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ɺʚʝʜʝʥʠʝ 

ʃʝʩʦʩʪʝʧʴ, ʬʦʨʤʠʨʫʝʤʘʷ ʤʦʟʘʠʢʦʡ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʞʠʟʥʝʥʥʳʤʠ ʬʦʨʤʘʤʠ ʨʘʩʪʝʥʠʡ ï ʪʨʘʚʷʥʠʩʪʳʭ, 

ʢʫʩʪʘʨʥʠʢʦʚʳʭ, ʜʨʝʚʝʩʥʳʭ ï ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʩʣʦʞʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ (ʄʠʣʴʢʦʚ, 1950; ʉʘʤʦʡʣʦʚʘ, 

1981; Erdos, 2014). ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʘʷ ʣʝʩʦʩʪʝʧʴ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ  

ʟʝʤʣʝʜʝʣʴʯʝʩʢʠ-ʦʩʚʦʝʥʥʳʭ ʵʢʦʨʝʛʠʦʥʦʚ ʧʣʘʥʝʪʳ (ʉʘʤʦʡʣʦʚʘ, 1981, Erdos, 

2014, 2017). ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʣʝʩʦʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ 

ʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ï ʦʩʦʙʝʥʥʦʡ ʧʝʩʪʨʦʪʦʡ ʦʪʣʠʯʘʶʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʠ 

ʧʦʯʚʳ. ʅʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʬʦʨʤʠʨʫʝʪ ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʠ ʧʨʠʚʦʜʠʪ ʚ ʜʝʡʩʪʚʠʝ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʟʦʥʘʣʴʥʳʭ ʧʦʯʚ ʵʪʦʡ ʧʨʠʨʦʜʥʦʡ ʟʦʥʳ ï 

ʛʫʤʫʩʦʘʢʢʫʤʫʣʷʪʠʚʥʳʡ (ʏʝʥʜʝʚ, 2015). ʎʝʥʪʨʘʣʴʥʳʤ ʟʚʝʥʦʤ ʠ çʦʪʨʘʞʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶè çʟʝʨʢʘʣʘ ʣʘʥʜʰʘʬʪʘè ʣʝʩʦʩʪʝʧʠ ʚʳʩʪʫʧʘʝʪ ʛʝʪʝʨʦʛʝʥʥʦʝ 

ʧʦʯʚʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (ʇʆɺ), ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʤʦʱʥʦʤ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʤ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʟʦʥʘʣʴʥʳʭ ʧʦʯʚ ʩʧʦʩʦʙʥʦ ʜʦʩʪʠʛʘʪʴ 

2 ï 8% (ʉʝʤʝʥʦʚ ʠ ʂʦʛʫʪ, 2015; Lal, 2021). 

ʇʦʯʚʳ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʧʨʠʯʝʤ ʚ 

ʚʝʨʭʥʝʤ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ, ʩʧʦʩʦʙʥʳʤ ʜʦʩʪʠʛʘʪʴ ʤʦʱʥʦʩʪʠ ʦʪ 0,3 ʜʦ 1,3 ʤ 

(ʉʘʤʦʡʣʦʚʘ, 1981), ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10 ʠ ʙʦʣʝʝ ʧʨʦʮʝʥʪʦʚ ʦʪ 

ʦʙʱʝʡ ʤʘʩʩʳ (ɸʭʪʳʨʮʝʚ ʠ ʂʘʜʝʨ, 1967). ʃʫʛʦʚʳʝ ʧʦʯʚʳ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʧʨʝʚʦʩʭʦʜʷʪ ʦʢʨʫʞʘʶʱʠʝ ʯʝʨʥʦʟʝʤʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʟʘʧʘʩʘʤ 

ʛʫʤʫʩʘ ʚ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʤ ʚʝʨʭʥʝʤ ʩʣʦʝ ʜʦ ʛʣʫʙʠʥʳ 20-30 ʩʤ (ʅʦʚʠʢʦʚ, 1952; 

ʉʘʤʦʡʣʦʚʘ, 1981).  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʞʝ ʚ ʨʘʙʦʪʘʭ ɸʣʝʢʩʘʥʜʨʘ ɸʣʝʢʩʝʝʚʠʯʘ ʀʟʤʘʠʣʴʩʢʦʛʦ (ʚ 

ʪ.ʯ. çʂʘʢ ʚʳʩʦʭʣʘ ʥʘʰʘ ʩʪʝʧʴè (1893) ʧʦʜʥʠʤʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʥʠʞʝʥʠʷ 

ʧʣʦʜʦʨʦʜʠʷ ʵʪʠʭ ʧʦʯʚ (ʀʟʤʘʠʣʴʩʢʠʡ, 2013). ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʝ 

ʨʦʩʩʠʡʩʢʦʡ ʘʛʨʦʭʠʤʩʣʫʞʙʦʡ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʨʝʥʜʘ ʥʘ 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʇʆɺ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʨʘʩʧʘʭʠʚʘʝʤʳʭ ʧʦʯʚʘʭ ʣʝʩʦʩʪʝʧʠ (Stolbovoy, 2002; ʉʪʦʣʙʦʚʦʡ, ʌʠʣʴ, 2023). 

ʅʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʥʪʝʥʩʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʩʦʩʪʝʧʥʳʭ ʧʦʯʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʧʦʪʝʨʠ ʇʆɺ (ʂʠʨʠʣʝʥʢʦ, ɼʨʦʥʠʥ, 2022). ɹʦʣʝʝ 90% 

ʥʝʟʘʣʝʩʝʥʥʳʭ ʟʝʤʝʣʴ ʚ ʧʨʝʜʝʣʘʭ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ 

ʧʦʜʚʝʨʞʝʥʳ ʨʘcʧʘʰʢʝ (ʂʨʘʩʠʥʘ, 2014; Fil et al., 2021).  

ʇʦ ʦʮʝʥʢʘʤ Sanderman et al., 2017 ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʛʦʣʦʮʝʥʘ, c ʤʦʤʝʥʪʘ 

ʥʘʯʘʣʘ ʦʩʝʜʣʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ɿʝʤʣʝ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʧʦʪʝʨʠ ʉʦʨʛ ʚ ʚʝʨʭʥʠʭ 0ï30, 0ï100 ʠ 0ï200 ʩʤ ʩʣʦʷʭ ʧʦʯʚʝʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 37, 75 ʠ 116 ʤʣʨʜ. ʪʦʥʥ C. ʇʦʯʚʳ, 
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ʧʦʜʚʝʨʞʝʥʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʩʦʜʝʨʞʘʪ ʥʘ 25ï75% ʤʝʥʴʰʝ 

ʉʦʨʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʥʝʥʘʨʫʰʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ (Lal, 2010). ʕʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʩʪʦʣʴ ʤʘʩʰʪʘʙʥʦʛʦ ʩʥʠʞʝʥʠʷ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʦʯʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʫʛʣʝʨʦʜʘ ʥʝʦʯʝʚʠʜʥʳ (Xu et al., 2020). 

ʉʦʢʨʘʱʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʇʆɺ ʚ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʠʭ ʧʣʦʜʦʨʦʜʠʷ (Xu et al., 2020; Ling et al., 2025). 

ɺ ʣʘʥʜʰʘʬʪʘʭ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʜʦʤʠʥʠʨʫʶʱʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʇʇ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʤʦʨʬʥʳʝ ʧʦʯʚʳ, ʦʙʨʘʟʫʶʱʠʝ ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʝ ʟʝʤʣʠ (ɸʭʪʳʨʮʝʚ, 1999). 

ʉʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ 

ʟʝʤʝʣʴ ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʣʝʩʦʩʪʝʧʠ 

(Chizen, 2024). ɺ ʧʨʝʜʝʣʘʭ ʘʨʝʘʣʘ ʧʦʯʚ ʯʝʨʥʦʟʝʤʥʦʛʦ ʨʷʜʘ ʚ ɽʚʨʘʟʠʠ ʠ ʥʘ 

ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʤ ʢʦʥʪʠʥʝʥʪʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʜʝʛʨʘʜʘʮʠʠ ʥʘʠʙʦʣʝʝ 

ʧʣʦʜʦʨʦʜʥʳʭ ʧʦʯʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ï çʦʣʫʛʦʚʝʥʠʷè (ɺʦʨʦʙʴʝʚʘ 

ʠ ʜʨ., 2002; ʂʨʘʩʠʥʘ, 2014; Chizen, 2024). ʏʝʨʥʦʟʝʤʳ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ-ʪʨʸʭ ʣʝʪ 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʝ ʠʣʠ ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ ʧʦʯʚʳ ʩ 

ʧʨʠʟʥʘʢʘʤʠ ʩʣʠʪʠʟʘʮʠʠ, ʟʘʩʦʣʝʥʠʷ ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʷ (ɿʘʡʜʝʣʴʤʘʥ ʠ ʜʨ., 1998; 

ʉʪʝʧʘʥʮʦʚʘ, ʂʨʘʩʠʥ, 2011).  

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʝʣʠʢʠʭ ʈʘʚʥʠʥ ʚ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʝ ï ʨʝʛʠʦʥʘ çʇʨʝʨʠʡʥʳʭ ʧʦʪʭʦʣʦʚè (Prairie pothole region), ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʪʦ, ʯʪʦ ʛʠʜʨʦʤʦʨʬʥʳʝ ʧʦʯʚʳ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʩʪʝʧʥʳʭ ʠ ʣʝʩʦʩʪʝʧʥʳʭ 

ʫʯʘʩʪʢʦʚ ʩʧʦʩʦʙʥʳ ʫʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʝ ʫʛʣʝʨʦʜʘ ʚʚʠʜʫ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʩʥʠʞʝʥʥʦʡ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ (Badiou et al., 2011). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʯʚʳ ʧʨʝʨʠʡʥʳʭ ʧʦʜʭʦʣʦʚ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴ ʚ ʜʚʘ ʨʘʟʘ 

ʙʦʣʴʰʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʯʝʤ ʠʭ ʘʚʪʦʤʦʨʬʥʳʝ ʘʥʘʣʦʛʠ (Euliss, 2006). 

ɺ ʧʦʯʚʘʭ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʪʘʢʞʝ ʦʪʤʝʯʝʥ 

ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʳʡ ʛʨʘʜʠʝʥʪ ʧʦʯʚ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʚʣʘʞʥʦʩʪʥʳʤ ï 

ʚʳʱʝʣʦʯʝʥʥʳʝ ʯʝʨʥʦʟʸʤʳ ʜʝʧʨʝʩʩʠʡ ʦʪʣʠʯʘʣʠʩʴ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʘʧʘʩʘʤʠ 

ʫʛʣʝʨʦʜʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʛʣʝʨʦʜ-ʩʚʷʟʳʚʘʶʱʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʯʝʤ ʪʠʧʠʯʥʳʝ 

ʯʝʨʥʦʟʝʤʳ ʘʚʪʦʥʦʤʥʳʭ ʧʦʟʠʮʠʡ (Yurova et al., 2025).   

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ, ʛʜʝ ʧʦʯʚʳ ʘʚʪʦʥʦʤʥʳʭ ʧʦʟʠʮʠʡ ʫʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʟʥʘʢʠ 

ʛʠʜʨʦʤʦʨʬʠʟʤʘ, ʩʦʧʨʷʞʝʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ 

ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʢʦʣʢʦʚ 

ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʭ ʧʦʯʚ ʠ ʩʦʣʦʜʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤʠ 

ʟʘʧʘʩʘʤʠ ʫʛʣʝʨʦʜʘ, ʯʝʤ ʩʦʩʝʜʩʪʚʫʶʱʠʝ ʩ ʥʠʤʠ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ 

(ʉʘʤʦʡʣʦʚʘ, 1981). ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʜʣʷ ʧʦʯʚ ʉʝʚʝʨʥʦʡ 
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ɸʤʝʨʠʢʠ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʷʤʫʶ ʧʝʨʝʥʝʩʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʈʫʩʩʢʦʡ 

ʨʘʚʥʠʥʳ.  

ʆʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʞʠʤʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʥʘ 

ʖʛʝ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 60-80 ʛʛ. XX ʚ. ʧʦʟʚʦʣʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʩʚʦʡʩʪʚʘ ʣʫʛʦʚʳʭ ʧʦʯʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʉʘʤʦʡʣʦʚʘ, 1979, 1981; ɸʭʪʳʨʮʝʚ, 1999). ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʚʢʫʧʝ ʩʦ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʥʘʙʣʶʜʘʝʤʦʝ ʥʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 50 ʣʝʪ, ʚʝʨʦʷʪʥʦ, ʩʢʘʟʘʣʦʩʴ ʠ ʥʘ 

ʩʦʩʪʦʷʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ.  

ʅʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʵʢʦʩʠʩʪʝʤʥʦʡ ʫʩʣʫʛʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʳ ʟʘʧʘʩʘʪʴ ʫʛʣʝʨʦʜ ʨʝʛʫʣʠʨʫʶʪ 

ʧʦʯʚʝʥʥʦʝ ʧʣʦʜʦʨʦʜʠʝ, ʫʩʪʦʡʯʠʚʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʢʦʩʠʩʪʝʤ ʠ 

ʘʪʤʦʩʬʝʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (Lal et al., 1998). ʆʜʥʘʢʦ, ʦʩʪʘʝʪʩʷ 

ʥʝʷʩʥʳʤ, ʢʘʢ ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʚʘʨʴʠʨʫʝʪʩʷ ʤʝʞʜʫ 

ʨʘʟʥʳʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ ʟʘʧʘʜʠʥʥʦʛʦ ʨʷʜʘ. ʅʝʦʯʝʚʠʜʥʦ ʪʘʢʞʝ, ʢʘʢʦʚ ʚʢʣʘʜ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʘʩʦʚ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʢʘʢʦʚʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʧʦʯʚʝʥʥʦʡ 

ʚʣʘʛʠ ʥʘ ʧʦʯʚʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚ ʟʘʧʘʜʠʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ 

ʣʝʩʦʩʪʝʧʠ. 

ʆʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ, ʘ ʪʘʢʞʝ 

ʘʥʘʣʠʟ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʠ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʷʚʣʷʶʪ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʳʡ ʵʣʝʤʝʥʪ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ 6.5 

çʉʪʨʘʪʝʛʠʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʜʦ 2050 ʛ.è, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʚ ʛʣʦʙʘʣʴʥʦʤ, ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʣʦʢʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʘʭ. ʀʥʪʝʥʩʠʚʥʳʡ ʩʮʝʥʘʨʠʡ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʦʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʧʨʘʚʣʷʝʤʳʭ ʵʢʦʩʠʩʪʝʤ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʜʨʝʥʠʷ ʧʨʘʢʪʠʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʢʢʫʤʫʣʷʮʠʶ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʩʦʢʨʘʱʝʥʠʝ ʝʛʦ ʧʦʪʝʨʴ 

(ɺʠʥʦʛʨʘʜʦʚʘ ʠ ʜʨ., 2022; ʈʦʤʘʥʝʥʢʦʚ ʠ ʜʨ., 2023). ʇʦ ʩʣʦʚʘʤ ɹ.ʄ. ʂʦʛʫʪʘ 

(2021) çʯʪʦʙʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʸʪʳ ʧʦʯʚʝʥʥʦʡ ʩʝʢʚʝʩʪʨʘʮʠʠ 

ʫʛʣʝʨʦʜʘ ʢʘʢ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʝʪ, ʣʠʙʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʘʢ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʦʚʝʨʥʘʷè. ʉʫʱʝʩʪʚʫʶʱʠʝ ʛʣʦʙʘʣʴʥʳʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʦʮʝʥʢʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʫʱʝʩʪʚʫʶʱʫʶ ʚʥʫʪʨʠʣʘʥʜʰʘʬʪʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (Doetterl et al., 2025), ʤʦʟʘʠʯʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʚ ʣʘʥʜʰʘʬʪʘʭ ʣʝʩʦʩʪʝʧʠ ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ (ʉʦʨʦʢʠʥʘ, 2016; Zhu et al., 2019).  



7 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʘʭ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʪʝʭʥʠʢʠ ʠ ʧʨʠʙʦʨʥʦʡ 

ʙʘʟʳ, ʘ ʪʘʢʞʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʮʝʣʷʭ 

ʦʩʥʘʱʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʦʥʝ ʣʝʩʦʩʪʝʧʠ.  

ɿʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʶ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʢʣʶʯʝʚʦʤ ʫʯʘʩʪʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʦʧʠʩʘʪʴ ʩʚʦʡʩʪʚʘ ʧʦʯʚ, ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʟʘʧʘʩʳ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʫʩʪʘʥʦʚʠʪʴ ʬʘʢʪʦʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʘʭ ʛʠʜʨʦʤʦʨʬʥʦʛʦ ʨʷʜʘ. 

2. ʆʮʝʥʠʪʴ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʯʚ 

ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʨʘʥʞʠʨʦʚʘʪʴ ʠʭ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʚʷʟʳʚʘʪʴ ʫʛʣʝʨʦʜ ʥʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

3. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚʳʧʦʣʥʠʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʧʨʦʛʥʦʟ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʣʦʛʠʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʦʮʝʥʦʢ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠ .̫ ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʠ ʦʪʜʝʣʴʥʳʝ ʧʦʯʚʳ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʝʩʦʩʪʝʧʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ 

ʥʘ ʜʘʥʥʳʭ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2022-2025 ʛ. ʧʦ 

ʧʨʦʝʢʪʫ ˉ 22-77-10062 çɻʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʠ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʠ ʧʦʯʚ 

ʟʘʧʘʜʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʝʩʦʩʪʝʧʠè. ʂʘʪʝʛʦʨʠʘʣʴʥʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ 

ʦʮʝʥʢʠ ʫʛʣʝʨʦʜ-ʩʚʷʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚʳ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʛʣʦʩʩʘʨʠʷ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ 

ʵʢʩʧʝʨʪʦʚ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ (ʄɻʕʀʂ) (IPCC, 2021), ʨʘʙʦʪ ʟʘʨʫʙʝʞʥʳʭ ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʂʦʛʫʪ, ʉʝʤʝʥʦʚ., 2020; Padarian et al., 2022; Don et al., 2024). ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʧʠʩʘʪʝʣʴʥʳʡ, ʩʨʘʚʥʠʪʝʣʴʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ, ʭʠʤʠʢʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʡ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʤʝʪʦʜʳ; ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɺ ʯʘʩʪʥʦʩʪʠ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʧʦʯʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ;  

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʯʚʳ (ɺʦʨʦʙʴʝʚʘ, 

1998; ʉʦʢʦʣʦʚ 2009; ʊʠʤʦʬʝʝʚʘ, ʖʜʠʥʘ, 2025); ʤʝʪʦʜʳ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ 
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ʦʧʠʩʘʥʠʷ (ʊʠʭʦʜʝʝʚʘ, ʃʝʙʝʜʝʚʘ, 2022); ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʝ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ 

(Minasny, Mcbratney, 2025); ʧʦʜʭʦʜʳ ʮʠʬʨʦʚʦʡ ʧʦʯʚʝʥʥʦʡ ʢʘʨʪʦʛʨʘʬʠʠ 

(McBratney ʠ ʜʨ., 2003). ʀʩʧʦʣʴʟʦʚʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ SoilGen (Finke, 2024). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʧʝʨʚʦʤ ʧʦʜʨʦʙʥʦʤ ʦʧʠʩʘʥʠʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʛʠʜʨʦʤʦʨʬʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʣʘʛʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʤʠʢʨʦʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʨʨʠʪʦʨʠʠ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʣʘʞʥʦʩʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʪ.ʝ. ʚ ʟʘʧʘʜʠʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʣʝʩʦʩʪʝʧʠ ɽʊʈ ʚʣʘʛʘ 

ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʫʛʣʝʨʦʜʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʥʘʯʠʤʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʣʘʥʜʰʘʬʪʘʭ ʵʢʦʪʦʥʦʚ, ʯʪʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʪʦʯʥʠʪʴ ʠʤʝʶʱʠʝʩʷ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʘʨʩʝʥʘʣ ʦʮʝʥʢʠ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ 

ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʫʯʝʪʦʤ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʚʥʫʪʨʠʣʘʥʜʰʘʬʪʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʚʥʦʩʷʪ 

ʚʢʣʘʜ ʚ ʛʝʥʝʪʠʯʝʩʢʦʝ ʧʦʯʚʦʚʝʜʝʥʠʝ ʛʠʜʨʦʤʦʨʬʥʳʭ ʠ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ 

ʣʝʩʦʩʪʝʧʠ.   

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʫʙʣʠʢʘʮʠʠ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʣʦʞʝʥʳ ʥʘ 8 ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ (The 4th International ISMC Conference, ʊʷʥʮʟʠʥʴ, 

2024; çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠʟʤʝʥʝʥʠʠ 

ʢʣʠʤʘʪʘ, ʧʦʚʳʰʝʥʠʠ ʧʣʦʜʦʨʦʜʠʷ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚè, ʊʘʰʢʝʥʪ, 2025). ʇʦ 

ʪʝʤʝ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 7 ʨʘʙʦʪ, ʠʟ ʥʠʭ 5 ʩʪʘʪʝʡ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ Scopus, Web of Science, RSCI 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨ ʚʳʧʦʣʥʷʣ ʩʙʦʨ ʬʘʢʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚ ʧʝʨʠʦʜ ʩ 2022 ʧʦ 2025 ʛ.; ʧʨʦʚʦʜʠʣ ʧʦʣʝʚʳʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ, 
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ʧʦʜʛʦʪʘʚʣʠʚʘʣ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʚʳʧʦʣʥʷʣ ʚʝʨʠʬʠʢʘʮʠʶ ʠ ʢʘʣʠʙʨʦʚʢʫ ʤʦʜʝʣʝʡ ʧʦ ʜʘʥʥʳʤ ʧʦʣʝʚʳʭ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʷʣ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1) ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʟʘʧʘʩʦʚ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʝʩʦʩʪʝʧʠ 

ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʦʙʲʸʤ ʠ 

ʩʦʩʪʘʚ ʧʦʩʪʫʧʘʶʱʝʛʦ ʦʧʘʜʘ, ʘ ʪʘʢʞʝ ʚʦʜʥʳʡ ʨʝʞʠʤ, 

ʜʝʪʝʨʤʠʥʠʨʫʝʤʳʡ ʤʠʢʨʦʨʝʣʴʝʬʦʤ.  

2) ʉʝʢʚʝʩʪʨʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, 

ʨʝʞʠʤʘ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʩʣʦʚʠʡ ʫʚʣʘʞʥʝʥʠʷ. ʀʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ SoilGen ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ 

ʩʤʝʥʝ ʩʠʩʪʝʤ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

3) ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ 

ʧʨʝʚʳʰʘʝʪ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʚ ʩʣʘʙʦʛʠʜʨʦʤʦʨʬʥʳʭ ʠ ʛʠʜʨʦʤʦʨʬʥʳʭ 

ʧʦʟʠʮʠʷʭ. ʋʯʸʪ ʤʝʞʫʨʦʯʠʱʥʳʭ ʨʘʟʣʠʯʠʡ ʠ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʮʝʥʦʢ ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 148 

ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 38 ʨʠʩʫʥʢʦʚ ʠ 7 ʪʘʙʣʠʮ. ɸ ʪʘʢʞʝ 2 ʧʨʠʣʦʞʝʥʠʷ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʩʦʜʝʨʞʠʪ 145 ʠʩʪʦʯʥʠʢʦʚ, ʠʟ ʥʠʭ 74 ʥʘ 

ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʢʘʥʜʠʜʘʪʫ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʇ.ʇ. ʂʨʝʯʝʪʦʚʫ, ʩʦʪʨʫʜʥʠʢʘʤ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʇʦʯʚʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ɺ. 

ɼʦʢʫʯʘʝʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʖʨʦʚʦʡ ɸ.ʖ., ʌʠʣ ʁʇ.ʇ., ʃʦʟʙʝʥʝʚʫ ʅ.ʀ. ʠ ʦʪʜʝʣʴʥʦ 

ʉʤʠʨʥʦʚʦʡ ʄ.ɸ. ʟʘ ʧʦʜʜʝʨʞʢʫ ʚ ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʩʙʦʨʝ 

ʧʦʣʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʦʣʥʝʥʠʠ ʘʥʘʣʠʟʦʚ ʠ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʅʌ ˉ 22-77-10062 

çɻʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʠ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʠ ʧʦʯʚ ʟʘʧʘʜʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʣʝʩʦʩʪʝʧʠè. 
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ɻʣʘʚʘ 1. ʈʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ 

ʧʦʯʚ ʣʝʩʦʩʪʝʧʥʳʭ ʟʘʧʘʜʠʥ  

1.1 ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ 

ʀʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʣʝʩʦʩʪʝʧʠ ʚʦʩʭʦʜʠʪ ʢ 

ʥʘʯʘʣʘʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ.ɺ. ɼʦʢʫʯʘʝʚ ʚ 

çʈʫʩʩʢʦʤ ʯʝʨʥʦʟʝʤʝè (1883), ʦʧʠʩʳʚʘʷ ʧʦʯʚʳ ʶʛʘ ʊʘʤʙʦʚʩʢʦʡ ʛʫʙʝʨʥʠʠ, 

ʫʧʦʤʠʥʘʝʪ çʝʜʚʘ ʟʘʤʝʪʥʳʝ, ʢʨʘʡʥʝ ʩʣʘʙʦ ʦʯʝʨʯʝʥʥʳʝ ʢʦʪʣʦʚʠʥʢʠè ʚ ʢʦʪʦʨʳʭ 

ʦʪʤʝʯʘʣʠʩʴ ʧʦʯʚʳ ʩ ʤʘʣʦʤʦʱʥʳʤ ʩʚʝʪʣʦ-ʩʝʨʳʤ ʠ ʧʦʜʟʦʣʠʩʪʳʤ ʛʦʨʠʟʦʥʪʘʤʠ, 

ʘ ʪʘʢʞʝ ʢʦʯʢʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʫʩʣʘʚʣʠʚʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ 

çʙʝʩʧʣʦʜʥʳʭ ʣʳʩʠʥè ʜʣʠʪʝʣʴʥʳʤ ʚʝʩʝʥʥʠʤ ʟʘʩʪʦʝʤ ʜʦʞʜʝʚʦʡ ʚʦʜʳ. ɺ 

çʅʘʰʠʭ ʩʪʝʧʷʭ ʧʨʝʞʜʝ ʠ ʪʝʧʝʨʴè (1886) ɺ.ɺ. ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʘ çʧʣʦʩʢʠʭ ʦʢʨʫʛʣʳʭ ʚʧʘʜʠʥʘʭ, ʨʘʟʛʨʘʥʠʯʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʶ ʥʝʙʦʣʴʰʠʤʠ, 

ʤʘʣʦʟʘʤʝʪʥʳʤʠ ʚʦʟʚʳʰʝʥʠʷʤʠè, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ 

ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ, ʦʪʤʝʯʘʷ ʙʦʣʝʝ ʧʦʩʪʝʧʝʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʧʦʯʚʝʥʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʩʢʠʧʘʥʠʷ ʩ 

ʢʠʩʣʦʪʘʤʠ ʧʦʯʚ ʚ ʜʥʠʱʘʭ ʟʘʧʘʜʠʥ. ʆʧʠʩʘʥʠʷ ʟʘʧʘʜʠʥʥʳʭ ʧʦʯʚ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʨʘʙʦʪʘʭ ɸ.ɸ. ʀʟʤʘʠʣʴʩʢʦʛʦ (1900), ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʅ.ʄ. ʉʠʙʠʨʮʝʚʘ (1895). 

ɺ ʩʚʦʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷʭ ʣʫʛʦʚʳʝ ʧʦʯʚʳ ʣʝʩʦʩʪʝʧʝʡ ʪʘʢʞʝ ʦʧʠʩʳʚʘʶʪ ʉ.ʉ. 

ʅʝʫʩʪʨʫʝʚ (1916) ʠ ʉ.ɸ. ɿʘʭʘʨʦʚ (1927), ʧʨʠʚʦʜʷʪ ʠʭ ʥʘ ʫʨʦʚʥʝ ʪʠʧʘ, ʩʩʳʣʘʷʩʴ 

ʧʨʠ ʵʪʦʤ ʥʘ ʪʨʫʜ ɻ.ʄ. ʊʫʤʠʥʘ çʇʦʯʚʳ ʊʘʤʙʦʚʩʢʦʡ ʛʫʙʝʨʥʠʠè (1915, ʯ.1). 

ʋʧʦʤʠʥʘʣ ʦ ʧʦʯʚʘʭ ʣʝʩʦʩʪʝʧʥʳʭ ʩʪʝʧʥʳʭ ʟʘʧʘʜʠʥ ʠ ɺ.ʈ. ɺʠʣʴʷʤʩ (1939). ʅ.ɺ. 

ʆʨʣʦʚʩʢʠʡ (1946) ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣ ʛʠʜʨʦʤʦʨʬʥʳʝ ʠ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʝ 

ʧʦʯʚʳ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʚʥʝʩ ʅ. ʅ. ʈʦʟʦʚ (1939), ʚʧʝʨʚʳʝ ʚʳʜʝʣʠʚʰʠʡ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ ʧʦʯʚʳ ʚ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʪʠʧ, ʪʦʛʜʘ ʢʘʢ ʨʘʥʝʝ ʠʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʣʠʰʴ ʢʘʢ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʚʳʩʦʢʦʛʫʤʫʩʥʳʭ ʯʝʨʥʦʟʸʤʦʚ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʛʣʫʙʠʥʘ ʨʘʟʨʝʟʦʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʧʨʠ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʤ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʠ, ʥʝ ʧʦʟʚʦʣʷʣʘ ʫʚʠʜʝʪʴ ʧʨʠʟʥʘʢʠ 

ʦʛʣʝʝʥʠʷ ʚ ʧʨʦʬʠʣʝ ʤʥʦʛʠʭ ʟʘʧʘʜʠʥʥʳʭ ʧʦʯʚ (ʀʚʘʥʦʚʘ, 1976), ʠʟ-ʟʘ ʯʝʛʦ ʦ 

ʟʘʧʘʜʠʥʥʳʭ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ ʯʝʨʥʦʟʝʤʥʦʛʦ ʨʷʜʘ, ʘ ʪʘʢʞʝ ʦʙ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʫʯʘʩʪʠʠ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ, 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʙʳʣʦ ʤʘʣʦ ʣʠʪʝʨʘʪʫʨʥʳʭ ʩʚʝʜʝʥʠʡ.  

ʇʝʨʚʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʫʛʦʚʳʭ ʧʦʯʚ ʣʝʩʦʩʪʝʧʠ 

ʦʪʥʦʩʷʪʩʷ ʢ 1950 ʛʛ. ɺ ʨʘʙʦʪʘʭ ʅ.ʅ. ʈʦʟʦʚʘ, ɺʘʜʢʦʚʩʢʦʡ (1956), ɽ.ʅ. ʀʚʘʥʦʚʦʡ 

ʧʨʠʚʦʜʷʪʩʷ ʧʝʨʚʳʝ ʧʦʜʨʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 
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ʙʝʩʩʪʦʯʥʳʭ ʦʙʣʘʩʪʝʡ ʣʝʩʦʩʪʝʧʠ. ʉʨʝʜʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʪʦʛʜʘ 

ʦʪʤʝʯʘʣʠʩʴ ʧʨʠʟʥʘʢʠ ʦʛʣʝʝʥʠʷ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʝ ʥʘ ʛʣʫʙʠʥʝ 50-80 ʩʤ ʩʨʘʟʫ 

ʧʦʜ ʛʫʤʫʩʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ. ɽ.ʅ. ʀʚʘʥʦʚʘ ʦʪʤʝʯʘʣʘ, ʯʪʦ ʘʚʪʦʤʦʨʬʥʳʝ 

ʯʝʨʥʦʟʝʤʳ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʟʘʥʠʤʘʶʪ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʳʝ ʘʨʝʘʣʳ ʚ ʥʝʰʠʨʦʢʠʭ ʧʨʠʨʝʯʥʳʭ ʠ ʧʨʠʙʘʣʦʯʥʳʭ 

ʟʦʥʘʭ.  

ʀʟʫʯʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʦ ʚʝʣʦʩʴ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 1960-1980 ʛʛ. (ɹ.ʇ. ɸʭʪʳʨʮʝʚ ʠ ɹ.ʊ. ɼʞʝʛʝʨʠʩ (1959)), ʇ.ɻ. 

ɸʜʝʨʠʭʠʥ (1960), ɽ.ʄ. ʉʘʤʦʡʣʦʚʘ, ʅ.ɺ. ʗʢʫʰʝʚʩʢʘʷ (1969, 1970, 1972), ɺ.ʂ. 

ɹʫʛʘʝʚʩʢʠʡ (1972), ɸ.ɹ. ɸʭʪʳʨʮʝʚ (1974), ɸ.ɹ. ɸʭʪʳʨʮʝʚ ʠ ɻ.ʄ. ʂʘʜʝʨ (1975). 

ʇʦʣʫʛʠʜʨʦʤʦʨʬʥʳʝ ʧʦʯʚʳ ʯʝʨʥʦʟʝʤʥʦʛʦ ʨʷʜʘ ʩʪʘʣʠ ʚʳʜʝʣʷʪʴʩʷ ʧʨʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʢʘʨʪʠʨʦʚʘʥʠʠ ʧʦʯʚ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʂʨʘʩʠʥʘ, 2014). 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʪʤʝʯʝʥ ʧʝʨʝʭʦʜ ʢ ʜʝʪʘʣʴʥʳʤ ʩʪʘʮʠʦʥʘʨʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʠ 

ʨʝʞʠʤʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʧʦʥʠʤʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʢʘʢ ʚʥʫʪʨʠ ʧʦʯʚʳ, ʪʘʢ ʠ ʧʦʯʚʳ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʣʘʥʜʰʘʬʪʘ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʦʜʨʦʙʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʷʜʳ ʧʦʯʚ 

ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʛʠʜʨʦʤʦʨʬʠʟʤʘ, ʚʢʣʶʯʘʶʱʠʝ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʝ ʠ 

ʛʠʜʨʦʤʦʨʬʥʳʝ ʧʦʯʚʳ. ʇʦʢʘʟʘʥʘ ʫʩʪʦʡʯʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʢʨʦʨʝʣʴʝʬʘ ʠ ʩʝʟʦʥʥʦʡ 

ʜʠʥʘʤʠʢʠ ʫʚʣʘʞʥʝʥʠʷ, ʦʪʤʝʯʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʛʠʜʨʦʤʦʨʬʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʯʚ ʯʝʨʥʦʟʝʤʥʦʛʦ ʨʷʜʘ (ʉʘʤʦʡʣʦʚʘ, 

ʗʢʫʰʝʚʩʢʘʷ, 1970).  

ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʟʘʧʘʜʠʥʥʳʭ ʧʦʯʚ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-

ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʚʥʝʩʣʘ ɽ.ʄ. ʉʘʤʦʡʣʦʚʘ. ʇʦʜ ʝʸ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚ 70-80 

ʛʛ. XX ʚ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʝʪʘʣʴʥʳʝ ʧʦʯʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʞʠʤʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ, ʫʩʪʘʥʦʚʠʚʰʠʝ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ ʟʘʧʘʜʠʥʥʦʛʦ ʨʷʜʘ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ï ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʨʘʜʠʝʥʪʝ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ; ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʟʥʘʥʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ï ʦʧʠʩʘʥʳ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ ʪʝʨʨʠʪʦʨʠʠ; ʫʩʪʘʥʦʚʣʝʥʘ ʚʝʜʫʱʘʷ ʨʦʣʴ ʩʝʟʦʥʥʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; ʦʧʠʩʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʛʫʤʫʩʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʧʦʯʚ ï ʨʘʟʣʠʯʠʷ ʚ ʨʘʜʠʘʣʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʝʛʦ ʩʦʩʪʘʚʘ ʚ ʧʦʯʚʘʭ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʛʠʜʨʦʤʦʨʬʠʟʤʘ. ʇʨʦʚʝʜʝʥʳ ʤʥʦʛʦʣʝʪʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚʦʜʥʦʛʦ 

ʨʝʞʠʤʘ ʣʫʛʦʚʳʭ ʩʦʣʦʥʮʦʚ ʠ ʩʦʣʦʜʝʡ.  

ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʦʯʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʙʳʣʘ ʚʧʝʨʚʳʝ ʦʙʦʙʱʝʥʘ ʥʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʤ 
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ʫʨʦʚʥʝ ʪʦʣʴʢʦ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʇʦʯʚʝʥʥʦʡ ʢʘʨʪʳ ʈʉʌʉʈ 1988, ʩʪʘʚʰʝʡ 

ʨʝʟʫʣʴʪʘʪʦʤ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʦʯʚʝʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʧʦʜ 

ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹ. ʇ. ɸʭʪʳʨʮʝʚʘ ʠ ʧʨʠʰʝʜʰʠʭʩʷ ʥʘ ʧʠʢ 

ʫʚʣʘʞʥʸʥʥʦʩʪʠ 1960ï1970-ʭ ʛʛ. 

ʅ.ɺ. ɼʝʥʠʩʦʚʘ, ʅ.ʀ. ʃʝʙʝʜʝʚʘ (1978), ʠʟʫʯʘʣʠ ʉʇʇ ʚ ʚʝʨʭʦʚʴʷʭ ʨʝʢ 

ʄʘʪʳʨʳ, ɺʦʨʦʥʝʞʘ, ʥʘ ʩʢʣʦʥʝ ʨ. ʎʥʳ, ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʦʯʚʳ ʜʥʠʱ 

ʟʘʧʘʜʠʥ ʘʥʘʣʦʛʠʯʥʳ ʛʝʥʝʪʠʯʝʩʢʠ ʦʪʣʠʯʥʳʤ ʩʝʨʳʤ ʛʣʝʝʚʘʪʳʤ, ʩʚʝʪʣʦ-ʩʝʨʳʤ 

ʣʝʩʥʳʤ ʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʤ ʧʦʯʚʘʤ. 

ʇʦʜʨʦʙʥʳʝ ʧʦʯʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʪʠʣʠʩʴ ʚ ʢʦʥʮʝ 

1980-ʭ ʛʛ. ɺ ʧʝʨʠʦʜ ʩ 1990 ʧʦ 2000 ʛʦʜ ʧʫʙʣʠʢʦʚʘʣʠʩʴ ʨʘʙʦʪʳ ɹ.ʇ. ɸʭʪʳʨʮʝʚʘ 

ʠ ʌ.ʈ. ɿʘʡʜʝʣʴʤʘʥʘ (1993) ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʳʜʫʱʠʭ ʣʝʪ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʨʦʥʠʯʝʩʢʦʝ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ ʚʝʜʸʪ ʢ ʦʛʣʝʝʥʠʶ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʩʥʠʞʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢ ʟʘʙʦʣʘʯʠʚʘʥʠʶ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʝʨʠʦʜ 1990-2010 ʛʛ. ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʧʨʝʞʜʝ 

ʨʘʩʧʘʭʠʚʘʝʤʳʭ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ ʯʝʨʥʦʟʝʤʥʦʛʦ ʨʷʜʘ ʥʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʠ ʦʢʘʟʘʣʠʩʴ ʟʘʥʷʪʳ ʩʦʨʥʳʤʠ ʚʠʜʘʤʠ ʨʘʩʪʝʥʠʡ. ɺ ʜʦʢʪʦʨʩʢʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ ɹ.ʇ. ɸʭʪʳʨʮʝʚʘ (1999) ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʛʫʤʫʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚ ʣʝʩʦʩʪʝʧʠ.  

ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ ʠ ɸ.ɹ. ɸʭʪʳʨʮʝʚʳʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʛʨʫʧʧʳ ʧʦʯʚ ʧʦ 

ʩʪʝʧʝʥʠ ʛʠʜʨʦʤʦʨʬʠʟʤʘ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʨʦʚʝʜʝʥʥʳʭ ʨʝʞʠʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʛʨʫʧʧʳ ʧʦʯʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ: ʙʦʣʝʝ 6 ʤ ï ʨʘʟʣʠʯʥʳʝ 

ʧʦʜʪʠʧʳ ʯʝʨʥʦʟʝʤʦʚ, 3ï6 ʤ ï ʨʘʟʣʠʯʥʳʝ ʧʦʜʪʠʧʳ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʦʚ, 1,5ï3 ʤ 

ï ʨʘʟʣʠʯʥʳʝ ʧʦʜʪʠʧʳ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ ʠ ʜʨʫʛʠʭ ʧʦʯʚ, 0ï1,5 ʤ ï 

ʙʦʣʦʪʥʳʝ ʠ ʜʨʫʛʠʝ ʛʠʜʨʦʤʦʨʬʥʳʝ ʧʦʯʚʳ. ʕʪʦ ʜʝʣʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʧʨʠʤʝʥʠʤʦ 

ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ (ʉʘʤʦʡʣʦʚʘ, 

1981). 

ʇʦʯʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʟʘʧʘʜʠʥ ʊʘʤʙʦʚʩʢʦʡ ʨʘʚʥʠʥʳ ʧʦʣʫʯʠʣ ʜʝʪʘʣʴʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɺ. ʂ. ɹʫʛʘʝʚʩʢʦʛʦ (1972), ɸ. ɹ. ʠ ɹ. ʇ. ɸʭʪʳʨʮʝʚʳʭ 

(1976, 1993), ɽ. ʄ. ʉʘʤʦʡʣʦʚʦʡ ʠ ʀ. ɺ. ʗʢʫʰʝʚʩʢʦʡ (1970), ʘ ʪʘʢʞʝ ɸ. ɼ. 

ʇʨʷʭʠʥʘ (1996-1997). 

ɸʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʠʣʠʩʴ ʩ ʩʝʨʝʜʠʥʳ 2000-ʭ ʛʛ.: 

ʛʠʜʨʦʤʦʨʬʥʳʝ ʧʦʯʚʳ ʨʝʛʠʦʥʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʩʦʩʪʦʷʥʠʝʤ 

ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ, ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ (ɿʘʡʜʝʣʴʤʘʥ, 

ʅʠʢʠʬʦʨʦʚʘ, ʉʪʝʧʘʥʮʦʚʘ, 2002; ʉʪʝʧʘʥʮʦʚʘ ʠ ʜʨ., 2006). ʉ. ɹ. ʉʘʬʨʦʥʦʚ (2008) 

ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʣ ʚʟʘʠʤʦʩʚʷʟʴ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʧʦʯʚ 

ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɸ.ɺ. ʊʨʫʙʥʠʢʦʚʳʤ 
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(2009) ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ ʛʨʫʧʧʠʨʦʚʢʝ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʩʪʨʫʢʪʫʨ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʶʞʥʦʡ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʦ-ʣʘʥʜʰʘʬʪʥʳʭ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʠ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ. ʆʧʠʩʘʥʘ ʤʦʨʬʦʣʦʛʠʷ ʟʘʧʘʜʠʥʥʳʭ ʧʦʯʚ, ʫʭʫʜʰʝʥʠʝ 

ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢ 

ʟʘʧʘʜʠʥʘʤ.  

ɺ 2010 ʛʛ. ʧʦʜʨʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʊʘʤʙʦʚʩʢʦʡ 

ʨʘʚʥʠʥʳ ʧʨʦʚʦʜʠʣʠʩʴ ɸ.ʅ. ʅʠʢʠʬʦʨʦʚʦʡ, ʃ.ɺ. ʉʪʝʧʘʥʮʦʚʦʡ, ɺ.ʅ. ʂʨʘʩʠʥʳʤ, 

ʊ.ɺ. ʂʨʘʩʠʥʦʡ. ɺ ʠʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪʘʭ (ʃ.ɺ. ʉʪʝʧʘʥʮʦʚʘ, 2012, ʊ.ɺ. 

ʂʨʘʩʠʥʘ, 2014) ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʳ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʧʦʯʚ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. ʀʩʩʣʝʜʦʚʘʥʘ ʩʚʷʟʴ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʩ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʃ.ɺ. ʉʪʝʧʘʥʮʦʚʘ ʠ 

ɺ.ʅ. ʂʨʘʩʠʥ (2011) ʧʨʝʜʣʦʞʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʛʣʫʙʠʥʳ 

ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʛʠʜʨʦʤʦʨʬʥʦʩʪʠ ʯʝʨʥʦʟʸʤʦʚ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʊʘʤʙʦʚʩʢʦʡ ʨʘʚʥʠʥʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʠʪʝʣʴʥʳʭ ʨʝʞʠʤʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪʳ ʌ.ʈ. ɿʘʡʜʝʣʴʤʘʥʘ ʦ ʛʝʥʝʟʠʩʝ ʠ ʜʝʛʨʘʜʘʮʠʠ 

ʯʝʨʥʦʟʸʤʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ (2012, 2013). ʇʦʢʘʟʘʥʦ, ʢʘʢ 

ʜʣʠʪʝʣʴʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʛʫʤʫʩʘʮʠʠ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ, 

ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʫʧʣʦʪʥʝʥʠʶ ʧʦʯʚʳ ʠ ʨʘʟʚʠʪʠʶ ʚʪʦʨʠʯʥʦʛʦ 

ʟʘʩʦʣʝʥʠʷ/ʩʦʣʦʥʮʝʚʘʪʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʟʘʤʝʜʣʝʥʥʦʛʦ ʜʨʝʥʘʞʘ. ʌ.ʈ 

ɿʘʡʜʝʣʴʤʘʥʦʤ, ʃ.ɺ. ʉʪʝʧʘʥʮʦʚʦʡ, ɸ.ʅ. ʅʠʢʠʬʦʨʦʚʦʡ, ɺ.ʅ. ʂʨʘʩʠʥʳʤ, ʊ.ɺ. 

ʂʨʘʩʠʥʦʡ ʧʨʦʚʦʜʠʣʠʩʴ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʯʝʨʥʦʟʝʤʦʚʠʜʥʳʭ ʧʦʯʚ, ʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ (2014, 2018, 

2019); ʇʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʜʝʛʨʘʜʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ (2015). ʇʨʝʜʣʦʞʝʥʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʛʠʜʨʦʤʦʨʬʠʟʤʘ. (Zaidelman et al., 2019) 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʣʩʷ ʤʦʥʠʪʦʨʠʥʛ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʥʜʝʥʮʠʡ: 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʥʘʯʘʣʝ XXI ʚʝʢʘ ʚ ʣʝʩʦʩʪʝʧʠ ʦʪʤʝʯʘʝʪʩʷ ʪʨʝʥʜ ʥʘ ʥʝʢʦʪʦʨʦʝ 

ʫʚʣʘʞʥʝʥʠʝ ʢʣʠʤʘʪʘ (ʨʦʩʪ ʦʩʘʜʢʦʚ) (ʉʤʠʨʥʦʚʘ ʠ ʜʨ., 2024).  

ɺʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʮʠʬʨʦʚʦʤʫ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

(ʅ.ʀ. ʃʦʟʙʝʥʝʚ, 2024) ʠ ʧʨʠʤʝʥʝʥʠʶ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʤʝʞʜʫʨʝʯʠʡ.  

ɺʦʜʥʳʡ ʨʝʞʠʤ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʠʟʫʯʘʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʣʝʩʦʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʩʲʝʤʢʠ ʩ ɹʇʃɸ 

(ʌʠʣʴ, 2025) 
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1.2. ʇʦʯʚʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʩʦʩʪʘʚ, ʬʨʘʢʮʠʠ 

ʇʦʜ ʧʦʯʚʝʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ (ʇʆɺ) ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʦʯʚʘʭ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ (ʆʨʣʦʚ, 2005). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʯʚʝʥʥʦʤ ʛʫʤʫʩʝ, ʨʘʩʢʨʳʪʦʝ ʥʠʞʝ. ɺ ʩʦʩʪʘʚ 

ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚʭʦʜʠʪ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʥʝ ʫʪʨʘʪʠʚʰʝʝ ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ ʩʣʦʞʝʥʠʷ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (ʆɺ) ï ʛʫʤʫʩ, ʧʦʜ ʢʦʪʦʨʳʤ 

ʧʦʥʠʤʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ, 

ʫʪʨʘʪʠʚʰʠʭ ʩʚʷʟʴ ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ 

(ʆʨʣʦʚ ʠ ʜʨ., 1996). ɻʫʤʫʩ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ, ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʛʫʤʠʬʠʢʘʮʠʠ (ʉʝʤʝʥʦʚ ʠ 

ʂʦʛʫʪ, 2015).  

ʇʦʯʚʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʥʝʦʜʥʦʨʦʜʥʦ ʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʣʠ ʬʨʘʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʠʪʝʨʠʝʚ ʨʘʟʜʝʣʝʥʠʷ 

(ʆʨʣʦʚ, 1996). ɺʳʜʝʣʷʶʪ ʙʠʦʣʦʛʠʯʝʩʢʦʝ, ʭʠʤʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ (ʚ ʪ.ʯ. 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʠ ʪʝʨʤʠʯʝʩʢʦʝ) ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ (ʌʘʨʭʦʜʦʚ, 2024). ʅʘʠʙʦʣʝʝ 

ʨʘʥʥʠʝ ʧʦʧʳʪʢʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʤʝʣʠ ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ (Walkley, 

Black, 1933; ʊʶʨʠʥ, 1951). ʀʟʫʯʝʥʠʝ ʧʫʣʦʚ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥʦ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʯʪʦ 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʧʫʣʳ ʠ ʫʩʪʘʥʦʚʠʪʴ ʠʭ 

ʩʦʩʪʘʚ, ʥʦ ʠ ʧʨʝʧʘʨʘʪʠʚʥʦ ʚʳʜʝʣʠʪʴ ʥʫʞʥʫʶ ʬʨʘʢʮʠʶ. 

ɺ ʈʦʩʩʠʠ ʦʜʥʠʤ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʠʢʘ ʀ.ɺ. 

ʊʶʨʠʥʘ (1951), ʦʩʥʦʚʳʚʘʶʱʘʷʩʷ ʥʘ ʚʳʜʝʣʝʥʠʠ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʠʭ ʩʚʷʟʠ ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʧʦʯʚʳ.  

ʇʦ ʀ.ɺ. ʊʶʨʠʥʫ (1951) ʛʫʤʫʩʦʚʳʝ ʚʝʱʝʩʪʚʘ ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʬʨʘʢʮʠʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʫ ʩʚʷʟʠ ʩ 

ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʧʦʯʚʳ. ɻʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʧʝʨʚʦʡ ʬʨʘʢʮʠʠ (ɻʂ-I) 

ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʤʠ: ʦʥʠ ʣʝʛʢʦ ʠʟʚʣʝʢʘʶʪʩʷ ʨʘʩʪʚʦʨʦʤ ʱʸʣʦʯʠ 

ʠ ʚʢʣʶʯʘʶʪ ʢʘʢ ʩʚʦʙʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʜʚʠʞʥʳʤʠ 

ʬʦʨʤʘʤʠ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ. ɻʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʚʪʦʨʦʡ ʬʨʘʢʮʠʠ 

(ɻʂ-II) ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʣʠʰʴ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʢʘʣʴʮʠʷ ʠʟ ʧʦʯʚʳ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʨʘʞʘʶʪ ʧʨʦʯʥʫʶ ʘʩʩʦʮʠʘʮʠʶ ʦʨʛʘʥʠʢʠ ʩ ʢʘʣʴʮʠʝʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ. ʊʨʝʪʴʷ ʬʨʘʢʮʠʷ (ɻʂ-III) ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʠ ʚʳʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʣʘʙʦʡ ʱʸʣʦʯʴʶ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ; ʦʥʘ ʩʚʷʟʘʥʘ ʩ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʤʠ ʧʦʣʫʪʦʨʥʳʤʠ ʦʢʩʠʜʘʤʠ ʠ 

ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. 
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ʌʫʣʴʚʦʢʠʩʣʦʪʳ ʪʘʢʞʝ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʚʳʜʝʣʷʶʪ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʝ ʬʨʘʢʮʠʠ, ʣʝʛʢʦ ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʨʘʩʪʚʦʨ ʠ 

ʩʧʦʩʦʙʥʳʝ ʢ ʤʠʛʨʘʮʠʠ ʧʦ ʧʨʦʬʠʣʶ, ʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ 

ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ. ɼʦʧʦʣʥʷʝʪ ʢʘʨʪʠʥʫ ʥʝʛʠʜʨʦʣʠʟʫʝʤʳʡ ʦʩʪʘʪʦʢ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʪʫ ʜʦʣʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʘʷ ʥʝ 

ʧʦʜʜʘʸʪʩʷ ʵʢʩʪʨʘʢʮʠʠ ʥʠ ʢʠʩʣʦʪʘʤʠ, ʥʠ ʱʝʣʦʯʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʠʙʦʣʝʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʠ ʩʪʦʡʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʛʫʤʫʩʘ (ʊʶʨʠʥ, 1951; ʇʦʥʦʤʘʨʝʚʘ, 

ʇʣʦʪʥʠʢʦʚʘ, 1980). 

ʆʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʛʫʤʫʩʦʚʳʭ 

ʚʝʱʝʩʪʚ ʧʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʷʝʤʦʩʪʠ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʰʢʦʣʝ ʧʦʯʚʦʚʝʜʝʥʠʷ 

ʧʨʠʤʝʥʷʣʩʷ ʙʠʭʨʦʤʘʪʥʳʡ ʤʝʪʦʜ ʀ.ɺ. ʊʶʨʠʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʉ.ʀ. 

ʉʘʚʠʯʝʤ ʠ ʉ.ʅ. ʉʦʢʦʣʦʚʳʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʟʜʝʣʷʪʴ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ʥʘ ʯʘʩʪʠ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʦʢʠʩʣʝʥʠʶ 

ʙʠʭʨʦʤʘʪʦʤ ʢʘʣʴʮʠʷ.  

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʨʘʟʣʠʯʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʢ ʦʢʠʩʣʝʥʠʶ K2Cr2O7 ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ: ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʧʨʠ 30-ʤʠʥʫʪʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 150-160Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʣʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʝʜʠʥʝʥʠʷ ʵʪʦʡ ʛʨʫʧʧʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʛʥʠʥʘʤ, ʥʝʛʠʜʨʦʣʠʟʫʝʤʦʤʫ ʦʩʪʘʪʢʫ ʧʨʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ. 

ʉʨʝʜʥʝʦʢʠʩʣʷʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʧʨʠ ʧʷʪʠʤʠʥʫʪʥʦʤ ʦʢʠʩʣʝʥʠʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʴʰʠʥʩʪʚʫ ʩʦʝʜʠʥʝʥʠʡ ʧʦʯʚʝʥʥʦʛʦ ʛʫʤʫʩʘ, ʘ ʪʘʢʞʝ ʣʠʧʠʜʘʤ 

ʠ ʥʝʢʦʪʦʨʳʤ ʧʦʣʠʩʘʭʘʨʠʜʘʤ. ʃʝʛʢʦʦʢʠʩʣʷʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʳʜʝʣʷʝʤʳʝ ʧʨʠ 

10-ʤʠʥʫʪʥʦʤ ʦʢʠʩʣʝʥʠʠ ʙʠʭʨʦʤʘʪʦʤ ʢʘʣʴʮʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʴʰʠʥʩʪʚʫ ʫʛʣʝʚʦʜʦʚ ʠ ʜʨʫʛʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʩ ʚʳʩʦʢʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʜʦʩʪʠʛʘʶʱʠʭ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʩʚʝʞʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ï ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʘʭ (ʉʦʢʦʣʦʚ, 2009; ʉʘʚʠʯ ʠ 

ʜʨ., 1980).  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʸ ʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʇʆɺ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʜʝʣʷʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʫʣʳ ʫʛʣʝʨʦʜʘ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

(ʉʝʤʝʥʦʚ, 2023ʘ; Lavallee et al., 2019). ʅʘʠʙʦʣʝʝ ʦʙʱʝʧʨʠʥʷʪʦ ʚʳʜʝʣʝʥʠʝ ʜʚʫʭ 

ʢʣʶʯʝʚʳʭ ʧʫʣʦʚ: ʯʘʩʪʠʯʥʦ ʨʘʟʣʦʞʠʚʰʝʛʦʩʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

(particulate organic matter, POM) ʠ ʤʠʥʝʨʘʣ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (mineral-associated organic matter, MAOM). 

ʇʫʣ POM ʚʢʣʶʯʘʝʪ ʩʚʝʞʠʝ ʠ ʯʘʩʪʠʯʥʦ ʨʘʟʣʦʞʠʚʰʠʝʩʷ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʦʩʪʘʪʢʠ, ʢʘʢ ʩʚʦʙʦʜʥʳʝ ʚ ʧʦʯʚʝʥʥʦʡ ʤʘʩʩʝ, ʪʘʢ ʠ ʦʢʢʣʶʜʠʨʦʚʘʥʥʳʝ ʚ 

ʘʛʨʝʛʘʪʘʭ. ʆʥ ʩʯʠʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʘʙʠʣʴʥʳʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ 
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ʚʨʝʤʝʥʝʤ ʦʙʦʨʦʪʘ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʜʦ ʜʝʩʷʪʠʣʝʪʠʡ. ʅʘʧʨʦʪʠʚ, ʧʫʣ MAOM 

ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʠʢʨʦʙʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʩʦʨʙʠʨʦʚʘʥʥʳʤ ʥʘ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮʘʭ. 

ɹʣʘʛʦʜʘʨʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʦʨʛʘʥʠʢʠ ʠ ʤʠʥʝʨʘʣʦʚ 

MAOM ʬʦʨʤʠʨʫʝʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʨʝʟʝʨʚ ʫʛʣʝʨʦʜʘ ʩ ʚʨʝʤʝʥʝʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʪ ʜʝʩʷʪʠʣʝʪʠʡ ʜʦ ʩʪʦʣʝʪʠʡ (ʉʝʤʝʥʦʚ ʠ ʜʨ., 2023ʙ). 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʦʣʴ ʵʪʠʭ ʧʫʣʦʚ ʨʘʟʣʠʯʥʘ: POM ʦʪʨʘʞʘʝʪ ʬʘʟʫ 

ʘʢʪʠʚʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ MAOM 

ʦʪʚʝʯʘʝʪ ʟʘ ʝʛʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʜʝʧʦʥʠʨʦʚʘʥʠʝ. ʇʨʠ ʵʪʦʤ MAOM 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʥʘʩʳʱʝʥʠʶ, ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʩʚʦʡʩʪʚʘʤʠ 

ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʪʨʠʮʳ (Georgiou et al., 2025), ʪʦʛʜʘ ʢʘʢ POM, ʤʝʥʝʝ ʩʚʷʟʘʥʥʳʡ 

ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʴʶ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ 

(ʍʦʣʦʜʦʚ, 2023). 

ʀʟʫʯʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʘʧʘʜʠʥʥʳʭ 

ʣʘʥʜʰʘʬʪʘʭ ʜʦʣʛʦʝ ʚʨʝʤʷ ʚʝʣʦʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʛʫʤʫʩʦʚʦʡ ʧʘʨʘʜʠʛʤʳ, ʛʜʝ ʚʥʠʤʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʠʚʘʣʦʩʴ ʥʘ ʩʦʩʪʘʚʝ, ʬʨʘʢʮʠʷʭ 

ʠ ʤʝʭʘʥʠʟʤʘʭ ʛʫʤʠʬʠʢʘʮʠʠ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʘʷ ʧʦʚʝʩʪʢʘ ʚʳʭʦʜʠʪ ʟʘ 

ʧʨʝʜʝʣʳ ʵʪʦʛʦ ʢʨʫʛʘ ʚʦʧʨʦʩʦʚ. ʉʝʛʦʜʥʷ ʧʦʯʚʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʦʙʲʝʢʪ ʣʦʢʘʣʴʥʳʭ ʧʦʯʚʝʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʢʘʢ ʘʢʪʠʚʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʛʣʦʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ. ʀʭ ʩʧʦʩʦʙʥʦʩʪʴ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʠ 

ʩʦʭʨʘʥʷʪʴ ʫʛʣʝʨʦʜ ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʠ ʟʘʜʘʯʘʤʠ ʠʭ ʩʤʷʛʯʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʫʯʥʳʡ ʦʙʦʨʦʪ ʚʭʦʜʷʪ 

ʥʦʚʳʝ ʢʘʪʝʛʦʨʠʠ ï çʩʝʢʚʝʩʪʨʘʮʠʷè ʠ çʜʝʧʦʥʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘè, ʦʪʨʘʞʘʶʱʠʝ 

ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʝ ʩʚʦʡʩʪʚʘ ʛʫʤʫʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ, ʥʦ ʠ ʠʭ ʨʦʣʴ ʚ 

ʛʣʦʙʘʣʴʥʦʤ ʫʛʣʝʨʦʜʥʦʤ ʙʘʣʘʥʩʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʥʠʮʠʘʪʠʚʘʭ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʫʛʣʝʨʦʜʦʤ (Chizen, 2024; Don et al., 2023; ʂʦʛʫʪ ʠ ʜʨ., 2020). 

ʉʝʢʚʝʩʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ ï ʧʨʦʮʝʩʩ ʬʠʢʩʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʉʆ  ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʨʘʩʪʝʥʠʡ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʝ ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ 

ʧʦʯʚʳ. ʉʝʢʚʝʩʪʨʠʨʦʚʘʥʥʳʡ ʫʛʣʝʨʦʜ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʜʦ ʜʝʩʷʪʠʣʝʪʠʡ ʠ ʦʪʨʘʞʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʦʩʪʫʧʣʝʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʠ ʠʭ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (IPCC, 2001; ʂʦʛʫʪ ʠ ʜʨ., 2020). 

ɼʝʧʦʥʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʬʦʨʤʘʭ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʨʘʟʣʦʞʝʥʠʶ: ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ 

ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ (MAOM), ʛʣʫʙʠʥʥʳʝ ʧʦʛʨʝʙʸʥʥʳʝ ʛʦʨʠʟʦʥʪʳ 

ʠʣʠ ʦʩʦʙʦ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢʦʡ ʫʛʣʝʨʦʜ ʠʩʢʣʶʯʸʥ ʠʟ 

ʙʳʩʪʨʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʦʪʘ ʠ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʣʝʪ 

(Lavallee et al., 2019; ʉʝʤʝʥʦʚ ʠ ʜʨ., 2023). 

ʂʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʠʤʝʝʪ ʩʪʘʙʠʣʠʟʘʮʠʷ ʫʛʣʝʨʦʜʘ - 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʙʳʩʪʨʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 
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ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʟʘʱʠʪʫ (ʦʢʢʣʶʟʠʷ POM 

ʚ ʘʛʨʝʛʘʪʘʭ), ʭʠʤʠʢʦ-ʤʠʥʝʨʘʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʦʨʙʮʠʷ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʤʠʥʝʨʘʣʘʤʠ) ʠ ʙʠʦʭʠʤʠʯʝʩʢʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʦʨʛʘʥʠʢʠ ʚ ʙʦʣʝʝ ʩʪʦʡʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (Six et al., 2002; Cotrufo et al., 2013). 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʯʚ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ 

ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʦʝ ʧʦʯʚʘ ʩʧʦʩʦʙʥʘ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʧʨʠ ʜʘʥʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦʪ ʧʦʪʝʥʮʠʘʣ ʦʛʨʘʥʠʯʝʥ ʢʘʢ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ), ʪʘʢ ʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʦʯʚʝʥʥʦʡ ʤʘʪʨʠʮʳ (ʸʤʢʦʩʪʴ ʩʦʨʙʮʠʠ, ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʳ, ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʨʛʘʥʠʢʦʡ) (Georgiou et al., 2025). 

ɸʥʘʣʠʟ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ ʧʨʠʟʤʫ ʩʝʢʚʝʩʪʨʘʮʠʠ, 

ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʇʆɺ, ʥʦ ʠ ʧʦʪʝʥʮʠʘʣ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʯʚ ʠ 

ʣʘʥʜʰʘʬʪʦʚ ʢ ʘʢʢʫʤʫʣʷʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʶ ʫʛʣʝʨʦʜʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʚʢʣʘʜʘ ʧʦʯʚ ʚ ʛʣʦʙʘʣʴʥʳʡ ʮʠʢʣ ʫʛʣʝʨʦʜʘ ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʩʤʷʛʯʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ (ʂʦʛʫʪ ʠ ʜʨ., 2021; Don et al., 2023). 

 

1.3. ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʚ ʣʘʥʜʰʘʬʪʦʚ ʟʘʧʘʜʠʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ 

ʆʩʦʙʝʥʥʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʫʤʫʩʘ ʟʘʧʘʜʠʥʥʳʭ ʧʦʯʚ ʦʪʤʝʯʝʥʳ 

ʝʱʸ ʚ ʨʘʙʦʪʘʭ ʢʣʘʩʩʠʢʦʚ. ɺ.ɺ. ɼʦʢʫʯʘʝʚ, ʚ çʈʫʩʩʢʦʤ ʯʝʨʥʦʟʝʤʝè ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʧʦ ʚʝʩʥʝ ʧʦʯʚʘʭ çʢʦʪʣʦʚʠʥʦʢè ʢʨʘʡʥʝ 

ʤʘʣʦʤʦʱʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʤʦʱʥʦʩʪʴʶ 5-15 ʩʤ ʥʘʜ ʦʩʚʝʪʣʝʥʥʳʤ 

ʛʦʨʠʟʦʥʪʦʤ ʣʝʛʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʦʧʠʩʳʚʘʷ ʧʦʯʚʳ, ʦʪʥʦʩʠʤʳʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʦʯʚ ʈʦʩʩʠʠ ʢ ʩʦʣʦʜʷʤ (2004).  

ʇʝʨʚʳʝ ʧʨʝʜʤʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʫʤʫʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʫʛʦʚʳʭ ʧʦʯʚ 

ʣʝʩʦʩʪʝʧʠ ʧʨʦʚʦʜʠʣʠʩʴ ʀ.ɺ. ʊʶʨʠʥʳʤ (1937) ʠ ʅ.ʅ. ʈʦʟʦʚʳʤ (1939), 

ʫʢʘʟʘʚʰʠʤ ʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʛʠʜʨʦʤʦʨʬʥʳʭ ʯʝʨʥʦʟʝʤʦʚʠʜʥʳʭ 

ʧʦʯʚ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʨʘʚʥʠʥʳ, ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʦʢʨʫʞʘʶʱʠʝ ʯʝʨʥʦʟʝʤʳ ʧʦ 

ʟʘʧʘʩʘʤ ʛʫʤʫʩʘ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʣʫʛʦʚʳʭ ʣʝʩʦʩʪʝʧʥʳʭ 

ʧʦʯʚ ɿʘʚʦʣʞʴʷ ʇ.ʄ. ʅʦʚʠʢʦʚʳʤ (1952), ʫʢʘʟʳʚʘʚʰʠʤ ʥʘ ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ 

ʛʫʤʫʩʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʧʨʝʚʳʰʘʶʱʫʶ ʦʢʨʫʞʘʶʱʠʝ ʯʝʨʥʦʟʝʤʳ. 

ʀʟʫʯʝʥʠʝ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʫʛʦʚʳʭ ʧʦʯʚ ʣʝʩʦʩʪʝʧʠ 

ʇʨʠʜʥʝʧʨʦʚʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʂ.ʂ. ɻʝʜʨʦʡʮʘ 
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(1930), ʀ.ʗ. ɻʨʠʛʦʨʝʥʢʦ, ʉ.ʉ. ʈʘʝʚʩʢʦʡ (1930), ʫʢʘʟʳʚʘʚʰʠʭ ʥʘ ʤʝʥʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʛʫʤʫʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʯʝʨʥʦʟʝʤʘʤʠ ʚʚʠʜʫ 

ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  

ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʦʩʦʣʦʜʝʣʳʭ ʧʦʯʚ ʟʘʧʘʜʠʥ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ɹ.ʇ. 

ɸʭʪʳʨʮʝʚʳʤ ʠ ʂʘʜʝʨʦʤ (1967), ʦʧʠʩʘʚʰʠʭ ʢʨʘʡʥʝ ʙʦʛʘʪʳʡ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʫʛʣʝʨʦʜʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʛʦʨʠʟʦʥʪ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʫʙʳʤ ʛʫʤʫʩʦʤ. ʆʪʤʝʯʝʥʦ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʨʦʜʘ ʩ ʛʣʫʙʠʥʦʡ ʠ ʥʝʢʦʪʦʨʦʝ ʝʛʦ ʚʦʟʨʘʩʪʘʥʠʝ ʚ ʩʨʝʜʠʥʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʯʪʦ 

ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʜʝʡʩʪʚʠʝ ʠʣʣʶʚʠʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʫʛʦʚʳʭ ʧʦʯʚ ʊʘʤʙʦʚʩʢʦʡ ʨʘʚʥʠʥʳ ʃ.ʄ. ɼʤʠʪʨʘʢʦʚʘ ʠ 

ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ (1973) ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʦʛʘʱʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʣʫʛʦʚʳʭ ʧʦʯʚ ʜʦ ʛʣʫʙʠʥʳ 20-30 ʩʤ. ʇʨʠ ʵʪʦʤ ʩ ʛʣʫʙʠʥʦʡ 

40-50 ʩʤ ʦʙʩʣʝʜʦʚʘʥʥʳʝ ʘʚʪʦʤʦʨʬʥʳʝ ʘʥʘʣʦʛʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʛʫʤʫʩʘ. 

ʆʙʦʛʘʱʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʵʪʠʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʦ ʥʘʢʦʧʣʝʥʠʝʤ ʧʦʣʫʨʘʟʣʦʞʠʚʰʠʭʩʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, 

ʩʚʦʡʩʪʚʝʥʥʳʤ ʛʠʜʨʦʤʦʨʬʥʳʤ ʧʦʯʚʘʤ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʄʘʢʝʝʚʘ ʠ ʜʨ., 1975; ʗʨʠʣʦʚʘ ʠ ʜʨ., 

1975). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʣʫʛʦʚʳʭ ʧʦʯʚʘʭ 

ʧʨʷʤʦ ʩʚʷʟʘʥʦ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʨʥʝʡ ʚ ʧʨʦʬʠʣʝ (ʨʠʩ. 1). ɺʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʦ ʨʝʣʠʢʪʦʚʦʤ ʭʘʨʘʢʪʝʨʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʧʦʜʪʚʝʨʞʜʸʥʥʦʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ 

ʜʘʪʠʨʦʚʘʥʠʷ (ʈʫʙʠʣʠʥ, ʂʦʟʳʨʝʚʘ, 1974). ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʚʳʱʝʣʦʯʝʥʥʳʭ ʣʫʛʦʚʳʭ ʧʦʯʚʘʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʦʢʠʤ (>5 ʤ) ʫʨʦʚʥʝʤ 

ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʙʦʣʝʝ ʦʪʤʝʯʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʫʤʫʩʘ ʙʦʣʝʝ 

ʙʣʠʟʢʦʝ ʢ ʯʝʨʥʦʟʝʤʫ (ʉʘʤʦʡʣʦʚʘ, 1981). 
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ʈʠʩʫʥʦʢ 1. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʫʤʫʩʘ ʚ ʧʨʦʬʠʣʝ ʣʫʛʦʚʳʭ ʧʦʯʚ 

ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʊʘʤʙʦʚʩʢʦʡ ʣʝʩʦʩʪʝʧʠ ʧʦ ʜʘʥʥʳʤ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ: 

ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʝ ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ ʧʦʯʚʳ (ʘ); ʚʳʱʝʣʦʯʝʥʥʳʝ ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ (ʙ) 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʫʛʦʚʳʭ ʧʦʯʚ ʪʘʤʙʦʚʩʢʦʡ 

ʣʝʩʦʩʪʝʧʠ ʧʦʩʚʷʱʝʥʘ ʜʠʩʩʝʨʪʘʮʠʷ ʃ.ʄ. ɼʤʠʪʨʘʢʦʚʘ (1973). ɺʳʩʢʘʟʳʚʘʣʦʩʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʙʦʣʝʝ ʧʦʣʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʘ ʛʫʤʫʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʣʫʛʦʚʳʭ ʧʦʯʚʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʯʝʨʥʦʟʝʤʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɸʚʪʦʤʦʨʬʥʳʝ 

ʘʥʘʣʦʛʠ ʣʫʛʦʚʳʭ ʧʦʯʚ ʊʘʤʙʦʚʩʢʦʡ ʣʝʩʦʩʪʝʧʠ ï ʪʠʧʠʯʥʳʝ ʠ ʚʳʱʝʣʦʯʝʥʥʳʝ 

ʯʝʨʥʦʟʝʤʳ ʠʤʝʶʪ ʬʫʣʴʚʘʪʥʦ-ʛʫʤʘʪʥʳʡ ʠ ʛʫʤʘʪʥʳʡ ʩʦʩʪʘʚ ʛʫʤʫʩʘ (ɹʠʨʶʢʦʚʘ, 

ʆʨʣʦʚ, 2004). ɺ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʦʪʥʦʰʝʥʠʷ ʉʛʢ:ʉʬʢ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 1,3 ʜʦ 

2,5, ʭʦʪʷ ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʙʦʪʘʭ ʫʢʘʟʳʚʘʝʪʩʷ ʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ï ʜʦ 2,8 (ʐʝʚʯʝʥʢʦ, ʑʝʨʙʘʢʦʚ, 1984).  

ɺ ʨʘʙʦʪʘʭ ɼʤʠʪʨʘʢʦʚʘ (1973, 1974) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ ʛʨʫʧʧʦʚʦʤʫ ʩʦʩʪʘʚʫ 

ʛʫʤʫʩʘ ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ ʧʦʯʚʳ ʙʣʠʟʢʠ ʢ ʪʠʧʠʯʥʳʤ ʯʝʨʥʦʟʝʤʘʤ; 

ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʬʫʣʴʚʦʢʠʩʣʦʪʘʤʠ, ʘ ʦʪʥʦʰʝʥʠʝ ʉʛʢ: 

ʉʬʢ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʝʨʥʦʟʝʤʘʤʠ. ɺ ʧʨʝʜʝʣʘʭ ʚʩʝʛʦ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʥʦ ʙʣʠʟʢʦ ʢ 2 ʠʣʠ ʧʨʝʚʳʰʘʝʪ ʝʛʦ. ʆʩʦʣʦʜʝʣʳʝ ʧʦʯʚʳ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʃ.ʄ. ɼʤʠʪʨʘʢʦʚʳʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʣʦʜʠ ʣʝʩʦʩʪʝʧʠ ʦʪʣʠʯʘʶʪʩʷ 

ʥʝʚʳʩʦʢʠʤʠ ʟʘʧʘʩʘʤʠ ʛʫʤʫʩʘ ʠʟ-ʟʘ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʛʫʤʫʩʠʨʦʚʘʥʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ (ʜʦ 100 ʪ/ʛʘ ʚ 0ï50 ʩʤ). ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʝ ɸ , ʛʜʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʠʛʘʝʪ ʜʦ 10% 
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ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʦʛʜʘ ʢʘʢ ʚ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʦʥʦ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ ʠ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʠʣʣʶʚʠʘʣʴʥʦʤ. ɺ ʛʫʤʫʩʝ ʩʦʣʦʜʝʡ 

ʜʦʤʠʥʠʨʫʶʪ ʬʫʣʴʚʦʢʠʩʣʦʪʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʭ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʝ 

ʬʨʘʢʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʜʦʣʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʥʝʚʝʣʠʢʘ. ʃʠʰʴ ʚ ʛʦʨʠʟʦʥʪʝ ɸ  

ʩʦʦʪʥʦʰʝʥʠʝ ʉʛʢ:ʉʬʢ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʝʜʠʥʠʮʫ. ɼʣʷ ʦʩʦʣʦʜʝʣʳʭ ʧʦʯʚ 

ʭʘʨʘʢʪʝʨʥʦ ʩʫʞʝʥʠʝ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʫʨʳʭ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʥʘʢʦʧʣʝʥʠʝ ʥʝʛʠʜʨʦʣʠʟʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʯʪʦ ʘʚʪʦʨ ʩʚʷʟʳʚʘʝʪ ʩ ʚʣʠʷʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʦʩʦʣʦʜʝʥʠʷ. 

ɽ.ʄ. ʉʘʤʦʡʣʦʚʘ (1981) ʫʢʘʟʳʚʘʝʪ ʥʘ çʭʘʨʘʢʪʝʨʥʝʡʰʝʝ ʩʚʦʡʩʪʚʦè 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚʩʝʭ ʣʫʛʦʚʳʭ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʪʘʤʙʦʚʩʢʦʡ ʣʝʩʦʩʪʝʧʠ ï ʨʘʩʰʠʨʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʉʛʢ:ʉʬʢ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʜʦ ʛʣʫʙʠʥʳ 50 ʩʤ, ʩʚʷʟʳʚʘʷ ʬʫʣʴʚʘʪʥʦʩʪʴ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʧʨʦʬʠʣʷ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ çʤʦʣʦʜʦʛʦè ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʢʦʨʥʝʚʳʭ 

ʦʩʪʘʪʢʦʚ. ʄʠʛʨʘʮʠʦʥʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ ʙʳʣʘ 

ʧʨʠʥʷʪʘ ʥʝʚʳʩʦʢʦʡ ʧʦ ʜʘʥʥʳʤ ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɹʫʛʘʝʚʩʢʠʡ, 

1972).  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʛʨʫʧʧʦʚʦʤ ʩʦʩʪʘʚʝ ʣʫʛʦʚʳʭ ʧʦʯʚ ʧʨʝʦʙʣʘʜʘʝʪ ʬʨʘʢʮʠʷ 

ʩʚʷʟʘʥʥʘʷ ʩ ʢʘʣʴʮʠʝʤ (ɻʂ-II), ʝʸ ʩʦʜʝʨʞʘʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ, ʥʘ 

ʛʣʫʙʠʥʝ 50-70 ʩʤ ʜʦʩʪʠʛʘʷ 80% ʦʪ ʩʦʚʦʢʫʧʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʣʫʛʦʚʳʭ ʧʦʯʚ ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ 

ʧʨʠʥʘʜʣʝʞʠʪ çʩʚʦʙʦʜʥʦʡè ʬʨʘʢʮʠʠ ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ ɻʂ-I, ʦʪʣʠʯʘʶʱʝʡ ʵʪʠ 

ʧʦʯʚʳ ʦʪ ʯʝʨʥʦʟʝʤʦʚ (ʉʘʤʦʡʣʦʚʘ, 1981) ʚʚʠʜʫ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʠ ʢʦʥʩʝʨʚʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆʨʣʦʚ, 1974). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʙʳʚʘʥʠʝ ɻʂ-I ʩ ʛʣʫʙʠʥʦʡ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʚ ʧʨʦʬʠʣʝ 

ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʦʡ ʬʨʘʢʮʠʠ ʚ ʦʩʦʣʦʜʝʣʳʭ ʧʦʯʚʘʭ ʠ ʩʦʣʦʜʷʭ 

ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʛʣʫʙʠʥʝ (ɼʤʠʪʨʘʢʦʚ, 1973). ɺ ʨʘʙʦʪʘʭ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ 

ʥʝ ʚʳʷʚʣʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʧʨʦʬʠʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʫʣʴʚʦʢʠʩʣʦʪ 

ʚʩʝʭ ʬʨʘʢʮʠʡ, ʢʘʢ ʠ ʦ ʢʦʣʠʯʝʩʪʚʝ ʫʛʣʝʨʦʜʘ ʚ ʜʝʢʘʣʴʮʠʥʘʪʝ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʛʠʜʨʦʣʠʟʫʝʤʦʛʦ ʦʩʪʘʪʢʘ (ʜʦ 40%) 

ʦʪʤʝʯʝʥʦ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ, ʚ ʣʫʛʦʚʳʭ ʥʝʟʘʩʦʣʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʠʥʘ 

ʜʦʩʪʠʛʘʣʦ 20-30%.  

ɺ ʨʘʙʦʪʘʭ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ, ɸ.ʀ. ɿʫʙʢʦʚʦʡ ʠ ʅ.ʌ. ʏʝʨʢʘʰʠʥʦʡ (1970) ʠ 

ʃ.ʄ. ɼʤʠʪʨʘʢʦʚʘ (1973) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʠ ʟʘʧʘʩ ʛʫʤʫʩʘ ʚ ʩʦʣʦʥʮʘʭ 

ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʣʫʛʦʚʳʭ ʧʦʯʚʘʭ ʪʝʭ ʞʝ 

ʢʦʤʙʠʥʘʮʠʡ. ʉʦʦʪʥʦʰʝʥʠʝ C:N ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʟʥʘʯʠʤʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʘʢʦʚʦʛʦ ʚ ʥʝʟʘʩʦʣʝʥʥʳʭ ʣʫʛʦʚʳʭ ʧʦʯʚʘʭ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʢʦʧʣʝʥʠʝ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʦʪʤʝʯʝʥʦ ʠʤʝʥʥʦ ʚ 

ʧʦʜʩʦʣʦʥʮʦʚʦʤ ʛʦʨʠʟʦʥʪʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʱʸʣʦʯʥʦʩʪʴ ʩʨʝʜʳ ʠ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʥʦʩʪʠ ʦʙʤʝʥʥʳʤ ʥʘʪʨʠʝʤ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʜʦ 
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50% ʩʫʤʤʳ ʧʦʛʣʦʱʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ (ʉʘʤʦʡʣʦʚʘ, 1981). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʧʝʮʠʬʠʢʫ ʛʫʤʠʬʠʢʘʮʠʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʘʠʙʦʣʝʝ ʩʪʦʡʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʩʨʝʜʝ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʚ ʣʫʛʦʚʳʭ ʩʦʣʦʥʮʘʭ ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʦʡ ʣʝʩʦʩʪʝʧʠ (ɹʘʟʠʣʝʚʠʯ, 1965). ʉʦʦʪʥʦʰʝʥʠʝ ʠ ʧʨʦʬʠʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʨʘʢʮʠʡ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʚʦʤʫ ʚ 

ʣʫʛʦʚʳʭ ʥʝʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʫʛʦʚʳʭ ʥʝʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚ 

ʩʦʣʦʥʮʘʭ ʚʳʜʝʣʷʝʪʩʷ ʷʚʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʬʨʘʢʮʠʠ ʬʫʣʴʚʦʢʠʩʣʦʪ, ʩʚʷʟʘʥʥʦʡ ʩ 

ɻʂ-1. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʝʸ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʥʷʝʪʩʷ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʩʣʘʙʝʝ, ʭʦʪʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʩʸ ʞʝ 

ʬʠʢʩʠʨʫʝʪʩʷ. ʇʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ (1981) ʥʘʢʦʧʣʝʥʠʝ 

ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʜʩʦʣʦʥʮʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʠʤʝʝʪ ʨʝʣʠʢʪʦʚʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʩʚʷʟʘʥʦ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ï ʣʫʛʦʚʦʡ ʩʪʘʜʠʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʣʦʥʮʘ, ɻʂ-II  

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʬʨʘʢʮʠʝʡ ʚ ʧʦʜʩʦʣʦʥʮʦʚʦʤ ʛʦʨʠʟʦʥʪʝ (ɻʨʘʜʦʙʦʝʚ, 1970). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ɻʂ-II  ʚ ʧʦʜʩʦʣʦʥʮʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʠʤʝʶʪ ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ >7000 

ʣʝʪ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ ʩʪʘʨʰʝ ɻʂ-II, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʩʦʣʦʥʮʦʚʦʛʦ 

ʛʦʨʠʟʦʥʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʩʦʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʟʘʧʘʩʦʚ ʛʫʤʫʩʘ, 

ʩʫʞʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʉʛʢ: ʉʬʢ ʠ ʩʤʝʱʝʥʠʶ ʩʦʩʪʘʚʘ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʚ 

ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʇʆɺ. 

ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ ʠ ʃ.ɺ. ɼʤʠʪʨʘʢʦʚʳʤ ʪʘʢʞʝ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʦʩʦʙʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʣʝʩʦʩʪʝʧʥʳʭ ʧʦʯʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʨʘʩʧʘʰʢʝ: ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʉʛʢ:ʉʬʢ ʚʩʝʭ ʣʫʛʦʚʳʭ ʧʦʯʚ ʩʥʠʞʘʝʪʩʷ 

ʚ ʧʘʭʦʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʩʚʷʟʳʚʘʷ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʨʘʩʧʘʰʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʫʣʴʚʘʪʠʟʘʮʠʠ ʛʫʤʫʩʘ ʠ ʫʩʢʦʨʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ çʚ ʮʝʣʠʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʩʦʭʨʘʥʷʝʪʩʷ ʨʝʣʠʢʪʦʚʳʡ ʛʫʤʫʩ, ʪʦʛʜʘ 

ʢʘʢ ʚ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʙʫʨʳʭ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡè, ʘ çʘʛʨʦʪʝʭʥʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʩʦʩʪʘʚʘ 

ʛʫʤʫʩʘ ʚ ʩʪʦʨʦʥʫ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʭ ʬʨʘʢʮʠʡè. 

ʆʪʤʝʯʝʥʦ ʭʘʨʘʢʪʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʛʫʤʫʩʘ ʣʫʛʦʚʳʭ ʧʦʯʚ 

ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʯʚʘʤʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʳ ʠ ʇʨʠʜʥʝʧʨʦʚʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʛʫʤʫʩʘ ʚ ʣʫʛʦʚʳʭ 

ʧʦʯʚʘʭ ʩ ʨʦʩʪʦʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʢʣʠʤʘʪʘ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ (ʉʘʤʦʡʣʦʚʘ, 

1981). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʞʠʤ ʚʣʘʞʥʦʩʪʠ ʠ ʘʵʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʩʢʦʨʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ (ɸʣʝʢʩʘʥʜʨʦʚʘ. 1970, 1980). ʉʪʝʧʝʥʴ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 
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ʘʥʘʵʨʦʙʠʦʟʘ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ 

ʥʘʩʳʱʝʥʠʠ ʧʦʯʚʳ ʚʦʜʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ ʧʦʣʥʳʤ ʠʩʩʫʰʝʥʠʝʤ (ɼʶʰʦʬʫʨ, 

1970; Jilling et al., 2024).  

ɸ.ɹ. ɸʭʪʳʨʮʝʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʠʤʝʥʥʦ ʪʘʢʠʝ ʫʩʣʦʚʠʷ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ çʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʟʝʤʣʷʭè - ʟʘʧʘʜʠʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ 

ʣʝʩʦʩʪʝʧʠ, ʥʦ ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʠʭ, ʩʦʦʪʥʦʰʝʥʠʝ ʫʚʣʘʞʥʝʥʠʷ ʠ ʘʵʨʘʮʠʠ 

ʧʦʯʚ ʥʝʦʜʠʥʘʢʦʚʳ ʠ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʠ. 

ɺ ʧʦʯʚʘʭ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʝʩʦʩʪʝʧʠ ʦʪʤʝʯʘʝʪʩʷ ʧʨʦʤʳʚʥʦʡ, 

ʟʘʩʪʦʡʥʦ-ʧʨʦʤʳʚʥʦʡ ʠ ʚʦʜʦʟʘʩʪʦʡʥʳʡ ʚʦʜʥʳʝ ʨʝʞʠʤʳ (ʌʠʣʴ, 2025).  

ɸ.ɹ. ɸʭʪʳʨʮʝʚ (1999) ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʦʜʠʪ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʠ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ ʣʝʩʦʩʪʝʧʠ 

ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ. ɸ.ɹ. ʘʥʘʣʠʟʠʨʫʝʪ ʬʘʢʪʦʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʇʆɺ ʣʫʛʦʚʳʭ 

ʧʦʯʚ ʣʝʩʦʩʪʝʧʠ ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʤʦʨʬʠʟʤʘ. ɺ ʘʥʘʣʠʟ ʙʳʣʠ ʚʢʣʶʯʝʥʳ 

ʤʘʩʩʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʪʥʷʤ ʨʘʟʨʝʟʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʘʤʠ ʚʘʨʠʘʮʠʦʥʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʤʦʱʥʦʩʪʴ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʩʦʜʝʨʞʘʥʠʝ ʠ 

ʟʘʧʘʩʳ ʛʫʤʫʩʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʧʨʦʬʠʣʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʭʥʝʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ʧʦ ʩʭʝʤʝ ʊʶʨʠʥʘ-

ʇʦʥʦʤʘʨʸʚʦʡ. 

ɸ.ɹ. ɸʭʪʳʨʮʝʚʳʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʫʤʫʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚ ʣʝʩʦʩʪʝʧʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʥʝ ʤʝʥʝʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʝʤ 

ʟʦʥʘʣʴʥʳʤʠ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʞʠʤ ʚʣʘʞʥʦʩʪʠ 

ʠ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ ʨʝʛʫʣʠʨʫʝʪ ʩʢʦʨʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨ ʛʫʤʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ; ʩʪʝʧʝʥʴ ʛʫʤʠʬʠʢʘʮʠʠ ʞʝ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʨʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʯʝʨʝʜʦʚʘʥʠʠ ʠʩʩʫʰʝʥʠʷ-ʫʚʣʘʞʥʝʥʠʷ.  

ʅʘ ʙʦʣʴʰʦʤ ʤʘʩʩʠʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʛʫʤʫʩʠʨʦʚʘʥʥʳʤʠ ʧʦʯʚʘʤʠ ʣʝʩʦʩʪʝʧʠ ʷʚʣʷʶʪʩʷ ʥʝ ʘʚʪʦʤʦʨʬʥʳʝ 

ʯʝʨʥʦʟʸʤʳ, ʘ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʝ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ ʧʦʯʚʳ (ʨʠʩ. 2). 

ɸʚʪʦʨʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʴʶ ʛʫʤʫʩʦʚʦʛʦ 

ʛʦʨʠʟʦʥʪʘ (ʜʦ 90ï97 ʩʤ), ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ (8,7ï8,9% ʚ 

ʧʘʭʦʪʥʦʤ ʩʣʦʝ) ʠ ʟʘʧʘʩʘʤʠ ʜʦ 700ï750 ʪ/ʛʘ. ɺʧʝʨʚʳʝ ʚʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʛʫʤʫʩʦʥʘʢʦʧʣʝʥʠʷ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʚʣʘʞʥʝʥʠʠ ʠ 

ʛʣʫʙʠʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 3-5 ʤ. 

ɸ.ɹ. ɸʭʪʳʨʮʝʚʳʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʨʘʩʪʘʥʠʠ 

ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʠ ʧʦʜʲʸʤʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʭ ʧʦʯʚ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʧʦʩʪʝʧʝʥʥʦ ʫʩʪʫʧʘʪʴ ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʸʤʥʳʤ ʧʦ ʤʦʱʥʦʩʪʠ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʟʘʧʘʩʘʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚ ʯʝʨʥʦʟʸʤʥʦ-ʚʣʘʞʥʦ-ʣʫʛʦʚʳʭ ʧʦʯʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʤʦʱʥʦʩʪʠ 
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ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ 30ï40 ʩʤ ʠ ʫʤʝʥʴʰʝʥʠʝ ʟʘʧʘʩʦʚ ʛʫʤʫʩʘ ʥʘ 250ï300 

ʪ/ʛʘ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʧʦʯʚʘʭ ʭʘʨʘʢʪʝʨʥʦ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʛʫʤʫʩʘ ʚ ʚʝʨʭʥʝʤ 0ï20 ʩʤ ʩʣʦʝ (ʜʦ 11,1%) ʠ ʨʝʟʢʦʝ ʝʛʦ ʩʥʠʞʝʥʠʝ ʩ ʛʣʫʙʠʥʦʡ ï 

ʧʦʯʪʠ ʚ 5 ʨʘʟ ʥʘ ʛʣʫʙʠʥʝ 50ï60 ʩʤ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʛʫʤʫʩʘ ʘʚʪʦʨʦʤ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʘʚʪʦʤʦʨʬʥʳʭ ʯʝʨʥʦʟʸʤʦʚ ʭʘʨʘʢʪʝʨʝʥ ʛʫʤʫʩ ʛʫʤʘʪʥʦʛʦ 

ʪʠʧʘ ʩ ʦʪʥʦʰʝʥʠʝʤ ʉʛʢ:ʉʬʢ 1,8ï2,5 ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʣʴʮʠʝʤ (ɻʂ-II). ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ 

ʧʦʯʚʘʭ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʜʦ 43-57%, ʫʤʝʥʴʰʘʝʪʩʷ ʜʦʣʷ 

ʬʫʣʴʚʦʢʠʩʣʦʪ ʜʦ 18-25%, ʘ ʦʪʥʦʰʝʥʠʝ ʉʛʢ:ʉʬʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 2,1-3,0. 

ɸ.ɹ. ɸʭʪʳʨʮʝʚʳʤ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʝ ʧʦʯʚʳ ʜʦʩʪʠʛʘʶʪ 

ʤʘʢʩʠʤʫʤʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ (51-58%) ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ 

ʦʪʥʦʰʝʥʠʷ ʉʛʢ:ʉʬʢ ʜʦ 3-4. ʆʜʥʦʚʨʝʤʝʥʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʨʦʣʠ 

ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ ʬʨʘʢʮʠʠ 3 ʠ ʧʦʜʚʠʞʥʳʭ ʬʨʘʢʮʠʡ. ʕʪʦʪ ʚʳʚʦʜ ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʃ.ʄ. ɼʤʠʪʨʘʢʦʚʦʡ ʠ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ, ʪʘʢʞʝ 

ʚʳʩʢʘʟʘʚʰʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʨʘʩʰʠʨʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʉʛʢ:ʉʬʢ ʚ ʧʦʯʚʘʭ ï 

ʛʠʜʨʦʤʦʨʬʥʳʭ ʘʥʘʣʦʛʘʭ ʯʝʨʥʦʟʝʤʦʚ.  

 ʉʘʤʦʡʣʦʚʘ ʚʳʜʝʣʷʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʜʦʣʶ çʩʚʦʙʦʜʥʳʭè ɻʂ-I ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʣʫʛʦʚʳʭ ʧʦʯʚ, ʪʦʛʜʘ ʢʘʢ ʫ ɸʭʪʳʨʮʝʚʘ ʵʪʘ ʬʨʘʢʮʠʷ ʦʩʪʘʸʪʩʷ 

ʦʯʝʥʴ ʥʠʟʢʦʡ (5ï12%). ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ, ʚʝʨʦʷʪʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʤʠ 

ʨʘʟʣʠʯʠʷʤʠ ʛʫʤʫʩʦʥʘʢʦʧʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʘʙʦʪʝ ɸ.ɹ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʦʯʚʳ ʉʨʝʜʥʝʨʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, 

ʪʦʛʜʘ ʢʘʢ ɽ.ʄ. ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦʯʚʳ ʚ ʝʸ ʶʞʥʦʡ ʯʘʩʪʠ. 

ɺʧʝʨʚʳʝ ʚʳʩʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʯʝʨʥʦʟʸʤʥʦ-ʚʣʘʞʥʦ-

ʣʫʛʦʚʳʤ ʧʦʯʚʘʤ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʭʫʜʰʝʥʠʝ ʫʩʣʦʚʠʡ ʛʫʤʠʬʠʢʘʮʠʠ: ʜʦʣʷ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩʥʠʞʘʝʪʩʷ ʜʦ 38ï50%, ʦʪʥʦʰʝʥʠʝ ʉʛʢ:ʉʬʢ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 

1,7ï2,0, ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʬʨʘʢʮʠʡ (35ï51%), ʘ ʨʦʣʴ 

ʢʘʣʴʮʠʡ-ʩʚʷʟʘʥʥʳʭ ʬʦʨʤ ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ. ɸʚʪʦʨʦʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ 

ʛʠʧʦʪʝʟʘ, ʯʪʦ ʧʦʩʪʦʷʥʥʘʷ ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʥʝʛʠʜʨʦʣʠʟʫʝʤʦʛʦ 

ʦʩʪʘʪʢʘ ʠ ʚʝʜʸʪ ʢ ʩʤʝʱʝʥʠʶ ʪʠʧʘ ʛʫʤʫʩʘ ʦʪ ʛʫʤʘʪʥʦʛʦ ʢ ʬʫʣʴʚʘʪʥʦ-ʛʫʤʘʪʥʦʤʫ. 

ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʝ ʫʩʣʦʚʠʷ ʚ ʧʦʯʚʘʭ ʣʝʩʦʩʪʝʧʠ 

ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʫʤʫʩʘ ʠ ʝʛʦ ʥʘʢʦʧʣʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ 

ʜʘʣʴʥʝʡʰʝʝ ʫʩʠʣʝʥʠʝ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʟʘʧʘʩʦʚ ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʦʧʪʠʤʫʤ ʛʫʤʠʬʠʢʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʤ ʧʦʯʚʘʤ ʩ ʫʨʦʚʥʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʦʪ 3 ʜʦ 6 

ʤ.  
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ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʛʫʤʫʩʘ ʚ ʚʝʨʭʥʠʭ 

ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʚ ʧʦʯʚʘʭ ʯʝʨʥʦʟʝʤʥʦʛʦ ʨʷʜʘ 

ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʚʦʜʥʦʛʦ 

ʘʥʘʣʠʟʘ ɸ.ɹ. ɸʭʪʳʨʮʝʚʘ. (ʉʦʩʪʘʚʣʝʥʦ ʧʦ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ɸ.ɹ. 

ɸʭʪʳʨʮʝʚʘ (1999)) 

ɸ.ɹ ɸʭʪʳʨʮʝʚ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʭ 

ʩʦʣʦʥʮʦʚ ʬʫʣʴʚʘʪʦ-ʛʫʤʘʪʥʳʡ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʠ ʛʫʤʘʪʥʦ-ʬʫʣʴʚʘʪʥʳʡ ʚ 

ʩʦʣʦʥʮʦʚʳʭ (ɸʭʪʳʨʮʝʚ ʠ ʜʨ., 2004). 

ʋʧʦʤʷʥʫʪʦ, ʯʪʦ çʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ ʧʦʯʚʳ ʚ ʧʘʭʦʪʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʦʭʨʘʥʷʶʪ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʚʝʨʭʥʝʤ 0-20 ʩʤ ʩʣʦʝ, ʦʜʥʘʢʦ 

ʙʳʩʪʨʝʝ ʪʝʨʷʶʪ ʫʛʣʝʨʦʜ ʚ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʚʪʦʤʦʨʬʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ. ɸ.ɹ. ʦʪʤʝʯʘʣ ʪʘʢʞʝ, ʯʪʦ çʚ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ ʦʪʥʦʰʝʥʠʝ ʉʛʢ:ʉʬʢ 

ʩʫʞʘʝʪʩʷ, ʜʦʣʷ ʧʦʜʚʠʞʥʳʭ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ I ʬʨʘʢʮʠʠ ʩʥʠʞʘʝʪʩʷè, ʠ ʜʝʣʘʣ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʟʝʤʝʣʴ 

ʫʩʠʣʠʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʠ ʩʥʠʞʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʫʤʫʩʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

ʊ.ɺ. ʂʨʘʩʠʥʘ (2014) ʦʧʠʩʘʣʘ ʛʫʤʫʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʨʥʦʟʝʤʦʚ ʪʠʧʠʯʥʳʭ 

ʠ ʦʧʦʜʟʦʣʝʥʥʳʭ, ʘ ʪʘʢʞʝ ʠʭ ʛʠʜʨʦʤʦʨʬʥʳʭ ʘʥʘʣʦʛʦʚ ï ʯʝʨʥʦʟʝʤʦʚʠʜʥʳʭ 

ʛʣʝʝʚʘʪʳʭ ʧʦʯʚ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʘʤʙʦʚʩʢʦʡ ʨʘʚʥʠʥʳ. ɺ ʦʧʠʩʘʥʥʳʭ 

ʧʦʯʚʘʭ ï ʛʠʜʨʦʤʦʨʬʥʳʭ ʘʥʘʣʦʛʘʭ ʛʣʫʙʠʥʘ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʜʦʩʪʠʛʘʝʪ 

1,5-4 ʤ, ʯʪʦ ʧʦ ʩʪʝʧʝʥʠ ʫʚʣʘʞʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʤ ʧʦʯʚʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʘʭ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ ʠ ɸ.ɹ. 

ɸʭʪʳʨʮʝʚʘ. ɺ ʘʚʪʦʤʦʨʬʥʳʭ ʯʝʨʥʦʟʝʤʘʭ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʜʦʩʪʠʛʘʝʪ 10 ʤ ʠ ʙʦʣʝʝ.  
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ʇʦ ʜʘʥʥʳʤ ʊ.ɺ. ʂʨʘʩʠʥʦʡ ʚ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʊʘʤʙʦʚʩʢʦʡ ʨʘʚʥʠʥʳ ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʫʤʫʩʘ ʚ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʯʝʨʥʦʟʝʤʦʚʠʜʥʳʭ ʦʛʣʝʝʥʥʳʭ ʧʦʯʚ ʜʦʩʪʦʚʝʨʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 10-20% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʝʨʥʦʟʸʤʦʤ ʪʠʧʠʯʥʳʤ. ʂʨʘʩʠʥʘ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʚʳʰʝʥʠʝ ʛʫʤʘʪʥʦʩʪʠ ʛʫʤʫʩʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʫʚʣʘʞʥʝʥʠʷ, 

ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʛʫʤʫʩ ʧʝʨʝʭʦʜʠʪ ʠʟ ʛʫʤʘʪʥʦ-ʬʫʣʴʚʘʪʥʦʛʦ ʚ ʛʫʤʘʪʥʳʡ, ʘ 

ʦʪʥʦʰʝʥʠʝ ʉʛʢ:ʉʬʢ ʜʦʩʪʠʛʘʝʪ 2. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʇʆɺ ʠ ʩʪʝʧʝʥʴ ʝʛʦ ʛʫʤʘʪʥʦʩʪʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʦʪ ʯʝʨʥʦʟʸʤʦʚʠʜʥʦʡ ʩʣʘʙʦʩʦʣʦʥʮʝʚʘʪʦʡ 

ʩʣʘʙʦʦʛʣʝʸʥʥʦʡ ʧʦʯʚʳ ʢ ʩʦʣʦʥʮʫ ʯʝʨʥʦʟʸʤʦʚʠʜʥʦʤʫ ʛʣʝʝʚʘʪʦʤʫ. ɺ ʩʦʣʦʥʮʝ 

ʯʝʨʥʦʟʸʤʦʚʠʜʥʦʤ ʛʣʝʝʚʘʪʦʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʛʫʤʫʩ 

ʧʨʠʦʙʨʝʪʘʝʪ ʬʫʣʴʚʘʪʥʳʡ ʪʠʧ. ɺ ʩʦʩʪʘʚʝ ʬʫʣʴʚʦʢʠʩʣʦʪ ʧʨʝʦʙʣʘʜʘʝʪ II ʬʨʘʢʮʠʷ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʘʷ ʩ ʢʘʣʴʮʠʝʤ, ʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʝ ʬʨʘʢʮʠʠ I ʠ Iʘ ʚʳʤʳʚʘʶʪʩʷ 

ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ. ɺ ʩʦʩʪʘʚʝ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʪʘʢʞʝ ʜʦʤʠʥʠʨʫʝʪ II ʬʨʘʢʮʠʷ, 

ʪʦʛʜʘ ʢʘʢ I ʬʨʘʢʮʠʷ ʚ ʫʩʣʦʚʠʷʭ ʱʸʣʦʯʥʦʡ ʨʝʘʢʮʠʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʬʫʣʴʚʦʢʠʩʣʦʪʘʤʠ ʤʠʛʨʠʨʫʝʪ ʧʦ ʧʨʦʬʠʣʶ ʚ ʥʠʞʥʠʝ ʛʦʨʠʟʦʥʪʳ. ɼʦʣʷ III 

ʬʨʘʢʮʠʠ ʠ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ ʚ ʩʦʣʦʥʮʘʭ ʯʝʨʥʦʟʸʤʦʚʠʜʥʳʭ ʛʣʝʝʚʘʪʳʭ 

ʦʩʪʘʸʪʩʷ ʥʝʙʦʣʴʰʦʡ (ʩʦʚʦʢʫʧʥʦ ʥʝ ʙʦʣʝʝ 20%), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ 

ʧʦʜʚʠʞʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʟʘʙʦʣʘʯʠʚʘʥʠʷ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʤʠ ʚʦʜʘʤʠ. 

ɺ ʨʘʙʦʪʝ ʫʪʚʝʨʞʜʘʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʚʪʦʨʦʡ ʬʨʘʢʮʠʠ ɻʂ ʚʦ ʚʩʝʤ 

ʧʨʦʬʠʣʝ ʙʦʣʴʰʠʥʩʪʚʘ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ ʯʝʨʥʦʟʝʤʥʦʛʦ ʨʷʜʘ. ʊʦʣʴʢʦ ʚ 

ʯʝʨʥʦʟʝʤʦʚʠʜʥʦʡ ʦʧʦʜʟʦʣʝʥʥʦʡ ʛʣʝʝʚʘʪʦʡ ʧʦʯʚʝ ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʠʩʘʥʥʦʝ ʚ 

ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ (ʉʘʤʦʡʣʦʚʘ, 1974) ʧʨʝʦʙʣʘʜʘʥʠʝ I-ʬʨʘʢʮʠʠ ɻʂ ʚ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʝʝ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʩ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʫʯʘʩʪʠʷ ʜʦʣʠ ɻʂ-II  ʚ ʬʨʘʢʮʠʦʥʥʦʤ ʩʦʩʪʘʚʝ 

ʇʆɺ. ɺ ʦʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʚʪʦʤʦʨʬʥʳʭ ʠ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʠ ɻʂ-II  ʢʨʘʪʥʦ ʧʨʝʚʳʰʘʝʪ ɻʂ-I, ʩ ʛʣʫʙʠʥʦʡ 

ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʝʱʝ ʙʦʣʝʝ ʚʦʟʨʘʩʪʘʝʪ (ʨʠʩ. 3). 

ɸʙʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʬʨʘʢʮʠʡ ʬʫʣʴʚʦʢʠʩʣʦʪ ʪʘʢʞʝ ʟʘʤʝʪʥʦ 

ʫʙʳʚʘʝʪ ʩ ʛʣʫʙʠʥʦʡ, ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ ʯʝʤ ʛʫʤʠʥʦʚʳʝ 

ʢʠʩʣʦʪʳ. ʌʂ-I, ʌʂ-Iʘ ʠ ʌʂ-III  ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʧʨʦʬʠʣʶ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʚʥʦʤʝʨʥʦ, ʠʭ ʘʙʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʣʠʙʦ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʛʣʫʙʠʥʦʡ ʚ ʯʝʨʥʦʟʝʤʦʚʠʜʥʦʡ ʛʣʫʙʦʢʦʦʛʣʝʥʥʦʡ ʧʦʯʚʝ.  

ʊ.ɺ. ʂʨʘʩʠʥʦʡ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʣʘʙʠʣʴʥʳʭ, ʯʪʦ ʨʘʩʭʦʜʠʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ (1981) ʦ 

ʤʘʣʦʡ ʨʘʜʠʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʧʨʦʬʠʣʝ. ʈʘʩʭʦʞʜʝʥʠʷ ʚʦ ʚʟʛʣʷʜʘʭ ʥʘ ʤʠʛʨʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 
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ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʦʙʝʠʭ ʨʘʙʦʪ. ʃʫʛʦʚʳʝ ʧʦʯʚʳ, ʦʧʠʩʘʥʥʳʝ ʊ.ɺ. ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʛʠʜʨʦʤʦʨʬʠʟʤʘ, 

ʛʫʤʫʩ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʬʫʣʴʚʘʪʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʊ.ɺ. 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʠʝ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʛʫʤʘʪʥʳʭ ʚʝʱʝʩʪʚ ï ʩʚʦʙʦʜʥʦʡ ʬʨʘʢʮʠʠ ɻʂ-I ʚʥʦʩʠʪ ʦʩʦʣʦʥʮʝʚʘʥʠʝ. 

ʊ.ɺ. ʦʪʤʝʯʘʣʘ, ʯʪʦ çʚ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʮʝʣʠʥʥʳʤʠè, ʘ çʘʛʨʦʪʝʭʥʠʢʘ ʫʩʠʣʠʚʘʝʪ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʫʶ ʤʠʛʨʘʮʠʶ 

ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ, ʦʩʦʙʝʥʥʦ ʧʦʜʚʠʞʥʳʭ ʬʨʘʢʮʠʡ ʬʫʣʴʚʦʢʠʩʣʦʪ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʜʦʣʠ ɻʂ-III ʠ ʛʫʤʠʥʘè. 
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ʈʠʩʫʥʦʢ 3. ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ʧʦ ʜʘʥʥʳʤ ʊ.ɺ. ʂʨʘʩʠʥʦʡ (2014) ʚ 

ʛʫʤʫʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʧʦʯʚ ʶʛʦ-ʚʦʩʪʦʢʘ ʊʘʤʙʦʚʩʢʦʡ ʨʘʚʥʠʥʳ 

(ʧʨʠʚʝʜʝʥʳ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʨʘʢʮʠʡ ʛʫʤʫʩʘ, %). ʇʦʯʚʳ: 1 ï ʯʝʨʥʦʟʝʤ 

ʪʠʧʠʯʥʳʡ; 2 - ʯʝʨʥʦʟʝʤʦʚʠʜʥʘʷ ʛʣʫʙʦʢʦʦʛʣʝʝʥʥʘʷ; 3 ï ʯʝʨʥʦʟʝʤʦʚʠʜʥʘʷ 

ʦʧʦʜʟʦʣʝʥʥʘʷ ʛʣʝʝʚʘʪʘʷ; 4 ï ʯʝʨʥʦʟʝʤʦʚʠʜʥʘʷ ʩʣʘʙʦʩʦʣʦʥʮʝʚʘʪʘʷ 

ʩʣʘʙʦʦʛʣʝʝʥʥʘʷ; 5 ï ʯʝʨʥʦʟʝʤʦʚʠʜʥʘʷ ʩʠʣʴʥʦʩʦʣʦʥʮʝʚʘʪʘʷ ʩʨʝʜʥʝʦʛʣʝʝʥʥʘʷ; 6 

ï ʩʦʣʦʥʝʮ ʯʝʨʥʦʟʝʤʦʚʠʜʥʳʡ ʛʣʝʝʚʘʪʳʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʛʫʤʫʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʛʠʜʨʦʤʦʨʬʥʳʭ ʠ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ ʣʝʩʦʩʪʝʧʠ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ, 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʛʫʤʫʩʦʥʘʢʦʧʣʝʥʠʷ ʩʚʷʟʘʥ ʥʝ ʩ ʘʚʪʦʤʦʨʬʥʳʤʠ 

ʯʝʨʥʦʟʸʤʘʤʠ, ʘ ʩ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʤʠ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʤʠ ʧʦʯʚʘʤʠ ʧʨʠ 

ʫʤʝʨʝʥʥʦ ʛʣʫʙʦʢʦʤ ʫʨʦʚʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ (ʦʢʦʣʦ 3ï6 ʤ): ʚ ʥʠʭ ʚʳʰʝ ʤʦʱʥʦʩʪʴ 

ʛʦʨʠʟʦʥʪʦʚ ɸ+ɸɺ, ʩʦʜʝʨʞʘʥʠʝ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ, ʘ ʩʘʤ ʛʫʤʫʩ ʙʦʣʝʝ ʛʫʤʘʪʥʳʡ 

ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʉʛʢ:ʉʬʢ ʠ ʚʝʜʫʱʝʡ ʨʦʣʴʶ ɻʂ-II (ɸʭʪʳʨʮʝʚ, 

1999; ʉʘʤʦʡʣʦʚʘ, 1981). ʇʦ ʤʝʨʝ ʫʩʠʣʝʥʠʷ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʠ ʧʦʜʲʸʤʘ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʤ ʠ ʯʝʨʥʦʟʸʤʥʦ-

ʚʣʘʞʥʦʣʫʛʦʚʳʤ ʧʦʯʚʘʤ ʥʘʙʣʶʜʘʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠ ʟʘʧʘʩʦʚ, ʦʯʝʥʴ 

ʚʳʩʦʢʘʷ ʛʫʤʫʩʥʦʩʪʴ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 0ï20 ʩʤ ʠ ʙʳʩʪʨʦʝ ʧʘʜʝʥʠʝ ʉʦʨʛ ʩ 

ʛʣʫʙʠʥʦʡ; ʚ ʦʩʦʣʦʜʝʣʳʭ ʠ ʩʦʣʦʥʮʦʚʳʭ ʚʘʨʠʘʥʪʘʭ ʚʝʨʭ ʧʨʦʬʠʣʷ 

ʬʫʣʴʚʘʪʠʟʠʨʫʝʪʩʷ, ʘ ʚ ʧʦʜʩʦʣʦʥʮʦʚʳʭ ʟʦʥʘʭ ʚʦʟʤʦʞʥʘ ʘʢʢʫʤʫʣʷʮʠʷ ɻʂ 

ʨʝʣʠʢʪʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʄʠʪʨʘʢʦʚʘ, 1973; ʉʘʤʦʡʣʦʚʘ, 1981). ʇʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ 

(ʂʨʘʩʠʥʘ, 2014). 

ɽʩʣʠ ɽ.ʄ. ʉʘʤʦʡʣʦʚʘ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʣʫʛʦʚʳʭ ʧʦʯʚ 

ʩʦʜʝʨʞʘʪ ʟʘʤʝʪʥʫʶ ʜʦʣʶ ɻʂ-I, ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʛʠʜʨʦʤʦʨʬʠʟʤʦʤ ʠ 

ʢʦʥʩʝʨʚʘʮʠʝʡ ʨʘʟʣʦʞʝʥʠʷ, ʪʦ ʫ ɸ.ɹ. ɸʭʪʳʨʮʝʚʘ ʚʢʣʘʜ ɻʂ-I ʤʝʥʴʰʝ (5ï12%) 

ʧʨʠ ʦʙʱʝʤ ʧʨʝʦʙʣʘʜʘʥʠʠ ɻʂ-II (ʉʘʤʦʡʣʦʚʘ, 1981; ɸʭʪʳʨʮʝʚ, 1999). ɺ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʘʤʙʦʚʩʢʦʡ ʨʘʚʥʠʥʳ ʊ.ɺ. ʂʨʘʩʠʥʘ ʬʠʢʩʠʨʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʯʝʨʥʦʟʸʤʦʚʠʜʥʳʭ ʦʛʣʝʸʥʥʳʭ ʠ ʩʦʣʦʥʮʝʚʘʪʳʭ ʦʛʣʝʸʥʥʳʭ ʧʦʯʚ ʥʘ 10ï20% 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʝʨʥʦʟʸʤʘ ʪʠʧʠʯʥʦʛʦ, ʩʤʝʱʝʥʠʝ ʩʦʩʪʘʚʘ ʢ ʙʦʣʝʝ ʧʦʜʚʠʞʥʳʤ 

ʬʨʘʢʮʠʷʤ (ʨʦʩʪ ʜʦʣʠ ʌʂ IïIa, ʩʦʢʨʘʱʝʥʠʝ ɻʂ-III ʠ ʛʫʤʠʥʘ) ʠ ʚʳʨʘʞʝʥʥʫʶ 

ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʫʶ ʤʠʛʨʘʮʠʶ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʦʩʦʣʦʥʮʝʚʘʥʠʠ (ʂʨʘʩʠʥʘ, 2014). ʕʪʠ ʵʬʬʝʢʪʳ ʩʣʘʙʝʝ ʚʳʨʘʞʝʥʳ ʥʘ ʙʦʣʝʝ 

ʜʨʝʥʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʚ ʤʝʥʝʝ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ 

ʨʘʙʦʪʘʭ ʉʘʤʦʡʣʦʚʦʡ (1981) ʠ ɸʭʪʳʨʮʝʚʘ (1999). 

ɸʚʪʦʨʳ ʝʜʠʥʳ ʚ ʪʦʤ, ʯʪʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʠʜʨʦʤʦʨʬʥʳʭ ʠ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ ʚʝʜʸʪ ʢ ʬʫʣʴʚʘʪʠʟʘʮʠʠ ʛʫʤʫʩʘ, 

ʫʩʠʣʝʥʠʶ ʤʠʛʨʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʬʨʘʢʮʠʡ ʠ ʩʥʠʞʝʥʠʶ ʜʦʣʠ ʫʩʪʦʡʯʠʚʳʭ ʬʦʨʤ. 
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ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʚ ʧʨʝʨʠʡʥʳʭ ʧʦʜʭʦʣʦʚ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʠ ʙʣʠʟʢʠʤ ʧʦ ʣʘʥʜʰʘʬʪʥʳʤ ʫʩʣʦʚʠʷʤ ʢ 

ʟʘʧʘʜʠʥʥʳʤ ʫʨʦʯʠʱʘʤ ʣʝʩʦʩʪʝʧʥʦʡ ʯʘʩʪʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʨʝʛʠʦʥ çʧʨʝʨʠʡʥʳʭ ʧʦʜʭʦʣʦʚè (PPR) ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɺʝʣʠʢʠʭ 

ʈʘʚʥʠʥ ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ, ʦʜʥʘʢʦ ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʫʚʣʘʞʥʝʥʠʷ (ʨʠʩ. 4). ɺ ʥʘʠʙʦʣʝʝ ʚʣʘʞʥʳʭ 

ʟʘʧʘʜʥʳʭ ʠ ʩʝʚʝʨʥʳʭ ʯʘʩʪʷʭ ʨʝʛʠʦʥʘ ʜʥʠʱʘ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʜʭʦʣʦʚ - ʟʘʧʘʜʠʥ 

ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʦ ʟʘʪʦʧʣʝʥʥʳʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ, ʚ ʥʠʭ 

ʬʦʨʤʠʨʫʶʪʩʷ ʙʦʣʦʪʥʳʝ ʵʢʦʩʠʩʪʝʤʳ (Hayashi et al., 2016, Chizen et al., 2025). 

ʇʦʜʭʦʣʳ ʩʯʠʪʘʶʪʩʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʝʟʦʥʘ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʣʘʞʥʳʭ ʣʝʪ (Hayashi et al., 2016).  

ʇʦʯʚʳ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ WRB ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʬʝʨʘʪʠʚʥʦʡ ʧʦʯʚʝʥʥʦʡ ʛʨʫʧʧʝ Chernozems (USDA: Mollisols). ɺ 

ʧʨʝʜʝʣʘʭ ʘʨʝʘʣʘ ʧʨʝʨʠʡʥʳʭ ʧʦʜʭʦʣʦʚ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʡ 

ʛʨʘʜʠʝʥʪ: ʜʨʫʛ ʜʨʫʛʘ ʩʤʝʥʷʶʪ ʧʦʯʚʝʥʥʳʝ ʧʦʜʟʦʥʳ Brown (ɹʫʨʳʝ ï ʯʝʨʥʦʟʸʤʳ 

ʩʫʭʠʭ ʩʪʝʧʝʡ), Dark Brown (ʪʸʤʥʦ-ɹʫʨʳʝ ʯʝʨʥʦʟʸʤʳ ʫʤʝʨʝʥʥʦ ʟʘʩʫʰʣʠʚʳʭ 

ʩʪʝʧʝʡ), Dark Grey (ʧʨʠʤʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʱʝʣʦʯʝʥʥʳʤ ʯʝʨʥʦʟʝʤʘʤ ʠ 

ʪʝʤʥʦ-ʩʝʨʳʤ ʣʝʩʥʳʤ ʧʦʯʚʘʤ ʣʝʩʦʩʪʝʧʠ) ʠ Black (ʯʝʨʥʦʟʝʤʳ ʚʣʘʞʥʦʡ 

ʣʝʩʦʩʪʝʧʠ) ï ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʱʝʣʦʯʝʥʥʳʤ ʠ ʦʧʦʜʟʦʣʝʥʥʳʤ 

ʯʝʨʥʦʟʝʤʘʤ, ʦʜʥʘʢʦ, ʩ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤ ʧʦʜʟʦʣʠʩʪʳʤ ʧʨʦʮʝʩʩʦʤ (Mitchel, 

2024; Chizen et al., 2025). ʉʤʝʥʷʶʱʠʝ ʜʨʫʛ ʜʨʫʛʘ ʧʦʯʚʝʥʥʳʝ ʟʦʥʳ ʦʪʨʘʞʘʶʪ 

ʧʝʨʝʭʦʜ ʦʪ ʟʘʩʫʰʣʠʚʳʭ ʩʪʝʧʝʡ ʢ ʙʦʣʝʝ ʚʣʘʞʥʦʡ ʣʝʩʦʩʪʝʧʠ ʥʘ ʩʝʚʝʨʝ 

ʂʘʥʘʜʩʢʠʭ ʧʨʝʨʠʡ ï ʦʩʥʦʚʦʡ ʚʳʜʝʣʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ ʮʚʝʪ 

ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚ, ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʦʛʦ ʇʆɺ (Pennock et al., 2010). ɺ 

ʮʝʣʦʤ ʧʝʨʝʭʦʜ ʧʦʯʚʝʥʥʳʭ ʟʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʚʦʤʫ ʥʘ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʝ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʙʦʣʝʝ ʨʝʟʢʦʛʦ ʨʦʩʪʘ ʫʚʣʘʞʥʝʥʠʷ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ 

ʢʘʢ ʚ ʟʘʧʘʜʥʦʤ, ʪʘʢ ʠ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ʈʠʩʫʥʦʢ 4. ʕʢʦʨʝʛʠʦʥʳ ʠ ʧʦʯʚʝʥʥʳʝ ʟʦʥʳ ʢʘʥʘʜʩʢʦʡ ʯʘʩʪʠ ɺʝʣʠʢʠʭ ʨʘʚʥʠʥ ʚ 

ʧʨʝʜʝʣʘʭ ʘʨʝʘʣʘ ʧʨʝʨʠʡʥʳʭ ʧʦʜʭʦʣʦʚ (ʉʦʩʪʘʚʣʝʥʦ ʧʦ Chizen et al., 2024). 

ɺ ʦʨʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʥʠʞʝʥʠʷʭ ʵʪʠ ʧʦʯʚʳ ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʠʟʥʘʢʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ: ʬʦʨʤʠʨʫʶʪʩʷ ʛʠʜʨʦʤʦʨʬʥʳʝ ʯʝʨʥʦʟʸʤʳ ʠ 

ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ ʧʦʯʚʳ ʩ ʧʨʠʟʥʘʢʘʤʠ ʦʛʣʝʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʝʬʝʨʘʪʠʚʥʦʡ ʧʦʯʚʝʥʥʦʡ ʛʨʫʧʧʝ Gleysols. ɺ ʥʘʠʙʦʣʝʝ ʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ 

ʟʘʧʘʜʠʥ ï ʚ ʠʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ Histosols ʩ ʤʦʱʥʳʤʠ (ʙʦʣʝʝ 

40 ʩʤ) ʪʦʨʬʷʥʳʤʠ ʠ ʧʝʨʝʛʥʦʡʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ, ʦʜʥʘʢʦ ʯʘʱʝ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʯʚʘʭ ʚ ʚʠʜʝ ʤʦʱʥʦʛʦ ʛʫʤʫʩʦʚʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. 

ɼʣʷ ʵʪʠʭ ʧʦʯʚ ʭʘʨʘʢʪʝʨʥʳ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ ʤʦʱʥʦʩʪʴʶ 

ʜʦ 60-80 ʩʤ ʥʘ ʨʘʚʥʠʥʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʇʆɺ 4-6%, ʦʩʦʙʝʥʥʦ ʪʘʤ, ʛʜʝ 

ʠʩʪʦʨʠʯʝʩʢʠ ʧʨʦʠʟʨʘʩʪʘʣʠ ʚʳʩʦʢʦʪʨʘʚʥʳʝ ʧʨʝʨʠʠ 

ʅʘ ʮʝʣʠʥʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʝʨʠʡ ʧʦʯʚʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʧʘʜʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʢʦʨʥʝʚʳʭ ʩʠʩʪʝʤ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʣʘʢʦʚ 

(Millett  et al., 2009; Pennock et al., 2010).  

ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ ʚʳʩʦʢʦʪʨʘʚʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ, ʧʦʵʪʦʤʫ ʪʘʤ ʬʦʨʤʠʨʫʶʪʩʷ 
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ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʠ ʪʝʤʥʳʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ ï ʟʦʥʘ Black ʧʦ 

ʂʘʥʘʜʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (Chizen, 2025). 

ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɺʝʣʠʢʠʭ ʈʘʚʥʠʥ, ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ ʢʣʠʤʘʪʘ ʠ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʪʨʘʚʷʥʠʩʪʳʭ ʩʦʦʙʱʝʩʪʚ (shortgrass 

prairie), ʧʦʩʪʫʧʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʧʘʜʘ ʤʝʥʴʰʝ, ʘ ʨʘʟʣʦʞʝʥʠʝ ʠʜʸʪ ʙʳʩʪʨʝʝ, 

ʧʦʵʪʦʤʫ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʩʢʘʧʣʠʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʘ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʡ 

ʛʦʨʠʟʦʥʪ ʦʢʨʘʰʝʥ ʙʦʣʝʝ ʩʚʝʪʣʦ ʠ ʠʤʝʝʪ ʢʘʰʪʘʥʦʚʳʡ ʠʣʠ ʙʫʨʳʡ ʦʪʪʝʥʦʢ. 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʫʚʣʘʞʥʝʥʠʷ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʥʘʧʨʷʤʫʶ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʦʜʝʨʞʘʥʠʠ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ. ʉʨʝʜʥʠʝ ʟʘʧʘʩʳ 

ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʥʠʞʝʥʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʚʳʰʝ ʚ 

ʵʢʦʨʝʛʠʦʥʘʭ ʚʳʩʦʢʦʪʨʘʚʥʳʭ ʧʨʝʨʠʡ, ʯʝʤ ʚ ʟʘʩʫʰʣʠʚʳʭ ʢʦʨʦʪʢʦʪʨʘʚʥʳʭ 

ʩʪʝʧʷʭ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʣʠʷʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʙʠʦʤʘʩʩʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

(Pennock et al., 2010; Bansal et al., 2021). 

ɿʘʧʘʜʠʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʧʨʝʨʠʡ ʦʪʣʠʯʘʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʩʪʨʦʪʦʡ ʠ ʤʦʟʘʠʯʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʤʠʢʨʦʨʝʣʴʝʬʦʤ 

(Bedard-Haughn, 2009). ʅʘ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ï ʜʝʩʷʪʢʠ ï ʧʝʨʚʳʝ ʩʦʪʥʠ 

ʤʝʪʨʦʚ ʩʦʩʝʜʩʪʚʫʶʪ ʜʨʝʥʠʨʦʚʘʥʥʳʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠ ʟʘʙʦʣʦʯʝʥʥʳʝ 

ʧʦʥʠʞʝʥʠʷ. ɺʦʜʦʨʘʟʜʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʧʫʢʣʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ 

ʜʨʝʥʠʨʫʶʪʩʷ ʣʫʯʰʝ: ʟʜʝʩʴ ʬʦʨʤʠʨʫʶʪʩʷ ʪʠʧʠʯʥʳʝ ʩʪʝʧʥʳʝ ʧʦʯʚʳ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʚ ʩʨʝʜʥʝʤ 2,5-5% 

ʉ ʚ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ) (Brown et al., 2017; Chizen et al., 2024). ɺ 

ʧʦʥʠʞʝʥʠʷʭ ʚʣʘʞʥʦʩʪʴ ʚʳʰʝ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʧʦʜʭʦʜʷʪ ʙʣʠʞʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʯʪʦ ʩʦʟʜʘʝʪ ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ ʠ ʟʘʤʝʜʣʷʝʪ ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʢʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʯʚʳ ʟʘʧʘʜʠʥ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʪ.ʥ. çʣʦʚʫʰʢʠ ʫʛʣʝʨʦʜʘè, ʛʜʝ 

ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʝʛʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

(Chizen et al., 2024). 

ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʉʪʶʘʨʪʘ ʠ ʂʘʥʪʝʨʫʜʘ (1971) ʟʘʧʘʜʠʥʳ ʧʨʝʨʠʡʥʳʭ 

ʧʦʜʭʦʣʦʚ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʟʘʪʦʧʣʝʥʠʷ. 

ʕʬʝʤʝʨʥʦ-ʟʘʪʦʧʣʝʥʥʳʝ (ephemeral) ʟʘʧʘʜʠʥʳ ʚʳʩʳʭʘʶʪ ʤʝʥʝʝ ʯʝʤ ʯʝʨʝʟ 

ʤʝʩʷʮ ʧʦʩʣʝ ʩʥʝʛʦʪʘʷʥʠʷ; ʚʨʝʤʝʥʥʦ-ʟʘʪʦʧʣʝʥʥʳʝ (temporary) ʦʩʪʘʶʪʩʷ 

ʟʘʪʦʧʣʝʥʥʳʤʠ ʚ ʪʝʯʝʥʠʝ 1ï2 ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʩʭʦʜʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ; ʩʝʟʦʥʥʦ-

ʟʘʪʦʧʣʝʥʥʳʝ (seasonal) ʦʩʪʘʶʪʩʷ ʟʘʪʦʧʣʝʥʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʯʘʩʪʠ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ; çʧʦʣʫʧʦʩʪʦʷʥʥʦè-ʟʘʪʦʧʣʝʥʥʳʝ (semi-

permanent) ʠ ʧʦʩʪʦʷʥʥʦ-ʟʘʪʦʧʣʝʥʥʳʝ (permanent) ʦʩʪʘʶʪʩʷ ʟʘʪʦʧʣʝʥʥʳʤʠ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʧʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʝ ʥʝ ʦʩʫʰʘʶʪʩʷ 

ʜʘʞʝ ʚ ʩʘʤʳʝ ʩʫʭʠʝ ʛʦʜʳ. ʕʪʠ ʢʣʘʩʩʳ ʦʪʨʘʞʘʶʪ ʥʝ ʪʦʣʴʢʦ ʨʘʟʣʠʯʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ, ʥʦ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 
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ʉʦʜʝʨʞʘʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ 

ʪʠʧʦʤ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ (ʨʠʩ. 5). ʕʬʝʤʝʨʥʦ-ʟʘʪʦʧʣʝʥʥʳʝ ʟʘʧʘʜʠʥʳ ʥʘʠʙʦʣʝʝ 

ʙʝʜʥʳ ʦʨʛʘʥʠʢʦʡ: ʧʦʩʣʝ ʚʝʩʝʥʥʝʛʦ ʩʥʝʛʦʪʘʷʥʠʷ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ 

ʧʝʨʝʭʦʜʷʪ ʚ ʘʵʨʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʥʘʢʦʧʣʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʜʚʝʨʞʝʥʳ ʠʥʪʝʥʩʠʚʥʦʤʫ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ. 

ʇʦʯʚʳ ʚʨʝʤʝʥʥʦ-ʟʘʪʦʧʣʝʥʥʳʭ ʟʘʧʘʜʠʥ ʩʦʜʝʨʞʘʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʫʛʣʝʨʦʜʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʘʚʪʦʤʦʨʬʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʥʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʠʭ ʧʨʦʬʠʣʠ 

ʩʭʦʞʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʇʆɺ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʯʚ ʩʝʟʦʥʥʦ-

ʟʘʪʦʧʣʝʥʥʳʭ ʠ ʧʦʩʪʦʷʥʥʦ-ʟʘʪʦʧʣʝʥʥʳʭ ʟʘʧʘʜʠʥ: ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ ʠ ʟʘʤʝʜʣʷʝʪ ʨʘʟʣʦʞʝʥʠʝ 

ʦʨʛʘʥʠʢʠ, ʧʦʵʪʦʤʫ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ ʵʪʠʭ ʧʦʯʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʠʙʦʣʝʝ 

ʪʝʤʥʳʤʠ ʠ ʤʦʱʥʳʤʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. ɺ ʧʨʝʜʝʣʘʭ 

ʧʦʯʚʝʥʥʦʡ ʟʦʥʳ Black ʪʘʢʠʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʘʢʞʝ ʥʘʠʙʦʣʴʰʠʤʠ 

ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ: ʧʦ ʜʘʥʥʳʤ Chizen et al. (2024), ʇʦʯʚʳ ʩʝʟʦʥʥʦ-ʟʘʪʦʧʣʝʥʥʳʭ 

ʟʘʧʘʜʠʥʳ ʩʦʜʝʨʞʘʪ ʫʛʣʝʨʦʜʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʯʚʳ ʵʬʝʤʝʨʥʦ-

ʟʘʪʦʧʣʝʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʣʝʨʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʜʭʦʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ (Brown, Dark Brown, Black), ʥʦ ʠ 

ʢʦʥʢʨʝʪʥʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ ʟʘʧʘʜʠʥʳ, ʧʨʠ ʵʪʦʤ ʠʤʝʥʥʦ ʩʝʟʦʥʥʳʝ 

çʟʘʙʦʣʦʯʝʥʥʳʝ ʟʝʤʣʠè ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʛʣʘʚʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʫʛʣʝʨʦʜʘ ʚ 

ʧʨʝʜʝʣʘʭ PPR. 

 

ʈʠʩʫʥʦʢ 5. ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʟʘʧʘʜʠʥ ʨʝʛʠʦʥʘ ʧʨʝʨʠʡʥʳʭ ʧʦʜʭʦʣʦʚ ʚ 

ʧʦʯʚʝʥʥʳʭ ʟʦʥʘʭ Dark Brown (ʩʣʝʚʘ) ʠ Black (ʩʧʨʘʚʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʦʚ 

ʟʘʧʘʜʠʥ ʚ ʩʣʦʷʭ 0-30, 0-60 ʠ 0-100 ʩʤ (ʉʦʩʪʘʚʣʝʥʦ ʧʦ Chizen et al., 2024). 

ʉʪʶʘʨʪ ʠ ʂʘʥʪʝʨʫʜ (1971) ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʧʘʜʠʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʦʪʤʝʯʘʣʠ, ʯʪʦ ʚ ʥʘʠʙʦʣʝʝ ʜʦʣʛʦ ʟʘʪʦʧʣʷʝʤʳʭ ʧʦʣʫʧʦʩʪʦʷʥʥʳʭ ʚʦʜʥʦ-

ʙʦʣʦʪʥʳʭ ʫʛʦʜʴʷʭ (semi-permanent wetlands) ʬʦʨʤʠʨʫʝʪʩʷ ʙʦʛʘʪʳʡ ʦʨʛʘʥʠʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʛʦʨʠʟʦʥʪ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʵʬʝʤʝʨʥʳʝ (ʙʳʩʪʨʦ 
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ʚʳʩʳʭʘʶʱʠʝ) ʧʦʥʠʞʝʥʠʷ ʧʦ ʩʚʦʡʩʪʚʘʤ ʙʣʠʞʝ ʢ ʘʚʪʦʤʦʨʬʥʳʤ ʧʦʯʚʘʤ. ʏʝʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʝʝ ʝʞʝʛʦʜʥʳʡ ʧʝʨʠʦʜ ʟʘʪʦʧʣʝʥʠʷ, ʪʝʤ ʚʳʰʝ ʘʢʪʠʚʥʦʩʪʴ 

ʥʘʢʦʧʣʝʥʠʷ ʇʆɺ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʪʦʷʥʥʦ 

ʟʘʪʦʧʣʝʥʥʳʝ ʟʘʧʘʜʠʥʳ ʙʣʘʛʦʜʘʨʷ ʩʪʘʙʠʣʴʥʦ ʚʣʘʞʥʳʤ ʫʩʣʦʚʠʷʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʪʝʤʧʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʢʠ ʠ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ 

ʥʘʢʦʧʣʝʥʥʳʡ ʫʛʣʝʨʦʜ ʚ ʪʝʯʝʥʠʝ ʩʪʦʣʝʪʠʡ (Gleason et al., 2008; Huang et al., 

2023). ʅʘʧʨʦʪʠʚ, ʧʦʯʚʳ ʵʬʝʤʝʨʥʦ-ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʟʘʧʘʜʠʥ (ʚʳʩʳʭʘʶʱʠʝ 

ʤʝʥʝʝ ʯʝʤ ʯʝʨʝʟ ʤʝʩʷʮ ʧʦʩʣʝ ʩʥʝʛʦʪʘʷʥʠʷ) ʧʝʨʝʭʦʜʷʪ ʚ ʘʵʨʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ 

ʥʘʯʘʣʝ ʣʝʪ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʨʘʟʣʦʞʝʥʠʝ: ʛʫʤʫʩ ʥʘ ʠʭ ʜʥʝ ʙʳʩʪʨʦ ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ 

ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʧʦʯʚʳ (Gleason et al., 2008). 

ɺ ʧʦʯʚʘʭ ʟʘʧʘʜʠʥ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʛʨʝʙʸʥʥʳʝ ʛʦʨʠʟʦʥʪʳ (Chizen 

et al., 2024), ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʩ 

ʘʚʪʦʥʦʤʥʳʭ ʧʦʟʠʮʠʡ ʧʨʠ ʩʥʝʛʦʪʘʷʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʨʘʟʨʝʟʘʭ ʚ ʜʥʠʱʘʭ 

ʧʦʜʭʦʣʦʚ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 30 ʩʤ ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʚʘʪʴʩʷ ʨʝʣʠʢʪʦʚʳʝ 

ʪʝʤʥʦʦʢʨʘʰʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʦʝ 

ʟʘʯʘʩʪʫʶ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ (Chizen et 

al., 2024). ʀʩʩʣʝʜʦʚʘʥʠʝ Konschuh (2013) ʚ ʉʘʩʢʘʯʝʚʘʥʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʨʷʜʝ 

ʟʘʧʘʜʠʥ ʜʦ ʧʦʣʦʚʠʥʳ ʦʪ ʦʙʱʝʛʦ ʟʘʧʘʩʘ ʫʛʣʝʨʦʜʘ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʠʤʝʥʥʦ ʚ 

ʧʦʛʨʝʙʝʥʥʦʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. 

ɺ ʙʦʣʝʝ ʚʣʘʞʥʳʭ ʠ ʧʨʦʭʣʘʜʥʳʭ ʯʘʩʪʷʭ ʧʨʝʨʠʠ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʦʥʳ 

Black ʠ Gray ï ʬʦʨʤʠʨʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ 

ʟʘ ʩʯʸʪ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʪʨʘʚ ʠ ʟʘʤʝʜʣʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʇʆɺ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟ-ʟʘ ʩʥʠʞʝʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʜʦʣʠ ʣʘʙʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʛʣʫʙʞʝ ʧʦ ʧʨʦʬʠʣʶ 

ʠ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (Zhang et al., 2017). ʊʝ 

ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʪʤʝʯʘʶʪʩʷ ʜʣʷ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ ʚ ʦʢʨʘʠʥʥʳʭ 

ʯʘʩʪʷʭ ʧʦʜʭʦʣʦʚ ʠ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʩʢʣʦʥʦʚ ʙʦʣʝʝ ʩʫʭʦʡ ʯʘʩʪʠ PRR ï 

ʦʨʛʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʧʦʯʚʳ ʠʟʥʘʯʘʣʴʥʦ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʘ ʣʘʙʠʣʴʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʦʯʚʝʥʥʦʛʦ ʛʫʤʫʩʘ ʠ ʩʦʝʜʠʥʝʥʠʷʤʠ POM (Bedard-Haughn et al., 

2006; Brown et al., 2017). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʯʚʳ ʧʦʜʭʦʣʦʚ ʦʙʦʛʘʱʘʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ 

ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʨʘʜʠʘʣʴʥʦʡ ʠ ʚʥʝʰʥʝʡ ʣʘʪʝʨʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ. ɺ 

ʮʝʣʦʤ ʤʠʢʨʦʨʝʣʴʝʬ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʝʟʢʠʝ ʨʘʟʣʠʯʠʷ ʚ ʟʘʧʘʩʘʭ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ: ʧʦ ʜʘʥʥʳʤ ʤʝʪʘ-ʘʥʘʣʠʟʦʚ, ʦʜʠʥ ʣʠʰʴ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʪʠʧ ʟʘʧʘʜʠʥʳ (ʵʬʝʤʝʨʥʦʝ, ʚʨʝʤʝʥʥʦʝ, ʩʝʟʦʥʥʦʝ ʠ ʪ.ʜ.) 

ʦʙʲʷʩʥʷʝʪ ʜʦ ~27 % ʚʘʨʠʘʮʠʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ. ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʨʝʢʦʤʝʥʜʫʶʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʣʘʥʜʰʘʬʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ 
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ʧʦʥʠʞʝʥʠʷ ʢʘʢ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʫʤʫʩʦʚʦʛʦ ʧʨʦʬʠʣʷ 

(Chizen et al., 2024). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʥʘ ʩʦʩʪʦʷʥʠʝ ʇʆɺ ʧʦʜʭʦʣʦʚ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʦʩʫʰʝʥʠʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʚʦʜʥʳʡ ʠ ʢʠʩʣʦʨʦʜʥʳʡ 

ʨʝʞʠʤ: ʧʦʯʚʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʘʵʨʠʨʦʚʘʥʥʳʤʠ, ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʥʘʯʠʥʘʶʪ 

ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʣʘʛʘʪʴ ʨʘʥʝʝ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ. ʕʤʠʩʩʠʷ CO  ʚʦʟʨʘʩʪʘʝʪ, ʙʘʣʘʥʩ ʫʛʣʝʨʦʜʘ ʚ ʟʘʧʘʜʠʥʘʭ ʩʤʝʱʘʶʪʩʷ: 

ʠʟ çʘʢʢʫʤʫʣʷʪʦʨʦʚè ʫʛʣʝʨʦʜʘ ʦʥʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʝʛʦ ʠʩʪʦʯʥʠʢʠ (Tangen et 

al., 2015; Tangen & Bansal, 2019). ʇʨʠ ʵʪʦʤ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʩʥʠʞʘʶʪʩʷ ʚ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʩʦʭʨʘʥʷʶʪʩʷ 

ʪʦʣʴʢʦ ʚ ʥʝʪʨʦʥʫʪʳʭ ʙʦʣʦʪʮʘʭ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʮʝʣʠʥʥʳʭ ʫʯʘʩʪʢʘʭ (Bansal et 

al., 2021). 

ʇʦ ʜʘʥʥʳʤ Euliss et al. (2006), ʚ ʧʦʯʚʘʭ ʧʦʜʭʦʣʦʚ ʧʨʠ ʦʩʫʰʝʥʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʩʧʘʰʢʝ ʪʝʨʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 10 ʪ C/ʛʘ ʠʟ ʚʝʨʭʥʠʭ 15 ʩʤ. 

ʉʦʚʦʢʫʧʥʳʝ ʧʦʪʝʨʠ ʜʣʷ PPR ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʫʛʣʝʨʦʜʘ. 

ʉʨʝʜʠ ʧʨʠʯʠʥ ï ʩʦʢʨʘʱʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʢʦʨʥʝʚʳʭ ʦʩʪʘʪʢʦʚ ʦʜʥʦʣʝʪʥʠʭ 

ʨʘʩʪʝʥʠʡ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʵʨʘʮʠʠ ʧʦʯʚʳ, ʨʘʟʨʫʰʝʥʠʝ ʘʛʨʝʛʘʪʦʚ ʧʨʠ ʚʩʧʘʰʢʝ, ʫʩʠʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʵʨʦʟʠʠ (Cortus et al., 2011). ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʦʩʫʰʝʥʥʳʭ 

ʧʦʜʭʦʣʘʭ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʟʘʧʘʩʘʤ ʬʦʥʦʚʳʭ ʧʦʯʚ ʥʘ ʩʢʣʦʥʘʭ 

(Brown et al., 2017). ʆʩʫʰʝʥʠʝ ʜʦʧʦʣʥʷʝʪ ʵʬʬʝʢʪ ʨʘʩʧʘʰʢʠ, ʫʩʠʣʠʚʘʷ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʠʢʠ ʧʦ ʧʨʦʬʠʣʶ: ʯʘʩʪʴ ʛʫʤʫʩʘ ʤʠʛʨʠʨʫʝʪ ʛʣʫʙʞʝ, 

ʜʦʩʪʠʛʘʷ ʩʨʝʜʠʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʛʫʤʫʩ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʫʩʪʦʡʯʠʚʳʭ ʤʠʢʨʦʙʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʆʨʣʦʚ, 1996). ʆʩʫʰʝʥʠʝ ʠ ʨʘʩʧʘʰʢʘ 

ʧʦʜʭʦʣʦʚ ʫʩʢʦʨʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʥʘʠʙʦʣʝʝ ʣʘʙʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʩʪʘʚʝ 

ʇʆɺ, ʩʤʝʱʘʷ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʠʟʠʯʝʩʢʠʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʢʩʠʨʫʶʪ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʤʝʥʝʝ ʨʘʟʣʦʞʠʚʰʠʭʩʷ 

ʦʩʪʘʪʢʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʧʨʦʜʫʢʪʘʤʠ ʤʠʢʨʦʙʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

(Chizen et al., 2024). ʆʜʥʦʚʨʝʤʝʥʥʦ ʤʝʥʷʝʪʩʷ ʧʦʯʚʝʥʥʘʷ ʙʠʦʪʘ, ʥʘʨʫʰʘʶʪʩʷ 

ʮʠʢʣʳ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ: ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʩʥʠʞʘʝʪʩʷ ʜʦʣʷ 

ʛʨʠʙʦʚ ʠ ʘʥʘʵʨʦʙʥʳʭ ʤʠʢʨʦʙʦʚ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʤʠʥʝʨʘʣʠʟʘʮʠʶ 

(Zhao et al., 2022). ʉʦʦʪʥʦʰʝʥʠʝ ʬʨʘʢʮʠʡ POM ʠ MAOM ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪ ʷʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʠ ʦʩʫʰʝʥʠʠ ʧʦʯʚ 

ʧʦʜʭʦʣʦʚ (Chizen et al., 2024). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʥʘʨʫʰʝʥʥʳʝ ʧʦʯʚʳ ʜʥʠʱ ʧʦʜʭʦʣʦʚ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʜʣʷ ʚʩʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩʪʝʧʥʦʡ ʠ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ. 

ɿʘʧʘʜʠʥʥʳʝ ʧʦʯʚʳ ʣʝʩʦʩʪʝʧʠ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʠ ʧʦʯʚʳ ʧʨʝʨʠʡʥʳʭ 

ʧʦʜʭʦʣʦʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʘʢ ʦʙʱʠʝ ʯʝʨʪʳ, ʪʘʢ ʠ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʆɺ. ɺ ʦʙʦʠʭ 

ʨʝʛʠʦʥʘʭ ʤʠʢʨʦʨʝʣʴʝʬ ʠ ʨʝʞʠʤ ʫʚʣʘʞʥʝʥʠʷ, ʚʤʝʩʪʝ ʬʦʨʤʠʨʫʶʱʠʝ ʚʦʜʥʳʡ 

ʨʝʞʠʤ ʧʦʯʚ, ʚʳʩʪʫʧʘʶʪ ʚʝʜʫʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʟʘʧʘʩʳ ʠ 

ʢʘʯʝʩʪʚʦ ʇʆɺ: ʧʦʯʚʳ ʚ ʜʥʠʱʘʭ ʟʘʧʘʜʠʥ ʥʘʢʘʧʣʠʚʘʶʪ ʫʛʣʝʨʦʜ ʚ ʫʩʣʦʚʠʷʭ 

ʘʥʘʵʨʦʙʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ; 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ ʘʚʪʦʥʦʤʥʳʭ ʧʦʟʠʮʠʡ 

ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ ʣʘʙʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʤʠ ʬʦʨʤʘʤʠ ʇʆɺ. 

ɺ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʣʝʩʦʩʪʝʧʠ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʠ ɺʝʣʠʢʠʭ 

ʈʘʚʥʠʥ ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʨʘʟʣʠʯʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʣʷ 

ʣʝʩʦʩʪʝʧʥʳʭ ʟʘʧʘʜʠʥ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʥʘʠʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʠ ʤʦʱʥʦʩʪʴ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʚʦʡʩʪʚʝʥʥʳ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʤ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʤ 

ʧʦʯʚʘʤ ʧʨʠ ʛʣʫʙʠʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 3-6 ʤ. ɿʜʝʩʴ ʛʫʤʫʩ ʠʤʝʝʪ ʛʫʤʘʪʥʳʡ ʩʦʩʪʘʚ 

ʩ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʉʛʢ:ʉʬʢ ʠ ʚʝʜʫʱʝʡ ʨʦʣʴʶ ʢʘʣʴʮʠʡ-ʩʚʷʟʘʥʥʳʭ 

ʬʨʘʢʮʠʡ ɻʂ-II, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʲʸʤʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʫʩʠʣʝʥʠʠ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʛʫʤʫʩʥʦʩʪʴ 

ʩʥʠʞʘʝʪʩʷ, ʧʨʦʬʠʣʴ ʬʫʣʴʚʘʪʠʟʠʨʫʝʪʩʷ, ʨʘʩʪʸʪ ʜʦʣʷ ʧʦʜʚʠʞʥʳʭ ʬʨʘʢʮʠʡ, ʘ 

ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʫʤʝʥʴʰʘʶʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʘʧʘʩʳ ʉʦʨʛ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʬʠʢʩʠʨʫʶʪʩʷ ʚ 

ʨʘʟʥʳʭ ʧʦʯʚʘʭ.  

ɺ ʧʨʝʨʠʡʥʳʭ ʧʦʜʭʦʣʘʭ, ʥʘʧʨʦʪʠʚ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʟʘʧʘʩʳ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪʤʝʯʘʶʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʛʠʜʨʦʤʦʨʬʥʳʭ ʫʩʣʦʚʠʷʭ - ʚ 

ʩʝʟʦʥʥʦ-ʟʘʪʦʧʣʝʥʥʳʭ ʠ ʧʦʩʪʦʷʥʥʦ-ʟʘʪʦʧʣʝʥʥʳʭ ʟʘʧʘʜʠʥʘʭ. ɼʣʠʪʝʣʴʥʦʝ 

ʟʘʪʦʧʣʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʦʱʥʳʭ ʪʸʤʥʦʦʢʨʘʰʝʥʥʳʭ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʫʛʣʝʨʦʜʘ. ʇʦ ʜʘʥʥʳʤ Chizen et al. (2024), ʩʝʟʦʥʥʦ-

ʟʘʪʦʧʣʝʥʥʳʝ ʟʘʧʘʜʠʥʳ ʩʦʜʝʨʞʘʪ ʫʛʣʝʨʦʜʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ 

ʵʬʝʤʝʨʥʦ-ʟʘʪʦʧʣʝʥʥʳʝ (ʨʠʩ. 5). ʇʦʩʪʦʷʥʥʦ-ʟʘʪʦʧʣʝʥʥʳʝ ʟʘʧʘʜʠʥʳ ʙʣʘʛʦʜʘʨʷ 

ʩʪʘʙʠʣʴʥʦ-ʘʥʘʵʨʦʙʥʳʤ ʫʩʣʦʚʠʷʤ ʩʧʦʩʦʙʥʳ ʩʦʭʨʘʥʷʪʴ ʫʛʣʝʨʦʜ ʚ ʪʝʯʝʥʠʝ 

ʩʪʦʣʝʪʠʡ (Bansal et al., 2021). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʟʘʧʘʩ ʣʘʙʠʣʴʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʧʦʯʚʘʭ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʟʘʧʘʜʠʥ ʜʦʩʪʘʪʦʯʥʦ ʫʷʟʚʠʤʳ: ʜʨʝʥʘʞ ʠʣʠ 

ʚʳʩʳʭʘʥʠʝ ʧʝʨʝʚʦʜʷʪ ʩʠʩʪʝʤʫ ʚ ʘʵʨʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʠ ʨʘʥʝʝ 

ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʡ ʛʫʤʫʩ ʙʳʩʪʨʦ ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ. 



35 

 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʝʪʦʜʠʢʠ ʠ ʤʦʜʝʣʠ, ʚʳʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʧʨʝʨʠʡʥʳʭ 

ʧʦʜʭʦʣʦʚ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʧʨʠʤʝʥʠʤʳʤʠ ʢ ʟʘʧʘʜʠʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʣʝʩʦʩʪʝʧʠ 

ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ɿʜʝʩʴ ʠʥʦʡ ʤʠʢʨʦʨʝʣʴʝʬ, ʠʥʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʦʟʘʠʢʘ ʧʦʯʚ, ʠʥʘʷ ʛʣʫʙʠʥʘ ʠ ʜʠʥʘʤʠʢʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʠʥʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ. ɺʩʝ ʵʪʦ ʟʘʜʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʆɺ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʦʙʲʷʩʥʠʪʴ 

ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʠʭ ʘʥʘʣʦʛʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʤʝʥʥʦ ʵʪʘ 

ʩʧʝʮʠʬʠʢʘ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʩʭʝʤʳ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ ʇʆɺ ʠ ʦʮʝʥʢʠ 

ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 
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ɻʣʘʚʘ 2. ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʆʢʩʢʦ-

ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ 

2.1 ɻʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʊʝʨʨʠʪʦʨʠʷ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʚʳʪʷʥʫʪʘ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ 

ʢʨʫʧʥʳʤʠ ʦʨʦʛʨʘʬʠʯʝʩʢʠʤʠ ʝʜʠʥʠʮʘʤʠ: ʉʨʝʜʥʝʨʫʩʩʢʦʡ ʠ ʇʨʠʚʦʣʞʩʢʦʡ 

ʚʦʟʚʳʰʝʥʥʦʩʪʷʤʠ ʥʘ ʟʘʧʘʜʝ ʠ ʚʦʩʪʦʢʝ, ʜʦʣʠʥʦʡ ʨ. ʆʢʠ ʥʘ ʩʝʚʝʨʝ ʠ ʂʘʣʘʯʩʢʦʡ 

ʚʦʟʚʳʰʝʥʥʦʩʪʴʶ ʥʘ ʶʛʝ. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ ʦʥʘ ʦʭʚʘʪʳʚʘʝʪ ʊʘʤʙʦʚʩʢʫʶ 

ʨʘʚʥʠʥʫ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʨʘʡʦʥʳ ʃʠʧʝʮʢʦʡ, ɺʦʨʦʥʝʞʩʢʦʡ ʠ ʈʷʟʘʥʩʢʦʡ 

ʦʙʣʘʩʪʝʡ. ʇʦʣʦʛʠʡ ʠ ʧʣʦʩʢʠʡ ʨʝʣʴʝʬ ʚʦʜʦʨʘʟʜʝʣʦʚ ʧʨʠ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʨʝʥʘʞʘ ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ ʟʘʩʪʘʠʚʘʥʠʷ ʚʣʘʛʠ ʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʦʙʣʠʢ ʣʝʩʦʩʪʝʧʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʜʘʥʥʦʛʦ 

ʨʝʛʠʦʥʘ (ʨʠʩ. 6).  

 

ʈʠʩʫʥʦʢ 6. ʈʝʣʴʝʬ ʠ ʛʨʘʥʠʮʳ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʣʠʪʝʣʴʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʦʛʨʫʞʝʥʠʝʤ ʪʝʨʨʠʪʦʨʠʠ, ʥʘʯʘʚʰʠʤʩʷ ʚ ʥʝʦʛʝʥʝ 

ʠ ʦʙʫʩʣʦʚʠʚʰʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʱʥʦʛʦ ʯʝʭʣʘ ʨʳʭʣʳʭ ʢʘʡʥʦʟʦʡʩʢʠʭ 
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ʦʪʣʦʞʝʥʠʡ. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʥʘ ʩʝʚʝʨʝ ʟʘʣʝʛʘʶʪ ʢʘʨʙʦʥʦʚʳʝ ʧʦʨʦʜʳ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʦʩʪʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ï ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʝ; ʚʳʰʝ ï ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʝ ʪʦʣʱʠ ʤʝʣʘ ʠ ʶʨʳ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʨʘʚʥʠʥʳ, ʫ ʂʘʣʘʯʩʢʦʡ 

ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʧʦʷʚʣʷʶʪʩʷ ʚʝʨʭʥʝʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ. ʅʝʦʛʝʥʦʚʳʡ ʷʨʫʩ 

ʧʨʝʜʩʪʘʚʣʝʥ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʦʡ ʦʧʝʩʯʘʥʝʥʥʳʭ ʩʫʛʣʠʥʢʦʚ, ʧʝʨʝʢʨʳʪʦʡ 

ʩʫʛʣʠʥʠʩʪʦʡ ʤʦʨʝʥʦʡ ʤʦʱʥʦʩʪʴʶ 10-12 ʤ (ʚ ʚʝʨʭʦʚʴʷʭ ʉʫʭʦʡ ʃʠʧʦʚʠʮʳ ʠ 

ʄʘʪʳʨʳ ï ʜʦ 70 ʤ). ɼʦʥʩʢʦʡ ʚʳʩʪʫʧ ʜʥʝʧʨʦʚʩʢʦʛʦ ʣʝʜʥʠʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʪʨʘʟʠʣʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʨʝʣʴʝʬʝ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʝʣʴʝʬ ʥʠʟʤʝʥʥʦʩʪʠ ʤʦʥʦʪʦʥʝʥ: ʚʦʜʦʨʘʟʜʝʣʳ ʟʘʣʝʛʘʶʪ ʥʘ 

ʦʪʤʝʪʢʘʭ 150-180 ʤ, ʣʠʰʴ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ, ʤʝʞʜʫ ʨʝʢʘʤʠ ʉʫʭʘʷ ʃʠʧʦʚʠʮʘ ʠ 

ʄʘʪʳʨʘ, ʧʦʜʥʠʤʘʷʩʴ ʜʦ 200-219 ʤ. ʈʝʯʥʳʝ ʜʦʣʠʥʳ ʰʠʨʦʢʠʝ, ʘʩʠʤʤʝʪʨʠʯʥʳʝ, 

ʩ ʚʨʝʟʦʤ ʥʝ ʙʦʣʝʝ 50 ʤ (ʨʠʩ. 7). ʃʠʥʝʡʥʘʷ ʵʨʦʟʠʷ ʚʳʨʘʞʝʥʘ ʩʣʘʙʦ ï ʦʚʨʘʛʠ ʠ 

ʙʘʣʢʠ ʟʘʥʠʤʘʶʪ 2-8% ʧʣʦʱʘʜʠ ʊʘʤʙʦʚʩʢʦʡ ʨʘʚʥʠʥʳ, ʘ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʪʝʨʨʠʪʦʨʠʠ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʍʘʨʘʢʪʝʨʥʘʷ 

ʯʝʨʪʘ ʨʝʣʴʝʬʘ ï ʥʝʛʣʫʙʦʢʠʝ ʩʪʝʧʥʳʝ ʟʘʧʘʜʠʥʳ, ʢʦʪʦʨʳʝ ʚʝʩʥʦʡ ʘʢʢʫʤʫʣʠʨʫʶʪ 

ʪʘʣʳʝ ʚʦʜʳ.  

ʇʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʣʝʜʝʥʝʥʠʷ ʧʦ-ʨʘʟʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʣʠ 

ʣʠʪʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʩʝʚʝʨʝ 

ʤʦʨʝʥʘ ʚʳʭʦʜʠʪ ʩ ʛʣʫʙʠʥʳ 2-3 ʤ ʠ ʧʝʨʝʢʨʳʪʘ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʤʠ ʠ 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʶʛʝ ʦʥʘ ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 

10 ʤ, ʘ ʚ ʧʦʢʨʦʚʥʦʡ ʪʦʣʱʝ ʛʦʩʧʦʜʩʪʚʫʶʪ ʪʷʞʸʣʳʝ ʣʝʩʩʦʚʠʜʥʳʝ ʩʫʛʣʠʥʢʠ ʠ 

ʛʣʠʥʳ, ʚʳʢʣʠʥʠʚʘʶʱʠʝʩʷ ʥʘ ʩʢʣʦʥʘʭ ʜʦʣʠʥ. ʇʦʚʩʝʤʝʩʪʥʦ ʚʦʜʦʨʘʟʜʝʣʳ ʥʝʩʫʪ 

ʯʝʭʦʣ ʩʨʝʜʥʠʭ ʠ ʪʷʞʸʣʳʭ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʦʚ. ɼʦʣʠʥʥʳʝ ʟʘʥʜʨʳ ʎʥʳ, 

ɹʠʪʶʛʘ, ɺʦʨʦʥʳ ʠ ʉʘʚʘʣʳ ʩʣʦʞʝʥʳ ʙʦʣʝʝ ʣʝʛʢʠʤʠ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ; ʧʦ ʜʥʠʱʘʤ ʜʦʣʠʥ ʨʘʟʚʠʪ ʪʷʞʸʣʳʡ ʘʣʣʶʚʠʡ (ʨʠʩ. 8).  
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ʈʠʩʫʥʦʢ 7. ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʚ 

ʧʨʝʜʝʣʘʭ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɸʚʪʦʨʳ: ɹ.ɽ. ʇʝʪʫʭʦʚ, ɸ.ɸ. ʃʠʧʝʮʢʠʭ 2013. 
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ʈʠʩʫʥʦʢ 8. ʂʘʨʪʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʚ 

ʧʨʝʜʝʣʘʭ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. (ʄʇʈ ʈʌ ʎʝʥʪʨʘʣʴʥʳʡ ʨʝʛʠʦʥʘʣʴʥʳʡ 

ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ, 1998 ʛ. ʇʦʜ ʨʝʜ. ʐʠʢ ʉ.ʄ.) 

 

2.2 ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ 

ʂʣʠʤʘʪ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʤʝʨʝʥʥʦ 

ʭʦʣʦʜʥʦʡ ʟʠʤʦʡ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʞʘʨʢʠʤ ʣʝʪʦʤ. ɿʠʤʦʡ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 

ʫʙʳʚʘʝʪ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ, ʘ ʣʝʪʦʤ ï ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʎʝʥʪʨʘʣʴʥʦʛʦ ʏʝʨʥʦʟʝʤʴʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʦʩʝʥʥʠʡ ʠ ʚʝʩʝʥʥʠʡ 

ʧʝʨʠʦʜʳ ʚʦʟʤʦʞʥʳ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ 
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ʩʫʤʤʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 968 ʢɺʪ/ʤĮ 

ʥʘ ʩʝʚʝʨʝ ʜʦ 1070 ʢɺʪ/ʤĮ ʥʘ ʶʛʝ.  

ʉʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ 

ʦʙʣʘʩʪʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ +6,4ÁC ʥʘ ʩʝʚʝʨʝ ʦʙʣʘʩʪʠ ʜʦ +8,4ÁC ʥʘ ʶʛʝ. ʉʫʤʤʘ 

ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʧʝʨʠʦʜ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʳʰʝ +10ÁC ʥʘ ʩʝʚʝʨʝ ʊʘʤʙʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2700ÁC, ʘ ʥʘ ʶʛʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ 3200ÁC. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 168 ʜʥʝʡ (ʩ ʢʦʥʮʘ ʘʧʨʝʣʷ ʧʦ ʥʘʯʘʣʦ ʦʢʪʷʙʨʷ), ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʢʦʨʦʯʝ, 

ʯʝʤ ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʏʝʨʥʦʟʝʤʴʷ, ʥʘʧʨʠʤʝʨ, ʚ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʙʝʟʤʦʨʦʟʥʳʡ ʧʝʨʠʦʜ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚ 196 ʜʥʝʡ.  

ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʚ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ 

ʨʘʤʢʘʭ ʜʠʘʧʘʟʦʥʦʚ ʣʝʩʦʩʪʝʧʠ ʥʝʨʘʚʥʦʤʝʨʥʦ: ʥʘ ʶʛʝ ʦʙʣʘʩʪʠ ʤʝʜʠʘʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʦʢʦʣʦ 560 ʤʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʩʝʚʝʨʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʜʦʩʪʠʛʘʝʪ 680 ʤʤ. ʆʪʤʝʯʝʥ ʛʨʘʜʠʝʥʪ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ, ʚ ʩʨʝʜʥʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʘʜʢʦʚ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʳʰʝ +10ÁC) ʚʘʨʴʠʨʫʝʪʩʷ 

ʦʪ 290 ʤʤ ʥʘ ʚʦʩʪʦʢʝ ʦʙʣʘʩʪʠ ʜʦ 340 ʤʤ ʥʘ ʟʘʧʘʜʝ (ʨʠʩ. 9). 

ɿʠʤʘ ʚ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʥʘʩʪʫʧʘʝʪ ʚ ʢʦʥʮʝ ʥʦʷʙʨʷ, ʘ ʚʳʩʦʪʘ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚ ʜʝʢʘʙʨʝ ʠʣʠ ʷʥʚʘʨʝ, ʩʦʩʪʘʚʣʷʷ 10-50 

ʩʤ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ -5,2ÁC, ʘ ʥʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ï ʜʦ -8,5ÁC. ɸʙʩʦʣʶʪʥʳʝ ʤʠʥʠʤʫʤʳ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ -34ÁC ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʦʙʣʘʩʪʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʢʣʠʤʘʪ ʚ ʵʪʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʶʞʥʳʤʠ 

ʠ ʟʘʧʘʜʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʷʥʚʘʨʝ ʤʦʞʝʪ ʙʳʪʴ ʦʢʦʣʦ -5ÁC (ʨʠʩ. 10). 

ʃʝʪʦ ʚ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʞʘʨʢʦʝ, ʩʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʠʶʣʷ ʦʪ +20,4ÁC ʥʘ ʩʝʚʝʨʝ ʜʦ +23ÁC ʥʘ ʶʛʝ. ɸʙʩʦʣʶʪʥʳʝ ʤʘʢʩʠʤʫʤʳ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʶʣʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ +39,5ÁC ʥʘ ʚʦʩʪʦʢʝ ʦʙʣʘʩʪʠ, ʯʪʦ ʩʭʦʜʥʦ 

ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚ ʙʦʣʝʝ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ʎʝʥʪʨʘʣʴʥʦʛʦ ʏʝʨʥʦʟʝʤʴʷ. ʉʫʤʤʘ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʟʘ ʧʝʨʠʦʜ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʳʰʝ +10ÁC ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

340 ʤʤ ʥʘ ʟʘʧʘʜʝ ʦʙʣʘʩʪʠ ʜʦ 290 ʤʤ ʥʘ ʚʦʩʪʦʢʝ. 
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ʈʠʩʫʥʦʢ 9 ï ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ (ʘ) ʠ ʛʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ 

(ʙ) ʎʝʥʪʨʘʣʴʥʦʛʦ ʏʝʨʥʦʟʝʤʴʷ (ERA 5) 
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ɿʘʩʫʰʣʠʚʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ɻʊʂ ʉʝʣʷʥʠʥʦʚʘ, ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʫʚʣʘʞʥʝʥʠʷ ʅ.ʅ. ʀʚʘʥʦʚʘ-ɻ.ʅ. ɺʳʩʦʮʢʦʛʦ ʠ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʠʥʜʝʢʩʫ ʩʫʭʦʩʪʠ 

ʄ.ʀ. ɹʫʜʳʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ (ʨʠʩ. 10). 

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʯʘʩʪʳ ʩʫʭʦʚʝʠ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʤʘʝ ʠ ʘʚʛʫʩʪʝ. ʕʪʦ ʷʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʫʭʠʝ ʠ ʛʦʨʷʯʠʝ ʚʝʪʨʳ ʩ 

ʚʦʩʪʦʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡ, 

ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʟʘʩʫʭʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʥʘ 150ï200 ʤʤ, 

ʦʪ 400 ʜʦ 600 ʚ ʛʦʜ. ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʦʩʪʫʧʘʶʱʠʭ ʦʩʘʜʢʦʚ ʚʢʫʧʝ ʩ 

ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚʦʜʦʩʙʦʨʥʳʤʠ ʧʣʦʱʘʜʷʤʠ ʟʘʧʘʜʠʥ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʦʙʲʸʤ ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʦʪʜʝʣʴʥʫʶ ʟʘʧʘʜʠʥʫ ʚʣʘʛʠ ʩʧʦʩʦʙʝʥ ʚʘʨʴʠʨʦʚʘʪʴʩʷ 

ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʚ ʨʘʟʥʳʝ ʛʦʜʳ.  
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ʈʠʩʫʥʦʢ 10 ï ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʣʘʞʥʝʥʠʷ ʅ.ʅ. ʀʚʘʥʦʚʘ-ɻ.ʅ. ɺʳʩʦʮʢʦʛʦ 

(ʘ) ʠ ʨʘʜʠʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ ʩʫʭʦʩʪʠ ʄ.ʀ. ɹʫʜʳʢʦ (ʙ) (ERA 5) 
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C ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʠ ʤʝʞʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ ʆʢʩʢʦ-ʜʦʥʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʟʤʝʥʯʠʚʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʦʜʘ ʫʩʪʦʡʯʠʚʳʡ 

ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚ ʩʝʨʝʜʠʥʝ ʥʦʷʙʨʷ (1954), ʪʘʢ ʠ ʚ 

ʢʦʥʮʝ ʜʝʢʘʙʨʷ (2005) ʪʘʢ ʠ ʠʥʦʛʜʘ ʥʝ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʦʦʙʱʝ (2007). 

ʄʦʱʥʦʩʪʴ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʩʣʫʯʘʝ ʝʛʦ ʥʘʣʠʯʠʷ, ʧʝʨʝʜ ʩʥʝʛʦʪʘʷʥʠʝʤ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 3 ʩʤ (2020) ʜʦ 80 ʩʤ (1945), ʢʘʢ ʠ ʜʘʪʘ ʩʭʦʜʘ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ ʦʪ ʩʝʨʝʜʠʥʳ ʬʝʚʨʘʣʷ (2000) ʜʦ ʩʝʨʝʜʠʥʳ ʘʧʨʝʣʷ (2006). ɺ ʪʘʢʠʭ 

ʠʟʤʝʥʯʠʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʝʜʝʣʘʭ ʧʦʯʚ ʧʨʠʫʨʦʯʝʥʥʳʤ ʢ ʦʜʥʠʤ 

ʠ ʪʝʤ ʞʝ ʪʠʧʘʤ ʤʝʩʪʥʦʩʪʠ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʬʦʨʤʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʨʠʩ. 11). 

 

ʈʠʩʫʥʦʢ 11. ɼʠʘʛʨʘʤʤʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʜʘʥʥʳʤ 

ʤʝʪʝʦʩʪʘʥʮʠʠ ʛ. ʊʘʤʙʦʚ 

2.3 ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʜʨʝʥʠʨʫʝʤʦʛʦ ʪʠʧʘ 

ʤʝʩʪʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʣʝʩʦʩʪʝʧʠ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʨʘʞʝʥʥʦʡ 

ʤʠʢʨʦʟʦʥʘʣʴʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʦʣʦʞʝʥʠʝʤ ʧʦ ʨʝʣʴʝʬʫ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʟʘʩʪʦʷ ʚʣʘʛʠ. ʆʩʥʦʚʫ ʬʦʨʤʠʨʫʶʪ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʠ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ, ʚʘʨʴʠʨʫʶʱʠʝ ʦʪ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʭ ʣʫʛʦʚ ʥʘ ʧʝʨʠʬʝʨʠʠ ʜʦ 
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ʦʩʦʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʭ ʩʳʨʳʭ ʣʫʛʦʚ ʠ ʜʨʝʚʝʩʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʚ ʮʝʥʪʨʘʣʴʥʳʭ 

ʧʦʥʠʞʝʥʠʷʭ (ʉʘʤʦʡʣʦʚʘ, 1972; ɸʭʪʳʨʮʝʚ ʠ ʜʨ., 1981). 

ʇʝʨʠʬʝʨʠʡʥʳʝ ʯʘʩʪʠ ʟʘʧʘʜʠʥ ʟʘʥʷʪʳ ʜʝʨʥʦʚʠʥʥʦ-ʣʫʛʦʚʳʤʠ 

ʩʦʦʙʱʝʩʪʚʘʤʠ ʩ ʫʯʘʩʪʠʝʤ Bromus arvensis, Elytrigia repens; ʧʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ 

ʨʝʣʴʝʬʘ ʥʘ ʩʢʣʦʥʘʭ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʚʣʘʛʦʣʶʙʠʚʳʭ ʟʣʘʢʦʚ (Beckmannia 

eruciformis, Festuca valesiaca) ʠ ʦʩʦʢ; ʜʥʠʱʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʩʦʢʦʚʦ-

ʨʘʟʥʦʪʨʘʚʥʳʤ ñʩʳʨʳʤ ʣʫʛʘʤò ʩ Carex spp., Leersia oryzoides ʠ ʤʦʭʦʚʳʤ 

ʧʦʜʲʷʨʫʩʦʤ (ʉʘʤʦʡʣʦʚʘ, ʗʢʫʰʝʚʩʢʘʷ, 1970; ʂʨʘʩʠʥʘ, 2014). 

ʇʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʜʥʠʱʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʚʣʘʛʦʣʶʙʠʚʳʭ 

ʚʠʜʦʚ. ʅʘ ʧʦʣʦʛʠʭ ʩʢʣʦʥʘʭ ʟʘʧʘʜʠʥ ʧʦʷʚʣʷʶʪʩʷ Beckmannia eruciformis ʠ 

Festuca valesiaca, ʦʙʨʘʟʫʶʱʠʝ ʤʦʟʘʠʯʥʳʝ ʩʦʯʝʪʘʥʠʷ ʩ ʦʩʦʢʘʤʠ. ɿʜʝʩʴ ʞʝ 

ʦʪʤʝʯʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʪʨʘʚʦʩʪʦʷ ʚʣʘʛʦʣʶʙʠʚʳʤ ʨʘʟʥʦʪʨʘʚʴʝʤ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʫʩʣʦʚʠʡ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ï ʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤʫ ʟʘʩʪʦʶ ʚʣʘʛʠ ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ (ʉʘʤʦʡʣʦʚʘ, 1980). 

ɼʥʠʱʘ ʟʘʧʘʜʠʥ ʟʘʥʷʪʳ ʩʦʦʙʱʝʩʪʚʘʤʠ ʦʩʦʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʳʤʠ ʢʘʢ çʩʳʨʳʝ ʣʫʛʘè (ʉʘʤʦʡʣʦʚʘ, 1972; 

ʉʤʠʨʥʦʚʘ, 2025). ʆʥʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʤ ʠ ʪʦʨʬʷʥʦ-ʛʣʝʝʚʳʤ 

ʧʦʯʚʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʠʣʠʝʤ Carex spp., Leersia oryzoides ʠ ʜʨʫʛʠʭ 

ʚʣʘʛʦʣʶʙʠʚʳʭ ʟʣʘʢʦʚ, ʥʝʨʝʜʢʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʦʭʦʚʳʤ ʧʦʜʲʷʨʫʩʦʤ (ʨʠʩ. 

12). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʟʣʘʢʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʨʘʚʦʩʪʦʷ ʨʝʜʫʮʠʨʦʚʘʥʘ, ʠ 

ʜʦʤʠʥʠʨʫʶʪ ʚʠʜʳ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʝ ʢ ʜʣʠʪʝʣʴʥʦʤʫ ʧʝʨʝʫʚʣʘʞʥʝʥʠʶ ʠ 

ʩʣʘʙʦʡ ʘʵʨʘʮʠʠ ʧʦʯʚʳ. 

ʅʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʢʨʫʧʥʳʭ ʟʘʧʘʜʠʥ, ʛʜʝ ʟʘʩʪʦʡ ʚʣʘʛʠ ʥʘʠʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʝʥ, ʬʦʨʤʠʨʫʶʪʩʷ ʣʫʛʦʚʳʝ ʩʦʣʦʜʠ ʠ ʦʩʦʣʦʜʝʣʳʝ ʣʫʛʦʚʳʝ 

ʩʦʦʙʱʝʩʪʚʘ. ɺ ʠʭ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ ʦʪʤʝʯʘʝʪʩʷ ʫʯʘʩʪʠʝ ʚʣʘʛʦʣʶʙʠʚʳʭ 

ʦʩʦʢ ʠ ʪʨʘʚ, ʤʝʥʝʝ ʪʠʧʠʯʥʳʭ ʜʣʷ ʣʫʛʦʚʳʭ ʩʦʦʙʱʝʩʪʚ, ʥʦ ʫʩʪʦʡʯʠʚʳʭ ʚ 

ʫʩʣʦʚʠʷʭ ʦʛʣʝʝʥʠʷ ʠ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʡ ʦʩʦʣʦʜʝʥʠʷ (ɸʭʪʳʨʮʝʚ, ɸʜʝʨʠʭʠʥ, 

ɸʭʪʳʨʮʝʚ, 1981). 

ʇʦ ʢʨʘʷʤ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʦʥʠʞʝʥʠʡ ʥʝʨʝʜʢʦ ʨʘʟʚʠʚʘʶʪʩʷ ʜʨʝʚʝʩʥʳʝ 

ʚʪʷʞʢʠ (ʨʠʩ. 13). ɿʜʝʩʴ ʚʩʪʨʝʯʘʶʪʩʷ ʙʝʨʸʟʦʚʦ-ʦʩʠʥʦʚʳʝ ʛʨʫʧʧʠʨʦʚʢʠ (Betula 

pendula, Populus tremula), ʬʦʨʤʠʨʫʶʱʠʝ ʣʦʢʘʣʴʥʳʝ ʦʩʪʨʦʚʘ ʜʨʝʚʝʩʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʣʫʛʦʚʦʛʦ ʧʦʢʨʦʚʘ. ʇʦʜ ʠʭ ʧʦʣʦʛʦʤ ʩʦʭʨʘʥʷʶʪʩʷ 

ʚʣʘʛʦʣʶʙʠʚʳʝ ʟʣʘʢʠ ʠ ʪʨʘʚʳ, ʚʢʣʶʯʘʷ Beckmannia eruciformis ʠ Sporobolus 

aculeatus (ʉʘʤʦʡʣʦʚʘ, 1981; Smirnova et al., 2024). 
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ʈʠʩʫʥʦʢ 12. ʍʘʨʘʢʪʝʨʥʳʡ ʦʙʣʠʢ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʜʥʠʱʝ ʟʘʧʘʜʠʥʳ 

 

ʈʠʩʫʥʦʢ 13. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʟʘʧʘʜʠʥʦʡ ʠ ʟʘʣʝʞʴʶ ï ʭʘʨʘʢʪʝʨʥʘʷ ʩʤʝʥʘ ʚʠʜʦʚ 

ʚ ʪʨʘʚʷʥʠʩʪʦʤ ʷʨʫʩʝ 
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2.4 ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

ʆʧʠʩʘʥʠʝ ʠʩʪʦʨʠʠ ʠʟʫʯʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʟʜʝʣʝ 1.1. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʝʜʤʝʪʥʦʝ ʦʙʦʙʱʝʥʠʝ 

ʩʚʝʜʝʥʠʡ ʦ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʟʘʧʘʜʠʥ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʣʝʩʦʩʪʝʧʠ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʯʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʢʨʫʧʥʳʭ ʟʘʧʘʜʠʥ ï ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʦʢʨʳʪʳʭ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʥʝ 

ʟʘʪʨʦʥʫʪʳʭ ʧʘʭʦʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ï ʙʳʣʘ ʚʩʝʩʪʦʨʦʥʥʝ ʦʧʠʩʘʥʘ ɸ. ɹ. 

ɸʭʪʳʨʮʝʚʳʤ (1974ʘ, 1982). ɺ ʟʘʧʘʜʠʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʢʨʦʟʦʥʘʣʴʥʦʩʪʴ, 

ʚʳʨʘʞʘʶʱʘʷʩʷ ʚ ʢʦʣʴʮʝʚʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʦʯʚʝʥʥʳʭ ʪʠʧʦʚ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʧʝʮʠʬʠʢʦʡ ʫʚʣʘʞʥʝʥʠʷ, ʨʘʟʣʠʯʥʦʡ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. 

ʄʝʣʢʠʝ ʠ ʥʝʛʣʫʙʦʢʠʝ ʟʘʧʘʜʠʥʳ (ʜʠʘʤʝʪʨʦʤ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʦ 20ï35 

ʤʝʪʨʦʚ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 30ï36 ʩʤ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʧʦʯʚ. ɿʜʝʩʴ ʜʦʤʠʥʠʨʫʶʪ ʚʳʱʝʣʦʯʝʥʥʳʝ 

ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʛʣʝʝʚʦ-ʵʣʶʚʠʘʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠ 

ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʧʦ ʧʨʦʬʠʣʶ. 

ɼʣʷ ʚʨʝʤʝʥʥʦ ʟʘʪʦʧʣʷʝʤʳʭ ʟʘʧʘʜʠʥʥʳʭ ʙʦʣʦʪ, ʢʦʪʦʨʳʝ ʥʘʩʳʱʘʶʪʩʷ 

ʚʣʘʛʦʡ ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ, ʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʝʨʝʩʳʭʘʶʪ, ʭʘʨʘʢʪʝʨʥʳ ʪʦʨʬʷʥʦ-

ʛʣʝʝʚʳʝ ʠ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʚʳʱʝʣʦʯʝʥʥʳʝ ʧʦʯʚʳ. ʕʪʠ ʧʦʯʚʳ ʨʘʟʚʠʚʘʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʜʥʠʱʘʭ ʟʘʧʘʜʠʥ, ʥʦ ʠ ʥʘ ʠʭ ʩʢʣʦʥʘʭ, ʚʳʪʝʩʥʷʷ ʩʝʨʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʛʣʝʝʚʳʝ ʧʦʯʚʳ ʢ ʧʝʨʠʬʝʨʠʡʥʳʤ ʫʯʘʩʪʢʘʤ (ɸʭʪʳʨʮʝʚ ɸ. ɹ., 1873, 1974ʙ, 1981). 

ʇʝʨʝʭʦʜʥʘʷ ʧʦʣʦʩʘ ʤʝʞʜʫ ʩʝʚʝʨʥʦʡ ï ʆʢʩʢʦʡ ï ʠ ʶʞʥʦʡ ï ɼʦʥʩʢʦʡ ï 

ʯʘʩʪʷʤʠ ʨʘʚʥʠʥʳ ʦʪʣʠʯʘʝʪʩʷ ʦʩʦʙʝʥʥʦ ʩʣʦʞʥʳʤ, ʤʦʟʘʠʯʥʳʤ ʧʦʯʚʝʥʥʳʤ 

ʩʪʨʦʝʥʠʝʤ. ɺ ʵʪʫ ʟʦʥʫ ʚʭʦʜʷʪ ʶʞʥʳʝ ʯʘʩʪʠ ʅʠʢʠʬʦʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ, ʩʝʚʝʨʥʳʝ 

ʫʯʘʩʪʢʠ ɿʥʘʤʝʥʩʢʦʛʦ, ʇʝʪʨʦʚʩʢʦʛʦ, ʊʘʤʙʦʚʩʢʦʛʦ ʠ ʈʘʩʩʢʘʟʦʚʩʢʦʛʦ ʨʘʡʦʥʦʚ 

ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʬʨʘʛʤʝʥʪʳ ʪʝʨʨʠʪʦʨʠʠ ɻʨʷʟʠʥʩʢʦʛʦ ʨʘʡʦʥʘ 

ʃʠʧʝʮʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʟʦʥʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ 

ʚʳʱʝʣʦʯʝʥʥʦʩʪʠ ʧʦʯʚ. ɿʜʝʩʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʯʝʨʥʦʟʝʤʳ ʩʣʘʙʦ- ʠ 

ʩʨʝʜʥʝʚʳʱʝʣʦʯʝʥʥʳʝ, ʘ ʪʘʢʞʝ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ. 

ʉʠʣʴʥʦʚʳʱʝʣʦʯʝʥʥʳʝ ʯʝʨʥʦʟʝʤʳ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʚ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ ʨʘʚʥʠʥʳ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ʊʠʧʠʯʥʳʝ ʯʝʨʥʦʟʝʤʳ ʠ ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ ʟʘʥʠʤʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ: ʦʪ 10 

% ʚ ʊʘʤʙʦʚʩʢʦʤ ʠ ʈʘʩʩʢʘʟʦʚʩʢʦʤ ʨʘʡʦʥʘʭ ʜʦ 25ï30% ʚ ʇʝʪʨʦʚʩʢʦʤ ʨʘʡʦʥʝ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʚ ʩʦʩʪʘʚʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚʩʪʨʝʯʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʩ ʩʦʣʦʥʯʘʢʦʚʳʤʠ ʧʦʯʚʘʤʠ, ʘ ʚ ʟʘʧʘʜʠʥʘʭ ï ʩʝʨʳʝ ʛʣʝʝʚʦ-

ʵʣʶʚʠʘʣʴʥʳʝ, ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʠ ʩʦʣʦʜʝʚʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ɸʭʪʳʨʮʝʚ ɸ. ɹ., 

ɸʜʝʨʠʭʠʥ ʇ. ɻ., ɸʭʪʳʨʮʝʚ ɹ. ʇ., 1981), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʠ ʩʣʦʞʥʫʶ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʶ ʟʘʧʘʜʠʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. 
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ʉʪʨʫʢʪʫʨʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʟʘʧʘʜʘ 

ʥʘ ʚʦʩʪʦʢ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ, ʟʘʥʠʤʘʶʱʝʡ ʧʣʦʩʢʦʝ 

ʤʝʞʜʫʨʝʯʴʝ ɺʦʨʦʥʝʞʘ ʠ ʄʘʪʳʨʳ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʚʳʩʦʪʘʤʠ 135ï150 ʤ, 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʳʱʝʣʦʯʝʥʥʳʝ ʠ ʪʠʧʠʯʥʳʝ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʝ ʠ 

ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ ʧʦʯʚʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʪʠʧʠʯʥʳʝ ʷʯʝʡʢʠ ʧʦʯʚʝʥʥʦ-

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ (ʉʇʇ). ɼʣʷ ʟʘʧʘʜʥʦʛʦ ʦʪʨʦʛʘ ʧʝʨʝʭʦʜʥʦʡ 

ʧʦʣʦʩʳ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʞʜʫʨʝʯʥʳʡ ʥʝʜʨʝʥʠʨʫʝʤʳʡ ʪʠʧ ʤʝʩʪʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʥʦ ʧʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʭ ʠ 

ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʭ ʧʦʯʚ. ʉʦʦʪʥʦʰʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʚʘʨʴʠʨʫʝʪ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʝʣʘʭ: ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʝ 

ʚʳʱʝʣʦʯʝʥʥʳʝ ʧʦʯʚʳ ï 35-50 %, ʦʙʳʯʥʳʝ ï 0-40 %, ʯʝʨʥʦʟʝʤʥʦ-ʚʣʘʞʥʦ-

ʣʫʛʦʚʳʝ ï 1-10 %, ʩʦʣʦʜʠ ï 0,5-1 %, ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ï 0,3-0,9%. ʅʘ ʶʛʝ 

ʨʘʚʥʠʥʳ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʯʝʪʘʥʠʷʤʠ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʭ 

ʧʦʯʚ (ʦʙʳʯʥʳʭ, ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʩʦʣʦʥʮʝʚʘʪʳʭ), ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʭ ʧʦʯʚ 

(ʦʙʳʯʥʳʭ, ʢʘʨʙʦʥʘʪʥʳʭ, ʩʦʣʦʥʮʝʚʘʪʳʭ, ʘ ʪʘʢʞʝ ʩʦʣʦʥʯʘʢʦʚʘʪʳʭ), ʘ ʪʘʢʞʝ 

ʪʠʧʠʯʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʯʝʨʥʦʟʝʤʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʯʚʘʤʠ ʟʘʧʘʜʠʥ. 

ɿʘʩʫʰʣʠʚʦʩʪʴ ʢʣʠʤʘʪʘ, ʣʦʢʘʣʴʥʦ ʟʘʣʝʛʘʶʱʠʝ ʟʘʩʦʣʝʥʥʳʝ ʧʦʨʦʜʳ ʠ ʥʘʣʠʯʠʝ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ 

ʧʨʦʮʝʩʩʦʚ ʟʘʩʦʣʝʥʠʷ, ʦʩʦʣʦʥʮʝʚʘʥʠʷ ʠ ʦʩʦʣʦʜʝʥʠʷ ʚ ʟʘʧʘʜʠʥʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʦʟʘʠʯʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʯʝʨʥʦʟʝʤʥʦ-

ʣʫʛʦʚʳʝ ʩʦʣʦʥʮʳ, ʩʦʣʦʥʯʘʢʠ, ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ ʟʘʩʦʣʝʥʥʳʝ ʠ 

ʩʦʣʦʥʮʝʚʘʪʳʝ ʧʦʯʚʳ, ʩʦʣʦʜʠ, ʦʩʦʣʦʜʝʣʳʝ ʠ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʧʦʯʚʳ. ɺ ʩʦʩʪʘʚʝ 

ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ ʠ ʯʝʨʥʦʟʝʤʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʪʫʯʥʳʝ ʠ 

ʩʨʝʜʥʝʛʫʤʫʩʥʳʝ ʤʦʱʥʳʝ ʠ ʩʨʝʜʥʝʤʦʱʥʳʝ ʛʣʠʥʠʩʪʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

(ɸʭʪʳʨʮʝʚ ɸ. ɹ., 1973, 1974ʙ, 1981). 

ʉʪʨʫʢʪʫʨʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʪʠʧʘʤʠ ʤʝʩʪʥʦʩʪʠ. ɼʣʷ 

ʤʝʞʜʫʨʝʯʥʦʛʦ ʥʝʜʨʝʥʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ ʤʝʩʪʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʩʣʦʞʥʳʝ 

ʧʷʪʥʠʩʪʦ-ʢʦʣʴʮʝʚʳʝ ʜʝʧʨʝʩʩʠʦʥʥʳʝ ʧʘʪʪʝʨʥʳ. ʉʪʨʫʢʪʫʨʥʳʡ ʬʦʥ ʬʦʨʤʠʨʫʶʪ 

ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʤʠ: ʧʝʨʚʳʝ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʳʨʦʚʥʝʥʥʳʤ, ʩʣʘʙʦʜʨʝʥʠʨʦʚʘʥʥʳʤ ʤʝʞʜʫʨʝʯʴʷʤ ʠ 

ʩʣʘʙʦʧʦʣʦʛʠʤ ʩʢʣʦʥʘʤ, ʚʪʦʨʳʝ ʦʢʘʡʤʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʥʠʞʝʥʠʷ ʠ 

ʧʦʢʨʳʚʘʶʪ ʧʣʦʩʢʦ-ʚʦʛʥʫʪʳʝ ʫʯʘʩʪʢʠ ʚʦʜʦʨʘʟʜʝʣʦʚ, ʣʦʱʠʥʳ, ʣʠʤʘʥʳ. ʕʪʠ 

ʧʦʯʚʳ ʬʦʨʤʠʨʫʶʪ ʦʙʰʠʨʥʳʝ ʠ ʠʟʦʤʦʨʬʥʳʝ ʘʨʝʘʣʳ. ʍʘʨʘʢʪʝʨʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʝ ʟʘʧʘʜʠʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʠ ʤʝʣʢʦʤʦʟʘʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʯʚʝʥʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ʶʞʥʦʡ ʯʘʩʪʠ ʆʢʩʢʦ-

ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʝʥʘ ʟʘʧʘʜʠʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʤʝʣʢʦʤʦʟʘʠʯʥʦʩʪʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʣʦʞʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 
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ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʦʨʬʦʣʦʛʠʠ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʠ 

ʙʠʦʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʘʧʘʜʠʥ. 

ʇʦʯʚʳ ʟʘʧʘʜʠʥ ʥʠʟʤʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ 

ʣʫʛʦʚʳʤʠ, ʟʘʙʦʣʦʯʝʥʥʳʤʠ ʠ ʦʩʦʣʦʜʝʣʳʤʠ ʧʦʯʚʘʤʠ. ɺ ʶʞʥʳʭ ʧʨʦʚʠʥʮʠʷʭ 

ʨʘʚʥʠʥʳ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʟʘʧʘʜʠʥ ʬʦʨʤʠʨʫʶʪʩʷ ʘʨʝʘʣʳ ʩʦʣʦʥʮʝʚʘʪʳʭ 

ʧʦʯʚ. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʟʘʧʘʜʠʥ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ 

ʬʘʢʪʦʨʦʚ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʛʣʫʙʠʥʦʡ ʚʨʝʟʘ, ʨʝʞʠʤʦʤ 

ʫʚʣʘʞʥʝʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ɺ ʢʨʫʧʥʳʭ, ʥʦ ʥʝʛʣʫʙʦʢʠʭ ʟʘʧʘʜʠʥʘʭ (ʧʣʦʱʘʜʴʶ ʥʝʩʢʦʣʴʢʦ ʛʝʢʪʘʨʦʚ) 

ʜʦʤʠʥʠʨʫʶʪ ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ ʢʦʨʢʦʚʳʝ, ʤʝʣʢʠʝ ʠ ʩʨʝʜʥʝʩʪʦʣʙʯʘʪʳʝ 

ʩʦʣʦʥʮʳ. ʏʘʩʪʦ ʦʥʠ ʠʤʝʶʪ ʩʦʣʦʥʯʘʢʦʚʘʪʳʝ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʦʜʦʚʳʤ ʟʘʩʦʣʝʥʠʝʤ. ʊʘʢʠʝ ʜʝʧʨʝʩʩʠʠ ʠʩʧʝʱʨʝʥʳ ʩʦʣʦʥʮʦʚʳʤʠ ʧʷʪʥʘʤʠ 

ʜʠʘʤʝʪʨʦʤ ʦʪ 2-3 ʜʦ 15-25 ʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʵʪʠʭ ʧʷʪʝʥ ʧʦʥʠʞʝʥʘ ʥʘ 10-15 ʩʤ, 

ʤʝʩʪʘʤʠ ʥʘ 30-35 ʩʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʤʠ ʩʦʣʦʥʯʘʢʦʚʘʪʦ-

ʩʦʣʦʥʮʝʚʘʪʳʤʠ ʧʦʯʚʘʤʠ, ʜʝʤʘʨʢʠʨʫʶʱʠʤʠ ʠʭ ʛʨʘʥʠʮʳ. ɺ ʥʘʠʙʦʣʝʝ 

ʧʦʥʠʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʟʘʧʘʜʠʥ ʧʝʨʠʦʜʠʯʝʩʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʦʩʦʣʦʜʝʣʳʝ 

ʩʦʣʦʥʮʳ (ʨʠʩ. 14). 

 

ʈʠʩʫʥʦʢ 14. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʡ ʠ ʜʠʥʘʤʠʢʘ ʫʨʦʚʥʝʡ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ 

ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʧʨʦʬʠʣʝ. ʇʦ ʜʘʥʥʳʤ ɽ.ʄ. 

ʉʘʤʦʡʣʦʚʦʡ ʠ ʜʨ 1972 ʛ. 

ʀʟ-ʟʘ ʩʣʘʙʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʪʘʢʠʭ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʣʘʙʦʚʨʝʟʘʥʥʳʭ ʧʦʥʠʞʝʥʠʷʭ ʦʩʦʣʦʜʝʥʠʝ ʚʳʨʘʞʝʥʦ ʩʣʘʙʦ, 

ʪʦʛʜʘ ʢʘʢ ʧʨʦʮʝʩʩʳ ʟʘʩʦʣʝʥʠʷ ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ. ʀʩʪʦʯʥʠʢʠ ʠʦʥʦʚ Na ʨʘʟʣʠʯʥʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɽ. ʄ. 
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ʉʘʤʦʡʣʦʚʦʡ, ɺ. ʂ. ɹʫʛʘʝʚʩʢʦʛʦ, ɺ. ʀ. ʄʘʢʝʝʚʦʡ (1972) ʦʧʠʩʘʥʘ ʜʠʥʘʤʠʢʘ ʚʦʜ 

ʚʥʠʟ ʧʦ ʫʢʣʦʥʫ ʟʘʧʘʜʠʥ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʦʥʠ ʦʙʦʛʘʱʘʶʪʩʷ ʜʚʫʫʛʣʝʢʠʩʣʦʡ 

ʩʦʜʦʡ, ʪʝʨʷʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ʕʪʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ 

ʟʘʩʪʘʠʚʘʶʪʩʷ ʚ ʧʦʥʠʞʝʥʠʷʭ ʥʘ ʛʣʫʙʠʥʝ 1-3 ʤ, ʘ ʧʦʩʣʝʜʫʶʱʠʡ ʢʘʧʠʣʣʷʨʥʳʡ 

ʧʦʜʲʝʤ ʧʨʠʚʦʜʠʪ ʢ ʟʘʩʦʣʝʥʠʶ ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʶ ʧʦʯʚ. 

ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ 

ʷʚʣʷʶʪʩʷ ʟʘʧʘʜʠʥʳ ʥʝ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ï ʩ ʜʠʘʤʝʪʨʦʤ ʜʦ 150-300 ʤ ʠ 

ʛʣʫʙʠʥʦʡ ʚʨʝʟʘ ʦʪ 0,5 ʜʦ 2 ʤ. ɹʣʘʛʦʜʘʨʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʪʘʢʠʝ 

ʧʦʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʘʢʢʫʤʫʣʠʨʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʥʝʨʝʜʢʦ 

ʧʨʝʚʦʩʭʦʜʷ ʚ ʵʪʦʤ ʙʦʣʝʝ ʦʙʰʠʨʥʳʝ, ʥʦ ʩʣʘʙʦʚʨʝʟʘʥʥʳʝ ʜʝʧʨʝʩʩʠʠ. ɺ ʚʝʩʝʥʥʠʡ 

ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ ʟʘʧʘʜʠʥʳ ʟʘʧʦʣʥʷʶʪʩʷ ʚʦʜʦʡ, ʘ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʝʨʝʩʳʭʘʶʪ. ɺʦʜʳ, ʩʦʙʠʨʘʶʱʠʝʩʷ ʚ ʵʪʠʭ ʬʦʨʤʘʭ ʨʝʣʴʝʬʘ, ʩʣʘʙʦ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʳ ʠ ʦʙʦʛʘʱʝʥʳ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘʤʠ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʦʩʦʣʦʜʝʥʠʷ, ʣʝʩʩʠʚʘʞʘ ʠ ʣʦʢʘʣʴʥʦʛʦ ʦʛʣʝʝʥʠʷ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʦʚ. 

ɻʣʫʙʦʢʦʚʨʝʟʘʥʥʳʝ ʟʘʧʘʜʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ: ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʭ, ʣʫʛʦʚʳʭ ʩʦʣʦʜʝʡ, ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʭ 

ʧʦʯʚ ʩ ʧʨʠʟʥʘʢʘʤʠ ʟʘʩʦʣʝʥʠʷ ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʝʨʳʭ ʣʝʩʥʳʭ 

ʦʩʪʘʪʦʯʥʦ-ʦʩʦʣʦʜʝʣʳʭ ʧʦʯʚ ʩ ʦʪʜʝʣʴʥʳʤʠ ʧʷʪʥʘʤʠ ʦʩʦʣʦʜʝʚʘʶʱʠʭ ʩʦʣʦʥʮʦʚ. 

ɹʦʣʝʝ ʫʧʨʦʱʸʥʥʳʝ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʟʘʧʘʜʠʥʳ ï ʜʠʘʤʝʪʨʦʤ ʜʦ 250 ʤ ʠ ʛʣʫʙʠʥʦʡ 

ʦʢʦʣʦ 70 ʩʤ ï ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʧʦʯʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʜʝʩʴ 

ʧʨʝʦʙʣʘʜʘʶʪ ʩʝʨʳʝ ʣʝʩʥʳʝ ʦʩʪʘʪʦʯʥʦ-ʦʩʦʣʦʜʝʣʳʝ ʠ ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ 

ʧʦʯʚʳ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʚ ʢʦʣʴʮʝʚʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʣʫʛʦʚʦ-

ʙʦʣʦʪʥʳʝ ʠ ʣʫʛʦʚʦ-ʦʩʦʣʦʜʝʣʳʝ ʧʦʯʚʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʪʘʢʠʭ ʬʦʨʤʘʭ ʨʝʣʴʝʬʘ 

ʦʪʩʫʪʩʪʚʫʶʪ (ɸʭʪʳʨʮʝʚ ɹ. ʇ., 1982). ʂʨʦʤʝ ʪʦʛʦ, ʦʪʜʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʝ ʚʳʱʝʣʦʯʝʥʥʳʝ ʧʦʯʚʳ ʩʫʛʣʠʥʠʩʪʦʛʦ ʠ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ï ʦʪ 30-35 % ʜʦ 20-25 %, ʘ ʚ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 1 ʤ ʯʘʩʪʦ ʟʘʣʝʛʘʶʪ ʩʫʧʝʩʯʘʥʳʝ ʠ 

ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ. ɺ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʧʨʝʦʙʣʘʜʘʶʪ ʬʨʘʢʮʠʠ ʧʝʩʢʘ (ʜʦ 

64-66%) ʠ ʠʣʘ (ʚ ʧʨʝʜʝʣʘʭ 13-17%), ʧʨʠʯʸʤ ʧʦ ʤʝʨʝ ʫʛʣʫʙʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ 

ʧʝʩʯʘʥʳʭ ʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ ʦʪʣʠʯʘʶʪʩʷ ʩʣʦʞʥʳʤ ʛʝʥʝʟʠʩʦʤ. ɺ 

ʧʨʦʮʝʩʩʝ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʝʨʝʜʦʚʘʣʠʩʴ ʬʘʟʳ ʘʢʪʠʚʥʦʛʦ ʵʣʶʚʠʠʨʦʚʘʥʠʷ ʠ 

ʝʛʦ ʦʩʣʘʙʣʝʥʠʷ, ʯʪʦ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʣʝʙʘʥʠʷʤʠ ʚʣʘʞʥʦʩʪʠ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʥʬʠʣʴʪʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ (ɸʭʪʳʨʮʝʚ ɸ. ɹ., 

ɸʭʪʳʨʮʝʚ ɹ. ʇ., ʇʨʷʭʠʥ ɸ. ɼ., 1996, 1997). ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʣʘ ʧʦ 

ʧʨʦʬʠʣʶ ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʘʩʪʠʯʥʳʡ ʚʳʥʦʩ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʠʟ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʧʦʯʚʳ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ, ʥʝʢʘʨʙʦʥʘʪʥʳʝ ʛʦʨʠʟʦʥʪʳ. ɺ ʛʫʤʫʩʦʚʦʤ 
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ʛʦʨʠʟʦʥʪʝ ʩʦʜʝʨʞʘʥʠʝ ʠʣʘ ʥʘ 5ï7% ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʩʪʠʣʘʶʱʠʤʠ 

ʩʣʦʷʤʠ. ʅʘʙʣʶʜʘʝʤʦʝ ʨʘʟʣʠʯʠʝ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʣʝʩʩʠʚʘʞʘ, 

ʦʛʣʠʥʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʚʦʜʥʦʤʫ ʠ ʚʝʪʨʦʚʦʤʫ ʚʳʥʦʩʫ ʪʦʥʢʠʭ ʯʘʩʪʠʮ. ʅʘ ʙʦʣʴʰʠʭ 

ʛʣʫʙʠʥʘʭ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʠʣʘ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʣʘʛʘʶʱʠʭ ʥʠʞʥʠʝ ʛʦʨʠʟʦʥʪʳ 

(ɸʭʪʳʨʮʝʚ, 1999) (ʨʠʩ. 14). 

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʣʝʩʦʩʪʝʧʠ 

ɿʘʧʘʜʠʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝʜʨʝʥʠʨʫʝʤʦʛʦ ʪʠʧʘ ʤʝʩʪʥʦʩʪʠ ʣʝʩʦʩʪʝʧʠ 

ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʠ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ. ʂʘʢ ʦʪʤʝʯʘʣʘ ɽ. ʄ. ʉʘʤʦʡʣʦʚʘ, 

çʘʚʪʦʤʦʨʬʥʳʝ ʯʝʨʥʦʟʸʤʳ ʟʘʥʠʤʘʶʪ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʳʝ ʘʨʝʘʣʳ ʚ ʥʝʰʠʨʦʢʠʭ 

ʧʨʠʨʝʯʥʳʭ ʠ ʧʨʠʙʘʣʦʯʥʳʭ ʟʦʥʘʭ, ʪʦʛʜʘ ʢʘʢ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʤʝʞʜʫʨʝʯʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʩʣʦʞʝʥʘ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʤʠ ʧʦʯʚʘʤʠ ʩ ʧʨʠʟʥʘʢʘʤʠ ʦʛʣʝʝʥʠʷè 

(ʉʘʤʦʡʣʦʚʘ, ʗʢʫʰʝʚʩʢʘʷ, 1970). ʋʞʝ ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʧʦʜʯʸʨʢʠʚʘʣʦʩʴ, ʯʪʦ 

ʧʦʯʚʳ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʘʞʝ ʚ ʘʚʪʦʥʦʤʥʳʭ ʧʦʟʠʮʠʷʭ ʩʦʭʨʘʥʷʶʪ 

ʛʠʜʨʦʤʦʨʬʥʳʡ ʭʘʨʘʢʪʝʨ ʚʩʣʝʜʩʪʚʠʝ çʩʣʘʙʦʛʦ ʨʘʟʚʠʪʠʷ ʣʘʪʝʨʘʣʴʥʦʛʦ ʩʪʦʢʘ ʠ 

ʩʝʟʦʥʥʦʛʦ ʟʘʩʪʦʷ ʚʣʘʛʠè (ɸʭʪʳʨʮʝʚ, 1974ʘ). 

ʉʪʨʫʢʪʫʨʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʟʘʢʦʥʦʤʝʨʥʦʡ ʤʠʢʨʦʟʦʥʘʣʴʥʦʩʪʠ. ʇʦ ʜʘʥʥʳʤ ɸ. ɹ. ɸʭʪʳʨʮʝʚʘ, çʩʪʨʫʢʪʫʨʘ 

ʟʘʧʘʜʠʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʩʝʟʦʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʠ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʢʦʣʴʮʝʚʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʦʯʚʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡè (ɸʭʪʳʨʮʝʚ, 1982). ʅʘ 

ʧʝʨʠʬʝʨʠʠ ʧʦʥʠʞʝʥʠʡ ʛʦʩʧʦʜʩʪʚʫʶʪ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ ʠ ʯʝʨʥʦʟʸʤʥʦ-

ʣʫʛʦʚʳʝ ʧʦʯʚʳ, ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ï ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʠ ʩʦʣʦʜʝʚʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʊʘʢʘʷ ʤʠʢʨʦʟʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʦʪʨʘʞʘʝʪ çʨʷʜʳ ʧʦʯʚ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʛʠʜʨʦʤʦʨʬʠʟʤʘè (ʉʘʤʦʡʣʦʚʘ, 1980), ʯʪʦ 

ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʪʝʥʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʩʤʝʥʫ 

ʧʦʯʚ ʦʪ ʩʣʘʙʦʦʛʣʝʸʥʥʳʭ ʢ ʙʦʣʦʪʥʳʤ ʠ ʩʦʣʦʜʷʤ (ʨʠʩ. 15). 

ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʘʤʦʡʣʦʚʦʡ ʠ ɸʭʪʳʨʮʝʚʘ ʧʦʟʚʦʣʠʣʘ 

ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʳ ʧʦʯʚ ʧʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ: ʙʦʣʝʝ 6 ʤ ï

ʯʝʨʥʦʟʸʤʳ ʨʘʟʣʠʯʥʳʭ ʧʦʜʪʠʧʦʚ, 3ï6 ʤ ï ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ, 1,5ï3 ʤ ï

ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʠ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʝ, 0ï1,5 ʤ ˈ ʙʦʣʦʪʥʳʝ ʠ ʩʦʣʦʜʝʚʳʝ 

ʧʦʯʚʳ (ʉʘʤʦʡʣʦʚʘ, ɸʭʪʳʨʮʝʚ, 1970). ʕʪʦ ʜʝʣʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʧʨʠʤʝʥʠʤʳʤ ʜʣʷ 

ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʦʩʪʝʧʠ ʠ ʧʦʜʯʸʨʢʠʚʘʝʪ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʪʘʢʞʝ ʧʨʠʥʷʪʦ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦʯʚ ʧʦ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ 

ʛʠʜʨʦʤʦʨʬʠʟʤʘ. 

ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʣʫʛʦʚʳʝ 

ʩʦʣʦʜʠ ʠ ʣʫʛʦʚʳʝ ʦʩʦʣʦʜʝʣʳʝ ʧʦʯʚʳ. ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ ɽ. ʄ. ʉʘʤʦʡʣʦʚʦʡ, 
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çʩʦʣʦʜʠ ʟʘʥʠʤʘʶʪ ʜʥʠʱʘ ʟʘʧʘʜʠʥ ʠ ʦʪʣʠʯʘʶʪʩʷ ʙʝʣʸʩʦʡ ʦʢʨʘʩʢʦʡ 

ʠʣʣʶʚʠʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʧʨʦʮʝʩʩʘʭ ʣʝʩʩʠʚʘʞʘ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚè (ʉʘʤʦʡʣʦʚʘ, 1972). ʕʪʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʟʘʩʪʦʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʠ ʩʣʫʞʘʪ ʠʥʜʠʢʘʪʦʨʦʤ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʛʦ ʛʠʜʨʦʤʦʨʬʠʟʤʘ. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʶʪ 

ʪʘʢʞʝ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʧʦʯʚʳ. ʆʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʚʝʩʝʥʥʝʤ ʠ ʦʩʝʥʥʝʤ 

ʟʘʩʪʦʝ ʚʣʘʛʠ ʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘʣʠʯʠʝʤ ʪʦʨʬʷʥʦ-ʛʣʝʝʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ 

ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʦʡ. çɼʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʧʘʰʥʠ ʵʪʠ ʧʦʯʚʳ 

ʩʦʭʨʘʥʷʶʪ ʯʝʨʪʳ ʛʠʜʨʦʤʦʨʬʠʟʤʘ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʦʢʨʘʩʢʝ 

ʧʨʦʬʠʣʷ ʠ ʢʦʥʢʨʝʮʠʷʭ ʦʢʠʩʣʦʚ ʞʝʣʝʟʘè (ɸʭʪʳʨʮʝʚ, 1981). ʅʘ ʧʝʨʠʬʝʨʠʠ 

ʧʦʥʠʞʝʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ ʜʝʨʥʦʚʳʝ ʛʣʝʝʚʳʝ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʉʘʤʦʡʣʦʚʦʡ ʠ ʗʢʫʰʝʚʩʢʦʡ (1969), çʩʣʫʞʘʪ ʠʥʜʠʢʘʪʦʨʦʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʩʝʟʦʥʥʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷè. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʜʘʥʥʳʤʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ʂʘʢ ʦʪʤʝʯʘʣʠ ɸ. ɹ. ʠ ɹ. ʇ. 

ɸʭʪʳʨʮʝʚʳ, çʚ ʩʦʩʪʘʚʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝʜʨʝʥʠʨʫʝʤʳʭ ʤʝʞʜʫʨʝʯʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʛʦʩʧʦʜʩʪʚʫʶʪ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ, ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʠ 

ʩʦʣʦʜʝʚʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʩʣʦʞʥʳʝ ʩʦʯʝʪʘʥʠʷ ʠ ʧʷʪʥʠʩʪʦ-

ʢʦʣʴʮʝʚʳʝ ʜʝʧʨʝʩʩʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳè (ɸʭʪʳʨʮʝʚ, ɸʜʝʨʠʭʠʥ, ɸʭʪʳʨʮʝʚ, 

1981) (ʨʠʩ. 16). 
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ʈʠʩʫʥʦʢ 15. ʂʘʪʝʥʘ, ʩ ʚʦʟʨʘʩʪʘʶʱʠʤ ʧʦ ʩʪʝʧʝʥʠ ʛʠʜʨʦʤʦʨʬʥʦʩʪʠ (ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ) ʨʷʜʦʤ ʧʦʯʚ ʤʝʞʜʫʨʝʯʠʡ ʆʢʩʢʦ-ʜʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʝʜʨʝʥʠʨʫʝʤʦʛʦ ʪʠʧʘ ʤʝʩʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʪʝʩʥʦ 

ʩʦʧʨʷʞʸʥʥʳʭ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʠ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʦ 

ʛʨʘʜʠʝʥʪʫ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ï ʦʪ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʜʦ ʦʩʦʣʦʜʝʣʳʭ ʠ 

ʙʦʣʦʪʥʳʭ. ɽʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠ ʤʠʢʨʦʟʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʦʨʬʦʣʦʛʠʝʡ ʟʘʧʘʜʠʥ, ʛʣʫʙʠʥʦʡ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʦʡ 

ʫʚʣʘʞʥʝʥʠʷ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʯʸʨʢʠʚʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ ʉʘʤʦʡʣʦʚʦʡ ʠ 

ɸʭʪʳʨʮʝʚʘ. 



54 

 

 

ʈʠʩʫʥʦʢ 16. ʂʘʨʪʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʟʘʧʘʜʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʝʩʦʩʪʝʧʠ 

ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ ɽ.ʄ. 

ʉʘʤʦʡʣʦʚʦʡ (3x3 ʢʤ) 

 

2.5 ʃʘʥʜʰʘʬʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ʏʪʦʙʳ ʧʦʜʯʝʨʢʥʫʪʴ ʫʥʠʢʘʣʴʥʦʩʪʴ ʫʩʣʦʚʠʡ 

ʥʝʜʨʝʥʠʨʫʝʤʦʛʦ ʪʠʧʘ ʤʝʩʪʥʦʩʪʠ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʪʠʧʳ ʤʝʩʪʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ.  

ʃʘʥʜʰʘʬʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʨʝʣʴʝʬʘ, 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʊʝʨʨʠʪʦʨʠʷ ʥʠʟʤʝʥʥʦʩʪʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʤʝʞʜʫ ʜʦʣʠʥʘʤʠ ʆʢʠ ʠ ɼʦʥʘ, ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ, ʚʢʣʶʯʘʷ ʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʣʝʜʝʥʝʥʠʷ, 

ʦʩʪʘʚʠʚʰʠʝ ʤʦʨʝʥʥʳʝ ʠ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʰʠʨʦʢʠʝ 
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ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʨʘʚʥʠʥʳ (ɻʝʨʘʩʠʤʦʚ, 1951; ʂʨʘʩʠʥ, 2014). ʉʦʚʨʝʤʝʥʥʳʡ 

ʦʙʣʠʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʤʝʞʜʫʨʝʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʩ ʚʳʨʦʚʥʝʥʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʨʝʯʥʳʭ ʜʦʣʠʥ ʩ ʨʘʟʚʠʪʦʡ ʪʝʨʨʘʩʥʦʡ ʩʠʩʪʝʤʦʡ, ʘ ʪʘʢʞʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʟʘʤʢʥʫʪʳʭ ʧʦʥʠʞʝʥʠʡ ï ʟʘʧʘʜʠʥ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʤʠʢʨʦʤʦʟʘʠʯʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʪʝʨʨʠʪʦʨʠʠ (ʉʘʤʦʡʣʦʚʘ, 1981; ɸʭʪʳʨʮʝʚ, 

1999). 

ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʥʠʟʤʝʥʥʦʩʪʠ ʜʦʤʠʥʠʨʫʝʪ ʜʦʣʠʥʘ ʨ. ɺʦʨʦʥʝʞ ʩ ʛʫʩʪʦʡ 

ʩʝʪʴʶ ʧʨʠʪʦʢʦʚ ʠ ʩʠʩʪʝʤʦʡ ʧʦʡʤ ʠ ʪʝʨʨʘʩ (ʂʨʘʩʠʥʘ, 2014). ʎʝʥʪʨʘʣʴʥʳʝ 

ʨʘʡʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʨʦʚʥʝʥʥʳʤʠ ʤʝʞʜʫʨʝʯʴʷʤʠ 

ʚʳʩʦʪʦʡ 175ï180 ʤ (ʤʝʩʪʘʤʠ ʜʦ 219 ʤ), ʦʩʣʦʞʥʸʥʥʳʤʠ ʙʘʣʢʘʤʠ ʠ ʦʚʨʘʛʘʤʠ. 

ɺʦʩʪʦʯʥʳʝ ʯʘʩʪʠ ʠʤʝʶʪ ʠʥʦʡ ʦʙʣʠʢ: ʣʦʪʢʦʚʠʜʥʳʝ ʨʘʚʥʠʥʳ ʨʝʢ ʎʥʳ, ɽʣʘʥʠ ʠ 

ʉʘʚʘʣʳ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʚʦʩʪʦʯʥʳʤʠ ʙʦʨʪʘʤʠ ʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʤʠ 

ʚʦʜʦʨʘʟʜʝʣʘʤʠ, ʥʘʧʦʤʠʥʘʶʱʠʤʠ ʧʣʘʪʦ. ɼʘʣʴʰʝ ʥʘ ʚʦʩʪʦʢ ʣʝʞʘʪ ʧʦʥʠʞʝʥʥʳʝ 

ʫʯʘʩʪʢʠ ʜʦʣʠʥ ɺʦʨʦʥʳ ʠ ʍʦʧʨʘ, ʛʜʝ ʧʨʦʭʦʜʷʪ ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ ʣʠʥʠʠ 

ʙʘʩʩʝʡʥʦʚ ɼʦʥʘ ʠ ɺʦʣʛʠ (ɼʦʙʨʦʚʦʣʴʩʢʠʡ, ʋʨʫʩʝʚʩʢʘʷ, 2004). 

ʏʝʪʚʝʨʪʠʯʥʘʷ ʠʩʪʦʨʠʷ ʥʠʟʤʝʥʥʦʩʪʠ ʩʳʛʨʘʣʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʝʸ 

ʬʦʨʤʠʨʦʚʘʥʠʠ. ɺʦ ʚʨʝʤʷ ʜʥʝʧʨʦʚʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʷ ʙʳʣʘ ʧʦʢʨʳʪʘ 

ʣʝʜʥʠʢʦʤ ʪʦʣʱʠʥʦʡ ʜʦ 400ï500 ʤ; ʝʛʦ ʤʘʩʩʳ ʩʬʦʨʤʠʨʦʚʘʣʠ ʤʦʨʝʥʥʳʝ 

ʩʫʛʣʠʥʢʠ ʠ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʧʝʩʢʠ, ʦʧʨʝʜʝʣʠʚʰʠʝ ʭʘʨʘʢʪʝʨ 

ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʠ ʤʠʢʨʦʨʝʣʴʝʬʘ (ɻʝʨʘʩʠʤʦʚ, 1951). ʊʦʣʱʠʥʘ ʤʦʨʝʥʥʳʭ 

ʧʦʢʨʦʚʦʚ ʚ ʤʝʞʜʫʨʝʯʴʷʭ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 2ï3 ʤ, ʥʦ ʚ ʧʦʛʨʝʙʸʥʥʳʭ 

ʜʦʣʠʥʘʭ ʜʦʩʪʠʛʘʝʪ 15ï20 ʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ. ʅʘ ʧʣʘʢʦʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʩʣʦʞʝʥʥʳʭ 

ʣʸʩʩʦʚʠʜʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ, ʨʘʟʚʠʪʳ ʪʠʧʠʯʥʳʝ ʠ ʚʳʱʝʣʦʯʝʥʥʳʝ ʯʝʨʥʦʟʸʤʳ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ ʧʦʡʤʘʭ ʨʝʢ 

ʬʦʨʤʠʨʫʶʪʩʷ ʘʣʣʶʚʠʘʣʴʥʳʝ ʠ ʟʘʙʦʣʦʯʝʥʥʳʝ ʧʦʯʚʳ ʩ ʣʫʛʦʚʳʤʠ 

ʩʦʦʙʱʝʩʪʚʘʤʠ ʠ ʦʣʴʰʘʥʠʢʘʤʠ, ʥʘ ʧʝʩʯʘʥʳʭ ʪʝʨʨʘʩʘʭ ï ʩʦʩʥʦʚʳʝ ʙʦʨʳ (ʆʨʣʦʚ, 

2005). ʉʢʣʦʥʳ ʙʘʣʦʢ ʠ ʜʦʣʠʥ ʧʦʜʚʝʨʞʝʥʳ ʵʨʦʟʠʠ ʠ ʧʦʢʨʳʪʳ ʤʦʟʘʠʢʦʡ 

ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʠ ʣʫʛʦʚʦ-ʩʪʝʧʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ɺʥʫʪʨʠ ʥʠʟʤʝʥʥʦʩʪʠ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʤʝʩʪʥʦʩʪʠ. ʇʦʡʤʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ ʜʦ 4ï6 ʢʤ, ʩʣʦʞʝʥʥʳʝ ʨʘʟʥʦʟʝʨʥʠʩʪʳʤ 

ʘʣʣʶʚʠʝʤ ʩ ʪʦʨʬʷʥʳʤʠ ʪʦʣʱʘʤʠ ʠ ʩʪʘʨʠʮʘʤʠ. ʊʝʨʨʘʩʳ ʬʦʨʤʠʨʫʶʪ 

ʩʪʫʧʝʥʯʘʪʫʶ ʩʠʩʪʝʤʫ: ʥʠʞʥʠʝ ʩʣʦʞʝʥʳ ʧʝʩʢʘʤʠ ʠ ʟʘʥʷʪʳ ʩʦʩʥʷʢʘʤʠ, ʚʝʨʭʥʠʝ 

ʩʫʛʣʠʥʠʩʪʳʝ, ʧʦʢʨʳʪʳʝ ʜʫʙʨʘʚʘʤʠ ʠ ʣʫʛʦʚʳʤʠ ʩʪʝʧʷʤʠ. ʉʢʣʦʥʦʚʳʝ 

ʣʘʥʜʰʘʬʪʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʙʦʨʪʘʤ ʜʦʣʠʥ ʠ ʦʪʣʠʯʘʶʪʩʷ ʵʨʦʟʠʦʥʥʦʡ 

ʨʘʩʯʣʝʥʸʥʥʦʩʪʴʶ (ʂʨʘʩʠʥʘ, 2014; ʉʪʝʧʘʥʮʦʚʘ, 2012). 

ʅʘʠʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʶʪ ʧʣʘʢʦʨʥʳʝ ʤʝʞʜʫʨʝʯʥʳʝ ʨʘʚʥʠʥʳ, 

ʩʣʦʞʝʥʥʳʝ ʣʸʩʩʦʚʠʜʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ. ɿʜʝʩʴ ʛʦʩʧʦʜʩʪʚʫʶʪ ʪʠʧʠʯʥʳʝ ʠ 
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ʚʳʱʝʣʦʯʝʥʥʳʝ ʯʝʨʥʦʟʸʤʳ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʟʦʥʦʡ ʨʝʛʠʦʥʘ (ɸʭʪʳʨʮʝʚ, 1999). ʆʜʥʘʢʦ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʤʝʞʜʫʨʝʯʥʳʝ 

ʥʝʜʨʝʥʠʨʫʝʤʳʝ ʨʘʚʥʠʥʳ, ʛʜʝ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 0ï5 ʤ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ ʧʦʯʚʳ ʩ ʦʛʣʝʝʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʩʦʣʦʥʮʳ ʠ ʩʦʣʦʜʠ, ʦʨʛʘʥʠʟʫʶʱʠʝ ʟʘʧʘʜʠʥʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʉʘʤʦʡʣʦʚʘ, 1981; 

ʇʨʷʭʠʥ, 1997). 

ɿʘʧʘʜʠʥʳ ï ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʠʟʤʝʥʥʦʩʪʠ. 

ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʣʶʜʮʝʦʙʨʘʟʥʳʝ ʬʦʨʤʳ ʛʣʫʙʠʥʦʡ 0,3ï2 ʤ ʠ 

ʜʠʘʤʝʪʨʦʤ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʤʝʪʨʦʚ; ʢʨʫʧʥʳʝ ʧʦʜʳ ʜʦʩʪʠʛʘʶʪ ʢʠʣʦʤʝʪʨʦʚ 

ʠ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ ʤʠʢʨʦʟʦʥʘʣʴʥʦʩʪʴʶ. ɺʝʩʥʦʡ ʠ ʦʩʝʥʴʶ ʟʘʧʘʜʠʥʳ 

ʟʘʧʦʣʥʷʶʪʩʷ ʚʦʜʦʡ, ʣʝʪʦʤ ʯʘʩʪʦ ʧʝʨʝʩʳʭʘʶʪ, ʦʜʥʘʢʦ ʜʥʠʱʘ ʩʦʭʨʘʥʷʶʪ ʚʣʘʛʫ 

ʜʘʞʝ ʚ ʟʘʩʫʰʣʠʚʳʝ ʧʝʨʠʦʜʳ. ʕʪʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʫʶʪ ʘʥʘʵʨʦʙʥʳʝ ʛʦʨʠʟʦʥʪʳ 

ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʢʦʧʣʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʉʘʤʦʡʣʦʚʘ, 1981; 

ɸʭʪʳʨʮʝʚ, 1999; Zaidelman et al., 2019). 

ʉʪʨʫʢʪʫʨʘ ʧʦʯʚʝʥʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ʶʞʥʦʡ ʯʘʩʪʠ 

ʥʠʟʤʝʥʥʦʩʪʠ ʦʩʦʙʝʥʥʦ ʫʩʣʦʞʥʝʥʘ ʟʘʧʘʜʠʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʚʳʩʦʢʦʡ 

ʤʠʢʨʦʤʦʟʘʠʯʥʦʩʪʴʶ. ʍʘʨʘʢʪʝʨ ʩʪʨʦʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʠʥʦʡ ʚʨʝʟʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʟʘʪʦʧʣʝʥʠʷ ʠ ʭʠʤʠʟʤʦʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɺ ʢʨʫʧʥʳʭ 

ʟʘʧʘʜʠʥʘʭ ʜʦʤʠʥʠʨʫʶʪ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʝ ʠ ʩʦʣʦʥʮʝʚʘʪʳʝ ʧʦʯʚʳ, ʯʘʩʪʦ 

ʠʩʧʝʱʨʸʥʥʳʝ ʧʷʪʥʘʤʠ ʩʦʣʦʥʮʦʚ. ɺ ʥʘʠʙʦʣʝʝ ʧʦʥʠʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ 

ʚʩʪʨʝʯʘʶʪʩʷ ʦʩʦʣʦʜʝʣʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ɸʭʪʳʨʮʝʚ, 1974; ʉʘʤʦʡʣʦʚʘ, 

ʗʢʫʰʝʚʩʢʘʷ, 1970). ɺ ʤʝʣʢʠʭ ʟʘʧʘʜʠʥʘʭ ʜʠʘʤʝʪʨʦʤ ʜʦ 150ï300 ʤ 

ʬʦʨʤʠʨʫʶʪʩʷ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ ʠ ʩʝʨʳʝ ʣʝʩʥʳʝ ʧʦʯʚʳ, ʵʬʬʝʢʪʠʚʥʦ 

ʘʢʢʫʤʫʣʠʨʫʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ. ɹʦʣʝʝ ʛʣʫʙʦʢʠʝ ʟʘʧʘʜʠʥʳ ʟʘʥʷʪʳ 

ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʤʠ ʧʦʯʚʘʤʠ, ʣʫʛʦʚʳʤʠ ʩʦʣʦʜʷʤʠ ʠ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʤʠ ʩ 

ʧʨʠʟʥʘʢʘʤʠ ʟʘʩʦʣʝʥʠʷ (ʂʨʘʩʠʥʘ, 2014). 

ʃʘʥʜʰʘʬʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʦʪʣʠʯʘʝʪʩʷ 

ʯʸʪʢʦʡ ʰʠʨʦʪʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ. ɺ ʩʝʚʝʨʥʳʭ ʯʘʩʪʷʭ ʧʨʝʦʙʣʘʜʘʶʪ 

ʚʳʱʝʣʦʯʝʥʥʳʝ ʯʝʨʥʦʟʸʤʳ ʠ ʩʝʨʳʝ ʣʝʩʥʳʝ ʧʦʯʚʳ, ʚ ʮʝʥʪʨʘʣʴʥʳʭ ï ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʸʤʥʳʝ ʠ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʝ, ʚ ʶʞʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ï ʩʦʣʦʥʮʝʚʘʪʳʝ ʠ 

ʟʘʩʦʣʸʥʥʳʝ (ɸʭʪʳʨʮʝʚ ɹ.ʇ., ɸʭʪʳʨʮʝʚ ɸ.ɹ., 1993; ʌʠʣʴ, 2025). ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʢʣʠʤʘʪʘ, ʣʠʪʦʣʦʛʠʠ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʵʪʦʡ ʩʪʨʫʢʪʫʨʦʡ: 

ʧʣʘʢʦʨʥʳʝ ʯʝʨʥʦʟʸʤʳ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʘʭʘʥʳ, ʧʦʡʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 

ʩʝʥʦʢʦʩʳ, ʘ ʟʘʧʘʜʠʥʳ ʦʛʨʘʥʠʯʝʥʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʧʦʜ ʧʘʩʪʙʠʱʘ ʠ ʩʝʥʦʢʦʩʳ 

(ʉʪʝʧʘʥʮʦʚʘ, 2012; ʌʠʣʴ, 2025). ʇʨʠ ʵʪʦʤ ʟʘʧʘʜʠʥʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʩʣʫʞʘ 

ʨʝʟʝʨʚʫʘʨʘʤʠ ʚʣʘʛʠ ʠ ʤʝʩʪʘʤʠ ʘʢʢʫʤʫʣʷʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 
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ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʥʜʰʘʬʪʦʚ ʟʘʧʘʜʠʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʣʝʩʦʩʪʝʧʠ 

ɺ ʧʨʝʜʝʣʘʭ ʢʨʫʧʥʳʭ ʟʘʧʘʜʠʥ, ʢʘʢ ʧʨʘʚʠʣʦ ʧʦʢʨʳʪʳʭ ʜʨʝʚʝʩʥʦ-

ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʨʘʩʧʘʰʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ; ʪʘʢʠʝ 

ʬʦʨʤʳ çʥʝ ʟʘʪʨʦʥʫʪʳ ʧʘʭʦʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤè ʠ ʩʦʭʨʘʥʷʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʤʠʢʨʦʟʦʥʘʣʴʥʳʝ ʩʦʯʝʪʘʥʠʷ ʧʦʯʚ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ɸʭʪʳʨʮʝʚ, 1974ʘ; 1982). ɺ 

ʤʝʣʢʠʭ ʠ ʥʝʛʣʫʙʦʢʠʭ ʟʘʧʘʜʠʥʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʘʭʦʪʥʳʝ ʚʘʨʠʘʥʪʳ ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʸʤʥʳʭ ʠ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʭ ʧʦʯʚ, ʥʦ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʨʝʞʠʤ ʩʝʟʦʥʥʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʠ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

(ʉʘʤʦʡʣʦʚʘ, ʗʢʫʰʝʚʩʢʘʷ, 1970; ɸʭʪʳʨʮʝʚ, 1981). 

ɺ ʤʝʞʜʫʨʝʯʥʳʭ ʥʝʜʨʝʥʠʨʫʝʤʳʭ ʪʠʧʘʭ ʤʝʩʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʡ ʬʦʥ 

ʬʦʨʤʠʨʫʶʪ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʤʠ 

ʧʦʯʚʘʤʠ; ʦʥʠ çʦʢʘʡʤʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʥʠʞʝʥʠʷ ʠ ʧʦʢʨʳʚʘʶʪ ʧʣʦʩʢʦ-

ʚʦʛʥʫʪʳʝ ʫʯʘʩʪʢʠ ʚʦʜʦʨʘʟʜʝʣʦʚ, ʣʦʱʠʥʳ, ʣʠʤʘʥʳè (ʪʦ ʝʩʪʴ 

ʩʣʘʙʦʥʘʢʣʦʥʸʥʥʳʝ, ʩʣʘʙʦ ʚʦʛʥʫʪʳʝ ʧʣʘʢʦʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʫ ʙʦʨʪʦʚ ʟʘʧʘʜʠʥ) 

(ɸʭʪʳʨʮʝʚ, 1981). ɺ ʵʪʠʭ ʧʦʟʠʮʠʷʭ ʬʠʢʩʠʨʫʶʪʩʷ ʧʘʭʦʪʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, 

ʪʦʛʜʘ ʢʘʢ ʜʥʠʱʘ ʟʘʥʷʪʳ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʤʠ ʠ ʩʦʣʦʜʝʚʳʤʠ ʧʦʯʚʘʤʠ, ʯʪʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʜʝʨʞʠʚʘʝʪ ʨʘʩʧʘʰʢʫ (ʉʘʤʦʡʣʦʚʘ, 1980; ɸʭʪʳʨʮʝʚ, 

ɸʜʝʨʠʭʠʥ, ɸʭʪʳʨʮʝʚ, 1981). 

ɺ ʢʨʫʧʥʳʭ, ʥʦ ʩʣʘʙʦʚʨʝʟʘʥʥʳʭ ʜʝʧʨʝʩʩʠʷʭ ʭʘʨʘʢʪʝʨʥʳ ʯʝʨʥʦʟʸʤʥʦ-

ʣʫʛʦʚʳʝ ʩʦʣʦʥʮʳ (ʢʦʨʢʦʚʳʝ, ʤʝʣʢʠʝ, ʩʨʝʜʥʝʩʪʦʣʙʯʘʪʳʝ), ʯʘʩʪʦ 

ʩʦʣʦʥʯʘʢʦʚʘʪʳʝ, ʩ ʩʦʜʦʚʳʤ ʪʠʧʦʤ ʟʘʩʦʣʝʥʠʷ; ʧʦʚʝʨʭʥʦʩʪʴ ʠʭ ʧʷʪʝʥ ʧʦʥʠʞʝʥʘ 

ʥʘ 10ï15 ʩʤ (ʤʝʩʪʘʤʠ ʜʦ 30ï35 ʩʤ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʨʫʞʘʶʱʠʭ ʧʦʯʚ, ʯʪʦ 

ʜʝʣʘʝʪ ʪʘʢʠʝ ʤʘʩʩʠʚʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʦʙʨʘʙʦʪʢʫ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʧʷʪʥʘʭ (ʉʘʤʦʡʣʦʚʘ, ɹʫʛʘʝʚʩʢʠʡ, ʄʘʢʝʝʚʘ, 1972). ɺ 

ʛʣʫʙʦʢʦʚʨʝʟʘʥʥʳʭ ʬʦʨʤʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ, ʣʫʛʦʚʳʝ ʩʦʣʦʜʠ ʠ 

ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʝ ʧʦʯʚʳ ʩ ʧʨʠʟʥʘʢʘʤʠ ʟʘʩʦʣʝʥʠʷ ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʷ; 

ʨʘʩʧʘʰʢʘ ʟʜʝʩʴ ʵʧʠʟʦʜʠʯʥʘ (ɸʭʪʳʨʮʝʚ, 1982). 

ɺ ʢʦʥʮʝ XX ï ʥʘʯʘʣʝ XXI ʚʚ. çʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʧʨʝʞʜʝ 

ʨʘʩʧʘʭʠʚʘʝʤʳʭ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ ʯʝʨʥʦʟʸʤʥʦʛʦ ʨʷʜʘ ʥʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʠ ʦʢʘʟʘʣʠʩʴ ʟʘʥʷʪʳ ʩʦʨʥʳʤʠ ʚʠʜʘʤʠ ʨʘʩʪʝʥʠʡè, ʯʪʦ ʦʪʨʘʞʘʝʪ 

ʩʦʢʨʘʱʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʚʣʘʞʥʳʭ 

ʫʯʘʩʪʢʦʚ ʨʘʩʧʘʭʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʠʭ ʟʘʢʨʝʧʣʝʥʠʝ ʧʦʜ ʝʩʪʝʩʪʚʝʥʥʳʝ ʣʫʛʘ 

ʠ ʟʘʣʝʞʠ (ɸʭʪʳʨʮʝʚ, ɿʘʡʜʝʣʴʤʘʥ, 1993). ʉʫʤʤʘʨʥʦ, ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʠʥʦʡ ʚʨʝʟʘ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʟʘʩʪʦʷ 

ʚʣʘʛʠ ʠ ʩʪʝʧʝʥʴʶ ʩʦʣʦʥʮʝʚʘʪʦʩʪʠ/ʟʘʩʦʣʝʥʠʷ: ʧʘʰʥʷ ʫʩʪʦʡʯʠʚʘ ʥʘ ʙʦʨʪʘʭ ʠ 

ʧʝʨʠʬʝʨʠʠ ʧʦʥʠʞʝʥʠʡ, ʦʛʨʘʥʠʯʝʥʘ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʜʥʠʱʘʭ (ɸʭʪʳʨʮʝʚ, 

ɸʜʝʨʠʭʠʥ, ɸʭʪʳʨʮʝʚ, 1981; ʉʘʤʦʡʣʦʚʘ, 1981). 
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ɻʣʘʚʘ 3. ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

3.1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 

ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2022-2025 ʛʛ. ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ʧʨʠ ʵʪʦʤ 

ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʝʟʦʥʘʤ: ʟʠʤʥʠʝ ʠ ʚʝʩʝʥʥʠʝ ʚʳʝʟʜʠ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʫʨʦʚʥʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʦʮʝʥʢʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʚʳʧʦʣʥʷʣʠ ʦʪʙʦʨ ʧʨʦʙ ʧʦʯʚ ʆʩʥʦʚʥʦʡ ʢʣʶʯʝʚʦʡ ʫʯʘʩʪʦʢ çʉʘʤʦʡʣʦʚʘè (ʮʝʥʪʨ 

ï 52Á2ǋ30ǌ N, 41Á11ǋ E) ʨʘʩʧʦʣʦʞʝʥ ʚ ʊʦʢʘʨʝʚʩʢʦʤ ʨʘʡʦʥʝ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣ., ʚ 

ʧʨʝʜʝʣʘʭ ʥʝʜʨʝʥʠʨʫʝʤʦʛʦ ʤʝʞʜʫʨʝʯʴʷ (ʤʝʞʜʫ ʨʝʢʘʤʠ ɹʠʪʶʛ ʠ ʕʨʪʠʣʴ). 

ʋʯʘʩʪʦʢ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 3Ĭ3 ʢʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʛʫʶ ʥʠʟʤʝʥʥʦʩʪʴ 

ʙʝʟ ʚʳʨʘʞʝʥʥʦʡ ʵʨʦʟʠʦʥʥʦʡ ʩʝʪʠ: ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʩʢʘʷ, ʦʩʣʦʞʥʸʥʥʘʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʟʘʤʢʥʫʪʳʤʠ ʙʣʶʜʮʝʦʙʨʘʟʥʳʤʠ ʟʘʧʘʜʠʥʘʤʠ ʛʣʫʙʠʥʦʡ 1-3 ʤ 

(ʜʠʘʤʝʪʨʦʤ 20-500 ʤ) ʠ ʥʝʛʣʫʙʦʢʠʤʠ ʧʦʥʠʞʝʥʠʷʤʠ (ʜʦ 0,5 ʤ). ɺ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʩʩʦʚʠʜʥʳʝ ʩʫʛʣʠʥʢʠ. ɹʦʣʴʰʝ 

ʧʦʣʦʚʠʥʳ ʧʣʦʱʘʜʠ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ ʟʘʥʠʤʘʝʪ ʧʘʰʥʷ (ʟʝʨʥʦʚʳʝ, 

ʧʦʜʩʦʣʥʝʯʥʠʢ, ʢʦʨʤʦʚʳʝ ʪʨʘʚʳ), ʥʘ ʟʘʣʝʞʘʭ ʠ ʣʫʛʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʝ ʠ ʚʣʘʞʥʦ-ʣʫʛʦʚʳʝ ʪʨʘʚʷʥʠʩʪʳʝ ʩʦʦʙʱʝʩʪʚʘ; ʚ 

ʥʝʛʣʫʙʦʢʠʭ ʟʘʧʘʜʠʥʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʙʝʨʝʟʦʚʦ-ʦʩʠʥʦʚʳʝ ʢʦʣʢʠ. ɺ ʢʨʫʧʥʳʭ 

ʟʘʧʘʜʠʥʘʭ (ʜʠʘʤʝʪʨʦʤ >100 ʤ) ʨʘʟʚʠʪʳ ʦʩʦʢʦʚʦ-ʪʨʘʚʷʥʳʝ ʙʦʣʦʪʘ ʠ ʤʦʣʦʜʳʝ 

ʦʩʠʥʥʠʢʠ, ʤʝʣʢʠʝ ʟʘʧʘʜʠʥʳ (ʜʦ 50 ʤ) ʯʘʩʪʦ ʨʘʩʧʘʭʘʥʳ. ɺ ʩʪʨʫʢʪʫʨʫ 

ʩʝʚʦʦʙʦʨʦʪʘ ʥʘ ʧʘʰʥʷʭ ʚʭʦʜʷʪ ʟʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ, ʧʦʜʩʦʣʥʝʯʥʠʢ ʠ ʢʦʨʤʦʚʳʝ 

ʪʨʘʚʳ. 

