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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ʉʞʠʛʘʥʠʝ 

ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ (ʫʛʣʷ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʥʝʬʪʠ ʠ ʧʨʦʜʫʢʪʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ) ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʪʦʧʣʝʥʠʷ, ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (Fan et al., 2020; Sicard et al., 2023; Li et al., 2023). ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʥʠʤʘʶʪ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʜʦʙʳʯʝ ʠ ʩʞʠʛʘʥʠʶ ʢʘʤʝʥʥʦʛʦ ʠ 

ʙʫʨʦʛʦ ʫʛʣʷ, ʚʳʟʳʚʘʶʱʠʝ ʩʝʨʴʝʟʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʛʦʨʦʜʘʭ 

ʧʦ ʚʩʝʤʫ ʤʠʨʫ (Savic et al., 2018; Karmaker et al., 2020).  

ʈʦʩʩʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʩʪʨʘʥ ʤʠʨʘ ʧʦ ʜʦʙʳʯʝ ʠ ʧʦʪʨʝʙʣʝʥʠʶ ʠʩʢʦʧʘʝʤʦʛʦ 

ʪʦʧʣʠʚʘ (ɹʠʪʶʢʦʚʘ, ʂʨʘʚʯʠʢ, 2023). ʇʨʠ ʝʛʦ ʩʞʠʛʘʥʠʠ ʥʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ (ʊʕʉ) 

ʈʦʩʩʠʠ ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʦʢʦʣʦ 4,3 ʤʣʥ ʪʦʥʥ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 33% ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʳʙʨʦʩʦʚ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ɽʞʝʛʦʜʥʠʢ é, 

2024). ʅʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʫʛʣʷ (ʦʢʦʣʦ 84%) ʚ ʩʪʨʫʢʪʫʨʝ ʪʦʧʣʠʚʘ ʊʕʉ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʉʠʙʠʨʠ 

ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʛʜʝ ʫʩʣʦʚʠʷ ʨʘʩʩʝʠʚʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ ʟʘʯʘʩʪʫʶ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳ. ʉʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ, NOx ʠ SO2 ʚ ʛʦʨʦʜʘʭ 

ʘʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʥʘ 22-33% ʚʳʰʝ, ʯʝʤ ʚ ʛʦʨʦʜʘʭ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ 

(ɽʞʝʛʦʜʥʠʢ é, 2024). 

ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ ʦʪʣʠʯʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʦʟʝʨʦ ɹʘʡʢʘʣ ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ. ɹʘʡʢʘʣ ï ʩʘʤʦʝ ʛʣʫʙʦʢʦʝ ʦʟʝʨʦ ʥʘ 

ʧʣʘʥʝʪʝ, ʢʨʫʧʥʝʡʰʠʡ ʧʨʠʨʦʜʥʳʡ ʨʝʟʝʨʚʫʘʨ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʚʭʦʜʠʪ ʚ ʩʧʠʩʦʢ ʚʩʝʤʠʨʥʦʛʦ 

ʥʘʩʣʝʜʠʷ ʖʅɽʉʂʆ. ʆʢʦʣʦ 80% ʧʣʦʱʘʜʠ ɹʫʨʷʪʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʙʘʩʩʝʡʥʝ ʦʟ. ɹʘʡʢʘʣ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 57,1% ʧʣʦʱʘʜʠ ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ɹʇʊ). ɻʣʘʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʨʝʛʠʦʥʝ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʟʣʳ, ʪʘʢʠʝ ʢʘʢ 

ʋʣʘʥ-ʋʜʵ, ɿʘʢʘʤʝʥʩʢ, ɻʫʩʠʥʦʦʟʝʨʩʢ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢ. ɺ 2023 ʛ. ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʫʛʣʝ, ʚʳʙʨʦʩʠʣʠ ʚ ʘʪʤʦʩʬʝʨʫ 

ɹʫʨʷʪʠʠ 71,4 ʪʳʩ. ʪʦʥʥ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 66% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʚʳʙʨʦʩʦʚ ʚ ʨʝʩʧʫʙʣʠʢʝ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ ..., 2024). ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ 

ʩʦʟʜʘʶʪ ʘʚʪʦʥʦʤʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ (ʢʦʪʣʳ ʠ ʧʝʯʠ ʚ ʯʘʩʪʥʦʤ ʩʝʢʪʦʨʝ), 

ʦʢʘʟʳʚʘʶʱʠʝ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ, 

ʧʨʦʚʦʮʠʨʫʷ ʨʘʟʚʠʪʠʝ ʦʙʱʝʪʦʢʩʠʯʝʩʢʠʭ, ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʠ ʤʫʪʘʛʝʥʥʳʭ ʵʬʬʝʢʪʦʚ (Seinfeld, 

Pandis, 2006; Wang, Liu, 2024). 

ʉʪʦʣʠʮʘ ɹʫʨʷʪʠʠ, ʢʨʫʧʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʛʦʨʦʜ ʋʣʘʥ-ʋʜʵ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ 
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ʧʨʦʙʣʝʤʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ ʨʝʩʧʫʙʣʠʢʠ ʠ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦ ʫʨʦʚʥʶ ʢʦʤʧʣʝʢʩʥʦʡ 

ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʠ ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ 

(ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ ..., 2024). ɺ ʛʦʨʦʜʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʙʦʣʝʝ 40 ʧʨʝʜʧʨʠʷʪʠʡ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ, ʯʴʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʙʨʦʩʘʤʠ ʊʕʉ ʫʩʠʣʠʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺʙʣʠʟʠ ɻʫʩʠʥʦʦʟʝʨʩʢʘ, ʛʜʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʢʨʫʧʥʝʡʰʘʷ ʚ ʨʝʛʠʦʥʝ ɻʫʩʠʥʦʦʟʝʨʩʢʘʷ ɻʈʕʉ, ʥʘʭʦʜʷʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʫʨʦʛʦ ʫʛʣʷ, ʯʪʦ 

ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʩʦʩʨʝʜʦʪʦʯʝʥʠʝ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛʦʨʦʜʘ ʥʝʨʝʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʦʪʚʘʣʦʚ 

ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ, ʦʢʘʟʳʚʘʶʱʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ (ʋʙʫʛʫʥʦʚ, ʋʙʫʛʫʥʦʚ, 2013). ɺ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ, 

ʚʘʞʥʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʟʣʝ ɹʘʡʢʘʣʦ-ɸʤʫʨʩʢʦʡ ʤʘʛʠʩʪʨʘʣʠ (ɹɸʄ), ʬʦʨʤʠʨʫʝʪʩʷ ʟʦʥʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘ ʩʯʝʪ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪ 

ʎʝʥʪʨʘʣʴʥʦʡ ʫʛʦʣʴʥʦʡ ʊʕʎ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʩʝʢʪʦʨʘ.  

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʜʝʧʦʥʠʨʫʶʱʝʡ ʩʨʝʜʦʡ ʜʣʷ ʪʝʭʥʦʛʝʥʥʳʭ 

ʚʳʙʨʦʩʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʢʣʶʯʝʚʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʤʥʦʛʦʣʝʪʥʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡ (ʂʘʩʠʤʦʚ ʠ ʜʨ., 2016; Manisalidis et al., 2020; Zhao et al., 2021; Sicard et al., 2023). 

ɼʣʷ ʠʥʜʠʢʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʦʚ ʩʣʫʞʠʪ ʜʦʨʦʞʥʘʷ ʧʳʣʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʠ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʳʜʫʚʘʝʤʳʝ 

ʪʦʥʢʠʝ ʬʨʘʢʮʠʠ ʧʨʠʜʦʨʦʞʥʳʭ ʧʦʯʚ ʠ ʯʘʩʪʠʮʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʠʟʥʦʩʝ ʢʦʨʧʫʩʘ, ʰʠʥ ʠ 

ʪʦʨʤʦʟʥʳʭ ʢʦʣʦʜʦʢ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʧʨʠ ʠʩʪʠʨʘʥʠʠ ʨʘʟʤʝʪʢʠ ʠ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ (Li, Liao, 

2018; Seleznev et al., 2020; Kabir et al., 2022; Vlasov et al., 2022; Vlasov et al., 2023ʙ). ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 10 ʤʢʤ ï ʬʨʘʢʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ (PM10), ʦʙʣʘʜʘʶʱʝʡ ʚʳʩʦʢʦʡ 

ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ ʠ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ 

ʦʨʛʘʥʠʟʤ ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʨʘʟʚʠʪʠʶ ʨʝʩʧʠʨʘʪʦʨʥʳʭ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ (Tager, 2005; Moses, Orok, 2015; Xu et al., 2023; Wang, 

Liu, 2024). ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ, ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʠ ʠʭ 

ʦʪʜʝʣʴʥʳʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʠʢʨʦʯʘʩʪʠʮ PM10, ʩʚʷʟʘʥʘ ʩ 

ʠʭ ʦʙʦʛʘʱʝʥʠʝʤ ʪʦʢʩʠʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (Sonone et al., 2020; Alengebawy et al., 2021), ʚ 

ʪʦʤ ʯʠʩʣʝ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʤʝʪʘʣʣʦʠʜʘʤʠ (ʊʄʄ). ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʚʜʳʭʘʥʠʝʤ, ʧʨʦʛʣʘʪʳʚʘʥʠʝʤ ʠ ʢʦʞʥʳʤ ʢʦʥʪʘʢʪʦʤ ʩ ʊʄʄ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʫʛʨʦʟʫ 

ʟʜʦʨʦʚʴʶ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʊʄʄ ʪʦʢʩʠʯʥʳ, ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ 

ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ (Willers et al., 2005) ʠ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʦʨʛʘʥʦʚ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʥʝʨʚʥʦʡ, ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤ (Huang et al., 2017).  
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʳʙʨʦʩʦʚ ʫʛʦʣʴʥʳʭ ʊʕʉ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʊʄʄ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ, ʚʢʣʶʯʘʷ ʄʦʥʛʦʣʠʶ (ʉʦʨʦʢʠʥʘ, 2013), ʉʝʨʙʠʶ (Savic et al., 

2018), ɹʦʩʥʠʶ ʠ ɻʝʨʮʝʛʦʚʠʥʫ (Antunovic et al., 2023), ʊʫʨʮʠʶ (Turhan et al., 2020), ʂʠʪʘʡ 

(You et al., 2015), ʀʥʜʠʶ (Singh et al., 2010) ʠ ʜʨ. ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʊʄʄ, ʯʘʱʝ ʚʩʝʛʦ Cr, Ni, Cu, As, Cd, Pb ʠ Zn. 

ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ, ʧʦʩʣʝʜʩʪʚʠʷ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʛʦʨʦʜʩʢʠʝ 

ʣʘʥʜʰʘʬʪʳ ɹʫʨʷʪʠʠ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʛ. ʋʣʘʥ-ʋʜʵ, ʛʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʛʦʨʦʜʘ (ɹʝʣʦʛʦʣʦʚʦʚ, 1989), ʩʘʜʦʚʦ-ʦʛʦʨʦʜʥʦʡ (ʋʙʫʛʫʥʦʚ, ʂʘʰʠʥ, 2004) ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ (ʇʝʨʷʟʝʚʘ, 2002) ʟʦʥʘʭ. ʆʪʜʝʣʴʥʦ ʠʟʫʯʝʥʳ ʧʦʯʚʳ ʥʘ 30 ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ, 

ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʩʪʘʮʠʦʥʘʨʥʳʤ ʠ ʧʝʨʝʜʚʠʞʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʟʘʛʨʷʟʥʝʥʠʷ (ɺʘʣʦʚʘ, 2003), 

ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ Pb ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʠ ʝʛʦ ʚʣʠʷʥʠʠ ʥʘ 

ʦʥʢʦʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʦ ʥʘʢʦʧʣʝʥʠʝ ʊʄʄ ʚ ʧʦʯʚʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ (ɺʦʣʦʛʞʠʥʘ, 2011). ɺ 2014 ʛ. ʚʧʝʨʚʳʝ ʦʧʨʦʙʦʚʘʥ ʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ (ʂʦʨʣʷʢʦʚ ʠ ʜʨ., 2019). ɺ ɻʫʩʠʥʦʦʟʝʨʩʢʝ ʘʥʘʣʠʟ 

ʩʦʜʝʨʞʘʥʠʷ ʊʄʄ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʩʷ. ʆʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ 

ʩʦʜʝʨʞʘʥʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚʦ ʬʨʘʢʮʠʠ PM10 ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʛʦʨʦʜʦʚ 

ɹʫʨʷʪʠʠ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʠʪʴ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʛʦʨʦʜʦʚ ɹʫʨʷʪʠʠ ʩ ʨʘʟʚʠʪʳʤ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ī ʋʣʘʥ-ʋʜʵ, 

ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʧʦ ʜʘʥʥʳʤ ʦ ʩʦʜʝʨʞʘʥʠʠ ʊʄʄ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ, 

ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʠ ʠʭ ʬʨʘʢʮʠʠ PM10. ʇʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɺʳʷʚʠʪʴ ʘʩʩʦʮʠʘʮʠʠ ʊʄʄ-ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʦʯʚʘʭ ʠ ʠʭ ʬʨʘʢʮʠʠ PM10 ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ 

ʪʨʝʭ ʛʦʨʦʜʦʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʋʣʘʥ-ʋʜʵ ʥʘ ʨʘʟʥʳʭ ʪʠʧʘʭ ʜʦʨʦʛ; 

2. ɺʳʷʚʠʪʴ ʚʝʜʫʱʠʝ ʬʘʢʪʦʨʳ ʘʢʢʫʤʫʣʷʮʠʠ ʊʄʄ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ; 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʊʄʄ ʚ ʧʦʯʚʘʭ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ; 

4. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʢʣʘʜ ʠʩʪʦʯʥʠʢʦʚ ʊʄʄ, 

ʚʢʣʶʯʘʷ ʫʛʣʠ ʠ ʟʦʣʫ ʊʕʉ, ʚ ʧʦʯʚʘʭ ʠ ʠʭ ʬʨʘʢʮʠʠ PM10 ʪʨʝʭ ʛʦʨʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʮʝʧʪʦʨʥʦʡ ʤʦʜʝʣʠ Positive Matrix Factorization (PMF); 

5. ʆʮʝʥʠʪʴ ʫʨʦʚʥʠ ʥʝʢʘʥʮʝʨʦʛʝʥʥʦʡ ʠ ʢʘʥʮʝʨʦʛʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʊʄʄ ʚ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʜʣʷ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡ ʠ ʚʟʨʦʩʣʳʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʯʚʳ ʠ ʠʭ 
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ʬʨʘʢʮʠʷ PM10 ʚ ʛʛ. ʋʣʘʥ-ʋʜʵ, ɻʫʩʠʥʦʦʟʝʨʩʢʝ, ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ, ʜʦʨʦʞʥʘʷ ʧʳʣʴ ʠ ʠʭ 

ʯʘʩʪʠʮʳ PM10 ʚ ʋʣʘʥ-ʋʜʵ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʜʘʥʥʳʭ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2017-2020 ʛ. ʧʦ ʧʨʦʝʢʪʫ ˉ 17-29-05055\17-ʦʬʠ_ʤ 

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʈʫʩʩʢʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 

ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʠ ʚ 2022 ʛ. ʧʦ ʜʦʛʦʚʦʨʫ ʩ ʌɻɹʋ ʋʨʘʣʅʀʀ çʕʢʦʣʦʛʠʷè. ɼʣʷ 

ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥʦ 14 ʧʨʠʦʨʠʪʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʦʯʚʘʭ, 

ʜʦʨʦʞʥʦʡ ʧʳʣʠ, ʫʛʣʷʭ ʠ ʟʦʣʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɺʅʀʀ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʤ. 

ʅ.ʄ. ʌʝʜʦʨʦʚʩʢʦʛʦ (ɺʀʄʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ pH, ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʕʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʮʝʥʪʨʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ 

(ʕɻʅʆʎ ʄɻʋ). ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʯʚʝʥʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʬ. ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʦʚ ʠ 

ʛʝʦʛʨʘʬʠʠ ʧʦʯʚ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʆʧʨʝʜʝʣʝʥʳ ʫʨʦʚʥʠ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʊʄʄ 

ʠ ʚ ʤʠʢʨʦʯʘʩʪʠʮʘʭ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʨʷʜʘ ʛʦʨʦʜʦʚ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʩ 

ʨʘʟʚʠʪʳʤ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʬʨʘʢʮʠʠ PM10 ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʛʦʨʦʜʦʚ ʋʣʘʥ-ʋʜʵ, 

ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʘʤʝʥʥʳʭ ʠ ʙʫʨʳʭ ʫʛʣʝʡ, 

ʟʦʣʳ ʠ ʟʦʣʦʰʣʘʢʦʦʪʚʘʣʦʚ (ɿʐʆ) ʊʕʉ ʚ ʵʪʠʭ ʛʦʨʦʜʘʭ. ɺʳʷʚʣʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʬʘʢʪʦʨʳ ʥʘʢʦʧʣʝʥʠʷ ʊʄʄ, ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʠʩʪʦʯʥʠʢʠ ʧʦʣʣʶʪʘʥʪʦʚ 

ʠ ʨʘʩʩʯʠʪʘʥʳ ʠʭ ʚʢʣʘʜʳ ʚ ʥʘʢʦʧʣʝʥʠʝ ʊʄʄ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ, ʜʘʥʘ ʦʮʝʥʢʘ 

ʫʨʦʚʥʝʡ ʥʝʢʘʥʮʝʨʦʛʝʥʥʦʡ ʠ ʢʘʥʮʝʨʦʛʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʘʢʢʫʤʫʣʷʮʠʠ ʊʄʄ ʚ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚʘʭ. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʘʛʨʷʟʥʝʥʠʷ ʊʄʄ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʝʛʦ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ ʈʄ10 ʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʋʣʘʥ-

ʋʜʵ, ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʙʨʦʩʦʚ ʫʛʦʣʴʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ.  

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ.  

1. ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʋʣʘʥ-ʋʜʵ ʦʧʨʝʜʝʣʷʝʪʩʷ Cd, Pb, 

Zn, Cu, Sb, ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʵʤʠʩʩʠʷʤʠ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʨʘʥʩʧʦʨʪʘ. ɺ ɻʫʩʠʥʦʦʟʝʨʩʢʝ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ ʚʣʠʷʥʠʝ ʫʛʦʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʧʦʯʚʘʭ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ Sr, 

Mo, Zn, Cd, Pb. 
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2. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʘʢʢʫʤʫʣʷʮʠʠ ʊʄʄ ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ 

ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (Co, Sr, Sb, Zn, Cd, Cu, Mo), ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ 

ī ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ (Co, Ni, V, Cr, W, Sb). ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʙʦʣʝʝ 

ʟʥʘʯʠʤʘ ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʋʣʘʥ-ʋʜʵ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʦʞʝʥʠʝ ʦʨʝʦʣʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʠʟ ʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ. 

3. ɺ ʧʦʯʚʘʭ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʋʣʘʥ-ʋʜʵ ʙʦʣʴʰʠʥʩʪʚʦ ʊʄʄ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ PM10. ɼʦʣʷ ʊʄʄ ʚ ʯʘʩʪʠʮʘʭ PM10 ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʚʳʰʝ, ʯʝʤ ʚ 

ʧʦʯʚʘʭ. ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʊʄʄ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʧʦʯʚ ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ ʠ 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

4. ɺ ʧʦʯʚʘʭ ʠ ʠʭ ʬʨʘʢʮʠʠ PM10 ʋʣʘʥ-ʋʜʵ, ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ 

ʦʙʱʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʊʄʄ ʷʚʣʷʶʪʩʷ ʩʞʠʛʘʥʠʝ ʫʛʣʷ, ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ ʙʳʪʦʚʳʝ 

ʦʪʭʦʜʳ, ʢʦʪʦʨʳʝ ʦʙʲʷʩʥʷʶʪ 67-83% ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ ʩʦʜʝʨʞʘʥʠʷ ʊʄʄ. ɺʢʣʘʜ ʜʨʫʛʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʩʚʷʟʘʥ ʩ ʚʣʠʷʥʠʝʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʢʘʞʜʦʤ ʛʦʨʦʜʝ. 

5. ʈʘʟʚʠʪʠʝ ʥʝʢʘʥʮʝʨʦʛʝʥʥʳʭ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʨʠʩʢʦʚ ʦʪ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʯʘʩʪʠʮ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʦʨʦʜʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʜʦʩʪʠʛʘʝʪ 

ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʚ ʋʣʘʥ-ʋʜʵ. ʇʦ ʢʘʥʮʝʨʦʛʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʊʄʄ ʦʙʨʘʟʫʶʪ ʨʷʜ As > 

Pb > Co > Ni > Cd ʩ ʥʘʠʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʨʠʩʢʘ ʜʣʷ ʜʝʪʝʡ ʚ ʪʨʝʭ ʛʦʨʦʜʘʭ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ ʈʌʌʀ-ʈɻʆ çʕʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʣʘʥʜʰʘʬʪʦʚ ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʚ ʩʬʝʨʝ ʚʦʟʜʝʡʩʪʚʠʷ ʛʦʨʦʜʦʚ ʠ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚè ʠ ʭʦʟʜʦʛʦʚʦʨʘ ʩ 

ʌɻɹʋ ʋʨʘʣʅʀʀ çʕʢʦʣʦʛʠʷè çʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ (ʠʥʪʝʛʨʘʣʴʥʦʡ) ʦʮʝʥʢʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʟʝʨʘ ɹʘʡʢʘʣè. ɺ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʩʦʚʨʝʤʝʥʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ, ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ ʠ ʋʣʘʥ-ʋʜʵ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʩʦʜʝʨʞʠʪ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ 

ʊʄʄ ʚ ʛʦʨʦʜʘʭ ʩ ʨʘʟʚʠʪʳʤ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ 

ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʙʫʬʝʨʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʟʦʥʘʤ ʦʟ. ɹʘʡʢʘʣ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʥʘʫʯʥʳʭ ʦʪʯʝʪʘʭ ʧʦ ʧʨʦʝʢʪʘʤ ʠ ʚʢʣʶʯʝʥʳ ʚ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ ʢʘʬʝʜʨʳ 

ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʦʚ ʠ ʛʝʦʛʨʘʬʠʠ ʧʦʯʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʦ 

ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʆʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 
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ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʫʛʦʣʴʥʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ, ʧʦʜʛʦʪʦʚʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʫʥʠʢʘʣʴʥʦʤ ʧʨʠʨʦʜʥʦʤ 

ʨʝʛʠʦʥʝ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨ ʧʨʠʥʷʣ ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʚ ʩʙʦʨʝ ʠ ʦʙʨʘʙʦʪʢʝ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʧʦʣʥʠʣ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺ 

ʩʦʩʪʘʚʝ ʵʢʩʧʝʜʠʮʠʡ ʘʚʪʦʨʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʦʧʨʦʙʦʚʘʥʠʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ. 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ pH, ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ. ɸʚʪʦʨʦʤ 

ʚʳʜʝʣʝʥʘ ʬʨʘʢʮʠʷ PM10 ʧʦʯʚ ʠ ʧʳʣʠ, ʧʨʦʠʟʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʣʝʥ ʪʘʙʣʠʯʥʳʡ ʠ ʠʣʣʶʩʪʨʘʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 14 ʨʘʙʦʪ, ʠʟ ʥʠʭ 5 ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ Scopus, Web of 

Science, RSCI. ʄʝʪʦʜʠʢʘ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʦʚ ʣʘʥʜʰʘʬʪʦʚ, 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʫʛʦʣʴʥʦʡ ʊʕʉ, ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʠ ʦʟ. 

ɻʫʩʠʥʦʛʦ ʚ ʩʪʘʪʴʷʭ (Efimova et al., 2022) ʩ ʚʢʣʘʜʦʤ ʘʚʪʦʨʘ 20% ʠ (ʉʳʯʝʚʘ ʠ ʜʨ., 2022) ʩ 

ʚʢʣʘʜʦʤ ʘʚʪʦʨʘ 60%. ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ ʠʭ ʬʨʘʢʮʠʠ 

PM10 ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʝʜʫʱʠʭ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʘʢʢʫʤʫʣʷʮʠʠ ʊʄʄ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʧʨʠʤʝʨʝ ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʚ ʧʫʙʣʠʢʘʮʠʠ (ʉʳʯʝʚʘ, ʂʦʰʝʣʝʚʘ, 2023) ʩ ʚʢʣʘʜʦʤ 

ʘʚʪʦʨʘ 65%. ʆʮʝʥʢʘ ʫʨʦʚʥʝʡ ʥʝʢʘʥʮʝʨʦʛʝʥʥʦʡ ʠ ʢʘʥʮʝʨʦʛʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ 

ʊʄʄ ʚ ʧʦʯʚʘʭ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡ ʠ ʚʟʨʦʩʣʳʭ ʧʨʠʚʦʜʠʪʩʷ ʚ ʨʘʙʦʪʝ 

(ʉʳʯʝʚʘ, ʂʦʰʝʣʝʚʘ, 2024), ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 65%. ʕʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʋʣʘʥ-ʋʜʵ ʩ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PMF ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʪʘʪʴʝ (Sycheva, Kosheleva, 2025), ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 70%. ʈʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʥʘʫʯʥʳʭ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ (ʇʨʦʙʣʝʤʳ ʵʢʦʠʥʬʦʨʤʘʪʠʢʠ, ʄʦʩʢʚʘ, 2024; ICOMP, ʋʣʘʥ-ɹʘʪʦʨ, 2020; 

ʕʢʦʣʦʛʠʷ ʠ ʪʝʭʥʦʩʬʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʉʦʯʠ, 2024). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 14 ʨʘʙʦʪ, ʠʟ ʥʠʭ 5 ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ ʄɻʋ:  

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 6 ʛʣʘʚ, ʚʚʝʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ (ʧʦʣʥʳʡ ʦʙʲʝʤ 

188 ʩʪʨʘʥʠʮ), ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (325 ʥʘʠʤʝʥʦʚʘʥʠʡ). ʉʦʜʝʨʞʠʪ 36 ʪʘʙʣʠʮ ʠ 75 ʨʠʩʫʥʢʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɺʳʨʘʞʘʶ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʜ.ʛ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʅ.ɽ. ʂʦʰʝʣʝʚʦʡ ʟʘ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 
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ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ ʠ ʚʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʣʘʛʦʜʘʨʶ 

ʘʢʘʜʝʤʠʢʘ ʈɸʅ, ʜ.ʛ.ʥ. ʅ.ʉ. ʂʘʩʠʤʦʚʘ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɺʳʨʘʞʘʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ ʢʘʬʝʜʨʳ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʦʚ ʠ 

ʛʝʦʛʨʘʬʠʠ ʧʦʯʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʟʘ ʢʨʠʪʠʢʫ ʠ ʧʦʤʦʱʴ ʚ ʦʩʤʳʩʣʝʥʠʠ 

ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʥ.ʩ. ɽ.ɺ. ʊʝʨʩʢʦʡ ʠ ʠʥʞ. ʃ.ɺ. ɼʦʙʨʳʜʥʝʚʦʡ, ʜʦʮ. ʇ.ʇ. ʂʨʝʯʝʪʦʚʫ, ʘʩʧ. 

ʅ.ɹ. ɾʘʢʩʳʣʳʢʦʚʫ ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʧʦʤʦʱʴ ʚ ʚʳʧʦʣʥʝʥʠʠ ʨʷʜʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 

ɸʚʪʦʨ ʠʩʢʨʝʥʥʝ ʧʨʠʟʥʘʪʝʣʝʥ ʥ.ʩ. ʀ.ɺ. ʊʠʤʦʬʝʝʚʫ, ʄ.ɸ. ʋʟʦʨʫ, ʅ.ɹ. ɾʘʢʩʳʣʳʢʦʚʫ ʠ ɼ.ɺ. 

ʂʦʪʦʚʫ ʟʘ ʧʦʤʦʱʴ ʚ ʩʙʦʨʝ ʧʦʣʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʳʨʘʞʘʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜʠʨʝʢʪʦʨʫ 

ɹʘʡʢʘʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʉʆ ʈɸʅ ɽ.ɾ. ɻʘʨʤʘʝʚʫ ʠ ʩʦʪʨʫʜʥʠʢʘʤ 

ʠʥʩʪʠʪʫʪʘ ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʠ ʫʯʘʩʪʠʝ ʚ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʆʩʦʙʫʶ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʳʨʘʞʘʶ ʢ.ʛ.ʥ., ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ ʧʘʣʝʦʘʨʭʠʚʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʀɻ 

ʈɸʅ ʅ.ɺ. ʉʳʯʝʚʫ ʟʘ ʧʦʜʜʝʨʞʢʫ, ʪʝʨʧʝʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ. 
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ɻʣʘʚʘ 1. ʋʛʦʣʴʥʳʝ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʘʥʜʰʘʬʪʦʚ ʧʨʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʛʦʨʦʜʘ 

1.1. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʦʩʪʘʚʝ ʠ ʩʚʦʡʩʪʚʘʭ ʫʛʣʝʡ ʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ 

ʫʛʦʣʴʥʳʭ ʊʕʉ  
 

ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʞʠʛʘʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʪʦʧʣʝʥʠʷ, ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚʦ ʚʩʝʤ ʤʠʨʝ (Karmaker et al., 2020; 

Li  et al., 2023). ʇʦ ʜʘʥʥʳʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ 

(https://www.iea.org/), ʚ 2023 ʛ. ʜʦʙʳʯʘ ʫʛʣʷ ʚ ʤʠʨʝ ʚʳʨʦʩʣʘ ʜʦ ʨʝʢʦʨʜʥʳʭ 8,7 ʤʣʨʜ ʪʦʥʥ, 

ʯʪʦ ʥʘ 400 ʤʣʥ ʪʦʥʥ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʛʦʜʦʤ. ʋʛʦʣʴ ʣʠʜʠʨʫʝʪ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʠʨʝ, ʝʛʦ ʜʦʣʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʣʘʥʩʝ 2023 ʛ. ʩʦʩʪʘʚʠʣʘ 

35,4%, ʚ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 2,5 ʪʳʩ. ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʦʛʦ ʝʞʝʛʦʜʥʦ ɻʣʦʙʘʣʴʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʧʨʦʝʢʪʦʤ 

(https://www.globalcarbonproject.org/), ʦʙʱʠʡ ʦʙʲʝʤ ʫʛʣʝʨʦʜʥʳʭ ʚʳʙʨʦʩʦʚ ʦʪ ʩʞʠʛʘʥʠʷ ʫʛʣʷ 

ʚ 2023 ʛ. ʩʦʩʪʘʚʠʣ 16,5 ʤʣʨʜ ʪʦʥʥ. ʕʪʦ ʥʘ 1,1% ʙʦʣʴʰʝ, ʯʝʤ ʛʦʜʦʤ ʨʘʥʝʝ, ʠ ʷʚʣʷʝʪʩʷ 

ʨʝʢʦʨʜʦʤ.  

ʈʦʩʩʠʷ ï ʦʜʥʘ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʩʪʨʘʥ ʚ ʤʠʨʝ ʧʦ ʜʦʙʳʯʝ ʠ ʧʦʪʨʝʙʣʝʥʠʶ ʪʦʧʣʠʚʥʳʭ 

ʨʝʩʫʨʩʦʚ (ɹʠʪʶʢʦʚʘ, ʂʨʘʚʯʠʢ, 2023). ɺ 2023 ʛ. ʚ ʈʦʩʩʠʠ ʜʦʙʳʪʦ 438 ʤʣʥ ʪʦʥʥ ʫʛʣʷ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 5% ʦʪ ʤʠʨʦʚʦʛʦ ʦʙʲʝʤʘ (https://www.iea.org/). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʈʦʩʩʠʠ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ 79 ʪʝʧʣʦʚʳʭ ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

2023 ʛ. ʙʳʣʦ ʦʪʛʨʫʞʝʥʦ 89,9 ʤʣʥ ʪʦʥʥ ʢʘʤʝʥʥʦʛʦ ʠ ʙʫʨʦʛʦ ʫʛʣʷ, ʧʦʪʨʝʙʥʦʩʪʴ ʫʛʦʣʴʥʳʭ ʊʕʉ 

ʚ ʠʩʢʦʧʘʝʤʦʤ ʪʦʧʣʠʚʝ ʫʚʝʣʠʯʠʣʘʩʴ ʟʘ ʛʦʜ ʥʘ 2,6% (ʄʝʰʢʦʚ ʠ ʜʨ., 2024).  

ʊʦʧʣʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ï ʵʪʦ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʈʦʩʩʠʠ, ʢʘʢ ʠ ʚ ʤʠʨʝ ʚ ʮʝʣʦʤ (ɹʠʪʶʢʦʚʘ, ʂʨʘʚʯʠʢ, 2023). ʅʘ ʊʕʉ ʚ ʈʦʩʩʠʠ 

ʩʞʠʛʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʥʝʦʙʦʛʘʱʝʥʥʦʛʦ ʫʛʣʷ (ʂʨʳʣʦʚ, 2017). ʆʪ 

ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʝʞʝʛʦʜʥʦ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʦʢʦʣʦ 4,3 ʤʣʥ ʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 33% ʚʘʣʦʚʦʛʦ ʚʳʙʨʦʩʘ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʚʳʙʨʦʩʘʭé, 2023) (ʨʠʩ. 1). ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʦʣʷ ʫʛʣʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʪʦʧʣʠʚʘ ʥʘ ʊʕʉ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʉʠʙʠʨʠ ʠ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ī 84% ʠ 55% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʂʦʞʫʭʦʚʩʢʠʡ, 

ɸʣʝʰʠʥʩʢʠʡ, 2016).  

ʊʝʧʣʦʵʥʝʨʛʝʪʠʢʘ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʙʲʝʢʪʦʚ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʘʨʝʘʣʝ: ʪʦʧʣʠʚʥʳʝ ʩʢʣʘʜʳ ʠ ʭʨʘʥʠʣʠʱʘ, ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʩʪʘʥʮʠʠ ʠ ʪʝʧʣʦʧʫʥʢʪʳ, ʪʝʧʣʦʚʳʝ 

https://www.iea.org/
https://www.globalcarbonproject.org/
https://www.iea.org/
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ʩʝʪʠ, ʧʫʥʢʪʳ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɹʠʪʶʢʦʚʘ ʠ ʜʨ., 2021). 

 

ʈʠʩ. 1. ɼʦʣʷ ʵʥʝʨʛʝʪʠʢʠ ʚ ʚʘʣʦʚʳʭ ʚʳʙʨʦʩʘʭ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʪʦʧʣʠʚʥʳʡ ʙʘʣʘʥʩ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, 2021 ʛ. (ɹʠʪʶʢʦʚʘ, ʂʨʘʚʯʠʢ, 2023) 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʦʪ ʵʪʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ï ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʞʠʛʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʫʨʦʚʝʥʴ ʝʛʦ ʧʦʜʛʦʪʦʚʢʠ, ʢʘʯʝʩʪʚʦ 

ʦʯʠʩʪʢʠ ʚʳʙʨʦʩʦʚ, ʚʳʩʦʪʘ ʪʨʫʙ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʦʪʭʦʜʷʱʠʝ ʛʘʟʳ ʧʦʩʪʫʧʘʶʪ ʚ ʘʪʤʦʩʬʝʨʫ, 

ʤʝʩʪʥʳʝ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʙʣʠʟʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʢ ʞʠʣʦʡ ʟʦʥʝ, 

ʧʦʩʢʦʣʴʢʫ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (ɹʠʪʶʢʦʚʘ ʠ ʜʨ., 2021).  

ʉʞʠʛʘʥʠʝ ʫʛʣʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ CO2, ʦʢʩʠʜʦʚ ʩʝʨʳ Sʆx ʠ ʘʟʦʪʘ NOx. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʪʘʢʠʭ 

ʚʳʙʨʦʩʦʚ (ʇʘʨʠʞʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ é, 2015; ʉʪʨʘʪʝʛʠʷ é, 2021). ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʳʙʨʦʩʦʚ, ʦʩʚʝʱʝʥʳ ʚʦ 

ʤʥʦʞʝʩʪʚʝ ʧʫʙʣʠʢʘʮʠʡ (ʖʜʦʚʠʯ, ʂʝʪʨʠʩ, 2005; ʇʦʪʝʭʠʥʘ, 2015; ʂʘʣʠʤʫʣʣʠʥʘ, ɻʘʬʫʨʦʚ, 

2016; Karmaker et al., 2020; ʄʦʣʜʘʛʘʟʳʝʚʘ ʠ ʜʨ., 2021; Li et al., 2023 ʠ ʜʨ.). ʆʜʥʘʢʦ ʠʟʫʯʝʥʠʶ 

ʚʣʠʷʥʠʷ ʙʦʣʝʝ ʯʝʤ 50 ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʫʛʣʷʭ ʠ ʟʦʣʝ, ʫʜʝʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ (ʂʠʟʠʣʴʰʪʝʡʥ, 2002). ɻʦʨʶʯʘʷ ʯʘʩʪʴ ʫʛʣʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 
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ʦʨʛʘʥʠʯʝʩʢʫʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ C, H, O, Sʦʨʛ, ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʫʶ ʯʘʩʪʠ. ɺ ʩʦʩʪʘʚʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʫʛʣʝʡ 99% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʟʦʣʦʦʙʨʘʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ Si, Fe, Al , Ca, 

Mg, Na, K, P ʠ 1% ʧʨʝʜʩʪʘʚʣʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ. ʉʦʛʣʘʩʥʦ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʫʛʣʝʡ (ɾʘʨʦʚ, 1994), ʢ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ ʦʪʥʦʩʷʪ ʩʦʙʩʪʚʝʥʥʦ ʤʘʣʳʝ ʵʣʝʤʝʥʪʳ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0,1-0,001% (1000-10 ʛ/ʪ), ʨʝʜʢʠʝ ī 0,001-0,00001% (10-0,1 ʛ/ʪ) ʠ 

ʫʣʴʪʨʘʨʝʜʢʠʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʥʝʝ 0,00001% (ʤʝʥʝʝ 0,1 ʛ/ʪ) (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʫʛʣʷʭ (ʂʨʳʣʦʚ, 2012, ʧʦ ʜʘʥʥʳʤ (ɾʘʨʦʚ, 1994)) 

ɻʨʫʧʧʘ ʤʘʣʳʭ 

ʵʣʝʤʝʥʪʦʚ 

ʀʥʪʝʨʚʘʣ ʩʦʜʝʨʞʘʥʠʷ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʛ/ʪ 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʩʦʩʪʘʚ ʛʨʫʧʧ ʤʘʣʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʫʛʣʷʭ 

ʉʦʙʩʪʚʝʥʥʦ ʤʘʣʳʝ 1000é10 
ɺ, F, CI, Ti, V, ʉʛ, ʄn, Ni, ʉu, Zn, As, Zr, ɺʘ, 

Pb 

ʈʝʜʢʠʝ 10é0,1 
Li, Be, Sc, Co, Ga, Ge, Se, Sr, Br, Y, Nb, Mo, 

Cd, Sn, Sb, Zn, Cs, La, Yb, W, Bi, U, Hg 

ʋʣʴʪʨʘʨʝʜʢʠʝ ʄʝʥʝʝ 0,1 Ag, Re, Au, Pt 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʞʝʩʪʚʘ ʨʦʩʩʠʡʩʢʠʭ (ʩʦʚʝʪʩʢʠʭ) ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʡ ʠ ʟʦʣʳ (ʖʜʦʚʠʯ, ʂʝʪʨʠʩ, 2005) ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʩʨʝʜʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ï ʫʛʦʣʴʥʳʝ ʠ ʟʦʣʴʥʳʝ ʢʣʘʨʢʠ (ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 2.  

ʂʣʘʨʢʠ ʢʘʤʝʥʥʳʭ, ʙʫʨʳʭ ʫʛʣʝʡ ʠ ʠʭ ʟʦʣʳ ʧʦ ʜʘʥʥʳʤ (ʖʜʦʚʠʯ, ʂʝʪʨʠʩ, 2005) 

ʕʣʝʤʝʥʪ 
ʂʣʘʨʢ ʢʘʤʝʥʥʳʭ 

ʫʛʣʝʡ 

ʂʣʘʨʢ ʙʫʨʳʭ 

ʫʛʣʝʡ 

ʂʣʘʨʢ ʟʦʣʳ 

ʢʘʤʝʥʥʳʭ 

ʫʛʣʝʡ 

ʂʣʘʨʢ ʟʦʣʳ ʙʫʨʳʭ 

ʫʛʣʝʡ 

V 29 22 170 140 

Cr 17 15 120 82 

Co 6,9 4,2 37 27 

Ni 16,0 9,0 97 53 

Cu 17 14 110 72 

Zn 29 18 170 110 

As 9,0 7,4 50 49 

Sr 100 120 730 770 

Mo 2,0 2,1 14 14 

Cd 0,2 0,2 1,5 1 

Sb 1,0 0,8 7,6 4,4 

W 1,0 1,2 7,8 6,1 

Pb 9,0 6,7 56 39 

Bi 1,1 0,9 7,7 5,7 
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ʂʘʤʝʥʥʳʝ ʫʛʣʠ ʦʢʘʟʘʣʠʩʴ ʩʠʣʴʥʝʝ ʦʙʦʛʘʱʝʥʳ V, Cr, Co, Ni, Cu, Zn, As, Sb, Pb ʠ Bi, ʘ 

ʙʫʨʳʝ ʫʛʣʠ ï Sr, Mo ʠ W. ʂʣʘʨʢʠ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʨʦʤʝ Sr, 

ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ ʜʣʷ ʟʦʣʳ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ.  

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩʞʠʛʘʥʠʝ ʫʛʣʷ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʚʳʙʨʦʩʦʚ ʠʭ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ. ʇʦ ʦʮʝʥʢʘʤ ʗ.ʕ. ʖʜʦʚʠʯ, ʄ.ʇ. 

ʂʝʪʨʠʩ (2005), ʜʦʣʠ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩʦʝʜʠʥʝʥʠʡ ʊʄʄ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʫʛʣʷ ʚ ɽʚʨʦʧʝ: Be ï 90%, Sb ï 74%, Mo ï 70%, Se ï 50%, Co ï 43%, As ï 16%. ʉʦʛʣʘʩʥʦ 

(Tong et al., 2023), ʚ 2015 ʛ. ʧʨʠʤʝʨʥʦ 21% ʛʣʦʙʘʣʴʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʳʙʨʦʩʦʚ Hg 

ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʩʞʠʛʘʥʠʝ ʫʛʣʷ, ʚ ʉʐɸ ʵʪʘ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 50%.  

ɺʦ ʚʨʝʤʷ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʥʘ ʊʕʉ ʦʙʨʘʟʫʶʪʩʷ ʦʪʭʦʜʳ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ: ʟʦʣʘ ʠ ʰʣʘʢʠ 

(ʟʦʣʘ, ʧʨʝʪʝʨʧʝʚʰʘʷ ʧʣʘʚʣʝʥʠʝ), ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʚ ʢʦʪʣʝ ʧʦʩʣʝ ʛʦʨʝʥʠʷ ʠʣʠ ʫʣʘʚʣʠʚʘʶʪʩʷ 

ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʤʠ, ʜʳʤʦʚʳʝ ʚʳʙʨʦʩʳ, ʚʢʣʶʯʘʶʱʠʝ ʛʘʟʦʦʙʨʘʟʥʳʝ ʚʳʙʨʦʩʳ ʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʫʶ ʟʦʣʫ-ʫʥʦʩʘ, ʢʦʪʦʨʳʝ ʥʝʨʝʜʢʦ ʦʙʲʝʜʠʥʷʶʪ ʚ ʦʜʥʫ ʘʵʨʦʟʦʣʴʥʫʶ ʬʘʟʫ 

(ʖʜʦʚʠʯ, ʂʝʪʨʠʩ, 2005; ʂʨʳʣʦʚ, 2017). ʆʙʨʘʟʦʚʘʚʰʘʷʩʷ ʧʦʩʣʝ ʩʛʦʨʘʥʠʷ ʫʛʣʝʡ ʟʦʣʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʘ 95-99% ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʬʠʣʴʪʨʘʭ, ʫʨʦʚʝʥʴ ʦʯʠʩʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠʯʝʩʢʦʡ 

ʦʩʥʘʱʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʊʕʉ. ʋʣʦʚʣʝʥʥʳʝ ʟʦʣʴʥʳʝ ʫʥʦʩʳ ʠ ʰʣʘʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʊʕʉ, ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ ʚʤʝʩʪʝ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ 

ʦʪʩʪʦʡʥʠʢʠ ï ʟʦʣʦʰʣʘʢʦʦʪʚʘʣʳ. 

