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ɸʅʆʊɸʎɯʗ 

ʃʠʩʝʥʢʦ ɸ.ʈ. ʄʝʪʦʜʠʢʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 172 ï 

ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘ (17 ï ɽʣʝʢʪʨʦʥʽʢʘ ʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ). ɼʝʨʞʘʚʥʘ 

ʫʩʪʘʥʦʚʘ ñʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ 

ʥʘʫʢ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠò, ʤ. ʂʠʚʾ, 2023. 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʤʽʢʨʦ-, ʤʘʢʨʦʝʢʦʥʦʤʽʢʠ ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ, 

ʦʮʽʥʢʠ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʟʠʢʽʚ, ʩʪʘʥʫ, ʨʝʟʫʣʴʪʘʪʽʚ ʪʦʱʦ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʠʭ 

ʧʦʪʨʝʙ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʠʤ ʻ ʟʘʣʫʯʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʠʭ. ɿʘʚʜʷʢʠ 

ʩʴʦʛʦʜʝʥʥʦʤʫ ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʧʦʢʨʠʪʪʶ ʪʘ ʤʝʪʦʜʘʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ɿʝʤʣʽ (ɼɿɿ) ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʟʝʤʥʽ ʦʙôʻʢʪʠ, ʧʨʘʢʪʠʯʥʦ, ʟ ʙʫʜʴ-

ʷʢʦʾ ʜʽʣʷʥʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʷʢ ʫ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʘʭ, ʪʘʢ ʽ ʚ ʢʦʨʦʪʢʽ ʪʝʨʤʽʥʠ. 

ɼʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ (ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʦʞʘʶ, 

ʦʮʽʥʢʠ ʟʚʦʣʦʞʝʥʦʩʪʽ ˇʨʫʥʪʫ, ʝʨʦʟʽ ʾˇʨʫʥʪʫ ʪʦʱʦ), ʛʝʦʜʝʟʽʾ (ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪ, 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʴ ˇʨʫʥʪʫ ʽ ʪ.ʜ.), ʤʦʥʽʪʦʨʠʥʛʫ ʦʢʝʘʥʫ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʥʝʣʝʛʘʣʴʥʠʭ ʩʫʜʝʥ ʚ ʨʽʟʥʠʭ ʘʢʚʘʪʦʨʽʷʭ), ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʩʣʦʾʚ 

ʘʪʤʦʩʬʝʨʠ ʪʘ ʽʥʰʦʤʫ. 

ɺʘʞʣʠʚʦʶ ʷʢʽʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ʻ ʾʭ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʢʦʥʢʨʝʪʥʦʾ ʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ. ɸ ʪʦʤʫ, ʜʣʷ ʨʽʟʥʠʭ ʟʘʜʘʯ ʮʝʡ ʧʘʨʘʤʝʪʨ ʻ ʨʽʟʥʠʤ. 

ɺʨʘʭʦʚʫʶʯʠ ʣʠʰʝ ʟʨʦʩʪʘʶʯʽ ʧʦʪʨʝʙʠ ʫ ʙʽʣʴʰ ʷʢʽʩʥʠʭ ʜʘʥʠʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ 

ʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʥʠʥʽʰʥʦɹʛʦ ʯʘʩʫ. 

ʆʙôʻʢʪʠʚʥʠʤ ʟʘʛʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʢʦʩʪʽ ʜʘʥʠʭ ɼɿɿ ʻ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʨʘʟʠʪʠ ʢʽʣʴʢʽʩʥʦ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʨʦʟʨʽʟʥʷʶʪʴʩʷ 
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ʦʢʨʝʤʽ ʦʙôʻʢʪʠ ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ʆʪʞʝ, ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʘʜʘʯ, ʜʣʷ 

ʷʢʠʭ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

ʆʢʨʝʤʫ ʣʘʥʢʫ ʚ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʟʦʥʜʫʚʘʥʥʽ ɿʝʤʣʽ ʧʦʩʽʜʘʶʪʴ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ 

ʟʦʙʨʘʞʝʥʥʷ. ʎʝ ʜʦʚʦʣʽ ʝʬʝʢʪʠʚʥʠʡ ʟʘʩʽʙ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ ̔ʟ ʢʦʩʤʦʩʫ, ʷʢʠʡ 

ʜʠʥʘʤʽʯʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘ ʚʩʝ ʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. ʅʘ ʧʨʦʪʠʚʘʛʫ ʦʧʪʠʯʥʠʤ 

ʟʥʽʤʘʣʴʥʠʤ ʩʠʩʪʝʤʘʤ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʜʦʟʚʦʣʷʶʪʴ ʚʝʩʪʠ ʟʥʽʤʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʷʢ ʚ ʫʤʦʚʘʭ ʭʤʘʨʥʦʩʪʽ, ʪʘʢ ʽ ʥʽʯʥʫ ʧʦʨʫ ʜʦʙʠ, ʘ ʦʧʝʨʫʶʪʴ ʫ ʨʘʜʽʦʭʚʠʣʴʦʚʦʤʫ 

ʜʽʘʧʘʟʦʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʜʝʱʦ ʽʥʰʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ. ʌʽʟʠʯʥʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʨʘʜʘʨʥʠʭ ʩʝʥʩʦʨʽʚ, ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤʠ  

ʦʧʪʠʯʥʠʤʠ, ʚʠʤʘʛʘʻ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʩʦʙʽʚ ʦʙʨʦʙʢʠ ʾʭ ʜʘʥʠʭ: ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʤʝʪʦʜʽʚ ʪʘ ʤʝʪʦʜʠʢ. 

ʆʪʞʝ, ʤʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ 

(ʈʉɸ), ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʥʘʧʨʘʮʶʚʘʥʴ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʚʽʜʧʦʚʽʜʥʦʾ ʤʝʪʦʜʠʢʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ ʤʝʪʠ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʥʘʥʥʷ ʢʽʣʴʢʦʭ ʥʘʫʢʦʚʠʭ 

ʟʘʚʜʘʥʴ, ʧʝʨʰʠʤ ʟ ʷʢʠʭ ʧʦʩʪʘʚ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʪʘ ʚʩʪʘʥʦʚʣʝʥʥ ̫ ʚʟʘʻʤʦʟʚôʷʟʢʫ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. 

ɺ ʷʢʦʩʪʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ ʙʫʣʦ ʦʙʨʘʥʦ 

ʟʥʽʤʢʠ ʦʪʨʠʤʘʥʽ ʟ ʩʫʟʽʨôʷ ʩʫʧʫʪʥʠʢʽʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Sentinel-1. ʊʘʢ ʷʢ 

ʜʘʥʠʡ ʩʫʧʫʪʥʠʢ ʥʘʜʘ ̒ʜʘʥʽ ʚ ʦʜʨʘʟʫ ʜʚʦʭ ʧʦʣʷʨʠʟʘʮʽʷʭ, ʦʜʥʘ ʟ ʷʢʠʭ ʟʙʽʛʘʻʪʴʩʷ ʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʦʤʫ ʪʘ ʧʨʠʡʤʘʣʴʥʦʤʫ ʨʝʞʠʤʘʭ ʧʦʣʷʨʠʟʘʮʽʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʽʤʧʫʣʴʩʫ, ʘ ʽʥʰʘ ʤʽʩʪʠʪʴ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʫ ʩʢʣʘʜʦʚʫ, ʪʦ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʧʨʦʙʣʝʤ 

ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ʪʘ ʨʽʟʥʦʨʽʜʥʦʩʪʽ ʜʘʥʠʭ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣ ̔ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ 

ʘʣʛʦʨʠʪʤʽ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʜʘʥʠʭ ʚ ʩʧʽʣʴʥʫ ʬʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ ï 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 
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ɼʣʷ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ 

ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʙʘʟʫʻʪʩɹʷ ʥʘ ʬʟ̔ʠʯʥʽʡ ʫʟʛʦʜʞʝʥʦʩʪʽ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʜʘʥʠʭ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥ ɹʩʘʤʠʭ ʤʦʜʝʣʝʡ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʥʪʝʟʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʥʠʟʴʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʫ ʻʜʠʥʝ ʜʚʦʢʨʘʪʥʦ ʟʙʽʣʴʰʝʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʘʣʛʦʨʠʪʤ, ʱʦ ʾʾ ʨʝʘʣʽʟʫʻ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʯʘʩʦʚʫ ʟʘʪʨʠʤʢʫ ʤʽʞ 

ʧʦʩʣʽʜʦʚʥʠʤ ʧʨʠʡʥʷʪʪʷʤ ʪʘ ʥʘʜʩʠʣʘʥʥʷʤ ʨʽʟʥʠʭ ʽʤʧʫʣʴʩʽʚ ʙʦʨʪʦʚʠʤ ʨʘʜʘʨʦʤ 

ʩʫʧʫʪʥʠʢʘ Sentinel-1 ʫ ʨʝʞʠʤʘʭ ὺὺ ʪʘ ὺὬ (ʪʫʪ ʧʝʨʰʘ ʙʫʢʚʘ ʧʦʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ 

ʧʦʟʥʘʯʘʻ ʧʦʣʷʨʠʟʘʮʽʶ ʟʛʝʥʝʨʦʚʘʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʘ ʜʨʫʛʘ ï ʧʦʣʷʨʠʟʘʮʽʶ ʧʨʠʡʤʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʨʦʟʩʽʷʥʦʛʦ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʩʠʛʥʘʣʽ), ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʘ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʩʫʙʧʽʢʩʝʣʴʥʠʭ ʟʤʽʱʝʥʴ ʤʽʞ ʧʘʨʦʶ 

ʟʦʙʨʘʞʝʥʴ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʫʧʫʪʥʠʢʦʚʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʜʘʥʽ ʦʙʦʚôʷʟʢʦʚʦ 

ʧʦʪʨʝʙʫʶʪʴ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʘʣʛʦʨʠʪʤ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʝʙʘʤ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. ɺ ʧʦʜʘʣʴʰʦʤʫ, ʚʭʽʜʥʽ ʜʘʥʽ 

ʙʫʣʠ ʦʙʨʦʙʣʝʥʽ ʟʛʽʜʥʦ ʟ ʮʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʧʝʮʠʬʽʢʫ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ Sentinel-1, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʣʛʦʨʠʪʤʫ 

ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʙʘʟʦʚʦʶ ʨʦʙʦʯʦʶ ʤʦʜʝʣʣʶ ʙʫʣʦ ʦʙʨʘʥʦ 

ʚʽʜʦʤʫ ʤʦʜʝʣʴ ʆʭʘ 1992 ʨʦʢʫ, ̫ ʢ ʪʘʢʘ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʘ ʚʩʽʤʘ ʥʝʦʙʭʽʜʥʠʤʠ ʚʭʽʜʥʠʤʠ 

ʜʘʥʠʤʠ ʪʘ ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʪʚʦʨʝʥʽ ʥʘ ʩʠʥʪʝʪʠʯʥʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʨʘʜʘʨʥʽ 

ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʭʽʜʥʽ ʜʘʥ̔ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚ 

ʨʦʟʨʦʙʣʝʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ. ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʻ ʚʽʜʥʦʚʣʝʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʩʠʥʪʝʪʠʯʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʆʮʽʥʢʘ ʜʦʩʷʛʥʫʪʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ï ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʘʜʘʨʥʠʭ 

ʜʘʥʠʭ ï ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʢʽʣʴʢʽʩʥʦ ʧʦʨʽʚʥʷʥʥʷʤ ʬʘʢʪʠʯʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʝʡ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʜ̔ʥʦʛʦ ʟʦʙʨʘʞʝʥʴ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʬʘʢʪʠʯʥʽ 
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ʧʨʦʩʪʦʨʦʚʽ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʮʽʥʶʚʘʣʠʩʷ ʤʝʪʦʜʘʤʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʽʟʫ 

ʯʝʨʝʟ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ (ʌʇʄ) ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʊʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʨʦʙʢʦʶ 31 ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ Sentinel-1 ʟʛʽʜʥʦ ʽʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ. ʋʩʝʨʝʜʥʝʥʝ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʙʨʦʙʢʠ ʩʢʣʘʣʦ 85.4 %. 

ɺ ʭʦʜʽ ʪʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʦʙʤʝʞʝʥʽʩʪʴ ʤʦʜʝʣʽ ʆʭʘ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ï ʜʣʷ 

ʷʢʠʭ ʚʝʣʠʯʠʥʘ ʥʦʨʤʦʚʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ „  ʧʝʨʝʚʠʱʫʻ 0,6. 

ʎʝ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʤʦʞʣʠʚʦʩʪʽ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʽ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ ʩʮʝʥ, ʜʝ ʧʨʠʩʫʪʥʽ ʙʘʛʘʪʦ ʦʙôʻʢʪʽʚ ʟ ʚʝʣʠʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ „ . ɺ 

ʦʩʥʦʚʥʦʤʫ, ʧʝʨʝʚʘʞʥʘ ʯʘʩʪʠʥʘ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ ʻ ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ, ʯʘʩʪʦ 

ʤʝʪʘʣʝʚʠʤʠ, ʟ ʧʣʦʩʢʠʤʠ ʛʨʘʥʷʤʠ, ʥʦʨʤʘʣʴʥʠʤʠ ʦʜʥʘ ʜʦ ʦʜʥʦʾ, ʱʦ ʫ ʩʫʢʫʧʥʦʩʪʽ 

ʫʪʚʦʨʶʶʪʴ ʩʚʦʻʨʽʜʥʽ ʢʫʪʢʦʚʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʚʽʜʙʠʚʘʯʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʪʝʨʘʮʽʡʥʫ ʤʦʜʠʬʽʢʘʮʽʶ ʤʝʪʦʜʠʢʠ, ʱʦ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ 

ʚʥʘʩʣʽʜʦʢ ʰʚʠʜʢʦʾ ʟʙ̔ʞʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʨʷʤʦʛʦ-ʦʙʝʨʥʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʙʠʪʦʛʦ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʜʝ ʥʫʣʴʦʚʘ ʽʪʝʨʘʮʽʷ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʦ ʟʘʨʝʻʩʪʨʦʚʘʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʨʘʜʘʨʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʚ ʨʽʟʥʠʭ ʧʦʣʷʨʠʟʘʮʽʷʭ. 

ɺ ʢʽʥʮʽ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ɦʦʜʦ ʤʦʞʣʠʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ, ʪʘ ʧʦ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʶ ʫ ʚʠʛʣʷʜʽ ʭʤʘʨʥʦʛʦ web-ʩʝʨʚʽʩʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʧʦʪʨʝʙʘʤ ʤʝʪʦʜʠʢʠ. ʊʘʢʦʞ ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ. ʄʝʪʦʜʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʚʠʭʽʜʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʽʣʴʥʦʾ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ 

ʢʽʣʴʢʦʭ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʢʦʞʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʦʢʨʝʤʦ ʪʘ ʧʝʨʝʚʝʜʝʥʠʭ 

ʜʦ ʻʜʠʥʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʧʨʠʪʘʤʘʥʥʦʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ï ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ, ʰʦʨʩʪʢʦʩʪʽ, ʚʦʣʦʛʦʚʤʽʩʪʫ ʪʘ ʪʘʢʝ ʽʥʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ 
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ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʢʦʨʝʢʪʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʦ 

ʩʫʢʫʧʥʦʩʪʽ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʚ 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʰʣʷʭʦʤ ʥʘʢʣʘʜʘʥʥʷ ʬʽʟʠʯʥʦ 

ʦʙʫʤʦʚʣʝʥʠʭ ʦʙʤʝʞʝʥʴ ʮʽʣʴʦʚʦʾ ʚʝʣʠʯʠʥʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʷʤʦʛʦ-

ʦʙʝʨʥʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʙʠʪʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʽʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʽʟ ʥʘʙʦʨʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʘʜʘʧʪʘʮʽʾ ʜʦ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʩʧʝʢʣ-ʬʽʣʴʪʨʘʮʽʾ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, ʜʝ ʚʠʢʦʥʫʻʪʴʩʷ ʽ ʚʩʷ ʽʥʰʘ ʦʙʨʦʙʢʘ. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʙʘʛʘʪʴʦʭ ʨʝʘʣʴʥʠʭ 

ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʟʘʙʝʟʧʝʯʠʣʘ, ʚ 

ʩʝʨʝʜʥʴʦʤʫ, ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʥʘ 85.4 %. ʆʢʨʽʤ ʚʣʘʩʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʟʥʽʤʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʮʽʣʴʦʚʦʾ 

ʬʽʟʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʫʯʘʩʥʽʡ ʢʦʥʮʝʧʮʽʾ ARD (analysis-ready data), ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʟ ʩʠʨʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʢʘʨʪ ʬʽʟʠʯʥʠʭ/ʙʽʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʟʨʦʟʫʤʽʣʠʭ ʬʘʭʽʚʮʷʤ ʟ ʪʝʤʘʪʠʯʥʠʭ ʥʘʟʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʪʘʢʠʭ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ ʷʢ ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʛʝʦʬʽʟʠʯʥʝ ʢʘʨʪʫʚʘʥʥʷ, ʧʦʰʫʢ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ, ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ 

ʟʤʽʥ ʪʦʱʦ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ), ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, 

ʨʘʜʘʨ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ (ʈʉɸ), ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʥʘʜʨʦʟʨʽʟʥʝʥʥʽʩʪʴ (superresolution), ʩʫʙʧʽʢʩʝʣʴʥʘ 

ʦʙʨʦʙʢʘ  
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In modern world of micro-, macroeconomy the ability for risks, status, results 

control, assessment or forecast is necessary. To supply growing demands big amounts of 

relevant data must be provided. Owing to recent satellite coverage and remote sensing 

methods, it is possible to retrieve huge extent of land objects data, practically, from any 

point of the land surface in a remarkably short time. 

Remote sensing data is widely used in agriculture (for vegetation state assessment 

and control, for yield forecast, soil moisture retrieval, abrading etc.), geodesy (land 

mapping, interferometry etc.), ocean monitoring (including illegal vessels tracking in 

various water areas), atmospheric layers composition determination and others. 

An important qualitative characteristic of Earth remote sensing data is their 

informativeness, which is responsible for the amount of useful information for solving a 

specific thematic problem. Therefore, this parameter is different for different tasks. 

Taking into account growing needs for high quality data in order to obtain more accurate 

results, satellite imagery informativity enhancement is a relevant task of nowadays. 

An objective general parameter of the quality of Earth remote sensing data is spatial 

resolution, which allows us to quantitatively express how well different objects of a given 

reference size are distinguished in the image. Therefore, spatial resolution directly affects 

the informativity of the image regardless of the tasks for which the informativity is 

considered. 
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In the remote sensing of the Earth a separate place is occupied by radar images. 

This is a fairly effective means of sensing the Earth from space, which is dynamically 

developing and increasingly widely applied. In contrast to optical imaging systems, radars 

allow you to sense land surface both in cloudy conditions and at night, and operate in the 

radio wave range, which allows you to receive data of a slightly different physical nature. 

The physical difference in the principle of operation of radar sensors, compared to the 

classical ones - optics, requires appropriate means of processing their data: the 

development of new algorithms, methods and techniques. 

Thus, the aim of this work is to increase the informativity of space images obtained 

with a multi-polarization synthetic-aperture radar (SAR), by using modern exploratory 

works to develop the appropriate technique. 

To achieve the given goal, it is envisaged to perform several scientific tasks, the 

first of which was the analysis of existing methods for satellite imagery informativity 

enhancement, and the relationship between informativity and spatial resolution 

establishment. 

The satellite images obtained from the constellation of satellites of the Sentinel-1 

radar system were chosen as the source SAR data. Since this satellite provides data in two 

polarizations at once, one of which coincides in the emitted and received polarization 

modes of the electromagnetic pulse, and the other contains an interpolarization 

component, the models of satellite radar backscattering signal were developed to 

transform different polarization data into a common physical quantity ï dielectric 

permittivity of the land surface. 

For the selection of the backscatter model, an appropriate algorithm was developed, 

which based on the physical consistency of the different polarization data, as well as 

taking into account the limitations of the models themselves. 

In order to enhance the spatial resolution, a corresponding mathematical model and 

algorithm for the low spatial resolution satellite images fusion into a single two-fold 

enlarged image of enhanced spatial resolution, were developed. 

To provide superresolution using the time delay between the consecutive reception 

and sending of two different pulses generated in vv and vh modes by Sentinelôs-1 radar 
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(here the first letter of the mode designation denotes the polarization of the generated 

pulse, and the second one ï polarization of the receiving component of the backscattered 

signal), a mathematical model and algorithm for estimating subpixel shifts between a pair 

of images were developed. 

Taking into account the fact that satellite radar data necessarily require pre-

processing, an appropriate data processing algorithm was developed that meets the needs 

of the developed technique. Subsequently, the input data were processed according to this 

algorithm. 

Considering the specifics of the Sentinel-1 radar data, according to the 

backscattering model selection algorithm, the well-known Oh radar backscattering model 

(1992) was chosen as the basic working model, as it is provided with all the necessary 

input data and adapted to the analysis of cross-polarization signals. 

Subsequently, the transformed into synthetic dielectric permittivity radar data is 

used as a low spatial resolution data in the developed algorithm for satellite images spatial 

resolution enhancement. The result of the algorithm application was a reconstructed 

image of a synthetic dielectric permittivity with an enhanced spatial resolution. 

The assessment of the achieved result ï radar data informativity enhancement ï 

was carried out quantitatively by comparing the actual spatial resolution of the input and 

output images. In turn, the actual spatial resolutions were estimated by the methods of 

spatial-frequency analysis through the approximate modulation transfer functions (MTF) 

of digital images. 

Technique testing was carried out by processing 31 dual-polarization radar images 

acquired by Sentinel-1 satellite system, according to the proposed methodology. As a 

result of processing, the average gain in informativity was 85.4 %. 

During the testing of the methodology, the limitation of the Oh model to simulating 

large values of the radar backscatter signal was revealed ï for which the value of the 

normalized backscatter coefficient „  exceeds 0.6. This, as a rule, leads to the 

impossibility of significant informativity enhancement of images of scenes where there 

are many objects with large values of „ . Basically, the majority of such objects are 
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anthropogenic, often metallic, with flat faces normal to each other, which collectively 

form a kind of angular radar reflectors. 

An iterative modification of the technique is proposed, which became possible due 

to the rapid convergence of the process of direct-inverse modeling of the reflected radar 

signal, where the zero iteration corresponds to the actually recorded values of radar 

backscatter in different polarizations. 

At the end of the thesis, recommendations are provided regarding the possible 

application of the developed technique and its implementation in the form of a cloud web 

service that meets the computational needs of the technique. Prospective directions for 

future research are also formulated. 

Scientific novelty 

For the first time a technique for multi-polarization synthetic-aperture radar data 

informativity enhancement technique was developed. The technique provides an 

enhancement in the spatial resolution of the output radar image due to the joint subpixel 

processing of several input images obtained in each polarization separately and converted 

into a single physical value inherent in the land surface ï dielectric permittivity, 

roughness, moisture content, and so on. As a result of such transformation, it becomes 

possible to correctly apply the superresolution algorithm to a set of different polarization 

radar images. 

The model for converting multi-polarization radar data into dielectric permittivity 

of the land surface has been improved by imposing physically determined limitations of 

the target value and applying iterative forward-inverse modeling of the reflected radar 

signal. 

The algorithm for restoring a joint image of subpixel resolution from a set of 

satellite images has been improved by its adaptation to the radar data, which consists in 

applying additional speckle filtering directly in the frequency domain, where all other 

processing is performed. 

Practical implications 

According to the results of experimental testing on many actual dual-polarization 

radar images, the developed technique provided, on average, an enhancement in spatial 
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resolution by 85.4 %. In addition to actually enhance the informativity of multi-

polarization radar imaging materials, the proposed technique provides restoration of the 

spatial distribution of the target physical characteristics of the land surface with enhanced 

resolution, which corresponds to the modern concept of ARD (analysis-ready data), 

which means obtaining from raw satellite data maps of physical/biophysical parameters 

of the land surface that are understandable to experts in applied ground-based studies. 

The developed technique can be used for such Earth observation applications as: 

environmental monitoring, geophysical mapping, mineral exploration, land degradation 

forecasting, climate change research, etc. 

Keywords: Earth remote sensing, satellite data, synthetic-aperture radar (SAR), 

radar backscattering coefficient, dielectric permittivity, superresolution, subpixel 

processing 
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ʪʘ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ) 

ʅʘʫʢʦʚʽ ʩʪʘʪʪʽ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʬʘʭʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ 

4. Stankevich, S. A., Svideniuk, M. O., & Lysenko, A. R. (2021). Land Surface 

Roughness Parameter Retrieval by Inverse Simulation of Dual-Polarization Radar 

Backscattering. Applied Questions of Mathematical Modeling, 4(2.1). DOI: 

https://doi.org/10.32782/kntu2618-0340/2021.4.2.1.22, URL: 

https://ojs.kntu.net.ua/index.php/aqmm/article/view/150 (ɯʥʜʝʢʩʘʮʽʷ: ʬʘʭʦʚʝ 

ʚʠʜʘʥʥʷ ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ çɹè. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; ʦʮʽʥʢʘ 

ʜʦʚʞʠʥʠ ʢʦʨʝʣʷʮʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ) 

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

A., Xing, K., Cao, S., Shh, Y., & Sun, B. (2020). Estimation of mutual subpixel 

shift between satellite images: software implementation. Ukrainian Journal of 

Remote Sensing, 24, 9ï14. DOI: https://doi.org/10.36023/ujrs.2020.24.165, URL: 

https://ujrs.org.ua/ujrs/article/view/165/186 (ɯʥʜʝʢʩʘʮʽʷ: ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ 

ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ çɹè. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʫ 

ʦʮʽʥʢʠ ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ ʟ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ; 

ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʢʠ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʧʘʨʠ 

ʟʦʙʨʘʞʝʥʴ ʟ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ) 

6. ʉʪʘʥʢʝʚʠʯ, ʉ.ɸ., ʐʢʣʷʨ, ʉ.ɺ. & ʃʠʩʝʥʢʦ, ɸ.ʈ. (2018). ʇʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ 

ʦʮʽʥʢʠ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʫʚʘʥʠʭ ʟ ʢʚʘʜʨʦʢʦʧʪʝʨʫ. 

ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, 17, 10-13. DOI: 

https://doi.org/10.36023/ujrs.2018.17.128, URL: 

https://ujrs.org.ua/ujrs/article/view/128/144 (ɯʥʜʝʢʩʘʮʽʷ: ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ 

ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ çɹè. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʮʽʥʢʘ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ 

ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ; ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚ ʧʘʥʭʨʦʤʘʪʠʯʥʠʡ 

ʚʠʛʣʷʜ; ʟʙʽʨ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʚʘʜʨʦʢʦʧʪʝʨʘ) 

7. ʉʪʘʥʢʝʚʠʯ, ʉ.ɸ., ʃʫʙʩʴʢʠʡ, ʄ.ʉ., & ʃʠʩʝʥʢʦ, ɸ.ʈ. (2017). ʇʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʘʝʨʦʟʥʽʤʘʥʥʷ ʟ ʢʚʘʜʨʦʢʦʧʪʝʨʫ ʥʘ ʦʩʥʦʚʽ 

https://doi.org/10.32782/kntu2618-0340/2021.4.2.1.22
https://doi.org/10.36023/ujrs.2020.24.165
https://ujrs.org.ua/ujrs/article/view/165/186
https://doi.org/10.36023/ujrs.2018.17.128
https://ujrs.org.ua/ujrs/article/view/128/144
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ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, 15, 40-42. DOI: https://doi.org/10.36023/ujrs.2017.15.113, 

URL: https://ujrs.org.ua/ujrs/article/view/113/130 (ɯʥʜʝʢʩʘʮʽʷ: ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ 

ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ çɹè. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ; ʦʮʽʥʢʘ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ) 

8. ʃʠʩʝʥʢʦ, ɸ.ʈ. (2023). ʄʝʪʦʜʠʢʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʘ ʽʟ 

ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ. ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ɿʝʤʣʽ, 10(3), 10ï15. https://doi.org/10.36023/ujrs.2023.10.3.243, URL: 

https://ujrs.org.ua/ujrs/article/view/243/255 (ɯʥʜʝʢʩʘʮʽʷ: ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ 

ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ çɹè.) 

9. Stankevich, S. A., Piestova, I. O., & Lysenko, A. R. (2020). Radar Data Product 

Superresolution under Parameter Variation. Central European Researchers 

Journal, 6(2), 8ï13. URL: https://ceres-

journal.eu/download.php?file=2020_02_02.pdf (ɯʥʰʽ ʟʘʢʦʨʜʦʥʥʽ ʚʠʜʘʥʥʷ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʝʡ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʜʘʥʠʭ 

ʚ ʻʜʠʥʝ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʦʮʽʥʢʠ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ) 

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

Kun, X., Shixiang, C., Yupan, S., Xing, Z., & Boya, S. (2020). Subpixel-shifted 

Satellite Images Superresolution: Software Implementation. WSEAS Transactions 

on Computers, 19, 31ï37. DOI: https://doi.org/10.37394/23205.2020.19.5, URL: 

https://wseas.com/journals/computers/2020/a105105-063.pdf (ɯʥʰʽ ʟʘʢʦʨʜʦʥʥʽ 

ʚʠʜʘʥʥʷ. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʪʘ ʘʣʛʦʨʠʪʤʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ; ʦʮʽʥʢʘ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ) 

 

 

https://doi.org/10.36023/ujrs.2017.15.113
https://ujrs.org.ua/ujrs/article/view/113/130
https://doi.org/10.36023/ujrs.2023.10.3.243
https://ujrs.org.ua/ujrs/article/view/243/255
https://ceres-journal.eu/download.php?file=2020_02_02.pdf
https://ceres-journal.eu/download.php?file=2020_02_02.pdf
https://doi.org/10.37394/23205.2020.19.5
https://wseas.com/journals/computers/2020/a105105-063.pdf
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 ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ 

11. ʉʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʦʜʝʨʞʘʥʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦ. ʉʪʘʥʢʝʚʠʯ ʉ. ɸ., ʇʻʩʪʦʚʘ ɯ. ʆ., 

ʃʫʙʩʴʢʠʡ ʄ. ʉ., ʃʠʩʝʥʢʦ ɸ. ʈ.: ʧʘʪ. 126778 ʋʢʨʘʾʥʘ: ʄʇʂ G06T5/50, 

G06T7/32, G06V10/20, G06V10/36. ˉ ʘ 2021 01200; ʟʘʷʚʣ. 10.03.2021; ʦʧʫʙʣ. 

01.02.2023, ɹʶʣ. ˉ5 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʦʮʽʥʢʠ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ) 

 ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ 

12. Stankevich, S. A., Lubskyi, M. S., & Lysenko, A. R. (2021). Long-wave infrared 

remote sensing data spatial resolution enhancement using modulation transfer 

function fusion approach. 2021 International Conference on Information and 

Digital Technologies (IDT 2021), 89ï94. DOI: 

https://doi.org/10.1109/IDT52577.2021.9497630, URL: 

https://ieeexplore.ieee.org/document/9497630 (ɯʥʜʝʢʩʘʮʽʷ: Web of Science. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʜʣʷ ʦʮʽʥʢʠ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ) 

13. Stankevich, S., Piestova, I., Shklyar, S., & Lysenko, A. (2019). Physically 

Constrained SAR Data Superresolution. 2019 IEEE 14th International Conference 

on Computer Sciences and Information Technologies (CSIT 2019), 228ï231. DOI: 

https://doi.org/10.1109/STC-CSIT.2019.8929833, URL: 

https://ieeexplore.ieee.org/document/8929833 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ; ʨʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʟʚʝʜʝʥʥʷ 

ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʜʘʥʠʭ ʚ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ; 

ʦʮʽʥʢʘ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ) 

14. Stankevich S.A., Andreiev A.A., & Lysenko A.R. (2020). Multiframe remote 

sensed imagery superresolution. Proceedings of the 15th International Scientific-

https://doi.org/10.1109/IDT52577.2021.9497630
https://ieeexplore.ieee.org/document/9497630
https://doi.org/10.1109/STC-CSIT.2019.8929833
https://ieeexplore.ieee.org/document/8929833
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Practical Conference on Mathematical Modeling and Simulation Systems (MODS 

2020), 128ï131. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʦʮʽʥʢʠ 

ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ; ʦʮʽʥʢʘ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ) 

ʈʦʟʧʦʜʽʣ ʩʪʘʪʝʡ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 14 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ 3 

ʨʦʟʜʽʣʠ ʫ ʤʦʥʦʛʨʘʬʽʾ, ʟ ʥʠʭ 2 ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʫ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science Core 

Collection ʪʘ/ʘʙʦ Scopus, 5 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʥʘ ʜʘʪʫ 

ʦʧʫʙʣʽʢʫʚʘʥʥʷ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, 2 ʩʪʘʪʪʽ ʫ ʽʥʰʠʭ 

ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʜʘʥʥʷʭ, 1 ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ, 3 ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʚ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʥʬʝʨʝʥʮʽʡ, ʟ ʷʢʠʭ ʦʜʥʘ ʧʨʦʽʥʜʝʢʩʦʚʘʥʘ ʫ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science Core 

Collection ʪʘ/ʘʙʦ Scopus. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʉʫʯʘʩʥʽ ʧʦʪʨʝʙʠ ʣʶʜʩʪʚʘ ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ʜʦʩʣʽʜʥʠʢʘʤʠ ʥʦʚʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ 

ʟʘʜʘʯʽ, ʷʢʽ ʜʠʢʪʫʶʪʴʩʷ ʨʝʘʣʴʥʠʤʠ ʦʙʩʪʘʚʠʥʘʤʠ. ɼʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

(ɼɿɿ) ʧʦʩʽʜʘʻ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʫ ʚʠʨʽʰʝʥʥʽ ʪʘʢʠʭ ʟʘʜʘʯ, ʘʜʞʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʜʘʥʽ ʧʨʦ ʟʝʤʥʽ ʦʙôʻʢʪʠ ʷʢ ʜʠʩʪʘʥʮʽʡʥʦ, ʪʘʢ ʽ ʚ ʛʣʦʙʘʣʴʥʠʭ ʤʘʩʰʪʘʙʘʭ. 

ɯʟ ʟʘʧʫʩʢʦʤ ʧʝʨʰʠʭ ʩʫʧʫʪʥʠʢʽʚ ɼɿɿ ʤʘʩʰʪʘʙʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʘʝʨʦʬʦʪʦʟʡʦʤʢʦʶ, ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʠʩʴ. ɸ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʧʦʢʨʠʪʪ ̫ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʘʥʽ, ʧʨʘʢʪʠʯʥʦ ʟ ʙʫʜʴ-ʷʢʦʾ ʜʽʣʷʥʢʠ ɿʝʤʣʽ 

ʟ ʥʝʚʝʣʠʢʠʤʠ ʯʘʩʦʚʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ, ʷʢʽ ʚʠʤʽʨʶʶʪʴʩʷ ʜʥʷʤʠ (ʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʩʘʤʝ ʟ ʢʦʥʢʨʝʪʥʦʾ ʟʥʽʤʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘ ʟʥʽʤʘʣʴʥʦʛʦ ʩʝʥʩʦʨʘ). 

ɿʘʚʜʷʢʠ ʥʠʥʽʰʥʽʤ ʜʦʩʷʛʥʝʥʥʷʤ ʚ ʛʘʣʫʟʷʭ ʦʧʪʠʢʠ ʪʘ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ ʧʦʩʪʘʻ 

ʤʦʞʣʠʚʠʤ ʚʠʚʯʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʝ ʣʠʰʝ ʫ ʚʠʜʠʤʦʤʫ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʢʘ ʩʧʝʢʪʨʘʭ, ʘ ʽ 

ʚ ʪʠʭ, ʱʦ ʥʘʰʘ ʩʝʥʩʦʨʥʘ ʩʠʩʪʝʤʘ ʩʧʨʠʡʤʘʪʠ ʥʝʟʜʘʪʥʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʦʙôʻʤʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʽʟʥʠʭ ʘʩʧʝʢʪʘʭ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʽʟʥʦʰʘʨʦʚʠʭ ʜʘʥʠʭ, ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʧʨʦʜʦʚʞʫʶʪʴ 

ʨʦʟʨʦʙʣʷʪʠʩʴ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ, ʤʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠʢʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʷʚʣʝʥʥʷʤ 

ʦʙôʻʢʪʽʚ, ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ, ʚʠʤʽʨʶʚʘʥʥʽ ʪʦʱʦ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʧʝʨʝʜ ʥʘʫʢʦʚʮʝʤ ʮʽʣʝʡ ʚʘʞʣʠʚʦ 

ʦʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ. ʏʘʩʪʦ ʚʠʥʠʢʘʶʪʴ 

ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʻ ʥʝʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʪʨʝʙ ʟʘʚʜʘʥʥʷ ʽ ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʷʢʦʩʪʽ. 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʻ ʾʭ ʷʩʢʨʘʚʽʩʪʴ, 

ʢʦʥʪʨʘʩʪ, ʚʽʜʥʦʰʝʥʥʷ ñʩʠʛʥʘʣ-ʰʫʤò, ʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʟʘʜʘʯ ï ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʷʢʘ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʪʘ ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʟʜʘʪʥʦʩʪʽ ʨʦʟʨʽʟʥʷʪʠ ʜʨʽʙʥʽ ʜʝʪʘʣʽ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ, 

ʦʪʞʝ, ʽ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʽ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ. 
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ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʥʘʧʨʷʤʫ ʧʦʢʨʘʱʝʥʘ ʟʘʚʜʷʢʠ 

ʟʙʽʣʴʰʝʥʥʶ ʬʦʢʫʩʥʦʾ ʚʽʜʩʪʘʥʽ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʫ 

ʬʦʪʦʧʨʠʡʤʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʯʥʦʛʦ ʬʦʪʦʧʨʠʡʤʘʯʘ ʪʘ ʧʦʢʨʘʱʝʥʥ ʁ

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʜʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. ʅʘ ʞʘʣʴ, ʪʘʢʽ ʤʝʪʦʜʠ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʘʜʤʽʨʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʪʨʘʪ, ʘ ʽʥʢʦʣʠ ʚʟʘʛʘʣʽ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʜʦʩʷʛʥʝʥʴ, ʧʦʙʫʜʦʚʫ ʙʘʞʘʥʠʭ 

ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʯʝʨʝʟ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʽʚ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ ʪʘ 

ʥʝʧʨʠʡʥʷʪʥʦ ʚʝʣʠʢʠʭ ʢʽʥʮʝʚʠʭ ʨʦʟʤʽʨʽʚ ʽ ʚʘʛʠ ʟʥʽʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. 

ʅʘ ʧʨʦʪʠʚʘʛʫ ʧʨʷʤʠʤ, ʘʧʘʨʘʪʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʟʘʜʘʥʦʾ ʧʨʦʙʣʝʤʠ, ʧʨʦʛʨʘʤʥʽ 

ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʟʥʘʯʥʦ ʜʝʰʝʚʰʽ ʪʘ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʤʦʜʠʬʽʢʘʮʽʡ ʽʩʥʫʶʯʠʭ 

ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʘ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʰʣʷʭʦʤ ʨʽʟʥʦʨʽʜʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʪʚʦʨʝʥʴ ʽʩʥʫʶʯʠʭ ʜʘʥʠʭ. 

ɿ ʚʚʝʜʝʥʥʷʤ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʩʪʘʣʦ 

ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʟʝʤʥʠʭ ʦʙôʻʢʪʽʚ ʥʝ ʣʠʰʝ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʠ 

ʤʘʣʽʡ ʜʽʣʷʥʮʽ ʢʦʨʦʪʢʦʛʦ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʩʧʝʢʪʨʫ, ʘ ʡ ʥʘ ʤʝʥʰʠʭ ʯʘʩʪʦʪʘʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ʚ ʨʘʜʽʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɿʘʚʜʷʢʠ 

ʙʽʣʴʰʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʜʽʘʧʘʟʦʥʽʚ ʨʘʜʘʨʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʨʘʜʽʦʣʦʢʘʮʽʡʥ ̔ʜʘʥ̔ ʤʘʶʪʴ 

ʜʝʷʢʽ ʧʝʨʝʚʘʛʠ ʥʘʜ ʦʧʪʠʯʥʠʤʠ ʟʥʽʤʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʭʤʘʨʥʦʩʪʽ 

ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʥʽʤʘʥʥʷ ʚ ʥʽʯʥʫ ʧʦʨʫ ʜʦʙʠ. 

ʈʘʜʘʨʥʝ ɼɿɿ ʻ ʚʽʜʥʦʩʥʦ ʥʦʚʽʪʥʽʤ ʪʘ ʥʘʫʢʦʤʽʩʪʢʠʤ ʤʝʪʦʜʦʤ ɼɿɿ, ʷʢʠʡ 

ʧʨʦʜʦʚʞʫʻ h ʚʠʜʢʦ ʨʦʟʚʠʚʘʪʠʩʷ, ʘ ʪʦʤʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʘʨʘ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ (ʈʉɸ) ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʛʘʣʴʥʦʶ. ɹʘʛʘʪʦ ʤʦʞʣʠʚʦʩʪʝʡ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ 

ʧʦʪʝʥʮʽʡʥʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʩʝ ʰʠʨʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʘʨʥʦʛʦ ʟʥʽʤʘʥʥʷ ʚ 

ʨʽʟʥʠʭ ʧʦʣʷʨʠʟʘʮʽʷʭ ʟʦʥʜʫʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ. ɸʣʝ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʨʘʜʘʨʥʦʾ 

ʧʦʣʷʨʠʤʝʪʨʽʾ ʩʬʦʢʫʩʦʚʘʥʦ, ʚ ʦʩʥʦʚʥʦʤʫ, ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʣʘʩʥʝ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ (Lee & Pottier, 2017), ʘ ʧʠʪʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʨʠ ʮʴʦʤʫ 

ʫʚʘʛʠ ʤʘʡʞʝ ʥʝ ʧʨʠʜʽʣʷʻʪʴʩʷ. ɼʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʮʠʭ ʧʦʪʨʝʙ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʚôʷʟʘʥʦʾ ʟ ʮʠʤ ʟʘʛʘʣʴʥʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʻ ʥʝʦʙʭʽʜʥʦʶ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʤʝʪʦʜʽʚ ʪʘ ʤʝʪʦʜʠʢ. 
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ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʩʴʦʛʦʜʝʥʥʷ. 

