (ʥʘ 28,4%), ʢʘʣʴʮʠʷ (ʥʘ 20,8%), ʩʝʨʳ  

(ʥʘ 37,2%) ʠ ʬʦʩʬʦʨʘ (ʥʘ 17,1%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʉʭʦʞʫʶ 

ʪʝʥʜʝʥʮʠʶ ʧʦʢʘʟʳʚʘʣ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ: ʦʥ ʪʘʢʞʝ ʟʥʘʯʠʤʦ ʧʦʚʳʰʘʣ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʝʭ ʞʝ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʝʛʦ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʩʝʨʳ ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʳʤ (ʧʨʠʨʦʩʪ ʥʘ 68,1%). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʤʦʥʦʭʨʦʤʥʳʭ ʩʧʝʢʪʨʦʚ, ʙʝʣʳʡ ʩʧʝʢʪʨ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣ ʥʘʢʦʧʣʝʥʠʝ 

ʥʘʪʨʠʷ (ʥʘ 38,5%), ʤʘʛʥʠʷ (ʥʘ 16,7%) ʠ ʩʝʨʳ (ʥʘ 60,4%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʚʝʱʝʥʠʷ ʷʚʣʷʣʩʷ ʛʣʘʚʥʳʤ ʫʧʨʘʚʣʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʚʰʠʤ ʥʝ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʬʦʪʦʤʦʨʬʦʛʝʥʝʟʘ ʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʥʦ ʠ ʙʠʦʩʠʥʪʝʟ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ. ɼʘʥʥʳʡ 

ʵʬʬʝʢʪ, ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʦʧʦʩʨʝʜʦʚʘʥ 

ʬʦʪʦʩʝʥʩʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ: ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ Poonia et al. (2022) ʠ  

Oana et al. (2023), ʘʢʪʠʚʘʮʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʪʦʨʝʮʝʧʪʦʨʦʚ 

ʠʥʠʮʠʠʨʫʝʪ ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʫʩʠʣʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʠ ʠʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʧʝʢʪʨ ʦʩʚʝʱʝʥʠʷ ʦʢʘʟʳʚʘʣ ʚʳʨʘʞʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʥʪʝʟ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ. ʅʘʠʙʦʣʴʰʝʝ 

ʥʘʢʦʧʣʝʥʠʝ ʢʚʝʨʮʝʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʩʠʥʝʤ ʩʧʝʢʪʨʝ, ʛʜʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ 

ʜʦʩʪʠʛʘʣʦ 16,13 ʤʛ/100 ʛ, ʯʪʦ ʥʘ 198% ʧʨʝʚʳʰʘʣʦ ʢʦʥʪʨʦʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

(5,42 ʤʛ/100 ʛ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʠʥʠʡ ʩʧʝʢʪʨ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʥʘ 200,0%, ʧʨʝʚʳʰʘʷ ʢʦʥʪʨʦʣʴʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʟʥʘʯʠʤʦ ʩʪʠʤʫʣʠʨʦʚʘʣ ʩʠʥʪʝʟ ʵʬʠʨʥʳʭ 

ʤʘʩʝʣ (ʧʨʠʨʦʩʪ ʥʘ 110,5%), ʦʜʥʘʢʦ ʝʛʦ ʵʬʬʝʢʪ ʙʳʣ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤ, ʯʝʤ ʫ 

ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ (ʨʠʩʫʥʦʢ 50). ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ 

ʦʩʚʝʱʝʥʠʠ ʙʝʣʳʤ ʩʧʝʢʪʨʦʤ, ʜʦʩʪʠʛʘʷ 431,28 ʤʛ/100 ʛ  

(ʥʘ 78,6% ʚʳʰʝ ʢʦʥʪʨʦʣʷ, 241,53 ʤʛ/100 ʛ). ʉʠʥʠʡ, ʢʨʘʩʥʳʡ ʠ ʢʨʘʩʥʦ-ʩʠʥʠʡ 

ʩʧʝʢʪʨʳ, ʥʘʧʨʦʪʠʚ, ʚʳʟʳʚʘʣʠ ʩʥʠʞʝʥʠʝ ʝʝ ʩʦʜʝʨʞʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 50 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 
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ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ  
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ʅʘʨʷʜʫ ʩ ʬʝʥʦʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʵʬʠʨʥʳʤʠ ʤʘʩʣʘʤʠ, 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʚʝʱʝʥʠʷ ʦʢʘʟʳʚʘʣ ʨʝʛʫʣʷʪʦʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʟʦʪʠʩʪʳʡ 

ʦʙʤʝʥ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʦʩʥʦʚʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʚ ʙʠʦʤʘʩʩʝ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʚ ʧʨʦʮʝʥʪʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʦʪ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʣʠʩʴ ʣʝʡʮʠʥ+ʠʟʦʣʝʡʮʠʥ, ʛʣʫʪʘʤʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ+ʛʣʫʪʘʤʠʥ, ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ+ʘʩʧʘʨʘʛʠʥ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ 33,0% ʦʪ ʦʙʱʝʛʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩʫʥʦʢ 51). 

 

 

ʈʠʩʫʥʦʢ 51 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ 

ʩʦʩʪʘʚ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ (ʨ<0,05)  

 

ɺʦ ʚʩʝʭ ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʢʦʤʧʣʝʢʩʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ɼʅʘʊ), ʦʜʥʘʢʦ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠʤʝʣʘ 

ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʩʦʩʪʘʚʣʷʣʦ ʚ ʩʨʝʜʥʝʤ 

2377,3 ʤʛ/100 ʛ ʧʦ ʚʩʝʤ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ. 

ʉʠʥʠʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ, ʫʚʝʣʠʯʠʚʘʷ ʠʭ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʦ  

2681,5 ʤʛ/100 ʛ, ʯʪʦ ʥʘ 38,1% ʧʨʝʚʳʰʘʣʦ ʢʦʥʪʨʦʣʴ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ɼʅʘʊ 

(1941,8 ʤʛ/100 ʛ). ɼʘʥʥʳʡ ʨʝʞʠʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʵʬʬʝʢʪʠʚʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ 
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ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʘʨʛʠʥʠʥʘ, ʛʠʩʪʠʜʠʥʘ ʠ 

ʤʝʪʠʦʥʠʥʘ ʩʨʝʜʠ ʥʝʟʘʤʝʥʠʤʳʭ, ʘ ʪʘʢʞʝ ʧʨʦʣʠʥʘ ʠ ʮʠʩʪʠʥʘ ʩʨʝʜʠ ʟʘʤʝʥʠʤʳʭ. 

ʉʨʝʜʠ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ ʙʳʣ ʦʪʤʝʯʝʥ ʜʣʷ ʬʝʥʠʣʘʣʘʥʠʥʘ (42,6%), ʩʫʤʤʳ ʣʝʡʮʠʥʘ ʠ 

ʠʟʦʣʝʡʮʠʥʘ (37,5%), ʚʘʣʠʥʘ (33,6%), ʪʨʠʧʪʦʬʘʥʘ (41,4%), ʪʨʝʦʥʠʥʘ (25,2%) ʠ 

ʣʠʟʠʥʘ (20,4%). ʉʨʝʜʠ ʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ 

ʧʦʢʘʟʘʣʠ ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʘʩʧʘʨʘʛʠʥ (43,5%), ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ 

ʛʣʫʪʘʤʠʥ (64,9%), ʩʝʨʠʥ (37,1%), ʛʣʠʮʠʥ (33,4%) ʠ ʘʣʘʥʠʥ (31,9%). ɹʝʣʳʡ 

ʩʧʝʢʪʨ, ʫʩʪʫʧʘʷ ʧʦ ʦʙʱʝʤʫ ʩʪʠʤʫʣʠʨʫʶʱʝʤʫ ʵʬʬʝʢʪʫ ʩʠʥʝʤʫ, ʫʚʝʣʠʯʠʚʘʣ 

ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʥʘ 31,1% (ʜʦ 2544,7 ʤʛ/100 ʛ) ʠ ʧʨʠ ʵʪʦʤ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠ ʁʘʨʛʠʥʠʥʘ, ʛʠʩʪʠʜʠʥʘ, ʧʨʦʣʠʥʘ ʠ 

ʮʠʩʪʠʥʘ (ʧʨʠʨʦʩʪ ʦʪ 30,7% ʜʦ 74,0%). 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʝʟʘʤʝʥʠʤʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʠʭ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʘʭ. ʂʘʢ ʦʪʤʝʯʘʣʠ Kumar et al. (2017), 

ʥʘʢʦʧʣʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪ ʵʪʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʨʘʩʪʝʥʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ. ʅʘʰ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ 

ʨʘʩʪʝʥʠʡ ʚʘʞʥʳʤʠ ʥʝʟʘʤʝʥʠʤʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʣʠʟʠʥʘ 

ʠ ʤʝʪʠʦʥʠʥʘ ï ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ, 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʞʠʤʳ: ʩʠʥʠʡ ʩʧʝʢʪʨ ʫʚʝʣʠʯʠʚʘʣ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʟʠʥʘ ʥʘ 20,4%, ʘ ʙʝʣʳʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʨʠʨʦʩʪ ʤʝʪʠʦʥʠʥʘ (77,2%). ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣ ʩʦʜʝʨʞʘʥʠʝ 

ʘʨʛʠʥʠʥʘ (41,0%), ʩʫʤʤʳ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʩʧʘʨʘʛʠʥʘ (40,5%) ʠ 

ʪʨʝʦʥʠʥʘ (27,4%). ʂʨʘʩʥʦ-ʩʠʥʠʡ ʩʧʝʢʪʨ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʡ, ʥʦ 

ʩʪʘʙʠʣʴʥʳʡ ʵʬʬʝʢʪ, ʪʘʢʞʝ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʣ ʩʦʜʝʨʞʘʥʠʝ ʘʨʛʠʥʠʥʘ (36,4%), 

ʩʫʤʤʳ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʩʧʘʨʘʛʠʥʘ (39,3%), ʘ ʪʘʢʞʝ ʩʫʤʤʳ 

ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʛʣʫʪʘʤʠʥʘ (31,9%) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ɼʅʘʊ). 

ʅʘʨʷʜʫ ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʳʨʴʷ 

ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʦʜʝʨʞʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 
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ʪʘʢʠʭ ʢʘʢ ʥʠʪʨʘʪʳ. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʠʭ ʩʦʜʝʨʞʟʘʥʠʝ (ʨʠʩʫʥʦʢ 52). ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ 

ʦʩʚʝʱʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤ  

(ʊʈ ʊʉ 021/2011), ʚʘʨʴʠʨʫʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 559,82 ʜʦ 911,71 ʤʛ/ʢʛ. 

 

 

ʈʠʩʫʥʦʢ 52 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʥʠʪʨʘʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

(2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05)  

 

ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪʦʚ ʦʪʤʝʯʝʥʘ ʚ ʢʦʥʪʨʦʣʝ ʩ ʦʩʚʝʱʝʥʠʝʤ 

ɼʅʘʊ. ʇʨʠʤʝʥʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʤʫ ʩʥʠʞʝʥʠʶ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠ ʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ï 559,82 ʤʛ/ʢʛ (ʩʥʠʞʝʥʠʝ ʥʘ 38,6% 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ). ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʣ ʢʨʘʩʥʦ-ʩʠʥʠʡ 

ʩʧʝʢʪʨ (595,83 ʤʛ/ʢʛ ï34,6%), ʪʦʛʜʘ ʢʘʢ ʙʝʣʳʡ ʠ ʩʠʥʠʡ ʩʧʝʢʪʨʳ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʩʦʧʦʩʪʘʚʠʤʦʝ ʩʥʠʞʝʥʠʝ ʧʨʠʤʝʨʥʦ ʥʘ 17%  
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(757,24 ʠ 755,91 ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (Liang et al., 2022; Loconsole et al., 2019), 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ (ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ) ʠ ʝʛʦ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʘʢʪʠʚʠʨʫʶʪ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʤʦʜʫʣʷʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʘʛʨʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ 

ɸʨʦʤʘʪ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ɿɸʕʉ. 

ʂʘʞʜʳʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʪʘʙʦʣʠʟʤ 

ʨʘʩʪʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʦʛʘʱʝʥʠʶ ʩʳʨʴʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʮʝʥʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ʉʠʥʠʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 

ʢʚʝʨʮʝʪʠʥʘ ʥʘ 197,6% (ʜʦ 16,13 ʤʛ/100 ʛ), ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʥʘ 200% ʠ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ ʥʘ 38,1% (2681,5 ʤʛ/100 ʛ), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʣʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʧʠʪʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʩʳʨʴʷ. 

ɹʝʣʳʡ ʩʧʝʢʪʨ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʥʘʠʙʦʣʴʰʝʤʫ ʥʘʢʦʧʣʝʥʠʶ ʨʦʟʤʘʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʥʘ 78,6% (431,28 ʤʛ/100 ʛ), ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʘ 81%, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʣ 

ʩʦʜʝʨʞʘʥʠʝ ʘʨʛʠʥʠʥʘ, ʧʨʦʣʠʥʘ ʠ ʮʠʩʪʠʥʘ ʦʪ 30,7% ʜʦ 74,0%, ʫʣʫʯʰʘʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʧʨʦʬʠʣʴ ʧʨʦʜʫʢʮʠʠ. ʂʨʘʩʥʳʡ ʠ ʢʨʘʩʥʦ-

ʩʠʥʠʡ ʩʧʝʢʪʨʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ï ʜʦ 

559,82 ʤʛ/ʢʛ (ʥʘ 38,6%) ʠ 595,83 ʤʛ/ʢʛ (ʥʘ 34,6%) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʦʚʳʰʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʳʨʴʷ ʠ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʨʦʛʠʤ 

ʥʦʨʤʘʪʠʚʘʤ. 

ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʜʙʦʨ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʧʦʟʚʦʣʷʣ ʥʝ ʧʨʦʩʪʦ 

ʫʚʝʣʠʯʠʪʴ ʙʠʦʤʘʩʩʫ, ʘ ʨʝʛʫʣʠʨʦʚʘʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʪʝʥʠʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ, ʦʙʦʛʘʱʝʥʥʦʝ ʩʳʨʴʝ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
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4.8 ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ  

ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ Huang et al. (2024), ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ 

ʢʨʘʩʥʳʤ ʠ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʜʦʩʪʦʚʝʨʥʦ ʫʩʠʣʠʚʘʣʦ ʫ ʤʷʪʳ ʧʦʣʝʚʦʡ  

(Mentha arvensis L.) ʨʦʩʪʦʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʘʢʦʧʣʝʥʠʝ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʠ 

ʨʘʟʚʠʪʠʝ ʞʝʣʝʟʠʩʪʳʭ ʪʨʠʭʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʕʬʬʝʢʪʳ 

ʨʘʟʣʠʯʘʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʢʪʨʘ: ʢʦʤʙʠʥʘʮʠʷ ʙʝʣʦʛʦ ʩʚʝʪʘ ʩ ʢʨʘʩʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ, ʪʦʛʜʘ ʢʘʢ ʙʝʣʳʡ ʩʚʝʪ 

ʩ ʩʠʥʠʤ ʙʳʣ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʤʦʨʬʦʛʝʥʝʟʘ (ʧʦʙʝʛʦ- ʠ 

ʣʠʩʪʦʦʙʨʘʟʦʚʘʥʠʝ). ʇʨʠ ʵʪʦʤ ʠʤʝʥʥʦ ʩʠʥʠʡ ʩʚʝʪ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʙʝʣʳʤ 

ʦʢʘʟʳʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, 

ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʷ ʚʳʭʦʜ ʠ ʩʦʜʝʨʞʘʥʠʝ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴ 

ʪʨʠʭʦʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʘʢʪʠʚʘʮʠʠ ʙʠʦʩʠʥʪʝʟʘ 

ʤʦʥʦʪʝʨʧʝʥʦʚ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ ʥʘ ʤʦʨʬʦʛʝʥʝʟ 

ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (ʨʠʩʫʥʦʢ 53). ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʙʝʣʳʡ ʩʧʝʢʪʨ) ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ 

ʢʣʶʯʝʚʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 17,4%, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï ʥʘ 46,9%, ʘ ʩʳʨʘʷ ʤʘʩʩʘ 

ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ï ʥʘ 42,2%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʘʢʪʠʚʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʚʝʛʝʪʘʪʠʚʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ ʧʦʙʝʛʦʚ 

ʦʩʪʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ (76,24 ʩʤ), ʯʪʦ ʧʦʢʘʟʳʚʘʣʦ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ʜʝʡʩʪʚʠʷ ʢʨʘʩʥʦʛʦ ʩʧʝʢʪʨʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʙʠʦʤʘʩʩʳ. ʇʦʣʫʯʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʳʨʦʡ ʙʠʦʤʘʩʩʳ ʥʘ 42,2% ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ Huang et al., ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʷʚʣʷʣʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ ʨʘʟʚʠʪʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ. ʆʩʚʝʱʝʥʠʝ 

ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʚʳʟʳʚʘʣʦ ʠʟʙʠʨʘʪʝʣʴʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʨʦʩʪʘ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʳʨʦʡ ʤʘʩʩʳ ʥʘ 11,9%, ʜʘʥʥʳʡ 
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ʨʝʞʠʤ ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʤʦʨʬʦʛʝʥʝʟʫ ʚʝʛʝʪʘʪʠʚʥʳʭ ʦʨʛʘʥʦʚ: ʜʣʠʥʘ ʧʦʙʝʛʦʚ ʠ 

ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ ʩʥʠʞʘʣʠʩʴ, ʘ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʚʘʣʦʩʴ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ. 

 

  

ɸ ɹ 

 
 

ɺ ɻ 

ʈʠʩʫʥʦʢ 53 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ ʜʣʠʥʫ 

ʧʦʙʝʛʘ (ɸ), ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ (ɹ), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ (ɺ) ʠ ʙʠʦʤʘʩʩʫ (ɻ) ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2023-2024 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ 

ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʋʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʥʘ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʅʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ ʧʨʦʷʚʣʷʣʦ 

ʚʳʨʘʞʝʥʥʳʡ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʩʠʥʪʝʟ ʧʠʛʤʝʥʪʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʘ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 9,4%, ʭʣʦʨʦʬʠʣʣʘ b ï ʥʘ 
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45,1%, ʘ ʠʭ ʦʙʱʘʷ ʩʫʤʤʘ (a+b) ï ʥʘ 18,9%; ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ 

ʧʦʚʳʩʠʣʘʩʴ ʥʘ 20,8% (ʨʠʩʫʥʦʢ 54). 

 

ʈʠʩʫʥʦʢ 54 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ: ʭʣʦʨʦʬʠʣʣ ʘ (ɸ), ʭʣʦʨʦʬʠʣʣ b 

(ɹ), ʭʣʦʨʦʬʠʣʣ (ʘ+b) (ɺ) ʠ ʢʘʨʦʪʠʥʦʠʜʳ (ɻ) ʚ ʣʠʩʪʴʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2023-2024 ʛʛ.) ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʆʙʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʝʢʪʨʘ ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʦʙʝʩʧʝʯʠʚʘʣ 

ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ, ʫʚʝʣʠʯʠʚʘʷ ʫʨʦʞʘʡ ʜʦ 2,3 ʢʛ/ʤĮ. ʕʬʬʝʢʪ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ ʙʳʣ 

ʟʥʘʯʠʤʳʤ, ʥʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤ, ʦʙʝʩʧʝʯʠʚ ʫʨʦʞʘʡ 1,8 ʢʛ/ʤĮ, ʯʪʦ ʥʘ 27,8% 

ʥʠʞʝ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ ʢʨʘʩʥʦʤ ʦʩʚʝʱʝʥʠʠ (ʨʠʩʫʥʦʢ 55). 
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ʈʠʩʫʥʦʢ 55 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2023-

2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ  

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʥʦʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʥʘ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʨʘʩʪʝʥʠʡ (p < 0,05) (ʪʘʙʣʠʮʘ 39).  

 

ʊʘʙʣʠʮʘ 39 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʜʝʨʞʘʥʠʝ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʤʛ/100 ʛ  

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ʙʝʣʳʡ ʩʧʝʢʪʨ 

(ʢʦʥʪʨʦʣʴ)  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʠʥʠʡ ʩʧʝʢʪʨ  ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ  

K 516,79Ñ16,96ab 510,75Ñ4,10b 530,84Ñ6,80a 

Na 23,82Ñ1,19a 12,81Ñ0,24b 7,94Ñ0,39c 

Mg 79,41Ñ2,86a 83,92Ñ2,18a 75,00Ñ1,37b 

Ca 82,65Ñ3,66b 103,67Ñ1,71a 101,02Ñ2,86a 

S 25,74Ñ0,86c 28,92Ñ0,62b 34,46Ñ0,71a 

P 62,08Ñ3,23b 62,79Ñ0,37b 70,62Ñ1,96a 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʫʚʝʣʠʯʠʚʘʣʦ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʢʘʣʴʮʠʷ (ʥʘ 
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22,2%), ʬʦʩʬʦʨʘ (ʥʘ 13,7%) ʠ ʩʝʨʳ (ʥʘ 33,9%) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

ʉʪʠʤʫʣʷʮʠʷ ʥʘʢʦʧʣʝʥʠʷ ʬʦʩʬʦʨʘ ʠ ʩʝʨʳ ʠʤʝʝʪ ʚʘʞʥʦʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʵʣʝʤʝʥʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʶʪ ʚ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʷʭ ʙʠʦʩʠʥʪʝʟʘ ʮʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʷʪʳ. ʌʦʩʬʦʨ (P), ʢʘʢ 

ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ (ɸʊʌ, ɸɼʌ), ʦʧʨʝʜʝʣʷʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʩʠʥʪʝʟʘ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʚʢʣʶʯʘʷ ʢʦʤʧʦʥʝʥʪʳ 

ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ. ʉʝʨʘ (S) ʚʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʫ ʢʣʶʯʝʚʳʭ ʢʦʬʝʨʤʝʥʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʘʮʝʪʠʣ-ʂʦɸ), ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʦʥʦʪʝʨʧʝʥʦʚ ï 

ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (Zhao et al., 2025ʘ).  

ʆʙʨʘʙʦʪʢʘ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʦʢʘʟʳʚʘʣʘ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ: 

ʧʦʚʳʰʘʣʘ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ (ʥʘ 25,4%) ʠ ʩʝʨʳ (ʥʘ 12,4%), ʥʦ ʧʨʠ ʵʪʦʤ 

ʚʳʟʳʚʘʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʥʘʪʨʠʷ (ʥʘ 46,2%). 

ʅʘ ʨʠʩʫʥʢʝ 56 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʢʚʝʨʮʝʪʠʥʘ ʠ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ) ʚ ʣʠʩʪʴʷʭ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʥʠʡ 

ʩʧʝʢʪʨ ʷʚʣʷʣʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ ʙʠʦʩʠʥʪʝʟʘ 

ʢʚʝʨʮʝʪʠʥʘ, ʧʦʚʳʰʘʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʥʘ 59,0% (ʜʦ 8,0 ʤʛ/100 ʛ) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ (5,03 ʤʛ/100 ʛ) (ʨʠʩʫʥʦʢ 56 ɸ). ʂʦʤʙʠʥʘʮʠʷ ʙʝʣʦʛʦ ʜʥʝʚʥʦʛʦ ʠ 

ʢʨʘʩʥʦʛʦ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʪʘʢʞʝ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʣʘ ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʦʛʦ 

ʬʣʘʚʦʥʦʠʜʘ (ʥʘ 47,7%). ʉʦʜʝʨʞʘʥʠʝ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʝ ʠʟʤʝʥʷʣʦʩʴ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ (397,67 ʤʛ/100 ʛ), ʦʩʪʘʚʘʷʩʴ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ 

(397,0 ʤʛ/100 ʛ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʚʳʟʳʚʘʣ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ 

ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ 34,4% (ʜʦ 260,33 ʤʛ/100 ʛ) (ʨʠʩʫʥʦʢ 56 ɹ). ʅʘʠʙʦʣʴʰʠʡ 

ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʭʣʦʨʦʛʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʙʣʶʜʘʣʩʷ 

ʧʨʠ ʩʠʥʝʤ ʩʧʝʢʪʨʝ: ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʟʨʘʩʪʘʣʦ ʥʘ 84,7%, ʜʦʩʪʠʛʘʷ  

223,80 ʤʛ/100 ʛ (ʢʦʥʪʨʦʣʴ ï 121,20 ʤʛ/100 ʛ). ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʚʳʟʳʚʘʣ 

ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 62,6% (197,10 ʤʛ/100 ʛ) (ʨʠʩʫʥʦʢ 56 ɺ). 

ʉʦʜʝʨʞʘʥʠʝ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 0,28% ʜʦ 0,40% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʝʢʪʨʘ. ɽʛʦ ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ (0,40%) ʙʳʣ ʦʪʤʝʯʝʥ ʧʨʠ ʢʦʤʙʠʥʘʮʠʠ ʙʝʣʦʛʦ 

ʜʥʝʚʥʦʛʦ ʠ ʩʠʥʝʛʦ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʯʪʦ ʥʘ 29,0% ʧʨʝʚʳʰʘʣʦ ʢʦʥʪʨʦʣʴ. 
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ʈʝʞʠʤ ʩ ʢʨʘʩʥʳʤ ʥʦʯʥʳʤ ʦʩʚʝʱʝʥʠʝʤ, ʥʘʧʨʦʪʠʚ, ʧʨʠʚʦʜʠʣ ʢ ʩʥʠʞʝʥʠʶ 

ʥʘʢʦʧʣʝʥʠʷ ʤʘʩʣʘ ʜʦ 0,28% (ʥʘ 9,7% ʥʠʞʝ ʢʦʥʪʨʦʣʷ) (ʨʠʩʫʥʦʢ 56 ɻ). 

ɺʳʷʚʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦ ʚʣʠʷʥʠʶ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ Huang et al. (2024), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʦʪʤʝʯʘʣʠ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ ʙʠʦʩʠʥʪʝʟʘ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʫ ʤʷʪʳ. 

 

 
 

ɸ ɹ 

  

ɺ ɻ 

ʈʠʩʫʥʦʢ 56 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʢʚʝʨʮʝʪʠʥʘ (ɸ), ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɹ), ʭʣʦʨʦʛʝʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (ɺ) ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ɻ) ʚ ʨʘʩʪʝʥʠʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 
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ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘ 

ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ (p < 0,05). 

ʆʩʥʦʚʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʞʠʤʘ ʙʳʣʠ ʩʫʤʤʳ ʣʝʡʮʠʥʘ ʠ 

ʠʟʦʣʝʡʮʠʥʘ (Leu+Ile, 12,8%), ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʛʣʫʪʘʤʠʥʘ  

(Glu+Gln, 13,7%), ʘ ʪʘʢʞʝ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʩʧʘʨʘʛʠʥʘ  

(Asp+Asn, 12,2%) (ʨʠʩʫʥʦʢ 57).  

 

 

ʈʠʩʫʥʦʢ 57 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

(2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʉʠʥʠʡ ʩʧʝʢʪʨ ʫʚʝʣʠʯʠʚʘʣ ʩʦʜʝʨʞʘʥʠʝ ʯʝʪʳʨʝʭ ʠʟ ʜʝʚʷʪʠ ʥʝʟʘʤʝʥʠʤʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ: ʣʠʟʠʥʘ (Lys) ʥʘ 15,0%, ʬʝʥʠʣʘʣʘʥʠʥʘ (Phe) ʥʘ 16,3%, ʚʘʣʠʥʘ 

(Val) ʥʘ 22,6% ʠ ʩʫʤʤʳ ʣʝʡʮʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ (Leu+Ile) ʥʘ 5,8%. ʇʨʠ ʵʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʠʦʥʠʥʘ (Met) ʩʥʠʞʘʣʘʩʴ ʥʘ 47,0%. ʉʨʝʜʠ ʟʘʤʝʥʠʤʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠʨʦʩʪ ʧʦ ʘʨʛʠʥʠʥʫ (Arg) ʥʘ 15,3%, ʪʠʨʦʟʠʥʫ (Tyr) 

ʥʘ 19,6%, ʧʨʦʣʠʥʫ (Pro) ʥʘ 13,9%, ʘʣʘʥʠʥʫ (Ala) ʥʘ 16,6% ʠ ʛʣʠʮʠʥʫ (Gly) ʥʘ 

7,8%, ʪʦʛʜʘ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʛʣʫʪʘʤʠʥʘ (Glu+Gln), 

ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʩʧʘʨʘʛʠʥʘ (Asp+Asn) ʠ ʮʠʩʪʝʠʥʘ (Cys-Cys) 

ʫʤʝʥʴʰʘʣʦʩʴ. 
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ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ: ʧʨʠ ʦʙʱʝʤ ʩʥʠʞʝʥʠʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ ʥʘ 8-20% ʦʥ ʟʥʘʯʠʤʦ ʧʦʚʳʰʘʣ ʩʦʜʝʨʞʘʥʠʝ 

ʮʠʩʪʝʠʥʘ (Cys) ʥʘ 11,3%, ʪʨʠʧʪʦʬʘʥʘ (Trp) ʥʘ 12,9%, ʘ ʪʘʢʞʝ ʩʫʤʤ 

ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʩʧʘʨʘʛʠʥʘ (Asp+Asn) ʥʘ 11,2% ʠ ʛʣʫʪʘʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʛʣʫʪʘʤʠʥʘ (Glu+Gln) ʥʘ 11,9%. ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʠʦʥʠʥʘ (Met) 

ʩʥʠʞʘʣʘʩʴ ʥʘ 19,0%. ʋʨʦʚʝʥʴ ʛʠʩʪʠʜʠʥʘ (His) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʢʦʥʪʨʦʣʶ. 

 

ɺʳʷʚʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʪʘʙʦʣʠʟʤʘ ʘʤʠʥʦʢʠʩʣʦʪ ʦʪ ʩʧʝʢʪʨʘ 

ʦʩʚʝʱʝʥʠʷ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ 

ʪʦʤʘʪʘ ʩ ʟʘʜʘʥʥʳʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʫʣʫʯʰʝʥʥʦʡ ʧʠʱʝʚʦʡ 

ʮʝʥʥʦʩʪʴʶ ʚ ɿɸʕʉ. ʋʩʪʘʥʦʚʣʝʥʦ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʩʚʝʪʘ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

(ʨʠʩʫʥʦʢ 58). 

 

 

ʈʠʩʫʥʦʢ 58 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʡ ʧʝʨʠʦʜ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʩʥʠʞʝʥʠʠ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʙʳʣ ʩʠʥʠʡ ʩʧʝʢʪʨ, 

ʦʙʝʩʧʝʯʠʚʘʚʰʠʡ ʫʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 36,7% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ʜʦ 
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518,33 ʤʛ/ʢʛ). ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʢʦʤʙʠʥʘʮʠʷ ʙʝʣʦʛʦ ʜʥʝʚʥʦʛʦ ʠ 

ʢʨʘʩʥʦʛʦ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ, ʧʦʚʳʰʘʷ 

ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʦ 927,67 ʤʛ/ʢʛ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ, 

ʚʢʣʶʯʘʷ ʢʦʥʪʨʦʣʴ, ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣʦ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 754,78 ʤʛ/ʢʛ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʩʦʢʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʚʣʠʷʥʠʷ ʩʧʝʢʪʨʘ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʢʣʶʯʝʚʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ. ʅʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ 

ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ ʧʦʢʘʟʘʣʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʥʘʢʦʧʣʝʥʠʠ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʳ ï ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 17,4% ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʣʠʩʪʴʝʚ ʥʘ 46,9%. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʠ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʜʦʩʪʠʛʣʘ 2,3 ʢʛ/ʤĮ, 

ʧʨʝʚʳʩʠʚ ʢʦʥʪʨʦʣʴ ʥʘ 42,2%. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʣ ʢʦʤʧʣʝʢʩʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ï ʭʣʦʨʦʬʠʣʣʘ a ʥʘ 

9,4%, ʭʣʦʨʦʬʠʣʣʘ b ʥʘ 45,1%, ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʘ 20,8%. ʇʨʠ ʵʪʦʤ ʩʠʥʠʡ ʩʧʝʢʪʨ 

ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʨʦʷʚʠʣ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, ʧʦʚʳʰʘʷ ʩʦʜʝʨʞʘʥʠʝ 

ʪʦʣʴʢʦ ʭʣʦʨʦʬʠʣʣʘ b ʥʘ 11,5%. ɺʳʷʚʣʝʥʘ ʩʧʝʢʪʨʘʣʴʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʚʣʠʷʥʠʷ ʥʘ ʙʠʦʩʠʥʪʝʟ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ. ʉʠʥʠʡ ʩʧʝʢʪʨ ʫʚʝʣʠʯʠʚʘʣ 

ʥʘʢʦʧʣʝʥʠʝ ʢʚʝʨʮʝʪʠʥʘ ʥʘ 59,0%, ʪʦʛʜʘ ʢʘʢ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʩʥʠʞʘʣ 

ʩʦʜʝʨʞʘʥʠʝ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 52,5%. ʕʬʠʨʥʦʤʘʩʣʠʯʥʦʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʠʣʠʚʘʣʘʩʴ ʧʨʠ ʩʠʥʝʤ ʦʩʚʝʱʝʥʠʠ (ʧʨʠʨʦʩʪ 29,0%). 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʷʚʣʝʥʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʨʝʛʫʣʷʮʠʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ: ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ (2,7%), ʬʦʩʬʦʨʘ ʥʘ 13,7% ʠ ʩʝʨʳ ʥʘ 33,9%, ʪʦʛʜʘ ʢʘʢ ʩʠʥʠʡ 

ʩʧʝʢʪʨ ʩʥʠʞʘʣ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʥʘ 19,8%. ʉʠʥʠʡ ʩʧʝʢʪʨ ʧʦʢʘʟʳʚʘʣ 

ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʪʠʤʫʣʷʮʠʠ ʙʠʦʩʠʥʪʝʟʘ ʧʨʦʪʝʠʥʦʛʝʥʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ (ʫʚʝʣʠʯʝʥʠʝ ʥʘ 13-23%), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʝʪʠʦʥʠʥʘ, ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʪʦʨʦʛʦ ʩʥʠʞʘʣʦʩʴ ʥʘ 47,0%. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʜʣʷ 
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ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʫ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ. ʂʦʤʙʠʥʘʮʠʷ ʙʝʣʦʛʦ ʜʥʝʚʥʦʛʦ ʠ ʩʠʥʝʛʦ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʠʨʦʤʘʩʣʠʯʥʦʩʪʠ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʞʠʤ ʙʝʣʦʛʦ ʜʥʝʚʥʦʛʦ ʠ ʢʨʘʩʥʦʛʦ ʥʦʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ.  

 

4.9 ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʤ̫ ʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ  

ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

ʈʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʩʳʨʴʝ ʜʣʷ ʧʠʱʝʚʦʡ ʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ (Tabbert et al., 2022). ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʦʜʠʦʜʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʩ ʟʘʜʘʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʠʥʝʛʦ ʠ ʢʨʘʩʥʦ-

ʩʠʥʝʛʦ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʪʘʢʠʝ ʨʝʞʠʤʳ 

ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʚʝʛʝʪʘʪʠʚʥʳʡ ʨʦʩʪ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʙʠʦʩʠʥʪʝʟ ʮʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʨʦʟʤʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʤʦʥʦʪʝʨʧʝʥʳ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʧʦʚʳʰʘʝʪ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ ʮʝʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ (Tsiaparas et al., 2025; Trivellini 2023b).  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʮʝʣʝʚʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʷʭ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ ʥʘ ʙʠʦʩʠʥʪʝʟ ʮʝʣʝʚʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ ʫ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʢʩʠʭ ʢʫʣʴʪʫʨ. 

ʋʯʠʪʳʚʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʦʤ ʨʘʩʪʝʥʠʡ, ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʦʚ ʥʘ 

ʤʦʨʬʦʛʝʥʝʟ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

(ʩʦʨʪʦʦʙʨʘʟʝʮ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ) ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ. ʆʩʚʝʱʝʥʠʝ ʩʠʥʠʤ 

ʩʧʝʢʪʨʦʤ ʦʢʘʟʳʚʘʣʦ ʚʳʨʘʞʝʥʥʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ, ʚʳʟʳʚʘʷ ʩʥʠʞʝʥʠʝ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʙʠʦʤʘʩʩʳ ʚ ʧʨʝʜʝʣʘʭ 19-27% ʦʪʥʦʩʠʪʝʣʴʥʦ 



180 

 

 

 

ʢʦʥʪʨʦʣʷ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʆʥ ʥʝ 

ʚʳʟʳʚʘʣ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʣʦʱʘʜʠ ʠ ʢʦʣʠʯʝʩʪʚʝ ʣʠʩʪʴʝʚ ʠʣʠ ʚ ʙʠʦʤʘʩʩʝ, 

ʥʦ ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣ ʜʣʠʥʫ ʧʦʙʝʛʦʚ ʥʘ 11,7% (ʨʠʩʫʥʦʢ 59 ɸ-ɻ).  

 

  
ɸ ɹ 

  
ɺ ɻ 

ʈʠʩʫʥʦʢ 59 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ (ɸ), ʧʣʦʱʘʜʴ ʣʠʩʪʘ (ɹ), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ (ɺ) ʠ ʙʠʦʤʘʩʩʫ 

(ɻ) ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ  

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʀʟʤʝʥʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ ʣʠʩʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʚʳʨʘʞʝʥʥʫʶ 
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ʩʧʝʢʪʨʘʣʴʥʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ 

(ʨʠʩʫʥʦʢ 60).  