ʇʦ ʜʘʥʥʳʤ ʄʠʥʧʨʠʨʦʜʳ ʈʦʩʩʠʠ (https://www.mnr.gov.ru/), ʝʞʝʛʦʜʥʦ ʥʘ ʨʦʩʩʠʡʩʢʠʭ 

ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠʤʝʨʥʦ 22 ʤʣʥ ʪʦʥʥ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ, 

ʧʣʦʱʘʜʴ ʠʟʳʤʘʝʤʳʭ ʟʝʤʝʣʴ ʧʦʜ ɿʐʆ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 30 ʪʳʩ. ʛʘ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ 

ʪʝʨʨʠʪʦʨʠʝʡ ʪʘʢʠʭ ʛʦʨʦʜʦʚ, ʢʘʢ ʀʨʢʫʪʩʢ, ʂʨʘʩʥʦʷʨʩʢ ʠʣʠ ʊʦʤʩʢ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʊʕʉ ʚʳʜʝʣʷʶʪ ʥʘʤʳʚʥʳʝ (ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ) ɿʐʆ, ʚ ʢʦʪʦʨʳʝ 

ʟʦʣʦʰʣʘʢʠ ʧʦʩʪʫʧʘʶʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʩʤʝʰʠʚʘʷʩʴ ʩ ʚʦʜʦʡ, ʠʣʠ ʥʘʩʳʧʥʳʝ 

(çʩʫʭʠʝè) (ʇʦʜʛʦʨʦʜʝʮʢʠʡ ʠ ʜʨ., 2018).  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʩʫʭʦʤ ʭʨʘʥʝʥʠʠ ʟʦʣʦʰʣʘʢʦʚ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʳʣʝʥʠʷ ʟʦʣʘ ʫʚʣʘʞʥʷʝʪʩʷ ʜʦ 15%, ʧʳʣʝʥʠʝ ɿʐʆ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʝʛʘʪʠʚʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʣʷ ʥʘʤʳʚʥʳʭ ɿʐʆ ʭʘʨʘʢʪʝʨʥʳ ʩʝʟʦʥʥʳʝ ʧʳʣʝʥʠʷ 

ʥʝʦʙʚʦʜʥʝʥʥʳʭ ʢʨʘʝʚʳʭ ʟʦʥ ʟʦʣʦʦʪʚʘʣʘ (ʏʝʨʝʥʮʦʚʘ, ʄʘʡʦʨʦʚʘ, 2015). ɺ ɿʐʆ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʨʦʤʝ ʣʝʛʢʦʣʝʪʫʯʠʭ, ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʩʞʠʛʘʝʤʦʤ ʫʛʣʝ. ɺʳʥʦʩ ʚ ʘʪʤʦʩʬʝʨʫ ʧʳʣʝʚʳʭ 

ʯʘʩʪʠʮ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʦʩʘʞʜʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚ, 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩʠʣʴʥʦ ʫʭʫʜʰʘʝʪ ʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʣʝʛʘʶʱʝʡ 
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ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʆʩʦʙʝʥʥʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʳʣʝʥʠʝ ɿʐʆ ʚ ʨʘʡʦʥʘʭ ʩ ʙʦʣʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚʝʪʨʘ (ʂʨʳʣʦʚ, 2017).  

ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʦʣʳ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʟʘʯʘʩʪʫʶ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʟʦʣʘ, ʩʢʣʘʜʠʨʫʝʤʘʷ ʚ ɿʐʆ, ʧʦʩʢʦʣʴʢʫ ʣʠʰʴ ʥʝʙʦʣʴʰʘʷ 

ʯʘʩʪʴ (ʦʢʦʣʦ 1%) ʚʩʝʡ ʟʦʣʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʫʛʣʷ, ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ 

ʯʝʨʝʟ ʜʳʤʦʚʳʝ ʪʨʫʙʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (Singh, Garg, 1999). ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ 

ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʫʛʦʣʴʥʳʭ ʊʕʉ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ 

ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʚʳʙʨʦʩʦʚ ʥʝʫʣʦʚʣʝʥʥʦʡ ʣʝʪʫʯʝʡ ʟʦʣʳ, ʢʦʪʦʨʘʷ ʥʝ ʟʘʭʚʘʪʳʚʘʝʪʩʷ 

ʟʦʣʦʫʣʦʚʠʪʝʣʷʤʠ ʠ ʧʦʧʘʜʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ (ʂʨʳʣʦʚ, 2017). 

ʇʦ ʜʘʥʥʳʤ (ʐʧʠʨʪ, 1987; Vassilev, Vassileva, 1997), ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʚʦ 

ʚʨʝʤʷ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʧʝʨʝʭʦʜʠʪ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʠ ʫʣʝʪʫʯʠʚʘʝʪʩʷ ʩ ʧʘʨʘʤʠ ʚʦʜʳ, ʩʝʨʦʡ, 

ʫʛʣʝʨʦʜʦʤ, ʘʟʦʪʦʤ, ʭʣʦʨʦʤ ʠ ʜʨʫʛʠʤʠ ʛʘʟʘʤʠ. ɿʘʪʝʤ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʝʱʝ ʚ 

ʛʘʟʦʚʦʤ ʪʨʘʢʪʝ ʊʕʉ, ʦʥʠ ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʥʘ ʪʦʥʯʘʡʰʠʭ ʯʘʩʪʠʮʘʭ ʟʦʣʳ-ʫʥʦʩʘ, ʦʙʣʘʜʘʶʱʠʭ 

ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ ʦʙʨʘʟʫʶʪ ʚʪʦʨʠʯʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʝʥʢʠ ʛʠʜʨʘʪʦʚ, ʩʫʣʴʬʘʪʦʚ, ʬʦʩʬʘʪʦʚ ʠ ʪ.ʜ., ʣʠʙʦ ʬʦʨʤʠʨʫʶʪ ʦʪʜʝʣʴʥʳʝ 

ʘʛʨʝʛʘʪʳ ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʠʥʝʨʘʣʘʤʠ Sr, W, Ti, Mn, Cu, Pb ʠ ʪ.ʜ., 

ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʩʠʩʪʝʤʳ ʟʦʣʦʫʣʘʚʣʠʚʘʥʠʷ ʠ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʥʳʡ 

ʚʦʟʜʫʭ. ʅʝʙʦʣʴʰʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ (F, Cl, Br ʠ ʜʨ.) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʳʤʦʚʳʭ ʚʳʙʨʦʩʦʚ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʂʠʟʠʣʴʰʪʝʡʥ, 2002). 

ʀʤʝʥʥʦ ʪʚʝʨʜʦʬʘʟʥʘʷ ʵʤʠʩʩʠʷ ʩ ʟʦʣʦʡ-ʫʥʦʩʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʴʰʫʶ ʫʛʨʦʟʫ ʜʣʷ ʣʶʜʝʡ ʩʨʝʜʠ ʚʩʝʭ ʚʳʙʨʦʩʦʚ ʊʕʉ 

(ʖʜʦʚʠʯ, ʂʝʪʨʠʩ, 2005). ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʧʣʝʥʢʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʧʦʚʳʰʘʝʪ ʦʧʘʩʥʦʩʪʴ ʟʦʣʳ-ʫʥʦʩʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, 

ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʮʝʡ ʢʦʥʪʘʢʪʘ ʩ ʪʢʘʥʷʤʠ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ 

(ʂʠʟʠʣʴʰʪʝʡʥ, 2002). 

ɺʝʜʫʱʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʪʦʢʩʠʯʥʦʩʪʴ ʧʦʣʣʶʪʘʥʪʦʚ, ʷʚʣʷʝʪʩʷ ʥʝ ʠʭ 

ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʠʩʢʦʧʘʝʤʦʤ ʪʦʧʣʠʚʝ, ʘ ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʧʝʨʝʭʦʜʠʪʴ 

ʚ ʘʵʨʦʟʦʣʴʥʫʶ ʬʘʟʫ ʠ ʚʳʙʨʘʩʳʚʘʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩ ʦʪʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ. ʋʛʣʠ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, ʥʦ ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʧʝʨʝʭʦʜʘ ʚ ʘʵʨʦʟʦʣʴʥʫʶ ʬʘʟʫ, ʩʧʦʩʦʙʥʳ ʧʨʠ ʩʞʠʛʘʥʠʠ ʩʠʣʴʥʝʝ ʟʘʛʨʷʟʥʠʪʴ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (Querol et al., 1995; ʂʠʟʠʣʴʰʪʝʡʥ, 2002). ɼʦʣʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʫʛʣʝ, ʧʝʨʝʭʦʜʷʱʠʭ ʚ ʘʵʨʦʟʦʣʴʥʫʶ ʬʘʟʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʝʞʠʤʦʤ 
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ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ, ʪʘʢ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʴʶ ʠ ʛʣʠʥʠʩʪʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʪʝʨʤʦʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʢʘʢ 

ʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʛʣʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʦʣʣʶʪʘʥʪʳ. ʄʠʢʨʦʵʣʝʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʣʠʥʠʩʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʩʪʘʶʪʩʷ ʚ ʫʣʘʚʣʠʚʘʝʤʦʡ ʟʦʣʝ ʠ ʰʣʘʢʝ, ʪʦʛʜʘ ʢʘʢ ʵʣʝʤʝʥʪʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʠʣʠ ʩʫʣʴʬʠʜʘʤʠ, ʘʢʪʠʚʥʝʝ ʧʝʨʝʭʦʜʷʪ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʠ 

ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʥʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮʘʭ ʟʦʣʳ (ʂʠʟʠʣʴʰʪʝʡʥ, 2002; ʖʜʦʚʠʯ, ʂʝʪʨʠʩ, 

2005).  

ɼʘʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʠ ʧʘʨʘʤʝʪʨʦʤ ʩʞʠʛʘʥʠʷ ʫʛʣʝʡ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʘʨʠʘʮʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʄʄ ʤʝʞʜʫ ʛʘʟʦʚʦʡ ʬʘʟʦʡ ʠ ʟʦʣʦʡ ʥʘ ʊʕʉ ʤʠʨʘ. ʊʘʢ, ʥʘ ʊʕʉ ʛ. ɸʤʩʪʝʨʜʘʤʘ 

(ʅʠʜʝʨʣʘʥʜʳ) ʤʦʱʥʦʩʪʴʶ 600 ʄɺʪ ʧʨʠ ʩʞʠʛʘʥʠʠ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ ʩʨʝʜʥʝʡ ʟʦʣʴʥʦʩʪʴʶ 12% 

ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ F, Cl, Hg ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʰʣʠ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ (Ten Brink et al., 1987). ɺ 

ʧʨʦʚʠʥʮʠʠ ɸʣʴʙʝʨʪʘ (ʂʘʥʘʜʘ) Cd, F, Hg, Pb ʧʦʣʥʦʩʪʴʶ ʥʘʭʦʜʷʪʩʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʜʳʤʦʚʳʭ 

ʚʳʙʨʦʩʦʚ ʊʕʎ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Be ʥʘ 99% ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʜʳʤʦʚʳʭ ʬʠʣʴʪʨʘʭ (Gentzis, 

Goodarzi, 1997).  

ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, ʧʨʦʰʝʜʰʠʝ ʯʝʨʝʟ ʟʦʣʦʫʣʦʚʠʪʝʣʴʥʳʝ ʬʠʣʴʪʨʳ ʊʕʉ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʣʴʯʝ, ʯʝʤ ʟʦʣʘ ʚ ʮʝʣʦʤ, ʯʪʦ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʊʕʉ 

ɼʦʥʙʘʩʩʘ (ʕʥʝʨʛʝʪʠʢʘ é, 1979) ʠ ʥʘ ʅʦʚʦʯʝʨʢʘʩʩʢʦʡ ɻʈʕʉ (ʂʠʟʠʣʴʰʪʝʡʥ, 2002) (ʪʘʙʣ. 3). 

ɿʘ ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ ʧʨʦʚʝʜʝʥʳ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ (Oros, Simoneit, 2000; Chen et al., 

2005; Huang et al., 2017; Park et al., 2021; Tong et al., 2023 ʠ ʜʨ.), ʚ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ ʟʦʣʳ.  

ʊʘʙʣʠʮʘ 3.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʳ-ʫʥʦʩʘ (ʚ %) ʧʦ ʢʣʘʩʩʘʤ ʢʨʫʧʥʦʩʪʠ ʜʦ ʠ ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ  

(ʧʦ ʜʘʥʥʳʤ ʕʥʝʨʛʝʪʠʢʘ é, 1979; ʂʠʟʠʣʴʰʪʝʡʥ, 2002) 

 
ʊʠʧ ʟʦʣʳ 

ʂʣʘʩʩʳ ʢʨʫʧʥʦʩʪʠ, ʤʢʤ 

>5 >15 >30 >40 >60 

ʊʕʉ ɼʦʥʙʘʩʩʘ 
ɼʦ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ 91 67 44 34 18 

ʇʦʩʣʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ 80 41 20 14 7 

ʅʦʚʦʯʝʨʢʘʩʩʢʘʷ 

ɻʈʕʉ 

ɼʦ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ 100 93 45,4 25,4 14,4 

ʇʦʩʣʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ 85,2 72,8 46,3 24,7 11,2 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʟʦʣʝ-ʫʥʦʩʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʚʳʰʝ, ʯʝʤ 

ʚ ʫʛʣʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥʘ ʦʙʨʘʟʦʚʘʥʘ. ʇʦ ʜʘʥʥʳʤ (Fulekar et al., 1983), ʚ ʟʦʣʝ ʦʜʥʦʡ ʠʟ ʊʕʉ 
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ʀʥʜʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Ni ʠ Zn ʙʳʣʠ ʚ 2 ʨʘʟʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʫʛʣʝʤ, Cr ï ʚ 4-

5 ʨʘʟ, Mn ï ʚ 5-6 ʨʘʟ. ɺ ʟʦʣʝ ʊʕʉ ʚ ʅʠʜʝʨʣʘʥʜʘʭ ʧʨʦʠʟʦʰʣʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ Cr ʠ Cu ʚ 6-

7 ʨʘʟ, As ʚ 12 ʨʘʟ, Cd ʚ 40 ʨʘʟ (Meij, Winkel, 2004). ɺ ʟʦʣʝ-ʫʥʦʩʝ ʊʕʉ ʛ. ʂʘʥʛʘʣ (ʊʫʨʮʠʷ) 

ʩʦʜʝʨʞʘʥʠʝ Pb ʚ 4 ʨʘʟʘ ʧʨʝʚʳʩʠʣʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʫʛʣʝ, As ʠ Zn ī ʚ 3 ʨʘʟʘ, Cu, Ni, V ʠ Cr 

ī ʚ 2-2,7 ʨʘʟʘ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʤʦʥʦʛʨʘʬʠʠ ʃ.ʇ. ʈʠʭʚʘʥʦʚʘ (1997) ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʫʛʣʝʡ ʠ 

ʟʦʣʳ ʊʕʉ ʛ. ʊʦʤʩʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚʳʰʝ ʚ ʟʦʣʝ, ʯʝʤ ʚ ʫʛʣʝ (ʨʠʩ. 2).  

 

 

ʈʠʩ. 2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʫʛʣʝʡ ʠ ʟʦʣʳ ɻʈʕʉ-2 ʚ ʊʦʤʩʢʝ (ʈʠʭʚʘʥʦʚ, 1997). ʂʂ ï ʢʣʘʨʢ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʡ ʠ ʟʦʣʳ  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʫʛʣʷ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʣʳ ʠ ʰʣʘʢʦʚ 

ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʟʦʣʘ ʙʫʨʳʭ ʫʛʣʝʡ ʂʘʥʩʢʦ-ɸʯʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, 

ʢʦʪʦʨʳʝ ʩʞʠʛʘʶʪʩʷ ʥʘ ʎʝʥʪʨʘʣʴʥʦʡ ʊʕʎ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Mg ʠ Ca, ʵʪʠ ʧʝʪʨʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚ ʨʝʛʠʦʥʝ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʘʤʠ ʫʛʣʝʦʙʨʘʟʦʚʘʥʠʷ (ɹʦʡʢʦ ʠ ʜʨ., 2003). 

ɺ ʟʦʣʝ ʙʫʨʳʭ ʫʛʣʝʡ ɻʫʩʠʥʦʦʟʝʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʷʚʣʝʥʦ ʘʥʦʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Mo 

(ʜʦ 100 ʛ/ʪ) (ʆʩʦʢʠʥ, 1993).  

ʅʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʟʘʨʫʙʝʞʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʝʪʫʯʝʡ ʟʦʣʳ ʊʕʉ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ 

ʫʛʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩʨʝʜʠ ʯʘʱʝ ʚʩʝʛʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʊʄʄ, ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ 

ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʟʦʣʝ: V, Cr, Co, Ni, Cu, Zn, As, Sr, Mo, Cd, Pb (ʪʘʙʣ. 4). ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʞʠʛʘʥʠʷ ʫʛʣʝʡ ʥʘ ʊʕʉ, ʚʢʣʶʯʘʷ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʡ, 

ʪʝʭʥʦʣʦʛʠʶ ʦʙʦʛʘʱʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʪʦʧʣʠʚʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ 

ʫʛʣʝʡ ʠ ʣʝʪʫʯʝʡ ʟʦʣʳ ʚ ʪʦʧʢʝ ʢʦʪʣʘ ʠ ʪ.ʜ., ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʩʠʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 
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ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʊʄʄ ʚ ʣʝʪʫʯʝʡ ʟʦʣʝ. 

ʊʘʙʣʠʮʘ 4.  

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʟʦʣʝ ʨʘʟʣʠʯʥʳʭ ʊʕʎ ʛʦʨʦʜʦʚ ʤʠʨʘ, ʤʛ/ʢʛ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʊʕʉ 
V Cr Co Ni Cu Zn As Sr Mo Cd Pb ʀʩʪʦʯʥʠʢ 

ʉʠʥʛʨʘʫʣʠ, ʀʥʜʠʷ 339 291 76 145 173 195 ī 320 ī 1,9 157 
Gopinathan et al., 

2022  

ʂʘʥʛʘʣ, ʊʫʨʮʠʷ  375 189 23 155 45 368 119 1228 ī ī 40 
Altēkula­ et al., 

2022  

ɹʝʣʭʘʪʫʚ, ʇʦʣʴʰʘ ī 101 12 34 29 67 9,4 419 ī ī 18 Czech et al., 2020  

ɹʘʨʜʚʘʥ, ʀʥʜʠʷ ī 37 32 54 
 

31 
85 0,2 ī ī 2,3 26 Saha et al., 2019  

ʂʦʩʪʦʣʘʮ, ʉʝʨʙʠʷ ī 428 ī 219 281 189 141 ī ī 0,9 45 Savic et al., 2018  

ɻʘʩʢʦ, ʉʝʨʙʠʷ ī 482 ī 505 550 374 94 ī ī 5,9 57 Savic et al., 2018  

ʍʘʡʥʷʥʴ, ʂʠʪʘʡ ī 51 18 82 ī ī 21 ī ī 1,9 ī Fu et al., 2018 

ʄʝʣʣʘʭʝ, ɸʚʩʪʨʠʷ  507 164 67 61 273 144 15 2310 26 ī 125 Lanzerstorf, 2018  

ʍʵʙʵʡ, ʂʠʪʘʡ ī 65 ī ī ī ī 51 ī ī 0,9 99 Zhang et al., 2017 

ɸʥʴʭʫ, ʂʠʪʘʡ 145 77 9,8 56 116 90 ī ī 8,9 0,7 46 li et al., 2014 

ɹʦʢʘʨʦ, ʀʥʜʠʷ 190 353 128 265 1000 250 ī ī 100 26 144 Asokan et al., 2005  

ʄʘʘʩʚʣʘʢʪʝ, 

ʅʠʜʝʨʣʘʥʜʳ 
665 214 89 340 198 843 493 1712 59 5,2 245 Meij,Winkel, 2004  

ʅʘʧʨʠʤʝʨ, ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ Cr (428-482 ʤʛ/ʢʛ) ʚʳʷʚʣʝʥʦ ʚ ʟʦʣʝ ʜʚʫʭ 

ʩʝʨʙʩʢʠʭ ʊʕʉ, ʛʜʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʞʠʛʘʶʪ ʙʫʨʳʡ ʫʛʦʣʴ ʠʟ ʰʘʭʪʳ ɼʨʤʥʦ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʪʫʯʝʡ ʠ ʰʣʘʢʦʚʦʡ ʟʦʣʳ (Savic et al., 2018). ʇʦ 

ʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʩʪʦʣʘʮʢʘʷ ʟʦʣʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʩʠʣʠʢʘʪʥʳʭ ʟʦʣ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ SiO2 ʙʦʣʝʝ 50%. ɿʦʣʘ ʊʕʉ ʚ ʧʨʦʚʠʥʮʠʠ ʍʘʷʥʷʥʴ (Fu et al., 2018) ʦʙʣʘʜʘʝʪ 

ʥʘʠʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Cr (51 ʤʛ/ʢʛ) ʩʨʝʜʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʪʘʙʣ. 4 ʩʪʘʥʮʠʡ. ʅʘ 

ʜʘʥʥʦʡ ʊʕʉ ʩʞʠʛʘʝʪʩʷ ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʫʘʡʥʘʥʴ ʩ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʴʶ 

(0,58 %), ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ (0,64 %), ʥʦ ʚʳʩʦʢʦʡ ʟʦʣʴʥʦʩʪʴʶ (31,74 %). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʞʠʛʘʝʤʦʛʦ ʥʘ ʊʕʉ ʫʛʣʝʡ 

ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ ʚ ʚʠʜʝ ʣʝʪʫʯʝʡ ʟʦʣʳ ʠ ʟʦʣʦʰʣʘʢʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ 

ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʫʛʦʣʴʥʳʭ ʊʕʉ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ 

ʫʛʦʣʴʥʳʭ ʊʕʉ ʩʚʷʟʘʥʘ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʘ ʚʳʙʨʦʩʦʚ ʟʦʣʳ-ʫʥʦʩʘ, ʚ ʨʘʟʳ 

ʦʙʦʛʘʱʝʥʥʦʡ ʵʣʝʤʝʥʪʘʤʠ-ʧʨʠʤʝʩʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʫʛʣʝʤ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʦʜʦʚ, ʛʜʝ ʩʞʠʛʘʥʠʝ 

ʫʛʣʷ ʦʢʘʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʠ ʩʦʩʪʦʷʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
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1.2. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʫʛʦʣʴʥʳʭ ʊʕʉ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ 

ʕʬʬʝʢʪʠʚʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʚʳʙʨʦʩʦʚ, ʚʢʣʶʯʘʷ ʚʳʙʨʦʩʳ 

ʊʕʉ, ʷʚʣʷʝʪʩʷ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʛʦʨʦʜʦʚ (ʂʘʩʠʤʦʚ ʠ ʜʨ., 2016; Linnik et al., 2020). ʆʜʥʠʤ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ ʊʄʄ ʠʟ-ʟʘ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ (Willers et al., 2005; Huang 

et al., 2017; Sonone et al., 2020; Alengebawy et al., 2021). ʇʦʧʘʜʘʷ ʚ ʦʨʛʘʥʠʟʤ ʯʝʨʝʟ ʚʜʳʭʘʥʠʝ, 

ʧʨʦʛʣʘʪʳʚʘʥʠʝ ʠ ʯʝʨʝʟ ʢʦʞʫ, ʊʄʄ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʦʥʠ 

ʩʚʷʟʘʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʠ ʤʫʪʘʛʝʥʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ (Willers et al., 2005; Huang et al., 2017).  

ɺ ʪʘʙʣʠʮʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʦʣʣʶʪʘʥʪʘʭ ʚ 

ʧʦʯʚʘʭ ʛʦʨʦʜʦʚ ʤʠʨʘ, ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʣʠʩʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʳʙʨʦʩʳ ʫʛʦʣʴʥʳʭ 

ʊʕʉ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ Zn, Cr ʠ Ni. ɼʘʥʥʳʝ ʤʝʪʘʣʣʳ, ʚʢʣʶʯʘʷ Sr, ʠʤʝʶʪ ʪʘʢʞʝ ʥʘʠʙʦʣʴʰʠʝ ʩʨʝʜʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚ ʟʦʣʝ ʊʕʉ.  

ʊʘʙʣʠʮʘ 5.  

ʅʘʢʦʧʣʝʥʠʝ ʊʄʄ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʦʚ ʤʠʨʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʥʘ ʊʕʉ, ʤʛ/ʢʛ 

ɻʦʨʦʜ  Cr  Ni Cu  Zn As  Cd  Pb ʀʩʪʦʯʥʠʢ 

ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʷ 
108 58 53 103 ī 0,60 38 Linnik et al., 2020 

ʂʦʩʪʦʣʘʮ, ʉʝʨʙʠʷ 100 35 36 140 29 0,8 85 Savic et al., 2018  

ɻʘʩʢʦ, ʉʝʨʙʠʷ 60 85 43 69 6,3 1,5 25 Savic et al., 2018 

ʈʦʩʘʨʠʪʦ, ʄʝʢʩʠʢʘ  66 78 56 ī ī ī 12 Pastrana-Corral et al., 2017  

ʊʘʚʰʘʥʣʳ, ʊʫʨʮʠʷ  288 558 20 58 28 0,1 21 ¥zkul, 2016  

ʃʫʦʭʵ, ʂʠʪʘʡ 38 ī 42 68 46 0,2 33 You et al., 2015 

ʄʧʫʤʘʣʘʥʛʘ, ʖɸʈ 61 13 25 26 ī 0,05 38 Delia, 2015  

ʌʨʠ-ʉʪʵʡʪ, ʖɸʈ 38 23 22 110 ī 0,07 11 Delia, 2015  

ʃʘʛʦʩ, ʅʠʛʝʨʠʷ  17 2,9 12 715 ī 2,9 138 Adebola, Torto, 2014  

ʉʠʷʥʴ, ʂʠʪʘʡ 99 30 40 125 ī ī 40 Lu et al., 2013  

ʅʦʚʠ-ʉʘʜ, ʉʝʨʙʠʷ 100 40 39 88 0,9 1,3 52 Dragoviĺ et al., 2013  

ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ  173 72 54 243 ī ī 83 
ɻʘʣʠʫʣʠʥ, ɻʘʣʠʫʣʠʥʘ, 

2013  

ʋʪʪʘʨ-ʇʨʘʜʝʰ, 

ʀʥʜʠʷ 
6,4 8,9 30 117 ī 2,9 26 Singh et al, 2010  

ʉʠʥʛʨʘʫʣʠ, ʀʥʜʠʷ ī 12 ī ī 2,8 0,5 17 Agrawal et al., 2010 

ʈʦʚʠʥʘʨʠ, ʈʫʤʳʥʠʷ ī ī 30 87 ī ī 10 Lazar et al., 2008 

ʄʠʜʥʘʧʫʨ, ʀʥʜʠʷ 92 47 59 128 2,9 ī 22 Mandal, Sengupta, 2006  

ʇʨʠʝʚʠʜʟʘ, ʉʣʦʚʘʢʠʷ 21 19 18 75 33 0,3 26 Keegan et al., 2006  

ɺʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʟʦʣʳ-ʫʥʦʩʘ ʊʕʉ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʊʄʄ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (Mehra et al., 1998; Keegan et al., 2006; 
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Agrawal et al., 2010; Savic et al., 2018). ɸ. Mehra ʩ ʩʦʘʚʪʦʨʘʤʠ (1998) ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʦʡ ʚʙʣʠʟʠ ʊʕʉ ʚ ɼʝʣʠ, ʦʮʝʥʠʣʠ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 

4 ʢʤ. ʈ. Agrawal ʩ ʩʦʘʚʪʦʨʘʤʠ (2010) ʝʱʝ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʧʨʠ ʧʨʝʦʙʣʘʜʘʶʱʝʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʄʄ ʚ ʧʦʯʚʘʭ ʤʘʢʩʠʤʘʣʴʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 2 ʜʦ 4 ʢʤ 

ʦʪ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʚʳʙʨʦʩʦʚ ʅʦʚʦʯʝʨʢʘʩʩʢʦʡ ɻʈʕʉ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ Mn, Cr, Ni, Cu, Zn, Pb, Cd ʤʘʢʩʠʤʘʣʴʥʦ (Zc = 

20) ʚʙʣʠʟʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (Linnik et al., 2020).  

ɺ ʉʠʙʠʨʠ ʠ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʧʦʜʭʦʜʷʱʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʚʳʙʨʦʩʦʚ ʫʛʦʣʴʥʳʭ ʊʕʉ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚʳʩʪʫʧʘʝʪ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʵʬʬʝʢʪʠʚʥʦ ʘʢʢʫʤʫʣʠʨʫʝʪ ʠ ʩʦʭʨʘʥʷʝʪ ʟʘʛʨʷʟʥʠʪʝʣʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʟʠʤʥʝʛʦ 

ʧʝʨʠʦʜʘ. ʊʘʢ, ʚ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʣʠʷʥʠʷ ʦʙʲʝʢʪʦʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʥʘ ʶʛʝ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ (ʊʘʣʦʚʩʢʘʷ, 2022) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʫʤʝʥʴʰʘʣʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʊʕʉ, ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʚʳʷʚʣʝʥʳ 

ʚʙʣʠʟʠ ʊʕʉ (ʜʦ 1,3 ʢʤ). ʅʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 2,3 ʢʤ ʦʪ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʫʨʦʚʝʥʴ ʥʘʛʨʫʟʢʠ 

ʩʥʠʞʘʣʩʷ ʚ ʩʨʝʜʥʝʤ ʚ 2 ʨʘʟʘ.  

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʧʦʯʚʝʥʥʦʤ ʠ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ ʊʄʄ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʟʦʣʦʡ-ʫʥʦʩʦʤ ʊʕʉ, ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ. ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ 

ʥʝʢʦʪʦʨʳʤʠ ʊʄʄ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʤʝʩʪʥʳʭ ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩ ʫʯʝʪʦʤ 

ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚ ʈʫʤʳʥʠʠ (Lazar et al., 2008), 

ʊʫʨʮʠʠ (¥zkul, 2016), ʈʦʩʩʠʠ (ɺʷʟʦʚʘ ʠ ʜʨ., 2006; ʄʘʪʚʝʝʥʢʦ ʠ ʜʨ., 2008) ʠ ʜʨ. ʊʘʢ, ʚ 

ʨʫʤʳʥʩʢʦʤ ʛ. ʈʦʚʠʥʘʨʠ ʧʦʯʚʘ ʚʦʢʨʫʛ ʊʕʉ ʙʳʣʘ ʟʘʛʨʷʟʥʝʥʘ Cu ʠ Zn, ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʦʣʣʶʪʘʥʪʦʚ ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ ʩ ʥʘʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʧʦʩʢʦʣʴʢʫ ʧʦʙʣʠʟʦʩʪʠ ʥʝ ʙʳʣʦ 

ʜʨʫʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ, ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʄʄ ʚ ʧʦʯʚʝ ʙʳʣʠ 

ʩʚʷʟʘʥʳ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʦʣʳ-ʫʥʦʩʘ ʊʕʉ. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʳʙʨʦʩʦʚ ʊʕʉ ʚ ʛ. ʊʘʚʰʘʥʣʳ 

(ʊʫʨʮʠʷ) (¥zkul, 2016) ʧʦʢʘʟʘʣʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Hg, Pb ʠ Zn ʚ ʧʦʯʚʘʭ ʥʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʠ ʚʦʩʪʦʢʝ ʦʪ ʊʕʉ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʶʛʦ-ʟʘʧʘʜʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʘ.  

ɹʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʚʳʙʨʦʩʦʚ ʫʛʦʣʴʥʳʭ ʊʕʉ ʚ ʥʘʢʦʧʣʝʥʠʝ 

ʊʄʄ ʚ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʛʦʨʦʜʦʚ ʤʠʨʘ. ʊʘʢ, ʚ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʨʘʡʦʥʘ ɺʠʪʙʘʥʢʘ (ʖɸʈ) ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʣʝʪʫʯʝʡ ʟʦʣʦʡ ʠ ɿʐʆ (Al, Sr ʠ Li). ʕʪʦʪ ʬʘʢʪʦʨ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ 

ʫʛʣʝʜʦʙʳʚʘʶʱʝʡ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ (Ģibret et al., 2013). ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʰʘʭʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʉʠʥʛʨʘʫʣʠ (ʀʥʜʠʷ) (Kumari et al., 2023) ʚ ʦʙʨʘʟʮʘʭ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʙʳʣʠ 
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ʦʙʥʘʨʫʞʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Cu, Ni, Zn, Cr, Co, As ʠ Mo, ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʨʝʚʳʰʘʶʱʠʝ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʚ ʨʘʡʦʥʘʭ, ʙʣʠʟʢʠʭ ʢ ʪʝʧʣʦʚʳʤ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʠ ʤʠʨʘ ʦʩʣʦʞʥʷʝʪʩʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʨʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʨʨʠʪʦʨʠʡ ï ʤʥʦʛʠʝ ʛʦʨʦʜʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʤʝʞʛʦʨʥʳʭ ʢʦʪʣʦʚʠʥʘʭ ʠʣʠ 

ʧʨʝʜʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʘʷ ʧʨʦʜʫʚʘʝʤʦʩʪʴ, ʰʪʠʣʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʠʥʚʝʨʩʠʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʫʭʫʜʰʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ 

(ʈʝʛʠʦʥʳ ʠ ʛʦʨʦʜʘ ʈʦʩʩʠʠé, 2014). ʊʘʢ, ʚ ʛ. ʋʣʘʥ-ɹʘʪʦʨ (ʄʦʥʛʦʣʠʷ), ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 

ʤʝʞʛʦʨʥʦʡ ʢʦʪʣʦʚʠʥʝ, ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʪʨʠ ʊʕʉ ʠ ʤʥʦʞʝʩʪʚʦ ʢʦʪʝʣʴʥʳʭ, ʩʞʠʛʘʶʱʠʭ 

ʙʫʨʳʝ ʫʛʣʠ ʤʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʂʦʰʝʣʝʚʘ ʠ ʜʨ., 2010). ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʞʠʛʘʥʠʝ ʫʛʣʷ ʧʨʠ ʦʪʦʧʣʝʥʠʠ ʚ ʦʙʰʠʨʥʳʭ ʨʘʡʦʥʘʭ ʶʨʪʦʯʥʦʡ ʟʘʩʪʨʦʡʢʠ ʚ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ ʛʦʨʘʟʜʦ 

ʥʠʞʝ, ʯʝʤ ʚ ʢʦʪʣʦʘʛʨʝʛʘʪʘʭ ʊʕʉ, ʘ ʥʠʟʢʠʝ ʪʨʫʙʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʦʧʘʜʘʥʠʝ ʜʳʤʦʚʳʭ 

ʚʳʙʨʦʩʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʠʟʝʤʥʳʡ ʩʣʦʡ ʘʪʤʦʩʬʝʨʳ (ʨʠʩ. 3).  

 

ʈʠʩ. 3. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʚʳʙʨʦʩʦʚ ʪʦʧʣʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ: ɸ ï ʊʕʎ (h = 120 

ʤ), ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ; ɹ ï ʶʨʪʳ (h = 3 ʤ), ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ 

(ʉʦʨʦʢʠʥʘ, 2013) 

ʉʫʤʤʘʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʳʣʠ Zc ʚ ʋʣʘʥ-ɹʘʪʦʨʝ ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʠ ʩʦʪ ʝʜʠʥʠʮ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʬʦʨʤ 

Mo, Cd ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʳʙʨʦʩʘʭ ʧʨʦʜʫʢʪʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʞʠʛʘʥʠʷ ʙʫʨʦʛʦ ʫʛʣʷ ʚ ʧʝʯʘʭ ʶʨʪ (ʉʦʨʦʢʠʥʘ, 2013).  

ɺ ʈʦʩʩʠʠ 44 ʩʫʙʲʝʢʪʘ ʠʤʝʶʪ ʚ ʩʚʦʠʭ ʧʨʝʜʝʣʘʭ ʛʦʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʩ ʢʦʪʣʦʚʠʥʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʛʦʨʦʜʦʚ: ɸʙʘʢʘʥ (ʈʝʩʧʫʙʣʠʢʘ ʍʘʢʘʩʠʷ), ʂʳʟʳʣ (ʈʝʩʧʫʙʣʠʢʘ ʊʳʚʘ), 

ʋʣʘʥ-ʋʜʵ, ɻʫʩʠʥʦʦʟʝʨʩʢ (ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ), ʏʠʪʘ (ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʢʨʘʡ) ʠ ʜʨ. 

(ʑʝʨʙʘʪʶʢ, 2018). ɺ ʛ. ʂʳʟʳʣ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʫʟʢʦʡ ʊʫʚʠʥʩʢʦʡ ʤʝʞʛʦʨʥʦʡ ʢʦʪʣʦʚʠʥʝ, 

ʚʳʪʷʥʫʪʦʡ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʂʳʟʳʣʴʩʢʦʡ ʊʕʎ, 
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ʢʦʪʝʣʴʥʳʭ ʠ ʝʞʝʛʦʜʥʦ ʙʦʣʝʝ 11 ʪʳʩ. ʯʘʩʪʥʳʭ ʜʦʤʦʚʣʘʜʝʥʠʡ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʩʞʠʛʘʶʪ ʜʦ 7 

ʪ ʫʛʣʷ (ʊʘʩ-ʦʦʣ ʠ ʜʨ., 2016). ʉ ʫʯʝʪʦʤ ʦʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʂʳʟʳʣʩʢʘʷ ʊʕʎ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʟʘʧʘʜʝ ʛʦʨʦʜʘ, ʦʜʥʘʢʦ ʠʟ-ʟʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʝ ʛʦʨʦʜʘ, ʙʝʟ ʫʯʝʪʘ ʨʦʟʳ 

ʚʝʪʨʦʚ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʩʣʦʞʥʷʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚ ʛʦʨʦʜʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ; 

ʢʦʛʜʘ ʛʦʩʧʦʜʩʪʚʫʝʪ ʉʠʙʠʨʩʢʠʡ ʘʥʪʠʮʠʢʣʦʥ ʠ ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʚʝʨʩʠʠ ʠ 

ʰʪʠʣʠ, ʥʘʜ ʂʳʟʳʣʦʤ ʚʠʩʠʪ ʩʤʦʛ. ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʧʦʣʣʶʪʘʥʪʘʤʠ ʚ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ ʚ 

2008-2010 ʛʛ. ʚ ʨʘʡʦʥʝ ʊʕʎ ʷʚʣʷʣʠʩʴ Zn, Pb, Cu, Co ʠ Mn, ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ï Zn, Ni ʠ 

Pb (ʂʘʨʘ-ʉʘʣ, 2012). ɺ 2013 ʛ. ʚ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ ʂʳʟʳʣʘ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ 

ʛʦʨʦʜʘ ʙʳʣ ʚʳʷʚʣʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʛʘ (Zc = 128), ʘ ʚ 2014 

ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʧʦʚʳʩʠʣʩʷ ʜʦ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ (Zc = 256) (ʊʘʩ-ʦʦʣ ʠ ʜʨ., 2016).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʦʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʷʚʣʷʶʪʩʷ ʩʝʨʴʝʟʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʚʥʦʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘ ʩʯʝʪ ʚʳʙʨʦʩʦʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʟʦʣʳ. ʕʪʠ 

ʚʳʙʨʦʩʳ ʥʝ ʪʦʣʴʢʦ ʫʭʫʜʰʘʶʪ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʥʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʢʦʧʣʝʥʠʶ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ, ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ ʠ ʜʨʫʛʠʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʣʘʥʜʰʘʬʪʘ.  

ɼʘʥʥʳʡ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʦʨʦʜʦʚ ʋʣʘʥ-ʋʜʵ, ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʠ 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ ʠʭ ʬʨʘʢʮʠʠ PM10, ʘ ʜʣʷ 

ʋʣʘʥ-ʋʜʵ ʘʥʘʣʠʟ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʠ ʝʝ ʯʘʩʪʠʮ ʈʄ10. 

ɻʦʨʦʜʘ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠʨʦʜʥʳʤʠ ʠ ʣʘʥʜʰʘʬʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʙʲʝʤʦʚ ʚʳʙʨʦʩʦʚ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʩʞʠʛʘʝʤʳʭ ʫʛʣʝʡ ʠ ʟʦʣʳ ʊʕʉ, ʧʣʦʱʘʜʴʶ ʪʝʨʨʠʪʦʨʠʠ ʠ ʯʠʩʣʝʥʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʊʄʄ. 

1.3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʜʣʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʦʮʝʥʢʠ ʪʝʨʨʠʪʦʨʠʡ 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʡ ʚʳʙʨʦʩʦʚ ʫʛʦʣʴʥʳʭ ʊʕʉ, ʧʨʦʤrhʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʡ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʛʦʨʦʜʦʚ (ʂʘʩʠʤʦʚ ʠ ʜʨ., 2016). ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʟʫʯʝʥʠʷ ʛʦʨʦʜʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʟʝ ʵʤʠʩʩʠʡ ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ, ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʤʠ ʚʳʙʨʦʩʘʤʠ, ʦʪʭʦʜʘʤʠ ʠ ʩʪʦʢʘʤʠ, ʠʭ 

ʤʠʛʨʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʪʨʘʥʟʠʪʥʳʭ ʩʨʝʜʘʭ (ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʞʠʜʢʠʝ ʠ ʪʚʝʨʜʳʝ 
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ʦʩʘʜʢʠ, ʧʳʣʴ, ʚʦʜʦʪʦʢʠ ʠ ʚʦʜʦʝʤʳ), ʘ ʪʘʢʞʝ ʘʢʢʫʤʫʣʷʮʠʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚ 

ʜʝʧʦʥʠʨʫʶʱʠʭ ʩʨʝʜʘʭ (ʧʦʯʚʝʥʥʳʡ ʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʜʦʥʥʳʝ ʦʩʘʜʢʠ) (ʂʘʩʠʤʦʚ, 2013; 

Wang et al., 2022; Kabir et al., 2022).  

ʇʨʦʙʣʝʤʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʧʦʩʚʷʱʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʧʨʦʩʦʚ ʵʢʦʛʝʦʭʠʤʠʠ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʘʥʜʰʘʬʪʘ. ʈʦʩʩʠʡʩʢʠʝ ʠ ʟʘʨʫʙʝʞʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʦʜʦʚ ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ (Thurston 

et al., 2011; Fan et al., 2020; Serdyukova et al., 2023; Sicard et al., 2023; Popovicheva et al., 2024), 

ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ (Cherednichenko et al., 2021; Xu et al., 2022; Vlasov et al., 2023ʘ) ʠ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ (Vasiĺ et al., 2012; Vlasov et al., 2020; ʄʦʩʢʦʚʯʝʥʢʦ ʠ ʜʨ., 2021ʘ,ʙ; ʊʘʣʦʚʩʢʘʷ, 2022), 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ɹʘʡʯʦʨʦʚ, 2020; ʉʫʜʥʠʢ, ɺʦʟʥʷʯʫʢ, 2020; Stevens et al., 2020), ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ (Palani et al., 2017; Kosheleva et al., 2022; Linnik, 2020; Shinkareva et al., 2023), 

ʜʦʨʦʞʥʦʡ ʧʳʣʠ (Li , Liao, 2018; Seleznev et al., 2020; Kabir et al., 2022; Vlasov et al., 2022; 

Vlasov et al., 2023ʙ) ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ (ʂʦʰʝʣʝʚʘ ʠ ʜʨ., 2015; ¥zkul, 2016; Akanchise et 

al., 2020; ɺʣʘʩʦʚ ʠ ʜʨ., 2022; Onanuga et al., 2023 ʠ ʜʨ.).  

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʦʨʦʜʦʚ ʢʘʢ ʮʝʥʪʨʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʣʦʢʘʣʴʥʳʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ 

(ʂʘʩʠʤʦʚ, 2013). ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʤʠʛʨʘʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ 

ʧʦʣʣʶʪʘʥʪʦʚ, ʪʝʭʥʦʛʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʤʦʛʫʪ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʘʤʠ ʚʪʦʨʠʯʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʠʛʨʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʫʚʝʣʠʯʠʚʘʷ ʨʘʜʠʫʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ (ʂʘʩʠʤʦʚ, 2013; ʂʘʩʠʤʦʚ ʠ ʜʨ., 

2016).  

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ. ʀʟʫʯʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʨʙʦʣʘʥʜʰʘʬʪʦʚ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, 

ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʝʛʦ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʦʡ 

ʩʨʝʜʳ. ʕʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʯʚ ʦʩʥʦʚʘʥ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ 

ʧʦʣʣʶʪʘʥʪʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʛʦʨʦʜʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʢʘʢ 

ʠʩʪʦʨʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʪʝʢʫʱʠʝ ʪʝʥʜʝʥʮʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʜʦʣʛʦʩʨʦʯʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (Foley et al., 2011; Shao et al., 2016; Gil et al., 2018).  

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʪʝʢʫʱʝʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ 

ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ, ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʂʠʪʘʝ (Shao et al., 2016; Li  et al., 
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2020; Shi et al., 2023), ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʡʦʥʘʭ ʶʞʥʦʡ ʀʩʧʘʥʠʠ (Gil et al., 2018) ʠ 

ʚʙʣʠʟʠ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ ʚ ʂʘʪʘʣʦʥʠʠ (Ferr®-Huguet et al., 2007), ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʨʘʡʦʥʝ ɹʨʘʟʠʣʠʠ (Locosselli et al., 2020). ɺ ʧʦʯʚʘʭ ʅʦʨʚʝʛʠʠ ʘʥʘʣʠʟ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Pb ʩ 1995 ʧʦ 2010 ʛ., ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʦʜʝʨʞʘʥʠʷ Cd ʠ Hg ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʘʢʦʡ-ʣʠʙʦ ʟʥʘʯʠʤʦʡ ʚʨʝʤʝʥʥʦʡ ʪʝʥʜʝʥʮʠʠ (Nickel 

et al., 2014). ʀʟʫʯʝʥʠʝ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ɺʦʩʪʦʯʥʦʛʦ ʦʢʨʫʛʘ ʄʦʩʢʚʳ 

ʦʙʥʘʨʫʞʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʚʦʟʨʘʩʪʘʥʠʝ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʩ ʥʠʟʢʦʛʦ ʚ 1989 ʛ. ʥʘ ʚʳʩʦʢʠʡ ʢ 2010 ʛ. (Kosheleva, 

Nikiforova, 2016). ɺ 2015 ʛ. ʩʨʝʜʥʠʡ ʩʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʊʄʄ ʩʦʩʪʘʚʠʣ 

Zc = 51, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ (ʂʘʩʠʤʦʚ ʠ ʜʨ., 2016). 

