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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 2021-2030 ʛʛ. ʷʚʣʷʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ ʠ ʵʚʦʣʶʮʠʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ 

[ʈʘʩʧʦʨʷʞʝʥʠʝé, 2020]. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʟʥʘʥʠʷ ʵʚʦʣʶʮʠʠ 

ʧʨʠʨʦʜʳ ʠ ʦʪʨʘʞʝʥʠʷ ʵʪʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʨʝʣʴʝʬʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʛʦʨʥʳʭ ʩʪʨʘʥʘʭ ʥʘ ʬʦʥʝ 

ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ʚ ʛʦʨʥʳʭ ʩʪʨʘʥʘʭ ʷʚʣʷʶʪʩʷ ʏʫʡʩʢʘʷ ʠ 

ʂʫʨʘʡʩʢʘʷ ʢʦʪʣʦʚʠʥʳ. 

ʅʘ ʨʫʙʝʞʝ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥʘ ʪʝʨʨʠʪʦʨʠʶ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ 

ʤʝʞʛʦʨʥʳʭ ʢʦʪʣʦʚʠʥ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʟʘʥʠʤʘʣʦ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʝ ʣʝʜʦʚʦ-

ʧʦʜʧʨʫʜʥʦʝ ʦʟʝʨʦ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʚʦʜʦʝʤʘ ʚ ʧʨʦʰʣʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʨʝʣʠʢʪʦʚ ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ ʥʘ ʩʢʣʦʥʘʭ ʠ ʧʦʢʨʦʚʘ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʜʥʠʱʝ 

ʢʦʪʣʦʚʠʥ. ɺ ʭʦʜʝ ʜʣʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʝʜʫʪʩʷ 

ʜʠʩʢʫʩʩʠʠ ʧʦ ʤʥʦʛʠʤ ʘʩʧʝʢʪʘʤ ʜʘʥʥʦʛʦ ʬʝʥʦʤʝʥʘ. ʅʘʠʙʦʣʝʝ ʜʠʩʢʫʩʩʠʦʥʥʳʤ 

ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʣʝʜʦʚʦʡ 

ʧʦʜʧʨʫʜʳ ʠ ʩʧʫʩʢʘ ʧʘʣʝʦʦʟʝʨʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʟʠʩʘ ʛʨʷʜʦʚʦʡ 

ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʳ ʚ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ. ʉʦʛʣʘʩʥʦ ʦʜʥʠʤ ʨʘʙʦʪʘʤ [ʈʫʜʦʡ, 2005; 

ɹʫʪʚʠʣʦʚʩʢʠʡ, 1993; Bohorquez et al., 2019; Agatova et. al., 2020], ʧʦ ʜʦʩʪʠʞʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʤʝʪʢʠ ʥʘʧʦʣʥʝʥʠʷ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʣ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ ʧʨʦʨʳʚ 

ʣʝʜʦʚʦʡ ʧʦʜʧʨʫʜʳ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʫʧʝʨʧʘʚʦʜʢʘ ʩ ʨʘʩʭʦʜʦʤ ʚʦʜʳ ʚ ʤʠʣʣʠʦʥʳ 

ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ. ʆʩʥʦʚʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ 

ʘʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʥʘʣʠʯʠʝ ʥʘ ʜʥʝ ʚʧʘʜʠʥ ʧʦʣʝʡ çʛʠʛʘʥʪʩʢʦʡ ʨʷʙʠ ʪʝʯʝʥʠʷè, 

ʢʦʪʦʨʳʝ ʩʯʠʪʘʪʁʩʷ ʘʥʘʣʦʛʦʤ ʨʫʩʣʦʚʳʭ ʜʶʥ ʥʘ ʜʥʝ ʨʝʯʥʳʭ ʧʦʪʦʢʦʚ. ɺ ʨʷʜʝ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [ʇʦʟʜʥʷʢʦʚ, ʍʦʥ, 2018; ʍʦʥ, 2013; ʇʦʟʜʥʷʢʦʚ, 2019] ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʛʠʧʦʪʝʟʳ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʩʧʫʩʢʘ ʧʘʣʝʦʦʟʝʨʘ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʥʥʳʭ ʨʫʩʣʦʚʳʭ 

ʛʨʷʜ ʠ ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ ʥʘ ʩʢʣʦʥʘʭ ʢʦʪʣʦʚʠʥ.  
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ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʳʷʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʜʝʛʨʘʜʘʮʠʠ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʛʝʥʝʟʠʩʘ ʛʨʷʜʦʚʦ-ʣʦʞʙʠʥʥʦʛʦ ʨʝʣʴʝʬʘ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. ʍʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʟʘ ʩʯʝʪ 

ʩʘʤʦʥʘʤʦʨʘʞʠʚʘʥʠʷ ʣʝʜʦʚʦʡ ʧʣʦʪʠʥʳ ʚ ʧʝʨʠʦʜ ʧʦʭʦʣʦʜʘʥʠʷ ʢʣʠʤʘʪʘ (ʧʦʟʜʥʠʡ 

ʧʣʝʡʩʪʦʮʝʥ) ʠ ʨʘʟʤʳʚʘ ʣʝʜʦʚʦʡ ʧʦʜʧʨʫʜʳ ʚ ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʥʘʯʘʚʰʝʛʦʩʷ 

ʧʦʪʝʧʣʝʥʠʷ ʚ ʛʦʣʦʮʝʥʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩ r ʬʦʨʤʠʨʦʚʘʥʠ ̫ ʢʦʤʧʣʝʢʩʘ 

ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʛʨʷʜʦʚʦ-ʣʦʞʙʠʥʥʦʛʦ 

ʤʝʟʦʨʝʣʴʝʬʘ (ʧʦʜʦʙʥʦʛʦ çʨʷʙʠ ʪʝʯʝʥʠʷè) ʠ ɻʨʦʟʠʦʥʥʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʥʠʱʘ ʢʦʪʣʦʚʠʥ, ʦʩʚʦʙʦʞʜʘʶʱʝʡʩʷ ʦʪ ʟʘʪʦʧʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ ʚ ʧʨʝʜʝʣʘʭ 

ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ ʠ ʥʠʞʝʣʝʞʘʱʠʭ ʜʦʣʠʥ ʨʝʢ, ʘ ʪʘʢʞʝ ʨʝʰʠʪʴ ʚʦʧʨʦʩʳ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʦʨʥʦʛʦ 

ɸʣʪʘʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ20-35-90051\20 çCʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠ ʜʝʛʨʘʜʘʮʠʷ 

ʫʣʴʪʨʘʚʳʩʦʢʦʥʘʧʦʨʥʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʏʫʡʩʢʦ-

ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ. ɻʝʥʝʟʠʩ ʠ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʦʨʬʦʣʠʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘè. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʨʘʜʘʮʠʠ ʫʣʴʪʨʘʚʳʩʦʢʦʥʘʧʦʨʥʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʏʫʡʩʢʦ-

ʂʫʨʘʡʩʢʦʛʦ ʦʟʝʨʘ ʫʞʝ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʠʩʩʣʝʜʫʶʪʩʷ ʩ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ ʵʪʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʬʝʥʦʤʝʥʘ [ʃʫʥʛʝʨʩʛʘʫʟʝʥ, ʈʘʢʦʚʝʮ, 1958]. ʇʦʜʨʦʙʥʳʝ ʦʧʠʩʘʥʠʷ 

ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ ʦʟʝʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ ɽ.ɺ. ɼʝʚʷʪʢʠʥʘ 

[ɼʝʚʷʪʢʠʥ, 1965], ʅ.ɸ. ɽʬʠʤʮʝʚʘ [ɽʬʠʤʮʝʚ, 1964], ʃ.ʅ. ʀʚʘʥʦʚʩʢʦʛʦ 

[ʀʚʘʥʦʚʩʢʠʡ, 1956; 1967; 1981], ɺ.ɽ. ʇʦʧʦʚʘ [ʇʦʧʦʚ, 1954; 1962] ʠ ʨʷʜʘ ʜʨʫʛʠʭ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʦʪʣʦʞʝʥʠʡ. ʆʪʜʝʣʴʥʳʝ ʚʦʧʨʦʩʳ 

ʜʠʥʘʤʠʢʠ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʧʘʣʝʦʦʟʝʨʘ ʠʟʫʯʘʣʠʩʴ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ 

ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʚ ʨʘʙʦʪʘʭ ʇ.ɸ. ʆʢʠʰʝʚʘ [ʆʢʠʰʝʚ, 1982; 

2011], ʇ.ʉ. ɹʦʨʦʜʘʚʢʦ [ɹʦʨʦʜʘʚʢʦ, 2003], ɺ.ʇ. ɻʘʣʘʭʦʚʘ, ʉ.ʖ. ʉʘʤʦʡʣʦʚʦʡ 
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[ɻʘʣʘʭʦʚ, ʉʘʤʦʡʣʦʚʘ, 2007; 2008; ʉʘʤʦʡʣʦʚʘ, 2010], ɺ.ɺ. ɹʫʪʚʠʣʦʚʩʢʦʛʦ 

[ɹʫʪʚʠʣʦʚʩʢʠʡ, 1993] ʠ ɸ.ʅ. ʈʫʜʦʛʦ [ʈʫʜʦʡ, 2005] ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʨʝʣʴʝʬ ʠ 

ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ ʚ ʢʘʯʝʩʪʚʝ ʩʣʝʜʦʚ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ 

ʧʦʪʦʢʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʫʩʢʘ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʧʘʣʝʦʦʟʝʨʘ. ʅʘ 

ʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʦʩʥʦʚʘʥʳ ʨʘʙʦʪʳ ʀ.ɼ. ɿʦʣʴʥʠʢʦʚʘ, ɽ.ɺ. ɼʝʝʚʘ, 

ɸ.ɸ. ʄʠʩʪʨʶʢʦʚʘ [ɿʦʣʴʥʠʢʦʚ, 2008; 2009; 2011; ɿʦʣʴʥʠʢʦʚ, ʄʠʩʪʨʶʢʦʚ, 2008; 

ɿʦʣʴʥʠʢʦʚ, ɼʝʝʚ, 2012; 2013], ɸ.ʈ. ɸʛʘʪʦʚʦʡ [Agatova et. al., 2020], ɻ.ɻ. ʈʫʩʘʥʦʚʘ 

[ʈʫʩʘʥʦʚ, 1997; 2007], ɻ.ʗ. ɹʘʨʳʰʥʠʢʦʚʘ, ɸ.ɺ. ʇʘʥʠʥʘ [ɹʘʨʳʰʥʠʢʦʚ, ʇʘʥʠʥ, 

ɹʘʨʳʰʥʠʢʦʚ, 2017] ʠ ʜʨ. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ɺ.ɺ. ɹʫʪʚʠʣʦʚʩʢʦʛʦ ʠ ɸ.ʅ. ʈʫʜʦʛʦ ʙʳʣʠ 

ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʤʝʛʘʧʘʚʦʜʢʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʚʰʠʭʩʷ ʟʘʨʫʙʝʞʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʇ. ʂʘʨʣʠʥʛʦʤ, ʖ. ʍʝʨʛʝʪʦʤ, 

ɺ. ɹʝʡʢʝʨʦʤ, ɻ. ɹʝʥʠʪʦ [Baker V.R., Benito G., Rudoy A.N., 1993; Herget, 2005; 

Bohorquez, Carling, Herget, 2016; Bohorquez, Jimenez-Ruiz, Carling, 2019] ʠ ʜʨ. 

ʂʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʠʧʦʪʝʟʳ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʘʚʦʜʢʦʚ ʧʨʦʚʦʜʠʣʩʷ ʇ.ɸ. 

ʆʢʠʰʝʚʳʤ [ʆʢʠʰʝʚ, ɹʦʨʦʜʘʚʢʦ, 2001], ɸ.ɺ. ʇʦʟʜʥʷʢʦʚʳʤ, ɸ.ɺ. ʍʦʥʦʤ 

[ʇʦʟʜʥʷʢʦʚ, ʍʦʥ, 2018; ʍʦʥ, 2013] ʠ ʜʨ., ʫʢʘʟʳʚʘʚʰʠʝ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ 

ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ ʪʝʨʨʠʪʦʨʠʠ ʠ ʧʨʦʪʠʚʦʨʝʯʘʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʨʨʠʪʦʨʠʷ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʤʝʞʛʦʨʥʳʭ 

ʢʦʪʣʦʚʠʥ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ 

ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʦʟʝʨʥʦʛʦ ʙʘʩʩʝʡʥʘ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʥʝʟʠʩʘ ʛʨ̫ ʜʦʚʦ-ʣʦʞʙʠʥʥʦʛʦ ʨʝʣʴʝʬʘ 

ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ; ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ 

ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʜʝʛʨʘʜʘʮʠʠ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʧʘʣʝʦʦʟʝʨʘ. 
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2. ʇʨʦʚʝʩʪʠ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ ʂʫʨʘʡʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ. 

3. ʇʦʩʪʨʦʠʪʴ ʩʭʝʤʫ ʦʩʥʦʚʥʳʭ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ ʜʥʠʱʘ ʂʫʨʘʡʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ ʩ ʧʦʤʦʱʴʶ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ. 

4. ʆʧʨʝʜʝʣʠʪʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ ʠ ʠʭ ʘʙʩʦʣʶʪʥʳʝ 

ʚʳʩʦʪʳ. 

5. ʋʪʦʯʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʦʟʝʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ 

ʟʘʧʦʣʥʝʥʠʷ ʢʦʪʣʦʚʠʥʳ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ. 

6. ʇʨʦʚʝʩʪʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʨʠʪʦʢʦʚ ʠ ʠʩʪʦʢʦʚ 

ʦʟʝʨʘ ʥʘ ʩʪʘʜʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ ʦʟʝʨʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

7. ʈʘʩʢʨʳʪʴ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ 

ʣʝʜʦʚʦʡ ʧʣʦʪʠʥʳ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʦʟʝʨʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

1. ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʠ ʚʩʢʨʳʪʳ ʰʫʨʬʘʤʠ ʨʝʣʠʢʪʳ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʧʦʢʨʳʚʘʶʱʠʭ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʠʢʦʚʫʶ ʪʦʣʱʫ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ ʂʫʨʘʡʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʷʜʦʚʳʭ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ ʚ 

ʜʦʦʟʝʨʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ.  

2. ɺ ʧʨʝʜʝʣʘʭ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʫʩʪʘʥʦʚʣʝʥʳ 

ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʫʟʣʳ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʨʝʣʠʢʪʦʚ ʘʙʨʘʟʠʦʥʥʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʪʝʨʨʘʩ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʚʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ. 

3. ʅʘ ʩʢʣʦʥʘʭ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥ ʫʩʪʘʥʦʚʣʝʥ r201 ʘʙʨʘʟʠʦʥʥʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʪʝʨʨʘʩ-rʫʨʦʚʥʠ ʚ ʧʨʝʜʝʣʘʭ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ 1531-2133 ʤ. 

4. ʆʧʨʝʜʝʣʝʥʘ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʪʝʨʨʘʩ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥ, 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʨʷʜʢʘ 3 ʤʝʩʷʮʝʚ ʪʝʧʣʦʛʦ ʩʝʟʦʥʘ. 

5. ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʧʨʠʪʦʢʘʭ ʠ ʠʩʪʦʢʘʭ ʏʫʡʩʢʦ-

ʂʫʨʘʡʩʢʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺʳʷʚʣʝʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ ʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʏʫʡʩʢʦ-

ʂʫʨʘʡʩʢʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ r ʧʨʠ 

ʢʘʨʪʠʨʦʚʘʥʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʥʝʟʠʩʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʡʦʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ; ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ 

ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʫʨʩʦʚ çɻʠʜʨʦʣʦʛʠʷè, 

çʇʘʣʝʦʛʝʦʛʨʘʬʠʷè ʠ ʧʨʦʚʝʜʝʥʠʠ ʫʯʝʙʥʳʭ ʧʦʣʝʚʳʭ ʧʨʘʢʪʠʢ.  

ʄʝʪʦʜʦʣʦʛʠ̫ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʧʦʣʝʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ: ʧʦʩʪʨʦʝʥʠʝ ʪʝʦʜʦʣʠʪʥʳʭ ʠ ʥʠʚʝʣʠʨʦʚʦʯʥʳʭ ʧʨʦʬʠʣʝʡ 

ʘʙʨʘʟʠʦʥʥʳʭ ʠ ʬʣʶʚʠʘʣʴʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ, ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʦʪʣʦʞʝʥʠʡ, ʚʩʢʨʳʪʳʭ ʰʫʨʬʘʤʠ ʠ ʨʘʟʨʝʟʘʤʠ, ʦʪʙʦʨ ʧʨʦʙ ʥʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʞʠʚʦʛʦ 

ʩʝʯʝʥʠʷ ʨʫʩʣʘ ʨʝʢʠ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ: ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʘʥʘʣʠʟ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʝʬʘ ʠ ʜʨ. ʈʝʪʨʦʩʧʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʨʠʪʦʢʦʚ ʠ ʠʩʪʦʢʦʚ ʦʟʝʨʘ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʝʛʦ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʞʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʤʘʨʰʨʫʪʥʳʭ ʨʘʙʦʪ 

ʧʦ ʠʟʫʯʝʥʠʶ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʟʠʩʘ ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ ʧʨʦʚʝʜʝʥʳ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʠʙʦʣʝʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʫʯʘʩʪʢʘ ï ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦ-ʣʦʞʙʠʥʥʦʛʦ ʧʦʣʷ ʥʘ 

ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ʊʶʪʝ. ʅʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʧʨʦʚʝʜʝʥʦ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʜʚʫʭ 

ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʬʠʣʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʷʜ, ʧʦ ʣʠʥʠʠ ʢʦʪʦʨʳʭ ʟʘʣʦʞʝʥʳ 11 ʨʘʟʨʝʟʦʚ 

ʦʪʣʦʞʝʥʠʡ ʩ ʠʭ ʦʧʠʩʘʥʠʝʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʩʪʨʦʝʥʦ 2 ʪʝʦʜʦʣʠʪʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʧʨʦʬʠʣʷ ʧʦ ʚʝʨʰʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʷʜ ʠ ʧʨʦʚʝʜʝʥʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʩʝʪʠ ʪʘʣʴʚʝʛʦʚ. ʄʘʨʰʨʫʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʘʢʞʝ ʦʭʚʘʪʠʣʠ ʊʶʪʝ-ɸʢʪʫʨʠʥʩʢʦʝ ʛʨʷʜʦʚʦʝ ʧʦʣʝ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʪʝʨʨʘʩ 

ʥʘ ʩʢʣʦʥʘʭ ʢʦʪʣʦʚʠʥ ï ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 
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ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʠ 

ʥʠʚʝʣʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ ʧʦ 4 ʧʨʦʬʠʣʷʤ ʥʘ ʩʢʣʦʥʘʭ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. ɼʝʰʠʬʨʠʨʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʚʠʩʦʚ Google Earth, Bing, ArcGIS Online. ʆʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʦʟʝʨʥʦʛʦ ʚʦʜʦʝʤʘ ʠ ʣʝʜʦʚʦʡ ʧʦʜʧʨʫʜʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʨʝʜʝ 

ArcGIS 10.6.1. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ SRTM (90 ʤ, 

https://srtm.csi.cgiar.org/). ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʧʨʘʚʦʯʥʠʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʳ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʨʫʩʣʘ ʨ. ʏʫʷ ʚ ʤʝʞʝʥʥʳʡ ʠ 

ʧʘʚʦʜʢʦʚʳʡ ʧʝʨʠʦʜ ʥʘ ʫʯʘʩʪʢʝ ʥʠʞʝ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ɻʨʷʜʦʚʦ-ʣʦʞʙʠʥʥʘʷ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʘ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʢʦʧʘʥʥʳʡ ʨʝʣʴʝʬ ʥʘʟʝʤʥʳʭ ʜʝʣʴʪ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ 

ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʜʦʦʟʝʨʥʳʡ ʧʝʨʠʦʜ.  

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʫʪʝʤ ʧʦʩʣʦʡʥʦʛʦ 

ʥʘʤʦʨʘʞʠʚʘʥʠʷ ʣʝʜʦʚʦʛʦ ʪʝʣʘ ʧʦʜʧʨʫʜʳ ʩʠʥʭʨʦʥʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʦʟʝʨʘ.  

3. ʉʧʫʩʢ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʣʠʚʘ ʚʦʜʳ 

ʯʝʨʝʟ ʛʨʝʙʝʥʴ ʣʝʜʦʚʦʡ ʧʦʜʧʨʫʜʳ ʠ ʪʝʨʤʦʵʨʦʟʠʦʥʥʦʛʦ ʨʘʟʤʳʚʘ ʢʘʥʘʣʦʚ ʩʪʦʢʘ, 

ʧʨʦʜʦʣʞʘʚʰʝʛʦʩʷ ʥʝ ʤʝʥʝʝ 200 ʣʝʪ. 

ɼʦʩʪʦʚʝʨʥʦʩʪ ɹ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʦʨʘʙʦʪʢʦʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʧʦʣʝʚʳʤ 

ʬʘʢʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʩʦʙʨʘʥʥʳʤ ʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʱʝʧʨʠʥʷʪʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʫʙʣʠʢʘʮʠʝʡ ʦʩʥʦʚʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ɸʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʣʘʙʦʨʘʪʦʨʠʠ ʃʉɻ ʚ ʧʝʨʠʦʜ ʩ 2018 ʛ. ʧʦ 2021 ʛ. ʧʨʦʚʦʜʠʣʩʷ ʩʙʦʨ ʧʦʣʝʚʦʛʦ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʊʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 
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ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦ ʪʝʤʘʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ Google Earth, Bing, ArcGIS Online ʠ ɻʀʉ-ʧʘʢʝʪʘ 

ArcGIS 10.6.1. ʧʨʦʚʝʜʝʥʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ 

ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʳ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ ʠ ʩʦʩʪʘʚʣʝʥʘ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʜʥʠʱʘ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. ʀʩʧʦʣʴʟʫʷ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʧʣʘʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʏʫʡʩʢʦ-

ʂʫʨʘʡʩʢʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ ʠ ʧʦʜʧʨʫʞʠʚʘʚʰʝʡ ʝʛʦ ʣʝʜʦʚʦʡ ʧʣʦʪʠʥʳ. 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʟʣʦʞʝʥʦ ʚ 11 ʧʫʙʣʠʢʘʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 4 ʩʪʘʪʴʷʭ ʚ ʞʫʨʥʘʣʘʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ 

ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ 

ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʥʘʫʢ (ʚ ʪʦʤ ʯʠʩʣʝ 

1 ʩʪʘʪʴʷ ʚ ʨʦʩʩʠʡʩʢʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ, ʧʝʨʝʚʦʜʥʘʷ ʚʝʨʩʠʷ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʚ 

Web of Science; 1 ʩʪʘʪʴʷ ʚ ʨʦʩʩʠʡʩʢʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ, ʚʭʦʜʷʱʝʤ ʚ Web of 

Science; 1 ʩʪʘʪʴʷ ʚ ʨʦʩʩʠʡʩʢʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ, ʚʭʦʜʷʱʝʤ ʚ Scopus; 1 ʩʪʘʪʴʷ ʚ 

ʨʦʩʩʠʡʩʢʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ, ʚʭʦʜʷʱʝʤ ʚ Russian Science Citation Index), 7 

ʩʪʘʪʴʷʭ ʚ ʩʙʦʨʥʠʢʘʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʢʦʥʬʝʨʝʥʮʠʡ.  

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ: XXXVI  ʇʣʝʥʫʤ ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʠ ʈɸʅ çɻʝʦʤʦʨʬʦʣʦʛʠʷ 

ï ʥʘʫʢʘ ʍʍI ʚʝʢʘè (ɹʘʨʥʘʫʣ, 2018), çɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʵʨʦʟʠʦʥʥʳʭ ʠ 

ʨʫʩʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭè (ʄʦʩʢʚʘ, 2019), çVIII 

ʑʫʢʠʥʩʢʠʝ ʯʪʝʥʠʷè (ʄʦʩʢʚʘ, 2020); ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: XIV 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʪʝʨʵʢʩʧʦ ɻɽʆ-ʉʠʙʠʨʴè (ʅʦʚʦʩʠʙʠʨʩʢ, 

2019), çPaleolimnology of Northern Eurasiaè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2022); ʥʘ 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʟʠʤʫʪ 

ɻɽʆʥʘʫʢ ï 2022è (ʊʦʤʩʢ, 2022). 

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

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʷʪʠ ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 129 
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ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 11 ʪʘʙʣʠʮ, 57 ʨʠʩʫʥʢʦʚ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 163 

ʠʩʪʦʯʥʠʢʦʚ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʜʠʩʩʝʨʪʘʮʠʠ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ 

ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜʦʢʪʦʨʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ ʇʦʟʜʥʷʢʦʚʫ 

ɸʣʝʢʩʘʥʜʨʫ ɺʘʩʠʣʴʝʚʠʯʫ ʟʘ ʨʫʢʦʚʦʜʩʪʚʦ ʠ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʥʘʧʠʩʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɹʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʢʘʥʜʠʜʘʪʫ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ ʇʫʯʢʠʥʫ ɸʣʝʢʩʝʶ ɺʘʩʠʣʴʝʚʠʯʫ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʩʦʚʤʝʩʪʥʳʭ ʧʦʣʝʚʳʭ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ. 