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: ñʄʝʪʦʜʠ ʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʪʘ ʦʙʤʝʞʝʥʦʩʪʽ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾò 

(ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0116U000144); ñʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʪʘ ʘʥʘʣʽʟʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚ ʽʥʪʝʨʝʩʘʭ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʽ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0121U100673); ñʄʝʪʦʜʠʢʘ ʦʮʽʥʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʧʽʱʘʥʦʛʦ ʤʘʩʠʚʫ ʆʣʝʰʢʽʚʩʴʢʽ ʧʽʩʢʠò 

(ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0121U111862); ñʇʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ 

ʟʦʙʨʘʞʝʥʴò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0122U201983); ñʆʮʽʥʢʘ ʨʠʟʠʢʽʚ 

ʥʝʛʘʪʠʚʥʠʭ ʟʤʽʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ɿʝʤʣʽò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0122U002443). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ, ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʫ ʩʧʽʣʴʥʫ 

ʬʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʩʠʥʪʝʟʦʤ ʫ ʻʜʠʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʽ ʟʘʚʜʘʥʥʷ: 

1) ʦʛʣʷʥʫʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ; 

2) ʚʩʪʘʥʦʚʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ; 

3) ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʦʜʝʣʴ ʟʚʦʨʦʪʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ; 
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4) ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʫ 

ʩʧʽʣʴʥʫ ʬʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ; 

5) ʘʜʘʧʪʫʚʘʪʠ ʤʦʜʝʣʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ; 

6) ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ; 

7) ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ; 

8) ʧʨʦʚʝʩʪʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ 

ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ ʥʘ ʨʝʘʣʴʥʠʭ ʨʘʜʘʨʥʠʭ ʟʥʽʤʢʘʭ; 

9) ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʟʥʽʤʢʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: 

¶ ʪʝʦʨʽʷ ʨʘʜʽʦʣʦʢʘʮʽʾ ï ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ; 

¶ ʪʝʦʨʽʷ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʤʝʞʝʥʦʩʪʝʡ 

ʤʦʜʝʣʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ; 

¶ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʡ ʘʥʘʣʽʟ ï ʜʣʷ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʮʠʬʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʦʮʽʥʢʠ ʾʭ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ; 

¶ ʪʝʦʨʽʷ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ ï ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ; 

¶ ʪʝʦʨʽʷ ʽʥʬʦʨʤʘʮʽʾ ï ʜʣʷ ʦʮʽʥʢʠ ʟʘʛʘʣʴʥʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʮʠʬʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ; 
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¶ ʤʝʪʦʜʠ ʘʣʛʝʙʨʘʾʯʥʦʾ ʨʝʛʫʣʷʨʠʟʘʮʽʾ ï ʜʣʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ 

ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ. ʄʝʪʦʜʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʽʣʴʥʦʾ 

ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʢʽʣʴʢʦʭ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʢʦʞʥʽʡ 

ʧʦʣʷʨʠʟʘʮʽʾ ʦʢʨʝʤʦ ʪʘ ʧʝʨʝʚʝʜʝʥʠʭ ʜʦ ʻʜʠʥʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, 

ʧʨʠʪʘʤʘʥʥʦʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ï ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʰʦʨʩʪʢʦʩʪʽ, 

ʚʦʣʦʛʦʚʤʽʩʪʫ ʪʘ ʪʘʢʝ ʽʥʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʘʻ ʤʦʞʣʠʚʠʤ 

ʢʦʨʝʢʪʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʦ ʩʫʢʫʧʥʦʩʪʽ 

ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʚ 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʰʣʷʭʦʤ ʥʘʢʣʘʜʘʥʥʷ ʬʽʟʠʯʥʦ 

ʦʙʫʤʦʚʣʝʥʠʭ ʦʙʤʝʞʝʥʴ ʮʽʣʴʦʚʦʾ ʚʝʣʠʯʠʥʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʪʝʨʘʮʽʡʥʦʛʦ 

ʧʨʷʤʦʛʦ-ʦʙʝʨʥʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʙʠʪʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʽʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʽʟ ʥʘʙʦʨʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʘʜʘʧʪʘʮʽʾ ʜʦ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʩʧʝʢʣ-

ʬʽʣʴʪʨʘʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, ʜʝ ʚʠʢʦʥʫʻʪʴʩʷ ʽ ʚʩʷ ʽʥʰʘ 

ʦʙʨʦʙʢʘ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʙʘʛʘʪʴʦʭ ʨʝʘʣʴʥʠʭ 

ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʟʘʙʝʟʧʝʯʠʣʘ, ʚ 

ʩʝʨʝʜʥʴʦʤʫ, ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʥʘ 85.4 %. ʆʢʨʽʤ ʚʣʘʩʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʟʥʽʤʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʮʽʣʴʦʚʦʾ 

ʬʽʟʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʫʯʘʩʥʽʡ ʢʦʥʮʝʧʮʽʾ ARD (analysis-ready data), ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʟ ʩʠʨʠʭ 



27 
 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʢʘʨʪ ʬʽʟʠʯʥʠʭ/ʙʽʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʟʨʦʟʫʤʽʣʠʭ ʬʘʭʽʚʮʷʤ ʟ ʪʝʤʘʪʠʯʥʠʭ ʥʘʟʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ʫ ʟʘʜʘʯʘʭ 

ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʫʯʘʩʪʶ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ 

ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ; ʤʦʥʽʪʦʨʠʥʛʫ, ʘʥʘʣʽʟʫ ʪʘ ʟʘʧʦʙʽʛʘʥʥʶ ʧʨʠʨʦʜʥʽʭ 

ʢʘʪʘʩʪʨʦʬ ʟʘ ʫʯʘʩʪʶ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ; ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʠʩʪʝʤ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʮʝʥʪʨʽ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ; 

ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʅʘʮʽʦʥʘʣʴʥʽʡ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ; ʫ ʧʨʠʢʣʘʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ (ɼ.1); ʫ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ ʅʅɯ, ʜʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʩʫʧʫʪʥʠʢʦʚʽ ʨʘʜʘʨʥʽ ʜʘʥʽ (ɼ.2). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʜʝʨʞʘʥʽ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʩʧʽʚʧʨʘʮʽ ʟ ʢʦʣʝʛʘʤʠ ʪʘ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʛʘʣʫʟʝʡ 

ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʩʫʤʽʩʥʠʭ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʚʪʦʨʦʤ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʮʽʥʢʠ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʧʘʨʠ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʚ 

ʨʦʙʦʪʘʭ, ʧʝʨʝʣʽʯʝʥʠʭ ʫ ɼʦʜʘʪʢʫ ɻ. ɿʦʢʨʝʤʘ, ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʨʦʟʛʣʷʥʫʪʽ ʚ (ɻ.1), ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠ ʚ (ɻ.1, ɻ.12), ʘ ʚʧʣʠʚ ʧʨʦʩʪʦʨʦʚʦʾ, ʨʘʜʽʦʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʪʘ ʰʫʤʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʠʧʽʚ ʧʦʢʨʠʚʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʨʦʟʛʣʷʥʫʪʦ ʚ 

(ɻ.3). ʄʦʜʝʣʴ ʪʘ ʘʣʛʦʨʠʪʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʨʦʙʣʝʥʽ ʚ (ɻ.10), ʘ ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʜʘʯʘʭ ʫ (ɻ.1, ɻ.2, ɻ.7, ɻ.9, ɻ.10, 

ɻ.11, ɻ.13, ɻ.14). ʄʦʜʝʣ ̔ʦʮʽʥʢʠ ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʪʘ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʽʚ ʮʠʬʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʨʦʟʨʦʙʣʝʥ ̔ʚ (ɻ.1), ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʦʮʽʥʢʠ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ 

ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʘʭ (ɻ.2, ɻ.5, ɻ.6, ɻ.10, ɻ.14). ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʟʚʝʜʝʥʥʷ 

ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ï ʜʽʝʣʝʢʪʨʠʯʥʫ 

ʧʨʦʥʠʢʥʽʩʪʴ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ (ɻ.9), ʘ ʟʚôʷʟʦʢ ʾʾ ʟ ʰʦʨʩʪʢʽʩʪʶ ʪʘ ʜʦʚʞʠʥʦʶ 
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ʢʦʨʝʣʷʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʩʪʘʥʦʚʣʝʥʦ ʚ (ɻ.4). ʄʦʜʝʣʽ ʟʚʝʜʝʥʥʷ 

ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʜʘʥʠʭ ʚ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʚ (ɻ.2, 

ɻ.13), ʘ ʚʽʜʧʦʚʽʜʥʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʟʘʩʪʦʩʦʚʘʥʦ ʚ (ɻ.13). ʆʮʽʥʢʠ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚ (ɻ.2, ɻ.7, ɻ.9, ɻ.10, ɻ.11, ɻ.12, ɻ.13, 

ɻ.14), ʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚ (ɻ.1). ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʢʣʘʜʥʦ 

ʦʧʠʩʘʥʘ ʚ (ɻ.8). 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʤʝʪʦʜʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ, ʦʙʛʦʚʦʨʝʥʽ ʪʘ ʩʭʚʘʣʝʥʽ ʥʘ 14-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ñ14th IEEE International Conference on Computer Sciences and Information 

Technologies (CSIT)ò (ʃʴʚʽʚ, 17 ï 20 ʚʝʨʝʩʥʷ 2019 ʨ.), 15-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ñMathematical Modeling and Simulation Systems (MODS)ò (ʏʝʨʥʽʛʽʚ, 29 

ʯʝʨʚʥʷ ï 1 ʣʠʧʥʷ 2020 ʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ñWorkshop on Reliability Engineering and Computational Intelligence (RECI)ò 

(ɾʠʣʽʥʘ, ʉʣʦʚʘʯʯʠʥʘ, 27 ï 29 ʞʦʚʪʥʷ 2020 ʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ñInternational Conference on Information and Digital Technologies (IDT)ò (ɾʠʣʽʥʘ, 

ʉʣʦʚʘʯʯʠʥʘ, 22 ï 24 ʯʝʨʚʥʷ 2021 ʨ.). 

ʈʦʟʧʦʜʽʣ ʩʪʘʪʝʡ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 14 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ 3 

ʨʦʟʜʽʣʠ ʫ ʤʦʥʦʛʨʘʬʽʾ, ʟ ʥʠʭ 2 ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʫ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science Core 

Collection ʪʘ/ʘʙʦ Scopus, 5 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʥʘ ʜʘʪʫ 

ʦʧʫʙʣʽʢʫʚʘʥʥʷ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, 2 ʩʪʘʪʪʽ ʫ ʽʥʰʠʭ 

ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʜʘʥʥʷʭ, 1 ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ, 3 ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʚ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʥʬʝʨʝʥʮʽʡ, ʟ ʷʢʠʭ ʦʜʥʘ ʧʨʦʽʥʜʝʢʩʦʚʘʥʘ ʫ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science Core 

Collection ʪʘ/ʘʙʦ Scopus. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ 

ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʧʝʨʝʣʽʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (167 ʥʘʡʤʝʥʫʚʘʥ ɹ ʥʘ 21 ʩʪʦʨʽʥʮ)̔ ʪʘ 5 ʜʦʜʘʪʢʽʚ ʥʘ 53 

ʩʪʦʨʽʥʢʘʭ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 191 ʩʪʦʨʽʥʮ,̔ ʱʦ ʤʽʩʪʷʪʴ 117 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ 

ʪʝʢʩʪʫ, 37 ʨʠʩʫʥʢʽʚ ʪʘ 3 ʪʘʙʣʠʮ.̔  
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʊɸ ɿɸʉʆɹɯɺ ʇɯɼɺʀʑɽʅʅʗ ɯʅʌʆʈʄɸʊʀɺʅʆʉʊɯ 

ʂʆʉʄɯʏʅʀʍ ɿʅɯʄʂɯɺ, ʆʊʈʀʄɸʅʀʍ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ɹɸɻɸʊʆʇʆʃʗʈʀɿɸʎɯʁʅʆɻʆ ʈɸɼɸʈʋ ɿ ʉʀʅʊɽɿʆɺɸʅʆʖ 

ɸʇɽʈʊʋʈʆʖ 

 

 ʅʘ ʩʴʦʛʦʜʝʥʥʷ, ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʚ 

ʜʦʩʣʽʜʞʝʥʥʽ ʥʘʰʦʾ ʧʣʘʥʝʪʠ, ʤʦʥʽʪʦʨʠʥʛʫ ʧʝʨʝʙʽʛʫ ʾʾ ʷʚʠʱ ʪʘ ʧʨʦʮʝʩʽʚ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʥʘʩʣʽʜʢʽʚ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʤʫ (Navalgund et al., 2007). ʊʝʭʥʽʯʥʽ ʟʘʩʦʙʠ 

(ʩʝʥʩʦʨʠ) ɼɿɿ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʟʘʩʦʙʠ ʘʝʨʦʟʥʽʤʘʥʥʷ ʪʘ ʟʘʩʦʙʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʟʥʽʤʘʥʥʷ (Jawd et al., 2021). ʊʘʢ ʷʢ ʜʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʽʜʚʠʱʝʥʥʶ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ɼɿɿ, ʪʦ ʜʘʣʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʴ ʩʘʤʝ 

ʩʫʧʫʪʥʠʢʦʚʽ ʩʝʥʩʦʨʠ ɼɿɿ, ʦʜʝʨʞʫʚʘʥʽ ʥʠʤʠ ʜʘʥʽ ʪʘ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʮʠʭ ʜʘʥʠʭ. 

 

1.1 ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ ɼɿɿ 

 

ʇʝʨʰ ʟʘ ʚʩʝ ʩʫʧʫʪʥʠʢʦʚʽ ʩʝʥʩʦʨʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʘʩʠʚʥʽ ʪʘ ʘʢʪʠʚʥʽ: ʧʘʩʠʚʥʽ ʩʝʥʩʦʨʠ ʨʝʻʩʪʨʫʶʪʴ ʚʽʜʙʠʪʝ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʘʢʪʠʚʥʽ ʩʝʥʩʦʨʠ ʟʜʘʪʥʽ ʩʘʤʦʩʪʽʡʥʦ 

ʛʝʥʝʨʫʚʘʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʧʽʩʣʷ ʚʽʜʙʠʪʪʷ ʚʽʜ ʦʙôʻʢʪʽʚ 

ʟʡʦʤʢʠ ʨʝʻʩʪʨʫʻʪʴʩ ̫(Zhu et al., 2018). 

ɹʽʣʴʰʽʩʪʴ ʧʘʩʠʚʥʠʭ ʩʝʥʩʦʨʽʚ ʧʨʘʮʶʶʪʴ ʚ ʦʧʪʠʯʥʦʤʫ ï ʫ ʚʠʜʠʤʦʤʫ, 

ʙʣʠʞʥʴʦʤʫ, ʩʝʨʝʜʥʴʦʤʫ ʪʘ ʜʘʣʴʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ï ʜʽʘʧʘʟʦʥ ̔ʽ ʟʦʚʩʽʤ ʥʝʯʘʩʪʦ 

ï ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥ ̔ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ. ɿʘʟʚʠʯʘʡ ʧʘʩʠʚʥʽ 

ʩʝʥʩʦʨʠ ɼɿɿ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʪʘʢʠʭ ʷʢ ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʽ ʪʝʤʧʝʨʘʪʫʨʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʘʛʨʘʨʥʠʭ ʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʣʘʥʜʰʘʬʪʽʚ, ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʦʢʝʘʥʦʛʨʘʬʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ (Parkinson, 2001), ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʘʪʤʦʩʬʝʨʠ (Efremenko & Kokhanovsky, 2021; Rogers et al., 2019), ʟʘʜʘʯʘʭ 
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ʢʣʘʩʠʬʽʢʘʮʽʾ (Popov et al., 2021) ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʟʘʜʘʯ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʧʘʩʠʚʥʽ ʩʠʩʪʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʤʘʶʪʴ ʽ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ: ʦʙʤʝʞʝʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʥʦʯʽ (Laneve et al., 2007) ʪʘ ʧʨʦʙʣʝʤʠ ʧʨʠ ʟʥʽʤʘʥʥʽ ʚ 

ʫʤʦʚʘʭ ʟʥʘʯʥʦʾ ʭʤʘʨʥʦʩʪʽ (Kerle et al., 2004). 

ʑʦʜʦ ʘʢʪʠʚʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʨʘʜʘʨʠ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ (ʈʉɸ), ʪʦ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʚʠʢʣʶʯʥʦ ʚ ʨʘʜʽʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘ 

ʤʦʞʣʠʚʦʩʪʽ ʦʜʝʨʞʘʥʥʷ ʥʠʤʠ ʜʘʥʠʭ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʤʘʨʥʦʩʪʽ (Zhao et 

al., 2021). ɼʘʥʽ ʚʽʜ ʈʉɸ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʷʢ ʚʠʟʥʘʯʝʥʥʷ 

ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʩʫʰʽ ʪʘ ʤʦʨʷ (Braun, 2021; Rizaev et al., 2022); 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ (Tran et al., 2021); ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ (Lavreniuk et al., 2019; Shelestov et al., 2020); 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ (Kussul et al., 2018); ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʽ 

ʚʦʣʦʛʦʚʤʽʩʪʫ ˇʨʫʥʪʫ (Freeman et al., 1996) ʪʘ ̔ʥʰʠʭ. ʆʢʨʽʤ ʈʉɸ, ʘʢʪʠʚʥʽ ʩʝʥʩʦʨʠ 

ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʨʘʜʘʨʠ ʽʥʰʠʭ ʪʠʧʽʚ, ʨʘʜʽʦʚʠʩʦʪʦʤʽʨʠ, ʣʽʜʘʨʠ ʪʘ ʣʘʟʝʨʥʽ 

ʘʣʴʪʠʤʝʪʨʠ (Andersen, 2006). 

 

1.1.1 ʆʧʪʠʯʥʽ ʩʝʥʩʦʨʠ 

 

ɿʘʩʦʙʠ ʧʘʩʠʚʥʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʦʧʪʠʯʥʽ 

ʩʝʥʩʦʨʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʚʠʜʠʤʦʤʫ, ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ, ʢʦʨʦʪʢʦ-, 

ʩʝʨʝʜʥʴʦ- ʪʘ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ, ʘ ʪʘʢʦʞ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʦʙôʻʢʪʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ (Shaw & Burke, 2003). 

 ɿʘ ʢʽʣʴʢʽʩʪʶ ʨʦʙʦʯʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʦʧʪʠʯʥʽ ʟʥʽʤʘʣʴʥʽ ʩʠʩʪʝʤʠ 

ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢʽ ʪʠʧʠ (Wong et al., 2021; Gianinetto & Lechi, 2004): 

¶ ʧʘʥʭʨʦʤʘʪʠʯʥʽ, ʜʝ ʩʝʥʩʦʨ ʩʧʨʠʡʤʘʻ ʽʥʬʦʨʤʘʮʽʶ ʚ ʻʜʠʥʦʤʫ ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥ.̔ ʇʘʥʭʨʦʤʘʪʠʯʥʽ ʜʘʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʦʙôʻʢʪʽʚ ʘʙʦ ʧʝʚʥʠʭ ʦʟʥʘʢ/ʨʠʩ ʟʘ ʢʦʥʪʨʘʩʪʦʤ. ʇʨʠʢʣʘʜʘʤʠ ʧʘʥʭʨʦʤʘʪʠʯʥʠʭ 

ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʻ WorldView-1, EROS-B ʪʘ ALOS PRISM 

(Schowengerdt, 2007); 
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¶ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ, ʜʝ ʩʝʥʩʦʨ ʧʨʘʮʶʻ ʚ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪ̔ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʜʽʘʧʘʟʦʥʽʚ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʦʪʨʠʤʫʶʪʴʩʷ ʙʘʛʘʪʦʰʘʨʦʚʽ ʦʧʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʦʙôʻʢʪ 

ʟʥʽʤʘʥʥʷ. ʇʨʠʢʣʘʜʘʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʻ Landsat OLI, 

Sentinel-2 MSI, ʉʽʯ-2 ʄʉʋ ʪʘ ʽʥʰʽ (Landgrebe, 2003); 

¶ ʩʫʧʝʨʩʧʝʢʪʨʘʣʴʥʽ, ʜʝ ʩʝʥʩʦʨ ʤʘʻ ʙʽʣʴʰʝ ʢʘʥʘʣʽʚ, ʘʥʽʞ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʡ 

(ʟʘʟʚʠʯʘʡ, ʙʽʣʴʰʝ 10). ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʛʦ ʟʥʽʤʘʥʥʷ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʜʘʥʽ 

ʟ ʙʽʣʴʰʦʶ ʩʧʝʢʪʨʘʣʴʥʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. ʇʨʠʢʣʘʜʘʤʠ ʩʫʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʠʩʪʫʧʘʶʪʴ EOS MODIS ʪʘ Suomi VIIRS 

(Xiong et al., 2003); 

¶ ʛ̔ ʧʝʨʩʧʝʢʪʨʘʣʴʥʽ, ʜʝ ʩʝʥʩʦʨ ʬʦʨʤʫʻ ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʦʪʥʷʭ, ʘ ʪʦ ʡ ʙʽʣʴʰʝ, 

ʧʦʩʣʽʜʦʚʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʪʴʩʷ 

ʢʚʘʟʽʙʝʟʧʝʨʝʨʚʥʠʡ ʩʧʝʢʪʨ ʩʮʝʥʠ ï ʛʽʧʝʨʢʫʙ ʜʘʥʠʭ. ʇʨʠʢʣʘʜʦʤ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʩʝʥʩʦʨʘ  ̒EO1 Hyperion (Qian, 2020). 

 ʊʘʢʦʞ ʩʫʧʫʪʥʠʢʦʚʽ ʩʝʥʩʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʟʘ ʪʠʧʦʤ ʬʦʪʦʧʨʠʡʤʘʯʘ ʥʘ ʤʘʪʨʠʯʥʽ 

ʪʘ ʣʽʥʽʡʢʦʚʽ, ʟʘ ʧʨʠʥʮʠʧʦʤ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ï ʥʘ ʢʘʜʨʦʚʽ ʪʘ ʩʢʘʥʫʚʘʣʴʥʽ, ʟʘ 

ʢʽʣʴʢʽʩʪʶ ʦʙôʻʢʪʠʚʽʚ ï ʥʘ ʽʥʪʝʛʨʦʚʘʥʽ ʪʘ ʚʽʜʦʢʨʝʤʣʝʥʽ ʪʦʱʦ (ɹʫʨʰʪʠʥʩʴʢʘ & 

ʉʪʘʥʢʝʚʠʯ, 2013). 

 

1.1.2 ʈʘʜʘʨʥʽ ʩʝʥʩʦʨʠ 

 

ʆʩʪʘʥʥʽ ʨʦʢʠ ʨʘʜʘʨʥʽ ʩʝʥʩʦʨʠ ʥʘʙʫʚʘʶʪʴ ʟʥʘʯʥʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʟʘʚʜʷʢʠ 

ʘʢʪʠʚʥʦʤʫ ʧʨʠʥʮʠʧʫ ʟʦʥʜʫʚʘʥʥ,̫ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʤʘʨʥʦʩʪʽ ʪʘ ʯʘʩʫ ʜʦʙʠ, 

ʤʦʞʣʠʚʦʩʪʷʤ ʙʘʛʘʪʦʜʽʘʧʘʟʦʥʥʦʛʦ ʪʘ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʚʠʩʦʢʽʡ 

ʧʨʦʩʪʦʨʦʚʽʡ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʧʨʦʥʠʢʘʶʯʽʡ ʟʜʘʪʥʦʩʪʽ ʨʘʜʘʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(Tsai et al., 2020). ɿʚʽʩʥʦ, ʨʘʜʘʨʥʽ ʩʝʥʩʦʨʠ ʤʘʶʪʴ ʽ ʥʝʜʦʣʽʢʠ, ʥʘʧʨʠʢʣʘʜ, ʥʝʜʦʩʪʘʪʥʶ 

ʨʘʜʽʦʤʝʪʨʠʯʥʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʩʧʝʢʣ-ʰʫʤʠ, ʘ ʪʘʢʦʞ ʙʽʣʴʰʫ ʩʢʣʘʜʥʽʩʪʴ ʦʙʨʦʙʢʠ ʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ (Cheney & Borden, 2009). 

ɿʘ ʢʽʣʴʢʽʩʪʶ ʧʦʣʷʨʠʟʘʮʽʡ ʨʘʜʘʨʥʽ ʩʝʥʩʦʨʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ (Richards, 

2009): 
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¶ ʦʜʥʦʧʦʣʷʨʠʟʘʮʽʡʥʽ ï ̫ ʢ ʧʨʘʚʠʣʦ, ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ ʦʜʥʘʢʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ: 

ὺὺ ʘʙʦ ὬὬ. ʈʘʜʘʨ ʚʠʧʨʦʤʽʥʶʻ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ 

ʭʚʠʣʶ ʽ ʩʧʨʠʡʤʘʻ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʫ ʾʾ ʩʢʣʘʜʦʚʫ, ʘʙʦ ʞ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʭʚʠʣ ʁ  ̔ ʪʘʢʦʞ ʨʝʻʩʪʨʫʻ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʫ ʩʢʣʘʜʦʚʫ, ʚʽʜʧʦʚʽʜʥʦ (Krieger et al., 2008). 

ʊʦʙʪʦ ʦʜʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʨʘʜʘʨ ʧʨʘʮʶʻ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʩʧʽʣʴʥʽʡ ʫʟʛʦʜʞʝʥʽʡ 

ʧʦʣʷʨʠʟʘʮʽʾ ʥʘ ʚʠʧʨʦʤʽʥʝʥʥʷ ʪʘ ʥʘ ʧʨʠʡʦʤ ʩʠʛʥʘʣʫ; 

¶ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʽ ï ʤʘʶʪʴ ʜʚʘ ʨʽʟʥʠʭ ʨʝʞʠʤʠ ʧʦʣʷʨʠʟʘʮʽʾ ʽ ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʚ ʦʜʥʘʢʦʚʦʤʫ ʨʝʞʠʤʽ ʥʘ ʛʝʥʝʨʘʮʽʶ ʪʘ ʧʨʠʡʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʚ ʦʙʦʭ ʨʝʞʠʤʘʭ, ʥʘʧʨʠʢʣʘʜ, ὺὺ ʪʘ ὬὬ. ɸʙʦ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ 

ʜʦʧʦʚʥʝʥʥʷ ʦʜʥʽʻʾ ʧʦʣʷʨʠʟʘʮʽʾ ʾʾ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ, ʥʘʧʨʠʢʣʘʜ, 

ὺὺ ʪʘ ὺὬ, ʘʙʦ ὬὬ ʪʘ Ὤὺ (Rosen et al., 2013). ʊʦʙʪʦ, ʧʘʨʘʣʝʣʴʥʦ ʛʝʥʝʨʫʻʪʴʩʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʽʤʧʫʣʴʩ ʚ ʦʜʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʽ ʩʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜʙʠʪʠʡ 

ʩʠʛʥʘʣ ʚ ʥʽʡ ʞʝ, ʘ ʪʘʢʦʞ ʧʨʠʡʤʘʻʪʴʩʷ ʡʦʛʦ ʩʢʣʘʜʦʚʘ ʚ ʽʥʰʽʡ ʧʦʣʷʨʠʟʘʮʽʾ; 

¶ ʯʦʪʠʨʠ-ʧʦʣʷʨʠʟʘʮʽʡʥʽ ï ʤʘʶʪʴ ʯʦʪʠʨʠ ʨʝʞʠʤʠ ʧʦʣʷʨʠʟʘʮʽʾ, ʟʘʟʚʠʯʘʡ ʮʝ 

ʧʦʚʥʘ ʢʦʤʙʽʥʘʮʽʷ ʽʟ ὺὺ, ὺὬ, ὬὬ ʪʘ Ὤὺ (Yang et al., 2021); 

¶ ʪʘ ʽʥʰʽ, ʥʘʧʨʠʢʣʘʜ ʬʨʘʢʪʘʣʴʥʦ-ʧʦʣʷʨʠʟʘʮʽʡʥʽ (Dmitriev & Chimitdorzhyiev, 

2016). 

 ʊʘʢʦʞ ʨʘʜʘʨʠ ʤʘʶʪʴ ʨʽʟʥʫ ʥʝʩʫʯʫ ʯʘʩʪʦʪʫ ʚʠʧʨʦʤʽʥʶʚʘʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽʤʧʫʣʴʩʽʚ  ̔ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʘʢʽ ʨʘʜʘʨʥʽ 

ʜʽʘʧʘʟʦʥʠ (Teferi et al., 2021): 

¶ P ï ʤʘʻ ʯʘʩʪʦʪʫ 0.3-1 ɻɻʮ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʝʜ ʫʩʽʤ ʜʣʷ ʢʘʨʪʫʚʘʥʥʷ 

ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʾʾ ʦʮʽʥʢʠ, ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʢʣʘʜʘʻ 30-100 ʩʤ; 

¶ L ï ʤʘʻ ʯʘʩʪʦʪʫ 1-2 ɻɻʮ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ GPS, ʩʫʧʫʪʥʠʢʦʚʠʭ ʤʦʙʽʣʴʥʠʭ 

ʪʝʣʝʬʦʥʘʭ, ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʨʘʜʽʦ ʪʘ ʽʥʰʦʤʫ ʟʘʚʜʷʢʠ ʚʝʣʠʢʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

(15-30 ʩʤ). ɺ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʦʪʨʠʤʫʶʪʴʩʷ ʜʘʥʽ ʈʉɸ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʷʢ̔ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʷʢ ʢʘʨʪʫʚʘʥʥʷ ʙʽʦʤʘʩʠ 

ʪʘ ʩʪʨʫʢʪʫʨʠ ʨʦʩʣʠʥʥʦʩʪʽ, ʛʝʦʬʽʟʠʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʽʥʰʝ; 
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¶ S ï ʯʘʩʪʦʪʘ 2-4 ɻɻʮ, ʚ ʥʴʦʤʫ ʧʨʘʮʶʶʪʴ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʨʘʜʘʨʠ, ʨʘʜʘʨʠ 

ʢʦʨʘʙʣʽʚ ʪʘ ʜʝʷʢ ̔ʩʫʧʫʪʥʠʢʠ ʟʚôʷʟʢʫ, ʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʩʪʘʥʦʚʠʪʴ 7,5-15 ʩʤ; 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʈʉɸ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʧʣʦʱ. ʅʝ ʻ ʰʠʨʦʢʦʟʘʩʪʦʩʦʚʫʚʘʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʘʨʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ; 

¶ C ï ʯʘʩʪʦʪʘ 4-8 ɻɻʮ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ, 

ʚʠʤʽʨʶʚʘʥʥʽ ʪʨʦʧʽʯʥʠʭ ʦʧʘʜʽʚ, ʟʙʦʨʫ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʧʨʦ ɿʝʤʣʶ, 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʚʠʟʥʘʯʝʥʥʶ ʟʤʽʥ ʪʘ ʽʥʰʦʤʫ. ɭ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʤ ʢʘʥʘʣʦʤ 

ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ ʨʘʜʘʨʽʚ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ 

ʩʢʣʘʜʘʻ 3,75-7,5 ʩʤ; 

¶ X ï ʯʘʩʪʦʪʘ 8-12 ɻɻʮ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʛʦʜʠ, ʢʝʨʫʚʘʥʥʷ 

ʧʦʚʽʪʨʷʥʠʤ ʨʫʭʦʤ ʪʘ ʽʥʰʦʤʫ. ɼʦʟʚʦʣʷ ̒ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʈʉɸ ʚʠʩʦʢʦʾ ʪʘ 

ʥʘʜʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ 2.5-3.75 ʩʤ; 

¶ Ku ï ʯʘʩʪʦʪʘ 12-18 ɻɻʮ, ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘ 

ʚ ʨʘʜʘʨʥʦʤʫ ʟʦʥʜʫʚʘʥʥ ̔ ɿʝʤʣʽ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʘʣʴʪʠʤʝʪʨʽʾ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʩʪʘʥʦʚʠʪʴ 1,66-2,5 ʩʤ; 

¶ K ï ʯʘʩʪʦʪʘ 18-27 ɻɻʮ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʧʦʛʣʠʥʘʥʴ 

ʚʦʜʠ ʚ ʘʪʤʦʩʬʝʨʽ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʢʣʘʜʘʻ 1,1-1,66 ʩʤ; 

¶ Ka ï ʯʘʩʪʦʪʘ 27-40 ɻɻʮ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʥʘʜʪʦʯʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ. ʋ ʩʫʧʫʪʥʠʢʦʚʠʭ ʈʉɸ ʮʝʡ ʢʘʥʘʣ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʜʦʧʦʤʽʞʥʠʡ ʟʘʩʽʙ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʥʘʚʢʦʣʦ ʘʝʨʦʧʦʨʪʽʚ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʩʪʘʥʦʚʠʪʴ 7,5 ʤʤ ï 1,1 ʩʤ. 

 ɺ ʪʘʙʣ. 1.1 ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʯʘʩʥʠʭ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ (Chen et al., 2017). 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʪʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʠʩʪʝʤ, ʦʙʣʘʜʥʘʥʠʭ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʤ (ʘʜʞʝ ʧʨʘʮʶʻ ʣʠʰʝ ʚ ʦʙʨʘʥʦʤʫ ʨʝʞʠʤʽ, 

ʟʘʟʚʠʯʘʡ ὺὺ ʪʘ ὺὬ, ʧʦʣʷʨʠʟʘʮʽʡ) ʨʘʜʘʨʦʤ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ, ʻ ʩʫʟʽʨôʷ 

ʩʫʧʫʪʥʠʢʽʚ Sentinel-1, ʟʘʚʜʷʢʠ ʾʭ ʚʠʩʦʢʽʡ ʧʨʦʩʪʦʨʦʚʽʡ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʨʦʙʦʪʽ ʚ 

ʥʘʡʙʽʣʴʰ ʧʨʘʢʪʠʯʥʦʤʫ ʨʘʜʘʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʉ, ʽ ʜʦʩʪʫʧʥʦʩʪʽ: ʜʘʥʽ Sentinel-1 ʻ 
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ʨʝʛʫʣʷʨʥʠʤʠ ʜʣʷ ʚʩʽʻʾ ʩʫʰʽ ɿʝʤʣʽ ʟ 2014 ʨʦʢʫ, ʚʽʜʢʨʠʪʠʤʠ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʙʝʟʢʦʰʪʦʚʥʠʤʠ (Geudtner & Torres, 2012). 

 

ʊʘʙʣʠʮʷ 1.1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʉʫʧʫʪʥʠʢʦʚʘ 

ʩʠʩʪʝʤʘ 

(ʨʝʞʠʤ) 

ɼʽʘʧʘʟʦʥ ʇʦʣʷʨʠʟʘʮʽʾ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʤ 

ʐʠʨʠʥʘ 

ʩʤʫʛʠ 

ʟʥʽʤʘʥʥʷ, 

ʢʤ 

ʈʽʢ 

ʟʘʧʫʩʢʫ 

Seasat L hh 25 100 1978 

SIR-A L hh 30 50 1981 

Almaz-1 S hh 15 20-45 1991 

JERS-1 L hh 18 76 1992 

X-SAR X vv 25 15-40 1994 

ERS-2 C hh 25 100 1995 

SAR-SAT C hh 10-100 50-170 1995 

Priroda S, L hh 30 120 1995 

Radarsat-1 C hh 10-100 50-500 1995 

SIR-C C hh 30 60 2000 

ALOS-1 L hh, vv, hv, vh 10-100 70-250 2002 

COSMO-Sky 

Med 

(Strip Map) 

X hh, vv, hv, vh 3-20 30-40 2007 

TerraSAR-X 

(Strip Map) 
X 

(hh,vv), 

(hh,hv), 

(vv/vh) 

3 30 2007 

Sentinel-1 

(Interferometric 

Wide) 

C 
vv+vh, 

hh+hv, hh, vv 
5Ĭ20 250 2014 

ALOS-2 

(Strip Map) 
L hh, vv, hv 3, 6, 9 50-70 2014 

 

 

1.2 ʆʛʣʷʜ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ 

 

ʉʫʧʫʪʥʠʢʦʚʽ ʨʘʜʘʨʥʽ ʜʘʥʽ,  ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʦʧʪʠʯʥʠʭ ʟʥʽʤʢʽʚ, 

ʧʦʪʨʝʙʫʶʪʴ ʩʢʣʘʜʥʽʰʦʾ ʪʘ ʨʝʩʫʨʩʦʚʠʪʨʘʪʥʦʾ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʪʦʤʫ, ʟʘʟʚʠʯʘʡ, 

ʩʫʧʫʪʥʠʢʦʚʽ ʨʘʜʘʨʥʽ ʜʘʥʽ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʟ ʧʝʚʥʠʤ ʨʽʚʥʝʤ ʦʙʨʦʙʢʠ (Cumming & 
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Wong, 2005). ʉʘʤʝ ʟʘ ʨʽʚʥʝʤ ʦʙʨʦʙʢʠ ʽ ʚʘʨʪʦ ʨʦʟʜʽʣʷʪʠ ʙʘʟʦʚʽ ʪʠʧʠ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ. 

 ʈʽʚʥʽ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʨʘʜʘʨʥʠʭ ʩʝʥʩʦʨʽʚ ʽ ʪʦʤʫ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʪʘʥʜʘʨʪʠʟʫʶʪʴʩʷ ʚʠʨʦʙʥʠʢʘʤʠ ʪʘ 

ʦʧʝʨʘʪʦʨʘʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʩʠʩʪʝʤ ʧʦ-ʨʽʟʥʦʤʫ. ɸʣʝ ʽʩʥʫʶʪʴ ʧʝʚʥʽ 

ʟʘʛʘʣʴʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʪʘʢʠʭ ʷʢ CEOS (Committee on Earth 

Observation Satellites), ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʙʽʣʴʰʽʩʪʶ ʨʦʟʨʦʙʥʠʢʽʚ ʈʉɸ, ʭʦʯ ʽ ʥʝ 

ʧʦʚʥʽʩʪʶ. ʎʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʦʩʫʶʪʴʩʷ ʧʦʯʘʪʢʦʚʠʭ ʨʽʚʥʽʚ ʦʙʨʦʙʢʠ 

ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ, ʟ ʥʫʣʴʦʚʦʛʦ ʧʦ ʧʝʨʠhʡ, ʽ ʙʽʣʴʰ-ʤʝʥʰ ʫʥʽʬʽʢʦʚʘʥʽ (Hein, 2004). 

ɹʽʣʴʰ ʜʦʢʣʘʜʥʦ ʨʽʚʥʽ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ ʥʘ ʧʨʠʢʣʘʜ ̔

ʚʽʜʢʨʠʪʠʭ ʪʘ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ Sentnel-1. ʆʪʞʝ, 

ʩʫʧʫʪʥʠʢʦʚʽ ʨʘʜʘʨʥʽ ʜʘʥʽ Sentinel-1 ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʘʢʽ ʨʽʚʥʽ ʦʙʨʦʙʢʠ (Miranda et 

al., 2012): 

¶ ʥʫʣʴʦʚʠʡ ʨʽʚʝʥʴ ʦʙʨʦʙʢʠ (Level-0) ï ʜʦ ʮʴʦʛʦ ʨʽʚʥʷ ʥʘʣʝʞʘʪʴ ʩʠʨʽ (Raw) 

ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʈʉɸ. ʎʽ ʜʘʥʽ ʩʪʠʩʥʫʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʥʫʯʢʦʛʦ 

ʜʠʥʘʤʽʯʥʦʛʦ ʙʣʦʢʦʚʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ (Flexible Dynamic Block 

Adaptive Quantization ï FQBAQ), ɦ ʦ ʜʦʟʚʦʣʷʻ, ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʙʽʪ, ʷʢʠʤʠ 

ʦʧʠʩʫʶʪʴʩʷ ʷʩʢʨʘʚʦʩʪʽ ʨʦʟʩʽʶʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ʎʽ 

ʜʘʥʽ ʻ ʨʦʟʬʦʢʫʩʦʚʘʥʠʤʠ ʽ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʠʤʘʛʘʶʪʴ 

ʜʝʢʦʤʧʨʝʩʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʬʦʢʫʩʫʚʘʥʥ ̫ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

¶ ʧʝʨʰʠʡ ʨʽʚʝʥʴ ʦʙʨʦʙʢʠ (Level-1) ï ʜʦ ʮʴʦʛʦ ʨʽʚʥʷ ʥʘʣʝʞʘʪʴ ʜʚʘ ʪʠʧʠ ʜʘʥʠʭ: 

ʧʦʚʥʽ ʢʦʤʧʣʝʢʩʥʽ ʜʘʥʽ, ʱʦ ʤʽʩʪʷʪʴ ʟʥʘʯʝʥʥʷ ʷʢ ʘʤʧʣʽʪʫʜʠ, ʪʘʢ ʽ ʬʘʟʠ 

ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ SLC (Single Look Complex) ʪʘ ʜʽʡʩʥʽ ʜʘʥʽ ʣʠʰʝ ʘʤʧʣʽʪʫʜʠ 

ʨʘʜʘʨʥʦʛʦ ʚʽʜʙʠʪʪʷ GRD (Ground Range Detected). ʉʬʦʢʫʩʦʚʘʥʽ ʜʘʥʽ ʨʽʚʥʷ 

ʦʙʨʦʙʢʠ 1 ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʞʠʪʢʫ ʘʫʜʠʪʦʨʽʻʶ ʙʽʣʴʰʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʇʨʦʜʫʢʪʠ SLC ̒  ʥʝ ʣʠʰʝ ʩʬʦʢʫʩʦʚʘʥʠʤʠ, ʘ ʪʘʢʦʞ ʛʝʦʤʝʪʨʠʯʥʦ ʧʨʠʚôʷʟʘʥʠʤʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʨʙʽʪʠ ʩʫʧʫʪʥʠʢʘ ʪʘ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʽʜ ʯʘʩ ʟʡʦʤʢʠ, ʽ 

ʥʘʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʫ ʥʘʭʠʣʫ ʪʘ ʜʘʣʴʥʦʩʪʽ ʚʽʜ ʨʘʜʘʨʫ ʜʦ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʟʦʙʨʘʞʝʥʥʷ (slant-range). ʇʨʦʜʫʢʪʠ GRD ʻ ʩʬʦʢʫʩʦʚʘʥʠʤʠ, ʢʦʛʝʨʝʥʪʥʦ 
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ʥʘʢʦʧʠʯʝʥʠʤʠ (multi-looked), ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʩʧʝʢʣ-ʰʫʤʽʚ, ʪʘ 

ʩʧʨʦʝʢʪʦʚʘʥʠʤʠ ʥʘ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʝʣʽʧʩʦʾʜʥʦ ʁʤʦʜʝʣʣ  ʁ

ɿʝʤʣʽ WGS84; 

¶ ʜʨʫʛʠʡ ʨʽʚʝʥʴ ʦʙʨʦʙʢʠ (Level-2) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʝʦʧʨʠʚôʷʟʘʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʩʧʝʮʽʘʣʴʥʦʶ ʪʝʤʘʪʠʯʥʦʶ ʧʝʨʝʨʦʙʢʦʶ 

ʜʘʥʠʭ ʨʽʚʥ ̫ʦʙʨʦʙʢʠ 1. ɼʦ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʥʘʣʝʞʘʪʴ ̔ ʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʜʫʢʪʠ ʜʣʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʜʫʢʪʠ ʟ ʜʘʥʠʤʠ ʧʨʦ ʩʪʘʥ 

ʤʦʨʩʴʢʦʾ ʧʦʚʝʨʭʥʽ OCN (Ocean), ʧʦʣʝ ʚʽʪʨʫ OWI (Ocean Wind Field), ʩʧʝʢʪʨ 

ʢʦʣʠʚʘʥʴ OSS (Ocean Swell Spectra), ʧʦʚʝʨʭʥʝʚʫ ʨʘʜʽʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ SRV 

(Surface Radial Velocity) ʪʘ ʽʥʰʽ. ʇʨʠ ʯʦʤʫ ʨʽʟʥʽ ʪʠʧʠ ʧʨʦʜʫʢʪʽʚ ʨʽʚʥʷ ʦʙʨʦʙʢʠ 

2 ʻ ʧʦʭʽʜʥʠʤʠ ʚʽʜ ʙʘʟʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʨʽʚʥʷ ʦʙʨʦʙʢʠ 1, ʥʘʧʨʠʢʣʘʜ, ʜʘʥʽ OWI 

ʦʪʨʠʤʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʨʦʙʢʠ ʜʘʥʠʭ GRD, ʘ SRV ʦʪʨʠʤʫʶʪʴʩʷ ʟ SLC. 

 ʄʦʞʣʠʚʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʨʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ʫ ʪʦʡ ʯʠ ʽʥʰʠʡ 

ʧʨʦʜʫʢʪ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʽ ʚʽʜ ʨʝʞʠʤʫ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ Sentinel-1 ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʨʝʞʠʤʠ ʟʥʽʤʘʥʥʷ (Ustin & Middleton, 

2021): 

¶ Stripmap (SM) ï ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ ʜʘʥʽ ʦʪʨʠʤʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʾ (ʥʝ 

ʚʨʘʭʦʚʫʶʯʠ ʟʤʽʱʝʥʥʷ ʨʘʜʘʨʫ) ʩʤʫʛʠ, ʧʦʜʽʣʝʥʦʾ ʥʘ ʨʽʚʥʽ ʧʨʦʤʽʞʢʠ, ʜʝ ʢʦʞʝʥ 

ʧʨʦʤʽʞʦʢ ʟʥʽʤʘʚʩʷ ʨʘʜʘʨʦʤ ʦʢʨʝʤʦ h ʣʷʭʦʤ ʦʧʨʦʤʽʥʝʥʥʷ ʤʽʩʮʝʚʦʩʪʽ ʨʘʜʘʨʦʤ 

ʧʽʜ ʧʝʚʥʠʤ ʢʫʪʦʤ (ʯʠʤ ʜʘʣʽ ʚʽʜ ʨʘʜʘʨʫ ʜʽʣʷʥʢʘ, ʪʠʤ ʙʽʣʴʰʠʡ ʢʫʪ). ɼʣʷ 

Sentinel-1 ï ʮʝ ʟʥʽʤʘʥʥʷ 6-ʪʠ ʜʽʣʷʥʦʢ ʰʠʨʠʥʦʶ 80 ʢʤ ʟʽ ʟʤʽʥʦʶ ʢʫʪʘ ʥʘʭʠʣʫ 

ʟʥʽʤʘʥʥʷ ʚʽʜ 18,3Á ʜʦ 46,8Á; 

¶ Interferometric Wide swath (IW) ï ʮʝ ʦʩʥʦʚʥʠʡ ʨʝʞʠʤ ʟʡʦʤʢʠ Sentinel-1. ɺʽʥ 

ʧʦʣʷʛʘʻ ʫ ʟʥʽʤʘʥʥʽ ʩʤʫʛʠ ʰʠʨʠʥʦʶ 250 ʢʤ ʫ ʪʨʠ ʩʫʙʩʤʫʛʠ IW1, IW2 ʪʘ IW3. 

ʂʦʞʥʘ ʩʫʙʩʤʫʛʘ ʩʢʘʥʫʻʪʴʩʷ ʟʘ ʘʟʠʤʫʪʦʤ ʥʘ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ (bursts); 

¶ Extra-Wide swath (EW) ï ʬʦʨʤʫʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʰʠʨʰʦʾ ʩʤʫʛʠ ʟʥʽʤʘʥʥʷ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʨʝʞʠʤʫ ʟʡʦʤʢʠ IW. ɸʣʝ ʜʣʷ ʮʴʦʛʦ ʚʩʷ ʩʤʫʛʘ 

ʟʥʽʤʘʥʥʷ ʧʦʜ̔ʣ̫̒ʪʴʩʷ ʥʘ 5 ʩʫʙʩʤʫʛ ʨʦʟʤʽʨʦʤ ʧʦʤʝʥʰʝ, ʥʽʞ ʪʽ, ʜʣʷ ʷʢʠʭ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʡʦʤʢʘ IW; 
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¶ Wave (WV) ï ʩʧʝʮʽʘʣʴʥʠʡ ʨʝʞʠʤ ʟʡʦʤʢʠ, ʧʨʠ ʷʢʦʤʫ ʜʘʥʽ ʦʪʨʠʤʫʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʭʚʠʣʽ, ʜʝ ʥʝʟô̒ ʜʥʘʥʽ ʬʨʘʛʤʝʥʪʠ ʟʥʽʤʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʣʝʞʘʪʴ, 

ʫʤʦʚʥʦ, ʥʘ ʜʚʦʭ ʣʽʥʽʷʭ. ɺ ʮʴʦʤʫ ʨʝʞʠʤʽ ʜʘʥʽ ʦʪʨʠʤʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʽʥʴʻʪʦʢ 

ʨʦʟʤʽʨʦʤ 20Ĭ20 ʢʤ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 100 ʢʤ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʧʽʜ 

ʧʝʚʥʠʤʠ ʜʚʦʤʘ ʢʫʪʘʤʠ ʥʘʭʠʣʫ, ʱʦ ʯʝʨʛʫʶʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʜʨʫʛʘ ʦʪʨʠʤʘʥʘ 

ʧʽʩʣʷ ʧʝʨʰʦʾ ʧʽʜ ʢʫʪʦʤ 36Á, ʪʨʝʪʷ ʚʽʜ ʜʨʫʛʦʾ ʧʽʜ ʢʫʪʦʤ 23Á, ʘ ʯʝʪʚʝʨʪʘ ʚʽʜ 

ʪʨʝʪʴʦʾ ʟʥʦʚʫ ʧʽʜ ʢʫʪʦʤ 36Á ʽ ʪʘʢ ʜʘʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʚʥʽ ʚʠʜʠ ʧʨʦʜʫʢʪʽʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ ʣʠʰʝ ʧʨʠ ʧʝʚʥʠʭ ʨʝʞʠʤʘʭ ʟʡʦʤʢʠ, ʥʘʧʨʠʢʣʘʜ, GRD ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʦʪʨʠʤʘʥʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʟʡʦʤʢʠ WV. 

 

 1.3 ʆʛʣʷʜ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʘʜʘʨʥʠʭ 

ʜʘʥʠʭ 

 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʤʦʞʣʠʚʦʩʪʷʭ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ: 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʘʤʦʾ ʩʮʝʥʠ ʟʦʙʨʘʞʝʥʥ ̫ (ʉʪʘʥʢʝʚʠʯ, 2006), ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ (Rukhovich et al., 2022) ʪʘ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʥʶ ʾʭ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (Stankevich et al., 2016). 

 

1.3.1 ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʘ ʨʽʟʥʠʤʠ 

ʥʘʫʢʦʚʮʷʤʠ (ʂʦʥʦʥʦʚ, 1991; ʇʦʧʦʚ & ʉʪʘʥʢʝʚʠʯ, 2006) ʽ, ʟʘʟʚʠʯʘʡ, ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʜʚʽ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʫ ʚʠʨʽʰʝʥʥʽ 

ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ (ʉʪʘʥʢʝʚʠʯ, 2008). ʆʜʥʠʤ ʽʟ ʚʘʛʦʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʠ ʢʽʣʴʢʽʩʥʽʡ 

ʦʮʽʥʮʽ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʻ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 

(Amro et al., 2011). ʆʪʞʝ, ʧʽʜʥʷʪʪʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʝʨʦʟʨʠʚʥʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʧʽʜʥʷʪʪʷʤ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʆʢʨʽʤ 
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ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ 

ʨʘʜʽʦʤʝʪʨʠʯʥʠʤʠ (ʩʧʝʢʪʨʘʣʴʥʠʤʠ) ʚʽʜʤʽʥʥʦʩʪʷʤʠ (ʢʦʥʪʨʘʩʪʘʤʠ) ʪʘ ʚʽʜʥʦʰʝʥʥʷʤ 

ñʩʠʛʥʘʣ-ʰʫʤò ʚ ʟʦʙʨʘʞʝʥʥʽ (ʂʦʥʦʥʦʚ & ʌʝʜʦʨʦʚʩʢʠʡ, 1996). 

 

1.3.2 ʄʝʪʦʜʠ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ 

 

ʄʝʪʦʜʠ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʘʢʽ ʢʘʪʝʛʦʨʽʾ: ʤʝʪʦʜʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ (Filipponi, 2019; Mandal et al., 

2019), ʨʽʟʥʽ ʤʝʪʦʜʠ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʤʝʪʦʜʠ 

ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ (Jansing, 2020). 

ɼʦ ʤʝʪʦʜʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʥʘʣʝʞʘʪʴ ʨʽʟʥʽ 

ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʽʩʥʦʛʦ ʨʘʜʘʨʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʘʜʘʯ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ 

ʦʙʨʦʙʢʘ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʞʠʤʽ IW, ʾʭ ʚʟʘʻʤʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʠʚôʷʟʢʠ (coregistration), ʚʠʙʦʨʽ ʜʽʣʷʥʦʢ ʟʥʽʤʘʥʥʷ, ʢʦʨʠʛʫʚʘʥʥʷ 

ʦʨʙʽʪʠ, ʟʚʦʨʦʪʥʦʤʫ ʛʝʦʢʦʜʫʚʘʥʥʶ ʪʘ ʬʦʨʤʫʚʘʥʥʶ ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ (Braun & Veci, 

2021). ɼʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʩʬʦʨʤʦʚʘʥʠʭ ʨʘʜʘʨʥʠʭ ʟʥʽʤʢʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʙʘʛʘʪʠʡ ʘʨʩʝʥʘʣ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʂʘʰʢʠʥ, 

ʉʫʭʠʥʠʥ, 2001). 

ɼʦ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʥʘʣʝʞʘʪʴ 

ʤʝʪʦʜʠ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ (ʟʛʣʘʜʞʝʥʥʷ, ʟʘʛʦʩʪʨʝʥʥʷ, ʯʘʩʪʦʪʥʽ ʬʽʣʴʪʨʠ) 

(Kourgli & Oukil, 2013; Oguzhanoglu et al., 2022), ʤʝʪʦʜʠ ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

(superresolution) (Benecki et al., 2018; Stankevich et al., 2018; ʉʪʘʥʢʝʚʠʯ ʪʘ ʽʥ., 2023) 

ʪʘ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

(Rohith & Kumar, 2019; M¿ller et al., 2020; Dorr, 2020; Stankevich et al., 2021). 

ʄʝʪʦʜʠ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦʟʚʦʣʷʶʪʴ ʚʠʦʢʨʝʤʠʪʠ ʧʝʚʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʟ ʥʘʷʚʥʦʾ, ʥʘʧʨʠʢʣʘʜ ʟʘʛʦʩʪʨʠʪʠ ʧʝʚʥʽ ʤʝʞʽ ʦʙôʻʢʪʽʚ ʯʠ ʧʨʠʛʥʽʯʠʪʠ 

ʰʫʤ (ʂʦʙʠʣʽʥ & ʊʚʦʨʦʰʝʥʢʦ, 2021). ʍʦʯʘ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʮʽ 

ʤʝʪʦʜʠ ʽ ʤʦʞʫʪʴ ʧʽʜʚʠʱʠʪʠ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ, ʘʣʝ ʧʨʠʚʥʝʩʪʠ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʟʦʙʨʘʞʝʥʥʷ ʚʦʥʠ ʥʝ ʟʜʘʪʥʽ 
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ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʜʞʝʨʝʣʘ ʜʘʥʠʭ (ʪʘʢʽ ʤʝʪʦʜʠ ʧʨʘʮʶʶʪʴ ʣʠʰʝ ʟ ʦʜʥʠʤ 

ʟʦʙʨʘʞʝʥʥʷʤ). ʊʠʤ ʥʝ ʤʝʥʰ, ʚʦʥʠ ʻ ʜʦʚʦʣʽ ʛʥʫʯʢʠʤʠ ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʫ ʷʢʦʩʪʽ ʜʦʧʦʚʥʝʥʥʷ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ (Painam & Manikandan, 

2021). ɺʘʞʣʠʚʠʤ ʩʘʤʝ ʜʣʷ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʨʽʟʥʦʚʠʜʦʤ ʬʽʣʴʪʨʘʮʽʾ ʻ ʬʽʣʴʪʨʘʮʽʷ 

ʩʧʝʮʠʬʽʯʥʠʭ ʩʧʝʢʣ ʰʫʤʽʚ (Lee et al., 1994), ̫ ʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʽʥʪʝʨʬʝʨʝʥʮʽʾ 

ʚʽʜʙʠʪʠʭ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʨʘʜʘʨʥʠʭ ʩʠʛʥʘʣʽʚ ʧʨʠ ʢʦʛʝʨʝʥʪʥʦʤʫ ʾʭ ʥʘʢʦʧʠʯʝʥʥʽ 

(Singh & Shree, 2016). 

ʄʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ ʪʘ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ ʭʦʯʘ ʽ 

ʜʦʩʠʪʴ ʧʦʧʫʣʷʨʥʽ, ʘʣʝ ʚʩʝ ʱʝ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʟʥʘʡʰʣʠ ʥʘʡʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʟʘʜʘʯ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ, ʘ ʥʝ ʚ ʟʘʜʘʯʘʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʚʘʞʢʽʩʪʶ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʘʜʞʝ 

ʩʢʣʘʜʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʰʘʨʽʚ, ʷʢʽ ʩʘʤʦʩʪʽʡʥʦ ʩʝʙʝ 

ʥʘʣʘʰʪʦʚʫʶʪʴ ʙʘʟʫʶʯʠʩʴ ʥʘ ʤʝʪʦʜʽ ʥʘʚʯʘʥʥʷ ʪʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʽ, ʥʘʚʽʪʴ, ʩʪʘʚʠʪʴ ʧʽʜ ʩʫʤʥʽʚ ʾʭ ʚʘʣʽʜʥʽʩʪʴ (Ma et al., 2019). ɸʜʞʝ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʤʝʜʽʘ ʟʦʙʨʘʞʝʥʴ, ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʠʥʥʽ 

ʚʽʜʦʙʨʘʞʘʪʠ ʪʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʽ. ɯʥʰʦʶ ʧʨʦʙʣʝʤʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚ ɼɿɿ ʚʠʩʪʫʧʘʻ ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʥʘʚʯʘʣʴʥʠʭ ʚʠʙʽʨʦʢ (ʥʘʙʦʨʽʚ ʜʘʥʠʭ) ʜʦʩʪʘʪʥʴʦʛʦ ï ʜʫʞʝ ʚʝʣʠʢʦʛʦ ï ʦʙʩʷʛʫ 

ʨʦʟʤʽʯʝʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʚʢʣʶʯʘʶʯʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ, 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʪʘ ʨʘʜʘʨʥʽ (Xu et al., 2023). 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ, ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʻ ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʷʢ ʜʣʷ ʪʝʤʘʪʠʯʥʦʾ, ʪʘʢ ʽ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ. ɿʦʢʨʝʤʘ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʠ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ 

ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʧʨʠʜʫʰʝʥʥʷ ʩʧʝʢʣ ʰʫʤʽʚ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ (Wang et al., 

2022). 

 ʅʘʪʦʤʽʩʪʴ, ʤʝʪʦʜʠ ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʜʘʪʥʽ ʦʙôʻʜʥʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ 

ʜʝʢʽʣʴʢʦʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʦʜʥʦʛʦ 

ʩʧʽʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥ ̫ ʚʠʩʦʢʦ ʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ɸ ʚʠʢʦʥʘʚʯʠʤ ʤʝʭʘʥʽʟʤʦʤ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥ ̫ʚʠʩʦʢʦ ʾʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʦʜʠʥ ʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ 
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ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʷʢʦʛʦ ʧʦʚʥʽʩʪʶ ʧʽʜʜʘʻʪʴʩʷ ʘʥʘʣʽʟʫ, ʘ, ʦʪʞʝ, 

ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʽ ʨʝʛʫʣʷʨʠʟʘʮʽʾ, 

ʥʘʧʨʠʢʣʘʜ, ʊʠʭʦʥʦʚʘ (Zhang et al., 2008), ʃʦʨʝʥʮʘ (Patanavijit & Jitapunkul, 2007), 

ʉʦʙʦʣʻʚʘ (Buzykanov, 2012) ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʦʙʨʦʙʢʠ: 

ʧʨʦʩʪʦʨʦʚʽʡ, ʯʘʩʪʦʪʥʽʡ, ʚʝʡʚʣʝʪ ʽ ʪ. ʜ. (Taubman & Marcellin, 2002). ʆʙʨʦʙʢʘ ʚ 

ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʟʜʘʻʪʴʩʷ ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʟʘʚʜʷʢʠ ʙʽʣʴʰ ʚʠʩʦʢʽʡ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʨʦʩʪʦʪʽ ʚʠʢʦʥʘʥʥʷ ʥʠʟʢʠ ʜʦʧʦʤʽʞʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʪʘʢʠʭ ʷʢ ʢʦʨʝʣʷʮʽʡʥʘ ʚʟʘʻʤʥʘ ʨʝʻʩʪʨʘʮʽʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ (Vandewalle 

et al., 2006) ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʠʭ ʟʩʫʚʽʚ ʤʽʞ ʥʠʤʠ (Balci & Foroosh, 2006). 

 

1.4 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

 

ʋʩʧʽʰʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ ï ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ ï ʧʦʪʨʝʙʫʻ ʚʠʢʦʥʘʥʥʷ 

ʢʽʣʴʢʦʭ ʦʢʨʝʤʠʭ ʟʘʚʜʘʥʴ: ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʚʣʘʩʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʨʦʟʨʦʙʢʠ ʥʝʦʙʭʽʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʨʦʮʝʜʫʨ ʦʙʨʦʙʢʠ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʥʘ ʾʭ ʦʩʥʦʚʽ ï 

ʧʦʚʥʦʾ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʧʝʨʝʚʽʨʢʠ ʾʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʰʣʷʭʦʤ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʨʝʘʣʴʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʽ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʪʘʢʦʞ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʧʦʜʘʣʴʰʦʤʫ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ñʤʝʪʦʜʠʢʠò. 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʯʘʩʪʢʦʚʠʭ ʟʘʚʜʘʥʴ ʪʘ ʾʭ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʦʧʠʩʫʻʪʴʩʷ ʩʭʝʤʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʠʩ. 1.1 

ʆʪʞʝ, ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʜʞʝʨʝʣ, ʬʦʨʤʘʪʽʚ ʪʘ ʤʝʪʦʜʽʚ 

ʦʙʨʦʙʢʠ ʽ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʷ ʧʦ ʜʚʦʭ ʤʘʡʞʝ ʧʘʨʘʣʝʣʴʥʠʭ ʥʘʧʨʷʤʢʘʭ: ʧʝʨʝʪʚʦʨʝʥʥʷ  
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ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ

ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʘʨʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ

ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ

ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ 

ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ

ʊʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ 

ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ

ʅʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʝʪʦʜʠʢʠ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ 

ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ

ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ

ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ

ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ

 

ʈʠʩ. 1.1 ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ 

 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʜʦ ʧʝʚʥʦʛʦ ʩʧʽʣʴʥʦʛʦ ʚʠʛʣʷʜʫ, ʧʨʠʜʘʪʥʦʛʦ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʦʜʝʨʞʘʥʦʛʦ ʥʘʙʦʨʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʆʙʠʜʚʽ ʛʽʣʢʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʨʦʙʢʠ ʚʣʘʩʥʠʭ ʤʦʜʝʣʝʡ ʽ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʧʦ ʛʦʪʦʚʥʦʩʪʽ ʤʘʶʪʴ 
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ʫʟʛʦʜʠʪʠʩʷ ʪʘ ʧʦʻʜʥʘʪʠʩʷ ʚ ʻʜʠʥʽʡ ʤʝʪʦʜʠʮʽ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ 

ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʦʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʪʠʧʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ 

(ʦʧʪʠʯʥʽ ʪʘ ʨʘʜʘʨʥʽ), ʾʭ ʤʦʞʣʠʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʟʘʜʘʯʘʭ ɼɿɿ. 

ɺ ʧʽʜʨʦʟʜʽʣʽ 1.1 ʨʦʟʛʣʷʥʫʪʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʚʠʜʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ ʟʘ 

ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʧʪʠʯʥʽ ʩʝʥʩʦʨʠ ʙʫʣʦ ʨʦʟʜʽʣʝʥʦ ʟʘ ʢʽʣʴʢʽʩʪʶ ʨʦʙʦʯʠʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ, ʘ ʨʘʜʘʨʥʽ ï ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʦʣʷʨʠʟʘʮʽʡ ʪʘ ʟʘ ʨʦʙʦʯʠʤʠ 

ʨʘʜʽʦʭʚʠʣʴʦʚʠʤʠ ʜʽʘʧʘʟʦʥʘʤʠ. ɹʫʣʦ ʩʪʠʩʣʦ ʦʧʠʩʘʥʦ ʜʝʷʢʽ ʽʩʥʫʶʯ ̔ ʨʘʜʘʨʥʽ 

ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ ʪʘ ʾʭ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺ ʧʽʜʨʦʟʜʽʣʽ 1.2 ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʟʘ ʚʠʜʘʤʠ ʾʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʤʝʪʦʜʘʤʠ ʦʪʨʠʤʘʥʥʷ. 

ɺ ʧʽʜʨʦʟʜʽʣʽ 1.3 ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʟʘʟʥʘʯʝʥʦ ʟʚôʷʟʦʢ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟ ʚʘʞʣʠʚʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ï ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʽʟʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʧʽʜʥʷʪʪʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʥʘʚʝʜʝʥʽ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. 

ɺ ʢʽʥʮʽ ʨʦʟʜʽʣʫ ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʬʦʨʤʘʣʽʟʦʚʘʥʫ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ 

ʨʘʟʦʤ ʽʟ ʩʭʝʤʦʶ ʧʨʦʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ. 
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ʈʆɿɼɯʃ 2 

ʈʆɿʈʆɹʂɸ ʄʆɼɽʃɽʁ ʇɯɼɺʀʑɽʅʅʗ ɯʅʌʆʈʄɸʊʀɺʅʆʉʊɯ 

ʂʆʉʄɯʏʅʀʍ ɿʅɯʄʂɯɺ, ʆʊʈʀʄɸʅʀʍ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ɹɸɻɸʊʆʇʆʃʗʈʀɿɸʎɯʁʅʆɻʆ ʈɸɼɸʈʋ ɿ ʉʀʅʊɽɿʆɺɸʅʆʖ 

ɸʇɽʈʊʋʈʆʖ 

 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʧʫʥʢʪʽ 1.3.1 ʮʽʻʾ ʨʦʙʦʪʠ, ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʚ 

ʥʘʡʙʽʣʴʰʽʡ ʩʪʫʧʝʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʘ ʪʦʤʫ ʟʘʜʘʯʫ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ̔ʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʘʜʘʯʫ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʤʘʛʘʻ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʦʢʨʝʤʘ ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʝʡ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʦ ʻʜʠʥʦʾ ʬʽʟʠʯʥʦʾ 

ʚʝʣʠʯʠʥʠ ï ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʘ ʚʣʘʩʥʝ ʤʦʜʝʣʽ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʚʦʭ ʦʪʨʠʤʘʥʠʭ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʦʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

 

2.1 ʄʦʜʝʣʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ 

 

ʄʦʜʝʣʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʮʽʥʢʠ ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʟʦʙʨʘʞʝʥʴ, ʦʮʽʥʢʠ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ 

ʟʩʫʚʫ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʽʜʥʦʚʣʝʥʥ ̫ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (Stankevich 

et al., 2020ʘ). 

 

2.1.1 ʆʮʽʥʢʘ ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ 

 

ɼʣʷ ʦʮʽʥʢʠ ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ (Stankevich et al., 2020ʙ). ʅʝʭʘʡ 
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ʜʘʥʦ ʥʘʙʽʨ ʪʦʯʦʢ ὼ  ʪʘ ώ , Ὥ ρȟά. ɼʣʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʚʠʧʘʜʢʫ ʢʦʨʝʣʷʮʽʷ ὶ ʜʚʫʭ 

ʥʘʙʦʨʽʚ ʪʦʯʦʢ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ὶ
В ӶϽ

В ӶВ
, (2.1) 

ʜʝ ὼӶ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʥʘʙʦʨʫ ὼ, ʘ ώ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʥʘʙʦʨʫ ώ . 

ʏʠʩʝʣʴʥʠʢ ʫ ʬʦʨʤʫʣʽ (2.1) ʻ ʢʦʚʘʨʽʘʮʽʻʶ ὧ. ʊʘʢ ʷʢ ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ, ʪʦ ʢʦʚʘʨʽʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ: 

ὧ В ὼϽώ В ὼВ ώ. (2.2) 

ʋ ʬʦʨʤʫʣʽ (2.2) ʩʫʤʘ В ὼ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ ʥʘʧʝʨʝʜ, ʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

В ὼϽώ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ. ɿʥʘʤʝʥʥʠʢ ʫ 

ʬʦʨʤʫʣʽ (2.1) ʻ ʢʦʨʝʥʝʤ ʜʦʙʫʪʢʫ ʜʠʩʧʝʨʩʽʡ ʽ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʠʡ ʘʥʘʣʦʛʽʯʥʦ, ʷʢ 

ʽ ʯʠʩʝʣʴʥʠʢ. 

 

2.1.2 ʆʮʽʥʢʘ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ 

 

ʇʨʠ ʦʮʽʥʶʚʘʥʥʽ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ (Stankevich et al., 2018) 

ʦʜʥʽʻʾ ʩʮʝʥʠ, ʪʦʙʪʦ, ʢʦʣʠ ʟʦʙʨʘʞʝʥʥʷ ʩʫʤʽʱʝʥʽ ʮʽʣʦʧʽʢʩʝʣʴʥʦ ʽ ʟʤʽʱʝʥʥʷ ʤʽʞ ʥʠʤʠ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʯʠ ʚʝʨʪʠʢʘʣʽ ʥʝ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨʫ ʦʜʠʥʠʮʽ ʧʽʢʩʝʣʘ, ʜʨʫʛʝ 

ʟʦʙʨʘʞʝʥʥʷ (ʟ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ) ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʘʨʘʣʝʣʴʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʧʝʨʰʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. ʆʪʞʝ, ʟʘʜʘʯʝʶ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʫ ʮʴʦʛʦ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʧʝʨʝʥʝʩʝʥʥʷ. 

 ɿʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ 

ʚʽʜʰʪʦʚʭʫʻʪʴʩʷ ʚʽʜ ʥʘʩʪʫʧʥʠʭ ʧʨʠʧʫʱʝʥʴ: 

1) ʩ̔ʪʠʥʥʝ ʟʥʘʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʜʚʦʤʘ ʟʦʙʨʘʞʝʥʥʷʤʠ; 

2) ʦʙʨʦʙʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʟʘʪʨʘʪ; 

3) ʧʨʠʛʥʽʯʝʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʠʩʢʨʝʪʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 
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 ʅʝʭʘʡ ʻ ʜʚʘ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʥʷ ὣ ʪʘ ὣ ʨʦʟʤʽʨʥʦʩʪʽ ά ὲ. ʈʦʟʤʽʨʥʽʩʪʴ 

ʧʽʢʩʝʣʘ ï ʣʽʥʽʡʥʘ ʦʜʠʥʠʮʷ. ɼʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὣ —ȟ‮ В В ὣ ὼȟώὩ , 

ʜʝ Ὧ ρȟς, — Ễȟ ȟ ȟπȟȟȟỄ ʪʘ ‮ Ễȟ ȟ ȟπȟȟȟỄ. ɿʥʘʯʝʥʥʷ 

ὣ —ȟȿ—ȿ :ʭʷʥʥʝʞʝʤʙʦ ʭʠʢʘʪ ʠʨʧ ʷʩʴʪʶʘʜʷʣʛʟʦʨ ‮  ʪʘ ȿȿ‮  . 

ɺʥʝʩʦʢ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʦ ʜʦʤʥʦʞʫʶʯʠ 

ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʥʘ ʬʫʥʢʮʽʶ :‮‫—‫ 

Ὂ —ȟ‮ ὣ —ȟ,‮‫—‫‮ 

ʜʝ —‫ ρ ʧʨʠ — ; —‫ ς τȿ—ȿ ʧʨʠ ȿ—ȿ ;  —‫ π ʧʨʠ ȿ—ȿ

. 

ɺʽʜʧʦʚʽʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ ʚʽʜʧʦʚʽʜʘʻ  ʟʛʦʨʪʮʽ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʬʫʥʢʮʽʻʶ ὧέὲίὸϽÃÏÓ ÃÏÓ“ὼ ÃÏÓ ÃÏÓ“ώ. ɸʣʝ, ʥʘʩʧʨʘʚʜʽ, 

ʮʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʻ ʪʦʯʥʦʶ ʽʥʪʝʨʧʦʣʷʮʽʻʶ, ʘʜʞʝ ʚʦʥʦ ʟʘʤʽʥʷʻ ʟʥʘʯʝʥʥʷ ʚ ʪʦʯʢʘʭ, 

ʜʝ ʬʫʥʢʮʽʷ ʚʠʟʥʘʯʝʥʘ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʟʤʽʥʥʽʩʪʴ ʚʠʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʻʶ 

ʟʥʘʯʝʥʴ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʙʨʘʪʠ —‫ ρ ʧʨʠ — ; —‫ ς σȿ—ȿ ʧʨʠ 

ȿ—ȿ  ʪʘ —‫ π ʧʨʠ ȿ—ȿ . 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ὣὼȟώ ʥʘ ʚʝʣʠʯʠʥʫ 

ЎὼȟЎώ, ʪʦʙʪʦ ὣ ὼȟώ ὣὼ Ўὼȟώ Ўώ, ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ὣ 

ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

ὣ —ȟ‮ ὣ—ȟὩ‮ Ў Ў , (2.3) 

ʧʨʠ ʮʴʦʤʫ ʧʽʢʩʝʣʠ ʥʘ ʤʝʞʘʭ ʟʦʙʨʘʞʝʥʥʷ ʽʛʥʦʨʫʶʪʴʩʷ. ʌʘʢʪʠʯʥʦ, ʌʫʨôʻ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʟʥʘʯʝʥʝ ʨʽʚʥʷʥʥʷʤ (2.3), ʚʽʜʧʦʚʽʜʘʻ ʟʛʦʨʥʫʪʦʤʫ ʧʝʨʝʥʝʩʝʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʶ: ʯʘʩʪʠʥʘ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʤʝʞʽ, ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ 

ʧʨʦʪʠʣʝʞʥʫ ʤʝʞʫ ʟʦʙʨʘʞʝʥʥʷ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ 

ʇʘʨʩʝʚʘʣʷ: ʷʢʱʦ ὣ —ȟ̒ ‮  ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʬʫʥʢʮʽʾ ὣ ὼȟώ ʚʠʟʥʘʯʝʥʦʾ ʥʘ π

ὼ ά ʪʘ π ώ ὲ, ʪʦʙʪʦ ὣ —ȟ‮ ᷿ ᷿ὣ ὼȟώὩ ὨὼὨώ, ʪʦʜʽ 
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᷿ ᷿ὣὼȟώὣ ὼȟώὨὼὨώ
Ͻ
В В ὣ—ȟȟ—ὣ‮‮

Ễȟ ȟȟȟỄỄȟ ȟȟȟỄ
. 

ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʨʫʛʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʤʽʱʝʥʦʛʦ ʧʽʩʣʷ ʧʨʠʛʥʽʯʝʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

Ὂ
ЎȟЎ

—ȟ‮ Ὂ —ȟὩ‮ . 

ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʦʟʥʘʯʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὗɝὼȟɝώ В В Ὂ —ȟὊ‮
ȟ
—ȟ‮

Ễȟ ȟȟȟỄỄȟ ȟȟȟỄ

В В Ὂ ȟ Ὂ ȟ Ὡ
ỗϳỘ
ỗϳỘ

ỗ ϳỘ
ỗ ϳỘ . 

ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʤʽʱʝʥʥʷ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʙʽʣʴʰʝ 

ʨʦʟʤʽʨʫ ʦʜʥʦʛʦ ʧʽʢʩʝʣʘ, ʪʦʜʽ ʟʘʛʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʜʽʣʝʥʝ ʷʢ ɝὼ ɝὼ

ɝὼ ʪʘ ʷʢ ɝώ ɝώ ɝώ, ʜʝ ɝὼȟɝώ  ʻ ʮʽʣʦʧʽʢʩʝʣʴʥʠʤ ʟʤʽʱʝʥʥʷʤ ʤʽʞ 

ʟʦʙʨʘʞʝʥʥʷʤʠ. ʊʦʜʽ 

ὗɝὼȟɝώ В В Ὂ —ȟὊ‮
ȟ
—ȟ‮

Ễȟ ȟȟȟỄỄȟ ȟȟȟỄ

В В Ὂ ȟ Ὂ ȟ Ὡ Ὡ
ỗ ϳỘ
ỗϳỘ

ỗ ϳỘ
ỗ ϳỘ . 

ɼʣʷ ʬʽʢʩʦʚʘʥʠʭ ɝὼ ʪʘ ɝώ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ὗɝὼ ɝὼȟɝώ ɝώ  

ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʤʘʩʠʚʫ 

Ὂ ȟ Ὂ ȟ Ὡ , 

ʜʝ Ὧ πȟρȟỄȟ ȟ ȟỄȟρ, ὰ πȟρȟỄȟ ȟ ȟỄȟρ. 

 

2.1.3 ʇʦʙʫʜʦʚʘ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

 

ɿʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʜʚʦʭ ʩʫʙʧʽʢʩʝʣʴʥʦ 

ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʢʨʦʢʘʤʠ: ʧʽʜʛʦʪʦʚʢʘ 

ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʧʦʰʫʢ ʟʥʘʯʝʥʴ 

ʩʫʙʧʽʢʩʝʣʴʥʠʭ ʟʤʽʱʝʥʴ ʤʽʞ ʢʦʞʥʦʶ ʧʘʨʦʶ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, 

ʦʙʯʠʩʣʝʥʥʷ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʦʾ ʤʘʪʨʠʮʽ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, 

ʦʙʯʠʩʣʝʥʥʷ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʦʾ ʤʘʪʨʠʮʽ ʰʫʤʽʚ (Vaseghi, 2008), ʦʙʯʠʩʣʝʥʥʷ 
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ʧʝʨʝʜʘʪʦʯʥʠʭ ʬʫʥʢʮʽʡ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (Boreman, 2001) ʪʘ 

ʧʦʙʫʜʦʚʘ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (Young et al., 2008). 

ɸʚʪʦʢʦʚʘʨʽʘʮʽʡʥʘ ʤʘʪʨʠʮʷ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ 

ʩʝʨʝʜʥʴʦʶ ʩʫʤʦʶ ʩʧʝʢʪʨʘʣʴʥʠʭ ʱʽʣʴʥʦʩʪʝʡ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (Kak & Slaney, 2001). 

ʐʫʤʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʝ ʰʣʷʭʦʤ ʧʨʦʝʢʮʽʾ ʢʦʞʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘ ʩʧʽʣʴʥʫ ʧʽʢʩʝʣʴʥʫ ʩʽʪʢʫ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʪʘ ʦʮʽʥʶʚʘʥʥʽ ʰʫʤʫ ʷʢ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʧʘʨʥʠʭ ʨʽʟʥʠʮʴ ʚʩʽʭ 

ʩʧʨʦʝʢʪʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʅʝʭʘʡ ʤʘʻʤʦ ὔ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʅʝʭʘʡ Ὗ ʪʘ ὠ 

ʙʫʜʫʪʴ ʤʘʪʨʠʮʷʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʤʽʱʝʥʥʷ ʤʽʞ ʚʭʽʜʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʜʝ 

ό  ʪʘ ὺ   ̒ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʪʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʟʤʽʱʝʥʥʷʤʠ ʤʽʞ Ὥ-ʠʤ ʪʘ Ὦ-ʠʤ 

ʚʭʽʜʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʚʽʜʧʦʚʽʜʥʦ. ʄʘʪʨʠʮʷ ʩʝʨʝʜʥʽʭ ʟʤʽʱʝʥʴ ὓ  ʤʽʞ ʚʩʽʤʘ 

ʟʦʙʨʘʞʝʥʥʷʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὓ Вό , ὓ Вὺ , Ὥ ρȟὔ, Ὦ ρȟὔ. 

ʄʘʪʨʠʮʷ ʩʧʨʦʝʢʪʦʚʘʥʠʭ ʟʤʽʱʝʥʴ ʥʘ ʩʧʽʣʴʥʫ ʧʽʢʩʝʣʴʥʫ ʩʽʪʢʫ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ὃ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 

ὃ ВÓÉÎτ“ὓ , ὃ ВÃÏÓτ“ὓ , Ὥ ρȟὔ, Ὦ ρȟς; 

ὃ
ȟ

, Ὦ ρȟς. 

ʄʘʪʨʠʮʷ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʟʤʽʱʝʥʴ ὕ ʤʘʻ ʚʠʛʣʷʜ: 

ὕ ὓ ὃ , Ὥ ρȟὔ, Ὦ ρȟς. 

ʅʝʭʘʡ Ὅ ʙʫʜʝ ʚʭʽʜʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʨʦʟʤʽʨʥʦʩʪʽ ά ὲ. ʊʦʜʽ, ʟʤʽʱʝʥʝ 

ʟʦʙʨʘʞʝʥʥʷ Ὓ ʙʫʜʝ ʦʧʪʠʤʽʟʦʚʘʥʦ ʧʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʷʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʩʪʫʧʥʠʡ ʧʽʜʭʽʜ. 

ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ: 

Ὓ
ρ ὕ Ὅ ὕὍ ȟȟὕ πȟὭ ρȟά ρȟὮ ρȟὲȟὯ ρȟὔ

ὕὍ ȟ ρ ὕ Ὅȟὕ πȟὭ ςȟάȟὮ ρȟὲȟὯ ρȟὔ 
. 

ɼʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ: 
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Ὓ
ρ ὕ Ὅ ὕὍȟ ȟὕ πȟὭ ρȟάȟὮ ρȟὲ ρȟὯ ρȟὔ

ὕὍȟ ρ ὕ Ὅȟὕ πȟὭ ρȟάȟὮ ςȟὲȟὯ ρȟὔ 
, 

ʜʝ Ὧ ʮʝ ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʘ ὕ  ï 

ʦʧʪʠʤʽʟʦʚʘʥʘ ʤʘʪʨʠʮʷ ʟʤʽʱʝʥʴ Ὧ-ʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʯʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ. 

ʐʫʤʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʻ ʩʝʨʝʜʥʴʦʶ ʩʫʤʦʶ ʚʩʽʭ ʧʦʧʘʨʥʠʭ ʨʽʟʥʠʮʴ ʤʽʞ Ὓ, Ὧ

ρȟὔ. 

ʅʝʭʘʡ ὢ ʪʘ ὣ ʙʫʜʫʪʴ ʤʘʪʨʠʮʷʤʠ ʟʦʙʨʘʞʝʥʥʷ ʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ 

ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜʥʦʚʠʪʠ ʟʦʙʨʘʞʝʥʥʷ ʚʠʩʦʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʦʪʨʽʙʥʘ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʧʨʦʮʝʩ 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʄʦʜʝʣʴ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʢʩʝʣʘ ʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟ 

ʢʽʣʴʢʦʭ ʧʽʢʩʝʣʽʚ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ: 

ὣώȟὼ ὋЎώȟЎὼṧὢώȟὼ, 

πȢυ Ўώ πȢυ, πȢυ Ўὼ πȢυ, 

ὋЎώȟЎὼ

πȢυ Ўώ πȢυ Ўὼ πȢυ Ўώ πȢυ Ўώ πȢυ Ўὼ

πȢυ Ўὼ ρ πȢυ Ўὼ
πȢυ Ўώ πȢυ Ўὼ πȢυ Ўώ πȢυ Ўώ πȢυ Ўὼ

, 

ʜʝ ὋЎώȟЎὼ ï ʮʝ ʟʘʛʘʣʴʥʘ ʤʘʪʨʠʮʷ ʟʛʦʨʪʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

Ὕ–ȟ‚ πȢυ ɝώὩ ϳ ρ πȢυ ɝώὩ ϳ πȢυ ɝὼὩ ϳ

ρ πȢυ ɝὼὩ ϳ . 

ʇʨʠʢʽʥʮʝʚʘ ʤʦʜʝʣʴ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʠʛʣʷʜʘʻ ʪʘʢʠʤ ʯʠʥʦʤ: 

τὣ Ὕ –ȟ‚ ὢ–ȟ‚ Ὕ – άȟ‚ ὢ– άȟ‚ Ὕ –ȟ‚ ὲ ὢ–ȟ‚

ὲ Ὕ – άȟ‚ ὲ ὢ– άȟ‚ ὲ τὉ –ȟ‚, 

ʜʝ ὣ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨôʻ Ὧ-ʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ὢ–ȟ‚ ʻ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨôʻ ʟʦʙʨʘʞʝʥʥʷ ʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʘ Ὁ –ȟ‚ ï ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ ʧʦʭʠʙʦʢ (ʰʫʤʽʚ) ʫ Ὧ-ʤʫ ʟʦʙʨʘʞʝʥʥʽ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 
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2.2 ʄʦʜʝʣʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ʅʘ ʩʴʦʛʦʜʝʥʥʷ, ʚ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʟʦʥʜʫʚʘʥʥʽ ɿʝʤʣʽ, ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʘʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʉʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʽ: ʤʦʜʝʣʴ ʆʭʘ (Oh et al., 

1992; Oh et al., 2002ʘ; Oh et al., 2002ʙ; Oh, 2004), ʤʦʜʝʣʴ ɼʶʙʫʘ (Dubois et al., 1995), 

ʤʦʜʝʣʴ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (Fung et al., 1992). ɺʩʽ ʮʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʫ 

ʧʨʦʥʠʢʥʽʩʪʴ (Stankevich et al., 2020ʚ). 

 

2.2.1 ʄʦʜʝʣʴ ʆʭʘ 

 

ʆʭ ʟʘʧʨʦʧʦʥʫʚʘʚ ʩʚʦʶ ʧʦʯʘʪʢʦʚʫ ʝʤʧʽʨʠʯʥʫ ʤʦʜʝʣʴ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʚ 1992 ʨʦʮʽ: 

ήḯ πȢςσː ρ Ὡ , 

ʜʝ ː ï ʮʝ ʌʨʝʥʝʣʽʚʩʴʢʝ ʚʽʜʙʠʪʪʷ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʥʘʜʠʨʽ, „  ï ʢʦʝʬʽʮʽʻʥʪ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠ ʧʦʣʷʨʠʟʘʮʽʾ ὺὬ (ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʘ ʧʨʠʡʤʘʣʴʥʘ 

ʘʥʪʝʥʘ ʥʘ ʩʫʧʫʪʥʠʢʫ), „  ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠ ʧʦʣʷʨʠʟʘʮʽʾ ὺὺ,  

Ὧ ï ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ, ί ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜ ʚʠʩʦʪ ʧʦʚʝʨʭʥʽ 

(ʰʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ). 

ʇʨʠʤʽʪʢʘ: ʚ ʦʨʠʛʽʥʘʣʽ ʫ ʤʦʜʝʣʽ ʧʨʠʩʫʪʥʻ ʟʥʘʯʝʥʥʷ „  ʯʝʨʝʟ ʽʥʰʠʡ ʩʧʦʩʽʙ 

ʧʦʟʥʘʯʝʥʥʷ ʯʝʨʛʦʚʦʩʪʽ ʧʦʣʷʨʠʟʘʮʽʡ ʧʘʜʘʶʯʦʾ ʪʘ ʚʽʜʙʠʪʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ. 