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʜʦʠʥʜʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʯʚʳ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʊʄʄ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʠ ʨʘʜʠʦʥʫʢʣʠʜʳ. ʅʘ ʩʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ. ʊʘʢ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʨʝʛʠʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʬʦʥ ʊʄʄ ʚ ʧʦʯʚʘʭ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʚʠʩʷʪ ʦʪ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ, ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʦʚ Fe ʠ Mn, 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʨʙʠʨʫʶʪ ʊʄʄ ʠ ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʠʭ ʚʳʥʦʩʫ ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999; ʂʦʰʝʣʝʚʘ ʠ ʜʨ., 2015). ɺ 

ʛʦʨʦʜʘʭ, ʛʜʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠ ʣʠʚʥʝʚʳʡ ʭʘʨʘʢʪʝʨ 

ʦʩʘʜʢʦʚ, ʩʦʟʜʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʤʳʚʘʥʠʷ ʊʄʄ ʠʟ ʧʦʯʚʳ. ɺʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʩʣʫʞʠʪ ʬʠʪʦʨʝʤʝʜʠʘʮʠʷ: ʥʝʢʦʪʦʨʳʝ ʨʘʩʪʝʥʠʷ ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ ʠ 

ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʊʄʄ, ʯʪʦ ʤʦʞʝʪ ʢʘʢ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʭ ʫʜʘʣʝʥʠʶ ʠʟ ʧʦʯʚʳ, ʪʘʢ ʠ 

ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʄʄ ʚ ʧʨʠʢʦʨʥʝʚʦʡ ʟʦʥʝ (ʂʘʩʠʤʦʚ, 2013). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʦʜʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚ ʂʠʪʘʝ (Li et al., 2020; Chen, Lu, 2021;  Shi et al., 2023; Li et al., 2024), ʀʥʜʠʠ (Adimalla et 

al., 2020; Gupta et al., 2021; Kaur et al., 2022; Daulta et al., 2023; Mitran et al., 2024), ʉʐɸ 

(Masri et al., 2021; Jones et al., 2022), ʂʘʥʘʜʝ (Wiseman et al., 2015; Olariu, 2021), ɸʚʩʪʨʘʣʠʠ 

(Birch et al., 2024), ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ (Nickel et al., 2014; Ludwig et al., 2022; Bibi er al., 2023; 

Stafilov et al., 2024), ʖʞʥʦʡ ɸʤʝʨʠʢʠ (Locosselli et al., 2020; Cittadino et al., 2020; Magni et 

al., 2021) ʠ ɸʬʨʠʢʠ (Efunwole et al., 2020; Orisadare et al., 2020; Onanuga et al., 2023). 

ɺ ʈʦʩʩʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʄʦʩʢʚʝ (ʃʘʜʦʥʠʥʘ ʠ ʜʨ., 1999; ʂʘʩʠʤʦʚ ʠ ʜʨ., 

2016; ʂʦʰʝʣʝʚʘ, ʎʳʭʤʘʥ, 2018; ʂʦʰʝʣʝʚʘ ʠ ʜʨ., 2018; ɺʣʘʩʦʚ ʠ ʜʨ., 2022), ʉʘʥʢʪ-
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ʇʝʪʝʨʙʫʨʛʝ (ʋʬʠʤʮʝʚʘ, ʊʝʨʝʭʠʥʘ, 2014), ʇʝʨʤʠ (ɽʨʝʤʯʝʥʢʦ, ʄʦʩʢʚʠʥʘ, 2005; ʍʘʡʨʫʣʠʥʘ ʠ 

ʜʨ., 2019), ɺʦʨʦʥʝʞʝ (ʌʝʜʦʨʦʚʘ, ʐʫʥʝʣʴʢʦ, 2003; ʅʘʟʘʨʝʥʢʦ ʠ ʜʨ., 2017), ʊʶʤʝʥʠ 

(Konstantinova et al., 2020), ʊʘʛʘʥʨʦʛʝ (Konstantinova et al., 2022), ɹʣʘʛʦʚʝʱʝʥʩʢʝ 

(ʈʘʜʦʤʩʢʘʷ, ɹʦʨʦʜʠʥʘ, 2019), ʅʠʞʥʝʚʘʨʪʦʚʩʢʝ (ʉʪʦʨʯʘʢ, 2012), ɸʣʫʰʪʝ, ʗʣʪʝ ʠ 

ʉʝʚʘʩʪʦʧʦʣʝ (Bezberdaya et al., 2022) ʠ ʜʨʫʛʠʭ ʛʦʨʦʜʘʭ. 

ʅʘʫʯʥʳʝ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʊʄʄ, ʚʢʣʶʯʘʶʪ 

ʤʥʦʞʝʩʪʚʦ ʘʩʧʝʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʘʥ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ Source 

Apportionment, ʪʘʢʠʭ ʢʘʢ PMF ʠ PCA-MLR (Jiang et al., 2020; Kuerban et al., 2020; Zhang et 

al., 2020; Xu et al., 2023; Liu et al., 2024). ɼʨʫʛʠʝ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʳ ʦʮʝʥʢʝ ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ 

ʠ ʥʝʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʨʠʩʢʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʚʟʨʦʩʣʳʭ ʠ ʜʝʪʝʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʊʄʄ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ (Fryer et al., 2006; Qu et al., 2012; Lim et al., 2019; Alengebawy et al., 

2021; Emoyan et al., 2021; Wang et al., 2022; Tong et al., 2023).  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ (PM) ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʦʢʘʟʳʚʘʶʪ 

ʨʘʟʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ. ʏʘʩʪʠʮʳ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 1 ʤʢʤ (PM1) ʠ 2,5 ʤʢʤ (PM2,5) 

ʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʘʪʴ ʛʣʫʙʦʢʦ ʚ ʥʠʞʥʠʝ ʦʪʜʝʣʳ ʜʳʭʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʪʨʘʭʝʶ, 

ʙʨʦʥʭʠ ʠ ʣʝʛʢʠʝ. ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʜʦ 10 ʤʢʤ (PM10) ʦʩʝʜʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʝʨʭʥʠʭ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʷʭ (ʨʠʩ. 4).  

 

ʈʠʩ. 4. ʅʘʢʦʧʣʝʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ ʚ ʦʨʛʘʥʘʭ ʜʳʭʘʥʠʷ ʯʝʣʦʚʝʢʘ (ʧʦ 

ʜʘʥʥʳʤ US EPA, 2012) 

ʇʦʧʘʜʘʷ ʚ ʦʨʛʘʥʠʟʤ, ʪʘʢʠʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʨʝʩʧʠʨʘʪʦʨʥʳʭ, 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. (Tager, 2005; Moses, Orok, 2015; Xu et al., 2023; Wang, Liu, 2024). 



26 

 

 

 

 

ʏʘʩʪʠʮʳ PM1 ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʦʟʜʫʭʝ ʦʢʦʣʦ 10-20 ʜʥʝʡ, ʘ 

PM10 ï ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ (Seinfeld, Pandis, 2006).  

ɺʳʩʦʢʠʝ ʪʝʤʧʳ ʫʨʙʘʥʠʟʘʮʠʠ, ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʨʘʥʩʧʦʨʪʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʚʳʩʦʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʭʘ ʤʝʣʢʠʤʠ 

ʯʘʩʪʠʮʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ï ʄʘʣʘʡʟʠʠ (Ibrahim et al., 2021; Mohtar et al., 2022), 

ʅʠʛʝʨʠʠ (Moses, Orok, 2015), ʂʠʪʘʝ (Zheng et al., 2020; Yousefi et al., 2023; Qu et al., 2024), 

ʀʥʜʠʠ (Chanchpara et al., 2023; Pathak, Kuttippurath, 2024) ʠ ʜʨʫʛʠʭ. ʆʩʥʦʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ, ʦʩʦʙʝʥʥʦ ʚ ɸʬʨʠʢʝ, ʃʘʪʠʥʩʢʦʡ 

ɸʤʝʨʠʢʝ ʠ ɸʟʠʠ, ʷʚʣʷʝʪʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʘ ʪʘʢʞʝ ʩʞʠʛʘʥʠʝ ʥʝʬʪʠ ʠ ʫʛʣʷ (Manisalidis et al., 

2020). ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ S. Kong ʩ ʩʦʘʚʪʦʨʘʤʠ (2011) ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʯʚ ʠ ʠʭ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʚ ʛ. ʌʫʰʫʥʴ (ʂʠʪʘʡ), ʚʙʣʠʟʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʫʛʦʣʴʥʳʡ 

ʙʘʩʩʝʡʥ ʠ ʊʕʎ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ PM2,5/PM10 ʠ 

PM10/PM100 ʜʣʷ V, Cr, Mn, Co, Ni, Cu, Zn, As, Cd, Hg ʠ Pb ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʊʄʄ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʠ ʦʩʥʦʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʣʣʶʪʘʥʪʦʚ ʚʳʙʨʦʩʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ 

ʩʞʠʛʘʥʠʝ ʫʛʣʷ.  

ɼʦʨʦʞʥʘʷ ʧʳʣʴ ī ʵʪʦ ʩʤʝʩʴ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʢʦʪʦʨʘʷ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʫʚʘʥʠʷ 

ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, ʚʳʧʘʜʝʥʠʡ ʠʟ ʘʪʤʦʩʬʝʨʳ, ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ: ʠʟʥʦʩʘ ʰʠʥ ʠ ʪʦʨʤʦʟʦʚ, ʤʦʪʦʨʥʳʭ ʚʳʙʨʦʩʦʚ, ʨʘʟʨʫʰʝʥʠʷ 

ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʨʘʟʤʝʪʢʠ (Fussell et al., 2022; Wagner et al., 2024). 

ɺʳʜʫʚʘʥʠʝ ʯʘʩʪʠʮ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʛʨʷʟʥʝʥʠʶ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

(Fan et al., 2020; Manisalidis et al., 2020), ʧʦʯʚ (De Silva et al., 2016; Kaur et al., 2022; Wagner 

et al., 2024) ʠ ʚʦʜʦʝʤʦʚ (Wagner et al., 2024), ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, 

ʧʨʝʧʷʪʩʪʚʫʷ ʬʦʪʦʩʠʥʪʝʟʫ, (Stevens et al., 2020) ʠ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʚ ʛʦʨʦʜʘʭ.  

ɼʦʨʦʞʥʘʷ ʧʳʣʴ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʠ ʩʣʫʞʠʪ ʜʝʧʦʥʠʨʫʶʱʝʡ 

ʩʨʝʜʦʡ ʜʣʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʊʄʄ (Amato et al., 2009; Fussell et al., 2022; 

Wagner et al., 2024). ʂʘʢ ʦʙʲʝʢʪ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʛʦʨʦʜʦʚ, ʜʦʨʦʞʥʘʷ 

ʧʳʣʴ ʩʣʫʞʠʪ ʜʣʷ ʘʥʘʣʠʟʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ ʠʣʠ 

ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʳʡ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ (ʂʘʩʠʤʦʚ ʠ ʜʨ., 

2016).  

ɼʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʦʨʦʞʥʦʡ 

ʧʳʣʠ. ʇʦ ʜʘʥʥʳʤ (ɺʣʘʩʦʚ ʠ ʜʨ., 2015) ʚ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ɺʦʩʪʦʯʥʦʛʦ ʦʢʨʫʛʘ ʄʦʩʢʚʳ ʜʦʣʷ 
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ʬʨʘʢʮʠʠ PM1 ʩʦʩʪʘʚʣʷʝʪ 1,8%, PM1-10 ï 13%, PM10-50 ï 16%, PM>50 ï 69%. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʳʜʫʚʘʥʠʝ ʯʘʩʪʠʮ ʧʳʣʠ ʩ 

ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʠʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ (Amato et al., 

2009) ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʫ ʦʢʦʣʦ 40% ʈʄ10, 15% ʈʄ2,5 ʠ 3% ʈʄ1 

ʦʪ ʤʘʩʩʳ ʦʙʱʝʡ ʤʘʩʩʳ ʚʳʙʨʦʩʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʚʝʨʜʳʤ ʯʘʩʪʠʮʘʤ ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʩ ʚʳʭʣʦʧʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ. ʇʨʠ ʵʪʦʤ ʥʝʚʳʭʣʦʧʥʳʝ ʚʳʙʨʦʩʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʥʦʩʘ ʪʦʨʤʦʟʥʳʭ 

ʢʦʣʦʜʦʢ, ʰʠʥ, ʘʩʬʘʣʴʪʘ ʠ ʙʝʪʦʥʘ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ. ʇʦ ʜʘʥʥʳʤ (Fussell et al., 2022) ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠʤʝʥʥʦ 

ʥʝʚʳʭʣʦʧʥʳʝ ʚʳʙʨʦʩʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʝʨʚʠʯʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʦʪ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʘʢ ʜʣʷ PM2,5 (60%), ʪʘʢ ʠ ʜʣʷ PM10 (73%).  

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʦʨʦʞʥʘʷ ʧʳʣʴ ʩʦʜʝʨʞʠʪ Si, Al, Ca, Fe, Ti ʠ Mg, ʧʦʩʪʫʧʘʶʱʠʝ ʩ 

ʧʨʠʜʦʨʦʞʥʳʤʠ ʧʦʯʚʘʤʠ (Harrison et al., 2021; Hwang et al., 2016; Lanzerstorfer, 2018), 

ʠʩʪʠʨʘʥʠʝ ʰʠʥ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʫʧʣʝʥʠʶ Zn, Cu, W, Pb, Cr, Co, Ni, V, Cd (Alves et al., 2020; 

Harrison et al., 2021; Mun et al., 2022), ʠʟʥʦʩ ʪʦʨʤʦʟʥʳʭ ʢʦʣʦʜʦʢ ï Fe, Ba, Cu, Sb, Zn, Ti, Pb, 

Ba, W (Harrison et al., 2021; Lanzerstorfer, 2018; Roy et al., 2023). ʉʦʩʪʘʚ ʯʘʩʪʠʮ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʘʙʨʘʟʠʠ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʝʛʦ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʠ ʩʚʷʟʫʶʱʠʭ. ʇʦ ʜʘʥʥʳʤ 

ʦʙʟʦʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (Wagner et al., 2024), ʚ ʩʨʝʜʥʝʤ, ʚ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʨʘʟʥʳʭ ʩʪʨʘʥ ʦʪ 

ʠʟʥʦʩʘ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ Zn, Cr, Ni, V, Cu, Pb ʠ Co.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʜʦʨʦʞʥʦʡ 

ʧʳʣʠ, ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʠ ʤʝʛʘʧʦʣʠʩʘʭ, ʪʘʢʠʭ ʢʘʢ ʇʝʢʠʥ (Men at al., 

2018, 2021), ʐʘʥʭʘʡ (Chen et al., 2019), ɼʝʣʠ (Siddiqui et al., 2020; Jangirh et al., 2024), 

ʄʦʩʢʚʘ (ʂʘʩʠʤʦʚ ʠ ʜʨ., 2016), ʥʦ ʠ ʚ ʛʦʨʦʜʘʭ ʩ ʤʝʥʴʰʝʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʣʳʭ ʛʦʨʦʜʦʚ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʟʦʥʠʨʦʚʘʥʠʠ ʜʦʣʠ ʯʘʩʪʥʦʛʦ ʩʝʢʪʦʨʘ ʩ 

ʛʨʫʥʪʦʚʳʤʠ ʜʦʨʦʛʘʤʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʟʫʯʝʥʠʝ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ ʠ 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ. ɺ ʋʣʘʥ-ʋʜʵ ʜʦʨʦʛʠ ʩ ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ ʟʘʥʠʤʘʶʪ ʙʦӢʣʴʰʫʶ ʧʣʦʱʘʜʴ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʨʦʞʥʫʶ ʧʳʣʴ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʲʝʢʪ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʛʦʨʦʜʘ.  
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ɻʣʘʚʘ 2. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɻʦʨʦʜʘ ʋʣʘʥ-ʋʜʵ, ɻʫʩʠʥʦʦʟʝʨʩʢ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ɹʫʨʷʪʠʷ (ʨʠʩ. 5). ɻʦʨʦʜ ʋʣʘʥ-ʋʜʵ ï ʩʪʦʣʠʮʘ ʠ ʢʨʫʧʥʝʡʰʠʡ ʛʦʨʦʜ ʨʝʩʧʫʙʣʠʢʠ, ʥʘ 2024 ʛ. 

ʥʘʩʝʣʝʥʠʝ ʛʦʨʦʜʘ ʩʦʩʪʘʚʣʷʣʦ 435 751 ʯʝʣʦʚʝʢ, ʛʦʨʦʜ ʷʚʣʷʝʪʩʷ ʪʨʝʪʴʠʤ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʚ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ. ʋʣʘʥ-ʋʜʵ ʟʘʥʠʤʘʝʪ ʪʝʨʨʠʪʦʨʠʶ 365,6 ʢʤ2, 

ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘ: ʉʦʚʝʪʩʢʠʡ, ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʠ 

ʆʢʪʷʙʨʴʩʢʠʡ. 

ɻʦʨʦʜ ɻʫʩʠʥʦʦʟʝʨʩʢ ʷʚʣʷʝʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, 

ʨʘʩʧʦʣʦʞʝʥ ʚ 110 ʢʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʩʪʦʣʠʮʳ ʨʝʩʧʫʙʣʠʢʠ ʋʣʘʥ-ʋʜʵ. ɺ 127 ʢʤ ʦʪ ʛʦʨʦʜʘ 

ʧʨʦʭʦʜʠʪ ʛʨʘʥʠʮʘ ʩ ʄʦʥʛʦʣʠʝʡ. ʇʣʦʱʘʜʴ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 24 ʢʤ2. 

ɺʥʫʪʨʝʥʥʝʝ ʜʝʣʝʥʠʝ ʛʦʨʦʜʘ ʚʢʣʶʯʘʝʪ 10 ʧʦʩʸʣʢʦʚ ʠ 5 ʤʠʢʨʦʨʘʡʦʥʦʚ. ʅʘ 2024 ʛ. 

ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʘ ʩʦʩʪʘʚʣʷʣʘ 24 310 ʯʝʣʦʚʝʢ (https://admingus.gosuslugi.ru/). 

ɻʦʨʦʜ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢ ʦʙʨʘʟʫʝʪ ʛʦʨʦʜʩʢʦʡ ʦʢʨʫʛ ʚ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʤ ʨʘʡʦʥʝ, 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʝʚʝʨʥʦʤ ʙʝʨʝʛʫ ɹʘʡʢʘʣʘ, ʚ 1048 ʢʤ ʦʪ ʋʣʘʥ-ʋʜʵ, ʥʘ ɹʘʡʢʘʣʦ-ɸʤʫʨʩʢʦʡ 

ʤʘʛʠʩʪʨʘʣʠ. ɺ 24 ʢʤ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʥʝʛʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʘʡʦʥʥʳʡ ʮʝʥʪʨ ʧʦʩʝʣʦʢ 

ʅʠʞʥʝʘʥʛʘʨʩʢ. ʇʣʦʱʘʜʴ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʦʩʝʣʦʢ 

ɿʘʨʝʯʥʳʡ, ʩʦʩʪʘʚʣʷʝʪ 110 ʢʤ2. ʏʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʩʝʣʝʥʠʝʤ ɻʫʩʠʥʦʦʟʝʨʩʢʘ, ʥʘ 2024 ʛ. ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 24 340 ʯʝʣʦʚʝʢ 

(https://egov-buryatia.ru/gsevbk/). 

 

ʈʠʩ. 5. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʛʦʨʦʜʦʚ ɻʫʩʠʥʦʦʟʝʨʩʢʘ, ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʠ ʋʣʘʥ-ʋʜʵ 
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2.1. ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʋʣʘʥ-ʋʜʵ 

2.1.1. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʨʝʣʴʝʬ  

ʋʣʘʥ-ʋʜʵ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɿʘʙʘʡʢʘʣʴʷ, ʧʨʠʤʝʨʥʦ ʚ 100 ʢʤ ʢ ʚʦʩʪʦʢʫ ʦʪ 

ʦʟʝʨʘ ɹʘʡʢʘʣ, ʚ ʧʨʝʜʝʣʘʭ ʀʚʦʣʛʠʥʦ-ʋʜʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʨʠʩ. 6). ʕʪʘ ʢʦʪʣʦʚʠʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʰʠʨʥʦʝ ʧʦʥʠʞʝʥʠʝ ʨʝʣʴʝʬʘ, ʚʳʪʷʥʫʪʦʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʟʘʧʘʜʘ ʥʘ 

ʚʦʩʪʦʢ ʠ ʦʢʨʫʞʝʥʥʦʝ ʭʨʝʙʪʘʤʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʩʨʝʜʥʝʛʦʨʴʷ. ʉ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʢʦʪʣʦʚʠʥʫ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʭʨʝʙʪʳ ʍʘʤʘʨ-ɼʘʙʘʥ ʠ ʋʣʘʥ-ɹʫʨʛʘʩʳ, ʘ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ ī ʭʨʝʙʝʪ ʎʘʛʘʥ-ɼʘʙʘʥ. 

ɺ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʝ ʋʣʘʥ-ʋʜʵ ʚʝʨʰʠʥʳ ʍʘʤʘʨ-ɼʘʙʘʥʘ ʜʦʩʪʠʛʘʶʪ ʚʳʩʦʪʳ 1114 ʤ, ʯʪʦ ʥʘ 500-

700 ʤ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʜʦʣʠʥʳ ʨʝʢʠ ʉʝʣʝʥʛʠ. ʍʨʝʙʝʪ ʋʣʘʥ-ɹʫʨʛʘʩʳ ʚʦʟʚʳʰʘʝʪʩʷ ʥʘ 800-

1000 ʤ, ʝʛʦ ʩʝʚʝʨʥʳʡ ʩʢʣʦʥ, ʦʙʨʘʱʝʥʥʳʡ ʢ ʛʦʨʦʜʫ, ʩʦʩʪʦʠʪ ʠʟ ʩʛʣʘʞʝʥʥʳʭ ʦʪʨʦʛʦʚ, 

ʨʘʟʜʝʣʝʥʥʳʭ ʢʦʨʦʪʢʠʤʠ ʘʩʠʤʤʝʪʨʠʯʥʳʤʠ ʧʘʜʷʤʠ. ʅʘʠʚʳʩʰʘʷ ʪʦʯʢʘ ʭʨʝʙʪʘ ʜʦʩʪʠʛʘʝʪ 813 

ʤ, ʯʪʦ ʥʘ 310 ʤ ʚʳʰʝ ʜʦʣʠʥʳ ʨʝʢʠ ʋʜʳ (ʉʫʪʢʠʥ, 2010). 

ʐʠʨʠʥʘ ʀʚʦʣʛʠʥʦ-ʋʜʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 10 ʜʦ 15 ʢʤ, ʘ ʝʝ ʜʥʦ 

ʨʘʩʩʝʯʝʥʦ ʪʝʨʨʘʩʠʨʦʚʘʥʥʳʤʠ ʜʦʣʠʥʘʤʠ ʨʝʢ ʉʝʣʝʥʛʠ, ʋʜʳ, ʀʚʦʣʛʠ ʠ ʠʭ ʧʨʠʪʦʢʦʚ. 

ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʣʦʚʠʥʳ ʚʢʣʶʯʘʝʪ ʘʨʭʝʡʩʢʠʝ ʠ ʧʘʣʝʦʟʦʡʩʢʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ, ʪʘʢʠʝ ʢʘʢ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʤʝʣʦʚʦʛʦ, ʥʝʦʛʝʥʦʚʦʛʦ ʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʦʚ. ʍʨʝʙʪʳ 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʩʨʝʜʥʝʛʦʨʴʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʝʥʳ ʛʨʘʥʠʪʘʤʠ, ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ, 

ʩʠʝʥʠʪʘʤʠ, ʛʥʝʡʩʘʤʠ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʣʘʥʮʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʞʛʦʨʥʳʝ ʚʧʘʜʠʥʳ 

ʟʘʧʦʣʥʝʥʳ ʨʳʭʣʳʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥé, 2007). 

ʅʠʞʥʝʤʝʣʦʚʳʝ ʧʦʨʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʧʝʩʯʘʥʠʢʘʤʠ ʠ 

ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʟʘʣʝʛʘʶʪ ʚ ʦʩʥʦʚʘʥʠʠ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʠ ʦʙʥʘʞʘʶʪʩʷ ʚ ʨʘʡʦʥʝ ʃʳʩʦʡ 

ʛʦʨʳ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʛʦʨʦʜʘ. ʏʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʣʝʩʩʦʚʠʜʥʳʝ 

ʧʦʨʦʜʳ ʠ ʩʫʧʝʩʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ, ʠʭ ʤʦʱʥʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʥʘ ʚʝʨʰʠʥʘʭ ʭʦʣʤʦʚ ʜʦ 110-135 ʤ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʉʝʣʝʥʛʠ. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʝʯʥʳʭ ʜʦʣʠʥ ʉʝʣʝʥʛʠ ʠ ʋʜʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʣʠʯʥʳʤ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʵʧʦʭʘʤ (ʦʪ ʜʨʝʚʥʝʯʝʪʚʝʨʪʠʯʥʳʭ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ), ʩʦʩʪʦʷʪ ʠʟ ʚʘʣʫʥʥʦ-

ʛʘʣʝʯʥʳʭ, ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʳʭ, ʛʘʣʝʯʥʳʭ ʠ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʫʧʝʩʠ ʠ 

ʩʫʛʣʠʥʢʠ. (ɻʝʦʣʦʛʠʷé, 1964).  

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʛʦʨʦʜʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘʜʧʦʡʤʝʥʥʳʭ 

ʪʝʨʨʘʩ, ʩʝʚʝʨʥʳʝ ʦʢʨʘʠʥʳ ʛʦʨʦʜʘ ī ʥʘ ʧʨʝʜʛʦʨʥʦʤ ʧʨʦʣʶʚʠʘʣʴʥʦʤ ʰʣʝʡʬʝ ʩʫʛʣʠʥʠʩʪʦʛʦ 

ʩʦʩʪʘʚʘ. ɼʣʷ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

(ɹʝʣʦʛʦʣʦʚʦʚ, 1989). ɻʦʨʥʳʝ ʧʦʨʦʜʳ ɿʘʙʘʡʢʘʣʴʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʤʫ 
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ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʅʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ Pb ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʩʫʭʦʩʪʝʧʥʦʡ 

ʟʦʥʳ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʩʦʩʪʘʚʣʷʝʪ 24-49 ʤʛ/ʢʛ (ʋʙʫʛʫʥʦʚ, ʂʘʰʠʥ, 2004). ʂʣʘʨʢʠ 

ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥʳ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ 

ʧʨʝʚʳʰʘʶʪ ʤʠʨʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʣʘʨʢʠ Pb ʠ Zn ʚ 2,2 ʠ 1,2 ʨʘʟʘ ʚʳʰʝ ʢʣʘʨʢʦʚ 

ʣʠʪʦʩʬʝʨʳ (ʋʙʫʛʫʥʦʚ, ʂʘʰʠʥ, 2004).  

 

ʈʠʩ. 6. ʂʘʨʪʘ ʨʝʣʴʝʬʘ ʀʚʦʣʛʠʥʦ-ʋʜʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠ SRTM) 

2.1.2. ʂʣʠʤʘʪ ʠ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ  

ʂʣʠʤʘʪ ʋʣʘʥ-ʋʜʵ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʟʘʩʫʰʣʠʚʳʡ, ʚʣʠʷʥʠʝ ʦʟ. ɹʘʡʢʘʣ 

ʦʩʣʘʙʣʝʥʦ ʠʟ-ʟʘ ʢʦʪʣʦʚʠʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʦʨʦʜʘ (ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥé, 2007). ɿʠʤʘ ʚ ʋʣʘʥ-

ʋʜʵ ʜʣʠʪʩʷ ʙʦʣʝʝ ʧʷʪʠ ʤʝʩʷʮʝʚ ī ʩ ʢʦʥʮʘ ʦʢʪʷʙʨʷ ʜʦ ʥʘʯʘʣʘ ʘʧʨʝʣʷ. ʇʦʛʦʜʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʉʠʙʠʨʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ, ʜʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʠ ʥʠʟʢʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ɿʠʤʦʡ ʚʳʧʘʜʘʝʪ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʚʝʨʜʳʭ ʦʩʘʜʢʦʚ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʛʦ ʭʦʣʦʜʥʦʛʦ ʤʝʩʷʮʘ ʷʥʚʘʨʷ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ -23Áʉ, ʥʦ ʤʦʞʝʪ ʦʧʫʩʢʘʪʴʩʷ ʜʦ -40Áʉ. ʋʩʪʦʡʯʠʚʳʡ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ 

ʟʘʣʝʛʘʝʪ ʦʙʳʯʥʦ ʦʢʦʣʦ 140 ʜʥʝʡ ʠ ʜʦʩʪʠʛʘʝʪ 12-14 ʩʤ (ʂʣʠʤʘʪ ʋʣʘʥ-ʋʜʵ, 1983). 

ʇʦʩʢʦʣʴʢʫ ʋʣʘʥ-ʋʜʵ ʨʘʩʧʦʣʦʞʝʥ ʚ ʤʝʞʛʦʨʥʦʡ ʢʦʪʣʦʚʠʥʝ, ʨʘʩʯʣʝʥʝʥʥʦʡ ʦʚʨʘʛʘʤʠ ʠ 

ʧʘʜʷʤʠ, ʘ ʪʘʢʞʝ ʚ ʜʦʣʠʥʝ ʨʝʢ ʉʝʣʝʥʛʠ ʠ ʋʜʳ, ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʝʢʘʥʠʝ ʠ 

ʟʘʩʪʘʠʚʘʥʠʝ ʙʦʣʝʝ ʪʷʞʝʣʦʛʦ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʦʥʠʞʝʥʠʷ ʨʝʣʴʝʬʘ. ɺʝʪʝʨ, ʜʫʶʱʠʡ ʩ ʦʟ. 

ɹʘʡʢʘʣ, ʧʨʦʥʠʢʘʝʪ ʧʦ ʫʟʢʦʡ ʜʦʣʠʥʝ ʨ. ʉʝʣʝʥʛʠ ʠ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʦʩʣʘʙʣʷʝʪ ʠʥʚʝʨʩʠʠ ʠ 

ʫʤʝʥʴʰʘʝʪ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʰʪʠʣʝʡ (ɹʫʨʷʪʠʷé, 2011). 

ʃʝʪʦʤ, ʚ ʢʦʥʮʝ ʠʶʣʷ-ʥʘʯʘʣʝ ʘʚʛʫʩʪʘ, ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʛʦʨʦʜʘ ʧʨʠʭʦʜʷʪ ʮʠʢʣʦʥʳ ʩ 
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ʧʦʙʝʨʝʞʴʷ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʚʫʶʪ ʚʳʧʘʜʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚ ʛʦʜʫ 

ʢʦʜʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʛʦ ʪʝʧʣʦʛʦ ʤʝʩʷʮʘ ʠʶʣʷ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ +19,8Áʉ (ɹʫʨʷʪʠʷ é, 2011). ʋʣʘʥ-ʋʜʵ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʫʚʣʘʞʥʝʥʠʝʤ, ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 246 ʤʤ (ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ é, 2007). 

ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʚ ʋʣʘʥ-ʋʜʵ ʧʨʝʦʙʣʘʜʘʶʪ ʚʝʪʨʳ ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 7). ɺ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʩʝʚʝʨʥʳʭ ʚʝʪʨʦʚ (ʂʣʠʤʘʪ 

ʋʣʘʥ-ʋʜʵ, 1983). 

 

ʈʠʩ. 7. ʈʦʟʘ ʚʝʪʨʦʚ ʚ ʋʣʘʥ-ʋʜʵ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ ʋʣʘʥ-ʋʜʵ (rp5.ru) 

ʉʨʝʜʠ ʘʪʤʦʩʬʝʨʥʳʭ ʷʚʣʝʥʠʡ ʚ ʋʣʘʥ-ʋʜʵ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʚʪʦʨʷʶʪʩʷ ʪʫʤʘʥʳ, 

ʤʝʪʝʣʠ, ʟʘʩʫʭʠ ʠ ʩʫʭʦʚʝʠ. ʊʫʤʘʥʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʷʜʝʨ ʢʦʥʜʝʥʩʘʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʙʨʦʩʘʤʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ɺ ʧʝʨʠʦʜ ʟʘʩʫʭʠ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ, ʥʝʨʝʜʢʦ ʚʦʟʥʠʢʘʶʪ ʩʫʭʦʚʝʠ (ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ é, 

2007), ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʘʟʚʝʠʚʘʥʠʶ ʠ ʧʝʨʝʥʦʩʫ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, ʥʝʨʝʜʢʦ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʧʦʣʣʶʪʘʥʪʘʤʠ (ʋʙʫʛʫʥʦʚ, ʂʘʰʠʥ, 2004). 

ɻʦʨʦʜ ʋʣʘʥ-ʋʜʵ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʦʩʦʙʝʥʥʦ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʘʥʪʠʮʠʢʣʦʥʘʣʴʥʳʤ 

ʨʝʞʠʤʦʤ ʧʦʛʦʜʳ, ʛʦʨʥʦʢʦʪʣʦʚʠʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʠ ʩʠʣʴʥʳʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ. ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʧʨʠʟʝʤʥʳʭ ʠʥʚʝʨʩʠʡ ʟʘ ʛʦʜ ʚ ʋʣʘʥ-ʋʜʵ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 

40-60% (ɹʫʨʷʪʠʷé, 2011).  

ʋʣʘʥ-ʋʜʵ ʨʘʩʧʦʣʦʞʝʥ ʚ ʤʝʩʪʝ ʩʣʠʷʥʠʷ ʨʨ. ʉʝʣʝʥʛʠ ʠ ʋʜʳ. ʈʝʢʘ ʉʝʣʝʥʛʘ ʙʝʨʝʪ ʩʚʦʝ 

ʥʘʯʘʣʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ, ʝʝ ʜʣʠʥʘ ʦʢʦʣʦ 1024 ʢʤ, ʧʣʦʱʘʜʴ ʙʘʩʩʝʡʥʘ ʩʦʩʪʘʚʣʷʝʪ 
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447060 ʢʤ2. ʉʝʣʝʥʛʘ ï ʢʨʫʧʥʝʡʰʠʡ ʧʨʠʪʦʢ ʦʟ. ɹʘʡʢʘʣ, ʩʨʝʜʥʠʡ ʤʥʦʛʦʣʝʪʥʠʡ ʩʪʦʢ ʨʝʢʠ ʚ 

ʦʟʝʨʦ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 29 ʢʤį ʚʦʜʳ ʠ ʦʢʦʣʦ 3,6 ʤʣʥ ʪʦʥʥ ʚʟʚʝʩʝʡ (ʈʝʩʫʨʩʳ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜé, 1966). ʈʝʢʘ ʋʜʘ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʠʪʦʢʦʚ ʨ. 

ʉʝʣʝʥʛʠ ï ʙʝʨʝʪ ʥʘʯʘʣʦ ʥʘ ɺʠʪʠʤʩʢʦʤ ʧʣʦʩʢʦʛʦʨʴʝ, ʚʧʘʜʘʝʪ ʚ ʨ. ʉʝʣʝʥʛʫ ʥʘ 156 ʢʤ ʦʪ ʫʩʪʴʷ. 

ɼʣʠʥʘ ʨʝʢʠ 467 ʢʤ, ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ 34800 ʢʤ2 (ʈʝʩʫʨʩʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ é, 1966).   

ʈʝʯʥʳʝ ʚʦʜʳ ʨʨ. ʉʝʣʝʥʛʠ ʠ ʋʜʳ ʠʩʧʳʪʳʚʘʶʪ ʩʠʣʴʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʚʩʣʝʜʩʪʚʠʝ ʩʙʨʦʩʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʛ. ʋʣʘʥ-ʋʜʵ 

ʠ ʩʤʳʚʘ ʩ ʧʦʯʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʫʛʨʦʟʫ ʜʣʷ ʦʟ. ɹʘʡʢʘʣ (ʕʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʘʪʣʘʩ é, 2019). ʇʦ ʜʘʥʥʳʤ 

(ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ é, 2023), ʟʘ ʧʝʨʠʦʜ 2012-2022 ʛʛ. ʧʨʦʠʟʚʝʜʝʥʦ ʩʘʥʠʪʘʨʥʦ-

ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 353 ʧʨʦʙ ʚʦʜʳ ʨ. ʉʝʣʝʥʛʘ, ʠʟ ʥʠʭ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʥʦʨʤʘʪʠʚʘʤ 335 (94,9%) ʧʨʦʙ.  

2.1.3. ʈʘʩʪʠʪʝʣʴʥʳʡ ʠ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚʳ  

ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ʚ ʀʚʦʣʛʠʥʦ-ʋʜʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʣʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʧʦ ʩʚʦʝʤʫ ʛʝʥʝʟʠʩʫ, 

ʤʦʱʥʦʩʪʠ, ʭʠʤʠʟʤʫ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʧʨʝʦʙʣʘʜʘʶʪ ʩʫʧʝʩʠ ʠ ʣʝʩʩʦʚʠʜʥʳʝ 

ʧʦʨʦʜʳ (ʕʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʘʪʣʘʩ é, 2019). ɺ ʩʠʩʪʝʤʝ ʧʦʯʚʝʥʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ 

ʠʟʫʯʘʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʍʘʤʘʨʜʘʙʘʥʦ-ʖʞʥʦʟʘʙʘʡʢʘʣʴʩʢʦʡ ʣʝʩʦʩʪʝʧʥʦʡ ʠ ʛʦʨʥʦ-

ʢʦʪʣʦʚʠʥʥʦ-ʩʪʝʧʥʦʡ ʧʨʦʚʠʥʮʠʠ ʥʠʟʢʦʛʦʨʥʦ-ʜʦʣʠʥʥʦʛʦ ʏʠʢʦʡʩʢʦ-ʍʠʣʦʢʩʢʦʛʦ ʦʢʨʫʛʘ 

ʘʣʣʶʚʠʘʣʴʥʳʭ, ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚ, ʯʝʨʥʦʟʝʤʦʚ ʠ ʢʦʤʧʣʝʢʩʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ (ʅʘʧʨʘʩʥʠʢʦʚ 

ʠ ʜʨ., 2016).  

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʋʣʘʥ-ʋʜʵ ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʠʧʦʚ ʧʨʠʨʦʜʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʦʯʚ: ʘʚʪʦʤʦʨʬʥʳʭ ʪʠʧʦʚ ʧʦʯʚ ʣʝʩʥʦʡ ʠ ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥ ʠ ʢʦʤʧʣʝʢʩʘ 

ʠʥʪʨʘʟʦʥʘʣʴʥʳʭ ʧʦʯʚ ʧʦʡʤ ʨʝʢ ʉʝʣʝʥʛʘ ʠ ʋʜʘ. ʅʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ʉʝʣʝʥʛʠ ʧʦʜ ʣʫʛʦʚʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʥʘ ʨʘʚʥʠʥʥʦʡ ʧʦʡʤʝ ʨʘʟʚʠʪ ʢʦʤʧʣʝʢʩ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ: ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʜʝʨʥʦʚʳʝ, ʣʫʛʦʚʳʝ, ʬʨʘʛʤʝʥʪʘʨʥʦ ʨʘʟʚʠʪʳ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʠ ʙʦʣʦʪʥʳʝ ʧʦʯʚʳ ʚ 

ʧʦʥʠʞʝʥʥʳʭ ʤʝʩʪʘʭ ʩ ʠʟʙʳʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ. ʅʘ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʝ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʘʰʪʘʥʦʚʳʝ ʠ ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ (ʋʙʫʛʫʥʦʚ, ʂʘʰʠʥ, 2004).  

ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ, ʥʘ ʧʦʣʦʛʦ-ʫʚʘʣʠʩʪʦʡ ʠ ʭʦʣʤʠʩʪʦʡ ʨʘʚʥʠʥʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʶʞʥʦʤ ʩʢʣʦʥʝ ʭʨʝʙʪʘ ʋʣʘʥ-ɹʫʨʛʘʩʳ, ʧʦʜ ʩʫʭʦʩʪʝʧʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ 

ʧʨʝʦʙʣʘʜʘʶʪ ʛʦʨʥʳʝ ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ. ɺ ʣʝʩʥʳʭ ʤʘʩʩʠʚʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʜʝʨʥʦʚʳʝ ʣʝʩʥʳʝ 

ʧʦʯʚʳ, ʘ ʪʘʢʞʝ, ʨʝʞʝ, ʜʝʨʥʦʚʦ-ʢʘʨʙʦʥʘʪʥʳʝ (ʋʙʫʛʫʥʦʚ, ʂʘʰʠʥ, 2004). ɻʝʦʣʦʛʠʯʝʩʢʘʷ 
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ʦʩʥʦʚʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʢʣʶʯʘʝʪ ʯʝʪʚʝʨʪʠʯʥʳʝ ʧʝʩʢʠ ʠ ʙʘʟʘʣʴʪʳ, ʤʝʣʦʚʳʝ ʛʘʣʝʯʥʠʢʦʚʦ-

ʧʝʩʯʘʥʳʝ ʪʦʣʱʠ ʠ ʶʨʩʢʠʝ ʵʬʬʫʟʠʚʥʳʝ ʦʪʣʦʞʝʥʠʷ. ɺ ʧʦʡʤʘʭ ʨʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʯʚʳ ʧʦʡʤʳ ʨʝʢʠ 

ʋʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʜʝʨʥʦʚʳʤʠ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʣʫʛʦʚʳʝ ʠ 

ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʧʦʯʚʳ (ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥé, 2007). 

 

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʋʣʘʥ-ʋʜʵ, ʚ ʟʦʥʝ ʩʫʭʦʡ ʩʪʝʧʠ, ʨʘʟʚʠʪʳ ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ. ʅʘ 

ʦʢʨʘʠʥʘʭ ʛʦʨʦʜʘ, ʧʦʜ ʩʦʩʥʦʚʳʤʠ ʣʝʩʘʤʠ, ʧʨʝʦʙʣʘʜʘʶʪ ʙʦʨʦʚʳʝ ʧʝʩʢʠ. ʅʘ ʫʯʘʩʪʢʘʭ, ʛʜʝ 

ʦʪʩʫʪʩʪʚʫʝʪ ʪʨʘʚʷʥʦʡ ʧʦʢʨʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘ ʙʝʨʝʛʘʭ ʉʝʣʝʥʛʠ ʠ ʣʝʚʦʙʝʨʝʞʴʝ ʋʜʳ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠʟʥʘʢʠ ʦʧʫʩʪʳʥʠʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʩʯʘʥʳʭ ʙʘʨʭʘʥʦʚ (ɻʝʥʝʨʘʣʴʥʳʡ 

ʧʣʘʥé, 2007). 

ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʧʦʯʚʳ ʚ ʛʦʨʦʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʨʙʘʥʦʟʝʤʘʤʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦ ʠʣʠ ʛʣʫʙʦʢʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤʠ, ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʴʶ 

ʫʨʙʠʢʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʅʘ ʟʘʘʩʬʘʣʴʪʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʦʜ ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʝʤ 

ʬʦʨʤʠʨʫʶʪʩʷ ʵʢʨʘʥʦʟʝʤʳ (ɻʝʨʘʩʠʤʦʚʘ, 2003). ɺ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʝ ʠ ʯʘʩʪʥʦʤ ʞʠʣʦʤ 

ʩʝʢʪʦʨʝ, ʦʩʦʙʝʥʥʦ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ʉʝʣʝʥʛʠ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʫʣʴʪʫʨʦʟʝʤʳ ʩ ʤʦʱʥʳʤʠ 

ʛʫʤʫʩʦʚʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʠ ʩʣʦʷʤʠ ʧʝʨʝʛʥʦʡʥʦ-ʪʦʨʬʦ-ʢʦʤʧʦʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʭʠʤʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʧʦʯʚʳ ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʟʘʛʨʷʟʥʝʥʠʝʤ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʠʥʜʫʩʪʨʠʟʝʤʳ (ɻʝʨʘʩʠʤʦʚʘ, 2003). 

ʉʪʝʧʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʚ ʨʘʡʦʥʝ ʋʣʘʥ-ʋʜʵ ʚʢʣʶʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ: 

ʙʝʩʩʪʝʙʝʣʴʥʦ-ʣʘʧʯʘʪʢʦʚʳʝ ʛʦʨʥʦʩʪʝʧʥʳʝ ʢʩʝʨʦʬʠʪʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʜʝʨʥʦʚʠʥʥʳʭ ʟʣʘʢʦʚ, ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʝ ʩʪʝʧʠ ʠ ʢʦʚʳʣʴʥʦ-ʨʘʟʥʦʪʨʘʚʥʳʝ ʥʘʩʪʦʷʱʠʝ 

ʩʪʝʧʠ. ʉʨʝʜʠ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʩʪʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦʥʢʦʥʦʛ ʩʠʟʳʡ (Koeleria glauca), 

ʢʦʚʳʣʴ ʂʨʳʣʦʚʘ (Stipa krylovii) ʠ ʣʘʧʯʘʪʢʫ ʨʷʙʠʥʦʣʠʩʪʥʫʶ (Potentilla tanacetifolia) (ʉʫʪʢʠʥ, 

2010). 

2.1.4. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʠ ʠʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ɺ ʋʣʘʥ-ʋʜʵ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ (ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥé, 

2007): ʧʨʦʤʳʰʣʝʥʥʘʷ, ʩʝʣʠʪʝʙʥʘʷ ʩ ʤʥʦʛʦʵʪʘʞʥʦʡ ʠ ʤʘʣʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʦʡ, 

ʨʝʢʨʝʘʮʠʦʥʥʘʷ, ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʘʷ ʠ ʪʨʘʥʩʧʦʨʪʥʘʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ (ʨʠʩ. 8).  

ɺ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʝ ʛʦʨʦʜʘ ʋʣʘʥ-ʋʜʵ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʦʪʨʘʩʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɿʜʝʩʴ ʨʘʩʧʦʣʦʞʝʥʳ ʦʙʲʝʢʪʳ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ, ʚʢʣʶʯʘʷ ʜʚʝ ʫʛʦʣʴʥʳʝ ʊʕʎ (ʊʕʎ-1 ʠ ʊʕʎ-2), ʘ ʪʘʢʞʝ 33 ʤʫʥʠʮʠʧʘʣʴʥʳʝ 
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ʢʦʪʝʣʴʥʳʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʟʦʥʝ ʨʘʙʦʪʘʶʪ ʧʨʝʜʧʨʠʷʪʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, 

ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ, ʣʝʛʢʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʟʘʚʦʜʳ. ʉʨʝʜʠ ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʃʦʢʦʤʦʪʠʚʦʚʘʛʦʥʦʨʝʤʦʥʪʥʳʡ ʟʘʚʦʜ (ʃɺʈɿ), ʟʘʚʦʜ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

çʋʣʘʥ-ʋʜʵʩʪʘʣʴʤʦʩʪè ʠ ɸʚʠʘʮʠʦʥʥʳʡ ʟʘʚʦʜ (ʉʳʯʝʚʘ, 2024).   