 

  
ɸ ɹ 

  

ɺ ɻ 

ʈʠʩʫʥʦʢ 60 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ: ʭʣʦʨʦʬʠʣʣ ʘ (ɸ), ʭʣʦʨʦʬʠʣʣ b 

(ɹ), ʭʣʦʨʦʬʠʣʣ (ʘ+b) (ɺ) ʠ ʢʘʨʦʪʠʥʦʠʜʳ (ɻ) ʚ ʣʠʩʪʴʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ.) ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʉʠʥʠʡ ʩʧʝʢʪʨ ʦʢʘʟʳʚʘʣ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʠʛʤʝʥʪʦʚ: ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʭʣʦʨʦʬʠʣʣʘ ʘ ʚʦʟʨʘʩʪʘʣʘ ʥʘ 18,0% (ʜʦ 2,56 ʤʛ/ʛ), ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʦʚ (a+b) ï ʥʘ 14,8% (ʜʦ 3,48 ʤʛ/ʛ), ʘ ʢʘʨʦʪʠʥʦʠʜʦʚ ï ʥʘ 24,1%  

(ʜʦ 0,72 ʤʛ/ʛ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ b 
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ʦʩʪʘʚʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʧʝʢʪʨʦʚ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʨʦʷʚʣʷʣ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ: ʦʥ ʥʝ ʦʢʘʟʳʚʘʣ 

ʟʥʘʯʠʤʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʭʣʦʨʦʬʠʣʣʦʚ, ʥʦ ʜʦʩʪʦʚʝʨʥʦ 

ʧʦʚʳʰʘʣ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʘ 12,1% (ʜʦ 0,65 ʤʛ/ʛ). 

ʉʠʥʠʡ ʩʧʝʢʪʨ ʧʨʝʜʫʙʦʨʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚʳʟʳʚʘʣ ʩʥʠʞʝʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʤʷʪʳ ʜʦ 1,02 ʢʛ/ʤĮ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ʦʥʘ 

ʩʦʭʨʘʥʷʣʘʩʴ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ ʠ ʩʦʩʪʘʚʣʷʣʘ 1,35 ʢʛ/ʤĮ (ʨʠʩʫʥʦʢ 61). 

 

 

ʈʠʩʫʥʦʢ 61 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ  

(2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʇʦʩʢʦʣʴʢʫ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʮʝʥʥʦʩʪʴ ʫʨʦʞʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʝʛʦ 

ʢʦʣʠʯʝʩʪʚʦʤ, ʥʦ ʠ ʢʘʯʝʩʪʚʦʤ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʚ ʙʠʦʤʘʩʩʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ʦʢʘʟʳʚʘʣʦ ʢʘʢ ʩʪʠʤʫʣʠʨʫʶʱʝʝ, ʪʘʢ ʠ ʧʦʜʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʩʥʦʚʥʳʝ ʤʘʢʨʦʵʣʝʤʝʥʪʳ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʬʦʩʬʦʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʙʦʠʭ 

ʩʧʝʢʪʨʦʚ ʥʘ 21,6-25,0% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʪʘʢʞʝ 
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ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʪʠʤʫʣʠʨʦʚʘʣ ʘʢʢʫʤʫʣʷʮʠʶ ʥʘʪʨʠʷ (ʧʨʠʨʦʩʪ ʥʘ 43,3%) 

(ʪʘʙʣʠʮʘ 40). ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʧʨʝʜʫʙʦʨʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʢʘʣʠʷ (ʥʘ 11,4-35,7%), ʤʘʛʥʠʷ (ʥʘ 12,1-14,6%), 

ʢʘʣʴʮʠʷ (ʥʘ 11,0-12,4%) ʠ ʩʝʨʳ (ʧʨʠ ʩʠʥʝʤ ʩʧʝʢʪʨʝ ï ʥʘ 11,3%) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ. 

 

ʊʘʙʣʠʮʘ 40 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʜʝʨʞʘʥʠʝ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, 

ʤʛ/100 ʛ  

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ʙʝʣʳʡ ʩʧʝʢʪʨ 

(ʢʦʥʪʨʦʣʴ)  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʠʥʠʡ ʩʧʝʢʪʨ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ 

K 489,74Ñ16,89a 434,02Ñ8,04b 314,67Ñ5,59c 

Na 13,95Ñ0,11b 12,94Ñ0,50c 19,99Ñ0,49a 

Mg 117,52Ñ4,74a 100,35Ñ1,44b 103,34Ñ2,07b 

Ca 158,12Ñ2,65a 138,59Ñ1,64b 140,74Ñ1,30b 

S 47,37Ñ2,28a 42,01Ñ1,64b 43,96Ñ2,02ab 

P 133,99Ñ1,49b 162,96Ñ5,63a 167,55Ñ7,54a 

 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʩʳʨʴʷ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʞʝ ʟʥʘʯʠʤʦ 

ʠʟʤʝʥʷʣʦʩʴ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʦʩʚʝʱʝʥʠʷ. ɸʥʘʣʠʟ ʚʳʷʚʠʣ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʚʣʠʷʥʠʝ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ 

ʧʝʨʠʦʜ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʫ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ. ʄʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʦʢʘʟʳʚʘʣʠ ʚʳʨʘʞʝʥʥʦʝ 

ʧʦʜʘʚʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʦʩʪʦʚʝʨʥʦʝ 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʢʚʝʨʮʝʪʠʥʘ (ʥʘ 19,9% ʧʦʜ ʩʠʥʠʤ ʠ ʥʘ 

30,6% ʧʦʜ ʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ), ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʥʘ 56,5% ʠ 65,7% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʭʣʦʨʦʛʝʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʥʘ 25,2% ʠ 42,1%). ʇʨʠ ʵʪʦʤ 

ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʥʝʠʟʤʝʥʥʦ ʧʨʦʷʚʣʷʣ ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʧʦʜʘʚʣʷʶʱʠʡ ʵʬʬʝʢʪ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʠʤ (ʨʠʩʫʥʦʢ 62 ɸ-ɻ). ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʡ ʪʝʥʜʝʥʮʠʠ, 
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ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ ʦʩʚʝʱʝʥʠʝ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ. ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʦʙʝʩʧʝʯʠʚʘʣ ʩʠʥʠʡ ʩʧʝʢʪʨ, ʧʦʚʳʰʘʷ 

ʧʦʢʘʟʘʪʝʣʴ ʥʘ 48,5% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʜʦʩʪʦʚʝʨʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ, ʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ (ʥʘ 20,4%). 

 

  
ɸ ɹ 

  
ɺ ɻ 

 

ʈʠʩʫʥʦʢ 62 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʢʚʝʨʮʝʪʠʥʘ (ɸ), ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɹ), ʭʣʦʨʦʛʝʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (ɺ) ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ɻ) ʚ ʨʘʩʪʝʥʠʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʂʦʤʧʣʝʢʩʥʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʩʳʨʴʷ 

ʧʨʦʷʚʣʷʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʚ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʥʦ ʠ 
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ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤ ʩʦʩʪʘʚʝ. ʆʩʥʦʚʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʚ ʙʠʦʤʘʩʩʝ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʘʨʠʘʥʪʘ ʦʩʚʝʱʝʥʠʷ, ʙʳʣʠ ʩʫʤʤʘ 

ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʛʣʫʪʘʤʠʥʘ, ʩʫʤʤʘ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʘʩʧʘʨʘʛʠʥʘ ʠ ʩʫʤʤʘ ʣʝʡʮʠʥʘ ʩ ʠʟʦʣʝʡʮʠʥʦʤ, ʩʦʩʪʘʚʣʷʚʰʠʝ ʚ ʩʫʤʤʝ ʦʪ 39% ʜʦ 

41% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʩʝʭ ʘʤʠʥʦʢʠʩʣʦʪ (ʨʠʩʫʥʦʢ 63). 

 

 

ʈʠʩʫʥʦʢ 63 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʪʨʦʣʴʥʳʡ ʨʝʞʠʤ (ʙʝʣʳʡ ʩʧʝʢʪʨ) ʷʚʣʷʣʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʦʙʱʝʛʦ ʥʘʢʦʧʣʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 13 ʠʟ 18 ʠʟʫʯʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʚʢʣʶʯʘʷ 

ʢʣʶʯʝʚʳʝ: ʘʨʛʠʥʠʥ, ʣʠʟʠʥ, ʩʫʤʤʫ ʣʝʡʮʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ, ʚʘʣʠʥ, ʪʨʝʦʥʠʥ ʠ 

ʘʩʧʘʨʘʛʠʥʦʚʫʶ ʢʠʩʣʦʪʫ. ɺʣʠʷʥʠʝ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʥʦʩʠʣʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʠ ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʉʠʥʠʡ ʩʧʝʢʪʨ ʚʳʟʳʚʘʣ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ, ʚʢʣʶʯʘʷ 

ʘʩʧʘʨʘʛʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʩ ʘʩʧʘʨʘʛʠʥʦʤ ʥʘ 20,8%, ʘʨʛʠʥʠʥ ʥʘ 19,9%, 

ʛʣʫʪʘʤʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʩ ʛʣʫʪʘʤʠʥʦʤ ʥʘ 18,7% ʠ ʩʫʤʤʫ ʣʝʡʮʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ 

ʥʘ 13,4% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ 

ʧʨʦʷʚʣʷʣ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʦʝ ʜʝʡʩʪʚʠʝ: ʥʘʨʷʜʫ ʩʦ ʩʥʠʞʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ 
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ʘʤʠʥʦʢʠʩʣʦʪ (ʩʫʤʤʘ ʣʝʡʮʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ ʥʘ 21,1%), ʦʥ ʟʥʘʯʠʤʦ ʧʦʚʳʰʘʣ 

ʩʦʜʝʨʞʘʥʠʝ ʛʠʩʪʠʜʠʥʘ ʥʘ 62,8%, ʤʝʪʠʦʥʠʥʘ ʥʘ 10,5% ʠ ʪʠʨʦʟʠʥʘ ʥʘ 18,6%, 

ʩʦʭʨʘʥʷʷ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ ʪʘʢʠʝ ʚʘʞʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʢʘʢ ʣʠʟʠʥ ʠ ʚʘʣʠʥ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ, ʷʚʣʷʶʱʝʝʩʷ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʪʘʢʞʝ ʟʥʘʯʠʤʦ ʠʟʤʝʥʷʣʦʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʦʪʤʝʯʝʥ ʧʨʠ 

ʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪʦʚ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 51,8%  

(ʜʦ 456,48 ʤʛ/ʢʛ). ʉʠʥʠʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʚʳʟʳʚʘʣ ʜʦʩʪʦʚʝʨʥʦʝ, ʥʦ ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ï ʥʘ 19,0% (ʜʦ 766,56 ʤʛ/ʢʛ). ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ, 

ʚʢʣʶʯʘʷ ʢʦʥʪʨʦʣʴ, ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣʦ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʨʠʩʫʥʦʢ 64).  

 

 

 

ʈʠʩʫʥʦʢ 64 ï ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʝʜʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʝʜʫʙʦʨʦʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʩ ʟʘʜʘʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʷʚʣʷʝʪʩʷ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ. 

ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʥʠʪʨʘʪʦʚ (ʥʘ 51,8%), ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʫʶ 

ʧʨʦʜʫʢʮʠʶ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪ ʛʠʩʪʠʜʠʥʘ, ʤʝʪʠʦʥʠʥʘ ʠ ʪʠʨʦʟʠʥʘ. ʉʠʥʠʡ ʩʧʝʢʪʨ 

ʦʙʝʩʧʝʯʠʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ʧʨʠʨʦʩʪ 48,5%) ʠ 

ʘʢʪʠʚʘʮʠʶ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ɹʝʣʳʡ ʩʧʝʢʪʨ ʩʦʭʨʘʥʷʣ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʶ ʬʝʥʦʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

(ʢʚʝʨʮʝʪʠʥ, ʨʦʟʤʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʠ ʦʙʝʩʧʝʯʠʚʘʣ ʥʘʠʙʦʣʝʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʧʨʦʬʠʣʴ, ʦʩʪʘʚʘʷʩʴ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʩ ʚʳʩʦʢʠʤʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʨʘʩʥʳʡ ʩʚʝʪ ʧʨʝʜʫʙʦʨʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʦʜʭʦʜʠʣ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʫʨʦʞʘʡʥʦʩʪʠ, 

ʩʠʥʠʡ ï ʜʣʷ ʩʳʨʴʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ, ʙʝʣʳʡ ï ʜʣʷ 

ʧʨʦʜʫʢʮʠʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʬʝʥʦʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʠ ʧʦʣʥʦʮʝʥʥʳʤ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʧʨʦʬʠʣʝʤ (ʧʨʠʣʦʞʝʥʠʝ 13). 

 

4.10 ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ 

ʧʨʠʟʥʘʢʠ ʨʘʩʪʝʥʠʡ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʦʩʪʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʚ ʩʳʨʴʝ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʠʩʭʦʜʥʦ 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ (Najafian et al., 2025). ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʨʝʰʝʥʠʶ 

ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʦʩʚʝʱʝʥʠʷ ʢʘʢ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʫʚʝʣʠʯʠʚʘʪʴ ʚʳʭʦʜ ʠ 

ʫʣʫʯʰʘʪʴ ʢʘʯʝʩʪʚʦ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ (p<0,05) 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ. ʅʘʠʙʦʣʴʰʠʡ 

ʵʬʬʝʢʪ ʦʪʤʝʯʝʥ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʢʨʘʩʥʦ-ʩʠʥʝʤ ʦʩʚʝʱʝʥʠʠ: ʧʣʦʱʘʜʴ 

ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 65,5%, ʩʳʨʘʷ ʙʠʦʤʘʩʩʘ ï ʥʘ 49,5%, 

ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï ʥʘ 68,3% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ɼʅʘʊ). ɹʝʣʳʡ ʩʧʝʢʪʨ 

ʪʘʢʞʝ ʦʢʘʟʳʚʘʣ ʟʥʘʯʠʤʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ: ʜʣʠʥʘ ʧʦʙʝʛʘ ʫʚʝʣʠʯʠʣʘʩʴ 

ʥʘ 91,3%, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï ʥʘ 72,3% (ʪʘʙʣʠʮʘ 41).  

 

ʊʘʙʣʠʮʘ 41 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ  

(2024-2025 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɺʘʨʠʘʥʪ 

ʦʩʚʝʱʝʥʠʷ 

ɼʣʠʥʘ ʧʦʙʝʛʘ, 

ʩʤ 

ʇʣʦʱʘʜʴ ʣʠʩʪʴʝʚ, 

ʩʤĮ/ʨʘʩʪʝʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ, ʰʪ 
ɹʠʦʤʘʩʩʘ, ʛ 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
28,67Ñ1,61d 1033,00Ñ54,29c 182,67Ñ5,03c 17,99Ñ1,33c 

ɹʝʣʳʡ ʩʧʝʢʪʨ 54,83Ñ3,33a 1227,33Ñ66,58b 314,67Ñ19,30a 23,16Ñ1,18b 

ʉʠʥʠʡ ʩʧʝʢʪʨ 40,00Ñ2,23c 689,00Ñ45,03d 154,00Ñ7,55d 14,92Ñ0,73d 

ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ 51,83Ñ2,84a 1142,00Ñ64,09bc 197,33Ñ9,45b 17,34Ñ0,82c 

ʂʨʘʩʥʳʡ+ʩʠʥʠʡ 

ʩʧʝʢʪʨ 
45,40Ñ2,69b 1709,33Ñ161,14a 307,33Ñ18,61a 26,89Ñ2,42a 

 

ʇʨʠ ʢʨʘʩʥʦʤ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʜʣʠʥʘ ʧʦʙʝʛʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 

80,8% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ, ʦʜʥʘʢʦ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʦʢʘʟʘʣʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʚʠʪʠʠ ʵʪʠʦʣʷʮʠʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʥʝʝ ʢʦʤʧʘʢʪʥʦʛʦ ʛʘʙʠʪʫʩʘ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʫʜʣʠʥʝʥʠʷ ʧʦʙʝʛʘ. ʉʠʥʠʡ ʩʧʝʢʪʨ, ʥʘʧʨʦʪʠʚ, 

ʦʢʘʟʳʚʘʣ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ: ʜʣʠʥʘ ʧʦʙʝʛʘ ʩʥʠʟʠʣʘʩʴ ʥʘ 11,2%, ʧʣʦʱʘʜʴ 

ʣʠʩʪʴʝʚ ï ʥʘ 33,3%, ʙʠʦʤʘʩʩʘ ï ʥʘ 17,1% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ɼʅʘʊ), ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʷʮʠʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʛʘʙʠʪʫʩʘ ʩ ʧʦʤʦʱʴʶ 

ʜʘʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʝʞʠʤʘ. 
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ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʚʝʱʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʜʫʣʠʨʦʚʘʣ 

ʧʠʛʤʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ. ɼʦʩʪʦʚʝʨʥʦʝ (p<0,05) 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ ʦʪʤʝʯʝʥʦ ʚʦ ʚʩʝʭ ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʠʥʝʛʦ 

ʩʧʝʢʪʨʘ ʧʦ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ (ʪʘʙʣʠʮʘ 42).  

 

ʊʘʙʣʠʮʘ 42 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ 

ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05). 

ɺʘʨʠʘʥʪ ʦʩʚʝʱʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ, ʤʛ/ʛ  

ʭʣʦʨʦʬʠʣʣ ʘ  ʭʣʦʨʦʬʠʣʣ b 

ʩʫʤʤʘ 

ʭʣʦʨʦʬʠʣʣʦʚ 

(ʘ+b) 

ʢʘʨʦʪʠʥʦʠʜʳ 

ɼʅʘʊ (ʢʦʥʪʨʦʣʴ) 1,70Ñ0,05d 0,64Ñ0,03c 2,34Ñ0,04d 0,44Ñ0,01c 

ɹʝʣʳʡ ʩʧʝʢʪʨ 2,58Ñ0,07c 1,07Ñ0,04b 3,65Ñ0,08bc 0,84Ñ0,03b 

ʉʠʥʠʡ ʩʧʝʢʪʨ 2,44Ñ0,08bc 1,00Ñ0,03b 3,44Ñ0,08c 0,79Ñ0,02b 

ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ 2,38Ñ0,09b 1,13Ñ0,05a 3,51Ñ0,13b 0,79Ñ0,03b 

ʂʨʘʩʥʳʡ+ʩʠʥʠʡ 

ʩʧʝʢʪʨ 
2,81Ñ0,09a 1,24Ñ0,06a 4,05Ñ0,13a 0,94Ñ0,03a 

 

ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʦʪʤʝʯʝʥʦ ʧʨʠ 

ʢʨʘʩʥʦ-ʩʠʥʝʤ ʦʩʚʝʱʝʥʠʠ: ʧʨʝʚʳʰʝʥʠʝ ʢʦʥʪʨʦʣʷ ʩʦʩʪʘʚʠʣʦ ʦʪ 65,3% 

(ʭʣʦʨʦʬʠʣʣ ʘ) ʜʦ 113,6% (ʢʘʨʦʪʠʥʦʠʜʳ). ɹʝʣʳʡ ʩʧʝʢʪʨ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʣ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʧʠʛʤʝʥʪʦʚ (56,0-90,9%). ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʭʣʦʨʦʬʠʣʣʘ b, ʪʦʛʜʘ ʢʘʢ ʩʠʥʠʡ 

ʫʩʪʫʧʘʣ ʜʨʫʛʠʤ ʨʝʞʠʤʘʤ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʮʝʥʢʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ 

ʚʳʷʚʠʣʘ ʨʘʟʣʠʯʥʫʶ ʩʧʝʢʪʨʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʅʘʠʙʦʣʴʰʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʧʨʠ ʩʠʥʝʤ ʩʧʝʢʪʨʝ (0,538 ʢʛ/ʤĮ), ʟʘ 

ʢʦʪʦʨʳʤ ʩʣʝʜʦʚʘʣ ʙʝʣʳʡ (0,463 ʢʛ/ʤĮ). ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʣ 

ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (0,347 ʢʛ/ʤĮ), ʘ ʢʨʘʩʥʦ-ʩʠʥʠʡ ʨʝʞʠʤ ʫʩʪʫʧʘʣ ʢʦʥʪʨʦʣʶ 

(0,298 ʢʛ/ʤĮ) (ʨʠʩʫʥʦʢ 65). 
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ʈʠʩʫʥʦʢ 65 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ). ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ  

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʄʘʢʨʦʵʣʝʤʝʥʪʳ (K, Mg, Ca, Na, P, S) ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʠʱʝʚʫʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʮʝʥʥʦʩʪʴ 

ʣʠʩʪʦʚʳʭ ʦʚʦʱʝʡ ʠ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ (Trivellini et al., 2023b). ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʚʝʪʘ ʥʘ ʠʭ 

ʥʘʢʦʧʣʝʥʠʝ ʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʝ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ. ʅʘʠʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʦʪʤʝʯʝʥʦ ʧʨʠ ʢʨʘʩʥʦ-ʩʠʥʝʤ (533,80 ʤʛ/100 ʛ) ʠ ʩʠʥʝʤ 

(530,14 ʤʛ/100 ʛ) ʦʩʚʝʱʝʥʠʠ, ʯʪʦ ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʳʰʘʣʦ ʢʦʥʪʨʦʣʴ ʥʘ 21,3% ʠ 

20,5% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 43). ʕʪʠ ʞʝ ʚʘʨʠʘʥʪʳ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʤʘʛʥʠʷ: ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 34,5% (ʢʨʘʩʥʦ-ʩʠʥʠʡ) ʠ 

22,7% (ʩʠʥʠʡ). ʈʘʩʪʝʥʠʷ, ʚʳʨʘʱʝʥʥʳʝ ʧʨʠ ʩʠʥʝʤ ʠ ʢʨʘʩʥʦ-ʩʠʥʝʤ ʩʚʝʪʝ, 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʥʳʤ ʧʨʦʬʠʣʝʤ: ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ (ʥʘ 29,0 ʠ 24,2%), ʬʦʩʬʦʨʘ (ʥʘ 38,8 ʠ 27,2%) ʧʨʠ 
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ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʪʨʠʷ ʠ ʩʝʨʳ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʩʧʦʦʩʙʩʪʚʦʚʘʣ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʘʪʨʠʷ (ʥʘ 20,2%) ʥʘ ʬʦʥʝ ʫʤʝʨʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ɹʝʣʳʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʜʦʩʪʦʚʝʨʥʳʡ ʧʨʠʨʦʩʪ ʣʠʰʴ 

ʥʘʪʨʠʷ (18,2%) ʠ ʤʘʛʥʠʷ (28,7%), ʟʘʥʠʤʘʷ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ 

ʦʩʪʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʥʝ ʧʦʢʘʟʳʚʘʷ ʚʳʨʘʞʝʥʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʚʣʠʷʥʠʷ. 

 

ʊʘʙʣʠʮʘ 43 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ 

ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɺʘʨʠʘʥʪ 

ʦʩʚʝʱʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʤʛ/100 ʛ  

K Na Mg Ca S P 

ɼʅʘʊ 

(ʢʦʥʪʨʦʣʴ) 
440,03Ñ10,71c 14,39Ñ0,64b 46,97Ñ2,25c 72,18Ñ3,99b 24,87Ñ1,14a 44,80Ñ1,47c 

ɹʝʣʳʡ ʩʧʝʢʪʨ 477,16Ñ11,95b 17,01Ñ0,81a 60,43Ñ1,80ab 71,77Ñ1,85b 21,02Ñ1,07b 47,42Ñ2,16c 

ʉʠʥʠʡ ʩʧʝʢʪʨ 530,14Ñ17,11a 11,52Ñ0,62c 57,65Ñ1,55b 93,11Ñ2,74a 17,99Ñ0,47c 62,18Ñ2,19a 

ʂʨʘʩʥʳʡ 

ʩʧʝʢʪʨ 
503,48Ñ15,54ab 17,29Ñ1,03a 55,43Ñ2,22b 86,37Ñ4,79a 23,54Ñ1,56a 56,15Ñ1,05b 

ʂʨʘʩʥʳʡ+ʩʠʥ

ʠʡ ʩʧʝʢʪʨ 
533,80Ñ25,09a 11,09Ñ0,35c 63,18Ñ3,08a 89,65Ñ2,27a 17,56Ñ0,51c 56,97Ñ1,65b 

 

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʤʝʣʠʩʩʳ 

ʷʚʣʷʣʠʩʴ ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʨʦʟʤʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, 

ʢʚʝʨʮʝʪʠʥ) ʠ ʚʳʭʦʜ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʤʧʣʝʢʩʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʳʚʘʣ ʢʨʘʩʥʦ-ʩʠʥʠʡ ʩʧʝʢʪʨ: 

ʩʦʜʝʨʞʘʥʠʝ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʝʚʳʩʠʣʦ ʢʦʥʪʨʦʣʴ ʥʘ 12,4%  

(657,84 ʤʛ/100 ʛ), ʢʚʝʨʮʝʪʠʥʘ ï ʥʘ 135,0% (176,07 ʤʛ/100 ʛ) (ʨʠʩʫʥʦʢ 66 ɸ-ɹ). 

ʄʘʢʩʠʤʘʣʴʥʫʶ ʵʬʠʨʥʦʤʘʩʣʠʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʣ ʩʠʥʠʡ ʩʧʝʢʪʨ: ʩʦʜʝʨʞʘʥʠʝ 

ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʜʦʩʪʠʛʣʦ 0,056%, ʯʪʦ ʥʘ 194,7% ʧʨʝʚʳʰʘʣʦ ʢʦʥʪʨʦʣʴ 

(ʨʠʩʫʥʦʢ 66 ɺ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʜʘʥʥʳʡ ʨʝʞʠʤ ʩʪʠʤʫʣʠʨʦʚʘʣ ʚʳʩʦʢʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʢʚʝʨʮʝʪʠʥʘ ʜʦ 105,0% ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʨʦʟʤʘʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʠʟʙʠʨʘʪʝʣʴʥʦ ʩʪʠʤʫʣʠʨʦʚʘʣ 
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ʥʘʢʦʧʣʝʥʠʝ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ʥʘ 142,1%) ʠ ʢʚʝʨʮʝʪʠʥʘ (ʥʘ 48,6%), ʥʝ ʦʢʘʟʳʚʘʷ 

ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ.  

 

ɸ 

 
ɹ 

 
ɺ 

ʈʠʩʫʥʦʢ 66 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʢʚʝʨʮʝʪʠʥʘ (ɸ), ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɹ) ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ɺ) ʚ ʨʘʩʪʝʥʠʷʭ 

ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ). ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

 ʛʨʫʧʧʘʤʠ (ʨ<0,05) 
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ɹʝʣʳʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʩʝʭ ʪʨʝʭ 

ʧʦʢʘʟʘʪʝʣʝʡ (ʨʦʟʤʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʥʘ 7,1%, ʢʚʝʨʮʝʪʠʥ ï ʥʘ 43,7%, ʵʬʠʨʥʦʝ 

ʤʘʩʣʦ ï ʥʘ 78,9%), ʚʳʩʪʫʧʘʷ ʩʪʘʙʠʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʦʙʱʝʛʦ ʧʦʚʳʰʝʥʠʷ 

ʚʪʦʨʠʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. 

ɸʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʚʳʷʚʠʣ 

ʜʦʩʪʦʚʝʨʥʦʝ (p<0,05) ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ. ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʚ ʙʠʦʤʘʩʩʝ ʷʚʣʷʣʠʩʴ ʣʝʡʮʠʥ+ʠʟʦʣʝʡʮʠʥ, 

ʛʣʫʪʘʤʠʥʦʚʘʷ ʠ ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʳ ʩ ʠʭ ʘʤʠʜʥʳʤʠ ʬʦʨʤʘʤʠ, 

ʩʦʩʪʘʚʣʷʚʰʠʝ ʚ ʩʫʤʤʝ ʦʢʦʣʦ 30,4% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ 

(ʨʠʩʫʥʦʢ 67). 

 

 

ʈʠʫʥʦʢ 67 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ 

ʩʦʩʪʘʚ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ (2024-2025 ʛʛ.). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ  

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʉʠʥʠʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪ ʥʘ 38,4% ʚʳʰʝ ʢʦʥʪʨʦʣʷ (2025,2 ʤʛ/100 ʛ) ʠ ʥʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ 

ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʟʘʤʝʥʠʤʳʭ ʬʦʨʤ: ʪʨʝʦʥʠʥʘ ʥʘ 28,3%, ʣʠʟʠʥʘ ʥʘ 30,4%, 

ʘʨʛʠʥʠʥʘ ʥʘ 33,7%, ʬʝʥʠʣʘʣʘʥʠʥʘ ʥʘ 41,2%, ʤʝʪʠʦʥʠʥʘ ʥʘ 42,0%, ʪʨʠʧʪʦʬʘʥʘ 

ʥʘ 38,2% ʠ ʩʫʤʤʳ ʣʝʡʮʠʥʘ ʩ ʠʟʦʣʝʡʮʠʥʦʤ ʥʘ 35,7%. ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʠʙʘʚʢʘ 
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ʩʨʝʜʠ ʚʩʝʭ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʦʪʤʝʯʝʥʘ ʜʣʷ ʚʘʣʠʥʘ: ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʟʨʘʩʪʘʣʦ ʥʘ 50,4% ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ ʠ ʥʘ 24,4% - ʧʨʠ ʢʨʘʩʥʦ-

ʩʠʥʝʤ ʦʩʚʝʱʝʥʠʠ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʘʣʠʥʘ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʫʣʫʯʰʘʝʪ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʬʠʟʠʯʝʩʢʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʫʩʢʦʨʝʥʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʧʦʜʜʝʨʞʘʥʠʶ ʬʫʥʢʮʠʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ (Kawade et al., 2023). 

ʈʘʩʪʝʥʠʷ, ʚʳʨʘʱʝʥʥʳʝ ʧʨʠ ʩʠʥʝʤ ʩʧʝʢʪʨʝ, ʦʪʣʠʯʘʣʠʩʴ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʤ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʡ ʨʝʞʠʤ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʳʨʴʷ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʥʝʟʘʤʝʥʠʤʳʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ.  

ʂʨʘʩʥʳʡ+ʩʠʥʠʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʨʛʠʥʠʥʘ ʥʘ 

21,3% ʠ ʮʠʩʪʠʥʘ ʥʘ 82,2% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʬʦʨʤʠʨʫʷ ʦʧʪʠʤʘʣʴʥʳʡ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʠ ʧʦʟʚʦʣʷʷ ʧʦʣʫʯʘʪʴ ʩʳʨʴʝ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ ʠʟʙʠʨʘʪʝʣʴʥʦ ʩʪʠʤʫʣʠʨʦʚʘʣ 

ʥʘʢʦʧʣʝʥʠʝ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʛʣʫʪʘʤʠʥʦʤ (ʥʘ 31,5%), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʘʢʪʠʚʘʮʠʶ ʘʟʦʪʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ, ʦʜʥʘʢʦ, ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʜʨʫʛʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ ʦʪ ʢʦʥʪʨʦʣʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɹʝʣʳʡ ʩʧʝʢʪʨ 

ʧʦʢʘʟʳʚʘʣ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʜʝʡʩʪʚʠʝ: ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʤʝʪʠʦʥʠʥʘ 

(ʥʘ 22,6%) ʠ ʧʨʦʣʠʥʘ (ʥʘ 16,3%) ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʠʟʠʥʘ  

(ʥʘ 16,6%) ʠ ʬʝʥʠʣʘʣʘʥʠʥʘ (ʥʘ 12,2%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʚʳʷʚʠʣ 

ʜʦʩʪʦʚʝʨʥʦʝ (p<0,05) ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʠʭ 

ʥʘʢʦʧʣʝʥʠʝ. ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʦʪʤʝʯʝʥʦ 

ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ɼʅʘʊ) 

(ʨʠʩʫʥʦʢ 68). ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʧʨʠ ʢʨʘʩʥʦʤ ʠ 

ʢʨʘʩʥʦ+ʩʠʥʠʭ ʩʧʝʢʪʨʘʭ: ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʩʥʠʟʠʣʦʩʴ ʜʦ 985,86 ʤʛ/ʢʛ  

(ʥʘ 38,2%) ʠ 1039,94 ʤʛ/ʢʛ (ʥʘ 34,8%) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʝʣʳʡ ʠ ʩʠʥʠʡ ʩʧʝʢʪʨʳ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʜʦʩʪʦʚʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ï ʥʘ 19,0% ʠ 20,0% 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʇʨʠ ʵʪʦʤ, ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʘʭ, ʚʢʣʶʯʘʷ 
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ʢʦʥʪʨʦʣʴ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʫʨʦʚʥʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʣʷ ʣʠʩʪʦʚʦʡ ʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

 

 

ʈʠʩʫʥʦʢ 68 ï ɺʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʥʠʪʨʘʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʣʠʤʦʥʥʳʡ ɸʨʦʤʘʪ  

(2024-2025 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʚʝʱʝʥʠʷ ʷʚʣʷʣʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʝʤʦʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʚʩʝ ʠʟʫʯʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ï ʦʪ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʦ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʅʘʠʙʦʣʴʰʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʢʨʘʩʥʦ+ʩʠʥʝʤ ʦʩʚʝʱʝʥʠʠ. ʉʠʥʠʡ ʩʧʝʢʪʨ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʧʦʣʫʯʝʥʠ ʁʩʳʨʴʷ ʩ ʫʥʠʢʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (0,056%, ʥʘ 

194,7% ʚʳʰʝ ʢʦʥʪʨʦʣʷ), ʧʦʚʳʰʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʥʝʟʘʤʝʥʠʤʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʚʢʣʶʯʘʷ ʚʘʣʠʥ (ʥʘ 50,4%), ʣʠʟʠʥ (ʥʘ 30,4%), ʬʝʥʠʣʘʣʘʥʠʥ (ʥʘ 

41,2%) ʠ ʤʝʪʠʦʥʠʥ (ʥʘ 42,0%), ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʝʨʮʝʪʠʥʘ (ʥʘ 104,9%), 
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ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʤʧʘʢʪʥʦʛʦ ʛʘʙʠʪʫʩʘ ʨʘʩʪʝʥʠʡ. ʂʨʘʩʥʳʡ+ʩʠʥʠʡ 

ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʧʦʣʫʯʝʥʠʝ ʩʳʨʴʷ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʬʝʥʦʣʴʥʳʤʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ: ʩʦʜʝʨʞʘʥʠʝ ʢʚʝʨʮʝʪʠʥʘ ʚʦʟʨʘʩʪʘʣʦ ʥʘ 135,0%, 

ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ï ʥʘ 12,4% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʂʨʘʩʥʳʡ ʩʧʝʢʪʨ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʣ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ï ʥʘ 38,2%, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʣʫʯʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʧʨʦʜʫʢʮʠʠ  

(ʧʨʠʣʦʞʝʥʠʝ 13). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʥʠʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʣ ʧʦʣʫʯʝʥʠʝ ʵʬʠʨʦʤʘʩʣʠʯʥʦʛʦ 

ʩʳʨʴʷ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʢʨʘʩʥʦ-ʩʠʥʠʡ ï 

ʧʨʦʜʫʢʮʠʠ, ʦʙʦʛʘʱʝʥʥʦʡ ʬʝʥʦʣʴʥʳʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ, ʘ ʢʨʘʩʥʳʡ ï 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʪʨʘʪʦʚ. 

 

ɻʃɸɺɸ 5 ɸɻʈʆʅʆʄʀʏɽʉʂɸʗ ɹʀʆʌʆʈʊʀʌʀʂɸʎʀʗ 

5.1 ɺʣʠʷʥʠʝ Bacillus amyloliquefaciens ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʪʦʤʘʪʘ ʩʦʨʪʦʚ ʃʷʥʘ, ɺʩʧʳʰʢʘ, ɸʣʝʢʩ ʠ ʆʨʘʥʞ 

ʇʨʦʚʦʜʠʤʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʩʪʠʤʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ Bacillus ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʩʪʝʥʠʡ ʩʦʨʪʦʚ ʪʦʤʘʪʘ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʙʥʳʭ 

ʙʠʦʩʪʠʤʫʣʷʪʦʨʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʚ ʢʦʥʪʝʢʩʪʝ ʫʩʪʦʡʯʠʚʦʛʦ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ (ʑʝʨʙʘʢʦʚʘ ʠ ʜʨ., 2024; Qiu 

et al., 2025; Masmoudi et al., 2025; Shao et al., 2025), ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʚʦʱʥʳʭ 

ʢʫʣʴʪʫʨ. ʋʯʠʪʳʚʘʷ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʢ ʧʨʠʤʝʥʝʥʠʶ ʤʠʢʨʦʙʥʳʭ 

ʙʠʦʩʪʠʤʫʣʷʪʦʨʦʚ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʚʳʨʘʱʠʚʘʥʠʷ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʝʞʠʤʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʧʨʠ ʛʠʜʨʦʧʦʥʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʥʳʤ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʢʘʩʘʝʪʩʷ ʚʣʠʷʥʠʷ ʫʢʘʟʘʥʥʳʭ ʘʛʨʦʧʨʠʝʤʦʚ ʥʘ 
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ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʤʘʪʘ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ, ʧʨʠ ʵʪʦʤ 

ʭʘʨʘʢʪʝʨ ʦʪʢʣʠʢʘ ʦʧʨʝʜʝʣʷʣʩʷ ʪʠʧʦʤ ʦʩʚʝʱʝʥʠʷ (ʪʘʙʣʠʮʘ 44). ɺ ʫʩʣʦʚʠʷʭ 

ɼʅʘʊ-ʦʩʚʝʱʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʦʪʤʝʯʝʥʘ ʫ ʩʦʨʪʘ ʃʷʥʘ ʚ ʢʨʠʪʠʯʝʩʢʠʝ ʬʘʟʳ ʨʘʟʚʠʪʠʷ: ʧʨʠʨʦʩʪ ʜʣʠʥʳ ʧʦʙʝʛʘ 

ʩʦʩʪʘʚʠʣ 10,5% ʢ ʥʘʯʘʣʫ ʮʚʝʪʝʥʠʷ ʠ ʜʦʩʪʠʛ ʤʘʢʩʠʤʫʤʘ 17,8% ʚ ʬʘʟʝ ʤʘʩʩʦʚʦʛʦ 

ʥʘʣʠʚʘ ʧʣʦʜʦʚ.  

