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ɸʅʆʊɸʎɯʗ 

 

ʂʘʥʽʱʝʚ ʆ.ʇ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟ 

ʷʣʦʚʠʯʠʥʠ. ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 181 çʍʘʨʯʦʚʽ ʪʝʭʥʦʣʦʛʽʾè. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. ʂʠʾʚ. 2025 ʨ. 

 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʘʥʘʣʽʪʠʯʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʣʝʢʮʽʾ 

ʰʪʘʤʽʚ Staphylococcus carnosus, Pediococcus acidilactici. ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ 

ʩʦʢʫ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʫ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ. 

ɼʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʦʣʝʢʮʽʾ ʰʪʘʤʽʚ Staphylococcus carnosus, Pediococcus acidilactici, ʘʩʢʦʨʙʽʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʪʘ ʩʦʢʫ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʫ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʟ ʦʪʨʠʤʘʥʥʷʤ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʟʽ ʟʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ 

ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ  ̔ʧʦʢʨʘʱʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʧʦʣʷʛʘʻ ʫ 

ʥʘʩʪʫʧʥʦʤʫ. ʉʽʢ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʙʝʪʘʥʽʥ ʷʢ 

ʙʘʨʚʥʠʢ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʘʪʽʚ 

(2088 ʤʛ/100ʛ),  ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʘʩʢʦʨʙʽʥʦʚʦʾ  ʢʠʩʣʦʪʠ ʜʘʻ ʟʤʦʛʫ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʙʝʪʘʥʽʥʫ ʜʦ ʘʪʘʢ ʨʝʯʦʚʠʥ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʦʢʠʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʢʘʪʘʣʽʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʧʦʣʫʢ ʟʘʣʽʟʘ (ɯɯɯ).  ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʪʘʤʽʚ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ Staphylococcus carnosus, Pediococcus acidilactici ʧʨʠ ʟʘʩʦʣʶʚʘʥʥʽ 

ʷʣʦʚʠʯʠʥʠ ʧʦʣʷʛʘʻ ʫ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʧʘʜʢʽʚ ʾʾ ʢʦʥʪʘʢʪʫ ʟ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʤʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ, ʟʘʙʝʟʧʝʯʝʥʥʽ ʾʾ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʯʠʩʪʦʪʠ ʪʘ ʧʦʢʨʘʱʝʥʥʽ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟ ʦʪʨʠʤʘʥʥʷʤ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ 

ʩʪʘʙʽʣʴʥʦʾ ʷʢʦʩʪʽ.  
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ɺʩʪʘʥʦʚʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʘʩʢʦʨʙʽʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʪʘ ʩʦʢʦʤ 

ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ ʧʨʠ ʟʘʩʦʣʶʚʘʥʥʽ ʷʣʦʚʠʯʠʥʠ, ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʧʨʠʩʢʦʨʝʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʥʽʪʨʘʪʽʚ ʜʦ ʥʽʪʨʠʪʽʚ ʫ ʤô̫ ʩʥʽʡ ʩʠʩʪʝʤʽ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ 

ʦʪʨʠʤʘʥʠʡ ʚʽʜô̒ ʤʥʠʡ ʧʦʢʘʟʥʠʢ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʤʽʥʫʩ 12), ʚ ʪʦʡ ʞʝ 

ʯʘʩ, ʚʽʜʧʦʚʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ ʷʣʦʚʠʯʠʥʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʩʦʢʫ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʩʠʩʪʝʤʘʪʠʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʪʨʘʪʫ 

ʧʦʪʨʝʙʫʻ ʚʚʝʜʝʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʧʝʨʝʜ ʟʜʽʡʩʥʝʥʥʷʤ ʥʘʩʠʯʝʥʥʷʤ ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚ ʷʣʦʚʠʯʠʥʫ 

ʧʨʦʤʽʞʥʦʾ ʩʪʘʜʽʾ ʚʠʪʨʠʤʢʠ ʟʘʩʦʣʶʚʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʽʟ ʚʤʽʩʪʦʤ ʩʦʢʫ ʙʫʨʷʢʘ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʪʘ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʘʤʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ Staphylococcus 

carnosus, Pediococcus acidilactici ʫ ʚʠʛʣʷʜʽ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʧʨʠ 

ʟʘʩʦʣʶʚʘʥʥʽ ʷʣʦʚʠʯʠʥʠ ʜʘʣʦ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ ʥʘ 

4,12 log ʂʋʆ/ʛ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ ʷʣʦʚʠʯʠʥʠ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʘʣʦ 

ʟʤʦʛʫ ʰʚʠʜʰʝ ʜʦʩʷʛʥʫʪʠ ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʤ`ʷʩʘ ï ʥʘ 24 ʛʦʜʠʥʫ 

ʟʘʩʦʣʶʚʘʥʥʷ ʫ ʢʦʥʪʨʦʣʴʥʦʤʫ ʟʨʘʟʢʫ ʷʣʦʚʠʯʠʥʠ ʟʥʘʯʝʥʥʷ ʨʅ ʟʤʝʥʰʠʣʦʩʴ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʥʘ 0,05, ʘ ʫ ʜʦʩʣʽʜʥʦʤʫ ʟʨʘʟʢʫ ʷʣʦʚʠʯʠʥʠ ï ʥʘ 0,14. ʅʘʧʨʠʢʽʥʮʽ ʪʝʨʤʽʥʫ 

ʟʘʩʦʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ, ʚ ʟʘʩʦʣʝʥʽʡ ʷʣʦʚʠʯʠʥʽ ʥʝ 

ʚʠʷʚʣʝʥʦ ʙʘʢʪʝʨʽʾ ʛʨʫʧʠ ʢʠʰʢʦʚʦʾ ʧʘʣʠʯʢʠ, ʧʘʪʦʛʝʥʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʚ ʪ.ʯ. 

ʩʘʣʴʤʦʥʝʣʠ, ʩʫʣʴʬʽʪʨʝʜʫʢʫʶʯʽ ʢʣʦʩʪʨʠʜʽʾ, Listeria monocytogenes ʪʘ Staphylococcus 

aureus. ʊʘʢʦʞ, ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʪʝʦʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ Pediococcus acidilactici 

ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʷʣʦʚʠʯʥʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʧʽʜʚʠʱʝʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʣʘʩʪʠʯʥʦʩʪʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ ʥʘ 0,4 ʩʤ
2
/ʛ. 

ʆʙʨʘʥʦ ʩʧʦʩʽʙ ʟʘʩʦʣʶʚʘʥʥʷ ʷʣʦʚʠʯʠʥʠ ʟʘ ʷʢʦʛʦ ʧʦʚʝʨʭʥʶ ʤô̫ ʩʘ ʥʘʪʠʨʘʶʪʴ 

ʟʘʩʦʣʶʚʘʣʴʥʦʶ ʩʫʤʽʰʰʶ, ʘ ʨʝʰʪʦʶ ʩʫʤʽʰʰʶ ʡʦʛʦ ʥʘʩʠʯʫʶʪʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʩʧʦʩʽʙ ʟʘʩʦʣʶʚʘʥʥʷ ʤô̫ ʩʥʦʾ ʩʠʩʪʝʤʠ ʜʘʚ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʫʪʨʠʤʫʚʘʥʥʷ ʥʝʶ ʚʦʜʠ ï 

ʥʘ 24 ʛʦʜʠʥʫ ʟʘʩʦʣʶʚʘʥʥʷ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ ʚ ʜʦʩʣʽʜʥʦʤʫ ʟʨʘʟʢʫ ʷʣʦʚʠʯʠʥʠ 

ʙʫʣʘ ʤʝʥʰʦʶ ʥʘ 4,9 % ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ ʻ ʥʘ 1,7 % ʙʽʣʴʰʦʶ ʧʦʨʽʚʥʷʥʦ 
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ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ ʷʣʦʚʠʯʠʥʠ, ʪʘ ʟʤʝʥʰʠʪʠ ʧʦʢʘʟʥʠʢ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʚ ʥʝʾ ï  

ʥʘ 24 ʛʦʜʠʥʫ ʟʘʩʦʣʶʚʘʥʥʷ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʷʣʦʚʠʯʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ 

ʧʦʢʘʟʥʠʢʦʤ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ 0,972, ʱʦ ʻ ʤʝʥʰʠʤ ʥʘ 0,009 ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʪʘ ʥʘ 0,004 ʤʝʥʰʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ ʷʣʦʚʠʯʠʥʠ. ɿʘ ʨʘʭʫʥʦʢ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʥʶ ʦʙʨʘʥʠʭ ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚ ʷʣʦʚʠʯʠʥʽ ʟʘ 

ʦʙʨʘʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘʩʦʣʶʚʘʥʥʷ ʧʦʢʨʘʱʠʣʠʩʴ ʢʦʣʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʣʝʥʠʭ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʟʘ ʦʜʥʦʯʘʩʥʦʛʦ ʟʤʝʥʰʝʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʥʠʭ ʥʘ 0,0035 % ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ. ʊʘʢ, ʧʦʢʘʟʥʠʢʠ ʽʥʜʝʢʩʫ ʧʦʯʝʨʚʦʥʽʥʥʷ, ʨʽʚʥʷ ʢʦʣʴʦʨʦʚʦʩʪʽ ʚʽʜʥʦʩʥʦ 

ʷʩʢʨʘʚʦʩʪʽ ʘʙʩʦʣʶʪʥʦ ʙʽʣʦʛʦ ʦʙô̒ ʢʪʘ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʴʦʨʫ ʙʫʣʠ ʙʽʣʴʰʠʤʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʥʘ 0,11, 5,0, 0,06 ʚʽʜʧʦʚʽʜʥʦ. 

ʎʝ ʤʠ ʧʦʷʩʥʶʻʤʦ ʪʠʤ, ʱʦ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʟʘʣʠʰʢʦʚʦʛʦ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ 

ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʤʝʪʘʙʦʣʽʟʫʚʘʥʥʷ 

Pediococcus acidilactici, ʩʧʨʠʷʻ ʙʽʣʴʰ ʘʢʪʠʚʥʦʤʫ ʫʪʚʦʨʝʥʥʶ ʥʽʪʨʦʟʦʧʽʛʤʝʥʪʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʤʘʻ ʧʽʜʚʠʱʝʥʽ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʥʝʟʚʘʞʘʶʯʠ ʪʘʢʦʞ ʥʘ ʟʥʠʞʝʥʠʡ ʚʤʽʩʪ ʭʣʦʨʠʜʫ 

ʥʘʪʨʽʶ ʥʘ 2,43 % ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ, ʷʢʽ ʧʦʢʘʟʘʣʠ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ ï ʥʘ 24 ʛʦʜʠʥʫ 

ʟʘʩʦʣʶʚʘʥʥʷ ʷʣʦʚʠʯʠʥʘ ʤʘʣʘ ʧʦʢʘʟʥʠʢ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ 188 ʢʇʘ, ʱʦ 

ʥʘ 6 ʢʇʘ ʻ ʙʽʣʴʰʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ ʷʣʦʚʠʯʠʥʠ. 

ɿʜʽʡʩʥʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʮʽʥʢʠ ʷʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ 

ʷʣʦʚʠʯʠʥʠ ʟʘ ʟʤʽʥʦʶ ʾʭ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʟʘʩʦʣʶʚʘʥʥʷ ʟʘ ʧʣʦʱʝʶ 

ʬʘʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʦʪʦʯʥʠʭ ʷʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʘ ʮʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʤʽʩʪ ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ (ʢʛ/100 ʢʛ ʤô̫ ʩʥʦʾ ʩʠʨʦʚʠʥʠ) ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʦʣʽ 

ʤʦʨʩʴʢʦʾ ʫ ʢʽʣʴʢʦʩʪʽ 3,10 ʢʛ, ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʫ ʢʽʣʴʢʦʩʪʽ 0,005 ʢʛ, ʩʦʢʫ ʙʫʨʷʢʘ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʫ ʢʽʣʴʢʦʩʪʽ 0,5 ʢʛ, ʜʝʢʩʪʨʦʟʠ ʫ ʢʽʣʴʢʦʩʪʽ 0,650 ʢʛ, ʩʫʤʽʰʽ ʩʧʝʮʽʡ ʫ 

ʢʽʣʴʢʦʩʪʽ 1,90 ʢʛ, ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʫ ʢʽʣʴʢʦʩʪʽ 0,085 ʢʛ, ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ 
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ʧʨʝʧʘʨʘʪʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ Pediococcus acidilactici, Staphylococcus carnosus ʫ 

ʢʽʣʴʢʦʩʪʽ 0,025 ʢʛ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚʧʨʦʜʦʚʞ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ 

ʜʦʩʣʽʜʥʦʤʫ ʟʨʘʟʢʫ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʙʘʢʪʝʨʽʾ ʛʨʫʧʠ ʢʠʰʢʦʚʦʾ ʧʘʣʠʯʢʠ, ʧʘʪʦʛʝʥʥʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʩʫʣʴʬʽʪʨʝʜʫʢʫʶʯʽ ʢʣʦʩʪʨʠʜʽʾ, Listeria monocytogenes ʪʘ 

Staphylococcus aureus ʥʝ ʙʫʣʠ ʚʠʷʚʣʝʥʽ. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʘ ʨʅ ʫ ʧʣʘʩʪʽʚʮʷʭ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚʧʨʦʜʦʚʞ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʡʦʛʦ 

ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ, ʱʦ ʧʦʚ`ʷʟʘʥʝ ʟ ʫʧʦʚʽʣʴʥʝʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʩʣʘʙʢʠʭ ʢʠʩʣʦʪ ʟ 

ʦʨʛʘʥʽʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ. ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

ʥʘʧʨʠʢʽʥʮʽ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ, ʚʠʨʦʙʣʝʥʠʡ ʟʘ 

ʫʜʦʩʢʦʥʘʣʝʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟʙʝʨʽʛ ʧʝʨʚʠʥʥʽ ʚʠʩʦʢʽ ʮʽ ʧʦʢʘʟʥʠʢʠ, ʟʦʢʨʝʤʘ, ʢʦʣʴʦʨʫ, 

ʱʦ ʢʦʨʝʣʶʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʥʽʪʨʦʟʦʧʽʛʤʝʥʪʽʚ ʥʘʧʨʠʢʽʥʮʽ 

ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ï ʾ ʭ ʚʤʽʩʪ ʩʪʘʥʦʚʠʚ 79 %, ʱʦ ʥʘ 7,0 % ʻ ʙʽʣʴʰʠʤ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ. ɺ ʧʨʦʮʝʩʽ ʟʙʝʨʽʛʘʥʥʷ ʟʨʘʟʢʽʚ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ, ʜʦʩʣʽʜʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʤʝʥʰʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ ʥʘʧʨʠʢʽʥʮʽ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ï ʥʘ 0,22 ʤʛ-ʝʢʚ ʆ2/ʢʛ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʘ 

ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʟʨʘʟʢʽʚ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ 

ʟʙʝʨʽʛʘʥʥʷ ʧʦʢʘʟʘʣʘ, ʱʦ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʤʘʚ ʧʽʜʚʠʱʝʥʠʡ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʥʘ 0,015 ʥʘʧʨʠʢʽʥʮʽ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫʜʦʩʢʦʥʘʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʘʻ ʟʤʦʛʫ ʟʙʝʨʽʛʘʪʠ 

ʧʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠ ʜʦ 180 ʜʽʙ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 4é6 Áʉ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʦʥʠ ʻ ʜʞʝʨʝʣʦʤ ʙʽʣʢʽʚ, ʞʠʨʽʚ ʪʘ 

ʝʥʝʨʛʽʾ ʜʣʷ V ʛʨʫʧʠ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʥʘʩʝʣʝʥʥʷ, ʪʘʢ ʷʢ ʩʪʫʧʽʥʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʚ ʮʠʭ ʥʫʪʨʽʻʥʪʘʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽʡ ʮʽʥʥʦʩʪʽ ʧʨʠ 
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ʩʧʦʞʠʚʘʥʥʽ 100 ʛʨ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʩʪʘʥʦʚʠʪʴ 39,76 %, 10,07 % ʪʘ 8,20 % 

ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘ ʚʤʽʩʪʦʤ ʘʬʣʦʪʦʢʩʠʥʫ ɺ1, ʥʽʪʨʦʟʘʤʽʥʽʚ, ʧʝʩʪʠʮʠʜʽʚ, ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ 

ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ   

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ ʻ ʙʝʟʧʝʯʥʠʤ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫʪʦʯʥʝʥʦ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʧʘʨʘʤʝʪʨʠʯʥʫ ʩʭʝʤʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ. ʈʦʟʨʦʙʣʝʥʦ ʥʦʨʤʘʪʠʚʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ: ʊʋ ʋ 

10.1-00493706-164:2023 çʇʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠè ʪʘ ʊɯ ʋ 10.1-

00493706-164:2023 çʇʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠè. ʈʝʟʫʣʴʪʘʪʠ 

ʥʘʫʢʦʚʦʾ ʨʦʟʨʦʙʢʠ ʘʧʨʦʙʦʚʘʥʦ ʚ ʫʤʦʚʘʭ ʊʆɺ ñɯʅʊɽʈʉʊɸɹò. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʟʤʽʰʘʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʩʦʣʶʚʘʥʥʷ ʷʣʦʚʠʯʠʥʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʢʫ ʙʫʨʷʢʘ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ, ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ Pediococcus acidilactici, Staphylococcus carnosus, ʷʢʘ ʜʘʻ ʟʤʦʛʫ 

ʫʥʠʢʥʫʪʠ ʚʪʨʘʪ ʥʽʪʨʠʪ-ʽʦʥʫ ʟ ʧʦʚʝʨʭʥʽ ʤô̫ ʩʘ ʚ ʧʨʦʮʝʩʽ ʪʨʠʚʘʣʦʾ ʚʠʪʨʠʤʢʠ ʽ ʪʠʤ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ.   

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ 

ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʪʘ ʧʨʠʙʫʪʦʢ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ. 

ʉʦʮʽʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘʫʢʦʚʦʾ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʻ ʫ:  

ï ʫʜʦʩʢʦʥʘʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʟ 

ʥʠʟʴʢʠʤʠ ʚʤʽʩʪʦʤ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʪʘ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ; 

ï ʨʦʟʰʠʨʝʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ ʚô̫ ʣʝʥʠʭ ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʚʠʤʦʛʠ ʜʦ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ; 

ï ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘʩʝʣʝʥʥʷ ʟʨʫʯʥʠʤʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʞʠʚʘʥʥʷ ʭʘʨʯʦʚʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʢʘʬʝʜʨʠ 

ʪʝʭʥʦʣʦʛʽʾ ʤô̫ ʩʥʠʭ, ʨʠʙʥʠʭ ʪʘ ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ).  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʨʦʚô̫ ʣʝʥʽ ʤô̫ ʩʥʽ ʧʨʦʜʫʢʪʠ, ʪʝʭʥʦʣʦʛʽʷ, ʤʦʣʦʯʥʦʢʠʩʣʽ 

ʙʘʢʪʝʨʽʾ, ʩʽʢ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ, ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ, ʥʽʪʨʠʪ ʥʘʪʨʽʶ. 
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ABSTRACT 

 

Kanishchev O. Improvement of the technology of raw- dried beef products. 

Dissertation for the degree of Doctor of Philosophy in specialty 181 "Food 

Technologies" ï National University of Life and Environmental Sciences of Ukraine, 

Kyiv, 2025. 

The dissertation analytically and experimentally substantiates the feasibility of 

using a bacterial preparation consisting of Staphylococcus carnosus, Pediococcus 

acidilactici, ascorbic acid and concentrated beet juice in the technology of raw-dried 

beef flakes. 

The feasibility of using a bacterial preparation consisting of Staphylococcus 

carnosus, Pediococcus acidilactici, ascorbic acid and concentrated beet juice in the 

technology of raw-dried beef flakes with the production of a finished product with a 

reduced content of sodium nitrite and improved quality and safety indicators is as 

follows. Concentrated beet juice contains betanin as a red dye of natural origin and a 

significant amount of nitrates (2088 mg/100g), which allows you to reduce the dosage 

of sodium nitrite. The use of ascorbic acid allows you to stabilize the resistance of 

betanin to attacks by substances characterized by oxidative properties in the presence 

of characteristic catalytic properties of iron (III) compounds. 

The use of microorganisms Staphylococcus carnosus, Pediococcus acidilactici 

when salting beef is to minimize its contact with denitrifying microorganisms, ensure 

its microbiological purity and improve its physicochemical indicators to obtain raw-

dried beef flakes of stable quality. 

A complex interaction between ascorbic acid and concentrated beet juice during 

salting of beef was established, which is confirmed by the accelerated reduction of 

nitrates to nitrites in the meat system, as evidenced by the obtained negative redox 

potential index (minus 12), at the same time, the corresponding characteristic of the 

control sample of beef without the use of ascorbic acid and concentrated beet juice 

systematically increases upon contact with oxygen in the air. Thus, it was determined 
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that nitrate reduction requires the introduction into the technological scheme of the 

production of raw-dried beef flakes before the saturation of the salting substances in 

the beef of the intermediate stage of aging of the salting solution containing 

concentrated beet juice and ascorbic acid. 

It was found that the use of microorganisms Staphylococcus carnosus, 

Pediococcus acidilactici in the form of a bacterial preparation when salting beef made 

it possible to increase the number of lactic acid bacteria by 4.12 log CFU/g compared 

to the control sample of beef, which as a result made it possible to achieve the desired 

level of meat acidity faster ï by 24 hours of salting in the control sample of beef the 

pH value decreased from the initial by 0.05, and in the experimental sample of beef by 

0.14. At the end of the salting period using the bacterial preparation, no bacteria of the 

Escherichia coli group, pathogenic microorganisms, including Salmonella, sulfite-

reducing clostridia, Listeria monocytogenes and Staphylococcus aureus were detected 

in the salted beef. Also, due to the proteolytic activity of Pediococcus acidilactici, the 

experimental beef sample was characterized by an increased plasticity index compared 

to the control by 0.4 cm
2
/g. 

A method of salting beef was chosen in which the surface of the meat is rubbed 

with a salting mixture, and the rest of the mixture is saturated. The proposed method 

of salting the meat system made it possible to reduce its water retention ï after 24 

hours of salting, the mass fraction of moisture in the experimental beef sample was 

4.9 % less than the initial value, which is 1.7 % higher compared to the control beef 

sample, and to reduce its water activity index ï after 24 hours of salting, the 

experimental beef sample was characterized by a water activity index of 0.972, which 

is 0.009 less than the initial value, and 0.004 less compared to the control beef sample. 

Due to the uniform distribution of the selected salting substances in the beef according 

to the selected salting method, the color characteristics of the produced raw-dried beef 

flakes improved while simultaneously reducing the amount of sodium nitrite in them 

by 0.0035 % compared to the control sample of beef flakes. Thus, the indicators of the 

redness index, the level of color relative to the brightness of a completely white object, 
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and the color intensity were higher compared to the control sample of beef flakes by 

0.11, 5.0, and 0.06, respectively. We explain this by the fact that the reduction in the 

content of residual sodium nitrite in raw-dried beef flakes due to its metabolization by 

Pediococcus acidilactici contributes to a more active formation of nitroso pigments. It 

was found that the experimental sample of beef flakes has increased organoleptic 

quality indicators, despite also the reduced content of sodium chloride by 2.43 % 

compared to the control sample of beef flakes, which showed compliance with the 

previously obtained research results, in particular the structural and mechanical 

characteristics of beef during salting ï at 24 hours of salting, the beef had an ultimate 

shear stress of 188 kPa, which is 6 kPa higher compared to the control sample of beef. 

Mathematical modeling of the assessment of the quality properties of beef 

samples by changing their quality state during the salting period by the area of the 

factor space of the current quality parameters was carried out. Based on these results, 

the content of salting substances (kg/100 kg of meat raw material) for the production 

of raw-dried beef flakes was established, consisting of sea salt in the amount of 3.10 

kg, sodium nitrite in the amount of 0.005 kg, concentrated beet juice in the amount of 

0.5 kg, dextrose in the amount of 0.650 kg, a mixture of spices in the amount of 1.90 

kg, ascorbic acid in the amount of 0.085 kg, a bacterial preparation consisting of 

Pediococcus acidilactici, Staphylococcus carnosus in the amount of 0.025 kg. 

According to the results of microbiological studies of raw-dried beef flakes 

during the storage period, it was found that in the experimental sample of beef flakes, 

bacteria of the Escherichia coli group, pathogenic microorganisms, sulfite-reducing 

clostridia, Listeria monocytogenes and Staphylococcus aureus were not detected. The 

dynamics of changes in the pH index in raw-dried beef flakes during the storage 

period indicates its gradual decrease, which is associated with the slowed interaction 

of weak acids with the organic material of meat flakes. From the results of the study of 

organoleptic quality indicators of raw-dried beef flakes at the end of the storage 

period, it was found that the finished product produced using the improved technology 

retained its original high indicators, in particular, color, which correlates with the 
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results of the study of the content of nitroso pigments at the end of the storage period ï 

their content was 79 %, which is 7.0 % higher compared to the control sample of beef 

flakes. During the storage of samples of raw-dried beef flakes, the experimental one 

was characterized by a lower peroxide value at the end of the storage period ï by 0.22 

mg-eq O2/kg compared to the control sample of beef flakes. The dynamics of changes 

in the water activity index of samples of raw-dried beef flakes during storage showed 

that the experimental sample of beef flakes had an increased index by 0.015 at the end 

of the storage period compared to the control sample of beef flakes. Thus, the 

improved technology allows storing raw-dried beef flakes for up to 180 days at a 

temperature of 4...6 ÁC. 

According to the results of a study of the nutritional value of raw-dried beef 

flakes, it was found that they are a source of proteins, fats and energy for the V group 

of physical activity of the able-bodied population, since the degree of ensuring the 

daily need for these nutrients and energy value when consuming 100 grams of the 

finished product is 39.76 %, 10.07 % and 8.20 %, respectively. 

Based on the content of aflatoxin B1, nitrosamines, pesticides, radionuclides, 

and toxic elements in raw-dried beef flakes, it was found that the finished product is 

safe for the human body. 

Based on experimental and theoretical research, technological regimes were 

refined and a parametric scheme for the production of raw-dried beef flakes was 

developed. Regulatory documentation was developed: TC U 10.1-00493706-164:2023 

ñRaw-dried beef meat flakes "Special"ò and TI U 10.1-00493706-164:2023 ñRaw-

dried beef meat flakes "Special"ò. The results of scientific development were tested in 

the conditions of LLC ñINTERSTABò. 

The practical significance of the improved technology lies in the application of 

a mixed method of salting beef using concentrated beet juice, ascorbic acid, and a 

bacterial preparation consisting of Pediococcus acidilactici, Staphylococcus carnosus, 

which makes it possible to avoid losses of nitrite ion from the surface of meat during 
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long-term aging and thus significantly reduce the dosage of sodium nitrite and ensure 

the stability of the quality indicators of raw-dried beef flakes. 

The implementation of the results of scientific research makes it possible to 

increase the profitability and profit of improved raw-dried beef flakes. 

The socio-economic significance of the scientific development lies in: 

ï improved technologies of raw-dried beef flakes with low sodium nitrite and 

sodium chloride content; 

ï expanding the range of dried meat products that meet the basic principles and 

requirements for food safety and quality; 

ï providing the population with food products convenient for quick 

consumption. 

The results of the dissertation were implemented in the educational process of 

the Department of Meat, Fish and Seafood Technology of the National University of 

Life and Environmental Sciences of Ukraine (Kyiv). 

Keywords: raw-dried meat products, technology, lactic acid bacteria, 

concentrated beet juice, ascorbic acid, sodium nitrite. 

  



13 

ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ ɿɼʆɹʋɺɸʏɸ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɯ 

 

ʉʪʘʪʪʷ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʚʠʜʘʥʥʽ, ʚʢʣʶʯʝʥʦʤʫ ʜʦ ʢʘʪʝʛʦʨʽʾ 

çɸè ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʪʘ/ʘʙʦ ʫ ʟʘʢʦʨʜʦʥʥʠʭ 

ʚʠʜʘʥʥʷʭ, ʧʨʦʽʥʜʝʢʩʦʚʘʥʠʭ  

ʫ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science Core Collection ʪʘ/ʘʙʦ Scopus 

1. Danylenko S., Naumenko O., Yemtsev V., Kryzhska T., Potemska O., 

Tolok G., Kanishchev O., Ochkolyas O., Prokopenko N., Omelian A. Justification 

and microbiota compositions development for the fermentation of raw meat. 

Potravinarstvo. 2023. Vol. 17. P. 405ï418. (ɼʘʥʠʣʝʥʢʦ ʉ. ʚʠʟʥʘʯʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʦ ʩʢʨʠʥʽʥʛ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟʘ ʪʝʤʦʶ 

ʩʪʘʪʪʽ; ʅʘʫʤʝʥʢʦ ʆ. ʧʽʜʽʙʨʘʥʦ ʤʝʪʦʜʠ ʪʘ ʫʟʘʛʘʣʴʥʝʥʦ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ɭʤʮʝʚ ɺ. ʧʽʜʽʙʨʘʥʦ ʤʝʪʦʜʠ ʪʘ ʫʟʘʛʘʣʴʥʝʥʦ 

ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʇʦʪʝʤʩʴʢʘ ʆ. ʚʟʷʪʦ 

ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʦ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ 

ʧʽʜʛʦʪʦʚʣʝʥʦ ʤʘʪʝʨʽʘʣʠ ʜʦ ʜʨʫʢʫ; ʊʦʣʦʢ ɻ. ʚʟʷʪʦ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʂʘʥʽʱʝʚ ʆ. ʧʽʜʛʦʪʦʚʢʘ ʤʦʜʝʣʴʥʠʭ ʟʨʘʟʢʽʚ, 

ʧʽʜʙʽʨ ʢʦʤʧʦʟʠʮʽʾ ʤʽʢʨʦʙʽʦʪʠ, ʚʠʟʥʘʯʝʥʥʷ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ, 

ʥʽʪʨʠʪʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʧʽʜʛʦʪʦʚʢʘ 

ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʜʨʫʢʫ; ʆʯʢʦʣʷʩ ʆ. ʧʽʜʛʦʪʦʚʢʘ ʩʪʘʪʪʽ ʜʦ ʜʨʫʢʫ; ʇʨʦʢʦʧʝʥʢʦ ʅ. 

ʫʟʘʛʘʣʴʥʝʥʦ ʚʠʩʥʦʚʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ; ʆʤʝʣʴʷʥ ɸ. ʚʠʢʦʥʘʥʦ ʩʪʘʪʠʩʪʠʯʥʫ 

ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ ʧʽʜʛʦʪʦʚʣʝʥʦ ʤʘʪʝʨʽʘʣʠ ʜʦ ʜʨʫʢʫ). 

2. Bal-Prylypko L., Kanishchev O., Mushtruk M., Leonova B. Development of 

technology for extended-shelf-life meat products. Animal Science and Food 

Technology. 2024. Vol. 15. No. 4. P. 132ï149. (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʃ.ɺ. ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ; ʂʘʥʽʱʝʚ ʆ.ʇ. ʧʽʜʛʦʪʦʚʢʘ ʤʦʜʝʣʴʥʠʭ ʟʨʘʟʢʽʚ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ, ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʢʦʣʴʦʨʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, ʘʢʪʠʚʥʦʾ ʢʠʩʣʦʪʥʦʩʪʽ, ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ 

ʚʦʣʦʛʠ, ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʨʦʟʨʦʙʣʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʩʭʝʤʠ 



14 

ʚʠʨʦʙʥʠʮʪʚʘ, ʧʽʜʛʦʪʦʚʢʘ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʜʨʫʢʫ; ʄʫʰʪʨʫʢ ʄ.ʄ. ʧʽʜʽʙʨʘʥʦ 

ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʦ ʾʭ ʫʟʘʛʘʣʴʥʝʥʥʷ; ʃʝʦʥʦʚʘ ɹ.ɯ. 

ʫʟʘʛʘʣʴʥʝʥʦ ʚʠʩʥʦʚʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ). 

 

ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ 

2. Bal-Prylypko L., Nikolaenko M., Kanishchev O., Beiko L., Holembovska N. 

Improving the technology for the production of raw dried beef products. Animal 

Science and Food Technology. 2023. Vol. 14. No. 4. P. 26ï39. (Bal-Prylypko, L., 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. Nikolaenko, M., ʟʜʽʡʩʥʝʥʦ ʟʘʛʘʣʴʥʝ 

ʦʬʦʨʤʣʝʥʥʷ ʩʪʘʪʪʽ ʜʦ ʜʨʫʢʫ. Kanishchev, O. ʚʟʷʪʦ ʫʯʘʩʪʴ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʚʘʨʠʥʘʭ, ʫʟʘʛʘʣʴʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ; ʧʽʜʽʙʨʘʥʦ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʦ ʾʭ 

ʫʟʘʛʘʣʴʥʝʥʥʷ; ʚʠʢʦʥʘʥʦ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ. Beiko, L., ʚʠʟʥʘʯʝʥʦ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʢʨʠʥʽʥʛ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. 

Holembovska, N. ʫʟʘʛʘʣʴʥʝʥʦ ʚʠʩʥʦʚʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ). 

3. ʂʘʥʽʱʝʚ ʆ. ʇ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʟʘ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʤô̫ ʩʥʠʭ ʧʣʘʩʪʽʚʮʽʚ ʽʟ ʷʣʦʚʠʯʠʥʠ. 

ɿʜʦʨʦʚô̫  ʣʶʜʠʥʠ ʽ ʥʘʮʽʾ. 2024.  ̄4. ʉ. 40ï49. 

 

ʉʪʘʪʪʷ ʚ ʽʥʰʦʤʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ 

5. ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʃ., ʋʩʪʠʤʝʥʢʦ ɯ., ʂʘʥʽʱʝʚ ʆ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʤô̫ ʩʥʠʭ ʩʥʝʢʽʚ. ʉʚʽʪ ʧʨʦʜʫʢʪʽʚ. 2025. 

 ̄2. ʉ. 32ï34. (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʃ. ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ; 

ʋʩʪʠʤʝʥʢʦ ɯ. ʟʜʽʡʩʥʝʥʦ ʟʘʛʘʣʴʥʝ ʦʬʦʨʤʣʝʥʥʷ ʩʪʘʪʪʽ ʜʦ ʜʨʫʢʫ; ʂʘʥʽʱʝʚ ʆ. 

ʚʟʷʪʦ ʫʯʘʩʪʴ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʚʘʨʠʥʘʭ, ʫʟʘʛʘʣʴʥʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ). 

 

ʇʘʪʝʥʪ 
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6. ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʃ. ɺ., ʅʽʢʦʣʘʻʥʢʦ ʄ. ʉ., ʋʩʪʠʤʝʥʢʦ ɯ. ʄ., ʐʚʝʮʴ ʆ. ɺ., 

ʂʘʥʽʱʝʚ ʆ. ʇ.  ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ 154862 ʋʢʨʘʾʥʘ. ʄʇʂ 

(2016.01) A23L 13/10. ʉʧʦʩʽʙ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

ʩʠʨʦʚ'ʷʣʝʥʠʭ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʋʢʨʘʾʥʠ; ʥʦʤʝʨ u202301932; ʟʘʷʚʣ. ʟʘʷʚʣ. 24.04.2023; ʦʧʫʙʣ. 28.12.2023; ɹʶʣ. 52. 

(ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʃ.ɺ. ʦʬʦʨʤʣʝʥʦ ʟʘʷʚʢʫ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ; ʅʽʢʦʣʘʻʥʢʦ ʄ.ʉ. 

ʚʟʷʪʦ ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ; ʋʩʪʠʤʝʥʢʦ ɯ.ʄ. ʚʟʷʪʦ ʫʯʘʩʪʴ ʫ ʧʦʰʫʢʫ 

ʧʨʦʪʦʪʠʧʫ ʜʣʷ ʦʬʦʨʤʣʝʥʥʷ ʧʘʪʝʥʪʫ; ʐʚʝʮʴ ʆ.ɺ. ʚʟʷʪʦ ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ; ʂʘʥʽʱʝʚ ʆ.ʇ. ʚʟʷʪʦ ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʦ 

ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ ʧʽʜʛʦʪʦʚʣʝʥʦ ʤʘʪʝʨʽʘʣʠ ʜʦ ʧʘʪʝʥʪʫʚʘʥʥʷ). 

 

ʊʝʟʠ ʥʘʫʢʦʚʠʭ ʜʦʧʦʚʽʜʝʡ 

7. ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʃ. ɺ., ʅʽʢʦʣʘʻʥʢʦ ʄ. ʉ., ɹʘʥʜʫʨʘ ɺ. ʄ., ʂʘʥʽʱʝʚ ʆ. ʇ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʜʦʚʞʝʥʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ. 

ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʤô̫ ʩʦʧʝʨʝʨʦʙʥʦʾ ʛʘʣʫʟʽ: III 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, ʤ. ʂʠʾʚ, 18 ʞʦʚʪʥʷ 2022 ʨʦʢʫ: ʪʝʟʠ 

ʜʦʧʦʚʽʜʽ. ʂʠʾʚ, 2022. ʉ. 191-194 (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʃ.ɺ., ʚʠʟʥʘʯʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʦ ʩʢʨʠʥʽʥʛ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟʘ ʪʝʤʦʶ 

ʩʪʘʪʪʽ; ʅʽʢʦʣʘʻʥʢʦ, ʄ.ʉ., ʧʽʜʽʙʨʘʥʦ ʤʝʪʦʜʠ ʪʘ ʫʟʘʛʘʣʴʥʝʥʦ ʤʝʪʦʜʠʢʠ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ɹʘʥʜʫʨʘ, ɺ. ʄ., ʫʟʘʛʘʣʴʥʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʚʠʢʦʥʘʥʦ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ; ʂʘʥʽʱʝʚ, ʆ. ʇ., 

ʚʟʷʪʦ ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʦ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ 

ʧʽʜʛʦʪʦʚʣʝʥʦ ʤʘʪʝʨʽʘʣʠ ʜʦ ʜʨʫʢʫ). 

8. ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʃ. ɺ., ʅʽʢʦʣʘʻʥʢʦ ʄ. ʉ., ɹʘʥʜʫʨʘ ɺ. ʄ., ʂʘʥʽʱʝʚ ʆ. ʇ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤᾷ̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʜʦʚʞʝʥʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ. 

ʅʘʫʢʦʚʽ ʧʨʦʙʣʝʤʠ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʚ ʢʦʥʪʝʢʩʪʽ 

ʻʚʨʦʽʥʪʝʛʨʘʮʽʾ: ʍI ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, ʤ. ʂʠʾʚ, 08 

ʣʠʩʪʦʧʘʜʘ 2022 ʨʦʢʫ: ʪʝʟʠ ʜʦʧʦʚʽʜʽ. ʂʠʾʚ, 2022. ʉ. 165ï166. (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 

ʃ.ɺ., ʚʠʟʥʘʯʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʦ ʩʢʨʠʥʽʥʛ 
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ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟʘ ʪʝʤʦʶ ʩʪʘʪʪʽ; ʅʽʢʦʣʘʻʥʢʦ, ʄ.ʉ., ʧʽʜʽʙʨʘʥʦ ʤʝʪʦʜʠ 

ʪʘ ʫʟʘʛʘʣʴʥʝʥʦ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ɹʘʥʜʫʨʘ, 

ɺ. ʄ., ʧʽʜʽʙʨʘʥʦ ʤʝʪʦʜʠ ʪʘ ʫʟʘʛʘʣʴʥʝʥʦ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʂʘʥʽʱʝʚ, ʆ. ʇ., ʚʟʷʪʦ ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʦ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ ʧʽʜʛʦʪʦʚʣʝʥʦ ʤʘʪʝʨʽʘʣʠ 

ʜʦ ʜʨʫʢʫ). 

9. ʂʘʥʽʱʝʚ ʆ. ʇ., ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʃ. ɺ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʩʦʣʫ ʜʝʣʽʢʘʪʝʩʥʠʭ 

ʩʠʨʦʚᾷ̫ ʣʝʥʠʭ ʤô̫ ʩʥʠʭ ʚʠʨʦʙʽʚ. ʇʨʦʜʦʚʦʣʴʯʘ ʪʘ ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʚ ʫʤʦʚʘʭ 

ʚʽʡʥʠ ʪʘ ʧʦʚʦʻʥʥʦʾ ʚʽʜʙʫʜʦʚʠ: ʚʠʢʣʠʢʠ ʜʣʷ ʋʢʨʘʾʥʠ ʽ ʩʚʽʪʫ: ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, ʧʨʠʩʚʷʯʝʥʘ 125-ʨʽʯʯʶ ʅʋɹʽʇ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, 25 

ʪʨʘʚʥʷ 2023 ʨʦʢʫ: ʪʝʟʠ ʜʦʧʦʚʽʜʽ. ʂʠʾʚ, 2023. ʉ. 378-380 (ʂʘʥʽʱʝʚ, ʆ. ʇ., ʚʟʷʪʦ 

ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʦ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ 
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ɿʉ  ï ʟʘʩʦʣʶʚʘʣʴʥʘ ʩʫʤʽʰ 
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ʉɹʂ  ï ʩʽʢ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ 

ʉʂ  ï ʩʪʘʨʪʦʚʽ ʢʫʣʴʪʫʨʠ 

P. acidilactici   ï Pediococcus acidilactici 

S. carnosus  ï Staphylococcus carnosus 
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ɺʉʊʋʇ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʄ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ ʻ ʮʽʥʥʠʤ 

ʜʞʝʨʝʣʦʤ ʦʪʨʠʤʘʥʥʷ ʦʨʛʘʥʽʟʤʦʤ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʚʽʪʘʤʽʥʽʚ ʪʘ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ɺ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʩʪʽ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʠʪʘʥʥʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʟʦʢʨʝʤʘ, ʦʩʦʙʣʠʚʦ ʟ ʚʠʩʦʢʦʶ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʽʩʪʶ, 

ʤô̫ ʩʥʠʤʠ ʩʥʝʢʘʤʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʶ ʦʙʩʪʘʚʠʥʫ, ʧʝʨʝʜ ʚʠʨʦʙʥʠʢʘʤʠ ʤ`ʷʩʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʩʪʦʾʪʴ ʟʘʜʘʯʘ ʩʫʪʪʻʚʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ, ʚ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʨʠʧʠʥʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʬʽʟʠʯʥʦʛʦ, ʭʽʤʽʯʥʦʛʦ ʪʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʩʫʚʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʙʘʨ`ʻʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʝʨʝʜ ʷʢʠʭ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʩʣʽʜ ʚʠʟʥʘʪʠ ʟʘʩʦʣʝʥʥʷ ʤ`ʷʩʥʦʾ 

ʩʠʨʦʚʠʥʠ ʪʘ ʚʥʝʩʝʥʥʷ ʚ ʤô̫ ʩʥʫ ʩʠʩʪʝʤʫ ʟʘʭʠʩʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʟ ʾʾ ʧʦʜʘʣʴʰʠʤ 

ʚ`ʷʣʝʥʥʷʤ ʪʘ ʟʥʠʞʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʚ ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʽ ʜʦ ʨʽʚʥʷ, ʟʘ ʷʢʦʛʦ 

ʥʝʤʦʞʣʠʚʠʤ ʩʪʘʥʝ ʨʦʟʤʥʦʞʝʥʥʷ ʧʘʪʦʛʝʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ. 

ʇʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʜʦʚʞʝʥʦʛʦ ʪʝʨʤʽʥʫ 

ʟʙʝʨʽʛʘʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʥʘʫʢʦʚʽ ʧʨʘʮʽ  ʙʘʛʘʪʴʦʭ ʚʯʝʥʠʭ: ʃ.ɺ. ɹʘʣʴ-

ʇʨʠʣʠʧʢʦ,  ɺ.ʄ. ʇʘʩʽʯʥʦʛʦ, ʃ.ɻ. ɺʽʥʥʽʢʦʚʦʾ, ʆ.ɺ. ʉʠʜʦʨʝʥʢʦ, ɺ.ʉ. ɻʫʮʷ, ʊ.ʂ. 

ʃʝʙʩʴʢʦʾ ʪʘ ʽʥ. ɿʦʢʨʝʤʘ, ʥʠʤʠ ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʞʠʤʽʚ ʦʪʨʠʤʘʥʥʷ ʤô̫ ʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʦʜʦʚʞʝʥʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ. ʋ ʪʦʡ ʞʝ 

ʯʘʩ, ʫ ʥʝʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʦʙʛʨʫʥʪʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʩʧʦʩʦʙʠ ʟʘʩʦʣʶʚʘʥʥʷ ʤô̫ ʩʥʦʾ 

ʩʠʨʦʚʠʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʪʘ ʩʠʨʦʚʠʥʠ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʷʢ ʯʘʩʪʢʦʚʦʾ ʟʘʤʽʥʠ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, 

ʷʢʠʡ ʤʦʞʝ ʯʠʥʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚô̫  ʣʶʜʠʥʠ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʥʠʟʴʢʠʤ ʡʦʛʦ ʚʤʽʩʪʦʤ. 

ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʢʣʘʜʫ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʪʨʠʤʘʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʜʣʷ ʚʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 
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ʊʘʢʦʞ, ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʤô̫ ʩʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʤʽʛ ʙʠ ʙʫʪʠ 

ʩʧʦʞʠʪʠʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʽʩʮʷʭ ʙʝʟ ʧʦʪʨʝʙʠ ʚ ʜʦʧʦʚʥʝʥʥʽ ʛʘʨʥʽʨʘʤʠ. ʊʘʢʠʤʠ, 

ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠ. 

ɿʘ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʠʭ ʚʠʜʽʚ ʚ`ʷʣʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟ 

ʤô̫ ʩʘ ʥʘ ʜʦʚʝʜʝʥʥʷ ʧʨʦʜʫʢʪʫ ʜʦ ʥʦʨʤʦʚʘʥʦʾ ʷʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʘʪʠʪʠ ʟʥʘʯʥʠʡ 

ʯʘʩ. ʆʩʢʽʣʴʢʠ ʟʘʚʝʨʰʘʣʴʥʘ ʩʪʘʜʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʨʝʜʙʘʯʘʻ ʪʨʠʚʘʣʫ ʚʠʪʨʠʤʢʫ 

ʟʘʩʦʣʝʥʦʾ ʤôʷʩʥʦʾ ʩʠʨʦʚʠʥʠ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ, ʽʩʥʫʻ ʟʥʘʯʥʠʡ ʨʠʟʠʢ 

ʟʘʙʨʫʜʥʝʥʥʷ ʾʾ ʯʠʩʣʝʥʥʠʤʠ ʰʪʘʤʘʤʠ ʥʝʙʝʟʧʝʯʥʠʭ ʜʣʷ ʟʜʦʨʦʚ`ʷ ʣʶʜʠʥʠ, ʰʢʽʜʣʠʚʠʭ 

ʽ ʪʦʢʩʠʢʦʛʝʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʧʣʽʩʥʷʚʽʥʥʷ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʧʩʫʚʘʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ 

ʚʠʨʽʰʝʥʥʽ ʥʘʩʪʫʧʥʦʛʦ: ʤʘʢʩʠʤʘʣʴʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ; ʟʘʙʝʟʧʝʯʠʪʠ ʫʤʦʚʠ ʫʥʠʢʥʝʥʥʷ ʨʠʟʠʢʫ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ 

ʧʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʟʙʝʨʽʛʘʥʥʷ; ʤʘʢʩʠʤʘʣʴʥʦ 

ʟʥʠʟʠʪʠ ʚʤʽʩʪ ʚ ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʽ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ. 

ʇʦʩʪʘʚʣʝʥʽ ʧʨʦʙʣʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʜʦʜʘʚʘʥʥʷʤ ʚ ʟʘʩʦʣʶʚʘʣʴʥʫ 

ʩʫʤʽʰ ʽʥʛʨʝʜʽʻʥʪʽʚ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʝʮʽʘʣʴʥʦ ʦʙʨʘʥʠʭ 

ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʪʘ ʦʚʦʯʝʚʦʛʦ ʩʦʢʫ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ.   

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʙʽʦʨʝʩʫʨʩʽʚ ʽ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʅʋɹʽʇ ʋʢʨʘʾʥʠ) ʚ ʤʝʞʘʭ ʜʝʨʞʙʶʜʞʝʪʥʦ ʾʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ñʅʘʫʢʦʚʝ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʪʝʭʥʦʣʦʛʽʡ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʤʝʪʦʜʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʘʮʽʦʥʽʚ ʭʘʨʯʫʚʘʥʥʷ ʜʣʷ 

ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚò (ˉ 0123U101493). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʢʫ ʙʫʨʷʢʘ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʪʘ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ï ʦʙʛʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʽʥʛʨʝʜʽʻʥʪʽʚ ʜʣʷ ʯʘʩʪʢʦʚʦʾ ʟʘʤʽʥʠ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ; 
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ï ʜʦʩʣʽʜʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨ Staphylococcus 

carnosus, Pediococcus acidilactici ʧʨʠ ʟʘʩʦʣʶʚʘʥʥʽ ʷʣʦʚʠʯʠʥʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ; 

ï ʦʙʛʨʫʥʪʫʚʘʪʠ ʩʧʦʩʽʙ ʟʘʩʦʣʶʚʘʥʥʷ ʷʣʦʚʠʯʠʥʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʨʝʮʝʧʪʫʨʠ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ  ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ; 

ï ʜʦʩʣʽʜʠʪʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ; 

ï ʫʪʦʯʥʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʧʨʠʥʮʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʩʭʝʤʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ  ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ; 

ï ʨʦʟʨʦʙʠʪʠ ʥʦʨʤʘʪʠʚʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ, ʧʨʦʚʝʩʪʠ ʧʨʦʤʠʩʣʦʚʫ ʘʧʨʦʙʘʮʽʶ 

ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʜʦʚʝʩʪʠ ʾʾ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʆʙô̒ ʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʭʥʦʣʦʛʽʷ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟ 

ʷʣʦʚʠʯʠʥʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʽʢ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ; ʤʦʜʝʣʴʥʽ ʟʨʘʟʢʠ 

ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ, ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ; ʤʦʜʝʣʴʥʽ ʟʨʘʟʢʠ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ, ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ;  

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʪʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ ʤôʷʩʥʠʭ ʩʠʨʦʚôʷʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʢʦʨʠʩʪʘʥʦ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʩʘʤʝ: ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

(ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʙʽʣʢʘ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʞʠʨʫ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ 

ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ, ʚʤʽʩʪ ʥʽʪʨʦʟʦʧʽʛʤʝʥʪʽʚ, ʘʢʪʠʚʥʘ 

ʢʠʩʣʦʪʥʽʩʪʴ, ʘʢʪʠʚʥʽʩʪʴ ʚʦʜʠ, ʚʦʣʦʛʦʟʚô̫ ʟʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʡ 

ʧʦʪʝʥʮʽʘʣ, ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, ʧʝʨʝʢʠʩʥʝ ʯʠʩʣʦ, ʧʣʘʩʪʠʯʥʽʩʪʴ), ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ, 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ (ʢʽʣʴʢʽʩʪʴ ʞʠʪʪʻʟʜʘʪʥʠʭ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ, ʙʘʢʪʝʨʽʡ ʛʨʫʧʠ 

ʢʠʰʢʦʚʦʾ ʧʘʣʠʯʢʠ, ʩʫʣʴʬʽʪʨʝʜʫʢʫʶʯʠʭ ʢʣʦʩʪʨʠʜʽʡ, Listeria monocytogenes, 

Staphylococcus aureus), ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʯʥʦʩʪʽ (ʚʤʽʩʪ ʤʽʪʦʪʦʢʩʠʥʽʚ, ʚʤʽʩʪ 
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ʥʽʪʨʦʟʘʤʽʥʽʚ, ʚʤʽʩʪ ʧʝʩʪʠʮʠʜʽʚ, ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʚʤʽʩʪ ʩʚʠʥʮʶ, ʘʨʩʝʥʫ, 

ʢʘʜʤʽʶ, ʨʪʫʪʽ), ʤʘʪʝʤʘʪʠʯʥʽ (ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʤʦʜʝʣʶʚʘʥʥʷ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʷʣʦʚʠʯʠʥʠ ʚ ʧʨʦʮʝʩʽ 

ʟʘʩʦʣʶʚʘʥʥʷ). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ 

ʟʘʩʦʣʶʚʘʣʴʥʫ ʩʫʤʽʰ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʦʣʽ ʤʦʨʩʴʢʦʾ, 

ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, ʩʦʢʫ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ, ʜʝʢʩʪʨʦʟʠ, ʩʫʤʽʰʽ ʩʧʝʮʽʡ, 

ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ Pediococcus 

acidilactici, Staphylococcus carnosus.  

ʋʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʢʫ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʫ 

ʩʢʣʘʜʽ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʚ ʢʽʣʴʢʦʩʪʽ 0,50 % ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ 

ʤôʷʩʥʠʭ ʩʠʨʦʚôʷʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʤʽʩʪ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ 

ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʽ ʥʘ 0,0035 % ʟ ʧʦʜʘʣʴʰʠʤ ʟʤʝʥʰʝʥʥʷʤ ʚ ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʽ 

N-ʥʽʪʨʦʟʘʤʽʥʽʚ. 

ʋʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʦʙʨʘʥʦʛʦ 

ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ, ʱʦ ʤʽʩʪʠʪʴ Pediococcus acidilactici ʫ ʩʢʣʘʜʽ 

ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ, ʷʢʘ ʤʽʩʪʠʪʴ ʩʽʢ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʜʘʻ ʟʤʦʛʫ 

ʧʨʠʩʢʦʨʶʚʘʪʠ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʪʨʘʪʽʚ ʜʦ ʥʽʪʨʠʪʽʚ ʟ ʦʪʨʠʤʘʥʥʷʤ ʚʽʜôʻʤʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʷʣʦʚʠʯʠʥʽ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ ʪʘ ʨʦʟʢʨʠʪʪʷ 

ʧʦʜʚʽʡʥʦʛʦ ʟʚ`ʷʟʢʫ ʧ`ʷʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʫ ʤʦʣʝʢʫʣʠ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʧʽʜ 

ʜʽʻʶ ʘʢʪʠʚʥʦʛʦ ʢʠʩʥʶ ʨʘʜʠʢʘʣʫ ʥʽʪʨʘʪ-ʽʦʥʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʟʽ ʟʤʝʥʰʝʥʠʤ ʚʤʽʩʪʦʤ ʥʽʪʨʠʪʫ 

ʥʘʪʨʽʶ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʢʫ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ. ʆʙʛʨʫʥʪʦʚʘʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʩʧʦʩʽʙ ʟʘʩʦʣʶʚʘʥʥʷ ʷʣʦʚʠʯʠʥʠ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ 

ʩʢʣʘʜ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʧʣʘʩʪʽʚʮʽʚ ʤôʷʩʥʠʭ 

ʩʠʨʦʚôʷʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ, ʷʢʽ 
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ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʦʚʘʥʠʭ. ʈʦʟʨʦʙʣʝʥʦ ʧʘʨʘʤʝʪʨʠʯʥʫ ʩʭʝʤʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ. ʈʦʟʨʦʙʣʝʥʦ ʥʦʨʤʘʪʠʚʥʫ 

ʜʦʢʫʤʝʥʪʘʮʽʶ: ʊʋ ʋ 10.1-00493706-164:2023 ñʇʣʘʩʪʽʚʮʽ ʤᾷ̫ ʩʥʽ ʩʠʨʦʚᾷ̫ ʣʝʥʽ ʟ 

ʷʣʦʚʠʯʠʥʠ "ʆʩʦʙʣʠʚʽ"ò, ʊɯ ʋ 10.1-00493706-164:2023 ñʇʣʘʩʪʽʚʮʽ ʤᾷ̫ ʩʥʽ 

ʩʠʨʦʚᾷ̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠ "ʆʩʦʙʣʠʚʽ"ò. ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʦʾ ʨʦʟʨʦʙʢʠ ʘʧʨʦʙʦʚʘʥʦ 

ʚ ʫʤʦʚʘʭ ʊʆɺ ñɯʅʊɽʈʉʊɸɹò, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʘʢʪʘʤʠ ʚʠʨʦʙʥʠʯʦʾ ʧʝʨʝʚʽʨʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʢʘʬʝʜʨʠ 

ʪʝʭʥʦʣʦʛʽʾ ʤô̫ ʩʥʠʭ, ʨʠʙʥʠʭ ʪʘ ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʇʽʜʙʽʨ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʣʽʪʝʨʘʪʫʨʠ, ʧʣʘʥʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʩʪʘʪʠʩʪʠʯʥʝ ʦʙʨʦʙʣʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʾʭ ʘʥʘʣʽʟ, ʦʧʠʩ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ, ʧʽʜʛʦʪʦʚʢʫ ʤʘʪʝʨʽʘʣʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦ ʦʧʫʙʣʽʢʫʚʘʥʥʷ, ʨʦʟʨʦʙʢʫ ʥʦʨʤʘʪʠʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʧʨʦʤʠʩʣʦʚʫ 

ʘʧʨʦʙʘʮʽʶ ʨʦʟʨʦʙʦʢ ʟʜʽʡʩʥʝʥʦ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ ʟʘ ʤʝʪʦʜʠʯʥʦʾ ʪʘ ʥʘʫʢʦʚʦʾ 

ʧʽʜʪʨʠʤʢʠ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨʘ ʃ.ɺ. ɹʘʣʴ-ʇʨʠʣʠʧʢʦ. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʘ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʪʘ ʥʘʫʢʦʚʠʤʠ ʧʫʙʣʽʢʘʮʽʷʤʠ.  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ: III-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

ʤô̫ ʩʦʧʝʨʝʨʦʙʥʦʾ ʛʘʣʫʟʽò (ʂʠʾʚ, 2022 ʨ., ʅʋʍʊ); ʍI-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʅʘʫʢʦʚʽ ʧʨʦʙʣʝʤʠ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾò 

(ʂʠʾʚ, 2022 ʨ., ʅʋʍʊ); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʇʨʦʜʦʚʦʣʴʯʘ 

ʪʘ ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʪʘ ʧʦʚʦʻʥʥʦʾ ʚʽʜʙʫʜʦʚʠ: ɺʠʢʣʠʢʠ ʜʣʷ ʋʢʨʘʾʥʠ 

ʪʘ ʩʚʽʪʫò ʧʨʠʩʚʷʯʝʥʦʾ 125-ʨʽʯʯʶ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʂʠʾʚ, 2023 ʨ., ʅʋɹʽʇ ʋʢʨʘʾʥʠ); III-ʡ ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʘ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʇʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʽʥʥʦʚʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ ʩʝʢʪʦʨʽò (ʊʘʰʢʝʥʪ, 2023 ʨ. ʊɼʊʋ ʽʤ. ɯ. ʂʘʨʠʤʦʚʘ); 

ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʥʘʛʦʜʠ 20-ʨʽʯʯʷ ʋʃʗɹʇ ɸʇʂ ʅʋɹʽʇ ʋʢʨʘʾʥʠ 

ñ ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʩʴʦʛʦʜʝʥʥʷ ʪʘ ʧʽʩʣʷʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦ 
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ʛʦʩʧʦʜʘʨʩʪʚʘ ʡ ʝʢʦʣʦʛʽʾ: ʝʢʩʧʝʨʪʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʩʢʣʘʜʦʚʽ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʜʦʚʦʣʴʯʦʾ 

ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠò (ʩ.ʤ.ʪ. ʏʘʙʘʥʠ, 2023 ʨ., ʋʃʗɹʇ ɸʇʂ ʅʋɹʽʇ ʋʢʨʘʾʥʠ); ʍIɯɯ-ʡ 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʅʘʫʢʦʚʽ ʧʨʦʙʣʝʤʠ ʭʘʨʯʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʚ ʢʦʥʪʝʢʩʪʽ ʻʚʨʦʽʥʪʝʛʨʘʮʽʾò (ʤ. ʂʠʾʚ, 2024 

ʨ., ʅʋʍʊ); ʍɯɯ-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ- ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʚʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ ʽ 

ʩʪʫʜʝʥʪʽʚ çʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʫ ʚʠʨʽʰʝʥʥʽ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ, ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʽ ʙʝʟʧʝʢʠ ʧʨʦʜʦʚʦʣʴʩʪʚʘè ʧʨʠʩʚʷʯʝʥʦʾ 15-ʪʠ 

ʨʽʯʯʶ ʬʘʢʫʣʴʪʝʪʫ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʨʦʜʫʢʮʽʾ ɸʇʂ (ʂʠʾʚ, 

2024 ʨ., ʅʋɹʽʇ ʋʢʨʘʾʥʠ). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʣʘʜʝʥʦ ʫ 

13 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ 5 ʩʪʘʪʝʡ: 2 ʩʪʘʪʪʽ ï ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ,  

ʚʢʣʶʯʝʥʠʭ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ  Scopus; 2 ï ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ  

ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ; 1 ï ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ ʋʢʨʘʾʥʠ; 7 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʫ 

ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ, ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. ʆʜʝʨʞʘʥʦ 1 ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ. 

ʊʘʢʦʞ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 2 ʥʦʨʤʘ-

ʪʠʚʥʦ-ʪʝʭʥʽʯʥʠʭ ʜʦʢʫʤʝʥʪʘ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʠʢʣʘʜʝʥʦ ʥʘ 147 

ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʾ, ʟʤʽʩʪʫ, ʧʝʨʝʣʽʢʫ 

ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ, ʚʩʪʫʧʫ, 5 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

(229 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 31 ʩʪʦʨʽʥʮ)̔ ʪʘ ... ʜʦʜʘʪʢʽʚ (ʥʘ ... ʩʪʦʨʽʥʢʘʭ). ɼʠʩʝʨʪʘʮʽʶ 

ʽʣʶʩʪʨʦʚʘʥʦ 22 ʨʠʩʫʥʢʘʤʠ ʪʘ 35 ʪʘʙʣʠʮʷʤʠ. 
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ʈʆɿɼIʃ 1  

ɸʅɸʃIʊʀʏʅʀʁ ʆɻʃʗɼ ʃIʊɽʈɸʊʋʈʅʀʍ ɼɾɽʈɽʃ 

 

1.1 ɺʠʚʯʝʥʥʷ ʨʦʣʽ ʙʘʨ`ʻʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʷʢ ʬʘʢʪʦʨʫ ʜʦʩʷʛʥʝʥʥʷ 

ʙʝʟʧʝʯʥʦʩʪʽ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ 

 

ʄ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ ʻ ʮʽʥʥʠʤ ʜʞʝʨʝʣʦʤ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʦʨʛʘʥʽʟʤʫ 

ʣʶʜʠʥʠ ï ʙʽʣʢʽʚ, ʞʠʨʽʚ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʪʘ ʽʥ., 2022), ʘ ʪʘʢʦʞ ʜʝʬʽʮʠʪʥʠʭ 

ʥʫʪʨʽʻʥʪʽʚ ï ʚʽʪʘʤʽʥʽʚ, ʦʩʦʙʣʠʚʦ ʛʨʫʧʠ ɺ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ, ʟʘʣʽʟʘ 

(ʉʦʚʘ & ʃʝʫʩʝʥʢʦ, 2024). ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ 

ʧʦʧʠʪʫ ʥʘ ʤ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ (Bal-Prylypko, Nikolaenko, Cherednichenko, & 

Stepasyuk, 2022). ʇʨʦʪʝ ʟʚʠʯʥʽ ʩʧʦʞʠʚʘʯʫ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ, ʚʠʨʦʙʣʝʥʽ ʟ ʤô̫ ʩʘ 

ʧʽʜʜʘʶʪʴʩʷ ʯʠʩʣʝʥʥʠʤ ʥʝʙʘʞʘʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ. ʊʘʢ, ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ, 

ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʾʭ ʟʙʝʨʽʛʘʥʥʷ, ʤʦʞʥʘ ʧʽʜʨʦʟʜʽʣʠʪʠ ʥʘ (ʂʫʭʪʠʥ 

& ʉʘʣʘʪʘ, 2023): 

ï ʬʽʟʠʯʥʽ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʘ, 

ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʪʘ ʛʘʟʦʚʦʛʦ ʩʢʣʘʜʫ 

ʩʝʨʝʜʦʚʠʱʘ. ʆʩʥʦʚʥʽ ʟ ʥʠʭ ï ʮʝ ʧʨʦʮʝʩʠ ʩʦʨʙʮʽʾ ʪʘ ʜʝʩʦʨʙʮʽʾ ʚʦʣʦʛʠ ï ʫʩʠʭʘʥʥʷ, 

ʥʘʜʤʽʨʥʝ ʟʚʦʣʦʞʝʥʥʷ; 

ï ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʙʝʟ ʫʯʘʩʪʽ ʬʝʨʤʝʥʪʽʚ ʪʘ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʤ`ʷʩʘ ʽʟ ʟʤʽʥʦʶ ʾʭʥʴʦʾ ʷʢʦʩʪʽ, ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʨʦʟʢʣʘʜʫ, ʷʢʽ ʧʦʛʽʨʰʫʶʪʴ ʷʢʽʩʪʴ ʪʘ ʙʝʟʧʝʯʥʽʩʪʴ ʤô̫ ʩʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ 

ʧʨʦʜʫʢʪʽʚ ʥʘ ʾʾ ʦʩʥʦʚʽ. ʅʘʡʯʘʩʪʽʰʝ ʮʝ ï ʧʨʦʮʝʩʠ ʦʢʠʩʥʝʥʥʷ ʞʠʨʽʚ. ʊʘʢʦʞ ʚ 

ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʪʨʘʪʘ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʝʡ 

ʚʽʪʘʤʽʥʽʚ; 

ï ʙʽʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʧʦʛʽʨʰʝʥʥʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʧʦʞʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʫʯʘʩʪʽ ʙʽʦʣʦʛʽʯʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ï ʬʝʨʤʝʥʪʽʚ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʩʘʤʦʤʫ ʧʨʦʜʫʢʪʽ. 

ʅʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ ʟ ʥʠʭ ʻ ʜʠʭʘʥʥʷ, ʩʫʧʨʦʚʦʜʞʫʚʘʥʝ ʯʘʩʪʢʦʚʦʶ ʚʪʨʘʪʦʶ ʤʘʩʠ, 
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ʘʚʪʦʣʽʟ ï ʬʝʨʤʝʥʪʘʪʠʚʥʠʡ ʧʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʪʢʘʥʠʥ ʤ`ʷʩʘ, ʛʽʜʨʦʣʽʟ, 

ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʬʝʨʤʝʥʪʽʚ; 

ï ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʥʝ ʪʽʣʴʢʠ ʧʦʛʽʨʰʫʶʪʴ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ 

ʧʨʦʜʫʢʪʽʚ ʟ ʤô̫ ʩʘ, ʘʣʝ ʡ ʧʨʠʚʦʜʷʪʴ ʜʦ ʾʭ ʥʝʧʨʠʜʘʪʥʦʩʪʽ ʜʦ ʩʧʦʞʠʚʘʥʥʷ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʙʝʟʧʝʯʥʦʩʪʽ. 

ʆʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʩʫʚʘʥʥʷ ʻ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 2010): 

ï ʙʨʦʜʽʥʥʷ ï ʨʦʟʱʝʧʣʝʥʥʷ ʚʫʛʣʝʚʦʜʽʚ ʧʽʜ ʜʽʻʶ ʩʠʥʪʝʟʦʚʘʥʠʤʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʬʝʨʤʝʥʪʽʚ. ʇʝʨʝʚʘʞʥʦ ʮʝ ʤʦʣʦʯʥʦʢʠʩʣʝ ʙʨʦʜʽʥʥʷ, 

ʩʫʧʨʦʚʦʜʞʫʚʘʥʝ ʫʪʚʦʨʝʥʥʷʤ ʥʝ ʪʽʣʴʢʠ ʤʦʣʦʯʥʦʾ ʢʠʩʣʦʪʠ, ʘʣʝ ʡ  ʩʧʠʨʪʽʚ, ʷʢʽ ʜʘʣʽ 

ʤʦʞʫʪʴ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ, ʟʦʢʨʝʤʘ, ʦʮʪʦʚʫ; 

ï ʛʥʠʪʪʷ ï ʛʣʠʙʦʢʝ ʨʦʟʢʣʘʜʘʥʥʷ ʙʽʣʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʧʽʜ ʜʽʻʶ 

ʧʨʦʪʝʦʣʽʪʠʯʥʠʭ ʬʝʨʤʝʥʪʽʚ ʛʥʠʣʽʩʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʇʨʦʜʫʢʪʘʤʠ ʨʦʟʢʣʘʜʘʥʥʷ 

ʻ ʩʽʨʢʦʚʦʜʝʥʴ, ʘʤʽʘʢ, ʤʝʪʘʥ, ʽʥʜʦʣ, ʤʝʨʢʘʧʪʘʥʠ ʪʘ ʽʥʰʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʥʘʜʘʶʪʴ 

ʛʦʪʦʚʽʡ ʧʨʦʜʫʢʮʽʾ ʥʝʧʨʠʻʤʥʦʛʦ ʟʘʧʘʭʫ ʪʘ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʭʘʨʯʦʚʦʛʦ 

ʦʪʨʫʻʥʥʷ; 

ï ʧʣʽʩʥʷʚʽʥʥʷ ï ʨʦʟʱʝʧʣʝʥʥʷ ʚʫʛʣʝʚʦʜʽʚ, ʙʽʣʢʽʚ ʪʘ ʞʠʨʽʚ ʧʽʜ ʜʽʻʶ ʬʝʨʤʝʥʪʽʚ 

ʧʣʽʩʥʷʚʠʭ ʛʨʠʙʽʚ ʩʫʧʨʦʚʦʜʞʫʚʘʥʝ ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʣʴʦʪʽʚ ʨʽʟʥʦʛʦ 

ʢʦʣʴʦʨʫ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʥʝʧʨʠʻʤʥʦʛʦ ʩʤʘʢʫ ʪʘ ʟʘʧʘʭʫ. 