ɼʣʷ ʫʟʛʦʜʞʝʥʥʷ ʟ ʽʥʰʠʤʠ ʩʫʯʘʩʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʘ ʩʫʯʘʩʥʠʤ ʩʪʠʣʝʤ ʧʦʟʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʽʚ ʧʘʜʘʶʯʦʾ ʪʘ ʚʽʜʙʠʪʦ ʾʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, ʜʘʥʝ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʟʘʤʽʥʝʥʝ 

ʥʘ „ . 

ː Ѝ

Ѝ
, 
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ʜʝ ‐ ï ʜʽʡʩʥʘ ʯʘʩʪʠʥʘ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ. 

ὴḯ ρ
ːϳ

Ὡ , (2.4) 

ʜʝ — ï ʢʫʪ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʚ ʨʘʜʽʘʥʘʭ. 

„ —ȟ‐ȟὯί
Ѝ

Ͻː — ː — , 

ʜʝ 

Ὣ πȢχρ Ὡ Ȣ Ȣ
, 

ʘ ὴ ʜʘʥʦ ʨʽʚʥʷʥʥʷʤ (2.4). 

ɺ 1994 ʨʦʮʽ ʤʦʜʝʣʴ ʙʫʣʘ ʦʥʦʚʣʝʥʘ ʘʚʪʦʨʦʤ ʪʘ ʥʘʙʫʣʘ ʥʘʧʽʚʝʤʧʽʨʠʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ: 

„ ρσȢυὩ Ȣ Ȣ

Ѝ
ː Ὧί ÃÏÓ— Ȣ Ȣ ϽὩ

Ȣ
ὡ , 

ʜʝ ὡ  ï ʩʧʝʢʪʨ ʽʟʦʪʨʦʧʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʢʚʘʜʨʘʪʠʯʥʦ-ʝʢʩʧʦʥʝʥʮʽʡʥʽʡ ʢʦʨʝʣʷʮʽʡʥʽʡ ʬʫʥʢʮʽʾ 

”‚ ρ ϽὩ , 

ʚ ʷʢʽʡ ʧʘʨʘʤʝʪʨʠ ὥ ʪʘ ὦ ʻ ʜʝʷʢʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ, ʘ ὰ ï ʨʘʜʽʫʩ ʢʦʨʝʣʷʮʽʾ. ʉʘʤ ʩʧʝʢʪʨ 

ʽʟʦʪʨʦʧʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

ὡ
Ȣ

ρ πȢχρ
Ȣ

Ȣ
, 

ː . 

ɿʥʘʯʝʥʥʷ ὴ ʪʘ ή ʙʫʣʦ ʦʥʦʚʣʝʥʦ ʪʘʢʠʤ ʯʠʥʦʤ: 

ὴ ρ
Ȣ ϳː

Ὡ , 

ή πȢςυː πȢρ ÓÉÎȢ— ρ Ὡ Ȣ Ȣː . 

ɺ 2002 ʨʦʮʽ ʘʚʪʦʨ ʜʦʜʘʚ ʜʦ ʤʦʜʝʣʽ ʚʧʣʠʚ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ (Oh et al., 

2002ʙ): 

„ ὥά ÃÏÓ— ρ Ὡ , 

ʜʝ ά  ï ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʘ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʪʘʢʠʤʠ, ʱʦ  ὥ πȢρρ, ὦ πȢχ, ὧ ςȢς, Ὠ πȢσς, Ὢ ρȢψ. 
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ʆʥʦʚʣʝʥʝ ʚʽʜʥʦʰʝʥʥʷ ή ʧʨʠʡʥʷʣʦ ʚʠʛʣʷʜ: 

ή ὥ ÓÉÎὦ— ρ Ὡ , 

ʘʚʪʦʨʦʤ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ: ὥ πȢρ, ὦ ρȢσ, ὧ ρȢς, Ὠ

πȢω ʪʘ Ὢ πȢψ. 

ɿʚʽʜʩʠ ʩʣʽʜʫʻ: 

„
Ȣ Ȣ Ȣ Ȣ Ȣ

Ȣ Ȣ
Ȣ

Ȣ Ȣ
. 

ɺʽʜʥʦʰʝʥʥʷ ὴ: 

ὴḳ ρ ϽὩ , 

ʜʝ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʘʚʪʦʨʦʤ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʩʢʣʘʣʠ ὥ πȢσυ, ὦ πȢφυ, 

ὧ πȢτ ʪʘ Ὠ ρȢτ. 

ɺ 2004 ʨʦʮʽ ʘʚʪʦʨ ʟʥʦʚ ʦʥʦʚʠʚ ʤʦʜʝʣʴ ʩʧʨʦʩʪʫʚʘʚʰʠ ʚʧʣʠʚ ʚ ʧʦʢʘʟʥʠʢʫ ή 

ʧʘʨʘʤʝʪʨʘ ὰ ï ʨʘʜʽʫʩʘ ʢʦʨʝʣʷʮʽʾ, ʯʝʨʝʟ ʡʦʛʦ ʤʘʣʦʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʽ ʚʧʣʠʚ ʥʘ 

ʨʝʟʫʣʴʪʘʪ: 

ήḳ πȢπωυπȢρσÓÉÎρȢυ— Ȣρ Ὡ Ȣ Ȣ
. 

 

2.2.1.1 ɺʠʟʥʘʯʝʥʽʩʪʴ ʤʦʜʝʣʽ ʆʭʘ 

 

ʄʦʜʝʣʴ ʆʭʘ ʻ ʦʧʪʠʤʽʟʦʚʘʥʦʶ ʜʣʷ ʪʘʢʠʭ ʜʽʘʧʘʟʦʥʽʚ ʟʥʘʯʝʥʴ: 

πȢρσ Ὧί φȢωψ, 

τ ά ςωȢρ (ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ %), 

ρπ — χπ. 

 

2.2.2 ʄʦʜʝʣʴ ɼʶʙʫʘ 

 

ɺ ʤʦʜʝʣʽ ɼʶʙʫʘ ʨʽʚʥʷʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

„ ρπȢ
ÃÏÓȢ—

ÓÉÎ—
ρπȢ ὯίÓÉÎȢ—‗Ȣ 
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„ ρπȢ ρπȢ ὯίÓÉÎ— Ȣ‗Ȣ, 

ʜʝ — ï ʢʫʪ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ‐ ï ʜʽʡʩʥʘ ʯʘʩʪʠʥʘ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʢʦʥʩʪʘʥʪʠ, ί ï ʰʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, Ὧ ï ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ, ‗ ï 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚ ʩʘʥʪʠʤʝʪʨʘʭ. 

 

2.2.2.1 ɺʠʟʥʘʯʝʥʽʩʪʴ ʤʦʜʝʣʽ ɼʶʙʫʘ 

 

ʄʦʜʝʣʴ ɼʶʙʫʘ ʚʠʟʥʘʯʝʥʘ ʥʘ ʪʘʢʠʭ ʟʥʘʯʝʥʥʷʭ: 

Ὧί ςȢυ, 

ά συ (ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ %), 

— σπ. 

 

2.2.3 ʄʦʜʝʣʴ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

 

ʄʦʜʝʣʴ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʻ ʬʽʟʠʯʥʦ ʦʙʫʤʦʚʣʝʥʦʶ ʤʦʜʝʣʣʶ ʽ 

ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʧʽʜʤʦʜʝʣʽ: ʤʦʜʝʣʴ ʤʘʣʠʭ (ʘ ʪʘʢʦʞ ʧʦʤʽʨʥʠʭ) ʟʙʫʨʝʥʴ ʪʘ ʤʦʜʝʣʴ 

ʚʝʣʠʢʠʭ ʟʙʫʨʝʥʴ. 

ʇʽʜ ʤʘʣʠʤʠ ʟʙʫʨʝʥʥʷʤʠ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ Ὧί σ, ʘ ʧʨʠ ʚʝʣʠʢʠʭ ï ʥʘʚʧʘʢʠ, 

Ὧί σ. 

 

2.2.3.1 ʄʦʜʝʣʴ ʤʘʣʠʭ ʟʙʫʨʝʥʴ 

 

ɺ ʤʦʜʝʣʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʘʛʘʣʴʥʠʡ ʟʚʦʨʦʪʥʽʡ ʨʦʟʩʽʷʥʠʡ ʩʠʛʥʘʣ 

ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʢʦʤʧʦʥʝʥʪʠ: ʟʚʦʨʦʪʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʦʜʠʥʦʯʥʦʛʦ ʚʽʜʙʠʪʪʷ ʪʘ 

ʙʘʛʘʪʦʨʘʟʦʚʝ ʟʚʦʨʦʪʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: 

„ „ „ , 

ʜʝ ή ï ʧʦʣʷʨʠʟʘʮʽʷ ʧʘʜʘʶʯʦʾ (ʚʠʧʨʦʤʽʥʶʚʘʥʦʾ) ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, ὴ ï 

ʧʦʣʷʨʠʟʘʮʽʷ ʚʽʜʙʠʪʦʾ (ʨʦʟʩʽʶʚʘʥʦʾ) ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, „  ï ʟʚʦʨʦʪʥʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʦʜʠʥʦʯʥʦʛʦ ʚʽʜʙʠʪʪʷ (single scattering), ʘ „  ï ʙʘʛʘʪʦʨʘʟʦʚʝ ʟʚʦʨʦʪʥʝ 
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ʨʦʟʩʽʶʚʘʥʥʷ (multiple scattering). ʊʦʙʪʦ ʦʜʠʥʦʯʥʝ ʚʽʜʙʠʪʪʷ ʤʽʩʪʠʪʴ ʝʥʝʨʛʽʶ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʚʽʜʙʠʣʦʩʴ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʥʝ ʟʘʟʥʘʣʦ ʧʦʚʪʦʨʥʠʭ 

ʚʽʜʙʠʪʪʽʚ ʥʘ ʩʚʦʻʤʫ ʰʣʷʭʫ ʚʽʜ ʽʥʰʠʭ ʧʦʚʝʨʭʦʥʴ, ʪʘʢʠʭ ʷʢ ʩʪʽʥʠ ʙʫʜʠʥʢʽʚ, ʣʠʩʪʢʦʚʘ 

ʧʦʚʝʨʭʥʷ ʜʝʨʝʚ ʪʘ ʽʥʰʽ, ʷʢ ʥʘ ʧʨʦʪʠʚʘʛʫ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʟʚʦʨʦʪʥʦʤʫ ʨʦʟʩʽʶʚʘʥʥʶ. 

ʂʦʤʧʦʥʝʥʪʠ ʟʘʛʘʣʴʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

„ Ὡ В ί Ὅ
ȟ

Ȧ
, 

ʜʝ 

Ὅ ςὯ ὪὩ
ȟ ȟ

, 

ʜʝ Ὧ ὯÃÏÓ—, ʘ Ὧ ὯÓÉÎ—. ɿʥʘʯʝʥʥʷ Ὢ  ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʷʢ 

Ὢ Ὢ π, 

Ὢ ᷆, 

Ὢ . 

ʊʫʪ ὡ  ï ʮʝ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʾ ʢʦʨʝʣʷʮʽʾ ʧʦʚʝʨʭʥʽ ὲ-ʪʦʾ ʩʪʝʧʝʥʽ, ʘ Ὂ  

ʚʠʨʘʞʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ (Choker et al., 2017): 

Ὂ ς τὙ ρ ρ Ὑ , 

Ὂ ς ρ ρ Ὑ ρ ρ Ὑ , 

Ὂ όȟὺ
Ѝ

, 

Ὑ , 

ὡ ὥȟὦ Ḁ” ὼȟώὩ ὨὼὨώ. 

ʈʦʟʧʦʜʽʣ ʬʫʥʢʮʽʾ ”ὼȟώ ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʟ ʤʘʣʦʶ ʰʦʨʩʪʢʽʩʪʶ 

ʪʘ ʛʘʫʩʦʚʠʡ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʟ ʚʝʣʠʢʦʶ ʰʦʨʩʪʢʽʩʪʶ: 

”ὼ Ὡ  ï ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ, 

”ὼ Ὡ  ï ʛʘʫʩʦʚʠʡ, 

ʜʝ ὒ ï ʨʘʜʽʫʩ ʢʦʨʝʣʷʮʽʾ. 
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ʂʦʝʬʽʮʽʻʥʪʠ ʌʨʝʥʝʣʷ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

Ὑ , 

Ὑ , 

ʜʝ Ὑ  ï ʮʝ ʢʦʝʬʽʮʽʻʥʪ ʌʨʝʥʝʣʷ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ, ʘ Ὑ ï ʢʦʝʬʽʮʽʻʥʪ 

ʌʨʝʥʝʣʷ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ. 

ɹʘʛʘʪʦʨʘʟʦʚʝ ʟʚʦʨʦʪʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʝ ʟʘ ʪʘʢʦʶ 

ʬʦʨʤʫʣʦʶ: 

„ Ὡ В В
ȦȦ

Ͻ᷿2ÅὪᶻὊ όȟὺ ὡ ό Ὧȟὺὡ ό

ὯȟὺὨόὨὺ Ὡ В В
ȦȦ

Ͻ᷿ Ὂ όȟὺ

Ὂᶻ όȟὺὊᶻ όȟὺ Ͻὡ ό Ὧȟὺὡ ό ὯȟὺὨόὨὺ, 

ʪʫʪ Ὢᶻ ʪʘ Ὂᶻ ʻ ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʷʞʝʥʠʤʠ ʜʦ Ὢ  ʪʘ Ὂ  ʚʽʜʧʦʚʽʜʥʦ, ʘ 2ÅϽ ï ʜʽʡʩʥʘ 

ʯʘʩʪʠʥʘ ʢʦʤʧʣʝʢʩʥʦʾ ʚʝʣʠʯʠʥʠ. 

 

2.2.3.2 ʄʦʜʝʣʴ ʚʝʣʠʢʠʭ ʟʙʫʨʝʥʴ 

 

ɼʣʷ ʚʝʣʠʢʠʭ ʟʙʫʨʝʥʴ ʟʚʦʨʦʪʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʦʜʠʥʦʯʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚʠʨʘʞʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

„ ϽÅØÐ , 

ʜʝ ‚ ὼ ὼ , ‟ ώ ώ, ʘ ”ὼ ï ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʬʫʥʢʮʽʷ ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʧʦʚʝʨʭʥʽ. 

ɹʘʛʘʪʦʨʘʟʦʚʝ ʟʚʦʨʦʪʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

„ Ͻ

2Å᷿ ὪᶻÅØÐ Ὂ όȟὺὨόὨὺ
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᷿Ὂ όȟὺ Ͻ

ÅØÐ ὨόὨὺ. 

 

2.2.3.3 ɺʠʟʥʘʯʝʥʽʩʪʴ ʤʦʜʝʣʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

 

ɼʣʷ ʤʘʣʠʭ ʟʙʫʨʝʥʴ ʤʦʜʝʣʴ ʻ ʚʠʟʥʘʯʝʥʦʶ ʧʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʥʷʭ: 

Ὧί σ, 

ЍȢ
ÅØÐ πȢωςὯὒρ ÓÉÎ— πȢςυ. 

ɼʣʷ ʚʝʣʠʢʠʭ ʟʙʫʨʝʥʴ ʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʜʝʣʽ ʥʝ ʥʘʚʦʜʠʪʴʩʷ. 

 

2.3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ʈʽʟʥʽ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʤʘʶʪʴ ʨʽʟʥʠʡ ʜʽʘʧʘʟʦʥ ʾʭ ʚʠʟʥʘʯʝʥʦʩʪʽ, 

ʘ, ʦʪʞʝ, ʚʦʥʠ ʦʙʤʝʞʝʥʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʊʦʤʫ, ʧʝʨʰ ʥʽʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʫ 

ʟ ʥʠʭ, ʧʦʪʨʽʙʥʦ ʧʝʨʝʢʦʥʘʪʠʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʜʦ ʜʽʘʧʘʟʦʥʫ 

ʚʠʟʥʘʯʝʥʦʩʪʝʡ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. ʋ ʨʘʟʽ, ʷʢʱʦ ʜʣʷ 

ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʻ ʧʨʠʜʘʪʥʠʤʠ ʙʽʣʴʰ, ʘʥʽʞ ʦʜʥʘ ʤʦʜʝʣʴ, ʚʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʾʭ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʩʧʨʦʤʦʞʥʦʩʪʽ ʫ ʚʠʨʽʰʝʥʥʽ ʧʦʩʪʘʚʣʝʥʠʭ ʧʝʨʝʜ ʥʘʫʢʦʚʮʝʤ ʟʘʜʘʯ. 

ʊʦʤʫ ʦʙʠʨʘʪʠ ʤʦʜʝʣʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʘʨʪʦ ʚʨʘʭʦʚʫʶʯʠ ʪʘʢʽ 

ʢʨʠʪʝʨʽʾ: 

¶ ʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʜʝʣʽ ʚ ʟʘʜʘʥʦʤʫ ʧʨʦʤʽʞʢʫ ʢʫʪʘ ʧʘʜʽʥʥʷ —; 

¶ ʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʜʝʣʽ ʚ ʟʘʜʘʥʦʤʫ ʧʨʦʤʽʞʢʫ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ί; 

¶ ʥʘʷʚʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʜʝʣʽ (ʪʘʢʽ ʷʢ ʜʚʦʚʠʤʽʨʥʠʡ 

ʩʧʝʢʪʨ ʽʟʦʪʨʦʧʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ); 

¶ ʧʽʜʪʨʠʤʢʘ ʤʦʜʝʣʣʶ ʩʠʤʫʣʷʮʽʡ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʟʘʻʤʦʜʽʡ ʪʘ ʽʥʰʽ. 

ʅʘ ʨʠʩ. 2.1 ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʟʘʣʝʞʥʦʩʪʝʡ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ, ʱʦ ʟʛʘʜʘʥʽ ʚ ʨʦʟʜʽʣʽ 2.2 ʮʽʻʾ ʨʦʙʦʪʠ, ʚʽʜ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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ɺʽʜʥʦʩʥʘ 

ʚʦʣʦʛʽʩʪʴ 

ˇʨʫʥʪʫ

k,s,‐ 

ʄʦʜʝʣʴ ʆʭʘ ʄʦʜʝʣʴ ɼʶʙʫʘ

ʄʦʜʝʣʴ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ

ɼʚʦʚʠʤʽʨʥʠʡ ʩʧʝʢʪʨ 

ʽʟʦʪʨʦʧʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ

ɗ

0.13 < ks < 6.98 ks < 2.5 ks < 3

10 < ɗ < 70 ɗ > 30 ʥʝ ʟʘʜʘʥʦ

ʄʦʜʝʣʴ 2002 

ʨʦʢʫ

 

ʈʠʩ. 2.1. ʉʭʝʤʘ ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ 

 

ʗʢ ʚʠʜʥʦ ʟʽ ʩʭʝʤʠ, ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚʘʨʪʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʤʦʜʝʣʴ ʆʭʘ 2002 ʨʦʢʫ. ʄʦʜʝʣʴ ɼʶʙʫʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚʠ, 

ʷʢʱʦ ʢʫʪ ʧʘʜʽʥʥʷ — σπЈ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ ʤʦʜʝʣʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʦʙʤʝʞʝʥʥʷ ʧʦ ʢʫʪʫ ʧʘʜʽʥʥʷ ʥʝ ʟʘʜʘʥʽ. ʄʦʜʝʣʴ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʦʪʨʝʙʫʻ 

ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʜʚʦʚʠʤʽʨʥʦʛʦ ʩʧʝʢʪʨʫ ʽʟʦʪʨʦʧʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ, ʜʣʷ ʤʘʣʠʭ ʟʙʫʨʝʥʴ ʦʙʤʝʞʝʥʘ ʟʥʘʯʝʥʥʷʤ Ὧί σ. ʄʦʜʝʣʴ ʆʭʘ 

ʙʽʣʴʰ ʛʥʫʯʢʘ ʽ ʚʠʟʥʘʯʝʥʘ ʥʘ ʜʽʘʧʘʟʦʥʽ πȢρσ Ὧί φȢωψ ̔ , ʷʢ ʽ ʤʦʜʝʣʴ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ, ʤʽʩʪʠʪʴ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʫ ʚʟʘʻʤʦʜʽʶ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʦʜʝʣʽ ɼʶʙʫʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦʶ ʪʘ ʛʥʫʯʢʦʶ ʤʦʜʝʣʣʶ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʜʚʦʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʦʾ 

ʚʟʘʻʤʦʜʽʾ (ʥʘʧʨʠʢʣʘʜ ὺὬ), ʻ ʤʦʜʝʣʴ ʆʭʘ, ʷʢʘ ʥʝ ʧʦʪʨʝʙʫʻ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʜʘʥʠʭ ʫ 

ʚʠʛʣʷʜʽ ʜʚʦʚʠʤʽʨʥʦʛʦ ʩʧʝʢʪʨʫ ʽʟʦʪʨʦʧʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʧʨʠʜʘʪʥʘ 

ʜʣʷ ʟʥʘʯʥʦ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ Ὧί (ʚʽʜ πȢρσ ʜʦ φȢωψ). 

 

2.4. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ 

 

ʌʘʢʪʠʯʥʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʧʠʩʫʻʪʴʩʷ 

ʜʚʦʚʠʤʽʨʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʩʽʷʥʥʷ ʪʦʯʢʠ (ʌʈʊ), ʷʢʘ ʻ ʘʥʘʣʦʛʦʤ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 
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ʬʫʥʢʮʽʾ ʚ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʟʦʙʨʘʞʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ (Holst, 

2011). 

ɻʘʫʩʦʚʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʜʚʦʩʧʨʷʤʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʩʽʷʥʥʷ ʪʦʯʢʠ ʮʠʬʨʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʻ ɻʘʫʩʦʚʠʤʠ 

ʢʦʥʩʪʘʥʪʘʤʠ „ ʪʘ ‟ ʚʟʜʦʚʞ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʝʡ ʟʦʙʨʘʞʝʥʥʷ 

(Stankevich, 2020): 

Ὤὼȟώ
ϽϽ
ϽὩ ϽὩ , 

ʜʝ Ὤὼȟώ ï ʮʝ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʪʦʯʢʠ ʘʙʦ ʬʫʥʢʮʽʷ ʨʦʟʩʽʷʥʥʷ ʪʦʯʢʠ. 

ʇʘʨʘʤʝʪʨʠ „ ʪʘ ‟ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʦʜʥʦʚʠʤʽʨʥʠʭ ʬʫʥʢʮʽʡ ʨʦʟʩʽʷʥʥʷ ʣʽʥʽ ʾ

h(x) ʪʘ h(y) , ̫ ʢʽ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʛʘʫʩʦʾʜʘʤʠ: 

Ὤὼ
Ѝ

ϽὩ , 

Ὤώ
Ѝ
ϽὩ . 

ʇʨʠ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ ɻʘʫʩʦʚʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʽʚʥʷʥʥʷ 

ʜʚʦʩʧʨʷʤʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ (ʌʇʄ) ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ ʚʽʜ h(x, y) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

Ὕ‚ȟ– ȿὊὬὼȟώ ȿ Ὡ Ͻ Ͻ ϽὩ ϽϽ , 

ʜʝ ὊϽ ï ʦʧʝʨʘʪʦʨ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ. 

ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ ʷʢ ʧʨʦʩʪʦʨʦʚʘ ʯʘʩʪʦʪʘ ʫ 

ʪʦʯʮʽ, ʜʝ ʌʇʄ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷʮʽʾ, 

ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

ὶ
ᶻ

Ͻ
, 

(2.5) 

ὶ
ᶻ

Ͻ
, 

ʜʝ ὑ Ὕᶻ‚ȟ– ï ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷʮʽʾ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ (2.5), ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʽʚ ʟʦʙʨʘʞʝʥʥʷ. ʄʽʞ ʪʠʤ, ʟʦʙʨʘʞʝʥʥʷ 
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ʧʨʠʡʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʽʟʦʪʨʦʧʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ (Stankevich et 

al., 2020ʛ; Stankevich et al., 2021), ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ 

(ʂʦʥʦʥʦʚ, ʊʝʧʣʷʢʦʚ, 1968): 

ὶ ὶϽὶ. 

 

2.5. ɿʚôʷʟʦʢ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʟ ʾʭ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ 

 

ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʟ 

ʾʭ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ (Solomon, Breckon, 2011; ʂʦʥʦʥʦʚ, 2002; ʂʦʥʦʥʦʚ, ʉʪʘʥʢʝʚʠʯ, 

2004). ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ὅ ‗ ʯʠ 

ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʚʘʨʪʦ ʨʦʟʛʣʷʜʘʪʠ ʚ ʢʦʥʪʝʢʩʪʽ ʾʭ 

ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ 

ʧʦʩʪʘʚʣʝʥʦʾ ʧʝʨʝʜ ʜʦʩʣʽʜʥʠʢʦʤ. ʎʝ ʻ ʧʨʠʥʮʠʧʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʤʽʞ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʪʘ ʐʝʥʥʦʥʽʚʩʴʢʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ὅ: 

ὅ ὲÌÏÇύ, 

ʜʝ ὲ ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʧʝʚʥʦʾ ʟʘʜʘʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʘ 

ύ ï ʢʽʣʴʢʽʩʪʴ ʛʨʘʜʘʮʽʡ ʚ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪ.̔ 

ɼʣʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʟʦʙʨʘʞʝʥʴ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʻ ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ ʜʦ ʢʚʘʜʨʘʪʫ ʧʦʜʚʦʻʥʦʛʦ ʨʦʟʤʽʨʫ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ὶ, ʘ ʢʽʣʴʢʽʩʪʴ ʛʨʘʜʘʮʽʡ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʠʥʘʤʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʽʜʥʦʰʝʥʥʷʤ ñʩʠʛʥʘʣ-

ʰʫʤò ‪ ʚ ʥʴʦʤʫ (ʉʪʘʥʢʝʚʠʯ, 2005). 

ʆʮʽʥʢʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʧʝʚʥʠʤ ʭʘʨʘʢʪʝʨʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʦʙôʻʢʪʘ, ʷʢʠʡ ʧʽʜʣʷʛʘʻ ʨʦʟʨʽʟʥʝʥʥʶ, ʘʜʞʝ ʨʦʟʤʽʨ ʦʙôʻʢʪʘ Ὠ ʻ ʩʪʘʣʠʤ ʫ 

ʚʩʽʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʷʢ ʽ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʻʤʥʽʩʪʴ, ʦʮʽʥʶʻʪʴʩʷ ʚ ʙʽʪʘʭ, ʱʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʠʥ ʧʽʢʩʝʣ ʜʠʩʢʨʝʪʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ Ὠ. 
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ɸʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ɿʝʤʣʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʽʟʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʘ ʩʘʤʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ï ʜʦ 

ʨʦʟʜʽʣʝʥʥʷ ʢʣʘʩʽʚ ʦʙôʻʢʪʽʚ ʟʘ ʧʝʚʥʠʤʠ ʦʟʥʘʢʘʤʠ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʧʨʦʤʦʞʥʦʩʪʝʡ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʽʟʥʠʭ ʧʘʨ ʦʙôʻʢʪʽʚ, ʱʦ ʧʦʪʨʽʙʥʽ ʜʣʷ 

ʨʽʰʝʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʟʘʜʘʯ. ʊʦʜʽ ʢʦʞʝʥ ʪʠʧʦʚʠʡ ʦʙôʻʢʪ ʤʘʻ ʩʚʦʶ ʩʧʝʢʪʨʘʣʴʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘ ʮʽʣʦʤʫ ʥʘʙʦʨʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ. 

ʇʦʚʥʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʥʘʙʦʨʫ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὅ‗ В ὅ ‗ȟ , 

ʜʝ ί ï ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʥʘʙʦʨʫ. 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʜʣʷ ʧʘʨʠ ʦʙôʻʢʪʽʚ ʟ ʥʘʙʦʨʫ Ὦ ʪʘ ή ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὅ ‗ ÌÏÇρ ‪ ‗ , (2.6) 

ʜʝ Ὀ ‗ ï ʚʟʘʻʤʥʘ ʽʥʬʦʨʤʘʮʽʷ ʂʫʣʴʙʘʢʘ-ʃʝʡʙʣʝʨʘ ʤʽʞ ʡʤʦʚʽʨʥʽʩʥʠʤʠ 

ʨʦʟʧʦʜʽʣʘʤʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʦʙôʻʢʪʽʚ Ὦ ʪʘ ή, ὶ ‗ ï ʝʢʚʽʚʘʣʝʥʪʥʘ 

ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʚʽʜʥʦʩʥʦ ʦʙôʻʢʪʽʚ Ὦ ʪʘ ή, ʘ ‪ ‗ ï ʝʢʚʽʚʘʣʝʥʪʥʝ 

ʚʽʜʥʦʰʝʥʥʷ ñʩʠʛʥʘʣ-ʰʫʤò (ʉʪʘʥʢʝʚʠʯ, 2006). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ (ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ὶ ‗) ʧʨʠ ʽʥʰʠʭ ʨʽʚʥʠʭ ʢʚʘʜʨʘʪʠʯʥʦ ʧʽʜʚʠʱʫʻ 

ʡʦʛʦ ʧʦʚʥʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʤʦʜʝʣʽ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʫ ʩʧʽʣʴʥʠʡ ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ï ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. 

ɺ ʧʽʜʨʦʟʜʽʣʽ 2.1 ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʤʦʜʝʣʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʨʘʟʦʤ ʟ ʤʦʜʝʣʷʤʠ ʦʮʽʥʢʠ 

ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʪʘ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʠʥʪʝʟʫ 
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ʢʽʣʴʢʦʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦ ʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʫ ʚʽʜʥʦʚʣʝʥʝ ʻʜʠʥʝ 

ʩʫʧʫʪʥʠʢʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ɺ ʧʽʜʨʦʟʜʽʣʽ 2.2 ʙʫʣʠ ʥʘʚʝʜʝʥʽ ʨʽʟʥʽ ʤʦʜʝʣʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ: 

ʤʦʜʝʣʴ ʆʭʘ, ʤʦʜʝʣʴ ɼʶʙʫʘ ʪʘ ʤʦʜʝʣʴ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ 

ʜʽʘʧʘʟʦʥʽʚ ʾʭ ʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

ɺ ʧʽʜʨʦʟʜʽʣʽ 2.3 ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʟ ʧʽʜʨʦʟʜʽʣʫ 2.2 ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʟʘʣʝʞʥʦʩʪʝʡ 

ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺ ʧʽʜʨʦʟʜʽʣʽ 2.4 ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ. 

ɺ ʧʽʜʨʦʟʜʽʣʽ 2.5 ʙʫʣʘ ʥʘʚʝʜʝʥʘ ʤʦʜʝʣʴ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʟʚôʷʟʦʢ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʦʙʨʘʥʦ, ʨʦʟʛʣʷʥʫʪʦ ʪʘ ʘʜʘʧʪʦʚʘʥʦ ʜʦ 

ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʦʪʨʠʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʂʀ ʇɯɼɺʀʑɽʅʅʗ ɯʅʌʆʈʄɸʊʀɺʅʆʉʊɯ 

ʂʆʉʄɯʏʅʀʍ ɿʅɯʄʂɯɺ, ʆʊʈʀʄɸʅʀʍ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ɹɸɻɸʊʆʇʆʃʗʈʀɿɸʎɯʁʅʆɻʆ ʈɸɼɸʈʋ ɿ ʉʀʅʊɽɿʆɺɸʅʆʖ 

ɸʇɽʈʊʋʈʆʖ 

 

ʄʝʪʦʜʠʢʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ, ʩʢʣʘʜʘʻʪʴʩʷ 

ʟʽ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʧʨʦʮʝʜʫʨ ʪʘ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʧʦʻʜʥʘʥʠʭ ʚ ʻʜʠʥʠʡ 

ʥʘʩʢʨʽʟʥʠʡ ʣʦʛʽʯʥʦ ʧʦʚôʷʟʘʥʠʡ ʧʦʨʷʜʦʢ ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʂʦʥʚʝʨʩʴʢʠʡ (ʨʝʜ.), 2010). ʄʝʪʦʜʠʢʘ 

ʤʘʻ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ: ʘʣʛʦʨʠʪʤ ʧʦʧʝʨʝʜʥʴʦʾ ʧʽʜʛʦʪʦʚʯʦʾ ʦʙʨʦʙʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ, ʘʣʛʦʨʠʪʤ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ (ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ ʪʘʢʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʚʠʩʪʫʧʘʻ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʯʝʨʝʟ ʬʽʟʠʯʥʦ ʦʙʫʤʦʚʣʝʥʠʡ ʟʚôʷʟʦʢ 

ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʘʨʥʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʽʤʧʫʣʴʩʫ ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʢʦʥʩʪʘʥʪʦʶ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ), 

ʘʣʛʦʨʠʪʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʢʽʣʴʢʦʭ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥ ɹʪʘ ʘʣʛʦʨʠʪʤ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ. 

 

3.1 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ 

ʜʘʥʠʭ 

 

ʈʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʩʧʝʨʰʫ ʧʦʪʨʽʙʥʦ ʦʙʨʦʙʠʪʠ, ʱʦʙ 

ʧʝʨʝʪʚʦʨʠʪʠ ʢʦʤʧʣʝʢʩʥʽ ʟʥʘʯʝʥʥʷ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʽ ʚʝʣʠʯʠʥʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʚ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ ʧʦʣʷʨʠʟʘʮʽʾ, ʘ 

ʪʘʢʦʞ ʧʨʠʙʨʘʪʠ ʨʽʟʥʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ ʤʦʛʣʠ ʚʠʥʠʢʥʫʪʠ ʧʽʜ ʯʘʩ ʟʥʽʤʘʥʥʷ, 

ʪʘʢʽ ʷʢ: ʧʦʭʠʙʢʠ ʜʘʥʠʭ ʧʨʦ ʟʥʽʤʘʣʴʥʫ ʦʨʙʽʪʫ, ʪʝʧʣʦʚʠʡ, ʩʠʛʥʘʣʴʥʠʡ ʪʘ ʩʧʝʢʣ h ʫʤʠ, 

ʛʝʦʤʝʪʨʠʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʪʘ ʽʥʰʽ (Dass & Yadav, 2020). ɸʣʛʦʨʠʪʤ ʧʦʧʝʨʝʜʥʴʦʾ 
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ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ Sentinel-1 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.1. 

 

ʈʘʜʽʦʣʦʢʘʮʽʡʥʽ 

ʩʫʧʫʪʥʠʢʦʚʽ 

ʜʘʥʽ

ɼʦʜʘʚʘʥʥʷ 

ʬʘʡʣʫ ʦʨʙʽʪʠ

ʆʙʪʠʥʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʜʦ 

ʟʦʥʠ ʽʥʪʝʨʝʩʫ

ʌʽʣʴʪʨʫʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʪʘ 

ʩʠʛʥʘʣʴʥʦʛʦ 

ʰʫʤʽʚ

ʈʘʜʽʦʤʝʪʨʠʯʥʝ 

ʢʘʣʽʙʨʫʚʘʥʥʷ

ʌʽʣʴʪʨʫʚʘʥʥʷ 

ʟʝʨʥʠʩʪʦʛʦ 

ʰʫʤʫ

ɼʘʣʴʥʽʩʥʦ-

ʜʦʧʣʝʨʽʚʩʴʢʝ 

ʢʦʨʠʛʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ

ʇʽʜʛʦʪʦʚʣʝʥʽ 

ʩʫʧʫʪʥʠʢʦʚʽ 

ʜʘʥʽ

 

ʈʠʩ. 3.1. ɸʣʛʦʨʠʪʤ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ 

 

ʆʪʞʝ, ʘʣʛʦʨʠʪʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʨʦʢʽʚ: 

ʂʨʦʢ 1. ɼʦʜʘʪʠ ʬʘʡʣ ʦʨʙʽʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʪʦʯʥʠʪʠ ʧʦʣʦʞʝʥʥʷ ʩʫʧʫʪʥʠʢʘ 

ʧʽʜ ʯʘʩ ʟʡʦʤʢʠ ʪʘ ʧʦʢʨʘʱʫʻ ʜʘʥʽ ʛʝʦʢʦʜʫʚʘʥʥʷ, ʘ ʦʪʞʝ, ʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʜʘʣʴʰʠʭ 

ʧʨʦʮʝʜʫʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʂʨʦʢ 2. ʆʙ̔ ʪʥʫʪʠ ʟʦʙʨʘʞʝʥʥ ̫ʜʦ ʟʦʥʠ ʽʥʪʝʨʝʩʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʨʦʟʤʽʨʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʯʘʩ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

 ʂʨʦʢ 3. ʇʨʦʚʝʩʪʠ ʬ̔ ʣʴʪʨʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʩʠʛʥʘʣʴʥʦʛʦ ʰʫʤ̔ʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʠʛʥʽʯʠʪʠ ʰʫʤʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ̫ ʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ 

ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ: ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ ʩʧʨʠʯʠʥʝʥʠʡ ʥʘʚʢʦʣʠʰʥʴʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ, ʬʣʫʢʪʫʘʮʽʷʤʠ ʩʠʛʥʘʣʫ ʪʘ ʢʚʘʥʪʦʚʠʤʠ ʝʬʝʢʪʘʤʠ, ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽ 

ʩʭʝʤʠ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʪʘ ʽʥʰʽ ʯʠʥʥʠʢʠ. ʊʘʢʽ ʰʫʤʠ ʤʦʞʫʪʴ 

ʚʧʣʠʚʘʪʠ ʥʘ ʜʘʥʽ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʟʡʦʤʢʠ, ʜʦʜʘʶʯʠ ʜʦ ʥʠʭ ʩʧʦʪʚʦʨʝʥʥʷ, 

ʪʦʤʫ ʾʭ ʧʨʠʛʥʽʯʝʥʥʷ ʧʦʢʨʘʱʫʻ ʧʦʜʘʣʴʰʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʦʜʝʨʞʫʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʊʝʧʣʦʚʠʡ ʰʫʤ, ʷʢʠʡ ʩʧʨʠʯʠʥʝʥʠʡ ʬʦʥʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʦʪʨʠʤʫʚʘʯʘ 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʙʦʨʪʫ ʩʫʧʫʪʥʠʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʛʥʘʣʴʥʦʛʦ ʰʫʤʫ, ̒  ʥʝʟʘʣʝʞʥʠʤ 

ʚʽʜ ʩʠʣʠ ʩʠʛʥʘʣʫ, ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ 

ʥʘʟʝʤʥʠʡ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ Instrument Processing Facility (IPF) ʨʦʟʨʘʭʦʚʫʻ ʪʘʢ 

ʟʚʘʥʫ ʢʦʥʚʝʨʪʘʮʽʡʥʫ ʪʘʙʣʠʮʶ ʪʝʧʣʦʚʦʛʦ h ʫʤʫ Thermal Noise Look Up Table (LUT), 
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ʷʢʘ ʧʦʩʪʘʯʘʻʪʴʩʷ ʨʘʟʦʤ ʟ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ ʨʽʚʥʷ ʦʙʨʦʙʢʠ 1. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʮʽʻʾ ʪʘʙʣʠʮʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʥʘ ʷʢ ʧʦʟʙʫʪʠʩʴ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ, ʪʘʢ ʽ ʧʦʚʝʨʥʫʪʠ 

ʮʝʡ ʰʫʤ ʥʘ ʟʥʽʤʢʠ, ʜʝ ʮʝʡ ʰʫʤ ʙʫʣʦ ʧʨʠʙʨʘʥʦ. 

 ʂʨʦʢ 4. ɿʜʽʡʩʥʠʪʠ ʨʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʮʠʬʨʦʚʽ 

ʜʘʥʽ, ʷʢʽ ʟʘʧʠʩʘʥʽ ʧʨʠʡʤʘʣʴʥʦʶ ʘʧʘʨʘʪʫʨʦʶ ʥʘ ʩʫʧʫʪʥʠʢʫ ʚ ʬʽʟʠʯʥʽ ʦʜʠʥʠʮʽ. 

ɯʥʘʢʰʝ ʧʦʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʝʥʴ ʦʪʨʠʤʘʥʠʭ ʟ ʨʽʟʥʠʭ ʩʝʥʩʦʨʽʚ, ʘʙʦ ʞ ʥʘʚʽʪʴ ʟ ʦʜʥʦʛʦ 

ʩʝʥʩʦʨʘ, ʘʣʝ ʟʘ ʨʽʟʥʽ ʜʘʪʠ ʯʠ ʨʝʞʠʤʠ ʟʡʦʤʢʠ, ʩʪʘʥʝ ʥʝʤʦʞʣʠʚʠʤ. ɼʣʷ 

ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʽ ʧʨʦʜʫʢʪʠ ʨʽʚʥʷ ʦʙʨʦʙʢʠ 1 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʟ ʜʦʜʘʥʠʤʠ ʜʦ ʥʠʭ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ ʢʘʣʽʙʨʫʚʘʥʥʷ Calibration 

Annotation Data Set (CADS), ʘ ʪʘʢʦʞ ʟ ʯʦʪʠʨʤʘ LUT ʪʘʙʣʠʮʷʤʠ ʚʽʜ IPF. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʚʝʩʪʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʶ ʘʧʘʨʘʪʫʨʦʶ ʮʠʬʨʦʚʽ ʟʥʘʯʝʥʥʷ Digital 

Numbers (DN) ʚ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʩʠʛʤʘ ʥʫʣʴ 

(sigma naught) „, ʙʝʪʘ ʥʫʣʴ (beta naught) ‍  ï ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʫʭʠʣʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʚ ʪʦʯʮʽ ʚʽʜʙʠʪʪʷ, ʪʘ ʛʘʤʘ ʥʫʣʴ (gamma naught) ‎ ï ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙôʻʤʥʦʛʦ 

ʨʦʟʩʽʷʥʥʷ (Chen, 2016). ʆʩʥʦʚʥʠʤ ʬʽʟʠʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʻ „  (Stankevich et al., 2019ʘ). 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʬʦʨʤʫʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʥʘ ʧʨʠʢʣʘʜʽ ʩʫʧʫʪʥʠʢʘ Sentinel-1, ʦʩʥʘʱʝʥʦʛʦ 

ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʨʘʜʘʨʦʤ SAR-C (Bauer-Marschallinger et al., 2021): 

„
Ͻ
Ͻ Ͻ ϽÓÉÎ‌ , 

ʜʝ Ὀὔ ï ʮʠʬʨʦʚʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ,  ï ʢʦʨʝʢʮʽʷ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʢʫʪʘ 

ʜʚʦʩʧʨʷʤʦʚʘʥʦʾ ʘʥʪʝʥʠ,  ï ʢʦʨʝʢʮʽʷ ʚʪʨʘʪ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʽʘʧʘʟʦʥʫ, ὃ  ï 

ʢʽʥʮʝʚʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ Sentinel-1 ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʨʦʜʫʢʪʫ SLC ʜʦ ʢʽʥʮʝʚʦʛʦ ʢʘʣʽʙʨʦʚʘʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʜʫʢʪʫ SLC ʘʙʦ GRD, 

‌ ï ʣʦʢʘʣʴʥʠʡ ʢʫʪ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, ὑ ï ʻʜʠʥʘ ʢʘʣʽʙʨʫʚʘʣʴʥʘ 

ʢʦʥʩʪʘʥʪʘ ʜʣʷ ʚʩʽʭ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ Sentinel-1. 

