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ɸʅʆʊɸʎɯʗ 

ʆʨʣʝʥʢʦ ʊ.ɸ. ʄʝʪʦʜʠʢʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

103 ï ʅʘʫʢʠ ʧʨʦ ɿʝʤʣʶ, ʛʘʣʫʟʴ ʟʥʘʥʴ 10 ï ʇʨʠʨʦʜʥʠʯʽ ʥʘʫʢʠ. ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ 

çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠè, ʤ. ʂʠʾʚ, 2024. 

ʇʨʠʨʦʜʥʠʤ ʧʨʦʮʝʩʦʤ ʻ ʧʦʩʪʽʡʥʘ ʜʝʥʫʜʘʮʽʷ ʩʭʠʣʽʚ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʩʧʦʚʟʘʥʥʽ, 

ʟʩʫʚʘʥʥʽ, ʦʙʚʘʣʶʚʘʥʥʽ, ʝʨʦʟʽʡʥʦʤʫ ʨʦʟʤʠʚʽ. ʅʘ ʩʴʦʛʦʜʥʽ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʛʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ, 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ, ʪʝʢʪʦʥʽʯʥʠʭ ʪʘ ʥʝʦʪʝʢʪʦʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʄʦʥʽʪʦʨʠʥʛ 

ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ɽɻʇ) ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

(ɼɿɿ) ʻ ʜʞʝʨʝʣʦʤ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʜʘʥʠʭ ʧʨʦ ʦʙôʻʢʪʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ 

ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʦʭʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʟʘ ʢʦʨʦʪʢʽ ʯʘʩʦʚʽ ʧʨʦʤʽʞʢʠ.  

ɼʦ ʥʝʙʝʟʧʝʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʷʚʠʱ ʥʘʣʝʞʘʪʴ ʟʩʫʚʠ, ʩʝʣʽ ʪʘ ʦʙʚʘʣʠ, ʷʢʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʪʝʨʠʪʦʨʽʾ, ʜʝ ʻ ʷʨʠ, ʢʨʫʪʽ ʙʝʨʝʛʠ ʚʦʜʦʡʤ, ʧʘʛʦʨʙʠ, 

ʛʦʨʠ. ɿʩʫʚʠ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʫʰʝʥʥʷ ʾʭ 

ʨʽʚʥʦʚʘʛʠ, ʧʦʩʣʘʙʣʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʩʧʨʠʯʠʥʷʶʪʴʩʷ ʷʢ ʧʨʠʨʦʜʥʠʤʠ, ʪʘʢ ʽ 

ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ ʯʠʥʥʠʢʘʤʠ.  

ɼʦ ʧʨʠʨʦʜʥʠʭ ʧʨʠʯʠʥ ʟʩʫʚʽʚ ʥʘʣʝʞʘʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʨʫʪʦʩʪʽ ʩʭʠʣʽʚ ʪʘ ʾʭ 

ʧʽʜʤʠʚ, ʧʨʦʮʝʩʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʪʘ ʟʝʤʣʝʪʨʫʩʠ, ʜʦ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ï ʙʫʜʽʚʝʣʴʥʽ ʪʘ 

ʚʠʙʫʭʦʚʽ ʨʦʙʦʪʠ, ʨʫʡʥʫʚʘʥʥʷ ʩʭʠʣʽʚ ʥʘʜʤʽʨʥʠʤ ʚʠʥʦʩʦʤ ˇʨʫʥʪʫ, ʚʠʨʫʙʢʘ ʣʽʩʽʚ, 

ʟʥʠʱʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʩʭʠʣʘʭ ʘʙʦ ʾʭ ʨʦʟʦʨʶʚʘʥʥʷ, ʥʘʜʤʽʨʥʠʡ ʧʦʣʠʚ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʩʭʠʣʘʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʟʘʩʤʽʯʝʥʥʷ ʤʽʩʮʴ ʚʠʭʦʜʫ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʦʱʦ. ɿʩʫʚʠ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʠ ʢʨʫʪʦʩʪʽ ʩʭʠʣʫ 10Á ʽ ʙʽʣʴʰʝ, ʘʣʝ 

ʥʘ ʛʣʠʥʷʩʪʠʭ ˇʨʫʥʪʘʭ, ʧʨʠ ʾʭ ʥʘʜʤʽʨʥʦʤʫ ʟʚʦʣʦʞʝʥʥʽ, ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʡ ʧʨʠ 

ʢʨʫʪʦʩʪʽ ʩʭʠʣʫ 5ï7Á. 
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ʇʨʠʯʠʥʦʶ ʟʩʫʚʫ ʥʘ ʙʝʨʝʛʘʭ ʚʦʜʦʩʭʦʚʠʱ ʤʦʞʫʪʴ ʙʫʪʠ ï ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʜʦʱʦʚʠʤʠ ʪʘ ʩʥʽʛʦʚʠʤʠ ʦʧʘʜʘʤʠ, ʧʽʜʤʠʚ ʩʭʠʣʽʚ, ʚʧʣʠʚ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʪʘ ʧʦʥʘʜʥʦʨʤʦʚʝ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɸʢʪʠʚʽʟʘʮʽʷ ʟʩʫʚʽʚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʏʘʩʪʦ ʧʨʠʯʠʥʦʶ 

ʟʩʫʚʽʚ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʟʤʽʥʠ ʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ. ʆʙôʻʤ ˇʨʫʥʪʫ, 

ʷʢʠʡ ʟʤʽʱʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʟʩʫʚʫ, ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʜʦ ʪʠʩʷʯ 

ʤʽʣʴʡʦʥʽʚ ʢʫʙʦʤʝʪʨʽʚ, ʘ ʰʚʠʜʢʽʩʪʴ ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ ʥʘ ʨʽʢ ʜʦ 

ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ ʥʘ ʩʝʢʫʥʜʫ. ʅʘʡʙʽʣʴʰ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʤʠ ʻ ʧʨʘʚʦʙʝʨʝʞʥʽ ʩʭʠʣʠ 

ʜʦʣʠʥʠ ʨ. ɼʥʽʧʨʦ ʪʘ ʩʭʠʣʠ ʧʨʘʚʦʩʪʦʨʦʥʥʽʭ ʧʨʠʪʦʢ, ʙʦʨʪʠ ʙʘʣʦʢ ʽ ʷʨʽʚ. ɸʢʪʠʚʽʟʘʮʽʷ 

ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʦʯʘʣʘʩʷ ʟ ʜʨʫʛʦʾ ʧʦʣʦʚʠʥʠ ʍʍ ʩʪʦʨʽʯʯʷ ʥʘ ʂʘʥʽʚʱʠʥʽ 

(ʥʠʥʽ ï ʪʝʨʠʪʦʨʽʾ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ), ʚ ʪʦʤʫ ʯʠʩʣʽ, ʚʠʢʣʠʢʘʥʘ ʰʪʫʯʥʦʶ ʟʤʽʥʦʶ 

ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ɼʥʽʧʨʘ, ʽʥʪʝʥʩʠʚʥʦʶ ʟʘʙʫʜʦʚʦʶ ʩʭʠʣʽʚ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ.  

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʘʙʦ ʘʢʪʠʚʽʟʘʮʽʾ ʩʪʘʙʽʣʽʟʦʚʘʥʠʭ ʟʩʫʚʽʚ ʫʟʙʝʨʝʞʞʷ 

ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʩʭʠʣʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ 

ʟʥʽʤʘʥʥʷ, ʥʘʟʝʤʥʠʭ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʭ, ʣʽʪʦʣʦʛʽʯʥʠʭ, ʣʘʥʜʰʘʬʪʥʠʭ ʜʘʥʠʭ. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ 

ʚʠʩʥʦʚʢʽʚ ʧʨʦ ʚʧʣʠʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʯʠʥʥʠʢʽʚ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ, ʙʽʦʬʽʟʠʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʪʘ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ, ʥʘ ʟʩʫʚʥʽ ʧʨʦʮʝʩʠ; ʧʦʢʘʟʘʥʦ ʷʢ ʤʦʞʥʘ ʬʽʢʩʫʚʘʪʠ ʜʽʣʷʥʢʠ ʧʽʜʚʠʱʝʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ. ʉʘʤʝ ʥʘ ʮʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʘʭ ʙʘʟʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ɽɻʇ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʮʝʩʽʚ ʟʩʫʚʦʫʪʚʦʨʝʥʥʷ. ʋ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʘ ʧʽʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʪʘ 
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ʤʝʪʦʜʽʚ ʾʭ ʦʙʨʦʙʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʮʝʜʫʨʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʽʣʷʥʦʢ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʪʘ ʯʘʩʦʚʫ ʧʝʨʽʦʜʠʯʥʽʩʪʴ. 

ʉʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʘʣʴʥʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʟʩʫʚʽʚ ʚ 

ʦʧʪʠʯʥʦʤʫ ʪʘ ʨʘʜʘʨʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ ʜʣʷ ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʨʝʣʴʻʬʫ ʪʘ 

ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʇʨʦʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ ʤʘʻ ʟʥʘʯʥʽ 

ʦʙʤʝʞʝʥʥʷ, ʧʦʨʽʚʥʷʥʦ ʟ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʧʪʠʯʥʠʭ ʟʥʽʤʘʣʴʥʠʭ 

ʩʠʩʪʝʤ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʜʽʡʩʥʝʥʥʷ ʟʡʦʤʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʧʝʨʽʦʜʠ 

ʟʥʘʯʥʦʾ ʭʤʘʨʥʦʩʪʽ ʪʘ ʚ ʥʽʯʥʠʡ ʯʘʩ ʜʦʙʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʘʥʽ ʨʘʜʘʨʥʦʛʦ ʩʫʧʫʪʥʠʢʘ Sentinel-1 ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 10 ʤ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ. ʈʘʜʘʨʥʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʤʽʩʪʷʪʴ ʜʘʥʽ ʫ ʬʦʨʤʘʪʽ ʜʠʩʢʨʝʪʥʠʭ ʮʽʣʦʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ (DNSAR), 

ʙʫʣʠ ʦʙʨʦʙʣʝʥʽ ʫ ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Sentinel Application Platform 

(SNAP). ɹʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʦʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʩʫʧʫʪʥʠʢʦʤ 

Sentinel-2, ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 10 ʤ, ʚʠʢʦʨʠʩʪʘʥʦ ʷʢ ʦʩʥʦʚʫ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʚʦʣʦʛʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʤʝʪʦʜʠʮʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʨʦʟʨʦʙʣʝʥʦʾ 

ʚ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʨʘʭʦʚʘʥʦ ʚʧʣʠʚ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʤʽʩʮʝʚʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʎʄʈ SRTM-30 ʤ ʪʘ ʛʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʽʩʪʦʨʠʯʥʠʭ 

ʢʘʨʪ. 

ʇʨʦʚʝʜʝʥʦ ʤʦʥʽʪʦʨʠʥʛ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ ʜʽʣʷʥʮʽ ɺʠʪʘʯʽʚ-ʉʪʘʡʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ (DinSAR). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʨʦʪʷʛʦʤ ʚʝʩʥʷʥʦʛʦ ʧʝʨʽʦʜʫ ʟ 2015 ʧʦ 2023 ʨʦʢʠ ʟʘʢʘʨʪʦʚʘʥʦ ʘʢʪʠʚʥʽ 

ʟʩʫʚʥʽ ʜʽʣʷʥʢʠ. ɺʠʷʚʣʝʥʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʦʨʝʣʷʮʽʾ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʧʦʧʝʨʝʜʥʽʤʠ 

ʜʦʩʣʽʜʥʠʢʘʤʠ, ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʦʪʨʠʤʘʥʠʭ 

ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ. ʇʽʜʪʚʝʨʜʞʝʥʦ ʥʘʷʚʥʽʩʪʴ ʟʦʥ ʘʢʪʠʚʥʠʭ ʟʤʽʱʝʥʴ ʥʘ 

ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ.  
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ʇʦʰʠʨʝʥʥʷ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʷʚʽʚ ʟʩʫʚʽʚ ʟʫʤʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʛʝʦʣʦʛʽʯʥʦʾ ʪʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ, ʾʾ ʪʝʢʪʦʥʽʯʥʠʭ, ʥʝʦʪʝʢʪʦʥʽʯʥʠʭ 

ʪʘ ʩʝʡʩʤʽʯʥʠʭ ʨʝʞʠʤʽʚ, ʘ ʪʘʢʦʞ ʛʽʜʨʦʣʦʛʽʯʥʠʤʠ ʪʘ ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. 

ɺʠʟʥʘʯʝʥʦ ʦʙʤʝʞʝʥʥʷ ʤʝʪʦʜʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʯʘʩʦʚʦʾ ʜʝʢʦʨʝʣʷʮʽʾ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʨʘʡʦʥʘʭ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʦʩʣʠʥʥʦʩʪʽ. ʏʝʨʝʟ ʟʥʘʯʥʫ 

ʜʝʢʦʨʝʣʷʮʽʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʣʽʩʥʝʥʠʭ ʪʘ ʦʙʚʦʜʥʝʥʠʭ ʜʽʣʷʥʦʢ ʫ ʤʝʪʦʜʠʢʫ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙôʻʜʥʘʥʦ ʤʝʪʦʜ 

DinSAR, ʘʥʘʣʽʟ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ (DEM), ʘʥʘʣʽʟ ʢʘʨʪ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʽʣʷʥʦʢ ʘʢʪʠʚʥʠʭ 

ʟʩʫʚʽʚ, ʩʧʨʠʯʠʥʝʥʠʭ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷʤ ʧʦʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʥʽʧʨʦʚʩʴʢʠʭ ʩʭʠʣʽʚ.  

ʆʜʥʠʤ ʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ 

ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʣʷ ʈʞʠʱʽʚʩʴʢʦʾ ʦʙôʻʜʥʘʥʦʾ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʦʙʨʘʥʦ 

ʚʽʩʽʤ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ ʘʙʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ, ʷʢ 

ʥ̔ʜʠʢʘʪʦʨʠ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ.  

ɿʩʫʚʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʤʘʶʪʴ ʚʽʜʤʽʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʨʽʟʥʽ 

ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ. ʄʘʩʰʪʘʙʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ ʟʨʦʩʪʘʻ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʝʥʝʨʛʽʾ 

ʨʝʣʴʻʬʫ, ʢʨʫʪʠʟʥʠ ʪʘ ʚʠʩʦʪʠ ʩʭʠʣʽʚ, ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʷ ʚʦʜʦʡʤʠʱ ʪʘ ʙʣʠʟʴʢʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦ ʩʫʙʧʘʨʘʣʝʣʴʥʠʭ ʢʨʫʧʥʠʭ ʨʦʟʣʦʤʽʚ. ɻʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʡ ʬʘʢʪʦʨ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʦʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ ʪʨʠʛʝʨʽʚ ʟʩʫʚʽʚ, ʟʦʢʨʝʤʘ, ʧʨʠʯʠʥʦʶ ʧʽʜʚʠʱʝʥʦʶ 

ʘʢʪʠʚʥʦʩʪʽ ʟʩʫʚʽʚ ʧʨʦʪʷʛʦʤ 2013 ʨʦʢʫ ʩʪʘʣʠ ʧʦʥʘʜʥʦʨʤʦʚʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʪʘ 

ʧʝʨʝʥʘʩʠʯʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚʦʣʦʛʦʶ. ʈʦʩʣʠʥʥʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʜʝʨʝʚʥʘ, 

ʧʦʢʨʠʚʘʻ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʨʦʙʣʷʯʠ 

ʩʪʘʙʽʣʽʟʦʚʘʥʽ ʟʩʫʚʥʽ ʪʽʣʘ ʚʽʟʫʘʣʴʥʦ ʥʝʧʦʤʽʪʥʠʤʠ ʥʘ ʦʧʪʠʯʥʠʭ ʟʥʽʤʢʘʭ. ɺʝʨʪʠʢʘʣʴʥʽ 

ʩʪʽʥʢʠ ʟʩʫʚʽʚ ʟ ʚʽʜʩʣʦʥʝʥʥʷʤʠ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʣʠʰʝ ʟ ʥʠʞʥʽʭ ʪʝʨʘʩ ʘʙʦ ʟʘʧʣʘʚʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʽʚ, ʜʘʻ ʧʝʨʝʚʘʛʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʜʠʩʪʘʥʮʽʡʥʽʡ ʜʦʩʪʫʧʥʦʩʪʽ ʦʙôʻʢʪʫ, 

ʦʛʣʷʜʦʚʦʩʪʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ ʛʝʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟ ʚʠʩʦʢʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ. 



6 

 

ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʪʘ ʦʧʠʩʘʥʦ ʧʨʦʮʝʜʫʨʫ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ, ʱʦ ʻ 

ʟʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʽʚ, ʟʘʩʪʦʩʦʚʘʥʦʾ ʜʣʷ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ 

ʜʽʣʷʥʮʽ ɺʠʪʘʯʽʚ-ʉʪʘʡʢʠ. ɿʘʛʘʣʦʤ ʤʝʪʦʜʠʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʦʪʨʠʤʘʥʥʷ 

ʜʘʥʠʭ, ʛʦʣʦʚʥʠʤ ʽʟ ʷʢʠʭ ʻ ʘʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʤʝʪʦʜʦʤ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʘʛʠ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ 

ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ (ʄɸɯ) (Saaty, 1980), ʟʘ ʷʢʠʤ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʽʦʨʠʪʝʪ ʬʘʢʪʦʨʽʚ ʪʘ 

ʩʫʙʬʘʢʪʦʨʽʚ, ʱʦ ʩʪʘʶʪʴ ʧʨʠʯʠʥʦʶ ʟʩʫʚʽʚ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ. ʌʘʢʪʦʨʠ, ʱʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʷʢ ʟʥʘʯʫʱʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʦʩʪʽ, ʚ ʦʮʽʥʶʚʘʥʥʽ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ ʽʥʜʠʢʘʪʦʨʽʚ, 

ʷʢʽ ʦʙôʻʜʥʘʥʽ ʚ ʛʨʫʧʠ ʟʘ ʛʝʥʝʟʠʩʦʤ ʘʙʦ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʇʦʧʘʨʥʽ 

ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʪʝʨʤʽʥʘʭ ʜʦʤʽʥʫʚʘʥʥʷ ʦʜʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʥʘʜ ʽʥʰʠʤʠ. 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʝʢʩʧʝʨʪʘʤʠ ʟʘ ʜʝʚôʷʪʠʙʘʣʴʥʦʶ ʧʦʨʷʜʢʦʚʦʶ ʰʢʘʣʦʶ 

ñʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽò. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʥʩʪʨʫʶʚʘʪʠ 

ʥʝʦʙʭʽʜʥʫ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʡ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʥʘ ʥʝʾ ʢʦʞʥʦʾ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ. ɸʥʘʣʽʟ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʟʩʫʚʠ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʢʽʣʴʢʘ 

ʧʦʩʣʽʜʦʚʥʠʭ ʢʨʦʢʽʚ, ʪʘʢʠʭ ʷʢ: ʨʦʟʨʦʙʢʘ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, 

ʚʠʢʦʥʘʥʥʷ ʜʚʽʡʢʦʚʠʭ ʧʦʨʽʚʥʷʥʴ ʢʨʠʪʝʨʽʾʚ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʤʘʪʨʠʮʽ 

ʩʫʜʞʝʥʴ, ʦʙʯʠʩʣʝʥʥʷ ʚʝʢʪʦʨʽʚ ʧʨʽʦʨʠʪʝʪʽʚ, ʦʮʽʥʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ 

ʫʟʛʦʜʞʝʥʦʩʪʽ (CI), ʩʪʚʦʨʝʥʥʷ ʪʘʙʣʠʮʽ ʩʪʫʧʝʥʽʚ ʚʘʞʣʠʚʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʤʦʜʝʣʽ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ. 

ɺ ʧʨʦʮʝʩʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʄɸɯ ʚʠʟʥʘʯʝʥʦ ʜʚʘ ʧʦʪʝʥʮʽʡʥʽ ʩʮʝʥʘʨʽʾ ʩʪʘʥʫ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʧʨʠʷʪʣʠʚʠʡ ʪʘ ʥʝʩʧʨʠʷʪʣʠʚʠʡ, ʪʘʢʦʞ ʫʢʣʘʜʝʥʦ ʢʘʨʪʠ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ ʟʘ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ ʤʘʶʪʴ ʪʘʢʽ ʯʠʥʥʠʢʠ ʷʢ ʚʝʨʪʠʢʘʣʴʥʽ ʟʤʽʱʝʥʥʷ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʝʣʠʯʠʥʫ ʟʩʫʚʽʚ ʚ ʢʦʥʢʨʝʪʥʽʡ ʪʦʯʮʽ, ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ), ʢʨʫʪʠʟʥʘ ʩʭʠʣʽʚ, ʥʘʩʪʫʧʥʠʤ ʯʠʥʥʠʢʦʤ ʚʧʣʠʚʫ ʻ ʣʽʪʦʣʦʛʽʯʥʘ ʦʩʥʦʚʘ 
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ʪʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʂʘʨʪʠ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʱʽʣʴʥʽʩʪʴ 

ʣʽʥʝʘʤʝʥʪʽʚ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʦʥʠ ʥʘʡʙʽʣʴʰʦʛʦ ʨʠʟʠʢʫ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʟʩʫʚʽʚ. 

ɿʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʪʘ ʪʠʧʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʥʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʚʧʣʠʚʫ ʥʘ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ. 

ɺʦʜʥʦʯʘʩ ʙʽʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ 

ʜʽʣʷʥʢʠ, ʱʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ.  

ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʽʟʥʫ ʩʭʠʣʴʥʽʩʪʴ ʜʽʣʷʥʦʢ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʦ ʨʦʟʚʠʪʢʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʢʨʝʩʣʝʥʦ ʜʽʣʷʥʢʠ 

ʥʘʡʙʽʣʴʰʠʭ ʟʘʛʨʦʟ, ʱʦ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʩʧʨʠʷʪʠʤʝ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʧʨʠʡʥʷʪʪʶ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ʆʜʥʠʤ ʽʟ ʝʪʘʧʽʚ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʻ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʜʝʚôʷʪʠ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ. ɺ ʤʝʞʘʭ ʜʽʣʷʥʦʢ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʦʷʚʠ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢʠʭ ʷʢ ʟʩʫʚʠ ʪʘ ʝʨʦʟʽʷ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʣʴʻʬ ʩʭʠʣʽʚ; ʚʧʣʠʚ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʦʧʘʜʠ, ʚʦʜʥʽ 

ʧʦʪʦʢʠ ʪʘ ʚʽʪʝʨ, ʱʦ ʻ ʟʘʛʘʣʴʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʚʧʣʠʚʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ. 

ɼʣʷ ʟʘʚʽʨʢʠ ʩʪʘʣʦʛʦ ʨʽʚʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʨʘʥʦ ʢʦʥʪʨʦʣʴʥʽ ʜʽʣʷʥʢʠ, ʷʢʽ ʻ 

ʽʜʝʘʣʴʥʠʤ ʧʨʠʢʣʘʜʦʤ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʘʣʦʛʦ ʨʽʚʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʥʝ ʦʙʨʦʙʣʷʶʪʴʩʷ ʪʘ ʥʝ 

ʟʘʟʥʘʶʪʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʪʦʤʫ ʾʭ ʨʝʣʴʻʬ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʫʧʨʦʜʦʚʞ 

ʯʘʩʫ.  

ʋ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ, ʚʠʚʯʘʻʪʴʩʷ ʚʧʣʠʚ ʬʘʢʪʦʨʽʚ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ 

ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʘʙʦ ʩʪʘʙʽʣʽʟʘʮʽʶ ʚʞʝ ʚʽʜʦʤʠʭ ʟʩʫʚʽʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ ʥʘ ʧʝʚʥʽʡ 

ʪʝʨʠʪʦʨʽʾ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʘ ʪʘʢʦʞ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʛʝʦʜʘʥʠʭ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʟʦʥ ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʠʟʠʢʫ ʟʩʫʚʽʚ ʪʘ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ 

ʩʝʨʝʜʦʚʠʱʝ. 
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ɸʚʪʦʨʦʤ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʯʠʥʥʠʢʠ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ, 

ʚʠʢʦʥʘʥʦ ʧʦʙʫʜʦʚʫ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ ʪʘ ʧʨʦʚʝʜʝʥʦ ʧʦʜʽʣ 

ʪʝʨʠʪʦʨʽʾ ʥʘ ʢʣʘʩʠ ʟʘ ʩʪʫʧʝʥʝʤ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʦ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ.  

ɺʣʘʩʥʝ ʤʝʪʦʜʠʢʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʽʚ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ:  

- ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʠʟʠʢʫ ʥʝʙʝʟʧʝʢʠ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ 

ʩʧʨʠʡʥʷʪʣʠʚʠʭ ʜʦ ʟʩʫʚʽʚ ʜʽʣʷʥʦʢ; 

- ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ï ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʦʚʠ, ʚʢʣʶʯʥʦ ʟ ʛʝʦʣʦʛʽʯʥʠʤʠ ʬʦʨʤʘʮʽʷʤʠ ʪʘ ʧʨʠʨʦʜʥʠʤʠ 

ʣʘʥʜʰʘʬʪʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ;  

- ʚʠʟʥʘʯʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʝʣʴʻʬʫ 

ʪʝʨʠʪʦʨʽʾ, ʚʢʣʶʯʘʶʯʠ ʨʽʟʥʠʮʶ ʚʠʩʦʪ, ʥʘʷʚʥʽʩʪʴ ʚʦʜʦʡʤ, ʜʦʣʠʥ, ʷʨʽʚ ʪʘ ʙʘʣʦʢ;  

- ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ ï ʘʥʘʣʽʟ ʛʝʦʣʦʛʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʪʘ ʙʽʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ, ʘʥʘʣʽʟ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʧʦʙʫʜʦʚʘʥʦʾ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʨʝʛʽʦʥʫ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʪʘ ʘʥʘʣʽʟʫ ʛʝʦʣʦʛʽʯʥʠʭ, 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ ʙʽʦʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʥʦʚʠʤ 

ʢʽʣʴʢʽʩʥʠʤ ʨʘʥʞʫʚʘʥʥʷʤ ʯʠʥʥʠʢʽʚ ʟʩʫʚʦʥʝʙʝʟʧʝʢʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʝ 

ʪʘ ʦʧʝʨʘʪʠʚʥʝ ʚʠʷʚʣʝʥʥʷ ʽ ʢʘʨʪʫʚʘʥʥʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʢʘʨʪʫ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʦ ʟʩʫʚʽʚ ʪʝʨʠʪʦʨʽʾ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚ ʤʝʞʘʭ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ ʥʘ ʜʽʣʷʥʮʽ ɺʠʪʘʯʽʚ-ʉʪʘʡʢʠ, 

ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʣʦʢʘʣʽʟʘʮʽʾ ʘʢʪʠʚʥʠʭ ʟʩʫʚʥʠʭ ʜʽʣʷʥʦʢ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʦʧʪʠʯʥʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ, ʛʝʦʣʦʛʽʯʥʠʭ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʽ ʙʽʦʬʽʟʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʣʘʥʜʰʘʬʪʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʪʘ ʧʽʜʪʚʝʨʜʠʪʠ ʧʦʣʴʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʜʦʜʘʪʢʦʚʽ, ʥʝ ʟʘʢʘʨʪʦʚʘʥʽ ʨʘʥʽʰʝ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʽ ʜʽʣʷʥʢʠ. 
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ʅʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʦʣʦʛʽʷ ʣʦʢʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʩʫʚʥʦʾ 

ʥʝʙʝʟʧʝʢʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʦʟʥʘʢʠ ʮʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʧʦʪʝʥʮʽʡʥʦ ʘʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʟʩʫʚʽʚ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʢʦʤʧʣʝʢʩ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʭ ʫʩʫʥʝʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 13 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

1 ʛʣʘʚʘ ʫ ʤʦʥʦʛʨʘʬʽʾ (ʧʨʦʽʥʜʝʢʩʦʚʘʥʘ ʚ ʙʘʟʽ ʜʘʥʠʭ Web of Science); ʩʪʘʪʪʽ ʫ 

ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʥʘ ʜʘʪʫ ʦʧʫʙʣʽʢʫʚʘʥʥʷ ʜʦ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ï 5 (ʟ ʥʠʭ 2 ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʚ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science 

ʪʘ Scopus); 7 ï ʫ ʟʙʽʨʥʠʢʘʭ ʪʘ ʤʘʪʝʨʽʘʣʘʭ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ, ʟ ʷʢʠʭ 7 ï ʤʽʞʥʘʨʦʜʥʽ, ʱʦ ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʚ ʙʘʟʽ ʜʘʥʠʭ Scopus. 

ɼʦʜʘʪʢʦʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 5 ʤʘʪʝʨʽʘʣʽʚ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ 

(ʚ ʋʢʨʘʾʥʽ) ʷʢ ʤʘʪʝʨʽʘʣʠ ʘʧʨʦʙʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʩʫʚʠ, ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʨʘʜʘʨʥʘ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ, ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ. 
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ABSTRACT 

Orlenko T.A. Remote geoecological monitoring technique for landslide processes: 

an example of the right bank of the Kaniv Reservoir. ï Qualifying scientific work on 

manuscript rights. 

 

Thesis for obtaining the scientific degree of Doctor of Philosophy in speciality 103 

ï Earth Sciences, field of knowledge 10 ï Natural Sciences. State institution "Scientific 

Center for Aerospace Research of the Earth of the Institute of Geological Sciences of the 

National Academy of Sciences of Ukraine", Kyiv, 2024. 

 

The constant denudation of slopes, a natural process involving landslide, shifting, 

collapse, and erosion, is a pressing issue. The active development of landslides on 

Ukraine's territory results from various factors, including geological, geographical, 

geomorphological, tectonic, and neotectonic. Monitoring of exogenous geological 

processes based on remote sensing data is a source of obtaining reliable data about objects 

on Earth's surface with a wide range of coverage of territories in short time intervals. 

Landslides, mudslides, and crumbling are dangerous geological phenomena that 

can be observed in any region with ravines, steep banks, hills, and mountains. Landslides 

form in various rocks due to their imbalance and weakening of strength caused by natural 

and anthropogenic factors. 

The natural causes of landslides include an increase in the steepness of slopes and 

their washing away, weathering processes and earthquakes, and anthropogenic causes 

include construction and blasting works, destruction of slopes by excessive removal of 

soil, felling of forests, destruction of vegetation on slopes or their ploughing, increased 

irrigation of agricultural lands located on slopes, clogging of groundwater outlets, etc. 

Landslides can rise at a steepness of the slope of 10Á or more, but on clay foundations, 

with their high moisture, they can also occur at a steepness of the slope of 5ï7Á. 

Landslides on the banks of reservoirs can be caused by overwetting of the soil by 

rain and snow, slope wash, climate change and overtime-anthropogenic influence. The 

activation of landslides depends on the intensity of the destruction of soil cover. 
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Landslides are often caused by the lack of vegetation and changes in the region's 

topography. The volume of soil mas in a landslide can range from several hundred to 

thousands of cubic meters, and the speed varies from several meters per year to several 

meters per second. The right-bank slopes of the Dnipro River valley and the slopes of the 

right-hand tributaries, sides of streams and ravines are the most prone to landslides. The 

activation of gravity processes, which began in the second half of the 20th century in the 

Kaniv region (now the territory of the Rzhyshchiv United Territorial Community of the 

Kyiv Region), was caused, among other things, by an artificial change in the hydrological 

regime of the Dnipro River, intensive slopes development and the construction of relevant 

communications.  

The thesis aims to increase the efficiency and reliability of forecasting the 

occurrence of new or intensified stabilised coastal landslides by developing a technique 

for remote geoecological monitoring of landslide-prone areas. It creates a forecasting 

algorithm based on a comprehensive analysis of radar interferometry data, optical images 

of the Earth, and terrestrial climatological, lithological, and landscape data. 

This thesis analyzes scientifically based conclusions on the influence of geological 

and geophysical factors on landslide activation, biophysical factors, and the influence of 

climatic change. High-level soil moisture on landslide processes was carried out; it is 

shown how it is possible to fix areas of increased susceptibility to landslides. The 

technique of remote geoecological monitoring of landslide processes is based on these 

theoretical and practical results. 

Remote sensing data plays a crucial role in our study of exogenous processes, 

particularly in understanding the processes of landslide formation. In this thesis, we 

propose a methodology with a direct practical implementation of comprehensive 

landslide hazard assessment analysis. These methodologies are based on selecting 

optimal remote sensing data and their processing methods. 

Remote sensing data should possess both high spatial and temporal resolution in 

order to delineate areas of landslide process activation. Satellite surveys allow timely 

monitoring of landslides in the optical and radar ranges to detect changes in the relief of 

territory and the state of the soil cover. However, the use of optical data has significant 
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limitations compared to radar data. In contrast to optical imaging systems, radar systems 

provide imaging of the Earth's surface during periods of substantial cloudiness and at 

night. 

Sentinel-1 radar data with a spatial resolution of 10 m were used to calculate the 

Earth's surface displacements and establish the region's landslide susceptibility. Radar 

images containing discrete integer value (DNSAR) data were processed in the Sentinel 

Application Platform (SNAP) open-source software environment. Multispectral data 

from the Sentinel-2 satellite, with a spatial resolution of 10 m, were used to study the 

region's vegetation and soil moisture state. The remote geoecological monitoring 

technique, developed within this study's framework, considers the influence of the area's 

topographic features using SRTM-30 m DEM, geological, geographical, and historical 

maps. 

Monitoring vertical displacements of the Earth's surface on the right bank of the 

Kaniv Reservoir in the Vytachiv-Stajky region, conducted using the differential radar 

interferometry (DinSAR) technique, has yielded significant results. Over the spring of 

2015 to 2023, we successfully mapped active landslide-prone areas. Importantly, our 

findings have shown a high level of correlation with the data obtained by previous 

researchers, further validating the results of this study. This confirms the presence of 

active displacement zones on the right bank of the Kaniv Reservoir, a crucial discovery 

in landslide processes. 

The spread and intensity of landslide manifestations are intricately linked to the 

geological and geomorphological structure of the territory, its tectonic, neotectonic and 

seismic activity, and hydrological and climatic conditions. The method's limitations, such 

as temporal decorrelation of the radar signal in areas with a large amount of vegetation, 

have been carefully considered. A comprehensive technique was developed to overcome 

the significant correlation between the obtained results in forested and watered areas. This 

methodology combines the DinSAR method, the analysis of a digital relief model (DEM), 

the study of base surface maps, and the results of calculating spectral indices. This 

approach has proven effective in remote geoecological monitoring of landslide processes, 
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particularly in identifying areas of active landslides caused by the overwetting of rock 

complexes on the Dnieper slopes. 

One of the study's results is the creation of a susceptibility landslide map of the 

territory at the regional level for the Rzhyshchiv United Territorial Community of the 

Kyiv Region. Eight factors that affect the development of landslides or can be defined as 

indicators of landslide processes were selected for this analysis. 

In the Kyiv region, landslides manifest in various characteristics and stages of 

development. The severity of landslide development intensifies under conditions of high 

relief energy, steep and high slopes, fluctuating reservoir levels, and proximity to sub-

parallel faults. The hydrometeorological factor significantly triggered the heightened 

landslide activity in 2013, particularly excessive precipitation and soil oversaturation. 

Vegetation, notably trees, conceals a substantial portion of the right bank of the Kaniv 

Reservoir, rendering stabilised landslide bodies invisible on optical images. Vertical walls 

of landslides with outcrops are only visible from lower terraces or floodplains. Our study 

leveraged remote sensing data to depart from conventional landslide research methods. 

This data offers a unique advantage regarding remote accessibility, observation visibility, 

and the ability to monitor geological processes with high periodicity, thereby enhancing 

our understanding of landslide activity. 

The dissertation developed an algorithm and described the technique for creating a 

landslide susceptibility map using the hierarchy analysis method, which is the final stage 

of the developed methodology for remote geoecological monitoring of landslides, applied 

to the right bank of the Kaniv Reservoir in the Vytachiv-Stayka region. In general, the 

technique is based on algorithms for obtaining data, the main one being the algorithm for 

creating a mapping scheme of vertical displacements of the earth's surface using radar 

interferometry. 

The analytic hierarchy process (AHP), a well-established approach introduced by 

Saaty in 1980, was used to determine the factors' relative weight. This method allowed 

us to establish the priority of factors and subfactors that cause landslides on the right bank 

of the Kaniv Reservoir. The factors found to be significant for assessing landslide hazards 

as indicators grouped according to the genesis or the method of obtaining information. 
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Our team of experts, who used a nine-point ordinal çrelative importanceè scale, carried 

out the pairwise comparisons, which were crucial in this process. 

The AHP tool in our study enables us to construct an objective function and 

evaluate the influence of each system characteristic. The analysis of factors affecting 

landslides is a step-by-step process involving the development of a hierarchical structure, 

binary comparisons of criteria, establishment of a comparative matrix, calculation of 

priority vectors, evaluation of the consistency index, creation of a table of importance, 

and final decision making based on a generalised criterion. 

Using the AHP, we determined two potential scenarios for the study area: stable 

and unstable. We also created maps of the area's susceptibility to landslides under these 

conditions. Our findings revealed that vertical displacements, slope steepness, lithology, 

and soil moisture are the most influential factors in landslide activation. Using maps of 

base surfaces and lineament density, we also identified the zones at the highest risk for 

new landslide formation. Interestingly, the biophysical parameters of the study area 

allowed us to identify regions unaffected by landslides, underscoring the practical value 

of our research. 

The result is significant as it clearly explains the varying susceptibility of different 

areas in the studied region to developing landslide processes. This understanding is 

crucial as it helps us identify the areas with the greatest threats, thereby paving the way 

for the rational adoption of management decisions. 

One of the meticulous stages in the method of remote geoecological monitoring 

involves conducting field research at nine carefully selected test sites. Here, we observe 

manifestations of exogenous geological processes, such as landslides and erosion, which 

significantly impact the topography of the slopes. We also study the influence of natural 

factors, such as precipitation, water flows, and wind, which are common in the study area. 

To ensure the accuracy of our findings, we chose control plots that serve as ideal examples 

for measuring the stable level of the Earth's surface. These plots are untouched by 

agriculture, remain unprocessed, and are free from anthropogenic influence, ensuring 

their relief remains unchanged. 
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The thesis delves into the region's current geoecological issues, investigating the 

factors that trigger the formation or stabilisation of landslides. It introduces a novel 

technique for remote geoecological monitoring of landslides, enabling the analysis of the 

present state and prediction of landslide development in a specific area. This innovative 

approach is founded on using remote sensing data and geoinformation systems. The 

application of up-to-date remote sensing data processing and analysis technologies 

facilitates the efficient identification of potential landslide risk regions and their 

environmental impact. 

The author meticulously analyzed and substantiated the factors that trigger 

landslide activity. This comprehensive study led to constructing a susceptibility map of 

the region to landslides and subsequently dividing the area into classes based on the 

degree of susceptibility to landslide processes. 

Remote geoecological monitoring technique of landslides consists of the following 

stages: 

- determination of the potential risk of danger - identification of the areaôs most 

susceptible to landslides; 

- determination of the structural features of the study area - the main characteristics 

of the structure, including geological formations and natural landscape complexes; 

- determination of the topographic features of the study area - the relief of the 

territory, including the difference in heights, the presence of reservoirs, valleys, ravines 

and streams; 

- creating a map of the territory's susceptibility to landslides, analysing the 

geological structure of the study area and its topographic and biophysical properties to 

determine the degree of susceptibility to landslides; analysing the reliability of the 

constructed susceptibility map using the available information of the study region. 

Scientific novelty 

Remote geoecological monitoring technique for landslide processes was developed 

for the first time  based on radar interferometry data and the analysis of geological, 

geomorphological, and biophysical factors. This technique differs from the known ones 
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by a new quantitative ranking of landslide hazard factors and provides more reliable and 

prompt detection and mapping of landslide processes. 

For the first time, a landslide susceptibility map of the territory of the right bank 

of the Kaniv Reservoir within the boundaries of the Rzhyshchiv United Territorial 

Community of the Kyiv Region in the Vytachiv-Stajky region was created, which is based 

on the determination of the localisation of active landslide regions based on the results of 

a complex analysis of radar interferometry data, optical remote sensing data, geological, 

geomorphological and biophysical features of the landscape, which allowed to identify 

and confirm additional, previously unmapped landslide-prone areas by field research. 

The local landslide hazard prediction technique was further developed, which 

made it possible to consider additional signs of these processes, identify potentially active 

landslide areas within the study area based on modern remote sensing data methods, and 

propose preventive measures. 

According to thesis materials 13 works were published, in particular: 1 chapter in 

a monograph (indexed in the Web of Science database); articles in scientific publications 

included on the date of publication in the List of scientific specialized publications of 

Ukraine 5 (of which 2 are indexed in the Web of Science and Scopus databases); 7 in 

collections and abstracts of reports of domestic and international conferences, of which 7 

are international, indexed in the Scopus database. In addition, 5 materials from all 

Ukrainian and international conferences (in Ukraine) are presented as materials for the 

approbation of the results obtained in the dissertation work. 

Keywords: landslides, remote sensing data, radar interferometry, landslide 

susceptibility mapping. 
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ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ 

ʄʘʪʝʨʽʘʣʠ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ: 

1. ʆʨʣʝʥʢʦ ʊ. (2023) ʄʦʥʽʪʦʨʠʥʛ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ɺʽʩʥʠʢ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. ɻʝʦʣʦʛʽʷ, 4(103), 5-13. 

http://doi.org/10.17721/1728-2713.103.01  

2. ʆʨʣʝʥʢʦ ʊ. (2023) ʄʝʪʦʜʠʢʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ. ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, 10(3), 16ï 20. https://doi.org/10.36023/ujrs.2023.10

.3.247 

3. ʆʨʣʝʥʢʦ ʊ.ɸ., ʉʝʜʣʝʨʦʚʘ ʆ.ɺ., ʃʫʙʩʴʢʠʡ ʄ.ʉ., ɻʦʣʫʙʦʚ ʉ.ɯ., ʍʠʞʥʷʢ ɸ.ɺ. 

(2023) ʂʘʨʪʫʚʘʥʥʷ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʨʘʡʦʥʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ 

ʽʻʨʘʨʭʽʡ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ʋʢʨʘʾʥʩʴʢʠʡ 

ʞʫʨʥʘʣ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, 10(4), 17- 21. https://doi.org/10.36023/ujrs.

2023.10.4.251 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʙʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ, 

ʧʽʜʛʦʪʦʚʢʘ ʪʦʧʦʛʨʘʬʽʯʥʠʭ, ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʪʘ ʣʽʪʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ). 

4. ʃʷʣʴʢʦ ɺ.ɯ., ɼʫʛʽʥ ʉ.ʉ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʦʨʦʬʝʡ ɭ.ʄ., ɻʦʣʫʙʦʚ ʉ.ɯ., 

ʆʨʣʝʥʢʦ ʊ.ɸ. (2023) ʇʨʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʦʟʥʘʢ ʪʦʨʬʦʚʠʱ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ. ɻʝʦʣʦʛʽʯʥʠʡ ʞʫʨʥʘʣ. 4 (385), 61ï78. 

https://doi.org/10.30836/igs.1025-6814.2023.4.288929 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʨʦʟʨʘʭʫʥʦʢ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʜʣʷ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ 

ʜʘʥʠʤʠ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ Google Earth Engine). 

5. ʃʫʙʩʴʢʠʡ ʄ. ʉ., ʆʨʣʝʥʢʦ ʊ. ɸ., ʇʻʩʪʦʚʘ ɯ. ʆ., ɸʥʜʨʝʻʚ ɸ. ɸ., ʃʠʩʝʥʢʦ ɸ. ʈ. 

(2023) ʆʮʽʥʢʘ ʽʥʜʠʢʘʪʦʨʽʚ ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʨʝʛʽʦʥʫ ʆʣʝʰʢʽʚʩʴʢʽ ʧʽʩʢʠ ʟʘ 

ʜʦʚʛʦʪʨʠʚʘʣʠʤʠ ʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʘʥʥʷ 

Landsat. ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, 10(1), 17ï 28. https:

//doi.org/10.36023/ujrs.2023.10.1.229 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʚʽʜʙʽʨ ʽʥʜʠʢʘʪʦʨʽʚ ʚʦʣʦʛʠ 

http://doi.org/10.17721/1728-2713.103.01
https://doi.org/10.36023/ujrs.2023.10.3.247
https://doi.org/10.36023/ujrs.2023.10.3.247
https://doi.org/10.36023/ujrs.2023.10.4.251
https://doi.org/10.36023/ujrs.2023.10.4.251
https://doi.org/10.30836/igs.1025-6814.2023.4.288929
https://doi.org/10.36023/ujrs.2023.10.1.229
https://doi.org/10.36023/ujrs.2023.10.1.229
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ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʦʧʠʩ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ɿʝʤʣʽ, ʨʦʟʨʘʭʫʥʦʢ ʚʝʛʝʪʘʮʽʡʥʠʭ ʪʘ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʧʦʙʫʜʦʚʘ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʦʨʢʘ ʜʘʥʠʭ). 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ: 

6. Kril, T. and Orlenko, T. (2022) Surface Dynamics Assessment as a landslide 

hazard factor by Remote Sensing Data. Conference Proceedings 16th International 

Conference Monitoring of Geological, Nov 2022, Volume 2022, 1 ï 5. 

https://doi.org/10.3997/2214-4609.2022580246 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʮʠʬʨʫʚʘʥʥʷ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ, ʜʝʰʠʬʨʫʚʘʥʥʷ ʪʘ 

ʢʘʨʪʫʚʘʥʥʷ ʜʽʣʷʥʦʢ ʟʩʫʚʽʚ ˇʨʫʥʪʦʚʠʭ ʪʦʚʱ, ʧʦʙʫʜʦʚʘ ʢʘʨʪʦ-ʩʭʝʤʠ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʟʤʽʱʝʥʴ) 

7. Orlenko, T., Tomchenko, O., Lischenko, L., Sedlerova, O. (2023) Landslide 

Hazard Assessment Using Radar Data in the Staiky, Rzhyshchiv Urban Hromada 

Ukraine. Conference Proceedings Fourth EAGE Workshop on Assessment of Landslide 

Hazardsand impact on communities, Sep 2023, Volume 2023, 1 ï 5. 

https://doi.org/10.3997/2214-4609.2023500027 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʙʨʦʙʣʝʥʥʷ ʪʘ 

ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ, ʨʦʟʨʘʭʫʥʦʢ ʪʘ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʟʩʫʚʽʚ) 

8. Piestova, I., Dugin, S., Orlenko, T. and Svideniuk, M. (2020) Assessing and 

forecasting landslide hazards of the Right Bank of the Kanev reservoir based on radar 

remote sensing data with corner reflectors using. Conference Proceedings, XIV 

International Scientific Conference ñMonitoring of Geological Processes and Ecological 

Condition of the Environmentò, Nov 2020, Volume 2020, 1 ï 5. 

https://doi.org/10.3997/2214-4609.202056082 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʧʠʩ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ, 

ʥʘʧʠʩʘʥʥʷ ʚʠʩʥʦʚʢʽʚ) 

9. Lubskyi, M., Orlenko, T., Piestova, I., Lysenko, A., Andreiev, A. et al. (2022) 

Using Landsat satellite time series for desertification processes mapping: Case study for 

Oleshky sands, Ukraine. Conference Proceedings 16th International Conference 

https://doi.org/10.3997/2214-4609.2022580246
https://doi.org/10.3997/2214-4609.2023500027
https://doi.org/10.3997/2214-4609.202056082
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Monitoring of Geological, Nov 2022, Volume 2022, 1 ï 5. https://doi.org/10.3997/2214-

4609.2022580194 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʚʽʜʙʽʨ ʽʥʜʠʢʘʪʦʨʽʚ ʚʦʣʦʛʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, 

ʨʦʟʨʘʭʫʥʦʢ ʚʝʛʝʪʘʮʽʡʥʠʭ ʪʘ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʧʦʙʫʜʦʚʘ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ) 

10. Yelistratova, L., Apostolov, A., Romanciuc, I., Orlenko, T., Tymchyshyn, M. 

et al. (2021) Application of remote sensing data for detection the landslide areas in 

Ukraine, Conference Proceedings Third EAGE Workshop on Assessment of Landslide 

Hazards and Impact on Communities, Sep 2021, Volume 2021, p.1 ï 5. 

https://doi.org/10.3997/2214-4609.20215k1017 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʦʙʨʦʙʢʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ) 

ʇʨʘʮʽ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʨʦʟʢʨʠʚʘʶʪʴ ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ: 

11. Khodorovskyi, A.Y., Apostolov, A.A., Yelistratova, L.A., Orlenko, T.A. 

(2023) Study on Irrigated and Nonirrigated Lands in Ukraine Under Climate Change 

Based on Remote Sensing Data. In: Pande, C.B., Moharir, K.N., Singh, S.K., Pham, Q.B., 

Elbeltagi, A. (eds) Climate Change Impacts on Natural Resources, Ecosystems and 

Agricultural Systems. Springer Climate. Springer, Cham, 391ï411. 

https://doi.org/10.1007/978-3-031-19059-9_15 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʙʨʦʙʢʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʧʦʙʫʜʦʚʘ 

ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ). 

12. Alexander Apostolov, Lesya Yelistratova, Artur Hodorovsky, Tetiana Orlenko, 

Maksym Tymchyshyn (2023) Geo-ecological consequences of the closure of coal mines 

of Donbas (based on radio-location satellite surveying materials), SGEM International 

Multidisciplinary Scientific GeoConference EXPO Conference Proceedings. 23(2.1), 1-

8. https://doi.org/10.5593/sgem2023/2.1/s10.37 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʘʭʫʥʦʢ 

ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʟʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʘ Sentinel-1, ʬʦʨʤʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʫʶʯʦʾ ʢʘʨʪʠ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ). 

13. Khodorovskyi, A. Y., Apostolov, A. A., Yelistratova, L. A., Orlenko, T. A. 

(2023) Satellite-based technology assessing Ukraineôs ecology under the War. IOP 

Conference Series: Earth and Environmental Science, 1254(1), 012115, 1-10. 

https://doi.org/10.3997/2214-4609.2022580194
https://doi.org/10.3997/2214-4609.2022580194
https://doi.org/10.3997/2214-4609.20215k1017
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https://doi.org/10.1088/1755-1315/1254/1/012115 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʧʦʙʫʜʦʚʘ 

ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ). 

14. ʆʨʣʝʥʢʦ ʊ.ɸ., ɻʫʩʻʚʘ ɸ.ɺ. (2019) ʃʽʥʝʘʤʝʥʪʥʠʡ ʘʥʘʣʽʟ ʪʝʨʠʪʦʨʽʾ ʚ ʤʝʞʘʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʽʨʥʠʯʦʚʠʜʦʙʫʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ 

ɼɿɿ. ɯʜʝʾ ʪʘ ʽʥʥʦʚʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ. ʄʘʪʝʨʽʘʣʠ VIII ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ 

ʤʦʣʦʜʽʞʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, ʂʠʾʚ, 10-12 ʢʚʽʪʥʷ 2019 ʨ., 56-57. Retrieved from: 
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ʘʚʪʦʨ ʽʜʝʾ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʦʙʫʜʦʚʘ 

ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʝʤʘʪʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ). 

15. Orlenko T.A. (2020) Landslide detection and mapping by geological and 

remote sensing data. Cʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ: ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ, ʂʠʾʚ, 2020, 71-72. Retrieved from: 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʝ 

ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ï ʩʪʚʦʨʝʥʥʶ ʪʘ ʥʘʫʢʦʚʦʤʫ 

ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʤʝʞʘʭ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʽʟ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷʤ ʨʽʟʥʦʤʘʩʰʪʘʙʥʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʪʘ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʢʣʽʤʘʪʠʯʥʠʤʠ, ʛʝʦʣʦʛʽʯʥʠʤʠ, 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʂʠʻʚʦ-ʉʪʘʡʢʽʚʩʴʢʠʡ ʟʩʫʚʥʠʡ ʨʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʨʦʟʚʠʪʢʦʤ 

ʟʩʫʚʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ 

ʦʙôʻʢʪʽʚ, ʨʦʟʚʠʪʦʢ ʛʨʦʤʘʜ, ʝʢʦʥʦʤʽʯʥʝ ʦʩʚʦʻʥʥʷ ʪʝʨʠʪʦʨʽʡ. ɸʢʪʠʚʽʟʘʮʽʷ 

ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʜʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʣʝʩʦʚʠʭ ʪʘ ʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʽʚ, ʟʥʘʯʥʦʛʦ ʧʝʨʝʧʘʜʫ ʚʠʩʦʪ, ʟʤʽʥʠ 

ʙʘʟʠʩʫ ʝʨʦʟʽʾ, ʘʙʨʘʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʙʝʨʝʛʘʭ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʛʦʩʧʦʜʘʨʩʴʢʦʶ ʜʽʷʣʴʥʽʩʪʶ 

ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʩʫʚʽʚ, ʬʽʢʩʘʮʽʷ ʾʭ ʨʦʟʚʠʪʢʫ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ, ʘʥʘʣʽʟ 

ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʩʫʚʥʦʾ 

ʥʝʙʝʟʧʝʯʥʦʩʪʽ ʩʪʘʶʪʴ ʘʢʪʫʘʣʴʥʠʤʠ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʨʦʟʚʠʪʢʫ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. ɺʘʞʣʠʚʠʤ ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʟʘ ʩʪʘʥʦʤ ʪʝʨʠʪʦʨʽʾ ʻ 

ʦʭʦʧʣʝʥʥʷ ʟʥʘʯʥʦʾ ʧʣʦʱʽ ʧʨʠ ʤʦʞʣʠʚʦʩʪʽ ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʝʨʘʪʠʚʥʫ ʢʽʣʴʢʽʩʥʫ ʽ 

ʷʢʽʩʥʫ ʦʮʽʥʢʫ.  

ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ ʜʠʩʪʘʥʮʽʡʥʠʡ ʛʝʦʝʢʦʣʦʛʽʯʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʨʘʜʘʨʥʦʛʦ 

ʩʫʧʫʪʥʠʢʘ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ Sentinel-1, ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 10 ʤ, 

ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʘ Landsat ï 8, ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 30 ʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ɿʝʤʣʽ. 
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ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʛʝʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ, ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ 

ʟʘ ʙʘʛʘʪʦʨʽʯʥʠʡ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʪʘ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ï ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʪʘ ʩʫʧʫʪʥʴʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʜʽʣʷʥʢʠ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ. ʅʘʜʘʥʦ ʦʮʽʥʢʫ 

ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʫ ʪʘ ʟʚʝʜʝʥʦ ʾʭ ʟʥʘʯʝʥʥʷ ʫ ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʡʤʦʚʽʨʥʦʩʪʽ 

ʨʦʟʚʠʪʢʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʩʫʚʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʟʘʚʯʘʩʥʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʩʫʚʽʚ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʧʨʦʪʠʟʩʫʚʥʠʭ ʟʘʭʦʜʽʚ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʩʭʠʣʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʘʙʦ ʘʢʪʠʚʽʟʘʮʽʾ ʩʪʘʙʽʣʽʟʦʚʘʥʠʭ ʟʩʫʚʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʟʦʢʨʝʤʘ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ 

ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ɼʝʨʞʘʚʥʽʡ 

ʫʩʪʘʥʦʚʽ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠè ʟʘ 

ʪʘʢʠʤʠ ʪʝʤʘʤʠ: çʈʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʠʯʥʠʭ ʦʩʥʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʩʤʽʯʥʠʭ ʽ ʧʦʣʽʛʦʥʥʠʭ ʩʧʝʢʪʨʦ- ʪʘ ʛʘʟʦʤʝʪʨʠʯʥʠʭ ʟʡʦʤʦʢ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘè 

(ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0116U003032); çʋʪʦʯʥʝʥʥʷ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ 

ʟʤʽʥ ʥʘ ʜʦʚʢʽʣʣʷ ʽ ʩʦʮʽʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʩʪʘʥ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʋʢʨʘʾʥʽ ʪʘ ʨʦʟʨʦʙʢʘ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʮʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʩʥʦʚʽ 

ʤʘʪʝʨʽʘʣʽʚ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ ʪʘ ʧʦʣʽʛʦʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴè (ʜʝʨʞʘʚʥʠʡ 

ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0121U100410); çɼʠʩʪʘʥʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʨʦʟʚʠʪʢʫ ʟʘʛʨʦʟʣʠʚʠʭ ʧʨʠʨʦʜʥʠʭ ʪʘ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʷʚʠʱ ʚ 

ʟʘʜʘʯʘʭ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʱʦʜʦ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡè (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0122U002085); 

çʄʝʪʦʜʠʢʘ ʦʮʽʥʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 
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ʟʥʽʤʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʧʽʱʘʥʦʛʦ ʤʘʩʠʚʫ çʆʣʝʰʢʽʚʩʴʢʽ ʧʽʩʢʠèè (ʜʝʨʞʘʚʥʠʡ 

ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0121U111862). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ 

ʥʦʚʠʭ ʘʙʦ ʘʢʪʠʚʽʟʘʮʽʾ ʩʪʘʙʽʣʽʟʦʚʘʥʠʭ ʟʩʫʚʽʚ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʩʭʠʣʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʘʣʛʦʨʠʪʤʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʨʘʜʘʨʥʦʾ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʥʘʟʝʤʥʠʭ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʭ, 

ʣʽʪʦʣʦʛʽʯʥʠʭ, ʣʘʥʜʰʘʬʪʥʠʭ ʜʘʥʠʭ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʜʦʩʚʽʜʫ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʩʫʚʦʫʪʦʨʝʥʥʷ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʟʘ ʽʩʪʦʨʠʯʥʠʤʠ ʪʘ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ, ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʘʙʦ ʟʘʪʫʭʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ; 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʝʢʪʦʥʽʯʥʫ ʙʫʜʦʚʫ, ʥʝʦʪʝʢʪʦʥʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʧʦʚôʷʟʘʥʫ ʟ 

ʣʘʥʜʰʘʬʪʦʫʪʚʦʨʶʶʯʠʤ ʚʧʣʠʚʦʤ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʣʦʢʘʣʴʥʽ ʛʝʦʣʦʛʽʯʥʽ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ, ʙʽʦʬʽʟʠʯʥʽ, ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʬʘʢʪʦʨʠ, 

ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʘʢʪʠʚʽʟʘʮʽʶ ʟʩʫʚʥʦʛʦ ʧʨʦʮʝʩʫ; 

- ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʧʦʙʫʜʫʚʘʪʠ ʢʘʨʪʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ; 

- ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʩʪʚʦʨʠʪʠ ʢʘʨʪʫ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ; 

- ʧʨʦʚʝʩʪʠ ʚʘʣʽʜʘʮʽʶ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʩʫʚʽʚ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʧʦʣʽʛʦʥʽ, ʦʜʝʨʞʘʪʠ ʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʟʩʫʚʽʚ; 

- ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʬʘʢʪʦʨʠ ʪʘ ʯʠʥʥʠʢʠ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: ʤʝʪʦʜ ʩʫʧʫʪʥʠʢʦʚʦʾ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ï ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʢʘʨʪʦ-ʩʭʝʤʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʜʘʥʽ ʦʧʪʠʯʥʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ï ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʽʟʠʯʥʠʭ ʪʘ ʙʽʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʫ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ; ʣʽʥʝʘʤʝʥʪʥʠʡ ʘʥʘʣʽʟ ï ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ; 

ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ï ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪʦ-ʩʭʝʤʠ ʙʘʟʠʩʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʜʣʷ ʦʙʨʦʙʢʠ, 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʛʝʪʝʨʦʛʝʥʥʠʭ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ; ʤʝʪʦʜ 

ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ï ʜʣʷ ʨʘʥʞʫʚʘʥʥʷ ʯʠʥʥʠʢʽʚ ʟʩʫʚʦʥʝʙʝʟʧʝʢʠ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ 

ʧʨʠʨʦʜʠ; ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ï ʜʣʷ ʦʙʨʦʙʢʠ ʦʪʨʠʤʫʚʘʥʠʭ ʢʽʣʴʢʽʩʥʠʭ 

ʚʠʙʽʨʦʢ ʜʘʥʠʭ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʾʭ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ: 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʪʘ ʘʥʘʣʽʟʫ ʛʝʦʣʦʛʽʯʥʠʭ, 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ ʙʽʦʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʥʦʚʠʤ 

ʢʽʣʴʢʽʩʥʠʤ ʨʘʥʞʫʚʘʥʥʷʤ ʯʠʥʥʠʢʽʚ ʟʩʫʚʦʥʝʙʝʟʧʝʢʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʝ 

ʪʘ ʦʧʝʨʘʪʠʚʥʝ ʚʠʷʚʣʝʥʥʷ ʽ ʢʘʨʪʫʚʘʥʥʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʢʘʨʪʫ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʦ ʟʩʫʚʽʚ ʪʝʨʠʪʦʨʽʾ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚ ʤʝʞʘʭ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ ʥʘ ʜʽʣʷʥʮʽ ɺʠʪʘʯʽʚ-ʉʪʘʡʢʠ, 

ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʣʦʢʘʣʽʟʘʮʽʾ ʘʢʪʠʚʥʠʭ ʟʩʫʚʥʠʭ ʜʽʣʷʥʦʢ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʦʧʪʠʯʥʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ, ʛʝʦʣʦʛʽʯʥʠʭ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʽ ʙʽʦʬʽʟʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʣʘʥʜʰʘʬʪʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʪʘ ʧʽʜʪʚʝʨʜʠʪʠ ʧʦʣʴʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʜʦʜʘʪʢʦʚʽ, ʥʝ ʟʘʢʘʨʪʦʚʘʥʽ ʨʘʥʽʰʝ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʽ ʜʽʣʷʥʢʠ. 

ʅʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʦʣʦʛʽʷ ʣʦʢʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʩʫʚʥʦʾ 

ʥʝʙʝʟʧʝʢʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʦʟʥʘʢʠ ʮʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʧʦʪʝʥʮʽʡʥʦ ʘʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʟʩʫʚʽʚ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʢʦʤʧʣʝʢʩ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʭ ʫʩʫʥʝʥʥʷ. 
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ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʢʦʨʝʢʪʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʘʧʨʦʙʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ; 

ʫʟʛʦʜʞʝʥʽʩʪʶ ʨʦʟʨʦʙʣʝʥʠʭ ʧʦʣʦʞʝʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤʠ 

ʥʘʫʢʦʚʠʤʠ ʧʦʛʣʷʜʘʤʠ ʥʘ ʧʨʠʨʦʜʫ ʪʘ ʯʠʥʥʠʢʠ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʩʫʤʽʩʥʽʩʪʶ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʜʘʥʠʤʠ ʧʦʣʴʦʚʠʭ ʟʘʚʽʨʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʩʫʚʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʧʣʘʥʫʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚ ʪʘ ʦʩʽʙ, ʱʦ 

ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ, ʱʦʜʦ ʚʞʠʚʘʥʥʷ ʚʘʞʣʠʚʠʭ ʢʨʦʢʽʚ ʚ ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʟʘʭʠʩʪʽ 

ˇʨʫʥʪʽʚ ʽ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʟʝʤʝʣʴ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʨʦʟʰʠʨʝʥʥʷ ʤʽʩʪ ʽ ʩʽʣ ʫ ʤʝʞʘʭ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ. ʋʢʣʘʜʝʥʽ ʢʘʨʪʠ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʡʤʦʚʽʨʥʠʭ ʜʽʣʷʥʦʢ ʟʩʫʚʦʥʝʙʝʟʧʝʢʠ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʻ ʢʦʨʠʩʥʦʶ ʜʣʷ ʘʜʤʽʥʽʩʪʨʘʮʽʾ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ ʘʙʦ ʦʢʨʝʤʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʛʦʩʧʦʜʘʨʩʴʢʫ 

ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʟʘʟʥʘʯʝʥʽʡ ʪʝʨʠʪʦʨʽʾ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ɸʚʪʦʨʦʤ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʟʩʫʚʥʦʾ ʥʝʙʝʟʧʝʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʘʨʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ, ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʚʢʣʶʯʘʻ ʧʦʻʜʥʘʥʥʷ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʦʢ.  

ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʝʨʠʪʦʨʽʾ, ʦʮʽʥʝʥʦ 

ʚʧʣʠʚ ʧʦʛʦʜʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʦʙʩʷʛʽʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʫ 

ʜʽʣʷʥʢʫ, ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ.  

ʉʪʚʦʨʝʥʦ ʢʘʨʪʦ-ʩʭʝʤʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʪʘ ʚʠʷʚʣʝʥʦ ʥʝʙʝʟʧʝʯʥʽ ʜʽʣʷʥʢʠ 

ʟʘ ʚʝʣʠʯʠʥʦʶ ʦʙʝʨʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʥʘʭʠʣʫ ʧʦʚʝʨʭʥʽ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʪʘ ʢʨʫʪʠʟʥʠ ʧʦʚʝʨʭʥʽ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ɺʩʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ 
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ʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ. ʉʝʨʝʜ ʧʨʘʮʴ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

- ʫ ʨʦʙʦʪʽ [3] ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ ʟʩʫʚʽʚ, 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ; 

- ʫ ʨʦʙʦʪʘʭ [6-8, 10] ʦʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʫʢʣʘʜʘʥʥʷ ʢʘʨʪ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ 

ʥʘ ʙʘʟʽ ʩʫʧʫʪʥʠʢʘ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ Sentinel-1; 

- ʫ ʨʦʙʦʪʘʭ [4, 5, 9] ʟʜʽʡʩʥʝʥʦ ʚʽʜʙʽʨ ʽʥʜʠʢʘʪʦʨʽʚ ʚʦʣʦʛʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʦʧʠʩ 

ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʨʦʟʨʘʭʫʥʦʢ 

ʚʝʛʝʪʘʮʽʡʥʠʭ ʪʘ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʦʨʢʘ ʜʘʥʠʭ; 

- ʫ ʨʦʙʦʪʘʭ [10, 14] ʨʦʟʛʣʷʥʫʪʦ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʦ 

ʥʝʦʪʝʢʪʦʥʽʯʥʫ ʩʢʣʘʜʦʚʫ ʷʢ ʬʘʢʪʦʨ ʚʧʣʠʚʫ ʪʘ ʯʠʥʥʠʢ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʦʩʪʽ; 

- ʫ ʨʦʙʦʪʘʭ [11-13] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ ʩʫʯʘʩʥʽ 

ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʧʨʦʙʦʚʘʥʽ 

ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ:  

Fourth EAGE Workshop on Assessment of Landslide Hazardsand impact on 

communities, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ, 2023; 23nd SGEM International Multidisciplinary 

Scientific GeoConference EXPO Proceedings, ɸʣʙʝʥʘ, ɹʦʣʛʘʨʽʷ, 2023; International 

Conference on Sustainable Futures: Environmental, Technological, Social and Economic 

Matters (ICSF 2023), ʂʨʠʚʠʡ ʈʽʛ, ʋʢʨʘʾʥʘ, 2023; 16th International Conference 

ñMonitoring of Geological Processes and Ecological Condition of the Environmentò, 

ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2022; XIV International Scientific Conference ñMonitoring of Geological 

Processes and Ecological Condition of the Environmentò, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2020; Third 

EAGE Workshop on Assessment of Landslide Hazards and Impact on Communities, 

ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, 2021; ɯʜʝʾ ʪʘ ʥʦʚʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ: ʄʘʪʝʨʽʘʣʠ VIII 

ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʤʦʣʦʜʽʞʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2019 ʪʘ 2022; 

Cʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ: ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ 

ʢʦʥʬʝʨʝʥʮʽʷ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2020; XXII ʄiʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ, 

ɸʩʪʨʦʥʦʤiʯʥʘ ʰʢʦʣʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2020; ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ 
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ʜʝʨʞʘʚʠ: ʍV ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʽ 

ʩʪʫʜʝʥʪʽʚ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2021. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 13 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ 1 ʛʣʘʚʘ ʫ ʤʦʥʦʛʨʘʬʽʾ (ʧʨʦʽʥʜʝʢʩʦʚʘʥʘ ʚ ʙʘʟʽ ʜʘʥʠʭ Web of Science); ʩʪʘʪʪʽ 

ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʥʘ ʜʘʪʫ ʦʧʫʙʣʽʢʫʚʘʥʥʷ ʜʦ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ï 5 (ʟ ʥʠʭ 2 ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʚ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science 

ʪʘ Scopus); 7 ï ʫ ʟʙʽʨʥʠʢʘʭ ʪʘ ʤʘʪʝʨʽʘʣʘʭ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ, ʟ ʷʢʠʭ 7 ï ʤʽʞʥʘʨʦʜʥʽ, ʱʦ ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʚ ʙʘʟʽ ʜʘʥʠʭ Scopus. 

ɼʦʜʘʪʢʦʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 5 ʤʘʪʝʨʽʘʣʽʚ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ 

(ʚ ʋʢʨʘʾʥʽ) ʷʢ ʤʘʪʝʨʽʘʣʠ ʘʧʨʦʙʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ (156 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 

19 ʩʪʦʨʽʥʢʘʭ) ʪʘ 8 ʜʦʜʘʪʢʽʚ ʥʘ 22 ʩʪʦʨʽʥʢʘʭ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 185 ʩʪʦʨʽʥʢʘʭ, ʱʦ 

ʤʽʩʪʷʪʴ 108 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 50 ʨʠʩʫʥʢʽʚ ʽ 12 ʪʘʙʣʠʮ.ɹ 
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ʈʆɿɼɯʃ 1 

ʊɽʆʈɽʊʀʏʅɯ ɿɸʉɸɼʀ ɼʀʉʊɸʅʎɯʁʅʆɻʆ ɻɽʆɽʂʆʃʆɻɯʏʅʆɻʆ 

ʄʆʅɯʊʆʈʀʅɻʋ ɿʉʋɺɯɺ 

ʋʩʽ ʷʚʠʱʘ ʪʘ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ 

ʤʽʞ ʩʦʙʦʶ. ɿʝʤʣʽ ʚʣʘʩʪʠʚʽ ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ ʧʣʘʥʝʪʘʨʥʽ ʛʝʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ 

ʫʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʣʘʥʝʪʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʾʾ ʟʤʽʥʝʥʥʷ. 

ʐʚʠʜʢʽʩʪʴ ʪʘ ʤʘʩʰʪʘʙʠ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʥʶʶʪʴʩʷ ʫ ʯʘʩʽ ʪʘ ʧʨʦʩʪʦʨʽ ʧʽʜ 

ʚʧʣʠʚʦʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ (ʃʷʣʴʢʦ ʪʘ ʽʥ., 2015; Abbass et al., 2022). 

ɿʤʽʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠʚʘʣʽ ʪʘ ʤʠʪʪʻʚʽ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʷʚʠʱʘ, 

ʟʦʢʨʝʤʘ ʟʩʫʚʠ. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʤʦʥʽʪʦʨʠʥʛ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ (Scaioni et al., 2014; Macciotta and Hendry, 2021; Zhao and Lu, 

2018) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ). ɼʦʩʣʽʜʞʝʥʥʷ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʝʞʠʤʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʦʧʝʨʘʪʠʚʥʦ, ʥʘ ʚʝʣʠʢʠʭ ʧʣʦʱʘʭ, ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʝʢʦʥʦʤʽʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʛʦ ʥʘʧʨʷʤʢʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʜʦʚʢʽʣʣʷ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ. 

1.1 ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ɿʩʫʚʠ ï ʮʝ ʦʜʠʥ ʽʟ ʚʠʜʽʚ ʟʤʽʱʝʥʴ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘ ʩʭʠʣʘʭ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʭʠʣʽʚ (ʇʘʣʽʻʥʢʦ 2010). ʉʭʠʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ 

ʧʨʠʨʦʜʥʠʤʠ, ʪʦʙʪʦ ʩʭʠʣʠ ʛʽʨ, ʪʘʢ ʽ ʰʪʫʯʥʠʤʠ, ʪʦʙʪʦ ʙʦʨʪʠ ʢʘʨôʻʨʽʚ ʪʘ ʚʦʜʦʩʭʦʚʠʱ. 

ɿʩʫʚʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʨʠʨʦʜʥʽ ʟʩʫʚʠ ʪʘ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʽ, ʩʧʨʠʯʠʥʝʥʽ 

ʘʥʪʨʦʧʦʛʝʥʥʠʤ  ʚʧʣʠʚʦʤ. (ʃʷʣʴʢʦ ʪʘ ʽʥ., 2017). ɺ ʦʩʥʦʚʽ ʟʩʫʚʥʦʛʦ ʪʽʣʘ ʧʝʨʝʚʘʞʘʶʪʴ 

ʥʝʟʤʽʥʝʥʽ ʘʙʦ ʩʣʘʙʢʦ ʟʤʽʥʝʥʽ ʝʣʝʤʝʥʪʠ ʩʬʦʨʤʦʚʘʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʩʭʠʣʫ, ʯʘʩʪʠʥʘ ʡʦʛʦ ʢʦʨʽʥʥʦʛʦ ʤʘʩʠʚʫ ʘʙʦ ʝʣʶʚʽʘʣʴʥʠʡ ʧʦʢʨʠʚ. 

ɿʩʫʚʠ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʚʪʨʘʪʠ ʨʽʚʥʦʚʘʛʠ ˇʨʫʥʪʘʤʠ ʪʘ ʧʽʜʩʪʠʣʘʶʯʠʤʠ 

ʧʦʨʦʜʘʤʠ (ʉʫʷʨʢʦ, ɺʝʣʠʯʢʦ ʪʘ ʽʥ. 2019). ʇʨʠʯʠʥʦʶ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ ʷʚʠʱʘ ʤʦʞʝ 

ʙʫʪʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʟʩʫʚʥʠʭ ʜʽʣʷʥʦʢ ʪʘ ʟʤʝʥʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʭ 
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ʧʦʨʽʜ. ʆʙôʻʤ ˇʨʫʥʪʫ, ʷʢʠʡ ʟʤʽʱʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʟʩʫʚʫ, ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ ʜʝʢʽʣʴʢʦʭ 

ʩʦʪʝʥʴ ʜʦ ʪʠʩʷʯ ʤʽʣʴʡʦʥʽʚ ʢʫʙʦʤʝʪʨʽʚ, ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ (Highland, Bobrowsky 2008) 

ʩʷʛʘʻ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ ʥʘ ʨʽʢ ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ ʥʘ ʩʝʢʫʥʜʫ. 

ʆʪʞʝ, ʟʩʫʚ ˇʨʫʥʪʫ ï ʮʝ ʟʤʽʱʝʥʥʷ ʧʦʭʠʣʦʾ ʧʣʦʱʠʥʠ ʤʘʩʠ ʧʦʨʦʜʠ ʪʘ ʦʨʛʘʥʽʯʥʠʭ 

ʨʝʯʦʚʠʥ ʟ ʚʝʨʰʠʥʠ ʘʙʦ ʩʭʠʣʫ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʣʘʥʜʰʘʬʪʥʠʭ ʟʤʽʥ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʥʝʩʪʽʡʢʽ, ʣʝʩʦʚʽ ʧʦʨʦʜʠ, 

ʷʢʽ ʧʽʜ ʜʽʻʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʟʘʤʦʯʫʚʘʥʥʽ ʟʘʟʥʘʶʪʴ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʩʧʨʠʷʻ 

ʨʦʟʚʠʪʢʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʩʫʭʦʤʫ ʩʪʘʥʽ ʣʝʩʦʧʦʜʽʙʥʽ ʩʫʛʣʠʥʢʠ (ʐʫʪʝʥʢʦ ʪʘ ʽʥ. 

2017) ʪʘ ʩʫʧʽʩʢʠ ʤʘʶʪʴ ʚʝʣʠʢʫ ʤʽʮʥʽʩʪʴ, ʧʨʦʪʝ ʧʨʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʽ ʚʪʨʘʯʘʶʪʴ 

ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʮʽʻʾ ʤʽʮʥʦʩʪʽ. ɺʦʜʥʽ ʛʦʨʠʟʦʥʪʠ ʨʫʡʥʫʶʪʴ ʟʯʝʧʣʝʥʥʷ ʯʘʩʪʦʢ ʪʘ 

ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʣʝʩʦʚʠʭ ʚʽʜʢʣʘʜʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʮʽ ʧʦʨʦʜʠ ʥʘʡʙʽʣʴʰʝ 

ʧʽʜʜʘʶʪʴʩʷ ʜʝʬʦʨʤʘʮʽʾ (ʂʘʨʧʦʚ, 2023). ʎʽ ʧʨʦʮʝʩʠ ʚʠʢʣʠʢʘʶʪʴ ʨʦʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ 

ʩʭʠʣʫ ʪʘ ʩʧʨʠʷʶʪʴ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ. 

ɸʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ ʚʽʜʤʽʯʝʥʦ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʘʡʞʝ ʚʩʽʭ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ, ʟʘ ʚʠʥʷʪʢʦʤ ɺʦʣʠʥʩʴʢʦʾ ʪʘ ʈʽʚʥʝʥʩʴʢʦʾ, ʷʢʽ ʥʝ 

ʤʘʶʪʴ ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʫʤʦʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ. 

ʅʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʟʩʫʚʽʚ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʇʨʘʚʦʙʝʨʝʞʞʽ ɼʥʽʧʨʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʂʘʥʽʚʩʴʢʦʛʦ ʪʘ ʚ ʤʠʥʫʣʦʤʫ ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱ.  

ɿʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʛʝʦʣʦʛʽʾ ʪʘ ʥʘʜʨ ʋʢʨʘʾʥʠ ʟʩʫʚʠ ʧʦʰʠʨʝʥʽ ʥʘ 

ʏʦʨʥʦʤʦʨʩʴʢʦʤʫ ʫʟʙʝʨʝʞʞʽ, ʚ ʆʜʝʩʴʢʽʡ ʦʙʣʘʩʪʽ ʪʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʽʚʦʩʪʨʦʚʘ ʂʨʠʤ 

("ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʱʦʨʽʯʥʠʢ ʱʦʜʦ ʘʢʪʠʚʽʟʘʮʽʾ ʥʝʙʝʟʧʝʯʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ", 2017; ñɯʥʬʦʨʤʘʮʽʡʥʠʡ ʱʦʨʽʯʥʠʢ ʱʦʜʦ ʘʢʪʠʚʽʟʘʮʽʾ ʥʝʙʝʟʧʝʯʥʠʭ 

ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ", 2021). ɿʩʫʚʠ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʤʘʡʞʝ ʫ 200 ʤʽʩʪʘʭ 

ʪʘ ʩʝʣʠʱʘʭ ʤʽʩʴʢʦʛʦ ʪʠʧʫ, ʱʦ ʧʦʩʪʽʡʥʦ ʩʪʚʦʨʶʻ  ʟʘʛʨʦʟʫ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʪʘ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʟʜʦʨʦʚôʷ ʽ ʞʠʪʪʷ ʣʶʜʝʡ. 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ɼʥʽʧʨʘ ʚ ʤʝʞʘʭ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʦʙʫʤʦʚʣʝʥʘ ʟʜʝʙʽʣʴʰʦʛʦ ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʪʝʨʠʪʦʨʽʾ, ʩʢʣʘʜʝʥʦʾ ʚʦʜʦʪʨʠʚʢʠʤʠ ʪʘ ʚʦʜʦʥʦʩʥʠʤʠ ʧʦʨʦʜʘʤʠ, ʱʦ ʯʝʨʛʫʶʪʴʩʷ.  

ɿʩʫʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʤʦʞʝ ʙʫʪʠ ʦʭʦʧʣʝʥʦ ʚʝʩʴ ʩʭʠʣ ʘʙʦ ʪʽʣʴʢʠ ʡʦʛʦ ʯʘʩʪʠʥʘ. ʋ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ ʨʦʟʨʽʟʥʷʶʪʴ ʢʨʫʪʽ ʫʚʽʛʥʫʪʽ ʩʪʽʥʢʠ ʚʽʜʨʠʚʫ ʟʩʫʚʥʠʭ ʪʽʣ, ʨʽʚʥʫ 



34 

 

ʯʘʩʪʠʥʫ ʩʭʠʣʫ ʟʘ ʷʢʦʶ ʚʽʥ ʨʫʭʘʻʪʴʩʷ, ʣʦʞʝ ʟʩʫʚʫ ʪʘ ʧʝʨʝʤʽʱʝʥʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ (ʨʠʩ. 

1.1). ʏʠʤ ʙʽʣʴʰʘ ʢʨʫʪʠʟʥʘ ʢʦʨʽʥʥʦʛʦ ʩʭʠʣʫ, ʪʠʤ ʰʚʠʜʰʝ ʨʫʭʘʻʪʴʩʷ ʡʦʛʦ ʪʽʣʦ 

(ʂʦʨʞʥʝʚ 2005, ʂʦʚʘʣʴʯʫʢ 2018). ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʟʩʫʚʫ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ, ʘʣʝ 

ʟʛʦʨʠ ʚʦʥʘ ʦʙʤʝʞʝʥʘ ʥʝʨʽʚʥʦʶ, ʛʦʨʙʠʩʪʦʶ ʧʣʦʱʠʥʦʶ, ʥʘʭʠʣʝʥʦʶ ʚ ʙʽʢ ʩʭʠʣʫ ʪʘ 

ʬʨʦʥʪʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʫ ʚʠʛʣʷʜʽ ʛʦʨʙʠʩʪʦʛʦ ʩʭʠʣʫ ʟʘ ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ ʟʩʫʚʥʦʾ 

ʤʘʩʠ. 

 
ʌʦʪʦ ʪʘ ʧʦʟʥʘʯʝʥʥʷ: ʆʨʣʝʥʢʦ ʊʝʪʷʥʘ 

ʈʠʩ. 1.1. ʉʭʝʤʘ ʦʧʠʩʫ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʩʫʚʫ ʥʘ ʩʭʠʣʘʭ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ, ʚʠʛʣʷʜ ʟʙʦʢʫ: 1-ʪʨʽʱʠʥʘ ʚʽʜʨʠʚʫ, 2-ʙʨʽʚʢʘ ʛʦʣʦʚʥʦʛʦ ʫʩʪʫʧʫ, 3-

ʛʦʣʦʚʥʠʡ ʫʩʪʫʧ, 4-ʣʽʚʠʡ ʬʣʘʥʛ ʟʩʫʚʫ, 5-ʪʽʣʦ ʟʩʫʚʫ 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʛʝʦʣʦʛʽʯʥʦʾ ʥʘʫʢʠ, ʱʦ ʚʠʚʯʘʻ ʷʚʠʱʘ ʪʘ ʧʨʦʮʝʩʠ ʧʦʚôʷʟʘʥʽ 

ʟ ʧʝʨʝʤʽʱʝʥʥʷʤ ʟʝʤʥʦʾ ʢʦʨʠ, ʻ ʚʠʚʯʝʥʥʷ ʟʩʫʚʽʚ. ɹʘʛʘʪʦ ʚʯʝʥʠʭ ʥʘʜʘʶʪʴ ʟʥʘʯʥʫ 

ʫʚʘʛʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʠʧʽʚ ʟʩʫʚʽʚ (ɹʘʡʨʘʢ, 2018; ɹʝʩʧʘʣʦʚʘ, 2010; ʇʘʟʠʥʠʯ, 2017; 

ɯʚʘʥʥʽʢ, 2022) ʪʘ ʨʦʟʫʤʽʥʥʶ ʤʝʭʘʥʽʟʤʫ ʾʭ ʫʪʚʦʨʝʥʥʷ ʪʘ ʘʢʪʠʚʽʟʘʮʽʾ. ɺ ʨʦʙʦʪʘʭ 

ʥʘʫʢʦʚʮʽʚ ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ 

ʋʢʨʘʾʥʠè ʟʘʢʣʘʜʝʥʦ ʦʩʥʦʚʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʥʘ ʙʘʟʽ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ (ʌʽʣʽʧʦʚʠʯ ʪʘ ʽʥ. 2019, ʃʽʱʝʥʢʦ ʪʘ ʽʥ. 2017). 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʚʯʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʨʝʛʽʦʥʽʚ, ʜʝ 

ʟʘʬʽʢʩʦʚʘʥʦ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʟʩʫʚʽʚ. ɺ ʨʝʛʽʦʥʽ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʧʨʦʚôʷ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʚʯʝʥʠʭ ʷʢ ʂʨʘʻʚ, ɼʝʤʯʠʰʠʥ, ɹʝʩʧʘʣʦʚʘ (ʂʨʘʻʚ, 1961; ɼʝʤʯʠʰʠʥ 

1992; ɼʝʤʯʠʰʠʥ, ɹʝʩʧʘʣʦʚʘ 1987; ɼʝʤʯʠʰʠʥ ʪʘ ʽʥ. 2014) ʥʘʜʘʣʠ ʨʦʟʛʦʨʥʫʪʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʟʩʫʚʽʚ ʮʽʻʾ ʪʝʨʠʪʦʨʽʾ ʪʘ ʻ ʦʩʥʦʚʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʩʪʨʘʪʝʛʽʡ 

ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʫ ʜʣʷ ʤʽʩʮʝʚʦʛʦ ʥʘʩʝʣʝʥʥʷ. 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʩʫʚʫ ʻ: ʛʣʠʙʠʥʘ ʟʩʫʚʫ, ʩʧʦʩʽʙ ʨʫʭʫ ʤʘʩʠ 

ˇʨʫʥʪʫ, ʪʦʚʱʠʥʘ ʰʘʨʫ ʧʦʨʽʜ, ʱʦ ʟʩʫʚʘʶʪʴʩʷ, ʯʘʩʦʚʠʡ ʪʘ ʧʨʦʩʪʦʨʦʚʠʡ ʤʘʩʰʪʘʙ 

ʟʩʫʚʫ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʩʫʚʽʚ ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʟʠʢʫ ʪʘ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ, ʧʦʚôʷʟʘʥʠʭ ʟ ʮʠʤ ʷʚʠʱʘʤʠ ʪʘ ʥʘʚʝʜʝʥʘ ʚ 

ʪʘʙʣ. 1.1. ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʩʫʚʽʚ ʻ ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʡʦʛʦ 

ʫʪʚʦʨʝʥʥʷ ʪʘ ʘʢʪʠʚʽʟʘʮʽʾ, ʚʢʣʶʯʥʦ ʟ ʟʩʫʚʘʤʠ, ʷʢʽ ʟʘʭʦʧʣʶʶʪʴ ʢʦʨʽʥʥʽ ʧʦʨʦʜʠ, ʪʘ 

ʟʩʫʚʘʤʠ ʧʦʚʝʨʭʥʝʚʠʭ ʚʽʜʢʣʘʜʽʚ. 

ɿʘ ʜʦʦʧʨʘʮʴʦʚʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ɹʝʩʧʘʣʦʚʦʾ ʆ.ʄ. ʪʘ ɹʘʡʨʘʢ 

ɻ.ʄ. ʜʠʩʝʨʪʘʥʪʦʤ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʫʨʘʞʝʥʝ ʟʩʫʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʚʦʭ ʪʠʧʽʚ: 

- I ʪʠʧ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʜʽʣʷʥʦʢ ʟ ʧʦʚʥʠʤ ʛʝʦʣʦʛʽʯʥʠʤ ʨʦʟʨʽʟʦʤ. ɸ ʩʘʤʝ, 

ʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʟʚʝʨʭʫ ʚʥʠʟ) ʣʝʩʦʚʠʜʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ 

ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʚʽʢʫ, ʥʝʦʛʝʥʦʚʦ-ʥʠʞʥʴʦʯʝʪʚʝʨʪʠʥʥʠʤʠ ʙʫʨʠʤʠ ʡ ʯʝʨʚʦʥʦ-ʙʫʨʠʤʠ 

ʛʣʠʥʘʤʠ, ʩʪʨʦʢʘʪʠʤʠ ʛʣʠʥʘʤʠ ʥʝʦʛʝʥʫ, ʧʽʩʢʘʤʠ ʥʦʚʦʧʝʪʨʦʚʩʴʢʦʾ ʩʚʽʪʠ ʥʝʦʛʝʥʫ, 

ʙʝʨʝʢʩʴʢʦʾ ʪʘ ʤʝʞʠʛʽʨʩʴʢʦʾ ʩʚʽʪ, ʘʣʝʚʨʠʪʘʤʠ ʦʙʫʭʽʚʩʴʢʦʾ ʩʚʽʪʠ ʪʘ ʛʣʠʥʘʤʠ ʽ 

ʤʝʨʛʝʣʷʤʠ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ ʧʘʣʝʦʛʝʥʫ. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʝ 

ʛʽʧʩʦʤʝʪʨʠʯʥʝ ʧʦʣʦʞʝʥʥʷ ʤʝʨʛʝʣʴʥʦʾ ʪʦʚʱʽ. ɿʩʫʚʥʠʡ ʧʨʦʮʝʩ ʰʠʨʦʢʦ ʨʦʟʚʠʥʝʥʠʡ ʽ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʝʢʽʣʴʢʦʤʘ ʚʠʜʘʤʠ ï ʧʝʨʝʚʘʞʥʦ ʮʠʨʢʦʧʦʜʽʙʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʟʩʫʚʘʤʠ ʚʠʜʘʚʣʶʚʘʥʥʷ, ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ, ʷʢʽ ʧʝʨʝʭʦʜʷʪʴ ʫ ʧʣʘʩʪʠʯʥʽ ʟʩʫʚʠ. 

- II ʪʠʧ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʜʽʣʷʥʦʢ ʟ ʥʝʧʦʚʥʠʤ ʛʝʦʣʦʛʽʯʥʠʤ ʨʦʟʨʽʟʦʤ, ʘ ʩʘʤʝ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʧʘʜʽʥʥʷ ʟ ʨʦʟʨʽʟʫ ʚʽʜʢʣʘʜʽʚ ʙʫʨʠʭ ʪʘ ʩʪʨʦʢʘʪʠʭ ʛʣʠʥ ʪʘ ʧʽʩʢʽʚ 

ʥʝʦʛʝʥ-ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʽʢʫ. ʇʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʣʝʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʫ 

ʤʝʥʰʝ ʥʽʞ 10,5 ʤ ʬʦʨʤʫʶʪʴʩʷ ʬʨʦʥʪʘʣʴʥʽ ʟʩʫʚʠ ʟ ʧʣʦʱʠʥʦʶ ʢʦʚʟʘʥʥʷ ʚ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ ʩʭʠʣʫ ʧʦ ʛʣʠʥʠʩʪʠʭ ʘʣʝʚʨʠʪʘʭ ʦʙʫʭʽʚʩʴʢʦʾ ʩʚʽʪʠ, ʛʣʠʥʘʭ ʽ ʤʝʨʛʝʣʷʭ 

ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ. 
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ʊʘʙʣʠʮʷ 1.1. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʠʧʽʚ ʟʩʫʚʽʚ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʩʫʚʽʚ 

ɼʞʝʨʝʣʦ ʊʠʧ ʟʩʫʚʽʚ ʆʩʦʙʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʟʩʫʚʥʦʛʦ ʧʨʦʮʝʩʫ 

ɿʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʦʮʝʩʫ ʟʤʽʱʝʥʥʷ 

ɼʝʪʨʫʟʠʚʥʽ ʟʩʫʚʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ, ʘʙʦ ʰʣʷʭʦʤ ʰʪʦʚʭʘʥʥʷ 

ʙʣʦʢʽʚ, ʱʦ ʚʽʜʽʨʚʘʥʽ ʚʽʜ ʩʭʠʣʫ, ʯʘʩʪʠʥ ʟʩʫʚʫ ʷʢʽ 

ʨʦʟʤʽʱʝʥʽ ʥʠʞʯʝ ʨʫʭ ʤʘʩʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʧʦʯʠʥʘʻʪʴʩʷ 

ʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʩʭʠʣʫ 
ʇʦʧʦʚ ɯ.ɺ., 

1961 

ɼʝʣʷʧʩʠʚʥʽ ʟʩʫʚʠ 

ʚʽʣʴʥʝ ʢʦʚʟʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʩʧʨʠʯʠʥʝʥʝ ʜʽʻʶ 

ʚʣʘʩʥʦʾ ʚʘʛʠ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʫ ʟʩʫʚʥʦʤʫ ʪʽʣʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘʣʷʛʘʥʥʷ ʰʘʨʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷʤ 

ʧʦʨʦʞʥʠʥ ʨʫʭ ʤʘʩʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʧʦʯʠʥʘʻʪʴʩʷ ʫ 

ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ 

ɿʘ ʬʦʨʤʦʶ 

ʎʠʨʢʦʧʦʜʽʙʥʽ 
ʛʦʣʦʚʥʠʡ ʪʘ ʚʥʫʪʨʽʰʥʽʡ ʫʩʪʫʧʠ ʬʦʨʤʫʶʪʴ ʧʽʚʢʦʣʦ, 

ʜʦʚʞʠʥʘ ʷʢʦʛʦ ʚʟʜʦʚʞ ʩʭʠʣʫ ʫʤʦʚʥʦ ʜʦʨʽʚʥʶʻ ʰʠʨʠʥʽ ʇʽʜʨʫʯʥʠʢ 

ʉʫʷʨʢʦ, 

2019 
ʌʨʦʥʪʘʣʴʥʽ 

ʛʦʣʦʚʥʠʡ ʫʩʪʫʧ ʤʘʻ ʚʠʪʷʛʥʫʪʫ ʬʦʨʤʫ ʚʟʜʦʚʞ ʩʭʠʣʫ ʟʽ 

ʟʥʘʯʥʦʶ ʚʽʜʩʪʘʥʥʶ 

ɿʩʫʚʠ-ʧʦʪʦʢʠ ʚʠʪʷʛʥʫʪʽ ʫʟʜʦʚʞ ʟʥʠʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʧʘʜʽʥʥʷ ʩʭʠʣʫ 

ɿʘ ʛʣʠʙʠʥʦʶ ʟʘʭʦʧʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʚʟʘʥʥʷ 

ʇʦʚʝʨʭʥʝʚʽ ʜʦʚʞʠʥʦʶ ʜʦ 1 ʤ 

Solodei et al., 

2022 

ɼʨʽʙʥʽ ʜʦʚʞʠʥʦʶ ʤʝʥʰʝ 5 ʤ 

ɻʣʠʙʦʢʽ ʤʝʥʰʝ ʟʘ 20 ʤ 

ɼʫʞʝ ʛʣʠʙʦʢʽ ʧʝʨʝʚʠʱʫʶʪʴ 20 ʤ 

ɿʘ ʯʘʩʦʤ ʚʠʥʠʢʥʝʥʥʷ 

ʉʫʯʘʩʥʽ 
ʘʢʪʠʚʥʽ, ʪʠʤʯʘʩʦʚʦ ʩʪʘʙʽʣʽʟʦʚʘʥʽ, ʩʪʘʙʽʣʽʟʦʚʘʥʽ ʘʙʦ 

ʧʦʚʥʽʩʪʶ ʩʪʘʙʽʣʽʟʦʚʘʥʽ ɹʘʡʨʘʢ, 2018 

ɼʘʚʥʽ ʚʽʜʢʨʠʪʽ ʪʘ ʧʦʭʦʚʘʥʽ 

ɿʘ ʙʫʜʦʚʦʶ 

ɸʩʝʢʚʝʥʪʥʽ 
ʤʘʶʪʴ ʫʚʽʛʥʫʪʫ ʧʦʚʝʨʭʥʶ ʢʦʚʟʘʥʥʷ ʚ ʦʜʥʦʨʽʜʥʠʭ 

ʥʝʰʘʨʫʚʘʪʠʭ ʪʦʚʱʘʭ 

ʉʘʚʘʨʝʥʩʢʠʡ 

ʌ.ʇ., 1962 

ɿʘ ʙʫʜʦʚʦʶ 

ʂʦʥʩʝʢʚʝʥʪʥʽ 
ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʚʝʨʭʥʽ ʢʦʚʟʘʥʥʷ ʷʢʘ ʩʧʽʚʧʘʜʘʻ ʟʽ 

ʩʪʨʫʢʪʫʨʥʦʶ ʧʦʚʝʨʭʥʝʶ ʉʘʚʘʨʝʥʩʢʠʡ 

ʌ.ʇ., 1962 
ɯʥʩʝʢʚʝʥʪʥʽ 

ʧʦʚʝʨʭʥʷ ʢʦʚʟʘʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʚʧʦʧʝʨʝʢ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʦʚʝʨʭʦʥʴ 

ɿʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʨʫʭʫ ʟʩʫʚʥʦʛʦ ʪʽʣʘ 

ɿʩʫʚʠ ʢʦʚʟʘʥʥʷ  

ʘʙʦ ʩʪʨʫʢʪʫʨʥʽ 

ʟʨʫʰʝʥʥʷ ʧʦʢʨʠʚʥʠʭ ʚʽʜʢʣʘʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʜʦʚʞ 

ʢʦʨʽʥʥʠʭ ʧʦʨʽʜ, ʥʝʤʽʮʥʠʭ ʧʨʦʰʘʨʢʽʚ, ʧʣʦʱʠʥʠ 

ʥʘʧʣʘʩʪʫʚʘʥʥʷ ʪʘ ʟʽʩʢʦʚʟʫʚʘʥʥʷ ʥʝʚʨʽʚʥʦʚʘʞʝʥʠʭ 

ˇʨʫʥʪʦʚʠʭ ʤʘʩ ʚʥʠʟ ʧʦ ʩʭʠʣʫ ʇʦʩʽʙʥʠʢ 

ʋʛʥʝʪʝʥʢʦ, 

2019 
ɿʩʫʚʠ-ʧʦʪʦʢʠ ʪʘ 

ʩʧʣʠʚʠ 

ʟʤʽʱʝʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʨʦʟʨʽʜʞʝʥʠʭ 

ʛʣʠʥʠʩʪʠʭ, ʣʝʩʦʚʠʭ ʪʘ ʫʣʘʤʢʦʚʦ-ʛʣʠʥʠʩʪʠʭ ʤʘʩ ʫʟʜʦʚʞ 

ʩʭʠʣʫ 

ʉʢʣʘʜʥʽ 
ʟʩʫʚʠ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ, ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʙʘʛʘʪʴʦʭ 

ʯʠʥʥʠʢʽʚ ʪʘ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʙʫʜʦʚʫ 
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1.2 ʇʦʰʠʨʝʥʥʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʇʦʰʠʨʝʥʥʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʠʭ, ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ, ʣʘʥʜʰʘʬʪʥʦ-

ʢʣʽʤʘʪʠʯʥʠʭ, ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʠʪʦʨʽʾ, ʘ ʪʘʢʦʞ 

ʥʘʷʚʥʦʩʪʽ ʘʢʪʠʚʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʪʘ ʥʝʦʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

1.2.1 ʇʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ ʟʘ ʜʘʥʠʤʠ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʛʝʦʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʠʜʽʣʷʶʪʴ 9 ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʨʝʛʽʦʥʽʚ: 5 ʫ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘ 4 ï ʫ ʤʝʞʘʭ 

ɸʣʴʧ̔ʡʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʩʪʽ (ʨʠʩ. 1.2).  

ɺ ʛʝʦʩʪʨʫʢʪʫʨʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʪʝʨʠʪʦʨʽʷ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʧʨʦʚôʷ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ ʟʯʣʝʥʫʚʘʥʥʷ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʩʭʠʣʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʟ 

ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʶ ʟʘʧʘʜʠʥʦʶ (Snitynskiy et al., 2020).  

 

ʈʠʩ. 1.2. ʇʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʩʠʥʽʤ ʢʦʥʪʫʨʦʤ ʚʠʜʽʣʝʥʦ 

ʪʝʨʠʪʦʨʽʶ ʜʦʩʣʽʜʞʝʥʥʷ (Snitynskiy et al., 2020) 

ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʨʽʚʥʷ ʤʽʩʮʝʚʦʛʦ 

ʙʘʟʠʩʫ ʝʨʦʟʽʾ, ʷʢʠʡ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʨʽʯʠʱʝʤ ʨ. ɼʥʽʧʨʦ. ʂʦʤʧʣʝʢʩ ʧʦʨʽʜ, ʟʘʣʫʯʝʥʠʡ 

ʜʦ ʘʢʪʠʚʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʩʢʣʘʜʝʥʠʡ ʧʘʣʝʦʛʝʥʦʚʠʤʠ, 
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ʥʝʦʛʝʥʦʚʠʤʠ, ʜʦʯʝʪʚʝʨʪʠʥʥʠʤʠ ʪʘ ʯʝʪʚʝʨʪʠʥʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. ʆʩʦʙʣʠʚʽʩʪʶ 

ʨʝʣʴʻʬʫ ʜʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʻ ʩʫʪʪʻʚʠʡ ʧʝʨʝʧʘʜ ʚʠʩʦʪ, ʢʦʣʠʚʘʥʥʷ ʙʘʟʠʩʫ ʝʨʦʟʽʾ, ʢʫʪʽʚ 

ʥʘʭʠʣʫ ʩʭʠʣʽʚ ʪʘ ʚʧʣʠʚ ʚʦʜʦʩʭʦʚʠʱʘ. 

1.2.2 ʇʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ ʟʘ ʜʘʥʠʤʠ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ 

ɿʘ ʜʘʥʠʤʠ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ (ʨʠʩ. 1.3) ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ 

ʨʽʚʥʠʥʠ, ʥʘʣʝʞʠʪʴ ʜʦ ʂʠʾʚʩʴʢʦʾ ʚʠʩʦʯʠʥʥʦʾ ʦʙʣʘʩʪʽ ʪʘ ʚʢʣʶʯʘʻ ʤʝʞʽ ʜʚʦʭ ʨʘʡʦʥʽʚ 

ɺʘʩʠʣʴʢʽʚʩʴʢʦ-ʂʘʛʘʨʣʠʮʴʦʛʦ (ˉ 80) ʥʘ ʨʠʩ. 1.3 ʪʘ ɹʫʢʨʠʥʩʴʢʦ-ʂʘʥʽʚʩʴʢʦʛʦ (ˉ 81). 

 

ʈʠʩ. 1.3. ʌʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʝ ʨʘʡʦʥʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʄʘʨʠʥʠʯ, 2007) 

ɿʛʽʜʥʦ ʟ ʅʘʮʽʦʥʘʣʴʥʦʶ ʜʦʧʦʚʽʜʜʶ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʋʢʨʘʾʥʽ ʫ 2021 ʨʦʮʽ ʚʽʜ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ (ʅʘʮʽʦʥʘʣʴʥʘ ʜʦʧʦʚʽʜʴ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʋʢʨʘʾʥʽ ʫ 2021 ʨʦʮʽ) ʧʨʠʯʠʥʦʶ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦʷʚʽʚ 

ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ɽɻʇ) ʻ ʧʽʜʚʠʱʝʥʝ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ɿʘʢʦʥ ʋʢʨʘʾʥʠ, 1991).  
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ʈʦʟʚʠʪʦʢ ɽɻʇ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʣʽʪʦʩʬʝʨʠ ʪʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ 

ʟʤʽʥʘ ʾʾ ʬʦʨʤʠ, ʩʢʣʘʜʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʘʬʽʢʩʦʚʘʥʦ ʨʦʟʚʠʪʦʢ 

ʙʣ̔ʴʰ ʥʽʞ 20 ʨʽʟʥʠʭ ʚʠʜʽʚ ɽɻʇ ʪʘ ʷʚʠʱ, ʩʝʨʝʜ ʷʢʠʭ ï ʟʩʫʚʠ, ʧʽʜʪʦʧʣʝʥʥʷ, ʢʘʨʩʪ, 

ʧʨʦʩʽʜʘʥʥʷ ʣʝʩʦʚʠʭ ˇʨʫʥʪʽʚ, ʦʩʽʜʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʜ ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ, 

ʘʙʨʘʟʽʷ ʪʘ ʧʝʨʝʨʦʙʢʘ ʙʝʨʝʛʽʚ ʚʦʜʦʩʭʦʚʠʱ, ʝʨʦʟʽʷ (ʙʽʯʥʘ ʪʘ ʷʨʫʞʥʘ), ʩʝʣʽ (Bohush-

Zadnipryana and Lyashenko, 2023).  

ʄʦʥʽʪʦʨʠʥʛʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʦʟʚʠʪʢʦʤ ɽɻʇ ʪʘ ʦʙʩʪʝʞʝʥʥʷ 

ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ ʫ ʟʦʥʽ ʨʦʟʚʠʪʢʫ ʥʝʙʝʟʧʝʯʥʠʭ ɽɻʇ ʫ 2021 ʨ. ʧʨʦʚʦʜʠʣʠʩʴ ʫ 

20 ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʷʭ (ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʛʝʦʣʦʛʽʾ ʪʘ ʥʘʜʨ ʋʢʨʘʾʥʠ, 

ɼʝʨʞʘʚʥʝ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çɼʝʨʞʘʚʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʛʝʦʣʦʛʽʯʥʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠè, 2021). ʋ ʟʚʽʪʥʦʤʫ ʨʦʮʽ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʨʦʙʦʪʠ ʚ ʤʝʞʘʭ 

ʂʠʾʚʩʴʢʦʾ, ɾʠʪʦʤʠʨʩʴʢʦʾ, ʏʝʨʥʽʛʽʚʩʴʢʦʾ, ʍʝʨʩʦʥʩʴʢʦʾ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʪʘ 

ɸʈ ʂʨʠʤ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʽʥʰʠʭ ʦʙʣʘʩʪʝʡ ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʙʤʝʞʝʥʦʤʫ ʦʙʩʷʟʽ. 

ʉʫʯʘʩʥʘ ʘʢʪʠʚʽʟʘʮʽʷ ʟʩʫʚʽʚ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʘ ʩʭʠʣʘʭ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʧʦʚôʷʟʘʥʘ 

ʟ ʧʨʦʷʚʦʤ ʩʫʧʫʪʥʽʭ ʧʨʦʮʝʩʽʚ ï ʝʨʦʟʽʡʥʦʛʦ ʪʘ ʘʙʨʘʟʽʡʥʦʛʦ, ʱʦ ʻ ʯʠʥʥʠʢʘʤʠ 

ʧʽʜʩʠʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɿʘ ʜʘʥʠʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʬʽʢʩʦʚʘʥʦ ʤʘʡʞʝ 

23 ʪʠʩʷʯʽ ʟʩʫʚʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʥʘʩʣʽʜʦʢ 

ʣʽʢʚʽʜʘʮʽʾ, ʟʣʠʪʪʷ ʦʢʨʝʤʠʭ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʟʩʫʚʽʚ ʯʠ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ. 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʟʩʫʚʽʚ ʩʪʘʥʦʚʠʪʴ 2148,17 ʢʤ2.  

ɿʙʽʣʴʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʟʩʫʚʽʚ ʩʧʨʠʷʻ ʜʝʛʨʘʜʘʮʽʷ ʚʝʨʭʥʴʦʾ ʟʦʥʠ ˇʨʫʥʪʽʚ, 

ʩʧʨʠʯʠʥʝʥʘ ʪʝʭʥʦʛʝʥʥʠʤʠ ʟʤʽʥʘʤʠ ʫʤʦʚ ʜʨʝʥʫʚʘʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʛʣʠʥʠʩʪʠʭ ʪʦʚʱ ʽ ʧʦʨʫʰʝʥʥʷʤ ʨʽʚʥʦʚʘʛʠ ʩʭʠʣʦʚʠʭ ʪʝʨʠʪʦʨʽʡ. ʅʦʚʽ ʟʩʫʚʠ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʚʧʣʠʚʫ ʥʝʦʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. 
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1.3 ɸʢʪʠʚʥʽʩʪʴ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʪʘ 

ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ɺ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʛʝʦʣʦʛʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʘʢʪʠʚʥʽʩʪʴ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʪʘ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ɼʥʽʧʨʘ 

(ʨʠʩ. 1.4) ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʬʦʥʜʫ 

ʋʢʨʘʾʥʠ ʟʘ 2017 ʨʽʢ (ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʛʝʦʣʦʛʽʾ ʪʘ ʥʘʜʨ ʋʢʨʘʾʥʠ, ɼʝʨʞʘʚʥʝ 

ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çɼʝʨʞʘʚʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʛʝʦʣʦʛʽʯʥʠʡ ʬʦʥʜ 

ʋʢʨʘʾʥʠè, 2017). 

ɿʩʫʚʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ (ʪʘʙʣ. 1.2) ʤʘʶʪʴ ʟʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʥʘ 

ʧʨʘʚʦʙʝʨʝʞʞʽ ʨʽʯʢʠ ɼʥʽʧʨʦ, ʾʭ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 815 ʦʜʠʥʠʮʴ (ɼʝʤʯʠʰʠʥ, 1999, 

ʇʨʠʤʫʰʢʦ ʪʘ ʽʥ. 2021). 

ɺʦʥʠ ʟʘʡʤʘʶʪʴ ʧʣʦʱʫ 23,75 ʢʤ2, ʫʨʘʞʝʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʦʙʣʘʩʪʽ ʩʢʣʘʜʘʻ 0,08% 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʠ. ʅʘʷʚʥʽʩʪʴ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʜʽʣʷʥʦʢ ʫ 

ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  

ɿʤʽʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʨʦʟʚʠʪʦʢ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʪʘ 

ʙʝʟʧʝʢʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʛʨʦʤʘʜʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʧʦʰʠʨʝʥʥʷ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʜʽʣʷʥʦʢ, ʾʭ ʘʢʪʠʚʽʟʘʮʽʶ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ 

ʪʝʨʠʪʦʨʽʾ. ʂʘʨʪʠ ʧʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ 

ʜʽʣʷʥʮʽ ʈʞʠʱʽʚ ï ɻʨʝʙʝʥʽ (ʨʠʩ. 1.5) ʪʘ ɻʨʝʙʝʥʽ-ʍʦʜʦʨʽʚ (ʨʠʩ. 1.6) ʫ ʧʝʨʽʦʜ ʟ 1998 ʧʦ 

2005 ʨʨ. (ʂʦʥʜʨʘʪʶʢ, 2006).  

ɺ ɼʦʜʘʪʢʫ ɸ ʥʘʚʝʜʝʥʦ ʢʘʪʘʣʦʛʽʟʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʝʨʽʦʜʠ ʘʢʪʠʚʥʦʩʪʽ ʯʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ 2001-2005 ʨʦʢʠ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʚʽʜ ʩ. ʍʘʣʝʧôʷ ʜʦ ʦʢʦʣʠʮʴ ʤʽʩʪʘ ʈʞʠʱʽʚ.  
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ʈʠʩ. 1.4. ʇʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʪʘ ʧʨʘʚʦʙʝʨʝʞʞʽ 

ɼʥʽʧʨʘ. ʂʘʨʪʦ-ʩʭʝʤʘ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʟʩʫʚʽʚ ʈʞʠʱʽʚʩʴʢʦʾ ʦʙôʻʜʥʘʥʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ 

ʛʨʦʤʘʜʠ (ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʱʦʨʽʯʥʠʢ, 2017) 

ʊʘʙʣʠʮʷ 1.2. 

ʇʦʰʠʨʝʥʥʷ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ʪʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ɼʥʽʧʨʘ (ʇʨʠʤʫʰʢʦ ʪʘ ʽʥ. 2021) 

ˉ 

ʟ/ʧ 

ɺʠʜ ɽɻʇ ʇʣʦʱʘ ʧʦʰʠʨʝʥʥʷ, 

ʢʤ 2 

ʂʽʣʴʢʽʩʪʴ 

ʧʨʦʷʚʽʚ, ʰʪ 

ʋʨʘʞʝʥʽʩʪʴ 

ʪʝʨʠʪʦʨʽʾ, % 

1 ɿʩʫʚʠ 23,75 815 0,08 

2 ʂʘʨʩʪ (ʚʽʜʢʣʘʜʠ, ʱʦ ʟʜʘʪʥʽ 

ʜʦ ʢʘʨʩʪʫʚʘʥʥʷ) 

18800 - 65,05 

3 ʇʽʜʪʦʧʣʝʥʥʷ 20,78 82 0,07 

4 ʃʝʩʦʚʽ ˇʨʫʥʪʠ, ʱʦ ʟʜʘʪʥʽ ʜʦ 

ʧʨʦʩʽʜʘʥʥʷ 

12470  43,13 

 

5 ʇʝʨʝʨʦʙʢʘ ʙʝʨʝʛʽʚ: 

-ʂʠʾʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ 

-ʂʘʥʽʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ 

 

10 ʧʦʛ. ʢʤ 

75 ʧʦʛ. ʢʤ 
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ʈʠʩ. 1.5. ʂʘʨʪʘ ʧʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ 

ʜʽʣʷʥʮʽ ʈʞʠʱʽʚ ï ɻʨʝʙʝʥʽ (ʂʦʥʜʨʘʪʶʢ, 2006) 

 

ʈʠʩ. 1.6. ʂʘʨʪʘ ʧʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ 

ʜʽʣʷʥʮʽ ɻʨʝʙʝʥʽ-ʍʦʜʦʨʽʚ (ʂʦʥʜʨʘʪʶʢ, 2006) 
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ɿʩʫʚʠ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʦʶ ʬʦʨʤʦʶ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʨʝʣʴʻʬʫ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ. ɼʦʮʽʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʽʚ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʟʘ ʩʭʝʤʦʶ:  

- ʘʥʘʣʽʟ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ï ʢʨʫʪʠʟʥʠ ʩʭʠʣʫ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʦʨʫʰʫʶʪʴ ʜʠʥʘʤʽʯʥʫ ʨʽʚʥʦʚʘʛʫ ʨʝʣʴʻʬʫ; 

- ʘʥʘʣʽʟ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ï ʥʘʷʚʥʽʩʪʴ ʚʦʜʦʪʨʠʚʢʦʛʦ 

ʰʘʨʫ, ʱʦ ʧʽʜʩʪʝʣʷʻ ʚʦʜʦʧʨʦʥʠʢʥʽ ʧʦʨʦʜʠ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʧʨʷʤʢʫ ʧʘʜʽʥʥʷ ʧʦʨʽʜ; 

- ʘʥʘʣʽʟ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʝʨʠʪʦʨʽʾ ï ʥʘʧʨʷʤʢʽʚ ʩʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 

ʩʪʫʧʝʥʶ ʟʚʦʣʦʞʝʥʥʷ ʚʦʜʦʪʨʠʚʢʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʪʘ ʦʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ 

ʧʦʨʽʜ; 

- ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ï ʥʝʨʽʚʥʦʤʽʨʥʝ ʚʠʧʘʜʽʥʥʷ ʦʧʘʜʽʚ, ʥʘʷʚʥʽʩʪʴ 

ʧʘʚʦʜʢʽʚ ʥʘ ʚʠʟʥʘʯʝʥʽʡ ʪʝʨʠʪʦʨʽʾ. 