ɿʚʽʜʩʠ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʩʫʪʪʻʚʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʥʝʙʘʞʘʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʩʫʚʘʥʥʷ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ 

ʧʨʠʜʘʪʥʦʩʪʽ ʤ`ʷʩʥʦʾ ʧʨʦʜʫʢʮʽʾ (Cherednichenko, Bal-Prylypko, Paska, & 

Nikolaenko, 2021). ʇʝʨʝʚʘʛʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʽʜʧʦʚʽʜʥʦʾ ʮʽʡ ʚʠʤʦʟʽ ʧʨʦʜʫʢʮʽʾ, 

ʟʦʢʨʝʤʘ ʪʽʡ, ʱʦ ʥʝ ʚʠʤʘʛʘʻ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘʜʘʻʪʴʩʷ ʧʨʦʜʫʢʪʘʤ ʽʟ 

ʩʧʝʮʠʬʽʯʥʠʤ ʩʤʘʢʦʤ ʪʘ ʘʨʦʤʘʪʦʤ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʏʝʨʝʜʥʽʯʝʥʢʦ, ʉʣʦʙʦʜʷʥʶʢ, 

ʃʝʦʥʦʚʘ, & ʈʷʙʦʚʦʣ, 2020). 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʮʝʩʽʚ ʾʭ ʦʪʨʠʤʘʥʥʷ ʻ ʥʘʷʚʥʽʩʪʴ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʪʘʧʫ ʟʘʩʦʣʶʚʘʥʥʷ, ʜʦʟʨʽʚʘʥʥʷ ʪʘ ʩʫʰʽʥʥʷ, ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʚ ʧʨʦʜʫʢʪʘʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʢʦʣʴʦʨʫ, ʢʦʥʩʠʩʪʝʥʮʽʾ, ʘʨʦʤʘʪʫ ʪʘ ʩʤʘʢʫ 

(ʂʦʚʘʣʴ, & ɻʫʮʴ, 2022; Vidal, Paglarini, Lorenzo, Munekata, & Pollonio, 2021). 
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. ʅʝʚʽʜ`ʻʤʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʷʢʦʩʪʽ ʪʘʢʠʭ ʚʠʨʦʙʽʚ ʻ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ 

ʟʙʝʨʽʛʘʥʥʷ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʧʦʞʠʚʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʣʽʟʘʮʽʻʶ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢ ʟʚʘʥʠʭ ʙʘʨ`ʻʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ɹʊ) (Rebezov et al., 2024). 

 

1.1.1 ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʙʘʨ`ʻʨʽʚ 

ɺʽʜʦʤʦ (ʈʷʧʦʣʦʚʘ, & ʆʣʽʡʥʠʢ, 2024), ʱʦ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ 

ʦʪʨʠʤʘʥʥʷ ʦʨʛʘʥʽʟʤʦʤ ʣʶʜʠʥʠ ʙʽʣʢʽʚ ʻ ʤ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ, ʜʦ ʷʢʦʩʪʽ ʷʢʠʭ ʧʨʠ 

ʥʘʜʭʦʜʞʝʥʥʽ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʩʪʘʚʣʷʪʴʩʷ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʥʝ ʪʽʣʴʢʠ ʱʦʜʦ 

ʜʦʪʨʠʤʘʥʥʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʘʣʝ ʡ 

ʛʘʨʘʥʪʽʡ ʾʭ ʙʝʟʧʝʯʥʦʩʪʽ (Nikolaienkʦ, & Bal-Prylypko, 2020). 

ʈʦʙʦʪʠ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʟʧʝʯʥʦʾ ʧʨʦʜʫʢʮʽʾ (ñbarrier technologiesò) 

ʧʦʯʠʥʘʶʪʴʩʷ ʟ ʜʽʡ ʟ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʭʘʨʯʦʚʦʾ ʩʠʨʦʚʠʥʠ (ISO 22000 

Resource Center, 2014). 

ï ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʘʚʪʦʨʠʟʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ ʻ 

ʩʧʦʨʫʜʞʝʥʥʷ ʧʘʨʢʘʥʫ. ʉʫʚʦʨʦʤʫ ʢʦʥʪʨʦʣʶ ʪʘ ʥʘʛʣʷʜʫ ʧʽʜʣʷʛʘʶʪʴ ʧʨʠ ʮʴʦʤʫ ʨʫʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟ ʜʦʩʪʘʚʢʠ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʚʝʟʝʥʥʷ ʚʽʜʭʦʜʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʩʪʘʥʫ ʚʠʨʦʙʥʠʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʜʦʩʪʫʧʫ ʜʦʤʘʰʥʽʭ ʪʘ ʩʚʽʡʩʴʢʠʭ 

ʪʚʘʨʠʥ. ʊʝʨʠʪʦʨʽʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʰʢʦʜʥʠʡ ʩʢʠʜ 

ʜʨʝʥʘʞʥʠʭ ʪʘ ʜʦʱʦʚʠʭ ʚʦʜ, ʧʨʦʩʪʽʨ ʫ ʪʨʠ ʤʝʪʨʠ ʥʘʚʢʦʣʦ ʪʝʨʠʪʦʨʽʾ ʬʘʙʨʠʢʠ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʽʣʴʥʠʤ ʚʽʜ ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʪʠʤ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʤʦʞʣʠʚʦʩʪʽ 

ʨʦʟʤʥʦʞʝʥʥʷ ʰʢʽʜʥʠʢʽʚ. ʊʘʢʦʞ ʥʘʚʢʦʣʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʘʞʘʥʦ ʩʧʦʨʫʜʠʪʠ 

ʙʝʪʦʥʥʠʡ ʧʘʨʢʘʥ ʚʠʩʦʪʦʶ 10 ʩʘʥʪʠʤʝʪʨʽʚ ʟʘʛʣʠʙʣʝʥʠʡ ʫ ʟʝʤʣʶ ʧʨʠʥʘʡʤʥʽ ʥʘ 60 

ʩʘʥʪʠʤʝʪʨʽʚ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦʥʠʢʥʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʶ ʛʨʠʟʫʥʽʚ. ʅʘ ʪʝʨʠʪʦʨʽʾ 

ʤʽʩʮʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʤʽʱʫʚʘʪʠ ʫ ʤʽʩʮʷʭ 

ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʤ ʧʝʨʝʚʘʞʘʶʯʠʭ ʚʽʪʨʽʚ. 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʢʨʠʪʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ ʚʽʜ ʧʦʪʨʘʧʣʷʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʟʘʙʨʫʜʥʝʥʴ. ʋʩʽ ʚʭʦʜʠ/ʚʠʭʦʜʠ (ʚʽʢʥʘ, ʜʚʝʨʽ, ʚʝʥʪʠʣʷʮʽʡʥʽ ʦʪʚʦʨʠ ʣʽʥʽʾ 

ʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷ, ʟʣʠʚʥʽ ʦʪʚʦʨʠ ʚ ʧʽʜʣʦʛʘʭ ʪʘ ʽʥ.) ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʣʘʜʥʘʥʠʤʠ 
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ʪʘʢ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʫʭ ʧʝʨʩʦʥʘʣʫ, ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʧʦʚʽʪʨʷ, ʜʦʧʦʤʽʞʥʠʭ ʟʘʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ (ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʦʜʘ, ʧʦʚʽʪʨʷ, 

ʛʘʟʠ ʪʘ ʽʥ.), ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ (ʦʙʦʨʦʪʥʘ ʚʦʜʘ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʘʨ, ʩʪʠʩʥʝʥʝ 

ʧʦʚʽʪʨʷ, ʝʣʝʢʪʨʠʢʘ ʪʘ ʽʥ.), ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʰʢʽʜʥʠʢʽʚ. ɼʨʝʥʘʞʥʽ ʪʘ 

ʚʝʥʪʠʣʷʮʽʡʥʽ ʦʪʚʦʨʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʽ, ʱʦ ʚʠʚʝʜʝʥʽ ʥʘ ʩʪʝʣʶ, ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʦʙʣʘʜʥʘʥʽ ʨʝʰʽʪʢʘʤʠ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦʥʠʢʥʝʥʥʷ ʛʨʠʟʫʥʽʚ, ʢʦʤʘʭ ʪʘ ʧʪʘʭʽʚ. 

ï ʨʦʟʧʦʜʽʣ ʧʨʠʤʽʱʝʥʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʪʘʢʽ, ʱʦ ʤʘʶʪʴ ʚʽʜʤʽʥʥʽ ʚʠʤʦʛʠ ʜʦ 

ʾʭ ʛʽʛʽʻʥʽʯʥʦʛʦ ʩʪʘʥʫ. 

ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ 

ʙ ʚʠʢʣʶʯʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʧʨʦʜʫʢʪ ʩʪʦʨʦʥʥʽʭ ʨʝʯʦʚʠʥ ʪʘ ʧʨʝʜʤʝʪʽʚ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʦʧʝʨʘʮʽʡʥʠʡ ʯʘʩ. 

 

1.1.2 ʌʦʨʤʫʣʶʚʘʥʥʷ ʧʦʥʷʪʪʷ ʙʘʨ`ʻʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʈʝʘʣʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʫ ʥʘʟʚʘʥʠʭ ʚʠʱʝ ʟʘʭʦʜʽʚ ʜʘʻ ʟʤʦʛʫ ʧʝʨʝʡʪʠ ʜʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ, ʨʝʟʫʣʴʪʘʪ ï ʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ ʧʨʠʜʘʪʥʦʩʪʽ 

ʜʦ ʩʧʦʞʠʚʘʥʥʷ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʟʘʛʘʣʴʥʦʾ ʪʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚ ʽʥʪʝʛʨʘʣʴʥʽ ʧʨʦʮʝʩʠ ʚʠʨʦʙʥʠʮʪʚʘ ʚʢʣʶʯʘʶʪʴ ʪʘʢ ʟʚʘʥʽ 

çʙʘʨ`ʻʨʥʽ ʪʝʭʥʦʣʦʛʽʾè (ñHurdle technologyò) (Lisboa et al., 2024). ʇʽʜ çʙʘʨ`ʻʨʦʤè 

ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʥʽʤʝʮʴʢʦʛʦ ʚʯʝʥʦʛʦ ʃ. ʃʷʡʩʪʥʝʨʘ ʨʦʟʫʤʽʶʪʴ 

çʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʙʦ ʩʫʤʽʩʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʢʦʥʩʝʨʚʫʶʯʠʭ ʬʘʢʪʦʨʽʚ 

(ʚʥʫʪʨʽʰʥʽʭ, ʟʦʚʥʽʰʥʽʭ, ʚʠʨʦʙʥʠʯʠʭ)è, ʨʝʟʫʣʴʪʘʪʦʤ ʯʦʛʦ ̒  ʦʪʨʠʤʘʥʥʷ ʥʝ ʪʽʣʴʢʠ 

ʩʪʘʙʽʣʴʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʭʘʨʯʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʘʣʝ ʡ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʤʘʪʠʤʝ 

ʭʦʨʦʰʽ ʩʝʥʩʦʨʥʽ ʷʢʦʩʪʽ ʪʘ ʚʠʩʦʢʫ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ (Leistner, 2000).  

ʂʦʞʥʘ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʪʘʤʘʥʥʠʭ ʣʠʰʝ ʥʽʡ ʩʘʤʽʡ. ʊʦʤʫ ʩʝʨʝʜ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʜʘʯ ʚʠʨʦʙʥʠʮʪʚʘ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʚʠʟʥʘʯʝʥʥʷ ʙʘʨ`ʻʨʽʚ (ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ), ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ 

ʜʦʧʦʤʦʞʝ ʚʠʨʦʙʠʪʠ ʭʘʨʘʢʪʝʨʥʽ ʚʠʩʦʢʠʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʚʠʩʦʢʦʷʢʽʩʥʽ ʧʨʦʜʫʢʪʠ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ. ʑʦʜʦ ʦʩʪʘʥʥʴʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʪʝʨʤʽʥ 
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ʧʨʠʜʘʪʥʦʩʪʽ ʜʦ ʩʧʦʞʠʚʘʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʪʘ ʩʪʫʧʝʥʝʤ 

ʘʢʪʠʚʥʦʩʪʽ ʚ ʤ`ʷʩʥʽʡ ʩʠʩʪʝʤʽ ʪʦʢʩʠʢʦʛʝʥʥʠʭ ʪʘ ʭʚʦʨʦʙʦʪʚʦʨʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʉʘʤʝ ʥʘ ʧʨʠʛʥʽʯʝʥʥʷ ʾʭʥʴʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʥʘʧʨʘʚʣʝʥʽ ɹʊ (ʏʘʛʘʨʦʚʩʴʢʠʡ, & 

ʈʠʙʘʯʫʢ, 2020).  

ɿʘʟʚʠʯʘʡ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʤô̫ ʩʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʚʢʣʶʯʘʶʪʴ ʢʽʣʴʢʘ 

ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ, ʷʢʽ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ ʛʨʫʧʠ ʬʽʟʠʯʥʠʭ, ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ, ʧʨʦʪʠʤʽʢʨʦʙʥʠʭ ʪʘ ʟʤʽʰʘʥʠʭ ʧʨʠʡʦʤʽʚ. ʉʝʨʝʜ ʪʘʢʠʭ ʥʘʡʙʽʣʴʰ 

ʟʥʘʯʫʱʠʤʠ ʚʠʟʥʘʥʽ ʥʘʩʪʫʧʥʽ (ʪʘʙʣ. 1.1).  

 

ʊʘʙʣʠʮʷ 1.1 

ʊʠʧʠ ʙʘʨ`ʻʨʽʚ ʜʣʷ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʨʠʜʘʪʥʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʜʦ 

ʩʧʦʞʠʚʘʥʥʷ 

ʊʠʧ ʙʘʨ`ʻʨʫ ʇʨʠʢʣʘʜʠ 

ʌʽʟʠʯʥʽ 

ɸʩʝʧʪʠʯʥʘ ʫʧʘʢʦʚʢʘ, ʦʙʨʦʙʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʭʚʠʣʷʤʠ 

(ʤʽʢʨʦʭʚʠʣʽ, ʨʘʜʽʦʯʘʩʪʦʪʠ, ʧʫʣʴʩʫʶʯʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ, 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ ʧʦʣʷ), ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ 

(ʙʣʘʥʰʫʚʘʥʥʷ, ʧʘʩʪʝʨʠʟʘʮʽʷ, ʩʪʝʨʠʣʽʟʘʮʽʷ, ʚʠʧʘʨʶʚʘʥʥʷ, 

ʝʢʩʪʨʫʟʽʷ, ʚʠʧʽʢʘʥʥʷ ʧʽʜʩʤʘʞʫʚʘʥʥʷ), ʽʦʥʽʟʫʶʯʘ ʨʘʜʽʘʮʽʷ, 

ʥʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ (ʦʭʦʣʦʜʞʝʥʥʷ, ʟʘʤʦʨʦʞʫʚʘʥʥʷ), 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʘʪʤʦʩʬʝʨʠ, ʧʘʢʫʚʘʣʴʥʽ ʧʣʽʚʢʠ (ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʘʢʪʠʚʥʘ ʫʧʘʢʦʚʢʘ, ʾʩʪʽʚʥʽ ʧʦʢʨʠʪʪʷ), ʬʦʪʦʜʠʥʘʤʽʯʥʘ 

ʽʥʘʢʪʠʚʘʮʽʷ, ʥʘʜʚʠʩʦʢʠʡ ʪʠʩʢ, ʫʣʴʪʨʘʟʚʫʢʦʚʝ 

ʦʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʙʨʦʙʢʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʤ 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ɼʚʦʦʢʩʠʜ ʚʫʛʣʝʮʶ, ʝʪʘʥʦʣ, ʤʦʣʦʯʥʘ ʢʠʩʣʦʪʘ, ʥʠʟʴʢʠʡ ʨʅ, 

ʥʠʟʴʢʠʡ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʡ ʧʦʪʝʥʮʽʘʣ (ʆɺʇ), ʥʠʟʴʢʘ 

ʘʢʪʠʚʥʽʩʪʴ ʚʦʜʠ, ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ ʄʘʡʷʨʘ, ʦʨʛʘʥʽʯʥʽ 

ʢʠʩʣʦʪʠ, ʢʠʩʝʥʴ, ʦʟʦʥ, ʬʝʥʦʣʠ, ʬʦʩʬʘʪʠ, ʢʫʭʦʥʥʘ ʩʽʣʴ, 

ʢʦʧʯʝʥʥʷ, ʥʽʪʨʘʪ/ʥʽʪʨʠʪ ʥʘʪʨʽʶ, ʩʫʣʴʬʽʪʠ ʥʘʪʨʽʶ ʘʙʦ 

ʢʘʣʽʶ, ʩʧʝʮʽʾ ʪʘ ʪʨʘʚʠ, ʘʛʝʥʪʠ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ 

ʄʽʢʨʦʙʽʦʣʦʛʽʯʥʽ 
ɸʥʪʠʙʽʦʪʠʢʠ, ʙʘʢʪʝʨʽʦʮʠʥʠ, ʢʦʥʢʫʨʝʥʪʥʘ ʬʣʦʨʘ, ʟʘʭʠʩʥʽ 

ʢʫʣʴʪʫʨʠ 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (Li et al., 2022; Barcenilla, Ćlvarez-

Ord·¶ez, L·pez, Alvseike, & Prieto, 2022; Papadochristopoulos, Kerry, Fegan, Burgess, & Duffy, 

2021; Diao, Huan, & Chitrakar, 2020) 

 



33 

ʈʦʟʛʣʷʜʘʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʪʘʙʣʠʮʽ 1.1, ʩʝʨʝʜ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʫ ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʠʟʥʘʥʘ ʘʢʪʠʚʥʽʩʪʴ ʚʦʜʠ (ɸɺ) aw ̫ ʢ 

ʪʘʢʘ, ʱʦ ʤʘʻ ʚʧʣʠʚ ʪʘʢʦʞ ʥʘ ʰʚʠʜʢʽʩʪʴ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ, ʨʝʘʢʮʽʡ ʛʽʜʨʦʣʽʟʫ, 

ʬʝʨʤʝʥʪʘʪʠʚʥʫ ʪʘ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʉʣʦʙʦʜʷʥʶʢ, 

ʃʝʦʥʦʚʘ, & ʂʨʠʞʦʚʘ, 2016). ʑʦʜʦ ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʫ ʚʧʣʠʚʫ ʥʘ ʙʝʟʧʝʯʥʽʩʪʴ 

ʧʨʦʜʫʢʪʫ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ, ʩʫʯʘʩʥʽ ʥʘʫʢʦʚʽ ʨʦʟʨʦʙʢʠ 

ʚʠʟʥʘʯʠʣʠ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ aw, ʟʘ ʤʝʞʘʤʠ ʷʢʠʭ ʛʘʣʴʤʫʶʪʴʩʷ ʘʙʦ ʚʟʘʛʘʣʽ 

ʧʨʠʧʠʥʷʶʪʴʩʷ ʧʨʦʮʝʩʠ ʨʦʟʤʥʦʞʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʙʘʢʪʝʨʽʡ 

ʛʨʘʥʠʯʥʠʤ ʻ ʟʥʘʯʝʥʥʷ ɸɺ ʫ 0,90, ʜʨʽʞʜʞʽʚ ʪʘ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʧʣʽʩʥʷʚʠʭ ʛʨʠʙʽʚ ï 

0,65. ʇʨʦʪʝ ʥʘʚʽʪʴ ʧʨʠ ʮʠʭ ʟʥʘʯʝʥʥʷʭ ʚ ʧʨʦʜʫʢʪʘʭ ʤʦʞʫʪʴ ʧʨʦʜʦʚʞʫʚʘʪʠʩʷ 

ʥʝʟʚʦʨʦʪʥʽ ʟʤʽʥʠ. ʊʘʢ, ʧʨʦʮʝʩʠ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ ʧʨʠʧʠʥʷʶʪʴʩʷ ʣʠʰʝ ʟʘ ʟʥʘʯʝʥʴ 

ɸɺ < 0,2 (Tapia, Alzamora, & Chirife, 2008;  ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʄʝʣʴʥʠʯʫʢ, & 

ʇʨʘʩʦʣ, 2012).  

ʊʘʢʦʞ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʥʠʭ ʚ ʪʝʭʥʦʣʦʛʽʾ ʤ`ʷʩʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ɹʊ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʫʭʦʥʥʦʾ ʩʦʣʽ. ɺʚʝʜʝʥʥʷ ʩʦʣʽ ʚ ʤ`ʷʟʦʚʫ ʪʢʘʥʠʥʫ 

ʚʝʜʝ ʜʦ ʚʠʜʘʣʝʥʥʷ ʟ ʥʝʾ ʚʦʣʦʛʠ ʩʫʧʨʦʚʦʜʞʫʚʘʥʝ ʟʤʝʥʰʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ, 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʘ/ʘʙʦ ʧʨʠʧʠʥʝʥʥʷ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʪʘ 

ʽʥ., 2023a). ʆʜʥʘʢ ʜʝʷʢʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ (ʥʘʧʨʠʢʣʘʜ ʩʪʘʬʽʣʦʢʦʢʠ) ʟʜʘʪʥʽ ʽʩʥʫʚʘʪʠ 

ʥʘʚʽʪʴ ʧʨʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʩʦʣʽ (Feng et al., 2022). ʊʦʤʫ ʦʜʥʦʛʦ ʪʘʢʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʡʦʤʫ ʥʝʜʦʩʪʘʪʥʴʦ ʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ 

ʧʨʠʡʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʫʭʦʥʥʦʾ ʩʦʣʽ ʥʝʦʙʭʽʜʥʦ ʜʦʧʦʚʥʶʚʘʪʠ ʽʥʰʠʤʠ ʙʘʨ`ʻʨʘʤʠ. 

ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘʢʠʤ ʯʘʩʪʦ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʽʪʨʠʪʫ/ʥʽʪʨʘʪʫ 

ʥʘʪʨʽʶ, ʷʢʽ ʚʥʘʩʣʽʜʦʢ ʥʠʟʢʠ ʧʝʨʝʪʚʦʨʝʥʴ ʧʝʨʝʭʦʜʷʪʴ ʫ ʬʦʨʤʫ ʘʛʨʝʩʠʚʥʦʛʦ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʦʢʩʠʜʫ ʘʟʦʪʫ (ɯɯ) (Jia et al., 2024; ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 

ʂʨʠʞʦʚʘ, & ʄʦʨʦʟʶʢ, 2017).  

ʅʘʩʪʫʧʥʠʤ ʟ ʯʠʩʣʘ ʙʘʨ`ʻʨʥʠʭ ʬʘʢʪʦʨʽʚ ʚ ʜʽʷʭ ʟ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʟʚʠʪʢʫ 

ʥʝʙʝʟʧʝʯʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʻ ʟʥʠʞʝʥʥʷ ʨʅ ʟ ʚʣʘʩʪʠʚʠʭ ʤ`ʷʩʫ ʟʥʘʯʝʥʴ 5,5...6,3 ʜʦ 4,5 

(ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ 10...100 ʨʘʟʽʚ), ʢʦʣʠ ʤʘʡʞʝ 
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ʧʨʠʧʠʥʷʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʧʘʪʦʛʝʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ. ʇʨʦʪʝ ʥʘʚʽʪʴ ʮʴʦʛʦ ʥʝʜʦʩʪʘʪʥʴʦ, 

ʦʩʢʽʣʴʢʠ ʜʝʷʢʽ ʚʠʜʠ ʧʣʽʩʥʷʚ ʪʘ ʜʨʽʞʜʞʽʚ (ʥʘʧʨʠʢʣʘʜ, Aspergillius, Saccharomyces, 

Candida) ʤʦʞʫʪʴ ʨʦʟʚʠʚʘʪʠʩʷ ʥʘʚʽʪʴ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʨʅ ʙʣʠʟʴʢʠʭ ʜʦ 2,0. ɸʣʝ 

ʤ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ ʟ ʪʘʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʅ ʯʝʨʝʟ ʩʤʘʢʦʚʽ ʪʨʘʜʠʮʽʾ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʠʨʦʙʣʷʶʪʴʩʷ ʽ ʚ ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘʨʘʟʽ ʪʝʭʥʦʣʦʛʽʷʭ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʟʘʜʘʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʽʣʴʢʘ ʙʘʨ`ʻʨʥʠʭ ʬʘʢʪʦʨʽʚ (Zuo, Wang, Zhang, 

Zhong, & Tang, 2024).  

ʆʜʥʘʢ, ʟʤʝʥʰʫʚʘʪʠ ɸɺ ʜʦ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʣʝʣʴʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʦʣʽ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʜʦʮʽʣʴʥʦ ʯʝʨʝʟ ʟʤʽʥʫ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤ`ʷʩʦʧʨʦʜʫʢʪʽʚ ʚ ʥʝʙʘʞʘʥʫ ʩʪʦʨʦʥʫ. ʊʦʤʫ ʱʝ 

ʦʜʥʠʤ ʟ çʙʘʨ`ʻʨʥʠʭè ʬʘʢʪʦʨʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʛʦ ʧʦʢʣʠʢʘʥʝ ʦʪʨʠʤʘʪʠ ʧʨʦʜʫʢʪ ʟ 

ʚʠʩʦʢʠʤʠ ʩʧʦʞʠʚʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʻ ʆɺʇ ʤ`ʷʩʥʦʾ ʩʠʩʪʝʤʠ. ʇʦʢʘʟʥʠʢ ʆɺʇ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʣʷ ʦʧʠʩʘʥʥʷ ʩʪʘʥʫ ʤ`ʷʩʥʦʾ ʩʠʩʪʝʤʠ, ʢʦʥʢʨʝʪʥʦ 

ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ, ʱʦ ʫ ʥʽʡ ʤʽʩʪʠʪʴʩʷ. ɺ ʩʠʩʪʝʤʘʭ ʟ ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʆɺʇ, 

ʪʦʙʪʦ ʟʘ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚʘʢʫʫʤʫʚʘʥʥʷʤ 

ʚʠʨʦʙʫ, ʘʝʨʦʙʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʚʠʪʨʠʤʫʶʪʴ ʥʘʚʽʪʴ ʧʨʠʩʫʪʥʽʩʪʴ ʥʽʪʨʠʪʫ 

ʥʘʪʨʽʶ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʨʦʟʤʥʦʞʫʶʪʴʩʷ, ʱʦ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʟʙʽʣʴʰʝʥʥʷ 

ʯʠʩʝʣʴʥʦʩʪʽ ʢʦʨʠʩʥʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʟʦʢʨʝʤʘ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ (ʄɹ) ( 

ɺʽʥʥʽʢʦʚʘ & ʇʨʦʥʴʢʽʥʘ, 2015). ɺʠʪʨʠʤʢʘ ʧʨʦʜʫʢʪʫ ʫ ʚʘʢʫʫʤʦʚʘʥʽʡ ʫʧʘʢʦʚʮʽ 

ʩʫʪʪʻʚʦ ʧʦʜʦʚʞʫʻ ʪʝʨʤʽʥʠ ʟʙʝʨʽʛʘʥʥʷ ʤ`ʷʩʥʦʾ ʧʨʦʜʫʢʮʽʾ (Roopa et al., 2023).  

ʎʴʦʤʫ ʞ ʩʧʨʠʷʻ ʧʦʤʽʱʝʥʥʷ ʧʨʦʜʫʢʪʫ ʚ ʫʧʘʢʦʚʢʫ, ʟʘʧʦʚʥʝʥʫ ʛʘʟʦʚʠʤʠ ʩʫʤʽʰʘʤʠ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʩʢʣʘʜʫ, ʚ ʷʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ ʤʘʢʩʠʤʘʣʴʥʦ ʟʤʝʥʰʝʥʘ ʟʘ 

ʨʘʭʫʥʦʢ ʟʘʤʽʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʥʘʧʨʠʢʣʘʜ, ʩʫʤʽʰʘʤʠ ʘʟʦʪʫ ʪʘ ʜʚʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 

(ʂʫʣʠʢ & ʇʨʠʛʦʜʽʡ, 2024).  

ʊʘʢʦʞ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʙʘʨ`ʻʨʥʠʭ ʬʘʢʪʦʨʽʚ ʚʽʜʽʛʨʘʶʪʴ ʭʘʨʯʦʚʽ ʜʦʙʘʚʢʠ 

ʟ ʢʦʥʩʝʨʚʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ï ʧʨʠʨʦʜʥʽ ï ʝʢʩʪʨʘʢʪʠ ʧʨʷʥʦʱʽʚ, ʨʽʟʥʽ ʚʠʜʠ 

ʧʝʨʮʽʚ ʪʦʱʦ, ʪʘ ʭʽʤʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ï ʜʝʷʢʽ ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ ʪʘ ʾʭ ʩʦʣʽ 

(ʣʘʢʪʘʪʠ, ʘʩʢʦʨʙʘʪʠ, ʩʦʨʙʘʪʠ), ʬʝʥʦʣʴʥʽ ʩʧʦʣʫʢʠ, ʝʪʘʥʦʣ, ʥʽʪʨʠʪʠ, ʥʽʪʨʘʪʠ, 

ʩʫʣʴʬʽʪʠ ʪʘ ʽʥ. (ʍʦʤʠʯ, ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʄʘʟʫʨʢʝʚʠʯ, & ʉʪʝʛʥʝʡ, 2022).  
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ɻʦʣʦʚʥʫ ʞ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʛʦʪʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʚʽʜʽʛʨʘʻ 

ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ. ʆʩʥʦʚʥʽ ʟʤʽʥʠ ʫ ʩʪʨʫʢʪʫʨʽ ʩʠʨʦʛʦ ʤ`ʷʩʘ ʟʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨ ʪʘ ʬʦʨʤʠ ʧʨʦʜʫʢʪʫ, ʟʥʠʱʝʥʥʽ ʚʝʛʝʪʘʪʠʚʥʦʾ 

ʤʽʢʨʦʬʣʦʨʠ, ʬʦʨʤʫʚʘʥʥʽ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʽʜʚʠʱʝʥʥʽ ʩʪʽʡʢʦʩʪʽ 

ʧʨʦʜʫʢʪʫ ʜʦ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʩʫʚʘʥʥʷ ʽ ʧʣʽʩʥʷʚʽʥʥʷ. ʊʘʢ, ʧʨʠ ʚʘʨʽʥʥʽ 

ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʚ ʮʝʥʪʨʽ ʙʘʪʦʥʫ ʪʝʤʧʝʨʘʪʫʨʠ 68...72 
o
ʉ ʛʠʥʝ ʜʦ 

99 % ʚʝʛʝʪʘʪʠʚʥʠʭ ʫʤʦʚʥʦ ʧʘʪʦʛʝʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ et al., 2024). 

 

1.2 ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʚ ʪʝʭʥʦʣʦʛʽʾ ʤô̫ ʩʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʧʦʜʦʚʞʝʥʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ 

ʑʝ ʦʜʥʦʶ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʥʦʶ ʚ ʧʨʘʢʪʠʮʽ ʢʘʪʝʛʦʨʽʶ ʩʭʦʞʠʭ ʟʘ 

ʤʝʭʘʥʽʟʤʦʤ ʜʽʾ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʻ 

ʢʦʧʯʝʥʥʷ ʪʘ ʚ`ʷʣʝʥʥʷ ï ʧʦʚʽʣʴʥʝ ʟʥʝʚʦʜʥʝʥʥʷ ʩʠʩʪʝʤʠ ʟ ʜʦʚʝʜʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ 

ʚʦʜʠ ʫ ʥʽʡ ʜʦ 0,90 ʽ ʤʝʥʰʝ (ɻʫʮʴ, ʈʫʩʘʚʩʴʢʘ, & ʂʦʚʘʣʴ, 2019). 

 

1.2.1 ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʜʽʡ ʟ ʢʦʧʯʝʥʥʷ ʤ`ʷʩʥʠʭ 

ʧʨʦʜʫʢʪʽʚ 

 ɻʦʣʦʚʥʦʶ ʾʭ ʚʽʜʤʽʥʥʽʩʪʶ ʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʟʥʝʚʦʜʥʝʥʥʷ. ʇʝʨʰʠʡ ʟ 

ʥʠʭ ï ʢʦʧʯʝʥʥʷ ï ʟʜʽʡʩʥʶʚʘʥʝ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʨʦʤʘʪʠʟʘʮʽʾ, ʧʨʠʛʦʪʫʚʘʥʥʷ ʯʠ ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʤ`ʷʩʦʧʨʦʜʫʢʪʽʚ 

ʩʫʧʨʦʚʦʜʞʫʚʘʥʠʡ ʚʧʣʠʚʦʤ ʥʘ ʥʠʭ ʜʠʤʫ ʚʽʜ ʧʘʣʘʶʯʦʛʦ ʯʠ ʪʣʽʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʥʘʡʯʘʩʪʽʰʝ ʜʝʨʝʚʠʥʠ (Racovita, Secuianu, Ciuca, & Israel-Roming, 2020).  

ɺʽʜʦʤʽ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʚʠʜʠ ʚʠʨʦʙʣʝʥʥʷ ʢʦʧʯʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ï ʭʦʣʦʜʥʠʡ, 

ʪʝʧʣʠʡ, ʛʘʨʷʯʠʡ ʪʘ ʢʦʧʯʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʨʽʜʢʦʛʦ ʜʠʤʫè. ʆʜʥʘʢ ʮʽ ʤʝʪʦʜʠ 

ʚʧʣʠʚʫ ʜʠʤʫ ʜʽʶʪʴ ʪʽʣʴʢʠ ʥʘ ʧʦʚʝʨʭʥʶ ʪʘ ʥʝ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʝʨʝʞʥʽʩʪʴ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʪʦʤʫ ʧʦʚʠʥʥʽ ʦʙô̒ ʜʥʫʚʘʪʠʩʴ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ɹʊ ï 

ʦʭʦʣʦʜʞʝʥʥʷʤ, ʧʘʢʫʚʘʥʥʷʤ ʪʘ ʽʥ. (Fellows, 2017).  

ʍʦʣʦʜʥʝ ʢʦʧʯʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20...30Áʉ. ʇʨʠ ʮʴʦʤʫ 

ʟʘʚʜʷʢʠ ʪʨʠʚʘʣʦʤʫ ʢʦʥʪʘʢʪʫ ʟ ʜʠʤʦʤ ʟʤʽʥʠ ʚ ʧʨʦʜʫʢʪʽ ʧʦʣʷʛʘʶʪʴ ʣʠʰʝ ʚ  ʥʘʙʫʪʪʽ 
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ʩʧʝʮʠʬʽʯʥʦʛʦ ʘʨʦʤʘʪʫ ʪʘ ʟʦʣʦʪʠʩʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʢʦʣʴʦʨʫ. ɸ ʦʩʢʽʣʴʢʠ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʥʘʜʘʥʥʷ ʤ`ʷʩʫ ʭʘʨʘʢʪʝʨʥʦʛʦ ʩʤʘʢʫ, ʚʦʥʦ 

ʧʝʨʝʜ ʦʙʨʦʙʢʦʶ ʤʘʻ ʙʫʪʠ ʟʘʩʦʣʝʥʠʤ ʘʙʦ ʧʽʜʚ`ʷʣʝʥʠʤ. ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʚʠʩʦʢʠʡ ʨʠʟʠʢ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʩʫʚʘʥʥʷ, ʤ`ʷʩʦ 

ʭʦʣʦʜʥʦʛʦ ʢʦʧʯʝʥʥʷ ʧʦʚʠʥʥʽ ʚʠʨʦʙʣʷʪʠ ʪʘ ʧʝʨʝʚʽʨʷʪʠ ʥʘ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʯʥʦʩʪʽ 

ʧʝʨʝʜ ʧʝʨʝʜʘʯʝʶ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʪʽʣʴʢʠ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʽ ʬʘʭʽʚʮʽ (Racovita, 

Secuianu, Ciuca, & Israel-Roming, 2020).  

ʊʝʧʣʝ ʢʦʧʯʝʥʥʷ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʥʮʠʧʦʚʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʭʦʣʦʜʥʦʛʦ ʽ ʻʜʠʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʦʙʢʠ ʜʠʤʦʤ ï ʚʽʜ 25 
o
ʉ ʜʦ 

40 
o
ʉ (Fellows, 2017). 

ɻʘʨʷʯʝ ʢʦʧʯʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥʷ ï ʢʦʧʪʠʣʴʥʽ ʯʠ ʢʦʧʪʠʣʴʥʽʡ ʧʝʯʽ. ʊʫʪ ʧʨʦʜʫʢʪ ʧʽʜʜʘʻʪʴʩʷ ʚʘʨʽʥʥʶ ʪʘ 

ʦʜʥʦʯʘʩʥʦ ʢʦʥʪʘʢʪʫʻ ʟ ʜʝʨʝʚʥʠʤ ʜʠʤʦʤ. ʗʢ ʽ ʧʨʠ ʭʦʣʦʜʥʦʤʫ ʢʦʧʯʝʥʥʽ, ʧʨʦʜʫʢʪ 

ʩʣʽʜ ʩʧʦʯʘʪʢʫ ʧʽʜʚʽʩʠʪʠ ʽ ʚʠʪʨʠʤʘʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʽ ʪʽʣʴʢʠ 

ʧʽʩʣʷ ʮʴʦʛʦ ʧʦʯʘʪʠ ʦʙʨʦʙʢʫ ʜʠʤʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 52 
o
ʉ ʜʦ 80 

o
ʉ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʧʝʨʰʠʭ ʜʚʦʭ ʩʧʦʩʦʙʽʚ, ʧʽʜʜʘʥʽ ʛʘʨʷʯʦʤʫ ʢʦʧʯʝʥʥʶ ʧʨʦʜʫʢʪʠ ʤʦʞʥʘ ʙʝʟʧʝʯʥʦ 

ʾʩʪʠ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ (ʇʝʨʮʝʚʦʡ ʪʘ ʽʥ., 2021).  

ʂʦʧʯʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʧʪʠʣʴʥʦʾ ʨʽʜʠʥʠ (çʨʽʜʢʦʛʦ ʜʠʤʫè). ʈʽʜʢʠʡ 

ʜʠʤ ï ʦʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥʝʥʥʷʤ ʫ ʚʦʜʽ ʧʨʦʜʫʢʪʽʚ ʪʣʽʥʥʷ ʜʝʨʝʚʠʥʠ ʘʨʦʤʘʪʠʟʘʪʦʨ, 

ʧʨʠ ʦʙʨʦʙʮʽ ʷʢʠʤ ʧʦʚʝʨʭʥʽ ʤô̫ ʩʥʠʡ ʧʨʦʜʫʢʪ ʥʘʙʫʚʘʻ ʩʤʘʢʫ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʧʨʦʜʫʢʪʘʤ, ʷʢʽ ʧʨʦʡʰʣʠ ʟʚʠʯʘʡʥʽ ʧʨʦʮʝʜʫʨʠ ʢʦʧʯʝʥʥʷ. ʊʠʧʦʚʦ ʜʦ ʩʢʣʘʜʫ ʨʽʜʢʦʛʦ 

ʜʠʤʫ ʚʭʦʜʠʪʴ ʚʦʜʘ (ʜʦ 92 %), ʬʝʥʦʣʠ (0,2...2,9 %), ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ (2,9...9,5 %), 

ʢʘʨʙʦʥʽʣʴʥʽ ʩʧʦʣʫʢʠ (6,0...4,6 %). ɼʝʷʢʽ ʩʧʦʣʫʢʠ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʩʝʨʚʘʥʪʽʚ, 

ʬʝʥʦʣ ʪʘ ʬʝʥʦʣʴʥʽ ʩʧʦʣʫʢʠ ʤʘʶʪʴ ʘʥʪʠʤʽʢʨʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʻ ʦʜʥʦʯʘʩʥʦ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ, ʧʽʜ ʜʽʻʶ ʷʢʠʭ ʫʧʦʚʽʣʴʥʶʶʪʴʩʷ ʧʨʦʮʝʩʠ ʟʛʽʨʢʥʝʥʥʷ ʞʠʨʽʚ. 

ʇʨʦʪʝ ʯʝʨʝʟ ʪʝ, ʱʦ ʨʽʜʢʠʡ ʜʠʤ ʥʝ ʧʨʦʥʠʢʘʻ ʚʛʣʠʙ ʧʨʦʜʫʢʪʫ ʡʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʽʩʣʷ ʟʘʩʦʣʝʥʥʷ ʘʙʦ ʯʘʩʪʢʦʚʦʛʦ ʚ`ʷʣʝʥʥʷ (Brustolin et al., 2024).  

ʉʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʢʦʧʯʝʥʥʷ ʚ ʧʨʦʜʫʢʪ ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ 

ʢʘʥʮʝʨʦʛʝʥʠ, ʥʘʧʨʠʢʣʘʜ, 3,4-ʙʝʥʟʧʽʨʝʥ ʫʪʚʦʨʶʚʘʥʠʡ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʜʝʨʝʚʠʥʠ, 
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ʯʝʨʝʟ ʱʦ ʧʨʠ ʨʝʛʫʣʷʨʥʦʤʫ ʩʧʦʞʠʚʘʥʥʽ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʧʝʨʝʚʘʛʫ ʩʣʽʜ ʥʘʜʘʚʘʪʠ ʚ`ʷʣʝʥʠʤ ʧʨʦʜʫʢʪʘʤ (Nizio, Czwartkowski, & Niedbağa, 

2023).  

 

1.2.2 ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʜʽʡ ʟ ʚ`ʷʣʝʥʥʷ ʤ`ʷʩʥʠʭ 

ʧʨʦʜʫʢʪʽʚ 

ʆʩʥʦʚʥʠʤʠ ʚʠʜʘʤʠ ʚʠʨʦʙʣʝʥʠʭ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʬʝʨʤʝʥʪʦʚʘʥʠʭ 

ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʩʠʨʦʢʦʧʯʝʥʽ ʪʘ ʩʠʨʦʚ`ʷʣʝʥʽ ʚʠʨʦʙʠ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʣʦʚʠʯʠʥʫ ʪʘ ʩʚʠʥʠʥʫ ʥʘʡʚʠʱʦʾ ʷʢʦʩʪʽ, ʷʢʘ 

ʧʨʦʡʰʣʘ ʨʝʪʝʣʴʥʠʡ ʩʘʥʽʪʘʨʥʠʡ ʢʦʥʪʨʦʣʴ (ʂʨʠʞʘʢ, ʉʝʤʢʦ, & ɯʚʘʥʽʱʝʚʘ, 2023). 

ʆʜʥʘʢ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʦʢʦʧʯʝʥʠʭ ʚʠʨʦʙʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʧʪʠʣʴʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʙʝʟ ʚʠʥʷʪʢʫ ʤʽʩʪʷʪʴ ʧʦʪʝʥʮʽʡʥʦ 

ʢʘʥʮʝʨʦʛʝʥʥʽ ʨʝʯʦʚʠʥʠ ï ʥʝʜʦʣʽʢ, ʷʢʦʛʦ ʧʦʟʙʘʚʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʠʨʦʚ`ʷʣʝʥʠʭ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʍʘʨʘʢʪʝʨʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚ`ʷʣʝʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʥʘʜ ʢʦʧʯʝʥʠʤʠ ʻ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪʠ ʞʠʨʫ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʠʡ ʚ ʧʨʦʮʝʩʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʟʘ ʚʩʽʤ ʦʙ`ʻʤʦʤ ʧʨʦʜʫʢʪʫ. ʂʨʽʤ ʧʦʢʨʘʱʝʥʥʷ ʡʦʛʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʜʫ ʮʠʤ ʜʦʩʷʛʘʻʪʴʩʷ ʡ ʟʙʽʣʴʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʟʘʚʜʷʢʠ 

ʫʩʢʣʘʜʥʝʥʥʶ ʜʦʩʪʫʧʫ ʦʢʠʩʣʶʚʘʯʽʚ ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʽʚ ʧʨʦʜʫʢʪʫ, ʦʪʞʝ 

ʤʽʥʽʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʾʭ ʦʢʠʩʥʝʥʥʷ ʡ ʧʨʦʛʦʨʘʥʥʷ ʧʨʦʜʫʢʪʫ ʚ ʮʽʣʦʤʫ (Toldr§ et 

al., 2014).  

ʇʝʨʰʦʶ ʦʧʝʨʘʮʽʻʶ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʣʘʥʮʶʛʫ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʦʚ`ʷʣʝʥʠʭ 

ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʩʦʣʽʥʥʷ ʤ`ʷʩʘ. ʇʨʦʚʝʜʝʥʥʷ ʮʽʻʾ ʦʧʝʨʘʮʽʾ ʥʘʧʨʘʚʣʝʥʝ ʥʘ 

ʟʤʝʥʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʧʘʪʦʛʝʥʥʦʾ ʪʘ ʥʝʙʝʟʧʝʯʥʦʾ ʜʣʷ ʟʜʦʨʦʚ`ʷ ʣʶʜʠʥʠ 

ʤʽʢʨʦʬʣʦʨʠ, ʥʘʧʨʘʚʣʝʥʠʡ ʚʧʣʠʚ ʥʘ ʢʦʣʽʨ, ʢʦʥʩʠʩʪʝʥʮʽʶ ʩʤʘʢ ʽ ʘʨʦʤʘʪ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʦʣʽʥʥʷ, ʤ`ʷʩʦ ʦʙʨʦʙʣʷʶʪʴ ʢʫʭʦʥʥʦʶ ʩʽʣʣʶ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʥʽʪʨʘʪʫ/ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ/ʢʘʣʽʶ ʪʘ ʮʫʢʨʫ. ʂʦʥʩʝʨʚʫʶʯʘ ʟʜʘʪʥʽʩʪʴ 

ʢʫʭʦʥʥʦʾ ʩʦʣʽ ʧʦʣʷʛʘʻ ʫ ʜʠʬʫʟʽʾ ʩʦʣʽ ʚ ʦʙ`ʻʤ ʪʘ ʧʨʠʛʥʽʯʝʥʥʽ ʟʜʘʪʥʦʩʪʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʦʩʦʙʣʠʚʦ ʾʭ ʛʥʠʣʽʩʥʠʭ ʰʪʘʤʽʚ, ʜʦ ʨʦʟʤʥʦʞʝʥʥʷ ʟʘʚʜʷʢʠ 
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ʟʤʝʥʰʝʥʥʶ ʚ ʢʣʽʪʠʥʘʭ ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʛʠ, ʚʪʨʘʯʝʥʦʾ ʚʥʘʩʣʽʜʦʢ ʦʩʤʦʩʫ ʚʦʜʠ ʯʝʨʝʟ 

ʢʣʽʪʠʥʥʽ ʦʙʦʣʦʥʢʠ ʥʘʟʦʚʥʽ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʉʪʘʨʢʦʚʘ, ɻʨʦʪ, & ʉʦʣʦʤʯʫʢ, 2015).  

ʈʝʘʣʽʟʦʚʘʥʽ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʪʨʴʦʤʘ 

ʦʩʥʦʚʥʠʤʠ ʛʨʫʧʘʤʠ. ʎʝ ï ʤʦʢʨʝ ʟʘʩʦʣʶʚʘʥʥʷ, ʢʦʣʠ ʤ`ʷʩʥʫ ʩʠʨʦʚʠʥʫ ʟʘʥʫʨʶʶʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʨʦʟʩʽʣ, ʩʫʭʝ ʟʘʩʦʣʶʚʘʥʥʷ, ʢʦʣʠ ʤ`ʷʩʦʧʨʦʜʫʢʪʠ 

ʦʙʨʦʙʣʷʶʪʴ ʟʘʩʦʣʶʚʘʣʴʥʦʶ ʩʫʤʽʰʰʶ (ɿʉ), ʽ ʟʤʽʰʘʥʠʡ, ʢʦʣʠ ʨʦʟʩʽʣ ʚʚʦʜʷʪʴ ʫ 

ʤ`ʷʟʦʚʫ ʪʢʘʥʠʥʫ ʰʧʨʠʮʦʤ-ʽʥ`ʻʢʪʦʨʦʤ (ʂʣʠʤʝʥʢʦ ʪʘ ʽʥ., 2006).  

ʇʨʠ ʩʫʭʦʤʫ ʩʧʦʩʦʙʽ ʤ`ʷʩʦ ʥʘʪʠʨʘʶʪʴ ʘʙʦ ʟʘʩʠʧʘʶʪʴ ʩʽʣʣʶ ʪʘ ʱʽʣʴʥʠʤʠ 

ʰʘʨʘʤʠ ʩʢʣʘʜʘʶʪʴ ʫ ʪʘʨʫ. ʊʘʢʠʡ ʩʧʦʩʽʙ ʜʘʻ ʟʤʦʛʫ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʚʪʨʘʪʠ 

ʙʽʣʢʘ ʪʘ ʝʢʩʪʨʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʜʫʢʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰʦʶ ʩʪʽʡʢʽʩʪʶ ʚ ʧʨʦʮʝʩʽ ʟʙʝʨʽʛʘʥʥʷ (6...12 ʤʽʩʷʮʽʚ), ʧʨʦʪʝ ʦʩʥʦʚʥʠʤ ʡʦʛʦ 

ʥʝʜʦʣʽʢʦʤ ʻ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʩʦʣʽ ʟʘ ʚʩʽʤ ʦʙ`ʻʤʦʤ. ɼʦ ʪʦʛʦ ʞ ʧʨʦʮʝʩ 

ʭʘʨʘʢʪʝʨʥʠʡ ʩʠʣʴʥʠʤ ʟʥʝʚʦʜʥʝʥʥʷʤ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ, ʢʦʣʠ ʚʦʥʘ ʚʪʨʘʯʘʻ ʜʦ 

12 % ʤʘʩʠ. ɿ ʥʝʶ ʧʨʦʜʫʢʪ ʥʝʧʦʚʦʨʦʪʥʦ ʚʪʨʘʯʘʻ ʚʦʜʦʨʦʟʯʠʥʥʽ ʙʽʣʢʠ ʪʘ ʨʷʜ ʽʥʰʠʭ 

ʧʨʠʩʫʪʥʽʭ ʫ ʤ`ʷʩʽ ʨʝʯʦʚʠʥ. ʅʘʡʤʝʥʰʝ ʮʝʡ ʝʬʝʢʪ ʚʠʨʘʞʝʥʠʡ ʧʨʠ ʟʘʩʦʣʶʚʘʥʥʽ 

ʞʠʨʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʦʤʫ ʩʫʭʠʡ ʤʝʪʦʜ ʟʘʩʦʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʰʧʠʢʫ, ʛʨʫʜʠʥʢʠ, ʦʢʦʩʪʫ, ʦʩʢʽʣʴʢʠ ʞʠʨʦʚʘ ʪʢʘʥʠʥʘ ʚʦʣʦʛʠ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʪʨʘʯʘʻ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʤʦʢʨʦʛʦ ʤʝʪʦʜʫ ʟʘʩʦʣʶʚʘʥʥʷ, ʤ`ʷʩʦ ʟʘʥʫʨʶʶʪʴ ʫ ʨʦʟʩʽʣ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʪʘ ʫʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʥʘʜʘʥʥʷ 

ʤ`ʷʩʥʦʤʫ ʧʨʦʜʫʢʪʫ ʙʘʞʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʜʦʩʷʛʥʝʥʥʷ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʜʘʥʦʶ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ, ʪʨʠʚʘʣʽʩʪʶ ʩʦʣʽʥʥʷ ʪʘ 

ʩʦʨʪʥʽʩʪʶ ʤ`ʷʩʘ. ɿʘʟʚʠʯʘʡ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʙ`ʻʤʽʚ ʤ`ʷʩʘ ʪʘ ʨʦʟʩʦʣʫ ʻ ʙʣʠʟʴʢʠʤ 

ʜʦ 50:50. ʅʘʡʯʘʩʪʽʰʝ ʧʨʦʜʫʢʪʠ ʟʘʩʦʣʝʥʽ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʘʶʪʴ ʢʦʨʦʪʰʠʡ ʪʝʨʤʽʥ 

ʟʙʝʨʽʛʘʥʥʷ ï ʚʽʜ 1 ʜʦ 3 ʤʽʩʷʮʽʚ. ʇʝʨʝʚʘʛʦʶ ʤʦʢʨʦʛʦ ʤʝʪʦʜʫ ʧʝʨʝʜ ʩʫʭʠʤ ʻ ʙʽʣʴʰ 

ʰʚʠʜʢʝ ʽ ʨʽʚʥʦʤʽʨʥʝ ʧʨʦʥʠʢʥʝʥʥʷ ʩʦʣʽ. ʇʨʦʜʫʢʪ ʩʪʘʻ ʥʽʞʥʠʤ ʪʘ ʧʦʤʽʨʥʦ 

ʩʦʣʦʥʠʤ. ɻʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʡʦʛʦ ʪʨʠʚʘʣʠʡ ʯʘʩ ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ 

ʚʦʣʦʛʠ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʥʝʙʝʟʧʝʢʘ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʧʽʚʧʨʦʜʫʢʪʫ ʚ ʧʨʦʮʝʩʽ 

ʚʠʩʫʰʫʚʘʥʥʷ. 
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ɿʤʽʰʘʥʠʡ ʩʧʦʩʽʙ ʦʙô̒ ʜʥʫʻ ʧʨʠʡʦʤʠ ʩʫʭʦʛʦ ʪʘ ʤʦʢʨʦʛʦ. ʉʠʨʦʚʠʥʫ 

ʥʘʩʠʯʫʶʪʴ ʨʦʟʩʦʣʦʤ ʫ ʢʽʣʴʢʦʩʪʽ ʙʣʠʟʴʢʦ 10 % ʨʦʟʩʦʣʫ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ 

ʩʠʨʦʚʠʥʠ, ʧʽʩʣʷ ʯʦʛʦ ʥʘʪʠʨʘʶʪʴ ʾʾ ʧʦʚʝʨʭʥʶ ɿʉ ʪʘ ʚʠʪʨʠʤʫʶʪʴ ʫ ʪʘʢʦʤʫ ʩʪʘʥʽ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʜʦʟʨʽʚʘʥʥʷ. ʇʦʪʽʤ ʧʦʚʝʨʭʥʶ ʦʙʤʠʚʘʶʪʴ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʥʘʜʣʠʰʢʦʚʦʾ ʩʦʣʽ ʘʙʦ ʚʠʤʦʯʫʶʪʴ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʩʦʣʽ ʟ ʚʝʨʭʥʽʭ 

ʰʘʨʽʚ. ɯʥ`ʻʢʪʫʚʘʥʥʷ ʛʦʣʢʘʤʠ ʥʘʡʰʣʦ ʥʘʨʘʟʽ ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʣʽʥʥʷ. ʉʽʣʴ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʟʘ 

ʚʩʽʤ ʦʙô̒ ʤʦʤ ʤô̫ ʩʘ-ʩʠʨʦʚʠʥʠ. ʇʨʦʪʝ ʥʝʜʦʣʽʢʘʤʠ ʧʨʦʮʝʩʫ ʻ ʩʢʣʘʜʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʝʪʝʣʴʥʦʛʦ ʦʯʠʱʝʥʥʷ ʛʦʣʦʢ, ʘ ʪʘʢʦʞ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʯʠʩʪʦʪʠ ʪʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʩʦʣʽʚ. 

ʆʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʩʦʣʦʥʦʩʪʽ ʩʠʨʦʚ`ʷʣʝʥʠʭ ʪʘ ʩʠʨʦʢʦʧʯʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ï 

2,5...3,5 % ʚʽʜ ʤʘʩʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʊʘʢʠʡ ʨʽʚʝʥʴ ʩʦʣʦʥʦʩʪʽ ʧʦʚ`ʷʟʘʥʠʡ ʟ ʪʠʤ, 

ʱʦ ʩʽʣʴ ʚʠʩʪʫʧʘʻ ʧʝʨʰ ʟʘ ʚʩʝ ʷʢ ʢʦʥʩʝʨʚʘʥʪ, ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʚʠʨʦʙʠ ʥʝ ʧʨʦʭʦʜʷʪʴ 

ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ɼʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʩʣʷ 

ʟʘʩʦʣʶʚʘʥʥʷ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʘʷʚʥʽʩʪʴ ʩʪʘʜʽʡ ʜʦʟʨʽʚʘʥʥʷ ʪʘ ʚʠʩʫʰʫʚʘʥʥʷ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʯʦʛʦ ʻ ʬʦʨʤʫʚʘʥʥʷ ʙʘʞʘʥʦʛʦ ʢʦʣʴʦʨʫ, ʢʦʥʩʠʩʪʝʥʮʽʾ, ʩʤʘʢʫ, ʘʨʦʤʘʪʫ, 

ʙʽʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʮʠʭ 

ʷʢʦʩʪʝʡ. ʋʪʚʦʨʝʥʫ ʩʫʤʽʰ ʨʦʟʬʘʩʦʚʫʶʪʴ ʚ ʦʙʦʣʦʥʢʠ ʪʘ ʚʠʪʨʠʤʫʶʪʴ ʜʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʬʝʨʤʝʥʪʘʮʽʾ. 

ʊʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʡʯʘʩʪʽʰʝ, ʚʢʣʶʯʘʶʪʴ ʦʧʝʨʘʮʽʾ ʚʠʪʨʠʤʢʠ 

ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʨʦʟʩʦʣʽ (10...12 ʜʽʙ), ʚʠʪʨʠʤʢʫ ʜʣʷ ʩʪʽʢʘʥʥʷ ʟʘʡʚʦʾ ʨʽʜʠʥʠ ʪʘ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʦʣʽ ʫ ʤ`ʷʩʥʽʡ ʩʠʨʦʚʠʥʽ (3...5 ʜʽʙ), ʧʨʦʤʠʚʘʥʥʷ ʪʘ 

ʧʽʜʩʫʰʫʚʘʥʥʷ (2...3 ʜʦʙʠ) ʪʘ ʬʽʥʘʣʴʥʝ ʩʫʰʽʥʥʷ (7...15 ʜʽʙ). ɺʽʜʧʦʚʽʜʥʘ ʮʠʤ 

ʧʨʠʡʦʤʘʤ ʩʫʤʘʨʥʘ ʪʨʠʚʘʣʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ ʩʪʘʥʦʚʠʪʴ 30...40 ʜʽʙ (ɹʘʣʴ-

ʇʨʠʣʠʧʢʦ, 2013).  

ʂʣʶʯʦʚʦʶ ʦʧʝʨʘʮʽʻʶ ʫ ʜʦʚʝʜʝʥʥʽ ʷʢʦʩʪʽ ʚ`ʷʣʝʥʦʾ ʤ`ʷʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʜʦ 

ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʻ ʩʫʰʽʥʥʷ. ɺʠʟʥʘʥʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʪʨʠʚʘʣʽʩʪʴ ʩʫʰʽʥʥʷ ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʢʨʠʪʠʯʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʫ 

ʧʨʦʚʝʜʝʥʥʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʫʥʠʢʥʝʥʥʷ ʢʦʘʛʫʣʷʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʙʽʣʢʽʚ ʚ ʫʤʦʚʘʭ 
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ʧʦʪʝʥʮʽʡʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ ʱʽʣʴʥʦʾ 

ʢʽʨʦʯʢʠ. ʊʘʢʽ ʚʠʤʦʛʠ ʩʪʘʚʣʷʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʫ ʨʘʟʽ ʥʘʜʤʽʨʥʦ ʰʚʠʜʢʦʛʦ 

ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʧʨʠʣʝʛʣʘ ʜʦ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʦʚʝʨʭʥʷ ʢʦʚʙʘʩʥʦʛʦ ʚʠʨʦʙʫ ʥʘʙʫʚʘʻ ʪʚʝʨʜʦʩʪʽ ʽ ʫʩʢʣʘʜʥʶʻ ʧʦʜʘʣʴʰʫ ʤʽʛʨʘʮʽʶ 

ʚʦʣʦʛʠ, ʯʝʨʝʟ ʱʦ ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʧʨʦʜʫʢʪʫ ʣʠʰʘʻʪʴʩʷ ʥʘʜʤʽʨʥʦ ʚʦʣʦʛʦʶ. 

ɿʛʽʜʥʦ ʟ ʧʨʘʢʪʠʯʥʠʤ ʜʦʩʚʽʜʦʤ, ʨʝʞʠʤ ʩʫʰʽʥʥʷ ʩʣʽʜ ʟʜʽʡʩʥʶʚʘʪʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʪʘʢ, ʱʦʙ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦʾ ʚʽʜ ʥʝʾ ʧʨʠʙʣʠʟʥʦ ʥʘ 4 %. ʅʘʧʨʠʢʣʘʜ, ʢʦʣʠ 

ʘʢʪʠʚʥʽʩʪʴ ʚʦʜʠ ʚ ʧʨʦʜʫʢʪʽ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 0,96 ʦʧʪʠʤʘʣʴʥʘ ʚʦʣʦʛʽʩʪʴ 

ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʘʻ ʩʪʘʥʦʚʠʪʠ 92 % ʽ ʟʤʝʥʰʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ 

ʧʘʨʘʣʝʣʴʥʦ ʟʤʝʥʰʝʥʥʶ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ (FAO, 1985). Small-scale sausage 

production. 

ɼʝʷʢʽ ʚʠʜʠ ʩʚʽʞʦʦʪʨʠʤʘʥʠʭ ʢʦʚʙʘʩ ʚʠʪʨʠʤʫʶʪʴ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʚʽʜʥʦʩʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ʚ ʟʘʢʨʠʪʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʄʝʪʘ ï ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ ʧʣʽʚʢʠ 

ʧʣʽʩʥʷʚʠ, ʷʢʫ ʥʝ ʧʽʜʜʘʶʪʴ ʚʧʣʠʚʫ ʩʚʽʪʣʘ ʥʘ ʧʦʯʘʪʢʫ ʩʫʰʽʥʥʷ, ʘʣʝ ʧʦʪʽʤ ʟʯʠʱʘʶʪʴ 

ʘʙʦ ʟʤʠʚʘʶʪʴ. ʗʢ ʚʚʘʞʘʶʪʴ, ʧʦʜʽʙʥʝ ʫʪʚʦʨʝʥʥʷ ʧʣʽʩʥʷʚʠ ʩʧʨʠʷʻ ʥʘʙʫʪʪʷ 

ʢʦʚʙʘʩʥʠʤ ʚʠʨʦʙʦʤ ʩʧʝʮʠʬʽʯʥʦʛʦ ʘʨʦʤʘʪʫ (Copetti, 2019).  

ʊʨʘʜʠʮʽʡʥʦ, ʚ`ʷʣʝʥʥʷ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʨʦʚʦʜʠʣʠ ʪʨʠʚʘʣʠʡ ʯʘʩ ʽ ʚ 

ʫʤʦʚʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʬʝʨʤʝʥʪʘʮʽʾ ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʚ ʤʘʩʽ ʰʢʽʜʣʠʚʠʭ ʪʘ 

ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʟʘ ʫʯʘʩʪʽ ʥʘʪʫʨʘʣʴʥʦʾ ʤʽʢʨʦʬʣʦʨʠ. ʊʘʢ ʦʜʠʥ ʟ ʪʨʘʜʠʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʧʦʣʷʛʘʚ ʫ ʚʠʪʨʠʤʮʽ ʤô̫ ʩʘ-ʩʠʨʦʚʠʥʠ ʟ ʩʽʣʣʶ ʪʘ ʮʫʢʨʦʤ, ʧʨʦʪʷʛʦʤ 2...4 

ʜʥʽʚ ʧʨʠ 3...4 
o
ʉ. ʇʦʪʽʤ ʨʦʟʬʘʩʦʚʫʚʘʣʠ ʽ ʧʨʦʜʦʚʞʫʚʘʣʠ ʩʫʰʽʥʥʷ ʧʨʠ 12...15 

o
ʉ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʠʩʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʯʠʩʣʝʥʥʽ, ʧʨʦʪʝ ʥʝ ʚʩʽ, ʨʽʟʥʦʚʠʜʠ 

ʬʝʨʤʝʥʪʦʚʘʥʠʭ ʢʦʚʙʘʩ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʚʦʣʦʛʠ ʪʘ ʥʘʜʘʥʥʷ ʛʦʪʦʚʠʤ 

ʚʠʨʦʙʘʤ ʙʘʞʘʥʠʭ ʩʤʘʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʪʨʠʤʫʶʪʴ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʦ (ʪʘʙʣ. 

1.2).  
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ʊʘʙʣʠʮʷ 1.2 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʬʝʨʤʝʥʪʦʚʘʥʠʭ ʢʦʚʙʘʩ 

ʂʘʪʝʛʦʨʽʷ 
ɸʢʪʠʚʥʽʩʪʴ 

ʚʦʜʠ 

ʏʘʩ 

ʚʠʟʨʽʚʘʥʥʷ 

ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʧʪʠʣʴʥʠʭ 

ʘʛʝʥʪʽʚ 

ʅʘʷʚʥʽʩʪʴ 

ʧʣʽʩʥʷʚʠ ʥʘ 

ʧʦʚʝʨʭʥʽ 

ʇʨʠʢʣʘʜʠ 

ʉʫʭʽ 0,90 ɼʦ 4 ʪʠʞʥʽʚ ʅ ̔ ʊʘʢ 

ɯʪʘʣʽʡʩʴʢʽ ʩʘʣʷʤʽ, ʬʨʘʥʮʫʟʴʢʽ 

ʢʦʚʙʘʩʠ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʪʨʘʚ 

ʉʫʭʽ 0,90 ɼʦ 4 ʪʠʞʥʽʚ ʊʘʢ ʊʘʢ ʊʨʘʜʠʮʽʡʥʽ ʫʛʦʨʩʴʢʽ ʩʘʣʷʤʽ 

ʉʫʭʽ 0,90 ɼʦ 4 ʪʠʞʥʽʚ ʊʘʢ ʯʠ ʥʽ ʅ ̔ ʅʽʤʝʮʴʢʽ ʩʘʣʷʤʽ (Dauerwurst) 

ʅʘʧʽʚʩʫʭʽ 0,90...0,95 ɼʦ 4 ʪʠʞʥʽʚ ʅ ̔ ʊʘʢ 

ʈʽʟʥʽ ʚʠʜʠ ʬʨʘʥʮʫʟʴʢʠʭ ʪʘ 

ʽʩʧʘʥʩʴʢʠʭ ʬʝʨʤʝʥʪʦʚʘʥʠʭ 

ʢʦʚʙʘʩ 

ʅʘʧʽʚʩʫʭʽ 0,90...0,95 10-20 ʜʥʽʚ ʊʘʢ  ʅ ̔

ɹʽʣʴʰʽʩʪʴ ʚʠʜʽʚ 

ʬʝʨʤʝʥʪʦʚʘʥʠʭ ʢʦʚʙʘʩ ʚ 

ʅʽʤʝʯʯʠʥʽ, ʅʽʜʝʨʣʘʥʜʘʭ, 

ʉʢʘʥʜʠʥʘʚʽʾ, ʉʐɸ 

ɺʘʨʝʥʽ 0,94...0,97 ɼʦ 2 ʪʠʞʥʽʚ ʊʘʢ ʯʠ ʥʽ ʅ ̔
ʅʽʤʝʮʴʢʘ ʯʘʡʥʘ ʢʦʚʙʘʩʘ, 

ʽʩʧʘʥʩʴʢʘ ʢʦʚʙʘʩʘ ʟ ʧʝʨʮʝʤ 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (Wan-Mohtar, Ilham, Jamaludin, David, 

& Mohd Zaini, 2022; L¿cke, 2003).  

