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ɼʀʉɽʈʊɸʎɯʗ 
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ɿɽʄʅʆɰ ʇʆɺɽʈʍʅɯ 
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ɸʅʆʊɸʎɯʗ 

ʉʚʽʜʝʥʶʢ ʄ.ʆ. ʄʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʪʘ ʦʧʪʠʯʥʦʛʦ 

ʟʥʽʤʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

172 ï çʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘè. ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ 

ʥʘʫʢ ʋʢʨʘʾʥʠè, ʤ. ʂʠʾʚ, 2021. 

 

ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʘʢʪʫʘʣʴʥʽ ʥʘʫʢʦʚʽ, ʩʦʮʽʦʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʟʘʜʘʯʽ, 

ʚʘʞʣʠʚʽ ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʤʘʛʘʶʪʴ ʟʘʣʫʯʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʜʣʷ ʾʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ 

ʨʽʰʝʥʥʷ. ʊʦʤʫ, ʩʫʯʘʩʥʘ ʧʘʨʘʜʠʛʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʪʫʧʦʚʠʡ 

ʧʝʨʝʭʽʜ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʠʭ ʪʘ ʢʘʣʽʙʨʦʚʘʥʠʭ ʜʘʥʠʭ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʚʠʱʠʭ ʨʽʚʥʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʚ 

ʪʝʤʘʪʠʯʥʠʭ ʛʘʣʫʟʷʭ, ʘ ʥʝ ʟ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ï analysis-ready data (ARD). ʇʨʠʢʣʘʜʘʤʠ 

ARD ʻ ʧʨʦʩʪʦʨʦʚʽ ʨʦʟʧʦʜʽʣʠ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʝʜʦʩʪʫʧʥʠʭ 

ʜʦ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ï ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʚʦʣʦʛʦʩʪ̔ ̌ ʨʫʥʪʫ, ʙʽʦʤʘʩʠ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʨʠʟʠʢʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʧʦʜʽʡ ʪʦʱʦ. 

ʉʫʯʘʩʥʘ ʤʝʨʝʞʘ ɼɿɿ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ 

ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʩʠʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ. ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʻ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʬʝʥʦʤʝʥ (ʧʨʦʮʝʩ, ʦʙôʻʢʪ, ʧʦʜʽʶ) ʧʦ 

ʜʝʢʽʣʴʢʦʤ ʢʘʥʘʣʘʤ. ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʧʦ ʷʢʠʭ ʢʘʥʘʣʘʭ 

ʧʝʨʝʜʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʽ ʜʘʥʽ ʽ ʷʢ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʦʧʪʠʤʘʣʴʥʝ ʘʙʦ ʨʘʮʽʦʥʘʣʴʥʝ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ. ɿʘʛʘʣʦʤ, ʩʠʥʝʨʛʝʪʠʯʥʘ ʢʦʥʮʝʧʮʽʷ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʽʚ ʪʘ ʧʨʦʮʝʩʽʚ ʟʘ ʥʘʷʚʥʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ʜʘʥʠʭ. ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʽ ʜʘʥʠʭ ʥʝʚʽʜʦʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ, ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʷʢʦʾ ʻ 

ʦʧʪʠʯʥʠʡ ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʩʠʛʥʘʣʠ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʾʾ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ, ʚʩʽ ʥʘʷʚʥʽ 

ʜʘʥʽ ʚʠʚʯʘʶʪʴʩʷ ʚ ʩʫʢʫʧʥʦʩʪʽ ʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʷʢ ʚʭʽʜʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʟʤʽʥʥʽ. ʆʙʨʦʙʢʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 
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ɺ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʪʦʯʥʦʤʫ ʪʘ ʜʦʩʪʦʚʽʨʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʽ ʘʙʩʦʣʶʪʥʦʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʦʣʦʛʽʩʪʴ ʫ ʚʽʜʥʦʰʝʥʥʽ 