1.4 ʏʠʥʥʠʢʠ ʪʘ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʟʩʫʚʥʽ ʜʝʬʦʨʤʘʮʽʾ ʩʭʠʣʽʚ 

ɿʘʟʚʠʯʘʡ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʦʜʥʫ ʘʙʦ ʢʽʣʴʢʘ ʧʨʠʯʠʥ ʟʩʫʚʫ ʪʘ ʦʜʠʥ ʪʨʠʛʝʨ 

ʟʩʫʚʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʢʪʠʚʽʟʘʮʽʶ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʥʠʞʯʝ ʥʘʚʝʜʝʥʘ 

ʧʽʜʩʫʤʢʦʚʘ ʪʘʙʣʠʮʷ 1.3, ʩʢʣʘʜʝʥʘ ʘʚʪʦʨʦʤ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʥʘʫʢʦʚʮʽʚ (Gnativ et al., 

2016; Ivanik et al., 2022; Lee et al., 2014; ɯʚʘʥʽʢ, 2020; Stakhov, 2006; ɹʘʛʤʝʪ, 2017; 

ɼʦʚʛʠʡ ʪʘ ʽʥ., 2019; ʄʫʭʘ, ɹʘʡʨʘʢ, 2008; ʇʨʠʭʦʜʴʢʦ ʪʘ ʽʥ. 2005; ʉʚʽʪʣʠʯʥʠʡ 2005), 

ʟ ʨʦʟʧʦʜʽʣʦʤ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ ʧʨʠʨʦʜʥʽ ʪʘ ʪʝʭʥʦʛʝʥʥʽ.  

ʅʘʡʙʽʣʴʰʫ ʥʝʙʝʟʧʝʢʫ ʧʨʠʨʦʜʥʽ ʟʩʫʚʠ (Snitynskyi et al., 2020) ʩʪʚʦʨʶʶʪʴ 

ʧʦʙʣʠʟʫ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʽ ʚ ʨʘʡʦʥʘʭ ʟ ʢʨʫʪʠʤʠ ʩʭʠʣʘʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʟʥʘʯʥʠʭ ʦʧʘʜʽʚ ʘʙʦ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ. ɿʛʽʜʥʦ ʟ 

ʂʦʥʮʝʧʮʽʻʶ ʢʦʤʧʣʝʢʩʥʦʾ ʧʨʦʛʨʘʤʠ ʧʨʦʪʠʟʩʫʚʥʠʭ ʟʘʭʦʜʽʚ (ʆʬʽʮʽʡʥʠʡ ʚʝʙʧʦʨʪʘʣ 

ʧʘʨʣʘʤʝʥʪʫ ʋʢʨʘʾʥʠ, 2002) ʟʘ ʚʧʣʠʚʦʤ ʧʨʠʨʦʜʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ 

ʘʢʪʠʚʽʟʘʮʽʶ ʟʩʫʚʽʚ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʽ ʪʝʨʠʪʦʨʽʾ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ: 

- ʪʝʨʠʪʦʨʽʾ ʟ ʧʝʨʝʚʘʞʥʦ ʧʨʠʨʦʜʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʫʪʚʦʨʝʥʥʷ ʪʘ ʘʢʪʠʚʽʟʘʮʽʾ 

ʟʩʫʚʽʚ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʪʝʨʠʪʦʨʽʾ ʟ ʥʝʟʥʘʯʥʠʤ ʩʪʫʧʝʥʝʤ ʟʤʽʥʠ ʧʨʠʨʦʜʥʠʭ 
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ʣʘʥʜʰʘʬʪʽʚ. ɸʢʪʠʚʽʟʘʮʽʷ ʟʩʫʚʽʚ ʤʦʞʣʠʚʘ ʟʘ ʫʤʦʚʠ ʟʤʽʥʠ ʧʨʠʨʦʜʥʠʭ ʨʠʪʤʽʚ ʪʘ 

ʚʥʘʩʣʽʜʦʢ ʘʥʦʤʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ; 

- ʪʝʨʠʪʦʨʽʾ ʟ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʫʪʚʦʨʝʥʥʷ ʪʘ ʘʢʪʠʚʽʟʘʮʽʾ 

ʟʩʫʚʽʚ, ʜʝ ʛʦʩʧʦʜʘʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ  ʧʽʜʩʠʣʶʻ ʜʽʶ ʧʨʠʨʦʜʥʠʭ ʯʠʥʥʠʢʽʚ. ʇʨʠʨʦʜʥʘ 

ʨʠʪʤʽʯʥʽʩʪʴ ʧʦʩʠʣʝʥʥʷ ʟʩʫʚʥʦʾ ʥʝʙʝʟʧʝʢʠ ʥʘ ʪʘʢʠʭ ʪʝʨʠʪʦʨʽʷʭ ʯʘʩʪʢʦʚʦ 

ʧʦʨʫʰʫʻʪʴʩʷ ʥʝʩʪʘʣʦʶ ʚ ʯʘʩʽ ʜʽʻʶ ʪʝʭʥʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ; 

- ʪʝʨʠʪʦʨʽʾ ʟ ʧʝʨʝʚʘʞʥʦ ʪʝʭʥʦʛʝʥʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʚʧʣʠʚʫ, ʱʦ ʧʨʦʚʦʢʫʶʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʘʢʪʠʚʽʟʘʮʽʶ ʟʩʫʚʽʚ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʧʨʦʤʠʩʣʦʚʦ-ʤʽʩʴʢʽ 

ʘʛʣʦʤʝʨʘʮʽʾ, ʛʽʨʥʠʯʦʜʦʙʫʚʥʽ ʨʝʛʽʦʥʠ ʪʘ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʟʘʟʥʘʶʪʴ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʨʝʛʽʦʥʘʣʴʥʠʤ ʧʽʜʧʦʨʦʤ ʨʽʚʥʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ 

ʚʦʜʦʩʭʦʚʠʱʘʤʠ).  

ʇʨʠʨʦʜʥʘ ʨʠʪʤʽʯʥʽʩʪʴ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʟʩʫʚʽʚ ʥʘ ʪʘʢʠʭ ʪʝʨʠʪʦʨʽʷʭ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʧʦʨʫʰʫʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʪʝʭʥʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ. ʂʘʪʝʛʦʨʽʾ ʥʝʙʝʟʧʝʢʠ ʧʨʠʨʦʜʥʠʭ 

ʟʩʫʚʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʦʛʣʷʜʫ ʥʘ ʨʽʚʝʥʴ ʧʦʪʝʥʮʽʡʥʦʾ ʟʘʛʨʦʟʠ, ʷʢʫ ʚʦʥʠ ʤʦʞʫʪʴ 

ʩʪʚʦʨʠʪʠ ʜʣʷ ʞʠʪʪʷ, ʤʘʡʥʘ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʢʘʪʝʛʦʨʽʾ ʚʢʣʶʯʘʶʪʴ 

ʨʽʟʥʽ ʩʪʫʧʝʥʽ ʥʝʙʝʟʧʝʢʠ ʚʽʜ ʥʠʟʴʢʦʛʦ ʜʦ ʜʫʞʝ ʚʠʩʦʢʦʛʦ ʨʠʟʠʢʫ. ʆʩʥʦʚʥʽ ʢʘʪʝʛʦʨʽʾ 

ʥʝʙʝʟʧʝʢʠ ʧʨʠʨʦʜʥʠʭ ʟʩʫʚʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1.4. 

ɿʛʽʜʥʦ ʟ ʥʘʚʝʜʝʥʦʶ ʚʠʱʝ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʥʘʣʝʞʠʪʴ ʜʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʪʝʨʠʪʦʨʽʡ ʟ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʤʠ 

ʯʠʥʥʠʢʘʤʠ ʫʪʚʦʨʝʥʥʷ ʪʘ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ (Liashenko, 2023). ɿ ʤʝʪʦʶ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʠʟʠʢʫ ʥʝʙʝʟʧʝʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʯʠʥʥʠʢʽʚ ʨʝʣʴʻʬʦʫʪʚʦʨʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ; ʚʠʷʚʣʝʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ, 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʘʢʪʠʚʽʟʘʮʽʾ ʥʝʙʝʟʧʝʯʥʠʭ 

ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ʊʘʙʣʠʮʷ 1.3 

ʇʨʠʨʦʜʥʽ ʪʘ ʪʝʭʥʦʛʝʥʥʽ ʬʘʢʪʦʨʠ ʚʠʥʠʢʥʝʥʥʷ ɽɻʇ  

ʇʨʠʨʦʜʥʽ ʬʘʢʪʦʨʠ 

ʌʘʢʪʦʨ ʇʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ 

ɺʽʜʦʢʨʝʤʣʝʥʥʷ ʚʽʜ ʢʦʨʽʥʥʦʛʦ ʙʝʨʝʛʘ ʟʥʘʯʥʠʭ ʤʘʩ 

ʧʦʨʽʜ 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʙʨʦʚʢʦʚʠʭ ʯʘʩʪʠʥ 

ʩʭʠʣʫ 

ʉʝʡʩʤʽʯʥʠʡ ʚʧʣʠʚ ʇʽʜʨʽʟʘʥʥʷ ʦʩʥʦʚʠ ʩʪʽʥʢʠ ʚʽʜʨʠʚʫ ʘʙʦ ʩʭʠʣʫ 

ɺʧʣʠʚ ʧʽʜʟʝʤʥʠʭ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʇʝʨʝʥʘʩʠʯʝʥʥʷ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʪʘ 

ʚʠʥʝʩʝʥʥʷ ʯʘʩʪʠʥʦʢ ˇʨʫʥʪʫ ʧʦʨʽʜ ʧʽʜʟʝʤʥʠʤʠ 

ʚʦʜʘʤʠ 

ɺʝʨʪʠʢʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ɼʠʥʘʤʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɺʠʩʦʪʘ, ʢʨʫʪʽʩʪʴ, ʬʦʨʤʘ, ʛʽʜʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʩʭʠʣʫ ʇʽʜʚʠʱʝʥʥʷ ʨʠʟʠʢʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ʇʽʜʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʇʝʨʝʟʚʦʣʦʞʝʥʥʷ ʟʩʫʚʥʠʭ ʤʘʩ 

ʂʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʇʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʽʚ ʪʘ ʷʢ ʥʘʩʣʽʜʦʢ ʧʨʦʩʦʯʝʥʥʷ 

ʥʘʜʤʽʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʛʠ 

ɺʠʚʽʪʨʶʚʘʥʥʷ ɿʤʝʥʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʟʩʫʚʥʠʭ ʜʽʣʷʥʢʘʭ 

ʇʨʦʮʝʩʠ ʝʨʦʟʽʾ ʪʘ ʘʙʨʘʟʽʾ ɿʘʛʦʩʪʨʝʥʥʷ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ ʚʥʘʩʣʽʜʦʢ 

óʥʘʢʣʘʜʘʥʥʷô ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʚʞʝ 

ʩʬʦʨʤʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ 

ʊʝʢʪʦʥʽʯʥʽ ʨʫʭʠ ʽ ʜʝʬʦʨʤʘʮʽʾ ʧʦʨʽʜ ʈʦʟʚʠʪʦʢ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʪʘ ʚʦʜʦʥʘʩʠʯʝʥʥʦʩʪʽ 

ʧʦʨʽʜ 

ʅʘʷʚʥʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ ʅʘʜʤʽʨʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ ʤʦʞʝ ʧʨʠʚʝʩʪʠ 

ʘʙʦ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʩʫʚʫ, ʘʙʦ ʜʦ ʡʦʛʦ ʨʘʧʪʦʚʦʛʦ 

ʟʨʠʚʫ ʯʝʨʝʟ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʘʛʠ ˇʨʫʥʪʦʚʦʾ 

ʤʘʩʠ. 

ʅʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ ʫʥʝʤʦʞʣʠʚʣʶʻ 

ʧʨʠʨʦʜʥʠʡ ʧʨʦʮʝʩ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʩʫʚʥʦʛʦ ʪʽʣʘ  

ʇʨʠʨʦʜʥʽ ʬʘʢʪʦʨʠ 

ʌʘʢʪʦʨ ʇʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ 

ɼʠʥʘʤʽʯʥʽ ʜʽʾ ʭʚʠʣʴ ʇʽʜʚʠʱʝʥʘ ʘʢʪʠʚʥʽʩʪʴ ʚʦʜʦʩʭʦʚʠʱ, ʦʟʝʨ, ʨʽʯʦʢ ʪʘ 

ʤʦʨʽʚ ʩʧʨʠʷʻ ʨʦʟʤʠʚʘʥʥʶ ʙʝʨʝʛʽʚ, ʪʘ ʟʙʽʣʴʰʝʥʥʶ 

ʢʽʣʴʢʦʩʪʽ ɽɻʇ 

ʅʘʙʫʭʘʥʥʷ ʧʦʨʽʜ ʧʨʠ ʛʽʜʨʘʮʽʾ ʇʫʭʢʽ ʟʚʦʣʦʞʝʥʽ ʧʦʨʦʜʠ ʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ 

ʊʝʭʥʦʛʝʥʥʽ ʬʘʢʪʦʨʠ 

ʌʘʢʪʦʨ ʇʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ 

ɹʫʜʽʚʥʠʮʪʚʦ ʞʠʪʣʘ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙô̒ ʢʪʽʚ ɺʽʜʩʪʘʥʴ ʚʽʜ ʟʩʫʚʥʦʛʦ ʪʽʣʘ ʜʦ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ 

ʅʘʷʚʥʽʩʪʴ ʜʦʨʽʛ ɺʽʜʩʪʘʥʴ ʚʽʜ ʟʩʫʚʫ ʜʦ ʜʦʨʦʛʠ, ʰʦʩʝ 

ʅʘʷʚʥʽʩʪʴ ʜʽʣʷʥʦʢ ʧʦʨʫʰʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

ɿʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʩʪʘʥʫ ʪʘ ʦʙʩʷʛʫ ʧʦʨʽʜ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴ ʩʭʠʣ 

ʅʘʷʚʥʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ɺʽʜʩʪʘʥʴ ʜʦ ʜʞʝʨʝʣʘ ʚʽʙʨʘʮʽʾ, ʨʽʚʝʥʴ ʚʽʙʨʘʮʽʾ 

ʅʝʜʦʪʨʠʤʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʤʦʛ ʚʦʜʦʩʭʦʚʠʱ, 

ʚʦʜʦʟʘʙʦʨʽʚ, ʢʘʥʘʣʽʚ ʪʦʱʦ 

ɺʣʘʰʪʫʚʘʥʥʷ ʥʘ ʩʭʠʣʘʭ ʢʘʥʘʚ, ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʤʽʩʮʝʚʦʩʪʽ, ʟʘʢʣʘʜʝʥʥʷ ʚ ʢʘʨôʻʨʘʭ ʥʝʩʪʽʡʢʠʭ 

ʫʢʦʩʽʚ, ʦʙʚʦʜʥʝʥʥʷ ʩʭʠʣʽʚ ʽ ʫʢʦʩʽʚ ʰʣʷʭʦʤ 

ʚʣʘʰʪʫʚʘʥʥʷ ʚʦʜʦʩʭʦʚʠʱ, ʩʪʘʚʢʽʚ, ʥʘʜʤʽʨʥʦʛʦ 

ʧʦʣʠʚʘʥʥʷ ʩʭʠʣʽʚ, ʩʢʠʜʘʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʚʦʜ ʽ 

ʩʥʽʛʫ, ʪʝʭʥʽʯʥʠʭ, ʛʦʩʧʦʜʘʨʩʴʢʠʭ, ʰʘʭʪʥʠʭ, 

ʜʨʝʥʘʞʥʠʭ ʪʘ ʽʨʠʛʘʮʽʡʥʠʭ ʚʦʜ 

ɸʚʘʨʽʾ ʥʘ ʚʦʜʦʧʨʦʚʦʜʘʭ ʽ ʢʘʥʘʣʽʟʘʮʽʷʭ ʇʽʜʟʝʤʥʝ ʚʦʜʦʥʘʩʠʯʝʥʽʩʪʴ ˇʨʫʥʪʽʚ ʥʘ ʩʭʠʣʘʭ 

ɿʘʧʦʚʥʝʥʥʷ ʷʨʽʚ ʪʘ ʙʘʣʦʢ ʩʣʘʙʢʠʤʠ ˇʨʫʥʪʘʤʠ  ɼʝʬʦʨʤʘʮʽʷ ˇʨʫʥʪʦʚʠʭ ʤʘʩ 

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ɺʠʧʘʩʘʥʥʷ ʭʫʜʦʙʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ 
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ʊʘʙʣʠʮʷ 1.4. 

ʂʘʪʝʛʦʨʽʾ ʥʝʙʝʟʧʝʢʠ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʟʩʫʚʽʚ (Ivanik et al., 2019) 

ʇʦʢʘʟʥʠʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʨʠ ʦʮʽʥʮʽ ʩʪʫʧʝʥʶ ʥʝʙʝʟʧʝʢʠ 

ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʮʝʩʫ 

ʂʘʪʝʛʦʨʽʾ ʥʝʙʝʟʧʝʢʠ ʧʨʦʮʝʩʽʚ 

ʥʘʜʟʚʠʯʘʡʥʦ 

ʥʝʙʝʟʧʝʯʥʽ 

(ʢʘʪʘʩʪʨʦʬʽʯʥʽ), 0,5 

ʦʜʠʥʠʮʴ  

ʜʫʞʝ 

ʥʝʙʝʟʧʝʯʥʽ 0,3 

ʦʜʠʥʠʮʽ 

ʥʝʙʝʟʧʝʯʥʽ 

0,2 ʦʜʠʥʠʮʽ 

ʧʦʤʽʨʥʦ 

ʥʝʙʝʟʧʝʯʥʽ 

0,1 ʦʜʠʥʠʮʷ 

ʇʣʦʱʘʜʥʘ ʚʨʘʞʝʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ, % ʙʽʣʴʰ ʥʽʞ 30 11-30 1-10 0,1-1 

ʇʣʦʱʘ ʨʘʟʦʚʦʛʦ ʧʨʦʷʚʫ ʥʘ ʦʜʥʽʡ 

ʜʽʣʷʥʮʽ, ʢʤ2 

1-2 1-0,5 0,01-0,5 ʤʝʥʰ ʥʽʞ 0,01 

ʆʙôʻʤ ʟʘʭʦʧʣʝʥʠʭ ʧʦʨʽʜ ʧʨʠ 

ʨʘʟʦʚʦʤʫ ʧʨʦʷʚʽ, ʤʣʥ. ʤ3 

10-20 5-10 0,001-5 ʜʦ 0,001 

ʇʦʚʪʦʨʶʚʘʥʽʩʪʴ, ʦʜ. ʚ ʨʽʢ 0,01-0,1 0,1-0,25 0,25-0,75 1 

 

ɿʩʫʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʢʽʣʴʢʠ ʫ ʨʘʟʽ 

ʢʦʨʦʪʢʦʛʦ ʝʪʘʧʫ ʧʽʜʛʦʪʦʚʢʠ ʟʩʫʚʫ, ʚʦʥʠ ʫʪʦʚʦʨʶʶʪʴʩʷ ʨʘʧʪʦʚʦ, ʩʧʦʚʟʘʶʪʴ ʟ 

ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ (ʜʦ 1 ʤ/ʭʚʠʣʠʥʫ) ʪʘ ʻ ʧʨʷʤʦʶ ʟʘʛʨʦʟʦʶ ʞʠʪʪʷ ʣʶʜʠʥʠ, 

ʩʧʨʠʯʠʥʷʶʯʠ ʧʦʨʫʰʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʥʘʯʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʟʙʠʪʢʠ 

(ʐʝʩʪʦʧʘʣʦʚ ʪʘ ʽʥ. 2011).  

1.5 ɺʧʣʠʚ ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʩʫʚʽʚ 

ʋ ʤʝʞʘʭ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʟʘʬʽʢʩʦʚʘʥʦ ʟʥʘʯʥʠʡ 

ʨʦʟʚʠʪʦʢ ʷʨʫʞʥʦʾ ʝʨʦʟʽʾ ʪʘ ʟʩʫʚʽʚ. ʇʦʨʽʚʥʷʥʦ ʟ ʮʠʤ, ʥʘ ʧʦʥʠʞʝʥʦʤʫ, ʧʣʘʩʢʦʤʫ 

ʨʝʣʴʻʬʽ ʣʽʚʦʙʝʨʝʞʞʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʧʨʦʷʚʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʽʜʪʦʧʣʝʥʥʷ 

ʪʘ ʟʘʙʦʣʦʯʫʚʘʥʥʷ. ʇʝʨʝʜ ʩʪʚʦʨʝʥʥʷʤ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʨʷʜʫ ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜʽʛʨʘʚʘʣʘ ʝʨʦʟʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ (ʐʥʶʢʦʚ, ʐʝʩʪʦʧʘʣʦʚ 

ʪʘ ʽʥ. 1993), ʪʦʜʽ ʷʢ ʟʩʫʚʥʽ ʧʨʦʮʝʩʠ ʧʝʨʝʙʫʚʘʣʠ ʥʘ ʝʪʘʧʽ ʟʘʪʫʭʘʥʥʷ ʪʘ ʤʘʣʠ 

ʥʝʟʥʘʯʥʠʡ ʘʨʝʘʣ ʧʦʰʠʨʝʥʥʷ.  

ʉʝʨʝʜ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʩʫʚʥʠʭ ʨʫʭʽʚ ʥʘ ʙʝʨʝʛʦʚʠʭ 

ʩʭʠʣʘʭ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʝʨʦʟʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʪʦʢʽʚ ʪʘ ʘʙʨʘʟʽʶ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ (ʨʠʩ. 1.7). ɿʛʽʜʥʦ ʟ ʢʘʨʪʦʶ ʧʦʰʠʨʝʥʥʷ ʝʢʟʦʛʝʥʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʜʣʷ ʥʴʦʛʦ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ: ʝʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ; ʟʩʫʚʥʽ ʧʨʦʮʝʩʠ; ʘʙʨʘʟʽʷ ʙʝʨʝʛʽʚ (ʧʦʰʠʨʝʥʥʷ 

ʧʝʨʝʨʦʙʢʠ ʙʝʨʝʛʽʚ ʚʦʜʦʩʭʦʚʠʱ); ʩʫʬʦʟʽʡʥʽ ʧʨʦʮʝʩʠ; ʧʽʜʪʦʧʣʝʥʥʷ; ʟʘʙʦʣʦʯʫʚʘʥʥʷ ʪʘ 

ʟʘʩʦʣʝʥʥʷ. 
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ʇʦʩʠʣʝʥʥʶ ʚʧʣʠʚʫ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʠʷʶʪʴ 

ʟʘʛʘʣʴʥʝ ʪʝʢʪʦʥʽʯʥʝ ʧʽʜʥʷʪʪʷ ʪʝʨʠʪʦʨʽʾ, ʥʘʷʚʥʽʩʪʴ ʣʝʛʢʦ ʨʦʟʤʠʚʥʠʭ ʣʝʩʦʚʠʭ ʧʦʨʽʜ 

ʫ ʟʦʥʽ ʘʝʨʘʮʽʾ ʪʘ ʧʨʦʰʘʨʢʠ ʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ ʫ ʨʦʟʨʽʟʘʭ ʩʭʠʣʽʚ. ɽʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʧʽʜʚʠʱʝʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʪʦʚʱʽ ʤʝʨʛʝʣʽʚ ʢʠʾʚʩʴʢʦʾ 

ʩʚʽʪʠ (ɹʝʩʧʘʣʦʚʘ, 2001). 

 

ʈʠʩ. 1.7. ʂʘʨʪʘ ʧʦʰʠʨʝʥʥʷ ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ (ʂʨʘʩʥʦʚ, 2011) 

ɹʽʣʴʰʽʩʪʴ ʟʩʫʚʽʚ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʷʨʘʭ ʚ ʨʝʛʽʦʥʽ ʊʨʘʭʪʝʤʠʨʽʚʩʴʢʦʛʦ 

ʧʽʚʦʩʪʨʦʚʫ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʟʥʘʢʘʤʠ: ʨʦʟʚʠʪʦʢ ʚ ʶʨʩʴʢʠʭ (ʙʘʪʩʴʢʠʭ) 

ʛʣʠʥʘʭ, ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʱʝ ʙʘʟʠʩʫ ʝʨʦʟʽʾ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 8-10 ʜʦ 12-14 ʤ, ʚʽʢ ʟʩʫʚʽʚ ʩʧʽʚʧʘʜʘʻ ʟ ʚʽʢʦʤ ʷʨʫʞʥʦ-ʙʘʣʢʦʚʦʾ 

ʤʝʨʝʞʽ (ɾʠʨʥʦʚ, 2012).  

ɹʽʯʥʘ ʝʨʦʟʽʷ ʨʽʯʢʠ ɼʥʽʧʨʦ ʪʘ ʨʽʯʦʢ ʡʦʛʦ ʙʘʩʝʡʥʫ, ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʧʽʜʤʠʚʫ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʪʘ ʨʦʟʤʠʚʫ ʙʝʨʝʛʽʚ ʧʘʚʦʜʢʦʚʠʤʠ ʚʦʜʘʤʠ. ʎʝʡ ʧʨʦʮʝʩ 

ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʙʝʨʝʛʦʚʦʛʦ ʩʭʠʣʫ ʯʝʨʝʟ ʨʦʟʤʠʚ 

ʪʘ ʧʽʜʨʽʟʘʥʥʷ ʟʩʫʚʥʠʭ ʥʘʢʦʧʠʯʝʥʴ, ʪʘʢʦʞ ʚʠʤʠʚʘʥʥʷ ʧʽʩʢʽʚ ʙʫʯʘʮʴʢʦʛʦ ʷʨʫʩʫ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʧʽʜʦʰʚʽ ʤʝʨʛʝʣʽʚ ʢʠʾʚʩʴʢʦʛʦ ʚʽʢʫ (ʂʨʘʻʚ, 1961). ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ 

ʩʤʫʛʘ ʣʝʩʦʚʦʾ ʨʽʚʥʠʥʠ ʧʨʘʚʦʙʝʨʝʞʞʷ ʨʦʟʯʣʝʥʦʚʘʥʘ ʛʫʩʪʦʶ ʨʦʟʛʘʣʫʞʝʥʦʶ ʤʝʨʝʞʝʶ 
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ʙʘʣʢʦʚʦ-ʷʨʫʞʥʠʭ ʬʦʨʤ, ʧʨʠʫʨʦʯʝʥʠʭ ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʜʦ ʧʨʠʜʦʣʠʥʥʠʭ 

ʜʽʣʷʥʦʢ, ʜʝ ʝʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʦʪʨʠʤʘʣʠ ʥʘʡʙʽʣʴʰʠʡ ʨʦʟʚʠʪʦʢ (ʂʨʘʩʥʦʚ ʪʘ ʽʥ. 2011). 

ʇʦʚʝʨʭʥʷ ʩʭʠʣʽʚ ʨʦʟʯʣʝʥʦʚʘʥʘ ʷʨʘʤʠ, ʫʩʢʣʘʜʥʝʥʘ ʟʩʫʚʥʠʤʠ ʮʠʨʢʘʤʠ ʽ ʦʢʨʝʤʠʤʠ 

ʟʩʫʚʘʤʠ.  

ʇʽʩʣʷ ʟʘʧʦʚʥʝʥʥʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʯʠʥʥʠʢʽʚ 

ʟʩʫʚʦʫʪʚʦʨʝʥʥʷ ʩʪʘʣʘ ʭʚʠʣʴʦʚʘ ʘʙʨʘʟʽʷ. ɺ ʧʝʨʰʽ ʨʦʢʠ ʧʽʩʣʷ ʟʘʧʦʚʥʝʥʥʷ 

ʚʦʜʦʩʭʦʚʠʱʘ ʘʢʪʠʚʽʟʘʮʽʷ ʟʩʫʚʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʙʫʣʘʩʷ ʪʽʣʴʢʠ ʚ ʪʠʭ ʟʩʫʚʘʭ, ʷʢʽ 

ʜʦʩʷʛʣʠ ʫʨʽʟʫ ʚʦʜʠ.  

ɿʩʫʚʠ ʩʪʘʙʽʣʽʟʫʚʘʣʠʩʷ ʚʧʨʦʜʦʚʞ ʧʝʨʰʠʭ 10 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ (ʌʝʜʦʨʠʰʠʥ, 2003). ɺ ʥʘʩʪʫʧʥʽ ʨʦʢʠ ʜʽʷ ʧʨʦʮʝʩʫ ʘʙʨʘʟʽʾ ʥʘ ʙʝʨʝʛʠ 

ʚʦʜʦʡʤʠ ʩʧʨʠʯʠʥʠʣʘ ʘʢʪʠʚʽʟʘʮʽʶ ʟʩʫʚʽʚ-ʦʙʚʘʣʽʚ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʙʝʨʝʛʦʚʦʛʦ 

ʩʭʠʣʫ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʪʚʦʨʝʥʥʷ ʟʩʫʚʽʚ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: ʝʢʟʦʛʝʥʥʝ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʨʠ 

ʚʨʽʟʘʥʥʽ ʤʦʣʦʜʠʭ ʷʨʽʚ ʫ ʪʦʚʱʫ ʛʣʠʥ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʪʘ ʶʨʩʴʢʦʛʦ ʧʝʨʽʦʜʽʚ; ʬʽʟʠʯʥʝ, 

ʭʽʤʽʯʥʝ ʪʘ ʙʽʦʣʦʛʽʯʥʝ ʚʠʚʽʪʨʶʚʘʥʥʷ ʛʣʠʥʠʩʪʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ; ʝʨʦʟʽʡʥʦ-

ʘʢʫʤʫʣʷʪʠʚʥʘ ʜʽʷʣʴʥʽʩʪʴ ʷʨʫʞʥʦ-ʙʘʣʢʦʚʠʭ ʩʠʩʪʝʤ. 

1.6 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ 

ʛʝʦʣʦʛʽʯʥʠʭ, ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʄʦʥʽʪʦʨʠʥʛ 

ʨʽʚʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʜʽʣʷʥʢʠ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ ʪʘ ʚʯʘʩʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʽ, ʙʝʟʧʝʢʦʚʽ ʟʘʭʦʜʠ. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʽʚ 

ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʩʪʘʮʽʦʥʘʨʥʽ (ʥʘʟʝʤʥʽ) ʪʘ ʜʠʩʪʘʥʮʽʡʥʽ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʨʫʭʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪʽ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʽ ʜʦ ʟʩʫʚʽʚ. ɸʥʘʣʽʟ ʢʘʨʪ ʻ ʦʜʥʠʤ ʟ 

ʧʝʨʰʠʭ ʢʨʦʢʽʚ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟʩʫʚʽʚ. ʅʝʦʙʭʽʜʥʽ ʢʘʨʪʠ ʚʢʣʶʯʘʶʪʴ ʢʘʨʪʠ: ʟ ʛʝʦʣʦʛʽʾ 

ʢʦʨʽʥʥʠʭ ʧʦʨʽʜ ʪʘ ʢʘʡʥʦʟʦʡʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ, ʪʦʧʦʛʨʘʬʽʾ ʨʝʣʴʻʬʫ, ʩʢʣʘʜʫ ˇʨʫʥʪʽʚ ʪʘ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ. ɿʘ ʛʝʦʣʦʛʽʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʤʦʞʣʠʚʠʤ ʻ ʦʪʨʠʤʘʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʨʘʟʣʠʚʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʟʩʫʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ.  
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1.6.1 ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʽʚ ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ɻʝʦʜʝʟʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʽʚ ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʪʚʦʨʝʥʥʷ ʛʝʦʜʝʟʠʯʥʦʾ ʦʩʥʦʚʠ 

ʥʘ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʜʽʣʷʥʢʘʭ, ʟʘʢʨʽʧʣʝʥʥʷ ʮʽʻʾ ʦʩʥʦʚʠ ʩʧʝʮʽʘʣʴʥʠʤʠ ʤʘʨʢʘʤʠ ʪʘ 

ʧʝʨʽʦʜʠʯʥʽ ʧʦʚʪʦʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʽ ʚʠʩʦʪ ʛʝʦʜʝʟʠʯʥʠʭ ʟʥʘʢʽʚ, 

ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʪʘ ʦʙôʻʤʽʚ ʟʩʫʚʥʠʭ ʤʘʩ, ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ (Rudyi, 2020) 

ʩʧʦʚʟʘʥʥʷ ʟʝʤʣʷʥʠʭ ʤʘʩ ʚ ʧʣʘʥʽ ʪʘ ʧʦ ʚʠʩʦʪʽ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʫ ʟʩʫʚʫ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʤʝʪʦʜʘʤʠ (ʋʛʥʝʪʝʥʢʦ ʪʘ 

ʽʥ., 2019) ʟʘ ʪʘʢʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ: 

ɽʪʘʧ 1: ʬʽʢʩʘʮʽʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ï ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʟʤʽʱʝʥʴ ʥʘ ʟʩʫʚʥʦʤʫ ʩʭʠʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʨʝʞʽ ʨʝʧʝʨʥʠʭ ʜʽʣʷʥʦʢ ʥʘ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʫʥʢʪʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʛʝʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʽ ʪʘ ʛʣʠʙʠʥʥʽ ʨʝʧʝʨʠ, ʮʠʬʨʦʚʽ ʥʽʚʝʣʽʨʠ ʜʣʷ ʚʠʩʦʢʦʪʦʯʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʴ. 

ɽʪʘʧ 2: ʚʠʚʯʝʥʥʷ ʫʨʘʞʝʥʦʩʪʽ ʩʭʠʣʽʚ ʟʩʫʚʘʤʠ ï ʧʦʣʷʛʘʻ ʚ ʚʠʤʽʨʶʚʘʥʥʽ 

ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʥʝʨʫʭʦʤʠʤʠ ʨʝʧʝʨʘʤʠ ʪʘ ʟʩʫʚʥʠʤʠ ʪʦʯʢʘʤʠ, ʮʝʡ ʤʝʪʦʜ ʚʠʟʥʘʯʘʻ 

ʣʽʥʽʡʥʫ, ʧʣʦʱʠʥʥʫ ʪʘ ʟʘʛʘʣʴʥʫ ʫʨʘʞʝʥʽʩʪʴ ʩʭʠʣʫ. 

ɽʪʘʧ 3: ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʤʽʥʦʶ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʦʨʽʜ ʪʘ ʧʦʨʦʛʦʚʦʛʦ 

ʪʠʩʢʫ. 

ɽʪʘʧ 4: ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ï ʧʨʦʚʝʜʝʥʥʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʪʘ 

ʢʣʽʤʘʪʠʯʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʩʭʠʣʽʚ ʪʘ ʾʭ ʘʢʪʠʚʽʟʘʮʽʶ, 

ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʻ ʫʟʙʝʨʝʞʞʷ ʤʦʨʽʚ ʪʘ ʚʦʜʦʩʭʦʚʠʱ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʟʦʥʽ 

ʘʙʨʘʟʽʾ, ʷʢʘ ʨʫʡʥʫʻ ʧʽʜʥʽʞʞʷ ʩʭʠʣʽʚ. 

ɽʪʘʧ 5: ʨʝʞʠʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʽʜʟʝʤʥʠʤʠ ʚʦʜʘʤʠ ï ʚʠʚʯʝʥʥʷ ʛʣʠʙʠʥʠ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠʪʦʢʫ ʪʘ ʚʽʜʪʦʢʫ ʚʦʜʠ ʜʦ ʟʩʫʚʥʦʛʦ ʩʭʠʣʫ. 

ɽʪʘʧ 6: ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʽʚ ï ʚʽʜʙʽʨ ʟʨʘʟʢʽʚ ˇʨʫʥʪʽʚ ʯʝʨʝʟ 15-

20 ʩʤ ʫ ʨʦʟʨʽʟʘʭ ʟʽ ʩʧʝʮʽʘʣʴʥʦ ʧʨʦʙʫʨʝʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ʊʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʛʝʦʬʽʟʠʯʥʽ ʤʝʪʦʜʠ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ, ʧʨʦʙʠ ʜʣʷ ʷʢʠʭ ʙʝʨʫʪʴʩʷ ʫ 

ʟʦʥʘʭ ʟʤʽʱʝʥʴ ʧʦʨʽʜ, ʚʨʘʭʦʚʫʶʯʠ ʤʦʨʬʦʣʦʛʽʶ, ʙʫʜʦʚʫ ʪʘ ʪʠʧ ʟʩʫʚʫ. 

ɽʪʘʧ 7: ʦʮʽʥʢʘ ʦʙʩʷʛʽʚ ʚʠʚʽʪʨʶʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ï ʧʫʥʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʘʚʣʷʪʴ ʥʘ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʘʭ ʨʝʣʴʻʬʫ ʟ ʨʽʟʥʦʶ ʝʢʩʧʦʟʠʮʽʻʶ ʪʘ ʢʨʫʪʽʩʪʶ ʜʣʷ 

ʦʭʦʧʣʝʥʥʷ ʩʭʠʣʽʚ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʦʨʽʜ.  
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ʇʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʘʙʦ 

ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ ʟʩʫʚʫ ʪʘ ʦʮʽʥʢʠ ʨʽʚʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʟʩʫʚʥʦʾ ʥʝʙʝʟʧʝʢʠ. ʅʘʷʚʥʽʩʪʴ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʘʙʦ ʧʽʜʚʠʱʝʥʦʛʦ ʨʽʚʥʷ ʫʨʙʘʥʽʟʘʮʽʾ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʥʦʾ 

ʜʽʣʷʥʢʠ ʧʝʨʝʰʢʦʜʞʘʻ ʚʠʷʚʣʝʥʥʶ ʦʟʥʘʢ ʟʩʫʚʥʦʛʦ ʨʫʭʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ 

ˇʨʫʥʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʟʩʫʚ, ʛʣʠʙʠʥʫ ʧʦʚʝʨʭʥʽ ʢʦʚʟʘʥʥʷ, ʪʦʚʱʠʥʫ ʪʘ 

ʛʝʦʤʝʪʨʽʶ ʟʩʫʚʥʠʭ ʤʘʩ, ʨʽʚʥʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʪʘ ʩʪʫʧʝʥʷ ʧʦʨʫʰʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʟʩʫʚʫ. 

1.6.2 ɼʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ɼʠʩʪʘʥʮʽʡʥʠʡ ʛʝʦʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʣʷʛʘʻ ʫ 

ʚʠʚʯʝʥʥʽ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ɿʝʤʣʽ, ʧʨʠ ʷʢʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʙʝʟ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʟʩʫʚʽʚ 

ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʧʨʠʡʤʘʯʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʦʛʦ (ʚʠʜʠʤʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ, ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ), ʨʘʜʽʦʪʝʧʣʦʚʦʛʦ ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɼʦʚʛʠʡ, 2019).  

ʇʨʠ ʜʝʰʠʬʨʫʚʘʥʥʽ ʂɿ (ʢʦʩʤʽʯʥʠʡ ʟʥʽʤʦʢ) ʟʩʫʚʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ ʚ ʦʧʪʠʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʚʽʪʣʽʰʠʤ ʪʦʥʦʤ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʦʶ ʦʚʘʣʴʥʦʶ ʬʦʨʤʦʶ, 

ʚʦʜʥʦ-ʝʨʦʟʽʡʥʽ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʤʘʶʪʴ ʭʚʠʣʷʩʪʦ-ʚʠʜʦʚʞʝʥʫ ʬʦʨʤʫ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ ʤʦʞʣʠʚʠʤ ʻ ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʨʝʣʴʻʬʫ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʣʘʥʜʰʘʬʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʦʧʘʜʽʚ, ʪʠʧʽʚ ˇʨʫʥʪʽʚ ʪʘ ʛʝʦʣʦʛʦ-

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ (Anpilova et al., 2021, 

Trofymchuk et al., 2023). 

ʇʝʨʝʚʘʛʘʤʠ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʻ ʤʘʩʰʪʘʙʥʽʩʪʴ ʟʡʦʤʢʠ, ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʪʘ 

ʣʦʢʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪʠ, ʤʦʥʽʪʦʨʠʥʛ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ.  
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Sentinel-1 ʻ ʩʫʧʫʪʥʠʢʦʚʦʶ ʤʽʩʽʻʶ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ 

(ESA), ̫ ʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʘʜʽʦʣʦʢʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ (SAR) 

ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ. ɼʠʬʝʨʝʥʮʽʘʣʴʥʘ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ ʟ ʨʘʜʘʨʦʤ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ (DinSAR ï Differential Interferometry Synthetic Aperture Radar) ʻ ʤʝʪʦʜʦʤ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʷʢʠʤ ʚʠʤʽʨʶʶʪʴ ʪʘ ʢʦʥʪʨʦʣʶʶʪʴ ʚʝʨʪʠʢʘʣʴʥʽ ʟʤʽʱʝʥʥʷ 

ʨʝʣʴʻʬʫ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʟʩʫʚʘʤʠ ˇʨʫʥʪʫ. ɺʠʷʚʣʝʥʥʷ ʟʤʽʥ ʚ ʬʘʟʽ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʻ 

ʩʚʽʜʯʝʥʥʷʤ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ. ɸʥʘʣʽʟ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʜʘʥʠʭ ʟ ʚʠʟʥʘʯʝʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʜʠʥʘʤʽʢʫ ʮʠʭ ʟʤʽʥ. 

ʇʦʜʘʣʴʰʘ ʽʥʪʝʛʨʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ɻɯʉ (ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ) ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ.  

ɼʦʮʽʣʴʥʠʤ ʻ ʩʫʤʽʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʘ Sentinel-1 ʪʘ ʤʽʩʽʾ SRTM 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʢʪʦʛʝʥʝʟʫ ʪʘ ʤʦʬʨʦʛʝʥʝʟʫ ʪʝʨʠʪʦʨʽʾ. ɿʘʟʚʠʯʘʡ ʜʦʣʠʥʠ ʚʦʜʦʪʦʢʽʚ 

ʫʩʧʘʜʢʦʚʫʶʪʴ ʘʢʪʠʚʥʽ ʨʦʟʣʦʤʥʽ ʧʦʨʫʰʝʥʥʷ, ʥʘʧʨʷʤʦʢ ʨʫʭʽʚ ʷʢʠʭ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʚʝʢʪʦʨʘʤʠ ʛʨʘʜʽʻʥʪʽʚ ʛʝʦʧʦʪʝʥʮʽʘʣʽʚ. ɼʦʩʣʽʜʞʝʥʥʷʤ ʜʦʣʠʥʥʦʾ ʤʝʨʝʞʽ ʟʘʡʤʘʣʠʩʷ 

(ɯʚʘʥʽʢ ʪʘ ʽʥ. 2020; Tustanovska et al., 2020). ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʠʡ ʟʤʽʩʪ ʢʘʨʪ ʙʘʟʠʩʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʬʦʨʤʫ ʽ ʥʘʭʠʣ ʧʦʟʜʦʚʞʥʽʭ 

ʧʨʦʬʽʣʽʚ ʨʽʯʢʦʚʠʭ ʜʦʣʠʥ, ʧʦ ʷʢʠʭ ʮʽ ʧʦʚʝʨʭʥʽ ʧʦʙʫʜʦʚʘʥʽ, ʧʦʟʜʦʚʞʥʽʡ ʧʨʦʬʽʣʴ 

ʨʽʯʢʠ ʻ ʯʫʪʣʠʚʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ ʟʤʽʥ (ʇʝʨʝʩʘʜʴʢʦ, 2008) ʪʘ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʘʢʪʠʚʥʦʩʪʽ ʯʠ ʟʘʪʫʭʘʥʥʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ (ʆʨʣʝʥʢʦ, 2023ʘ).  

ɸʢʪʠʚʥʽ ʟʩʫʚʥʽ ʧʨʦʮʝʩʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʧʝʚʥʠʭ ʜʽʣʷʥʢʘʭ. ɺʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ Normalized 

Difference Vegetation Index (NDVI) ʤʦʞʝ ʟʘʬʽʢʩʫʚʘʪʠ ʤʘʩʰʪʘʙʥʽ ʟʤʽʥʠ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʚʢʘʟʫʶʯʠ ʥʘ ʤʽʩʮʷ ʧʦʪʝʥʮʽʡʥʠʭ ʟʩʫʚʽʚ (Niraj et al., 2023). ɺʝʛʝʪʘʮʽʡʥʽ 

ʽʥʜʝʢʩʠ, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʽʚ Landsat-8 ʪʘ Sentinel-2, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʜʦʜʘʪʢʦʚʽ ʜʘʥʽ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʝʨʦʟʽʡʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʽʚ Landsat-8 ʪʘ 

Sentinel-2 ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʫʨʘʞʝʥʦʾ ʟʩʫʚʘʤʠ. 
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ʂʨʫʪʠʟʥʘ ʩʭʠʣʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡʢʽʩʪʴ ˇʨʫʥʪʫ. ʉʭʠʣʠ ʟ ʚʝʣʠʢʦʶ 

ʢʨʫʪʠʟʥʦʶ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʥʰ ʩʪʽʡʢʠʤʠ ʪʘ ʙʽʣʴʰ ʩʭʠʣʴʥʠʤʠ ʜʦ ʟʩʫʚʽʚ, ʦʩʦʙʣʠʚʦ ʟʘ 

ʥʝʚʽʜʧʦʚʽʜʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʜʽʣʷʥʢʠ ʟʽ ʟʥʘʯʥʠʤʠ ʚʠʩʦʪʥʠʤʠ 

ʟʤʽʥʘʤʠ ʪʘ ʥʘʭʠʣʘʤʠ, ʟʘ ʜʘʥʠʤʠ ʤʽʩʽʾ SRTM, ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʜʽʣʷʥʢʠ ʟ 

ʥʘʡʙʽʣʴʰʠʤ ʩʪʫʧʝʥʝʤ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʦ ʟʩʫʚʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʟʚʦʣʦʞʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʟʘ ʨʘʜʘʨʥʠʤʠ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʘ 

Sentinel-1 ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʨʠʪʦʨʽʾ ʟʘ 

ʩʪʫʧʝʥʝʤ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʦ ʟʩʫʚʽʚ (Anpilova et al., 2021). ʇʝʨʝʥʘʩʠʯʝʥʽ ʚʦʣʦʛʦʶ 

ˇʨʫʥʪʠ ʻ ʤʝʥʰ ʩʪʽʡʢʠʤʠ ʪʘ ʙʽʣʴʰ ʩʭʠʣʴʥʠʤʠ ʜʦ ʟʩʫʚʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʜʘ ʟʥʠʞʫʻ 

ʩʪʽʡʢʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ (Burshtynska et al., 2023). ɿʣʠʚʠ ʘʙʦ ʜʦʚʛʦʪʨʠʚʘʣʽ 

ʦʧʘʜʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʘʩʠʯʝʥʥʷ ˇʨʫʥʪʫ ʚʦʣʦʛʦʶ, ʱʦ ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʟʩʫʚʽʚ.  

ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʪʘ ʘʥʘʣʽʟʫ ʚʩʽʭ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʟʩʫʚʥʽ 

ʧʨʦʮʝʩʠ ʥʝʦʙʭʽʜʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ. ɼʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ ʟ ʟʩʫʚʥʠʤʠ ʷʚʠʱʘʤʠ, ʚʝʣʠʢʠʤʠ ʦʙôʻʤʘʤʠ ʽʥʬʦʨʤʘʮʽʾ, 

ʯʘʩʪʦ ʥʝʧʦʚʥʦʾ, ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ (ʄɸɯ) (Saaty, 1980). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʄɸɯ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʟʩʫʚʽʚ ʟʘʙʝʟʧʝʯʫʻ ʚʨʘʭʫʚʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ 

ʦʮʽʥʦʢ, ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʨʽʟʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʟʩʫʚʠ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʚʘʞʣʠʚʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʨʘʥʞʫʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦ ʟʩʫʚʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ ʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ. 

1.7 ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʙʦʨʦʪʴʙʠ ʽʟ ʟʩʫʚʘʤʠ 

ʇʽʜʚʠʱʝʥʠʡ ʨʠʟʠʢ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʩʭʠʣʘʭ ʧʘʛʦʨʙʽʚ, 

ʙʝʨʝʛʘʭ ʨʽʯʦʢ, ʩʭʠʣʘʭ ʙʘʣʦʢ. ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʙʦʨʦʪʴʙʠ ʽʟ ʟʩʫʚʘʤʠ (ʋʛʥʝʥʢʦ, 

2010) ʻ ʚʽʜʚʝʜʝʥʥʷ ʚʦʣʦʛʠ ʰʣʷʭʦʤ ʜʨʝʥʫʚʘʥʥʷ, ʚʣʘʰʪʫʚʘʥʥʷ ʥʘʛʽʨʥʠʭ ʢʘʥʘʣʽʚ, 

ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʭʠʣ, ʟʘʢʨʽʧʣʝʥʥʷ ʩʭʠʣʽʚ ʽʥʞʝʥʝʨʥʠʤʠ ʩʧʦʨʫʜʘʤʠ, 

ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʩʭʠʣʘʭ ʪʘ ʟʘʙʦʨʦʥʘ ʾʭ ʟʘʙʫʜʦʚʠ. 
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ʇʝʨʝʣʽʢ ʧʨʦʪʠʟʩʫʚʥʠʭ ʟʘʭʦʜʽʚ ʚʢʣʶʯʘʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʫʢʨʽʧʣʝʥʥʷ ʩʭʠʣʽʚ, ʜʦ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʚʽʜʚʝʜʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ; 

- ʦʙʣʘʰʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʨʦʟʚʘʥʪʘʞʫʶʪʴ ʩʭʠʣʠ; 

- ʦʙʣʘʰʪʫʚʘʥʥʷ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʙʽʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʢʨʫʪʠʟʥʠ ʩʭʠʣʫ, ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʘ ʪʘʢʦʞ 

ʛʝʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʩʭʠʣʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ.  

ʗʢʦɦ ʥʘʭʠʣ ʜʦ 10% ʪʦ ʟʘʭʠʩʪ ʩʭʠʣʫ ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʘʜʞʝʥʥʷ ʜʝʨʝʚʥʦʾ ʪʘ 

ʢʫʱʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʛʘʨʥʦ ʨʦʟʚʠʥʝʥʦʶ ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ. ʇʦʰʠʨʝʥʘ 

ʢʦʨʝʥʝʚʘ ʩʠʩʪʝʤʘ ʩʪʨʠʤʫʻ ʚʦʜʥʽ ʧʦʪʦʢʠ ʪʘ ʫʢʨʽʧʣʶʻ ʩʭʠʣ ʪʠʤ ʩʘʤʠʤ 

ʧʝʨʝʰʢʦʜʞʘʶʯʠ ʩʧʦʚʟʘʥʥʶ ˇʨʫʥʪʦʚʠʭ ʤʘʩ (ʐʪʦʨʛʠʥ, 2004).  

ʗʢɦʦ ʥʘʭʠʣ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ 15% ʩʭʠʣʠ ʫʢʨʽʧʣʶʶʪʴʩʷ ʦʙʣʘʰʪʫʚʘʥʥʷʤ 

ʰʪʫʯʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʛʝʦʩʽʪʦʢ, ʛʝʦʪʝʢʩʪʠʣʶ, ʛʝʦʤʘʪʽʚ, ʛʝʦʨʝʰʽʪʦʢ ʪʘ 

ʛʘʙʽʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʦʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʜʥʦʯʘʩʥʦ ʜʘʻ ʟʤʦʛʫ 

ʟʙʽʣʴʰʠʪʠ ʩʪʽʡʢʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʭʠʣʽʚ. ʊʘʢʦʞ ʦʜʥʠʤ ʽʟ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ 

ʤʝʪʦʜʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʨʝʪʝʣʴʥʦʛʦ 

ʜʦʛʣʷʜʫ. ɺ ʧʦʻʜʥʘʥʥʽ ʟ ʥʘʩʘʜʞʝʥʥʷʤ ʜʝʨʝʚ ʮʝʡ ʤʝʪʦʜ ʻ ʥʘʡʢʨʘʱʠʤ. 

1.8 ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ɽʢʟʦʛʝʥʥʽ ʛʝʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʟʦʢʨʝʤʘ ʟʩʫʚʠ, ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʘʯʥʠʡ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʠʨʦʜʥʽ ʣʘʥʜʰʘʬʪʠ ʪʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʣʶʜʩʪʚʘ. ʅʘ 

ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʚ ʤʝʞʘʭ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ ʪʘ ʜʦʩʣʽʜʥʦʾ 

ʜʽʣʷʥʢʠ ɺʠʪʘʯʽʚ-ʉʪʘʡʢʠ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʘʩʰʪʘʙʥʠʭ ʟʤʽʥ ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʨʝʛʽʦʥʫ.  

ɿ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʥʝʦʙʭʽʜʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʛʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ. 
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ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦʛʦ 

ʟʘʚʜʘʥʥʷ, ʘ ʩʘʤʝ, ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʩʭʠʣʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ 

ʘʙʦ ʘʢʪʠʚʽʟʘʮʽʾ ʩʪʘʙʽʣʽʟʦʚʘʥʠʭ ʟʩʫʚʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ.  

ʇʦʩʪʘʚʣʝʥʦʶ ʤʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʪʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʘʙʦ ʘʢʪʠʚʽʟʘʮʽʾ ʩʪʘʙʽʣʽʟʦʚʘʥʠʭ 

ʟʩʫʚʽʚ ʫʟʙʝʨʝʞʞʷ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʩʭʠʣʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʦʧʪʠʯʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʥʘʟʝʤʥʠʭ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʭ, ʣʽʪʦʣʦʛʽʯʥʠʭ, ʣʘʥʜʰʘʬʪʥʠʭ ʜʘʥʠʭ. 

ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʥʠʟʢʫ ʯʘʩʪʢʦʚʠʭ ʥʘʫʢʦʚʠʭ ʟʘʚʜʘʥʴ 

ʜʦʩʣʽʜʞʝʥʥʷ: 

1) ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʷʚʥʫ ʩʪʘʪʠʩʪʠʯʥʫ, ʛʝʦʣʦʛʽʯʥʫ ʪʘ ʛʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ; 

2) ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʝʢʪʦʥʽʯʥʫ ʙʫʜʦʚʫ ʪʘ ʥʝʦʪʝʢʪʦʥʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʧʦʚôʷʟʘʥʫ 

ʟ ʣʘʥʜʰʘʬʪʦʫʪʚʦʨʶʶʯʠʤ ʚʧʣʠʚʦʤ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ; 

3) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʩʪʚʦʨʠʪʠ ʢʘʨʪʫ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ; 

4) ʧʨʦʚʝʩʪʠ ʚʘʣʽʜʘʮʽʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʧʦʣʽʛʦʥʽ, 

ʦʜʝʨʞʘʪʠ ʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʟʩʫʚʽʚ ʟʘ ʾʾ ʜʦʧʦʤʦʛʦʶ; 

5) ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʩʬʝʨ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. 

ɺʟʘʻʤʦʟʚôʷʟʢʠ ʪʘ ʧʝʨʝʜʙʘʯʝʥʠʡ ʧʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʯʘʩʪʢʦʚʠʭ 

ʥʘʫʢʦʚʠʭ ʟʘʚʜʘʥʴ ʦʧʠʩʫʻʪʴʩʷ ʟʘʛʘʣʴʥʦʶ ʩʭʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʨʠʩ. 1.8. 
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ʈʠʩ. 1.8. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ
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ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

1. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ, ʷʢʽ ʻ ʩʢʣʘʜʥʠʤʠ ʪʘ ʜʠʥʘʤʽʯʥʠʤʠ 

ʧʨʠʨʦʜʥʠʤʠ ʷʚʠʱʘʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʨʫʭʫ ˇʨʫʥʪʽʚ ʧʽʜ ʜʽʻʶ ʩʠʣʠ 

ʛʨʘʚʽʪʘʮʽʾ, ʟʘ ʽʩʪʦʨʠʯʥʠʤʠ ʜʘʥʠʤʠ. ɿʩʫʚʠ ʻ ʚʘʞʣʠʚʦʶ ʛʝʦʣʦʛʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʩʝʨʡʦʟʥʽ ʨʫʡʥʽʚʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʞʠʪʪʷ ʪʘ ʤʘʡʥʘ ʣʶʜʝʡ, 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʫʨʘʞʝʥʝ ʟʩʫʚʘʤʠ ʜʚʦʭ ʪʠʧʽʚ: ʜʣʷ ʜʽʣʷʥʦʢ ʟ ʧʦʚʥʠʤ 

ʛʝʦʣʦʛʽʯʥʠʤ ʨʦʟʨʽʟʦʤ, ʧʝʨʝʚʘʞʥʦ ʮʠʨʢʦʧʦʜʽʙʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʟʩʫʚʘʤʠ 

ʚʠʜʘʚʣʶʚʘʥʥʷ, ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ, ʷʢʽ ʧʝʨʝʭʦʜʷʪʴ ʫ ʧʣʘʩʪʠʯʥʽ ʟʩʫʚʠ; ʜʣʷ 

ʜʽʣʷʥʦʢ ʟ ʥʝʧʦʚʥʠʤ ʛʝʦʣʦʛʽʯʥʠʤ ʨʦʟʨʽʟʦʤ, ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʣʝʩʦʚʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ʤʝʥʰʝ ʥʽʞ 10,5 ʤ ʬʦʨʤʫʶʪʴʩʷ ʬʨʦʥʪʘʣʴʥʽ ʟʩʫʚʠ ʟ ʧʣʦʱʠʥʦʶ ʢʦʚʟʘʥʥʷ ʚ 

ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ ʧʦ ʛʣʠʥʠʩʪʠʭ ʘʣʝʚʨʠʪʘʭ ʦʙʫʭʽʚʩʴʢʦʾ ʩʚʽʪʠ, ʛʣʠʥʘʭ ʽ ʤʝʨʛʝʣʷʭ 

ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ. 

2. ʇʝʨʝʜʫʤʦʚʘʤʠ ʜʣʷ ʘʢʪʠʚʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʻ ʩʪʨʫʢʪʫʨʘ ʩʭʠʣʽʚ ʪʘ 

ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, ʚʦʜʥʦʯʘʩ ʪʨʠʛʝʨʥʠʤ ʬʘʢʪʦʨʦʤ ʚʠʩʪʫʧʘʶʪʴ ʪʨʠʚʘʣʽ ʧʝʨʽʦʜʠ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʦʧʘʜʽʚ, ʘ ʪʘʢʦʞ ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʪʘ ʨʽʚʥʷ ʨ. ɼʥʽʧʨʦ. 

ɿʩʫʚʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʦʚôʷʟʘʥʽ ʟ ʛʽʜʨʦʬʽʣʴʥʠʤʠ ʙʫʨʠʤʠ ʘʙʦ ʩʪʨʦʢʘʪʠʤʠ 

ʛʣʠʥʘʤʠ, ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʷʢʠʭ ʩʧʨʠʯʠʥʷʻ ʘʢʪʠʚʽʟʘʮʽʶ ʟʩʫʚʽʚ.  

3. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʽʚ ʥʘ 

ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚʘʞʣʠʚʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʫ 

ʢʦʤʧʣʝʢʩʽ ʟ ʥʘʟʝʤʥʠʤʠ ʛʝʦʣʦʛʽʯʥʠʤʠ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤ, ʣʘʥʜʰʘʬʪʥʠʤʠ ʜʘʥʠʤʠ. 

4. ɺʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʧʝʨʝʜʫʤʦʚ, ʬʘʢʪʦʨʽʚ ʪʘ ʜʘʥʠʭ ʧʦʩʪʘʚʣʝʥʘ ʥʘʫʢʦʚʘ 
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ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ. 
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ɺʇʃʀɺ ɻɽʆʃʆɻʆ-ɻɽʆɻʈɸʌɯʏʅʀʍ ʊɸ ʂʃɯʄɸʊʀʏʅʀʍ ʌɸʂʊʆʈɯɺ ʅɸ 

ɿʉʋɺʅɯ ʇʈʆʎɽʉʀ ʇʈɸɺʆɹɽʈɽɾɾʗ ʂɸʅɯɺʉʔʂʆɻʆ ɺʆɼʆʉʍʆɺʀʑɸ 

ɿʤʽʥʠ ʣʘʥʜʰʘʬʪʫ ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʨʦʜʥʠʤʠ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɿʨʝʰʪʦʶ, ʮʽ ʟʤʽʥʠ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʩʢʣʘʜʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʝʢʟʦʛʝʥʥʠʭ, ʝʥʜʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʣʘʥʜʰʘʬʪʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ, 

ʧʝʨʰʽ ʜʚʽ ʛʨʫʧʠ ʧʨʦʮʝʩʽʚ ʩʧʨʠʯʠʥʝʥʽ ʨʽʟʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʜʠʥʘʤʽʢʦʶ 

ʝʥʜʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ. ɹʝʟʫʤʦʚʥʦ, ʮʝʡ ʢʦʤʧʣʝʢʩ ʬʘʢʪʦʨʽʚ ʤʘʻ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ 

ʣʘʥʜʰʘʬʪʽʚ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʘʣʝ ʣʠʰʝ ʧʝʚʥʘ ʢʦʤʙʽʥʘʮʽʷ 

ʛʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʨʠʛʝʨʥʦʛʦ ʯʠʥʥʠʢʘ 

ʩʧʨʠʯʠʥʷʻ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. 

2.1 ɻʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʆʨʦʛʨʘʬʽʯʥʦ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ 

ʇʨʠʜʥʽʧʨʦʚʩʴʢʽʡ ʚʠʩʦʯʠʥʽ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʧʽʚʥʽʯʥʦʶ ʯʘʩʪʠʥʦʶ, ʣʝʩʦʚʠʤ 

ʩʣʘʙʦʧʽʜʚʠʱʝʥʠʤ ʘʢʫʤʫʣʷʪʠʚʥʦ-ʜʝʥʫʜʘʮʽʡʥʠʤ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʥʝʪʠʯʥʠʤ ʪʠʧʦʤ 

ʨʝʣʴʻʬʫ ʧʽʟʥʴʦʛʦ ʥʝʦʛʝʥʦʚʦʛʦ-ʛʦʣʦʮʝʥʦʚʦʛʦ ʯʘʩʫ ʫʪʚʦʨʝʥʥʷ (ʇʘʣʽʻʥʢʦ, 2012). 

ʇʨʘʚʠʡ ʙʝʨʝʛ ʨ. ɼʥʽʧʨʦ ʤʘʻ ʚʠʩʦʪʫ ʜʦ 100 ʤ. ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʧʦʚʝʨʭʥʽ ʚʦʜʦʜʽʣʽʚ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 180-200 ʤ, ʩʢʣʘʜʝʥʽ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʣʝʩʘʤʠ, ʱʦ ʩʧʨʠʷʻ 

ʽʥʪʝʥʩʠʚʥʽʡ ʝʨʦʟʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. ʅʘ ʥʘʡʚʠʱʦʤʫ ʤʦʨʬʦʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʨʦʟʪʘʰʦʚʘʥʝ ʣʝʩʦʚʝ ʧʣʘʪʦ. ɼʣʷ ʜʽʣʷʥʢʠ ɺʠʪʘʯʽʚ-ɹʫʢʨʠʥ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʭʘʨʘʢʪʝʨʥʽ ʧʦʟʥʘʯʢʠ ʚʠʩʦʪ ʩʫʯʘʩʥʦʾ ʧʦʚʝʨʭʥʽ 170-195 ʤ.  

ɿʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʠʤ ʨʘʡʦʥʫʚʘʥʥʷʤ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘʣʝʞʠʪʴ ʜʦ ʇʽʚʥʽʯʥʦʧʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʧʣʘʩʪʦʚʦ-

ʜʝʥʫʜʘʮʽʡʥʦʾ, ʜʝʥʫʜʘʮʽʡʥʦʾ ʨʽʚʥʠʥʠ ʥʘ ʧʘʣʝʦʛʝʥʦʚʠʭ ʪʘ ʥʝʦʛʝʥʦʚʠʭ ʚʽʜʢʣʘʜʘʭ (IV-

3) (ʇʘʣʽʻʥʢʦ, 2004, ʂʦʣʪʫʥ, 2006). ʅʘ ʢʘʨʪʽ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ (ʨʠʩ. 2.1) ʮʝ ʨʘʡʦʥʠ 63 ï ʂʠʾʚʩʴʢʝ ʘʢʫʤʫʣʷʪʠʚʥʦ-ʜʝʥʫʜʘʮʽʡʥʝ, 

ʭʚʠʣʷʩʪʝ ʩʝʨʝʜʥʴʦ ʪʘ ʩʠʣʴʥʦ ʨʦʟʯʣʝʥʦʚʘʥʝ ʧʣʘʪʦ, ʪʘ 67 ï ʯʘʩʪʠʥʘ ʂʘʥʽʚʩʴʢʦʾ 
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ʩʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʽʡʥʦʾ ʛʣʷʮʽʦ-ʪʝʢʪʦʥʽʯʥʦʾ, ʥʘʧʽʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʦʾ ʩʠʣʴʥʦ 

ʨʦʟʯʣʝʥʦʚʘʥʦʾ ʚʠʩʦʯʠʥʠ (ʇʘʣʽʻʥʢʦ, 2004). 

ʆʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʩʬʦʨʤʫʚʘʣʠʩʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʝʥʜʦʛʝʥʥʠʭ, ʝʢʟʦʛʝʥʥʠʭ, ʪʝʢʪʦʥʽʯʥʠʭ, ʝʦʣʦʚʠʭ, ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘ 

ʩʴʦʛʦʜʥʽ ʩʢʣʘʜʥʘ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʘ ʟ ʦʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʢʣʶʯʘʻ:  ʣʝʩʦʚʝ ʧʣʘʪʦ ʟ ʥʝʩʪʽʡʢʠʤʠ ʩʭʠʣʘʤʠ, ʧʨʘʚʦʙʝʨʝʞʥʫ ʜʦʣʠʥʫ ʨ. ɼʥʽʧʨʦ ʟ 

ʝʨʦʟʽʡʥʦ-ʘʢʫʤʫʣʷʪʠʚʥʠʤʠ ʪʝʨʘʩʘʤʠ, ʷʨʫʞʥʦ-ʙʘʣʦʯʥʽ ʪʘ ʝʨʦʟʽʡʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ, 

ʟʩʫʚʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ. 

 

ʈʠʩ. 2.1. ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʝ ʨʘʡʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ (ʇʘʣʽʻʥʢʦ, 2004) 

ɼʣʷ ʪʝʨʠʪʦʨʽʾ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ 

ʙʣʦʢʦʚʽ ʟʩʫʚʠ ʢʦʚʟʘʥʥʷ ʪʘ ʚʠʜʘʚʣʶʚʘʥʥʷ. ʎʝʡ ʪʠʧ ʟʩʫʚʽʚ ʚʠʥʠʢʘʻ ʫ ʤʽʮʥʠʭ, 

ʤʦʥʦʣʽʪʥʠʭ ʪʦʚʱʘʭ ʧʦʨʽʜ, ʱʦ ʩʧʦʚʟʘʶʪʴ ʻʜʠʥʠʤ ʙʣʦʢʦʤ, ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʧʦʨʫʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ˇʨʫʥʪʽʚ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ, ʧʝʨʝʤʽʱʝʥʥʷ ʙʣʦʢʽʚ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʙʣʠʟʴʢʦ ʜʦ ʧʝʨʚʠʥʥʦʛʦ ʰʘʨʫ ʟʘʣʷʛʘʥʥʷ ʧʦʨʽʜ (ɼʝʤʯʠʰʠʥ, ʃʘʧʠʥʩʴʢʠʡ, 

1979). ʄʦʨʬʦʣʦʛʽʯʥʦ ʚʦʥʠ ʚʠʨʘʞʝʥʽ ʩʝʨʽʻʶ ʩʫʙʧʘʨʘʣʝʣʴʥʠʭ ʩʭʠʣʫ ʙʣʦʢʽʚ ʪʘ ʚʘʣʽʚ, 
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ʷʢʽ ʨʦʟʜʽʣʝʥʽ ʪʨʽʱʠʥʘʤʠ ʽ ʨʦʚʘʤʠ. ʆʩʥʦʚʥʠʤ ʜʝʬʦʨʤʫʚʘʣʴʥʠʤ ʛʦʨʠʟʦʥʪʦʤ 

ʚʠʩʪʫʧʘʶʪʴ ʛʣʠʥʠʩʪʽ ʧʦʨʦʜʠ ʨʽʟʥʦʛʦ ʚʽʢʫ, ʩʢʣʘʜʫ ʪʘ ʤʽʮʥʦʩʪʽ.  

ɿʩʫʚʠ ʟʽʩʢʦʚʟʫʚʘʥʥʷ ʬʽʢʩʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʜʠʩʧʝʨʩʥʠʭ ʛʣʠʥʠʩʪʠʭ ʧʦʨʘʜʘʭ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʪʘ ʟʘʣʷʛʘʶʪʴ ʧʽʜ 

ʥʘʭʠʣʦʤ, ʤʘʶʯʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʜʠʩʣʦʢʘʮʽʾ. ɿʤʽʱʝʥʥʷ ʧʦʨʽʜ ʢʦʥʩʝʢʚʝʥʪʥʝ ï ʧʦ 

ʥʘʭʠʣʝʥʦʤʫ ʢʦʥʪʘʢʪʫ ʧʦʨʽʜ, ʪʘ ʽʥʩʝʢʚʝʥʪʥʝ ï ʟ ʧʝʨʝʪʠʥʘʥʥʷʤ ʾʭ ʰʘʨʽʚ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʣʽʥʽʡʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʬʦʨʤ 

ʨʝʣʴʻʬʫ, ʘ ʩʘʤʝ ʟʩʫʚʽʚ, ʪʘ ʘʢʪʠʚʥʠʤʠ ʥʘ ʥʝʦʪʝʢʪʦʥʽʯʥʦʤʫ ʝʪʘʧʽ ʨʦʟʣʦʤʘʤʠ. ɺʝʣʠʢʽ 

ʩʢʣʘʜʥʽ ʟʩʫʚʠ ʚʟʜʦʚʞ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ɼʥʽʧʨʘ ʥʘ ʜʽʣʷʥʮʽ ʚʽʜ ʩ. ɺʠʪʘʯʽʚ ʜʦ 

ʩʤʪ. ʈʞʠʱʽʚ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʂʠʾʚʩʴʢʦʛʦ ʨʦʟʣʦʤʫ (ɸʣʝʢʩʝʝʚ, 1980) 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ (ʨʠʩ 2.2).  

 

ʈʠʩ. 2.2. ʌʨʘʛʤʝʥʪ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʪʘ ʦʩʥʦʚʥʠʭ ʟʦʥ ʣʽʥʝʘʤʝʥʪʽʚ 

ʇʽʚʥʽʯʥʦʛʦ-ʟʘʭʦʜʫ ʉʉʉʈ ʄʘʩʰʪʘʙ 1:1000000 (ʂʘʨʪʘ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʪʘ 

ʦʩʥʦʚʥʠʭ ʟʦʥ ʣʽʥʝʘʤʝʥʪʽʚ ʇʽʚʥʽʯʥʦʛʦ-ʟʘʭʦʜʫ ʉʉʉʈ ʄʘʩʰʪʘʙ 1:1000000, 1988 ʨ.) 
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ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʩʢʣʘʜʥʝ ʧʦʻʜʥʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʩʫʯʘʩʥʠʭ 

ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʫʤʦʚʘʭ ʧʨʦʷʚʫ ʟʥʘʢʦʟʤʽʥʥʠʭ, ʪʦʙʪʦ 

ʢʦʣʠʚʘʣʴʥʠʭ, ʩʫʯʘʩʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ ʟʝʤʥʦʾ ʢʦʨʠ (ʇʘʣʽʻʥʢʦ, 1985; ʇʘʣʽʻʥʢʦ, 

1995). 

ɸʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʆʙʫʭʽʚʩʴʢʦʛʦ ʪʝʢʪʦʥʽʯʥʦʛʦ ʙʣʦʢʫ ʟʘ ʥʝʦʛʝʥ-

ʯʝʪʚʝʨʪʠʥʥʠʡ ʧʝʨʽʦʜ ʩʢʣʘʣʘ 180-190 ʤ. ʈʦʟʪʘʰʦʚʘʥʠʡ ʩʭʽʜʥʽʰʝ ɹʦʨʠʩʧʽʣʴʩʴʢʠʡ 

ʙʣʦʢ (ʨʘʡʦʥ ʜʦʣʠʥʠ ʨ. ɼʥʽʧʨʦ) ʪʘʢʦʞ ʧʽʜʜʘʚʘʚʩʷ ʪʝʢʪʦʥʽʯʥʠʤ ʧʽʜʥʷʪʪʷʤ, ʘʤʧʣʽʪʫʜʘ 

ʷʢʠʭ ʩʢʣʘʣʘ ʫ ʩʝʨʝʜʥʴʦʤʫ 150 ʤ. ʈʽʟʥʠʮʷ ʚ ʘʤʧʣʽʪʫʜʘʭ ʧʽʜʥʷʪʪʷ ʩʫʩʽʜʥʽʭ ʙʣʦʢʽʚ, 

ʟʫʤʦʚʠʣʠ ʟʥʘʯʥʫ ʚʠʩʦʪʫ ʙʝʨʝʛʦʚʠʭ ʩʭʠʣʽʚ (ʇʘʣʽʻʥʢʦ, 1995). 

ɺ ʦʩʥʦʚʽ ʙʝʨʝʛʦʚʦʛʦ ʩʭʠʣʫ ʂʠʾʚʩʴʢʦʛʦ ʧʣʘʪʦ ʟʘʣʷʛʘʻ ʪʦʚʱʘ ʤʝʨʛʝʣʽʚ ʢʠʾʚʩʴʢʦʾ 

ʩʚʽʪʠ ʧʘʣʝʦʛʝʥʫ. ʉʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʦʚʱʽ ʤʝʨʛʝʣʽʚ, ʷʢʽ ʥʝ ʚʠʪʨʠʤʘʥʽ ʧʦ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʤʘʶʪʴ ʣʦʢʘʣʴʥʽ ʧʽʜʥʷʪʪʷ ʫ ʚʠʛʣʷʜʽ ʧʦʣʦʛʠʭ ʘʥʪʠʢʣʽʥʘʣʴʥʠʭ ʩʢʣʘʜʦʢ, 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʽʜʥʷʪʪʷ ʥʘ 5ï7 ʤ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʪʦʚʱʽ ʤʝʨʛʝʣʽʚ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ ʧʘʣʝʦʛʝʥʫ ʚʟʜʦʚʞ ʫʩʴʦʛʦ ʧʨʘʚʦʛʦ 

ʙʝʨʝʛʘ ɼʥʽʧʨʘ ʚʽʜ ʩ. ʍʘʣʝʧôʷ ʜʦ ʩ. ʍʦʜʦʨʦʚʘ.  

ɿʩʫʚʠ ʥʘʡʙʽʣʴʰʝ ʚʠʚʯʝʥʽ ʫʟʜʦʚʞ ʧʨʘʚʦʛʦ ʩʭʠʣʫ ʙʝʨʝʛʘ ɼʥʽʧʨʘ ʚʽʜ ʤ. ʂʠʾʚ 

(Rasporenko and Liashenko, 2023) ʜʦ ʤ. ʍʦʜʦʨʽʚ ʪʘ ʚ ʨʘʡʦʥʽ ʂʘʥʽʚʩʴʢʠʭ ʜʠʩʣʦʢʘʮʽʡ. 

ʋ ʨʘʡʦʥʽ ʤ. ʂʠʾʚ ʽ ʧʽʚʜʝʥʥʽʰʝ ʥʘ ʢʦʨʽʥʥʦʤʫ ʩʭʠʣʽ ʤ. ɼʥʽʧʨʦ, ʨʦʟʚʠʚʘʶʪʴʩʷ ʩʢʣʘʜʥʽ 

ʜʚʦʭôʷʨʫʩʥʽ ʟʩʫʚʠ. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ ʟʩʫʚʠ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʥʦʚʥʠʤ 

ʜʝʬʦʨʤʫʚʘʣʴʥʠʤ ʛʦʨʠʟʦʥʪʦʤ. ʋ ʙʫʨʠʭ ʪʘ ʩʪʨʦʢʘʪʠʭ ʛʣʠʥʘʭ ʤʦʨʬʦʣʦʛʽʷ ʟʩʫʚʥʠʭ ʪʽʣ 

ʚʢʣʶʯʘʻ ʩʪʽʥʢʫ ʟʨʠʚʫ (ʇʘʣʽʻʥʢʦ, 1996) ʟʩʫʚʥʫ ʪʝʨʘʩʫ ʪʘ ʟʝʤʣʷʥʠʡ ʧʦʪʽʢ, ʷʢʠʡ 

ʫʪʚʦʨʶʻ ʞʦʣʦʙʠ ʫ ʚʽʜʢʣʘʜʘʭ ʧʦʣʪʘʚʩʴʢʦʾ ʪʘ ʭʘʨʢʽʚʩʴʢʦʾ ʩʚʽʪ. ʅʠʞʥʽʡ ʷʨʫʩ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʤʝʨʛʝʣʴʥʠʤʠ ʛʣʠʥʘʤʠ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ, ʟʩʫʚʠ ʧʦ ʥʠʭ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʣʠʰʝ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʤ. ʂʠʾʚ ʪʘ ʤ. ʍʦʜʦʨʽʚ. ʋ ʨʘʡʦʥʽ ʩʽʣ ʉʪʘʡʢʠ-ɻʨʝʙʝʥʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʟʩʫʚʥʘ ʪʝʨʘʩʘ ʧʦʚʝʨʭʥʽ ʛʣʠʥ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ. ʐʠʨʠʥʘ 

ʟʩʫʚʥʠʭ ʟʦʥ ʩʷʛʘʻ 300-350 ʤ ʫʟʜʦʚʞ ʙʨʽʚʢʠ ʩʭʠʣʫ. ɻʝʥʝʪʠʯʥʦ ʟʩʫʚʠ ʢʠʾʚʩʴʢʦʛʦ ʪʠʧʫ 

ʻ ʩʢʣʘʜʥʠʤʠ ʟʩʫʚʘʤʠ ʚʠʜʘʚʣʶʚʘʥʥʷ ʪʘ ʟʩʫʚʘʤʠ-ʧʦʪʦʢʘʤʠ (ʉʪʝʮʶʢ, ʊʢʘʯʝʥʢʦ, 

2003). ʅʘ ʙʘʛʘʪʴʦʭ ʜʽʣʷʥʢʘʭ ʟʩʫʚʠ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʫʟʜʦʚʞ ʙʝʨʝʛʘ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ (ʇʘʣʽʻʥʢʦ, 2008) ʥʘ ʧʨʦʪʷʟʽ 3-4 ʢʤ, ʧʨʠ ʮʴʦʤʫ ʰʠʨʠʥʘ ʦʢʨʝʤʠʭ ʟʩʫʚʽʚ 

ʩʷʛʘʻ 800-1000 ʤ. ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʟʩʫʚʽʚ ʂʘʥʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʚ ʙʝʨʝʛʦʚʽʡ ʟʦʥʽ 
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ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 15 ʤʣʥ ʤ3. ɯʥʰʘ ʜʽʣʷʥʢʘ ʂʘʥʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʚʽʜʥʝʩʝʥʘ ʜʦ 

ʜʽʣʷʥʦʢ ʩʣʘʙʢʦ-ʜʠʩʣʦʢʦʚʘʥʦʛʦ ʧʣʘʪʦ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʝ ʟʤʽʱʝʥʥʷ 

ʥʝʜʠʩʣʦʢʦʚʘʥʠʭ ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ, ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʚʠʱʝ ʧʦʭʠʣʦ-ʭʚʠʣʷʩʪʦ 

ʟʽʤôʷʪʠʭ ʛʣʠʥʠʩʪʦ-ʤʝʨʛʝʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ. ɼʝʬʦʨʤʘʮʽʾ ʤʘʶʪʴ 

ʭʘʨʘʢʪʝʨ ʧʣʘʩʪʠʯʥʠʭ ʟʩʫʚʽʚ ʪʘ ʬʦʨʤʫʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʠʜʘʚʣʶʚʘʥʥʷ ʛʽʜʨʦʬʽʣʴʥʠʭ 

ʚʘʧʥʠʩʪʠʭ ʛʣʠʥ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ, ʘ ʪʘʢʦʞ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʤʝʭʘʥʽʯʥʦʾ ʩʫʬʦʟʽʾ ʧʽʩʢʽʚ (ʇʘʣʽʻʥʢʦ, 2010), ʱʦ ʟʘʣʷʛʘʶʪʴ ʚʠʱʝ. ʋ ʂʠʾʚʩʴʢʦʤʫ ʪʘ 

ʂʘʥʽʚʩʴʢʦʤʫ ʇʨʠʜʥʽʧʨʦʚôʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʘ ʘʢʪʠʚʽʟʘʮʽʷ ʟʩʫʚʽʚ ʟ 15-20 

ʨʽʯʥʠʤ ʮʠʢʣʦʤ. 

2.2 ɯʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʾ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ 

ʈʦʟʚʠʪʦʢ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, 

ʚ ʤʝʞʘʭ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʯʠʩʣʝʥʥʠʭ ʧʨʠʨʦʜʥʠʭ ʪʘ 

ʪʝʭʥʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ. ʅʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ ʻ ʣʽʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ, ʪʝʢʪʦʥʽʯʥʽ, 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʘʢʪʠʚʽʟʘʮʽʶ ʟʩʫʚʥʠʭ 

ʧʨʦʮʝʩʽʚ.  

ʂʦʤʧʣʝʢʩ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʝʢʟʦʛʝʥʥʠʭ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʟʩʫʚʽʚ, ʩʢʣʘʜʝʥʠʡ ʚʽʜʢʣʘʜʘʤʠ ʧʘʣʝʦʛʝʥʦʚʦʛʦ, 

ʥʝʦʛʝʥʦʚʦʛʦ ʪʘ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʧʝʨʽʦʜʽʚ (ʨʠʩ. 2.3). 

ɺʽʜʢʣʘʜʠ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ (ʈ ʢv) ʧʦʰʠʨʝʥʽ ʧʦʚʩʶʜʥʦ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʽʜʩʫʪʥʽ ʣʠʰʝ ʚ ʜʦʣʠʥʽ ʨ. ɼʥʽʧʨʦ, ʧʨʠʛʠʨʣʦʚʠʭ ʯʘʩʪʠʥʘʭ 

ʥʘʡʙʽʣʴʰʠʭ ʾʾ ʧʨʠʪʦʢ. ʂʠʾʚʩʴʢʽ ʚʽʜʢʣʘʜʠ ʫʪʚʦʨʝʥʽ ʪʨʴʦʤʘ ʣʽʪʦʣʦʛʽʯʥʠʤʠ 

ʛʦʨʠʟʦʥʪʘʤʠ, ʘ ʩʘʤʝ ʧʽʜʤʝʨʛʝʣʴʥʠʤʠ ʧʽʩʢʘʤʠ, ʤʝʨʛʝʣʷʤʠ ʪʘ ʥʝʚʘʧʥʠʩʪʠʤʠ 

ʧʽʩʢʫʚʘʪʠʤʠ ʛʣʠʥʘʤʠ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʧʽʜʤʝʨʛʝʣʴʥʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʨʽʙʥʦ-

ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʤʠ ʛʣʠʥʠʩʪʦ-ʤʝʨʛʝʣʴʥʠʤʠ ʫʱʽʣʴʥʝʥʠʤʠ ʧʽʩʢʘʤʠ ʟ 

ʬʦʩʬʦʨʠʪʦʚʠʤʠ ʩʪʷʞʽʥʥʷʤʠ, ʪʦʚʱʠʥʘ ʰʘʨʫ 5-8 ʤ.  

ɺʠʱʠʡ ʨʽʚʝʥʴ ʟʘʣʷʛʘʥʥʷ ʤʘʶʪʴ ʛʦʣʫʙʫʚʘʪʦ-ʩʽʨʽ, ʩʣʶʜʠʩʪʽ ʤʝʨʛʝʣʽ ʟ ʧʨʦʰʘʨʢʦʤ 

ʤʝʨʛʝʣʷʩʪʠʭ ʛʣʠʥ. ʄʝʨʛʝʣʴʥʦ-ʛʣʠʥʠʩʪʘ ʪʦʚʱʘ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʜʝʬʦʨʤʫʶʯʠʭ 

ʛʦʨʠʟʦʥʪʽʚ ʫ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ ʫ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʈʠʩ. 2.3. ʌʨʘʛʤʝʥʪ ʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʽ ʢʘʨʪʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʪʘ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʚʽʜʢʣʘʜʽʚ. ʄʘʩʰʪʘʙ 1:200000. ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʘ ʩʝʨʽʷ. ɸʨʢʫʰʽ: ʄ36-XIII, 

ʄ36-XIV ʪʘ ʄ36-XIX (ɼʝʨʞʘʚʥʘ ʛʝʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʋʢʨʘʾʥʠ ʤʘʩʰʪʘʙʫ 1:200 000) 

ɻʣʠʥʠ ʚʠʩʪʫʧʘʶʪʴ ʧʣʦʱʠʥʦʶ ʩʢʦʚʟʘʥʥʷ ʜʣʷ ʤʘʩʠʚʽʚ ʧʝʨʝʟʚʦʣʦʞʝʥʠʭ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʠʱʝ ʧʦʨʽʜ. ɸʙʩʦʣʶʪʥʘ ʧʦʟʥʘʯʢʘ ʧʦʢʨʽʚʣʽ ʧʣʘʪʦ ʩʢʣʘʜʘʻ 110-115 ʤ, 

ʚ ʤʝʞʘʭ ʟʩʫʚʥʠʭ ʩʭʠʣʽʚ 85-110 ʤ. ʇʦʪʫʞʥʽʩʪʴ ʤʝʨʛʝʣʴʥʦ-ʛʣʠʥʠʩʪʠʭ ʚʽʜʢʣʘʜʽʚ ʩʷʛʘʻ 

30-35 ʤ, ʘ ʛʣʠʙʠʥʘ ʾʭ ʟʘʣʷʛʘʥʥʷ ʚʽʜ 0 ʜʦ 50 ʤ ʽ ʙʽʣʴʰʝ (ʂʦʥʜʨʘʪʶʢ, 2006).  

ɺʽʜʢʣʘʜʠ ʭʘʨʢʽʚʩʴʢʦʾ ʩʚʽʪʠ (P2 ob + P3 mz) ʧʦʰʠʨʝʥʽ ʚ ʤʝʞʘʭ ʂʠʾʚʩʴʢʦʛʦ ʧʣʘʪʦ 

ʪʘ ʟʘʣʷʛʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʨʛʝʣʴʥʦ-ʛʣʠʥʠʩʪʦʾ ʪʦʚʱʽ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ. ɺ ʜʦʣʠʥʘʭ 

ʨʽʯʦʢ ʪʘ ʛʣʠʙʦʢʠʭ ʷʨʽʚ ʽ ʙʘʣʦʢ ʚʦʥʠ ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʨʦʟʤʠʪʽ ʧʽʜ ʚʧʣʠʚʦʤ 

ʝʨʦʟʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʯʘʩʫ. ʍʘʨʢʽʚʩʴʢʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʧʝʨʝʰʘʨʫʚʘʥʥʷʤ ʛʣʘʫʢʦʥʽʪʦ-ʢʚʘʨʮʝʚʠʭ ʧʽʩʢʽʚ ʟ ʤʘʣʦʧʦʪʫʞʥʠʤʠ ʧʨʦʰʘʨʢʘʤʠ 

ʩʫʧʽʩʢʽʚ ʟ ʣʽʥʟʘʤʠ ʘʣʝʚʨʠʪʦʚʠʭ ʛʣʠʥ. ɺ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʧʦʪʫʞʥʽʩʪʴ 

ʭʘʨʢʽʚʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,5 ʜʦ 11,4 ʤ. ɺ ʥʠʭ ʬʦʨʤʫʻʪʴʩʷ 

ʩʣʘʙʢʦʚʦʜʥʠʡ ʛʦʨʠʟʦʥʪ, ʱʦ ʜʨʝʥʫʻʪʴʩʷ ʚ ʜʦʣʠʥʘʭ ʨʽʢ ʪʘ ʜʥʠʱʘʭ ʷʨʫʞʥʦ-ʙʘʣʦʯʥʦʾ 

ʩʽʪʢʠ, ʽʥʦʜʽ ʟ ʧʨʦʷʚʦʤ ʩʫʬʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ (ʂʨʘʻʚ, 1971). 
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ʅʝʦʛʝʥʦʚʽ ʚʽʜʢʣʘʜʠ (N). ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʽʱʘʥʠʩʪʠʤʠ ʦʣʽʛʦʮʝʥïʤʽʦʮʝʥʦʚʠʤʠ 

ʚʽʜʢʣʘʜʘʤʠ ʧʦʣʪʘʚʩʴʢʦʾ ʩʚʽʪʠ ʪʘ ʩʚʽʪʦʶ ʩʪʨʦʢʘʪʠʭ ʽ ʙʫʨʠʭ ʛʣʠʥ.  

ʅʘ ʧʦʚʝʨʭʥʽ ʧʦʨʽʜ ʭʘʨʢʽʚʩʴʢʦʾ ʩʝʨʽʾ ʟʘʣʷʛʘʶʪʴ ʚʽʜʢʣʘʜʠ ʧʦʣʪʘʚʩʴʢʦʾ ʩʚʽʪʠ 

(N1pl). ɺʽʜʢʣʘʜʠ ʧʦʰʠʨʝʥʽ ʚ ʤʝʞʘʭ ʚʦʜʦʜʽʣʽʚ ʪʘ ʾʭ ʩʭʠʣʽʚ, ʘ ʚ ʜʦʣʠʥʘʭ ʨʽʢ ʽ ʜʥʠʱʘʭ 

ʙʘʣʦʢ ʧʦʚʥʽʩʪʶ ʨʦʟʤʠʪʽ. ʊʦʚʱʘ ʧʦʨʽʜ ʧʦʣʪʘʚʩʴʢʦʾ ʩʚʽʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʴʦʤʘ 

ʣʽʪʦʣʦʛʽʯʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ:  

- ʥʠʞʥʽʡ ʩʢʣʘʜʘʶʪʴ ʢʚʘʨʮʦʚʽ ʧʽʩʢʠ, ʨʽʟʥʦʟʝʨʥʠʩʪʽ, ʩʽʨʽ ʪʘ ʩʽʨʫʚʘʪʦ-ʙʫʨʽ ʟ 

ʧʨʦhʘʨʢʘʤʠ ʽ ʣʽʥʟʘʤʠ ʛʣʠʥʠʩʪʠʭ ʧʽʩʢʽʚ, ʧʽʱʘʥʦ-ʚʫʛʣʠʩʪʠʭ ʛʣʠʥ ʪʘ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ;  

- ʩʝʨʝʜʥʽʡ ʬʦʨʤʫʶʪʴ ʢʚʘʨʮʦʚʽ ʧʽʩʢʠ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ, ʩʚʽʪʣʦ-ʩʽʨʽ ʜʦ ʙʽʣʠʭ;  

- ʚʝʨʭʥʽʡ ʫʪʚʦʨʶʶʪʴ ʢʚʘʨʮʦʚʽ ʧʽʩʢʠ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ, ʢʘʦʣʽʥʠʩʪʽ, ʩʚʽʪʣʦ-ʩʽʨʽ 

ʜʦ ʩʽʨʠʭ ʟ ʧʨʦʰʘʨʢʘʤʠ ʽ ʣʽʥʟʘʤʠ ʧʽʩʢʦʚʠʢʽʚ ʪʘ ʢʘʦʣʽʥʠʩʪʠʭ ʛʣʠʥ.  

ɼʽʣʷʥʢʠ ʩʚʽʪʠ ʩʪʨʦʢʘʪʠʭ ʛʣʠʥ ʤʘʶʪʴ ʣʦʢʘʣʴʥʝ ʧʦʰʠʨʝʥʥʷ (N1-2 sq). 

ɸʙʩʦʣʶʪʥʽ ʧʦʟʥʘʯʢʠ ʧʦʢʨʽʚʣʽ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʢʩʫʶʪʴʩʷ ʥʘ ʚʠʩʦʪʽ 

150-159 ʤ. ʉʪʨʦʢʘʪʽ ʛʣʠʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʣʘʩʪʠʯʥʫ ʧʦʨʦʜʫ ʩʽʨʦʛʦ, ʞʦʚʪʦ-ʩʽʨʦʛʦ 

ʢʦʣʴʦʨʫ ʟ ʙʘʛʘʪʴʤʘ ʨʦʟʚʦʜʘʤʠ ʯʝʨʚʦʥʦ-ʙʫʨʦʛʦ, ʚʦʭʨʠʩʪʦ-ʙʫʨʦʛʦ, ʚʠʰʥʝʚʦʛʦ-

ʯʝʨʚʦʥʦʛʦ ʪʘ ʤʘʣʠʥʦʚʦʛʦ ʢʦʣʴʦʨʽʚ (ʂʨʠʚʞʘʥʝʢ, 1951). ɻʣʠʥʠ ʦʜʥʦʨʽʜʥʽ, ʱʽʣʴʥʽ, 

ʚôʷʟʢʽ, ʞʠʨʥʽ ʥʘ ʜʦʪʠʢ, ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʰʘʨʫ ʟʘʧʽʩʦʯʝʥʽ. ɺ ʩʢʣʘʜʽ ʛʣʠʥ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʢʣʶʯʝʥʥʷ ʚʘʧʥʠʩʪʠʭ ʩʪʷʞʽʥʴ ʟʘʣʽʟʠʩʪʠʭ ʪʘ ʤʘʨʛʘʥʮʝʚʠʭ 

ʢʦʥʢʨʝʮʽʡ. ʇʦʪʫʞʥʽʩʪʴ ʮʠʭ ʚʽʜʢʣʘʜʽʚ ʩʷʛʘʻ 10-18 ʤ. 

ʋ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʪʘ ʯʝʨʚʦʥʦ-ʙʫʨʠʭ ʛʣʠʥ (N2cb) ʣʦʢʘʣʴʥʦ 

ʟʘʡʤʘʻ ʧʣʦʱʫ ʥʘ ʩʭʠʣʦʚʠʭ ʜʽʣʷʥʢʘʭ ʪʘ ʧʦʰʠʨʝʥʽ ʚ ʤʝʞʘʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʩʪʨʦʢʘʪʠʭ ʛʣʠʥ. ʇʦʚʝʨʭʥʷ ʚʽʜʢʣʘʜʽʚ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʝʨʦʜʦʚʘʥʘ ʪʘ ʨʦʟʯʣʝʥʦʚʘʥʘ, 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʘʙʩʦʣʶʪʥʠʭ ʧʦʟʥʘʯʢʘʭ 157-166 ʤ. ɻʦʨʠʟʦʥʪ ʯʝʨʚʦʥʦ-ʙʫʨʠʭ ʛʣʠʥ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʨʦʜʘʤʠ ʙʫʨʦʛʦ ʪʘ ʯʝʨʚʦʥʦ-ʙʫʨʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ, ʱʽʣʴʥʠʤʠ, 

ʚôʷʟʢʠʤʠ, ʟ ʚʢʣʶʯʝʥʥʷʤ ʚʘʧʥʷʢʦʚʠʭ ʩʪʷʞʽʥʴ. ʇʝʨʝʚʘʞʘʶʯʽ ʧʦʪʫʞʥʦʩʪʽ ʛʦʨʠʟʦʥʪʫ 

ʙʫʨʠʭ ʛʣʠʥ ʩʪʘʥʦʚʠʪʴ 5ï8 ʤ, ʽʥʦʜʽ 12 ʤ. ɻʣʠʥʠʩʪʘ ʪʦʚʱʘ ʤʽʦʮʝʥïʧʣʽʦʮʝʥʫ ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʶ ʚʦʜʦʪʨʠʚʢʦʛʦ ʛʦʨʠʟʦʥʪʫ ʜʣʷ ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʛʦʨʠʟʦʥʪʫ ˇʨʫʥʪʦʚʠʭ 

ʚʦʜ ʪʘ ʻ ʦʩʥʦʚʥʠʤ ʜʝʬʦʨʤʫʶʯʠʤ ʛʦʨʠʟʦʥʪʦʤ ʜʣʷ ʟʩʫʚʽʚ ʥʘ ʚʝʨʭʥʽʭ ʷʨʫʩʘʭ ʩʭʠʣʽʚ 

ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ (ʈʫʜʴʢʦ, 1996). ʇʝʨʝʢʨʠʚʘʶʪʴ ʾʭ 

ʥʠʞʥʴʦʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʽ ʦʟʝʨʥʽ ʩʫʛʣʠʥʢʠ ʘʙʦ ʩʝʨʝʜʥʴʦʯʝʪʚʝʨʪʠʥʥʽ ʚʦʜʥʦ-
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ʣʴʦʜʦʚʠʢʦʚʽ ʧʽʩʢʠ ʟ ʤʦʨʝʥʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ. ʋ ʤʝʞʘʭ ʧʨʠʩʭʠʣʦʚʠʭ ʪʝʨʠʪʦʨʽʡ ʧʦ ʾʭ 

ʧʦʚʝʨʭʥʽ ʧʨʦʭʦʜʠʪʴ ʩʢʦʚʟʘʥʥʷ ʧʝʨʝʟʚʦʣʦʞʝʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʦ ʥʘʚʘʥʪʘʞʝʥʠʭ 

ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ (ʂʦʥʜʨʘʪʶʢ, 2006). ʋ ʚʽʜʩʣʦʥʝʥʥʷʭ ʩʪʨʦʢʘʪʽ ʪʘ ʯʝʨʚʦʥʦ-

ʙʫʨʽ ʛʣʠʥʠ ʧʽʜʣʷʛʘʶʪʴ ʚʠʚʽʪʨʶʚʘʥʥʶ (ʨʦʟʪʨʽʩʢʫʚʘʥʥʶ, ʦʩʠʧʘʥʥʶ), ʘ ʫ 

ʟʚʦʣʦʞʝʥʦʤʫ ʩʪʘʥʽ ʚʦʥʠ ʦʧʣʠʚʘʶʪʴ, ʱʦ ʟʥʘʯʥʦ ʧʦʨʫʰʫʻ ʩʪʽʡʢʽʩʪʴ ʩʭʠʣʽʚ.  

ʆʩʥʦʚʥʠʤ ʧʨʠʨʦʜʥʠʤ ʯʠʥʥʠʢʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ 

ʫʤʦʚʠ, ʻ ʧʦʚʝʨʭʥʝʚʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ (ʨʠʩ. 2.4), ʦʩʢʽʣʴʢʠ ʮʽ ʫʪʚʦʨʝʥʥʷ ʩʣʫʛʫʶʪʴ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʽ ʪʘ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʽʥʞʝʥʝʨʥʽ ʩʧʦʨʫʜʠ. 

ʃʽʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʠʡ ʩʢʣʘʜ ʮʠʭ ʧʦʨʽʜ ʟʜʽʡʩʥʶʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʾʭ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʪʘ ʙʫʜʽʚʝʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʈʫʜʴʢʦ, 2002). ɺ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʩʥʦʚʥʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚʽʜʽʛʨʘʶʪʴ 

ʩʝʨʝʜʥʴʦ-, ʚʝʨʭʥʴʦʯʝʪʚʝʨʪʠʥʥʽ ʪʘ ʩʫʯʘʩʥʽ ʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ. 

 

ʈʠʩ. 2.4. ʊʠʧʦʚʽ ʣʽʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʢʦʣʦʥʢʠ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ. 

ɺʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʨʽʟ. ʄʘʩʰʪʘʙ 1:2000 (ɼʝʨʞʘʚʥʘ ʛʝʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʋʢʨʘʾʥʠ, 

ʤʘʩʰʪʘʙ 1:200 000. ɸʨʢʫʰ ʄ-36-ʍɯɯɯ (ʂʠʾʚ, 2001) 

ʋʪʚʦʨʝʥʥʷ ʯʝʪʚʝʨʪʠʥʥʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 2.5) ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʱʘʥʦ-

ʩʫʛʣʠʥʠʩʪʠʤʠ ʧʦʨʦʜʘʤʠ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ. ɺʽʜʢʣʘʜʠ ʯʝʪʚʝʨʪʠʥʥʦʾ ʩʠʩʪʝʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʦʛʝʥʝʪʠʯʥʠʤʠ ʪʠʧʘʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ, ʟʦʢʨʝʤʘ 

ʜʝʣʶʚʽʘʣʴʥʠʤʠ, ʘʣʶʚʽʘʣʴʥʠʤʠ, ʛʨʘʚʽʪʘʮʽʡʥʠʤʠ, ʧʨʦʣʶʚʽʘʣʴʥʠʤʠ ʽʟ ʧʝʨʝʚʘʞʘʥʥʷʤ 

ʣʝʩʦʚʠʜʥʠʭ ʩʫʛʣʠʥʢʽʚ ʨʽʟʥʦʛʦ ʚʽʢʫ.  
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ʅʘ ʟʤʽʥʫ ʧʦʪʫʞʥʦʩʪʽ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʚʧʣʠʚʘʶʪʴ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ 

ʫʤʦʚʠ, ʛʝʦʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʥʝʦʪʝʢʪʦʥʽʯʥʽ ʨʫʭʠ (ʈʫʜʴʢʦ, ɸʜʘʤʝʥʢʦ, 2008). 

ɺʽʜʪʘʢ ʧʦʪʫʞʥʽʩʪʴ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʚ ʤʝʞʘʭ ʤʦʨʝʥʦ-ʟʘʥʜʨʦʚʦʾ ʨʽʚʥʠʥʠ 

ʟʥʘʯʥʦ ʙʽʣʴʰʘ, ʥʽʞ ʚ ʤʝʞʘʭ ʣʝʩʦʚʦʛʦ ʧʣʘʪʦ (ʨʠʩ. 2.6), ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ ʚ 

ʥʝʦʪʝʢʪʦʥʽʯʥʠʭ ʚʠʩʭʽʜʥʠʭ ʨʫʭʘʭ. 

 

 

ʈʠʩ. 2.5. ɻʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ʣʝʩʦʚʦ ʾʨʽʚʥʠʥʠ ʇʨʘʚʦʙʝʨʝʞʞʷ ɼʥʽʧʨʘ (ɼʝʨʞʘʚʥʘ 

ʛʝʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʋʢʨʘʾʥʠ, ʤʘʩʰʪʘʙ 1:200 000. ɸʨʢʫʰ ʄ-36-ʍɯɯɯ (ʂʠʾʚ, 2001)) 

 

ʈʠʩ. 2.6. ʊʠʧʦʚʠʡ ʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ʜʽʣʷʥʢʠ ʧʽʚʜʝʥʥʦʾ ʯʘʩʪʠʥʠ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

(ʬʨʘʛʤʝʥʪ ʨʦʟʨʽʟʫ, ɼʝʨʞʘʚʥʘ ʛʝʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʋʢʨʘʾʥʠ, ʤʘʩʰʪʘʙ 1:200 000. 

ɸʨʢʫʰ ʄ-36-ʍɯɯɯ (ʂʠʾʚ, 2001)) 
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ʉʝʨʝʜʥʴʦʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ (QII) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʦʜʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʤʠ 

(fPIIdn), ʣʴʦʜʦʚʠʢʦʚʠʤʠ (gPIIdn) ʪʘ ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʤʠ (lgPIIdn) ʚʽʜʢʣʘʜʘʤʠ. 

ɺʽʜʢʣʘʜʠ ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʣʴʦʜʦʚʠʢʘ ʩʢʣʘʜʘʶʪʴ ʤʦʨʝʥʦ-ʟʘʥʜʨʦʚʫ ʨʽʚʥʠʥʫ ʧʦʰʠʨʝʥʽ 

ʚ ʤʝʞʘʭ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʣʝʩʦʚʦʾ ʨʽʚʥʠʥʠ ʪʘ ʯʝʪʚʝʨʪʠʥʥʦʾ ʥʘʜʟʘʧʣʘʚʥʦʾ ʪʝʨʘʩʠ 

ɼʥʽʧʨʘ. ʄʘʡʞʝ ʚʩʶʜʠ ʩʝʨʝʜʥʴʦʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ ʟʘʣʷʛʘʶʪʴ ʧʽʜ ʣʝʩʦʚʠʜʥʠʤʠ 

ʧʦʨʦʜʘʤʠ. ɿʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʢʣʘʜʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 5 ʜʦ 30-50 ʤ. ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʣʴʦʜʦʚʠʢʦʚʽ ʚʽʜʢʣʘʜʠ ʥʘʜ- ʽ ʧʽʜʤʦʨʝʥʥʠʤʠ ʚʦʜʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʧʽʩʢʘʤʠ, ʦʟʝʨʥʦ-

ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʩʫʛʣʠʥʢʘʤʠ, ʩʫʧʽʩʢʘʤʠ ʽ ʤʦʨʝʥʦʶ, ʩʢʣʘʜʝʥʦʶ ʛʣʠʥʘʤʠ, 

ʩʫʛʣʠʥʢʘʤʠ, ʩʫʧʽʩʢʘʤʠ, ʽʥʦʜʽ ʧʽʩʢʘʤʠ. ʇʦʪʫʞʥʽʩʪʴ ʤʦʨʝʥʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 10-14 ʤ, 

ʯʘʩʪʽʰʝ ʤʘʻ ʨʦʟʤʽʨ 3-5 ʤ.  

ʅʘ ʤʦʨʝʥʦ-ʟʘʥʜʨʦʚʽʡ ʨʽʚʥʠʥʽ ʪʘ ʫ ʚʦʜʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʭ ʜʦʣʠʥʘʭ ʨʦʟʚʠʥʝʥʽ 

ʧʝʨʝʚʘʞʥʦ ʧʽʩʢʠ, ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʽ ʩʫʛʣʠʥʢʠ ʽ ʩʫʧʽʩʢʠ ʛʨʘʶʪʴ ʜʨʫʛʦʨʷʜʥʫ ʨʦʣʴ ʚ 

ʨʦʟʨʽʟʽ ʥʘʜ- ʽ ʧʽʜʤʦʨʝʥʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʟʘʟʚʠʯʘʡ ʫ ʚʠʛʣʷʜʽ ʧʨʦʰʘʨʢʽʚ 

ʩʝʨʝʜ ʧʽʩʢʽʚ. ɸʥʘʣʽʟ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʜ- ʽ ʧʽʜʤʦʨʝʥʥʠʭ ʧʽʩʢʽʚ 

ʧʦʢʘʟʫʻ, ʱʦ ʮʽ ʧʽʩʢʠ ʟʘ ʩʚʦʾʤʠ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽʜʝʥʪʠʯʥʽ 

(ʈʫʜʴʢʦ, ʐʫʪʘ, 2002). ʊʝʢʩʪʫʨʘ ʧʽʩʢʽʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ- ʽ ʢʦʩʦʰʘʨʫʚʘʪʘ. ʉʫʧʽʩʢʠ 

ʤʘʶʪʴ ʪʘʢʫ ʞ ʪʝʢʩʪʫʨʫ. ʄʦʨʝʥʥʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʣʠʥʘʤʠ, ʚʘʞʢʠʤʠ, 

ʩʝʨʝʜʥʽʤʠ ʪʘ ʣʝʛʢʠʤʠ ʩʫʛʣʠʥʢʘʤʠ, ʘ ʪʘʢʦʞ ʩʫʧʽʩʢʘʤʠ.  

ɺʝʨʭʥʴʦʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ (QIII)  ʫʪʚʦʨʝʥʽ ʢʦʤʧʣʝʢʩʦʤ ʝʦʣʦʚʦ-

ʜʝʣʶʚʽʘʣʴʥʠʭ ʪʘ ʝʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ (vd, ePIII), ʘʣʶʚʽʘʣʴʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ 

ʧʝʨʰʠʭ ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ (a1 PIII) ʪʘ ʘʣʶʚʽʘʣʴʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʜʨʫʛʠʭ 

ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ (aPIII). ʅʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʘʶʪʴ ʝʦʣʦʚʦ-ʜʝʣʶʚʽʘʣʴʥʽ ʪʘ ʝʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ (vd, ePIII), ʧʦʢʨʠʚʘʶʪʴ 

ʩʫʮʽʣʴʥʠʤ ʰʘʨʦʤ ʪʝʨʠʪʦʨʽʶ ʧʣʘʪʦ ʪʘ ʯʘʩʪʠʥʫ ʡʦʛʦ ʩʭʠʣʽʚ. ʇʽʜʩʪʝʣʷʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʤʠ ʪʘ ʣʽʪʦʣʦʛʽʯʥʠʤʠ ʪʦʚʱʘʤʠ, ʘ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

ʩʫʯʘʩʥʠʤ ˇʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʠʤ ʰʘʨʦʤ ʘʙʦ ʪʝʭʥʦʛʝʥʥʦ ʟʤʽʥʝʥʠʤʠ ˇʨʫʥʪʘʤʠ. 

ʃʽʪʦʣʦʛʽʯʥʦ ʪʦʚʱʘ ʚʝʨʭʥʴʦʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ 

ʩʢʣʘʜʝʥʘ ʩʝʨʝʜʥʽʤʠ, ʚʘʞʢʠʤʠ ʣʝʩʦʚʠʜʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ ʪʘ ʣʝʩʘʤʠ ʧʘʣʝʚʦ-ʞʦʚʪʦʛʦ, 

ʞʦʚʪʫʚʘʪʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʩʪʦʚʧʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʚʽʜʩʣʦʥʝʥʥʷ. ɿʘʛʘʣʴʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʧʦʨʽʜ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʦʾ ʬʦʨʤʘʮʽʾ ʩʢʣʘʜʘʻ 1,4ï21 ʤ. ɼʣʷ ʮʴʦʛʦ 
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ʢʦʤʧʣʝʢʩʫ ʧʦʨʽʜ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʨʦʩʘʜʢʠ, ʧʽʜʜʘʪʣʠʚʽʩʪʴ ʜʦ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ. 

ɺ ʜʦʣʠʥʘʭ ʨʽʯʦʢ ʧʦʰʠʨʝʥʽ ʚʝʨʭʥʴʦʯʝʪʚʝʨʪʠʥʥʽ ʘʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʧʝʨʰʠʭ 

ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ (a1PIII). ɼʦʤʽʥʫʶʯʝ ʟʥʘʯʝʥʥʷ ʚ ʨʦʟʨʽʟʽ ʘʣʶʚʽʶ ʧʝʨʰʠʭ ʪʝʨʘʩ 

ʚʽʜʽʛʨʘʶʪʴ ʜʨʽʙʥʦ- ʽ ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʽ ʢʚʘʨʮʦʚʽ ʧʽʩʢʠ. ʉʫʧʽʩʢʠ ʪʘ ʩʫʛʣʠʥʢʠ 

ʫʪʚʦʨʶʶʪʴ ʣʽʥʟʠ ʽ ʧʨʦʰʘʨʢʠ ʚ ʪʦʚʱʽ ʧʽʩʢʽʚ. ʇʦʪʫʞʥʽʩʪʴ ʢʦʤʧʣʝʢʩʫ ʚ ʜʦʣʠʥʘʭ 

ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʨʽʯʦʢ ʩʢʣʘʜʘʻ 5ï12 ʤ, ʘ ʚ ʜʦʣʠʥʘʭ ʚʝʣʠʢʠʭ ʨʽʯʦʢ 10ï20 ʤ.  

ʉʫʯʘʩʥʽ ʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ(QIV) ʩʬʦʨʤʦʚʘʥʽ ʢʦʤʧʣʝʢʩʦʤ ʘʣʶʚʽʘʣʴʥʠʭ (aH), 

ʦʟʝʨʥʦ-ʙʦʣʦʪʥʠx (lbH) ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʢʣʘʜʽʚ (tH). 

ʉʫʯʘʩʥʽ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʽ ʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ (lbH) ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʟʘʧʣʘʚ ʨʽʯʦʢ 

ʪʘ ʦʢʨʝʤʠʭ ʧʦʥʠʞʝʥʴ, ʨʦʟʚʠʥʝʥʽ ʥʘ ʧʝʨʰʠʭ ʪʘ ʜʨʫʛʠʭ ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩʘʭ ʨʽʯʦʢ. 

ʇʦʪʫʞʥʽʩʪʴ ʮʠʭ ʚʽʜʢʣʘʜʽʚ ʥʝʚʝʣʠʢʘ ʚʽʜ 0,5 ʤ ʜʦ 3,0 ʤ, ʽʥʦʜʽ ʜʦʩʷʛʘʻ 6,0-7,0 ʤ. 

ʃʽʪʦʣʦʛʽʯʥʦ ʮʽ ʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʦʨʬʦʤ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ 

ʨʦʟʢʣʘʜʘʥʥʷ, ʟʘʪʦʨʬʦʚʘʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ, ʩʫʧʽʩʢʘʤʠ ʽ ʧʽʩʢʘʤʠ, ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʪʘʢʦʞ ʩʫʛʣʠʥʢʠ, ʩʫʧʽʩʢʠ ʽ ʧʽʩʢʠ (ʉʘʤʦʡʣʝʥʢʦ, 2003). ʟ ʨʦʩʣʠʥʥʠʤʠ ʟʘʣʠʰʢʘʤʠ.  

ʌʦʨʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʩʫʯʘʩʥʠʭ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʟʘʧʣʘʚ ʨʽʯʦʢ (aʅ). 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ ʫʩʽʭ ʨʽʯʦʢ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʧʦ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʠʣʫʚʘʪʠʤʠ, ʜʨʽʙʥʦ- , ʩʝʨʝʜʥʴʦ- , ʽ ʨʽʜʰʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ, 

ʟ ʣʽʥʟʘʤʠ ʽ ʧʨʦʰʘʨʢʘʤʠ ʩʫʧʽʩʢʽʚ ʽ ʩʫʛʣʠʥʢʽʚ. ɺ ʩʚʦʾʡ ʦʩʥʦʚʽ ʧʽʩʢʠ ʯʘʩʪʦ ʤʽʩʪʷʪʴ 

ʛʨʘʚʽʡ ʽ ʛʘʣʴʢʫ. ʇʦʪʫʞʥʽʩʪʴ ʚʢʘʟʘʥʠʭ ʫʪʚʦʨʝʥʴ ʚ ʜʦʣʠʥʘʭ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʨʽʯʦʢ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1ï2 ʤ ʜʦ 10ï15 ʤ, ʘ ʚ ʜʦʣʠʥʘʭ ʚʝʣʠʢʠʭ ʨʽʯʦʢ ʩʢʣʘʜʘʻ 10-25 ʤ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʟʘʧʣʘʚʥʠʡ ʪʘ ʨʫʩʣʦʚʠʡ ʘʣʶʚʽʡ (ʉʘʤʦʡʣʝʥʢʦ, 2003). ʈʫʩʣʦʚʠʡ ʘʣʶʚʽʡ 

ʚʽʜʢʣʘʜʘʚʩʷ ʦʩʥʦʚʥʠʤ ʧʦʪʦʢʦʤ ʨʽʯʦʢ ʧʨʠ ʤʝʞʝʥʥʠʭ ʨʽʚʥʷʭ ʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʧʽʱʘʥʠʤʠ ˇʨʫʥʪʘʤʠ. ɿʘʧʣʘʚʥʠʡ ʘʣʶʚʽʡ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʟ ʪʦʛʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʙʽʯʥʘ 

ʝʨʦʟʽʷ ʧʝʨʝʚʘʞʘʣʘ ʥʘʜ ʜʦʥʥʦʶ. ʊʘʢʽ ʫʤʦʚʠ ʩʧʨʠʷʣʠ ʥʘʢʦʧʠʯʝʥʥʶ ʟʚ'ʷʟʥʠʭ ˇʨʫʥʪʽʚ. 