 

ʈʠʩ. 8. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʋʣʘʥ-ʋʜʵ 
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ʂʨʫʧʥʝʡʰʘʷ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʛʦʨʦʜʘ, ʊʕʎ-1, ʷʚʣʷʶʱʘʷʩʷ ʚʪʦʨʦʡ ʧʦ ʤʦʱʥʦʩʪʠ 

ʚ ɿʘʙʘʡʢʘʣʴʝ ʧʦʩʣʝ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ, ʠʤʝʝʪ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ 

149 ʄɺʪ ʠ ʪʝʧʣʦʚʫʶ ʤʦʱʥʦʩʪʴ 688 ɻʢʘʣ/ʯ. ʊʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʊʕʎ-2 ʩʦʩʪʘʚʣʷʝʪ 380 

ɻʢʘʣ/ʯ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʛʦʨʦʜʩʢʠʭ ʢʦʪʝʣʴʥʳʭ ʜʦʩʪʠʛʘʝʪ 353 ɻʢʘʣ/ʯ (ʨʠʩ. 

9) (ʉʳʯʝʚʘ, 2024). 

 

ʈʠʩ. 9. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʛ. ʋʣʘʥ-ʋʜʵ 

ɾʠʣʳʝ ʢʚʘʨʪʘʣʳ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʢʘʢ ʚ ʮʝʥʪʨʘʣʴʥʳʭ 

ʨʘʡʦʥʘʭ ʋʣʘʥ-ʋʜʵ, ʪʘʢ ʠ ʥʘ ʝʛʦ ʧʝʨʠʬʝʨʠʠ. ɺ ʮʝʥʪʨʝ ʛʦʨʦʜʘ ʨʘʩʧʦʣʦʞʝʥʳ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, ʤʝʜʠʮʠʥʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʦʙʲʝʢʪʳ ʪʦʨʛʦʚʣʠ ʠ ʢʫʣʴʪʫʨʳ. ɺ ʦʢʨʘʠʥʥʳʭ ʨʘʡʦʥʘʭ ʘʢʪʠʚʥʦ ʚʦʟʚʦʜʷʪʩʷ ʥʦʚʳʝ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʜʥʘʢʦ ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʪʩʪʘʝʪ ʦʪ 

ʪʝʤʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʀʟ-ʟʘ ʵʪʦʛʦ ʤʝʩʪʥʳʤ ʞʠʪʝʣʷʤ ʧʨʠʭʦʜʠʪʩʷ ʯʘʱʝ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʣʠʯʥʳʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ (ʉʳʯʝʚʘ, 

2024).  

ɾʠʣʘʷ ʤʘʣʦʵʪʘʞʥʘʷ ʟʘʩʪʨʦʡʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʥʳʤ ʩʝʢʪʦʨʦʤ, ʩʦʩʪʦʷʱʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʦʜʥʦʵʪʘʞʥʳʭ ʜʦʤʦʚ. ʇʦ ʜʘʥʥʳʤ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ, ʚ 

ʘʛʣʦʤʝʨʘʮʠʠ ʋʣʘʥ-ʋʜʵ, ʚʢʣʶʯʘʶʱʝʡ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʛʦʨʦʜʩʢʦʡ 

ʯʝʨʪʝ, ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 67 ʪʳʩʷʯ ʯʘʩʪʥʳʭ ʜʦʤʦʚʣʘʜʝʥʠʡ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ 

ʦʪʘʧʣʠʚʘʶʪʩʷ ʫʛʣʝʤ ʠ ʜʨʦʚʘʤʠ  (ʨʠʩ. 10). ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʩʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ ʚ ʟʦʥʝ 

ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʦʧʘʩʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ 

ʘʪʤʦʩʬʝʨʳ, ʦʜʥʘʢʦ ʵʪʠ ʚʳʙʨʦʩʳ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʩʪʘʪʠʩʪʠʢʝ ʠ ʜʘʥʥʳʝ ʦʙ ʦʙʲʝʤʘʭ ʠ 

ʩʪʨʫʢʪʫʨʝ ʚʳʙʨʦʩʦʚ ʦʪʩʫʪʩʪʚʫʶʪ (ʍʘʥʜʫʝʚʘ, ʐʘʥʪʘʛʘʨʦʚʘ, 2020). ʇʨʠ ʵʪʦʤ ʯʘʩʪʥʳʝ 
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ʦʪʦʧʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʦʙʦʨʫʜʦʚʘʥʳ ʩʠʩʪʝʤʘʤʠ ʦʯʠʩʪʢʠ, ʠ ʚʳʙʨʦʩʳ ʦʪ ʥʠʭ ʨʘʩʩʝʠʚʘʶʪʩʷ 

ʥʘ ʤʝʥʴʰʝʡ ʚʳʩʦʪʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʶʪʩʷ ʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʚʦʟʜʫʭʘ (ɹʠʪʶʢʦʚʘ ʠ ʜʨ., 2024). ʉʣʘʙʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʩʪʴ ʯʘʩʪʥʦʛʦ 

ʩʝʢʪʦʨʘ ʚ ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʯʥʦʛʦ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʦʢʦʣʦ 60% ʢʦʪʦʨʦʛʦ ī ʧʦʜʝʨʞʘʥʥʳʝ ʠʥʦʤʘʨʢʠ ʚʦʟʨʘʩʪʦʤ ʚʳʰʝ ʧʷʪʠ ʠ 

ʙʦʣʝʝ ʣʝʪ (ʉʳʯʝʚʘ, 2024). 

 

ʈʠʩ. 10. ɼʦʣʷ ʚʳʙʨʦʩʦʚ ʦʪ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʚʳʙʨʦʩʦʚ 

ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʨʘʡʦʥʘʭ, ʚʭʦʜʷʱʠʭ ʚ ɹʘʡʢʘʣʴʩʢʫʶ ʧʨʠʨʦʜʥʫʶ ʪʝʨʨʠʪʦʨʠʶ 

(ɹʠʪʶʢʦʚʘ ʠ ʜʨ., 2024) 

ʈʝʢʨʝʘʮʠʦʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʚʢʣʶʯʘʶʪ ʢʨʫʧʥʝʡʰʠʝ ʧʘʨʢʦʚʳʝ ʟʦʥʳ, ʪʘʢʠʝ 

ʢʘʢ ʧʘʨʢ ʠʤ. ʆʨʝʰʢʦʚʘ, ɻʦʨʩʘʜ ʠ ʄʝʤʦʨʠʘʣ ʇʦʙʝʜʳ, ʘ ʪʘʢʞʝ ʩʢʚʝʨʳ, ʧʨʠʙʨʝʞʥʳʝ ʟʦʥʳ ʨʝʢ 

ʠ ʛʦʨʦʜʩʢʠʝ ʢʣʘʜʙʠʱʘ (ʉʳʯʝʚʘ, 2024).   

ɸʚʪʦʪʨʘʥʩʧʦʨʪʥʘʷ ʩʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʢʨʫʧʥʳʤʠ ʤʘʛʠʩʪʨʘʣʷʤʠ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ (çɹʘʡʢʘʣè, ʪʨʘʩʩʘ ʋʣʘʥ-ʋʜʵ ī ʂʷʭʪʘ, ʘ ʪʘʢʞʝ ʫʣʠʮʳ ʊʝʨʝʰʢʦʚʦʡ, ɹʦʨʩʦʝʚʘ, 

ʊʨʘʢʪʦʚʘʷ, ʧʨʦʩʧʝʢʪʳ ɸʚʪʦʤʦʙʠʣʠʩʪʦʚ ʠ ʉʪʨʦʠʪʝʣʝʡ), ʪʘʢ ʠ ʜʦʨʦʛʘʤʠ ʩʨʝʜʥʝʛʦ (ʫʣʠʮʳ 

ɻʘʛʘʨʠʥʘ, ɼʦʙʨʦʣʶʙʦʚʘ, ʂʦʤʩʦʤʦʣʴʩʢʘʷ) ʠ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʳʤ 

ʜʘʥʥʳʤ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʋʣʘʥ-ʋʜʵ ʩʦʩʪʘʚʣʷʝʪ 383,6 ʢʤ, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʝʚʳʰʘʝʪ 92,3 ʪʳʩʷʯʠ (ʉʳʯʝʚʘ, 2024).  

ʂ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʛʦʨʦʜʘ ʦʪʥʦʩʠʪʩʷ ʫʯʘʩʪʦʢ 
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ʊʨʘʥʩʩʠʙʠʨʩʢʦʡ ʤʘʛʠʩʪʨʘʣʠ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʋʣʘʥ-ʋʜʵ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʠ ʠʤʝʶʱʠʡ 

ʦʪʚʝʪʚʣʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʄʦʥʛʦʣʠʠ ʠ ʂʠʪʘʷ (ʕʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʘʪʣʘʩ, 2019) (ʉʳʯʝʚʘ, 

2024). 

ʀʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʫʤʤʘʨʥʳʝ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʚ ʘʪʤʦʩʬʝʨʫ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʋʣʘʥ-ʋʜʵ ʚ 2023 ʛ. ʩʦʩʪʘʚʠʣʠ 23,388 ʪʳʩ. ʪ (ʦʢʦʣʦ 

21% ʦʪ ʚʩʝʭ ʚʳʙʨʦʩʦʚ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʫʨʷʪʠʷ). ʇʨʠ ʵʪʦʤ ʧʦʯʪʠ 18 ʪʳʩ. ʪ ʧʦʣʣʶʪʘʥʪʦʚ 

ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʙʝʟ ʦʯʠʩʪʢʠ, ʠʟ ʥʠʭ ʦʢʦʣʦ 9% ʦʪ ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2021 ʛ. ʠʭ ʦʙʲʝʤ ʫʚʝʣʠʯʠʣʩʷ ʚ 2,4 ʨʘʟʘ (https://rpn.gov.ru/). ɺ 

2023 ʛ. ʚ ʋʣʘʥ-ʋʜʵ ʦʪʤʝʯʘʣʦʩʴ ʧʨʝʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

(ʇɼʂʩ.ʩ.) ʚ ʚʦʟʜʫʭʝ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ ʚ 8,7 ʨʘʟʘ, ʬʝʥʦʣʘ ʚ 1,3 ʨʘʟʘ, ʦʟʦʥʘ ʚ 1,2 ʨʘʟʘ, ʯʘʩʪʠʮ ʈʄ10 

ʠ ʈʄ2,5 ʚ 1,5 ʠ 1,7 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ é, 2024). 

ʇʦ ʜʘʥʥʳʤ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ é, 2024), ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʛ. ʋʣʘʥ-ʋʜʵ ʷʚʣʷʶʪʩʷ ʊʕʎ-1, ʊʕʎ-2 ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʢʦʪʝʣʴʥʳʝ 

(9% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʳʙʨʦʩʦʚ), ʘ ʪʘʢʞʝ çʋʣʘʥ-ʋʜʵʥʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʟʘʚʦʜè (2,1%). 

ʅʘ ʊʕʎ-1 ʠ ʊʕʎ-2 ʋʣʘʥ-ʋʜʵ ʩʞʠʛʘʝʪʩʷ ʊʫʛʥʫʡʩʢʠʡ ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ, ʝʛʦ ʟʦʣʴʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 16-20%, ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ 5200 ʢʢʘʣ/ʢʛ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʨʦʚʳʤʠ ʢʣʘʨʢʘʤʠ ʜʣʷ 

ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ ʊʫʛʥʫʡʩʢʠʝ ʫʛʣʠ ʦʙʝʜʥʝʥʳ ʚʩʝʤʠ ʊʄʄ, ʢʨʦʤʝ Sr5,1 (ʥʠʞʥʠʡ ʠʥʜʝʢʩ ï 

ʚʝʣʠʯʠʥʘ CCcoal) (ʪʘʙʣ. 6). ʇʨʠ ʵʪʦʤ ʊʫʛʥʫʡʩʢʠʡ ʫʛʦʣʴ, ʩʞʠʛʘʝʤʳʡ ʥʘ ʊʕʎ ʚ ʧʦʩ. ʉʘʛʘʥ-

ʅʫʨ, ʚ 2018 ʛ. ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ ʦʙʦʛʘʱʝʥ Sr19, ʘ ʪʘʢʞʝ ʚ 1,1-1,2 ʨʘʟʘ ʚʳʰʝ Cu, Zn ʠ 

Pb (ʂʦʰʝʣʝʚʘ ʠ ʜʨ., 2019).  

ɺ ʟʦʣʝ ʊʕʎ-1 ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚʩʝ ʊʄʄ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʞʠʛʘʝʤʳʤ ʫʛʣʝʤ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ Zn (11 ʨʘʟ) ʠ V, Sb, W (4,5-4,8 ʨʘʟ). ʇʦ ʜʘʥʥʳʤ 

(Eary et al., 1990), ʥʝʩʤʦʪʨʷ ʥʘ ʩʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Zn ʚ ʟʦʣʴʥʳʭ ʫʥʦʩʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʛʣʝʡ, ʮʠʥʢ ʚ ʚʠʜʝ ʦʢʩʠʜʘ ZnO, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʟʦʣʝ-ʫʥʦʩʘ ʠ ʟʦʣʦʰʣʘʢʘʭ, ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ï ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʩ 

ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤʠ ʤʠʨʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʊʄʄ ʜʣʷ ʟʦʣʳ, ʚ ʟʦʣʝ ʊʕʎ-1 

ʋʣʘʥ-ʋʜʵ ʧʦʯʪʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʨʘʩʩʝʠʚʘʶʪʩʷ,  ʩʦʜʝʨʞʘʥʠʝ Sr ʨʘʚʥʦ ʢʣʘʨʢʫ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʟʦʣʦʡ ʊʕʎ ʥʝʢʦʪʦʨʳʭ ʛʦʨʦʜʦʚ ʤʠʨʘ (ʪʘʙʣ. 4, ʨʘʟʜʝʣ 1.1.) ʟʦʣʘ ʊʕʎ-1 ʋʣʘʥ-ʋʜʵ ʦʙʝʜʥʝʥʘ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ. ʅʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ Ni ʥʠʞʝ ʚ 1,9 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʦʣʦʡ ʊʕʎ ʚ 

ʛ. ɹʝʣʭʘʪʫʚ (ʇʦʣʴʰʘ) (Czech et al., 2020) ʠ ʚ 27 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʦʣʦʡ ʊʕʎ ʚ ʛ. ɻʘʩʢʦ 

(ʉʝʨʙʠʷ) (Savic et al., 2018). ʂʦʥʮʝʥʪʨʘʮʠʷ Zn ʚ ʟʦʣʝ ʊʕʎ-1 ʚ 18 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʚ ʟʦʣʝ ʊʕʎ 

ʚ ʛ. ʄʘʘʩʚʣʘʢʪʝ (ʅʠʜʝʨʣʘʥʜʳ) (Meij, Winkel, 2004).  
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ɺ ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ɿʐʆ ʊʕʎ-1, ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʄʄ ʚʳʰʝ, ʯʝʤ ʚ ʟʦʣʝ ʩ 

ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ, ʜʣʷ Zn ʧʨʝʚʳʰʝʥʠʝ ʥʘʜ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʫʛʣʝ ʩʦʩʪʘʚʣʷʝʪ 10 ʨʘʟ, ʜʣʷ Ni ʠ As 

7,1-7,4 ʨʘʟʘ, ʜʣʷ V, Sb, W, Cu, Cr ʚ 5,1-5,8 ʨʘʟ. ʉʦʛʣʘʩʥʦ (ʖʜʦʚʠʯ, ʂʝʪʨʠʩ, 2005) 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʩʪʝʧʝʥʴ ʣʝʪʫʯʝʩʪʠ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʞʠʛʘʝʤʳʭ ʫʛʣʷʭ, ʟʘʚʠʩʷʪ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ. ʇʨʠ t = 1000-1200ÁC Ni, As ʠ Sb ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʘʭ ʚ ʚʠʜʝ ʥʝʣʝʪʫʯʠʭ ʩʠʣʠʢʘʪʦʚ Ni2SiO4 ʠ ʦʢʩʠʜʦʚ 

As2O3 ʠ Sb2O3, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʦʛʘʱʝʥʠʝ ʟʦʣʦʰʣʘʢʦʚ ʜʘʥʥʳʤʠ ʊʄʄ.  

ʊʘʙʣʠʮʘ 6. 

ʉʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʢʘʤʝʥʥʳʭ ʫʛʣʷʭ ʠ ʟʦʣʝ ʊʕʎ-1 ʋʣʘʥ-ʋʜʵ, ʢʣʘʨʢʠ ʤʠʨʦʚʳʭ 

ʫʛʣʝʡ ʠ ʟʦʣʳ, ʤʛ/ʢʛ 

ʕʣʝʤʝʥʪ 

ʉʦʜʝʨʞʘʥʠʝ 

ʚ ʊʫʛʥʫʡʩʢʠʭ 

ʢʘʤʝʥʥʳʭ 

ʫʛʣʷʭ, ʤʛ/ʢʛ 

ʄʠʨʦʚʦʡ 

ʢʣʘʨʢ 

ʢʘʤʝʥʥʳʭ 

ʫʛʣʝʡ 

CCcoal 

ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʟʦʣʝ 

ʊʕʎ-1 ʋʣʘʥ-

ʋʜʵ, ʤʛ/ʢʛ 

ʄʠʨʦʚʦʡ ʢʣʘʨʢ 

ʟʦʣʳ ʢʘʤʝʥʥʳʭ 

ʫʛʣʝʡ 
CCash 

V 18,0 29 0,6 87,2 170 0,5 

Cr 8,08 17 0,5 28,8 120 0,2 

Co 3,31 6,9 0,5 7,41 37 0,2 

Ni 5,32 16,0 0,3 18,7 97 0,2 

Cu 7,98 17 0,5 26,1 110 0,2 

Zn 4,13 29 0,1 46,3 170 0,3 

As 1,12 9,0 0,1 3,54 50 0,1 

Sr 508,7 100 5,1 702,2 730 1,0 

Mo 1,59 2,0 0,8 5,37 14 0,4 

Cd 0,039 0,2 0,2 0,11 1,5 0,1 

Sb 0,12 1,0 0,1 0,54 7,6 0,1 

W 0,30 1,0 0,3 1,41 7,8 0,2 

Pb 3,98 9,0 0,4 13,9 56 0,2 

Bi 0,064 1,1 0,1 0,15 7,7 0,1 

ɺ ɿʐʆ ʊʕʎ-2 ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʊʄʄ ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ, ʯʝʤ ʚ ɿʐʆ ʊʕʎ-1, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʩʞʠʛʘʥʠʷ ʫʛʣʝʡ, ʠʭ ʧʦʜʛʦʪʦʚʢʦʡ, 

ʚʨʝʤʝʥʝʤ ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʰʣʘʢʦʚ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʠʮʘ 

ʚʳʷʚʣʝʥʘ ʜʣʷ Bi (ʚ 9,6-12 ʨʘʟ), Cd (6,3) ʠ Co (5,0) (ʨʠʩ. 11). 

ʇʨʝʜʧʨʠʷʪʠʷ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʦʙʨʘʙʦʪʢʦʡ ʯʝʨʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʝʤ, ʚʢʣʶʯʘʷ ʃʦʢʦʤʦʪʠʚʦʚʘʛʦʥʦʨʝʤʦʥʪʥʳʡ ʟʘʚʦʜ (ʃɺʈɿ), çʋʣʘʥ-
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ʋʜʵʩʪʘʣʴʤʦʩʪè, ʘʚʠʘʮʠʦʥʥʳʡ ʠ ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ 

ʚʳʙʨʦʩʘʤʠ ʪʘʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ī W, Sb, Cd, Hg, Pb, Bi, Zn, Cu, Ag ʠ As (ʂʘʩʠʤʦʚ, 2013).  

 

ʈʠʩ. 11. ʉʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʊʫʛʥʫʡʩʢʦʤ ʫʛʣʝ, ʟʦʣʝ ʊʕʎ-1 ʠ ɿʐʆ ˉ1,2 ʊʕʎ-2 

ʋʣʘʥ-ʋʜʵ, ʤʛ/ʢʛ 

ʋʣʘʥ-ʋʜʵ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʝʨʝʩʘʜʦʯʥʳʤ ʫʟʣʦʤ, 

ʚʢʣʶʯʘʶʱʠʤ ʫʯʘʩʪʦʢ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʜʝʧʦ ʠ ʩʝʪʴ ʧʦʜʲʝʟʜʥʳʭ ʧʫʪʝʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʦʜʘ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʣʫʞʘʪ ʚʳʭʣʦʧʥʳʝ ʛʘʟʳ ʪʝʧʣʦʚʦʟʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʚʳʙʨʦʩʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʠʟʥʘʰʠʚʘʥʠʠ ʢʦʣʝʩʥʳʭ ʙʘʥʜʘʞʝʡ ʚ 

ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ ʦ ʨʝʣʴʩʳ ʠ ʧʨʠ ʠʩʪʠʨʘʥʠʠ ʪʦʨʤʦʟʥʳʭ ʢʦʣʦʜʦʢ ʚʦ ʚʨʝʤʷ ʪʦʨʤʦʞʝʥʠʷ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʧʦʯʚʳ ʠ ʘʪʤʦʩʬʝʨʫ ʧʦʩʪʫʧʘʶʪ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʚʢʣʶʯʘʷ Pb, Cd, Cu, Zn, Fe, Cr, Hg, ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʘʞʫ ʠ ʜʨʫʛʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ (ʂʘʟʘʥʮʝʚ, 

2015; ɾʫʨʘʚʣʝʚʘ ʠ ʜʨ., 2016; Ogunyemi, 2023). ʀʩʪʦʯʥʠʢʦʤ ʊʄʄ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʪʘʢʞʝ 

ʜʝʨʝʚʷʥʥʳʝ ʰʧʘʣʳ, ʧʨʦʧʠʪʘʥʥʳʝ ʢʨʝʦʟʦʪʦʤ (VaiġkȊnaitǟ, JasiȊnienǟ, 2020), ʨʘʩʩʳʧʘʥʠʝ ʠ 

ʧʳʣʝʥʠʝ ʧʝʨʝʚʦʟʠʤʦʛʦ ʫʛʣʷ ʠʟ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ (Li, Liao, 2018). ʇʦ ʜʘʥʥʳʤ 

(ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ é, 2024), ʚ 2023 ʛ. ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ ʦʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʚ ɹʫʨʷʪʠʠ ʩʦʩʪʘʚʠʣ 1,3 ʪ, ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ï 38,1 ʪ. 

ɸʚʪʦʪʨʘʥʩʧʦʨʪ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʟʘ ʩʯʝʪ ʚʳʙʨʦʩʦʚ 

ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ Pb, Cu, Sr, Fe, Mg, Zn, ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʥʦʩʘ ʰʠʥ (Cd, 
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Mn, Zn, Pb, Cr, Cu, Sb), ʪʦʨʤʦʟʥʳʭ ʢʦʣʦʜʦʢ (Cu, Sb, Zn, Pb) ʠ ʘʙʨʘʟʠʚʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ (Ag, Zn, As, W, Cr, V, Co) (Limbeck, Puls, 2011; Alves et al., 2020).   

ɺ ʦʩʘʜʢʘʭ ʩʪʦʯʥʳʭ ʚʦʜ ʛʦʨʦʜʩʢʦʡ ʢʘʥʘʣʠʟʘʮʠʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ 

Ag, Cd, Bi, Zn, Cu, Cr ʠ ʜʨʫʛʠʝ (ʂʘʩʠʤʦʚ, 2013). ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʊʄʄ (Zn, Cu, Sn, Ag, Pb, Cr) ʚʳʩʪʫʧʘʶʪ ʧʦʣʠʛʦʥʳ ʙʳʪʦʚʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʣʦʞʥʳʤ ʧʦʣʠʵʣʝʤʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (Akanchise et al., 2020; Wang et al., 2022).  

2.2. ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ 

2.2.1. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʨʝʣʴʝʬ  

ɻʦʨʦʜ ɻʫʩʠʥʦʦʟʝʨʩʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ʤʝʞʛʦʨʥʦʡ ʢʦʪʣʦʚʠʥʳ, 

ʢʦʪʦʨʘʷ ʧʨʦʪʷʥʫʣʘʩʴ ʥʘ 60 ʢʤ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʤʝʞʜʫ ʛʦʨʥʳʤʠ ʤʘʩʩʠʚʘʤʠ 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʩʨʝʜʥʝʛʦʨʴʷ. ɺʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ ʜʥʠʱʘ ʢʦʪʣʦʚʠʥʳ ʩʦʩʪʘʚʣʷʶʪ 520-570 ʤ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ (ɹʦʨʠʩʝʥʢʦ, 1994). ʕʪʘ ʩʢʣʘʜʯʘʪʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʜʚʝʨʞʝʥʘ ʘʢʪʠʚʥʳʤ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʂʦʪʣʦʚʠʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʩʪʝʤʝ ʉʪʘʥʦʚʦʛʦ ʥʘʛʦʨʴʷ. ʉ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʝʸ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʍʘʤʙʠʥʩʢʠʡ ʭʨʝʙʝʪ, ʷʚʣʷʶʱʠʡʩʷ ʯʘʩʪʴʶ ʍʘʤʘʨ-ɼʘʙʘʥʘ, ʩ ʚʳʩʦʪʘʤʠ ʦʪ 1000 ʜʦ 1400 ʤ. ʅʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʝʸ ʦʪʜʝʣʷʝʪ ʦʪ ʉʨʝʜʥʝʫʙʫʢʫʥʩʢʦʡ ʚʧʘʜʠʥʳ ʋʙʫʢʫʥʩʢʠʡ ʫʚʘʣ (650ï700 ʤ), ʘ 

ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʄʦʥʦʩʪʦʡʩʢʠʡ ʭʨʝʙʝʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʦʡ 1173 ʤ 

(ɻʫʩʠʥʦʦʟʝʨʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷé, 2016) (ʨʠʩ. 12). 

 

ʈʠʩ. 12. ʂʘʨʪʘ ʨʝʣʴʝʬʘ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ SRTM) 
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ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʦʪʣʦʚʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʦʨʦʜʘʤʠ: 

ʘʨʭʝʡʩʢʠʤʠ, ʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ, ʧʘʣʝʦʟʦʡʩʢʠʤʠ, ʤʝʟʦʟʦʡʩʢʠʤʠ ʠ ʢʘʡʥʦʟʦʡʩʢʠʤʠ 

ʠʟʚʝʨʞʝʥʥʳʤʠ ʠ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɺ ʛʦʨʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʘʣʝʦʟʦʡʩʢʠʝ ʠ ʤʝʟʦʟʦʡʩʢʠʝ ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ī ʛʨʘʥʠʪʳ, 

ʛʨʘʥʦʩʠʝʥʠʪʳ ʠ ʩʠʝʥʠʪʳ. ʆʩʘʜʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʩʣʦʞʝʥʳ 

ʨʳʭʣʳʤʠ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ: ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʧʝʩʢʘʤʠ, 

ʩʫʧʝʩʷʤʠ ʠ ʛʘʣʝʯʥʠʢʘʤʠ. ʅʘʣʠʯʠʝ ʚ ʨʘʡʦʥʝ ʜʚʫʭ ʢʨʫʧʥʳʭ ʫʛʣʝʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ ī ʶʞʥʦʡ 

ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ʠ ʩʝʚʝʨʥʦʡ ɿʘʛʫʩʪʘʡʩʢʦʡ ʤʫʣʴʜ ī ʦʙʫʩʣʦʚʠʣʦ ʨʘʟʚʠʪʠʝ ʫʛʣʝʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ɹʦʨʠʩʝʥʢʦ, 1994). 

ʏʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʜʝʧʨʝʩʩʠʚʥʦʡ ʯʘʩʪʠ ʢʦʪʣʦʚʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʳʭʣʳʤʠ 

ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʧʝʩʢʘʤʠ ʠ ʛʘʣʝʯʥʠʢʘʤʠ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʤʝʟʦʟʦʡʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʫʨʦʛʦ ʫʛʣʷ (ʃʦʛʘʯʝʚ, 1974). ɺʜʦʣʴ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 

ʙʦʨʪʘ ʢʦʪʣʦʚʠʥʳ ʧʨʦʩʪʠʨʘʶʪʩʷ ʩʣʘʙʦʥʘʢʣʦʥʥʳʝ (1-2Á) ʩʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʳʝ ʠ 

ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ ʧʦʙʝʨʝʞʴʷ ʦʟʝʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʦʪʨʦʛʘʤʠ 

ʍʘʤʙʠʥʩʢʦʛʦ ʭʨʝʙʪʘ, ʦʪʩʪʫʧʘʶʱʠʤʠ ʦʪ ʚʦʜʦʝʤʘ ʥʘ 4-5 ʢʤ (ʕʢʦʩʠʩʪʝʤʳé, 2005). ʖʛʦ-

ʟʘʧʘʜʥʘʷ ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʥʠʟʤʝʥʥʘʷ (552 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ), ʩ ʫʯʘʩʪʢʘʤʠ 

ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ, ʧʦʢʨʳʪʳʤʠ ʜʨʝʩʚʦʡ ʠ ʛʘʣʴʢʦʡ, ʧʝʨʝʭʦʜʷʱʠʤʠ ʚ ʊʘʤʯʠʥʩʢʫʶ ʩʪʝʧʴ. ʖʛʦ-

ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʢʦʪʣʦʚʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʤʷ ʩʣʘʙʦʥʘʢʣʦʥʥʳʤʠ ʩʪʫʧʝʥʷʤʠ, ʧʦʢʨʳʪʳʤʠ 

ʱʝʙʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʩ ʚʳʩʦʪʘʤʠ 40-50, 100-120 ʠ 180-200 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʦʟʝʨʘ. 

ʖʞʥʦʝ ʧʦʙʝʨʝʞʴʝ ʨʘʩʯʣʝʥʝʥʦ ʩʠʩʪʝʤʦʡ ʦʚʨʘʛʦʚ (ɹʦʨʠʩʝʥʢʦ, 1994). 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʝʣʴʝʬ ʢʦʪʣʦʚʠʥʳ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʥʜʦʛʝʥʥʳʭ ʠ ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʝʟʦʟʦʡʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ɹʦʨʠʩʝʥʢʦ, 1994). 

2.2.2. ʂʣʠʤʘʪ ʠ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ  

ʂʣʠʤʘʪ ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʚʦʩʪʦʯʥʦʩʠʙʠʨʩʢʦʛʦ ʪʠʧʘ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʳ ʥʠʟʢʠʝ ʟʠʤʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʩʫʰʣʠʚʦʩʪʴ ʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʘʜʢʦʚ. ɿʠʤʦʡ ʚ ʛʦʨʦʜʝ ʛʦʩʧʦʜʩʪʚʫʝʪ ʉʠʙʠʨʩʢʠʡ ʘʥʪʠʮʠʢʣʦʥ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʤʘʣʦʦʙʣʘʯʥʫʶ ʠ ʰʪʠʣʝʚʫʶ ʧʦʛʦʜʫ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ ʩʦʩʪʘʚʣʷʝʪ -22Áʉ, 

ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ -55Áʉ. ɿʠʤʘ ʤʘʣʦʩʥʝʞʥʘʷ, ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ 

ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʩʤ, ʩ ʯʝʤ ʩʚʷʟʘʥʦ ʛʣʫʙʦʢʦʝ ʩʝʟʦʥʥʦʝ 

ʧʨʦʤʝʨʟʘʥʠʝ ʧʦʯʚ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ï 111-117 ʜʥʝʡ 

(http://bic.iwlearn.org). ʃʝʪʦ ʢʦʨʦʪʢʦʝ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʘʤʦʛʦ ʪʝʧʣʦʛʦ ʤʝʩʷʮʘ 
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ï ʠʶʣʷ +19Üʉ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʣʝʪʦʤ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ +38Áʉ.  

ɺ ɻʫʩʠʥʦʦʟʝʨʩʢʝ ʧʨʝʦʙʣʘʜʘʶʪ ʚʝʪʨʳ ʩʝʚʝʨʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

(ʨʠʩ. 13). ʅʘʠʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʦʙʳʯʥʦ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʷʥʚʘʨʝ ʠ ʬʝʚʨʘʣʝ 

(https://rp5.ru). ʂʣʠʤʘʪ ʦʪʣʠʯʘʝʪʩʷ ʟʘʩʫʰʣʠʚʦʩʪʴʶ, ʯʪʦ ʫʩʫʛʫʙʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʛʦʨʦʜʘ 

ʚ ʧʨʝʜʝʣʘʭ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ʤʝʞʛʦʨʥʦʡ ʢʦʪʣʦʚʠʥʳ. ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 

ʟʜʝʩʴ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 250 ʤʤ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ī 94 ʤʤ ʚʳʧʘʜʘʝʪ ʚ 

ʠʶʣʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʮʠʢʣʦʥʦʚ (ɻʦʣʫʙʮʦʚ ʠ ʜʨ., 2015). 

 

ʈʠʩ. 13. ʈʦʟʘ ʚʝʪʨʦʚ ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ ʅʦʚʦʩʝʣʝʥʛʠʥʩʢ (rp5.ru) 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʰʪʠʣʝʡ ʠ ʪʫʤʘʥʦʚ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʚʝʨʩʠʠ ʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʛʦʨʦʜʘʭ (ʈʝʛʠʦʥʳ ʠ ʛʦʨʦʜʘ 

ʈʦʩʩʠʠé, 2014). ʄʝʞʛʦʨʥʳʝ ʢʦʪʣʦʚʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʘʙʦʡ ʧʨʦʜʫʚʘʝʤʦʩʪʴʶ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʧʦʥʠʞʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʩʘʤʦʦʯʠʱʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ɼʣʷ ʛʦʨʦʜʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʠʭ, ʭʘʨʘʢʪʝʨʥʦ ʘʢʪʠʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ (ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʯʚ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʙʠʦʪʳ) ʠ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ (ʑʝʨʙʘʪʶʢ, 2018).  

ʅʘ ʶʛʦ-ʚʦʩʪʦʢ ʦʪ ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, 

ʥʘ ʚʳʩʦʪʝ 550 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʨʘʩʧʦʣʦʞʝʥʦ ɻʫʩʠʥʦʝ ʦʟʝʨʦ. ʇʣʦʱʘʜʴ ʝʛʦ ʚʦʜʦʩʙʦʨʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʩʦʩʪʘʚʣʷʝʪ 924 ʢʤ2, ʧʣʦʱʘʜʴ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ï 164 ʢʤ2, ʜʣʠʥʘ ʦʟʝʨʘ 24,8 ʢʤ, 

ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ 8 ʢʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ 26 ʤ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ 15 ʤ (ɻʫʩʠʥʦʦʟʝʨʩʢʘʷ 

ʵʢʩʧʝʜʠʮʠʷ é, 2016). ɻʫʩʠʥʦʝ ʦʟʝʨʦ ï ʢʨʫʧʥʝʡʰʝʝ ʧʦʩʣʝ ʦʟ. ɹʘʡʢʘʣ ʦʟʝʨʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ, ʦʪʥʦʩʠʪʩʷ ʢ ʤʘʣʦʧʨʦʪʦʯʥʳʤ ʚʦʜʦʝʤʘʤ ʩ ʟʘʤʝʜʣʝʥʥʳʤ ʚʦʜʦʦʙʤʝʥʦʤ 

(ɹʦʨʭʦʥʦʚʘ, 2004). 

ɻʫʩʠʥʦʝ ʦʟʝʨʦ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʚʦʜʦʝʤʘ-ʦʭʣʘʜʠʪʝʣʷ ʜʣʷ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ 

https://rp5.ru/
https://world-weather.ru/
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ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ. ɽʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʝʝ ʤʦʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʟʝʨʦ 

ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʛʦʨʦʜʘ ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʠ ʧʨʠʙʨʝʞʥʳʭ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ (ʃʫʢʴʷʥʦʚʘ ʠ ʜʨ., 2020; Kosheleva et al., 2022).  

ʉʘʤʳʤ ʜʣʠʥʥʳʤ ʧʨʠʪʦʢʦʤ ɻʫʩʠʥʦʛʦ ʦʟʝʨʘ ʷʚʣʷʝʪʩʷ ʨʝʢʘ ɿʘʛʫʩʪʘʡ, ʝʝ ʜʣʠʥʘ 44 ʢʤ, 

ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ 382 ʢʤ2. ʇʨʠ ʚʳʭʦʜʝ ʚ ʢʦʪʣʦʚʠʥʫ ʨʝʢʘ ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʠ 

ʜʚʫʤʷ ʨʫʢʘʚʘʤʠ ʚʧʘʜʘʝʪ ʚ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ɻʫʩʠʥʦʛʦ ʦʟʝʨʘ, ʦʙʨʘʟʫʷ ʙʦʣʦʪʠʩʪʦʝ ʫʩʪʴʝ 

(ɹʦʨʠʩʝʥʢʦ, 1994). ɿʘ 2 ʢʤ ʜʦ ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʨʘʩʧʦʣʦʞʝʥʳ ʦʪʚʘʣʳ ʙʫʨʦʫʛʦʣʴʥʳʭ ʧʦʨʦʜ 

ɿʘʛʫʩʪʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪ ʨʫʩʣʦ ʨ. ɿʘʛʫʩʪʘʡ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʪʦʢ ʚʦʜʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʡʤʝ, ʠʥʪʝʥʩʠʚʥʦ ʟʘʙʦʣʘʯʠʚʘʷ ʝʝ ʠ 

ʧʨʠʚʥʦʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʝʡ (ɺʦʣʦʰʠʥ, 2015). ʇʨʘʚʳʡ ʨʫʢʘʚ ʨ. ɿʘʛʫʩʪʘʡ ʷʚʣʷʝʪʩʷ 

ʢʘʥʘʣʦʤ ʠ ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʩʪʦʢ ʨ. ʊʦʙʭʦʡ (ɺʦʣʦʰʠʥ, 2015). 

ʈʝʢʘ ʎʘʛʘʥ-ɻʦʣ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʧʦ ʚʦʜʥʦʩʪʠ ʧʨʠʪʦʢʦʤ ʦʟʝʨʘ, ʜʣʠʥʘ ʨʝʢʠ 

ʩʦʩʪʘʚʣʷʝʪ 25 ʢʤ (ɹʦʨʠʩʝʥʢʦ, 1994). ɽʜʠʥʩʪʚʝʥʥʳʡ ʩʪʦʢ ʠʟ ʦʟʝʨʘ ï ʨʝʢʘ ɹʘʷʥ-ɻʦʣ ï ʚʳʪʝʢʘʝʪ 

ʠʟ ʶʞʥʦʡ ʯʘʩʪʠ ʚʦʜʦʝʤʘ. ɺ ʠʩʪʦʢʝ ʨʝʢʠ ʩʦʦʨʫʞʝʥʘ ʥʘʩʳʧʥʘʷ ʜʘʤʙʘ ʠʟ ʛʨʘʚʠʷ, ʢʦʪʦʨʘʷ 

ʦʙʦʨʫʜʦʚʘʥʘ ʚʦʜʦʩʣʠʚʦʤ, ʚʳʩʦʪʘ ʜʘʤʙʳ ʙʦʣʝʝ 2 ʤ. ʈʝʢʘ ɹʘʷʥ-ɻʦʣ, ʧʨʦʡʜʷ ʯʝʨʝʟ ʜʚʘ 

ʥʝʙʦʣʴʰʠʭ ʦʟʝʨʘ, ʚʧʘʜʘʝʪ ʚ ʨ. ʉʝʣʝʥʛʫ (ʎʳʜʳʧʦʚ, 2017). 

2.2.3. ʈʘʩʪʠʪʝʣʴʥʳʡ ʠ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚʳ  

ɺ ʜʥʠʱʝ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʧʝʩʷʤʠ ʠ 

ʛʘʣʝʯʥʠʢʘʤʠ. ɺ ʩʠʩʪʝʤʝ ʧʦʯʚʝʥʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʠʟʫʯʘʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ 

ʍʘʤʘʨʜʘʙʘʥʦ-ʖʞʥʦʟʘʙʘʡʢʘʣʴʩʢʦʡ ʣʝʩʦʩʪʝʧʥʦʡ ʠ ʛʦʨʥʦ-ʢʦʪʣʦʚʠʥʥʦ-ʩʪʝʧʥʦʡ ʧʨʦʚʠʥʮʠʠ 

ʥʠʟʢʦʛʦʨʥʦ-ʜʦʣʠʥʥʦʛʦ ʏʠʢʦʡʩʢʦ-ʍʠʣʦʢʩʢʦʛʦ ʦʢʨʫʛʘ ʘʣʣʶʚʠʘʣʴʥʳʭ, ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚ ʠ 

ʯʝʨʥʦʟʝʤʦʚ ʠ ʢʦʤʧʣʝʢʩʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ (ʅʘʧʨʘʩʥʠʢʦʚ ʠ ʜʨ., 2016).  

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ ʩ ʥʝʦʜʥʦʢʨʘʪʥʦʡ ʩʤʝʥʦʡ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʡ, ʩʣʦʞʥʦʩʪʴ ʦʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʨʘʟʨʝʞʝʥʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʉ ʭʘʨʘʢʪʝʨʦʤ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʩʚʷʟʘʥʳ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ: ʦʙʦʛʘʱʝʥʥʦʩʪʴ ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʦʙʝʜʥʝʥʥʦʩʪʴ 

ʠʣʠʩʪʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʤʠ ʩʦʣʷʤʠ. ʈʝʟʢʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʩʝʟʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨ ʤʠʛʨʘʮʠʠ ʚʝʱʝʩʪʚ ʠ ʚʳʟʳʚʘʝʪ 



44 

 

 

 

 

ʩʚʦʝʦʙʨʘʟʠʝ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʨʠʪʦʨʠʠ (ʎʳʙʞʠʪʦʚ ʠ ʜʨ., 1999).  

ɺ ʤʝʞʛʦʨʥʳʭ ʢʦʪʣʦʚʠʥʘʭ ɹʫʨʷʪʠʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʦʱʥʦʡ ʪʦʣʱʝ ʧʦʣʠʛʝʥʝʪʠʯʝʩʢʠʭ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦ ʛʝʥʝʟʠʩʫ ʠ 

ʩʦʩʪʘʚʫ. ʇʨʝʦʙʣʘʜʘʶʪ ʧʝʩʯʘʥʳʝ ʠ ʩʫʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʦʪ 5 ʜʦ 150 ʤ 

(ʎʳʙʞʠʪʦʚ ʠ ʜʨ., 1999). ʇʦʯʚʳ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʨʘʟʚʠʪʳʝ ʧʦʜ ʩʪʝʧʥʳʤʠ 

ʬʦʨʤʘʮʠʷʤʠ, ʦʙʨʘʟʦʚʘʥʳ ʥʘ ʧʝʩʢʘʭ, ʩʫʧʝʩʷʭ ʠ ʩʫʛʣʠʥʢʘʭ. ʂʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 700-850 ʤ ʥʘʜ ʫʨ. ʤ., ʩʨʝʜʠ ʥʠʭ 

ʚʳʜʝʣʷʶʪ ʢʘʰʪʘʥʦʚʳʝ ʪʠʧʠʯʥʳʝ, ʪʝʤʥʦ- ʠ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʝ, ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʳʝ. 

ʏʝʨʥʦʟʝʤʳ ʬʨʘʛʤʝʥʪʘʨʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʦʷʩʝ ʣʝʩʦʩʪʝʧʠ ʠ ʩʪʝʧʠ (ʇʦʯʚʳ ɹʫʨʷʪʠʠé, 2012). 

ɺ ʜʦʣʠʥʝ ʨ. ɿʘʛʫʩʪʘʡ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʩʦʩʪʦʠʪ ʠʟ ʢʦʤʧʣʝʢʩʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ. ɺ 

ʧʦʥʠʞʝʥʠʷʭ ʨʝʣʴʝʬʘ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ʢʦʪʣʦʚʠʥʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʳʝ, ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʠ ʣʫʛʦʚʳʝ ʧʦʯʚʳ (ʇʦʯʚʳ ɹʫʨʷʪʠʠé, 

2012).  

ɺ ʩʠʩʪʝʤʝ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ (ʍʦʣʙʦʝʚʘ ʠ ʜʨ., 2015) ɻʫʩʠʥʦʦʟʝʨʩʢʘʷ 

ʢʦʪʣʦʚʠʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ɻʫʩʠʥʦʦʟʝʨʩʢʦʤʫ ʨʘʡʦʥʫ ɿʘʧʘʜʥʦ-ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʦʢʨʫʛʘ ɼʘʫʨʦ-

ʍʘʥʛʘʡʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʛʦʨʥʦʡ ʣʝʩʦʩʪʝʧʠ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʦʙʣʘʜʘʶʱʝʡ 

ʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʩʪʝʧʠ ʠ ʦʩʪʝʧʥʝʥʥʳʝ ʣʫʛʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʞʛʦʨʥʦ-

ʨʘʚʥʠʥʥʳʤʠ ʩʫʭʦʩʪʝʧʥʳʤʠ ʜʝʨʥʦʚʠʥʥʦ-ʟʣʘʢʦʚʳʤʠ ʠ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʤʠ ʩʪʝʧʷʤʠ. 