 

ʊʘʙʣʠʮʘ 44 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʪʢʠ (ɹʆ) Bacillus amyloliquefaciens 

ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ ʩʦʨʪʦʚ ʪʦʤʘʪʘ ʧʨʠ ɼʅʘʊ ʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ (2022-2023 ʛʛ). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

(ʨ<0,05) 

ʌʘʟʘ ʨʘʟʚʠʪʠʷ ʉʦʨʪ 

ɼʣʠʥʘ ʧʦʙʝʛʘ, ʩʤ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ɼʅʘʊ ʦʩʚʝʱʝʥʠʝ ʉʀɼ ʦʩʚʝʱʝʥʠʝ 

ʢʦʥʪʨʦʣʴ ɹʆ ʢʦʥʪʨʦʣʴ ɹʆ 

4-6 ʥʘʩʪʦʷʱʠʭ 

ʣʠʩʪʴʝʚ 

ʃʷʥʘ 6,05Ñ0,11e 6,63Ñ0,11cd 7,55Ñ0,20e 8,11Ñ0,23d 

ɺʩʧʳʰʢʘ 6,45Ñ0,13d 6,94Ñ0,21c 8,15Ñ0,21d 9,67Ñ0,38c 

ɸʣʝʢʩ 13,85Ñ0,51a 14,03Ñ0,48a 15,52Ñ0,47a 15,35Ñ0,41a 

ʆʨʘʥʞ 10,91Ñ0,34b 11,13Ñ0,39b 12,82Ñ0,35b 13,43Ñ0,31b 

ʅʘʯʘʣʦ 

ʮʚʝʪʝʥʠʷ 

ʃʷʥʘ 21,25Ñ0,55d 23,48Ñ0,51c 24,15Ñ0,39e 27,34Ñ0,41c 

ɺʩʧʳʰʢʘ 28,08Ñ0,71b 30,44Ñ0,63a 29,33Ñ0,80b 32,38Ñ0,62a 

ɸʣʝʢʩ 30,83Ñ1,09a 31,05Ñ1,21a 33,41Ñ1,04a 32,89Ñ1,01a 

ʆʨʘʥʞ 23,24Ñ0,67c 22,99Ñ0,75c 25,71Ñ0,77d 25,41Ñ0,84d 

ʄʘʩʩʦʚʳʡ 

ʥʘʣʠʚ 

ʃʷʥʘ 23,08Ñ0,93f 27,18Ñ0,78e 27,00Ñ0,82f 30,66Ñ0,91e 

ɺʩʧʳʰʢʘ 33,11Ñ0,86c 34,05Ñ0,91c 33,80Ñ0,52d 39,06Ñ1,13c 

ɸʣʝʢʩ 49,00Ñ1,94b 53,13Ñ1,81a 51,15Ñ2,01b 58,03Ñ2,11a 

ʆʨʘʥʞ 27,10Ñ1,15e 29,87Ñ1,09d 30,34Ñ1,11e 34,13Ñ1,03d 

ʉʦʟʨʝʚʘʥʠʝ 

(ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʩʧʝʣʦʩʪʴ) 

ʃʷʥʘ 31,32Ñ0,33d 30,35Ñ0,62e 31,80Ñ0,48f 35,45Ñ0,45e 

ɺʩʧʳʰʢʘ 40,43Ñ0,72c 42,54Ñ0,39b 40,06Ñ0,97d 43,43Ñ0,84c 

ɸʣʝʢʩ 59,77Ñ2,09a 60,85Ñ1,84a 58,56Ñ2,04b 65,12Ñ2,24a 

ʆʨʘʥʞ 39,55Ñ1,18c 40,47Ñ1,09c 39,19Ñ1,57d 44,09Ñ1,44c 

*ʪʝʩʪ ɼʫʥʢʘʥʘ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʢʘʞʜʦʡ ʬʘʟʝ ʦʪʜʝʣʴʥʦ 

ʆʜʥʘʢʦ, ʢ ʧʝʨʠʦʜʫ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʣʦʩʪʠ ʫ ʜʘʥʥʦʛʦ ʩʦʨʪʘ ʦʪʤʝʯʝʥʘ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʵʬʬʝʢʪʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʚʳʷʚʣʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʳʝ 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʉʦʨʪ ɺʩʧʳʰʢʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʦʪʟʳʚʯʠʚʦʩʪʴ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʦʥʪʦʛʝʥʝʟʘ: ʚ ʬʘʟʝ 4-6 ʣʠʩʪʴʝʚ ʧʨʠʨʦʩʪ 

ʜʦʩʪʠʛ 18,7% ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʢ ʮʚʝʪʝʥʠʶ (10,4%). ʋ 

ʩʦʨʪʘ ɸʣʝʢʩ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ï

13,5% ʚ ʬʘʟʫ ʤʘʩʩʦʚʦʛʦ ʥʘʣʠʚʘ ʠ 11,2% ʢ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʣʦʩʪʠ. ʅʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʘʷ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʫ ʩʦʨʪʘ ʆʨʘʥʞ: ʚ ʫʩʣʦʚʠʷʭ ʉʀɼ-

ʦʩʚʝʱʝʥʠʷ ʦʥ ʩʪʘʙʠʣʴʥʦ ʧʨʦʷʚʣʷʣ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʦʥʪʦʛʝʥʝʟʘ (ʦʪ 4,8 ʜʦ 12,5%), ʪʦʛʜʘ ʢʘʢ ʧʨʠ ɼʅʘʊ-ʦʩʚʝʱʝʥʠʠ ʝʛʦ ʨʝʘʢʮʠʷ 

ʥʘ ʦʙʨʘʙʦʪʢʫ ʥʦʩʠʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʡ ʭʘʨʘʢʪʝʨ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʢʦʧʣʝʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʪʦʤʘʪʘ ʜʦʩʪʦʚʝʨʥʦ ʠʟʤʝʥʷʣʦʩʴ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʜʥʘʢʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʵʪʠʭ 

ʠʟʤʝʥʝʥʠʡ ʟʘʚʠʩʝʣʠ ʦʪ ʪʠʧʘ ʦʩʚʝʱʝʥʠʷ (ʪʘʙʣʠʮʘ 45). 

 

ʊʘʙʣʠʮʘ 45 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʪʢʠ (ɹʆ) Bacillus amyloliquefaciens 

S21 ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʪʦʤʘʪʘ ʧʨʠ ɼʅʘʊ 

ʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ (2022-2023 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ,  

ʤʛ/ʛ  

ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ɼʅʘʊ ʦʩʚʝʱʝʥʠʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ 

ʢʦʥʪʨʦʣʴ ɹʆ ʢʦʥʪʨʦʣʴ ɹʆ 

ʍʣʦʨʦʬʠʣʣ a 

ʃʷʥʘ 1,87Ñ0,05c 2,13Ñ0,09b 1,99Ñ0,04e 2,62Ñ0,09b 

ɺʩʧʳʰʢʘ 2,02Ñ0,07b 2,59Ñ0,03a 2,53Ñ0,07b 3,11Ñ0,10a 

ɸʣʝʢʩ 1,51Ñ0,05e 1,72Ñ0,05d 2,20Ñ0,08d 2,32Ñ0,05c 

ʆʨʘʥʞ 1,53Ñ0,03e 2,50Ñ0,07a 2,56Ñ0,06b 2,65Ñ0,09b 

ʍʣʦʨʦʬʠʣʣ b 

ʃʷʥʘ 0,52Ñ0,02e 0,59Ñ0,03d 0,58Ñ0,03g 0,63Ñ0,02f 

ɺʩʧʳʰʢʘ 0,67Ñ0,02c 0,72Ñ0,02b 0,77Ñ0,04e 0,89Ñ0,03c 

ɸʣʝʢʩ 0,50Ñ0,02e 0,75Ñ0,03b 0,83Ñ0,02d 0,92Ñ0,03bc 

ʆʨʘʥʞ 0,64Ñ0,02c 0,98Ñ0,04a 0,95Ñ0,03b 1,07Ñ0,04a 

ʍʣʦʨʦʬʠʣʣ (a+b) 

ʃʷʥʘ 2,39Ñ0,07d 2,72Ñ0,12c 2,57Ñ0,07f 3,25Ñ0,11d 

ɺʩʧʳʰʢʘ 2,69Ñ0,09c 3,31Ñ0,05b 3,30Ñ0,11d 4,00Ñ0,13a 

ɸʣʝʢʩ 2,01Ñ0,07f 2,47Ñ0,08d 3,03Ñ0,10e 3,24Ñ0,08d 

ʆʨʘʥʞ 2,17Ñ0,05e 3,48Ñ0,11a 3,51Ñ0,09c 3,72Ñ0,13b 

ʂʘʨʦʪʠʥʦʠʜʳ 

ʃʷʥʘ 0,33Ñ0,01e 0,39Ñ0,02d 0,37Ñ0,01f 0,47Ñ0,02e 

ɺʩʧʳʰʢʘ 0,40Ñ0,01d 0,43Ñ0,02c 0,45Ñ0,02e 0,51Ñ0,02d 

ɸʣʝʢʩ 0,49Ñ0,01b 0,58Ñ0,02a 0,57Ñ0,02c 0,63Ñ0,03b 

ʆʨʘʥʞ 0,45Ñ0,02c 0,61Ñ0,02a 0,64Ñ0,02b 0,74Ñ0,03a 
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ɺ ʫʩʣʦʚʠʷʭ ɼʅʘʊ-ʦʩʚʝʱʝʥʠʷ ʥʘʠʙʦʣʴʰʘʷ ʦʪʟʳʚʯʠʚʦʩʪʴ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ ʩʦʨʪʘ ʆʨʘʥʞ: ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ ʩʦʩʪʘʚʠʣ ʦʪ 53,1 ʜʦ 63,4%. ʋ ʩʦʨʪʘ ɺʩʧʳʰʢʘ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ a ʥʘ 28,2% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʇʨʠʨʦʩʪ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 18,4 ʜʦ 35,6%: ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʪʤʝʯʝʥʦ ʫ ʩʦʨʪʘ ɸʣʝʢʩ (18,4%), ʤʘʢʩʠʤʘʣʴʥʦʝ ï ʫ ʩʦʨʪʘ ʆʨʘʥʞ  

(35,6%). ʇʨʠ ʉʀɼ ʦʩʚʝʰʝʥʠʠ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ 

ʥʘ ʙʘʢʪʝʨʠʟʘʮʠʶ ʧʨʦʷʚʠʣʠ ʩʦʨʪʘ ɺʩʧʳʰʢʘ ʠ ʃʷʥʘ. ʋ ʩʦʨʪʘ ɺʩʧʳʰʢʘ ʧʨʠʨʦʩʪ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʩʦʩʪʘʚʠʣ ʜʦ 22,9%. ʋ ʩʦʨʪʘ ʃʷʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ a ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 31,7%, ʢʘʨʦʪʠʥʦʠʜʦʚ ï ʥʘ 27,0% ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

ɼʦʩʪʦʚʝʨʥʳʡ ʧʨʠʨʦʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʘʢʪʝʨʠʟʘʮʠʠ 

ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ, ʧʨʠ ʵʪʦʤ ʤʦʜʫʣʷʮʠʷ ʵʬʬʝʢʪʘ 

ʦʩʚʝʱʝʥʠʝʤ ʥʦʩʠʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʭʘʨʘʢʪʝʨ (ʪʘʙʣʠʮʘ 46). 

 

ʊʘʙʣʠʮʘ 46 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ɹʆ) Bacillus 

amyloliquefaciens S21 ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʦʨʪʦʚ ʪʦʤʘʪʘ ʧʨʠ ɼʅʘʊ ʠ ʉʀɼ 

ʦʩʚʝʱʝʥʠʠ (2022-2023 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʇʦʢʘʟʘʪʝʣʴ ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ɼʅʘʊ ʦʩʚʝʱʝʥʠʝ ʉʀɼ ʦʩʚʝʱʝʥʠʝ 

ʢʦʥʪʨʦʣʴ ɹʆ ʢʦʥʪʨʦʣʴ ɹʆ 

ʄʘʩʩʘ ʧʣʦʜʘ, ʛ 

ʃʷʥʘ 66,08Ñ2,46bc 70,75Ñ1,49b 61,80Ñ1,13c 72,08Ñ2,10b 

ɺʩʧʳʰʢʘ 74,24Ñ3,09ab 79,80Ñ4,04a 71,99Ñ2,11b 86,25Ñ3,54a 

ɸʣʝʢʩ 45,13Ñ2,55f 60,27Ñ1,98c 57,43Ñ2,02d 62,51Ñ3,05c 

ʆʨʘʥʞ 52,05Ñ2,41e 69,48Ñ3,04b 65,11Ñ2,58c 72,05Ñ3,01b 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ, 

ʢʛ 

ʃʷʥʘ 2,15Ñ0,07cd 2,41Ñ0,03b 2,45Ñ0,08c 2,96Ñ0,11a 

ɺʩʧʳʰʢʘ 1,97Ñ0,06e 2,20Ñ0,03c 2,14Ñ0,10d 2,70Ñ0,05b 

ɸʣʝʢʩ 1,61Ñ0,08f 2,21Ñ0,13c 1,98Ñ0,14d 2,07Ñ0,10d 

ʆʨʘʥʞ 2,08Ñ0,06d 2,59Ñ0,15a 2,35Ñ0,13cd 2,67Ñ0,15b 

ɺʝʛʝʪʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ, ʩʫʪʢʠ 

ʃʷʥʘ 104,0Ñ2,0a 99,0Ñ2,0bc 94,0Ñ2,0a 90,0Ñ2,0bc 

ɺʩʧʳʰʢʘ 93,0Ñ1,0d 91,0Ñ1,0e 88,0Ñ1,0c 85,0Ñ1,0d 

ɸʣʝʢʩ 101,0Ñ2,0ab 97,0Ñ2,0c 95,0Ñ2,0a 91,0Ñ2,0b 

ʆʨʘʥʞ 93,0Ñ2,0d 89,0Ñ2,0e 84,0Ñ2,0d 86,0Ñ2,0cd 

 



200 

 

 

 

ɺ ʫʩʣʦʚʠʷʭ ɼʅʘʊ-ʦʩʚʝʱʝʥʠʷ ʦʙʨʘʙʦʪʢʘ ʦʙʝʩʧʝʯʠʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʧʣʦʜʘ ʫ ʚʩʝʭ ʩʦʨʪʦʚ. ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʦʪʤʝʯʝʥ ʫ ʩʦʨʪʦʚ 

ɸʣʝʢʩ (33,6%) ʠ ʆʨʘʥʞ (33,5%). ʆʙʱʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦ 

ʚʦʟʨʘʩʪʘʣʘ ʫ ʚʩʝʭ ʛʝʥʦʪʠʧʦʚ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʫ ʩʦʨʪʘ ʆʨʘʥʞ (24,5%) ʠ 

ɸʣʝʢʩʘ (37,3%) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʙʨʘʙʦʪʢʠ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʦʢʨʘʪʠʣʩʷ ʥʘ 4-5 ʩʫʪʦʢ ʫ ʩʦʨʪʦʚ ʃʷʥʘ ʠ ʆʨʘʥʞ. ɺ 

ʫʩʣʦʚʠʷʭ ʉʀɼ-ʦʩʚʝʱʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʥʘ 

ʙʘʢʪʝʨʠʟʘʮʠʶ ʧʨʦʷʚʠʣʠ ʩʦʨʪʘ ɺʩʧʳʰʢʘ ʠ ʃʷʥʘ. ʋ ʩʦʨʪʘ ɺʩʧʳʰʢʘ ʤʘʩʩʘ ʧʣʦʜʘ 

ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 19,8%, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ï ʥʘ 26,2%; ʫ ʩʦʨʪʘ ʃʷʥʘ ʧʨʠʨʦʩʪ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 20,8% ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ 

4 ʩʫʪʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

ʍʘʨʘʢʪʝʨ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ 

ʜʦʩʪʦʚʝʨʥʦ ʠʟʤʝʥʷʣʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʘʢʪʝʨʠʟʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʷ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʦʩʚʝʱʝʥʠʷ (ʪʘʙʣʠʮʘ 47).  

 

ʊʘʙʣʠʮʘ 47 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ɹʆ) Bacillus 

amyloliquefaciens S21 ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʣʦʜʘʭ 

ʪʦʤʘʪʘ ʧʨʠ ɼʅʘʊ ʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ (2022-2023 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʇʦʢʘʟʘʪʝʣʴ ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ɼʅʘʊ ʦʩʚʝʱʝʥʠʝ ʉʀɼ ʦʩʚʝʱʝʥʠʝ 

ʢʦʥʪʨʦʣʴ ɹʆ ʢʦʥʪʨʦʣʴ ɹʆ 

ʈʘʩʪʚʦʨʠʤʳʝ 

ʩʫʭʠʝ 

ʚʝʱʝʩʪʚʘ 

(Brix), % 

ʃʷʥʘ 5,50Ñ0,07e 6,36Ñ0,21d 5,98Ñ0,10e 7,91Ñ0,31c 

ɺʩʧʳʰʢʘ 6,45Ñ0,08d 7,33Ñ0,19c 7,11Ñ0,15d 9,05Ñ0,34a 

ɸʣʝʢʩ 7,63Ñ0,08b 7,88Ñ0,07a 8,80Ñ0,11a 8,97Ñ0,13a 

ʆʨʘʥʞ 7,45Ñ0,06c 7,82Ñ0,05a 8,11Ñ0,09c 8,51Ñ0,11b 

ʉʫʭʦʝ 

ʚʝʱʝʩʪʚʦ, % 

ʃʷʥʘ 3,87Ñ0,09d 4,05Ñ0,11cd 4,09Ñ0,13d 4,86Ñ0,10c 

ɺʩʧʳʰʢʘ 4,69Ñ0,10b 4,90Ñ0,14b 4,80Ñ0,08c 5,25Ñ0,11b 

ɸʣʝʢʩ 4,18Ñ0,14c 4,11Ñ0,11c 4,74Ñ0,10c 4,67Ñ0,18c 

ʆʨʘʥʞ 5,25Ñ0,18a 5,34Ñ0,23a 5,68Ñ0,20a 5,81Ñ0,14a 

ɺʠʪʘʤʠʥ ʉ, 

ʤʛ/100 ʛ 

ʃʷʥʘ 12,69Ñ0,50e 13,46Ñ0,33d 11,84Ñ0,36e 16,41Ñ0,31c 

ɺʩʧʳʰʢʘ 17,18Ñ0,49c 19,08Ñ0,20b 19,20Ñ0,17b 23,87Ñ0,29a 

ɸʣʝʢʩ 11,55Ñ0,41f 13,86Ñ0,55d 12,08Ñ0,57e 14,48Ñ0,44d 

ʆʨʘʥʞ 17,18Ñ0,50c 20,44Ñ0,63a 16,51Ñ0,67c 19,21Ñ0,71b 

ʃʠʢʦʧʠʥ, 

ʤʛ/100 ʛ 

ʃʷʥʘ 4,09Ñ0,06b 4,90Ñ0,11a 4,11Ñ0,07b 5,13Ñ0,05a 

ɺʩʧʳʰʢʘ 3,19Ñ0,08d 3,85Ñ0,09c 3,05Ñ0,06c 4,24Ñ0,09b 

ɸʣʝʢʩ 0,17Ñ0,01h 0,25Ñ0,01g 0,23Ñ0,01g 0,26Ñ0,01f 

ʆʨʘʥʞ 1,24Ñ0,05f 1,58Ñ0,07e 1,65Ñ0,07d 1,53Ñ0,06e 
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ɺ ʫʩʣʦʚʠʷʭ ɼʅʘʊ-ʦʩʚʝʱʝʥʠʷ ʦʙʨʘʙʦʪʢʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʚʳʰʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ (Brix) ʫ ʚʩʝʭ ʩʦʨʪʦʚ. ʅʘʠʙʦʣʴʰʠʡ 

ʧʨʠʨʦʩʪ ʟʘʬʠʢʩʠʨʦʚʘʥ ʫ ʩʦʨʪʦʚ ʃʷʥʘ (15,6%) ʠ ɺʩʧʳʰʢʘ (13,6%). ʉʦʜʝʨʞʘʥʠʝ 

ʚʠʪʘʤʠʥʘ ʉ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 6,1 ʜʦ 20,0%, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʫ ʩʦʨʪʦʚ ʆʨʘʥʞ (20,44 ʤʛ/100 ʛ) ʠ ɺʩʧʳʰʢʘ (19,08 ʤʛ/100 ʛ). ʇʦ 

ʥʘʢʦʧʣʝʥʠʶ ʣʠʢʦʧʠʥʘ ʥʘʠʙʦʣʝʝ ʦʪʟʳʚʯʠʚʳʤʠ ʦʢʘʟʘʣʠʩʴ ʩʦʨʪʘ ʃʷʥʘ  

(ʧʨʠʨʦʩʪ 19,8%) ʠ ɺʩʧʳʰʢʘ (20,7%) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ɺ ʫʩʣʦʚʠʷʭ ʉʀɼ-

ʦʙʣʫʯʝʥʠʷ ʥʘʠʙʦʣʴʰʘʷ ʦʪʟʳʚʯʠʚʦʩʪʴ ʧʦ ʚʩʝʤ ʪʨʝʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ ʩʦʨʪʦʚ ɺʩʧʳʰʢʘ ʠ ʃʷʥʘ. ʇʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ 

ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʘʚʠʣ 27,3 ʠ 32,3%, ʚʠʪʘʤʠʥʘ ʉ ï 

38,6 ʠ 18,7%, ʣʠʢʦʧʠʥʘ ï 39,0 ʠ 24,8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʪʣʠʯʠʝ ʦʪ ɼʅʘʊ-

ʨʝʞʠʤʘ, ʧʨʠ ʉʀɼ-ʦʩʚʝʱʝʥʠʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʫ ʩʦʨʪʦʚ ʃʷʥʘ (ʥʘ 18,8%) ʠ ɺʩʧʳʰʢʘ  

(ʥʘ 9,4%) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʰʪʘʤʤʘ B. amyloliquefaciens S21 ʦʢʘʟʳʚʘʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ 

(ʪʘʙʣʠʮʘ 48). ɺ ʫʩʣʦʚʠʷʭ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ ʦʪʢʣʠʢ ʥʘ ʙʘʢʪʝʨʠʟʘʮʠʶ. ʉʦʜʝʨʞʘʥʠʝ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ 

ʜʦʩʪʦʚʝʨʥʦ ʚʦʟʨʘʩʪʘʣʦ ʫ ʚʩʝʭ ʩʦʨʪʦʚ: ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʦʪʤʝʯʝʥ ʫ ʩʦʨʪʘ 

ɺʩʧʳʰʢʘ (102,5%), ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʪʘʢʞʝ ʫ ʩʦʨʪʦʚ 

ʃʷʥʘ (61,7%) ʠ ʆʨʘʥʞ (14,5%). ʋ ʩʦʨʪʘ ɺʩʧʳʰʢʘ, ʧʦʤʠʤʦ ʣʠʤʦʥʥʦʡ, 

ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ (5,0%), ʪʦʛʜʘ ʢʘʢ 

ʩʦʜʝʨʞʘʥʠʝ ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʉʀɼ, ʥʘʧʨʦʪʠʚ, ʩʥʠʞʘʣʦʩʴ (ʥʘ 

11,7%). ʋ ʩʦʨʪʘ ɸʣʝʢʩ ʦʪʤʝʯʝʥ ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʷʙʣʦʯʥʦʡ (8,5%) ʠ 

ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪ (24,5 %). ɺ ʫʩʣʦʚʠʷʭ ɼʅʘʊ-ʦʩʚʝʱʝʥʠʷ ʵʬʬʝʢʪ ʙʘʢʪʝʨʠʟʘʮʠʠ 

ʥʦʩʠʣ ʚʳʨʘʞʝʥʥʳʡ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʠʙʦʣʴʰʫʶ ʦʪʟʳʚʯʠʚʦʩʪʴ 

ʧʨʦʷʚʠʣʠ ʩʦʨʪʘ ʆʨʘʥʞ ʠ ʃʷʥʘ: ʫ ʩʦʨʪʘ ʆʨʘʥʞ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʣʦʩʴ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʤʦʥʥʦʡ (11,8%) ʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪ (34,1%), ʫ ʩʦʨʪʘ ʃʷʥʘ 

ʧʨʠʨʦʩʪ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʠʣ 14,7%. ʋ ʩʦʨʪʘ ɺʩʧʳʰʢʘ, ʥʘʧʨʦʪʠʚ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʥʘ 18,1% 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʋ ʩʦʨʪʘ ɸʣʝʢʩ ʦʪʤʝʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʠʟʫʯʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ: ʷʥʪʘʨʥʦʡ ï ʥʘ 18,5%, ʷʙʣʦʯʥʦʡ 

ï ʥʘ 7,0%, ʣʠʤʦʥʥʦʡ ï ʥʘ 11,6%. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʩʦʨʪʘ ɸʣʝʢʩ ʜʦʩʪʦʚʝʨʥʳʡ 

ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʦʙʦʠʭ ʪʠʧʘʭ 

ʦʩʚʝʱʝʥʠʷ: 16,7% ʚ ʫʩʣʦʚʠʷʭ ɼʅʘʊ ʠ 15,1% ʧʨʠ ʉʀɼ. ʇʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪ 

ʩʪʘʙʠʣʴʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʦʩʚʝʱʝʥʠʷ, ʝʛʦ ʩʣʝʜʫʝʪ 

ʦʙʲʷʩʥʷʪʴ ʥʝ ʚʣʠʷʥʠʝʤ ʦʩʚʝʱʝʥʠʝʤ, ʘ ʛʝʥʦʪʠʧʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʦʨʪʘ. 

 

ʊʘʙʣʠʮʘ 48 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ɹʆ) Bacillus 

amyloliquefaciens S21 ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʧʨʠ 

ɼʅʘʊ ʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ (2022-2023 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05). 

ʆʨʛʘʥʠʯʝʩʢʠʝ 

ʢʠʩʣʦʪʳ ʤʛ/100 ʛ  

(*ʛ/ʢʛ) 

ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ɼʅʘʊ ʦʩʚʝʱʝʥʠʝ ʉʀɼ ʦʩʚʝʱʝʥʠʝ 

ʢʦʥʪʨʦʣʴ ɹʆ ʢʦʥʪʨʦʣʴ ɹʆ 

ʑʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ 

ʃʷʥʘ 3,46Ñ0,12b 3,60Ñ0,09b 3,32Ñ0,09b 3,15Ñ0,05c 

ɺʩʧʳʰʢʘ 4,95Ñ0,08a 4,95Ñ0,08a 4,50Ñ0,10a 4,59Ñ0,11a 

ɸʣʝʢʩ 0,54Ñ0,05f 0,63Ñ0,05e 0,53Ñ0,03f 0,61Ñ0,02e 

ʆʨʘʥʞ 1,26Ñ0,08d 1,41Ñ0,07c 1,35Ñ0,07d 1,33Ñ0,08d 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ 

ʃʷʥʘ 4,94Ñ0,15ab 5,16Ñ0,20a 5,64Ñ0,10c 5,82Ñ0,18c 

ɺʩʧʳʰʢʘ 4,15Ñ0,18c 3,40Ñ0,11d 6,80Ñ0,11b 7,11Ñ0,15a 

ɸʣʝʢʩ 2,71Ñ0,11e 3,21Ñ0,19d 2,90Ñ0,15f 3,61Ñ0,19e 

ʆʨʘʥʞ 3,46Ñ0,18d 4,64Ñ0,31b 3,99Ñ0,21e 4,83Ñ0,31d 

ʗʙʣʦʯʥʘʷ ʢʠʩʣʦʪʘ* 

ʃʷʥʘ 0,38Ñ0,01f 0,40Ñ0,01f 0,41Ñ0,02e 0,57Ñ0,02b 

ɺʩʧʳʰʢʘ 0,52Ñ0,02c 0,66Ñ0,02a 0,60Ñ0,02b 0,53Ñ0,01c 

ɸʣʝʢʩ 0,43Ñ0,01e 0,46Ñ0,01d 0,47Ñ0,02d 0,51Ñ0,02c 

ʆʨʘʥʞ 0,53Ñ0,03c 0,60Ñ0,03b 0,59Ñ0,03b 0,65Ñ0,03a 

ʃʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ* 

ʃʷʥʘ 3,13Ñ0,14d 3,59Ñ0,10c 4,44Ñ0,10c 7,18Ñ0,16a 

ɺʩʧʳʰʢʘ 2,45Ñ0,13f 2,60Ñ0,09ef 2,39Ñ0,08f 4,84Ñ0,15bc 

ɸʣʝʢʩ 2,68Ñ0,10e 2,99Ñ0,15d 3,11Ñ0,18e 3,78Ñ0,21d 

ʆʨʘʥʞ 4,06Ñ0,20b 4,54Ñ0,18a 4,55Ñ0,20c 5,21Ñ0,28b 

 

ɼʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ ʠʥʦʢʫʣʷʮʠʠ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ 

ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ (ʨʠʩʫʥʦʢ 69). ɺ ʫʩʣʦʚʠʷʭ ʉʀɼ ʦʩʚʝʱʝʥʠʷ 

ʦʙʨʘʙʦʪʢʘ ʰʪʘʤʤʦʤ B. amyloliquefaciens S21 ʧʨʠʚʦʜʠʣʘ ʢ ʜʦʩʪʦʚʝʨʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʫ ʩʦʨʪʦʚ ʃʷʥʘ ʠ ɸʣʝʢʩ (ʥʘ 6,4 ʠ 12,0% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʫʩʣʦʚʠʷʭ ɼʅʘʊ ʦʩʚʝʱʝʥʠʷ, ʥʘʧʨʦʪʠʚ, ʦʪʤʝʯʝʥʦ 

ʜʦʩʪʦʚʝʨʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʫ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ. 
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ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʦʪʤʝʯʝʥ ʫ ʞʝʣʪʦʧʣʦʜʥʦʛʦ ʩʦʨʪʘ ʆʨʘʥʞ (43,7%) ʠ ʩʦʨʪʘ 

ɸʣʝʢʩ (25,1%) ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʣʦʜʘʭ ʥʝ 

ʧʨʝʚʳʰʘʣʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ (300 ʤʛ/ʢʛ). ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʦʪʤʝʯʝʥʥʦʝ ʫ ʩʦʨʪʘ ʃʷʥʘ ʚ ʫʩʣʦʚʠʷʭ ɼʅʘʊ ʦʩʚʝʱʝʥʠʷ ʩ ʦʙʨʘʙʦʪʢʦʡ  

(223,09 ʤʛ/ʢʛ). 

 

 

ʈʠʩʫʥʦʢ 69 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ɹʆ) Bacillus 

amyloliquefaciens S21 ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʧʨʠ ɼʅʘʊ ʠ 

ʉʀɼ ʦʩʚʝʱʝʥʠʠ (2022-2023 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʰʪʘʤʤʦʤ B. amyloliquefaciens S21 ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʨʝʞʠʤʘ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʪʦʤʘʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ. ɺ ʫʩʣʦʚʠʷʭ ʉʀɼ 

ʦʩʚʝʱʝʥʠʷ ʜʦʩʪʠʛʥʫʪ ʥʘʠʙʦʣʴʰʠʡ ʩʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ: ʫ ʩʦʨʪʦʚ ɺʩʧʳʰʢʘ ʠ 

ʃʷʥʘ ʦʪʤʝʯʝʥ ʥʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ  

(26,2 ʠ 20,8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʣʫʯʰʝʥʠʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʜʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ 

ʚʦʟʨʘʩʪʘʣʦ ʥʘ 27,3-32,3%, ʚʠʪʘʤʠʥʘ ʉ ï ʥʘ 18,7-38,6%, ʣʠʢʦʧʠʥʘ ï ʥʘ  

24,8-39,0%, ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ï ʥʘ 61,7-102,5%. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʙʨʘʙʦʪʢʘ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ (ʫ ʩʦʨʪʦʚ ʃʷʥʘ ʠ ɸʣʝʢʩ ʥʘ  
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6,4 ʠ 12,0% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ. ɺ ʫʩʣʦʚʠʷʭ ɼʅʘʊ ʦʩʚʝʱʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʦʚʝʨʥʳʡ ʧʨʠʨʦʩʪ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʫ ʩʦʨʪʦʚ ɸʣʝʢʩ ʠ ʆʨʘʥʞ ʥʘ 37,3 ʠ 24,5%), ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʦ ʚʳʨʘʞʝʥʦ ʩʣʘʙʝʝ: ʧʨʠʨʦʩʪ ʨʘʩʪʚʦʨʠʤʳʭ 

ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʥʝ ʧʨʝʚʳʰʘʣ 13,6-15,6%, ʚʠʪʘʤʠʥʘ ʉ ï 20,0%, ʣʠʢʦʧʠʥʘ ï  

19,8-20,7%. ʇʨʠ ʵʪʦʤ ʚ ʜʘʥʥʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʨʝʞʠʤʝ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ, ʦʜʥʘʢʦ ʚʩʝ ʟʥʘʯʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ 

ʥʦʨʤ (ʧʨʠʣʦʞʝʥʠʝ 14). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʩ ʚʳʩʦʢʠʤʠ 

ʧʠʱʝʚʳʤʠ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʉʀɼ 

ʦʩʚʝʱʝʥʠʝ ʠ ʙʘʢʪʝʨʠʟʘʮʠʠ ʰʪʘʤʤʦʤ B. amyloliquefaciens S21. ʅʘʠʙʦʣʴʰʫʶ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʨʪʘ 

ɺʩʧʳʰʢʘ ʠ ʃʷʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʪʘʙʠʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʦʪʟʳʚʯʠʚʦʩʪʴʶ ʧʦ ʢʦʤʧʣʝʢʩʫ ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

 

5.2 ɺʣʠʷʥʠʝ Bacillus cereus ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʪʦʤʘʪʘ 

ʩʦʨʪʦʚ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ  

ʋʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ ʜʚʫʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ï 

ʙʘʢʪʝʨʠʟʘʮʠʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ï ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ 

ʪʦʤʘʪʘ. ɺ ʫʩʣʦʚʠʷʭ ɼʅʘʊ ʦʩʚʝʱʝʥʠʷ ʠʥʦʢʫʣʷʮʠʷ ʰʪʘʤʤʦʤ B. cereus 

ʦʙʝʩʧʝʯʠʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʧʦʙʝʛʘ ʪʦʣʴʢʦ ʥʘ ʬʘʟʝ 

4-6 ʣʠʩʪʴʝʚ: ʫ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 11,0%, ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ ï 12,8% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʅʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ 

ʦʥʪʦʛʝʥʝʟʘ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʚʘʨʠʘʥʪʘʤʠ ʥʝ ʚʳʷʚʣʝʥʦ  

(ʪʘʙʣʠʮʘ 49). ɺ ʫʩʣʦʚʠʷʭ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʵʬʬʝʢʪ ʙʘʢʪʝʨʠʟʘʮʠʠ ʥʦʩʠʣ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ ʠ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʬʘʟʫ 4-6 ʣʠʩʪʴʝʚ ʧʨʠʨʦʩʪ 

ʜʣʠʥʳ ʧʦʙʝʛʘ ʜʦʩʪʠʛʘʣ 15,1% ʫ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ 16,2% ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ. ɼʦʩʪʦʚʝʨʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʙʨʘʙʦʪʢʠ ʩʦʭʨʘʥʷʣʦʩʴ 

ʜʦ ʬʘʟʳ ʤʘʩʩʦʚʦʛʦ ʥʘʣʠʚʘ: ʚ ʬʘʟʝ ʮʚʝʪʝʥʠʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 10,4% ʠ  
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10,6%, ʚ ʬʘʟʝ ʤʘʩʩʦʚʦʛʦ ʥʘʣʠʚʘ ï 9,8 ʠ 11,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂ ʬʘʟʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʣʦʩʪʠ ʨʘʟʣʠʯʠʷ ʥʠʚʝʣʠʨʦʚʘʣʠʩʴ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʩʩʠʤʠʣʷʪʦʚ ʚ ʧʦʣʴʟʫ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʦʨʛʘʥʦʚ ʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʟʘʤʝʜʣʝʥʠʝʤ ʜʣʠʥʳ ʧʦʙʝʛʘ ʥʘ ʟʘʚʝʨʰʘʶʱʠʭ ʵʪʘʧʘʭ 

ʦʥʪʦʛʝʥʝʟʘ. ʂ ʤʦʤʝʥʪʫ ʩʦʟʨʝʚʘʥʠʷ ʧʣʦʜʦʚ ʜʣʠʥʘ ʧʦʙʝʛʦʚ ʧʨʠ ʢʦʤʙʠʥʘʮʠʠ 

ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʠ ʙʘʢʪʝʨʠʟʘʮʠʠ ʜʦʩʪʠʛʘʣʘ 95,5 ʩʤ ʫ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ  

109,6 ʩʤ ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʪʠʧʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ (50-60 ʩʤ) (ʧʨʠʣʦʞʝʥʠʝ 1) 

 

ʊʘʙʣʠʮʘ 49 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ɹʆ) Bacillus cereus ʥʘ ʜʣʠʥʫ 

ʧʦʙʝʛʘ ʩʦʨʪʦʚ ʪʦʤʘʪʘ ʧʨʠ ɼʅʘʊ ʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ (2021-2022 ʛʛ). ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

(ʨ<0,05) 

ʌʘʟʘ ʨʘʟʚʠʪʠʷ ʉʦʨʪ 

ɼʣʠʥʘ ʧʦʙʝʛʘ, ʩʤ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ɼʅʘʊ ʦʩʚʝʱʝʥʠʝ ʉʀɼ ʦʩʚʝʱʝʥʠʝ 

ʢʦʥʪʨʦʣʴ ɹʆ ʢʦʥʪʨʦʣʴ ɹʆ 

4-6 ʥʘʩʪʦʷʱʠʭ 

ʣʠʩʪʴʝʚ 

ɹʣʘʛʦʜʘʪʥʳʡ 15,71Ñ0,71c 17,44Ñ0,72b 17,30Ñ0,85c 19,92Ñ0,86b 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
17,31Ñ0,79b 19,52Ñ0,73a 19,44Ñ0,77b 22,58Ñ1,05a 