ʂʦʤʧʣʝʢʩ ʪʝʭʥʦʛʝʥʥʠʭ ˇʨʫʥʪʽʚ (tH) ʫʪʚʦʨʠʚʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ɿʥʘʯʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ ˇʨʫʥʪʽʚ ʚ ʤʝʞʘʭ ʩʭʠʣʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʘʙʦ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ. ʊʦʚʱʠʥʘ ʥʘʩʠʧʥʠʭ ˇʨʫʥʪʽʚ ʚ ʤʝʞʘʭ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʩʷʛʘʻ ʚʽʜ ʦʜʥʦʛʦ ʤʝʪʨʘ ʜʦ 18,5 ʤ (ʉʪʘʨʦʩʪʝʥʢʦ, 2001).  
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ɿʘ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʥʘʩʠʧʥʽ ʪʝʭʥʦʛʝʥʥʽ ˇʨʫʥʪʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʣʘʙʢʠʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʠʤ 

ʫʱʽʣʴʥʝʥʥʷʤ ʧʽʜ ʚʘʛʦʶ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ, ʯʦʛʦ ʥʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʥʘʤʠʚʥʽ 

ˇʨʫʥʪʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ʪʘ ʦʜʥʦʨʽʜʥʽʩʪʶ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ 

ʩʢʣʘʜʫ. 

2.3 ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʟʩʫʚʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ɼʦʩʣʽʜʞʫʚʘʥʘ ʪʝʨʠʪʦʨʽʷ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʘʨʪʝʟʽʘʥʩʴʢʦʛʦ 

ʙʘʩʝʡʥʫ, ʨ. ɼʥʽʧʨʦ ʟ ʥʝʛʣʠʙʦʢʠʤ ʟʘʣʷʛʘʥʥʷʤ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʜʦʢʝʤʙʨʽʶ ʚ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʪʘ ʧʦʪʫʞʥʦʶ ʪʦʚʱʝʶ ʦʩʘʜʦʚʠʭ ʫʪʚʦʨʝʥʴ ʢʘʡʥʦʟʦʶ ʡ 

ʤʝʟʦʟʦʶ (ɺʦʜʥʘ ʽʥʽʮʽʘʪʠʚʘ, 2018; ʄʘʪʚʻʻʚ, 2014). ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʛʝʦʣʦʛʽʯʥʦʶ 

ʙʫʜʦʚʦʶ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʚ ʨʘʡʦʥʽ ʨʦʙʽʪ ʚʠʜʽʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ: 

- ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʚʝʨʭʥʴʦʧʣʝʡʩʪʦʮʝʥʦʚʠʭ ʣʝʩʦʚʠʜʥʠʭ ʩʫʛʣʠʥʢʘʭ (vd 

ʈIII) ï ñʚʝʨʭʦʚʦʜʢʘò; 

- ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʟʩʫʚʥʠʭ ˇʨʫʥʪʘʭ ʛʦʣʦʮʝʥʫ (dpʅ); 

- ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʛʦʣʦʮʝʥʦʚʠʭ ʘʣʶʚʽʘʣʴʥʠʭ ʽ ʘʣʶʚʽʘʣʴʥʦ-

ʜʝʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʟʘʧʣʘʚ ʨʽʯʦʢ ʽ ʜʥʠʱ ʙʘʣʦʢ (a, ad ʅ); 

- ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʚʝʨʭʥʴʦʧʣʝʡʩʪʦʮʝʥʦʚʠʭ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ɯ-ɯɯ 

ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ (a1-2 ʈIII); 

- ʧʝʨʰʠʡ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ï ʧʝʨʰʠʡ ʧʽʜʛʦʨʠʟʦʥʪ ʫ 

ʩʝʨʝʜʥʴʦʧʣʝʡʩʪʦʮʝʥʦʚʠʭ ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʠʭ, ʦʟʝʨʥʦʣʴʦʜʦʚʠʢʦʚʠʭ ʧʽʱʘʥʠʭ 

ʚʽʜʢʣʘʜʘʭ (f1l,q PII); 

- ʜʨʫʛʠʡ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ï ʜʨʫʛʠʡ ʧʽʜʛʦʨʠʟʦʥʪ ʚ 

ʥʠʞʥʴʦʧʣʝʡʩʪʦʮʝʥʦʚʠʭ ʩʫʛʣʠʥʠʩʪʦ-ʩʫʧʽʱʘʥʠʭ ʦʟʝʨʥʠʭ ʚʽʜʢʣʘʜʘʭ (lʈ1); 

- ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʚʽʜʢʣʘʜʘʭ ʤʝʞʠʛʽʨʩʴʢʦʾ, ʙʝʨʝʢʩʴʢʦʾ ʪʘ 

ʥʦʚʦʧʝʪʨʽʚʩʴʢʽʡ ʩʚʽʪ ʘʙʦ ʦʣʽʛʦʮʝʥ-ʤʽʦʮʝʥʫ ( ʇ3 mz + br +N1np); 

- ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʚʽʜʢʣʘʜʘʭ ʙʫʯʘʮʴʢʦʾ ʪʘ ʢʘʥʽʚʩʴʢʦʾ ʩʝʨʽʡ ʝʦʮʝʥʫ 

(ʇ2bc+kn). 
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ɿʚʦʣʦʞʝʥʽʩʪʴ ʪʘ ʧʝʨʝʥʘʩʠʯʝʥʥʷ ʩʭʠʣʽʚ ʚʦʜʦʶ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ 

ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ. ʇʝʨʝʟʚʦʣʦʞʝʥʽʩʪʴ ˇʨʫʥʪʦʚʠʭ ʤʘʩ ʩʧʨʠʯʠʥʷʶʪʴ: ʧʦʥʘʜʥʦʨʤʦʚʘ 

ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʰʚʠʜʢʝ ʪʘʥʝʥʥʷ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʽʚ ˇʨʫʥʪʦʚʠʭ 

ʚʦʜ, ʧʽʜʥʷʪʪʷ ʚʦʜʠ ʚʟʜʦʚʞ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ ʚʦʜʦʩʭʦʚʠʱʘ, ʚʝʩʥʷʥʘ ʧʦʚʽʥʴ ʪʘ ʧʘʚʦʜʦʢ. 

ɿʛʽʜʥʦ ʟ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʶ ʢʘʨʪʦʶ ʋʢʨʘʾʥʠ ʪʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 2.7) 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʘʣʶʚʽʘʣʴʥʠʭ ʽ ʦʟʝʨʥʦ-ʘʣʶʚʽʘʣʴʥʠʭ ʘʥʪʨʦʧʦʛʝʥʦʚʠʭ ʚʽʜʢʣʘʜʘʭ 

ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ ʪʘ ʟʘʧʣʘʚ. ʏʘʩʪʢʦʚʦ ʫ ʘʣʶʚʽʘʣʴʥʠʭ ʪʘ ʦʟʝʨʥʦ-ʘʣʶʚʽʘʣʴʥʠʭ 

ʘʥʪʨʦʧʦʛʝʥʦʚʠʭ ʚʽʜʢʣʘʜʘʭ ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ ʽ ʟʘʧʣʘʚ ʨʽʯʦʢ, ʩʝʨʝʜʥʴʦ-

ʘʥʪʨʦʧʦʛʝʥʦʚʠʭ ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ, ʛʦʨʠʟʦʥʪ ʧʽʩʢʽʚ ʟ ʧʨʦʰʘʨʢʘʤʠ 

ʩʫʧʽʩʢʽʚ, ʩʫʛʣʠʥʢʽʚ ʽ ʛʣʠʥ, ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʟ ʛʘʣʴʢʦʶ ʪʘ ʛʨʘʚʽʻʤ (ʊʝʨʝʤʝʥʢʦ, 2005, 

ʄʠʯʘʢ ʪʘ ʽʥ. 2010, Shestopalov and Bublyas, 2016). ʊʘʢʦʞ ʯʘʩʪʠʥʫ ʧʣʦʱʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʡʤʘʶʪʴ ʚʽʜʢʣʘʜʝʥʥʷ ʪʨʽʘʩʫ ʽ ʶʨʠ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʤʠ ʧʦʨʦʜʘʤʠ 

ʻ ʚʘʧʥʷʢʠ, ʧʽʩʢʦʚʠʢʠ, ʢʦʥʛʣʦʤʝʨʘʪʠ, ʧʽʩʢʠ, ʘʨʛʽʣʽʪʠ, ʜʦʣʦʤʽʪ.  

 

ʈʠʩ. 2.7. ʌʨʘʛʤʝʥʪ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʋʢʨʘʾʥʠ. ʇʝʨʰʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʽ 

ʛʦʨʠʟʦʥʪʠ ʪʘ ʢʦʤʧʣʝʢʩʠ (ʇʦʨʪʘʣ çʇʨʠʨʦʜʘ ʋʢʨʘʾʥʠè) 

ɿʘʣʷʛʘʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʧʝʨʝʚʘʞʥʦ ʧʽʱʘʥʠʭ ʽ ʣʝʩʦʚʠʜʥʠʭ ʧʦʨʽʜ, ʱʦ ʣʝʛʢʦ 

ʨʦʟʤʠʚʘʶʪʴʩʷ, ʣʽʪʦʣʦʛʽʯʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʦʚʱʽ ʟʫʤʦʚʠʣʠ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʧʣʦʱʠʥʥʝ ʟʤʠʚʘʥʥʷ, ʟʩʫʚʥʫ ʧʝʨʝʨʦʙʢʫ 

ʧʨʘʚʦʙʝʨʝʞʞʷ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʧʨʦʘʣʶʚʽʘʣʴʥʝ ʚʠʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʛʨʷʟʴʦʚʠʤʠ 

ʧʦʪʦʢʘʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ. 
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2.4 ˆʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ɺʨʘʭʦʚʫʶʯʠ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʝ ʨʘʡʦʥʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʪʝʨʠʪʦʨʽʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ. ʇʦʚʝʨʭʥʝʚʽ ˇʨʫʥʪʠ ʪʘ 

ʨʦʩʣʠʥʥʽʩʪʴ ʟʙʝʨʝʛʣʠʩʷ ʫ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʜʽʣʷʥʢʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʦʙʣʘʩʪʽ, ʷʢʽ 

ʟʘʣʠʰʠʣʠʩʷ ʥʝ ʟʘʙʫʜʦʚʘʥʠʤʠ ʪʘ ʚʙʝʨʝʛʣʠʩʷ ʚʽʜ ʚʧʣʠʚʫ ʛʽʜʨʦʥʘʤʠʚʫ ʧʽʩʢʫ. ɺ ʟʘʧʣʘʚʽ 

ʨʽʯʢʠ ɼʥʽʧʨʦ, ʜʝ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʜʝʨʥʦʚʽ ʪʘ ʣʫʛʦʚʽ ˇʨʫʥʪʠ ʥʘ ʘʣʶʚʽʘʣʴʥʠʭ ʪʘ ʛʣʝʶʚʘʪʠʭ ʧʽʱʘʥʠʭ ʚʽʜʢʣʘʜʘʭ (ʨʠʩ 2.8). 

 

ʈʠʩ. 2.8. ʌʨʘʛʤʝʥʪ ʢʘʨʪʠ ˇʨʫʥʪʽʚ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ (ʇʦʨʪʘʣ çʇʨʠʨʦʜʘ 

ʋʢʨʘʾʥʠè) 

ɼʣʷ ʪʝʨʠʪʦʨʽʾ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʯʦʨʥʦʟʝʤʥʽ ˇʨʫʥʪʠ ʥʘ 

ʣʝʩʦʚʠʭ ʧʦʨʦʜʘʭ, ʟ ʾʭ ʧʽʜʪʠʧʘʤʠ. ʎʝʡ ʪʠʧ ˇʨʫʥʪʫ ʨʦʟʚʠʥʫʚʩʷ ʧʽʜ ʧʦʢʨʠʚʦʤ ʣʫʯʥʦʾ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʧʽʜʪʠʧʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʪʦʚʱʠʥʦʶ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʫ 

ʪʘ ʚʤʽʩʪʦʤ ʛʫʤʫʩʫ. ɺ ʣʫʯʥʠʭ ˇʨʫʥʪʘʭ ʛʣʠʙʠʥʘ ʛʫʤʫʩʦʚʦʛʦ ʰʘʨʫ ʧʝʨʝʚʠʱʫʻ 50 ʩʤ, ʘ 

ʚʤʽʩʪ ʛʫʤʫʩʫ ʩʪʘʥʦʚʠʪʴ 3-6%. ʇʦʨʽʚʥʷʥʦ ʟ ʮʠʤ, ʚ ʜʝʨʥʦʚʠʭ ˇʨʫʥʪʘʭ ʛʣʠʙʠʥʘ 

ʛʫʤʫʩʦʚʦʛʦ ʰʘʨʫ ʤʝʥʰʝ 50 ʩʤ, ʘ ʚʤʽʩʪ ʛʫʤʫʩʫ ʩʪʘʥʦʚʠʪʴ 1-3%.  
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ʋ ʨʘʟʽ ʥʘʜʤʽʨʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʪʘʢʽ ˇʨʫʥʪʠ ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʩʪʨʫʢʪʫʨʥʫ 

ʩʪʽʡʢʽʩʪʴ, ʱʦ ʤʦʞʝ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ. ɻʣʠʥʠʩʪʽ ˇʨʫʥʪʠ ʤʘʶʪʴ ʙʽʣʴʰʫ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʩʫʚʽʚ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʚôʷʟʢʦʩʪʽ. ʆʜʥʘʢ ʽʥʪʝʥʩʠʚʥʽ ʜʦʱʽ ʘʙʦ ʪʘʣʦʚʠʡ 

ʚʦʜʥʠʡ ʧʦʪʽʢ ʤʦʞʝ ʟʥʠʟʠʪʠ ʩʪʽʡʢʽʩʪʴ ʥʘʚʽʪʴ ʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʽʚ ʯʝʨʝʟ ʚʠʤʠʚʘʥʥʷ 

ʯʘʩʪʠʥʦʢ ʪʘ ʧʦʩʣʘʙʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ (ʗʩʴ, 1984). 

ʊʘʢʦʞ ʚʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʻ ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʚʦʣʦʛʠ ʫ ˇʨʫʥʪʽ. 

ʆʨʛʘʥʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʚʧʣʠʚʘʻ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ, ʟʤʽʥʶʶʯʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʩʪʽʡʢʽʩʪʴ. ʅʘʜʤʽʨʥʘ ʟʚʦʣʦʞʝʥʽʩʪʴ ʻ ʢʨʠʪʠʯʥʦʶ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʩʠʯʝʥʽ ʚʦʜʦʶ ˇʨʫʥʪʠ 

ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʤʽʮʥʽʩʪʴ, ʱʦ ʤʦʞʝ ʩʧʨʠʷʪʠ ʨʫʭʫ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʚʧʣʠʚʦʤ ʛʨʘʚʽʪʘʮʽʾ. 

2.5 ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʥʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʽʚ ʪʘ ʟʩʫʚʥʽ 

ʧʨʦʮʝʩʠ 

ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʧʦʤʽʨʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʽʡ ʢʣʽʤʘʪʠʯʥʽʡ 

ʟʦʥʽ, ʜʝ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʚʽʜʽʛʨʘʶʪʴ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʛʨʘʚʽʪʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʏʠʤ ʤʝʥʰ ʩʪʘʙʽʣʴʥʠʡ ʩʭʠʣ, ʪʠʤ ʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʤ ʻ ʨʦʟʚʠʪʦʢ ʟʩʫʚʫ. 

ɺʦʜʥʦʯʘʩ ʥʘ ʪʝʨʠʪʦʨʽʾ ʷʢʘ ʻ ʛʝʦʣʦʛʽʯʥʦ ʩʪʽʡʢʦʶ, ʚʥʘʩʣʽʜʦʢ, ʧʦʩʪʫʧʦʚʦʛʦ ʚʧʣʠʚʫ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʥʘʧʨʠʢʣʘʜ ʧʦʚʽʣʴʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʘʙʦ 

ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʟʩʫʚʽʚ.  

ʂʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʟʦʢʨʝʤʘ ʢʽʣʴʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ˇʨʫʥʪʫ ʪʘ ʧʦʪʝʥʮʽʡʥʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ. 

ɼʦʚʛʦʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʨʝʥʘʩʠʯʝʥʥʷ ʩʭʠʣʽʚ 

ʚʦʣʦʛʦʶ ʟʙʽʣʴʰʫʶʯʠ ʚʘʛʫ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʟʥʠʞʫʶʯʠ ʡʦʛʦ ʤʽʮʥʽʩʪʴ. 

ʅʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʚʨʘʟʣʠʚʦʩʪʽ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʟʘ ʫʤʦʚʠ ʨʽʟʥʠʮʽ ʚʦʣʦʛʦʩʪʽ ʤʽʞ ʚʝʨʭʥʽʤ ʪʘ 

ʛʣʠʙʦʢʠʤ ʰʘʨʦʤ ˇʨʫʥʪʫ. 

ʈʦʟʨʘʭʫʥʢʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʚʠʢʦʥʘʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʘʨʥʠʭ 

ʜʘʥʠʭ Sentinel-1 ʚʠʢʣʶʯʥʦ ʟʘ ʧʝʨʽʦʜ ʙʝʨʝʟʝʥʴ-ʢʚʽʪʝʥʴ 2015-2023 ʨʦʢʽʚ, ʯʝʨʝʟ 

ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʦʧʘʜʽʚ ʚ ʜʘʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ.  

ɯʥʪʝʥʩʠʚʥʽ ʦʧʘʜʠ ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʠʢʣʠʢʘʪʠ ʝʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʟʤʠʚʘʶʪʴ 

ʚʝʨʭʥʽʡ ʰʘʨ ˇʨʫʥʪʫ ʪʘ ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʩʫʚʽʚ. ɺʝʣʠʢʘ 
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ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʩʪʽʢʘʻ ʩʭʠʣʘʤʠ, ʤʦʞʝ ʧʽʜʤʠʚʘʪʠ ˇʨʫʥʪ ʪʘ ʩʪʚʦʨʶʚʘʪʠ 

ʧʦʨʦʞʥʠʥʠ, ʱʦ ʪʘʢʦʞ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʟʩʫʚʽʚ. ɿʠʤʦʚʽ ʪʘ ʚʝʩʥʷʥʽ ʪʘʥʝʥʥʷ ʩʥʽʛʫ, 

ʚʝʩʥʷʥʽ ʪʘ ʣʽʪʥʽ ʜʦʱʽ ʻ ʯʠʥʥʠʢʦʤ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ, ʦʩʦʙʣʠʚʦ ʥʘ ʙʝʨʝʛʘʭ 

ʚʦʜʦʩʭʦʚʠʱ.  

ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʦʪʨʠʤʘʥʦ ʟ ʙʽʙʣʽʦʪʝʢʠ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ 

ECMWF (European Centre for Medium-Range Weather Forecasts), ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ GEE (Google Earth Engine) (ʨʠʩ. 2.9).  

 

ʈʠʩ. 2.9 ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʦʧʘʜʽʚ ʟʘ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ (ʙʝʨʝʟʝʥʴ-ʢʚʽʪʝʥʴ) ʧʦ ʨʦʢʘʭ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʘʥʠʤʠ ECMWF 

ɼʣ̫ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʱʦʜʝʥʥʽ ʜʘʥʽ ʟ 3 ʙʝʨʝʟʥʷ ʧʦ 31 ʢʚʽʪʥʷ, ʟʘ 2015 ï 2023 

ʨʦʢʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘʡʘʢʪʠʚʥʽʰʽ ʧʝʨʽʦʜʠ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʮʝ ʦʩʽʥʥʽʡ ʪʘ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜʠ. ʆʧʘʜʠ ʚʠʤʽʨʶʚʘʣʠʩʷ ʚ 

ʤʤ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ  ʦʙʯʠʩʣʝʥʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʜʚʘʥʘʜʮʷʪʠʜʝʥʥʦʛʦ ʧʨʦʤʽʞʢʫ, ʦʩʢʽʣʴʢʠ ʦʮʽʥʢʘ ʚʠʧʘʜʽʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, ʧʦʚʠʥʥʘ 
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ʙʫʣʘ ʢʦʨʝʣʶʚʘʪʠ ʟ ʛʨʘʬʽʢʦʤ ʧʨʦʣʴʦʪʫ ʩʫʧʫʪʥʠʢʘ Sentinel-1, ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʘ Sentinel-1 ʜʦʧʦʤʘʛʘʻ ʟ ʧʝʚʥʦʶ 

ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʚʽʜʩʪʝʞʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʦʧʘʜʽʚ ʥʘ ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. ʇʦʢʘʟʥʠʢ 

ʧʦʚʝʨʭʥʝʚʦʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ (SSM), ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʘʥʠʤʠ Sentinel-1, 

ʚʽʜʦʙʨʘʞʘʻ ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʚʦʜʠ ʫ ʚʝʨʭʥʽʭ ʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʘʭ ˇʨʫʥʪʫ, 

ʜʝʤʦʥʩʪʨʫʶʯʠ ʥʘʩʢʽʣʴʢʠ ʚʦʣʦʛʠʤ ʯʠ ʩʫʭʠʤ ʻ ˇʨʫʥʪ ʫ ʥʘʡʚʠʱʦʤʫ ʰʘʨʽ ʪʘ 

ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʚʽʜʩʦʪʢʘʭ ʥʘʩʠʯʝʥʦʩʪʽ (Hornacek et al., 2012, Vreugdenhil et al., 2020). 

ɺʠʤʽʨʶʚʘʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʟʫʤʽʪʠ ʣʦʢʘʣʴʥʽ ʚʧʣʠʚʠ ʦʧʘʜʽʚ ʥʘ ʩʪʘʥ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

(Entekhabi et al., 2010; Mondal and McDermid, 2021). 

ʂʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʪʘ ʘʢʪʠʚʽʟʘʮʽʶ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʘʥʦʤʘʣʴʥʠʭ ʦʙʩʷʛʘʭ ʚʠʧʘʜʽʥʥʷ ʥʘʜʤʽʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʫ ʟʘʪʷʞʥʠʡ 

ʧʝʨʽʦʜ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʪʘ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʛʣʠʥʠʩʪʠʭ ʜʝʬʦʨʤʫʶʯʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʘ ʫ ʤʽʩʮʷʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʧʦʪʫʞʥʦʾ ʪʦʚʱʽ ʣʝʩʦʚʠʭ ʧʦʨʽʜ ï ʜʦ ʾʭ ʧʨʦʩʽʜʘʥʥʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʛʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʩʘʜʦʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʢʣʘʜʽʚ ʣʝʩʦʚʦʾ ʬʦʨʤʘʮʽʾ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

1. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʛʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʟʩʫʚʥʽ ʧʨʦʮʝʩʠ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʛʣʠʙʠʥʥʠʭ ʨʦʟʣʦʤʽ ʪʘ ʾʭ ʘʢʪʠʚʘʮʽʾ ʥʘ ʥʦʚʽʪʥʴʦʤʫ ʝʪʘʧʽ ʥʘ ʨʦʟʚʠʪʦʢ 

ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʮʴʦʤʫ ʨʝʛʽʦʥʽ.  

2. ɼʦ ʣʦʢʘʣʴʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʨʝʛʽʦʥʘʣʴʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʽ ʟʘʣʷʛʘʥʥʷ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʰʘʨʽʚ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʝʛ̔ʦʥʫ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʝʨʝʰʘʨʫʚʘʥʥʷ ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʩʪʝʡ, ʘ 

ʩʘʤʝ, ʧʽʩʢʽʚ, ʩʫʛʣʠʥʢʽʚ, ʛʣʠʥ ʽ ʤʝʨʛʝʣʽʚ, ʪʦʙʪʦ ʚʦʜʦʪʨʠʚʢʠʭ ʽ ʚʦʜʦʧʨʦʥʠʢʥʠʭ ʪʦʚʱ 

ʨʽʟʥʦʛʦ ʚʽʢʫ. 

3. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʘʙʦ ʘʢʪʠʚʽʟʘʮʽʶ ʟʩʫʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ: ʘʤʧʣʽʪʫʜʘ ʘʙʩʦʣʶʪʥʠʭ 

ʚʠʩʦʪ ʜʦ 80-100 ʤ, ʟʥʘʯʥʘ ʢʨʫʪʠʟʥʘ ʩʭʠʣʽʚ ʙʘʣʦʢ ʽ ʙʝʨʝʛʽʚ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ, ʱʦ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʩʧʝʮʠʬʽʯʥʠʤ ʣʽʪʦʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʩʪʚʦʨʶʻ 

ʩʧʨʠʷʪʣʠʚʽ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ. 

4. ʊʨʠʛʝʨʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʘʜʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʫ ʚʝʩʥʷʥʠʡ 

ʧʝʨʽʦʜ (ʙʝʨʝʟʝʥʴ-ʢʚʽʪʝʥʴ) ʟʘ ʨʦʢʠ, ʟʘ ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. 
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ʄɽʊʆɼʀʂɸ ɼʀʉʊɸʅʎɯʁʅʆɻʆ ɻɽʆɽʂʆʃʆɻɯʏʅʆɻʆ ʄʆʅɯʊʆʈʀʅɻʋ 

ɿʉʋɺʅʀʍ ʇʈʆʎɽʉɯɺ ʇʈɸɺʆɹɽʈɽɾɾʗ ʂɸʅɯɺʉʔʂʆɻʆ 

ɺʆɼʆʉʍʆɺʀʑɸ  

ʄʝʪʦʜʠʢʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʠʭ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʛʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ 

ʧʨʦ ʜʽʣʷʥʢʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʝʛʫʣʷʨʥʝ ʧʨʦʚʝʜʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʽ ʜʽʣʷʥʢʠ, ʚʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʥʝʙʝʟʧʝʢʫ ʪʘ ʧʦʧʝʨʝʜʞʘʪʠ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ 

ʝʢʦʩʠʩʪʝʤ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʨʘʜʘʨʥʫ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʶ, 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ, ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʪʘ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ ʟʘ 

ʩʧʝʢʪʨʘʤʠ ʚʽʜʙʠʪʪʷ ʚ ʦʧʪʠʯʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʢʘʨʪʫ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʣʽʪʦʣʦʛʽʯʥʽ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʽ 

ʬʘʢʪʦʨʠ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʽʡʢʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʜʦ ʨʦʟʚʠʪʢʫ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʦʙʯʠʩʣʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʦʙʫʜʦʚʘ 

ʢʘʨʪʦ-ʩʭʝʤʠ ʾʭ ʨʦʟʧʦʜʽʣʫ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʣʛʦʨʠʪʤʠ ʥʘʜʘʶʪʴ 

ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʧʝʨʘʮʽʾ ʦʪʨʠʤʘʥʥʷ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ 

ʟʩʫʚʽʚ ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴ ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ. 

3.1 ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ 

ʤʝʪʦʜʦʤ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ 

ʄʝʪʦʜ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʩʠʥʪʝʪʠʯʥʦʶ ʘʧʝʨʪʫʨʦʶ 

(DinSAR) ʻ ʩʧʦʩʦʙʦʤ ʘʢʪʠʚʥʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʷʚʠʱʘ ʜʝʬʦʨʤʘʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʩʘʥʪʠʤʝʪʨʽʚ 

(Hansen, 2001, Stankevich et al., 2020).  



88 

 

ɿʦʢʨʝʤʘ, ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʘʚʪʦʨʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʟʥʠʮʷ ʬʘʟ ʤʽʞ ʜʚʦʤʘ 

SAR-ʟʦʙʨʘʞʝʥʥʷʤʠ ʥʘ ʦʩʥʦʚʽ ʟʛʝʥʝʨʦʚʘʥʦʾ ʟʘ ʜʘʥʠʤʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʥʽʤʢʽʚ 

ʩʫʧʫʪʥʠʢʘ Sentinel-1 ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ.  

ʊʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʧʦʚʝʨʭʥʽ ʘʙʦ 

ʮʽʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʫʤʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʧʦʢʘʟʥʠʢʠ, ʪʘ ʚʽʜ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, (Goldstein, 1995).  

ʅʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʤʠ ʻ ʧʘʨʘʤʝʪʨʠ ʙʘʟʦʚʦʾ ʣʽʥʽʾ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʢʦʥʬʽʛʫʨʘʮʽʶ 

ʩʫʧʫʪʥʠʢʘ, ʦʩʢʽʣʴʢʠ ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ ʬʘʟʦʚʦʛʦ ʮʝʥʪʨʫ (ʪʦʯʢʠ, ʜʝ ʬʘʟʘ ʚʽʜʙʠʪʦʛʦ 

ʩʠʛʥʘʣʫ ʦʙôʻʢʪʫ ʤʘʻ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ, ʥʘ ʜʚʦʭ ʨʽʟʥʠʭ ʟʥʽʤʢʘʭ) ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʩʪʚʦʨʝʥʫ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʫ ʬʘʟʫ (Wang, 2021). ʅʘ ʟʚʦʨʦʪʥʽʡ ʩʠʛʥʘʣ ʨʦʟʩʽʶʚʘʥʥʷ 

ʚʧʣʠʚʘʶʪʴ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʨʝʣʴʻʬʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ 

(Yelistratova et al., 2023), ʪʦʙʪʦ ʱʽʣʴʥʽʩʪʴ ʫʨʘʞʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʝʨʦʟʽʡʥʠʤʠ ʬʦʨʤʘʤʠ, 

ʪʠʧ ʨʦʩʣʠʥʥʦʩʪʽ (Apostolov et al., 2023), ʩʪʫʧʽʥʴ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʝʨʭʥʽ (Khodorovskyi 

et al., 2023), ʭʘʨʘʢʪʝʨ ʧʫʭʢʠʭ ʚʽʜʢʣʘʜʽʚ (Kril, Shekhunova, 2019). 

ɼʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ Sentinel Application Platform (SNAP) ʟ 

ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʥʘʜʘʥʝ ESA (https://step.esa.int/main/download/snap-

download/).  

ʈʘʜʽʦʣʦʢʘʮʽʡʥʽ ʟʥʽʤʢʠ ʩʫʧʫʪʥʠʢʘ Sentinel-1, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʜʦʩʣʽʜʞʝʥʥʽ, 

ʧʽʜʽʙʨʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʦʨʙʽʪʠ, ʥʘʧʨʷʤʢʫ ʟʥʽʤʘʥʥʷ ʩʫʧʫʪʥʠʢʘ, ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʟʥʘʯʝʥʴ ʙʘʟʦʚʦʾ ʣʽʥʽʾ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʯʘʩʦʚʦʾ ʜʝʢʦʨʝʣʷʮʽʾ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʾ ʬʘʟʠ ʯʘʩ ʤʽʞ ʦʪʨʠʤʘʥʥʷʤ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʢʦʩʤʽʯʥʦʛʦ 

ʟʥʽʤʢʫ ʻ ʥʘʡʢʦʨʦʪʰʠʤ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʧʦʣʦʞʝʥʥʷʤ ʩʫʧʫʪʥʠʢʘ ʥʘ ʤʦʤʝʥʪ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ 

ʩʪʘʥʦʚʠʪʠ ʚʽʜ 300 ʜʦ 500 ʤʝʪʨʽʚ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʚʠʢʦʨʠʩʪʘʥʦ 

ʨʘʜʘʨʥʽ ʧʨʦʜʫʢʪʠ Single Look Complex (SLC) ʟ ʯʘʩʦʚʦʶ ʨʽʟʥʠʮʝʶ 12 ʜʥʽʚ, ʫ 

ʥʠʟʭʽʜʥʽʡ ʛʝʦʤʝʪʨʽʾ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʥ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʘ 

ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʟ 2015 ʧʦ 2023 ʨʦʢʽʚ. 
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ʂʦʞʥʝ ʨʘʜʘʨʥʝ ʟʦʙʨʘʞʝʥʥʷ (SAR) ʤʽʩʪʠʪʴ ʜʚʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʬʘʟʫ 

ʪʘ ʘʤʧʣʽʪʫʜʫ. ʌʘʟʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʽʜʩʪʘʥʴ ʚʽʜ ʜʘʪʯʠʢʘ ʜʦ ʮʽʣʽ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʫʭʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʯʘʩʽ. ɸʤʧʣʽʪʫʜʘ 

ʧʦʚôʷʟʘʥʘ ʟ ʝʥʝʨʛʽʻʶ ʚʽʜʙʠʪʦʛʦ ʨʦʟʩʽʷʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʟʤʽʱʝʥʴ ˇʨʫʥʪʫ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʧʦʣʷʛʘʻ ʚ ʦʙʨʦʙʮʽ ʧʘʨʠ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʾʭ ʢʦʛʝʨʝʥʪʥʦʩʪʽ (Bejar-Pizarro et al., 

2017). ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʤʘʻ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ (Casagli et al., 2016). ʏʘʩʦʚʘ, ʛʝʦʤʝʪʨʠʯʥʘ ʜʝʢʦʨʝʣʷʮʽʷ ʪʘ 

ʚʧʣʠʚ ʘʪʤʦʩʬʝʨʥʠʭ ʟʙʫʨʝʥʴ ʟʤʝʥʰʫʶʪʴ ʷʢʽʩʪʴ ʧʨʦʩʪʦʨʦʚʦʾ ʪʘ ʯʘʩʦʚʦʾ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʟʜʽʡʩʥʶʶʯʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʽʚ 

(Hein 2004; Stankevich et al., 2017). 

ɸʣʛʦʨʠʪʤ 3.1. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ. 

ʂʨʦʢ 1. ɺʠʙʽʨ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʥʽʤʢʽʚ ʩʫʧʫʪʥʠʢʘ Sentinel-1, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ ʦʨʙʽʪʠ, ʥʘʧʨʷʤʢʫ ʟʥʽʤʘʥʥʷ ʩʫʧʫʪʥʠʢʘ, ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʟʥʘʯʝʥʴ ʙʘʟʦʚʠʭ ʣʽʥʽʡ. 

ʂʨʦʢ 2. ɺʠʢʦʥʘʥʥʷ ʢʦʨʝʢʮʽʾ ʟʥʽʤʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʨʙʽʪʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

(Gray et al., 2000), ʘ ʪʘʢʦʞ ʚʠʣʫʯʝʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʤʫʛʠ ʨʘʜʘʨʥʦʛʦ 

ʟʥʽʤʢʫ, ʱʦ ʤʽʩʪʠʪʴ ʦʙʣʘʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʂʨʦʢ 3. ɺʠʢʦʥʘʥʥʷ ʢʦʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʪʘ ʩʪʚʦʨʝʥʥʷ ʩʪʝʢʫ, ʚ ʷʢʦʤʫ 

ʢʦʞʝʥ ʧʽʢʩʝʣʴ ʤʘʻ ʦʜʥʘʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ. 

ʂʨʦʢ 4. ʇʽʜʚʠʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʨʘʜʘʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʢʦʨʝʢʪʥʦʾ ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ.  

ʂʨʦʢ 5. ʌʦʨʤʫʚʘʥʥʷ ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ (Bawar et al., 2005) h ʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʟʥʠʮʽ ʬʘʟ ʟʥʽʤʢʽʚ. ʌʘʟʘ, ʧʦʚôʷʟʘʥʘ ʟ ʪʦʧʦʛʨʘʬʽʻʶ ʧʦʚʝʨʭʥʽ, ʚʠʢʣʶʯʘʻʪʴʩʷ ʟ 

ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ ʟ ʚʠʦʢʨʝʤʣʝʥʦʶ ʪʦʧʦʛʨʘʬʽʯʥʦʶ 

ʬʘʟʦʶ. 

ʂʨʦʢ 6. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ TOPS Deburst ʪʘ ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʦʾ 

ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ. 

ʂʨʦʢ 7. ɺʠʜʘʣʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʬʘʟʠ. 
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ʂʨʦʢ 8. ɿʘʩʪʦʩʦʚʫʚʘʥʥʷ ʤʦʜʫʣʷ Multilooking (Ferretti, 2007), ʷʢʠʡ ʚʢʣʶʯʘʻ 

ʫʩʝʨʝʜʥʝʥʥʷ ʟʥʘʯʝʥʴ ʚ ʩʫʩʽʜʥʽʭ ʧʽʢʩʝʣʷʭ ʟʦʙʨʘʞʝʥʥʷ. ʄʦʜʫʣʴ Multilooking 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʝʣʠʢʠʭ ʧʣʦʱ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʯʘʩ 

ʨʦʟʛʦʨʪʢʠ ʬʘʟʠ ʪʘ ʽʥʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʟʘʬʽʢʩʫʚʘʪʠ ʜʝʪʘʣʽ ʟʩʫʚʽʚ ʥʘ 

ʥʝʚʝʣʠʢʽʡ ʧʣʦʱʽ, ʪʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʦʜʫʣʴ Multilooking ʥʝʜʦʮʽʣʴʥʦ. 

ʂʨʦʢ 9. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ɻʦʣʴʜʰʪʘʡʥʘ. ʎʝʡ ʢʨʦʢ 

ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ ʟʥʘʯʝʥʥʷ (Goldstein and Werner, 1998), ʟ 

ʚʠʜʘʣʝʥʠʤʠ ʧʦʤʠʣʢʦʚʠʤʠ ʩʧʘʣʘʭʘʤʠ, ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ. 

ʂʨʦʢ 10. ɽʢʩʧʦʨʪ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʾ ʬʘʟʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʠʤ 

ʤʦʜʫʣʝʤ SNAPHU. 

ʂʨʦʢ 11. ʈʦʟʛʦʨʪʢʘ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʾ ʬʘʟʠ (Chen and Zebker, 2002), 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʛʨʘʤʠ SNAP.  

ʂʨʦʢ 12. ɯʤʧʦʨʪ ʜʘʥʠʭ ʟ ʤʦʜʫʣʷ SNAPHU. 

ʂʨʦʢ 13. ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʬʘʟʦʚʦʾ ʨʽʟʥʠʮʽ (ʚ ʨʘʜʽʘʥʘʭ) ʫ 

ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ (ʚ ʤʝʪʨʠ). ʄʝʪʦʜʠʢʘ ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʘʥʠʭ ʨʦʟʛʦʨʥʫʪʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʾ ʬʘʟʠ ʾʭ 

ʧʝʨʝʚʝʜʝʥʥʷ ʽʟ ʨʘʜʽʘʥ ʚ ʤʝʪʨʠ.  

ʇʝʨʝʚʝʜʝʥʥʷ ʬʘʟʦʚʦʾ ʨʽʟʥʠʮʽ ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ (Peltzer, Rosen, 1995) ʜʦ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ (3.1) ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

Ὠ   ῳ•     (3.1) 

ʜʝ ɚ ï ʮʝ ʜʦʚʞʠʥʘ ʭʚʠʣʽ SAR Sentinel-1 ʚ ʜʽʘʧʘʟʦʥʽ C, ʘ æűd ʨʽʟʥʠʮʷ ʬʘʟ ʤʽʞ 

ʜʚʦʤʘ SLC ʟʦʙʨʘʞʝʥʥʷʤʠ ʙʝʟ ʨʦʟʛʦʨʪʢʠ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʟʘ ʬʦʨʤʫʣʦʶ (3.2): 

ῳᾀ
Ȣ ᶻ

ᶻ ᶻ  
    (3.2) 

ʜʝ Unw Phase ifg ï ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʨʦʟʛʦʨʥʫʪʦʾ ʬʘʟʠ, incident angle ï ʢʫʪ 

ʥʘʭʠʣʫ ʩʫʧʫʪʥʠʢʘ, 0.056 ï ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ Sentinel-1 ʚ ʤʝʪʨʘʭ, ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʢʦʥʘʥʥʷ ʦʧʫʙʣʽʢʦʚʘʥʦ (ʆʨʣʝʥʢʦ, 2023ʘ). 
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ʂʨʦʢ 14. ʄʘʩʢʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʥʠʟʴʢʦʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ. ʂʦʝʬʽʮʽʻʥʪ 0,3 ʻ 

ʤʽʥʽʤʘʣʴʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʽʜʧʦʚʽʜʘʻ ʨʦʩʣʠʥʥʠʤ ʪʘ 

ʚʦʜʥʠʤ ʦʙôʻʢʪʘʤ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ. ɿ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ 

ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ, 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʘʚʪʦʨʦʤ ʟʙʽʣʴʰʝʥʦ ʜʦ 0,5 ʪʘ ʚʽʜʢʠʥʫʪʝ ʟʥʘʯʝʥʥʷ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʤʝʥʰʝ 0,3 (ʆʨʣʝʥʢʦ, 2023ʙ). ʆʩʢʽʣʴʢʠ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʽʜʙʠʪʪʷ 

ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʟʥʽʤʢʫ, ʯʘʩʪʢʦʚʦ ʚʦʜʫ ʪʘ ʥʝʚʝʨʠʬʽʢʦʚʘʥʽ ʧʽʢʩʝʣʽ, ʜʦ ʪʦʛʦ ʞ ʪʝʩʪʦʚʘ 

ʜʽʣʷʥʢʘ ï ʮʝ ʜʦʩʠʪʴ ʟʘʣʽʩʥʝʥʠʡ ʙʝʨʝʛ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ.  

ʂʨʦʢ 15. ɺʠʙʽʨ ʜʽʣʷʥʦʢ, ʜʣʷ ʷʢʠʭ ʟʤʽʱʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʎʝ ʧʦʣʷ, ʱʦ 

ʥʝ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟ 2013 ʨʦʢʫ ʪʘ ʤʘʶʪʴ ʩʪʘʣʫ ʛʫʩʪʠʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʧʽʜ ʯʘʩ ʚʝʩʥʷʥʦʛʦ 

ʧʝʨʽʦʜʫ. ʇʨʦʚʝʜʝʥʥʷ ʧʦʚʪʦʨʥʦʾ ʢʦʨʝʢʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚʞʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʴ ʥʘ 

ʮʠʭ ʜʽʣʷʥʢʘʭ. ɺʽʜʩʪʘʥʽ ʥʘ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʩʧʦʪʚʦʨʶʶʪʴʩʷ ʯʝʨʝʟ 

ʪʦʧʦʛʨʘʬʽʯʥʽ ʚʘʨʽʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʪʘ ʥʘʭʠʣ ʦʩʽ ʦʛʣʷʜʫ ʜʘʪʯʠʢʘ ʩʫʧʫʪʥʠʢʘ. ʂʦʨʝʢʮʽʷ 

ʨʝʣʴʻʬʫ ʢʦʤʧʝʥʩʫʻ ʮʽ ʩʧʦʪʚʦʨʝʥʥʷ. ʆʪʨʠʤʘʥʝ ʛʝʦʤʝʪʨʠʯʥʦ ʩʢʦʨʝʛʦʚʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʝ ʜʦ ʨʝʘʣʴʥʦʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ.  

ʂʨʦʢ 16. ɻʝʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ ʨʝʟʫʣʴʪʘʪʫ.  

ʂʨʦʢ 17. ɺʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʴ ʚ ʢʦʞʥʽʡ ʜʦʩʣʽʜʥʽʡ ʪʦʯʮʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʦʨʪʫ ʜʘʥʠʭ ʫ ʚʝʢʪʦʨʥʦʤʫ ʬʦʨʤʘʪʽ ʜʦ ɻɯʉ. 

ʂʨʦʢ 18. ɽʢʩʧʦʨʪ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ. 

ʇʦʢʨʦʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʦʧʠʩʫʻʪʴʩʷ ʩʭʝʤʦʶ ʥʘ ʨʠʩ. 3.1. 
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ʈʠʩ. 3.1. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʆʨʣʝʥʢʦ, 2023ʘ) 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ ʨʘʜʘʨʥʠʭ 

ʜʘʥʠʭ ʫʩʽʻʾ ʟʦʥʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʬʦʨʤʘʮʽʡ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʘ ʩʘʤʝ ʟʥʘʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ 2015-2023 

ʨʦʢʠ. 

3.2 ɸʥʘʣʽʟ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ 

ʧʨʦʮʝʩʽʚ 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʪʘ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʟʩʫʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʻ ʪʝʢʪʦʥʽʯʥʠʡ ʬʘʢʪʦʨ, ʟʦʢʨʝʤʘ 

ʥʝʦʪʝʢʪʦʥʽʢʘ ʨʝʛʽʦʥʫ, ʣʽʪʦʣʦʛʽʷ ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ, ʪʦʧʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʝʢʟʦʛʝʥʥʠʭ ʝʨʦʟʽʡʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ ʪʘ ʧʝʨʝʧʘʜʫ ʘʙʩʦʣʶʪʥʠʭ 

ʚʠʩʦʪ, ʢʨʫʪʠʟʥʘ ʩʭʠʣʽʚ ʷʨʽʚ ʪʘ ʙʝʨʝʛʽʚ ʚʦʜʦʩʭʦʚʠʱʘ. 
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ɿʘ ʧʦʣʴʦʚʠʤʠ ʜʘʥʠʤʠ, ʚʠʩʚʽʪʣʝʥʠʤʠ ʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ 

(ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʱʦʨʽʯʥʠʢ, 2017, 2021) ʩʪʚʦʨʝʥʘ ʢʘʨʪʦ-ʩʭʝʤʘ ʫʨʘʞʝʥʦʩʪʽ 

ʪʝʨʠʪʦʨʽʾ ʟʩʫʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʻ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʩʪʦʨʠʯʥʠʭ, ʛʝʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʚʠʩʪʫʧʘʶʪʴ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʫʨʘʞʝʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ɽɻʇ, ʟʦʢʨʝʤʘ ʟʩʫʚʘʤʠ.  

ʅʘ ʛʝʦʤʝʪʨʠʯʥʦ ʧʨʠʚôʷʟʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ, ʚʠʜʽʣʝʥʦ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʚʠʢʦʥʘʥʦ ʢʦʤʧʦʥʫʚʘʥʥʷ ʪʘ ʦʙʨʽʟʢʫ ʨʘʩʪʨʦʚʠʭ ʜʘʥʠʭ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ 

ʩʪʚʦʨʶʻʪʴʩʷ ʪʝʤʘʪʠʯʥʠʡ ʰʘʨ ʧʨʦʝʢʪʫ ʟ ʚʠʥʝʩʝʥʥʷʤ ʟʩʫʚʥʦʙʝʟʧʝʯʥʠʭ ʜʽʣʷʥʦʢ. 

ɿʘʛʘʣʴʥʫ ʩʭʝʤʫ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʫʨʘʞʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʟʩʫʚʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.2. 

 

ʈʠʩ. 3.2 ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʫʨʘʞʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʟʩʫʚʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ 

ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʚʢʣʶʯʘʶʪʴ ʜʚʽ ʛʨʫʧʠ ʤʝʪʦʜʽʚ 

ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʪʘ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʤʝʪʨʠʯʥʽ. ɺ ʜʦʩʣʽʜʞʝʥʥʽ 

ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʘʚʪʦʨʦʤ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʨʫʢʪʫʨʥʦ-

ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʢʪʦʛʝʥʝʟʫ ʪʘ ʤʦʨʬʦʛʝʥʝʟʫ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʙʫʜʫʚʘʪʠ: ʢʘʨʪʦ-ʩʭʝʤʫ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ; ʢʘʨʪʦ-ʩʭʝʤʫ ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ ʪʘ 

ʢʘʨʪʦ-ʩʭʝʤʫ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʚʠʪʦʢ, ʘʢʪʠʚʽʟʘʮʽʶ ʽ ʟʘʪʫʭʘʥʥʷ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʣʽʪʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʦʩʘʜʦʚʦʾ ʪʦʚʱʽ ʜʦʯʝʪʚʝʨʪʠʥʥʦʛʦ, 

ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʚʽʢʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʯʘʩʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʎʽ ʜʘʥʽ 

ʦʪʨʠʤʘʥʽ ʟ ʢʘʨʪ ʤʘʩʰʪʘʙʫ 1:200 000 (ɼʝʨʞʛʝʦʢʘʨʪʘ, 1973, 2001, 2006), ʰʣʷʭʦʤ 

ʦʮʠʬʨʦʚʫʚʘʥʥʷ ʩʪʚʦʨʝʥʘ ʢʘʨʪʦ-ʩʭʝʤʘ ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʩʪʝʡ ʦʩʘʜʦʚʦʾ ʪʦʚʱʽ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʦ ʢʘʨʪʦ-ʩʭʝʤʫ 

ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʩʪʝʡ. 
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ɸʣʛʦʨʠʪʤ 3.2. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʩʪʝʡ. 

ʂʨʦʢ 1. ɿʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ, ʷʢʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʽʟʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʬʦʨʤʘʮʽʡ ʪʘ ʧʦʨʽʜ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ. 

ʂʨʦʢ 2. ɻʝʦʛʨʘʬʽʯʥʘ ʧʨʠʚôʷʟʢʘ ʟʦʙʨʘʞʝʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʝʦʜʝʟʠʯʥʽ 

ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʪʦʯʢʠ ʧʨʠʚôʷʟʢʠ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʝʦʛʨʘʬʽʯʥʘ ʧʨʠʚôʷʟʢʘ ʛʝʦʣʦʛʽʯʥʦʾ 

ʢʘʨʪʠ ʜʦ ʛʝʦʛʨʘʬʽʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʂʨʦʢ 3. ɺʠʜʽʣʝʥʥʷ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʢʦʤʧʦʥʫʚʘʥʥʷ ʪʘ ʦʙʨʽʟʢʘ ʨʘʩʪʨʦʚʠʭ 

ʜʘʥʠʭ ʟ ɼʝʨʞʘʚʥʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʋʢʨʘʾʥʠ.  

ʂʨʦʢ 4. ʆʮʠʬʨʦʚʫʚʘʥʥʷ ʢʦʥʪʫʨʽʚ ʟʘʣʷʛʘʥʥʷ ʧʦʨʽʜ ʥʘ ʦʙʨʘʥʽʡ ʜʽʣʷʥʮʽ, ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷ ʰʝʡʧ-ʬʘʡʣʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʰʘʨʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ.  

ʂʨʦʢ 5. ɻʨʫʧʫʚʘʥʥʷ ʚ ʦʜʠʥ ʢʣʘʩ ʢʦʥʢʨʝʪʥʦʛʦ ʰʘʨʫ ʛʝʦʣʦʛʽʯʥʠʭ ʧʦʨʽʜ 

(ʥʘʧʨʠʢʣʘʜ ʛʣʠʥʘ, ʧʽʩʦʢ) ʪʘ ʧʨʠʩʚʦʶʚʘʥʥʷ ʢʦʞʥʦʤʫ ʽʟ ʢʣʘʩʽʚ ʯʠʩʣʦʚʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ, ʚʨʘʭʦʚʫʶʯʠ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʜʦ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ ʪʘ 

ʧʨʠʩʚʦʻʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʣʴʦʨʽʚ. 

ʇʦʢʨʦʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʩʪʝʡ 

ʦʧʠʩʫʻʪʴʩʷ ʩʭʝʤʦʶ ʥʘ ʨʠʩ. 3.3. 

 

ʈʠʩ. 3.3. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʩʪʝʡ 

ɼʣʷ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ SRTM ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ QGIS. ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪʦ-ʩʭʝʤʠ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ ʟʘʩʪʦʩʦʚʘʥʦ 

ʤʦʜʫʣʴ ñSlopesò, ʷʢʠʡ ʻ ʫ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʷʭ ʧʨʦʛʨʘʤʠ.  

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ ʢʘʨʪʦ-ʩʭʝʤʠ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.4. ɿʥʘʯʝʥʥʷ ʢʨʫʪʠʟʥʠ ʨʦʟʜʽʣʝʥʦ ʥʘ 5 ʜʽʘʧʘʟʦʥʽʚ ʚʽʜ 

ʥʘʡʥʠʞʯʦʛʦ ʢʫʪʘ ʥʘʭʠʣʫ ʧʦʚʝʨʭʥʽ ʜʦ ʥʘʡʚʠʱʦʛʦ. 
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ʈʠʩ. 3.4. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ 

ʅʘʡʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ Shuttle Radar Topography Mission (SRTM), 

ʦʪʨʠʤʘʥʽ ʫ 2000 ʨʦʮʽ (https://www.usgs.gov/centers/eros/science/usgs-eros-archive-

digital-elevation-shuttle-radar-topography-mission-srtm). ɻʣʦʙʘʣʴʥʘ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ 

ʨʝʣʴʻʬʫ ʤʘʻ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 30 ʤʝʪʨʽʚ, ʦʭʦʧʣʶʶʯʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʩʚʽʪʫ 

ʟ ʘʙʩʦʣʶʪʥʦʶ ʪʦʯʥʽʩʪʶ ʚʝʨʪʠʢʘʣʴʥʦʾ ʚʠʩʦʪʠ ʤʝʥʰʝ 16 ʤʝʪʨʽʚ. ʄʦʜʝʣʽ ʨʝʣʴʻʬʫ ʥʘ 

ʦʩʥʦʚʽ SRTM ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʩʝʨʝʜʥʴʦʤʘʩʰʪʘʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (Farr et al., 2007).  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ 

ʨʝʣʴʻʬʫ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʜʘʥʠʤʠ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ 

ʨʦʟʫʱʽʣʴʥʝʥʥʷ, ʪʝʢʪʦʥʽʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, ʛʝʦʬʣʶʾʜʦʧʨʦʥʠʢʥʦʩʪʽ ʦʪʨʠʤʘʥʦ 

ʢʘʨʪʦ-ʩʭʝʤʫ ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ (Nag, 2005, Ni et al., 2016, Popov et al., 2021) 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ.  

ɸʣʛʦʨʠʪʤ 3.3. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ 

ʂʨʦʢ 1. ʇʽʜʛʦʪʦʚʢʘ ʛʝʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. 

ʂʨʦʢ 2. ɺʽʟʫʘʣʴʥʝ ʜʝʰʠʬʨʫʚʘʥʥʷ ʣʽʥʝʘʤʝʥʪʽʚ ʪʘ ʥʘʥʝʩʝʥʥʷ ʾʭ ʥʘ ʪʝʤʘʪʠʯʥʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʰʘʨ. 

ʂʨʦʢ 3. ʇʦʙʫʜʦʚʘ ʢʘʨʪʠ ʱʽʣʴʥʦʩʪʽ ʚʫʟʣʽʚ ʣʽʥʝʘʤʝʥʪʽʚ ʘʙʦ ñʪʝʢʪʦʥʽʯʥʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽò ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʽʜʨʘʭʫʥʢʫ ʚʫʟʣʽʚ ʧʝʨʝʪʠʥʫ ʣʽʥʝʘʤʝʥʪʽʚ ʫ 

ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʚʽʢʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (3.3), ʰʣʷʭʦʤ ʘʣʛʝʙʨʘʾʯʥʦʾ ʩʫʤʠ ʣʽʥʝʘʤʝʥʪʽʚ ʽʟ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ 1 ʢʚ ʢʤ.: 

Ὕ ὲ   ,      (3.3) 

ʜʝ Ts ï ʱʽʣʴʥʽʩʪʴ ʣʽʥʝʘʤʝʥʪʽʚ, c ï ʢʽʣʴʢʽʩʪʴ ʣʽʥʝʘʤʝʥʪʽʚ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ 

ʘʙʦ ʜʦʚʞʠʥʠ, s ï ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʣʽʥʝʘʤʝʥʪʘʤʠ, n ï ʢʽʣʴʢʽʩʪʴ ʣʽʥʝʘʤʝʥʪʽʚ ʥʘ 

ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ, l ï ʜʦʚʞʠʥʘ ʣʽʥʝʘʤʝʥʪʽʚ. 

https://www.usgs.gov/centers/eros/science/usgs-eros-archive-digital-elevation-shuttle-radar-topography-mission-srtm
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-digital-elevation-shuttle-radar-topography-mission-srtm
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ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ ʢʘʨʪʦ-ʩʭʝʤʠ ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

3.5. 

 

ʈʠʩ. 3.5. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ 

ʑʝ ʦʜʥʠʤ ʟ ʧʽʜʭʦʜʽʚ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʧʦʙʫʜʦʚʘ 

ʢʘʨʪʦ-ʩʭʝʤʠ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ (Ivanik et al., 2020), ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʽ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʪʘʣʴʚʝʛʠ ʜʦʣʠʥ ʪʘ ʦʙôʻʜʥʫʶʪʴ ʤʽʩʮʝʚʽ ʙʘʟʠʩʠ ʝʨʦʟʽʾ 

ʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫʟʘʛʘʣʴʥʝʥʫ ʩʭʝʤʫ ʧʦʚʟʜʦʚʞʥʽʭ ʧʨʦʬʽʣʽʚ ʷʨʽʚ ʪʘ ʨʽʯʦʢ, ʘʣʛʦʨʠʪʤ 

ʩʪʚʦʨʝʥʥʷ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.6. 

ʇʦʙʫʜʦʚʘ ʢʘʨʪʦ-ʩʭʝʤʠ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʆʨʣʝʥʢʦ, 2023ʙ) ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʝʛʽʦʥʫ ʚʠʢʦʥʫʚʘʣʘʩʷ ʥʘ ʦʩʥʦʚʽ ʢʘʨʪ ʧʦʨʷʜʢʽʚ ʜʦʣʠʥ ʪʨʝʪʴʦʛʦ ʪʘ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʚʦʜʦʪʦʢʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ArcGisPro, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʘʤʝ ʟʘ ʬʦʨʤʫʚʘʥʥʷ ʝʨʦʟʽʡʥʠʭ ʬʦʨʤ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ.  

ɸʣʛʦʨʠʪʤ 3.4. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʂʨʦʢ 1. ʇʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. 

ʂʨʦʢ 2. ɿʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʪʘ ʜʘʥʠʭ 

ɼɿɿ. 
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ʂʨʦʢ 3. ɺʠʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʽʚ ʜʦʣʠʥ ʪʘ ʧʦʨʷʜʢʽʚ ʚʦʜʦʜʽʣʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʛʽʜʨʦʛʨʘʬʽʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ "Strahler Order" ʘʙʦ "Horton Order" ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʨʷʜʢʫ ʚʦʜʦʪʦʢʽʚ. 