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʟʘʧʠʪʫʚʘʥʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʪʽʚ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʻ ʚ`ʷʣʝʥʽ 

ʢʦʚʙʘʩʠ. ʇʨʦʮʝʩ ʚ`ʷʣʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʦʚʽʣʴʥʦʤʫ ʚʠʩʫʰʫʚʘʥʥʽ ʧʨʦʜʫʢʪʽʚ ʧʨʠ 

ʧʦʚʽʣʴʥʦʤʫ ʧʽʜʚʝʜʝʥʥʽ ʪʝʧʣʘ. ʇʨʠ ʚ`ʷʣʝʥʥʽ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ ʚ ʧʨʦʜʫʢʪʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩ ʩʢʣʘʜʥʠʭ ʙʽʦʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʦʚ`ʷʟʘʥʠʭ ʟ 

ʘʢʪʠʚʽʟʘʮʽʻʶ ʬʝʨʤʝʥʪʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʠʨʦʜʥʦʛʦ ʩʚʽʪʣʘ. ʇʝʨʝʚʘʞʥʘ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʣʽʜʥʠʢʽʚ ʚʚʘʞʘʻ, ʱʦ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʻ ʫʣʴʪʨʘʬʽʦʣʝʪ, ʦʩʢʽʣʴʢʠ ʜʣʷ 

ʧʦʚʥʦʮʽʥʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʝ ʩʘʤʝ ʩʦʥʷʯʥʝ ʩʚʽʪʣʦ. ʆʩʦʙʣʠʚʽʩʪʶ 

ʧʨʦʮʝʩʫ ʻ ʥʝʜʦʧʫʱʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 40 
o
ʉ, ʱʦ ʟʘʧʦʙʽʛʘʻ 

ʪʝʧʣʦʚʦʾ ʜʝʥʘʪʫʨʘʮʽʾ ʙʽʣʢʽʚ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʥʝʟʚʦʨʦʪʥʦʾ ʚʪʨʘʪʠ ʥʠʤ ʙʘʞʘʥʦʛʦ ʩʤʘʢʫ 

ʡ ʘʨʦʤʘʪʫ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʃʝʦʥʦʚʘ, ʉʪʘʨʢʦʚʘ, & ʇʘʩʢʘ, 2018; ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 

ʉʣʦʙʦʜʷʥʶʢ, ʃʝʦʥʦʚʘ, & ʂʦʚʪʫʥ, 2018). ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʧʨʦʜʫʢʪʫ 

ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʜʣʷ ʨʦʟʚʠʪʢʫ ʙʘʢʪʝʨʽʡ ʱʽʣʴʥʠʡ ʰʘʨ. ʇʦʚʽʣʴʥʠʡ 

ʨʝʞʠʤ ʟʜʽʡʩʥʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʚʥʠʤ ʟʥʝʚʦʜʥʝʥʥʷʤ 
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ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʟʙʝʨʽʛʘʻ ʤ`ʷʢʫ ʢʦʥʩʠʩʪʝʥʮʽʶ ʪʘ ʝʣʘʩʪʠʯʥʽʩʪʴ, ʫ ʪʦʡ ʯʘʩ, 

ʷʢ ʚʠʩʫʰʝʥʠʡ ʧʨʦʜʫʢʪ ʻ ʞʦʨʩʪʢʠʤ, ʣʘʤʢʠʤ ʪʘ ʥʝʟʨʫʯʥʠʤ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʦʮʝʩʫ ʻ ʧʝʨʝʨʦʟʧʦʜʽʣ ʞʠʨʫ ʟ ʤʽʩʮʴ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʩʠʨʦʤʫ ʧʨʦʜʫʢʪʽ ʧʦ ʚʩʴʦʤʫ ʦʙ`ʻʤʫ ʤ`ʷʟʦʚʦʾ ʪʢʘʥʠʥʠ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʩʢʣʘʜʥʠʭ ʙʽʣʢʦʚʦ-ʣʽʧʽʜʥʽ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʩʪʦʛʦ ʚʠʩʫʰʫʚʘʥʥʷ, ʢʦʣʠ 

ʞʠʨ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʤʽʩʮʷʭ ʡʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʚʠʩʫʰʫʚʘʥʥʷ. ʅʘʩʣʽʜʢʦʤ 

ʪʘʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʻ ʟʤʝʥʰʝʥʥʷ ʛʽʛʨʦʩʢʦʧʽʯʥʦʩʪʽ ʚ`ʷʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʩʪʽʡʢʽʩʪʴ ʚ ʧʨʦʮʝʩʽ ʟʙʝʨʽʛʘʥʥʷ. ɼʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʧʨʦʮʝʩʫ ʻ 

ʪʝ, ʱʦ ʜʠʩʧʝʨʛʦʚʘʥʽ ʚ ʦʙ`ʻʤʽ ʞʠʨʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʢʠʩʥʝʤ ʽ ʪʦʤʫ ʥʝ 

ʧʽʜʜʘʶʪʴʩʷ ʰʚʠʜʢʦʤʫ ʦʢʠʩʥʝʥʥʶ ʪʘ ʟʛʽʨʢʥʝʥʥʶ. ʊʘʢʦʞ ʥʘʩʣʽʜʢʦʤ ʟʤʝʥʰʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ, ʧʨʦʜʫʢʪ ʥʘʙʫʚʘʻ ʩʪʽʡʢʦʩʪʽ ʜʦ ʨʦʟʚʠʪʢʫ ʙʘʢʪʝʨʽʡ, ʧʣʽʩʥʷʚʠ ʪʘ 

ʜʨʽʞʜʞʽʚ, ʱʦ ʩʧʨʠʷʻ ʧʦʜʦʚʞʝʥʥʶ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ ʚ ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

(Ćlvarez, Ćlvarez, Hamill, Mullen, & O'Neill, 2021).  

ɿʘ ʜʦʪʨʠʤʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ`ʷʣʝʥʥʷ, ʧʨʦʜʫʢʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʭʘʨʯʦʚʦʶ ʮʽʥʥʽʩʪʶ. ɸʣʝ ʯʝʨʝʟ ʪʨʠʚʘʣʠʡ ʯʘʩ ʜʦʚʝʜʝʥʥʷ ʜʦ 

ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʡ ʚʠʱʦʶ ʚʘʨʪʽʩʪʶ (Mediani et 

al., 2022). 

 

1.3 ʈʦʟʛʣʷʜ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʜʦʚʞʝʥʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ 

ʅʽʪʨʠʪ ʥʘʪʨʽʶ ï ʜʦʙʨʝ ʨʦʟʯʠʥʥʘ ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʥʝʦʨʛʘʥʽʯʥʘ 

ʥʝʛʽʛʨʦʩʢʦʧʽʯʥʘ ʩʽʣʴ ʬʦʨʤʫʣʠ NaNO2. ʏʠʩʪʠʡ ʥʽʪʨʠʪ ʥʘʪʨʽʶ ʤʘʻ ʙʽʣʠʡ ʢʦʣʽʨ. ʎʷ 

ʩʽʣʴ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʭʽʤʽʯʥʽʡ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʚʠʨʦʙʥʠʮʪʚʽ ʙʘʨʚʥʠʢʽʚ ʪʘ ʦʪʨʫʪʦʭʽʤʽʢʘʪʽʚ. ʆʜʥʘʢ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʦʶ ʩʬʝʨʦʶ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʭʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʜʝ ʥʽʪʨʠʪ ʥʘʪʨʽʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʟʨʽʚʘʥʥʷ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʥʘʜʘʥʥʷ ʾʤ ʟʚʠʯʥʦʛʦ ʩʧʦʞʠʚʘʯʘʤ 

ʚʽʜ ʨʦʞʝʚʦʛʦ ʜʦ ʯʝʨʚʦʥʦʛʦ ʚʽʜʪʽʥʢʫ (ʂʣʠʤʝʥʢʦ et al., 2006). ɯʩʪʦʨʠʯʥʦ ʥʽʪʨʠʪ 

ʥʘʪʨʽʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʤ`ʷʩʘ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʷʢʦʛʦ ʚʦʥʦ 

ʥʘʙʫʚʘʣʦ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʥʝʧʨʠʚʘʙʣʠʚʦʛʦ ʢʦʨʠʯʥʶʚʘʪʦ-ʩʠʥʶʚʘʪʦʛʦ 
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ʢʦʣʴʦʨʫ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʢʫʭʦʥʥʦʾ ʩʦʣʽ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʤ`ʷʩʦ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʙʝʢʦʥʫ, ʰʠʥʢʠ ʪʘ ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ ʥʘʙʫʚʘʻ ʯʝʨʚʦʥʦʛʦ, ʘ ʧʦʪʽʤ ʨʦʞʝʚʦʛʦ 

ʢʦʣʴʦʨʫ. ʇʦʜʽʙʥʠʡ ʤʝʭʘʥʽʟʤ ʜʽʾ ʦʙʫʤʦʚʣʝʥʠʡ ʡʦʛʦ ʚʟʘʻʤʦʜʽʻʶ ʟ ʤʽʦʛʣʦʙʽʥʦʤ 

ʤ`ʷʩʘ, ʟ ʷʢʠʤ ʟʘ ʘʥʘʝʨʦʙʥʠʭ ʫʤʦʚ ʥʽʪʨʠʪ ʚ ʦʙ`ʻʤʽ ʤ`ʷʩʘ ʚʟʘʻʤʦʜʽʻ ʟ ʤʽʦʛʣʦʙʽʥʦʤ ʟ 

ʧʝʨʝʭʦʜʦʤ ʩʧʦʯʘʪʢʫ ʫ ʷʩʢʨʘʚʦ-ʯʝʨʚʦʥʠʡ ʥʽʪʨʦʟʦʤʽʦʛʣʦʙʽʥ ʽ, ʜʘʣʽ, ʫ ʨʦʞʝʚʠʡ 

ʥʽʪʨʦʛʝʤʦʭʨʦʤ (Shakil et al., 2022).  

ʊʨʠʚʘʣʠʡ ʯʘʩ ʪʘʢʦʾ ʜʽʾ ʜʦʩʷʛʘʣʠ ʚʥʝʩʝʥʥʷʤ ʚ ʤ`ʷʩʥʫ ʩʠʩʪʝʤʫ ʥʽʪʨʘʪʫ 

ʥʘʪʨʽʶ, ʦʜʥʘʢ ʱʝ ʫ 1899 ʨʦʮʽ ʙʫʣʦ ʦʩʪʘʪʦʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʽʶʯʠʤ ʧʨʦʜʫʢʪʦʤ 

ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʤ`ʷʩʦʧʨʦʜʫʢʪʽʚ ʩʣʫʞʠʪʴ ʥʝ ʩʘʤ ʥʽʪʨʘʪ-ʽʦʥ, ʘ ʫʪʚʦʨʶʚʘʥʠʡ ʟ ʥʴʦʛʦ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʠʭ ʪʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʽʪʨʠʪ (Zhang et al., 2023). 

ɼʦ ʤʝʭʘʥʽʟʤʽʚ ʚʧʣʠʚʫ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʥʘ ʷʢʽʩʪʴ ʤ`ʷʩʥʠʭ ʚʠʨʦʙʽʚ ʩʣʽʜ 

ʚʽʜʥʝʩʪʠ ʧʦʢʨʘʱʝʥʥʷ ʩʤʘʢʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ ʽ 

ʨʦʟʤʥʦʞʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (Sorour, Mehanni, Mahmoud, & El-Hawashy, 2023). 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʝʬʝʢʪʫ ʥʽʪʨʠʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʜʫʞʝ ʤʘʣʠʭ 

ʢʽʣʴʢʦʩʪʷʭ ï ʚʽʜ 2 ʜʦ 14 ʤʽʣʽʛʨʘʤʽʚ ʥʘ ʢʽʣʦʛʨʘʤ ʤ`ʷʩʘ-ʩʠʨʦʚʠʥʠ. ʇʨʦʪʝ ʟʘ ʪʘʢʠʭ 

ʢʽʣʴʢʦʩʪʝʡ ʯʘʩ ʟʙʝʨʝʞʝʥʥʷ ʙʘʞʘʥʦʛʦ ʢʦʣʴʦʨʫ ʻ ʥʝʪʨʠʚʘʣʠʤ ʽ ʥʘ ʧʨʘʢʪʠʮʽ 

ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʩʪʘʥʦʚʠʪʴ 100...150 ʤʽʣʽʛʨʘʤʽʚ ʥʘ ʢʽʣʦʛʨʘʤ: ʟʘ 

ʽʩʥʫʶʯʠʤʠ ʚ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ ʧʨʘʚʠʣʘʤʠ, ʜʣʷ ʥʘʜʘʥʥʷ ʧʝʨʝʨʦʙʣʝʥʠʤ 

ʤ`ʷʩʥʠʤ ʧʨʦʜʫʢʪʘʤ ʙʘʞʘʥʦʛʦ ʚʠʛʣʷʜʫ ʜʦ 1 ʢʽʣʦʛʨʘʤʫ ʤ`ʷʩʘ ʜʦʟʚʦʣʝʥʦ ʜʦʜʘʚʘʪʠ 

ʜʦ 150 ʤʽʣʽʛʨʘʤʽʚ NaNO2 (ʨʽʚʥʦ 100 ʤʽʣʽʛʨʘʤʽʚ ʥʽʪʨʠʪ-ʽʦʥʫ) (Lee et al., 2021; 

European Commission, 2015; Commission Decision (EU) 2018/702, 2018).  

ʇʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʝʡ, ʥʽʪʨʠʪ ʥʘʪʨʽʶ 

ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ. ʊʦʤʫ ʚ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʭʘʨʯʫʚʘʥʥʷ ʜʽʪʝʡ ʧʨʦʜʫʢʪʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʜʦʙʘʚʢʠ ʟʘʙʦʨʦʥʝʥʦ, ʘ ʜʣʷ ʜʦʨʦʩʣʦʾ ʣʶʜʠʥʠ ʟʛʽʜʥʦ ʟ ʥʦʨʤʘʤʠ 

ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚô̫  (ɺʆʆɿ), ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ 

ʩʧʦʞʠʚʘʥʥʷ ʥʽʪʨʠʪ-ʽʦʥʫ ʙʣʠʟʴʢʠʡ ʜʦ 3,7 ʤʽʣʽʛʨʘʤʘ ʥʘ ʢʽʣʦʛʨʘʤ ʤʘʩʠ (ʙʣʠʟʴʢʦ 0,5 

ʤʽʣʽʛʨʘʤʘ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʥʽʪʨʠʪ-ʽʦʥ) (WHO, 2003). 

ʊʠʤ ʥʝ ʤʝʥʰʝ, ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʧʨʘʢʪʠʮʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʧʨʦʙʣʝʤʘ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʚ 
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ʨʘʮʽʦʥ ʧʦʪʨʘʧʣʷʶʪʴ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʥʽʪʨʘʪʫ ʥʘʪʨʽʶ, ʢʦʜʦʚʘʥʦʛʦ ʷʢ ʭʘʨʯʦʚʘ 

ʜʦʙʘʚʢʘ ɽ251 ʜʦʟʚʦʣʝʥʘ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʢʦʥʩʝʨʚʘʥʪ ʪʘ ʬʽʢʩʘʪʦʨ ʢʦʣʴʦʨʫ ʫ 

ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʘʭ ʚ ʋʢʨʘʾʥʽ, ʢʨʘʾʥʘʭ ɭʉ, ʉʐɸ ɸʚʩʪʨʘʣʽʾ ʪʘ ʅʦʚʽʡ ɿʝʣʘʥʜʽʾ 

(Food Standards Agency, 2025; ʄʽʥʝʢʦʥʦʤʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ, 2016).  

ʊʘʢʘ ʜʽʷ ʦʜʥʘʢ ʥʝ ʻ ʚʝʣʴʤʠ ʙʘʞʘʥʦʶ, ʦʩʢʽʣʴʢʠ ʩʠʩʪʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʨʦʚʝʜʝʥʽ ʧʽʜ ʝʛʽʜʦʶ ɺʆʆɿ ʫ 2015 ʨʦʮʽ ʚʠʷʚʠʣʠ ʜʦʩʪʘʪʥʽ ʜʦʢʘʟʠ ʪʦʛʦ, ʱʦ ʪʘʢ 

ʟʚʘʥʝ çʦʙʨʦʙʣʝʥʝ ʤ`ʷʩʦè (ʪʘʢʝ, ʱʦ ʙʫʣʦ ʧʝʨʝʨʦʙʣʝʥʠʤ ʩʧʦʩʦʙʘʤʠ ʩʦʣʽʥʥʷ, 

ʢʦʥʩʝʨʚʫʚʘʥʥʷ, ʬʝʨʤʝʥʪʘʮʽʾ, ʢʦʧʯʝʥʥʷ ʘʙʦ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ ʟ ʧʦʢʨʘʱʝʥʥʷ ʩʤʘʢʫ 

ʘʙʦ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʧʨʠʜʘʪʥʦʩʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʘʢʝ, ʱʦ ʙʫʣʦ ʚʠʨʦʙʣʝʥʠʤ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʚ ʤʘʩʫ ʧʨʦʜʫʢʪʫ ʥʽʪʨʠʪʫ ʪʘ/ʘʙʦ ʥʽʪʨʘʪʫ ʥʘʪʨʽʶ) ʚʠʢʣʠʢʘʻ ʨʘʢ, 

ʦʩʦʙʣʠʚʦ ʪʦʚʩʪʦʾ ʢʠʰʢʠ (WHO, 2025). ɺʚʘʞʘʶʪʴ, ʱʦ ʮʝ ʧʦʚ`ʷʟʘʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʥʽʪʨʦʟʘʤʽʥʽʚ, ʫʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʷʢʠʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.2. 

 

 

ʈʠʩʫʥʦʢ 1.1 ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʩʧʦʣʫʢ ʢʣʘʩʫ ʥʽʪʨʦʟʘʤʽʥʽʚ  

ɼʞʝʨʝʣʦ: (National Center for Biotechnology Information)  

 

ʇʦʟʥʘʯʝʥʽ ʣʘʪʠʥʩʴʢʦʶ ʣʽʪʝʨʦʶ R ʛʨʫʧʠ ʘʪʦʤʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʟʚʠʯʘʡ 

ʘʣʢʽʣʴʥʦʶ ʛʨʫʧʦʶ (ʦʜʥʦʚʘʣʝʥʪʥʠʤʠ ʟʘʣʠʰʢʘʤʠ ʥʘʩʠʯʝʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ) (Beard, 

& Swager, 2021). ɿʘʟʚʠʯʘʡ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ 

ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ, ʫʪʚʦʨʝʥʦʾ ʚ ʩʣʘʙʦʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 

ʦʙʤʽʥʥʦʾ ʨʝʘʢʮʽʾ ʽʦʥʫ ʅ3ʆ
+
 ʟ ʥʽʪʨʠʪʦʤ ʥʘʪʨʽʶ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʨʝʯʦʚʠʥʘʤ`ʷʩʘ 

ʚʪʦʨʠʥʥʠʤʠ ʘʤʽʥʘʤʠ: 

 

HONO  +  R2NH      R2N-NO  +  H2O 

 

ɹʽʣʴʰʽʩʪʴ ʥʽʪʨʦʟʘʤʽʥʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʧʨʦʷʚʣʷʶʪʴ ʢʘʥʮʝʨʦʛʝʥʥʫ ʜʽʶ 

(ʇʫʟʽʢ, 2024). ʃʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ çʧʦʟʠʪʠʚʥʠʡ ʟʚ`ʷʟʦʢ ʤʽʞ 
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ʩʧʦʞʠʚʘʥʥʷʤ ʥʽʪʨʠʪʽʚ ʪʘ ʥʽʪʨʦʟʘʤʽʥʽʚ ʪʘ ʨʘʢʦʤ ʰʣʫʥʢʫ, ʤʽʞ ʩʧʦʞʠʚʘʥʥʷʤ ʤ`ʷʩʘ 

ʪʘ ʦʙʨʦʙʣʝʥʦʛʦ ʤ`ʷʩʘ ʪʘ ʨʘʢʦʤ ʰʣʫʥʢʫ ʽ ʨʘʢʦʤ ʩʪʨʘʚʦʭʦʜʫ, ʘ ʪʘʢʦʞ ʤʽʞ 

ʩʧʦʞʠʚʘʥʥʷʤ ʢʦʥʩʝʨʚʦʚʘʥʦʾ ʨʠʙʠ, ʦʚʦʯʽʚ ʪʘ ʢʦʧʯʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʨʘʢʦʤ ʰʣʫʥʢʫ 

(Jakszyn, & Gonzalez, 2006). 

ʆʜʥʦʶ ʟ ʧʨʠʯʠʥ ʨʦʟʚʠʪʢʫ ʨʘʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʻ ʫʪʚʦʨʝʥʥʷ ʥʽʪʨʦʟʘʤʽʥʽʚ ʚ 

ʧʨʦʮʝʩʽ ʢʦʥʩʝʨʚʘʮʽʾ ʦʙʨʦʙʣʝʥʦʛʦ ʥʽʪʨʠʪʦʤ ʥʘʪʨʽʶ ʤ`ʷʩʘ, ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ 

ʚʟʘʻʤʦʜʽʾ ʥʽʪʨʠʪ-ʽʦʥʫ ʟ ʚʪʦʨʠʥʥʠʤʠ ʘʤʽʥʘʤʠ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘʧʨʠʢʣʘʜ ʚ 

ʰʣʫʥʢʫ ʣʶʜʠʥʠ. ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʮʠʭ ʩʧʦʣʫʢ ʚ ʤ`ʷʩʥʠʭ 

ʧʨʦʜʫʢʪʘʭ ʻ ʧʨʝʜʤʝʪʦʤ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʦʰʫʢʫ (ʅʝʜʦʨʽʟʘʥʶʢ, ʌʨʘʥʢʦ, & 

ɺʦʡʮʝʭʽʚʩʴʢʘ, 2014). ʊʘʢ, ʨʝʘʣʽʟʦʚʘʥʝ ʚ ʉʐɸ ʥʘ ʧʦʯʘʪʢʫ ʍʍ ʩʪʦʨʽʯʯʷ ʟʤʝʥʰʝʥʥʷ 

ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʽʚ ʚ ʤ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ ʧʨʠʚʝʣʠ ʚ ʽʩʪʦʨʠʯʥʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʜʦ 

ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʩʤʝʨʪʥʦʩʪʽ ʚʽʜ ʨʘʢʫ ʰʣʫʥʢʘ (Zhang et al., 2019).  

ʂʽʥʝʪʠʢʘ ʫʪʚʦʨʝʥʥʷ ʥʽʪʨʦʟʘʤʽʥʽʚ ʚ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ, ʷʢʽ ʤʽʩʪʷʪʴ ʤʝʥʰʝ 

10 % ʞʠʨʫ, ʤʦʞʝ ʙʫʪʠ ʫʧʦʚʽʣʴʥʝʥʘ ʜʦʜʘʚʘʥʥʷʤ ʚ ɿʉ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ (Dewi, 

2023). 

 

1.4 ʈʦʣʴ ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚ`ʷʣʝʥʠʭ ʤ`ʷʩʦʧʨʦʜʫʢʪʽʚ 

ʑʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʻ ʚʠʨʦʙʥʠʮʪʚʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨ (ʉʂ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʉʂ  

ʧʦʚ`ʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ ʬʝʨʤʝʥʪʦʚʘʥʠʭ ʤ`ʷʩʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʧʦʪʨʝʙʫʶʪʴ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʾʭ ʚʠʟʨʽʚʘʥʥʷ ʜʦ ʥʘʙʫʪʪʷ ʟʚʠʯʥʠʭ ʩʤʘʢʦʚʠʭ 

ʽ ʘʨʦʤʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʦʜʥʦʶ ʟ ʢʨʠʪʠʯʥʠʭ ʚʠʤʦʛ ʜʦ ʧʨʦʮʝʩʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʻ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʨʠʟʠʢʫ ʧʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʧʽʜ ʯʘʩ 

ʚʠʟʨʽʚʘʥʥʷ ʩʠʨʦʚʠʥʥʦʾ ʤʘʩʠ, ʦʩʢʽʣʴʢʠ ʧʨʦʪʷʛʦʤ ʜʦʩʪʘʪʥʴʦ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ 

ʡʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ ʧʦʚʝʨʭʥʷ ʧʨʦʜʫʢʪʫ ʟʘʙʨʫʜʥʶʻʪʴʩʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ, ʷʢʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ ʟʜʘʪʥʽ ʧʨʦʥʠʢʘʪʠ ʚ ʤʘʩʫ 

ʽ ʪʘʤ ʙʝʟʢʦʥʪʨʦʣʴʥʦ ʨʦʟʚʠʚʘʪʠʩʷ ʧʨʠ ʚʣʘʩʪʠʚʠʭ ʩʚʽʞʦʤʫ ʤ`ʷʩʫ ʨʽʚʥʷʭ ʨʅ ʚʽʜ 5,1 

ʜʦ 5,9. ɼʦ ʦʩʥʦʚʥʠʭ ʰʪʘʤʽʚ ʰʢʽʜʣʠʚʦʾ ʪʘ ʥʝʙʝʟʧʝʯʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʚʽʜʥʦʩʷʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨʦʜʽʚ Aeromonas, Clostridium, Enterobacter, Escherichia, 
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Pseudomonas, Psychrobacter, Staphylococcus. ʇʨʠ ʪʦʤʫ ʜʦʤʽʥʫʶʯʠʤ ʚʠʜʦʤ 

ʙʘʢʪʝʨʽʡ ʚ ʧʨʦʮʝʩʽ ʧʩʫʚʘʥʥʷ ʛʣʠʙʠʥʥʠʭ ʰʘʨʽʚ ʤ`ʷʩʘ ʚʽʜʽʛʨʘʶʪʴ ʙʘʢʪʝʨʽʾ ʰʪʘʤʽʚ 

Pseudomonas spp ʪʘ Listeria monocytogenes, ʘ ʚ ʯʘʩʪʠʥʘʭ ʚʟʷʪʠʭ ʟʽ ʩʪʝʛʥʦʚʦʾ 

ʯʘʩʪʠʥʠ ʪʫʰ ʪʘ ʯʝʪʚʝʨʪʠʥ ï ʙʘʢʪʝʨʽʾ ʨʦʜʽʚ Clostridium ʪʘ Enterococcus (Cerveny, 

Meyer, & Hall, 2009). ɺʚʝʜʝʥʥʷ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʚ ʧʦʞʠʚʥʽ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʟʘʚʞʜʠ 

ʜʘʻ ʙʘʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʪʦʤʫ ʱʦ ʜʝʷʢʽ ʰʪʘʤʠ ʮʠʭ ʙʘʢʪʝʨʽʡ ʟʜʘʪʥʽ ʚʠʪʨʠʤʫʚʘʪʠ 

ʟʘʩʦʣʶʚʘʥʥʷ ʽ ʟʙʝʨʽʛʘʪʠ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʧʨʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ NaCl (Shah, 

& Bergholz, 2020; Alves et al., 2020). 

ʇʨʦʪʝ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʧʦʧʠʪʫ ʥʘ ʪʘʢʽ ʚʠʨʦʙʠ ʪʘ ʦʙʤʝʞʝʥʽ ʧʦʪʫʞʥʦʩʪʽ ʟ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʨʝʜ ʚʠʨʦʙʥʠʢʘʤʠ ʧʦʩʪʘʣʘ ʟʘʜʘʯʘ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʜʦʚʝʜʝʥʥʷ 

ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦ ʥʦʨʤʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʊʦʤʫ ʥʘʨʘʟʽ ʙʽʣʴʰʽʩʪʴ 

ʬʝʨʤʝʥʪʦʚʘʥʠʭ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʠʨʦʙʣʷʶʪʴ ʧʨʦʤʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʉʂ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʂʨʠʞʦʚʘ, & ɻʘʨʤʘʰ, 2017). ʇʽʜ ʉʂ 

ʨʦʟʫʤʽʶʪʴ ʞʠʚʽ ʢʫʣʴʪʫʨʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʧʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʫ ʧʽʜʛʦʪʦʚʣʝʥʫ 

ʩʫʤʽʰ ʨʦʟʚʠʚʘʶʪʴ ʙʘʞʘʥʫ ʤʝʪʘʙʦʣʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʫ ʚʫʟʴʢʫ 

çʩʧʝʮʽʘʣʽʟʘʮʽʶè ʪʠʭ ʯʠ ʽʥʰʠʭ ʚʠʜʽʚ ʢʦʨʠʩʥʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘʧʨʘʚʣʝʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʛʦʪʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʚʚʝʜʝʥʥʷ ʚ ʢʦʤʧʦʟʠʮʽʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʠʭ ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʛʨʫʧ (ɹʘʣʴ-

ʇʨʠʣʠʧʢʦ, ʃʝʦʥʦʚʘ, & ɹʨʦʥʘ, 2015). 

ʄʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʉʂ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚ ʯʘʩʽ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʜʫʢʪʫ ʧʦʚ`ʷʟʘʥʠʡ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ 

ʤ`ʷʩʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʝ ʩʧʦʯʘʪʢʫ ʾʭ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʽʩʪʠʣʦ. ʇʽʩʣʷ ʧʦʪʨʘʧʣʷʥʥʷ 

ʚ ʞʠʚʠʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʤʽʢʨʦʦʨʛʘʥʽʟʤ ʧʨʦʭʦʜʠʪʴ ʯʦʪʠʨʠ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ (ʨʠʩ. 

1.2). 
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ʈʠʩʫʥʦʢ 1.2 ʆʩʥʦʚʥʽ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ʞʠʚʠʣʴʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ  

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (Microbial Growth)  

ʅʘ ʧʝʨʰʽʡ, ʫ ʪʘʢ ʟʚʘʥʽʡ ʣʘʛ-ʬʘʟʽ, ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʣʠʰʝ ʧʨʠʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʥʦʚʠʭ ʫʤʦʚ 

ʧʝʨʝʙʫʚʘʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ, ʥʘ ʜʨʫʛʽʡ ʬʘʟʽ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʥʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʣʦʛʘʨʠʬʤʽʯʥʦ ʟʨʦʩʪʘʻ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʜʫʢʦʚʘʥʠʭ ʬʝʨʤʝʥʪʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʦʜʘʣʴʰʦʤʫ ʜʽʣʝʥʥʶ ʢʣʽʪʠʥ. ʅʘ ʪʨʝʪʽʡ 

ʬʘʟʽ ʟ ʫʩʢʣʘʜʥʝʥʥʷʤ ʜʦʩʪʫʧʫ ʜʦ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʘʙʽʣʽʟʘʮʽʷ 

ʧʨʦʮʝʩʫ ʨʦʟʤʥʦʞʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʘ ʧʝʨʝʭʦʜʠʪʴ ʚ ʯʝʪʚʝʨʪʫ, ʥʘ ʷʢʽʡ 

ʢʽʣʴʢʽʩʪʴ ʟʘʛʠʙʣʠʭ ʢʣʽʪʠʥ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʥʦʚʦʫʪʚʦʨʝʥʠʭ. 

ʊʘʢʽ ʧʨʦʮʝʩʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʫʩʽʭ ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ ʜʣʷ ʤ`ʷʩʘ, ʷʢʝ 

ʧʽʩʣʷ ʟʘʙʦʶ ʪʚʘʨʠʥʠ ʻ ʧʨʘʢʪʠʯʥʦ ʩʪʝʨʠʣʴʥʠʤ, ʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʽʚ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʩʫʚʘʥʥʷ ʧʽʜ ʜʽʻʶ ʪʦʢʩʠʢʦʛʝʥʥʠʭ ʪʘ ʭʚʦʨʦʙʦʪʚʦʨʥʠʭ 
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ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ (ʇʘʥʘʩʶʢ, ɼʘʥʠʣʝʥʢʦ, ʇʦʪʝʤʩʴʢʘ, & ɿʘʢʨʝʚʩʴʢʘ, 2016). 

ʊʘʢʦʤʫ ʷʚʠʱʫ ʧʝʚʥʠʤ ʯʠʥʦʤ ʧʨʦʪʠʜʽʻ ʢʦʨʠʩʥʘ ʤʽʢʨʦʬʣʦʨʘ, ʷʢʘ 

ʨʦʟʤʥʦʞʫʻʪʴʩʷ ʫ ʤ`ʷʩʽ ʥʘ ʧʦʯʘʪʢʘʭ ʢʦʥʢʫʨʝʥʪʥʠʭ ʟ ʰʢʽʜʣʠʚʦʶ ʤʽʢʨʦʬʣʦʨʦʶ. ʅʘ 

ʮʠʭ ʧʨʠʥʮʠʧʘʭ ʽ ʦʩʥʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ ʟʘʭʠʩʥʦʾ ʜʽʾ ʉʂ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʩʠʥʪʝʟʫʶʪʴ ʟʜʘʪʥʽ ʛʘʣʴʤʫʚʘʪʠ 

ʨʦʟʚʠʪʦʢ ʥʝʙʘʞʘʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʙʘʢʪʝʨʽʦʮʠʥʠ (Pankey, & Sabath, 2004), 

ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ ï ʤʦʣʦʯʥʫ, ʧʽʨʦʚʠʥʦʛʨʘʜʥʫ, ʦʮʪʦʚʫ ʪʘ ʙʽʣʢʦʚʠʡ 

ʧʨʦʪʠʤʽʢʨʦʙʥʠʡ ʧʨʝʧʘʨʘʪ ʧʝʜʽʦʮʠʥ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʜʽʾ ʟʜʘʪʥʠʡ 

ʧʨʠʛʥʽʯʫʚʘʪʠ ʨʽʩʪ ʧʘʪʦʛʝʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʢʣʘʩʽʚ Clostridium, Escherichia 

coli, Listeria, Salmonella ʪʘ Shigella (ʃʝʦʥʦʚʘ, 2015). ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʟʘ ʮʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʻ ʢʣʘʩ ʛʨʘʤʧʦʟʠʪʠʚʥʠʭ ʄɹ ʨʦʜʠʥʠ 

Lactobacillaceae, ʟʦʢʨʝʤʘ ʙʘʢʪʝʨʽʾ ʚʠʜʫ Pediococcus acidilactici (P. 

acidilactici)(Spacova et al., 2024). 

ɿʘ ʩʫʯʘʩʥʠʤʠ ʧʨʦʤʠʩʣʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚ ʤʘʩʫ ʤ`ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ ʽʟ ʉʂ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʚʚʦʜʷʪʴ ʢʦʨʠʩʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʻ ʥʝʟʨʽʚʥʷʥʥʦ 

ʙʽʣʴʰʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʪʦʶ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʚ ʧʨʦʜʫʢʪ ʟʟʦʚʥʽ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 

ʃʝʦʥʦʚʘ, ɹʨʦʥʘ, & ʂʦʚʪʫʥ, 2018). ɺʽʜʧʦʚʽʜʥʦ ʚ ʧʨʦʜʫʢʪʽ ʰʚʠʜʢʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ 

ʨʝʯʦʚʠʥʠ, ʧʨʠʩʫʪʥʽʩʪʴ ʷʢʠʭ ʩʧʨʠʷʻ ʧʦʜʦʚʞʝʥʥʶ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ (Bal-Prylypko, 2024). ʅʘʪʦʤʽʩʪʴ ʰʢʽʜʣʠʚʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʫ ʥʝʾ 

ʧʦʪʨʘʧʠʣʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʧʦʜʚʽʡʥʠʤ ʪʠʩʢʦʤ ï ʢʦʥʢʫʨʝʥʪʥʦʾ ʤʽʢʨʦʬʣʦʨʠ 

ʢʦʨʠʩʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʜʽʻʶ ʧʨʦʜʫʢʦʚʘʥʠʭ ʥʠʤʠ ʨʝʯʦʚʠʥ ʙʘʞʘʥʦʾ ʜʽʾ, ʧʝʨʰ 

ʟʘ ʚʩʝ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ, ʱʦ ʚʝʜʝ ʜʦ ʰʚʠʜʢʦʛʦ ʜʦʩʷʛʥʝʥʥʷ ʙʣʠʟʴʢʠʭ ʜʦ 5,0 

ʚʝʣʠʯʠʥ ʨʅ. ʈʝʟʫʣʴʪʘʪʦʤ ʻ ʩʫʪʪʻʚʘ, ʘ ʚ ʛʨʘʥʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʽ ʧʦʚʥʘ, ʟʫʧʠʥʢʘ ʾʭ 

ʨʦʟʤʥʦʞʝʥʥʷ (Barros, Carvalho, Peralta, Facklam, & Teixeira, 2001).  

ʎʽʣʝʩʧʨʷʤʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʭ ʰʪʘʤʽʚ ʉʂ 

ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩʠ ʬʝʨʤʝʥʪʘʮʽʾ ʤ`ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʩʧʨʠʷʻ ʦʪʨʠʤʘʥʥʶ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʩʪʘʙʽʣʴʥʦʾ ʷʢʦʩʪʽ (Danylenko et al., 2024; ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʃʝʦʥʦʚʘ, ɹʨʦʥʘ, & 

https://uk.wikipedia.org/wiki/Escherichia_coli
https://uk.wikipedia.org/wiki/Escherichia_coli
https://uk.wikipedia.org/wiki/Escherichia_coli
https://uk.wikipedia.org/wiki/Salmonella
https://uk.wikipedia.org/wiki/Shigella
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ʂʦʚʪʫʥ, 2018). ɺʠʢʦʨʠʩʪʘʥʥʷ ʉʂ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʬʝʨʤʝʥʪʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʙʫʣʦ 

ʨʦʟʧʦʯʘʪʠʤ ʥʘ ʦʩʥʦʚʽ ʟʘʚʝʨʰʝʥʠʭ ʇʘʩʪʝʨʦʤ ʪʘ ʃʽʩʪʝʨʦʤ ʫ 1860-1870-ʭ ʨʦʢʘʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʦʚʝʜʽʥʢʠ ʚ ʞʠʚʠʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʄɹ. ʇʝʨʰʽ ʾʭ 

ʩʝʨʽʡʥʽ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʣʠ ʦʨʛʘʥʽʟʦʚʘʥʽ ʥʘʧʨʠʢʽʥʮʽ 1880-ʭ ʨʦʢʽʚ ʚ ɼʘʥʽʾ, 

ʅʽʤʝʯʯʠʥʽ ʪʘ ʉʐɸ, ʢʦʣʠ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʞʠʚʽ ʢʫʣʴʪʫʨʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʬʝʨʤʝʥʪʦʚʘʥʠʭ 

ʧʨʦʜʫʢʪʽʚ (Caballero, 2003). 

ʆʜʥʦʶ ʟ ʦʩʥʦʚʥʠʭ ʮʽʣʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʂ ʻ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʽʚ 

ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʤʦʜʠʬʽʢʘʮʽʷ ʡʦʛʦ ʩʝʥʩʦʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʟʜʝʰʝʚʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʥʘʩʣʽʜʦʢ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ 

ʚʠʟʨʽʚʘʥʥʷ ʧʨʦʜʫʢʪʫ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʪʘ ʽʥ., 2023ʙ). ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʩʷʛʘʻ 50 % ʽ ʙʽʣʴʰʝ. ʊʘʢ, ʪʝʨʤʽʥ ʚʠʨʦʙʣʝʥʥʷ 

ʩʠʨʦʚ`ʷʣʝʥʦʾ ʢʦʚʙʘʩʠ ʤʦʞʝ ʙʫʪʠ ʩʢʦʨʦʯʝʥʠʤ ʜʦ 8-12 ʜʽʙ ʟʘʤʽʩʪʴ 30-45 

(ʐʠʥʢʘʨʫʢ & ɹʘʣʫʢ, 2021).  

ɼʦ ʧʦʟʠʪʠʚʥʠʭ ʩʪʦʨʽʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʂ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʘʢʦʞ ʪʝ, ʱʦ 

ʚʥʝʩʝʥʥʷ ʫ ʤ`ʷʩʦ, ʷʢʝ ʟʘ ʨʝʛʣʘʤʝʥʪʥʠʭ ʧʨʦʮʝʜʫʨ ʦʪʨʠʤʘʥʥʷ ʙʘʢʪʝʨʽʡ ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʤʽʩʪʠʪʴ, ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʞʘʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʽ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʘʪʦʛʝʥʥʠʭ ʪʘ ʪʘʢʠʭ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ 

ʧʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ, ʚʞʝ ʥʘ ʧʦʯʘʪʢʫ ʚʠʟʨʽʚʘʥʥʷ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 2013). ʋ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʘ ʩʫʯʘʩʥʽʡ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ ʙʘʟʫ ʉʂ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʰʠʨʦʢʝ ʢʦʣʦ ʄɹ. ɿʘʚʜʷʢʠ ʥʠʤ ʚʽʜʙʫʚʘʶʪʴʩʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ ʙʽʦʭʽʤʽʯʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʤ`ʷʩʘ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʧʦʣʫʢ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʩʤʘʢʫ, ʘʨʦʤʘʪʫ ʪʘ ʢʦʥʩʠʩʪʝʥʮʽʾ ʛʦʪʦʚʠʭ ʧʨʦʜʫʢʪʽʚ (ɺʦʡʮʝʭʽʚʩʴʢʘ & 

ɹʦʨʩʦʣʶʢ, 2018).  

. ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʽʷʣʴʥʦʩʪʽ ʄɹ ʻ ʪʘʢʦʞ ʩʠʥʪʝʟ ʢʽʣʴʢʦʭ ʦʨʛʘʥʽʯʥʠʭ 

ʢʠʩʣʦʪ ï ʤʦʣʦʯʥʦʾ, ʦʮʪʦʚʦʾ, ʤʫʨʘʰʠʥʦʾ, ʧʨʦʧʽʦʥʦʚʦʾ (ɹʦʨʮʶʭ & ʐʫʛʘʡ, 2017), 

ʧʨʠʩʫʪʥʽʩʪʴ ʷʢʠʭ ʟʤʝʥʰʫʻ ʨʅ ʤ`ʷʩʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʟʥʘʯʝʥʴ, ʧʨʠ ʷʢʠʭ ʨʦʟʚʠʪʦʢ 

ʧʘʪʦʛʝʥʥʠʭ ʪʘ ʪʦʢʩʠʢʦʛʝʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʝʥʠʡ (Braµek, 2021).  
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ɼʦ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʧʨʘʢʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʂ ʚʽʜʥʦʩʷʪʴ ʧʦʜʦʚʞʝʥʥʷ 

ʪʝʨʤʽʥʽʚ ʛʘʨʘʥʪʦʚʘʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʧʨʦʜʫʢʪʫ ʟʘʚʜʷʢʠ ʩʫʪʪʻʚʦʤʫ ʟʙʽʣʴʰʝʥʥʶ ʥʘ 

ʧʦʯʘʪʢʫ ʪʘ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʚʠʟʨʽʚʘʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʢʦʨʠʩʥʠʭ ʙʘʢʪʝʨʽʡ, ʘ ʪʘʢʦʞ 

ʰʚʠʜʢʝ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʷ ʨʅ ʙʣʠʟʴʢʦʛʦ ʜʦ 5,0 ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ 

ʚʠʨʦʙʣʝʥʠʭ ʩʠʨʦʢʦʧʯʝʥʠʭ ʪʘ ʩʠʨʦʚ`ʷʣʝʥʠʭ ʤô̫ ʩʥʠʭ ʚʠʨʦʙʽʚ (Karbowiak, 

SzymaŒski, & ZieliŒska, 2023).  

ʉʫʧʨʦʚʽʜʥʦʶ ʩʪʦʨʦʥʦʶ ʾʭʥʴʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʻ ʩʠʥʪʝʟ ʙʘʢʪʝʨʽʦʮʠʥʽʚ ï 

ʨʝʯʦʚʠʥ ʧʦʪʫʞʥʦʾ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ ʜʽʾ (ɹʦʨʮʶʭ & ʐʫʛʘʡ, 2016).  

ɺʠʟʥʘʯʝʥʦ, ʥʘʧʨʠʢʣʘʜ, ʱʦ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʉʂ ʤʦʣʦʯʥʦʢʠʩʣʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʝʜʝ ʜʦ ʧʨʠʧʠʥʝʥʥʷ ʨʦʩʪʫ ʣʽʩʪʝʨʽʡ, ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ 

ʩʘʣʴʤʦʥʝʣ ʪʘ ʽʥʰʠʭ ʧʘʪʦʛʝʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʂʨʽʤ ʥʠʭ, ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʙʘʢʪʝʨʽʦʮʠʥʽʚ ʟʘʬʽʢʩʦʚʘʥʝ ʥʘʩʪʫʧʥʠʤʠ ʰʪʘʤʘʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ: 

Clostridium, Corynebacterium, Leuconostoc, Micrococcus, Mycobacterium, Sarcina, 

Staphylococcus, Strʝptococcus, Streptomyces, ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʦʟʛʣʷʜʘʪʠ ʾʭ ʷʢ ʪʘʢʽ, 

ʱʦ ʩʪʚʦʨʶʻ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʬʝʨʤʝʥʪʘʮʽʾ ʪʘ 

ʩʧʨʠʷʻ ʢʦʥʩʝʨʚʫʚʘʥʥʶ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ. ɼʦ ʩʢʣʘʜʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʫ ʉʂ ʤʽʢʨʦʬʣʦʨʠ ʥʘʣʝʞʘʪʴ ʧʝʨʝʚʘʞʥʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʰʪʘʤʽʚ 

Lactobacillus spp., Lactobacillus sakei, Staphylococcus xylosus, Staphylococcus 

carnosus (S. carnosus), Pediococcus pentosaceus, P. acidilactici, Candida famata, 

Penicillium chrysogenum, Penicillium nalgiovense, Penicillium nalgiovense spp., 

Penicillium camembertii, Debaryomyces hansenii. ɰʭ ʦʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʫ 

ʪʘʢʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʻ (Hammes, 2011;  ʉʠʥʠʮʷ, 2016; Liu et al., 2021): 

ï ʣʘʢʪʦʙʘʮʠʣʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʤʝʥʰʝʥʥʷ ʨʅ, ʥʘʙʫʪʪʷ ʧʨʦʜʫʢʪʦʤ 

ʧʨʠʚʘʙʣʠʚʦʛʦ ʢʦʣʴʦʨʫ ʪʘ ʫʪʚʦʨʝʥʥʷ ʘʨʦʤʘʪʫ; 

ï ʧʣʽʩʥʷʚʽ ʢʫʣʴʪʫʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʪʨʘʪʽʚ, ʙʣʦʢʫʚʘʥʥʷ 

ʦʢʠʩʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʛʥʽʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ ʧʝʨʦʢʩʠʜʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ; 

ï ʜʨʽʞʜʞʽ ʪʘ ʩʪʨʝʧʪʦʤʽʮʝʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʫ ʪʘ 

ʘʨʦʤʘʪʫ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 
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ɼʦ ʷʢʦʩʪʽ ʉʂ ʧʨʝʜ`ʷʚʣʷʶʪʴʩʷ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ: ʚʦʥʠ ʤʘʶʪʴ ʙʫʪʠ 

ʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ, ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʰʚʠʜʢʽʩʪʶ ʨʦʟʤʥʦʞʝʥʥʷ ʪʘ 

ʩʪʽʡʢʽʩʪʶ ʚ ʫʤʦʚʘʭ ʬʝʨʤʝʥʪʘʮʽʾ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʾʭʥʴʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʚ ʦʙ`ʻʤʽ 

ʤʘʶʪʴ ʩʠʥʪʝʟʫʚʘʪʠʩʷ ʢʘʨʙʦʥʽʣʴʥʽ ʩʧʦʣʫʢʠ, ʥʘʧʨʠʢʣʘʜ, ʘʮʝʪʦʥ ʪʘ ʜʠʘʮʝʪʠʣ, 

ʩʧʠʨʪʠ, ʣʝʪʢʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ, ʘʤʽʥʦʢʠʩʣʦʪʠ ʪʘ ʽʥʰʽ ʤʝʪʘʙʦʣʽʪʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʜʦʟʨʽʚʘʥʥʷ ʚʠʨʦʙʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʶ ʫ ʥʠʭ ʩʧʝʮʠʬʽʯʥʦʛʦ 

ʩʤʘʢʫ ʽ ʘʨʦʤʘʪʫ (ʅʝʜʦʨʽʟʘʥʶʢ, ʌʨʘʥʢʦ, & ɺʦʡʮʝʭʽʚʩʴʢʘ, 2014). 

ɿʚʽʜʩʠ ʧʦʭʦʜʠʪʴ ʽ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʂ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʯʥʦʩʪʽ ʚʠʨʦʙʣʝʥʠʭ ʟ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʝʨʤʝʥʪʦʚʘʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟʘʚʜʷʢʠ ʧʨʠʛʥʽʯʝʥʥʶ ʘʢʪʠʚʥʦʩʪʽ ʧʽʜ ʜʽʻʶ ʩʠʥʪʝʟʦʚʘʥʠʭ ʄɹ 

ʙʘʢʪʝʨʽʦʮʠʥʽʚ ʧʘʪʦʛʝʥʥʠʭ ʰʪʘʤʽʚ Salmonella spp., Listeria spp. ʪʘ ʽʥ. (Garc²a-D²ez, 

& Saraiva, 2021), ʘ ʪʘʢʦʞ ʙʽʦʛʝʥʥʠʭ ʘʤʽʥʽʚ (Ashaolu, Khalifa, Mesak, Lorenzo, & 

Fara, 2021), ʥʽʪʨʦʟʘʤʽʥʽʚ (Sallan, Yēlmaz Oral, Kaya, & 2023), ʧʦʣʽʮʠʢʣʽʯʥʠʭ 

ʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ ʤʽʢʦʪʦʢʩʠʥʽʚ ʫʪʚʦʨʶʚʘʥʠʭ ʧʨʠ ʪʨʠʚʘʣʽʡ ʚʠʪʨʠʤʮʽ 

ʤ`ʷʩʥʦʾ ʤʘʩʠ (Wang et al., 2021; Zahija Jazbec, Demġar, Jerġek, & Polak, 2024; Guo 

et al., 2024).  

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʯʥʦʩʪʽ ʬʝʨʤʝʥʪʦʚʘʥʦʛʦ 

ʤ`ʷʩʦʧʨʦʜʫʢʪʫ ʮʴʦʛʦ ʻ ʧʨʠʩʢʦʨʝʥʘ ʘʮʠʜʠʬʽʢʘʮʽʷ ʤʘʩʠ ʪʘ ʚʠʨʦʙʣʝʥʥʷ ʚʥʝʩʝʥʠʤʠ 

ʰʪʘʤʘʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʝʯʦʚʠʥ ʟ ʘʥʪʠʤʽʢʨʦʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʦʢʨʝʤʘ 

ʙʘʢʪʝʨʽʦʮʠʥʽʚ. ɿʦʢʨʝʤʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʜʫʢʪʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʜʝʷʢʠʭ ʰʪʘʤʽʚ 

ʄɹ, ʟʦʢʨʝʤʘ Lactobacillus sakei ʪʘ Lactobacillus plantarum, ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʶ 

ʢʽʣʴʢʦʩʪʽ ʫʪʚʦʨʶʚʘʥʠʭ ʙʽʦʛʝʥʥʠʭ ʘʤʽʥʽʚ (Dias et al., 2021; Sun et al., 2022), ʘ 

ʙʘʢʪʝʨʽʾ ʰʪʘʤʽʚ Staphylococcus xylosus ʪʘ Debaryomyces hansenii ʩʧʨʠʷʶʪʴ 

ʜʝʛʨʘʜʘʮʽʾ ʮʠʭ ʩʧʦʣʫʢ ʫ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ (Ramos-Moreno, Ruiz-P®rez, 

Rodr²guez-Castro, & Ramos, 2021; Zhang et al., 2023; Lee et al., 2023).  

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʚ ʩʠʥʪʝʟʽ ʨʝʯʦʚʠʥ ʟ ʘʨʦʤʘʪʠʯʥʠʤʠ ʪʘ ʩʤʘʢʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʟʥʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʰʪʘʤʽʚ 

Staphylococcus camosus, Lactobacillus sake ̔ʪʘ Staphylococcus xylosus (Zhao et al., 

2024; Liu et al., 2024; Wang et al., 2022). ʇʨʦʪʝ ʯʝʨʝʟ ʾʭʥʽ ʘʢʪʠʚʥʽ ʜʝʥʽʪʨʠʬʽʢʫʶʯʽ 



52 

ʚʣʘʩʪʠʚʦʩʪʽ (Bal-Prylypko et al., 2024), ʥʘʷʚʥʽ ʚ ʩʠʩʪʝʤʽ ʘʥʽʦʥʠ ʥʽʪʨʠʪʫ ʪʘ ʥʽʪʨʘʪʫ 

ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʢʣʘʜʘʶʪʴʩʷ, ʱʦ ʚʝʜʝ ʜʦ ʥʝʙʘʞʘʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʨʅ ʽ 

ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʝʨʤʝʥʪʘʮʽʾ. ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʜʦ ʩʢʣʘʜʫ ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨ ʚʚʦʜʷʪʴ ʦʜʥʦʯʘʩʥʦ 

ʰʪʘʤʠ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʟʘʚʜʷʢʠ ʘʢʪʠʚʥʦʤʫ ʨʦʟʱʝʧʣʝʥʥʶ 

ʛʣʽʢʦʛʝʥʫ ʤ`ʷʟʦʚʦʾ ʪʢʘʥʠʥʠ ʧʨʦʜʫʢʫʶʪʴ ʤʦʣʦʯʥʫ ʢʠʩʣʦʪʫ, ʧʽʨʦʚʠʥʦʛʨʘʜʥʫ, 

ʦʮʪʦʚʫ ʢʠʩʣʦʪʫ, ʝʪʘʥʦʣ ʱʦ ʚʝʜʝ ʜʦ ʧʽʜʪʨʠʤʘʥʥʷ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʩʫʙʩʪʨʘʪʫ ʥʘ 

ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ, ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʟʚʠʪʢʫ ʛʥʠʣʴʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʬʝʨʤʝʥʪʘʮʽʾ (Wang et al., 2022; Kaveh, Hashemi, Abedi, Amiri, & Cont, 

2023). 

ʆʜʥʦʯʘʩʥʦ ʉʂ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʢʦʥʩʠʩʪʝʥʮʽʶ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʠʤ ʪʠʤ, ʱʦ ʚʠʢʣʠʢʘʥʝ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʶ ʄɹ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʨʅ ʜʦ ʽʟʦʝʣʝʢʪʨʠʯʥʦʾ ʪʦʯʢʠ ʚʝʜʝ ʜʦ ʢʦʘʛʫʣʷʮʽʾ ʽ ʧʦʤ`ʷʢʰʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʙʽʣʢʽʚ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʦʛʦ ʻ ʩʫʪʪʻʚʝ ʧʦʢʨʘʱʝʥʥʷ ʢʦʥʩʠʩʪʝʥʮʽʾ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ (Stegmayer et al., 2023; Carneiro et al., 2024). ʆʜʥʦʯʘʩʥʦ ʧʨʠʩʫʪʥʽʩʪʴ ʚ 

ʦʙ`ʻʤʽ ʜʦʜʘʪʢʦʚʠʭ ʢʽʣʴʢʦʩʪʝʡ ʙʘʢʪʝʨʽʡ ʨʦʜʫ Staphylococcus ʘʢʪʠʚʽʟʫʻ ʧʨʦʮʝʩʠ 

ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢ ʟ ʙʘʞʘʥʠʤʠ ʘʨʦʤʘʪʠʯʥʠʤʠ ʪʘ ʩʤʘʢʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

(ɼʫʙʨʦʚʽʥʘ & ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 2014; ʅʝʜʦʨʽʟʘʥʶʢ, ɺʦʡʮʝʭʽʚʩʴʢʘ, ɼʘʥʠʣʝʥʢʦ, & 

ɺʝʨʙʠʮʴʢʠʡ, 2024). 

. ʂʨʽʤ ʪʦʛʦ ʧʽʜ ʾʭ ʜʽʻʶ ʚʥʝʩʝʥʠʡ ʟ ʬʘʨʰʝʚʠʤʠ ʢʦʤʧʦʟʠʮʽʷʤʠ ʥʽʪʨʘʪ NO3
-
 ʟʘ 

ʾʭ ʫʯʘʩʪʽ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʦ ʥʽʪʨʠʪʫ NO2
- 
(Premi, Rocchetti, Lucini, Morelli, & 

Rebecchi, 2024; SzymaŒski, Ğaszkiewicz, Kern-Jňdrychowska, Siekierko, & KoğoŨyn-

Krajewska, 2021). 

ʆʩʪʘʥʥʽʡ ʞʝ ʚʥʘʩʣʽʜʦʢ ʥʝʩʪʽʡʢʦʩʪʽ ʫʪʚʦʨʝʥʦʾ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ HNO2 ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʜʦ ʦʢʩʠʜʫ ʘʟʦʪʫ (ɯɯ), ʜʽʷ ʷʢʦʛʦ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʤʽʦʛʣʦʙʽʥʦʤ ʤ`ʷʩʘ ʚʝʜʝ ʜʦ ʥʘʙʫʪʪʷ ʤô̫ ʩʥʦʶ ʩʠʩʪʝʤʦʶ ʚʣʘʩʪʠʚʦʛʦ 

ʩʠʨʦʤʫ ʤ`ʷʩʫ ʨʦʞʝʚʦʛʦ ʘʙʦ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʽʚ (Pegg et al., 2015). ɺʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤ`ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ ʻ ʩʧʦʩʦʙʠ 

ʚʥʝʩʝʥʥʷ ʥʽʪʨʠʪʫ/ʥʽʪʨʘʪʫ ʥʘʪʨʽʶ ʫ ʤô̫ ʩʥʫ ʩʠʩʪʝʤʫ, ʟʘ ʷʢʦʛʦ ʜʦʩʷʛʘʻʪʴʩʷ ʡʦʛʦ 
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ʤʘʢʩʠʤʘʣʴʥʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʟʘʩʪʦʩʦʚʥʠʭ ʫ ʩʢʣʘʜʽ ʨʦʟʩʦʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʨʠ 

ʥʘʩʠʯʫʚʘʥʥʽ ɿʉ ʫ ʮʽʣʴʥʦʤ`ʷʟʦʚʫ ʩʪʨʫʢʪʫʨʫ (ʃʠʪʚʠʥʝʥʢʦ, ʂʣʶʢ, & ʅʝʢʦʟ, 2012; 

Molina, Fr²as-Celayeta, Bolton, & Botinestean, 2024). 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʧʨʦʮʝʩʫ ʤʘʻ ʙʫʪʠ ʧʨʠʜʽʣʝʥʦʶ ʨʦʟʤʽʨʫ 

ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ, ʦʩʢʽʣʴʢʠ ʟʘ ʡʦʛʦ ʜʝʬʽʮʠʪʫ ʚ ʦʙʨʦʙʣʶʚʘʥʽʡ ʥʠʤ ʤʘʩʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʧʦʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʤʽʦʛʣʦʙʽʥʦʤ ʤ`ʷʩʘ ʢʽʣʴʢʽʩʪʴ 

ʤʦʥʦʦʢʩʠʜʫ ʘʟʦʪʫ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʦʜʘʚʘʥʥʷ NaNO2 ʫ ʢʽʣʴʢʦʩʪʽ ʧʦʥʘʜ ʥʝʦʙʭʽʜʥʫ 

ʢʽʣʴʢʽʩʪʴ (5,0...7,5 ʛʨʘʤʽʚ ʥʘ 100 ʢʽʣʦʛʨʘʤʽʚ ʤ`ʷʩʘ-ʩʠʨʦʚʠʥʠ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʫʪʚʦʨʝʥʥʷ ʢʘʥʮʝʨʦʛʝʥʥʠʭ ʨʝʯʦʚʠʥ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʥʽʪʨʦʟʦʘʤʽʥʽʚ, ʘ ʪʘʢʦʞ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʽʛʤʝʥʪʽʚ ʩʽʨʦʛʦ, ʙʫʨʦʛʦ ʽ ʥʘʚʽʪʴ ʟʝʣʝʥʢʫʚʘʪʦʛʦ ʢʦʣʴʦʨʫ 

(Pujol, Ospina-E, Alvarez, & Mu¶oz, 2023; Tang, Zhang, Lim Law, & Mujumdar, 

2023).  

 

1.5 ɼʽʻʚʽ ʰʣʷʭʠ ʟʤʝʥʰʝʥʥʷ ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʪʝʭʥʦʣʦʛʽʾ 

ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʜʦʚʞʝʥʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʟʘ ʨʦʟʫʤʥʦʾ ʧʨʘʢʪʠʢʠ ʩʧʦʞʠʚʘʥʥʷ ʥʝʛʘʪʠʚʥʠʡ ʚʣʠʚ 

ʥʘʷʚʥʦʩʪʽ ʥʽʪʨʠʪʫ/ʥʽʪʨʘʪʫ ʥʘʪʨʽʶ ʚ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʘʭ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʽʜʯʫʚʘʻʪʴʩʷ, ʪʠʤ ʙʽʣʴʰʝ, ʱʦ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʩʦʣʝʡ ʤʝʪʘʙʦʣʽʟʫʻʪʴʩʷ, ʪʘ/ʘʙʦ 

ʟʚ`ʷʟʫʻʪʴʩʷ ʤʽʦʛʣʦʙʽʥʦʤ ʤ`ʷʩʘ. ɸʣʝ ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʤ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ ʥʝ ʻ 

ʻʜʠʥʠʤ ʜʞʝʨʝʣʦʤ ʧʦʪʨʘʧʣʷʥʥʷ ʾʭ ʫ ʭʘʨʯʦʚʽ ʩʫʤʽʰʽ. ʊʝ ʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʫ ʬʘʨʰ ʯʠ ʚʟʘʛʘʣʽ ʫ ʜʝʥʥʠʡ ʨʘʮʽʦʥ ʦʚʦʯʽʚ, ʷʢʽ ʜʦ ʪʦʛʦ ʞ ʚ ʫʤʦʚʘʭ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʤʽʩʪʷʪʴ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ 

ʥʽʪʨʘʪʫ ʥʘʪʨʽʶ (ʪʘʙʣ. 1.3).  
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ʊʘʙʣʠʮʷ 1.3 

ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʥʽʪʨʠʪʽʚ ʪʘ ʥʽʪʨʘʪʽʚ ʚ ʦʢʨʝʤʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ, ʤʛ/100 ʛ 

ʇʨʦʜʫʢʪ ɺʤʽʩʪ ʥʽʪʨʠʪʽʚ ɺʤʽʩʪ ʥʽʪʨʘʪʽʚ 

ʂʘʨʪʦʧʣʷ 0,032 2,40 

ʄʦʨʢʚʘ 0,044 35,40 

ɹʫʨʷʢ 0,080 156,60 

ʂʘʧʫʩʪʘ ʙʽʣʦʢʘʯʘʥʘ 0,025 13,90 

ʆʛʽʨʢʠ 0,027 13,90 

ʇʦʤʽʜʦʨʠ 0,201 2,90 

ʉʝʣʝʨʘ 0,119 185,20 

ʂʦʨʽʥʴ ʧʝʪʨʫʰʢʠ 0,144 144,90 

ʂʚʘʩʦʣʷ 0,057 6,10 

ʏʘʩʥʠʢ 0,043 7,30 

ʈʝʜʠʩ 0,177 159,30 

ʍʣʽʙ ʧʰʝʥʠʯʥʠʡ 0,026 3,00 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (Ranasinghe & Marapana, 2018; 

Bahadoran et al., 2016; ʄʠʭʘʡʣʶʪʝʥʢʦ, ɭʚʩʪʘʬô̒ ʚʘ, ʄʝʣʴʥʠʯʫʢ, & ʂʫʟʴʤʝʥʢʦ, 2023; ʐʝʚʯʠʢ & 

ɻʝʨʘʩʽʤʦʚʘ, 2017) 

 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʝʨʝʭʽʜ ʥʘ ʙʘʛʘʪʽ ʦʚʦʯʘʤʠ ʪʘ ʬʨʫʢʪʘʤʠ ʜʽʻʪʠ ʩʧʨʠʷʻ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʤʝʥʰʝʥʥʶ ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ (ʈʫʩʥʘʢ, ʉʣʠʚʢʘ, ʂʫʣʘʯʝʢ, 

& ʂʫʣʘʯʝʢ, 2021; ɹʦʙʨʦ, ʃʘʢʪʽʦʥʦʚʘ, & ʂʦʣʷʜʘ, 2021), ʘ ʚʞʠʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦ 

ʙʫʨʷʢʦʚʦʛʦ ʩʦʢʫ ʷʢ ʜʞʝʨʝʣʘ ʙʘʛʘʪʦʛʦ ʥʽʪʨʘʪʘʤʠ (Serhiyenko,, & Serhiyenko, 2021) 

ʽ, ʢʨʽʤ ʪʦʛʦ, ʤʽʥʝʨʘʣʴʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʪʘ ʚʽʪʘʤʽʥʘʤʠ (Benjamim et al., 2022; 

Grºnroos, Eggertsen, Bernhardsson, & Praetorius Bjºrk, 2024). 

ɺʞʠʚʘʥʥʷ ʙʫʨʷʢʦʚʦʛʦ ʩʦʢʫ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʘʨʪʝʨʽʘʣʴʥʠʡ ʪʠʩʢ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 10 ʤʤ ʨʪ. ʩʪ., ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʩʧʽʚʧʘʜʽʥʥʷʤ ʧʽʢʦʚʦʛʦ ʤʦʤʝʥʪʫ 

ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʟ ʧʽʢʦʚʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʽʪʨʠʪʫ ʫ ʧʣʘʟʤʽ ʢʨʦʚʽ. ʊʘʢʦʞ ʯʠʩʣʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʪʝʨʘʧʝʚʪʠʯʥʫ ʨʦʣʴ ʦʙʦʭ ʘʥʽʦʥʽʚ ʚ ʧʦʧʝʨʝʜʞʝʥʥʽ ʩʝʨʮʝʚʦ-
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ʩʫʜʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽʰʝʤʽʯʥʦʾ ʭʚʦʨʦʙʠ ʩʝʨʮʷ, ʽʥʩʫʣʴʪʽʚ ʪʘ 

ʧʽʜʚʠʱʝʥʦʛʦ ʪʠʩʢʫ (Guimaraes, Batista, & Tanus-Santos, 2021; Omar, Webb, 

Lundberg, Weitzberg, 2021).  

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʘʪʫ ʧʽʩʣʷ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʟ ʦʚʦʯʝʚʦʶ ʪʘ 

ʽʥʰʦʶ ʭʘʨʯʦʚʦʶ ʧʨʦʜʫʢʮʽʻʶ ʘʢʪʠʚʥʦ ʚʠʣʫʯʘʻʪʴʩʷ ʟ ʮʠʨʢʫʣʷʮʽʾ ʩʣʠʥʥʠʤʠ 

ʟʘʣʦʟʘʤʠ ʪʘ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʫ ʩʣʠʥʽ. ʇʦʪʽʤ ʨʦʟʯʠʥʝʥʠʡ ʫ ʥʽʡ ʥʽʪʨʘʪ ʧʽʜ ʜʽʻʶ 

ʤʽʢʨʦʬʣʦʨʠ ʫ ʨʦʪʽ ʘʢʪʠʚʥʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʦ ʥʽʪʨʠʪʫ, ʱʦ ʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʴʦʛʦ ʘʥʽʦʥʫ ʤʘʡʞʝ ʫ 100 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʡʦʛʦ ʭʘʨʘʢʪʝʨʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʚ ʧʣʘʟʤʽ (Rosier et al., 2022; Alzahrani, Jackson, Hobbs, & 

Lovegrove, 2021).  

ʇʽʩʣʷ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʦʨʛʘʥʽʟʤ, ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʫʪʚʦʨʝʥʥʷ NO ʝʥʟʠʤʠ 

ʛʝʥʝʨʫʶʪʴ ʟ ʥʽʪʨʠʪʫ ʤʦʥʦʦʢʩʠʜ ʘʟʦʪʫ ʚ ʢʣʽʪʠʥʘʭ, ʜʝ ʚʽʥ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʯʠʩʣʝʥʥʽ 

ʬʽʟʽʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʟʦʢʨʝʤʘ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʝ ʜʠʭʘʥʥʷ (Larsen, Weitzberg, & 

Lundberg, 2007). ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʥʘʷʚʥʽʩʪʴ ʫ ʭʘʨʯʦʚʦʤʫ ʧʨʦʜʫʢʪʽ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ 

ʤʦʞʝ ʥʘʚʽʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʦʟʠʪʠʚʥʝ ʷʚʠʱʝ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʤʦʥʦʦʢʩʠʜʫ ʘʟʦʪʫ 

ʧʨʠ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʤʽʦʛʣʦʙʽʥʦʤ (Oleshchuk, & Chornomydz, 2016; ʍʘʧʯʝʥʢʦʚʘ, 

& ʉʝʥʘʪʦʨʦʚʘ, 2024). ɿʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ (van Faassen et al., 2009), ʦʜʥʦʝʣʝʢʨʦʥʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʪʨʠʪ-ʽʦʥʫ ʜʦ ʤʦʥʦʦʢʩʠʜʫ ʘʟʦʪʫ ʢʘʪʘʣʽʟʫʻʪʴʩʷ ʯʠʩʣʝʥʥʠʤʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʝʥʟʠʤʘʪʠʯʥʦʾ ʪʘ ʥʝʝʥʟʠʤʘʪʠʯʥʦʾ ʧʨʠʨʦʜʠ. ɺʽʜʥʦʩʥʠʡ ʚʥʝʩʦʢ 

ʮʠʭ ʩʢʣʘʜʦʚʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʨʽʚʥʷ ʨʅ, ʪʠʩʢʫ ʢʠʩʥʶ ʪʘ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʽʘʣʫ. ɺ ʮʠʭ ʫʤʦʚʘʭ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʡ ʚ 

ʭʽʤʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʽʦʥ NO3
ī
 ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʦ ʥʽʪʨʠʪʫ NO2 ̔  ʜʘʣʽ ʜʦ 

ʤʦʥʦʦʢʩʠʜʫ ʘʟʦʪʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʟʘ ʚʟʘʻʤʦʜʽʻʶ ʟ ʤʽʦʛʣʦʙʽʥʦʤ ʤ`ʷʩʘ ʽ ʥʘʜʘʥʥʷ 

ʡʦʤʫ ʟʚʠʯʥʦʛʦ ʜʣʷ ʰʠʨʦʢʠʭ ʤʘʩ ʢʦʣʴʦʨʫ. ɺ ʫʤʦʚʘʭ ʧʝʨʝʜʦʟʫʚʘʥʥʷ ʫ ʤ`ʷʩʥʫ ʤʘʩʫ 

ʥʽʪʨʠʪʽʚ ʚ ʪʢʘʥʠʥʠ ʧʦʪʨʘʧʣʷʻ ʘʛʨʝʩʠʚʥʠʡ ʚ ʭʽʤʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʦʢʩʠʜ ʘʟʦʪʫ, 

ʷʢʠʡ ʟʘ ʪʨʠʚʘʣʦʾ ʜʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʨʘʚʤʘʪʠʯʥʦʶ ʜʽʻʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʞʠʚʦʾ ʤʘʪʝʨʽʾ (ʂʦʨʜʘ, ʆʣʝʱʫʢ, & ʏʦʨʥʦʤʠʜʟ, 2021). ɸʣʝ ʪʘʢʘ ʜʽʷ ʻ 

ʢʦʨʦʪʢʦʯʘʩʥʦʶ ʯʝʨʝʟ ʡʦʛʦ ʰʚʠʜʢʝ ʦʢʠʩʥʝʥʥʷ NO ʜʦ ʥʽʪʨʠʪʫ ʪʘ ʥʽʪʨʘʪʫ (Lundberg 

et al., 2009). 
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ʇʨʠ ʪʦʤʫ ʨʝʪʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʝʦʨʛʘʥʽʯʥʽ ʘʥʽʦʥʠ ʥʽʪʨʠʪʫ 

(NO2
ī
) ʪʘ ʥʽʪʨʘʪʫ (NO3

ī
), ʷʢʽ ʪʨʠʚʘʣʠʡ ʯʘʩ ʚʚʘʞʘʣʠʩʷ ʽʥʝʨʪʥʠʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʟʘ ʫʤʦʚ ʧʝʨʝʜʦʟʫʚʘʥʥʷ ʚ ʤô̫ ʩʥʽ ʧʨʦʜʫʢʪʠ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʟʜʦʨʦʚ`ʷ ʚʥʘʩʣʽʜʦʢ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʭʚʦʨʦʙ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʽ ʩʠʩʪʝʤʘʪʠʯʥʝ 

ʧʦʜʨʘʟʥʝʥʥʷ ʥʠʤ ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ (Gu®raud, 

Buisson, & Promeyrat, 2023; Lavado, Higuero, Le·n-Camacho, & Cava, 2021).  

ʊʨʘʜʠʮʽʡʥʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, ʷʢʠʡ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʤ`ʷʩʥʦʤʫ ʧʨʦʜʫʢʪʽ ʧʽʩʣʷ ʟʚ`ʷʟʫʚʘʥʥʷ ʤʽʦʛʣʦʙʽʥʦʤ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʡʦʤ ʚʥʝʩʝʥʥʷ ʫ ʤʘʩʫ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʦʜʽʚ 

Micrococcus ʪʘ Pseudomonas (Ko, Chen, & Chiu, 2003). 

ʊʘʢʘ ʜʽʷ ʘʢʪʠʚʫʻ ʧʨʦʮʝʩʠ ʜʠʩʠʤʽʣʷʮʽʡʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʢʦʣʠ 

ʜʝʥʽʪʨʠʬʽʢʫʶʯʽ ʤʽʢʨʦʦʦʨʛʘʥʽʟʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʽʪʨʘʪʠ ʽ ʧʨʦʜʫʢʪʠ ʾʭ 

ʯʘʩʪʢʦʚʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʥʽʪʨʠʪʠ ʜʣʷ ʘʥʘʝʨʦʙʥʦʛʦ ʜʠʭʘʥʥʷ, 

ʩʫʧʨʦʚʦʜʞʫʚʘʥʠʡ ʾʭ ʩʪʫʧʽʥʯʘʩʪʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʫ ʢʽʥʮʽ ʣʘʥʮʶʛʘ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʫ ʯʝʨʝʟ ʩʝʨʽʶ ʧʨʦʤʽʞʥʠʭ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟʘ ʩʭʝʤʦʶ (LaSarre, 

Morlen, Neumann, Harwood, & McKinlay, 2024): 

 

NO3
-
  Ÿ  NO2

-
  Ÿ  NO  Ÿ  N2O  Ÿ  N2 

 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʻ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, 

ʧʦʪʝʥʮʽʡʥʝ ʫʪʚʦʨʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʩʧʦʣʫʢ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʥʽʪʨʦʟʘʤʽʥʽʚ (Shen et al., 

2023) ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫʪʚʦʨʝʥʦʛʦ ʧʨʠ ʜʠʩʦʮʽʘʮʽʾ 

ʥʽʪʨʠʪʥʦʾ ʢʠʩʣʦʪʠ ʦʢʩʠʜʫ ʘʟʦʪʫ (ɯɯ) ʟ ʚʪʦʨʠʥʥʠʤʠ ʘʤʽʥʘʤʠ ʤ`ʷʩʥʦʾ ʬʨʘʢʮʽʾ: 

 

HONO  +  R2NH      R2N-NO  +  H2O 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʧʦʚ`ʷʟʘʥʫ ʟ ʮʠʤ ʧʦʪʝʥʮʽʡʥʫ ʥʝʙʝʟʧʝʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ɿʉ ʚ ʩʠʩʪʝʤʘʭ ʟ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʧʦʥʘʜ +300 ʤʽʣʽʚʦʣʴʪ, ʥʘʧʨʠʢʣʘʜ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʫ ʚʥʫʪʨʽʰʥʽʭ 
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ʰʘʨʘʭ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʥʠʢʽʚ (ʢʠʩʥʶ ʪʘ ʽʥ.) ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʠ 

ʜʠʬʫʟʽʾ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʦʜʥʦʯʘʩʥʦ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʝʥʽʪʨʠʬʽʢʫʶʯʦʶ ʜʽʻʶ 

ʙʘʢʪʝʨʽʷʤʠ, ʧʽʜ ʾʭ ʜʽʻʶ ʪʘʢʦʞ ʚʪʨʘʯʘʶʪʴʩʷ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʢʦʣʴʦʨʦʫʪʚʦʨʶʶʯʠʭ 

ʩʦʣʝʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʻ ʧʝʨʝʜʦʟʫʚʘʥʥʷ ʫ ɿʉ ʥʽʪʨʘʪʫ/ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʜʦʜʘʪʢʦʚʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʥʝʙʘʞʘʥʠʭ ʚʟʘʻʤʦʜʽʡ. 

ʇʨʦʪʝ ʧʨʦʙʣʝʤʘ ʥʝ ʟʚʫʞʫʻʪʴʩʷ ʥʘ ʧʠʪʘʥʥʷʭ ʚʤʽʩʪʫ ʮʠʭ ʩʧʦʣʫʢ ʚ ʤ`ʷʩʥʽʡ 

ʧʨʦʜʫʢʮʽʾ, ʦʩʢʽʣʴʢʠ ʟʘ ʩʪʘʪʠʩʪʠʢʦʶ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ 

ʥʽʪʨʘʪʽʚ, ʷʢʽ ʜʘʣʽ ʤʝʪʘʙʦʣʽʟʫʻʪʴʩʷ ʚ ʥʽʪʨʠʪ, ʻ ʧʨʦʜʫʢʪʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, 

ʧʝʨʝʚʘʞʥʦ ʦʚʦʯʽ, ʘ ʥʘ ʤ`ʷʩʥʽ ʞ ʧʨʦʜʫʢʪʠ ʧʨʠʧʘʜʘʻ ʥʝ ʙʽʣʴʰʝ 15 % ʩʫʤʠ ʥʽʪʨʘʪʫ 

ʪʘ ʥʽʪʨʠʪʫ. ʇʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʩʦʣʝʡ ʪʘʢʦʞ ʝʥʜʦʛʝʥʥʦ ʛʝʥʝʨʫʻʪʴʩʷ ʩʘʤʠʤ 

ʦʨʛʘʥʽʟʤʦʤ (Lundberg, Weitzberg, & Gladwin, 2008). ʋ ʪʦʡ ʞʝ ʯʘʩ ʢʽʣʴʢʽʩʪʴ 

NaNO2, ʷʢʠʡ ʧʦʪʨʘʧʣʷʻ ʚ ʦʨʛʘʥʽʟʤ ʟ ʭʘʨʯʦʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʥʝ ʻ ʚʠʟʥʘʯʘʣʴʥʦʶ ʚ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʫʚʘʥʦʛʦ ʟ ʾʞʝʶ 

ʥʽʪʨʠʪʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 3 % ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʝʥʜʦʛʝʥʥʦ ʫʪʚʦʨʝʥʦʛʦ ʚ ʰʣʫʥʢʦʚʦ-

ʢʠʰʢʦʚʦʤʫ ʪʨʘʢʪʽ ʟʘ ʫʯʘʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (Benjamin & Collins, 2003). ʇʨʦʪʝ 

ʫʪʚʦʨʶʚʘʥʠʡ ʚ ʦʨʛʘʥʽʟʤʽ ʟʘ ʾʭ ʫʯʘʩʪʽ ʥʽʪʨʠʪ-ʽʦʥ ʨʦʟʧʦʜʽʣʝʥʠʡ ʚ ʪʢʘʥʠʥʘʭ ʫʩʴʦʛʦ 

ʦʨʛʘʥʽʟʤʫ ʽ ʥʝʙʝʟʧʝʢʠ ʯʝʨʝʟ ʧʨʦʪʷʞʥʽʩʪʴ ʧʨʦʮʝʩʫ ʫ ʯʘʩʽ ʜʣʷ ʩʪʘʥʫ ʟʜʦʨʦʚ`ʷ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʻ (Addiscott & Benjamin, 2004). ʉʧʦʞʠʪʠʡ ʞʝ ʟ ʭʘʨʯʦʚʠʤʠ, ʟʦʢʨʝʤʘ 

ʤ`ʷʩʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʥʽʪʨʠʪ ʥʘʪʨʽʶ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʚ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʤʫ ʪʨʘʢʪʽ 

ʽ ʪʫʪ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʧʨʠʷʻ ʧʝʨʝʭʦʜʠʪʴ ʫ ʬʦʨʤʫ ʥʝʩʪʘʙʽʣʴʥʦ ʥʽʪʨʠʪʥʦʾ 

ʢʠʩʣʦʪʠ, ʷʢʘ ʫ ʩʚʦʶ ʯʝʨʛʫ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʝʙʘʞʘʥʦʛʦ ʦʢʩʠʜʫ ʘʟʦʪʫ 

(ɯɯ), ʟʘ ʭʨʦʥʽʯʥʦʾ ʧʨʠʩʫʪʥʦʩʪʽ ʢʦʪʨʦʛʦ ʟʨʦʩʪʘʻ ʚʽʨʦʛʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʭʚʦʨʦʙ, 

ʧʝʨʝʚʘʞʥʦ ʨʘʢʫ ʦʨʛʘʥʽʚ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ (Tahmouzi, Alizadeh 

Salmani, Eskandari, & Arab, 2025). 

ɿʚʽʜʩʠ ʧʦʭʦʜʠʪʴ ʧʠʪʘʥʥʷ ʦʙʤʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʠʭ ʩʦʣʝʡ ʚ ʛʦʪʦʚʽʡ ʤô̫ ʩʥʽʡ 

ʧʨʦʜʫʢʮʽʾ. ɿʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ɺʆʆɿ, ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʧʨʠ ʩʦʣʽʥʥʽ 

ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ ʜʦʧʫʩʢʘʻʪʴʩʷ ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʫ ʢʽʣʴʢʦʩʪʽ ʜʦ 200 ʤʛ 

ʥʘ ʢʽʣʦʛʨʘʤ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ, ʘ ʡʦʛʦ ʟʘʣʠʰʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʫ ʥʽʡ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 50 ʤʛ (WHO, 2021). 
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ɿʘ ʽʩʥʫʶʯʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʤ`ʷʩʥʽ ʚʠʨʦʙʠ ʤʽʩʪʷʪʴ ʟʘʣʠʰʢʦʚʽ ʢʽʣʴʢʦʩʪʽ 

ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, ʷʢʠʡ ʥʝ ʚʩʪʫʧʠʚ ʫ ʚʟʘʻʤʦʜʽʶ ʟ ʤʽʦʛʣʦʙʽʥʦʤ ʤ`ʷʩʘ ʽ ʚ ʪʘʢʦʤʫ 

ʚʠʛʣʷʜʽ ʧʦʪʨʘʧʣʷʻ ʚ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʡ ʪʨʘʢʪ (Govari & Pexara 2018). ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʪʘʢʦʛʦ ʚʧʣʠʚʫ ʧʝʨʝʜ ʜʦʩʣʽʜʥʠʢʘʤʠ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʩʪʦʾʪʴ 

ʧʨʦʙʣʝʤʘ ʟʤʝʥʰʝʥʥʷ ʜʦʟʫʚʘʥʥʷ NaNO2. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʫʧʦʚʽʣʴʥʝʥʠʤ ʜʦʩʪʫʧʦʤ ʤʘʣʠʭ ʢʽʣʴʢʦʩʪʝʡ ʚʥʝʩʝʥʦʛʦ ʟ ɿʉ ʥʽʪʨʠʪʫ 

ʥʘʪʨʽʶ ʜʦ ʤʽʦʛʣʦʙʽʥʫ ʤ`ʷʩʘ ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʤô̫ ʩʥʠʭ ʩʠʩʪʝʤ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʫʩʢʣʘʜʥʝʥʦʾ ʜʠʬʫʟʽʾ ʜʦ ʥʴʦʛʦ ʥʽʪʨʠʪ-ʽʦʥʫ. ʊʦʤʫ 

ʦʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʮʝʩʫ ʡʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʽʪʨʘʪʫ/ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʨʦʟʯʠʥʝʥʦʛʦ ʚ ʦʚʦʯʝʚʠʭ ʩʦʢʘʭ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ, ʧʦʜʘʚʘʥʦʾ ʟʘ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʨʠ ʧʨʠʛʦʪʫʚʘʥʥʽ ʤ`ʷʩʥʠʭ ʩʠʩʪʝʤ. ɿ 

ʮʽʻʶ ʤʝʪʦʶ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʦʢʠ, ʦʪʨʠʤʘʥʽ ʟ ʥʘʡʙʽʣʴʰ ʙʘʛʘʪʠʭ 

ʥʽʪʨʘʪʦʤ ʥʘʪʨʽʶ ʩʝʣʝʨʠ, ʣʠʩʪʦʚʦʾ ʢʘʧʫʩʪʠ, ʩʪʦʣʦʚʦʛʦ ʙʫʨʷʢʘ (Tang, Zhang, Lim 

Law, & Mujumdar, 2023; Bhusal & Muriana, 2021; Grispoldi et al., 2022; Bernardo, 

Patarata, Lorenzo, & Fraqueza, 2021; Horsch et al., 2013; Rashad Mohammed Ali 

Alkazzaz et al., 2022). 

ʑʦʜʦ ʦʩʪʘʥʥʴʦʛʦ, ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʚ ʨʝʢʦʤʝʥʜʦʚʘʥʦʤʫ ʫ ʨʷʜʽ ʜʦʩʣʽʜʞʝʥʴ ʜʦ 

ʚʚʝʜʝʥʥʷ ʚ ʤ`ʷʩʥʽ ʩʫʤʽʰʽ ʩʦʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʡʦʛʦ ʚʠʨʦʱʫʚʘʥʥʷ, ʚʘʨʽʶʻʪʴʩʷ 

ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ 64 ʤʽʣʽʤʦʣʷ (48 ʛʨʘʤʽʚ ) ʚ 

ʜʝʮʠʤʝʪʨʽ ʢʫʙʽʯʥʦʤʫ (Wruss et al., 2015). 

ʆʩʥʦʚʥʠʤ ʤʦʤʝʥʪʦʤ, ʷʢʠʡ ʤʘʻ ʙʫʪʠ ʚʠʨʽʰʝʥʠʤ ʫ ʮʴʦʤʫ ʚʘʨʽʘʥʪʽ ʪʝʭʥʦʣʦʛʽʾ 

ʫ ʥʘʜʘʥʥʽ ʤ`ʷʩʥʽʡ ʩʠʩʪʝʤʽ ʥʝʦʙʭʽʜʥʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʢʦʣʽʨ, 

ʩʤʘʢ), ʻ ʤʘʢʩʠʤʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʪʨʘʪ-ʽʦʥʫ ʜʦ ʥʽʪʨʠʪʫ. ɿʘ ʘʛʝʥʪ, 

ʷʢʠʡ ʩʧʨʠʷʪʠʤʝ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦʤʫ ʧʨʦʭʦʜʞʝʥʥʽ ʟʘʜʘʥʦʾ ʨʝʘʢʮʽʾ, ʯʠ ʥʝ 

ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʤ ʘʢʪʠʚʘʪʦʨʦʤ ʧʨʦʮʝʩʫ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʻ ʘʩʢʦʨʙʽʥʦʚʘ 

ʢʠʩʣʦʪʘ ʉ6H8O6 (¥zbay & ķireli, 2022; Su, Zhang, Zhao, Zhou, 2022; Niu, Chen, & 

Yu, 2022). 

ʆʜʥʦʶ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʻ ʾʾ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ (Camarena & Wang, 2016) ʪʘ ʟʜʘʪʥʽʩʪʴ ʨʝʘʛʫʚʘʪʠ ʟ 



59 

ʚʽʣʴʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ ʪʘ ʦʢʠʩʥʠʢʘʤʠ, ʱʦ ʙʣʦʢʫʻ ʧʨʦʭʦʜʞʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʜʣʷ 

ʦʨʛʘʥʽʟʤʫ ʣʘʥʮʶʛʦʚʠʭ ʨʝʘʢʮʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʫʪʚʦʨʝʥʥʷ ʥʽʪʨʦʟʘʤʽʥʽʚ ʟ ʥʽʪʨʠʪʽʚ ʪʘ 

ʥʽʪʨʘʪʽʚ (ʄʠʨʦʥʦʚʘ, 2016).  

ʈʝʘʢʮʽʾ ʟ ʦʢʠʩʥʠʢʘʤʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʥʘʩʣʽʜʦʢ 

ʟʚ`ʷʟʫʚʘʥʥʷ ʦʜʥʦʛʦ ʘʪʦʤʫ ʢʠʩʥʶ ʣʘʙʽʣʴʥʦʾ ʛʨʫʧʠ NO3
-
 ʜʚʦʤʘ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ 

ʛʨʫʧʘʤʠ ʤʦʣʝʢʫʣʠ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʽʜʱʝʧʣʝʥʥʷʤ ʚʽʜ ʥʝʾ 

ʤʦʣʝʢʫʣʠ ʚʦʜʠ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʦʧʠʩʘʥʠʤ ʚ ʨʦʙʦʪʽ (Njus, Kelley, Tu, & Schlegel, 

2020): 

 

NO3
ī
  +  2 H

+
  +  2 e

ī
      NO2

ī
  +  H2O 

 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʯʠʩʣʝʥʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ (ʃʦʟʦʚʘ, ʈʝʰʝʪʠʣʦ, & ʈʦʤʘʥʶʢ, 

2024; ʄʦʨʦʟ, ʐʝʤʝʪ, & ɻʫʣʘʡ, 2024), ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʠʚʘ, ʞʝʣʘʪʠʥʫ, 

ʜʞʝʤʽʚ, ʩʦʣʦʜʦʱʽʚ, ʭʣʽʙʘ ʪʘ ʭʣʽʙʦʧʨʦʜʫʢʪʽʚ, ʬʨʫʢʪʦʚʠʭ ʩʦʢʽʚ, ʚʠʥʘ ʪʘ ʨʠʙʥʠʭ ʽ 

ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ (Bradshaw, Barril, Clark, Prenzler, & Scollary, 2011).  

ʇʨʦʪʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʜʝ ʚʦʥʘ ʟʘʧʦʙʽʛʘʻ ʦʢʠʩʥʝʥʥʶ ʪʘ ʥʝʙʘʞʘʥʦʛʦ ʜʣʷ 

ʩʧʦʞʠʚʘʯʽʚ ʟʥʝʙʘʨʚʣʝʥʥʷ ʧʨʦʜʫʢʪʽʚ, ʟʙʝʨʽʛʘʶʯʠ ʾʭ ʙʣʠʩʢʫʯʽʩʪʴ ʚ ʧʨʦʮʝʩʽ 

ʟʙʝʨʽʛʘʥʥʷ (ʊʨʦʭʠʤʝʥʢʦ, ʂʘʣʴʯʫʢ, ɼʽʜʫʭ, ʂʦʚʘʣʴʯʫʢ, & ɿʘʭʘʨʽʥ, 2018). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʦʚʘʥʠʭ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʜʦʙʘʚʦʢ 

ʜʦʟʚʦʣʝʥʦ ʯʠʩʣʝʥʥʠʤʠ ʨʝʛʫʣʷʪʦʨʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʥʘʚʽʪʴ 

ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʜʠʪʷʯʦʛʦ ʭʘʨʯʫʚʘʥʥʷ (Commission Regulation (EU) ̄  1129, 2011; 

ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʈʫʜʠʢ, ʅʽʢʦʣʘʻʥʢʦ, ʉʣʦʙʦʜʷʥʶʢ, ʊʦʣʦʢ, & ʂʦʨʥʽʻʥʢʦ, 2022). 

ʆʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʚʚʝʜʝʥʥʷ ʾʾ ʜʦ ʩʢʣʘʜʫ ʭʘʨʯʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 

ʧʦʚʻʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ ʨʝʯʦʚʠʥ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʢʠʩʥʠʢʘ 

ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ ʟʜʘʪʥʘ ʜʦ ʟʚ`ʷʟʫʚʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʢʠʩʥʶ ʽ ʪʠʤ ʟʤʝʥʰʝʥʥʷ 

ʆɺʇ, ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʨʠʜʘʪʥʦʩʪʽ ʧʨʦʜʫʢʪʫ (Santos, Bragan­a, & 

Pacheco, 2022; Moustafa, Ibrahim, Abo El-Makarem, & Shawky, 2021). 
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ɼʦʜʘʚʘʥʥʷ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ/ʘʙʦ ʾʾ ʩʦʣʝʡ ʚ ʤ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ ʜʘʻ 

ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʧʨʠʥʘʡʤʥʽ ʥʘ ʪʨʝʪʠʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʧʨʦʮʝʩʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʽʪʨʘʪʽʚ ʪʘ ʥʽʪʨʠʪʽʚ ʟ ʜʦʩʷʛʥʝʥʥʷʤ ʢʨʽʤ ʪʦʛʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʪʘ 

ʩʪʽʡʢʦʛʦ ʟʘʩʦʣʶʚʘʥʥʷ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʢʦʥʩʝʨʚʫʚʘʥʥʷ (ʂʫʣʘʢʦʚʘ & ʉʣʠʚʘ, 

2024; ʂʠʰʝʥʴʢʦ & ʂʨʠʞʦʚʘ, 2018). ʊʘʢʦʞ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʩʢʦʨʙʽʥʦʚʘ 

ʢʠʩʣʦʪʘ ʙʣʦʢʫʻ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʥʽʪʨʦʟʘʤʽʥʽʚ ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ ʥʘʜʣʠʰʢʦʚʠʭ 

ʢʽʣʴʢʦʩʪʝʡ ʥʽʪʨʠʪʽʚ (ʉʽʤʘʭʽʥʘ., ʉʪʝʮʝʥʢʦ, & ʅʘʫʤʝʥʢʦ, 2016), ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʾʾ ʷʢ ʜʦʜʘʪʢʦʚʫ ʩʢʣʘʜʦʚʫ ɿʉ, ʧʦʢʣʠʢʘʥʠʡ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʽʪʨʠʪʽʚ/ʥʽʪʨʘʪʽʚ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʙʝʟ ʨʠʟʠʢʫ ʧʦʛʽʨʰʝʥʥʷ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 1 

1. ʇʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʧʝʨʝʣʽʢ ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʧʨʘʢʪʠʮʽ ɹʊ ʪʘ ʚʠʟʥʘʯʝʥʽ 

ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʙʘʨ`ʻʨʽʚ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʝ ʧʦʥʷʪʪʷ ɹʊ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʟ ʤʝʪʦʶ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʨʠʜʘʪʥʦʩʪʽ ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

2. ɿʛʽʜʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʘʨ`ʻʨʽʚ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʜʣʷ 

ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʨʠʜʘʪʥʦʩʪʽ ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʦʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʚʠʟʥʘʥʽ 

ʬ̔ ʟʠʯʥʽ (ʫʧʘʢʦʚʢʘ, ʦʧʨʦʤʽʥʝʥʥʷ, ʩʪʝʨʠʣʽʟʘʮʽʷ, ʟʘʤʦʨʦʞʫʚʘʥʥʷ, ʦʙʨʦʙʢʘ 

ʤʽʢʨʦʭʚʠʣʷʤʠ ʪʘ ʽʥ.), ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ (ʟʘʭʠʩʥʘ ʘʪʤʦʩʬʝʨʘ, ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ 

ʢʠʩʣʦʪʥʦʩʪʽ/ʣʫʞʥʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ 

ʨʝʯʦʚʠʥ, ʪʘ ʽʥ.), ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʪʠʙʽʦʪʠʢʽʚ, ʙʘʢʪʝʨʽʦʮʠʥʽʚ, 

ʢʦʥʢʫʨʝʥʪʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʪʘ ʽʥ.). 

3. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʦʩʥʦʚʥʽ ʩʧʦʩʦʙʠ ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʟʤʝʥʰʝʥʥʽ ɸɺ ï ʚʠʩʫʰʫʚʘʥʥʷ, ʢʦʧʯʝʥʥʷ, ʚ`ʷʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ 

ʧʨʠʥʮʠʧʠ, ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʮʠʭ ʩʧʦʩʦʙʽʚ ʢʦʥʩʝʨʚʘʮʽʾ. 

4. ɿ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʪʝʨʤʽʯʥʠʭ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ, ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʥʘʤʠ ʦʙʨʘʥʦ ʤʝʪʦʜ ʚ`ʷʣʝʥʥʷ ʷʢ 

ʪʘʢʠʡ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ ʟ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ 

ʙʝʟʧʝʯʥʦʩʪʽ. 
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5. ʆʙʨʘʥʠʡ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ 

ʥʘʪʨʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠ ʟʘʩʦʣʶʚʘʥʥʽ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ ʙʘʛʘʪʦʛʦ ʥʽʪʨʘʪ-ʽʦʥʦʤ 

ʩʦʢʫ ʙʫʨʷʢʘ, ʷʢʠʡ, ʟʛʽʜʥʦ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ  ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʥʽʪʨʠʪ-ʽʦʥ ʚ 

ʧʨʦʮʝʩʽ ʚʠʪʨʠʤʢʠ ʡʦʛʦ ʨʦʟʯʠʥʫ ʫ ʚʦʜʽ ʟ ʘʩʢʦʨʙʽʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʜʦ ʟʘʚʝʨʰʝʥʥʷ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʥʽʪʨʘʪʫ ʚ ʥʽʪʨʠʪ, ʧʦʜʘʣʴʰʠʤ ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʫ 

ʥʘʪʨʽʶ ʪʘ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʽ ʥʘʩʠʯʝʥʥʷʤ ʧʨʠʛʦʪʦʚʘʥʠʤ 

ʨʦʟʩʦʣʦʤ ʚʛʣʠʙ ʤô̫ ʩʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚ`ʷʣʝʥʥʷ. 

6. ʆʙʛʨʫʥʪʦʚʘʥʘ ʨʦʣʴ ʉʂ, ʟʦʢʨʝʤʘ ʪʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʄɹ ʫ ʟʤʝʥʰʝʥʥʽ 

ʚʽʨʦʛʽʜʥʦʩʪʽ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ`ʷʣʝʥʠʭ ʤ`ʷʩʦʧʨʦʜʫʢʪʽʚ ʚ ʧʨʦʮʝʩʽ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʈʆɿɼIʃ 2  

ʆɹôɭʂʊʀ ɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ  

 

2.1 ɽʪʘʧʠ ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

ɺʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚ ʫʤʦʚʘʭ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦ-

ʚʠʨʦʙʥʠʯʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʤ`ʷʩʥʠʭ, ʨʠʙʥʠʭ ʪʘ ʤʦʨʝʧʨʦʜʫʢʪʽʚ 

ʬʘʢʫʣʴʪʝʪʫ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʨʦʜʫʢʮʽʾ ɸʇʂ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ; ʚ 

ɯʥʩʪʠʪʫʪʽ ʙʽʦʭʽʤʽʾ ʽʤ. ʆ. ɺ. ʇʘʣʣʘʜʽʥʘ, ʚ ɯʥʩʪʠʪʫʪʽ ʧʨʦʜʦʚʦʣʴʯʠʭ ʨʝʩʫʨʩʽʚ ʅɸɸʅ 

ʋʢʨʘʾʥʠ ʪʘ ʚ ʋʢʨʘʾʥʩʴʢʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʧʨʦʜʫʢʮʽʾ ɸʇʂ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʟ ʨʦʟʨʦʙʣʝʥʦʶ ʩʭʝʤʦʶ, 

ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʠʩʫʥʢʫ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʧʘʪʝʥʪʥʦʾ ʪʘ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟ ʭʘʨʘʢʪʝʨʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʦʚ`ʷʣʝʥʠʭ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʭʘʨʘʢʪʝʨʫ ʪʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ 

ʟʘʩʪʦʩʦʚʥʠʭ ʙʘʨ`ʻʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʷʢ ʬʘʢʪʦʨʫ ʜʦʩʷʛʥʝʥʥʷ ʙʝʟʧʝʯʥʦʩʪʽ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʩʧʦʩʦʙʠ ʟʤʝʥʰʝʥʥʷ ʜʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʥʘʜʘʥʥʷ ʤ`ʷʩʥʽʡ 

ʧʨʦʜʫʢʮʽʾ ʙʘʞʘʥʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʽʪʨʠʪʽʚ/ʥʽʪʨʘʪʽʚ, ʨʦʣʴ ʪʘ 

ʩʧʦʩʽʙ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨ ʷʢ ʬʘʢʪʦʨ ʙʝʟʧʝʯʥʦʩʪʽ ʩʠʨʦʚô̫ ʣʝʥʠʭ 

ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ɼʦ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʦʙ`ʻʢʪ ʪʘ ʧʨʝʜʤʝʪ ʪʘ ʧʽʜʽʙʨʘʥʦ ʤʝʪʦʜʠ ʚʠʢʦʥʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʈʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʥʮʠʧʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚʠʢʦʥʫʚʘʣʘʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʟ ʥʠʭ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʩʧʦʩʦʙʠ ʥʘʜʘʥʥʷ ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʫ ʙʘʞʘʥʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʦʙˇʨʫʥʪʦʚʫʚʘʚʩʷ ʩʢʣʘʜ ʽ ʢʽʣʴʢʽʩʪʴ ʩʠʨʦʚʠʥʠ ʪʘ ʽʥʛʨʝʜʽʻʥʪʽʚ, ʷʢʽ 

ʧʽʜʣʷʛʘʣʠ ʜʦʜʘʚʘʥʥʶ ʜʦ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʩʦʙʣʠʚʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʩʧʦʩʦʙʘʤ ʟʤʝʥʰʝʥʥʷ ʜʦʟʫʚʘʥʥʷ ʪʘ ʬʦʨʤʽ ʜʦʜʘʚʘʥʥʷ ʚ ʤ`ʷʩʥʫ 

ʩʠʩʪʝʤʫ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ. 
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ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʩʪʘʣʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ 

ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʠʭ 

ʟʨʘʟʢʽʚ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚ`ʷʣʝʥʠʭ. ɺʠʚʯʝʥʥʶ ʧʽʜʣʷʛʘʣʠ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʽʯʥʽ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ.  

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʨʦʙʽʪ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʽʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʠʡʦʤʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʟʘ ʜʦʩʣʽʜʞʝʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʪʘ ʚʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ 

ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ.  

ɿʘʢʣʶʯʥʠʤ ʝʪʘʧʦʤ ʨʦʙʦʪʠ ʩʪʘʣʦ ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʢʠ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚʧʨʦʜʦʚʞ 

ʟʙʝʨʽʛʘʥʥʷ. 

 

2.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʨʦʚʠʥʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʫ ʩʠʨʦʚʠʥʫ: 

ï ̫ʣʦʚʠʯʠʥʫ ʞʠʣʦʚʘʥʫ ʚʠʱʦʾ ʢʘʪʝʛʨʽʾ ʟʛʽʜʥʦ ɼʉʊʋ 6030:2008; 

ï ʩʽʣʴ ʢʫʭʦʥʥʫ ʟʛʽʜʥʦ ɼʉʊʋ 3583:2015; 

ï ʩʽʣʴ ʤʦʨʩʴʢʫ ʟʛʽʜʥʦ ʊʋ ʋ 14.4-34161267-001:2007; 

ï ʥʽʪʨʠʪ ʥʘʪʨʽʶ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʥʘ ʇʇ çɸʣʤʘ-ɺʝʢʦ, ʌʫʜè; 

ï ʜʝʢʩʪʨʦʟʫ ʇʇ çɸʣʤʘ-ɺʝʢʦ, ʌʫʜè; 

ï ʩʫʤʽʰ ʩʧʝʮʽʡ ʊʆɺ ñɯʥʪʝʨʩʪʘʙò; 

ï ̔ʟʦʘʩʢʦʨʙʘʪ ʥʘʪʨʽʶ ʊʆɺ "ʂʦʤʧʘʥʽʷ "ʋʢʨʭʽʤʩʠʨʦʚʠʥʘ" 

ï ʘʩʢʦʨʙʽʥʦʚʫ ʢʠʩʣʦʪʫ ʊʆɺ "ɻʘʣʝʘʥ"; 

ï ʩʽʢ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʊʆɺ çʂʦʤʧʘʥʽʷ ɭʚʨʦʽʤʧʝʢʩè 

ï ʙʘʢʪʝʨʽʘʣʴʥʠʡ ʧʨʝʧʘʨʘʪ B-LC-78 ʢʦʤʧʘʥʽʾ Chr. Hansen. 

 

2.3 ʆʙ`ʻʢʪ ʪʘ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ 

ʆʙô̒ ʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʭʥʦʣʦʛʽʷ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟ 

ʷʣʦʚʠʯʠʥʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʽʢ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ; ʤʦʜʝʣʴʥʽ ʟʨʘʟʢʠ 

ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ, ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ 
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ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ; ʤʦʜʝʣʴʥʽ ʟʨʘʟʢʠ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ, ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ;  

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʪʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʡ ʙʝʟʧʝʯʥʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚôʷʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ. 



 

ʈʠʩʫʥʦʢ 2.1. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ
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2.4 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʪʘ ʩʧʝʮʽʘʣʴʥʽ 

ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ, ʨʝʦʣʦʛʽʯʥʠʭ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʜʝʣʴʥʠʭ ʟʨʘʟʢʽʚ 

ʤô̫ ʩʥʦʾ ʩʠʨʦʚʠʥʠ (ʷʣʦʚʠʯʠʥʠ), ʩʦʢʫ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ, ʤʦʜʝʣʴʥʠʭ ʟʨʘʟʢʽʚ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ. 

ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʚʦʣʦʛʠ ʚ ʟʨʘʟʢʘʭ ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ ʪʘ ʚ 

ʟʨʘʟʢʘʭ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ 

(ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2007ʘ) ʰʣʷʭʦʤ ʚʠʩʫʰʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 102Ñ2 
o
ʉ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʚʘʛʠ. ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʚʦʣʦʛʠ (W) 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 2.1: 

 

 

,              (2.1) 

 

ʜʝ m1 ï ʤʘʩʘ ʙʶʢʩʘ ʟ ʥʘʚʘʞʢʦʶ ʜʦ ʚʠʩʫʰʫʚʘʥʥʷ, ʛ; 

m2 ï ʤʘʩʘ ʙʶʢʩʘ ʟ ʥʘʚʘʞʢʦʶ ʧʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ, ʛ; 

m ï ʤʘʩʘ ʧʫʩʪʦʛʦ ʙʶʢʩʘ, ʛ. 

 

ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʙʽʣʢʘ ʚ ʟʨʘʟʢʘʭ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ (ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2007ʙ). ʄʝʪʦʜ 

ʧʦʣʷʛʘʚ ʫ ʥʘʛʨʽʚʘʥʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʟ ʢʦʥʮʝʥʪʨʦʚʘʥʦʶ ʩʫʣʴʬʘʪʥʦʶ 

ʢʠʩʣʦʪʦʶ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʫʣʴʬʘʪʫ ʤʽʜʽ (ʩʦʣʝʡ ʨʪʫʪʽ) ʟ ʧʝʨʝʚʦʜʦʤ ʟʚ`ʷʟʘʥʦʛʦ ʘʟʦʪʫ 

ʚ ʩʫʣʴʬʘʪ ʘʤʦʥʽʶ. ɺʽʜʛʘʥʷʣʠ ʥʘʜʣʠʰʦʢ ʢʠʩʣʦʪʠ ʪʘ ʪʠʪʨʫʚʘʣʠ ʚʤʽʩʪ ʻʤʥʦʩʪʽ, ʜʝ 

ʧʨʦʚʦʜʠʣʘʩʴ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʧʨʦʙʠ, ʜʦʜʘʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʫ ʧʨʦʙʫ ʪʘ ʪʠʪʨʫʚʘʣʠ 0,1 

N ʭʣʦʨʠʜʥʦʶ ʢʠʩʣʦʪʦʶ ʟ ʽʥʜʠʢʘʪʦʨʦʤ ʽʥʜʦʬʝʥʦʣʦʚʠʤ ʩʠʥʽʤ. ʄʘʩʦʚʫ ʯʘʩʪʢʫ 

ʙʽʣʢʘ (ʍ) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 2.2: 
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                                   s
Ͻ˞ςυπϽρππ

ÍϽϽϽρπ
ϽρππϽφȟςυ,                                        (2.2) 

 

ʜʝ ʉ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʟʦʪʫ ʟʘ ʢʘʣʽʙʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ, ʤʢʛ/ʩʤ
3
, 

m ï ʤʘʩʘ ʥʘʚʘʞʢʠ, ʛ; 

250 ï ʦʙô̒ ʤ ʤiʥʝʨʘʣiʟʘʪʫ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʨʦʟʚʝʜʝʥʥʷ, ʩʤ
3
; 

5 ï ʦʙ'ʻʤ ʨʦʟʚʝʜʝʥʦʛʦ ʤiʥʝʨʘʣiʟʘʪʫ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʨʦʟʚʝʜʝʥʥʷ, ʩʤ
3
; 

100 ï ʦʙ'ʻʤ ʤʽʥʝʨʘʣʽʟʘʪʫ ʧʽʩʣʷ ʚʪʦʨʠʥʥʦʛʦ ʨʦʟʚʝʜʝʥʥʷ, ʩʤ
3
; 

1 ï ʦʙ'ʻʤ ʨʦʟʯʠʥʫ, ʚʟʷʪʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʣʴʦʨʦʚʦʾ ʨʝʘʢʮʽʾ, ʩʤ
3
; 

10
6
 ï ʤʥʦʞʥʠʢ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʛʨʘʤʽʚ ʚ ʤʽʢʨʦʛʨʘʤʠ; 

100 ï ʤʥʦʞʥʠʢ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʫ ʚʽʜʩʦʪʢʠ; 

6,25 ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʨʘʭʫʥʢʫ ʫ ʙʽʣʦʢ. 

 

ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʞʠʨʫ ʚ ʟʨʘʟʢʘʭ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ (ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2007ʚ)  

ʝʢʩʪʨʘʢʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʪʨʘʢʪʦʨʘ ʉʦʢʩʢʣʝʪʘ. ɼʦʩʣʽʜʞʫʚʘʥʽ 

ʟʚʘʞʝʥʽ ʟʨʘʟʢʠ ʧʦʤʽʱʘʣʠ ʚ ʢʦʣʙʫ ʽ ʦʨʛʘʥʽʯʥʠʤ ʨʦʟʯʠʥʥʠʢʦʤ ʧʨʦʚʦʜʠʣʠ 

ʝʢʩʪʨʘʢʮʽʶ ʞʠʨʫ. ɼʦ ʚʤʽʩʪʫ ʝʢʩʪʨʘʢʮʽʡʥʦʾ ʢʦʣʙʠ ʜʦʜʘʚʘʣʠ ʭʣʦʨʠʜʥʫ ʢʠʩʣʦʪʫ, 

ʥʘʛʨʽʚʘʚʘʣʠ ʪʘ ʢʠʧ`ʷʪʠʣʠ. ʇʨʦʙʫ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʬʽʣʴʪʨʫʚʘʣʠ ʯʝʨʝʟ 

ʧʘʧʝʨʦʚʠʡ ʬʽʣʴʪʨ ʽ ʦʨʛʘʥʽʯʥʠʤ ʨʦʟʯʠʥʥʠʢʦʤ ʟʤʠʚʘʣʠ ʟ ʥʴʦʛʦ ʚ ʢʦʣʙʫ ʞʠʨʦʚʫ 

ʬʨʘʢʮʽʶ. ʈʦʟʯʠʥʥʠʢ ʚʠʧʘʨʦʚʫʚʘʣʠ ʪʘ ʟʚʘʞʫʚʘʣʠ ʟ ʢʦʣʙʦʶ ʪʝ, ʱʦ ʫ ʥʽʡ 

ʟʘʣʠʰʠʣʦʩʷ. ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʞʠʨʫ (ʍ) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 2.3: 

 

                                      s
Ͻρππ
,                                           (2.3) 

 

ʜʝ m ï ʤʘʩʘ ʧʨʦʙʠ, ʛ; 

m1 ï ʤʘʩʘ ʢʦʣʙʠ, ʜʝ ʧʨʦʚʦʜʷʪʴ ʝʢʩʪʨʘʢʮʽʶ ʛ; 

m2 ï ʤʘʩʘ ʢʦʣʙʠ ʟ ʞʠʨʦʤ ʧʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ, ʛ.  
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ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʭʣʦʨʠʜʽʚ ʚ ʟʨʘʟʢʘʭ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ (ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2005ʘ). ʅʘʚʘʞʢʫ 

ʨʦʟʯʠʥʷʣʠ ʫ ʚʦʜʽ, ʚʥʦʩʠʣʠ ʫ ʤʽʨʥʫ ʢʦʣʙʫ, ʜʦʜʘʚʘʣʠ ʨʦʟʯʠʥ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ ʪʘ 

ʪʠʪʨʫʚʘʣʠ ʨʦʟʯʠʥʦʤ ʥʽʪʨʘʪʫ ʨʪʫʪʽ (ɯ). ʄʘʩʦʚʫ ʯʘʩʪʫ ʥʘʪʨʽʶ ʭʣʦʨʠʜʫ (ʍ, %) 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 2.4: 

 

                           ˢ
ẗȟ ẗ ẗ

ẗ
,                            (2.4) 

                                      

ʜʝ V ï ʦʙ`ʻʤ ʨʦʟʯʠʥʫ 0,1 ʄ ʥʽʪʨʘʪʫ ʨʪʫʪʽ (ɯ), ʩʤ
3
; 

m ï ʤʘʩʘ ʥʘʚʘʞʢʠ, ʛ; 

0,005844 ï ʤʘʩʘ ʥʘʪʨʽʶ ʭʣʦʨʠʜʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 1 ʩʤ3 ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʫ ʨʪʫʪʽ (ɯ) 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,1 ʄ. 

 

ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʟʨʘʟʢʘʭ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ 

ʟ ʷʣʦʚʠʯʠʥʠ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ (ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2005ʙ) h ʣʷʭʦʤ 

ʦʙʨʦʙʣʷʥʥʷ ʥʽʪʨʠʪʫ ʫ ʚʦʜʥʽʡ ʚʠʪʷʞʮʽ ʘʥʘʣʽʪʠʯʥʦʾ ʧʨʦʙʠ ʩʫʣʴʬʘʥʽʣʘʤʽʜʦʤ ʽ N(1-

ʥʘʬʪʠʣ) ʝʪʠʣʝʥʜʽʘʤʽʥ ʜʠʛʽʜʨʦʭʣʦʨʠʜʦʤ. ɺʠʤʽʨʶʚʘʣʠ ʯʝʨʚʦʥʽʩʪʴ ʟʘʙʘʨʚʣʝʥʦʩʪʽ, ʱʦ 

ʟô̫ ʚʣʷʻʪʴʩʷ, ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʟʘ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 540 ʥʤ. ʇʝʨʝʪʚʦʨʶʚʘʣʠ ʥʽʪʨʘʪ ʫ 

ʚʦʜʥʽʡ ʚʠʪʷʞʮʽ ʘʥʘʣʽʪʠʯʥʦʾ ʧʨʦʙʠ ʚ ʥʽʪʨʠʪ ʟ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷʤ ʥʽʪʨʘʪʨʝʜʫʢʪʘʟʠ. 

ʆʙʨʦʙʣʷʣʠ ʮʝʡ ʥʽʪʨʠʪ ʨʘʟʦʤ ʟ ʥʽʪʨʠʪʦʤ, ʱʦ ʚʞʝ ʻ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʚ ʘʥʘʣʽʪʠʯʥʽʡ 

ʧʨʦʙʽ, ʩʫʣʴʬʘʥʽʣʘʤʽʜʦʤ ʽ N(1-ʥʘʬʪʠʣ)ʝʪʠʣʝʥʜʽʘʤʽʥ ʜʠʛʽʜʨʦʭʣʦʨʠʜʦʤ. 

ʌʦʪʦʤʝʪʨʠʯʥʦ ʚʠʤʽʨʶʚʘʣʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʯʝʨʚʦʥʦʾ ʟʘʙʘʨʚʣʝʥʦʩʪʽ ʟʘ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

540 ʥʤ. ʆʙʯʠʩʣʶʚʘʣʠ ʚʤʽʩʪ ʥʽʪʨʘʪʫ ʟʘ ʨʽʟʥʠʮʝʶ ʤʽʞ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷʤʠ. 

ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʥʽʪʨʦʟʦʧʽʛʤʝʥʪʽʚ ʚ ʟʨʘʟʢʘʭ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʚʦʜʠ ʪʘ ʘʮʝʪʦʥʫ ʜʦ 

ʟʨʘʟʢʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʝʢʩʪʨʘʛʫʚʘʥʥʷʤ ʧʨʦʪʷʛʦʤ 20 ʭʚʠʣʠʥ, ʬʽʣʴʪʨʫʚʘʥʥʷʤ, ʟ 

ʧʦʜʘʣʴʰʠʤ ʜʦʜʘʚʘʥʥʷʤ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ ʜʦ ʬʽʣʴʪʨʘʪʫ, ʘ ʧʦʪʽʤ 

ʪʨʠʭʣʦʨʝʪʠʣʝʥʫ. ʆʪʨʠʤʘʥʫ ʩʫʤʽʰ ʜʦʚʦʜʠʣʠ ʜʦ 50 ʤʣ ʟ 80 %-ʤ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ 



 

 
69 

ʘʮʝʪʦʥʫ. ʅʽʪʨʦʟʦʧʽʛʤʝʥʪʠ ʝʢʩʪʨʘʛʦʚʘʥʽ ʟ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ, ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 540 ʥʤ.  

ɸʢʪʠʚʥʫ ʢʠʩʣʦʪʥʽʩʪʴ (ʨʅ) ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ (ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ 

ʋʢʨʘʾʥʠ, 2002). ʇʨʦʙʠ ʧʦʜʨʽʙʥʶʚʘʣʠ, ʧʝʨʝʤʽʰʫʚʘʣʠ ʜʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʚʚʦʜʠʣʠ ʚ ʦʪʨʠʤʘʥʫ ʤʘʩʫ ʝʣʝʢʪʨʦʜʠ ʨʅ-ʤʝʪʨʘ. ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʨʝʛʫʣʷʪʦʨ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʣʘʜʫ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʟʽ ʰʢʘʣʠ ʟʥʽʤʘʣʠ ʧʦʢʘʟʥʠʢ 

ʨʅ. 

ɸʢʪʠʚʥʽʩʪʴ ʚʦʜʠ ʥʘ ʘʥʘʣʽʟʘʪʦʨʽ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ Rotronic (ʐʚʝʡʮʘʨʽʷ), ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 0é1 Aw (0é100 % rh). ʇʨʠʣʘʜ Rotronic ï ʥʘʩʪʽʣʴʥʠʡ 

ʣʘʙʦʨʘʪʦʨʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʚʦʣʦʛʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʜʠʩʧʣʝʻʤ ʽ ʢʣʘʚʽʰʘʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʜʦ ʷʢʦʛʦ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʚʽʜ 1 ʜʦ 4 ʟʦʥʜʽʚ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ. 

ɸʥʘʣʽʟʦʚʘʥʽ ʟʨʘʟʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 20 Áʉ ʚʽʜʙʠʨʘʣʠ ʚ ʢʦʥʪʝʡʥʝʨ ʪʘ ʧʦʤʽʱʘʣʠ ʜʦ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʘʤʝʨʠ. ɿʚʝʨʭʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʦʥʜ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ. ʎʠʢʣ 

ʚʠʤʽʨʶʚʘʥʴ ʪʨʠʚʘʚ 3é5 ʭʚ, ʧʽʩʣʷ ʯʦʛʦ ʥʘ ʜʠʩʧʣʝʾ ʚʽʜʦʙʨʘʞʘʣʦʩʴ ʟʥʘʯʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟʦʥʜʘ.  

ʆʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʆɺʇ-ʤʝʪʨʘ 

ñORP60ò. 

ʇʣʘʩʪʠʯʥʽʩʪʴ ̫ ʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ 

(Grau, 1960). ɿʘ ʢʨʠʪʝʨʽʡ ʩʣʫʛʫʚʘʣʘ ʦʪʨʠʤʘʥʘ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʧʘʧʝʨʽ ʧʣʦʱʘ 

ʧʣʷʤʠ ʧʽʩʣʷ ʧʨʝʩʫʚʘʥʥʷ ʟʨʘʟʢʘ ʡʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ ʤʘʩʦʶ 1 

ʢʽʣʦʛʨʘʤ. ɺʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 2.5: 

 

ˢ
3Ͻρπ

,                       (2.5) 

 

ʜʝ ʍ  ï ʧʣʘʩʪʠʯʥʽʩʪʴ, ʩʤ
2
/ʢʛ; 

S ï ʧʣʦʱʘ ʧʣʷʤʠ ʚʽʜʧʨʝʩʦʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʩʤ
2
; 

m ï ʤʘʩʘ ʥʘʚʘʞʢʠ, ʤʛ; 

10
6
 ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʨʘʭʫʥʢʫ ʤʽʣʽʛʨʘʤʽʚ ʫ ʢʽʣʦʛʨʘʤʠ.  
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ɿʜʘʪʥʽʩʪʴ ʜʦ ʟʚ`ʷʟʫʚʘʥʥʷ ʚʦʣʦʛʠ (ɺɿɿ) ʚʠʟʥʘʯʘʣʠ ʟʘ ʢʽʣʴʢʽʩʪʶ ʚʦʜʠ, 

ʚʠʜʽʣʝʥʦʾ ʟ ʥʘʚʘʞʢʠ ʧʽʩʣʷ ʪʨʠʢʨʘʪʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 10-ʪʠ ʭʚʠʣʠʥ 

ʚʘʥʪʘʞʝʤ ʤʘʩʦʶ 1 ʢʽʣʦʛʨʘʤ. ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʟʚ`ʷʟʘʥʦʾ ʚʦʣʦʛʠ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ 

ʬʦʨʤʫʣʘʤʠ 2.6, 2.7 (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 2014):  

ɺɿɿ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʤʘʩʠ ʧʨʦʜʫʢʪʫ: 

 

                                   ˏ˔˔
ψȟτϽÂ

Ͻρππ,                                  (2.6) 

 

ɺɿɿ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʫ ʧʨʦʜʫʢʪʽ: 

 

                              ˏ˔˔
ψȟτϽÂ

Ͻρππȟ                         (2.7) 

 

ʜʝ ʘ ï ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʚʦʣʦʛʠ ʚ ʥʘʚʘʞʮʽ, ʤʛ; 

b ï ʧʣʦʱʘ ʚʦʣʦʛʦʾ ʧʣʷʤʠ, ʩʤ
2
; 

m ï ʤʘʩʘ ʥʘʚʘʞʢʠ ʜʣʷ ʧʨʝʩʫʚʘʥʥʷ, ʤʛ; 

8,4 ï ʢʽʣʴʢʽʩʪʴ ʤʛ ʚʦʣʦʛʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʣʦʱʽ ʚ 1 ʩʤ
2
. 

 

ɻʨʘʥʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʥʝʪʨʦʤʝʪʨʫ Ulab 

3-31 ʄ. ʅʘ ʩʪʨʠʞʥʽ ʟʘʢʨʽʧʣʶʚʘʣʠ ʚʠʙʨʘʥʠʡ ʽʥʜʝʥʪʦʨ ʽ ʧʝʨʝʤʽʱʫʚʘʣʠ ʡʦʛʦ ʚ 

ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ, ʚʠʩʪʘʚʣʷʶʯʠ ʥʘ ç0è ʟʘ ʰʢʘʣʦʶ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɼʦʩʣʽʜʥʽ ʟʨʘʟʢʠ 

ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʧʦʩʫʜʠʥʽ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʥʘ ʧʽʜʡʦʤʥʠʡ ʩʪʦʣʠʢ, ʘ ʧʦʪʽʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʰʪʫʨʚʘʣʘ ʟʨʘʟʢʠ ʧʽʜʚʦʜʠʣʠ ʜʦ ʢʦʥʪʘʢʪʫ ʽʥʜʝʥʪʦʨʘ ʟ ʧʦʚʝʨʭʥʝʶ 

ʟʨʘʟʢʘ. ʇʽʩʣʷ ʯʦʛʦ ʟʚʽʣʴʥʷʣʠ ʽʥʜʝʥʪʦʨ, ʱʦ ʧʦʯʠʥʘʚ ʟʘʥʫʨʶʚʘʪʠʩʷ ʫ ʟʨʘʟʦʢ, ʯʘʩ 

ʟʘʥʫʨʝʥʥʷ ʩʢʣʘʜʘʚ 5 ʩʝʢ. ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʬʽʢʩʫʚʘʣʠ ʥʘ ʝʢʨʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʂʦʜʠ ʢʦʣʴʦʨʫ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ Adobe 

Photoshop CS6. ʆʪʨʠʤʘʥʽ ʢʦʦʨʜʠʥʘʪʠ ʢʦʣʴʦʨʫ ʩʠʩʪʝʤʠ RGB ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʦʨʜʠʥʘʪ LÜ, aÜ, bÜ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʣʴʦʨʫ, ʯʝʨʚʦʥʽʩʪʴ, ʥʘʩʠʯʝʥʽʩʪʴ 
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ʢʦʣʴʦʨʫ) ʫ ʤiʞʥʘʨʦʜʥiʡ ʢʘʣʦʨʠʤʝʪʨʠʯʥiʡ ʩʠʩʪʝʤi CIE. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʟʥʘʯʝʥʴ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʢʦʣʽʨʥʠʡ ʪʦʥ ʅ (ʽʥʜʝʢʩ ʯʝʨʚʦʥʦʩʪʽ ï Redness index), ʥʘʩʠʯʝʥʽʩʪʴ 

ʢʦʣʴʦʨʫ Chroma ʉ (ʨʽʚʝʥʴ ʢʦʣʴʦʨʦʚʦʩʪʽ ʟʨʘʟʢʽʚ ʚʽʜʥʦʩʥʦ ʷʩʢʨʘʚʦʩʪʽ ʘʙʩʦʣʶʪʥʦ 

ʙʽʣʦʛʦ ʦʙô̒ ʢʪʘ ) ʟʘ ʬʦʨʤʫʣʘʤʠ 2.8, 2.9: 

 

                                H=,                                           (2.8) 

                                

                                ʉ=ʘ
2
+b
2
,                                        (2.9) 

 

ʜʝ a ï ʢʦʦʨʜʠʥʘʪʠ ʯʝʨʚʦʥʦʩʪʽ;  

b ï ʢʦʦʨʜʠʥʘʪʠ ʥʘʩʠʯʝʥʦʩʪʽ ʢʦʣʴʦʨʫ.  

 

ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʮʫʢʨʽʚ ʚ ʩʦʮʽ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤʫ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ (ɼʇ çʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽ 

ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽè, 2019). 

ɺʠʟʥʘʯʘʣʠ ʮʫʢʨʠ ʰʣʷʭʦʤ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʜʽʣʝʥʥ ̫ʚʫʛʣʝʚʦʜʽʚ ʥʘ 

ʩʧʝʮʽʘʣʴʥʽʡ ʢʦʣʦʥʮʽ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʥʝʨʫʭʦʤʦʾ ʬʘʟʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ɺɽʈʍ ʟ ʧʦʜʘʣʴʰʠʤ ʨʝʻʩʪʨʫʚʘʥʥʷʤ ʭʨʦʤʘʪʦʛʨʘʤʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʥʠʤ 

ʜʝʪʝʢʪʦʨʦʤ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʥʥʷʤ ʮʫʢʨʽʚ ʟʘ ʯʘʩʦʤ ʫʪʨʠʤʘʥʥʷ. 

ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʥʽʪʨʘʪʽʚ ʪʘ ʥʽʪʨʠʪʽʚ ʚ ʩʦʮʽ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤʫ 

ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ (ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2005ʚ) ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤ 

ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʘʙʩʦʨʙʮʽʾ. ɽʢʩʪʨʘʛʫʚʘʣʠ ʥʽʪʨʘʪʠ ʛʘʨʷʯʦʶ ʚʦʜʦʶ, 

ʦʩʘʜʞʝʥʥʽ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʘ ʢʘʣʽʶ (II) ʽ ʘʮʝʪʘʪʫ 

ʮʠʥʢʫ ʪʘ ʬʽʣʴʪʨʘʮʽʾ ʦʩʘʜʫ, ʽʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʥʽʪʨʘʪʫ ʜʦ ʥʽʪʨʠʪʫ 

ʤʝʪʘʣʝʚʠʤ ʢʘʜʤʽʻʤ (ʪʽʣʴʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʽʪʨʘʪʫ) ʽ ʜʦʜʘʚʘʥʥʷʤ ʩʫʣʴʬʘʥʽʣʘʤʽʜʫ 

ʽ N-(1-ʥʘʬʪʠʣ)ʝʪʠʣʝʥʜʽʘʤʽʥ ʜʠʛʽʜʨʦʭʣʦʨʠʜʫ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ 

ʫʪʚʦʨʝʥʦʾ ʯʝʨʚʦʥʦʾ ʩʧʦʣʫʢʠ ʚʠʤʽʨʶʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦ ʧʨʠ ʜʦʚʞʠʥʽ 

ʭʚʠʣʽ 538 ʥʤ. 
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ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚ ʩʦʮʽ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤʫ ʪʘ ʚ 

ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ (ɼʇ 

çʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽè, 2015ʘ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʪʦʤʥʦ-ʝʤʽʩʽʡʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʟ 

ʽʥʜʫʢʪʠʚʥʦ ʟʚ'ʷʟʘʥʦʶ ʧʣʘʟʤʦʶ (ICP-AES) ï ʟʨʘʟʦʢ ʫ ʬʦʨʤʽ ʘʝʨʦʟʦʣʶ ʧʦʜʘʻʪʴʩʷ ʚ 

ʧʦʣʫʤ'ʷ ʧʣʘʟʤʦʚʦʛʦ ʧʘʣʴʥʠʢʘ, ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʽ ʭʘʨʘʢʪʝʨʥʽ ʣʽʥʽʾ ʟʙʫʜʞʝʥʥʷ ʪʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʨʝʻʩʪʨʫʶʪʴʩʷ ʦʧʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ. ɺʽʜʧʦʚʽʜʥʦʶ ʤʽʞ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʝʣʝʤʝʥʪʘ ʪʘ ʡʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ 

ʚʤʽʩʪ ʫ ʧʨʦʙʽ.  

ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʚʽʪʘʤʽʥʫ ʉ ʚ ʩʦʮʽ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤʫ ʪʘ ʚ ʧʣʘʩʪʽʚʮʷʭ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ɼʉʊʋ 7803 (ɼʇ 

çʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽè, 2015ʙ) ʝʢʩʪʨʘʢʮʽʻ ʁʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʨʦʟʯʠʥʦʤ 

ʢʠʩʣʦʪʠ (ʩʦʣʷʥʦʾ, ʪʨʠʭʣʦʨʦʮʪʦʚʦʾ, ʱʘʚʝʣʝʚʦʾ, ʤʝʪʘʬʦʩʬʦʨʥʦʾ ʘʙʦ ʩʫʤʽʰʰʶ 

ʦʮʪʦʚʦʾ ʟ ʤʝʪʘʬʦʩʬʦʨʥʦʶ) ʟ ʥʘʩʪʫʧʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ ʚʽʟʫʘʣʴʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʚʽʪʣʦ-ʨʦʞʝʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ.  

ʆʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʦʮʽʥʶʚʘʣʠ ʷʢ ʫ ʷʢʽʩʥʦʤʫ, ʪʘʢ ʽ ʫ ʢʽʣʴʢʽʩʥʦʤʫ 

ʚʠʨʘʞʝʥʥʽ. ɼʦʩʣʽʜʞʝʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʚʠʨʘʞʘʣʠ ʫ ʚʠʩʪʘʚʣʝʥʠʭ ʝʢʩʧʝʨʪʥʦʶ 

ʜʝʛʫʩʪʘʮʽʡʥʦʶ ʢʦʤʽʩʽʻʶ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʤô̫ ʩʥʠʭ, ʨʠʙʥʠʭ ʪʘ ʤʦʨʝʧʨʦʜʫʢʪʽʚ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʙʘʣʘʭ, 

ʚʠʟʥʘʯʝʥʠʭ ʟʛʽʜʥʦ (ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2008). 

ʂʽʣʴʢʽʩʪʴ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ (ɼʇ çʋʢʨʘʾʥʩʴʢʠʡ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ 

ʷʢʦʩʪʽè, 2016). Salmonella ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ (ɼʇ çʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ 

ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽè, 2022), 

ʩʫʣʴʬʽʪʦʚʽʜʥʦʚʣʶʚʘʣʴʥ ̔ʙʘʢʪʝʨʽʾ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ (ɼʇ çʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽè, 

2014), Listeria monocytogenes ̔  Listeria spp. ï ʟʛʽʜʥʦ ʟ (ɼʇ çʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-
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ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽè, 

2023), Escherichia coli ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ (ɼʝʨʞʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2002). 

ɽʥʝʨʛʝʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʚʠʨʘʞʘʣʠ ʚ ʢʽʣʦʢʘʣʦʨʽʷʭ (ʢʢʘʣ) ʘʙʦ ʚ ʢʽʣʦʜʞʦʫʣʷʭ 

(ʢɼʞ) ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 100 ʛ ʧʨʦʜʫʢʪʫ: 1 ʢʢʘʣ = 4,184 ʢɼʞ ʪʘ ʚʠʟʥʘʯʘʣʠ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʤʝʪʦʜʦʤ ʚʨʘʭʦʚʫʶʯʠ ʚʩʪʘʥʦʚʣʝʥʽ ʢʘʣʦʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ 2.10: 

 

                                       ὅ˒
ˎ̍ ̏ẗ̑τ ˏ̍̏ ẗ̑τ ˓̍̏ẗ̑

ρππ
 ,                                        (2.10) 

 

ʜʝ ɹʤʦʨ ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʙʽʣʢʘ, %;  

ɺʤʦʨ ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚʫʛʣʝʚʦʜʽʚ, %;  

ɾʤʦʨ ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʞʠʨʫ, %. 

 

ʉʪʫʧʽʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʚ ʥʫʪʨʽʻʥʪʘʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʮʽʥʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ (2.11) ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʩʢʦʨʫ: 

 

                                                                                           (2.11)                                

      
 

ʜʝ   ï ʧʦʢʘʟʥʠʢ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ; 

ɼʇ ï ʜʦʙʦʚʘ ʧʦʪʨʝʙʘ ʚʽʜʧʦʚʽʜʥʦʾ ʢʘʪʝʛʦʨʽʾ ʩʧʦʞʠʚʘʯʽʚ ʚ ʧʦʢʘʟʥʠʢʫ 

ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ (ʅʘʢʘʟ ʄʆɿ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʅʦʨʤ ʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʧʦʪʨʝʙ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʚ ʦʩʥʦʚʥʠʭ ʭʘʨʯʦʚʠʭ ʨʝʯʦʚʠʥʘʭ ʽ ʝʥʝʨʛʽʾè ˉ 1073, 

2017).  
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2.5 ʄʘʪʝʤʘʪʠʯʥʽ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ çʬʘʢʪʦʨʥʠʭ 

ʧʣʦèɦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʫʢʦʚʽ ʛʽʧʦʪʝʟʠ. ʇʝʨʰʦʶ ʛʽʧʦʪʝʟʦʶ ʙʫʣʦ ʪʝ, ʱʦ 

ʦʮʽʥʦʯʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ 

ʧʦʣʷʨʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʩʪʚʦʨʶʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʷʢʽʩʥʽ ʧʨʦʩʪʦʨʠ (Palamarchuk et 

al., 2024). ʇʣʦʱʘ ʜʘʥʠʭ ʧʨʦʩʪʦʨʽʚ ʚʠʟʥʘʯʘʣʘ ̫ ʢ̔ʩʥʠʡ ʩʪʘʥ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʨʘʟʢʘ ʟʘ 

ʧʦʪʦʯʥʠʤʠ ʪʘ ʥʦʨʤʘʪʠʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʬʦʨʤʫʶʯʠ ʽʥʪʝʛʨʘʣʴʥʠʡ 

ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ. ʆʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 

ʷʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʙʝʟʨʦʟʤʽʨʥʠʭ ʦʜʠʥʠʮʷʭ, ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʝʣʠʯʠʥʠ ʙʫʜʴ-ʷʢʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʢʣʘʜʘʣʠ 

ʦʜʠʥʠʮʶ, ʘ ʧʦʪʦʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʟʥʘʯʘʣʠ ̔ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦ ʮʴʦʛʦ 

ʧʦʢʘʟʥʠʢʘ (Palamarchuk et al., 2025). ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʣʘʜʘʣʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝ ʜʘʣʦ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ 

ʤʘʪʝʤʘʪʠʯʥʝ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʯʝʨʝʟ ʧʝʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʢʘʟʘʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʽʡʩʥʽʩʪʴ ʪʘʢʦʾ ʦʮʽʥʢʠ ʚʠʟʥʘʯʘʣʦ ʜʨʫʛʫ ʛʽʧʦʪʝʟʫ ʧʽʜ ʯʘʩ 

ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ: ʷʢʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʚʝʣʠʯʠʥʘʤʠ ʘʣʛʝʙʨʘʾʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʙʝʟʨʦʟʤʽʨʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʦʨʤʘʪʠʚʥʠʭ ʪʘ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ (Palamarchuk et 

al., 2024). 

ʈʦʟʨʘʭʦʚʘʥʽ ʷʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʜʢʣʘʜʘʣʠ ʟ ʻʜʠʥʦʛʦ ʮʝʥʪʨʫ ʯʝʨʝʟ ʢʫʪ (2.12): 

  

                               Ŭ =,                              (2.12) 

 

ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʠʭ ʦʮʽʥʦʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  
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ɺ ʢʽʥʮʽ ʧʦʪʦʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʠʩʫʚʘʣʠ ʥʝʧʨʘʚʠʣʴʥʠʡ ʙʘʛʘʪʦʢʫʪʥʠʢ, ʘ ʚ 

ʢʽʥʮʽ ʥʦʨʤʘʪʠʚʥʠʭ ï ʧʨʘʚʠʣʴʥʠʡ. ɺʝʣʠʯʠʥʫ ʧʣʦʱʽ ʥʝʧʨʘʚʠʣʴʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʢʽʚ 

S̔ ʟʥʘʭʦʜʠʣʠ ʷʢ ʩʫʤʫ ʧʣʦʱ ʪʨʠʢʫʪʥʠʢʽʚ, ʟ ʷʢʠʭ ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʚʝʜʝʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ (Palamarchuk et al., 2024). 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʝʣʠʯʠʥʠ ʧʣʦʱʽ ʥʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ 

ʧʨʘʚʠʣʴʥʠʤ ʙʘʛʘʪʦʢʫʪʥʠʢʦʤ (Sʧʨ = Sʥ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʦʨʤʫʣʫ 2.13: 

  

                                                                                    (2.13) 

 

ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʢʫʪʽʚ ʘʙʦ ʩʪʦʨʽʥ ʙʘʛʘʪʦʢʫʪʥʠʢʘ;  

a ï ʚʝʣʠʯʠʥʘ ʩʪʦʨʦʥʠ ʙʘʛʘʪʦʢʫʪʥʠʢʘ, ʷʢʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʯʝʨʝʟ ʥʘʧʽʚʜʽʘʛʦʥʘʣʴ 

R ̫ʢ (2.14): 

 

                                                                                      (2.14) 

 

ʐʫʢʘʥʫ ʚʝʣʠʯʠʥʫ ʧʣʦʱʽ ʙʘʛʘʪʦʢʫʪʥʠʢʘ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ (2.15):    

 

         (2.15) 

 

ʋ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ʅʘ 

ʦʩʥʦʚʽ ʚʝʣʠʯʠʥ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʠʱʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʮʽʥʦʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʥʪʝʨʚʘʣʫ 
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ʷʢʦʩʪʽ kʚʽ ̫= S̔ / Sʥ (Palamarchuk et al., 2025), ʷʢʠʡ ʧʦʢʘʟʫʻ ʥʘʩʢʽʣʴʢʠ ʙʣʠʟʴʢʦ ʚʽʜʧʦʚʽʜʘʻ 

ʷʢʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʫ ʥʦʨʤʘʪʠʚʥʠʤ ʧʦʢʘʟʥʠʢʘʤ ʟʘ ʧʝʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʘʣʛʝʙʨʘʾʯʥʦ ʧʨʠ ʥʘʙʣʠʞʝʥʽ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʜʦ 

ʦʜʠʥʠʮʽ ʘʙʦ ʛʝʦʤʝʪʨʠʯʥʦ ʟʘ ʘʩʠʤʝʪʨʽʻʶ ʦʪʨʠʤʘʥʦʾ ʧʣʦʱʽ ʙʘʛʘʪʦʢʫʪʥʠʢʘ 

ʚʽʜʥʦʩʥʦ ʧʨʘʚʠʣʴʥʦʛʦ, ʪʦʙʪʦ ʥʦʨʤʦʚʘʥʦʛʦ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʯʘʩʪʢʠ (ʫ %) ʧʨʦʩʪʦʨʫ ʧʦʪʦʯʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ 

ʧʨʦʩʪʦʨʽ ʥʦʨʤʘʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʨʦʙʣʝʥʠʡ ʧʠʪʦʤʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʥʪʝʨʚʘʣʫ ʷʢʦʩʪʽ (2.16) (Palamarchuk et al., 2025): 

 

                                      ,                                  (2.16) 

 

ʊʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʪʨʴʦʭ-ʧô̫ ʪʠʢʨʘʪʥʦʶ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ ʜʦʩʣʽʜʽʚ ʟʘ ʟʘʜʘʥʦʾ ʜʦʚʽʨʯʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʈÓ0,95. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ 

ʧʨʦʛʨʘʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ Microsoft Exsel ʪʘ Statistica (StafSoft). 

ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤ Microsoft Exsel ʪʘ Origin 7.0.SR0.  

ʈʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

Microsoft Excel. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʦʙʨʦʙʣʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ ʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ: 

 ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ (Yʩʝʨ): 

  

                                                                                           (2.17) 

ʜʝ Yk ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ; 

n ï ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʣʝʣʴʥʠʭ ʜʦʩʣʽʜʽʚ.  

100%ʥ i

ʚʽʷ

ʥ

S S

S
j

-
= Ö
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ï ʜʠʩʧʝʨʩʽʶ (S
2
):  

 

                                                                                            (2.18) 

ʜʝ (Yk ï Yʩʝʨ) ï ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʚʝʣʠʯʠʥʠ. 

 

 ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (Sʩʝʨ):  

 

                                                                                                     (2.19)  

 

ï ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ (EŬ):  

  

                                               EŬ = tŬ,f Ŀ SYʩʝʨ,                                      (2.20)  

  

ʜʝ tŬ,f ï ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʘʙʣʠʯʥʠʤʠ ʜʘʥʠʤʠ 

(Ŭ=0,95, f=k-1);  

    SYʩʝʨ ï ʩʝʨʝʜʥʻ ʚʽʜʭʠʣʝʥʥʷ.  

 

ï ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ (ŭ), %:  

 

                                                                                                    (2.21)  

 

ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ (V), %: 

 

                                                                                                       (2.22)  
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ï ʧʦʢʘʟʥʠʢ ʪʦʯʥʦʩʪʽ (ʈ), %:  

 

                                                                               (2.23) 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 2 

1. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʽ ʟʘʚʜʘʥʴ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʦʧʠʩʘʥʦ ʩʭʝʤʫ 

ʢʦʤʧʣʝʢʩʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

2. ɺʠʟʥʘʯʝʥʦ ʦʙô̒ ʢʪ ʽ ʧʨʝʜʤʝʪ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

3. ʇʽʜʽʙʨʘʥʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ï ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ, 

ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ, ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʦʜʝʨʞʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ʈʆɿɼɯʃ 3 

ʅɸʋʂʆɺɽ ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʉʂʃɸɼʋ ɯ ʊɽʍʅʆʃʆɻɯɰ ʇʃɸʉʊɯɺʎɯɺ 

ʄôʗʉʅʀʍ ʉʀʈʆɺôʗʃɽʅʀʍ ɿ ʗʃʆɺʀʏʀʅʀ 

 

3.1 ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʯʘʩʪʢʦʚʦʾ ʟʘʤʽʥʠ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʥʘ ʩʽʢ 

ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚ`ʷʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ 

ɺʠʨʦʙʥʠʮʪʚʦ ʬʝʨʤʝʥʪʦʚʘʥʠʭ ʤ`ʷʩʥʠʭ ʚʠʨʦʙʽʚ ʫ ʘʙʩʦʣʶʪʥʽʡ ʙʽʣʴʰʦʩʪʽ 

ʩʧʦʣʫʯʝʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʷʢ ʘʛʝʥʪʘ, ʜʦʜʘʚʘʥʥʷ ʷʢʦʛʦ ʚ 

ʟʘʩʦʣʶʚʘʣʴʥʫ ʩʫʤʽʰ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʟʚʠʯʥʦʛʦ ʜʣʷ ʩʧʦʞʠʚʘʯʘ ʯʝʨʚʦʥʦʛʦ 

ʘʙʦ ʨʦʞʝʚʦʛʦ ʢʦʣʴʦʨʫ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ. ʇʨʦʪʝ ʯʝʨʝʟ ʪʦʢʩʠʯʥʽʩʪʴ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, 

ʷʢ ʜʦʜʘʥʦʛʦ ʧʨʠ ʧʨʠʛʦʪʫʚʘʥʥʽ ʩʫʤʽʰʽ, ʪʘʢ ʽ ʫʪʚʦʨʝʥʦʛʦ ʟ ʥʽʪʨʘʪʫ ʚ ʧʨʦʮʝʩʽ 

ʚʽʜʥʦʚʣʝʥʥʷ (ʨʦʟʜʽʣ 1, ʧ. 1.3), ʧʝʨʝʜ ʨʦʟʨʦʙʥʠʢʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʽʩʥʫʶʯʠʤ 

ʬʝʨʤʝʥʪʦʚʘʥʠʭ ʤ`ʷʩʥʠʭ ʚʠʨʦʙʽʚ ʩʪʦʾʪʴ ʟʘʜʘʯʘ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʜʦʟʫʚʘʥʥʷ. 

ʊʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʻ ʜʦʜʘʚʘʥʥʷ ʜʦ ʟʘʩʦʣʶʚʘʣʴʥʠʭ 

ʩʫʤʽʰʝʡ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʇʨʦʪʝ ʯʝʨʝʟ ʧʦʪʝʥʮʽʡʥʫ ʪʦʢʩʠʯʥʽʩʪʴ 

ʧʨʦʜʫʢʪʽʚ ʾʭʥʴʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʘʢʠʡ ʩʧʦʩʽʙ ʤʘʻ ʙʫʪʠ ʟʘʤʽʥʝʥʠʡ ʽʥʰʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. 

ʆʙʨʘʥʠʤ ʥʘʤʠ ʚʘʨʽʘʥʪʦʤ ʟʤʝʥʰʝʥʥʷ ʜʦʟʫʚʘʥʥʷ NaNO2 ʫ ʤ`ʷʩʥʽ ʩʠʩʪʝʤʽ ̒  

ʩʽʢ ʨʦʩʣʠʥ, ʙʘʛʘʪʠʭ ʥʘ ʮʶ ʩʽʣʴ. ʉʝʨʝʜ ʚʘʨʽʘʥʪʽʚ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʩʦʢʠ ʩʝʣʝʨʠ, 

ʣʠʩʪʦʚʦʾ ʢʘʧʫʩʪʠ ʪʘ ʩʪʦʣʦʚʠʭ ʙʫʨʷʢʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʦʛʦ ʚ ʨʘʤʢʘʭ ʮʽʻʾ 

ʨʦʙʦʪʠ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʧʦʰʫʢʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʪʘʙʣ. 3.1) ʤʠ 

ʟʫʧʠʥʠʣʠʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʦʢʫ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ (ʉɹʂ), ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʷʢʦʩʪʽ ʥʘʪʫʨʘʣʴʥʦʛʦ ʙʘʨʚʥʠʢʘ.  
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ʊʘʙʣʠʮʷ 3.1 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʦʢʫ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ, n=3 

ʅʧʟʚʘ ʩʢʣʘʜʦʚʠʭ ɺʤʽʩʪ ʥʘ 100 ʛ 

ʄʘʢʨʦʥʫʪʨʽʻʥʪʠ 

ɹʽʣʦʢ, ʛ 3,68Ñ0,007 

ɺʫʛʣʝʚʦʜʠ, ʛ 19,01Ñ1,73 

ʎʫʢʨʠ, ʛ 18,76Ñ0,98 

ɺʽʪʘʤʽʥʠ 

ɺʽʪʘʤʽʥ ɺ1, ʤʛ 0,049Ñ0,0011 

ɺʽʪʘʤʽʥ ɺ2, ʤʛ 0,095Ñ0,0019 

ɺʽʪʘʤʽʥ ɺ3, ʤʛ 0,022Ñ0,0009 

ɺʽʪʘʤʽʥ ɺ6, ʤʛ 0,172Ñ0,0056 

ɺʽʪʘʤʽʥ ʉ, ʤʛ 24,56Ñ0,32 

ʅʽʪʨʘʪʠ ʪʘ ʥʽʪʨʠʪʠ 

ʅʽʪʨʘʪʠ, ʤʛ 2088Ñ19,56 

ʅʽʪʨʠʪʠ, ʤʛ 4,6Ñ0,093 

ʄʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ 

ɿʘʣʽʟʦ, ʤʛ 1,96Ñ0,031 

ʂʘʣʽʡ, ʤʛ 798Ñ9,98 

ʂʘʣʴʮʽʡ, ʤʛ 39,31Ñ0,67 

ʄʘʛʥʽʡ, ʤʛ 56Ñ1,14 

ʅʘʪʨʽʡ, ʤʛ 191Ñ5,42 

ʎʠʥʢ, ʤʢʛ 1044Ñ23,45 

ʄʽʜʴ, ʤʢʛ 344Ñ7,45 

ʄʘʨʛʘʥʝʮʴ, ʤʢʛ 1621Ñ23,67 

  

ɼʦ ʩʧʝʮʠʬʽʯʥʠʭ ʧʝʨʝʚʘʛ ʉɹʂ ʩʣʽʜ ʪʘʢʦʞ ʚʽʜʥʝʩʪʠ ʟʜʘʪʥʽʩʪʴ ʧʦʧʝʨʝʜʞʫʚʘʪʠ 

ʚʠʥʠʢʥʝʥʥʷ ʧʝʚʥʠʭ ʚʠʜʽʚ ʨʘʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ɸʣʝ ʦʩʥʦʚʥʘ ʮʽʥʥʽʩʪʴ ʡʦʛʦ 

ʧʦʣʷʛʘʻ ʫ ʥʘʷʚʥʦʩʪʽ ʙʝʪʘʥʽʥʫ (ʭʘʨʯʦʚʦʾ ʜʦʙʘʚʢʠ ɽ 162) ï ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʚʥʠʢʘ, 
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ʷʢʠʡ ʥʘʜʘʻ ʧʨʦʜʫʢʪʘʤ ʟ ʡʦʛʦ ʚʤʽʩʪʦʤ ʩʧʝʮʠʬʽʯʥʠʡ ʽʥʪʝʥʩʠʚʥʠʡ ʢʦʣʽʨ (ʉʘʤʽʣʠʢ, 

2022). 

ɿʘ ʧʦʣʦʞʝʥʥʷʤʠ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʧʨʦ ʭʘʨʯʫʚʘʥʥʷ, ʚʚʝʜʝʥʥʷ ʚ ʨʘʮʽʦʥ 

ʧʨʦʜʫʢʪʽʚ ʽʟ ʚʤʽʩʪʦʤ ʙʝʪʘʥʽʥʫ ʩʧʨʠʷʻ ʩʠʥʪʝʟʫ ʭʦʣʽʥʫ ʪʘ ʥʦʨʤʘʣʽʟʘʮʽʾ ʨʦʙʦʪʠ 

ʧʝʯʽʥʢʠ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ (Mousavi, Abedimanesh, & 

Mohammadnejad, 2022). 

ʇʨʦʪʝ ʩʣʘʙʢʦʶ ʩʪʦʨʦʥʦʶ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʝʪʘʥʽʥ ʚ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ ʻ ʡʦʛʦ ʥʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʘʪʘʢ ʨʝʯʦʚʠʥ, ʭʘʨʘʢʪʝʨʥʠʭ 

ʦʢʠʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʩʦʙʣʠʚʦ ʚ ʧʨʦʜʫʢʪʘʭ ʟ ʚʠʩʦʢʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚʦʜʠ ʪʘ ʟʘ 

ʧʨʠʩʫʪʥʦʩʪʽ ʭʘʨʘʢʪʝʨʥʦʛʦ ʢʘʪʘʣʽʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʧʦʣʫʢ ʟʘʣʽʟʘ (ɯɯɯ). 

ʎʴʦʛʦ ʟʘʧʦʙʽʛʘʶʪʴ ʟʘʟʚʠʯʘʡ ʜʦʜʘʚʘʥʥʷʤ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ, ʟʦʢʨʝʤʘ ʘʩʢʦʨʙʽʥʦʚʦʾ 

ʢʠʩʣʦʪʠ (Fern§ndez-L·pez et al., 2023; ʏʝʭ, ɼʫʱʘʢ, & ʐʫʪʶʢ, 2025).  

ʊʘʢʦʞ ʉɹʂ ʤʽʩʪʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʘʪʽʚ, ʷʢʠʡ ʫ ʨʘʟʽ ʚʚʝʜʝʥʥʷ ʚ ʩʫʤʽʰ 

ʽʥʛʨʝʜʽʻʥʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʜʘʻ ʟʤʦʛʫ 

ʟʤʝʥʰʠʪʠ ʜʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʟʘʟʚʠʯʘʡ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ. 

 

3.2 ʈʦʟʨʦʙʢʘ ʧʨʠʥʮʠʧʽʚ ʟʤʝʥʰʝʥʥʷ ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚ`ʷʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

ʊʨʘʜʠʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ 

ʚʢʣʶʯʘʶʪʴ ʩʪʘʜʽʾ ʧʽʜʛʦʪʦʚʢʠ ʦʩʥʦʚʥʦʾ ʩʠʨʦʚʠʥʠ (ʤô̫ ʩʥʦʾ) ʪʘ ʟʘʩʦʣʶʚʘʣʴʥʠʭ 

ʩʫʤʽʰʝʡ, ʚʣʘʩʥʝ ʟʘʩʦʣʶʚʘʥʥʷ, ʥʘʨʽʟʘʥʥʷ ʟʘʩʦʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʘ 

ʚʠʪʨʠʤʢʫ ʡʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 40 
o
ʉ, ʙʘʞʘʥʦ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ, ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʚʦʣʦʛʠ (ʉʦʚʘ & ʃʝʫʩʝʥʢʦ, 2024).  

ʇʨʦʪʝ, ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʻ ʪʨʠʚʘʣʽʩʪʴ ʚʠʪʨʠʤʢʠ 

ʧʨʦʜʫʢʪʫ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʚ ʮʽʡ ʭʘʨʯʦʚʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʻ 

ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʨʦʟʚʠʪʢʫ ʭʚʦʨʦʙʦʪʚʦʨʥʠʭ, ʪʦʢʩʠʢʦʛʝʥʥʠʭ ʪʘ ʩʦʣʝʪʦʣʝʨʘʥʪʥʠʭ 

(ʛʘʣʦʪʦʣʝʨʘʥʪʥʠʭ) ʰʪʘʤʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʊʦʤʫ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʧʨʠʡʦʤʦʤ 

ʟʤʝʥʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʧʘʪʦʛʝʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʻ ʚʚʝʜʝʥʥʷ ʚ ʟʘʩʦʣʶʚʘʣʴʥʫ ʩʫʤʽʰ 



 

 
82 

ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʚ ʤ`ʷʩʥʽʡ ʩʠʩʪʝʤʽ ʧʦʜʚʽʡʥʫ ʨʦʣʴ: ʢʨʽʤ ʥʘʜʘʥʥʷ 

ʧʨʦʜʫʢʪʫ ʟʚʠʯʥʦʛʦ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʯʝʨʚʦʥʦʛʦ/ʨʦʞʝʚʦʛʦ ʢʦʣʴʦʨʫ, ʮʷ ʩʽʣʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʄʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ 

ʟʚʠʯʥʦʛʦ ʜʣʷ ʚô̫ ʣʝʥʦʛʦ ʤô̫ ʩʘ ʯʝʨʚʦʥʦʛʦ/ʨʦʞʝʚʦʛʦ ʢʦʣʴʦʨʫ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.1. 

 

ʈʠʩʫʥʦʢ 3.1 ʄʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʨʦʞʝʚʦʛʦ ʢʦʣʴʦʨʫ ʫ ʚô̫ ʣʝʥʠʭ ʤô̫ ʩʥʠʭ 

ʧʨʦʜʫʢʪʘʭ ʟʘ ʫʯʘʩʪʽ ʥʽʪʨʠʪʫ   

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (Shakil et al., 2022)  

 

ʇʨʦʪʝ ʪʦʢʩʠʯʥʽʩʪʴ NaNO2 ʧʦʨʦʜʞʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʩʧʦʩʦʙʽʚ 

ʟʤʝʥʰʝʥʥʷ ʾʾ ʜʦʟʫʚʘʥʥʷ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ. ʎʴʦʛʦ 

ʥʘ ʥʘʰʫ ʜʫʤʢʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʚʝʜʝʥʥʷʤ ʚ ʩʫʤʽʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʠ 

ʟʘʩʦʣʶʚʘʥʥʽ ʤ`ʷʩʘ ʨʝʘʛʝʥʪʽʚ ʭʘʨʯʦʚʠʭ ʥʽʪʨʘʪʽʚ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʧʦʤʽʪʥʠʭ 

ʢʽʣʴʢʦʩʪʷʭ, ʟʦʢʨʝʤʘ, ʚ ʉɹʂ ̔  ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʜʦ ʥʽʪʨʠʪʫ, ʘ 

ʜʘʣʽ ʜʦ ʮʽʣʴʦʚʦʛʦ ʢʦʣʴʦʨʦʫʪʚʦʨʶʶʯʦʛʦ ʨʝʘʛʝʥʪʫ ï ʦʢʩʠʜʫ ʘʟʦʪʫ (ɯɯ) ʟʛʽʜʥʦ ʟ 

ʤʝʭʘʥʽʟʤʦʤ, ʧʦʢʘʟʘʥʠʤ ʥʘ ʨʠʩ. 3.1. 

ɺʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʟʘʤʽʥʠ 

ʧʨʦʚʝʜʝʥʦ ʚ ʧʦʨʽʚʥʷʣʴʥʠʭ ʫʤʦʚʘʭ. ʈʝʮʝʧʪʫʨʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 3.2. ɿʘ ʢʦʥʪʨʦʣʴ 

ʦʙʨʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʟʛʽʜʥʦ ʊʋ ʋ15.1-02070983-088:2007.  
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ʊʘʙʣʠʮʷ 3.2 

ʈʝʮʝʧʪʫʨʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

ʅʘʟʚʘ ʩʠʨʦʚʠʥʠ ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ  

ˉ 1 ˉ 2 ˉ 3 

ʉʠʨʦʚʠʥʘ ʥʝʩʦʣʝʥʘ, ʢʛ/100 ʢʛ 

ʗʣʦʚʠʯʠʥʘ ʞʠʣʦʚʘʥʘ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ 94,00 94,00 94,00 94,00 

ɿʘʩʦʣʶʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʢʛ/100 ʢʛ 

ʉʽʣʴ ʢʫʭʦʥʥʘ 3,50 ï ï ï 

ʉʽʣʴ ʤʦʨʩʴʢʘ ï 3,40 3,20 3,10 

ʅʽʪʨʠʪ ʥʘʪʨʽʶ 0,015 0,015 0,005 0,005 

ɼʝʢʩʪʨʦʟʘ 1,00 1,00 1,00 0,650 

ʉʫʤʽʰ ʩʧʝʮʽʡ 1,20 1,30 1,60 1,90 

ɯʟʦʘʩʢʦʨʙʘʪ ʥʘʪʨʽʶ 0,007 0,007 0,007 ï 

ɸʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ ï ï ï 0,085 

ʉʽʢ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ï ï 0,50 0,50 

ɹʘʢʪʝʨʽʘʣʴʥʠʡ ʧʨʝʧʘʨʘʪ B-LC-78  ï 0,025 0,025 0,025 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʟʘʩʦʣʶʚʘʥʥʽ ʩʫʤʽʰʽ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ʻ ʪʨʠʚʘʣʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʯʝʨʝʟ ʫʧʦʚʽʣʴʥʝʥʫ ʤʽʛʨʘʮʽʶ ʟʘʩʦʣʶʚʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ ʚ ʤʘʩʫ ʤ`ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʎʝ ʚʝʜʝ ʜʦ ʩʫʪʪʻʚʦʛʦ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ, ʘ ʧʦʪʽʤ ʽ ʫʩʽʻʾ ʤʘʩʠ ʧʨʦʜʫʢʪʫ ʥʘʧʽʚʧʨʦʜʫʢʪʫ ʷʢ ʟ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢ ʽ ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʛʦ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʥʝʩʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʶ ʤ`ʷʩʘ ʩʧʝʮʽʡ, ʷʢʽ ʥʝ ʧʨʦʭʦʜʷʪʴ ʩʧʝʮʽʘʣʴʥʦʾ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ ʦʙʨʦʙʢʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʻ ʢʦʥʢʫʨʝʥʪʥʝ ʟ ʢʦʨʠʩʥʦʶ 

ʤʽʢʨʦʬʣʦʨʦʶ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʭʚʦʨʦʙʦʪʚʦʨʥʠʭ ʪʘ ʪʦʢʩʠʢʦʛʝʥʥʠʭ 
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ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ ʧʽʜʚʠʱʝʥʠʡ ʨʠʟʠʢ ʧʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʜʦ ʪʦʛʦ, ʷʢ ʚʽʥ ʥʘʙʫʜʝ 

ʙʘʞʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɿʚʠʯʥʠʤ ʟʘ ʢʣʘʩʠʢʦʶ ʧʨʠʡʦʤʦʤ ʟʤʝʥʰʝʥʥʷ ʪʘʢʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ ʻ ʜʦʜʘʚʘʥʥʷ 

ʜʦ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ. ʇʨʦʪʝ ʯʝʨʝʟ ʪʦʢʩʠʯʥʽʩʪʴ ʥʽʪʨʠʪʫ ʪʘ 

ʡʦʛʦ ʥʝʜʦʩʪʘʪʥʶ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʟʥʘʣʠ 

ʤʦʜʠʬʽʢʘʮʽʾ ʟ ʚʢʣʶʯʝʥʥʷʤ ʚ ʟʘʩʦʣʶʚʘʣʴʥʽ ʩʫʤʽʰʽ ʤʦʣʦʯʥʦʢʠʩʣʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʪʦʤʫ, ʥʘʤʠ ʦʙʨʘʥʦ ʙʘʢʪʝʨʽʘʣʴʥʠʡ ʧʨʝʧʘʨʘʪ B-LC-78, ʷʢʠʡ 

ʤʽʩʪʠʪʴ  P. acidilactici ʪʘ S. carnosus. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʮʠʭ ʙʘʢʪʝʨʽʘʣʴʥʠʭ 

ʢʫʣʴʪʫʨ ʦʙʨʘʥʦ ʥʘʤʠ ʟ ʥʘʩʪʫʧʥʠʭ ʤʽʨʢʫʚʘʥʴ. 

ʌʘʢʫʣʴʪʘʪʠʚʥʠʡ ʘʥʘʝʨʦʙ P. acidilactici, ʷʢ ʽ ʙʽʣʴʰʽʩʪʴ ʰʪʘʤʽʚ 

ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ, ʟʙʝʨʽʛʘʻ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʧʨʠ ʜʫʞʝ ʥʠʟʴʢʦʤʫ ʟʥʘʯʝʥʥʽ 

ʨʅ, ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ 65 
o
ʉ ʪʘ ʚʠʩʦʢʦʤʫ ʦʩʤʦʪʠʯʥʦʤʫ ʪʠʩʢʫ ʩʝʨʝʜʦʚʠʱʘ 

ʧʝʨʝʙʫʚʘʥʥʷ (Yoon & Kang, 2020; Song, In, Lim, & Rahim, 2017). 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʠʙʦʨʫ ʻ ʘʥʪʘʛʦʥʽʟʤ ʟʘʚʜʷʢʠ ʧʨʦʜʫʢʫʚʘʥʥʶ ʤʦʣʦʯʥʦʾ 

ʢʠʩʣʦʪʠ ʜʦ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʟʦʢʨʝʤʘ ʰʪʘʤʽʚ Shigella spp., 

Salmonella spp., Clostridium difficile, Escherichia coli. ɼʨʫʛʠʤ ʤʦʤʝʥʪʦʤ ʪʘʢʦʛʦ 

ʚʠʙʦʨʫ ʻ ʟʜʘʪʥʽʩʪʴ ʩʠʥʪʝʟʫʚʘʪʠ ʟʛʫʙʥʽ ʜʣʷ ʥʠʭ ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ ʚʠʜʽʚ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʙʘʢʪʝʨʽʦʮʠʥʠ ʢʣʘʩʫ ʧʝʜʽʦʮʠʥʽʚ (Raccach, 2014). ɺʚʝʜʝʥʥʷ ʰʪʘʤʫ 

S. carnosus ʫ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʡʦʛʦ ʣʷʯʥʫ ʥʘʟʚʫ, ʥʝ ʤʘʻ ʞʦʜʥʠʭ 

ʦʟʥʘʢ ʥʝʙʝʟʧʝʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʪʘʥ ʟʜʦʨʦʚ`ʷ ʣʶʜʠʥʠ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨʘʭ ʟ ʩʝʨʝʜʠʥʘ ʍʍ ʩʪʦʣʽʪʪʷ ̫ ʢ ʽ P. acidilactici ʦʩʢʽʣʴʢʠ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʘʨʦʤʘʪʫ ʤ`ʷʩʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ 

ʭʘʨʘʢʪʝʨʥʠʡ ʚʠʩʦʢʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʜʽʾ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʦʣʽ ʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ, ʩʠʣʴʥʦʶ ʘʥʪʘʛʦʥʽʩʪʠʯʥʦʶ ʜʽʻʶ ʧʨʦʪʠ ʙʘʢʪʝʨʽʡ Listeria 

monocytogenes (Khorshidian, Khanniri, Mohammadi, Mortazavian, & Yousefi, 2021). 

ʅʘʡʙʽʣʴʰʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʧʨʦʷʚʣʷʶʪʴ ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʠʜʽʚ 

Pseudomonas, Achromobacter, Bacillus ʪʘ Micrococcus, ʧʨʠʩʫʪʥʽʩʪʴ ʧʦʤʽʪʥʠʭ 

ʢʽʣʴʢʦʩʪʝʡ ʷʢʠʭ ʚ ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʽ ʥʝʜʦʧʫʩʪʠʤʘ. ʇʨʦʪʝ ʮʽ ʰʪʘʤʠ ʚ 

https://uk.wikipedia.org/wiki/Shigella
https://uk.wikipedia.org/wiki/Salmonella
https://uk.wikipedia.org/wiki/Clostridium_difficile
https://uk.wikipedia.org/wiki/Clostridium_difficile
https://uk.wikipedia.org/wiki/Clostridium_difficile
https://uk.wikipedia.org/wiki/Escherichia_coli
https://uk.wikipedia.org/wiki/Escherichia_coli
https://uk.wikipedia.org/wiki/Escherichia_coli
https://ru.wikipedia.org/w/index.php?title=Pseudomonas&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Achromobacter&action=edit&redlink=1
https://ru.wikipedia.org/wiki/Бациллы_(род)
https://ru.wikipedia.org/wiki/Micrococcus
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ʧʝʨʝʪʚʦʨʝʥʥʽ ʥʽʪʨʘʪʫ-ʽʦʥʫ ʚ ʥʽʪʨʠʪ ʧʦʤʽʪʥʦʾ ʨʦʣʽ ʥʝ ʚʽʜʽʛʨʘʶʪʴ. ʘ ʦʙʨʘʥʽ ʥʘʤʠ 

ʙʘʢʪʝʨʽ ʾP. acidilactici ʪʘ S. carnosus, ʷʢ ʽ ʫʩʽ ʬʘʢʫʣʴʪʘʪʠʚʥʽ ʘʥʘʝʨʦʙʠ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʢʠʩʥʶ, ʥʘʧʨʠʢʣʘʜ ʫ ʛʣʠʙʠʥʽ ʤ`ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʚʠʪʨʘʯʘʶʪʴ ʥʽʪʨʘʪ 

ʙʝʟʧʦʚʦʨʦʪʥʦ, ʦʩʢʽʣʴʢʠ ʢʽʥʮʝʚʠʤ ʧʨʦʜʫʢʪʦʤ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʻ ʥʝ ʥʽʪʨʠʪ, ʘ ʘʟʦʪ: 

 

2 NO3
-
  +  10 e

-
  +  12 H

+
   Ÿ   N2  +  6 H2O 

 

ɿ ʮʴʦʛʦ ʩʣʽʜʫʻ, ʱʦ ʚʽʜ ʧʨʦʮʝʩʫ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʩʣʽʜ ʫʩʫʥʫʪʠ ʙʘʢʪʝʨʽʘʣʴʥʽ 

ʘʛʝʥʪʠ ʯʝʨʝʟ ʥʝʧʦʚʦʨʦʪʥʽ ʪʨʘʪʠ ʥʽʪʨʘʪʫ/ʥʽʪʨʠʪʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʽʭ ʧʝʨʝʜʦʟʫʚʘʥʥʷ ʚ 

ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʩʫʤʽʰʘʭ. ɿʚʽʜʩʠ ʚʠʥʠʢʘʻ ʜʦʜʘʪʢʦʚʘ ʧʨʦʙʣʝʤʘ ʧʦʰʫʢʫ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʷʢ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʷʢʠʡ ʯʝʨʝʟ ʧʨʦʜʫʢʫʚʘʥʥʷ ʤʦʣʦʯʥʦʢʠʩʣʠʤʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʢʠʩʣʦʪ ʟ ʥʘʨʦʩʪʘʥʥʷʤ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʫ 

ʯʘʩʪʢʦʚʦ ʚʪʨʘʯʘʻʪʴʩʷ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʥʘ ʧʦʚʝʨʭʥʶ ʤ`ʷʩʥʦʛʦ 

ʩʫʙʩʪʨʘʪʫ ʯʝʨʝʟ ʦʙʤʽʥʥʫ ʚʟʘʻʤʦʜʽʶ ʥʽʪʨʘʪʫ ʥʘʪʨʽʶ, ʷʢʠʡ ʥʝ ʚʩʪʠʛ ʤʽʛʨʫʚʘʪʠ 

ʚʛʣʠʙ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʮʽʡ ʞʝ ʩʫʤʽʰʽ ʥʘ ʧʦʚʝʨʭʥʽ ʤ`ʷʩʘ ʚ ʢʦʥʪʘʢʪʽ ʟ ʢʠʩʣʦʪʘʤʠ ʟ 

ʧʝʨʝʭʦʜʦʤ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʤʽʥʥʦʾ ʨʝʘʢʮʽʾ ʚ ʥʽʪʨʠʪʥʫ ʢʠʩʣʦʪʫ: 

 

NaNO2  +  H
+
   Ą   HNO2  +  Na

+
 

 

ʆʩʪʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʢʩʠʜʫ ʘʟʦʪʫ (ɯɯ) ʪʘ 

ʘʛʨʝʩʠʚʥʦʾ ʚ ʭʽʤʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ: 

 

3 HNO2   Ą   2 NO  +  HNO3 +  H2O 

 

ʅʦʚʦʫʪʚʦʨʝʥʠʡ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʮʠʭ ʚʟʘʻʤʦʜʽʡ ʦʢʩʠʜ ʘʟʦʪʫ (ɯɯ) ʯʝʨʝʟ 

ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʤʽʦʛʣʦʙʽʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʫ ʧʝʨʝʚʘʞʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʜʦʜʘʚʘʥʥʷ ʚ ʟʘʩʦʣʶʚʘʣʴʥʽ ʩʫʤʽʰʽ ʥʘʜʣʠʰʢʦʚʠʭ 
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ʢʽʣʴʢʦʩʪʝʡ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ. ʅʦʚʦʫʪʚʦʨʝʥʘ ʞ ʥʽʪʨʘʪʥʘ ʢʠʩʣʦʪʘ ʽʥʪʝʥʩʠʚʥʦ 

ʚʟʘʻʤʦʜʽʻ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤ`ʷʩʥʦʾ ʩʫʤʽʰʽ ʽ, ʷʢ ʽ ʦʢʩʠʜ ʘʟʦʪʫ, ʫʯʘʩʪʽ ʫ ʚʟʘʻʤʦʜʽʾ ʥʝ 

ʙʝʨʝ ʽ ʪʘʢʦʞ ʙʝʟʧʦʚʦʨʦʪʥʦ ʚʪʨʘʯʘʻʪʴʩʷ. 

ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʝʬʝʢʪʫ ʥʝʧʨʦʜʫʢʪʠʚʥʦʾ ʚʪʨʘʪʠ ʥʽʪʨʘʪʫ, ʥʘʤʠ ʙʫʣʘ 

ʘʧʨʦʙʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʟʤʽʰʘʥʦʛʦ ʟʘʩʦʣʶʚʘʥʥʷ, ʟʘ ʷʢʦʶ ʜʣʷ ʥʘʪʠʨʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʤ`ʷʩʘ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʩʫʤʽʰ ʪʦʛʦ ʞ ʩʢʣʘʜʫ, ʱʦ ʽ ʧʨʠ ʟʘʩʦʣʶʚʘʥʥʽ ʢʦʥʪʨʦʣʶ. 

ɼʣʷ ʮʴʦʛʦ ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʫ ʮʽʡ ʩʫʤʽʰʽ ʙʫʣʘ ʟʤʝʥʰʝʥʘ ʜʦ 1/3 ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟ ʚʽʜʧʦʚʽʜʥʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʽ ʨʝʰʪʠ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ. ʇʨʠ ʮʴʦʤʫ 

ʢʽʣʴʢʽʩʪʴ ʥʘʥʝʩʝʥʦʛʦ ʟʘ ʮʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ 

ʩʪʘʥʦʚʠʣʘ 5 ʤʛ ʥʘ ʢʽʣʦʛʨʘʤ ʦʩʥʦʚʥʦʾ (ʤ`ʷʩʥʦʾ) ʩʠʨʦʚʠʥʠ. 

ʈʝʰʪʫ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʥʘʜʘʥʥʷ ʧʨʦʜʫʢʪʫ ʙʘʞʘʥʦʛʦ ʢʦʣʴʦʨʫ ʪʘ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʫ ʞ ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚʚʦʜʠʣʠ ʫ 

ʤ`ʷʩʦ ʩʧʦʩʦʙʦʤ ʥʘʩʠʯʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, 

ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʧʨʠ ʟʘʩʦʣʶʚʘʥʥʽ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ, ʙʫʣʘ ʟʤʝʥʰʝʥʘ ʥʘ ʪʨʝʪʠʥʫ, 

ʪʦʙʪʦ ʥʘ 5 ʤʛ ʥʘ ʢʽʣʦʛʨʘʤ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʪʝʭʥʦʣʦʛʽʷ ʟʘʩʦʣʶʚʘʥʥʷ 

ʚ ʯʘʩʪʠʥʽ ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʙʫʣʘ ʟʤʽʥʝʥʘ, ʦʩʢʽʣʴʢʠ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʝ 

ʧʨʠʡʦʤ ʜʦʜʘʚʘʥʥʷ ʚ ʟʘʩʦʣʶʚʘʣʴʥʫ ʨʽʜʠʥʫ ʩʫʭʦʾ ʩʦʣʽ, ʘ ʩʧʦʩʽʙ, ʟʘ ʷʢʠʤ ʚʦʥʘ ʙʫʣʘ 

ʩʠʥʪʝʟʦʚʘʥʘ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʚ`ʷʣʝʥʦʛʦ ʤô̫ ʩʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʨʦʟʨʘʭʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʉɹʂ ʙʘʛʘʪʦʛʦ ʥʽʪʨʘʪʘʤʠ. ɼʽʾ ʟ 

ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʪʨʘʪʫ ʚ ʥʽʪʨʠʪ ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʩʢʦʨʙʽʥʦʚʦʾ 

ʢʠʩʣʦʪʠ, ʚʠʢʦʨʠʩʪʘʥʦʾ ʟ ʥʘʜʣʠʰʢʦʤ 10 % ʧʦʥʘʜ ʥʝʦʙʭʽʜʥʫ ʟʘ ʩʪʝʭʽʦʤʝʪʨʽʻʶ 

ʚʟʘʻʤʦʜʽʾ ʢʽʣʴʢʽʩʪʴ. 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʆɺʇ ʚ ʷʣʦʚʠʯʠʥʽ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 3.2. 
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ʈʠʩʫʥʦʢ 3.2 ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫ ̫ʣʦʚʠʯʠʥʽ ʧʽʜ 

ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ 

 

ɿ ʨʠʩ. 3.2 ʚʠʜʥʦ, ʱʦ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʪʨʘʪʽʚ ʜʦ ʥʽʪʨʠʪʽʚ ʟʥʘʯʥʦ 

ʧʨʠʩʢʦʨʶʚʘʚʩʷ ʫ ʜʦʩʣʽʜʥʦʤʫ ʟʨʘʟʢʫ ˉ 3, ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷʤ ʜʦ 

ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʷʢ ʨʝʯʦʚʠʥʠ ʟ ʚʽʜʥʦʚʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʚʽʜô̒ ʤʥʠʡ ʧʦʢʘʟʥʠʢ (ʤʽʥʫʩ 12) ʆɺʇ ʚ ʤ'ʷʩʥʽʡ 

ʩʠʩʪʝʤʽ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʧʦʚʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ ʩʠʩʪʝʤʘʪʠʯʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ (Bal-Prylypko, Nikolaenko, 

Kanishchev, Beyko, & Holembovska, 2023). 

ɸʥʘʣʽʟ ʧʝʨʝʪʚʦʨʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 3.2, ʜʘʻ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʢʽʥʮʝʚʠʤ ʧʨʦʜʫʢʪʦʤ ʤʝʪʘʙʦʣʽʟʤʫ ʥʽʪʨʘʪʽʚ ʽ ʥʽʪʨʠʪʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʻ 

ʤʦʥʦʦʢʩʠʜ ʘʟʦʪʫ, ʘ ʧʦʩʪʽʡʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʥʽʪʨʘʪʽʚ/ʥʽʪʨʠʪʽʚ ʟ ʾʞʝʶ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʩʠʩʪʝʤʥʝ ʧʦʜʨʘʟʥʝʥʥʷ ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ 

ʪʨʘʢʪʫ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʽ ʩʫʤʽʰʽ ʥʽʪʨʘʪʥʦʾ ʽ ʥʽʪʨʠʪʥʦʾ 

ʢʠʩʣʦʪ (ʗʯʤʽʥʴ ʪʘ ʽʥ., 2022). ɺʽʨʦʛʽʜʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʜʽʾ 

ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʻ ʨʦʟʢʨʠʪʪʷ ʧʦʜʚʽʡʥʦʛʦ ʟʚ`ʷʟʢʫ ʧ`ʷʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʫ 

ʤʦʣʝʢʫʣʠ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʧʽʜ ʜʽʻʶ ʘʢʪʠʚʥʦʛʦ ʢʠʩʥʶ ʨʘʜʠʢʘʣʫ ʥʽʪʨʘʪ-ʽʦʥʫ. 
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ʎʷ ʚʟʘʻʤʦʜʽʷ ʧʨʦʭʦʜʠʪʴ ʜʦʩʪʘʪʥʴʦ ʧʦʚʽʣʴʥʦ ʽ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 22Ñ2 
o
ʉ 

ʟʘʚʝʨʰʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ, ʧʨʦ ʱʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʩʚʽʜʯʠʪʴ ʩʫʪʪʻʚʝ 

ʟʤʝʥʰʝʥʥʷ ʚ ʮʝʡ ʯʘʩ ʰʚʠʜʢʦʩʪʽ ʥʘʨʦʩʪʘʥʥʷ ʧʦʟʠʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʢʠʩʥʦ-

ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʊʦʤʫ ʦʧʝʨʘʮʽʷ ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʪʨʘʪʫ ʧʦʪʨʝʙʫʻ ʚʚʝʜʝʥʥʷ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʚʠʨʦʙʥʠʮʪʚʘ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ 

ʥʘʩʠʯʝʥʥʷʤ ʨʦʟʩʦʣʫ ʫ ʤô̫ ʩʥʫ ʤʘʩʫ ʧʨʦʤʽʞʥʦʾ ʩʪʘʜʽʾ ʚʠʪʨʠʤʢʠ ʨʦʟʯʠʥʫ ʩʦʣʽ ʽʟ 

ʚʤʽʩʪʦʤ ʉɹʂ ʪʘ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ. 

ʍʽʤʽʟʤ ʧʨʦʮʝʩʫ ʧʦʣʷʛʘʻ ʫ: 

ï ʚʽʜʥʦʚʣʝʥʥʽ ʥʽʪʨʘʪ-ʽʦʥʫ ʘʩʢʦʨʙʽʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʜʦ ʥʽʪʨʠʪʫ; 

ï ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʾ ʜʠʩʦʮʽʘʮʽʾ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʝʩʪʽʡʢʦʾ ʥʽʪʨʘʪʥʦʾ 

ʢʠʩʣʦʪʠ ʜʦ ʥʽʪʨʠʪ-ʽʦʥʫ; 

ï ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʢʣʘʜʝʥʥʷ ʥʽʪʨʠʪ-ʽʦʥʫ ʜʦ ʤʦʥʦʦʢʩʠʜʫ ʘʟʦʪʫ; 

ï ʚʟʘʻʤʦʜʽʾ ʤʦʥʦʦʢʩʠʜʫ ʘʟʦʪʫ ʚ ʤʦʤʝʥʪ ʫʪʚʦʨʝʥʥʷ ʟ ʤʽʦʛʣʦʙʽʥʦʤ ʤ`ʷʩʘ ʟ 

ʦʪʨʠʤʘʥʥʷʤ ʯʝʨʚʦʥʦʛʦ ʥʽʪʨʦʟʦʤʽʦʛʣʦʙʽʥʫ. 

ʇʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʟʤʽʥʠ ʩʢʣʘʜʫ ʪʘ ʧʦʨʷʜʢʫ ʚʚʝʜʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʪʘ ʽʥʛʨʝʜʽʻʥʪʽʚ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʚ ʤô̫ ʩʥʫ ʩʠʩʪʝʤʫ ʻ ʧʨʠʩʢʦʨʝʥʝ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʚ ʦʙ`ʻʤʽ ʚʚʝʜʝʥʦʛʦ ʟ ʉɹʂ ʥʽʪʨʘʪʫ ʥʘʪʨʽʶ ʟ ʨʝʘʣʽʟʘʮʽʶ 

ʫʧʦʚʽʣʴʥʝʥʦʛʦ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʟ ʥʴʦʛʦ ʥʽʪʨʠʪʫ ʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʢʦʥʪʘʢʪʽ ʟ 

ʤʽʦʛʣʦʙʽʥʦʤ ʚ ʫʩʴʦʤʫ ʦʙ`ʻʤʽ ʤ`ʷʩʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʫ ʪʘʢʦʤʫ ʚʘʨʽʘʥʪʽ ʧʨʘʢʪʠʯʥʦ 

ʢʽʣʴʢʽʩʥʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʶ ʟ ʤʽʦʛʣʦʙʽʥʦʤ ʟʛʽʜʥʦ ʟ ʧʦʢʘʟʘʥʠʤ ʥʘ ʨʠʩ. 3.1 

ʤʝʭʘʥʽʟʤʦʤ. 

ʆʪʞʝ, ʩʫʪʪʻʚʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʩʦʣʶʚʘʥʥʷ ̒: 

ï ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʦʟʦʚʘʥʦʛʦ ʚ ʤ`ʷʩʥʠʡ ʧʨʦʜʫʢʪ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ; 

ï ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʟʘʩʦʣʶʚʘʥʥʷ ʟʘʚʜʷʢʠ ʩʢʦʨʦʯʝʥʥʶ ʯʘʩʫ ʜʦʩʷʛʥʝʥʥʷ 

ʢʦʥʪʘʢʪʫ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʟ ʤʽʦʛʣʦʙʽʥʦʤ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʦʙʣʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʯʠʥʫ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ 

ʟʘʩʦʣʶʚʘʣʴʥʦʤʫ ʨʦʟʯʠʥʽ ʟʘʟʜʘʣʝʛʽʜʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʘʣʽʢʚʦʪʠ ʧʨʠ 

ʥʘʜʭʦʜʞʝʥʥʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʦ ʧʘʨʪʽʡ ʤ`ʷʩʘ.  
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3.3 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ʷʣʦʚʠʯʠʥʽ ʧʨʠ 

ʟʘʩʦʣʶʚʘʥʥʽ 

ʆʜʥʠʤ ʟ ʚʽʨʦʛʽʜʥʠʭ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪ-ʽʦʥʫ ʚ ʤ`ʷʩʥʽ 

ʩʠʩʪʝʤʠ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʧʘʜʢʽʚ ʡʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʤʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ.  

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʮʝʩʠ ʢʦʥʢʫʨʝʥʮʽʾ ʚ ʧʦʞʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 

ʥʝʙʝʟʧʝʯʥʦʾ ʜʣʷ ʟʜʦʨʦʚ`ʷ ʪʘ ʢʦʨʠʩʥʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʧʨʠʩʫʪʥʽʩʪʴ ʦʩʪʘʥʥʽʭ ʻ ʚʝʣʴʤʠ 

ʙʘʞʘʥʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʛʘʨʘʥʪʫʚʘʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʚʠʨʦʙʣʝʥʦʛʦ 

ʤ`ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ.  

ɹʽʣʴʰ ʪʦʛʦ, ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʣʝʥʠʭ ʩʠʨʦʚ`ʷʣʝʥʠʭ ʤ`ʷʩʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʧʦʪʨʝʙʫʻ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʩʦʢʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ. ʏʝʨʝʟ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʩʫʰʽʥʥʷ ʧʨʦʜʫʢʪʫ, ʯʠ ʥʝ ʻʜʠʥʠʤ 

ʩʧʦʩʦʙʦʤ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʚʠʥʥʦʾ 

ʬʝʨʤʝʥʪʘʮʽʾ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ. ʊʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʜʽʷ ʷʢʠʭ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʟʘʪʨʠʤʢʫ ʨʦʟʚʠʪʢʫ, ʚ ʽʜʝʘʣʽ ʧʨʠʧʠʥʝʥʥʷ, ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʪʦʢʩʠʢʦʛʝʥʥʦʾ, ʧʘʪʦʛʝʥʥʦʾ ʪʘ ʛʥʠʣʴʥʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʥʥʷ 

ʧʨʠʩʢʦʨʝʥʦʤʫ ʬʦʨʤʫʚʘʥʥʶ ʩʧʝʮʠʬʽʯʥʦʛʦ ʩʤʘʢʫ, ʢʦʣʴʦʨʫ ʪʘ ʟʘʧʘʭʫ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ (Danylenko et al., 2023). 

ɾʠʚʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʚʚʦʜʷʪʴ ʥʘʚʤʠʩʥʦ ʫ ʩʢʣʘʜʽ 

ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨ, ʩʣʫʞʠʪʴ ʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʫʪʥʽʭ ʫ ʤôʷʩʥʽʡ ʩʠʩʪʝʤʽ 

ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʦʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚ ʩʫʯʘʩʥʽʡ ʧʨʘʢʪʠʮʽ ʚʠʨʦʙʥʠʮʪʚʘ ʤ`ʷʩʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʛʘʣʴʤʫʚʘʥʥʷ 

ʨʦʟʚʠʪʢʫ ʥʝʙʝʟʧʝʯʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʧʦʟʙʘʚʣʝʥʥʷʤ ʾʾ ʙʝʟʧʝʨʝʰʢʦʜʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʮʠʭ ʨʝʩʫʨʩʽʚ.  
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ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʜʦʩʷʛʘʻʪʴʩʷ ʚʥʝʩʝʥʥʷʤ ʚ ʩʠʨʦʚʠʥʥʫ ʩʫʤʽʰ ʚʞʝ ʥʘ ʩʪʘʜʽʾ 

ʾʾ ʬʦʨʤʫʚʘʥʥʷ ʥʝʟʨʽʚʥʷʥʥʦ ʙʽʣʴʰʦʾ ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʟʚʘʥʠʤʠ ʚʠʱʝ ʚʠʜʘʤʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʢʦʥʢʫʨʝʥʪʥʠʭ ʰʪʘʤʽʚ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʢʫʣʴʪʫʨ.  

ʂʨʽʤ ʮʴʦʛʦ ʢʦʨʠʩʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʦʧʪʠʤʽʟʫʶʪʴ ʚ ʤ`ʷʩʥʽʡ ʩʠʨʦʚʠʥʠ 

ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʴʦʚʠʭ ʙʽʦʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟʘʚʜʷʢʠ ʩʠʥʪʝʟʫ ʟʘ ʾʭ 

ʫʯʘʩʪʽ ʥʝʟʘʤʽʥʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ, ʬʝʨʤʝʥʪʽʚ ʪʘ ʚʽʪʘʤʽʥʽʚ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 

ʅʽʢʦʣʘʻʥʢʦ, ɹʘʥʜʫʨʘ, ʂʘʥʽʱʝʚ, & 2022ʘ). 

ʇʨʠ ʚʠʙʦʨʽ ʢʦʥʢʫʨʝʥʪʥʠʭ ʰʢʽʜʣʠʚʠʤ, ʪʦʢʩʠʢʦʛʝʥʥʠʤ ʪʘ ʥʝʙʝʟʧʝʯʥʠʤ 

ʚʠʜʘʤ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘʤʠ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʭʘʨʘʢʪʝʨʥʽ ʙʽʦʧʨʦʪʝʢʪʦʨʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʰʪʘʤʠ ʙʘʢʪʝʨʽʡ P. acidilactici ʪʘ S. carnosus ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ 

ʙʘʢʪʝʨʽʘʣʴʥʦʤʫ ʧʨʝʧʘʨʘʪʽ B-LC-78, ʭʘʨʘʢʪʝʨʥʦʤʫ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʜʽʻʶ ʚ ʤ`ʷʩʥʠʭ 

ʩʠʩʪʝʤʘʭ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʦʚʦʯʝʚʠʤʠ ʽʥʛʨʝʜʽʻʥʪʘʤʠ, ʦʙʫʤʦʚʣʝʥʝ ʟʜʘʪʥʽʩʪʶ ʧʦʢʨʘʱʫʚʘʪʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʜʫʢʪʽʚ, ʟʦʢʨʝʤʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʨʠʻʤʥʠʡ ʩʤʘʢ ʪʘ ʩʪʘʙʽʣʽʟʫʚʘʪʠ 

ʟʚʠʯʥʠʡ ʯʝʨʚʦʥʠʡ ʪʘ/ʘʙʦ ʨʦʞʝʚʠʡ ʢʦʣʴʦʨʠ ʛʦʪʦʚʦʛʦ ʤ`ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʚʝʜʝʥʥʷ 

ʜʦ ʩʢʣʘʜʫ ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨ ʙʘʢʪʝʨʽʡ S. carnosus ʚʠʢʣʠʢʘʥʝ ʾʭʥʴʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚ 

ʙʽʦʩʠʥʪʝʟʽ ʜʠʧʝʧʪʠʜʫ ʢʘʨʥʦʟʠʥʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʤʽʥʦʢʠʩʣʦʪ ʙʝʪʘ-ʘʣʘʥʽʥʫ ʪʘ 

ʛʽʩʪʠʜʠʥʫ, ʷʢʠʡ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʚ ʪʢʘʥʠʥʘʭ ʤ`ʷʟʽ ʪʘ ʛʦʣʦʚʥʦʤʫ ʤʦʟʢʫ (ʂʘʥʽʱʝʚ, 

2024). 

ɹʘʢʪʝʨʽʾ ʚʠʜʫ P. acidilactici ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʛʨʘʤʧʦʟʠʪʠʚʥʠʭ 

ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ ʨʦʜʠʥʠ Lactobacillaceae ̔  ʥʘʚʽʪʴ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʬʣʦʨʠ 

ʤ`ʷʩʦʧʨʦʜʫʢʪʽʚ, ʦʩʢʽʣʴʢʠ ʧʝʨʽʦʜ ʾʭʥʴʦʛʦ ʨʦʟʤʥʦʞʝʥʥʷ ʻ ʟʥʘʯʥʦ ʢʦʨʦʪʰʠʤ, ʥʽʞ ʫ 

ʘʙʩʦʣʶʪʥʦʾ ʙʽʣʴʰʦʩʪʽ ʥʝʙʘʞʘʥʠʭ ʚʠʜʽʚ ʤʽʢʨʦʬʣʦʨʠ (ʂʘʥʽʱʝʚ, 2024).  

ɺʽʜʧʦʚʽʜʥʘ ʮʴʦʤʫ ʢʽʥʝʪʠʢʘ ʨʦʟʤʥʦʞʝʥʥʷ ʄɹ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.3. 

 

https://uk.wikipedia.org/wiki/Lactobacillaceae
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ʈʠʩʫʥʦʢ 3.3 ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ ʚ ʷʣʦʚʠʯʠʥʽ 

ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ 

 

ɿ ʨʠʩ. 3.3 ʚʠʜʥʦ, ʱʦ ʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ ˉ 1-3 ʟʘ 24 ʛʦʜʠʥʠ ʢʽʣʴʢʽʩʪʴ 

ʞʠʪʪʻʟʜʘʪʥʠʭ ʄɹ ʟʨʦʩʣʘ ʟ 6,09 ʜʦ 7,02 log ʂʋʆ/ʛ. ʋ ʢʦʥʪʨʦʣʴʥʦʤʫ ʟʨʘʟʢʫ 

ʩʧʦʚʽʣʴʥʠʣʘʩʴ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʤʽʢʨʦʬʣʦʨʠ ï ʚʽʜ 2,03 ʜʦ 2,9 log ʂʋʆ/ʛ (ʂʘʥʽʱʝʚ, 

2023). ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ (ʨʠʩ 3.2), ʷʢʽ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʠʩʢʦʨʝʥʠʡ ʨʽʩʪ ʢʦʨʠʩʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʚ ʫʤʦʚʘʭ ʜʦʜʘʚʘʥʥʷ 

ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʟʤʽʥʶʶʯʠ ʆɺʇ. ʈʘʟʦʤ ʮʽ ʬʘʢʪʦʨʠ ʜʦʧʦʤʘʛʘʶʪʴ 

ʦʮʽʥʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ P. acidilactici ʚ ʫʤʦʚʘʭ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʧʽʜʪʨʠʤʫʶʪʴ ʾʾ ʧʦʪʝʥʮʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʬʝʨʤʝʥʪʘʮʽʾ ʤô̫ ʩʥʦʾ ʩʠʨʦʚʠʥʠ (Bal-

Prylypko, Nikolaenko, Kanishchev, Beyko, & Holembovska, 2023). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʟʘʩʦʣʶʚʘʥʥʷ ʜʘʚ ʟʤʦʛʫ h ʚʠʜʰʝ 

ʜʦʩʷʛʥʫʪʠ ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʤ`ʷʩʘ, ʚʽʜʧʦʚʽʜʥʦ ʽ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ ʜʦ ʘʪʘʢ 

ʰʢʽʜʣʠʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʎʴʦʤʫ ʩʧʨʠʷʻ ʚʚʝʜʝʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʢʫʣʴʪʫʨʠ 

ʚʛʣʠʙ ʤʘʩʠ ʧʨʦʜʫʢʪʫ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʥʠʭ ʙʘʢʪʝʨʽʡ 
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ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʩʧʨʦʱʝʥʥʶ ʾʭ ʜʦʩʪʫʧʫ ʜʦ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʆʩʦʙʣʠʚʫ 

ʮʽʥʥʽʩʪʴ ʮʝʡ ʬʘʢʪʦʨ ʥʘʙʫʚʘʻ ʚ ʩʚʽʪʣʽ ʧʨʠʰʚʠʜʰʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʧʦʜʽʣʫ 

ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʬʣʦʨʠ ʚ ʤʘʩʽ ʧʨʦʜʫʢʪʫ, ʪʦʤʫ ʱʦ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʠʨʦʚ`ʷʣʝʥʠʭ ʤ`ʷʩʦʧʨʦʜʫʢʪʽʚ, ʦʩʦʙʣʠʚʦ ʥʘ ʩʪʘʜʽʷʭ ʬʝʨʤʝʥʪʘʮʽʾ ʪʘ ʬʽʥʘʣʴʥʦʾ 

ʩʫʰʢʠ ʫ ʥʽʡ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʨʦʟʤʥʦʞʝʥʥʷ ʧʘʪʦʛʝʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʰʪʘʤʫ 

Listeria monocytogenes ʟʜʘʪʥʦʛʦ ʨʦʟʚʠʚʘʪʠʩʷ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ (Tºnz et al., 2024). ʋ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʨʘʥʦʛʦ ʥʘʤʠ ʫ ʩʢʣʘʜʽ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʰʪʘʤ P. 

acidilactici ʚʽʜʽʛʨʘʻ ʩʫʪʪʻʚʫ ʧʦʟʠʪʠʚʥʫ ʨʦʣʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʙʘʢʪʝʨʽʘʣʴʥʦʾ 

ʙʝʟʧʝʯʥʦʩʪʽ ʧʨʦʜʫʢʪʫ ʷʢ ʪʘʢʠʡ, ʱʦ ʧʨʦʜʫʢʫʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʘʩʽ ʤ`ʷʩʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʟʛʫʙʥʽ ʩʘʤʝ ʮʴʦʛʦ ʰʪʘʤʫ ʙʘʢʪʝʨʽʦʮʠʥʠ (Bal-Prylypko, Kanishchev, 

Mushtruk, & Leonova, 2024). 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʟʥʘʯʝʥʴ ʢʦʥʩʪʘʪʦʚʘʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ 

ʧʨʝʧʘʨʘʪʫ B-LC-78 ʜʦ ʩʢʣʘʜʫ ʩʫʤʽʰʽ, ʷʢʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʩʦʣʶʚʘʥʥʷ ʤʘʡʞʝ 

ʯʠʩʪʦʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ, ʚʝʜʝ ʜʦ 

ʧʨʘʢʪʠʯʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ ʰʢʽʜʣʠʚʦʾ ʤʽʢʨʦʬʣʦʨʠ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʅʽʢʦʣʘʻʥʢʦ, 

ɹʘʥʜʫʨʘ, ʂʘʥʽʱʝʚ, & 2022ʙ) ʚʽʜʧʦʚʽʜʥʦ ʡ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʯʥʦʩʪʽ (ʪʘʙʣ. 3.3). 

ʂʨʽʤ ʩʧʨʠʷʥʥʷ ʰʚʠʜʢʦʤʫ ʟʙʽʣʴʰʝʥʥʶ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʚʥʘʩʣʽʜʦʢ ʩʠʥʪʝʟʫ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ, ʙʘʢʪʝʨʽʾ ʩʠʥʪʝʟʫʶʪʴ ʙʘʢʪʝʨʽʦʮʠʥʠ ï 

ʨʝʯʦʚʠʥʠ, ʱʦ ʟʛʫʙʥʦ ʜʽʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʰʢʽʜʣʠʚʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʦʛʦ 

ʻ ʧʝʨʝʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʰʢʽʜʣʠʚʠʭ ʙʽʣʴʰ, ʥʽʞ ʚ 10000 ʨʘʟʽʚ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʙʝʟʧʝʯʥʦʩʪʽ 

ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʥʝ ʧʨʦʡʰʣʠ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʩʠʨʦʚ`ʷʣʝʥʠʭ ʤ`ʷʩʥʠʭ 

ʧʨʦʜʫʢʪʽʚ (Hern§ndez-Gonz§lez, Mart²nez-Tapia, Lazcano-Hern§ndez, Garc²a-P®rez, 

& Castrej·n-Jim®nez, 2021).  
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ʊʘʙʣʠʮʷ 3.3 

ʄʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʽʚʥʷ ʙʝʟʧʝʯʥʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʦʛʦ 

ʟʨʘʟʢʽʚ ʷʣʦʚʠʯʠʥʠ ʥʘʧʨʠʢʽʥʮʽ ʟʘʩʦʣʶʚʘʥʥʷ  

ʇʦʢʘʟʥʠʢ ʂʦʥʪʨʦʣʴ 
ɼʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ 

ʅʦʨʤʘ 
ˉ 1 ˉ 2 ˉ 3 

ɹɻʂʇ (ʢʦʣʽʬʦʨʤʠ), ʚ 1,0 ʛ 

ʅʝ ʚʠʷʚʣʝʥʦ 
ʅʝ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʇʘʪʦʛʝʥʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʚ 

ʪ.ʯ. ʩʘʣʴʤʦʥʝʣʠ, ʚ 25 ʛ 

ʉʫʣʴʬʽʪʨʝʜʫʢʫʶʯʽ ʢʣʦʩʪʨʠʜʽʾ, 

ʚ 0,1 ʛ 
ʅʝ ʚʠʷʚʣʝʥʦ 

ʅʝ 

ʜʦʧʫʩʢʘʻʪʴʩʷ Listeria monocytogenes, ʚ 25 ʛ 

Staphylococcus aureus, ʚ 1,0 ʛ 

ɼʞʝʨʝʣʦ: (Bal-Prylypko, Nikolaenko, Kanishchev, Beyko, & Holembovska, 2023) 

 

ɯʩʪʦʪʥʠʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʚʠʪʢʫ 

ʰʢʽʜʣʠʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʪʘʢʦʞ ʻ ʰʚʠʜʢʝ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʤ`ʷʩʥʦʛʦ 

ʩʫʙʩʪʨʘʪʫ ʟʘ ʨʘʭʫʥʦʢ ʩʠʥʪʝʟʫ ʥʠʤʠ ʤʦʣʦʯʥʦʾ, ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ, ʦʮʪʦʚʦʾ ʪʘ ʜʝʷʢʠʭ 

ʽʥʰʠʭ ʢʠʩʣʦʪ. ʇʨʠʩʫʪʥʽʩʪʴ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥ ʁʢʦʥʩʠʩʪʝʥʮʽʾ 

ʚʠʨʦʙʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʩʦʣʝʥʦʛʦ ʤ`ʷʩʥʦʛʦ ʚʠʨʦʙʫ ʷʢ 

ʥʘʩʣʽʜʢʫ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʨʦʪʝʦʣʽʟʫ ʙʽʣʢʽʚ, ʥʘʙʫʭʘʥʥʷ ʢʦʣʘʛʝʥʦʚʠʭ ʧʫʯʢʽʚ 

ʪʘ ʦʩʣʘʙʣʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʟʚ`ʷʟʢʽʚ ʤ`ʷʟʦʚʠʭ ʚʦʣʦʢʦʥ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʪʘ ʽʥ., 

2024). ʆʪʨʠʤʘʥʽ ʚ ʧʨʦʮʝʩʽ ʚʠʟʨʽʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʽ ʜʘʥʽ ʮʝ ʧʽʜʪʚʝʨʜʠʣʠ ʪʘ ʧʦʢʘʟʘʣʠ 

ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʫ ʯʘʩʽ ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʣʘʩʪʽʚʮʽʚ. 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʨʅ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʷʣʦʚʠʯʠʥʠ ʧʨʠ ʟʘʩʦʣʶʚʘʥʥʽ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ 3.4.  
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ʈʠʩʫʥʦʢ 3.4 ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʨʅ ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ  

 

ɿ ʨʠʩ. 3.4 ʚʠʜʥʦ, ʱʦ ʥʘ ʧʦʯʘʪʢʫ ʟʘʩʦʣʶʚʘʥʥʷ, ʥʘ 2 ʛʦʜʠʥʫ, ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ 

ʪʘ ʢʦʥʪʨʦʣʴʥʠʡ ʤʘʣʠ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ ʨʅ ï 5,7. ʅʘ 8 ʛʦʜʠʥʫ ʟʘʩʦʣʶʚʘʥʥʷ 

ʟʥʘʯʝʥʥʷ ʨʅ ʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ ˉ 1, ˉ 2 ʪʘ ̄ 3 ʩʪʘʥʦʚʠʪʴ 5,62, 5,61 ʪʘ 5,59 

ʚʽʜʧʦʚʽʜʥʦ. ʱʦ ʻ ʤʝʥʰʠʤ ʥʘ 0,4...0,7 ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ. ɼʘʣʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʨʅ, ʧʨʦʪʝ ʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ ʮʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ. ʊʘʢ, ʥʘ 24 ʛʦʜʠʥʫ ʟʘʩʦʣʶʚʘʥʥ ̫ʫ ʢʦʥʪʨʦʣʴʥʦʤʫ 

ʟʨʘʟʢʫ ʥʝʟʥʘʯʥʦ ʟʤʝʥʰʠʣʦʩʴ ʟʥʘʯʝʥʥʷ ʨʅ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ï ʥʘ 0,05, ʚ ʪʦʡ ʞʝ ʯʘʩ, 

ʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ ˉ 1, ˉ 2 ʪʘ ˉ 3 ï ʥʘ 0,08, 0,09 ʪʘ 0,11 (ʂʘʥʽʱʝʚ, 2024).  

ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʢʦʨʝʣʶʶʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʽʚ (ɹʘʣ-

ʇʨʠʣʠʧʢʦ & ʃʝʦʥʦʚʘ, 2014), ʷʢʽ ʚʠʷʚʠʣʠ, ʱʦ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ ʟ ʯʘʩʦʤ 
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ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ P. acidilactici ʪʘ ʫ ʤô̫ ʩʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʤʦʣʦʯʥʘ ʢʠʩʣʦʪʘ, 

ʷʢʘ ʪʘʢ ʩʘʤʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʢʠʩʣʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ (ʤô̫ ʩʘ), ʱʦ ʦʙʤʝʞʫʻ 

ʨʦʟʚʠʪʦʢ ʥʝʙʘʞʘʥʦʾ ʤʽʢʨʦʬʣʦʨʠ (ɹʦʨʮʶʭ & ʐʫʛʘʡ, 2017), ʩʝʨʝʜ ʷʢʦʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʫʤʦʚʥʦ-ʧʘʪʦʛʝʥʥʽ ʪʘ ʧʘʪʦʛʝʥʥʽ ʬʦʨʤʠ. 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʽʚ 

ʷʣʦʚʠʯʠʥʠ ʚ ʧʨʦʮʝʩʽ ʟʘʩʦʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.5. 

 

ʈʠʩʫʥʦʢ 3.5 ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ 

 

ɿ ʨʠʩ. 3.5 ʚʠʜʥʦ, ʱʦ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰ ʧʽʜʚʠʱʝʥʦʶ 

ʧʣʘʩʪʠʯʥʽʩʪʶ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ. ʊʘʢ, ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʟʘʩʦʣʶʚʘʥʥʷ, ʥʘ 2 

ʛʦʜʠʥʫ, ʧʣʘʩʪʠʯʥʽʩʪʴ ʫ ʢʦʥʪʨʦʣʽ ʪʘ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ ʩʪʘʥʦʚʠʣʘ 2 ʩʤ
2
/ʛ, ʚ 

ʧʦʜʘʣʴʰʦʤʫ, ʥʘ 4 ʛʦʜʠʥʫ ʟʘʩʦʣʶʚʘʥʥʷ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ 
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ʧʽʜʚʠʱʝʥʦʶ ʧʣʘʩʪʠʯʥʽʩʪʶ ï ʥʘ 0,1 ʩʤ
2
 /ʛ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ. ʅʘ 24 ʛʦʜʠʥʫ 

ʟʘʩʦʣʶʚʘʥʥʷ ʜʦʩʣʽʜʥ ̔ʟʨʘʟʢʠ ˉ 1 ʪʘ ˉ 2 ʤʘʣʠ ʧʦʢʘʟʥʠʢ ʧʣʘʩʪʠʯʥʦʩʪʽ 3,0 ʩʤ
2
/ʛ, 

ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ˉ 3 (3,1  ʩʤ
2
/ʛ), ʱʦ ʥʘ 0,3 ʪʘ 0,4 ʩʤ

2
/ʛ ʚʽʜʧʦʚʽʜʥʦ ̒  ʙʽʣʴʰʠʤ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ (ʂʘʥʽʱʝʚ, 2024). ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʪʘʢ ʷʢ ʘʚʪʦʨʠ (ʂʦʣʦʤʽʻʮʴ ʪʘ ʽʥ., 2015) ʚʚʘʞʘʶʪʴ, ʱʦ ʚʽʜ ʧʣʘʩʪʠʯʥʦʩʪʽ 

ʤ'ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ ʟʘʣʝʞʠʪʴ ʥʽʞʥʽʩʪʴ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. ʊʘʢʦʞ, ʥʘʰʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʷʩʥʶʶʪʴʩʷ ʪʠʤ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʨʦʪʝʦʣʽʟʫ ʙʽʣʢʽʚ, ʥʘʙʫʭʘʥʥʷ ʢʦʣʘʛʝʥʦʚʠʭ ʧʫʯʢʽʚ ʪʘ 

ʦʩʣʘʙʣʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʟʚ`ʷʟʢʽʚ ʤ`ʷʟʦʚʠʭ ʚʦʣʦʢʦʥ. ʊʘʢʠʡ ʧʝʨʝʙʽʛ ʙʽʦʭʽʤʽʯʥʠʭ 

ʟʤʽʥ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʤʦʞʥʘ ʪʘʢʦʞ ʧʦʷʩʥʠʪʠ ʧʨʦʪʝʦʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʄɹ 

(P. acidilactici) (ʐʠʥʢʘʨʫʢ & ɹʘʣʫʢ, 2021). 