ʉʨʝʜʠ ʟʣʘʢʦʚ ʜʦʤʠʥʠʨʫʶʪ: ʤʷʪʣʠʢ ʢʠʩʪʝʚʠʜʥʳʡ (ʈʦʘ botryoides), ʪʦʥʢʦʥʦʛ ʛʨʝʙʝʥʯʘʪʳʡ 

(Koeleria cristata), ʦʚʩʷʥʠʮʘ ʣʝʥʩʢʘʷ (Festuca lenensis), ʢʦʚʳʣʠ (Stipa baicalensis, S. krylovii), 

ʨʘʟʥʦʪʨʘʚʥʳʡ ʧʦʢʨʦʚ ʦʙʨʘʟʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʠʞʤʘ ʩʠʙʠʨʩʢʘʷ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʘʫʨʩʢʦ-ʤʦʥʛʦʣʴʩʢʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ. ɼʣʷ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʟʘʜʝʨʥʦʚʘʥʥʦʩʪʴ ï ʦʢʦʣʦ 10-12% (ʍʦʣʙʦʝʚʘ ʠ ʜʨ., 2015). 

2.2.4. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʠ ʠʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚ 

ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʧʨʦʚʝʜʝʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʦʩʥʦʚʝ 

ɻʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ ʛʦʨʦʜʘ (https://admingus.ru) ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ WorldView-2 (ʨʠʩ. 

14). 

https://admingus.ru/
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ʈʠʩ. 14. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ  

ɺ ɻʫʩʠʥʦʦʟʝʨʩʢʝ ʚʳʜʝʣʝʥʳ ʰʝʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ: ʧʨʦʤʳʰʣʝʥʥʘʷ ʩ 

ʜʝʡʩʪʚʫʶʱʝʡ ʠ ʥʝʜʝʡʩʪʚʫʶʱʝʡ ʧʦʜʟʦʥʘʤʠ, ʩʝʣʠʪʝʙʥʘʷ ʩ ʤʥʦʛʦʵʪʘʞʥʦʡ ʠ ʤʘʣʦʵʪʘʞʥʦʡ 

ʟʘʩʪʨʦʡʢʦʡ, ʧʦʩʪʘʛʨʦʛʝʥʥʘʷ ʠ ʧʫʩʪʳʨʠ (ʨʠʩ. 15).  

ʇʨʦʤʳʰʣʝʥʥʘʷ ʜʝʡʩʪʚʫʶʱʘʷ ʧʦʜʟʦʥʘ ʚʢʣʶʯʘʝʪ ɻʫʩʠʥʦʦʟʝʨʩʢʠʡ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʫʟʝʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ, 

ʟʦʣʦʰʣʘʢʦʦʪʚʘʣʦʚ, ʫʛʦʣʴʥʳʭ ʰʘʭʪ ɿʘʛʫʩʪʘʡʩʢʦʛʦ, ʆʢʠʥʦ-ʂʣʶʯʝʚʩʢʦʛʦ ʠ ɹʘʠʥ-ɿʫʭʝʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʝʨʝʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʫʛʦʣʴʥʦʛʦ ʦʪʚʘʣʘ; 

ʩʪʘʥʮʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʢʠʨʧʠʯʥʳʡ ʟʘʚʦʜ, ʛʣʠʥʷʥʳʡ ʢʘʨʴʝʨ ʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʫʶ ʩʪʘʥʮʠʶ ɿʘʛʫʩʪʘʡ (Sycheva, Kosheleva, 2023). 
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ʈʠʩ. 15. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ɻʫʩʠʥʦʦʟʝʨʩʢʘ (ʬʦʪʦ ʘʚʪʦʨʘ) 

ɻʫʩʠʥʦʦʟʝʨʩʢʘʷ ɻʈʕʉ ï ʢʨʫʧʥʝʡʰʘʷ ʚ ɹʫʨʷʪʠʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ. ʆʩʥʦʚʥʳʤ ʪʦʧʣʠʚʦʤ 

ʜʣʷ ʩʪʘʥʮʠʠ ʷʚʣʷʝʪʩʷ ʙʫʨʳʡ ʫʛʦʣʴ, ʨʘʩʪʦʧʦʯʥʦʝ ʪʦʧʣʠʚʦ ï ʤʘʟʫʪ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 1190 ʄɺʪ, ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ï 224,5 ɻʢʘʣ/ʯ. 

ɺ 2021 ʛ. ɻʈʕʉ ʚʳʨʘʙʦʪʘʣʘ 3668 ʤʣʨʜ ʢɺʪẗʯ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɺ 2020 ʛ. ʚ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʦʪ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ ʙʳʣʦ ʚʳʙʨʦʰʝʥʦ 37,2 ʪ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ. ɻʫʩʠʥʦʦʟʝʨʩʢʘʷ ɻʈʕʉ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ 

ɻʫʩʠʥʦʦʟʝʨʩʢʝ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜé, 2022). ɺ 2022 ʛ. ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ 

ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʙʳʣʠ ʧʨʝʚʳʰʝʥʳ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ 2,9 

ʨʘʟʘ, ʈʄ10 ï ʚ 1,6, ʦʟʦʥʘ ï ʚ 1,4 ʨʘʟʘ. ʋʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ 

ɻʫʩʠʥʦʦʟʝʨʩʢʝ ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ çʚʳʩʦʢʠʡè (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜé, 2023). 

ʅʘ ʶʛʝ ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʨʘʩʧʦʣʦʞʝʥ ʥʝʨʝʢʫʣʴʪʠʚʠʨʫʝʤʳʡ ʫʛʦʣʴʥʳʡ ʦʪʚʘʣ, ʚʙʣʠʟʠ 

ʢʦʪʦʨʦʛʦ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʤʥʦʛʠʝ ʪʠʧʦʤʦʨʬʥʳʝ ʵʣʝʤʝʥʪʳ ʫʛʣʝʡ. ʀʟ-ʟʘ ʚʳʩʦʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʘʪʥʦʡ ʩʝʨʳ ʚ ʦʪʚʘʣʝ ʧʨʦʪʝʢʘʝʪ ʩʝʨʥʦʢʠʩʣʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʊʄʄ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ çʦʪʦʨʚʘʥʥʳʭè ʧʦʣʠʵʣʝʤʝʥʪʥʳʭ ʘʥʦʤʘʣʠʡ ʥʘ ʱʝʣʦʯʥʳʭ ʠ 

ʩʦʨʙʮʠʦʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʚ ʧʦʯʚʘʭ (ʂʘʩʠʤʦʚ, 2013). 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʥʝʜʝʡʩʪʚʫʶʱʘʷ ʧʦʜʟʦʥʘ ʚʢʣʶʯʘʝʪ ʦʙʰʠʨʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʩ 

ʥʝʜʦʩʪʨʦʝʥʥʳʤʠ ʠʣʠ ʟʘʢʨʳʪʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʨʘʟʨʫʰʝʥʥʦʤ ʠ 

ʧʦʣʫʨʘʟʨʫʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʨʘʜʠʦʟʘʚʦʜ, ʢʠʨʧʠʯʥʳʡ ʟʘʚʦʜ, ʟʘʚʦʜ ʧʦ 

ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. ɼʘʥʥʘʷ ʧʦʜʟʦʥʘ ʚʳʜʝʣʝʥʘ ʜʣʷ ʫʯʝʪʘ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʙʨʦʰʝʥʥʳʭ ʬʘʙʨʠʢ ʠ ʟʘʚʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʳʤʘʥʠʝʤ ʠʟ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 
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ʦʙʦʨʦʪʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ, ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʥʦʚʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʢʨʘʱʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʝʪʨʦʚʳʤ ʨʘʟʥʦʩʦʤ ʤʝʣʢʠʭ 

ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʧʦʩʪʨʦʝʢ (Sycheva, Kosheleva, 2023). 

ʉʝʣʠʪʝʙʥʘʷ ʧʦʜʟʦʥʘ ʩ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʦʡ ʟʘʥʠʤʘʝʪ ʥʝʙʦʣʴʰʫʶ ʧʦ 

ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʶ ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ. ʇʦʜʟʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʸʭ-

ʯʝʪʳʨʸʭʵʪʘʞʥʳʤʠ ʞʠʣʳʤʠ ʜʦʤʘʤʠ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʟʘʩʪʨʦʡʢʦʡ, ʟʜʘʥʠʷʤʠ ʫʯʝʙʥʦʛʦ, 

ʪʦʨʛʦʚʦʛʦ, ʢʫʣʴʪʫʨʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (Sycheva, Kosheleva, 

2023). 

ʉʝʣʠʪʝʙʥʘʷ ʧʦʜʟʦʥʘ ʩ ʤʘʣʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʦʡ ʠ ʧʨʠʫʩʘʜʝʙʥʳʤʠ ʫʯʘʩʪʢʘʤʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʯʘʩʪʥʦʤʫ ʩʝʢʪʦʨʫ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʩʪʨʫʢʪʫʨʝ ʞʠʣʴʷ ɻʫʩʠʥʦʦʟʝʨʩʢʘ. 

ʇʦʩʪʘʛʨʦʛʝʥʥʘʷ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʝʤʣʠ ʙʳʚʰʝʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ (Sycheva, Kosheleva, 2023). 

ɿʦʥʘ ʧʫʩʪʳʨʝʡ ʟʘʥʠʤʘʝʪ ʥʘʠʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ, ʧʫʩʪʳʨʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʟʘʙʨʦʰʝʥʥʳʤʠ ʟʝʤʣʷʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʀʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʩʥʦʚʥʳʤ ʪʦʧʣʠʚʦʤ ʥʘ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ 

ɻʈʕʉ ʷʚʣʷʶʪʩʷ ʙʫʨʳʝ ʫʛʣʠ ʆʢʠʥʦ-ʂʣʶʯʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦ ʩʨʝʜʥʝʡ ʪʝʧʣʦʪʦʡ 

ʩʛʦʨʘʥʠʷ 6800-7200 ʢʢʘʣ/ʢʛ ʠ ʟʦʣʴʥʦʩʪʴʶ 20-21%. ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʆʢʠʥʦ-ʂʣʶʯʝʚʩʢʠʭ ʫʛʣʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʥʠʭ Mo4,7V1,9Sr1,8Zn1,2Co1,1Cu1,1W1,1 

(ʥʠʞʥʠʝ ʠʥʜʝʢʩʳ ï ʟʥʘʯʝʥʠʷ CCcoal), Ni ʠʤʝʝʪ ʦʢʦʣʦʢʣʘʨʢʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʦʩʪʘʣʴʥʳʝ 

ʊʄʄ ʨʘʩʩʝʠʚʘʶʪʩʷ. Mo ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʫʛʣʝʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ī ʚʪʦʨʳʤ ʧʦʩʣʝ 

Ge. ɺʳʩʦʢʘʷ ʣʝʪʫʯʝʩʪʴ Mo ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʛʦ ʩʠʣʴʥʫʶ ʵʤʠʩʩʠʶ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʦ ʧʨʠ ʙʝʩʢʦʥʪʨʦʣʴʥʦʤ ʩʞʠʛʘʥʠʠ ʫʛʣʝʡ, ʦʙʦʛʘʱʝʥʥʳʭ ʜʘʥʥʳʤ ʧʦʣʣʶʪʘʥʪʦʤ 

(ʖʜʦʚʠʯ, ʂʝʪʨʠʩ, 2005). 

ʅʘ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ ʧʨʠʤʝʥʷʝʪʩʷ ʩʫʭʦʝ ʟʦʣʦʫʣʘʚʣʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ. ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʫʣʦʚʣʝʥʥʦʡ ʟʦʣʳ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʘ ʦʙʦʛʘʱʝʥʘ ʚʩʝʤʠ ʠʩʩʣʝʜʫʝʤʳʤʠ ʊʄʄ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʫʛʣʝʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʟʦʣʝ As ʙʦʣʴʰʝ ʚ 8,4 ʨʘʟʘ, Cu, Zn, Sb, Cr, V, Co, Sr ʚ 6,1-7,2 ʨʘʟʘ, Bi, W, Cd, 

Mo, Pb, Ni ʚ 4,5-5,9 ʨʘʟʘ (ʪʘʙʣ. 7). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʨʦʚʳʤʠ ʢʣʘʨʢʘʤʠ ʟʦʣʘ ʦʙʦʛʘʱʝʥʘ 

Mo4,7V2,1Sr1,8, ʩʦʜʝʨʞʘʥʠʝ Ni, Zn, Cʦ, Cu, Cr, W ʨʘʚʥʦ ʢʣʘʨʢʘʤ, ʦʩʪʘʣʴʥʳʝ ʊʄʄ ʚ ʟʦʣʝ 

ʨʘʩʩʝʠʚʘʶʪʩʷ. ɺ ʮʝʣʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʊʄʄ ʚ ʟʦʣʝ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ 

ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʟʦʣʦʡ ʊʕʉ ʥʝʢʦʪʦʨʳʭ ʛʦʨʦʜʦʚ ʤʠʨʘ (ʪʘʙʣ. 4, ʨʘʟʜʝʣ 1.1.), ʦʜʥʘʢʦ ʝʩʪʴ ʠ 

ʨʘʟʣʠʯʠʷ. ʉʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Cr (86 ʤʛ/ʢʛ) ʚ ʟʦʣʝ ɻʈʕʉ ʚ 5,0-5,6 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʚ ʛʛ. 

ʂʦʩʪʦʣʘʮ ʠ ɻʘʩʢʦ (ʉʝʨʙʠʷ) (Savic et al., 2018) ʠ ʚ 4,5 ʨʘʟʘ, ʯʝʤ ʚ ʟʦʣʝ ʛ. ɹʦʢʘʨʦ (ʀʥʜʠʷ) 
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(Asokan et al., 2005). ʉʦʜʝʨʞʘʥʠʝ Mo, ʥʘʧʨʦʪʠʚ, ʚ 6 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʟʦʣʝ ʊʕʎ ʛ. ɸʥʴʭʫ 

(ʂʠʪʘʡ) (Li et al., 2014).  

ʊʘʙʣʠʮʘ 7. 

ʉʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʙʫʨʳʭ ʫʛʣʷʭ ʠ ʟʦʣʝ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ, ʢʣʘʨʢʠ ʤʠʨʦʚʳʭ 

ʫʛʣʝʡ ʠ ʟʦʣʳ, ʤʛ/ʢʛ 

ʕʣʝʤʝʥʪ 

ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʆʢʠʥʦ-

ʂʣʶʯʝʚʩʢʠʭ 

ʙʫʨʳʭ ʫʛʣʷʭ, 

ʤʛ/ʢʛ 

ʄʠʨʦʚʦʡ 

ʢʣʘʨʢ 

ʙʫʨʳʭ 

ʫʛʣʝʡ  

CCcoal 

ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʟʦʣʝ 

ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ 

ɻʈʕʉ, ʤʛ/ʢʛ 

ʄʠʨʦʚʦʡ 

ʢʣʘʨʢ ʟʦʣʳ 

ʙʫʨʳʭ ʫʛʣʝʡ 
CCash 

V 41 22 1,9 288 140 2,1 

Cr 14 15 0,9 86 82 1,1 

Co 4,6 4,2 1,1 32 27 1,1 

Ni 9,2 9,0 1,0 54 53 1,0 

Cu 16 14 1,1 95 72 1,1 

Zn 21 18 1,2 130 110 1,2 

As 1,0 7,4 0,2 8,6 49 0,2 

Sr 215 120 1,8 1558 770 1,8 

Mo 9,8 2,1 4,7 55 14 4,7 

Cd 0,077 0,2 0,4 0,41 1,0 0,4 

Sb 0,20 0,8 0,3 1,2 4,4 0,3 

W 1,3 1,2 1,1 6,5 6,1 1,1 

Pb 5,6 6,7 0,8 33 39 0,7 

Bi 0,10 0,9 0,1 0,45 5,7 0,1 

ɹʳʣ ʠʟʫʯʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ 

ɻʈʕʉ ʥʘʤʳʚʥʦʛʦ ɿʐʆ, ʢʫʜʘ ʫʣʦʚʣʝʥʥʘʷ ʟʦʣʘ ʠ ʰʣʘʢ ʜʦʩʪʘʚʣʷʶʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ. ʋʣʦʚʣʝʥʥʘʷ ʟʦʣʘ ʠ ʨʘʟʤʝʣʴʯʝʥʥʳʡ ʰʣʘʢ ʫʜʘʣʷʶʪʩʷ ʚʥʘʯʘʣʝ ʨʘʟʜʝʣʴʥʦ, ʧʦʪʦʤ 

ʩʤʝʰʠʚʘʶʪʩʷ, ʦʙʨʘʟʫʷ ʟʦʣʦʰʣʘʢʦʚʫʶ ʩʤʝʩʴ (ʨʠʩ. 16). ɺ ʟʦʣʦʰʣʘʢʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ ʫʛʣʝʤ ʠʥʪʝʥʩʠʚʥʦ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚʩʝ ʊʄʄ. ʄʘʢʩʠʤʘʣʴʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ As, 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ 15 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʫʛʣʝ, ʩʦʜʝʨʞʘʥʠʷ V, Co, Cu, W, Zn, Bi, Sr, Sb, Pb ʚʳʰʝ 

ʚ 7,0-8,8 ʨʘʟ, Mo, Ni, Cr, Cd ī ʚ 5,5-6,9 ʨʘʟʘ (ʨʠʩ. 17) (Sycheva, Kosheleva, 2023). 
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ʈʠʩ. 16. ɿʐʆ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ, ʠʟʚʣʝʢʘʝʤʦʡ ʠʟ ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ, ʠ ʟʦʣʦʰʣʘʢʦʚ ʠʤʝʝʪ 

ʩʭʦʞʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʘʢʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʄʄ ʚ ʟʦʣʦʰʣʘʢʘʭ ʧʨʝʚʳʰʘʝʪ ʠʭ ʫʨʦʚʝʥʴ 

ʚ ʟʦʣʝ ʣʠʰʴ ʚ 1,2-1,8 ʨʘʟʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ As, Cu, Zn, Cd, Sb, W, Pb, Bi. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ 

ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Mo, V, Cr, Co, Ni ʠ Sr, ʦʩʪʘʝʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʄʄ ʤʝʞʜʫ ʟʦʣʦʡ ʠ ʟʦʣʦʰʣʘʢʘʤʠ ʚ ʋʣʘʥ-ʋʜʵ.  

 

ʈʠʩ. 17. ʉʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʆʢʠʥʦ-ʂʣʶʯʝʚʩʢʦʤ ʫʛʣʝ, ʟʦʣʝ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ ʠ 

ʚ ʟʦʣʦʰʣʘʢʘʭ, ʤʛ/ʢʛ 

ʏʝʨʝʟ ɻʫʩʠʥʦʦʟʝʨʩʢ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʧʨʦʭʦʜʠʪ ʂʷʭʪʠʥʩʢʠʡ ʪʨʘʢʪ ï ʘʚʪʦʤʘʛʠʩʪʨʘʣʴ 



50 

 

 

 

 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɸʚʪʦʜʦʨʦʛʠ ʩ ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ ʨʘʩʧʦʣʦʞʝʥʳ ʣʠʰʴ ʚ ʮʝʥʪʨʝ 

ʛʦʨʦʜʘ, ʵʪʦ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʫʣʠʮʳ: ɾʝʣʝʟʥʦʜʦʨʦʞʥʘʷ, ʃʝʥʠʥʘ, ʇʫʰʢʠʥʘ, ʉʪʨʦʠʪʝʣʴʥʘʷ. 

ʇʦ ʜʘʥʥʳʤ (https://www.autostat.ru/), ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ɹʫʨʷʪʠʠ ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʙʦʣʴʰʠʭ ʚ ʈʦʩʩʠʠ ʠ ʚ 2022 ʛ. ʩʦʩʪʘʚʠʣ 19,2 ʛʦʜʘ. ʉʪʘʨʝʥʠʝ ʘʚʪʦʧʘʨʢʘ ʚ ɹʫʨʷʪʠʠ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʫʞʝ ʙʦʣʝʝ 15 ʣʝʪ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʯʠʩʣʘ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ.  

ʅʘ ʚʦʩʪʦʢʝ ɻʫʩʠʥʦʦʟʝʨʩʢʘ, ʟʘ ʪʝʨʨʠʪʦʨʠʝʡ ɻʈʕʉ ʠ ɿʐʆ ʧʨʦʭʦʜʠʪ ɺʦʩʪʦʯʥʦ-

ʉʠʙʠʨʩʢʘ ̫ʞʝʣʝʟʥʘ ̫ʜʦʨʦʛʘ, ʧʦ ʢʦʪʦʨʦʡ ʜʦʩʪʘʚʣʷʝʪʩʷ ʪʦʧʣʠʚʦ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ɺʙʣʠʟʠ 

ʛʦʨʦʜʘ ʨʘʩʧʦʣʦʞʝʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘ ̫ʩʪʘʥʮʠ ̫ɿʘʛʫʩʪʘʡ (ʉʳʯʝʚʘ ʠ ʜʨ., 2022; ʉʳʯʝʚʘ, 

ʂʦʰʝʣʝʚʘ, 2023).  

ɺ ʯʘʩʪʥʦʤ ʩʝʢʪʦʨʝ ɻʫʩʠʥʦʦʟʝʨʩʢʘ, ʘ ʪʘʢʞʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʫʩʪʳʨʝʡ ʧʦʚʩʝʤʝʩʪʥʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʚʘʣʢʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʠʵʣʝʤʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

2.3. ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ  

2.3.1. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʨʝʣʴʝʬ  

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʥʘʛʦʨʴʷ, 

ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʈʝʣʴ-ʊʳʡʩʢʦʡ ʧʨʝʜʛʦʨʥʦʡ ʩʪʫʧʝʥʠ, ʢʦʪʦʨʘʷ ʦʪʜʝʣʷʝʪ ɹʘʡʢʘʣʴʩʢʠʡ ʭʨʝʙʝʪ 

ʦʪ ʧʦʙʝʨʝʞʴʷ ʦʟʝʨʘ ɹʘʡʢʘʣ (ʨʠʩ. 18). ʉ ʶʞʥʦʡ ʩʪʦʨʦʥʳ ʢ ʥʘʛʦʨʴʶ ʧʨʠʤʳʢʘʝʪ ʛʣʫʙʦʢʘʷ 

ʨʠʬʪʦʚʘʷ ʚʧʘʜʠʥʘ ʜʦʣʠʥʳ ʨʝʢʠ ʊʳʷ (ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥé, 2020). 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʠ 

ʠʥʪʨʫʟʠʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʪʘʢʞʝ ʨʳʭʣʳʤʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 180 ʤ ʚ ʧʨʝʜʝʣʘʭ ʨʝʯʥʳʭ ʪʝʨʨʘʩ ʠ 

ʩʥʠʞʘʝʪʩʷ ʥʘ ʢʦʨʝʥʥʳʭ ʩʢʣʦʥʘʭ ʜʦ 12 ʤ. ʅʠʞʥʠʡ ʩʣʦʡ ʯʝʪʚʝʨʪʠʯʥʳʭ ʧʦʨʦʜ ʦʙʨʘʟʦʚʘʥ 

ʣʝʜʥʠʢʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʛʘʣʝʯʥʠʢʦʚʳʭ, ʱʝʙʝʥʠʩʪʦ-ʛʘʣʝʯʥʠʢʦʚʳʭ ʠ 

ʛʨʘʚʝʣʠʩʪʳʭ ʛʨʫʥʪʦʚ. ɺʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʩʣʦʞʝʥʳ ʧʝʩʢʘʤʠ, ʩʫʧʝʩʷʤʠ ʠ ʩʫʛʣʠʥʢʘʤʠ 

(ɻʝʦʣʦʛʠʷé, 1964). 

ʅʘ ʫʯʘʩʪʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʜʦʣʠʥʳ ʨʝʢʠ ʊʳʷ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʝ ʧʦʨʦʜʳ, ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 5,9 ʜʦ 35 ʤ. ɸʣʣʶʚʠʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʩʦʚʨʝʤʝʥʥʦʝ ʨʫʩʣʦ ʨʝʢʠ. ɺ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʩʫʧʝʩʠ 

ʠ ʧʝʩʢʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʳʣʝʚʘʪʳʭ ʯʘʩʪʠʮ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,5 ʜʦ 

1 ʤ. ɺ ʥʠʞʥʠʭ ʩʣʦʷʭ ʟʘʣʝʛʘʶʪ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʠʢʦʚʳʝ ʠ ʚʘʣʫʥʥʳʝ ʧʦʨʦʜʳ ʩ ʧʝʩʯʘʥʳʤ 

ʟʘʧʦʣʥʠʪʝʣʝʤ, ʜʦʩʪʠʛʘʶʱʠʝ ʪʦʣʱʠʥʳ ʜʦ 30 ʤ.  (ɻʝʦʣʦʛʠʷé, 1964). 

https://www.autostat.ru/
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ʈʠʩ. 18. ʂʘʨʪʘ ʨʝʣʴʝʬʘ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʥʘʛʦʨʴʷ (ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠ SRTM) 

ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʊʳʡʩʢʫʶ ʧʨʝʜʛʦʨʥʫʶ ʩʪʫʧʝʥʴ, 

ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʷʱʫʶ ʚ ɹʘʡʢʘʣʴʩʢʫʶ ʚʳʩʦʢʦʛʦʨʥʫʶ ʛʦʣʴʮʦʚʫʶ ʦʙʣʘʩʪʴ. ɸʙʩʦʣʶʪʥʳʝ 

ʦʪʤʝʪʢʠ ʤʝʩʪʥʦʩʪʠ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 480 ʜʦ 530 ʤ, ʧʨʠ ʵʪʦʤ ʚʳʩʦʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʝʚʝʨʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʨʝʢʠ ʊʳʷ ʠ ʦʟʝʨʘ ɹʘʡʢʘʣ, ʦʙʨʘʟʫʷ ʢʨʫʪʳʝ ʫʩʪʫʧʳ. 

ʋʢʣʦʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʪʘʚʣʷʶʪ 0-5%, ʦʜʥʘʢʦ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʩʪʠʛʘʶʪ 10-20% ʠ ʙʦʣʝʝ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʯʘʩʪʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʛʦʨʥʳʭ 

ʦʙʚʘʣʦʚ, ʦʧʦʣʟʥʝʡ, ʦʩʝʜʘʥʠʡ ʠ ʜʨʫʛʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ é, 

2020). 

2.3.2. ʂʣʠʤʘʪ ʠ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ  

ʂʣʠʤʘʪ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʠʤʘʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʜʥʳʭ ʤʘʩʩ ɹʘʡʢʘʣʘ, ʩʛʣʘʞʠʚʘʶʱʠʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 

ʯʝʨʪʳ ʟʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʣʠʤʘʪʘ. ɺ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʦʟʝʨʦ ʦʪʝʧʣʷʝʪ ʧʨʠʙʨʝʞʥʳʝ 

ʨʘʡʦʥʳ, ʘ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ, ʥʘʧʨʦʪʠʚ, ʧʦʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ (ɻʝʥʝʨʘʣʴʥʳʡ 

ʧʣʘʥé, 2020). ɺ ʛʦʨʦʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʩʦʣʥʝʯʥʘʷ ʤʘʣʦʚʝʪʨʝʥʘʷ ʧʦʛʦʜʘ ʩ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʴʶ 

ʚʦʟʜʫʭʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʚ 

ʛʦʜʫ ï ʙʦʣʝʝ 328, ʯʪʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʛʦʨʦʜʘʭ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ. 

ɿʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʦʧʫʩʢʘʪʴʩʷ ʜʦ -42Áʉ, ʥʦ ʚ ʩʨʝʜʥʝʤ ʜʝʨʞʠʪʩʷ ʥʘ 

ʫʨʦʚʥʝ -20é-25Áʉ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʧʨʝʦʙʣʘʜʘʝʪ ʩʫʭʘʷ, ʷʩʥʘʷ ʧʦʛʦʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 



52 

 

 

 

 

ʉʠʙʠʨʩʢʠʤ ʘʥʪʠʮʠʢʣʦʥʦʤ, ʤʦʱʥʦʩʪʴ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 46 ʩʤ. 

ɺʣʠʷʥʠʝ ɹʘʡʢʘʣʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʜʣʠʪʝʣʴʥʦʤ ʙʝʟʤʦʨʦʟʥʦʤ ʧʝʨʠʦʜʝ (ʦʢʦʣʦ 117 ʜʥʝʡ). 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʘʤʦʛʦ ʪʝʧʣʦʛʦ ʤʝʩʷʮʘ ʠʶʣʷ ʩʦʩʪʘʚʣʷʝʪ +15Áʉ, ʣʝʪʦʤ ʤʦʛʫʪ 

ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ +35Áʉ. ʊʝʨʨʠʪʦʨʠʷ ʛʦʨʦʜʘ ʦʪʥʦʩʠʪʩʷ 

ʢ ʟʦʥʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ, ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 350 ʤʤ 

(ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ é, 2020). 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʩʝʟʦʥ ʧʨʝʦʙʣʘʜʘʶʪ ʚʝʪʨʳ ʩʝʚʝʨʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʩʝʟʦʥ ʛʦʩʧʦʜʩʪʚʫʶʪ ʶʞʥʳʝ ʚʝʪʨʳ (ʨʠʩ. 19). ɺ ʭʦʣʦʜʥʦʝ 

ʚʨʝʤʷ ʛʦʜʘ ʥʘ ʧʦʙʝʨʝʞʴʝ ʜʦʤʠʥʠʨʫʶʪ ʚʝʪʨʳ ʩ ʩʫʰʠ ʥʘ ʦʟʝʨʦ, ʚ ʪʝʧʣʦʝ ï ʩ ɹʘʡʢʘʣʘ ʥʘ ʩʫʰʫ, 

ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʨʝʜʢʠ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 2 ʤ/ʩ. ɼʣʷ 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʭʘʨʘʢʪʝʨʥʘ ʯʘʩʪʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʪʫʤʘʥʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʠʶʣʝ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʫʪʨʝʥʥʠʝ ʯʘʩʳ (ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥé, 2020). 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʝʜʛʦʨʥʳʤ ʛʦʨʦʜʘʤ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠ ʛʦʨʥʦ-

ʢʦʪʣʦʚʠʥʥʳʝ, ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʟʘ ʩʯʝʪ 

ʥʘʢʦʧʣʝʥʠʷ ʧʦʣʣʶʪʘʥʪʦʚ ʚʙʣʠʟʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʊʘʣʦʚʩʢʘʷ, 2022). ʏʘʩʪʘʷ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʪʫʤʘʥʦʚ ʠ ʰʪʠʣʝʡ ʚ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ ʫʤʝʥʴʰʘʝʪ ʧʦʪʝʥʮʠʘʣ ʩʘʤʦʦʯʠʱʝʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʠ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ.  

 

ʈʠʩ. 19.  ʈʦʟʘ ʚʝʪʨʦʚ ʚ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ ʅʠʞʥʝʘʥʛʘʨʩʢ 

(rp5.ru) 

ɻʦʨʦʜ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʝʚʝʨʥʦʤ ʙʝʨʝʛʫ ʦʟʝʨʘ ɹʘʡʢʘʣ, ʢʨʫʧʥʝʡʰʝʛʦ 

ʧʨʝʩʥʦʛʦ ʚʦʜʦʝʤʘ ʤʠʨʘ, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʩʧʠʩʦʢ ɺʩʝʤʠʨʥʦʛʦ ʅʘʩʣʝʜʠʷ ʖʅɽʉʂʆ. ʆʟʝʨʦ 

ʚʳʪʷʥʫʪʦ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʥʘ 636 ʢʤ, ʰʠʨʠʥʘ ʚʦʜʦʸʤʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 24 ʜʦ 79 

ʢʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ɹʘʡʢʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 1642 ʤ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ï 744 ʤ. ʇʣʦʱʘʜʴ 

ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɹʘʡʢʘʣʘ ʨʘʚʥʘ 31722 ʢʤĮ, ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ï 571 ʪʳʩ. 

ʢʤĮ (http://www.textual.ru/gvr/). ɼʣʠʥʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʦʟʝʨʘ ʚ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ 
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ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5 ʢʤ. ɺʦʜʦʝʤ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʠʤʘʪʘ 

ʛʦʨʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʘʢʩʠʤʫʤ ʚʦʜʳ ʚ ɹʘʡʢʘʣʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʚʛʫʩʪ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 

+15Áʉ (http://baikal.ru/).  

ʅʘ ʟʘʧʘʜʝ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʧʨʦʪʝʢʘʝʪ ʧʨʠʪʦʢ ɹʘʡʢʘʣʘ ï ʨʝʢʘ ʊʳʷ, ʢʦʪʦʨʘʷ ʙʝʨʝʪ 

ʥʘʯʘʣʦ ʥʘ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʤ ʥʘʛʦʨʴʝ. ʋʩʪʴʝ ʨʝʢʠ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʦʭʨʘʥʥʦʡ ʟʦʥʝ ʦʟʝʨʘ 

ɹʘʡʢʘʣ (ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ é, 2020). ɼʣʠʥʘ ʨ. ʊʳʷ ʩʦʩʪʘʚʣʷʝʪ 120 ʢʤ, ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ 

ï 2580 ʢʤĮ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʧʦʡʤʘ ʠʤʝʝʪ ʰʠʨʠʥʫ ʦʪ 0,5 ʜʦ 2 ʢʤ. ʈʫʩʣʦ ʨʝʢʠ 

ʠʟʚʠʣʠʩʪʦʝ, ʰʠʨʠʥʦʡ ʜʦ 100 ʤʝʪʨʦʚ, ʦʙʨʘʟʫʝʪ ʦʩʪʨʦʚʘ ʠ ʨʫʢʘʚʘ (http://www.textual.ru/gvr/). 

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʨ. ʊʳʷ ʚ 2021 ʛ. ʦʮʝʥʠʚʘʣʦʩʴ ʢʘʢ çʟʘʛʨʷʟʥʝʥʥʘʷè ʢʘʢ ʚ ʬʦʥʦʚʦʤ ʩʪʚʦʨʝ, 

ʚʳʰʝ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ, ʪʘʢ ʠ ʚ ʫʩʪʴʝʚʦʡ ʯʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʚ 2020 ʛ. ʚʦʜʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ 

ʢʘʢ çʩʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʘʷè (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜé, 2022). ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʚʣʠʷʶʱʠʤ ʥʘ ʥʝʛʘʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜ ʨ. ʊʳʷ, ʷʚʣʷʝʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʛʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ 1970-80-

ʝ ʛʛ. ʠ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʬʠʟʠʯʝʩʢʠʡ ʠ ʤʦʨʘʣʴʥʳʡ ʠʟʥʦʩ, ʪʨʝʙʫʶʪ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

2.3.3. ʈʘʩʪʠʪʝʣʴʥʳʡ ʠ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚʳ  

ʇʦʯʚʳ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ, ʩʦʛʣʘʩʥʦ ʧʦʯʚʝʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ 

ʙʘʩʩʝʡʥʘ ʦʟ. ɹʘʡʢʘʣ, ʦʪʥʦʩʷʪʩʷ ʢ ʇʨʠʙʘʡʢʘʣʴʩʢʦʡ ʧʨʝʜʛʦʨʥʦʡ ʚʳʩʦʢʦ-, ʩʨʝʜʥʝ- ʠ 

ʥʠʟʢʦʛʦʨʥʦʡ ʧʨʦʚʠʥʮʠʠ ʚʳʩʦʢʦ- ʠ ʩʨʝʜʥʝʛʦʨʥʦʛʦ ɹʘʡʢʘʣʴʩʢʦʛʦ ʦʢʨʫʛʘ ʪʦʨʬʷʥʦ-ʧʦʜʙʫʨʦʚ, 

ʧʦʜʙʫʨʦʚ ʠ ʙʫʨʦʟʝʤʦʚ ʠ ʛʨʫʙʦʛʫʤʫʩʦʚʳʭ ʧʦʯʚ (ʅʘʧʨʘʩʥʠʢʦʚ ʠ ʜʨ., 2016).  

ɼʣʷ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʥʘʛʦʨʴʷ ʭʘʨʘʢʪʝʨʥʳ ʢʦʥʪʨʘʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦ- ʠ 

ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʦʟ. ɹʘʡʢʘʣ, 

ʛʦʨʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2012). 

ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʥʠʪʘʤʠ ʠ ʧʦʨʦʜʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʯʚʳ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʥʘʛʦʨʴʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʤʘʣʦʤʦʱʥʳʝ (ʜʦ 30 ʩʤ), ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʜʙʫʨʘʤʠ, ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨʘʤʠ ʥʘ ʧʝʩʢʘʭ ʠ ʩʫʧʝʩʷʭ, 

ʧʦʜʟʦʣʘʤʠ ʩ ʫʯʘʩʪʠʝʤ ʪʦʨʬʷʥʦ-ʧʦʜʙʫʨʦʚ (ɹʝʣʦʟʝʨʮʝʚʘ ʠ ʜʨ., 2016). ɺ ʜʦʣʠʥʝ ʨ. ʊʳʷ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʝ, ʪʝʤʥʦʛʫʤʫʩʦʚʳʝ, ʪʝʤʥʦʛʫʤʫʩʦʚʳʝ 

ʢʚʘʟʠʛʣʝʝʚʳʝ, ʩʝʨʦʛʫʤʫʩʦʚʳʝ ʠ ʪʦʨʬʷʥʦ-ʛʣʝʝʚʳʝ ʧʦʯʚʳ (ɹʝʣʦʟʝʨʮʝʚʘ ʠ ʜʨ., 2016). 

ʇʨʠʨʦʜʥʳʡ ʬʦʥ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ, ʩʦʛʣʘʩʥʦ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ, 

ʦʪʥʦʩʠʪʩʷ ʢ ʇʨʝʜʙʘʡʢʘʣʴʩʢʦʡ ʪʝʤʥʦʭʚʦʡʥʦ-ʛʦʨʥʦ-ʪʘʝʞʥʦʡ ʧʨʦʚʠʥʮʠʠ. ɺ ʨʘʡʦʥʝ 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʧʨʝʦʙʣʘʜʘʝʪ ʣʝʩʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ï ʛʦʨʥʳʝ ʣʠʩʪʚʝʥʥʠʯʥʳʝ, ʩʦʩʥʦʚʦ-
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ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʣʝʩʘ ʩ ʧʨʠʤʝʩʴʶ ʙʝʨʝʟʳ ʠ ʦʩʠʥʳ (Salix lanata L., S. rosmarinifolia L., S. 

pyrolifolia Ledeb., Carex diandra Schrank, C. meyeriana Kunth, C. capitata L., C. irriqua 

(Wahlenb.)) (ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʘʪʣʘʩ, 2015).  

2.3.4. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʠ ʠʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ  

ɺ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ ʥʘ ʦʩʥʦʚʝ (ɻʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥé, 2020) ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ: ʧʨʦʤʳʰʣʝʥʥʘʷ, ʩʝʣʠʪʝʙʥʘʷ ʩ ʤʥʦʛʦʵʪʘʞʥʦʡ ʠ ʦʜʥʦʵʪʘʞʥʦʡ 

ʟʘʩʪʨʦʡʢʦʡ, ʨʝʢʨʝʘʮʠʦʥʥʘʷ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ (ʨʠʩ. 20). 

 

ʈʠʩ. 20. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ 
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ɺ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʳ ʎʝʥʪʨʘʣʴʥʘʷ ʊʕʎ ʠ ʯʝʪʳʨʝ ʤʘʣʳʝ ʢʦʪʝʣʴʥʳʝ, 

ʥʘ ʢʦʪʦʨʳʭ ʩʞʠʛʘʶʪʩʷ ʙʫʨʳʝ ʫʛʣʠ ʂʘʥʩʢʦ-ɸʯʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʄʦʱʥʦʩʪʴ 

ʎʝʥʪʨʘʣʴʥʦʡ ʊʕʎ ʥʝʙʦʣʴʰʘʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 148 ɻʢʘʣ/ʯ, ʯʪʦ ʧʦʯʪʠ ʥʘ 80% ʧʦʢʨʳʚʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʛʦʨʦʜʘ ʚ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʊʕʎ ʷʚʣʷʝʪʩʷ ʝʝ ʙʣʠʟʦʩʪʴ ʢ ʦʟ. ɹʘʡʢʘʣ ï ʤʝʥʝʝ 300 ʤ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʙʣʠʟʠ ʦʟʝʨʘ ʢʦʤʧʣʝʢʩʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʘʤʘ ʊʕʎ, 

ɿʐʆ, ʧʣʦʱʘʜʢʠ ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʫʛʣʷ (ʨʠʩ. 21). ʂ ʧʨʦʤʳʰʣʝʥʥʦ ʟʦʥʝ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ 

ʘʚʪʦʩʝʨʚʠʩʳ, ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʩʙʦʨʫ ʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʣʦʤʘ, ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

(ʉʳʯʝʚʘ, ʂʦʰʝʣʝʚʘ, 2024). 

ʉʝʣʠʪʝʙʥʘʷ ʤʥʦʛʦʵʪʘʞʥʘʷ ʧʦʜʟʦʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ, 

ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ ʠ ʋʣʘʥ-ʋʜʵ, ʢ ʥʝʡ  ʦʪʥʦʩʷʪʩʷ ʞʠʣʳʝ ʢʚʘʨʪʘʣʳ ʩʦ ʩʨʝʜʥʝʡ ʠ 

ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʦʡ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ, ʦʙʱʝʩʪʚʝʥʥʳʝ, ʤʝʜʠʮʠʥʩʢʠʝ, 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠ ʢʫʣʴʪʫʨʥʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʝ ʩʦʦʨʫʞʝʥʠʷ (ʉʳʯʝʚʘ, ʂʦʰʝʣʝʚʘ, 2024). 

ʉʝʣʠʪʝʙʥʘʷ ʦʜʥʦʵʪʘʞʥʘʷ ʧʦʜʟʦʥʘ ʚʢʣʶʯʘʝʪ ʯʘʩʪʥʳʝ ʞʠʣʳʝ ʜʦʤʘ ʩ 

ʧʨʠʫʩʘʜʝʙʥʳʤʠ ʫʯʘʩʪʢʘʤʠ (ʉʳʯʝʚʘ, ʂʦʰʝʣʝʚʘ, 2024). 

ʈʝʢʨʝʘʮʠʦʥʥʘʷ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ɻʣʘʚʥʳʤ ʧʘʨʢʦʤ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ, ʥʝʙʦʣʴʰʠʤʠ 

ʩʢʚʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʴ ʁʦʟ. ɹʘʡʢʘʣ ʩ ʧʣʷʞʝʤ, ʥʘʙʝʨʝʞʥʦʡ ʠ ʷʭʪʢʣʫʙʦʤ.  

ɾʝʣʝʟʥʦʜʦʨʦʞʥʘ ̫ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ɹɸʄ, ʧʨʦʭʦʜʷʱʝʡ ʚʜʦʣʴ ʙʝʨʝʛʘ ɹʘʡʢʘʣʘ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʦʢʦʣʦ 9 ʢʤ, ʩʪʘʥʮʠʝʡ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢ, ʚʘʛʦʥʥʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʣʦʢʦʤʦʪʠʚʥʦʝ 

ʜʝʧʦ, ʜʠʩʪʘʥʮʠʶ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ʉʳʯʝʚʘ, ʂʦʰʝʣʝʚʘ, 2024). 

 

ʈʠʩ. 21. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ (ʬʦʪʦ https://nature.baikal.ru) 

https://nature.baikal.ru/
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ʈʘʩʧʦʣʦʞʝʥʠʝ ɹɸʄʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ɹʘʡʢʘʣʘ ʥʝʩʝʪ ʚ ʩʝʙʝ ʫʛʨʦʟʫ ʟʘʛʨʷʟʥʝʥʠʷ 

ʵʢʦʩʠʩʪʝʤʳ ʚʦʜʦʝʤʘ (ɸʬʦʥʠʥʘ, ʀʚʘʱʝʥʢʦ, 2014). ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʙʣʠʟʦʩʪʴ ɹɸʄʘ ʢ 

ʛʦʨʦʜʫ ʠ ʦʟʝʨʫ (ʤʝʥʝʝ 300 ʤ) ʦʢʘʟʳʚʘʝʪ ʩʝʨʴʝʟʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ (ɹʝʣʦʟʝʨʮʝʚʘ ʠ ʜʨ., 2016). ʇʦ ʜʘʥʥʳʤ 

(ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ é, 2023), ʚ 2022 ʛ. ʚ ʨʘʡʦʥʝ ʧʣʷʞʘ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʚ ʚʦʜʝ ʦʟ. 

ɹʘʡʢʘʣ ʙʳʣʠ ʧʨʝʚʳʰʝʥʳ ʟʥʘʯʝʥʠʷ ʇɼʂ ʚ 7,7 ʨʘʟʘ ʜʣʷ ʞʝʣʝʟʘ, ʚ 6,8 ʨʘʟʘ ʜʣʷ ʤʘʨʛʘʥʮʘ, ʚ 6,0 

ʨʘʟ ʜʣʷ ʘʣʶʤʠʥʠʷ ʠ ʚ 3,2 ʨʘʟʘ ʜʣʷ ʤʝʜʠ. ʊʘʢʞʝ ʚ ʨʘʡʦʥʝ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʘʪ-ʠʦʥʘ ʚ 2021 ʛ. ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚ 3,5 ʨʘʟʘ (19,08 

ʤʛ/ʜʤ3), ʢʦʛʜʘ ʢʘʢ ʚ 2019 ʛ. ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʚ ʩʨʝʜʥʝʤ ʥʘ ʫʨʦʚʥʝ ʬʦʥʦʚʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʩʝʚʝʨʥʦʤ ʧʦʙʝʨʝʞʴʝ ʦʟ. ɹʘʡʢʘʣ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʝʜʠʥʘʷ ʟʦʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʚʳʪʷʥʫʪʘʷ ʚʜʦʣʴ ʚʦʜʦʝʤʘ. ɼʣʷ ʛ. 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʝʝ ʧʣʦʱʘʜʴ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 150 ʢʤĮ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ (ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʘʪʣʘʩ é, 2015).  

ʀʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʦʛʣʘʩʥʦ ʇʦ ʜʘʥʥʳʤ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʜʦʢʣʘʜ ..., 2024) ʦʩʥʦʚʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʛʦʨʦʜʘ ʷʚʣʷʶʪʩʷ ɸʆ 

çʌʝʜʝʨʘʣʴʥʘʷ ʧʘʩʩʘʞʠʨʩʢʘʷ ʢʦʤʧʘʥʠʷè, ʪʝʧʣʦʩʥʘʙʞʘʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ çɹɺʂè ʠ çʕʉʂ 

çʕʥʝʨʛʦʤʦʩʪèè. ɺʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʦʪ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ 2023 ʛ. ʩʦʩʪʘʚʠʣʠ 3,91 ʪʳʩ. ʪ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ é, 

2024). 