ʂʨʦʢ 4. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʜʦʣʠʥ 

3-ʛʦ ʧʦʨʷʜʢʫ ʚʦʜʦʪʦʢʽʚ.  

ʅʘ ʨʠʩ. 3.6. ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʙʘʟʠʩʥʠʭ 

ʧʦʚʝʨʭʦʥʴ. 

 

ʈʠʩ. 3.6. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ɼʦʣʠʥʠ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʝ ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦ ʘʥʘʣʽʟʫ ʯʝʨʝʟ ʾʭʥʶ 

ʥʝʚʝʣʠʢʫ ʜʦʚʞʠʥʫ ʽ ʨʦʟʚʠʪʦʢ ʧʝʨʝʚʘʞʥʦ ʫ ʧʫʭʢʠʭ ʣʝʩʦʚʠʭ ʧʦʢʨʠʚʘʭ, ʘ ʦʪʞʝ 

ʩʣʘʙʢʠʡ ʟʚôʷʟʦʢ ʟ ʪʝʢʪʦʥʽʯʥʦʶ ʪʨʽʱʠʥʫʚʘʪʽʩʪʶ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ. 
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3.3 ɸʥʘʣʽʟ ʙʽʦʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʜʘʥʠʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ɿʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʚʦʣʦʛʦʩʪʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ˇʨʫʥʪʫ. ʉʫʭʠʡ ʘʙʦ 

ʥʘʩʠʯʝʥʠʡ ʚʦʜʦʶ ˇʨʫʥʪ ʤʘʻ ʨʽʟʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʜʘʪʥʽʩʪʴ 

ʦʧʦʨʫ ʟʩʫʚʥʠʤ ʧʨʦʮʝʩʘʤ. ʇʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʚʦʣʦʛʠ ʩʧʨʠʯʠʥʷʻ ʟʩʫʚʠ ʯʝʨʝʟ 

ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʨʦʟʤʠʚʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʪʘ ʟʥʠʞʝʥʫ 

ʤʽʮʥʽʩʪʴ ˇʨʫʥʪʦʚʦʾ ʤʘʩʠ. ʇʝʨʝʚʘʞʥʘ ʯʘʩʪʠʥʘ ʟʩʫʚʽʚ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʧʝʨʝʥʘʩʠʯʝʥʽʩʪʴ 

ʚʦʣʦʛʦʶ ˇʨʫʥʪʦʚʠʭ ʤʘʩ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʚʦʢʦʚʘʥʘ ʽʥʪʝʥʩʠʚʥʠʤʠ ʦʧʘʜʘʤʠ.  

ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʜʫʢʪ ʩʝʨʚʽʩʫ Copernicus Global Land Service, 

ʩʪʚʦʨʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ Sentinel-1. ɺʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ SAR 

ʜʣʷ Sentinel-1 C-ʜʽʘʧʘʟʦʥʫ ʻ ʛʝʦʤʝʪʨʠʯʥʦ ʩʢʦʨʝʛʦʚʘʥʠʤʠ ʪʘ ʨʘʜʽʦʤʝʪʨʠʯʥʦ 

ʢʘʣʽʙʨʦʚʘʥʠʤʠ. ɺʽʜʥʦʩʥʘ ʧʦʚʝʨʭʥʝʚʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʫ % ʥʘʩʠʯʝʥʥʷ, ʚʠʚʦʜʠʪʴʩʷ 

ʰʣʷʭʦʤ ʣʽʥʽʡʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʦʨʤʦʚʘʥʦʛʦ ʟʘ ʢʫʪʦʤ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʤʽʞ ʥʘʡʥʠʞʯʠʤʠ/ʥʘʡʚʠʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚ ʢʦʞʥʦʤʫ ʤʽʩʮʽ. 

ʇʦʚʝʨʭʥʝʚʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ (SSM) ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʚʦʜʠ ʫ ʚʝʨʭʥʽʭ 

ʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʘʭ ˇʨʫʥʪʫ ʪʘ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʦʩʪʽ ˇʨʫʥʪʫ 

ʚʦʜʦʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʦʧʘʜʽʚ ʪʘ ʩʪʘʥʫ ˇʨʫʥʪʫ ʥʘ ʝʢʟʦʛʝʥʥʽ ʧʨʦʮʝʩʠ.  

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʦʪʨʠʤʘʥʥʷ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ʨ̌ʫʥʪʫ ʻ ʚʠʙʽʨ ʜʘʥʠʭ ʚ ʤʝʞʘʭ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʽʣʷʥʢʠ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʘʥʥʴʦ-ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ, ʩʥʽʛʦʚʠʡ ʧʦʢʨʠʚ ʧʽʜ ʯʘʩ ʷʢʦʛʦ 

ʚʽʜʩʫʪʥʽʡ, ʘ ʨʦʩʣʠʥʥʽʩʪʴ ʤʘʻ ʥʠʟʴʢʫ ʱʽʣʴʥʽʩʪʴ, ʪʦʙʪʦ ʜʘʥʽ ʧʨʦʜʫʢʪʫ SSM ʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 1 ʢʤ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʽʥʪʝʨʧʦʣʷʮʽʡʥʘ ʦʙʨʦʙʢʘ 

ʜʘʥʠʭ, ʨʦʟʤʽʨ ʧʽʢʩʝʣʘ 10 ʤ, ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʟʥʘʯʝʥʴ ʚʽʜʩʦʪʢʦʚʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʚʦʣʦʛʠ. ʅʘ ʨʠʩ. 3.7. ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ̌ ʨʫʥʪʫ. 

 

ʈʠʩ. 3.7. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ̌ ʨʫʥʪʫ 
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ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʢʣʶʯʘʻ ʪʘʢʽ ʝʪʘʧʠ:  

- ʟʜʽʡʩʥʝʥʥʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʩʫʧʫʪʥʠʢʘ Sentinel-2 ʚ ʭʤʘʨʥʦʤʫ 

ʩʝʨʚʽʩʽ Google Earth Engine ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʙʨʦʙʢʠ. 

- ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʛʨʘʬʽʯʥʦʾ ʦʙʣʘʩʪʽ ʜʣʷ ʘʥʘʣʽʟʫ ʟʩʫʚʽʚ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʝʦʙʭʽʜʥʽ 

ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ (Lubskyi et al., 2022).  

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʨʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ.  

- ʨʘʥʞʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʚʧʣʠʚʫ ʢʣʘʩʫ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ.  

ʅʘ ʨʠʩ. 3.8 ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ. 

 

ʈʠʩ. 3.8 ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʨʦʟʧʦʜʽʣʫ ʽʥʜʝʢʩʫ NDVI ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʝʪʘʧʽʚ:  

- ʟʜʽʡʩʥʝʥʥʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʩʫʧʫʪʥʠʢʘ Sentinel-2 ʚ ʭʤʘʨʥʦʤʫ 

ʩʝʨʚʽʩʽ Google Earth Engine ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʙʨʦʙʢʠ; 

- ʨʦʟʨʘʭʫʥʦʢ ʽʥʜʝʢʩʫ NDVI (Normalized Difference Vegetation Index); 
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ʥ̔ʜʝʢʩ NDVI (3.4) ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὔὈὠὍ  ,     (3.4) 

ʜʝ ɟNIR ï ʦʧʪʠʯʥʝ ʚʽʜʙʠʪʪʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, 

ɟRed ï ʚ ʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʝʢʩʫ NDVI ʷʢ ʽʥʜʠʢʘʪʦʨʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʦʚôʷʟʘʥʽ ʟʽ ʟʤʽʥʘʤʠ ʚ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ ʪʘ ʩʪʘʥʦʤ ˇʨʫʥʪʫ;  

- ʚʨʘʭʫʚʘʥʥʷ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʦʧʘʜʠ ʪʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, 

ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʽʟ ʟʥʘʯʝʥʥʷʤʠ NDVI, ʪʘ ʦʮʽʥʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ɿʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ NDVI ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ 

ʥʘ ʜʠʥʘʤʽʢʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘʧʨʠʢʣʘʜ, ʨʘʧʪʦʚʝ ʟʥʠʞʝʥʥʷ NDVI ʧʽʩʣʷ 

ʩʪʘʙʽʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʟʩʫʚʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ (ʃʷʣʴʢʦ, 2023).  

ɿʘʛʘʣʴʥʫ ʩʭʝʤʫ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʨʦʟʧʦʜʽʣʫ ʽʥʜʝʢʩʫ NDVI, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʫ ʭʤʘʨʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ GEE ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.9. 

 

ʈʠʩ. 3.9. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʨʦʟʧʦʜʽʣʫ ʽʥʜʝʢʩʫ NDVI, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʫ ʭʤʘʨʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ GEE 
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ɹʽʦʬʽʟʠʯʥʽ ʬʘʢʪʦʨʠ (ʧʘʨʘʤʝʪʨʠ) ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʠʭ, ʱʦ ʻ ʚʽʜʤʽʥʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

3.4 ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʢʘʨʪʠ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ 

ɼʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʤʦʜʝʣʽ ʪʘ ʽʤʦʚʽʨʥʽʩʥʽ ʧʽʜʭʦʜʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʫʤʦʚ 

ʜʦʚʢʽʣʣʷ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʾʭ ʨʦʟʚʠʪʢʫ ʪʘ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. ʅʘʷʚʥʘ ʛʝʦʣʦʛʽʯʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʝʛʽʦʥ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʩʥʦʚʦʶ ʦʮʽʥʶʚʘʥʥʷ ʝʢʩʧʝʨʪʦʤ ʟʩʫʚʽʚ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʾʭ ʘʢʪʠʚʽʟʘʮʽʾ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʪʦʙʪʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʦʨʤʘʣʽʟʦʚʘʥʦʾ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ 

ʚʠʢʦʨʠʩʪʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʽʻʨʘʨʭʽʯʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʘʥʦ ʫ ʤʝʪʦʜʽ ʘʥʘʣʽʟʫ 

ʽʻʨʘʨʭʽʡ (ʄɸɯ) (Saaty, 2001; Saaty, 2008). ɸʥʘʣʽʟ ʧʨʠ ʚʠʚʯʝʥʥʽ ʟʩʫʚʽʚ ʥʘ 

ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʧʨʠʥʮʠʧʘʭ 

ʜʝʢʦʤʧʦʟʠʮʽʷ, ʧʦʨʽʚʥʷʣʴʥʝ ʩʫʜʞʝʥʥʷ ʪʘ ʩʠʥʪʝʟ ʧʨʽʦʨʠʪʝʪʽʚ. 

ʄɸɯ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʊ. ʉʘʘʪʽ (Saaty 1987) ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ 

ʤʽʞ ʦʢʨʝʤʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʚʘʛ ʘʙʦ ʧʨʽʦʨʠʪʝʪʽʚ ʘʣʴʪʝʨʥʘʪʠʚ 

ʨʽʰʝʥʴ ʚʽʜʥʦʩʥʦ ʝʣʝʤʝʥʪʽʚ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ.  

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ: 

ɽʪʘʧ 1. ʇʦʙʫʜʦʚʘ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘʜʘʯʽ. 

ʇʦʙʫʜʦʚʘ ʽʻʨʘʨʭʽʯʥʦʾ ʤʝʨʝʞʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʝʨʰʠʥʠ, ʪʦʙʪʦ ʮʽʣʽ ʘʥʘʣʽʟʫ, ʯʝʨʝʟ 

ʧʨʦʤʽʞʥʽ ʨʽʚʥʽ (ʢʨʠʪʝʨʽʾ ʟʘ ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʥʪʽʚ) ʜʦ ʥʠʞʥʴʦʛʦ 

ʨʽʚʥʷ (ʧʝʨʝʨʘʭʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ)  

ɽʪʘʧ 2. ɺʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʝʣʝʤʝʥʪʽʚ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʽʻʨʘʨʭʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ 

ʧʦʨʽʚʥʷʥʴ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʧʣʠʚʫ ʚʠʜʽʚ ʽʥʬʦʨʤʘʮʽʾ ʧʝʨʰʦʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ ʥʘ 



102 

 

ʥʫʣʴʦʚʠʡ ʨʽʚʝʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʢʦʞʥʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ ʥʘ ʜʨʫʛʦʤʫ 

ʨʽʚʥʽ ʩʪʦʩʦʚʥʦ ʧʝʨʰʦʛʦ ʨʽʚʥʷ ʽ ʪ.ʜ.  

ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʴ ʟʘʧʦʚʥʶʶʪʴʩʷ ʝʢʩʧʝʨʪʥʠʤʠ ʦʮʽʥʢʘʤʠ ʧʨʦ ʚʽʜʥʦʩʥʫ 

ʚʘʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʶʚʘʥʠʭ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʦʩʦʚʥʦ ʤʝʪʠ ʚʠʟʥʘʯʝʥʦʾ ʥʘ ʚʠʱʦʤʫ 

ʨʽʚʥʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʦʾ ʰʢʘʣʠ ʦʮʽʥʦʢ (ʪʘʙʣ. 3.1). 

ʊʘʙʣʠʮʷ 3.1.  

ʆʮʽʥʢʘ ʩʪʫʧʝʥʽʚ ʚʘʞʣʠʚʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʤʦʜʝʣʽ (Saaty, 1977) 

ʉʪʫʧʽʥʴ 

ʚʘʞʣʠʚʦʩʪʽ 
ɿʥʘʯʝʥʥʷ ʇʦʷʩʥʝʥʥʷ 

1 ʦʜʥʘʢʦʚʘ ʚʘʞʣʠʚʽʩʪʴ ɼʚʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʦʜʥʘʢʦʚʦ ʧʦʩʪʘʚʣʝʥʫ ʤʝʪʫ 

3 ʩʣʘʙʢʘ ʧʝʨʝʚʘʛʘ 

ɼʦʩʚʽʜ ʽ ʩʫʜʞʝʥʥʷ ʝʢʩʧʝʨʪʘ ʜʦʟʚʦʣʷʶʪʴ ʚ 

ʥʝʟʥʘʯʥʽʡ ʤʽʨʽ ʚʽʜʜʘʪʠ ʧʝʨʝʚʘʛʫ ʦʜʥʽʡ ʘʣʴʪʝʨʥʘʪʠʚʽ 

ʥʘʜ ʽʥʰʦʶ 

5 ʩʠʣʴʥʘ ʧʝʨʝʚʘʛʘ 
ɼʦʩʚʽʜ ʽ ʩʫʜʞʝʥʥʷ ʝʢʩʧʝʨʪʘ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʜʘʪʠ 

ʧʝʨʝʚʘʛʫ ʦʜʥʽʡ ʘʣʴʪʝʨʥʘʪʠʚʽ ʥʘʜ ʽʥʰʦʶ 

7 
ʦʯʝʚʠʜʥʘ (ʜʫʞʝ 

ʩʠʣʴʥʘ) ʧʝʨʝʚʘʛʘ 

ʆʜʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ ʦʯʝʚʠʜʥʦ ʧʝʨʝʚʘʞʘʻ ʥʘʜ 

ʽʥʰʠʤʠ 

9 ʘʙʩʦʣʶʪʥʘ ʧʝʨʝʚʘʛʘ 

ɼʦʢʘʟʠ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʝʨʝʚʘʛʫ ʦʜʥʽʻʾ 

ʘʣʴʪʝʨʥʘʪʠʚʠ ʥʘʜ ʽʥʰʦʶ, ʤʘʶʪʴ ʥʘʡʚʠʱʠʡ 

ʤʦʞʣʠʚʠʡ ʧʦʨʷʜʦʢ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

2,4,6,8 ʧʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ 
ʂʦʣʠ ʧʦʪʨʽʙʝʥ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ 

ʩʫʜʞʝʥʥʷʤʠ 

 

ʄʘʪʨʠʮʷ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʟʘʧʦʚʥʶʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʘʤʠ ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣ. 

3.2. 

ʊʘʙʣʠʮʷ 3.2 

ʄʘʪʨʠʮʷ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ (Saaty, 1977) 

 ɸ1 ɸ2 é. ɸi é. ɸn 

ɸ1 1 - s1/s2 é. s1/si é. s1/sn 

ɸ2 s2/s1 1 é. s1/si é. s2/sn 

é. é. é. é. é. é. é. 

ɸj sj/s1 sj/s2 é. sj/si é. sj/sn 

é. é. é. é. é. é. é. 

ɸn sn/s1 sn/s2 é. sn/s3 é. 1 
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ʜʝ ɸ1, ɸ2, é ɸn, ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʽʻʨʘʨʭʽʯʥʠʡ ʨʽʚʝʥʴ; si/sj - 

ʚʽʜʥʦʰʝʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ si, sj, i-ʛʦ ʽ j-ʛʦ ʧʘʨʘʤʝʪʨʽʚ; n - ʯʠʩʣʦ ʢʨʠʪʝʨʽʾʚ, 

ʧʦʨʽʚʥʶʚʘʥʠʭ ʥʘ ʜʘʥʦʤʫ ʨʽʚʥʽ. 

ɽʪʘʧ 3. ɿʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʫ ʧʨʽʦʨʠʪʝʪʽʚ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ ʤʘʪʨʠʮʽ ʪʘ ʜʣʷ ʟʨʫʯʥʦʩʪʽ 

ʧʦʜʘʥʥʷ ʧʦʜʘʣʴʰʠʭ ʤʽʨʢʫʚʘʥʴ ʤʘʪʨʠʮʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ, ʱʦ ʟʘʚʞʜʠ ʻ 

ʢʚʘʜʨʘʪʥʠʤʠ ʽ ʦʙʝʨʥʝʥʦ ʩʠʤʝʪʨʠʯʥʠʤʠ, ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ: ,   

,      (3.5) 

ʜʝ ;  ʯʠʩʣʦ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ. 

ʂʦʤʧʦʥʝʥʪʠ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ ʤʘʪʨʠʮʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ 

  (3.6) 

ɯʟ ʦʜʝʨʞʘʥʠʭ ʛʨʫʧ ʤʘʪʨʠʮʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʮʽʥʢʠ ʚʝʢʪʦʨʘ ʣʦʢʘʣʴʥʠʭ 

ʧʨʽʦʨʠʪʝʪʽʚ : 

  (3.7) 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ ʜʣʷ ʚʩʽʭ  ʨʷʜʢʽʚ ʤʘʪʨʠʮʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ (2), ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ.  

ʆʙʨʦʙʢʘ ʤʘʪʨʠʮʴ ʯʦʪʠʨʴʦʭ ʨʽʚʥʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ (3.6) ʽ (3.7) ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʙʯʠʩʣʠʪʠ ʚʝʢʪʦʨʠ ʧʨʽʦʨʠʪʝʪʽʚ , ,  ʽ  ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʚʥʽʚ, 

ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭʥʽ ʧʨʽʦʨʠʪʝʪʠ ʟ ʧʦʛʣʷʜʫ ʝʢʩʧʝʨʪʘ.  

ɽʪʘʧ 4. ʆʮʽʥʶʚʘʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ (ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʫʜʞʝʥʴ ʝʢʩʧʝʨʪʽʚ). 

ʆʜʥʦʯʘʩʥʦ ʟ ʤʘʪʨʠʮʝʶ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʚʠʢʦʥʫʻʪʴʩʷ ʦʮʽʥʢʘ ʩʪʫʧʝʥʷ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʫʟʛʦʜʞʝʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʣʦʢʘʣʴʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ 

ʽʥʜʝʢʩʫ ʫʟʛʦʜʞʝʥʦʩʪʽ (ɯʋ). ɯʥʜʝʢʩ ʫʟʛʦʜʞʝʥʦʩʪʽ ʚ ʢʦʞʥʽʡ ʤʘʪʨʠʮʽ ʽ ʜʣʷ ʚʩʽʻʾ ʽʻʨʘʨʭʽʾ 

ʤʦʞʝ ʙʫʪʠ ʧʨʠʙʣʠʟʥʦ ʦʙʯʠʩʣʝʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ (3.8): 

  (3.8) 

ʎʷ ʚʝʣʠʯʠʥʘ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʪʽʻʶ, ʢʦʪʨʘ ʙʫʣʘ ʙ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʚʠʙʦʨʽ 

ʢʽʣʴʢʽʩʥʠʭ ʩʫʜʞʝʥʴ.  
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ɽʪʘʧ 5. ɯʻʨʘʨʭʽʯʥʠʡ ʩʠʥʪʝʟ. 

ʇʽʩʣʷ ʟʘʧʦʚʥʝʥʥʷ ʝʢʩʧʝʨʪʦʤ ʤʘʪʨʠʮʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʧʝʨʝʚʽʨʢʫ ʽʥʜʝʢʩʫ ʫʟʛʦʜʞʝʥʦʩʪʽ (ɯʋ) ʤʘʪʨʠʮʽ. ɼʣʷ ʮʴʦʛʦ ʟʘ ʬʦʨʤʫʣʦʶ (3.8) 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ɯʋ ʤʘʪʨʠʮʽ ʽ ʧʦʨʽʚʥʶʻʪʴʩʷ ʽʟ ʩʝʨʝʜʥʽʤ ʽʥʜʝʢʩʦʤ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʮʴ ʪʦʛʦ ʞ ʧʦʨʷʜʢʫ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʽʥʜʝʢʩʽʚ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʽʜʥʦʰʝʥʥʷʤ ʫʟʛʦʜʞʝʥʦʩʪʽ. 

ɼʣʷ ʰʢʘʣʠ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ 1:9 ʨʦʟʨʘʭʦʚʘʥʽ ʩʪʘʥʜʘʨʪʥʽ ʟʥʘʯʝʥʥʷ 

ʚʠʧʘʜʢʦʚʠʭ ɯʋ ʜʣʷ ʦʙʝʨʥʝʥʦ ʩʠʤʝʪʨʠʯʥʠʭ ʤʘʪʨʠʮʴ, ʚʟʷʪʽ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʘʥʘʣʽʟʽ 

ʦʪʨʠʤʘʥʠʭ ʤʘʪʨʠʮʴ ʥʘ ʧʨʝʜʤʝʪ ʫʟʛʦʜʞʝʥʦʩʪʽ. ʋ ʩʚʦʾʭ ʨʦʙʦʪʘʭ ʊ. ʉʘʘʪʽ ʚʚʘʞʘʻ 

ʧʨʠʡʥʷʪʥʠʤ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷʤ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʝʥʰʝ ʘʙʦ ʨʽʚʥʝ 0,1. 

ʗʢʱʦ ʦʪʨʠʤʘʥʽ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʪʦ ʬʦʨʤʫʣʘ ʟʛʦʨʪʢʠ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʤʘʻ ʚʠʛʣʷʜ: 

   (3.9) 

ʜʝ ʚʝʨʭʥʽʡ ʽʥʜʝʢʩ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʧʦʟʥʘʯʘʻ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʾ, ʘ ʥʠʞʥʽʡ ï 

ʽʥʜʝʢʩ ʩʫʤʫʚʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʽʚʥʽ;  - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʘʛʠ ʚʘʨʽʘʥʪʘ  ʟʘ 

ʧʦʢʘʟʥʠʢʦʤ . 

ʇʝʨʝʚʘʛʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ (Fedorovsky et al., 2013; Khyzhnyak 

et al., 2017):  

- ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʦʾ ʩʠʪʫʘʮʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ; 

- ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ ʚ ʄɸɯ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤ 

ʧʨʦʮʝʩʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʛʦ ʻ ʜʝʪʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʽʦʨʠʪʝʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ;  

- ʟʙʽʨ ʜʘʥʠʭ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʮʝʜʫʨʠ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʪʘ ʧʨʦʮʝʩʫ ʧʝʨʝʛʣʷʜʫ ʨʝʟʫʣʴʪʘʪʽʚ; 

- ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʩʭʝʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ; 

- ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʨʘʞʝʥʥʷ ʩʪʫʧʝʥʶ ʧʝʨʝʚʘʛ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʨʝʡʪʠʥʛʽʚ, ʱʦ ʩʧʨʠʷʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʚʽʨʠ ʜʦ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ.  

ɼʦ ʥʝʜʦʣʽʢʽʚ ʄɸɯ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʤʝʪʦʜ ʥʘʜʘʻ ʣʠʰʝ ʩʧʦʩʽʙ ʨʘʥʞʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ, ʘʣʝ ʥʝ ʤʘʻ ʚʥʫʪʨʽʰʥʽʭ 

ʟʘʩʦʙʽʚ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʡʪʠʥʛʽʚ; 
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- ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ çʟʚʘʞʠʪʠè ʫ ʻʜʠʥʽʡ ʰʢʘʣʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʨʦʟʛʣʷʥʫʪʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ ʽ ʦʪʨʠʤʘʪʠ ʟʘ ʢʦʞʥʦʶ ʟ ʥʠʭ ʬʦʨʤʘʣʽʟʦʚʘʥʫ ʫʟʘʛʘʣʴʥʶʶʯʫ ʦʮʽʥʢʫ, ʷʢʘ 

ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʦʮʽʥʢʠ ʝʢʩʧʝʨʪʦʤ ʪʘ ʙʘʟʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʡʦʛʦ ʩʫʜʞʝʥʥʽ ʪʘ 

ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ (ʍʠʞʥʷʢ ʪʘ ʽʥ., 2021, ʊʦʤʯʝʥʢʦ ʪʘ ʽʥ. 2014).  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʄɸɯ ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʟʘʜʘʯʫ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ ʜʦ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ ʟʘ ʩʪʫʧʝʥʝʤ 

ʥʝʙʝʟʧʝʯʥʦʩʪʽ ʜʽʣʷʥʢʠ ʷʢ ʩʠʩʪʝʤʠ ʽʻʨʘʨʭʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ, ʱʦ 

ʧʨʦʚʦʢʫʶʪʴ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. 

3.5 ʇʽʜʭʦʜʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʊʝʩʪʦʚʽ ʜʽʣʷʥʢʠ ʘʙʦ ʧʦʣʽʛʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʤʝʪʦʜʠʢ ʨʦʟʚôʷʟʘʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ. ɺ ʤʝʞʘʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ 

ʧʦʣʽʛʦʥʽʚ ʚʽʜʩʪʝʞʫʶʪʴ ʟʦʢʨʝʤʘ ʧʨʠʨʦʜʥʫ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ 

ʝʢʦʩʠʩʪʝʤ, ʧʝʨʝʙʽʛ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ.  

ɿ ʤʝʪʦʶ ʘʧʨʦʙʘʮʽʾ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʙʨʘʥʦ ʧʦʣʽʛʦʥ ʚ ʤʝʞʘʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ɺʠʪʘʯʽʚ-ʉʪʘʡʢʠ. ʆʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʟʩʫʚʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʪʨʴʦʭ-ʧôʷʪʠ ʢʽʣʦʤʝʪʨʦʚʦʾ ʩʤʫʛʠ 

ʢʦʨʽʥʥʦʛʦ ʙʝʨʝʛʫ, ʨʦʟʯʣʝʥʦʚʘʥʦʛʦ ʧʦʨʽʚʥʷʥʦ ʛʫʩʪʦʶ ʪʘ ʛʣʠʙʦʢʦʶ ʷʨʫʞʥʦʶ ʩʽʪʢʦʶ. 

ɿʩʫʚʠ ʮʽʻʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʦʚôʷʟʘʥʽ ʟ ʜʚʦʤʘ ʛʦʨʠʟʦʥʪʘʤ ʛʣʠʥ. ɿ 

ʛʽʜʨʦʬʽʣʴʥʠʤʠ (ʃʽʱʝʥʢʦ ʪʘ ʽʥ. 2013, ʃʽʱʝʥʢʦ ʪʘ ʽʥ. 2017) ʙʫʨʠʤʠ ʘʙʦ ʩʪʨʦʢʘʪʠʤʠ 

ʛʣʠʥʘʤʠ ʪʘ ʩʫʛʣʠʥʢʘʤʠ, ʽʥʦʜʽ ʟ ʚʝʨʭʥʴʦʶ ʯʘʩʪʠʥʦʶ ʪʦʚʱʽ ʤʝʨʛʝʣʶ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ 

(ɹʝʩʧʘʣʦʚʘ, 2001).  

ʇʦʣʽʛʦʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʝʛʽʦʥʫ, ʙʘʟʫʶʯʠʩʴ 

ʥʘ ʪʠʧʦʚʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚʘʭ ʨʝʛʽʦʥʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʟʥʘʯʥʠʤ ʨʽʚʥʝʤ 

ʟʩʫʚʥʦʾ ʥʝʙʝʟʧʝʢʠ. ʄʘʶʯʠ ʦʜʥʦʨʽʜʥʫ ʣʘʥʜʰʘʬʪʥʫ ʩʪʨʫʢʪʫʨʫ ʮʝʡ ʧʦʣʽʛʦʥ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʟʘʚʽʨʢʦʚʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʘ 

Sentinel-1. 

ɼʦʩʣʽʜʞʫʚʘʥʘ ʪʝʨʠʪʦʨʽʷ ʨʦʟʯʣʝʥʦʚʘʥʘ ʧʦʪʫʞʥʦʶ ʷʨʫʞʥʦ-ʙʘʣʢʦʚʦʶ 

ʤʝʨʝʞʝʶ, ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʜʥʽʧʨʦʚʩʴʢʠʭ ʩʭʠʣʽʚ ʫʩʢʣʘʜʥʝʥʘ ʟʩʫʚʥʠʤʠ ʬʦʨʤʘʤʠ ʪʘ 

ʝʨʦʟʽʡʥʦ-ʜʝʥʫʜʘʮʽʡʥʠʤʠ ʷʚʠʱʘʤʠ ʽ ʤʘʻ ʜʫʞʝ ʭʚʠʣʷʩʪʫ ʚʝʨʭʥʶ ʙʨʦʚʢʫ. ɿʩʫʚʠ 
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ʨʘʡʦʥʫ ʧʦʚôʷʟʘʥʽ ʟ ʜʚʦʤʘ ʛʦʨʠʟʦʥʪʘʤʠ ʛʣʠʥ ï ʚʝʨʭʥʽʡ ʮʝ ʛʽʜʨʦʬʽʣʴʥʽ ʙʫʨʽ ʪʘ ʩʪʨʦʢʘʪʽ 

ʛʣʠʥʠ ʥʠʞʥʴʦʛʦ ʧʣʝʡʩʪʦʮʝʥʫ-ʤʽʦʮʝʥʫ, ʥʠʞʥʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʣʽʛʦʮʝʥ-ʝʦʮʝʥʦʚʠʭ 

ʛʣʠʥ ʭʘʨʢʽʚʩʴʢʦʾ ʪʘ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪ. 

ʅʘʡʙʽʣʴʰʽ ʟʘ ʨʦʟʤʽʨʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʟʩʫʚʠ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʜʚʦʷʨʫʩʥʫ 

ʙʫʜʦʚʫ, ʩʝʨʝʜ ʷʢʠʭ ʟʩʫʚʠ-ʧʦʪʦʢʠ ʬʨʦʥʪʘʣʴʥʦʛʦ ʪʘ ʮʠʨʢʦʧʦʜʽʙʥʦʛʦ ʪʠʧʫ. 

ɸʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʫ ʪʝʨʠʪʦʨʽʶ ʩʧʨʠʯʠʥʷʶʪʴ ʢʘʨôʻʨʠ ʟ 

ʚʠʜʦʙʫʪʢʫ ʛʣʠʥʠ ʪʘ ʤʝʨʛʝʣʶ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʝʛʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

ɸʢʪʠʚʽʟʘʮʽʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʦʣʽʛʦʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʤʘʩ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ. 

ʇʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʚʠʜʦʙʫʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʝʣʘ ʉʪʘʡʢʠ ʩʧʨʠʯʠʥʷʻ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʟʩʫʚʥʦʾ ʥʝʙʝʟʧʝʢʠ. 

ɺ ʯʘʩʦʚʦʤʫ ʧʨʦʤʽʞʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʥʘ ʘʢʪʠʚʽʟʘʮʽʷ ʦʜʥʠʭ 

ʜʽʣʷʥʦʢ ʟ ʥʘʩʪʫʧʥʦʶ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʪʘ ʧʦʜʘʣʴʰʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʨʦʟʽʡʥʦ-

ʘʢʫʤʫʣʷʪʠʚʥʦʛʦ ʪʽʣʘ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʩʭʠʣʫ ʩʭʽʜʥʦʾ ʝʢʩʧʦʟʠʮʽʾ ʧʦʨʦʩʣʘ ʜʝʨʝʚʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʩʪʘʙʽʣʽʟʦʚʘʥʽ ʟʩʫʚʥʽ ʪʽʣʘ ʩʢʣʘʜʥʦ ʜʝʰʠʬʨʫʚʘʪʠ ʚʽʟʫʘʣʴʥʦ, 

ʚʝʨʪʠʢʘʣʴʥʽ ʩʪʽʥʢʠ ʚʽʜʨʠʚʫ ʟ ʚʽʜʩʣʦʥʝʥʥʷʤʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʣʠʰʝ ʟ ʥʠʞʥʽʭ ʪʝʨʘʩ.  

ʊʝʨʠʪʦʨʽʷ ʧʦʣʽʛʦʥʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʪʠʧʦʚʽ ʜʣʷ ʇʨʘʚʦʙʝʨʝʞʥʦʛʦ 

ʇʨʠʜʥʽʧʨʦʚô̫  ʣʘʥʜʰʘʬʪʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʪʠʧʠ: 

¶ ʚʦʜʦʜʽʣʴʥʽ ʩʣʘʙʢʦ ʭʚʠʣʷʩʪʽ ʨʽʚʥʠʥʥʽ ʪʝʨʠʪʦʨʽʾ ʥʘ ʩʽʨʠʭ ʦʧʽʜʟʦʣʝʥʠʭ ʪʘ 

ʯʦʨʥʦʟʝʤʥʠʭ ʤʘʣʦʛʫʤʫʩʥʠʭ ˇʨʫʥʪʘʭ ʚ ʤʝʞʘʭ ʣʝʩʦʚʦʛʦ ʧʣʘʪʦ; 

¶ ʧʦʪʫʞʥʘ ʚʠʨʦʙʣʝʥʘ ʪʘ ʚʞʝ ʩʪʘʙʽʣʽʟʦʚʘʥʘ ʷʨʫʞʥʦ-ʙʘʣʢʦʚʘ ʤʝʨʝʞʘ ʟ 

ʧʝʨʝʚʘʞʘʶʯʦʶ ʜʝʨʝʚʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʚ ʤʝʞʘʭ ʣʝʩʦʚʦʛʦ ʧʣʘʪʦ; 

¶ ʢʦʨʽʥʥʽ ʧʨʘʚʦʙʝʨʝʞʥʽ ʩʭʠʣʠ ʣʝʩʦʚʦʛʦ ʧʣʘʪʦ, ʩʠʣʴʥʦ ʫʩʢʣʘʜʥʝʥʽ ʟʩʫʚʘʤʠ, 

ʟʘʣʠʰʢʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ ʢʘʨôʻʨʽʚ ʙʫʜʽʚʝʣʴʥʦʾ ʩʠʨʦʚʠʥʠ, ʝʨʦʟʽʡʥʠʤʠ ʚʨʽʟʘʤʠ 

ʪʘ ʬʣʶʚʽʘʣʴʥʠʤʠ ʬʦʨʤʘʤʠ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʩʭʠʣʫ. 

ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʨʦʜʥʠʤʠ ʪʘ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʤʠ 

ʣʶʜʩʴʢʦʶ ʜʽʷʣʴʥʽʩʪʶ ʝʢʦʩʠʩʪʝʤʘʤʠ. ʏʘʩʪʠʥʘ ʟʝʤʝʣʴ ʟʘʡʤʘʻ ʘʛʨʦʢʦʤʧʣʝʢʩ, 

ʚʢʣʶʯʥʦ ʟ ʦʨʥʠʤʠ ʟʝʤʣʷʤʠ, ʧʘʩʦʚʠʱʘʤʠ, ʧʝʨʝʣʦʛʘʤʠ, ʣʽʩʦʚʠʤ ʢʦʤʧʣʝʢʩʦʤ ʟ 
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ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʟʝʤʣʷʤʠ, ʘ ʪʘʢʦʞ 

ʩʝʣʽʪʝʙʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʨʠʚʘʪʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦ ʪʠʧʫ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ. 

ɺ ʤʝʞʘʭ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʦʣʽʛʦʥʫ ʚʠʟʥʘʯʝʥʦ ʝʪʘʣʦʥʥʽ ʜʽʣʷʥʢʠ ʪʘ ʪʝʩʪʦʚʽ 

ʜʽʣʷʥʢʠ, ʜʣʷ ʷʢʠʭ ʧʨʦʚʝʜʝʥʦ ʧʝʨʽʦʜʠʯʥʽ ʧʦʣʴʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʬʽʟʠʯʥʽ ʚʠʤʽʨʠ, 

ʨʦʟʨʘʭʫʥʦʢ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʟʡʦʤʢʠ, 

ʦʮʽʥʢʘ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ (ʧʨʠʨʽʩʪ ʧʦʚʝʨʭʥʽ, ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʨʽʚʝʥʴ ʚʦʣʦʛʠ). 

3.6 ʈʦʟʨʦʙʢʘ ʟʘʛʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʆʩʥʦʚʥʠʤ ʟʤʽʩʪʦʤ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʻ ʚʠʟʥʘʯʝʥʥʷ. 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ. ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʠʢʠ ʟʘ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʝʦʣʦʛʽʯʥʽ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʪʘ ʙʽʦʬʽʟʠʯʥʽ ʬʘʢʪʦʨʠ ʩʪʘʥʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. 

ɸʣʛʦʨʠʪʤ 3.5. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʡ ʜʦ ʟʩʫʚʽʚ. 

ʂʨʦʢ 1. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʫʨʘʞʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʟʩʫʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ (ʧʽʜʨʦʟʜʽʣ 3.1). 

ʂʨʦʢ 2. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʦʮʽʥʢʠ 

ʚʨʘʟʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʜʦ ʟʩʫʚʽʚ (ʧʽʜʨʦʟʜʽʣ 3.2). 

ʂʨʦʢ 3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʂʨʦʢ 3.1. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʪʝʥʮʽʡʥʠʭ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ (ʧʽʜʨʦʟʜʽʣ 3.2). 

ʂʨʦʢ 3.2. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʘʥʘʣʽʟʫ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʟʩʫʚʠ (ʧʽʜʨʦʟʜʽʣ 3.2). 

ʂʨʦʢ 4. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʩʪʝʡ, ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ 

ʩʪʽʡʢʦʩʪʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʜʦ ʧʦʪʝʥʮʽʡʥʠʭ ʟʩʫʚʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʚʦʜʦʧʨʦʥʠʢʥʠʭ ʽ 

ʚʦʜʦʪʨʠʚʢʠʭ ʛʦʨʠʟʦʥʪʽʚ ʟʘ ʧʦʣʴʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʦʧʝʨʝʜʥʽʭ ʨʦʢʽʚ (ʧʽʜʨʦʟʜʽʣ 

3.2);  
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ʂʨʦʢ 5. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʪʘ ʾʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʦ ʟʩʫʚʽʚ ʟ ʦʛʣʷʜʫ ʥʘ ʚʧʣʠʚ ʧʝʨʝʟʚʦʣʦʞʝʥʠʭ ʛʨʫʥʪʽʚ 

ʥʘ ʟʩʫʚʥʽ ʧʨʦʮʝʩʠ (ʧʽʜʨʦʟʜʽʣ 3.3);  

ʂʨʦʢ 6. ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘ ʪʠʧʘʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ï ʜʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ (ʧʽʜʨʦʟʜʽʣ 3.3); 

ʂʨʦʢ 7. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ 

ʽʥʜʝʢʩʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʨʦʟʽʡʥʽ 

ʧʨʦʮʝʩʠ (ʧʽʜʨʦʟʜʽʣ 3.3). 

ʂʨʦʢ 8. ɿʘʩʪʦʩʫʚʘʥʥʷ ʄɸɯ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʡ 

ʜʦ ʟʩʫʚʽʚ ʰʣʷʭʦʤ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ, ʙʽʦʬʽʟʠʯʥʠʭ ʪʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʜʘʥʠʭ (ʧʽʜʨʦʟʜʽʣ 3.4). 

ʂʨʦʢ 9. ʇʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʟʘʚʽʨʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ 

(ʧʽʜʨʦʟʜʽʣ 3.5).  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ 

ʜʘʥʠʭ ʟʘ ʩʭʝʤʦʶ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʽʚ 

ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ ʨʠʩ. 3.10 ʦʜʝʨʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʫʶʯʘ 

ʢʘʨʪʘ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ. ʇʨʠ ʨʦʟʛʣʷʜʽ ʜʚʦʭ 

ʩʮʝʥʘʨʽʾʚ (ʩʧʨʠʷʪʣʠʚʦʛʦ ʽ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ) ʩʢʣʘʜʘʻʪʴʩʷ ʧʨʦʛʥʦʟ ʜʣʷ 

ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʪʝʨʠʪʦʨʽʡ. 
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ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 
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ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

1. ʄʝʪʦʜʠʢʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʠʭ ʦʙʨʦʙʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʛʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʧʝʚʥʫ ʜʽʣʷʥʢʫ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʈʦʟʜʽʣʽ 3 ʦʧʠʩʘʥʦ ʩʭʝʤʫ ʧʦʚʥʦʾ ʤʝʪʦʜʠʢʠ, ʾʾ ʩʢʣʘʜʦʚʽ ʪʘ ʘʣʛʦʨʠʪʤʠ 

ʧʦʙʫʜʦʚʠ ʢʘʨʪ ʜʘʥʠʭ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʩʢʣʘʜʘʥʥʷ ʧʨʦʛʥʦʟʫ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʘ ʤʝʪʦʜʦʤ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʘʪʠ ʥʝʦʙʭʽʜʥʽ ʧʨʦʮʝʜʫʨʠ ʦʙʨʦʙʣʝʥʥʷ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ, ʫʨʘʭʫʚʘʪʠ ʥʘʷʚʥʽ 

ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ, ʟʘʩʪʦʩʫʚʘʪʠ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʽ ʩʘʤʝ 

ʜʣʷ ʜʘʥʠʭ ʣʘʥʜʰʘʬʪʥʠʭ ʫʤʦʚ. 

3. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʚʠʟʥʘʯʝʥʘ ʾʭ ʨʦʣʴ ʽ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʩʪʚʦʨʝʥʥʷ 

ʢʘʨʪʦ-ʩʭʝʤ ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʩʪʝʡ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ ʪʘ 

ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʆʧʠʩʘʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʮʠʭ 

ʜʘʥʠʭ, ʘ ʩʘʤʝ: ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ, ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʡ, 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʫʣʽ.  

4. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʙʽʦʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ 

ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʦʜʫʢʪʠ ʩʝʨʚʽʩʽʚ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʩʧʦʩʦʙʠ ʾʭ ʘʜʘʧʪʘʮʽʾ ʜʦ ʤʘʩʰʪʘʙʫ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ. ɸʥʘʣʽʟ ʧʨʠ ʚʠʚʯʝʥʥʽ ʟʩʫʚʽʚ ʥʘ 

ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʧʨʠʥʮʠʧʘʭ 

ʜʝʢʦʤʧʦʟʠʮʽʷ, ʧʦʨʽʚʥʷʣʴʥʝ ʩʫʜʞʝʥʥʷ ʪʘ ʩʠʥʪʝʟ ʧʨʽʦʨʠʪʝʪʽʚ. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ 

ʝʪʘʧʠ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ, ʘ ʩʘʤʝ: ɽʪʘʧ 1. ʇʦʙʫʜʦʚʘ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʟʘʜʘʯʽ. ɽʪʘʧ 2. ɺʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʝʣʝʤʝʥʪʽʚ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɽʪʘʧ 3. 
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ɿʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʫ ʧʨʽʦʨʠʪʝʪʽʚ. ɽʪʘʧ 4. ʆʮʽʥʶʚʘʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ (ʦʜʥʦʨʽʜʥʦʩʪʽ 

ʩʫʜʞʝʥʴ ʝʢʩʧʝʨʪʽʚ). ɽʪʘʧ 5. ɯʻʨʘʨʭʽʯʥʠʡ ʩʠʥʪʝʟ. 

6. ʈʦʟʨʦʙʣʝʥʽ ʪʘ ʦʧʠʩʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ 

ʚʘʣʽʜʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ ʜʽʣʷʥʮʽ ʤʽʞ 

ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ ɺʽʪʘʯʽʚ-ʉʪʘʡʢʠ. 

7. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ.  
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ʈʆɿɼɯʃ 4 

ʇɽʈɽɺɯʈʂɸ ʈʆɿʈʆɹʃɽʅʆɰ ʄɽʊʆɼʀʂʀ ɼʀʉʊɸʅʎɯʁʅʆɻʆ 

ɻɽʆɽʂʆʃʆɻɯʏʅʆɻʆ ʄʆʅɯʊʆʈʀʅɻʋ ɿʉʋɺʅʀʍ ʇʈʆʎɽʉɯɺ 

ʇʈɸɺʆɹɽʈɽɾɾʗ ʂɸʅɯɺʉʔʂʆɻʆ ɺʆɼʆʉʍʆɺʀʑɸ ʊɸ ʈɽʂʆʄɽʅɼɸʎɯɰ 

ʑʆɼʆ ɰɰ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʦʙʨʘʥʦ ʜʽʣʷʥʢʫ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʟ ʰʠʨʦʢʠʤ ʨʦʟʚʠʪʢʦʤ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʊʝʩʪʦʚʠʡ ʧʦʣʽʛʦʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʂʠʻʚʦ-ʉʪʘʡʢʽʚʩʴʢʦʛʦ ʟʩʫʚʥʦʛʦ ʨʘʡʦʥʫ 

(ɼʝʤʯʠʰʠʥ, 1992). ʄʝʞʽ ʨʘʡʦʥʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ ɺʠʰʛʦʨʦʜ ʜʦ 

ʍʦʜʦʨʦʚʘ ʟ ʛʨʘʙʦʚʠʤʠ ʜʽʙʨʦʚʘʤʠ ʥʘ ʥʝʦʛʝʥʦʚʦʤʫ ʧʣʘʪʦ, ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʝʣʴʻʬʫ ʷʢ ʚʦʜʦʜʽʣʴʥʘ ʧʦʚʝʨʭʥʷ, ʝʨʦʟʽʡʥʘ ʤʝʨʝʞʘ ʪʘ ʢʨʫʪʦʩʭʠʣʽ 

ʧʦʚʝʨʭʥʽ.  

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʣʦ 

ʦʙʨʘʥʦ ʜʝʚôʷʪʴ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ, ʥʘ ʷʢʽ ʚʧʣʠʥʫʣʠ ʘʢʪʠʚʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʪʘ 

ʧôʷʪʴ ʢʦʥʪʨʦʣʴʥʠʭ ʜʽʣʷʥʦʢ, ʷʢʽ ʥʝ ʟʘʟʥʘʶʪʴ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ (ʟʘʚʽʨʢʦʚʽ ʧʦʣʷ). 

ʇʦʚʥʠʡ ʢʦʤʧʣʝʢʩ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʟʩʫʚʽʚ, ʾʭ 

ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʪʘ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ 

ʧʨʦʚʝʜʝʥʠʡ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʈʞʠʱʽʚʩʴʢʦʾ ʦʙôʻʜʥʘʥʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ. 

4.1 ʈʝʟʫʣʴʪʘʪʠ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʫ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʜʝʚôʷʪʴ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ (ʨʠʩ. 4.1) ʪʘ ʧôʷʪʴ ʢʦʥʪʨʦʣʴʥʠʭ ʜʽʣʷʥʦʢ (ʟʘʚʽʨʢʦʚʽ ʧʦʣʷ). 

ɺ ʤʝʞʘʭ ʚʩʽʭ ʜʽʣʷʥʦʢ (ʪʘʙʣ. 4.1) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʦʷʚʠ ʝʢʟʦʛʝʥʥʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢʠʭ ʷʢ ʟʩʫʚʠ ʪʘ ʝʨʦʟʽʷ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʣʴʻʬ ʩʭʠʣʽʚ. ʇʽʜ 

ʚʧʣʠʚʦʤ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ: ʧʽʜʚʠʱʝʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʽʥʪʝʥʩʠʚʥʽ ʧʦʪʦʢʠ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʚʠʚʽʪʨʶʚʘʥʥʷ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʷʢʽ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤ ʷʚʠʱʝʤ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʽʟʘʮʽʷ 

ʥʝʙʝʟʧʝʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʧʽʣʴʥʦʶ ʨʠʩʦʶ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʻ ʥʘʷʚʥʽʩʪʴ 

ʛʣʠʥʠʩʪʠʭ, ʩʫʛʣʠʥʢʦʚʠʭ ʪʘ ʜʝʣʶʚʽʘʣʴʥʠʭ ˇʨʫʥʪʽʚ ʚ ʦʩʥʦʚʽ ʩʭʠʣʫ, ʟʜʘʪʥʠʭ ʜʦ 
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ʟʩʫʚʦʫʪʚʦʨʝʥʥʷ. ʏʘʩʪʠʥʘ ʜʽʣʷʥʦʢ ʧʨʠʨʦʜʥʦ ʩʪʘʙʽʣʽʟʦʚʘʥʘ, ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ 

ʛʫʩʪʦʛʦ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ. ɿʩʫʚʥʽ ʧʨʦʮʝʩʠ ʧʽʜʩʠʣʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʥʘʧʨʠʢʣʘʜ, ʚʠʜʦʙʫʪʢʫ ʛʣʠʥʠ ʫ ʢʘʨôʻʨʘʭ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʟʘʚʽʨʢʠ ʩʪʘʣʦʛʦ ʨʽʚʥʷ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʨʘʥʦ ʧôʷʪʴ ʢʦʥʪʨʦʣʴʥʠʭ ʜʽʣʷʥʦʢ (ʪʘʙʣ. 4.2). ʆʩʢʽʣʴʢʠ ʮʽ ʜʽʣʷʥʢʠ 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʥʝ ʦʙʨʦʙʣʷʶʪʴʩʷ ʪʘ ʥʝ ʟʘʟʥʘʶʪʴ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʾʭ ʨʝʣʴʻʬ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʫʧʨʦʜʦʚʞ ʯʘʩʫ.  

ɿʘʚʽʨʢʦʚʽ ʧʦʣʷ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʚʦʜʦʜʽʣʴʥʠʭ ʚʠʨʽʚʥʷʥʠʭ ʧʦʚʝʨʭʥʷʭ ʣʝʩʦʚʦʛʦ 

ʧʣʘʪʦ ʙʝʟ ʜʝʨʝʚʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʥʘ ʩʽʨʠʭ ʦʧʽʜʟʦʣʝʥʠʭ ˇʨʫʥʪʘʭ, ʟ ʥʝʚʠʩʦʢʠʤ 

ʙʘʛʘʪʦʨʽʯʥʠʤ ʪʨʘʚôʷʥʠʩʪʠʤ ʧʦʢʨʠʚʦʤ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʧʝʨʝʣʦʛʘʤʠ ï ʜʽʣʷʥʢʘʤʠ, 

ʷʢʽ ʜʦʚʛʠʡ ʯʘʩ ʥʝ ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʞʠʪʢʫ.  

 

ʈʠʩ. 4.1. ʄʘʨʰʨʫʪ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʧʦʣʽʛʦʥʽ ɺʠʪʘʯʽʚ-ʉʪʘʡʢʠ 

ʂʦʥʪʨʦʣʴʥʽ ʜʽʣʷʥʢʠ ʟʘʨʦʩʣʽ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʜʠʢʦʨʦʩʣʠʤʠ ʨʦʩʣʠʥʘʤʠ, 

ʧʝʨʝʚʘʞʥʦ ʟʣʘʢʦʚʦ-ʨʽʟʥʦʪʨʘʚʥʠʤʠ ʘʩʦʮʽʘʮʽʷʤʠ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʫʜʝʨʘʣʴʥʽ ʮʝʥʦʟʠ. 

ʂʦʣʠʚʘʥʥʷ ʛʽʧʩʦʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷ ʧʦʚʝʨʭʥʽ ʚ ʤʝʞʘʭ ʜʘʥʠʭ ʜʽʣʷʥʦʢ ʥʝ ʧʝʨʝʚʠʱʫʻ 

0,3 ʩʤ ʟʘ ʨʽʢ. 
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ʊʘʙʣʠʮʷ 4.1 

ʂʦʦʨʜʠʥʘʪʠ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ 

ʇʦʣʦʞʝʥʥʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ɼʽʣʷʥʢʘ 1 ɼʽʣʷʥʢʘ 2 ɼʽʣʷʥʢʘ 3 

ʐʠʨʦʪʘ 50Á 4'39.12822"N 50Á 4'26.40183"N 50Á 4'27.08121"N 

ɼʦʚʛʦʪʘ 30Á54'47.53186 "E 30Á55'3.46599"E 30Á55'7.83893"E 

ʇʦʣʦʞʝʥʥʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ɼʽʣʷʥʢʘ 4 ɼʽʣʷʥʢʘ 5 ɼʽʣʷʥʢʘ 6 

ʐʠʨʦʪʘ 50Á 4'27.46655"N 50Á 4'34.949"N 50Á 5'37.11614"N 

ɼʦʚʛʦʪʘ 30Á55'7.76379"E 30Á55'0.17874"E 30Á54'1.9971"E 

ʇʦʣʦʞʝʥʥʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ɼʽʣʷʥʢʘ 7 ɼʽʣʷʥʢʘ 8 ɼʽʣʷʥʢʘ 9 

ʐʠʨʦʪʘ 50Á 5'53.79468"N 50Á 5'50.87029"N 50Á 5'36.54086"N 

ɼʦʚʛʦʪʘ 30Á53'51.2799"E 30Á53'43.97095"E 30Á53'53.09642"E 

ʊʘʙʣʠʮʷ 4.2 

ʂʦʥʪʨʦʣʴʥʽ ʜʽʣʷʥʢʠ, ʟʘʚʽʨʢʦʚʽ ʧʦʣʷ 

ʇʦʣʦʞʝʥʥʷ 

ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʦʢ 
ʇʦʣʝ 1 ʇʦʣʝ 2 ʇʦʣʝ 3 ʇʦʣʝ 4 ʇʦʣʝ 5 

ʐʠʨʦʪʘ 50Á3'27,109"N 50Á3'32,602"N 50Á3'41,116"N 50Á5'28,555"N 50Á5'39,907"N 

ɼʦʚʛʦʪʘ 30Á55'29,31"E 30Á55'25,151"E 30Á55'22,121"E 30Á53'42,257"E 30Á53'30,439"E 

 

ɼʦʩʣʽʜʞʫʚʘʥʘ ʪʝʨʠʪʦʨʽʷ ʨʦʟʯʣʝʥʦʚʘʥʘ ʧʦʪʫʞʥʦʶ ʷʨʫʞʥʦ-ʙʘʣʢʦʚʦʶ 

ʤʝʨʝʞʝʶ, ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʜʥʽʧʨʦʚʩʴʢʠʭ ʩʭʠʣʽʚ ʫʩʢʣʘʜʥʝʥʘ ʟʩʫʚʥʠʤʠ ʬʦʨʤʘʤʠ ʪʘ 

ʝʨʦʟʽʡʥʦ-ʜʝʥʫʜʘʮʽʡʥʠʤʠ ʷʚʠʱʘʤʠ ʪʘ ʤʘʻ ʜʫʞʝ ʭʚʠʣʷʩʪʫ ʚʝʨʭʥʶ ʙʨʦʚʢʫ. ʆʩʥʦʚʥʘ 

ʢʽʣʴʢʽʩʪʴ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʟʩʫʚʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʪʨʴʦʭ-ʧôʷʪʠ ʢʽʣʦʤʝʪʨʦʚʦʾ 

ʩʤʫʛʠ ʢʦʨʽʥʥʦʛʦ ʙʝʨʝʛʫ, ʨʦʟʯʣʝʥʦʚʘʥʦʛʦ ʧʦʨʽʚʥʷʥʦ ʛʫʩʪʦʶ ʪʘ ʛʣʠʙʦʢʦʶ ʷʨʫʞʥʦʶ 

ʩʽʪʢʦʶ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʩʪʦʚʠʭ ʪʘ ʢʦʥʪʨʦʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫ ʤʝʞʘʭ ʤʘʨʰʨʫʪʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʻ: ʨʦʟʪʘʰʫʚʘʥʥʷ, ʛʝʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ɦ ʦ 

ʜʦʧʦʤʘʛʘʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. 