ʂʨʦʢ 5. ʇʨʦʚʝʩʪʠ ʬ̔ ʣʴʪʨʫʚʘʥʥʷ ʩʧʝʢʣ ʰʫʤʫ (speckle noise), ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʠʛʥʽʯʠʪʠ ʰʫʤ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʨʽʟʥʦʯʘʩʪʦʪʥʠʭ ʭʚʠʣʴ 
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ʚʽʜʙʠʪʠʭ ʚʽʜ ʙʘʛʘʪʴʦʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʟʚʦʨʦʪʥʠʭ ʨʦʟʩʽʶʚʘʯʽʚ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʥʦʾ ʧʣʷʤʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʇʨʠʛʥʽʯʠʪʠ cʧʝʢʣ ʰʫʤ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʬʽʣʴʪʨʽʚ (Abramov et al., 2017), 

ʥʘʧʨʠʢʣʘʜ, ʬʽʣʴʪʨʘ ʃ,̔ ʩ̔ ʛʤʘ ʬʽʣʴʪʨʘ (Lee, 1983), ʷʢʽ ʟʘʧʨʦʚʘʜʞʫʶʪʴ ʚʽʢʦʥʥʫ 

ʦʙʨʦʙʢʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ: 

a. ὼȟ В В ȟᾀȟ‏ В В  ,ȟ‏

ʜʝ ὼ ï ʧʦʟʙʘʚʣʝʥʝ ʰʫʤʫ ʟʦʙʨʘʞʝʥʥʷ, ʘ ὼȟ ï ʮʝ ὭȟὮ-ʠʡ ʧʽʢʩʝʣ ʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, Ὥ

ρȟά, Ὦ ρȟὲ; ᾀȟ ï ʮʝ ὭȟὮ-ʠʡ ʧʽʢʩʝʣ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ (ʨʝʘʣʴʥʦʛʦ) ʟʦʙʨʘʞʝʥʥʷ. 

ȟ‏
ρȟ   ̠̋̚ ̏ρ ς„ ᾀȟ ᾀȟ ρ ς„ ᾀȟ
πȟ                             ̃ ̐̑̏̓̉̌̆̇̎̏̍̔ ̃̉̐́̅̋̔

, 

ʜʝ „ ï ʜʠʩʧʝʨʩʽʷ ʰʫʤʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʧʦʩʪʝʨʝʞʫʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ᾀ. 

ʂʨʦʢ 6. ɿʜʽʡʩʥʠʪʠ ʜʘʣʴʥʽʩʥʦ-ʜʦʧʣʝʨʽʚʩʴʢʝ ʢʦʨʠʛʫʚʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʜʘʣʴʥʽʩʥʦ-ʜʦʧʣʝʨʽʚʩʴʢʠʡ ʘʣʛʦʨʠʪʤ ʢʦʨʝʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʣʴʻʬʫ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʽ ʧʦʣʷʛʘʻ ʫ ʚʠʧʨʘʚʣʝʥʥʽ ʧʦʭʠʙʦʢ, ʱʦ ʜʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʟʩʫʚʠ ʯʠ 

ʟʘʪʽʥʝʥʥʷ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ. ʎʽ ʝʬʝʢʪʠ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʧʘʜʽʚ ʚʠʩʦʪ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʤʽʞ ʥʘʜʩʠʣʘʥʥʷʤ ʩʠʛʥʘʣʴʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʪʘ ʦʪʨʠʤʘʥʥʷʤ ʡʦʛʦ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ. ʉʢʦʨʝʛʦʚʘʥʠʡ ʟʘ ʜʘʥʦʶ ʢʦʨʝʢʮʽʻʶ 

ʟʚʦʨʦʪʥʠʡ ʩʠʛʥʘʣ ʨʦʟʩʽʶʚʘʥʥʷ „  ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʠʡ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ (Kellndorfer et al., 1998): 

„ „ , 

ʜʝ —  ï ʮʝ ʣʦʢʘʣʴʥʠʡ ʢʫʪ ʧʘʜʽʥʥʷ, —  ï ʢʫʪ ʧʘʜʽʥʥʷ ʚʽʜʥʦʩʥʦ ʝʣʽʧʩʦʾʜʘ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ IPF, „  ï ʩʠʛʥʘʣ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ LUT ʪʘʙʣʠʮʴ ʥʘʜʘʥʠʭ IPF. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʜʝʨʞʫʶʪʴʩʷ 

ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦ ʧʨʠʚôʷʟʘʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʟʦʙʨʘʞʝʥʥʷ, 

ʚʽʜʢʘʣʽʙʨʦʚʘʥʽ ʚ ʟʥʘʯʝʥʥʷʭ „ . 
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3.2 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʧʪʠʯʥʠʭ ʟʥʽʤʢʽʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʜʘʥʽ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʫ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʟʥʽʤʘʥʥʷ, ʪʘʢʠʭ ʷʢ 

ʨʽʟʥʽ ʧʦʣʷʨʠʟʘʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʦʛʦ ʨʘʜʘʨʦʤ ʽʤʧʫʣʴʩʫ ʯʠ ʨʽʟʥʽ ʧʦʣʷʨʠʟʘʮʽʾ 

ʧʨʠʡʥʷʪʦʾ ʩʢʣʘʜʦʚʦʾ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ, ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʦʜʥʠʭ ʽ ʪʠʭ ʩʘʤʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ (Cao et 

al., 2008; Carotenuto et al., 2014). ɸ ʚʽʜʪʘʢ, ʪʘʢʽ ʜʘʥʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʽʥʪʝʨʧʨʝʪʦʚʘʥʠʤʠ ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʯʠʥʦʤ, ʪʘ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ ʩʧʽʣʴʥʦ. ɼʣʷ 

ʧʦʜʦʣʘʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʧʦʪʨʽʙʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ 

ʜʘʥʠʭ ʫ ʻʜʠʥʫ ʬʽʟʠʯʥʫ ʦʙˇʨʫʥʪʦʚʘʥʫ ʚʝʣʠʯʠʥʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʧʦ̒ʜʥʘʥʥʷ ʮʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ ʧʦʢʘʟʥʠʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʨʘʜ̔ʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʤʦʜʝʣʝʡ, ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʟʜʽʣʽ 2.2 ʮʽʻʾ 

ʨʦʙʦʪʠ, ʚʦʥʠ ʢʦʥʚʝʨʪʫʶʪʴʩʷ ʥʘ ʩʧʽʣʴʥʠʡ ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ 

ʧʦʪʨʝʙʘʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ʨʘʜʘʨʥʠʭ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʟʥʽʤʢʽʚ ï ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɸʙʩʦʣʶʪʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ï ʮʝ ʚʝʣʠʯʠʥʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʢʘʣʷʨʥʘ ʜʣʷ ʽʟʦʪʨʦʧʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʤʦʜʫʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ʜʦ ʤʦʜʫʣʷ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʪʘ ʪʝʥʟʦʨʥʘ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʦʾ ʨʝʯʦʚʠʥʠ 

(ʄʽʨʦʰʥʠʯʝʥʢʦ, 2018): 

‐
ȿȿ

ȿȿ
, 

ʜʝ Ὀ ï ʝʣʝʢʪʨʠʯʥʝ ʟʤʽʱʝʥʥʷ (ʝʣʝʢʪʨʠʯʥʘ ʽʥʜʫʢʮʽʷ), Ὁ ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ. 
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ɺʽʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʻ ʙʝʟʨʦʟʤʽʨʥʦʶ ʚʝʣʠʯʠʥʦʶ ʽ ʜʦʨʽʚʥʶʻ 

ʚʽʜʥʦʰʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʜʦ ʘʙʩʦʣʶʪʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʫ ʚʘʢʫʫʤʽ (ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʢʦʥʩʪʘʥʪʠ): 

‐ , 

ʜʝ ʜʽʝʣʝʢʪʨʠʯʥʘ ʢʦʥʩʪʘʥʪʘ ‐ ψȢψυϽρπ  [ʌ/ʤ]. 

ɸʣʛʦʨʠʪʤ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ ʬʽʟʠʯʥʠʡ 

ʧʦʢʘʟʥʠʢ ʦʧʠʩʫʻʪʴʩʷ ʩʭʝʤʦʶ, ʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩ. 3.2. 

 

ʆʙʨʘʪʠ/ʚʠʟʥʘʯʠʪʠ 

ʩʧʽʣʴʥʫ ʬʽʟʠʯʥʫ 

ʚʝʣʠʯʠʥʫ

ʆʙʨʘʪʠ ʤʦʜʝʣʴ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ 

ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ

ʆʙʨʘʪʠ ʮʽʣʴʦʚʫ 

ʬʫʥʢʮʽʶ ʪʘ ʦʙʤʝʞʝʥʥʷ

ʇʝʨʝʚʝʩʪʠ ʩʫʧʫʪʥʠʢʦʚʽ 

ʜʘʥʽ ʚ ʻʜʠʥʠʡ ʧʦʢʘʟʥʠʢ

 

ʈʠʩ. 3.2. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ 

 

ʆʪʞʝ, ʘʣʛʦʨʠʪʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʨʦʢʽʚ: 

 ʂʨʦʢ 1. ʆʙʨʘʪʠ ʘʙʦ ʚʠʟʥʘʯʠʪʠ ʩʧʽʣʴʥʫ ʬʽʟʠʯʥʫ ʚʝʣʠʯʠʥʠ, ʚ ʷʢʫ ʙʫʜʝ 

ʧʝʨʝʪʚʦʨʝʥʦ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʜʘʥʽ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʪʘʢʦʶ ʚʝʣʠʯʠʥʦʶ ʦʙʨʘʥʦ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʘʜʞʝ ʚʦʥʘ ʻ 

ʬʽʟʠʯʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʧʨʦʪʷʛʦʤ 

ʧʦʩʣʽʜʦʚʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʥʽʤʘʥʴ ʟ ʢʦʨʦʪʢʠʤ ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ. 

 ʂʨʦʢ 2. ʆʙʨʘʪʠ ʤʦʜʝʣ ɹ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʫ 

ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʜʦʩʣʽʜʥʠʢʘ, ʘ ʪʘʢʦʞ ʚʽʜ ʧʦʪʨʝʙ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʣʛʦʨʠʪʤ ʦʙʨʘʥʥʷ 

ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʥʠʞʯʝ. 

 ʂʨʦʢ 3. ʆʙʨʘʪʠ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʾ ʪʘ ʾʾ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʜʝʣʽ, ʱʦ 

ʦʙʨʘʥʘ ʥʘ ʢʨʦʮʽ 2. ʋ ʪʦʡ ʯʘʩ, ʷʢ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʤʦʜʝʣʽ 

ʪʘ ʧʦʪʨʝʙ ʜʦʩʣʽʜʥʠʢʘ, ʪʦ ʦʙʤʝʞʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʜʠʢʪʫʶʪʴʩʷ 

ʦʙʤʝʞʝʥʥʷʤʠ ʩʘʤʦʾ ʤʦʜʝʣʽ, ʦʙʨʘʥʦʾ ʥʘ ʢʨʦʮ ̔2. 
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ʂʨʦʢ 4. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʴ ʟ ʢʨʦʢʫ 2, ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʪʘ ʦʙʤʝʞʝʥʥʷ ʟ 

ʢʨʦʢʫ 3, ʧʝʨʝʨʘʭʫʚʘʪʠ ʩʫʧʫʪʥʠʢʦʚʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʜʘʥʽ ʥʘ ʧʦʢʘʟʥʠʢ, ʦʙʨʘʥʠʡ ʥʘ 

ʢʨʦʮʽ 1. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʫʜʝ ʦʜʝʨʞʘʥʦ ʦʢʨʝʤʽ 

ʧʨʦʩʪʦʨʦʚʽ ʨʦʟʧʦʜʽʣʠ ʻʜʠʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ï ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʦʙʯʠʩʣʝʥʦ ʟʘ ʨʘʜʘʨʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʚ ʨʽʟʥʠʭ ʧʦʣʷʨʠʟʘʮʽʷʭ. 

 

 3.2.1 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ 

 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʩʧʽʣʴʥʠʡ ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ï 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʨʘʥʦʾ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ɼʘʥʽ ʤʦʜʝʣʽ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʨʦʟʜʽʣʽ 2.2. ɸʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʩʭʝʤʦʶ ʨʠʩ. 3.3 ï 3.5. 

 

ʈʘʜʽʦʣʦʢʘʮʽʡʥʽ ʜʘʥʽ ʤʽʩʪʷʪʴ 

ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʫ ʚʟʘʻʤʦʜʽʶ

ʂʫʪ ʧʘʜʽʥʥʷ ɽʄ ʽʤʧʫʣʴʩʫ 

ʙʽʣʴʰʝ 30 ʛʨʘʜʫʩʽʚ

˚̨

˚̨ ˟́̋

1 2

ɿʽʙʨʘʪʠ ʩʫʧʫʪʥʠʢʦʚʽ 

ʪʘ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, 

ʥʘʟʝʤʥʽ ʜʘʥʽ

ɿʥʘʯʝʥʥʷ ks ʤʝʥʰʝ 3

ʆʙʨʘʪʠ ʤʦʜʝʣʴ ʆʭʘ
ʇʦʪʨʽʙʝʥ ʟʚô̫ ʟʦʢ ʟ ʚʦʣʦʛʽʩʪʶ

ʆʙʨʘʪʠ ʤʦʜʝʣʴ ʆʭʘ 

(2002 ʨʦʢʫ)
ʅʘʷʚʥʽ ʜʘʥʽ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʩʧʝʢʪʨʫ ʽʟʦʪʨʦʧʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ

ʆʙʨʘʪʠ ʤʦʜʝʣʴ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ

ʆʙʨʘʪʠ ʤʦʜʝʣʴ ʆʭʘ

˟́̋

˟́̋

˟́̋

˟́̋

˚̨

˚̨

˚̨

 

ʈʠʩ. 3.3. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 
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ʗʢ ʚʠʜʥʦ ʟʽ ʩʭʝʤʠ, ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʻ ʥʝʦʙʭʽʜʥʠʡ ʝʪʘʧ ʟʽʙʨʘʥʥʷ ʜʘʥʠʭ, ʘʜʞʝ ʾʭ 

ʥʘʙʽʨ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ. ɼʨʫʛʠʤ ʢʨʦʢʦʤ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʩʫʪʥʦʩʪʽ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, 

ʧʦʣʷʨʠʟʘʮʽʾ „ . ʗʢʱʦ ʤʠ ʤʘʻʤʦ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʽ ʜʘʥʽ, ʪʦ ʤʦʜʝʣʴ ɼʶʙʫʘ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʚ ʩʠʣʫ ʦʙʤʝʞʝʥʥʷ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʜʣʷ ʦʜʥʦʪʠʧʥʠʭ 

ʧʦʣʷʨʠʟʘʮʽʡ ʧʘʜʘʶʯʦʾ ʪʘ ʨʦʟʩʽʷʥʦʾ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ. 

ʗʢʱʦ ʢʫʪ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʩʢʣʘʜʘʻ ʤʝʥʰʝ σπЈ, ʪʦʜʽ ʤʦʜʝʣʴ ɼʶʙʫʘ 

ʪʘʢʦʞ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ, ʘʜʞʝ ʾʾ ʜʽʘʧʘʟʦʥ ʚʠʟʥʘʯʝʥʦʩʪʽ ʚʢʣʶʯʘʻ ʢʫʪʠ 

ʧʘʜʽʥʥʷ ʚʽʜ σπЈ ʪʘ ʚʠʱʝ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ Ὧί σ, ʪʦ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʤʦʜʝʣʴ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʘʥʠʭ ʜʚʦʚʠʤʽʨʥʦʛʦ ʩʧʝʢʪʨʫ ʽʟʦʪʨʦʧʥʠʭ 

ʥʝʨʽʚʥʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʗʢʱʦ ʪʘʢʠʭ ʜʘʥʠʭ ʥʝʤʘ, ʪʦʜʽ ʣʠʰʘʻʪʴʩʷ ʪʽʣʴʢʠ ʤʦʜʝʣʴ 

ʆʭʘ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʥʘ ʨʠʩ. 3.4 ï 3.5. 

 

ʇʦʪʨʽʙʝʥ ʟʚô̫ ʟʦʢ ʟ ʚʦʣʦʛʽʩʪʶ

ʆʙʨʘʪʠ ʤʦʜʝʣʴ ʆʭʘ 

(2002 ʨʦʢʫ)

ɿʥʘʯʝʥʥʷ ks ʤʝʥʰʝ 3

ʅʘʷʚʥʽ ʜʘʥʽ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʩʧʝʢʪʨʫ ʽʟʦʪʨʦʧʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ

ʆʙʨʘʪʠ ʤʦʜʝʣʴ ʆʭʘ

ʆʙʨʘʪʠ ʤʦʜʝʣʴ ʆʭʘ

ʆʙʨʘʪʠ ʤʦʜʝʣʴ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ

˚̨

˚̨

˚̨

˟́̋

˟́̋

˟́̋

1

 

ʈʠʩ. 3.4. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʧʨʦʜʦʚʞʝʥʥʷ ʛʽʣʢʠ 1 
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ʇʦʪʨʽʙʝʥ ʟʚô̫ ʟʦʢ ʟ ʚʦʣʦʛʽʩʪʶ

ʆʙʨʘʪʠ ʤʦʜʝʣʴ ʆʭʘ 

(2002 ʨʦʢʫ)

ʅʘʷʚʥʽ ʜʘʥʽ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʩʧʝʢʪʨʫ ʽʟʦʪʨʦʧʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ

ɿʥʘʯʝʥʥʷ ks ʤʝʥʰʝ 3

ʆʙʨʘʪʠ ʤʦʜʝʣʴ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ

ʆʙʨʘʪʠ ʤʦʜʝʣʴ ʆʭʘ

ɿʥʘʯʝʥʥʷ ks ʤʝʥʰʝ 2.5

ʆʙʨʘʪʠ ʤʦʜʝʣʴ ɼʶʙʫʘ ʆʙʨʘʪʠ ʤʦʜʝʣʴ ʆʭʘ

˟́̋

˟́̋

˟́̋˟́̋

˚̨

˚̨

˚̨ ˚̨

2

 

ʈʠʩ. 3.5. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʧʨʦʜʦʚʞʝʥʥʷ ʛʽʣʢʠ 2 

 

ʆʪʞʝ, ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦʶ ʤʦʜʝʣʣʶ, ʷʢ ʽ ʟʘʟʥʘʯʘʣʦʩʴ ʚ ʨʦʟʜʽʣʽ 2.3 ʮʽʻʾ 

ʨʦʙʦʪʠ, ʻ ʤʦʜʝʣʴ ʆʭʘ. ɸʜʞʝ ʚʦʥʘ ʤʘʻ ʙʽʣʴʰʠʡ ʽʥʪʝʨʚʘʣ ʚʠʟʥʘʯʝʥʦʩʪʽ Ὧί ʪʘ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʜʘʥʠʭ ʧʨʦ ʜʚʦʚʠʤʽʨʥʠʡ ʩʧʝʢʪʨ ʽʟʦʪʨʦʧʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

 

3.2.2 ɺʠʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʾʾ ʦʙʤʝʞʝʥʴ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʱʦ ʦʙʨʘʥʘ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʚ ʩʧʽʣʴʥʠʡ ʧʦʢʘʟʥʠʢ 

 

ʎ̔ ʣʴʦʚʘ ʬʫʥʢʮʽ ̫ʪʘ ʾʾ ʦʙʤʝʞʝʥʥ ̫ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʤʦʜʝʣʽ, ʱʦ ʦʙʨʘʥʘ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ, ʪʘʢ ʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʬʽʟʠʯʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ, ʚ ʷʢʠʡ ʨʘʜʘʨʥʽ ʜʘʥʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʻ ʩʧʨʘʚʝʜʣʠʚʠʤ ʪʝ, ʱʦ ʾʾ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ˇʨʫʥʪʽʚ ʩʢʣʘʜʘʶʪʴ, ʟʘʟʚʠʯʘʡ, 

ʥʝ ʤʝʥʰʝ 2,7 (Mohan et al., 2015), ʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʙʤʝʞʝʥʝ 30 

ʜʣʷ ʘʛʨʘʨʥʠʭ ʛʦʤʦʛʝʥʥʠʭ ʜʽʣʷʥʦʢ ʟ ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʫ ά σπϷ (Xu et 

al., 2022). ɿʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪ̔ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʝ ʤʘʻ ʩʝʥʩʫ ʨʦʟʛʣʷʜʘʪʠ ʙʽʣʴʰʠʤ, 
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ʘʥʽʞ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʣʦʚʠʥʠ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʨʘʜʘʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘʢ ʷʢ ʜʣʷ 

ʥʝ ʥʘʜʪʦ ʟʚʦʣʦʞʝʥʠʭ ˇʨʫʥʪʽʚ ʮʝ ʻ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʦʩʪʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ (Li et al., 2018). ɼʣʷ ʧʦʪʦʯʥʠʭ ʤʦʜʝʣʝʡ ʩʧʨʘʚʝʜʣʠʚʠʤ ʙʫʜʝ 

ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʾʾ ʦʙʤʝʞʝʥʴ. ʅʝʭʘʡ „ ὴȟὤ ï 

ʟʥʘʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʤʦʜʝʣʴʦʚʘʥʝ ʦʙʨʘʥʦʶ, ʟ ʧʫʥʢʪʫ 3.2.1, ʤʦʜʝʣʣʶ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʧʨʠ ʦʙʨʘʥʦʤʫ ʟʥʘʯʝʥʥʶ ʧʦʢʘʟʥʠʢʘ ὴ (ʚ ʷʢʠʡ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʨʘʜʘʨʥʽ ʜʘʥʽ) ʪʘ ʥʘʙʦʨʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ὤ (ʥʘʧʨʠʢʣʘʜ, 

ʰʦʨʩʪʢʽʩʪʴ ί, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ά, ʢʫʪ ʧʘʜʽʥʥʷ — ʪʘ ʽʥʰʽ), ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ 

ʤʦʜʝʣʴ, ʘ ὴ ï ʟʥʘʯʝʥʥʷ ʦʙʨʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚ Ὥ-ʽʡ ʧʦʣʷʨʠʟʘʮʽʾ, Ὥ ρȟὔ, ʜʝ ὔ ï 

ʢʽʣʴʢʽʩʪʴ ʧʦʣʷʨʠʟʘʮʽʡ. ʊʦʜʽ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʤʽʥʽʤʽʟʘʮʽʾ 

ʨʽʟʥʠʮʴ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʪʘ ʨʝʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, 

ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʨʽʟʥʠʮʴ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʥʘʯʝʥʴ ʦʙʨʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʚ ʷʢʠʡ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʨʘʜʘʨʥʽ ʜʘʥʽ. ɺʠʛʣʷʜ ʪʘʢʦʾ ʬʫʥʢʮʽʾ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ: 

В „ „ ὴȟὤ ᴼÍÉÎ, 

ÍÁØ
ȟ
ὴ ὴ ‭, 

πȢππρί , 

ʜʝ „  ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʚ Ὥ-ʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ‭ ï ʟʘʜʘʥʘ 

ʧʦʭʠʙʢʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʽʟʥʠʮʽ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʘ ʚ ʨʽʟʥʠʭ ʧʦʣʷʨʠʟʘʮʽʷʭ, ί 

ï ʰʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ‗ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥ ̫ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ. 

 

3.3 ɿʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜ ʰʦʨʩʪʢʦʩʪʽ ʪʘ ʜʦʚʞʠʥʠ 

ʢʦʨʝʣʷʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ɿʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʙʫʪʠ 

ʟʤʦʜʝʣʴʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʙʣʠʞʝʥʠʭ ʟʥʘʯʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʷʢ ʰʦʨʩʪʢʽʩʪʴ ʪʘ ʜʦʚʞʠʥʘ ʢʦʨʝʣʷʮʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʨʦʬʽʣʶ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (Stankevich et al., 2021). 
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʽ ʦʮʽʥʮʽ ʬʽʟʠʯʥʠʭ ʪʘ ʙʽʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʷʪʴʩʷ ʱʝ ʟ ʧʦʷʚʠ 

ʈʉɸ. ʆʩʥʦʚʥʠʡ ʬʽʟʠʯʥʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʥʠʭ 

ʈʉɸ ï ʮʝ ʚʽʜʥʦʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ „  (Shimada, 

2018). 

ʇʝʨʰʽ ʩʧʨʦʙʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʚʽʜʥʦʚʣʝʥʥʽ ʧʦʢʘʟʥʠʢʘ „  ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʨʘʜʘʨʥʦʛʦ ʟʥʽʤʘʥʥʷ (Goswami, Kalita, 

2014). 

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ, ʪʘʢʽ ʷʢ 

ʤʦʜʝʣʴ ʆʭʘ ʯʠ ɼʶʙʫʘ, ʻ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ (Fieuzal, Baup, 

2016). ʊʠʤ ʥʝ ʤʝʥʰ, IEM ʚʚʘʞʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦʶ ʬʽʟʠʯʥʦ ʦʙʫʤʦʚʣʝʥʦʶ 

ʤʦʜʝʣʣʶ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (Fung, 1994). 

ɺʽʜʦʤʦ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʜʣʷ ʦʮʽʥʢʠ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʷʢ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (Sun et al., 2019), ʪʘʢ ʽ ʧʦʧʫʣʷʨʥʠʭ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʘʢʪʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ (Ghafouri et al., 2017) ʯʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

(Mirsoleimani et al., 2019). 

ʉʧʨʦʱʝʥʽ ʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ IEM ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʧʦʣʷʨʠʟʘʮʽʡ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ 

(Stankevich et al., 2019ʙ): 

Ѝ
 ,                            (3.1) 

‐ ρ
Ѝ

 ,                   (3.2) 

ʜʝ Ὧ  ï ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ, ‗ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʈʉɸ, — ï ʢʫʪ ʧʘʜʽʥʥʷ ʽʤʧʫʣʴʩʫ ʈʉɸ, 

ί ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ὰ ï ʜʦʚʞʠʥʘ ʢʦʨʝʣʷʮʽʾ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ‐ ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ‐  ̒ʥʝʟʘʣʝʞʥʦʶ ʬʽʟʠʯʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʮʝʡ ʧʘʨʘʤʝʪʨ ʥʝ ʧʦʚʠʥʝʥ ʟʘʣʝʞʘʪʠ ʚʽʜ ʩʧʦʩʦʙʫ ʾʾ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚ ʦʩʦʙʣʠʚʦʩʪʽ ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ ʈʉɸ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʠʨʘʞʝʥʽ ʬʦʨʤʫʣʘʤʠ (3.1) 

ʪʘ (3.2) ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʽʚʥʠʤʠ, ʘʙʦ ʙʣʠʟʴʢʠʤʠ ʦʜʥʝ ʜʦ ʦʜʥʦʛʦ. ʊʦʤʫ ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ḙ
Ѝ

Ѝ
‐ ρÓÉÎ— ‐ .                      (3.3) 

ʆʪʞʝ, ‐ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʨʽʚʥʷʥʥʷ (3.3), ʷʢ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.6. ʊʠʤ ʥʝ 

ʤʝʥʰ, ʥʘ ʚʠʟʥʘʯʝʥʦʤʫ ʧʨʠʡʥʷʪʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʝʥʴ ‐ ρȣρυ, ʚʽʜʥʦʰʝʥʥʷ 

ρȣςȢυ, ʢʦʣʠ ʥʘ ʧʨʘʢʪʠʮʽ ʚʽʜʥʦʰʝʥʥʷ  ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʴ ʜʦ 40. 

 

 

ʈʠʩ. 3.6. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʣʷʨʠʟʘʮʽʡ ʈʉɸ 

 

ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʟʘʣʝʞʥʽʩʪʶ ʤʽʞ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʶ 

ʜʦʚʞʠʥʦʶ ʢʦʨʝʣʷʮʽʾ ʪʘ ʧʦʣʷʨʠʟʘʮʽʻʶ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ (Gupta & Jangid, 2011). 

ʊʦʤʫ ʥʝ ʻ ʜʠʚʥʠʤ, ʱʦ ʙʘʛʘʪʦ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ (Baghdadi et al., 2006ʘ; Baghdadi 

et al., 2006ʙ; Baghdadi et al., 2011) ʟʤʫʰʝʥʽ ʨʦʙʠʪʠ ʧʝʚʥʽ ʢʘʣʽʙʨʫʚʘʥʥʷ ʤʦʜʝʣʝʡ 
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ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʟʘʨʘʜʠ ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

(Ranjbar et al., 2021). 

ʊʦʤʫ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʘ ʜʦʮʽʣʴʥʝ ʜʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʤʥʦʞʥʠʢʘ ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.3), ʷʢʠʡ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʜʦʚʞʠʥʠ ʢʦʨʝʣʷʮʽʾ ʚ ʨʽʟʥʠʭ 

ʧʦʣʷʨʠʟʘʮʽʷʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.3) ʫʜʦʩʢʦʥʘʣʝʥʦ ʜʦʜʘʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ 

ʤʥʦʞʥʠʢʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʢʦʨʝʣʷʮʽʾ ʚ ʨʽʟʥʠʭ ʧʦʣʷʨʠʟʘʮʽʷʭ: 

  Ὡ  .                           (3.4) 

ɿʘʟʚʠʯʘʡ, ʜʦʚʞʠʥʠ ʢʦʨʝʣʷʮʽʡ ὰ ʪʘ ὰ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʰʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ί ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (Ćlvarez-Mozos et al., 2008): 

ὰ ‌ί ‏ ÓÉÎ— ί  , 

ὰ ‌ί ‏ ÓÉÎ— ί  , 

ʜʝ ‌, ‍ ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʽʣʝʥʽ ʥʘ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ ‏, ‚ ʪʘ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʦʣʷʨʠʟʘʮʽʾ ‎, –. ɺ ʨʦʙʦʪʘʭ (Ezzahar et al., 2020; Zhang et al., 2020) ʥʘʚʦʜʷʪʴʩʷ 

ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ IEM, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʦʮʽʥʢʫ ʜʦʚʞʠʥʠ ʢʦʨʝʣʷʮʽʾ 

ʜʣʷ ʈʉɸ, ʱʦ ʧʨʘʮʶʻ ʚ ʉ-ʜʽʘʧʘʟʦʥʽ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʚʞʠʥʠ ʢʦʨʝʣʷʮʽʾ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  ʩʪʘʻ ʜʦʩʠʪʴ ʛʥʫʯʢʠʤ 

ʪʘ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʤʘʡʞʝ ʥʘ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʜʘʥʠʭ, ʱʦ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 3.7. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʙʠʨʘʶʯʠ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ί, ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʜʦʩʷʛʥʫʪʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ 

ʧʦʣʷʨʠʟʘʮʽʡ ʈʉɸ ʟ ʨʝʘʣʴʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ, ʷʢʝ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ 

ʈʉɸ. 
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ʈʠʩ. 3.7. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʈʉɸ ʚ ʨʽʟʥʠʭ 

ʧʦʣʷʨʠʟʘʮʽʷʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ʈʘʟʦʤ ʟ ʪʠʤ, ʟʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ί, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʘʨʫ 

ʟʥʘʯʝʥʴ (ʜʣʷ ʢʦʞʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ) ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʥʠʢʥʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ‐. 

 

3.4 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʢʽʣʴʢʦʭ 

ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥ ɹ

 

ɸʣʛʦʨʠʪʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʢʽʣʴʢʦʭ ʩʫʙʧʽʢʩʝʣʴʥʦ 

ʟʤʽʱʝʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥ ɹ ʤʝʪʦʜʦʤ ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʦʙôʻʜʥʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʟ ʢʽʣʴʢʦʭ (ʚʽʜ ʜʚʦʭ ʜʦ ʯʦʪʠʨʴʦʭ) ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʷʢʝ ʤʽʩʪʠʪʠʤʝ ʜʘʥʽ, ʱʦ ʫʪʚʦʨʝʥʽ 

ʦʙôʻʜʥʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʚʩʽʭ ʚʭʽʜʥʠʭ ʟʥʽʤʢʽʚ. 

ɿʘʛʘʣʴʥʘ ʜʽʘʛʨʘʤʘ ʧʦʪʦʢʫ ʜʘʥʠʭ ʘʣʛʦʨʠʪʤʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.8. 
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ʈʠʩ. 3.8. ɼʽʘʛʨʘʤʘ ʧʦʪʦʢʫ ʜʘʥʠʭ ʘʣʛʦʨʠʪʤʫ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

ʥʘ ʦʩʥʦʚʽ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʽʟ ʜʝʢʽʣʴʢʦʭ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʟʥʽʤʢʽʚ ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

 

ʇʝʨʰ ʟʘ ʚʩʝ ʧʦʪʨʽʙʥʦ ʚʚʝʩʪʠ ʦʟʥʘʯʝʥʥʷ ʧʦʥʷʪʴ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʪʘ 

ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʴ. ʎʽʣʦʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʻ ʪʘʢʽ  

ʟʦʙʨʘʞʝʥʥʷ, ʫ ʷʢʠʭ ʨʽʟʥʠʮʽ ʤʽʞ ʥʘʟʝʤʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʢʩʝʣʽʚ ʥʘ 

ʟʥʽʤʢʫ ʩʪʘʥʦʚʣʷʪʴ ʚʝʣʠʯʠʥʫ ʙʽʣʴʰʝ ʨʦʟʤʽʨʫ ʧʽʢʩʝʣʘ ʩʘʤʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʦʜʥʦʛʦ ʟ 

ʪʠʭ, ʱʦ ʧʦʨʽʚʥʶʶʪʴʩʷ). ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ 

ʨʦʟʤʽʨʥʽʩʪʴ. ʇʨʠʢʣʘʜ ʪʘʢʦʛʦ ʟʤʽʱʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.9. 

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 3.9. ʇʨʠʢʣʘʜ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ ʽʟ ʮʽʣʦʧʽʢʩʝʣʴʥʠʤ ʟʤʽʱʝʥʥʷʤ: ʘ, ʚ ï ʧʝʨʰʝ 

ʩʫʧʫʪʥʠʢʦʚʝ ʟʦʙʨʘʞʝʥʥʷ; ʙ, ʛ ï ʜʨʫʛʝ ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʘʨʠ ʟ ʮʽʣʦʧʽʢʩʝʣʴʥʠʤ 

ʟʤʽʱʝʥʥʷʤ 

ɿʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ

ʆʮʽʥʢʘ 

ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ 

ʟʩʫʚʫ ʟʦʙʨʘʞʝʥʴ

ʎʽʣʦʧʽʢʩʝʣʴʥʝ 

ʦʙʨʽʟʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ

ʆʙʨʽʟʘʥʽ 

ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ

1

1
ʆʮʽʥʢʘ 

ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ 

ʟʩʫʚʫ ʟʦʙʨʘʞʝʥʴ

ʐʚʠʜʢʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨô̒

ɺʠʟʥʘʯʝʥʥʷ ʩʧʽʣʴʥʦʾ 

ʩʽʪʢʠ

ʆʮʽʥʢʘ ʰʫʤʽʚ

ʆʮʽʥʢʘ ʧʝʨʝʜʘʪʦʯʥʦʾ 

ʬʫʥʢʮʽʾ ʢʽʥʮʝʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ

2

2
ʉʪʘʪʠʩʪʠʯʥʘ 

ʨʝʛʫʣʷʨʠʟʘʮʽʷ

ʏʘʩʪʦʪʥʘ 

ʬʽʣʴʪʨʘʮʽʷ

ɿʚʦʨʦʪʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨô̒

ɿʦʙʨʘʞʝʥʥʷ 

ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ
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ʉʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʘʥʘʣʦʛʽʯʥʦ, ʻ ʪʘʢʽ ʟʦʙʨʘʞʝʥʥʷ, ʫ 

ʷʢʠʭ ʨʽʟʥʠʮʽ ʤʽʞ ʥʘʟʝʤʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʢʩʝʣʽʚ ʥʘ ʟʥʽʤʢʫ 

ʩʪʘʥʦʚʣʷʪʴ ʚʝʣʠʯʠʥʫ ʤʝʥʰʝ ʨʦʟʤʽʨʫ ʧʽʢʩʝʣʘ ʩʘʤʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠʢʣʘʜ 

ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʦʾ ʧʘʨʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.10. ɿʘʜʘʯʝʶ 

ʦʮʽʥʢʠ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʯʠ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʻ ʧʦʰʫʢ ʚʝʣʠʯʠʥʠ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʟʤʽʱʝʥʥʷ ʤʽʞ ʟʘʜʘʥʦʶ ʧʘʨʦʶ ʟʦʙʨʘʞʝʥʴ. 

 

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 3.10. ʇʨʠʢʣʘʜ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ ʽʟ ʩʫʙʧʽʢʩʝʣʴʥʠʤ ʟʤʽʱʝʥʥʷʤ: ʘ, ʚ ï ʧʝʨʰʝ 

ʩʫʧʫʪʥʠʢʦʚʝ ʟʦʙʨʘʞʝʥʥʷ; ʙ, ʛ ï ʜʨʫʛʝ ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʘʨʠ ʟ ʩʫʙʧʽʢʩʝʣʴʥʠʤ 

ʟʤʽʱʝʥʥʷʤ. ʊʘ ʩʘʤʘ ʜʽʣʷʥʢʘ, ʱʦ ʽ ʥʘ ʨʠʩ. 3.9 
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 ʇʦʚʥʠʡ ʘʣʛʦʨʠʪʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘʢʠʤ ʯʠʥʦʤ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

 ʂʨʦʢ 1. ʅʘʜʘʪʠ ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʷʢʽ ʤʘʶʪʴ 

ʧʝʚʥʫ ʩʧʽʣʴʥʫ ʜʽʣʷʥʢʫ, ʱʦ ʽ ʙʫʜʝ ʚʠʩʪʫʧʘʪʠ ʩʮʝʥʦʶ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

 ʂʨʦʢ 2. ʆʮʽʥʠʪʠ ʮʽʣʦʯʠʩʝʣʴʥʠʡ ʟʩʫʚʫ ʤʽʞ ʢʦʞʥʦʶ ʧʘʨʦʶ ʟʦʙʨʘʞʝʥʴ ʟ ʢʨʦʢʫ 

1. 

 ʂʨʦʢ 3. ʆʙʽʪʥʫʪʠ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ, ʢʦʣʠ ʚʦʥʠ ʤʽʩʪʷʪʴ ʣʠʰʝ 

ʩʧʽʣʴʥʫ ʜʽʣʷʥʢʫ, ʘ ʾʭ ʧʦʧʘʨʥʽ ʟʤʽʱʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ ʚʝʣʠʯʠʥʫ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʨʦʟʤʽʨʫ ʧʽʢʩʝʣʘ. 

 ʂʨʦʢ 4. ɿʘʬ̔ʢʩʫʚʘʪʠ ʘʙʦ ʦʮʽʥʠʪʠ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ 

ʤʽʞ ʢʦʞʥʦʶ ʧʘʨʦʶ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

 ʂʨʦʢ 5. ɺʠʟʥʘʯʠʪʠ ʩʧʽʣʴʥʫ ʩʫʙʧʽʢʩʝʣʴʥʘ ʩʽʪʢʘ, ʷʢʘ ʚʠʩʪʫʧʘʪʠʤʝ ʤʘʡʙʫʪʥʴʦʶ 

ʧʽʢʩʝʣʴʥʦʶ ʩʽʪʢʦʶ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ɯʣʶʩʪʨʘʪʠʚʥʠʡ ʧʨʠʢʣʘʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʢʩʝʣʴʥʦʾ ʩʽʪʢʠ ʩʝʨʝʜ ʧʽʢʩʝʣʽʚ ʚʭʽʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.11. 

 

 

ʈʠʩ. 3.11. ʇʨʠʢʣʘʜ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʩʽʪʢʠ ʟʦʙʨʘʞʝʥʥʷ: ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʽʙʨʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʧʨʦʩʣʽʜʢʫʚʘʪʠ 

ʦʢʨʝʤʽ ʧʽʢʩʝʣʠ ʪʘ ʾʭ ʤʝʞʽ 

 

ʂʨʦʢ 6. ʇʝʨʝʚʝʩʪʠ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʫ ʯʘʩʪʦʪʥʫ ʦʙʣʘʩʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ. ɼʚʦʚʠʤʽʨʥʝ ʜʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ (ɼʇʌ) 
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ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʘʤʠ ά ὲ, ʧʦʟʥʘʯʝʥʝ ὣ , ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

(Sundararajan, 2001): 

ὣ—ȟ‮ В В ὣὼȟώὩ . 

 ʂʨʦʢ 7. ʆʮʽʥʠʪʠ ʰʫʤʠ ʪʘ ʧʝʨʝʜʘʪʦʯʥ ̔ ʬʫʥʢʮʽʾ ʢʽʥʮʝʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

 ʂʨʦʢ 8. ɺʠʢʦʥʘʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʨʝʛʫʣʷʨʠʟʘʮʽ,ʁ ʷʢʘ, ʬʘʢʪʠʯʥʦ, ʽ ʻ 

ʚʽʜʥʦʚʣʝʥʥʷʤ ʰʫʢʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (Panagiotopoulou, 

2009; Traonmilin et al., 2012). 

 ʂʨʦʢ 9. ɿʘʩʪʦʩʫʚʘʪʠ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʯʘʩʪʦʪʥʽ ʬʽʣʴʪʨʠ ʜʣʷ, ʥʘʧʨʠʢʣʘʜ, 

ʟʘʛʦʩʪʨʝʥʥʷ ʤʝʞ ʦʙôʻʢʪʽʚ (ʾʭ ʚʠʜʽʣʝʥʥʷ), ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʪʨʘʩʪʥʦʩʪʽ, ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʛʽʩʪʦʛʨʘʤʠ, ʬʽʣʴʪʨʘʮʽʾ ʩʧʝʢʣ ʰʫʤʫ ʪʦʱʦ  (ɻʦʥʩʘʣʝʩ, ɺʫʜʩ, 2005). 

ʂʨʦʢ 10. ɿʜʽʡʩʥʠʪʠ ʦʙʝʨʥʝʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʝʨʝʚʝʜʝʥʥʷ ʚʽʜʥʦʚʣʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟ ʯʘʩʪʦʪʥʦʾ 

ʦʙʣʘʩʪʽ ʫ ʧʨʦʩʪʦʨʦʚʫ. ʎʝ ʽ ʙʫʜʝ ʢʽʥʮʝʚʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪ.̔ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟ ʧʘʨʠ ʚʭʽʜʥʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʦʜʥʦ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ, ʦʪʨʠʤʫʻʪʴʩʷ ʻʜʠʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʧʽʢʩʝʣʴʥʦʛʦ ʨʦʟʤʽʨʫ, ʱʦ ʚʤʽʩʪʠʣʦ ʚ ʩʝʙʝ ʽʥʬʦʨʤʘʮʽʶ ʦʙʦʭ 

ʚʭʽʜʥʠʭ. ʇʨʠ ʜʚʦʢʨʘʪʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʬʦʨʤʘʣʴʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʪʝʦʨʝʪʠʯʥʘ ʤʝʞʘ ʧʦʢʨʘʱʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʢʣʘʜʘʻ Ѝς ʨʘʟʠ (ɿʣʦʙʠʥ ʠ 

ɽʨʝʤʝʝʚ, 2006). 