ɿʦʣʴʥʦʩʪʴ ʙʫʨʳʭ ʂʘʥʩʢʦ-ɸʯʠʥʩʢʠʭ ʫʛʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 6-15%, ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ 2800-

3800 ʢʢʘʣ/ʢʛ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʨʦʚʳʤʠ ʢʣʘʨʢʘʤʠ ʫʛʣʝʡ ʦʥʠ ʦʙʦʛʘʱʝʥʳ ʪʦʣʴʢʦ Sr3,1 

(ʥʠʞʥʠʡ ʠʥʜʝʢʩ ï ʟʥʘʯʝʥʠʝ CCcoal) ʠ Ni1,3. ʂʦʥʮʝʥʪʨʘʮʠʷ Zn ʨʘʚʥʘ ʢʣʘʨʢʫ, ʦʩʪʘʣʴʥʳʝ ʊʄʄ 

ʥʠʞʝ ʩʨʝʜʥʠʭ ʤʠʨʦʚʳʭ ʟʥʘʯʝʥʠʡ (ʪʘʙʣ. 8).  

ʉʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʟʦʣʝ ʎʝʥʪʨʘʣʴʥʦʡ ʊʕʎ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʥʠʞʝ, ʯʝʤ ʚ ʟʦʣʝ 

ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ. ʆʥʘ ʪʘʢ ʞʝ ʦʙʦʛʘʱʝʥʘ ʚʩʝʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ 

ʤʝʪʘʣʣʦʠʜʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʣʝʤ. ʅʘʠʙʦʣʴʰʠʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

As, Co, Ni ʠ V (5,6-8,7 ʨʘʟʘ), ʜʣʷ W, Cu ʠ Cr ʧʨʝʚʳʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 3,1-4,7 ʨʘʟʘ, ʜʣʷ Zn, Sr, 

Cd, Sb, Bi ʠ Pb 1,1-2,7 ʨʘʟʘ (ʨʠʩ. 22). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʨʦʚʳʤʠ ʢʣʘʨʢʘʤʠ ʜʣʷ ʟʦʣʳ ʙʫʨʳʭ ʫʛʣʝʡ ʟʦʣʘ ʎʝʥʪʨʘʣʴʥʦʡ ʊʕʎ 

ʦʙʦʛʘʱʝʥʘ ʪʦʣʴʢʦ Ni1,5. ʉʦʜʝʨʞʘʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʊʄʄ ʚ ʟʦʣʝ ʎʝʥʪʨʘʣʴʥʦʡ ʊʕʎ ʚ ʩʨʝʜʥʝʤ 

ʥʠʞʝ, ʯʝʤ ʚ ʟʦʣʝ ʊʕʎ ʥʝʢʦʪʦʨʳʭ ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ ʠ ʤʠʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 1.1. 

(ʪʘʙʣ. 4).  
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ʊʘʙʣʠʮʘ 8. 

ʉʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʙʫʨʳʭ ʫʛʣʷʭ ʠ ʟʦʣʝ ʎʝʥʪʨʘʣʴʥʦʡ ʊʕʎ, ʢʣʘʨʢʠ ʤʠʨʦʚʳʭ ʫʛʣʝʡ 

ʠ ʟʦʣʳ, ʤʛ/ʢʛ 

ʕʣʝʤʝʥʪ 

ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʂʘʥʩʢʦ-

ɸʯʠʥʩʢʠʭ 

ʙʫʨʳʭ ʫʛʣʷʭ, 

ʤʛ/ʢʛ 

ʄʠʨʦʚʦʡ 

ʢʣʘʨʢ 

ʙʫʨʳʭ 

ʫʛʣʝʡ  

CCcoal 

ʉʦʜʝʨʞʘʥʠʝ 

ʚ ʟʦʣʝ 

ʎʝʥʪʨʘʣʴʥʦʡ 

ʊʕʎ, ʤʛ/ʢʛ 

ʄʠʨʦʚʦʡ ʢʣʘʨʢ 

ʟʦʣʳ ʙʫʨʳʭ 

ʫʛʣʝʡ 
CCash 

V 8,71 22 0,4 48,8 140 0,3 

Cr 5,72 15 0,4 26,8 82 0,3 

Co 2,88 4,2 0,7 21,8 27 0,8 

Ni 12,1 9,0 1,3/- 79,1 53 1,5 

Cu 4,78 14 0,3 17,7 72 0,2 

Zn 18,7 18 1,0 47,8 110 0,4 

As 0,28 7,4 0,1 2,4 49 0,1 

Sr 367 120 3,1 453 770 0,6 

Mo 0,22 2,1 0,1 1,57 14 0,1 

Cd 0,05 0,2 0,3 0,1 1 0,1 

Sb 0,1 0,8 0,1 0,27 4,4 0,1 

W 0,2 1,2 0,2 0,61 6,1 0,1 

Pb 3,31 6,7 0,5 3,42 39 0,1 

Bi 0,08 0,9 0,1 0,09 5,7 -0,1 

 

ʈʠʩ. 22. ʉʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʂʘʥʩʢʦ-ɸʯʠʥʩʢʦʤ ʫʛʣʝ ʠ ʟʦʣʝ ʎʝʥʪʨʘʣʴʥʦʡ ʊʕʎ 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ, ʤʛ/ʢʛ 



58 

 

 

 

 

 

ʅʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ Pb ʚ 46 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʚ ʟʦʣʝ ʊʕʎ ʀʥʜʠʠ (Asokan et al., 2005; 

Gopinathan et al., 2022), ʢʦʥʮʝʥʪʨʘʮʠʠ Cu ʚ 16-32 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʟʦʣʝ ʊʕʎ ʛʛ. ʂʦʩʪʦʣʘʮ ʠ 

ɻʘʩʢʦ ʉʝʨʙʠʠ (Savic et al., 2018). ʉʦʜʝʨʞʘʥʠʝ V ʠ Cr ʚ 7 ʨʘʟ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʦʣʦʡ 

ʊʕʎ ʚ ʛ. ʉʠʥʛʨʘʫʣʠ (ʀʥʜʠʷ) (Gopinathan et al., 2022) ʠ ʚ ʛ. ʂʘʥʛʘʣ (ʊʫʨʮʠʷ) (Altikulac et al., 

2022). 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʫʟʣʦʚ ɹɸʄ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʦʬʠʮʠʘʣʴʥʦʛʦ ʧʦʨʪʘʣʘ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢ, ʦʙʱʘʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʜʦʨʦʞʥʳʭ ʩʝʪʝʡ ʩʦʩʪʘʚʣʷʝʪ 50 ʢʤ (https://severobajkalsk-

r81.gosweb.gosuslugi.ru). ʊʘʢʞʝ, ʢʘʢ ʚ ʋʣʘʥ-ʋʜʵ ʠ ɻʫʩʠʥʦʦʟʝʨʩʢʝ, ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʷʚʣʷʝʪʩʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʦʪʭʦʜʦʚ, ʦʩʦʙʝʥʥʦ ʚ 

ʞʠʣʦʡ ʦʜʥʦʵʪʘʞʥʦʡ ʟʦʥʝ 
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ɻʣʘʚʘ 3. ʉʦʜʝʨʞʘʥʠʝ ʠ ʤʝʪʦʜʠʢʘ ʨʘʙʦʪ 

3.1. ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ 

ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʚ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ ʧʨʦʚʦʜʠʣʠʩʴ ʣʝʪʦʤ 2018 ʛ., ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ ï 

ʣʝʪʦʤ 2019 ʛ., ʚ ʋʣʘʥ-ʋʜʵ ï ʣʝʪʦʤ 2022 ʛ. ʂʦʣʠʯʝʩʪʚʦ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʫʯʝʪʦʤ ʧʣʦʱʘʜʠ ʛʦʨʦʜʦʚ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʟʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ (Demetriades, Birke, 2015). ʇʨʦʙʳ ʧʦʯʚ ʦʪʙʠʨʘʣʠʩʴ ʠʟ 

ʚʝʨʭʥʝʛʦ (0-10 ʩʤ) ʩʣʦʷ ʤʝʪʦʜʦʤ çʢʦʥʚʝʨʪʘè ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3-5 ʤ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʧʦ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ ʩ ʰʘʛʦʤ 500-600 ʤ ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ, ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ, 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʋʣʘʥ-ʋʜʵ ʠ ʩ ʰʘʛʦʤ 700-1000 ʤ ʥʘ ʦʢʨʘʠʥʥʳʭ ʯʘʩʪʷʭ ʋʣʘʥ-ʋʜʵ. ʄʘʩʩʘ 

ʧʨʦʙʳ ʠʟ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 700-1000 ʛ (ʄʝʪʦʜʠʯʝʩʢʠʝé, 1999).  

ɺ ʋʣʘʥ-ʋʜʵ ʨʷʜʦʤ ʩ ʪʦʯʢʘʤʠ ʦʧʨʦʙʦʚʘʥʠʷ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʥʘ ʜʦʨʦʛʘʭ 

ʨʘʟʥʦʡ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 5-10 ʤ ʦʪʙʠʨʘʣʠʩʴ ʩʤʝʰʘʥʥʳʝ ʧʨʦʙʳ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʤʘʩʩʦʡ ʦʢʦʣʦ 500 ʛ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʰʠʨʠʥʦʡ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʦʩ ʚʩʝ ʜʦʨʦʛʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 

3 ʢʘʪʝʛʦʨʠʠ ʩ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ: ʢʨʫʧʥʳʝ ʜʦʨʦʛʠ ʩ 3-4 ʧʦʣʦʩʘʤʠ ʜʚʠʞʝʥʠʷ 

ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ; ʩʨʝʜʥʠʝ ʩ 2 ʧʦʣʦʩʘʤʠ; ʤʘʣʳʝ ʩ 1 ʧʦʣʦʩʦʡ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ. ɺʩʝʛʦ ʙʳʣʦ 

ʦʪʦʙʨʘʥʦ 60 ʧʨʦʙ ʜʦʨʦʞʥʦʡ ʧʳʣʠ.  

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʩʦʩʪʘʚʠʣʦ 79 ʚ ɻʫʩʠʥʦʦʟʝʨʩʢʝ, 57 ʚ 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ ʠ 232 ʚ ʋʣʘʥ-ʋʜʵ. ʈʝʛʠʦʥʘʣʴʥʳʤ ʬʦʥʦʤ ʜʣʷ ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʧʦʩʣʫʞʠʣʠ 

ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚ, ʨʘʟʚʠʪʳʭ ʧʦʜ ʩʫʭʦʩʪʝʧʥʦʡ ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (n = 7 ʧʨʦʙ) ʟʘʧʘʜʥʝʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʛʦʨʦʜʘ. ɼʣʷ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ï 

ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨʦʚ ʧʦʜ ʪʘʝʞʥʳʤʠ ʣʝʩʘʤʠ (n = 8), ʦʪʦʙʨʘʥʥʳʝ ʶʞʥʝʝ 

ʛʦʨʦʜʘ ʩʦʛʣʘʩʥʦ ʨʦʟʝ ʚʝʪʨʦʚ. ɼʣʷ ʋʣʘʥ-ʋʜʵ ʬʦʥʦʚʳʝ ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ ʧʦʜ ʩʫʭʦʩʪʝʧʥʦʡ 

ʜʝʨʥʦʚʠʥʥʦ-ʟʣʘʢʦʚʦʡ ʠ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʳʝ ʧʦʜ 

ʢʦʚʳʣʴʥʦ-ʨʘʟʥʦʪʨʘʚʥʳʤ ʨʘʩʪʠʪʝʣʴʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ (n = 12) ʚ 7-21 ʢʤ ʢ 

ʶʛʦ-ʟʘʧʘʜʫ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʛʦʨʦʜʘ.  

ɸʜʤʠʥʠʩʪʨʘʮʠʝʡ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʳ ʙʫʨʦʛʦ ʫʛʣʷ 

ʠʟ ʆʢʠʥʦ-ʂʣʶʯʝʚʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʫʣʦʚʣʝʥʥʘʷ ʟʦʣʘ ʩ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ 6-ʛʦ ʵʥʝʨʛʦʙʣʦʢʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʙʘ ʟʦʣʦʰʣʘʢʦʚ ʠʟ ɿʐʆ. ɺ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʝ ʥʘ ʎʝʥʪʨʘʣʴʥʦʡ ʊʕʎ ʙʳʣʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʧʨʦʙʳ ʙʫʨʦʛʦ ʫʛʣʷ ʠʟ ʂʘʥʩʢʦʛʦ-ɸʯʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʦʙʨʘʟʮʳ ʫʣʦʚʣʝʥʥʦʡ 

ʟʦʣʳ ʩ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ ʎʝʥʪʨʘʣʴʥʦʡ ʊʕʎ. ɸʜʤʠʥʠʩʪʨʘʮʠʷʤʠ ʊʕʎ-1 ʠ ʊʕʎ-2 ʋʣʘʥ-ʋʜʵ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʳ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʠʟ ʊʫʛʥʫʡʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʧʨʦʙʘ ʫʣʦʚʣʝʥʥʦʡ ʟʦʣʳ ʩ 

ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ ʠ ʪʨʠ ʦʙʨʘʟʮʘ ʟʦʣʦʰʣʘʢʦʚ ʠʟ ɿʐʆ ʊʕʎ-1 ʠ ʜʚʫʭ ɿʐʆ ʊʕʎ-2. 
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3.2. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ 

ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʕʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʮʝʥʪʨʝ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ (ʕɻʅʆʎ ʄɻʋ). ʀʟ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ 

ʦʪʙʠʨʘʣʠʩʴ ʚʢʣʶʯʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʢʘʤʥʝʡ ʠ ʤʫʩʦʨʘ, ʧʨʦʙʳ ʚʳʩʫʰʠʚʘʣʠʩʴ ʚ 

ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40ʦʉ. ɿʘʪʝʤ ʧʨʦʙʳ ʨʘʩʪʠʨʘʣʠʩʴ ʚ ʨʘʟʥʳʭ ʩʪʫʧʢʘʭ ʠ 

ʧʨʦʩʝʠʚʘʣʠʩʴ ʯʝʨʝʟ ʩʠʪʘ ʩ ʜʠʘʤʝʪʨʦʤ ʷʯʝʝʢ 1 ʤʤ ʠʣʠ 0,25 ʤʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʘʥʘʣʠʟʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ. ʊʘʢ, ʦʙʨʘʟʮʳ ʨʘʩʪʠʨʘʣʠʩʴ ʚ 

ʬʘʨʬʦʨʦʚʳʭ ʩʪʫʧʢʘʭ ʬʘʨʬʦʨʦʚʳʤʠ ʧʝʩʪʠʢʘʤʠ ʠ ʧʨʦʩʝʠʚʘʣʠʩʴ ʯʝʨʝʟ ʩʠʪʦ ʩ ʜʠʘʤʝʪʨʦʤ 

ʷʯʝʝʢ 1 ʤʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ (50 ʛʨʘʤʤʦʚ); ʯʝʨʝʟ ʩʠʪʦ ʩ ʜʠʘʤʝʪʨʦʤ ʷʯʝʝʢ 0,25 ʤʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (5 ʛʨʘʤʤʦʚ). ʆʙʨʘʟʮʳ ʨʘʩʪʠʨʘʣʠʩʴ ʚ ʬʘʨʬʦʨʦʚʳʭ 

ʩʪʫʧʢʘʭ ʨʝʟʠʥʦʚʳʤʠ ʧʝʩʪʠʢʘʤʠ ʠ ʧʨʦʩʝʠʚʘʣʠʩʴ ʯʝʨʝʟ ʩʠʪʘ ʩ ʜʠʘʤʝʪʨʦʤ ʷʯʝʝʢ 1 ʤʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (5 ʛʨʘʤʤʦʚ) ʠ ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʈʄ10; ʚ ʘʛʘʪʦʚʳʭ 

ʩʪʫʧʢʘʭ ʘʛʘʪʦʚʳʤʠ ʧʝʩʪʠʢʘʤʠ ʜʦ ʩʦʩʪʦʷʥʠʷ ʧʫʜʨʳ ʜʣʷ ʘʥʘʣʠʟʘ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʊʄʄ 

(10 ʛʨʘʤʤʦʚ) (ʂʨʝʯʝʪʦʚ, ɼʠʘʥʦʚʘ, 2009). ɿʘʪʝʤ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʧʨʦʙʳ ʧʦʯʚ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

(ʪʘʙʣ. 9). 

ɸʚʪʦʨʦʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ pH, ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʜʥʦʡ 

ʚʳʪʷʞʢʠ (ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʯʚʘ : ʚʦʜʘ 1:2,5) ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚ 

ʧʨʦʙʘʭ ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ. ɺʝʣʠʯʠʥʳ pH ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʨʅ-

ʤʝʪʨʦʤ çʕʂʉʇɽʈʊ-ʨʅè, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ï ʢʦʥʜʫʢʪʦʤʝʪʨʦʤ çSevenEasy S30è ʬʠʨʤʳ 

MettlerToledo. ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʧʦʯʚʘʭ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʊʶʨʠʥʘ 

ʩ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʦʢʦʥʯʘʥʠʝʤ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʥʘ ʣʘʟʝʨʥʦʤ 

ʛʨʘʥʫʣʦʤʝʪʨʝ çAnalysette 22 comfortè ʬʠʨʤʳ Fritsch.  

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʬʨʘʢʮʠʠ ʯʘʩʪʠʮ ʈʄ10 ʠʟ ʧʨʦʙ ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʘʚʪʦʨʦʤ 

ʧʨʠʤʝʥʷʣʦʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʳʣʠ ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ (ɹʝʟʙʝʨʜʘʷ ʠ ʜʨ., 2023). ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ 

ʦʙʨʘʟʝʮ ʥʘʚʝʩʢʦʡ ʦʢʦʣʦ 5-7 ʛ ʧʦʤʝʱʘʣʠ ʚ ʬʘʨʬʦʨʦʚʫʶ ʩʪʫʧʢʫ, ʜʦʙʘʚʣʷʣʠ ʧʨʠʤʝʨʥʦ 50-100 

ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʨʘʩʪʠʨʘʣʠ ʨʝʟʠʥʦʚʳʤ ʧʝʩʪʠʢʦʤ ʦʢʦʣʦ 3 ʤʠʥʫʪ ʜʦ 

ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʢʦʤʢʦʚ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʱʘʣʠ ʚ ʝʤʢʦʩʪʴ 

(ʧʣʘʩʪʠʢʦʚʳʝ ʩʪʘʢʘʥʳ ʜʣʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ) ʠ ʜʦʣʠʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʜʦ 

ʤʝʪʢʠ 300 ʠʣʠ 350 ʤʣ. ɼʘʣʝʝ ʦʙʨʘʟʝʮ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʜʣʷ ʚʟʤʫʯʠʚʘʥʠʷ ʪʚʝʨʜʦʡ 

ʬʘʟʳ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʠʢʨʦʘʛʨʝʛʘʪʦʚ (ɽʥʯʠʣʠʢ ʠ ʜʨ., 2023). ʅʘ ʧʘʥʝʣʠ ʮʝʥʪʨʠʬʫʛʠ ʟʘʜʘʚʘʣʠ 
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ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ (200 ʦʙ/ʤʠʥ ʠ 6 ʤʠʥʫʪ) ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʦʙʨʘʟʝʮ. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʞʠʜʢʦʩʪʴ ʥʘʜ ʦʩʘʜʢʦʤ (ʬʨʘʢʮʠʶ < 10 ʤʢʤ) ʩʣʠʚʘʣʠ ʚ ʜʨʫʛʦʡ ʩʦʩʫʜ ʦʙʲʝʤʦʤ 5 

ʣ. ɿʘʪʝʤ ʚ ʝʤʢʦʩʪʴ ʜʣʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩʥʦʚʘ ʜʦʣʠʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʜʦ 

ʤʝʪʢʠ 300-350 ʤʣ, ʥʝ ʟʘʙʳʚʘʷ ʫʨʦʚʥʷʪʴ ʤʘʩʩʳ ʝʤʢʦʩʪʝʡ ʩ ʩʫʩʧʝʥʟʠʝʡ, ʚʟʙʘʣʪʳʚʘʣʠ ʧʨʦʙʫ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. ʆʧʝʨʘʮʠʶ ʧʦ ʚʳʜʝʣʝʥʠʶ ʯʘʩʪʠʮ ʈʄ10 

ʧʦʚʪʦʨʷʣʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʪʦʣʙ ʚʦʜʳ ʚ ʝʤʢʦʩʪʠ ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʥʝ ʩʪʘʥʦʚʠʣʩʷ 

ʧʨʦʟʨʘʯʥʳʤ (ʧʨʠʤʝʨʥʦ 10-15 ʨʘʟ). 

ʊʘʙʣʠʮʘ 9. 

ɺʠʜʳ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ 

ʇʨʠʤʝʯʘʥʠʝ: ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: 1 ï ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ; 2 ï 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʡ; 3 ï ʤʝʪʦʜ ʊʶʨʠʥʘ; 4 ï ʣʘʟʝʨʥʘʷ ʛʨʘʥʫʣʦʤʝʪʨʠʷ; 5 ï ICP/MS, 

ICP/AES. 

ɺʘʣʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ 14 ʊʄʄ (Zn, As, Cd, Pb (I ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ), Cr, Co, Ni, Cu, Sb, 

Mo (II ʢʣʘʩʩ), V (III ʢʣʘʩʩ), W, Sr, Bi) ʚ ʧʦʯʚʘʭ, ʜʦʨʦʞʥʦʡ ʧʳʣʠ, ʫʛʣʝ, ʟʦʣʝ ʠ ʟʦʣʦʰʣʘʢʘʭ, ʘ 

ʆʙʲʝʢʪ 
ɻʦʨʦʜ 

(ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ) 
ʇʘʨʘʤʝʪʨ ʄʝʪʦʜ* ʃʘʙʦʨʘʪʦʨʠʷ 

ɺʝʨʭʥʠʝ 

ʛʦʨʠʟʦʥʪʳ 

ʧʦʯʚ 

 

ɻʫʩʠʥʦʦʟʝʨʩʢ 

(n
 
= 79) 

 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢ 

(n = 57) 

ʋʣʘʥ-ʋʜʵ 

(n = 232) 

ʨʅ 1 ʕɻʅʆʎ 

ʋʜʝʣʴʥʘʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ EC1:5 
2 ʕɻʅʆʎ 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʉʦʨʛ 
3 ʕɻʅʆʎ 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ 
4 ʕɻʅʆʎ 

ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʊʄʄ 5 ɺʀʄʉ 

ʉʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚʦ 

ʬʨʘʢʮʠʠ PM10 
5 ɺʀʄʉ 

ɼʦʨʦʞʥʘʷ 

ʧʳʣʴ 
ʋʣʘʥ-ʋʜʵ 

(n = 60) 

ʨʅ 1 ʕɻʅʆʎ 

ʋʜʝʣʴʥʘʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ EC1:5 
2 ʕɻʅʆʎ 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʉʦʨʛ 
3 ʕɻʅʆʎ 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 4 ʕɻʅʆʎ 

ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʊʄʄ 5 ɺʀʄʉ 

ʉʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚʦ 

ʬʨʘʢʮʠʠ PM10 
5 ɺʀʄʉ 

ʋʛʦʣʴ, ʟʦʣʘ, 

ʟʦʣʦʰʣʘʢʠ 

ɻʫʩʠʥʦʦʟʝʨʩʢ 

(n
 
= 3) 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢ    

(n = 2) 

ʋʣʘʥ-ʋʜʵ 

(n = 5) 

ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʊʄʄ 5 ɺʀʄʉ 
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ʪʘʢʞʝ ʚʦ ʬʨʘʢʮʠʠ PM10 ʧʦʯʚ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɺʅʀʀ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʤ. ʅ.ʄ. ʌʝʜʦʨʦʚʩʢʦʛʦ (ɺʀʄʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ 

çiCAP Qcè (Thermo Fisher Scientific) ʠ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ çOptima-4300 

DVè (Perkin Elmer). ɸʥʘʣʠʟ ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʘʪʪʝʩʪʦʚʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ (ʅʉɸʄ ˉ 499 

ɸʕʉ/ʄʉ 2015 ʛ.) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʦʣʦʩʪʳʭ ʧʨʦʙ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ çɻʉʆ 3784ï

86è, çɻʉʆ 8671ï2005è, çɻʉʆ 8671ï2005è (ʀɻʍ ʉʆ ʈɸʅ, ʈʦʩʩʠʷ), çɸɻɺ-2è ʠ çɹʍɺʆ-2è 

(ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʉʐɸ). ʃʘʙʦʨʘʪʦʨʠʷ ʘʢʢʨʝʜʠʪʦʚʘʥʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ 

ʘʢʢʨʝʜʠʪʘʮʠʠ çɸʥʘʣʠʪʠʢʘè (AAS.A.00255) ʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʘʢʢʨʝʜʠʪʘʮʠʠ 

(RA.RU.21ɻʇ11) ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (ISO Guide 34:2009 ʠ ISO/IEC 17,025:2017). 

3.3. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʢʣʶʯʘʣʘ ʨʘʩʯʝʪ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜʳ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʡ ʠ ʟʦʣʳ 

ʊʕʉ ʚʳʷʚʣʷʣʠʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʤʠʨʦʚʳʤʠ ʢʣʘʨʢʘʤʠ ʫʛʣʝʡ ʠ ʟʦʣʳ ʠ ʨʘʩʯʝʪʘ ʢʣʘʨʢʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʡ CCcoal ʠ ʟʦʣʳ CCash: 

CCcoal(ash) = Cicoal(ash)/Kcoal(ash), 

 

ʛʜʝ Cicoal, Ciash ï ʩʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʫʛʣʷʭ ʠ ʟʦʣʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Kcoal, Kash ī ʤʠʨʦʚʳʝ 

ʢʣʘʨʢʠ ʫʛʣʝʡ ʠ ʟʦʣʳ (ʖʜʦʚʠʯ, ʂʝʪʨʠʩ, 2005).  

ʉʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʉb ʩʨʘʚʥʠʚʘʣʠ ʩ ʢʣʘʨʢʘʤʠ K1 ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ (Rudnick, Gao, 2014), ʘ ʪʘʢʞʝ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

K2 ʜʣʷ ʎʝʥʪʨʘʣʴʥʦʡ ɹʫʨʷʪʠʠ (ɹʝʣʦʛʦʣʦʚʦʚ, 1989): ʚʳʯʠʩʣʷʣʠʩʴ ʢʣʘʨʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ CC 

ʧʨʠ ʉb Ó K1(2): 

CC = Cb/K1(2) 

ʠʣʠ ʨʘʩʩʝʷʥʠʷ CD ʧʨʠ ʉb < K1(2): 

CD = K1(2)/ʉb. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʠ ʠʭ ʬʨʘʢʮʠʠ ʈʄ10 ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ CF:  

CF = ʉi/ʉb, 

ʛʜʝ ʉi, ʉb ï ʩʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʚ ʮʝʣʦʤ ʠʣʠ ʚʦ ʬʨʘʢʮʠʠ PM10, 

ʤʛ/ʢʛ. ɼʣʷ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʠ ʝʝ ʬʨʘʢʮʠʠ ʈʄ10 ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʬʦʥʦʚʦʛʦ ʘʥʘʣʦʛʘ 
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ʥʘʢʦʧʣʝʥʠʝ ʠ ʨʘʩʩʝʷʥʠʝ ʊʄʄ ʦʮʝʥʠʚʘʣʦʩʴ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʣʠʪʦʩʬʝʨʳ 

ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʨʝʜʥʝʛʦ ʜʣʷ ʧʦʯʚ: 

CC = ʉi/ʂ, 

ʛʜʝ ʉi ï ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʠ ʝʝ ʬʨʘʢʮʠʠ ʈʄ10, ʤʛ/ʢʛ. 

ʆʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚʦ ʬʨʘʢʮʠʠ ʈʄ10 ʧʦʯʚ ʠʣʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʢ 

ʧʦʯʚʘʤ ʠʣʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʚ ʮʝʣʦʤ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝʣʷ Dx: 

Dx = CiPM10/ʉiʧʦʯʚʘ(ʜʦʨʦʞʥʘʷ ʧʳʣʴ). 

ɼʦʣʠ ʊʄʄ ʚʦ ʬʨʘʢʮʠʠ ʈʄ10 ʧʦʯʚ ʠʣʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ (D) ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ 

ʬʦʨʤʫʣʝ:  

D = (CiPM10*P)/ Ci  ʧʦʯʚʘ(ʜʦʨʦʞʥʘʷ ʧʳʣʴ), 

ʛʜʝ ʉPM10 ï ʢʦʥʮʝʥʪʨʘʮʠʷ i-ʛʦ ʵʣʝʤʝʥʪʘ ʚʦ ʬʨʘʢʮʠʠ ʈʄ10 ʧʦʯʚ ʠʣʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ, ʤʛ/ʢʛ, P 

ï ʜʦʣʷ ʬʨʘʢʮʠʠ ʈʄ10 ʚ ʧʦʯʚʘʭ ʠʣʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ, %; ʉiʧʦʯʚʘ(ʜʦʨʦʞʥʘʷ ʧʳʣʴ) ï ʢʦʥʮʝʥʪʨʘʮʠʷ i-

ʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʘʭ ʠʣʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʚ ʮʝʣʦʤ, ʤʛ/ʢʛ. 

ʆʙʱʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʊʄʄ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʩʫʤʤʘʨʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ 

ʟʘʛʨʷʟʥʝʥʠʷ Zc:  

Zʩ = ɆCFï(nï1), 

ʛʜʝ n ï ʯʠʩʣʦ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ CF > 1,0.  

ɼʣʷ ʜʦʨʦʞʥʦʡ ʧʳʣʠ Zʩ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

Zc = ɆCCï(nï1), 

ʛʜʝ n ï ʯʠʩʣʦ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ CC > 1,0. ʇʦʢʘʟʘʪʝʣʴ Zc ʠʤʝʝʪ 5 ʛʨʘʜʘʮʠʡ: <16 ï 

ʥʠʟʢʠʡ, ʥʝʦʧʘʩʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, 16-32 ï ʩʨʝʜʥʠʡ, ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʦʝ, 32-64 ï ʚʳʩʦʢʠʡ, 

ʦʧʘʩʥʦʝ, 64-128 ï ʦʯʝʥʴ ʚʳʩʦʢʠʡ, ʦʯʝʥʴ ʦʧʘʩʥʦʝ, >128 ï ʤʘʢʩʠʤʘʣʴʥʳʡ, ʯʨʝʟʚʳʯʘʡʥʦ 

ʦʧʘʩʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ (ʂʘʩʠʤʦʚ ʠ ʜʨ., 2016).  

ʉʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʉʪʝʧʝʥʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʊʄʄ ʚ 

ʧʦʯʚʘʭ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ Ko: 

Ko = Ci/ʇɼʂi, 

ʛʜʝ ʇɼʂi ï ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ (ʠʣʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʜʦʧʫʩʪʠʤʘʷ, ʆɼʂ) ʢʦʥʮʝʥʪʨʘʮʠʷ i-

ʛʦ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʤʛ/ʢʛ (ʉʘʥʇʠʅ 1.2.3685-21) (ʪʘʙʣ. 10).  

ʊʘʙʣʠʮʘ 10. 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʄʄ  

ʚ ʧʦʯʚʘʭ, ʤʛ/ʢʛ (ʉʘʥʇʠʅ 1.2.3685-21) 

ʕʣʝʤʝʥʪ V As Cd Sb Ni Pb Cu Zn 

ʇɼʂ/ʆɼʂ 150 10 2,0 4,5 80 130 132 220 
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         ɼʣʷ V, Sb ʚʟʷʪʳ ʟʥʘʯʝʥʠʷ ʇɼʂ, ʜʣʷ As, Cd, Ni, Pb, Cu, Zn ï ʆɼʂ ʚ ʩʫʛʣʠʥʠʩʪʳʭ 

ʥʝʡʪʨʘʣʴʥʳʭ ʧʦʯʚʘʭ ʩ pH > 5.5. 

ʆʮʝʥʢʘ ʨʠʩʢʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʚʟʨʦʩʣʳʭ ʠ ʜʝʪʝʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʊʄʄ, ʧʦʩʪʫʧʘʶʱʠʭ 

ʩ ʧʦʯʚʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʙʘʟʝ 

ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʝʜʝʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʛʠʛʠʝʥʳ ʠʤ. ʌ.ʌ. ʕʨʠʩʤʘʥʘ, ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʮʝʥʪʨʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʠ ʠ ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ US EPA (US EPA, 1989; US EPA, 2002; ʈ 2.1.10.3968-23). ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ 

ʪʨʠ ʧʫʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤ ʟʘʛʨʷʟʥʝʥʥʳʭ ʯʘʩʪʠʮ: ʧʨʠ ʧʨʦʛʣʘʪʳʚʘʥʠʠ (ingest), 

ʢʦʥʪʘʢʪʝ ʩ ʢʦʞʝʡ (dermal) ʠ ʧʦʧʘʜʘʥʠʠ ʚ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ (inhal). ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʊʄʄ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʜʦʟʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ADD (Average Daily Dose) ʠ 

ʧʦʞʠʟʥʝʥʥʘʷ ʜʦʟʘ LADD: 

 ὃὈὈ
    

  
 ὅὊ,  

ὃὈὈ
  

  
 ὅὊ, 

ὃὈὈ
       

  
 ὅὊ,  

ὒὃὈὈ ̅̆̓̉ ̅̆̓̉

̅̆̓̉

̃̈̑̏̒ ̃̈̑̏̒

̃̈̑̏̒
ȟ  

ὒὃὈὈ  
    ̅̆̓̉ ̅̆̓̉

̅̆̓̉

̃̈̑̏̒̃̈̑̏̒

̃̈̑̏̒
ȟ  

ὒὃὈὈ ̅̆̓̉ ̅̆̓̉ ̅̆̓̉

̅̆̓̉

̃̈̑̏̒̃̈̑̏̒̃̈̑̏̒

̃̈̑̏̒
ȟ  

ʛʜʝ Ci ï ʩʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ (ʤʛ/ʢʛ), IngR ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʣʘʪʳʚʘʝʤʦʡ 

ʧʦʯʚʳ (ʤʛ/ʩʫʪʢʠ), ), InhR ï ʦʙʲʝʤ ʚʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ (ʤ3/ʩʫʪʢʠ), EF ï ʯʘʩʪʦʪʘ ʥʘʛʨʫʟʢʠ 

(ʩʫʪ./ʛʦʜ), ED ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ (ʣʝʪ), BW ï ʩʨʝʜʥʠʡ ʚʝʩ ʯʝʣʦʚʝʢʘ (ʢʛ),  AT 

= 10950 ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʣʠʷʥʠʷ ʥʝʢʘʥʮʝʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʫʪ.), LT ï ʦʞʠʜʘʝʤʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ, CF ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʩʯʝʪʘ (1*10-6 ʢʛ/ʤʛ), PEF ï ʬʘʢʪʦʨ 

ʵʤʠʩʩʠʠ ʯʘʩʪʠʮ (ʤ3/ʢʛ), SA ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ, ʢʦʪʦʨʘʷ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʦʯʚʦʡ 

(ʩʤ2),  AF ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʣʠʧʘʥʠʷ ʧʦʯʚʳ ʢ ʢʦʞʝ (ʤʛ/ʩʤ), ABS ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʤʝʥʪʘ ɿʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʚʟʨʦʩʣʳʭ ʠ ʜʝʪʝʡ, 

ʩʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 11.  
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ʊʘʙʣʠʮʘ 11.  

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʬʦʨʤʫʣʘʭ ʜʣʷ ʦʮʝʥʢʠ ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʠ 

ʥʝʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʨʠʩʢʘ (US EPA, 1989, 2002, 2014, 2017; OEHHA, 2012; ʈ 2.1.10.3968-23) 

ʌʘʢʪʦʨʳ 
ɿʥʘʯʝʥʠʝ 

ɺʟʨʦʩʣʳʝ ɼʝʪʠ 

IngR 

(ʤʛ/ʩʫʪʢʠ) 
10 30 

InhR 

(ʤ3/ʩʫʪʢʠ) 
15 8 

EF 

(ʩʫʪʢʠ/ʛʦʜ) 
350 

ED (ʣʝʪ) 30 6 

BW (ʢʛ) 70 15 

AT (ʩʫʪʢʠ) 10 950 2190 

LT (ʩʫʪʢʠ) 25550 

PEF 

(ʤ3/ʢʛ) 
1,36*109 

SA (ʩʤ2) 5700 2800 

AF (ʤʛ/ʩʤ2) 0,07 0,2 

ABS 
V, Co, Cu, Zn, Sr, Mo, Sb, W, Pb 0,03; Cr 0,02; Ni 

0,04; As 0,06; Cd 0,002; Bi 0,001  

ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʥʝʢʘʥʮʝʨʦʛʝʥʥʳʡ ʨʠʩʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʦʮʝʥʠʚʘʣʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʧʫʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʊʄʄ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʧʘʩʥʦʩʪʠ Hazard Quotient (HQ): 

HQ = ȟ   

ʛʜʝ RfD ï ʢʦʥʪʨʦʣʴʥʘʷ ʜʦʟʘ (Reference Dose), ʧʨʠ ʧʦʚʩʝʜʥʝʚʥʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʢʦʪʦʨʦʡ ʚ 

ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʫ ʯʝʣʦʚʝʢʘ ʥʝ ʚʦʟʥʠʢʘʶʪ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠʣʠ 

ʟʘʙʦʣʝʚʘʥʠʷ. ɿʥʘʯʝʥʠʷ RfD ʚ ʪʘʙʣʠʮʝ 12 ʧʨʠʚʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (US EPA, 2024; ATDSR, 

2024; RSLé, 2024), ʘ ʪʘʢʞʝ ʩ ʦʙʟʦʨʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ (Miletiʩ et al., 2023). 

ɼʣʷ ʦʮʝʥʢʠ ʦʙʱʝʛʦ ʥʝʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʥʷʣʩʷ ʠʥʜʝʢʩ 

ʦʧʘʩʥʦʩʪʠ HI (Hazard Index):  

HI =  ×(HQingest+HQinhal+HQdermal), 

ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʛʨʷʟʥʸʥʥʳʭ ʯʘʩʪʠʮ ʧʦʯʚʳ ʪʨʝʤʷ ʧʫʪʷʤʠ: ʧʝʨʦʨʘʣʴʥʳʤ, 

ʠʥʛʘʣʷʮʠʦʥʥʳʤ ʠ ʯʝʨʝʟ ʢʦʞʥʳʡ ʧʦʢʨʦʚ. ʇʦʢʘʟʘʪʝʣʠ HQi ʠ HI ʠʤʝʶʪ ʯʝʪʳʨʝ ʫʨʦʚʥʷ 
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ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ: ʦʪʩʫʪʩʪʚʫʝʪ (< 0,1), ʥʠʟʢʠʡ (0,1ī1), ʩʨʝʜʥʠʡ (1ī10), 

ʚʳʩʦʢʠʡ (>10) (US EPA, 2002; ʈ 2.1.10.3968-23). 

ɿʘʛʨʷʟʥʝʥʠʝ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ As, Pb, Co, Ni, Cd, ʧʦʧʘʜʘʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ (RSLé, 2024; 

Koedrith, Seo, 2011; Lim et al., 2019), ʦʮʝʥʠʚʘʣʦʩʴ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʚʦʟʨʘʩʪʘʶʱʝʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʨʘʢʘ (Incremental Lifetime Cancer Risk) ILCR ʧʨʠ ʚʣʠʷʥʠʠ ʊʄʄ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ (LT = 25 550 ʩʫʪʦʢ) (US EPA, 1989; ʈ 2.1.10.3968-23, RSLé, 2024): 

ILCR = LADD  SF,  

ʛʜʝ SF ī ʬʘʢʪʦʨ ʨʠʩʢʘ (Slope Factor), ʪ.ʝ. ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʨʘʢʘ ʫ ʯʝʣʦʚʝʢʘ, 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʘʢ ʚʝʨʭʥʷʷ 95% ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʛʨʘʥʠʮʘ ʥʘʢʣʦʥʘ ʚ ʥʠʞʥʝʡ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ 

ʢʨʠʚʦʡ çʜʦʟʘ-ʦʪʚʝʪè), ʤʛ/ʢʛ*ʩʫʪ (ʪʘʙʣ. 12). 

ʉʫʤʤʘʨʥʳʡ ʨʠʩʢ (Total Risk) ʨʘʟʚʠʪʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ TR ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ, ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ 

ʩʫʤʤʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʠʩʢʦʚ: 

TR = ×ILCRingest + ×ILCRinhal + ×ILCRdermal. 

ʇʦʢʘʟʘʪʝʣʠ ILCRi ʠ TR ʠʤʝʶʪ ʧʷʪʴ ʫʨʦʚʥʝʡ (US EPA, 1989): ʦʯʝʥʴ ʥʠʟʢʠʡ (< 10-6), 

ʥʠʟʢʠʡ (10-6 ï 10-5), ʩʨʝʜʥʠʡ (10-5 ï 10-4), ʚʳʩʦʢʠʡ (10-4 ï 10-3), ʦʯʝʥʴ ʚʳʩʦʢʠʡ (> 10-3).  

ʊʘʙʣʠʮʘ 12. 

ɿʥʘʯʝʥʠʷ ʨʝʬʝʨʝʥʪʥʳʭ ʜʦʟ (RfD) (ʤʛ/ʢʛ*ʩʫʪ) ʠ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ (SF) ʧʨʠ 

ʧʝʨʦʨʘʣʴʥʦʤ (ingest), ʠʥʛʘʣʷʮʠʦʥʥʦʤ (inhal) ʠ ʢʦʞʥʦʤ (dermal) ʧʦʩʪʫʧʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ (Miletiʩ et al., 2023; US EPA, 2024; ATDSR, 2024; RSLé, 2024) 

ʕʣʝʤʝʥʪ RfDingest RfDinhal RfDdermal SFingest SFinhal SFdermal 

V 7,0*10-3 7,0*10-5 7,0*10-3 ī ī ī 

Cr  1,5 ī ī ī ī ī 

Co 3,0*10-4 1,71*10-6 3,0*10-4 ī ī 31,5 

Ni 2,0*10-2 2,86*10-6 8,0*10-4 ī ī 0,84 

Cu 2,0*10-2 1,2*10-2 4,02*10-2 ī ī ī 

Zn 3,0*10-1 6,0*10-2 3,0*10-1 ī ī ī 

As 3,0*10-4 3,0*10-4 1,23*10-4 1,5 15,1 3,66 

Sr 6,0*10-1 ī 6,0*10-1 ī ī ī 

Mo 5,0*10-3 ī 5,0*10-3 ī ī ī 

Cd 5,0*10-4 2,86*10-6 2,5*10-5 ī ī 6,3 

Sb 4,0*10-4 8,6*10-5 6,0*10-5 ī ī ī 

W 8,0*10-4 ī 8,0*10-4 ī ī ī 

Pb 3,6*10-3 5,3*10-4 3,52*10-3 8,5*10-3 4,2*10-2 8,5*10-3 

Bi 1,0*10-4 ī 1,0*10-4 ī ī ī 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɹʘʟʦʚʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, 
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ʤʠʥʠʤʫʤ, ʤʘʢʩʠʤʫʤ, ʤʝʜʠʘʥʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ Cv) ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʊʄʄ, ʘ ʪʘʢʞʝ 

ʦʩʥʦʚʥʳʭ ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʚʳʯʠʩʣʷʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ Microsoft Exʩel ʠ 

STATISTICA 12.0. ɺ ʧʘʢʝʪʝ STATISTICA 12.0. ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ 

ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʟʥʘʯʠʤʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʣʶʪʘʥʪʘ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ.  

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʊʄʄ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ɻʫʩʠʥʦʦʟʝʨʩʢʘ, 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʠ ʋʣʘʥ-ʋʜʵ, ʚʳʷʚʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʜʝʨʝʚʴʝʚ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʜʝʥʜʨʦʛʨʘʤʤ ʚ ʧʘʢʝʪʝ SPLUS 

(Rawls, Pachepsky, 2002; ʂʦʰʝʣʝʚʘ ʠ ʜʨ., 2015). ɼʝʥʜʨʦʛʨʘʤʤʳ ʩʪʨʦʠʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʚʦʡʩʪʚ ʧʦʯʚ (pH, ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ Eʉ1:5, ʩʦʜʝʨʞʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʈʄ10, 

Cʦʨʛ) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʛʝʦʭʠʤʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ ʠ ʩʧʝʮʠʬʠʢʫ ʟʘʛʨʷʟʥʝʥʠʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʦʥʳ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʊʄʄ ʚ ʧʦʯʚʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ PMF, ʢʦʪʦʨʳʡ 

ʥʘʨʷʜʫ ʩ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʝʡ (ʈʉɸ-MLR) 

ʧʨʠʟʥʘʥ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʠ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ Source Apportionment. ʆʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʚʢʣʘʜʳ 

ʧʨʦʤʳʰʣʝʥʥʳʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʊʕʉ ʠ ʦʪʦʧʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʞʠʣʦʛʦ ʩʝʢʪʦʨʘ (Thurston et al., 2011; Bhuyan  et al. 2018; Popovicheva et al., 2024). 

ʄʦʜʝʣʴ PMF ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʥʦʛʦʤʝʨʥʳʡ ʘʥʘʣʠʟ ʤʘʪʨʠʮʳ ʜʘʥʥʳʭ ʦ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʊʄʄ ʚ ʢʦʤʧʦʥʝʥʪʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʠʩʣʦʤ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ 

i=1,én ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʊʄʄ j=1,ém, ʘ ʪʘʢʞʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ u (Paatero, Tapper, 2010). 