ɼʽʣʷʥʢʘ 1 (ʨʠʩ. 4.2-ʘ): ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʩʭʠʣʫ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʘʣʽʩʥʝʥʫ 

ʜʽʣʷʥʢʫ ʟ ʥʝʛʣʠʙʦʢʠʤʠ ʚʝʨʭʦʚʠʤʠ ʦʧʣʠʚʠʥʘʤʠ ˇʨʫʥʪʫ, ʪʘ ʝʨʦʟʽʡʥʠʤʠ ʨʦʟʤʠʚʘʤʠ ʚ 

ʩʪʨʫʢʪʫʨʽ ʩʫʛʣʠʥʢʫ. ɻʣʠʙʠʥʘ ʚʨʽʟʫ ʙʣʠʟʴʢʦ 8 ʤ. ʇʽʚʜʝʥʥʦ-ʩʭʽʜʥʘ ʝʢʩʧʦʟʠʮʽʷ 

ʚʽʜʢʨʠʪʦʾ ʜʽʣʷʥʢʠ ʟ ʘʢʫʤʫʣʷʮʽʻʶ ʜʝʣʶʚʽʶ ʚ ʜʥʠʱʽ. 
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ɼʽʣʷʥʢʘ 2 (ʨʠʩ. 4.2-ʙ): ʮʝ ʘʢʪʠʚʥʘ ʟʩʫʚʥʘ ʜʽʣʷʥʢʘ ʟʽ ʩʚʽʞʦʶ ʩʪʽʥʢʦʶ ʚʽʜʨʠʚʫ ʫ 

ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ, ʚʽʜʩʣʦʥʝʥʥʷ ʷʢʦʾ ʟʘʬʽʢʩʦʚʘʥʦ ʚ ʥʠʞʥʴʦʤʫ 

ʧʣʝʡʩʪʦʮʝʥʦʚʦʤʫ ʰʘʨʽ ʪʘ ʧʽʩʢʘʭ ʤʽʦʮʝʥʫ. ʉʪʽʥʢʘ ʚʽʜʨʠʚʫ ʜʦ 7 ʤ, ʰʠʨʠʥʘ ʟʩʫʚʥʦʾ 

ʜʽʣʷʥʢʠ ʜʦ 20 ʤ. ʊʽʣʦ ʟʩʫʚʫ ʫ ʚʠʛʣʷʜʽ ʜʝʣʶʚʽʘʣʴʥʦ-ʢʦʣʶʚʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ. 

ɼʽʣʷʥʢʘ 3 (ʨʠʩ. 4.2-ʚ): ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʚʝʣʠʢʦʶ ʟʩʫʚʥʦʶ ʜʽʣʷʥʢʦʶ ʫ 

ʚʠʛʣʷʜʽ ʧʦʪʦʢʫ. ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ ʟʩʫʚʥʦʾ ʜʽʣʷʥʢʠ ʱʝ ʟʙʝʨʽʛʘʻ ʩʪʽʥʢʫ ʚʽʜʨʠʚʫ, ʘʣʝ 

ʜʝʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʚʞʝ ʧʦʨʦʩʣʽ ʢʫʱʘʤʠ ʪʘ ʜʝʨʝʚʘʤʠ ʚʽʢʦʤ ʜʦ 5 ʨʦʢʽʚ, ʱʦ ʻ 

ʧʨʠʯʠʥʦʶ ʧʨʠʨʦʜʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʽʣʷʥʢʠ.  

ɼʽʣʷʥʢʘ 4 (ʨʠʩ. 4.2-ʛ): ʥʝʚʝʣʠʢʠʡ ʟʩʫʚ ʫ ʛʨʝʙʝʥʝʚʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ (1ʛʦ ʪʠʧʫ), 

ʤʽʞ ʜʚʦʤʘ ʝʨʦʟʽʡʥʠʤʠ ʧʦʥʠʞʝʥʥʷʤʠ ʟ ʦʙʦʭ ʙʦʢʽʚ. ʉʪʽʥʢʘ ʚʽʜʨʠʚʫ ʜʦʙʨʝ 

ʧʨʦʩʪʝʞʫʻʪʴʩʷ, ʤʘʻ ʚʠʩʦʪʫ ʜʦ 4 ʤ. ʅʠʞʯʝ ʟʘʣʷʛʘʻ ʜʝʣʶʚʽʘʣʴʥʠʡ ʰʝʣʴʬ ʽʟ ʩʫʛʣʠʥʢʽʚ 

ʟ ʛʦʨʙʠʩʪʦʶ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʢʦʚʦ ʧʦʨʦʩʣʦʶ ʢʫʱʘʤʠ. 

ɼʽʣʷʥʢʘ 5 (ʨʠʩ. 4.2-ʜ): ʦʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʜʽʣʷʥʢʠ ʻ ʚʝʣʠʢʝ ʚʽʜʩʣʦʥʝʥʥʷ 

ˇʨʫʥʪʦʚʦʾ ʤʘʩʠ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ ʥʘʜ ʢʦʣʠʰʥʽʤ ʤʝʨʛʝʣʴʥʠʤ  ʢʘʨôʻʨʦʤ, ʷʢʠʡ 

ʟʘʧʦʚʥʝʥʠʡ ʚʦʜʦʶ. ʈʦʟʤʽʨʠ ʚʽʜʢʨʠʪʦʾ ʜʽʣʷʥʢʠ ʩʷʛʘʶʪʴ 30 ʤ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʣʴʥʝ 

ʟʚʦʣʦʞʝʥʥʷ ʪʘ ʚʠʭʦʜʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʧʽʜʥʽʞʞʽ ʩʭʠʣʫ ʟ-ʧʽʜ ʥʘʛʣʠʥʢʫ ʭʘʨʢʽʚʩʴʢʦʾ 

ʩʚʽʪʠ. ɺʽʜʩʣʦʥʶʻʪʴʩʷ ʚʞʝ ʯʘʩʪʢʦʚʦ ʧʝʨʝʤʽʱʝʥʠʡ ʛʣʠʥʠʩʪʠʡ ʛʦʨʠʟʦʥʪ ʧʣʝʡʩʪʦʮʝʥʫ 

ʯʝʨʚʦʥʦ-ʙʫʨʠʭ ʪʘ ʩʪʨʦʢʘʪʠʭ ʛʣʠʥ, ʘ ʪʘʢʦʞ ʤʘʣʦʧʦʪʫʞʥʽ ʧʽʩʢʠ ʪʘ ʩʣʘʙʦʟʮʝʤʝʥʪʦʚʘʥʽ 

ʧʽʩʢʦʚʠʢʠ ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʝʨʽʾ ʪʘ ʜʫʞʝ ʟʚʦʣʦʞʝʥʽ ʧʣʘʩʪʠʯʥʽ ʩʽʨʦ-ʙʣʘʢʠʪʥʽ ʛʣʠʥʠ 

ʚʝʨʭʥʴʦʛʦ ʧʘʣʝʦʛʝʥʫ (ʭʘʨʢʽʚʩʴʢʘ ʩʚʽʪʘ). ɺ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʢʦʣʶʚʽʘʣʴʥʦ-ʜʝʣʶʚʽʘʣʴʥʽ ʨʠʭʣʽ ʧʦʨʦʜʠ ï ʜʝʣʶʚʽʘʣʴʥʦʛʦ ʰʣʝʡʬʫ, ʩʠʣʴʥʦ ʥʘʩʠʯʝʥʽ 

ʚʦʜʦʶ. 

ɼʽʣʷʥʢʘ 6 (ʨʠʩ. 4.2-ʝ): ʤʘʻ ʩʠʣʴʥʦ ʨʦʟʯʣʝʥʦʚʘʥʠʡ ʩʭʠʣ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʨʽʟʘʥʥʷ 

ʢʘʨôʻʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʤʝʞʫʚʘʥʥʷʤ ʛʨʝʙʝʥʝʧʦʜʽʙʥʠʭ ʪʘ ʷʨʫʞʥʠʭ ʬʦʨʤ 

ʨʝʣʴʻʬʫ. ɺʽʜʢʣʘʜʠ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʩʭʠʣʫ ʻ ʙʽʣʴʰ ʩʪʽʡʢʦʶ ʯʘʩʪʠʥʦʶ ʟʩʫʚʫ ï 

ʧʣʝʡʩʪʦʮʝʥʦʚʠʤʠ ʩʪʨʦʢʘʪʠʤʠ ʛʣʠʥʘʤʠ. ʅʠʞʯʠʡ ʨʽʚʝʥʴ ʟʘʡʤʘʶʪʴ ʦʩʠʧʥʽ ʤʽʦʮʝʥʦʚʽ 

ʧʽʩʢʠ, ʧʽʜ ʥʠʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʣʘʩʪʠʯʥʽ ʚʦʣʦʛʽ ʛʣʠʥʠ ʚʝʨʭʥʴʦʛʦ ʧʘʣʝʦʛʝʥʫ. ɼʽʣʷʥʢʘ 

ʤʘʻ ʚʠʛʣʷʜ çʙʝʜʣʝʥʜʫè ʽʟ ʟʘʛʦʩʪʨʝʥʠʤʠ ʛʨʝʙʥʷʤʠ. ɺ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʘʢʫʤʫʣʶʶʪʴʩʷ 

ʧʨʦʣʶʚʽʘʣʴʥʦ-ʜʝʣʶʚʽʘʣʴʥʽ ʧʫʭʢʽ ʚʽʜʢʣʘʜʠ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʩʠʣʴʥʽʡ ʝʨʦʟʽʾ ʪʘ 

ʦʧʣʠʚʘʥʥʶ. 
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ɼʽʣʷʥʢʘ 7 (ʨʠʩ. 4.2- )̒: ʘʢʪʠʚʥʠʡ ʟʩʫʚ, ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʟʩʫʚʥʦʛʦ ʪʽʣʘ ʧʝʨʝʢʨʠʪʘ 

ʢʦʣʶʚʽʘʣʴʥʦ-ʜʝʣʶʚʽʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʧʦʩʪʽʡʥʦ ʨʫʭʘʻʪʴʩʷ, ʟʘ ʨʘʭʫʥʦʢ 

ʦʙʚʘʣʶʚʘʥʥʷ, ʝʨʦʟʽʾ ʪʘ ʟʩʫʚʘʥʥʷ. 

ɼʽʣʷʥʢʘ 8 (ʨʠʩ. 4.2-ʞ): ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʩʭʠʣʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʨʦʥʪʘʣʴʥʠʤ ʟʩʫʚʦʤ 1-ʛʦ ʧʦʨʷʜʢʫ, ʣʝʩʦʚʠʜʥʠʡ ʩʫʛʣʠʥʦʢ  ʫ ʩʪʽʥʮʽ 

ʚʽʜʨʠʚʫ ʤʘʻ ʩʪʦʚʧʯʘʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʚʽʜʩʣʦʥʝʥʥʷ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʚʽʜʢʣʘʜʘʭ 

ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʚʝʨʭʥʴʦʛʦ ʧʣʝʡʩʪʦʮʝʥʫ. ʇʨʠʩʭʠʣʦʚʘ ʧʦʚʝʨʭʥʷ ʧʦʨʦʩʣʘ ʜʝʨʝʚʥʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ, ʤʘʻ ʚʝʨʭʥʶ ʭʚʠʣʷʩʪʫ ʙʨʦʚʢʫ. ʇʣʦʱʘ ʦʛʦʣʝʥʠʭ ʚʽʜʢʣʘʜʽʚ ʩʷʛʘʻ 80 ʤ. 

ɼʽʣʷʥʢʘ 9 (ʨʠʩ. 4.2-ʟ): ʩʪʽʥʢʘ ʚʽʜʨʠʚʫ ʟʩʫʚʫ ʥʘ ʜʽʣʷʥʮʽ ʧʽʜ ʥʦʤʝʨʦʤ ʜʝʚôʷʪʴ 

ʩʬʦʨʤʦʚʘʥʦ ʛʨʝʙʝʥʝʚʠʜʥʠʤʠ ʩʪʦʚʧʯʘʩʪʠʤʠ ʦʩʪʘʥʮʝʚʠʤʠ ʬʦʨʤʘʤʠ ʣʝʩʦʧʦʜʽʙʥʠʭ 

ʩʫʛʣʠʥʢʽʚ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ, ʱʦ ʩʠʣʴʥʦ ʚʠʚʽʪʨʶʻʪʴʩʷ ʪʘ ʨʫʡʥʫʻʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʝʨʦʟʽʾ (ʆʨʣʝʥʢʦ, 2023ʙ).  

   
ʘ ʙ ʚ 

   
ʛ ʜ ʝ 

   
 ̒ ʞ ʟ 

ʈʠʩ. 4.2. ʊʝʩʪʦʚʽ ʜʽʣʷʥʢʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ, ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 
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ɺ ʤʝʞʘʭ ʪʝʩʪʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʽʜ ʘʙʦ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʧʽʜ ʚʧʣʠʚʦʤ ʨʦʟʦʨʶʚʘʥʥʷ, ʝʨʦʟʽʡʥʠʭ ʨʦʟʤʠʚʽʚ ʥʘ ʩʭʠʣʘʭ ʪʘ 

ʜʥʠʱʘʭ ʷʨʽʚ, ʚʠʾʤʦʢ ˇʨʫʥʪʫ, ʟʩʫʚʫ ʩʭʠʣʦʚʠʭ ʤʘʩ, ʧʣʦʱʠʥʥʦʾ ʝʨʦʟʽʾ ʪʘ ʜʝʥʫʜʘʮʽʾ, 

ʪʘʢʦʞ ʘʢʫʤʫʣʷʮʽʾ ʾʭ ʫ ʧʽʜʥʽʞʞʷ ʩʭʠʣʽʚ.  

ɼʣʷ ʟʩʫʚʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʦʙʫʜʦʚʘʥʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʪʝʩʪʦʚʽ ʜʽʣʷʥʢʠ ʤʘʶʪʴ ʩʧʽʣʴʥʫ ʛʝʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ 

(ʨʠʩ. 4.3).  

ʇʦʣʴʦʚʽ ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʘʚʪʦʨʦʤ ʟʛʽʜʥʦ ʟ ʤʘʨʰʨʫʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʥʘʚʝʩʥʽ (ʢʚʽʪʝʥʴ-ʪʨʘʚʝʥʴ) 2023 ʨ. ʇʽʜ ʯʘʩ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ ʦʪʨʠʤʘʥʦ ʜʘʥʽ ʧʨʦ ʩʪʘʥ 

ʨʦʩʣʠʥʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʝʛʽʦʥʫ, ʣʽʪʦʣʦʛʽʶ ʚʽʜʢʣʘʜʽʚ, ʢʨʫʪʠʟʥʫ ʩʭʠʣʽʚ ʪʘ 

ʟʩʫʚʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

 

ʈʠʩ. 4.3. ʋʟʘʛʘʣʴʥʝʥʠʡ ʛʝʦʣʦʛʽʯʥʦ-ʣʘʥʜʰʘʬʪʥʠʡ ʨʦʟʨʽʟ ʟʩʫʚʽʚ ʥʘ ʨʠʩ. 4.2 

ɿʚʘʞʘʶʯʠ ʥʘ ʜʦʩʪʫʧʥʽ ʜʞʝʨʝʣʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʟʥʽʤʢʽʚ, ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʽʩʪʶ 10 ʤ (ʟʥʽʤʢʠ ʩʫʧʫʪʥʠʢʘ Sentinel, ʟ 

ʛʨʘʬʽʢʦʤ ʧʨʦʣʴʦʪʫ ʷʢʦʛʦ ʫʟʛʦʜʞʝʥʦ ʯʘʩʦʚʽ ʧʨʦʤʽʞʢʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ), 

ʪʝʩʪʦʚʽ ʝʣʝʤʝʥʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʢʦʩʤʽʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʦʜʥʠʤ ʧʽʢʩʝʣʦʤ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʢʩʝʣʠ ʚʠʙʨʘʥʦ ʚ ʮʝʥʪʨʘʣʴʥʠʭ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʠʭ ʪʦʯʢʘʭ 

ʚ ʮʝʥʪʨʽ ʜʦʩʣʽʜʥʦʛʦ ʦʙôʻʢʪʫ (ʆʨʣʝʥʢʦ, 2023ʙ). 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʟʤʽʥ ʫ ʨʦʟʚʠʪʢʫ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʩʽ ʥʘʷʚʥʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ 
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ʤʘʪʝʨʽʘʣʠ ʧʨʠʚʝʜʝʥʦ ʚ ʦʜʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʦʮʠʬʨʦʚʘʥʦ ʚʩʽ 

ʬʦʥʜʦʚʽ ʤʘʪʝʨʽʘʣʠ ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʟʚʽʪʽʚ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʽʥʪʝʨʝʩ ʜʣʷ 

ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʟʚʝʜʝʥʦ ʚ ʚʝʢʪʦʨʥʽ ʪʝʤʘʪʠʯʥʽ ʰʘʨʠ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ArcGISPro. ɼʘʣʽ ʟʜʽʡʩʥʝʥʦ ʚʠʙʽʨʢʫ ʽʟ ʜʦʩʪʫʧʥʠʭ ʢʦʩʤʦʟʥʽʤʢʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʟʥʘʯʥʦ ʟʙʘʛʘʪʠʪʠ ʟʤʽʩʪ ʪʘ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʢʘʨʪ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ɼɿɿ ʧʨʦʩʣʽʜʢʦʚʘʥʦ ʜʠʥʘʤʽʢʫ ʥʝʙʝʟʧʝʯʥʠʭ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʨʽʟʥʦʯʘʩʦʚʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ. ʊʘʢʦʞ 

ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʜʠʩʪʘʥʮʽʡʥʠʡ ʛʝʦʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʫʧʽʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʩʣʽʜʥʽ 

ʜʽʣʷʥʢʠ (ʆʨʣʝʥʢʦ, 2020) ʪʘ ʚʠʟʥʘʯʝʥʦ ʩʪʫʧʽʥʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʪʝʨʠʪʦʨʽʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. 

 

4.2 ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ 

ɿ ʤʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 

ʟʘʜʘʯʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ ʧʨʦ 

ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ʩʫʧʫʪʥʠʢʘʤʠ Sentinel-1, ʦʙʨʘʥʦ ʟʡʦʤʢʠ (ɼʦʜʘʪʦʢ ɹ), ʱʦ 

ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʚʘʶʪʴ ʪʝʨʠʪʦʨʽʶ ʜʦʩʣʽʜʞʝʥʥʷ, 23 ʧʘʨʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʟ 2015 ʧʦ 2023 ʨʦʢʠ ʚʢʣʶʯʥʦ, ʟʘ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʟ ʙʝʨʝʟʥʷ ʜʦ ʪʨʘʚʥʷ.  

ɿʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ ʨʦʟʨʘʭʫʥʢʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʘ 

ʤʝʪʦʜʦʤ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ (ʘʣʛʦʨʠʪʤ 3.1) ʚʠʙʽʨ ʚʝʩʥʷʥʦʛʦ ʧʝʨʽʦʜʫ 

ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʦʩʣʽʜʥʘ ʜʽʣʷʥʢʘ ʤʘʻ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʟʘʣʽʩʥʝʥʦʩʪʽ. 

ʊʨʠʛʝʨʦʤ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ ʻ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʣʽʪʦʣʦʛʽʯʥʠʭ ʰʘʨʽʚ ʪʘ ʛʨʫʥʪʽʚ 

ʪʝʨʠʪʦʨʽʾ, ʚʧʣʠʚ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʘ ʩʘʤʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʦʣʦʛʠ ˇʨʫʥʪʽʚ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʃʽʪʥʽ ʤʽʩʷʮʽ ʥʝ ʙʨʘʣʠʩʷ ʜʦ ʫʚʘʛʠ ʯʝʨʝʟ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʜʦʩʣʽʜʥʽʡ ʜʽʣʷʥʮʽ.  

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʘʥʦ ʧʽʜʙʽʨ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʥʽʤʢʽʚ ʩʫʧʫʪʥʠʢʘ 

Sentinel-1. ʆʙʨʘʥʽ ʨʘʜʘʨʥʽ ʟʥʽʤʢʠ ʤʘʶʪʴ ʢʦʨʦʪʢʫ ʯʘʩʦʚʫ ʙʘʟʦʚʫ ʣʽʥʽʶ 12 ʜʥʽʚ, ʮʝ ʯʘʩ 

ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʣʴʦʪʫ ʩʫʧʫʪʥʠʢʘ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʫ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʙʘʟʦʚʫ ʣʽʥʽʶ ʥʘ ʤʦʤʝʥʪ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʷʢʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 
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150 ʜʦ 300 ʤʝʪʨʽʚ. ʂʘʨʪʦ-ʩʭʝʤʫ ʟʤʽʱʝʥʴ ʟʘ ʨʘʜʘʨʥʠʤ ʩʫʧʫʪʥʠʢʦʤ Sentinel-1 ʚ ʧʝʨʽʦʜ 

ʙʝʨʝʟʝʥʴ ï ʢʚʽʪʝʥʴ ʩʪʚʦʨʝʥʦ ʜʣʷ ʩʧʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʟʙʦʨʫ ʜʘʥʠʭ. 

ɿʜʽʡʩʥʝʥʦ ʢʦʨʝʢʮʽʶ ʟʥʽʤʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʨʙʽʪʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ 

ʚʠʣʫʯʝʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʤʫʛʫ ʨʘʜʘʨʥʦʛʦ ʟʥʽʤʢʫ, ʱʦ ʧʦʢʨʠʚʘʻ 

ʦʙʣʘʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʩʪʦʩʦʚʘʥʦ ʤʦʜʫʣʴ ʩʧʽʣʴʥʦʾ ʢʦʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʪʘ 

ʩʪʚʦʨʝʥʦ ʾʭ ʩʪʝʢ, ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʜʘʥʠʭ, ʷʢ ʨʝʟʫʣʴʪʘʪ, 

ʩʬʦʨʤʦʚʘʥʦ ʚʠʭʽʜʥʫ ʽʥʪʝʨʬʝʨʦʛʨʘʤʫ.  

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʚʠʜʘʣʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʬʘʟʠ, ʫʩʝʨʝʜʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʭ ʟʥʘʯʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷ Multilooking. ʌʽʣʴʪʨʘʮʽʷ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʘ ʤʝʪʦʜʦʤ Goldstein ʟʘʙʝʟʧʝʯʠʣʘ ʥʽʚʝʣʶʚʘʥʥʷ ʰʫʤʫ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ. ʈʦʟʛʦʨʪʢʘ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʾ ʬʘʟʠ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʦʜʫʣʷ Snaphu ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SNAP.  

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʚʠʢʦʥʘʥʦ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʬʘʟʠ, ʚ 

ʨʘʜʽʘʥʘʭ, ʫ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʤʝʪʨʠ. ʂʦʨʝʢʪʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʛʦʨʥʫʪʦʾ 

ʬʘʟʠ ʜʦʩʷʛʥʫʪʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʧʮʽʡ ʤʘʩʢʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʥʠʟʴʢʦʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ. 

ʂʦʝʬʽʮʽʻʥʪ 0,3 ʻ ʤʽʥʽʤʘʣʴʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʽʜʧʦʚʽʜʘʻ 

ʨʦʩʣʠʥʥʠʤ ʪʘ ʚʦʜʥʠʤ ʦʙôʻʢʪʘʤ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ. ʆʩʢʽʣʴʢʠ ʪʝʩʪʦʚʘ 

ʜʽʣʷʥʢʘ ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʫʟʙʝʨʝʞʞʷ ʚʦʜʦʩʭʦʚʠʱʘ ʧʦʨʽʛ ʬʽʣʴʪʨʘʮʽʾ ʧʽʜʚʠʱʝʥʦ ʜʦ 

ʟʥʘʯʝʥʴ 0,4; ʪʘ 0,5 (ʆʨʣʝʥʢʦ, 2023ʘ).  

ʊʘʢʦʞ ʟʜʽʡʩʥʝʥʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʙʽʨ ʜʽʣʷʥʦʢ, 

ʟʤʽʱʝʥʥʷ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʎʝ ʧʦʣʷ, ʱʦ ʥʝ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟ 2013 ʨʦʢʫ ʪʘ ʤʘʶʪʴ 

ʩʪʘʣʠʡ ʨʽʚʝʥʴ ʨʦʩʣʠʥʥʦʩʪʽ ʧʽʜ ʯʘʩ ʚʝʩʥʷʥʦʛʦ ʧʝʨʽʦʜʫ. ʇʨʦʚʝʜʝʥʦ ʧʦʚʪʦʨʥʫ 

ʢʦʨʝʢʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʚʞʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʴ ʥʘ ʮʠʭ ʜʽʣʷʥʢʘʭ. 

ʌʽʥʘʣʴʥʠʤ ʢʨʦʢʦʤ ʩʪʚʦʨʝʥʦ ʢʘʨʪʦ-ʩʭʝʤʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʟʜʽʡʩʥʝʥʦ ʛʝʦʤʝʪʨʠʯʥʫ ʢʦʨʝʢʮʽʶ ʦʪʨʠʤʘʥʠʭ ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʪʘ 

ʚʠʟʥʘʯʝʥʦ ʚʝʣʠʯʠʥʫ ʟʤʽʱʝʥʴ ʫ ʢʦʞʥʽʡ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʦʯʮʽ.  

ʅʘ ʨʠʩʫʥʢʫ 4.4 ʥʘʚʝʜʝʥʦ ʢʘʨʪʦ-ʩʭʝʤʫ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ 

ʚ ʧʝʨʽʦʜ ʟ 2015-2023 ʨʨ. ʧʦʰʠʨʝʥʥʷ ʜʽʣʷʥʦʢ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ ʚ ʤʝʞʘʭ ʤʘʨʰʨʫʪʫ 

ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʘʨʪʦ-ʩʭʝʤʠ (ʨʠʩ. 4.4) ʪʝʩʪʦʚʽ ʜʽʣʷʥʢʠ ʧʽʜ ʥʦʤʝʨʘʤʠ 5-9 ʻ 

ʘʢʪʠʚʥʠʤʠ. ɼʣ̔ʷʥʢʠ ʥʦʤʝʨ 1, 4 ʯʘʩʪʢʦʚʦ ʘʢʪʠʚʥʽ, ʜʽʣʷʥʢʠ 2, 3 ï ʥʝʘʢʪʠʚʥʽ. 

ɸʢʪʠʚʽʟʘʮʽʷ ʟʩʫʚʽʚ ʧʽʜ ʥʦʤʝʨʘʤʠ 5-9 ʧʦʚôʷʟʘʥʘ ʟ ʚʧʣʠʚʦʤ ʧʨʠʨʦʜʥʠʭ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ. 

ɿʘ ʛʨʘʬʽʢʘʤʠ ʚʝʣʠʯʠʥʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʜʽʣʷʥʦʢ 1-9, (ʨʠʩ. 4.5 (ʘ-ʟ)) 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʦʩʪʽʡʥʠʡ ʨʫʭ ʪʘ ʥʘʷʚʥʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ 

ʜʽʣʷʥʦʢ ʧʽʜ ʥʦʤʝʨʦʤ 6-9. ɼʣʷ ʜʽʣʷʥʢʠ ʧʽʜ ʥʦʤʝʨʦʤ 1 ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʝʨʽʦʜʠʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʫ 2015, 2019-2021 ʨʦʢʘʭ, ʚʦʜʥʦʯʘʩ ʽʟ ʚʽʜʩʫʪʥʽʩʪʶ ʢʦʣʠʚʘʥʴ ʫ 2016-2018, 

2022-2023 ʨʦʢʘʭ. ʅʘ ʜʽʣʷʥʢʘʭ ʧʽʜ ʥʦʤʝʨʦʤ 2-3 ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʥʝ 

ʟʘʬʽʢʩʦʚʘʥʦ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʽʣʷʥʢʠ 4 ʪʘ 5 ʧʨʦʷʚʣʷʶʪʴ ʥʝʟʥʘʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʫ 2016, 2019-2020, 2023 ʨʦʢʘʭ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʥʷ 10 ʩʤ 

ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʜʽʣʷʥʢʘʭ 6 ʪʘ 9. 

 

ʈʠʩ. 4.4. ʌʨʘʛʤʝʥʪ ʢʘʨʪʠ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʩʝʣʘ ʉʪʘʡʢʠ  
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ʇʨʠʯʠʥʦʶ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʽʣʷʥʦʢ 2-4 ʻ ʟʘʢʨʽʧʣʝʥʥʷ ʩʭʠʣʽʚ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʜʝʨʝʚʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʷʢʘ ʚʠʩʪʫʧʘʻ ʩʪʘʙʽʣʽʟʫʶʯʠʤ ʬʘʢʪʦʨʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʢʨʠʪʠʯʥʠʡ ʚʧʣʠʚ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʜʠʥʘʤʽʢʫ ʟʩʫʚʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. ʅʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʙʽʣʴʰʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʜʝʬʦʨʤʘʮʽʾ, 

ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʧʨʦʪʷʛʦʤ ʚʝʩʥʷʥʦʛʦ ʧʝʨʽʦʜʫ ʤʽʞ 2015 ʽ 2023 ʨʦʢʘʤʠ, ʤʘʶʪʴ 

ʟʥʘʯʝʥʥʷ ʚʽʜ 1 ʜʦ 15 ʩʤ ʥʘ ʨʽʢ.  

ʇʦʟʠʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʴ (ʨʠʩ. 4.5) ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʧʦʚʝʨʭʥʷ 

ʧʝʨʝʤʽʩʪʠʣʘʩʷ ʚʛʦʨʫ ʘʙʦ ʚʽʜʜʘʣʠʣʘʩʷ ʚʽʜ ʣʽʥʽʾ ʚʠʜʠʤʦʩʪʽ ʩʫʧʫʪʥʠʢʘ. ʋ ʢʦʥʪʝʢʩʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʟʠʪʠʚʥʝ ʟʤʽʱʝʥʥʷ ʦʟʥʘʯʘʻ, ʱʦ ʟʩʫʚʥʝ ʪʽʣʦ 

ʚʠʰʪʦʚʭʫʻʪʴʩʷ ʥʘʛʦʨʫ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʽʜʥʷʪʪʷ ʻ ʦʜʥʽʻʶ ʟ ʤʦʞʣʠʚʠʭ ʧʨʠʯʠʥ ʟʤʽʥʠ 

ʬʘʟʠ ʩʠʛʥʘʣʫ.  

ʘ)  ʙ)  

ʚ)  ʛ)  

ʜ)  ʝ)  



128 

 

ʻ)  ʞ)  

ʟ)  

 

ʈʠʩ. 4.5. ɻʨʘʬʽʢ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʜʽʣʷʥʦʢ 1-9 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʫ 2023 ʨʦʮʽ ʧʦʣʴʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʩʪʚʦʨʝʥʦ 

ʢʘʨʪʦ-ʩʭʝʤʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ. 4.6. 

 

ʈʠʩ. 4.6. ɸʢʪʠʚʽʟʘʮʽʷ ʟʩʫʚʽʚ ʧʽʚʥʽʯʥʦʾ ʯʘʩʪʠʥʽ ʩʝʣʘ ʉʪʘʡʢʠ ʫ 2023 ʨʦʮʽ 
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ʆʪʞʝ ʫ 2023 ʨʦʮʽ ʘʢʪʠʚʥʠʤʠ ʟʩʫʚʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʻ ʥʦʤʝʨ 6-9 ʜʝ ʟʘʬʽʢʩʦʚʘʥʦ 

ʚʝʨʪʠʢʘʣʴʥʽ ʟʤʽʱʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʝʘʢʪʠʚʥʠʤʠ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ 

ʨʦʙʽʪ ʪʘ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʢʘʨʪʦ-ʩʭʝʤʠ ʻ ʜʽʣʷʥʢʠ ʧʽʜ ʥʦʤʝʨʦʤ 1-3 ʪʘ 5, ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʜʽʣʷʥʢʠ 4 ʟʘʬʽʢʩʦʚʘʥʽ ʟʤʽʱʝʥʥʷ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɺʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʴ ʦʟʥʘʯʘʶʪʴ, ʱʦ ʧʦʚʝʨʭʥʷ ʟʤʽʩʪʠʣʘʩʷ ʚʥʠʟ ʘʙʦ 

ʙʣʠʞʯʝ ʜʦ ʣʽʥʽʾ ʚʠʜʠʤʦʩʪʽ ʩʫʧʫʪʥʠʢʘ. ɼʣʷ ʟʩʫʚʽʚ ʥʝʛʘʪʠʚʥʝ ʟʤʽʱʝʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʦʩʽʜʘʥʥʷ ˇʨʫʥʪʽʚ. ʎʝʡ ʧʨʦʮʝʩ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʧʦʚʟʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʥʠʟ 

ʘʙʦ ʡʦʛʦ ʫʱʽʣʴʥʝʥʥʷ (Orlenko, 2023). ʆʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʴ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʩʢʽʣʴʢʠ ʟʨʫʰʠʣʘʩʷ ʟʝʤʥʘ ʧʦʚʝʨʭʥʷ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʚʽʨʢʦʚʠʤʠ 

ʜʽʣʷʥʢʘʤʠ. ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟʤʽʱʝʥʥʷ ʚʠʤʨʽʶʶʪʴʩʷ ʚ ʩʘʥʪʠʤʝʪʨʘʭ, ʯʠʤ 

ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ, ʪʠʤ ʙʽʣʴʰ ʟʥʘʯʥʠʤ ʻ ʨʫʭ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

4.3 ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʂʘʨʪʦ-ʩʭʝʤʘ ʧʦʰʠʨʝʥʥʷ ʘʢʪʠʚʥʠʭ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚʽʜ ʈʞʠʱʝʚʘ ʜʦ ɻʨʠʛʦʨʽʚʢʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.7 ʟʘ 

ʚʽʟʫʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚ ʩʝʨʝʜʦʚʠʱʽ ArcGisPro. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʣʠʪʪʷ 

ʪʝʦʨʝʪʠʯʥʠʭ, ʧʨʘʢʪʠʯʥʠʭ ʪʘ  ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ, ʚʠʜʽʣʝʥʦ ʜʽʣʷʥʢʠ ʧʦʰʠʨʝʥʥʷ 

ʘʢʪʠʚʥʠʭ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ.  

ɿʩʫʚʠ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʪʘ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʫ ʧʨʠʨʦʜʥʦ-

ʰʪʫʯʥʽʡ ʩʠʩʪʝʤʽ çʩʭʠʣ-ʚʦʜʦʡʤʘè, ʧʨʠʥʦʩʷʪʴ ʟʥʘʯʥʽ ʟʙʠʪʢʠ ʪʘ ʻ ʧʨʠʯʠʥʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʨʠʟʠʢʫ ʚʝʜʝʥʥʷ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʠʚʯʝʥʥʷ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ  ʟʩʫʚʽʚ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʪʝʭʥʦʛʝʥʥʦʾ ʙʝʟʧʝʢʠ 

ʪʝʨʠʪʦʨʽʾ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʷʭ.  

ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʪʘ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ (ʧʽʜʨʦʟʜʽʣ 1.1.) ʨʦʟʜʽʣʝʥʦ ʥʘ ʜʚʘ ʪʠʧʠ. ɿʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʩʭʠʣʫ ʧʝʨʰʠʡ ʪʘ ʜʨʫʛʠʡ ʪʠʧʠ ʛʝʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʥʝ ʤʘʶʪʴ 

ʤʘʩʰʪʘʙʥʠʭ ʟʤʽʥ ʥʘ ʟʥʘʯʥʠʭ ʧʣʦʱʘʭ. ʆʜʥʘʢ ʥʘ ʩʭʠʣʦʚʠʭ ʜʽʣʷʥʢʘʭ ʧʝʨʰʦʛʦ ʽ 

ʜʨʫʛʦʛʦ ʪʠʧʫ ʛʝʦʣʦʛʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʩʭʠʣʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʽʥʽʤʘʣʴʥʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʢʟʦʛʝʥʥʽ ʛʝʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʢʦʨʝʣʶʶʪʴ ʟ 

ʛʝʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʉʝʨʝʜʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʧʝʨʽʦʜ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟ 2015 ʧʦ 2023 ʨʨ., ʢʦʞʥʦʛʦ ʨʦʢʫ, ʚʝʩʥʷʥʦʛʦ ʧʝʨʽʦʜʫ ʦʢʨʝʤʦ ʥʘʚʝʜʝʥʦ 

ʚ ɼʦʜʘʪʢʫ ɺ. ʈʝʟʫʣʴʪʫʶʯʽ ʢʘʨʪʦ-ʩʭʝʤʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʫ 2015 ʨʦʮʽ ʥʘʡʙʽʣʴʰ 

ʘʢʪʠʚʥʽ ʟʩʫʚʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʽʚʜʝʥʥʦʾ ʦʢʦʣʠʮʽ ʩʝʣʘ ʉʪʘʡʢʠ, ʈʞʠʱʽʚ ʪʘ ʩʝʣʠʱʘ 

ɹʘʣʠʢʦ-ʑʫʯʠʥʢʘ. ʅʘʡʙʽʣʴʰʘ ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʴ ʩʷʛʘʻ 4,5 ʩʤ. ʋ 2016 ʨʦʮʽ ʥʘʡʙʽʣʴʰʝ 

ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 2 ʩʤ, ʘʣʝ ʘʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚʟʜʦʚʞ 

ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ʋ 2017 ʨʦʮʽ ʟʤʽʱʝʥʥʷ ʜʦʩʷʛʘʶʪʴ 6 ʩʤ ʪʘ 

ʻ ʘʢʪʠʚʥʠʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʚʩʽʻʾ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ.  

ʋ 2018 ʨʦʮʽ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ 8 ʩʤ ʪʘ ʤʘʻ ʚʠʩʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʘʢʪʠʚʥʦʩʪʽ ʫ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʨʰʨʫʪʫ. ɼʣʷ 2019 ʨʦʢʫ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʥʠʟʴʢʽ 

ʟʥʘʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʪʘ ʧʦʰʠʨʝʥʥʷ ʟʜʝʙʽʣʴʰʦʛʦ ʚ ʤʝʞʘʭ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ, 

2020 ʨʽʢ ʻ ʧʦʜʽʙʥʠʤ ʜʦ 2019 ʨʦʢʫ. ɿʘ ʧʝʨʽʦʜ ʚʝʩʥʠ 2021 ʨʦʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʟʩʫʚʥʠʭ ʜʽʣʷʥʦʢ ʻ ʚʠʱʦʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʤʠʥʫʣʠʤʠ ʨʦʢʘʤʠ. ɼʣʷ 2022 ʪʘ 

2023 ʨʦʢʽʚ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʩʧʽʣʴʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʘʢʪʠʚʥʠʭ ʟʩʫʚʥʠʭ ʜʽʣʷʥʦʢ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʟʩʫʚʽʚ ʥʘ ʙʝʨʝʟʽ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ.  

 

ʈʠʩ. 4.7. ʂʘʨʪʦ-ʩʭʝʤʘ ʧʦʰʠʨʝʥʥʷ ʘʢʪʠʚʥʠʭ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚʽʜ ʈʞʠʱʝʚʘ ʜʦ ɻʨʠʛʦʨʽʚʢʠ  
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ʈʠʩ. 4.8. ɿʙʽʣʴʰʝʥʠʡ ʤʘʩʰʪʘʙ ʜʽʣʷʥʦʢ ʟ ʧʽʜʚʠʱʝʥʠʤ ʩʪʫʧʝʥʝʤ ʨʠʟʠʢʫ ʟʩʫʚʽʚ: 

ʘ ï ʦʢʦʣʠʮʽ ʤʽʩʪʘ ʈʞʠʱʽʚ, ʙ ï ʦʢʦʣʠʮʽ ʩʝʣʠʱʘ ɹʘʣʠʢʦ-ʑʫʯʠʥʢʘ, ʚ ï ʦʢʦʣʠʮʽ ʩʝʣʘ 

ʍʦʜʦʨʽʚ, ʛ ï ʬʨʘʛʤʝʥʪ ʥʘ ʧʽʚʦʩʪʨʦʚʽ ʊʨʘʭʪʝʤʠʨʽʚ, ʜ ï ʦʢʦʣʠʮʽ ʩʝʣʘ ɻʨʠʛʦʨʽʚʢʘ. 

ʆʪʞʝ, ʜʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʢʫ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ. ʇʦʪʝʥʮʽʡʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʟʩʫʚʽʚ ʻ ʦʢʦʣʠʮʽ ʤʽʩʪʘ ʈʞʠʱʽʚ (ʨʠʩ. 4.8ʘ), 

ʦʢʦʣʠʮʽ ʩʝʣʠʱʘ ɹʘʣʠʢʦ-ʑʫʯʠʥʢʘ (ʨʠʩ. 4.8ʙ), ʦʢʦʣʠʮʽ ʩʝʣʘ ʍʦʜʦʨʽʚ (ʨʠʩ. 4.8ʚ), 

ʬʨʘʛʤʝʥʪ ʥʘ ʧʽʚʦʩʪʨʦʚʽ ʊʨʘʭʪʝʤʠʨʽʚ (ʨʠʩ. 4.8ʛ), ʦʢʦʣʠʮʽ ʩʝʣʘ ɻʨʠʛʦʨʽʚʢʘ (ʨʠʩ. 4.8ʜ).  

ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʘʢʪʠʚʥʠʡ ʟʩʫʚ, ʪʦʡ ʱʦ ʚʽʜʙʫʚʩʷ ʥʝʱʦʜʘʚʥʦ ʘʙʦ ʧʨʦʮʝʩ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʡ ʥʘʜʘʣʽ, ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʫʶʯʦʤʫ ʟʦʙʨʘʞʝʥʥʽ, ʚʥʘʩʣʽʜʦʢ 

ʧʨʦʮʝʩʽʚ ʚʽʜʩʣʦʥʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʧʦʨʽʜ ʪʘ ʩʧʦʚʟʘʥʥʷ ʟʥʘʯʥʠʭ ʤʘʩ ˇʨʫʥʪʫ. 

ʆʪʨʠʤʘʥʽ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʩʧʨʠʷʶʪʴ ʛʣʠʙʰʦʤʫ ʨʦʟʫʤʽʥʥʶ 

ʤʝʭʘʥʽʟʤʽʚ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʫʟʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʻ ʦʩʥʦʚʦʶ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ 

ʪʝʨʠʪʦʨʽʾ.  

4.4 ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʘʢʪʠʚʽʟʘʮʽʾ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ɸʚʪʦʨʦʤ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʘʥʘʣʽʟʫ 

ʪʝʢʪʦʥʦʛʝʥʝʟʫ ʽ ʤʦʨʬʦʛʝʥʝʟʫ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʢʘʨʪʫ 

ʫʨʘʞʝʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʟʩʫʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʛʫʩʪʦʪʠ ʝʨʦʟʽʡʥʦʛʦ 

ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ. ɿʘ ʧʦʣʴʦʚʠʤʠ ʜʘʥʠʤʠ, ʚʠʩʚʽʪʣʝʥʠʤʠ ʫ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣʘʭ (ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʱʦʨʽʯʥʠʢ, 2017, 2021) ʩʪʚʦʨʝʥʘ ʢʘʨʪʦ-ʩʭʝʤʘ ʫʨʘʞʝʥʦʩʪʽ 

ʪʝʨʠʪʦʨʽʾ ʟʩʫʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ʨʠʩ. 4.9). ɹʽʣʴʰʽʩʪʴ ʟʩʫʚʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʥʘ ʙʝʨʝʟʽ 

ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʥʘ ʩʭʠʣʘʭ ʙʘʣʦʢ. 
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ʂʘʨʪʦ-ʩʭʝʤʘ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ (ʨʠʩ. 4.10), ʦʪʨʠʤʘʥʘ ʟʘ ʜʘʥʠʤʠ SRTM, 

ʜʝʤʦʥʩʪʨʫʻ ʟʥʘʯʫʱʠʡ ʚʥʝʩʦʢ ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʫ 

ʬʦʨʤʫʚʘʥʥʷ ʨʝʣʴʻʬʫ ʜʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. ɸʥʘʣʽʟ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ ʜʦʟʚʦʣʠʚ ʟʨʦʟʫʤʽʪʠ 

ʨʦʟʧʦʜʽʣ ʪʘ ʩʪʫʧʽʥʴ ʾʭ ʥʘʭʠʣʫ, ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʢʨʫʪʠʟʥʦʶ, ʷʢʽ ʻ 

ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʟʩʫʚʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʘʙʩʦʣʶʪʥʽ ʫʩʝʨʝʜʥʝʥʽ ʚʽʜʤʽʪʢʠ 

ʧʦʚʝʨʭʥʽ ʦʪʨʠʤʘʥʽ ʚʥʘʩʣʽʜʦʢ ʧʦʙʫʜʦʚʠ ʢʘʨʪʦ-ʩʭʝʤʠ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ ʨʦʟʙʽʛʘʶʪʴʩʷ 

ʟ ʘʙʩʦʣʶʪʥʠʤʠ ʚʽʜʤʽʪʢʘʤʠ ʧʦʚʝʨʭʥʽ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʘʥʠʤʠ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ, 

ʟʘʬʽʢʩʦʚʘʥʦ ʾʭ ʧʝʨʝʚʠʱʝʥʥʷ ʥʘ 26-30 ʤ, ʘʣʝ ʟʘʛʘʣʴʥʘ ʢʘʨʪʠʥʘ ʧʨʦʩʪʷʛʘʥʥʷ ʮʠʭ 

ʽʟʦʛʽʧʩ ʙʽʣʴʰ ʤʝʥʰ ʯʽʪʢʦ ʧʦʚʪʦʨʶʻ ʛʦʨʠʟʦʥʪʘʣʽ ʦʪʨʠʤʘʥʽ ʟ ʎʄʈ, ʭʦʯʘ ʾʭ ʨʠʩʫʥʢʠ 

ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ. 

  

ʈʠʩ. 4.9. ʂʘʨʪʦ-ʩʭʝʤʘ ʫʨʘʞʝʥʦʩʪʽ 

ʪʝʨʠʪʦʨʽʾ ʟʩʫʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʈʠʩ. 4.10. ʂʘʨʪʦ-ʩʭʝʤʘ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ ʚ 

ʤʝʞʘʭ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʟ SRTM ʪʘ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʧʝʨʝʪʚʦʨʝʥʴ 

ʧʦʢʘʟʘʚ, ʱʦ ʥʝʜʦʩʪʘʪʥʷ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʜʘʥʦʾ ʟʡʦʤʢʠ ʥʝ ʜʘʣʘ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦ ʚʩʪʘʥʦʚʠʪʠ ʤʽʩʮʷ ʘʢʪʠʚʽʟʦʚʘʥʠʭ ʜʽʣʷʥʦʢ ʩʭʠʣʽʚ ʪʘ 

ʥʝʩʪʘʙʽʣʴʥʠʭ ʜʽʣʷʥʦʢ ʯʝʨʝʟ ʥʝʟʥʘʯʥʽ ʽ ʨʝʛʫʣʷʨʥʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʧʨʠʩʫʪʥʽ 

ʷʢ ʥʘ ʟʩʫʚʥʠʭ, ʪʘʢ ʽ ʥʘ ʩʪʘʙʽʣʴʥʠʭ ʧʦʚʝʨʭʥʷʭ. ʅʘʡʙʽʣʴʰʠʭ ʢʦʣʠʚʘʥʴ ʚ ʘʥʘʣʽʟʦʚʘʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʟʘʟʥʘʶʪʴ ʩʭʠʣʠ, ʘʣʝ ʾʭ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʩʣʘʙʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ SRTM ʜʣʷ ʦʮʽʥʢʠ 

ʨʦʟʚʠʪʢʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʘʣʝ ʡ ʟʘʣʫʯʝʥʥʷ ʤʝʪʦʜʠʢʠ ʧʦʙʫʜʦʚʠ ʢʘʨʪ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʟʤʽʱʝʥʴ ʟʘ ʜʘʥʠʤʠ Sentinel-1, ʪʘ ʢʘʨʪ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘ ʜʘʥʠʤʠ SRTM. ʆʪʞʝ, 

ʥʘ ʦʪʨʠʤʘʥʽʡ ʢʘʨʪʦ-ʩʭʝʤʽ ʚʠʜʽʣʝʥʦ ʦʩʥʦʚʥʽ ʟʦʥʠ ʟʘ ʩʪʫʧʝʥʝʤ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ. 
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ʅʘʡʚʠʱʽ ʢʫʪʠ ʥʘʭʠʣʫ ʧʦʚʝʨʭʥʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʨʠʙʝʨʝʞʥʦʾ ʟʦʥʠ ʪʘ ʙʘʣʦʢ, ʮʽ 

ʜʽʣʷʥʢʠ ʤʘʶʪʴ ʥʘʡʚʠʱʠʡ ʨʠʟʠʢ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʠʜʽʣʷʶʯʠʩʴ ʥʘ 

ʢʘʨʪʦ-ʩʭʝʤʽ ʯʝʨʚʦʥʠʤ ʪʘ ʞʦʚʪʠʤ ʢʦʣʴʦʨʘʤʠ. 

ɼʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʣʠ ʩʪʨʫʢʪʫʨʥʝ ʜʝʰʠʬʨʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʟ ʤʝʪʦʶ ʚʠʜʽʣʝʥʥʷ ʣʽʥʝʘʤʝʥʪʽʚ ʪʘ ʾʭ ʟʦʥ ʘʢʪʠʚʥʦʩʪʽ, ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ 3.3 ʅʘ ʦʩʥʦʚʽ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʢʘʨʪ ʜʦʯʝʪʚʝʨʪʠʥʥʦʾ ʙʫʜʦʚʠ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ SRTM 

ʧʦʙʫʜʦʚʘʥʦ ʢʘʨʪʦ-ʩʭʝʤʫ ɦ̔ ʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ (ʨʠʩ. 4.11), ʱʦ ʻ ʜʞʝʨʝʣʦʤ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʝʦʪʝʢʪʦʥʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʇʽʩʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʢʘʟʘʥʦ ʢʽʣʴʢʽʩʪʴ 

ʣʽʥʝʘʤʝʥʪʽʚ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ, ʱʦ ʧʦʣʝʛʰʫʻ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʨʝʛʽʦʥʽʚ ʟ ʚʠʩʦʢʦʶ 

ʱʽʣʴʥʽʩʪʶ ʣʽʥʽʡ, ʘ ʪʘʢʦʞ ʦʙʣʘʩʪʝʡ, ʜʝ ʚʽʜʩʫʪʥʽ ʣʽʥʝʘʤʝʥʪʠ. ɸʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʦ 

ʱʽʣʴʥʽʩʪʴ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʩʪʚʦʨʝʥʠʭ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʪʠʢʘ ʚ 

ʧʨʦʛʨʘʤʽ ArcGISPro ʰʣʷʭʦʤ ʧʽʜʨʘʭʫʥʢʫ ʣʽʥʽʡ ʮʠʬʨʦʚʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʦʜʠʥʠʮʶ 

ʧʣʦʱʽ (ʢʽʣʴʢʽʩʪʴ/ʢʤĮ). ʃʽʥʝʘʤʝʥʪʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʽ 

ʚʘʨʽʘʮʽʾ ʚ ʥʘʧʨʷʤʢʫ, ʯʘʩʪʦʪʽ ʪʘ ʜʦʚʞʠʥʽ. ʆʮʽʥʶʶʯʠ ʧʦʙʫʜʦʚʘʥʫ ʢʘʨʪʦ-ʩʭʝʤʫ 

ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʜʚʘ ʧʝʨʝʚʘʞʘʶʯʠʭ ʥʘʧʨʷʤʢʠ 

ʣʽʥʝʘʤʝʥʪʽʚ: ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʠʡ ʪʘ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʠʡ. 

ʂʘʨʪʦ-ʩʭʝʤʘ ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʝʪʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʛʝʦʣʦʛʽʯʥʠʭ ʧʦʨʽʜ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ. ʈʽʟʥʽ ʢʣʘʩʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 

ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʨʽʟʥʠʭ ʢʦʣʴʦʨʘʭ ʪʘ ʤʘʶʪʴ ʯʠʩʣʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ (ʨʠʩ. 4.12), ʷʢʽ 

ʚʢʘʟʫʶʪʴ ʥʘ ʾʭ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʦ ʟʩʫʚʽʚ. ʇʝʨʝʜʫʤʦʚʘʤʠ ʜʣʷ ʘʢʪʠʚʥʠʭ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʻ ʩʪʨʫʢʪʫʨʘ ʩʭʠʣʽʚ ʪʘ ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, ʚʦʜʥʦʯʘʩ ʪʨʠʛʝʨʥʠʤ 

ʬʘʢʪʦʨʦʤ ʚʠʩʪʫʧʘʶʪʴ ʪʨʠʚʘʣʽ ʧʝʨʽʦʜʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʦʧʘʜʽʚ, ʘ ʪʘʢʦʞ ʢʦʣʠʚʘʥʥʷ 

ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʪʘ ʨʽʚʥʷ ʨ. ɼʥʽʧʨʦ. ɿʩʫʚʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʦʚôʷʟʘʥʽ ʟ 

ʛʽʜʨʦʬʽʣʴʥʠʤʠ ʙʫʨʠʤʠ ʘʙʦ ʩʪʨʦʢʘʪʠʤʠ ʛʣʠʥʘʤʠ, ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʷʢʠʭ ʩʧʨʠʯʠʥʷʻ 

ʘʢʪʠʚʽʟʘʮʽʶ ʟʩʫʚʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʣʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ 

ʨʘʥʞʫʚʘʥʥʷ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʛʝʦʣʦʛʽʯʥʠʭ ʧʦʨʽʜ ʜʦ ʟʩʫʚʽʚ. ɿʘ ʬʦʨʤʘʣʽʟʦʚʘʥʠʤʠ 

ʛʝʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ ʥʘʡʚʠʱʠʡ ʩʪʫʧʽʥʴ ʧʽʜʜʘʪʣʠʚʦʩʪʽ ʜʦ ʟʩʫʚʽʚ ʤʘʶʪʴ ʛʣʠʥʠ 

(ʢʦʝʬʽʮʽʻʥʪ 6), ʤʝʨʛʝʣʴ (ʢʦʝʬʽʮʽʻʥʪ 5), ʩʫʛʣʠʥʢʠ (ʢʦʝʬʽʮʽʻʥʪ 4) ʪʘ ʣʝʩʠ (ʢʦʝʬʽʮʽʻʥʪ 

3). ʆʧʽʩʦʯʝʥʽ ʛʣʠʥʠ (ʢʦʝʬʽʮʽʻʥʪ 2) ʪʘ ʧʽʩʢʠ (ʢʦʝʬʽʮʽʻʥʪ 1) ʻ ʧʦʨʦʜʘʤʠ ʥʘʡʤʝʥʰ 
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ʩʭʠʣʴʥʠʤʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʯʠ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ. ɺʠʢʦʨʠʩʪʘʥʠʡ ʘʚʪʦʨʦʤ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʟʦʥʠ ʧʦʰʠʨʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʧʦʨʽʜ ʥʘʡʙʽʣʴʰ ʩʧʨʠʡʥʷʪʣʠʚʠʭ ʜʦ 

ʟʩʫʚʽʚ, ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ.  

ʇʦʙʫʜʦʚʘ ʢʘʨʪʦ-ʩʭʝʤʠ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʨʠʩ. 4.13), ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.4, 

ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʝʛʽʦʥʫ ʚʠʢʦʥʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʘʨʪ ʧʦʨʷʜʢʽʚ ʜʦʣʠʥ ʪʨʝʪʴʦʛʦ ʪʘ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʚʦʜʦʪʦʢʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʘʤʝ ʟʘ ʬʦʨʤʫʚʘʥʥʷ ʙʝʨʝʛʽʚ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʫ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʥʥʠʡ ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ. ɼʦʣʠʥʠ 

ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʩʬʦʨʤʫʚʘʣʠʩʴ ʥʘ ʛʦʣʦʮʝʥʦʚʦʤʫ 

ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʾ, ʥʝ ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦ ʘʥʘʣʽʟʫ ʯʝʨʝʟ ʾʭʥʶ ʥʝʚʝʣʠʢʫ ʜʦʚʞʠʥʫ 

ʽ ʨʦʟʚʠʪʦʢ ʧʝʨʝʚʘʞʥʦ ʫ ʧʫʭʢʠʭ ʣʝʩʦʚʠʭ ʧʦʢʨʠʚʘʭ, ʘ ʦʪʞʝ ʩʣʘʙʢʠʡ ʟʚôʷʟʦʢ ʟ 

ʪʝʢʪʦʥʽʯʥʦʶ ʪʨʽʱʠʥʫʚʘʪʽʩʪʶ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ. ɸʥʘʣʽʟ ʜʦʣʠʥʥʦʾ ʤʝʨʝʞʽ 

ʧʨʦʚʦʜʠʚʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ArcGisPro, ʟʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʘ SRTM. 