ʅʘʯʘʣʦ 

ʮʚʝʪʝʥʠʷ 

ɹʣʘʛʦʜʘʪʥʳʡ 32,75Ñ1,21a 32,19Ñ1,27a 33,21Ñ1,44b 36,67Ñ1,48a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
32,05Ñ1,29a 34,33Ñ1,13a 29,87Ñ1,32c 33,05Ñ1,20b 

ʄʘʩʩʦʚʳʡ 

ʥʘʣʠʚ 

ɹʣʘʛʦʜʘʪʥʳʡ 52,99Ñ2,43a 53,62Ñ2,14a 53,94Ñ1,87b 59,23Ñ2,11a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
54,26Ñ1,95a 56,17Ñ2,40a 52,82Ñ1,82b 58,81Ñ2,37a 

ʉʦʟʨʝʚʘʥʠʝ 

(ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʩʧʝʣʦʩʪʴ) 

ɹʣʘʛʦʜʘʪʥʳʡ 94,47Ñ4,08a 93,55Ñ4,46a 92,81Ñ3,81b 95,50Ñ4,64b 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
93,41Ñ4,53a 95,30Ñ4,75a 107,34Ñ4,60a 109,56Ñ4,91a 

*ʪʝʩʪ ɼʫʥʢʘʥʘ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʢʘʞʜʦʡ ʬʘʟʝ ʦʪʜʝʣʴʥʦ 

 

ɼʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʙʘʢʪʝʨʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʦʙʦʠʭ ʠʟʫʯʝʥʥʳʭ ʛʝʥʦʪʠʧʦʚ, ʦʜʥʘʢʦ 

ʚʝʣʠʯʠʥʘ ʧʨʠʨʦʩʪʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ 

ʩʚʝʪʘ (ʪʘʙʣʠʮʘ 50). ɺ ʫʩʣʦʚʠʷʭ ɼʅʘʊ-ʦʩʚʝʱʝʥʠʷ ʦʙʨʘʙʦʪʢʘ ʦʙʝʩʧʝʯʠʣʘ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ a ʫ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʥʘ 34,6%, ʫ ʩʦʨʪʘ 
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ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ ï ʥʘ 23,4% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʇʨʠʨʦʩʪ 

ʭʣʦʨʦʬʠʣʣʘ b ʩʦʩʪʘʚʠʣ 45,3 ʠ 56,1%, ʩʫʤʤʘʨʥʳʭ ʭʣʦʨʦʬʠʣʣʦʚ ï 37,5 ʠ 31,2%, 

ʢʘʨʦʪʠʥʦʠʜʦʚ ï 43,4 ʠ 13,1% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 50 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ɹʆ) Bacillus cereus ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʪʦʤʘʪʘ ʧʨʠ ɼʅʘʊ ʠ ʉʀɼ 

ʦʩʚʝʱʝʥʠʠ (2021-2022 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ, ʤʛ/ʛ  

ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ɼʅʘʊ ʦʩʚʝʱʝʥʠʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ 

ʢʦʥʪʨʦʣʴ ɹʆ ʢʦʥʪʨʦʣʴ ɹʆ 

ʍʣʦʨʦʬʠʣʣ a 

ɹʣʘʛʦʜʘʪʥʳʡ 3,15Ñ0,13c 4,24Ñ0,17a 3,55Ñ0,17c 4,48Ñ0,20b 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
3,12Ñ0,11c 3,85Ñ0,16b 3,37Ñ0,16c 4,99Ñ0,21a 

ʍʣʦʨʦʬʠʣʣ b 

ɹʣʘʛʦʜʘʪʥʳʡ 1,17Ñ0,06c 1,70Ñ0,07a 1,42Ñ0,11b 1,77Ñ0,13a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
0,98Ñ0,04d 1,53Ñ0,06b 1,08Ñ0,09c 1,76Ñ0,15a 

ʍʣʦʨʦʬʠʣʣ (a+b) 

ɹʣʘʛʦʜʘʪʥʳʡ 4,32Ñ0,19c 5,94Ñ0,24a 4,97Ñ0,25b 6,25Ñ0,28a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
4,10Ñ0,15c 5,38Ñ0,22b 4,45Ñ0,21c 6,75Ñ0,31a 

ʂʘʨʦʪʠʥʦʠʜʳ 

ɹʣʘʛʦʜʘʪʥʳʡ 0,83Ñ0,04c 1,19Ñ0,06a 0,83Ñ0,09c 1,16Ñ0,11b 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
1,07Ñ0,05b 1,21Ñ0,06a 1,25Ñ0,13b 1,55Ñ0,15a 

 

ɺ ʫʩʣʦʚʠʷʭ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʦʪʤʝʯʝʥʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ. ʋ 

ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a ʠ b, ʘ ʪʘʢʞʝ ʠʭ ʩʫʤʤʳ 

ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 24,6-26,2% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʇʨʠʨʦʩʪ ʢʘʨʦʪʠʥʦʠʜʦʚ 

ʩʦʩʪʘʚʠʣ 39,8%. ʅʘʠʙʦʣʴʰʘʷ ʦʪʟʳʚʯʠʚʦʩʪʴ ʦʪʤʝʯʝʥʘ ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ: ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ a ʚʦʟʨʦʩʣʦ ʥʘ 48,1%, ʭʣʦʨʦʬʠʣʣʘ b ï 

ʥʘ 63,0%, ʩʫʤʤʘʨʥʳʭ ʭʣʦʨʦʬʠʣʣʦʚ ï ʥʘ 51,7%, ʢʘʨʦʪʠʥʦʠʜʦʚ ï ʥʘ 24,0% 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (p<0,05) ʧʦʜʪʚʝʨʜʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ 

ʠʥʦʢʫʣʷʮʠʠ B. cereus ʥʘ ʵʣʝʤʝʥʪʳ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʪʦʤʘʪʘ. ɺ ʫʩʣʦʚʠʷʭ ɼʅʘʊ 

ʦʩʚʝʱʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʝʩʧʝʯʠʣʘ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʧʣʦʜʘ ʥʘ 

10,4% ʫ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ʥʘ 12,1% ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ʪʘʙʣʠʮʘ 51). ʇʨʠʨʦʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ ʩʨʝʜʥʝʤ 
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ʩʦʩʪʘʚʠʣ 8,5% (2,9 ʢʛ/ʨʘʩʪʝʥʠʝ). ɼʦʩʪʦʚʝʨʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʥʝ ʚʳʷʚʣʝʥʦ: ʩʦʟʨʝʚʘʥʠʝ ʧʣʦʜʦʚ ʥʘʩʪʫʧʘʣʦ ʥʘ 86-91 ʝ 

ʩʫʪʢʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʙʨʘʙʦʪʢʠ. ɺ ʫʩʣʦʚʠʷʭ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʵʬʬʝʢʪ 

ʙʘʢʪʝʨʠʟʘʮʠʠ ʙʳʣ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ. ʄʘʩʩʘ ʧʣʦʜʘ ʚʦʟʨʘʩʪʘʣʘ ʥʘ 11,3% ʫ 

ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ʥʘ 22,4% ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 10,7%, ʜʦʩʪʠʛʥʫʚ 3,1 ʢʛ/ʨʘʩʪʝʥʠʝ. ɺʝʛʝʪʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ ʩʦʢʨʘʪʠʣʩʷ ʜʦ 82-86 ʩʫʪʦʢ. 

 

ʊʘʙʣʠʮʘ 51 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ɹʆ) Bacillus cereus ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʦʨʪʦʚ ʪʦʤʘʪʘ ʧʨʠ ɼʅʘʊ ʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ (2021-2022 ʛʛ). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

(ʨ<0,05) 

ʇʦʢʘʟʘʪʝʣʴ ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ɼʅʘʊ ʦʩʚʝʱʝʥʠʝ ʉʀɼ ʦʩʚʝʱʝʥʠʝ 

ʢʦʥʪʨʦʣʴ ɹʆ ʢʦʥʪʨʦʣʴ ɹʆ 

ʄʘʩʩʘ ʧʣʦʜʘ, ʛ 

ɹʣʘʛʦʜʘʪʥʳʡ 62,71Ñ2,1c 69,25Ñ2,4a 64,30Ñ2,5b 71,58Ñ2,7a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
57,18Ñ1,9d 64,09Ñ2,3b 55,05Ñ2,0c 67,40Ñ2,7b 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ, 

ʢʛ 

ɹʣʘʛʦʜʘʪʥʳʡ 2,75Ñ0,1b 2,98Ñ0,1a 2,81Ñ0,1bc 3,12Ñ0,2a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
2,66Ñ0,1b 2,89Ñ0,1a 2,71Ñ0,1c 2,99Ñ0,1ab 

ɺʝʛʝʪʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ, ʩʫʪʢʠ 

ɹʣʘʛʦʜʘʪʥʳʡ 91,0Ñ2,0a 89,0Ñ2,0ab 86,0Ñ2,0ʘ 83,0Ñ2,0ʘ 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
88,0Ñ2,0ab 86,0Ñ2,0b 84,0Ñ2,0ʘ 82,0Ñ2,0ʘ 

 

ɺ ʫʩʣʦʚʠʷʭ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʩ ʙʘʢʪʝʨʠʟʘʮʠʝʡ ʩʨʦʢʠ ʩʦʟʨʝʚʘʥʠʷ  

(82-86 ʩʫʪʦʢ) ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʤʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ  

(95-103 ʩʫʪʦʢ), ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʦʤ ʫʨʦʚʥʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʩʦʨʪ 

ɹʣʘʛʦʜʘʪʥʳʡ ʩʦʭʨʘʥʠʣ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ʤʘʩʩʫ ʧʣʦʜʘ, ʪʦʛʜʘ 

ʢʘʢ ʩʦʨʪ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ ʥʝ ʨʝʘʣʠʟʦʚʘʣ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ 

ʢʨʫʧʥʦʧʣʦʜʥʦʩʪʠ (ʧʨʠʣʦʞʝʥʠʝ 2). 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (p<0,05) ʧʦʜʪʚʝʨʜʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ 

ʠʥʦʢʫʣʷʮʠʠ B. cereus ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ ʪʦʤʘʪʘ, ʧʨʠ ʵʪʦʤ 

ʚʝʣʠʯʠʥʘ ʚʣʠʷʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʠʧʦʤ ʦʩʚʝʱʝʥʠʷ ʠ ʛʝʥʦʪʠʧʦʤ (ʪʘʙʣʠʮʘ 52). 

ɺ ʫʩʣʦʚʠʷʭ ɼʅʘʊ-ʦʩʚʝʱʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʝʩʧʝʯʠʣʘ ʫʚʝʣʠʯʝʥʠʝ 
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ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ (Brix) ʚ ʩʨʝʜʥʝʤ ʥʘ 21,2% ʫ ʩʦʨʪʦʚ 

ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ. ɼʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ 

ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʥʝ ʚʳʷʚʣʝʥʦ. ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʠʪʘʤʠʥʘ ʉ ʥʘ 11,8% 

ʦʪʤʝʯʝʥʦ ʪʦʣʴʢʦ ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʣʠʢʦʧʠʥʘ 

ʦʙʨʘʙʦʪʢʘ ʥʝ ʚʳʟʚʘʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ, ʦʜʥʘʢʦ ʩʦʨʪ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʦʩʭʦʜʠʣ ʩʦʨʪ ɹʣʘʛʦʜʘʪʥʳʡ ʧʦ ʜʘʥʥʦʤʫ 

ʧʦʢʘʟʘʪʝʣʶ ʢʘʢ ʚ ʢʦʥʪʨʦʣʝ, ʪʘʢ ʠ ʧʨʠ ʙʘʢʪʝʨʠʟʘʮʠʠ. 

 

ʊʘʙʣʠʮʘ 52 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ɹʆ) Bacillus cereus ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʧʨʠ ɼʅʘʊ ʠ ʉʀɼ 

ʦʩʚʝʱʝʥʠʠ (2021-2022 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʇʦʢʘʟʘʪʝʣʴ ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ɼʅʘʊ ʦʩʚʝʱʝʥʠʝ ʉʀɼ ʦʩʚʝʱʝʥʠʝ 

ʢʦʥʪʨʦʣʴ ɹʆ ʢʦʥʪʨʦʣʴ ɹʆ 

ʈʘʩʪʚʦʨʠʤʳʝ 

ʩʫʭʠʝ 

ʚʝʱʝʩʪʚʘ 

(Brix), % 

ɹʣʘʛʦʜʘʪʥʳʡ 2,72Ñ0,08b 3,32Ñ0,10a 3,31Ñ0,13b 3,75Ñ0,17a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
1,83Ñ0,07d 2,20Ñ0,11c 2,29Ñ0,10d 2,90Ñ0,14c 

ʉʫʭʦʝ 

ʚʝʱʝʩʪʚʦ, % 

ɹʣʘʛʦʜʘʪʥʳʡ 4,93Ñ0,10a 5,16Ñ0,18a 5,41Ñ0,13c 5,73Ñ0,15b 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
5,07Ñ0,14a 5,21Ñ0,25a 5,85Ñ0,18b 6,18Ñ0,19a 

ɺʠʪʘʤʠʥ ʉ, 

ʤʛ/100 ʛ 

ɹʣʘʛʦʜʘʪʥʳʡ 18,0Ñ0,64b 19,5Ñ0,90ab 18,9Ñ0,73b 20,9Ñ0,91ab 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
18,7Ñ0,79b 20,9Ñ0,93a 20,1Ñ0,85b 22,8Ñ1,07a 

ʃʠʢʦʧʠʥ, 

ʤʛ/100 ʛ 

ɹʣʘʛʦʜʘʪʥʳʡ 3,43Ñ0,14b 3,65Ñ0,12b 4,57Ñ0,17c 5,09Ñ0,19b 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
4,39Ñ0,11a 4,63Ñ0,18a 5,11Ñ0,21b 5,68Ñ0,23a 

 

ʇʨʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ 

ʚʦʟʨʘʩʪʘʣʦ ʥʘ 13,3% ʫ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ʥʘ 26,6% ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 6,0%. 

ʇʨʠʨʦʩʪ ʚʠʪʘʤʠʥʘ ʉ ʥʘ 13,4% ʦʪʤʝʯʝʥ ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ; ʫ ʩʦʨʪʘ 

ɹʣʘʛʦʜʘʪʥʳʡ ʜʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

ʅʘʨʷʜʫ ʩ ʦʮʝʥʢʦʡ ʦʩʥʦʚʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʧʣʦʜʦʚ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ 
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ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʠʛʨʘʶʱʠʭ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʢʫʩʦʚʳʭ 

ʢʘʯʝʩʪʚ ʧʣʦʜʦʚ ʪʦʤʘʪʘ. ɺ ʫʩʣʦʚʠʷʭ ɼʅʘʊ ʦʩʚʝʱʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʦʙʝʩʧʝʯʠʣʘ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʥʘ 43,2% 

ʫ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ʥʘ 29,9% ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ. ʇʨʠʨʦʩʪ 

ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʠʣ 33,3 ʠ 15,4% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 53). 

ʉʦʜʝʨʞʘʥʠʝ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʜʦʩʪʦʚʝʨʥʦ ʚʦʟʨʘʩʪʘʣʦ ʪʦʣʴʢʦ ʫ ʩʦʨʪʘ 

ɹʣʘʛʦʜʘʪʥʳʡ ʥʘ 16,2%. ʂʦʥʮʝʥʪʨʘʮʠʷ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʟʥʘʯʠʤʦ ʥʝ 

ʠʟʤʝʥʷʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

 

ʊʘʙʣʠʮʘ 53 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ɹʆ) Bacillus cereus ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʧʨʠ ɼʅʘʊ ʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ 

(2021-2022 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05). 

ʆʨʛʘʥʠʯʝʩʢʠʝ 

ʢʠʩʣʦʪʳ ʤʛ/100 ʛ 

(*ʛ/ʢʛ) 

ʉʦʨʪ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ɼʅʘʊ ʦʩʚʝʱʝʥʠʝ ʉʀɼ ʦʩʚʝʱʝʥʠʝ 

ʢʦʥʪʨʦʣʴ ɹʆ ʢʦʥʪʨʦʣʴ ɹʆ 

ʑʘʚʝʣʝʚʘʷ 

ʢʠʩʣʦʪʘ 

ɹʣʘʛʦʜʘʪʥʳʡ 5,67Ñ0,27a 5,73Ñ0,30a 6,24Ñ0,30b 7,11Ñ0,33a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
5,76Ñ0,30a 6,03Ñ0,15a 5,37Ñ0,18c 5,76Ñ0,21b 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ 

ɹʣʘʛʦʜʘʪʥʳʡ 3,10Ñ0,14d 4,44Ñ0,20b 6,40Ñ0,36a 6,72Ñ0,32a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
4,08Ñ0,14c 5,30Ñ0,14a 4,94Ñ0,08c 5,66Ñ0,06b 

ʗʙʣʦʯʥʘʷ 

ʢʠʩʣʦʪʘ* 

ɹʣʘʛʦʜʘʪʥʳʡ 0,42Ñ0,02c 0,56Ñ0,02ab 0,68Ñ0,04b 0,78Ñ0,04a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
0,52Ñ0,02b 0,60Ñ0,02a 0,66Ñ0,04b 0,76Ñ0,04a 

ʃʠʤʦʥʥʘʷ 

ʢʠʩʣʦʪʘ* 

ɹʣʘʛʦʜʘʪʥʳʡ 5,85Ñ0,15b 6,80Ñ0,33a 7,03Ñ0,20b 7,48Ñ0,23a 

ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ 
5,43Ñ0,13c 5,40Ñ0,13c 6,08Ñ0,13c 6,58Ñ0,25b 

 

ɺ ʫʩʣʦʚʠʷʭ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʥʘʠʙʦʣʴʰʘʷ ʦʪʟʳʚʯʠʚʦʩʪʴ ʥʘ ʙʘʢʪʝʨʠʟʘʮʠʶ 

ʧʨʦʷʚʠʣʘʩʴ ʧʦ ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʝ: ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʦʚʝʨʥʦ ʚʦʟʨʘʩʪʘʣʦ ʫ 

ʦʙʦʠʭ ʩʦʨʪʦʚ ï ʥʘ 14,7% (ɹʣʘʛʦʜʘʪʥʳʡ) ʠ 15,2% (ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ). 

ʉʦʜʝʨʞʘʥʠʝ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 6,4 ʠ 8,2% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʦʩʪʦʚʝʨʥʳʡ ʧʨʠʨʦʩʪ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʦʪʤʝʯʝʥ ʪʦʣʴʢʦ ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ (ʥʘ 14,6%). ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ 

ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 17,4% ʧʨʠ ɼʅʘʊ ʠ ʥʘ 7,2% ʧʨʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ.  
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ɺ ʫʩʣʦʚʠʷʭ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʦʪʤʝʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʫ ʦʙʦʠʭ ʛʝʥʦʪʠʧʦʚ: ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 13,9% ʫ ʩʦʨʪʘ 

ɹʣʘʛʦʜʘʪʥʳʡ ʠ 7,3% ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ (5,37-7,11 ʤʛ/100 ʛ) ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʳ 

(Zayed et al., 2025). 

ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʥʝ 

ʧʨʝʚʳʰʘʣʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ (300 ʤʛ/ʢʛ), ʫʩʪʘʥʦʚʣʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ 021/2011. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ ʢʘʢ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʠ 

ʪʠʧʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ (ʨʠʩʫʥʦʢ 70). 

 

 

ʈʠʩʫʥʦʢ 70 ï ɺʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ɹʆ) Bacillus cereus ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʧʨʠ ɼʅʘʊ ʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ  

(2021-2022 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʇʨʠ ɼʅʘʊ ʦʩʚʝʱʝʥʠʠ ʠʥʦʢʫʣʷʮʠʷ B. cereus ʧʨʠʚʦʜʠʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʜʦ 10,0% ʫ ʩʦʨʪʘ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ. 

ʇʨʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 13,1 ʠ 10,2% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʦʩʪʘʚʣʷʣʦ 

201,21 ʤʛ/ʢʛ ʧʨʠ ɼʅʘʊ ʠ 168,44 ʤʛ/ʢʛ ʧʨʠ ʉʀɼ ʦʩʚʝʱʝʥʠʠ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʦʨʤʘʪʠʚʘ. 

bc
c

b
b

a ab

a
a

ɹʣʘʛʦʜʘʪʥʳʡɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸɹʣʘʛʦʜʘʪʥʳʡɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ

ɼʅʘʊ ʦʩʚʝʱʝʥʠʝ ʉʀɼ ʦʩʚʝʱʝʥʠʝ

0

50

100

150

200

250

ʅ
ʠ
ʪ
ʨ
ʘ
ʪ
ʳ
,
 
ʤ
ʛ
/
ʢ
ʛ

ʢʦʥʪʨʦʣʴ

ɹʆ



211 

 

 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʠʥʦʢʫʣʷʮʠʷ 

ʰʪʘʤʤʦʤ Bacillus cereus ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʉʀɼ ʦʩʚʝʱʝʥʠʝʤ ʦʙʝʩʧʝʯʠʣʘ 

ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʢʦʧʠʥʘ (ʥʘ 11,4-11,2%), 

ʚʠʪʘʤʠʥʘ ʉ (ʥʘ 13,4% ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ) ʠ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ 

ʚʝʱʝʩʪʚ (ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ 26,6% ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ), 

ʫʣʫʯʰʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʙʣʘʛʦʜʘʨʷ ʚʦʟʨʘʩʪʘʥʠʶ ʫʨʦʚʥʷ 

ʷʙʣʦʯʥʦʡ, ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪ ʫ ʦʙʦʠʭ ʩʦʨʪʦʚ, ʘ ʪʘʢʞʝ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʫ ʩʦʨʪʘ 

ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʥʠʪʨʘʪʦʚ ï ʥʘ 6,4-11,9% ʫ ʩʦʨʪʦʚ ɹʣʘʛʦʜʘʪʥʳʡ ʠ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʨʝʜʝʣʘʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʥʦʨʤʘʪʠʚʦʚ ʦʙʝʩʧʝʯʠʣʦ ʧʦʣʫʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

 

5.3 ɺʣʠʷʥʠʝ Bacillus subtilis ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʤ̫ ʪʳ ʜʣʠʥʥʦʣʠʩʪʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʮʝʥʢʫ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʢʩʦʛʦ 

ʧʨʠʝʤʘ ʧʨʠʤʝʥʝʥʠʷ B. subtilis ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʟʚʠʪʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʥʘʢʦʧʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʫ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʚ ɿɸʂʕʉ. ʇʨʠʤʝʥʝʥʠʝ ʨʠʟʦʙʘʢʪʝʨʠʡ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʨʦʩʪ 

ʨʘʩʪʝʥʠʡ (PGPR), ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Bacillus, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʨʠʝʤ ʙʠʦʣʦʛʠʟʘʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ʉʦʛʣʘʩʥʦ ʘʢʪʫʘʣʴʥʳʤ 

ʜʘʥʥʳʤ, ʠʥʦʢʫʣʷʮʠʷ Bacillus spp. ʦʢʘʟʳʚʘʣʘ ʢʦʤʧʣʝʢʩʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʪʝʥʠʷ ʤʷʪʳ ʧʝʨʝʯʥʦʡ (Tajzadah et al., 2024; Singh et al., 2025), 

ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʣʦʩʴ ʚ ʜʦʩʪʦʚʝʨʥʦʤ ʧʦʚʳʰʝʥʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ ʥʘ 64,71%), ʫʩʠʣʝʥʠʠ 

ʘʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʬʝʨʤʝʥʪʦʚ ʥʘ 24,89% ʠ ʢʘʪʘʣʘʟʳ ï ʥʘ 56,33%, ʘ 

ʪʘʢʞʝ ʚ ʥʘʢʦʧʣʝʥʠʠ ʦʩʤʦʧʨʦʪʝʢʪʦʨʦʚ (ʧʨʦʣʠʥʘ ï ʥʘ 43,17%). ʅʝʩʤʦʪʨʷ ʥʘ 

ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ B. subtilis ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ Mentha  

piperita, ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʙʠʦʩʪʠʤʫʣʷʪʦʨʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʠ 
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ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ  ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʧʦʥʥʳʭ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʠʟʫʯʘʣʩʷ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʠʚʘʣʠ ʚʣʠʷʥʠʝ ʠʥʦʢʫʣʷʮʠʠ ʰʪʘʤʤʘʤʠ B. 

subtilis 10 4 ʠ 26D ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ 

ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (ʪʘʙʣʠʮʘ 54). 

 

ʊʘʙʣʠʮʘ 54 ï ɺʣʠʷʥʠʝ Bacillus subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

(2022-2023 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɺʘʨʠʘʥʪ 

ʦʧʳʪʘ 
ɼʣʠʥʘ ʧʦʙʝʛʘ, ʩʤ 

ʇʣʦʱʘʜʴ ʣʠʩʪʴʝʚ, 

ʩʤĮ/ʨʘʩʪʝʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ, ʰʪ 
ɹʠʦʤʘʩʩʘ, ʛ 

ʂʦʥʪʨʦʣʴ 43,08Ñ2,62ʘ 239,06Ñ13,54c 86,60Ñ5,27b 11,49Ñ0,70b 

ʐʪʘʤʤ 26D 47,24Ñ2,87ʘ 337,97Ñ14,56b 92,70Ñ5,64b 12,10Ñ0,74b 

ʐʪʘʤʤ 10-4 37,20Ñ2,26b 411,32Ñ15,02a 143,20Ñ8,71a 21,14Ñ1,29a 

 

ʀʥʦʢʫʣʷʮʠʷ ʦʙʦʠʤʠ ʰʪʘʤʤʘʤʠ B. subtilis ʦʢʘʟʘʣʘ ʚʳʨʘʞʝʥʥʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʣʠʩʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ. 

ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʰʪʘʤʤʘ 10 4: ʧʣʦʱʘʜʴ 

ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 72,1%, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï ʥʘ 65,4%, 

ʙʠʦʤʘʩʩʘ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ï ʥʘ 84,0% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ. ʐʪʘʤʤ 26D 

ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʜʦʩʪʦʚʝʨʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ï ʥʘ 41,4%, 

ʦʜʥʘʢʦ ʥʝ ʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʯʠʩʣʦ ʣʠʩʪʴʝʚ ʠ ʦʙʱʫʶ ʙʠʦʤʘʩʩʫ. 

ʇʨʠ ʦʮʝʥʢʝ ʣʠʥʝʡʥʦʛʦ ʨʦʩʪʘ ʧʦʙʝʛʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʰʪʘʤʤʘ 26D ʥʝ ʚʳʷʚʣʝʥʦ (47,2 ʩʤ ʧʨʦʪʠʚ 43,1 ʩʤ ʚ ʢʦʥʪʨʦʣʝ). ɺ 

ʚʘʨʠʘʥʪʝ ʩʦ ʰʪʘʤʤʦʤ 10 4 ʦʪʤʝʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʜʣʠʥʳ ʧʦʙʝʛʘ ï ʥʘ 

15,8% (37,2 ʩʤ). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʧʦʣʴʟʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʨʘʟʚʠʪʦʡ 

ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʐʪʘʤʤ B. subtilis 10 4 ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʩʪʠʤʫʣʷʪʦʨʘ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʨʦʩʪʘ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ, ʦʙʝʩʧʝʯʠʚ 

ʢʦʤʧʣʝʢʩʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʦʛʜʘ ʢʘʢ 
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ʜʝʡʩʪʚʠʝ ʰʪʘʤʤʘ 26D ʥʦʩʠʣʦ ʙʦʣʝʝ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʣʦʱʘʜʴʶ ʣʠʩʪʴʝʚ. 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ, ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʮʝʥʠʚʘʣʠ ʚʣʠʷʥʠʝ 

ʠʥʦʢʫʣʷʮʠʠ B. subtilis ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʫ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ (ʪʘʙʣʠʮʘ 55). ʇʨʠʤʝʥʝʥʠʝ ʰʪʘʤʤʘ 26D ʦʙʝʩʧʝʯʠʣʦ 

ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʠʛʤʝʥʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ: ʭʣʦʨʦʬʠʣʣʦʚ ʜʦ 35,5%, ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ï ʥʘ 31,5% 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ɺ ʚʘʨʠʘʥʪʝ ʩʦ ʰʪʘʤʤʦʤ 10 4 ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʧʠʛʤʝʥʪʥʦʤ ʢʦʤʧʣʝʢʩʝ ʥʝ ʚʳʷʚʣʝʥʦ ï ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʦʩʪʘʚʘʣʠʩʴ 

ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ ʠ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʫʧʘʣʠ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʰʪʘʤʤʦʤ 26D. 

 

ʊʘʙʣʠʮʘ 55 ï ɺʣʠʷʥʠʝ Bacillus subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2022-2023 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ, ʤʛ/ʛ  

ʭʣʦʨʦʬʠʣʣ a ʭʣʦʨʦʬʠʣʣ b 

ʩʫʤʤʘ 

ʭʣʦʨʦʬʠʣʣʦʚ 

(ʘ+b) 

ʢʘʨʦʪʠʥʦʠʜʳ 

ʂʦʥʪʨʦʣʴ 7,82Ñ0,48b 2,74Ñ0,16b 10,56Ñ0,54b 2,19Ñ0,13b 

ʐʪʘʤʤ 26D 10,60Ñ0,64a 3,66Ñ0,22a 14,26Ñ0,67a 2,88Ñ0,18a 

ʐʪʘʤʤ 10-4 8,45Ñ0,51b 3,10Ñ0,18b 11,55Ñ0,60b 2,33Ñ0,14b 

 

PGPR-ʙʘʢʪʝʨʠʠ ʩʧʦʩʦʙʥʳ ʚʣʠʷʪʴ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʪʨʘʥʩʧʦʨʪ ʵʣʝʤʝʥʪʦʚ 

ʧʠʪʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʮʝʥʠʚʘʣʠ ʚʣʠʷʥʠʝ ʠʥʦʢʫʣʷʮʠʠ ʰʪʘʤʤʘʤʠ B. subtilis 

ʥʘ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ (ʪʘʙʣʠʮʘ 56). ʇʨʠʤʝʥʝʥʠʝ ʰʪʘʤʤʘ 

26D ʦʙʝʩʧʝʯʠʣʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Mg (ʥʘ 17,4%), Ca  

(ʥʘ 36,4%) ʠ S (ʥʘ 22,5%). ʉʦʜʝʨʞʘʥʠʝ P ʚʦʟʨʘʩʪʘʣʦ ʥʘ 7,3%, ʦʜʥʘʢʦ ʨʘʟʣʠʯʠʷ 

ʩ ʢʦʥʪʨʦʣʝʤ ʥʝ ʜʦʩʪʠʛʘʣʠ ʫʨʦʚʥʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ; ʫʨʦʚʝʥʴ K 
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ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʠʣʩʷ. ʐʪʘʤʤ 10 4 ʦʢʘʟʳʚʘʣ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ 

ʢʦʤʧʣʝʢʩʥʦʝ ʜʝʡʩʪʚʠʝ, ʚʳʟʳʚʘʷ ʜʦʩʪʦʚʝʨʥʳʡ ʧʨʠʨʦʩʪ ʧʦ ʚʩʝʤ ʧʷʪʠ ʵʣʝʤʝʥʪʘʤ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʣʷ Ca ï ʥʘ 46,5 %. ʉʦʜʝʨʞʘʥʠʝ K, 

Mg, S ʠ P ʚʦʟʨʘʩʪʘʣʦ ʥʘ 7,4; 14,3; 18,5 ʠ 14,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʥʘʢʦʧʣʝʥʠʶ 

Ca ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʦʩʭʦʜʠʣ ʢʘʢ ʢʦʥʪʨʦʣʴ, ʪʘʢ ʠ ʚʘʨʠʘʥʪ ʩʦ 

ʰʪʘʤʤʦʤ 26D. 

 

ʊʘʙʣʠʮʘ 56 ï ɺʣʠʷʥʠʝ Bacillus subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2022-2023 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɺʘʨʠʘʥʪ 

ʦʧʳʪʘ 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʤʛ/100 ʛ  

K Mg Ca S P 

ʂʦʥʪʨʦʣʴ 577,14Ñ12,18b 62,74Ñ3,65b 85,23Ñ1,20c 23,15Ñ0,87b 67,80Ñ1,37b 

ʐʪʘʤʤ 26D 580,58Ñ11,35b 73,65Ñ1,99a 116,24Ñ2,99b 28,36Ñ0,47a 72,74Ñ2,92ab 

ʐʪʘʤʤ 10-4 619,78Ñ9,32a 71,69Ñ1,34a 124,86Ñ1,46a 27,43Ñ0,54a 77,48Ñ2,41a 

 

ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʧʨʦʬʠʣʴ ʙʠʦʤʘʩʩʳ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 71 ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʫʶ ʜʦʣʶ (35,6% ʦʪ ʩʫʤʤʳ 

ʘʤʠʥʦʢʠʩʣʦʪ) ʩʦʩʪʘʚʣʷʶʪ ʣʝʡʮʠʥ+ʠʟʦʣʝʡʮʠʥ (Leu+Ile), ʛʣʫʪʘʤʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ+ʛʣʫʪʘʤʠʥ (Glu+Gln) ʠ ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ+ʘʩʧʘʨʘʛʠʥ (Asp+Asn) ï 

ʦʩʥʦʚʥʳʝ ʤʝʪʘʙʦʣʠʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʠʥʪʝʟʝ ʙʝʣʢʘ. ʇʨʠ ʠʥʦʢʫʣʷʮʠʠ 

ʰʪʘʤʤʦʤ 26D ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʠʟ ʢʦʪʦʨʳʭ ʯʝʪʳʨʝ ʷʚʣʷʣʠʩʴ ʥʝʟʘʤʝʥʠʤʳʤʠ: ʩʦʜʝʨʞʘʥʠʝ ʣʠʟʠʥʘ 

(Lys) ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 6,0%, ʪʠʨʦʟʠʥʘ (Tyr) ï ʥʘ 19,0%, ʛʠʩʪʠʜʠʥʘ (His) ï ʥʘ 

19,1%, ʚʘʣʠʥʘ (Val) ï ʥʘ 8,3%. ʉʨʝʜʠ ʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʙʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʣʠʥʘ (Pro) ʥʘ 7,2%, ʘʣʘʥʠʥʘ (Ala) 

ʥʘ 5,3% ʠ ʪʨʠʧʪʦʬʘʥʘ (Trp) ʥʘ 7,5% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ. ʐʪʘʤʤ 10 4 

ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʠ ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝ: ʦʥ ʦʙʝʩʧʝʯʠʣ 

ʜʦʩʪʦʚʝʨʥʳʡ ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʥʝʟʘʤʝʥʠʤʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʝʪʠʦʥʠʥʘ (Met), ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ 

ʦʩʪʘʣʦʩʴ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ (256,42 ʤʛ/100 ʛ). ɼʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʜʣʷ ʣʠʟʠʥʘ (Lys) ï ʥʘ 24,4%, ʛʠʩʪʠʜʠʥʘ (His) ï ʥʘ 49,4%, ʚʘʣʠʥʘ (Val) 
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ï ʥʘ 29,5%, ʩʫʤʤʳ ʣʝʡʮʠʥʘ ʠ ʠʟʦʣʝʡʮʠʥʘ (Leu+Ile) ï ʥʘ 33,6%, ʬʝʥʠʣʘʣʘʥʠʥʘ 

(Phe) ï ʥʘ 18,9%, ʪʨʝʦʥʠʥʘ (Thr) ï ʥʘ 30,4% ʠ ʪʨʠʧʪʦʬʘʥʘ (Trp) ï ʥʘ 20,2%. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʥʠʞʝʥʠʝ ʢ ʢʦʥʪʨʦʣʶ ʩʦʜʝʨʞʘʥʠʝ 

ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʛʣʫʪʘʤʠʥʦʤ ʥʘ 18,3% ʠ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʘʩʧʘʨʘʛʠʥʦʤ ʥʘ 20,4%. 

 

 

ʈʠʩʫʥʦʢ 71 ï ɺʣʠʷʥʠʝ Bacillus subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

(2022-2023 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʳʤʠ ʮʝʣʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʷʚʣʷʶʪʩʷ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʵʬʠʨʥʦʝ ʤʘʩʣʦ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʣʠ ʚʣʠʷʥʠʝ ʠʥʦʢʫʣʷʮʠʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʢʚʝʨʮʝʪʠʥʘ, 

ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʚʳʭʦʜ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ʨʠʩʫʥʦʢ 72). ʐʪʘʤʤ 10 4 

ʦʙʝʩʧʝʯʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʚʝʨʮʝʪʠʥʘ ʥʘ 29%  

(ʩ 4,91 ʜʦ 6,33 ʤʛ/100 ʛ), ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ï ʥʘ 30%  

(ʩ 255,60 ʜʦ 333,46 ʤʛ/100 ʛ) ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ï ʥʘ 68,1% (ʜʦ 1,21%) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʐʪʘʤʤ 26D ʧʦʚʳʰʘʣ ʩʦʜʝʨʞʘʥʠʝ ʢʚʝʨʮʝʪʠʥʘ ʥʘ 12% 

(ʜʦ 5,48 ʤʛ/100 ʛ) ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʥʘ 33,3% (ʜʦ 0,96%), ʦʜʥʘʢʦ ʜʦʩʪʦʚʝʨʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʝ ʦʢʘʟʳʚʘʣ (271,84 ʤʛ/100 ʛ). 
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ɺ 

ʈʠʩʫʥʦʢ 72 ï ɺʣʠʷʥʠʝ B. subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʢʚʝʨʮʝʪʠʥʘ (ɸ), ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɹ) ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ɺ) ʚ ʨʘʩʪʝʥʠʷʭ 

ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ (2022-2023 ʛʛ.). ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ  

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ɺ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʷ ʩʧʦʩʦʙʥʳ ʥʘʢʘʧʣʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʮʝʥʥʳʝ 

ʤʝʪʘʙʦʣʠʪʳ, ʥʦ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʦʮʝʥʠʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʙʠʦʤʘʩʩʝ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ ʠʥʦʢʫʣʷʮʠʠ (ʨʠʩʫʥʦʢ 73). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʙʨʘʙʦʪʢʘ ʰʪʘʤʤʘʤʠ B. subtilis 26D ʠ 10 4 ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʩʥʠʞʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ ʥʘ 15,6 ʠ 69,1% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. ʇʨʠ ʵʪʦʤ ʚʘʨʠʘʥʪ ʩʦ ʰʪʘʤʤʦʤ 10 4 ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʣʩʷ ʢʘʢ ʦʪ 

ʢʦʥʪʨʦʣʷ, ʪʘʢ ʠ ʦʪ ʚʘʨʠʘʥʪʘ ʩ 26D. ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ 

c
b

a

0

2

4

6

8

ʢʦʥʪʨʦʣʴʰʪʘʤʤ 26D ʰʪʘʤʤ 10-4

ʂ
ʚ
ʝ
ʨ
ʮ
ʝ
ʪ
ʠ
ʥ
,
 
ʤ
ʛ
/
1
0
0
 
ʛ

b
b

a

0

50

100

150

200

250

300

350

ʢʦʥʪʨʦʣʴʰʪʘʤʤ 26D ʰʪʘʤʤ 10-4

ʈ
ʦ
ʟ
ʤ
ʘ
ʨ
ʠ
ʥ
ʦ
ʚ
ʘ
ʷ
 
ʢ
ʠ
ʩ
ʣ
ʦ
ʪ
ʘ
,
 
ʤ
ʛ
/
1
0
0
 
ʛ

c

b

a

33,3%

68,1%

0,0

20,0

40,0

60,0

80,0

100,0

0,0

0,5

1,0

1,5

ʢʦʥʪʨʦʣʴʰʪʘʤʤ 26D ʰʪʘʤʤ 10-4

ʕ
ʬ
ʠ
ʨ
ʥ
ʦ
ʝ
 
ʤ
ʘ
ʩ
ʣ
ʦ
,
 
%



217 

 

 

 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʊʈ ʊʉ 021/2011. 