 

3.4 ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʩʦʣʶʚʘʥʥʷ ʷʣʦʚʠʯʠʥʠ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚ`ʷʣʝʥʠʭ  

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʩʫʭʦʛʦ ʤʝʪʦʜʫ ʟʘʩʦʣʶʚʘʥʥʷ ʚʠʪʨʘʯʘʻʪʴʩʷ 0,5 ʛʨʘʤʘ 

ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʥʘ ʢʽʣʦʛʨʘʤ ʤ`ʷʩʘ ʨʝʰʪʫ ʦʪʨʠʤʘʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʻʶ 0,6 ʛʨʘʤʘ 

NaNO3 ʚʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʠʤ ʜʣʷ ʥʘʩʠʯʝʥʥʷ ʨʦʟʯʠʥʦʤ ʚ ʉɹʂ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, 

ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʥʽʪʨʠʪ ʽ ʚ ʙʫʨʷʢʫ, ʽ ʚ ʦʪʨʠʤʘʥʦʤʫ ʟ ʥʴʦʛʦ 

ʉɹʂ, ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ, ʧʝʨʝʜ ʥʘʩʠʯʝʥʥʷʤ ʡʦʛʦ ʦʪʨʠʤʫʚʘʣʠ ʚʽʜʥʦʚʣʝʥʥʷʤ 

ʥʽʪʨʘʪʫ ʟʘ ʫʯʘʩʪʽ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɼʣʷ ʮʴʦʛʦ ʟʛʽʜʥʦ ʽʟ ʩʪʝʭʽʦʤʝʪʨʽʻʶ 

ʚʟʘʻʤʦʜʽʾ ʾʾ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʘʪʠʪʠ 1,2 ʛʨʘʤʘ ʥʘ ʛʨʘʤ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʡʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʚ ʉɹʂ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ 

ʽʟʦʘʩʢʦʨʙʘʪʫ ʥʘʪʨʽʶ ʚʚʘʞʘʻʤʦ ʥʝʜʦʮʽʣʴʥʠʤ ʯʝʨʝʟ ʪʝ, ʱʦ ʛʽʜʨʦʣʽʪʠʯʥʝ 

ʨʦʟʢʣʘʜʝʥʥʷ ʮʽʻʾ ʩʦʣʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʻ ʯʝʨʝʟ ʪʝ, ʱʦ ʉɹʂ ʤʘʻ ʥʝʡʪʨʘʣʴʥʫ 

ʨʝʘʢʮʽʶ.  
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ɼʣʷ ʧʦʤ`ʷʢʰʝʥʥʷ ʩʤʘʢʫ ʪʘ ʟʙʘʛʘʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ʩʽʣʴ ʢʫʭʦʥʥʫ ʢʘʤôʷʥʫ, ʙʫʣʦ ʟʘʤʽʥʝʥʦ ʥʘ ʤʦʨʩʴʢʫ ʽ ʜʣʷ ʥʘʪʠʨʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʫ, ʽ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʥʘʩʠʯʫʚʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʟʘʤʽʥʠ 

ʧʨʦʚʝʜʝʥʦ ʚ ʧʦʨʽʚʥʷʣʴʥʠʭ ʫʤʦʚʘʭ.  

ɿʘ ʢʦʥʪʨʦʣʴ (ʪʘʙʣ. 3.2) ʦʙʨʘʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʚ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʩʫʭʦʛʦ ʤʝʪʦʜʫ ʟʘʩʦʣʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʷʣʦʚʠʯʠʥʠ ʟʘʩʦʣʶʚʘʣʴʥʘ ʩʫʤʽʰ (ʪʘʙʣ. 3.4). 

 

ʊʘʙʣʠʮʷ 3.4 

ʉʢʣʘʜ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 100 ʢʛ 

ʷʣʦʚʠʯʠʥʠ 

ʅʘʟʚʘ ʢʦʤʧʦʥʝʥʪʘ ʄʘʩʘ, ʢʛ 

ʉʽʣʴ ʢʫʭʦʥʥʘ ʢʘʤô̫ ʥʘ 3,5 

ʅʘʪʨʽʶ ʥʽʪʨʠʪ 0,015 

ɼʝʢʩʪʨʦʟʘ 1,0 

ʉʫʤʽʰ ʩʧʝʮʽʡ 1,2 

ʅʘʪʨʽʶ ʽʟʦʘʩʢʦʨʙʘʪ  0,07 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʣʘʜʝʥʦʛʦ, ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʩʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʦʾ ʜʣʷ 

ʥʘʩʠʯʝʥʥʷ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ (ʪʘʙʣ. 3.5).  
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ʊʘʙʣʠʮʷ 3.5 

ʉʢʣʘʜ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 100 ʢʛ 

ʷʣʦʚʠʯʠʥʠ 

ʅʘʟʚʘ ʢʦʤʧʦʥʝʥʪʘ 
ɼʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ 

ˉ 1 ˉ 2 ˉ 3 

ʉʽʣʴ ʤʦʨʩʴʢʘ 1,8 1,7 1,6 

ʅʽʪʨʠʪ ʥʘʪʨʽʶ 0,015 0,005 0,005 

ɺʦʜʘ ʧʠʪʥʘ 6,4 6,4 6,4 

ʉʽʢ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ï 0,5 0,5 

ɼʝʢʩʪʨʦʟʘ 1,0 1,0 0,65 

ʉʫʤʽʰ ʩʧʝʮʽʡ 0,10 0,9 0,8 

ɸʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ 0,085 0,085 0,085 

ɹʘʢʪʝʨʽʘʣʴʥʠʡ ʧʨʝʧʘʨʘʪ B-LC-78 0,025 0,025 0,025 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʟʘʩʦʣʶʚʘʥʥʷ ʦʩʥʦʚʥʦʾ (ʤôʷʩʥʦʾ) ʩʠʨʦʚʠʥʠ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʟʤʽʰʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʢʦʣʠ ʧʦʚʝʨʭʥʶ ʤ`ʷʩʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʟʘʨʘʞʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʟʜʦʨʦʚ`ʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʽ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ 

ʱʘʨʫ ʥʘʪʠʨʘʣʠ ʟʘʩʦʣʶʚʘʣʴʥʦʶ ʩʫʤʽʰʰʶ, ʘ ʨʝʰʪʫ ʩʫʤʽʰʽ ʚʚʦʜʠʣʠ ʰʧʨʠʮʦʤ-

ʜʦʟʘʪʦʨʦʤ ʫ ʤʘʩʫ ʥʘʧʽʚʧʨʦʜʫʢʪʫ. 

ɿ ʧʦʨʽʚʥʷʥʥʷ ʩʢʣʘʜʽʚ ʩʫʤʽʰʝʡ, ʟʘʩʪʦʩʦʚʘʥʠʭ ʧʨʠ ʟʘʩʦʣʶʚʘʥʥʽ ̫ ʣʦʚʠʯʠʥʠ, 

ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

ʚʠʜʥʦ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʟʘʩʦʣʶʚʘʣʴʥʘ ʩʫʤʽʰ (ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ˉ 3) 

ʤʽʩʪʠʪʴ ʚʪʨʠʯʽ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ NaNO2.  

ɺ ʨʘʟʽ ʞ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʥʘʪʠʨʘʥʥʷʤ ʧʦʚʝʨʭʥʽ ʤ`ʷʩʘ ʟʘʩʦʣʶʚʘʣʴʥʦʶ 

ʩʫʤʽʰʰʶ ʭʣʦʨʠʜʫ ʪʘ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ NaNO2, ʜʠʬʫʟʽʡʥʽ 

ʫʩʢʣʘʜʥʝʥʥʷ ʥʝ ʚʩʪʠʛʘʶʪʴ ʤʽʛʨʫʚʘʪʠ ʚʛʣʠʙ ʤ`ʷʩʘ ʽ ʚ ʨʦʟʯʠʥʝʥʦʤʫ ʩʪʘʥʽ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤ`ʷʩʘ ʚ ʤ`ʷʩʥʦʤʫ ʩʦʢʫ ʽʟ ʟʥʘʯʝʥʥʷʤ ʨʅ 5,0...6,0. ɺ ʮʠʭ 
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ʫʤʦʚʘʭ ʥʝʩʪʽʡʢʘ ʥʽʪʨʠʪʥʘ ʢʠʩʣʦʪʘ, ʫʪʚʦʨʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʤʽʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʦʥʽʚ 

ʥʘʪʨʽʶ ʪʘ ʛʽʜʨʦʢʩʦʥʽʶ, ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʢʩʠʜʫ ʘʟʦʪʫ (ɯɯ), ʢʦʪʨʠʡ ʚ 

ʫʤʦʚʘʭ ʢʦʥʪʘʢʪʫ ʨʽʜʠʥʠ ʟ ʘʪʤʦʩʬʝʨʦʶ ʘʢʪʠʚʥʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʻ 

ʥʝʨʘʮʽʦʥʘʣʴʥʘ ʚʠʪʨʘʪʘ ʥʽʪʨʘʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ. ʎʴʦʛʦ 

ʥʝʜʦʣʽʢʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʟʙʘʚʣʝʥʘ ʚʠʢʦʨʠʩʪʘʥʘ ʥʘʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ ʪʝʭʥʦʣʦʛʽʷ ʟʤʽʰʘʥʦʛʦ ʟʘʩʦʣʶʚʘʥʥʷ, ʢʦʣʠ ʚʛʣʠʙ ʤʘʩʠ ʤ`ʷʩʘ ʟ ʉɹʂ 

ʚʚʦʜʠʪʴʩʷ ʯʘʩʪʠʥʘ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʫ ʤʝʥʰʠʭ ʜʦʟʫʚʘʥʥʷʭ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ. 

ʂʽʣʴʢʽʩʪʴ ʦʩʪʘʥʥʴʦʛʦ ʙʫʣʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʘ ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ 

ʷʢʦʩʪʽ ʥʦʩʽʷ ʉɹʂ ʤʽʩʪʠʪʴ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪʽ ʥʽʪʨʘʪ-ʽʦʥʫ, ʷʢʠʡ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʚʥʝʩʝʥʦʾ ʜʦ ʥʘʩʠʯʫʚʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʦʪʷʛʦʤ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʯʘʩʫ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʦ ʥʽʪʨʠʪʫ. 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ɺɿɿ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ 

ʟʘʩʦʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.6. 

 

ʈʠʩʫʥʦʢ 3.6 ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʦʣʦʛʦʟʚôʷʟʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʷʣʦʚʠʯʠʥʠ ʧʽʜ 

ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.6, ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʧʦʢʘʟʫʶʪʴ ʙʽʣʴʰʫ ʟʜʘʪʥʽʩʪʴ ʟʚô̫ ʟʫʚʘʪʠ 

ʚʦʣʦʛʫ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ.  

ʅʘ ʧʦʯʘʪʢʫ ʟʘʩʦʣʶʚʘʥʥʷ, ʢʦʥʪʨʦʣʴ ʪʘ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ 

ʦʜʥʘʢʦʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ɺɿɿ ï 67,4 %. ʋ ʧʨʦʮʝʩʽ ʟʘʩʦʣʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢ ɺɿɿ ʚ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ ˉ 1, ˉ 2, ˉ 3 ʙʫʚ ʙʽʣʴʰʠʤ ʟʘ ʢʦʥʪʨʦʣʶ, ʟʦʢʨʝʤʘ, ʥʘ 24 

ʛʦʜʠʥʫ ï ʥʘ 1,1, 1,2 ʪʘ 1,2 % ʚʽʜʧʦʚʽʜʥʦ (Bal-Prylypko, Kanishchev, Mushtruk, & 

Leonova, 2024).   

ɿʘʩʦʣʶʚʘʥʥʷ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʤʽʛʨʘʮʽʻʶ ʟʘʩʦʣʶʚʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ, ʚ ʪʦʚʱʫ ʧʨʦʜʫʢʪʫ, ʱʦ ʟʙʽʣʴʰʫʻ ʟʜʘʪʥʽʩʪʴ 

ʤ`ʷʩʥʦʾ ʩʠʩʪʝʤʠ ʟʚ`ʷʟʫʚʘʪʠ ʚʦʣʦʛʫ.  

ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʧʦʚ`ʷʟʘʥʝ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʽʟ 

ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʛʽʜʨʦʬʽʣʴʥʠʭ ʮʝʥʪʨʽʚ ʤʽʦʬʽʙʨʽʣʷʨʥʠʭ ʙʽʣʢʽʚ ʧʽʜ ʜʽʻʶ 

ʬʝʨʤʝʥʪʽʚ, ʩʠʥʪʝʟʦʚʘʥʠʭ ʰʪʘʤʘʤʠ ʙʘʢʪʝʨʽʡ P. acidilactici ʪʘ S. carnosus ʚ ʧʨʦʮʝʩʽ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. ʆʜʥʦʯʘʩʥʦ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʥʘ ʧʨʦʤʽʞʥʠʭ ʩʪʘʜʽʷʭ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʠʨʦʚ`ʷʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚʤʽʩʪʫ ʫ ʤʘʩʽ ʤ`ʷʩʘ ʧʨʦʥʠʢʣʦʛʦ 

ʨʦʟʯʠʥʥʠʢʘ (ʚʦʜʠ) ʪʘʤ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʝʥʠʭ ʫ ʥʽʡ ʩʤʘʢʦʚʠʭ ʽ 

ʘʨʦʤʘʪʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʜʝ ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʽʩʣʷ ʜʦʚʝʜʝʥʥʷ ʧʨʦʜʫʢʪʫ ʜʦ 

ʦʩʪʘʪʦʯʥʦʾ ʢʦʥʜʠʮʽʾ (ʚʠʩʫʰʫʚʘʥʥʷ), ʱʦ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʪʘʢʠʭ ʡʦʛʦ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢ ʩʤʘʢ, ʘʨʦʤʘʪ, ʢʦʣʽʨ (Bal-Prylypko, Kanishchev, 

Mushtruk, & Leonova, 2024). 

ʇʨʦʪʝ ʟ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʩʦʣʽ ʫ ʚʥʫʪʨʽʰʥʽʭ ʦʙ`ʻʤʘʭ ʤ`ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ 

ʩʫʧʨʦʚʦʜʞʫʚʘʥʦʛʦ ʟʨʦʩʪʘʥʥʷʤ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʙ`ʻʤʽ, ʬʘʢʪʦʨ ʟʙʽʣʴʰʝʥʥʷ 

ʟʜʘʪʥʦʩʪʽ ʜʦ ʟʚ`ʷʟʫʚʘʥʥʷ ʚʦʣʦʛʠ ʥʽʚʝʣʶʻʪʴʩʷ ʽ ʚʤʽʩʪ ʫʪʨʠʤʫʚʘʥʦʾ ʧʨʦʜʫʢʪʦʤ ʚʦʜʠ 

ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 3.7). 
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ʈʠʩʫʥʦʢ 3.7 ʂʽʥʝʪʠʢʘ ʚʪʨʘʪʠ ʚʦʣʦʛʠ ʷʣʦʚʠʯʠʥʦʶ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ 

 

ɿ ʨʠʩ. 3.7 ʚʠʜʥʦ, ʥʘ ʧʦʯʘʪʢʫ ʟʘʩʦʣʶʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʡ ʪʘ ʜʦʩʣʽʜʥ ̔ʟʨʘʟʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʦʜʥʘʢʦʚʦʶ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʚʦʣʦʛʠ, ʷʢʘ ʩʪʘʥʦʚʠʣʘ 73,7 % 

ʇʽʩʣʷ 8 ʛʦʜʠʥ ʟʘʩʦʣʶʚʘʥʥʷ ʜʦʩʣʽʜʥ ̔ʟʨʘʟʢʠ ˉ 1, ˉ 2 ʪʘ ˉ 3 ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ 

ʚʤʽʩʪʦʤ ʚʦʣʦʛʠ 70,8...70,9 %, ʱʦ ʻ ʤʝʥʰʠʤ ʥʘ 1,3...1,4 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʦʥʪʨʦʣʝʤ. ʅʘ 16 ʛʦʜʠʥʫ ʟʘʩʦʣʶʚʘʥʥʷ ʚʤʽʩʪ ʚʦʣʦʛʠ ʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ 

ʩʪʘʥʦʚʠʣʘ 67,7...67,8 %, ʱʦ ʻ ʤʝʥʰʠʤ ʥʘ 1,4...1,5 % ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ. 

ʇʽʩʣʷ 24 ʛʦʜʠʥ ʟʘʩʦʣʶʚʘʥʥʷ ʜʦʩʣʽʜʥ ̔ʟʨʘʟʢʠ ˉ 2 ʪʘ ̄  3 ʤʘʣʠ ʚʤʽʩʪ ʚʦʣʦʛʠ 

68,8 %, ʱʦ ʻ ʤʝʥʰʠʤ ʥʘ 1,7 % ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʥʘʩʠʯʝʥʥʷ ʟʘʩʦʣʶʚʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʫ ʚʥʫʪʨʽʰʥʽ ʰʘʨʠ ʚʽʜʨʫʙʽʚ ʤ`ʷʩʘ ʥʽʚʝʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʽʛʨʘʮʽʾ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʽ ʪʠʤ ʩʧʨʠʷʻ ʙʽʣʴʰ ʰʚʠʜʢʽʡ ʚʪʨʘʪʽ ʚʦʣʦʛʠ. 

ʅʘʡʦʯʝʚʠʜʥʽʰʦʶ ʧʨʠʯʠʥʦʶ ʚʪʨʘʪʠ ʚʦʣʦʛʠ ʷʣʦʚʠʯʠʥʦʶ ʚ ʧʨʦʮʝʩʽ 

ʟʘʩʦʣʶʚʘʥʥʷ ̒  ʚʠʨʽʚʥʶʚʘʥʥʷ ʦʩʤʦʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚʦʣʦʛʠ ʚ ʦʙʦʭ ʢʦʥʪʘʢʪʫʶʯʠʭ 

ʨʝʯʦʚʠʥʘʭ (ʤ`ʷʩʥʽʡ ʩʠʩʪʝʤʽ ʪʘ ʨʦʟʩʦʣʽ). ʅʘ ʧʦʯʘʪʢʫ ʦʩʤʦʪʠʯʥʠʡ ʪʠʩʢ ʚʦʣʦʛʠ ʚ 
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ʭʘʨʘʢʪʝʨʥʦʤʫ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʨʦʟʯʠʥʝʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʟʥʘʯʥʠʤ 

ʚʤʽʩʪʦʤ ʚʦʣʦʛʠ ʤ`ʷʩʽ ʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʤ, ʽʩʪʦʪʥʦ ʤʝʥʰʠʤ, ʥʽʞ ʚ ʨʦʟʩʦʣʽ, ʜʝ 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣ ʚʦʣʠ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʢʣʘʜʽ ʛʽʜʨʘʪʦʚʘʥʠʭ ʽʦʥʽʚ ʥʘʪʨʽʶ ʪʘ 

ʭʣʦʨʠʜʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʨʠ ʢʦʥʪʘʢʪʽ ʤ`ʷʩʘ ʟ ʨʦʟʩʦʣʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʦʩʤʦʪʠʯʥʠʭ ʪʠʩʢʽʚ ʚʦʜʠ ʚʥʘʩʣʽʜʦʢ ʾʾ ʽʥʪʝʥʩʠʚʥʦʾ ʤʽʛʨʘʮʽʾ ʚ ʨʦʟʩʽʣ, 

ʩʫʧʨʦʚʦʜʞʫʚʘʥʝ ʟʥʝʚʦʜʥʝʥʥʷʤ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʠʬʫʟʽʷ ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚ ʤ`ʷʩʽ ʥʘʧʨʘʚʣʝʥʝ ʥʘ 

ʟʙʽʣʴʰʝʥʥʷ ʫ ʥʴʦʤʫ ʦʩʤʦʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚʦʜʠ (ʂʘʥʽʱʝʚ, 2024). ɿʨʝʰʪʦʶ ʚ ʩʠʩʪʝʤʽ 

ʜʦʩʷʛʘʻʪʴʩʷ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ ʭʘʨʘʢʪʝʨʥʠʡ ʧʨʠ ʪʦʤʫ ʟʤʝʥʰʝʥʥʷʤ ʚ ʤ`ʷʩʥʽʡ ʤʘʩʽ 

ʧʦʢʘʟʥʠʢʘ ɸɺ (ʨʠʩ. 3.8). 

 

ʈʠʩʫʥʦʢ 3.8 ʂʽʥʝʪʠʢʘ ʟʤʝʥʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʚ ʷʣʦʚʠʯʠʥʽ ʧʽʜ ʯʘʩ 

ʟʘʩʦʣʶʚʘʥʥʷ 

 

ɺʘʞʣʠʚʦʶ ʩʪʦʨʦʥʦʶ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚ ʧʨʦʮʝʩʽ 
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ʚʠʨʦʙʣʝʥʥʷ ʧʣʘʩʪʽʚʮʽʚ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʮʴʦʛʦ ʟʘʣʝʞʠʪʴ ʢʦʥʩʠʩʪʝʥʮʽʷ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ. ʆʜʥʦʶ ʟ ʧʦʚ`ʷʟʘʥʠʭ ʟ ʮʠʤ ʧʨʦʙʣʝʤ ʻ ʧʦʟʙʘʚʣʝʥʥʷ ʡʦʛʦ ʥʘʜʤʽʨʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʚʠʢʣʠʢʘʥʦʾ ʥʝʜʦʩʪʘʪʥʽʤ ʧʨʦʥʠʢʥʝʥʥʷʤ ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 

ʦʢʨʝʤʽ ʟʦʥʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɼʘʥʝ ʧʠʪʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʩʚʽʪʣʝʥʠʤ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʫ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʟʘʣʝʞʥʦʛʦ ʚʽʜ ʩʧʦʩʦʙʫ 

ʚʥʝʩʝʥʥʷ ʫ ʤ`ʷʩʥʫ ʩʠʩʪʝʤʫ ʩʢʣʘʜʦʚʠʭ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʚʝʣʠʯʠʥʫ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʟʨʘʟʢʽʚ ʥʘʧʽʚʧʨʦʜʫʢʪʽʚ ʜʦʩʣʽʜʥʦʛʦ ʪʘ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ʧʝʨʽʦʜʠʯʥʦ ʚʠʤʽʨʶʚʘʣʠ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ 24 ʛʦʜʠʥ ʟʘʩʦʣʶʚʘʥʥʷ (Bal-

Prylypko, Kanishchev, Mushtruk, & Leonova, 2024). ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.9. 

ʈʠʩʫʥʦʢ 3.9 ɿʤʽʥʠ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ 

ʟʘʩʦʣʶʚʘʥʥʷ 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 3.9) ʟʘʬʽʢʩʦʚʘʥʝ ʧʨʦʛʨʝʩʠʚʥʝ ʟʤʝʥʰʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʚ ʟʨʘʟʢʘʭ. ʇʨʠʯʠʥʦʶ ʚʠʟʥʘʥʝ 

ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʦʙʤʽʥʫ ʙʘʢʪʝʨʽʡ, ʚʠʢʣʠʢʘʥʝ ʾʭʥʴʦʶ ʧʨʦʪʝʦʣʽʪʠʯʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ, ʱʦ ʚʝʜʝ ʜʦ ʭʘʨʘʢʪʝʨʥʦʛʦ ʟʤʝʥʰʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʩʪʘʥʫ 

ʨʦʟʯʠʥʥʠʭ ʙʽʣʢʽʚ ʤ`ʷʩʘ. ʇʨʦʪʝ ʟ ʦʛʣʷʜʫ ʥʘ ʙʽʣʴʰ ʰʚʠʜʢʠʡ ʨʦʟʧʦʜʽʣ ʚ ʤʘʩʽ 
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ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʩʧʦʩʦʙʦʤ ʥʘʩʠʯʝʥʥʷ, ʪʘʢʽ ʟʤʽʥʠ ʚ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ 

ʜʦʩʷʛʘʶʪʴʩʷ ʰʚʠʜʰʝ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʤʝʥʰʽ ʚʝʣʠʯʠʥʠ ʚʠʟʥʘʯʝʥʦʛʦ ʧʘʨʘʤʝʪʨʫ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ˉ 1, ˉ 2 ʪʘ ˉ 3 ï 189 ʢʇʘ, 189 ʢʇʘ ʪʘ 188 ʢʇʘ ʚʽʜʧʦʚʽʜʥʦ 

ʧʦʨʽʚʥʷʥʦ ʟ 194 ʢʇʘ ʜʣʷ ʟʨʘʟʢʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ (Bal-Prylypko, Kanishchev, 

Mushtruk, & Leonova, 2024). 

ʇʦ ʟʘʚʝʨʰʝʥʥʽ ʟʘʩʦʣʶʚʘʥʥʷ ʧʦʚʝʨʭʥʶ ʷʣʦʚʠʯʠʥʠ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ 

ʦʙʤʠʚʘʣʠ, ʧʨʦʩʫʰʫʚʘʣʠ ʪʘ ʧʽʩʣʷ ʚʠʟʨʽʚʘʥʥʷ ʥʘʨʽʟʘʣʠ ʫ ʬʦʨʤʽ ʧʣʘʩʪʽʚʮʽʚ, 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʩʫʰʫʚʘʣʠ. ʊʨʠʚʘʣʽʩʪʴ ʩʪʘʜʽʾ ʚʠʩʫʰʫʚʘʥʥʷ ʚʠʟʥʘʯʘʣʠ ʷʢ ʯʘʩ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʨʦʜʫʢʪʦʤ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʬʝʨʤʝʥʪʘʮʽʾ ʨʽʚʥʷ ɸɺ 

ʧʨʠʙʣʠʟʥʦ ʫ 90 %. ʧʽʩʣʷ ʯʦʛʦ ʧʝʨʝʭʦʜʠʣʠ ʜʦ ʩʪʘʜʽʾ ʚ`ʷʣʝʥʥʷ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʽʚ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ cʠʨʦʚ`ʷʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.6. 

 

ʊʘʙʣʠʮʷ 3.6 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʽʚ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ cʠʨʦʚ`ʷʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ, %, n=3 

ʉʢʣʘʜʦʚʽ ʂʦʥʪʨʦʣʴ 
ɼʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ 

ˉ 1 ˉ 2 ˉ 3 

ɹʽʣʦʢ 59,29Ñ8,71 59,78Ñ7,22 59,84Ñ6,54 59,79Ñ6,98 

ɾʠʨ 14,80Ñ1,1 14,70Ñ1,11 14,6Ñ1,44 14,60Ñ2,02 

ɺʫʛʣʝʚʦʜʠ 3,13Ñ0,03 3,14Ñ0,04 3,16Ñ0,029 3,16Ñ0,03 

ɺʦʜʘ 19,56Ñ0,31 18,23Ñ0,23 18,22Ñ0,21 18,23Ñ0,22 

ɿʦʣʘ 3,22Ñ0,22 4,15Ñ0,31 4,18Ñ0,28 4,22Ñ0,15 

ʅʘʪʨʽʶ ʥʽʪʨʠʪ 0,0047Ñ0,0014 0,0047Ñ0,0015 0,0012Ñ0,0013 0,0012Ñ0,0014 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ (ʪʘʙʣ. 3.6), ʩʚʽʜʯʘʪʴ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʥʘ ʤʘʩʦʚʫ 

ʯʘʩʪʢʫ ʚʦʣʦʛʠ ʚ ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʽ, ʚʽʜʤʽʥʥʽʩʪʴ ʚʤʽʩʪʫ ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦʶ 

ʚʽʜʤʽʥʥʠʤʠ ʫʤʦʚʘʤʠ ʟʥʝʚʦʜʥʝʥʥʷ ʟʘʚʝʨʰʝʥʠʭ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʣʘʩʪʽʚʮʽʚ, ʧʨʦ 
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ʧʨʘʢʪʠʯʥʫ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʙʽʣʴʰʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʽʥʛʨʝʜʽʻʥʪʽʚ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ. ɭʜʠʥʠʤ ʟʥʘʯʫʱʠʤ ʚʠʢʣʶʯʝʥʥʷʤ ʻ ʩʫʪʪʻʚʦ 

ʤʝʥʰʠʡ ʚʤʽʩʪ ʚ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ ˉ 2 ʪʘ ˉ 3 ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, ʥʘ ʱʦ ʡ ʙʫʚ 

ʥʘʮʽʣʝʥʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʩʦʣʶʚʘʥʥʷ.ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝ ʙʫʪʠ 

ʧʦʷʩʥʝʥʠʤ ʚʽʜʤʦʚʦʶ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʩʦʣʶʚʘʥʥʷ ʥʘʪʠʨʘʥʥʷʤ 

ʧʦʚʝʨʭʥʽ ʤ`ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘʩʦʣʶʚʘʣʴʥʦʶ ʩʫʤʽʰʰʶ ʽʟ ʚʤʽʩʪʦʤ ʩʫʭʦʛʦ ʥʽʪʨʠʪʫ 

ʥʘʪʨʽʶ. ʏʝʨʝʟ ʜʠʬʫʟʽʡʥʽ ʦʙʤʝʞʝʥʥʷ, ʟʥʘʯʥʘ ʡʦʛʦ ʢʽʣʴʢʽʩʪʴ ʥʝ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʮʽʣʴʦʚʫ ʚʟʘʻʤʦʜʽʶ ʟ ʤʽʦʛʣʦʙʽʥʦʤ ʤ`ʷʩʘ ʚ ʡʦʛʦ ʛʣʠʙʠʥʥʠʭ ʰʘʨʘʭ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚ 

ʥʝʟʤʽʥʥʦʤʫ ʚʠʛʣʷʜʽ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʧʨʦʜʫʢʪʫ. ʏʝʨʝʟ ʥʠʟʴʢʫ ʘʢʪʠʚʥʽʩʪʴ 

ʚʦʜʠ, ʧʦʜʘʣʴʰʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, ʷʢʽ ʚʝʜʫʪʴ ʜʦ ʡʦʛʦ ʚʪʨʘʪʠ, ʥʝ 

ʚʽʜʙʫʚʘʶʪʴʩʷ, ʯʝʨʝʟ ʱʦ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ ʽ ʜʦʭʦʜʷʪʴ ʜʦ ʩʧʦʞʠʚʘʯʘ. ɿ ʥʘʚʝʜʝʥʠʭ ʚ 

ʪʘʙʣ. 3.6 ʜʘʥʠʭ ʪʘʢʦʞ ʩʣʽʜʫʻ, ʱʦ ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʜʦʩʣʽʜʥʦʤʫ ʟʨʘʟʢʫ 

ˉ 3, ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʜʣʷ ʥʘʪʠʨʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤ`ʷʩʘ ʫ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʥʪʨʦʣʝʤ ʪʘ ʜʦʩʣʽʜʥʦʤʫ ʟʨʘʟʢʫ ˉ 1, ʜʘʻ ʟʤʦʛʫ ʜʦʚʦʜʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʯʝʨʚʦʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

ʜʦ ʪʠʭ ʞʝ ʚʝʣʠʯʠʥ, ʱʦ ʽ ʫ ʚʠʧʘʜʢʫ ʧʨʦʚʝʜʝʥʥʷ ʟʘʩʦʣʶʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʤ 

ʩʧʦʩʦʙʦʤ (ʪʘʙʣ. 3.7). 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.7, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʉɹʂ ʪʘ ʘʩʢʦʨʙʽʥʦʚʦʶ 

ʢʠʩʣʦʪʦʶ ʧʽʜ ʯʘʩ ʢʦʣʴʦʨʦʫʪʚʦʨʝʥʥʷ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʢʦʣʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘ ʧʨʠʢʣʘʜʽ ʧʨʦʜʫʢʪʽʚ ʟ 

ʷʣʦʚʠʯʠʥʠ ʚʠʜʥʦ, ʱʦ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ˉ 2 ʪʘ ̄ 3, ʦʙʨʦʙʣʝʥʠʡ ʉɹʂ, ʤʘʻ 

ʢʦʣʴʦʨʦʚʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʥʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʥʽ ʢʦʥʪʨʦʣʴʥʦʤʫ ʟʨʘʟʢʫ, ʥʽ ʜʦʩʣʽʜʥʦʤʫ 

ˉ 1, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʥʽʪʨʠʪ ʥʘʪʨʽʶ ʫ ʢʣʘʩʠʯʥʽʡ ʢʽʣʴʢʦʩʪʽ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʉɹʂ ʤʽʩʪʠʪʴ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʘʪʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʟʘʬʘʨʙʦʚʫʚʘʥʥʷ ʛʦʪʦʚʦʛʦ ʤ'ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ (ʂʘʥʽʱʝʚ & 

ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 2023).  
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ʊʘʙʣʠʮʷ 3.7 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʙʘʨʚʣʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ 

ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʽʚ  ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ, n=3 

ʇʦʢʘʟʥʠʢ 
 

ʂʦʥʪʨʦʣʴ 

ɼʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ 

ˉ 1 ˉ 2 ˉ 3 

ɯʥʜʝʢʩ ʧʦʯʝʨʚʦʥʽʥʥʷ (ʅ) 0,868Ñ0,342 0,877Ñ0,541 0.876 Ñ 0.223  0.879 Ñ 0.231 

*ʘ ʇʦʯʝʨʚʦʥʽʥʥʷ 8,50Ñ0,22 8,42Ñ0,24 8,41Ñ0,32 8,43Ñ0,44 

*C ʈʽʚʝʥʴ ʢʦʣʴʦʨʫ 

ʚʽʜʥʦʩʥʦ ʷʩʢʨʘʚʦʩʪʽ 

ʘʙʩʦʣʶʪʥʦ ʙʽʣʦʛʦ 

ʦʙô̒ ʢʪʘ 

169Ñ0,45 171Ñ0,38 172Ñ0,12 174Ñ0,31 

*L ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʢʦʣʴʦʨʫ 
157,22Ñ0,540 157,19Ñ0,349 157.23 Ñ 0.375  157.28 Ñ 0.374 

 

ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ˉ 3 ʜʝʤʦʥʩʪʨʫʻ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʢʦʣʴʦʨʫ, ʽʥʜʝʢʩʦʤ ʯʝʨʚʦʥʦʩʪʽ ʪʘ ʢʦʣʴʦʨʦʚʽʩʪʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉɹʂ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʟʘʣʠʰʢʦʚʦʛʦ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʧʨʦʜʫʢʪʽ ʩʧʨʠʷʻ ʙʽʣʴʰ ʘʢʪʠʚʥʦʤʫ ʫʪʚʦʨʝʥʥʶ 

ʥʽʪʨʦʟʦʧʽʛʤʝʥʪʽʚ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʢʨʘʱʫʻ ʢʦʣʴʦʨʦʚʽ ʧʦʢʘʟʥʠʢʠ ʛʦʪʦʚʦʛʦ 

ʤô̫ ʩʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʉʂ ̒  ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʬʝʨʤʝʥʪʦʚʘʥʠʭ ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʶ ʨʦʩʪʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʧʩʫʚʘʥʥʷ ʘʙʦ ʙʫʪʠ ʧʘʪʦʛʝʥʥʠʤʠ. ʎʝʡ 

ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʚʠʨʦʙʥʠʮʪʚʦ ʤʝʪʘʙʦʣʽʪʽʚ ʘʙʦ ʢʦʥʢʫʨʝʥʪʥʝ 

ʚʠʢʣʶʯʝʥʥʷ ʽʥʰʠʭ ʤʽʢʨʦʙʽʚ. ɿʘʚʜʷʢʠ ʩʪʘʨʪʦʚʠʤ ʢʫʣʴʪʫʨʘʤ ʟʤʝʥʰʫʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ ʷʢ ʥʽʪʨʠʪʠ ʪʘ ʥʽʪʨʘʪʠ. ʂʨʽʤ 

ʪʦʛʦ, ʩʪʘʨʪʦʚʽ ʢʫʣʴʪʫʨʠ ʟʜʘʪʥʽ ʤʝʪʘʙʦʣʽʟʫʚʘʪʠ ʮʽ ʩʧʦʣʫʢʠ, ʱʦ ʟʥʠʞʫʻ ʾʭ 

ʟʘʣʠʰʢʦʚʠʡ ʚʤʽʩʪ ʫ ʛʦʪʦʚʽʡ ʧʨʦʜʫʢʮʽʾ (Bal-Prylypko, Kanishchev, Mushtruk, & 

Leonova, 2024). 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʽʙ ʟʘʩʦʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʥʘʩʪʫʧʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ: 

ï ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ ʤʘʻ ʽʥʪʝʥʩʠʚʥʠʡ ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ; 

ï ʧʦʢʨʘʱʝʥʠʡ ʩʧʦʩʽʙ ʨʦʟʧʦʜʽʣ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʤʘʩʽ ʤ`ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ ʜʘʚ 

ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʜʦʟʫʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ 

ʟʘʩʦʣʶʚʘʥʥʷ; 

ï ʟʘʣʠʰʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʜʦʩʣʽʜʥʦʤʫ ʧʨʦʜʫʢʪʽ ʻ ʩʫʪʪʻʚʦ 

ʤʝʥʰʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʪʦʶ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʧʨʦʜʫʢʪʫ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ 

ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ. 

ʅʘ ʢʦʨʠʩʪʴ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʩʦʣʶʚʘʥʥʷ ʪʘʢʦʞ ʛʨʘʻ ʬʝʥʦʤʝʥ 

ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʘʨʦʤʘʪʠʯʥʠʭ ʨʝʯʦʚʠʥ ʽ ʪʠʤ ʧʦʢʨʘʱʝʥʥʷ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ`ʷʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ï ʢʦʥʩʠʩʪʝʥʮʽʾ, ʢʦʣʴʦʨʫ, 

ʩʤʘʢʫ ʪʘ ʘʨʦʤʘʪʫ. 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʫ ʦʮʽʥʢʫ ʜʦʩʣʽʜʥʠʭ ʪʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʫ 

ʪʨʠ ʝʪʘʧʠ ʟ ʢʦʤʧʣʝʢʩʥʠʤ ʦʮʽʥʶʚʘʥʥʷʤ: 

ï ʜʝʛʫʩʪʘʮʽʷ ʚʠʨʦʙʣʝʥʠʭ ʟʘ ʢʣʘʩʠʯʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ; 

ï ʜʝʛʫʩʪʘʮʽʷ ʚʠʨʦʙʣʝʥʠʭ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚʠʪʨʠʤʘʥʠʭ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʜʦʙʠ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ; 

ï ʜʝʛʫʩʪʘʮʽʷ ʚʠʨʦʙʣʝʥʠʭ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚʠʪʨʠʤʘʥʠʭ ʧʨʦʪʷʛʦʤ 180 ʜʽʙ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʟ ʧʦʨʽʚʥʷʥʥʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʽʚ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ ʧʦʢʘʟʘʥʽ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʠʜʽ ʥʘ ʧʨʦʬʽʣʦʛʨʘʤʽ (ʨʠʩ. 3.10). 
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ʈʠʩʫʥʦʢ 3.10 ʇʨʦʬʽʣʦʛʨʘʤʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʾ ʦʮʽʥʢʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ 

ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʽʚ  ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʾ ʦʮʽʥʢʠ (ʨʠʩ. 3.10) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʦʥʪʨʦʣʴʥʠʡ 

ʟʨʘʟʦʢ ʦʪʨʠʤʘʚ ʥʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʙʘʣʽʚ ʟʘ ʫʩʽʤʘ ʧʦʢʘʟʥʠʢʘʤʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʜʦʩʣʽʜʥʠʤʠ ʟʨʘʟʢʘʤʠ. ʊʘʢ, ʟʘ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ, ʢʦʥʪʨʦʣʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ 

ʪʦʥʢʠʤʠ ʩʢʠʙʦʯʢʘʤʠ ʟ ʥʝʨʽʚʥʠʤʠ ʢʨʘʷʤʠ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ 

ʧʣʘʩʪʠʯʥʦʶ ʢʦʥʩʠʩʪʝʥʮʽʻʶ ʟʘʩʦʣʝʥʦʛʦ ʤô̫ ʩʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʥʘʨʽʟʘʥʥʷ ʜʦ ʟʜʽʡʩʥʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ɿʘ ʩʤʘʢʦʤ, ʢʦʥʪʨʦʣʴ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʥʝʚʠʨʘʞʝʥʠʤ ʘʨʦʤʘʪʦʤ ʧʨʷʥʦʱʽʚ ʪʘ ʩʦʣʦʥʠʤ ʩʤʘʢʦʤ, ʱʦ 

ʟʫʤʦʚʣʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʦʾ ʩʦʣʽ ʢʫʭʦʥʥʦʾ. ʂʦʣʽʨ ʢʦʥʪʨʦʣʶ ʤʘʚ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʟʘ ʚʩʽʻʶ ʧʦʚʝʨʭʥʝʶ. ɼʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʦʪʨʠʤʘʣʠ ʥʘʡʚʠʱʽ ʙʘʣʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ. ɿʘ ʩʤʘʢʦʤ, ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʙʽʣʴʰ 

ʤô̫ ʢʠʤ ʩʦʣʦʥʠʤ ʩʤʘʢʦʤ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʣʽ ʤʦʨʩʴʢʦʾ, ʱʦ ʧʦʨʽʚʥʷʥʦ ʟ 

ʩʽʣʣʶ ʢʫʭʦʥʥʦʶ ʚʦʣʦʜʽʻ ʙʽʣʴʰ ʤô̫ ʢʠʤ ʩʤʘʢʦʤ. ʇʨʦʪʝ, ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ ʜʦʩʣʽʜʥʠʡ 

ʟʨʘʟʦʢ ˉ 3, ʱʦ ʤʘʚ ʥʘʡʙʽʣʴʰ ʧʨʠʻʤʥʽ ʩʤʘʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 



 

 
109 

ʥʘʡʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʩʦʣʽ ʤʦʨʩʴʢʦʾ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʫ ʩʢʣʘʜʽ ʚʤʽʩʪʫ 

ʩʫʤʽʰʽ ʧʨʷʥʦʱʽʚ. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʶʚʘʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʢʦʨʝʣʶʶʪʴ ʟ ʦʪʨʠʤʘʥʥʷʤ ʥʘʡʙʽʣʴʰʠʭ ʙʘʣʽʚ ʫ ʜʦʩʣʽʜʥʦʤʫ ʟʨʘʟʢʫ ˉ 3. 

ʊʘʢ, ʢʦʥʩʠʩʪʝʥʮʽʷ ʙʽʣʴʰ ʝʣʘʩʪʠʯʥʘ, ʤô̫ ʢʘ, ʢʨʘʱʝ ʨʦʟʞʦʚʫʻʪʴʩʷ, ʢʦʣʽʨ ʙʽʣʴʰ 

ʥʘʩʠʯʝʥʠʡ, ʨʽʚʥʦʤʽʨʥʠʡ ʪʝʤʥʦ-ʯʝʨʚʦʥʠʡ ʟʘ ʚʩʽʻʶ ʧʦʚʝʨʭʥʝʶ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 

ʋʩʪʠʤʝʥʢʦ, & ʂʘʥʽʱʝʚ, 2025). 

ɺʠʩʦʢʽ ʨʝʟʫʣʴʪʘʪʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ˉ 3 

ʧʦʢʘʟʘʣʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʱʝʧʦʢʘʟʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʜʽʥʢʠ ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ (ʂʘʥʽʱʝʚ, 

2024). 

ʆʩʦʙʣʠʚʦ ʚʠʨʘʟʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʧʨʦʜʫʢʪʫ ʜʦʩʣʽʜʥʦʛʦ ʩʢʣʘʜʫ ˉ 3 ʚʠʟʥʘʥʽ 

ʪʘʢʽ: 

ï ʟʘʚʜʷʢʠ ʚʥʝʩʝʥʥʶ ʟ ʉɹʂ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʚʥʠʢʘ ʙʝʪʘʥʽʥʘ ʯʝʨʚʦʥʦ-

ʤʘʣʠʥʦʚʦʛʦ ʢʦʣʴʦʨʫ ï ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʉɹʂ ʜʘʣʦ ʟʤʦʛʫ ʥʘʜʘʪʠ ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʫ ʦʜʥʦʨʽʜʥʦʛʦ ʪʝʤʥʦ-

ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʫ ʢʦʥʪʨʦʣʽ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʥʽʪʨʠʪ ʥʘʪʨʽʶ, 

ʙʫʚ ʥʝʦʜʥʦʨʽʜʥʠʡ ʢʦʣʽʨ; 

ï ʟʘʚʜʷʢʠ ʟʘʤʽʥʽ ʢʘʤ`ʷʥʦʾ ʢʫʭʦʥʥʦʾ ʩʦʣʽ ʥʘ ʤʦʨʩʴʢʫ ï ʟʤʝʥʰʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʩʦʣʽ ʪʘ ʟʘʤʽʥʘ ʢʫʭʦʥʥʦʾ ʩʦʣʽ ʥʘ ʤʦʨʩʴʢʫ ʥʝ ʚʧʣʠʥʫʣʦ ʥʘ 

ʩʤʘʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ, ʚʦʥʠ ʤʘʣʠ ʧʨʠʻʤʥʠʡ, ʩʦʣʦʥʫʚʘʪʠʡ 

ʩʤʘʢ ʟ ʚʠʨʘʞʝʥʠʤ ʘʨʦʤʘʪʦʤ ʧʨʷʥʦʱʽʚ ʽ ʢʦʧʯʝʥʥʷ, ʘ ʢʦʥʪʨʦʣʴ, ʥʘʚʧʘʢʠ, 

ʤʘʚ ʛʽʨʢʫʚʘʪʠʡ ʧʨʠʩʤʘʢ ʯʝʨʝʟ ʥʘʜʤʽʨʥʝ ʚʽʜʯʫʪʪʷ ʩʦʣʦʥʦʛʦ ʩʤʘʢʫ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʣʘʜʝʥʦʛʦ, ʥʘʤʠ ʟʨʦʙʣʝʥʽ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

ï ʚʥʝʩʝʥʽ ʫ ʤôʷʩʥʫ ʩʠʨʦʚʠʥʫ ̔ ʟ ʉɹʂ ʽʦʥʠ ʥʽʪʨʠʪʫ ʪʘ ʥʽʪʨʘʪʫ ʥʝ ʤʦʞʫʪʴ 

ʦʜʥʦʟʥʘʯʥʦ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʥʝʙʘʞʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʫʤʽʰʝʡ ʽ ʚʽʜʽʛʨʘʶʪʴ ʧʝʚʥʫ 

ʧʦʟʠʪʠʚʥʫ ʨʦʣʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʫ ʩʫʤʽʰʘʭ ʚ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ; 
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ï ʥʘʷʚʥʽʩʪʴ ʫ ʉɹʂ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤʫ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʥʽʪʨʘʪ-ʽʦʥʫ ʤʦʞʝ 

ʚʚʘʞʘʪʠʩʷ ʬʘʢʪʦʨʦʤ ʥʘ ʢʦʨʠʩʪʴ ʟʤʝʥʰʝʥʥʷ ʜʦʟʫʚʘʥʥʷ ʫ ʤôʷʩʥʫ ʩʠʨʦʚʠʥʫ ʥʽʪʨʠʪ-

ʽʦʥʫ; 

ï ʟʚʘʞʘʶʯʠ ʥʘ ʚʟʘʻʤʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʽʪʨʠʪ- ʪʘ ʥʽʪʨʘʪ-ʽʦʥʽʚ ʪʘ ʧʨʘʢʪʠʯʥʦ 

ʦʜʥʘʢʦʚʠʡ ʨʽʚʝʥʴ ʾʭ ʪʦʢʩʠʯʥʦʩʪʽ, ʨʦʟʤʽʨ ʚʥʝʩʝʥʥʷ ʫ ʤôʷʩʥʫ ʩʠʨʦʚʠʥʫ ʦʢʩʠʜʥʠʭ 

ʩʧʦʣʫʢ ʘʟʦʪʫ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʠʤ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʫʤʘʨʥʫ ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʩʦʣʝʡ 

ʥʘʪʨʽʶ; 

ï ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʥʝʩʝʥʥʷ ʫ ʤôʷʩʥʫ ʩʠʨʦʚʠʥʫ ʉɹʂ, ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʜʦʜʘʥʠʭ ʫ ʩʫʤʽʰ ʥʽʪʨʘʪʫ ʪʘ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʧʣʘʥʦʚʘ ʜʦ 

ʚʥʝʩʝʥʥʷ ʫ ʥʝʾ ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʦʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʦʾ, 

ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʨʦʟʯʠʥʝʥʦʤʫ ʚʠʛʣʷʜʽ ʫ ʩʦʢʫ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʧʦʧʨʘʚʢʦʶ ʥʘ 

ʢʽʣʴʢʽʩʪʴ ʧʦʜʘʚʘʥʦʾ ʟʘ ʨʝʮʝʧʪʫʨʦʶ ʚʦʜʠ; 

ï ʦʜʥʦʯʘʩʥʝ ʚʥʝʩʝʥʥʷ ʟ ʉɹʂ ʫ ʤ`ʷʩʥʠʡ ʧʨʦʜʫʢʪ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨʚʥʠʢʘ 

ʙʝʪʘʥʽʥʫ ʜʘʣʦ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʡʦʛʦ ʢʦʣʽʨ; 

ï ʧʨʠʛʦʪʦʚʘʥʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ ʨʦʟʯʠʥ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʤʦʞʝ 

ʙʫʪʠ ʚʠʨʦʙʣʝʥʠʤ ʫ ʢʽʣʴʢʦʩʪʽ, ʷʢʘ ʧʝʨʝʚʠʱʫʻ ʨʘʟʦʚʫ ʧʦʪʨʝʙʫ ʽ ʟʙʝʨʽʛʘʪʠʩʷ ʜʦ ʯʘʩʫ 

ʚʠʨʦʙʣʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʧʘʨʪʽʡ ʰʠʨʦʢʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʨʦʟʨʦʙʣʝʥʦ ʙʘʟʦʚʫ ʨʝʮʝʧʪʫʨʫ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʪʘʙʣ. 3.8. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 3.8 ʨʝʮʝʧʪʫʨʠ: 

ī ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ (ʊʆɺ çɯʅʊɽʈʉʊɸɹè) ʙʫʣʦ ʘʧʨʦʙʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ. ɸʢʪ ʧʨʦʤʠʩʣʦʚʦʾ ʘʧʨʦʙʘʮʽʾ 

ʥʘʚʝʜʝʥʦ ʫ ɼʦʜʘʪʢʫ ɸ. 

ī ʨʦʟʨʦʙʣʝʥʦ ʥʦʨʤʘʪʠʚʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ī ʊɯ ʋ 10.1-00493706-164:2023 

çʇʣʘʩʪʽʚʮʽ ʤô̫ ʩʥ̔ ʩʠʨʦʚô̫ ʣʝʥ ̔ʟ ʷʣʦʚʠʯʠʥʠè ʪʘ ʊʋ ʋ 10.1-00493706-164:2023 

çʇʣʘʩʪʽʚʮʽ ʤô̫ ʩʥ̔ ʩʠʨʦʚô̫ ʣʝʥ ̔ʟ ʷʣʦʚʠʯʠʥʠè (ɼʦʜʘʪʦʢ ɹ).   
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ʊʘʙʣʠʮʷ 3.8 

ʈʝʮʝʧʪʫʨʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ  

ʅʘʟʚʘ ʩʠʨʦʚʠʥʠ ʇʣʘʩʪʽʚʮʽ ʤô̫ ʩʥ̔ ʩʠʨʦʚô̫ ʣʝʥ ̔ʟ 

ʷʣʦʚʠʯʠʥʠ  ñʆʩʦʙʣʠʚʽò 

ʆʩʥʦʚʥʘ (ʤô̫ ʩʥʘ) ʩʠʨʦʚʠʥʘ, ʢʛ/100 ʢʛ  

ʗʣʦʚʠʯʠʥʘ ʞʠʣʦʚʘʥʘ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ 94,00 

ɿʘʩʦʣʶʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʢʛ/100 ʢʛ 

ʉʽʣʴ ʤʦʨʩʴʢʘ 3,10 

ʅʽʪʨʠʪ ʥʘʪʨʽʶ 0,005 

ɼʝʢʩʪʨʦʟʘ 0,650 

ʉʫʤʽʰ ʩʧʝʮʽʡ 1,90 

ɸʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ 0,085 

ʉʽʢ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ 0,5 

ɹʘʢʪʝʨʽʘʣʴʥʠʡ ʧʨʝʧʘʨʘʪ B-LC-78  0,025 

 

 

3.5 ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʷʣʦʚʠʯʠʥʠ ʚ 

ʧʨʦʮʝʩʽ ʟʘʩʦʣʶʚʘʥʥʷ  

ɿʘ ʜʘʥʠʤʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʤʽʩʪʠʣʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʷʣʦʚʠʯʠʥʠ ʯʝʨʝʟ 2 ʛʦʜʠʥʠ ʧʨʦʮʝʩʫ 

ʟʘʩʦʣʶʚʘʥʥʷ (ʪʘʙʣ. 3.9), ʯʝʨʝʟ 24 ʛʦʜʠʥʠ ʧʨʦʮʝʩʫ ʟʘʩʦʣʶʚʘʥʥʷ (ʪʘʙʣ. 3.10) ʪʘ 

ʟʤʽʥʠ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʟʨʘʟʢʽʚ ʧʨʦʪʷʛʦʤ 22 ʛʦʜʠʥ ʧʨʦʮʝʩʫ ʟʘʩʦʣʶʚʘʥʥʷ (ʪʘʙʣ. 3.11).  
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ʊʘʙʣʠʮʷ 3.9 

ʇʦʯʘʪʢʦʚʽ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʷʣʦʚʠʯʠʥʠ 

ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ ʟʘʩʦʣʶʚʘʥʥʷ  

ʆʮʽʥʦʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ 

ˉ 1 ˉ 2 ˉ 3 

ʂʽʣʴʢʽʩʪʴ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ, log ʂʋʆ/ʛ 2,03 6,09 6,1 6,11 

ɺʝʣʠʯʠʥʘ ʨʅ 5,7 5,7 5,7 5,7 

ɺʝʣʠʯʠʥʘ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʩʤ
2
/ʛ 2,0 2,0 2,0 2,0 

ɺʝʣʠʯʠʥʘ ʚʦʣʦʛʦʟʚôʷʟʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, % 67,4 67,4 67,4 67,4 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ, % 73,7 73,7 73,7 73,7 

ɺʝʣʠʯʠʥʘ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ 0,981 0,981 0,981 0,981 

ɺʝʣʠʯʠʥʘ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, ʢʇʘ 403 403 403 403 

 

                                                                                                           ʊʘʙʣʠʮʷ 3.10 

ʗʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʷʣʦʚʠʯʠʥʠ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ 

ʟʘʩʦʣʶʚʘʥʥʷ 

ʆʮʽʥʦʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ 

ˉ 1 ˉ 2 ˉ 3 

ʂʽʣʴʢʽʩʪʴ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ, log ʂʋʆ/ʛ 2,99 6,99 7 7,02 

ɺʝʣʠʯʠʥʘ ʨʅ 5,65 5,61 5,59 5,56 

ɺʝʣʠʯʠʥʘ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʩʤ
2
/ʛ 2,7 3 3 3,10 

4. ɺʝʣʠʯʠʥʘ ʚʦʣʦʛʦʟʚôʷʟʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, % 71,4 72,5 72,5 72,4 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ, % 70,5 68,9 68,8 68,8 

ɺʝʣʠʯʠʥʘ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ 0,976 0,973 0,972 0,972 

ɺʝʣʠʯʠʥʘ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, ʢʇʘ 194 189 189 188 
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                                                                                                           ʊʘʙʣʠʮʷ 3.11 

ɿʤʽʥʘ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʷʣʦʚʠʯʠʥʠ ʯʝʨʝʟ 22 

ʛʦʜʠʥʠ ʟʘʩʦʣʶʚʘʥʥʷ 

ʆʮʽʥʦʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ 

ˉ 1 ˉ 2 ˉ 3 

ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ,  

log ʂʋʆ/ʛ 

0,94 0,9 0,9 0,91 

ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʅ ʷʣʦʚʠʯʠʥʠ 0,05 0,09 0,11 0,14 

ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʩʤ
2
/ʛ 0,7 1,0 1,0 1,1 

ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʦʣʦʛʦʟʚôʷʟʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, % 4 5,1 5,1 5 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ, % 3,2 4,8 4,9 4,9 

ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ 0,005 0,008 0,009 0,009 

ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, 

ʢʇʘ 

209 214 214 215 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʟʨʘʟʢʘ ˉ 1 (ʪʘʙʣ. 

3.11) ʧʨʦʚʝʣʠ ʨʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʠʭ ʦʮʽʥʦʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʟʤʽʥʦʶ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʽʩʣʷ 22 ʛʦʜʠʥ ʾʾ ʧʨʦʩʦʣʶʚʘʥʥʷ 

(ʪʘʙʣ. 3.12). 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Ri (ʪʘʙʣ. 3.12), 

ʧʦʙʫʜʫʚʘʣʠ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ˉ 1 ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʥʦʨʤʘʪʠʚʥʠʤ (ʨʠʩ. 3.11) ʟʘ ʟʤʽʥʦʶ ʾʭ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 22 ʛʦʜʠʥ 

ʧʨʦʩʦʣʶʚʘʥʥʷ.  
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ʊʘʙʣʠʮʷ 3.12 

ʈʦʟʨʘʭʫʥʦʢ ʦʮʽʥʦʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʘ ˉ 1 ʟʘ ʟʤʽʥʦʶ  ʷʢʽʩʥʦʛʦ 

ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 22 ʛʦʜʠʥ ʧʨʦʩʦʣʶʚʘʥʥʷ 

ˉ 

ʧ/ʧ 
ʇʦʢʘʟʥʠʢ 

ʅʦʨʤʘ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ 

Fʢ Fi Ri,  
ʫʤ. ʦʜ. 

Sc,  
ʫʤ. ʦʜ.2 

Si,  
ʫʤ. ʦʜ.2 

kʚʽʷ 

 

ūʚʽ,̫ 

% 

1 ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ,  

log ʂʋʆ/ʛ 
0,94 0,9 0,957 

 

2,736 

 

4,15 

 

1,52 

 

 

34,13 

 

2 ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʅ  0,05 0,09 1,8 

3 ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʩʤ2 /ʛ 0,7 1,0 1,43 

4 ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʦʣʦʛʦʟʚô̫ ʟʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, % 4 5,1 1,275 

5 ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ, % 3,2 4,8 1,5 

6 ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ 0,005 0,008 1,6 

7 ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, ʢʇʘ 209 214 1,024 

ʇʨʠʤʽʪʢʘ: Fʢ ï ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʱʦ ʦʮʽʥʶʻʪʴʩʷ; Fi ï ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ; Ri ï ʧʦʪʦʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʫʤ. ʦʜ.; Si ï ʬʘʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʣʦʱʝʶ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʙʘʛʘʪʦʢʫʪʥʠʢʘ, ʫʤ. ʦʜ
2
; Sʥ ï ʥʦʨʤʘʪʠʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ, ʫʤ. ʦʜ

2
; kʚʽʷ ï 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʫ ʷʢʦʩʪʽ; űʚʽʷ ï ʧʠʪʦʤʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʘʤ ʷʢʦʩʪʽ. 
 

 

              

ʈʠʩʫʥʦʢ 3.11 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ˉ 1 ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʬʘʢʪʦʨʥʠʭ ʧʨʦʩʪʦʨʽʚ ʟʘ ʟʤʽʥʦʶ ʡʦʛʦ 

ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 22 ʛʦʜʠʥ ʧʨʦʩʦʣʶʚʘʥʥʷ 

 

ɸʥʘʣʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʨʠʩ. 3.11 ʩʚʽʜʯʠʪʴ, ʱʦ ʟʨʘʟʦʢ ˉ 1 

ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʟʤʽʥʦʶ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʚʝʣʠʯʠʥʘ ʨʅ, 
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ʚʦʣʦʛʦʟʚô̫ ʟʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʧʣʘʩʪʠʯʥʽʩʪʴ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ ʪʘ ʘʢʪʠʚʥʽʩʪʴ 

ʚʦʜʠ ʚʽʜʧʦʚʽʜʥʦ ʫ 1.8, 1.43, 1.275, 1.5 ʪʘ 1.6 ʨʘʟʽʚ. ʋ ʮʽʣʦʤʫ ʟʘ ʚʩʽʤʘ ʦʮʽʥʦʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʻ ʤʽʩʮʝ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤʘʪʠʚʫ ʚ 1,52 ʨʘʟ̔ʚ (ʪʘʙʣ. 3.11). 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʻ ʧʦʟʠʪʠʚʥʠʤʠ, ʪʦ ʪʘʢʽ ʟʤʽʥʠ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʟʙʽʣʴʰʝʥʥʷ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʟʨʘʟʢʘ ˉ 2  (ʪʘʙʣ. 

3.11) ʧʨʦʚʝʣʠ ʨʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʠʭ ʦʮʽʥʦʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʟʤʽʥʦʶ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʽʩʣʷ 22 ʛʦʜʠʥ ʧʨʦʩʦʣʶʚʘʥʥʷ 

(ʪʘʙʣ. 3.13). 

                                                                                                             ʊʘʙʣʠʮʷ 3.13 

ʈʦʟʨʘʭʫʥʦʢ ʦʮʽʥʦʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʘ ˉ 2 ʟʘ ʟʤʽʥʦʶ  ʷʢʽʩʥʦʛʦ 

ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 22 ʛʦʜʠʥ ʧʨʦʩʦʣʶʚʘʥʥʷ 

ˉ 

ʧ/ʧ 
ʇʦʢʘʟʥʠʢ, ʤʛ 

ʅʦʨʤʘ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ  

Fʢ Fi Ri, 

 ʫʤ. ʦʜ. 

Sc, 

ʫʤ. ʦʜ.2 

Si, 

ʫʤ. ʦʜ.2 

kʚʽʷ 

 
űʚʽ,̫% 

1 ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ,  
log ʂʋʆ/ʛ 

0,94 0,9 0,957 

2,736 4,62 1,69 

 

40,79 

 

2 ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʅ 0,05 0,11 2,2 

3 ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʩʤ2 /ʛ 0,7 1,0 1,43 

4 
ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʦʣʦʛʦʟʚô̫ ʟʫʚʘʣʴʥʦʾ 
ʟʜʘʪʥʦʩʪʽ, % 

4 5,1 1,275 

5 ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ, % 3,2 4,9 1,53 

6 ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ 0,005 0,009 1,8 

7 ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 

ʟʩʫʚʫ, ʢʇʘ 
209 214 1,024 

ʇʨʠʤʽʪʢʘ: Fʢ ï ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʱʦ ʦʮʽʥʶʻʪʴʩʷ; Fi ï ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ; Ri ï ʧʦʪʦʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʫʤ. ʦʜ.; Si ï ʬʘʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʣʦʱʝʶ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʙʘʛʘʪʦʢʫʪʥʠʢʘ, ʫʤ. ʦʜ
2
; Sʥ ï ʥʦʨʤʘʪʠʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ, ʫʤ. ʦʜ

2
; kʚʽʷ ï 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʫ ʷʢʦʩʪʽ; űʚʽʷ ï ʧʠʪʦʤʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʘʤ ʷʢʦʩʪʽ. 
 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Ri (ʪʘʙʣ. 

3.13), ʧʦʙʫʜʫʚʘʣʠ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ˉ 2 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʥʦʨʤʘʪʠʚʥʠʤ (ʨʠʩ. 3.12) ʟʘ ʟʤʽʥʦʶ  ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 22 

ʛʦʜʠʥ ʧʨʦʩʦʣʶʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 3.12 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ  ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ˉ 2 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʬʘʢʪʦʨʥʠʭ ʧʨʦʩʪʦʨʽʚ ʟʘ ʟʤʽʥʦʶ 

ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 22 ʛʦʜʠʥ ʧʨʦʩʦʣʶʚʘʥʥʷ 

 

ɸʥʘʣʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʨʠʩ. 3.12 ʩʚʽʜʯʠʪʴ, ʱʦ ʟʨʘʟʦʢ ˉ 1 

ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʟʤʽʥʦʶ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʚʝʣʠʯʠʥʘ ʨʅ, 

ʚʦʣʦʛʦʟʚô̫ ʟʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʧʣʘʩʪʠʯʥʽʩʪʴ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ ʪʘ ʘʢʪʠʚʥʽʩʪʴ 

ʚʦʜʠ ʚʽʜʧʦʚʽʜʥʦ ʫ 2.2, 1.43, 1.275, 1.53 ʪʘ 1.8 ʨʘʟʽʚ. ʋ ʮʽʣʦʤʫ ʟʘ ʚʩʽʤʘ ʦʮʽʥʦʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʻ ʤʽʩʮʝ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤʘʪʠʚʫ ʚ 1,69 ʨʘʟ̔ʚ (ʪʘʙʣ. 3.11). 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʻ ʧʦʟʠʪʠʚʥʠʤʠ, ʪʦ ʪʘʢʽ ʟʤʽʥʠ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʟʙʽʣʴʰʝʥʥʷ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʟʨʘʟʢʘ ˉ 3 ʤô̫ ʩʥʠʭ 

ʧʣʘʩʪʽʚʮʽʚ (ʪʘʙʣ. 3.11) ʧʨʦʚʝʣʠ ʨʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʠʭ ʦʮʽʥʦʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʟʤʽʥʦʶ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʽʩʣʷ 22 ʛʦʜʠʥ ʾʾ 

ʧʨʦʩʦʣʶʚʘʥʥʷ (ʪʘʙʣ. 3.14).  
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ʊʘʙʣʠʮʷ 3.14  

ʈʦʟʨʘʭʫʥʦʢ ʦʮʽʥʦʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʘ ˉ 3 ʟʘ ʟʤʽʥʦʶ ʷʢʽʩʥʦʛʦ 

ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 22 ʛʦʜʠʥ ʧʨʦʩʦʣʶʚʘʥʥʷ 

ˉ 

ʧ/ʧ 
ʇʦʢʘʟʥʠʢ, ʤʛ 

ʅʦʨʤʘ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ 

Fʢ Fi Ri, 

 ʫʤ. ʦʜ. 

Sc, 

ʫʤ. ʦʜ.2 

Si, 

ʫʤ. ʦʜ.2 

kʚʽʷ 

 
ūʚʽ,̫ % 

1 ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ,  
log ʂʋʆ/ʛ 

0,94 0,91 0,968 

2,736 5,4 1,97 

 

49,29 

 

2 ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʅ 0,05 0,14 2,8 

3 ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʩʤ2 /ʛ 0,7 1,1 1,571 

4 ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʦʣʦʛʦʟʚô̫ ʟʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, % 4 5 1,25 

5 ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ, % 3,2 4,9 1,531 

6 ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ 0,005 0,009 1,8 

7 
ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, 

ʢʇʘ 
209 215 1,029 

ʇʨʠʤʽʪʢʘ: Fʢ ï ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʱʦ ʦʮʽʥʶʻʪʴʩʷ; Fi ï ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ; Ri ï ʧʦʪʦʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʫʤ. ʦʜ.; Si ï ʬʘʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʣʦʱʝʶ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʙʘʛʘʪʦʢʫʪʥʠʢʘ, ʫʤ. ʦʜ
2
; Sʥ ï ʥʦʨʤʘʪʠʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ, ʫʤ. ʦʜ

2
; kʚʽʷ ï 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʫ ʷʢʦʩʪʽ; űʚʽʷ ï ʧʠʪʦʤʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʘʤ ʷʢʦʩʪʽ.                                                                                                 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Ri (ʪʘʙʣ. 

3.14), ʧʦʙʫʜʫʚʘʣʠ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ˉ 3 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʥʦʨʤʘʪʠʚʥʠʤ (ʨʠʩ. 3.13) ʟʘ ʟʤʽʥʦʶ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 22 

ʛʦʜʠʥ ʧʨʦʩʦʣʶʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʨʠʩ. 3.13 ʩʚʽʜʯʠʪʴ, ʱʦ ʟʨʘʟʦʢ ˉ 3 

ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʟʤʽʥʦʶ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʚʝʣʠʯʠʥʘ ʨʅ, 

ʚʦʣʦʛʦʟʚô̫ ʟʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʧʣʘʩʪʠʯʥʽʩʪʴ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ ʪʘ ʘʢʪʠʚʥʽʩʪʴ 

ʚʦʜʠ ʚʽʜʧʦʚʽʜʥʦ ʫ 2.8, 1.571, 1.25, 1.531 ʪʘ 1.8 ʨʘʟʽʚ. ʋ ʮʽʣʦʤʫ ʟʘ ʚʩʽʤʘ 

ʦʮʽʥʦʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʻ ʤʽʩʮʝ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤʘʪʠʚʫ ʚ 1,97 ʨʘʟ̔ʚ (ʪʘʙʣ. 

3.11). ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʻ ʧʦʟʠʪʠʚʥʠʤʠ, ʪʦ ʪʘʢʽ ʟʤʽʥʠ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʟʙʽʣʴʰʝʥʥʷ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ. 
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ʈʠʩʫʥʦʢ 3.13 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ˉ 3 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʬʘʢʪʦʨʥʠʭ ʧʨʦʩʪʦʨʽʚ ʟʘ ʟʤʽʥʦʶ 

ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 22 ʛʦʜʠʥ ʧʨʦʩʦʣʶʚʘʥʥʷ 

                                                                                                                

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ 

ʬʘʢʪʦʨʥʠʭ ʧʨʦʩʪʦʨʽʚ, ʦʪʨʠʤʘʥʽ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ 

ʨʦʟʤʽʩʪʠʣʠ ʫ ʪʘʙʣ. 3.15. 