  
ʈʠʩ. 4.11. ʂʘʨʪʦ-ʩʭʝʤʘ ʱʽʣʴʥʦʩʪʽ 

ʣʽʥʝʘʤʝʥʪʽʚ 

ʈʠʩ. 4.12. ʂʘʨʪʦ-ʩʭʝʤʘ ʣʽʪʦʣʦʛʽʯʥʠʭ 

ʨʽʟʥʦʩʪʝʡ 

 

 

ʈʠʩ. 4.13. ʂʘʨʪʦ-ʩʭʝʤʘ ʙʘʟʠʩʥʠʭ 

ʧʦʚʝʨʭʦʥʴ 
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ɸʥʘʣʽʟ ʜʦʣʠʥʥʦʾ ʤʝʨʝʞʽ ʧʨʦʚʦʜʠʚʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ArcGisPro, ʟʘ 

ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʘ SRTM. ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʧʦʨʷʜʢʽʚ ʜʦʣʠʥ ʪʘ ʚʦʜʦʜʽʣʽʚ 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʦʧʦʛʨʘʬʽʯʥʫ ʦʩʥʦʚʫ ʜʨʽʙʥʦʛʦ, ʩʝʨʝʜʥʴʦʛʦ, ʽ ʚʝʣʠʢʦʛʦ ʤʘʩʰʪʘʙʽʚ ʪʘ 

ʢʦʩʤʦʟʥʽʤʢʠ ʟ ʷʢʽʩʥʠʤ ʪʘ ʚʝʨʠʬʽʢʦʚʘʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ. ɺ ʤʝʞʘʭ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʝʛʽʦʥʫ ʚʠʢʦʨʠʩʪʘʥʦ ʪʦʧʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ ʨʝʛʽʦʥʫ ʜʦʩʣʽʜʞʝʥʴ 

ʤʘʩʰʪʘʙʫ 1: 25000. ʂʘʨʪʠ ʚ ʨʘʩʪʨʦʚʦʤʫ ʬʦʨʤʘʪʽ ʟʘʚʘʥʪʘʞʝʥʦ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ArcGisPro ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʛʝʦʧʨʦʩʪʦʨʦʚʦʾ ʧʨʠʚôʷʟʢʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʤʦʜʫʣʷ Georeferencing. ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʘʚʪʦʨʦʤ ʟʘʩʪʦʩʦʚʘʥʦ 

ʛʝʦʛʨʘʬʽʯʥʫ ʢʦʦʨʜʠʥʘʪʥʫ ʩʠʩʪʝʤʫ World Geodetic System 1984 Zone 36-N. ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʢʘʨʪ ʧʦʨʷʜʢʽʚ ʚʦʜʦʪʦʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʘʢʝʪʘ 

çHydrologyè, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ArcToolbox ʫ ʤʦʜʫʣʽ 

Spatial Analyst. ʅʘ ʝʪʘʧʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʩʪʚʦʨʝʥʦ ʰʝʡʧ-ʬʘʡʣ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʪʘ ʟʘʩʪʦʩʦʚʘʥʦ ʬʫʥʢʮʽʶ ñClipò ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʦʣʽʛʦʥʫ ʟ 

ʤʦʟʘʾʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ SRTM. ɸʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʪʠ ʧʦʨʷʜʢʽʚ ʚʦʜʦʪʦʢʽʚ 

ʧʦʣʷʛʘʻ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʝʨʘʮʽʡ: ñFillò (ʟʘʧʦʚʥʝʥʥʷ ʧʦʥʠʞʝʥʴ ʫ 

ʛʨʽʜʽ), ñFlow Directionò (ʥʘʧʨʷʤ ʩʪʦʢʫ ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ ʮʠʬʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ), 

ñFlow Accumulationò (ʘʢʫʤʫʣʷʪʠʚʥʠʡ ʧʦʪʽʢ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʨʭʥʽ ʫʭʠʣʫ). ʅʘʩʪʫʧʥʠʤ 

ʢʨʦʢʦʤ ʻ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʙʦʪʠ ʟ ʢʦʤʘʥʜʘʤʠ ʙʣʦʢʫ òHydrologyò ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʫʥʢʮʽʾ ñStream Orderò. ɺʠʟʥʘʯʝʥʦ ʧʦʨʷʜʦʢ ʚʦʜʦʪʦʢʽʚ ʫ ʨʘʩʪʨʦʚʽʡ ʤʦʜʝʣʽ. 

ʌʽʥʘʣʴʥʠʤ ʢʨʦʢʦʤ ʻ ʛʽʜʨʦʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʩʪʨʦʚʦʾ ʤʦʜʝʣʽ ʤʝʨʝʞʽ ʧʦʪʦʢʽʚ ʟ 

ʢʦʥʚʝʨʪʘʮʽʻʶ ʫ ʚʝʢʪʦʨʥʫ ʤʦʜʝʣʴ (ñStream to Featureò) ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʤʝʨʝʞʽ ʡʦʛʦ ʧʦʨʷʜʢʫ. ɿʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʫ ñFishnetò ʩʪʚʦʨʝʥʦ ʢʣʘʩ 

ʦʙôʻʢʪʽʚ, ʱʦ ʤʽʩʪʠʪʴ ʤʝʨʝʞʫ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʤʽʨʦʢ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠ ʦʩʥʦʚʥʽ ʥʘʙʦʨʠ ʽʥʬʦʨʤʘʮʽʾ: ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʤʽʨ ʘʞʫʨʥʦʾ ʩʽʪʢʠ, 

ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʽ ʩʪʦʚʧʮʽʚ. ʈʦʟʤʽʨ ʩʽʪʢʠ ʚʠʢʦʥʘʥʦʛʦ ʧʨʦʻʢʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʦʣʽʛʦʥʫ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 123 ʤ * 82 ʤ, ʚʽʜʧʦʚʽʜʥʦ ʩʽʪʢʘ ʧʦʜʽʣʝʥʘ 

ʥʘ 25 ʢʦʣʦʥʦʢ ʪʘ 17 ʨʷʜʢʽʚ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʦʙʨʘʭʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ 

ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ ʪʘ ʧʨʦʪʷʞʥʦʩʪʽ ʩʪʚʦʨʝʥʠʭ ʧʦʨʷʜʢʽʚ ʚʦʜʦʪʦʢʽʚ. ʇʽʩʣʷ ʦʙôʻʜʥʘʥʥʷ 

ʜʘʥʠʭ ʧʦʙʫʜʦʚʘʥʦ ʢʘʨʪʫ ʽʟʦʣʽʥʽʡ ʪʘ ʟʘʩʪʦʩʦʚʘʥʦ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ñTopo 

to Rasterò, ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʽʜʨʦʣʦʛʽʯʥʦ ʧʨʘʚʠʣʴʥʠʭ 
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ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ. ɿʘ ʜʘʥʠʤʠ ʜʦʚʞʠʥ ʚʦʜʦʪʦʢʽʚ ʧʦʙʫʜʦʚʘʥʦ ʢʘʨʪʦ-ʩʭʝʤʫ 

ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʷʢʽʡ ʚʠʟʥʘʯʝʥʦ ʥʘ ʥʽʡ ʚʦʜʦʪʦʢʠ 3-ʛʦ ʪʘ 4-ʛʦ ʧʦʨʷʜʢʽʚ ʜʦʚʞʠʥ 

ʚʦʜʦʪʦʢʽʚ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʾʭ ʚʠʪʦʢʫ. 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʫʶʯʦʶ ʢʘʨʪʦʶ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʦʜʦʪʦʢʽʚ 3-ʛʦ ʧʦʨʷʜʢʫ 

ʧʦʣʽʛʦʥ ʜʦʩʣʽʜʞʝʥʴ ɺʠʪʘʯʽʚ-ʉʪʘʡʢʠ ʤʘʻ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʛʝʦʜʠʥʘʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, 

ʱʦ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ ʧʝʚʥʠʡ ʚʧʣʠʚ ʥʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʠʩʦʢʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ̒  ʦʜʥʠʤ ʽʟ ʯʠʥʥʠʢʽʚ ʧʽʜʡʦʤʫ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʱʦ ʚʝʜʝ ʜʦ ʧʽʜʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʧʦʨʫʰʝʥʥʷ ʬʫʥʜʘʤʝʥʪʽʚ 

ʙʫʜʽʚʝʣʴ, ʧʽʜʟʝʤʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʨʠʟʠʢ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. 

4.5 ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʙʽʦʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ  

ɺʽʜʥʦʩʥʘ ʧʦʚʝʨʭʥʝʚʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʚʠʨʘʭʫʚʘʥʘ ʤʝʪʦʜʦʤ ʣʽʥʽʡʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʥʦʨʤʦʚʘʥʦʛʦ ʟʘ ʢʫʪʦʤ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʤʽʞ ʥʘʡʥʠʞʯʠʤ ʪʘ 

ʥʘʡʚʠʱʠʤ ʟʥʘʯʝʥʥʷʤ ʚ ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʽ  (https://land.copernicus.eu/global/products/s

sm). ʂʘʨʪʦ-ʩʭʝʤʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ (ʨʠʩ. 4.14) ʚʽʜʦʙʨʘʞʘʻ ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʚʦʜʠ ʫ 

ʚʝʨʭʥʽʭ ʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʘʭ ˇʨʫʥʪʫ.  

ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʨʝʥʘʩʠʯʝʥʽʩʪʴ ˇʨʫʥʪʫ ʚʦʣʦʛʦʶ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʠʟʠʢʫ ʟʩʫʚʽʚ. ʅʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʚʦʣʦʛʠ ʤʘʻ ʫʟʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʦʣʦʛʠ ʤʘʻ ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ, ʷʢʘ ʥʝ ʟʘʜʽʷʥʘ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʦʙʨʦʙʮʽ ʯʝʨʝʟ 

ʚʝʣʠʢʠʡ ʩʪʫʧʽʥʴ ʫʨʘʞʝʥʦʩʪʽ ʷʨʫʞʥʦʶ ʝʨʦʟʽʻʶ, ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʚʦʣʦʛʠ ˇʨʫʥʪʫ 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʜʽʣʷʥʦʢ.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʤʘʨʥʦʾ ʧʣʘʪʬʦʨʤʠ Google Earth Engine (GEE) 

(https://developers.google.com/earth-engine/datasets) ʟʜʽʡʩʥʝʥʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ, ʘ 

ʩʘʤʝ, ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʙʽʨ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦ-ʩʭʝʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʢʘʨʪʦ-ʩʭʝʤʠ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ NDVI  

(ʃʷʣʴʢʦ ʪʘ ʽʥ. 2023).  

https://land.copernicus.eu/global/products/ssm
https://land.copernicus.eu/global/products/ssm
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ʉʪʚʦʨʝʥʘ ʢʘʨʪʦ-ʩʭʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘ ʪʠʧʘʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ (ʨʠʩ. 4.15) ʚʽʜʦʙʨʘʞʘʻ ʩʽʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʣʘʩʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʠʡ ʚʧʣʠʚ ʥʘ ʫʪʚʦʨʝʥʥʷ ʟʩʫʚʽʚ. 

  
ʈʠʩ. 4.14. ʂʘʨʪʦ-ʩʭʝʤʘ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ 

 

ʈʠʩ. 4.15. ʂʘʨʪʦ-ʩʭʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘ ʪʠʧʘʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʠʧʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʝʛʽʦʥʫ ʧʨʦʚʝʜʝʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ Sentinel-2, ʟʘ ʚʝʩʥʷʥʠʡ 

ʧʝʨʽʦʜ 2023 ʨʦʢʫ.  

ʇʽʢʩʝʣʘʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʩʚʦʻʥʦ ʢʣʘʩʦʚʠʡ ʘʪʨʠʙʫʪ ʥʘ 

ʦʩʥʦʚʽ ʙʣʠʟʴʢʦʩʪʽ ʩʧʝʢʪʨʫ ʮʴʦʛʦ ʧʽʢʩʝʣʘ ʜʦ ʝʪʘʣʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. ʉʧʝʢʪʨʠ 

ʟʦʙʨʘʞʝʥʥʷ ʧʦʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ ʧʝʚʥʠʭ 

ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ. ʂʣʘʩʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʠʧʠ ʣʘʥʜʰʘʬʪʫ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʨʽʟʥʠʪʠ ʟʘ ʩʧʝʢʪʨʦʤ. ʅʘʚʯʘʣʴʥʽ ʚʠʙʽʨʢʠ ʻ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʠʤʠ ʥʘʙʦʨʘʤʠ 

ʧʦʣʽʛʦʥʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ɿʘ ʥʘʙʦʨʦʤ ʧʽʢʩʝʣʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʚʠʙʽʨʢʠ ʢʦʥʢʨʝʪʥʦʛʦ 

ʢʣʘʩʫ, ʩʬʦʨʤʦʚʘʥʦ ʨʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ, ʟʘ ʷʢʠʤʠ ʜʘʣʽ ʚ ʤʝʞʘʭ 

ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʩʽ ʧʽʢʩʝʣʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʜʽʙʥʽ ʜʦ ʧʽʢʩʝʣʽʚ ʚ ʮʽʡ ʚʠʙʽʨʮʽ, 

ʚʽʜʥʝʩʝʥʦ ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʫ. ɺʽʜʙʽʨ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ 

ʟʜʽʡʩʥʝʥʦ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʚʽʜʩʫʪʥʦʩʪʽ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʜʝʬʝʢʪʥʠʭ ʧʽʢʩʝʣʽʚ. ɼʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʩʬʦʨʤʦʚʘʥʦ ʥʘʚʯʘʣʴʥʽ ʚʠʙʽʨʢʠ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʢʣʘʩʽʚ: ʚʦʜʘ, 

ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ, ʚʽʜʢʨʠʪʠʡ ʨ̌ʫʥʪ 1-ʛʦ ʪʠʧʫ (ˇʨʫʥʪʠ ʟ ʙʽʣʴʰʠʤ ʨʽʚʥʝʤ 
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ʟʚʦʣʦʞʝʥʦʩʪʽ), ʚʽʜʢʨʠʪʠʡ ˇʨʫʥʪ 2-ʛʦ ʪʠʧʫ (ˇʨʫʥʪʠ ʟ ʤʝʥʰʠʤ ʨʽʚʥʝʤ ʟʚʦʣʦʞʝʥʦʩʪʽ), 

ʧʽʩʢʠ, ʪʨʘʚôʷʥʠʩʪʠʡ ʧʦʢʨʠʚ ʪʘ ʣʽʩʠ.  

ʆʧʠʩʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʣʘʩʽʚ ʩʧʽʚʧʘʜʘʻ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʾʭ ʚʧʣʠʚʫ ʥʘ ʟʩʫʚʥʽ 

ʧʨʦʮʝʩʠ. ʊʦʙʪʦ ʚʽʜʢʨʠʪʘ ʚʦʜʥʘ ʧʦʚʝʨʭʥʷ, ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ ʪʘ ʚʽʜʢʨʠʪʽ ʨ̌ʫʥʪʠ 

ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʢʪʠʚʽʟʘʮʽʶ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘʡʤʝʥʰʝ ʧʽʜʜʽʶʪʴʩʷ ʜʽʾ 

ʘʢʪʠʚʥʠʭ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʨʠʪʦʨʽʾ ʟ ʛʫʩʪʠʤ ʣʽʩʦʚʠʤ ʪʘ ʪʨʘʚôʷʥʠʩʪʠʤ ʧʦʢʨʠʚʦʤ, ʘ 

ʪʘʢʦʞ ʜʽʣʷʥʢʠ ʟʽ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʽʩʢʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ ʚʠʟʥʘʯʝʥʦ ʜʽʣʷʥʢʠ ʟ 

ʚʠʩʦʢʠʤ ʪʘ ʥʠʟʴʢʠʤ ʩʪʫʧʥʝʤ ʟʚʦʣʦʞʝʥʦʩʪʽ ʫ ʤʝʞʘʭ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ (ʨʠʩ. 4.16) 

ʚʠʢʦʨʠʩʪʘʥʦ ʟʥʽʤʢʠ ʩʫʧʫʪʥʠʢʘ Landsat-8 ʟ 2015 ʧʦ 2023 ʨʦʢʠ, ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 30 ʤ, ʟʘ ʧʝʨʽʦʜ ʙʝʨʝʟʝʥʴ-ʢʚʽʪʝʥʴ, ʟʛʽʜʥʦ ʧʨʦʚʝʜʝʥʠʭ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʦ ʪʽʣʴʢʠ ʟʥʽʤʢʠ Landsat, ʦʩʢʽʣʴʢʠ 

ʟʘʧʫʩʢ Sentinel-2, ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʚʽʜʙʫʚʩʷ ʣʠʰʝ ʫ 2016 

ʨʦʮʽ ʪʘ ʧʝʨʰʽ ʟʥʽʤʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʝʛʽʦʥʫ ʜʘʪʦʚʘʥʽ ʚʝʩʥʦʶ 2017 ʨʦʢʫ. ʉʘʤʝ ʪʦʤʫ 

ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʧʦʚʥʠʡ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ʨʦʟʨʘʭʦʚʘʥʦ 

ʽʥʜʝʢʩʠ ʟʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʘ Landsat (ʃʫʙʩʴʢʠʡ ʪʘ ʽʥ. 2023). 

 

 

ʈʠʩ. 4.16. ʂʘʨʪʦ-ʩʭʝʤʘ ʨʦʟʧʦʜʽʣʫ NDVI 
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ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ NDVI ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ ï1 ʜʦ 1. ɿʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ NDVI 

ʩʧʨʠʯʠʥʷʻ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʚʽʜʙʠʪʪʷ ʫ NIR-ʜʽʘʧʘʟʦʥʽ ʯʝʨʝʟ ʟʥʠʱʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʜʝʛʨʘʜʘʮʽʶ ʟʝʤʣʽ 

ʘʙʦ ʦʛʦʣʝʥʦʛʦ ˇʨʫʥʪʫ. ʆʙʣʘʩʪʽ ʟ ʥʝʛʫʩʪʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, ʪʘʢʽ ʷʢ ʜʝʛʨʘʜʦʚʘʥʽ ʣʫʢʠ ʪʘ 

ʯʘʛʘʨʥʠʢʠ, ʤʘʶʪʴ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ NDVI (0,2-0,5). ɿʥʘʯʝʥʥʷ NDVI ʚʠʩʦʢʽ ʥʘ 

ʜʽʣʷʥʢʘʭ ʽʟ ʚʠʩʦʢʦʶ ʛʫʩʪʦʪʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ. ɿʘʛʘʣʦʤ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʜʝʢʩʫ NDVI ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ɺʠʪʘʯʽʚ-ʉʪʘʡʢʠ, 

ʟʦʢʨʝʤʘ, ʥʘ ʜʽʣʷʢʘʭ 5-9 ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʢʘʨôʻʨʦʤ ʟ ʚʠʜʦʙʫʪʢʫ ʛʣʠʥʠ (ʆʨʣʝʥʢʦ, 2023ʙ). 

4.6 ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʘʛʠ ʬʘʢʪʦʨʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ 

(ʄɸɯ), ʟʘ ʷʢʠʤ ʚʠʟʥʘʯʝʥʦ ʧʨʽʦʨʠʪʝʪ ʬʘʢʪʦʨʽʚ ʪʘ ʩʫʙʬʘʢʪʦʨʽʚ, ʱʦ ʻ ʧʨʠʯʠʥʦʶ ʟʩʫʚʽʚ 

ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ.  

ɿʘ ʤʝʪʦʜʦʤ ʄɸɯ ʬʘʢʪʦʨʠ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʠ ʦʜʝʨʞʘʣʠ ʚʘʛʫ ʟʘ ʜʝʚôʷʪʠʙʘʣʴʥʦʶ 

ʧʦʨʷʜʢʦʚʦʶ ʰʢʘʣʦʶ ʰʣʷʭʦʤ ʧʦʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʥʠʤʠ.  

ʌʘʢʪʦʨʠ ʚʧʦʨʷʜʢʦʚʘʥʦ ʫ ʬʦʨʤʽ ʤʘʪʨʠʮʴ, ʷʢʘ ʤʽʩʪʠʪʴ ʨʽʚʥʫ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʽ 

ʩʪʦʚʧʮʽʚ, ʜʝ ʙʘʣʠ ʟʘʧʠʩʫʶʪʴʩʷ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʜʽʘʛʦʥʘʣʽ, ʪʦʜʽ ʷʢ ʟʥʘʯʝʥʥʷ 1 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʜʽʘʛʦʥʘʣʽ ʤʘʪʨʠʮʽ. 

ɸʥʘʣʽʟ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʟʩʫʚʠ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʢʽʣʴʢʘ ʧʦʩʣʽʜʦʚʥʠʭ ʢʨʦʢʽʚ, 

ʪʘʢʠʭ ʷʢ: ʨʦʟʨʦʙʢʘ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʟʥʘʯʝʥʦʾ ʟʘʜʘʯʽ, ʚʠʢʦʥʘʥʥʷ ʜʚʽʡʢʦʚʠʭ 

ʧʦʨʽʚʥʷʥʴ ʢʨʠʪʝʨʽʾʚ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʤʘʪʨʠʮʽ ʩʫʜʞʝʥʴ, ʦʙʯʠʩʣʝʥʥʷ 

ʚʝʢʪʦʨʽʚ ʧʨʽʦʨʠʪʝʪʽʚ, ʥʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʤʫ ʽʥʜʝʢʩʫ (RI), ʦʙʯʠʩʣʝʥʥʷ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʪʘʙʣʠʮʽ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʽʚ ʚʘʞʣʠʚʦʩʪʽ ʢʨʠʪʝʨʽʾʚ 

ʤʦʜʝʣʽ ʪʘ ʧʨʠʡʥʷʪʪʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ. 

ʄɸɯ ʜʘʚ ʟʤʦʛʫ ʩʢʦʥʩʪʨʫʶʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʡ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ 

ʚʧʣʠʚʫ ʥʘ ʥʝʾ ʢʦʞʥʦʾ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ.  

ʆʪʨʠʤʘʚʰʠ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʽʚ ʣʦʢʘʣʴʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ (ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ), 

ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʟʛʦʨʪʢʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ K(x) ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (4.1), 
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ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʪʝʨʠʪʦʨʽʾ, ʩʧʨʠʷʪʣʠʚʽ ʜʦ ʟʩʫʚʽʚ, ʟʘ ʚʩʽʻʶ ʩʫʢʫʧʥʽʩʪʶ 

ʽʥʜʠʢʘʪʦʨʽʚ ʪʘ ʩʢʣʘʜʦʚʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʻʨʘʨʭʽʾ. 

1

( ) ( ),j

n
a

j

j

K x K x
=

=Ô   ,      (4.1) 

ʜʝ K(x) ï ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʨʠʪʝʨʽʡ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʠ x XÍ , ʷʢʠʡ ʧʦʢʘʟʫʻ 

ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ; K1(x), é, Kj(x), é, Kn(x) ï ʥʘʙʽʨ ʚʭʽʜʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ; 

n ï ʯʠʩʣʦ ʚʠʭʽʜʥʠʭ ʢʨʠʪʝʨʽʾʚ; aj ï ʚʽʜʥʦʩʥʘ ʚʘʛʘ (ʚʘʞʣʠʚʽʩʪʴ) ʯʘʩʪʢʦʚʦʛʦ ʢʨʠʪʝʨʽʶ 

Kj.  

ɼʣʷ ʚʘʛ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ʥʦʨʤʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʴ 
1

1
n

j

j

a
=

=ä , ʷʢʘ 

ʥʝʦʙʭʽʜʥʘ, ʱʦʙ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ, ʤʦʞʥʘ ʙʫʣʦ ʧʦʨʽʚʥʷʪʠ ʤʽʞ 

ʩʦʙʦʶ. 

ɸʥʘʣʽʟ ʧʨʠ ʚʠʚʯʝʥʥʽ ʟʩʫʚʽʚ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʚ 

ʤʝʞʘʭ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʧʨʠʥʮʠʧʘʭ: ʜʝʢʦʤʧʦʟʠʮʽʷ, ʧʦʨʽʚʥʷʣʴʥʝ 

ʩʫʜʞʝʥʥʷ ʪʘ ʩʠʥʪʝʟ ʧʨʽʦʨʠʪʝʪʽʚ. ɯʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʬʘʢʪʦʨʽʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.17.  

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʦʤ ʚʠʟʥʘʯʝʥʦ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʢʠ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ, ʱʦ ʻ ʚʦʜʥʦʯʘʩ ʥʫʣʴʦʚʠʤ ʨʽʚʥʝʤ ʽʻʨʘʨʭʽʾ.  

ʅʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʦ ʜʚʘ ʢʨʠʪʝʨʽʾ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ: ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ.  

ʅʘ ʜʨʫʛʦʤʫ ʨʽʚʥʽ ʘʚʪʦʨʦʤ ʦʙʨʘʥʦ ʚʽʩʽʤ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ, ʩʝʨʝʜ ʷʢʠʭ: ʢʘʨʪʘ ʚʝʨʪʠʢʘʣʴʥʠʭ-ʟʤʽʱʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, 

ʩʭʝʤʘ ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʩʪʝʡ, ʢʘʨʪʦ-ʩʭʝʤʘ ʙʘʟʠʩʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʢʘʨʪʦ-ʩʭʝʤʘ 

ʱʽʣɹʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ, ʢʘʨʪʦ-ʩʭʝʤʘ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ, ʧʣʦʱʠʥʥʠʡ ʨʦʟʧʦʜʽʣ ʟʥʘʯʝʥʥʷ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI, ʢʘʨʪʦ-ʩʭʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʪʠʧʘʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʢʘʨʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ.  

ʅʘ ʪʨʝʪʴʦʤʫ ʨʽʚʥʽ ʦʙʨʘʥʦ ʧʦʪʝʥʮʽʡʥʽ ʩʮʝʥʘʨʽʾ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ: 

ʥʝʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ, ʧʦʤʽʨʥʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ, ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ, ʜʫʞʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ. 
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ɸʚʪʦʨʦʤ ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʝʣʝʤʝʥʪʽʚ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ, ʩʪʦʩʦʚʥʦ 

ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʦʮʽʥʢʠ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ, ɼʦʜʘʪʦʢ ɻ- ɼ. 

ʂʦʞʥʠʡ ʽʟ ʜʚʦʭ ʥʘʧʨʷʤʢʽʚ ʟʤʽʥ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ ʈʞʠʱʽʚʩʴʢʦʾ ʆʊɻ, 

ʩʪʘʙʽʣʴʥʽʩʪʴ (ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʘʢʪʠʚʥʦʩʪʽ ʟʩʫʚʽʚ) ʪʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ (ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʘʢʪʠʚʥʦʩʪʽ ʟʩʫʚʽʚ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʠʪʦʤʦʶ ʚʘʛʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʡʦʛʦ ʟʥʘʯʠʤʦʩʪʽ 

ʜʦ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ.  

ʄʘʪʨʠʮʷ ʩʢʣʘʜʝʥʘ ʟʘ ʩʭʝʤʦʶ ʟʘʧʠʩʫ ʝʣʝʤʝʥʪʫ ʚʠʱʦʛʦ ʨʽʚʥʷ ʚʛʦʨʽ ʪʘ 

ʧʝʨʝʣʽʯʝʥʥʷ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʫ ʩʪʦʚʧʯʠʢʫ ʪʘ ʨʷʜʢʫ 

(ʪʘʙʣ. 4.3-4.4). ɺ ʤʘʪʨʠʮʶ ʟʘʧʠʩʘʥʦ ʨʝʟʫʣʴʪʘʪ ʧʦʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʝʣʝʤʝʥʪʽʚ 

(ʧʽʜʨʦʟʜʽʣ 3.4) ʤʘʪʨʠʮʽ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ 

ʜʦ ʟʩʫʚʽʚ. 
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ʈʠʩ. 4.17. ɯʻʨʘʨʭʽʯʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʘʜʘʯʽ ʦʮʽʥʢʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ
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ʇʽʜ ʯʘʩ ʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʦʙô̒ ʢʪʽʚ, ʘʚʪʦʨʦʤ ʪʘ ʝʢʩʧʝʨʪʘʤʠ ʚʠʩʪʘʚʣʝʥʦ 

ʦʮʽʥʢʠ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʚʝʣʠʯʠʥʫ ï ʥʘ ʩʢʽʣʴʢʠ, ʦʜʠʥ ʽʟ ʦʙôʻʢʪʽʚ ʚʘʞʣʠʚʽʰʝ ʽʥʰʦʛʦ 

(ʪʘʙʣ. 4.3-4.4). ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʩʫʧʝʨʝʯʥʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʟʘʧʦʚʥʝʥʥʽ ʤʘʪʨʠʮʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʜʝʢʩ ʫʟʛʦʜʞʝʥʦʩʪʽ.  

ɼʣʷ ʩʢʣʘʜʝʥʦʾ ʤʘʪʨʠʮʽ ʧʝʨʝʚʘʛ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ 

ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʚʽʨʢʠ ʩʢʣʘʜʘʶʪʴ: ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ï Dim = 

8; ʄʘʢʩʠʤʘʣʴʥʝ ʚʣʘʩʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ï ɚmax = 8,9495; ɯʥʜʝʢʩ ʦʜʥʦʨʽʜʥʦʩʪʽ 

(ʫʟʛʦʜʞʝʥʦʩʪʽ) ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ï CI = 0,1356; ɺʽʜʥʦʰʝʥʥʷ 

ʦʜʥʦʨʽʜʥʦʩʪʽ (ʫʟʛʦʜʞʝʥʦʩʪʽ) ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ï CR = 0,0862. 

ɼʣʷ ʩʢʣʘʜʝʥʦʾ ʤʘʪʨʠʮʽ ʧʝʨʝʚʘʛ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ 

ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʚʽʨʢʠ ʩʢʣʘʜʘʶʪʴ: ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ï Dim = 

8; ʄʘʢʩʠʤʘʣʴʥʝ ʚʣʘʩʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ï ɚmax = 8,6082; ɯʥʜʝʢʩ ʦʜʥʦʨʽʜʥʦʩʪʽ 

(ʫʟʛʦʜʞʝʥʦʩʪʽ) ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ï CI = 0,0869; ɺʽʜʥʦʰʝʥʥʷ 

ʦʜʥʦʨʽʜʥʦʩʪʽ (ʫʟʛʦʜʞʝʥʦʩʪʽ) ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ï CR = 0,0616. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʄɸɯ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʟʩʫʚʥʦʾ ʥʝʙʝʟʧʝʢʠ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʦʙʨʘʥʠʭ ʜʘʥʠʭ ʩʬʦʨʤʦʚʘʥʦ ʤʘʪʨʠʮʶ ʧʝʨʝʚʘʛ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ 

ʚʠʟʥʘʯʝʥʦ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ ʥʘ ʟʩʫʚʥʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʜʘʥʠʭ. 

ɼʣʷ ʦʜʝʨʞʘʥʠʭ ʤʘʪʨʠʮʴ ʢʦʝʬʽʮʽʻʥʪʠ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʝʥʰʝ å 8 %, ʱʦ ʤʝʥʰʝ 

ʧʨʠʧʫʩʪʠʤʠʭ ʟʘ ʪʝʦʨʽʻʶ ʄɸɯ 10%. 

ʅʘ ʜʨʫʛʦʤʫ ʨʽʚʥʽ ʤʘʪʨʠʮʽ ʧʝʨʝʚʘʛ ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʫ, 

ʚʠʟʥʘʯʝʥʦʛʦ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʚʠʟʥʘʯʝʥʦ ʚʘʞʣʠʚʽʩʪʴ 

ʧôʷʪʠ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ. ʂʦʞʥʘ ʢʦʤʽʨʢʘ ʚʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʚʘʞʣʠʚʠʤ ʻ ʦʜʠʥ 

ʩʮʝʥʘʨʽʡ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ɼʦʜʘʪʦʢ ɼ. 

ɿʘʛʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʤʘʪʨʠʮʴ ʚʽʜʧʦʚʽʜʘʻ ʥʘʜʘʥʥʶ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʽʜʥʦʩʥʦʾ 

ʚʘʞʣʠʚʦʩʪʽ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʽʻʨʘʨʭʽʾ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʫ ʤʝʞʘʭ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ArcGisPro. 
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ʊʘʙʣʠʮʷ 4.3 

ʄʘʪʨʠʮʷ ʧʝʨʝʚʘʛ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ  

ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ʪʝʨʠʪʦʨʽʾ 

ɿʤʽʱ

ʝʥʥʷ 

ʟʝʤʥʦ

ʾ 

ʧʦʚʝʨ

ʭʥʽ 

ʂʨʫʪ

ʠʟʥʘ 

ʩʭʠʣʽ

ʚ 

ʃʽʪʦʣʦ

ʛʽʯʥʽ 

ʨʽʟʥʦʩ

ʪʽ 

ʇʦʚʝʨ

ʭʥʝʚʘ 

ʚʦʣʦʛʽ

ʩʪʴ 

ˇʨʫʥʪʫ 

ɹʘʟʠ

ʩʥʽ 

ʧʦʚʝ

ʨʭʥʽ 

ʑʽʣʴʥʽ

ʩʪʴ 

ʣʽʥʝʘʤ

ʝʥʪʽʚ 

ɺʝʛʝʪʘʮ

ʽʡʥʠʡ 

ʽʥʜʝʢʩ 

NDVI 

ʊʠʧʠ 

ʟʝʤʥ

ʦʛʦ 

ʧʦʢʨ

ʠʪʪʷ 

ɺʽʜʥʦʩʥʘ ʚʘʛʘ 

ʢʨʠʪʝʨʽʶ 

ɿʤʽʱʝʥʥʷ 

ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ 

1 2 2 2 2 5 0,33 2 

0,42 

ʂʨʫʪʠʟʥʘ 

ʩʭʠʣʽʚ 

0,5 1 2 2 3 2 2 2 
0,18 

ʃʽʪʦʣʦʛʽʯʥʽ 

ʨʽʟʥʦʩʪʽ 

0,5 0,5 1 2 2 2 2 2 
0,10 

ʇʦʚʝʨʭʥʝʚʘ 

ʚʦʣʦʛʽʩʪʴ 

ˇʨʫʥʪʫ 

0,5 0,5 0,5 1 2 2 2 2 

0,09 

ɹʘʟʠʩʥʽ 

ʧʦʚʝʨʭʥʽ 

0,5 0,333 0,5 1 1 5 2 2 
0,07 

ʑʽʣʴʥʽʩʪʴ 

ʣʽʥʝʘʤʝʥʪʽʚ 

0,2 0,5 0,5 0,5 0,2 1 2 2 
0,06 

ɺʝʛʝʪʘʮʽʡʥʠʡ 

ʽʥʜʝʢʩ NDVI 

3 0,5 0,5 0,5 0,5 0,5 1 2 
0,05 

ʊʠʧʠ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʪʪʷ 

0,019 0,5 0,5 0,5 0,5 0,5 0,5 1 
0,04 

ʊʘʙʣʠʮʷ 4.4 

ʄʘʪʨʠʮʷ ʧʝʨʝʚʘʛ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ 

ʉʪʘʙʽʣʴʥʽʩʪʴ 

ʪʝʨʠʪʦʨʽʾ 

ɿʤʽʱʝʥ

ʥʷ 

ʟʝʤʥʦʾ 

ʧʦʚʝʨʭ

ʥ ̔

ʂʨʫʪ

ʠʟʥʘ 

ʩʭʠʣʽ

ʚ 

ʃʽʪʦʣʦ

ʛʽʯʥʽ 

ʨʽʟʥʦʩ

ʪʽ 

ʇʦʚʝʨ

ʭʥʝʚʘ 

ʚʦʣʦʛʽ

ʩʪʴ 

ˇʨʫʥʪʫ 

ɹʘʟʠ

ʩʥʽ 

ʧʦʚʝ

ʨʭʥʽ 

ʑʽʣʴʥʽ

ʩʪʴ 

ʣʽʥʝʘʤ

ʝʥʪʽʚ 

ɺʝʛʝʪʘʮ

ʽʡʥʠʡ 

ʽʥʜʝʢʩ 

NDVI 

ʊʠʧʠ 

ʟʝʤʥ

ʦʛʦ 

ʧʦʢʨ

ʠʪʪʷ 

ɺʽʜʥʦʩʥʘ ʚʘʛʘ 

ʢʨʠʪʝʨʽʶ 

ɿʤʽʱʝʥʥʷ 

ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ 

1 6 5 6 6 7 3 5 0,24 

ʂʨʫʪʠʟʥʘ 

ʩʭʠʣʽʚ 

0,167 1 2 2 3 2 2 2 0,18 

ʃʽʪʦʣʦʛʽʯʥʽ 

ʨʽʟʥʦʩʪʽ 

0,2 0,5 1 2 4 2 2 2 0,15 

ʇʦʚʝʨʭʥʝʚʘ 

ʚʦʣʦʛʽʩʪʴ 

ˇʨʫʥʪʫ 

0,167 0,5 0,5 1 3 2 2 2 0,12 

ɹʘʟʠʩʥʽ 

ʧʦʚʝʨʭʥʽ 

0,167 0,333 0,25 1 1 4 2 4 0,11 

ʑʽʣʴʥʽʩʪʴ 

ʣʽʥʝʘʤʝʥʪʽʚ 

0,143 0,5 0,5 0,5 0,25 1 2 4 0,07 

ɺʝʛʝʪʘʮʽʡʥʠʡ 

ʽʥʜʝʢʩ NDVI 

0,333 0,5 0,5 0,5 0,5 0,5 1 2 0,07 

ʊʠʧʠ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʪʪʷ 

8,8183

4E-06 

0,5 0,5 0,5 0,25 0,25 0,5 1 0,06 

 



145 

 

ɼʣʷ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʟʛʦʨʪʢʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ F 

ɼʦʜʘʪʦʢ ɽ ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ (ʘʣʴʪʝʨʥʘʪʠʚ) ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʾʭʥʴʦʛʦ ʥʘʩʪʘʥʥʷ (ʪʘʙʣ. 4.5.). 

ʊʘʙʣʠʮʷ 4.5.  

ɿʥʘʯʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ F ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ ʩʮʝʥʘʨʽʾ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ ʚʽʜʥʦʩʥʘ 

ʰʢʘʣʘ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ 

ʉʮʝʥʘʨʽʾ (ʘʣʴʪʝʨʥʘʪʠʚʠ) 

ʅʝʟʥʘʯʥʠʡ 

ʨʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ  

ʇʦʤʽʨʥʠʡ 

ʨʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ 

ʇʽʜʚʠʱʝʥʠʡ 

ʨʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ  

ɺʠʩʦʢʠʡ 

ʨʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ 

ɼʫʞʝ 

ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ 

F 

ʉʪʘʙʽʣʴʥʽʩʪʴ 

ʪʝʨʠʪʦʨʽʾ 0,353 0,261 0,167 0,123 0,096 

ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ʪʝʨʠʪʦʨʽʾ  0,079 0,108 0,182 0,259 0,372 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʟʘ ʫʤʦʚʠ 

ʧʝʨʝʚʘʞʘʥʥʷ ʥʝʟʥʘʯʥʦʛʦ ʪʘ ʧʦʤʽʨʥʦʛʦ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ. ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ 

ʧʽʜʪʚʝʨʜʞʝʥʘ ʜʣʷ ʚʠʩʦʢʦʛʦ ʪʘ ʜʫʞʝ ʚʠʩʦʢʦʛʦ ʨʽʚʥʽʚ ʥʝʙʝʟʧʝʢʠ ʟʩʫʚʽʚ. ʅʘʦʯʥʦ 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʩʪʘʙʽʣʴʥʦʛʦ ʯʠ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ  

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.18.  

 

ʈʠʩ. 4.18. ʆʮʽʥʢʘ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ  
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ɹʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʦʩʥʦʚʽ ʄɸɯ ʻ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʚ ʷʢʠʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʝʪʝʨʦʛʝʥʥʽ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʧʦʟʠʪʠʚʥʦ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʥʦʩʥʠʭ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ 

ʦʮʽʥʦʢ ʨʠʟʠʢʽʚ, ʩʪʫʧʝʥʷ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʪʘ ʽʥʰʠʭ ʟʘʜʘʯ, ʪʦʤʫ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ (ʆʨʣʝʥʢʦ ʪʘ ʽʥ., 

2023). 

4.7 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ 

ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʩʫʚʽʚ ʇʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ ʧʨʠʢʣʘʜʽ ʜʽʣʷʥʢʠ 

ɺʠʪʘʯʽʚ-ʉʪʘʡʢʠ (ʧʽʜʨʦʟʜʽʣ 3.6, ʨʠʩ. 3.10) ʩʪʚʦʨʝʥʦ ʢʘʨʪʫ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ 

(ʘʣʛʦʨʠʪʤ 3.5) ʜʦ ʟʩʫʚʽʚ (ʨʠʩ. 4.19 ï 4.20), ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ArcGisPro. ɼʣʷ 

ʢʦʨʝʢʪʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʫʣʴ AHP (Analytic Hierarchy 

Process), ʦʩʥʦʚʥʦʶ ʤʘʪʨʠʮʝʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʦʙʨʘʥʦ ʤʘʪʨʠʮʶ ʧʝʨʝʚʘʛ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ ʥʘʚʝʜʝʥʫ ʚ ʪʘʙʣ. 4.4.  

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʦʙʨʘʥʦ ʜʘʥʽ ʜʣʷ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʪʘʢʠʭ ʷʢ ʽʥʜʝʢʩ NDVI, ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʫ 

ʧʝʨʽʦʜ ʾʭʥʴʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʪʘ ʥʘʡʥʠʞʯʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ. 

ɯʥʜʝʢʩ NDVI ʦʙʨʘʥʦ ʟʘ 22 ʞʦʚʪʥʷ 2023 ʨʦʢʫ, ʯʝʨʝʟ ʥʘʡʤʝʥʰʠʡ ʨʽʚʝʥʴ ʨʦʩʣʠʥʥʦʩʪʽ 

ʚ ʮʝʡ ʧʝʨʽʦʜ, ʢʘʨʪʫ ʚʦʣʦʛʦʩʪʽ ʦʙʨʘʥʦ ʟʘ 23 ʩʝʨʧʥʷ 2023 ʨʦʢʫ, ʥʘʡʩʫʭʽʰʠʡ ʧʝʨʽʦʜ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʴ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʪʨʘʚʝʥʴ 2023 ʨʦʢʫ.  

ʅʘ ʨʠʩ. 4.19 ʥʘʚʝʜʝʥʦ ʢʘʨʪʫ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʦ 

ʟʩʫʚʽʚ ʟʘ ʩʧʨʠʷʪʣʠʚʦʛʦ ʩʮʝʥʘʨʽʶ. ʅʘ ʨʠʩ. 4.20 ʥʘʚʝʜʝʥʦ ʢʘʨʪʫ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʩʮʝʥʘʨʽʶ. 

ɻʨʘʜʘʮʽʷʤʠ ʢʦʣʴʦʨʫ ʧʦʢʘʟʘʥʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ 

ʧôʷʪʴʤʘ ʢʘʪʝʛʦʨʽʷʤʠ: ʥʝʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ï ʪʝʤʥʦ-ʟʝʣʝʥʠʡ ʢʦʣʽʨ, ʧʦʤʽʨʥʠʡ 

ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ï ʟʝʣʝʥʠʡ ʢʦʣʽʨ, ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ï ʞʦʚʪʠʡ ʢʦʣʽʨ, 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ï ʧʦʤʘʨʘʥʯʝʚʠʡ ʢʦʣʽʨ, ʜʫʞʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ï 

ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ.  
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ɿʘ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʩʧʨʠʷʪʣʠʚʦʛʦ ʩʮʝʥʘʨʽʶ ʨʦʟʚʠʪʢʫ ʟʩʫʚʽʚ ʪʝʨʠʪʦʨʽʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʧʝʨʝʚʘʞʘʶʯʠʡ ʧʦʤʽʨʥʠʡ ʪʘ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ 

ʨʦʟʚʠʪʢʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘʡʙʽʣʴʰ ʘʢʪʠʚʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʻ ʦʢʦʣʠʮʽ ʩʝʣʘ ʉʪʘʡʢʠ, 

ʙʝʨʝʛʦʚʘ ʣʽʥʽʷ ʚʦʜʦʩʭʦʚʠʱʘ, ʦʢʦʣʠʮʽ ʩʝʣʠʱ ɹʘʣʠʢʦ-ʑʫʯʠʥʢʘ ʪʘ ʍʦʜʦʨʽʚ. ɼʽʣʷʥʢʠ 

ʟ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʷʨʫʞʥʦʶ ʙʘʣʢʦʚʦʶ ʩʠʩʪʝʤʦʶ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʠʡ ʪʘ ʧʦʤʽʨʥʠʡ 

ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ, ʟʘ ʫʤʦʚʠ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʟʚʦʣʦʞʝʥʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ 

ʱʽʣʴʥʦʤʫ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ.  

ɺʦʜʥʦʯʘʩ ʥʝʩʪʘʙʽʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʝʨʝʚʘʞʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʜʽʣʷʥʦʢ ʟ ʜʫʞʝ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʥʝʙʝʟʧʝʢʠ. ɸʢʪʠʚʥʽ ʟʩʫʚʥʽ 

ʜʽʣʷʥʢʠ ʟʘʡʤʘʶʪʴ ʙʝʨʝʛʦʚʫ ʣʽʥʽʶ ʚʦʜʦʩʭʦʚʠʱʘ, ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ ʤʝʞʘʭ ʚʩʽʭ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʪʘ ʚ ʷʨʫʞʥʦ-ʙʘʣʢʦʚʠʭ ʩʠʩʪʝʤʘʭ.  

ɺ ʤʝʞʘʭ ʤʘʨʰʨʫʪʫ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʩʫʚʥʽ ʜʽʣʷʥʢʠ ʤʘʶʪʴ ʜʫʞʝ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʟʘ ʫʤʦʚ ʷʢ ʩʧʨʠʷʪʣʠʚʦʛʦ ʪʘʢ ʽ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʩʮʝʥʘʨʽʶ ʨʦʟʚʠʪʢʫ 

ʧʦʜʽʡ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʝʣʠʯʠʥʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ 5-9 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʢʘʨʪʽ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʟʩʫʚʽʚ ʤʘʶʪʴ ʜʫʞʝ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ. ɺʦʜʥʦʯʘʩ ʜʽʣʷʥʢʠ 1-4, ʱʦ ʙʫʣʠ ʤʘʡʞʝ ʥʝʘʢʪʠʚʥʠʤʠ ʧʽʜ 

ʯʘʩ ʫʩʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʪʘʢʦʞ ʜʫʞʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʧʦʷʩʥʶʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ AHP, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʚʩʽ ʜʘʥʽ 

ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 10 ʤ, ʚʽʜʧʦʚʽʜʥʦ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʻ ʙʽʣʴʰ 

ʫʟʘʛʘʣʴʥʝʥʠʤ.  

ɿʘʚʽʨʢʦʚʽ ʧʦʣʷ, ʱʦ ʤʘʶʪʴ ʩʪʘʙʽʣʴʥʠʡ ʨʽʚʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʥʝ ʟʘʟʥʘʶʪʴ 

ʚʧʣʠʚʫ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ ʪʘ ʧʦʤʽʨʥʦʛʦ ʨʽʚʥʷ 

ʥʝʙʝʟʧʝʢʠ, ʟʘ ʫʤʦʚʠ ʨʦʟʚʠʪʢʫ ʦʙʦʭ ʩʮʝʥʘʨʽʾʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʾʭ ʚʠʣʫʯʝʥʥʷ ʟ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʞʠʪʢʫ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ.  

ɼʫʞʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʤʘʶʪʴ ʢʨʫʪʽ ʩʭʠʣʠ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. 

ʅʘʡʙʽʣʴʰʘ ʧʣʦʱʘ ʥʘʣʝʞʠʪʴ ʥʝʟʥʘʯʥʦʤʫ ʪʘ ʧʦʤʽʨʥʦʤʫ ʨʽʚʥʶ ʥʝʙʝʟʧʝʢʠ. ʅʘʡʤʝʥʰʘ 

ʧʣʦʱʘ ʤʘʻ ʜʫʞʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ. ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʣʷ ʨʽʚʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʽʥʜʝʢʩʫ NDVI ʪʘ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʠʥʪʝʟʫ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ 

ʜʦ ʟʩʫʚʽʚ ʫ ʷʢʽʡ ʟʥʘʯʝʥʥʷ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʚʠʱʦʤʫ ʨʽʚʥʶ 
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ʟʩʫʚʦʥʝʙʝʟʧʝʢʠ, ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ ʚʠʟʥʘʯʝʥʦ ʜʽʣʷʥʢʠ ʟʩʫʚʠ ʥʘ ʷʢʠʭ ʻ 

ʥʝʤʦʞʣʠʚʠʤʠ 

ʇʽʜʚʠʱʝʥʠʡ ʪʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʤʘʶʪʴ ʩʭʠʣʠ ʙʘʣʢʦʚʦʾ ʤʝʨʝʞʽ. 

ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʚʦʜʦʜʽʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʟ ʛʫʩʪʠʤ ʣʽʩʦʚʠʤ 

ʧʦʢʨʠʚʦʤ ʪʘ ʨʽʜʢʦʣʽʩʩʷʤ. 

ʊʝʨʠʪʦʨʽʷ ʟ ʚʽʜʥʦʩʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 12Á ʜʦ 17Á, 

18-22Á, 23-28Á ʪʘ 29-34Á ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʫʩʽʭ ʧʦʪʝʥʮʽʡʥʦ ʘʢʪʠʚʥʠʭ 

ʟʩʫʚʥʠʭ ʜʽʣʷʥʦʢ ʚʽʜʥʦʩʥʦ ʚʩʽʻʾ ʧʣʦʱʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʂʨʫʪʠʟʥʘ ʩʭʠʣʽʚ ʚʧʣʠʚʘʻ ʥʘ 

ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥʥʦʩʪʽ, ʷʢ ʧʨʘʚʠʣʦ, ʙʽʣʴʰ ʢʨʫʪʽ ʩʭʠʣʠ ʚʘʞʯʝ ʟʘʨʦʩʪʘʶʪʴ ʽ 

ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʣʽʩʥʝʥʥʷ ʽ ʟʘʩʘʜʞʝʥʥʷ ʯʘʛʘʨʥʠʢʘʤʠ, ʪʘʢʠʤ 

ʯʠʥʦʤ ʜʽʣʷʥʢʠ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʢʨʫʪʠʟʥʠ ʤʘʶʪʴ ʙʽʣʴʰʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʨʦʟʚʠʪʢʫ 

ʟʩʫʚʽʚ. ʈʦʟʧʦʜʽʣ ʽʥʜʝʢʩʫ NDVI ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʩʫʚʽʚ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʟ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʽʥʜʝʢʩʫ 0,3-0,5 (ʨʽʜʢʦʣʽʩʩʷ, ʚʽʜʢʨʠʪʠʡ ˇʨʫʥʪ). 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʧʨʦʮʝʩʠ ʚʦʜʦʩʭʦʚʠʱʘ ʤʘʶʪʴ ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʘʢʪʠʚʘʮʽʶ 

ʟʩʫʚʽʚ.  

ʂʘʨʪʦ-ʩʭʝʤʘ ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ ʥʘ ʜʽʣʷʥʢʘʭ ʧʽʜʚʠʱʝʥʦʾ ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʨʦʟʫʱʽʣʥʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʚʝʨʩʪʚ ʽ ʟʦʥʠ ʚʧʣʠʚʫ ʛʣʠʙʠʥʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʨʦʟʣʦʤʽʚ. 

ʊʘʢ ʩʘʤʦ, ʜʽʣʷʥʢʠ ʥʝʦʪʝʢʪʦʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʽʜʢʨʝʩʣʶʶʪʴ ʟʥʘʯʝʥʥʷ ʙʘʟʠʩʥʠʭ 

ʧʦʚʝʨʭʦʥʴ. ʈʦʟʧʦʜʽʣ ʣʽʪʦʣʦʛʽʯʥʠʭ ʚʽʜʢʣʘʜʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʣʝʞʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʜʦ 

ʛʝʦʣʦʛʽʯʥʦ-ʥʝʩʪʽʡʢʠʭ, ʦʩʥʦʚʦʶ ʷʢʠʭ ʻ ʛʣʠʥʠ, ʤʝʨʛʝʣʴ, ʩʫʛʣʠʥʢʠ ʪʘ ʣʝʩʦʚʽ ʧʦʨʦʜʠ. 

ʈʽʟʥʽ ʪʠʧʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʤʘʶʪʴ ʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʱʦʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨ̌ʫʥʪʫ 

ʯʝʨʝʟ ʨʽʟʥʠʡ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥʥʦʩʪʽ.  

ʅʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʠ ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʽ ʥʘ ʜʽʣʷʥʢʘʭ ʟ 

ʪʨʘʚôʷʥʠʩʪʠʤ ʧʦʢʨʠʚʦʤ ʪʘ ʚʽʜʢʨʠʪʠʤʠ ˇʨʫʥʪʘʤʠ, ʥʘʡʩʪʘʙʽʣʴʥʽʰʠʤʠ ʜʽʣʷʥʢʘʤʠ ʻ 

ʪʝʨʠʪʦʨʽʾ ʚʢʨʠʪʽ ʣʽʩʘʤʠ. ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʛʠ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʟʩʫʚʽʚ 

ʭʘʨʘʢʪʝʨʥʘ ʩʘʤʝ ʜʣʷ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ.  

ɿʥʘʯʝʥʥʷ ʟʤʽʱʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʻ ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ, 

ʜʝʤʦʥʩʪʨʫʶʯʠ ʢʦʨʝʣʷʮʽʶ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʧʦʚʝʨʭʥʽ ʪʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ 

ʪʝʨʠʪʦʨʽʾ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʟʩʫʚʽʚ. 
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4.8 ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ  

ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʨʦʚʦʜʠʣʘʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʢʘʨʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʩʫʚʽʚ ʪʘ 

ʜʠʥʘʤʽʢʠ ʾʭ ʨʦʟʚʠʪʢʫ ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʟʘ ʜʘʥʠʤʠ ʥʘ 2006 

ʨʽʢ (ʧʽʜʨʦʟʜʽʣ 1.3) ʪʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʢʘʨʪʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ ʟʘ ʩʧʨʠʷʪʣʠʚʦʛʦ ʪʘ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʩʮʝʥʘʨʽʾʚ (ʧʽʜʨʦʟʜʽʣ 4.7), ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ. ɺ̔ʜʧʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʘʪʝʛʦʨʽʡ ʩʪʘʥʫ 

ʟʩʫʚʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 4.6. 

ʊʘʙʣʠʮʷ 4.6 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡ ʪʠʧʽʚ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʠʧʽʚ 

ʟʩʫʚʽʚ ʟʘ ʢʘʨʪʦʶ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʩʫʚʽʚ 

ʪʘ ʜʠʥʘʤʽʢʠ ʾʭ ʨʦʟʚʠʪʢʫ 

ʥʘ ʧʨʘʚʦʙʝʨʝʞʞʽ 

ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ 2006 ʨ. 

(ʧʽʜʨʦʟʜʽʣ 1.3) 

ʂʦʣʽʨ 

ʢʣʘʩʫ 

ʟʩʫʚʫ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʘʨʪʠ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ ʟʘ 

ʩʧʨʠʡʥʷʪʣʠʚʦʛʦ ʪʘ 

ʥʝʩʧʨʠʡʥʷʪʣʠʚʦʛʦ ʩʮʝʥʘʨʽʾʚ 

(ʧʽʜʨʦʟʜʽʣ 4.7) 

ʂʦʣʽʨ ʨʽʚʥʷ 

ʥʝʙʝʟʧʝʯʥʦʩʪʽ 

ʪʝʨʠʪʦʨʽʾ 

ɿʩʫʚ, ʱʦ ʩʪʘʙʽʣʽʟʫʚʘʚʩʷ ɾʦʚʪʠʡ ʅʝʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʊʝʤʥʦ-ʟʝʣʝʥʠʡ 

ɿʩʫʚ, ʱʦ ʪʠʤʯʘʩʦʚʦ 

ʩʪʘʙʽʣʽʟʫʚʘʚʩʷ 

ʉʠʥʽʡ ʇʦʤʽʨʥʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ɿʝʣʝʥʠʡ 

ɾʦʚʪʠʡ ʇʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ 

ɿʩʫʚ ʯʘʩʪʢʦʚʦ ʜʽʶʯʠʡ ɿʝʣʝʥʠʡ ʇʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ɾʦʚʪʠʡ 

ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʇʦʤʘʨʘʥʯʝʚʠʡ 

ɿʩʫʚ ʜʽʶʯʠʡ ʏʝʨʚʦʥʠʡ ɼʫʞʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʏʝʨʚʦʥʠʡ 

 

ʆʮʠʬʨʦʚʘʥʦ ʢʘʨʪʫ ʜʽʣʷʥʦʢ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʤʝʞʘʭ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʟʘ ʜʘʥʠʤʠ ʂʦʥʜʨʘʪʶʢʘ, 2006 (ʧʽʜʨʦʟʜʽʣ 1.3) ʪʘ ʦʙʯʠʩʣʝʥʦ 

ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʯʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʟ ʟʩʫʚʥʠʭ ʜʽʣʷʥʦʢ ʦʢʨʝʤʦ ʟʘ ʘʣʛʦʨʠʪʤʘʤʠ, 

ʦʧʠʩʘʥʠʤʠ ʫ ʈʦʟʜʽʣʽ 3, ʪʘ ʧʦʙʫʜʦʚʘʥʠʤʠ ʢʘʨʪʘʤʠ ʜʣʷ ʧʨʘʚʦʙʝʨʝʞʞʷ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʟ ʘʥʘʣʽʟʦʤ ʟʘ ʩʽʤʦʤʘ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʤʠ ʫ 

ʧʽʜʨʦʟʜʽʣʘʭ 4.1 ï 4.7 (ʨʠʩ. 4.21, ʨʠʩ. 4.22).  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʜʘʥʦ ʜʝʪʘʣʴʥʫ ʦʮʽʥʢʫ ʨʽʟʥʠʭ ʛʨʘʜʘʮʽʡ ʟʤʽʥ ʩʪʘʥʫ ʜʽʣʷʥʢʠ 

ʢʦʞʥʦʛʦ ʟʩʫʚʫ, ʧʦʨʽʚʥʷʥʦ ʟ ʻʜʠʥʦʶ ʧʣʦʱʘʜʥʦʶ ʦʮʽʥʢʦʶ ʟʩʫʚʥʦʾ ʜʽʣʷʥʢʠ ʟʘ ʜʘʥʠʤʠ 

2006 ʨʦʢʫ.  
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ʈʠʩ. 4.21. ʆʮʽʥʢʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ: ʘ ï ʂʘʨʪʘ ʧʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ ʜʽʣʷʥʮʽ ʈʞʠʱʽʚ ï ɻʨʝʙʝʥʽ (ʂʦʥʜʨʘʪʶʢ, 2006), ʙ ï ʬʨʘʛʤʝʥʪ ʢʘʨʪʠ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ, ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʩʮʝʥʘʨʽʶ (ʆʨʣʝʥʢʦ ʪʘ ʽʥ, 2023) 

 

ʈʠʩ. 4.22. ʆʮʽʥʢʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ: ʘ ï ʂʘʨʪʘ ʧʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʂʘʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ ʜʽʣʷʥʮʽ ɻʨʝʙʝʥʽ-ʍʦʜʦʨʽʚ (ʂʦʥʜʨʘʪʶʢ, 2006), ʙ ï ʬʨʘʛʤʝʥʪ ʢʘʨʪʠ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ, ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʩʮʝʥʘʨʽʶ (ʆʨʣʝʥʢʦ ʪʘ ʽʥ, 2023) 