 

 3.4.1 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʦʙʯʠʩʣʝʥʥʷ ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʟʦʙʨʘʞʝʥʴ 

 

ɸʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥ̫  ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʢʦʨʝʣʷʮʽʡʥʫ ʤʦʜʝʣʴ, ʦʧʠʩʘʥʫ ʚ ʨʦʟʜʽʣʽ 2.1.1 ʮʽʻʾ ʨʦʙʦʪʠ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʨʦʢʽʚ: 

ʂʨʦʢ 1. ʇʨʠʛʥʽʯʠʪʠ ʚʧʣʠʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ: 

Ὂ —ȟ‮ ὣ —ȟ, ‮‫—‫‮ 



91 
 

ʜʝ ὣ ï Ὧ-ʪʝ ʚʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ, Ὧ ρȟς, ὣ ï ʜʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ, ʱʦ 

ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

ὣ —ȟ‮ В В ὣ ὼȟώὩ  , 

ʘ — ʪʘ — ʴʥʝʯʘʥʟ ʴʪʶʘʚʫʙʘʥ ‮ Ễȟ ȟ ȟπȟȟȟỄ ʪʘ ‮

Ễȟ ȟ ȟπȟȟȟỄ, ʧʨʠ ʯʦʤʫ ȿ—ȿ  ʪʘ ȿȿ‮ . 

ʌ̔ ʣʴʪʨʫʚʘʣʴʥʘ ʬʫʥʢʮʽʷ :ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ —‫ 

—‫

ừ
Ử
Ừ

Ử
ứ ρȟȿ—ȿ

ς τȿ—ȿȟ ȿ—ȿ

πȟȿ—ȿ

 . 

ʂʨʦʢ 2. ʇʘʨʘʣʝʣʴʥʦ ʧʝʨʝʥʝʩʪʠ ʟʦʙʨʘʞʝʥʥʷ ὣ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ὣ ʥʘ ʚʝʣʠʯʠʥʫ 

ЎὼȟЎώ, ʪʦʙʪʦ ὣ ὼȟώ ὣὼ Ўὼȟώ Ўώ, ʜʝ Ўὼ ï ʟʤʽʱʝʥʥʷ ʧʝʨʰʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ὣ ʧʦ ʦʩʽ ʘʙʩʮʠʩ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʛʦ ʙʘʟʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ὣ, ʘ Ўώ  ï 

ʟʤʽʱʝʥʥʷ ʧʝʨʰʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ, ʚʽʜʧʦʚʽʜʥʦ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʘ 

ʬʦʨʤʫʣʘ ʧʝʨʝʥʝʩʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʫ ʬʦʨʤʽ ʧʨʠʜʘʪʥʽʡ ʜʣʷ ʦʙʨʦʙʢʠ ʫ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ: 

ὣ —ȟ‮ ὣ—ȟὩ‮ Ў Ў . 

ʂʨʦʢ 3. ʄʘʢʩʠʤʽʟʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʢʦʨʝʣʷʮʽʾ ʜʚʦʭ ʟʦʙʨʘʞʝʥʴ: 

ὗЎὼȟЎÙ В В Ὂ
Ễȟ ȟȟȟỄỄȟ ȟȟȟỄ

—ȟὊ‮
ЎȟЎ

—ȟ‮

В В Ὂ
ỗϳỘ
ỗϳỘ ȟ Ὂ ȟ ÅØÐς“Ὥ

Ў Ўỗ ϳỘ
ỗ ϳỘ , 

ʜʝ 

Ὂ
ЎȟЎ

—ȟ‮ Ὂ —ȟὩ‮ Ў Ў . 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʪʨʠʤʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ЎὼȟЎώ . 

 

3.4.2 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʦʙʨʽʟʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

 

 ɸʣʛʦʨʠʪʤ ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʦʙʨʽʟʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʢʨʦʢʽʚ: 
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ʂʨʦʢ 1. ʆʮʽʥʠʪʠ ʟʤʽʱʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚʟʜʦʚʞ ʦʩʝʡ ʘʙʩʮʠʩ ʪʘ ʦʨʜʠʥʘʪ. 

 ʂʨʦʢ 2. ʗʢʱʦ ʟʦʙʨʘʞʝʥʴ ʙʽʣʴʰʝ, ʘʥʽʞ 2, ʚʠʟʥʘʯʠʪʠ ʝʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʚ 

ʷʢʦʤʫ ʧʣʦʱʘ ʧʝʨʝʢʨʠʪʪʷ ʟ ʽʥʰʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʙʫʜʝ ʥʘʡʙʽʣʴʰʦʶ ʚʽʜʥʦʩʥʦ 

ʢʽʥʮʝʚʦʛʦ ʨʦʟʤʽʨʫ ʟʦʙʨʘʞʝʥʥʷ; 

ʂʨʦʢ 3. ʆʙʨʽʟʘʪʠ ʟʦʙʨʘʞʝʥʴ ʟ ʢʨʦʢʫ 2 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʱʝʥʴ ʦʙʯʠʩʣʝʥʠʭ ʥʘ 

ʢʨʦʮʽ 1. 

 

 3.4.3 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʦʙʯʠʩʣʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʟʦʙʨʘʞʝʥʴ 

 

 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙʯʠʩʣʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʥʘʚʝʜʝʥʘ ʚ ʧʫʥʢʪʽ 

2.1.2 ʮʽʻʾ ʨʦʙʦʪʠ. ɸʣʛʦʨʠʪʤ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

 ʂʨʦʢ 1. ʇʽʜʛʦʪʫʚʘʪʠ ʜʦ ʦʙʯʠʩʣʝʥʴ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ὗɝὼȟɝώ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ Ὂ —ȟὊ‮ —ȟ— ʭʷʥʥʝʯʘʥʟ ʠʨʧ ‮ , Ὧ

ȟỄȟ , ‮ , ὰ ȟỄȟ , ʘ ʪʘʢʦʞ ʟʘʧʦʚʥʠʪʠ ʚʩʽ ʥʝʦʙʭʽʜʥʽ 

ʜʦʧʦʤʽʞʥʽ ʤʘʩʠʚʠ. 

 ʂʨʦʢ 2. ɿʥʘʡʪʠ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʽʾ ὗɝὼȟɝώ ʧʨʠ Ўὼ πȟ ȟỄȟ  ʪʘ Ўώ

πȟ ȟỄȟ  ʽ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʾ ʧʘʨʠ ЎὼȟЎώ, ʪʦʙʪʦ ὗɝὼ ɝὼȟɝώ ɝώ  

ʦʙʯʠʩʣʠʪʠ ʥʝʟʘʣʝʞʥʦ ʜʣʷ ʚʩʽʭ Ўὼ ȟρ ȟỄȟ , Ўώ ȟρ

ȟỄȟ . ʗʢʱʦ ʟʤʽʱʝʥʥʷ ʧʦ ʙʫʜʴ-ʷʢʽʡ ʟ ʢʦʦʨʜʠʥʘʪ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨ ʦʜʥʦʛʦ 

ʧʽʢʩʝʣʘ, ʪʦʜʽ ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʦʙʨʽʟʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʾʭ ʟʤʽʱʝʥʥʷ 

ʩʪʘʥʦʚʠʣʦ ʩʫʙʧʽʢʩʝʣʴʥʫ ʚʝʣʠʯʠʥʫ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʚʪʦʨʠʪʠ ʢʨʦʢ 1. 

ʂʨʦʢ 3. ɿʜʽʡʩʥʠʪʠ ʯʠʩʝʣʴʥʫ ʤʘʢʩʠʤʽʟʘʮʽ ʁ ʬʫʥʢʮʽʾ ὗɝὼȟɝώ: ʪʦʯʢʘ 

ɝὼ ɝὼȟɝώ ɝώ  ʦʙʠʨʘʻʪʴʩʷ ʷʢ ʩʪʘʨʪʦʚʘ, ʜʝ ʚʩʽ ʟʥʘʯʝʥʥʷ ʪʦʯʢʠ ɝὼ ɝὼ ʪʘ 

ɝώ ɝώ ʻ ʪʘʢʠʤʠ, ʧʨʠ ʷʢʠʭ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʤʘʢʩʠʤʫʤ ʥʘ ʢʨʦʮʽ 2. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ЎὼȟЎώ . 
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 3.5 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

 

ʇ̔ ʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʮʽʥʶʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʬʘʢʪʠʯʥʠʭ ʧʽʢʩʝʣʴʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʨʦʟʨʽʟʥʝʥʥʦʩʪʝʡ ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʘʣʴʥʦʾ ʢʨʘʪʥʦʩʪʽ ʨʦʟʤʽʨʫ ʾʭ ʧʽʢʩʝʣʽʚ. ɺʠʟʥʘʯʝʥʥʷ 

ʧʽʢʩʝʣʴʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʟʘʣʫʯʝʥʥʷʤ ʤʦʜʝʣʽ, ʦʧʠʩʘʥʦʾ 

ʫ ʨʦʟʜʽʣʽ 2.4 ʮʽʻʾ ʨʦʙʦʪʠ. 

 ɸʣʛʦʨʠʪʤ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʨʦʢʽʚ: 

 ʂʨʦʢ 1. ʆʙʨʘʪʠ ʙʘʟʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʟʦʙʨʘʞʝʥʥʷ ï 

ʨʝʟʫʣʴʪʘʪ ʧʽʜʚʠʱʝʥʥ ̫ʡʦʛʦ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

 ʂʨʦʢ 2. ʦʙʯʠʩʣʠʪʠ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʙʘʟʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦ ʾ

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ὶ . 

 ʂʨʦʢ 3. ʆʙʯʠʩʣʠʪʠ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦ ʾ

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ὶ . 

ʂʨʦʢ 4. ʆʙʯʠʩʣʠʪʠ ʦʮʽʥʢʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

˜̨̠̅̃̉̆̎̎̚
Ͻ

ϽρππϷρππϷ  ,                    (4.1) 

ʜʝ ʥ̍ʦʞʥʠʢ ὑ  ʚʨʘʭʦʚʫʻ ʬʦʨʤʘʣʴʥʫ ʟʤʽʥʫ ʨʦʟʤʽʨʫ ʧʽʢʩʝʣʘ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʋ ʙʘʟʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʨʠ ʨʦʟʤʽʨʽ ʧʽʢʩʝʣʘ ʚ ὑ  ʨʘʟʽʚ ʙʽʣʴʰʝ, 

ʘʥʽʞ ʫ ʧʽʢʩʝʣʘ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ɼʣʷ ʚʜʚʽʯʽ 

ʟʙʽʣʴʰʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʦʨʽʚʥʶʻ ὑ ς. 

ʇʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʚʘʜʨʘʪʠʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʧʨʦʩʪʦʨʦʚʦ ʾ

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ. ɼʝʪʘʣʴʥʦ ʟʘʣʝʞʥʽʩʪʴ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʘ ʚ ʨʦʟʜʽʣʽ 2.5 ʮʽʻʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 
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 3.6 ʇʦʻʜʥʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚ ʻʜʠʥʫ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ 

 

ʄʝʪʦʜʠʢʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʦʙôʻʜʥʫ ̒ ʚ 

ʧʦʩʣʽʜʦʚʥʠʡ ʣʦʛʽʯʥʠʡ ʣʘʥʮʶʛ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʘʜʘʧʪʘʮʽʾ ʜʦ ʨʽʟʥʠʭ ʟʘʜʘʯ ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʥʝʦʙʭʽʜʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ (ʃʠʩʝʥʢʦ, 2023). ʉʭʝʤʘ ʦʧʝʨʘʮʽʡ ʤʝʪʦʜʠʢʠ ʥʘʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 3.12. 

 

ɸʣʛʦʨʠʪʤ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ

ɸʣʛʦʨʠʪʤ ʟʚʝʜʝʥʥʷ 

ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ ʬʽʟʠʯʥʠʡ 

ʧʦʢʘʟʥʠʢ

ɸʣʛʦʨʠʪʤ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʢʽʣʴʢʦʭ ʩʫʙʧʽʢʩʝʣʴʥʦ 

ʟʤʽʱʝʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ

ɸʣʛʦʨʠʪʤ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ
 

ʈʠʩ. 3.12. ʉʭʝʤʘ ʦʧʝʨʘʮʽʡ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ 

ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ 

 

 ɺʩʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʙʫʣʠ ʥʘʚʝʜʝʥʽ ʪʘ 

ʦʧʠʩʘʥʽ ʨʘʥʽʰʝ ʚ ʨʦʟʜʽʣʘʭ 2 ʪʘ 3 ʮʽʻʾ ʨʦʙʦʪʠ: 

1) ʘʣʛʦʨʠʪʤ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʠʡ ʚ 

ʨʦʟʜʽʣʽ 3.1; 

2) ʘʣʛʦʨʠʪʤ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ 

ʻʜʠʥʠʡ ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ʥʘʚʝʜʝʥʠʡ ʚ ʨʦʟʜʽʣʽ 3.2; 

3) ʘʣʛʦʨʠʪʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʢʽʣʴʢʦʭ ʩʫʙʧʽʢʩʝʣʴʥʦ 

ʟʤʽʱʝʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥ ɹʥʘʚʝʜʝʥʠʡ ʚ ʨʦʟʜʽʣʽ 3.3; 

4) ʘʣʛʦʨʠʪʤ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʥʘʚʝʜʝʥʠʡ ʚ ʨʦʟʜʽʣʽ 3.4. 
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  ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʘ ʥʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ 

ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ. 

ɼʣʷ ʮʴʦʛʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.1 ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʘʣʛʦʨʠʪʤ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʨʘʟʦʤ ʟ ʡʦʛʦ ʦʧʠʩʦʤ. 

ɼʣʷ ʟʚʝʜʝʥʥʷ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʫ ʩʧʽʣʴʥʠʡ ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʘʣʛʦʨʠʪʤ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ 

ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.2. ɸ ʩʘʤ ʘʣʛʦʨʠʪʤ ʚʢʣʶʯʠʚ ʫ ʩʝʙʝ: 

ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (ʧʫʥʢʪ 3.2.1) 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʤʦʜʝʣʴ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʾʾ 

ʦʙʤʝʞʝʥʴ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʱʦ ʦʙʨʘʥʘ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʚ ʩʧʽʣʴʥʠʡ ʧʦʢʘʟʥʠʢ (ʧʫʥʢʪ 

3.2.2). ɿʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜ ʽʥʰʠʭ ʬʽʟʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʣʦ 

ʨʦʟʛʣʷʥʫʪʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.3. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʚ ʧʽʜʨʦʟʜʽʣʽ 3.4, ʙʫʣʦ ʦʧʠʩʘʥʦ 

ʘʣʛʦʨʠʪʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʢʽʣʴʢʦʭ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ: ʘʣʛʦʨʠʪʤʫ 

ʦʙʯʠʩʣʝʥʥʷ ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʟʦʙʨʘʞʝʥʴ (ʧʫʥʢʪ 3.4.1), ʘʣʛʦʨʠʪʤʫ 

ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʦʙʨʽʟʘʥʥʷ ʟʦʙʨʘʞʝʥʴ (ʧʫʥʢʪ 3.4.2) ʪʘ ʘʣʛʦʨʠʪʤʫ ʦʙʯʠʩʣʝʥʥʷ 

ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʟʦʙʨʘʞʝʥʴ (ʧʫʥʢʪ 3.4.3). 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʫ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʘʣʛʦʨʠʪʤ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʦʧʠʩʘʥʦ ʚ 

ʧʽʜʨʦʟʜʽʣʽ 3.5. 

ɺ ʢʽʥʮʽ ʨʦʟʜʽʣʫ ʙʫʣʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʧʦʚʥʘ ʤʝʪʦʜʠʢʘ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ, ʷʢʘ ʩʢʣʘʣʘʩʷ ʽʟ 

ʧʦʩʣʽʜʦʚʥʠʭ ʣʦʛʽʯʥʠʭ ʧʨʦʮʝʜʫʨʥʠʭ ʢʨʦʢʽʚ ̔  ʧʦʻʜʥʘʣʘ ʫ ʩʦʙʽ ʚʩʽ ʨʦʟʨʦʙʣʝʥʽ ʫ ʨʦʙʦʪʽ 

ʤʦʜʝʣʽ, ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʮʝʜʫʨʠ.  



96 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

 

ʂʦʥʚʝʨʩʴʢʠʡ, ɸ., ʨʝʜ. (2010). ʆʩʥʦʚʠ ʤʝʪʦʜʦʣʦʛʽʾ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʂʠʾʚ: ʎʝʥʪʨ ʫʯʙʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ, 352 ʩ. 

Dass, R., & Yadav, N. (2020) Image quality assessment parameters for despeckling 

filters. Proc. Comput. Sci., 167, 2382ï2392. https://doi.org/10.1016/j.procs.2020.03.291 

Chen, K. (2016). Principles of synthetic aperture radar imaging: a system 

simulation approach. Boca Raton: CRC Press, 220 p. 

Stankevich, S., Piestova, I., Shklyar, S., & Lysenko, A. (2019ʘ). Physically 

constrained SAR data superresolution. Proceedings of the 14th International Scientific 

and Technical Conference on Computer Sciences and Information Technologies (CSIT 

2019). Lviv: IEEE, 228ï231, https://doi.org/10.1109/STC-CSIT.2019.8929833 

Bauer-Marschallinger, B., Cao, S., Navacchi, C., Freeman, V., ReuÇ, F., Geudtner, 

D., Rommen B., Vega F. C., Snoeij P., Attema, E., Reimer, C., & Wagner, W. (2021). 

The normalised Sentinel-1 Global Backscatter Model, mapping Earthôs land surface with 

C-band microwaves. Scientific Data, 8(1). https://doi.org/10.1038/s41597-021-01059-7 

Abramov, S., Rubel, O., Lukin, V., Kozhemiakin, R., Kussul, N., Shelestov, A., & 

Lavreniuk, M. (2017). Speckle reducing for Sentinel-1 SAR data. 2017 IEEE 

International Geoscience and Remote Sensing Symposium (IGARSS). 

https://doi.org/10.1109/igarss.2017.8127463 

Lee, J.-S. (1983). A simple speckle smoothing algorithm for synthetic aperture 

radar images. IEEE Transactions on Systems, Man, and Cybernetics, SMC-13(1), 85ï89. 

https://doi.org/10.1109/tsmc.1983.6313036 

Kellndorfer, J. M., Pierce, L. E., Dobson, M. C., & Ulaby, F. T. (1998). Toward 

consistent regional-to-global-scale vegetation characterization using orbital SAR 

systems. IEEE Transactions on Geoscience and Remote Sensing, 36(5), 1396ï1411. 

https://doi.org/10.1109/36.718844 

Cao, Y.-G., Yan, L.-J., Zheng, Z.-Z. (2008) Extraction of information on geology 

hazard from multi-polarization SAR images. The International Archives of the 



97 
 

Photogrammetry, Remote Sensing and Spatial Information Sciences, XXXVII, B4, 1529-

1532. 

Carotenuto, V., De Maio, A., Clemente, C., & Soraghan, J. J. (2014) Multi-

polarization SAR change detection with invariant decision rules. IEEE Radar 

Conference. Cincinnati: IEEE, 0859-0862. https://doi.org/10.1109/RADAR.2014. 

6875711 

ʄʽʨʦʰʥʠʯʝʥʢʦ, ɸ. ʇ. (2018). ʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ 

ʘʧʘʨʘʪʫʨʠ. ʊʝʢʩʪ ʣʝʢʮʽʡ, ʨʦʟʜʽʣ ñɼʽʝʣʝʢʪʨʠʢʠò. ʂʠʾʚ: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 

99 ʩ. https://ela.kpi.ua/handle/123456789/23459 

Mohan, R. R., Binu, P., Mridula, S., & Mohanan, P. (2015). Measurement of Soil 

Moisture Content at Microwave Frequencies. Procedia Computer Science, 46, 1238ï

1245. https://doi.org/10.1016/j.procs.2015.01.040 

Xu, X., Wang, H., Qu, X.-P., Li, C., Cai, B., & Peng, G. (2022). Study on the 

dielectric properties and dielectric constant model of laterite. Frontiers in Earth 

Science, 10. https://doi.org/10.3389/feart.2022.1035692 

Li, F., Peng, X., Chen, X., Liu, M., & Xu, L. (2018). Analysis of Key Issues on 

GNSS-R Soil Moisture Retrieval Based on Different Antenna Patterns. Sensors, 18(8), 

2498. https://doi.org/10.3390/s18082498 

Stankevich, S. A., Svideniuk, M. O., & Lysenko, A. R. (2021). Land Surface 

Roughness Parameter Retrieval by Inverse Simulation of Dual-Polarization Radar 

Backscattering. Applied Questions of Mathematical Modeling, 4(2.1). 

https://doi.org/10.32782/kntu2618-0340/2021.4.2.1.22 

Shimada, M. (2018). Imaging from Spaceborne and Airborne SARs, Calibration, 

and Applications. CRC Press, 392 p. 

Goswami, B., & Kalita, M. (2014). Radar backscattering measurement of bare soil 

and vegetation covered soil using X-band and full polarization. The International 

Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, XL-

8, 733ï736. https://doi.org/10.5194/isprsarchives-xl-8-733-2014 

Fieuzal, R., & Baup, F. (2016). Improvement of Bare Soil Semi-Empirical Radar 

Backscattering Models (Oh and Dubois) with SAR Multi-Spectral Satellite Data (X-, C- 



98 
 

and L-Bands). Advances in Remote Sensing, 05(04), 296ï314. https://doi.org/10.4236/ 

ars.2016.54023 

Fung, A. K. (1994). Microwave scattering and emission models and their 

applications. Norwood: Artech House, 592 p. 

Sun, L., Dabboor, M., Belair, S., Carrera, M. L., & Merzouki, A. (2019). 

Simulating C Band SAR Footprint Scale Backscatter Over Agricultural Area with a 

Physical Land Surface Model. Water Resources Research, 55(6), 4594ï4612. 

https://doi.org/10.1029/2019wr025163 

Ghafouri, A., Amini, J., Dehmollaian, M., & Kavoosi, M. A. (2017). Measuring 

the surface roughness of geological rock surfaces in SAR data using fractal geometry. 

Comptes Rendus Geoscience, 349(3), 114ï125. https://doi.org/10.1016/j.crte.2017.04. 

003 

Mirsoleimani, H. R., Sahebi, M. R., Baghdadi, N., & El Hajj, M. (2019). Bare Soil 

Surface Moisture Retrieval from Sentinel-1 SAR Data Based on the Calibrated IEM and 

Dubois Models Using Neural Networks. Sensors, 19(14), 3209. 

https://doi.org/10.3390/s19143209 

Stankevich, S. A., Piestova, I., Shklyar, S., & Lysenko, A. (2019ʙ). Satellite Dual-

Polarization Radar Imagery Superresolution Under Physical Constraints. Advances in 

Intelligent Systems and Computing, 439ï452. https://doi.org/10.1007/978-3-030-33695-

0_30 

Gupta, V. K., Jangid, R. A. (2011) Microwave response of rough surfaces with 

auto-correlation functions, RMS heights and correlation lengths using active remote 

sensing. Indian Journal of Radio & Space Physics, 40(3), 137ï146. 

https://nopr.niscpr.res.in/bitstream/123456789/11933/1/IJRSP40(3)20137-146.pdf 

Baghdadi, N., Holah, N., & Mehrez Zribi, M. (2006ʘ). Soil moisture estimation 

using multi incidence and multi polarization ASAR data. International Journal of 

Remote Sensing, 27(10), 1907ï1920. https://doi.org/10.1080/01431160500239032 

Baghdadi, N., Holah, N., & Zribi, M. (2006ʙ). Calibration of the Integral Equation 

Model for SAR data in C band and HH and VV polarizations. International Journal of 

Remote Sensing, 27(4), 805ï816. https://doi.org/10.1080/01431160500212278 



99 
 

Baghdadi, N., Chaaya J. A., & Zribi , M. (2011). Semiempirical Calibration of the 

Integral Equation Model for SAR Data in C-Band and Cross Polarization Using Radar 

Images and Field Measurements. IEEE Geoscience and Remote Sensing Letters, 8(1), 

14ï18. https://doi.org/10.1109/lgrs.2010.2050054 

Ranjbar, S., Zarei, A., Hasanlou, M., Akhoondzadeh, M., Amini, J., & Amani, M. 

(2021). Machine learning inversion approach for soil parameters estimation over 

vegetated agricultural areas using a combination of water cloud model and calibrated 

integral equation model. Journal of Applied Remote Sensing, 15(01). 

https://doi.org/10.1117/1.jrs.15.018503 

Ćlvarez-Mozos, J., Gonz§lez-Aud²cana, M., Casal², J., & Larra¶aga, A. (2008). 

Effective versus measured correlation length for radar based surface soil moisture 

retrieval. International Journal of Remote Sensing, 29(17-18), 5397ï5408. 

https://doi.org/10.1080/01431160802036367 

Ezzahar, J., Ouaadi, N., Zribi, M., Elfarkh, J., Aouade, G., Khabba, S., Er-Raki, S., 

Chehbouni, A., & Jarlan, L. (2020). Evaluation of Backscattering Models and Support 

Vector Machine for the Retrieval of Bare Soil Moisture from Sentinel-1 Data. Remote 

Sensing, 12(1), 72. https://doi.org/10.3390/rs12010072 

Zhang, L., Li, H., & Xue, Z. (2020). Calibrated Integral Equation Model for Bare 

Soil Moisture Retrieval of Synthetic Aperture Radar: A Case Study in Linze 

County. Applied Sciences, 10(21), 7921. https://doi.org/10.3390/app10217921 

Sundararajan, D. (2001). The Discrete Fourier Transform: Theory, Algorithms and 

Applications. Singapore: World Scientific, 392. https://doi.org/10.1142/4610 

Panagiotopoulou, A. (2009). Regularized super-resolution image reconstruction 

employing robust error norms. Optical Engineering, 48(11), 117004. 

https://doi.org/10.1117/1.3265543 

Traonmilin, Y., Ladjal S., & Almansa, A. (2012). On the amount of regularization 

for super-resolution reconstruction. Proceedings of the 20th European Signal Processing 

Conference (EUSIPCO 2012). Bucharest: EURASIP, 380ï384. 

ɻʦʥʩʘʣʝʩ, ʈ., & ɺʫʜʩ, ʈ. (2005). ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ. ʄ.: 

ʊʝʭʥʦʩʬʝʨʘ, 1070 ʩ. 



100 
 

ɿʣʦʙʠʥ, ɺ.ʂ., ɽʨʝʤʝʝʚ, ɺ.ɺ. (2006) ʆʙʨʘʙʦʪʢʘ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʄ.: ʌʠʟʤʘʪʣʠʪ, 288 ʩ. 

ʃʠʩʝʥʢʦ, ɸ. (2023). ʄʝʪʦʜʠʢʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʘ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ. ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, 10(3), 10ï15. 

https://doi.org/10.36023/ujrs.2023.10.3.243 

 

  

https://doi.org/10.36023/ujrs.2023.10.3.243


101 
 

ʈʆɿɼɯʃ 4 

ʊɽʉʊʋɺɸʅʅʗ ʈʆɿʈʆɹʃɽʅʆɰ ʄɽʊʆɼʀʂʀ ʇɯɼɺʀʑɽʅʅʗ 

ɯʅʌʆʈʄɸʊʀɺʅʆʉʊɯ ʂʆʉʄɯʏʅʀʍ ɿʅɯʄʂɯɺ, ʆʊʈʀʄɸʅʀʍ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ɹɸɻɸʊʆʇʆʃʗʈʀɿɸʎɯʁʅʆɻʆ ʈɸɼɸʈʋ ɿ 

ʉʀʅʊɽɿʆɺɸʅʆʖ ɸʇɽʈʊʋʈʆʖ 

 

ʊʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʢʦʥʘʥʥʷʤ ʾʾ ʧʫʥʢʪʽʚ, ʦʧʠʩʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 

3 ʮʽʻʾ ʨʦʙʦʪʠ. ɺ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʦʙʨʘʥʦ ʩʫʧʫʪʥʠʢʦʚʫ ʩʠʩʪʝʤʫ Sentinel-1,  

ʦʩʥʘʱʝʥʫ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʨʘʜʘʨʦʤ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ SAR-C (Schmidt 

et al., 2020). ɼʘʥʽ SAR-C ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʠ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ: 

ʤʽʩʪʷʪʴ ʜʚʽ ʧʦʣʷʨʠʟʘʮʽʾ ʟʥʽʤʘʥʥʷ ὺὺ ʪʘ ὺὬ, ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ, ʘ 

ʥʝʚʝʣʠʢʘ ʯʘʩʦʚʘ ʟʘʪʨʠʤʢʘ ʤʽʞ ʧʦʩʣʽʜʦʚʥʦʶ ʨʝʻʩʪʨʘʮʽʻʶ ʩʠʛʥʘʣʽʚ ʚ ʧʦʣʷʨʠʟʘʮʽʷʭ 

ὺὺ ʪʘ ὺὬ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʦʜʨʘʟʫ ʜʚʘ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʥʷ. 

ɿʘʟʚʠʯʘʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʧʝʨʝʜʥʻ ʦʙʪʠʥʘʥʥʷ ʧʦʚʥʦʨʦʟʤʽʨʥʠʭ ʟʥʽʤʢʽʚ ʜʦ ʟʦʥʠ 

ʽʥʪʝʨʝʩʫ. ʎʝ ʦʙʪʠʥʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʛʝʦʛʨʘʬʽʯʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʽ ʜʦʟʚʦʣʷʻ 

ʦʜʨʘʟʫ ʫʩʫʥʫʪʠ ʮʽʣʦʧʽʢʩʝʣʴʥʽ ʟʩʫʚʠ. ʊʦʤʫ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʧʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʜʦʩʣʽʜʞʫʚʘʥʫ ʜʽʣʷʥʢʫ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʝ ʚʠʢʦʥʘʥʥʷ ʢʨʦʢʽʚ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ, ʱʦ ʦʧʠʩʘʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 

3.6. 

 

4.1 ɺʠʙʽʨ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ 

 

 ɼʦʩʣʽʜʞʫʚʘʥʘ ʜʽʣʷʥʢʘ ʦʙʠʨʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʜʘʯ ʪʘ ʧʦʪʨʝʙ, ʱʦ ʩʪʦʷʪʴ 

ʧʝʨʝʜ ʜʦʩʣʽʜʥʠʢʦʤ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʘ ʜʽʣʷʥʢʘ, ʱʦ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʤʦʜʝʣʷʤʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʦʧʠʩʘʥʠʤʠ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.2 ʮʽʻʾ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ, ʪʘʢʽ: 

¶ ʰʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

¶ ʨʘʜʽʫʩ ʢʦʨʝʣʷʮʽʾ ʥʝʨʽʚʥʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 
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¶ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ; 

¶ ʥʘʭʠʣ ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʜʦ ʥʘʧʨʷʤʢʫ ʧʘʜʘʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʟʛʝʥʝʨʦʚʘʥʝ ʧʝʨʝʜʘʚʘʯʝʤ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʈʉɸ, 

ʨʦʟʪʘʰʦʚʘʥʦʤʫ ʥʘ ʙʦʨʪʫ ʥʦʩʽʷ; 

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

¶ ʩʪʨʫʢʪʫʨʘ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʯʝʨʝʟ ʷʢʽ ʧʨʦʭʦʜʠʪʴ ʧʘʜʘʶʯʝ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʽʥʰʽ. 

 ʐʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʧʦʟʥʘʯʘʻʪʴʩʷ ί) ï ʮʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʥʝʨʽʚʥʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʾʾ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦ 

ʛʣʘʜʢʦʾ ʧʦʚʝʨʭʥʽ ʟʘʜʘʥʦʾ ʬʦʨʤʠ ʽ ʚʠʤʽʨʶʻʪʴʩʷ, ʟʘʟʚʠʯʘʡ, ʚ ʩʘʥʪʠʤʝʪʨʘʭ. ʊʦʙʪʦ, ʧʦ 

ʩʫʪʽ, ʮʝ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʧʘʜʽʚ ʚʠʩʦʪ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ. 

ʐʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʥʝʨʽʚʥʦʩʪʝʡ (Black & Kohser, 2008): 

ί ᷿ ώὨὼ (ʩʤ), 

ʜʝ ὒ Вɝὼ ɝὼ  ï ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʧʨʦʬʽʣʶ, ὼ ï ʢʦʦʨʜʠʥʘʪʘ ʚʟʜʦʚʞ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʝʛʤʝʥʪʫ ὒ, ώ ï ʚʘʨʽʘʮʽʷ ʚʠʩʦʪʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʚʝʨʪʠʢʘʣʴʥʦʶ 

ʢʦʦʨʜʠʥʘʪʦʶ, ὴ ï ʜʦʜʘʪʥʽʡ ʩʭʠʣ, ὲ ï ʚʽʜôʻʤʥʠʡ ʩʭʠʣ. 

ʐʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʧʣʠʚʘʻ ʥʘ ʤʥʦʞʠʥʥʝ ʚʽʜʙʠʪʪʷ ʧʘʜʘʶʯʦʾ ʥʘ 

ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, ʘ ʚʽʜʪʘʢ ʽ ʥʘ ʢʽʣʴʢʽʩʥʦ ʚʠʤʽʨʶʚʘʥʝ 

ʟʥʘʯʝʥʥʷ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ (Verhoest et al., 2008; Vulfson et al., 2012). 

ʈʘʜʽʫʩ ʢʦʨʝʣʷʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, (ʧʦʟʥʘʯʘʻʪʴʩʷ ὰ ) ï ʻ ʜʦʚʞʠʥʦʶ ʧʨʦʬʽʣʶ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʦ ʷʢʦʤʫ ʧʨʦʚʦʜʠʣʠʩʴ ʚʠʤʽʨʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʪʦʙʪʦ, ʜʣʷ ʷʢʦʛʦ ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʘ ʰʦʨʩʪʢʽʩʪʴ, ʱʦ ʚʠʨʘʞʝʥʘ ʢʽʣʴʢʽʩʥʦ. 

ʈʘʜʽʫʩ ʢʦʨʝʣʷʮʽʾ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʰʦʨʩʪʢʽʩʪʶ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʚʠʨʘʞʘʻ 

ʦʢʽʣ, ʜʣʷ ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʟʘʷʚʣʝʥʦʤʫ, ʦʪʞʝ, 

ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʨʘʞʝʥʥʷ ʟʥʘʯʝʥʴ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (Rahman et al., 

2007). 

ɺʦʣʦʛʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ï ʮʝ ʚʽʜʩʦʪʢʦʚʝ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ 

ʚʝʨʭʥʽʭ ʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ ˇʨʫʥʪʫ ʜʦ ʤʘʩʠ ʩʘʤʦʛʦ ˇʨʫʥʪʫ, ʱʦ ʚʢʘʟʫʻ ʥʘ 
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ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʝʨʭʥʽ. ɻʣʠʙʠʥʘ ʚʠʤʽʨʶʚʘʥʴ ʚʦʣʦʛʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʦʶ ʥʝ 

ʙʽʣʴʰʝ, ʘʥʽʞ ʧʦʣʦʚʠʥʘ ʜʦʚʞʠʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ 

ʨʘʜʘʨʦʤ, ʚʧʣʠʚ ʪʘ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʷʢʦʛʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ (Ćlvarez-Mozos et 

al., 2007). ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʦʙʤʝʞʝʥʥʷʤ ʥʘ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ˇʨʫʥʪ: ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʝ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʜʦʚʞʠʥʠ ʡʦʛʦ ʭʚʠʣʽ 

(Singh et al., 2022). ɿʘʟʚʠʯʘʡ ʚʦʣʦʛʽʩʪʴ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ, ʧʨʠ ʯʦʤʫ ʜʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʟʝʤʝʣʴʥʽ ʧʨʦʙʠ ʙʝʨʫʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ 

ʥʘʚʢʦʣʠʰʥʽʭ ʪʦʯʦʢ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʫʪʚʦʨʠʪʠ ʫʩʝʨʝʜʥʝʥʫ ʩʧʦʨʽʜʥʝʥʫ ʩʫʤʽʰ 

ˇʨʫʥʪʫ ʽ ʚʠʤʽʨʷʪʠ ʩʝʨʝʜʥʶ ʚʦʣʦʛʽʩʪʴ ʜʽʣʷʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ 

ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʧʦʙʫʜʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ, ʥʘʙʣʠʞʝʥʠʡ ʧʨʦʬʽʣʴ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ (Walker et al., 2004). ɺʦʣʦʛʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʚʧʣʠʚʘʻ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʥʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʽ ʪʦʤʫ ʚʧʣʠʚʘʻ ʱʝ ʥʘ 

ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʷʢʘ ʻ ʢʣʶʯʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʅʘʭʠʣ ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʘʜʘʶʯʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʭʚʠʣʽ ʚʧʣʠʚʘʻ ʥʘ ʚʽʜʙʠʪʪʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, ʘ ʦʪʞʝ, ʪʘʢʦʞ 

ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ „  ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ (Zhou et al., 2011). 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʧʣʠʚʘʻ ʥʘ ʾʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʱʦ ʪʘʢʦʞ 

ʟʤʽʥʶʻ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ˇʨʫʥʪʫ (Rodionova, 2019). 

ʉʪʨʫʢʪʫʨʘ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʡʦʛʦ ʟʚʦʣʦʞʝʥʦʩʪʽ. ɸʣʝ ʮʝ ʚʞʝ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʢʘʪʝʛʦʨʽʾ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙʽʣʴʰ ʷʢʽʩʥʦ ʦʧʠʩʫʶʪʴ 

ʤʽʢʨʦʧʨʦʮʝʩʠ ʫ ʚʝʨʭʥʽʭ ʤʽʣʽʤʝʪʨʦʚʠʭ ʰʘʨʘʭ ˇʨʫʥʪʫ ʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʫʜʫʚʘʪʠ ʨʽʟʥʽ 

ʤʦʜʝʣʽ ʮʠʭ ʧʨʦʮʝʩʽʚ (Jin et al., 2020). 

ʉʝʨʝʜ ʚʢʘʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʠʤʠ ʻ ʰʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʥʘʭʠʣ ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʪʦʤʫ ʱʦ: ʨʘʜʽʫʩ ʢʦʨʝʣʷʮʽʾ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʦ ʙʽʣʴʰʽʡ ʤʽʨʽ, ʻ ʟʘʣʝʞʥʠʤ ʚʽʜ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʤʦʞʝ 

ʙʫʪʠ ʚʠʨʘʞʝʥʠʡ ʯʝʨʝʟ ʮʝʡ ʧʘʨʘʤʝʪʨ (Cheng et al., 2002); ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʦʚôʷʟʘʥʘ ʟ ʚʦʣʦʛʽʩʪʶ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʘʣʝ ʯʝʨʝʟ ʪʝ, ʱʦ ʜʦʤʽʥʫʶʯʠʤ 
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ʬʘʢʪʦʨʦʤ ʻ ʚʩʝ ʞ ʚʦʣʦʛʽʩʪʴ ʽ ʪʝ, ʱʦ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ʦʧʠʨʘʶʪʴʩʷ ʟʜʝʙʽʣʴʰ ʥʘ 

ʚʦʣʦʛʽʩʪʴ, ʘ ʥʝ ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʾʾ ʚʧʣʠʚʫ ʥʘ ʟʚʦʨʦʪʥʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʘʨʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʪʦ ʥʝʶ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ; ʩʪʨʫʢʪʫʨʘ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʩʪʦʩʫʻʪʴʩʷ ʙʽʣʴʰ 

ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʱʦ ʻ 

ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʥʘʯʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚ ʚʝʨʭʥʽʭ 

ʢʽʣʴʢʦʭ ʤʽʣʽʤʝʪʨʘʭ ˇʨʫʥʪʫ ʽ ʤʘʣʦʚʘʞʣʠʚʠʤ ʧʨʠ ʩʠʤʫʣʷʮʽʾ ʟʥʘʯʝʥʴ ʫʩʝʨʝʜʥʝʥʦʾ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʫ ʚʝʨʭʥʽʭ ʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʘʭ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (Barton, 

2012). 

ʆʪʞʝ, ʜʣʷ Sentinel-1, ʱʦ ʤʘʻ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʥʘ ʤʽʩʮʝʚʦʩʪʽ 10 

ʤʝʪʨʽʚ (Geudtner et al., 2014), ʽʜʝʘʣʴʥʠʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʽʜʢʨʠʪʽ, ʤʘʣʦʟʚʦʣʦʞʝʥʽ, 

ʛʣʘʜʢʽ ʛʦʤʦʛʝʥʥʽ ʜʽʣʷʥʢʠ, ʯʝʨʝʟ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʪʘʢʠʭ ʟʙʫʨʝʥʴ ʷʢ: ʩʪʨʽʤʢʽ ʟʤʽʥʠ 

ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʥʘʯʥʠʤʠ ʧʦʭʠʙʢʘʤʠ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ; ʩʠʣʴʥʦʟʚʦʣʦʞʝʥʽ ʜʽʣʷʥʢʠ, ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʢʠʜʫ ʟʥʘʯʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʨʠ ʟʚʝʜʝʥʥʽ 

ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʜʘʥʠʭ ʜʦ ʩʧʽʣʴʥʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ (ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ); ʧʦʚʝʨʭʥʽ ʟ ʯʘʩʪʠʤʠ ʩʭʠʣʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ ʚ ʨʽʟʥʠʭ ʪʦʯʢʘʭ. ʊʘʢʠʤʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ 

ʘʛʨʘʨʥʽ, ʤʘʣʦʟʚʦʣʦʞʝʥʽ, ʚʽʜʢʨʠʪʽ ʜʽʣʷʥʢʠ (Christiansen et al., 2019; Schºnbrodt-Stitt 

et al., 2021). 

 

4.2 ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ 

 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ, ʾʭ ʧʦʪʨʽʙʥʦ ʩʧʝʨʰʫ 

ʦʪʨʠʤʘʪʠ, ʚʽʜʢʘʣʽʙʨʫʚʘʪʠ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦ ʩʢʦʨʝʛʫʚʘʪʠ (Karamat et al., 2019). ʑʦʙ 

ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʪʘ ʯʫʪʣʠʚʽʩʪʴ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʙʘʞʘʥʦ ʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʣʷʥʦʢ 

ʽ/ʘʙʦ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠ ʨʘʜʘʨʥʽ ʜʘʥʽ ʟ ʜʘʥʠʤʠ ʟ ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʱʦ ʤʘʶʪʴ 

ʥʝʚʝʣʠʢʫ ʯʘʩʦʚʫ ʨʽʟʥʠʮʶ ʚ ʤʦʤʝʥʪʘʭ ʟʦʥʜʫʚʘʥʥʷ ʤʽʞ ʦʧʪʠʢʦʶ ʪʘ ʨʘʜʘʨʦʤ. 
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ɼʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʦʪʨʝʙ, ʜʦʩʣʽʜʞʫʚʘʥʦʶ ʜʽʣʷʥʢʦʶ ʦʙʨʘʥʦ 

ʥʝʚʝʣʠʢʝ ʘʛʨʘʨʥʝ ʧʦʣʝ ʙʽʣʷ ʤʽʩʪʘ ɹʽʣʘ ʎʝʨʢʚʘ ʟʘ ʜʘʪʫ 8 ʩʝʨʧʥʷ 2020 ʨʦʢʫ. ʅʘ ʨʠʩ. 