  



12 

1 ʇʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʳʭ 

ʦʟʝʨ 

 

1.1 ʃʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʳʝ ʦʟʝʨʘ ʚ ʧʣʝʡʩʪʦʮʝʥʝ ʠ ʛʦʣʦʮʝʥʝ 

 

ʉʦʛʣʘʩʥʦ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ [Hays, Imbrie, Shackleton et al., 1976; 

Petit, Jouzel, Raynaud et al., 1999], ʚ ʪʝʯʝʥʠʝ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʣʠ 

ʛʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʚʳʨʘʞʘʚʰʠʝʩʷ ʚ ʩʤʝʥʘʭ ʵʧʦʭ ʧʦʭʦʣʦʜʘʥʠʡ 

ï ʢʨʠʦʭʨʦʥʦʚ ʠ ʧʦʪʝʧʣʝʥʠʡ ï ʪʝʨʤʦʭʨʦʥʦʚ, ʠ ʩʦʧʨʦʚʦʞʜʘʚʰʠʝʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʠ ʧʫʪʝʡ ʧʝʨʝʥʦʩʘ ʚʣʘʛʠ. ɹʝʟʫʩʣʦʚʥʦ, ʩʤʝʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʧʨʠʚʦʜʠʣʘ ʢ ʢʦʨʝʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ ʣʘʥʜʰʘʬʪʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ 

[Hubbertena, Andreev, Astakhov et al., 2004] ʠ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʝʪʠ [Mangerud, Jakobsson, Alexanderson et al., 2004; Panin, Astakhov, Lotsari et al., 

2020; Baker, 2009; 2020], ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʣʦ ʭʦʜ ʵʢʟʦʛʝʥʥʳʭ 

ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɺʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʫʩʪʘʥʦʚʣʝʥʳ ʩʝʨʠʠ ʤʦʨʝʥ ʠ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ ʛʦʨʥʦ-ʜʦʣʠʥʥʦʛʦ 

ʦʣʝʜʝʥʝʥʠʷ, ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʩʥʠʞʝʥʠʝ ʩʥʝʛʦʚʦʡ ʣʠʥʠʠ ʚ ʵʧʦʭʠ 

ʛʣʦʙʘʣʴʥʳʭ ʧʦʭʦʣʦʜʘʥʠʡ. ʉʦʧʨʷʞʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʝʨʠʦʜʦʚ ʧʦʭʦʣʦʜʘʥʠʡ ʙʳʣʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʰʠʨʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʳʭ ʦʟʝʨ, ʢʦʪʦʨʦʝ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʳʚʘʶʪ ʩ ʙʣʦʢʠʨʦʚʘʥʠʝʤ ʣʝʜʥʠʢʘʤʠ ʨʝʯʥʳʭ ʜʦʣʠʥ, ʜʨʝʥʠʨʫʶʱʠʭ 

ʚʳʰʝʣʝʞʘʱʠʝ ʤʝʞʛʦʨʥʳʝ ʚʧʘʜʠʥʳ [Baker, 2009; 2020].  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʘʣʝʦʦʟʝʨ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʣʦ ʭʦʜ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʚʦʜʦʩʙʦʨʥʳʭ ʙʘʩʩʝʡʥʘʭ ʠ ʨʫʩʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʞʝʣʝʞʘʱʠʭ ʜʦʣʠʥʘʭ ʨʝʢ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʩʪʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʣʠʤʥʦʛʝʥʥʳʭ ʠ 

ʬʣʶʚʠʘʣʴʥʳʭ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ, ʨʝʣʠʢʪʳ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʈʝʣʠʢʪʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʘʣʝʦʦʟʝʨ ʣʫʯʰʝ ʚʩʝʛʦ ʩʦʭʨʘʥʠʣʠʩʴ ʚ 

ʧʨʝʜʝʣʘʭ ʛʦʨʥʳʭ ʩʪʨʘʥ: ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʜʨʝʚʥʠʝ ʙʝʨʝʛʦʚʳʝ ʪʝʨʨʘʩʳ ʥʘ ʩʢʣʦʥʘʭ 

ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʧʨʝʞʥʝʛʦ ʫʨʦʚʥʷ ʚʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʣʝʦʚʦʜʦʝʤʦʚ; ʥʘ ʜʥʝ ʚʧʘʜʠʥ ʩʦʭʨʘʥʠʣʩʷ ʧʦʢʨʦʚ ʦʟʝʨʥʳʭ 
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ʦʪʣʦʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʝʩʢʘʤʠ, ʩʣʦʠʩʪʳʤʠ ʛʣʠʥʘʤʠ ʠ ʪ.ʧ., ʘ ʪʘʢʞʝ 

ʵʨʨʘʪʠʯʝʩʢʠʝ ʚʘʣʫʥʳ, ʧʨʠʥʝʩʝʥʥʳʝ ʧʣʘʚʫʯʠʤʠ ʣʴʜʘʤʠ ʩʦ ʩʢʣʦʥʦʚ ʜʦʣʠʥ; ʢʨʦʤʝ 

ʪʦʛʦ, ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʥʘʙʣʶʜʘʶʪʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʨʝʯʥʳʝ 

ʪʝʨʨʘʩʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʙʦʣʝʝ ʧʦʣʥʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʦʰʣʦʤ 

[Pupyshev, Pozdnyakov, 2022]. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʧʨʠʤʝʨʦʤ ʜʨʝʚʥʠʭ ʧʘʣʝʦʦʟʝʨ ʩʣʫʞʠʪ ʛʣʷʮʠʘʣʴʥʦʝ 

ʦʟʝʨʦ ʄʠʩʩʫʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ (ʉʐɸ, ʰʪʘʪ ʄʦʥʪʘʥʘ) ʚ 

ʜʦʣʠʥʝ ʨʝʢʠ ʂʣʘʨʢ-ʌʦʨʢ (ʧʨʠʪʦʢ ʨʝʢʠ ʂʦʣʫʤʙʠʷ). ɺʧʝʨʚʳʝ ʨʝʣʠʢʪʦʚʳʝ 

ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʳ ʜʘʥʥʦʛʦ ʧʘʣʝʦʦʟʝʨʘ ʦʧʠʩʳʚʘʣ ɼʞʦʟʝʬ ʇʘʨʜʠ, 

ʘʨʛʫʤʝʥʪʠʨʦʚʘʚʰʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʟʝʨʘ ʥʘʣʠʯʠʝʤ ʧʦʚʩʝʤʝʩʪʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʙʝʨʝʛʦʚʳʭ ʪʝʨʨʘʩ ʥʘ ʩʢʣʦʥʘʭ ʛʦʨ ʠ ʜʦʣʠʥ, 

ʢʦʪʦʨʳʝ ʧʝʨʚʦʧʨʦʭʦʜʮʳ ʠʟʥʘʯʘʣʴʥʦ ʧʨʠʥʠʤʘʣʠ ʟʘ çʩʪʘʨʳʝ ʪʨʦʧʳ ʙʫʡʚʦʣʦʚè 

[Pardee, 1910]. ʇʦʟʞʝ ʛʝʦʣʦʛʦʤ ɼʞ. ʍ. ɹʨʝʪʮʦʤ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʂʦʣʫʤʙʠʡʩʢʦʝ 

ʙʘʟʘʣʴʪʦʚʦʝ ʧʣʘʪʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ ʂʦʣʫʤʙʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʛʣʫʙʦʢʠʭ 

ʜʦʣʠʥ, ʫʱʝʣʠʡ ʠ ʢʘʥʘʣʦʚ (ʢʫʣʠ), ʚʨʝʟʘʥʥʳʭ ʚ ʙʘʟʘʣʴʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʫʶ 

ɼʞ. ʍ. ɹʨʝʪʮ ʥʘʟʚʘʣ ççThe channeled scablandè, ʯʪʦ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʢʘʢ 

çʠʟʨʝʟʘʥʥʘʷ ʢʘʥʘʣʘʤʠ ʟʝʤʣʷè. ʀʤ ʞʝ ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʜʦʣʠʥʳ 

ʠ ʫʱʝʣʴʷ ʙʘʟʘʣʴʪʦʚʦʛʦ ʧʣʘʪʦ (ʪ.ʥ. ʩʢʵʙʣʝʥʜ) ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʱʥʦʛʦ 

ʥʘʚʦʜʥʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʦʩʫʰʝʥʠʝʤ ʦʟʝʨʘ ʄʠʩʩʫʣʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʨʦʤʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʱʝʣʠʡ-ʢʫʣʠ, 

ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʥʘʣʠʯʠʝ ʥʘ ʜʥʝ ʜʦʣʠʥ ʤʦʱʥʳʭ ʪʦʣʱ ʦʩʘʜʢʦʚ ï ʙʘʨʦʚ ʠ 

ʛʠʛʘʥʪʩʢʠʭ ʛʨʘʚʠʡʥʳʭ ʜʶʥ, ʢʦʪʦʨʳʝ ʢʘʢ ʧʦʣʘʛʘʣʦʩʴ ʦʩʘʞʜʘʣʠʩʴ ʚ ʤʦʱʥʦʤ 

ʚʦʜʥʦʤ ʧʦʪʦʢʝ [Bretz, 1923]. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʳʭ ʧʘʣʝʦʦʟʝʨ (ʪʘʙʣ. 1). ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳ ʧʘʣʝʦʦʟʝʨʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʘʟʠʠ, ʪʘʢʠʝ ʢʘʢ ʦʟʝʨʘ ɺʠʪʠʤ [Margold, 

Jansen, Codilean et al. 2018], ɼʘʨʭʘʪʩʢʦʝ [Krivonogov, Sheinkman, Mistruykov, 2005; 

Gillespie, Burke, Komatsu et al., 2008] ʠ ʜʨ., ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ï ʧʘʣʝʦʦʟʝʨʘ 

ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʂʦʣʫʤʙʠʷ ï ʄʠʩʩʫʣʘ ʠ ʉʧʦʢʘʥ [OôConnor, Baker, Waitt et al., 2020; 
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Smith, Sohbati, Buylaert et al., 2018; Hanson, Clague, 2016]. ʏʘʱʝ ʚʩʝʛʦ ʩʣʝʜʳ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʘʣʝʦʦʟʝʨ ʦʙʥʘʨʫʞʠʚʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ, 

ʦʨʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢʦʪʦʨʳʭ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʝʜʦʚʳʭ 

ʧʦʜʧʨʫʜ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʣʫʯʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ ʙʝʨʝʛʦʚʳʭ ʪʝʨʨʘʩ. ʆʜʥʘʢʦ 

ʠʤʝʶʪʩʷ ʢʦʩʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʟʝʨ ʠ ʥʘ ʨʘʚʥʠʥʥʳʭ ʯʘʩʪʷʭ 

ʢʦʥʪʠʥʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʄʘʥʩʠʡʩʢʦʝ ʦʟʝʨʦ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ [Panin, Astakhov, 

Lotsari et al., 2020], ʦʟʝʨʦ ɸʛʘʩʠʩ ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ [Fisher, 2003], ʘ ʪʘʢʞʝ ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʰʝʣʴʬʦʚ ï ʦʟʝʨʦ ʉʝʚʝʨʥʦʛʦ ʄʦʨʷ [Hjelstuen, Sejrup, 

Valvik et al., 2018]. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʟʫʯʝʥʠʶ ʧʘʣʝʦʟʝʨ [OôConnor, Baker, Waitt et al., 2020; Smith, Sohbati, Buylaert et 

al., 2018; Hanson, Clague, 2016; Hjelstuen, Sejrup, Valvik et al., 2018; Baker, 2009; 

2020], ʪʘʢʞʝ ʩʚʷʟʳʚʘʶʪ ʠʭ ʦʩʫʰʝʥʠʝ ʩ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʣʝʜʦʚʳʭ 

ʧʣʦʪʠʥ ʠ ʚʦʟʥʠʢʘʶʱʠʤʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʛʣʷʮʠʘʣʴʥʳʤʠ 

ʩʫʧʝʨʧʘʚʦʜʢʘʤʠ. 

ʊʘʙʣʠʮʘ 1 ï ʇʨʠʤʝʨʳ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʳʭ 

ʧʘʣʝʦʦʟʝʨ ʠ ʠʭ ʧʘʨʘʤʝʪʨʳ (Smax ï ʧʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ, Vmax ï ʦʙʲʝʤ ʚʦʜʳ, Ymax ï 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ ʫʨʝʟʘ ʚʦʜʳ, Hmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ) 

(ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

ʇʘʣʝʦʦʟʝʨʦ Smax, 

ʢʤ2 

Vmax, 

ʢʤ3 

Ymax

, ʤ 

Hmax, 

ʤ 

ɺʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

(ʜʘʪʠʨʦʚʢʠ), ʪʳʩ. ʣ.ʥ. 

ʀʩʪʦʯʥʠʢ 

ʄʠʩʩʫʣʘ 

(ʉʝʚʝʨʥʘʷ 

ɸʤʝʨʠʢʘ, 

ʙʘʩʩʝʡʥ ʨʝʢʠ 

ʂʦʣʫʤʙʠʷ) 

10700 

 

2540 

 

1295 650 ʩʫʱʝʩʪʚʫʝʪ 3-4 ʪʳʩ. ʣʝʪ ʚ 

ʪʝʯʝʥʠʝ 20-14 ʪʳʩ. ʣʝʪ; 

ʠʩʯʝʟʣʦ 13,7ï13,4 ʪʳʩ. 

ʣʝʪ ʥʘʟʘʜ 

OôConnor, 

Baker, Waitt et 

al., 2020 

ʂʦʣʫʤʙʠʷ 

(ʉʧʦʢʘʥ) 

(ʉʝʚʝʨʥʘʷ 

ɸʤʝʨʠʢʘ, 

ʙʘʩʩʝʡʥ ʨʝʢʠ 

ʂʦʣʫʤʙʠʷ) 

6140 590 750 480 ~ 18,5-16 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ 

ʠ ʟʘʢʦʥʯʠʣʘʩʴ ʜʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ 

ʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ 

ʂʦʣʫʤʙʠʷ ~15,5 ʪʳʩ. ʣʝʪ 

ʥʘʟʘʜ 

OôConnor, 

Baker, Waitt et 

al., 2020 

ɹʦʥʥʝʚʠʣʴ 

(ʉʝʚʝʨʥʘʷ 

ɸʤʝʨʠʢʘ, 

ʙʘʩʩʝʡʥ ʨʝʢʠ 

ʂʦʣʫʤʙʠʷ) 

52110 10420 1552 328 ~ 18,5 ʪʳʩ. ʣ.ʥ. OôConnor, 

Baker, Waitt et 

al., 2020 
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ʆʢʦʥʯʘʥʠʝ ʊʘʙʣʠʮʳ 1 

ʃʘʭʦʥʪʘʥ 

(ʉʝʚʝʨʥʘʷ 

ɸʤʝʨʠʢʘ) 

22300 2020 1330 276 ʉ 40 ʪʳʩ. ʣ.ʥ. ʜʦ 5-9 

ʪʳʩ. ʣ.ʥ. 

Benson, 1978; 

Benson, 

Thompson, 1987. 

ʆʟʝʨʦ 

ʉʝʚʝʨʥʦʛʦ 

ʤʦʨʷ 

(ɽʚʨʘʟʠʷ, 

ʉʝʚʝʨʥʦʝ 

ʤʦʨʝ) 

- 3900 - <150 ʉ 26 ʪʳʩ. ʣ.ʥ. ʜʦ 18,7 

ʪʳʩ. ʣ.ʥ. 

Hjelstuen, Sejrup, 

Valvik et al., 2018 

ɸʛʘʩʩʠʩ 

(ʉʝʚʝʨʥʘʷ 

ɸʤʝʨʠʢʘ) 

841000 16300

0 

335 >200 C ~ 21,4 ʪʳʩ. ʣ.ʥ. ʜʦ ~ 

9,5-7,7 ʪʳʩ. ʣ.ʥ. 

Teller et al., 2002 

ʄʘʥʩʠʡʩʢʦʝ 

(ɽʚʨʘʟʠʷ, 

ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʘʷ 

ʨʘʚʥʠʥʘ) 

150000

0 

- ~125

-130 

- ʆʪ 60-50 ʪʳʩ. ʣ.ʥ. ʜʦ 

20-10 ʪʳʩ. ʣ.ʥ. 

ɺʦʣʢʦʚ, 

ɻʨʦʩʚʘʣʴʜ, 

ʊʨʦʠʮʢʠʡ, 1978; 

ɿʦʣʴʥʠʢʦʚ ʠ ʜʨ., 

2003; Mangerud et 

al., 2004 

ɺʠʪʠʤ 

(ɽʚʨʘʟʠʷ, 

ɿʘʙʘʡʢʘʣʴʝ) 

23500 3000 840 490 ʉ 60-56 ʪʳʩ. ʣ.ʥ. ʜʦ 

14,9 ʪʳʩ. ʣ.ʥ. 

Margold, Jansen, 

Codilean et al., 

2018 

ɼʘʨʭʘʪʩʢʦʝ 

(ɽʚʨʘʟʠʷ, 

ʄʦʥʛʦʣʠʷ) 

3366 333 1700 >180 ʉ 110-116 ʪʳʩ. ʣ.ʥ. ʜʦ 

15 ʪʳʩ. ʣ.ʥ. 

Krivonogov, 

Sheinkman, 

Mistruykov, 2005 

ʆʟʝʨʦ 

ʏʘʣʝʥʢʦ 

(ʇʘʪʘʛʦʥʠʷ,ʖ

ʞʥʘʷ 

ɸʤʝʨʠʢʘ) 

- - 520 ~400 ʉ 16,5 ʪʳʩ. ʣ.ʥ. ʜʦ 8 

ʪʳʩ. ʣ.ʥ. 

Thorndycraft et al., 

2019 

ʏʫʡʩʢʦ-

ʂʫʨʘʡʩʢʦʝ 

(ɽʚʨʘʟʠʷ, 

ɻʦʨʥʳʡ 

ɸʣʪʘʡ) 

3054 753 

 

2133 673 

 

C >45 ʪʳʩ. ʣ.ʥ. ʜʦ 10-

9,9 ʪʳʩ. ʣ.ʥ. 

ɹʦʨʦʜʘʚʢʦ, 2003; 

ʇʦʟʜʥʷʢʦʚ, 

ʇʫʧʳʰʝʚ, 2020; 

Agatova et al., 

2020 

 

ɺʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʣʝʦʦʟʝʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʳʚʘʶʪ ʩ 

ʧʝʨʠʦʜʦʤ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ ï ʧʦʨʷʜʢʘ 15-20 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʠʭ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʥʘ ʛʨʘʥʠʮʝ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥʘ, ʢʦʛʜʘ ʥʘʯʘʣʦʩʴ ʛʣʦʙʘʣʴʥʦʝ 

ʧʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ [Petit, Jouzel, Raynaud et al., 1999]. ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʪʤʝʯʘʝʪʩʷ ʠ 

ʙʦʣʝʝ ʨʘʥʥʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʘʣʝʦʦʟʝʨ (ʪʘʙʣ. 1). ʆʜʥʘʢʦ ʧʦʩʪʦʷʥʥʦʝ ʜʝʡʩʪʚʠʝ 

ʧʨʦʮʝʩʩʦʚ ʜʝʥʫʜʘʮʠʠ ʠ ʥʘʣʦʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ʩʪʠʨʘʝʪ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʝʣʠʢʪʳ ʧʨʦʰʣʳʭ ʵʧʦʭ, ʧʦʪɻʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʤʳ ʚʠʜʠʤ ʚ ʦʩʥʦʚʥʦʤ ʨʝʣʠʢʪʳ, ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʦʩʣʝʜʥʝʡ 

ʣʝʜʥʠʢʦʚʦʡ ʵʧʦʭʠ. 
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ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʦʜʥʠʤ ʠʟ ʥʘʛʣʷʜʥʳʭ ʧʨʠʤʝʨʦʚ ʧʘʣʝʦʦʟʝʨ ʷʚʣʷʝʪʩʷ 

ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʝ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʝ ʦʟʝʨʦ ʚ ɻʦʨʥʦʤ ɸʣʪʘʝ (ʶʛ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ).  

 

1.2 ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʝ ʧʘʣʝʦʦʟʝʨʦ ʟʘʥʠʤʘʣʦ ʏʫʡʩʢʫʶ ʠ ʂʫʨʘʡʩʢʫʶ ʤʝʞʛʦʨʥʳʝ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʚʧʘʜʠʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. 

ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʪʣʦʚʠʥ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ 

ʥʘ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ: ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʷʚʣʷʝʪʩʷ ʏʫʡʩʢʘʷ ʢʦʪʣʦʚʠʥʘ (75 ʢʤ ʚ ʜʣʠʥʫ 

ʠ 30 ʢʤ ʚ ʰʠʨʠʥʫ), ʤʝʥʴʰʘʷ ʧʦ ʨʘʟʤʝʨʘʤ ï ʂʫʨʘʡʩʢʘʷ ʢʦʪʣʦʚʠʥʘ (25 ʢʤ ʚ ʜʣʠʥʫ ʠ 

20 ʢʤ ʚ ʰʠʨʠʥʫ) (ʨʠʩ. 1). ɻʦʨʥʦʝ ʦʙʨʘʤʣʝʥʠʝ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʡ ʩʠʩʪʝʤʳ 

ʢʦʪʣʦʚʠʥ ʚʢʣʶʯʘʝʪ ʉʝʚʝʨʦ-ʏʫʡʩʢʠʡ ʠ ʖʞʥʦ-ʏʫʡʩʢʠʡ ʭʨʝʙʪʳ ʩ ʶʛʘ, ʂʫʨʘʡʩʢʠʡ 

ʭʨʝʙʝʪ ʩ ʩʝʚʝʨʘ ʠ ʭʨʝʙʪʳ ʉʘʡʣʶʛʝʤ ʠ ʏʠʭʘʯʝʚʘ ʩ ʚʦʩʪʦʢʘ ʠ ʶʛʦ-ʚʦʩʪʦʢʘ. 

ɸʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʜʥʠʱʘ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʚʘʨʴʠʨʫʶʪʩ ̫ ʦʪ 1480 ʤ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʦ 1750 ʤ ʧʦ ʧʝʨʠʬʝʨʠʠ. ɺ ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʵʪʦʪ ʜʠʘʧʘʟʦʥ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1700 ʜʦ 2150 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʛʦʨʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʏʫʡʩʢʦʡ ʠ 

ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥ ʭʘʨʘʢʪʝʨʝʥ ʪʠʧʠʯʥʳʡ ʘʣʴʧʠʡʩʢʠʡ ʨʝʣʴʝʬ, ʚ ʢʦʪʦʨʦʤ 

ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʚʳʩʦʪʥʳʭ ʫʨʦʚʥʷ. ʇʝʨʚʳʡ ʦʙʨʘʟʫʶʪ ʛʨʝʙʥʠ ʠ ʚʝʨʰʠʥʳ ʖʞʥʦ- ʠ 

ʉʝʚʝʨʦ-ʏʫʡʩʢʦʛʦ ʭʨʝʙʪʦʚ (ʘʙʩ. ʚʳʩʦʪʘ 3000-4000 ʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ 

ʧʨʝʚʳʰʝʥʠʷʤʠ ʚ 1500-2000 ʤ), ʨʝʣʴʝʬ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ ʛʣʫʙʦʢʠʤ ʵʨʦʟʠʦʥʥʳʤ 

ʨʘʩʯʣʝʥʝʥʠʝʤ ʩ ʣʦʢʘʣʴʥʳʤ ʣʝʜʥʠʢʦʚʳʤ ʵʢʟʘʨʘʮʠʦʥʥʳʤ ʠ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ ʚʝʨʰʠʥʘʤ ʭʨʝʙʪʦʚ 

ʂʫʨʘʡʩʢʦʛʦ ʠ ʏʠʭʘʯʝʚʘ (ʘʙʩ. ʚʳʩʦʪʘ 2500-3000 ʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ 

ʧʨʝʚʳʰʝʥʠʷʤʠ 800-1200 ʤ); ʟʜʝʩʴ ʚʳʩʦʢʦʛʦʨʥʳʡ ʫʨʦʚʝʥʴ ʨʘʩʯʣʝʥʝʥ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʣʘʙʝʝ, ʨʷʜ ʫʯʘʩʪʢʦʚ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʨʝʚʥʠʡ, ʨʝʣʠʢʪʦʚʳʡ 

ʭʦʣʤʠʩʪʦ-ʨʘʚʥʠʥʥʳʡ ʨʝʣʴʝʬ ʥʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʦʭʨʘʥʠʚʰʠʡʩʷ ʦʪ 

ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʟʘʨʘʮʠʠ [ʅʦʚʠʢʦʚ, 2004]. 

ɼʣʷ ʢʦʪʣʦʚʠʥ ʭʘʨʘʢʪʝʨʝʥ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʢʣʠʤʘʪ ʩ ʤʘʣʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ (ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʤʝʥʝʝ 200 ʤʤ) ʠ ʙʦʣʴʰʠʤʠ ʧʝʨʝʧʘʜʘʤʠ 
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ʪʝʤʧʝʨʘʪʫʨʳ (ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ï27Á ʜʦ ï33Áʉ, ʠʶʣʷ - 

12Áʉ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʧʦʜʥʷʪʦʩʪʴʶ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴʶ ʦʪ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ ʚʳʩʦʢʠʤʠ ʭʨʝʙʪʘʤʠ. 

ʆʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʩʫʨʦʚʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʣʫʧʫʩʪʳʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʩʭʦʜʥʳʭ ʩ ʩʦʩʝʜʥʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʟʠʠ [ɻʦʨʥʳʡ ɸʣʪʘʡé, 1971]. 

 

ʈʠʩʫʥʦʢ 1 ï ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ 

ʦʟʝʨʘ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʤʘʪʨʠʮʳ ʚʳʩʦʪ SRTM) 

 

ɺʝʨʰʠʥʳ ʖʞʥʦ- ʠ ʉʝʚʝʨʦ-ʏʫʡʩʢʦʛʦ ʭʨʝʙʪʦʚ ʦʙʨʘʟʫʶʪ ʦʜʠʥ ʠʟ ʮʝʥʪʨʦʚ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. ʅʘ ʖʞʥʦ-ʏʫʡʩʢʦʤ ʭʨʝʙʪʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ 268 ʣʝʜʥʠʢʦʚ, (27% ʣʝʜʥʠʢʦʚ ɻʦʨʥʦʛʦ ɸʣʪʘʷ), ʥʘ ʉʝʚʝʨʦ-ʏʫʡʩʢʦʤ 

ʭʨʝʙʪʝ (ʤʘʩʩʠʚ ɹʠʰ-ʀʠʨʜʫ) ʨʘʟʚʠʪ 181 ʣʝʜʥʠʢ (18%). ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ 

ʣʝʜʥʠʢʦʚ ʧʨʠʫʨʦʯʝʥʦ ʢ ʩʢʣʦʥʘʤ ʩʝʚʝʨʥʳʭ ʨʫʤʙʦʚ [ʆʢʠʰʝʚ, 2011]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ 

ʜʘʥʥʳʤ ɸ.ʄ. ʄʘʣʦʣʝʪʢʦ, ʚ ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʠʤʝʶʪʩʷ ʫʯʘʩʪʢʠ ʨʝʣʠʢʪʦʚʦʡ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʩʪʝʧʝʥʥʦ ʜʝʛʨʘʜʠʨʫʝʪ 

[ʄʘʣʦʣʝʪʢʦ, 1970]. 
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ʆʙʝ ʢʦʪʣʦʚʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʦʜʦʩʙʦʨʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʏʫʷ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʧʨʠʪʦʢʦʤ ʂʘʪʫʥʠ. ʏʫʷ 

ʧʝʨʝʩʝʢʘʝʪ ʢʦʪʣʦʚʠʥʳ ʚ ʩʫʙʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʠʥʠʤʘʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʤʝʣʢʠʭ ʧʨʠʪʦʢʦʚ ï ʊʳʜʪʫʷʨʳʢ, ɸʨʳʜʞʘʥ, ɸʢʪʨʫ, ɽʣʘʥʛʘʰ, ʏʘʛʘʥ-ʋʟʫʥ, ʄʘʘʰʝʡ ʠ 

ʜʨ. ʇʨʠʪʦʢʠ ʏʫʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʡ ʫʜʝʣʴʥʦʡ ʚʦʜʦʥʦʩʪʥʦʩʪʴʶ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʛʦʨʦʞʝʥʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʠ ʭʨʝʙʪʘʤʠ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʚʣʘʛʦʥʦʩʥʳʭ ʚʝʪʨʦʚ. ɺ ʧʨʝʜʝʣʘʭ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʨʝʢʘ ʠʤʝʝʪ ʨʘʚʥʠʥʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʩ ʤʝʘʥʜʨʠʨʫʶʱʠʤ ʨʘʟʚʝʪʚʣʝʥʥʳʤ ʨʫʩʣʦʤ. 

 

1.3 ʀʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥ 

 

ʆʜʥʠ ʠʟ ʧʝʨʚʳʭ ʦʧʠʩʘʥʠʡ ʨʝʣʴʝʬʘ ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ɻʦʨʥʦʛʦ 

ɸʣʪʘʷ ʙʳʣʠ ʜʘʥʳ ʚ ʨʘʙʦʪʘʭ ʉʘʧʦʞʥʠʢʦʚʘ ɺ.ɺ., ʆʙʨʫʯʝʚʘ ɺ.ɸ. ʠ ɻʨʘʥʵ ɻ.ʆ. ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʜʠʮʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʢʦʥʮʝ XIX - ʥʘʯʘʣʝ XX ʚʝʢʦʚ 

[ʉʘʧʦʞʥʠʢʦʚ, 1901; ʆʙʨʫʯʝʚ, 1915; ɻʨʘʥʵ, 1915]. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʪʠʭ 

ʨʘʙʦʪʘʭ ʫʜʝʣʝʥʦ ʦʧʠʩʘʥʠʶ ʩʣʝʜʦʚ ʜʨʝʚʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ ɸʣʪʘʷ ï ʦʪʤʝʯʘʝʪʩʷ 

ʥʘʣʠʯʠʝ ʙʝʨʝʛʦʚʳʭ ʪʝʨʨʘʩ ʥʘ ʩʢʣʦʥʘʭ ʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʟʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʥʘ ʜʥʠʱʝ ʏʫʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʘ ʪʘʢʞʝ ʵʨʨʘʪʠʯʝʩʢʠʭ ʛʣʳʙ ʠ ʚʘʣʫʥʦʚ, 

ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʧʝʨʝʥʦʩʦʤ ʧʦ ʘʢʚʘʪʦʨʠʠ ʧʦʜʧʨʫʜʥʦʛʦ 

ʚʦʜʦʝʤʘ ʘʡʩʙʝʨʛʘʤʠ, ʦʪʢʘʣʳʚʘʚʰʠʭʩʷ ʦʪ ʢʨʘʝʚʳʭ ʯʘʩʪʝʡ ʣʝʜʥʠʢʦʚ. ʕʪʦ ʜʘʚʘʣʦ 

ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʤʝʞʛʦʨʥʳʝ ʚʧʘʜʠʥʳ ɸʣʪʘʷ ʚ ʧʨʦʰʣʦʤ ʧʨʝʜʩʪʘʚʣʷʣʠ 

ʩʦʙʦʡ ʜʥʦ ʦʙʰʠʨʥʳʭ ʚʦʜʦʝʤʦʚ [ʉʘʧʦʞʥʠʢʦʚ, 1901; ʆʙʨʫʯʝʚ, 1915].  