ʜʦ ʤʘʩʠ ʩʫʭʦʛʦ ʤʘʪʝʨʽʘʣʫ (Wʦʙʯ, %). ɸʣʝ, ʦʩʢʽʣʴʢʠ Wʦʙʯ ʻ ʤʽʥʣʠʚʦ  ʁʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʫʤʦʚ ʨ̌ʫʥʪʦʚʦ-ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʜʦʩʪʦʚʽʨʥʝ ʦʪʨʠʤʘʥʥʷ Wʦʙʯ ʧʦʪʨʝʙʫʻ 

ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʦʢʨʝʤʘ, ʚ ʨʘʤʢʘʭ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʝʥʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (ů), 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ (Ů), ʰʦʨʩʪʢʦʩʪʽ (s), ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ (Tʧ) ʪʘ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ (Tʜʠʩ), ʧʘʨʘʤʝʪʨʽʚ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʣʘ ʫ ʧʽʜʚʠʱʝʥʥʽ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʝʨʰ ʟʘ ʚʩʝ ï ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ 

ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. ɼʣʷ 

ʮʴʦʛʦ ʙʫʣʦ ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʦʧʪʠʯʥʠʭ ʪʘ ʨʘʜʘʨʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʙʯʠʩʣʝʥʦ ʜʦʜʘʪʢʦʚ ̔ʬʽʟʠʯʥ ̔ʧʘʨʘʤʝʪʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ 

ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʥʘʟʝʤʥʽ ʧʽʜʩʫʧʫʪʥʠʢʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ C-SAR (ʜʦʚʞʠʥʘ ʭʚʠʣʽ ɚC-

SAR = 5,56 ʩʤ) Sentinel-1 High-Resolution Ground Range Detected (GRDH) ʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 10 ʤ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ Ů. ʈʘʜʘʨʥʽ 

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

ʙʫʣʠ ʦʙʨʦʙʣʝʥʽ ʫ ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Sentinel Application Platform 

(SNAP). ʆʙʨʦʙʢʘ ʩʢʣʘʜʘʣʘʩʷ ʟ ʦʥʦʚʣʝʥʥʷ ʤʝʪʘʜʘʥʠʭ, ʢʦʥʚʝʨʪʘʮʽʾ DNSAR ʚ ů 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ (VH, ůVH) ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʾ (VV, ůVV) ʧʦʣʷʨʠʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʛʝʦʛʨʘʬʽʯʥʦʾ 

ʧʨʠʚôʷʟʢʠ. ʉʝʨʝʜʦʚʠʱʝ SNAP ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʩʫʧʨʦʚʽʜʥʽ ʜʘʥʽ ʜʦ ʧʨʦʜʫʢʪʽʚ S1. 

ʊʦʤʫ, ʪʘʢʦʞ ʙʫʣʠ ʟʛʝʥʝʨʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ ʢʫʪʽʚ ʚʽʟʫʚʘʥʥʷ  ᵻʪʘ ɗ. 

ʆʙʯʠʩʣʝʥʥʷ Ů ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ Integral Equation Model (IEM) ʟʽ ʩʪʘʣʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʜʽʫʩʫ ʢʦʨʝʣʷʮʽʾ (l=4) ʜʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ s. ʋ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ůVH, ůVV ʪʘ ɗ, ʦʙʯʠʩʣʝʥʽ ʜʣʷ 

ʧʨʦʜʫʢʪʽʚ S1 GRDH. ʆʩʢʽʣʴʢʠ IEM ʻ ʥʝʜʦʩʢʦʥʘʣʦʶ, ʚʦʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʨʠʚʫ 

ʬʫʥʢʮʽʾ Ů ʧʨʠ ʜʝʷʢʠʭ ʢʦʤʙʽʥʘʮʽʷʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʊʦʤʫ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʨʷʜ 

ʫʜʦʩʢʦʥʘʣʝʥʴ. ʇʦ-ʧʝʨʰʝ, ʥʘʢʣʘʜʝʥʦ ʫʤʦʚʫ ŮVH å ŮVV, ʦʩʢʽʣʴʢʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 
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ʬʽʟʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ (ʥʘʧʨʠʢʣʘʜ C-SAR VH/VV) ʟʥʘʯʝʥʥʷ ʥʝ ʤʘʻ 

ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ. ʇʦ-ʜʨʫʛʝ, ʦʩʢʽʣʴʢʠ s ʪʘʢʦʞ ʻ ʥʝʚʽʜʦʤʦʶ ʚʝʣʠʯʠʥʦʶ, 

ʜʽʘʧʘʟʦʥ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʤʝʞʘʭ 0,01 ʩʤ < s< 

2

SARC-
l

 ʩʤ. ʇʦ-ʪʨʝʪʻ, ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ˇʨʫʥʪʫ, ʚʩʪʘʥʦʚʣʝʥʦ ʦʙʤʝʞʝʥʥʷ 2 < Ů < 45, ʦʩʢʽʣʴʢʠ ʦʨʠʛʽʥʘʣʴʥʘ ʤʦʜʝʣʴ IEM ʜʦʧʫʩʢʘʻ 

Ů Ÿ Ð. ʇʦʙʫʜʦʚʫ ʢʘʨʪ ʨʦʟʧʦʜʽʣʽʚ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ e ʪʘ ʰʦʨʩʪʢʦʩʪʽ s ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʝʨʥʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ e ʫ ʚʩʴʦʤʫ ʤʦʞʣʠʚʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ ůVH ʪʘ ůVV. ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʢʦʨʝʢʮʽʶ Ů h ʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ 

ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʝʬʝʢʪʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿ 

ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʟʝʤʥʠʭ, ʢʚʘʟʽʩʠʥʭʨʦʥʥʠʭ ʽʟ ʟʦʥʜʫʚʘʥʥʷʤ 

S1, ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʢʠʩʣʦʪʥʦʩʪʽ (pHʧ) ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ Tʧ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ Tʜʠʩ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʚʠʜʠʤʦʤʫ/ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ (Visible/Near Infrared, VNIR) ʪʘ 

ʪʝʧʣʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ (Thermal Infrared) ʜʽʘʧʘʟʦʥʘʭ. ɺ ʧʝʨʰʦʤʫ ʧʦʪʦʮʽ 

ʦʙʯʠʩʣʝʥʴ, ʜʘʥʽ VNIR, ʱʦ ʧʦʩʪʘʯʘʶʪʴʩʷ ʩʫʧʫʪʥʠʢʘʤʠ PlanetScope PS2.SD 

(ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 3,7 ʤ), ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ Normalized 

Difference Vegetation Index (NDVI). ɺ ʧʦʜʘʣʴʰʦʤʫ NDVI ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ŮV), ʦʢʨʝʤʦ ʜʣʷ ʨʦʩʣʠʥʥʠʭ ʪʘ 

ʥʝʨʦʩʣʠʥʥʠʭ ʧʦʢʨʠʚʽʚ, ʟ ʟʘʣʫʯʝʥʥʷʤ ʜʘʥʠʭ ʟʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ECOSTRESS. 

ɺ ʜʨʫʛʦʤʫ ʧʦʪʦʮʽ ʦʙʯʠʩʣʝʥʴ, ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʦʙʨʦʙʢʘ ʜʘʥʠʭ TIR, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʚ ʬʦʨʤʘʪʽ ʜʠʩʢʨʝʪʥʠʭ ʮʽʣʦʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ (DNTIR). ɸ ʩʘʤʝ, ʜʣʷ ʮʴʦʛʦ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʩʝʥʩʦʨʽʚ Landsat-7 (L7) Enhanced Thematic Mapper Plus (ETM+), 

Landsat-8 (L8) Thermal Infrared Sensor (TIRS), ʪʘ Earth Observing System (EOS) 

Moderate Resolution Imaging Spectroradiometer (MODIS). ɼʘʥʽ TIR ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 60, 100 ʪʘ 1000 ʤ ʚʽʜʧʦʚʽʜʥʦ. ɿʘ ʢʘʣʽʙʨʫʚʘʣʴʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʢʦʥʚʝʨʪʫʚʘʥʥʷ DNTIR ʚ ʩʧʝʢʪʨʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ 