ʊʘʙʣʠʮʷ 3.15  

ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ  

ɿʨʘʟʦʢ 

ʌʘʢʪʦʨʥʘ ʧʣʦʱʘ ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ 

   Sʥ, ʫʤ. ʦʜ
2
   S̔, ʫʤ. ʦʜ

2
 

kʚʽʷ 

 

űʚʽʷ, % 

 

ˉ 1 2,736 4,15 1,52 34,13 

ˉ 2 2,736 4,62 1,69 40,79 

ˉ 3 2,736 5,4 1,97 49,29 
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ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʪʘʙʣ. 3.15 ʟʜʽʡʩʥʠʣʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʛʨʘʬʦ-ʘʥʘʣʽʪʠʯʥʠʡ 

ʘʥʘʣʽʟ ʟʤʽʥʠ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʥʘ ʨʠʩ. 

3.14. 

 

ʈʠʩʫʥʦʢ 3.14 ɸʥʘʣʽʟ ʟʤʽʥʠ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ 

 

ʇʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʩʪʨʽʤʢʘ ʟʤʽʥʘ ʧʠʪʦʤʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʥʦʨʤʘʪʠʚʘʤ ʷʢʦʩʪʽ űʚʽ ̫ʚʽʜ ʟʨʘʟʢʘ ˉ 1 ʜʦ ʟʨʘʟʢʘ ˉ 3, ʪʦʙʪʦ ʫ ʜʘʥʠʭ ʟʨʘʟʢʘʭ ʤʘʻ 

ʤʽʩʮʝ ʟʙʽʣʴʰʝʥʥʷ ʟʘʧʘʩʫ ʧʦʟʠʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʽʚ ʟʘ ʟʤʽʥʦʶ ʾʭ  ʷʢʽʩʥʦʛʦ 

ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 22 ʛʦʜʠʥ ʧʨʦʩʦʣʶʚʘʥʥʷ (ʨʠʩ. 3.14). ʋ ʪʦʡ ʞʝ ʯʘʩ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 
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ʧʽʜʚʠʱʝʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ  

ʤô̫ ʩʥʠʭ ʧʣʘʩʪʽʚʮʽʚ. 

ʆʪʞʝ, ʱʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʢʠ ʷʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʟʘ  ʟʤʽʥʦʶ ʾʭ  

ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 22 ʛʦʜʠʥ ʧʨʦʩʦʣʶʚʘʥʥʷ ʥʘʡʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʷʚʠʣʠʩʴ ʫ ʟʨʘʟʢʘ ˉ 3: ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʫ ʷʢʦʩʪʽ kʚʽʷ = 

1,97, ʱʦ ʚʽʜʟʥʘʯʘʻ ʥʘʡʙʽʣʴʰʠʡ ʟʘ ʧʣʦʱʝʶ ʬʘʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ ʧʦʪʦʯʥʠʭ ʷʢʽʩʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʽʚʥʷʥʦ ʽʟ ʽʥʰʠʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʟʨʘʟʢʘʤʠ; ʘ ʧʠʪʦʤʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʘʤ ʷʢʦʩʪʽ űʚʽʷ = 49,29 %, ʪʦʙʪʦ ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ ʟʘʧʘʩ 

ʧʦʟʠʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʡʛʽʨʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʷʚʠʣʠʩʴ ʫ ʟʨʘʟʢʘ ˉ 1, 

ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʥʘʡʤʝʥʰʽ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʜʘʥʦʤʫ 

ʽʥʪʝʨʚʘʣʫ ʷʢʦʩʪʽ kʚʽʷ = 1,52 ʪʘ ʧʠʪʦʤʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʘʤ 

ʷʢʦʩʪʽ űʚʽ ̫= 34,13 %.  

ɼʣʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ˉ 3 ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʧʝʨʝʚʠʱʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ 

ʦʮʽʥʦʯʥʠʭ ʧʦʟʠʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʟʘ ʥʦʨʤʘʪʠʚʥʽ ʚʝʣʠʯʠʥʠ. 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 3 

1. ʈʦʟʨʦʙʣʝʥʠʡ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʩʧʦʩʽʙ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ, ʷʢʠʡ ʷʢ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʚʢʣʶʯʘʻ 

ʧʽʜʛʦʪʦʚʢʫ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ, ʾʾ ʟʘʩʦʣʶʚʘʥʥʷ, ʚʠʪʨʠʤʢʫ ʜʦ ʟʘʚʝʨʰʝʥʥʷ 

ʬʝʨʤʝʥʪʘʮʽʾ, ʥʘʨʽʟʘʥʥʷ ʥʘ ʧʣʘʩʪʽʚʮʽ ʪʘ, ʚʠʢʦʥʫʚʘʥʦʛʦ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʜʝʩʪʨʫʢʮʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʤ`ʷʩʘ ʾʭ ʚʠʩʫʰʫʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʚʠʱʝ 40 
o
ʉ. 

2. ɺʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ ʩʧʦʩʽʙ ʟʘʩʦʣʶʚʘʥʥʷ ʚʢʣʶʯʘʻ ʜʚʽ ʦʧʝʨʘʮʽʾ ï ʩʫʭʠʡ ʤʝʪʦʜ ʟʘʩʦʣʶʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ ʥʘʪʠʨʘʥʥʷʤ ʟʘʩʦʣʶʚʘʣʴʥʦʶ ʩʫʤʽʰʰʶ ʪʘ ʥʘʩʠʯʝʥʥʷʤ 

ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʽʚ ʷʣʦʚʠʯʠʥʠ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ ʨʦʟʩʦʣʦʤ ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʽʥʛʨʝʜʽʻʥʪʽʚ, ʷʢʽ ʥʘʜʘʶʪʴ ʫʩʽʡ ʤʘʩʽ ʧʨʦʜʫʢʪʫ ʟʘʜʦʚʽʣʴʥʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʪʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 
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3. ɺʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʨʦʟʩʦʣʫ ʪʘ ʩʫʭʦʾ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʟʘʩʦʣʶʚʘʥʥʷ ̫ ʣʦʚʠʯʠʥʠ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ. ɿʘ ʪʘʢʽ ʦʙʨʘʥʽ ʩʽʣʴ ʤʦʨʩʴʢʘ, ʜʝʢʩʪʨʦʟʘ, ʩʧʝʮʽʾ 

ʪʘ ʥʽʪʨʠʪ ʥʘʪʨʽʶ ʟʘʩʪʦʩʦʚʥʠʡ ʧʨʠ ʦʙʨʦʙʮʽ ʟʘʩʦʣʶʚʘʣʴʥʦʶ ʩʫʤʽʰʰʶ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʤ`ʷʩʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɿʘʩʪʦʩʦʚʥʠʡ ʟ ʤʝʪʦʶ ʥʘʩʠʯʝʥʥʷ 

ʷʣʦʚʠʯʠʥʠ ʨʦʟʩʽʣ ʤʽʩʪʠʪʴ ʩʽʢ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʷʢ ʜʞʝʨʝʣʦ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʛʦ ʚ ʥʽʪʨʠʪ ʥʽʪʨʘʪʫ ʥʘʪʨʽʶ ʪʘ ʽʥʛʨʝʜʽʻʥʪʘ, ʷʢʠʡ ʩʧʨʠʷʻ 

ʜʦʩʷʛʥʝʥʥʶ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʘʙʘʨʚʣʝʥʥʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʫ ʚʩʽʡ ʡʦʛʦ ʪʦʚʱʠʥʽ. 

4. ʇʝʨʝʪʚʦʨʝʥʥʷ ʥʽʪʨʘʪ-ʽʦʥʫ ʚ ʥʽʪʨʠʪ ʧʨʦʚʦʜʷʪʴ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʟʘ 

ʫʯʘʩʪʽ ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʷʢʦʛʦ ʚ 

ʩʠʩʪʝʤʫ ʜʦʜʘʶʪʴ ʭʣʦʨʠʜ ʥʘʪʨʽʶ (ʫ ʬʦʨʤʽ ʩʦʣʽ ʤʦʨʩʴʢʦʾ) ʪʘ ʽʥʰʽ ʥʝʦʙʭʽʜʥʽ 

ʨʦʟʯʠʥʥʽ ʫ ʚʦʜʽ ʢʦʤʧʦʥʝʥʪʠ. ʆʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʥʘʩʠʯʝʥʥʷ 

ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ. ʇʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʩʠʩʪʝʤʽ ʨʝʯʦʚʠʥ ʟ ʦʢʠʩʣʶʚʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʥʽʪʨʘʪ-ʽʦʥʫ) ʩʫʜʷʪʴ ʧʦ ʩʫʪʪʻʚʦʤʫ, ʧʨʠʥʘʡʤʥʽ 

ʚʰʝʩʪʝʨʦ, ʟʤʝʥʰʝʥʥʽ ʦʢʠʩʥʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤ`ʷʩʥʦʾ ʩʠʩʪʝʤʠ 

(ʷʣʦʚʠʯʠʥʠ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʥʘʩʠʯʝʥʥʷ ʪʘ ʡʦʛʦ ʧʦʜʘʣʴʰʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʜʦ ʧʨʘʢʪʠʯʥʦ ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʴ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ 

ʩʧʦʩʦʙʦʤ ʟʘʩʦʣʶʚʘʥʥʷ. 

5. ɸʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ ʫ ʤʘʩʫ ʟʘʩʦʣʝʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʚ ʧʨʦʮʝʩʽ ʚʠʩʫʰʫʚʘʥʥʷ ʥʝʡʪʨʘʣʽʟʫʶʪʴ ʜʦʜʘʚʘʥʥʷʤ ʚ ʟʘʩʦʣʶʚʘʣʴʥʫ 

ʩʫʤʽʰ ʩʪʘʨʪʦʚʠʭ ʢʫʣʴʪʫʨ P. acidilactici ʪʘ S. carnosus, ʧʨʠʩʫʪʥʽʩʪʴ ʷʢʠʭ ʩʧʨʠʷʻ 

ʰʚʠʜʢʦʤʫ ʜʦʩʷʛʥʝʥʥʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ (ʨʅ) ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ 

ʪʘ ʩʠʥʪʝʟʫʚʘʥʥʽ ʥʠʤʠ ʙʘʢʪʝʨʽʦʮʠʥʽʚ, ʷʢʽ ʟʛʫʙʥʦ ʜʽʶʪʴ ʥʘ ʪʦʢʩʠʢʦʛʝʥʥʽ ʪʘ ʽʥʰʽ 

ʥʝʙʝʟʧʝʯʥʽ ʰʪʘʤʠ ʤʽʢʨʦʬʣʦʨʠ. 

6. ɺʥʝʩʝʥʥʷ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʚʛʣʠʙ ʤ`ʷʩʥʦʾ ʩʠʨʦʚʠʥʠ (ʷʣʦʚʠʯʠʥʠ) 

ʩʧʨʠʷʻ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʥʶ ʨʦʟʯʠʥʝʥʠʭ ʫ ʥʽʡ ʨʝʯʦʚʠʥ, ʦʪʞʝ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʬʝʨʤʝʥʪʘʮʽʾ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʩʫʰʝʥʠʭ ʰʘʨʽʚ, ʫ ʷʢʽʡ ʚʦʥʘ ʥʝ 
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ʚʽʜʙʫʣʘʩʷ, ʦʪʞʝ ʧʽʜʚʠʱʝʥʥʶ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʜʫʢʮʽʾ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʾʾ 

ʧʣʘʩʪʠʯʥʦʩʪʽ. 

7. ɺʠʢʦʥʘʥʘ ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʧʣʘʩʪʽʚʮʽʚ ʜʦʩʣʽʜʥʦʛʦ ʩʢʣʘʜʫ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʦʾ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʦʜʫʢʪ 

ʜʦʩʣʽʜʥʦʛʦ ʩʢʣʘʜʫ ˉ 3 (ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ, ʚʠʛʣʷʜ ʥʘ ʨʦʟʨʽʟʽ, ʢʦʣʽʨ, ʘʨʦʤʘʪ, ʩʤʘʢ, 

ʢʦʥʩʠʩʪʝʥʮʽʷ, ʩʦʢʦʚʠʪʽʩʪʴ) ʧʝʨʝʚʘʞʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʧʣʘʩʪʽʚʮʽʚ, 

ʚʠʨʦʙʣʝʥʠʭ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ. 

8. ɿʜʽʡʩʥʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʮʽʥʢʠ ʷʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʷʣʦʚʠʯʠʥʠ ʟʘ  ʟʤʽʥʦʶ ʾʭ  ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʧʨʦʩʦʣʶʚʘʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʷʚʠʣʠʩʴ ʫ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ˉ 3 ʟʘ 

ʧʣʦʱʝʶ ʬʘʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʦʪʦʯʥʠʭ ʷʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʽʚʥʷʥʦ ʽʟ ʽʥʰʠʤʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʟʨʘʟʢʘʤʠ. 

9. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʥʦʨʤʘʪʠʚʥʫ 

ʜʦʢʫʤʝʥʪʘʮʽʶ (ʊɯ ʋ 10.1-00493706-164:2023 çʇʣʘʩʪʽʚʮʽ ʤô̫ ʩʥ̔ ʩʠʨʦʚô̫ ʣʝʥ ̔ʟ 

ʷʣʦʚʠʯʠʥʠè ʪʘ ʊʋ ʋ 10.1-00493706-164:2023 çʇʣʘʩʪʽʚʮʽ ʤô̫ ʩʥ̔ ʩʠʨʦʚô̫ ʣʝʥ ̔ʟ 

ʷʣʦʚʠʯʠʥʠè). 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʣʘʜʝʥʽ ʫ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʦ 

ʫ ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʅʽʢʦʣʘʻʥʢʦ, ɹʘʥʜʫʨʘ, ʂʘʥʽʱʝʚ, & 

2022ʘ; ʂʘʥʽʱʝʚ, 2024; ʂʘʥʽʱʝʚ, 2023; ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʅʽʢʦʣʘʻʥʢʦ, ɹʘʥʜʫʨʘ, 

ʂʘʥʽʱʝʚ, & 2022ʙ; ʂʘʥʽʱʝʚ & ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, 2023; ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʋʩʪʠʤʝʥʢʦ, 

& ʂʘʥʽʱʝʚ, 2025; Bal-Prylypko, Kanishchev, Mushtruk, & Leonova, 2024; 

Danylenko et al., 2023). 
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ʈʆɿɼɯʃ 4 

ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯʏʅʆɰ ʉʍɽʄʀ ɺʀʈʆɹʅʀʎʊɺɸ  

ʇʃɸʉʊɯɺʎɯɺ ʄôʗʉʅʀʍ ʉʀʈʆɺôʗʃɽʅʀʍ ɿ ʗʃʆɺʀʏʀʅʀ,  

ʆʎɯʅʂɸ ɰʍ ʗʂʆʉʊɯ ʊɸ ɹɽɿʇɽʏʅʆʉʊɯ 

 

4.1 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ ʜʦʩʣʽʜʞʝʥʦ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ, ʚʠʨʦʙʣʝʥʠʭ ʟʘ ʫʜʦʩʢʦʥʘʣʝʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ. 

ʋ ʨʦʟʜʽʣʽ 3 ʦʙʛʨʫʥʪʦʚʘʥʦ, ʱʦ ʦʙʨʘʥʘ ʢʦʤʧʦʟʠʮʽʷ ʟʘʩʦʣʶʚʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʽʥʛʨʝʜʽʻʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʷʣʦʚʠʯʠʥʠ ʧʽʜ 

ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ. ʇʨʦʪʝ, ʥʘʫʢʦʚʠʤ ʽʥʪʝʨʝʩʦʤ ʧʨʝʜʩʪʘʚʣʷʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʘʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ. 

ʇʦʢʘʟʥʠʢʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʦʚʦʛʦ ʚʠʜʫ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ (ʜʦʩʣʽʜ) ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.1. 

 

ʊʘʙʣʠʮʷ 4.1 

ʇʦʢʘʟʥʠʢʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʦʚʦʛʦ ʚʠʜʫ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ 

 

ʇʦʢʘʟʥʠʢ 
ʅʦʨʤʘ 

ʊʝʨʤ̔ʥ ʟʙʝʨʽʛʘʥʥʷ, ʜʽʙ 

ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ 

1 60 120 180 1 60 120 180 

ɹɻʂʇ (ʢʦʣʽʬʦʨʤʠ), ʚ 1,0 ʛ ʅʝ ʜʦʟʚʦʣʷʻʪʴʩʷ ʅʝ ʚʠʷʚʣʝʥʦ ʅʝ ʚʠʷʚʣʝʥʦ 

ʇʘʪʦʛʝʥʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʚ 

ʪ.ʯ. ʩʘʣʴʤʦʥʝʣʠ, ʚ 25 ʛ 
ʅʝ ʜʦʟʚʦʣʷʻʪʴʩʷ ʅʝ ʚʠʷʚʣʝʥʦ ʅʝ ʚʠʷʚʣʝʥʦ 

ʉʫʣʴʬʽʪʨʝʜʫʢʫʶʯʽ 

ʢʣʦʩʪʨʠʜʽʾ, ʚ 0,1 ʛ 
ʅʝ ʜʦʟʚʦʣʷʻʪʴʩʷ ʅʝ ʚʠʷʚʣʝʥʦ ʅʝ ʚʠʷʚʣʝʥʦ 

Listeria monocytogenes, ʚ 25 ʛ ʅʝ ʜʦʟʚʦʣʷʻʪʴʩʷ ʅʝ ʚʠʷʚʣʝʥʦ ʅʝ ʚʠʷʚʣʝʥʦ 

Staphylococcus aureus, ʚ 1,0 ʛ ʅʝ ʜʦʟʚʦʣʷʻʪʴʩʷ ʅʝ ʚʠʷʚʣʝʥʦ ʅʝ ʚʠʷʚʣʝʥʦ 
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ʗʢ ʚʠʜʥʦ ʟ ʜʘʥʠʭ ʪʘʙʣ. 4.1, ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʣʽʜʫ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʤʝʞʘʭ ʥʦʨʤʠ ʥʘʧʨʠʢʽʥʮʽ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ. ʊʘʢ, ʚʧʨʦʜʦʚʞ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ 

ʷʢ ʫ ʢʦʥʪʨʦʣʽ ʪʘʢ ʽ ʚ ʜʦʩʣʽʜʽ ʙʘʢʪʝʨʽʾ ʛʨʫʧʠ ʢʠʰʢʦʚʦʾ ʧʘʣʠʯʢʠ, ʧʘʪʦʛʝʥʥʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʩʫʣʴʬʽʪʨʝʜʫʢʫʶʯʽ ʢʣʦʩʪʨʠʜʽʾ, Listeria monocytogenes ʪʘ 

Staphylococcus aureus ʥʝ ʙʫʣʠ ʚʠʷʚʣʝʥʽ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʨʘʥʦʛʦ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʩʢʣʘʜʫ ɿʉ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ (ʜʦʩʣʽʜ) ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.1. 

 

ʈʠʩʫʥʦʢ 4.1 ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʦʛʦ 

ʟʨʘʟʢʽʚ  ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʽʚ (ʨʠʩ. 

4.1) ʧʨʦʪʷʛʦʤ ʧʦʚʥʦʛʦ ʧʝʨʽʦʜʫ ʧʨʠʜʘʪʥʦʩʪʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʡʦʛʦ ʧʦʩʪʫʧʦʚʝ 

ʟʤʝʥʰʝʥʥʷ, ʱʦ ʧʦʚ`ʷʟʘʥʝ, ʚʽʨʦʛʽʜʥʦ, ʟ ʫʧʦʚʽʣʴʥʝʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʩʣʘʙʠʭ ʢʠʩʣʦʪ ʟ 
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ʦʨʛʘʥʽʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ. ʇʨʠ ʪʦʤʫ ʰʚʠʜʢʽʩʪʴ ʟʤʝʥʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪ ʻ ʙʽʣʴʰʦʶ ʫ ʢʦʥʪʨʦʣʴʥʦʤʫ ʟʨʘʟʢʫ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʾʭ ʨʦʟʧʦʜʽʣʫ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʟʘʩʦʣʶʚʘʥʥʷ ʽ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷʤ 

ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʽ ʾʭ ʙʽʣʴʰʦʶ 

ʚʨʘʟʣʠʚʽʩʪʶ ʜʦ ʘʪʘʢ ʥʝʙʝʟʧʝʯʥʦʾ ʤʽʢʨʦʬʣʦʨʠ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʚ ʢʦʥʪʨʦʣʴ ʟʙʝʨʝʞʝʥʥʷ ʧʘʨʘʤʝʪʨʫ 

ʽʥʜʝʢʩʫ ʯʝʨʚʦʥʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚ ʧʨʦʮʝʩʽ 

ʟʙʝʨʽʛʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ï ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʦʢʘʟʥʠʢʘ ʯʝʨʚʦʥʦʩʪʽ (ʅ) ï ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 4.2. 

 

ʈʠʩʫʥʦʢ 4.2 ɼʠʥʘʤʽʢʘ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ (ʚʤʽʩʪʫ 

ʥʽʪʨʦʟʦʧʽʛʤʝʥʪʽʚ) ʢʦʥʪʨʦʣʴʥʦʛʦ ʽ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʽʚ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

ɿ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 4.2 ʨʝʟʫʣʴʪʘʪʽʚ ʩʣʽʜʫʻ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ çʯʝʨʚʦʥʦʩʪʽè 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʥʦʛʦ ʩʢʣʘʜʫ ʙʫʣʘ ʚʠʱʦʶ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʩʪʨʦʢʫ 
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ʟʙʝʨʽʛʘʥʥʷ. ʅʘ ʢʽʥʝʮʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʭ ʟʘʙʘʨʚʣʝʥʥʷ ʧʝʨʝʚʠʱʫʚʘʣʘ ʚʽʜʧʦʚʽʜʥʠʡ 

ʧʦʢʘʟʥʠʢ ʟʨʘʟʢʽʚ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ ʥʘ 7 %. ʎʴʦʤʫ ʩʧʨʠʷʻ ʥʘ ʥʘʰʫ ʜʫʤʢʫ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʟʨʘʟʢʘ ʜʦʩʣʽʜʥʦʛʦ ʩʢʣʘʜʫ 

(ʨʠʩ. 4.1) ʪʘ ʡʦʛʦ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʚʽʜ`ʻʤʥʠʡ ʧʦʢʘʟʥʠʢ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ (ʨʦʟʜʽʣ 3, ʨʠʩ. 3.2). 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

(ʜʦʩʣʽʜ) ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣ. 4.2. 

 

ʊʘʙʣʠʮʷ 4.2 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ (ʜʦʩʣʽʜ) ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ 

ʇʦʢʘʟʥʠʢ 

ɿʨʘʟʦʢ 

ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ 

ʊʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ, ʜʽʙ 

1 60 120 180 1 60 120 180 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʊʦʥʢʽ ʧʣʦʩʢʽ ʩʢʠʙʦʯʢʠ ʟ ʥʝʨʽʚʥʠʤʠ ʢʨʘʷʤʠ 
ʊʦʥʢʽ ʧʣʦʩʢʽ ʩʢʠʙʦʯʢʠ ʟ 

ʭʚʠʣʷʩʪʠʤʠ ʢʨʘʷʤʠ 

ʂʦʣʽʨ 

ʅʝʦʜʥʦʨʽʜʥʠʡ ʟ 

ʧʝʨʝʭʦʜʘʤʠ ʤʽʞ ʨʦʞʝʚʠʤ 

ʪʘ ʪʝʤʥʦ-ʯʝʨʚʦʥʠʤ 

ʢʦʣʴʦʨʘʤʠ 

ɿ ʚʠʨʘʞʝʥʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʤʽʞ 

ʩʚʽʪʣʦʨʦʞʝʚʠʤ 

ʪʘ ʨʦʞʝʚʠʤ 

ʢʦʣʴʦʨʘʤʠ 

ʆʜʥʦʨʽʜʥʠʡ ʪʝʤʥʦ-

ʯʝʨʚʦʥʠʡ 

ʉʤʘʢ ʪʘ ʟʘʧʘʭ 

ʉʤʘʢ ʩʦʣʦʥʠʡ ʟ ʥʝʚʠʨʘʞʝʥʠʤ ʘʨʦʤʘʪʦʤ 

ʧʨʷʥʦʱʽʚ ʽ ʢʦʧʯʝʥʥʷ, ʛʽʨʢʫʚʘʪʠʡ ʧʨʠʩʘʤʢ, 

ʩʘʣʠʩʪʠʡ ʧʽʩʣʷʩʤʘʢ 

ʉʤʘʢ ʧʨʠʻʤʥʠʡ, 

ʩʦʣʦʥʫʚʘʪʠʡ, ʟ 

ʚʠʨʘʞʝʥʠʤ ʘʨʦʤʘʪʦʤ 

ʧʨʷʥʦʱʽʚ ʽ ʢʦʧʯʝʥʥʷ, ʙʝʟ 

ʩʪʦʨʦʥʥʽʭ ʧʨʠʩʤʘʢʫ ʽ 

ʟʘʧʘʭʫ 

 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ (ʜʦʩʣʽʜ) ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣ. 4.2 

ʚʠʜʥʦ, ʱʦ ʜʦʩʣʽʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ, ʟʦʢʨʝʤʘ, ʩʤʘʢʦʤ ʪʘ ʟʘʧʘʭʦʤ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʢʦʥʪʨʦʣʴ ʥʝ 

ʧʦʢʘʟʫʻ ʮʽʻʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. ɺʘʨʪʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʢʦʥʪʨʦʣʴʥʠʡ ʟʨʘʟʦʢ ʥʘʧʨʠʢʽʥʮʽ 

ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʢʦʣʴʦʨʦʤ ʟʘ ʚʩʽʻʶ 
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ʧʦʚʝʨʭʥʝʶ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʜʦʩʣʽʜ ʟʙʝʨʽʛ ʧʝʨʚʠʥʥʽ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʢʦʣʴʦʨʫ, ʱʦ 

ʢʦʨʝʣʶʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʠʩ. 4.2 (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʋʩʪʠʤʝʥʢʦ, & ʂʘʥʽʱʝʚ, 2024). 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʽ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʽʚ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚ ʧʨʦʮʝʩʽ ʟʙʝʨʽʛʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 4.3. 

 

ʈʠʩʫʥʦʢ 4.3 ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʽ ʜʦʩʣʽʜʥʦʛʦ 

ʟʨʘʟʢʽʚ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

 

ɿ ʨʠʩ. 4.3 ʚʠʜʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʟʙʝʨʽʛʘʥʥʷ ʟʨʘʟʢʽʚ, ʜʦʩʣʽʜʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʝʥʰʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ. ʊʘʢ, ʥʘ 60 ʜʦʙʫ 

ʟʙʝʨʽʛʘʥʥʷ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʤʘʚ ʧʦʢʘʟʥʠʢ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ 0,85 ʤʛ-ʝʢʚ ʆ2/ʢʛ, 

ʱʦ ʻ ʤʝʥʰʠʤ ʥʘ 0,19 ʤʛ-ʝʢʚ ʆ2/ʢʛ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ. ʅʘ 180 ʜʦʙʫ 

ʟʙʝʨʽʛʘʥʥʷ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʤʝʥʰʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʝʨʝʢʠʩʥʦʛʦ 

ʯʠʩʣʘ ʧʦʨʷʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ ï ʥʘ 0,22 ʤʛ-ʝʢʚ ʆ2/ʢʛ (ʂʘʥʽʱʝʚ, 2024). ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʚʤʽʩʪʦʤ ʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʤʫ ʙʘʢʪʝʨʽʘʣʴʥʦʤʫ ʧʨʝʧʘʨʘʪʽ ʰʪʘʤʫ 

Staphylococcus carnosus, ʟʘ ʨʘʭʫʥʦʢ ʷʢʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʘʢʪʠʚʥʽʩʪʴ 
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ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʝʥʟʠʤʽʚ, ʪʘʢʠʭ ʷʢ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʠ (ʥʝʡʪʨʘʣʽʟʫʻ ʆ2ï

ʨʘʜʠʢʘʣʠ) ʪʘ ʢʘʪʘʣʘʟ (ʨʦʟʱʝʧʣʶʶʪʴ ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ ʜʦ ʚʦʜʠ ʪʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʠʩʥʶ), ʱʦ ʟʘʧʦʙʽʛʘʻ ʦʢʠʩʥʝʥʥʶ ʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ (Marco, Navarro, & 

Flores, 2006). 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ɸɺ ʢʦʥʪʨʦʣʴʥʦʛʦ ʽ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʽʚ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ  ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.4. 

 

ʈʠʩʫʥʦʢ 4.4 ɼʠʥʘʤʽʢʘ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʽ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ  

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 4.4) ʩʚʽʜʯʘʪʴ ʧʨʦ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʙʝʟʧʝʯʥʦʩʪʽ ʜʦʩʣʽʜʫ ʱʦʜʦ ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʤʥʦʞʝʥʥʷ ʧʘʪʦʛʝʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ. 

ʊʝʥʜʝʥʮʽʶ ʜʦ ʙʽʣʴʰ ʰʚʠʜʢʦʛʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ɸɺ ʚ ʧʨʦʜʫʢʪʽ ʜʦʩʣʽʜʥʦʛʦ ʩʢʣʘʜʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʚʥʝʩʝʥʠʭ ʽʟ ʙʘʢʪʝʨʽʘʣʴʥʠʤ ʧʨʝʧʘʨʘʪʦʤ, ʧʨʦʪʝʦʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʩʧʨʠʷʻ 

ʥʘʙʫʭʘʥʥʶ ʝʣʘʩʪʠʥʫ ʪʘ ʢʦʣʘʛʝʥʫ (Bal-Prylypko, Nikolaenko, Kanishchev, Beyko, & 

Holembovska, 2023).  

ɺʤʽʩʪ ʤʽʪʦʪʦʢʩʠʥʽʚ ʫ ʜʦʩʣʽʜʥʦʤʫ ʪʘ ʢʦʥʪʨʦʣʴʥʦʤʫ ʟʨʘʟʘʢʘʭ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.3. 
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ʊʘʙʣʠʮʷ 4.3 

ɺʤʽʩʪ ʤʽʪʦʪʦʢʩʠʥʽʚ ʫ ʧʣʘʩʪʽʚʮʷʭ ʷʣʦʚʠʯʠʭ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʪʘ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʨʘʟʦʢ 

ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ 

ɸʬʣʘʪʦʢʩʠʥ ɺ1, ʤʛ/ʢʛ < 0,001 < 0,001 

 

ɿ ʪʘʙʣ. 4.3 ʚʠʜʥʦ, ʱʦ ʚʤʽʩʪ ʘʬʣʘʪʦʢʩʠʥʫ ɺ1 ʚ ʟʨʘʟʢʘʭ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 

0,001 ʤʛ/ʢʛ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʙʝʟʧʝʯʥʽʩʪʴ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ. ʊʘʢʠʡ ʧʦʢʘʟʥʠʢ 

ʚʤʽʩʪʫ ʘʬʣʘʪʦʢʩʠʥʫ ɺ1 ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʤô̫ ʩʥʘ ʩʠʨʦʚʠʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʚʽʜ ɺʈʍ, ʷʢʘ ʥʝ 

ʚʞʠʚʘʣʘ ʫʨʘʞʝʥʽ ʤʽʪʦʪʦʢʩʠʥʘʤʠ ʢʦʨʤʠ. 

ɺʤʽʩʪ ʥʽʪʨʦʟʘʤʽʥʽʚ ʫ ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

(ʜʦʩʣʽʜ) ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.4. 

 

ʊʘʙʣʠʮʷ  4.4 

ɺʤʽʩʪ ʥʽʪʨʦʟʘʤʽʥʽʚ ʫ ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ (ʜʦʩʣʽʜ) 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʪʘ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʨʘʟʦʢ 

ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ 

N-ʥʽʪʨʦʟʘʤʽʥʠ (ʩʫʤʘ ʅɼʄɸ 

ʪʘ ʅɼɽɸ), ʤʛ/ʢʛ 
0,002 < 0,001 

 

ʈʝʟʫʣʴʪʘʪʠ, ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣ. 4.4 ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʠʞʝʥʠʡ ʚʤʽʩʪ N-ʥʽʪʨʦʟʘʤʽʥʽʚ 

ʫ ʜʦʩʣʽʜʽ (< 0,001 ʤʛ/ʢʛ ʧʨʦʪʠ 0,002 ʤʛ/ʢʛ ʫ ʢʦʥʪʨʦʣʽ). 

ɿʥʠʞʝʥʠʡ ʚʤʽʩʪ N-ʥʽʪʨʦʟʘʤʽʥʫ ʚ ʜʦʩʣʽʜʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʟʥʠʞʝʥʦʾ ʚ ʨʝʮʝʧʪʫʨʽ 

ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ. ʗʢ ʚʽʜʦʤʦ, ʚʪʦʨʠʥʥʽ ʘʤʽʥʠ ʨʝʘʛʫʶʪʴ ʟ ʥʽʪʨʠʪʘʤʠ, 

ʫʪʚʦʨʶʶʯʠ ʥʽʪʨʦʟʘʤʽʥʠ ʚ ʛʦʪʦʚʽʡ ʧʨʦʜʫʢʮʽʾ ʟ ʤô̫ ʩʘ (Vlasenko & Semko, 2019). 
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ɺʤʽʩʪ ʧʝʩʪʠʮʠʜʽʚ ʫ ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ (ʜʦʩʣʽʜ) 

ʪʘ ʢʦʥʪʨʦʣʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.5. 

 

ʊʘʙʣʠʮʷ 4.5 

ɺʤʽʩʪ ʧʝʩʪʠʮʠʜʽʚ ʫ ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ (ʜʦʩʣʽʜ) 

ʪʘ ʢʦʥʪʨʦʣʽ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʪʘ 

ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʨʘʟʦʢ 
ʅʦʨʤʘ 

ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ 

4,4-ɼɼʊ, ʤʛ/ʢʛ 

0,06 < 0,001 Ò 0,1 4,4-ɼɼɽ, ʤʛ/ʢʛ 

4,4-ɼɼɼ, ʤʛ/ʢʛ 

ɹʘʟʫʜʠʥ, ʤʛ/ʢʛ < 0,01 
ʅʝ ʜʦʧʫʩʢʘʻʪʴʩʷ 

(< 0,01) 

ɻʍʎɻ (ʩʫʤʽʰ ʽʟʦʤʝʨʽʚ), ʤʛ/ʢʛ 0,02 < 0,001 Ò 0,1 

 

ɿ ʪʘʙʣ. 4.5 ʚʠʜʥʦ, ʱʦ ʚʤʽʩʪ ʧʝʩʪʠʮʠʜʽʚ ʫ ʜʦʩʣʽʜʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

ʥʦʨʤʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʻ ʥʠʞʯʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ. ʊʘʢʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʤô̫ ʩʥʫ ʩʠʨʦʚʠʥʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʩʣʽʜʫ ʦʪʨʠʤʫʚʘʣʠ ʟ ɺʈʍ, ʷʢʘ ʥʝ 

ʚʞʠʚʘʣʘ ʟʘʙʨʫʜʥʝʥʽ ʧʝʩʪʠʮʠʜʘʤʠ ʢʦʨʤʠ ʪʘ ʚʦʜʫ. 

ɺʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

(ʜʦʩʣʽʜ) ʪʘ ʢʦʥʪʨʦʣʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.6.  
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ʊʘʙʣʠʮʷ 4.6 

ɺʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

(ʜʦʩʣʽʜ) ʪʘ ʢʦʥʪʨʦʣʽ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʪʘ 

ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʨʘʟʦʢ 
ʅʦʨʤʘ 

ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ 

ɺʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 
137 
Cs, ɹʢ/ʢʛ < 6,01 < 5,88 Ò 200 

ɺʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 
90
Sr, ɹʢ/ʢʛ < 3,89 < 3,72 Ò 20 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ (ʪʘʙʣ. 4.6) ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʨʠʪʝʨʽʷʤ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʟʨʘʟʢʽʚ, ʪʘʢ ʷʢ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

137
Cs ʪʘ 

90
Sr ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʜʦʩʣʽʜ ï < 5,88 ʪʘ < 

3,72 ɹʢ/ʢʛ ʚʽʜʧʦʚʽʜʥʦ). 

ɺʤʽʩʪ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ  ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ (ʜʦʩʣʽʜ)  ʪʘ ʢʦʥʪʨʦʣʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.7. 

 

ʊʘʙʣʠʮʷ  4.7 

ɺʤʽʩʪ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

(ʜʦʩʣʽʜ) ʪʘ ʢʦʥʪʨʦʣʽ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʪʘ 

ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʨʘʟʦʢ ʅʦʨʤʘ 

ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ 

ʄʘʩʦʚʘ ʜʦʣʷ ʩʚʠʥʮʶ, ʤʛ/ʢʛ 0,057Ñ0,009 0,046Ñ0,008 Ò 0,50 

ʄʘʩʦʚʘ ʜʦʣ ̫ʢʘʜʤʽʶ, ʤʛ/ʢʛ 0,009Ñ0,001 0,008Ñ0,001 Ò 0,05 

ʄʘʩʦʚʘ ʜʦʣʷ ʘʨʩʝʥʫ, ʤʛ/ʢʛ 0,015Ñ0,005 0,013Ñ0,004 Ò 0,10 

ʄʘʩʦʚʘ ʜʦʣʷ ʨʪʫʪʽ, ʤʛ/ʢʛ < 0,006 < 0,005 Ò 0,03 
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ɿ ʪʘʙʣ. 4.7 ʚʠʜʥʦ, ʱʦ ʤʘʩʦʚʽ ʜʦʣʽ ʩʚʠʥʮʶ, ʢʘʜʤʽʶ, ʘʨʩʝʥʫ ʪʘ ʨʪʫʪʽ ʫ ʜʦʩʣʽʜʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʠ ʪʘ ʩʪʘʥʦʚʣʷʪʴ 0,046, 0,008, 0,013, < 0,005 ʤʛ/ʢʛ 

ʚʽʜʧʦʚʽʜʥʦ. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

(ʜʦʩʣʽʜ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.8. 

 

ʊʘʙʣʠʮʷ 4.8 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

(ʜʦʩʣʽʜ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʪʘ 

ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʨʘʟʦʢ 
ʅʦʨʤʘ 

ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ, % 19,56 18,23 Ò 20,0 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ, % 0,0047Ñ0,0014 0,0012Ñ0,0011 Ò 0,005 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ, % 8,85 6,42 Ò 9,0 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʪʘʙʣ. 4.8) ʧʦʢʘʟʫʶʪʴ ʟʤʝʥʰʝʥʠʡ 

ʚʤʽʩʪ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʫ ʜʦʩʣʽʜʽ ʥʘ 2,43 % ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ 

ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʣʽ ʤʦʨʩʴʢʦʾ ʪʘ ʾʾ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʫ ʜʦʩʣʽʜʥʽʡ ʨʝʮʝʧʪʫʨʽ 

(ʂʘʥʽʱʝʚ, ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, & ʋʩʪʠʤʝʥʢʦ, 2024). ʊʘʢʦʞ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʥʽʪʨʠʪʫ 

ʥʘʪʨʽʶ ʫ ʜʦʩʣʽʜʽ (0,0012 %) ʻ ʤʝʥʰʦʶ ʥʽʞ ʫ ʢʦʥʪʨʦʣʽ (0,0047 %) ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʤʽʥʠ ʚ ʨʝʮʝʧʪʫʨʽ ʯʘʩʪʠʥʠ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʥʘ ʉɹʂ. ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ ʫ 

ʜʦʩʣʽʜʽ ʩʪʘʥʦʚʠʪʴ 18,23 %, ʪʦʙʪʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʠ (Bal-Prylypko, 

Nikolaenko, & Kanishchev, 2023). 

 

4.2 ɼʦʩʣʽʜʞʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ 

ʍʘʨʯʦʚʘ ʮʽʥʥʽʩʪʴ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʥʫʪʨʽʻʥʪʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. ʍʘʨʯʦʚʠʡ ʧʨʦʜʫʢʪ ʚʚʘʞʘʻʪʴʩʷ ʜʞʝʨʝʣʦʤ 
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ʥʫʪʨʽʻʥʪʽʚ, ʷʢʱʦ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʾʭ  ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʫ ʪʽʡ 

ʢʽʣʴʢʦʩʪʽ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʥʝ ʤʝʥʰʝ ʟʘ 5 % ʚʽʜ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʧʨʠ ʡʦʛʦ  

ʩʧʦʞʠʚʘʥʥʽ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ ʪʘ ʽʥ, 2023ʙ). 

ʍʘʨʯʦʚʘ ʮʽʥʥʽʩʪʴ ʪʘ ʩʪʫʧʽʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʚ ʥʫʪʨʽʻʥʪʘʭ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʮʽʥʥʦʩʪʽ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ 100 ʛʨ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.9. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʚ ʥʫʪʨʽʻʥʪʘʭ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʮʽʥʥʦʩʪʽ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ 100 ʛʨʘʤʽʚ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʥʘʤʠ ʦʙʨʘʥʦ 5 ʛʨʫʧʫ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʟʛʽʜʥʦ (ʅʘʢʘʟ ʄʆɿ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʅʦʨʤ 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʦʪʨʝʙ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʚ ʦʩʥʦʚʥʠʭ ʭʘʨʯʦʚʠʭ ʨʝʯʦʚʠʥʘʭ ʽ 

ʝʥʝʨʛʽʾè ˉ 1073, 2017), ʪʘʢ ʷʢ ʩʘʤʝ ʮʷ ʛʨʫʧʘ ʥʘʩʝʣʝʥʥʷ, ʟʘʟʚʠʯʘʡ, ʧʦʪʨʝʙʫʻ 

ʰʚʠʜʢʦʛʦ ñʧʝʨʝʢʫʩʫò ʟ ʦʪʨʠʤʘʥʥʷʤ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʥʫʪʨʽʻʥʪʽʚ ʪʘ ʰʚʠʜʢʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʛʦ ʦʨʛʘʥʽʟʤʫ ʝʥʝʨʛʽʻʶ. 

 

ʊʘʙʣʠʮʷ  4.9 

ʍʘʨʯʦʚʘ ʮʽʥʥʽʩʪʴ ʪʘ ʩʪʫʧʽʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʚ 

ʥʫʪʨʽʻʥʪʘʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽʡ ʮʽʥʥʦʩʪʽ  

ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ 100 ʛʨ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ  

ʇʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ ʉʪʫʧʽʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ, % 

ɺʤʽʩʪ ʙʽʣʢʽʚ, ʛ 59,79Ñ6,98 49,76 

ɺʤʽʩʪ ʞʠʨʽʚ, ʛ 14,60Ñ2,02 10,07 

ɺʤʽʩʪ ʚʫʛʣʝʚʦʜʽʚ, ʛ 3,16Ñ0,03 0,58 

ɽʥʝʨʛʝʪʠʯʥʘ ʮʽʥʥʽʩʪʴ, ʢʢʘʣ/100ʛ 320 8,20 
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ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 4.9 ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʫ ʙʽʣʢʘʭ ʧʨʠ 

ʩʧʦʞʠʚʘʥʥʽ 100 ʛ ʧʣʘʩʪʽʚʮʽʚ ʩʪʘʥʦʚʠʪʴ 49,76 %, ʫ ʞʠʨʘʭ ï 10,07 %, ʚʫʛʣʝʚʦʜʘʭ ï 

0,58, ʘ ʫ ʝʥʝʨʛʝʪʠʯʥʽʡ ʮʽʥʥʦʩʪʽ ï 8,20 %. 

ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʧʦʟʠʪʠʚʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʫʜʦʩʢʦʥʘʣʝʥʽ ʧʣʘʩʪʽʚʮʽ ʻ ʜʞʝʨʝʣʦʤ ʙʽʣʢʽʚ, ʞʠʨʽʚ ʪʘ ʝʥʝʨʛʽʾ. ʆʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʟ 

ʚʠʩʦʢʦʶ ʬʽʟʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʧʦʪʨʝʙʫʻ ʙʽʣʢʠ, ʷʢʽ ʻ ʙʫʜʽʚʝʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ 

ʤô̫ ʟʦʚʦʾ ʪʢʘʥʠʥʠ, ʟʦʢʨʝʤʘ, ʧʦʰʢʦʜʞʝʥʦʾ (ʄʝʣʴʥʽʢʦʚ, ʐʠʥʢʘʨʫʢ, & ʗʢʦʚʣʝʚ,  

2024). 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʚ ʦʢʨʝʤʠʭ ʚ̔ ʪʘʤʽʥʘʭ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥʘʭ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ 100 ʛʨ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.10. 

 

ʊʘʙʣʠʮʷ 4.10 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʚ ʦʢʨʝʤʠʭ ʚ̔ ʪʘʤʽʥʘʭ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥʘʭ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ 100 ʛʨ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ 

ʅʘʟʚʘ ɿʥʘʯʝʥʥʷ 

ʉʪʫʧʽʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ, % 

ɼʦʨʦʩʣʝ ʥʘʩʝʣʝʥʥʷ I-IV ʛʨʫʧʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʘʮʽ  

ʏʦʣʦʚʽʢʠ ɾʽʥʢʠ 

ɺʽʪʘʤʽʥʠ 

ɺʽʪʘʤʽʥ ʉ 112Ñ1,11 140 160 

ʄʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ 

ɿʘʣʽʟʦ, ʤʛ 3,8Ñ0,07 25 22,4 

ʂʘʣʴʮʽʡ, ʤʛ 19,6Ñ0,34 1,6 1,8 

ʄʘʛʥʽʡ, ʤʛ 30,3Ñ0,87 7,6 6,1 

ʎʠʥʢ, ʤʢʛ 847,5Ñ3,1 5,7 7,7 

ʄʽʜʴ, ʤʢʛ 167,7Ñ2,71 16,8 16,8 

ʄʘʨʛʘʥʝʮʴ, ʤʢʛ 14,4Ñ0,28 0,7 0,7 
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ɿ ʪʘʙʣ. 4.10 ʚʠʜʥʦ, ʱʦ ʧʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʜʞʝʨʝʣʦʤ ʚʽʪʘʤʽʥʫ ʉ, ʪʘʢ ʷʢ ʩʪʫʧʽʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʜʣʷ 

ʯʦʣʦʚʽʢʽʚ ʪʘ ʞʽʥʦʢ (ʜʦʨʦʩʣʝ ʥʘʩʝʣʝʥʥʷ) ʩʪʘʥʦʚʠʪʴ 140 % ʪʘ 160 % ʚʽʜʧʦʚʽʜʥʦ. 

ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʚʽʪʘʤʽʥʫ ʉ ʦʙʫʤʦʚʣʝʥʠʡ ʡʦʛʦ ʚʤʽʩʪʦʤ ʷʢ ʦʢʨʝʤʦ ʚ ʨʝʮʝʧʪʫʨʥʽʡ 

ʢʦʤʧʦʟʠʮʽʾ ɿʉ ʫ ʚʠʛʣʷʜʽ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘʢ ʽ ʫ ʩʢʣʘʜʽ ʉɹʂ. ʊʘʢʦʞ, ʥʦʚʠʡ 

ʚʠʜ ʤô̫ ʩʥʠʭ ʧʣʘʩʪʽʚʮʽʚ ʻ ʜʞʝʨʝʣʦʤ ʟʘʣʽʟʘ ï ʩʪʫʧʽʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ  ʯʦʣʦʚʽʢʽʚ 

ʪʘ ʞʽʥʦʢ (ʜʦʨʦʩʣʝ ʥʘʩʝʣʝʥʥʷ) ʩʪʘʥʦʚʠʪʴ 25 ʪʘ 22,4 % ʚʽʜʧʦʚʽʜʥʦ, ʪʘ ʤʽʜʽ ï 16,8 % 

ʚʽʜʧʦʚʽʜʥʦ. 

 

  4.3 ʈʦʟʨʦʙʣʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʩʭʝʤʠ ʪʘ ʦʧʠʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

ʆʪʨʠʤʘʥʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʢʨʘʱʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʤ`ʷʟʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ, ʾʭ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʦʞ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʤ`ʷʩʘ-ʩʠʨʦʚʠʥʠ ʪʦʢʩʠʢʦʛʝʥʥʠʤʠ ʪʘ ʽʥʰʠʤʠ ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ 

ʟʜʦʨʦʚ`ʷ ʣʶʜʠʥʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ.  

ʇʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʙʫʣʠ ʧʦʢʣʘʜʝʥʠʤʠ ʚ ʦʩʥʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʽʰʝʥʴ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ.  

ʆʩʥʦʚʥʠʤʠ ʧʨʠʥʮʠʧʦʚʠʤʠ ʤʦʤʝʥʪʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʭ ʜʽʡ ʙʫʣʠ: 

ï ʚʽʜʤʦʚʘ ʚʽʜ ʩʧʦʩʦʙʫ ʪʘʢ ʟʚʘʥʦʛʦ çʩʫʭʦʛʦè ʩʧʦʩʦʙʫ ʟʘʩʦʣʶʚʘʥʥʷ 

ʥʘʪʠʨʘʥʥʷʤ ʧʦʚʝʨʭʥʽ ʷʣʦʚʠʯʠʥʠ ɿʉ ʪʘ ʪʨʠʚʘʣʠʤ, ʜʦ 40 ʜʽʙ, ʚʠʪʨʠʤʫʚʘʥʥʷʤ 

ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʥʘʧʽʚʧʨʦʜʫʢʪʫ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ ʨʝʯʦʚʠʥ ɿʉ ʪʘ 

ʬʝʨʤʝʥʪʘʮʽʾ ʧʨʦʜʫʢʪʫ ʥʘ ʢʦʨʠʩʪʴ ʟʤʽʰʘʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʩʦʣʶʚʘʥʥʷ; 

ï ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʰʘʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʩʦʣʶʚʘʥʥʷ ʟʘ ʷʢʠʤ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ 

ɿʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʥʘʪʠʨʘʥʥʷ ʧʦʚʝʨʭʥʽ ʷʣʦʚʠʯʠʥʠ ʟ ʤʝʪʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʽʦʛʣʦʙʽʥʫ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ ʚ ʧʨʠʣʝʛʣʠʭ ʰʘʨʘʭ ʤ`ʷʩʘ ʫ ʬʦʨʤʫ 

ʥʽʪʨʦʟʦʤʽʦʛʣʦʙʽʥʫ, ʘ ʨʦʟʩʽʣ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʨʝʰʪʫ ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚʚʦʜʷʪʴ 

ʚʛʣʠʙ ʤ`ʷʩʥʦʛʦ ʚʽʜʨʫʙʫ ʩʧʦʩʦʙʦʤ ʥʘʩʠʯʝʥʥʷ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʨʠʩʢʦʨʝʥʦʛʦ ʪʘ 
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ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚ ʫʩʽʡ ʤʘʩʽ ʥʘʧʽʚʧʨʦʜʫʢʪʘ. 

ɼʦʜʘʪʢʦʚʠʤ ʧʦʟʠʪʠʚʥʠʤ ʤʦʤʝʥʪʦʤ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʩʦʣʶʚʘʥʥʷ ʻ 

ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʟʚʠʪʢʫ ʧʘʪʦʛʝʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʟʘʚʜʷʢʠ ʰʚʠʜʢʦʤʫ ʟʘʩʦʣʝʥʥʶ 

ʥʘʧʽʚʧʨʦʜʫʢʪʫ ʜʦ ʩʪʘʥʫ, ʢʦʣʠ ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʦʩʤʦʪʠʯʥʠʡ ʪʠʩʢ ʚʦʜʠ ʚ ʢʣʽʪʠʥʘʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʠʬʫʟʽʷ ʚʦʜʠ ʥʘʟʦʚʥʽ ʪʘ ʾʭ ʟʘʛʠʙʝʣʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʞ ʩʦʣʝʩʪʽʡʢʦʾ ʤʽʢʨʦʬʣʦʨʠ  ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʜʘʣʦ ʟʤʦʛʫ ʩʢʦʨʦʪʠʪʠ ʯʘʩ 

ʜʦʩʷʛʥʝʥʥʷ ʚʽʜʨʫʙʦʤ ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ, ʦʪʞʝ ʡ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ 

ʬʝʨʤʝʥʪʘʮʽʾ ʟ ʜʦʩʷʛʥʝʥʥʷʤ ʙʘʞʘʥʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

ï ʚʽʜʤʦʚʘ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ɿʉ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʥʘ ʢʦʨʠʩʪʴ ʚʚʝʜʝʥʥʷ ʚ 

ʨʦʟʩʽʣ ʉɹʂ ʙʘʛʘʪʦʛʦ ʥʽʪʨʘʪ-ʽʦʥʦʤ, ʘ ʪʘʢʦʞ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʟ 

ʚʠʪʨʠʤʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʝʪʝʪʚʦʨʝʥʥʷ ʥʽʪʨʘʪʫ ʚ ʥʽʪʨʠʪ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʞ ʟʤʽʰʘʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʩʦʣʶʚʘʥʥʷ ʜʘʣʦ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʚʪʨʘʪ 

ʥʽʪʨʠʪ-ʽʦʥʫ ʟ ʧʦʚʝʨʭʥʽ ʚ ʧʨʦʮʝʩʽ ʪʨʠʚʘʣʦʾ ʚʠʪʨʠʤʢʠ ʚʽʜʨʫʙʫ ʽ ʪʠʤ ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʠʪʠ ʜʦʟʫʚʘʥʥʷ ʮʴʦʛʦ ʨʝʘʛʝʥʪʫ; 

ï ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʘʙʘʨʚʣʝʥʥʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘʚʜʷʢʠ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʥʶ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʫʩʽʡ ʤʘʩʽ ʚʽʜʨʫʙʫ (ʟʘʧʦʙʽʛʘʥʥʷ 

ʫʪʚʦʨʝʥʥʶ ʤʝʪʤʽʦʛʣʦʙʽʥʫ) ʟ ʦʪʨʠʤʘʥʥʷʤ ʥʽʪʨʦʟʦʤʽʦʛʣʦʙʽʥʫ, ʘ ʪʘʢʦʞ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʥʶ ʚ ʤʘʩʽ ʙʘʨʚʥʠʢʘ ʙʝʪʘʥʽʥʫ, ʷʢʠʡ ʚ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ 

ʤʽʩʪʠʪʴʩʷ ʚ ʉɹʂ, ʦʪʞʝ ʡ ʚ ʟʘʩʦʣʶʚʘʣʴʥʦʤʫ ʨʦʟʯʠʥʽ. 

ɿʛʽʜʥʦ ʚʠʢʣʘʜʝʥʠʭ ʧʦʣʦʞʝʥʴ ʨʦʟʨʦʙʣʝʥʘ ʧʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ. 
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ʈʠʩʫʥʦʢ 4.5 ʇʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ   

 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʅʽʢʦʣʘʻʥʢʦ, 

ʋʩʪʠʤʝʥʢʦ, ʐʚʝʮʴ, & ʂʘʥʽʱʝʚ, 2023): 
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ï ʧʽʜʛʦʪʦʚʢʘ ʦʩʥʦʚʥʦʾ (ʤô̫ ʩʥʦʾ) ʩʠʨʦʚʠʥʠ; 

ï ʧʽʜʛʦʪʦʚʘ ʭʘʨʯʦʚʠʭ ʜʦʙʘʚʦʢ, ʩʧʝʮʽʡ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

ï ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʩʦʣʫ, ʥʘʩʠʯʝʥʥʷ; 

ï ʤʘʩʫʚʘʥʥʷ; 

ï ʩʫʰʽʥʥʷ; 

ï ʢʦʧʯʝʥʥʷ; 

ï ʦʭʦʣʦʜʞʝʥʥʷ; 

ï ʥʘʨʽʟʘʥʥʷ; 

ï ʩʫʰ̔ʥʥʷ; 

ï ʦʭʦʣʦʜʞʝʥʥʷ; 

ï ʧʘʢʫʚʘʥʥʷ ʪʘ ʤʘʨʢʫʚʘʥʥʷ. 

ʇʽʜʛʦʪʦʚʢʘ ʦʩʥʦʚʥʦʾ (ʤô̫ ʩʥʦʾ) ʩʠʨʦʚʠʥʠ. ʗʣʦʚʠʯʠʥʘ, ʷʢʘ ʥʘʧʨʘʚʣʷʻʪʴʩʷ 

ʥʘ ʧʝʨʝʨʦʙʢʫ, ʧʦʚʠʥʥʘ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʦʟʚʽʣʴʥʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ. ʇʨʠ ʧʨʠʡʤʘʥʥʽ ʩʠʨʦʚʠʥʠ, ʾʾ ʦʛʣʷʜʘʶʪʴ ʽ ʧʨʦʚʦʜʷʪʴ ʟʘʯʠʩʪʢʫ. 

ɿʘʤʦʨʦʞʝʥʝ ʤô̫ ʩʦ ʚ ʪʫʰʘʭ, ʚ ʥʘʧʽʚʪʫʰʘʭ ʪʘ ʯʝʪʚʝʨʪʠʥʘʭ ʧʦʧʝʨʝʜʥʴʦ 

ʨʦʟʤʦʨʦʞʫʶʪʴ ʟʛʽʜʥʦ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʽʥʩʪʨʫʢʮʽʻʶ, ʟʘʪʚʝʨʜʞʝʥʦʶ ʚ 

ʫʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ. ʇʝʨʝʨʦʙʢʫ ʟʘʤʦʨʦʞʝʥʠʭ ʙʣʦʢʽʚ ʽʟ ʟʥʝʞʠʣʦʚʘʥʦʾ 

ʷʣʦʚʠʯʠʥʠ ʧʨʦʚʦʜʷʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʽʥʩʪʨʫʢʮʽʾ ʧʦ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʶ. 

ʅʘ ʜʽʣʝʥʥʷ, ʦʙʚʘʣʶʚʘʥʥʷ ʪʘ ʟʥʝʞʠʣʫʚʘʥʥʷ ʥʘʜʭʦʜʠʪʴ ʷʣʦʚʠʯʠʥʘ 

ʦʭʦʣʦʜʞʝʥʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʤʽʥʫʩ 2  ʜʦ +2 , ʘʙʦ ʨʦʟʤʦʨʦʞʝʥʘ ʩʠʨʦʚʠʥʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 0  ʜʦ +2 . ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʭʦʣʦʜʞʝʥʝ ʤô̫ ʩʦ, ʚʠʪʨʠʤʘʥʝ ʧʽʩʣʷ ʟʘʙʦʶ ʥʝ ʤʝʥʰʝ ʥʽʞ 48 

ʛʦʜʠʥ. ʆʙʚʘʣʝʥʝ ʤô̫ ʩʦ ʧʦʚʠʥʥʦ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʩʠʨʦʚʠʥʥʦʤʫ ʚʽʜʜʽʣʝʥʥʽ ʥʝ ʙʽʣʴʰʝ 

ʥʽʞ 20 ʭʚ,  ʧʦʪʽʤ ʡʦʛʦ ʥʘʧʨʘʚʣʷʶʪʴ ʥʘ ʟʘʩʦʣʶʚʘʥʥʷ ʘʙʦ ʚ ʭʦʣʦʜʠʣʴʥʫ ʢʘʤʝʨʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ +2  ʜʦ +4  ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ, ʥʝ ʙʽʣʴʰʝ 2 ʛʦʜʠʥ. 

ʇʽʜʛʦʪʦʚʢʘ ʧʨʷʥʦʱʽʚ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʝʨʝʮʴ ʯʦʨʥʠʡ, 

ʯʝʨʚʦʥʠʡ, ʧʝʨʝʮʴ ʜʫʭʤʷʥʠʡ, ʤʫʩʢʘʪʥʠʡ ʛʦʨʽʭ, ʢʦʨʽʘʥʜʨ ʪʘ ʽʥ. ʧʦʜʨʽʙʥʶʶʪʴ ʪʘ 
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ʧʨʦʩʽʶʶʪʴ ʢʨʽʟʴ ʩʠʪʦ (ʟ ʜʽʘʤʝʪʨʦʤ ʦʪʚʦʨʽʚ ʜʦ 0,8 ʤʤ) ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ 

ʧʦʪʨʘʧʣʷʥʥʷ ʧʨʷʥʦʱʽʚ ʙʽʣʴʰ ʛʨʫʙʦʛʦ ʧʦʤʝʣʫ. 

ʉʽʣʴ ʤʦʨʩʴʢʫ ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʩʽʶʚʘʪʠ. 

ʅʽʪʨʠʪ ʥʘʪʨʽʶ, ʥʽʪʨʠʪʥʫ ʩʽʣʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪ ɹʪʘ ʟʙʝʨʽʛʘʶʪ ɹʟʛʽʜʥʦ ʟ 

ʽʥʩʪʨʫʢʮʽʻʶ, ʟʘʪʚʝʨʜʞʝʥʦʶ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ. 

ɼʦʙʘʚʢʠ ʢʦʤʧʦʟʠʮʽʡʥʽ (ʢʦʤʧʣʝʢʩʥʽ, ʢʦʤʙʽʥʦʚʘʥʽ) ʜʣʷ ʩʠʨʦʚô̫ ʣʝʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟʘʩʪʦʩʦʚʫʚʫʶʪʴ ʟʛʽʜʥʦ ʟ ʽʥʩʪʨʫʢʮʽʷʤʠ ʧʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʶ. 

ʉʫʤʽʰ ʪʘ ʢʦʤʧʦʟʠʮʽʾ ʧʨʷʥʦʱʽʚ, ʧʨʷʥʦ-ʘʨʦʤʘʪʥʽ ʪʘ ʧʨʷʥʦ-ʩʤʘʢʦʚʽ, 

ʝʢʩʪʨʘʢʪʠ ʧʨʷʥʦʱʽʚ, ʢʦʤʧʦʟʠʮʽʾ (ʢʦʤʙʽʥʦʚʘʥʽ ʩʫʤʽʰʽ) ʧʨʷʥʦʱʽʚ ʪʘ ʜʝʢʦʨʘʪʠʚʥʽ 

ʧʨʷʥʦʱʽ ʟʘʩʪʦʩʦʚʫʚʫʶʪʴ ʟʛʽʜʥʦ ʟ ʽʥʩʪʨʫʢʮʽʷʤʠ ʧʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʶ. 

ɹʘʢʪʝʨʽʘʣʴʥʠʡ ʧʨʝʧʘʨʘʪ ʟʘʩʪʦʩʦʚʫʚʫʶʪʴ ʟʛʽʜʥʦ ʟ ʽʥʩʪʨʫʢʮʽʷʤʠ ʧʦ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʶ. 

ɿʘʩʦʣʶʚʘʥʥʷ ʪʘ ʰʧʨʠʮʶʚʘʥʥʷ. 

ʉʫʭʠʡ ʤʝʪʦʜ ʟʘʩʦʣʶʚʘʥʥʷ. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ:  ʟʤʽʫhʶʪʴ ʩʽʣʴ ʤʦʨʩʴʢʫ, 

ʥʽʪʨʠʪ ʥʘʪʨʽʶ, ʩʧʝʮʽʾ, ʧʨʷʥʦʱʽ, ʜʝʢʩʪʨʦʟʫ, ʭʘʨʯʦʚʽ ʜʦʙʘʚʢʠ, ʙʘʢʪʝʨʽʘʣʴʥʠʡ 

ʧʨʝʧʘʨʘʪ. ʇʝʨʝʜ ʧʨʦʮʝʩʦʤ ʩʦʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚ ʤô̫ ʩʥʽʡ ʩʠʨʦʚʠʥʽ ʟʨʦʙʠʪʠ 5...8 

ʥʝʛʣʠʙʦʢʠʭ ʧʨʦʢʦʣʽʚ ʛʦʣʢʦʶ ʜʽʘʤʝʪʨʦʤ 2...4 ʤʤ. 

ʇʽʜʛʦʪʦʚʣʝʥʫ ʷʣʦʚʠʯʠʥʫ ʥʘʪʠʨʘʶʪʴ ʛʦʪʦʚʦʶ ʩʫʤʽʰʰʶ ʚʨʫʯʥʫ ʘʙʦ 

ʧʝʨʝʤʽʰʫʶʪʴ ʫ ʤʘʩʘʞʝʨʽ ʧʨʦʪʷʛʦʤ 5...7 ʭʚʠʣʠʥ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʙʘʨʘʙʘʥʫ ʤʘʩʘʞʝʨʘ 3...5 ʦʙ/ʭʚ. ʅʘʪʝʨʪʫ ʩʠʨʦʚʠʥʫ ʩʢʣʘʜʘʶʪʴ ʚ ʥʝʧʝʨʬʦʨʦʚʘʥʫ 

ʪʘʨʫ ʚ ʪʨʠ ʨʷʜʠ çʨʝʰʽʪʢʦʶè (ʧʝʨʰʠʡ ʨʷʜ ï ʧʦʚʟʜʦʚʞʥʴʦ, ʜʨʫʛʠʡ ï ʧʦʧʝʨʝʯʥʦ, 

ʪʨʝʪʽʡ ï ʧʦʚʟʜʦʚʞʥʴʦ).  

ʆʜʠʥ ʨʘʟ ʥʘ ʜʦʙʫ ʤô̫ ʩʥʫ ʩʠʨʦʚʠʥʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʢʣʘʜʘʪʠ (ʚʝʨʭʥʽʡ ʰʘʨ 

ʚʥʠʟ ʽ ʥʘʚʧʘʢʠ). ʇʨʠ ʮʴʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ, ʱʦʙ ʚ ʧʨʦʮʝʩʽ ʩʦʣʽʥʥʷ h ʤʘʪʢʠ ʤ'ʷʩʘ 

ʟʘʣʠʰʘʣʠʩʴ ʫ ʨʦʟʩʦʣʽ. ʏʘʩ ʜʦʟʨʽʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʰʤʘʪʢʘ i 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ 5 ʜʦ 8 ʜʽʙ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʜʦʟʨʽʚʘʥʥʷ ʚʠʡʤʘʶʪʴ ʰʤʘʪʢʠ 

ʤ'ʷʩʘ ʟ ʢʘʤʝʨʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʽ 0 ÁC...4 ÁC) ʽ ʟʘʣʠʰʘʶʪʴ ʜʦʟʨʽʚʘʪʠ ʧʨʦʪʷʛʦʤ 

12...24 ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ +12 ÁC...15 ÁC (ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ) ʫ ʬʦʨʤʽ ʧʽʜ 

ʧʨʝʩʦʤ).  
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ʄʦʞʥʘ ʪʘʢʦʞ ʦʙʨʦʙʣʝʥʽ ʟʘʩʦʣʶʚʘʣʴʥʦʶ ʩʫʤʽʰʰʶ (ʩʽʣʴ ʤʦʨʩʴʢʫ, ʥʽʪʨʠʪ 

ʥʘʪʨʽʶ, ʩʧʝʮʽʾ, ʧʨʷʥʦʱʽ, ʜʝʢʩʪʨʦʟʫ, ʭʘʨʯʦʚʽ ʜʦʙʘʚʢʠ, ʙʘʢʪʝʨʽʘʣʴʥʠʡ  ʧʨʝʧʘʨʘʪ) 

ʰʤʘʪʢʠ ʤ'ʷʩʘ (ʢʦʞʝʥ ʦʢʨʝʤʦ), ʚʢʣʘʩʪʠ ʫ ʚʘʢʫʫʤʥʽ ʧʘʢʝʪʠ, ʟʘʚʘʢʫʫʤʫʚʘʪʠ ʪʘ 

ʥʘʧʨʘʚʠʪʠ ʚ ʢʘʤʝʨʫ ʟʘʩʦʣʶʚʘʥʥʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 0Áʉ...4Áʉ. ʇʘʢʝʪʠ ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʚʝʨʪʘʪʠ ʦʜʠʥ ʨʘʟ ʥʘ ʜʦʙʫ. ʏʘʩ ʟʘʩʦʣʶʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʚ ʧʘʢʝʪ ̔ï 3...6 ʜʽʙ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ ʰʤʘʪʢʽʚ ʤô̫ ʩʘ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʜʦʟʨʽʚʘʥʥʷ 

ʚʠʡʥʷʪʠ ʤ'ʷʩʦ ʟ ʧʘʢʝʪʽʚ ʽ ʟʘʣʠʰʠʪʠ ʜʦʟʨʽʚʘʪʠ ʧʨʦʪʷʛʦʤ 12...24 ʛʦʜʠʥʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ +12 Áʉ...15 Áʉ (ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʫ ʬʦʨʤʽ ʧʽʜ ʧʨʝʩʦʤ). ʐʤʘʪʢʠ ʤ'ʷʩʘ 

ʥʘʚʽʩʠʪʠ ʥʘ ʨʘʤʠ, ʧʨʦʚʝʩʪʠ ʩʪʽʢʘʥʥʷ ʟʘʣʠʰʢʽʚ ʨʦʟʩʦʣʫ ʧʨʦʪʷʛʦʤ 2...3 ʛʦʜʠʥ ̔  

ʥʘʧʨʘʚʠʪʠ ʥʘ ʪʝʨʤʦʦʙʨʦʙʢʫ. 

ɺʦʣʦʛʠʡ ʤʝʪʦʜ ʟʘʩʦʣʶʚʘʥʥʷ. ʋʩʽ ʟʘʩʦʣʶʚʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟʤʽʰʫʶʪʴ ʚ 

ʩʫʭʦʤʫ ʚʠʛʣʷʜʽ. ʇʽʜʛʦʪʦʚʣʝʥʫ ʩʫʤʽʰ ʨʦʟʚʦʜʷʪʴ ʚ ʭʦʣʦʜʥʽʡ ʚʦʜʽ ʜʦ ʧʦʚʥʦʛʦ 

ʨʦʟʯʠʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. ʉʠʨʦʚʠʥʫ ʟʘʛʨʫʞʘʶʪʴ ʚ ʤʘʩʘʞʝʨ, ʜʦʜʘʶʪ ɹʨʦʟʩʽʣ. 