ʉ 1930-ʭ ʛʛ. ʜʦ ʩʝʨʝʜʠʥʳ ʍʍ ʚʝʢʘ, ʧʨʦʚʦʜʠʣʠʩʴ ʜʝʪʘʣʴʥʳʝ ʛʝʦʣʦʛʦ-

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ɻʦʨʥʦʛʦ ɸʣʪʘʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ 

ʠʟʫʯʝʥʠ ̫ʜʨʝʚʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ ɸʣʪʘʷ. ɿʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʤʦʢ ʧʝʨʠʦʜʦʚ ʦʣʝʜʝʥʝʥʠʡ/ʤʝʞʣʝʜʥʠʢʦʚʠʡ, ʦʮʝʥʢʘ 

ʤʘʩʰʪʘʙʦʚ ʦʣʝʜʝʥʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʨʦʣʠ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʠ 

ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʠ. ɼʣʷ ʵʪʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʧʦʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

ʢʦʥʝʯʥʳʭ ʤʦʨʝʥ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ 
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ʛʝʥʝʟʠʩʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦ ʚʨʝʤʷ ʙʳʣʠ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʦʧʦʨʥʳʝ ʨʘʟʨʝʟʳ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ɻʦʨʥʦʛʦ ɸʣʪʘʷ [ɸʢʩʘʨʠʥ, 1937; ʉʧʝʨʘʥʩʢʠʡ, 1937; ɽʬʠʤʮʝʚ, 1961; 

ʉʝʣʠʚʝʨʩʪʦʚ, 1959; 1960]. ɼʣʷ ʢʦʨʨʝʣʷʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʦʟʨʘʩʪʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʣʴʧʠʡʩʢʘʷ ʩʭʝʤʘ ʯʝʪʳʨʝʭʢʨʘʪʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ [ʅʝʭʦʨʦʰʝʚ, 1932; 

ʉʧʝʨʘʥʩʢʠʡ, 1937; ʑʫʢʠʥʘ, 1960], ʦʜʥʘʢʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʥʘ ʙʳʣʘ ʦʪʚʝʨʛʥʫʪʘ ʚ 

ʧʦʣʴʟʫ ʜʚʫʭ-ʪʨʝʭʢʨʘʪʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʥʘ ɸʣʪʘʝ [ʈʘʢʦʚʝʮ, ʐʤʠʜʪ, 1963; ɽʬʠʤʮʝʚ, 

1961; ɼʝʚʷʪʢʠʥ, 1965]. ʆʪʥʝʩʝʥʠʝ ʢʦʥʝʯʥʳʭ ʤʦʨʝʥ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʵʧʦʭʝ 

ʦʣʝʜʝʥʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʘ ʜʝʧʨʝʩʩʠʠ ʩʥʝʛʦʚʦʡ ʣʠʥʠʠ. 

ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʜʧʦʣʘʛʘʣʠ [ʅʝʭʦʨʦʰʝʚ, 1930; 1932; ʄʦʩʢʚʠʪʠʥ, 1946; 

ʉʧʝʨʘʥʩʢʠʡ, 1937], ʯʪʦ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʣʝʜʝʥʝʥʠʷ ʥʘ ɸʣʪʘʝ ʥʦʩʠʣʠ ʧʦʢʨʦʚʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʘ ʤʝʞʛʦʨʥʳʝ ʚʧʘʜʠʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʏʫʡʩʢʘʷ ʠ ʂʫʨʘʡʩʢʘʷ, ʧʨʝʜʩʪʘʚʣʷʣʠ 

ʩʦʙʦʡ ʣʝʜʦʝʤʳ. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʢʘʢʠʭ-

ʣʠʙʦ ʧʨʠʟʥʘʢʦʚ ʩʧʣʦʰʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ [ɼʝʚʷʪʢʠʥ, ɽʬʠʤʮʝʚ, ʉʝʣʠʚʝʨʩʪʦʚ, 

ʏʫʤʘʢʦʚ, 1963; ɹʦʛʘʯʢʠʥ, ʈʘʢʦʚʝʮ, 1971].  

ʇʦʟʞʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʧʨʦʜʦʣʞʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʛʦʜʘ (1957ð1958), ʢʦʛʜʘ ʙʳʣʠ ʠʥʠʮʠʠʨʦʚʘʥʳ ʜʝʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʛʠʜʨʦʣʦʛʠʠ, ʢʣʠʤʘʪʦʣʦʛʠʠ ʠ ʛʣʷʮʠʦʣʦʛʠʠ 

ʛʦʨʥʦʣʝʜʥʠʢʦʚʳʭ ʙʘʩʩʝʡʥʦʚ ɸʣʪʘʷ. ʆʧʦʨʥʳʤ ʨʘʡʦʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʣʝʜʥʠʢʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɸʢʪʨʫ (ʉʝʚʝʨʦ-ʏʫʡʩʢʠʡ ʭʨʝʙʝʪ), ʛʜʝ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ.ɺ. ʊʨʦʥʦʚʘ ʙʳʣʠ ʥʘʯʘʪʳ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʨʠʪʦʨʠʠ [ʊʨʦʥʦʚ, ʆʣʝʡʥʠʢ, 1962]. ʕʪʠ ʨʘʙʦʪʳ 

ʘʢʪʠʚʠʟʠʨʦʚʘʣʠ ʧʨʦʜʦʣʞʝʥʠʝ ʧʘʣʝʦʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ, ʧʘʣʝʦʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʡʦʥʘ. ɺ ʨʘʙʦʪʘʭ ʀʚʘʥʦʚʩʢʦʛʦ ʃ.ʅ., ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʟʫʯʝʥʠʶ ʣʝʜʥʠʢʦʚʦʛʦ ʨʝʣʴʝʬʘ ɸʣʪʘʷ, ʟʘʪʨʦʥʫʪʳ ʚʦʧʨʦʩ r ʤʦʨʬʦʣʦʛʠʠ, 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʚʦʟʨʘʩʪʘ ʢʘʨʦʚ, ʣʝʜʥʠʢʦʚʳʭ ʜʦʣʠʥ ʠ ʢʦʥʝʯʥʦ-ʤʦʨʝʥʥʳʭ ʬʦʨʤ, ʘ 

ʪʘʢʞʝ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʬʦʨʤ: ʢʘʤʦʚ, ʦʟʦʚ ʠ ʨʝʯʥʳʭ ʪʝʨʨʘʩ [ʀʚʘʥʦʚʩʢʠʡ, 1956; 

1967; 1981]. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʣʠʤʥʦʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ 

ʚʦʣʥʦʧʨʠʙʦʡʥʳʭ ʪʝʨʨʘʩ ʥʘ ʩʢʣʦʥʘʭ ʤʝʞʛʦʨʥʳʭ ʢʦʪʣʦʚʠʥ ɸʣʪʘʷ ʩʪʘʚʠʣʦ ʚʦʧʨʦʩ r
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ʦ ʧʨʠʯʠʥʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʦʟʝʨ ʠ ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʚʨʝʤʝʥʠ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩ 

ʧʝʨʠʦʜʘʤʠ ʦʣʝʜʝʥʝʥʠʡ [ʇʦʧʦʚ, 1962; 1967]. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ 

ʦʩʪʘʚʘʣʦʩʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʪʝʨʨʘʩ ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʜʦʣʠʥʘʭ ʏʫʠ ʠ 

ʂʘʪʫʥʠ ï ʛʣʘʚʥʳʭ ʚʦʜʥʳʭ ʘʨʪʝʨʠʡ ʨʝʛʠʦʥʘ, ʦʧʠʩʘʥʠʶ ʢʦʪʦʨʳʭ ʙʳʣʦ ʫʜʝʣʝʥʦ 

ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ʇʦʧʦʚʘ ɺ.ɽ. ʠ ɽʬʠʤʮʝʚʘ ʅ.ɸ. [ɽʬʠʤʮʝʚ, 1964; ʇʦʧʦʚ, 1954; 

1962]. ʆʙʘ ʘʚʪʦʨʘ ʦʪʤʝʯʘʶʪ ʬʣʶʚʠʘʣʴʥʦʝ ʠ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʇʦʜʨʦʙʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʠ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ 

ɼʝʚʷʪʢʠʥʘ ɽ.ɺ. [ɼʝʚʷʪʢʠʥ, 1965], ʘ ʪʘʢʞʝ ʃʫʥʛʝʨʩʛʘʫʟʝʥ ɻ. ʌ. ʠ ʈʘʢʦʚʝʮ ʆ. ɸ 

[ʃʫʥʛʝʨʩʛʘʫʟʝʥ, ʈʘʢʦʚʝʮ, 1958; 1961].  

ʉ 1970-ʭ ʛʦʜʦʚ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʠ 

ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʜʘʪʠʨʦʚʢʠ, ʢʦʪʦʨʳʝ, ʥʘʨʷʜʫ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʴ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʨʫʙʝʞʠ, ʧʣʘʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʜʠʥʘʤʠʢʫ 

ʦʣʝʜʝʥʝʥʠʷ. ʇʦʜʨʦʙʥʳʝ ʨʘʙʦʪʳ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʦʣʝʜʝʥʝʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʠʭ ʨʘʟʚʠʪʠʷ ʧʨʦʚʦʜʠʣʠʩ ɹʆʢʠʰʝʚʳʤ ʇ.ɸ. ʆʢʠʰʝʚ ʇ.ɸ. 

ʩʯʠʪʘʣ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʩʦʭʨʘʥʠʣʠʩʴ ʩʣʝʜʳ ʥʝ ʤʝʥʝʝ ʜʚʫʭ 

ʦʣʝʜʝʥʝʥʠʡ: ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʨʝʜʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʠ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ, ʚ 

ʨʘʟʚʠʪʠʠ ʢʦʪʦʨʦʛʦ ʠʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʘ ʤʝʛʘʩʪʘʜʠʘʣʘ [ʆʢʠʰʝʚ, 1982; 2011].  

ɺʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ʫʜʝʣʝʥʦ ʠ ʚʦʧʨʦʩʘʤ ʚʣʠʷʥʠʷ ʦʣʝʜʝʥʝʥʠʡ ʥʘ ʨʝʯʥʫʶ 

ʩʝʪʴ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ ʩʦʢʨʘʱʝʥʠʷ ʝʝ ʜʣʠʥʳ, ʧʝʨʝʩʪʨʦʡʢʝ 

ʨʝʞʠʤʘ ʩʪʦʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʧʨʫʜʥʳʭ ʦʟʝʨ ʚ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥʘʭ. ɺʳʩʦʢʠʝ 

ʪʝʨʨʘʩʳ ʏʫʠ ʠ ʂʘʪʫʥʠ ʩʯʠʪʘʶʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʢʘʤʦʚʳʭ ʪʝʨʨʘʩ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʣʝʜʥʠʢʦʚ, ʟʘʥʠʤʘʚʰʠʭ ʨʝʯʥʳʝ ʜʦʣʠʥʳ. ɺ 

ʜʦʣʠʥʝ ʨʝʢʠ ʏʘʛʘʥ-ʋʟʫʥ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥ ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʩʪʨʦʝʥʠʝ ʩʝʟʦʥʥʦ-ʨʠʪʤʠʯʥʳʭ ʣʝʥʪʦʯʥʳʭ ʛʣʠʥ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʠʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ ʚ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʘʭ [ʆʢʠʰʝʚ, 

ʈʫʜʦʡ, ɻʝʨʘʩʠʤʦʚ, 1978]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʟʝʨ ʆʢʠʰʝʚ ʇ.ɸ. ʦʪʥʦʩʠʪ ʢ ʧʝʨʠʦʜʫ 

ʥʘʯʘʣʘ ʜʝʛʨʘʜʘʮʠʠ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʦʣʝʜʝʥʝʥʠʷ [ʆʢʠʰʝʚ, 1976]. ʇʨʠʯʠʥʦʡ 

ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʳʣʦ ʧʦʜʧʨʫʞʠʚʘʥʠʝ ʩʪʦʢʘ ʪʘʣʳʭ ʣʝʜʥʠʢʦʚʳʭ ʚʦʜ ʥʠʞʝ ʧʦ 

ʪʝʯʝʥʠʶ: ʧʦʜʧʨʫʜʦʡ ʂʫʵʭʪʘʥʘʨʩʢʦʛʦ ʣʝʜʥʠʢʘ ʚ ʜʦʣʠʥʝ ʨ. ʏʫʷ ʤʝʞʜʫ ʏʫʡʩʢʦʡ ʠ 
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ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʘʤʠ ʠ ʣʝʜʥʠʢʦʚʦʡ ʧʣʦʪʠʥʦʡ ʚ ʨʘʡʦʥʝ ʛ. ɹʝʣʢʝʥʝʢ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʚʳʩʦʪʦʡ ʩʚʳʰʝ 600 ʤ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʣʠʷʥʠʷ ʣʝʜʥʠʢʦʚ ʩ ʂʫʨʘʡʩʢʦʛʦ ʠ ʉʝʚʝʨʦ-ʏʫʡʩʢʦʛʦ ʭʨʝʙʪʦʚ [ʆʢʠʰʝʚ, 1976; 1982; 

2011] (ʨʠʩ. 2).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ, ʘ 

ʪʘʢʞʝ ʝʝ ʨʝʞʠʤʘ ʠ ʩʚʷʟʠ ʩ ʭʨʦʥʦʣʦʛʠʝʡ ʦʣʝʜʝʥʝʥʠʷ ʚ ʥʝʦʧʣʝʡʩʪʦʮʝʥʝ ʧʨʦʜʦʣʞʠʣ 

ɹʦʨʦʜʘʚʢʦ ʇ.ʉ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʤ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 3 ʣʠʤʥʦʩʪʘʜʠʘʣʘ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʡ ʣʠʤʥʦʩʠʩʪʝʤʳ ʥʘʯʘʣʦʩʴ ʙʦʣʝʝ 45 ʪʳʩ. 

ʣʝʪ ʥʘʟʘʜ, ʘ ʝʝ ʦʩʫʰʝʥʠʝ ʟʘʢʦʥʯʠʣʦʩʴ ʦʢʦʣʦ 10 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ [ɹʦʨʦʜʘʚʢʦ, 2003]. 

 
ɸ ï ʧʣʘʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ (1 ï ʧʣʦʱʘʜʠ ʟʘʥʷʪʳʝ ʣʝʜʥʠʢʘʤʠ, 2 ï ʣʠʥʠʠ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ, 3 ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʦʚ, 4 ï ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʢʠ, 5 ï 

ʙʨʦʰʝʥʥʘʷ ʜʦʣʠʥʘ ʏʫʠ, 6- ʧʣʦʱʘʜʠ ʩʚʦʙʦʜʥʳʝ ʦʪʦ ʣʴʜʘ, 7 ï ʟʘʧʘʜʥʳʡ ʢʨʘʡ 

ʣʠʤʥʦʩʠʩʪʝʤʳ); ɹ ï ʧʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʧʦ ʣʠʥʠʠ DC, ʧʦʧʝʨʝʯʥʳʡ ʧʨʦʬʠʣʴ ʧʦ 

ʣʠʥʠʠ BA 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʣʝʜʥʠʢʦʚʦʡ ʧʣʦʪʠʥʳ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʡ ʣʠʤʥʦʩʠʩʪʝʤʳ 

[ɹʦʨʦʜʘʚʢʦ, 2003; ʆʢʠʰʝʚ, 2011]  
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ʉʝʨʠʷ ʙʝʨʝʛʦʚʳʭ ʪʝʨʨʘʩ ʥʘ ʩʢʣʦʥʘʭ ʢʦʪʣʦʚʠʥ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʜʦ 

ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʳ 2100 ʤ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʜʣʠʪʝʣʴʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʨʦʚʥʷ ʦʟʝʨʘ, ʧʦʵʪʦʤʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʚʦʜʦʝʤʘ ʥʘ ʩʪʘʜʠʠ ʜʝʛʨʘʜʘʮʠʠ ʥʦʩʠʣʦ ʜʠʩʢʨʝʪʥʦ-ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ï 

ʩʧʫʩʢ ʧʨʦʠʩʭʦʜʠʣ ʧʨʝʨʳʚʠʩʪʦ, ʩ ʜʣʠʪʝʣʴʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʚʳʩʦʪʘʭ. 

ʆʩʫʰʝʥʠʝ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʡ ʣʠʤʥʦʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʯʝʨʝʟ 

ʧʦʜʣʝʜʥʠʢʦʚʳʝ ʠ ʚʥʫʪʨʠʣʝʜʥʠʢʦʚʳʝ ʜʨʝʥʘʞʥʳʝ ʢʘʥʘʣʳ ʧʣʦʪʠʥʳ, 

ʣʦʢʘʣʠʟʦʚʘʚʰʠʝʩʷ ʥʘ ʤʝʩʪʝ ʩʦʚʨʝʤʝʥʥʦʡ ʜʦʣʠʥʳ ʏʫʠ [ɹʦʨʦʜʘʚʢʦ, 2003; ʆʢʠʰʝʚ, 

2011]. ʆʙʲʝʤ ʪʘʢʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʙʨʦʩʦʚ ʚʦʜʳ ʆʢʠʰʝʚʳʤ ʇ.ɸ. ʦʮʝʥʠʚʘʝʪʩʷ ʦʪ 

3 ʜʦ 5,5 ʢʤ3 ʚ ʛʦʜ, ʪ.ʝ. ʚ 2,5-4 ʨʘʟʘ ʙʦʣʴʰʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʏʫʠ ʥʘ 

ʩʪʚʦʨʝ ɹʝʣʳʡ ʙʦʤ [ʆʢʠʰʝʚ, 2011, ʩ.245]. 

ɺ 1980-90-ʭ ʛʦʜʘʭ ɹʫʪʚʠʣʦʚʩʢʠʤ ɺ.ɺ. ʠ ʈʫʜʳʤ ɸ.ʅ. ʙʳʣʠ ʧʝʨʝʩʤʦʪʨʝʥʳ 

ʚʟʛʣʷʜʳ ʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʬʦʨʤ ʨʝʣʴʝʬʘ ʠ ʦʪʣʦʞʝʥʠʡ ʚ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥʘʭ ʠ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʜʦʣʠʥʘʭ ʩʪʦʢʘ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʛʠʧʦʪʝʟʦʡ ɼʞ. ʍ. 

ɹʨʝʪʮʘ, ʘʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʘʥʥʳʝ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʘʤʠ 

ʤʦʱʥʳʭ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ [ɹʫʪʚʠʣʦʚʩʢʠʡ, 1985; 1987; ʈʫʜʦʡ, 2005]. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʳʜʫʱʠʭ ʧʘʣʝʦʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ 

ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʠʟʫʯʝʥʠʠ ʢʦʥʝʯʥʦ-ʤʦʨʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦ ʢʦʪʦʨʳʤ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʣʘʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʣʝʜʥʠʢʦʚ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʝʨʠʦʜ ʠ ʩ ʧʦʤʦʱʴʶ 

ʚʳʯʠʩʣʝʥʠʷ ʜʝʧʨʝʩʩʠʠ ʩʥʝʛʦʚʦʡ ʣʠʥʠʠ ʦʮʝʥʠʚʘʣʩʷ ʤʘʩʰʪʘʙ ʦʣʝʜʝʥʝʥʠʡ ʚ 

ʧʨʦʰʣʦʤ. ʆʜʥʘʢʦ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʝ ʙʳʣʦ ʝʜʠʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʧʦʣʦʞʝʥʠʠ ʢʦʥʝʯʥʳʭ ʤʦʨʝʥ ʚ ʨʝʯʥʳʭ ʜʦʣʠʥʘʭ, ʯʪʦ ʧʦʨʦʞʜʘʣʦ ʜʠʩʢʫʩʩʠʠ ʦ 

ʤʘʩʰʪʘʙʘʭ ʦʣʝʜʝʥʝʥʠʡ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʨʷʜʘ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ. ʂʘʢ ʧʦʜʯʝʨʢʠʚʘʣ 

ɸ.ʅ. ʈʫʜʦʡ, çʥʠ ʚ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʨʝʯʥʳʭ ʜʦʣʠʥ ʥʝ ʟʘʢʘʨʪʠʨʦʚʘʥʦ ʥʠ ʦʜʥʦʡ 

ʝʜʠʥʦʜʫʰʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʨʝʥʳè [ʈʫʜʦʡ, 2004]. ʇʨʠʯʠʥʦʡ ʧʣʦʭʦʡ 

ʩʦʭʨʘʥʥʦʩʪʠ ʤʦʨʝʥ ʤʦʛʣʦ ʙʳʪʴ ʪʦ, ʯʪʦ ʧʦ ʵʪʠʤ ʜʦʣʠʥʘʤ ʰʝʣ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ 

ʩʪʦʢ ʠʟ ʛʠʛʘʥʪʩʢʠʭ ʣʝʜʥʠʢʦʚʦ-ʧʦʜʧʨʫʜʥʳʭ ʦʟʝʨ ʠ ʢʦʥʝʯʥʳʝ ʤʦʨʝʥʳ ʙʳʣʠ 

ʫʥʠʯʪʦʞʝʥʳ [ʈʫʜʦʡ, 1994]. 
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ɼʨʫʛʠʤ ʚʦʧʨʦʩʦʤ, ʥʘ ʢʦʪʦʨʳʡ ʘʢʮʝʥʪʠʨʦʚʘʣʠ ʚʥʠʤʘʥʠʝ ɹʫʪʚʠʣʦʚʩʢʠʡ ɺ.ɺ. 

ʠ ʈʫʜʦʡ ɸ.ʅ., ʷʚʣʷʣʦʩʴ ʥʘʣʠʯʠʝ ʚ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥʘʭ ʠ ʜʦʣʠʥʘʭ ʩʪʦʢʘ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ çʛʠʛʘʥʪʩʢʦʡ ʨʷʙʠ ʪʝʯʝʥʠʷè ï ʫʯʘʩʪʢʦʚ ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʝ 

ʦʥʠ ʩʯʠʪʘʶʪ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʫʩʣʦʚʳʤ ʜʶʥʘʤ ʥʘ ʜʥʝ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ. 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ çʛʠʛʘʥʪʩʢʦʡ ʨʷʙʠ ʪʝʯʝʥʠʷè ʩʚʷʟʳʚʘʝʪʩ ̫ʩ ʜʝʡʩʪʚʠʝʤ ʤʦʱʥʦʛʦ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʧʨʠ ʩʙʨʦʩʝ ʣʝʜʥʠʢʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ 

ʦʟʝʨʘ [ɹʫʪʚʠʣʦʚʩʢʠʡ, 1993; ʈʫʜʦʡ, 2005]. ʋʯʘʩʪʢʠ ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ ʚʩʪʨʝʯʘʶʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥ, ʘ ʪʘʢʞʝ ʚ ʜʦʣʠʥʝ ʂʘʪʫʥʠ ʫ ʩ. ʇʣʘʪʦʚʦ, ʩ. 

ʄ. ʗʣʦʤʘʥ, ʩ. ʄ. ʀʥʷ ʠ ʜʨ. ʀʤʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʛʨʷʜʦʚʳʝ 

ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʳ ʠʤʝʶʪ ʦʜʠʥ ʛʝʥʝʟʠʩ ʠ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʘʤʠ çʛʠʛʘʥʪʩʢʦʡ ʨʷʙʠ 

ʪʝʯʝʥʠʷè, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʦʥʠ ʥʘʭʦʜʷʪʩʷ. 

ɺʧʝʨʚʳʝ ʛʨʷʜʦʚʳʡ ʨʝʣʴʝʬ ʚ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʦʧʠʩʳʚʘʣʩʷ ʚ ʨʘʙʦʪʘʭ 

ʃʫʥʛʝʨʩʛʘʫʟʝʥ ɻ. ʌ. ʠ ʈʘʢʦʚʝʮ ʆ. ɸ., ʛʜʝ ʦʥ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʩʷ ʢʘʢ çʛʠʛʘʥʪʩʢʘ ̫

ʧʦʧʝʨʝʯʥʘ ̫ʨʷʙʴè, ʯʪʦ ʫʢʘʟʳʚʘʣʦ, ʧʦ ʠʭ ʤʥʝʥʠʶ, ʥʘ ʪʝʯʝʥʠʝ çʙʦʣʝʝ ʤʦʱʥʦʡ ʧʨʘ-

ʏʫʠè ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [ʃʫʥʛʝʨʩʛʘʫʟʝʥ, ʈʘʢʦʚʝʮ, 1958; 1961]. ʆʜʥʘʢʦ 

ʜʘʥʥʫʶ ʛʠʧʦʪʝʟʫ ʧʦʜʚʝʨʛ ʢʨʠʪʠʢʝ ɼʝʚʷʪʢʠʥ ɽ.ɺ., ʩʧʝʮʠʘʣʴʥʦ ʠʟʫʯʠʚʰʠʡ ʧʦʣʷ 

ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ [ɼʝʚʷʪʢʠʥ, 1965]. ʆʥ ʦʙʲʷʩʥʷʝʪ ʧʨʦʠʩʭʦʞʜʝʥʠʝ çʛʠʛʘʥʪʩʢʦʡ 

ʨʷʙʠè ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʪʘʣʳʭ ʚʦʜ, ʨʘʩʯʣʝʥʷʚhʠʭ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʡ ʢʦʥʫʩ 

ʥʠʞʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʢʦʥʝʯʥʦʡ ʤʦʨʝʥʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʨʷʜʦʚʳʡ ʨʝʣʴʝʬ ï 

ʛʫʩʪʦʨʘʩʯʣʝʥʝʥʥʳʡ ʢʦʥʫʩ ʚʳʥʦʩʘ [ɼʝʚʷʪʢʠʥ, 1965]. ʇʦʭʦʞʝʝ ʤʥʝʥʠʝ ʚʳʩʢʘʟʘʣʘ 

ʇʝʪʢʝʚʠʯ ʄ.ɺ., ʢʦʪʦʨʘʷ ʧʦʣʘʛʘʣʘ, ʯʪʦ ʛʨʷʜʦʚʳʡ ʨʝʣʴʝʬ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ʊʝʪʝ ʚ 

ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʝ ï ʨʘʟʤʳʪʳʡ ʧʨʦʣʶʚʠʘʣʴʥʳʡ ʢʦʥʫʩ ʚʳʥʦʩʘ [ʇʝʪʢʝʚʠʯ, 1973]. 

ʇ.ɸ. ʆʢʠʰʝʚ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʛʨʷʜʦʚʳʡ ʨʝʣʴʝʬ ʥʘ ʜʥʠʱʝ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʢʘʢ ʠʥʚʝʨʩʠʦʥʥʳʝ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ï ʨʝʙʨʠʩʪʳʝ ʤʦʨʝʥʳ, 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʳʚʘʝʪ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʨʫʩʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ 

ʥʘʣʝʜʥʠʢʦʚʳʭ ʧʦʪʦʢʘʭ ʦʙʰʠʨʥʦʛʦ ʧʣʦʩʢʦʛʦ ʣʝʜʷʥʦʛʦ ʧʦʣʷ ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʝʮʠʨʦʚʘʥʠʠ ʠʭ ʥʘ ʧʦʜʩʪʠʣʘʶʱʠʝ ʧʦʨʦʜʳ [ʆʢʠʰʝʚ, 2011]. ʉʭʦʞʝʛʦ ʤʥʝʥʠʷ 

ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ɹʦʨʠʩʦʚ ɹ.ɸ. ʠ ʄʠʥʠʥʘ ɽ.ɸ., ʩʯʠʪʘʶʱʠʝ ʛʨʷʜʦʚʳʝ ʬʦʨʤʳ 

ʨʝʙʨʠʩʪʦ-ʷʯʝʠʩʪʦʡ ʬʘʮʠʝʡ ʦʩʥʦʚʥʦʡ ʤʦʨʝʥʳ [ɹʦʨʠʩʦʚ, ʄʠʥʠʥʘ, 1979]. 
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ɹʫʪʚʠʣʦʚʩʢʠʡ ɺ.ɺ., ʈʫʜʦʡ ɸ.ʅ. ʠ ʨʷʜ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ: ʂʘʨʣʠʥʛ 

ʇ., ɹʝʡʢʝʨ ɺ., ɹʝʥʠʪʦ ɻ. ʠ ʍʝʨʛʝʪ ʖ. ʩʚʷʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʛʘʥʪʩʢʦʡ ʨʷʙʠ 

ʪʝʯʝʥʠʷ ʩ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʩʙʨʦʩʦʤ ʚʦʜ ʂʫʨʘʡʩʢʦʛʦ ʦʟʝʨʘ ʠ ʮʠʨʢʫʣʷʮʠʝʡ 

ʦʛʨʦʤʥʦʛʦ ʚʦʜʦʚʦʨʦʪʘ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ (ʩ ʟʘʧʘʜʘ ʥʘ ʶʛ, 

ʚʦʩʪʦʢ ʠ ʟʘʧʘʜ), ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢʦʪʦʨʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ 

ʚʳʨʘʞʝʥʥʦʩʪʴ ʛʨʷʜ [ɹʫʪʚʠʣʦʚʩʢʠʡ, 1993; Baker, Benito, Rudoy, 1993; Carling, 1996; 

Herget, 2005]. ʉʦʛʣʘʩʥʦ ɹʫʪʚʠʣʦʚʩʢʦʤʫ ɺ.ɺ., çʅʘ ʟʘʧʘʜʝ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʳ 

ʧʦʪʦʢ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʣ ʩʚʦʶ ʜʠʥʘʤʠʢʫ ʠ ʫʩʪʨʝʤʣʷʣʩʷ ʚ ʜʚʘ ʵʨʦʟʠʦʥʥʳʭ ʢʫʣʠ ï 

ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʙʨʦʰʝʥʥʦʡ ʜʦʣʠʥ ʏʫʠ. ʉʣʝʜʳ ʤʦʱʥʝʡʰʝʡ ʵʨʦʟʠʠ ʷʨʢʦ ʚʳʨʘʞʝʥʳ 

ʟʜʝʩʴ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʢʫʣʠ, ʥʦ ʠ ʚ ʛʦʨʥʦʤ ʤʝʟʦʨʝʣʴʝʬʝ ʚʧʘʜʠʥʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʩʦʙʦʡ ʩʘʤʳʡ ʥʘʩʪʦʷʱʠʡ ʩʢʝʙʣʝʥʜ ʩ ʫʯʘʩʪʢʘʤʠ ʨʘʟʚʠʪʠʷ 

ʛʠʛʘʥʪʩʢʦʡ ʨʷʙʠ, ʛʣʳʙʦʚʳʭ ʰʣʝʡʬʦʚ, ʛʣʳʙʦʚʳʭ ʩʢʦʧʣʝʥʠʡ. ʉʣʝʜʳ ʵʨʦʟʠʠ 

ʜʦʩʪʠʛʘʶʪ ʟʜʝʩʴ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʳ 2000 ʤè [ɹʫʪʚʠʣʦʚʩʢʠʡ, 1993, ʩ. 148]. 

ʇʦʣʦʞʝʥʠʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚʦʜʦʚʦʨʦʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʥʝʤ ʚʘʣʫʥʥʦ-

ʛʘʣʝʯʥʠʢʦʚʳʭ ʜʶʥ ʟʘʪʝʤ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʘʫʯʥʳʡ ʬʘʢʪ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʛʦ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʠ ʨʘʩʭʦʜʳ ʚʦʜʳ ʚ ʩʘʤʦʤ ʚʦʜʦʚʦʨʦʪʝ ʠ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ 

ʧʘʣʝʦʦʟʝʨʘ. ɹʫʪʚʠʣʦʚʩʢʠʡ ɺ.ɺ. ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʠʞʝ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʦʮʝʥʠʚʘʣ ʚ 30-45 ʤ/ʩ [ɹʫʪʚʠʣʦʚʩʢʠʡ, 1993]. ʇʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʤ 

ʨʘʩʯʝʪʘʤ ʈʫʜʦʛʦ ɸ.ʅ., ʨʘʩʭʦʜʳ ʚʦʜʳ ʩʫʧʝʨʧʘʚʦʜʢʘ ʜʦʩʪʠʛʘʣʠ 18 ʤʣʥ. ʤ3/ʩʝʢ 

[ʈʫʜʦʡ, 1995; 2005] (ʨʠʩ.3).  

ʉ ʦʪʢʨʳʪʠʝʤ ʥʦʚʳʭ ʣʝʜʥʠʢʦʚʦ-ʧʦʜʧʨʫʜʥʳʭ ʦʟʝʨ ʩ ʧʨʠʩʫʱʠʤʠ ʠʤ 

ʨʝʣʠʢʪʦʚʳʤʠ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ɼʘʨʭʘʪʩʢʦʛʦ ʧʘʣʝʦʦʟʝʨʘ ʚ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʄʦʥʛʦʣʠʠ ʠ ʜʨ., ʈʫʜʦʡ ɸ.ʅ. ʚʳʜʚʠʥʫʣ ʢʦʥʮʝʧʮʠʶ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʜʠʣʶʚʠʘʣʴʥʦʛʦ ʤʦʨʬʦʣʠʪʦʛʝʥʝʟʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʚʝʩʴ 

ʥʘʙʦʨ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ ʠ ʜʦʣʠʥ ʩʪʦʢʘ ʠʟ ʥʠʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʩʢʵʙʣʝʥʜʘ ï ʩʣʝʜʦʚ ʤʦʱʥʳʭ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʘʚʦʜʢʦʚ 

ʧʨʦʜʫʮʠʨʦʚʘʚʰʠʭʩʷ ʧʨʠ ʧʨʦʨʳʚʝ ʣʝʜʦʚʳʭ ʧʣʦʪʠʥ ʧʦʜʧʨʫʜʥʳʭ ʧʘʣʝʦʦʟʝʨ [ʈʫʜʦʡ, 

1995; 2000; 2005; ɻʨʦʩʚʘʣʴʜ, ʈʫʜʦʡ, 1996]. 
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ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ 2000-2010-ʭ ʛʦʜʘʭ, ʠʟʫʯʝʥʠʝ ʬʝʥʦʤʝʥʘ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ 

ʧʘʣʝʦʦʟʝʨʘ ʰʣʦ ʚ ʨʘʤʢʘʭ ʦʩʪʨʦʡ ʜʠʩʢʫʩʩʠʠ ʤʝʞʜʫ ʩʪʦʨʦʥʥʠʢʘʤʠ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʠ ʧʦʩʪʝʧʝʥʥʦʛʦ ʦʩʫʰʝʥʠʷ ʧʘʣʝʦʦʟʝʨʘ. ʈʘʙʦʪʳ ɹʫʪʚʠʣʦʚʩʢʦʛʦ 

ɺ.ɺ. ʠ ʈʫʜʦʛʦ ɸ.ʅ. ʢʨʠʪʠʢʦʚʘʣʠ ʆʢʠʰʝʚ ʇ.ɸ. [ʆʢʠʰʝʚ, 1999; ʆʢʠʰʝʚ, ɹʦʨʦʜʘʚʢʦ, 

2001; ʆʢʠʰʝʚ, 2003; 2011; 2012; 2013], ʇʦʟʜʥʷʢʦʚ ɸ.ɺ. [ʇʦʟʜʥʷʢʦʚ, ʍʦʥ, 2001; 

ʇʦʟʜʥʷʢʦʚ, ʆʢʠʰʝʚ, 2002; ʇʦʟʜʥʷʢʦʚ, ʊʠʤʦʬʝʝʚ, 2007], ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʪʩʪʘʠʚʘʚʰʠʭ ʛʨʘʜʫʘʣʠʩʪʠʯʝʩʢʫʶ ʪʦʯʢʫ ʟʨʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨ 

ʦʩʫʰʝʥʠʷ ʧʘʣʝʦʦʟʝʨʘ.  

 
1 ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʣʶʚʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ; 2 ï ʚʦʟʤʦʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʠʣʶʚʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ; 3 ï ʧʦʣʷ ʛʠʛʘʥʪʩʢʦʡ ʨʷʙʠ ʪʝʯʝʥʠʷ; 4 ï ʩʧʠʣʣʚʝʠ, ʫʱʝʣʴʷ 

ʧʨʦʨʳʚʘ ʠ ʟʘʧʣʝʩʢʘ; 5 ï ʢʦʥʝʯʥʳʝ ʤʦʨʝʥʳ; 6 ï ʛʨʘʥʠʮʳ ʚʧʘʜʠʥʳ; 7 ï ʩʦʚʨʝʤʝʥʥʳʝ 

ʣʝʜʥʠʢʠ 

ʈʠʩʫʥʦʢ 3 ï ʇʘʣʝʦʛʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʂʫʨʘʡʩʢʦʡ ʤʝʞʛʦʨʥʦʡ ʚʧʘʜʠʥʳ ʥʘ 

ɸʣʪʘʝ (ʦʢʦʣʦ 11,5 ʪʳʩ. ʣ.ʥ.) ʧʦ ɸ.ʅ. ʈʫʜʦʤʫ [ʈʫʜʦʡ, 1995; 2005] 

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʘʙʦʪʘʭ ɿʦʣʴʥʠʢʦʚʘ ʀ.ɼ., ʄʠʩʪʨʶʢʦʚʘ ɸ.ɸ. ʠ 

ɼʝʝʚʘ ɽ.ɺ. ʧʨʠ ʠʟʫʯʝʥʠʠ ʯʝʪʚʝʨʪʠʯʥʦʡ ʛʝʦʣʦʛʠʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʜʦʣʠʥ ʩʪʦʢʘ 

(ʜʦʣʠʥʳ ʏʫʠ, ʂʘʪʫʥʠ ʠ ʧʨʝʜʛʦʨʥʘʷ ʯʘʩʪʴ ʜʦʣʠʥʳ ʆʙʠ) ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʳʩʦʢʠʭ 

ʪʝʨʨʘʩ ʠ ʩʣʘʛʘʶʱʠʭ ʠʭ ʦʪʣʦʞʝʥʠʡ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʩ ʧʦʟʠʮʠʠ ʢʦʥʮʝʧʮʠʠ 
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ʜʠʣʶʚʠʘʣʴʥʦʛʦ ʤʦʨʬʦʣʠʪʦʛʝʥʝʟʘ ʈʫʜʦʛʦ ɸ.ʅ. ʆʪʣʦʞʝʥʠʷ ʚʳʩʦʢʠʭ ʠ ʩʨʝʜʥʠʭ 

ʪʝʨʨʘʩ ʏʫʠ ʠ ʂʘʪʫʥʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʠʥʠʥʩʢʘʷ ʠ ʩʘʣʴʜʞʘʨʩʢʘʷ ʪʦʣʱʠ) 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʪʣʦʞʝʥʠʷ ʛʣʷʮʠʘʣʴʥʳʭ ʩʫʧʝʨʧʘʚʦʜʢʦʚ, ʚ ʢʦʪʦʨʳʝ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʚʨʝʟʘʥʳ ʵʨʦʟʠʦʥʥʳʝ ʪʝʨʨʘʩʳ. ʋʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʠʢʦʚʳʭ ʠ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʧʫʪʝʤ 

ʚʳʧʘʜʝʥʠʷ ʦʙʣʦʤʢʦʚ ʠʟ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʝ ʜʦ ʵʪʦʛʦ 

ʧʝʨʝʥʦʩʠʣʠʩʴ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʞʝ ʠʤʠ ʚʳʜʝʣʝʥʳ ʬʘʮʠʠ ʮʠʢʣʠʪʦʚ 

(ʨʠʪʤʠʪʦʚ) ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʡ, ʧʦ ʠʭ 

ʤʥʝʥʠʶ, ʦ ʩʤʝʥʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʮʠʢʣʦʚ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ 

[ɿʦʣʴʥʠʢʦʚ, ʄʠʩʪʨʶʢʦʚ, ʉʝʨʝʜʥʝʚ, ʃʘʙʝʢʠʥʘ, 2004; ɿʦʣʴʥʠʢʦʚ, 2008; 2009; 2011; 

ɿʦʣʴʥʠʢʦʚ, ʄʠʩʪʨʶʢʦʚ, 2008; ɿʦʣʴʥʠʢʦʚ, ɼʝʝʚ, 2012; 2013; ɼʝʝʚ, ɿʦʣʴʥʠʢʦʚ, 

ʉʪʘʨʦʚʝʨʦʚ, 2012; ɿʦʣʴʥʠʢʦʚ, ɼʝʝʚ, ʅʘʟʘʨʦʚ, ʂʦʪʣʝʨ, 2015; ɿʦʣʴʥʠʢʦʚ, ʂʦʪʣʝʨ, 

ɼʝʝʚ, 2017]. ʅʦʚʠʢʦʚ ʀ.ʉ. ʠ ʇʘʨʥʘʯʝʚ ʉ.ɺ. ʚ ʩʦʚʤʝʩʪʥʦʡ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʦʚ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʩʪʨʦʝʥʠʠ ʠʥʠʥʩʢʦʡ ʪʦʣʱʠ ʬʠʢʩʠʨʫʶʪʩʷ 

ʩʣʝʜʳ ʥʝ ʤʝʥʝʝ ʩʝʤʠ ʧʘʚʦʜʢʦʚʳʭ ʩʦʙʳʪʠʡ (ʧʘʚʦʜʢʦʚʳʭ ʮʠʢʣʠʪʦʚ), ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʨʳʚʦʤ ʧʘʣʝʦʦʟʝʨ [ʇʘʨʥʘʯʝʚ, 1999; ʅʦʚʠʢʦʚ, ʇʘʨʥʘʯʝʚ, 2000]. ʂʨʦʤʝ ʪʦʛʦ, 

ʈʫʩʘʥʦʚ ɻ.ɻ. ʩʯʠʪʘʝʪ, ʯʪʦ ʚ ʜʦʣʠʥʝ ʂʘʪʫʥʠ ʠʤʝʣʠ ʤʝʩʪʦ ʤʝʥʝʝ ʧʦʣʥʦʚʦʜʥʳʝ 

ʧʘʚʦʜʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʨʳʚʦʤ ʚʪʦʨʠʯʥʳʭ ʧʦʜʧʨʫʜʥʳʭ ʦʟʝʨ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ 

ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʛʠʛʘʥʪʩʢʠʭ ʛʣʷʮʠʘʣʴʥʳʭ ʩʫʧʝʨʧʘʚʦʜʢʦʚ [ʈʫʩʘʥʦʚ, 1997; 2007; 

ɿʦʣʴʥʠʢʦʚ, ɼʝʝʚ, ʂʦʪʣʝʨ, ʈʫʩʘʥʦʚ, ʅʘʟʘʨʦʚ, 2016]. 

ʆʪʣʦʞʝʥʠʷ ʠʥʠʥʩʢʦʡ ʪʦʣʱʠ ʚ ʗʣʦʤʘʥʦ-ʂʘʪʫʥʩʢʦʡ ʟʦʥʝ ɻʦʨʥʦʛʦ ɸʣʪʘʷ 

ʪʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ɿʳʢʠʥʳʤ ɺ.ʉ., ɿʳʢʠʥʦʡ ɺ.ʉ. ʠ ʜʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʥʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠʥʠʥʩʢʘ ̫ʪʦʣʘɦ ʩʣʦʞʝʥʘ 

ʩʣʦʷʤʠ ʨʫʩʣʦʚʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʉʣʝʜʦʚ ʚʥʝʟʘʧʥʳʭ 

ʩʫʧʝʨʧʘʚʦʜʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʧʨʦʨʳʚʘʤʠ ʣʝʜʥʠʢʦʚʦ-

ʧʦʜʧʨʫʜʥʳʭ ʦʟʝʨ ʠʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ [ɿʳʢʠʥ, ɿʳʢʠʥʘ, ʉʤʦʣʷʥʠʥʦʚʘ, 2013; ɿʳʢʠʥ, 

ɿʳʢʠʥʘ, ʉʝʥʥʠʢʦʚ, ʄʠʩʪʨʶʢʦʚ, 2016; ɿʳʢʠʥ, ɿʳʢʠʥʘ, ɺʦʣʴʚʘʭ, 2018; ɿʳʢʠʥ, 

ɿʳʢʠʥʘ, ʄʘʣʠʢʦʚ, 2021]. 

ɸʥʘʣʦʛʠʯʥʳʝ ʚʳʩʦʢʠʝ ʪʝʨʨʘʩʳ, ʩʣʦʞʝʥʥʳʝ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʠʢʦʚʳʤ ʠ 

ʧʝʩʯʘʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʠʤʝʶʪʩʷ ʠ ʚ ʜʦʣʠʥʝ ʨ. ɹʠʷ, ʠʟʫʯʝʥʠʝʤ ʢʦʪʦʨʳʭ ʟʘʥʠʤʘʣʠʩʴ 
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ɹʘʨʳʰʥʠʢʦʚ ɻ.ʗ. ʠ ʇʘʥʠʥ ɸ.ɺ. ʆʥʠ ʪʘʢʞʝ ʦʪʩʪʘʠʚʘʶʪ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʯʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʪʝʨʨʘʩʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʣʠʥʳ ɹʠʠ ʩʚʷʟʘʥʦ ʩ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʩʙʨʦʩʦʤ ʚʦʜʳ ʜʨʝʚʥʝʛʦ ʧʨʠʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ [ɹʘʨʳʰʥʠʢʦʚ, 

ʇʘʥʳʯʝʚ, 1987; ɹʘʨʳʰʥʠʢʦʚ, 2012; ɹʘʨʳʰʥʠʢʦʚ, ʇʘʥʠʥ, 2013; ɹʘʨʳʰʥʠʢʦʚ, 

ʇʘʥʠʥ, ʉʫʯʠʣʠʥ, 2016; ɹʘʨʳʰʥʠʢʦʚ, ʇʘʥʠʥ, ɹʘʨʳʰʥʠʢʦʚ, 2017]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʠʧʦʪʝʟʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʛʣʷʮʠʘʣʴʥʳʭ ʩʫʧʝʨʧʘʚʦʜʢʦʚ 

ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʪʘʣʘ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʜʦʢʘʟʘʥʥʳʡ ʥʘʫʯʥʳʡ ʬʘʢʪ. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʮʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʚʦʜʢʦʚʳʭ ʧʦʪʦʢʦʚ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʣʴʝʬʘ ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʠʭ ʠʟʦʪʦʧʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ [ʈʫʜʦʡ, ɿʝʤʮʦʚ, 2010; ʀʥʠʰʝʚ, ʈʫʜʦʡ, 

ɿʝʤʮʦʚ, ɺʝʨʰʠʥʠʥ, 2015]. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʨʘʙʦʪʘʤ [Bohorquez, Carling, 

Herget, 2016; Bohorquez, Jimenez-Ruiz, Carling, 2019], ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ 

ʩʫʧʝʨʧʘʚʦʜʦʢ ʧʨʦʜʦʣʞʘʣʩʷ 33,8 ʯʘʩʘ, ʨʘʩʭʦʜʳ ʚʦʜʳ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʣʠ 10,5 ʤʣʥ. 

ʤ3/ʩ, ʘ ʩʢʦʨʦʩʪʴ ʪʨʘʥʟʠʪʥʳʭ ʧʦʪʦʢʦʚ ʜʦʩʪʠʛʘʣʘ 40 ʤ/ʩ [Bohorquez et al., 2019]. 

 

1.4 ʂʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʩʪʘʥʦʚʢʘ 

ʠʟʫʯʘʝʤʦʡ ʧʨʦʙʣʝʤʳ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʧʨʠʰʣʠ ʢ ʝʜʠʥʦʤʫ ʤʥʝʥʠʶ ʧʦ ʤʥʦʛʠʤ ʘʩʧʝʢʪʘʤ ʵʚʦʣʶʮʠʠ 

ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʦʪʥʦʩʷʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʣʝʦʦʟʝʨʘ ʚ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʘʭ ʢ ʧʝʨʠʦʜʫ 

ʧʦʩʣʝʜʥʝʛʦ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʦʣʝʜʝʥʝʥʠʷ, ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ 

ʙʳʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʝʜʥʠʢʦʚʦʡ ʧʣʦʪʠʥʳ ʚ ʨʘʡʦʥʝ ʛ. ɹʝʣʢʝʥʝʢ ʦʪ ʩʣʠʷʥʠʷ 

ʣʝʜʥʠʢʦʚ ʠʟ ʜʦʣʠʥ ʨʝʢ ʄʘʘʰʝʡ ʠ ʏʠʙʠʪ ʠ ʙʣʦʢʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʨʝʢʠ ʏʫʷ [ʆʢʠʰʝʚ, 

ɹʦʨʦʜʘʚʢʦ, 2001; ʈʫʜʦʡ, 2005; Herget, 2005]. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʜʠʩʢʫʩʩʠʦʥʥʳʤ 

ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʩʫʰʝʥʠʷ ʧʘʣʝʦʦʟʝʨʘ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʘʚʦʜʢʦʚʳʭ ʧʦʪʦʢʦʚ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʣʝʜʦʚʦʡ ʧʦʜʧʨʫʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʩʣʦʞʠʣʦʩʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ [Pupyshev, 

Pozdnyakov, 2022]: 
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1. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ [Baker V.R., Benito G., Rudoy A.N., 1993; ʈʫʜʦʡ, 2005; 

Herget, 2005], ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʤʝʪʢʠ ʥʘʧʦʣʥʝʥʠʷ ʦʟʝʨ ʥʘʯʠʥʘʣʩʷ 

ʨʘʟʤʳʚ ʣʝʜʦʚʦʡ ʧʣʦʪʠʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ 

ʦʩʫʰʝʥʠʝ ʦʟʝʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʠʣʠ ʥʝʜʝʣʴ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʝʨʨʠʪʦʨʠʷ ʢʦʪʣʦʚʠʥ ʠ ʥʠʞʝʣʝʞʘʱʠʭ ʜʦʣʠʥ ʩʪʦʢʘ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʣʠʢʪʘʤʠ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʨʨʠʪʦʨʠʝʡ ʧʘʣʝʦʦʟʝʨʘ 

ʄʠʩʩʫʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʢʵʙʣʝʥʜ. ʉʢʵʙʣʝʥʜ ï ʪʝʨʨʠʪʦʨʠ,̫ ʧʦʜʚʝʨʛʰʘʷʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʧʘʚʦʜʢʘ, ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʦʡ 

ʩʣʦʞʝʥʳ ʜʠʣʶʚʠʝʤ. ɼʠʣʶʚʠʡ, ʢʘʢ ʧʦʣʘʛʘʝʪʩʷ, ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʘʜʝʥʠʷ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʧʝʨʝʥʦʩʠʤʦʛʦ ʠʤ ʚʦ 

ʚʟʚʝʰʝʥʥʦʤ ʩʫʩʧʝʥʟʠʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʍʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʚʳʩʦʢʠʭ 

ʪʝʨʨʘʩ ʏʫʠ ʠ ʂʘʪʫʥʠ ʬʘʮʠʠ ʨʠʪʤʠʪʦʚ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ ʢʦʩʦʡ ʩʣʦʠʩʪʦʩʪʴʶ 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʩʤʝʥ r ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʮʠʢʣʦʚ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ [ɿʦʣʴʥʠʢʦʚ, 2008; 2009; 2011; ɿʦʣʴʥʠʢʦʚ, ʄʠʩʪʨʶʢʦʚ, 

2008; ɿʦʣʴʥʠʢʦʚ, ɼʝʝʚ, 2013; ɿʦʣʴʥʠʢʦʚ, ʂʦʪʣʝʨ, ɼʝʝʚ, 2017]. ʆʩʥʦʚʥʳʤ 

ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʘʚʪʦʨʳ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʥʘʣʠʯʠʝ ʥʘ ʜʥʝ 

ʚʧʘʜʠʥ ʧʦʣʝʡ ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ ï ʛʠʛʘʥʪʩʢʦʡ ʨʷʙʠ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʘ ̫ʩʯʠʪʘʝʪʩʷ 

ʘʥʘʣʦʛʦʤ ʨʫʩʣʦʚʳʭ ʜʶʥ ʥʘ ʜʥʝ ʨʝʯʥʳʭ ʧʦʪʦʢʦʚ ʠ, ʢʘʢ ʧʦʣʘʛʘʝʪʩʷ, ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʥʘ ʜʥʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʩʫʧʝʨʧʘʚʦʜʢʘ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʝʛʘʧʘʚʦʜʢʦʚ 

[Agatova et. al., 2020]. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʠʟ ʥʠʭ [Bohorquez et al., 2019], ʧʦʪʦʢʠ 

ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʨʘʩʭʦʜʘʤʠ ʜʦ 10,5 ʤʣʥ. ʤ3/ʩ, ʩʢʦʨʦʩʪʴʶ ʜʦ 40 ʤ/ʩ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʩʚʳʰʝ 33,8 ʯʘʩʘ. 

2. ɺ ʨʷʜʝ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [ʆʢʠʰʝʚ, ɹʦʨʦʜʘʚʢʦ, 2001; ʇʦʟʜʥʷʢʦʚ, ʍʦʥ, 

2018] ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʡ ʠ ʧʦʩʪʝʧʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʦʩʫʰʝʥʠʷ ʦʟʝʨʘ. 

ɻʣʘʚʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʜʘʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʝʨʠʠ 

ʙʝʨʝʛʦʚʳʭ ʪʝʨʨʘʩ ʥʘ ʩʢʣʦʥʘʭ ʢʦʪʣʦʚʠʥ, ʢʦʪʦʨʳʝ ʧʦ ʦʜʥʦʡ ʚʝʨʩʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʜʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʨʦʚʥʷ ʧʨʠ ʦʩʫʰʝʥʠʠ ʦʟʝʨʘ ʯʝʨʝʟ ʧʦʜʣʝʜʥʠʢʦʚʳʝ 

ʢʘʥʘʣʳ ʩʪʦʢʘ [ʆʢʠʰʝʚ, ɹʦʨʦʜʘʚʢʦ, 2001; ʆʢʠʰʝʚ, 2011] ʠʣʠ ʧʦʩʪʝʧʝʥʥʦʤ 

ʦʩʫʰʝʥʠʠ ʦʟʝʨʘ ʧʫʪʝʤ ʧʝʨʝʣʠʚʘ ʯʝʨʝʟ ʣʝʜʦʚʫʶ ʧʣʦʪʠʥʫ [ʇʦʟʜʥʷʢʦʚ, ʍʦʥ, 2018]. 
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ʕʪʠʤʠ ʞʝ ʘʚʪʦʨʘʤʠ ʛʠʧʦʪʝʟʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʦʩʫʰʝʥʠʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʨʠʪʠʢʝ, 

ʠʤʠ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʳ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʚ ʪʦʤ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʙʳʩʪʨʦʤ ʚʦʜʥʦʤ ʧʦʪʦʢʝ ʪʘʢʠʭ ʩʦʧʨʷʞʝʥʥʳʭ 

ʬʦʨʤ ʨʝʣʴʝʬʘ, ʢʘʢ ʜʦʥʥʳʝ ʨʫʩʣʦʚʳʝ ʛʨʷʜʳ (ʛʠʛʘʥʪʩʢʘʷ ʨʷʙʴ ʪʝʯʝʥʠʷ) ʥʘ ʜʥʝ ʠ 

ʙʝʨʝʛʦʚʳʭ ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ ʥʘ ʩʢʣʦʥʘʭ ʢʦʪʣʦʚʠʥ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʣʝʜʥʠʭ 

ʨʘʙʦʪ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʦʩʫʰʝʥʠʝ ʦʟʝʨʘ ʜʣʠʣʦʩʴ ʦʢʦʣʦ 33,8 ʯʘʩʦʚ [Bohorquez et 

al., 2019], ʦʜʥʘʢʦ ʪʘʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʳʰʝ ʩʦʪʥʠ 

ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ ʙʳʣʦ ʙʳ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʛʦ 

ʧʨʦʪʠʚʦʨʝʯʠʷ ʚʳʩʢʘʟʳʚʘʝʪʩʷ ʤʥʝʥʠʝ, ʯʪʦ ʩʝʨʠʷ ʪʝʨʨʘʩ ʠ ʫʩʪʫʧʦʚ ʥʘ ʩʢʣʦʥʘʭ 

ʢʦʪʣʦʚʠʥ ʷʚʣʷʝʪʩʷ çéʥʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʙʝʨʝʛʦʚʳʭ ʣʠʥʠʡ, ʘ 

ʩʣʝʜʘʤʠ ʙʦʢʦʚʦʡ ʚʦʜʥʦʡ ʵʨʦʟʠʠ ʧʨʠ ʩʧʫʩʢʝ ʧʘʣʝʦʦʟʝʨʘ ʧʦʩʣʝ ʧʨʦʨʳʚʘ ʣʝʜʥʠʢʦʚʦʡ 

ʧʣʦʪʠʥʳè [ɿʦʣʴʥʠʢʦʚ, ɼʝʝʚ, 2013, ʩ. 76]. ʆʜʥʘʢʦ ʤʦʞʝʪ ʙʳʪʴ ʠ ʜʨʫʛʦʡ ʩʮʝʥʘʨʠʡ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʙʝʨʝʛʦʚʳʝ ʪʝʨʨʘʩʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ 

ʥʘʧʦʣʥʝʥʠʠ ʦʟʝʨʘ, ʘ ʛʨʷʜʦʚʳʡ ʨʝʣʴʝʬ ï ʧʨʠ ʙʳʩʪʨʦʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʤ 

ʦʩʫʰʝʥʠʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʩʚʳʰʝ 40 ʤ/ʩ ʘʙʨʘʟʠʦʥʥʳʝ 

ʪʝʨʨʘʩʳ ʙʳʣʠ ʙʳ ʩʪʝʨʪʳ.  