4.1 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʦʪʨʠʤʘʥʥʷ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʟ ʩʫʧʫʪʥʠʢʘ Sentinel-1 ʪʘ 

ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ ʟ ʩʫʧʫʪʥʠʢʘ Sentinel-2 ʟ ʚʽʜʢʨʠʪʦʛʦ ʧʦʨʪʘʣʫ SciHub ɭʚʨʦʧʝʡʩʴʢʦʾ 

ʧʨʦʛʨʘʤʠ Copernicus (Upadhyay et al., 2022). 

 

 

ʈʠʩ. 4.1. ʇʨʠʢʣʘʜ ʦʪʨʠʤʘʥʥʷ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʩʠʩʪʝʤʠ Sentinel ʟ ʚʽʜʢʨʠʪʦʛʦ ʧʦʨʪʘʣʫ SciHub ɭʚʨʦʧʝʡʩʴʢʦʾ ʧʨʦʛʨʘʤʠ Copernicus 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.1, ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʫʣʠ ʦʙʨʘʥʽ ʪʘʢʽ ʟʥʽʤʢʠ: 

S1B_IW_GRDH_1SDV_20200815T155324_20200815T155349_022936_02B88F_ 

6C09 ʽʟ ʩʫʧʫʪʥʠʢʘ Sentinel-1B ʪʘ  

S2A_MSIL2A_20200815T085601_N0214_R007_T35UQR_20200815T120903 ʽʟ 

ʩʫʧʫʪʥʠʢʘ Sentinel-2A. 

ʇʨʠʤʽʪʢʘ: ʮʽ ʟʥʽʤʢʠ ʦʙʨʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʽ, ʪʦʤʫ, ʥʘʩʪʫʧʥʽ 

ʚʠʢʣʘʜʢʠ ʟ ʨʠʩʫʥʢʘʤʠ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʩʪʦʩʫʚʘʪʠʤʫʪʴʩʷ ʩʘʤʝ ʮʠʭ ʟʦʙʨʘʞʝʥʴ (ʷʢʱʦ 
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ʥʝ ʚʢʘʟʘʥʦ ʽʥʰʦʛʦ), ʷʢʽ ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ: S1B ï ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʪʘ S2A 

ï ʦʧʪʠʯʥʝ. 

ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. 

ɸʣʛʦʨʠʪʤ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.1 

ʮʽʻʾ ʨʦʙʦʪʠ. ɼʣʷ ʦʧʪʠʯʥʠʭ ʟʥʽʤʢʽʚ ʜʦʩʪʘʪʥʴʦ ʦʙʽʪʥʫʪʠ ʾʭ ʧʦ ʛʝʦʛʨʘʬʽʯʥʠʤ 

ʢʦʦʨʜʠʥʘʪʘʤ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʜʽʣʷʥʮʽ ʜʣʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ, 

ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʪʘ ʦʧʪʠʯʥʽ ʜʘʥʽ ʩʧʽʣʴʥʦʾ ʟʦʥʠ ʽʥʪʝʨʝʩʫ. 

ʆʙʨʦʙʢʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ SNAP (Sentinel Applications Platform), ʷʢʠʡ 

ʧʦʩʪʘʯʘʻʪʴʩʷ ɭʚʨʦʧʝʡʩʴʢʠʤ ʢʦʩʤʽʯʥʠʤ ʘʛʝʥʪʩʪʚʦʤ ESA (European Space Agency) 

ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʽʜ ʩʫʧʫʪʥʠʢʽʚ ʩʽʤʝʡʩʪʚʘ Sentinel (Lavender, S., 

Lavender, A., 2015). 

 

4.2.1 ɼʦʜʘʚʘʥʥʷ ʬʘʡʣʫ ʦʨʙʽʪʠ 

 

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʻ ʜʦʜʘʚʘʥʥʷ ʬʘʡʣʫ ʦʨʙʽʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʪʦʯʥʠʪʠ ʧʦʣʦʞʝʥʥʷ 

ʩʫʧʫʪʥʠʢʘ ʧʽʜ ʯʘʩ ʟʦʥʜʫʚʘʥʥʷ. 

ʇʨʠʢʣʘʜ ʜʦʜʘʚʘʥʥʷ ʬʘʡʣʫ ʦʨʙʽʪʠ ʚ ʩʝʨʝʜʦʚʠʱ ̔SNAP ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.2. 

 

 

ʈʠʩ. 4.2. ɼʦʜʘʚʘʥʥʷ ʬʘʡʣʫ ʦʨʙʽʪʠ ʜʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱ̔ 

SNAP 
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ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʬʘʡʣʫ ʦʨʙʽʪʠ ʧʦʪʨʽʙʥʦ ʦʙʽʪʥʫʪʠ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʟʦʥʠ 

ʽʥʪʝʨʝʩʫ. 

 

4.2.2 ʆʙʪʠʥʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʟʦʥʠ ʽʥʪʝʨʝʩʫ 

 

ʆʙʪʠʥʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʟʦʥʠ ʽʥʪʝʨʝʩʫ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨ ʟʥʽʤʢʘ 

ʚʠʢʣʶʯʥʦ ʜʦ ʨʦʟʤʽʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʨʦʙʢʫ ʜʘʥʠʭ. 

ʇʨʠʢʣʘʜ ʦʙʪʠʥʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱ ̔ SNAP 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.3. 

 

 

ʈʠʩ. 4.3. ʆʙʪʠʥʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱ ̔SNAP 

 

ʇʽʩʣʷ ʦʙʪʠʥʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʟʦʥʠ ʽʥʪʝʨʝʩʫ ʧʦʪʨʽʙʥʦ ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ ʡʦʛʦ 

ʜʘʥʽ ʚʽʜ ʪʝʧʣʦʚʠʭ ʧʝʨʝʰʢʦʜ ʪʘ ʽʥʰʠʭ ʰʫʤʽʚ, ʱʦ ʟʥʠʞʫʶʪʴ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʪʘ 

ʧʦʛʽʨʰʫʶʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʡʦʛʦ ʜʘʥʠʭ. 
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4.2.3 ʌʽʣʴʪʨʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʩʠʛʥʘʣʴʥʦʛʦ ʰʫʤʽʚ 

 

ʌʽʣʴʪʨʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʩʠʛʥʘʣʴʥʦʛʦ ʰʫʤʽʚ ʜʦʟʚʦʣʷʻ ʧʨʠʛʥʽʯʠʪʠ 

ʩʧʦʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʱʦ ʚʠʢʣʠʢʘʥʽ ʚʧʣʠʚʦʤ ʪʝʧʣʦʚʠʭ ʪʘ ʽʥʰʠʭ 

ʰʫʤʦʚʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʧʦʛʽʨʰʫʶʪʴ ʷʢʽʩʪʴ ʜʘʥʠʭ, ʘ, ʦʪʞʝ, ʽ ʾʭ ʽʥʪʝʨʧʨʝʪʘʮʽʶ. 

ʇʨʠʢʣʘʜ ʬʽʣʴʪʨʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʩʠʛʥʘʣʴʥʦʛʦ ʰʫʤʽʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱ ̔SNAP ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.4. 

 

 

ʈʠʩ. 4.4. ʌʽʣʴʪʨʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʩʠʛʥʘʣʴʥʦʛʦ ʰʫʤʽʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥ ̫ʚ ʩʝʨʝʜʦʚʠʱ ̔SNAP 

 

ʇʽʩʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʩʠʛʥʘʣʴʥʦʛʦ ʰʫʤʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ. 

 

4.2.4 ʈʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ 

 

ʈʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʪʚʦʨʠʪʠ ʮʠʬʨʦʚʽ ʢʦʜʠ, ʟʘʧʠʩʘʥʽ 

ʫ ʬʘʡʣʽ ʨʘʜʘʨʥʦʛʦ ʧʨʦʜʫʢʪʫ Sentinel-1, ʫ ʬʽʟʠʯʥʽ ʦʜʠʥʠʮʽ, ʘ ʩʘʤʝ ï ñʩʠʛʤʘ-ʥʫʣʴò 

(sigma naught) „. ɺʝʣʠʯʠʥʘ  „  ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʧʦʜʘʣʴʰʦʤʫ. 

ʇʨʠʢʣʘʜ ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱ ̔SNAP ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.5. 
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ʈʠʩ. 4.5. ʈʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱ ̔SNAP 

 

ʇʽʩʣʷ ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʧʨʠʛʥʽʯʠʪʠ ʩʧʝʢʣ ʰʫʤ. 

 

4.2.5 ʌʽʣʴʪʨʫʚʘʥʥʷ ʩʧʝʢʣ ʰʫʤʫ 

 

ʉʧʝʢʣ ʰʫʤ ʚʠʢʣʠʢʘʥʠʡ ʥʘʢʣʘʜʘʥʥʷʤ ʤʥʦʞʠʥʥʠʭ ʟʚʦʨʦʪʥʠʭ ʚʽʜʙʠʪʪʽʚ 

ʚʠʧʨʦʤʽʥʶʚʘʥʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʷʢʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʘ ʪʦʤʫ ʫʩʢʣʘʜʥʶʻ ʾʭ ʽʥʪʝʨʧʨʝʪʘʮʽʶ (L·pez-Mart²nez & F b̈regas, 

2003). ɼʣʷ ʧʨʠʛʥʽʯʝʥʥʷ ʩʧʝʢʣ ʰʫʤʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʬʽʣʴʪʨ ʃʽ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʦ 

ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ SNAP. 

ʇʨʠʢʣʘʜ ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʧʝʢʣ ʰʫʤʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ 

ʩʝʨʝʜʦʚʠʱ ̔SNAP ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.6. 

 

 

ʈʠʩ. 4.6. ʌ̔ ʣʴʪʨʫʚʘʥʥʷ ʩʧʝʢʣ ʰʫʤʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱ ̔

SNAP 
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ɿʘʢʣʶʯʥʠʤ ʝʪʘʧʦʤ ʧʽʩʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʧʝʢʣ ʰʫʤʫ ʻ ʜʘʣʴʥʽʩʥʦ-ʜʦʧʣʝʨʽʚʩʴʢʘ 

ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ. 

 

4.2.6 ɼʘʣʴʥʽʩʥʦ-ʜʦʧʣʝʨʽʚʩʴʢʘ ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ 

 

ɼʘʣʴʥʽʩʥʦ-ʜʦʧʣʝʨʽʚʩʴʢʘ ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʠ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʟʩʫʚʽʚ ʪʘ ʟʘʪʽʥʝʥʥʷ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʷʢʽ ʚʠʢʣʠʢʘʥʽ ʚʥʘʩʣʽʜʦʢ ʥʝʚʝʣʠʢʠʭ 

ʨʽʟʥʠʮʴ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʥʘʜʽʩʣʘʥʠʤʠ ʪʘ ʦʪʨʠʤʘʥʠʤʠ ʨʘʜʘʨʥʠʤʠ 

ʽʤʧʫʣʴʩʘʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʧʘʜʽʚ ʚʠʩʦʪ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʇʨʠʢʣʘʜ ʜʘʣʴʥʽʩʥʦ-ʜʦʧʣʝʨʽʚʩʴʢʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʚ ʩʝʨʝʜʦʚʠʱ ̔SNAP 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.7. 

 

 

ʈʠʩ. 4.7. ɼʘʣʴʥʽʩʥʦ-ʜʦʧʣʝʨʽʚʩʴʢʘ ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱ ̔SNAP 

 

ʇʽʩʣʷ ʜʘʣʴʥʽʩʥʦ-ʜʦʧʣʝʨʽʚʩʴʢʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʦʪʨʠʤʫʻʤʦ ʧʦʚʥʽʩʪʶ 

ʦʙʨʦʙʣʝʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʜʘʥʽ. 

ɼʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʜʘʥʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʪʘʢʦʞ 

ʚʽʜʧʦʚʽʜʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʦʜʝʨʞʫʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʪʘ ʚʠʷʚʠʪʠ, ʷʢʽ ʦʙôʻʢʪʠ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ 
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ʜʦ ʨʦʟʙʽʞʥʦʩʪʝʡ ʚ ʤʦʜʝʣʶʚʘʥʥʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʦʩʦʙʣʠʚʦ ʜʽʻʚʠʡ ʧʨʠ ʧʦʧʽʢʩʝʣʴʥʽʡ 

ʦʙʨʦʙʮʽ, ʢʦʣʠ ʢʦʞʝʥ ʧʽʢʩʝʣ ʦʙʨʦʙʣʷʻʪʴʩʷ ʦʢʨʝʤʦ, ʘ ʪʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʣʠʚʦ 

ʨʦʟʨʽʟʥʠʪʠ. ʇʝʚʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʨʘʜʘʨʥʠʤ S1B ʪʘ ʦʧʪʠʯʥʠʤ 

S2A ʟʦʙʨʘʞʝʥʥʷʤʠ ʥʝ ʟʘʚʘʞʘʻ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʫ. 

ʈʝʟʫʣʴʪʘʪ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ S1B, ʘ 

ʪʘʢʦʞ ʟʦʙʨʘʞʝʥʥʷ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ʫ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 4.8. ʎʽ 

ʟʥʽʤʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ SNAP. 

 

  

 

ʘ ʙ ʚ 

ʈʠʩ. 4.8. ʈʝʟʫʣʴʪʘʪ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ: 

ʘ ï  „  ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ, ʙ ï  „  ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ, ʚ ï 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

 

ʆʜʝʨʞʘʥʽ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʟʥʽʤʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʤʦʜʝʣʷʭ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ. 
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4.3 ɿʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ 

ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ 

 

ʇʝʨʝʜ ʟʚʝʜʝʥʥʷʤ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ 

ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ, ʩʧʦʯʘʪʢʫ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʩʘʤʝ ʮʝ ʙʫʜʝ ʧʦʢʘʟʥʠʢ ʪʘ 

ʷʢʘ ʤʦʜʝʣʴ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʦʙʨʘʥʫ 

ʬʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ. ʑʦʙ ʥʝ ʚʪʨʘʯʘʪʠ ʟʘʛʘʣʴʥʦʩʪʽ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ, ʘʣʛʦʨʠʪʤ ʟʚʝʜʝʥʥʷ 

ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʻʜʠʥʠʡ ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ, 

ʦʧʠʩʘʥʠʡ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.2 ʮʽʻʾ ʨʦʙʦʪʠ, ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʤʽʩʪʠʪʴ ʚʠʙʽʨ ʬʽʟʠʯʥʦʾ 

ʚʝʣʠʯʠʥʠ, ʚ ʷʢʫ ʙʫʜʫʪʴ ʧʝʨʝʪʚʦʨʝʥʽ ʨʘʜʘʨʥʽ ʜʘʥʽ. ɸʣʝ, ʚʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽ ʤʦʜʝʣʽ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʽ ʾʭ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ, ʦʧʠʩʘʥʠʭ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.2 ʮʽʻʾ 

ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʩʧʝʮʠʬʽʢʫ ʨʦʙʦʪʠ ʈʉɸ Sentinel-1, ʱʦ ʚʢʘʟʘʥʘ ʫ ʚʩʪʫʧʽ ʨʦʟʜʽʣʫ 4, 

ʪʘʢʦʶ ʚʝʣʠʯʠʥʦʶ ʜʦʮʽʣʴʥʦ ʦʙʨʘʪʠ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

 

4.3.1 ɺʠʙʽʨ ʤʦʜʝʣʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ 

 

 ɭʜʠʥʠʤ ʬʽʟʠʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ ʚʘʨʪʦ ʚʠʟʥʘʯʠʪʠ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʦʤʫ ʱʦ ʚʦʥʘ: 

¶ ʻ ʜʦʤʽʥʫʶʯʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʝʣʠʯʠʥʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʢʫʪʽ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʭʚʠʣʽ ʪʘ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

¶ ʻ ʩʧʽʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʦʧʠʩʘʥʠʭ ʚ 

ʧʽʜʨʦʟʜʽʣʽ 2.2 ʮʽʻʾ ʨʦʙʦʪʠ; 

¶ ʻ ʬʽʟʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

¶ ʻ ʩʪʘʣʦʶ ʚʝʣʠʯʠʥʦʶ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʜʘʥʠʭ ʟ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ, ʧʝʨʽʦʜ ʟʥʽʤʘʥʥʷ 

ʤʽʞ ʷʢʠʤʠ ʤʘʻ ʥʝʚʝʣʠʢʫ ʯʘʩʦʚʫ ʟʘʪʨʠʤʢʫ (ʯʘʩʪʢʠ ʩʝʢʫʥʜʠ ʜʣʷ 

ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʧʦʩʣʽʜʦʚʥʠʭ ʟʦʥʜʫʚʘʥʥʷʭ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ). 
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 ʆʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʈʉɸ Sentinel-1 ʜʘʥʽ S1B ʟ ʧʽʜʨʦʟʜʽʣʫ 4.2 ʤʽʩʪʷʪʴ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ: 

1) ʢʫʪ ʧʘʜʽʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʽʤʧʫʣʴʩʽʚ; 

2) ʟʥʘʯʝʥʥʷ ñʩʠʛʤʘ-ʥʫʣʴò „  ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ; 

3) ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʫʚʘʥʦʛʦ ʨʦʟʩʽʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ „ ; 

4) ʟʥʘʯʝʥʥʷ Ὧί σ, ʪʘʢ ʷʢ ʰʦʨʩʪʢʽʩʪʴ ʦʙʤʝʞʝʥʘ ʧʦʣʦʚʠʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʜʝ 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ ‗ πȟπυυτφυχφσ ʤ, ʘ Ὧ ρρσȟςψπτςφψσς ʤï1 , ʛʨʘʥʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ί πȟπςχχσςψψρυ ʤ, ʪʦʜʽ Ὧί “ σȟρτ. ɸ ʧʨʠ ί πȟπςφ (2,6 

ʩʤ) Ὧί ςȟωτυςωρπωχφσςσ; 

5) ʥʝ ʤʽʩʪʷʪʴ ʜʚʦʚʠʤʽʨʥʦʛʦ ʩʧʝʢʪʨʫ ʽʟʦʪʨʦʧʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ὡ όȟὺ; 

6) ʥʝ ʤʽʩʪʷʪʴ ʜʘʥʽ ʧʨʦ ʚʦʣʦʛʽʩʪʴ, ʪʘʢ ʷʢ ʥʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʴ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ; 

7) ʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʢʫʪʘ ʧʘʜʽʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʤʝʞʘʭ σψȟχσςЈ—

τψȟψσυЈ, ʘ ʡʦʛʦ ʨʦʟʧʦʜʽʣ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.9. 

 

  

ʘ ʙ 

ʈʠʩ. 4.9. ʈʦʟʧʦʜʽʣʠ ʣʦʢʘʣʴʥʦʛʦ ʢʫʪʘ ʧʘʜʽʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ S1B: ʘ ï ʫ ʧʣʦʱʠʥʽ ʨʘʜʘʨʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ, ʙ ï ʛʽʩʪʦʛʨʘʤʘ 
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ʆʪʞʝ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʣʛʦʨʠʪʤʫ 3.2.1 ʚʘʨʪʦ ʦʙʨʘʪʠ ʤʦʜʝʣʴ ʆʭʘ, ʪʘʢ ʷʢ ʥʘʷʚʥʽ 

ʜʘʥʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʾʾ ʚʠʟʥʘʯʝʥʦʩʪʽ, ʤʽʩʪʷʪʴ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʫ ʩʢʣʘʜʦʚʫ, ʱʦ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ɼʶʙʫʘ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʩʧʝʢʪʨʫ ʽʟʦʪʨʦʧʥʠʭ 

ʥʝʨʽʚʥʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ ʤʦʜʝʣʴ IEM. 

 

4.3.2 ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʪʘ ʾʾ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ 

 

ʊʘʢ ʷʢ ʦʙʨʘʥʦ ʤʦʜʝʣʴ ʆʭʘ, ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʜʣʷ πȟρσ Ὧί φȟωψ, ʽ ʣʦʢʘʣʴʥʦʛʦ 

ʢʫʪʘ ʧʘʜʽʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʽʤʧʫʣʴʩʽʚ 10Á— χπЈ, ʘ ʩʫʧʫʪʥʠʢʦʚʽ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʜʘʥʽ Sentinel-1 ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟ ʜʚʦʭ ʧʦʣʷʨʠʟʘʮʽʡ ὺὺ ʪʘ ὺὬ, ʪʦ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʾʾ ʦʙʤʝʞʝʥʴ ʦʧʠʩʘʥʠʭ ʚ ʧʫʥʢʪʽ 3.2.2 ʮʽʻʾ 

ʨʦʙʦʪʠ, ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʘ ʨʘʜʘʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ: 

„ „ ‐ȟίȟ— „ „ ‐ ȟίȟ— ᴼÍÉÎ 

ÍÁØȿ‐ ‐ ȿ ‭ 

πȢππρί  , 

ʜʝ „  ï ʟʥʘʯʝʥʥʷ ñʩʠʛʤʘ-ʥʫʣʴò ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ Sentinel-1, 

ʦʪʨʠʤʘʥʽ ʫ ʨʝʞʠʤʽ ʧʦʣʷʨʠʟʘʮʽʾ ὺὺ, ʘ „  ï ʦʪʨʠʤʘʥʽ ʫ ʨʝʞʠʤʽ ʧʦʣʷʨʠʟʘʮʽʾ ὺὬ; 

„ ‐ȟίȟ— ï ʟʤʦʜʝʣʴʦʚʘʥʝ ʟʘ ʤʦʜʝʣʣʶ ʆʭʘ, ñʩʠʛʤʘ-ʥʫʣʴò ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʘ ʜʣʷ 

ʨʦʟʨʘʭʦʚʘʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚ ʟʘʜʘʥʦʤʫ ʧʽʢʩʝʣʽ, ‐  ʪʘ ʬʽʢʩʦʚʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ί ʽ ʟʘʜʘʥʦʤʫ ʢʫʪʫ ʧʘʜʽʥʥʷ —, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʤʝʪʘʜʘʥʠʭ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ;  „ ‐ ȟίȟ— ï ʚʽʜʧʦʚʽʜʥʦ, ʟʤʦʜʝʣʴʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

ñʩʠʛʤʘ-ʥʫʣʴò ʧʨʠ ‐ . 

 

4.3.3 ʇʝʨʝʪʚʦʨʝʥʥʷ ʟʥʘʯʝʥʴ ñʩʠʛʤʘ-ʥʫʣòɹ ʚ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʆʭʘ ʪʘ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʦʧʠʩʘʥʦʾ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʧʫʥʢʪʽ, ʟʥʘʯʝʥʥʷ ñʩʠʛʤʘ-ʥʫʣʴò ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ 
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ʈʉɸ Sentinel-1 ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʽ ʥʘ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʫ, 

ʚʽʜʧʦʚʽʜʥʦ, ʜʚʦʭ ʧʦʣʷʨʠʟʘʮʽʷʭ: ὺὺ ʪʘ ὺὬ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʦʙʨʦʢʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʚʪʦʨʦʤ ʧʨʦʛʨʘʤʥʦʛʦ ʪʝʩʪʫʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

(ɼʦʜʘʪʦʢ ɺ) ʥʘ ʙʘʟʽ 64-ʙʽʪʥʦʾ ʦʧʝʨʘʮʽʡʥʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python 

(Lutz, 2013). ʈʝʟʫʣʴʪʘʪ ʧʝʨʝʨʘʭʫʥʢʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʫ ʜʽʝʣʝʢʪʨʠʯʥʫ 

ʧʨʦʥʠʢʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʛʽʩʪʦʛʨʘʤʠ ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.10. 

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 4.10. ʈʝʟʫʣʴʪʘʪ ʧʝʨʝʨʘʭʫʥʢʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ʫ 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ: ʘ ï ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ, ʙ ï ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ. ɻʽʩʪʦʛʨʘʤʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ: ʚ ï ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ, ʛ ï ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʥʘ ʦʙʦʭ ʟʥʽʤʢʘʭ ʤʘʣʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ, ʱʦ ʽ ʧʦʚʠʥʥʦ ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ ʚ ʩʧʨʘʚʞʥʽʭ ʧʨʠʨʦʜʥʽʭ 

ʚʠʤʽʨʶʚʘʥʥʷʭ. ʅʝʚʝʣʠʢʽ ʧʦʭʠʙʢʠ ʜʦʧʫʩʪʠʤʽ, ʘʜʞʝ ʟʥʽʤʢʠ Sentinel-1 ʦʪʨʠʤʫʶʪʴʩʷ ʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʥʘ ʤʽʩʮʝʚʦʩʪʽ 10 ʤʝʪʨʽʚ, ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʚ ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʽ ʻ ʫʩʝʨʝʜʥʝʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʜʽʣʷʥʢʠ ʧʣʦʱʝʶ ʙʣʠʟʴʢʦ 100 ʤ2. ʆʪʞʝ, ʷʢʱʦ ʤʽʞ ʧʦʩʣʽʜʦʚʥʠʤʠ ʦʪʨʠʤʘʥʥʷʤʠ ʜʘʥʠʭ 

ʤʽʞ ʜʚʦʤʘ ʧʦʣʷʨʠʟʘʮʽʷʤʠ ʻ ʯʘʩʦʚʘ ʟʘʪʨʠʤʢʘ, ʪʦ ʻ ʽ ʩʫʙʧʽʢʩʝʣʴʥʝ ʟʤʽʱʝʥʥʷ. ʊʦʤʫ 

ʜʘʥʽ ʟ ʜʚʦʭ ʧʦʣʷʨʠʟʘʮʽʡ ʥʝ ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ ʢʦʥʩʪʘʥʪʥʫ ʚʝʣʠʯʠʥʫ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ‐, ʘ ʧʦʚʠʥʥʽ ʚʽʜʨʽʟʥʷʪʠʩʴ ʥʘ ʜʝʷʢʫ ʚʝʣʠʯʠʥʫ. 

ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʮʷ ʚʝʣʠʯʠʥʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʝʚʥʝ ʟʥʘʯʝʥʥʷ ‭, ʥʘʧʨʠʢʣʘʜ, ‭

πȢυ. ɸʜʞʝ ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʟʥʘʯʥʠʭ ʨʽʟʥʠʮʴ ʚ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʨʦʥʠʢʥʦʩʪʽ ʧʨʠ 

ʩʫʙʧʽʢʩʝʣʴʥʠʭ ʟʤʽʱʝʥʥʷʭ. ʊʘʢʦʞ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʮʽʣʢʦʤ ʣʝʞʘʪʴ ʚ ʜʦʚʽʨʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʛʦʤʦʛʝʥʥʠʭ 

ʚʽʜʢʨʠʪʠʭ ˇʨʫʥʪʽʚ (Mohamed, Paleologos, 2018). 

ʅʠʞʯʝ, ʥʘ ʨʠʩ. 4.11, ʪʘʢʦʞ ʥʘʚʝʜʝʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʰʦʨʩʪʢʦʩʪʽ, ʧʨʠ 

ʷʢʽʡ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʝ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ. 

 

 

ʈʠʩ. 4.11. ɿʤʦʜʝʣʴʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʰʦʨʩʪʢʦʩʪʽ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 
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ɿʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʨʠʩ. 4.11 ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʧʝʨʝʙʦʨʫ ʤʦʞʣʠʚʠʭ ʾʾ 

ʟʥʘʯʝʥʴ ʽ ʚʽʜʙʦʨʫ ʪʘʢʠʭ, ʧʨʠ ʷʢʠʭ ʜʦʩʷʛʘʣʠʩʴ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʜʽʣʷʥʮʽ, ʱʦ ʻ ʜʦʩʠʪʴ ʯʘʩʦʟʘʪʨʘʪʥʠʤ ʧʨʦʮʝʩʦʤ ʽ 

ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ 

ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʠʥʥʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ. ʇʽʜ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʘʶʪʴʩʷ ʥʘ ʫʚʘʟʽ ʟʥʘʯʝʥʥʷ, 

ʧʨʠ ʷʢʠʭ ʙʫʣʘ ʜʦʩʷʛʥʫʪʘ ʧʝʨʰʘ ʫʤʦʚʘ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʘ ʩʘʤʝ ï ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤ 

ʢʚʘʜʨʘʪʽʚ ʤʦʜʫʣʝʡ ʨʽʟʥʠʮʴ ʨʝʘʣʴʥʠʭ ʪʘ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ñʩʠʛʤʘ-ʥʫʣʴò. ʅʘ 

ʨʠʩ. 4.12 ʥʘʚʝʜʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʪʘ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ñʩʠʛʤʘ-ʥʫʣʴò 

ʜʣʷ ʦʙʦʭ ʧʦʣʷʨʠʟʘʮʽʡ: ὺὺ ʪʘ ὺὬ. 

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 4.12. ɿʦʙʨʘʞʝʥʥʷ ʬʘʢʪʠʯʥʠʭ: ʘ ï „ , ʚ ï „ ; ʪʘ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʟʥʘʯʝʥʴ 

ñʩʠʛʤʘ-ʥʫʣʴò: ʙ ï „ , ʛ ï „  
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ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 4.12 ï ʟʥʘʯʝʥʥʷ ñʩʠʥʪʝʪʠʯʥʦʾò ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

(ʘʜʞʝ ʧʽʜʽʙʨʘʥʘ ʙʝʟ ʬʘʢʪʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʤʦʞʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʩʦʙʦʶ 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʥʝ ʪʽʣʴʢʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ) 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʦʙʝʨʥʝʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʦʪʨʠʤʫʶʪʴʩʷ 

ʬʘʢʪʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʟ ʥʝʚʝʣʠʢʦʶ ʧʦʭʠʙʢʦʶ. ʈʦʟʧʦʜʽʣ ʮʠʭ ʟʦʙʨʘʞʝʥʴ ʦʧʠʩʫʻʪʴʩʷ 

ʨʠʩ. 4.13. 

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 4.13. ʈʦʟʧʦʜʽʣʠ ʧʦʭʠʙʦʢ ʬʘʢʪʠʯʥʠʭ ʪʘ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʟʥʘʯʝʥʴ 

ñʩʠʛʤʘ-ʥʫʣʴò: ʘ ï ʧʨʦʩʪʦʨʦʚʝ „ , ʙ ï ʛʽʩʪʦʛʨʘʤʘ ʧʦʭʠʙʦʢ „ , ʚ ï 

ʧʨʦʩʪʦʨʦʚʝ „ , ʛ ï ʛʽʩʪʦʛʨʘʤʘ ʧʦʭʠʙʦʢ „  
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ɿʦʙʨʘʞʝʥʥʷ ʨʠʩ. 4.13 ʙʫʣʠ ʫʪʚʦʨʝʥʽ ʷʢ ʨʽʟʥʠʮʽ ʤʽʞ ʬʘʢʪʠʯʥʠʤʠ ʪʘ 

ʟʤʦʜʝʣʴʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʋ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʜʘʥʠʭ ï „  ʨʦʟʭʦʜʞʝʥʥʷ 

ʙʽʣʴʰʽ, ʘʥʽʞ ʫ „ . ʎʝ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʥʘʯʥʦʶ ʚʪʨʘʪʦʶ ʝʥʝʨʛʽʾ ʫ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʦʤʫ 

ʨʝʻʩʪʨʫʚʘʥʥʽ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ (El Hajj et al., 2016). ɸʣʝ, ʦʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʘ ʰʫʤʽʚ 

ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʦʶ ʩʘʤʦʶ, ʪʦ ʚʽʜʥʦʰʝʥʥʷ ñʩʠʛʥʘʣ-ʰʫʤò ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ, ʱʦ 

ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʫʻ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. ʊʠʤ ʥʝ ʤʝʥʰ, ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ 

ʧʨʠʜʘʪʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʘʣʛʦʨʠʪʤʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. 

 

4.4 ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

 

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟʘ ʘʣʛʦʨʠʪʤʦʤ, 

ʦʧʠʩʘʥʠʤ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.4 ʮʽʻʾ ʨʦʙʦʪʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C/C++ (Kernighan, Ritchie, 1988) ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ʚʽʜʢʨʠʪʠʭ ʙʽʙʣʽʦʪʝʢ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ (Rajab Asaad et al., 2023). 

ɯʥʪʝʨʬʝʡʩ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.14. 

 

 

ʈʠʩ. 4.14. ɯʥʪʝʨʬʝʡʩ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʤʝʪʦʜʦʤ ʥʘʜʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟ ʜʚʦʢʨʘʪʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʢʨʦʢʫ 

ʧʽʢʩʝʣʴʥʦʾ ʩʽʪʢʠ ʮʽʣʴʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 
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ɺʽʥ ʜʦʟʚʦʣʷʻ ʦʙʠʨʘʪʠ ʚʭʽʜʥʽ ʜʘʥʽ, ʤʽʩʮʝ ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ, ʚʽʜʦʙʨʘʞʘʻ 

ʭʽʜ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʤʽʩʪʠʪʴ ʜʦʧʦʤʽʞʥʽ ʚʠʙʽʨʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ: ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʦʙʯʠʩʣʝʥʴ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ, ʟʤʝʥʰʝʥʥʷ ʬʨʘʛʤʝʥʪʫ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʟ ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʽʚ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, ʪʘ ʚʠʙʦʨʫ 

ʪʦʯʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ ʧʦ ʢʦʞʥʽʡ ʟ ʦʩʝʡ ʟʦʙʨʘʞʝʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʦʪʨʠʤʫʻʪʴʩʷ ʜʚʦʢʨʘʪʥʦ ʟʙʽʣʴʰʝʥʝ ʧʦ ʢʦʞʥʽʡ ʟ ʦʩʝʡ 

ʟʦʙʨʘʞʝʥʥʷ ʩʠʥʪʝʪʠʯʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

(ʈʠʩ. 4.15). 

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 4.15. ɿʦʙʨʘʞʝʥʥʷ ʩʠʥʪʝʪʠʯʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ: ʘ ï ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ „ , ʙ ï ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ „ ; ʪʘ ʾʭ ʟʙʽʣʴʰʝʥʽ 

ʬʨʘʛʤʝʥʪʠ: ʚ ï ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʛ ï ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 
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ʈʝʟʫʣʴʪʘʪ ʦʙʝʨʥʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ñʩʠʛʤʘ-ʥʫʣʴò ʧʦ ʦʜʝʨʞʘʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʩʠʥʪʝʪʠʯʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟ ʧʽʜʚʠʱʝʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.16. 

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 4.16. ʈʝʟʫʣʴʪʘʪ ʦʙʝʨʥʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥ ñʩʠʛʤʘ-ʥʫʣʴò ʧʦ 

ʦʜʝʨʞʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʩʠʥʪʝʪʠʯʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ: ʘ ï ʨʝʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ „  ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʙ ï ʟʤʦʜʝʣʴʦʚʘʥʝ ʟʥʘʯʝʥʥʷ „  , ʚ ï 

ʛʽʩʪʦʛʨʘʤʘ ʟʦʙʨʘʞʝʥʥʷ ʘ, ʛ ï ʛʽʩʪʦʛʨʘʤʘ ʟʦʙʨʘʞʝʥʥʷ ʙ 

 

ʆʙʤʝʞʝʥʽʩʪʴ ʦʙʝʨʥʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʥʘʩʢʨʽʟʥʽʡ ʥʝʟʤʽʥʥʦʩʪʽ  

ʰʦʨʩʪʢʦʩʪʽ ʜʣʷ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʪʘ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ɼʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʰʦʨʩʪʢʦʩʪʽ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʙʽʢʫʙʽʯʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ. ʊʘʢʽʡ ʩʘʤʽʡ 
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ʦʙʨʦʙʮʽ ʙʫʚ ʧʽʜʜʘʥʠʡ ʽ ʨʦʟʧʦʜʽʣ ʢʫʪʘ ʧʘʜʽʥʥʷ —. ʅʘ ʨʠʩ. 4.16 ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ 

ʛʽʩʪʦʛʨʘʤʠ ʪʝʩʪʦʚʠʭ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

SNAP. 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 4.16, ʥʘʚʽʪʴ ʧʨʠ ʧʨʠʨʦʜʥʠʭ ʦʙʤʝʞʝʥʥʷʭ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʜʝʨʞʫʶʪʴʩʷ ʜʦʙʨʝ ʟʙʽʞʥʽ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʨʘʜʘʨʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚʽʜʬʽʣʴʪʨʦʚʫʻ ʤʦʞʣʠʚʽ ʩʪʘʪʠʩʪʠʯʥʽ ʚʠʢʠʜʠ ʚʭʽʜʥʦʛʦ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʾ. 

 

4.5 ʆʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

 

ʆʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ, ʦʧʠʩʘʥʠʤ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.5 ʮʽʻʾ ʨʦʙʦʪʠ, ʟ ʟʘʣʫʯʝʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʩʢʨʠʧʪʘ, ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʫ ʚʽʜʢʨʠʪʦʤʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab (Nagar, 

Nardone, 2017). ʉʢʨʠʧʪ (ʨʠʩ. 4.17) ʚʠʪʷʛʫʻ ʜʚʦʩʧʨʷʤʦʚʘʥʽ ʧʝʨʝʭʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ ʮʠʬʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʘʧʨʦʢʩʠʤʫʻ ʚʽʜʧʦʚʽʜʥʽ ʌʇʄ ʽ ʟʘ ʥʠʤʠ 

ʦʙʯʠʩʣʶʻ ʬʘʢʪʠʯʥʫ ʧʽʢʩʝʣʴʥʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ. 

 

 

ʈʠʩ. 4.17 ï ʉʢʨʠʧʪ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʚ 

ʩʝʨʝʜʦʚʠʱʽ SciLab 
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ʈʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʨʠʧʪʘ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.18. 

 

 

ʈʠʩ. 4.18 ï ʈʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ ʩʢʨʠʧʪʘ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ SciLab 

 

ɺʠʟʥʘʯʝʥʽ ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.19. 

 

ʈʠʩ. 4.19. ʇʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 



124 
 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ï ʚʭʽʜʥʦʛʦ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ï ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʤʽʩʪʷʪʴʩʷ ʚ ʪʘʙʣ. 4.1. 

 

ʊʘʙʣʠʮʷ 4.1 

ʌʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʴʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

ɿʦʙʨʘʞʝʥʥʷ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ 

ɯʟʦʪʨʦʧʥʘ 

(ʟʘʛʘʣʴʥʘ) 

ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 

‐  ʟ ʥʠʟʴʢʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 

2,214 3,658 2,846 

‐  ʟ ʥʠʟʴʢʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 

2,181 3,649 2,821 

‐ ʟ ʧʽʜʚʠʱʝʥʦʶ 
ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 

4,658 3,553 4,068 

 

ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʦʧʠʩʘʥʘ ʚ 

ʧʽʜʨʦʟʜʽʣʽ 3.5 ʮʽʻʾ ʨʦʙʦʪʠ, ʜʦʨʽʚʥʶʻ: 

˜̨̠̅̃̉̆̎̎̚
Ͻ
Ȣ Ȣ

Ȣ
ϽρππϷρππϷσωȟσ Ϸ, 

ʆʪʞʝ, ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʙʫʣʘ ʧʽʜʚʠʱʝʥʘ ʥʘ σωȟσ Ϸ. 

 

4.6 ʆʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

 

ʆʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʧʨʦʚʝʜʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʣʘʜʝʥʴ, 

ʧʽʜʨʦʟʜʽʣʫ 2.5 ʮʽʻʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʟʘ (2.6). 

ʗʢʱʦ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ï ʚʟʘʻʤʥʫ ʽʥʬʦʨʤʘʮʽʷ ʂʫʣʴʙʘʢʘ-

ʃʝʡʙʣʝʨʘ ʤʽʞ ʡʤʦʚʽʨʥʽʩʥʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʦʙôʻʢʪʽʚ ʪʘ 

ʚʽʜʥʦʰʝʥʥʷ ñʩʠʛʥʘʣ-ʰʫʤò ʚʚʘʞʘʪʠ ʩʪʘʣʠʤʠ, ʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 
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ʟʤʽʥʶʻʪʴʩʷ ʷʢ ʚ ʪʘʙʣ. 4.1, ʪʦ ʜʣʷ  ʟʦʙʨʘʞʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʠʟʴʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ: 

ὅ
Ͻ
ȟ ȟ

 
πȟπσρϽὧέὲίὸ , 

ʘ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ὅ
Ͻ
ȟ

 
πȟπφϽὧέὲίὸ . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ Ͻρππ Ϸ

ρππ Ϸ ωτȟπφ Ϸ . 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʬʘʢʪʦʨʫ ʚʠʧʘʜʢʦʚʦʩʪʽ ʽ ʦʜʝʨʞʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʧʦʰʠʨʝʥʦ ʥʘ ʙʽʣʴʰ 

ʰʠʨʦʢʫ ʚʠʙʽʨʢʫ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ (ɼʦʜʘʪʦʢ ɸ.1), ʷʢʽ ʙʫʣʠ 

ʦʙʨʦʙʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ ʪʘ ʦʮʽʥʝʥʽ (ɼʦʜʘʪʦʢ ɹ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʝʩʪʫʚʘʥʥʷ ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʢʣʘʚ 85,40 %. 

 

4.7 ʆʙʤʝʞʝʥʽʩʪʴ ʤʦʜʝʣʽ ʆʭʘ ʚ ʤʦʜʝʣʶʚʘʥʥ ̔ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʧʦʚʝʨʭʦʥʴ ʟ ʩʠʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʚʦʨʦʪʥʦʛʦ 

ʚʽʜʙʠʪʪʷ 

 

ɺʨʘʭʦʚʫʶʯʠ ʜʝʷʢʽ ʥʝʛʘʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

(ɼʦʜʘʪʦʢ ɸ.2, ɼʦʜʘʪʦʢ ɹ.10, ɼʦʜʘʪʦʢ ɹ.28), ʘ ʪʘʢʦʞ ʩʣʘʙʢʝ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʢʨʝʤʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ (ɼʦʜʘʪʢʠ ɹ.2, ɹ3, ɹ.9, ɹ.11, ɹ.20, ɹ.21, ɹ.23, 

ɹ.24, ɹ.25, ɹ.26, ɹ.29) ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʟʘʟʥʘʯʝʥʠʭ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ (ɼʦʜʘʪʦʢ ɸ.3). ɺ ʭʦʜʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ ʚʩʽ ʧʨʦʙʣʝʤʥʽ ʥʘʙʦʨʠ ʤʘʶʪʴ 

ʩʧʽʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ: ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ 

ñʩʠʛʤʘ-ʥʫʣʴò ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʚ 10 ʦʜʠʥʠʮʴ. 
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ʈʠʩ. 4.20. ʆʙʤʝʞʝʥʽʩʪʴ ʤʦʜʝʣʽ ʆʭʘ ʧʨʠ ʩʠʤʫʣʷʮʽʷʭ ʟʥʘʯʝʥʴ „  

ʟʘ ʫʤʦʚ ‐ σπ, ί , ρπЈ— χπЈ 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʥʝʩʧʨʦʤʦʞʥʽʩʪʴ ʤʦʜʝʣʽ ʆʭʘ ʩʠʤʫʣʶʚʘʪʠ, ʧʨʠ ʟʘʜʘʥʠʭ 

ʦʙʤʝʞʝʥʥʷʭ (‐ σπ, ί ) ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʜʣʷ 

ʧʦʣʷʨʠʟʘʮʽʾ ὺὺ ʙʽʣʴʰʝ, ʘʥʽʞ 0,6 (ʜʠʚ. ʨʠʩ. 4.20), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʟʥʘʯʝʥʥʷ „ , ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʦʙʤʝʞʝʥʥʷ ʤʦʜʝʣʽ ʆʭʘ, ʟʘʙʨʫʜʥʶʶʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʦʙʝʨʥʝʥʦʾ ʩʠʤʫʣʷʮʽʾ. ʊʝʦʨʝʪʠʯʥʦ ʦʙʤʝʞʝʥʥʷ ʩʪʘʥʦʚʠʪʠʤʝ 0,6, ʘʣʝ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ 

ʮʽʣʴʦʚʠʡ ʢʨʠʪʝʨʽʡ ʤʽʥʽʤʽʟʘʮʽʾ ʨʽʟʥʠʮʴ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʪʘ ʨʝʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ñʩʠʛʤʘ-

ʥʫʣʴò ʚ ʦʙʦʭ ʧʦʣʷʨʠʟʘʮʽʷʭ (ὺὺ ʪʘ ὺὬ), ʥʘʩʠʯʝʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ 

ʨʘʥʽʰʝ. 

ʆʙôʻʢʪʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʝʥʥʷ „ ρπ ʷʢ ʧʨʘʚʠʣʦ, ʻ ʰʪʫʯʥʠʤʠ, ʚʦʥʠ 

ʤʘʶʪʴ ʥʘʜʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʟʘʚʜʷʢʠ ʤʝʪʘʣʝʚʠʤ ʧʦʚʝʨʭʥʷʤ, 

ʢʫʪʢʦʚʠʤ ʚʽʜʙʠʚʘʯʘʤ, ʨʽʟʢʠʤ ʧʝʨʝʭʦʜʘʤ ʤʽʞ ʧʣʦʩʢʠʤʠ ʛʨʘʥʷʤʠ ʪʘ ʽʥʰʝ ʽ, 

ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʤʽʩʪʘʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʨʠʪʦʨʽʷʭ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʟʥʘʯʝʥʦʾ ʤʦʜʝʣʽ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ ʤʽʩʮʷʭ ʚʝʣʠʢʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʦʙôʻʢʪʽʚ ʟ 

ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʷʥʥʷ. 
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4.8 ɯʪʝʨʘʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʨʘʜʘʨʥʠʭ 

ʜʘʥʠʭ ʽʪʝʨʘʪʠʚʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʙʝʨʥʝʥʫ ʩʠʤʫʣʷʮʽʶ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʷʥʥʷ ʷʢ ʚʭʽʜʥʫ ʜʣʷ ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ. ʆʢʨʝʤʦ ʟʘʩʣʫʛʦʚʫʻ ʫʚʘʛʠ ʧʝʨʝʚʽʨʢʘ ʥʘ 

ʩʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʝʦʨʝʪʠʯʥʦ ʩʭʦʜʞʝʥʥʷ ʯʠ ʨʦʟʭʦʜʞʝʥʥʷ ʻ 

ʤʦʞʣʠʚʠʤʠ, ʘʜʞʝ ʧʽʜ ʯʘʩ ʦʙʝʨʥʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʨʠʛʽʥʘʣʫ ʘʙʩʦʣʶʪʥʦ. ʊʘʢʦʞ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʝʩʝ ʧʦʚʝʜʽʥʢʘ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ ʤʽʥʽʤʽʟʘʮʽʾ ʤʽʞʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʟʤʦʜʝʣʴʦʚʘʥʽ ʜʘʥʽ (ʨʠʩ. 4.12: ʙ, ʛ) ʷʢ ʚʭʽʜʥʽ. ʈʝʟʫʣʴʪʘʪ ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 4.21. 

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 4.21. ʈʦʟʧʦʜʽʣʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʥʘ ʧʝʨʰʽʡ 

ʽʪʝʨʘʮʽʾ: ʘ ï „ , ʚ ï „ ; ʥʘ ʜʨʫʛʽʡ ʽʪʝʨʘʮʽʾ: ʙ ï „ , ʛ ï „  
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ɺʽʟʫʘʣʴʥʠʭ ʟʤʽʥ ʟʦʙʨʘʞʝʥʴ ʨʠʩ. 4.21 ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʈʦʟʧʦʜʽʣʠ 

ʩʠʥʪʝʪʠʯʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘ 

ʧʝʨʰʽʡ ʪʘ ʜʨʫʛʽʡ ʽʪʝʨʘʮʽʷʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.22. 

 

  

ʘ ʙ 

ʈʠʩ. 4.22. ʈʦʟʧʦʜʽʣʠ ʩʠʥʪʝʪʠʯʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʽʜʚʠʱʝʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ: ʘ ï ʥʘ ʧʝʨʰʽʡ ʽʪʝʨʘʮʽʾ, ʙ ï ʥʘ ʜʨʫʛʽʡ ʽʪʝʨʘʮʽʾ 

 

ʉʪʘʪʠʩʪʠʢʘ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

ʨʠʩ. 4.22 ʟʚʝʜʝʥʽ ʜʦ ʪʘʙʣ. 4.2. 

ʊʘʙʣʠʮʷ 4.2 

ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʟʦʙʨʘʞʝʥʴ ʩʠʥʪʝʪʠʯʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ˉ 

ʽʪʝʨʘʮʽʾ 
ʤʽʥ. ʤʘʢʩ. ʩʝʨʝʜʥ. ʩ. ʢ. ʚ. 

ɯʟʦʪʨʦʧʥʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 

ʇʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

1 3,591 28,816 5,849 2,646 4,106 103,05 % 

2 4,088 28,569 6,236 2,617 4,179 94,75 % 

3 4,088 28,569 6,236 2,617 4,179 94,75 % 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ, ʽʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʻ ʰʚʠʜʢʦʟʙʽʞʥʠʤ. ʉʪʘʣʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʷʛʘʶʪʴʩʷ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʞʝ ʥʘ ʪʨʝʪʽʡ ʽʪʝʨʘʮʽʾ. 
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4.9 ʈʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʚʧʨʦʚʘʜʞʝʥʥʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʫʚʘʪʠ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ. ɺ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʩʪʽ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʘʨʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʜʣʷ ʟʘʜʘʯ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʚʽʜʥʦʚʣʝʥʥʶ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʥʝʦʙʭʽʜʥʠʭ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ), ʧʦʣʷʨʠʤʝʪʨʽʾ, ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʃʩ̫ʢʘ ʪʘ ʽʥ., 2017) ʪʦʱʦ. 

ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʫ ʚʠʛʣʷʜʽ ʭʤʘʨʥʦʛʦ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʩʝʨʚʽʩʫ, ʘʙʦ ʦʢʨʝʤʦʛʦ ʤʦʜʫʣʷ ʢʦʥʚʝʻʨʘ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ, 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: 

1) ʜʦʩʪʫʧ ʜʦ ʩʭʦʚʠʱʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʦʙʩʷʛʦʤ ʥʝ ʤʝʥʰʝ 100 ʊɹ (ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʪʘ ʤʘʩʰʪʘʙʫ ʟʘʜʘʯ); 

2) ʙʝʟʧʝʨʝʙʽʡʥʝ ʰʠʨʦʢʦʩʤʫʛʦʚʝ ʽʥʪʝʨʥʝʪ ʟôʻʜʥʘʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʦ 10 ɻʙʽʪ/ʩ, 

ʟʘʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʤʽʞ ʩʭʦʚʠʱʝʤ ʜʘʥʠʭ ʪʘ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

3) ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʦ 10 ɻʙʽʪ/ʩ ʤʽʞ ʩʭʦʚʠʱʝʤ ʽ ʩʝʨʚʝʨʦʤ ʦʙʨʦʙʢʠ; 

4) ʙʝʟʧʝʨʝʙʽʡʥʠʡ ʜʦʩʪʫʧ ʜʦ ʜʞʝʨʝʣʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʜʦ 

Copernicus SciHub); 

5) ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʠʡ ʩʝʨʚʝʨ, ʟʜʘʪʥʠʡ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʝ ʤʝʥʰ ʥʽʞ 64 

ʚʽʨʪʫʘʣʴʥʠʭ ʧʦʪʦʢʠ ʧʨʠ ʯʘʩʪʦʪʽ 3,0 ɻɻʮ ʪʘ ʚʠʱʝ, ʪʘ ʦʙʣʘʜʥʘʥʠʡ ʜʦʩʪʘʪʥʽʤ 

ʦʙôʻʤʦʤ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ, ʥʘʧʨʠʢʣʘʜ 2 ʊɹ, ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʘʨʘʣʝʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ; ʚ ʪʘʢʦʤʫ ʨʘʟʽ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʘʙʝʟʧʝʯʠʪʠ 

ʦʜʥʦʯʘʩʥʫ ʦʙʨʦʙʢʫ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ; 

6) ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʜʘʪʥʝ ʦʧʝʨʫʚʘʪʠ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʟ ʨʽʟʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ 

ʜʠʥʘʤʽʯʥʦʛʦ ʚʠʙʦʨʫ ʥʝʦʙʭʽʜʥʦʾ ʤʦʜʝʣʽ ʪʘ ʾʾ ʧʘʨʘʤʝʪʨʽʚ; 
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7) ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ; 

8) ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʟ ʪʘʢʠʤ ʤʽʥʽʤʘʣʴʥʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ: ʟʘʤʦʚʣʝʥʥʷ ʟʥʽʤʢʽʚ; 

ʚʠʙʽʨ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʾʾ ʧʘʨʘʤʝʪʨʽʚ; 

ʚʠʙʽʨ ʮʽʣʴʦʚʠʭ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʦʪʨʽʙʥʠʭ ʩʧʦʞʠʚʘʯʫ; 

ʧʘʣʽʪʨʘ ʪʠʧʦʚʠʭ ʟʘʜʘʯ, ʜʣʷ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷ; ʚʢʘʟʘʥʥʷ 

ʜʽʣʷʥʢʠ ʟʥʽʤʢʘ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʦʙʨʦʙʠʪʠ; ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ 

(ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʙʝʨʽʛʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʫ ʫ ʩʭʦʚʠʱʽ ʜʘʥʠʭ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʦʜʥʦʯʘʩʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʦʙʨʦʙʣʝʥʠʭ ʜʘʥʠʭ 

ʙʘʛʘʪʴʤʘ ʢʦʨʠʩʪʫʚʘʯʘʤʠ); 

9) ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʘ ʘʙʦ ʙʘʛʘʪʦʷʜʝʨʥʘ 64-ʙʽʪʥʘ ʛʨʘʬʽʯʥʘ ʨʦʙʦʯʘ ʩʪʘʥʮʽʷ ʟ ʙʦʢʫ 

ʩʧʦʞʠʚʘʯʘ ʟʽ ʰʚʠʜʢʽʩʪʶ ʽʥʪʝʨʥʝʪ ʟôʻʜʥʘʥʥʷ 10 ɻʙʽʪ/ʩ ʪʘ ʦʙôʻʤʦʤ ʚʽʣʴʥʦʾ 

ʧʘʤôʷʪʽ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʟʘʤʦʚʣʝʥʠʡ ʦʙʩʷʛ ʜʘʥʠʭ; 

10) ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʦʧʠʩʘʥʠʤʠ ʚʠʱʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɯʣʶʩʪʨʘʪʠʚʥʘ ʩʭʝʤʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʧʨʦʚʘʜʞʝʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.23. 

 

ʉʭʦʚʠʱʝ ʜʘʥʠʭ

ʇʝʨʩʦʥʘʣʴʥʠʡ

ʢʦʤʧôʁ ʪʝʨ

ʎʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨʇʦʩʪʘʯʘʣʴʥʠʢ/ʜʞʝʨʝʣʦ

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ

ʉʠʩʪʝʤʘ ʚʠʙʦʨʫ ʤʦʜʝʣʽ

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ

web-ʩʝʨʚʝʨweb-ʟʘʩʪʦʩʫʥʦʢ

ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ

 

ʈʠʩ. 4.23. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʚʧʨʦʚʘʜʞʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ 

ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ 
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ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʻ ʜʦʩʠʪʴ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʫ ʨʽʟʥʠʭ ʟʘʜʘʯʘʭ ʟʘ ʫʤʦʚ ʥʘʷʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʤʦʜʝʣʝʡ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʟʚôʷʟʢʫ ʮʠʭ ʤʦʜʝʣʝʡ ʟ ʬʽʟʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʮʽʥʝʥʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʨʘʜʘʨʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʩʝʥʩʦʨʫ. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʽ ʜʘʥʽ ʟ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʩʘʤʦʛʦ ʧʨʦʜʫʢʪʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʥʽʤʘʥʥʶ ʚ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʜʝʥʴ ʟ ʟʘʪʨʠʤʢʦʶ ʤʝʥʰʝ ʦʜʥʽʻʾ ʩʝʢʫʥʜʠ. ʅʝ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʟ ʨʫʭʦʤʠʤʠ ʦʙôʻʢʪʘʤʠ, 

ʘʜʞʝ ʩʫʙʧʽʢʩʝʣʴʥʘ ʦʮʽʥʢʘ ʪʘʢʠʭ ʟʦʙʨʘʞʝʥʴ, ʘ ʦʪʞʝ, ʽ ʨʝʟʫʣʴʪʘʪ ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ, ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦ ʩʧʦʪʚʦʨʝʥʠʤʠ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʨʪʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʜʣʷ 

ʜʦʧʦʚʥʝʥʥʷ ʤʝʪʦʜʠʢʠ ʙʽʣʴʰ ʪʦʯʥʠʤ ʽ ʥʘʜʽʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ. ʅʘ ʩʴʦʛʦʜʥʽ 

ʟʘʣʠʰʠʣʘʩʷ ʥʝʨʦʟʚôʷʟʘʥʦʶ ʟʘʜʘʯʘ ʚʽʜʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʤʘʣʦʨʦʟʤʽʨʥʠʭ ʰʪʫʯʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʘ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʦʙʦʨʦʥʥʠʭ ʪʘ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʨʘʜʘʨʥʦʛʦ ʟʥʽʤʘʥʥʷ. ʊʘʢʦʞ ʚʘʨʪʦ ʘʜʘʧʪʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʫ 

ʤʝʪʦʜʠʢʫ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʥʘʜʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, 

ʪʘʢʠʭ ʷʢ TerraSAR-X, Cosmo-SkyMed ʪʘ Capella (Stringham et al., 2019; Battagliere 

et al., 2021). 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫ 

 

 ʆʪʞʝ, ʚ ʭʦʜʽ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ 

ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ ʙʫʣʦ: 

1) ʦʙʨʘʥʦ ʜʦʩʣʽʜʞʫʚʘʥʫ ʜʽʣʷʥʢʫ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʾʾ ʚʠʙʽʨ; 

2) ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʦ ʪʝʩʪʦʚʽ ʩʫʧʫʪʥʠʢʦʚʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʟʥʽʤʢʠ; 



132 
 

3) ʧʝʨʝʚʝʜʝʥʦ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʜʘʥʽ ʚ ʻʜʠʥʠʡ 

ʬʽʟʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ï ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

4) ʧʽʜʚʠʱʝʥʦ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʨʦʟʧʦʜʽʣʽʚ ʟʘʟʥʘʯʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ; 

5) ʦʜʝʨʞʘʥʦ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʝʩʪʦʚʠʭ 

ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ; 

6) ʦʙʯʠʩʣʝʥʦ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʝʩʪʦʚʠʭ ʨʘʜʘʨʥʠʭ 

ʜʘʥʠʭ; 

7) ʟʨʦʙʣʝʥʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ 

ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ; 

8) ʚʠʷʚʣʝʥʦ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦʾ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ 

ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʽ ʥʘʜʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʟʘʧʦʙʽʛʘʥʥʶ ʦʪʨʠʤʘʥʥʷ 

ʥʝʢʦʨʝʢʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʝʪʦʜʠʢʦʶ; 

9) ʥʘʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʚʧʨʦʚʘʜʞʝʥʥʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʚ ʧʨʘʢʪʠʢʫ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʭʤʘʨʥʦʛʦ web-ʩʝʨʚʽʩʫ. 

 ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʜʦʩʪʘʪʥʻ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʟʘ 

ʾʾ ʜʦʧʦʤʦʛʦʶ, ʟʘ ʫʤʦʚ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʜʽʣʷʥʦʢ ʤʽʩʮʝʚʦʩʪʽ ʟ ʥʝʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʽʥʪʝʥʩʠʚʥʠʭ ʨʘʜʘʨʥʠʭ ʚʽʜʙʠʚʘʯʽʚ. 

 ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʢʦʥʘʪʠʩʴ, ʱʦ 

ʚʠʪʨʠʤʫʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ. ɭ ʜʦʮʽʣʴʥʦʶ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʪʘʢʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚ ʨʘʜʘʨʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ, ʦʪʨʠʤʘʥʠʭ ʚ 

ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʥʘ ʙʘʛʘʪʴʦʭ ʨʝʘʣʴʥʠʭ 

ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʫʩʝʨʝʜʥʝʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʥʘ 85,4 %. 
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ɺʀʉʅʆɺʂʀ 

 

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʨʦʙʣʝʥʥʶ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ (ʈʉɸ). ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽʟ 

ʥʘʜʨʦʟʨʽʟʥʝʥʥʽʩʪʶ, ʩʬʦʨʤʦʚʘʥʠʭ ʚ ʨʽʟʥʠʭ ʧʦʣʷʨʠʟʘʮʽʷʭ ʈʉɸ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʨʝʢʪʥʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʢʘʣʽʙʨʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʘʜʘʨʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʻʜʠʥʫ ʬʽʟʠʯʥʫ 

ʚʝʣʠʯʠʥʫ ï ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʩʪʫʚʘʥʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʘʜʘʨʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʧʨʦʜʫʢʪʠ GRDH ʩʫʟʽʨôʷ ɭʚʨʦʧʝʡʩʴʢʠʭ 

ʩʫʧʫʪʥʠʢʽʚ Sentinel-1, ʦʩʥʘʱʝʥʠʭ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʈʉɸ. ʎʽ ʜʘʥʽ ʤʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ~10 ʤ ʽ ʤʽʩʪʷʪʴ ʧʦʣʷʨʠʟʘʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ὺὺ ʪʘ ὺὬ, (ὺ ï ʚʝʨʪʠʢʘʣʴʥʘ ʧʦʣʷʨʠʟʘʮʽʷ, Ὤ ï ʛʦʨʠʟʦʥʪʘʣʴʥʘ). 

ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʢʽʣʴʢʽʩʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʪʘ ʘʣʛʦʨʠʪʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʥʘ ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʢʽʣʴʢʦʭ ʩʫʙʧʽʢʩʝʣʴʥʦ-

ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʫ ʻʜʠʥʝ ʚʽʜʥʦʚʣʝʥʝ 

ʩʫʧʫʪʥʠʢʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. ʗʢ 

ʜʦʧʦʤʽʞʥʽ, ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʮʽʣʦʧʽʢʩʝʣʴʥʦʛʦ ʩʫʤʽʱʝʥʥʷ ʪʘ 

ʦʙʪʠʥʘʥʥʷ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʠ ʾʭ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʩʫʚʫ. ʈʝʘʣʽʟʦʚʘʥʦ 

ʪʠʧʦʚʠʡ ʘʣʛʦʨʠʪʤ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ.  

ɿ ʤʝʪʦʶ ʟʚʝʜʝʥʥʷ ʨʽʟʥʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʚ ʻʜʠʥʫ ʬʽʟʠʯʥʫ 

ʚʝʣʠʯʠʥʫ ʙʫʣʦ ʫʜʦʩʢʦʥʘʣʝʥʦ ʚʽʜʦʤʽ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ï 

ʆʭʘ, ɼʶʙʫʘ ʪʘ IEM. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʪʘ ʘʣʛʦʨʠʪʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ Sentinel-1 ʚ 
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ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʤʦʜʝʣʽ ʆʭʘ ʟ 

ʦʮʽʥʢʦʶ ʪʘ ʫʨʘʭʫʚʘʥʥʷʤ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ɻʘʫʩʽʚʩʴʢʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʚʦʩʧʨʷʤʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ (ʌʇʄ). 

ʈʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʧʦʻʜʥʘʥʽ ʚ ʻʜʠʥʫ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ. 

ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʙʫʣʦ ʧʨʦʪʝʩʪʦʚʘʥʦ ʥʘ ʥʘʙʦʨʽ ʽʟ 31 ʧʘʨʠ ʨʝʘʣʴʥʠʭ 

ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ Sentinel-1. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʻ ʽʪʝʨʘʪʠʚʥʦʶ ʪʘ ʰʚʠʜʢʦʟʙʽʞʥʦʶ ï ʧʽʩʣʷ ʜʨʫʛʦʾ-

ʪʨʝʪʴʦʾ ʽʪʝʨʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫʚʘʥʥʷ ʫʩʝʨʝʜʥʝʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʩʢʣʘʣʦ 32,84 %, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ï 

85,4 %. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʻ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ 

ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʟʘʜʘʯ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ï ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʚʽʜʥʦʚʣʝʥʥʶ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʦʱʦ ʟʘ ʫʤʦʚ ʥʘʷʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ 

ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʨʪʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʟʚʦʨʦʪʥʦʛʦ ʨʘʜʘʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʥʘ ʘʜʘʧʪʘʮʽʶ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʥʘʜʚʠʩʦʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ TerraSAR-X, Cosmo-SkyMed ʪʘ Capella. 
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ɼʦʜʘʪʦʢ ɸ 

ʆʧʠʩ ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʡʦʛʦ 

ʦʙʨʦʙʢʠ 

 

ʊʘʙʣʠʮʷ ɸ.1 

ʂʦʜʦʚʽ ʥʘʡʤʝʥʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʢʦʦʨʜʠʥʘʪʠ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʘʨʫ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ 

Sentinel-1 

ˉ 

ʟʥʽʤʢʫ 

ʂʦʜʦʚʽ ʥʘʡʤʝʥʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ 

ʂʦʦʨʜʠʥʘʪʠ ʧʦʣʽʛʦʥʫ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ 

(ʜʦʚʛʦʪʘ, ʰʠʨʦʪʘ), Á 

1 
S1B_IW_GRDH_1SDV_20200815T155324 

_20200815T155349_022936_02B88F_6C09 

POLYGON((30.131  49.759,30.136 

49.759,30.136 49.761,30.131 49.761,30.131 

49.759)) 

2 
S1A_IW_GRDH_1SDV_20230725T155405 

_20230725T155430_049582_05F647_F242 

POLYGON((30.083 49.780,30.096 

49.780,30.096 49.789,30.083 49.789,30.083 

49.78)) 

3 
S1B_IW_GRDH_1SDV_20200729T154520 

_20200729T154545_022688_02B102_7A81 

POLYGON((30.483 50.378,30.490 

50.378,30.490 50.382,30.483 50.382,30.483 

50.378)) 

4 
S1A_IW_GRDH_1SDV_20200728T155348 

_20200728T155413_033657_03E698_B348 

POLYGON((28.415 49.225,28.426 

49.225,28.426 49.233,28.415 49.233,28.415 

49.225)) 

5 
S1A_IW_GRDH_1SDV_20190831T152101 

_20190831T152126_028815_0343B4_6530 

POLYGON((36.163 49.879,36.179 

49.879,36.179 49.888,36.163 49.888,36.163 

49.879)) 

6 
S1A_IW_GRDH_1SDV_20190530T154445 

_20190530T154510_027459_031913_134A 

POLYGON((31.897 46.888,31.932 

46.888,31.932 46.905,31.897 46.905,31.897 

46.888)) 

7 
S1A_IW_GRDH_1SDV_20200828T154547 

_20200828T154612_034109_03F5F4_CEF5 

POLYGON((29.806 49.736,29.827 

49.736,29.827 49.743,29.806 49.743,29.806 

49.736)) 

8 
S1A_IW_GRDH_1SDV_20190627T040445 

_20190627T040510_027860_032534_F2F5 

POLYGON((30.517 46.559,30.535 

46.559,30.535 46.569,30.517 46.569,30.517 

46.559)) 

9 
S1A_IW_GRDH_1SDV_20190618T042832 

_20190618T042857_027729_03213D_711D 

POLYGON((24.126 49.748,24.146 

49.748,24.146 49.756,24.126 49.756,24.126 

49.748)) 

10 
S1B_IW_GRDH_1SDV_20200829T042801 

_20200829T042826_023133_02BEC4_BEC0 

POLYGON((25.538 49.543,25.554 

49.543,25.554 49.551,25.538 49.551,25.538 

49.543)) 

11 
S1A_IW_GRDH_1SDV_20200831T161028 

_20200831T161053_034153_03F793_D074 

POLYGON((26.237 50.612,26.259 

50.612,26.259 50.624,26.237 50.624,26.237 

50.612)) 
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ˉ 

ʟʥʽʤʢʫ 

ʂʦʜʦʚʽ ʥʘʡʤʝʥʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ 

ʂʦʦʨʜʠʥʘʪʠ ʧʦʣʽʛʦʥʫ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ 

(ʜʦʚʛʦʪʘ, ʰʠʨʦʪʘ), Á 

12 
S1B_IW_GRDH_1SDV_20190730T153723 

_20190730T153748_017365_020A74_C9BA 

POLYGON((31.284 51.485,31.312 

51.485,31.312 51.500,31.284 51.500,31.284 

51.485)) 

13 
S1A_IW_GRDH_1SDV_20200711T154544 

_20200711T154609_033409_03DEFD_2FD4 

POLYGON((30.784 49.830,30.806 

49.830,30.806 49.841,30.784 49.841,30.784 

49.830)) 

14 
S1A_IW_GRDH_1SDV_20200728T155413 

_20200728T155438_033657_03E698_7C3D 

POLYGON((28.986 50.032,29.007 

50.032,29.007 50.042,28.986 50.042,28.986 

50.032)) 

15 
S1A_IW_GRDH_1SDV_20200830T042022 

_20200830T042047_034131_03F6C6_65AE 

POLYGON((26.862 49.388,26.873 

49.388,26.873 49.396,26.862 49.396,26.862 

49.388)) 

16 
S1A_IW_GRDH_1SDV_20200821T155350 

_20200821T155415_034007_03F264_BAD5 

POLYGON((28.088 49.019,28.096 

49.0196,28.096 49.024,28.088 49.024,28.088 

49.019)) 

17 
S1A_IW_GRDH_1SDV_20190625T042011 

_20190625T042036_027831_032454_3886 

POLYGON((28.804 49.701,28.813 

49.701,28.813 49.705,28.804 49.705,28.804 

49.701)) 

18 
S1B_IW_GRDH_1SDV_20190622T155314 

_20190622T155339_016811_01FA2F_4B2A 

POLYGON((30.096 49.826,30.100 

49.826,30.100 49.829,30.096 49.829,30.096 

49.826)) 

19 
S1A_IW_GRDH_1SDV_20190726T041204 

_20190726T041229_028283_0331F4_EB6B 

POLYGON((29.961 50.173,29.969 

50.173,29.969 50.178,29.961 50.178,29.961 

50.173)) 

20 
S1A_IW_GRDH_1SDV_20190729T154538 

_20190729T154603_028334_033394_A78B 

POLYGON((30.920 49.630,30.942 

49.630,30.942 49.641,30.920 49.641,30.920 

49.630)) 

21 
S1B_IW_GRDH_1SDV_20190828T154450 

_20190828T154515_017788_02179A_1258 

POLYGON((30.363 49.482,30.373 

49.482,30.373 49.489,30.363 49.489,30.363 

49.482)) 

22 
S1B_IW_GRDH_1SDV_20190828T154450 

_20190828T154515_017788_02179A_1258 

POLYGON((29.645 49.728,29.668 

49.728,29.668 49.736,29.645 49.736,29.645 

49.728)) 

23 
S1A_IW_GRDH_1SDV_20200626T041209 

_20200626T041234_033183_03D816_7063 

POLYGON((30.108 50.010,30.120 

50.010,30.120 50.015,30.108 50.0155,30.108 

50.010)) 

24 
S1A_IW_GRDH_1SDV_20200626T041209 

_20200626T041234_033183_03D816_7063 

POLYGON((30.314 50.169,30.327 

50.169,30.327 50.174,30.314 50.174,30.314 

50.169)) 

25 
S1B_IW_GRDH_1SDV_20200729T154520 

_20200729T154545_022688_02B102_7A81 

POLYGON((30.772 50.510,30.797 

50.510,30.797 50.519,30.772 50.519,30.772 

50.510)) 

26 
S1A_IW_GRDH_1SDV_20200728T155348 

_20200728T155413_033657_03E698_B348 

POLYGON((28.667 49.106,28.683 

49.106,28.683 49.115,28.667 49.115,28.667 

49.106)) 

27 
S1A_IW_GRDH_1SDV_20200828T154457 

_20200828T154522_034109_03F5F4_9B75 

POLYGON((30.435 46.403,30.443 

46.403,30.443 46.408,30.435 46.408,30.435 

46.403)) 

28 
S1B_IW_GRDH_1SDV_20200824T152851 

_20200824T152916_023067_02BCC0_8107 

POLYGON((35.936 49.991,35.949 

49.991,35.949 49.997,35.936 49.997,35.936 

49.991)) 



142 
 

ˉ 

ʟʥʽʤʢʫ 

ʂʦʜʦʚʽ ʥʘʡʤʝʥʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ 

ʂʦʦʨʜʠʥʘʪʠ ʧʦʣʽʛʦʥʫ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ 

(ʜʦʚʛʦʪʘ, ʰʠʨʦʪʘ), Á 

29 
S1B_IW_GRDH_1SDV_20200831T041125 

_20200831T041159_023162_02BFAB_8D5B 

POLYGON((30.325 50.399,30.466 

50.399,30.466 50.466,30.325 50.466,30.325 

50.399)) 

30 
S1B_IW_GRDH_1SDV_20200824T041934 

_20200824T042002_023060_02BC91_02AC 

POLYGON((28.505 50.211,28.659 

50.211,28.659 50.285,28.505 50.285,28.505 

50.211)) 

31 
S1A_IW_GRDH_1SDV_20200830T042022 

_20200830T042047_034131_03F6C6_65AE 

POLYGON((28.028 50.254,28.267 

50.254,28.267 50.378,28.028 50.378,28.028 

50.254)) 
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ʊʘʙʣʠʮʷ ɸ.2 

ʈʝʟʫʣʴʪʘʪʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʝʩʪʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

‐ , ‐  ï ʟʦʙʨʘʞʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʪʨʠʤʘʥʽ ʟ ʧʦʣʷʨʠʟʘʮʽʡ ὺὺ ʪʘ ὺὬ 

ʚʽʜʧʦʚʽʜʥʦ; ‐  ï ʟʦʙʨʘʞʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦ ʾ ʧʨʦʥʠʢʥʦʩʪ̔ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ;  ‐  ï ʟʦʙʨʘʞʝʥʥʷ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ.  

ˉ 

ʟʥʽʤʢʫ 

ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʧʽʢʩʝʣʽʚ 

ʅʝʩʪʘʣʘ ʯʘʩʪʢʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʇʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, % ʇ̔ ʜʚʠʱʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, % 

Ⱡ○○ Ⱡ○▐ Ⱡ▄▪▐╪▪╬▄▀ Ⱡ□▄╪▪
■▫◌ Ⱡ▄▪▐╪▪╬▄▀ 

1 2.846 2.821 4.068 0.031 0.060 94.06% 39.30% 

2 2.193 2.139 3.307 0.053 0.091 71.59% 30.99% 

3 1.871 1.881 3.334 0.071 0.089 26.64% 12.53% 

4 2.173 2.168 3.948 0.053 0.064 20.89% 9.95% 

5 3.426 3.345 4.537 0.021 0.048 122.72% 49.23% 

6 2.304 2.309 3.793 0.046 0.069 47.91% 21.61% 

7 3.819 3.814 4.629 0.017 0.046 171.90% 64.89% 

8 3.111 3.151 4.087 0.025 0.059 134.75% 53.21% 

9 2.302 2.328 3.708 0.046 0.072 55.91% 24.86% 

10 1.992 2.005 3.862 0.062 0.067 7.11% 3.49% 

11 1.712 1.706 3.562 0.085 0.078 -7.92% -4.04% 

12 1.879 1.853 3.597 0.071 0.077 7.64% 3.75% 

13 2.314 2.302 3.808 0.046 0.068 46.93% 21.21% 
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ˉ 

ʟʥʽʤʢʫ 

ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʧʽʢʩʝʣʽʚ 

ʅʝʩʪʘʣʘ ʯʘʩʪʢʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʇʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, % ʇʽʜʚʠʱʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, % 

Ⱡ○○ Ⱡ○▐ Ⱡ▄▪▐╪▪╬▄▀ Ⱡ□▄╪▪
■▫◌ Ⱡ▄▪▐╪▪╬▄▀ 

14 3.667 3.694 3.908 0.018 0.065 254.78% 88.35% 

15 3.576 3.565 4.754 0.019 0.044 125.63% 50.21% 

16 4.587 4.569 4.816 0.012 0.043 261.44% 90.11% 

17 3.644 3.614 4.771 0.018 0.043 131.42% 52.12% 

18 4.661 4.579 4.268 0.011 0.054 368.7% 116.49% 

19 3.578 3.610 4.497 0.019 0.049 155.48% 59.83% 

20 2.727 3.117 4.002 0.029 0.062 113.23% 46.02% 

21 2.018 2.011 3.911 0.061 0.065 6.12% 3.01% 

22 1.941 1.927 3.550 0.066 0.079 18.71% 8.95% 

23 2.644 2.649 3.869 0.035 0.066 87.15% 36.8% 

24 2.167 2.313 3.808 0.049 0.068 38.40% 17.64% 

25 1.977 2.160 3.637 0.058 0.075 29.39% 13.74% 

26 2.203 2.227 3.996 0.050 0.062 22.90% 10.86% 

27 2.149 2.157 4.141 0.053 0.058 8.12% 3.98% 

28 3.544 3.506 4.368 0.020 0.052 160.50% 61.40% 

29 1.716 1.727 3.625 0.084 0.076 -9.78% -5.02% 

30 1.932 2.030 3.889 0.063 0.066 3.78% 1.87% 

31 2.997 3.021 4.596 0.027 0.047 71.45% 30.93% 

ʋʩʝʨʝʜʥʝʥʝ 85.40% 32.84% 
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ʊʘʙʣʠʮʷ ɸ.3 

ʉʪʘʪʠʩʪʠʢʘ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ: ʚʭʽʜʥʠʭ Ɑ○○ ʪʘ Ɑ○▐, ʘ ʪʘʢʦʞ ʟʤʦʜʝʣʴʦʚʘʥʠʭ  

Ɑ○○
╞▐Ⱡ○○ȟ▼ȟⱣ ʪʘ Ɑ○▐

╞▐Ⱡ○▐ȟ▼ȟⱣ  ʟ ʧʦʣʷʨʠʟʘʮʽʡ ○○ ʪʘ ○▐, ʚʽʜʧʦʚʽʜʥʦ 

 ʤʽʥ ï ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʤʘʢʩ ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʤ.ʦ. ï ʤʘʪ ʦʯʽʢʫʚʘʥʥʷ, ʩ.ʢ.ʚ. ï ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ˉ 

ʟʥʽʤʢʫ 

Ɑ○○ Ɑ○▐ Ɑ○○
╞▐Ⱡ○○ȟ▼ȟⱣ Ɑ○▐

╞▐Ⱡ○▐ȟ▼ȟⱣ 

ʤʽʥ ʤʘʢʩ ʤ.ʦ. ʩ.ʢ.ʚ. ʤʽʥ ʤʘʢʩ ʤ.ʦ. ʩ.ʢ.ʚ. ʤʽʥ ʤʘʢʩ ʤ.ʦ. ʩ.ʢ.ʚ. ʤʽʥ ʤʘʢʩ ʤ.ʦ. ʩ.ʢ.ʚ. 

1 0.020 0.502 0.081 0.035 0.003 0.109 0.019 0.007 0.020 0.309 0.084 0.035 0.000 0.012 0.001 0.001 

2 0.015 6.890 0.158 0.315 0.001 2.194 0.038 0.065 0.015 0.319 0.121 0.065 0.000 0.329 0.004 0.009 

3 0.031 10.02 0.283 0.541 0.005 4.759 0.092 0.253 0.031 0.352 0.189 0.091 0.000 0.715 0.012 0.038 

4 0.026 35.80 0.271 0.985 0.000 1.865 0.039 0.057 0.026 0.400 0.183 0.081 0.000 0.280 0.004 0.008 

5 0.032 0.468 0.115 0.039 0.006 0.137 0.028 0.009 0.031 0.447 0.115 0.039 0.000 0.015 0.002 0.001 

6 0.018 4.801 0.098 0.113 0.000 0.311 0.021 0.026 0.018 0.360 0.092 0.068 0.000 0.046 0.002 0.003 

7 0.035 0.696 0.163 0.066 0.000 0.145 0.035 0.012 0.034 0.430 0.163 0.063 0.000 0.016 0.003 0.001 

8 0.015 0.597 0.058 0.037 0.000 0.072 0.010 0.007 0.015 0.298 0.058 0.035 0.000 0.007 0.000 0.000 

9 0.016 7.620 0.149 0.232 0.002 4.353 0.043 0.094 0.016 0.267 0.123 0.053 0.000 0.654 0.005 0.014 

10 0.015 10.21 0.160 0.357 0.002 5.015 0.041 0.130 0.015 0.326 0.122 0.066 0.000 0.753 0.004 0.019 

11 0.004 13.04 0.257 0.392 0.001 5.150 0.071 0.164 0.004 0.300 0.171 0.064 0.000 0.774 0.009 0.024 

12 0.005 54.52 0.298 0.958 0.001 5.366 0.068 0.144 0.006 0.441 0.206 0.106 0.000 0.806 0.008 0.021 

13 0.019 8.072 0.097 0.116 0.000 0.378 0.022 0.011 0.019 0.371 0.094 0.043 0.000 0.056 0.001 0.001 

14 0.003 0.483 0.088 0.049 0.000 0.107 0.016 0.011 0.003 0.326 0.088 0.048 0.000 0.010 0.001 0.001 

15 0.014 0.393 0.049 0.026 0.000 0.082 0.008 0.008 0.014 0.290 0.050 0.026 0.000 0.011 0.000 0.000 

16 0.024 0.750 0.082 0.036 0.001 0.110 0.014 0.009 0.024 0.373 0.082 0.033 0.000 0.014 0.001 0.001 

17 0.051 0.428 0.100 0.034 0.010 0.137 0.036 0.011 0.051 0.375 0.101 0.033 0.000 0.013 0.003 0.001 
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ˉ 

ʟʥʽʤʢʫ 

Ɑ○○ Ɑ○▐ Ɑ○○
╞▐Ⱡ○○ȟ▼ȟⱣ Ɑ○▐

╞▐Ⱡ○▐ȟ▼ȟⱣ 

ʤʽʥ ʤʘʢʩ ʤ.ʦ. ʩ.ʢ.ʚ. ʤʽʥ ʤʘʢʩ ʤ.ʦ. ʩ.ʢ.ʚ. ʤʽʥ ʤʘʢʩ ʤ.ʦ. ʩ.ʢ.ʚ. ʤʽʥ ʤʘʢʩ ʤ.ʦ. ʩ.ʢ.ʚ. 

18 0.038 0.328 0.152 0.080 0.004 0.093 0.025 0.010 0.037 0.266 0.150 0.077 0.000 0.014 0.003 0.001 

19 0.030 0.443 0.127 0.085 0.005 0.121 0.024 0.011 0.029 0.325 0.126 0.081 0.000 0.014 0.002 0.001 

20 0.009 0.486 0.074 0.037 0.000 0.079 0.012 0.009 0.009 0.361 0.074 0.037 0.000 0.011 0.001 0.000 

21 0.016 12.85 0.175 0.447 0.002 0.937 0.024 0.028 0.016 0.417 0.126 0.083 0.000 0.131 0.002 0.003 

22 0.006 20.66 0.279 0.532 0.000 1.255 0.049 0.052 0.006 0.483 0.208 0.105 0.000 0.188 0.005 0.007 

23 0.041 5.451 0.175 0.205 0.010 0.540 0.031 0.018 0.041 0.331 0.154 0.065 0.000 0.081 0.003 0.002 

24 0.056 51.05 0.509 1.614 0.011 8.507 0.084 0.287 0.056 0.366 0.244 0.075 0.000 1.278 0.011 0.043 

25 0.026 13.21 0.282 0.466 0.006 9.962 0.106 0.248 0.026 0.374 0.198 0.087 0.000 1.497 0.014 0.037 

26 0.024 40.81 0.280 0.942 0.002 1.097 0.035 0.031 0.024 0.396 0.184 0.080 0.000 0.165 0.004 0.004 

27 0.020 42.22 0.244 1.509 0.000 0.567 0.024 0.024 0.020 0.453 0.129 0.090 0.000 0.085 0.002 0.003 

28 0.020 1.820 0.083 0.066 0.003 0.239 0.019 0.011 0.021 0.293 0.081 0.038 0.000 0.026 0.001 0.001 

29 0.003 347.8 0.355 2.062 0.000 38.56 0.064 0.218 0.000 0.392 0.193 0.090 0.000 5.797 0.008 0.032 

30 0.000 258.5 0.190 0.961 0.000 11.07 0.035 0.049 0.000 0.443 0.148 0.075 0.000 1.665 0.003 0.007 

31 0.003 5.469 0.103 0.048 0.000 0.193 0.027 0.011 0.003 0.376 0.103 0.038 0.000 0.027 0.002 0.001 
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ɼʦʜʘʪʦʢ ɹ 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʪʝʩʪʦʚʠʭ ʥʘʙʦʨʽʚ ʟʦʙʨʘʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ 

 

„ , „  ï ʟʦʙʨʘʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʘʜʘʨʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ; „ ‐ȟίȟ— 

ʪʘ „ ‐ ȟίȟ— ï ʟʦʙʨʘʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʘʜʘʨʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ; ‐  ʪʘ ‐  ï ʟʦʙʨʘʞʝʥʥʷ ʩʠʥʪʝʪʠʯʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʫ ʧʦʣʷʨʠʟʘʮʽʷʭ ὺὺ ʪʘ ὺὬ, ʚʽʜʧʦʚʽʜʥʦ; ‐  ï ʟʦʙʨʘʞʝʥʥʷ 

ʩʠʥʪʝʪʠʯʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ɹ.1. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ1 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 



148 
 

  
‐  ‐  

 
‐  
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ɹ.2. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ2 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.3. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ3 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.4. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ4 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.5. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ5 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.6. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ6 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.7. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ7 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.8. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ8 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.9. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ9 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.10. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ10 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.11. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ11 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.12. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ12 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.13. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ13 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.14. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ14 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.15. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ15 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.16. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ16 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.17. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ17 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.18. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ18 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.19. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ19 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.20. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ20 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.21. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ21 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.22. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ22 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.23. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ23 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.24. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ24 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.25. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ25 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.26. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ26 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.27. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ27 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  
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ɹ.28. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ28 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 

  
‐  ‐  

 
‐  

  



176 
 

ɹ.29. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ29 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 



177 
 

  
‐  ‐  

 
‐  

  



178 
 

ɹ.30. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ30 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 

  
„  „ ‐ ȟίȟ— 



179 
 

  
‐  ‐  

 
‐  

 

  



180 
 

ɹ.31. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ˉ31 

 
ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

  
„  „ ‐ȟίȟ— 






