ʇʨʦʮʝʩ ʟʘʩʦʣʶʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 36 ʛʦʜ ʧʨʠ 80 % ʚʘʢʫʫʤʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 0é+4Áʉ. 

ʂʦʞʥʽ 2 ʛʦʜʠʥʠ, ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʨʦʙʣʷʪʴ 

3 ʦʙʦʨʦʪʠ ʙʘʨʘʙʘʥʘ ʤʘʩʘʞʝʨʘ. ɺʠʚʘʥʪʘʞʫʶʪʴ ʩʠʨʦʚʠʥʫ ʟ ʤʘʩʘʞʝʨʘ, ʥʘʚʽʰʫʶʪʴ 

ʥʘ ʨʘʤʠ, ʧʨʦʚʦʜʷʪʴ ʩʪʽʢʘʥʥʷ ʧʨʦʪʷʛʦʤ 2...3 ʛʦʜʠʥ ̔  ʚʽʜʧʨʘʚʣʷʶʪʴ ʥʘ ʜʦʟʨʽʚʘʥʥʷ 

ʟʛʽʜʥʦ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʩʦʣʶʚʘʥʥʷ (ʚʦʣʦʛʦ-ʩʫʭʠʡ). ʅʘʩʠʯʫʶʪʴ  ʤô̫ ʩʥʫ 

ʩʠʨʦʚʠʥʫ ʨʦʟʩʦʣʦʤ ʚ ʢʽʣʴʢʦʩʪʽ 10 % ʚʽʜ ʤʘʩʠ ʥʝʩʦʣʝʥʦʾ ʩʠʨʦʚʠʥʠ, ʘ ʜʨʫʛʫ 

ʯʘʩʪʠʥʫ ʟʘʩʦʣʶʚʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʤʽʰʫʶʪʴ ʚ ʩʫʭʦʤʫ ʚʠʛʣʷʜʽ ʽ ʥʘʪʠʨʘʶʪʴ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʩʠʯʝʥʫ ʩʠʨʦʚʠʥʫ ʩʫʭʦʶ ʩʫʤʽʰʰʶ ʘʙʦ ʜʦʜʘʶʪʴ ʩʫʭʫ ʩʫʤʽʰ ʚ 

ʤʘʩʘʞʝʨ.  ʇʽʜʛʦʪʦʚʣʝʥʫ ʩʠʨʦʚʠʥʫ ʟʘʚʘʥʪʘʞʫʶʪʴ ʚ ʤʘʩʘʞʝʨ, ʜʦʜʘʶʪ ɹʩʫʭʫ 

ʟʘʩʦʣʶʚʘʣʴʥʫ ʩʫʤʽʰ ̔  ʤʘʩʫʶʪ ɹ5...8 ʭʚ. ɺʠʪʨʠʤʫʶʪʴ ʤ'ʷʩʦ ʚ ʤʘʩʘʞʝʨʽ ʧʽʜ 

ʚʘʢʫʫʤʦʤ ʧʨʦʪʷʛʦʤ 3 ʜʽʙ. ʇʨʦʚʦʜʷʪ ɹʪʨʠ ʦʙʝʨʪʠ ʤʘʩʘʞʝʨʘ ʢʦʞʥʽ 2...3 ʛʦʜʠʥʠ ʜʣʷ 

ʢʨʘʱʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʧʨʦʮʝʩʫ ʤʘʩʫʚʘʥʥʷ ʚʠʚʘʥʪʘʞʫʶʪʴ ʤ'ʷʩʦ ʟ ʤʘʩʘʞʝʨʘ ʽ ʟʘʣʠʰʘʶʪʴ ʜʦʟʨʽʚʘʪʠ ʥʘ 

2...3 ʜʦʙʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ +12 Áʉ...15 Áʉ (ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʫ ʬʦʨʤʽ ʧʽʜ ʧʨʝʩʦʤ). 
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ʐʤʘʪʢʠ ʤ'ʷʩʘ ʥʘʚʽhʫʶʪʴ ʥʘ ʨʘʤʠ, ʧʨʦʚʦʜʷʪʴ ʩʪʽʢʘʥʥʷ ʧʨʦʪʷʛʦʤ 2...3 ʛʦʜʠʥ 

ʽ ʥʘʧʨʘʚʣʷʶʪʴ ʥʘ ʪʝʨʤʦʦʙʨʦʙʢʫ. 

ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ. 

1 ʩʧʦʩʽʙ. ʉʫʰ̔ʥʥʷ ʧʝʨʰʝ: ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʽ +40  ʧʨʦʪʷʛʦʤ 1...1,5 ʛʦʜ 

ʜʦ ʧʦʚʥʦʛʦ ʚʽʜʩʠʭʘʥʥʷ ʧʦʚʝʨʭʥʽ ʧʨʦʜʫʢʪʫ. ʂʦʧʯʝʥʥʷ: ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʽ +40  

ʧʨʦʪʷʛʦʤ 20...25 ʭʚ. ʉʫʰʽʥʥʷ ʜʨʫʛʝ: ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʽ +42...45  ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʦʚʱʽ ʧʨʦʜʫʢʪʫ +41 . ʆʭʦʣʦʜʞʝʥʥʷ. 

2 ʩʧʦʩʽʙ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʦʚʘʨʥʦʛʦ ʚʠʛʣʷʜʫ, ʧʝʨʝʜ ʧʨʦʮʝʩʦʤ ʩʫʰʽʥʥʷ 

ʜʦʟʚʦʣʷʻʪʴʩʷ ʧʽʜʜʘʪʠ ʢʦʧʯʝʥʥʶ ʧʨʦʪʷʛʦʤ 30...40 ʭʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʢʘʤʝʨʽ ʚʽʜ 

18 ...22 . ʉʫʰ̔ʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʢʘʤʝʨʽ 45 Áʉ ʧʨʦʪʷʛʦʤ 3,5...4 ʛʦʜ. 

ʂʦʧʯʝʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʢʘʤʝʨʽ 45 Áʉ ʧʨʦʪʷʛʦʤ 15 ʭʚ. ʆʭʦʣʦʜʞʝʥʥʷ. 

ɼʣʷ ʢʨʘʱʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʚʘʢʫʫʤʫʚʘʪʠ ʾʭ ʽ ʟʙʝʨʽʛʘʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ ʚʠʱʝ +6 .  

ʂʦʧʯʝʥʥʷ.  ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,1 ʤ/ʩ. ʇʨʠ 

ʮʴʦʤʫ ʧʦʚʝʨʭʥʷ ʧʽʜʛʦʪʦʚʣʝʥʦʾ ʟʘʩʦʣʝʥʦʾ ʷʣʦʚʠʯʠʥʠ, ʷʢʫ ʧʦʜʘʶʪʴ ʫ ʢʦʧʪʠʣʴʥʫ 

ʢʘʤʝʨʫ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʫʭʦʶ ʪʘ ʤʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝ ʥʠʞʯʝ 18 . ʇʨʦʮʝʩ 

ʢʦʧʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʡ̔ʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʫʱʽʣʴʥʝʥʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʣʦʶ. 

ɼʠʤ ʛʝʥʝʨʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʽʟ ʜʝʨʝʚʠʥʠ: ʪʝʨʪʷʤ, ʪʣʽʥʥʷʤ, 

ʩʫʙʣʽʤʘʮʽʻʶ ʪʘ ʽʥ. ʊʨʘʜʠʮʽʡʥʦ ʚʽʪʯʠʟʥʷʥʦʶ ʤô̫ ʩʦʧʝʨʝʨʦʙʥʦʶ ʛʘʣʫʟʶ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʠʤ, ʷʢʠʡ ʦʜʝʨʞʫʶʪʴ ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ 

(ʜʠʤʦʛʝʥʝʨʘʪʦʨʘʭ) ʚʽʜ ʪʣʽʥʥʷ ʧʘʣʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʜʝʨʝʚʠʥʠ ʧʨʠ ʦʙʤʝʞʝʥʦʤʫ 

ʜʦʩʪʫʧʽ ʢʠʩʥʶ. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʠʤʫ, ʷʢ ʢʦʧʪʠʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʞʝʨʝʣʦʤ ʡʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ï ʧʦʨʦʜʦʶ ʜʝʨʝʚʘ, ʘ ʥʝ ʟʘʩʦʙʦʤ ʡʦʛʦ ʩʧʘʣʶʚʘʥʥʷ. 

ʅʘʡʢʨʘʱʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʜʠʤʫ ʭʦʨʦʰʦʾ ʷʢʦʩʪʽ ʻ ʪʠʨʩʘ ʘʙʦ ʱʝʧʘ 

ʜʝʨʝʚ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ: ʚʠʰʥʽ, ʷʙʣʫʥʽ, ʪʦʧʦʣʽ, ʦʩʠʢʠ, ʣʽʱʠʥʠ, ʙʫʢʫ, ʜʫʙʫ, ʚʽʣʴʭʠ, 

ʢʣʝʥʘ, ʣʠʧʠ, ʷʩʝʥʷ, ʚô̫ʟʘ (ʦʙʦʚô̫ ʟʢʦʚʦ ʦʙʢʦʨʦʚʘʥʦʾ). ʊʘʢʦʞ ʭʦʨʦʰʠʡ ʜʠʤ 

ʦʪʨʠʤʫʶʪʴ ʟ ʷʣʽʚʮʷ, ʢʝʜʨʘ, ʢʠʧʘʨʠʩʘ. ʋʩʽ ʧʝʨʝʣʽʯʝʥʽ ʧʦʨʦʜʠ ʜʝʨʝʚ ʛʦʨʷʪʴ 
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ʢʦʨʦʪʢʠʤ ʧʦʣʫʤô̫ ʤ ʽ ʚ ʫʪʚʦʨʝʥʦʤʫ ʜʠʤʽ ʧʨʠ ʮʴʦʤʫ ʤʽʩʪʠʪʴʩʷ ʤʽʥʽʤʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʩʤʦʣʠʩʪʠʭ ʨʝʯʦʚʠʥ. 

ʍʚʦʡʥʽ ʞ ʧʦʨʦʜʠ ʜʝʨʝʚ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ, ʪʦʤʫ ʱʦ ʧʨʠ 

ʛʝʥʝʨʘʮʽʾ ʟ ʥʠʭ ʜʠʤʫ ʫʪʚʦʨʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʙʘʛʘʪʦ ʩʤʦʣ, ʘ ʱʝ ʡ ʤʽʩʪʠʪʴʩʷ ʽ 

ʩʢʠʧʠʜʘʨ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʜʘʻ ʧʨʦʜʫʢʪʫ ʪʝʤʥʠʡ ʢʦʣʽʨ ʪʘ 

ʛʽʨʢʫʚʘʪʠʡ ʩʤʘʢ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʟʘʧʘʭʫ ʧʨʦʜʫʢʪʽʚ ʫ ʧʘʣʠʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦʜʘʶʪʴ ʷʣʽʚʝʮʴ, 

ʘʙʦ ʘʨʦʤʘʪʠʯʥʽ ʪʨʘʚʠ ï ʪʘʢʽ ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʧʦʣʠʥʴ, ʙʦʛʦʨʦʜʩʴʢʫ ʪʨʘʚʫ (ʪʽʤô̫ ʥ), 

ʰʘʣʬʝʡ, ʙʘʟʠʣʽʢ.  

ɼʠʤ ʧʦʚʠʥʝʥ ʙʫʪʠ ʛʫʩʪʠʤ, ʟ ʚʝʣʠʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʦʧʪʠʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʘʣʝ, ʧʨʠ ʮʴʦʤʫ, ʫʪʨʠʤʫʚʘʪʠ ʷʢʦʤʦʛʘ ʤʝʥʰʝ ʩʤʦʣʠʩʪʠʭ ʨʝʯʦʚʠʥ. 

ɺʽʟʫʘʣʴʥʦ ʢʦʣʽʨ ʜʠʤʫ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʽʨʦ-ʞʦʚʪʠʡ. ʉʠʥʶʚʘʪʠʡ ʢʦʣʽʨ ʜʠʤʫ 

ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʜʠʤ ʧʝʨʝʛʦʚʽʨ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚ ʜʠʤʦʛʦʥʝʨʘʪʦʨʽ ʫʪʚʦʨʶʻʪʴʩʷ 

ʥʘʜʣʠʰʦʢ ʧʦʧʝʣʫ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʠʪʠ, ʚʠʯʠʩʪʠʚʰʠ ʧʨʠ ʮʴʦʤʫ 

ʦʧʘʣʶʚʘʜʴʥʠʡ ʧʨʦʩʪʽʨ, ʽ, ʦʜʥʦʯʘʩʥʦ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʨʝʛʫʣʶʚʘʪʠ ʧʦʜʘʯʫ ʪʠʨʩʠ ʚ 

ʟʦʥʫ ʪʣʽʥʥʷ ʪʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʚʦʣʦʞʠʪʠ ʾʾ ʚʦʜʦʶ, ʟ ʤʝʪʦʶ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʩʧʘʣʘʭʫʚʘʥʥʷ ʪʠʨʩʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʢʦʧʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ: ʚʽʜ ʩʢʣʘʜʫ 

ʜʠʤʫ, ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʧʨʦʜʫʢʪʫ (ʤô̫ ʩʦ ʘʙʦ ʞʠʨ), ʚʦʣʦʛʠ, ʯʘʩʫ, ʭʽʤʽʯʥʦʾ 

ʨʘʢʮʽʾ (ʥʘʧʨʠʢʣʘʜ: ʙʽʣʦʢ ï ʤʫʨʘʰʠʥʠʡ ʘʣʴʜʝʛʽʜ; ʬʝʥʦʣ ï ʥʽʪʨʠʪ). 

ʅʘʨʽʟʘʥʥʷ. ʅʘ ʩʣʘʡʩʝʨʽ ʘʙʦ ʥʘ ʽʥʰʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ 

ʥʘʨʽʟʘʪ ɹʧʽʜʛʦʪʦʚʣʝʥʠʡ ʧʨʦʜʫʢʪ ʪʦʥʝʥʴʢʠʤʠ ʩʢʠʙʦʯʢʘʤʠ. ʊʦʚʱʠʥʘ ʩʢʠʙʦʯʢʠ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ 6...7 ʤʤ. ʈʦʟʣʘʜʘʶʪʴ  ʥʘ ʩʧʝʮʽʘʣʴʥʽ ʩʽʪʢʠ ʪʘʢ, ʱʦʙ ʥʝ 

ʙʫʣʦ ʟʣʠʧʽʚ. 

ʉʫʰ̔ʥʥʷ. ʉʫʰʘʪʴ ʧʣʘʩʪʽʚʮʽ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʢʘʤʝʨʘʭ (ʨʦʪʘʮʽʡʥʘ ʧʽʯ ʽ ʽʥʰʽ) ʚ 

ʨʝʞʠʤʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʆʭʦʣʦʜʞʝʥʥʷ. ʇʽʩʣʷ ʩʫʰʽʥʥʷ ʧʣʘʩʪʽʚʮʽ ʦʭʦʣʦʜʞʫʶʪʴ. 

ʌʘʩʫʚʘʥʥʷ. ɼʝʬʝʢʪʥʽ ʧʣʘʩʪʽʚʮʽ (ʚʢʣʶʯʘʶʯʠ ʩʢʠʙʦʯʢʠ ʟ ʤʝʭʘʥʽʯʥʠʤ 

ʧʦʰʢʦʜʞʝʥʥʷʤʠ) ʚʽʜʙʨʘʢʦʚʫʶʪʴ. ʌʘʩʫʶʪʴ ʫ ʚʘʢʫʫʤʥʽ ʧʘʢʝʪʠ ʤʘʩʦʶ 10...15 ʛ ʽ 
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ʚʘʢʫʫʤʫʶʪʴ. ɿʘʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʰʤʘʪʦʯʢʽʚ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ 

ʚʘʢʫʫʤʥʝ ʧʘʢʫʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ. 

ʇʽʩʣʷ ʧʘʢʫʚʘʥʥʷ ʚ ʚʘʢʫʫʤ, ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ ʤʘʨʢʫʶʪʴ ʪʘ ʩʢʣʘʜʘʶʪʴ ʫ 

ʪʨʘʥʩʧʦʨʪʥʫ ʫʧʘʢʦʚʢʫ (ʢʦʨʦʙʢʠ, ʷʱʠʢʠ ʪʘ ʽʥʰʝ). 

ʇʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠ ʟʘ ʝʢʩʧʝʨʪʥʠʤ ʚʠʩʥʦʚʢʦʤ 

ɼʝʨʞʘʚʥʦʛʦ-ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʟ ʣʘʙʦʨʘʪʦʨʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ 

ʚʝʪʝʨʠʥʘʨʥʦ-ʩʘʥʽʪʘʨʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʥʝ ʤʽʩʪʷʪʴ ʘʬʣʘʪʦʢʩʠʥʽʚ, ʧʝʩʪʠʮʠʜʽʚ, 

ʜʦʤʽʰʦʢ ʤʝʪʘʣʽʚ ʧʝʨʰʦʛʦ ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʘʜʽʘʮʽʡʥʦʶ ʽ 

ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʦʶ ʯʠʩʪʦʪʦʶ (ɼʦʜʘʪʦʢ ɺ), ʪʦʙʪʦ ʥʝ ʩʪʘʥʦʚʣʷʪʴ ʥʝʙʝʟʧʝʢʠ ʜʣʷ 

ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ. 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 4 

1. ɼʦʩʣʽʜʞʝʥʦ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ 

ʟ ʷʣʦʚʠʯʠʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʙʘʢʪʝʨʽʾ 

ʛʨʫʧʠ ʢʠʰʢʦʚʦʾ ʧʘʣʠʯʢʠ, ʧʘʪʦʛʝʥʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʩʫʣʴʬʽʪʨʝʜʫʢʫʶʯʽ 

ʢʣʦʩʪʨʠʜʽʾ, Listeria monocytogenes ʪʘ Staphylococcus aureus ʥʝ ʙʫʣʠ ʚʠʷʚʣʝʥʽ 

ʚʧʨʦʜʦʚʞ ʪʘ ʥʘʧʨʠʢʽʥʮʽ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ. 

2. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ ʚ 

ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʝʡ ʧʦʢʘʟʥʠʢ ʙʫʚ 

ʚʠʱʠʤ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ. 

3.  ʇʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ 

ʩʪʘʙʽʣʴʥʠʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʽʜ ʯʘʩ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ. 

4. ɺ ʧʨʦʮʝʩʽ ʟʙʝʨʽʛʘʥʥʷ, ʧʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʤʝʥʰʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʥʪʨʦʣʝʤ. 

5. ɺʩʪʘʥʦʚʣʝʥʦ ʙʽʣʴʰ ʰʚʠʜʢʝ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʚ ʧʣʘʩʪʽʚʮʷʭ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ. 

6. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʧʝʢʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ 

ʚʤʽʩʪʦʤ ʘʬʣʦʪʦʢʩʠʥʫ, ʥʽʪʨʦʟʘʤʽʥʽʚ, ʧʝʩʪʠʮʠʜʽʚ, ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʪʦʢʩʠʯʥʠʭ 
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ʝʣʝʤʝʥʪʽʚ, ʧʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠ ʻ ʙʝʟʧʝʯʥʠʤ ʭʘʨʯʦʚʠʤ 

ʧʨʦʜʫʢʪʦʤ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʦʣʽ ʤʦʨʩʴʢʦʾ ʟʘʤʽʩʪʴ ʢʫʭʦʥʥʦʾ 

ʪʘ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʨʝʮʝʧʪʫʨʥʽʡ ʢʦʤʧʦʟʠʮʽʾ ʟʘʩʦʣʶʚʘʣʴʥʦʾ 

ʩʫʤʽʰʽ ʜʘʣʦ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʤʽʩʪ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʪʘ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʚ ʛʦʪʦʚʦʤʫ 

ʩʠʨʦʚô̫ ʣʝʥʦʤʫ ʧʨʦʜʫʢʪʽ. 

7. ʈʦʟʨʘʭʦʚʘʥʦ ʩʪʫʧʽʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʫʪʨʽʻʥʪʽʚ ʫ ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ.  ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫʜʦʩʢʦʥʘʣʝʥʽ  ʧʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ 

ʩʠʨʦʚô̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠ ʻ ʜʞʝʨʝʣʦʤ ʙʽʣʢʽʚ, ʞʠʨʽʚ, ʚʽʪʘʤʽʥʫ ʉ, ʟʘʣʽʟʘ, ʤʘʛʥʽʶ, 

ʤʽʜʽ, ʮʠʥʢʫ, ʪʘʢ ʷʢ ʩʪʫʧʽʥʴ ʾʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʜʣʷ ʦʨʛʘʥʽʟʤʫ 

ʣʶʜʠʥʠ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 5 % ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ 100 ʛ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

8. ʈʦʟʨʦʙʣʝʥʦ ʧʘʨʘʤʝʪʨʠʯʥʫ ʩʭʝʤʫ ʪʘ ʦʧʠʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ.  

ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʚʽʜʤʦʚʘ ʚʽʜ ʩʫʭʦʛʦ ʩʧʦʩʦʙʫ 

ʟʘʩʦʣʶʚʘʥʥʷ ʷʣʦʚʠʯʠʥʠ ʥʘ ʢʦʨʠʩʪʴ ʟʤʽʰʘʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʩʦʣʶʚʘʥʥʷ;  ʚʚʝʜʝʥʥʷ ʚ 

ʨʦʟʩʽʣ ʉɹʂ ʙʘʛʘʪʦʛʦ ʥʽʪʨʘʪ-ʽʦʥʦʤ, ʘ ʪʘʢʦʞ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʟ 

ʚʠʪʨʠʤʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʝʪʝʪʚʦʨʝʥʥʷ ʥʽʪʨʘʪʫ ʚ ʥʽʪʨʠʪ; 

ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʘʙʘʨʚʣʝʥʥʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘʚʜʷʢʠ ʨʽʚʥʦʤʽʨʥʦʤʫ 

ʨʦʟʧʦʜʽʣʝʥʥʶ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʟʘ ʫʩʽʻʶ ʤʘʩʦʶ ʤô̫ ʩʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʣʘʜʝʥʽ ʫ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʦ 

ʫ ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ (ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʋʩʪʠʤʝʥʢʦ, & ʂʘʥʽʱʝʚ, 2024; 

ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʅʽʢʦʣʘʻʥʢʦ, ʋʩʪʠʤʝʥʢʦ, ʐʚʝʮʴ, & ʂʘʥʽʱʝʚ, 2023; Bal-Prylypko, 

Nikolaenko, & Kanishchev, 2023; Bal-Prylypko, Nikolaenko, Kanishchev, Beyko, & 

Holembovska, 2023; ʂʘʥʽʱʝʚ, ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, & ʋʩʪʠʤʝʥʢʦ, 2024).  
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ɽʂʆʅʆʄɯʏʅɸ ɽʌɽʂʊʀɺʅɯʉʊʔ ɺʇʈʆɺɸɼɾɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ 

ʇʃɸʉʊɯɺʎɯɺ ʄôʗʉʅʀʍ ʉʀʈʆɺôʗʃɽʅʀʍ ɿ ʗʃʆɺʀʏʀʅʀ  

 

5.1 ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɺ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤô̫ ʩʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʟʤʽʥʠ ʩʧʦʞʠʚʯʠʭ 

ʫʧʦʜʦʙʘʥʴ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʚʝʨʪʘʶʪʴ ʽʥʥʦʚʘʮʽʡʥʽ ʢʘʪʝʛʦʨʽʾ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ 

ʧʦʻʜʥʫʶʪʴ ʟʨʫʯʥʽʩʪʴ, ʚʠʩʦʢʫ ʧʦʞʠʚʥʫ ʮʽʥʥʽʩʪʴ ʪʘ ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʢʘʪʝʛʦʨʽʡ ʻ ʧʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ï ʤô̫ ʩʥʽ ʧʨʦʜʫʢʪʠ, ʚʠʨʦʙʣʝʥʽ ʥʘ 

ʦʩʥʦʚʽ ʤô̫ ʩʘ ʪʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʰʚʠʜʢʦʛʦ ʾʭ ʩʧʦʞʠʚʘʥʥʷ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʨʠʥʦʢ ʪʘʢʠʭ ʧʨʦʜʫʢʪʽʚ ʜʝʤʦʥʩʪʨʫʻ 

ʩʪʽʡʢʫ ʧʦʟʠʪʠʚʥʫ ʜʠʥʘʤʽʢʫ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʥʠʟʢʦʶ ʯʠʥʥʠʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʨʪʦ 

ʚʠʜʽʣʠʪʠ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʫ ʞʠʪʪʷ, ʧʦʧʫʣʷʨʠʟʘʮʽʶ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʪʘ 

ʧʽʜʚʠʱʝʥʠʡ ʽʥʪʝʨʝʩ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʧʨʦʜʫʢʪʽʚ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʧʦʚʥʦʮʽʥʥʦʛʦ 

ʙʽʣʢʘ. ʇʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʪʘʶʪʴ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʷʢ ʩʝʨʝʜ ʣʶʜʝʡ, ʱʦ ʚʝʜʫʪʴ 

ʘʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʞʠʪʪʷ, ʪʘʢ ʽ ʩʝʨʝʜ ʪʠʭ, ʭʪʦ ʰʫʢʘʻ ʙʽʣʴʰ ʢʦʨʠʩʥʫ ʘʣʴʪʝʨʥʘʪʠʚʫ 

ʪʨʘʜʠʮʽʡʥʽʡ ñɦ ʚʠʜʢʽʡò ʾʞʽ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʨʦʟʚʠʪʦʢ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʥʠʟʢʦʶ ʝʢʦʥʦʤʽʯʥʠʭ, ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʚʠʚʯʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʝʘʣʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʫ ʾʭʥʴʦʛʦ 

ʨʠʥʢʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ 

ʨʦʟʚʠʪʢʫ ʷʢ ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʜʠʥʘʤʽʯʥʠʭ ʩʝʛʤʝʥʪʽʚ ʤô̫ ʩʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʢʣʶʯʦʚʽ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʪʫ, ʨʦʟʨʦʙʠʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 
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5.2 ʈʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ 

ʉʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ï ʮʝ ʩʫʤʘ ʚʩʽʭ ʚʠʪʨʘʪ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʦʚô̫ ʟʘʥʠʭ ʽʟ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ ʨʝʘʣʽʟʘʮʽʻʶ ʪʦʚʘʨʫ. ɺʦʥʘ ʧʦʢʘʟʫʻ, ʩʢʽʣʴʢʠ ʢʦʰʪʫʻ ʧʽʜʧʨʠʻʤʩʪʚʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʪʫ, ʽ ʤʽʩʪʠʪʴ ʚʘʨʪʽʩʪʴ ʩʠʨʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʽʚ, ʧʘʣʠʚʘ, 

ʝʥʝʨʛʽʾ, ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ ʧʨʘʮʽʚʥʠʢʽʚ, ʚʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ʩʦʮʽʘʣʴʥʽ ʟʘʭʦʜʠ, 

ʘʤʦʨʪʠʟʘʮʽʶ ʦʩʥʦʚʥʠʭ ʟʘʩʦʙʽʚ, ʽʥʰʽ ʧʨʷʤʽ ʡ ʥʝʧʨʷʤʽ ʚʠʜʘʪʢʠ, ʙʝʟ ʷʢʠʭ 

ʥʝʤʦʞʣʠʚʠʡ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ. 

ʈʦʟʨʘʭʫʥʦʢ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʙʫʭʛʘʣʪʝʨʩʴʢʦʛʦ ʦʙʣʽʢʫ ʧʨʦ ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ. ʎʝʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʘʣʴʢʫʣʶʚʘʥʥʷʤ, ʘ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʢʘʣʴʢʫʣʷʮʽʷ ï ʜʦʢʫʤʝʥʪ, ʫ ʷʢʦʤʫ 

ʚʽʜʦʙʨʘʞʝʥʦ ʩʢʣʘʜ ʚʠʜʘʪʢʽʚ ʪʘ ʾʭʥʽʡ ʨʦʟʧʦʜʽʣ ʤʽʞ ʦʢʨʝʤʠʤʠ ʚʠʜʘʤʠ ʧʨʦʜʫʢʮʽʾ. 

ɼʦ ʩʪʘʪʪʽ ʢʘʣʴʢʫʣʷʮʽʾ çʉʠʨʦʚʠʥʘ ʪʘ ʦʩʥʦʚʥʽ ʤʘʪʝʨʽʘʣʠè ʚʢʣʶʯʘʻʪʴʩʷ  

ʚʘʨʪʽʩʪʴ: ʩʠʨʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʠ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʘʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʪʫ (ʤô̫ ʩʦ, ʩʧʝʮʽʾ, ʫʧʘʢʦʚʢʘ ʪʦʱʦ). ɺʠʪʨʘʪʠ 

ʟʘ ʩʪʘʪʪʝʶ ʢʘʣʴʢʫʣʷʮʽʾ "ʉʠʨʦʚʠʥʘ ʪʘ ʦʩʥʦʚʥʽ ʤʘʪʝʨʽʘʣʠ" ʚʢʣʶʯʘʶʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. ʈʦʟʨʘʭʫʥʦʢ ʟʤʽʥʠ ʚʠʪʨʘʪ ʧʦ ʩʪʘʪʪʽ 

çʉʠʨʦʚʠʥʘ ʪʘ ʦʩʥʦʚʥʽ ʤʘʪʝʨʽʘʣʠè ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.1. 

ɿ ʪʘʙʣ. 5.1 ʚʠʜʥʦ ʥʘʩʪʫʧʥʝ. ɿʤʽʥʘ ʚ ʨʝʮʝʧʪʫʨʽ ʩʢʣʘʜʦʚʠʭ, ʘ ʩʘʤʝ ʩʽʣʴ 

ʢʫʭʦʥʥʘ ʟʘʤʽʥʝʥʘ ʥʘ ʩʽʣʴ ʤʦʨʩʴʢʫ, ʜʦʜʘʚʘʥʥʷ ʉɹʂ ʪʘ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ 

ʧʨʝʧʘʨʘʪʫ B-LC-78 ʟʙʽʣʴʰʠʣʘ ʚʠʪʨʘʪʠ ʧʦ ʩʪʘʪʪʽ ʩʠʨʦʚʠʥʘ ʥʘ +639,6 ʛʨʥ. 

ʇʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ ʟʘʚʜʷʢʠ ʪʘʢʠʤ ʟʤʽʥʘʤ ʚʜʘʣʦʩʷ ʟʤʝʥʰʠʪʠ ʚʤʽʩʪ 

ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʪʘ ʧʦʢʨʘʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʚ ʛʦʪʦʚʦʤʫ 

ʧʨʦʜʫʢʪʽ (ʨʦʟʜʽʣ 3 ʪʘ 4).  
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ʊʘʙʣʠʮʷ 5.1 

ɺʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 100 ʢʛ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ 

ʟ ʷʣʦʚʠʯʠʥʠ ʧʦ ʩʪʘʪʪʽ çʉʠʨʦʚʠʥʘ ʪʘ ʦʩʥʦʚʥʽ ʤʘʪʝʨʽʘʣʠè 

ʉʠʨʦʚʠʥʘ 

ɺʠʪʨʘʪʠ  

ʈʽʟʥʠʮʷ ʚ 

ʚʠʪʨʘʪʘʭ, 

+/- 

ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ 

ɺʠʪʨʘʪʠ, ʛʨʥ ɺʠʪʨʘʪʠ, ʛʨʥ 

ʗʣʦʚʠʯʠʥʘ ʟʥʝʞʠʣʦʚʘʥʘ 19000 19000 0 

ʉʽʣʴ ʢʫʭʦʥʥʘ 28 ï ï 

ʉʽʣʴ ʤʦʨʩʴʢʘ ï 66,7 + 66,7 

ʉʫʤʽʰ ʩʧʝʮʽʡ 288 456 + 168 

ʅʽʪʨʠʪ ʥʘʪʨʽʶ 3,15 1,05 - 2,1 

ʉʽʢ ʟ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ï 135 +135 

ɼʝʢʩʪʨʦʟʘ 125 125 0 

ɯʟʦʘʩʢʦʨʙʘʪ ʥʘʪʨʽʶ 126 ï ï 

ɸʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ ï 126 0 

ɹʘʢʪʝʨʽʘʣʴʥʠʡ ʧʨʝʧʘʨʘʪ B-LC-78 ï 300 +300 

ʈʘʟʦʤ 19570,15 20209,75 +639,6 

  

 

 ʋ ʪʘʙʣ. 5.2. ʧʦʢʘʟʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʜʦʧʦʤʽʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

100 ʢʛ ʧʨʦʜʫʢʮʽʾ ʨʦʟʬʘʩʦʚʘʥʦʾ ʫ ʚʘʢʫʫʤʥʽ ʧʘʢʝʪʠ ʚʘʛʦʶ 100 ʛʨʘʤʽʚ.  

ɺʨʘʭʦʚʫʶʯʠ ʱʦ ʧʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ ʷʣʦʚʠʯʠʥʠ ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʦ ʛʨʫʧʠ ʩʥʝʢʽʚ ʽ ʻ ʥʝ ʜʝʰʝʚʠʤ ʧʨʦʜʫʢʪʦʤ ʜʦʮʽʣʴʥʦ ʧʘʢʫʚʘʪʠ ʾʭ ʫ ʚʘʢʫʫʤʥʽ 

ʧʘʢʝʪʠ ʤʘʩʦʶ ʚ 100 ʛʨʘʤ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʘʞʽ. ɿʘʛʘʣʦʤ 

ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ 100 ʢʛ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʬʘʩʦʚʘʥʦʾ ʧʦ 100 ʛʨʘʤ 

ʩʢʣʘʜʘʶʪʴ 4914 ʛʨʥ.  
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ʊʘʙʣʠʮʷ 5.2 

ɺʠʪʨʘʪʠ ʥʘ ʜʦʧʦʤʽʞʥʽ ʤʘʪʝʨʽʘʣʠ   

ʉʪʘʪʪʷ ʚʠʪʨʘʪ ʎʽʥʘ ʟʘ ʦʜʠʥʠʮʶ, ʛʨʥ ʅʦʨʤʘ ʥʘ 100 ʢʛ ʉʫʤʘ ʟʘ 100 ʢʛ, ʛʨʥ 

ɺʘʢʫʫʤʥʘ ʫʧʘʢʦʚʢʘ, ʰʪ 3,38 1000 3380 

ɽʪʠʢʝʪʢʘ, ʰʪ 1,23 1000 1230 

ʗʱʠʢʠ ʩʪʘʥʜʘʨʪʥʽ 

(60ʭ40ʭ20), ʰʪ 
26 10 260 

ʉʢʦʪʯ 44 1 44 

ɺʩʴʦʛʦ 4914 

  

 

 ʋ ʪʘʙʣ. 5.3 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ. ɺ ʮʶ ʩʪʘʪʪʶ 

ʚʢʣʶʯʘʶʪʴʩʷ ʪʽʣʴʢʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʮʽʣʽ. 

 

ʊʘʙʣʠʮʷ 5.3 

ʈʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ 

ʉʪʘʪʪʷ ʚʠʪʨʘʪ 
ʎʽʥʘ ʟʘ ʦʜʠʥʠʮʶ, 

ʛʨʥ 

ʅʦʨʤʘ ʥʘ 100 

ʢʛ 
ʉʫʤʘ ʟʘ 100 ʢʛ, ʛʨʥ 

ɺʦʜʘ, ʤ
3
 29,6 7,3 216,08 

ʇʘʨʘ, ʤɼʞ 42,3 2,1 88,83 

ʍʦʣʦʜ, ɼʞ 16,37 17,6     228,11 

ɻʘʟ, ʤ
3
 18,4 5,7 104,88 

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʢɺʪ 10,28 64,9 667,17 

ɺʩʴʦʛʦ 1305,07 

  

 ʆʪʞʝ, ʟʛʽʜʥʦ ʧʨʦʚʝʜʝʥʠʤ ʨʦʟʨʘʭʫʥʢʘʤʠ (ʪʘʙʣ. 5.3), ʩʫʤʘʨʥʽ ʝʥʝʨʛʝʪʠʯʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʩʢʣʘʣʠ 1305,07 ʛʨʥ ʥʘ 100 ʢʛ. 
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 ʈʦʟʨʘʭʫʥʦʢ ʩʪʘʪʪʽ ʢʘʣʴʢʫʣʷʮʽʾ çʆʩʥʦʚʥʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘè ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 

5.4. ʆʩʥʦʚʥʫ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʧʨʠʡʥʷʪʠʤʠ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ ʬʦʨʤʘʤʠ ʪʘ ʩʠʩʪʝʤʘʤʠ ʦʧʣʘʪʠ ʧʨʘʮʽ (ʪʘʙʝʣʴ). 

 

ʊʘʙʣʠʮʷ 5.4 

ʈʦʟʨʘʭʫʥʦʢ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʨʦʙʽʪʥʠʢʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʚʠʪʨʘʪ ɿʥʘʯʝʥʥʷ 

ɺʠʪʨʘʪʠ ʧʨʘʮʽ ʥʘ 100 ʢʛ. ʧʨʦʜʫʢʪʫ, ʣʶʜ-ʛʦʜ 12,00 

ɻʦʜʠʥʥʘ ʪʘʨʠʬʥʘ ʩʪʘʚʢʘ 93,75 

ʆʩʥʦʚʥʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʥʘ 100 ʢʛ, ʛʨʥ. 1125 

ɼʦʜʘʪʢʦʚʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ, ʛʨʥ (20 % ʚʽʜ ʦʩʥʦʚʥʦʾ) 187,5 

ɺʩʴʦʛʦ, ʛʨʥ 1123,5 

 

 ɹʝʨʝʤʦ ʜʦ ʫʚʘʛʠ ʧʦʜʘʪʢʠ ʟ ʟʘʨʦʙʽʪʥʠʭ ʧʣʘʪ ʧʨʘʮʽʚʥʠʢʽʚ, ʘʢʪʫʘʣʴʥʽ ʟ 1 

ʩʽʯʥʷ 2025 ʨ. ï ʧʦʜʘʪʦʢ ʥʘ ʜʦʭʦʜʠ ʬʽʟʠʯʥʠʭ ʦʩʽʙ 18 %, ʻʜʠʥʠʡ ʩʦʮʽʘʣʴʥʠʡ 

ʚʥʝʩʦʢ 22 % ʪʘ ʚʽʡʩʴʢʦʚʠʡ ʟʙʽʨ 5 %, ʱʦ ʨʘʟʦʤ ʩʢʣʘʜʘʶʪʴ 45  % ʚʽʜ ʟʘʨʦʙʽʪʥʦʾ 

ʧʣʘʪʠ, ʪʦʜʽ:  

 

1123,5 Ĭ 0,45% = 505,57 ʛʨʥ  

 

ʎʷ ʩʫʤʘ ( 505,57 ʛʨʥ) ʪʘʢʦʞ ʜʦʜʘʻʪʴʩʷ ʜʦ ʩʦʙʽʚʘʨʪʦʩʪʽ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ.  

ɺ ʩʫʢʫʧʥʦʩʪʽ ʟʘʪʨʘʪʠ (ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 100 ʢʛ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ) ʧʦ 

ʨʦʟʜʽʣʫ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʩʢʣʘʜʘʶʪʴ:  

 

1123,5 + 505,57 = 1629,07 ʛʨʥ  

 

 ɺʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ ʚʭʦʜʷʪʴ ʟʘʪʨʘʪʠ ʥʘ 

ʫʪʨʠʤʘʥʥʷ, ʘʤʦʨʪʠʟʘʮʽʶ ʽ ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʮʝʭʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʟʥʦʩ ʽ ʟʘʪʨʘʪʠ ʥʘ ʚʽʜʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʧʨʠʣʘʜʽʚ. ʉʫʤʘ ʚʠʪʨʘʪ 
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ʚ ʮʽʡ ʩʪʘʪʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚ ʚʽʜʩʦʪʢʘʭ (45 %) ʚʽʜ ʩʫʤʠ ʦʩʥʦʚʥʦʾ ʟʘʨʦʙʽʪʥʦʾ 

ʧʣʘʪʠ  ʨʦʙʽʪʥʠʢʽʚ (ʥʘ 100 ʢʛ):  

 

1629,07 Ĭ 45 % = 733,08 ʛʨʥ 

 

 ʅʘʩʪʫʧʥʘ ʩʪʘʪʪʷ ʟʘʪʨʘʪ ʮʝ ʟʘʛʘʣʴʥʦʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ ï ʮʝ ʢʦʤʧʣʝʢʩʥʘ 

ʩʪʘʪʪʷ, ʱʦ ʚʢʣʶʯʘʻ ʚʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ, ʨʝʤʦʥʪ ʙʫʜʠʥʢʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʨʝʤʦʥʪ 

ʦʙʣʘʜʥʘʥʥʷ, ʤʦʜʝʨʥʽʟʘʮʽʷ, ʘʤʦʨʪʠʟʘʮʽʡʥʽ ʚʽʜʨʘʭʫʚʘʥʥʷ. ɺʦʥʠ ʩʢʣʘʜʘʶʪʴ 200 % 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʽ ʚʠʪʨʘʪ ʥʘ ʫʪʨʠʤʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ 

ʱʦ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʜʦʨʽʚʥʶʶʪʴ (ʥʘ 100 ʢʛ):   

 

2785,15 Ĭ 200 % = 5570,3 ʛʨʥ 

 

 ɿʘʛʘʣʴʥʦʛʦʩʧʦʜʘʨʩʴʢʽ ʟʘʪʨʘʪʠ ï ʚʠʪʨʘʪʠ ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ:  

ï ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʫ; 

ï ʦʭʦʨʦʥʘ; 

ï ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ; 

ï ʘʤʦʨʪʠʟʘʮʽʷ ʽ ʫʪʨʠʤʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʩʧʦʨʫʜ ʟʘʛʘʣʴʥʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʭʘʨʘʢʪʝʨʫ; 

ï ʚʠʪʨʘʪʠ ʥʘ ʚʠʥʘʭʽʜʥʠʮʪʚʦ; 

ï ʪʝʭʥʽʯʥʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ; 

ï ʨʘʮʽʦʥʘʣʴʥʽ ʧʨʦʧʦʟʠʮʽʾ ʟʘʛʘʣʴʥʦʟʘʚʦʜʩʴʢʦʛʦ ʭʘʨʘʢʪʝʨʫ; 

ï ʟʘʪʨʘʪʠ ʥʘ ʜʦʩʣʽʜʥʠʮʴʢʽ ʨʦʙʦʪʠ; 

ï ʦʭʦʨʦʥʫ ʧʨʘʮʽ; 

ï ʧʽʜʛʦʪʦʚʢʫ ʢʘʜʨʽʚ. 

ʎʷ ʩʪʘʪʪʷ ʟʘʪʨʘʪ ʩʢʣʘʜʘʻ 12 % ʚʽʜ ʚʠʨʦʙʥʠʯʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ (ʥʘ 100 ʢʛ): 

 

 29181,39 Ĭ 12 % = 3501,76 ʛʨʥ 

 

ɺʠʪʨʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʪʦʚʘʨʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ  ʚʢʣʶʯʘʻ: 
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ï ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʚʽʜʜʽʣʫ ʟʙʫʪʫ; 

ï ʣʦʛʽʩʪʠʯʥʽ ʚʠʪʨʘʪʠ; 

ï ʤʘʨʢʝʪʠʥʛʦʚʽ ʧʦʩʣʫʛʠ ʥʘ ʧʨʦʩʫʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʶ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɯ ʜʦʩʷʛʘʻ 9 % ʨʦʟʜʽʣʫ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ (ʥʘ 100 ʢʛ):  

 

1628,07 Ĭ 9 % = 146,53 ʛʨʥ 

ɺ ʪʦʡ ʯʘʩ ʷʢ ʚʠʪʨʘʪʠ ʥʘ ʜʦʩʣʽʜ ʜʦʨʽʚʥʶʻ 12 % ʜʣʷ ʧʦʜʘʣʴʰʠʭ  ʘʢʪʠʚʥʠʭ 

ʧʨʦʜʘʞʽʚ ʥʦʚʦʛʦ ʪʦʚʘʨʫ ʧʦʪʨʽʙʥʘ ʚʝʣʠʢʘ ʨʝʢʣʘʤʥʘ ʢʦʤʧʘʥʽʷ. ʉʘʤʝ ʪʦʤʫ 

ʟʨʦʩʪʘʶʪʴ ʟʘʪʨʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ (ʥʘ 100 ʢʛ):    

 

1628,07 Ĭ 12 % = 195,36 ʛʨʥ 

 

ɿʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 5.5 ʪʘ ʫ ʪʘʙʣ. 5.6. 

 

ʊʘʙʣʠʮʷ 5.5  

  ʈʦʟʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʦʚʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʥʘ 100 ʢʛ ʧʨʦʜʫʢʮʽʾ 

ˉ ʧ/ʧ ʉʪʘʪʪʽ ʚʠʪʨʘʪ 
ʂʦʥʪʨʦʣʴ, 

ʛʨʥ 
ɼʦʩʣʽʜ, ʛʨʥ 

ʈʽʟʥʠʮʷ 

ñ+ò ñ-ò 

1 çʉʠʨʦʚʠʥʘ ʪʘ ʦʩʥʦʚʥʽ ʤʘʪʝʨʽʘʣʠè 19570,15 20209,75 +639,6 

2 ɺʠʪʨʘʪʠ ʥʘ ʜʦʧʦʤʽʞʥʽ ʤʘʪʝʨʽʘʣʠ 4914 4914 0 

3 ʈʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ 1305,07 1305,07 0 

4 
ʈʦʟʨʘʭʫʥʦʢ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʦʩʥʦʚʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʨʦʙʽʪʥʠʢʽʚ 
1123,5 1123,5 0 

5 
ɺʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʦʙʣʘʜʥʘʥʥʷ 
733,08 733,08 0 

6 ɿʘʛʘʣʴʥʦʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ 5570,3 5570,3 0 

7 ɿʘʛʘʣʴʥʦʛʦʩʧʦʜʘʨʩʴʢʽ ʟʘʪʨʘʪʠ 3501,76 3501,76  

8 
ɺʠʪʨʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʨʝʘʣʽʟʘʮʽʶ 

ʪʦʚʘʨʫ 
146,53 195,36 +48,83 

ʇʦʚʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ 36864,39 37552,82 +688,43 
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ʊʘʙʣʠʮʷ 5.6 

ɺʘʨʪʽʩʪʴ 100 ʢʛ ʤô̫ ʩʥʠʭ ʧʣʘʩʪʽʚʮʽʚ 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘ ʂʦʥʪʨʦʣʴ, ʛʨʥ ɼʦʩʣʽʜ, ʛʨʥ 

ʈʽʟʥʠʮʷ 

ñ+ò ñ-ò 

1 
ʇʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ 

ʟ ʷʣʦʚʠʯʠʥʠ 
36894,39 37552,82 +688,43 

2 ʉʦʙʽʚʘʨʪʽʩʪʴ 1 ʢʛ 368,94 375,52 +6,88 

 

ɺʨʘʭʦʚʫʶʯʝ ʱʦ ʚ ʜʦʩʣʽʜʽ ʟʘʚʜʷʢʠ ʟʤʽʥʘʤ ʚ ʨʝʮʝʧʪʫʨʽ ʚʜʘʣʦʩʷ ʧʦʢʨʘʱʠʪʠ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʯʠ ʱʦ ʜʦʨʦʞʯʘʚ ʚʽʥ ʥʝ 

ʩʫʪʪʻʚʦ ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʦʢʨʘʱʝʥʽ ʧʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʙʫʜʫʪʴ ʤʘʪʠ 

ʚʝʣʠʢʠʡ ʧʦʧʠʪ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʚʩʪʘʥʦʚʠʪʠ ʚʠʢʣʠʢʫ ʥʘʮʽʥʢʫ.  

 ɿʨʦʙʠʤʦ ʨʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ.  

ɺʠʪʨʘʪʠ ʥʘ 1 ʛʨʠʚʥʶ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ (5.1): 

 

                                    ɺ = ʉ : ʊʇ , ʘʙʦ ɺ = ʉ1 : ʎ1                                  (5.1) 

 

ʜʝ ʉ, ʉ1 ï ʧʦʚʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʜʫʢʮʽʾ; 

ʊʇ ï ʧʨʦʜʫʢʮʽʷ; 

ʎ1 ï ʮʽʥʘ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ. 

 

 

  

ɺ=
375.52

563.28
= 0,66ʛʨʥ. 
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ʇʨʠʙʫʪʦʢ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ (5.2): 

        

                             ʇ = (ʎ1 ï ʉ1) Ĭ ʆ                                   (5.2) 

ʜʝ  ʆ ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ 

 

ʇ=(563,28-375,52) Ĭ 100 = 18776 ʛʨʥ.  

 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʨʽʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ (5.3): 

 

                                     ʈ = ʇ : ʉ * 100                                   (5.3) 

 

ʜʝ  ʇ  ï  ʩʫʤʘ ʧʨʠʙʫʪʢʫ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʜʫʢʮʽʾ, ʛʨʥ. 

ʉ ï ʧʦʚʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʛʨʥ. 

 

    ʈ =  
ρψχχφ

σχυυς
ẗρππυπϷ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.7. 

ʊʘʙʣʠʮʷ 5.7 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ 

ʇʦʢʘʟʥʠʢʠ 

ʈʝʟʫʣʴʪʘʪʠ 

ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ ʈʽʟʥʠʮʷ ñ+ò ñ-ò 

ʉʦʙʽʚʘʨʪʽʩʪʴ 1 ʢʛ, ʛʨʥ 368,94 375,52 +6,88 

ʎʽʥʘ ʨʝʘʣʽʟʘʮʽʾ 1 ʢʛ, ʛʨʥ 442,72 563,28 +120,55 

ʇʨʠʙʫʪʦʢ ʥʘ 1 ʢʛ, ʛʨʥ 73,78 187,76 +113,97 

ʈʽʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ, % 20 50 +30 % 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʧʦʜʦʨʦʞʯʘʚ ʚ ʩʦʙʽʚʘʨʪʦʩʪʽ ʣʠʰʝ ʥʘ 1,86 %, ʘ 

ʟʘʚʜʷʢʠ ʧʦʢʨʘʱʝʥʠʤ ʩʤʘʢʦʚʠʤ ʷʢʦʩʪʷʤ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʥʘʮʽʥʢʫ, 

ʨʽʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʟʨʦʩʪʘʻ ʥʘ 30 %. ʇʨʠʙʫʪʦʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 113,97 ʛʨʥ. ʥʘ 

1 ʢʛ.    

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 5 

ʋʜʦʩʢʦʥʘʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʩʠʨʦʚô̫ ʣʝʥʠʭ  ʻ 

ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʶ, ʘ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʻ ʜʦʮʽʣʴʥʠʤ, ʜʦ ʪʦʛʦ ʞ ʨʠʥʦʢ ʤ'ʷʩʥʠʭ 

ʩʥʝʢʽʚ ʫ 2025 ʨʦʮʽ ʧʦʻʜʥʫʚʘʪʠʤʝ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʟʜʦʨʦʚʦʛʦ ʭʘʨʯʫʚʘʥʥʷ ʟ 

ʽʥʥʦʚʘʮʽʷʤʠ, ʝʢʦʣʦʛʽʯʥʽʩʪʶ ʪʘ ʬʦʢʫʩʦʤ ʥʘ ʧʨʝʤʽʘʣʴʥʽ ʧʨʦʜʫʢʪʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʢʦʥʢʫʨʝʥʮʽʶ ʟ ʨʦʩʣʠʥʥʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ, ʤ'ʷʩʥʽ ʩʥʝʢʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʟʘʪʨʝʙʫʚʘʥʠʤ ʧʨʦʜʫʢʪʦʤ, ʦʩʦʙʣʠʚʦ ʩʝʨʝʜ ʣʶʜʝʡ ʟ ʘʢʪʠʚʥʠʤʠ ʩʧʦʩʦʙʦʤ ʞʠʪʪʷ, 

ʷʢʽ ʩʪʝʞʘʪʴ ʟʘ ʩʧʦʞʠʚʘʥʥʷʤ ʧʦʚʥʦʮʽʥʥʦʛʦ ʙʽʣʢʘ.   
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ɺʀʉʅʆɺʂʀ 

 

 ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʢʫ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʪʘ 

ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʣʝʢʮʽʾ ʰʪʘʤʽʚ Staphylococcus 

carnosus, Pediococcus acidilactici. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1.  ʅʘʫʢʦʚʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʫ ʢʽʣʴʢʦʩʪʽ 0,085 ʢʛ ʪʘ ʩʦʢʫ ʙʫʨʷʢʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʫ 

ʢʽʣʴʢʦʩʪʽ 0,5 ʢʛ ʫ ʩʢʣʘʜʽ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ (ʥʘ 100 ʢʛ ʤô̫ ʩʥʦʾ ʩʠʨʦʚʠʥʠ 

ʥʝʩʦʣʝʥʦʾ) ʜʣʷ ʯʘʩʪʢʦʚʦʾ ʟʘʤʽʥʠ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʣʘʩʪʽʚʮʽʚ 

ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ ʟʽ ʟʥʠʞʝʥʠʤ ʡʦʛʦ ʚʤʽʩʪʦʤ. 

2. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʫ ʢʽʣʴʢʦʩʪʽ 0,025 ʢʛ ʥʘ 100 ʢʛ ʤô̫ ʩʥʦʾ ʩʠʨʦʚʠʥʠ 

ʥʝʩʦʣʝʥʦʾ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʣʝʢʮʽʾ ʰʪʘʤʽʚ Staphylococcus carnosus, 

Pediococcus acidilactici ʧʽʜ ʯʘʩ ʟʘʩʦʣʶʚʘʥʥʷ ʷʣʦʚʠʯʠʥʠ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʤô̫ ʩʥʦʾ ʩʠʨʦʚʠʥʠ, ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʯʝʨʚʦʥʠʡ 

ʢʦʣʽʨ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʪʘ ʧʦʢʨʘʱʠʪʠ ʾʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ. 

3. ʅʘʫʢʦʚʦ ʦʙʛʨʫʥʪʦʚʘʥʦ ʩʧʦʩʽʙ ʟʘʩʦʣʶʚʘʥʥʷ ʷʣʦʚʠʯʠʥʠ ʟʘ ʷʢʦʛʦ ʧʦʚʝʨʭʥʶ 

ʤ`ʷʩʘ ʥʘʪʠʨʘʶʪʴ ʟʘʩʦʣʶʚʘʣʴʥʦʶ ʩʫʤʽʰʰʶ, ʘ ʨʝʰʪʦʶ ʩʫʤʽʰʽ ʥʘʩʠʯʫʶʪʴ ʤô̫ ʩʦ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʟʘʩʦʣʶʚʘʥʥʷ ʷʣʦʚʠʯʠʥʠ ʜʘʚ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ 

ʫʪʨʠʤʫʚʘʥʥʷ ʤô̫ ʩʥʦʶ ʩʠʩʪʝʤʦʶ ʚʦʜʠ ʪʘ ʧʦʢʘʟʥʠʢ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʚ ʥʝʾ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʨʝʮʝʧʪʫʨʥʠʡ ʩʢʣʘʜ 

ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʪʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ  ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ. 

4. ɼʦʩʣʽʜʞʝʥʦ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʧʦʢʘʟʥʠʢʠ 

ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʩʢʣʘʜʫ 
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ʜʘʣʦ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʤʽʩʪ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʧʣʘʩʪʽʚʮʷʭ ʤô̫ ʩʥʠʭ ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ 

ʷʣʦʚʠʯʠʥʠ ʥʘ 0,035 % ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʛʘʨʘʥʪʦʚʘʥʫ ʷʢʽʩʪʴ ʪʘ ʙʝʟʧʝʯʥʽʩʪʴ 

ʚʧʨʦʜʦʚʞ ʟʙʝʨʽʛʘʥʥʷ  ʜʦ 180 ʜʽʙ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 4é6 Üʉ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʧʘʨʘʤʝʪʨʠʯʥʫ ʩʭʝʤʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʠʭ 

ʩʠʨʦʚô̫ ʣʝʥʠʭ ʟ ʷʣʦʚʠʯʠʥʠ. ʋʜʦʩʢʦʥʘʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʘʻ ʟʤʦʛʫ ʧʨʠʩʢʦʨʠʪʠ ʪʘ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʟʘʩʦʣʶʚʘʣʴʥʽ ʨʝʯʦʚʠʥʠ ʟʘ ʫʩʽʻʶ ʤʘʩʦʶ ʷʣʦʚʠʯʠʥʠ, 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʥʝʶ ʙʘʞʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʢʠʩʣʦʪʥʦʩʪʽ ʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʬʝʨʤʝʥʪʘʮʽʾ ʟ ʦʪʨʠʤʘʥʥʷʤ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʧʽʜʚʠʱʝʥʦʾ 

ʷʢʦʩʪʽ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʥʦʨʤʘʪʠʚʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʥʘ ʧʣʘʩʪʽʚʮʽ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ 

ʷʣʦʚʠʯʠʥʠ. ʇʨʦʚʝʜʝʥʦ ʧʨʦʤʠʩʣʦʚʫ ʘʧʨʦʙʘʮʽʶ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɼʦʚʝʜʝʥʦ 

ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʣʘʩʪʽʚʮʽʚ ʤô̫ ʩʥʽ ʩʠʨʦʚô̫ ʣʝʥʽ ʟ 

ʷʣʦʚʠʯʠʥʠ. ʉʦʮʽʘʣʴʥʘ ʟʥʘʯʠʤʽʩʪʴ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʰʠʨʝʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ 

ʙʝʟʧʝʯʥʠʭ ʜʦ ʚʞʠʚʘʥʥʷ ʤô̫ ʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʜʦʚʞʝʥʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ. 
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ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʃ. ɺ., ʋʩʪʠʤʝʥʢʦ, ɯ.ʄ., & ʂʘʥʽʱʝʚ, ʆ. ʇ. (2024). 
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ʥʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤô̫ ʩʥʦʾ ʩʠʨʦʚʠʥʠ. ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʆʜʝʩʴʢʦʾ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 48, 110ï114.  
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ɺʦʡʮʝʭʽʚʩʴʢʘ, ʃ., ɹʦʨʩʦʣʶʢ, ʃ., ʐʝʣʢʦʚʘ, ʊ., & ɻʘʚʨʠʣʝʥʢʦ, ɸ. (2018). 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ çʃʈʈè ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤô̫ ʩʘ ʚʧʨʦʜʦʚʞ ʧʨʦʮʝʩʫ ʩʦʣʽʥʥʷ. ʇʨʦʜʦʚʦʣʴʯʽ ʨʝʩʫʨʩʠ, 

6(11), 41ï47. https://doi.org/10.31073/foodresources2018-11-05 

ɻʫʮʴ, ɺ. ʉ., ʈʫʩʘʚʩʴʢʘ, ɺ. ɸ., & ʂʦʚʘʣʴ, ʆ. ɸ. (2019).  ʄʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʷʢʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɻʦʩʪʠʥʥʽʩʪʴ, ʩʝʨʚʽʩ, ʪʫʨʠʟʤ: ʜʦʩʚʽʜ, 

ʧʨʦʙʣʝʤʠ, ʽʥʥʦʚʘʮʽʾ: nʝʟʠ ʜʦʧʦʚʽʜʝʡ Vɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ. ʂʠʾʚ: ʂʅʋʂʄ, ʂʋʂ. 

ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ (2002). ʄô̫ ʩʦ ʪʘ ʤô̫ ʩʥʽ ʧʨʦʜʫʢʪʠ. 

ɺʠʟʥʘʯʝʥʥʷ ʨʅ (ʢʦʥʪʨʦʣʴʥʠʡ ʤʝʪʦʜ) (ISO 2917:1974, IDT) (ɼʉʊʋ ISO 2917-

2001). https://ua-

s.org/search/12981?search= %D0%94%D0%A1%D0%A2%D0%A3+ISO+2917-2001 

ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ (2005ʘ). ʄ`ʷʩʦ ʪʘ ʤ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ. 

ɺʠʟʥʘʯʘʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʠʜʽʚ. ʏʘʩʪʠʥʘ 1. ʄʝʪʦʜ ɺʦʣʭʘʨʜʘ (ISO 1841-1:1996, IDT) 

(ɼʉʊʋ ISO 1841-1:2004). https://ua-

s.org/search/12776?search= %D0%94%D0%A1%D0%A2%D0%A3+ISO+1841-

1:2004 

ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ (2005ʙ). ʇʨʦʜʫʢʪʠ ʭʘʨʯʦʚʽ. ɺʠʟʥʘʯʘʥʥʷ 

ʚʤʽʩʪʫ ʥʽʪʨʘʪʫ ʽ (ʘʙʦ) ʥʽʪʨʠʪʫ. ʏʘʩʪʠʥʘ 3. ʉʧʝʢʪʨʦʤʝʪʨʠʯʥʝ ʚʠʟʥʘʯʘʥʥʷ 

ʚʤʽʩʪʫ ʥʽʪʨʘʪʫ ʪʘ ʥʽʪʨʠʪʫ ʚ ʤ`ʷʩʥʠʭ ʧʨʦʜʫʢʪʘʭ ʧʽʩʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʚʽʜʥʦʚʣʶʚʘʥʥʷ ʥʽʪʨʘʪʫ ʜʦ ʥʽʪʨʠʪʫ (ENV 12014-3:1998, IDT) (ɼʉʊʋ ENV 12014-

3:2003). https://ua-

s.org/search/9237?search= %D0%94%D0%A1%D0%A2%D0%A3+ENV+12014-

3:2003 

ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ (2005ʚ). ʌʨʫʢʪʠ, ʦʚʦʯʽ ʪʘ ʧʨʦʜʫʢʪʠ 

ʧʝʨʝʨʦʙʣʝʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʥʽʪʨʘʪʽʚ ʪʘ ʥʽʪʨʠʪʽʚ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤ 

ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʘʙʩʦʨʙʮʽʾ (ISO 6635:1984, IDT). ɿ ʧʦʧʨʘʚʢʦʶ (ɼʉʊʋ ISO 

6635:2004). https://ua-

s.org/search/13793?search= %D0%94%D0%A1%D0%A2%D0%A3+ISO+6635:2004 
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ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ (2007ʘ). ʄ`ʷʩʦ ʪʘ ʤ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ. ʄʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʦʣʦʛʠ (ʢʦʥʪʨʦʣʴʥʠʡ ʤʝʪʦʜ) (ISO 1442:1997, IDʊ) (ɼʉʊʋ ISO 

1442:2005). https://ua-s.org/search/12695?search=ɼʉʊʋ+ISO+1442:2005 

ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ (2007ʙ). ʄ`ʷʩʦ ʪʘ ʤ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʘʟʦʪʫ (ʢʦʥʪʨʦʣʴʥʠʡ ʤʝʪʦʜ) (ISO 937-1978, IDT) (ɼʉʊʋ ISO 

937:2005). https://ua-

s.org/search/12613?search= %D0%94%D0%A1%D0%A2%D0%A3+ISO+937:2005 

ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ (2007ʚ). ʄ`ʷʩʦ ʪʘ ʤ`ʷʩʥʽ ʧʨʦʜʫʢʪʠ. ʄʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʞʠʨʫ (ISO 1443:1973, IDʊ) (ɼʉʊʋ ISO 1443:2005). 

https://ua-

s.org/search/12696?search= %D0%94%D0%A1%D0%A2%D0%A3+ISO+1443:2005 

ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ. (2008). ʇʨʦʜʫʢʪʠ ʤ`ʷʩʥʽ. ʆʨʛʘʥʦʣʝʧʪʠʯʥʝ 

ʦʮʽʥʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ. ʏʘʩʪʠʥʘ 2. ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ. ɿ ʧʦʧʨʘʚʢʦʶ (ɼʉʊʋ 

4823.2:2007). https://ua-

s.org/search/3208?search %D0%94%D0%A1%D0%A2%D0%A3+4823.2:2007 

ɼʝʨʞʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ (2002). ʇʨʦʜʫʢʪʠ ʭʘʨʯʦʚʽ. ʄʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʙʘʢʪʝʨʽʡ ʚʠʜʫ Escherichia coli (ɻʆʉʊ 30726-2001, IDT) 

(ɼʉʊʋ ɻʆʉʊ 30726-2002). https://ua-

s.org/search/33547?search= %D0%94%D0%A1%D0%A2%D0%A3+%D0%93%D0

%9E%D0%A1%D0%A2+30726-2002 

ɼʇ ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽ  (2014). ʄʽʢʨʦʙʽʦʣʦʛʽʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʪʘ ʢʦʨʤʽʚ ʜʣʷ ʪʚʘʨʠʥ. ɻʦʨʠʟʦʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʧʽʜʨʘʭʦʚʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʩʫʣʴʬʽʪʦʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʙʘʢʪʝʨʽʡ, ʷʢʽ ʨʦʩʪʫʪʴ ʚ ʘʥʘʝʨʦʙʥʠʭ ʫʤʦʚʘʭ (ISO 

15213:2003, IDT) (ɼʉʊʋ ISO 15213:2014). https://ua-

s.org/search/16017?search=%D0%94%D0%A1%D0%A2%D0%A3+ISO+15213:201
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ɼʇ ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽ  (2015ʘ). ʂʦʨʤʠ ʜʣʷ ʪʚʘʨʠʥ, ʩʠʨʦʚʠʥʘ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʚʥʦʨʘʮʽʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʚʠʜʽʣʝʥʥʷ ʪʚʘʨʠʥ. ɺʠʟʥʘʯʘʥʥʷ ʚʤʽʩʪʫ 

ʢʘʣʴʮʽʶ, ʤʘʛʥʽʶ, ʟʘʣʽʟʘ, ʤʘʨʛʘʥʮʶ, ʮʠʥʢʫ, ʤʽʜʽ, ʢʦʙʘʣʴʪʫ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʽʡʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʽʾ (ɼʉʊʋ 8123:2015). https://ua-

s.org/search/4726?search=%D0%94%D0%A1%D0%A2%D0%A3+8123:2015 

ɼʇ ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽ  (2015ʙ). ʇʨʦʜʫʢʪʠ ʧʝʨʝʨʦʙʣʝʥʥʷ ʬʨʫʢʪʽʚ 

ʪʘ ʦʚʦʯʽʚ. ʄʝʪʦʜʠ ʚʠʟʥʘʯʘʥʥʷ ʚʽʪʘʤʽʥʫ C (ɼʉʊʋ 7803:2015). https://ua-

s.org/search/4405?search=%D0%94%D0%A1%D0%A2%D0%A3+7803:2015 

ɼʇ ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽ  (2016). ʇʨʦʜʫʢʪʠ ʭʘʨʯʦʚʽ. ʄʝʪʦʜʠ 

ʚʠʟʥʘʯʘʥʥʷ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ (ɼʉʊʋ 7999:2015).   https://ua-

s.org/search/4602?search= %D0%94%D0%A1%D0%A2%D0%A3+7999:2015 

ɼʇ ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽ  (2019). ʉʦʢʠ ʬʨʫʢʪʦʚʽ ʪʘ ʦʚʦʯʝʚʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʛʣʶʢʦʟʠ, ʬʨʫʢʪʦʟʠ, ʩʦʨʙʽʪʫ ʪʘ ʩʘʭʘʨʦʟʠ ʤʝʪʦʜʦʤ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ (EN 12630:1999, IDT) (ɼʉʊʋ EN 

12630:2019). https://ua-

s.org/search/39525?search=%D0%94%D0%A1%D0%A2%D0%A3+EN+12630:2019 

ɼʇ ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽ  (2022). ʄʽʢʨʦʙʽʦʣʦʛʽʷ ʭʘʨʯʦʚʦʛʦ ʣʘʥʮʶʛʘ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ, ʧʽʜʨʘʭʫʥʢʫ ʪʘ ʩʝʨʦʪʠʧʫʚʘʥʥʷ Salmonella. 

ʏʘʩʪʠʥʘ 1. ɺʠʷʚʣʝʥʥʷ Salmonella spp (EN ISO 6579-1:2017, IDT; ISO 6579-1:2017, 

IDT)  (ɼʉʊʋ EN ISO 6579-1:2022). https://ua-

s.org/search/51926?search=%D0%94%D0%A1%D0%A2%D0%A3+EN+ISO+6579-

1:2022 
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ɼʇ ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽ ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʷʢʦʩʪʽ  (2023). ʄʽʢʨʦʙʽʦʣʦʛʽʷ ʭʘʨʯʦʚʦʛʦ ʣʘʥʮʶʛʘ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʪʘ ʧʽʜʨʘʭʫʥʢʫ Listeria monocytogenes ʽ Listeria 

spp. ʏʘʩʪʠʥʘ 1. ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ (EN ISO 11290-1:2017, IDT; ISO 11290-1:2017, 

IDT) (ɼʉʊʋ EN ISO 11290-1:2022). https://ua-

s.org/search/51916?search=%D0%94%D0%A1%D0%A2%D0%A3+EN+ISO+11290-

1:2022 

ɼʫʙʨʦʚʽʥʘ, ʆ. ɺ., & ɹʘʣʴ-ʇʨʠʣʠʧʢʦ, ʃ. ɺ. (2014). ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʚʘʨʝʥʠʭ ʢʦʚʙʘʩ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɿʙʽʨʥʠʢ 

ʧʨʘʮʴ ɯV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʚʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ ʽ 

ʩʪʫʜʝʥʪʽʚ çʅʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʫ ʚʠʨʽʰʝʥʥʽ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 
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