ʩʝʥʩʦʨʽ (L0), ʘ ʧʦʪʽʤ ï ʚ ʩʧʝʢʪʨʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ (L0) ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʥʫ ʢʦʨʝʢʮʽʶ. 
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ʆʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ ŮV ʪʘ L0 ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʊʜʠʩʪ ʟʘ ʦʙʝʨʥʝʥʥʶ 

ʬʦʨʤʫʣʦʶ ʇʣʘʥʢʘ ʜʣʷ çʩʽʨʦʛʦè ʪʽʣʘ. ʆʩʢʽʣʴʢʠ ʦʧʪʠʯʥʽ ʪʘ ʨʘʜʘʨʥʽ ʩʝʥʩʦʨʠ ʧʨʦʚʦʜʷʪʴ 

ʟʥʽʤʘʥʥʷ ʥʝʩʠʥʭʨʦʥʥʦ (ʨʽʟʥʠʮʷ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 4 ʛʦʜʠʥʠ), ʊʜʠʩʪ ʙʫʣʦ 

ʧʝʨʝʤʘʩʰʪʘʙʦʚʘʥʦ ʚ ʯʘʩʽ ʜʦ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʯʘʩ ʟʥʽʤʘʥʥʷ S1 (Tʤ). 

ɿ ʤʝʪʦʶ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʟʚʦʨʦʪʥʝ ʨʦʟʩʽʷʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʙʫʣʠ ʦʙʯʠʩʣʝʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɼʦ 

ʨʝʟʫʣʴʪʫʶʯʦʾ ʤʦʜʝʣʽ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʫʚʽʡʰʣʠ ʧʘʨʘʤʝʪʨ 

ʣʦʢʘʣʴʥʠʭ ʜʝʚʽʘʮʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ (g), ʚʟʘʻʤʥʘ ʦʨʽʻʥʪʘʮʽʷ ʝʣʝʤʝʥʪʫ 

ʨʝʣʴʻʬʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʝʥʩʦʨʘ (f0) ʪʘ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ (ű). 

ɼʦʜʘʪʢʦʚʦ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʮʠʬʨʦʚʫ 

ʤʦʜʝʣʴ ʤʽʩʮʝʚʦʩʪʽ (ʎʄʄ) Advanced Land Observation Satellite (ALOS) Global Digital 

Surface Model (GDSM) AW3D30.  

ɿʦʢʨʝʤʘ, ʧʘʨʘʤʝʪʨ g ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ 

ʟʦʥʜʫʚʘʥʥʽ ʧʽʜ ʢʫʪʦʤ ʚʽʟʫʚʘʥʥʷ, ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ůVH, ůVV ʪʘ ɗ. 

ʇʘʨʘʤʝʪʨ f0 ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʚʟʘʻʤʥʫ ʦʨʽʻʥʪʘʮʽʶ ʥʘʧʨʷʤʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʘʜʘʨʘ ʪʘ 

ʣʽʥʽʾ ʥʦʨʤʘʣʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʭʠʣʫ ʪʘ ʝʢʩʧʦʟʠʮʽʾ 

ʝʣʝʤʝʥʪʫ ʨʝʣʴʻʬʫ, ʘ ʪʘʢʦʞ ʢʫʪʘ ʚʽʟʫʚʘʥʥʷ ʪʘ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʩʝʥʩʦʨʫ. ʅʦʨʤʘʣʽʟʘʮʽʶ 

ʨʝʣʴʻʬʫ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʫʚʽʛʥʫʪʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʜʣʷ 

ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʧʦʥʠʞʝʥʴ. 

ʇʘʨʘʤʝʪʨʠ, ʦʙʯʠʩʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ (ʨʝʛʨʝʩʦʨʠ) ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ Wʧ (ʨʝʛʨʝʩʘʥʜ) ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ Wʦʙʯ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. ʉʫʪʪʻʚʫ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʤʦʜʝʣʽ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʤʧʽʨʠʯʥʦ ʚʠʟʥʘʯʝʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʭʽʜʥʠʭ ʨʝʛʨʝʩʦʨʽʚ ʪʘ ʾʭ ʢʦʤʙʽʥʫʚʘʥʥʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ Wʧ ʪʘ ʨʝʛʨʝʩʦʨʘʤʠ 

(ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R2 = 0,87). ɺʩʪʘʥʦʚʣʝʥʘ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

(RMSE = 3,6 %, MAE = 2,9 %) ʻ ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʦʶ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ. ɹʘʛʘʪʦʚʠʤʽʨʥʘ ʣʽʥʝʘʨʠʟʦʚʘʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ.  
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ Principal Component Analysis (PCA), ʚʠʷʚʣʝʥʦ, ʱʦ 90 % ʧʦʚʥʦʾ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʽʩʪʴʤʘ ʧʝʨʰʠʤʠ ʛʦʣʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʉʝʨʝʜ 

ʨʝʛʨʝʩʦʨʽʚ, ʨʦʟʧʦʜʽʣ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʻ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʠʤ: ʾʭ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 6,2-16,5 %. ʅʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʻ s ʩʢʦʤʙʽʥʦʚʘʥʘ ʟ NV 

(~16,5 %) ʪʘ ůVH ʩʢʦʤʙʽʥʦʚʘʥʠʡ ʟ Tʤ (~13,1 %). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʤʝʪʦʜʠʢʫ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʦʧʪʠʯʥʠʭ ʪʘ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʝʨʰ ʟʘ ʚʩʝ ï ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʢʣʘʜʥʫ ʣʽʥʝʘʨʠʟʦʚʘʥʫ ʙʘʛʘʪʦʚʠʤʽʨʥʫ 

ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʭʠʣʝʥʴ, ʦʨʠʛʽʥʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʚ ʨʘʟʽ ʥʝʩʠʥʭʨʦʥʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʟʥʽʤʘʥʥʷ, ʪʘ ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʻ ʛʝʦʤʝʪʨʠʯʥʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ 

ʣʦʢʘʣʴʥʽ ʜʝʚʽʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ. 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʣʽʥʝʘʨʠʟʦʚʘʥʫ ʙʘʛʘʪʦʚʠʤʽʨʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʟ 

ʤʽʥʽʤʽʟʘʮʽʻʶ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʭʠʣʝʥʴ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʻ ʥʠʟʢʫ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ, ʰʦʨʩʪʢʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʘʨʘʤʝʪʨʽʚ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ, ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʚʠʩʦʪʘ, ʥʘʭʠʣ, ʝʢʩʧʦʟʠʮʽʷ 

ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʘ ʫʚʽʛʥʫʪʽʩʪʴ ʨʝʣʴʻʬʫ, ʣʦʢʘʣʴʥʽ ʜʝʚʽʘʮʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ 

ʚʟʘʻʤʥʘ ʦʨʽʻʥʪʘʮʽʷ ʝʣʝʤʝʥʪʫ ʨʝʣʴʻʬʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʝʥʩʦʨʘ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʚʽʜʦʤʠʡ ʤʝʪʦʜ ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʤʦʜʝʣʽ IEM. ʄʝʪʦʜ ʫʜʦʩʢʦʥʘʣʝʥʦ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ˇʨʫʥʪʫ. ʊʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʾ 

ʬʽʣʴʪʨʘʮʽʾ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʜʽʘʧʘʟʦʥʫ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ˇʨʫʥʪʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ 

ʚʠʧʘʜʢʠ ʟʨʠʚʫ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʱʝ ʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ. 
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ʇʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʟʘʟʥʘʚ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ 

ʚʠʜʠʤʦʤʫ, ʙʣʠʞʥʴʦʤʫ ʪʘ ʪʝʧʣʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. ɿʦʢʨʝʤʘ, ʟʘʩʪʦʩʦʚʘʥʦ 

ʧʝʨʝʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʜʝʨʞʘʥʦʾ ʜʠʩʪʘʥʮʽʡʥʦ, ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʦʤʝʥʪ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʶ ʜʦʩʪʦʚʽʨʥʽʩʪʴ (ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R2 = 0,87) ʪʘ ʤʝʥʰʽ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʚʝʣʠʯʠʥʠ ʧʦʭʠʙʦʢ (RMSE = 3,6%), ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʾʾ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʚʥʠʥʥʠʭ ʣʽʩʦʩʪʝʧʦʚʠʭ ʪʘ ʩʪʝʧʦʚʠʭ ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ, ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ, 

ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 
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Ukraineè, Kyiv, 2021. 