 

 

ʈʠʩʫʥʦʢ 73 ï ɺʣʠʷʥʠʝ Bacillus subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʥʠʪʨʘʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

(2022-2023 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʥʦʢʫʣʷʮʠʷ Bacillus subtilis 

ʤʷʪʳ ʜʣʠʥʦʣʠʩʪʥʦʡ ʚ ʟʘʢʨʳʪʦʡ ʘʛʨʦʵʢʦʩʠʩʪʝʤʝ ʧʦʟʚʦʣʷʣʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʫʧʨʘʚʣʷʪʴ ʢʘʯʝʩʪʚʦʤ ʧʦʣʫʯʘʝʤʦʛʦ ʬʠʪʦʩʳʨʴʷ. ʅʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʢʘʟʘʣ ʰʪʘʤʤ 10 4, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʣʦ ʧʦʣʫʯʝʥʠʝ ʨʘʩʪʝʥʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 20-49%, ʫʨʦʚʝʥʴ 

ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʦʟʨʦʩ ʥʘ 30%, ʢʚʝʨʮʝʪʠʥʘ ï ʥʘ 29%, ʘ ʚʳʭʦʜ ʵʬʠʨʥʦʛʦ 

ʤʘʩʣʘ ʧʦʚʳʩʠʣʩʷ ʥʘ 68,1%. ʆʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ, ʢʘʣʠʷ, ʤʘʛʥʠʷ, ʩʝʨʳ ʠ ʬʦʩʬʦʨʘ, ʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪʦʚ ʩʥʠʟʠʣʘʩʴ ʥʘ 69,1%, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʣʦ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʩʳʨʴʷ. ʐʪʘʤʤ 26D ʫʩʪʫʧʘʣ ʰʪʘʤʤʫ 

10 4 ʧʦ ʢʦʤʧʣʝʢʩʫ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʦʢʘʟʳʚʘʣ ʠʟʙʠʨʘʪʝʣʴʥʦʝ 

ʜʝʡʩʪʚʠʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ (ʥʘ 17,4%), ʢʘʣʴʮʠʷ (ʥʘ 36,4%), ʩʝʨʳ (ʥʘ 22,5%) ʠ ʚʳʭʦʜʘ 

ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ʥʘ 33,3%). 
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5.4 ɺʣʠʷʥʠʝ Bacillus subtilis ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ 

 

ʄʝʣʠʩʩʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʢ ʜʝʬʠʮʠʪʫ 

ʚʣʘʛʠ, ʥʝʩʪʘʙʠʣʴʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʠ ʚʳʩʦʢʦʡ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʚʳʨʘʱʠʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ  

PGPR-ʙʘʢʪʝʨʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦ 

ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʣʠʩʩʳ ʧʨʠ ʛʠʜʨʦʧʦʥʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ 

(Bolhassani et al., 2025; Berrio et al., 2024; Ruiz-Berrio et al., 2024). ʆʜʥʘʢʦ, 

ʢʦʤʧʣʝʢʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʩ ʨʘʩʪʝʥʠʷʤʠ ʤʝʣʠʩʩʳ 

ʚ ʛʠʜʨʦʧʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʝʝ 

ʚʳʨʘʱʠʚʘʥʠʷ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʣʠʩʩʳ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʦʝ (p<0,05) ʠ 

ʰʪʘʤʤ-ʩʧʝʮʠʬʠʯʥʦʝ ʚʣʠʷʥʠʝ ʠʥʦʢʫʣʷʮʠʠ B. subtilis ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʳ (ʪʘʙʣʠʮʘ 57). ʐʪʘʤʤ 26D ʥʝ ʦʢʘʟʳʚʘʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʜʣʠʥʫ ʧʦʙʝʛʘ (52,0 ʩʤ ʧʨʦʪʠʚ 51,0 ʩʤ ʚ ʢʦʥʪʨʦʣʝ). 

ʀʥʦʢʫʣʷʮʠʷ ʰʪʘʤʤʦʤ 10 4 ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʜʦʩʪʦʚʝʨʥʳʤ ʩʥʠʞʝʥʠʝʤ ʜʘʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʥʘ 16,2% (42,7 ʩʤ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʆʙʘ ʠʟʫʯʝʥʥʳʭ ʰʪʘʤʤʘ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʐʪʘʤʤ 10 4 ʦʙʝʩʧʝʯʠʣ ʧʨʠʨʦʩʪ ʥʘ 58,0%, ʰʪʘʤʤ 26D ï ʥʘ 43,2% ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʚʘʨʠʘʥʪʘʤʠ ʠ ʢʦʥʪʨʦʣʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ ʦʪʤʝʯʝʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʰʪʘʤʤʦʤ 26D ï ʥʘ 

55,2%. ʐʪʘʤʤ 10 4 ʧʦʚʳʰʘʣ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘ 42,7%, ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦ 

ʦʪʣʠʯʘʷʩʴ ʦʪ ʢʦʥʪʨʦʣʷ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʦʪʤʝʯʝʥ ʜʣʷ ʩʳʨʦʡ ʙʠʦʤʘʩʩʳ 

ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ. ʐʪʘʤʤ 10 4 ʫʚʝʣʠʯʠʚʘʣ ʙʠʦʤʘʩʩʫ ʥʘ 58,2% (ʜʦ 82,05 ʛ), 

ʰʪʘʤʤ 26D ï ʥʘ 21,6% (ʜʦ 63,05 ʛ). ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʦʧʳʪʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʠ 

ʢʦʥʪʨʦʣʝʤ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʰʪʘʤʤʘʤʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ. 
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ʊʘʙʣʠʮʘ 57 ï ɺʣʠʷʥʠʝ Bacillus subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ  

(2022-2023 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɺʘʨʠʘʥʪ 

ʦʧʳʪʘ 

ɼʣʠʥʘ 

ʧʦʙʝʛʘ, ʩʤ 

ʇʣʦʱʘʜʴ ʣʠʩʪʘ, 

ʩʤĮ/ʨʘʩʪʝʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ, ʰʪ 
ɹʠʦʤʘʩʩʘ, ʛ 

ʂʦʥʪʨʦʣʴ 50,97Ñ3,10a 1173,60Ñ21,39c 336,90Ñ18,49c 51,85Ñ3,15c 

ʐʪʘʤʤ 26D 52,00Ñ3,16a 1680,96Ñ25,25b 522,70Ñ19,79a 63,05Ñ5,05b 

ʐʪʘʤʤ 10-4 42,70Ñ2,80b 1854,34Ñ24,80a 480,60Ñ18,23b 82,05Ñ4,99a 
 

ʇʨʠ ʦʮʝʥʢʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ 

ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ ʫʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ 

(p<0,05) ʠ ʰʪʘʤʤ-ʩʧʝʮʠʬʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʠʥʦʢʫʣʷʮʠʠ B. subtilis ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʪʘʙʣʠʮʘ 58). 

 

ʊʘʙʣʠʮʘ 58 ï ɺʣʠʷʥʠʝ Bacillus subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ 

ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ (2022-2023). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɺʘʨʠʘʥʪ 

ʦʧʳʪʘ 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ, ʤʛ/ʛ  

ʭʣʦʨʦʬʠʣʣ a ʭʣʦʨʦʬʠʣʣ b 

ʩʫʤʤʘ 

ʭʣʦʨʦʬʠʣʣʦʚ 

(ʘ+b) 

ʢʘʨʦʪʠʥʦʠʜʳ 

ʂʦʥʪʨʦʣʴ 8,41Ñ0,51b 3,88Ñ0,17b 12,29Ñ0,55b 2,49Ñ0,13b 

ʐʪʘʤʤ 26D 9,10Ñ0,55ab 4,54Ñ0,21a 13,64Ñ0,63a 2,59Ñ0,16ab 

ʐʪʘʤʤ 10-4 9,93Ñ0,60a 4,45Ñ0,19a 14,38Ñ0,67a 2,78Ñ0,15a 

 

ʐʪʘʤʤ 10 4 ʦʙʝʩʧʝʯʠʣ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ  

ʭʣʦʨʦʬʠʣʣʘ a ï ʥʘ 18,1%, ʘ ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʫʤʤʳ 

ʭʣʦʨʦʬʠʣʣʦʚ ʥʘ 17,0% ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ï ʥʘ 11,6% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʐʪʘʤʤ 26D ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ b ʥʘ 17,0% ʠ ʩʫʤʤʫ 

ʭʣʦʨʦʬʠʣʣʦʚ ʥʘ 11,0%. ʈʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʭʣʦʨʦʬʠʣʣʘ a ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʥʝ ʜʦʩʪʠʛʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʟʫʯʝʥʥʳʭ ʰʪʘʤʤʦʚ B. subtilis ʵʬʬʝʢʪʠʚʥʦ ʠʟʤʝʥʷʣʦ 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʙʠʦʤʘʩʩʳ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʦʛʘʱʝʥʠʶ ʨʘʩʪʝʥʠʡ 
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ʤʘʢʨʦʵʣʝʤʝʥʪʘʤʠ. ʆʙʘ ʰʪʘʤʤʘ ʦʙʝʩʧʝʯʠʚʘʣʠ ʜʦʩʪʦʚʝʨʥʦʝ ʦʙʦʛʘʱʝʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʤʘʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʤʝʣʠʩʩʳ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ (ʪʘʙʣʠʮʘ 59). ʐʪʘʤʤ 10 4 ʧʨʦʷʚʠʣ ʥʘʠʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ: ʢʘʣʠʷ ï ʥʘ 19,6%, ʢʘʣʴʮʠʷ 

ï ʥʘ 27,6%, ʩʝʨʳ ï ʥʘ 46,4%, ʬʦʩʬʦʨʘ ï ʥʘ 24,4%, ʘ ʪʘʢʞʝ ʤʘʛʥʠʷ ï ʥʘ 14,0%. 

ʐʪʘʤʤ 26D ʪʘʢʞʝ ʦʢʘʟʳʚʘʣ ʜʦʩʪʦʚʝʨʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, ʧʦʚʳʰʘʷ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʥʘ 9,0%, ʤʘʛʥʠʷ ï ʥʘ 18,1%, ʢʘʣʴʮʠʷ ï ʥʘ 8,3%, ʩʝʨʳ ï ʥʘ 

29,7% ʠ ʬʦʩʬʦʨʘ ï ʥʘ 16,8%. 

 

ʊʘʙʣʠʮʘ 59 ï ɺʣʠʷʥʠʝ Bacillus subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ 

ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ (2022-2023). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ɺʘʨʠʘʥʪ 

ʦʧʳʪʘ 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʤʛ/100 ʛ  

K Mg Ca S P 

ʂʦʥʪʨʦʣʴ 520,89Ñ3,98c  54,62Ñ2,12b 76,65Ñ3,75c 17,06Ñ0,47c 52,18Ñ2,54b 

ʐʪʘʤʤ 26D 567,57Ñ5,99b 64,48Ñ1,98a  83,03Ñ2,40b 22,12Ñ0,80b 60,96Ñ2,08a 

ʐʪʘʤʤ 10-4 623,02Ñ4,66a 62,27Ñ1,57a 97,82Ñ2,25a 24,98Ñ0,37a 64,89Ñ2,21a 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʜʦʩʪʦʚʝʨʥʦʝ (p<0,05) 

ʠʟʤʝʥʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʫ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ. ʆʩʥʦʚʫ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʠʨʦʚʘʣʠ 

ʣʝʡʮʠʥ+ʠʟʦʣʝʡʮʠʥ (Leu+Ile), ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ+ʛʣʫʪʘʤʠʥ (Glu+Gln) ʠ 

ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ+ʘʩʧʘʨʘʛʠʥ (Asp+Asn), ʥʘ ʜʦʣʶ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʣʦʩʴ 

35,6 % ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ (ʨʠʩʫʥʦʢ 74). ʀʥʦʢʫʣʷʮʠʷ 

ʰʪʘʤʤʦʤ 26D ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʤʠ ʥʝʟʘʤʝʥʠʤʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ: ʣʠʟʠʥʘ ï ʥʘ 13,0%, ʬʝʥʠʣʘʣʘʥʠʥʘ ï ʥʘ 8,0%, 

ʣʝʡʮʠʥʘ+ʠʟʦʣʝʡʮʠʥʘ ï ʥʘ 9,0%, ʚʘʣʠʥʘ ï ʥʘ 10,0%, ʪʨʝʦʥʠʥʘ ï ʥʘ 11,0% ʠ 

ʪʨʠʧʪʦʬʘʥʘ ï ʥʘ 13,0%. 
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ʈʠʩʫʥʦʢ 74 ï ɺʣʠʷʥʠʝ Bacillus subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ 

(2022-2023). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʐʪʘʤʤ 10 4 ʧʨʦʷʚʣʷʣ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʜʝʡʩʪʚʠʝ: ʦʙʱʠʡ ʧʨʠʨʦʩʪ 

ʩʦʜʝʨʞʘʥʠʷ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʩʦʩʪʘʚʠʣ 15,7% ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ. ʅʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʪʤʝʯʝʥʦ ʜʣʷ ʣʠʟʠʥʘ (35,2%) ʠ 

ʬʝʥʠʣʘʣʘʥʠʥʘ (27,0%); ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʣʠʥʘ 

(14,5%), ʛʠʩʪʠʜʠʥʘ (14,5%), ʤʝʪʠʦʥʠʥʘ (18,1%), ʣʝʡʮʠʥʘ+ʠʟʦʣʝʡʮʠʥʘ (9,7%), 

ʪʨʠʧʪʦʬʘʥʘ (9,5%) ʠ ʪʨʝʦʥʠʥʘ (7,3%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʇʦʩʢʦʣʴʢʫ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʵʬʠʨʥʦʝ ʤʘʩʣʦ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʝʡʰʠʤʠ ʮʝʣʝʚʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ, ʠʟʫʯʘʣʠ 

ʜʝʡʩʪʚʠʝ B. subtilis ʥʘ ʠʭ ʥʘʢʦʧʣʝʥʠʝ (ʨʠʩʫʥʢ 75). ʐʪʘʤʤ 10 4 ʧʨʦʷʚʠʣ 

ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʚʝʨʮʝʪʠʥʘ ʥʘ 55,6% (ʩ 98,38 ʜʦ 153,09 ʤʛ/100 ʛ), ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ï ʥʘ 

13,4% (ʩ 491,05 ʜʦ 556,78 ʤʛ/100 ʛ) ʠ ʚʳʭʦʜʘ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ï ʥʘ 120,8% (ʜʦ 

0,053 %) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʐʪʘʤʤ 26D ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣ 

ʩʦʜʝʨʞʘʥʠʝ ʢʚʝʨʮʝʪʠʥʘ ʥʘ 17,4% (ʜʦ 115,45 ʤʛ/100 ʛ) ʠ ʚʳʭʦʜ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ 

ʥʘ 70,8% (ʜʦ 0,040%), ʦʜʥʘʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʝ ʦʢʘʟʳʚʘʣ (501,17 ʤʛ/100 ʛ). 
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ʈʠʩʫʥʦʢ 75 ï ɺʣʠʷʥʠʝ B. subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʢʚʝʨʮʝʪʠʥʘ (ɸ), ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɹ) ʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ɺ) ʚ ʨʘʩʪʝʥʠʷʭ 

ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ (2022-2023 ʛʛ.). ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ  

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʀʥʦʢʫʣʷʮʠʷ B. subtilis ʦʙʝʩʧʝʯʠʚʘʣʘ ʜʦʩʪʦʚʝʨʥʦʝ (p<0,05) ʫʤʝʥʴʰʝʥʠʝ 

ʥʘʢʦʧʣʝʥʠʷ ʥʠʪʨʘʪʦʚ ʚ ʩʳʨʴʝ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ 

ɸʨʦʤʘʪ (ʨʠʩʫʥʦʢ 76). ʆʙʨʘʙʦʪʢʘ ʰʪʘʤʤʦʤ 26D ʫʤʝʥʴʰʘʣʘ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʥʠʪʨʘʪʦʚ ʥʘ 72,4% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ, ʰʪʘʤʤʦʤ 10 4 ï ʥʘ 75,4%. ɺʦ ʚʩʝʭ 

ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣʦ ʥʦʨʤʘʪʠʚʦʚ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʊʈ ʊʉ 021/2011, ʠ ʩʦʩʪʘʚʣʷʣʦ ʚ ʩʨʝʜʥʝʤ 1195,83 ʤʛ/ʢʛ. 
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ʈʠʩʫʥʦʢ 76 ï ɺʣʠʷʥʠʝ Bacillus subtilis (ʰʪʘʤʤʳ 10-4 ʠ 26D) ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʥʠʪʨʘʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʝʣʠʩʩʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ 

(2022-2023). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʛʨʦʥʦʤʠʯʝʩʢʦʡ ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʘ 

B. subtilis 10 4, ʦʙʝʩʧʝʯʠʚʰʝʡ ʧʦʣʫʯʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʤʝʣʠʩʩʳ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʨʪʘ ʃʠʤʦʥʥʳʡ ɸʨʦʤʘʪ ʩ ʢʦʤʧʣʝʢʩʦʤ ʫʣʫʯʰʝʥʥʳʭ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʜʦʩʪʦʚʝʨʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ: 

ʙʠʦʤʘʩʩʳ ï ʥʘ 58,2%, ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʥʘ 58,0%, ʵʬʠʨʥʦʛʦ 

ʤʘʩʣʘ ï ʥʘ 120,8%. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ (ʩʫʤʤʘ ʭʣʦʨʦʬʠʣʣʦʚ a+b ï ʥʘ 17,0%) ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ  

(ʢʘʣʠʷ ï ʥʘ 19,6%, ʢʘʣʴʮʠʷ ï ʥʘ 27,6 %, ʬʦʩʬʦʨʘ ï ʥʘ 24,4%). ʂʣʶʯʝʚʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʘʛʨʦʥʦʤʠʯʝʩʢʦʡ ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʠ ʷʚʠʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʩʳʨʴʷ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʠʟʠʥʘ ï 

ʥʘ 35,2%, ʬʝʥʠʣʘʣʘʥʠʥʘ ï ʥʘ 27,0%, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ ʥʘ 75,4%. ʀʥʦʢʫʣʷʮʠʷ B. subtilis 10 4 ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ 

ʧʦʟʚʦʣʠʣʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʢʘʯʝʩʪʚʦʤ ʬʠʪʦʩʳʨʴʷ ʤʝʣʠʩʩʳ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʠʱʝʚʦʡ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʵʣʝʤʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʠ 

ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʪʨʘʪʦʚ. 
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ɻʃɸɺɸ 6 ɹʀʆʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʇʈʀɽʄʓ ɸɼɸʇʊɸʎʀʀ 

ʄʀʂʈʆʈɸʉʊɽʅʀʁ ʂ ʋʉʃʆɺʀʗʄ EX VITRO 

6.1 ɺʣʠʠ̫ʥʠʝ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʪʦʤʘʪʘ  

ʩʦʨʪʦʚ ɻʥʦʤ ʠ ʏʝʣʥʦʢ 

ʉʦʭʨʘʥʝʥʠʝ ʛʝʥʦʬʦʥʜʘ ʪʦʤʘʪʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʧʦʜʜʝʨʞʘʥʠʷ ʝʛʦ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ʂʣʦʥʘʣʴʥʦʝ 

ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʝ in vitro ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʦʟʜʦʨʦʚʣʝʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʮʝʥʥʳʭ 

ʛʝʥʦʪʠʧʦʚ ʜʣʷ ʩʝʣʝʢʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʤʝʩʪʥʳʭ ʩʦʨʪʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʬʦʨʤ ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ (Khamis et al., 2024; 

Sootahar et al., 2024; Reed et al., 2025). ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʠ 

ʢʣʦʥʘʣʴʥʦʛʦ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʪʘʧ ʘʜʘʧʪʘʮʠʠ ex vitro, ʥʘ ʢʦʪʦʨʦʤ 

ʫʩʧʝʰʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʨʘʩʪʝʥʠʡ ʢ ʘʚʪʦʪʨʦʬʥʦʤʫ ʧʠʪʘʥʠʶ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ (Tarakanov et al., 2021). 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʚʝʱʝʥʠʷ ʦʢʘʟʳʚʘʣ 

ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʛʝʥʝʟ ʤʠʢʨʦʨʘʩʪʝʥʠʡ (Sarshayeva et al., 2024). 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʜ ʘʜʘʧʪʘʮʠʝʡ. ʋʩʪʘʥʦʚʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʠʟʫʯʘʝʤʳʤʠ ʩʦʨʪʘʤʠ ʪʦʤʘʪʘ. ʋ ʩʦʨʪʘ ɻʥʦʤ ʜʣʠʥʘ ʧʦʙʝʛʘ ʩʦʩʪʘʚʣʷʣʘ 

7,85Ñ0,35 ʩʤ, ʯʪʦ ʥʘ 9,8% ʧʨʝʚʳʰʘʣʦ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫ ʩʦʨʪʘ ʏʝʣʥʦʢ 

(7,15Ñ0,29 ʩʤ). ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʣʠʩʪʴʝʚ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʛʝʥʦʪʠʧʘʤʠ ʥʝ ʚʳʷʚʣʝʥʦ: ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʫʨʦʚʥʝ  

6,25Ñ0,22 ʠ 6,05Ñ0,19 ʰʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʨʘʚʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ 

ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚʳʷʚʠʣʦ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʦʨʬʦʛʝʥʝʟʝ 

ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ (ʨʠʩʫʥʦʢ 77). ʅʘʠʙʦʣʴʰʘʷ ʜʣʠʥʘ ʧʦʙʝʛʘ  

(ʚ ʩʨʝʜʥʝʤ 20,3 ʩʤ ʜʣʷ ʦʙʦʠʭ ʩʦʨʪʦʚ) ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʝʣʦʛʦ ʩʧʝʢʪʨʘ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ (ʂʂ), ʯʪʦ ʥʘ 89,7% 

ʧʨʝʚʳʰʘʣʦ ʧʦʢʘʟʘʪʝʣʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʊʊ). ʂʨʘʩʥʳʡ+ʩʠʥʠʡ 
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ʩʧʝʢʪʨ ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦ ʩʪʠʤʫʣʠʨʦʚʘʣ ʜʣʠʥʫ ʧʦʙʝʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ, ʥʦ ʙʳʣ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ, ʯʝʤ ʙʝʣʳʡ ʩʧʝʢʪʨ. 

 

 

ʈʠʩʫʥʦʢ 77 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʣʠʥʳ ʧʦʙʝʛʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ 

ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ɻʥʦʤ ʠ ʏʝʣʥʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʘʜʘʧʪʘʮʠʠ: ʊʊ ï ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, 

ʂʂ ï ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʢʘʤʝʨʘ ʥʘ 14-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro (2022-2023 ʛʛ). 

ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ɸʥʘʣʠʟ ʤʦʨʬʦʛʝʥʝʟʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʩʣʦʚʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ 

ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʫ ʦʙʦʠʭ ʩʦʨʪʦʚ ʥʘ 50-80% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. ʇʨʠ ʵʪʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʙʝʣʳʤ ʠ ʢʨʘʩʥʦ-ʩʠʥʠʤ ʧʦ ʜʘʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʥʝ 

ʚʳʷʚʣʝʥʦ. ʇʨʦʮʝʥʪ ʫʢʦʨʝʥʝʥʠʷ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʩʦʩʪʘʚʠʣ 100%. ʈʘʟʚʠʪʠʝ 

ʣʠʩʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʪʦʤʘʪʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (Zhu et al., 2023). 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʧʠʛʤʝʥʪʳ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʪ ʠʟʣʫʯʝʥʠʝ ʚ ʩʠʥʝʡ  

(400-510 ʥʤ) ʠ ʢʨʘʢʩʥʦʡ (560-710 ʥʤ) ʦʙʣʘʩʪʷʭ (Djibrilla et al., 2024). ʕʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʨʘʩʥʦ-ʩʠʥʝʛʦ ʦʩʚʝʱʝʥʠʷ ʚ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʩʦʢʫʶ 
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ʜʣʠʥʘ ʧʦʙʝʛʘ, ʩʤ

ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ, ʰʪ
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʩʧʝʢʪʨʘ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ. ʆʧʪʠʤʘʣʴʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʫ ʦʙʦʠʭ ʩʦʨʪʦʚ (ɻʥʦʤ ʠ ʏʝʣʥʦʢ) ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʢʘʤʝʨʝ ʧʨʠ ʢʨʘʩʥʦ-ʩʠʥʝʤ ʩʚʝʪʦʜʠʦʜʥʦʤ ʦʩʚʝʱʝʥʠʠ (ʪʘʙʣʠʮʘ 60).  

 

ʊʘʙʣʠʮʘ 60 ï ɺʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʘʜʘʧʪʘʮʠʠ: ʊʊ ï ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʢʦʥʪʨʦʣʴ), ʂʂ ï ʢʣʠʤʘʪʠʯʝʩʢʘʷ 

ʢʘʤʝʨʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ 

ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ɻʥʦʤ ʠ ʏʝʣʥʦʢ ʥʘ 14-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro 

(2022-2023 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʨʪ ɺʘʨʠʘʥʪ ʦʧʳʪʘ 
ʂʦʣʠʯʝʩʪʚʦ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʧʠʛʤʝʥʪʦʚ, ʤʛ/ʛ 

ʭʣ.ʘ ʭʣ.b ʭʣ.(ʘ+b) ʢʘʨ. 

ɻʥʦʤ 

ʊʊ 

(ʢʦʥʪʨʦʣʴ) 

ʙʝʣʳʡ 

ʩʧʝʢʪʨ  
0,73Ñ0,05c* 0,35Ñ0,01c 1,08Ñ0,06c 0,20Ñ0,01b 

ʂʂ 

ʙʝʣʳʡ 

ʩʧʝʢʪʨ  
0,96Ñ0,04b 0,37Ñ0,02b 1,33Ñ0,09b 0,22Ñ0,01b 

ʢʨʘʩʥʳʡ+

ʩʠʥʠʡ 

ʩʧʝʢʪʨ 

1,33Ñ0,10a 0,58Ñ0,03a 1,91Ñ0,12a 0,34Ñ0,01a 

ʏʝʣʥʦʢ 

ʊʊ 

(ʢʦʥʪʨʦʣʴ) 

ʙʝʣʳʡ 

ʩʧʝʢʪʨ  
0,78Ñ0,04c 0,33Ñ0,02c 1,11Ñ0,06c 0,21Ñ0,01c 

ʂʂ 

ʙʝʣʳʡ 

ʩʧʝʢʪʨ  
0,97Ñ0,05b 0,39Ñ0,02b 1,36Ñ0,07b 0,38Ñ0,02a 

ʢʨʘʩʥʳʡ+

ʩʠʥʠʡ 

ʩʧʝʢʪʨ 

1,29Ñ0,08a 0,52Ñ0,03a 1,81Ñ0,11a 0,31Ñ0,01b 

 

 

ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ a ʫ ʩʦʨʪʘ ɻʥʦʤ ʚʦʟʨʦʩʣʦ ʥʘ 

82,2%, ʫ ʩʦʨʪʘ ʏʝʣʥʦʢ ï ʥʘ 65,4% ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ b ʠ ʩʫʤʤʘʨʥʳʭ ʭʣʦʨʦʬʠʣʣʦʚ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ  

57-77% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʅʘʢʦʧʣʝʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʦʩʠʣʦ 

ʚʳʨʘʞʝʥʥʳʡ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ʋ ʩʦʨʪʘ ɻʥʦʤ ʤʘʢʩʠʤʫʤ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ (0,34 ʤʛ/ʛ) ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʢʨʘʩʥʦ-ʩʠʥʝʤ 

ʩʚʝʪʦʜʠʦʜʥʦʤ ʦʩʚʝʱʝʥʠʠ, ʯʪʦ ʥʘ 70% ʚʳʰʝ ʢʦʥʪʨʦʣʷ. ʋ ʩʦʨʪʘ ʏʝʣʥʦʢ ʧʠʢ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ (0,38 ʤʛ/ʛ) ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʙʝʣʦʤ ʩʚʝʪʦʜʠʦʜʥʦʤ ʦʩʚʝʱʝʥʠʠ, 

ʧʨʝʚʳʰʘʷ ʢʦʥʪʨʦʣʴ ʥʘ 81%. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ 

ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʘʜʘʧʪʘʮʠʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʦʩʚʝʱʝʥʠʷ ʥʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ (NDVI) ʫ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ 

(ʨʠʩʫʥʦʢ 78). 

 

 

ʈʠʩʫʥʦʢ 78 ï ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ (NDVI) ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʩʦʨʪʦʚ 

ɻʥʦʤ ʠ ʏʝʣʥʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʠ: ʊʊ ï ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʢʦʥʪʨʦʣʴ), ʂʂ ï ʢʣʠʤʘʪʠʯʝʩʢʘʷ 

ʢʘʤʝʨʘ ʘʜʘʧʪʘʮʠʠ ʥʘ 14-ʝ ʩʫʪʢʠ ex vitro (2022-2023 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ (p Ò 0,05) 

 

ɼʣʷ ʩʦʨʪʘ ɻʥʦʤ ʘʜʘʧʪʘʮʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ (ʂʂ) ʦʙʝʩʧʝʯʠʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ NDVI ʢʘʢ ʧʨʠ ʙʝʣʦʤ (ʜʦ 0,52), ʪʘʢ ʠ ʧʨʠ ʢʨʘʩʥʦ-

ʩʠʥʝʤ ʩʧʝʢʪʨʝ (ʜʦ 0,58), ʯʪʦ ʥʘ 10,6 ʠ 23,4% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʰʝ ʢʦʥʪʨʦʣʷ 

ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʊʊ, 0,47). ʅʘʠʙʦʣʴʰʠʡ ʩʪʠʤʫʣʠʨʫʶʱʠʡ 

ʵʬʬʝʢʪ ʦʪʤʝʯʝʥ ʧʨʠ ʢʨʘʩʥʦ-ʩʠʥʝʤ ʦʩʚʝʱʝʥʠʠ. ʋ ʩʦʨʪʘ ʏʝʣʥʦʢ ʪʝʭʥʦʣʦʛʠʷ ʂʂ 

ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʚʳʰʝʥʠʶ NDVI: ʧʨʠ ʙʝʣʦʤ ʩʧʝʢʪʨʝ ï ʜʦ 0,56, ʧʨʠ 

ʢʨʘʩʥʦ-ʩʠʥʝʤ ï ʜʦ 0,54, ʯʪʦ ʥʘ 9,8 ʠ 5,9% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʣʦ ʢʦʥʪʨʦʣʴ 

(ʊʊ, 0,51). ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʨʪʘ ɻʥʦʤ, 

ʦʪʤʝʯʝʥʳ ʧʨʠ ʙʝʣʦʤ ʩʚʝʪʦʜʠʦʜʥʦʤ ʦʩʚʝʱʝʥʠʠ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ 

ʘʜʘʧʪʘʮʠʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ (ʂʂ) ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣʘ ʚʩʝ ʢʣʶʯʝʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ex vitro ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ (ʊʊ), ʫʚʝʣʠʯʠʚʘʷ ʜʣʠʥʫ ʧʦʙʝʛʘ ʜʦ 90% ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʥʘ 50-80%. ʇʨʠ ʵʪʦʤ ʦʪʟʳʚʯʠʚʦʩʪʴ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʦʩʚʝʱʝʥʠʷ ʥʦʩʠʣʘ ʚʳʨʘʞʝʥʥʳʡ ʛʝʥʦʪʠʧ-ʩʧʝʮʠʬʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ 

ʩʦʨʪʘ ɻʥʦʤ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʣʩʷ ʢʨʘʩʥʦ-ʩʠʥʠʡ ʨʝʞʠʤ ʚ ʫʩʣʦʚʠʷʭ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ (NDVI ʥʘ 23,4%) ʠ ʥʘʢʦʧʣʝʥʠʝ ʧʠʛʤʝʥʪʦʚ (ʭʣʦʨʦʬʠʣʣ a ʥʘ 82,2%). 

ɼʣʷ ʩʦʨʪʘ ʏʝʣʥʦʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʨʝʞʠʤ ʪʘʢʞʝ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʩ ʙʝʣʳʤ ʩʧʝʢʪʨʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʣʠʩʴ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ NDVI ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ (ʥʘ 81%).  

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʢʣʦʥʘʣʴʥʦʛʦ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ in vitro ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ ʥʘ ʵʪʘʧʝ ʘʜʘʧʪʘʮʠʠ ex vitro 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʷʪʴ ʮʝʥʥʳʝ ʛʝʥʦʪʠʧʳ ʪʦʤʘʪʘ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʟʜʦʨʦʚʣʝʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʧʨʠʣʦʞʝʥʠʝ 11).  

