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17 ï ɽʣʝʢʪʨʦʥʽʢʘ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ 
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ɸʅʆʊɸʎɯʗ 

ɸʥʜʨʝʻʚ ɸ.ɸ. ʄʝʪʦʜʠʢʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 172 ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ 

ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘ (17 ï ɽʣʝʢʪʨʦʥʽʢʘ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ). ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ ñʅʘʫʢʦʚʠʡ 

ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠò, ʤ. ʂʠʾʚ, 2023. 

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙ`ʻʢʪʽʚ ʥʘ ʘʝʨʦ- 

ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ, ʷʢʘ ʥʘʮʽʣʝʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʥʫʪʦ ʨʦʣʴ ʪʘ ʤʽʩʮʝ ʧʨʦʮʝʜʫʨʠ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚ ʟʘʜʘʯʘʭ ɼɿɿ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ 

ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. ʈʦʟʛʣʷʥʫʪʦ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ, 

ʢʦʥʪʨʦʣʴʦʚʘʥʽ, ʥʘʧʽʚʢʦʥʪʨʦʣʴʦʚʘʥʽ ʪʘ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʘʜʞʝ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʜʘʪʠ ʦʟʥʘʢʠ ʚʠʭʽʜʥʠʭ ʢʣʘʩʽʚ ʫ ʚʠʛʣʷʜʽ 

ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɺʠʜʽʣʝʥʦ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʷʢ ʧʦʚʥʦʪʘ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ, ʯʠʩʪʦʪʘ, ʧʨʦʪʠʨʽʯʯʷ, ʢʦʤʧʘʢʪʥʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʨʦʟʤʽʨʥʽʩʪʴ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʦʙʨʦʙʢʠ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʧʽʣʴʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʨʦʟʛʣʷʥʫʪʠʭ ʧʽʜʭʦʜʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʬʘʢʪʦʨ ʨʦʟʜʽʣʠʤʦʩʪʽ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʽ ʜʞʝʨʝʣʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ 

ʜʘʥʠʭ, ʷʢ ʦʧʪʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʨʘʜʘʨʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʽʥʜʝʢʩʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʪʝʢʩʪʫʨʥʽ 

ʧʦʢʘʟʥʠʢʠ ʪʘ ʢʦʥʪʝʢʩʪʥʽ ʧʦʢʘʟʥʠʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʰʘʙʣʦʥʠ ʜʘʥʠʭ ʜʣʷ ʪʘʢʠʭ ʪʝʤʘʪʠʯʥʠʭ 
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ʟʘʜʘʯ, ʷʢ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʣʽʩʽʚ, ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʫʛʽʜʴ ʪʘ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʘʙʦ 

ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʦʩʥʦʚʽ ʮʝʥʪʨʦʾʜʥʠʭ 

ʤʝʪʦʜʽʚ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ɺʩʴʦʛʦ ʨʦʟʨʦʙʣʝʥʦ ʜʚʘ ʤʝʪʦʜʠ, ʘ ʩʘʤʝ: 1) 

ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ; 2) ʤʝʪʦʜ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ 

ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʷʢ ʜʚʦʭ ʦʢʨʝʤʠʭ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, 

ʪʘʢ ʽ ʚʩʴʦʛʦ ʥʘʙʦʨʫ ʚ ʮʽʣʦʤʫ. ʆʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʚʦʭ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʧʦʢʘʟʥʠʢʽʚ ʯʫʪʣʠʚʦʩʪʽ ʪʘ 

ʩʧʝʮʠʬʽʯʥʦʩʪʽ. ʆʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʚʩʴʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʘʙʦ ʧʦʢʘʟʥʠʢʘ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘʙʦ ʢʘʧʘ-ʽʥʜʝʢʩʫ. 

ʈʦʟʨʦʙʣʝʥʽ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʢʫʙʘ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʦʻʜʥʘʥʦ ʚ ʤʝʪʦʜʠʢʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- 

ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ, ʷʢʘ ʤʘʻ 

ʜʚʽ ʛʽʣʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʩʧʦʩʽʙ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɺʠʙʽʨ ʩʧʦʩʦʙʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙôʻʤʫ ʜʘʥʠʭ. 

ʉʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʦʣʷʛʘʻ ʚ ʟʤʝʥʰʝʥʥʽ 

ʨʦʟʤʽʨʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʘ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʤʝʥʰʫʻ ʽ 

ʨʦʟʤʽʨʥʽʩʪʴ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʆʢʨʽʤ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ, ʤʝʪʦʶ ʜʘʥʦʛʦ 

ʩʧʦʩʦʙʫ ʻ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤ 

ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ.  

ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʢʣʘʩʽʚ ʜʘʥʦʛʦ ʥʘʙʦʨʫ. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤ ʜʘʥʦʛʦ 

ʩʧʦʩʦʙʫ.  

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ 
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ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ. ʇʨʦʚʝʜʝʥʦ ʯʦʪʠʨʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʪʨʴʦʭ ʟʘʜʘʯ: 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ, ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʪʠʧʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ. ɼʣʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʚ 

ʢʦʞʥʦʤʫ ʟʘʩʪʦʩʦʚʘʥʦ ʦʜʠʥ ʟʽ ʩʧʦʩʦʙʽʚ. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʧʝʢʪʨʘʣʴʥʽ 

ʢʘʥʘʣʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ Sentinel-2 ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʠ. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʘʬʽʢʩʦʚʘʥʦ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʟ 167 ʜʦ 57 ʰʘʨʽʚ (ʟʤʝʥʰʠʣʘʩʷ ʫ 2.92 ʨʘʟʠ). ʇʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʟʘʩʚʽʜʯʝʥʦ ʟʨʦʩʪʘʥʥʷʤ ʥʘ 

2% ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʟ 91% ʜʦ 93% ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩʫ ʥʘ 2% ʟ 87% ʜʦ 89%. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʜʘʥʦʾ ʟʘʜʘʯʽ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʻ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʥʘ 

4% ʟ 77% ʜʦ 81% ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩʫ ʥʘ 5% ʟ 66% ʜʦ 71%. 

ɼʣʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʜʠʥ ʝʢʩʧʝʨʠʤʝʥʪ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ 

ʟʡʦʤʢʠ, ʦʪʨʠʤʘʥʽ ʟ ʣʝʛʢʦʛʦ ʢʚʘʜʨʦʢʦʧʪʝʨʘ DJI Phantom 4 Multispectral. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʜʦ ʪʘ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʦʩʦʙʫ ʢʦʞʥʫ ʟ ʦʪʨʠʤʘʥʠʭ 

ʢʣʘʩʠʬʽʢʘʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʧʦʨʽʚʥʷʥʦ ʟ ʝʪʘʣʦʥʥʦʶ 

ʢʘʨʪʦʶ, ʜʝ ʚʽʜʤʽʯʝʥʽ ʚʩʽ ʥʘʷʚʥʽ ʤʽʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʥʘ 0.28 (ʟ 0.54 ʜʦ 0.82). ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʣʷ ʟʘʜʘʯʽ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʪʠʧʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʝʢʪʨʘʣʴʥʽ 

ʢʘʥʘʣʠ ʦʜʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʫ Landsat-OLI8 ʪʘ ʯʦʪʠʨʠ ʜʦʜʘʪʢʦʚʽ ʨʘʩʪʨʦʚʽ ʰʘʨʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʪʘʣʦ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʥʘ 20% (ʟ 63% ʜʦ 83%) ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩʫ ʥʘ 21% (ʟ 60% ʜʦ 81%). 

ʅʘʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. ʆʧʠʩʘʥʦ ʫʤʦʚʠ, 

ʧʨʠ ʷʢʠʭ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʻ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʘʙʦ ʩʧʦʩʽʙ 
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ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʊʘʢʦʞ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʢʘʟʘʥʦ, ʷʢ ʦʙʨʘʪʠ ʤʽʞ ʤʝʪʦʜʦʤ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ 

ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ ʪʘ ʤʝʪʦʜʦʤ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʮʝʥʪʨʽʚ 

ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʨʠ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʷʢʦʛʦ ʻ ʬʦʨʤʫʚʘʥʥʷ ʦʮʽʥʢʠ ʚʽʜʥʦʩʥʦ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʾʭʥʴʦʾ ʩʪʨʫʢʪʫʨʠ.  

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʨʦʟʨʦʙʣʝʥʠʭ ʩʧʦʩʦʙʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙôʻʤʫ ʜʘʥʠʭ. ʇʨʠ 

ʥʘʜʣʠʰʢʦʚʦʤʫ ʦʙôʻʤʽ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʘ ʧʨʠ ʦʙʤʝʞʝʥʦʤʫ ʦʙôʻʤʽ ʜʘʥʠʭ ï ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʆʩʥʦʚʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʩʧʦʩʦʙʽʚ ʻ ʤʝʪʦʜ ʦʮʽʥʢʠ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʜʘʥʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʧʨʠ 

ʷʢʽʡ ʨʦʟʜʽʣʠʤʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦʩʷʛʘʪʠʤʝ ʥʘʡʚʠʱʦʛʦ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜ ʽʥʰʠʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʜʘʥʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʪʘʢʽ ʰʘʨʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʧʨʠ ʷʢʠʭ ʚʽʜʧʦʚʽʜʥʘ 

ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʜʦʩʷʛʘʪʠʤʝ ʥʘʡʚʠʱʦʛʦ ʟʥʘʯʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʩʝʨʝʜ ʽʥʰʠʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʥʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʘ ʽ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚ ʢʦʞʥʦʤʫ ʟ ʯʦʪʠʨʴʦʭ 

ʧʨʠʢʣʘʜʽʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʠʢʠ ʧʽʜʪʚʝʨʜʞʝʥʘ ʚ ʦʜʥʦʤʫ ʟ ʧʨʠʢʣʘʜʽʚ ʟʨʦʩʪʘʥʥʷʤ 

ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʥʘ 2% (ʟ 91% ʜʦ 93%) ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩʫ ʥʘ 2% (ʟ 87% ʜʦ 

89%); ʚ ʜʨʫʛʦʤʫ ʧʨʠʢʣʘʜʽ ʟʨʦʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ 4% (ʟ 77% ʜʦ 81%) ʪʘ 

ʥʘ 5% (ʟ 66% ʜʦ 71%); ʚ ʪʨʝʪʴʦʤʫ ï ʟʨʦʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʥʘ 28% (ʟ 

54% ʜʦ 82%); ʚ ʯʝʪʚʝʨʪʦʤʫ- ʟʨʦʩʪʘʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩʫ 

ʥʘ 20% (ʟ 63% ʜʦ 83%) ʪʘ ʥʘ 21% (ʟ 60% ʜʦ 81%) ʚʽʜʧʦʚʽʜʥʦ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, 

ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʢʣʘʩʪʝʨʠʟʘʮʽʷ, ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ, ʨʦʟʜʽʣʠʤʽʩʪʴ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 21 ʥʘʫʢʦʚʫ ʧʨʘʮʶ, ʫ ʪʦʤʫ ʯʠʩʣʽ 2 

ʧʫʙʣʽʢʘʮʽʾ ʫ ʤʦʥʦʛʨʘʬʽʷʭ (ʟ ʥʠʭ 1 ʧʨʦʽʥʜʝʢʩʦʚʘʥʘ ʚ ʙʘʟʽ ʜʘʥʠʭ Scopus); ʫ ʟʘʢʦʨʜʦʥʥʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ï 5 ʩʪʘʪʝʡ (ʟ ʥʠʭ 3 ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʚ ʙʘʟʽ ʜʘʥʠʭ Scopus); ʩʪʘʪʪʽ ʫ 

ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʥʘ ʜʘʪʫ ʦʧʫʙʣʽʢʫʚʘʥʥʷ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ ɹ ï 4; 10 ʫ ʟʙʽʨʥʠʢʘʭ ʪʘ ʤʘʪʝʨʽʘʣʘʭ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʚʽʪʯʠʟʥʷʥʠʭ 

ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ (3 ʟʘʢʦʨʜʦʥʥʠʭ), ʟ ʷʢʠʭ 8 ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʚ ʙʘʟʽ ʜʘʥʠʭ 

Scopus. 
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ABSTRACT 

Andreiev A.A. Object classification technique on aerial and space imagery under low 

separability of recognition features. 

Dissertation for the Doctor of Philosophy degree (PhD) with a degree in 172 ï 

Telecommunications and radio engineering (17 ï Electronics and telecommunications). - State 

Institution çScientific Centre for Aerospace Research of the Earth of the Institute of Geological 

Sciences of the National Academy of Sciences of Ukraineè, Kyiv, 2023. 

 

The aim of the study was to increase the accuracy of object classification on aerial and 

space imagery by developing a technique to increase the separability of recognition features. 

The dissertation research examines the role and place of the classification procedure in 

the tasks of remote sensing. An analysis of object classification methods on aerial and space 

images was conducted. The following methods are considered: unsupervised, supervised, semi-

supervised and reinforcement learning. It is substantiated that for most thematic problems, it is 

appropriate to use supervised classification methods because they allow setting the properties 

of the object classes in the form of training samples set. 

The properties of the training samples set were analyzed. Such properties as 

completeness, uniformity, purity, contradiction, compactness, complexity and dimensionality 

are highlighted. An analysis of approaches to processing the training sample was carried out. 

It is shown that the common disadvantage of the considered approaches is that they do not 

consider the factor of the training samples' separability. 

It is proposed to use a geospatial data cube to represent input data for classification. 

Geospatial data sources such as optical images, radar images, index images, texture metrics, 

and context metrics are considered. Data templates are presented for such thematic tasks as the 

classification of forests, wetlands, and urbanized or industrial areas. 

Methods of training sample clustering have been developed based on centroid methods 

of unsupervised classification. Two methods have been developed: 1) the method of forming 
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training samples set from clusters of initial classes and 2) the method of forming training 

samples set from the clusters centres of initial classes. 

A method for assessing the training sample separability has been developed. The 

algorithm of the method for assessing the separability of two separate classes of the training 

sample and the entire set as a whole is described in detail. The assessment of the separability 

of two classes of the training sample is based on the calculation of the arithmetic mean of the 

sensitivity and specificity indicators. The separability of the entire training sample set is 

evaluated based on either the overall classification accuracy index or the kappa index. 

The principles of forming a geospatial data cube, the methods of the training sample 

clustering, and the method for assessing the training sample separability are developed and 

presented in the second chapter. They are combined into object classification technique on 

aerial and space imagery under low separability of recognition features, which has two 

branches of application: reducing the training samples dimensions and clustering the training 

sample. The choice of the branch depends on the amount of input data. 

The way to reduce the size of the training sample is to reduce the size of the input cube 

of geospatial data, which, in turn, reduces the size of the training sample set. In addition to 

reducing the dimensionality, this method aims to increase the separability of the training 

sample. The algorithm of this method is described in detail. 

A method of clustering the training sample was developed, which is used to increase the 

separability of the initial classes. The algorithm of this method is described in detail. 

An experimental evaluation of the effectiveness of the developed technique was carried 

out. Four experiments were conducted for three tasks, namely: wetlands classification, general 

land cover types classification and mine recognition. For wetlands classification, two 

experiments were conducted, each using one of the methods. Spectral bands of Sentinel-2 

satellite images and some auxiliary data were used as input data. When applying the method of 

reducing the size of the training sample, a decrease in the input data size was reduced from 167 

to 57 layers (reduced by 2.92 times). The increase in the accuracy of the classification with the 

use of this method is evidenced by a 2% increase in the overall accuracy from 91% to 93% and 
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a 2% increase in the kappa index from 87% to 89%. When applying the method of clustering 

the training sample to this problem, the increase in classification accuracy shows an increase 

in the overall accuracy by 4% from 77% to 81% and the kappa index by 5% from 66% to 71%. 

For the problem of mine recognition, one experiment was conducted using the method 

of training sample clustering. Multispectral data obtained from the DJI Phantom 4 

Multispectral quadcopter was used. Firstly, two classifications were obtained before and after 

applying the developed method. Secondly, each classification was compared to the reference 

map, where all available mines are marked, and the Pearson correlation coefficient was 

calculated for each. Thus, the value of this coefficient increased by 0.28 (from 0.54 to 0.82) 

after applying the technique. It indicates an increase in the accuracy of the classification. 

When applying the training sample clustering method for the general land cover types 

classification, an experiment was conducted using the training sample clustering method, using 

the spectral bands of one Landsat-OLI8 space image and four additional raster layers. The 

result of the experiment was an increase in the overall classification accuracy by 20% (from 

63% to 83%) and the kappa index by 21% (from 60% to 81%). 

Recommendations on applying the developed technique are given ð the conditions 

under which one of the developed methods should be selected. Also, when applying the training 

sample clustering, it is indicated how to choose between the method of forming a training 

sample set from clusters of initial classes and the method of forming a training sample set from 

the clusters centres of initial classes. 

 

Scientific novelty 

The first developed method for assessing the training sample separability during the 

supervised object classification on aerial and space images. The assessment considers a specific 

classification method, input data and its structure. 

The first developed object classification technique on aerial and space imagery under 

low separability of recognition features, which includes the application of one of the two 

developed methods depending on the amount of data. When there is an excess amount of data, 
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the method of reducing the training sample size is used, and when the amount of data is limited, 

the method of the training sample clustering is used. The basis of the developed methods is the 

method for assessing the separability of the training sample. 

The first developed method of training sample clustering is based on the developed 

method for assessing the separability of the training sample. Unlike the existing ones, this 

method allows the selection of a number of clusters for each class, in which the separation of 

the training sample reached the highest value among the other considered options. 

The first developed method of reducing the training sample size is based on the 

developed method for assessing the separability of the training sample. Unlike the existing 

ones, this method allows the selection of such input data layers, in which the corresponding 

training sample will reach the highest value of separability among other considered variants of 

input data. In this way, not only the dimensionality of the input data is reduced, but also the 

separability of the training sample is increased. 

Practical significance of the obtained results. 

According to the results of experimental studies, the developed method demonstrated 

the classification accuracy enhancement in each of the four examples. The effectiveness of the 

method is confirmed in one of the examples by the increase of the overall accuracy indicators 

by 2% (from 91% to 93%) and the kappa index by 2% (from 87% to 89%); in the second 

example, an increase in the corresponding indicators by 4% (from 77% to 81%) and by 5% 

(from 66% to 71%); in the third - by an increase in the Pearson correlation coefficient by 28% 

(from 54% to 82%); in the fourth - by 20% (from 63% to 83%) and by 21% (from 60% to 81%) 

of the overall accuracy of classification and kappa index, respectively. 

Keywords: aerial and space imagery, unsupervised classification, supervised 

classification, clustering, training sample, training sample separability 

 

Based on the results of the research, 21 scientific works were published, including 2 

publications in monographs (of which 1 is in the Scopus database); in foreign specialized 

publications ï 5 articles (of which 1 is indexed in the Scopus database); articles in scientific 
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publications included on the date of publication in the list of specialized scientific publications 

of Ukraine category B - 4; 10 in collections and abstracts of reports at Ukrainian and 

international conferences (of which 3 are foreign) and of which 8 are indexed in the Scopus 

database. 
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ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ 

 

ʇʫʙʣʽʢʘʮʽʾ ʫ ʤʦʥʦʛʨʘʬʽʷʭ 

1. Popov, M., Stankevich, S., Kozlova, A., Piestova, I., Lubskiy, M., Titarenko, O., 

Svideniuk, M., Andreiev, A., Lysenko, A., & Singh, S. K. (2021). Long-Term Satellite Data 

Time Series Analysis for Land Degradation Mapping to Support Sustainable Land 

Management in Ukraine. Geo-Intelligence for Sustainable Development, 165ï189. 

https://doi.org/10.1007/978-981-16-4768-0_11 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ; ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʪʘ ʦʙôʻʜʥʘʥʥʷ 

ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ; ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ 

ʢʣʘʩʠʬʽʢʘʮʽʡ) 

2. Stankevich, S. ɸ., Zaitseva, E., Kozlova, A., & Andreiev, A. (2023). Wildfire risk 

assessment using earth observation data: A case study of the Eastern Carpathians at the Slovak-

Ukrainian frontier. In Studies in systems, decision and control, 131ï143. 

https://doi.org/10.1007/978-3-031-40997-4_9 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ) (Scopus) 

ʄʘʪʝʨʽʘʣʠ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ: 

3. Popov, M., Michaelides, S., Stankevich, S., Kozlova, A., Piestova, I., Lubskiy, 

M., Titarenko, O., Svideniuk, M., Andreiev, A., & Ivanov, S. (2021). Assessing long-term land 

cover changes in watershed by spatiotemporal fusion of classifications based on probability 

propagation: The case of Dniester river basin. Remote Sensing Applications: Society and 

Environment, 22, 100477. https://doi.org/10.1016/j.rsase.2021.100477 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ; ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʪʘ ʦʙôʻʜʥʘʥʥʷ ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ; ʧʨʦʚʝʜʝʥʥʷ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡ) (Scopus, Q1) 

4. ɸʥʜʨʝʻʚ, ɸ. ɸ. (2023). ʄʝʪʦʜʠʢʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ 

ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ. 

https://doi.org/10.1007/978-981-16-4768-0_11
https://doi.org/10.1007/978-3-031-40997-4_9
https://doi.org/10.1016/j.rsase.2021.100477
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ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, 10(3), 4-9. 

https://doi.org/10.36023/ujrs.2023.10.3.244  

5. Lubskyi, M. S., Orlenko, T., Piestova, I., Andreiev, A., & Lysenko, A. (2023). 

Evaluation of indicators for desertification risk assessment of Oleshky sands desertification 

based on Landsat data time series. Ukrainian Journal of Remote Sensing, 10(1), 17ï28. 

https://doi.org/10.36023/ujrs.2023.10.1.229 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʭʽʜʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ Landsat-OLI8, ʨʦʟʨʘʭʫʥʢʫ 

ʚʠʟʥʘʯʝʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʪʘ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʥʘ ʦʩʥʦʚʽ ʯʘʩʦʚʦʛʦ ʨʷʜʫ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʽʥʜʝʢʩʽʚ)  

6. Popov, M., Stankevich, S., Mosov, S., Titarenko, O., Dugin, S., Golubov, S., & 

Andreiev, A. (2022). Method for Minefields Mapping by Imagery from Unmanned Aerial 

Vehicle. Advances in Military Technology, 17(2), 211ï229. https://doi.org/10.3849/aimt.01722 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ; ʨʦʟʨʦʙʢʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ) (Scopus, Q4) 

7. Stankevich, S., Popov, M., Shklyar, S., Sukhanov, K., Andreiev, A., Lysenko, A., 

Kun, X., Cao, S., Yupan, S., & Boya, S. (2020). Estimation of mutual subpixel shift between 

satellite images: software implementation. Ukrainian Journal of Remote Sensing, 24, 9ï14. 

https://doi.org/10.36023/ujrs.2020.24.165 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʧʠʩ ʘʣʛʦʨʠʪʤʫ ʧʽʜʭʦʜʫ ʜʦ 

ʨʦʟʨʘʭʫʥʢʫ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ; ʨʦʟʨʦʙʢʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ) 

8. Stankevich, S., Popov, M., Shklyar, S. V., Sukhanov, K. Y., Andreiev, A., 

Lysenko, A. R., Kun, X., Shixiang, C., Yupa, S., Xing, Z., & Boya, S. (2020). Subpixel-shifted 

Satellite Images Superresolution: Software Implementation. WSEAS TRANSACTIONS ON 

COMPUTERS, 19, 31ï37. https://doi.org/10.37394/23205.2020.19.5 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʦʧʠʩ ʘʣʛʦʨʠʪʤʫ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʂʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʮʝʜʫʨ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʟʥʘʯʠʤʫ ʧʨʦʩʪʦʨʦʚʦ-ʨʦʟʧʦʜʽʣʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʮʽ ʦʙôʻʢʪʠ ʟ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ (Melesse et al., 2007). ʊʘʢʘ ʽʥʬʦʨʤʘʮʽʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʪʘʢʠʭ ʟʘʜʘʯ, ʷʢ ʢʘʨʪʫʚʘʥʥʷ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ (Feranec et al., 2016; 

Latham et al., 2002), ʤʽʩʴʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ (Huang, 1998), ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ (Andries 

et al., 2021), ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ (Corbane et al.,, 2015), ʧʦʰʫʢ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ (Popov et al., 2020; Titarenko et al., 2020) ʪʦʱʦ. ʄʝʪʦʜʠ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʣʫʯʝʥʥʽ ʜʘʥʠʭ ɼɿɿ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʟʘʚʜʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʜʦʩʷʛʥʝʥʥʷʤ ʮʽʣʝʡ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ (Andries et al., 2019; Scott & Rajabifard, 2017), ʟʜʽʡʩʥʝʥʥʷʤ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʛʝʦʩʠʩʪʝʤ (GEO, 2008), ʟʦʢʨʝʤʘ, ʟʤʽʥ ʢʣʽʤʘʪʫ (Fellous, 2008), 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʩʪʽʡʢʦʩʪʽ ʝʢʦʩʠʩʪʝʤ (Lehmann et al., 2022; Scholes et al., 2008), ʨʠʟʠʢʫ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʣʠʭ (Gao, 2023), ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ (Dubovyk, 2017), ʧʽʜʪʨʠʤʢʘ 

ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ, ʩʪʘʣʦʛʦ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ (Defourny et al., 2019; Fritz et al., 

2015), ʪʦʱʦ. ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʟʜʘʪʥʠʭ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟʘ 

ʜʘʥʠʤʠ ɼɿɿ (Andries et al., 2019, Landry et al., 2019).  

ʅʘ ʩʴʦʛʦʜʥʽ ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʷʢʽ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʛʨʫʧʠ, ʘ ʩʘʤʝ: ʢʦʥʪʨʦʣʴʦʚʘʥʽ (ʘʥʛʣ. Supervised) ʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ 

(Unsupervised) (Berry et al., 2019). ʇʨʦʪʝ, ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ ʻ ʩʘʤʝ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ɸʜʞʝ ʚʦʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘʜʘʪʠ ʦʟʥʘʢʠ ʚʠʭʽʜʥʠʭ ʢʣʘʩʽʚ. 

ɼʣʷ ʟʘʜʘʥʥʷ ʦʟʥʘʢ ʢʣʘʩʽʚ ʚ ʤʝʪʦʜʘʭ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʚ ʷʢʦʤʫ ʤʽʩʪʷʪʴʩʷ ʨʝʧʨʝʟʝʥʪʠ ʢʦʞʥʦʛʦ ʟ 

ʢʣʘʩʽʚ. ʉʝʨʝʜ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʙʨʦʙʢʠ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʻ ʪʘʢʽ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ 

ʥʘʩʪʫʧʥʠʭ ʛʨʫʧ: ʢʣʘʩʪʝʨʥʘ ʚʠʙʽʨʢʘ (Sedgwick, 2014); ʧʽʜʭʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ 
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ʨʦʟʤʽʨʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ (Salem & Hussein, 2019; Green et al., 1988). ʧʽʜʭʦʜʠ, ʱʦ 

ʚʠʷʚʣʷʶʪʴ ʨʝʧʨʝʟʝʥʪʠ, ʷʢʽ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʚʠʙʽʨʢʠ ʥʝ ʪʦʛʦ ʢʣʘʩʫ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʾʭʥ ̫

ʢʣʘʩʦʚʘ ʧʨʠʥʘʣʝʞʥʽʩʪʴ (Kang et al., 2018. ʉʧʽʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʨʦʟʛʣʷʥʫʪʠʭ ʧʽʜʭʦʜʽʚ ʻ ʪʝ, 

ʱʦ ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʬʘʢʪʦʨ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  

ɼʘʥʘ ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʫʙʣʽʢʘʮʽʷʭ (Andreiev, 2023; Andreiev 

& Kozlova, 2021; Popov et al, 2021; Andreiev, 2020; Piestova et al, 2021), ʧʨʠʩʚʷʯʝʥʘ 

ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ 

ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ.  

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʨʦʟʜʽʣʠʤʦʩʪʽ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʫ 

ɼʝʨʞʘʚʥʽʡ ʫʩʪʘʥʦʚʽ ñʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ 

ʋʢʨʘʾʥʠò ʟʘ ʪʘʢʠʤʠ ʪʝʤʘʤʠ: ñɼʠʩʪʘʥʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʽ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʘʥʘʣʽʟʽ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0121U107677); ñʆʮʽʥʢʘ 

ʨʠʟʠʢʽʚ ʥʝʛʘʪʠʚʥʠʭ ʟʤʽʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0122U002443); ñʇʨʦʛʨʘʤʥʠʡ 

ʤʦʜʫʣʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʩʫʙʧʽʢʩʝʣʴʥʦ 

ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0122U201983); ñʄʝʪʦʜʠʢʘ 

ʦʮʽʥʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʘʥʥʷ ʥʘ 

ʧʨʠʢʣʘʜʽ ʧʽʱʘʥʦʛʦ ʤʘʩʠʚʫ ʆʣʝʰʢʽʚʩʴʢʽ ʧʽʩʢʠò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0121U111862); ñʉʠʩʪʝʤʘ ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ ʧʦʨʫʙʽʞʞʷ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʥʘ ʦʩʥʦʚʽ  ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽò (ʨʝʻʩʪʨʘʮʽʡʥʠʡ 

ʥʦʤʝʨ 101086250 ï EWALD); ñɼʠʩʪʘʥʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʦʟʚʠʪʢʫ 

ʟʘʛʨʦʟʣʠʚʠʭ ʧʨʠʨʦʜʥʠʭ ʪʘ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʷʚʠʱ ʚ ʟʘʜʘʯʘʭ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʩʪʘʣʦʛʦ 
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ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0122U002085); ñʎʽʣʴʦʚʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʧʨʦʛʨʘʤʘ ʦʙʦʨʦʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ ʥʘ 2020-2024 ʨʨ.ò 

(  ̄0121U000075ʜ); ñʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʚʯʝʥʥʷ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʧʨʠʨʦʜʥʦʛʦ ʪʘ 

ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0017U004264); ñʄʝʪʦʜʠ ʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʛʝʪʝʨʦʛʝʥʥʠʭ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʪʘ ʦʙʤʝʞʝʥʦʩʪʽ 

ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0116U000144); ñʈʦʟʨʦʙʢʘ ʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʩʣʽʜʞʝʥʥʷ ɿʝʤʣʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ, ʬʦʨʤʫʚʘʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʰʫʢʽʚ, ʨʦʟʚʽʜʢʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ 

ʥʦʤʝʨ 0121U111862). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʮʝ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙ`ʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ, 

ʷʢʘ ʥʘʮʽʣʝʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʥʘʩʪʫʧʥʽ ʯʘʩʪʢʦʚʽ ʥʘʫʢʦʚʽ ʟʘʚʜʘʥʥʷ: 

1.ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ, ʾʭʥʽʭ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ. 

2.ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʾʾ ʦʙʨʦʙʢʠ ʚ 

ʟʘʜʘʯʘʭ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, 

ʾʭʥʽʭ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ 

3.ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʦʮʽʥʢʠ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

4.ʈʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

5.ʈʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ  

6.ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʠʪʠ ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ 

ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʦʟʥʘʢ, ʧʦʨʽʚʥʷʚʰʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʜʦ ʪʘ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. 



25 

 

7.ʅʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʩʬʝʨ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ, ʾʾ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʥʦʩʪʽ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: 

- ʤʝʪʦʜʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ï ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ; 

- ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ï ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, ʪʘʢʦʞ ʜʘʥʽ ʤʝʪʦʜʠ ʟʘʣʫʯʝʥʽ ʜʦ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ; 

- ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ï ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʧʦʢʘʟʥʠʢʠ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩ ʽ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ; 

- ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʦʚʦʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ 

ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ; 

- ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʟʦʙʨʘʞʝʥʴ ï ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

ʚʭʽʜʥʠʭ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʨʠ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ. ʆʩʦʙʣʠʚʽʩʪʶ ʷʢʦʛʦ ʻ ʬʦʨʤʫʚʘʥʥʷ ʦʮʽʥʢʠ ʚʽʜʥʦʩʥʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʾʭʥʴʦʾ ʩʪʨʫʢʪʫʨʠ.  

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʨʦʟʨʦʙʣʝʥʠʭ ʩʧʦʩʦʙʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙôʻʤʫ ʜʘʥʠʭ. ʇʨʠ 

ʥʘʜʣʠʰʢʦʚʦʤʫ ʦʙôʻʤʽ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 
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ʚʠʙʽʨʢʠ, ʘ ʧʨʠ ʦʙʤʝʞʝʥʦʤʫ ʦʙôʻʤʽ ʜʘʥʠʭ ïʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʆʩʥʦʚʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʩʧʦʩʦʙʽʚ ʻ ʤʝʪʦʜ ʦʮʽʥʢʠ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ: 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʜʘʥʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʧʨʠ 

ʷʢʽʡ ʨʦʟʜʽʣʠʤʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦʩʷʛʘʣʘ ʥʘʡʚʠʱʦʛʦ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜ ʽʥʰʠʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʜʘʥʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʪʘʢʽ ʰʘʨʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʧʨʠ ʷʢʠʭ ʚʽʜʧʦʚʽʜʥʘ 

ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʜʦʩʷʛʘʪʠʤʝ ʥʘʡʚʠʱʦʛʦ ʟʥʘʯʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʩʝʨʝʜ ʽʥʰʠʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʥʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʘ ʽ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚ ʢʦʞʥʦʤʫ ʟ 4 ʧʨʠʢʣʘʜʽʚ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʠʢʠ ʧʽʜʪʚʝʨʜʞʝʥʘ ʚ ʦʜʥʦʤʫ ʟ ʧʨʠʢʣʘʜʽʚ ʟʨʦʩʪʘʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ 

ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʥʘ 2% (ʟ 91% ʜʦ 93%) ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩʫ ʥʘ 2% (ʟ 87% ʜʦ 89%); ʚ ʜʨʫʛʦʤʫ 

ʧʨʠʢʣʘʜʽ ʟʨʦʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ 4% (ʟ 77% ʜʦ 81%) ʪʘ ʥʘ 5% (ʟ 66% ʜʦ 

71%); ʚ ʪʨʝʪʴʦʤʫ ï ʟʨʦʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʥʘ 28% (ʟ 54% ʜʦ 82%); ʚ 

ʯʝʪʚʝʨʪʦʤʫ-  ʥʘ 20% (ʟ 63% ʜʦ 83%) ʪʘ ʥʘ 21% (ʟ 60% ʜʦ 81%) ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʘʣʴʥʦʾ 

ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩʫ ʚʽʜʧʦʚʽʜʥʦ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʩʢʣʘʜʦʚʘ ʜʝʨʞʘʚʥʠʭ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʫ ɼʝʨʞʘʚʥʽʡ ʩʣʫʞʙ ̔

ʋʢʨʘʾʥʠ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚ ʪʘʢʠʭ ʟʘʜʘʯʘʭ, ʷʢ ʛʫʤʘʥʽʪʘʨʥʝ ʨʦʟʤʽʥʫʚʘʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʪʘ ʘʥʘʣʽʟ ʧʨʠʨʦʜʥʠʭ ʟʤʽʥ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ, ʱʦ 

ʟʘʩʚʽʜʯʝʥʦ ʘʢʪʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ (ɺ.1). ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ 
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ʟʘʩʪʦʩʦʚʘʥʘ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ, ʜʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ 

ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, - ʮʝ ʟʘʩʚʽʜʯʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤ ʘʢʪʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ 

(ɺ.2). ʑʝ ʦʜʥʠʤ ʧʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʻ ʤʦʥʽʪʦʨʠʥʛ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ï ʜʘʥʘ ʟʘʜʘʯʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʄʽʥʽʩʪʝʨʩʪʚʘ ʘʛʨʘʨʥʦʾ 

ʧʦʣʽʪʠʢʠ ʪʘ ʧʨʦʜʦʚʦʣʴʩʪʚʘ ʋʢʨʘʾʥʠ. ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʧʨʠ 

ʘʥʘʣʽʟʽ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʩʽʚ ï ʜʘʥʘ ʟʘʜʘʯʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʇʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʽ ʤʝʪʦʜʠʯʥʽ ʘʩʧʝʢʪʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘ ʦʙʛʦʚʦʨʝʥʽ 

ʥʘ 16-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñMonitoring of Geological Processes and 

Ecological Condition of the Environmentò (ʂʠʾʚ, 15-18 ʣʠʩʪʦʧʘʜʘ 2023 ʨ.), 2-ʤʫ 

ʄʽʞʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ ñReliability Engineering and Computational Intelligence 

(RECI 2022)ò (ɼʝʣʬʪ, ʅʽʜʝʨʣʘʥʜʠ, 13 - 15 ʣʠʩʪʦʧʘʜʘ 2022 ʨ.), 7-ʤʫ ʄʽʞʥʘʨʦʜʥʦʤʫ 

ʥʘʫʢʦʚʦʤʫ ʩʠʤʧʦʟʽʫʤʽ ñSpace Optical Instrument and Applicationò (ʇʝʢʽʥ, ʂʠʪʘʡ, 24-26 

ʣʠʩʪʦʧʘʜʘ 2022 ʨ.), 15-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñPattern Recognition and 

Information Processing (PRIP'2021)ò (21-24 ʚʝʨʝʩʥʷ, 2021 ʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çIntellectual Systems of Decision Making and Problems of Computational 

Intelligenceè (ʍʝʨʩʦʥ, 24ï28 ʪʨʘʚʥʷ 2021 ʨ.), 4-ʤʫ ʄʽʞʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ 

ñComputer Modeling and Intelligent Systems (CMIS-2021)ò (ɿʘʧʦʨʽʞʞʷ, 27 ʢʚʽʪʥʷ 2021 ʨ.), 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʠʡ ʢʦʥʬʝʨʝʥʮʽʾ ñ2020 IEEE Ukrainian Microwave Week (UkrMW)ò 

(ʍʘʨʢʽʚ, 21-25 ʚʝʨʝʩʥʷ 2020 ʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñGeoinformatics: 

Theoretical and Applied Aspects 2020ò (ʂʠʾʚ, 11-14 ʪʨʘʚʥʷ 2020 ʨ.), 17-ʡ ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñGeoinformatics - Theoretical and Applied Aspectsò (ʂʠʾʚ, 14-17 

ʪʨʘʚʥʷ 2018 ʨ.),  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʜʝʨʞʘʥʦ ʦʩʦʙʠʩʪʦ 

ʘʚʪʦʨʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʩʧʽʚʧʨʘʮʽ ʟ ʢʦʣʝʛʘʤʠ ʪʘ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʛʘʣʫʟʝʡ 

ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʩʫʤʽʩʥʠʭ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ. 
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ɺ ɼʦʜʘʪʢʫ ɹ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʫʙʣʽʢʘʮʽʾ, ʥʘ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. ɿʦʢʨʝʤʘ, ʤʝʪʦʜʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ 

ʨʦʟʛʣʷʥʫʪʽ ʚ (ɹ.1, ɹ.3, ɹ.4, ɹ.6, ɹ.9, ɹ.10-13, ɹ.17-19). ɸʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʚ (ɹ.2, 

ɹ.5, ɹ.7, ɹ.8, ɹ.12, ɹ.14, ɹ.15, ɹ.20, ɹ.21). ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ 

ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ (ɹ.2, ɹ.12, 

ɹ.15, ɹ.16). ɺʣʘʩʥʝ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ  ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʦʟʥʘʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ (ɹ.4). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 21 ʥʘʫʢʦʚʫ ʧʨʘʮʶ, ʫ ʪʦʤʫ ʯʠʩʣʽ 2 

ʧʫʙʣʽʢʘʮʽʾ ʫ ʤʦʥʦʛʨʘʬʽʷʭ (ʟ ʥʠʭ 1 ʧʨʦʽʥʜʝʢʩʦʚʘʥʘ ʚ ʙʘʟʽ ʜʘʥʠʭ Scopus); ʫ ʟʘʢʦʨʜʦʥʥʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ï 5 ʩʪʘʪʝʡ (ʟ ʥʠʭ 3 ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʚ ʙʘʟʽ ʜʘʥʠʭ Scopus); ʩʪʘʪʪʽ ʫ 

ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʥʘ ʜʘʪʫ ʦʧʫʙʣʽʢʫʚʘʥʥʷ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ ɹ ï 4; 10 ʫ ʟʙʽʨʥʠʢʘʭ ʪʘ ʤʘʪʝʨʽʘʣʘʭ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʚʽʪʯʠʟʥʷʥʠʭ 

ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ (3 ʟʘʢʦʨʜʦʥʥʠʭ), ʟ ʷʢʠʭ 8 ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʚ ʙʘʟʽ ʜʘʥʠʭ 

Scopus. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ 

ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʧʝʨʝʣʽʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (184 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 24 ʩʪʦʨʽʥʢʘʭ) ʪʘ 3 ʜʦʜʘʪʢʽʚ ʥʘ 17 ʩʪʦʨʽʥʢʘʭ. 

ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 174 ʩʪʦʨʽʥʢʠ, ʱʦ ʤʽʩʪʷʪʴ 133 ʩʪʦʨʽʥʢʠ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 32 ʨʠʩʫʥʢʠ 

ʪʘ 11 ʪʘʙʣʠʮ.ɹ 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʂʃɸʉʀʌɯʂʋɺɸʅʅʗ ʆɹôɭʂʊɯɺ ʅɸ ɸɽʈʆ- ʊɸ 

ʂʆʉʄɯʏʅʀʍ ɿʆɹʈɸɾɽʅʅʗʍ, ɺʃɸʉʊʀɺʆʉʊɽʁ ʅɸɺʏɸʃʔʅʆɰ ɺʀɹɯʈʂʀ ʊɸ 

ʇɯɼʍʆɼɯɺ ɼʆ ɰɰ ʆɹʈʆɹʂʀ. ʇʆʉʊɸʅʆɺʂɸ ɿɸɺɼɸʅʅʗ ɼʆʉʃɯɼɾɽʅʅʗ 

 

1.1.  ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ 

ʅʦʚʽʪʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʩʪʚʦʨʶʶʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ʪʘ ʚʠʨʽʰʝʥʥʷ 

ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʟʘʜʘʯ (Melesse et al., 2007). ɺ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʦʜʠʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʷʢʽ ʚʠʨʽʰʫʶʪʴ ʰʠʨʦʢʝ ʢʦʣʦ 

ʟʘʚʜʘʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ (Kamir et al., 2020), 

ʧʦʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ (Adedeji et al., 2020), ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ (Andreiev et al., 

2022; Lizundia-Loiola et al., 2020; Stankevich et al., 2022; Stankevich et al., 2023; ), ʢʣʽʤʘʪ 

(Lubskyi et al. 2022; Lubskyi et al. 2023; Zhang et al., 2019), ʙʫʜʽʚʥʠʮʪʚʦ (Huang et al., 

2019), ʫʤʦʚʠ ʞʠʪʪʷ ʣʶʜʠʥʠ (Foody et al., 2019), ʩʠʩʪʝʤʘ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ (Damgacioglu 

et al., 2019), ʤʝʪʝʦʨʦʣʦʛʽʷ, ʦʢʝʘʥʦʛʨʘʬʽʷ, ʛʝʦʣʦʛʽʷ, ʢʘʨʪʦʛʨʘʬʽʷ, ʧʦʰʫʢ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ 

(Popov et al., 2020a; Popov et al., 2020b; Titarenko et al., 2020) ʪʦʱʦ (Huang et al., 2016, 

Jian, 2011, Ge et al., 2011). ʄʝʪʦʜʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʣʫʯʝʥʥʽ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʜʦʩʷʛʥʝʥʥʷʤ ʮʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (Scott & Rajabifard, 2017). ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʦʾ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟʘ ʜʘʥʠʤʠ ɼɿɿ (Andries et al., 2019, Landry et al., 2019).  

ʇʨʦʮʝʜʫʨʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚ ɼɿɿ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʧʨʦʮʝʩ ʧʨʠʩʚʦʻʥʥʷ ʨʽʟʥʠʭ 

ʢʘʪʝʛʦʨʽʡ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʘʙʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʧʽʢʩʝʣʷʤ ʘʙʦ ʩʝʛʤʝʥʪʘʤ ʚ ʤʝʞʘʭ 

ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʎʝʡ ʧʨʦʮʝʩ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʽ ʤʝʪʦʜʽʚ ʜʣʷ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʪʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ ʘʙʦ ʦʟʥʘʢ, 

ʧʨʠʩʫʪʥʽʭ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʥʘ ʦʩʥʦʚʽ ʾʭʥʽʭ ʩʧʝʢʪʨʘʣʴʥʠʭ, ʧʨʦʩʪʦʨʦʚʠʭ ʽ ʢʦʥʪʝʢʩʪʥʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ(Lillesand et al., 2014). ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʦʟʥʘʢʠ ʦʙôʻʢʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʘʥʘʣʘʤʠ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʧʦʭʽʜʥʠʤʠ ʰʘʨʘʤʠ, ʱʦ 

ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʢʘʥʘʣʽʚ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʘʙʦ ʟ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ.  

ʄʝʪʦʜʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴ ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ: ʢʦʥʪʨʦʣʴʦʚʘʥʽ (ʘʥʛʣ. 

Supervised), ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ (Unsupervised), ʥʘʧʽʚʢʦʥʪʨʦʣʴʦʚʘʥʽ (Semi-supervised) ʽ 

ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ (Reinforcement Learning) (Berry et al., 2019).  

ʄʝʪʦʜʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʧʦʣʷʛʘʶʪʴ ʚ ʨʦʟʧʦʜʽʣʽ ʚʭʽʜʥʠʭ 

ʦʙôʻʢʪʽʚ ʥʘ ʛʨʫʧʠ (ʢʣʘʩʠ) ʧʦʜʽʙʥʠʭ ʦʙôʻʢʪʽʚ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʟʥʘʢʠ 

ʚʠʭʽʜʥʠʭ ʢʣʘʩʽʚ (Ferreira et al., 2017, Ruppert, 2004). ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʮʝʥʪʨʦʾʜʥʽ ʤʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʱʽʣʴʥʦʩʪʽ ʦʟʥʘʢ ʦʙôʻʢʪʽʚ.  

ʉʝʨʝʜ ʮʝʥʪʨʦʾʜʥʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʪʘʢʽ, ʷʢ ʂ-Means (Reza et al., 2019, 

Sathiaraj et al., 2019, Liu et al., 2019, Tamiminia et al., 2017), K-Medians (Huang, 1998), ʂ-

Medoids (Kaufman & Rousseeuw, 2009) ʪʘ ISODATA (Iterative Self-Organizing Data 

Analysis Techniques) (Ball & Hall, 1965). ʆʩʥʦʚʥʠʤ ʚʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʟʘʜʘʻʪʴʩʷ 

ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʻ ʢʽʣʴʢʽʩʪʴ ʚʠʭʽʜʥʠʭ ʢʣʘʩʪʝʨʽʚ. ʇʨʠ 

ʫʪʚʦʨʝʥʥʽ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʢʦʞʝʥ ʦʙôʻʢʪ ʙʫʜʝ ʚʽʜʥʝʩʝʥʦ ʜʦ ʪʦʛʦ ʢʣʘʩʪʝʨʫ, 

ʮʝʥʪʨ ʷʢʦʛʦ ʤʘʻ ʥʘʡʤʝʥʰʫ ʚʽʜʩʪʘʥʴ ʜʦ ʜʘʥʦʛʦ ʦʙôʻʢʪʫ ʩʝʨʝʜ ʮʝʥʪʨʽʚ ʽʥʰʠʭ ʢʣʘʩʪʝʨʽʚ. 

ʎʝʥʪʨ ʢʣʘʩʪʝʨʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ, ʤʦʞʝ ʙʫʪʠ ʮʝʥʪʨʦʾʜʦʤ (ʂ-Means), 

ʤʝʜʽʘʥʦʶ (K-Medians) ʯʠ ʤʝʜʦʾʜʦʤ (ʂ-Medoids). ʅʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʚʭʽʜʥʠʭ ʦʙôʻʢʪʽʚ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʜʦʢʠ ʥʝ ʙʫʜʝ 

ʟʥʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʽ ʤʝʪʨʠʢʠ, ʥʘʧʨʠʢʣʘʜ, ʄʘʭʘʣʘʥʦʙʽʩʘ (Mahalanobis, 1936), ɽʚʢʣʽʜʦʚʘ, 

ʄʽʥʴʢʦʚʩʢʦʛʦ, ʄʘʥʭʝʪʝʥ, ʏʝʙʠʰʝʚʘ, ɼʞʘʢʢʘʨʜʘ ʪʘ ʽʥʰʽ (Yadav & Deshmukh, 2015).  

ʄʝʪʦʜʘʤʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʱʽʣʴʥʦʩʪʽ ʦʟʥʘʢ ʦʙôʻʢʪʽʚ, ʻ DBSCAN (Density-based 

spatial clustering of applications with noise) (Micheletti et al., 2017), OPTICS (Ordering points 

to identify the clustering structure) (Ankerst et al., 1999) ʪʘ ARCADE (Accurate Recognition 

of Clusters Across Densities ) (Steel & Tech, 2015). ʆʩʥʦʚʥʠʤʠ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
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ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʻ ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ, ʧʨʠ ʷʢʠʭ ʦʙôʻʢʪʠ ʙʫʜʫʪʴ ʚʚʘʞʘʪʠʩʷ ʩʫʩʽʜʥʽʤʠ 

(ʪʘʢʠʤʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ), ʪʘ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ, 

ʧʨʠ ʷʢʽʡ ʛʨʫʧʘ ʦʙôʻʢʪʽʚ ʙʫʜʝ ʚʚʘʞʘʪʠʩʷ ʢʣʘʩʪʝʨʦʤ. ʉʫʪʴ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦʙ ʟʛʨʫʧʫʚʘʪʠ ʚʭʽʜʥʽ ʦʙôʻʢʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚ ʦʜʥʦʤʫ ʢʣʘʩʪʝʨʽ ʚʩʽ ʦʙôʻʢʪʠ ʙʫʣʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʜʦʩʪʘʪʥʴʦ ʱʽʣʴʥʦ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʽʣʴʰʦʶ ʟʘ ʪʫ, ʱʦ 

ʟʘʜʘʥʘ ʚʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ). ʊʘʢʦʞ ʛʨʫʧʘ ʪʦʯʦʢ ʙʫʜʝ ʚʚʘʞʘʪʠʩʷ ʢʣʘʩʪʝʨʦʤ ʫ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʱʽʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʥʽʡ ʦʙôʻʢʪʽʚ ʙʫʜʝ ʥʝ ʤʝʥʰʦʶ ʟʘ ʪʝ ʯʠʩʣʦ, 

ʱʦ ʟʘʜʘʥʝ ʧʘʨʘʤʝʪʨʦʤ. ʆʙôʻʢʪʠ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ (ʱʦ ʟʘʜʘʥʘ ʚʭʽʜʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ) ʩʫʩʽʜʥʽʭ ʦʙôʻʢʪʽʚ, ʥʝ ʙʫʜʫʪʴ ʚʭʦʜʠʪʠ ʜʦ ʞʦʜʥʦʛʦ ʟ ʢʣʘʩʪʝʨʽʚ ʪʘ 

ʚʚʘʞʘʪʠʤʫʪʴʩʷ ʚʠʢʠʜʘʤʠ. ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʮʝʥʪʨʦʾʜʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ 

ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʨʽʟʥʠʤʠ ʤʝʪʨʠʢʘʤʠ (Mahalanobis, 1936; Yadav & Deshmukh, 

2015). 

ʄʝʪʦʜʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʚʽʜʥʝʩʝʥʥʽ ʦʙôʻʢʪʫ ʜʦ ʪʦʛʦ 

ʢʣʘʩʫ, ʯʠʾ ʦʟʥʘʢʠ ʻ ʥʘʡʙʽʣʴʰ ʧʦʜʽʙʥʠʤʠ ʜʦ ʦʟʥʘʢ ʜʘʥʦʛʦ ʦʙôʻʢʪʫ ʩʝʨʝʜ ʽʥʰʠʭ ʢʣʘʩʽʚ 

(Lillesand et al., 2014). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʦʟʥʘʢʠ 

ʚʠʭʽʜʥʠʭ ʢʣʘʩʽʚ ʟʘʜʘʶʪʴʩʷ ʧʝʨʝʜ ʧʨʦʮʝʜʫʨʦʶ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʷʢ ʯʘʩʪʠʥʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʆʟʥʘʢʠ ʢʣʘʩʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʬʦʨʤʽ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢʠʡ 

ʤʽʩʪʠʪʴ ʚʠʙʽʨʢʫ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ.  

ɿʘʛʘʣʦʤ, ʧʨʦʮʝʜʫʨʘ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ: 1) 

ʥʘʚʯʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ; 2) ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʜʦ ʢʦʞʥʦʛʦ ʟ ʚʭʽʜʥʠʭ ʦʙôʻʢʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʾʭʥʴʦʾ ʢʣʘʩʦʚʦʾ 

ʧʨʠʥʘʣʝʞʥʦʩʪʽ. ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʥʘʩʪʫʧʥʽ: ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ (Srivastava, 2006), ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ 

(Jensen, 2016), ʚʽʜʩʪʘʥʽ ʄʘʭʘʣʘʥʦʙʽʩʘ (Richards & Jia, 2006), ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ (Support 

vector machine - SVM) (Hearst et al., 1998), ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ (Congalton & Green, 2008), 

ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ (Random forest) (Belgiu & DrŁguŞ, 2016), ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (Mas 

& Flores, 2007) ʪʦʱʦ. 
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ʅʘʧʽʚʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʪʦʜʠ ʧʦʻʜʥʫʶʪʴ ʘʩʧʝʢʪʠ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʪʘ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʽ ʚʠʤʘʛʘʶʪʴ ʢʦʤʙʽʥʘʮʽʾ ʤʝʪʦʜʽʚ ʟ ʽ ʙʝʟ ʥʘʚʯʘʥʥʷ 

(Yasodha & Kannan, 2011). ʄʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʥʘʚʯʘʪʠʩʷ ʽʟ ʚʟʘʻʤʦʜʽʾ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʨʘʚʠʣʘ ʟʘʦʭʦʯʝʥʥʷ ʽ ʧʦʢʘʨʘʥʥʷ (Ferreira et al., 2020). 

ʆʪʞʝ, ʦʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʦʟʥʘʢʠ ʚʠʭʽʜʥʠʭ ʢʣʘʩʽʚ ʟʘʜʘʶʪʴʩʷ ʝʢʩʧʝʨʪʦʤ, ʘ ʚ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʤʝʪʦʜʘʭ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʠʭʽʜʥʽ ʢʣʘʩʠ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʜʽʙʥʦʩʪʽ ʦʟʥʘʢ ʚʭʽʜʥʠʭ ʦʙôʻʢʪʽʚ.  

ɹʽʣʴʰʽʩʪʴ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ ʧʦʪʨʝʙʫʶʪʴ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟ ʟʘʜʘʥʠʤʠ ʢʣʘʩʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʟʥʘʢʠ ʢʣʘʩʽʚ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʪʝʤʘʪʠʯʥʦʶ ʟʘʜʘʯʝʶ, ʤʘʶʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʧʝʨʝʜ 

ʧʨʦʮʝʜʫʨʦʶ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʦʪʞʝ ʜʣʷ ʮʴʦʛʦ ʧʽʜʭʦʜʷʪʴ ʩʘʤʝ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ɺ ʜʘʥʠʭ ʤʝʪʦʜʘʭ ʦʟʥʘʢʠ ʢʣʘʩʽʚ ʟʘʜʘʶʪʴʩʷ ʚ ʬʦʨʤʽ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ.  

1.2.  ɸʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʦʙʨʦʙʢʠ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʅʘʚʯʘʣʴʥʫ ʚʠʙʽʨʢʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʧʽʜʤʥʦʞʠʥʫ ʩʫʢʫʧʥʦʩʪʽ ʚʩʽʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʛʝʥʝʨʘʣʴʥʦʶ ʩʫʢʫʧʥʽʩʪʶ (Subbotin, 2010). ʇʨʠ 

ʮʴʦʤʫ, ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʤʘʻ ʧʝʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʦʩʥʦʚʥʽ ʟ ʥʠʭ ʪʘʢʽ: ʧʦʚʥʦʪʘ, 

ʨʽʚʥʦʤʽʨʥʽʩʪʴ, ʯʠʩʪʦʪʘ, ʧʨʦʪʠʨʽʯʯʷ, ʢʦʤʧʘʢʪʥʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʨʦʟʤʽʨʥʽʩʪʴ. 

ʇʦʚʥʦʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʚʠʙʽʨʢʠ ʨʝʧʨʝʟʝʥʪʘʤʠ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ. 

ʆʯʝʚʠʜʥʦ, ʷʢʱʦ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʻʪʴʩʷ ʟ ʛʝʥʝʨʘʣʴʥʦʶ ʩʫʢʫʧʥʽʩʪʶ, ʪʦ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʫʜʝ ʚʠʩʦʢʦʶ. ʗʢʱʦ ʥʘʚʧʘʢʠ ï ʫ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ 

ʚʽʜʩʫʪʥʽ ʨʝʧʨʝʟʝʥʪʠ ʦʙôʻʢʪʽʚ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʢʣʘʩʽʚ ï ʪʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʙʫʜʝ ʩʫʪʪʻʚʦ 

ʟʥʠʞʝʥʘ. 

ʈʽʚʥʦʤʽʨʥʽʩʪʴ ʚʠʟʥʘʯʘʻ, ʥʘʩʢʽʣʴʢʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʨʝʧʨʝʟʝʥʪʠ ʚʠʙʽʨʢʠ ʧʦ 

ʢʣʘʩʘʤ.  
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ʏʠʩʪʦʪʘ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩʪʢʘ ʨʝʧʨʝʟʝʥʪʽʚ, ʚʽʜʥʝʩʝʥʠʭ ʩʘʤʝ 

ʜʦ ʪʦʛʦ ʢʣʘʩʫ, ʷʢʠʡ ʚ ʜʽʡʩʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʾʭʥʽʡ ʢʣʘʩʦʚʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ (Popov et al., 

2016). ʅʝʭʘʡ ʪʘʢʽ ʨʝʧʨʝʟʝʥʪʠ ʥʘʟʠʚʘʪʠʤʫʪʴʩʷ ʯʠʩʪʠʤʠ, ʘ ʪʽ, ʱʦ ʚʽʜʥʝʩʝʥʽ ʜʦ ʪʦʛʦ ʢʣʘʩʫ, 

ʷʢʠʡ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʩʧʨʘʚʞʥʽʡ ʢʣʘʩʦʚʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ, - ʟʘʙʨʫʜʥʝʥʠʤʠ. ʊʦʜʽ 

ʧʦʢʘʟʥʠʢ ʯʠʩʪʦʪʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʪʠʭ ʨʝʧʨʝʟʝʥʪʽʚ ʜʦ ʟʘʛʘʣʴʥʦʛʦ 

ʦʙʩʷʛʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʯʠʩʪʦʪʠ ʤʦʞʥʘ ʚʚʝʩʪʠ ʧʦʢʘʟʥʠʢ 

ʟʘʙʨʫʜʥʝʥʦʩʪʽ. ñɿʘʙʨʫʜʥʝʥʽò ʨʝʧʨʝʟʝʥʪʠ ʚʠʥʠʢʘʶʪʴ ʪʦʜʽ, ʢʦʣʠ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ 

ʬʦʨʤʫʻʪʴʩʷ ʚ ʦʢʦʣʽ ʧʽʢʩʝʣʽʚ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽ ʦʙôʻʢʪʠ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. ʊʘʢʦʞ 

ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʪʠʤ, ʱʦ ʩʝʨʝʜ ʚʽʜʽʙʨʘʥʠʭ ʨʝʧʨʝʟʝʥʪʽʚ ʧʨʠʩʫʪʥʽ 

ʟʤʽhʘʥʽ ʧʽʢʩʝʣʽ, ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙôʻʢʪʠ ʚʽʜʨʘʟʫ ʢʽʣʴʢʦʭ ʢʣʘʩʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʯʠʩʪʦʪʠ ʧʦʢʘʟʥʠʢ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

ʚʽʜʥʦʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʨʝʧʨʝʟʝʥʪʽʚ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʇʨʦʪʠʨʽʯʯʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʷʚʥʽʩʪʴ ʦʜʥʘʢʦʚʠʭ ʨʝʧʨʝʟʝʥʪʽʚ (ʪʘʢʠʭ, ʱʦ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʽ ʦʟʥʘʢʠ), ʷʢʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʚʠʙʽʨʢʠ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʨʽʟʥʠʭ 

ʢʣʘʩʽʚ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʨʦʪʠʨʽʯ ʜʝʷʢʽ ʟ ʪʘʢʠʭ ʨʝʧʨʝʟʝʥʪʽʚ ʻ 

ʟʘʙʨʫʜʥʝʥʠʤʠ. 

ʂʦʤʧʘʢʪʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʭʦʞʽʩʪʴ ʦʟʥʘʢ ʨʝʧʨʝʟʝʥʪʽʚ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. ɼʘʥʠʡ 

ʧʦʢʘʟʥʠʢ ʜʝʤʦʥʩʪʨʫʻ, ʥʘʩʢʽʣʴʢʠ ʢʣʘʩʠ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʻ ʨʦʟʜʽʣʠʤʠʤʠ ʦʜʠʥ ʚʽʜʥʦʩʥʦ 

ʦʜʥʦʛʦ. 

ʇʦʢʘʟʥʠʢ ʩʢʣʘʜʥʦʩʪʽ ʚʚʦʜʠʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʘʙʠ ʦʮʽʥʠʪʠ ʥʝʦʙʭʽʜʥʽ ʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ 

ʜʣʷ ʦʙʨʦʙʢʠ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʤʦʚʘ ʡʜʝ ʧʨʦ ʨʝʩʫʨʩʠ ʧʘʤôʷʪʽ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ.  

ʈʦʟʤʽʨʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʛʝʥʝʨʘʣʴʥʦʶ ʩʫʢʫʧʥʽʩʪʶ. ʊʘʢʦʞ ʨʦʟʤʽʨʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʙʫʜʝ 

ʩʧʽʚʧʘʜʘʪʠ ʟ ʨʦʟʤʽʨʥʽʩʪʶ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʦʙʨʦʙʢʠ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ï ʯʠʤ ʤʝʥʰʘ ʨʦʟʤʽʨʥʽʩʪʴ, ʪʠʤ ʤʝʥʰʘ ʩʢʣʘʜʥʽʩʪʴ ʦʙʨʦʙʢʠ. 
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ɼʣʷ ʜʝʷʢʠʭ ʟ ʧʝʨʝʣʽʯʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʯʠʩʣʦʚʽ 

ʢʨʠʪʝʨʽʾ, ʷʢʽ ʾʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ (Subbotin, 2010, Popov et al., 2016).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʨʦʙʢʘ ʝʣʝʤʝʥʪʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʘ ʚ 

ʨʘʤʢʘʭ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʝʪʦʜʠ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʯʠʩʪʦʪʫ ʪʘ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʪʠʨʽʯ ʪʘ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʦʩʪʽ 

(Kang et al., 2018).  

ʋ (Foody, 2015) ʘʥʘʣʽʟʫʻʪʴʩʷ ʚʧʣʠʚ ʟʘʙʨʫʜʥʝʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʚ 

(Bruzzone & Persello, 2009) ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʣʝʞʥʠʡ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

SVM, ʷʢʠʡ ʜʝʤʦʥʩʪʨʫʻ ʩʪʽʡʢʽʩʪʴ ʜʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʟ ʧʨʠʩʫʪʥʽʩʪʶ ʧʨʦʪʠʨʽʯ. ʋ (Lu et al., 2017) ʨʦʟʨʦʙʠʣʠ ʘʣʛʦʨʠʪʤ ʩʝʤʘʥʪʠʯʥʦʾ 

ʩʝʛʤʝʥʪʘʮʽʾ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʚʠʧʨʘʚʣʝʥʥʽ ñʟʘʙʨʫʜʥʝʥʠʭò ʨʝʧʨʝʟʝʥʪʽʚ. 

ʋ ʨʦʙʦʪʽ (Xiao et al., 2015) ʧʨʝʜʩʪʘʚʠʣʠ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ 

ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʦʙʤʝʞʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʯʠʩʪʠʭ ʨʝʧʨʝʟʝʥʪʽʚ ʽ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʟʘʙʨʫʜʥʝʥʠʭ ʨʝʧʨʝʟʝʥʪʽʚ.  

ʇʝʨʝʣʽʯʝʥʽ ʤʝʪʦʜʠ ʜʽʡʩʥʦ ʧʽʜʚʠʱʫʶʪʴ ʯʠʩʪʦʪʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʚʠʷʚʣʷʶʯʠ 

ʟʘʙʨʫʜʥʝʥʽ ʨʝʧʨʝʟʝʥʪʠ. ɸʣʝ ʙʽʣʴʰʽʩʪʴ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʥʝ ʨʦʟʛʣʷʜʘʻ ʦʙʨʦʙʢʫ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʧʽʜ ʢʫʪʦʤ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʊʘʢʦʞ ʞʦʜʝʥ ʟ ʤʝʪʦʜʽʚ 

ʥʝ ʬʦʨʤʫʻ ʩʪʨʫʢʪʫʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʽʜ ʢʦʥʢʨʝʪʥʠʡ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. 

ɿʘʟʥʘʯʝʥʽ ʘʩʧʝʢʪʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʆʢʨʝʤʦ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʧʽʜʭʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ 

ʚʭ̔ʜʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʚʦʜʥʦʯʘʩ ʟʤʝʥʰʠʚʰʠ ʨʦʟʤʽʨʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʘ ʮʝ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʘʥʦʛʦ ʥʘʙʦʨʫ (ɸʥʜʨʝʻʚ, 2018). 

ʉʝʨʝʜ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʤʠ ʻ ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ (Principal 

Component Analysis, PCA) (Salem & Hussein, 2019)  ʪʘ ʤʝʪʦʜ ʤʽʥʽʤʘʣʴʥʦʾ ʯʘʩʪʢʠ ʰʫʤʫ 

(Minimum Noise Fraction, MNF) (Green et al., 1988). ʊʘʢʦʞ ʻ ʩʭʦʞʽ ʤʝʪʦʜʠ, ʥʘʧʨʠʢʣʘʜ, 

ʤʝʪʦʜʠ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʧʦʧʨʘʚʢʦʶ ʥʘ ʰʫʤ (Noise-Adjusted Principal Components, 
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NAPC) (Chang & Du, 1999), ʘʥʘʣʽʟʫ ʥʝʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (Independent Component 

Analysis, ICA) (Hyvªrinen et al., 2001), ʬʘʢʪʦʨʠʟʘʮʽʾ ʥʝʚʽʜôʻʤʥʦʾ ʤʘʪʨʠʮʽ (Non-Negative 

Matrix Factorization, NMF) (Lee & Seung, 2001) ʪʘ ʤʝʪʦʜ ʧʨʦʩʪʦʨʦʚʦ-ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʜʝʢʦʤʧʦʟʠʮʽʾ (Spatial-Spectral Decomposition) (Kong et al., 2022). 

PCA ðʤʝʪʦʜ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʪʚʦʨʝʥʥʽ ʨʷʜʫ ʢʦʨʝʣʴʦʚʘʥʠʭ ʟʤʽʥʥʠʭ ʫ ʤʝʥʰʫ 

ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʛʦʣʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɼʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ 

ʬʽʣʴʪʨʘʮʽʶ ʰʫʤʫ. ʄʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ. 

PCA ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʝʢʪʦʨʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʫ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʚʝʣʠʢʠʭ 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʷʚʣʝʥʥʷ ʥʘʧʨʷʤʢʽʚ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʫ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʝʢʚʽʚʘʣʝʥʪʥʽ ʣʽʥʽʾ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʷʢʘ ʥʘʡʢʨʘʱʝ 

ʚʽʜʧʦʚʽʜʘʻ ʥʘʥʝʩʝʥʠʤ ʜʘʥʠʤ ʽ ʧʨʦʝʢʪʫʻ ʾʭ ʥʘ ʤʝʥʰʠʡ ʨʦʟʤʽʨʥʠʡ ʧʽʜʧʨʦʩʪʽʨ, ʟʙʝʨʽʛʘʶʯʠ 

ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʽʥʬʦʨʤʘʮʽʾ. ʄʝʪʦʜ PCA ʨʦʟʨʘʭʦʚʫʻ ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʛʦʣʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʟʘʛʘʣʴʥʫ ʜʠʩʧʝʨʩʽʶ ʪʘ ʚʣʘʩʥʽ ʚʝʢʪʦʨʠ, ʧʦʚôʷʟʘʥʽ ʟ ʥʝʥʫʣʴʦʚʠʤʠ ʚʣʘʩʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʢʦʦʨʜʠʥʘʪ. ʅʘ ʧʨʘʢʪʠʮʽ ʪʨʝʙʘ ʚʢʣʶʯʠʪʠ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʧʨʠʙʣʠʟʥʦ (70ï80%) ʚʘʨʽʘʮʽʾ ʜʘʥʠʭ.  

ʉʭʦʞʠʤ ʻ ʤʝʪʦʜ MNF, ʷʢʠʡ ʪʘʢʦʞ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʘʥʘʣʽʟʽ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ. ɺʽʥ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʨʦʟʜʽʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʛʥʘʣʫ ʪʘ ʰʫʤʫ 

ʚ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʫ ʥʦʚʠʡ ʧʨʦʩʪʽʨ, ʜʝ ʢʽʣʴʢʘ 

ʧʝʨʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʠʛʥʘʣ, ʘ ʥʘʩʪʫʧʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʣʦʚʣʶʶʪʴ ʰʫʤ.  

ʗʢʽ  ʤʘʢʩʠʤʽʟʫʶʪʴ ʘʙʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ, ʘʙʦ ʯʘʩʪʢʫ ʰʫʤʫ ʪʘ ʚʽʜʜʽʣʷʶʪʴ 

ʩʠʛʥʘʣ ʚʽʜ ʰʫʤʫ.  

ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʝʪʦʜ ICA, ʩʫʪʴ ʷʢʦʛʦ ʪʘʢʦʞ ʚ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʥʦʩʪʽ, 

ʘʣʝ ʚʽʥ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʧʦʰʫʢʫ ʥʝʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʘ ʥʝ ʥʘ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʜʠʩʧʝʨʩʽʾ. ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʰʘʥʠʭ ʩʠʛʥʘʣʽʚ 

ʫ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʶʯʠ ʩʣʽʧʝ ʨʦʟʜʽʣʝʥʥʷ ʜʞʝʨʝʣʘ ʪʘ ʦʙʨʦʙʢʫ ʟʦʙʨʘʞʝʥʴ.  

ʄʝʪʦʜ NMF ʨʦʟʢʣʘʜʘʻ ʜʘʥʽ ʥʘ ʘʜʠʪʠʚʥʽ ʯʘʩʪʠʥʠ, ʯʘʩʪʦ ʟ ʥʝʚʽʜôʻʤʥʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ. ʎʝ ʢʦʨʠʩʥʦ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʬʫʥʢʮʽʡ ʽ ʤʦʞʝ ʙʫʪʠ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʘʥʘʣʽʟʫ ʥʝʚʽʜôʻʤʥʠʭ ʜʘʥʠʭ.  
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NAPC, ʧʦʜʽʙʥʦ ʜʦ PCA, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɺʽʥ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʠʣʫʯʝʥʥʷ ʩʠʛʥʘʣʫ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʚʧʣʠʚʫ ʰʫʤʫ, ʷʢ ʮʝ ʨʦʙʠʪʴ MNF.  

ʇʨʦʩʪʦʨʦʚʦ-ʩʧʝʢʪʨʘʣʴʥʘ ʜʝʢʦʤʧʦʟʠʮʽʷ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʨʦʟʢʣʘʜʘʥʥʽ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ 

ʘʥʘʣʽʟʫʚʘʪʠ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ. 

ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʚʠʱʝʦʧʠʩʘʥʠʭ ʤʝʪʦʜʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʧʨʠ ʚʽʜʙʦʨʽ ʢʘʥʘʣʽʚ 

ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʟʦʢʨʝʤʘ ʾʾ ʨʦʟʜʽʣʠʤʽʩʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʶʯʝʥʽ ʟ ʨʦʟʛʣʷʜʫ ʪʽ ʢʘʥʘʣʠ, ʷʢʽ ʚ ʜʽʡʩʥʦʩʪʽ ʧʽʜʚʠʱʫʚʘʣʠ 

ʨʦʟʜʽʣʠʤʽʩʪʴ ʜʝʷʢʠʭ ʢʣʘʩʽʚ. ɸ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʧʽʜʭʦʜʠ, ʱʦ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʝʧʨʝʟʝʥʪʽʚ, 

ʟʙʽʣʴʰʝʥʥʷ ʾʭʥʴʦʾ ʢʦʤʧʘʢʪʥʦʩʪʽ ʪʘ, ʚ ʮʽʣʦʤʫ, ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ ʦʙʨʦʙʢʠ. 

ʉʝʨʝʜ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʂʣʘʩʪʝʨʥʦʾ ʚʠʙʽʨʢʠ (Cluster-

based sampling) (Sedgwick, 2014) ʜʦ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʂʣʘʩʪʝʨʥʘ ʚʠʙʽʨʢʘ, ʪʘʢʦʞ ʚʽʜʦʤʘ ʷʢ ʢʣʘʩʪʝʨʥʘ ʧʽʜʚʠʙʽʨʢʘ ʜʘʥʠʭ, ð ʮʝ ʤʝʪʦʜ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʽʜʙʦʨʫ ʨʝʧʨʝʟʝʥʪʽʚ ʽʟ ʢʣʘʩʪʝʨʽʚ ʧʦʜʽʙʥʠʭ ʚʠʙʽʨʦʢ. ɯʜʝʷ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦʙ ʟʛʨʫʧʫʚʘʪʠ ʨʝʧʨʝʟʝʥʪʠ, ʷʢʽ ʙʣʠʟʴʢʽ ʘʙʦ ʧʦʜʽʙʥʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʚ ʧʝʚʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ, ʘ ʧʦʪʽʤ ʦʙʨʘʪʠ ʧʽʜʤʥʦʞʠʥʫ ʮʠʭ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʢʦʨʦʯʝʥʦʛʦ 

ʥʘʙʦʨʫ ʜʘʥʠʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʨʝʧʨʝʟʝʥʪʽʚ ʪʘ ʨʽʚʝʥʴ ʩʢʣʘʜʥʦʩʪʽ ʦʙʨʦʙʢʠ 

ʪʘʢʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʇʨʦʪʝ, ʪʘʢʠʤ ʯʠʥʦʤ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʙʫʜʝ ʟʤʝʥʰʝʥʦ, ʪʘʢ ʷʢ 

ʟʥʠʟʠʪʴʩʷ ʾʾ ʜʠʩʧʝʨʩʽʷ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʶʯʝʥʽ ʧʝʚʥʽ ʚʘʞʣʠʚʽ ʨʝʧʨʝʟʝʥʪʠ, ʱʦ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʝ ʥʘ ʧʦʚʥʦʪʫ ʚʠʙʽʨʢʠ. ʊʘʢʦʞ, ʷʢʱʦ ʟ ʨʝʧʨʝʟʝʥʪʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʙʫʜʝ 

ʚʽʜʽʙʨʘʥʦ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ, ʪʦ ʤʦʞʝ ʙʫʪʠ ʧʦʨʫʰʝʥʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ. 
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1.3. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ɿʛʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤ ʘʥʘʣʽʟʦʤ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚ ʧ. 1.1 ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ 

ʦʩʥʦʚʥʽ ʯʦʪʠʨʠ ʪʠʧʠ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ: ʢʦʥʪʨʦʣʴʦʚʘʥʽ, ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ, 

ʥʘʧʽʚʢʦʥʪʨʦʣʴʦʚʘʥʽ ʽ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ. ʇʨʦʪʝ, ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤʠ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ ʻ ʩʘʤʝ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʊʦʤʫ 

ʱʦ ʩʘʤʝ ʮʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʜʘʪʠ ʦʟʥʘʢʠ ʚʠʭʽʜʥʠʭ ʢʣʘʩʽʚ. 

ɼʣʷ ʟʘʜʘʥʥʷ ʦʟʥʘʢ ʢʣʘʩʽʚ ʚ ʤʝʪʦʜʘʭ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʚ ʷʢʦʤʫ ʤʽʩʪʷʪʴʩʷ ʨʝʧʨʝʟʝʥʪʠ ʢʦʞʥʦʛʦ ʟ 

ʢʣʘʩʽʚ. ɺ ʧ 1.2 ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʾʾ 

ʦʙʨʦʙʢʠ. ʉʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ ʧʽʜʭʦʜʽʚ ʙʫʣʠ ʪʘʢʽ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʥʘʩʪʫʧʥʠʭ ʛʨʫʧ: 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ; ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʧʨʘʚʣʝʥʥʷ 

ʨʝʧʨʝʟʝʥʪʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʱʦ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʢʣʘʩʫ; ʢʣʘʩʪʝʨʥʘ 

ʚʠʙʽʨʢʘ. ʉʧʽʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʨʦʟʛʣʷʥʫʪʠʭ ʧʽʜʭʦʜʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʬʘʢʪʦʨ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɼʘʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʉʘʤʝ ʪʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙ`ʻʢʪʽʚ 

ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙʨʘʥʦ ʪʘʢʽ ʢʨʠʪʝʨʽʾ, ʷʢ ʟʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩ.  

ʗʢ ʧʦʢʘʟʘʥʦ ʚ (Popov, 2007), ʜʣʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ ʪʝʩʪʦʚʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʦʙʠʨʘʶʪʴʩʷ ʟ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ.  

ʇʦʢʘʟʥʠʢ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

ʚʽʜʥʦʰʝʥʥʷ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʪʝʩʪʦʚʠʭ ʦʙôʻʢʪʽʚ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʩʪʦʚʠʭ 

ʦʙôʻʢʪʽʚ. ʌʦʨʤʫʣʘ, ʟʘ ʷʢʦʶ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ, ʥʘʩʪʫʧʥʘ:  

╞═
В ὔὭὭ
╚
░

В В ὔὭὮ╚
▒

╚
░

ȟ 

ʜʝ ὔ -ʮʝ ʢʽʣʴʢʽʩʪʴ ʨʝʧʨʝʟʝʥʪʽʚ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ i, ʘʣʝ ʚʽʜʥʝʩʝʥʽ ʧʽʩʣʷ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʜʦ ʢʣʘʩʫ j, ʚʽʜʧʦʚʽʜʥʦ ὔ - ʮʝ ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ  
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ʨʝʧʨʝʟʝʥʪʽʚ ʢʣʘʩʫ i (ʪʦʡ, ʷʢʠʡ ʧʽʩʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʪʦʛʦ ʢʣʘʩʫ, ʜʦ ʷʢʦʛʦ 

ʚʽʥ ʜʽʡʩʥʦ ʥʘʣʝʞʠʪʴ), ὑ- ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ.  

ʇʨʦʪʝ, ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʥʝ ʚʨʘʭʦʚʫʻ ʢʣʘʩʦʚʠʡ ʜʠʩʙʘʣʘʥʩ ʪʝʩʪʦʚʠʭ ʦʙôʻʢʪʽʚ, ʟʘ 

ʷʢʠʤʠ ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʉʘʤʝ ʪʦʤʫ ʚʚʝʜʝʥʦ ʧʦʢʘʟʥʠʢ ʢʘʧʘ-

ʽʥʜʝʢʩ, ʷʢʠʡ ʜʘʻ ʘʜʝʢʚʘʪʥʫ ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʥʘʚʽʪʴ ʧʨʠ ʜʠʩʙʘʣʘʥʩʽ 

ʪʝʩʪʦʚʠʭ ʦʙôʻʢʪʽʚ. ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ (Bishop et 

al., 2007): 

╚╪▬▬╪
В В ὔὭὮ

╚
▒

╚
░ Вz ὔὭὭ

╚
░ В ὔὭὮ

╚
░ В ὔὭὮ

╚
▒ Вz ὔὮὭ

╚
▒

В В ὔὭὮ
╚
▒

╚
░

ς
 В ὔὭὮ
╚
░ В ὔὭὮ

╚
▒ Вz ὔὮὭ

╚
▒

. 

ɿʥʘʯʝʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʣʝʞʘʪʴ ʚ 

ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 1. ʇʨʠ ʮʴʦʤʫ, ʟʥʘʯʝʥʥʷ 0 ʧʦʢʘʟʫʻ, ʱʦ ʦʪʨʠʤʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʻ 

ʧʦʚʥʽʩʪʶ ʥʝʪʦʯʥʦʶ, ʘ ʟʥʘʯʝʥʥʷ 1 ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ ʥʝʤʘʻ ʞʦʜʥʦʛʦ 

ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʦʛʦ ʦʙôʻʢʪʘ. 

ɿʘʛʘʣʦʤ, ʟʘʟʥʘʯʝʥʫ ʤʝʪʫ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʘʥʫʻʪʴʩʷ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʥʦʚʦʾ ʤʝʪʦʜʠʢʠ, ʷʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ  ʪʘ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʥʦʩʪʽ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʥʠʟʢʫ ʯʘʩʪʢʦʚʠʭ ʥʘʫʢʦʚʠʭ ʟʘʚʜʘʥʴ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ, ʾʭʥʽʭ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ. 

2. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʾʾ ʦʙʨʦʙʢʠ ʚ 

ʟʘʜʘʯʘʭ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, 

ʾʭʥʽʭ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ 

3. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

4. ʈʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

5. ʈʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ  

6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʠʪʠ ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ 

ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʦʟʥʘʢ, ʧʦʨʽʚʥʷʚʰʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʜʦ ʪʘ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. 
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7. ʅʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʩʬʝʨ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ. ʈʦʟʛʣʷʥʫʪʦ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ, ʢʦʥʪʨʦʣʴʦʚʘʥʽ, 

ʥʘʧʽʚʢʦʥʪʨʦʣʴʦʚʘʥʽ ʪʘ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʤʝʪʦʜʽʚ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʘʜʞʝ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʜʘʪʠ ʦʟʥʘʢʠ ʚʠʭʽʜʥʠʭ ʢʣʘʩʽʚ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

2. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɺʠʜʽʣʝʥʦ ʪʘʢʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʧʦʚʥʦʪʘ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ, ʯʠʩʪʦʪʘ, ʧʨʦʪʠʨʽʯʯʷ, ʢʦʤʧʘʢʪʥʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ ʪʘ 

ʨʦʟʤʽʨʥʽʩʪʴ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʦʙʨʦʙʢʠ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʉʝʨʝʜ ʥʠʭ: 

ʢʣʘʩʪʝʨʥʘ ʚʠʙʽʨʢʘ; ʧʽʜʭʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ; 

ʧʽʜʭʦʜʠ, ʱʦ ʚʠʷʚʣʷʶʪʴ ʨʝʧʨʝʟʝʥʪʠ, ʷʢʽ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʚʠʙʽʨʢʠ ʥʝ ʪʦʛʦ ʢʣʘʩʫ, ʷʢʦʤʫ 

ʚʽʜʧʦʚʽʜʘʻ ʾʭʥʷ ʢʣʘʩʦʚʘ ʧʨʠʥʘʣʝʞʥʽʩʪʴ. ɿʛʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤ ʘʥʘʣʽʟʦʤ, ʩʧʽʣʴʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʨʦʟʛʣʷʥʫʪʠʭ ʧʽʜʭʦʜʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʬʘʢʪʦʨ ʨʦʟʜʽʣʠʤʦʩʪʽ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɼʘʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ.  

3. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʟʥʘʯʝʥʦ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙ`ʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙʨʘʥʦ ʪʘʢʽ ʢʨʠʪʝʨʽʾ, ʷʢ ʟʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʪʘ 

ʢʘʧʘ-ʽʥʜʝʢʩ. 

4. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʦ ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʠʪʠ 

ʤʝʪʦʜʠʢʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ, ʷʢʘ ʥʘʮʽʣʝʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʟʘʚʜʘʥʥʷ 

ʚʠʟʥʘʯʝʥʦ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʟʢʫ ʯʘʩʪʢʦʚʠʭ ʥʘʫʢʦʚʠʭ ʟʘʚʜʘʥʴ. 
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ʈʆɿɼɯʃ 2 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼɯɺ ʂʃɸʉʊɽʈʀɿɸʎɯɰ ʊɸ ʆʎɯʅʖɺɸʅʅʗ ʈʆɿɼɯʃʀʄʆʉʊɯ 

ʅɸɺʏɸʃʔʅʆɰ ɺʀɹɯʈʂʀ 

 

ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ 

ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʻ ʚʣʘʩʥʝ ʚʭʽʜʥʽ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʟʥʘʢ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʛʝʦʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʾʭʥʽʭ ʧʦʭʽʜʥʠʭ 

ʰʘʨʽʚ ʘʙʦ ʟ ʽʥʰʠʭ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ. ʂʦʞʝʥ ʟ ʪʘʢʠʭ ʟʘʣʫʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʛʦ ʨʘʩʪʨʦʚʦʛʦ ʰʘʨʫ. ʇʨʠ ʦʙôʻʜʥʘʥʥʽ ʪʘʢʠʭ ʜʘʥʠʭ ʚ 

ʦʜʠʥ ʤʘʩʠʚ ʫʪʚʦʨʶʻʪʴʩʷ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʫʩʽ ʜʦʣʫʯʝʥʽ ʜʦ ʥʴʦʛʦ 

ʨʘʩʪʨʦʚʽ ʰʘʨʠ, ʟʘ ʫʤʦʚʠ ʾʭʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʝʛʫʣʷʨʠʟʘʮʽʾ. 

ʅʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʙʽʨʢʠ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ 

ʪʝʤʘʪʠʯʥʦʶ ʟʘʜʘʯʝʶ. ɺʠʙʽʨʢʘ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʤʽʩʪʠʪʴ ʩʠʛʥʘʪʫʨʠ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʚ 

ʢʦʞʥʦʤʫ ʟ ʰʘʨʽʚ ʚʭʽʜʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʻ ʪʝ, ʱʦ ʚʠʙʽʨʢʠ ʢʣʘʩʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʻ ʢʦʤʧʘʢʪʥʠʤʠ, ʪʦʙʪʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʜʦʚʦʣʽ ʥʠʟʴʢʦʶ ʨʦʟʜʽʣʠʤʽʩʪʶ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʚ 

ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʜʚʘ ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʘ ʩʘʤʝ: 1) ʤʝʪʦʜ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ; 2) ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʷʢ ʜʚʦʭ ʦʢʨʝʤʠʭ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʪʘʢ 

ʽ ʚʩʴʦʛʦ ʥʘʙʦʨʫ ʚ ʮʽʣʦʤʫ. ʇʝʨʰʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʧʦʢʘʟʥʠʢʽʚ 

ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʩʧʝʮʠʬʽʯʥʦʩʪʽ. ɼʨʫʛʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ 

ʦʮʽʥʶʶʪʴ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚ ʮʽʣʦʤʫ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ 

ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʙʦ ʢʘʧʘ-ʽʥʜʝʢʩʫ. 
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2.1. ʌʦʨʤʫʚʘʥʥʷ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ 

ɻʝʦʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʚʭʽʜʥʠʭ ʨʽʟʥʦʨʽʜʥʠʭ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʯʠ ʽʥʰʠʭ ʜʞʝʨʝʣ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʨʘʩʪʨʦʚʠʭ ʰʘʨʽʚ. 

ʂʦʞʝʥ ʟ ʨʘʩʪʨʦʚʠʭ ʰʘʨʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʢʨʝʤʘ ʦʟʥʘʢʘ (Pingel, 2018). ʊʘʢʽ ʰʘʨʠ ʤʘʶʪʴ 

ʬʦʨʤʫ ʜʚʦʚʠʤʽʨʥʦʾ ʤʘʪʨʠʮʽ (ʨʠʩ. 2.1), ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʷʢʦʾ ʻ ʮʠʬʨʦʚʠʤ ʟʥʘʯʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʽʢʩʝʣʷ ʟʦʙʨʘʞʝʥʥʷ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʞʥʦʛʦ ʟ ʨʘʩʪʨʦʚʠʭ 

ʰʘʨʽʚ ʻ ʨʦʟʤʽʨ ʪʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʽʩʪʴ. ʂʣʶʯʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ 

ʜʘʥʠʭ ʻ ʪʝ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʨʘʩʪʨʦʚʠʭ ʜʘʥʠʭ, ʚʦʥʠ ʤʽʩʪ̫ ʪʴ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʾʭʥʽʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ɿʝʤʣʽ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ 

ʛʝʦʛʨʘʬʽʯʥʠʤʠ, ʪʘʢ ʽ ʧʨʷʤʦʢʫʪʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. 

 

 

ʈʠʩ. 2.1. ʈʘʩʪʨʦʚʠʡ ʰʘʨ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʫ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ 

 

ɼʣʷ ʦʙôʻʜʥʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʰʘʨʽʚ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʚ ʦʜʠʥ ʤʘʩʠʚ ʧʨʠʡʥʷʪʦ 

ʬʦʨʤʫʚʘʪʠ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ (Montero et al., 2023a). ɯʥʪʝʛʨʫʶʯʠ ʨʽʟʥʽ ʪʠʧʠ 

ʜʘʥʠʭ ʚ ʫʟʛʦʜʞʝʥʫ ʪʘ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʫ ʩʪʨʫʢʪʫʨʫ (Schramm et al., 2021), ʢʫʙʠ ʜʘʥʠʭ 
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ʧʦʣʝʛʰʫʶʪʴ ʦʜʥʦʯʘʩʥʠʡ ʘʥʘʣʽʟ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʧʦʪʽʢ ʜʘʥʠʭ ʫ ʜʦʩʪʫʧʥʫ 

ʪʘ ʟʥʘʯʫʱʫ ʽʥʬʦʨʤʘʮʽʶ (Estupi¶§n-Su§rez et al., 2021).  

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʫʤʦʚ ʩʫʤʽʩʥʦʩʪʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʪʘʢʦʛʦ ʢʫʙʘ ʚʠʜʽʣʷʶʪʴ 

ʧʨʠʚʝʜʝʥʥʷ ʨʘʩʪʨʦʚʠʭ ʰʘʨʽʚ ʜʦ ʦʜʥʘʢʦʚʠʭ ʨʦʟʤʽʨʫ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ (Montero et al, 2023a). ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʚʢʘʟʘʥʠʭ 

ʫʤʦʚ ʨʘʩʪʨʦʚʽ ʰʘʨʠ ʥʘʟʠʚʘʶʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦ ʨʝʛʫʣʷʨʠʟʦʚʘʥʠʤʠ. ɼʘʥʠʡ ʢʫʙ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʪʨʠʚʠʤʽʨʥʦʾ ʤʘʪʨʠʮʽ (ʨʠʩ. 2.2).  

 

 

ʈʠʩ. 2.2. ʂʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʫ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ 

 

ʉʪʨʫʢʪʫʨʫʚʘʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʢʫʙ ʜʘʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʢʽʣʴʢʦʤʘ 

ʝʣʝʤʝʥʪʘʤʠ ʘʙʦ çʚʠʤʽʨʘʤʠè. ʇʨʠ ʟʘʣʫʯʝʥʥʽ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʜʚʦʤʘ ʦʙʦʚôʷʟʢʦʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʻ ʛʝʦʛʨʘʬʽʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʰʠʨʦʪʠ (Y) ʪʘ ʜʦʚʛʦʪʠ (ʍ), ʘ ʪʘʢʦʞ ʯʘʩ, ʦʢʨʝʤʽ 

ʟʤʽʥʥʽ ʘʙʦ ʥʘʚʽʪʴ ʢʦʤʧʦʥʝʥʪʠ ʯʘʩʦʚʠʭ ʨʷʜʽʚ (Estupi¶§n-Su§rez et al., 2021; Mahecha et al., 

2020). ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.2, ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʤʥʦʞʠʥʫ CGD, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ï ʧʨʦʩʪʦʨʦʚʦ ʨʝʛʫʣʷʨʠʟʦʚʘʥʽ ʨʘʩʪʨʦʚʽ ʰʘʨʠ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. 

ὅὋὈ ὒȟὒȟȣȟὒ , 



52 

 

ʜʝ ὒ - i-ʡ ʨʘʩʪʨʦʚʠʡ ʰʘʨ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʚʦʨʠʭ ʜʘʥʠʭ CGD, h-ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʨʘʩʪʨʦʚʠʭ ʰʘʨʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʚʦʨʠʭ ʜʘʥʠʭ CGD. 

ʂʦʞʝʥ ʝʣʝʤʝʥʪ ὼ  ʪʘʢʦʛʦ ʢʫʙʘ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ h-ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ: 

ὼ ὼ ȟὼ ȟȢȢȟὼ ȟ 

ʜʝ ὼ - ὭὮ-ʡ ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ k ʧʨʦʩʪʦʨʦʚʦ ʨʝʛʫʣʷʨʦʟʠʚʘʥʠʡ ʨʘʩʪʨʦʚʠʡ 

ʰʘʨ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. 

ʂʨʽʤ ʪʦʛʦ, ʢʫʙʠ ʜʘʥʠʭ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʠʪʘʤʘʥʥʽ ʢʦʥʢʨʝʪʥʠʤ 

ʥʘʙʦʨʘʤ ʜʘʥʠʭ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ, ʘ ʩʘʤʝ: 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʝ ʦʭʦʧʣʝʥʥʷ, ʤʘʩʰʪʘʙ ʪʘ ʙʘʛʘʪʦʤʽʨʥʽʩʪʴ ʜʘʥʠʭ (Montero et al., 2023a). 

ɹʘʛʘʪʦʚʠʤʽʨʥʽʩʪʴ ʢʫʙʘ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʨʽʟʥʠʭ ʚʠʤʽʨʽʚ, ʟʘ ʷʢʠʤʠ ʚʽʥ 

ʙʫʚ ʩʬʦʨʤʦʚʘʥʠʡ, ʘ ʧʨʠʨʽʩʪ ʩʢʣʘʜʥʦʩʪʽ ʢʫʙʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʨʦʟʤʽʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʾʭʥʽʤ ʧʦʨʷʜʢʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʘ ʤʘʪʨʠʮʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʢʫʙʘ ʤʘʻ 

ʧʦʨʷʜʦʢ 3, ʘ ʧʦʨʷʜʦʢ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʢʫʙʘ ð 4 (Montero et al., 2023a). ɹʘʛʘʪʦʚʠʤʽʨʥʽ 

ʢʫʙʠ ʜʘʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʥʘʙʦʨʽʚ ʟʤʽʥʥʠʭ ʩʧʽʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʋ 

ʚʠʧʘʜʢʫ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʪʘʢʠʤʠ ʟʤʽʥʥʠʤʠ ʻ ʟʥʘʯʝʥʥʷ ʚʽʜʙʠʪʪʷ 

ʪʘ ʧʦʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ, ʥʘʧʨʠʢʣʘʜ, ʩʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʠ, ʚʽʜ ʦʜʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʜʘʪʯʠʢʘ ɼɿɿ (Montero et al., 2023b; Walther et al., 2022). ɼʦ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʢʫʙʽʚ ʚʽʜʥʦʩʷʪʴ ʪʽ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴ ʥʘʙʦʨʠ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ (Mahecha et al., 2020), 

ʥʘʧʨʠʢʣʘʜ, ʜʘʥʽ ʨʽʟʥʠʭ ʦʧʪʠʯʥʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ (Fang et al., 2023; Hilker et al., 2009), 

ʦʧʪʠʯʥʠʭ ʪʘ ʨʘʜʘʨʥʠʭ ʩʠʩʪʝʤ (Kozlova, 2018; Joshi, 2016; Byun, 2013), ʜʘʥʽ ʪʘ ʧʦʭʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ (Popov et al., 2021a; Popov et al., 2021b; 

Franklin, 2020), ʪʘ ʽʥʰʽ ʛʝʦʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʾ ʪʝʤʘʪʠʯʥʦʾ 

ʟʘʜʘʯʽ (Hurskainen et al, 2019; Khatami et al., 2016).  

ʇʨʦʩʪʦʨʦʚʠʡ ʤʘʩʰʪʘʙ ʢʫʙʘ ʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ï ʚʽʜ 

ʛʣʦʙʘʣʴʥʠʭ (Sudmanns et al., 2022; Dhu et al., 2019) ʜʦ ʣʦʢʘʣʴʥʠʭ (Walther et al., 2022). 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʦʜʥʦʛʦ ʟ ʤʘʩʰʪʘʙʽʚ, ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʤʘʻ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ. ʊʘʢʦʞ 
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ʧʨʦʩʪʦʨʦʚʠʡ ʤʘʩʰʪʘʙ ʢʫʙʘ ʜʘʥʠʭ ʚʣʠʚʘʻ ʥʘ ʚʠʙʽʨ ʩʪʨʘʪʝʛʽʾ ʥʘʙʦʨʫ ʚʠʙʽʨʢʠ ʜʣʷ 

ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ 

ʮʽʣʴʦʚʦʾ ʟʤʽʥʥʦʾ (Montero et al., 2023a).  

ʏʘʩʦʚʠʡ ʤʘʩʰʪʘʙ ʢʫʙʘ ʜʘʥʠʭ ʤʦʞʝ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʣʘʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʙʦ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ. ʍʦʯʘ ʧʨʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʦʙôʻʢʪʽʚ ʟʘ 

ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʤʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʤʠ ʜʘʥʠʤʠ, ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʯʘʩʦʚʠʡ 

ʚʽʜʣʽʢ, ʟʘʣʫʯʝʥʥʷ ʨʽʟʥʦʯʘʩʦʚʠʭ ʜʘʥʠʭ ʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʨʦʟʰʠʨʶʻ ʧʨʦʩʪʽʨ 

ʦʟʥʘʢ ʜʠʥʘʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ. ʊʘʢ, ʧʨʠ ʚʠʨʽʰʝʥʽ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʥʘʜʟʚʠʯʘʡʥʠʤʠ 

ʩʠʪʫʘʮʽʷʤʠ ʘʙʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤ ʷʚʠʱʘʤʠ, ʯʘʩʦʚʠʡ ʚʽʜʣʽʢ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʛʦʜʠʥʠ ʪʘ ʜʥʽ 

(Vongkusolkit et al., 2023). ʗʢʱʦ ʚ ʟʘʜʘʯʘʭ ʧʨʠʩʫʪʥʽ ʨʦʩʣʠʥʥʽ ʦʙôʻʢʪʠ ï ʢʽʣʴʢʘ ʤʽʩʷʮʽʚ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ (Zaitseva et al., 2021). ɼʣʷ ʪʨʠʚʘʣʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ï 

ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ (Casagli et al., 2016).  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʫʙ ʜʘʥʠʭ ʚʚʘʞʘʚʩʷ ʛʦʪʦʚʠʤ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ, ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʢʦʥʪʨʦʣʴ ʜʘʥʠʭ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ 

ʩʫʤʽʩʥʦʩʪʽ (Montero et al., 2023a), ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

(Dwyer et al., 2019). ʈʽʚʝʥʴ ʛʦʪʦʚʥʦʩʪʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʜʽʷʥʠʭ ʟʤʽʥʥʠʭ ʽ 

ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ (Frantz, 2019). ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʫʙʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʚʢʣʶʯʘʶʪʴ, ʘʣʝ ʥʝ ʦʙʤʝʞʫʶʪʴʩʷ ʪʘʢʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʷʢ ʤʘʩʢʫʚʘʥʥʷ ʭʤʘʨ ʽ ʪʽʥʝʡ ʚʽʜ ʭʤʘʨ (Skakun et al., 2022), 

ʢʦʨʠʛʫʚʘʥʥʷ ʝʬʝʢʪʽʚ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ ʚʽʜʙʠʪʪʷ (BRDF) (Roy et al., 

2016), ʨʝʩʘʤʧʣʽʥʛ ʪʘ ʨʝʛʫʣʷʨʠʟʘʮʽʷ ʜʘʥʠʭ (Kopp et al., 2019). 

ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʢʫʙʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʻ ʦʪʨʠʤʘʥʽ 

ʟ ʢʦʩʤʽʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ, ʣʽʪʘʢʽʚ ʯʠ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʦʧʪʠʯʥʽ ʪʘ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʜʘʥʽ, ʘ ʪʘʢʦʞ ʧʦʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ, ʦʙʯʠʩʣʝʥʽ ʥʘ ʾʭʥʽʡ 

ʦʩʥʦʚʽ (Hermosilla et al., 2022; G·mez et al., 2016). ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʨʽʟʥʠʭ ʪʝʤʘʪʠʯʥʠʭ 

ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ ʟ ʽʥʰʠʭ 

ʜʞʝʨʝʣ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʥʪʝʢʩʪ ʦʙôʻʢʪʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʩʫʪʪʻʚʦ ʪʘ ʷʢʽʩʥʦ ʟʙʽʣʴʰʠʪʠ ʧʨʦʩʪʽʨ ʦʟʥʘʢ ʦʙôʻʢʪʽʚ, ʷʢʽ ʨʦʟʧʽʟʥʘʶʪʴʩʷ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 
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ʟʙʽʣʴʰʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʾʭʥʴʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ (Hurskainen et al., 2019). ɿʘʣʝʞʥʦ ʚʽʜ 

ʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ʥʘʙʽʨ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʙʫʜʝ ʨʽʟʥʠʤ. ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʥʘʙʽʨ 

ʘʝʨʦ -ʪʘ ʢʦʩʤʽʯʥʠʭ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʾ ʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʰʘʙʣʦʥʘ.  

ʅʠʞʯʝ ʨʦʟʛʣʷʥʝʤʦ ʩʢʣʘʜʦʚʽ ʢʫʙʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʰʘʙʣʦʥʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʧʝʚʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. 

2.1.1. ʆʧʪʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʆʧʪʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʦʜʝʨʞʫʶʪʴ ʽʟ ʩʫʧʫʪʥʠʢʽʚ ɼɿɿ, ʣʽʪʘʢʽʚ ʪʘ ɹʇʃɸ, ʦʩʥʘʱʝʥʠʭ 

ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʶ ʟʥʽʤʘʣʴʥʦʶ ʘʧʘʨʘʪʫʨʦʶ, ʷʢʘ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʪʘ ʨʝʞʠʤʫ ʟʥʽʤʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʘʥʭʨʦʤʘʪʠʯʥʽ (Javan et al., 

2021), ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ (Alvarez-Vanhard et al., 2021) ʪʘ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ (Khan et al., 

2018) ʟʥʽʤʢʠ, ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʜʦ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ 

(G·mez et al., 2016). 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʧʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʻ ʩʧʝʢʪʨʘʣʴʥʘ, ʧʨʦʩʪʦʨʦʚʘ ʪʘ 

ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʟʥʽʤʘʥʥʷ.  

ʆʧʪʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʟʘʟʚʠʯʘʡ ʜʦʩʪʫʧʥʽ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʜʽʘʧʘʟʦʥʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʤʦʞʫʪʴ 

ʥʘʜʘʚʘʪʠ ʨʽʟʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ ʾʭʥʴʦʾ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʚʽʜʙʠʚʥʦʾ ʟʜʘʪʥʦʩʪʽ (Joshi et al., 2016). ʅʘ ʩʴʦʛʦʜʥʽ, ʢʦʩʤʽʯʥʽ ʤʽʩʽʾ Landsat 

(Wulder et al., 2022; Masek et al., 2020) ʪʘ Sentinel (Drusch et al., 2012) ʻ ʦʩʥʦʚʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʜʦʩʪʫʧʽ ʯʝʨʝʟ ʧʣʘʪʬʦʨʤʠ ʛʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʉʐɸ (https://earthexplorer.usgs.gov) 

ʧʨʦʛʨʘʤʠ Copernicus ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ 

(https://scihub.copernicus.eu/dhus/) ʪʘ ʭʤʘʨʥʠʡ ʢʘʪʘʣʦʛ ʜʘʥʠʭ Google Earth Engine 

(https://developers.google.com/earth-engine/datasets ). 

https://earthexplorer.usgs.gov/
https://scihub.copernicus.eu/dhus/
https://developers.google.com/earth-engine/datasets
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2.1.2. ʈʘʜʘʨʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʈʘʜʘʨʥʽ ʟʦʙʨʘʞʝʥʥʷ ʦʜʝʨʞʫʶʪʴ ʽʟ ʩʫʧʫʪʥʠʢʽʚ ɼɿɿ, ʣʽʪʘʢʽʚ ʪʘ ɹʇʃɸ, ʦʩʥʘʱʝʥʠʭ 

ʨʘʜʘʨʘʤʠ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ (ʈʉɸ), ʘʢʪʠʚʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʙʽʯʥʦʛʦ ʦʛʣʷʜʫ, ʷʢʽ 

ʥʘʜʩʠʣʘʶʪʴ ʩʠʛʥʘʣʠ, ʥʘʭʠʣʝʥʽ ʧʽʜ ʢʫʪʦʤ (Joshi et al., 2016; Musa et al., 2015). ʆʩʥʦʚʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʻ ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʢʽʣʴʢʽʩʪʴ ʧʦʣʷʨʠʟʘʮʽʡ ʪʘ 

ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥ̔ ʩʪʴ (Flores et al., 2019). 

2.1.3. ɯʥʜʝʢʩʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʉʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʥʽ ʟʦʙʨʘʞʝʥʥʷ. ʅʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ ʟʦʙʨʘʞʝʥʥʷ ʽ ʧʨʠʩʚʦʻʥʥʷ ʧʽʢʩʝʣʶ ʥʦʚʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʽʟ ʟʥʘʯʝʥʴ ʧʝʚʥʦʛʦ ʧʽʢʩʝʣʷ ʚ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ï ʮʝ ʨʦʟʨʘʭʫʥʦʢ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʽʥʜʝʢʩʫ.  

ʉʧʝʢʪʨʘʣʴʥʠʡ ʽʥʜʝʢʩ ï ʮʝ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʦʧʝʨʘʮʽʡ ʟ 

ʨʽʟʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʽʘʧʘʟʦʥʘʤʠ (ʢʘʥʘʣʘʤʠ) ʦʧʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʤʘʻ ʚʽʜʥʦʰʝʥʥʷ 

ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʽʚ ʚ ʧʝʚʥʦʤʫ ʧʽʢʩʝʣʽ ʟʥʽʤʢʘ (Montero et al., 2023b). ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʽʜʙʠʪʪʷ. ʎʽ ʽʥʜʝʢʩʠ ʤʦʞʫʪʴ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʷʢ ʧʨʦʩʪʝ ʚʽʜʥʦʰʝʥʥʷ ʢʘʥʘʣʽʚ, ʚ ʷʢʠʭ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʚʥʦʛʦ ʢʣʘʩʫ 

ʦʙôʻʢʪʽʚ ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʦ (simple ratio), ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ 

ʨʽʟʥʠʮʽ (normalized difference indices) (Tran et al., 2022; Javed et al., 2021; Szigarski et al., 

2018; Bannari et al., 1995). ʄʦʞʣʠʚʘ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʽʥʜʝʢʩʽʚ ʜʣʷ ʧʝʚʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʘʤʠ ʢʦʤʙʽʥʘʪʦʨʠʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʽʣʴʢʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʜʽʘʧʘʟʦʥʽʚ ʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʇʝʨʝʚʘʞʥʫ ʢʽʣʴʢʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʚʠʚʝʜʝʥʦ 

ʝʤʧʽʨʠʯʥʦ. ɿʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠ ʪʘʢʦʤʫ ʚʠʚʝʜʝʥʥʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ 

ʘʪʤʦʩʬʝʨʠ ʪʘ ˇʨʫʥʪʫ (Bannari et al., 1995; Huete, 1988).  

ʋʩʽ ʚʽʜʦʤʽ ʥʘ ʩʴʦʛʦʜʥʽ ʽʥʜʝʢʩʠ ʫʤʦʚʥʦ ʧʦʜʽʣʷʶʪʴ ʥʘ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: 1) 

ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ ï ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʩʣʠʥʥʦʩʪʽ ʫʩʽʭ ʬʦʨʤ ʾʾ ʤʦʞʣʠʚʦʛʦ 

ʽʩʥʫʚʘʥʥʷ. ɺ ʦʩʥʦʚʥʦʤʫ ʮʷ ʛʨʫʧʘ ʽʥʜʝʢʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ 

ʭʣʦʨʦʬʽʣʫ ʚ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ, ʘʣʝ ʪʘʢʦʞ ʤʦʞʫʪʴ 
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ʨʦʟʛʣʷʜʘʪʠʩʷ ʡ ʽʥʰʽ ʧʽʛʤʝʥʪʠ ʨʦʩʣʠʥ. ʆʩʥʦʚʥʠʤʠ ʩʝʨʝʜ ʥʠʭ ʻ NDVI, GNDVI, EVI, SAVI, 

OSAVI, MSAVI, TSAVI (Huang et al., 2020; Taddeo et al., 2019; Amani et al., 2018; Xue & 

Su, 2017); 2) ̌ ʨʫʥʪʦʚʽ ʽʥʜʝʢʩʠ ï ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʽʚ, ʧʽʩʢʽʚ, ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʪʘ ʾʭʥʽʭ 

ʦʛʦʣʝʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʠʤʠ ʫʪʚʦʨʝʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ˇʨʫʥʪʦʚʠʭ ʜʦʨʽʛ 

ʘʙʦ ʦʨʘʥʢʠ ʨʽʣʣʷ. ʅʘʡʯʘʩʪʽʰʝ ʜʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ BSI, MNDSI, NDSIG, NDSINIR (Nguyen et al, 

2021); 3) ʚʦʜʥʽ ʽʥʜʝʢʩʠ ï ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʚʦʜʦʡʤ, ʩʥʽʛʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʪʘ ʣʴʦʜʫ ï NDWI, MNDWI, LSWI (Calvario et al., 2018); 4) ʽʥʜʝʢʩʠ ʟʘʙʫʜʦʚʠ - 

NDBI, UI, NBI, BRBA, NBAI, MBI, BAEI, NDBaI, EBBI (Kaur & Pandey, 2022; Javed et 

al., 2021).  

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʥʘʙʦʨʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʰʘʨʽʚ, ʥʘʚʝʜʝʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʠ 

ʤʦʞʫʪʴ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʷʢ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʝʤʠʭ ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʧʨʠʨʦʜʥʠʡ ʧʦʢʨʠʚ ʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ, ʪʘʢ ʽ ʜʦ ʮʽʣʠʭ ʣʘʥʜʰʘʬʪʽʚ (Taddeo et al, 

2019).  

ʈʘʜʘʨʥʽ ʽʥʜʝʢʩʥʽ ʟʦʙʨʘʞʝʥʥʷ. ɺʦʥʠ ʧʦʻʜʥʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʣʷʨʠʟʘʮʽʶ ʫ 

ʬʦʨʤʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, HH/VV, 

VH/VV, HV/HH ʪʦʱʦ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ 

ʦʙôʻʢʪʽʚ (Florez & Lizarazo, 2020; Flores et al., 2019). ɿʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʨʘʜʘʨʥʠʭ ʽʥʜʝʢʩʽʚ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʥʘʜʘʥʥʷ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʭ ʽ ʬʽʟʠʯʥʦ ʽʥʪʝʨʧʨʝʪʦʚʘʥʠʭ ʜʝʩʢʨʠʧʪʦʨʽʚ 

ʨʦʩʣʠʥʥʦʩʪʽ (Pelta et al., 2022; Szigarski et al.,2018; Stankevich et al., 2017). ʅʘʡʙʽʣʴʰ 

ʚʽʜʦʤʠʤ ʩʝʨʝʜ ʥʠʭ ʻ ʨʘʜʘʨʥʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ (RVI - Radar Vegetation Index). RVI 

ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʷʢ ʥʘʙʦʨʫ ʚʠʧʘʜʢʦʚʦ 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʧʦʣʽʚ, ʽ ʚʽʥ, ʟʘ ʧʨʠʥʮʠʧʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʽʨʫ ʚʠʧʘʜʢʦʚʦʩʪʽ ʨʦʟʩʽʶʚʘʥʥʷ 

ʚʽʜ ʨʦʩʣʠʥʥʠʭ ʦʙôʻʢʪʽʚ.  
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2.1.4. ʂʦʥʪʝʢʩʪʥʽ ʜʘʥʽ 

ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʜʘʥʽ (ʧʦʭʽʜʥʽ ʎʄʈ). ʋ ʟʘʜʘʯʘʭ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʘʣʫʯʝʥʥʷ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʚ ʷʢʦʩʪʽ ʜʦʧʦʤʽʞʥʠʭ ʜʘʥʠʭ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʥʪʝʢʩʪ 

ʩʝʨʝʜʦʚʠʱʘ, ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ (Stewart, 1998; Hermosilla et al., 2022).   

ʉʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʥʘʜʘʶʪʴ ʪʦʧʦʛʨʘʬʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʻʬʫ (ʎʄʈ), ʩʪʚʦʨʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʝʭʦ-ʩʠʛʥʘʣʽʚ ʚʠʩʦʪʥʠʭ ʪʦʯʦʢ, 

ʥʘʧʨʠʢʣʘʜ, ASTER DEM, SRTM ʪʘ SPOT DEM (Yan et al., 2015; Jarihani et al., 2015; 

Musa et al., 2015). ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʽ ʚʽʣʴʥʦ ʜʦʩʪʫʧʥʦʶ ʎʄʈ ʻ DEM Shuttle Radar 

Topographic Mission (SRTM), ʟʘʧʫʱʝʥʠʡ ʫ ʣʶʪʦʤʫ 2000 ʨ., ʱʦ ʦʭʦʧʠʚ 85% ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. SRTM, ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʈʉɸ ̔ʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʩʠʛʥʘʣʽʚ C-ʜʽʘʧʘʟʦʥʫ, 

ʜʦʩʪʫʧʥʠʡ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 30 ʤ ʽ 90 ʤ ʽ ʧʨʠʙʣʠʟʥʦʶ ʪʦʯʥʽʩʪʶ ʧʦ 

ʚʝʨʪʠʢʘʣʽ 3,7 ʤ (Syvitski et al., 2012).  

ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʨʘʩʪʨʦʚʠʭ ʎʄʈ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʚʦʭ ʚʠʭʽʜʥʠʭ 

ʧʦʣʦʞʝʥʥʷʭ. ʇʝʨʰʝ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʬʦʨʤʘʣʽʟʘʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʜʨʫʛʝ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʘ ʫ ʪʦʯʮʽ (ʧʽʢʩʝʣʽ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʪʦʯʝʥʥʷ. 

ʄʦʨʬʦʤʝʪʨʠʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʙʫʜʴ-ʷʢʫ ʢʽʣʴʢʽʩʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʝʣʴʻʬʫ ʟʝʤʥʦʾ (ʧʣʘʥʝʪʘʨʥʦʾ) ʧʦʚʝʨʭʥʽ. ʄʦʨʬʦʤʝʪʨʠʯʥʘ (ʘʙʦ 

ʪʦʧʦʛʨʘʬʽʯʥʘ) ʟʤʽʥʥʘ - ʮʝ ʦʜʥʦʟʥʘʯʥʘ ʜʚʦʚʠʤʽʨʥʘ ʬʫʥʢʮʽʷ ɤ = u (x, y), ʱʦ ʦʧʠʩʫʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʧʦʚʝʨʭʥʽ. ɯʩʥʫʻ ʢʽʣʴʢʘ ʢʣʘʩʠʬʽʢʘʮʽʡ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ 

ʟʤʽʥʥʠʭ ʥʘ ʦʩʥʦʚʽ ʾʭʥʽʭ ʚʥʫʪʨʽʰʥʽʭ (ʤʘʪʝʤʘʪʠʯʥʠʭ) ʚʣʘʩʪʠʚʦʩʪʝʡ (Florinsky, 2017). ɺ 

ʢʦʥʪʝʢʩʪʽ ʟʘʜʘʯ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʪʘ ʟʦʢʨʝʤʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, 

ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ: ʣʦʢʘʣʴʥʽ, ʪʝʢʩʪʫʨʥʽ ʪʘ ʢʦʥʪʝʢʩʪʥʽ 

(Franklin, 2020).  

ʃʦʢʘʣʴʥʠʤʠ ʤʦʨʬʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʟʠʚʘʶʪʴ ʚʝʣʠʯʠʥʠ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʣʦʢʘʣʴʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʧʦʚʝʨʭʥʶ, ʚʠʟʥʘʯʝʥʥʷ (ʨʦʟʨʘʭʫʥʦʢ) ʷʢʠʭ ʤʦʞʣʠʚʦ ʧʨʠ 

ʘʥʘʣʽʟʽ ʤʘʣʦʛʦ ʦʢʦʣʫ ʜʘʥʦʾ ʪʦʯʢʠ ʧʦʚʝʨʭʥʽ (Franklin, 2020; Florinsky, 2017). ɼʦ ʣʦʢʘʣʴʥʠʭ 

ʤʦʨʬʦʤʝʪʨʠʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʽʜʥʦʩʷʪʴʩʷ: ʧʦʭʠʣ ʘʙʦ ʢʨʫʪʠʟʥʘ, ʝʢʩʧʦʟʠʮʽʷ ʩʭʠʣʫ, 



58 

 

ʪʘ ʙʽʣʴʰʝ 20 ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʧʦʚʥʫ ʩʠʩʪʝʤʫ ʢʨʠʚʠʟʥ (Shary, 1995; Franklin, 

2020). 

ʆʩʥʦʚʥʠʤʠ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʭʽʜʥʠʭ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʻ ʧʦʭʠʣ ʪʘ ʝʢʩʧʦʟʠʮʽʷ ʤʽʩʮʝʚʦʩʪʽ.  

ʂʨʫʪʠʟʥʘ ʩʭʠʣʫ ï ʢʫʪ ʥʘʭʠʣʫ ʚ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʤʽʞ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʪʘ 

ʧʣʦʱʠʥʦʶ ʜʦʪʠʯʥʦʾ ʜʦ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʦʢʘʟʥʠʢ ʢʨʫʪʠʟʥʠ ʩʭʠʣʫ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʦʙʯʠʩʣʝʥʠʡ ʫ ʛʨʘʜʫʩʘʭ, ʨʘʜʽʘʥʘʭ, ʚʽʜʩʦʪʢʘʭ ʘʙʦ ʧʨʦʤʽʣʝ. ʗʢ ʧʨʘʚʠʣʦ, ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʚʠʤʽʨʶʶʪʴʩʷ ʚ ʛʨʘʜʫʩʘʭ ʪʘ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 Á (ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʣʦʱʠʥʘ) ʜʦ 

90 Á (ʚʝʨʪʠʢʘʣʴʥʘ ʧʣʦʱʠʥʘ). 

ɽʢʩʧʦʟʠʮʽʷ ʧʦʚʝʨʭʥʽ ï ʢʫʪ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ʤʽʞ ʧʝʚʥʠʤ ʥʘʧʨʷʤʢʦʤ (ʷʢ 

ʧʨʘʚʠʣʦ, ʥʘ ʧʽʚʥʽʯ) ʪʘ ʧʨʦʝʢʮʽʻʶ ʫʭʠʣʫ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ.  

ɯ ʷʢʱʦ ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʦʧʠʩʫʚʘʣʘ ʛʨʘʜʽʻʥʪ ʧʦʚʝʨʭʥʽ (ʡʦʛʦ ʚʝʣʠʯʠʥʫ ʪʘ ʥʘʧʨʷʤʦʢ), 

ʪʦ ʜʨʫʛʘ ʬʽʢʩʫʻ ʤʽʨʫ ʟʤʽʥ ʮʴʦʛʦ ʛʨʘʜʽʻʥʪʘ, ʪʦʙʪʦ ʻ ʛʨʘʜʽʻʥʪʦʤ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʫ ʟʘʜʘʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. ʅʘ ʧʦʭʽʜʥʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ˇʨʫʥʪʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʢʨʠʚʠʟʥ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚ ʛʝʤʦʨʬʦʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ (ʧʣʘʥʦʚʘ), ʚʝʨʪʠʢʘʣʴʥʘ (ʧʨʦʬʽʣʴʥʘ) ʽ (ʩʝʨʝʜʥʷ, 

ʟʘʛʘʣʴʥʘ) ʢʨʠʚʠʟʥʘ (Shary, 1995). 

ɹʽʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ. ʋʩʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʩʣʠʥʥʽ ʦʙôʻʢʪʠ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʜʠʩʪʘʥʮʽʡʥʦ, ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʟʘ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ. 

ʄʦʨʬʦʩʪʨʫʢʪʫʨʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʥʘʜʘʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʦʟʤʽʨ, ʙʫʜʦʚʫ, ʩʢʣʘʜ ʽ 

ʩʪʨʫʢʪʫʨʫ ʨʦʩʣʠʥʥʦʛʦ ʦʙôʻʢʪʘ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʪʘ ʨʽʟʥʦʤʘʥʽʪʪʷ (Liu et 

al., 2023; Lucas & Carter, 2008), ʧʨʦʻʢʪʠʚʥʝ ʧʦʢʨʠʪʪʷ ʪʘ ʡʦʛʦ ʯʘʩʪʢʘ (Hamada et al., 2011), 

ʽʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ (Zheng & Moskal, 2009) ʪʘ ʙʽʦʤʘʩʘ (Li et al., 2020). ɹʽʦʬʽʟʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʙôʻʢʪʽ ʚ ʭʦʜʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʘʙʦ ʻ ʥʘʩʣʽʜʢʦʤ ʡʦʛʦ ʨʝʘʢʮʽʾ ʥʘ ʟʦʚʥʽʰʥʽʡ ʚʧʣʠʚ. ʊʘʢʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʻ ʯʠʩʪʘ ʪʘ ʚʘʣʦʚʘ ʧʝʨʚʠʥʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (Scher et al., 2020; Prieto-Blanco, 

2009), ʝʚʘʧʦʪʨʘʥʩʧʽʨʘʮʽʷ (Garc²a et al., 2013) ʪʘ ʚʦʣʦʛʦʚʤʽʩʪ (Clevers et al., 2008). 

ɹʽʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʚʤʽʩʪ ʧʝʚʥʠʭ ʨʝʯʦʚʠʥ ʘʙʦ ʧʽʛʤʝʥʪʽʚ, ʘ ʩʘʤʝ ʭʣʦʨʦʬʽʣʫ, 
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ʢʘʨʦʪʠʥʦʾʜʽʚ ʪʘ ʘʥʪʦʮʽʘʥʽʚ, ʚʫʛʣʝʮʶ ʪʘ ʘʟʦʪʫ (Blackburn, 2006; Gitelson et al., 2003; Sims 

& Gamon, 2002).  

ʆʢʨʝʤʦ ʟ ʙʽʦʬʽʟʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ ʛʨʫʧʫ ʬʝʥʦʣʦʛʽʯʥʠʭ ʤʝʪʨʠʢ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʝʟʦʥʥʠʡ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥʥʠʭ ʦʙôʻʢʪʽʚ. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʘʥʠʭ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʫʪʚʦʨʶʻ ʢʨʠʚʫ, ʷʢʘ ʫʟʘʛʘʣʴʥʶʻ ʨʽʟʥʽ 

ʝʪʘʧʠ, ʷʢʠʭ ʟʘʟʥʘʻ ʟʝʣʝʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʧʨʦʪʷʛʦʤ ʧʦʚʥʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ (Reed et 

al., 2009). ʊʘʢʽ ʢʨʠʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʣʶʯʦʚʠʭ ʬʝʥʦʣʦʛʽʯʥʠʭ 

ʟʤʽʥʥʠʭ ʘʙʦ ʤʝʪʨʠʢ, ʩʪʦʩʦʚʥʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʟʦʥʫ, ʥʘʧʨʠʢʣʘʜ, ʧʦʯʘʪʦʢ ʚʝʛʝʪʘʮʽʾ (SOS), 

ʧʽʢ ʩʝʟʦʥʫ (POS) ʽ ʢʽʥʝʮʴ ʩʝʟʦʥʫ (ɽʆS).  