ɺ ʧʨʝʜʝʣʘʭ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ ʙʳʣʦ ʟʘʣʦʞʝʥʦ 18 ʦʧʦʨʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʨʘʟʨʝʟʦʚ ʜʦ ʚʩʢʨʳʪʠʷ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʳ ʠ 474 ʪʦʯʢʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʣʦʞʝʥʦ 164 ʙʫʨʦʚʳʝ ʩʢʚʘʞʠʥʳ 

ʛʣʫʙʠʥʦʡ ʜʦ 1,2-2 ʤ. ʉ ʫʯʸʪʦʤ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʟʨʝʟʦʚ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ ʦʙʱʝʝ ʯʠʩʣʦ ʨʘʟʨʝʟʦʚ ʜʦʩʪʠʛʘʣʦ 24. 

ʊʦʯʢʠ ʦʧʠʩʘʥʠʡ ʠ ʦʪʙʦʨʘ ʧʨʦʙ ʚʳʙʠʨʘʣʠʩʴ ʧʦ ʧʨʠʥʮʠʧʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʦʭʚʘʪʘ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʪʝʥʥʳʡ ʧʦʜʭʦʜ, ʛʜʝ 

ʚʜʦʣʴ ʚʳʙʨʘʥʥʦʛʦ ʫʢʣʦʥʘ ï ʦʪ ʚʳʧʦʣʦʞʝʥʥʦʡ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 

ʜʥʠʱʘ ʟʘʧʘʜʠʥʳ ï ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʨʷʜ ʧʦʯʚ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʛʠʜʨʦʤʦʨʬʠʟʤʘ, 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʧʦʣʥʦʝ ʧʦʯʚʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʘʧʘʜʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɼʣʷ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʜʭʦʜ 

multiple properties representative sampling ï ʪʦʯʢʠ ʦʪʙʠʨʘʣʠʩʴ ʩ ʫʯʸʪʦʤ ʠʭ 

ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʣʘʩʩʘʤ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʦ ʜʘʥʥʳʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʨʝʣʴʝʬ, ʚʣʘʞʥʦʩʪʴ ʧʦʯʚ, 

ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʠʥʜʝʢʩʳ, ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʪ.ʧ.), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʤʝʞʜʫ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴʶ ʠ ʤʠʥʠʤʠʟʘʮʠʝʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚʳʙʦʨʢʠ (Zhang et al., 

2022; Ning et al., 2025). ɼʣʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʟʨʝʟʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 
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ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʭʦʞʠʡ ʘʣʛʦʨʠʪʤ MaxVol, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ 

ʬʘʢʪʦʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʯʠʩʣʘ 

ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ (Petrovskaya et al., 2021). ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʦʯʢʠ ʦʧʨʦʙʦʚʘʥʠʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʥʘ 

ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʝʡ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʙʦʦʪʙʦʨʘ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʤʠ ʧʦʯʚʝʥʥʳʤʠ ʨʘʟʨʝʟʘʤʠ ʥʘ ʧʦʯʚʘʭ ʪʷʞʝʣʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  

ɺ ʢʘʞʜʦʤ ʨʘʟʨʝʟʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʦʣʥʦʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʧʦʣʝʚʦʤʫ ʦʧʠʩʘʥʠʶ 

ʧʦʯʚ (ʐʠʰʦʚ ʠ ʜʨ., 2004; ʄʘʟʠʨʦʚ ʠ ʜʨ., 2012). ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ 

ʧʨʠʟʥʘʢʘʤ ʛʠʜʨʦʤʦʨʬʠʟʤʘ: ʦʪʤʝʯʘʣʠʩʴ ʞʝʣʝʟʠʩʪʳʝ ʠ ʤʘʨʛʘʥʮʝʚʳ ʢʦʥʢʨʝʮʠʠ, 

ʬʦʨʤʳ ʠ ʯʠʩʣʦ ʢʘʨʙʦʥʘʪʥʳʭ ʥʦʦʙʨʘʟʦʚʘʥʠʡ. ʆʧʠʩʘʥʠʝ ʧʨʦʬʠʣʝʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʢʘʞʜʦʛʦ ʩʣʦʷ ʠ ʪʠʧʘ ʧʦʯʚʳ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʘʤ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤ ʉʉʉʈ 1977, ʈʦʩʩʠʠ 2004, WRB. ʆʙʨʘʟʮʳ 

ʙʨʘʣʠʩʴ ʧʦʩʣʦʡʥʦ: ʨʘʩʩʳʧʥʳʝ ʧʨʦʙʳ ʤʘʩʩʦʡ 100-150 ʛ ʙʨʘʣʠʩʴ ʠʟ ʢʘʞʜʦʛʦ 

ʛʦʨʠʟʦʥʪʘ (ʯʝʨʝʟ ʢʘʞʜʳʝ 10 ʩʤ ʜʦ ʛʣʫʙʠʥʳ 1 ʤ) ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʦʥʦʣʠʪʳ ʜʠʘʤʝʪʨʦʤ 5-10 ʩʤ ʦʪʙʠʨʘʣʠʩʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʠ ʚʳʜʝʣʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ. ʆʪʙʦʨ ʧʨʦʙ ʚ ʨʘʟʨʝʟʘʭ ʚʳʧʦʣʥʷʣʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʨʝʟ ʢʘʞʜʳʝ 10 

ʩʤ ʜʦ ʛʣʫʙʠʥʳ 150-160 ʩʤ. ʆʪʙʦʨ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ 

ʛʣʫʙʠʥʳ 0-15 ʩʤ. ɺ ʪʝʢʩʪʝ ʨʘʙʦʪʳ, ʚ ʨʘʟʜʝʣʝ 4.1. ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʧʦʯʚ ʧʨʠʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʂʣʘʩʩʠʬʠʢʘʮʠʝʡ ʠ ɼʠʘʛʥʦʩʪʠʢʦʡ ʧʦʯʚ 

ʈʦʩʩʠʠ 2004 ʛ. ɺ ʦʩʪʘʣʴʥʳʭ ʨʘʟʜʝʣʘʭ ʦʧʠʩʘʥʠʝ ʧʨʠʚʦʜʠʪʩʷ ʩʦʛʣʘʩʥʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʝ ʧʦʯʚ ʉʉʉʈ (1977). 

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʦʯʚ ʢ ʛʨʫʧʧʘʤ ʧʦ ʩʪʝʧʝʥʠ ʛʠʜʨʦʤʦʨʬʠʟʤʘ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ (1981), ɸ.ɹ. ɸʭʪʳʨʮʝʚʘ (1999): 

ʵʧʠʟʦʜʠʯʝʩʢʠ-ʛʠʜʨʦʤʦʨʬʥʳʝ (ʩʣʘʙʦʛʠʜʨʦʤʦʨʬʥʳʝ) (ʋɻɺ>5ï6 ʤ), 

ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʝ (3ï5 ʤ), ʛʠʜʨʦʤʦʨʬʥʳʝ (1,5ï3 ʤ) ʠ ʩʠʣʴʥʦʛʠʜʨʦʤʦʨʬʥʳʝ 

(<1,5 ʤ), ʚ ʢʘʯʝʩʪʚʝ ʫʪʦʯʥʷʶʱʠʭ ʢʨʠʪʝʨʠʝʚ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ 

ʛʠʜʨʦʤʦʨʬʟʠʤʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ï 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʉʤʠʨʥʦʚʦʡ ʠ ʜʨ., 2024. ɸʚʪʦʤʦʨʬʥʳʝ 

ʯʝʨʥʦʟʸʤʳ, ʢʘʢ ʠ ʩʠʣʴʥʦʛʠʜʨʦʤʦʨʬʥʳʝ ʧʦʯʚʳ ʚ ʧʨʝʜʝʣʘʭ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

ɺ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʚ ʪʨʸʭ ʪʦʯʢʘʭ ʪʘʢʞʝ ʚʳʧʦʣʥʷʣʩʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚʣʘʞʥʦʩʪʠ (ʨʠʩ. 17 ʘ) 
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ʈʠʩ. 17 ʘ. ʂʣʶʯʝʚʦʡ ʫʯʘʩʪʦʢ ʚ ʧʨʝʜʝʣʘʭ ʵʢʦʨʝʛʠʦʥʘ ʣʝʩʦʩʪʝʧʠ (a ï ʚ ʧʨʝʜʝʣʘʭ 

ʣʝʩʦʩʪʝʧʠ (ʛʨʘʥʠʮʳ ʣʝʩʦʩʪʝʧʠ ʜʘʥʳ ʧʦ ErdŖs et al., 2017; b ï ʪʦʯʢʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʣʘʞʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʥʝʜʨʝʥʠʨʫʝʤʦʛʦ ʪʠʧʘ ʤʝʩʪʥʦʩʪʠ ʆʢʩʢʦ-

ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ; c ï ʢʦʩʤʠʯʝʩʢʠʡ ʩʥʠʤʦʢ ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ 

ʤʦʥʠʪʦʨʠʥʛʘ; d ï ʨʝʣʴʝʬ ʫʯʘʩʪʢʘ ʩ ʫʢʘʟʘʥʠʝʤ ʪʦʯʝʢ ʤʦʥʠʪʦʨʠʥʛʘ). 
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ʈʠʩ. 17 ʙ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʦʪʙʦʨʘ ʧʨʦʙ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʪʦʯʝʢ 

ʟʘʣʦʞʝʥʠʷ ʨʘʟʨʝʟʦʚ ʚ ʧʨʝʜʝʣʘʭ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ. ɸ ï ʚ ʧʨʝʜʝʣʘʭ 

ʊʦʢʘʨʝʚʩʢʦʛʦ ʨʘʡʦʥʘ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ɹ ï ʚ ʧʨʝʜʝʣʘʭ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʙʠʦʪʦʧʘʤ, ɺ ï ʥʘ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 2ʭ2 

ʤ2 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʦʙʲʸʤʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʥʘ ʪʨʸʭ ʫʯʘʩʪʢʘʭ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʦʯʚ ï ʜʚʫʭ ʧʘʭʦʪʥʳʭ ʠ ʦʜʥʦʤ ʬʦʥʦʚʦʤ 
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(ʟʘʣʝʞʥʦʤ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʢʘʪʝʥʳ ʜʣʠʥʦʡ 185 ʤ ʩ ʧʝʨʝʧʘʜʦʤ ʚʳʩʦʪ 70 

ʩʤ. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʧʫʪʸʤ ʦʮʠʬʨʦʚʢʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʢʘʨʪʳ ʊʘʤʙʦʚʩʢʦʛʦ ʩʪʘʮʠʦʥʘʨʘ ʩ 

ʜʘʥʥʳʤʠ ʦ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʠ ʪʠʧʘʭ ʧʦʯʚ. ʀʟʤʝʨʝʥʠʷ ʚʣʘʞʥʦʩʪʠ 

ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʠʥʪʝʨʚʘʣʦʤ 3 ʯʘʩʘ. ʇʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʧʘʭʦʪʥʳʭ ʧʦʯʚ 

ʩʦʩʪʘʚʠʣ ʩ 14 ʦʢʪʷʙʨʷ 2022 ʛ. ʧʦ 10 ʠʶʣʷ 2023 ʛ. (270 ʩʫʪʦʢ), ʜʣʷ ʬʦʥʦʚʦʡ 

ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʦʡ ʧʦʯʚʳ ï ʩ 14 ʦʢʪʷʙʨʷ 2022 ʛ. ʧʦ 9 ʷʥʚʘʨʷ 2024 ʛ. (453 

ʩʫʪʦʢ); ʚ ʘʥʘʣʠʟ ʚʢʣʶʯʝʥʳ ʜʘʥʥʳʝ ʧʦ 9 ʷʥʚʘʨʷ.  

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʠ ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ 

ʧʦʣʫʯʝʥʳ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ ʛ. ɾʝʨʜʝʚʢʘ, ʫʜʘʣʸʥʥʦʡ ʦʪ ʦʙʲʝʢʪʘ ʥʘ 30 ʢʤ. 

ʄʦʥʠʪʦʨʠʥʛ ʚʣʘʞʥʦʩʪʠ ʠ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʣʦʛʛʝʨʘ Promodem 120, ʦʩʥʘʱʸʥʥʦʛʦ ʪʨʝʤʷ ʸʤʢʦʩʪʥʳʤʠ 

ʜʘʪʯʠʢʘʤʠ ʥʘ ʛʣʫʙʠʥʘʭ 20, 40 ʠ 60 ʩʤ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʜʘʪʯʠʢʦʤ ʫʨʦʚʥʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɼʘʪʯʠʢʠ ʤʦʥʪʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʙʫʨʝʥʥʳʝ 

ʩʢʚʘʞʠʥʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʣʦʞʝʥʠʷ ʧʦʯʚʳ. ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʨʷʝʤʦʡ ʦʙʲʸʤʥʦʡ ʚʣʘʞʥʦʩʪʠ ï 12ï45 % ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʦ ʧʦʜʪʚʝʨʞʜʸʥʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ Ñ2%. ʋʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʬʠʢʩʠʨʦʚʘʣʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 

ʛʣʫʙʠʥʳ 5 ʤ. ɺ ʧʷʪʠ ʤʝʪʨʘʭ ʦʪ ʢʘʞʜʦʡ ʪʦʯʢʠ ʤʦʥʠʪʦʨʠʥʛʘ ʙʳʣʠ ʟʘʣʦʞʝʥʳ 

ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʝ ʨʘʟʨʝʟʳ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ ʠ ʦʪʙʦʨʦʤ ʦʙʨʘʟʮʦʚ 

ʯʝʨʝʟ ʢʘʞʜʳʝ 10 ʩʤ ʜʦ ʛʣʫʙʠʥʳ 1 ʤ ʚ ʪʨʸʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ (ʚʩʝʛʦ 90 

ʦʙʨʘʟʮʦʚ). ʇʦʯʚʝʥʥʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʧʨʠʥʷʪʳ ʧʦ ɽ.ʄ. 

ʉʘʤʦʡʣʦʚʦʡ (1981) ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɼʣʷ ʦʮʝʥʢʠ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʚ 

ʤʘʨʪʝ 2023 ʠ 2024 ʛʛ. ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʩʥʝʛʦʪʘʷʥʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʩʥʝʛʦʤʝʨʥʘʷ 

ʩʲʸʤʢʘ ʧʦ ʪʨʘʥʩʝʢʪʘʤ ʫʯʘʩʪʢʘ.  

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʧʦʯʚʝʥʥʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʜʣʷ 

ʦʧʠʩʘʥʥʳʭ ʧʦʯʚ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɽ.ʄ, ʉʘʤʦʡʣʦʚʦʡ (1981) 

ʇʦʯʚʘ ɻʣʫʙʠʥʘ, ʩʤ ɺʣʘʞʥʦʩʪʴ 

ʟʘʚʷʜʘʥʠʷ (ɺɿ) 

ʅʘʠʤʝʥʴʰʘʷ 

ʚʣʘʛʦʝʤʢʦʩʪʴ 

(ʅɺ)  

ʇʦʣʥʘʷ 

ʚʣʘʛʦʝʤʢʦʩʪʴ 

(ʇɺ)  

% ʦʪ ʦʙʲʝʤʘ ʧʦʯʚʳ 

ʏʝʨʥʦʟʝʤʥʦ-

ʣʫʛʦʚʘʷ (ʨʘʟʨʝʟ 

1) 

0ï8 18,3 36,5 72,1 

8ï40 20,0 35 64,6 

40ï70 21,7 34 57,3 

ʏʝʨʥʦʟʝʤʥʦ-

ʣʫʛʦʚʘʷ ʧʘʭʦʪʥʘʷ 

(ʨʘʟʨʝʟʳ 2, 3) 

0ï25 19,8 33,2 61,6 

25ï50 21,2 26,9 61,6 

50ï64 24,4 32,6 53,3 

ʇʦʣʝʚʦʝ ʠʟʫʯʝʥʠʝ ʜʦʧʦʣʥʷʣʦʩʴ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʤʠ ʦʧʠʩʘʥʠʷʤʠ. ʅʘ 

ʢʘʞʜʦʤ ʦʧʠʩʘʥʥʦʤ ʫʯʘʩʪʢʝ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʪʠʧ ʩʦʦʙʱʝʩʪʚʘ (ʚʣʘʞʥʦ-ʣʫʛʦʚʦʝ, 

ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʦʝ, ʦʩʠʥʥʠʢ ʥʝʤʦʨʘʣʴʥʳʡ ʠ ʪ.ʧ.), ʦʙʱʝʝ ʧʨʦʝʢʪʠʚʥʦʝ 

ʧʦʢʨʳʪʠʝ, ʚʠʜʦʚʳʝ ʜʦʤʠʥʘʥʪʳ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʧʝʨʝʭʦʜʥʦʤʫ ʪʠʧʫ 

ʩʦʦʙʱʝʩʪʚ ï ʵʢʦʪʦʥʘʤ.  
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ɼʣʷ ʫʯʸʪʘ ʪʦʧʦʛʨʘʬʠʠ ʧʨʦʚʝʜʝʥʘ ʚʳʩʦʢʦʪʦʯʥʘʷ ʘʵʨʦʩʲʸʤʢʘ ʨʝʣʴʝʬʘ: 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʸʛʢʠʡ ɹʇʃɸ Geoscan-401 ʩ ʣʘʟʝʨʥʳʤ ʩʢʘʥʝʨʦʤ AGM MS1. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʣʝʪʦʚ (ʰʘʛ ʩʲʝʤʢʠ ~2ï3 ʩʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 70 ʤ) ʧʦʣʫʯʝʥ 

ʧʣʦʪʥʳʡ LiDAR-ʦʙʣʘʯʥʳʡ ʤʘʩʩʠʚ, ʠʟ ʢʦʪʦʨʦʛʦ ʚ ʇʆ Lidar360 ʧʦʩʪʨʦʝʥʘ 

ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ (ʎʄʈ) ʩ ʨʘʟʨʝʰʝʥʠʝʤ 0,02 ʤ (ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʘʛʨʝʛʘʮʠʝʡ ʜʦ 2 ʤ). ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʎʄʈ ʠ ʜʘʥʥʳʤʠ Sentinel-2 (10 ʤ) 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʚʘʨʠʘʪʳ (TWI, TRI, VRM, ʫʢʣʦʥ ʠ 

ʵʢʩʧʦʟʠʮʠʷ), ʢʦʪʦʨʳʝ çʧʦʣʫʯʝʥʳ ʧʦ ʜʘʥʥʳʤ ʣʠʜʘʨʥʦʡ ʩʲʝʤʢʠè. ɹʣʘʛʦʜʘʨʷ 

LiDAR-ʩʲʝʤʢʝ ʫʜʘʣʦʩʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʪʴ ʤʠʢʨʦʨʝʣʴʝʬ ʟʘʧʘʜʠʥ ʠ 

ʩʦʧʦʩʪʘʚʠʪʴ ʝʛʦ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʪʦʯʝʢ ʧʦʯʚʝʥʥʦʛʦ 

ʦʧʨʦʙʦʚʘʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʣʠʩʴ 

ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʠʥʜʝʢʩʳ, ʠʥʜʝʢʩʳ ʚʣʘʞʥʦʩʪʠ (EVI2, NDWI ʠ ʜʨ.). 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʢʘʞʜʦʡ ʪʦʯʢʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʳʩʦʪʘ (ʧʦ GPS-RTK), ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʬʦʨʤʝ 

ʨʝʣʴʝʬʘ (ʚʝʨʰʠʥʘ/ʩʢʣʦʥ/ʤʝʞʟʘʧʘʜʠʥʥʦʝ ʧʦʥʠʞʝʥʠʝ/ʜʥʦ ʟʘʧʘʜʠʥʳ), ʛʣʫʙʠʥʘ 

ʚʩʢʨʳʪʦʛʦ ʧʨʦʬʠʣʷ ʠʣʠ ʩʢʚʘʞʠʥʳ; ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʧʦʯʚʳ; ʜʝʪʘʣʴʥʦʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʬʠʣʷ; ʥʘʣʠʯʠʝ ʠ ʚʳʨʘʞʝʥʥʦʩʪʴ ʛʠʜʨʦʤʦʨʬʥʳʭ 

ʧʨʠʟʥʘʢʦʚ (ʞʝʣʝʟʠʩʪʳʭ ʠ ʯʸʨʥʦ-ʩʠʥʠʭ ʧʷʪʝʥ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚʢʣʶʯʝʥʠʷ ʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ Fe/Mn); ʦʪʤʝʯʘʣʘʩʴ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʘ 

ʦʧʨʦʙʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ï ʯʠʩʣʦ ʦʙʨʘʟʮʦʚ ʠ ʛʣʫʙʠʥʳ ʠʭ ʦʪʙʦʨʘ (ʜʣʷ 

ʘʥʘʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, pH, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʣʦʪʥʦʩʪʠ 

ʠ ʜʨ.).  

 

3.2. ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʕʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʄɻʋ ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ 

ʇʦʯʚʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ. ʇʝʨʝʜ ʘʥʘʣʠʟʘʤʠ ʦʙʨʘʟʮʳ ʧʦʯʚʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʫʰʢʝ, ʦʯʠʩʪʢʝ ʦʪ ʚʠʜʠʤʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ ʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ. 

ɿʥʘʯʝʥʠʷ pH ʠ ʦʙʱʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ (TDS) ʚʦʜʥʳʭ ʚʳʪʷʞʝʢ 

ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʨʠʙʦʨʝ Microtrac Bluewave 

(ʉʐɸ); ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʩʫʩʧʝʥʟʠʠ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠʩʴ ʫʣʴʪʨʘʟʚʫʢʦʤ (450 

ɼʞ/ʤʣ). 

ɸʥʠʦʥʥʳʡ ʠ ʢʘʪʠʦʥʥʳʡ ʩʦʩʪʘʚ ʚʳʪʷʞʝʢ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʠʦʥʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʆʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ ʚʳʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ʇʬʝʬʬʝʨʘ ʚ 

ʤʦʜʠʬʠʢʘʮʠʠ ʄʦʣʦʜʮʦʚʘ ʠ ʀʛʥʘʪʦʚʦʡ; ʠʭ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
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ʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʧʣʘʤʝʥʥʦʡ 

ʬʦʪʦʤʝʪʨʠʠ ʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʘʤʦʨʬʥʳʭ ʬʦʨʤ ʞʝʣʝʟʘ ʦʧʨʝʜʝʣʷʣʠ ʚ ʦʢʩʘʣʘʪʥʦʡ ʚʳʪʷʞʢʝ 

ʧʦ ʊʘʤʤʫ, ʚʘʣʦʚʦʛʦ ʥʝʩʠʣʠʢʘʪʥʦʛʦ ʞʝʣʝʟʘ ï ʚ ʜʠʪʠʦʥʠʪ-ʮʠʪʨʘʪʥʦʡ ʚʳʪʷʞʢʝ ʧʦ 

ʄʝʨʘïɼʞʝʢʩʦʥʫ; ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʥʜʠʢʘʪʦʨʦʚ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʨʠʪʝʨʠʡ ʐʚʝʨʪʤʘʥʥʘ 

(ʩʦʦʪʥʦʰʝʥʠʝ ʦʢʩʘʣʘʪ- ʠ ʜʠʪʠʦʥʠʪ-ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ Fe) ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʪʝʧʝʥʠ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ï ʦʪʥʦʰʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʱʝʣʦʯʥʦʡ ʠ 

ʧʠʨʦʬʦʩʬʘʪʥʦʡ ʚʳʪʷʞʝʢ ʧʨʠ 440 ʥʤ. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ 

ʈʘʩʪʝʨʪʳʝ ʧʨʦʙʳ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʧʨʦʩʝʠʚʘʣʠ ʯʝʨʝʟ ʩʠʪʦ ʩ 

ʷʯʝʡʢʦʡ ʨʘʟʤʝʨʦʤ 0,1 ʤʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʦʚʦʜʠʣʦʩʴ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʩʞʠʛʘʥʠʷ ʥʘ ʧʨʠʙʦʨʝ 

ʄʝʪʘʚʘʢ. 

ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʧʦ ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʦʢʠʩʣʝʥʠʶ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʉʘʚʠʯʘ-ʉʦʢʦʣʦʚʘ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʨʝʜʥʝʦʢʠʩʣʷʝʤʦʡ ʬʨʘʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

ʥʘʚʝʩʢʘ ʧʦʯʚʳ ʧʦʜʚʝʨʛʘʣʘʩʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʧʨʠ 150 Áʉ, 

ʥʦ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ʈʘʟʥʠʮʘ ʚʝʣʠʯʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 30- ʠ ʧʨʠ 5-ʤʠʥʫʪʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʜʝʨʞʘʥʠʝ ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɽʱʸ 

ʦʜʥʘ ʥʘʚʝʩʢʘ, ʦʙʨʘʙʦʪʘʥʥʘʷ ʭʨʦʤʦʚʦʡ ʩʤʝʩʴʶ, ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʪʝʨʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ; ʪʠʪʨʦʚʘʥʠʝ ʠʟʙʳʪʢʘ ʭʨʦʤʘ 

ʩʫʣʴʬʘʪʦʤ ʞʝʣʝʟʘ (II) ʧʨʦʚʦʜʠʣʦʩʴ ʩʧʫʩʪʷ 10 ʤʠʥʫʪ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢ 

ʥʘʚʝʩʢʝ ʧʦʯʚʳ ʨʘʩʪʚʦʨʘ ʭʨʦʤʦʚʦʡ ʩʤʝʩʠ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʩʦʜʝʨʞʘʥʠʶ ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ 5-ʤʠʥʫʪʥʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠ 10-ʤʠʥʫʪʥʦʤ 

ʭʦʣʦʜʥʦʤ ʦʢʠʩʣʝʥʠʠ, ʧʦʢʘʟʳʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʩʨʝʜʥʝʦʢʠʩʣʷʝʤʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʉʦʢʦʣʦʚ, 2009; ʉʘʚʠʯ, 1980). 

ʉʦʩʪʘʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʯʚ ʠʤʝʝʪ ʩʣʦʞʥʫʶ 

ʛʝʪʝʨʦʛʝʥʥʫʶ ʧʨʠʨʦʜʫ. ʆʥ ʚʢʣʶʯʘʝʪ ʢʦʤʧʦʥʝʥʪʳ ʣʠʪʦʛʝʥʥʦʛʦ, ʙʠʦʛʝʥʥʦʛʦ, 

ʭʝʤʦʛʝʥʥʦʛʦ ʠ ʧʝʜʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʌʨʘʢʮʠʷ ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʪʦʛʝʥʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʉʨʝʜʥʝʦʢʠʩʣʷʝʤʳʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʭʝʤʦʛʝʥʥʳʤʠ ʠ ʧʝʜʦʛʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. 

ʃʝʛʢʦʦʢʠʩʣʷʝʤʳʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ 

ʧʨʠʨʦʜʦʡ, ʩʦʯʝʪʘʷ ʭʝʤʦʛʝʥʥʳʝ, ʧʝʜʦʛʝʥʥʳʝ ʠ ʙʠʦʛʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʫ 

ʇʦʥʦʤʘʨʝʚʦʡ-ʇʣʦʪʥʠʢʦʚʦʡ (1980). ʄʝʪʦʜ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʥʘ 
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ʯʝʪʳʨʝ ʬʨʘʢʮʠʠ ʬʫʣʴʚʦʢʠʩʣʦʪ, ʪʨʠ ʬʨʘʢʮʠʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

ʥʝʛʠʜʨʦʣʠʟʫʝʤʳʡ ʦʩʪʘʪʦʢ.  

ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʠ ʧʨʦʩʣʝʜʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ʬʫʣʴʚʦʢʠʩʣʦʪ ʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʥʝʛʠʜʨʦʣʠʟʫʝʤʳʡ 

ʦʩʪʘʪʦʢ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʘʥʥʳʤʠ ʧʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʷʝʤʦʩʪʠ ʪʘʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʯʚʘʭ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

3.3. ɼʘʥʥʳʝ ʠ ʠʭ ʦʙʨʘʙʦʪʢʘ 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ ʥʘ ʷʟʳʢʘʭ 

Python ʠ R. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʩʚʝʜʝʥʳ ʚ ʬʦʨʤʘʪʝ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ 

Excel. ʇʝʨʚʠʯʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʣʘʩʴ ʚʘʣʠʜʘʮʠʷ ʟʘʧʠʩʝʡ: ʠʩʢʣʶʯʘʣʠʩʴ 

ʜʫʙʣʠʨʫʶʱʠʝʩʷ ʩʪʨʦʢʠ, ʧʨʦʚʝʨʷʣʘʩʴ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʟʥʘʯʝʥʠʡ, ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠʚʦʜʠʣʠʩʴ ʢ ʝʜʠʥʦʤʫ ʬʦʨʤʘʪʫ. ɼʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʡ 

ʬʠʢʩʠʨʦʚʘʣʩʷ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʲʝʜʠʥʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʢʦʚʘʨʠʘʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ, ʩʦʩʪʘʚʫ ʦʙʤʝʥʥʳʭ 

ʢʘʪʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʪʝʧʝʥʠ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʠ 

ʢʨʠʪʝʨʠʷ ʐʚʝʨʪʤʘʥʘ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʚʦʜʥʳʭ ʪʘʙʣʠʮʘʭ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠ 

ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʚʳʷʚʠʪʴ ʫʩʪʦʡʯʠʚʳʝ ʜʠʘʧʘʟʦʥʳ 

ʠʟʤʝʥʯʠʚʦʩʪʠ. ɿʥʘʯʝʥʠʷ, ʚʳʭʦʜʠʚʰʠʝ ʟʘ ʧʨʝʜʝʣʳ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʚʳʙʨʦʩʳ ʠ ʠʩʢʣʶʯʘʣʠʩʴ ʠʟ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʦʚ, ʧʨʠ 

ʵʪʦʤ ʠʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʭʨʘʥʷʣʘʩʴ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ɼʘʥʥʳʝ ʧʦ 

ʫʛʣʝʨʦʜʫ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʩʫʭʦʝ ʩʞʠʛʘʥʠʝ ʠ ʤʝʪʦʜ ʊʶʨʠʥʘ), 

ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʢ ʩʦʧʦʩʪʘʚʠʤʦʡ ʰʢʘʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʝʨʝʩʯʸʪʘ, ʧʨʠʥʷʪʳʭ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ (ʂʦʨʦʣʸʚ, ɻʨʦʤʦʚʠʢ, 2020, 

ʐʘʤʨʠʢʦʚʘ, 2024). ʌʨʘʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʳʜʝʣʝʥʥʳʝ ʧʦ 

ʤʝʪʦʜʠʢʝ ʇʦʥʦʤʘʨʸʚʦʡïʇʣʦʪʥʠʢʦʚʦʡ ʠ ʉʦʢʦʣʦʚʘïʉʘʚʠʯʘ (ʉʦʢʦʣʦʚ, 2009; 

ʉʘʚʠʯ ʠ ʜʨ., 1980), ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣʠʩʴ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʣʝʛʢʦ, ʩʨʝʜʥʝ- ʠ 

ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʯʠʩʣʷʣʠʩʴ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʜʦʣʠ ʚ ʩʦʩʪʘʚʝ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ, 

ʠ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʂʘʯʠʥʩʢʦʛʦ, ʙʳʣ ʘʛʨʝʛʠʨʦʚʘʥ ʚ 

ʫʢʨʫʧʥʸʥʥʳʝ ʛʨʫʧʧʳ: ʧʝʩʯʘʥʘʷ, ʠʣʠʩʪʘʷ ʠ ʛʣʠʥʠʩʪʘʷ ʬʨʘʢʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ USDA (USDA, 2017). ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ 
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ʢʘʢ ʚʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʤʦʜʝʣʷʭ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʢʨʘʪʠʚ ʠʟʙʳʪʦʯʥʦʩʪʴ 

ʧʨʠʟʥʘʢʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʚʦʜʥʳʭ ʚʳʪʷʞʝʢ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ 

ʧʦʢʘʟʘʪʝʣʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ. ɸʥʠʦʥʥʦ-ʢʘʪʠʦʥʥʳʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʥʦʨʤʠʨʦʚʘʥʳ ʢ ʝʜʠʥʦʤʫ ʚʳʨʘʞʝʥʠʶ ʚ ʤʤʦʣʴ(+) ʥʘ 100 ʛ ʧʦʯʚʳ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʩʝʨʠʷʤʠ. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʦ ʞʝʣʝʟʝ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ 

ʐʚʝʨʪʤʘʥʘ (ʦʪʥʦʰʝʥʠʝ ʦʢʩʘʣʘʪ- ʠ ʜʠʪʠʦʥʠʪ-ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ) ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʦʤʦʨʬʠʟʤʘ (ʦʪʥʦʰʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʱʝʣʦʯʥʦʡ 

ʠ ʧʠʨʦʬʦʩʬʘʪʥʦʡ ʚʳʪʷʞʝʢ ʧʨʠ 440 ʥʤ). ʕʪʠ ʠʥʜʝʢʩʳ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʜʣʷ 

ʢʘʞʜʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʟʘʪʝʤ ʫʩʨʝʜʥʷʣʠʩʴ ʧʦ ʧʨʦʬʠʣʷʤ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʩʚʦʜʥʳʭ ʪʘʙʣʠʮ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʧʦʣʝʚʳʝ ʜʘʥʥʳʝ ʙʳʣʠ 

ʦʙʲʝʜʠʥʝʥʳ ʩ ʤʘʩʩʠʚʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ Sentinel-2 ʧʨʦʭʦʜʠʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʬʠʣʴʪʨʘʮʠʶ: ʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠʩʢʣʶʯʘʣʠʩʴ ʩʮʝʥʳ ʩ 

ʦʙʣʘʯʥʦʩʪʴʶ ʠ ʩʥʝʛʦʤ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʠʥʜʝʢʩʘʤ NDWI ʠ NDSI. ʀʥʜʝʢʩ 

EVI2 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʥʜʠʢʘʪʦʨ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʬʦʨʤʠʨʦʚʘʣʩʷ ʨʷʜ ʟʘ ʧʝʨʠʦʜ 2019ï2023 

ʛʛ., ʧʨʦʧʫʩʢʠ ʚʦʩʧʦʣʥʷʣʠʩʴ ʤʝʪʦʜʦʤ ʉʘʚʠʮʢʦʛʦïɻʦʣʝʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʩʛʣʘʞʠʚʘʥʠʝ ʢʨʠʚʦʡ ʙʝʟ ʠʩʢʘʞʝʥʠʷ ʢʣʶʯʝʚʳʭ ʬʘʟ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʷʜʦʚ 

ʠʟʚʣʝʢʘʣʠʩʴ ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʥʘʯʘʣʦ ʠ ʦʢʦʥʯʘʥʠʝ ʩʝʟʦʥʘ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ, ʘʤʧʣʠʪʫʜʘ, ʫʛʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʝʩʝʥʥʝʛʦ ʦʪʨʘʩʪʘʥʠʷ ʠ 

ʦʩʝʥʥʝʛʦ ʦʪʤʠʨʘʥʠʷ, ʠʥʪʝʛʨʘʣʴʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ɺʩʝ ʵʪʠ ʟʥʘʯʝʥʠʷ 

ʫʩʨʝʜʥʷʣʠʩʴ ʧʦ ʧʷʪʠʣʝʪʥʝʤʫ ʧʝʨʠʦʜʫ ʠ ʟʘʥʦʩʠʣʠʩʴ ʚ ʪʘʙʣʠʮʳ ʚ ʧʨʠʚʷʟʢʝ ʢ 

ʪʦʯʢʘʤ ʦʪʙʦʨʘ ʧʨʦʙ. 

ʃʠʜʘʨʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʙʣʘʢʘ 

ʪʦʯʝʢ ʧʦʜʚʝʨʛʘʣʠʩʴ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʚʳʜʝʣʷʣʘʩʴ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʦʡ ʢʨʠʚʠʟʥʳ 

ʩʪʨʦʠʣʩʷ ʮʠʬʨʦʚʦʡ ʨʝʣʴʝʬ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 2 ʩʤ, ʟʘʪʝʤ ʘʛʨʝʛʠʨʦʚʘʥʥʳʡ ʜʦ 2 ʤ 

ʠ ʧʨʠʚʝʜʸʥʥʳʡ ʢ ʰʘʛʫ 10 ʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʢʫʙʠʯʝʩʢʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʠʤʝʥʷʣʩʷ ʬʠʣʴʪʨ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʨʝʧʨʦʝʮʠʨʦʚʘʣʠʩʴ ʚ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ WGS84 ʠ ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʧʦ ʨʘʟʨʝʰʝʥʠʶ ʩ ʢʦʩʤʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ. ʇʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ï ʫʢʣʦʥ, ʵʢʩʧʦʟʠʮʠʷ, ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʠʥʪʝʛʨʠʨʦʚʘʣʠʩʴ ʚ ʦʙʱʫʶ ʙʘʟʫ. 
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3.4. ʄʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɼʣʷ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʚʘʨʠʘʮʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʦʯʚ (0-15 ʩʤ, ʛʜʝ 15 ʩʤ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ), 

ʧʨʠʤʝʥʷʣʩʷ ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʧʨʝʜʠʢʪʦʨʦʚ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ (ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʝʣʴʝʬʦʤ), ʙʠʦʪʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ, ʦʪʜʝʣʴʥʦ ʫʯʠʪʳʚʘʣʦʩʴ ʚʣʠʷʥʠʝ pH, ʘ 

ʪʘʢʞʝ ʠʩʪʦʨʠʠ ʦʙʨʘʙʦʪʢʠ.  

ʀʩʪʦʨʠʷ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʷ ʚ ʧʨʝʜʝʣʘʭ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ 

ʙʳʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʧʦ ʜʘʥʥʳʤ ʦʧʨʦʩʘ ʟʝʤʣʝʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʭʚʘʪʳʚʘʣʘ 

ʧʦʩʣʝʜʥʠʝ 20ï30 ʣʝʪ. ʋʯʠʪʳʚʘʣʠʩʴ ʪʠʧ ʢʫʣʴʪʫʨʳ (ʟʝʨʥʦʚʳʝ, ʧʦʜʩʦʣʥʝʯʥʠʢ, 

ʢʦʨʤʦʚʳʝ ʪʨʘʚʳ), ʥʘʣʠʯʠʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʣʝʞʥʦʛʦ ʧʝʨʠʦʜʘ, ʬʘʢʪ 

ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ. ʕʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʤʦʜʝʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʚʳʙʦʨʢʠ ʠ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. ɼʣʷ ʢʘʞʜʦʡ 

ʛʨʫʧʧʳ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ RĮ. 

ʅʝʟʘʚʠʩʠʤʳʡ ʚʢʣʘʜ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʧʦʣʥʦʡ ʤʦʜʝʣʠ (Gilbert & Bennet, 2010). ʈʘʟʥʠʮʘ ʤʝʞʜʫ RĮ 

ʧʦʣʥʦʡ ʠ ʫʢʦʨʦʯʝʥʥʦʡ ʤʦʜʝʣʝʡ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʘʩʴ ʢʘʢ ʫʥʠʢʘʣʴʥʳʡ ʚʢʣʘʜ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʫʧʧʳ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚʢʣʶʯʘʣʠ ʪʦʯʝʯʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʫʛʣʝʨʦʜʘ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʝʜʠʢʪʦʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʎʄʈ, ʩʧʫʪʥʠʢʦʚʳʭ ʠʥʜʝʢʩʦʚ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙ (ʪʘʙʣ. 2). ɺʩʝ ʧʨʝʜʠʢʪʦʨʳ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʜ ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʜʝʣʝʡ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʠ ʚʳʷʚʣʝʥʠʷ 

ʬʘʢʪʦʨʦʚ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʥʘʢʦʧʣʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ, ʩʧʦʩʦʙʥʳʝ ʨʘʙʦʪʘʪʴ ʩ ʢʦʤʧʣʝʢʩʦʤ ʧʨʝʜʠʢʪʦʨʦʚ 

(ʧʘʨʘʤʝʪʨʳ ʨʝʣʴʝʬʘ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʠʥʜʝʢʩʳ, 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ, ʥʦ ʠ ʦʮʝʥʠʚʘʪʴ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʯʝʨʝʟ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʫʛʣʝʨʦʜʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ (Padarian et al., 2019; Zhu et al., 2019, Zou et al., 2022). 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚʳʙʨʘʥʳ ʪʦʯʢʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʛʜʝ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʩ ʛʣʫʙʠʥʳ 0-15 ʩʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʪʦʡ ʪʦʯʢʝ. 

ɺ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʚʢʣʶʯʝʥʳ 474 ʥʘʙʣʶʜʝʥʠʷ. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ 

ʫʛʣʝʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʮʠʬʨʦʚʦʛʦ ʧʨʦʛʥʦʟʥʦʛʦ 

ʧʦʯʚʝʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ SCORPAN (McBratney et al., 2003), ʛʜʝ 

ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʦʧʠʩʳʚʘʶʪʩʷ ʯʝʨʝʟ ʬʘʢʪʦʨʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʢʦʚʘʨʠʘʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ (çʪʘʨʛʝʪʘè) ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘ 

ʘʥʘʣʠʟʘʪʦʨʝ ʄʝʪʘʚʘʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʠʢʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʩʧʫʪʥʠʢʦʚʳʝ ʠ ɹʇʃɸ), ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ 

ʠʥʜʝʢʩʳ (TWI, TPI, SPI, RgI, TRI, VRM), ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʚʝʛʝʪʘʮʠʦʥʥʳʝ 

ʠʥʜʝʢʩʳ (NDVI, EVI2, NDWI, PPI, MSAVI), ʘ ʪʘʢʞʝ ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʪʝʥʠʡ (SOSD, EOSD, ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʝʟʦʥʘ, ʚʥʫʪʨʠʩʝʟʦʥʥʘʷ 

ʘʤʧʣʠʪʫʜʘ, GUP, GDOWN, TP). 

ʊʘʙʣʠʮʘ 2. ʅʘʙʦʨ ʢʦʚʘʨʠʘʪ (ʧʨʠʟʥʘʢʦʚ), ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʠʭ ʪʠʧʳ 

ʇʝʨʝʤʝʥʥʘʷ ʊʠʧ ʀʩʪʦʯʥʠʢ ʈʘʟʨʝʰʝʥʠʝ 

TWI ʪʦʧʦʛʨʘʬʠʷ ʎʄʈ ʧʦ ʜʘʥʥʳʤ 

LiDAR (ɹʇʃɸ) 

2 ʤ 

TRI ʪʦʧʦʛʨʘʬʠʷ ʎʄʈ ʧʦ ʜʘʥʥʳʤ 

LiDAR (ɹʇʃɸ) 

2 ʤ 

Slope ʪʦʧʦʛʨʘʬʠʷ ʎʄʈ ʧʦ ʜʘʥʥʳʤ 

LiDAR (ɹʇʃɸ) 

2 ʤ 

Roughness ʪʦʧʦʛʨʘʬʠʷ ʎʄʈ ʧʦ ʜʘʥʥʳʤ 

LiDAR (ɹʇʃɸ) 

2 ʤ 

SPI ʪʦʧʦʛʨʘʬʠʷ ʎʄʈ ʧʦ ʜʘʥʥʳʤ 

LiDAR (ɹʇʃɸ) 

2 ʤ 

VRM ʪʦʧʦʛʨʘʬʠʷ ʎʄʈ ʧʦ ʜʘʥʥʳʤ 

LiDAR (ɹʇʃɸ) 

2 ʤ 

Aspect ʪʦʧʦʛʨʘʬʠʷ ʎʄʈ ʧʦ ʜʘʥʥʳʤ 

LiDAR (ɹʇʃɸ) 

2 ʤ 

TPI ʪʦʧʦʛʨʘʬʠʷ ʎʄʈ ʧʦ ʜʘʥʥʳʤ 

LiDAR (ɹʇʃɸ) 

2 ʤ 

NDWI ʚʣʘʞʥʦʩʪʴ Sentinel-2 10 ʤ 

MSAVI ʚʝʛ. ʠʥʜʝʢʩ Sentinel-2 10 ʤ 

NDVIre3 ʚʝʛ. ʠʥʜʝʢʩ Sentinel-2 10 ʤ 

NDVIre1 ʚʝʛ. ʠʥʜʝʢʩ Sentinel-2 10 ʤ 

EVI2 ʚʝʛ. ʠʥʜʝʢʩ Sentinel-2 10 ʤ 

BI2 ʚʝʛ. ʠʥʜʝʢʩ Sentinel-2 10 ʤ 

ʂʦʥʝʮ ʚʝʛ. ʩʝʟʦʥʘ (EOS) ʬʝʥʦʣʦʛʠʷ  Sentinel-2 10 ʤ 

ʅʘʯʘʣʦ ʚʝʛ. ʩʝʟʦʥʘ 

(SOS) 

ʬʝʥʦʣʦʛʠʷ  Sentinel-2 10 ʤ 
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ʅʘʢʣʦʥ ʚʝʛ. ʂʨʠʚʦʡ ʚ 

ʥʘʯʘʣʝ ʩʝʟʦʥʘ (Greenup) 

ʬʝʥʦʣʦʛʠʷ  Sentinel-2 10 ʤ 

ʅʘʢʣʦʥ ʚʝʛ. ʂʨʠʚʦʡ ʚ 

ʢʦʥʮʝ ʩʝʟʦʥʘ 

(Greendown) 

ʬʝʥʦʣʦʛʠʷ  Sentinel-2 10 ʤ 

ʉʝʟʦʥʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʠʥʜʝʢʩʘ 

ʬʝʥʦʣʦʛʠʷ  Sentinel-2 10 ʤ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʩʝʟʦʥʘ (Season Len) 

ʬʝʥʦʣʦʛʠʷ  Sentinel-2 10 ʤ 

ʉʦʚʦʢʫʧʥʘʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (TP) 

ʬʝʥʦʣʦʛʠʷ  Sentinel-2 10 ʤ 

pH ʌʠʟ-ʭʠʤ ʧʘʨʘʤʝʪʨ ʧʦ 

ʜʘʥʥʳʤ ʥʘʟʝʤʥʦʛʦ 

ʦʧʨʦʙʦʚʘʥʠʷ 

ʇʦʣʝʚʦʝ 

ʦʧʨʦʙʦʚʘʥʠʝ 

ʊʦʯʝʯʥʳʝ ʜʘʥʥʳʝ 

ʌʝʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʚʣʝʢʘʣʠʩʴ ʠʟ ʩʛʣʘʞʸʥʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʠʥʜʝʢʩʘ EVI2 ʧʦ ʜʘʥʥʳʤ Sentinel-2 ʟʘ 2019ï2023 ʛʛ. 

ʅʘʯʘʣʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ (SOS) ʠ ʝʛʦ ʦʢʦʥʯʘʥʠʝ (EOS) ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʘʢ 

ʜʘʪʳ ʧʝʨʝʩʝʯʝʥʠʷ ʬʝʥʦʣʦʛʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ, ʨʘʚʥʦʛʦ 20% ʦʪ 

ʩʝʟʦʥʥʦʡ ʘʤʧʣʠʪʫʜʳ (Zeng et al., 2020). ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʟʦʥʘ (Season 

Length) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʨʘʟʥʦʩʪʴ EOS ʠ SOS. ʉʝʟʦʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ï 

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʝʢʩʘ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʝʟʦʥʘ. ʉʢʦʨʦʩʪʴ ʚʝʩʝʥʥʝʛʦ ʥʘʨʘʩʪʘʥʠʷ (Greenup) ʠ ʦʩʝʥʥʝʛʦ 

ʩʧʘʜʘ (Greendown) ï ʫʛʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʬʝʥʦʣʦʛʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʥʘ ʚʦʩʭʦʜʷʱʝʤ ʠ ʥʠʩʭʦʜʷʱʝʤ ʫʯʘʩʪʢʘʭ. ʉʦʚʦʢʫʧʥʘʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (TP) ï ʠʥʪʝʛʨʘʣ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʩʝʟʦʥ. 