ɻʝʥʝʟʠʩ ʧʦʣʝʡ ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʠʥʘʤʠʢʠ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʦʟʝʨʘ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ɸ.ʅ. ʈʫʜʦʡ, çéʛʠʛʘʥʪʩʢʠʝ ʟʥʘʢʠ ʨʷʙʠ ʪʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʤʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʨʦʨʳʚʦʚ ʦʛʨʦʤʥʳʭ ʣʝʜʥʠʢʦʚʦ-ʧʦʜʧʨʫʜʥʳʭ 

ʦʟʝʨè [ʈʫʜʦʡ, 1995; 2005]. ʆʜʥʘʢʦ ʛʝʥʝʟʠʩ ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ ʦʧʨʝʜʝʣʝʥ ʚ 

ʦʩʥʦʚʥʦʤ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ï ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʠʟʫʯʝʥʦ 

ʪʦʣʴʢʦ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ [Carling, 1996; Carling, Bristow, 

Litvinov, 2016; ɹʘʨʳʰʥʠʢʦʚ, ʇʘʥʠʥ, ɹʘʨʳʰʥʠʢʦʚ, 2017; ɹʨʠʯʝʚʘ ʠ ʜʨ., 2022] ʙʝʟ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʟʨʝʟʘʭ. ɻʠʧʦʪʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨ r

ʩʫʧʝʨʧʘʚʦʜʢʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʛʨʷʜ, ʠʟ-ʟʘ ʯʝʛʦ ʨʘʩʭʦʜʳ ʚʦʜʳ ʧʦʪʦʢʦʚ ʦʢʘʟʘʣʠʩʴ 

ʛʠʧʝʨʙʦʣʠʟʠʨʦʚʘʥʥʳʤʠ. 
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ɼʨʫʛʠʤ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ, ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʣʝʜʦʚʦʡ ʧʦʜʧʨʫʜʳ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʝʡ ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ. ʃʝʜʦʚʘʷ 

ʧʦʜʧʨʫʜʘ ʠ ʧʦʜʧʨʫʜʥʦʝ ʦʟʝʨʦ ʷʚʣʷʶʪʩʷ ʩʦʧʨʷʞʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʧʦʪɻʦʤʫ 

ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʜʦʚʦʡ ʧʦʜʧʨʫʜʳ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʨʘʩʢʨʳʪʠʠ ʚʦʧʨʦʩʦʚ ʜʠʥʘʤʠʢʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʦʟʝʨʘ. 

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ ʅʦʚʠʢʦʚʘ ʀ.ʉ. ʠ ʇʘʨʥʘʯʝʚʘ ʉ.ɺ. [ʅʦʚʠʢʦʚ, ʇʘʨʥʘʯʝʚ, 

2000], ʦʪʣʦʞʝʥʠʷ ʪʝʨʨʘʩ ʷʚʣʷʶʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʥʝ ʤʝʥʝʝ 7 ʧʘʚʦʜʢʦʚʳʭ 

ʩʦʙʳʪʠʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʢʦʥʦʤʝʨʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʤʝʭʘʥʠʟʤʝ 

ʥʝʦʜʥʦʢʨʘʪʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʧʨʫʜʳ ʩ ʟʘʤʳʢʘʥʠʝʤ ʩʪʦʢʘ ʠʟ 

ʢʦʪʣʦʚʠʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʚʪʦʨʥʦʝ ʥʘʧʦʣʥʝʥʠʝ ʦʟʝʨʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʥʝʥʠʷ ʧʦ ʧʦʚʦʜʫ ʚʳʩʦʪʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʧʘʣʝʦʦʟʝʨʘ, ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦ ʘʙʨʘʟʠʦʥʥʳʤ 

ʪʝʨʨʘʩʘʤ ʚʳʩʦʪʦʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʝʟʘ ʚʦʜʳ ʧʨʠʥʷʪʳ 2100 ʤʝʪʨʦʚ. ʀʟ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʟʝʨʘ ʣʝʜʦʚʘʷ 

ʧʦʜʧʨʫʜʘ ʧʨʠ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ 1460 ʤ ʜʥʠʱʘ ʜʦʣʠʥʳ ʏʫʠ ʦʢʦʣʦ ʤʘʩʩʠʚʘ 

ɹʝʣʢʝʥʝʢ ʜʦʣʞʥʘ ʙʳʣʘ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʪʳ ʥʝ ʤʝʥʝʝ 650 ʤ, ʥʘ ʢʦʪʦʨʫʶ ʦʢʘʟʳʚʘʣʦʩʴ 

ʙ  r ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʩʚʳʰʝ 65 ʢʛ/ʩʤ2. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʝʜʦʚʦʡ ʧʦʜʧʨʫʜʳ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʠʷʥʠʝʤ ʚ ʝʜʠʥʫʶ ʧʣʦʪʠʥʫ 

ʨʘʩʪʫʱʠʭ ʛʦʨʥʦ-ʜʦʣʠʥʥʳʭ ʣʝʜʥʠʢʦʚ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʭʨʝʙʪʦʚ. ʇʨʠ ʪʘʢʦʤ 

ʤʝʭʘʥʠʟʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʧʨʫʜʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʙʳ çʠʥʪʝʥʩʠʚʥʳʤ ʙʣʦʢʦʚʳʤ 

ʜʨʦʙʣʝʥʠʝʤ ʣʴʜʘ ʠ ʪʨʝʱʠʥʥʦʚʘʪʦʩʪʴʶ ʣʴʜʘè, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʙʳ ʥʘʭʦʞʜʝʥʠʝ 

ʚʦʜʘʤʠ ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ ʜʦʩʪʘʪʦʯʥʳʭ ʢʘʥʘʣʦʚ ʩʪʦʢʘè [ʆʢʠʰʝʚ, ɹʦʨʦʜʘʚʢʦ, 

2001]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʦʟʝʨʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʯʝʨʝʟ 

ʧʦʜʣʝʜʥʠʢʦʚʳʝ ʢʘʥʘʣʳ. ʆʜʥʘʢʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʷʩʥʳʤ ʦʩʪʘʝʪʩʷ ʪʦ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʜʣʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʘʢʦʡ ʧʣʦʪʠʥʳ, ʝʩʣʠ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʩʚʳʰʝ 65 ʢʛ/ʩʤ2 ʥʘʣʠʯʠʝ ʣʶʙʦʡ ʪʨʝʱʠʥ r ʠ ʪʝʤ ʙʦʣʝʝ 

ʚʥʫʪʨʠʣʝʜʥʠʢʦʚʳʭ ʢʘʥʘʣʦʚ ʩʪʦʢʘ ʚ ʪʝʣʝ ʧʣʦʪʠʥʳ ʧʨʠʚʝʣʦ ʙʳ ʢ ʝʝ ʤʛʥʦʚʝʥʥʦʤʫ 

ʨʘʟʤʳʚʫ ʠ ʧʨʦʨʳʚʫ ʜʘʞʝ ʧʨʠ ʥʝʧʦʣʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʦʟʝʨʘ (ʥʘʧʨʠʤʝʨ, ʜʦ ʛʣʫʙʠʥʳ 

300 ʤ) [ʇʦʟʜʥʷʢʦʚ, 2019].  
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ʈʝʰʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʠʩʪʝʤʥʦʤ ʧʝʨʝʩʤʦʪʨʝ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʳ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ ʠ ʜʦʣʠʥ ʩʪʦʢʘ ʷʚʣʷʶʪʩʷ 

ʛʝʥʝʪʠʯʝʩʢʠ ʩʦʧʨʷʞʝʥʥʳʤʠ, ʪʦ ʚʳʙʦʨ ʤʦʜʝʣʠ ʤʦʨʬʦʣʠʪʦʛʝʥʝʟʘ ʜʣʷ ʦʜʥʠʭ 

ʫʯʘʩʪʢʦʚ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʬʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʝʝ ʚʳʙʦʨ ʥʘ ʜʨʫʛʠʭ 

ʫʯʘʩʪʢʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʚʦʣʶʮʠʠ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ ʩʪʘʚʠʣʠʩʴ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʥʝʟʠʩʘ ʧʦʣʝʡ ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ ʠ ʠʟʫʯʝʥʠʝ ʦʙʱʝʛʦ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥ. 

2. ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ (ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʠʩʪʦʢʘʭ\ʧʨʠʪʦʢʘʭ) 

ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʦʟʝʨʘ ʥʘ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʧʫʩʢʘ. 

3. ɺʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ 

ʣʝʜʦʚʦʡ ʧʣʦʪʠʥʳ, ʢʦʪʦʨʳʡ ʙʳ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣ ʠʟʚʝʩʪʥʳʤ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʤ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ. 
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2 ʄʦʨʬʦʩʢʫʣʴʧʪʫʨʳ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

 

2.1 ʄʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ ʠʩʩʣʝʜʦʚʘʥʠ ʁʤʦʨʬʦʩʢʫʣʴʧʪʫʨ 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥ rʠ ʢʦʨʨʝʣʷʪʥʳʭ ʠʤ ʦʪʣʦʞʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʟʘʧʝʯʘʪʣʝʥʦ ʨʘʟʚʠʪʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʧʘʣʝʦʦʟʝʨʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʚʰʝʛʦ ʚ ʩʝʙʷ ʠʟʫʯʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ (Google Earth, 

Bing ʠ ʜʨ.) ʠ ʧʦʣʝʚʳʭ ʤʘʨʰʨʫʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [ʉʧʠʨʠʜʦʥʦʚ, 1970]. 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʴʝʬʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʪʝʦʜʦʣʠʪʥʳʭ ʠ ʥʠʚʝʣʠʨʦʚʦʯʥʳʭ ʧʨʦʬʠʣʝʡ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ. 

ʉʪʨʦʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʠʟʫʯʘʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʦʨʬʦʣʠʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʦʧʠʩʘʥʠʝ ʮʚʝʪʘ, ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʢʩʪʫʨʳ ʦʪʣʦʞʝʥʠʡ, 

ʠʟʫʯʝʥʠʝ ʬʦʨʤʳ, ʩʪʝʧʝʥʠ ʦʢʘʪʘʥʥʦʩʪʠ ʠ ʩʦʨʪʠʨʦʚʢʠ ʦʙʣʦʤʢʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʣʦʤʢʦʚ. ʆʧʠʩʘʥʠʝ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʦʪʣʦʞʝʥʠʡ [ʈʫʭʠʥ, 1969] 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʠʤʝʶʱʠʭʩʷ ʦʙʥʘʞʝʥʠʷʭ ʚ ʜʦʨʦʞʥʳʭ ʚʳʝʤʢʘʭ ʠ ʢʘʨʴʝʨʘʭ, ʣʠʙʦ 

ʩ ʧʦʤʦʱʴʶ ʟʘʣʦʞʝʥʠʷ ʨʘʟʨʝʟʦʚ ʠ ʰʫʨʬʦʚ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʨʘʩʯʝʪʫ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ ʦʙʣʦʤʢʦʚ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʦʪʣʦʞʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʚʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʝ. 

ʇʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ 

ʘʢʢʫʤʫʣʷʮʠʠ ʦʪʣʦʞʝʥʠʡ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʴʶ ʥʘʟʳʚʘʶʪ ʩʢʦʨʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʘʜʝʥʠʷ 

ʰʘʨʘ ʚ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʠ w, ʠʣʠ ʩʢʦʨʦʩʪʴ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʯʘʩʪʠʮʘ ʰʘʨʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ (ʩʢʦʨʦʩʪʴ ʚʠʪʘʥʠʷ). 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʢʨʫʧʥʦʩʪʴ w ʦʙʣʦʤʢʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ 
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ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ [ɸʣʴʪʰʫʣʴ ʠ 

ʜʨ., 1977]: 

ύ Ὣᶻ ̓̃ ̇

̅ ̇
       (1) 

ʛʜʝ g = 9,8 ʤ/ʩ2 = 980 ʩʤ/ʩ2 ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, d ï ʨʘʟʤʝʨ 

ʦʙʣʦʤʢʦʚ ʚ ʤʠʜʝʣʝʚʦʤ ʩʝʯʝʥʠʠ (ʚ ʩʤ); ɟʪʚ å 2,7 ʛ/ʩʤ3 ï ʧʣʦʪʥʦʩʪʴ ʦʙʣʦʤʢʦʚ 

(ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ); ɟʞ å 1 ʛ/ʩʤ
3 ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ; ʉʜ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʬʦʨʤʳ: ʜʣʷ ʰʘʨʦʚʠʜʥʳʭ ʦʢʘʪʘʥʥʳʭ 

ʦʙʣʦʤʢʦʚ ï 0,45, ʜʣʷ ʦʙʣʦʤʢʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ï 2.  

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʬʦʨʤʫʣʫ (1) ʠ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʠʟʚʝʩʪʥʳʝ 

ʚʝʣʠʯʠʥʳ, ʨʘʩʩʯʠʪʘʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʢʨʫʧʥʦʩʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʩʤ. ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 ï ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʢʨʫʧʥʦʩʪʴ w ʠ ʥʝʨʘʟʤʳʚʘʶʱʘʷ ʩʢʦʨʦʩʪʴ vʥ (ʧʨʠ 

ʛʣʫʙʠʥʝ ʧʦʪʦʢʘ 400 ʤ) ʨʘʟʣʠʯʥʳʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ d (ʩʦʩʪʘʚʣʝʥʦ 

ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ [ɸʣʴʪʰʫʣʴ ʠ ʜʨ., 1977; ɻʦʥʯʘʨʦʚ, 1962]) 

ʌʨʘʢʮʠʷ d w, ʤ/ʩ vʥ, ʤ/ʩ 

ʛʣʠʥʘ (ʧʝʣʠʪ) <0,005 ʤʤ <0,015 <0,038 

ʘʣʝʚʨʠʪʳ 0,005-0,05 ʤʤ 0,015-0,05 0,038-0,12 

ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ ʧʝʩʦʢ 0,03-0,05 ʩʤ 0,12-0,15 0,29-0,38 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ ʧʝʩʦʢ 0,05-0,07 ʩʤ 0,15-0,18 0,38-0,45 

ʛʨʫʙʦʟʝʨʥʠʩʪʳʡ ʧʝʩʦʢ ʠ 

ʛʨʘʚʠʡ 
0,07-1 ʩʤ 0,18-0,7 0,38-1,71 

ʛʘʣʴʢʘ ʦʪ 1 ʜʦ 15 ʩʤ 0,7-2,7 1,71-6,63 

ʚʘʣʫʥʳ 15-50 ʩʤ 2,7-5 6,63-12,1 

 

ʇʨʠ ʨʘʩʯʝʪʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ ʫʯʠʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʧʣʦʪʥʦʩʪʠ 

ʠ ʨʘʟʤʝʨʘʭ ʦʙʣʦʤʢʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʬʦʨʤʘ ï ʩʪʝʧʝʥʴ ʦʢʘʪʘʥʥʦʩʪʠ ʠ ʠʟʦʤʝʪʨʠʯʥʦʩʪʠ 

ʧʦ ʦʩʷʤ. ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʢʨʫʧʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʠ ʩʦʨʪʠʨʦʚʢʫ 

ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʙʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʧʝʨʝʥʦʩʠʪɹʩʷ ʥʘ ʜʘʣʴʥʠʝ 
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ʨʘʩʩʪʦʷʥʠʷ; ʰʠʨʦʢʠʡ ʞʝ ʜʠʘʧʘʟʦʥ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʠ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʧʦʪʦʢʝ. 

ʆʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʚʦʜʥʦʤ ʧʦʪʦʢʝ ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʚʝʩʘ ʦʙʣʦʤʢʘ ʠ ʩʠʣʳ ʪʨʝʥʠʷ ʠ ʩʮʝʧʣʝʥʠʷ, 

ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʝʛʦ ʥʘ ʜʥʝ. ʄʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʜʣʷ ʥʘʯʘʣʘ 

ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʣʦʤʢʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʨʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ 

ʥʝʨʘʟʤʳʚʘʶʱʝʡ ʠ ʩʨʳʚʘʶʱʝʡ ʩʢʦʨʦʩʪʷʤʠ. 

ʅʝʨʘʟʤʳʚʘʶʱʘʷ ʩʢʦʨʦʩʪʴ vʥ ʧʦʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ 

[ɻʦʥʯʘʨʦʚ, 1962, ʩ. 220] (ʪʘʙʣ. 2): 

ὺ̎ ÌÇ
ȟ
ᶻ ςὫὴ̓ ̃ ὴ̇ ὨȾσȟυὴ̇     (2) 

ʛʜʝ: ɟʪʚ ʠ ɟʞ ï ʧʣʦʪʥʦʩʪʴ ʚʣʝʢʦʤʳʭ ʦʙʣʦʤʢʦʚ ʠ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʛ/ʤ3; 

d ï ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʦʙʣʦʤʢʦʚ, ʤ; h ð ʛʣʫʙʠʥʘ ʧʦʪʦʢʘ, ʤ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʥʘʥʦʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠ ̫ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʢʨʫʧʥʦʩʪʠ w ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʢʦʨʦʩʪʠ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ v: ʧʨʠ ɤ<<v 

ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʨʠ ɤÓv ʦʙʣʦʤʢʠ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʫʪʝʤ ʩʘʣʴʪʘʮʠʠ, ʘ ʧʨʠ ɤ>v ʦʙʣʦʤʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʜʥʫ ʢʘʯʝʥʠʝʤ ʠ ʚʦʣʦʯʝʥʠʝʤ. ɺ ʜʚʠʞʫʱʠʝʩʷ ʧʦ 

ʪʝʯʝʥʠʶ ʛʨʷʜʳ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʡ ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʙʠʨʘʝʪʩʷ ʧʨʠ ɤ>v 

[ʇʦʟʜʥʷʢʦʚ, ʍʦʥ, 2001; ʇʦʟʜʥʷʢʦʚ, ʆʢʠʰʝʚ, 2002].  

ʄʦʨʬʦʣʦʛʠʷ ʠ ʤʦʨʬʦʤʝʪʨʠʷ ʛʨʷʜ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʢʦʨʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʟʤʝʨʦʚ ʛʨʷʜ (ʦʪʥʦʰʝʥʠʝ ʚʳʩʦʪʳ h 

ʛʨʷʜ ʢ ʠʭ ʜʣʠʥʝ ɚ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʴʶ ɤ 

ʦʙʣʦʤʢʦʚ ʠ ʩʢʦʨʦʩʪʴʶ ʪʝʯʝʥʠʷ v. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ h/ɚ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ 

ʩʢʦʨʦʩʪʴ v ʠ ʢʨʫʧʥʝʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʡ ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʪʘʢ ʢʘʢ ʚ 

ʨʫʩʣʦʚʦʡ ʩʠʩʪʝʤʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʠ 

ʩʧʦʥʪʘʥʥʦ ʥʘʧʨʘʚʣʝʥʳ ʢ ʤʠʥʠʤʫʤʫ ʨʘʩʭʦʜʦʚ ʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʚʝʱʝʩʪʚʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʚʠʞʥʦʡ ʛʨʷʜʳ ï ʩʘʤʦʮʝʣʝʩʦʦʙʨʘʟʥʳʡ ʧʨʦʮʝʩʩ, 
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ʦʧʨʝʜʝʣʷʶʱʠʡʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʨʫʩʣʦʚʦʡ ʩʠʩʪʝʤʳ 

[ɻʨʠʰʘʥʠʥ, 1979]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʨʫʩʣʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘʧʨʘʚʣʝʥ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʦʡ, ʜʠʩʢʨʝʪʥʦ-

ʚʦʣʥʦʚʦʡ ʬʦʨʤʳ ʧʝʨʝʤʝʱʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʨʘʩʭʦʜʝ ʚʦʜʳ 

ʚʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʨʫʧʥʦʩʪʠ 

ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠʯʝʤ ʚʝʣʠʯʠʥʘ h/ɚ ʨʝʛʫʣʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʠ ʛʨʷʜʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʝʡ ʜʣʠʥʳ ʛʨʷʜʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʢʣʦʥ ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʠ ʛʨʷʜʳ ʠ ʝʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʩ ʥʘʢʣʦʥʦʤ ʨʫʩʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʠʮʝʡ ʚ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʦʜʳ ʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ ɤ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʏʝʤ ʙʦʣʴʰʝ ʵʪʘ 

ʨʘʟʥʠʮʘ (v/ɤ), ʪʝʤ ʤʝʥʴʰʝ ʥʘʢʣʦʥ ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʜʚʠʞʥʦʡ ʛʨʷʜʳ ʠ ʪʝʤ 

ʙʦʣʴʰʝ ʝʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʩ ʫʢʣʦʥʦʤ ʜʥʘ [ʇʦʟʜʥʷʢʦʚ, ʍʦʥ, 2001; ʇʦʟʜʥʷʢʦʚ, 

ʆʢʠʰʝʚ, 2002]. 

 

2.2 ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

 

ʂʫʨʘʡʩʢʘʷ ʢʦʪʣʦʚʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʚʧʘʜʠʥʫ 20ʭ30 ʢʤ, 

ʦʙʨʘʤʣʷʝʤʫʶ ʩ ʶʛʘ ʉʝʚʝʨʦ-ʏʫʡʩʢʠʤ, ʘ ʩ ʩʝʚʝʨʘ ʂʫʨʘʡʩʢʠʤ ʭʨʝʙʪʘʤʠ. ʅʘ ʚʦʩʪʦʢʝ 

ʚʧʘʜʠʥʘ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʦʡ ʫʟʢʦʡ ʜʦʣʠʥʦʡ ʨʝʢʠ ʏʫʷ ʰʠʨʠʥʦʡ 2-3 

ʢʤ, ʘ ʩ ʟʘʧʘʜʘ ʟʘʤʳʢʘʝʪʩʷ ʛʦʨʥʳʤ ʤʘʩʩʠʚʦʤ ɹʝʣʴʢʝʥʝʢ. ɻʦʨʥʳʡ ʤʘʩʩʠʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʩʝʣʦʤ ʏʠʙʠʪ ʠ ʟʠʤʥʠʢʦʤ ɹʘʨʦʪʘʣ, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʜʨʝʚʥʝʡ ʜʦʣʠʥʘʤʠ ʏʫʠ. ʅʠʞʝ ʟʠʤʥʠʢʘ ɹʘʨʘʪʘʣ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʚʦ ʚʨʝʟʘʥʥʦʡ ʤʝʘʥʜʨʝ, ʜʦʣʠʥʘ ʏʫʠ ʨʘʟʜʚʘʠʚʘʝʪʩʷ: ʨʫʩʣʦ ʫʭʦʜʠʪ ʚʣʝʚʦ ʧʦ ʫʱʝʣʴʶ 

ʜʣʠʥʦʡ 17 ʢʤ (ʨʠʩ. 4), ʘ ʜʦʨʦʛʘ ʠʜʝʪ ʧʦ ʧʨʘʚʦʡ ʩʫʭʦʡ ʚʝʪʚʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 15 ʢʤ 

[ʇʦʣʝʚʘʷ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʰʢʦʣʘ, 1988]. ɼʘʥʥʳʡ ʫʯʘʩʪʦʢ ʜʦʣʠʥʳ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʤʝʩʪʦʤ ʥʘʭʦʞʜʝʥʠʷ ʣʝʜʦʚʦʡ ʧʦʜʧʨʫʜʳ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ 

ʧʘʣʝʦʦʟʝʨʘ. 
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ʈʠʩʫʥʦʢ 4 ï ʉʦʚʨʝʤʝʥʥʘʷ ʜʦʣʠʥʘ ʏʫʠ ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʨ. ʄʘʘʰʝʡ ʜʦ ʩ. ʏʠʙʠʪ (ʬʦʪʦ 

ʘʚʪʦʨʘ, 26.09.2018) 

 

ɺ ʜʨʝʚʥʝʡ ʜʦʣʠʥʝ ʨʝʢʠ ʏʫʷ ʚ ʨʘʡʦʥʝ ʚʝʨʭʦʚʠʡ ʨʫʯʴʷ ʄʸʥʳ ʥʘʤʠ ʙʳʣ 

ʠʩʩʣʝʜʦʚʘʥ ʨʘʟʨʝʟ ʦʪʣʦʞʝʥʠʡ, ʚʩʢʨʳʪʳʭ ʧʨʠ ʜʦʙʳʯʝ ʧʝʩʢʘ ʚ ʢʘʨʴʝʨʝ (ʨʠʩ. 5). 

ʊʦʣʱʘ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʦʚʘʥʠʷ ʩʣʦʝʚ ʧʝʩʢʘ, ʛʨʘʚʠʷ ʠ ʚʘʣʫʥʦʚ (d = ʦʪ 1 

ʩʤ, ʜʦ 10-15 ʩʤ) ʠ ʩʣʦʝʚ ʠ ʦʪʜʝʣʴʥʳʭ ʣʠʥʟ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʘʣʝʚʨʠʪʦʚ ʠ ʛʣʠʥ ʩ 

ʭʘʨʘʢʪʝʨʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʢʦʩʦʡ ʩʣʦʠʩʪʦʩʪʴʶ. ʉʣʦʠ ʤʝʞʜʫ ʩʦʙʦʡ 

ʦʪʜʝʣʷʶʪʩʷ ʚʦʣʥʠʩʪʳʤʠ, ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʥʘʧʣʘʩʪʦʚʘʥʠʷ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʢʨʫʧʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʟʨʝʟʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ï ʦʪ 0,015 ʤ/ʩ ʫ ʛʣʠʥ, ʜʦ 0,7-2,7 ʤ/ʩ ʫ ʛʘʣʝʯʥʠʢʘ ʠ ʚʘʣʫʥʦʚ. ʄʘʪʝʨʠʘʣ ʚ 

ʧʨʦʩʣʦʷʭ ʛʘʣʝʯʥʠʢʘ, ʧʝʩʢʘ ʠ ʚʘʣʫʥʦʚ ʭʦʨʦʰʦ ʦʢʘʪʘʥ ʠ ʩʣʘʙʦ ʩʦʨʪʠʨʦʚʘʥ.  

 



37 

 
ʈʠʩʫʥʦʢ 5 ï ʇʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʨʝʚʥʝʡ ʜʦʣʠʥʝ 

ʨʝʢʠ ʏʫʷ (50Á16'47.70" c.ʰ., 87Á40'16.83" ʚ.ʜ.) (ʬʦʪʦ ʘʚʪʦʨʘ, 08.09.2022) 

 

ʅʘʣʠʯʠʝ ʧʨʦʩʣʦʝʚ ʛʣʠʥ ʠ ʘʣʝʚʨʠʪʦʚ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʪʦʣʱʘ ʦʪʣʦʞʝʥʠʡ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʤʘʣʦʧʦʜʚʠʞʥʦʡ ʩʪʦʷʯʝʡ ʚʦʜʥʦʡ ʩʨʝʜʝ ʥʘ ʤʝʩʪʝ ʨʘʟʤʳʚʘʚʰʝʡʩʷ ʣʝʜʦʚʦʡ ʧʣʦʪʠʥʳ. 

ʆʜʥʦʟʥʘʯʥʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʘʢʢʫʤʫʣʷʮʠʠ ʠʟ ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʩʧʝʥʟʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʨʠ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʤ ʧʨʦʨʳʚʝ ʣʝʜʦʚʦʡ ʧʦʜʧʨʫʜʳ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ [Bohorquez et al., 2019] ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʜʦʩʪʠʛʘʣʘ 20-30 ʤ/ʩ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʢʨʫʧʥʦʩʪʠ ʠ ʥʝʨʘʟʤʳʚʘʶʱʝʡ ʩʢʦʨʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ɼʥʠʱʝ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ, ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʧʦʜʥʷʪʳʤ ʧʨʝʜʛʦʨʥʳʤ ʧʣʘʪʦ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʚʳʭʦʜʘʤʠ 

ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ. ɺʦʩʪʦʯʥʘ ̫ ʯʘʩʪʴ ʚʧʘʜʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʠʛʝʥʝʪʠʯʝʩʢʦʡ 

ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʨʘʚʥʠʥʦʡ, ʩʣʦʞʝʥʥʦʡ ʦʟʝʨʥʳʤʠ, ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʠ 

ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (ʨʠʩ. 6). 