 

Nowadays, the efficient and appropriate solvation of relevant scientific, socioeconomic 

and environmental security issues, which are essential for human society and environment 

require, requires Earth observation (EO) data. Thus, a modern EO data application 

framework provides a gradual transition from the usage of pre-processed and calibrated data 

to the implementation of higher-level information products named analysis-ready data 

(ARD). This kind of data is suitable not only for direct analysis by geoinformatics experts, 

but also by specialists in thematic industries. For example, the spatial distributions of land 

surface physical characteristics inaccessible to direct measurements, e.g. air temperature, 

soil moisture, vegetation biomass, risk of emergency events, etc., can be recognized as the 

ARD. 

The modern remote sensing (RS) network, which is consisted from numerous aircrafts 

and spacecraft, performs a complex synergetic system. In such kind of systems, information 

about a single phenomenon (process, object or event) transmits in several channels. Thus, a 

problem is to determine the channels that transfer the most reliable data and then to provide 

their optimal or rational fusion. In general, the synergetic data fusion approach is reliable 

for objects and processes characteristics assessment if a data set is pulled. In this paper, an 

unknown characteristic was considered as a random value based on the principles of optical 

and radar signals distributive law. In order to estimate this value, available data was 

examined as an aggregated dataset and processed as initial statistical variables. The 

processing was carried out in accordance with statistical theory. 
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This study focuses on the accurate and reliable estimation of absolute soil moisture that 

defines in relation to the mass of dry material (Wʦʙʯ, %). However, since Wʦʙʯ is very 

changeable and depends on soil-air environment conditions, its reliable retrieval requires 

additional physical parameters quantitative evaluation. In particular, this research study 

includes the estimation of backscattering coefficients (ů), local incidence angles from 

ellipsoid (ᵻ ) and projected local incidence angles (ɗ), permittivity (Ů), roughness (s), soil 

(Tʧ) and land cover (Tʜʠʩ) temperature, vegetation cover parameters (e. g. NDVI) and other 

various land surface geometric parameters. 

The aim of the study was to increase the land surface physical parameters estimation 

accuracy, especially Wʦʙʯ, by creating a new technique for radar and optical data fusion. 

With this aim in view, we improved the methods of optical and radar satellite images digital 

processing, calculated the additional land surface physical parameters and provided the field 

measurements of some of them. 

Thus, C-SAR (wavelength ɚC-SAR=5,56 cm) Sentinel-1 A/B (S1) High-Resolution 

Ground Range Detected (GRDH) products with 10 m spatial resolution were used for Ů 

estimation. The radar images provide the information in discrete integer (DNSAR) format. 

Therefore, it were processed in open-source Sentinel Application Platform (SNAP) 

software. The processing consisted of metadata updating, calibration the DNSAR to (ů) 

received in VH (ůVH) and VV (ůVV) polarizations and dereferencing. The SNAP environment 

allows to generate additional images from the S1 products. Thus, the images of incidence 

angles ᵻ  and ɗ were also retrieved. 

The estimation of Ů were provided based on Integral Equation Model (IEM) with the 

fixed ratio of a horizontal correlation length (l=4) to the standard deviation of s. The 

physical parameters ůVH, ůVV and ɗ were used as input data estimated for S1 GRDH products. 