ʄʦʜʝʣʠ 

ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ: ʣʠʥʝʡʥʘʷ 

ʨʝʛʨʝʩʩʠʷ (LR), ʨʝʛʨʝʩʩʠʷ ʯʘʩʪʠʯʥʳʭ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (PLSR), 

ʩʣʫʯʘʡʥʳʡ ʣʝʩ (RF). ʉ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʷʤ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʛʦʨʠʪʤ CatBoost (CB). ʆʙʫʯʝʥʠʝ 

ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʨʝʜʝ JupyterHub ʥʘ ʷʟʳʢʝ Python ʥʘ ʤʦʱʥʦʩʪʷʭ 

ʩʠʪʫʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʧʦʯʚʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ɺ. 

ɼʦʢʫʯʘʝʚʘ.  

ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ɻʣʦʩʩʘʨʠʡ ʪʝʨʤʠʥʦʚ, ʚ ʪ.ʯ. ʦʧʠʩʳʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʥʝʡʨʦʩʝʪʝʚʦʡ 

ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥ ʚ ʨʘʟʜʝʣʝ çʆʙʦʟʥʘʯʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷè. ʄʦʜʝʣʴ CovNet-

LSTM-MLP ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʥʦʤʦʜʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʜʘʥʥʳʤ ʥʘʟʝʤʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ɹʇʃɸ ʠ ʩʧʫʪʥʠʢʦʚ (ʨʠʩ. 18). ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʤʦʜʝʣʠ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʚʝʨʪʦʯʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (CNN), ʚʨʝʤʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʳʜʝʣʷʶʪʩʷ ʠʟ 

ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʠ ʧʦʤʦʱʠ ʨʝʢʫʨʨʝʥʪʥʦʡ ʩʝʪʠ 

ʘʨʭʠʪʝʢʪʫʨʳ LSTM, ʘ ʜʠʩʢʨʝʪʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʪʦʯʢʘʭ (ʥʘʧʨʠʤʝʨ, pH), ʫʯʠʪʳʚʘʶʪʩʷ ʯʝʨʝʟ ʦʪʜʝʣʴʥʫʶ 

ʧʦʣʥʦʩʚʷʟʥʫʶ (fully-connected) ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ. ʇʦʜʨʦʙʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʝʪʠ 

ʧʨʠʚʝʜʝʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ 1. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ 

Zhang et al. (2022). ɺʦʢʨʫʛ ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

çʦʢʨʝʩʪʥʦʩʪʴè ʧʣʦʱʘʜʴʶ 50Ĭ50 ʤ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʢʦʥʪʝʢʩʪ 

ʪʦʯʢʠ ʦʧʨʦʙʦʚʘʥʠʷ. ʇʦʩʪʨʦʝʥʠʝ çʦʢʨʝʩʪʥʦʩʪʝʡè ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʪʦʯʝʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʦʪʦʥʘʭ (Tian et al., 2021). ʇʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʨʘʟʨʝʰʝʥʠʠ ʠʩʭʦʜʥʳʭ ʨʘʩʪʨʦʚ 10 ʤ ʪʘʢʠʝ ʦʢʥʘ ʬʦʨʤʠʨʦʚʘʣʠ ʤʘʪʨʠʮʳ 

ʨʘʟʤʝʨʦʤ 5Ĭ5. ʀʟʚʣʝʯʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʦʢʦʥ ʠʟ ʨʘʩʪʨʦʚ ʚʳʧʦʣʥʷʣʦʩʴ ʚ Python ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ OpenCV (Bradski, Kaehler, 2008). 

ʂʦʤʧʦʥʝʥʪ CNN ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʣʦʢʘʣʴʥʳʝ ʦʢʥʘ: ʜʚʘ 

ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʷ ʠʟʚʣʝʢʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ, ʢʘʞʜʳʡ ʩʣʦʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʘʢʝʪʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʠ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ Leaky ReLU, 

ʜʘʣʝʝ ʧʨʠʤʝʥʷʝʪʩʷ max-pooling (2Ĭ2), ʫʤʝʥʴʰʘʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʴ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʢʘʨʪʳ ʧʨʠʟʥʘʢʦʚ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʦʜʥʦʤʝʨʥʡr ʚʠʜ ʠ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʯʝʨʝʟ ʧʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ ʚ 16-ʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ʂʦʤʧʦʥʝʥʪ LSTM ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠʟ 

ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʦʚ. ʆʥ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ 

batch-first. ʀʟ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʙʠʨʘʝʪʩʷ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʠʥʘʣʴʥʦʤʫ ʚʨʝʤʝʥʥʦʤʫ ʰʘʛʫ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʧʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ ʩ ʘʢʪʠʚʘʮʠʝʡ Leaky ReLU, ʬʦʨʤʠʨʫʷ 16-ʤʝʨʥʦʝ 

ʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ɺʝʪʚʴ MLP ʦʙʨʘʙʘʪʳʚʘʣʘ ʪʦʯʝʯʥʳʝ ʜʘʥʥʳʝ: ʟʥʘʯʝʥʠʷ pH ʠ ʢʦʚʘʨʠʘʪʳ, 

ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʨʘʩʪʨʦʚ ʚ ʢʦʥʢʨʝʪʥʳʭ ʪʦʯʢʘʭ. ʂʘʞʜʦʝ ʪʦʯʝʯʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʦʩʴ ʚ ʢʦʥʢʨʝʪʥʳʡ ʩʢʘʣʷʨ. ʂʘʞʜʳʡ ʩʢʘʣʷʨ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚ 16-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʠʥʝʡʥʳʭ ʩʣʦʸʚ, ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ReLU ʠ ʧʘʢʝʪʥʦʡ 

ʥʦʨʤʘʣʠʟʘʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʝʣʠʥʝʡʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʨʠʟʥʘʢʠ, ʥʘʧʨʠʤʝʨ ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʦʚʘʨʠʘʪ. ɺʩʝ ʚʳʭʦʜʳ ʢʦʥʢʘʪʝʥʠʨʦʚʘʣʠʩʴ ʚ 

ʝʜʠʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ ʤʦʜʝʣʴ. 

ɺʳʭʦʜʳ ʪʨʸʭ ʢʦʤʧʦʥʝʥʪʦʚ ï CNN, LSTM ʠ MLP ï ʢʦʥʢʘʪʝʥʠʨʫʶʪʩʷ ʚ 

ʩʦʩʪʘʚʥʦʡ 48-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ. ʕʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʬʠʥʘʣʴʥʦʡ ʧʦʣʥʦʩʚʷʟʥʦʡ ʩʝʪʴʶ, ʚʢʣʶʯʘʶʱʝʡ ʣʠʥʝʡʥʳʡ ʩʣʦʡ, 

ʘʢʪʠʚʘʮʠʶ SiLU ʠ dropout (0,2 ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʦʙʫʯʘʶʱʝʡ 
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ʚʳʙʦʨʢʠ), ʧʦʩʣʝ ʯʝʛʦ ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʣʠʥʝʡʥʳʡ ʩʣʦʡ ʬʦʨʤʠʨʫʝʪ ʠʪʦʛʦʚʦʝ 

ʩʢʘʣʷʨʥʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ. 

ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʯʠʩʣʘ ʦʙʲʷʩʥʷʶʱʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʙʦʨʴʙʳ ʩ 

ʤʫʣʴʪʢʦʣʣʠʥʝʘʨʥʦʩʪʴʶ ʧʨʦʚʦʜʠʣʩʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʢʣʘʜʘ 

ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʨʝʜʩʢʘʟʘʥʠʝ ʤʦʜʝʣʠ. ʄʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʤʝʞʜʫ ʟʘʚʠʩʠʤʦʡ ʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. 

ὶ  
В ὼ ὼӶώ

В ὼ ὼӶВ ώ
 

ʛʜʝ ὲ ï ʯʠʩʣʦ ʪʦʯʝʢ ʚʳʙʦʨʢʠ, ὼ  ï ʧʨʝʜʩʢʘʟʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʉʦʨʛ ʚ ʪʦʯʢʝ 

Ὥ, ώ  ï ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʉʦʨʛ ʚ ʪʦʯʢʝ Ὥ, ʘ ὼ ʠ ώ ʦʙʦʟʥʘʯʘʶʪ ʩʨʝʜʥʝʝ 

ʧʨʝʜʩʢʘʟʘʥʥʦʝ ʠ ʩʨʝʜʥʝʝ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʉʦʨʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʘʨʳ ʧʨʠʟʥʘʢʦʚ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ |r| > 0,9 

ʠʩʢʣʶʯʘʣʠʩʴ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʤʫʣʴʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʠ. ʇʦʨʦʛ 0,9 ʧʨʠʥʷʪ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʚʳʙʦʨʢʠ ʬʘʢʪʠʯʝʩʢʠ ʜʫʙʣʠʨʫʶʱʠʭ 

ʧʝʨʝʤʝʥʥʳʭ (Dormann et al., 2013). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʝʜʠʥʳʡ 

ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʡ ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʪʘʢ ʠ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʙʫʯʝʥʠʝ ʠ ʦʮʝʥʢʫ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Python 3.11, 

ʙʠʙʣʠʦʪʝʢʠ torch 2.2.1 ʠ CUDA 12.1, ʥʘ ʜʚʫʭ ʚʠʜʝʦʢʘʨʪʘʭ NVIDIA RTX 4090 

(24 ɻɹ), ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʩʠʪʫʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʇʦʯʚʝʥʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ. 

ʀʟ-ʟʘ ʤʘʣʦʛʦ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʤʦʜʝʣʝʡ ʜʘʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ 

ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ ʥʝ ʨʘʟʜʝʣʷʣʠʩʴ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʠ. 

ɺʤʝʩʪʦ ʵʪʦʛʦ ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʢʣʘʩʪʝʨʠʟʦʚʘʥʥʘʷ ʢʨʦʩʩ-

ʚʘʣʠʜʘʮʠʷ (ʧʝʨʝʢʨʸʩʪʥʘʷ ʧʨʦʚʝʨʢʘ) ʥʘ 5 ʧʦʜʚʳʙʦʨʢʘʭ (spatial clustering 5-fold 

CV) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʩʢʘʟʘʥʠʡ ʧʦ ʚʩʝʤ ʪʦʯʢʘʤ ʦʪʙʦʨʘ (Mahoney et al., 2023). 

 ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʧʦʜʚʳʙʦʨʢʠ 

ʪʨʝʥʠʨʦʚʦʯʥʳʝ ʜʘʥʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʝʣʠʣʠʩʴ ʥʘ ʧʦʜʥʘʙʦʨʳ (ʦʙʫʯʘʶʱʘʷ / 

ʚʘʣʠʜʘʮʠʦʥʥʘʷ ʧʦʜʚʳʙʦʨʢʠ), ʘ ʦʧʪʠʤʘʣʴʥʳʝ ʛʠʧʝʨʧʘʨʘʤʝʪʨʳ ʚʳʙʠʨʘʣʠʩʴ ʧʦ 

ʢʘʯʝʩʪʚʫ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʜʝʣʠ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʦʡ 

ʯʘʩʪʠ. ʇʨʠʟʥʘʢʠ (ʢʦʚʘʨʠʘʪʳ) ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʣʠʩʴ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʯʘʩʪʠ 

ʦʙʫʯʝʥʠʷ ʧʦʜʚʳʙʦʨʢʠ (StandardScaler). 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ʊʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʤʝʪʨʠʢ: ʢʦʨʝʥʴ 

ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ (ὙὓὛὉ), ʦʪʥʦʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢ 
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ʤʝʞʢʚʘʨʪʠʣʴʥʦʤʫ ʨʘʟʤʘʭʫ (ὙὖὍὗ) ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ (RĮ). 

ʄʝʪʨʠʢʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

ὙὓὛὉ 
ρ

ὲ
ļ ώ  

ὙὖὍὗ 
Ὅὗ

ὙὓὛὉ 
 

Ὑ  ρ
В ώ ļ

В ώ
 

ɻʜʝ ļ = ʧʨʝʜʩʢʘʟʘʥʥʦʝ ʟʥʘʯʝʥʠʝ,  = ʚʳʙʦʨʦʯʥʦʝ ʩʨʝʜʥʝʝ, ώ = 

ʥʘʙʣʶʜʝʥʠʷ, ὲ = ʯʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ, ʛʜʝ Ὥ  ρȟςȟȣȟὲ, ʠ Ὅὗ ï ʚʳʙʦʨʦʯʥʳʡ 

ʤʝʞʢʚʘʨʪʠʣʴʥʳʡ ʠʥʪʝʨʚʘʣ (ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʢʚʘʨʪʠʣʷʤʠ ὗσ ʠ ὗρ). 

ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʦʮʝʥʢʘ ʚʘʞʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʘʤʠ 

SHAP (ʜʣʷ ʜʝʨʝʚʴʝʚ, ʣʠʥʝʡʥʳʭ ʠ ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ) ʠʣʠ ʯʝʨʝʟ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʧʝʨʝʩʪʘʥʦʚʢʝ (permutation loss) ʜʣʷ 

ʤʦʜʝʣʝʡ SVR ʠ Cubist, ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʚʘʞʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʥʦʨʤʠʨʦʚʘʣʠʩʴ 

ʚ ʜʠʘʧʘʟʦʥ ʦʪ 0 ʜʦ 1 (Marrcilio, Eler, 2020). 

ʆʮʝʥʢʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ɸʥʘʣʠʟ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ (Ὓὕὅ) ʧʨʦʚʦʜʠʣʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʙʫʪʩʪʨʵʧʧʠʥʛʘ (Dvorakova et al., 
2023). ʀʟ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ 1000 ʨʘʟ ʚʳʙʠʨʘʣʦʩʴ ʥʝʢʦʪʦʨʦʝ ʧʨʦʠʟʚʦʣʴʥʦʝ 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ. ʅʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʙʫʪʩʪʨʵʧʧʠʥʛʘ ʤʦʜʝʣʴ 

ʧʝʨʝʦʙʫʯʘʣʘʩʴ ʥʘ ʚʳʙʨʘʥʥʦʤ ʧʦʜʤʥʦʞʝʩʪʚʝ, ʠ ʟʘʪʝʤ ʚʳʯʠʩʣʷʣʠʩʴ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʣʷ ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɼʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʘʥʩʘʤʙʣʴ ʙʫʪʩʪʨʵʧ-ʧʨʦʛʥʦʟʦʚ, ʠʟ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ 

ʩʨʝʜʥʝʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʚ ʪʦʯʢʝ (ὓὉὃὔ ) ʠ ʜʠʩʧʝʨʩʠʷ ʚ ʪʦʯʢʝ (ὠὥὶ). ʂ 
ʧʦʣʫʯʝʥʥʦʡ ʪʦʯʝʯʥʦʡ ʜʠʩʧʝʨʩʠʠ ʧʨʠʙʘʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ 

ʦʰʠʙʢʠ (-3%), ʠʟʚʣʝʯʝʥʥʘʷ ʠʟ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʙʱʫʶ 

ʜʠʩʧʝʨʩʠʶ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ: 

6ÁÒ 6ÁÒ -3% 

ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ (ὛὉ) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ 

6ÁÒ, ʫʤʥʦʞʝʥʥʳʡ ʥʘ z-ʟʥʘʯʝʥʠʝ (1,96 ʜʣʷ 95% ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ): 

ɻʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ ʧʨʝʜʩʢʘʟʘʥʠʷ (ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ) ʟʘʜʘʚʘʣʠʩʴ ʢʘʢ: 

50,-%!. 3%ȟ 
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,0,-%!. 3% 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ Ὗὖὒ ʠ ὒὖὒ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʜʠʘʧʘʟʦʥ ʠʥʪʝʨʚʘʣʘ 

ʧʨʝʜʩʢʘʟʘʥʠʷ (ὖὍὙ): 

0)250,,0, 

ɺʩʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʚ python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ scikit-

learn, pandas, scipy, ʘ ʪʘʢʞʝ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ (geopandas, fiona). 

ɼʣʷ ʨʅ ʧʦʯʚʳ, ʪʦʯʝʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʢʦʚʘʨʠʘʪʘ, 

ʧʨʠʤʝʥʷʣʘʩʴ ʠʥʪʝʨʧʦʣʷʮʠʷ ʤʝʪʦʜʦʤ ʦʨʜʠʥʘʨʥʦʛʦ ʢʨʠʛʠʥʛʘ 

(ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʜʘʣʴʥʦʩʪʴ = 1160 ʤ, nugget = 0.10, sill). 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʇʆɺ ʦʮʝʥʠʚʘʣʘʩʴ ʪʘʢʞʝ ʯʝʨʝʟ ʧʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩ ʦʢʥʦʤ 5Ĭ5 ʷʯʝʝʢ ʧʦʚʝʨʭ ʢʘʨʪʳ ʉʦʨʛ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʨʘʟʣʠʯʠʡ ʜʠʩʧʝʨʩʠʡ ʉʦʨʛ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʯʘʩʪʷʤʠ ʙʠʦʪʦʧʦʚ ʠ ʠʭ ʢʨʘʷʤʠ 

ʧʨʠʤʝʥʷʣʩʷ ʪʝʩʪ ʃʝʚʝʥʘ (Leveneôs test). 
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ʈʠʩ 18. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
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3.5. ʄʝʪʦʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (SoilGen) 

ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʜʸʞʥʳʭ 

ʧʦʜʭʦʜʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʤʥʦʛʦʣʝʪʥʠʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ, 

ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʚ ʨʘʤʢʘʭ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʦʣʝʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ 

SoilGen, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʦʜʥʦʤʝʨʥʫʶ ʧʨʦʮʝʩʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ 

ʤʦʜʝʣʴ ʧʝʜʦʛʝʥʝʟʘ (Finke, Hutson, 2008). 

SoilGen ʠʥʪʝʛʨʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ ʙʣʦʢʦʚ: ʚʦʜʥʳʡ ʠ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʵʚʦʣʶʮʠʶ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʦʬʠʣʷ. ɺʦʜʥʳʡ ʨʝʞʠʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʈʠʯʘʨʜʩʘ 

(Richards, 1931), ʢʦʪʦʨʦʝ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʂʨʘʥʢʘïʅʠʢʦʣʩʦʥʘ, ʩ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʝʡ ʢʨʠʚʳʭ ʚʣʘʛʦʫʜʝʨʞʠʚʘʥʠʷ ʧʦ ʚʘʥ ɻʝʥʫʭʪʝʥʫ (van Genuchten, 

1980). ʊʝʧʣʦʚʦʡ ʙʣʦʢ ʨʝʘʣʠʟʫʝʪ ʦʜʥʦʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

(Carslaw, Jaeger, 1959), ʛʜʝ ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʟʘʚʠʩʷʪ ʦʪ 

ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʧʨʦʬʠʣʷ ʟʘʜʘʸʪʩʷ ʣʠʙʦ 

ʯʝʨʝʟ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʧʦʪʦʢ ʚʦʜʳ (ʫʩʣʦʚʠʝ ʅʝʡʤʘʥʘ), ʣʠʙʦ ʯʝʨʝʟ ʧʦʣʦʞʝʥʠʝ 

ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʦ ʟʘʢʦʥʫ ɼʘʨʩʠ. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʙʣʦʢ ʧʦʩʪʨʦʝʥ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʭʝʤʝ RothC 

(Coleman, Jenkinson, 1996). ʆʨʛʘʥʠʯʝʩʢʠʡ ʦʧʘʜ ʜʝʣʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʫʣʦʚ ï 

çʣʝʛʢʦʨʘʟʣʘʛʘʝʤʳʡè ʣʘʙʠʣʴʥʳʡ ʧʫʣ, çʫʩʪʦʡʯʠʚʳʡè ʩʪʘʙʠʣʴʥʳʡ ʧʫʣ, ʧʫʣ 

ʙʠʦʤʘʩʩʳ ʠ ʧʫʣ ʧʦʯʚʝʥʥʦʛʦ ʛʫʤʫʩʘ. ʉʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʧʨʠʯʸʤ ʚʣʘʛʦʚʳʡ ʤʦʜʠʬʠʢʘʪʦʨ ʟʘʜʘʸʪʩʷ 

ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ ʥʘʢʦʧʣʝʥʥʦʛʦ ʜʝʬʠʮʠʪʘ ʚʣʘʛʠ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ (TSDM). 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ. ɺ ʦʜʥʦʤ 

ʬʘʡʣʝ ʬʠʢʩʠʨʫʶʪʩʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ 

ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʜʨʫʛʦʤ ï ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʨʦʬʠʣʷ, ʚʢʣʶʯʘʷ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʌʘʡʣ, 

ʦʧʠʩʳʚʘʶʱʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʙʣʦʢ, ʩʦʜʝʨʞʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʧʦ ʧʫʣʘʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʪʜʝʣʴʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʬʘʡʣ, 

ʚʢʣʶʯʘʶʱʠʡ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʘʜʢʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʶ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʊʘʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʢʘʢ ʠʩʭʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʬʠʣʷ, ʪʘʢ ʠ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʠʚʥʳʡ ʚʨʝʤʝʥʥʦʡ 

ʰʘʛ, ʢʦʪʦʨʳʡ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʢʘʢ ʙʳʩʪʨʳʝ 

ʢʦʣʝʙʘʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʪʘʢ ʠ ʤʝʜʣʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʠʣʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʛʫʤʫʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (Finke, 2012). ɺʨʝʤʝʥʥʦʡ ʛʦʨʠʟʦʥʪ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʰʠʨʦʢʠʤ: ʦʪ ʜʝʩʷʪʢʦʚ ʣʝʪ ʜʦ ʪʳʩʷʯʝʣʝʪʠʡ. 

ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ SoilGen ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʵʚʦʣʶʮʠʠ ʧʦʯʚ 

ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʜʦ ʩʦʚʨʝʤʝʥʥʦʩʪʠ (Finke, Hutson, 

2008). 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ. ʇʝʨʠʦʜ ʩʠʤʫʣʷʮʠʡ ʦʛʨʘʥʠʯʝʥ ʧʦʩʣʝʜʥʠʤʠ ʜʝʩʷʪʠʣʝʪʠʷʤʠ 

(1972ï2022 ʛʛ.), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ ʧʦʯʚʳ ʤʝʞʟʘʧʘʜʠʥʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ (ʟʘʣʝʞʴ) ʠ ʣʫʛʦʚʳʝ ʩʦʣʦʜʠ ʟʘʧʘʜʠʥ. 

ʄʦʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚʢʣʶʯʘʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ: 

ʧʦʜʛʦʪʦʚʢʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʨʦʬʠʣʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʷʜʦʚ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠ ʦʩʘʜʦʯʥʳʡ ʨʝʞʠʤ, ʘ ʪʘʢʞʝ ʟʘʜʘʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʦʧʘʜʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʜʘʥʥʳʭ SoilGen ʧʦʟʚʦʣʷʣʘ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʦʙʱʠʡ ʙʘʣʘʥʩ ʫʛʣʝʨʦʜʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ. 
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ɻʣʘʚʘ 4. ʇʦʯʚʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʟʘʧʘʜʠʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʫʩʣʦʚʠʷ 

ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

4.1. ʉʚʦʡʩʪʚʘ ʧʦʯʚ ʟʘʧʘʜʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʝʩʦʩʪʝʧʠ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʠʭ ʜʠʥʘʤʠʢʘ ʟʘ 50-ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʦʯʚ 

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ ʦʪʣʠʯʘʝʪʩʷ ʚʳʨʘʞʝʥʥʦʡ 

ʤʦʟʘʠʯʥʦʩʪʴʶ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ: 

ʯʝʨʥʦʟʸʤʘʤʠ ʢʚʘʟʠʛʣʝʝʚʳʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʩʦʣʸʥʥʳʤʠ), ʘʛʨʦʯʝʨʥʦʟʸʤʘʤʠ 

ʢʚʘʟʠʛʣʝʝʚʳʤʠ (ʯʘʩʪʦ ʩ ʧʨʠʟʥʘʢʘʤʠ ʟʘʩʦʣʝʥʠʷ ʠ ʩʦʣʦʥʮʝʚʘʪʦʩʪʠ), 

ʘʛʨʦʯʝʨʥʦʟʸʤʘʤʠ ʛʣʝʝʚʘʪʳʤʠ, ʘʛʨʦʩʦʣʦʥʮʘʤʠ ʪʝʤʥʦʛʫʤʫʩʦʚʳʤʠ 

ʢʚʘʟʠʛʣʝʝʚʳʤʠ ʠ ʛʣʝʝʚʘʪʳʤʠ, ʘ ʪʘʢʞʝ ʛʨʫʙʦʛʫʤʫʩʦʚʦ-ʛʣʝʝʚʳʤʠ ʧʦʯʚʘʤʠ. 

ʆʧʦʨʥʳʝ ʨʘʟʨʝʟʳ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʚ ʤʝʩʪʘʭ, ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʭ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ 

ʚ 1969ï1973 ʛʛ., ʛʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʞʠʤʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʣʘʞʥʦʩʪʴʶ ʠ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʨʘʟʨʝʟʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 2. 

ɺ ʜʥʠʱʝ ʟʘʧʘʜʠʥʳ (ʨʘʟʨʝʟ 4, ʨʠʩ. 19) ʧʦʯʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʛʨʫʙʦʛʫʤʫʩʦʚʦ-ʛʣʝʝʚʦʡ ʧʦʪʝʯʥʦ-ʛʫʤʫʩʦʚʦʡ ʵʣʶʚʠʠʨʦʚʘʥʥʦʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʤ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 1977 ʛ. ʆʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʱʥʳʤ ʛʨʫʙʦʛʫʤʫʩʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ (32 ʩʤ), ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

ʢʦʪʦʨʦʛʦ ʦʙʠʣʴʥʦ ʧʨʦʥʠʟʘʥʘ ʢʦʨʥʷʤʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ. ʅʠʞʝ ʟʘʣʝʛʘʝʪ 

ʧʣʦʪʥʳʡ, ʛʣʠʥʠʩʪʳʡ ʛʣʝʝʚʳʡ ʛʦʨʠʟʦʥʪ, ʚ ʢʦʪʦʨʦʤ ʧʦ ʦʢʨʘʩʢʝ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ 

ʩʫʙʛʦʨʠʟʦʥʪʘ: ʛʫʤʫʩʦʚʦ ʦʢʨʘʰʝʥʥʳʡ ʚʝʨʭʥʠʡ ʩʣʦʡ (Ghi), ʦʩʚʝʪʣʸʥʥʳʡ ʩ 

ʨʝʜʢʠʤʠ ʦʭʨʠʩʪʳʤʠ ʠ ʩʠʟʳʤʠ ʧʷʪʥʘʤʠ ʠ ʢʦʥʢʨʝʮʠʷʤʠ FeïMn (Gel), ʠ 

ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʳʡ (Gox), ʥʝʦʜʥʦʨʦʜʥʳʡ ʧʦ ʦʢʨʘʩʢʝ. 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʨʘʟʨʝʟ 4ï76, ʟʘʣʦʞʝʥʥʳʡ ʉʘʤʦʡʣʦʚʦʡ 

ʥʘ ʩʢʣʦʥʝ ʟʘʧʘʜʠʥʳ ʚ 25 ʤ ʦʪ ʉ1. ʕʪʘ ʧʦʯʚʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʢʘʢ ʣʫʛʦʚʘʷ 

ʦʩʦʣʦʜʝʣʘʷ ʧʦʯʚʘ ʩ ʧʨʦʬʠʣʝʤ ɸʦ (3,5)ïɸ1(16,5)ïɸ2g(17)ïBg(>100 ʩʤ). 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʦʙʝʠʭ ʧʦʯʚ ʩʭʦʜʥʦ, ʦʜʥʘʢʦ ʧʦʯʚʘ ʜʥʠʱʘ 

ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʴʶ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʤʝʥʴʰʝʡ ï 

ʦʩʚʝʪʣʸʥʥʦʛʦ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʨʅ ʧʦ ʧʨʦʬʠʣʶ ʪʘʢʞʝ ʙʣʠʟʦʢ: ʦʪ 5,5 ʚ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʜʦ 7,2ï7,5 ʥʘ ʛʣʫʙʠʥʝ 90 ʩʤ. ʆʙʘ ʨʘʟʨʝʟʘ ʩʣʘʙʦ ʟʘʩʦʣʝʥʳ, 

ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʢʘʪʠʦʥʘʤʠ ʷʚʣʷʶʪʩʷ CaĮ  ʠ MgĮ , ʘʥʠʦʥʘʤʠ ï HCO  ʠ SO Į . 

ʇʨʠ ʵʪʦʤ ʩʦʣʦʜʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʠʤʠ ʦʙʲʸʤʘʤʠ ʧʨʦʤʘʯʠʚʘʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʦʡ ʜʥʠʱʘ ʟʘʧʘʜʠʥʳ. 
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ʈʘʟʨʝʟ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʣʦʜʴʶ ʧʝʨʝʛʥʦʡʥʦ-ʪʸʤʥʦʛʫʤʫʩʦʚʦʡ 

ʢʚʘʟʠʛʣʝʝʚʦʡ ʠʣʠ ʩʦʣʦʜʴʶ ʣʫʛʦʚʦʡ ï ʣʫʛʦʚʦ-ʙʦʣʦʪʥʦʡ (1977). ɼʣʷ ʥʝʸ 

ʭʘʨʘʢʪʝʨʝʥ ʤʦʱʥʳʡ ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ (AH, 14-17 ʩʤ), ʦʢʨʘʰʝʥʥʳʡ ʚ ʪʸʤʥʦ-

ʩʝʨʳʝ ʪʦʥʘ, ʨʳʭʣʳʡ, ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ ʤʝʣʢʦʢʦʤʢʦʚʘʪʦ-ʟʝʨʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʦʙʠʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʨʥʝʡ. ʅʠʞʝ ʟʘʣʝʛʘʝʪ ʵʣʶʚʠʘʣʴʥʳʡ 

ʛʦʨʠʟʦʥʪ (ELhi, ʜʦ 25-28 ʩʤ), ʧʘʣʝʚʦ-ʩʚʝʪʣʦ-ʩʝʨʳʡ, ʤʝʩʪʘʤʠ ʩ ʧʦʪʸʢʘʤʠ ʛʫʤʫʩʘ 

ʠ ʦʭʨʠʩʪʳʤʠ ʧʷʪʥʘʤʠ ʧʦ ʢʦʨʥʝʚʳʤ ʧʦʨʘʤ. ʇʦʜ ʥʠʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʠʣʣʶʚʠʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʳʡ ʛʦʨʠʟʦʥʪ BTq (25-60 ʩʤ), ʦʭʨʠʩʪʦ-ʙʫʨʳʡ ʩ 

ʦʣʠʚʢʦʚʳʤ ʦʪʪʝʥʢʦʤ, ʩ ʨʞʘʚʳʤʠ ʧʷʪʥʘʤʠ ʧʦ ʭʦʜʘʤ ʢʦʨʥʝʡ, ʧʣʦʪʥʳʡ, 

ʦʨʝʭʦʚʘʪʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʩ ʢʫʪʘʥʘʤʠ ʠ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʤʠ 

ʢʦʥʢʨʝʮʠʷʤʠ. ʅʘ ʛʣʫʙʠʥʝ 50-115 ʩʤ ʨʘʟʚʠʪʳ ʛʦʨʠʟʦʥʪʳ BT(ca)q, ʩʦʭʨʘʥʷʶʱʠʝ 

ʦʢʨʘʩʢʫ ʠ ʩʪʨʫʢʪʫʨʫ ʚʝʨʭʥʝʛʦ ʠʣʣʶʚʠʘʣʴʥʦʛʦ ʩʣʦʷ, ʥʦ ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʴʰʝ 

ʢʫʪʘʥ, ɾʄʂ, ʘ ʪʘʢʞʝ ʢʘʨʙʦʥʘʪʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ (ʙʝʣʦʛʣʘʟʢʘ, 

ʧʩʝʚʜʦʤʠʮʝʣʠʡ, ʩʢʝʣʝʪʘʥʳ). ɿʜʝʩʴ ʬʠʢʩʠʨʫʝʪʩʷ ʩʣʘʙʦʝ ʚʩʢʠʧʘʥʠʝ ʦʪ HCl. ɺ 

ʦʩʥʦʚʘʥʠʠ ʧʨʦʬʠʣʷ ʟʘʣʝʛʘʝʪ ʢʘʨʙʦʥʘʪʥʳʡ ʢʚʘʟʠʛʣʝʝʚʳʡ ʛʦʨʠʟʦʥʪ Qca (115ï

165 ʩʤ), ʙʫʨʦ-ʦʣʠʚʢʦʚʳʡ ʩ ʧʘʣʝʚʳʤʠ ʠ ʩʠʟʳʤʠ ʟʦʥʘʤʠ, ʤʘʩʩʠʚʥʳʡ, ʧʣʦʪʥʳʡ, 

ʛʣʠʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ. ɺʩʪʨʝʯʘʶʪʩʷ ʙʝʣʦʛʣʘʟʢʘ, ʞʫʨʘʚʯʠʢʠ, ʨʝʜʢʠʝ ʢʫʪʘʥʳ, 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʠʟʳʝ ʧʷʪʥʘ. ɺʩʢʠʧʘʥʠʝ ʦʪ HCl ʚʳʨʘʞʝʥʦ ʦʪʯʸʪʣʠʚʦ. 

ʋ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʙʦʨʪʘ ʟʘʧʘʜʠʥʳ ʪʘʢʞʝ ʬʦʨʤʠʨʫʶʪʩʷ 

ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʝ ʧʦʯʚʳ ʩ ʧʨʠʟʥʘʢʘʤʠ ʦʩʦʣʦʜʝʥʠʷ. ʈʘʟʨʝʟ 5 ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʦʣʦʜʴʶ ʪʝʤʥʦʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʦʡ, ʠʣʠ ʣʫʛʦʚʦʡ ʦʩʦʣʦʜʝʣʦʡ (1977) 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʳʤ ʛʫʤʫʩʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ ʠ 

ʚʳʨʘʞʝʥʥʳʤ ʦʩʚʝʪʣʸʥʥʳʤ ʵʣʶʚʠʘʣʴʥʳʤ ʛʦʨʠʟʦʥʪʦʤ, ʩʤʝʥʷʶʱʠʤʩʷ 

ʠʣʣʶʚʠʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʳʤʠ ʠ ʦʛʣʝʝʥʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. ɺʝʨʭʥʠʡ ʛʫʤʫʩʦʚʳʡ 

ʛʦʨʠʟʦʥʪ (AH, 0-22(28) ʩʤ) ʦʢʨʘʰʝʥ ʚ ʪʸʤʥʦ-ʩʝʨʳʝ ʪʦʥʘ ʩ ʙʫʨʳʤ ʦʪʪʝʥʢʦʤ, 

ʨʳʭʣʳʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ, ʢʥʠʟʫ ʫʧʣʦʪʥʸʥʥʳʡ. ʉʪʨʫʢʪʫʨʘ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʩʩʝ 

ʟʝʨʥʠʩʪʘʷ ʜʦ ʢʦʤʢʦʚʘʪʦʡ, ʦʙʠʣʴʥʦ ʧʨʦʥʠʟʘʥ ʢʦʨʥʷʤʠ. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ ʧʦ 

ʦʢʨʘʩʢʝ, ʛʨʘʥʠʮʘ ʩʣʘʙʦʚʦʣʥʠʩʪʘʷ ʩ ʦʪʜʝʣʴʥʳʤʠ ʷʟʳʢʘʤʠ ʛʫʤʫʩʘ. ɺʩʢʠʧʘʥʠʷ ʦʪ 

HCl ʥʝ ʦʪʤʝʯʝʥʦ. ʅʠʞʝ ʟʘʣʝʛʘʝʪ ʵʣʶʚʠʘʣʴʥʳʡ ʛʦʨʠʟʦʥʪ (AUehi/ELhi, 22(28)ï

34(37) ʩʤ), ʧʘʣʝʚʦ-ʩʚʝʪʣʦ-ʩʝʨʳʡ ʩ ʩʠʟʳʤʠ ʪʦʥʘʤʠ ʠ ʦʭʨʠʩʪʳʤʠ ʧʷʪʥʘʤʠ. ʇʦ 

ʷʟʳʢʘʤ ʛʫʤʫʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʤʢʦʚʘʪʦʩʪʴ. ʇʦʜ ʥʠʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʠʣʣʶʚʠʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʳʡ ʛʦʨʠʟʦʥʪ (Qt/BTq, 34(37)ï52(60) ʩʤ), ʛʨʷʟʥʦ-ʩʝʨʳʡ 

ʜʦ ʦʣʠʚʢʦʚʦʛʦ ʮʚʝʪʘ, ʩʳʨʦʡ ʠ ʧʣʦʪʥʳʡ. ʉʪʨʫʢʪʫʨʘ ʩʣʘʙʦ ʚʳʨʘʞʝʥʘ, 

ʪʚʦʨʦʞʠʩʪʘʷ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩ ʦʨʝʭʦʚʘʪʦʩʪʴʶ. ɺʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ 

ʢʦʨʥʠ, ʫʛʦʣʴʢʠ, ʨʝʜʢʠʝ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʢʦʥʢʨʝʮʠʠ ʠ ʆɿʇʄ. ʅʠʞʝ 

(52(60)ï95 ʩʤ) ʨʘʟʚʠʪ ʢʚʘʟʠʛʣʝʝʚʳʡ ʛʦʨʠʟʦʥʪ (CQ), ʦʢʨʘʰʝʥʥʳʡ ʚ ʦʭʨʠʩʪʦ-

ʨʞʘʚʳʝ ʪʦʥʘ ʩ ʩʠʟʳʤʠ ʧʷʪʥʘʤʠ. ʇʦʯʚʘ ʩʳʨʘʷ ʜʦ ʤʦʢʨʦʡ, ʧʣʦʪʥʘʷ, ʩʪʨʫʢʪʫʨʘ 

ʩʣʘʙʘʷ ʪʚʦʨʦʞʠʩʪʘʷ ʜʦ ʦʨʝʭʦʚʘʪʦʡ. ʅʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʆɿʇʄ ʠ 

ʦʯʝʥʴ ʨʝʜʢʠʤʠ ʞʝʣʝʟʠʩʪʦ-ʤʘʨʛʘʥʮʝʚʳʤʠ ʢʦʥʢʨʝʮʠʷʤʠ. ʂʘʨʙʦʥʘʪʦʚ ʥʝ 

ʦʪʤʝʯʝʥʦ ʥʘ ʚʩʝʡ ʛʣʫʙʠʥʝ ʧʨʦʬʠʣʷ.  
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ʏʝʨʥʦʟʸʤ ʢʚʘʟʠʛʣʝʝʚʳʡ (ʨʘʟʨʝʟ 2), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʸʤʥʦʡ ʧʦʯʚʝ (ʨ. 21 ʫ ʉʘʤʦʡʣʦʚʦʡ), ʧʦ ʥʘʙʦʨʫ ʠ ʤʦʱʥʦʩʪʠ ʛʦʨʠʟʦʥʪʦʚ 

ʙʣʠʟʦʢ ʢ ʦʧʠʩʘʥʠʶ 50-ʣʝʪʥʝʡ ʜʘʚʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʨʳʭ ʜʘʥʥʳʭ, ʚ 

ʧʨʦʬʠʣʝ ʥʝ ʚʳʷʚʣʝʥʳ ʢʘʨʙʦʥʘʪʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʪʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ 

ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʢʦʥʢʨʝʮʠʠ. ʇʨʠʟʥʘʢʠ ʦʛʣʝʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʩ ʛʣʫʙʠʥʳ 

85 ʩʤ (ʨʘʥʝʝ ï ʩ 140 ʩʤ). ɽʩʣʠ ʨʘʥʝʝ ʤʘʢʩʠʤʫʤ ʩʦʣʝʡ ʧʨʠʭʦʜʠʣʩʷ ʥʘ ʚʝʨʭʥʶʶ 

ʯʘʩʪʴ ʧʨʦʬʠʣʷ, ʪʦ ʩʝʡʯʘʩ ʦʥ ʩʤʝʱʸʥ ʥʘ ʛʣʫʙʠʥʫ ʙʦʣʝʝ 30 ʩʤ. 

 

ʈʠʩʫʥʦʢ 19. ʂʘʪʝʥʘ ʛʠʜʨʦʤʦʨʬʥʦʛʦ ʨʷʜʘ ʧʦʯʚ ʟʘʧʘʜʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʆʢʩʢʦ-

ɼʦʥʩʢʦʡ ʣʝʩʦʩʪʝʧʠ ʩ ʟʘʧʘʩʘʤʠ ʫʛʣʝʨʦʜʘ ʧʦ ʨʘʟʥʳʤ ʯʘʩʪʷʤ ʧʨʦʬʠʣʷ 

ʈʘʟʨʝʟ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʘʛʨʦʯʝʨʥʦʟʸʤʦʤ ʢʚʘʟʠʛʣʝʝʚʳʤ (ʨʠʩ. 19), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʦʡ ʧʘʭʦʪʥʦʡ ʧʦʯʚʝ. ʉʦʚʧʘʜʘʶʪ ʥʘʙʦʨ 

ʛʦʨʠʟʦʥʪʦʚ ʠ ʠʭ ʤʦʱʥʦʩʪʠ, ʛʣʫʙʠʥʳ ʧʦʷʚʣʝʥʠʷ ʢʫʪʘʥ ʠ ʢʘʨʙʦʥʘʪʥʳʭ 
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ʢʦʥʢʨʝʮʠʡ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʨʅ ʙʣʠʟʦʢ, ʦʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, 

ʯʝʤ ʧʦ ʜʘʥʥʳʤ ʉʘʤʦʡʣʦʚʦʡ. ɺ ʩʦʩʪʘʚʝ ʢʘʪʠʦʥʦʚ ʧʨʝʦʙʣʘʜʘʝʪ Na , ʪʦʛʜʘ ʢʘʢ 

ʨʘʥʝʝ ʜʦʤʠʥʠʨʦʚʘʣ CaĮ . 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʢʘʪʝʥʳ ʟʘ ʧʦʣʫʚʝʢʦʚʦʡ ʧʝʨʠʦʜ ʠʟʤʝʥʠʣʠʩʴ 

ʤʠʥʠʤʘʣʴʥʦ. ʇʣʦʪʥʦʩʪʴ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 0,6ï1,1 ʛ/ʩʤį, ʥʠʞʥʠʭ 

ï 1,3ï1,7 ʛ/ʩʤį. ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʩʝ ʧʨʦʬʠʣʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʣʘʩʩʫ Silt Loam (ʨʠʩ. 23). ɺ ʨʘʟʨʝʟʘʭ 1, 2 ʠ 4 ʧʨʦʬʠʣʠ ʩʣʦʞʝʥʳ ʣʸʛʢʦʡ ʛʣʠʥʦʡ, 

ʙʝʟ ʚʳʨʘʞʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦ ʛʣʫʙʠʥʝ. ɺ ʨʘʟʨʝʟʘʭ 3 ʠ 5 ʚʝʨʭʥʠʝ 

ʛʦʨʠʟʦʥʪʳ ʙʦʣʝʝ ʣʸʛʢʦʛʦ ʩʦʩʪʘʚʘ ï ʪʷʞʸʣʳʝ ʠ ʩʨʝʜʥʠʝ ʩʫʛʣʠʥʢʠ, ʥʠʞʝ ʪʘʢʞʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʣʸʛʢʘʷ ʛʣʠʥʘ. 

ʇʦʯʚʳ ʢʘʪʝʥʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʙʱʝʝ ʩʭʦʜʩʪʚʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ, ʦʜʥʘʢʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʉʘʤʦʡʣʦʚʦʡ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʠʟʤʝʥʝʥʠʷ: ʩʤʝʱʝʥʠʝ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʤʘʢʩʠʤʫʤʦʚ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, 

ʧʦʷʚʣʝʥʠʝ ʠʣʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ (FeïMn ʢʦʥʢʨʝʮʠʡ, 

ʢʘʨʙʦʥʘʪʦʚ), ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʨʘʩʪʚʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʛʣʫʙʠʥʘ ʚʩʢʠʧʘʥʠʷ ʠʟʤʝʥʠʣʘʩʴ ʤʝʥʝʝ ʯʝʤ ʥʘ 20 ʩʤ, 

ʭʘʨʘʢʪʝʨ ʧʨʦʬʠʣʝʡ ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʠʣʩʷ. 

ɺʣʘʞʥʦʩʪʴ ʠ ʚʦʜʥʳʡ ʨʝʞʠʤ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʭ ʧʘʭʦʪʥʳʭ ʠ ʟʘʣʝʞʥʳʭ 

ʧʦʯʚ ʤʠʢʨʦʢʘʪʝʥʳ ʧʦ ʜʘʥʥʳʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚʣʘʞʥʦʩʪʠ ʠ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʤʠʢʨʦʢʘʪʝʥʳ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʟʘʧʘʜʠʥʳ ï ʜʚʫʭ ʧʘʭʦʪʥʳʭ ʠ ʦʜʥʦʡ ʟʘʣʝʞʥʦʡ. 

ɺʣʘʞʥʦʩʪʴ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʘʭʦʪʥʳʭ ʠ ʟʘʣʝʞʥʦʡ ʧʦʯʚ ʚ 2022ï2023 

ʛʛ. ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʠ ʚʳʨʘʞʝʥʥʳʤʠ 

ʨʘʟʣʠʯʠʷʤʠ ʤʝʞʜʫ ʧʘʰʥʝʡ ʠ ʟʘʣʝʞʴʶ. ɺ ʬʦʥʦʚʦʡ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʦʡ ʧʦʯʚʝ 

ʩʣʦʡ 0ï20 ʩʤ ʩ ʦʩʝʥʠ ʜʦ ʥʘʯʘʣʘ ʘʧʨʝʣʷ ʥʘʭʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʅɺ ʜʦ ʇɺ, 

ʟʘʪʝʤ ʙʳʩʪʨʦ ʠʩʩʫʰʘʣʩʷ. ʇʝʨʠʦʜ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʣʘʞʥʦʩʪʠ (ɺɿï

ʅɺ) ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ ʦʢʦʣʦ ʧʦʣʫʪʦʨʘ ʤʝʩʷʮʝʚ ʠ ʧʨʠʭʦʜʠʣʩʷ ʥʘ ʢʦʥʝʮ ʚʝʩʥʳ; ʚ 

ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ʚʝʨʭʥʠʡ ʩʣʦʡ ʙʳʣ ʣʠʙʦ ʧʝʨʝʫʚʣʘʞʥʸʥ ʟʠʤʦʡ ʠ ʨʘʥʥʝʡ ʚʝʩʥʦʡ, 

ʣʠʙʦ ʧʝʨʝʩʫʰʝʥ ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʩʝʟʦʥ. ʋʞʝ ʩ ʢʦʥʮʘ ʘʧʨʝʣʷ ʚʣʘʞʥʦʩʪʴ ʥʘ 

ʛʣʫʙʠʥʝ 20 ʩʤ ʦʧʫʩʢʘʣʘʩʴ ʥʠʞʝ ɺɿ ʠ ʦʩʪʘʚʘʣʘʩʴ ʪʘʢʦʡ ʚʧʣʦʪʴ ʜʦ ʟʠʤʳ (ʨʠʩ. 

20). 

ɺ ʧʘʭʦʪʥʳʭ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʦʯʚʘʭ ʚʣʘʞʥʦʩʪʴ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʚ ʬʦʥʦʚʦʡ ʧʦʯʚʝ. ʅʘ ʥʘʯʘʣʦ ʥʘʙʣʶʜʝʥʠʡ ʩʣʦʡ 0-20 ʩʤ 

ʥʘʭʦʜʠʣʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩʫʰʝ ɺɿ. ɺ ʧʝʨʠʦʜʳ ʟʠʤʥʝʡ ʦʪʪʝʧʝʣʠ ʠ ʚʝʩʝʥʥʝʛʦ 

ʩʥʝʛʦʪʘʷʥʠʷ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʜʦ 35-

40%, ʥʦ ʟʘʪʝʤ ʧʨʦʬʠʣʴ ʙʳʩʪʨʦ ʠʩʩʫʰʘʣʩʷ. ʀʩʩʫʰʝʥʠʝ ʚʝʨʭʥʝʛʦ ʧʘʭʦʪʥʦʛʦ 



81 

 

ʩʣʦʷ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʥʴʰʝ, ʯʝʤ ʚ ʬʦʥʦʚʦʡ ʧʦʯʚʝ: ʫʞʝ ʩ ʢʦʥʮʘ ʤʘʨʪʘ ʟʥʘʯʝʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʥʘ ʛʣʫʙʠʥʝ 20 ʩʤ ʫʩʪʦʡʯʠʚʦ ʩʥʠʞʘʣʠʩʴ ʥʠʞʝ ɺɿ, ʪʦ ʝʩʪʴ ʥʘ 4-6 

ʥʝʜʝʣʴ ʨʘʥʴʰʝ, ʯʝʤ ʥʘ ʟʘʣʝʞʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʦʧʪʠʤʘʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ ʦʢʘʟʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ: 26 ʩʫʪʦʢ ʚ ʧʦʯʚʝ 

ʨʘʟʨʝʟʘ 2 ʠ 72 ʩʫʪʦʢ ʚ ʧʦʯʚʝ ʨʘʟʨʝʟʘ 3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ ʬʦʥʦʚʦʡ ʧʦʯʚʝ ʦʥʘ 

ʧʨʝʚʳʰʘʣʘ ʤʝʩʷʮ. ʅʘ ʛʣʫʙʠʥʘʭ 40 ʠ 60 ʩʤ ʧʘʭʦʪʥʳʝ ʧʦʯʚʳ ʫʜʝʨʞʠʚʘʣʠ ʚʣʘʛʫ 

ʜʦʣʴʰʝ: ʟʥʘʯʝʥʠʷ ʚʳʰʝ ʅɺ ʦʪʤʝʯʘʣʠʩʴ ʜʦ ʢʦʥʮʘ ʟʠʤʳ ʠʣʠ ʜʦ ʢʦʥʮʘ ʤʘʨʪʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʦʚʘʣ ʧʝʨʠʦʜ ʠʩʩʫʰʝʥʠʷ. 