2.1.5. ʊʝʢʩʪʫʨʥʽ ʜʘʥʽ 

ʊʝʢʩʪʫʨʘ ʧʦʚôʷʟʘʥʘ ʟ ʯʘʩʪʦʪʦʶ ʟʤʽʥʠ ʪʦʥʽʚ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ 

ʰʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ (Franklin & Wulder, 2002). ɿʘʟʚʠʯʘʡ ʟʥʘʯʝʥʥʷ 

ʪʝʢʩʪʫʨʠ ʜʣʷ ʧʽʢʩʝʣʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʫʥʢʮʽʾ, ʷʢʘ ʚʢʣʶʯʘʻ 

ʪʦʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʩʝʨʝʜʠʥʽ ʚʽʢʥʘ, ʮʝʥʪʨ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʮʴʦʤʫ ʧʽʢʩʝʣʽ. ɺʠʙʽʨ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʤʽʨʫ ʚʽʢʥʘ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʪʝʢʩʪʫʨʠ. ɿʜʘʪʥʽʩʪʴ 

ʪʝʢʩʪʫʨʠ ʨʦʟʨʽʟʥʷʪʠ ʨʽʟʥʽ ˇʨʫʥʪʦʚʽ ʧʦʢʨʠʚʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫʩʝʨʝʜʠʥʽ ʪʘ ʤʽʞ ʢʣʘʩʘʤʠ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ (Chen et al., 2004). 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʜʦ ʦʧʠʩʫ ʪʘ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫʨ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʦʧʝʨʫʻ ʚʣʘʩʥʠʤ ʥʘʙʦʨʦʤ ʪʝʢʩʪʫʨʥʠʭ ʦʟʥʘʢ. 1) Gray-Level Difference Vector (GLDV), ʘʙʦ 

ʤʝʪʦʜ ʚʝʢʪʦʨʫ ʨʽʟʥʠʮʽ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʦʙʯʠʩʣʝʥʥʽ ʦʮʽʥʦʢ ʬʫʥʢʮʽʾ 

ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʯʝʥʴ ʘʙʩʦʣʶʪʥʠʭ ʨʽʟʥʠʮʴ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʧʘʨ ʝʣʝʤʝʥʪʽʚ 

ʟʦʙʨʘʞʝʥʥʷ (ʧʽʢʩʝʣʽʚ), ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ (Weszka et al., 

1976). 2) Gray-Level Co-occurrence Matrix (GLCM), ʘʙʦ ʤʝʪʦʜ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ, 

ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʚʽʜʥʦʩʥʽ ʯʘʩʪʦʪʠ ʥʘʷʚʥʦʩʪʽ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʝʚʥʽʡ 

ʚʽʜʩʪʘʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʚ ʦʜʥʦʤʫ ʟ ʯʦʪʠʨʴʦʭ ʢʫʪʦʚʠʭ ʥʘʧʨʷʤʢʽʚ (0Á, 45Á, 90Á, ʪʘ 135Á) 

(Haralick et al., 1973). 3) Sum and Difference Histograms (SADH), ʘʙʦ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ 
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ʥʘ ʦʙʯʠʩʣʝʥʥʽ ʣʦʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʩʪʦʛʨʘʤ ʩʫʤʠ ʽ ʨʽʟʥʠʮʽ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʧʘʨ 

ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ (Unser, 1986).   

ʆʧʠʩ ʪʘ ʘʥʘʣʽʟ ʪʝʢʩʪʫʨ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʙʫʜʴ-ʷʢʠʤʠ ʨʘʩʪʨʦʚʠʤʠ 

ʟʦʙʨʘʞʝʥʥʷʤʠ (ʦʧʪʠʯʥʠʤʠ, ʨʘʜʘʨʥʠʤʠ, ʽʥʜʝʢʩʥʠʤʠ, ʢʦʥʪʝʢʩʪʥʠʤʠ) ʦʜʥʠʤ ʟ ʦʙʨʘʥʠʭ 

ʤʝʪʦʜʽʚ. ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʪʝʢʩʪʫʨʥʽ ʦʟʥʘʢʠ ʥʝ ʻ ʦʜʥʘʢʦʚʦ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʧʨʠ ʦʧʠʩʽ 

ʮʠʭ ʟʦʙʨʘʞʝʥʴ.  

ʅʘʡʯʘʩʪʽʰʝ ʚʞʠʚʘʥʠʤ ʻ GLCM ʤʝʪʦʜ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʠʪʠ ʪʝʢʩʪʫʨʥʽ ʦʟʥʘʢʠ 

ʯʠ ʤʝʪʨʠʢʠ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ.  

2.1.6. ʐʘʙʣʦʥʠ ʥʘʙʦʨʫ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ  

ɺʽʜʧʦʚʽʜʥʠʡ ʥʘʙʽʨ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʪʝʤʘʪʠʯʥʦʾ 

ʟʘʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʰʘʙʣʦʥʫ. ʊʘʢʠʡ ʰʘʙʣʦʥ ʦʧʠʩʫʻ ʜʘʥʽ, ʷʢʽ 

ʤʘʶʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʜʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʘ ʛʨʫʧʘʤʠ, ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ, ʚʢʘʟʫʻ ʪʠʧ ʜʘʥʠʭ ï ʜʠʥʘʤʽʯʥʠʡ ʘʙʦ ʩʪʘʪʠʯʥʠʡ, ʘ 

ʪʘʢʦʞ ʤʦʞʣʠʚʝ ʘʙʦ ʨʝʢʦʤʝʥʜʦʚʘʥʝ ʜʞʝʨʝʣʦ ʮʠʭ ʜʘʥʠʭ. 

ɺ ʰʘʙʣʦʥʽ ʛʝʦʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʰʽʩʪʴ ʛʨʫʧ: ʩʧʝʢʪʨʘʣʴʥʽ 

ʚʝʣʠʯʠʥʠ, ʽʥʜʝʢʩʠ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʙʽʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʬʝʥʦʣʦʛʽʯʥʽ 

ʤʝʪʨʠʢʠ ʪʘ ʪʝʢʩʪʫʨʥʽ ʤʝʪʨʠʢʠ.   

ɻʨʫʧʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʻ ʢʣʶʯʦʚʦʶ. ɺʦʥʘ ʦʭʦʧʣʶʻ ʛʝʦʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ 

ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʽʚ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ, ʟʦʢʨʝʤʘ ʦʧʪʠʯʥʽ ʙʘʛʘʪʦ- ʪʘ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʘʜʘʨʥʽ ʜʚʦ- ʪʘ ʧʦʚʥʦʧʦʣʨ̫ʠʟʘʮʽʡʥʽ ʟʦʙʨʘʞʝʥʥʷ. 

ʇʨʠ ʟʘʣʫʯʝʥʥʽ ʜʘʥʠʭ ɼɿɿ ʽʩʥʫʻ ʩʚʽʡ ʥʘʙʽʨ ʚʠʤʦʛ ʜʦ ʟʥʽʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʧʝʨʰ ʟʘ ʚʩʝ ï 

ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ (Stankevich, et al. 2020a; Stankevich, et al. 2020b; Stankevich, 

et al. 2023), ʩʫʢʫʧʥʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ, ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʪʘ ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ ʷʢʦʩʪʽ. 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʨʫʧʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʦʧʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʻ 

ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʪʪʷ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ (R, G, B, ʚʢʣʶʯʘʶʯʠ ʜʽʣʷʥʢʫ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ 

- REP), ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ (NIR, SWIR 1, SWIR2) ʪʘ ʪʝʧʣʦʚʦʤʫ (TIR) ʜʽʘʧʘʟʦʥʘʭ 
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ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʜʣʷ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʫ ʜʽʘʧʘʟʦʥʘʭ x, c ʘʙʦ l.  

ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʪʠʧʽʚ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʘ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʫʩʽʭ ʪʠʧʽʚ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʧʨʠʩʫʪʥʽʭ ʥʘ ʩʮʝʥʽ ʘʙʦ ʦʙʨʘʥʠʭ 

ʫ ʜʦʩʣʽʜʞʝʥʥʽ. ʇʨʠ ʮʴʦʤʫ ʤʘʶʪʴ ʟʘʣʫʯʘʪʠʩʷ ʜʘʥʽ ʪʘ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʪʘʢʫ ʜʝʪʘʣʽʟʘʮʽʶ, ʚʨʘʭʦʚʫʶʯʠ ʚʩʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʨʦʷʚʫ ʦʟʥʘʢ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ. ʊʦʤʫ ʰʘʙʣʦʥ ʤʘʻ ʚʢʣʶʯʘʪʠ ʩʧʝʢʪʨʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʫ ʪʘʢʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʥʠʭ ʦʙôʻʢʪʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʽʚ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʪʘʢʦʞ ʦʙʯʠʩʣʶʻʪʴʩʷ ʛʨʫʧʘ ʽʥʜʝʢʩʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʽʥʜʝʢʩʠ ʤʦʞʫʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʷʢ ʫ ʚʠʛʣʷʜʽ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ 

ʨʽʟʥʠʮʴ ʘʙʦ ʧʨʦʩʪʠʭ ʚʽʜʥʦʰʝʥʴ, ʪʘʢ ʽ ʦʙʠʨʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ï 

ʚʝʛʝʪʘʮʽʡʥʽ, ʚʦʜʥʽ, ˇʨʫʥʪʦʚʽ ʘʙʦ ʽʥʜʝʢʩʠ ʟʘʙʫʜʦʚʠ.   

ɻʨʫʧʠ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʙʽʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʬʝʥʦʣʦʛʽʯʥʽ ʤʝʪʨʠʢʠ 

ʦʭʦʧʣʶʶʪʴ ʢʦʥʪʝʢʩʪʫʘʣʴʥʽ ʦʟʥʘʢʠ ʮʽʣʴʦʚʠʭ ʦʙôʻʢʪʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ɺʠʩʦʪʘ ʥʘʜ ʨʽʚʥʝʤ 

ʤʦʨʷ, ʧʦʭʠʣ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʘʩʧʝʢʪ ʻ ʦʩʥʦʚʥʠʤʠ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʷʢ ʧʦʭʽʜʥʽ ʎʄʈ. ɼʦ ʦʩʥʦʚʥʠʭ ʙʽʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʚʽʜʥʦʩʷʪʴ ʽʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ, ʙʽʦʤʘʩʫ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʪʝʤʧʝʨʘʪʫʨʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʌʝʥʦʣʦʛʽʯʥʽ ʤʝʪʨʠʢʠ, ʦʙʯʠʩʣʝʥʽ ʥʘ 

ʦʩʥʦʚʽ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʦʯʘʪʦʢ ʪʘ ʟʘʢʽʥʯʝʥʥʷ 

ʚʝʛʝʪʘʮʽʾ, ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʘʤʧʣʽʪʫʜʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʩʧʝʢʪʨʘʣʴʥʽ ʚʝʣʠʯʠʥʠ, ʩʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʠ ʫ ʚʠʛʣʷʜʽ 

ʧʨʦʩʪʠʭ ʚʽʜʥʦʰʝʥʴ ʪʘ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʨʽʟʥʠʮʽ (ʉʪʘʥʢʝʚʠʯ ʪʘ ʽʥ., 2008), ʘ ʪʘʢʦʞ ʪʘ ʧʝʨʰʽ 

ʧʦʭʽʜʥʽ ʎʄʈ, ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʥʘʙʦʨʦʤ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʟʦʢʨʝʤʘ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ. ʉʘʤʝ 

ʮʽ ʜʘʥʽ ʫʪʚʦʨʶʶʪʴ ʙʘʟʠʩ ʫʩʽʭ ʰʘʙʣʦʥʽʚ ʨʽʟʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ.  

ʈʝʰʪʘ ʧʘʨʘʤʝʪʨʽʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʟʘʜʘʯʘʭ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʠʧʽʚ ʦʙôʻʢʪʽʚ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʬʝʥʦʣʦʛʽʯʥʽ ʤʝʪʨʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʧʨʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʠʧʽʚ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ, ʘ ʙʽʦʤʘʩʘ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 
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ʧʨʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʪʠʧʽʚ ʧʘʣʠʚʘ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʮʽʥʢʠ 

ʧʦʞʝʞʦʥʝʙʝʟʧʝʯʥʦʩʪʽ.  

ɼʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʝʢʩʪʫʨʥʽ ʧʦʢʘʟʥʠʢʠ ʻ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ. ɿʦʢʨʝʤʘ, SAR ʤʘʻ ʨʽʟʥʦʤʘʥʽʪʥʫ 

ʪʝʢʩʪʫʨʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʘ ʪʝʢʩʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʦʚôʷʟʘʥʝ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʢʦʨʝʣʷʮʽʻʶ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʟʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʪʘʢʽ ʷʢ ʪʝʨʠʪʦʨʽʾ ʟʘʙʫʜʦʚʠ, ʟʝʤʣʷ ʪʘ ʨʦʩʣʠʥʥʽʩʪʴ, ʡʤʦʚʽʨʥʦ, ʙʫʜʫʪʴ ʽʥʪʝʨʧʨʝʪʦʚʘʥʽ ʙʽʣʴʰ 

ʪʦʯʥʦ. ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʨʠʮʶ ʩʫʤʽʱʝʥʥʷ ʨʽʚʥʽʚ ʩʽʨʦʛʦ (GLCM) ʜʣʷ 

ʚʠʜʽʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʢʩʪʫʨʠ, ʚʢʣʶʯʘʶʯʠ ʢʦʥʪʨʘʩʪ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʝʥʪʨʦʧʽʶ ʪʘ 

ʢʦʨʝʣʷʮʽʶ. 

ʂʦʤʧʣʝʢʩʫʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʽ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʾʭʥʽʡ 

ʦʩʥʦʚʽ, ʫ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʜʝʤʦʥʩʪʨʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ (Florez 

& Lizarazo, 2019; Kozlova et al., 2018). ʆʜʥʘʢ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽʩʪʴ ʨʝʣʴʻʬʫ 

ʧʨʠ ʟʘʣʫʯʝʥʥʽ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʗʢʱʦ ʤʽʩʮʝʚʽʩʪʴ ʛʽʨʩʴʢʘ ʘʙʦ ʤʘʻ 

ʩʢʣʘʜʥʠʡ ʨʝʣʴʻʬ ʦʙʦʚôʷʟʢʦʚʦ ʤʘʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʢʫʪ ʥʘʭʠʣʫ ʪʘ ʝʬʝʢʪʠ ʟʘʪʽʥʝʥʥʷ 

(Stankevich et al., 2017; Kozlova et al., 2021).  

ʇʝʨʝʜ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʰʘʙʣʦʥʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʭʘʨʘʢʪʝʨ ʦʙôʻʢʪʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʥʘ ʥʽʡ. ɼʘʣʽ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʽ ʦʙôʻʢʪʠ ʜʦʤʽʥʫʶʪʴ, 

ʦʙʠʨʘʻʪʴʩʷ ʰʘʙʣʦʥ. ʇʨʠ ʚʠʙʦʨʽ ʰʘʙʣʦʥʫ ʪʘʢʦʞ ʚʘʞʣʠʚʦʶ ʻ ʦʙʨʘʥʘ ʥʦʤʝʥʢʣʘʪʫʨʘ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. 

ɿʘ ʫʤʦʚʠ, ʢʦʣʠ ʘʥʘʣʽʟ ʪʝʨʠʪʦʨʽʾ ʽʥʪʝʨʝʩʫ ʥʝʤʦʞʣʠʚʠʡ, ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʰʘʙʣʦʥʦʤ ʘʙʦ ʧʦʚʥʠʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʨʦʧʦʥʫʶʪʴʩʷ ʜʣʷ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ (ʪʘʙʣʠʮʷ ɸ.1 ʜʦʜʘʪʢʘ ɸ) 

ʇʨʠʢʣʘʜʠ ʰʘʙʣʦʥʽʚ ʥʘʙʦʨʫ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʨʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʣʽʩʽʚ, ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʫʛʽʜʴ ʪʘ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʘʙʦ 

ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʪʝʨʠʪʦʨʽʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʷʭ ɸ.2-ɸ.4 ʜʦʜʘʪʢʘ ɸ. 
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2.2. ʄʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʅʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʙʽʨʢʠ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ 

ʪʝʤʘʪʠʯʥʦʶ ʟʘʜʘʯʝʶ. ʈʝʧʨʝʟʝʥʪʠ ʚʠʙʽʨʢʠ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʛʥʘʪʫʨ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʚ ʢʦʞʥʦʤʫ ʟ ʰʘʨʽʚ ʚʭʽʜʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ 

ʜʘʥʠʭ, ʷʢʠʡ ʬʦʨʤʫʻ ʧʨʦʩʪʽʨ ʦʟʥʘʢ ʜʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.3. 

 

 

ʈʠʩ. 2.3. ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

 

ʅʘ ʟʘʜʘʥʽʡ ʩʭʝʤʽ (ʨʠʩ 2.3) ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ N ʢʣʘʩʽʚ. 

ʊʦʜʽ, ʷʢʱʦ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ï ʮʝ ʤʥʦʞʠʥʘ ὝὛ, ʘ ʤʥʦʞʠʥʘ ὝὛ-ʮʝ ʚʠʙʽʨʢʘ i-ʛʦ 

ʢʣʘʩʫ, ʪʦ ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ ʥʘʩʪʫʧʥʝ: 

ὝὛ ὝὛȟȣȟὝὛ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʙʽʨʢʫ i-ʛʦ ʢʣʘʩʫ ὝὛ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʤʥʦʞʠʥʫ ʩʠʛʥʘʪʫʨ i-ʛʦ 

ʢʣʘʩʫ: 

ὝὛ ὸȟȣȟὸ ,     (2.1) 

ʜʝ ὸ- ʮʝ j-ʪʘ ʩʠʛʥʘʪʫʨʘ i-ʛʦ ʢʣʘʩʫ, Ὓ-ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʚʠʙʽʨʢʠ  

i-ʛʦ ʢʣʘʩʫ.  
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ʇʨʠʡʤʘʶʯʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʚʠʙʽʨʢʠ  i-ʛʦ ʢʣʘʩʫ, 

ʩʪʘʥʦʚʠʪʴ Ὓ, ʪʦ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ ʚʩʽʭ ʢʣʘʩʽʚ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 

Ὓ В Ὓ. 

ɿʛʽʜʥʦ ʟ ʨʠʩ. 2.3, j-ʪʘ ʩʠʛʥʘʪʫʨʘ i-ʛʦ ʢʣʘʩʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʥʘʯʝʥʥʷʤʠ ʚ ʢʦʞʥʦʤʫ ʟ 

ʰʘʨʽʚ ʚʭʽʜʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʪʦʤʫ ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ ʥʘʩʪʫʧʥʝ: 

ὸ ὸὰȟȣȟὸὰȟ      (2.2) 

ʜʝ ὸὰ- ʟʥʘʯʝʥʥʷ j-ʾ ʩʠʛʥʘʪʫʨʠ i-ʛʦ ʢʣʘʩʫ k-ʤʫ ʰʘʨʽ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, h- 

ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʠʩʘʚʰʠ ʢʦʞʥʫ ʩʠʛʥʘʪʫʨʫ i-ʛʦ ʢʣʘʩʫ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (2.2), 

ʬʦʨʤʫʣʘ (2.1) ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὝὛ ὸὰȟȣȟὸὰȟȣȟὸὰȟȣȟὸὰ .  (2.3) 

ɼʘʣʽ, ʧʽʜʩʪʘʚʠʚʰʠ ʬʦʨʤʫʣʫ (2.3) ʜʦ ʬʦʨʤʫʣʫ (2.1), ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ TS 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὝὛ ὸὰȟȣȟὸὰ ȟȣȟὸὰȟȣȟὸὰ ȟȣȟὸὰȟȣȟὸὰ ȟȣȟὸὰ ȟȣȟὸὰ . 

ʆʪʞʝ, ʟ ʬʦʨʤʫʣʠ ʚʠʱʝ ʚʠʜʥʦ, ʱʦ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʻ ʤʥʦʞʠʥʦʶ, ʘ ʾʾ 

ʧʽʜʤʥʦʞʠʥʘʤʠ ʻ ʚʠʙʽʨʢʠ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ ʚʠʙʽʨʢʠ 

ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ ʻ ʩʠʛʥʘʪʫʨʠ ʮʠʭ ʢʣʘʩʽʚ. 

ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʻ ʪʝ, ʱʦ ʚʠʙʽʨʢʠ ʢʣʘʩʽʚ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʝ ʻ ʢʦʤʧʘʢʪʥʠʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟɹʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ. 

ʐʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʚʙʘʯʘʻʪʴʩʷ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʩʠʛʥʘʪʫʨ ʥʘʙʦʨʫ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʢʣʘʩʠ ʙʫʜʫʪʴ ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʢʦʤʧʘʢʪʥʽ ʢʣʘʩʪʝʨʠ. ɺ 

ʩʚʦʶ ʯʝʨʛʫ, ʮʝ ʟʥʠʞʫʻ ʟʤʽʰʫʚʘʥʽʩʪʴ ʚʠʙʽʨʢʠ ʢʣʘʩʽʚ. ʇʨʠ ʟʤʽʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʰʣʷʭʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʞʦʜʥʽ ʜʦʜʘʪʢʦʚʽ ʜʘʥʽ, ʚʩʽ ʦʧʝʨʘʮʽʾ 

ʧʨʦʚʦʜʷʪʴʩʷ ʣʠʰʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʛʥʘʪʫʨ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ. 
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ʈʦʟʨʦʙʣʝʥʦ ʜʚʘ ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ: 1) ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ; 2) ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʟ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ. 

2.2.1. ʄʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ 

ɼʘʥʠʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʬʦʨʤʫʚʘʥʥʽ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʢʣʘʩʪʝʨʽʚ, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʧʘʨʘʣʝʣʴʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʩʠʛʥʘʪʫʨ ʚʠʙʽʨʢʠ ʢʦʞʥʦʛʦ ʟ ʧʦʯʘʪʢʦʚʠʭ 

ʢʣʘʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʝʥ ʟ ʫʪʚʦʨʝʥʠʭ ʢʣʘʩʪʝʨʽʚ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʢʨʝʤʠʡ ʢʣʘʩ 

ʦʪʨʠʤʘʥʦʾ (ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ) ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʮʴʦʤʫ 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ ʚ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʣʠʰʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʦʟʧʦʜʽʣ ʩʠʛʥʘʪʫʨ ʢʦʞʥʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʢʣʘʩʫ ʩʝʨʝʜ ʡʦʛʦ ʢʣʘʩʪʝʨʽʚ. ʇʨʦʪʝ ʟʙʽʣʴʰʠʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ, ʷʢʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʢʦʞʥʦʛʦ ʟ 

ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ. 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʥʝʟʤʽʥʥʦʩʪʽ ʩʠʛʥʘʪʫʨ ʻ ʪʝ, ʱʦ ʥʝ ʙʫʜʝ ʚʠʥʠʢʘʪʠ ʞʦʜʥʠʭ 

ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʦʟʥʘʢ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʷʢʽ ʙʫʣʠ ʚʢʣʘʜʝʥʽ ʧʨʠ ʥʘʙʦʨʽ 

ʧʦʯʘʪʢʦʚʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʤʦʤʝʥʪʠ. ʇʝʨʰʠʡ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʽʥʦʜʽ ʚʠʙʽʨʢʘ ʻ ʜʦʚʦʣʽ ʚʝʣʠʢʦʶ ʟʘ ʦʙʩʷʛʦʤ, ʪʦʤʫ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʪʨʘʪ, ʷʢʱʦ ʥʝ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ. ɼʨʫʛʠʤ ʥʝʜʦʣʽʢʦʤ 

ʤʦʞʝ ʙʫʪʠ ʧʨʠʩʫʪʥʽʩʪʴ ʧʦʤʠʣʢʦʚʦ ʚʽʜʽʙʨʘʥʠʭ ʩʠʛʥʘʪʫʨ, ʷʢʽ ʟʘʣʠʰʘʪʴʩʷ ʚ ʩʢʣʘʜʽ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘʚʽʪʴ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʜʘʥʦʛʦ ʤʝʪʦʜʫ.  

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʟʙʽʣʴʰʝʥʥʷ ʢʣʘʩʽʚ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʚʠʪʨʘʪ. ʗʢʱʦ ʧʦʯʘʪʢʦʚʘ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʧʨʠʟʥʘʯʘʣʘʩʷ ʜʣʷ ʙʽʥʘʨʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, 

ʪʦʙʪʦ ʤʘʣʘ ʜʚʘ ʢʣʘʩʠ, ʪʦʜʽ ʧʽʩʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʙʽʥʘʨʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʫʥʝʤʦʞʣʠʚʣʶʻʪʴʩʷ. 

ʇʦʢʨʦʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.4. ʉʧʦʯʘʪʢʫ 

ʧʨʦʚʦʜʠʪʴʩʷ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʚʽʜʦʤʠʤʠ ʮʝʥʪʨʦʾʜʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʂ-ʩʝʨʝʜʥʽʭ, ʂ-ʤʝʜʽʘʥ, ʂ-ʤʝʜʦʾʜʽʚ ʪʦʱʦ (Jain & Dubes, 1988). 

ɼʘʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʢʨʝʤʦ ʜʦ ʢʦʞʥʦʛʦ ʟ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ 
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ʚʠʙʽʨʢʠ. ɼʣʷ ʢʦʞʥʦʛʦ -̔ʛʦ ʢʣʘʩʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ὑ ʢʣʘʩʪʝʨʽʚ. 

 

ʈʠʩ. 2.4. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ 

ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ 

 

ʇʽʩʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʠʙʽʨʢʠ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʤʘʪʠʤʝ 

ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʥʠʞʯʝ. 

ʅʝʭʘʡ ὝὛ  ï ʤʥʦʞʠʥʘ ʩʠʛʥʘʪʫʨ j-ʛʦ ʢʣʘʩʪʝʨʫ -̔ʛʦ ʢʣʘʩʫ, ʪʦʜʽ ʤʥʦʞʠʥʘ ʩʠʛʥʘʪʫʨ 

ʚʩʽʭ ʢʣʘʩʪʝʨʽʚ -̔ʛʦ ʢʣʘʩʫ ὝὛ ʤʘʪʠʤʝ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

ὝὛ ὝὛȟȣὝὛ . 

ʊʦʤʫ ʤʥʦʞʠʥʘ ʩʠʛʥʘʪʫʨ ʚʩʽʭ ʢʣʘʩʽʚ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ  ὝὛ 

ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὝὛ ὝὛ ȟȣὝὛ . 

ʅʝʭʘʡ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ j-ʛʦ ʢʣʘʩʪʝʨʫ i-ʛʦ ʢʣʘʩʫ ʩʢʣʘʜʘʻ  Ὓ , ʪʦʜʽ ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ ʚʩʽʭ ʢʣʘʩʪʝʨʽʚ i-ʛʦ ʢʣʘʩʫ ʩʢʣʘʜʘʪʠʤʝ:  

ȿὛȿ В Ὓ .      (2.4) 
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ɸ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠʤʝʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

Ὓ В Ὓ В В Ὓ. 

ʊʘʢ ʷʢ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ ʧʦʯʘʪʢʦʚʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʻ ʦʜʥʘʢʦʚʦʶ, ʪʦ ʩʧʨʘʚʝʜʣʠʚʦʶ ʻ ʨʽʚʥʽʩʪʴ: 

Ὓ Ὓ. 

ʂʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʽʜʨʽʟʥʷʪʠʤʝʪʴʩʷ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʽʚ ʧʦʯʘʪʢʦʚʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʩʢʣʘʜʘʪʠʤʝ: 

ὔ В ὑ. 

ʆʪʞʝ, ʦʪʨʠʤʘʥʘ ʢʣʘʩʪʝʨʠʟʦʚʘʥʘ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ὝὛ ʟ ʢʽʣʴʢʽʩʪʶ ʢʣʘʩʽʚ ὔ, ʱʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦ ʢʽʣʴʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʪʝʨʽʚ ʚʩʽʭ ʢʣʘʩʽʚ, ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. 

2.2.2. ʄʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ 

ʢʣʘʩʽʚ  

ʗʢ ʽ ʧʦʧʝʨʝʜʥʽʡ ʤʝʪʦʜ, ʜʘʥʠʡ ʤʝʪʦʜ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ ʧʘʨʘʣʝʣʴʥʫ ʢʣʘʩʪʝʨʠʟʘʮʽʶ 

ʢʦʞʥʦʛʦ ʟ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʡ ʥʘʙʽʨ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ 

ʟ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ, ʧʨʦʪʝ ʝʣʝʤʝʥʪʘʤʠ ʚʠʙʽʨʢʠ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʙʫʜʫʪʴ ʮʝʥʪʨʠ ʢʣʘʩʪʝʨʽʚ, 

ʷʢʽ ʦʪʨʠʤʘʥʽ ʧʽʩʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʦʛʦ ʢʣʘʩʫ. ʊʦʤʫ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ ʚ 

ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʟʤʝʥʰʠʪʴʩʷ ʽ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ 

ʢʦʞʥʦʛʦ ʟ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ. ɺʦʜʥʦʯʘʩ, ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ ʚʠʙʽʨʢʠ ʙʫʜʝ 

ʪʘʢʦʶ, ʷʢ ʽ ʚ ʧʦʯʘʪʢʦʚʽʡ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ.  

ʇʝʨʝʚʘʛʘʤʠ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʠʛʥʘʪʫʨ ʻ ʪʝ, ʱʦ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʪʨʘʪ, ʪʘ ʪʝ, ʱʦ ʯʘʩʪʢʦʚʦ ʙʫʜʝ ʚʽʜʢʠʥʫʪʘ ʧʨʠʩʫʪʥʽʩʪʴ ʧʦʤʠʣʢʦʚʦ 

ʚʽʜʽʙʨʘʥʠʭ ʩʠʛʥʘʪʫʨ ʘʙʦ ʧʩʝʚʜʦʨʝʧʨʝʟʝʥʪʽʚ. ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ - ʤʦʞʣʠʚʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʦʟʥʘʢ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʷʢʽ ʙʫʣʠ ʚʢʣʘʜʝʥʽ ʧʨʠ ʥʘʙʦʨʽ ʧʦʯʘʪʢʦʚʦʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  
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ʉʝʨʝʜ ʧʝʨʝʚʘʛ ʥʝʟʤʽʥʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʝ, 

ʱʦ ʥʝ ʙʫʜʝ ʟʙʽʣʴʰʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʠʪʨʘʪʠ, ʷʢ ʙʠ ʮʝ ʙʫʣʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʢʣʘʩʽʚ. ʊʘʢʦʞ, ʷʢʱʦ ʧʦʯʘʪʢʦʚʘ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʧʨʠʟʥʘʯʘʣʘʩʷ ʜʣʷ ʙʽʥʘʨʥʦʛʦ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʪʦʙʪʦ ʤʘʣʘ 2 ʢʣʘʩʠ, ʪʦ ʥʘʚʽʪʴ ʧʽʩʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʘʣʠʰʘʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʙʽʥʘʨʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. 

ʇʦʢʨʦʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.5. ʉʧʦʯʘʪʢʫ 

ʧʨʦʚʦʜʠʪʴʩʷ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʮʝʥʪʨʦʾʜʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. 

ɼʘʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʢʨʝʤʦ ʜʦ ʢʦʞʥʦʛʦ ʟ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ. ɼʣʷ ʢʦʞʥʦʛʦ -̔ʛʦ ʢʣʘʩʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ (ὑ) ʢʣʘʩʪʝʨʽʚ. 

 

ʈʠʩ. 2.5. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʮʝʥʪʨʽʚ 

ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ 

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʮʝʥʪʨʫ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʪʝʨʽʚ. ʎʝʥʪʨʦʤ 

ʢʣʘʩʪʝʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʮʝʥʪʨʦʾʜ (ʤʝʪʦʜ- ʂ-ʩʝʨʝʜʥʽʭ), ʤʝʜʽʘʥʘ (ʂ-ʤʝʜʽʘʥ), ʤʝʜʦʾʜ (ʂ-ʤʝʜʦʾʜʽʚ) ʪʦʱʦ. ɼʘʣʽ 
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ʟʘʤʽʩʪʴ i-ʛʦ ʢʣʘʩʫ ʧʦʯʘʪʢʦʚʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʫʪʚʦʨʶʻʪʴʩʷ ʢʣʘʩ, ʷʢʠʡ ʙʫʜʝ 

ʩʢʣʘʜʘʪʠʩʷ ʟ ʮʝʥʪʨʽʚ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʪʝʨʽʚ i-ʛʦ ʢʣʘʩʫ. ʆʪʨʠʤʘʥʫ ʚʠʙʽʨʢʫ -̔ʛʦ ʢʣʘʩʫ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὝὛ ̒ȟȣȟ̒ , 

ʜʝ ̒- ʮʝʥʪʨ j-ʛʦ ʢʣʘʩʪʝʨʫ i-ʛʦ ʢʣʘʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʤʽʥʠʚʰʠ ʚʩʽ ʢʣʘʩʠ ʥʘ ʮʝʥʪʨʠ ʾʭʥʽʭ ʢʣʘʩʪʝʨʽʚ, ʢʣʘʩʪʝʨʠʟʦʚʘʥʘ 

ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ὝὛ ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὝὛ ὝὛȟȣὝὛ ̒ȟȣȟ̒ ȟȣȟ̒ ȟȣȟ̒ . 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ ʚʠʙʽʨʢʠ i-ʛʦ ʢʣʘʩʫ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʮʴʦʛʦ ʢʣʘʩʫ: 

Ὓ ὑ. 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ ʚʩʽʻʾ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ: 

Ὓ В Ὓ В ὑ. 

ʆʪʞʝ, ʦʪʨʠʤʘʥʘ ʢʣʘʩʪʝʨʠʟʦʚʘʥʘ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ὝὛ ʟ ʢʽʣʴʢʽʩʪʶ ʢʣʘʩʽʚ N, ʷʢ ʽ 

ʧʦʯʘʪʢʦʚʘ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ, ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. 

2.3. ʄʝʪʦʜ ʦʮʽʥ ʚʁʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʆʜʥʽʻʾ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʻ ʾʾ ʨʦʟʜʽʣʠʤʽʩʪʴ. ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʩʠʛʥʘʪʫʨʠ, 

ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʨʽʟʥʽ ʢʣʘʩʠ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʤʽʞ ʩʦʙʦʶ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʅʠʟʴʢʘ 

ʨʦʟʜʽʣʠʤʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʧʨʠ ʚʠʩʦʢʽʡ ʟʤʽʰʫʚʘʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ ʢʣʘʩʽʚ. ɸ ʮʝ, 

ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʧʨʠ 

ʧʨʦʮʝʜʫʨʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʜʽʣʠʤʽʩʪʴ ʚʠʙʽʨʢʠ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ 

(Andreiev & Kozlova, 2021). 

ʈʦʟʜʽʣʠʤʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʦʮʽʥʶʻʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʤʝʪʦʜʘ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʊʦʙʪʦ ʪʦʡ ʯʠ ʽʥʰʠʡ ʤʝʪʦʜ ʙʫʜʝ ʜʘʚʘʪʠ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ 
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ʨʦʟʜʽʣʠʤʦʩʪʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʦʜʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʊʦʤʫ ʨʦʟʜʽʣʠʤʽʩʪʴ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʨʝʙʘ ʦʮʽʥʶʚʘʪʠ ʚʽʜʥʦʩʥʦ ʪʦʛʦ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʷʢʠʡ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʚʭʽʜʥʦʛʦ ʢʫʙʘ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ.  

ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʘʪʠ ʤʝʪʦʜ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʷʢʠʡ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ 

ʜʘʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʝʜʝ ʜʦ ʥʘʡʚʠʱʦʾ ʪʦʯʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʩʝʨʝʜ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʊʘʢʦʞ, ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʢʽʣʴʢʦʭ ʥʘʙʦʨʽʚ ʯʠ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʚʠʟʥʘʯʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. 

ʇʦʢʨʦʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʦʙʨʘʞʝʥʠʡ 

ʥʘ ʨʠʩ. 2.6. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʧʨʠ 

ʮʴʦʤʫ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʦʯʘʪʢʫ ʜʣʷ ʥʘʚʯʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʘ ʧʦʪʽʤ ʢʦʞʝʥ 

ʝʣʝʤʝʥʪ ʮʽʻʾ ʚʠʙʽʨʢʠ ʙʫʜʝ ʧʨʦʢʣʘʩʠʬʽʢʦʚʘʥʦ ʜʘʥʠʤ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ ʪʘ ʚʽʜʥʝʩʝʥʦ ʜʦ ʪʦʛʦ 

ʯʠ ʽʥʰʦʛʦ ʢʣʘʩʫ.  

 

ʈʠʩ. 2.6. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʘ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ 

 

ʅʘʩʪʫʧʥʠʤʠ ʝʪʘʧʘʤʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʪʘ ʚʣʘʩʥʝ ʨʦʟʨʘʭʫʥʦʢ ʽʥʜʝʢʩʫ 

ʨʦʟʜʽʣʠʤʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʫʜʝ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 
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2.3.1. ʂʣʘʩʠʬʽʢʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʇʨʦʮʝʜʫʨʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢ ʽ ʩʪʘʥʜʘʨʪʥʝ ʢʦʥʪʨʦʣʴʦʚʘʥʝ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʜʚʘ ʢʨʦʢʠ (Bruzzone & Demir, 2014). ʇʝʨʰʠʡ ʢʨʦʢ 

ʧʦʣʷʛʘʻ ʚ ʥʘʚʯʘʥʥʽ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʄʝʪʦʜ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʤʘʻ ʙʫʪʠ ʦʙʨʘʥʦ ʪʘʢʠʡ, ʷʢ ʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʚʭʽʜʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʅʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʢʦʞʥʘ ʩʠʛʥʘʪʫʨʘ 

ʦʢʨʝʤʦ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ.  

ʈʦʟʛʣʷʥʫʪʘ ʧʨʦʮʝʜʫʨʘ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʷʢ 

ʬʫʥʢʮʽʷ ὪὝὛȟὸ.  ɰʾ ʘʨʛʫʤʝʥʪʘʤʠ ʻ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ TS ʪʘ ʩʠʛʥʘʪʫʨʘ t, ʷʢʘ ʻ 

ʦʙôʻʢʪʦʤ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʅʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ TS ʤʽʩʪʠʪʴ ʚʠʙʽʨʢʫ ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʪʦʤʫ ʾʾ 

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὝὛ ὝὛȟ ὝὛȟȣȟὝὛ ȟ 

ʜʝ ὝὛ- ʚʠʙʽʨʢʘ i-ʛʦ ʢʣʘʩʫ, N- ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ.   

ɺʠʙʽʨʢʘ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὝὛ ὸȟ ὸȟȣȟὸ  , 

ʜʝ ὸ- j-ʪʘ ʩʠʛʥʘʪʫʨʠ i-ʛʦ ʢʣʘʩʫ, Ὧ ï ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ i-ʛʦ ʢʣʘʩʫ. 

ʊʦʜʽ: 

ὪὝὛȟὸ ὴȟ ὴȟȣȟὴ ,     (2.1) 

ʜʝ ὴ ï ʽʤʦʚʽʨʥʽʩʪʴ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʩʠʛʥʘʪʫʨʠ t ʜʦ ʢʣʘʩʫ i. 

ʈʦʟʛʣʷʥʫʪʫ ʩʠʛʥʘʪʫʨʫ ʙʫʜʝ ʚʽʜʥʝʩʝʥʦ ʜʦ ʪʦʛʦ ʢʣʘʩʫ, ʽʤʦʚʽʨʥʽʩʪʴ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦ 

ʷʢʦʛʦ ʙʫʜʝ ʥʘʡʙʽʣʴʰʦʶ, ʪʦʙʪʦ: 

ὅὸ Ὥȿὴ ÍÁØ ὴȟ ὴȟȣȟὴ )},    (2.2) 

ʜʝ ὅὸï ʬʫʥʢʮʽʷ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʢʣʘʩ ʩʠʛʥʘʪʫʨʠ t ʟʛʽʜʥʦ ʟ ʟʘʩʪʦʩʦʚʘʥʠʤ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ.  
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2.3.2. ʈʦʟʨʘʭʫʥʦʢ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʪʨʠʮʷ 

ʧʦʤʠʣʦʢ (Popov, 2007). ɼʘʥʘ ʤʘʪʨʠʮʷ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ, ʩʢʽʣʴʢʠ ʝʣʝʤʝʥʪʽʚ ʢʦʞʥʦʛʦ 

ʢʣʘʩʫ ʧʨʦʢʣʘʩʠʬʽʢʦʚʘʥʦ ʧʨʘʚʠʣʴʥʦ ʪʘ ʚ ʷʢʽ ʩʘʤʝ ʢʣʘʩʠ ʧʦʪʨʘʧʣʷʶʪʴ ʥʝʧʨʘʚʠʣʴʥʦ 

ʧʨʦʢʣʘʩʠʬʽʢʦʚʘʥʽ ʝʣʝʤʝʥʪʠ. ʊʦʙʪʦ ʟ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʪʝ, ʟ ʷʢʠʤʠ 

ʢʣʘʩʘʤʠ ʧʝʨʝʪʠʥʘʻʪʴʩʷ (ʟʤʽʰʫʻʪʴʩʷ) ʢʦʞʝʥ ʟ ʢʣʘʩʽʚ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʨʦʟʛʣʷʜʘʻ ʜʚʘ 

ʚʘʨʽʘʥʪʠ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ: 1) ʩʪʘʥʜʘʨʪʥʘ ʤʘʪʨʠʮʷ ʧʦʤʠʣʦʢ; 2) ʤʦʜʠʬʽʢʦʚʘʥʘ ʤʘʪʨʠʮʷ 

ʧʦʤʠʣʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ. 

ɼʘʥʽ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ, ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʫʜʫʚʘʪʠ ʨʷʜ ʦʮʽʥʦʢ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ: ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ, ʟʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʢʘʧʧʘ-ʽʥʜʝʢʩ. 

2.3.2.1. ʌʦʨʤʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʉʪʘʥʜʘʨʪʥʘ ʤʘʪʨʠʮʷ ʧʦʤʠʣʦʢ X ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ ʟ 

ʨʦʟʤʽʨʘʤʠ (N,N), ʜʝ N-ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ: 

ὢ

ὼ ȣ ὼ
ể Ệ ể
ὼ Ễ ὼ

ȟ 

ʜʝ ὼ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ i-ʛʦ ʢʣʘʩʫ, ʷʢʽ ʧʽʩʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ j-

ʛʦ ʢʣʘʩʫ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʬʦʨʤʫʣʫ (2.2), ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʩʪʘʥʜʘʨʪʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὼ В ὸ   ɴὝὛȿ άὥὼὪὝὛȟὸ   = ὴ
ȿ ȿ

.   (2.3) 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʩʪʘʥʜʘʨʪʥʫ ʤʘʪʨʠʮʶ ʧʦʤʠʣʦʢ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ. 2.1: 
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ʊʘʙʣʠʮʷ 2.1. 