ʉʦʛʣʘʩʥʦ ʨʫʢʦʚʦʜʩʪʚʫ ʧʦʣʴʟʦʚʘʪʝʣʷ EPA PMF 5.0, ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὢὭὮ Ὣ ΞὪ Ὡȟ 

ʛʜʝ Xij ī ʢʦʥʮʝʥʪʨʘʮʠʷ j-ʛʦ ʊʄʄ ʚ i-ʤ ʤʝʩʪʝ ʦʪʙʦʨʘ ʧʨʦʙʳ, gik ī ʚʢʣʘʜ k-ʛʦ ʠʩʪʦʯʥʠʢʘ ʚ i-ʶ 

ʧʨʦʙʫ, fkj ï ʧʨʦʬʠʣʴ ʊʄʄ, ʪ.ʝ. ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ j ʠʟ k-ʛʦ ʠʩʪʦʯʥʠʢʘ, p ï 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ, eij īʤʘʪʨʠʮʘ ʦʩʪʘʪʦʯʥʳʭ ʦʰʠʙʦʢ ʠʣʠ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʊʄʄ (Xij) ʠ ʤʦʜʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʨʘʩʩʯʠʪʘʥʥʦʡ 

ʥʘ ʦʩʥʦʚʝ ʚʢʣʘʜʦʚ ʠʩʪʦʯʥʠʢʦʚ (gik) ʠ ʠʭ ʧʨʦʬʠʣʝʡ (fkj). ʆʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ Q: 



68 

 

 

 

 

ὗ
Ὡ

ό
ȟ 

ʛʜʝ uij ī ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ j-ʛʦ ʊʄʄ ʚ i-ʡ ʧʨʦʙʝ, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʵʣʝʤʝʥʪʘ (MDLj), ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʜʦʣʠ ʧʦʛʨʝʰʥʦʩʪʠ 10%. 

ɽʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʘ ʠʣʠ ʤʝʪʘʣʣʦʠʜʘ ʧʨʝʚʳʰʘʝʪ MDL, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ό ὥ ὅ ὓὈὒ  

ʛʜʝ a ī ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚ ʜʦʣʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʠʥʷʪʘʷ ʨʘʚʥʦʡ 10%; ʉij ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ j-ʛʦ ʊʄʄ ʚ i-ʡ ʧʨʦʙʝ, ʤʢʛ/ʛ, MDLj ï ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʵʣʝʤʝʥʪʘ ʧʨʠʙʦʨʦʤ, 

ʤʢʛ/ʛ. 

ɺ ʤʦʜʝʣʠ PMF ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʢʨʠʪʝʨʠʝʚ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʤʦʜʝʣʠ:  

ʈʘʟʥʠʮʘ ʤʝʞʜʫ Q (ʥʘʜʝʞʥʳʡ) ʠ Q (ʚʝʨʥʳʡ): ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʥʢʠ ʤʦʜʝʣʠ. Q (ʥʘʜʝʞʥʳʡ) ʫʯʠʪʳʚʘʝʪ ʚʩʝ ʜʘʥʥʳʝ, ʪʦʛʜʘ ʢʘʢ 

Q (ʚʝʨʥʳʡ) ʠʩʢʣʶʯʘʝʪ ʚʣʠʷʥʠʝ ʚʳʙʨʦʩʦʚ (ʘʥʦʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ). ɽʩʣʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʦʜʝʣʴ ʩʤʦʛʣʘ ʭʦʨʦʰʦ ʧʦʜʦʛʥʘʪʴ ʜʘʥʥʳʝ ʜʘʞʝ ʩ 

ʫʯʝʪʦʤ ʚʳʙʨʦʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʳʝ ʩʯʠʪʘʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʢ 

ʘʥʦʤʘʣʠʷʤ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R2: ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʨʷʝʪ ʩʪʝʧʝʥʴ ʩʦʚʧʘʜʝʥʠʷ 

ʤʝʞʜʫ ʬʘʢʪʠʯʝʩʢʠʤʠ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʪʦʯʥʠʢʦʚ. R2 

ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʤʦʜʝʣʴ ʦʙʲʷʩʥʷʝʪ ʜʠʩʧʝʨʩʠʶ ʜʘʥʥʳʭ: ʝʩʣʠ R2 > 0,60, ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʜʝʣʴ ʦʙʲʷʩʥʷʝʪ ʙʦʣʝʝ 60% ʚʘʨʠʘʮʠʠ ʜʘʥʥʳʭ, ʯʪʦ ʩʯʠʪʘʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ 

ʫʨʦʚʥʝʤ ʜʣʷ ʥʘʜʝʞʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʦʯʚʝʥʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʢʘʨʪʳ ʩʦʩʪʘʚʣʝʥʳ ʚ ʧʘʢʝʪʝ ArcGis 10.1. 
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ɻʣʘʚʘ 4. ʄʝʪʘʣʣʳ ʠ ʤʝʪʘʣʣʦʠʜʳ ʚ ʧʦʯʚʘʭ ʠ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʋʣʘʥ-ʋʜʵ 

4.1. ʇʦʯʚʝʥʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʬʦʥ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ pH ʜʣʷ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʬʦʥʦʚʳʭ ʧʦʯʚ ʚ ʨʘʡʦʥʝ 

ʋʣʘʥ-ʋʜʵ ʩʦʩʪʘʚʣʷʝʪ 7,1, ʘ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ī 276 ʤʢʉʤ/ʩʤ. ʇʦʯʚʳ ʚ 

ʦʩʥʦʚʥʦʤ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ 19-46% ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ 0,8-7,2% ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 2,5 %.  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʨʦʚʳʤʠ ʢʣʘʨʢʘʤʠ ʣʠʪʦʩʬʝʨʳ ʚ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ 

ʨʘʩʩʝʠʚʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʊʄʄ, ʢʨʦʤʝ Sr1,9 (ʥʠʞʥʠʡ ʠʥʜʝʢʩ ï ʟʥʘʯʝʥʠʝ CC) (ʪʘʙʣ. 13).  

ʊʘʙʣʠʮʘ 13. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʬʦʥʦʚʳʭ ʢʘʰʪʘʥʦʚʳʭ ʠ ʣʫʛʦʚʦ-

ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚ ʠ ʠʭ ʬʨʘʢʮʠʠ PM10 ʚ ʨʘʡʦʥʝ ʋʣʘʥ-ʋʜʵ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ 

ʩʨʝʜʥʠʤʠ ʠ ʛʣʦʙʘʣʴʥʳʤʠ ʢʣʘʨʢʘʤʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʟʝʤʥʦʡ ʢʦʨʳ 

ʕʣʝ-

ʤʝʥʪ 

ɻʣʦʙʘʣʴ-

ʥʳʡ 

ʢʣʘʨʢ 

ʈʝʛʠʦ-

ʥʘʣʴʥʳʡ 

ʢʣʘʨʢ 

ʇʦʯʚʳ ʌʨʘʢʮʠʷ ʈʄ10 

Cb, 

ʤʛ/ʢʛ 

CC/CD CC/CD 
Cb, 

ʤʛ/ʢʛ 

CC/CD CC/CD 

ɻʣʦʙʘʣʴ-

ʥʳʝ 

ʈʝʛʠʦʥʘʣʴ-

ʥʳʝ 

ɻʣʦʙʘʣʴ-

ʥʳʝ 

ʈʝʛʠʦʥʘʣʴ-

ʥʳʝ 

Sr 270 300 518 1,9/- 1,7/- 146 -/1,8 -/2,1 

 Mo 1,1 1 1,1 -/1,1 1,1/- 0,54 -/2,1 -/1,9 

 Pb 17 ī 13 -/1,3 -/1,5 14 -/1,2 -/1,4 

 Cd 0,1 0,1 0,068 -/1,5 -/1,5 0,18 1,8/- 1,8/- 

 Zn 75 70 47 -/1,6 -/1,5 5,3 -/14 -/13 

As 5,6 2 3,0 -/1,9 1,5/- 1,7 -/3,2 -/1,2 

 W 2,1 ī 0,95 -/2,2 - 0,74 -/2,8 - 

V 106 60 43 -/2,5 -/1,4 32 /-3,3 -/1,9 

 Bi 0,2  ī 0,071 -/2,8 - 0,07 -/2,7 - 

Cu 27 15 9,4 -/2,9 -/1,6 11 -/2,4 -/1,3 

 Sb 0,8 ī 0,25 -/3,2 - 0,21 -/3,9 - 

 Co 15 10 4,7 -/3,2 -/2,1 6,0 /2,5 -/1,7 

 Ni 50 20 9,9 -/5,1 -/2,0 12 -/4,2 -/1,7 

 Cr 92 40 17 -/5,5 -/2,4 26 /-3,5 -/1,5 

ɺ ʯʘʩʪʠʮʘʭ PM10 ʪʘʢʞʝ ʨʘʩʩʝʠʚʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʦʜʠʥ 

Cd1,8. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤ ʬʦʥʦʤ ʜʣʷ ʎʝʥʪʨʘʣʴʥʦʡ ɹʫʨʷʪʠʠ ʚ ʧʦʯʚʘʭ ʩʣʘʙʦ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ Sr1,7As1,5Mo1,1, ʬʨʘʢʮʠʷ PM10 ʦʙʦʛʘʱʝʥʘ Cd1,8. ʂʦʥʮʝʥʪʨʘʮʠʠ ʦʩʪʘʣʴʥʳʭ 

ʊʄʄ ʥʠʞʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʥʘ. 

4.2. ʌʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ  

ɻʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʩʘʞʜʝʥʠʝʤ ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʝʡ ʧʳʣʠ, ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ 
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ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠ ʧʦʩʪʫʧʣʝʥʠʝʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʙʠʢʘʨʙʦʥʘʪʦʚ (ʂʘʩʠʤʦʚ ʠ ʜʨ., 2016). ʄ.ɸ. ɻʣʘʟʦʚʩʢʘʷ (1988) ʚʳʜʝʣʷʝʪ ʧʝʜʦʛʝʦʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (Fe, Ca, Mg, ʱʝʣʦʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʢʠʩʣʦʪʳ), ʢʦʪʦʨʳʝ 

ʠʟʤʝʥʷʶʪ ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʝ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʯʚ. ɹʦʣʴʰʦʡ 

ʦʙʲʝʤ ʧʦʩʪʫʧʘʶʱʝʡ ʛʦʨʦʜʩʢʦʡ ʧʳʣʠ ʧʨʠʚʦʜʠʪ ʢ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʧʦʯʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʘʩʳʱʝʥʠʝ ʦʩʥʦʚʘʥʠʷʤʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʩʚʷʟʳʚʘʥʠʝ ʊʄʄ ʚ ʪʨʫʜʥʦ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʆʜʥʘʢʦ ʜʣʷ ʩʪʝʧʥʳʭ ʠ ʧʫʩʪʳʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʝʥʝʝ ʟʘʤʝʪʥʳ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999). 

ʊʘʙʣʠʮʘ 14.  

ʆʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʨʭʥʠʭ (0-15 ʩʤ) ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ  

ʋʣʘʥ-ʋʜʵ 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ 
pH 

ɽʉ1:5, 

ʤʢʉʤ/ʩʤ 
ʉʦʨʛ, % PM10, % 

ʇʨʦʤʳʰʣʝʥʥʘʷ 7,6 (6,5-8,2) 249 (46-1629) 2,5 (0,33-14) 26 (12-47) 

ʉʝʣʠʪʝʙʥʘʷ 

ʤʥʦʛʦʵʪʘʞʥʘʷ 
7,4 (6,7-8,1) 232 (55-529) 1,2 (0,07-3,5) 25 (11-47) 

ʉʝʣʠʪʝʙʥʘʷ 

ʦʜʥʦʵʪʘʞʥʘʷ 
7,4 (6,2-9,1) 346 (59-2360) 1,9 (0,2-11) 26 (14-47) 

ʈʝʢʨʝʘʮʠʦʥʥʘʷ 6,9 (6,1-8,0) 128 (38-371) 1,9 (0,19-4,6) 25 (15-39) 

ɸʚʪʦʪʨʘʥʩʧʦʨʪʥʘʷ 7,5 (6,9-7,9) 207 (59-463) 1,7 (1,1-2,7) 28 (13-43) 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʞ/ʜ 7,4 (6,6-8,4) 840 (72-3440) 2,2 (0,8-5,7) 24 (17-28) 

ʉʨʝʜʥʝʝ ʧʦ ʋʣʘʥ-ʋʜʵ 7,3 (6,1-9,1) 303 (38-3440) 1,9 (0,07-14) 25 (11-47) 

ʌʦʥʦʚʳʝ ʧʦʯʚʳ 7,1 (5,8-8,6) 276 (96-505) 2,5 (0,8-7,2) 32 (19-46) 

ʇʨʠʤʝʯʘʥʠʝ: ɼʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʚ ʩʢʦʙʢʘʭ ï ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʈʝʘʢʮʠʷ ʩʨʝʜʳ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʋʣʘʥ-ʋʜʵ ʙʣʠʟʢʘ ʢ ʥʝʡʪʨʘʣʴʥʦʡ ʩʦ 

ʩʨʝʜʥʠʤ ʨʅ 7,3 (ʪʘʙʣ. 14, ʨʠʩ. 23ʘ). ʅʘʠʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ pH ʦʪʤʝʯʝʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʟʦʥʝ (ʩʨʝʜʥʠʡ ʨʅ 7,6), ʛʜʝ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʩʪʫʧʣʝʥʠʝʤ ʧʳʣʠ ʦʪ ʮʝʤʝʥʪʥʦʡ, 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʟʘʚʦʜʦʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʩ 

ʟʦʣʦʡ ʊʕʎ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ pH 9,1 ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʯʘʩʪʥʦʤ ʞʠʣʦʤ ʩʝʢʪʦʨʝ ʥʘ 

ʶʛʦ-ʟʘʧʘʜʝ ʋʣʘʥ-ʋʜʵ. ʆʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʦʙʦʛʘʱʝʥʠʷ ʧʦʯʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʳʣʴʶ 

ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʷ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ Ca/Al  (Kong et al., 2011; Ramirez et al., 

2019).  
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ʈʠʩ. 23. ʌʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʋʣʘʥ-ʋʜʵ: 

ʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ pH; ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ɽʉ1:5; 

ʚ) ʩʦʜʝʨʞʘʥʠʝ Cʦʨʛ; ʛ) ʩʦʜʝʨʞʘʥʠʝ PM10 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ Ca/Al  ʜʣʷ ʬʦʥʦʚʳʭ ʧʦʯʚ ʋʣʘʥ-ʋʜʵ ʩʦʩʪʘʚʣʷʝʪ 0,28, 

ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʛʦʨʦʜʝ ʜʦ 1,2, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʢʣʘʜ ʪʝʭʥʦʛʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ 

ʢʘʨʙʦʥʘʪʥʦʡ ʧʳʣʠ ʚ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʧʦʯʚ.  ʅʝʡʪʨʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ ʚʳʷʚʣʝʥʘ ʜʣʷ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʳ (pH 6,9), ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʦʜʢʠʩʣʷʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʩʦʩʥʦʚʦʛʦ ʦʧʘʜʘ, ʘ ʪʘʢʞʝ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʜʱʝʣʘʯʠʚʘʥʠʷ.  

ɺʳʷʚʣʝʥʘ ʩʠʣʴʥʘʷ ʚʘʨʠʘʮʠʷ ʟʥʘʯʝʥʠʡ ɽʉ1:5 ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ï ʦʪ 38 ʜʦ 3440 ʤʢʉʤ/ʩʤ, 

ʧʨʠ ʩʨʝʜʥʝʤ 303 ʤʢʉʤ/ʩʤ (ʨʠʩ. 23ʙ). ɼʣʷ ʧʦʯʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʟʦʥʳ ʫʩʪʘʥʦʚʣʝʥʦ 
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ʥʘʠʙʦʣʴʰʝʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ï 840 ʤʢʉʤ/ʩʤ, ʤʘʢʩʠʤʫʤ 

(3440 ʤʢʉʤ/ʩʤ) ʟʘʬʠʢʩʠʨʦʚʘʥ ʤʝʞʜʫ ʧʨʦʤʟʦʥʦʡ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʘʥʮʠʝʡ ɿʘʫʜʠʥʩʢʠʡ.  

ɺ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʠʞʝ, ʯʝʤ ʚ 

ʬʦʥʦʚʳʭ (ʨʠʩ. 23ʚ). ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (Cʦʨʛ) ʦʪʤʝʯʝʥʘ ʚ 

ʧʦʯʚʘʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ, ʛʜʝ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛʘʝʪ 2,5%. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʪʝʭʥʦʛʝʥʥʳʭ ʯʘʩʪʠʮ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʜʫʢʪʳ ʠʟʥʦʩʘ ʘʩʬʘʣʴʪʘ, ʚʳʙʨʦʩʳ ʤʘʩʝʣ ʠ 

ʩʘʞʠ. ɺʙʣʠʟʠ ʜʳʤʦʚʦʡ ʪʨʫʙʳ ʟʘʚʦʜʘ çʋʣʘʥ-ʋʜʵʩʪʘʣʴʤʦʩʪè ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Cʦʨʛ = 14%. ɺ ʧʦʯʚʘʭ ʤʥʦʛʦʵʪʘʞʥʦʡ ʞʠʣʦʡ ʟʦʥʳ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʥʘ ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʘʭ. ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʠ ʩʣʘʙʳʤ ʨʘʟʚʠʪʠʝʤ ʜʝʨʥʦʚʦʛʦ ʩʣʦʷ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʢʠ ʚ ʧʦʯʚʝ.  

ʉʦʜʝʨʞʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʋʣʘʥ-ʋʜʵ ʥʘ 7% ʥʠʞʝ 

ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 25% (ʨʠʩ. 23ʛ). ʇʨʠ ʵʪʦʤ ʜʦʣʷ PM10 ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ: ʦʪ 24% ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʦʥʝ ʜʦ 26% ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʝ ʠ ʨʘʡʦʥʘʭ ʯʘʩʪʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ. 

4.3. ʄʝʪʘʣʣʳ ʠ ʤʝʪʘʣʣʦʠʜʳ ʚ ʧʦʯʚʘʭ  

4.3.1. ʅʘʢʦʧʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʠʜʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʠ ʬʨʘʢʮʠʠ PM10 

ɺ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʠ ʬʨʘʢʮʠʠ PM10 ʋʣʘʥ-ʋʜʵ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʩʪʥʳʤ 

ʬʦʥʦʤ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʵʣʝʤʝʥʪʳ: ʚ ʧʦʯʚʘʭ ʚ ʮʝʣʦʤ 

Cu4,8Pb3,3Sb3,0Cd2,3Zn2,1W2,0Bi1,9Cr1,8Ni1,7Co1,3Mo1,2V1,2As1,1Sr1,1. ɺ ʯʘʩʪʠʮʘʭ PM10 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ Zn14Sb5,4Pb4,2W3,5Bi3,4Cu3,0As2,9Mo2,6Cd2,3V1,8Ni1,8Co1,7Cr1,6Sr1,2 (ʥʠʞʥʠʝ 

ʠʥʜʝʢʩʳ ï ʚʝʣʠʯʠʥʘ CF).  

ʂʦʥʮʝʥʪʨʘʮʠʠ ʠʟʫʯʝʥʥʳʭ ʊʄʄ ʚ ʧʦʯʚʘʭ ʠ ʠʭ ʬʨʘʢʮʠʠ PM10 ʚ ʋʣʘʥ-ʋʜʵ ʦʪʣʠʯʘʶʪʩʷ 

ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʫʝʤʳʤʠ ʛʦʨʦʜʘʤʠ. 

ɺʳʩʦʢʠʝ (Cv > 100%) ʠ ʩʨʝʜʥʠʝ (>50%) ʫʨʦʚʥʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʵʣʝʤʝʥʪʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʢʦʥʪʨʘʩʪʥʳʝ ʣʦʢʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʚ ʧʦʯʚʘʭ: Ni (262%), Cu (256), W (185), Pb 

(156), Cd (147), Bi (138), Sb (129), Mo (124), Zn (117), Cr (95). ɼʣʷ As (42%), Sr (37), Co (37) 

ʠ V (25) ʦʪʤʝʯʝʥʳ ʥʘʠʤʝʥʴʰʠʝ ʫʨʦʚʥʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ, ʵʪʠ ʊʄʄ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʦʙʨʘʟʫʶʪ 

ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ, ʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ. ɺʦ 

ʬʨʘʢʮʠʠ PM10 ʧʦʯʚ ʋʣʘʥ-ʋʜʵ ʚʦʟʨʘʩʪʘʶʪ ʫʨʦʚʥʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ W (296%), Bi (197), Zn 

(157), Cd ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ (146%). ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ Pb (90%), Sb 

(88), Mo, Cu, Cr ʠ Ni (44-79%) ʚʦ ʬʨʘʢʮʠʠ PM10 ʥʠʞʝ, ʯʝʤ ʚ ʧʦʯʚʘʭ ʚ ʮʝʣʦʤ, ʘ ʜʣʷ Sr (66%), 
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As, Co ʠ V (47-51%) Cv ʫʚʝʣʠʯʠʣʩʷ (ʪʘʙʣ. 15). 

ʊʘʙʣʠʮʘ 15.  

ʉʦʜʝʨʞʘʥʠʝ ʊʄʄ ʚ ʧʦʯʚʘʭ ʠ ʠʭ ʬʨʘʢʮʠʠ PM10 ʚ ʋʣʘʥ-ʋʜʵ 

ʕʣʝʤʝʥʪ 

ʇʦʯʚʳ  ʌʨʘʢʮʠʷ PM10 ʧʦʯʚ 

Dx 
Ci, ʤʛ/ʢʛ 

Cb, 

ʤʛ/ʢʛ 
CF 

Cv, 

% 
Ci, ʤʛ/ʢʛ 

Cb, 

ʤʛ/ʢʛ 
CF 

Cv, 

% 

Cu 81 (3,3-654) 17 4,8 256 218 (9,6-781) 36 6,0 78 2,7 

 Pb 61 (11-467) 13 3,3 156 116 (11-615) 14 4,2 90 1,9 

 Sb 0,76 (0,14-12) 0,25 3,0 129 1,3 (0,02-9,7) 0,21 5,4 88 1,7 

 Cd 0,27 (0,02-3,0) 0,07 2,3 147 1,0 (0,11-8,5) 0,18 2,3 146 3,5 

 Zn 150 (21-346) 70 2,1 117 195 (2,5-734) 13 14 157 1,3 

 W 1,9 (0,28-43) 0,95 2,0 185 2,7 (0,43-112) 0,74 3,5 296 1,4 

 Bi 0,14 (0,03-2,7) 0 1,9 138 0,31 (0,01-7,4) 0,07 3,4 197 2,2 

 Cr 30 (2,9-354) 17 1,8 95 51 (17-315) 26 1,6 61 1,7 

 Ni 17 92,4-651) 9,9 1,7 262 31 (6,5-69) 12 1,8 44 1,8 

 Co 6,0 (1,0-17) 4,7 1,3 37 11 (2,7-32) 6,0 1,7 47 1,9 

V 51 (9,0-105) 43 1,2 25 61 (13-143) 32 1,8 48 1,2 

 Mo 1,3 (0,23-19) 1,1 1,2 124 1,7 (0,32-7,8) 0,54 2,6 79 1,3 

As 3,3 (0,83-13) 3,0 1,1 42 5,3 (0,81-20) 1,7 2,9 51 1,6 

Sr 441 (275-2014) 434 1,1 31 169 (53-1045) 146 1,2 66 0,4 
 

ʉʨʝʜʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʦʨʦʜʦʚ ʋʣʘʥ-ʋʜʵ ʦʪʣʠʯʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ 

ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ ʧʦʯʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʚ ʮʝʣʦʤ ʚ PM10 ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ Cd (Dx = 3,5), Cu, Bi (2,2-2,7), W, V, Mo, Co, Ni, Cr, As, Sb, Pb, Zn 

(1,2-1,9), ʣʠʰʴ ʩʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʷ Sr ʚʳʰʝ ʚ ʧʦʯʚʘʭ ʚ ʮʝʣʦʤ (Dx = 0,4). ʇʦʯʚʳ ʋʣʘʥ-

ʋʜʵ ʪʘʢʞʝ ʦʪʣʠʯʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʜʦʣʠ ʊʄʄ ʚʦ ʬʨʘʢʮʠʠ PM10 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ɻʫʩʠʥʦʦʟʝʨʩʢʦʤ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʦʤ. ɺ ʩʨʝʜʥʝʤ ʧʦ ʛʦʨʦʜʫ ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʦʣʠ (> 50%) ʚ 

ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ Cd (79%) ʠ Cu (66%). ɼʣʷ ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʊʄʄ 

ī Co, Bi, Pb, Ni, Cr, Sb, As ï ʜʦʣʷ ʚʦ ʬʨʘʢʮʠʠ PM10 ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 40-48%. ɼʦʣʠ W, 

Mo, V ʩʦʩʪʘʚʣʷʶʪ 30-37%, ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ Zn (22%) ʠ, ʘʥʘʣʦʛʠʯʥʦ 

ɻʫʩʠʥʦʦʟʝʨʩʢʫ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʫ ï ʜʣʷ Sr (10%) (ʨʠʩ. 24).  
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ʈʠʩ. 24. ɼʦʣʷ ʊʄʄ ʚʦ ʬʨʘʢʮʠʠ PM10 ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʚ ʋʣʘʥ-ʋʜʵ 

ɼʦʣʷ ʊʄʄ ʚʦ ʬʨʘʢʮʠʠ PM10 ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ, ʩʝʣʠʪʝʙʥʦʡ 

ʦʜʥʦʵʪʘʞʥʦʡ, ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʟʦʥʘʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʨʝʜʥʠʭ ʜʣʷ ʛʦʨʦʜʘ ʟʥʘʯʝʥʠʡ. ɺ ʩʝʣʠʪʝʙʥʦʡ ʤʥʦʛʦʵʪʘʞʥʦʡ ʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʟʦʥʘʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘʠʙʦʣʴʰʠʝ ʜʦʣʠ Cd (91 ʠ 89% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪʩʷ ʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮʘʭ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʠʩʪʠʨʘʥʠʠ ʧʨʦʪʝʢʪʦʨʦʚ ʰʠʥ, 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʨʘʟʤʝʪʢʠ.  

ɺ ʪʘʙʣʠʮʝ 16 ʧʨʠʚʝʜʝʥʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʊʄʄ ʚ 

ʧʦʯʚʳ ʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʋʣʘʥ-ʋʜʵ ʠ ʩʩʳʣʢʠ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ ʚʳʙʨʦʩʦʚ ʢʦʥʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ.  
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ʊʘʙʣʠʮʘ 16. 

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʋʣʘʥ-ʋʜʵ 

ʀʩʪʦʯʥʠʢ 
ʌʫʥʢʮʠʦʥʘʣʴ-

ʥʘʷ ʟʦʥʘ 
ʇʦʯʚʳ ʌʨʘʢʮʠʷ PM10 ʃʠʪʝʨʘʪʫʨʘ 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ 

ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʘ 

ʇʨʦʤʳʰʣʝʥʥʘʷ 
Sb3,1Pb2,5 

W2,3Cu2,0 

Sb5,5Pb4,3Cu3,1 

W2,9Mo2,4 
Reimann et al., 

2014; Timofeev et 

al., 2018, 2020; 

Khudhur et al., 

2018 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʘʷ Sb3,4Pb2,9Cu2,9 
Sb8,0Pb6,4Bi6,3 

Cu6,2Mo2,8W2,5 

ɸʚʪʦʪʨʘʥʩʧʦʨʪʥʘʷ 
Sb4,9Pb4,3 

Cu3,9W2,3 

Sb8,0Pb5,7W5,0 

Cu2,8Bi2,7Mo2,0 

ɸʚʪʦʤʦʙʠʣʴʥʳʡ 

ʪʨʘʥʩʧʦʨʪ 

ʇʨʦʤʳʰʣʝʥʥʘʷ 
Sb3,1Pb2,5 

Cd2,1Zn2,0 

Zn10Sb5,5 

Pb4,3Cd2,2 

Limbeck, Puls, 

2011; Reimann et 

al., 2014; Alves et 

al., 2020; Ye et al., 

2022 

ɸʚʪʦʪʨʘʥʩʧʦʨʪʥʘʷ 
Sb4,9Pb4,3Cu3,9 

Zn3,1W2,3Cd2,1 

Sb8,0Zn6,8 

Pb5,7Cd2,1 

ʉʝʣʠʪʝʙʥʘʷ 

ʤʥʦʛʦʵʪʘʞʥʘʷ 
Sb2,4Pb2,4 

Zn11Sb5,2Pb4,7 

Cu2,6Cd2,1 

ʉʝʣʠʪʝʙʥʘʷ 

ʦʜʥʦʵʪʘʞʥʘʷ 

Sb3,3Pb3,2 

Cd2,3Zn2,2 

Zn17Sb5,5Pb3,6 

Cu3,0Cd2,0 

ʈʝʢʨʝʘʮʠʦʥʥʘʷ Sb2,2Cd2,0Pb2,0 Zn4,4Sb4,2Pb3,7Cd2,4 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 

ʪʨʘʥʩʧʦʨʪ 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʘʷ Sb3,4Pb2,9Cu2,9 
Sb8,0Pb6,4Cu6,2 

As3,6W2,5Ni2,3 
Mňtrak et al., 

2015; Stancic et 

al., 2022 ʇʨʦʤʳʰʣʝʥʥʘʷ 
Sb3,1Pb2,5 

W2,3Cu2,0 

Zn10Sb5,5Pb4,3 

Cu3,1As3,1W2,9Mo2,4 

ʉʢʣʘʜʠʨʦʚʘʥʠʝ 

ʦʪʭʦʜʦʚ 

ʇʨʦʤʳʰʣʝʥʥʘʷ 
Cd2,4W2,3Bi2,0 

Cu2,0Zn2,0Cr2,0 

Zn10Bi3,1Cu3,1 

As3,1W2,9 
Belabed et al., 

2014; ɸʜʘʤʦʚʠʯ 

ʠ ʜʨ., 2021; 

Akanchise et al., 

2020; Wang et 

al., 2022 

ʉʝʣʠʪʝʙʥʘʷ 

ʦʜʥʦʵʪʘʞʥʘʷ 

W2,5Cd2,3Zn2,2 

Ni2,2Cu2,2 

Zn17W4,5Pb3,6 

As3,1Bi3,1Cu3,0 

Ni2,0Cd2,0 

ʉʞʠʛʘʥʠʷ ʫʛʣʷ 

ʇʨʦʤʳʰʣʝʥʥʘʷ 
Cr2,0Co1,9 

Ni1,8V1,7 

Cr2,2Co1,9 

Ni1,8V1,8 

ʖʜʦʚʠʯ, ʂʝʪʨʠʩ, 

2005; Savic et al., 

2018; Altēkula­ et 

al., 2022; 

Gopinathan et al., 

2022 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʘʷ Ni1,9Cr1,8Co1,8 As3,6Ni2,3V2,0 

ʉʝʣʠʪʝʙʥʘʷ 

ʦʜʥʦʵʪʘʞʥʘʷ 
Ni2,2Cu2,2Sr1,5 As3,1V2,0Ni2,0 

ʇʨʠʤʝʯʘʥʠʝ. ʎʠʬʨʳ ʚ ʥʠʞʥʝʤ ʠʥʜʝʢʩʝ ï ʚʝʣʠʯʠʥʘ CF 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʘʣʳʭ ʛʦʨʦʜʦʚ ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ, ʜʣʷ ʋʣʘʥ-ʋʜʵ 

ʭʘʨʘʢʪʝʨʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ 

ʥʘʢʦʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚʦ ʬʨʘʢʮʠʠ PM10. ɺʣʠʷʥʠʝ ʚʳʙʨʦʩʦʚ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʩʦʜʝʨʞʘʱʠʭ Sb, Cd, Pb, Zn, W, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʋʣʘʥ-ʋʜʵ. ʅʘʠʙʦʣʴʰʠʝ ʫʨʦʚʥʠ ʥʘʢʦʧʣʝʥʠʷ ʊʄʄ ʚ ʧʦʯʚʘʭ ʚ ʮʝʣʦʤ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʟʦʥʝ, ʛʜʝ ʩʨʝʜʥʠʝ CF = 3,7-5,0 Sb, Pb, Cu ʠ Zn ʟʥʘʯʠʪʝʣʴʥʦ 



76 

 

 

 

 

ʚʳʰʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʟʦʥʘʭ (ʨʠʩ. 25ʘ). ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʋʣʘʥ-ʋʜʵ ʩʢʣʘʜʳʚʘʝʪʩʷ 

ʩʣʦʞʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʪʫʘʮʠʷ. ʆʥʘ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʘʢʪʠʚʥʦʛʦ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʢʘʢ ʯʘʩʪʥʦʛʦ ʩʝʢʪʦʨʘ, ʪʘʢ ʠ ʢʚʘʨʪʘʣʦʚ ʩ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʦʡ ʥʘ ʦʢʨʘʠʥʘʭ ʋʣʘʥ-ʋʜʵ. 

ʆʪʩʫʪʩʪʚʠʝ ʜʦʣʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʤʘʨʰʨʫʪʦʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʳʥʫʞʜʘʝʪ 

ʞʠʪʝʣʝʡ ʧʦʣʴʟʦʚʘʪʴʩʷ ʣʠʯʥʳʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʟʘʪʦʨʳ ʥʘ ʜʦʨʦʛʘʭ, ʦʩʦʙʝʥʥʦ ʚ 

ʯʘʩʳ ʧʠʢ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ. ɼʣʷ ʞʠʣʦʡ ʟʦʥʳ ʦʪʤʝʯʘʝʪʩʷ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʴ ʜʚʦʨʦʚʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʘʚʪʦʤʦʙʠʣʷʤʠ, ʦʩʪʨʘʷ ʥʝʭʚʘʪʢʘ ʧʘʨʢʦʚʦʢ.  

ɺʦʟʜʝʡʩʪʚʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʃɺʈɿ, ʋʣʘʥʋʜʵʩʪʘʣʴʤʦʩʪ, 

ʘʚʠʘʮʠʦʥʥʳʡ ʠ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʟʘʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʧʦʯʚʘʭ ʧʨʦʤʳʰʣʝʥʥʦʡ, 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʟʦʥ ʙʦʣʴʰʦʡ ʧʦʣʠʵʣʝʤʝʥʪʥʦʡ ʘʩʩʦʮʠʘʮʠʠ Sb, Pb, W, 

Cu. ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʋʣʘʥ-ʋʜʵ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ, 

ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʘʥʩʧʦʨʪʥʘʷ 

ʜʦʩʪʫʧʥʦʩʪʴ ʬʘʙʨʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʪʚʝʪʚʣʝʥʠʷʤʠ ʦʩʥʦʚʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʧʝʨʧʦʟʠʮʠʠ ʧʦʣʣʶʪʘʥʪʦʚ ʠ ʥʘʢʦʧʣʝʥʠʶ ʠʭ ʚ ʜʨʫʛʠʭ ʟʦʥʘʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ.  

ɸʢʢʫʤʫʣʷʮʠʷ Cd, W, Cu, Zn, Bi, Cr, Ni, As ʚ ʧʦʯʚʘʭ ʞʠʣʦʡ ʦʜʥʦʵʪʘʞʥʦʡ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥ ʥʘʙʣʶʜʘʝʪʩʷ ʚʙʣʠʟʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ʢʦʤʤʫʥʘʣʴʥʦ-

ʙʳʪʦʚʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʯʚʳ ʞʠʣʦʡ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʦʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʠʤʝʥʴʰʠʤʠ ʫʨʦʚʥʷʤʠ ʥʘʢʦʧʣʝʥʠʷ ʊʄʄ, ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʣʣʶʪʘʥʪʦʚ ʚʳʩʪʫʧʘʝʪ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ (ʨʠʩ. 25ʘ).  

ɺʣʠʷʥʠʝ ʊʕʎ-1,2 ʠ ʦʪʦʧʣʝʥʠʝ ʯʘʩʪʥʳʭ ʜʦʤʦʚʣʘʜʝʥʠʡ ʫʛʣʝʤ ʧʨʠʚʦʜʠʪ ʢ 

ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʧʦʯʚʘʭ V, Ni, Cr, As, Sr, Cu, ʷʚʣʷʶʱʠʤʠʩʷ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʚʳʙʨʦʩʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʫʛʣʷ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʊʕʎ-1 ʠ ɿʐʆ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʥʘʣʦʞʝʥʠʶ 

ʤʥʦʞʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʫʛʣʷ, ʚʢʣʶʯʘʷ ʟʦʣʦʰʣʘʢʠ ʠ ʟʦʣʫ-

ʫʥʦʩʘ, ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʊʄʄ, ʩʭʦʞʠʝ ʧʦ ʩʦʩʪʘʚʫ ʩ ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ɺ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʟʦʥʝ ʘʢʢʫʤʫʣʷʮʠʷ ʜʘʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʦʣʣʶʪʘʥʪʦʚ ʩʚʷʟʘʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʠ ʨʘʩʩʳʧʘʥʠʝʤ ʫʛʣʷ.  
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ʈʠʩ. 25. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʦʯʚ (ʘ) ʠ ʬʨʘʢʮʠʠ PM10 ʧʦʯʚ (ʙ) ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʋʣʘʥ-ʋʜʵ 

ʌʨʘʢʮʠʷ PM10 ʧʦʯʚ ʠʥʪʝʥʩʠʚʥʝʝ ʥʘʢʘʧʣʠʚʘʝʪ ʊʄʄ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʚ ʮʝʣʦʤ 

ʚʦ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʋʣʘʥ-ʋʜʵ (ʨʠʩ. 25ʙ). ʂʘʢ ʧʨʘʚʠʣʦ, ʯʘʩʪʠʮʳ PM10 ʦʙʦʛʘʱʝʥʳ 

ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʊʄʄ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʚʳʙʨʦʩʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʠ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ ʚʦ ʬʨʘʢʮʠʠ PM10 ʧʦʯʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ Mo ʠ Bi, 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ Mo, W, Ni, 

As, ʧʨʠ ʩʞʠʛʘʥʠʠ ʫʛʣʷ ʚ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ As. ʉʠʣʴʥʝʝ ʚʩʝʛʦ ʟʘʛʨʷʟʥʝʥʘ 

ʬʨʘʢʮʠʷ PM10 ʧʦʯʚ ʞʠʣʦʡ ʦʜʥʦʵʪʘʞʥʦʡ ʟʦʥʳ, ʛʜʝ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʥʘʢʦʧʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ Zn (ʩʨʝʜʥʠʡ CF = 17). ɺʦ ʬʨʘʢʮʠʠ PM10 ʧʦʯʚ ʦʪʤʝʯʝʥʦ ʘʥʦʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Zn, ʥʘ 27% ʪʝʨʨʠʪʦʨʠʠ ʋʣʘʥ-ʋʜ,ɻ ʧʨʠ ʵʪʦʤ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʨʝʚʳʰʝʥʠʷ ʥʘʜ 

ʬʦʥʦʤ (ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ) ʭʘʨʘʢʪʝʨʥʳ ʪʦʣʴʢʦ ʜʣʷ ʩʝʣʠʪʝʙʥʦʡ ʟʦʥʳ ʩ ʦʜʥʦʵʪʘʞʥʦʡ 

ʟʘʩʪʨʦʡʢʦʡ.  

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʊʄʄ. ɺ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ 

ʣʦʢʘʣʴʥʳʭ ʧʦʣʠʵʣʝʤʝʥʪʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʛʦʨʦʜʘ (ʨʠʩ. 26-28). ɺ ʞʠʣʦʡ 

ʦʜʥʦʵʪʘʞʥʦʡ ʟʦʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʚʣʠʷʥʠʝʤ ʦʪʭʦʜʦʚ. ɺ ʯʘʩʪʥʦʤ ʩʝʢʪʦʨʝ 

ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʝ ʘʥʦʤʘʣʠʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʦʯʚʘʭ ʥʘ ʦ. ʂʦʥʥʳʡ  ʩ ʧʨʠʦʨʠʪʝʪʥʳʤʠ 

ʧʦʣʣʶʪʘʥʪʘʤʠ Sb (CF = 48), Cu (39), Pb (31), Zn (7,4); ʥʘ ʚʦʩʪʦʢʝ ʋʣʘʥ-ʋʜʵ ʚ ʤʠʢʨʦʨʘʡʦʥʝ 

ʄʘʪʨʦʩʦʚʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ Cu (CF = 22), Zn (11), Sb (8,8), Cd (8,7), Pb (6,3). 

ɺʦʟʜʝʡʩʪʚʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʦʯʚʘʭ ʚʙʣʠʟʠ ʛʘʨʘʞʝʡ: ʦʜʥʘ 

ʚ ʯʘʩʪʥʦʡ ʟʘʩʪʨʦʡʢʝ ʚ ʧ. ʉʪʘʨʳʡ ɿʝʣʝʥʳʡ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʛʦʨʦʜʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʧʨʝʚʳʰʝʥʠʝʤ ʧʦ Pb (CF = 92), Sb (23), Cd (8,5), Bi (3,7), Zn (2,7), ʜʨʫʛʘʷ ï ʚ ʞʠʣʦʡ 

ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʦʥʝ ʥʘ ʫʣ. ʂʨʘʩʥʦʬʣʦʪʩʢʘʷ ʩ ʘʢʢʫʤʫʣʷʮʠʝʡ Pb (CF = 20), Sb (6,7), Zn (3,6), 

Cd (2,4). ʇʦʣʣʶʪʘʥʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʦʪʨʘʙʦʪʘʥʥʳʤ ʘʚʪʦʤʦʙʠʣʴʥʳʤ 

ʤʘʩʣʦʤ, ʧʨʠ ʭʨʘʥʝʥʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ 
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ʤʘʩʣʘ, ʢʨʘʩʢʠ, ʨʘʩʪʚʦʨʠʪʝʣʠ, ʘʥʪʠʬʨʠʟ, ʩ ʚʳʭʣʦʧʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʪʨʘʙʦʪʘʥʥʳʤʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʠ ʰʠʥʘʤʠ.  

 
ʈʠʩ. 26.  ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (CF) Sb ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ (ʘ) ʠ ʠʭ 

ʬʨʘʢʮʠʠ PM10 (ʙ) ʚ ʋʣʘʥ-ʋʜʵ 

ʊʘʢ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʯʚ ʚʙʣʠʟʠ ʛʘʨʘʞʝʡ ʚ ʛ. ʐʘʰʝʤʘʥʝ (ʕʬʠʦʧʠʷ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ 

ʦʯʝʥʴ ʩʠʣʴʥʦ (> 3,0 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʤ) ʟʘʛʨʷʟʥʝʥʳ Pb, Ni, Cd, Co ʠ ʫʤʝʨʝʥʥʦ ï Cr 

(ʚ 1,5-2,0 ʨʘʟʘ) (Demie, 2015).  

ɺ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʝ, ʚ ʩʢʚʝʨʝ ɺʝʪʝʨʘʥʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʢʨʫʧʥʳʭ 

ʜʦʨʦʛ ī ʫʣ. ʊʝʨʝʰʢʦʚʦʡ ʠ ɹʘʙʫʰʢʠʥʘ ï ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʣʦʢʘʣʴʥʘʷ ʘʥʦʤʘʣʠʷ Cd (CF = 44), 

Bi (38), Cu (7,0), Zn (6,0), Sb (4,9). ʀʥʪʝʥʩʠʚʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʜʚʠʞʝʥʠʝ, ʥʘʣʠʯʠʝ ʢʨʫʧʥʦʛʦ 

ʧʝʨʝʢʨʝʩʪʢʘ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʥʦʚʦʢ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠʚʦʜʷʪ ʢ 

ʯʘʩʪʳʤ ʟʘʪʦʨʘʤ ʥʘ ʜʘʥʥʳʭ ʫʣʠʮʘʭ ʠ ʚʳʙʨʦʩʘʤ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʦʥʢʠʭ ʯʘʩʪʠʮ.  

ɺ ʧʦʯʚʘʭ ʚʙʣʠʟʠ ʫʣ. ʃʳʩʦʛʦʨʩʢʘʷ, ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʋʣʘʥ-ʋʜʵ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʝ ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʚʳʷʚʣʝʥʘ ʧʦʣʠʵʣʝʤʝʥʪʥʘʷ ʘʥʦʤʘʣʠʷ Zn (CF = 23), 

Sb (20), Pb (5,4). ʀʟ-ʟʘ ʨʘʩʯʣʝʥʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʚʦʜʠʪʝʣʷʤ 

ʧʨʠʭʦʜʠʪʩʷ ʘʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʨʤʦʟʥʫʶ ʩʠʩʪʝʤʫ. ʇʨʠ ʯʘʩʪʳʭ ʫʩʢʦʨʝʥʠʷʭ ʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʨʝʟʢʠʭ ʪʦʨʤʦʞʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʳʡ ʨʘʟʦʛʨʝʚ ʪʦʨʤʦʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʠ ʘʢʪʠʚʥʳʡ ʠʟʥʦʩ ʪʦʨʤʦʟʦʚ, ʧʦʢʨʳʰʝʢ ʠ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ 

ʜʘʥʥʳʭ ʊʄʄ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʦʝʜʠʥʝʥʠʝ Sb2S3, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʪʦʨʤʦʟʥʳʭ 

ʢʦʣʦʜʢʘʭ, ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʠʩʧʘʨʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʦʨʤʦʞʝʥʠʷ, ʦʙʨʘʟʫʷ ʧʣʝʥʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʦʨʤʦʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ Sb2S3 ʦʢʠʩʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʦʨʤʦʞʝʥʠʷ, 
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ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʠʦʢʩʠʜʘ ʩʫʨʴʤʳ Sb2O3, ʢʦʪʦʨʳʡ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʚʦʟʤʦʞʥʳʡ ʢʘʥʮʝʨʦʛʝʥ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ (Fºldi et al., 2018). 