Since the IEM is imperfect, it leads to the Ů function rupture for some combinations of the 

input data. Therefore, a number of improvements were provided. Firstly, the relative 

equality condition of ŮVH å ŮVV  was implemented, since the measuring of a single physical 

parameter with different devices (e.g. C-SAR VV/VH), the result should not differ 

significantly. Secondly, since s is also unknown variable, the tolerance range was limited 
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for 0,01 cm < s< 
2

SARC-
l

 cm, based on radar signal scattering properties. Thirdly, the 

tolerance range of 2 < Ů < 45 based on previous soil dielectric properties investigations, since 

the original IEM allows a function jump that leads to Ů Ÿ Ð. The mapping of Ů and s spatial 

distribution was provided based on the backward simulation of Ů in the full range of ůVH and 

ůVV. Additionally, the correction of Ů was provided, by taking into account destabilizing 

effects of physical and chemical characteristics of the soil medium. For this purpose, the 

results of field, quasi-synchronous with S1 observations, measurements of acidity (pHʧ) and 

temperature (Tʧ) were used. 

Multispectral optical EO data in Visible/Near Infrared (VNIR) and Thermal Infrared 

(TIR) ranges were used in order to estimate Tʜʠʩ. In the first estimation data-flow, 

PlanetScope PS2.SD (PS2.SD)  (spatial resolution 3.7 ʤ) VNIR data were used to calculate 

the  Normalized Difference Vegetation Index (NDVI). After that. NDVI were used for the 

thermal emissivity (ŮV) estimation, separately for vegetated and non-vegetated surfaces, by 

implementation of the ECOSTRESS spectral library. 

In the second estimation data-flow, discrete integer (DNTIR) TIR data were processed. 

In particular, Landsat-7 (L7) Enhanced Thematic Mapper Plus (ETM+), Landsat-8 (L8) 

Thermal Infrared Sensor (TIRS), and Earth Observing System (EOS) Moderate Resolution 

Imaging Spectroradiometer (MODIS) data, with 60 m, 100 m and 100m spatial resolution  

respectively, were used. Firstly, DNTIR were converted to radiance (L) by using the 

calibration coefficients. Secondly, the ground radiance (L0) were estimated based on 

atmospheric correction.  

As a result, ŮV and L0 were used to calculate Tʜʠʩ by using the inverse Planckôs equation 

for çgreyè bodies. Since the radar and optical sensors provide non-synchronous 

observations (the difference is 4 hours approximately), Tʜʠʩ were scaled in time to 

temperature during the S1 observation (Tʤ). 

In order to take into account land topography effects on the radar signal backscattering, 

geometric land surface parameters were calculated. The resultant model of the optical and 

radar data fusion included the radar signal local fluctuations (g), the mutual orientation of 

the relief element to the C-SAR (f0) and normalized terrain relief (ű). Additionally, to 
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calculate the geometric parameters, a digital terrain elevation data (DTED) Advanced Land 

Observation Satellite (ALOS) Global Digital Surface Model (GDSM) AW3D30 were used. 

In particular, g characterizes the land surface heterogeneity during the sensor 

observations at the incidence angle, and can be calculated using ůVH, ůVV and ɗ. The f0 

describes the mutual orientation of the C-SAR observation direction and the land surface 

normal line, and calculated by using not only the relief slope and exposure, but also the 

sensor incidence and heading angles. The relief normalization was carried out by using the 

orthogonal concave of the sloping land surface for more accurate detection of the relief local 

topographic low. 

The parameters estimated by using EO-data (predictors) and results of Wʧ field 

measurements (regressand) was used for Wʦʙʯ estimation based on multidimensional 

regression analysis. The significant nonlinearity of the model was taken into account by 

empirically defined nonlinear transformations of initial regressors and their combinations. 

As a result of the regression analysis, a representative statistical dependence between Wʧ 

and regressors (R2 = 0,87) were found. The revealed magnitude errors (RMSE = 3,6%, 

MAE = 2,9 %) are quite acceptable for the soil moisture quantitative monitoring. The 

multidimensional linearized regression model was used to build the soil moisture spatial 

distribution maps. 

Based on the results of the regression model components informational value analysis, 

by using Principal Component Analysis (PCA), it was reviled that six first principal 

components provide the 90% of the total information capacity. In general, the information 

capacity between the regressors was evenly distributed: their informational value ranged 

from ~6,2 % to 16,5 %.  The most meaningful components were the s combined with NV 

(~16,5 %) and ůVH combined with Tʤ (~13,1 %). 