ʉʪʘʥʜʘʨʪʥʘ ʤʘʪʨʠʮʷ ʧʦʤʠʣʦʢ 

 ɼʽʡʩʥʽ ʜʘʥʽ  

ʈ
ʝ
ʟ
ʫ
ʣ
ʴ
ʪ
ʘ
ʪ
 

 

ʢ
ʣ
ʘ
ʩ
ʠ
ʬ
ʽ
ʢ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

 

 ʂʣʘʩ 1 ʂʣʘʩ 2 é ʂʣʘʩ N 
ʊʦʯʥʽʩʪʴ 

ʂʦʨʠʩʪʫʚʘʯʘ 

ʂʣʘʩ 1 ὼ  ὼ  é ὼ  
ὼ

В ὼ
 

ʂʣʘʩ 2 ὼ  ὼ  é ὼ  
ὼ

В ὼ
 

é é é é é é 

ʂʣʘʩ N ὼ  ὼ  é ὼ  
ὼ

В ὼ
 

 ʊʦʯʥʽʩʪʴ 

ɺʠʨʦʙʥʠʢʘ 

ὼ

В ὼ
 

ὼ

В ὼ
 é 

ὼ

В ὼ
  

 

ɼʽʘʛʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʜʘʥʦʾ ʤʘʪʨʠʮʽ  ὼ  ʚʢʘʟʫʶʪʴ ʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʦ 

ʧʨʦʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʩʠʛʥʘʪʫʨ i-ʛʦ ʢʣʘʩʫ. ɸ ʥʝʜʽʘʛʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ὼ  (Ὥ Ὦ)   ʥʘʚʧʘʢʠ ï 

ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ i-ʛʦ ʢʣʘʩʫ ʥʝʧʨʘʚʠʣʴʥʦ ʚʽʜʥʝʩʝʥʠʭ ʜʦ j-ʛʦ ʢʣʘʩʫ ʧʽʩʣʷ 

ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ.  

ʊʘʢʦʞ ʜʣʷ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʜʦʮʽʣʴʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ, ʷʢ ʪʦʯʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ (Popov, 2007). ʎʽ ʧʦʢʘʟʥʠʢʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʦʢʨʝʤʦ 

ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ. ʊʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʫ ʜʘʻ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ 

ʪʦʤʫ, ʥʘʩʢʽʣʴʢʠ ʡʤʦʚʽʨʥʦ, ʱʦ ʜʘʥʠʡ ʢʣʘʩ ʩʧʽʚʧʘʜʘʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ɸ 

ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʻ ʪʝ, ʥʘʩʢʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ 

ʜʽʡʩʥʠʤ ʜʘʥʠʤ. 

ɿʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ i-ʛʦ ʢʣʘʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩʪʢʘ ʚʽʜ ʜʽʣʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʨʘʚʠʣʴʥʦ ʧʨʦʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʩʠʛʥʘʪʫʨ ʥʘ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ, ʷʢʽ 
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ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʜʘʥʦʛʦ ʢʣʘʩʫ ʧʽʩʣʷ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ ʦʧʠʩʘʥʦ ʚ 

ʥʘʩʪʫʧʥʽʡ ʬʦʨʤʫʣʽ: 

Ὗὃ
В

. 

ɿʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ i-ʛʦ ʢʣʘʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩʪʢʘ ʚʽʜ ʜʽʣʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʨʘʚʠʣʴʥʦ ʧʨʦʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʩʠʛʥʘʪʫʨ ʥʘ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʦʩʪʽ ʩʠʛʥʘʪʫʨ ʜʘʥʦʛʦ 

ʢʣʘʩʫ. ʌʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὖὃ
В

. 

ɿʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ ʣʝʞʘʪʴ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 

1. ʇʨʠ ʮʴʦʤʫ, ʟʥʘʯʝʥʥʷ 0 ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʫ ʧʦʢʘʟʫʻ, ʱʦ ʜʘʥʠʡ 

ʢʣʘʩ ʧʦʚʥʽʩʪʶ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʧʨʠ ʟʥʘʯʝʥʥʽ 1 - ʧʦʚʥʽʩʪʶ 

ʩʧʽʚʧʘʜʘʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ɸʥʘʣʦʛʽʯʥʦ, ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ 0 

ʧʦʢʘʟʫʻ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʢʣʘʩʫ ʧʦʚʥʽʩʪʶ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʜʽʡʩʥʠʤ ʜʘʥʠʤ, ʘ ʧʨʠ ʟʥʘʯʝʥʥʽ 1 ï ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ.  

2.3.2.2. ʌʦʨʤʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʄʦʜʠʬʽʢʦʚʘʥʘ ʤʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ 

ʪʠʤ, ʱʦ ʜʣʷ ʾʾ ʬʦʨʤʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʪʫʨ, ʱʦ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ 

ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʫ ʧʽʩʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʘ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ 

ʩʠʛʥʘʪʫʨʠ ʜʦ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʣʘʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʠʬʽʢʦʚʘʥʘ ʤʘʪʨʠʮʷ ʧʦʤʠʣʦʢ XM ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ 

ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ ʟ ʨʦʟʤʽʨʘʤʠ (N,N), ʜʝ N - ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ: 

ὢὓ

ὼά ȣ ὼά
ể Ệ ể

ὼά Ễ ὼά
ȟ 

ʜʝ ὼά ʩʫʤʘ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʢʦʞʥʦʾ ʟ ʩʠʛʥʘʪʫʨ i-ʛʦ ʢʣʘʩʫ ʜʦ j-ʛʦ ʢʣʘʩʫ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʬʦʨʤʫʣʫ (2.1), ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ὼά В ὴ ɴὪὝὛȟὸ  
ȿ ȿ

.    (2.4) 

ɺ ʪʘʙʣ. 2.2 ʧʦʢʘʟʘʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ. 

ʊʘʙʣʠʮʷ 2.2. 

ʄʦʜʠʬʽʢʦʚʘʥʘ ʤʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ 

 ɼʽʡʩʥʽ ʜʘʥʽ  

ʈ
ʝ
ʟ
ʫ
ʣ
ʴ
ʪ
ʘ
ʪ

 

ʢ
ʣ
ʘ
ʩ
ʠ
ʬ
ʽ
ʢ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

 

 ʂʣʘʩ 1 ʂʣʘʩ 2 é ʂʣʘʩ N 
ʊʦʯʥʽʩʪʴ 

ʂʦʨʠʩʪʫʚʘʯʘ 

ʂʣʘʩ 1 ὼά  ὼά  é ὼά  
ὼά

В ὼά
 

ʂʣʘʩ 2 ὼά  ὼά  é ὼά  
ὼά

В ὼά
 

é é é é é é 

ʂʣʘʩ N ὼά  ὼά  é ὼά  
ὼά

В ὼά
 

 ʊʦʯʥʽʩʪʴ 

ɺʠʨʦʙʥʠʢʘ 

ὼά

В ὼά
 
ὼά

В ὼά
 é 

ὼά

В ὼά
  

 

ʗʢ ʽ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ, ʜʣʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

ʧʦʤʠʣʦʢ ʪʘʢʦʞ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ. 

 

2.3.3. ʈʦʟʨʦʙʢʘ ʽʥʜʝʢʩʽʚ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ  

 ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʧʨʦʚʝʜʝʥʦʛʦ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢʘ ʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʨʦʟʜʽʣʠʤʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ.  ʈʦʟʜʽʣʠʤʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʷʢ ʜʣʷ ʜʚʦʭ ʦʢʨʝʤʠʭ ʢʣʘʩʽʚ, ʪʘʢ ʽ ʜʣʷ ʚʩʽʻʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚ ʮʽʣʦʤʫ.  

 ʆʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʚʦʭ ʦʢʨʝʤʠʭ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦʙ ʦʮʽʥʠʪʠ ʨʦʟʜʽʣʠʤʽʩʪʴ ʦʜʥʦʛʦ ʢʣʘʩʫ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ. ʈʦʟʨʘʭʫʥʦʢ ʽʥʜʝʢʩʫ 
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ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʚʦʭ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʢʘʟʥʠʢʘʭ ʯʫʪʣʠʚʦʩʪʽ ʪʘ 

ʩʧʝʮʠʬʽʯʥʦʩʪʽ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʚʩʴʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʨʦʟʨʦʙʣʝʥʦ 

ʟʘʛʘʣʴʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʁʦʛʦ ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʙʦ ʢʘʧʧʘ ʽʥʜʝʢʩʫ. 

2.3.3.1. ɯʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʚʦʭ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ  

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʩʠʛʥʘʪʫʨ ʜʚʦʭ ʢʣʘʩʽʚ i ʪʘ j ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ ʤʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʟ ʨʦʟʤʽʨʘʤʠ (N,N) ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ 

ʫ ʤʘʪʨʠʮʶ ʟ ʨʦʟʤʽʨʘʤʠ (2,2), ʜʝ ʙʫʜʫʪʴ ʣʠʰʝ ʝʣʝʤʝʥʪʠ ὼȟὼȟὼȟὼ.  ɼʘʥʘ ʤʘʪʨʠʮʷ 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʘ ʚ ʪʘʙʣ. 2.3. 

ʊʘʙʣʠʮʷ 2.3.  

ʄʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʜʣʷ ʜʚʦʭ ʢʣʘʩʽʚ 

 ɼʽʡʩʥʽ ʜʘʥʽ 

ʈ
ʝ
ʟ
ʫ
ʣ
ʴ
ʪ
ʘ
ʪ
 

 

ʢ
ʣ
ʘ
ʩ
ʠ
ʬ
ʽ
ʢ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

  ʂʣʘʩ i ʂʣʘʩ j 

ʂʣʘʩ i ὼ  ὼ  

ʂʣʘʩ j ὼ  ὼ  

 

ʇʦ ʘʥʘʣʦʛʽʾ ʟ ʤʘʪʨʠʮʝʶ ʧʦʤʠʣʦʢ ʜʣʷ ʙʽʥʘʨʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ  ὼ  ̫ ʢ ʟʥʘʯʝʥʥʷ tp (true positive), ὼ  - fp (false positive), ὼ  ̫ ʢ ʟʥʘʯʝʥʥʷ tn (true 

negative), ὼ  - fp (false negative). ɸʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʥʘʨʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʦʙʠʜʚʘ ʢʣʘʩʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʮʽʥʥʽʩʪʴ, ʪʦʤʫ ʫʤʦʚʥʦ ʥʝʛʘʪʠʚʥʽ ʪʘ ʧʦʟʠʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʤʘʶʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʣʠʰʝ ʷʢ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʪʘʙʣ. 2.4 ʟʦʙʨʘʞʫʻ ʦʪʨʠʤʘʥʫ ʤʘʪʨʠʮʶ ʧʦʤʠʣʦʢ. 
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ʊʘʙʣʠʮʷ 2.4. 

ʄʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʜʣʷ ʜʚʦʭ ʢʣʘʩʽʚ 

 ɼʽʡʩʥʽ ʜʘʥʽ 

ʈ
ʝ
ʟ
ʫ
ʣ
ʴ
ʪ
ʘ
ʪ
 

 

ʢ
ʣ
ʘ
ʩ
ʠ
ʬ
ʽ
ʢ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

  ʂʣʘʩ i ʂʣʘʩ j 

ʂʣʘʩ i tp fp 

ʂʣʘʩ j fn tn 

 

ɼʘʣʽ ʜʣʷ ʦʪʨʠʤʘʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʯʫʪʣʠʚʦʩʪʽ (sensitivity) ʪʘ ʩʧʝʮʠʬʽʯʥʦʩʪʽ (specificity) (Starovoitov & Golub, 2020). 

ɿʥʘʯʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ίὩὲίὭὸὭὺὭὸώ . 

ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʥʷ ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ʥʠʞʯʝ: 

ίὴὩὧὭὪὭὧὭὸώ . 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʽ tp, ʽ tn 

ʷʢ ʜʚʘ ʨʽʚʥʦʮʽʥʥʠʭ ʢʣʘʩʠ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤ, ʪʘʢ ʷʢ ʜʘʥʘ ʧʘʨʘ ʢʣʘʩʽʚ ʥʝ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ 

ʷʢ ʦʙôʻʢʪ ʪʘ ʬʦʥ. ʊʘʢʦʞ, ʧʨʠ ʦʮʽʥʮʽ ʨʦʟʜʽʣʠʤʦʩʪʽ ʚʘʨʪʦ ʟʚʘʞʘʪʠ ʥʘ ʜʠʩʙʘʣʘʥʩ ʢʽʣʴʢʦʩʪʽ 

ʩʠʛʥʘʪʫʨ ʚ  ʢʣʘʩʘʭ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʠʱʝʦʧʠʩʘʥʝ, ʧʦʢʘʟʥʠʢ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʚʦʭ ʢʣʘʩʽʚ 

(Separability index of training samples pair) ╢╘╣╢▬╪░► ʜʦʮʽʣʴʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʷʢ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʧʦʢʘʟʥʠʢʽʚ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʩʧʝʮʠʬʽʯʥʦʩʪʽ: 

╢╘╣╢▬╪░► 
ίὩὲίὭὸὭὺὭὸώίὴὩὧὭὪὭὧὭὸώ

ς
 
ὸὴ
ὸὴὪὲ

ὸὲ
ὸὲὪὴ

ς

ὼὭὭ
ὼὭὭὼὮὭ

ὼὮὮ
ὼὮὮὼὭὮ

ς
.   (2.5) 

ʇʽʜʩʪʘʚʠʚʰʠ ʬʦʨʤʫʣʫ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʘ ʩʪʘʥʜʘʨʪʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ (2.3) ʜʦ 

ʬʦʨʤʫʣʠ (2.5), ʙʫʜʝ ʦʪʨʠʤʘʥʘ ʥʘʩʪʫʧʥʘ ʨʽʚʥʽʩʪʴ:   
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╢╘╣╢▬╪░►

В   ɴ ȿ ȟ   = 
ȿ ȿ

В   ɴ ȿ ȟ   = 
ȿ ȿ

В   ɴ ȿ ȟ   = 
ȿ ȿ

В   ɴ ȿ ȟ   = 
ȿ ȿ

В   ɴ ȿ ȟ   = 
ȿ ȿ

В   ɴ ȿ ȟ   = 
ȿ ȿ

.   (2.6) 

ʇʽʜʩʪʘʚʠʚʰʠ ʬʦʨʤʫʣʫ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ (2.4) ʜʦ 

ʬʦʨʤʫʣʠ (2.5), ʙʫʜʝ ʦʪʨʠʤʘʥʘ ʥʘʩʪʫʧʥʘ ʨʽʚʥʽʩʪʴ:   

╢╘╣╢▬╪░►

В  ɴ ȟ  

В  ɴ ȟ  В  ɴ ȟ  

В  ɴ ȟ  

В  ɴ ȟ  В  ɴ ȟ  
. (2.7) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʣʠ (2.6) ʪʘ (2.7) ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʚʦʭ 

ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʧʦʙʫʜʦʚʠ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʩʪʘʥʜʘʨʪʥʦʾ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʘʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʚʦʭ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʦʩʥʦʚʽ ʩʝʨʝʜʥʴʦʛʦ 

ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʧʦʢʘʟʥʠʢʽʚ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʜʘʻ ʯʠʩʝʣʴʥʫ ʦʮʽʥʢʫ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʩʠʛʥʘʪʫʨ ʨʦʟʛʣʷʥʫʪʠʭ  ʢʣʘʩʽʚ. ɿʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʽʥʜʝʢʩʫ ʣʝʞʘʪʴ ʚ ʽʥʪʝʨʚʘʣʽ 

ʚʽʜ 0 ʜʦ 1. ʇʨʠ ʮʴʦʤʫ, ʟʥʘʯʝʥʥʷ 0 ʧʦʢʘʟʫʻ, ʱʦ ʚʠʙʽʨʢʘ ʨʦʟʛʣʷʥʫʪʦʾ ʧʘʨʠ ʢʣʘʩʽʚ ʧʦʚʥʽʩʪʶ 

ʟʤʽʰʘʥʘ (ʚʩʽ ʩʠʛʥʘʪʫʨʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʝʧʨʘʚʠʣʴʥʦ), ʘ ʟʥʘʯʝʥʥʷ 1 ʚʽʜʧʦʚʽʜʘʻ ʚʠʙʽʨʮʽ, ʚ 

ʷʢʽʡ ʩʠʛʥʘʪʫʨʠ ʨʦʟʛʣʷʥʫʪʦʾ ʧʘʨʠ ʢʣʘʩʽʚ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʪʘ ʧʦʚʥʽʩʪʶ ʨʦʟʜʽʣʠʤʽ (ʚʩʽ 

ʩʠʛʥʘʪʫʨʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʧʨʘʚʠʣʴʥʦ).  

2.3.3.2. ɯʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ 

ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʪʦʯʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʻ ʧʨʦʩʪʦʪʘ ʨʦʟʨʘʭʫʥʢʫ. ɺ ʪʦʡ 

ʯʘʩ, ʷʢ ʟʥʘʯʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʜʠʩʙʘʣʘʥʩʫ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʢʦʞʥʦʛʦ ʢʣʘʩʫ. 
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ɿʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʯʘʩʪʢʘ ʚʽʜ ʜʽʣʝʥʥʷ 

ʩʫʤʠ ʜʽʘʛʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʥʘ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʢʣʘʩʠʬʽʢʦʚʘʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ὼ  ï ʮʝ ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʷʢ ʩʪʘʥʜʘʨʪʥʦʾ, ʪʘʢ ʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʪʦʜʽ ʬʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ 

ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ╢╘╣╢╞═ (Separability index 

of training samples by overall accuracy) ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

╢╘╣╢╞═
В ὼὭὭ
╝
░

ȿ╣╢ȿ
.        (2.6) 

ʇʦʚʝʨʪʘʶʯʠʩʴ ʜʦ ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʫʣʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ (2.3), ʟʥʘʯʝʥʥʷ ╢╘╣╢╞═ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

╢╘╣╢╞═
В В ὸὭὯ  ɴὝὛὭȿ άὥὼὪὝὛȟὸὭὯ  = ὴὭ

ȿὝὛὭȿ

Ὧ ρ
╝
░

ȿ╣╢ȿ
. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ╢╘╣╢╞═ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʬʦʨʤʫʣʘ (2.4), ʪʦʜʽ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʘʪʠʤʝ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

╢╘╣╢╞═
В В ὴὭ ɴὪὝὛȟὸὭὯ 

ȿὝὛὭȿ

Ὧρ
╝
░

ȿ╣╢ȿ
. 

ʈʦʟʨʦʙʣʝʥʠʡ ʽʥʜʝʢʩ ʜʘʻ ʯʠʩʝʣʴʥʫ ʦʮʽʥʢʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ɿʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʽʥʜʝʢʩʫ ʣʝʞʘʪʴ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 1. ʇʨʠ ʮʴʦʤʫ, ʟʥʘʯʝʥʥʷ 0 ʧʦʢʘʟʫʻ, 

ʱʦ ʚʠʙʽʨʢʘ ʧʦʚʥʽʩʪʶ ʟʤʽʰʘʥʘ, ʘ ʟʥʘʯʝʥʥʷ 1 ʚʽʜʧʦʚʽʜʘʻ ʚʠʙʽʨʮʽ, ʩʠʛʥʘʪʫʨʠ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʷʢʦʾ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʪʦʙʪʦ ʻ ʧʦʚʥʽʩʪʶ ʨʦʟʜʽʣʠʤʠʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʯʠʤ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ, ʪʠʤ ʙʽʣʴʰ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʻ ʜʘʥʘ ʚʠʙʽʨʢʘ. 

2.3.3.3. ɯʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʦʩʥʦʚʽ ʢʘʧʧʘ ʽʥʜʝʢʩʫ 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ ʩʝʨʝʜ 

ʦʙôʻʢʪʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʦʟʧʦʜʽʣ 

ʦʙôʻʢʪʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʪʘ ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʦʟʧʦʜʽʣ ʩʠʛʥʘʪʫʨ ʩʝʨʝʜ ʚʠʙʽʨʦʢ ʢʣʘʩʽʚ ʪʘʢʦʞ 
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ʥʝ ʟʘʚʞʜʠ ʩʧʽʚʧʘʜʘʶʪʴ. ʇʨʠ ʦʮʽʥʮʽ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʠʩʫʪʥʽʡ 

ʜʠʩʙʘʣʘʥʩ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʢʣʘʩʽʚ, ʧʨʠʡʥʷʪʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʢʘʧʧʘ-ʽʥʜʝʢʩ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʢʘʧʧʘ-ʽʥʜʝʢʩ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ, ʷʢʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ. 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ὼ  ï ʮʝ ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʷʢ ʩʪʘʥʜʘʨʪʥʦʾ, ʪʘʢ ʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʪʦʜʽ ʬʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ 

ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ ʢʘʧʧʘ-ʽʥʜʝʢʩʫ  ╢╘╣╢╚╘ (Separability index of training samples by 

Kappa index) ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

╢╘╣╢╚╘
ȿ╣╢ȿzВ ὼὭὭ

╝
░ В В ὼὭὮz

╝
▒

╝
░ В ὼὮὭ

╝
▒

ȿ╣╢ȿ В В ὼὭὮz
╝
▒

╝
░ В ὼὮὭ

╝
▒

. 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʘʛʘʣʴʥʫ ʬʦʨʤʫʣʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ (2.3), ʟʥʘʯʝʥʥʷ ╢╘╣╢╚╘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 

╢╘╣╢╚╘
ȿ╣╢ȿzВ В В ὸὭὯ  ɴὝὛὭȿ άὥὼὪὝὛȟὸὭὯ  = ὴὭ

ȿὝὛὭȿ
Ὧρ

╝
░

╝
░

ȿ╣╢ȿ В В В В ὸὭὯ  ɴὝὛὭȿ άὥὼὪὝὛȟὸὭὯ  = ὴὭ
ȿὝὛὭȿ

Ὧ ρ
╝
░ ᶻ╝

▒
╝
░ В В В ὸὭὯ  ɴὝὛὭȿ άὥὼὪὝὛȟὸὭὯ  = ὴὭ

ȿὝὛὭȿ

Ὧρ
╝
░

╝
▒

В В В В ὸὭὯ  ɴὝὛὭȿ άὥὼὪὝὛȟὸὭὯ  = ὴὭ
ȿὝὛὭȿ
Ὧ ρ

╝
░ ᶻ╝

▒
╝
░ В В В ὸὭὯ  ɴὝὛὭȿ άὥὼὪὝὛȟὸὭὯ  = ὴὭ

ȿὝὛὭȿ
Ὧρ

╝
░

╝
▒

ȿ╣╢ȿ В В В В ὸὭὯ  ɴὝὛὭȿ άὥὼὪὝὛȟὸὭὯ  = ὴὭ
ȿὝὛὭȿ

Ὧρ
╝
░ ᶻ╝

▒
╝
░ В В В ὸὭὯ  ɴὝὛὭȿ άὥὼὪὝὛȟὸὭὯ  = ὴὭ

ȿὝὛὭȿ

Ὧρ
╝
░

╝
▒

.  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ╢╘╣╢╚╘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʬʦʨʤʫʣʘ (2.4), ʪʦʜʽ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʘʪʠʤʝ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

╢╘╣╢╚╘
ȿ╣╢ȿzВ В ᶰ ὝὛȟ  

ȿ ȿ╝
░ В В В  ɴ ȟ  

ȿ ȿ
ᶻ╝

▒
╝
░ В В  ɴ ȟ  

ȿ ȿ╝
▒

ȿ╣╢ȿ В В В  ɴ ȟ  
ȿ ȿ

ᶻ╝
▒

╝
░ В В  ɴ ȟ  

ȿ ȿ
╝
▒

. 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʽʥʜʝʢʩʫ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʘʥʠʡ ʽʥʜʝʢʩ ʪʘʢʦʞ 

ʜʘʻ ʯʠʩʝʣʴʥʫ ʦʮʽʥʢʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɿʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʽʥʜʝʢʩʫ 

ʣʝʞʘʪʴ ʚʽʜ 0 ʜʦ 1.  

 

 

 

 



81 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

1. ʆʙˇʨʫʥʪʦʚʘʥʦ ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʢʫʙʘ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʷʢ ʦʧʪʠʯʥʽ ʪʘ ʨʘʜʘʨʥʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʟ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ʟʥʽʤʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʜʫʢʪʠ, ʦʜʝʨʞʘʥʽ 

ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ, ʘ ʩʘʤʝ ʽʥʜʝʢʩʥʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʢʦʥʪʝʢʩʪʥʽ ʜʘʥʽ (ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʜʘʥʽ 

ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ, ʧʨʦʩʪʦʨʦʚʽ ʨʦʟʧʦʜʽʣʠ ʙʽʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʬʝʥʦʣʦʛʽʯʥʽ 

ʤʝʪʨʠʢʠ) ʪʘ ʪʝʢʩʪʫʨʥʽ ʜʘʥʽ.   

2. ʇʨʝʜʩʪʘʚʣʝʥʦ ʰʘʙʣʦʥʠ ʜʘʥʠʭ ʧʽʜ ʥʘʩʪʫʧʥʽ ʪʝʤʘʪʠʯʥʽ ʟʘʜʘʯʽ: ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʣʽʩʽʚ, 

ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʫʛʽʜʴ ʪʘ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʘʙʦ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʦʜʥʽʻʶ ʟ ʚʢʘʟʘʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʙʽʨ ʨʦʟʛʣʷʥʫʪʠʭ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. 

3. ʅʘ ʦʩʥʦʚʽ ʮʝʥʪʨʦʾʜʥʠʭ ʤʝʪʦʜʽʚ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 

ʜʚʘ ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʘ ʩʘʤʝ: 1) ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʟ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ; 2) ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ 

ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ 

ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʷʢ ʜʚʦʭ ʦʢʨʝʤʠʭ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, 

ʪʘʢ ʽ ʚʩʴʦʛʦ ʥʘʙʦʨʫ ʚ ʮʽʣʦʤʫ. ʆʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʚʦʭ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʧʦʢʘʟʥʠʢʽʚ ʯʫʪʣʠʚʦʩʪʽ ʪʘ 

ʩʧʝʮʠʬʽʯʥʦʩʪʽ. ʆʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʚʩʴʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʘʙʦ ʧʦʢʘʟʥʠʢʘ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘʙʦ ʢʘʧʘ-ʽʥʜʝʢʩʫ. 

5. ʈʦʟʨʦʙʣʝʥʽ ʚ ʨʦʟʜʽʣʽ ʤʝʪʦʜʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ 

ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ. ʈʦʟʨʦʙʢʘ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʦʧʠʩʘʥʘ ʚ ʨʦʟʜʽʣʽ 3. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʂʀ ʂʃɸʉʀʌɯʂʋɺɸʅʅʗ ʆɹôɭʂʊɯɺ ʅɸ ɸɽʈʆ- ʊɸ 

ʂʆʉʄɯʏʅʀʍ ɿʆɹʈɸɾɽʅʅʗʍ ɺ ʋʄʆɺɸʍ ʅʀɿʔʂʆɰ ʈʆɿɼɯʃʀʄʆʉʊɯ 

ʈʆɿʇɯɿʅɸɺɸʃʔʅʀʍ ʆɿʅɸʂ 

 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ 

ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ (ɸʥʜʨʝʻʚ, 2023) ʤʘʻ ʜʚʽ ʛʽʣʢʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢ ʚʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.1. ʉʧʽʣʴʥʠʤ ʚ ʥʠʭ ʻ ʪʝ, ʱʦ ʦʙʠʜʚʽ ʥʘʮʽʣʝʥʽ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  

 

ʈʠʩ. 3.1 ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʠʢʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ 

ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ 
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ʇʝʨʰʘ ʛʽʣʢʘ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʜʨʫʛʘ ï ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʂʦʞʥʘ ʟ ʥʠʭ 

ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʧʨʦʪʝ ʜʦʮʽʣʴʥʠʤ ʧʨʠ ʚʠʙʦʨʽ ʛʽʣʢʠ 

ʻ ʦʮʽʥʶʚʘʥʥʷ ʦʙôʻʤʫ ʜʘʥʠʭ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʝʢʩʧʝʨʪ ʚʚʘʞʘʻ, ʱʦ ʦʙôʻʤ ʜʘʥʠʭ ʻ 

ʥʘʜʣʠʰʢʦʚʠʤ (ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʚʠʱʫʻ ʥʘʷʚʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ), ʪʦ ʙʽʣʴʰ 

ʜʦʮʽʣʴʥʠʤ ̒  ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɺ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʝʢʩʧʝʨʪ ʚʚʘʞʘʻ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʚʭʽʜʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʥʝ ʻ 

ʥʘʜʣʠʰʢʦʚʦʶ, ʪʦ ʦʙʠʨʘʻʪʴʩʷ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

3.1. ʉʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ɺʭʽʜʥʠʡ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, 

ʧʨʠ ʧʝʚʥʠʭ ʟʘʜʘʯʘʭ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ, 

ʷʢʽ ʩʧʨʠʯʠʥʝʥʽ ʥʘʜʣʠʰʢʦʚʠʤ ʦʙôʻʤʦʤ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʽ 

(Li et al., 2022). ʇʦ-ʧʝʨʰʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ 

ʜʘʥʠʭ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʝ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʇʦ-ʜʨʫʛʝ, ʪʘʢ ʷʢ ʩʠʛʥʘʪʫʨʠ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʚʠʟʥʘʯʝʥʽ ʚ ʢʦʞʥʦʤʫ ʟ ʰʘʨʽʚ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʪʦ ʨʦʟʜʽʣʠʤʽʩʪʴ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚ ʮʽʣʦʤʫ, ʤʦʞʝ ʙʫʪʠ ʟʥʠʞʝʥʘ, 

ʷʢʱʦ ʧʨʠʩʫʪʥʽ ʰʘʨʠ ʘʙʦ ʥʝʧʨʘʚʠʣʴʥʦ ʩʪʚʦʨʝʥʽ, ʘʙʦ ʥʝ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ ʦʙʨʘʥʦʾ 

ʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ.  

ɺʠʨʽʰʝʥʥʷʤ ʚʢʘʟʘʥʠʭ ʧʨʦʙʣʝʤ ʚʙʘʯʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʪʘ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʚ ʮʽʣʦʤʫ(Luo et al., 2020, Huang et al., 2019). ʆʢʨʽʤ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʻ ʧʨʦʮʝʜʫʨʦʶ ʦʧʪʠʤʽʟʘʮʽʾ, ʚ ʷʢʽʡ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʢʘʟʥʠʢ, ʱʦ ʚʠʟʥʘʯʘʻ ʨʦʟʜʽʣʠʤʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʘ ʩʘʤʝ ï 

ʟʘʛʘʣʴʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʜʘʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʚ ʧ. 2.3. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʫ ʜʘʥʦʾ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ 

ʧʨʦʮʝʜʫʨʠ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ ʧʦʰʫʢ ʢʫʙʘ ʟ ʥʘʡʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʰʘʨʽʚ, ʧʨʠ ʷʢʠʭ 
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ʚʽʜʧʦʚʽʜʥʘ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʜʦʩʷʛʘʻ ʥʘʡʚʠʱʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʩʝʨʝʜ ʫʩʽʭ ʽʥʰʠʭ ʢʫʙʽʚ ʪʘ ʾʭʥʽʭ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʙʦʨʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ɹʣʦʢ-ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.2.  

 

ʈʠʩ. 3.2. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʜʘʥʽʡ ʙʣʦʢ-ʩʭʝʤʽ, ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʻ ʽʪʝʨʘʪʠʚʥʦʶ ʧʨʦʮʝʜʫʨʦʶ. ʅʘ 

ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʰʣʷʭʦʤ ʚʽʜʢʠʜʘʥʥʷ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʢʫʙʘ ʧʦ ʦʜʥʦʤʫ ʰʘʨʫ ʬʦʨʤʫʻʪʴʩʷ 

ʥʘʙʽʨ ʢʫʙʽʚ. ʂʽʣʴʢʽʩʪʴ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʢʫʙʽʚ ʨʽʚʥʘ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ ʧʦʪʦʯʥʦʛʦ ʢʫʙʘ. ɼʘʣʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʡ ʢʫʙ, ʷʢʠʡ ʤʘʻ ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ 
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ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʩʠʛʥʘʪʫʨʠ ʷʢʦʾ ʚʠʟʥʘʯʝʥʽ ʚ ʢʦʞʥʦʤʫ ʟ ʰʘʨʽʚ ʜʘʥʦʛʦ ʢʫʙʘ. ʗʢʱʦ 

ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʝ ʥʠʞʯʝ ʟʘ ʪʝ, ʱʦ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʥʘ ʧʦʧʝʨʝʜʥʽʡ 

ʽʪʝʨʘʮʽʾ, ʪʦ ʮʠʢʣ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ, ʚʞʝ ʨʦʟʢʣʘʜʘʶʯʠ ʢʫʙ, ʷʢʠʡ ʦʪʨʠʤʘʥʠʡ 

ʥʘ ʮʽʡ ʽʪʝʨʘʮʽʾ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʦʮʝʜʫʨʘ ʟʫʧʠʥʷʻʪʴʩʷ ʽ ʦʧʪʠʤʘʣʴʥʠʤ ʙʫʜʝ ʚʚʘʞʘʪʠʩʷ 

ʪʦʡ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʷʢʠʡ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ. ʊʘʢʦʞ 

ʽʪʝʨʘʪʠʚʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘʚʝʨʰʠʪʴʩʷ, ʷʢʱʦ ʥʘ ʜʘʥʽʡ ʽʪʝʨʘʮʽʾ ʦʪʨʠʤʘʥʦ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ 

ʜʘʥʠʭ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʦʜʠʥ ʰʘʨ. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʫ ʘʣʛʦʨʠʪʤʫ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 

ʥʠʞʯʝ ʙʫʜʝ ʚʚʝʜʝʥʦ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʪʘ ʾʭʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʅʝʭʘʡ ʧʦʯʘʪʢʦʚʠʡ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὅὋὈ ὒȟὒȟȣȟὒ , 

ʜʝ ὒ-ʮʝ ̔-ʡ ʰʘʨ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, N-ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʧʦʯʘʪʢʦʚʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. 

ʊʦʜʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.2, ʩʧʦʯʘʪʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢʘ ʤʘʻ ʩʠʛʥʘʪʫʨʠ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʚ ʢʦʞʥʦʤʫ 

ʟ ʰʘʨʽʚ ʧʦʯʘʪʢʦʚʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʅʝʭʘʡ ʮʝ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʥʥʽʡ 

ὛὍὝὛ . 

ʇʨʠʩʚʦʾʤʦ ʦʪʨʠʤʘʥʽ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʤ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʥʘʙʦʨʫ ʰʘʨʽʚ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʪʘ ʟʥʘʯʝʥʥʶ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ 

ʚʽʜʧʦʚʽʜʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʻʤʦ: 

ὅὋὈ ḧὅὋὈ  

ὛὍὝὛ ḧὛὍὝὛ  

ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʽʪʝʨʘʪʠʚʥʘ ʧʨʦʮʝʜʫʨʘ, ʧʽʜ ʯʘʩ ʷʢʦʾ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ 

ʚʠʢʦʥʫʶʪʴʩʷ ʦʧʠʩʘʥʽ ʥʠʞʯʝ ʢʨʦʢʠ. 

ʂʨʦʢ 1. ʅʘ ̔-ʡ ʽʪʝʨʘʮʽʾ ʧʦʪʦʯʥʠʡ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ὅὋὈ , ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ N-(i-1) ʨʘʩʪʨʦʚʠʭ ʰʘʨʽʚ, ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ N-(ʽ-1) ʢʫʙʽʚ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ 

ʜʘʥʠʭ. ʂʦʞʝʥ ʟ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʢʫʙʽʚ ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʽʜʢʠʜʘʥʥʷ ʟ ʧʦʪʦʯʥʦʛʦ ʢʫʙʘ 
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ʦʜʥʦʛʦ ʟ ʨʘʩʪʨʦʚʠʭ ʰʘʨʽʚ. ʊʦʜʽ ʢʦʞʝʥ ʟ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʢʫʙʽʚ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ 

ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὅὋὈ ὅὋὈ ὒ ὒȟὒȟȣȟὒ , 

ὅὋὈ ὅὋὈ ὒ ὒȟὒȣȟὒ , 

é 

ὅὋὈ ὅὋὈ ὒ ὒȟȣȟὒ . 

ʆʯʝʚʠʜʥʦ, ʱʦ ʢʦʞʝʥ ʟ ʦʪʨʠʤʘʥʠʭ ʢʫʙʽʚ ʙʫʜʝ ʤʽʩʪʠʪʠ N-i ʰʘʨʽʚ ʆʪʞʝ, 

ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ ʥʘʩʪʫʧʥʝ: 

ȿὅὋὈȿ ȿὅὋὈȿ Ễ ὅὋὈ ὔ Ὥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʪʚʦʨʝʥʽ ʢʫʙʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

ʥʘʩʪʫʧʥʦʾ ʤʥʦʞʠʥʠ: 

ὅ ὅὋὈȟὅὋὈȟȣȟὅὋὈ . 

ʂʨʦʢ 2. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʢʫʙʽʚ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʩʠʛʥʘʪʫʨʠ ʷʢʦʾ ʚʠʟʥʘʯʝʥʽ 

ʚ ʢʦʞʥʦʤʫ ʟ ʰʘʨʽʚ ʜʘʥʦʛʦ ʢʫʙʘ. ʊʦʜʽ, ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʣʷ 

ʧʝʚʥʦʛʦ ʢʫʙʘ ὅὋὈ ʙʫʜʝ ʧʦʟʥʘʯʘʪʠʩʷ ʷʢ ὛὍὝὛ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʤʥʦʞʠʥʫ, 

ʷʢʘ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʦʚʦʫʪʚʦʨʝʥʠʭ 

ʢʫʙʽʚ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ: 

Ὓ ὛὍὝὛȟὛὍὝὛȟȣȟὛὍὝὛ . 

ʂʨʦʢ 3. ʉʝʨʝʜ ʦʪʨʠʤʘʥʠʭ ʢʫʙʽʚ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʦʙʠʨʘʻʪʴʩʷ ʪʦʡ, ʷʢʠʡ ʤʘʻ 

ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʩʝʨʝʜ ʽʥʰʠʭ. 

ʊʘʢʠʡ ʢʫʙ ʙʫʜʝ ʧʦʟʥʘʯʝʥʦ ʷʢ ὅὋὈ. ʆʙʨʘʥʠʡ ʢʫʙ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὅὋὈ ὅὋὈ ɴ ὅȿὛὍὝὛÍÁØὛ . 

ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʦʪʨʠʤʘʥʦʾ ʟ ʢʫʙʘ ὅὋὈ, 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ ὛὍὝὛ. 
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ʂʨʦʢ 4. ʇʦʨʽʚʥʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ὛὍὝὛ ʪʘ ὛὍὝὛ . ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʜʚʘ 

ʚʘʨʽʘʥʪʠ: 

1) ʷʢʱʦ ὛὍὝὛὛὍὝὛ , ʪʦ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʟʘʚʝʨʰʫʻʪʴʩʷ, ʘ ʧʦʜʘʣʴʰʽ ʢʨʦʢʠ ʽʛʥʦʨʫʶʪʴʩʷ. ʆʧʪʠʤʘʣʴʥʠʤ 

ʢʫʙʦʤ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʙʫʜʝ ʪʦʡ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ, ʘ ʩʘʤʝ - 

ὅὋὈ . ɺʽʜʧʦʚʽʜʥʦ, ʟʘʛʘʣʴʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʩʠʛʥʘʪʫʨʠ 

ʷʢʦʾ ʚʠʟʥʘʯʝʥʽ ʚ ʢʦʞʥʦʤʫ ʟ ʰʘʨʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʤʘʻ 

ʟʥʘʯʝʥʥʷ ὛὍὝὛ . 

2) ʷʢʱʦ ὛὍὝὛὛὍὝὛ , ʪʦ ʟʤʽʥʥʽʡ ὛὍὝὛ  ʧʨʠʩʚʦʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʥʦʾ ὛὍὝὛ, ʪʦʙʪʦ: 

ὛὍὝὛḧὛὍὝὛ . 

ʂʨʦʢ 5. ʅʘ ʜʘʥʦʤʫ ʢʨʦʮʽ, ʷʢ ʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ, ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʚʘ ʚʘʨʽʘʥʪʠ: 

1) ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʦʪʨʠʤʘʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ὅὋὈ  

ʜʦʨʽʚʥʶʻ 1, ʪʦʙʪʦ: 

ὅὋὈ ρ, 

ʪʦ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʟʘʚʝʨʰʫʻʪʴʩʷ. 

ʆʧʪʠʤʘʣʴʥʠʤ ʢʫʙʦʤ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʙʫʜʝ ʪʦʡ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʥʘ ʧʦʪʦʯʥʽʡ ʽʪʝʨʘʮʽʾ, 

ʘ ʩʘʤʝ -  ὅὋὈ . ɺʽʜʧʦʚʽʜʥʦ, ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʩʠʛʥʘʪʫʨʠ ʷʢʦʾ ʚʠʟʥʘʯʝʥʽ ʚ ʢʦʞʥʦʤʫ ʟ ʰʘʨʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ 

ʜʘʥʠʭ, - ὛὍὝὛ . 

2) ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʦʪʨʠʤʘʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ὅὋὈ  ʙʽʣʴʰʝ 

1, ʪʦʙʪʦ: 

ὅὋὈ ρ, 

ʪʦ ʧʦʯʠʥʘʻʪʴʩʷ ʥʦʚʘ ʽʪʝʨʘʮʽʷ ʽ ʟʥʦʚʫ ʚʠʢʦʥʫʶʪʴʩʷ ʜʽʾ, ʱʦ ʚʢʘʟʘʥʽ ʥʘ ʢʨʦʮʽ 1. 
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ɿʘ ʫʤʦʚʠ, ʱʦ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʚʩʽ N-1 ʽʪʝʨʘʮʽʾ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʢʫʙʽʚ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʨʘʟʦʤ ʟ ʧʦʯʘʪʢʦʚʠʤ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ:  

ὖ ρ ײ
ὭȦ

Ὥ ρȦὭ Ὥ ρ Ȧ
ρ ײ

ὭȦ

Ὥ ρȦρȦ
ρ ײ

ὭȦ

Ὥ ρȦ

ρ Ὥײ  Ὥײ

ʈʝʟʫʣʴʪʘʪʦʤ ʦʧʠʩʘʥʦʾ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʜʝ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʟ 

ʪʘʢʠʤ ʥʘʙʦʨʦʤ ʰʘʨʽʚ, ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʩʝʨʝʜ ʫʩʽʭ ʽʥʰʠʭ ʨʦʟʛʣʷʥʫʪʠʭ ʥʘʙʦʨʽʚ. ʉʘʤʝ ʪʘʢʽ ʢʫʙ 

ʛʝʦʧʨʦʩʪʦʧʨʦʚʠʭ ʜʘʥʠʭ ʪʘ ʚʽʜʧʦʚʽʜʥʘ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ. 

3.2. ʉʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʩʠʛʥʘʪʫʨ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʜʘʥʦʛʦ ʥʘʙʦʨʫ. ʊʘʢ ʷʢ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʽʙ ʧʨʠ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʨʦʟʛʣʷʜʘʻ ʮʝʥʪʨʦʾʜʥʽ ʤʝʪʦʜʠ (Omran et al., 2007), ʪʦ ʤʝʪʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʘʥʦʾ ʛʽʣʢʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ 

ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʊʘʢʠʡ ʧʦʰʫʢ ʻ ʟʘʜʘʯʝʶ ʦʧʪʠʤʽʟʘʮʽʾ, ʚ ʷʢʽʡ ʮʽʣʴʦʚʦʶ 

ʬʫʥʢʮʽʻʶ ʻ ʟʘʛʘʣʴʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ 

ʷʢʦʛʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʚ ʧ. 2.3. ʆʙʨʘʥʠʡ ʧʦʢʘʟʥʠʢ ʜʘʻ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʨʦʟʜʽʣʠʤʦʩʪʽ 

ʤʽʞ ʩʠʛʥʘʪʫʨʘʤʠ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʻ ʦʧʪʠʤʘʣʴʥʦʶ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʽʜʧʦʚʽʜʥʠʡ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʡ ʥʘʙʽʨ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʤʘʪʠʤʝ ʥʘʡʚʠʱʝ ʩʝʨʝʜ ʫʩʽʭ ʽʥʰʠʭ ʥʘʙʦʨʽʚ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  

ɸʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʙʣʦʢ-ʩʭʝʤʽ (ʨʠʩ. 3.3). ʗʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʜʘʥʽʡ ʙʣʦʢ-ʩʭʝʤʽ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ 
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ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦʨʽʚʥʶʻ ʩʚʦʻʤʫ ʘʙʩʦʣʶʪʥʦʤʫ ʤʘʢʩʠʤʫʤʫ, ʘ 

ʩʘʤʝ 1, ʪʦ ʜʘʥʠʡ ʥʘʙʽʨ ʚʞʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ, ʪʦʤʫ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʧʨʦʚʦʜʠʪʠʩʷ ʥʝ ʙʫʜʝ. ɺ 

ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʣʷʛʘʪʠʤʝ ʚ ʽʪʝʨʘʪʠʚʥʦʤʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ 

ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʪʠʭ ʧʘʨ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʥʠʞʯʝ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʚʦʭ ʢʣʘʩʽʚ 

ὛὍὝὛ. ʉʝʨʝʜ ʫʤʦʚ ʟʫʧʠʥʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʦʩʷʛʥʝʥʥʷ ʟʥʘʯʝʥʥʷ 1 

ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʢʨʦʮʽ. ʊʘʢʦʞ, 

ʧʦʪʦʯʥʝ ʯʠʩʣʦ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʙʫʜʝ ʚʚʘʞʘʪʠʩʷ 

ʦʧʪʠʤʘʣʴʥʠʤ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʨʠ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʚʩʽʭ 

ʧʦʩʧʽʣʴ ʧʘʨ ʢʣʘʩʽʚ ʥʝ ʙʫʣʦ ʞʦʜʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ. 

 

ʈʠʩ. 3.3. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 
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ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʫ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʩʧʦʯʘʪʢʫ ʙʫʜʝ ʚʚʝʜʝʥʦ ʚʭʽʜʥʽ ʜʘʥʽ ʪʘ ʾʭʥʽ 

ʧʦʯʘʪʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʝʭʘʡ ʧʦʯʘʪʢʦʚʠʡ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ï ὝὛ, ʪʦʜʽ: 

ὝὛ ὸίȟ ὸίȟȣȟὸί ȟ 

ʜʝ ὸί- ʚʠʙʽʨʢʘ iïʛʦ ʢʣʘʩʫ, N-ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ. 

ʇʝʨʝʜ ʧʨʦʮʝʜʫʨʦʶ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʚʠʙʽʨʢʠ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ. ʅʝʭʘʡ ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ ʟʘʜʘʻʪʴʩʷ 

ʤʥʦʞʠʥʦʶ ʉ, ʪʦʜʽ: 

ὅ ὧȟὧȟȣȟὧ , 

ʜʝ ̒- ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʚʠʙʽʨʢʠ i-ʛʦ ʢʣʘʩʫ ὸί.  

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʠʙʽʨʢʘ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ ʫʤʦʚʥʦ ʤʘʻ ʧʦ ʦʜʥʦʤʫ 

ʢʣʘʩʪʝʨʫ, ʪʦʜʽ: 

ὧ ὧȟ Ễ ὧ ρ. 

ʊʘʢʠʤ ʯʠʥʦʤ: 

ὅ ὧȟὧȟȣȟὧ ρȟρȟȣȟρ. 

ʊʦʜʽ, ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ὝὛ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʧʽʩʣʷ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ὝὛ ʟ ʟʘʜʘʥʦʶ ʢʽʣʴʢʽʩʪʶ ʢʣʘʩʪʝʨʽʚ C, ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢ:  

ὝὛ ὅὒὝὛȟὅȟ 

ʜʝ ὅὒὝὛȟὅ- ʬʫʥʢʮʽʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʘʨʛʫʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ὝὛ ʪʘ 

ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ὅ. 

ʅʘ ʧʦʯʘʪʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘʛʘʣʴʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʣʷ 

ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ὝὛ. ʅʝʭʘʡ ʮʝ ʙʫʜʝ ʟʥʘʯʝʥʥʷ ὛὍὝὛ . 

ɼʘʣʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʢʦʞʥʠʭ ʜʚʦʭ ʢʣʘʩʽʚ, ʪʘʢʠʤ 

ʯʠʥʦʤ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʤʥʦʞʠʥʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʟʥʘʯʝʥʴ. 

ὖὃὍὙὛὛὍὝὛȟȟὛὍὝὛȟȟȣȟὛὍὝὛ ȟ , 

ʜʝ ὛὍὝὛȟ - ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʢʣʘʩʽʚ i ʪʘ j , ʧʨʠʯʦʤʫ i,j   ɴρȟὔȟὭ ὮȢ  

ʆʯʝʚʠʜʥʦ ʥʘʩʪʫʧʥʝ: 
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ὛὍὝὛȟ= ὛὍὝὛȟ. 

ʊʦʤʫ ʣʠʰʝ ʘʙʦ ὛὍὝὛȟ, ʘʙʦ ὛὍὝὛȟ ʚʭʦʜʠʪʴ ʜʦ ʤʥʦʞʠʥʠ PAIRS, ʪʦʙʪʦ: 

ὛὍὝὛȟ, ὛὍὝὛȟ   ɵPAIRS. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʽʥʜʝʢʩʽʚ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʚʦʭ ʢʣʘʩʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʤʥʦʞʠʥʠ PAIRS, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ȿὖὃὍὙὛȿ
Ȧ

ȦȦ

Ȧ

ȦȦ ᶻ
. 

ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʽʪʝʨʘʪʠʚʥʘ ʧʨʦʮʝʜʫʨʘ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ 

ʜʣʷ ʚʠʙʽʨʢʠ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ. 

ʂʨʦʢ 1. ʆʙʠʨʘʶʪʴʩʷ ʜʚʘ ʢʣʘʩʠ, ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʷʢʠʭ ʥʘʡʥʠʞʯʝ 

ʩʝʨʝʜ ʽʥʰʠʭ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʤʥʦʞʠʥʦʶ PAIRS. ʎʽ ʜʚʘ ʢʣʘʩʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

ὸȟὯ ɴ ρȟὔȟὸ ὯȿὛὍὝὛ ȟ ÍÉÎὖὃὍὙὛ. 

ʊʘʢ ʷʢ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʮʽʻʾ ʧʘʨʠ ʢʣʘʩʽʚ ʻ ʥʘʡʥʠʞʯʠʤ ʩʝʨʝʜ ʚʩʽʭ 

ʽʥʰʠʭ ʧʘʨ ʢʣʘʩʽʚ, ʪʦ ʮʝ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʮʽ ʢʣʘʩʠ ʥʘʡʙʽʣʴʰʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ 

ʩʝʨʝʜ ʽʥʰʠʭ. 

ʂʨʦʢ 2. ʅʘ ʮʴʦʤʫ ʢʨʦʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʜʣʷ 

ʧʘʨʠ ʢʣʘʩʽʚ t ʪʘ k, ʱʦ ʙʫʣʘ ʦʙʨʘʥʘ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ. ɸʣʛʦʨʠʪʤ ʜʘʥʦʾ ʧʨʦʮʝʜʫʨʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʮʠʢʣʫ ʥʘ ʨʠʩ. 3.4. 
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ʈʠʩ. 3.4. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʜʚʦʭ 

ʢʣʘʩʽʚ 

 

ɺʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʜʘʥʦʛʦ ʮʠʢʣʫ ʧʦʣʷʛʘʻ ʚ ʢʨʦʢʘʭ, ʱʦ ʦʧʠʩʘʥʽ ʥʠʞʯʝ: 

ʂʨʦʢ 2.1. ɿ ʤʥʦʞʠʥʠ ʉ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʚʠʙʽʨʢʠ ʢʦʞʥʦʛʦ ʟ 

ʢʣʘʩʽʚ, ʫʪʚʦʨʶʻʪʴʩʷ ʜʚʽ ʤʥʦʞʠʥʠ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʚʠʙʽʨʢʠ ʢʣʘʩʫ 

t ʪʘ k ʥʘ 1. ʊʘʢʠʤ ʯʠʥʦʤ: 

ὅ ὧȟὧȟȣȟὧ ρȟȣȟὧ , 

ὅ ὧȟὧȟȣȟὧ ρȟȣȟὧ . 
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ʂʨʦʢ 2.2. ʇʘʨʘʣʝʣʴʥʦ ʧʨʦʚʦʜʷʪʴʩʷ ʜʚʽ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʟ ʢʽʣʴʢʽʩʪʶ ʢʣʘʩʪʝʨʽʚ ὅ ʪʘ ὅ: 

ὝὛ ὅὒὝὛȟὅ ȟ 

ʜʝ ὝὛ- ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʧʽʩʣʷ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʧʦʯʘʪʢʦʚʦʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ὝὛ ʟ ʟʘʜʘʥʦʶ ʢʽʣʴʢʽʩʪʶ ʢʣʘʩʪʝʨʽʚ ὅ. 

ὝὛ ὅὒὝὛȟὅ ȟ 

ʜʝ ὝὛ- ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʧʽʩʣʷ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʧʦʯʘʪʢʦʚʦʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ὝὛ ʟ ʟʘʜʘʥʦʶ ʢʽʣʴʢʽʩʪʶ ʢʣʘʩʪʝʨʽʚ ὅ. 

ʂʨʦʢ 2.3. ʈʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʜʣʷ 

ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʭ ʥʘʙʦʨʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ  ὝὛ ʪʘ ὝὛ. ɰʭʥʽ ʟʥʘʯʝʥʥʷ ʙʫʜʫʪʴ 

ʧʦʟʥʘʯʝʥʽ ʷʢ ὛὍὝὛ  ʪʘ ὛὍὝὛ  ʚʽʜʧʦʚʽʜʥʦ. 

ʂʨʦʢ 2.4. ʉʝʨʝʜ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʭ ʥʘʙʦʨʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ὝὛ ʪʘ 

ὝὛ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʡ, ʱʦ ʤʘʻ ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ. 

ʅʝʭʘʡ ʪʘʢʠʡ ʥʘʙʽʨ ʙʫʜʝ ʧʦʟʥʘʯʝʥʦ ʷʢ ὝὛ, ʪʦʜʽ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ: 

ό ɴ ὸȟὯὛὍὝὛ ÍÁØὛὍὝὛ ȟὛὍὝὛ  

ɿ ʮʴʦʛʦ ʩʣʽʜʫʻ, ʱʦ ʥʘʡʚʠʱʠʤ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʩʝʨʝʜ ὛὍὝὛ  ʪʘ ὛὍὝὛ  ʻ ὛὍὝὛ , ὅ ὝὛ- ʚʽʜʧʦʚʽʜʥʦ ʢʽʣʴʢʽʩʪʴ 

ʢʣʘʩʪʝʨʽʚ ʪʘ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʡ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʧʨʠ ʷʢʽʡ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ὛὍὝὛ . 

ʂʨʦʢ 2.5. ʅʘ ʮʴʦʤʫ ʢʨʦʮʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʨʠ ʚʠʧʘʜʢʠ: 

1) ʷʢʱʦ ὛὍὝὛ  ὛὍὝὛ , ʪʦ ʽʪʝʨʘʪʠʚʥʘ ʧʨʦʮʝʜʫʨʘ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʧʘʨʠ ʢʣʘʩʽʚ t ʪʘ k, ʱʦ ʧʦʯʘʪʘ ʥʘ ʢʨʦʮʽ 2, ʟʫʧʠʥʷʻʪʴʩʷ ʽ ʜʘʣʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʜʽʾ, ʱʦ ʚʢʘʟʘʥʽ ʥʘ ʢʨʦʮʽ 3; 

2) ʷʢʱʦ ὛὍὝὛ ὛὍὝὛ ρ, ʪʦ ὅ ʽ ὛὍὝὛ  ʧʨʠʩʚʦʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ὅ ʪʘ ὛὍὝὛ  ,  ʪʦʙʪʦ: 

ὅȡ ὅ ὧȟὧȟȣȟὧ ρȟȣȟὧ , 
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ὛὍὝὛ Ḋ ὛὍὝὛ , 

ʧʽʩʣʷ ʯʦʛʦ ʧʦʯʠʥʘʻʪʴʩʷ ʥʦʚʘ ʽʪʝʨʘʮʽʷ ʧʨʦʮʝʜʫʨʠ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ 

ʜʣʷ ʧʘʨʠ ʢʣʘʩʽʚ t ʪʘ k, ʱʦ ʧʦʯʘʪʘ ʥʘ ʢʨʦʮʽ 2, ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʜʽʾ, ʱʦ ʚʢʘʟʘʥʽ ʥʘ ʢʨʦʮʽ 2.1; 

3) ʷʢʱʦ ὛὍὝὛ ρ, ʪʦ ὅ ʽ ὛὍὝὛ  ʧʨʠʩʚʦʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ὅ ʪʘ 

ὛὍὝὛ  ʚʽʜʧʦʚʽʜʥʦ, ʧʽʩʣʷ ʯʦʛʦ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ 

ʟʘʚʝʨʰʫʻʪʴʩʷ, ʪʘʢ ʷʢ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʡ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʱʦ ʦʪʨʠʤʘʥʦ ʥʘ ʮʽʡ 

ʽʪʝʨʘʮʽʾ, ʚʞʝ ʜʦʩʷʛ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ.  

ʂʨʦʢ 3. ʈʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʢʦʞʥʠʭ ʜʚʦʭ ʢʣʘʩʽʚ, ʦʢʨʽʤ 

ʧʘʨʠ ʢʣʘʩʽʚ t ʪʘ k. ʇʨʠʯʦʤʫ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʣʘʩʪʝʨʠʟʦʚʘʥʘ ʥʘʚʯʘʣʴʥʘ 

ʚʠʙʽʨʢʘ ὝὛ. ʇʽʩʣʷ ʮʴʦʛʦ ʤʥʦʞʠʥʽ ὖὃὍὙὛ ʧʨʠʩʚʦʶʶʪʴʩʷ ʝʣʝʤʝʥʪʠ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ 

ʨʦʟʨʘʭʦʚʘʥʽ ʚʠʱʝ ʷʢ ʽʥʜʝʢʩʠ ʨʦʟʜʽʣʠʤʦʩʪʽ. ʉʧʨʘʚʝʜʣʠʚʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʦʾ 

ʤʥʦʞʠʥʠ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ ʪʚʝʨʜʞʝʥʥʷ: 

ὛὍὝὛȟ}  ɵ ὖὃὍὙὛ. 

ɼʘʣʽ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʥʦʚʦʾ ʽʪʝʨʘʮʽʾ, 

ʚʠʢʦʥʫʶʯʠ ʜʽʾ, ʱʦ ʚʢʘʟʘʥʽ ʢʨʦʮʽ 1, ʘʣʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʪʨʠʤʘʥʦʾ ʥʘ ʮʴʦʤʫ ʢʨʦʮʽ 

ʤʥʦʞʠʥʠ ὖὃὍὙὛ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʢʨʦʢʽʚ ʙʫʜʝ ʤʥʦʞʠʥʘ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ C. ʅʝʭʘʡ ʮʷ ʤʥʦʞʠʥʘ ʙʫʜʝ 

ʧʦʟʥʘʯʝʥʘ ʷʢ ὅ . ʂʣʘʩʪʝʨʠʟʦʚʘʥʠʡ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʟʘʜʘʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʢʣʘʩʪʝʨʽʚ ὅ  ʙʫʜʝ ʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὝὛ ὅὒὝὛȟὅ . 

ʊʘʢ ʷʢ ʢʦʞʝʥ ʢʣʘʩʪʝʨ ʚʠʙʽʨʢʠ ʢʣʘʩʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʢʨʝʤʠʡ ʢʣʘʩ, ʪʦ ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʦʪʨʠʤʘʥʦʾ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʨʦʟʨʘʭʦʚʫʚʘʪʠʤʝʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὝὛ В ὅ . 
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ʆʪʞʝ, ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʡ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ὝὛ  ʻ ʦʧʪʠʤʘʣʴʥʠʤ, ʪʘʢ ʷʢ 

ʤʘʻ ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʩʝʨʝʜ ʽʥʰʠʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʭ ʥʘʙʦʨʽʚ. ʊʦʤʫ ʩʘʤʝ ʮʝʡ ʥʘʙʽʨ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʛʽʣʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʩʧʦʩʽʙ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽ ʾʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  

2. ʈʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʧʨʦʮʝʜʫʨʘ. ɰʾ ʤʝʪʦʶ ʻ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʚʭʽʜʥʦʛʦ 

ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʗʢ ʙʫʣʦ ʚʢʘʟʘʥʦ ʚ ʧ. 1.2, ʨʦʟʤʽʨʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʢʫʙʘ ʩʧʽʚʧʘʜʘʻ 

ʟ ʨʦʟʤʽʨʥʽʩʪʶ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʊʘʢʦʞ, ʜʘʥʘ ʧʨʦʮʝʜʫʨʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʢʫʙ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʙʫʜʫʪʴ ʚʚʘʞʘʪʠʩʷ ʦʧʪʠʤʘʣʴʥʠʤʠ, ʷʢʱʦ ʚʦʥʠ ʙʫʜʫʪʴ ʤʘʪʠ 

ʥʘʡʚʠʱʫ ʨʦʟʜʽʣʠʤʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ ʧʨʠ ʥʘʡʤʝʥʰʽʡ ʨʦʟʤʽʨʥʦʩʪʽ ʩʝʨʝʜ ʫʩʽʭ 

ʽʥʰʠʭ ʥʘʙʦʨʽʚ. ʎʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʜʘʥʦʾ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʧʨʦʮʝʜʫʨʠ ʚʠʟʥʘʯʝʥʦ 

ʟʘʛʘʣʴʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʈʦʟʨʘʭʫʥʦʢ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʦʧʠʩʘʥʦ ʚ ʧ. 2.3. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  

3. ʈʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽ ʾʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʢʣʘʩʽʚ ʜʘʥʦʛʦ ʥʘʙʦʨʫ. ɼʘʥʫ ʧʨʦʮʝʜʫʨʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʦʧʪʠʤʽʟʘʮʽʡʥʫ, ʷʢʘ ʥʘʮʽʣʝʥʘ ʥʘ ʧʦʰʫʢ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʧʨʠ ʷʢʠʭ ʙʫʜʝ ʜʦʩʷʛʘʪʠʩʷ ʥʘʡʚʠʱʘ ʨʦʟʜʽʣʠʤʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ 

ʦʟʥʘʢ. ʎʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʚʠʟʥʘʯʝʥʦ ʟʘʛʘʣʴʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʦʧʠʩʘʥʦ ʚ ʧ. 2.3. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʘʥʦʾ ʧʨʦʮʝʜʫʨʠ.  

4. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ 

ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ 
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ʚʠʙʽʨʢʠ ʪʘ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʦʻʜʥʘʥʦ ʚ ʤʝʪʦʜʠʢʫ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ.   
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ʈʆɿɼɯʃ 4 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɿʈʆɹʃɽʅʆɰ 

ʄɽʊʆɼʀʂʀ ʂʃɸʉʀʌɯʂʋɺɸʅʅʗ ʆɹôɭʂʊɯɺ ʅɸ ɸɽʈʆ- ʊɸ ʂʆʉʄɯʏʅʀʍ 

ɿʆɹʈɸɾɽʅʅʗʍ ɺ ʋʄʆɺɸʍ ʅʀɿʔʂʆɰ ʈʆɿɼɯʃʀʄʆʉʊɯ ʈʆɿʇɯɿʅɸɺɸʃʔʅʀʍ 

ʆɿʅɸʂ 

 

ɺ ʨʘʤʢʘʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʘʝʨʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʨʦʟʛʣʷʥʫʪʦ ʪʨʠ ʟʘʜʘʯʽ: 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ, ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʪʠʧʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ.  

ɼʦ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʦʢʨʝʤʦ ʷʢ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʪʘʢ ʽ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟ ʟʘʜʘʯʝʶ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʝʢʩʧʝʨʠʤʝʥʪʠ. ɼʦ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʪʠʧʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ 

ʪʽʣʴʢʠ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  

ʆʪʞʝ, ʚʩʴʦʛʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʯʦʪʠʨʠ ʝʢʩʧʝʨʠʤʝʥʪʠ. ʂʦʞʝʥ ʟ ʦʧʠʩʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʣʷʛʘʚ ʚ ʧʨʦʚʝʜʝʥʥʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʜʦ ʪʘ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʢʣʘʩʠʬʽʢʘʮʽʡ ʪʘ ʾʭ ʧʦʨʽʚʥʷʥʥʷ. 

4.1. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʪʘ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʦʢʨʝʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʾʭ 

ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʦ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ. ʊʝʩʪʦʚʠʤ ʧʦʣʽʛʦʥʦʤ ʦʙʨʘʥʦ ʐʘʮʴʢʠʡ 

ʢʦʥʪʨʦʣʴʥʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʧʦʣʽʛʦʥ ɼɿɿ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʟʥʽ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʯʘʩʦʚʠʡ ʨʷʜ, ʷʢʠʡ ʤʽʩʪʠʚ ʩʧʝʢʪʨʘʣʴʥʽ ʢʘʥʘʣʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ 
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Sentinel-2 ʟʘ ʪʨʠ ʜʘʪʠ, ʚʽʜʧʦʚʽʜʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʠ ʪʘ ʜʦʧʦʤʽʞʥʽ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʦʙʯʠʩʣʝʥʽ ʟʘ ʎʄʈ. ɺ ʪʦʡ ʯʘʩ, ʷʢ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʭʽʜʥʽ ʜʘʥʽ ʙʫʣʠ ʦʙʤʝʞʝʥʽ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ ʦʜʥʦʛʦ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʫ Sentinel-2 ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʞʦʜʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ. 

ɼʣʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙʨʘʥʦ ʰʽʩʪʴ ʪʝʤʘʪʠʯʥʠʭ ʢʣʘʩʽʚ, ʘ ʩʘʤʝ: ʙʦʣʦʪʘ, 

ʣʽʩʠ, ʣʫʢʠ, ʚʦʜʥʽ ʦʙôʻʢʪʠ, ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ ʪʘ ʽʥʰʽ ʟʝʤʣʽ. ɺ ʦʙʦʭ ʧʨʠʢʣʘʜʘʭ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

ʚʽʜʩʪʘʥʴ ʄʘʭʘʣʘʥʦʙʽʩʘ. ʋ ʚʠʧʘʜʢʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ 

ʢʣʘʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʂ-ʉʝʨʝʜʥʽʭ. 

ɺ ʢʦʞʥʦʤʫ ʟ ʧʨʠʢʣʘʜʽʚ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦ ʪʘ 

ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʪʦʛʦ, ʘʙʠ ʾʭ ʧʦʨʽʚʥʷʪʠ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. 

4.1.1. ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ɺʘʣʽʜʘʮʽʷ ʪʘ ʚʽʜʣʘʛʦʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʾ ʤʝʪʦʜʠʢʠ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʚ ʤʝʞʘʭ 

ʐʘʮʴʢʦʛʦ ʢʦʥʪʨʦʣʴʥʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ɼɿɿ.  

ʇʽʜ ʪʘʢʠʤ ʧʦʣʽʛʦʥʦʤ ʨʦʟʫʤʽʶʪʴ ʚʠʟʥʘʯʝʥʫ ʪʝʨʠʪʦʨʽʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʝʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʛʽʦʥʫ ʪʘ ʚʢʣʶʯʘʻ ʪʠʧʦʚʽ ʜʣʷ ʜʘʥʦʾ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʦʾ ʟʦʥʠ ʣʘʥʜʰʘʬʪʥʽ 

ʫʤʦʚʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʘʚʽʨʢʦʚʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʩʠʩʪʝʤ ʪʘ ʜʘʥʠʭ 

ɼɿɿ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʟʝʤʥʦʛʦ ʟʘʚʽʨʶʚʘʥʥʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ 

(ʃʷʣʴʢʦ ʪʘ ʇʦʧʦʚ, 2008). ʇʦʣʽʛʦʥ ɼɿɿ ʚʢʣʶʯʘʻ ʦʩʥʦʚʥʽ ʪʠʧʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʱʦ 

ʧʝʨʝʚʘʞʘʶʪʴ ʫ ʣʘʥʜʰʘʬʪʥʽʡ ʩʪʨʫʢʪʫʨʽ ʨʝʛʽʦʥʫ. ɺ ʤʝʞʘʭ ʧʦʣʽʛʦʥʫ ʚʠʙʠʨʘʶʪʴʩʷ ʪʝʩʪʦʚʽ 

ʜʽʣʷʥʢʠ ʽ ʪʝʩʪʦʚʽ ʝʣʝʤʝʥʪʠ, ʥʘ ʷʢʠʭ ʚʝʜʫʪʴʩʷ ʧʝʨʽʦʜʠʯʥʽ ʧʦʣʴʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʬʽʟʠʯʥʽ 

ʚʠʤʽʨʠ, ʪʦʱʦ (ʃʷʣʴʢʦ ʪʘ ʽʥ., 2014). 

ʐʘʮʴʢʠʡ ʢʦʥʪʨʦʣʴʥʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʧʦʣʽʛʦʥ ɼɿɿ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʫ 2007 ʨʦʮʽ ʫ 

ʤʝʞʘʭ ʐʘʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ (ʃʷʣʴʢʦ ʪʘ ʽʥ., 2008), ʷʢʠʡ ʻ 

ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʨʝʟʝʨʚʘʪʫ çɿʘʭʽʜʥʝ ʇʦʣʽʩʩʷè 
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(https://en.unesco.org/biosphere/eu-na/west-polesie ). ɺʽʥ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʟʘʭʦʜʽ 

ɺʦʣʠʥʩʴʢʽʡ ʦʙʣʘʩʪʽ ʋʢʨʘʾʥʠ ʽ ʥʘʣʝʞʠʪʴ ʜʦ ʨʝʛʽʦʥʫ ʇʦʣʽʩʩʷ, ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰʠʭ ʫ 

ɭʚʨʦʧʽ ʙʦʣʦʪʥʦ-ʦʟʝʨʥʦ-ʣʽʩʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʇʣʦʱʘ ʜʘʥʦʛʦ ʧʦʣʽʛʦʥʫ ʩʪʘʥʦʚʠʪʴ 

489,77 ʢʤ2 (ʖʨʯʫʢ ʪʘ ʖʨʯʫʢ, 2010).  

ʐʘʮʴʢʠʡ ʧʦʣʽʛʦʥ ʻ ʝʣʝʤʝʥʪʦʤ ʫʢʨʘʾʥʩʴʢʦʾ ʤʝʨʝʞʽ ʧʦʣʽʛʦʥʽʚ ʚʘʣʽʜʘʮʽʾ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟ 2007 ʨʦʢʫ (ʃʷʣʴʢʦ ʪʘ ʇʦʧʦʚ, 2008). ʋ ʧʝʨʽʦʜ ʟ 2007 ʧʦ 2014 

ʨʦʢʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʦʣʽʛʦʥʫ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʱʦʨʽʯʥʽ ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʃʷʣʴʢʦ ʪʘ ʽʥ., 

2014). ʇʦʥʘʜ 100 ʛʝʦʧʨʠʚôʷʟʘʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʙʫʣʦ ʟʘʢʣʘʜʝʥʦ ʚ ʡʦʛʦ ʤʝʞʘʭ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʠʯʝʨʧʥʦʾ ʥʘʟʝʤʥʦʾ ʟʘʚʽʨʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʣʘʥʜʰʘʬʪʠ 

ʇʦʣʽʩʴʢʦʛʦ ʨʝʛʽʦʥʫ (ʃʷʣʴʢʦ ʪʘ ʽʥ., 2009). ʋʩʽ ʜʽʣʷʥʢʠ ʩʪʚʦʨʶʚʘʣʠʩʷ ʪʘ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʫʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʤʽʞʥʘʨʦʜʥʠʤʠ ʝʢʩʧʝʨʪʘʤʠ ʫ ʛʘʣʫʟʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ɿʝʤʣʽ, ʟʦʢʨʝʤʘ CEOS - Committee on Earth Observation 

Satellites (Teillet et al., 2007). ʈʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʤʝʞʽ ʜʘʥʦʛʦ ʧʦʣʽʛʦʥʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 

4.1. 

ɺ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʦʟʛʣʷʥʫʪʠʡ ʧʦʣʽʛʦʥ ʙʫʣʦ ʦʙʨʘʥʦ ʷʢ ʪʝʨʠʪʦʨʽʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʯʝʨʝʟ ʚʠʩʦʢʫ ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ ʡʦʛʦ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ. ʇʽʜ ʯʘʩ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʮʝ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʙôʻʢʪʠʚʥʦʩʪʽ ʚʽʜʽʙʨʘʥʠʭ 

ʝʢʩʧʝʨʪʘʤʠ ʢʣʘʩʽʚ ʪʘ ʟʤʽʰʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʚʠʙʽʨʦʢ, ʱʦ ʚʣʘʩʥʝ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʴʢʦʭ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʦʟʥʘʢ.  

ʐʘʮʴʢʠʡ ʧʦʣʽʛʦʥ ʚʢʣʶʯʘʻ ʪʠʧʦʚʽ ʜʣʷ ɿʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ ʝʢʦʩʠʩʪʝʤʠ: ʣʽʩʦʚʽ, 

ʙʦʣʦʪʥʽ, ʦʟʝʨʥʽ, ʪʘ ʣʫʯʥʽ. ʁʦʛʦ ʪʝʨʠʪʦʨʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʤʦʟʘʾʯʥʽʩʪʶ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ, ʟʦʢʨʝʤʘ ʨʦʩʣʠʥʥʠʭ ʙʽʦʪʦʧʽʚ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ, ʩʧʝʮʠʬʽʢʦʶ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʽ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ (ʖʨʯʫʢ ʪʘ 

ʖʨʯʫʢ, 2010). 

https://en.unesco.org/biosphere/eu-na/west-polesie
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ʈʠʩ. 4.1. ʈʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʤʝʞʽ ʐʘʮʴʢʦʛʦ ʢʦʥʪʨʦʣʴʥʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ɼɿɿ 

 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʦʣʽʛʦʥʫ ʻ ʣʽʩʦʚʽ ʙʽʦʪʦʧʠ, ʩʝʨʝʜ ʷʢʠʭ 

ʧʝʨʝʚʘʞʘʶʪʴ ʩʦʩʥʦʚʽ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʫ ʨʝʣʴʻʬʽ ʢʣʘʩʠʯʥʠʡ ʙʦʨʦʚʠʡ ʢʦʤʧʣʝʢʩ ʚʽʜ ʩʫʭʠʭ 

ʣʠʰʘʡʥʠʢʦʚʠʭ ʩʦʩʥʷʢʽʚ ʜʦ ʟʘʙʦʣʦʯʝʥʠʭ ʩʬʘʛʥʦʚʠʭ ʩʦʩʥʦʚʠʭ ʣʽʩʽʚ. ɼʦʩʠʪʴ ʟʥʘʯʥʠʤʠ ʫ 

ʣʽʩʦʚʦʤʫ ʧʦʢʨʠʚʽ ʻ ʚʽʣʴʰʘʥʠʢʠ, ʥʝʚʝʣʠʢʽ ʜʽʣʷʥʢʠ ʷʢʠʭ ʨʦʟʢʠʜʘʥʽ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʧʦ 

ʧʝʨʠʬʝʨʽʾ ʙʦʣʽʪ ʪʘ ʫ ʧʦʥʠʞʝʥʥʷʭ. ɹʝʨʝʟʦʚʽ ʣʽʩʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ʤʽʩʮʽ ʢʦʨʽʥʥʠʭ 

ʩʦʩʥʦʚʠʭ ʣʽʩʽʚ. ɼʽʣʷʥʢʠ ʟ ʙʽʣʴʰ ʙʘʛʘʪʠʤʠ ˇʨʫʥʪʘʤʠ ʟʘʡʥʷʪʽ ʜʫʙʦʚʦ-ʩʦʩʥʦʚʠʤʠ ʪʘ 

ʛʨʘʙʦʚʦ-ʜʫʙʦʚʠʤʠ ʣʽʩʘʤʠ, ʧʨʦʪʝ ʚʦʥʠ ʟʘʡʤʘʶʪʴ ʥʝʟʥʘʯʥʽ ʧʣʦʱʽ (ʌʽʪʦʨʽʟʥʦʤʘʥʽʪʪʷ, 

2006).  

ʆʩʥʦʚʥʽ ʤʘʩʠʚʠ ʣʫʯʥʠʭ ʙʽʦʪʦʧʽʚ ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʟʘʧʣʘʚʠ ʇʨʠʧ'ʷʪʽ. 

ʅʝʚʝʣʠʢʠʤʠ ʜʽʣʷʥʢʘʤʠ ʪʨʘʧʣʷʶʪʴʩʷ ʚʦʥʠ ʽ ʩʝʨʝʜ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ ʪʘ ʥʘ ʧʨʠʧʽʜʥʷʪʠʭ 

ʜʽʣʷʥʢʘʭ ʥʘʚʢʦʣʦ ʙʦʣʽʪ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʪʝʨʠʪʦʨʽʾ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʙʦʣʽʪ. ɺ ʤʽʞʦʟʝʨʥʠʭ ʢʦʪʣʦʚʠʥʘʭ 

ʟʦʩʝʨʝʜʞʝʥʽ ʷʢ ʝʚʪʨʦʬʥʽ (ʥʠʟʠʥʥʽ), ʧʝʨʝʚʘʞʥʦ ʦʩʦʢʦʚʦ-ʛʽʧʥʦʚʽ, ʪʘʢ ʽ ʤʝʟʦʪʨʦʥʽ 

(ʧʝʨʝʭʽʜʥʽ) ʙʦʣʦʪʘ, ʟʨʽʜʢʘ ʪʨʘʧʣʷʶʪʴʩʷ ʦʣʽʛʦʪʨʦʬʥʽ (ʚʝʨʭʦʚʽ) ʙʦʣʦʪʘ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʦʟʝʨ, ʢʘʥʘʣʽʚ ʪʘ ʽʥʰʠʭ ʚʦʜʦʡʤ ʟʫʤʦʚʠʣʘ ʩʫʪʪʻʚʠʡ ʨʦʟʚʠʪʦʢ ʧʨʠʙʝʨʝʞʥʦ-ʚʦʜʥʦʾ 
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ʨʦʩʣʠʥʥʦʩʪʽ (Lyalko et al., 2010). ʇʨʠʙʝʨʝʞʥʘ ʩʤʫʛʘ ʟʘʡʥʷʪʘ ʧʝʨʝʚʘʞʥʦ ʦʯʝʨʝʪʦʤ, ʘ 

ʛʣʠʙʰʝ, ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʽ ʚʦʜʠ - ʢʫʛʦʶ ʦʟʝʨʥʦʶ. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʧʨʠʨʦʜʥʽ, ʪʘʢ ʽ ʪʨʘʥʩʬʦʨʤʦʚʘʥʽ ʣʶʜʩʴʢʦʶ ʜʽʷʣʴʥʽʩʪʶ 

ʝʢʦʩʠʩʪʝʤʠ. ʅʘ ʤʽʩʮʽ ʙʫʨʝʣʦʤʽʚ, ʚʠʨʫʙʦʢ, ʟʛʘʨʠʱ, ʥʝʟʘʢʨʽʧʣʝʥʠʭ ʧʽʱʘʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʥʘʩʘʜʞʫʶʪʴʩʷ ʥʦʚʽ ʣʽʩʦʚʽ ʤʘʩʠʚʠ. ʅʘ ʟʘʙʦʣʦʯʝʥʠʭ ʟʝʤʣʷʭ ʬʫʥʢʮʽʦʥʫʶʪʴ ʂʦʧʘʻʚʩʴʢʘ ʪʘ 

ʇʨʠʧôʷʪʩʴʢʘ ʤʝʣʽʦʨʘʪʠʚʥʽ ʩʠʩʪʝʤʠ.  

ʏʘʩʪʠʥʫ ʟʝʤʝʣʴ ʟʘʡʤʘʻ ʘʛʨʦʢʦʤʧʣʝʢʩ, ʱʦ ʚʢʣʶʯʘʻ ʦʨʥʽ ʟʝʤʣʽ, ʧʘʩʦʚʠʱʘ, ʰʪʫʯʥʽ 

ʩʪʘʚʢʠ ʜʣʷ ʨʠʙʦʨʦʟʚʝʜʝʥʥʷ. ʪʘ ʩʝʣʠʪʝʙʥʠʡ ʢʦʤʧʣʝʢʩ (ʚʢʣʶʯʘʶʯʠ ʩ.ʤ.ʪ. ʐʘʮʴʢ ʪʘ ʨʷʜ 

ʩʽʣ) ʪʘ  ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ. ʈʦʟʧʦʚʩʶʜʞʝʥʽ ʦʙôʻʢʪʠ ʨʝʢʨʝʘʮʽʾ ï ʙʫʜʠʥʢʠ ʪʘ ʙʘʟʠ 

ʚʽʜʧʦʯʠʥʢʫ, ʩʘʥʘʪʦʨʽʡ, ʩʪʦʷʥʢʠ ʜʣʷ ʪʫʨʠʩʪʽʚ. 

4.1.2. ʊʝʤʘʪʠʯʥʽ ʢʣʘʩʠ  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʦʙʨʘʥʦ 6 ʪʝʤʘʪʠʯʥʠʭ ʢʣʘʩʽʚ: ʰʪʫʯʥʽ 

ʧʦʚʝʨʭʥʽ, ʣʫʢʠ, ʣʽʩʠ, ʙʦʣʦʪʘ, ʚʦʜʥʽ ʦʙôʻʢʪʠ ʪʘ ʽʥʰʽ ʟʝʤʣʽ. ʆʧʠʩ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 4.1.  