 

6.2 ɺʣʠ̫ ʥʠʝ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

ʈʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ ʚ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʚ 

ɿɸʕʉ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʣʦʥʘʣʴʥʦʛʦ 

ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ ʠ ʧʦʩʣʝʩʪʝʨʠʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʩʦʟʜʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ɽʛʦʨʦʚʘ, 2021; ʄʘʢʘʨʦʚ ʠ ʜʨ., 2023; ʉʫʨʦʚ, 2023; 

ɿʘʨʫʙʠʥʘ ʠ ʜʨ., 2024). ʉʦʚʨʝʤʝʥʥʳʡ ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʚʳʷʚʠʣ, ʯʪʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʧʨʦʪʦʢʦʣʘʤ ʢʣʦʥʘʣʴʥʦʛʦ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ  
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ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʢʩʠʭ ʢʫʣʴʪʫʨ (Diana et al., 2024; Mabotja et al., 2025; Pardi et 

al., 2025), ʚʦʧʨʦʩ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʦʩʚʝʱʝʥʠʷ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ, 

ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ (Redhwan et al., 2025). ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʩʳʨʴʷ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (Diana 

ʠ Olivia, 2024). ʆʧʪʠʤʠʟʘʮʠʷ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ ʥʘ ʵʪʘʧʘʭ ʘʜʘʧʪʘʮʠʠ ex vitro 

ʨʘʩʪʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʯʪʦ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʮʝʥʢʫ ʚʣʠʷʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʙʠʨʘʣʠ ʨʘʩʪʝʥʠʷ, 

ʦʜʥʦʨʦʜʥʳʝ ʧʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʦʧʳʪʘ 

ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʩʦʩʪʘʚʣʷʣʦ ʚ ʩʨʝʜʥʝʤ 10,00Ñ0,6 ʰʪ, ʜʣʠʥʘ ʧʦʙʝʛʘ ï 

4,55Ñ0,3 ʩʤ. ɺ ʧʝʨʠʦʜ ʘʜʘʧʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʦʮʝʥʠʚʘʷ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʦʚ ʦʩʚʝʱʝʥʠʷ ʥʘ 

ʤʠʢʨʦʨʘʩʪʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʚʘʨʠʘʥʪʘʤʠ ʦʧʳʪʘ. ʅʘʠʙʦʣʴʰʘʷ ʜʣʠʥʘ ʧʦʙʝʛʘ (28,6 ʩʤ) ʦʪʤʝʯʝʥʘ ʧʨʠ ʙʝʣʦ-

ʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ, ʯʪʦ ʥʘ 18% ʚʳʰʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (24,2 ʩʤ); 

ʨʘʟʣʠʯʠʝ ʜʦʩʪʦʚʝʨʥʦ ʧʨʠ pÒ0,05 (ʨʠʩʫʥʦʢ 79). ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʧʨʠ ʙʝʣʦʤ (ʢʦʥʪʨʦʣʴ, 121,0 ʰʪ) ʠ ʙʝʣʦ-ʩʠʥʝʤ  

(122,5 ʰʪ) ʩʧʝʢʪʨʘʭ, ʧʨʠ ʵʪʦʤ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʦʢʘʟʘʣʠʩʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʝʣʦ-ʢʨʘʩʥʳʡ ʠ ʢʨʘʩʥʦ-

ʜʘʣʴʥʝʢʨʘʩʥʳʡ ʩʧʝʢʪʨʳ ʜʦʩʪʦʚʝʨʥʦ ʧʦʜʘʚʣʷʣʠ ʣʠʩʪʦʦʙʨʘʟʦʚʘʥʠʝ: ʚ ʵʪʠʭ 

ʚʘʨʠʘʥʪʘʭ ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʩʥʠʟʠʣʦʩʴ ʜʦ 103,5 ʰʪ (ʥʘ 14%) ʠ 95,0 ʰʪ  

(ʥʘ 21%) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʙʝʣʦ-ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ, 

ʦʙʝʩʧʝʯʠʚʘʚʰʠʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʧʦʙʝʛʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʥʛʠʙʠʨʦʚʘʣ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʩʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ. 
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ʈʠʩʫʥʦʢ 79 ï ɺʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

ɸ ïʜʣʠʥʘ ʧʦʙʝʛʘ ʠ ɹ ïʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ ʥʘ 15-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ  

ex vitro (2024-2025 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣʦ 

ʦʮʝʥʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ 

ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʚ ʦʪʚʝʪ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʦʩʚʝʱʝʥʠʷ. ɸʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a, b ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ 

ʢʘʢ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʅʘʠʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ a ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʝʛʦ  

(2,05 ʤʛ/ʛ) ʠ ʢʨʘʩʥʦʛʦ (2,03 ʤʛ/ʛ) ʩʧʝʢʪʨʦʚ (ʨʠʩʫʥʦʢ 80). ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʢʦʥʪʨʦʣʷ (1,96 ʤʛ/ʛ), ʦʜʥʘʢʦ ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ 

ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ b ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʚ 

ʚʘʨʠʘʥʪʘʭ ʩʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʦʙʘʚʢʦʡ ʩʠʥʝʛʦ (0,73 ʤʛ/ʛ, ʥʘ 9,0%) ʠ ʢʨʘʩʥʦʛʦ 

(0,75 ʤʛ/ʛ, ʥʘ 11,9%) ʩʧʝʢʪʨʦʚ ʢ ʙʘʟʦʚʦʤʫ ʙʝʣʦʤʫ ʦʩʚʝʱʝʥʠʶ. ʉʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ (a+b) ʪʘʢʞʝ ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚ ʵʪʠʭ ʞʝ 

ʚʘʨʠʘʥʪʘʭ (2,80 ʠ 2,75 ʤʛ/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʦʜʥʘʢʦ ʨʘʟʣʠʯʠʷ ʩ ʢʦʥʪʨʦʣʝʤ  

(2,64 ʤʛ/ʛ) ʥʝ ʜʦʩʪʠʛʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 80 ï ɺʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ 

ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ ʥʘ 15-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro (2024-2025 ʛʛ). ʈʘʟʥʳʝ 

ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ  

ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʂʨʘʩʥʦ-ʜʘʣʴʥʝʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʩʥʠʞʘʣ ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ a ʩʥʠʟʠʣʦʩʴ ʥʘ 6,6%, ʭʣʦʨʦʬʠʣʣʘ b ï ʥʘ 

20,9%, ʘ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʦʬʠʣʣʦʚ ï ʥʘ 11,0% ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦ ʫʤʝʥʴʰʠʣʦʩʴ ʚ ʵʪʦʤ 

ʚʘʨʠʘʥʪʝ ʥʘ 11,5% (0,46 ʤʛ/ʛ ʧʨʦʪʠʚ 0,52 ʤʛ/ʛ ʚ ʢʦʥʪʨʦʣʝ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, 

ʚʘʨʠʘʥʪʳ ʙʝʣʳʡ+ʩʠʥʠʡ ʠ ʙʝʣʳʡ+ʢʨʘʩʥʳʡ ʥʝ ʧʦʢʘʟʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʢʦʥʪʨʦʣʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘʨʦʪʠʥʦʠʜʦʚ. 
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ɼʣʷ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʚʝʪʦʚʳʭ ʨʝʞʠʤʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ NDVI. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʝʛʦ ʚʝʣʠʯʠʥʫ (ʨʠʩʫʥʦʢ 81). ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ  

NDVI (0,57) ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠ ʙʝʣʦ-ʢʨʘʩʥʦʤ ʦʩʚʝʱʝʥʠʠ, ʯʪʦ ʥʘ 14% ʚʳʰʝ 

ʢʦʥʪʨʦʣʷ (0,50) ʠ ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʚ ʦʩʪʘʣʴʥʳʭ ʚʘʨʠʘʥʪʘʭ  

(ʙʝʣʦ-ʩʠʥʠʡ ï 0,52; ʢʨʘʩʥʦ-ʜʘʣʴʥʝʢʨʘʩʥʳʡ ï 0,53). ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ,  

ʙʝʣʦ-ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʷʚʣʷʣʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʩʪʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

 

 

ʈʠʩʫʥʦʢ 81 ï ɺʣʠʷʥʠʝ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ NDVI 

ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ ʥʘ 15-ʝ 

ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro (2024-2025 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʜʦʩʪʦʚʝʨʥʦʝ ʚʣʠʷʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ ʚ ʧʝʨʠʦʜ 

ʘʜʘʧʪʘʮʠʠ ex vitro. ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʧʨʠ ʙʝʣʦ-ʢʨʘʩʥʦʤ 

ʩʧʝʢʪʨʝ: ʜʣʠʥʘ ʧʦʙʝʛʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 18%, ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ NDVI ï ʥʘ 

14% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ ʥʘ 

14,5%. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʣʠʩʪʴʝʚ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʧʨʠ ʙʝʣʦʤ ʠ ʙʝʣʦ-ʩʠʥʝʤ 

ʦʩʚʝʱʝʥʠʠ. ʂʨʘʩʥʦ-ʜʘʣʴʥʝʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʦʜʘʚʣʷʣ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ: 
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ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʩʥʠʞʘʣʦʩʴ ʥʘ 21,5%, ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ ï ʥʘ 7-21%. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʟʜʦʨʦʚʣʝʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ex vitro. ɹʝʣʦ-ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʦʟʚʦʣʠʣ ʦʪʙʠʨʘʪʴ 

ʛʝʥʦʪʠʧʳ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʦʩʪʦʤ ʠ ʚʳʩʦʢʦʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

(NDVI 0,57), ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʤʘʩʩʳ. ɹʝʣʦ-ʩʠʥʠʡ ʩʧʝʢʪʨ 

ʦʙʝʩʧʝʯʠʚʘʣ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʠʩʪʴʝʚ 

(122,5 ʰʪ) ʠ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʠʛʤʝʥʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ (ʧʨʠʣʦʞʝʥʠʝ 10). 

 

6.3 ɺʣʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʥʘ ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʦʩʪʦʚʝʨʥʦ ʧʦʢʘʟʘʣ ʚʣʠʷʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʠ (ʌɸʈ) ʥʘ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ. ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʚʰʠʡʩʷ 

ʜʣʠʥʦʡ ʧʦʙʝʛʘ 5,5Ñ0,4 ʩʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʣʠʩʪʴʝʚ 10,0Ñ0,7 ʰʪ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ. ʆʧʪʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʫʨʦʚʥʝ 140 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ (ʨʠʩʫʥʦʢ 82). ʇʨʠ ʜʘʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʜʣʠʥʘ ʧʦʙʝʛʘ ʜʦʩʪʠʛʣʘ 35,85 ʩʤ, ʢʦʣʠʯʝʩʪʚʦ  

ʣʠʩʪʴʝʚ ï 214,0 ʰʪ., ʯʪʦ ʥʘ 24,6 ʠ 54,2% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʣʦ ʢʦʥʪʨʦʣʴ. 

ʊʘʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʦʙʝʩʧʝʯʠʣʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʝʥʦʪʠʧʦʚ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʡ ʨʝʞʠʤ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ʈʠʩʫʥʦʢ 82 ï ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ: ɸ ïʜʣʠʥʘ ʧʦʙʝʛʘ ʠ ɹ ïʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ ʥʘ 15-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex 

vitro (2024-2025 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʇʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌɸʈ ʜʦ 180 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝʤ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ. ɼʣʠʥʘ ʧʦʙʝʛʘ ʩʦʩʪʘʚʠʣʘ 33,53 ʩʤ (ʥʘ 

16,5% ʚʳʰʝ ʢʦʥʪʨʦʣʷ), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï 185,0 ʰʪ (ʥʘ 33,3% ʚʳʰʝ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʝ, ʯʝʤ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ  

(140 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ), ʧʨʠʨʦʩʪʳ, ʨʘʩʪʝʥʠʷ ʩʦʭʨʘʥʷʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʢʦʥʪʨʦʣʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 60 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ: ʜʣʠʥʘ ʧʦʙʝʛʘ ʩʦʩʪʘʚʠʣʘ 

19,48 ʩʤ, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï 124,50 ʰʪ, ʯʪʦ ʥʘ 32,3 ʠ 10,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʠʞʝ ʢʦʥʪʨʦʣʷ (28,78 ʩʤ ʠ 138,75 ʰʪ). ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦ ʚʣʠʷʣʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 83). ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʭʣʦʨʦʬʠʣʣʘ a (2,10 ʤʛ/ʛ) ʠ ʩʫʤʤʳ ʭʣʦʨʦʬʠʣʣʦʚ (2,77 ʤʛ/ʛ) ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʢʦʥʪʨʦʣʝ (100 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ). 

 

c

b

a
a

0

10

20

30

40

60 100 

(ʢʦʥʪʨʦʣʴ)

140 180 ʤʢʤʦʣʴ 

ʤ Į ʩ ĭ

ɼ
ʣ
ʠ
ʥ
ʘ
 
ʧ
ʦ
ʙ
ʝ
ʛ
ʘ
,
 
ʩ
ʤ

c
c

a

b

0

50

100

150

200

250

60 100 

(ʢʦʥʪʨʦʣʴ)

140 180 ʤʢʤʦʣʴ 

ʤ Į ʩ ĭ

ʂ
ʦ
ʣ
ʠ
ʯ
ʝ
ʩ
ʪ
ʚ
ʦ
 
ʣ
ʠ
ʩ
ʪ
ʴ
ʝ
ʚ
,
 
ʰ
ʪ
/
ʨ
ʘ
ʩ
ʪ
ʝ
ʥ
ʠ
ʝ



235 

 

 

 

  

ɸ ɹ 

  
ɺ ɻ 

ʈʠʩʫʥʦʢ 83 ï ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ ʥʘ 15-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex 

vitro (2024-2025 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʆʜʥʘʢʦ, ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʭʣʦʨʦʬʠʣʣʘ b ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ 

ʙʳʣ ʨʝʞʠʤ 140 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ, ʛʜʝ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʠʛʣʦ 0,74 ʤʛ/ʛ  

(ʥʘ 10,4%) ʠ 0,61 ʤʛ/ʛ (ʥʘ 15,1%) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 180 

ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ a ʠ ʩʫʤʤʳ ʭʣʦʨʦʬʠʣʣʦʚ ʩʥʠʟʠʣʦʩʴ ʥʘ 

19,0% ʠ 11,6% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ 

ʚʳʩʦʢʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʧʦʢʘʟʘʪʝʣ ̫ ʭʣʦʨʦʬʠʣʣʘ b 

ʦʩʪʘʚʘʣʩʷ ʚʳʩʦʢʠʤ (0,75 ʤʛ/ʛ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʦʪʠʥʦʠʜʦʚ 
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ʫʤʝʥʴʰʠʣʦʩʴ ʜʦ 0,49 ʤʛ/ʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 60 

ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʠʛʤʝʥʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ 

ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʫʩʪʫʧʘʣʠ 

ʢʦʥʪʨʦʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. 

ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʦʮʝʥʝʥʥʘʷ ʧʦ ʠʥʜʝʢʩʫ NDVI, ʪʘʢʞʝ 

ʟʘʚʠʩʝʣʘ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ (ʨʠʩʫʥʦʢ 84). ʄʘʢʩʠʤʘʣʴʥʳʝ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʦʧʦʩʪʘʚʠʤʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠ  

100 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ (ʢʦʥʪʨʦʣʴ) ʠ 140 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ ï 0,55 ʠ 0,54 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʚʳʩʦʢʦʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʤ 

ʧʦʪʝʥʮʠʘʣʝ ʨʘʩʪʝʥʠʡ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

 

 

ʈʠʩʫʥʦʢ 84 ï ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʥʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ 

NDVI ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ ʥʘ 

15-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro (2024-2025 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 60 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ NDVI 

ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣʩʷ ʜʦ 0,48 (ʥʘ 12,7%), ʧʨʠ 180 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ ï ʜʦ 0,44  

(ʥʘ 20,0%). ʈʘʩʪʝʥʠʷ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʵʪʠʭ ʨʝʞʠʤʘʭ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʠʟʢʠʤ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 
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ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʠʥʜʝʢʩʘ NDVI ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʡ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ 

ʩʦʩʪʘʚʣʷʝʪ 100-140 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ. ʈʘʩʪʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ NDVI (0,55 ʠ 0,54), ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʟʜʦʨʦʚʣʝʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ (ʌɸʈ) ʜʣʷ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʩʦʨʪʦʦʙʨʘʟʮʘ ɺʝʩʝʥʥʠʡ ɸʨʦʤʘʪ ʠʤʝʝʪ ʧʨʷʤʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʟʜʦʨʦʚʣʝʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ  

140 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʣ ʧʦʣʫʯʝʥʠʝ ʨʘʩʪʝʥʠʡ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʠʥʳ ʧʦʙʝʛʘ (35,85 ʩʤ) ʠ ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ 

(214,0 ʰʪ), ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʦʪʠʥʦʠʜʦʚ (0,61 ʤʛ/ʛ) ʠ  

ʭʣʦʨʦʬʠʣʣʘ b (0,74 ʤʛ/ʛ), ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʤ ʠʥʜʝʢʩʦʤ NDVI (0,54), 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ex vitro.  

ɺʳʷʚʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌɸʈ ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʢʘʢ ʢʨʠʪʝʨʠʡ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʝʞʠʤ 140 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʟʜʦʨʦʚʣʝʥʥʳʭ ʤʠʢʨʦʨʘʩʪʝʥʠʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʫʩʣʦʚʠʷʤ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʢʣʠʤʘʪʠʯʝʢʩʦʡ ʢʘʤʝʨʝ (ʧʨʠʣʦʞʝʥʠʝ 10). 

 

6.4 ɺʣʠ̫ ʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʥʘ ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʤʷʪʳ ʚʦʜʥʦʡ 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʘʜʘʧʪʘʮʠʠ ʜʣʠʥʘ ʧʦʙʝʛʘ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʚʦʜʥʦʡ 

ʩʦʩʪʘʚʣʷʣʘ 3,90Ñ0,17 ʩʤ, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï 6,20Ñ0,28 ʰʪ ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌɸʈ ʩ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ 

100 ʜʦ 146 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ ʦʢʘʟʘʣʦ ʜʦʩʪʦʚʝʨʥʦʝ ʧʦʜʘʚʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ (ʨʠʩʫʥʦʢ 85). ʇʦʚʳʰʝʥʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʜʣʠʥʳ ʧʦʙʝʛʘ ʥʘ 38,0%  

(15,47 ʩʤ ʧʨʦʪʠʚ 24,96 ʩʤ) ʠ ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ ï ʥʘ 29,0%  

(67,5 ʰʪ ʧʨʦʪʠʚ 95,1 ʰʪ). 
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ʈʠʩʫʥʦʢ 85 ï ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ: ɸ ïʜʣʠʥʘ ʧʦʙʝʛʘ ʠ ɹ ïʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ 

ʚʦʜʥʦʡ ʥʘ 24-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro (2021-2022 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ 

ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ɺʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ ʧʦʜʪʚʝʨʜʠʣʘ ʧʦʣʫʯʝʥʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ: ʥʘ ʨʠʩʫʥʢʝ 86 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʨʘʩʪʝʥʠʡ ʤʷʪʳ ʚʦʜʥʦʡ ʧʦʩʣʝ 

ʘʜʘʧʪʘʮʠʠ ex vitro. 

  

ɸ ɹ 

ʈʠʩʫʥʦʢ 86 ï ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʩʪʝʥʠʡ ʤʷʪʳ ʚʦʜʥʦʡ ʧʦʩʣʝ ʘʜʘʧʪʘʮʠʠ ex vitro 

ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ:  

ɸ ï 100 ʤʢʤʦʣʴ/ʤĮĿʩ (ʢʦʥʪʨʦʣʴ), ɹ ï 146 ʤʢʤʦʣʴ/ʤĮĿʩ 

 

ʅʘʨʷʜʫ ʩ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʮʝʥʠʚʘʣʠ ʚʣʠʷʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ 

a

b

0

10

20

30

100 ʤʤʦʣʴ/ʤĮʩ 

(ʢʦʥʪʨʦʣʴ)    

146 ʤʤʦʣʴ/ʤĮʩ 

ɼ
ʣ
ʠ
ʥ
ʘ
 
ʧ
ʦ
ʙ
ʝ
ʛ
ʘ
,
 
ʩ
ʤ

a

b

0

20

40

60

80

100

100 ʤʤʦʣʴ/ʤĮʩ 

(ʢʦʥʪʨʦʣʴ)    

146 ʤʤʦʣʴ/ʤĮʩ ʂ
ʦ
ʣ
ʠ
ʯ
ʝ
ʩ
ʪ
ʚ
ʦ
 
ʣ
ʠ
ʩ
ʪ
ʴ
ʝ
ʚ
,
 
ʰ
ʪ
/
ʨ
ʘ
ʩ
ʪ
ʝ
ʥ
ʠ
ʝ



239 

 

 

 

ʣʠʩʪʴʷʭ. ʇʦʚʳʰʝʥʠʝ ʌɸʈ ʩʦ 100 ʜʦ 146 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ ʦʢʘʟʘʣʦ 

ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ: ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ a ʜʦʩʪʦʚʝʨʥʦ ʚʦʟʨʦʩʣʦ ʥʘ 

12,1 % (ʜʦ 2,60 ʤʛ/ʛ), ʢʘʨʦʪʠʥʦʠʜʦʚ ï ʪʘʢʞʝ ʥʘ 12,1 % (ʜʦ 0,74 ʤʛ/ʛ)  

(ʨʠʩʫʥʦʢ 87). 

 

  

ɸ ɹ 

  
ɺ ɻ 

ʈʠʩʫʥʦʢ 87 ï ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʚʦʜʥʦʡ ʥʘ 24-ʝ 

ʩʫʪʢʠ ʠ ʘʜʘʧʪʘʮʠʠ ex vitro (2021-2022 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ (a+b) ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 10,0%  

(ʜʦ 3,46 ʤʛ/ʛ) ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠʠ ʭʣʦʨʦʬʠʣʣʘ b ʜʦ 0,86 ʤʛ/ʛ, ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʘʮʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʌɸʈ ʢʘʢ ʢʦʤʧʝʥʩʘʪʦʨʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʩʚʝʪʦʚʦʡ ʩʪʨʝʩʩ. 
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ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʠ (ʌɸʈ) 

ʩʦ 100 ʜʦ 146 ʤʢʤʦʣʴ/ʤĮĿʩ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ NDVI ʩʥʠʟʠʣʩʷ ʥʘ 6,2%, 

ʩʦʩʪʘʚʠʚ 0,51 ʧʨʦʪʠʚ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 0,55 (ʨʠʩʫʥʦʢ 88). 

 

 

ʈʠʩʫʥʦʢ 88 ï ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʥʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ 

NDVI ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʚʦʜʥʦʡ ʥʘ 24-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro  

(2021-2022 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʌɸʈ ʜʦ 146 ʤʢʤʦʣʴĿʤ ĮĿʩ ĭ ʦʢʘʟʘʣʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʤʷʪʳ ʚʦʜʥʦʡ ʚ 

ʧʨʦʮʝʩʩʝ ʘʜʘʧʪʘʮʠʠ ex vitro: ʫʛʥʝʪʝʥʠʝ ʤʦʨʬʦʛʝʥʝʟʘ (ʩʥʠʞʝʥʠʝ ʜʣʠʥʳ ʧʦʙʝʛʘ 

ʥʘ 38%, ʯʠʩʣʘ ʣʠʩʪʴʝʚ ʥʘ 29%, NDVI ʥʘ 6,2%) ʩʦʯʝʪʘʣʦʩʴ ʩ ʫʩʠʣʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ a ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ (ʥʘ 12%). 

 

6.5 ɺʣʠʷʥʠʝ Bacillus amyloliquefaciens ʥʘ ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʪʦʤʘʪʘ  

ʩʦʨʪʦʚ ɻʥʦʤ ʠ ʏʝʣʥʦʢ 

ʇʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ ʚ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʶʪ ʚʥʝʜʨʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʵʪʦʡ ʩʚʷʟʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʠʟʦʙʘʢʪʝʨʠʠ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ (PGPR)  

(Ali et al., 2025). ʉ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ PGPR ʚ ʨʘʙʦʪʝ ʦʮʝʥʠʚʘʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʰʪʘʤʤʦʚ ʨʠʟʦʙʘʢʪʝʨʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʪʨʝʩʩʘ 
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ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ ʨʘʩʪʝʥʠʡ ʠʟ in vitro ʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʧʨʠʞʠʚʘʝʤʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʘʜʘʧʪʘʮʠʠ ʢ ʥʝʩʪʝʨʠʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ex vitro. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʘʜʘʧʪʘʮʠʠ 

ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʪʦʤʘʪʘ ʩʦʨʪʘ ɻʥʦʤ ʠʤʝʣʠ ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ 7,10Ñ0,30 ʰʪ, ʯʪʦ 

ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʳʰʘʣʦ ʧʦʢʘʟʘʪʝʣʴ ʩʦʨʪʘ ʏʝʣʥʦʢ (6,63Ñ0,32 ʰʪ). ʇʦ ʜʣʠʥʝ 

ʧʦʙʝʛʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʩʦʨʪʘʤʠ ʥʝ ʚʳʷʚʣʝʥʦ: ʫ ʩʦʨʪʘ 

ɻʥʦʤ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʩʦʩʪʘʚʣʷʣ 8,50Ñ0,44 ʩʤ, ʫ ʩʦʨʪʘ ʏʝʣʥʦʢ ï 7,91Ñ0,41 ʩʤ. 

ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʦʠʭ ʩʦʨʪʦʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʜʘʧʪʘʮʠʠ. ʆʙʨʘʙʦʪʢʘ 

ʨʠʟʦʙʘʢʪʝʨʠʝʡ B. amyloliquefaciens S21 ʦʢʘʟʘʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 

ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ 

ʦʙʦʠʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ ʥʘ 14-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro. ʋ ʩʦʨʪʘ ɻʥʦʤ 

ʙʘʢʪʝʨʠʟʘʮʠʷ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ ʧʦʙʝʛʘ ʥʘ 16,8% ï ʩ 16,1 ʜʦ  

18,8 ʩʤ, ʘ ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ ï ʥʘ 25,8% (ʩ 9,4 ʜʦ 11,8 ʰʪ) (ʨʠʩʫʥʦʢ 89). ʋ 

ʩʦʨʪʘ ʏʝʣʥʦʢ ʥʘʙʣʶʜʘʣʘʩʴ ʩʭʦʜʥʘʷ ʜʠʥʘʤʠʢʘ: ʜʣʠʥʘ ʧʦʙʝʛʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 

16,4% (ʩ 13,7 ʜʦ 16,0 ʩʤ), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï ʥʘ 13,8% (ʩ 10,8 ʜʦ 12,3). 

 

  

ɸ ɹ 

ʈʠʩʫʥʦʢ 89 ï ɺʣʠʷʥʠʝ Bacillus amyloliquefaciens S21 ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ɻʥʦʤ ʠ ʏʝʣʥʦʢ ʥʘ 14-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro 

(2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 
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ʇʨʦʚʝʜʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʦʩʪʦʚʝʨʥʦ ʧʦʜʪʚʝʨʜʠʣ ʚʣʠʷʥʠʝ 

ʦʙʨʘʙʦʪʢʠ ʰʪʘʤʤʦʤ B. amyloliquefaciens S21 ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ, ʦʜʥʘʢʦ ʨʝʘʢʮʠʷ ʩʦʨʪʦʚ ʙʳʣʘ ʨʘʟʣʠʯʥʦʡ 

(ʪʘʙʣʠʮʘ 61). 

 

ʊʘʙʣʠʮʘ 61 ï ɺʣʠʷʥʠʝ Bacillus amyloliquefaciens S21 ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʩʦʨʪʦʚ ɻʥʦʤ 

ʠ ʏʝʣʥʦʢ ʥʘ 14-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ 

ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

ʉʦʨʪ  
ɺʘʨʠʘʥʪ 

ʦʧʳʪʘ 

ʂʦʣʠʯʝʩʪʚʦ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʧʠʛʤʝʥʪʦʚ, ʤʛ/ʛ 

ʭʣʦʨʦʬʠʣʣ ʘ ʭʣʣʨʦʬʠʣʣ b 

ʩʫʤʤʘ 

ʭʣʦʨʦʬʠʣʣʦʚ 

(ʘ+b) 

ʢʘʨʦʪʠʥʦʠʜʳ 

ɻʥʦʤ 

ʢʦʥʪʨʦʣʴ 1,55Ñ0,04c 2,94Ñ0,10c 4,49Ñ0,14b 0,48Ñ0,02b 

ʙʘʢʪʝʨʠʘʣʴʥʘ 

ʦʙʨʘʙʦʪʢʘ 
1,69Ñ0,05b 3,66Ñ0,09a 5,35Ñ0,14a 0,49Ñ0,02ʘ 

ʏʝʣʥʦʢ 

ʢʦʥʪʨʦʣʴ 1,94Ñ0,07ʘ 3,20Ñ0,14b 5,14Ñ0,21a 0,56Ñ0,02a 

ʙʘʢʪʝʨʠʘʣʴʥʘ 

ʦʙʨʘʙʦʪʢʘ 
1,75Ñ0,08b 3,80Ñ0,13ʘ 5,55Ñ0,21a 0,52Ñ0,02a 

 

ʋ ʩʦʨʪʘ ɻʥʦʤ ʙʘʢʪʝʨʠʟʘʮʠʷ ʧʨʠʚʝʣʘ ʢ ʜʦʩʪʦʚʝʨʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʭʣʦʨʦʬʠʣʣʦʚ: ʭʣʦʨʦʬʠʣʣʘ a ï ʥʘ 9,0%, ʭʣʦʨʦʬʠʣʣʘ b ï ʥʘ 

24,5% (ʜʦ 3,66 ʤʛ/ʛ), ʠʭ ʩʫʤʤʳ (a+b) ï ʥʘ 19,2% (ʜʦ 5,35 ʤʛ/ʛ) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʦʩʪʘʣʦʩʴ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʫʨʦʚʥʝ  

(0,49 ʤʛ/ʛ). ʋ ʩʦʨʪʘ ʏʝʣʥʦʢ ʥʘʙʣʶʜʘʣʘʩʴ ʩʭʦʜʥʘʷ ʜʠʥʘʤʠʢʘ: ʜʣʠʥʘ ʧʦʙʝʛʘ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 16,4% (ʩ 13,7 ʜʦ 16,0 ʩʤ), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï ʥʘ 13,8%  

(ʩ 10,8 ʜʦ 12,3 ʰʪ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ.  

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʘʧʪʘʮʠʠ ex vitro ʥʘʨʷʜʫ ʩ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ 

NDVI, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʤʠʢʨʦʨʘʩʪʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ B. 

amyloliquefaciens ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣʘ ʟʥʘʯʝʥʠʷ NDVI ʫ ʦʙʦʠʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ 

(ʨʠʩʫʥʦʢ 90). ʋ ʩʦʨʪʘ ɻʥʦʤ ʠʥʜʝʢʩ ʫʚʝʣʠʯʠʣʩʷ ʜʦ 0,55, ʯʪʦ ʥʘ 17,0% ʚʳʰʝ 
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ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (0,47). ʋ ʩʦʨʪʘ ʏʝʣʥʦʢ ʦʙʨʘʙʦʪʘʥʥʳʝ ʨʘʩʪʝʥʠʷ ʪʘʢʞʝ 

ʧʨʝʚʦʩʭʦʜʠʣʠ ʢʦʥʪʨʦʣʴ: NDVI ʜʦʩʪʠʛ 0,56, ʧʨʝʚʳʰʘʷ ʢʦʥʪʨʦʣʴ (0,49) ʥʘ 

14,3%. 

 

 

ʈʠʩʫʥʦʢ 90 ï ɺʣʠʷʥʠʝ Bacillus amyloliquefaciens S21 ʥʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ 

ʠʥʜʝʢʩ NDVI ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʥʘ 14-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro  

(2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʦʚʝʨʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʦʢʫʣʷʮʠʷ 

ʰʪʘʤʤʦʤ B. amyloliquefaciens S21 ʦʢʘʟʳʚʘʣʘ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʪʦʤʘʪʘ ʚ ʧʝʨʠʦʜ ʘʜʘʧʪʘʮʠʠ ex vitro, ʦʜʥʘʢʦ ʚʳʨʘʞʝʥʥʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʟʘʚʠʩʝʣʠ ʦʪ ʩʦʨʪʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʋ ʦʙʦʠʭ 

ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʪʠʤʫʣʠʨʦʚʘʣʘ 

ʚʝʛʝʪʘʪʠʚʥʳʡ ʨʦʩʪ, ʫʚʝʣʠʯʠʚʘʷ ʜʣʠʥʫ ʧʦʙʝʛʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 16,5%, ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ ï ʥʘ 14-26%, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʣʘ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ NDVI ʥʘ 14-17% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɺʣʠʷʥʠʝ ʥʘ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʥʦʩʠʣʦ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʳʡ ʭʘʨʘʢʪʝʨ: ʫ ʩʦʨʪʘ 

ɻʥʦʤ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ a ʠ b (ʥʘ 9-25%), ʪʦʛʜʘ 

ʢʘʢ ʫ ʩʦʨʪʘ ʏʝʣʥʦʢ ʧʨʠʨʦʩʪ ʭʣʦʨʦʬʠʣʣʘ b (ʥʘ 19%) ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʩʥʠʞʝʥʠʝʤ 

ʭʣʦʨʦʬʠʣʣʘ a (ʥʘ 10%). ʅʘʠʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ, 

ʚʢʣʶʯʘʚʰʠʡ ʫʩʠʣʝʥʠʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʠʥʪʝʟʘ 
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ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʠʥʜʝʢʩʘ NDVI, ʦʪʤʝʯʝʥ ʫ ʩʦʨʪʘ 

ɻʥʦʤ.  

ɺʳʷʚʣʝʥʥʘʷ ʩʦʨʪʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ʦʪʟʳʚʯʠʚʦʩʪʠ ʥʘ ʙʘʢʪʝʨʠʟʘʮʠʶ 

ʧʦʟʚʦʣʠʣʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʧʦʜʙʠʨʘʪʴ ʰʪʘʤʤʳ-ʩʠʤʙʠʦʥʪʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʪʦʢʦʣʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʪʘʤʤʘ B. amyloliquefaciens S21 ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʜʣʷ ʩʦʨʪʘ 

ɻʥʦʤ, ʫ ʢʦʪʦʨʦʛʦ ʦʪʤʝʯʝʥ ʥʘʠʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ: 

ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʧʦʙʝʛʘ (ʜʦ 18,8 ʩʤ), ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ (ʜʦ 11,9 ʰʪ), 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (NDVI ʜʦ 0,55) ʠ ʘʢʪʠʚʘʮʠʷ ʧʠʛʤʝʥʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʧʨʠʨʦʩʪ ʭʣʦʨʦʬʠʣʣʦʚ ʜʦ 24,5%). ʋ ʩʦʨʪʘ ʏʝʣʥʦʢ ʰʪʘʤʤ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʣ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʜʥʘʢʦ 

ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʨʦʷʚʣʷʣʦʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʫʩʠʣʝʥʠʠ 

ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʥʜʝʢʩʘ NDVI (ʜʦ 0,56) ʙʝʟ ʘʢʪʠʚʘʮʠʠ ʧʠʛʤʝʥʪʥʦʛʦ 

ʘʧʧʘʨʘʪʘ. 

 

6.6 ɺʣʠ̫ ʥʠʝ Bacillus amyloliquefaciens ʥʘ ʤʠʢʨʦʨʘʩʪʝʥʠʷ  

ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʠ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʦʢʦʣʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʣʣʝʢʮʠʡ in vitro 

ʦʙʦʩʥʦʚʘʥʘ ʚ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʦʭʨʘʥʝʥʠʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʠ ʩʝʣʝʢʮʠʠ ʤʷʪʳ (Benahmed et al., 2019; ɽʛʦʨʦʚʘ ʠ ʜʨ., 2012, 2022). 

ʂʨʠʪʠʯʝʩʢʠʤ ʠ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ, ʦʪ ʫʩʧʝʰʥʦʩʪʠ 

ʧʨʝʦʜʦʣʝʥʠʷ ʩʪʨʝʩʩʘ ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʧʨʠʞʠʚʘʝʤʦʩʪʴ 

ʨʘʩʪʝʥʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʝʟʥʳʭ ʨʠʟʦʙʘʢʪʝʨʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʩʪʠʤʫʣʷʪʦʨʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʘʜʘʧʪʘʮʠʠ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʦʮʝʥʠʚʘʣʠ 

ʠʩʭʦʜʥʳʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʠ 

ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʣʠʩʪʴʝʚ 

ʤʝʞʜʫ ʚʠʜʘʤʠ ʥʝ ʚʳʷʚʣʝʥʦ: ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 9,88Ñ0,31 ʰʪ ʫ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʠ 10,45Ñ0,45 ʰʪ ʫ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʠʥʘ 
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ʧʦʙʝʛʘ ʫ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ (5,93Ñ0,18 ʩʤ) ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʳʰʘʣʘ ʜʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʫ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ (5,20Ñ0,21 ʩʤ) ʧʨʠ p<0,05. ɹʘʢʪʝʨʠʘʣʴʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʰʪʘʤʤʦʤ B. amyloliquefaciens S21 ʦʢʘʟʘʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʜʦʩʪʦʚʝʨʥʦʝ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʦʠʭ 

ʚʠʜʦʚ ʤʷʪʳ (ʨʠʩʫʥʦʢ 91). ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʦʪʤʝʯʝʥ ʧʦ ʧʨʠʨʦʩʪʫ 

ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ: ʫ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʫʚʝʣʠʯʠʣʦʩʴ 

ʥʘ 82,7% (ʩ 92,33 ʜʦ 168,67 ʰʪ), ʫ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ ï ʥʘ 107,2%  

(ʩ 56,30 ʜʦ 116,67 ʰʪ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

 

  
ɸ ɹ 

ʈʠʩʫʥʦʢ 91 ï ɺʣʠʷʥʠʝ Bacillus amyloliquefaciens S21 ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʠ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ ʥʘ 15-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ 

ex vitro (2023-2024 ʛʛ). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ɼʣʠʥʘ ʧʦʙʝʛʘ ʫ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 57,5%  

(ʩ 8,4 ʜʦ 13,2 ʩʤ), ʫ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ ï ʥʘ 23,9% (ʩ 11,3 ʜʦ 14,0 ʩʤ). 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʦʪʤʝʯʝʥ ʫ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʰʪʘʤʤʘ S21 ʚ ʧʝʨʠʦʜ ʘʜʘʧʪʘʮʠʠ ex vitro ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʩʠʣʝʥʠʠ ʤʦʨʬʦʛʝʥʝʟʘ ʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʨʦʩʪʘ ʫ ʠʟʫʯʝʥʥʳʭ 

ʚʠʜʦʚ ʤʷʪʳ.  

ʆʜʥʘʢʦ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʢʘʟʘʣʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʫ ʜʚʫʭ ʚʠʜʦʚ ʤʷʪʳ. ʋ ʤʷʪʳ 
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ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ 

ʧʠʛʤʝʥʪʦʚ: ʭʣʦʨʦʬʠʣʣʘ a ï ʥʘ 21,7%, ʭʣʦʨʦʬʠʣʣʘ b ï ʥʘ 9,1%, ʩʫʤʤʳ 

ʭʣʦʨʦʬʠʣʣʦʚ ï ʥʘ 17,6% (ʜʦ 1,60 ʤʛ/ʛ) ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ï ʥʘ 12,5% ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ (ʨʠʩʫʥʦʢ 92).  

 

  

ɸ ɹ 

  
ɺ ɻ 

ʈʠʩʫʥʦʢ 92 ï ɺʣʠʷʥʠʝ Bacillus amyloliquefaciens S21 ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʠ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ ʥʘ 15-ʝ ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro  

(2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʋ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ, ʥʘʧʨʦʪʠʚ, ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ: ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʘ 6,2-7,2% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʅʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ, 
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ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʣʠʙʦ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʝʩʩʦʤ, ʣʠʙʦ ʩ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚ ʧʦʣʴʟʫ ʘʢʪʠʚʥʦʛʦ 

ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʨʦʩʪʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʠ ʠʭ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʙʠʦʩʪʠʤʫʣʷʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ NDVI. ʆʙʨʘʙʦʪʢʘ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʰʪʘʤʤʦʤ ʜʦʩʪʦʚʝʨʥʦ 

ʧʦʚʳʰʘʣʘ NDVI ʫ ʦʙʦʠʭ ʚʠʜʦʚ ʤʷʪʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʫʣʫʯʰʝʥʠʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʨʠʩʫʥʦʢ 93).  

 

 

ʈʠʩʫʥʦʢ 93 ï ɺʣʠʷʥʠʝ Bacillus amyloliquefaciens S21 ʥʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ 

ʠʥʜʝʢʩ NDVI ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʠ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ ʥʘ 15-ʝ 

ʩʫʪʢʠ ʘʜʘʧʪʘʮʠʠ ex vitro (2023-2024 ʛʛ.). ʈʘʟʥʳʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʨ<0,05) 

 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ NDVI ʦʪʤʝʯʝʥ ʫ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ ï ʥʘ 39,0% 

(ʩ 0,41 ʜʦ 0,57). ʋ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ ʠʥʜʝʢʩ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 22,7%  

(ʩ 0,44 ʜʦ 0,54). ʄʘʢʩʠʤʘʣʴʥʦʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ (0,57) 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʪʘʢʞʝ ʫ ʤʷʪʳ ʜʣʠʥʥʦʣʠʩʪʥʦʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʷʚʣʝʥʥʳʤ ʫ 

ʵʪʦʛʦ ʚʠʜʘ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʮʝʥʥʦʩʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʰʪʘʤʤʦʤ B. 

amyloliquefaciens S21 ʵʬʬʝʢʪʠʚʥʦ ʧʦʚʳʰʘʣʘ ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʤʷʪʳ ʚ ʧʝʨʠʦʜ ex vitro, ʦʜʥʘʢʦ ʨʝʘʢʮʠʷ ʥʘ ʙʠʦʩʪʠʤʫʣʷʮʠʶ 

ʠʤʝʣʘ ʚʠʜʦʚʫʶ ʩʧʝʮʠʬʠʢʫ. ʋ ʦʙʦʠʭ ʚʠʜʦʚ ʜʦʩʪʦʚʝʨʥʦ ʫʩʠʣʠʚʘʣʩʷ 

ʚʝʛʝʪʘʪʠʚʥʳʡ ʨʦʩʪ: ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʜʣʠʥʘ ʧʦʙʝʛʘ (ʥʘ 24-58%) ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ (ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ 107% ʫ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ). ɺʣʠʷʥʠʝ ʥʘ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʙʳʣʦ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤ. ʋ ʤʷʪʳ 

ʜʣʠʥʥʦʣʠʩʪʥʦʡ ʥʘʙʣʶʜʘʣʦʩʴ ʢʦʤʧʣʝʢʩʥʦʝ ʫʣʫʯʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ 

(ʭʣʦʨʦʬʠʣʣʦʚ ʜʦ 22%, ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʘ 12,5%) ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʜʝʢʩʘ NDVI (ʥʘ 39%). ʋ ʤʷʪʳ ʢʦʣʦʩʠʩʪʦʡ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʝʛʝʪʘʪʠʚʥʦʤ 

ʨʦʩʪʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʩʥʠʞʘʣʦʩʴ (ʥʘ 6-7%), ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʧʦʣʴʟʫ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʠʙʦʣʝʝ ʦʪʟʳʚʯʠʚʳʤ ʥʘ ʙʠʦʩʪʠʤʫʣʷʮʠʶ ʚʠʜʦʤ ʦʢʘʟʘʣʘʩʴ ʤʷʪʘ 

ʜʣʠʥʥʦʣʠʩʪʥʘʷ, ʫ ʢʦʪʦʨʦʡ ʦʪʤʝʯʝʥ ʢʦʤʧʣʝʢʩ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʰʪʘʤʤʘ S21 ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʘʭ ʘʜʘʧʪʘʮʠʠ ex vitro ʤʷʪʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
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ɻʃɸɺɸ 7 ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʂʆʄʇʃɽʂʉʅʓʍ 

ɸɻʈʆʊɽʍʅʆʃʆɻʀʁ ɺʓʈɸʑʀɺɸʅʀʗ ʊʆʄɸʊɸ ɺ ʋʉʃʆɺʀʗʍ 

ɿɸʂʈʓʊʓʍ ɸɻʈʆʕʂʆʉʀʉʊɽʄ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʪʦʤʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʙʠʦʩʪʠʤʫʣʷʪʦʨʘ (Bacillus 

amyloliquefaciens S21) ʠ ʠʩʪʦʯʥʠʢʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʥʘʪʨʠʝʚʳʝ ʠ 

ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ) ʜʣʷ ʜʚʫʭ ʩʦʨʪʦʚ ʪʦʤʘʪʘ (ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ). 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʜʠʣʠ ʚʣʠʷʥʠʝ ʠʟʫʯʝʥʥʳʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʙʠʦʭʠʤʠʯʝʢʩʢʠʡ ʩʦʩʪʘʚ ʪʦʤʘʪʘ. ɺʦ ʚʩʝʭ 

ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʢʦʤʙʠʥʘʮʠʷ ʩʚʝʪʦʜʠʦʜʥʦʛʦ (ʉʀɼ) ʦʩʚʝʱʝʥʠʷ ʩ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ (ɹʆ) ʦʙʝʩʧʝʯʠʚʘʣʘ ʥʘʠʚʳʩʰʠʝ ʟʥʘʯʝʥʠʷ 

ʠʟʫʯʘʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʩʦʨʪʘ ʃʷʥʘ ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʠʣʘ 237 ʨʫʙ/ʢʛ, ʘ 

ʫʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʜʦʩʪʠʛ 322%, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʤʠʥʠʤʘʣʴʥʳʡ ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ (2,6 ʛʦʜʘ). ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʬʠʥʘʥʩʦʚʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʦʨʪʘ ʃʷʥʘ ʦʪʤʝʯʘʣʘʩʴ ʠ ʜʣʷ ʩʦʨʪʘ 

ɺʩʧʳʰʢʘ, ʫ ʢʦʪʦʨʦʛʦ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʚ ʚʘʨʠʘʥʪʝ çʉʀɼ+ɹʆè ʩʦʩʪʘʚʠʣʘ 285% 

ʧʨʠ ʩʨʦʢʝ ʦʢʫʧʘʝʤʦʩʪʠ 2,9 ʛʦʜʘ. 

ʂʘʞʜʳʡ ʠʟ ʠʟʫʯʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʦʢʘʟʳʚʘʣ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ɿʘʤʝʥʘ ʥʘʪʨʠʝʚʳʭ ʣʘʤʧ (ɼʅʘʊ) ʥʘ 

ʩʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʦʙʝʩʧʝʯʠʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʦʙʱʠʭ ʟʘʪʨʘʪ, 

ʯʪʦ ʩʪʘʣʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʫʤʝʥʴʰʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʯʠʩʪʦʛʦ ʜʦʭʦʜʘ. ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʢʘʟʳʚʘʣʘ ʚʳʨʘʞʝʥʥʦʝ 

ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ ʪʦʤʘʪʘ, ʯʪʦ 

ʦʪʨʘʞʘʣʦʩʴ ʚ ʧʦʚʳʰʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʚʘʣʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʣʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʥʳʝ ʩʦʨʪʘ ʧʨʦʷʚʣʷʣʠ ʨʘʟʣʠʯʥʫʶ 

ʦʪʟʳʚʯʠʚʦʩʪʴ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʫʩʣʦʚʠʡ. ʉʦʨʪ ʃʷʥʘ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʣ 

ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʦʙʱʠʡ ʜʦʭʦʜ, ʥʦ ʠ ʧʦʢʘʟʳʚʘʣ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 
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ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʨʠ ʩʤʝʥʝ ʪʝʭʥʦʣʦʛʠʠ. ʈʘʟʥʠʮʘ ʚ ʫʨʦʚʥʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 

ʤʝʞʜʫ ʥʘʠʙʦʣʝʝ ʠ ʥʘʠʤʝʥʝʝ ʚʳʛʦʜʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʜʣʷ ʵʪʦʛʦ ʩʦʨʪʘ ʩʦʩʪʘʚʠʣʘ 

245 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʦʚ (ʧ.ʧ.). ɼʣʷ ʩʦʨʪʘ ɺʩʧʳʰʢʘ ʘʥʘʣʦʛʠʯʥʳʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʣʷʣ 223 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ, ʯʪʦ ʥʘ 22 ʧ.ʧ. ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʩʦʨʪʘ ʃʷʥʘ. 

 

ʊʘʙʣʠʮʘ ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ 

ʪʦʤʘʪʘ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (Bacillus amyloliquefaciens S21) ʠ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ ʠ ʉʀɼ) 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ʆʙʱʠʝ 

ʟʘʪʨʘʪʳ, 

ʨʫʙ 

ʉʪʦʠʤʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ 

ʨʫʙ 

ʏʠʩʪʳʡ 

ʜʦʭʦʜ, 

ʨʫʙ. 

ʉʝʙʝʩʪʦʠ-

ʤʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ 

ʨʫʙ/ʢʛ 

ʋʨʦʚʝʥʴ 

ʨʝʥʪʘʙʝʣʴ-

ʥʦʩʪʠ, % 

ʉʨʦʢ 

ʦʢʫʧʘʝ-

ʤʦʩʪʠ, 

ʣʝʪ 

ʃ
ʷ
ʥ
ʘ

 ɼʅʘʊ  
ʢʦʥʪʨʦʣʴ 31522 55728 24206 458 77 7,7 

ɹʆ 31872 71722 39850 413 125 4,7 

ʉʀɼ  
ʢʦʥʪʨʦʣʴ 22099 67424 45325 282 205 4,1 

ɹʆ 22449 94720 72271 237 322 2,6 

ɺ
ʩ
ʧ
ʳ
ʰ
ʢ
ʘ

 

ɼʅʘʊ  
ʢʦʥʪʨʦʣʴ 31522 51062 19540 500 62 9,6 

ɹʆ 31872 65472 33600 453 105 5,6 

ʉʀɼ  
ʢʦʥʪʨʦʣʴ 22099 58893 36794 323 167 5,1 

ɹʆ 22449 86400 63951 260 285 2,9 
 

ʅʘʠʤʝʥʝʝ ʚʳʛʦʜʥʳʤʠ ʜʣʷ ʦʙʦʠʭ ʩʦʨʪʦʚ ʦʩʪʘʚʘʣʠʩʴ ʚʘʨʠʘʥʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʥʘʪʨʠʝʚʳʭ ʣʘʤʧ ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ. ʕʪʠ 

ʚʘʨʠʘʥʪʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʧʨʦʜʫʢʮʠʠ (ʦʪ 

458 ʜʦ 500 ʨʫʙʣʝʡ ʟʘ ʢʠʣʦʛʨʘʤʤ) ʠ ʥʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤʠ ʩʨʦʢʘʤʠ ʚʦʟʚʨʘʪʘ 

ʠʥʚʝʩʪʠʮʠʡ (ʦʪ 7,7 ʜʦ 9,6 ʣʝʪ). 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʦʩʥʘʱʝʥʠʶ ʟʘʤʢʥʫʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʜʣʷ ʫʩʣʦʚʠʡ 

ʬʠʪʦʢʦʤʥʘʪʳ. ʇʝʨʝʭʦʜ ʩ ɼʅʘʊ ʥʘ ʉʀɼ-ʦʩʚʝʱʝʥʠʝ ʧʨʠʚʦʜʠʣ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʦʙʱʠʭ ʟʘʪʨʘʪ ʜʣʷ ʦʙʦʠʭ ʩʦʨʪʦʚ. ʕʪʦ ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ ʚ ʩʨʝʜʥʝʤ 

23-24% ʠ ʷʚʣʷʣʦʩʴ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʫʩʣʦʚʠʚʰʠʤ ʫʤʝʥʴʰʝʥʠʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʠ ʨʦʩʪʘ ʯʠʩʪʦʛʦ ʜʦʭʦʜʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʀɼ 



251 

 

 

 

ʦʩʚʝʱʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʠʣʦʛʨʘʤʤʘ ʪʦʤʘʪʦʚ ʩʥʠʞʘʣʘʩʴ ʥʘ 25-42% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʧʨʠ ɼʅʘʊ (ʪʘʙʣʠʮʘ). 

 

ʊʘʙʣʠʮʘ ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʪʦʤʘʪʘ 

ʚ ʬʠʪʦʢʦʤʥʘʪʝ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

(Bacillus amyloliquefaciens S21) ʠ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʩʚʝʱʝʥʠʷ (ɼʅʘʊ ʠ 

ʉʀɼ) 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ʆʙʱʠʝ 

ʟʘʪʨʘʪʳ, 

ʨʫʙ 

ʉʪʦʠʤʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ 

ʨʫʙ 

ʏʠʩʪʳʡ 

ʜʦʭʦʜ, 

ʨʫʙ 

ʉʝʙʝʩʪʦ-

ʠʤʦʩʪʴ 

ʧʨʦʜʫʢʮʠ

ʠ ʨʫʙ/ʢʛ 

ʋʨʦʚʝʥʴ 

ʨʝʥʪʘʙʝʣʴ-

ʥʦʩʪʠ, % 

ʉʨʦʢ 

ʦʢʫʧʘʝ-

ʤʦʩʪʠ, ʣʝʪ 

ʃ
ʷ
ʥ
ʘ

 ɼʅʘʊ  
ʢʦʥʪʨʦʣʴ 40795 55728 14933 593 37 10,9 

ɹʆ 41145 71722 30577 534 74 5,3 

ʉʀɼ  
ʢʦʥʪʨʦʣʴ 31372 67424 36052 400 115 4,5 

ɹʆ 31722 94720 62998 335 199 2,6 

ɺ
ʩ
ʧ
ʳ
ʰ
ʢ
ʘ

 

ɼʅʘʊ  
ʢʦʥʪʨʦʣʴ 40795 51062 10267 647 25 15,8 

ɹʆ 41145 65472 24327 584 59 6,7 

ʉʀɼ  
ʢʦʥʪʨʦʣʴ 31372 58893 27521 458 88 5,9 

ɹʆ 31722 86400 54678 367 172 3,0 
 

ʀʥʦʢʫʣʷʮʠʷ ʨʘʩʪʝʥʠʡ ʰʪʘʤʤʦʤ B. amyloliquefaciens S21 ʦʢʘʟʳʚʘʣʘ 

ʚʳʨʘʞʝʥʥʦʝ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʦʪʨʘʞʘʣʦʩʴ ʚ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʚʘʣʦʚʦʡ ʧʨʦʜʫʢʮʠʠ (ʥʘ 20-29% ʧʨʠ 

ɼʅʘʊ ʠ ʥʘ 29-40% ʧʨʠ ʉʀɼ). ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʦʙʝʩʧʝʯʠʚʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʧʨʠʨʦʩʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ, ʢʦʤʧʝʥʩʠʨʫʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʠʭ ʟʘʪʨʘʪ ʥʘ ʦʙʨʘʙʦʪʢʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʷʚʠʣʠ ʚʳʨʘʞʝʥʥʳʝ ʤʝʞʩʦʨʪʦʚʳʝ ʨʘʟʣʠʯʠʷ. ʉʦʨʪ ʃʷʥʘ ʚʦ 

ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʧʦʢʘʟʳʚʘʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʚʩʝʤ ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɽʛʦ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ 

(ʉʀɼ+ɹʆ) ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ 335 ʨʫʙ/ʢʛ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴʶ 

199% ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʩʨʦʢʦʤ ʦʢʫʧʘʝʤʦʩʪʠ ï 2,6 ʛʦʜʘ. ɼʣʷ ʩʦʨʪʘ ɺʩʧʳʰʢʘ 

ʘʥʘʣʦʛʠʯʥʳʡ ʚʘʨʠʘʥʪ ʦʙʝʩʧʝʯʠʚʘʣ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 367 ʨʫʙ/ʢʛ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ 

172% ʠ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ 3,0 ʛʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʨʪ ʃʷʥʘ ʦʪʣʠʯʘʣʩʷ ʙʦʣʴʰʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʭʥʦʣʦʛʠʠ (ʨʘʟʙʨʦʩ 162 ʧ.ʧ. ʧʨʦʪʠʚ 147 ʧ.ʧ. ʫ ʩʦʨʪʘ ɺʩʧʳʰʢʘ), ʯʪʦ ʫʢʘʟʳʚʘʣʦ 
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ʥʘ ʝʛʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʦʪʟʳʚʯʠʚʦʩʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠ ʢʦʤʙʠʥʘʮʠʠ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʥʘʣʠʯʠʝʤ ʩʦʚʦʢʫʧʥʦʛʦ ʵʬʬʝʢʪʘ: ʩʦʚʤʝʩʪʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʬʘʢʪʦʨʦʚ ʦʙʝʩʧʝʯʠʚʘʣʦ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ, 

ʧʨʝʚʳʰʘʶʱʠʡ ʩʫʤʤʫ ʵʬʬʝʢʪʦʚ ʦʪ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʅʘʧʨʦʪʠʚ, 

ʥʘʠʤʝʥʝʝ ʨʝʥʪʘʙʝʣʴʥʳʤʠ ʜʣʷ ʦʙʦʠʭ ʛʝʥʦʪʠʧʦʚ ʙʳʣʠ ʢʦʥʪʨʦʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʅʘʊ ʦʩʚʝʱʝʥʠʷ ʙʝʟ ɹʆ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ (593-647 ʨʫʙ/ʢʛ) ʠ ʢʨʘʡʥʝ ʜʣʠʪʝʣʴʥʳʤʠ ʩʨʦʢʘʤʠ ʦʢʫʧʘʝʤʦʩʪʠ 

ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ (10,9-15,8 ʣʝʪ). ʇʨʦʚʝʜʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʣʷ 

ʜʚʫʭ ʪʠʧʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʩʨʝʜ (ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʢʘʤʝʨʘ ʠ ʬʠʪʦʢʦʤʥʘʪʘ) 

ʚʳʷʚʠʣ ʫʩʪʦʡʯʠʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʦʤʙʠʥʘʮʠʷ 

ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʉʀɼ) ʩ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʨʘʩʪʝʥʠʡ (ɹʆ) 

B. amyloliquefaciens S21 ʦʙʝʩʧʝʯʠʚʘʣʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʷ ʥʘʠʙʦʣʴʰʫʶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠ ʢʨʘʪʯʘʡʰʠʡ ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ. ʂʘʞʜʳʡ ʬʘʢʪʦʨ ʚʥʦʩʠʣ ʢʣʶʯʝʚʦʡ ʚʢʣʘʜ: ʧʝʨʝʭʦʜ ʩ ʥʘʪʨʠʝʚʳʭ 

ʣʘʤʧ (ɼʅʘʊ) ʥʘ ʉʀɼ ʦʩʚʝʱʝʥʠʝ ʧʨʠʚʦʜʠʣ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʪʝʢʫʱʠʭ ʟʘʪʨʘʪ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʙʠʦʩʪʠʤʫʣʷʪʦʨʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʣʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʚʘʣʦʚʦʡ ʜʦʭʦʜ, ʩʦʟʜʘʚʘʷ 

ʚʳʨʘʞʝʥʥʳʡ ʚʟʘʠʤʦʫʩʠʣʠʚʘʶʱʠʡ ʵʬʬʝʢʪ. ʉʦʨʪ ʃʷʥʘ ʩʪʘʙʠʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʣ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, 

ʯʝʤ ʩʦʨʪ ɺʩʧʳʰʢʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɸʙʩʦʣʶʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʩʨʦʢʦʚ ʦʢʫʧʘʝʤʦʩʪʠ ʟʘʢʦʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʣʠ ʚ 

ʤʦʜʝʣʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨ rʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʘʧʠʪʘʣʦʝʤʢʦʩʪʠ, ʦʜʥʘʢʦ, 

ʨʘʥʞʠʨʦʚʘʥʠʝ ʚʘʨʠʘʥʪʦʚ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʪʘʚʘʣʦʩʴ ʥʝʠʟʤʝʥʥʳʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʝʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

(ɹʆ), ʧʦʜʪʚʝʨʜʠʣ ʩʚʦʶ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʪʦʤʘʪʘ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ɿɸʕʉ, ʘ ʩʦʨʪ ʃʷʥʘ ʙʳʣ 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʜʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
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ɿɸʂʃʖʏɽʅʀɽ  

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ (ɿɸʕʉ), ʚʢʣʶʯʘʚʰʠʭ ʠʟʫʯʝʥʠʝ ʫʧʨʘʚʣʷʝʤʳʭ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ, ʧʨʠʤʝʥʝʥʠʝ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʠ ʧʦʜʙʦʨ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʥʦʪʠʧʦʚ, ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʢʨʠʥʠʥʛʘ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ ʚʳʜʝʣʝʥʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʛʝʥʦʪʠʧʳ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʩ ʮʝʣʝʚʳʤ ʩʦʯʝʪʘʥʠʝʤ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɼʣʷ ʪʦʤʘʪʘ ʦʧʨʝʜʝʣʝʥʳ ʛʝʥʦʪʠʧʳ: ʥʘ 

ʢʦʤʧʘʢʪʥʳʡ ʛʘʙʠʪʫʩ, ʩʢʦʨʦʩʧʝʣʦʩʪʴ ʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ ï ʛʠʙʨʠʜʳ  

VS-21-23 (ʠʩʪʦʯʥʠʢ ʧʦʚʳʰʝʥʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ) ʠ VS-25-23 

(ʠʩʪʦʯʥʠʢ ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚ ʠ ʧʦʥʠʞʝʥʥʳʭ ʥʠʪʨʘʪʦʚ); ʥʘ ʫʣʫʯʰʝʥʥʦʝ 

ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ï ʩʦʨʪʘ ɺʩʧʳʰʢʘ ʠ ʃʷʥʘ; ʥʘ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ɼʅʘʊ ʦʩʚʝʱʝʥʠʶ ï ʩʦʨʪʘ ʆʨʘʥʞ ʠ ɸʣʝʢʩ; ʥʘ ʚʳʩʦʢʫʶ 

ʦʪʟʳʚʯʠʚʦʩʪʴ ʢ ʠʥʪʝʥʩʠʚʥʳʤ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʝʤʘʤ ï ʩʦʨʪ ɺʦʩʭʦʜ 

ɺʅʀʀʉʉʆʂɸ. ʊʘʢʞʝ ʚʳʜʝʣʝʥ ʤʘʪʝʨʠʘʣ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ: ʤʷʪʘ 

ʜʣʠʥʥʦʣʠʩʪʥʘʷ ï ʢʘʢ ʬʦʨʤʘ, ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ; ʤʷʪʘ ʢʦʣʦʩʠʩʪʘʷ ï ʢʘʢ ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʡ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʳ; ʤʝʣʠʩʩʘ ʠ ʙʘʟʠʣʠʢ ï ʢʘʢ ʛʝʥʦʪʠʧ r ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ 

ʥʘʢʦʧʣʝʥʠʝʤ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʠ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

2. ɺʳʜʝʣʝʥ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʪʦʤʘʪʘ, ʚʠʜʦʚ ʤʷʪʳ, ʙʘʟʠʣʠʢʘ ʠ ʤʝʣʠʩʩʳ, 

ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʳʩʦʢʠʤ ʠ ʩʪʘʙʠʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʝʚʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʫʧʨʘʚʣʷʝʤʳʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ (ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʩʧʝʢʪʨ 

ʦʩʚʝʱʝʥʠʷ ʠ ʙʘʢʪʝʨʠʟʘʮʠʷ). 

3. ʂʦʤʧʣʝʢʩʥʘʷ ʙʠʦʭʠʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʛʝʥʦʪʠʧʳ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʮʝʣʝʚʳʭ ʧʨʠʟʥʘʢʦʚ 

ʢʘʯʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ. ʇʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ ï ʩʦʨʪ ʆʨʘʥʞ  
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(ʩʪʘʙʠʣʴʥʦ 5,25-5,81%) ʠ ʩʦʨʪ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ (ʜʦ 6,18%); ʧʦ  

ʚʠʪʘʤʠʥʫ ʉ ï ʩʦʨʪ ɺʩʧʳʰʢʘ (23,87 ʤʛ/100 ʛ) ʠ ʛʠʙʨʠʜ VS-21-23  

(21,65 ʤʛ/100 ʛ); ʧʦ ʣʠʢʦʧʠʥʫ ï ʩʦʨʪ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ (5,68 ʤʛ/100 ʛ) ʠ 

ʩʦʨʪ ʃʷʥʘ (5,13 ʤʛ/100 ʛ); ʧʦ ʨʘʩʪʚʦʨʠʤʳʤ ʩʫʭʠʤ ʚʝʱʝʩʪʚʘʤ (Brix) ï ʛʠʙʨʠʜ 

VS-25-23 (9,98%) ʠ ʩʦʨʪ ɺʩʧʳʰʢʘ (9,88%); ʧʦ ʢʦʤʧʣʝʢʩʫ ʬʣʘʚʦʥʦʠʜʦʚ (ʨʫʪʠʥ, 

ʢʚʝʨʮʝʪʠʥ, ʥʘʨʠʥʛʠʥ) ï ʩʦʨʪʘ ʊʠʤʦʰʘ (ʨʫʪʠʥ ʜʦ 22,15 ʤʛ/100 ʛ) ʠ ʅʘʪʘʰʘ; ʧʦ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʢʠʩʣʦʪʘʤ (ʣʠʤʦʥʥʘʷ) ï ʩʦʨʪ ʃʷʥʘ (ʜʦ 7,18 ʛ/ʢʛ); ʧʦ 

ʧʦʚʳʰʝʥʥʦʤʫ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʩʦʩʪʘʚʫ ï ʛʠʙʨʠʜ VS-21-23, ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ; 

ʧʦ ʧʦʥʠʞʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʥʠʪʨʘʪʦʚ ï ʛʠʙʨʠʜ VS-25-23 (169,66 ʤʛ/ʢʛ) ʠ 

ʩʦʨʪ ɸʣʝʢʩ (157,05 ʤʛ/ʢʛ). ʉʨʝʜʠ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʚʳʜʝʣʝʥʳ 

ʬʦʨʤʳ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʝʚʳʭ ʤʝʪʘʙʦʣʠʪʦʚ: ʤʷʪʘ 

ʜʣʠʥʥʦʣʠʩʪʥʘʷ ï ʢʘʢ ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(441,0 ʤʛ/100 ʛ), ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (1,21%) ʠ ʢʘʣʠʷ (432,3 ʤʛ/100 ʛ); ʤʝʣʠʩʩʘ 

ʣʝʢʘʨʩʪʚʝʥʥʘʷ ï ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʢʚʝʨʮʝʪʠʥʘ (176,07 ʤʛ/100 ʛ), 

ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (657,84 ʤʛ/100 ʛ) ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʣʫʯʰʝʥʠʷ 

ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ (K, Mg, Ca, P); ʙʘʟʠʣʠʢ ï ʢʘʢ ʠʩʪʦʯʥʠʢ ʜʣʷ ʧʦʚʳʰʝʥʥʦʛʦ 

ʚʳʭʦʜʘ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (1,11%) ʠ ʦʙʦʛʘʱʝʥʠʷ ʤʘʢʨʦʵʣʝʤʝʥʪʘʤʠ (K, Mg, Ca ï 

ʩʦʨʪ ʊʦʥʫʩ; Na, S ï ʩʦʨʪ ɸʨʘʨʘʪ). 

4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʦʩʚʝʱʝʥʠʝ 

ʷʚʣʷʣʦʩʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ ʫʩʣʦʚʠʷʭ 

ɿɸʕʉ. ɼʣʷ ʪʦʤʘʪʘ ʩʚʝʪʦʜʠʦʜʥʦʝ (ʉʀɼ) ʦʩʚʝʱʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʨʠʝʚʳʤ 

(ɼʅʘʊ) ʧʦʚʳʩʠʣʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʘ 8,6-23,0%, ʫʣʫʯʰʠʣʦ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ 

(Brix ʥʘ 25,1-71,8%) ʠ ʩʥʠʟʠʣʦ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʜʦ 21%. ɸʧʨʦʙʘʮʠʷ ʉʀɼ 

ʦʩʚʝʱʝʥʠʷ ʚ ʪʝʧʣʠʮʝ ʦʙʝʩʧʝʯʠʣʘ ʫ ʩʦʨʪʘ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ ʧʨʠʨʦʩʪ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʘ 65%, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʣʘ ʩʦʜʝʨʞʘʥʠʝ Brix ʠ ʚʠʪʘʤʠʥʘ ʉ ʥʘ 

9%, ʣʠʢʦʧʠʥʘ ʥʘ 17% ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ (ʷʙʣʦʯʥʦʡ ʠ ʣʠʤʦʥʥʦʡ ʜʦ 9%) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ. ɺʳʷʚʣʝʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʩʧʝʢʪʨʦʚ: 

ʩʠʥʠʡ ʩʧʝʢʪʨ ʫʚʝʣʠʯʠʚʘʣ ʩʦʜʝʨʞʘʥʠʝ ʣʠʢʦʧʠʥʘ (ʥʘ 45,6-100%) ʠ ʚʠʪʘʤʠʥʘ ʉ 

(ʥʘ 26-54%) ʧʨʠ ʩʥʠʞʝʥʠʠ ʥʠʪʨʘʪʦʚ (ʜʦ 66,5%), ʘ ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʦʚʳʰʘʣ 
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ʤʘʩʩʫ ʧʣʦʜʘ ʥʘ 25%. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ 

ʦʧʨʝʜʝʣʝʥʘ ʯʝʪʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʩʧʝʢʪʨʦʚ: ʩʠʥʠʡ ʩʧʝʢʪʨ ʙʳʣ ʢʣʶʯʝʚʳʤ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʫʚʝʣʠʯʠʚʘʷ ʫ ʤʷʪʳ ʠ ʤʝʣʠʩʩʳ 

ʥʘʢʦʧʣʝʥʠʝ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʠ ʬʣʘʚʦʥʦʠʜʦʚ ʜʦ 200%, ʘ ʫ ʙʘʟʠʣʠʢʘ ï ʩʦʜʝʨʞʘʥʠʝ 

ʨʦʟʤʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʦ 146% ʠ ʢʚʝʨʮʝʪʠʥʘ ʜʦ 75%; ʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʧʦʢʘʟʘʣ 

ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ  

(ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʫ ʤʷʪʳ ʠ ʙʘʟʠʣʠʢʘ ʜʦ 78%) ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʳʨʴʷ 

(ʩʥʠʞʝʥʠʝ ʥʠʪʨʘʪʦʚ ʜʦ 52%). 

5. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʰʪʘʤʤʦʚ PGPR-ʙʘʢʪʝʨʠʡ Bacillus 

spp. ̫ ʚʣʷʣʦʩʴ ʵʬʬʝʢʪʠʚʥʳʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ, ʜʦʩʪʦʚʝʨʥʦ ʚʣʠʷʶʱʠʤ 

ʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ 

ʫʩʣʦʚʠʷʭ ɿɸʕʉ. ʋ ʪʦʤʘʪʘ ʠʥʦʢʫʣʷʮʠʷ ʰʪʘʤʤʦʤ B. amyloliquefaciens S21 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʜʦʩʪʦʚʝʨʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʘ 10,3-26,2%, 

ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʡ ʤʘʩʩʳ ʧʣʦʜʘ ʥʘ 19,8-33,5% ʠ ʩʦʢʨʘʱʝʥʠʶ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʦ 9 ʩʫʪʦʢ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʫʣʫʯʰʘʣʦʩʴ 

ʙʠʦʭʠʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ: ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚʦʟʨʘʩʪʘʣʦ ʜʦ 

32,3%, ʚʠʪʘʤʠʥʘ ʉ ï ʜʦ 24,3%, ʣʠʢʦʧʠʥʘ ï ʜʦ 39,0%. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʙʳʣ 

ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʙʘʢʪʝʨʠʟʘʮʠʠ ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤ 

ʦʩʚʝʱʝʥʠʝʤ. ʋ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ (ʤʷʪʘ, ʤʝʣʠʩʩʘ) ʙʘʢʪʝʨʠʟʘʮʠʷ 

ʧʨʠʚʦʜʠʣʘ ʢ ʩʪʠʤʫʣʷʮʠʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʨʦʩʪʘ (ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʜʦ 84%), 

ʫʩʠʣʝʥʠʶ ʙʠʦʩʠʥʪʝʟʘ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʥʘ 68,1-120,8%, ʦʙʦʛʘʱʝʥʠʶ ʩʳʨʴʷ 

ʤʘʢʨʦʵʣʝʤʝʥʪʘʤʠ ʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʘ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʥʠʪʨʘʪʦʚ ʥʘ 

69,1-75,4%. ʅʘ ʵʪʘʧʝ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʠ ʤʷʪʳ ʢ ʫʩʣʦʚʠʷʤ ex 

vitro ʦʙʨʘʙʦʪʢʘ ʰʪʘʤʤʦʤ B. amyloliquefaciens S21 ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʩʠʣʘ ʠʭ 

ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʯʪʦ ʚʳʨʘʟʠʣʦʩʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʧʦʙʝʛʘ ʥʘ 

16,5-57,5% ʠ ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ ʥʘ 26-107%, ʘ ʪʘʢʞʝ ʚ ʧʦʚʳʰʝʥʠʠ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʠʥʜʝʢʩʘ NDVI ʥʘ 14,3-39,0% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. 

6. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʠ ʤʷʪʳ 

ʢ ʫʩʣʦʚʠʷʤ ex vitro ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʫʧʨʘʚʣʝʥʠʠ 
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ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʜʙʦʨʝ ʩʧʝʢʪʨʘ ʦʩʚʝʱʝʥʠʷ 

(ʢʨʘʩʥʳʡ+ʩʠʥʠʡ ʜʣʷ ʪʦʤʘʪʘ ʩʦʨʪʘ ɻʥʦʤ, ʙʝʣʳʡ ï ʜʣʷ ʏʝʣʥʦʢ; 

ʙʝʣʳʡ+ʢʨʘʩʥʳʡ/ʙʝʣʳʡ+ʩʠʥʠʡ ʜʣʷ ʤʷʪʳ), ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʩʚʝʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 100-140 ʤʢʤʦʣʴĿʤ Įʩ ĭ ʠ ʠʥʦʢʫʣʷʮʠʠ  

B. amyloliquefaciens S21. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʣʘ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʘʧʪʘʮʠʠ, ʫʚʝʣʠʯʠʚ ʜʣʠʥʫ ʧʦʙʝʛʘ ʥʘ 16,5-90%, ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ ʥʘ 26-107% ʠ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ NDVI ʜʦ 39%, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ 

ɿɸʕʉ. 

7. ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʨʪʦʚʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ɿɸʕʉ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʫ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʥʦʪʠʧʦʚ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʣʘ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʨʝʞʠʤʳ ʫʧʨʘʚʣʷʝʤʦʛʦ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, 

ʧʨʠʤʝʥʝʥʠʝ PGPR-ʙʘʢʪʝʨʠʡ (Bacillus spp.) ʜʣʷ ʙʠʦʬʦʨʪʠʬʠʢʘʮʠʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʘʜʘʧʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʜʣʷ ʵʪʘʧʘ ʘʜʘʧʪʘʮʠʠ ex vitro. ʀʥʪʝʛʨʘʮʠʷ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʘʪʴ 

ʧʨʦʜʫʢʮʠʶ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

8. ʇʨʦʚʝʜʝʥʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ɿɸʕʉ 

ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʣʘʩʴ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʉʀɼ 

ʦʩʚʝʱʝʥʠʷ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ B. amyloliquefaciens S21, ʛʜʝ 

ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʝʚʦʩʭʦʜʠʣ ʩʫʤʤʫ ʵʬʬʝʢʪʦʚ ʢʘʞʜʦʛʦ 

ʬʘʢʪʦʨʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʞʝ ʧʦʢʘʟʘʣʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʦʨʪʘ 

ʪʦʤʘʪʘ ʃʷʥʘ ʧʦ ʢʨʠʪʝʨʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʪʟʳʚʯʠʚʦʩʪʠ ʚʦ ʚʩʝʭ ʩʨʘʚʥʠʚʘʝʤʳʭ 

ʚʘʨʠʘʥʪʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʩʪʘʚʣʷʶʪ ʥʘʫʯʥʫʶ ʙʘʟʫ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʠʥʪʝʥʩʠʚʥʦʤ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

ɿɸʕʉ.  
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ʇʈɸʂʊʀʏɽʉʂʀɽ ʈɽʂʆʄɽʅɼɸʎʀʀ ɼʃʗ ʉɽʃɽʂʎʀʆʅʅʆʁ 

ʇʈɸʂʊʀʂʀ ʀ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʩʝʣʝʢʮʠʠ ʦʚʦʱʥʳʭ 

ʢʫʣʴʪʫʨ ʠ ʚʥʝʜʨʝʥʠʷ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ 

(ɿɸʕʉ) ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʛʝʥʦʪʠʧʳ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʮʝʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ. ɼʣʷ ʪʦʤʘʪʘ: ʧʦ ʢʘʯʝʩʪʚʫ ʧʣʦʜʦʚ ï ʛʠʙʨʠʜʳ VS-21-23 ʠ VS-25-23; 

ʧʦ ʦʪʟʳʚʯʠʚʦʩʪʠ ʥʘ ʩʚʝʪʦʜʠʦʜʥʦʝ (ʉʀɼ) ʦʩʚʝʱʝʥʠʝ ï ʩʦʨʪʘ ʃʷʥʘ ʠ ɺʩʧʳʰʢʘ; 

ʧʦ ʘʜʘʧʪʠʚʥʦʩʪʠ ʢ ʥʘʪʨʠʝʚʦʤʫ (ɼʅʘʊ) ʦʩʚʝʱʝʥʠʶ ï ʩʦʨʪʘ ʆʨʘʥʞ ʠ ɸʣʝʢʩ; ʧʦ 

ʦʙʱʝʡ ʦʪʟʳʚʯʠʚʦʩʪʠ ʥʘ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ï ʩʦʨʪ ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂɸ. ɼʣʷ 

ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʨʝʢʦʤʝʥʜʦʚʘʥʳ: ʤʷʪʘ ʜʣʠʥʥʦʣʠʩʪʥʘʷ ï ʧʦ 

ʢʦʤʧʣʝʢʩʫ ʧʦʢʘʟʘʪʝʣʝʡ (ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʵʬʠʨʥʦʝ ʤʘʩʣʦ, ʬʝʥʦʣʴʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ), ʤʝʣʠʩʩʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ï ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʬʣʘʚʦʥʦʠʜʦʚ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʦʨʪʘ ʙʘʟʠʣʠʢʘ ï ʧʦ ʩʦʜʝʨʞʘʥʠʶ ɻ ʬʠʨʥʳʭ ʤʘʩʝʣ. ɺʳʜʝʣʝʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʯʝʩʪʚʘ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ɿɸʕʉ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʥʘ 

ʦʩʥʦʚʝ ʉʀɼ ʦʩʚʝʱʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ ʙʠʦʩʪʠʤʫʣʷʪʦʨʦʤ  

B. amyloliquefaciens S21. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʩʦʨʪʘ ʪʦʤʘʪʘ ʜʣʷ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʝʥ ʩʦʨʪ ʃʷʥʘ, ʧʦʢʘʟʘʚʰʠʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʭʦʜ ʩ ʥʘʪʨʠʝʚʳʭ ʣʘʤʧ (ɼʅʘʊ) ʥʘ ʉʀɼ ʦʩʚʝʱʝʥʠʝ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʣʝʜʫʝʪ ʦʩʥʦʚʳʚʘʪʴ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ çʩʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ+ʙʘʢʪʝʨʠʘʣʴʥʘʷ 

ʦʙʨʘʙʦʪʢʘè, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʦʪʜʘʯʫ ʦʪ ʠʥʚʝʩʪʠʮʠʡ. 
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ʇʨʠʣʦʞʝʥʠʝ 1 

ʆʧʠʩʘʥʠʝ ʩʦʨʪʦʚ ʪʦʤʘʪʘ, ʚʢʣʶʯʝʥʥʳʭ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʈʌ, ʜʦʧʫʱʝʥʥʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘ 11.08.2025 ʛʦʜ 

ˉ ʉʦʨʪ 

ʍʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʆʨʠʛʠʥʘʪʦʨ  
ɻʦʜ 

ʚʢʣʶʯʝʥʠʷ 

ʩʨʦʢ ʩʦʟʨʝʚʘʥʠʷ  

(ʦʪ ʚʩʭʦʜʦʚ ʜʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʩʧʝʣʦʩʪʠ), 

ʩʫʪʢʠ 

ʪʠʧ 

ʨʘʩʪʝʥʠʷ 

ʤʘʩʩʘ 

ʧʣʦʜʘ, 

ʛ 

ʚʳʩʦʪʘ 

ʨʘʩʪʝʥʠʡ, 

ʩʤ 

ʩʦʜʝʨʞʘ-

ʥʠʝ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ 

ʩʦʢʝ, % 

Brix, 

% 

ʦʢʨʘʩʢʘ 

ʧʣʦʜʘ 

ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʴ,  

ʢʛ 

1. 
ɹʣʘʛʦʜʘʪʥʳʡ 

ʩʨʝʜʥʝʨʘʥʥʠʡ 

(98-103) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 64 50-55 5,7 2,44 ʢʨʘʩʥʳʡ 3,3 ʌʅʎʆ 2018 

2. ɺʆʉʍʆɼ 

ɺʅʀʀʉʉʆʂɸ 

ʩʨʝʜʥʝʨʘʥʥʠʡ 

(95-100) 

ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 

ʧʦʣʫʰʪʘʤʙʦʚʦʝ 
92 55-60 6,5 2,2 ʢʨʘʩʥʳʡ 3,3 ʌʅʎʆ 2017 

3. 
ʅʘʪʘʰʘ 

ʨʘʥʥʝʩʧʝʣʳʡ 

(83-90) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 30-35 30-35 7,2 3 ʢʨʘʩʥʳʡ 0,45 ʌʅʎʆ 2017 

4. 
ʊʠʤʦʰʘ 

ʨʘʥʥʝʩʧʝʣʳʡ 

(82-88) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 30-35 30-35 7,2 2,9 ʞʝʣʪʳʡ 0,4 ʌʅʎʆ 2017 

5. 
ɻʥʦʤ 

ʨʘʥʥʝʩʧʝʣʳʡ 

(91-100) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 48-50 48-50 6,0-6,5 2,5 ʢʨʘʩʥʳʡ 3,0 ʌʅʎʆ 1997 

6. 
ʏʝʣʥʦʢ 

ʨʘʥʥʝʩʧʝʣʳʡ 

(82-96) 
ʰʪʘʤʙʦʚʦʝ 40-45 40-45 6,0-6,6 2,3 ʢʨʘʩʥʳʡ 2,8 ʌʅʎʆ 1997 

7. 