 
I ï ʊʶʪʝ-ɸʢʪʫʨʠʥʩʢʦʝ ʛʨʷʜʦʚʦʝ ʧʦʣʝ, II  ï ʂʫʨʘʡʩʢʦʝ ʛʨʷʜʦʚʦʝ ʧʦʣʝ; 1 ï ʫʯʘʩʪʢʠ 

ʜʝʪʘʣʴʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʨʨʝʣʷʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʛʨʷʜ, 2 ï 

ʨʝʣʠʢʪʳ ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ, 3 ï ʢʦʤʧʣʝʢʩʳ ʨʝʣʠʢʪʦʚ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ 

ʢʦʥʝʯʥʳʭ ʤʦʨʝʥ, 4 ï ʦʟʝʨʥʦ-ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʘʷ ʨʘʚʥʠʥʘ, ʩ ʨʝʣʠʢʪʘʤʠ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʥʘʟʝʤʥʳʭ ʜʝʣʴʪ ʠ ʧʦʢʨʦʚʦʚ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ, 5 ï ʜʦʣʠʥʳ ʠ 

ʢʦʥʫʩʳ ʚʳʥʦʩʘ ʤʘʣʳʭ ʨʝʢ ʠ ʚʦʜʦʪʦʢʦʚ, 6 ï ʥʘʜʧʦʡʤʝʥʥʳʝ ʪʝʨʨʘʩʳ ʨ. ʏʫʷ, 7 ï 

ʧʦʡʤʘ ʨ. ʏʫʷ 

ʈʠʩʫʥʦʢ 6 ï ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʜʥʠʱʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʳ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ArcGIS Online ʠ 

Google Earth) [ʇʫʧʳʰʝʚ, 2023] 

 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʚʥʠʥʳ ʦʙʨʘʟʦʚʘʥʘ ʧʦʡʤʦʡ ʨʝʢʠ ʏʫʷ, ʨʫʩʣʦ ʢʦʪʦʨʦʡ ʥʘ 

ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʤʝʘʥʜʨʠʨʫʝʪ ʠ ʦʙʨʘʟʫʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʪʘʨʠʮʳ. ɺʳʰʝ ʧʦ 

ʪʝʯʝʥʠʶ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ ʏʫʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ 
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ʦʩʣʦʞʥʝʥʘ ʥʘʣʠʯʠʝʤ ʵʨʨʘʪʠʯʝʩʢʠʭ ʚʘʣʫʥʦʚ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʫʭʠʭ ʣʦʞʙʠʥ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴʶ ʨʫʩʣʘ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʜʥʠʱʘ ʢʦʪʣʦʚʠʥʳ 

ʟʘʥʠʤʘʶʪ ʦʩʪʘʪʦʯʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʠ ʦʟʝʨʥʦ-

ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʚʳʨʦʚʥʝʥʥʳʝ ʫʯʘʩʪʢʠ ʩ 

ʨʝʣʠʢʪʘʤʠ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʵʨʨʘʪʠʯʝʩʢʠʤ 

ʤʘʪʝʨʠʘʣʦʤ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʛʣʳʙ ʠ ʚʘʣʫʥʦʚ (ʜʨʦʧʩʪʦʫʥʦʚ) ʜʠʘʤʝʪʨʦʤ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 1-3 ʤʝʪʨʘ, ʦʪʣʘʛʘʚʰʠʭʩʷ ʚ ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʧʘʣʝʦʦʟʝʨʘ. ʇʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʥʳʭ ʨʘʚʥʠʥ ʦʪʜʝʣʝʥʳ ʦʪ ʧʦʡʤʝʥʥʦ-ʪʝʨʨʘʩʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚʳʩʦʢʠʤ ʵʨʦʟʠʦʥʥʳʤ ʫʩʪʫʧʦʤ ʨ. ʏʫ̫. ɸʢʢʫʤʫʣʷʪʠʚʥʘʷ 

ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʘ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʥʘʟʝʤʥʳʭ ʜʝʣʴʪ ʠ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ ʤʘʣʳʭ ʨʝʢ ʠ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦʪʦʢʦʚ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʝʨʠʦʜʳ, ʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʢʦʥʝʯʥʳʭ ʤʦʨʝʥ.  

 
ʈʠʩʫʥʦʢ 7 ï ʇʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ 

(50Á14'46.40"c.ʰ., 87Á53'40.30" ʚ.ʜ.) (ʬʦʪʦ ʘʚʪʦʨʘ, 28.06. 2018) 

 

ʉʢʣʦʥʳ ʠ ʜʥʠʱʘ ʢʦʪʣʦʚʠʥ ʧʦʢʨʳʪʳ ʯʝʭʣʦʤ ʵʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʤʝʩʪʘʤʠ ʩʦʭʨʘʥʠʚʰʠʤʠʩʷ ʨʝʣʠʢʪʘʤʠ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʧʦʢʨʦʚʦʤ ʛʣʠʥ, ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ ʠ ʘʣʝʚʨʠʪʦʚ ʩ ʭʘʨʘʢʪʝʨʥʦʡ 

ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʙʣʝʢʘʶʱʝʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʩʝʟʦʥʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʨʠʩ. 7). 

ʅʘ ʩʢʣʦʥʘʭ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥ ʧʦ ʚʩʝʤʫ ʠʭ ʧʝʨʠʤʝʪʨʫ ʪʘʢʞʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʩʝʨʠʷ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʝʨʨʘʩ, ʚʘʣʦʚ ʠ ʫʩʪʫʧʦʚ, ʩʣʦʞʝʥʥʳʭ 
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ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʦʡ ʛʘʣʴʢʦʡ ʠ ʛʨʘʚʠʝʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʨʝʣʠʢʪʦʚʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʧʘʣʝʦʦʟʝʨʘ (ʨʠʩ. 8). ɸʙʨʘʟʠʦʥʥʳʝ 

ʪʝʨʨʘʩʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʚʳʩʦʪʘʭ ʩʚʳʰʝ 650 ʤʝʪʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʥʠʱʘ 

ʢʦʪʣʦʚʠʥ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦ ʛʣʫʙʠʥʝ ʦʟʝʨʘ. 

 
ʘ ï ʚ ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ; ʙ ï ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʦʢʦʣʦ ʨ. 

ʊʳʜʪʫʛʝʤ; ʚ-ʛ ï ʚ ʤʝʞʜʫʨʝʯʴʝ ʨʝʢ ɸʨʳʜʞʘʥ ʠ ɹʘʣʪʳʨʛʘʥ 

ʈʠʩʫʥʦʢ 8 ï ɸʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʪʝʨʨʘʩʳ (ʬʦʪʦ ʘʚʪʦʨʘ, ʠʶʥʴ 2018 ʛ.) 

 

2.3 ɻʨʷʜʦʚʳʡ ʨʝʣʴʝʬ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

 

ɺ ʧʨʝʜʝʣʘʭ ʜʥʠʱʘ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʫʯʘʩʪʢʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʨʷʜʦʚʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ. ʆʜʠʥ, ʠʟʚʝʩʪʥʳʡ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

çʂʫʨʘʡʩʢʦʝ ʧʦʣʝ ʛʨʷʜè, ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. 

ʊʝʪʝ ï ʣʝʚʦʛʦ ʧʨʠʪʦʢʘ ʨ. ʏʫʠ ʩ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʦʡ 1500ï1600 ʤ; ʘ ʜʨʫʛʦʡ ï 

ʊʶʪʝ-ɸʢʪʫʨʠʥʩʢʠʡ, ï ʥʘ ʣʝʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ʨ. ʊʝʪʝ ʥʘ ʨʘʚʥʠʥʝ ʩ ʘʙʩʦʣʶʪʥʦʡ 

ʚʳʩʦʪʦʡ 1600ï1700 ʤ, ʢʦʪʦʨʘʷ ʧʨʠʤʳʢʘʝʪ ʢ ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʢʦʥʝʯʥʦʡ 

ʤʦʨʝʥʝ ʣʝʜʥʠʢʘ ɸʢʪʨʫ. ʆʙʘ ʫʯʘʩʪʢʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʦʣʠʛʝʥʝʪʠʯʝʩʢʦʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʟʝʨʥʦ-ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʦʡ ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʨʘʚʥʠʥʝ ʩ 



41 

ʫʢʣʦʥʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ 2-3Á, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʘʟʝʤʥʳʭ ʜʝʣʴʪ 

ʨʝʢ ʊʶʪʝ ʠ ɸʢʪʫʨʫ ʠ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦʪʦʢʦʚ (ʨʠʩ. 9). 

 

2.3.1 ʂʫʨʘʡʩʢʦʝ ʛʨʷʜʦʚʦʝ ʧʦʣʝ 

 

ʄʦʨʬʦʩʢʫʣʴʧʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʳʪʷʥʫʪʳʭ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ 

ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ ʛʨʷʜ ʠ ʨʘʟʜʝʣʷʶʱʠʭ ʠʭ ʣʦʞʙʠʥ - ʪʘʣʴʚʝʛʦʚ, ʤʝʨʠʜʠʦʥʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʨʫʩʣʫ ʨ. ʊʶʪʝ (ʨʠʩ. 9). ɿʘʧʘʜʥʦʡ ʛʨʘʥʠʮʝʡ 

ʛʨʷʜʦʚʦ-ʣʦʞʙʠʥʥʦʡ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʳ ʷʚʣʷʝʪʩʷ ʵʨʦʟʠʦʥʥʳʡ ʫʩʪʫʧ ʨ. ʊʶʪʝ; ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʝʡ ï ʦʟʝʨʥʘʷ ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʘʷ ʪʝʨʨʘʩʠʨʦʚʘʥʥʘʷ 

ʨʘʚʥʠʥʘ (ʨʠʩ. 6). ɸʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 1520 ʤ, ʥʘ 

ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ï 1600 ʤ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʷʜʦʚʳʡ ʨʝʣʴʝʬ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʴ ʣʦʞʙʠʥʥʳʭ ʧʦʥʠʞʝʥʠʡ, ʨʘʟʜʝʣʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʝʪʴʶ ʚʦʜʦʨʘʟʜʝʣʦʚ: ʦʪ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʶʞʥʦʡ ʠʭ ʦʢʦʥʝʯʥʦʩʪʠ ʜʦ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʘ ʥʘ ʩʝʚʝʨʥʦʤ ʦʢʦʥʯʘʥʠʠ. ʇʨʝʚʳʰʝʥʠʝ ʚʳʩʦʪ ʛʨʷʜ (ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ) ʥʘʜ ʪʘʣʴʚʝʛʘʤʠ 4-ʛʦ ʧʦʨʷʜʢʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ 

ʩʦʩʪʘʚʣʷʝʪ 5 ï 16 ʤ, ʘ ʥʘ ʩʝʚʝʨʥʦʤ ʠʭ ʦʢʦʥʯʘʥʠʠ, ʚ ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ 

ʪʘʣʴʚʝʛʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ï 0,5ï1 ʤ. ʐʠʨʠʥʘ ʛʨʷʜ ʧʦ ʦʩʥʦʚʘʥʠʶ, ʠʣʠ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʠʭ ʪʘʣʴʚʝʛʘʤʠ 4-ʛʦ ʧʦʨʷʜʢʘ, ʩʦʩʪʘʚʣʷʝʪ 100-150 ʤ, 

ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʷʩʴ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦ 40 ʤ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʪʘʣʴʚʝʛʘʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ). ʇʦ ʤʝʨʝ ʫʙʳʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ ʛʨʷʜ, 

ʪʘʣʴʚʝʛʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ ʣʦʞʙʠʥ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ 

ʧʦʜ ʫʛʣʦʤ 10-15Á, ʠ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʮʝʣʦʤ ʧʨʠʦʙʨʝʪʘʝʪ ʷʯʝʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ. ɺ ʢʘʞʜʦʡ ʷʯʝʝ, ʨʘʟʤʝʨʘʤʠ 7-8 ʤ ʥʘ 10-12 ʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʚʳʰʝʥʠʝ, 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʘ ʚ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʠʭ ʣʦʞʙʠʥʘʭ, ʛʣʫʙʠʥʦʡ 0,3-0,5 ʤ, ʧʨʝʦʙʣʘʜʘʝʪ ʩʫʛʣʠʥʢʠ ʩ 

ʧʨʠʤʝʩʴʶ ʱʝʙʥʷ. ʊʨʘʚʷʥʦʡ ʧʦʢʨʦʚ ʨʘʟʨʝʞʝʥʥʳʡ, ʪʦʛʜʘ ʢʘʢ ʦʢʦʥʪʫʨʠʚʘʶʱʠʝ ʠʭ 

ʧʦʥʠʞʝʥʠʷ ʧʦʢʨʳʪʳ ʛʫʩʪʦʡ ʪʨʘʚʷʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 
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ʈʠʩʫʥʦʢ 9 ï ʇʝʨʠʩʪʦ-ʙʠʬʫʨʢʘʮʠʦʥʥʘʷ ʩʝʪʴ ʪʘʣʴʚʝʛʦʚ 1-4 ʧʦʨʷʜʢʦʚ ʂʫʨʘʡʩʢʦʛʦ 

ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʩʝʨʚʠʩʦʚ 

Google Earth ʠ Bing) 

 

ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʤʝʞʛʨʷʜʦʚʳʭ ʣʦʞʙʠʥ ʚ ʠʭ ʪʘʣʴʚʝʛʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʦʤʦʠʥʳ, ʨʳʪʚʠʥʳ, ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʦʪʦʨʳʭ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʚʦʟʨʘʩʪʘʝʪ, 

ʠ, ʥʘʢʦʥʝʮ, ʧʦʷʚʣʷʶʪʩʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ ʨʫʩʣʘ ʛʣʫʙʠʥʦʡ 0,15-0,3 ʤ, ʘ ʚ 

ʢʨʘʡʥʝʡ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ ï ʜʦ 0,5 ʤ. ʋʢʣʦʥ ʪʘʣʴʚʝʛʦʚ, ʧʦ ʜʘʥʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩʦʩʪʘʚʣʷʝʪ 1,2ï1,4Á (ʨʠʩ. 10). 

ʉʦʛʣʘʩʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʯʥʦʡ ʩʝʪʠ 

ʌʠʣʦʩʦʬʦʚʘ-ʉʪʨʘʣʝʨʘ [ʌʠʣʦʩʦʬʦʚ, 1960], ʟʜʝʩʴ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʪʠʧʘ 

ʨʘʩʯʣʝʥʝʥʠʷ ï ʙʠʬʫʨʢʘʮʠʦʥʥʳʡ, ʙʠʬʫʨʢʘʮʠʦʥʥʦ-ʧʝʨʠʩʪʳʡ, ʧʝʨʠʩʪʳʡ. ʇʦʨʷʜʦʢ 

ʩʪʚʦʣʦʚʳʭ (ʛʣʘʚʥʳʭ) ʪʘʣʴʚʝʛʦʚ ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʦʪ 

1 ʜʦ 3-4 (ʨʠʩ. 9). ɸʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʛʨʷʜ ʜʦʩʪʘʪʦʯʥʦ ʚʳʨʘʞʝʥʘ: ʩʢʣʦʥʳ ʚʦʩʪʦʯʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʢʣʦʥʘʤʠ 15-20Á, ʟʘʧʘʜʥʦʡ - ʙʦʣʝʝ ʧʦʣʦʛʠʝ, 10Á. 
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ʈʠʩʫʥʦʢ 10 ï ʍʘʨʘʢʪʝʨʥʳʡ ʫʢʣʦʥ ʧʨʦʜʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʪʘʣʴʚʝʛʦʚ ʤʝʞʛʨʷʜʦʚʳʭ 

ʣʦʞʙʠʥ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

ʈʝʣʠʢʪʳ ʘʙʨʘʟʠʦʥʥʳʭ ʫʩʪʫʧʦʚ ʥʘ ʚʝʨʰʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʷʜ. ʅʘ ʦʩʥʦʚʝ 

ʤʘʨʰʨʫʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʦʙʱʝʛʦ 

ʧʣʘʥʘ ʩʪʨʦʝʥʠʷ ʩʝʪʠ ʪʘʣʴʚʝʛʦʚ ʠ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʛʨʝʙʥʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʵʨʦ- 

ʠ ʢʦʩʤʦʬʦʪʦʩʥʠʤʢʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ 

ʩʪʫʧʝʥʯʘʪʦʩʪʴ (ʇʨʠʣʦʞʝʥʠʝ ɸ). ɺ ʧʣʘʥʝ ʫʩʪʫʧʳ, ʨʘʟʜʝʣʷʶʱʠʝ ʚʝʨʰʠʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʷʜ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʣʠʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʭ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ ʠʟʦʛʠʧʩ. ʂ ʪʦʤʫ ʞʝ ʩ ʫʩʪʫʧʘʤʠ 

ʩʚʷʟʘʥʦ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʬʫʨʢʘʮʠʦʥʥʳʭ çʫʟʣʦʚè - ʪʦʯʢʠ ʨʘʟʚʝʪʚʣʝʥʠʷ ʠʣʠ 

ʩʣʠʷʥʠʷ ʜʚʫʭ ʪʘʣʴʚʝʛʦʚ. ʇʝʨʝʜ ʢʘʞʜʳʤ ʫʩʪʫʧʦʤ ʫ ʠʭ ʦʩʥʦʚʘʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʝʙʦʣʴʰʠʝ ʧʦʥʠʞʝʥʠʷ, ʦʪʭʦʜʷʱʠʝ ʦʪ ʦʩʝʚʦʡ ʣʠʥʠʠ ʧʦʜ ʫʛʣʦʤ 5-10Ü ʥʘ ʶʛʦ-ʟʘʧʘʜ 

ʠ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ (ʨʠʩ. 11). 

 
ʈʠʩʫʥʦʢ 11 ï ɼʚʘ ʪʠʧʘ ʙʠʬʫʨʢʘʮʠʠ ʚʦʜʦʪʦʢʦʚ (ʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʥʘ ʜʚʘ ʠ ʩʣʠʷʥʠʝ 

ʜʚʫʭ ʚ ʦʜʠʥ) ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʠʤʠ ʘʙʨʘʟʠʦʥʥʳʭ ʫʩʪʫʧʦʚ ʚ ʧʝʨʠʦʜ ʵʨʦʟʠʦʥʥʦ-

ʜʝʥʫʜʘʮʠʦʥʥʦʛʦ ʚʩʢʨʳʪʠʷ (ʦʪʢʘʧʳʚʘʥʠʷ) ʣʦʞʙʠʥʥʦ-ʛʨʷʜʦʚʦʡ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʳ 

(ʩʦʩʪʘʚʣʝʥʦ ʇʦʟʜʥʷʢʦʚʳʤ ɸ.ɺ.) [ʇʦʟʜʥʷʢʦʚ ʠ ʜʨ. 2020] 

 

ɺ ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʩʫʛʣʠʥʦʢ, ʚ ʧʝʨʠʦʜʳ ʫʚʣʘʞʥʝʥʠʷ ʨʘʟʤʦʢʘʶʱʠʡ 

ʜʦ ʚʷʟʢʦ-ʧʣʘʩʪʠʯʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʫʯʘʩʪʢʠ 
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ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʣʠʢʪʳ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ, ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘ ʛʨʘʥʠʮʘʭ 

ʧʝʨʝʩʝʯʝʥʠʷ ʚʦʜʦʪʦʢʘʤʠ ʘʙʨʘʟʠʦʥʥʳʭ ʫʩʪʫʧʦʚ. 

 

2.3.2 ɻʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ ʚʳʙʨʘʥʳ ʜʚʘ 

ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ. 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʝʚʝʨʥʦʛʦ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ: 

50Á10'30.78" ʩ.ʰ., 87Á55'27.56" ʚ.ʜ. (ʨʠʩ. 12). ɻʨʷʜʦʚʦ-ʣʦʞʙʠʥʥʳʡ ʨʝʣʴʝʬ ʟʜʝʩʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʯʝʪʘʥʠʝʤ ʩʪʚʦʣʦʚʳʭ ʣʦʞʙʠʥ 3-4 ʧʦʨʷʜʢʘ ʠ ʨʘʟʜʝʣʷʶʱʠʭ ʠʭ ʛʨʷʜ - 

ʚʦʜʦʨʘʟʜʝʣʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʳʩʦʪʳ ʢʦʪʦʨʳʭ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʚ 

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʝʨʚʳʝ ʯʝʪʳʨʝ ʟʘʧʘʜʥʳʝ ʛʨʷʜʳ, ʥʘʯʠʥʘʷ ʦʪ ʧʦʛʨʘʥʠʯʥʦʡ 

ʩ ʨʫʩʣʦʤ ʨ.ʊʶʪʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʪʦʡ 10-16 ʤ. 

ʅʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʚʳʩʦʪʘ ʛʨʷʜ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ 5 ʜʦ 2 ʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʠ ʰʠʨʠʥʘ ʧʦ ʠʭ ʦʩʥʦʚʘʥʠʶ - ʦʪ 

150 ʜʦ 50 ʤ (ʨʠʩ. 13). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʰʫʨʬʦʚ ʚʩʢʨʳʚʘʝʪʩʷ ʪʦʣʱʘ ʦʟʝʨʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʤʦʱʥʦʩʪʴʶ 0,6 ï 3,0 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʫʛʣʠʥʢʘʤʠ ʙʫʨʦʛʦ ʠ ʩʚʝʪʣʦ-

ʩʝʨʦʛʦ ʮʚʝʪʘ, ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦ-ʣʠʩʪʦʚʘʪʦʡ ʪʝʢʩʪʫʨʦʡ (ʨʠʩ. 14, ʩʣʦʠ 2, 4, 

6).  

 
ʈʠʩʫʥʦʢ 12 ï ʋʯʘʩʪʦʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ 

(ʩʥʠʤʦʢ ʇʫʯʢʠʥʘ ɸ.ɺ., ʠʶʣʴ 2021 ʛ.) 
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1-7 ï ʥʦʤʝʨʘ ʨʘʟʨʝʟʦʚ ʦʪʣʦʞʝʥʠʡ ʛʨʷʜʳ; 8 ï ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ; 9 ï 

ʦʞʝʣʝʟʥʝʥʥʳʝ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʬʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ 

ʧʦʪʦʢʦʚ; 10 - ʛʨʘʥʠʮʳ ʩʣʦʝʚ ʜʦʩʪʦʚʝʨʥʳʝ; 11 ï ʛʨʘʥʠʮʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ; 12 - 

ʫʨʦʚʝʥʴ ʠʩʭʦʜʥʦʡ ʦʟʝʨʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʨʘʚʥʠʥʳ ʩ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʦʡ 1600 ʤ 

ʈʠʩʫʥʦʢ 13 ï ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ çʦʪʢʦʧʘʥʥʦʛʦè ʛʨʷʜʦʚʦ-

ʣʦʞʙʠʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʢʦʨʨʝʣʷʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʛʦ 

ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

ʇʘʯʢʠ ʧʣʦʪʥʦʡ ʪʦʥʢʦʩʣʦʠʩʪʦʡ ʛʣʠʥʳ ʤʦʱʥʦʩʪʴʶ 0,4 ʤ ʯʝʨʝʜʫʶʪʩʷ ʩ 

ʤʘʣʦʤʦʱʥʳʤʠ (0,15 ʤ) ʧʘʯʢʘʤʠ ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʘʣʝʚʨʠʪʦʚ (ʨʠʩ. 15). ɺʩʷ ʪʦʣʱʘ ʚ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʠʨʦʚʘʥʘ ʢʨʠʦʛʝʥʥʳʤʠ ʪʫʨʙʘʮʠʷʤʠ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʝʢʩʪʫʨʘʭ ʥʘʨʫʰʝʥʠʷ 

ʩʣʦʠʩʪʦʩʪʠ ʚ ʚʠʜʝ ʠʟʛʠʙʘʥʠʷ ʩʣʦʝʚ, ʨʘʟʨʳʚʦʚ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ (ʨʠʩ. 14, 

15). ʇʝʨʚʠʯʥʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʥʘʧʣʘʩʪʦʚʘʥʠʝ ʩ ʚʳʨʘʞʝʥʥʦʡ ʨʠʪʤʠʯʥʦʩʪʴʶ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 2-3 ʤ. ɺ ʦʩʪʘʣʴʥʳʭ ʰʫʨʬʘʭ (3-7) 

ʚʩʢʨʳʚʘʝʪʩʷ ʧʦʜʦʰʚʘ ʪʦʥʢʦʩʣʦʠʩʪʦ-ʣʠʩʪʦʚʘʪʳʭ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʘʥʘʣʦʛʦʚ 

ʦʪʣʦʞʝʥʠʷʤ, ʚʩʢʨʳʪʳʤ ʚ ʰʫʨʬʘʭ 1 ʠ 2 (ʨʠʩ. 16) [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, ʇʫʯʢʠʥ, 

2022]. 
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 ɻʣʫʙʠʥʘ, 

ʩʤ 

ʆʧʠʩʘʥʠʝ 

1 0 ï 20 ʇʦʯʚʝʥʥʳʡ ʛʦʨʠʟʦʥʪ 

2 20 ï 60  ʉʚʝʪʣʦ-ʩʝʨʘʷ ʧʣʦʪʥʘʷ ʛʣʠʥʘ, 

ʩʪʨʫʢʪʫʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ 

ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʧʣʠʪʢʠ. ʊʦʥʢʘʷ (1-5 

ʤʤ) ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ. 

ʇʨʠʩʫʪʩʪʚʫʶʪ ʚʢʣʶʯʝʥʠʷ 

ʦʢʘʪʘʥʥʦʡ ʛʘʣʴʢʠ ʠ ʚʘʣʫʥʦʚ 

3 60 ï 75  ʉʣʦʠʩʪʳʡ ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ ʘʣʝʚʨʠʪ 

(ʩʣʦʠ ʪʦʣʱʠʥʦʡ 1-2 ʤʤ) ʩʚʝʪʣʦ-

ʩʝʨʦʛʦ ʮʚʝʪʘ. ʉʣʦʠ ʜʝʬʦʨʤʠʨʦʚʘʥʳ 

ʢʨʠʦʪʫʨʙʘʮʠʷʤʠ 

4 75 ï 110  ʇʣʦʪʥʘʷ ʩʣʦʠʩʪʘʷ (1-5 ʤʤ) ʛʣʠʥʘ 

ʙʫʨʦʛʦ ʠ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ. 

ʉʪʨʫʢʪʫʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ 

ʦʪʜʝʣʴʥʦʩʪʠ. 

5 110 ï 125  ʉʚʝʪʣʦ-ʩʝʨʳʡ ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ 

ʘʣʝʚʨʠʪ. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ 

ʪʦʣʱʠʥʦʡ 1-2 ʤʤ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ 

ʨʷʙʴʶ. 

6 125 ï 155  ʊʝʤʥʦ-ʙʫʨʘʷ ʩʣʦʠʩʪʘʷ (1-5 ʤʤ) 

ʧʣʦʪʥʘʷ ʛʣʠʥʘ. ʉʪʨʫʢʪʫʨʠʨʫʝʪʩʷ ʥʘ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʦʪʜʝʣʴʥʦʩʪʠ 

7 155 ï 170 

ʠ ʛʣʫʙʞʝ 

ɺʘʣʫʥʳ ʠ ʛʘʣʝʯʥʠʢʠ ʩ 

ʛʨʫʙʦʟʝʨʥʠʩʪʳʤ ʧʝʩʯʘʥʳʤ 

ʟʘʧʦʣʥʠʪʝʣʝʤ. ʇʨʠʤʝʩʴ ʛʣʠʥʳ ʠ 

ʘʣʝʚʨʠʪʘ ʦʪʩʫʪʩʪʚʫʝʪ. ʆʙʣʦʤʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʭʦʨʦʰʦ ʧʨʦʤʳʪ, ʦʢʘʪʘʥ (ʚ 

ʩʨʝʜʥʝʤ 3 ʢʣʘʩʩ ʦʢʘʪʘʥʥʦʩʪʠ), 

ʦʙʣʦʤʢʠ ʧʦʢʨʳʪʳ ʪʦʥʢʦʡ ʧʣʝʥʢʦʡ 

ʦʞʝʣʝʟʥʝʥʠ ̫

ʈʠʩʫʥʦʢ 14 ï ʈʘʟʨʝʟ ˉ1 ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ (ʦʙʱʘʷ 

ʛʣʫʙʠʥʘ ʨʘʟʨʝʟʘ 170 ʩʤ) (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ, ʠʶʣʴ 2021 ʛ.) 
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ɻʣʫʙʠʥʘ, 

ʩʤ 
ʆʧʠʩʘʥʠʝ 

1 0-35  ʇʦʯʚʝʥʥʳʡ ʛʦʨʠʟʦʥʪ. ʂʘʰʪʘʥʦʚʳʝ 

ʧʦʯʚʳ ʩ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ 

ʦʢʘʪʘʥʥʳʭ ʛʘʣʴʢʠ ʠ ʧʝʩʢʘ; ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚʘʣʫʥʳ. 

2 35 - 57 ʉʚʝʪʣʘʷ ʩʣʦʠʩʪʘʷ ʧʣʦʪʥʘʷ ʛʣʠʥʘ ʩ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. 

3 57 - 74 ʊʦʥʢʦʟʝʨʥʠʩʪʳʡ ʧʝʩʦʢ (ʘʣʝʚʨʠʪ) ʩ 

ʚʦʣʥʦʦʙʨʘʟʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ 

4 74 - 100 ʊʝʤʥʘʷ ʩʣʦʠʩʪʘʷ ʛʣʠʥʘ ʩ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʦʢʘʪʘʥʥʳʝ 

ʛʘʣʴʢʘ ʠ ʚʘʣʫʥʳ. 