ɼʘʥʽ ʢʣʘʩʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʣʠʩʷ ʷʢ ʟʘ ʧʨʦʩʪʦʨʦʚʦʶ ʧʨʦʪʷʞʥʽʩʪʶ, ʪʘʢ ʽ ʟʘ 

ʛʝʪʝʨʦʛʝʥʥʽʩʪʶ. ɺʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ ʢʣʘʩ ʚʢʣʶʯʘʚ ʨʽʟʥʦʤʘʥʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʥʘʧʨʠʢʣʘʜ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʝʨʠʪʦʨʽʾ), ʪʦʜʽ ʷʢ ʙʽʣʴʰʠʡ ʢʣʘʩ ʤʽʛ ʙʫʪʠ ʜʦʩʠʪʴ 

ʦʜʥʦʨʽʜʥʠʤ (ʥʘʧʨʠʢʣʘʜ, ʣʽʩʠ). ʊʦʤʫ ʢʽʣʴʢʽʩʪʴ ʨʝʧʨʝʟʝʥʪʽʚ ʚʠʙʽʨʢʠ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʪʘʢʦʞ 

ʻ ʥʝʧʨʦʧʦʨʮʽʡʥʦʶ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʢʣʘʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʐʘʮʴʢʦʛʦ ʧʦʣʽʛʦʥʫ ʚʽʜʽʙʨʘʥʦ ʚʽʜʧʦʚʽʜʥʽ 

ʝʪʘʣʦʥʥʽ ʜʽʣʷʥʢʠ ʟ ʛʝʦʧʨʦʩʪʦʨʦʚʦʾ ʙʘʟʠ ʜʘʥʠʭ ʐʘʮʴʢʦʛʦ ʧʦʣʽʛʦʥʫ ɼɿɿ, ʥʘʷʚʥʦʾ ʫ 

ʜʝʨʞʘʚʥʦʾ ʫʩʪʘʥʦʚʠ ñʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯʥʩʪʠʪʫʪʫ 

ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠò. ʂʦʞʥʘ ʝʪʘʣʦʥʥʘ ʜʽʣʷʥʢʘ ʙʘʟʠ ʤʘʻ 

ʛʝʦʛʨʘʬʽʯʥʫ ʧʨʠʚôʷʟʢʫ ʪʘ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ. 

ʋ ʪʘʙʣ. 4.1 ʥʘʚʝʜʝʥʦ ʥʘʟʚʫ ʪʘ ʦʧʠʩ ʢʣʘʩʽʚ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. 
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ʊʘʙʣʠʮʷ 4.1 

ʆʧʠʩ ʪʝʤʘʪʠʯʥʠʭ ʢʣʘʩʽʚ 

 

ʆʩʢʽʣʴʢʠ ʚ ʨʘʤʢʘʭ ʜʘʥʦʾ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ʪʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʦʢʨʝʤʠʡ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ 

ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʩʠʛʥʘʪʫʨ. ʈʝʧʨʝʟʝʥʪʠ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ ʚʽʜʽʙʨʘʥʽ ʚ ʤʝʞʘʭ ʦʧʠʩʘʥʠʭ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʝʪʘʣʦʥʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ. 

4.1.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ 

4.1.3.1. ɺʭʽʜʥʽ ʜʘʥʽ 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦ ʟʘʜʘʯʽ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʟʥʦʯʘʩʦʚʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ 

ʂʣʘʩ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ 
ʆʧʠʩ 

ʐʪʫʯʥʽ 

ʧʦʚʝʨʭʥʽ 

ʞʠʪʣʦʚʘ ʟʘʙʫʜʦʚʘ, ʚʠʨʦʙʥʠʯʽ ʦʙôʻʢʪʠ, ʪʨʘʥʩʧʦʨʪʥʘ 

ʤʝʨʝʞʘ, ʙʫʜʽʚʝʣʴʥʽ ʤʘʡʜʘʥʯʠʢʠ, ʩʤʽʪʪʻʟʚʘʣʠʱʘ 

ʃʽʩʠ ʣʠʩʪʷʥʽ ʪʘ ʭʚʦʡʥʽ ʣʽʩʠ, ʣʽʩʦʩʤʫʛʠ, ʜʽʣʷʥʢʠ ʟ ʜʝʨʝʚʥʠʤ 

ʧʦʢʨʠʚʦʤ ʧʦʥʘʜ 30% 

ʃʫʢʠ ʧʨʠʨʦʜʥʘ ʪʨʘʚ'ʷʥʠʩʪʘ ʨʦʩʣʠʥʥʽʩʪʴ, ʣʫʢʠ ʧʨʠʨʦʜʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʧʘʩʦʚʠʱʘ, ʩʽʥʦʞʘʪʽ 

ɯʥʰʽ ʟʝʤʣʽ ʛʝʦʣʦʛʽʯʥʽ ʦʛʦʣʝʥʥʷ, ʨʦʟʨʽʜʞʝʥʘ ʪʨʘʚôʷʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, 

ʩʽʣʴʛʦʩʧʫʛʽʜʜʷ - ʧʣʦʱʽ, ʟʘʡʥʷʪʽ ʧʽʜ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʘ ʪʘʢʦʞ ʨʽʣʣʷ 

ɺʦʜʥʽ ʦʙôʻʢʪʠ ʨʽʯʢʠ, ʦʟʝʨʘ, ʩʪʘʚʢʠ, ʰʪʫʯʥʽ ʚʦʜʦʪʦʢʠ, ʤʝʣʽʦʨʘʪʠʚʥʽ ʢʘʥʘʣʠ 

ɹʦʣʦʪʘ ʙʝʟʣʽʩʥʽ ʪʝʨʠʪʦʨʽʾ ʪʦʨʬ'ʷʥʠʭ ʪʘ ʧʝʨʝʭʽʜʥʠʭ ʙʦʣʽʪ, ʝʚʪʨʦʬʥʽ 

ʙʦʣʦʪʘ, ʧʨʠʙʝʨʝʞʥʦ-ʚʦʜʥʘ ʨʦʩʣʠʥʥʽʩʪʴ 
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ʟʥʽʤʢʠ Sentinel-2 (Shurmer et al., 2018), ʚʽʜʧʦʚʽʜʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʠ, ʦʙʯʠʩʣʝʥʽ ʥʘ ʾʭʥʽʡ 

ʦʩʥʦʚʽ, ʪʘ ʜʦʧʦʤʽʞʥʽ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʦʙʯʠʩʣʝʥʽ ʟʘ ʎʄʈ. ʉʘʤʝ ʮʽ ʜʘʥʽ 

ʩʬʦʨʤʫʚʘʣʠ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʷʢʠʡ ʙʫʚ ʦʙôʻʢʪʦʤ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʫ ʚʠʟʥʘʯʝʥʽʡ 

ʪʝʤʘʪʠʯʥʽʡ ʟʘʜʘʯʽ.  

ʉʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ Sentinel-2 ʙʫʣʦ ʦʙʨʘʥʦ ʟʘ ʪʨʠ ʜʘʪʠ (07.04.2018, 12.05.2018 ʪʘ 

01.06.2018) ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʘʙʦ ʚʽʜʩʫʪʥʴʦʶ ʭʤʘʨʥʽʩʪʶ (ʨʠʩ 4.2). ɼʘʪʠ ʦʙʠʨʘʣʠʩʷ ʟʘ ʨʽʟʥʽ 

ʝʪʘʧʠ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʩʝʟʦʥʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ.  

   

ʘ) ʙ) ʚ) 

ʈʠʩ. 4.2. ʌʨʘʛʤʝʥʪʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ Sentinel-2 ʥʘ ʪʝʨʠʪʦʨʽʶ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ 

ʘ) 7 ʢʚʽʪʥʷ 2018 ʨ., ʙ) 15 ʪʨʘʚʥʷ 2018 ʨ., ʪʘ ʚ) 1 ʯʝʨʚʥʷ 2018 ʨ. ʂʦʤʙʽʥʘʮʽʷ ʢʘʥʘʣʽʚ - 

R:ɺ11, G:B8, B:B4 ï ʧʩʝʚʜʦ-ʥʘʪʫʨʘʣʴʥʽ ʢʦʣʴʦʨʠ 

 

ʂʦʞʝʥ ʚʭʽʜʥʠʡ ʟʥʽʤʦʢ Sentinel-2 ʤʽʩʪʠʪʴ 13 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ. ʅʘ ʝʪʘʧʽ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʽʤʢʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʪʤʦʩʬʝʨʥʫ ʢʦʨʝʢʮʽʶ ʜʣʷ 

ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʙʠʪʪʶ 

ʥʘ ʧʦʚʝʨʭʥʽ (bottom of atmosphere). ʇʽʜ ʯʘʩ ʮʽʻʾ ʧʨʦʮʝʜʫʨʠ, 3 ʢʘʥʘʣʠ (B1, B9 ʽ B10), ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʘʝʨʦʟʦʣʽʚ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘ ʚʽʜʙʠʚʥʫ ʟʜʘʪʥʽʩʪʴ, ʚʠʣʫʯʘʶʪʴʩʷ. ʊʘʢʦʞ, 

ʫʩʽ ʢʘʥʘʣʠ ʢʦʞʥʦʛʦ ʟʽ ʟʥʽʤʢʽʚ ʙʫʣʠ ʧʨʠʚʝʜʝʥʽ ʜʦ ʦʜʥʽʻʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʘ ʩʘʤʝ 

ï 10 ʤ. ɼʘʣʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟʽ ʟʥʽʤʢʽʚ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʧʦʚʥʠʡ ʥʘʙʽʨ ʽʥʜʝʢʩʽʚ 

ʤʽʞʢʘʥʘʣʴʥʠʭ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʨʽʟʥʠʮʴ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʠʭ ʽʥʜʝʢʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ: 
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ὔὈὍ ȟὭ Ὦ, 

ʜʝ ὦ- -̔ʡ ʢʘʥʘʣ ʟʥʽʤʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʽʤʢʘ ʨʦʟʨʘʭʦʚʘʥʦ 45 ʪʘʢʠʭ ʽʥʜʝʢʩʽʚ, ʟʘʛʘʣʦʤ ʜʣʷ 

ʪʨʴʦʭ ʟʥʽʤʢʽʚ ʯʠʩʣʦ ʽʥʜʝʢʩʽʚ ʩʷʛʘʻ 135. ɼʝʷʢʽ ʟ ʥʠʭ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.3. 

  

ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩ. 4.3. ʌʨʘʛʤʝʥʪʠ ʟʦʙʨʘʞʝʥʴ ʽʥʜʝʢʩʽʚ: ʘ) ï NDVI, ʙ) ï GNDVI, ʚ) ï NDWI-G, ʛ) 

ï NDWI-NIR 

 

ɼʘʥʽ ʧʨʦ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʩʮʝʚʦʩʪʽ, ʟʦʢʨʝʤʘ, ʚʠʩʦʪʫ ʥʘʜ ʨʽʚʥʝʤ 

ʤʦʨʷ ʪʘ ʧʦʭʠʣ, ʦʙʯʠʩʣʝʥʦ ʟʘ ʎʄʈ ALOS PALSAR, ʧʦʪʽʤ ʾʭʥʽ ʟʥʘʯʝʥʥʷ ʙʫʣʦ 



118 
 

ʥʦʨʤʘʣʽʟʦʚʘʥʦ (ʨʠʩ. 4.4). ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʎʄʈ ALOS PALSAR 

ʩʪʘʥʦʚʠʪʴ 12,5 ʤ.  

 

 

ʘ) ʙ) 

ʈʠʩ. 4.4. ʌʨʘʛʤʝʥʪʠ ʟʦʙʨʘʞʝʥʴ ʘ) ʚʠʩʦʪʠ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ ʪʘ ʙ) ʧʦʭʠʣʫ ʤʽʩʮʝʚʦʩʪʽ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʎʄʈ ALOS PALSAR 

 

ɼʣʷ ʫʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʚʩʽ ʚʠʱʝʦʧʠʩʘʥʽ ʜʘʥʽ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʧʨʦʩʪʦʨʦʚʦ-ʨʝʛʫʣʷʨʠʟʦʚʘʥʽ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʨʠʚʝʜʝʥʥʷ ʚʩʽʭ ʰʘʨʽʚ ʜʦ ʦʜʥʘʢʦʚʠʭ 

ʟʥʘʯʝʥʴ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʧʨʦʻʢʮʽʾ ʪʘ ʨʦʟʤʽʨʫ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, 

ʚʩʽ ʰʘʨʠ ʙʫʣʦ ʧʨʠʚʝʜʝʥʦ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ 10 ʤ, ʪʨʘʥʩʬʦʨʤʦʚʘʥʦ ʚ 

ʫʥʽʚʝʨʩʘʣʴʥʫ ʧʦʧʝʨʝʯʥʫ ʧʨʦʻʢʮʽʶ ʄʝʨʢʘʪʦʨʘ, ʟʦʥʘ 34N (EPSG:32634) ʪʘ ʟʤʽʥʝʥʦ ʨʦʟʤʽʨ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʩʽ ʰʘʨʠ ʣʝʞʘʣʠ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʩʪʘʥʦʚʠʪʴ 2284 x 

1554 ʧʽʢʩʝʣʽʚ. 

ʆʪʞʝ, ʚʭʽʜʥʠʡ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʤʽʩʪʠʚ 167 ʧʨʦʩʪʦʨʦʚʦ-ʨʝʛʫʣʷʨʠʟʦʚʘʥʠʭ 

ʨʘʩʪʨʦʚʠʭ ʰʘʨʽʚ: 30 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʪʨʴʦʭ ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ 

Sentinel-2, 135 ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʪʘ 2 ʨʘʩʪʨʦʚʠʭ ʰʘʨʠ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʤʽʨ ʩʬʦʨʤʦʚʘʥʦʛʦ ʢʫʙʘ - 

167 ʭ 2284 x 1554 ʧʽʢʩʝʣʽʚ.  

ʌʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʝʪʘʣʦʥʥʠʭ ʜʽʣʷʥʦʢ, ʢʦʞʥʘ ʟ 

ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʐʘʮʴʢʦʛʦ ʧʦʣʽʛʦʥʫ ʪʘ ʚʽʜʤʽʯʝʥʘ GPS ʢʦʦʨʜʠʥʘʪʘʤʠ. 
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ʆʪʞʝ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ ʚʽʜʽʙʨʘʥʦ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʧʨʝʟʝʥʪʽʚ ʚ ʤʝʞʘʭ ʝʪʘʣʦʥʥʠʭ 

ʜʽʣʷʥʦʢ, ʘ ʩʘʤʝ: ʜʣʷ ʢʣʘʩʫ ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ ï 319 ʪʦʯʦʢ, ʣʽʩʠ ï 2311, ʣʫʢʠ ï 634, ʽʥʰʽ 

ʟʝʤʣʽ- 887, ʚʦʜʥʽ ʦʙôʻʢʪʠ ï 634 ʪʘ ʽʥʰʽ ʟʝʤʣʽ ï 1687. ɺ ʢʦʞʥʽʡ ʟ ʮʠʭ ʪʦʯʦʢ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʩʠʛʥʘʪʫʨʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ. ɼʘʥʽ ʩʠʛʥʘʪʫʨʠ ʚʠʟʥʘʯʝʥʽ ʚ ʢʦʞʥʦʤʫ ʟʽ 167 ʰʘʨʽʚ 

ʦʪʨʠʤʘʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ.  

4.1.3.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʦʩʽʙ, ʱʦ ʦʧʠʩʘʥʠʡ ʚ ʧ. 3.1. 

ɼʣʷ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʢʣʶʯʦʚʠʤ ʻ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɼʣʷ ʮʴʦʛʦ 

ʨʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʤʝʪʦʜʠ, ʷʢʠʡ ʦʧʠʩʘʥʠʡ ʚ ʧ. 2.3.  

ɺ ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʧ. 2.3 ʢʨʠʪʝʨʽʾʚ ʨʦʟʜʽʣʠʤʦʩʪʽ ʦʙʨʘʥʦ 

ʟʘʛʘʣʴʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘʣʛʦʨʠʪʤ 

ʨʦʟʨʘʭʫʥʢʫ ʷʢʦʛʦ ʦʧʠʩʘʥʠʡ ʚ ʧ 2.3.3.2. ʈʦʟʨʘʭʫʥʦʢ ʦʙʨʘʥʦʛʦ ʽʥʜʝʢʩʫ ʧʝʨʝʜʙʘʯʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʪʦʤʫ, ʱʦ ʙʫʜʝ 

ʟʘʩʪʦʩʦʚʘʥʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ, ʘ ʩʘʤʝ ï ʚʽʜʩʪʘʥʴ ʄʘʭʘʣʘʥʦʙʽʩʘ. ʑʝ ʦʜʥʠʤ 

ʟ ʝʪʘʧʽʚ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʻ ʚʠʙʽʨ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ, ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʦʙʨʘʥʦ ʩʪʘʥʜʘʨʪʥʫ ʤʘʪʨʠʮʶ ʧʦʤʠʣʦʢ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ. ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 0.9991, 

ʚʠʷʚʣʝʥʦ ʰʽʩʪʴ ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʩʠʛʥʘʪʫʨ. 

ɼʘʣʽ, ʟʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽʪʝʨʘʪʠʚʥʫ ʧʨʦʮʝʜʫʨʫ ʧʦʰʫʢʫ ʥʘʙʦʨʫ ʰʘʨʽʚ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, 

ʧʨʠ ʷʢʦʤʫ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʻ ʥʘʡʚʠʱʠʤ ʩʝʨʝʜ ʽʥʰʠʭ ʨʦʟʛʣʷʥʫʪʠʭ ʢʫʙʽʚ. 

ʅʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʡʜʝʥʦʤʫ ʦʧʪʠʤʘʣʴʥʦʤʫ ʢʫʙʫ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʤʘʚ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ 



120 
 

ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 0.9998. ʇʨʠ ʮʴʦʤʫ, ʣʠʰʝ ʦʜʥʘ ʩʠʛʥʘʪʫʨʘ ʙʫʣʘ ʢʣʘʩʠʬʽʢʦʚʘʥʘ 

ʥʝʧʨʘʚʠʣʴʥʦ.  

ɺʣʘʩʥʝ ʦʧʪʠʤʘʣʴʥʠʡ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʤʽʩʪʠʚ 57 ʰʘʨʽʚ, ʩʝʨʝʜ ʥʠʭ: 5 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ Sentinel 2 (2 ʢʘʥʘʣʠ ʟʥʽʤʢʘ ʟʘ 12 ʪʨʘʚʥʷ 2018 ʨʦʢʫ ʪʘ 3 ʢʘʥʘʣʠ 

ʟʥʽʤʢʘ ʟʘ 1 ʯʝʨʚʥʷ 2018 ʨʦʢʫ), 51 ʩʧʝʢʪʨʘʣʴʥʠʡ ʽʥʜʝʢʩ (4 ï ʟʘ 7 ʢʚʽʪʥʷ 2018 ʨʦʢʫ, 16 ï ʟʘ 

12 ʪʨʘʚʥʷ, 31 ï ʟʘ 1 ʯʝʨʚʥʷ) ʪʘ 1 ʨʘʩʪʨʦʚʠʡ ʰʘʨ, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʥʘʜ ʨʽʚʥʝʤ 

ʤʦʨʷ.  

4.1.3.3. ʇʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʫʚʘʥʴ 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʇʝʨʰʝ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʢʫʙʦʤ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʪʘ ʥʘʙʦʨʦʤ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʜʨʫʛʝ ï ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʢʫʙʦʤ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʪʘ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʦʶ, ʩʠʛʥʘʪʫʨʠ ʷʢʦʾ ʚʠʟʥʘʯʝʥʽ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ ʮʴʦʛʦ ʢʫʙʘ. ʆʙʠʜʚʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʚʽʜʩʪʘʥʴ ʄʘʭʘʣʘʥʦʙʽʩʘ. ʊʘʢʦʞ, ʚʦʥʠ ʤʘʣʠ ʦʜʥʘʢʦʚʠʡ 

ʥʘʙʽʨ ʢʣʘʩʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ: ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ, ʣʽʩʠ, ʣʫʢʠ, ʙʦʣʦʪʘ, ʚʦʜʥʽ ʦʙôʻʢʪʠ ʪʘ ʽʥʰʽ 

ʟʝʤʣʽ. ʈʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ 

ʜʘʥʠʭ ʪʘ ʣʝʛʝʥʜʘ ʢʣʘʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.4.5. 
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ʈʠʩ. 4.5. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ 

 

ɿʘ ʜʘʥʠʤʠ ʦʪʨʠʤʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʨʦʟʨʘʭʦʚʘʥʦ ʢʽʣʴʢʽʩʪʴ 

ʧʽʢʩʝʣʽʚ, ʱʦ ʙʫʣʠ ʜʦ ʥʴʦʛʦ ʚʽʜʥʝʩʝʥʽ. ʂʣʘʩ óʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽô ï 98401 ʧʽʢʩʝʣʽʚ, óʣʽʩʠô -  

1776771, óʣʫʢʠô ï 549060, óʽʥʰʽ ʟʝʤʣʽô ï 172392, óʚʦʜʥʽ ʦʙôʻʢʪʠô ï 550510, óʙʦʣʦʪʘô ï 

402202.  

ɸʥʘʣʦʛʽʯʥʦ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, 

ʷʢʠʡ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʧʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.6. 
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ʈʠʩ. 4.6. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ 

 

ɼʣʷ ʜʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ: 

óʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽô ï 73119 ʧʽʢʩʝʣʽʚ, óʣʽʩʠô -  1718360, óʣʫʢʠô ï 689076 , óʽʥʰʽ ʟʝʤʣʽô ï 

126696, óʚʦʜʥʽ ʦʙôʻʢʪʠô ï 562772, óʙʦʣʦʪʘô ï 379313.  

 

4.1.3.4. ɺʘʣʽʜʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ 

ɼʣʷ ʚʠʙʦʨʫ ʚʝʨʠʬʽʢʘʮʽʡʥʠʭ ʪʦʯʦʢ ʚʠʢʦʨʠʩʪʘʥʦ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʩʪʨʘʪʠʬʽʢʦʚʘʥʠʡ 

ʤʝʪʦʜ ʚʠʙʽʨʢʠ (Popov, 2007). ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʜʣʷ ʢʣʘʩʫ, ʜʦ ʷʢʦʛʦ ʙʫʣʦ 

ʚʽʜʥʝʩʝʥʦ ʥʘʡʤʝʥʰʝ ʧʽʢʩʝʣʽʚ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʊʘʢʘ ʢʽʣʴʢʽʩʪʴ 

ʩʪʘʥʦʚʠʪʴ 10 ʧʽʢʩʝʣʽʚ. ɼʘʣʽ, ʧʽʜʽʙʨʘʚʰʠ ʧʨʦʧʦʨʮʽʡʥʦ ʢʽʣʴʢʽʩʪʴ ʚʝʨʠʬʽʢʘʮʽʡʥʠʭ ʪʦʯʦʢ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 429 ʪʦʯʦʢ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ 

ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʪʘ 583 ʪʦʯʦʢ ʜʣʷ ʪʽʻʾ, ʱʦ ʦʪʨʠʤʘʥʘ ʧʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. 
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ʇʽʩʣʷ ʮʴʦʛʦ, ʦʪʨʠʤʘʥʽ ʪʦʯʢʠ ʙʫʣʠ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʟ ʦʪʨʠʤʘʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʷʤʠ. ɺ 

ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ ʜʦʚʽʜʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ (QuickBird), ʜʦʩʪʫʧʥʽ ʚ 

Google Earth TM ʟʘ 2018 ʨʽʢ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʟʘʚʽʨʶʚʘʥʥʷ ʜʣʷ ʦʙʦʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʟʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ 

(OA), ʢʘʧʘ-ʽʥʜʝʢʩ, ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ (PA) ʽ ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ (UA). 

ɺ ʪʘʙʣ. 4.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʨʠʮʶ ʧʦʤʠʣʦʢ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ɼʣʷ ʢʣʘʩʫ ñʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 70%, ʘ ʪʦʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʢʘ ï 78%. ɼʣʷ ʢʣʘʩʫ ñʣʽʩʠò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 98%, ʘ ʪʦʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʢʘ ï 94%. ɼʣʷ ʢʣʘʩʫ ñʣʫʢʠò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 78%, ʘ ʪʦʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʢʘ ï89%. ɼʣʷ ʢʣʘʩʫ ñʽʥʰʽ ʟʝʤʣʽò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 95%, ʘ ʪʦʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʢʘ ï 64%. ɼʣʷ ʢʣʘʩʫ ñʚʦʜʥʽ ʦʙôʻʢʪʠò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ 

ʨʽʚʥʽ - 100%. ɼʣʷ ʢʣʘʩʫ ñʙʦʣʦʪʘò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 65%, ʘ ʪʦʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʢʘ ï 90%. ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʩʪʘʥʦʚʠʪʴ 91%. ɿʥʘʯʝʥʥʷ ʢʘʧʘ-ʽʥʜʝʢʩʫ 

ʩʪʘʥʦʚʠʪʴ 87%. 

 

 

 

 

 

 

 

 

ʊʘʙʣʠʮʷ 4.2 
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ʄʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ 

 ɼʽʡʩʥʽ ʜʘʥʽ  

ʈ
ʝ
ʟ
ʫ
ʣ
ʴ
ʪ
ʘ
ʪ
 

 

ʢ
ʣ
ʘ
ʩ
ʠ
ʬ
ʽ
ʢ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

 

 1 2 3 4 5 6 ʊʦʯʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘ 

1. ʐʪʫʯʥʽ ʧʦʚʝʨʭʥʽ 7 0 0 3 0 0 0,7 

2. ʃʽʩʠ 0 235 0 4 0 0 0,98 

3. ʃʫʢʠ 0 11 49 0 0 3 0,78 

4. ɯʥʰʽ ʟʝʤʣʽ 1 0 0 18 0 0 0,95 

5. ɺʦʜʥʽ ʦʙôʻʢʪʠ 0 0 0 0 55 0 1 

6. ɹʦʣʦʪʘ 1 5 6 3 0 28 0,65 

 ʊʦʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʢʘ 0,78 0,94 0,89 0,64 1 0,9 

 

 

ɸʥʘʣʦʛʽʯʥʫ ʤʘʪʨʠʮʶ ʧʦʤʠʣʦʢ (ʪʘʙʣ. 4.3) ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ 

ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ  

ʊʘʙʣʠʮʷ 4.3 

ʄʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʧʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ 

 ɼʽʡʩʥʽ ʜʘʥʽ  

ʈ
ʝ
ʟ
ʫ
ʣ
ʴ
ʪ
ʘ
ʪ
 

 

ʢ
ʣ
ʘ
ʩ
ʠ
ʬ
ʽ
ʢ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

 

 1 2 3 4 5 6 ʊʦʯʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘ 

1. ʐʪʫʯʥʽ ʧʦʚʝʨʭʥʽ 4 0 0 5 0 1 0,4 

2. ʃʽʩʠ 1 312 3 0 0 1 0,98 

3. ʃʫʢʠ 1 11 89 0 0 4 0,85 

4. ɯʥʰʽ ʟʝʤʣʽ 0 0 2 15 0 2 0,79 

5. ɺʦʜʥʽ ʦʙôʻʢʪʠ 0 0 0 0 76 0 1 

6. ɹʦʣʦʪʘ 0 0 9 2 0 45 0,80 

 ʊʦʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʢʘ 0,67 0,97 0,86 0,68 1 0,85 
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ɸʥʘʣʦʛʽʯʥʽ ʜʦ ʧʦʧʝʨʝʜʥʴʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʧʦʢʘʟʥʠʢʠ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʽ ʜʣʷ 

ʦʪʨʠʤʘʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ. ɼʣʷ ʢʣʘʩʫ ñʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ 

ʩʪʘʥʦʚʠʪʴ 40%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 67%. ɼʣʷ ʢʣʘʩʫ ñʣʽʩʠò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ 

ʩʪʘʥʦʚʠʪʴ 98%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 97%. ɼʣʷ ʢʣʘʩʫ ñʣʫʢʠò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ 

ʩʪʘʥʦʚʠʪʴ 85%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 86%. ɼʣʷ ʢʣʘʩʫ ñʽʥʰʽ ʟʝʤʣʽò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ 

ʩʪʘʥʦʚʠʪʴ 79%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 68%. ɼʣʷ ʢʣʘʩʫ ñʚʦʜʥʽ ʦʙôʻʢʪʠò ʪʦʯʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ - 100%. ɼʣʷ ʢʣʘʩʫ ñʙʦʣʦʪʘò 

ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 80%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 85%. ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʦʪʨʠʤʘʥʘ ʟ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʩʪʘʥʦʚʠʪʴ 93%. 

ɿʥʘʯʝʥʥʷ ʢʘʧʘ-ʽʥʜʝʢʩʫ ʩʪʘʥʦʚʠʪʴ 89%. 

4.1.3.5. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ, 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʤʘʪʨʠʮʷʤʠ ʧʦʤʠʣʦʢ.  

ʗʢʱʦ ʚʠʢʦʥʫʚʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʥʝ ʚ ʮʽʣʦʤʫ, ʘ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ, ʪʦʜʽ 

ʜʦʨʝʯʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ. ɿʛʽʜʥʦ ʟ 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʤʘʪʨʠʮʷʤʠ ʧʦʤʠʣʦʢ, ʢʣʘʩ ñʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽò ʧʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʤʘʻ ʟʥʠʞʝʥʥʷ ʥʘ 30% ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʩʘʤʝ ʟ 

70% ʜʦ 40%. ʋ ʪʦʡ ʞʝ ʯʘʩ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ʟʥʠʟʠʣʘʩʷ ʥʘ 11% - ʟ 78% ʜʦ 67%. ʋ ʢʣʘʩʽ 

ñʣʽʩʠò ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘʣʠʰʠʣʦʩʷ ʥʝʟʤʽʥʥʠʤ ï 98%, ʘ ʪʦʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʢʘ ʧʽʜʚʠʱʠʣʘʩʷ ʥʘ 3% - ʟ 94% ʜʦ 97%. ʂʣʘʩ ñʣʫʢʠò ʜʝʤʦʥʩʪʨʫʻ ʟʨʦʩʪʘʥʥʷ ʥʘ 7% 

ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ (ʟ 78% ʜʦ 85%), ʘʣʝ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ʚʧʘʣʘ ʥʘ 3% (ʟ 89% ʜʦ 

86%). ʂʣʘʩ ñʽʥʰʽ ʟʝʤʣʽò ïʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ 16% ʪʘ ʟʨʦʩʪʘʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʨʦʙʥʠʢʘ ʥʘ 4% (ʟ 95% ʜʦ 79% ʪʘ ʟ 64% ʜʦ 68% ʚʽʜʧʦʚʽʜʥʦ). ɿʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ ʢʣʘʩʫ òʚʦʜʥʽ ʦʙôʻʢʪʠò  ʟʘʣʠʰʠʣʠʩʷ ʥʝʟʤʽʥʥʠʤʠ 

(100%). ʊʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʢʣʘʩʫ ñʙʦʣʦʪʘò ʟʨʦʩʣʘ ʥʘ 15% (ʟ 65 % ʜʦ 80%), ʘ ʪʦʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʢʘ ʚʧʘʣʘ ʥʘ 5% (ʟ 90% ʜʦ 85%). 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʪʝʤʘʪʠʯʥʦʶ ʟʘʜʘʯʝʶ ʻ ʢʣʘʩʠʬʽʢʘʮʽʷ ʙʦʣʽʪ, ʪʦ ʩʘʤʝ ʥʘ ʮʴʦʤʫ ʢʣʘʩʽ 

ʪʨʝʙʘ ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ. ʊʦʤʫ, ʦʢʨʽʤ ʨʦʟʛʣʷʥʫʪʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ 

ʬʨʘʛʤʝʥʪʽʚ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ.  

ʆʜʥʘ ʟ ʧʨʦʙʣʝʤ, ʷʢʘ ʚʠʥʠʢʣʘ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʮʝ ʚʽʜʥʝʩʝʥʥʷ ʧʽʢʩʝʣʽʚ, ʷʢʽ ʟʘ 

ʟʘʚʽʨʢʦʚʠʤʠ ʜʘʥʠʤʠ ʻ ʢʣʘʩʘʤʠ ñʚʦʜʥʽ ʦʙôʻʢʪʠò ʪʘ ñʙʦʣʦʪʘò, ʜʦ ʢʣʘʩʽʚ ñʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽò 

ʪʘ ñʽʥʰʽ ʟʝʤʣʽò. ʎʝ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʬʨʘʛʤʝʥʪʽ ʢʣʘʩʠʬʽʢʘʮʽʡ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʠʙʝʨʝʞʥʦʾ 

ʟʦʥʠ (ʨʠʩ. 4.7). ʇʨʦʪʝ, ʧʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʟʘʟʥʘʯʝʥʘ ʧʨʦʙʣʝʤʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʥʠʢʘʻ. 

 

ʈʠʩ. 4.7. ʌʨʘʛʤʝʥʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ (ʘ) ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ (ʙ) 

 

ʊʘʢʦʞ, ʧʽʜ ʯʘʩ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʙʦʣʦʪʘ  ʨʦʟʪʘʰʦʚʘʥʽ ʥʝʧʦʜʘʣʽʢ ʧʨʠʙʝʨʝʞʥʦʾ ʟʦʥʠ, 

ʧʦʤʠʣʢʦʚʦ ʚʽʜʥʦʩʠʣʠʩʷ ʜʦ ʢʣʘʩʽʚ ñʣʽʩʠò ʪʘ ñʣʫʢʠò. ɼʘʥʘ ʧʨʦʙʣʝʤʘ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʥʘ 

ʨʠʩ. 4.8. ʗʢ ʧʦʤʽʪʥʦ, ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʮʶ 

ʧʨʦʙʣʝʤʦ ʚʜʘʣʦʩʷ ʚʠʨʽʰʠʪʠ, ʪʘʢ ʷʢ ʧʽʢʩʝʣʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʙʦʣʦʪʘ, ʙʽʣʴʰʝ ʥʝ 

ʢʣʘʩʠʬʽʢʫʚʘʣʠʩʷ ʥʝʧʨʘʚʠʣʴʥʦ ʷʢ ʢʣʘʩʠ ñʣʽʩʠò ʪʘ ñʣʫʢʠò ʚ ʥʘʚʝʜʝʥʦʤʫ ʬʨʘʛʤʝʥʪʽ. 
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ʈʠʩ. 4.8. ʌʨʘʛʤʝʥʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ (ʘ) ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ (ʙ) 

 

ʇʨʦʪʝ, ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʮʽʣʦʤʫ, ʘ ʥʝ ʟʘ ʦʢʨʝʤʠʤʠ ʢʣʘʩʘʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩʫ. ʇʽʩʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʢʦʞʝʥ ʟ ʟʘʟʥʘʯʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʻ ʧʨʠʨʽʩʪ 2% -  

ʟʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʟʨʦʩʣʘ ʟ 91% ʜʦ 93%, ʘ ʢʘʧʘ-ʽʥʜʝʢʩ ï ʟ 87% ʜʦ 89.  

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ, ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʩʫʪʪʻʚʝ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʦʢʨʝʤʦ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ. ʇʨʦʪʝ, ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʬʨʘʛʤʝʥʪʠ ʢʣʘʩʠʬʽʢʘʮʽʡ, ʜʝ 

ʧʦʢʘʟʘʥʦ ʣʦʢʘʣʴʥʽ ʧʦʢʨʘʱʝʥʥʷ ʢʣʘʩʫ ñʙʦʣʦʪʘò, ʷʢʠʡ ʻ ʦʩʥʦʚʥʠʤ ʟʛʽʜʥʦ ʟ ʚʠʟʥʘʯʝʥʦʶ 

ʪʝʤʘʪʠʯʥʦ  ʁʟʘʜʘʯʝ.ʁ ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʚ ʮʽʣʦʤʫ, ʪʦ ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʽʩʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʤʘʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʟʛʽʜʥʦ ʟ ʧʦʢʘʟʥʠʢʘʤʠ 

ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩʫ. 
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4.1.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ 

4.1.4.1. ɺʭʽʜʥʽ ʜʘʥʽ 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦ ʟʘʜʘʯʽ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʙʦʣʽʪ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʦʜʠʥ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʡ ʟʥʽʤʦʢ Sentinel-2 ʟʘ 1 

ʯʝʨʚʥʷ 2018 ʨʦʢʫ (ʨʠʩ. 4.9).  

 

ʈʠʩ. 4.9. ʌʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ Sentinel-2 ʥʘ ʪʝʨʠʪʦʨʽʶ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ 1 

ʯʝʨʚʥʷ 2018 ʨ. ʂʦʤʙʽʥʘʮʽʷ ʢʘʥʘʣʽʚ - R:ɺ11, G:B8, B:B4 ï ʧʩʝʚʜʦ-ʥʘʪʫʨʘʣʴʥʽ ʢʦʣʴʦʨʠ 

 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʽʜ ʯʘʩ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʝʢʮʽʾ ʙʫʣʦ 

ʚʽʜʢʠʥʫʪʦ ʪʨʠ ʢʘʥʘʣʠ (B1, B9 ʽ B10), ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʘʝʨʦʟʦʣʽʚ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘ 

ʚʽʜʙʠʚʥʫ ʟʜʘʪʥʽʩʪʴ. ʇʦʪʽʤ ʚʩʽ ʢʘʥʘʣʠ ʙʫʣʦ ʧʨʠʚʝʜʝʥʦ ʜʦ ʦʜʥʽʻʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʘ ʩʘʤʝ ï 10 ʤ. ʈʦʟʤʽʨʠ ʟʥʽʤʢʘ ʟʤʽʥʝʥʦ ʪʘʢ, ʱʦʙ ʚʽʥ ʟʥʘʭʦʜʠʚʩʷ ʚ ʤʝʞʘʭ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʤʽʨʠ ʟʥʽʤʢʘ ʩʢʣʘʣʠ 2284 x 1554 ʧʽʢʩʝʣʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʙʫʣʦ ʟʘʣʫʯʝʥʦ ʣʠʰʝ ʦʜʠʥ ʟʥʽʤʦʢ ʟ 10 ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ, ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʷʢ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʤʘʻ 

ʨʦʟʤʽʨ 10 ʭ 2284 x 1554. 

ʅʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʬʦʨʤʫʚʘʚʩʷ ʟ ʝʪʘʣʦʥʥʠʭ ʜʽʣʷʥʦʢ, ʢʦʞʥʘ ʟ ʷʢʠʭ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʐʘʮʴʢʦʛʦ ʧʦʣʽʛʦʥʫ ʪʘ ʚʽʜʤʽʯʝʥʘ GPS ʢʦʦʨʜʠʥʘʪʘʤʠ. ʆʪʞʝ, ʜʣʷ 
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ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ ʚʽʜʽʙʨʘʥʦ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʚ ʤʝʞʘʭ ʝʪʘʣʦʥʥʠʭ ʜʽʣʷʥʦʢ, ʘ ʩʘʤʝ: ʜʣʷ 

ʢʣʘʩʫ ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ - 370 ʪʦʯʦʢ, ʣʫʢʠ ï 544, ʣʽʩʠ ï 611, ʙʦʣʦʪʘ- 438, ʚʦʜʥʽ ʦʙôʻʢʪʠ ï 

403 ʪʘ ʽʥʰʽ ʟʝʤʣʽ ï 313. ɺ ʢʦʞʥʽʡ ʟ ʮʠʭ ʪʦʯʦʢ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʩʠʛʥʘʪʫʨʠ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʢʣʘʩʫ. ɼʘʥʽ ʩʠʛʥʘʪʫʨʠ ʚʠʟʥʘʯʝʥʽ ʚ ʢʦʞʥʦʤʫ ʟ 10 ʢʘʥʘʣʽʚ ʦʪʨʠʤʘʥʦʛʦ ʢʫʙʘ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ.  

4.1.4.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦ ʥʴʦʛʦ 

ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʘʣʛʦʨʠʪʤ ʷʢʦʛʦ ʦʧʠʩʘʥʦ ʚ ʧ. 

3.2. ɼʘʥʠʡ ʩʧʦʩʽʙ ʧʦʣʷʛʘʻ ʚ ʚʠʙʦʨʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢʠʤ 

ʚʚʘʞʘʪʠʤʝʪʴʩʷ ʪʦʡ, ʱʦ ʤʘʪʠʤʝ ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʩʝʨʝʜ ʽʥʰʠʭ ʨʦʟʛʣʷʥʫʪʠʭ 

ʥʘʙʦʨʽʚ. ʄʝʪʦʜʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʦʙʨʘʥʦ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ, ʘʣʛʦʨʠʪʤ ʷʢʦʛʦ ʦʧʠʩʘʥʦ ʚ ʧ. 2.2.1. ɼʣʷ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

ʂ-ʉʝʨʝʜʥʽʭ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ, ʷʢʠʡ ʦʧʠʩʘʥʦ ʚ ʧ. 2.3.  

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʷʢ ʢʨʠʪʝʨʽʡ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʦʙʨʘʥʦ ʟʘʛʘʣʴʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʷʢʦʛʦ ʦʧʠʩʘʥʠʡ ʚ ʧ. 2.3.3.2. ʄʝʪʦʜʦʤ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʪʘʢʦʞ ʦʙʨʘʥʦ ʚʽʜʩʪʘʥʴ ʄʘʭʘʣʘʥʦʙʽʩʘ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʦʙʨʘʥʦ ʩʪʘʥʜʘʨʪʥʫ ʤʘʪʨʠʮʶ ʧʦʤʠʣʦʢ.  

ʉʧʦʯʘʪʢʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ï 0.9212, ʚʠʷʚʣʝʥʦ 211 ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʩʠʛʥʘʪʫʨ. 

ɼʘʣʽ, ʟʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʽʪʝʨʘʪʠʚʥʫ ʧʨʦʮʝʜʫʨʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʧʨʠ 

ʷʢʦʤʫ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʻ ʥʘʡʚʠʱʠʤ ʩʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ. ʆʪʨʠʤʘʥʠʡ 

ʦʧʪʠʤʘʣʴʥʠʡ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʤʘʚ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ 

ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 0.9903, ʱʦ ʥʘ 0.0691 ʚʠʱʝ ʥʽʞ ʜʦ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 
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ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʇʨʠ ʮʴʦʤʫ, 26 ʩʠʛʥʘʪʫʨ ʙʫʣʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʥʝʧʨʘʚʠʣʴʥʦ, ʱʦ ʥʘ 185 

ʤʝʥʰʝ, ʥʽʞ ʜʦ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʢʣʘʩʽʚ ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ, ʣʽʩʠ, ʣʫʢʠ, ʽʥʰʽ ʟʝʤʣʽ, ʚʦʜʥʽ ʦʙôʻʢʪʠ ʪʘ ʙʦʣʦʪʘ, ʘ 

ʩʘʤʝ: 10, 3, 1, 4, 4 ʪʘ 6 ʚʽʜʧʦʚʽʜʥʦ. 