 

ʈʠʩ. 27. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (CF) Pb ʠ Cu ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ (ʘ, ʚ) 

ʠ ʠʭ ʬʨʘʢʮʠʠ PM10 (ʙ, ʛ) ʚ ʋʣʘʥ-ʋʜʵ 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ Sb (CF = 15), W (5,2), Cu (5,1), Pb (4,8), Zn (4,0) 

ʦʙʥʘʨʫʞʝʥ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ. ʇʦʣʣʶʪʘʥʪʳ ʧʦʩʪʫʧʘʶʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ: ʚ 2 ʤ ʨʘʩʧʦʣʦʞʝʥʘ ʘʚʪʦʜʦʨʦʛʘ ʩ ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʜʚʠʞʝʥʠʝʤ 

(ʫʣ. ʊʨʘʢʪʦʚʘʷ), ʧʘʨʘʣʣʝʣʴʥʦ ʘʚʪʦʜʦʨʦʛʝ ʧʨʦʭʦʜʷʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʫʪʠ ʩ ʧʦʜʲʝʟʜʦʤ ʢ 

ʧʨʦʤʟʦʥʝ ʊʕʎ-1. ʊʘʢʞʝ ʚʙʣʠʟʠ ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʦʯʚ ʨʘʩʧʦʣʦʞʝʥʘ ʫʯʝʙʥʘʷ ʧʣʦʱʘʜʢʘ ʜʣʷ 

ʚʦʞʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʣʶʪʘʥʪʳ ʧʦʩʪʫʧʘʶʪ ʩ ʚʳʙʨʦʩʘʤʠ ʘʚʪʦ- ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʧʨʠ ʨʘʩʩʳʧʘʥʠʠ ʠ ʧʳʣʝʥʠʠ ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʛʣʷ.  
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 ʈʠʩ. 28. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (CF) W ʠ Cd ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ (ʘ, ʚ) 

ʠ ʠʭ ʬʨʘʢʮʠʠ PM10 (ʙ, ʛ) ʚ ʋʣʘʥ-ʋʜʵ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʦ ʬʨʘʢʮʠʠ PM10 ʧʦʯʚ ʋʣʘʥ-ʋʜʵ ʚʦʟʨʘʩʪʘʝʪ ʢʦʥʪʨʘʩʪʥʦʩʪʴ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʧʦʯʚʘʭ ʚ ʮʝʣʦʤ. ʊʘʢʞʝ ʚ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ ʧʦʯʚ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʪʝʭʥʦʛʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʊʄʄ, ʠʤʝʶʱʠʝ 

ʠʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʊʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʥʘ 

ʟʘʙʨʦʰʝʥʥʦʤ ʫʯʘʩʪʢʝ ʚ ʯʘʩʪʥʦʤ ʩʝʢʪʦʨʝ ʨʘʡʦʥʘ ʉʪʝʢʣʦʟʘʚʦʜ ʩʦʜʝʨʞʘʥʠʝ Zn ʚʦ ʬʨʘʢʮʠʠ 

PM10 ʧʦʯʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʤ ʧʨʝʚʳʰʘʝʪ ʚ 100 ʨʘʟ, Sb ʚ 24 ʨʘʟʘ, Pb ʠ Bi ʚ 10 ʨʘʟ, Cu ʚ 

7,6 ʨʘʟ.  

ɺʣʠʷʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʞʠʣʦʡ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʦʥʝ ʚ 

ʤʠʢʨʦʨʘʡʦʥʝ ɺʦʩʪʦʯʥʳʡ. ʊʝʭʥʦʛʝʥʥʘʷ ʘʥʦʤʘʣʠʷ Sb (CF = 11), Pb (6,8), Cu (5,2), Cd (5,1), Bi 
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(5,1) ʚʳʷʚʣʝʥʘ ʚʦ ʜʚʦʨʝ ʨʷʜʦʤ ʩ ʘʚʪʦʧʘʨʢʦʚʢʦʡ ʠ ʜʝʪʩʢʦʡ ʧʣʦʱʘʜʢʦʡ. ʊʘʢʞʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ Zn (CF = 68), Sb (8,4), Pb (6,1), Bi (5,5), Cu (5,2), As (5,0) ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʟʘʤʢʥʫʪʦʤ 

ʜʚʦʨʝ ʢʦʣʴʮʝʚʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ˉ17 ʥʘ ʫʣ. ʅʦʨʠʣʴʩʢʘʷ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ çʢʦʣʦʜʝʮ-

ʣʦʚʫʰʢʫè ʜʣʷ ʊʄʄ ʠ ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʦʩʘʞʜʝʥʠʝ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʘʵʨʦʟʦʣʝʡ (Kosheleva et al., 2018). ɺʙʣʠʟʠ ʘʚʪʦʜʦʨʦʛʠ ʫʣ. ʃʳʩʦʛʦʨʩʢʘʷ ʧʨʝʚʳʰʝʥʠʝ Sb (CF 

= 47) ʠ Pb (10) ʥʘʜ ʬʦʥʦʤ ʫʚʝʣʠʯʠʣʦʩʴ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ, ʧʨʠ 

ʵʪʦʤ ʥʘʢʦʧʣʝʥʠʝ W, Cu ʠ Zn ʟʘʤʝʪʥʦ ʩʥʠʟʠʣʦʩʴ (CF < 2,5). 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʝ ʤʝʞʜʫ ʟʘʚʦʜʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ çʋʣʘʥ-

ʋʜʵʩʪʘʣʴʤʦʩʪè, ʠʭ ʢʦʪʝʣʴʥʦʡ ʠ ʋʣʘ-ʋʜʵʥʩʢʠʤ ʟʘʚʦʜʦʤ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʪʝʭʥʦʛʝʥʥʘʷ ʘʥʦʤʘʣʠʷ Sb (CF = 13), Pb (8,6), Cu (5,8), W (5,7), Mo (5,5), As 

(4,6). ɸʩʩʦʮʠʘʮʠʷ Sb-Pb ʚ ʧʦʯʚʘʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ ʚʙʣʠʟʠ ʧʨʝʜʧʨʠʷʪʠʷ çʋʣʘʥ-

ʋʜʵʩʪʘʣʴʤʦʩʪè ʪʘʢʞʝ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʨʘʥʝʝ ʚ (ʂʦʨʣʷʢʦʚ ʠ ʜʨ., 2019).  

ɺʙʣʠʟʠ ɿʐʆ ʊʕʎ-1 ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʝʠʚʘʥʠʷ ʟʦʣʦʣʦʰʣʘʢʦʚʦʡ ʧʳʣʠ ʚʦ ʬʨʘʢʮʠʠ 

PM10 ʥʘʢʘʧʣʠʚʘʶʪʩʷ Zn (CF = 39), Sb (8,0), W (6,0), Pb (5,2), Mo (3,5), As (3,2). ɺʦ ʬʨʘʢʮʠʠ 

PM10 ʧʦʯʚ ʤʝʞʜʫ ʧʨʦʤʟʦʥʦʡ ʊʕʎ-1, ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʦʡ ʧʨʝʚʳʰʝʥʠʝ Pb 

ʥʘʜ ʬʦʥʦʤ ʚʳʨʦʩʣʦ ʚ 4 ʨʘʟʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʦʧʣʝʥʠʷ Sb, W ʠ Cu ʦʩʪʘʣʠʩʴ ʥʘ ʪʦʤ ʞʝ 

ʫʨʦʚʥʝ, ʯʪʦ ʠ ʚ ʧʦʯʚʘʭ ʚ ʮʝʣʦʤ.  

ɼʚʝ ʣʦʢʘʣʴʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʦʪʤʝʯʝʥʳ ʚʙʣʠʟʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ. 

ʇʝʨʚʘʷ ʪʝʭʥʦʛʝʥʥʘʷ ʘʥʦʤʘʣʠʷ Sb (CF = 10), Pb (7,7), Cu (5,5), As (4,2), Mo (3,1) ʦʙʥʘʨʫʞʝʥʘ 

ʚ 2 ʤ ʦʪ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʩʪʘʥʮʠʠ ʊʘʣʴʮʳ, ʜʨʫʛʘʷ ï ʚʙʣʠʟʠ ʩʪʘʥʮʠʠ ɿʘʫʜʠʥʩʢʠʡ 

ʨʷʜʦʤ ʩ ʘʚʪʦʚʦʢʟʘʣʦʤ, ʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ Bi (CF = 21), Cu (10), Sb (9,6), Pb 

(9,5), Mo (4,0), As (3,1).  

4.3.2. ʇʨʠʨʦʜʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʘʢʢʫʤʫʣʷʮʠʠ ʊʄʄ ʚ ʧʦʯʚʘʭ  

ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ 

ʢ ʠʟʤʝʥʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʊʄʄ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ, ʩʣʫʞʘʱʠʝ ʟʦʥʘʤʠ ʥʘʢʦʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʉʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʊʄʄ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʧʨʦʯʥʦʩʪʴʶ ʩʚʷʟʠ ʩ ʧʦʯʚʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʦʢʩʠʜʳ ʞʝʣʝʟʘ 

ʠ ʤʘʨʛʘʥʮʘ, ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ʕʪʠ ʩʚʷʟʠ ʟʘʚʠʩʷʪ ʦʪ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʳ. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʊʄʄ ʚ ʧʦʯʚʘʭ 

ʛʦʨʦʜʘ ʩ ʫʯʝʪʦʤ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ 

ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ (ʂʦʰʝʣʝʚʘ ʠ ʜʨ., 2015, 

2022).   

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʚ ʧʦʯʚʘʭ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʪʠʧʦʣʦʛʠʠ, 

ʧʨʝʜʣʦʞʝʥʥʦʡ ɻʣʘʟʦʚʩʢʦʡ (2012), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʥʠ ʩʠʩʪʝʤʘʪʠʟʠʨʫʶʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʘʤ 

ʬʠʢʩʘʮʠʠ ʊʄʄ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʚʢʣʶʯʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʨʛʘʥʦ-

ʤʠʥʝʨʘʣʴʥʳʝ (ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ), ʱʝʣʦʯʥʳʝ 

(ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʚʳʰʝʥʠʝʤ ʨʅ), ʢʠʩʣʦʪʥʳʝ (ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʩʥʠʞʝʥʠʠ pH), 

ʭʝʤʦʩʦʨʙʮʠʦʥʥʳʝ (ʦʙʫʩʣʦʚʣʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʛʠʜʨʦʢʩʠʜʘʤʠ ʠ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ Fe, Mn ʠ Al) ʠ ʩʦʨʙʮʠʦʥʥʦ-ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ (ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʜʩʦʨʙʮʠʝʡ 

ʵʣʝʤʝʥʪʦʚ ʯʘʩʪʠʮʘʤʠ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ). 

ɺ ʋʣʘʥ-ʋʜʵ ʚʝʜʫʱʠʤ ʬʘʢʪʦʨʦʤ ʘʢʢʫʤʫʣʷʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʊʄʄ (Sb, Cd, Mo, Cu, 

Zn) ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʪʘʙʣ. 17).  

ʊʘʙʣʠʮʘ 17.  

ʌʘʢʪʦʨʳ ʥʘʢʦʧʣʝʥʠʷ ʊʄʄ ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ 

ʌʘʢʪʦʨʳ 
ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʟʦʥʘ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ 

ʉʦʨʛ pH EC1:5 PM10 Fe2O3 MnO 

As   4+ 3-5- 3+4+ 2+3- 1+2+  

 Pb   2+3+ 3+ 1+ 4+ 2+4+ 5+ 

 Bi   3+4+ 1- 3+ 4+ 2+5+   

 W 3 2+   1+2+ 4+ 3+ 3+4+ 

 Sb   1+4+ 2+ 3- 5+   2+ 

 Cd   1+2+3+4+ 5+ 2- 3+4+ 4+   

 Mo   1+2+4+5+   4-5+ 3+4- 3+   

Sr   2+3+   5+ 2-3-4- 1+5+ 3+ 

 Co   3+ 3+ 2+ 3+ 1+ 2+4+ 

 Ni   3+5+ 1-   4+ 2+3+5+   

Cu   1+ 3+    2+ 2+   

 Zn   1+2+5- 4+ 2+3+ 3- 3+   

V   5+   3+ 4- 1+2+ 3+ 

 Cr   3- 1+4+   4- 3+5+ 2+ 

ʇʨʠʤʝʯʘʥʠʝ: ʨʘʥʛʠ ʦʪ 1 ʜʦ 5 ʧʦʢʘʟʳʚʘʶʪ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʬʘʢʪʦʨʘ; ʟʥʘʢʠ ñ+ò ʠ ñ-ò 

ʦʪʨʘʞʘʶʪ ʧʨʷʤʫʶ ʠ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (Cʦʨʛ > 7,0%) ʢʦʥʮʝʥʪʨʘʮʠʷ 

Mo ʚʦʟʨʘʩʪʘʝʪ ʚ 6 ʨʘʟ, Cu ʚ 4 ʨʘʟʘ (Cʦʨʛ > 4,8%), Zn ʚ 1,8 ʨʘʟ (Cʦʨʛ > 0,69%), Cd ʠ Sb ʚ 1,3-2,0 

ʨʘʟʘ (Cʦʨʛ > 1,1%). ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ Cʦʨʛ < 1,1% Sb ʘʢʪʠʚʥʝʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ 

ʧʦʯʚʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ MnO > 0,05% (ʨʠʩ. 60). ɺ ʥʝʡʪʨʘʣʴʥʳʭ, ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʳʭ 

ʧʦʯʚʘʭ (pH > 6,8) ʢʦʥʮʝʥʪʨʘʮʠʷ Sb ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ 
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ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ cʦʣʝʡ (EC1:5 > 409 ʤʢʉʤ/ʩʤ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ Sb ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ 

ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʤ, 

ʭʝʤʦʩʦʨʙʮʠʦʥʥʦʤ ʙʘʨʴʝʨʝ ʩ ʫʯʘʩʪʠʝʤ ʦʢʩʠʜʦʚ Mn, ʱʝʣʦʯʥʦʤ ʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ-

ʩʦʨʙʮʠʦʥʥʦʤ ʙʘʨʴʝʨʝ.  

ɺ ʤʘʣʦʛʫʤʫʩʥʳʭ ʧʦʯʚʘʭ (Cʦʨʛ < 1,7%) ʢʦʥʮʝʥʪʨʘʮʠʷ Mo ʚ 1,7 ʨʘʟ ʙʦʣʴʰʝ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʙʦʣʝʝ 33% (ʨʠʩ. 30). ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ 1,7-7,0% ʢʦʥʮʝʥʪʨʘʮʠʷ Mo ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʦʚ Fe ī ʧʦʣʣʶʪʘʥʪ ʚ 1,8 

ʨʘʟ ʠʥʪʝʥʩʠʚʥʝʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʧʨʠ Fe2O3 > 4,0%. ɺ ʧʦʯʚʘʭ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ 

Fe < 4,0% ʘʢʢʫʤʫʣʷʮʠʷ Mo ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ (ʉʦʨʛ > 0,83%) ʠ 

ʚʝʣʠʯʠʥʦʡ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (EC1:5 > 181 ʤʢʉʤ/ʩʤ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Mo 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ ʠ ʚ 

ʤʝʥʴʰʝʡ ʤʝʨʝ ʥʘ ʭʝʤʦʩʦʨʙʮʠʦʥʥʦʤ ʩ ʫʯʘʩʪʠʝʤ ʦʢʩʠʜʦʚ Fe ʠ ʩʦʨʙʮʠʦʥʥʦ-

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʤ ʙʘʨʴʝʨʝ.  

 

 
ʈʠʩ. 29. ʌʘʢʪʦʨʳ ʥʘʢʦʧʣʝʥʠʷ (ʚ ʦʚʘʣʘʭ) Sb, Cr, W ʠ Sr ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʋʣʘʥ-

ʋʜ.ɻ ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʯʝʪʘʥʠʷ ʬʘʢʪʦʨʦʚ ʧʨʠʚʦʜʠʪʩʷ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʊʄʄ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ Cv ʠ ʯʠʩʣʦ ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ: ʇ ï 

ʧʨʦʤʳʰʣʝʥʥʘʷ, ʉʤ ï ʩʝʣʠʪʝʙʥʘʷ ʤʥʦʛʦʵʪʘʞʥʘʷ, ʉʦ ï ʩʝʣʠʪʝʙʥʘʷ ʦʜʥʦʵʪʘʞʥʘʷ, ɸ ï 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʘʷ, ɾɼ ï ʪʨʘʥʩʧʦʨʪʥʘʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ. 

ʑʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʝ ʫʩʣʦʚʠʷ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʘʢʢʫʤʫʣʷʮʠʶ Bi, 

Ni ʠ Cr ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ (ʨʠʩ. 29-30). ʊʘʢ, ʚ ʩʣʘʙʦʢʠʩʣʳʭ ʠ ʢʠʩʣʳʭ ʧʦʯʚʘʭ (pH < 6,5) 

ʢʦʥʮʝʥʪʨʘʮʠʷ Bi ʚʦʟʨʘʩʪʘʝʪ ʚ 3,5 ʨʘʟʘ, ʚ ʧʦʯʚʘʭ ɻʫʩʠʥʦʦʟʝʨʩʢʘ ʠ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʘ ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʘ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʘʢʢʫʤʫʣʷʮʠʷ Bi ʧʨʠ ʩʥʠʞʝʥʠʠ ʚʝʣʠʯʠʥʳ pH. ɺ 



84 

 

 

 

 

ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʧʦʯʚʘʭ ʘʢʢʫʤʫʣʷʮʠʷ Bi ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, 

ʧʨʠ Fe2O3 > 3,3% Bi ʘʢʪʠʚʥʝʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʦʯʚʘʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ (EC1:5 > 319 ʤʢʉʤ/ʩʤ) ʠ ʧʨʠ ʜʦʣʝ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʙʦʣʝʝ 

24%. ʇʨʠ ʟʥʘʯʝʥʠʷʭ EC1:5 < 319 ʤʢʉʤ/ʩʤ ʢʦʥʮʝʥʪʨʘʮʠʷ Bi ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (Cʦʨʛ > 1,1%) ʠ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ (Fe2O3 > 

4,2%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ Bi ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʘ ʢʠʩʣʦʤ, ʭʝʤʦʩʦʨʙʮʠʦʥʥʦʤ 

(ʧʨʠ ʫʯʘʩʪʠʠ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ), ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʤ ʠ ʩʦʨʙʮʠʦʥʥʦ-

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ.  

 

 

ʈʠʩ. 30. ʌʘʢʪʦʨʳ ʥʘʢʦʧʣʝʥʠʷ (ʚ ʦʚʘʣʘʭ) Mo, As, Bi ʠ Pb ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʋʣʘʥ-

ʋʜ.ɻ ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʯʝʪʘʥʠʷ ʬʘʢʪʦʨʦʚ ʧʨʠʚʦʜʠʪʩʷ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʊʄʄ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ Cv ʠ ʯʠʩʣʦ ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ 

ʂʦʥʮʝʥʪʨʘʮʠʷ Cr ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ pH (> 6,2) ʚ 3,6 

ʨʘʟʘ (ʨʠʩ. 29). ɺ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʯʘʱʝ ʧʨʝʦʙʣʘʜʘʝʪ Cr(III), ʢʦʪʦʨʳʡ 

ʤʝʥʝʝ ʧʦʜʚʠʞʝʥ ʠ ʙʦʣʝʝ ʩʢʣʦʥʝʥ ʢ ʘʜʩʦʨʙʮʠʠ ʠ ʦʩʘʞʜʝʥʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Cr(VI), Cr(III) ʚ 

ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʯʘʩʪʦ ʦʙʨʘʟʫʝʪ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʛʠʜʨʦʢʩʠʜʳ, ʪʘʢʠʝ ʢʘʢ Cr(OH)3 (ʂʘʙʘʪʘ-

ʇʝʥʜʠʘʩ, ʇʝʥʜʠʘʩ, 1989). ɺ ʩʣʘʙʦʢʠʩʣʳʭ ʠ ʢʠʩʣʳʭ ʧʦʯʚʘʭ (pH < 6,2) ʢʦʥʮʝʥʪʨʘʮʠʷ Cr 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ ʤʘʨʛʘʥʮʘ, ʧʨʠ MnO < 0,06% ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʦʣʣʶʪʘʥʪʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʇʨʠ Fe2O3 > 2,0% 

Cr ʘʢʪʠʚʥʝʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʧʦʯʚʘʭ (pH > 7,2). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ 

ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ Cr ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʘ ʱʝʣʦʯʥʦʤ ʠ ʭʝʤʦʩʦʨʙʮʠʦʥʥʦʤ ʩ ʫʯʘʩʪʠʝʤ ʦʢʩʠʜʦʚ 

Fe ʠ Mn ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ. 

ɺʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʬʘʢʪʦʨʦʤ ʘʢʢʫʤʫʣʷʮʠʠ 
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ʜʣʷ Pb ʠ W (ʨʠʩ. 29-30). ʇʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ (EC1:5 > 

138 ʤʢʉʤ/ʩʤ) ʢʦʥʮʝʥʪʨʘʮʠʷ Pb ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ 

(> 1,9%), ʤʘʨʛʘʥʮʘ (> 0,09%) ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (> 0,75%). ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ Cʦʨʛ < 0,75% Pb ʘʢʪʠʚʥʝʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʦʯʚʘʭ ʩ ʙʦʣʴʰʝʡ ʜʦʣʝʡ ʬʠʟʠʯʝʩʢʦʡ 

ʛʣʠʥʳ (> 30%). ɺ ʧʦʯʚʘʭ ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ (EC1:5 < 138 

ʤʢʉʤ/ʩʤ) Pb, ʢʘʢ ʢʘʪʠʦʥʦʛʝʥʥʳʡ ʵʣʝʤʝʥʪ, ʠʥʪʝʥʩʠʚʥʝʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʠ 

ʱʝʣʦʯʥʳʭ ʧʦʯʚʘʭ (pH > 7,5) ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ Cʦʨʛ > 1,3%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ Pb ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʤ, ʱʝʣʦʯʥʦʤ ʠ ʭʝʤʦʩʦʨʙʮʠʦʥʥʦʤ ʩ 

ʫʯʘʩʪʠʝʤ ʦʢʩʠʜʦʚ Fe ʠ Mn ʙʘʨʴʝʨʘʭ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ W ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ ʚʦʟʨʘʩʪʘʝʪ ʚ 2,3 ʨʘʟʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʜʝʣʴʥʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ EC1:5 > 365 ʤʢʉʤ/ʩʤ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ W 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʯʚʘʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 365-377 

ʤʢʉʤ/ʩʤ (ʨʠʩ. 29). ʇʨʠ ʚʝʣʠʯʠʥʝ EC1:5 > 377 ʤʢʉʤ/ʩʤ W ʘʢʪʠʚʥʝʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʦʯʚʘʭ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ Fe (>4,0%). ɺ ʩʣʫʯʘʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (< 365 ʤʢʉʤ/ʩʤ) ʘʢʢʫʤʫʣʷʮʠʷ W ʧʨʦʪʝʢʘʝʪ ʚ 2 ʨʘʟʘ ʠʥʪʝʥʩʠʚʥʝʝ ʚ 

ʧʦʯʚʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʙʦʣʝʝ 1,6%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, W ʚ ʧʦʯʚʘʭ 

ʋʣʘʥ-ʋʜʵ ʤʘʢʩʠʤʘʣʴʥʦ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʧʨʠ ʚʝʣʠʯʠʥʝ EC1:5 365-377 ʤʢʉʤ/ʩʤ, ʘ ʪʘʢʞʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʤ, ʩʦʨʙʮʠʦʥʥʦʤ-ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʤ ʠ 

ʭʝʤʦʩʦʨʙʮʠʦʥʥʦʤ ʩ ʫʯʘʩʪʠʝʤ ʦʢʩʠʜʦʚ Fe ʠ Mn ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ.  

ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ Fe ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢʦʥʪʨʦʣʠʨʫʝʪ 

ʥʘʢʦʧʣʝʥʠʝ As, Sr, Co ʠ V (ʨʠʩ. 29-30). ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ Fe2O3 > 2,9% ʢʦʥʮʝʥʪʨʘʮʠʷ Sr 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,3 ʨʘʟʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Sr ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ 

ʚʳʷʚʠʣʦ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʣʶʪʘʥʪʘ ʠ ʜʦʣʠ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ: ʧʨʠ PM10 

< 43% Sr ʘʢʪʠʚʥʝʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

(> 7,0%) ʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ (> 249 ʤʢʉʤ/ʩʤ). ʇʨʠ ʚʝʣʠʯʠʥʝ Fe2O3 < 2,9% 

ʚʪʦʨʳʤ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʬʘʢʪʦʨʦʤ ʘʢʢʫʤʫʣʷʮʠʠ Sr ʚʳʩʪʫʧʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʚ ʩʨʝʜʥʝʛʫʤʫʩʥʳʭ ʧʦʯʚʘʭ (Cʦʨʛ > 2,6%) ʢʦʥʮʝʥʪʨʘʮʠʷ Sr ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ PM10 > 

22%. ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ Cʦʨʛ < 2,6% ʘʢʢʫʤʫʣʷʮʠʷ Sr ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ Mn ʠ Fe. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Sr ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ ʥʘ 

ʭʝʤʦʩʦʨʙʮʠʦʥʥʦʤ ʩ ʫʯʘʩʪʠʝʤ ʦʢʩʠʜʦʚ Fe ʠ Mn ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ ʠ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ 

ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʤ ʙʘʨʴʝʨʝ. 

ʄʳʰʴʷʢ ʠʥʪʝʥʩʠʚʥʝʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʦʢʩʠʜʦʚ Fe 
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> 3,8% ʠ ʧʨʠ ʜʦʣʝ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ > 35%. ɺ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʭ ʠ ʩʫʧʝʩʯʘʥʳʭ ʧʦʯʚʘʭ 

(PM10 < 35%) As ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ EC1:5 < 

532 ʤʢʉʤ/ʩʤ As ʘʢʪʠʚʥʝʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʦʯʚʘʭ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (Cʦʨʛ > 1,0). ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʦʢʩʠʜʦʚ Fe ʦʪ 2,2 ʜʦ 3,8% ʢʦʥʮʝʥʪʨʘʮʠʷ As 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʝʩʯʘʥʳʭ ʧʦʯʚʘʭ (PM10 < 18%). ɺ ʩʫʧʝʩʯʘʥʳʭ ʧʦʯʚʘʭ (PM10 > 18%) 

ʘʥʠʦʥʦʛʝʥʥʳʡ As ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʠʣʴʥʝʝ ʚ ʥʝʡʪʨʘʣʴʥʳʭ, ʩʣʘʙʦʢʠʩʣʳʭ ʠ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ 

(pH < 7,8) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ EC1:5 < 670 ʤʢʉʤ/ʩʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ As ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʥʘ ʭʝʤʦʩʦʨʙʮʠʦʥʥʦʤ ʩ ʫʯʘʩʪʠʝʤ ʦʢʩʠʜʦʚ Fe 

ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ, ʩ ʤʝʥʴʰʠʤ ʚʣʠʷʥʠʝʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ 

ʩʦʨʙʮʠʦʥʥʦ-ʩʝʜʠʤʝʥʘʪʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʦʚ. 

ɼʣʷ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʋʣʘʥ-ʋʜʵ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʚʝʜʫʱʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʙʘʨɹʝʨʳ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʝʪ ʘʢʢʫʤʫʣʷʮʠʷ ʧʦʣʣʶʪʘʥʪʦʚ (ʪʘʙʣ. 18).  

ʊʘʙʣʠʮʘ 18. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ (ʧʦ ɻʣʘʟʦʚʩʢʦʡ, 2012) ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʋʣʘʥ-

ʋʜʵ ʠ ʥʘʢʘʧʣʠʚʘʶʱʠʝʩʷ ʵʣʝʤʝʥʪʳ 

ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʕʣʝʤʝʥʪʳ 

ʍʝʤʦʩʦʨʙʮʠʦʥʥʳʡ As, Sr, Co, V 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ 

ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʡ 

Sb, Cd, Mo, Cu, Zn, 

Pb, W 

ʂʠʩʣʦʪʥʳʡ Bi, Ni 

ʑʝʣʦʯʥʦʡ Cr 

ʊʘʢ, ʚ ʥʘʢʦʧʣʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʊʄʄ (Sb, Cd, Mo, Cu, Zn, Pb, W) ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ 

ʚʝʜʫʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʡ ʙʘʨʴʝʨ, As, Sr, Co ʠ V 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʭʝʤʦʩʦʨʙʮʠʦʥʥʦʤ ʙʘʨʴʝʨʝ ʩ ʫʯʘʩʪʠʝʤ Fe2O3, Bi, Ni ʠ 

Cr ï ʥʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ. 

4.3.3. ʀʩʪʦʯʥʠʢʠ ʊʄʄ ʚ ʧʦʯʚʘʭ ʠ ʠʭ ʬʨʘʢʮʠʠ PM10  

ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʊʄʄ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʧʦʯʚ ʠ ʠʭ 

ʬʨʘʢʮʠʶ ʈʄ10 ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

(PMF). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʦʜʭʦʜʷʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʘʢʪʦʨʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʠ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʢʦʚ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʙ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ Ñ3, ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʙʣʶʜʘʝʤʳʭ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ R2 > 0,60. ɼʣʷ ʧʦʯʚ ʚ 

ʮʝʣʦʤ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ R2 ʜʣʷ Sr, Bi, Zn, Sb, Pb, W, Cd, Cu, As, Cr ʩʦʩʪʘʚʠʣʠ 0,64-

0,78, ʜʣʷ Ni, V, Co 0,82-0,87, ʜʣʷ Mo 0,93. ɼʣʷ ʬʨʘʢʮʠʠ PM10 ʧʦʯʚ ʟʥʘʯʝʥʠʷ R2 ʩʦʩʪʘʚʠʣʠ 
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0,91-0,99 ʜʣʷ Co, Ni, Zn, Bi, 0,82-0,87 ʜʣʷ V, As, Mo, Cd, 0,71-0,79 ʜʣʷ Pb, W, Cr, Cu, Sr, Sb, 

ʚʩʝ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʜʝʞʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʠʭ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ.  

ɼʣʷ ʧʦʯʚ ʚ ʮʝʣʦʤ ʚʳʷʚʣʝʥʦ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ (ʨʠʩ. 31, 32ʙ). ʇʝʨʚʳʡ ʬʘʢʪʦʨ 

ʚʢʣʶʯʘʝʪ Mo (63,2% ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʜʘʥʥʳʤ ʬʘʢʪʦʨʦʤ) ʠ W (48,0%), 

ʥʘ ʜʦʣʶ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʚ ʩʫʤʤʝ 15,2% ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ. ʅʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʪʠʭ ʊʄʄ ʚ ʧʦʯʚʘʭ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʨʦʤʟʦʥʝ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ çʋʣʘʥ-ʋʜʵʩʪʘʣʴʤʦʩʪè ʠ ʃɺʈɿ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ Mo ʠ W ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ï Cv = 

124% ʜʣʷ Mo ʠ 185% ʜʣʷ W. ʆʩʥʦʚʥʦʡ ʪʝʭʥʦʛʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʦʩʪʫʧʣʝʥʠʷ Mo ʚ 

ʢʦʤʧʦʥʝʥʪʳ ʛʝʦʩʠʩʪʝʤ ī ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʦʙʦʛʘʱʝʥʠʷ Mo-

ʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. ʇʦʩʪʫʧʣʝʥʠʝ W ʚ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʩʚʷʟʘʥʦ ʩ ʜʦʙʳʯʝʡ ʚʦʣʴʬʨʘʤʦʚʳʭ ʨʫʜ, 

ʠʭ ʦʙʦʛʘʱʝʥʠʝʤ ʠ ʧʝʨʝʨʘʙʦʪʢʦʡ (Reimann et al., 2014; Timofeev et al., 2018, 2020). ʊʘʢ, 

ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ Mo ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ ʨʘʡʦʥʝ ʩʪʘʣʝʣʠʪʝʡʥʦʛʦ ʟʘʚʦʜʘ ʚ ʛ. 

ʕʨʙʠʣʴ (ʀʨʘʢ) (Khudhur et al., 2018). ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ 

ʬʘʢʪʦʨ ʩʚʷʟʘʥ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ 

ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ.  

ɺʪʦʨʦʡ ʬʘʢʪʦʨ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʢʣʘʜ ʚʳʙʨʦʩʦʚ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ʅʘ ʥʝʛʦ ʧʨʠʭʦʜʠʪʩʷ 19,2% ʦʙʱʝʛʦ ʚʢʣʘʜʘ ʠʩʪʦʯʥʠʢʦʚ, ʦʥ ʩʚʷʟʘʥ ʩ ʥʘʢʦʧʣʝʥʠʝʤ 

Pb (72,2%), Sb (53,0%), Zn (35,2%), Cd (30,2%). ɺ ʂʠʪʘʝ ʚ ʛ. ʋʨʫʤʯʠ ʚ ʧʦʯʚʘʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʢʨʫʧʥʳʤ ʰʦʩʩʝ, ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ 

PMF ʫʩʪʘʥʦʚʣʝʥ ʧʨʦʬʠʣʴ ʠʩʪʦʯʥʠʢʘ, ʚʢʣʶʯʘʶʱʠʡ Pb ʠ Cd (Kuerban et al., 2020), ʘ ʚ ʧʦʯʚʘʭ 

ʧʨʦʚʠʥʮʠʠ ɻʫʘʥʜʫʥ ʚʳʙʨʦʩʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ Pb ʠ Zn (Jiang et al., 

2020). ʉʚʠʥʝʮ, Sb, Zn, Cd ʚ ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ ʦʪʣʠʯʘʝʪ ʚʳʩʦʢʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ (Cv = 117-

156%), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺʣʠʷʥʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ (ʦʩʦʙʝʥʥʦ ʚʙʣʠʟʠ ʜʦʨʦʛ ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʜʚʠʞʝʥʠʝʤ) ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʊʄʄ ʠʟ-ʟʘ ʨʘʟʥʦʛʦ 

ʫʨʦʚʥʷ ʚʳʙʨʦʩʦʚ ʠ ʠʟʥʦʩʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʨʘʟʥʳʭ ʟʦʥʘʭ.  

ɺʢʣʘʜ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʘ ʚ ʦʙʱʫʶ ʜʠʩʧʝʨʩʠʶ ʩʦʩʪʘʚʣʷʝʪ 14,5%, ʦʥ ʦʙʲʷʩʥʷʝʪ 

ʥʘʢʦʧʣʝʥʠʝ Cd (55,5%), Cu (50,0%), Zn (39,9%). ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʵʪʦʛʦ ʬʘʢʪʦʨʘ 

ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʧʦʯʚ ʯʘʩʪʥʦʛʦ ʩʝʢʪʦʨʘ, ʚ ʤʝʩʪʘʭ, ʛʜʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʪʠʭʠʡʥʳʝ ʩʚʘʣʢʠ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ. ʅʘʢʦʧʣʝʥʠʝ Cd, Cu ʠ Zn ʚ ʧʦʯʚʘʭ ʚʙʣʠʟʠ ʩʚʘʣʦʢ ʚʳʷʚʣʝʥʦ 

ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʥʘʧʨʠʤʝʨ, ʚ ɻʘʥʝ (Akanchise et al., 2020), ʂʠʪʘʝ (Wang et al., 2022), 

ʂʦʥʛʦ (Mavakala et al., 2022) ʠ ʜʨ. ɼʣʷ Zn (Cv = 117%), Cd (147%) ʠ ʦʩʦʙʝʥʥʦ Cu (256%) 
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ʭʘʨʘʢʪʝʨʥʳ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ. ʅʝʧʨʘʚʠʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʦʪʭʦʜʘʤʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʣʦʢʘʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʣʣʶʪʘʥʪʦʚ, 

ʩʦʟʜʘʚʘʷ ʚʳʩʦʢʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʪʠʡ ʬʘʢʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ. 

 
ʈʠʩ. 31. ʇʨʦʬʠʣʠ ʬʘʢʪʦʨʦʚ ʠ ʧʨʦʮʝʥʪ ʚʢʣʘʜʘ ʬʘʢʪʦʨʦʚ ʚ ʥʘʢʦʧʣʝʥʠʝ ʊʄʄ ʚ 

ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ PMF 

 

ʏʝʪʚʝʨʪʳʡ ʬʘʢʪʦʨ ʚʢʣʶʯʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʊʄʄ: Sr (69,3%), V (65,2), Co 

(61,0%), Cr (58,3%), Ni (52,7%), ʫ ʥʝʛʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʜʠʩʧʝʨʩʠʶ ï 32,6%. 

ɼʣʷ Sr, V ʠ Co ʚʳʷʚʣʝʥʳ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ (Cv = 25-37%), ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʙʦʣʴʰʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ 

ʤʝʪʘʣʣʦʚ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ. ɼʣʷ Cr (Cv = 95%) ʠ Ni (Cv = 138%) ʫʨʦʚʥʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʚʳʰʝ. ɺ ʋʣʘʥ-ʋʜʵ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ CF ʜʘʥʥʳʭ ʊʄʄ ʚʳʷʚʣʝʥʳ ʚʙʣʠʟʠ ɿʐʆ 

ʊʕʎ-1, ʨʷʜʦʤ ʩ ʢʦʪʝʣʴʥʳʤʠ ʠ ʥʘ ʦʢʨʘʠʥʘʭ ʋʣʘʥ-ʋʜʵ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʯʘʩʪʥʳʝ 

ʜʦʤʦʚʣʘʜʝʥʠʷ. ɺʝʨʦʷʪʥʦ, ʵʪʦʪ ʬʘʢʪʦʨ ʦʪʨʘʞʘʝʪ ʚʢʣʘʜ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʧʨʠ ʧʝʯʥʦʤ 

ʦʪʦʧʣʝʥʠʠ, ʥʘ ʊʕʎ ʠ ʚ ʢʦʪʝʣʴʥʳʭ. ʉ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʛʦʣʴʥʳʭ ʊʕʉ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʯʚ Co, Cr, Ni ʠ V ʚ ʀʥʜʠʠ (Mandal, Sengupta, 2006), Co ʠ Cr ʚ ʅʦʚʦʯʝʨʢʘʩʩʢʝ (Linnik et al., 

2020), Cr ʠ Ni ʚ ʊʫʨʮʠʠ (¥zkul, 2016).  
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ɺʢʣʘʜ ʧʷʪʦʛʦ ʬʘʢʪʦʨʘ ʚ ʦʙʱʫʶ ʜʠʩʧʝʨʩʠʶ ʩʦʩʪʘʚʣʷʝʪ 18,4% ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʬʘʢʪʦʨʥʦʡ ʥʘʛʨʫʟʢʦʡ ʫ As (60,5%), Bi (28,9), Ni (26,6) ʠ Sb (26,5%). ɼʣʷ  ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʟʦʥʳ ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʄʳʰʴʷʢ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ 

ʢʦʥʩʝʨʚʘʥʪʘʭ ʜʨʝʚʝʩʠʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʰʧʘʣ 

(ʥʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʷ ʤʳʰʴʷʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʘʥʪʠʩʝʧʪʠʢʘʭ). ɺ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ ʠʣʠ 

ʨʘʟʣʦʞʝʥʠʷ ʰʧʘʣ ʤʳʰʴʷʢ ʤʦʞʝʪ ʚʳʤʳʚʘʪʴʩʷ ʠ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʧʦʯʚʝ ʨʷʜʦʤ ʩ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʧʫʪʷʤʠ. ʇʦʚʳʰʝʥʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ As ʚ 

ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ ʦʪʤʝʯʝʥʳ ʠ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʫʟʣʘ ʀʣʘʚʘ-ɻʣʘʚʥʘ 

(ʇʦʣʴʰʘ), ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʵʪʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʨʘʡʦʥʝ ʧʣʘʪʬʦʨʤʳ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʝʪʦʢ 

(Staszewski et al., 2015). ʀʩʪʦʯʥʠʢʦʚ Sb ʠ Ni ̫ ʚʣʷʝʪʩʷ ʠʩʪʠʨʘʥʠʝ ʨʝʣʴʩʦʚ, ʜʠʩʢʦʚ ʧʦʜʚʠʞʥʳʭ 

ʩʦʩʪʘʚʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʚʳʙʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʦʨʦʚ ʫʯʠʪʳʚʘʣʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʠʩʪʦʯʥʠʢʦʚ ʚ ʥʘʢʦʧʣʝʥʠʝ ʊʄʄ ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʦʥʳ 

ʛʦʨʦʜʘ (ʨʠʩ. 32ʘ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʪʘʢʠʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ, ʋʣʘʥ-ʋʜʵ, ʛʜʝ ʤʥʦʞʝʩʪʚʦ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʩʫʧʝʨʧʦʟʠʮʠʷ, ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʠʩʪʦʯʥʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʦʥʝ, ʥʦ ʠ ʚ ʩʦʩʝʜʥʠʭ 

ʟʦʥʘʭ.  

ʅʘ ʧʦʯʚʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ (29% ʦʪ ʩʫʤʤʳ ʚʢʣʘʜʦʚ 

ʠʩʪʦʯʥʠʢʦʚ) ʦʢʘʟʳʚʘʝʪ ʬʘʢʪʦʨ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ 

ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ. ʅʘʠʤʝʥʴʰʠʡ ʚʢʣʘʜ ʠʤʝʶʪ ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʳʪʦʚʳʭ 

ʦʪʭʦʜʦʚ (16%) ʠ ʩʞʠʛʘʥʠʝ ʫʛʣʷ (17%). ɼʣʷ ʩʝʣʠʪʝʙʥʦʡ ʤʥʦʛʦʵʪʘʞʥʦʡ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ 

ʟʦʥ ʚʢʣʘʜ ʚʳʙʨʦʩʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʩʦʩʪʘʚʣʷʝʪ 24 ʠ 33% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʧʦʯʚ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʟʦʥʳ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʚʩʝʤʝʩʪʥʳʝ ʧʨʝʚʳʰʝʥʠʷ ʥʘʜ ʬʦʥʦʤ Sb (CF = 3,0-

5,8), Cd (1,3-2,9), Pb (1,8-4,8) ʠ Zn (1,7-2,3). ɺ ʧʦʯʚʘʭ ʤʥʦʛʦʵʪʘʞʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ 

ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ CF ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚʙʣʠʟʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʩʪʦʷʥʦʢ ʠ ʛʘʨʘʞʝʡ, 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ Sb, Pb, Cd ʠ Zn ʩʦʩʪʘʚʣʷʶʪ CF = 1,7-2,4. 

ɼʣʷ ʩʝʣʠʪʝʙʥʦʡ ʟʦʥʳ ʩ ʦʜʥʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʦʡ, ʥʘʧʨʦʪʠʚ, ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ (22%) 

ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʬʘʢʪʦʨʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʣʠʷʥʠʝʤ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ. ʂʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʣʦʢʘʣʴʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʩ ʥʘʠʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʠ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʧʦʣʣʶʪʘʥʪʘʤʠ Cu (CF = 6,1-96), Cd (3,2-8,5), Zn (2,7-23) ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 

ʧʦʯʚʘʭ ʯʘʩʪʥʦʛʦ ʞʠʣʦʛʦ ʩʝʢʪʦʨʘ ʚʙʣʠʟʠ ʩʚʘʣʦʢ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ. 
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ʈʠʩ. 32. ʘ) ʉʨʝʜʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʢʣʘʜʳ ʬʘʢʪʦʨʦʚ ʚ ʘʢʢʫʤʫʣʷʮʠʶ ʊʄʄ ʚ ʧʦʯʚʘʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʋʣʘʥ-ʋʜʵ; ʙ) ʧʨʦʮʝʥʪʥʳʡ ʚʢʣʘʜ ʬʘʢʪʦʨʦʚ ʚ ʥʘʢʦʧʣʝʥʠʝ ʊʄʄ ʚ 

ʧʦʯʚʘʭ ʋʣʘʥ-ʋʜʵ  

ɼʣʷ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʳ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʥʘʢʦʧʣʝʥʠʝ ʊʄʄ ʜʘʝʪ ʩʞʠʛʘʥʠʝ ʫʛʣʷ 

(28%), ʤʠʥʠʤʘʣʴʥʳʡ (15%) ï ʚʳʙʨʦʩʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ɺ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʟʦʥʝ 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʘʢʢʫʤʫʣʷʮʠʶ ʊʄʄ ʚ ʧʦʯʚʘʭ ʠʤʝʶʪ ʚʳʙʨʦʩʳ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ (25%) ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (24%). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʢ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʟʦʥʝ ʦʪʥʦʩʷʪʩʷ ʧʦʜʲʝʟʜʥʳʝ ʧʫʪʠ ʢ ʨʷʜʫ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʅʘʠʙʦʣʴʰʠʝ ʧʨʝʚʳʰʝʥʠʷ ʥʘʜ ʬʦʥʦʤ ʜʣʷ Mo ʠ W (CF = 3,1) ʚʳʷʚʣʝʥʳ ʚ ʧʦʯʚʘʭ ʚ 2 ʤ ʦʪ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʟʦʥʳ çɹʫʨʞʝʣʝʟʦʙʝʪʦʥè.  

ɼʣʷ ʬʨʘʢʮʠʠ PM10 ʧʦʯʚ ʚʳʷʚʣʝʥʦ ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʝʩʢʦʣʴʢʦ 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʧʦʯʚ ʚ ʮʝʣʦʤ (ʨʠʩ. 33, 34ʙ). ɺʢʣʘʜ ʧʝʨʚʦʛʦ ʬʘʢʪʦʨʘ ʚ ʦʙʱʫʶ ʜʠʩʧʝʨʩʠʶ 

ʩʦʩʪʘʚʣʷʝʪ 10,1% ʩ ʥʘʠʙʦʣʴʰʝʡ ʬʘʢʪʦʨʥʦʡ ʥʘʛʨʫʟʢʦʡ ʫ ʦʜʥʦʛʦ Bi (81,8%). ɺʠʩʤʫʪ ʠ ʝʛʦ 

ʩʧʣʘʚʳ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʙʳʪʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʭʠʤʠʢʘʪʦʚ, ʢʦʩʤʝʪʠʢʠ, ʧʨʠʧʦʝʚ ʠ ʪ.ʜ. (Reimann et al., 2014; Wang et al., 2022). 
































































































































