ɺʩʧʳʰʢʘ 
ʦʯʝʥʴ ʨʘʥʥʠʡ 

(95) 

ʰʪʘʤʙʦʚʦʝ, 

ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 
40-50 40-50 - - ʢʨʘʩʥʳʡ 4,8 ʢʛ/ʤĮ 

ʆʆʆ  

çɸʛʨʦʬʠʨʤʘ 

ʉʝʜʝʢè 

2004 

8. 

ʃʷʥʘ 
ʨʘʥʥʝʩʧʝʣʳʡ 

(94-110) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 35-40 35-40 4,3-5,0 

1,6-

2,0 
ʢʨʘʩʥʳʡ 2,7-3,2 ʢʛ/ʤĮ 

ʆʆʆ 

ɸʛʨʦʬʠʨʤʘ 

ʇʦʠʩʢ 

1996 

9. 
ʆʨʘʥʞ 

ʨʘʥʥʝʩʧʝʣʳʡ 

(97-103) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 91-96 35-40 -  ʦʨʘʥʞʝʚʘʷ 4,9-6,2 ʢʛ/ʤĮ 

ʌʅʎ 

ʉʘʜʦʚʦʜʩʪʚʘ 
1998 

10. 
ɸʣʝʢʩ 

ʩʨʝʜʥʝʩʧʝʣʳʡ 

(115-120) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 45-88 62 4,5 2,7 ʞʝʣʪʘʷ 2,3-3,3 ʢʛ/ʤĮ 

ʇʨʠʜʥʝʩʪʨʦʚ

ʩʢʠʡ ʅʀʀʉʍ 
1999 
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ʂʣʶʯʝʚʳʝ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʢʨʘʩʥʦʧʣʦʜʥʳʭ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ F  ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ʩʝʣʝʢʮʠʠ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʦʚʦʱʝʚʦʜʩʪʚʘ (ʧʦ ʜʘʥʥʳʤ ʩʝʣʝʢʮʠʦʥʝʨʦʚ) 

 ̄ ɻʠʙʨʠʜʳ F 

ʍʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʩʨʦʢ ʩʦʟʨʝʚʘʥʠʷ  

(ʦʪ ʚʩʭʦʜʦʚ ʜʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʩʧʝʣʦʩʪʠ), ʩʫʪʢʠ 

ʪʠʧ 

ʨʘʩʪʝʥʠʷ 

ʤʘʩʩʘ 

ʧʣʦʜʘ, ʛ 

ʚʳʩʦʪʘ 

ʨʘʩʪʝʥʠʡ, ʩʤ 

ʩʦʜʝʨʞʘʥʠʝ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚ ʩʦʢʝ, % 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ,  

ʢʛ 

1. 1-2-20 
ʧʦʟʜʥʝʩʧʝʣʳʡ  

(110-115) 

ʰʪʘʤʙʦʚʳʡ, 

ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 
70-90 40-45 4,5-5,0 2,5 

2. ɹ-16-19 
ʧʦʟʜʥʝʩʧʝʣʳʡ 

(98-110) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 100-120 50-55 5,0-6,0 3,5 

3. 10-6-20 
ʩʨʝʜʥʝʨʘʥʥʠʡ 

(98-100) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 120-180 55-65 5,0-6,0 3,0 

4. 19-18-19 
ʩʨʝʜʥʝʨʘʥʥʠʡ 

(100-105) 

ʰʪʘʤʙʦʚʳʡ, 

ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 
100-150 40-45 5,0 2,8 

5. 20-14-19 
ʩʨʝʜʥʝʨʘʥʥʠʡ 

(100-105) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 120-140 55-65 4,5-5,0 2,0 

6. VS-21-23 
ʦʯʝʥʴ ʨʘʥʥʠʡ 

(84-90) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 58-62 50-60 5,9-6,3 3,7 

7. VS-22-23 
ʦʯʝʥʴ ʨʘʥʥʠʡ 

(84-91) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 62-67 55-65 5,1 3,1 

8. VS-23-23 
ʦʯʝʥʴ ʨʘʥʥʠʡ 

(83-94) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 55-60 50-60 5,2 3,5 

9. VS-24-23 
ʦʯʝʥʴ ʨʘʥʥʠʡ 

(85-92) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 50-55 50-60 5,0 2,7 

10. VS-25-23 
ʦʯʝʥʴ ʨʘʥʥʠʡ 

(83-90) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 58-65 50-60 5,2 3,1 

11. VS-26-23 
ʦʯʝʥʴ ʨʘʥʥʠʡ 

(85-94) 
ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ 50-55 55-60 5,5 2,1 
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ʆʧʠʩʘʥʠʝ ʩʦʨʪʦʚ ʤʷʪʳ, ʚʢʣʶʯʝʥʥʳʭ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʈʌ, ʜʦʧʫʱʝʥʥʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘ 11.08.2025 ʛʦʜ 

 ̄ ʉʦʨʪ 

ʇʝʨʠʦʜ ʦʪ ʧʦʣʥʳʭ 

ʚʩʭʦʜʦʚ ʜʦ ʥʘʯʘʣʘ 

ʮʚʝʪʝʥʠʷ/ʭʦʟʷʡʩʪʚʝʥ-

ʥʦʡ ʛʦʜʥʦʩʪʠ, ʩʫʪʢʠ 

ʄʘʩʩʘ 

ʨʘʩʪʝʥʠʷ, ʛ 

ʦʙʣʠʩʪʚʝʥʥʦʩʪʴ, % 

ʫʨʦʞʘʡʥʦʩʪʴ, ʢʛ/ʤĮ 

ɺʳʩʦʪʘ 

ʨʘʩʪʝʥʠʡ, 

ʩʤ 

ʉʦʜʝʨʞʘʥʠʝ 

ʵʬʠʨʥʦʛʦ 

ʤʘʩʣʘ, % 

ʅʘʧʨʘʚʣʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʆʨʠʛʠʥʘʪʦʨ 

ɻʦʜ 

ʚʢʣʶʯʝ-

ʥʠʷ 

ʄʷʪʘ ʧʝʨʝʯʥʘʷ (Mentha x piperita L .) ï ʛʨʫʧʧʘ ʵʬʠʨʦʤʘʩʣʠʯʥʳʝ ʨʘʩʪʝʥʠʷ 

1 ɸʞʫʨʥʘʷ 106 - 43 4,85 ʫʥʠʚʝʨʩʘʣʴʥʦʝ 
ʌɻɹʋʅ çʅʀʀʉʍ 

ʂʨʳʤʘè 
2016 

2 ɹʝʨʛʘʤʦʪʥʘʷ 99  51,1 4,43 ʫʥʠʚʝʨʩʘʣʴʥʦʝ 
ʌɻɹʋʅ çʅʀʀʉʍ 

ʂʨʳʤʘè 
2016 

3 ɺʝʩʥʘ 104 40% 108 3,1 ʫʥʠʚʝʨʩʘʣʴʥʦʝ 

ʌɻɹʅʋ ʌʅʎ 

ɺʅʀʀʄʂ ʠʤ. 

ɺ.ʉ. ʇʫʩʪʦʚʦʡʪʘ 

2011 

4 ɿʘʛʨʘʚʘ ʧʦʟʜʥʝʩʧʝʣʳʡ - - 3,43 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʚ 

ʈʝʩʧʫʙʣʠʢʝ 

ʂʨʳʤ 

ʌɻɹʋʅ çʅʀʀʉʍ 

ʂʨʳʤʘè 
2014 

5 ʀʥʥʘ 136-147  ʉʨʝʜʥʝʝ 1,17 ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʎʉɹʉ ʉʆ ʈɸʅ 2007 

6 ʂʨʘʩʥʦʜʘʨʩʢʘʷ 2 - - - 2,17-2,39 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʚ 

ʈʝʩʧʫʙʣʠʢʝ 

ʂʨʳʤ ʧʝʨʝʯʥʦʛʦ 

ʌɻɹʋʅ çʅʀʀʉʍ 

ʂʨʳʤʘè 
2014 

7 ʂʫʙʘʥʩʢʘʷ 6 - - - - ʤʘʩʣʦ ʠ ʤʝʥʪʦʣ ɺʀʃɸʈ 1977 

8 ʃʝʢʘʨʩʪʚʝʥʥʘʷ 1 95-102 58-61% 56-68 3,03-3,39 ʤʘʩʣʦ ʠ ʤʝʥʪʦʣ ɺʀʃɸʈ 1995 

9 ʃʝʢʘʨʩʪʚʝʥʥʘʷ 4 95-110 64-71% 68-78 2,14-3,39 ʫʥʠʚʝʨʩʘʣʴʥʦʝ ɺʀʃɸʈ 2001 

10 ʄʝʜʠʯʢʘ 101-115 60-65% 70-80 2,21-2,68 ʫʥʠʚʝʨʩʘʣʴʥʦʝ ɺʀʃɸʈ 1995 

11 ʄʝʯʪʘ 120 53% 62 3,5% ʫʥʠʚʝʨʩʘʣʴʥʦʝ 

ʌɻɹʅʋ ʌʅʎ 

ɺʅʀʀʄʂ ʠʤ. 

ɺ.ʉ. ʇʫʩʪʦʚʦʡʪʘ 

2011 

12 ʄʦʩʢʚʠʯʢʘ 86-99 62-68% 70-78 3,1-3,92 ʫʥʠʚʝʨʩʘʣʴʥʦʝ ɺʀʃɸʈ 2001 
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13 
ʇʨʠʣʫʢʩʢʘʷ 
ʂʘʨʚʦʥʥʘʷ 

ʧʦʟʜʥʝʩʧʝʣʳʡ - - 3,44 
ʚʦʟʜʝʣʳʚʘʥʠʷ ʚ 
ʈʝʩʧʫʙʣʠʢʝ 
ʂʨʳʤ 

ʌɻɹʋʅ çʅʀʀʉʍ 
ʂʨʳʤʘè 

2014 

14 ʈʘʜʫʛʘ 115 54% 68 2,9 ʫʥʠʚʝʨʩʘʣʴʥʦʝ 
ʌɻɹʅʋ ʌʅʎ 
ɺʅʀʀʄʂ ʠʤ. 
ɺ.ʉ. ʇʫʩʪʦʚʦʡʪʘ 

2011 

15 ʈʦʟʦʚʩʢʘʷ ɸʨʦʤʘ 
ʥʘʯʘʣʦ ʮʚʝʪʝʥʠʷ 
ʩʨʝʜʥʝʝ 

- ʚʳʩʦʢʦʝ 4,56 
ʵʬʠʨʥʦʝ ʤʘʩʣʦ, 
ʧʦʜʩʫʰʝʥʥʦʝ 
ʮʚʝʪʦʯʥʦʝ ʩʳʨʴʝ 

ʌɻɹʅʋ ʌʅʎ 
ɺʅʀʀʄʂ ʠʤ. 
ɺ.ʉ. ʇʫʩʪʦʚʦʡʪʘ 

2020 

16 ʋʜʘʡʯʘʥʢʘ ʧʦʟʜʥʝʩʧʝʣʳʡ - - 4,56 
ʚʦʟʜʝʣʳʚʘʥʠʷ ʚ 
ʈʝʩʧʫʙʣʠʢʝ 

ʂʨʳʤ ʧʝʨʝʯʥʦʛʦ 

ʌɻɹʋʅ çʅʀʀʉʍ 
ʂʨʳʤʘè 

2014 

17 ʗʥʪʘʨʥʘʷ 90-105 64-68% 78-86 2,84-3,22 ʫʥʠʚʝʨʩʘʣʴʥʦʝ ɺʀʃɸʈ 2001 

 ʄʷʪʘ ʧʦʣʝʚʘʷ (Mentha arvensis L .) ï ʛʨʫʧʧʘ ʵʬʠʨʦʤʘʩʣʠʯʥʳʝ ʨʘʩʪʝʥʠʷ 

1 
ʇʘʤʷʪʠ 
ʂʠʨʠʯʝʥʢʦ 

114 90% 70,7 2,75 
ʧʨʦʤʳʰʣʝʥʥʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʌɻɹʋʅ ɻʣʘʚʥʳʡ 
ɹʦʪʘʥʠʯʝʩʢʠʡ ʩʘʜ 
ʀʄ. ʅ.ɺ. ʎʠʮʠʥʘ 

ʈɸʅ 

2011 

 ʄʷʪʘ ʧʝʨʝʯʥʘʷ (Mentha x piperita L.) ï ʛʨʫʧʧʘ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ  

1 ɸʡʩʙʝʨʛ 83 57% 80 
4,0 

(ʥʘ ʩʫʭʦʝ 
ʚʝʱʝʩʪʚʦ) 

ʤʝʜʠʮʠʥʩʢʘʷ 
ʧʨʦʤʳʰʣʝʥ-
ʥʦʩʪʴ: 

ʬʠʪʦʧʨʝʧʘʨʘʪʳ, 
ʣʝʢʘʨʩʪʚʝʥʥʳʝ 
ʩʨʝʜʩʪʚʘ 

 
 

ɺʀʃɸʈ 

2024 

2 ɸʨʦʤʘʪʥʘʷ 91 63% 102 2,05 2011 

3 ʂʘʟʘʯʢʘ 89 ʚʳʩʦʢʘʷ, % 62 2,41 2020 

 ʄʷʪʘ ʧʝʨʝʯʥʘʷ (Mentha x piperita L.) ï ʛʨʫʧʧʘ ʦʚʦʱʥʳʝ ʨʘʩʪʝʥʠʷ  

1 ɹʨʠʛʘʥʪʠʥʘ /45 450 ʛ ʉʨʝʜʥʝʝ - ʧʠʱʝʚʦʝ 
ʌʅʎ 

ʆʚʦʱʝʚʦʜʩʪʚʘ 
2020 

2 ɺʦʨʦʞʝʷ 125/65 800 ʛ, ʚʳʩʦʢʘʷ, % 120 - ʧʠʱʝʚʦʝ 
ʆʆʆ çɸʛʨʦʬʠʨʤʘ 

ʇʦʠʩʢè 
2002 
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3 ɿʘʙʘʚʘ /70-75 270-300 ʛ ʥʠʟʢʦʝ - ʧʠʱʝʚʦʝ 
ʆʆʆ çɸʛʨʦʬʠʨʤʘ 

ʇʦʠʩʢè 
2012 

4 ʂʘʨʘʤʝʣʴʢʘ /95-110 90-140 ʛ ʩʨʝʜʥʝʝ - ʧʠʱʝʚʦʝ 
ʆʆʆ 

çʉʝʣʝʢʮʠʦʥʥʘʷ 
ʬʠʨʤʘ ɻʘʚʨʠʰè 

2018 

5 ʂʦʥʬʝʪʢʘ 100-110 3,0-3,2 ʢʛ/ʤĮ 80-85 - ʧʠʱʝʚʦʝ 
ʌʅʎ 

ʆʚʦʱʝʚʦʜʩʪʚʘ 
2010 

6 ʃʘʜʘ 44 
96 ʛ 

3,5-7,7 ʢʛ/ʤĮ 
ʩʨʝʜʥʝʝ - ʧʠʱʝʚʦʝ 

ʌɻɹʆʋ ɺʆ 
çɺʘʚʠʣʦʚʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪè 

2024 

7 
ʄʘʨʴʠʥʩʢʘʷ 
ʉʝʤʢʦ 

- 
ʚʳʩʦʢʘʷ, % 
0,8-2,0 ʢʛ/ʤĮ 

50-70 - ʧʠʱʝʚʦʝ 
ʆʆʆ çʉʝʤʢʦ-
ʖʥʠʦʨè 

2000 

8 ʄʝʥʪʦʣ /90 
ʚʳʩʦʢʘʷ, % 
2,0 ʢʛ/ʤĮ 

65 - ʧʠʱʝʚʦʝ 

ɿɸʆ ʅʘʫʯʥʦ-
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʬʠʨʤʘ 
çʈʦʩʩʠʡʩʢʠʝ 
ʩʝʤʝʥʘè 

2006 

9 ʄʦʭʠʪʦ 65-70 1,5-2,1 ʢʛ/ʤĮ 90 - ʧʠʱʝʚʦʝ 
ʀʇ ʂʫʜʨʷʚʮʝʚʘ 
ɽʣʠʟʘʚʝʪʘ 
ʈʦʤʘʥʦʚʥʘ 

2010 

10 ʉʚʝʞʝʝ ɼʳʭʘʥʠʝ /60-65 150-170 ʛ ʩʨʝʜʥʝʝ - ʧʠʱʝʚʦʝ 
ʆʆʆ çɸʛʨʦʬʠʨʤʘ 

ɸʵʣʠʪʘè 
2015 

11 ʊʠʤʦʣ /95-110 110-140 ʛ ʚʳʩʦʢʦʝ - ʧʠʱʝʚʦʝ 

ʆʆʆ çʅʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠ
ʡ ʠʥʩʪʠʪʫʪ 
ʩʝʣʝʢʮʠʠ 
ʦʚʦʱʥʳʭ 

ʢʫʣʴʪʫʨè, ʆʆʆ 
çʉʝʣʝʢʮʠʦʥʥʘʷ 
ʬʠʨʤʘ ɻʘʚʨʠʰè 

2015 
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12 ʌʠʪʦʵʣʠʟʠʫʤ 80-90 
350,0 ʛ 

2,9-3,3 ʢʛ/ʤĮ 
ʚʳʩʦʢʦʝ - ʧʠʱʝʚʦʝ 

ʌɻɹʅʋ 

çɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠ

ʡ ʠʥʩʪʠʪʫʪ 

ʬʠʪʦʧʘʪʦʣʦʛʠʠè 

2023 

13 ʍʦʣʦʜʦʢ 80 1,5-2,1 ʢʛ/ʤĮ 70 - ʧʠʱʝʚʦʝ 

ʀʇ ʂʫʜʨʷʚʮʝʚʘ 

ɽʣʠʟʘʚʝʪʘ 

ʈʦʤʘʥʦʚʥʘ 

2010 

14 ʗʩʥʘʷ ʅʦʪʢʘ 95-110 1,4-1,5 ʢʛ/ʤĮ ʩʨʝʜʥʝʝ - ʧʠʱʝʚʦʝ 

ʆʆʆ 

çʉʝʣʝʢʮʠʦʥʥʘʷ 

ʬʠʨʤʘ ɻʘʚʨʠʰè 

2011 

15 ɸʣʝʢʩʠʝʚʩʢʘʷ 47 
85 ʛ 

3,3-7,5 ʢʛ/ʤĮ 
ʩʨʝʜʥʝʝ - ʧʠʱʝʚʦʝ 

ʌɻɹʆʋ ɺʆ 

çɺʘʚʠʣʦʚʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 

2025 

ʄʷʪʘ ʢʦʣʦʩʠʩʪʘʷ (Mentha spicata L.) ï ʛʨʫʧʧʘ ʦʚʦʱʥʳʝ ʨʘʩʪʝʥʠʷ 

1 ʉʘʨʘʪʦʚʩʢʘʷ 1 53 
96 ʛ 

3,5-7,3 ʢʛ/ʤĮ 
65 - ʧʠʱʝʚʦʝ 

ʌɻɹʆʋ ɺʆ 

çɺʘʚʠʣʦʚʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 

2025 

 ʄʷʪʘ ʜʣʠʥʥʦʣʠʩʪʥʘʷ (Mentha longifolia (L .) Huds.) ï ʛʨʫʧʧʘ ʮʚʝʪʦʯʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʝ ʨʘʩʪʝʥʠʷ  

1 
ɺʘʣʝʥʪʠʥʘ 

 
39 

135,0 ʛ 

5,6 ʢʛ/ʤĮ 
ʚʳʩʦʢʦʝ - ʧʠʱʝʚʦʝ 

ʌɻɹʆʋ ɺʆ 

çɺʘʚʠʣʦʚʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 

2024 
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ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ (ɹʇ), ʥʘ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus. 

ɺʠʜ ʙʘʢʪʝʨʠʠ ʇʨʠʤʝʥʝʥʠʝ ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʅʘʟʚʘʥʠʝ ɹʇ ʉʩʳʣʢʠ 

B. subtilis ʙʠʦʬʫʥʛʠʮʠʜ 
ʧʦʜʘʚʣʝʥʠʝ ʧʘʪʦʛʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 
ʌʠʪʦʩʧʦʨʠʥ ʄʘʟʥʠʮʳʥʘ, 2023 

B. subtilis  

ɺʂʇʄ ɺ-10649 
ʙʠʦʬʫʥʛʠʮʠʜ ʫʢʨʝʧʣʝʥʠʝ ʠʤʤʫʥʥʦʡ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ɸʣʠʨʠʥ-ɹ ʄʘʩʣʦʚʘ, 2021 

B. subtilis, B.megaterium var 

phosphaticum 

ʢʦʥʪʘʢʪʥʳʡ ʙʠʦʬʫʥʛʠʮʠʜ, 

ʨʦʩʪʦʩʪʠʤʫʣʷʪʦʨʬʦʩʬʘʪʤʦʙ

ʠʣʠʟʘʪʦʨ 

ʫʣʫʯʰʝʥʠʝ ʬʦʩʬʦʨʥʦʛʦ ʧʠʪʘʥʠʷ, 

ʟʘʱʠʪʘ ʦʪ ʙʦʣʝʟʥʝʡ 
ʉʧʦʨʝʢʩÈ ʵʢʦʩʛʨʫʧʧ.ʨʫ 

B.amyloliquefaciens, B.aryabhattai,  

B. mucilaginosus 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʪʠʤʫʣʷʪʦʨ 

ʨʦʩʪʘ 

ʘʢʪʠʚʘʮʠʷ ʘʟʦʪʬʠʢʩʠʨʫʶ-ʱʝʡ ʠ 

ʬʦʩʬʘʪ-ʤʦʙʠʣʠʟʘʮʠʦʥ-ʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
ʉʧʦʨʠʦʥÈ ʵʢʦʩʛʨʫʧʧ.ʨʫ 

B. subtilis C-3102 ʙʠʦʫʜʦʙʨʝʥʠʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʥʜʦʣʠʣʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ (IAA)  

ʊʝʨʚʝʣʠʢʩ 

ThervelicsÈ 
Jamily et al., 2019 

B. subtilis ʙʠʦʫʜʦʙʨʝʥʠʝ 

ʩʦʣʶʙʠʣʠʟʘʮʠʷ ʬʦʩʬʘʪʦʚ 

BCMF Qiu et al., 2021 

B. megaterium  ʙʠʦʫʜʦʙʨʝʥʠʝ ɸʟʦʪʝʨÈ AzoterÈ 
Artyszak, Gozdowski, 

2020 

B. megaterium, 

B. subtilis 
ʙʠʦʫʜʦʙʨʝʥʠʝ ʬʠʢʩʘʮʠʷ ʘʟʦʪʘ - StňpieŒ et al., 2022 

B. velezensis D747 ʙʠʦʬʫʥʛʠʮʠʜ ʮʠʢʣʠʯʝʩʢʠʝ ʣʠʧʦʧʝʧʪʠʜʳ 
ɼʚʦʡʥʦʡ ʥʠʢʝʣʴ 55Ê 

Double Nickel 55Ê 
Ngalimat et al., 2021 

B. velezensis FZB42 ʙʠʦʬʫʥʛʠʮʠʜ ʘʥʪʠʙʠʦʪʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʊʘʵʛʨʦÈ TaegroÈ 

B. velezensis QST 713 
ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʝ ʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ 
ʘʥʪʠʙʠʦʪʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 

ʉʝʨʝʥʘʜʘÈ 

ASO SerenadeÈASO 
Matzen et al., 2019 

B. thuringiensis var. kurstaki ʙʠʦʧʝʩʪʠʮʠʜ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʝʣʢʦʚ 

(Cry) 
BT-Biox WPÈ 

Montes-Bazurto et al., 

2022 

B. firmus I-1582 ʙʠʦʧʝʩʪʠʮʠʜ ʟʘʱʠʪʘ ʦʪ ʥʝʤʘʪʦʜ VOTiVOÈ 

Mendez et al., 2018; 

Ghahremani et al., 

2020 
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ʇɸʉʇʆʈʊ ʉʆʈʊɸ 

1. ʅʘʟʚʘʥʠʝ ʩʦʨʪʘ 

Urban Delight (ɻʦʨʦʜʩʢʦʝ ʋʜʦʚʦʣʴʩʪʚʠʝ) 

Sky Tomato (ʅʝʙʝʩʥʳʡ ʪʦʤʘʪ) 

Climatic Tomato (ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʪʦʤʘʪ) 

2. ʋʩʣʦʚʠʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʢʘʤʝʨʳ  

City Farms 

Grow Boxes 

3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ/ʦʪʟʳʚʯʠʚʦʩʪʴ 

ʘʜʘʧʪʘʮʠʷ ʢ ʩʚʝʪʦʚʳʤ ʨʝʞʠʤʘʤ 

(ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʩʚʝʪʦʜʠʦʜʥʦʤʫ ʦʩʚʝʱʝʥʠʶ) 

ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʢʣʠʤʘʪʫ 

4. ʆʩʦʙʝʥʥʦʩʪʠ ʨʦʩʪʘ 

4.1 ʊʠʧ ʨʘʩʪʝʥʠʷ ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ  

4.2 ɺʳʩʦʪʘ ʜʦ 60 ʩʤ 

4.3 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʝʛʝʪʘʪʠʚʥʦʛʦ 

ʧʝʨʠʦʜʘ 
ʜʦ 75- 85 ʩʫʪʦʢ 

4.4 ʉʨʦʢ ʧʣʦʜʦʥʦʰʝʥʠʷ ʩʢʦʨʦʩʧʝʣʳʡ, ʨʘʥʥʝʩʧʝʣʳʡ 

4.5 ʇʠʥʮʠʨʦʚʢʘ ʙʝʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʩʪʘ 

5. ʆʮʝʥʢʘ ʫʨʦʞʘʷ 

5.1 ʌʦʨʤʘ ʧʣʦʜʘ ʦʢʨʫʛʣʘʷ, ʛʣʘʜʢʘʷ 

5.2 ʎʚʝʪ ʢʨʘʩʥʳʡ  

5.3 ʉʦʟʨʝʚʘʥʠʝ ʜʨʫʞʥʦʝ  

5.4 ʄʘʩʩʘ ʧʣʦʜʘ ʜʦ 65 ʛ 

5.5 ʋʨʦʞʘʡʥʦʩʪʴ ʥʝ ʤʝʥʝʝ 2,5 ʢʛ ʩ ʢʫʩʪʘ 

6. ɺʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ 

6.1 ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝ ʤʝʥʝʝ 8,5% 

6.2 ʈʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʥʝ ʤʝʥʝʝ 8,0% ʧʦ ʰʢʘʣʝ ɹʨʠʢʩ 

6.3 ɸʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʚʠʪʘʤʠʥ C) ʜʦ 25,0 ʤʛ/100 ʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ 

6.4 ʂʠʩʣʦʪʥʦʩʪʴ ʜʦ 0,60% 

6.5 ʃʠʢʦʧʠʥ ʥʝ ʤʝʥʝʝ 5,0 ʤʛ/100 ʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ 

6.6 ɓ-ʢʘʨʦʪʠʥ ʥʝ ʤʝʥʝʝ 1,0 ʤʛ/100 ʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ 

6.7 ʂʘʣʠʡ (K) ʥʝ ʤʝʥʝʝ 230 ʤʛ/100 ʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ 

6.8 Ca (ʢʘʣʴʮʠʡ) ʥʝ ʤʝʥʝʝ 10 ʤʛ/100 ʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ 

6.9 ʄʘʛʥʠʡ (Mg) ʥʝ ʤʝʥʝʝ 8 ʤʛ/100 ʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ 

6.10 ʅʠʪʨʘʪʳ ʥʝ ʙʦʣʝʝ 250 ʤʛ/ʢʛ 

6.11 ɸʨʦʤʘʪ ʩʠʣʴʥʳʡ (ʙʦʛʘʪʳʡ ʩʦʩʪʘʚ ʣʝʪʫʯʠʭ ʤʝʪʘʙʦʣʠʪʦʚ) 

7. ʇʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ 

7.1 ʊʝʢʩʪʫʨʘ ʤʷʢʦʪʠ ʧʣʦʪʥʘʷ, ʩʦʯʥʘʷ 

7.2 ʂʦʞʠʮʘ ʪʦʥʢʘʷ, ʣʝʛʢʦ ʦʯʠʱʘʝʪʩʷ 

7.3 ʉʨʦʢ ʭʨʘʥʝʥʠʷ ʥʝ ʤʝʥʝʝ 10 ʩʫʪʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +4ÁC 

8. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ 

8.1 ʂʘʣʦʨʠʡʥʦʩʪʴ 20 ʢʢʘʣ ʥʘ 100 ʛ ʧʨʦʜʫʢʪʘ 

9. ɻʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

9.1 ɻʄʆ ʦʪʩʫʪʩʪʚʠʝ 

10. ʅʘʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ 
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ʊɽʍʅʆʃʆɻʀʗ ɺʓʈɸʑʀɺɸʅʀʗ ʊʆʄɸʊɸ ɺ  

ɿɸʂʈʓʊʓʍ ɸɻʈʆʕʂʆʉʀʉʊɽʄɸʍ 
ˉ ʕʪʘʧ  ɼʝʡʩʪʚʠʷ 

1.  ʇʦʜʛʦʪʦʚʢʘ ʩʝʤʷʥ ʜʝʟʠʥʬʝʢʮʠʷ ʠ ʛʝʨʤʠʥʘʮʠʷ 

1.1 ɻʝʥʝʪʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ 99,9% 

1.2 ɺʳʙʦʨ ʩʦʨʪʘ ʜʝʪʝʨʤʠʥʘʥʪʥʳʡ, ʨʘʥʥʝʩʧʝʣʳʡ 

1.3 ɼʝʟʠʥʬʝʢʮʠʷ 

ʨʘʩʪʚʦʨ ʤʘʨʛʘʥʮʦʚʢʠ (KMnO ) 1 ʛ/ʣ, ʟʘʤʘʯʠʚʘʥʠʝ ʚ 

ʪʝʯʝʥʠʝ 20-30 ʤʠʥ, ʧʨʦʤʳʚʘʥʠʝ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ ï 1-2 ʤʠʥ 

1.4 ɻʝʨʤʠʥʘʮʠʷ 
ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ  (H BO ) 0,5 ʛ/ʣ, ʟʘʤʘʯʠʚʘʥʠʝ ʥʘ 

ʩʫʪʢʠ 

2.  ʇʨʦʨʘʱʠʚʘʥʠʝ 

ʩʝʤʝʥʘ ʧʦʤʝʱʘʣʠ ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʧʨʦʙʢʠ ʚ ʟʘʨʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʢʘʩʩʝʪʳ, ʧʨʠʩʳʧʢʘ ʤʝʣʢʦʡ ʬʨʘʢʮʠʝʡ 

ʚʝʨʤʠʢʫʣʠʪʘ 

2.1 ʉʫʙʩʪʨʘʪ 
ʤʠʥʝʨʘʣʦʚʘʪʥʳʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʚʣʘʞʥʝʥʥʳʡ 

ʚʦʜʦʡ 

2.2 ʊʝʤʧʝʨʘʪʫʨʘ 25Ñ2ÁC 

2.3 ʆʩʚʝʱʝʥʠʝ ʪʝʤʥʦʪʘ 

2.4 ɺʨʝʤʷ ʧʨʦʨʘʩʪʘʥʠʷ ʦʪ 3 ʜʦ 7 ʩʫʪʦʢ 

3.  ʇʦʣʫʯʝʥʠʝ ʚʩʭʦʜʦʚ ʧʝʨʝʥʦʩ ʢʘʩʩʝʪ ʥʘ ʩʪʝʣʣʘʞʠ ʩ ʦʩʚʝʱʝʥʠʝʤ  

3.1 ʇʦʣʠʚ  
ʤʝʪʦʜʦʤ ʧʦʜʪʦʧʣʝʥʠʷ, ʠʟʙʝʛʘʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʤʳʚʘʥʠʷ ʚʝʨʤʠʢʫʣʠʪʘ ʩ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʙʢʠ 

3.2 ʇʠʪʘʪʝʣʴʥʳʡ ʨʘʩʪʚʦʨ EC 0,8-1,0 ʤʉʤ/ʩʤ, pH 5,5-6,2 

3.3 ʊʝʤʧʝʨʘʪʫʨʘ 22Ñ2ÁC 

3.4 ɺʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 65% 

3.5 ʆʩʚʝʱʝʥʠʝ  ʙʝʣʳʡ ʩʚʝʪʦʜʠʦʜʥʳʡ ʩʚʝʪ 

3.6 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʩʚʝʪʦʚʦʛʦ ʜʥʷ 

24 ʯʘʩʦʚ  

(ʚ ʪʝʯʝʥʠʝ 3 ʩʫʪʦʢ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ) 

4.  ʇʦʣʫʯʝʥʠʝ ʨʘʩʩʘʜʳ 

4.1 ʇʝʨʝʥʦʩ ʚʩʭʦʜʦʚ 

ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ (ʯʝʨʝʟ 

10ï14 ʜʥʝʡ ʧʦʩʣʝ ʧʦʩʝʚʘ), ʨʘʩʪʝʥʠʷ ʧʝʨʝʩʘʞʠʚʘʣʠ ʚ 

ʢʫʙʠʢʠ 10ʭ10 ʩʤ ʠʟ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ 

4.2 ʇʦʜʛʦʪʦʚʢʘ ʢʫʙʠʢʦʚ 
ʧʨʦʧʠʪʳʚʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ EC 1,3-1,5 ʤʉʤ/ʩʤ, pH 5,5-6,2 

4.3 ʊʝʤʧʝʨʘʪʫʨʘ ʜʝʥʴ 21Ñ2ÁC, ʥʦʯʴ 17Ñ2ÁC  

4.4 ɺʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 60-65% 

4.5 ʆʩʚʝʱʝʥʠʝ  ʥʝ ʤʝʥʝʝ 250Ñ10 ʤʤʦʣʴ/ʤĮʩ 

4.6 ʉʧʝʢʪʨ ʦʩʚʝʱʝʥʠʷ  
ʩʠʥʠʡ (47), ʟʝʣʝʥʳʡ (60), ʢʨʘʩʥʳʡ (117), ʜʘʣʴʥʠʡ 

ʢʨʘʩʥʳʡ (43) ʤʤʦʣʴ/ʤĮʩ 
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