4.1.4.3. ʇʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʫʚʘʥʴ 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʇʝʨʰʝ - ʟ 

ʧʦʯʘʪʢʦʚʠʤʠ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʜʨʫʛʝ ï ʟ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʤ (ʦʧʪʠʤʘʣʴʥʠʤ) 

ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʦʶ. ʆʙʠʜʚʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜʩʪʘʥʴ ʄʘʭʘʣʘʥʦʙʽʩʘ. ʊʘʢʦʞ, ʚʦʥʠ ʤʘʣʠ ʦʜʥʘʢʦʚʽ ʢʣʘʩʠ: 

ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ, ʣʫʢʠ, ʣʽʩʠ, ʙʦʣʦʪʘ, ʚʦʜʥʽ ʦʙôʻʢʪʠ ʪʘ ʽʥʰʽ ʟʝʤʣʽ. ʈʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʷʢʝ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ.4.10. 

 

 

ʈʠʩ. 4.10. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟ ʧʦʯʘʪʢʦʚʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʣʝʛʝʥʜʦʶ ʢʣʘʩʽʚ 
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ɿʘ ʜʘʥʠʤʠ ʦʪʨʠʤʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʨʦʟʨʘʭʦʚʘʥʦ ʢʽʣʴʢʽʩʪʴ 

ʧʽʢʩʝʣʽʚ, ʱʦ ʙʫʣʠ ʜʦ ʥʴʦʛʦ ʚʽʜʥʝʩʝʥʽ. ʂʣʘʩ óʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽô ï 44048 ʧʽʢʩʝʣʽʚ, óʣʽʩʠô -  

1789204, óʣʫʢʠô ï 477309, óʽʥʰʽ ʟʝʤʣʽô ï 107992, óʚʦʜʥʽ ʦʙôʻʢʪʠô ï 580466, óʙʦʣʦʪʘô ï 

550317.  

ɸʥʘʣʦʛʽʯʥʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʷʢʠʡ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʧʽʩʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 4.11 

 

 

ʈʠʩ. 4.11. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʣʝʛʝʥʜʦʶ ʢʣʘʩʽʚ 

 

ɼʣʷ ʜʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ: 

óʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽô ï 89905 ʧʽʢʩʝʣʽʚ, óʣʽʩʠô -  1832402, óʣʫʢʠô ï 347318, óʽʥʰʽ ʟʝʤʣʽô ï 

106647, óʚʦʜʥʽ ʦʙôʻʢʪʠô ï 563993, óʙʦʣʦʪʘô ï 609071.  
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4.1.4.4. ɺʘʣʽʜʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ 

ɼʣʷ ʚʠʙʦʨʫ ʚʝʨʠʬʽʢʘʮʽʡʥʠʭ ʪʦʯʦʢ ʚʠʢʦʨʠʩʪʘʥʦ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʩʪʨʘʪʠʬʽʢʦʚʘʥʠʡ 

ʤʝʪʦʜ ʚʠʙʽʨʢʠ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʢʦʞʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 355 ʚʝʨʠʬʽʢʘʮʽʡʥʠʭ ʪʦʯʦʢ, ʱʦ ʩʪʘʥʦʚʠʪʴ 0,01% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʽʢʩʝʣʽʚ ʢʘʨʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ɼʘʣʽ ʦʪʨʠʤʘʥʽ ʪʦʯʢʠ ʙʫʣʠ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʟ ʜʘʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ 

ʜʞʝʨʝʣʘ ʜʦʚʽʜʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ (QuickBird), ʜʦʩʪʫʧʥʽ ʚ Google Earth TM ʟʘ 

2018 ʨʽʢ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʟʘʚʽʨʶʚʘʥʥʷ ʜʣʷ ʦʙʦʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʟʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ 

(OA), ʢʘʧʧʘ-ʽʥʜʝʢʩ, ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ (PA) ʽ ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ (UA). 

ɺ ʪʘʙʣ. 4.4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʨʠʮʶ ʧʦʤʠʣʦʢ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʦʶ ʤʘʪʨʠʮʝʶ ʧʦʤʠʣʦʢ, ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ, ʘ ʪʘʢʦʞ ï ʟʘʛʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 

ʢʘʧʘ-ʽʥʜʝʢʩ. ɼʣʷ ʢʣʘʩʫ ñʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 50%, ʘ 

ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 22%. ɼʣʷ ʢʣʘʩʫ ñʣʽʩʠò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 89%, ʘ 

ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 83%. ɼʣʷ ʢʣʘʩʫ ñʣʫʢʠò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 63%, ʘ 

ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï71%. ɼʣʷ ʢʣʘʩʫ ñʽʥʰʽ ʟʝʤʣʽò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 91%, 

ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 40%. ɼʣʷ ʢʣʘʩʫ ñʚʦʜʥʽ ʦʙôʻʢʪʠò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 

97%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 100%. ɼʣʷ ʢʣʘʩʫ ñʙʦʣʦʪʘò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 

29%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 52%. ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʦʪʨʠʤʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʩʪʘʥʦʚʠʪʴ 77%. ɿʥʘʯʝʥʥʷ ʢʘʧʘ-

ʽʥʜʝʢʩʫ ʩʪʘʥʦʚʠʪʴ 66%. 

ɸʥʘʣʦʛʽʯʥʫ ʤʘʪʨʠʮʶ ʧʦʤʠʣʦʢ (ʪʘʙʣ. 4.5) ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ 

ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 
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ʊʘʙʣʠʮʷ 4.4 

ʄʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʛʦ 

ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

 ɼʽʡʩʥʽ ʜʘʥʽ  

ʈ
ʝ
ʟ
ʫ
ʣ
ʴ
ʪ
ʘ
ʪ
 

 

ʢ
ʣ
ʘ
ʩ
ʠ
ʬ
ʽ
ʢ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

 

 1 2 3 4 5 6 ʊʦʯʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘ 

1. ʐʪʫʯʥʽ  

ʧʦʚʝʨʭʥʽ 
2 0 0 2 0 0 

0,5 

2. ʃʽʩʠ 3 160 3 6 0 7 0,89 

3. ʃʫʢʠ 2 8 30 2 0 6 0,63 

4. ɯʥʰʽ ʟʝʤʣʽ 1 0 0 10 0 0 0,91 

5. ɺʦʜʥʽ ʦʙôʻʢʪʠ 0 0 0 0 56 2 0,97 

6. ɹʦʣʦʪʘ 1 24 9 5 0 16 0,29 

 ʊʦʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʢʘ 
0,22 0,83 0,71 0,04 1 0,52 

 

 

ʊʘʙʣʠʮʷ 4.5 

ʄʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

 ɼʽʡʩʥʽ ʜʘʥʽ  

ʈ
ʝ
ʟ
ʫ
ʣ
ʴ
ʪ
ʘ
ʪ
 

 

ʢ
ʣ
ʘ
ʩ
ʠ
ʬ
ʽ
ʢ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

 

 1 2 3 4 5 6 ʊʦʯʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘ 

1. ʐʪʫʯʥʽ ʧʦʚʝʨʭʥʽ 6 0 0 3 0 0 0,67 

2. ʃʽʩʠ 1 168 6 6 0 2 0,92 

3. ʃʫʢʠ 0 6 23 6 0 0 0,66 

4. ɯʥʰʽ ʟʝʤʣʽ 0 0 0 11 0 0 1 

5. ɺʦʜʥʽ ʦʙôʻʢʪʠ 0 0 0 0 55 1 0,98 

6. ɹʦʣʦʪʘ 2 18 8 9 0 24 0,39 

 ʊʦʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʢʘ 
0,67 0,88 0,62 0,31 1 0,89 
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ɸʥʘʣʦʛʽʯʥʽ ʜʦ ʧʦʧʝʨʝʜʥʴʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʧʦʢʘʟʥʠʢʠ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʽ ʜʣʷ 

ʦʪʨʠʤʘʥʦʾ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ. ɼʣʷ ʢʣʘʩʫ ñʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ 

ʩʪʘʥʦʚʠʪʴ 67%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 67%. ɼʣʷ ʢʣʘʩʫ ñʣʽʩʠò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ 

ʩʪʘʥʦʚʠʪʴ 92%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 88%. ɼʣʷ ʢʣʘʩʫ ñʣʫʢʠò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ 

ʩʪʘʥʦʚʠʪʴ 66%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 62%. ɼʣʷ ʢʣʘʩʫ ñʽʥʰʽ ʟʝʤʣʽò ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ 

ʩʪʘʥʦʚʠʪʴ 100%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 31%. ɼʣʷ ʢʣʘʩʫ ñʚʦʜʥʽ ʦʙôʻʢʪʠò ʪʦʯʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 98%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 100%. ɼʣʷ ʢʣʘʩʫ ñʙʦʣʦʪʘò ʪʦʯʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 39%, ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ï 89%. ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʱʦ ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʩʪʘʥʦʚʠʪʴ 

81%. ɿʥʘʯʝʥʥʷ ʢʘʧʘ-ʽʥʜʝʢʩʫ ʩʪʘʥʦʚʠʪʴ 71%. 

4.1.4.5. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ, 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʤʘʪʨʠʮʷʤʠ ʧʦʤʠʣʦʢ.  

ʗʢʱʦ ʚʠʢʦʥʫʚʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʥʝ ʚ ʮʽʣʦʤʫ, ʘ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ, ʪʦʜʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ. ɿʛʽʜʥʦ ʟ 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʤʘʪʨʠʮʷʤʠ ʧʦʤʠʣʦʢ, ʢʣʘʩ ñʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽò  ʤʘʻ ʧʨʠʨʽʩʪ ʧʽʩʣʷ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘ 17% ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʩʘʤʝ ʟ 50% ʜʦ 67%. ʊʦʜʽ ʷʢ 

ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ʧʽʜʚʠʱʠʣʘʩʷ ʥʘ 55% - ʟ 22% ʜʦ 67%. ʑʦʜʦ ʢʣʘʩʫ ñʣʽʩʠò: ʧʨʠʨʽʩʪ 3% 

ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʩʘʤʝ ʟ 89% ʜʦ 92%, ʪʘʢʦʞ ʻ ʧʨʠʨʽʩʪ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ 

ʥʘ 5%. ʂʣʘʩ ñʣʫʢʠò ʜʝʤʦʥʩʪʨʫʻ ʧʨʠʨʽʩʪ ʥʘ 3% ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ (ʟ 63% ʜʦ 66%), ʘʣʝ 

ʚ ʪʦʡ ʞʝ ʯʘʩ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ʚʧʘʣʘ ʥʘ 9% (ʟ 71% ʜʦ 62%). ʂʣʘʩ ñʽʥʰʽ ʟʝʤʣʽ ò ï ʧʨʠʨʽʩʪ 

ʪʦʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ 9% ʪʘ ʧʘʜʽʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ ʪʘʢʦʞ ʥʘ 9% (ʟ 91% ʜʦ 100% 

ʪʘ ʟ 71% ʜʦ 62% ʚʽʜʧʦʚʽʜʥʦ). ʊʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʢʣʘʩʫ òʚʦʜʥʽ ʦʙôʻʢʪʠò  ʟʨʦʩʣʘ ʥʘ 1% 

(ʟ 97% ʜʦ 98%), ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ʟʘʣʠʰʠʣʘʩʷ ʥʝʟʤʽʥʥʦʶ (100%). ʊʦʯʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘ ʢʣʘʩʫ ñʙʦʣʦʪʘò ʟʨʦʩʣʘ ʥʘ 10% (ʟ 29% ʜʦ 39%), ʘ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʢʘ ʟʨʦʩʣʘ 

ʥʘ 37% (ʟ 52% ʜʦ 89%). 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʽ ʢʣʘʩʠ ʤʘʶʪʴ ʧʨʠʨʽʩʪ ʪʦʯʥʦʩʪʽ, ʦʢʨʽʤ ʢʣʘʩʽʚ ñʣʫʢʠò ʪʘ ñʽʥʰʽ 

ʟʝʤʣʽò, ʷʢʽ ʤʘʶʪʴ ʟʥʠʞʝʥʥʷ 9% ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ, ʘʣʝ ʾʭʥʷ ʪʦʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʙʫʣʘ 

ʧʽʜʚʠʱʝʥʘ. ʅʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ ʚʽʜʙʫʚʩʷ ʚ ʢʣʘʩʘʭ ñʰʪʫʯʥʽ 

ʧʦʚʝʨʭʥʽò ʪʘ ñʙʦʣʦʪʘò ï ʥʘ 55% ʪʘ 37% ʚʽʜʧʦʚʽʜʥʦ - ʱʦ ʻ ʟʥʘʯʥʠʤ ʧʦʢʨʘʱʝʥʥʷʤ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʪʝʤʘʪʠʯʥʦʶ ʟʘʜʘʯʝʶ ʻ ʢʣʘʩʠʬʽʢʘʮʽʷ ʙʦʣʽʪ, ʪʦ ʩʘʤʝ ʥʘ ʮʴʦʤʫ ʢʣʘʩʽ ʪʨʝʙʘ 

ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ. ʊʦʤʫ, ʦʢʨʽʤ ʨʦʟʛʣʷʥʫʪʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ 

ʬʨʘʛʤʝʥʪʽʚ ʜʚʦʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ( ʨʠʩ. 4.12). ʅʘ ʮʠʭ ʬʨʘʛʤʝʥʪʘʭ ʯʦʨʥʠʤ ʧʨʷʤʦʢʫʪʥʠʢʦʤ 

ʚʠʜʽʣʝʥʦ ʜʽʣʷʥʢʫ, ʜʝ ʟʘ ʟʘʚʽʨʢʦʚʠʤʠ ʜʘʥʠʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʣʽʩ, ʘʣʝ ʜʦ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʧʝʨʝʚʘʞʥʘ ʯʘʩʪʠʥʘ ʮʽʻʾ ʜʽʣʷʥʢʠ ʙʫʣʘ ʧʦʤʠʣʢʦʚʦ ʢʣʘʩʠʬʽʢʦʚʘʥʘ ʷʢ ʙʦʣʦʪʘ. ʇʽʩʣʷ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʘʥʘ ʧʨʦʙʣʝʤʘ ʯʘʩʪʢʦʚʦ ʫʩʫʥʝʥʘ.  

 

ʈʠʩ. 4.12. ʌʨʘʛʤʝʥʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟ ʧʦʯʘʪʢʦʚʦʶ ʥʘʚʯʘʣʴʥʦʶ ʚʠʙʽʨʢʦʶ (ʘ) ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʶ ʥʘʚʯʘʣʴʥʦʶ ʚʠʙʽʨʢʦʶ (ʙ) 

 

ʇʨʦʪʝ, ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʮʽʣʦʤʫ, ʘ ʥʝ ʟʘ ʦʢʨʝʤʠʤʠ ʢʣʘʩʘʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩʫ. ɿʘ 

ʧʦʢʘʟʥʠʢʦʤ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʢʣʘʩʠʬʽʢʘʮʽʷ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʚʽʜʥʦʩʥʦ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ 

ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʤʘʻ ʧʨʠʨʽʩʪ ʥʘ 4% ( ʟ 
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77% ʜʦ 81%). ʇʦʨʽʚʥʶʶʯʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʢʘʧʘ-ʽʥʜʝʢʩʦʤ, ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ ʧʨʠʨʽʩʪ ʥʘ 

5% (ʟ 66% ʜʦ 71%). 

ʆʪʞʝ, ʚʠʭʦʜʷʯʠ ʟ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʨʦʩʣʘ ʷʢ ʚ ʦʢʨʝʤʠʭ ʢʣʘʩʘʭ 

( ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʙʦʣʦʪʘ), ʪʘʢ ʽ ʚ ʮʽʣʦʤʫ ʟʛʽʜʥʦ ʟ ʧʦʨʽʚʥʷʥʥʷʤ ʟʥʘʯʝʥʴ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʡ ʪʘ ʢʘʧʘ-ʽʥʜʝʢʩʫ. 

4.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ 

ɼʘʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʜʦ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ. ʇʨʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʦʙʨʘʥʦ 

ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʦʤʫ ʧʦʣʽʛʦʥʽ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʟʡʦʤʢʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʟ ʣʝʛʢʦʛʦ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ DJI Phantom 4 Multispectral.  

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʦʛʽʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʚ (Popov et al., 

2022). ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʙʽʥʘʨʥʝ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʜʝ ʦʙôʻʢʪʦʤ ʙʫʣʠ ʤʽʥʠ, ʘ ʬʦʥʦʤ - 

ʨʦʟʨʽʜʞʝʥʘ ʪʘ ʧʨʠʛʥʽʯʝʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, ʧʽʜ ʷʢʦʶ ʚʽʜʩʫʪʥʽ ʤʽʥʠ. ʇʨʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʂ-ʩʝʨʝʜʥʽʭ. 

ɺʣʘʩʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ - ʣʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ. ʇʨʠ ʮʴʦʤʫ, ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʨʫʭʦʤʦʛʦ 

ʩʝʨʝʜʥʴʦʛʦ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʨʠʙʣʠʟʥʠʡ ʨʦʟʤʽʨ ʦʙôʻʢʪʽʚ ʙʫʚ ʚʽʜʦʤʠʡ ʟʘʟʜʘʣʝʛʽʜʴ.  

ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʦ ʪʘ ʧʦʨʽʚʥʷʥʦ ʤʽʞ ʩʦʙʦʶ ʜʚʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ï ʜʦ ʪʘ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ.  

4.2.1. ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʜʦ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʧʦʣʽʛʦʥ. ɼʘʥʘ 
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ʪʝʨʠʪʦʨʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʣʝ, ʥʘ ʷʢʦʤʫ ʧʨʠʩʫʪʥʷ ʨʦʟʨʽʜʞʝʥʘ ʪʘ ʧʨʠʛʥʽʯʝʥʘ ʨʦʩʣʠʥʥʽʩʪʴ. 

ʊʘʢʦʞ, ʥʘ ʮʴʦʤʫ ʧʦʣʽʛʦʥʽ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʤʽʥʠ ï ʜʝʷʢʽ ʟ ʥʠʭ ʟʥʘʭʦʜʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʝʤʣʽ, ʘ ʜʝʷʢʽ ï ʟʘʛʣʠʙʣʝʥʽ ʚ ˇʨʫʥʪ. ʆʧʠʩʘʥʠʡ ʧʦʣʽʛʦʥ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.13.  

 

ʈʠʩ. 4.13. ʊʝʩʪʦʚʠʡ ʧʦʣʽʛʦʥ 

 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʟʡʦʤʢʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʛʦʜʥʽ ʫʤʦʚʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 

ʩʪʘʥʦʚʠʣʘ 15 ʛʨʘʜʫʩʽʚ ʎʝʣʴʩʽʷ, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ - 61%, ʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ - 8 ʤ/ʩ. ʏʘʩ 

ʟʡʦʤʢʠ ï 2 ʯʝʨʚʥʷ 2021 ʨʦʢʫ ʦ 13-00. 

4.2.2. ʊʝʤʘʪʠʯʥʽ ʢʣʘʩʠ 

ɽʢʩʧʝʨʠʤʝʥʪ ʟ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʙʽʥʘʨʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʚʠʟʥʘʯʝʥʦ ʜʚʘ ʢʣʘʩʠ: ʦʙôʻʢʪ ʪʘ ʬʦʥ. ʆʙôʻʢʪʦʤ ʻ ʤʽʥʠ, ʜʝʷʢʽ ʟ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʘ ʜʝʷʢʽ - ʟʘʛʣʠʙʣʝʥʽ ʚ ˇʨʫʥʪ. ʉʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʽʥ: ʧʨʦʪʠʧʽʭʦʪʥʽ ï

ʄʆʅ-50, ʄʆʅ-90, ʄʆʅ-100, ʄʆʅ-200; ʧʨʦʪʠʪʘʥʢʦʚʽ ï ʊʄ-62ʄ, ʊʄ-62ʇ. ʌʦʥʦʤ ʻ 

ʨʦʟʨʽʜʞʝʥʘ ʪʘ ʧʨʠʛʥʽʯʝʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, ʧʽʜ ʷʢʦʶ ʚʽʜʩʫʪʥʽ ʤʽʥʠ. 
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ʅʘ ʨʠʩ. 4.14 ʚʩʝʨʝʜʠʥʽ ʯʝʨʚʦʥʦʛʦ ʢʦʣʘ ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʥʠ, ʘ ʚʩʝ, ʱʦ ʟʦʚʥʽ ʮʠʭ ʢʽʣ, ï 

ʮʝ ʧʽʢʩʝʣʽ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ñʬʦʥò. 

 

ʈʠʩ. 4.14. ʈʦʟʪʘʰʫʚʘʥʥʷ ʤʽʥ ʥʘ ʪʝʩʪʦʚʦʤʫ ʧʦʣʽʛʦʥʽ 

4.2.3. ɺʭʽʜʥʽ ʜʘʥʽ 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦ ʟʘʜʘʯʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʟʡʦʤʢʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʟ 

ʣʝʛʢʦʛʦ ʢʚʘʜʨʦʢʦʧʪʝʨʘ DJI Phantom 4 Multispectral. ʂʦʞʝʥ ʦʪʨʠʤʘʥʠʡ ʟʥʽʤʦʢ ʤʽʩʪʠʪʴ 5 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ: Blue (ʜʦʚʞʠʥʘ ʭʚʠʣʽ - 450Ñ16 ʥʤ), Green (560Ñ16 ʥʤ), Red (650Ñ16 

ʥʤ), Red Edge (730Ñ16 ʥʤ) ʪʘ NIR (840Ñ26 ʥʤ). ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʥʠʭ 

ʩʪʘʥʦʚʠʪʴ H/18,9 ʩʤ, ʜʝ H ï ʚʠʩʦʪʘ ʧʦʣʴʦʪʫ ʚ ʩʘʥʪʠʤʝʪʨʘʭ.  

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʟʡʦʤʢʠ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʦʮʝʜʫʨʫ ʢʘʣʽʙʨʫʚʘʥʥʷ. ɼʘʥʘ ʧʨʦʮʝʜʫʨʘ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʢʦʞʥʦʛʦ 

ʧʽʢʩʝʣʷ ʦʪʨʠʤʘʥʠʭ ʢʘʥʘʣʽʚ ʥʘʩʪʫʧʥʠʭ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ: 

 

ὼǋ ᶻ
ᶻ

 z 
, 
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ʜʝ ὼ - ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ j-ʛʦ ʧʽʢʩʝʣʷ i-ʛʦ ʢʘʥʘʣʫ, ὼǋ- ʟʥʘʯʝʥʥʷ j-ʛʦ ʧʽʢʩʝʣʷ i-ʛʦ ʢʘʥʘʣʫ 

ʧʽʩʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ, BlackCurrent ï ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʨʽʚʝʥʴ ʯʦʨʥʦʛʦ , Correction ï 

ʢʦʝʬʽʮʽʻʥʪ ʥʦʨʤʘʣʽʟʘʮʽʾ, SensorGain ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʝʥʩʦʨʘ, 

SensorGainAdjustment ï ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʫʣʶʚʘʥʥʷ ʧʽʜʩʠʣʝʥʥʷ ʩʝʥʩʦʨʘ , ExposureTime ï ʯʘʩ 

ʝʢʩʧʦʟʠʮʽʾ , Irradiance ï ʢʦʝʬʽʮʽʻʥʪ ʝʥʝʨʛʝʪʠʯʥʦʾ ʦʩʚʽʪʣʝʥʥʦʩʪʽ. 

ɿʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ BlackCurrent, Correction, SensorGain, SensorGainAdjustment, 

ExposureTime  ʪʘ Irradiance  ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʤʝʪʘʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʬʘʡʣʽ ʟʦʙʨʘʞʝʥʥʷ 

ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ. ɿʤʽʥʥʽ BlackCurrent ̔ Correction ʻ ʩʪʘʣʠʤʠ ʪʘ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 4096 ʪʘ 

65535 ʚʽʜʧʦʚʽʜʥʦ. ɯʥʰʽ ʟʤʽʥʥʽ ʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʘʥʘʣʽʚ. 

ɼʘʣʽ ʟʤʽʥʶʶʪʴʩʷ ʨʦʟʤʽʨʠ ʢʘʣʽʙʨʦʚʘʥʠʭ ʢʘʥʘʣʽʚ, ʱʦʙ ʚʦʥʠ ʦʭʦʧʣʶʚʘʣʠ ʣʠʰʝ 

ʪʝʨʠʪʦʨʽʶ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʘʣʠ ʦʜʥʘʢʦʚʠʡ ʨʦʟʤʽʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʤʽʨʠ ʟʥʽʤʢʫ ʩʢʣʘʣʠ 

1076 x 653 ʧʽʢʩʝʣʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʢʫʙ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʟ ʦʪʨʠʤʘʥʠʭ 

ʢʘʥʘʣʽʚ, ʷʢʽ ʻ ʧʨʦʩʪʦʨʦʚʦ-ʨʝʛʫʣʷʨʠʟʦʚʘʥʠʤʠ. ɺʨʘʭʦʚʫʯʁʠ, ʱʦ ʚʭʽʜʥʠʡ ʟʥʽʤʦʢ ʤʘʻ 5 

ʢʘʥʘʣʽʚ, ʪʦ ʨʦʟʤʽʨ ʚʭʽʜʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ï 5 ʭ 1076 x 653. 

ʌʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʝʪʘʣʦʥʥʠʭ ʪʦʯʦʢ, ʢʦʞʥʘ ʟ 

ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʦʣʽʛʦʥʫ ʪʘ ʚʽʜʤʽʯʝʥʘ GPS ʢʦʦʨʜʠʥʘʪʘʤʠ. ɼʣʷ ʢʣʘʩʫ 

ñʦʙôʻʢʪò ʚʽʜʽʙʨʘʥʦ 215 ʪʦʯʦʢ, ʘ ʜʣʷ ʢʣʘʩʫ ñʬʦʥò ï 416. ɺ ʢʦʞʥʽʡ ʟ ʮʠʭ ʪʦʯʦʢ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʩʠʛʥʘʪʫʨʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʟʥʘʯʝʥʥʷ ʚ ʢʦʞʥʦʤʫ ʟ 5 ʢʘʥʘʣʽʚ 

ʚʭʽʜʥʦʛʦ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ.  

4.2.4. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʽʥ ʟʘʩʪʦʩʦʚʘʥʦ ʩʧʦʩʽʙ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʘʣʛʦʨʠʪʤ ʷʢʦʛʦ ʦʧʠʩʘʥʦ ʚ ʧ. 3.2. ɺʣʘʩʥʝ ʜʣʷ ʩʘʤʦʾ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʦʙʨʘʥʦ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ 

ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ, ʘʣʛʦʨʠʪʤ ʷʢʦʛʦ ʦʧʠʩʘʥʠʡ ʚ ʧ. 2.2.2. ʊʘʢʠʡ ʚʠʙʽʨ ʟʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʙʽʥʘʨʥʝ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʄʝʪʦʜʦʤ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʦʙʨʘʥʦ ʤʝʪʦʜ ʂ-ʉʝʨʝʜʥʽʭ. 
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ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʢʨʠʪʝʨʽʡ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʗʢ ʽ ʜʣʷ 

ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʢʨʠʪʝʨʽʻʤ ʦʙʨʘʥʦ ʟʘʛʘʣʴʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʚ ʧ. 2.3.3.2. 

ʄʝʪʦʜʦʤ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʦʙʨʘʥʦ ʣʦʛʽʩʪʠʯʥʫ ʨʝʛʨʝʩʽʶ, ʷʢʘ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʪʘʢ ʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʫ ʦʮʽʥʶʚʘʥʥʷ 

ʨʦʟʜʽʣʠʤʦʩʪʽ, ʥʘ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʜʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʦʙʨʘʥʦ ʤʦʜʠʬʽʢʦʚʘʥʫ  ʤʘʪʨʠʮʶ ʧʦʤʠʣʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ 

ʡʤʦʚʽʨʥʦʩʪʝʡ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʦʯʘʪʢʫ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ï 0.79.  

ɼʘʣʽ ʟʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʽʪʝʨʘʪʠʚʥʫ ʧʨʦʮʝʜʫʨʫ ʧʦʰʫʢʫ ʥʘʙʦʨʫ ʢʣʘʩʪʝʨʽʚ, ʧʨʠ ʷʢʦʤʫ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʙʫʜʝ ʥʘʡʚʠʱʠʤ ʩʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ. ɺʠʷʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʢʣʘʩʪʝʨʽʚ - 176 ʪʘ 5 ʜʣʷ ʢʣʘʩʽʚ ʬʦʥ ʪʘ ʤʽʥʠ ʚʽʜʧʦʚʽʜʥʦ. ʉʘʤʝ ʧʨʠ ʮʽʡ ʢʦʤʙʽʥʘʮʽʾ ʢʣʘʩʪʝʨʽʚ 

ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʩʝʨʝʜ ʫʩʽʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ. ʊʘʢʠʡ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʤʘʻ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ï 0.91. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʧʽʜʚʠʱʠʣʦʩʷ ʥʘ 0.12 

ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

4.2.5. ʇʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʫʚʘʥʴ 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘʙʦʨʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦ ʪʘ ʧʽʩʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʣʦʛʽʩʪʠʯʥʦʾ 

ʨʝʛʨʝʩʽʾ. ʊʘʢʦʞ, ʚʦʥʠ ʤʘʣʠ ʦʜʥʘʢʦʚʽ ʢʣʘʩʠ: ʦʙôʻʢʪ (ʤʽʥʠ) ʪʘ ʬʦʥ. ʈʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩ.4.15. 
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ʈʠʩ. 4.15. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟ ʧʦʯʘʪʢʦʚʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

 

ɺ ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʽ ʦʪʨʠʤʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʨʠʩ. 4.3) ʻ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʡʦʛʦ 

ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦ ʢʣʘʩʫ ñʤʽʥʠò. ʊʘʢʠʤ ʯʠʥʦʤ, ʯʠʤ ʩʚʽʪʣʽʰʠʤ ʻ ʢʦʣʽʨ ʧʽʢʩʝʣʷ, ʪʠʤ ʚʠʱʝ 

ʡʤʦʚʽʨʥʽʩʪʴ ʡʦʛʦ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦ ʢʣʘʩʫ ñʤʽʥʠò. 

ɸʥʘʣʦʛʽʯʥʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʷʢʠʡ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʧʽʩʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 4.16. 

 

ʈʠʩ. 4.16. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʬʦʨʤʘ ʪʘ ʧʨʠʙʣʠʟʥʠʡ ʨʦʟʤʽʨ ʦʙôʻʢʪʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʽ, ʪʦ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʪʨʘʩʪʫ ʤʽʞ ʬʦʥʦʤ ʪʘ ʦʙôʻʢʪʘʤʠ ʜʦʮʽʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʬʽʣʴʪʨʘʮʽʾ 

ʤʝʪʦʜʦʤ ʨʫʭʦʤʦʛʦ ʩʝʨʝʜʥʴʦʛʦ (Piwowar & LeDrew, 2002). ɼʘʥʘ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʦʜʠʪʴʩʷ 

ʜʣʷ ʫʩʝʨʝʜʥʝʥʥʷ ʟʥʘʯʝʥʴ ʚʩʝʨʝʜʠʥʽ ʛʨʫʧʠ ʧʽʢʩʝʣʽʚ, ʷʢʽ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʦʙʤʝʞʝʥʽ 

ʢʦʣʦʤ, ʨʘʜʽʫʩ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 10 ʧʽʢʩʝʣʽʚ - ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʨʠʙʣʠʟʥʠʤ ʨʦʟʤʽʨʦʤ ʤʽʥ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʤʝʪʦʜʦʤ ʨʫʭʦʤʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʜʦ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟ ʧʦʯʘʪʢʦʚʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʷʢʘ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.17. 

 

ʈʠʩ. 4.17. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟ ʧʦʯʘʪʢʦʚʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʤʝʪʦʜʦʤ ʨʫʭʦʤʦʛʦ ʩʝʨʝʜʥʴʦʛʦ 

 

ɸʥʘʣʦʛʽʯʥʦ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʨʫʭʦʤʝ ʩʝʨʝʜʥʻ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɼʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.18. 
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ʈʠʩ. 4.18. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟ ʧʦʯʘʪʢʦʚʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʤʝʪʦʜʦʤ ʨʫʭʦʤʦʛʦ ʩʝʨʝʜʥʴʦʛʦ 

 

4.2.6. ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʟʘʚʽʨʢʦʚʫ ʢʘʨʪʫ 

ʢʣʘʩʠʬʽʢʘʮʽʾ (ʨʠʩ. 4.19), ʚ ʷʢʽʡ ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʽ ʙʫʣʦ ʧʨʠʩʚʦʻʥʦ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 1 

ʘʙʦ 0, ʷʢʱʦ ʧʽʢʩʝʣʴ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ñʤʽʥʠò ʯʠ ʢʣʘʩʫ ñʬʦʥò ʚʽʜʧʦʚʽʜʥʦ. 

 

ʈʠʩ. 4.19. ɿʘʚʽʨʢʦʚʘ ʢʘʨʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 
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ɼʘʣʽ ʙʫʣʦ ʦʮʽʥʝʥʦ ʢʦʨʝʣʷʮʽʶ ʟʘʚʽʨʢʦʚʦʾ ʢʘʨʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʢʨʝʤʦ ʟ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ, ʱʦ ʦʪʨʠʤʘʥʘ ʟ ʧʦʯʘʪʢʦʚʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ, ʱʦ ʦʪʨʠʤʘʥʘ ʟ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɼʣʷ ʦʮʽʥʢʠ 

ʢʦʨʝʣʷʮʽʾ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ (Pearsonôs 

Correlation Coefficient, 2008). ɼʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 

ὶ
В Ӷ

В Ӷ В

 , 

 

ʜʝ ὼ ð ʟʥʘʯʝʥʥʷ i -ʛʦ ʧʽʢʩʝʣʷ ʦʪʨʠʤʘʥʦʾ ʢʘʨʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ὼӶ-ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʧʽʢʩʝʣʽʚ ʦʪʨʠʤʘʥʦʾ ʢʘʨʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ώ ð ʟʥʘʯʝʥʥʷ i -ʛʦ ʧʽʢʩʝʣʷ 

ʟʘʚʽʨʢʦʚʦʾ ʢʘʨʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ώ ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʧʽʢʩʝʣʽʚ ʟʘʚʽʨʢʦʚʦʾ 

ʢʘʨʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾʾ. 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʜʣʷ ʟʘʚʽʨʢʦʚʦʾ ʢʘʨʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟ ʧʦʯʘʪʢʦʚʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʩʪʘʥʦʚʠʪʴ 0.54. 

ɸʥʘʣʦʛʽʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʜʣʷ ʟʘʚʽʨʢʦʚʦʾ 

ʢʘʨʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɼʘʥʝ 

ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 0.82. 

ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʨʦʩʣʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʚʽʜʥʦʩʥʦ ʟʘʚʽʨʢʦʚʦʾ ʢʘʨʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ 0.18 (ʟ 0.54 ʜʦ 0.82). 

4.3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ 

ʪʠʧʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ɺ ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʨʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʜʝ 

ʪʝʨʠʪʦʨʽʻʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʪʝʩʪʦʚʫ ʜʽʣʷʥʢʫ ʚ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ (Andreiev, 2020). ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɸʥʘʣʦʛʽʯʥʦ ʜʦ 



145 
 

ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟ ʧʦʯʘʪʢʦʚʠʤ ʥʘʙʦʨʦʤ ʜʘʥʠʭ 

ʪʘ ʥʘʙʦʨʦʤ ʜʘʥʠʭ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʦʙʨʘʥʦ 6 ʪʝʤʘʪʠʯʥʠʭ ʢʣʘʩʽʚ: ʰʪʫʯʥʽ 

ʧʦʚʝʨʭʥʽ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ, ʣʫʢʠ, ʣʽʩʠ, ʚʦʜʥʽ ʦʙôʻʢʪʠ ʪʘ ʽʥʰʽ ʟʝʤʣʽ. 

ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 7 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʦʜʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢ ͊Landsat-OLI8 (Landsat8, 2013), ʜʘʪʘ 

ʟʥʽʤʘʥʥʷ ʷʢʦʛʦ 9 ʩʝʨʧʥʷ 2018 ʨʦʢʫ (ʨʠʩ. 4.20). ʊʘʢʦʞ, ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʪʘ ʜʦʣʫʯʝʥʽ ʜʦ 

ʢʫʙʘ ʪʨʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʠ (NDVI, NDBI ʪʘ BUI) ʪʘ ʨʘʩʪʨʦʚʠʡ ʰʘʨ, ʷʢʠʡ ʤʽʩʪʠʪʴ 

ʟʥʘʯʝʥʥʷ ʧʦʭʠʣʫ ʧʦʚʝʨʭʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʤʽʨ ʢʫʙʘ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʷʢʠʡ 

ʦʭʦʧʣʶʻ ʪʝʨʠʪʦʨʽʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʢʣʘʚ 11 ʭ 619 x 445. 

 

ʈʠʩ. 4.20. ʌʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢ ͊Landsat-OLI8 ʥʘ ʪʝʨʠʪʦʨʽʶ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ 9 

ʩʝʨʧʥʷ 2018ʨ. ʂʦʤʙʽʥʘʮʽʷ ʢʘʥʘʣʽʚ - R:ɺ4, G:B3, B:B3 ï ʥʘʪʫʨʘʣʴʥʽ ʢʦʣʴʦʨʠ 

 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʜʦ ʥʴʦʛʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʧʦʩʽʙ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʘʣʛʦʨʠʪʤ ̫ ʢʦʛʦ ʦʧʠʩʘʥʦ ʚ ʧ. 3.2. 

ʄʝʪʦʜʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ 
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ʚʠʙʽʨʢʠ ʟ ʢʣʘʩʪʝʨʽʚ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʽʚ, ʘʣʛʦʨʠʪʤ ʷʢʦʛʦ ʦʧʠʩʘʥʦ ʚ ʧ. 2.2.1. ɼʣʷ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

ʂ-ʉʝʨʝʜʥʽʭ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ, ʷʢʠʡ ʦʧʠʩʘʥʦ ʚ ʧ. 2.3.  

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʦʧʠʩʘʥʠʡ ʚ ʧ. 4.1.4, ʷʢ ʢʨʠʪʝʨʽʡ 

ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʦʙʨʘʥʦ ʟʘʛʘʣʴʥʠʡ ʽʥʜʝʢʩ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʷʢʦʛʦ ʦʧʠʩʘʥʠʡ ʚ ʧ. 2.3.3.2. 

ʄʝʪʦʜʦʤ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʪʘʢʦʞ ʦʙʨʘʥʦ ʚʽʜʩʪʘʥʴ ʄʘʭʘʣʘʥʦʙʽʩʘ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʦʙʨʘʥʦ ʩʪʘʥʜʘʨʪʥʫ ʤʘʪʨʠʮʶ ʧʦʤʠʣʦʢ.  

ʉʧʦʯʘʪʢʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʠʤʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʨʽʚʥʶʻ 0.9084. 

ɼʘʣʽ, ʟʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ ʩʧʦʩʦʙʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʽʪʝʨʘʪʠʚʥʫ ʧʨʦʮʝʜʫʨʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʧʨʠ 

ʷʢʦʤʫ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʻ ʥʘʡʚʠʱʠʤ ʩʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ. ʆʪʨʠʤʘʥʠʡ 

ʦʧʪʠʤʘʣʴʥʠʡ ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʤʘʚ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʟʜʽʣʠʤʦʩʪʽ ʥʘ 

ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 0.9445, ʱʦ ʥʘ 0.0361 ʚʠʱʝ ʥʽʞ ʜʦ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʢʣʘʩʽʚ ʰʪʫʯʥʽ 

ʧʦʚʝʨʭʥʽ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ, ʣʫʢʠ, ʣʽʩʠ, ʚʦʜʥʽ ʦʙôʻʢʪʠ ʪʘ ʽʥʰʽ ʟʝʤʣʽ, ʘ ʩʘʤʝ: 2, 

5, 4, 2, 1 ʪʘ 2 ʚʽʜʧʦʚʽʜʥʦ 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ʇʝʨʰʝ - ʟ 

ʧʦʯʘʪʢʦʚʠʤʠ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʜʨʫʛʝ ï ʟ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʤ (ʦʧʪʠʤʽʟʦʚʘʥʠʤ) 

ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʦʶ. ʆʙʠʜʚʘ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ. ʊʘʢʦʞ, ʚʦʥʠ ʤʘʣʠ ʦʜʥʘʢʦʚʽ 

ʢʣʘʩʠ, ʷʢʽ ʦʧʠʩʘʥʽ ʚʠʱʝ. ʈʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ, ʷʢʝ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ.4.21. 
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ʈʠʩ. 4.21. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟ ʧʦʯʘʪʢʦʚʠʤ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʣʝʛʝʥʜʦʶ ʢʣʘʩʽʚ 

 

ɿʘ ʜʘʥʠʤʠ ʦʪʨʠʤʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʨʦʟʨʘʭʦʚʘʥʦ ʢʽʣʴʢʽʩʪʴ 

ʧʽʢʩʝʣʽʚ, ʱʦ ʙʫʣʠ ʜʦ ʥʴʦʛʦ ʚʽʜʥʝʩʝʥʽ. ʂʣʘʩ ñʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽò ï 8621 ʧʽʢʩʝʣʴ, 

ñʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷò - 124593, ñʣʫʢʠò - 67839, ñʣʽʩʠò - 42908, ñʚʦʜʥʽ ʦʙôʻʢʪʠò - 

18122 ʪʘ ñʽʥʰʽ ʟʝʤʣʽò- 13372. 

ɸʥʘʣʦʛʽʯʥʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʷʢʠʡ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʧʽʩʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 4.22. 

 