ʇʦ ʯʠʩʣʫ ʠ ʘʤʧʣʠʪʫʜʝ ʯʝʨʝʜʫʶʱʠʭʩʷ ʬʘʟ ʫʚʣʘʞʥʝʥʠʷ ʠ ʠʩʩʫʰʝʥʠʷ 

ʨʘʟʣʠʯʠʷ ʪʘʢʞʝ ʚʳʨʘʞʝʥʳ: ʚ ʬʦʥʦʚʦʡ ʧʦʯʚʝ ʥʘ ʛʣʫʙʠʥʝ 20 ʩʤ ʚʳʜʝʣʝʥʦ ʜʚʘ 

ʧʝʨʠʦʜʘ, ʥʘ 40 ʩʤ ï ʪʨʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ ï ʧʷʪʴ-ʩʝʤʴ ʥʘ 20 ʩʤ ʠ 

ʪʨʠ-ʧʷʪʴ ʥʘ 40 ʩʤ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʘʯʢʠ ʚʣʘʞʥʦʩʪʠ ʤʝʞʜʫ ʩʨʦʢʘʤʠ 

ʥʘʙʣʶʜʝʥʠʡ ʚ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ ʧʨʝʚʳʰʘʣʠ 15%, ʚ ʬʦʥʦʚʦʡ ï ʥʝ ʙʦʣʝʝ 10%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʭʦʪʥʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʤ ʠ ʩʫʭʠʤ 

ʨʝʞʠʤʦʤ ʫʚʣʘʞʥʝʥʠʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʠʤ ʟʘʧʘʩʦʤ ʩʥʝʛʘ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʙʳʩʪʨʳʤ ʧʨʦʤʘʯʠʚʘʥʠʝʤ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʠʩʧʘʨʝʥʠʝʤ 

ʚʝʩʥʦʡ. 

ʋʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʫʯʘʩʪʢʝ ʪʘʢʞʝ ʦʪʣʠʯʘʣʩʷ ʤʝʞʜʫ ʧʦʯʚʘʤʠ. ɺ 

ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ ʦʥ ʥʘʭʦʜʠʣʩʷ ʥʘ ʛʣʫʙʠʥʝ 4ï5 ʤ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʛʦʜʘ. 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʧʦʜʲʸʤʳ ʜʦ 3 ʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʢʦʥʮʝ ʜʝʢʘʙʨʷï̫ ʥʚʘʨʝ 

ʠ ʚ ʤʘʨʪʝïʘʧʨʝʣʝ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʭ ʩʦʩʪʘʚʣʷʣʘ 1ï2 ʥʝʜʝʣʠ ʠ ʙʳʣʘ 

ʩʚʷʟʘʥʘ ʩ ʦʪʪʝʧʝʣʷʤʠ ʠ ʩʥʝʛʦʪʘʷʥʠʝʤ. ɺʦ ʬʦʥʦʚʦʡ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʦʡ ʧʦʯʚʝ 

ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʨʘʩʧʦʣʘʛʘʣʩʷ ʝʱʸ ʛʣʫʙʞʝ ï ʥʠʞʝ 5 ʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʧʦʯʪʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ. ʃʠʰʴ ʚʝʩʥʦʡ 2023 ʛ., ʘ ʪʘʢʞʝ ʚ ʢʦʥʮʝ ʘʚʛʫʩʪʘ 

ʠ ʦʩʝʥʴʶ ʦʪʤʝʯʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʧʦʜʪʷʞʢʠ, ʚʝʨʦʷʪʥʦ ʚʳʟʚʘʥʥʳʝ ʩʥʝʛʦʪʘʷʥʠʝʤ 

ʠ ʦʙʠʣʴʥʳʤʠ ʜʦʞʜʷʤʠ. 

ʉʨʘʚʥʝʥʠʝ ʩ ʨʝʞʠʤʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ (1968-1973 

ʛʛ.) ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʝʝ ʦʧʫʩʢʘʥʠʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɺ ʢʦʥʮʝ 1960-ʭ ï 

ʥʘʯʘʣʝ 1970-ʭ ʛʛ. ʧʨʠ ʛʦʜʦʚʳʭ ʦʩʘʜʢʘʭ 470-510 ʤʤ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ 

ʩʦʩʪʘʚʣʷʣʠ ʦʪ 0-2 ʤ ʚ ʫʚʣʘʞʥʸʥʥʳʝ ʛʦʜʳ ʜʦ 1-4 ʤ ʚ ʟʘʩʫʰʣʠʚʳʝ. ɺ 2022ï2023 

ʛʛ., ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ (ʦʢʦʣʦ 634 ʤʤ), ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ 

ʟʘʣʝʛʘʣʠ ʛʣʫʙʞʝ 4-5 ʤ. ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʦʯʚ 

ʬʠʢʩʠʨʫʝʪʩʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʦʪʩʫʪʩʪʚʠʝ ʠʭ 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʨʦʬʠʣʷ, ʯʪʦ ʩʪʘʣʦ ʧʨʠʯʠʥʦʡ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʥʳʥʝ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦʛʦ ʠ ʟʘʩʫʰʣʠʚʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʞʠʤ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʦʯʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʢʘʧʠʣʣʷʨʥʦʡ ʧʦʜʧʠʪʢʠ ʠʟ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʝʝ 

ʯʝʨʥʦʟʸʤʥʦʤʫ ʪʠʧʫ, ʯʝʤ ʛʠʜʨʦʤʦʨʬʥʦʤʫ ʨʝʞʠʤʫ, ʬʠʢʩʠʨʦʚʘʚʰʝʤʫʩʷ ʧʦʣʚʝʢʘ 

ʥʘʟʘʜ. 
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ʈʠʩ. 20. ɼʠʥʘʤʠʢʘ ʚʣʘʞʥʦʩʪʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʠʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ 01.10.2022ï

09.01.2024. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ ï ʦʩʘʜʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʯʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ, ʥʠʞʝ ï ʜʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʧʦʯʚ 

(ʨʘʟʨʝʟʳ 1ï3). ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʧʦʯʚ ʚʝʨʭʥʠʡ ʨʠʩʫʥʦʢ: ʭʨʦʥʦʠʟʦʧʣʝʪʘʤʠ 

ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʥʦʡ ʚʣʘʞʥʦʩʪʠ (%), ʮʚʝʪʦʚʳʤ ʬʦʥʦʤ ʩʦ ʰʪʨʠʭʦʚʢʦʡ 

ï ʟʥʘʯʝʥʠʷ ʧʦʯʚʝʥʥʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ, ʢʫʨʩʠʚʦʤ ï ʟʥʘʯʝʥʠʷ 



83 

 

ʦʙʲʝʤʥʦʡ ʚʣʘʞʥʦʩʪʠ ʜʣʷ ʧʦʯʚʝʥʥʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ; ʥʠʞʥʠʡ 

ʨʠʩʫʥʦʢ ï ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʇʦʯʚʝʥʥʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ: ʇɺ 

ï ʧʦʣʥʘʷ ʚʣʘʛʦʝʤʢʦʩʪʴ, ʅɺ ï ʥʘʠʤʝʥʴʰʘʷ ʚʣʘʛʦʝʤʢʦʩʪʴ, ɺʈʂ ï ʚʣʘʞʥʦʩʪʴ 

ʨʘʟʨʳʚʘ ʢʘʧʠʣʣʷʨʦʚ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʢʘʢ 0,7 ʅɺ; ɺɿ ï ʚʣʘʞʥʦʩʪʴ ʟʘʚʷʜʘʥʠʷ; ʄɻ 

ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ (ʉʤʠʨʥʦʚʘ, 2024) 

ɺʦʜʥʳʡ ʨʝʞʠʤ ʟʘʧʘʜʠʥʥʳʭ ʧʦʯʚ 

ɼʣʷ ʟʘʧʘʜʠʥʥʳʭ ʧʦʯʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʥʝ ʧʨʦʚʦʜʠʣʩʷ 

ʚʚʠʜʫ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ 

ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʩʠʣʫ ʩʣʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʜʘʪʯʠʢʘʤ ʜʦ ʩʭʦʜʘ ʚʦʜʳ 

ʚʝʩʥʦʡ. ɼʘʥʥʳʝ ʦ ʚʦʜʥʦʤ ʨʝʞʠʤʝ ʟʘʧʘʜʠʥʥʳʭ ʧʦʯʚ ʧʨʠʚʦʜʷʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ. 

ʇʦʯʚʳ ʟʘʧʘʜʠʥ ï ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ, ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʠ ʩʦʣʦʜʠ ï 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʠ ʢʦʥʪʨʘʩʪʥʳʤ ʚʦʜʥʳʤ ʨʝʞʠʤʦʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʤʠ ʧʦʯʚʘʤʠ ʩʢʣʦʥʦʚ ʠ ʤʝʞʜʫʨʝʯʠʡ. ɺ ʜʥʠʱʘʭ 

ʟʘʧʘʜʠʥ ʬʦʨʤʠʨʫʶʪʩʷ ʫʩʣʦʚʠʷ ʩʝʟʦʥʥʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ: ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ 

ʦʥʠ ʥʘʩʳʱʘʶʪʩʷ ʚʣʘʛʦʡ ʟʘ ʩʯʸʪ ʪʘʣʳʭ ʠ ʜʦʞʜʝʚʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʚ ʧʦʥʠʞʝʥʠʷʭ 

ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʠ ʠʥʬʠʣʴʪʨʠʨʫʶʪʩʷ ʚ ʙʦʣʴʰʦʤ ʦʙʲʸʤʝ. ʇʦ ʦʮʝʥʢʘʤ, ʟʘʧʘʜʠʥʳ 

ʘʢʢʫʤʫʣʠʨʫʶʪ ʜʦ ʧʦʣʦʚʠʥʳ ʪʘʣʦʛʦ ʩʪʦʢʘ ʤʝʞʜʫʨʝʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʠʥʬʠʣʴʪʨʘʮʠʶ ʚʣʘʛʠ ʜʦ 150 ʤʤ ʠ ʬʦʨʤʠʨʫʷ ʟʘʩʪʦʡ ʚʦʜʳ ʚ 

ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʩʨʦʢʦʤ ʜʦ ʯʝʪʳʨʸʭ ʤʝʩʷʮʝʚ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʟʘʩʪʦʡʥʳʭ ʷʚʣʝʥʠʡ ʨʘʟʣʠʯʘʝʪʩʷ: ʚ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʦʯʚʘʭ ʦʥʘ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 35 ʩʫʪʦʢ ʚ ʧʦʣʦʚʠʥʝ ʣʝʪ, ʚ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʭ ï ʜʦ 60 ʩʫʪʦʢ 

ʚ ʪʨʸʭ ʯʝʪʚʝʨʪʷʭ ʣʝʪ, ʚʦ ʚʣʘʞʥʦ-ʣʫʛʦʚʳʭ ï ʩʚʳʰʝ 130 ʩʫʪʦʢ ʧʦʯʪʠ ʝʞʝʛʦʜʥʦ. 

ʅʘʙʣʶʜʘʝʤʳʝ ʫʩʣʦʚʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʦʛʣʝʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʭʘʨʘʢʪʝʨʥʦʡ ʧʷʪʥʠʩʪʦʩʪʠ ʚ 

ʩʨʝʜʠʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. 

ʉʦʣʦʜʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʡ ʨʝʞʠʤ: ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ 

ʯʘʩʪʦ ʠʩʩʫʰʝʥʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʨʝʜʠʥʥʳʝ ʩʦʭʨʘʥʷʶʪ 

ʧʨʠʟʥʘʢʠ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʠ ʦʛʣʝʝʥʠʷ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʫʩʣʦʚʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʩʪʦʷ ʚʣʘʛʠ ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ, ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʣʝʪʥʝʤ 

ʠʩʩʫʰʝʥʠʠ, ʯʪʦ ʚʝʜʸʪ ʢ ʨʘʟʚʠʪʠʶ ʧʨʦʮʝʩʩʦʚ ʦʩʦʣʦʜʝʥʠʷ ʠ ʣʝʩʩʠʚʘʞʘ.  

ɿʘʧʘʜʠʥʥʳʝ ʧʦʯʚʳ ʚ ʪʝʯʝʥʠʝ ʣʝʪʘ ʩʦʭʨʘʥʷʶʪ ʩʣʝʜʳ ʩʝʟʦʥʥʦʛʦ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ, ʦʜʥʘʢʦ ʣʝʪʥʝʝ ʠʩʩʫʰʝʥʠʝ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʜʝʣʘʝʪ ʠʭ 

ʚʦʜʥʳʡ ʨʝʞʠʤ ʨʝʟʢʦ ʢʦʥʪʨʘʩʪʥʳʤ ï ʚʦʜʦʟʘʩʪʦʡʥʳʡ ʟʠʤʦʡ-ʚʝʩʥʦʡ, 

ʥʝʧʨʦʤʳʚʥʦʡ ï ʣʝʪʦʤ.  

ʍʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ 
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ʆʧʠʩʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ ʧʨʠʚʦʜʠʪʩʷ ʧʦ 

ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʤ ʨʘʟʨʝʟʘʤ ʚ ʧʨʝʜʝʣʘʭ ʢʣʶʯʝʚʦʛʦ 

ʫʯʘʩʪʢʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʷʭ. 

ɺ ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʭ ʧʦʯʚʘʭ ʫʛʣʝʨʦʜ ʢʘʨʙʦʥʘʪʦʚ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 

ʙʦʣʝʝ 100-120 ʩʤ ʠ ʩʦʩʪʘʚʣʷʶʪ 5-8 ʛ/100 ʛ ʧʦʯʚʳ. ʉʦʜʝʨʞʘʥʠʝ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʥʝʚʳʩʦʢʦʝ ï 0,5-1,0 ʤʛ-ʵʢʚ/100 ʛ (ʨʠʩ. 21), 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʨʭʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. ɺ ʩʦʩʪʘʚʝ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʦʙʣʘʜʘʝʪ ʢʘʣʴʮʠʡ (15-25 ʤʛ-ʵʢʚ/100 ʛ), ʜʦʣʷ 

ʤʘʛʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5-10 ʤʛ-ʵʢʚ/100 ʛ, ʥʘʪʨʠʷ ï ʜʦ 5 ʤʛ-ʵʢʚ/100 ʛ (ʨʠʩ. 

22). 

ɺ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʚʝʨʭʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 1-2 ʛ/100 ʛ ʠ ʚʦʟʨʘʩʪʘʝʪ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʜʦ 4-5 

ʛ/100 ʛ. ʄʘʢʩʠʤʫʤ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ (4-6 ʤʛ-ʵʢʚ/100 ʛ) ʧʨʠʫʨʦʯʝʥ ʢ 

ʛʣʫʙʠʥʘʤ 80-120 ʩʤ. ɺ ʩʦʩʪʘʚʝ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʦʙʣʘʜʘʝʪ ʢʘʣʴʮʠʡ 

(20-30 ʤʛ-ʵʢʚ/100 ʛ), ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʠ ʥʘʪʨʠʷ ʚʘʨʴʠʨʫʝʪ ʦʪ 5 ʜʦ 10 ʤʛ-

ʵʢʚ/100 ʛ. 

ɺ ʦʩʦʣʦʜʝʣʳʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʢʨʘʡʥʝ ʥʠʟʢʦʝ 

ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ (Ò1 ʛ/100 ʛ) ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʠʞʝ 100 ʩʤ, ʛʜʝ 

ʜʦʩʪʠʛʘʝʪ 3-4 ʛ/100 ʛ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 2 

ʜʦ 6 ʤʛ-ʵʢʚ/100 ʛ, ʧʨʠʯʸʤ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʩʠʪ ʵʣʶʚʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ: 

ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʦʙʝʜʥʝʥʳ, ʘ ʤʘʢʩʠʤʫʤ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 

ʧʨʦʬʠʣʷ. ɺ ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 10-20 

ʤʛ-ʵʢʚ/100 ʛ, ʤʘʛʥʠʷ ï 8-12 ʤʛ-ʵʢʚ/100 ʛ, ʥʘʪʨʠʷ ï 10-15 ʤʛ-ʵʢʚ/100 ʛ. 

ɺ ʩʦʣʦʥʮʘʭ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚʳʩʦʢʦʝ ʥʘʯʠʥʘʷ ʩ 

ʛʣʫʙʠʥʳ 50-60 ʩʤ ʠ ʜʦʩʪʠʛʘʝʪ 8-12 ʛ/100 ʛ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʩʦʩʪʘʚʣʷʶʪ 6ï8 ʤʛ-ʵʢʚ/100 ʛ ʠ ʙʦʣʝʝ, 

ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʢʘʢ ʚ ʩʨʝʜʥʝʤ (40-60 ʩʤ), ʪʘʢ ʠ ʚ ʥʠʞʥʝʤ ʧʨʦʬʠʣʝ (100-120 ʩʤ). 

ɺ ʩʦʩʪʘʚʝ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʪʨʠʡ ʜʦʩʪʠʛʘʝʪ 20-25 ʤʛ-ʵʢʚ/100 ʛ, 

ʢʘʣʴʮʠʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10 ʜʦ 20 ʤʛ-ʵʢʚ/100 ʛ, ʤʘʛʥʠʡ ï ʦʪ 5 ʜʦ 10 ʤʛ-ʵʢʚ/100 

ʛ.ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ (1969-

1973 ʛʛ.), ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ ʚʦ ʚʩʝʭ ʧʦʯʚʘʭ ʩʥʠʟʠʣʘʩʴ 

ʛʣʫʙʠʥʘ ʚʩʢʠʧʘʥʠʷ ʧʨʠ ʨʝʘʢʮʠʠ ʩ 10% HCl ʥʘ 10-15 ʩʤ. ʉʦʜʝʨʞʘʥʠʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʫʤʝʥʴʰʠʣʦʩʴ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʘʨʙʦʥʘʪʦʚ ʩʤʝʩʪʠʣʠʩʴ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ; ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʢʘʨʙʦʥʘʪʥʳʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʣʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʯʚ ʤʘʢʩʠʤʫʤ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʩʤʝʩʪʠʣʩʷ ʥʘ 20-40 ʩʤ ʛʣʫʙʞʝ, ʘ ʚ ʦʩʦʣʦʜʝʣʳʭ ʧʦʯʚʘʭ 

ʧʨʦʬʠʣʴ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʦʙʨʸʣ ʵʣʶʚʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʩʦʣʦʥʮʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʨʦʬʠʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ Na  ʥʘ 5-7 ʩʤ ʚʥʠʟ. 
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ɺʦ ʚʩʝʭ ʧʦʯʚʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ CaĮ  ʠ MgĮ  ʚ 

ʩʦʩʪʘʚʝ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʨʦʣʠ Na . ɺ ʦʩʦʣʦʜʝʣʳʭ 

ʧʦʯʚʘʭ ʥʘʪʨʠʡ ʩʪʘʣ ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʪʦʛʜʘ ʢʘʢ ʢʘʣʴʮʠʡ ʠ ʤʘʛʥʠʡ 

ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ. ɺ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʳʭ ʧʘʭʦʪʥʳʭ 

ʧʦʯʚʘʭ ʧʨʦʠʟʦʰʣʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʢʘʪʠʦʥʦʚ: ʚʤʝʩʪʦ CaĮ  

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʩʪʘʣ Na (ʨʠʩ. 21). 

 

ʈʠʩʫʥʦʢ 21. ʊʠʧʠʯʥʦʝ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ 

(ʩʦʣʝʚʳʝ ʧʨʦʬʠʣʠ) 

ʇʣʦʪʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʢʦʥʦʤʝʨʥʦ 

ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʠ ʧʦʣʦʞʝʥʠʷ ʚ ʨʝʣʴʝʬʝ 

(ʪʘʙʣʠʮʘ 3). ɼʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ ʧʦʯʚʳ ʦʪʣʠʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʙʣʘʛʦʜʘʨʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʳʭʣʦʩʪʠ ʠ 

ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʣʘʙʦʨʘʟʣʦʞʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʸʤʥʳʭ ʟʘʣʝʞʥʳʭ ʧʦʯʚʘʭ ʧʣʦʪʥʦʩʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʘ ʧʦ ʧʨʦʬʠʣʶ, 

ʛʫʤʫʩʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ ʨʳʭʣʦʩʪʴʶ ʚʚʠʜʫ ʚʳʩʦʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʛʝʥʥʦʡ (ʚ 

ʪ.ʯ. ʟʦʦʛʝʥʥʦʡ) ʧʝʨʝʨʘʙʦʪʢʠ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʃ.ʄ. ɼʤʠʪʨʘʢʦʚ ʚ ʨʘʙʦʪʝ 1977 

ʛ. ʉʦʣʦʥʮʳ, ʥʘʧʨʦʪʠʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʣʦʪʥʦʩʪʠ ʫʞʝ 
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ʩ ʛʣʫʙʠʥʳ 10-15 ʩʤ, ʛʜʝ ʥʘʯʠʥʘʝʪʩʷ ʩʦʣʦʥʮʦʚʳʡ ʛʦʨʠʟʦʥʪ. ʃʫʛʦʚʦ-

ʯʝʨʥʦʟʸʤʥʳʝ ʧʘʭʦʪʥʳʝ ʧʦʯʚʳ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ: ʠʭ 

ʧʣʦʪʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʫ ʟʘʣʝʞʥʳʭ ʘʥʘʣʦʛʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʥʘ ʛʣʫʙʠʥʝ ʧʣʫʞʥʦʡ ʧʦʜʦʰʚʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʜʣʠʪʝʣʴʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʧʣʦʪʥʝʥʠʷ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʦʚ. 

 

ʈʠʩʫʥʦʢ 22. ʉʨʝʜʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʚ ʦʧʠʩʘʥʥʳʭ ʧʦʯʚʘʭ ʟʘʧʘʜʠʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʜʘʥʥʳʤ ʚʳʧʦʣʥʝʥʥʳʭ ʘʥʘʣʠʟʦʚ (ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʩ 

ʥʘʢʦʧʣʝʥʠʝʤ) ʪ.ʝ. ʟʥʘʯʝʥʠʝ ʜʣʷ Ca = Na+Mg+Ca 

ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ (ʦʙʲʝʤʥʦʛʦ ʚʝʩʘ, ʛ/ʩʤ3) ʚ 

ʦʧʠʩʘʥʥʳʭ ʧʦʯʚʘʭ. 

ʊʠʧ ʧʦʯʚ ɻʣʫʙʠʥʘ, ʩʤ ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤį 

ɼʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ 5ï10 0,45ï0,50 

ɼʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ 10ï15 0,95ï1,00 

ɼʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ 20ï25 1,30ï1,40 

ɼʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ 30ï40 1,65ï1,75 

ɼʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ >50 1,45ï1,55 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ 

ʟʘʣʝʞʥʳʝ 0ï10 

0,95ï1,05 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ 

ʟʘʣʝʞʥʳʝ 20ï30 

0,90ï0,95 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ 

ʟʘʣʝʞʥʳʝ 40ï50 

1,45ï1,50 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ 

ʟʘʣʝʞʥʳʝ 70ï150 

1,38ï1,55 

ʉʦʣʦʥʮʳ 0ï10 1,15ï1,20 

ʉʦʣʦʥʮʳ 10ï20 1,48ï1,55 

ʉʦʣʦʥʮʳ >20 1,48ï1,56 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ 

ʧʘʭʦʪʥʳʝ  0ï10 

1,02ï1,15 
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ʃʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ 

ʧʘʭʦʪʥʳʝ  10-20 

1,05ï1,3 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ 

ʧʘʭʦʪʥʳʝ  20ï30 

1,18ï1,35 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ 

ʧʘʭʦʪʥʳʝ  40ï50 

1,46ï1,56 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ 

ʧʘʭʦʪʥʳʝ  50ï150 

1,46ï1,6 

ʉʪʨʦʝʥʠʝ ʧʨʦʬʠʣʝʡ ʧʦʯʚ ʟʘʧʘʜʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʠʣʦʩʴ, ʦʜʥʘʢʦ ʟʘ ʧʦʣʫʚʝʢʦʚʦʡ ʧʝʨʠʦʜ ʠʟʤʝʥʠʣʠʩʴ ʛʣʫʙʠʥʘ ʠ ʬʦʨʤʘ 

ʣʦʢʘʣʠʟʘʮʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ ʩʦʩʪʘʚ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʘʠʙʦʣʝʝ 

ʦʪʯʸʪʣʠʚʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʷʚʠʣʠʩʴ ʚ ʦʩʦʣʦʜʝʣʳʭ ʧʦʯʚʘʭ ʠ ʩʦʣʦʥʮʘʭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʚʦʜʥʦʛʦ 

ʨʝʞʠʤʘ ʚ ʫʩʣʦʚʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʫʤʠʜʠʟʘʮʠʠ ʢʣʠʤʘʪʘ ʆʢʩʢʦ-ɼʦʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ. 

ɺʦ ʚʩʝʭ ʧʦʯʚʘʭ ʚʝʨʭʥʠʝ ʛʫʤʫʩʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦʥʠʞʝʥʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ (0,5ï1,2 ʛ/ʩʤį), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʨʳʭʣʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʟʘʣʝʞʥʳʭ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʦʯʚʘʭ 

ʧʣʦʪʥʦʩʪʴ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʙʣʠʟʢʘ ʢ 1,0 ʛ/ʩʤį, ʤʝʩʪʘʤʠ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,9 ʛ/ʩʤį ʚ 

ʛʣʫʙʠʥʝ ʛʫʤʫʩʦʚʦʛʦ ʧʨʦʬʠʣʷ. ɺ ʧʘʭʦʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʣʦʪʥʦʩʪʴ ʚʳʰʝ ï ʦʢʦʣʦ 

1,2 ʛ/ʩʤį, ʯʪʦ ʦʪʨʘʞʘʝʪ ʫʧʣʦʪʥʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ. 

ʉ ʛʣʫʙʠʥʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʨʦʬʠʣʷ: ʚ ʩʨʝʜʠʥʥʦʡ 

ʯʘʩʪʠ ʧʣʦʪʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 1,3ï1,5 ʛ/ʩʤį, ʘ ʚ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 

1,5 ʜʦ 1,8 ʛ/ʩʤį. ɺ ʩʦʣʦʥʮʘʭ ʵʪʦʪ ʨʦʩʪ ʥʘʠʙʦʣʝʝ ʨʝʟʢʠʡ: ʫʞʝ ʥʘ ʛʣʫʙʠʥʝ 10ï20 

ʩʤ ʧʣʦʪʥʦʩʪʴ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 1,5 ʛ/ʩʤį, ʯʪʦ ʦʪʨʘʞʘʝʪ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʥʠʭ 

ʧʣʦʪʥʦʝ ʩʣʦʞʝʥʠʝ. 

ɺʦ ʚʩʝʭ ʧʦʯʚʘʭ ʬʠʢʩʠʨʫʶʪʩʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ: 

ʢʫʪʘʥʳ, ʢʦʥʢʨʝʮʠʠ ʠ ʧʷʪʥʠʩʪʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʦʥʠ ʚ ʛʠʜʨʦʤʦʨʬʥʳʭ 

ʟʘʧʘʜʠʥʥʳʭ ʧʦʯʚʘʭ, ʛʜʝ ʢʦʥʢʨʝʮʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʫʞʝ ʩ ʛʣʫʙʠʥʳ 20ï40 ʩʤ 

(ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʝ) ʠʣʠ 70ï90 ʩʤ (ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ). ɺ ʦʩʦʣʦʜʝʣʳʭ 

ʧʦʯʚʘʭ ʢʦʥʢʨʝʮʠʠ ʠ ʨʞʘʚʳʝ ʧʷʪʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʨʝʜʠʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, 

ʥʘʨʷʜʫ ʩ ʩʠʟʳʤʠ ʟʦʥʘʤʠ. ʇʦ ʜʘʥʥʳʤ ʵʢʩʪʨʘʢʮʠʡ, ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʘʣʘʪʥʦ- ʠ 

ʜʠʪʠʦʥʠʪʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʞʝʣʝʟʘ ʥʠʟʢʦʝ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʐʚʝʨʪʤʘʥʘ ʠʤʝʶʪ 

ʦʯʝʥʴ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʩʣʘʙʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ Fe ʠ Mn. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʬʦʨʤ ʞʝʣʝʟʘ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʦʢʨʘʩʢʘ ʛʦʨʠʟʦʥʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʦʪ ʧʘʭʦʪʥʳʭ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʦʯʚ ʢ ʟʘʣʝʞʥʦʡ ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʸʤʥʦʡ ʠ ʜʘʣʝʝ ʢ ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʤ ʠ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʤ. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ï ʚʩʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʨʝʜʥʠʤ ʠʣʠ ʪʷʞʝʣʳʤ ʧʳʣʝʚʘʪʳʤ ʩʫʛʣʠʥʢʘʤ, ʯʪʦ 
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ʩʚʷʟʘʥʦ ʩ ʦʜʥʦʨʦʜʥʳʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (ʨʠʩ. 23). 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ ʤʘʣʦʚʘʨʠʘʙʝʣʝʥ (ʌʠʣʴ, 

2025). 

 

ʈʠʩʫʥʦʢ 23. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ ʚ ʨʘʟʨʝʟʘʭ ʥʘ ʢʣʶʯʝʚʦʤ 

ʫʯʘʩʪʢʝ ʧʦ ʜʘʥʥʳʤ ʚʳʧʦʣʥʝʥʥʳʭ ʘʥʘʣʠʟʦʚ (ʪʝʢʩʪʫʨʥʳʝ ʢʣʘʩʩʳ ʫʢʘʟʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ USDA) 

 

4.2. ʉʦʜʝʨʞʘʥʠʝ ʠ ʟʘʧʘʩʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ 

ʉʦʜʝʨʞʘʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʇʆɺ) ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʯʚʘʭ ʟʘʢʦʥʦʤʝʨʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʚ 

ʤʠʢʨʦʨʝʣʴʝʬʝ ʠ ʪʠʧʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ (ʨʠʩ. 24). ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʜʯʠʥʸʥʥʳʭ ʧʦʟʠʮʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʧʦʯʚ ʜʥʠʱ ʟʘʧʘʜʠʥ. 

ɿʜʝʩʴ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʣʘʙʦʨʘʟʣʦʞʝʥʥʳʡ ʫʛʣʝʨʦʜ, ʢʦʥʩʝʨʚʠʨʫʝʤʳʡ ʚ ʫʩʣʦʚʠʷʭ 

ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ. ʇʝʨʠʦʜʠʯʝʩʢʦʝ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ ʠ ʟʘʩʪʦʡ ʚʣʘʛʠ ʪʦʨʤʦʟʷʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʵʨʦʙʥʦʡ ʤʠʢʨʦʬʣʦʨʳ 

ʠ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʧʘʩʦʚ ʩʚʝʞʝʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɼʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʛʜʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʛʨʫʙʦʛʫʤʫʩʦʚʳʡ ʩʣʦʡ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 30 ʩʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʉʦʨʛ ʚ ʵʪʠʭ 
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ʛʦʨʠʟʦʥʪʘʭ ʜʦʩʪʠʛʘʝʪ 8ï10%, ʘ ʥʠʞʝ ʧʦ ʧʨʦʬʠʣʶ ʩʥʠʞʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʘʜʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʩ ʛʣʫʙʠʥʦʡ, ʩʫʤʤʘʨʥʳʝ ʟʘʧʘʩʳ 

ʇʆɺ ʚ ʧʨʦʬʠʣʝ ʦʩʪʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʤʦʱʥʦʩʪʠ ʛʫʤʫʩʦʚʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. 

ɺ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʟʘʣʝʞʥʳʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʪʘʢʞʝ ʚʳʩʦʢʦ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʨʭʥʠʭ 20ï30 ʩʤ, ʛʜʝ ʦʥʦ ʚʘʨʴʠʨʫʝʪ ʚ 

ʧʨʝʜʝʣʘʭ 7ï8%. ʇʦ ʤʝʨʝ ʫʛʣʫʙʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 

1% ʠ ʤʝʥʝʝ. ɼʣʷ ʟʘʣʝʞʥʳʭ ʧʦʯʚ ʭʘʨʘʢʪʝʨʥʘ ʣʫʯʰʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʛʫʤʫʩʦʚʦʛʦ 

ʧʨʦʬʠʣʷ ʠ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʘʭʦʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʙʱʠʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʥʠʭ ʚʳʰʝ. 

ʉʦʣʦʥʮʳ ʠ ʘʛʨʦʩʦʣʦʥʮʳ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʦʛʦ ʪʠʧʘ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʦʨʛ ʥʝ ʧʨʝʚʳʰʘʝʪ 5%. ɿʘʩʦʣʝʥʠʝ ʠ ʚʳʩʦʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʦʩʪʫʧʣʝʥʠʝ ʩʚʝʞʝʡ ʦʨʛʘʥʠʢʠ ʥʠʞʝ ʩʦʣʦʥʮʦʚʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʠ ʫʩʠʣʠʚʘʶʪ ʧʨʦʮʝʩʩʳ ʝʸ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʘ ʩʯʸʪ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʦʬʠʣʷ ʩʫʤʤʘʨʥʳʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʩʦʣʦʥʮʘʭ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʤʠ ʧʦʯʚʘʤʠ, ʭʦʪʷ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʨʦʬʠʣʶ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ. 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʝ ʧʘʭʦʪʥʳʝ ʧʦʯʚʳ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʉʦʨʛ. ɺ ʚʝʨʭʥʝʤ ʘʛʨʦʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʜʦʩʪʠʛʘʝʪ 5ï7%. ɻʣʫʙʞʝ ʧʦ ʧʨʦʬʠʣʶ, ʥʘʯʠʥʘʷ ʩ 20ï30 

ʩʤ, ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʥʝ ʧʨʝʚʳʰʘʝʪ 1ï2%.  

ɼʘʥʥʳʝ ʨʘʟʨʝʟʦʚ ʢʘʪʝʥʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʜʥʠʱ ʟʘʧʘʜʠʥ ʚʳʰʝ, ʯʝʤ ʥʘ ʩʢʣʦʥʘʭ. ʊʘʢ, ʚ 

ʨʘʟʨʝʟʝ ʩ ʜʝʨʥʦʚʦ-ʛʣʝʝʚʦʡ ʧʦʯʚʦʡ (ʛʨʫʙʦʛʫʤʫʩʦʚʦ-ʛʣʝʝʚʘʷ ʧʦʯʚʘ ʜʥʠʱʘ) 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʦʨʛ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʧʨʝʚʳʰʘʝʪ 5%, ʪʦʛʜʘ ʢʘʢ ʚ ʩʦʣʦʥʮʝ 

(ʩʦʣʦʥʝʮ ʯʝʨʥʦʟʸʤʥʦ-ʣʫʛʦʚʦʡ) ʦʥʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 3ï4%. ɺ ʩʦʣʦʥʮʘʭ ʦʪʯʸʪʣʠʚʦ 

ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʜʦʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʢʘʨʙʦʥʘʪʦʚ) ʫʞʝ ʩ 

ʛʣʫʙʠʥʳ 20ï30 ʩʤ. 

ɿʘ ʧʦʣʫʚʝʢʦʚʦʡ ʧʝʨʠʦʜ ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʧʦʯʚʘʭ ʟʘʧʘʜʠʥ 

(ʉʘʤʦʡʣʦʚʘ, 1981). ɿʜʝʩʴ ʦʪʤʝʯʝʥ ʨʝʟʢʠʡ ʨʦʩʪ ʝʛʦ ʟʘʧʘʩʦʚ, ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʫʤʫʩʦʚʳʡ ʧʨʦʬʠʣʴ ʩʪʘʣ 

ʙʦʣʝʝ ʤʦʱʥʳʤ ʠ ʥʘʩʳʱʝʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʦʨʛ ʚ ʩʨʝʜʠʥʥʳʭ ʠ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ. 
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ʈʠʩ 24. ʉʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʟʘ 

50-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʘʭ ɽ.ʄ. ʉʘʤʦʡʣʦʚʦʡ. ʏʝʨʥʳʤ ï 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ, ʢʨʘʩʥʳʤ ï ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʢʘʞʜʦʤ ʠʟ 10-ʩʤ ʩʣʦʝʚ 

ʧʨʦʬʠʣʷ  

ɺ ʦʩʪʘʣʴʥʳʭ ʧʦʯʚʘʭ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʥʝ ʚʳʷʚʣʝʥʦ: ʝʛʦ ʟʘʧʘʩʳ ʚ ʧʘʭʦʪʥʳʭ ʠ ʟʘʣʝʞʥʳʭ 

ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʦʯʚʘʭ, ʘ ʪʘʢʞʝ ʚ ʩʦʣʦʥʮʘʭ ʚ ʩʨʝʜʥʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʟʥʘʯʝʥʠʷʤ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʚ ʢʦʥʮʝ 1960-ʭ ʛʦʜʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʪʤʝʯʝʥʦ 

ʩʤʝʱʝʥʠʝ ʛʣʫʙʠʥʳ ʨʘʜʠʘʣʴʥʦʛʦ ʚʳʥʦʩʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʦʣʦʥʮʘʭ ʠ 

ʧʘʭʦʪʥʳʭ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʧʦʯʚʘʭ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʠ ʤʠʛʨʘʮʠʠ ʛʫʤʫʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚ ʧʦʯʚʘʭ ʟʘʧʘʜʠʥ, ʤʠʥʠʤʘʣʴʥʦ ʚ ʧʦʯʚʘʭ ʧʘʰʝʥ (ʊʘʙʣʠʮʘ 4, ʨʠʩ. 

25).  

ʊʘʙʣʠʮʘ 4. ʉʦʦʪʥʦʰʝʥʠʝ ʩʪʘʪʠʩʪʠʢ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʥʘ ʛʣʫʙʠʥʝ 0-15 ʩʤ. 

ɹʠʦʪʦʧ ʏʠʩʣʦ 

ʦʙʨʘʟʮʦʚ 

ʤʠʥ, 

ʛ/ʢʛ 

ʤʘʢʩ, 

ʛ/ʢʛ 

ʩʨʝʜʥʝʝ 

Ⱨ, ʛ/ʢʛ 

 

ʤʝʜʠʘʥʘ, 

ʛ/ʢʛ 

Ɑ

Ⱨ
ȟ% 

ʆʙʨʘʟʮʦʚ ʚʩʝʛʦ 474 27,25 83,67 55,06 54,92 17,98 

ʇʘʰʥʷ/ɿʘʣʝʞʴ 311 27,25 80,20 52,61  52,73 16,21 

ʃʫʛʘ 74 28,30 83,67 57,02  58,59 19,98 

ʂʦʣʢʠ 89  38,20 83,01 63,24  64,17 14,16 

ɿʘʧʘʩʳ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ) ʚ ʧʨʝʜʝʣʘʭ ʢʘʪʝʥʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʧʦʯʚ ʠ ʠʭ 

ʧʦʣʦʞʝʥʠʷ ʚ ʨʝʣʴʝʬʝ. ɼʣʷ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʠʥʪʝʨʚʘʣ 0ï60 ʩʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʘʢʢʫʤʫʣʷʮʠʶ ʦʨʛʘʥʠʢʠ ʚ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʯʘʩʪʠ 

ʧʨʦʬʠʣʷ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ 

ʧʦʯʚʘʭ. ɺ ʟʘʣʝʞʥʦʤ ʚʘʨʠʘʥʪʝ ʦʥʠ ʜʦʩʪʠʛʘʶʪ 310-330 ʪ/ʛʘ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʘʭʦʪʥʳʭ 

ʘʥʘʣʦʛʘʭ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ 350-370 ʪ/ʛʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʘʭʦʪʥʳʭ ʧʦʯʚ, ʩʫʤʤʘʨʥʳʝ ʟʘʧʘʩʳ 

ʦʢʘʟʳʚʘʶʪʩʷ ʚʳʰʝ ʟʘ ʩʯʸʪ ʚʦʟʨʦʩʰʝʡ ʧʣʦʪʥʦʩʪʠ ʛʫʤʫʩʦʚʦʛʦ ʧʨʦʬʠʣʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʘʛʨʦʛʝʥʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʢʦʤʧʝʥʩʠʨʫʝʪ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʘʙʩʦʣʶʪʥʳʭ ʟʘʧʘʩʦʚ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʯʘʩʪʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʫʢʘʟʳʚʘʝʪ ʥʘ 
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ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʚ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ ʢ 

ʘʚʪʦʤʦʨʬʥʳʤ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ (ʋɻɺ>6 ʤ) ʥʘ 0,5-1,3% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʣʫʛʠʜʨʦʤʦʨʥʬʳʤʠ (ʋɻɺ ï 3-6 ʤ) ʘʥʘʣʦʛʘʤʠ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʣʦʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

 

ʈʠʩʫʥʦʢ 25. ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

(0-15 ʩʤ) ʚ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʧʨʦʙ (ʪʦʯʢʠ ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤ), ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ - ʠʥʪʝʨʧʦʣʷʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʛ/ʢʛ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ CNN-LSTM-MLP (ʧʦʜʨʦʙʥʝʝ 

ʩʤ. ʛʣʘʚʫ 6).  

4.3 ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʟʘʧʘʜʠʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʜʘʥʥʳʤ ʢʘʪʝʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʟʫʯʝʥʠʝ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤʳ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʘʭ ʧʦʯʚ ʟʘʧʘʜʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦ ʜʘʥʥʳʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʢʘʢ ʧʦ ʤʝʪʦʜʫ ʇʦʥʦʤʘʨʝʚʦʡ ʠ ʇʣʦʪʥʠʢʦʚʦʡ, ʪʘʢ ʠ ʧʦ ʤʝʪʦʜʫ 

ʉʦʢʦʣʦʚʘ ʠ ʉʘʚʠʯʘ, ʟʘ ʧʨʦʰʝʜʰʠʝ ʧʷʪʴ ʜʝʩʷʪʠʣʝʪʠʡ ʚ ʧʦʯʚʘʭ ʟʘʧʘʜʠʥ ʠ ʚ 

ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ ʟʘʣʝʞʘʭ ʧʨʦʠʟʦʰʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ (ʨʠʩ. 26). 
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ɺ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʧʦʯʚ ʚʦʟʨʦʩʣʘ ʜʦʣʷ ʚʩʝʭ ʪʨʸʭ ʬʨʘʢʮʠʡ ʬʫʣʴʚʦʢʠʩʣʦʪ, ʘ 

ʪʘʢʞʝ ʧʝʨʚʦʡ ʬʨʘʢʮʠʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ (ɻ1), ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʦʡ ʠ ʤʝʥʝʝ 

ʫʩʪʦʡʯʠʚʦʡ (ʨʠʩ. 26) ʆʜʥʦʚʨʝʤʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʘʩʴ ʜʦʣʷ ʚʪʦʨʦʡ 

ʬʨʘʢʮʠʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ (ɻ2), ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʢʘʣʴʮʠʝʤ. 

ʊʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʪʨʘʞʘʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʠ 

ʫʩʣʦʚʠʷ ʝʛʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ: ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ɻ1 ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ 

ʚʝʨʭʦʚʦʜʢʠ ʠ ʩʝʟʦʥʥʳʤ ʧʝʨʝʫʚʣʘʞʥʝʥʠʝʤ, ʩʦʟʜʘʶʱʠʤ ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ ʠ 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʉʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ɻ2 ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʳʥʦʩ ʢʘʣʴʮʠʷ ʠ ʢʘʨʙʦʥʘʪʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʣʘʙʣʝʥʠʝ ʨʦʣʠ ʧʨʦʮʝʩʩʦʚ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʘʣʴʮʠʝʤ (Rowley et al., 2018). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʫʣʴʚʦʢʠʩʣʦʪ ʠ ɻ2 ʚ ʦʪʜʝʣʴʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʩʪʝʧʝʥʠ ʛʠʜʨʦʤʦʨʬʠʟʤʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʧʘʜʝʥʠʝʤ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʫʩʠʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʜʩʫʰʠʚʘʥʠʷ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʦʢʠʩʣʷʝʤʦʩʪʠ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʟʘʧʘʜʠʥʘʤʠ, ʟʘʣʝʞʘʤʠ ʠ ʧʘʰʥʝʡ. ɺ ʧʦʯʚʘʭ 

ʟʘʧʘʜʠʥ ʠʟʙʠʨʘʪʝʣʴʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʣʦʚʠʷ ʢʦʥʩʝʨʚʘʮʠʠ ʤʝʥʝʝ ʨʘʟʣʦʞʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʬʦʨʤʠʨʫʶʪʩʷ ʛʦʨʠʟʦʥʪʳ, ʙʦʛʘʪʳʝ 

ʫʛʣʝʨʦʜʦʤ ʠ ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ. ɺ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʸʤʥʳʭ 

ʟʘʣʝʞʥʳʭ ʧʦʯʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʨʠʘʥʪ: ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʢʦʧʣʝʥʠʝ ʩʨʝʜʥʝʦʢʠʩʣʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ï 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʭ ʬʨʘʢʮʠʡ, ʥʦ ʚ ʤʝʥʴʰʝʡ 

ʧʨʦʧʦʨʮʠʠ, ʯʝʤ ʚ ʟʘʧʘʜʠʥʘʭ. ɺʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʜʨʝʚʝʩʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʨʘʚʷʥʠʩʪʦʛʦ ʢʦʨʥʝʚʦʛʦ ʦʧʘʜʘ. 

ɺ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʩʨʝʜʥʝʦʢʠʩʣʷʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ. ʕʪʦ ʦʪʨʘʞʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʘʛʨʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ: ʨʝʛʫʣʷʨʥʦʝ ʨʳʭʣʝʥʠʝ, ʘʵʨʘʮʠʷ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʥʠʞʘʶʪ 

ʜʦʣʶ ʣʘʙʠʣʴʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʦʣʶ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʬʨʘʢʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʫʤʫʩʦʚʳʡ ʧʨʦʬʠʣʴ ʧʘʭʦʪʥʳʭ ʧʦʯʚ 

ʦʪʣʠʯʘʝʪʩʷ ʤʝʥʴʰʝʡ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ. 

ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʬʨʘʢʮʠʡ ʇʆɺ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʟʘʣʝʞʥʳʭ ʧʦʯʚʘʭ, ʛʜʝ 

ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʞʝ ʜʦʣʷ ʢʦʨʥʝʚʦʛʦ ʦʧʘʜʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʝʨʝʫʚʣʘʞʥʝʥʠʝʤ ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʡ 

ʨʝʞʠʤ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʤʝʨʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚ ʩʨʝʜʥʝ- ʠ ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʭ ʬʨʘʢʮʠʡ, 
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ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʢ ʙʳʩʪʨʳʡ ʦʙʦʨʦʪ ʦʨʛʘʥʠʢʠ, ʪʘʢ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʝʸ ʯʘʩʪʠ ʚ ʫʩʪʦʡʯʠʚʳʭ ʬʦʨʤʘʭ. 

 








































































