5 100 - 110 ʉʚʝʪʣʦ-ʩʝʨʳʡ ʧʣʦʪʥʳʡ ʧʝʣʠʪ. ʉʣʦʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʳ (ʢʨʠʦʪʫʨʙʘʮʠʠ?). 

6 110 - 130 ɹʦʣʝʝ ʪʝʤʥʳʡ ʩʣʦʠʩʪʳʡ ʘʣʝʚʨʠʪ; ʩʣʦʠ 

ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʳ 

(ʢʨʠʦʪʫʨʙʘʮʠʠ?). ɺʦʣʥʦʦʙʨʘʟʥʘʷ 

ʩʣʦʠʩʪʦʩʪʴ. 

7 130 - 145 ʍʦʨʦʰʦ ʧʨʦʤʳʪʳʡ ʨʳʭʣʳʡ ʪʦʥʢʦ- ʠ 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ ʩʣʦʠʩʪʳʡ ʧʝʩʦʢ 

8 145 - 196 ʇʣʦʪʥʘʷ ʪʝʤʥʦ-ʙʫʨʘʷ ʩʣʦʠʩʪʘʷ ʛʣʠʥʘ ʩ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ 

9 196 - 210 ʉʚʝʪʣʦ-ʩʝʨʘʷ ʧʣʦʪʥʘʷ ʛʣʠʥʘ ʩ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ 

10 210 - 230 ʊʝʤʥʦ-ʙʫʨʘʷ ʧʣʦʪʥʘʷ ʛʣʠʥʘ ʩ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ 

11 230 - 254 ʉʚʝʪʣʦ-ʩʝʨʘʷ ʧʣʦʪʥʘʷ ʛʣʠʥʘ ʩ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ ʠ ʥʝʷʩʥʦ 

ʚʳʨʘʞʝʥʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ 

12 254 - 267 ʊʦʥʢʦʟʝʨʥʠʩʪʳʡ ʩʣʦʠʩʪʳʡ ʧʝʩʦʢ 

(ʘʣʝʚʨʠʪ) 

13 267 - 285 ʊʝʤʥʳʡ ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ ʩʣʦʠʩʪʳʡ 

ʧʝʩʦʢ (ʘʣʝʚʨʠʪ) 

14 285 - 315 ʊʝʤʥʦ-ʙʫʨʘʷ ʦʯʝʥʴ ʧʣʦʪʥʘʷ ʦʟʝʨʥʘʷ 

ʛʣʠʥʘ. ʍʦʨʦʰʦ ʚʳʨʘʞʝʥʥʘʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ. 

15 315 ʠ 

ʥʠʞʝ 

(ʚʩʢʨʳʪʦ 

320) 

ʆʞʝʣʝʟʥʝʥʥʳʝ ʦʢʘʪʘʥʥʳʝ ʚʘʣʫʥʳ ʠ 

ʛʘʣʴʢʘ ʩ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ ʧʝʩʯʘʥʦ-

ʛʨʘʚʠʡʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ. ɺʩʪʨʝʯʘʶʪʩʷ 

ʢʨʫʧʥʳʝ ʦʢʘʪʘʥʥʳʝ ʚʘʣʫʥʳ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

ʈʠʩʫʥʦʢ 15 ï ʈʘʟʨʝʟ ˉ2 ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ (ʦʙʱʘʷ 

ʛʣʫʙʠʥʘ ʨʘʟʨʝʟʘ 320 ʩʤ) (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ, ʠʶʣʴ 2021 ʛ.) 



48 

 
ʘ ï ʨʘʟʨʝʟ ˉ3 (ʦʙʱʘʷ ʛʣʫʙʠʥʘ ʨʘʟʨʝʟʘ 90 ʩʤ); ʙ ï ʨʘʟʨʝʟ ˉ5 (ʦʙʱʘʷ ʛʣʫʙʠʥʘ 

ʨʘʟʨʝʟʘ 72 ʩʤ); ʚ ï ʨʘʟʨʝʟ ˉ6; ʛ ï ʨʘʟʨʝʟ ˉ7 

ʈʠʩʫʥʦʢ 16 ï ʈʘʟʨʝʟʳ ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʝʚʝʨʥʦʤ ʫʯʘʩʪʢʝ ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ 

(ʬʦʪʦ ʘʚʪʦʨʘ, ʠʶʣʴ 2021 ʛ.)  

 

2.3.3 ʖʞʥʳʡ ʫʯʘʩʪʦʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʷʜʦʚʦ-ʣʦʞʙʠʥʥʦʛʦ ʨʝʣʴʝʬʘ 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥʘ ʦʛʨʘʥʠʯʝʥʥʘʷ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʣʦʞʙʠʥʘʤʠ-ʪʘʣʴʚʝʛʘʤʠ 

ʛʨʷʜʘ (ʨʠʩ. 17), ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ: 50Á09'45.91" ʩ.ʰ., 

87Á54'7.52" ʚ.ʜ., ʥʘ ʨʘʩʩʪʦʷʥʠʠ 350 ʤ ʦʪ ʵʨʦʟʠʦʥʥʦʛʦ ʫʩʪʫʧʘ ʨ. ʊʶʪʝ. ʐʠʨʠʥʘ 

ʛʨʷʜʳ ʧʦ ʦʩʥʦʚʘʥʠʶ 120 ʤ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ (ʦʪ ʫʨʦʚʥʷ ʪʘʣʴʚʝʛʦʚ 

ʦʢʨʫʞʘʶʱʠʭ ʝʝ ʣʦʞʙʠʥ) ʧʦʜʦʰʚʳ ʩʢʣʦʥʘ ʟʘʧʘʜʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 8,0 ʤ, ʚʦʩʪʦʯʥʦʡ ï 
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3 ʤ. ɻʨʷʜʘ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʫʶ ʘʩʠʤʤʝʪʨʠʶ - ʩʢʣʦʥ ʟʘʧʘʜʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ 2 ʨʘʟʘ 

ʜʣʠʥʥʝʝ ʚʦʩʪʦʯʥʦʛʦ.  

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʦʪʣʦʞʝʥʠʡ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʧʨʦʬʠʣʶ ʛʨʷʜʳ 

ʩʦʩʪʘʚʣʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʩʢʨʳʪʠʷ ʠʭ ʯʝʪʳʨʴʤʷ ʰʫʨʬʘʤʠ ʛʣʫʙʠʥʦʡ 0,5ï1,2 ʤ: ʜʚʘ 

ʥʘ ʩʢʣʦʥʝ ʟʘʧʘʜʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʠ ʜʚʘ ʥʘ ʚʦʩʪʦʯʥʦʡ. 

 
1-4 ï ʥʦʤʝʨʘ ʨʘʟʨʝʟʦʚ ʦʪʣʦʞʝʥʠʡ ʛʨʷʜʳ; 5 ï ʨʝʣʠʢʪʳ ʥʝʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʱʝʡ (ʩ 

ʧʝʨʝʨʳʚʦʤ) ʪʦʣʱʠ ʧʦʢʨʦʚʘ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʨʘʥʥʝʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ; 6 ï ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʛʨʷʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʣʦʷʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʧʥʦʡ ʦʞʝʣʝʟʥʝʥʥʦʡ ʛʘʣʴʢʠ ʠ 

ʚʘʣʫʥʦʚ ʩ ʜʨʝʩʚʦʡ, ʩ ʧʨʦʩʣʦʷʤʠ ʠ ʣʠʥʟʘʤʠ ʦʪʤʳʪʦʛʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ (ʐ-

2 ʠ ʐ-3); 7 ï ʛʨʘʥʠʮʳ ʩʣʦʝʚ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʠ 8 ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ; 9 ï 

ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʛʨʘʥʠʮʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʪʦʣʱʠ 

ʈʠʩʫʥʦʢ 17 ï ʇʦʧʝʨʝʯʥʳʡ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʛʨʷʜʳ ʥʘ ʶʞʥʦʤ 

ʫʯʘʩʪʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ)  

 

ɻʨʷʜʘ ʩʣʦʞʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ (ʩʤ. ʪʘʙʣʠʮʫ 3) ʛʘʣʝʯʥʠʢʘʤʠ ʠ 

ʚʘʣʫʥʘʤʠ (ʨʠʩ. 18, 19). ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʦʪʣʦʞʝʥʠʡ ʛʨʷʜʳ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ 

ʚ ʥʝʤ ʩʦʭʨʘʥʠʣʠʩʴ ʦʪ ʜʝʥʫʜʘʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʝʣʠʢʪʳ ʦʟʝʨʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (ʨʘʟʨʝʟ ʚ ʯʝʪʚʝʨʪʦʤ ʰʫʨʬʝ) ʠ ʙʘʟʘʣʴʥʘʷ ʪʦʣʱʘ ʧʨʦʣʶʚʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʩʠʥʛʝʥʝʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘ ̫ʬʦʨʤʘʤ ʠʭ ʘʢʢʫʤʫʣʷʮʠʠ: ʩʦʯʝʪʘʥʠʝ 

ʨʫʩʣʦʚʳʭ ʬʘʮʠʡ ʨʘʟʤʳʚʘ ʩ ʬʘʮʠʷʤʠ ʘʢʢʫʤʫʣʷʮʠʠ ʦʩʘʜʢʦʚ ʥʘ ʙʦʨʪʘʭ ʨʫʩʝʣ ʠ 

ʨʘʟʜʝʣʷʶʱʠʭ ʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʦʪʣʦʞʝʥʠʷ, ʚʩʢʨʳʪʳʝ ʚʪʦʨʳʤ ʠ ʪʨʝʪʴʠʤ 

ʰʫʨʬʘʤʠ, ʨʠʩ. 18, 19). 
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ʘ ï ʈʘʟʨʝʟ ˉ1; ʙ ï ʈʘʟʨʝʟ ˉ2 

ʈʠʩʫʥʦʢ 18 ï ʈʘʟʨʝʟʳ ʦʪʣʦʞʝʥʠʡ ʛʨʷʜ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʛʨʷʜʳ ʶʞʥʦʛʦ ʫʯʘʩʪʢʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ (ʬʦʪʦ ʘʚʪʦʨʘ, 01.07. 2021)  

 

ʇʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʰʫʨʬʦʤ (ʨʠʩ. 18) ʥʘ ʩʢʣʦʥʝ ʟʘʧʘʜʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚʩʢʨʳʪʘ 

ʪʦʣʱʘ ʛʘʣʝʯʥʠʢʦʚ, ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʨʫʩʣʦʚʳʭ ʘʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʢʦʩʦʩʣʦʠʩʪʦʡ ʪʝʢʩʪʫʨʦʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʩʢʨʳʪʳ ʰʫʨʬʦʤ 

ʛʣʫʙʠʥʦʡ 1,2 ʤ (ʨʠʩ. 19, ʰ-3) ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʝʭʦʜʘ ʩʢʣʦʥʘ ʚ ʚʦʜʦʨʘʟʜʝʣʴʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ 

ʛʘʣʝʯʥʠʢʘʤʠ ʠ ʚʘʣʫʥʘʤʠ ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʩ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʤ 

ʟʘʧʦʣʥʠʪʝʣʝʤ. ɺ ʨʘʟʨʝʟʝ ʦʪʣʦʞʝʥʠʡ ʚʳʜʝʣʷʝʪʩʷ ʚʳʜʝʨʞʘʥʥʳʡ ʩʣʦʡ ʦʪʤʳʪʦʛʦ 

ʩʦʨʪʠʨʦʚʘʥʥʦʛʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ ʙʝʟ ʚʢʣʶʯʝʥʠʡ ʢʨʫʧʥʳʭ ʦʙʣʦʤʢʦʚ, 

ʛʨʘʚʠʷ ʠ ʘʣʝʚʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʣʦʡ, ʛʜʝ ʦʙʣʦʤʦʯʥʳʝ ʯʘʩʪʠʮʳ 

ʦʪʩʦʨʪʠʨʦʚʘʥʳ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʧʘʚʦʜʦʯʥʳʡ 

ʨʝʞʠʤ ʨʫʩʣʦʚʦʛʦ ʧʦʪʦʢʘ. ʅʘʢʣʦʥ ʩʣʦʝʚ 10Á, ʩʦʛʣʘʩʥʳʡ ʩ ʫʢʣʦʥʦʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʷʜʳ. ʉʣʦʠʩʪʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʥʝ ʚʳʨʘʞʝʥʘ [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, ʇʫʯʢʠʥ, 2022]. 
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ʈʠʩʫʥʦʢ 19 ï ʈʘʟʨʝʟ ˉ3 ʥʘ ʶʞʥʦʤ ʫʯʘʩʪʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ 

ʧʦʣʷ. ʆʪʣʦʞʝʥʠʷ ʛʨʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʣʦʷʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʧʥʦʡ 

ʦʞʝʣʝʟʥʝʥʥʦʡ ʛʘʣʴʢʠ ʠ ʚʘʣʫʥʦʚ, ʩ ʧʨʦʩʣʦʷʤʠ ʠ ʣʠʥʟʘʤʠ ʜʨʝʩʚʳ ʠ ʦʪʤʳʪʦʛʦ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ (ʬʦʪʦ ʘʚʪʦʨʘ, 01.07. 2021) 

 

ʅʘ ʩʢʣʦʥʝ ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʰʫʨʬʦʤ ʛʣʫʙʠʥʦʡ 1,2 ʤ (ʨʠʩ. 20, ʰ-4) 

ʫʩʪʘʥʦʚʣʝʥʳ ʨʝʣʠʢʪʳ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʣʦʪʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ 

ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɺʩʝ ʩʣʦʠ ʜʝʬʦʨʤʠʨʦʚʘʥʳ ʢʨʠʦʪʫʨʙʘʮʠʷʤʠ ʠ, 

ʚʦʟʤʦʞʥʦ, ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʠʤ ʪʝʯʝʥʠʝʤ ʪʦʣʱʠ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʝʝ 

ʫʚʣʘʞʥʝʥʠʠ.  

ʂʨʦʤʝ ʧʝʣʠʪʦʚʦ-ʘʣʝʚʨʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʣʦʠʩʪʦʩʪʠ ʦʩʘʜʢʦʚ, ʢ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʠʭ ʦʟʝʨʥʦʛʦ ʛʝʥʝʟʠʩʘ ʦʪʥʝʩʝʥʦ ʥʘʣʠʯʠʝ 

ʢʩʝʥʦʚʢʣʶʯʝʥʠʡ ʛʣʠʥʳ, ʚʠʜʠʤʦ, ʦʢʘʪʳʰʘ (ʨʠʩ. 20), ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʧʨʠ ʨʘʟʤʳʚʝ ʝʛʦ ʧʘʣʝʦʙʝʨʝʛʦʚ. ɹʘʟʘʣʴʥʘʷ ʪʦʣʱʘ ʩʦʩʪʦʠʪ 

ʠʟ ʢʨʫʧʥʦʡ ʛʘʣʴʢʠ ʠ ʚʘʣʫʥʦʚ ʩ ʜʨʝʩʚʷʥʳʤ ʠ ʧʝʩʯʘʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ. 

 



52 

 
1 ï ʢʨʫʧʥʘʷ ʠ ʤʝʣʢʘʷ ʛʘʣʴʢʘ; 2 ï ʩʫʛʣʠʥʦʢ ʩ ʥʝʷʩʥʦ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ; 3 ï 

ʩʣʦʠʩʪʳʡ ʩʫʛʣʠʥʦʢ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ; 4 ï ʢʩʝʥʦʚʢʣʶʯʝʥʠʝ ʛʣʠʥʳ 

(ʦʢʘʪʳʰ?, ʢʨʠʦʪʫʨʙʘʮʠʠ?); 5 ï ʩʫʧʝʩʴ ʙʫʨʦʛʦ ʮʚʝʪʘ; 6 ï ʢʨʫʧʥʘʷ ʛʘʣʴʢʘ 

ʈʠʩʫʥʦʢ 20 ï ʈʘʟʨʝʟ ʦʪʣʦʞʝʥʠʡ ˉ4 ʥʘ ʩʢʣʦʥʝ ʛʨʷʜʳ ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ. 

ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 1,2 ʤ. ɺʩʝ ʩʣʦʠ ʜʝʬʦʨʤʠʨʦʚʘʥʳ ʢʨʠʦʪʫʨʙʘʮʠʷʤʠ (ʬʦʪʦ 

ʇʦʟʜʥʷʢʦʚʘ ɸ.ɺ.) 

 

2.3.4 ʊʶʪʝ-ɸʢʪʫʨʠʥʩʢʦʝ ʛʨʷʜʦʚʦʝ ʧʦʣʝ 

 

ʊʶʪʝ-ɸʢʪʫʨʠʥʩʢʦʝ ʛʨʷʜʦʚʦʝ ʧʦʣʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʣʝʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ʨ. 

ʊʶʪʝ, ʥʘ ʶʛʦ-ʟʘʧʘʜ ʦʪ ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ ʦʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ ʠʥʦʡ ʛʨʷʜʦʚʦ-ʪʘʣʴʚʝʛʦʚʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ. ɺʩʷ ʝʛʦ ʶʞʥʘʷ ʧʦʣʦʚʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʳʡ ʷʯʝʠʩʪʦ-ʤʝʜʘʣʴʦʥʥʳʡ ʪʠʧ ʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʥʘ 

ʶʛ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʧʦʥʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ ʛʨʷʜ ʩ 5 ʤ ʜʦ 0,5 

ʤ ʠ ʤʝʥʝʝ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʘʙʩʦʣʶʪʥʦʡ ʠʭ ʚʳʩʦʪʳ (ʨʠʩ. 21).  
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ʈʠʩʫʥʦʢ 21 ï ʊʶʪʝ-ɸʢʪʫʨʠʥʩʢʦʝ ʛʨʷʜʦʚʦʝ ʧʦʣʝ (ʬʦʪʦ ʘʚʪʦʨʘ, ʠʶʣʴ 2021 ʛ.) 

 

ɸʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʛʨʷʜʦʚʳʭ ʬʦʨʤ ʊʶʪʝ-ɸʢʪʫʨʠʥʩʢʦʛʦ ʧʦʣʷ ʚ ʮʝʣʦʤ, ʝʩʣʠ 

ʥʝ ʩʯʠʪʘʪʴ ʠʩʢʣʶʯʝʥʠʡ, ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʋʢʣʦʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʢʣʦʥʦʚ ʨʘʚʥʳ 

ʠʣʠ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʜʝʩʷʪʳʝ ʜʦʣʠ ʛʨʘʜʫʩʦʚ (ʨʠʩ. 22). ɺ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʛʨʷʜ ʤʝʩʪʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʣʴʚʝʛʦʚʦ-ʛʨʷʜʦʚʳʡ 

ʚʠʜ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʜʦʙʥʳʡ ʂʫʨʘʡʩʢʦʤʫ, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʛʦ, ʥʝ ʠʤʝʝʪ 

ʵʣʝʤʝʥʪʦʚ ʪʘʣʴʚʝʛʦʚʦʛʦ ʚʝʪʚʣʝʥʠʷ. ɺ ʶʞʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʧʦʣʷ 

ʨʝʣʴʝʬ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʷʯʝʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʘʥʘʣʦʛʠʯʥʫʶ çʤʝʜʘʣʴʦʥʘʤè 

ʂʫʨʘʡʩʢʦʛʦ ʧʦʣʷ ʛʨʷʜ [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, ʇʫʯʢʠʥ, 2022; ʇʦʟʜʥʷʢʦʚ ʠ ʜʨ. 

2020]. 
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ʈʠʩʫʥʦʢ 22 ï ʇʦʧʝʨʝʯʥʳʡ ʧʨʦʬʠʣʴ ʛʨʷʜ ʊʶʪʝ-ɸʢʪʫʨʠʥʩʢʦʛʦ ʫʯʘʩʪʢʘ (ʩʦʩʪʘʚʣʝʥʦ 

ʘʚʪʦʨʦʤ) 

 

2.3.5 ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ ʠ ʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 23 ʠ ʪʘʙʣ. 3), 

ʜʦʣʠ ʬʨʘʢʮʠʡ ʨʘʟʤʝʨʦʤ ʢʨʫʧʥʦʡ ʛʘʣʴʢʠ, ʚʘʣʫʥʦʚ ʠ ʛʣʳʙ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʢʨʫʧʥʦʩʪʴʶ ɤ = 0,7 ï 5,0 ʤ/ʩ ʠ ʬʨʘʢʮʠʡ ʨʘʟʤʝʨʦʤ ʦʪ ʩʫʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʜʦ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ ʠ ʱʝʙʥʷ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʴʶ ʦʪ 0,12 ʜʦ 0,7 ʤ/ʩ 

ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʦʙʣʦʤʢʦʚ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝʧʦʩʪʦʷʥʩʪʚʦ 

ʨʘʟʚʠʪʠʷ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʚʨʝʤʝʥʥʳʭ 

ʨʫʩʣʦʚʳʭ ʚʦʜʦʪʦʢʦʚ. 

  
a ï ʂʫʨʘʡʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ; ʙ ï ʊʶʪʝ-ɸʢʪʫʨʠʥʩʢʦʛʦ ʛʨʷʜʦʚʦʛʦ ʧʦʣʷ 

ʈʠʩʫʥʦʢ 23 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ ʛʨʷʜ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 
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ɼʦʣʷ ʚʘʣʫʥʦʚ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ ʢ ʥʠʞʥʠʤ ʯʘʩʪʷʤ ʨʘʟʨʝʟʦʚ ʦʪʣʦʞʝʥʠʡ, ʛʜʝ 

ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʧʨʝʦʙʣʘʜʘʝʪ; ʚ ʝʛʦ ʩʣʦʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʫʛʣʠʥʠʩʪʳʡ 

ʟʘʧʦʣʥʠʪʝʣʴ. ɼʦʣʷ ʛʣʳʙʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʦʪ 0,5 ʜʦ 2,0 ʤ ʠ ʙʦʣʝʝ) ʚ ʦʙʱʝʡ ʤʘʩʩʝ 

ʦʪʣʦʞʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʙʣʠʟʦʩʪʠ ʢ ʤʦʨʝʥʘʤ: ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʥʠʤ, ʜʦʣʷ 

ʛʣʳʙʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ (ʪʘʙʣ. 3) [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, ʇʫʯʢʠʥ, 

2022]. 

ʊʘʙʣʠʮʘ 3 ï ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʢʨʫʧʥʦʩʪʴ ɤ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʛʨʷʜ 

(ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

ʂʫʨʘʡʩʢʦʝ ʧʦʣʝ ʛʨʷʜ, 

ɤ, ʤ/ʩ 
% 

ʊʶʪʝ-ɸʢʪʫʨʠʥʩʢʦʝ 

ʧʦʣʝ ʛʨʷʜ, ɤ, ʤ/ʩ 
% 

<0,12 20 <0,12 4 

0,12-0,15 7 0,12-0,15 2 

0,15-0,18 7 0,15-0,18 2 

0,18-0,7 6 0,18-0,7 2 

0,7-2,7 51 0,7-2,7 40 

2,7-3,8 9 2,7-5,0 40 

 

ɸʥʘʣʠʟ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʪʣʦʞʝʥʠʡ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ 

ʦʙʲʝʢʪʠʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʚ ʧʝʨʠʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʷʜ ʦʥʘ ʤʝʥʷʣʘʩʴ ʦʪ 0,12 ʤ/ʩ ʜʦ 5,0 ʤ/ʩ. ʆʩʦʙʝʥʥʦ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʧʦʪʦʢ, ʬʦʨʤʠʨʦʚʘʚʰʠʡ ʊʶʪʝ-ɸʢʪʫʨʠʥʩʢʦʝ ʧʦʣʝ 

ʛʨʷʜ, ʛʜʝ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʙʦʣʝʝ 50% ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʥʝʦʙʭʦʜʠʤʘ 

ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦ-ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʝʚʳʰʘʚʰʘʷ 3-5 

ʤ/ʩ [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, ʇʫʯʢʠʥ, 2022]. 

 

2.4 ɺr ʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʷʜʦʚʳʡ ʨʝʣʴʝʬ 

ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʣʦʞʝʥ ʥʝ ʦʜʥʦʨʦʜʥʦʡ ʢʦʩʦʩʣʦʠʩʪʦʡ ʛʨʘʚʠʡʥʦʡ ʪʦʣʱʝʡ, 
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ʢʘʢ ʫʪʚʝʨʞʜʘʣʦʩʴ ʨʘʥʝʝ [ʈʫʜʦʡ, 2005; ɹʫʪʚʠʣʦʚʩʢʠʡ, 1993; Carling, 1996; Carling, 

Bristow, Litvinov, 2016], ʘ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩ ʨʝʟʢʠʤ ʥʝʩʦʛʣʘʩʠʝʤ 

ʩʦʯʣʝʥʷʶʱʠʭʩʷ ʦʪʣʦʞʝʥʠʡ. ɻʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʣʝʛʘʶʱʠʝ ʘʣʝʚʨʠʪʦʧʝʣʠʪʦʚʳʝ ʩ 

ʪʦʥʢʦʩʣʦʠʩʪʦ-ʣʠʩʪʦʚʘʪʦʡ ʪʝʢʩʪʫʨʦʡ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʣʠʢʪʳ 

ʦʟʝʨʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʦʢʨʦʚʘ, ʦʙʣʝʢʘʚʰʝʛʦ ʧʦʜʩʪʠʣʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʛʨ̫ʜʦʚʦ-ʣʦʞʙʠʥʥʦʛʦ ʨʝʣʴʝʬʘ. ɺʘʣʫʥʥʦ-ʛʘʣʝʯʥʠʢʦʚʘʷ ʪʦʣʱʘ ʧʦ ʪʝʢʩʪʫʨʝ 

ʩʣʦʠʩʪʦʩʪʠ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʦʪʩʫʪʩʪʚʠʶ ʩʦʨʪʠʨʦʚʢʠ ʧʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ, ʪʠʧʠʯʥʘ ʜʣʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ 

ʨʫʩʣʦʚʳʭ ʧʦʪʦʢʦʚ ʩ ʧʘʚʦʜʢʦʚʳʤ ʨʝʞʠʤʦʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʉʣʦʠʩʪʦʩʪʴ ʚ 

ʦʪʣʦʞʝʥʠʷʭ ʛʨʷʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʥʦʛʦʘʢʪʥʳʡ ʢʦʥʩʝʜʠʤʝʥʪʥʳʡ ʧʨʦʮʝʩʩ ï 

ʩʠʥʭʨʦʥʥʦ ʧʨʦʠʩʭʦʜʠʚʰʝʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʩʝʣ, ʯʪʦ ʪʠʧʠʯʥʦ 

ʜʣʷ ʧʦʪʦʢʦʚ ʩ ʧʘʚʦʜʢʦʚʳʤ ʨʝʞʠʤʦʤ. 

ɼʠʥʘʤʠʢʘ ʛʨʷʜʳ (ʜʶʥʳ) ï ʵʪʦ ʩʫʪʴ ʜʚʠʞʝʥʠʷ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ [ʇʦʟʜʥʷʢʦʚ, ʆʢʠʰʝʚ, 2002], ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʥʦʞʝʩʪʚʘ 

ʦʙʣʦʤʢʦʚ ʨʘʟʣʠʯʥʦʡ ʢʨʫʧʥʦʩʪʠ. ɿʘ ʦʜʠʥ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʛʨʷʜʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʝʝ ʜʣʠʥʝ ʧʦ ʦʩʥʦʚʘʥʠʶ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʠʦʜʦʚ 

ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʷʜʳ ʚʦʟʨʘʩʪʘʝʪ ʩʪʝʧʝʥʴ ʩʦʨʪʠʨʦʚʘʥʥʦʩʪʠ ʩʣʘʛʘʶʱʠʭ ʝʝ ʯʘʩʪʠʮ ʧʦ 

ʨʘʟʤʝʨʫ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ. ʂʫʨʘʡʩʢʠʝ ʜʶʥʳ ʩʣʦʞʝʥʳ 

ʥʝʩʦʨʪʠʨʦʚʘʥʥʳʤ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʦʪʥʝʩʝʥʠʷ ʛʨʷʜ ʢ 

ʢʘʪʝʛʦʨʠʠ ʧʦʜʚʠʞʥʳʭ ʨʫʩʣʦʚʳʭ ʬʦʨʤ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʭ ʘʩʠʤʤʝʪʨʠʠ, 

ʦʧʨʝʜʝʣʷʶʱʘʷʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ ʠ 

ʨʘʟʤʝʨʦʚ ʦʙʣʦʤʢʦʚ. ʅʘʢʣʦʥ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʛʨʷʜʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʥʘʚʩʪʨʝʯʫ ʪʝʯʝʥʠʶ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ. 

ʇʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, ʢʦʛʜʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʜʚʠʞʫʱʝʛʦʩʷ ʩʣʦʷ 

ʦʙʣʦʤʢʦʚ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʨʝʜʥʝʤʫ ʨʘʟʤʝʨʫ ʠʭ ʜʠʘʤʝʪʨʘ (ʥʘ ʛʨʘʥʠ ʧʝʨʝʭʦʜʘ ʚ 

ʛʣʘʜʢʫʶ ʬʘʟʫ ʥʘʢʣʦʥ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʫʣʶ), ʛʨʷʜʘ ʠʩʯʝʟʘʝʪ. ʀ ʥʘʦʙʦʨʦʪ, ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʫʤʝʥʴʰʝʥʠʠ ʢʨʫʧʥʦʩʪʠ ʦʙʣʦʤʢʦʚ, ʚʦʟʨʘʩʪʘʶʪ ʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʨʷʜʳ, 

ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʥʘʢʣʦʥ ʝʝ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʠ ʚʳʩʦʪʫ ʜʶʥʳ. ʊʘʢʠʝ ʛʨʷʜʳ 
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ʪʠʧʠʯʥʳ ʜʣʷ ʛʣʫʙʦʢʠʭ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ, ʩ ʤʝʜʣʝʥʥʳʤ ʪʝʯʝʥʠʝʤ ʠ ʚʣʝʢʦʤʳʤ 

ʧʝʩʯʘʥʳʤ ʤʘʪʝʨʠʘʣʦʤ [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, ʇʫʯʢʠʥ, 2022]. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʦʝʥʠʷ 

ʢʦʨʨʝʣʷʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʛʨʷʜ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʦʪʥʦʩʠʪʴ ʠʭ ʢ ʬʘʮʠʷʤ ʨʫʩʣʦʚʳʭ 

ʬʣʶʚʠʦ-ʛʣʷʮʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘʟʝʤʥʳʭ ʜʝʣʴʪ (ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ 

ʨʝʢ) ʨʝʢ ʊʶʪʝ ʠ ɸʢʪʨʫ. ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʟʜʘʶʪʩʷ ʚ 

ʧʝʨʝʭʦʜʥʳʭ ʟʦʥʘʭ ʩʦʯʣʝʥʝʥʠʷ ʛʦʨʥʳʭ ʜʦʣʠʥ ʩ ʟʦʥʘʤʠ ʫʩʪʦʡʯʠʚʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʚ 

ʤʝʞʛʦʨʥʳʭ ʢʦʪʣʦʚʠʥʘʭ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʬʘʮʠʠ ʧʨʦʣʶʚʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʚʳʨʘʞʝʥʥʘʷ ʩʣʦʠʩʪʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʫʧʥʦʩʪʠ. ɸ ʥʘʣʠʯʠʝ ʚ 

ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʦʩʣʦʝʚ ʛʨʫʙʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʥʘ ʩʧʘʜʝ 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʜʦʪʦʢʦʚ, ʢʨʦʤʝ ʧʨʦʯʝʛʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʦʪʣʦʞʝʥʠʡ ʚ ʚʦʜʦʪʦʢʘʭ ʩ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʤ ʧʘʚʦʜʦʯʥʳʤ (ʧʠʢʦʚʳʤ) 

ʨʝʞʠʤʦʤ ʨʘʩʭʦʜʦʚ ʚʦʜʳ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʪʢʦʧʘʥʥʫʶ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʢʨʠʧʪʦʩʪʨʫʢʪʫʨʫ, ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʚ ʧʝʨʠʦʜ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʟʝʨʘ ʠ ʦʟʝʨʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʪʨʠʮʘʝʪ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ (ʜʦ 

6-10 ʤ/ʩ) ʧʦʪʦʢʝ ʛʣʫʙʠʥʦʡ 400 ʤ ʠʥʠʮʠʠʨʦʚʘʥʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʣʝʜʦʚʦʡ ʧʣʦʪʠʥʳ 

[ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, 2020] [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, ʇʫʯʢʠʥ, 2022]. 

ʂʘʢʠʝ-ʣʠʙʦ ʩʣʝʜʳ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʛʠʧʝʨʙʦʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʚʦʨʦʪʘ ʥʘ ʚʩʝʡ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʅʝʪ ʠ ʩʣʝʜʦʚ ʢʦʣʦʩʩʘʣʴʥʦʡ 

ʵʨʦʟʠʦʥʥʦʡ ʨʘʙʦʪʳ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʧʦʩʪʫʣʠʨʫʝʤʦʛʦ ʘʚʪʦʨʘʤʠ [ʈʫʜʦʡ, 2005; 

ʀʥʠʰʝʚ ʠ ʜʨ., 2015] (ʨʠʩ. 24) [ʇʦʟʜʥʷʢʦʚ ʠ ʜʨ., 2019; ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, 

ʇʫʯʢʠʥ, 2022]. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩʠʥʭʨʦʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʩʢʣʦʥʘʤʠ ʚʦʜʥʦʤ 

ʙʘʩʩʝʡʥʝ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ ʚʩʣʝʜʩʪʚʠʝ ʘʙʨʘʟʠʠ ʠ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ 

ʙʝʛʫʱʠʭ ʛʨʷʜ - çʨʷʙʠ ʪʝʯʝʥʠʷè. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʘʙʨʘʟʠʠ ʷʚʣʷʝʪʩʷ 

ʵʥʝʨʛʠʷ ʚʝʪʨʦʚʳʭ ʚʦʣʥ, ʘ ʜʣʷ ʙʝʛʫʱʠʭ ʛʨʷʜ ï ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʪʫʨʙʫʣʝʥʪʥʦ-
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ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʩʪʨʫʡʥʳʝ ʪʝʯʝʥʠʷ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ 

ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʳ ʥʘ ʩʢʣʦʥʘʭ ʢʦʪʣʦʚʠʥ ï ʥʝʦʧʨʦʚʝʨʞʠʤʳʡ ʬʘʢʪ, ʦʙʲʝʢʪʠʚʥʦ 

ʦʪʨʠʮʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʶʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʠʱʘ ʢʦʪʣʦʚʠʥ (ʨʠʩ. 

25) [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, ʇʫʯʢʠʥ, 2022]. 

 

 
1 ï ʪʨʘʝʢʪʦʨʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʧʦ [Bohorquez et al., 

2019], 2 ï ʨʝʣʠʢʪʳ ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ, 3 ï ʣʠʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʥʘʧʦʣʥʝʥʠʷ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʦʟʝʨʘ ʥʘ ʚʳʩʦʪʝ 2133 ʤ [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, 

2020], 4 ï ʧʦʣʷ ʛʨʷʜʦʚʦʛʦ ʨʝʣʴʝʬʘ; ɸ-ɹ ï ʧʨʦʬʠʣʴ ʨʝʣʴʝʬʘ ʧʦ ʪʨʘʝʢʪʦʨʠʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʚʦʜʦʚʦʨʦʪʘ [Bohorquez et al., 2019] 

ʈʠʩʫʥʦʢ 24 ï ʂʫʨʘʡʩʢʘʷ ʢʦʪʣʦʚʠʥʘ ʠ ʝʝ ʦʢʨʝʩʪʥʦʩʪʠ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʚ ʩʨʝʜʝ 

ArcGIS Online ʠ Google Earth) [ʇʫʧʳʰʝʚ, 2023] 

 

ʅʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʚʳʚʦʜʳ ʦ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʛʨʷʜʦʚʦ-ʜʶʥʥʳʭ 

ʬʦʨʤ ʨʝʣʴʝʬʘ ʚ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʘʭ ʠ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ 

ʫʯʘʩʪʢʘʭ [ʈʫʜʦʡ, 2005; ʀʥʠʰʝʚ ʠ ʜʨ., 2015; Bohorquez, Carling, Herget, 2016; 
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Bohorquez, Jimenez-Ruiz, Carling, 2019]. ɻʝʥʝʟʠʩ ʛʨʷʜʦʚʦ-ʜʶʥʥʳʭ ʬʦʨʤ ʩʚʷʟʘʥ ʩ 

ʢʨʠʦʛʝʥʥʦ-ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝʤ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʳʭ ʢʘʤʝʥʥʳʭ ʧʦʣʦʩ ï 

ʛʦʤʦʤʦʨʬʥʳʭ ʨʫʩʣʦʚʳʤ ʜʶʥʥʦ-ʛʨʷʜʦʚʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, 

ʇʫʯʢʠʥ, 2022]. 

 
1 ï ʦʩʪʘʥʝʮ ʦʟʝʨʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʨʘʚʥʠʥʳ ʩ ʨʝʣʠʢʪʘʤʠ ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ; 2 ï 

ʵʨʦʟʠʦʥʥʳʝ ʪʝʨʨʘʩʳ ʨ. ʏʫʷ ʩ ʩʠʩʪʝʤʦʡ ʩʫʭʠʭ ʣʦʞʙʠʥ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴʶ ʨʫʩʣʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʦʟʝʨʘ; 3 ï ʩʢʣʦʥʳ ʢʦʪʣʦʚʠʥʳ ʩ 

ʘʙʨʘʟʠʦʥʥʳʤʠ ʪʝʨʨʘʩʘʤʠ 

ʈʠʩʫʥʦʢ 25 ï ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʧʦ ʢʦʪʦʨʦʡ ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ [ʈʫʜʦʡ, 2005; Bohorquez et al., 2019] ʰʝʣ ʪʨʘʥʟʠʪʥʳʡ ʧʦʪʦʢ 

ʩʢʦʨʦʩʪʴʶ ʩʚʳʰʝ 40 ʤ/ʩ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ)  
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3 ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʣʝʜʦʚʦ-

ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ 

 

3.1 ʄʝʪʦʜʳ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ 

ʦʟʝʨʘ 

 

ʇʘʨʘʤʝʪʨʳ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʦʟʝʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʚʝʣʠʯʠʥʘ ʩʪʦʢʘ ʚʦʜʳ ʠʟ 

ʥʝʛʦ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʪʨʦʝʥʠʝʤ ʠ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʢʘʥʘʣʦʚ ʯʝʨʝʟ ʣʝʜʦʚʫʶ ʧʦʜʧʨʫʜʫ, 

ʧʦʵʪʦʤʫ ʟʘʜʘʯʠ ʧʦ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʡ ʦʮʝʥʢʝ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʘʣʝʦʦʟʝʨʘ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩ ʚʳʷʚʣʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʨʫʰʝʥʠʷ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʪʨʦʝʥʠʝ 

ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ ʣʝʜʦʚʦʡ ʧʣʦʪʠʥʳ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʥʳʭ 

ʩʪʦʢʦʚ ʥʝʚʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ ʥʘʜʝʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ 

ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʥʘ ʩʢʣʦʥʘʭ ʢʦʪʣʦʚʠʥ ʘʙʨʘʟʠʦʥʥʳʝ 

ʪʝʨʨʘʩʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʳʩʦʪʘ ʪʝʨʨʘʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʧʨʝʞʥʝʡ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʚʳʩʦʪʝ ʫʨʦʚʥʷ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʣʝʦʦʟʝʨʘ. ʕʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʦʪʣʦʚʠʥʳ 

ʫʩʪʘʥʦʚʠʪʴ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʣʝʦʦʟʝʨʘ, ʪʘʢʠʝ ʢʘʢ ʧʣʦʱʘʜʴ 

ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʲʝʤ ʠ ʜʣʠʥʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʥʘ ʣʶʙʫʶ ʚʳʙʨʘʥʥʫʶ 

ʘʙʩʦʣʶʪʥʫʶ ʚʳʩʦʪʫ. ʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ (ʎʄʈ) ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʡ ʤʝʞʛʦʨʥʦʡ ʢʦʪʣʦʚʠʥʳ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʚʳʩʦʪ SRTM (ʰʘʛ ʩʝʪʢʠ 90 ʤʝʪʨʦʚ). ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʆʙʲʝʤ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ (Surface Volume) ʤʦʜʫʣʷ 3D 

Analyst ɻʀʉ-ʧʘʢʝʪʘ ArcGIS 10.6.1, ʦʧʨʝʜʝʣʷʣʩʷ ʥʘʢʘʧʣʠʚʘʚʰʠʡʩʷ ʚ ʢʦʪʣʦʚʠʥʝ 

ʦʙʲʝʤ ʚʦʜʳ V (Y, t). 

ʉʝʨʠʷ ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ ʥʘ ʩʢʣʦʥʘʭ ʢʦʪʣʦʚʠʥ ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʧʝʨʠʦʜ ʜʝʛʨʘʜʘʮʠʠ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʧʦʵʪʦʤʫ ʧʦ ʨʘʟʥʠʮʝ 

ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ ʩʦʩʝʜʥʠʭ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʪʝʨʨʘʩ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʚʝʣʠʯʠʥʫ ʧʦʥʠʞʝʥʠ ̫ ʫʨʦʚʥʷ ʦʟʝʨʘ æY(t) ʟʘ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʡ 

ʘʙʨʘʟʠʦʥʥʦʡ ʩʪʫʧʝʥʠ t. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʚʝʣʠʯʠʥ ʧʨʠʪʦʢʦʚ ʠ ʠʩʪʦʢʦʚ ʚ ʦʟʝʨʦ, ʧʦʵʪʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ ʧʦʟʚʦʣʷʝʪ ʢʦʩʚʝʥʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʠʟʤʝʥʝʥʠʝ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʘ. ɼʘʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ўὣὸ
В В

      (3) 

ʛʜʝ: æY(t) ï ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʘ (ʤ) ʟʘ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ t (ʩʝʢ), ×Qin(t) ï ʩʫʤʤʘ ʧʨʠʪʦʢʦʚ ʚ ʦʟʝʨʦ ʟʘ ʧʝʨʠʦʜ t (ʤ3), ×Qi(t) ï ʩʫʤʤʘ 

ʠʩʪʦʢʦʚ ʠʟ ʦʟʝʨʘ ʟʘ ʧʝʨʠʦʜ t (ʤ3), Slake(Y) ï ʧʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ ʠ ʣʝʜʦʚʦʡ ʧʣʦʪʠʥʳ 

ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ Y (ʤ2). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ: ×Qin(t)> ×Qi(t) ï ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʥʷʪʠʝ ʫʨʦʚʥʷ 

(æY(t)>0); ×Qin(t)= ×Qi(t) ï ʩʪʘʙʠʣʠʟʘʮʠʷ ʫʨʦʚʥʷ (æY(t)=0); ×Qin(t)<×Qi(t) ï 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ (æY(t)< 0). 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (4) ʤʦʞʥʦ ʥʘʡʪʠ ʩʫʤʤʫ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʠʩʪʦʢʘʭ ʦʟʝʨʘ ʟʘ 

ʧʝʨʠʦʜ t: 

Вὗ ὸ Вὗ ὸ Ὓ ὣ Ўzὣὸ    (4) 

ʆʪʢʫʜʘ ʥʘʭʦʜʠʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʠʟ ʦʟʝʨʘ Qi ʟʘ ʧʝʨʠʦʜ t: 

ὗ Вὗ ὸȾὸ      (5) 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʦʟʝʨʥʦʛʦ ʙʘʩʩʝʡʥʘ æY(t) (ʨʘʚʥʫʶ ʨʘʟʥʠʮʝ ʚʳʩʦʪ ʩʦʩʝʜʥʠʭ ʪʝʨʨʘʩ) ʠ ʧʝʨʠʦʜ, 

ʟʘ ʢʦʪʦʨʳʡ ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ. ʆʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʥʠʚʝʣʠʨʦʚʦʯʥʳʭ ʧʨʦʬʠʣʝʡ ʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʫʶ 

ʦʮʝʥʢʫ ʩʫʤʤʘʨʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʨʠʪʦʢʦʚ ×Qin(t) ʬʦʨʤʠʨʦʚʘʚʰʠʭ ʧʘʣʝʦʦʟʝʨʦ. 

ʈʘʩʭʦʜ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʦʚ ʛʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʣʘʞʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʧʦʵʪʦʤʫ ʦʮʝʥʠʪʴ ʠʭ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʪʦʣʴʢʦ 

ʦʧʠʨʘʷʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʨʨʠʪʦʨʠʠ. 
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3.2 ʆʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ ʘʙʨʘʟʠʦʥʥʳʭ ʪʝʨʨʘʩ 

 

ʊʝʨʨʘʩʳ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: ʙʘʨʳ ʥʘ ʫʯʘʩʪʢʘʭ ʜʥʘ ʩ 

ʫʢʣʦʥʦʤ ʤʝʥʝʝ 10Á (ʦʪʤʝʣʳʝ ʙʝʨʝʛʘ) ʠ ʪʝʨʨʘʩʳ ʥʘ ʙʦʣʝʝ ʢʨʫʪʳʭ, ʧʨʠʛʣʫʙʳʭ 

ʫʯʘʩʪʢʘʭ ʜʥʘ (ʨʠʩ. 24). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʦʣʥʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥ ʠ ʛʣʫʙʠʥʳ ʚʦʜʳ, ʯʪʦ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʘʟʚʠʪʠʠ ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ.  

 

1 ï ʥʠʚʝʣʠʨʦʚʦʯʥʳʡ ʧʨʦʬʠʣʴ ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʙʘʨʦʚ, ʘʙʩʦʣʶʪʥʘʷ 

ʚʳʩʦʪʘ 1610ï1646 ʤ. ʇʨʦʬʠʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ 

ʪʝʨʨʘʩʳ ʥʘ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 2 ï 1524ï1708 ʤ; 3 ï 1626ï1748 

ʤ; 4 ï 1743ï1828 ʤ 

ʈʠʩʫʥʦʢ 26 ï ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʥʠʚʝʣʠʨʦʚʦʯʥʳʝ ʧʨʦʬʠʣʠ ʘʙʨʘʟʠʦʥʥʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʩʢʣʦʥʘʭ ʤʝʞʜʫʨʝʯʴʷ ʣʝʚʳʭ ʧʨʠʪʦʢʦʚ ʨ. ʏʫʷ 

ɹʘʣʪʳʨʛʘʥ ʠ ɸʨʳʜʞʘʥ, ʂʫʨʘʡʩʢʘʷ ʢʦʪʣʦʚʠʥʘ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ): [ʇʦʟʜʥʷʢʦʚ, 

ʇʫʧʳʰʝʚ, 2020] 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʳʩʦʪ 

ʘʙʨʘʟʠʦʥʥʳʭ ʫʩʪʫʧʦʚ ʥʘʤʠ ʧʨʦʚʝʜʝʥ r ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʘ ADA Ruber-X32. ʋʯʘʩʪʢʠ ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʣʝʚʦʤ ʙʦʨʪʫ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʚ ʤʝʞʜʫʨʝʯʴʝ ʨʝʢ ɹʘʣʪʳʨʛʘʥ 

ʠ ɸʨʳʜʞʘʥ, ʛʜʝ ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ ʪʝʨʨʘʩʦʚʳʡ ʢʦʤʧʣʝʢʩ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʞʝʥ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦ. ʅʠʚʝʣʠʨʦʚʘʥʠʝ ʙʘʨʦʚ ʠ ʪʝʨʨʘʩ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʘʭ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ 1531ï1828 ʤ ʧʦ ʯʝʪʳʨʝʤ 

ʧʝʨʝʩʝʢʘʶʱʠʤ ʚʢʨʝʩʪ ʠʭ ʧʨʦʩʪʠʨʘʥʠʷ ʧʨʦʬʠʣʷʤ (ʨʠʩ. 26) (ʇʨʠʣʦʞʝʥʠʝ ɹ) 

[ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, 2020].  

ɺ ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʝʚʳʰʝʥʠʷ ʚʳʩʦʪ ʘʙʨʘʟʠʦʥʥʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʬʦʨʤ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʥʠʤʢʦʚ ʩʝʨʚʠʩʦʚ Google Earth ʠ Bing. ʋʯʘʩʪʦʢ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʚ ʧʨʝʜʝʣʘʭ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʳ 

ʧʦʚʝʨʭʥʦʩʪʠ 1800-2200 ʤ (ʇʨʠʣʦʞʝʥʠʝ ɺ).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʤʘʨʰʨʫʪʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʘʙʨʘʟʠʦʥʥʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʳ ʠ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʰʠʬʨʠʨʦʚʦʯʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʦʙʲʝʢʪʦʚ ʘʙʨʘʟʠʦʥʥʦʡ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʳ 

ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ ʢʘʨʪʘʤ 1:50000 ï 1:100000 

ʤʘʩʰʪʘʙʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ 201 ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʘʷ 

ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʘʷ ʪʝʨʨʘʩʘ; ʠʟ ʥʠʭ 91 ʪʝʨʨʘʩʘ ï ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʥʘ ʩʢʣʦʥʘʭ ʂʫʨʘʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʚ ʜʠʘʧʘʟʦʥʝ 

ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ 1531-1828 ʤ, ʠ 110 ʰʪ. ï ʥʘ ʦʩʥʦʚʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ, ʚ 

ʜʠʘʧʘʟʦʥʝ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ 1828-2133 ʤ [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, 2020]. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʫʙʣʠʢʘʮʠʡ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ 

ʦʟʝʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ Ymax=2100 ʤ, ʢʘʢ ʥʝ ʚʳʟʳʚʘʶʱʝʡ 

ʩʦʤʥʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ ʫʨʦʚʥʷ ʩʪʦʷʥʠʷ ʦʟʝʨʘ [ʆʢʠʰʝʚ, 

ɹʦʨʦʜʘʚʢʦ, 2001; Herget, 2005]. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʘʭ ʈʫʜʦʛʦ ɸ.ʅ. [ʈʫʜʦʡ, 2005] 
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ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʥʘʧʦʣʥʝʥʠʷ ʦʟʝʨʘ ʧʨʦʚʦʜʠʪʩʷ ʜʦ ʦʪʤʝʪʢʠ 2200 ʤʝʪʨʦʚ, 

ʈʫʩʘʥʦʚʘ ɻ.ɻ. [ʈʫʩʘʥʦʚ, 2008] ï 2250 ʤ, ɹʫʪʚʠʣʦʚʩʢʦʛʦ ɺ.ɺ. [ɹʫʪʚʠʣʦʚʩʢʠʡ, 1993] 

ï 2400 ʤʝʪʨʦʚ, ʘ ʚ ʩʪʘʪʴʝ ʅʦʚʠʢʦʚʘ ʀ.ʉ. ʠ ʇʘʨʥʘʯʝʚʘ ʉ.ɺ. [ʅʦʚʠʢʦʚ, ʇʘʨʥʘʯʝʚ, 

2000] ï 2150 ʤʝʪʨʦʚ. 

 
ʅʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʥʘʙʣʶʜʘʪʁʩʷ ʬʨʘʛʤʝʥʪʳ ʙʦʣʝʝ 15 ʘʙʨʘʟʠʦʥʥʳʭ ʫʩʪʫʧʦʚ ʩ 

ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʦʡ ʦʪ 2120 ʤ ʜʦ 2133 ʤ  

ʈʠʩʫʥʦʢ 27 ï ʈʝʣʠʢʪʳ ʘʙʨʘʟʠʦʥʥʳʭ ʫʩʪʫʧʦʚ ʥʘ ʩʢʣʦʥʘʭ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ï ʫʨʦʯʠʱʝ ɼʞʘʛʘʥʪʝʨʝʢ ʠ ɹʝʢʦʥ ʚ 5,5 ʢʤ ʥʘ ʩʝʚʝʨ ʦʪ ʩ. 

ʆʨʪʦʣʳʢ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, 2019] 

 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʟʝʨʘ ʙʳʣ ʚʳʰʝ Ymax=2100 ʤ. 

ʇʦ ʜʝʰʠʬʨʦʚʦʯʥʳʤ ʧʨʠʟʥʘʢʘʤ ʥʘ ʢʦʩʤʦʩʥʠʤʢʘʭ ʩʝʨʚʠʩʘ Google Earth ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʝʚʳʭ ʤʘʨʰʨʫʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʨʨʠʪʦʨʠʠ, ʢ ʯʠʩʣʫ ʜʦʩʪʦʚʝʨʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦ ʛʝʥʝʟʠʩʫ ʥʘʤʠ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʳ ʘʙʨʘʟʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 

ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪʘʭ 2123-2133 ʤ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʩʢʣʦʥʘʭ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʚ ʫʨʦʯʠʱʝ ɼʞʘʛʘʥʪʝʨʝʢ ʠ ɹʝʢʦʥ (ʨʠʩ. 27), ʥʘ ʩʢʣʦʥʘʭ 
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ʫʨʦʯʠʱʘ ʏʠʯʢʝʪʝʨʝʢ. ʂʘʢ ʠ ʚ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʢʦʪʣʦʚʠʥʳ, ʦʥʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ 

ʚʳʜʝʨʞʘʥʥʳʭ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ ʜʝʥʫʜʠʨʦʚʘʥʥʳʭ ʘʙʨʘʟʠʦʥʥʳʭ ʫʩʪʫʧʦʚ. 

ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ (ʨʠʩ. 28) 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʝ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʝ ʦʟʝʨʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʫʨʦʚʥʝ ʥʘʧʦʣʥʝʥʠʷ ʜʦ ʦʪʤʝʪʢʠ 2133 ʤʝʪʨʘ ʟʘʥʠʤʘʣʦ ʧʣʦʱʘʜʴ ʨʘʚʥʫʶ 3054 ʢʤ2, 

ʠʤʝʣʦ ʦʙʲʝʤ ʚʦʜʳ 753 ʢʤ3 ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʣʫʙʠʥʫ 673 ʤʝʪʨʘ [ʇʦʟʜʥʷʢʦʚ, 

ʇʫʧʳʰʝʚ, 2020].  

 

1 ï ʣʝʜʦʚʘʷ ʫʣʴʪʨʘʚʳʩʦʢʦʥʘʧʦʨʥʘʷ ʧʣʦʪʠʥʘ (ʣʝʜʦʝʤ) ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʝʣʠʚʘ ʚʦʜʳ ʠʟ 

ʦʟʝʨʘ [ʇʦʟʜʥʷʢʦʚ, 2019]; 2 ï ʦʢʦʥʯʘʥʠʝ ʣʝʜʦʚʦʡ ʧʦʜʧʨʫʜʳ; 3 ï ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ 

ʛʨʘʥʠʮʘ ʣʝʜʦʚʦʡ ʧʣʦʪʠʥʳ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ; 4 ï ʚʝʨʰʠʥʳ 

ʠ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ  

ʈʠʩʫʥʦʢ 28 ï ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʛʦ ʣʝʜʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʥʘʧʦʣʥʝʥʠʷ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ 

ʤʘʪʨʠʮʳ ʚʳʩʦʪ SRTM) 

 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʳʩʦʪ ʘʙʨʘʟʠʦʥʥʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʪʝʨʨʘʩ. ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʳʩʦʪ ʪʝʨʨʘʩ 

æY(t) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʳ Y ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʣʦʥʦʚ (ʨʠʩ. 29), 
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ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʚʦʣʥʦʚʦʡ ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʯʝʨʝʜʦʚʘʥʠʷ, ʧʦʜʦʙʥʫʶ 

ʩʝʟʦʥʥʳʤ ʪʨʝʥʜʘʤ. ʇʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʳʩʦʪ ʪʝʨʨʘʩ ʚ 6-7 ʤ ʯʝʨʝʜʫʶʪʩʷ ʩ 

ʧʦʥʠʞʝʥʠʷʤʠ ʠʭ ʫʨʦʚʥʝʡ ʚ 1-3 ʤ [ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, 2020].  

 

ʈʠʩʫʥʦʢ 29 ï ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʳʩʦʪ æY(t) 

ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʫʩʪʫʧʦʚ (1) ʠ ʦʙʲʝʤʦʚ ʚʦʜʳ ʚ ʩʣʦʷʭ m= (Yn- Yn-1) (2) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʳ Y ʧʦʚʝʨʭʥʦʩʪʠ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

[ʇʦʟʜʥʷʢʦʚ, ʇʫʧʳʰʝʚ, 2020] 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ æY(t) ʘʙʨʘʟʠʦʥʥʦʡ ʩʪʫʧʝʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʱʠʥʝ m ʩʧʫʱʝʥʥʦʛʦ ʩʣʦʷ ʚʦʜʳ ʠʟ ʦʟʝʨʥʦʛʦ ʙʘʩʩʝʡʥʘ 

(ʇʨʠʣʦʞʝʥʠʝ ɻ). ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʦʮʝʥʢʫ ʦʙʲʝʤʘ Vn ʚʦʜʳ ʚ ʩʣʦʝ m (7): 

ά ὣ ɀ ὣ ,       (6) 

ʛʜʝ Yn ï ʘʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ ʪʝʨʨʘʩʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʦʚʥʷ ʦʟʝʨʘ ʚ 

ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʘ Yn-1 ï ʚ ʧʦʩʣʝʜʫʶʱʠʡ. ʇʨʠ ʠʟʚʝʩʪʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ S(Y) ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʥʘ ʢʘʞʜʦʤ 
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