Scientific novelty 

The first developed technique for multispectral optical and double polarization radar 

satellite data fusion for the land surface physical parameters, soil moisture especially, 

estimation. Unlike existing approaches, the developed technique uses the complex 

linearized multidimensional regression model with absolute deviations minimization, the 

original approach for the land surface temperature estimation for non-synchronous radar and 
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optical observations, and additionally relies on the radar signal local fluctuations and relief 

heterogeneity.  

The first proposed the linearized multidimensional regression model with absolute 

deviations minimization. Unlike existing models, the developed model relies on the number 

of physical parameters, e.g. backscattering coefficients, permittivity, roughness, land cover 

temperature, vegetation cover parameters, and additional geometric parameters, e.g. the 

relief elevation, slope, aspect and orthogonal concave, radar signal local fluctuations and 

mutual orientation of the relief element to a sensor. 

A well-known method for the land surface permittivity estimation was improved by 

using the dual polarization radar sensing based on the IEM calibration. Additionally, the 

model was improved by the computer assisted soil roughness estimation algorithm 

implementation. In addition, the theoretical criteria for the function rupture detection were 

proposed based on the soil permittivity and roughness tolerance ranges. The theoretical 

criteria for the double polarization radar images filtering were also proposed based on the 

permittivity and roughness tolerance ranges, which can identify the model disruption cases 

before estimations. 

The well-known method for the land surface temperature estimation, by using visible, 

near and thermal infrared multispectral optical data, based on Planckôs law was improved. 

In particular, the temperature obtained remotely was recalculated to a temperature at the 

time of radar sensing. 

Practical implications 

Based on the results of the soil physical parameters measurement, the developed 

technique provides a sufficient reliability (R2 = 0,87) and magnitude errors (RMSE = 3,6%), 

which are smaller compared to existing techniques. The obtained accuracy allows 

recommending the technique for application within the plain forest-steppe and steppe 

physic-geographical conditions of Ukraine. 

Key words: EO-data, data fusion, regression analysis, physical parameters, soil 

moisture, backscattering coefficient, permittivity, land surface temperature 
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ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ 

ʇʫʙʣʽʢʘʮʽʾ ʫ ʤʦʥʦʛʨʘʬʽʷʭ 

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

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

Time Series Analysis for Land Degradation Mapping to Support Sustainable Land 

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

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

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʢʦʥʪʝʢʩʪʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ; ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ). 

2. ʉʪʘʥʢʝʚʠʯ ʉ.ɸ., ɼʫʜʘʨ ʊ.ɺ., ʉʚʽʜʝʥʶʢ ʄ.ʆ. (2017) ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ 

ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ ʫ ʟʦʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʇʋɽʂ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ // 

ʂʦʤʧʣʝʢʩʥʠʡ ʛʝʦʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʦʥʠ ʚʧʣʠʚʫ ʊʘʰʣʠʮʴʢʦʾ 

ʛʽʜʨʦʘʢʫʤʫʣʶʶʯʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ: 1998-

2016 ʨʦʢʠ. ɿʘ ʨʝʜ. ɻ.ɺ. ʃʠʩʠʯʝʥʢʘ. ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 360 ʩ. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ,  ʦʙʯʠʩʣʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, 

ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ, ʜʝʛʨʘʜʘʮʽʾ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ). 

ʄʘʪʝʨʽʘʣʠ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ: 

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

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

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

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

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

ʚʥʝʩʦʢ: ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʢʦʥʪʝʢʩʪʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ). 

4. ʉʚʽʜʝʥʶʢ, ʄ.ʆ. (2021) ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʦʧʪʠʯʥʦʛʦ ʪʘ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ. ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, 

8(3), 4-24. https://doi.org/10.36023/ujrs.2021.8.3.197 

5. Stankevich, S., Svideniuk, M., Lysenko, A. (2021). Land surface roughness 

parameter retrieval by inverse simulation of dual-polarization radar backscattering. Applied 

https://doi.org/10.1007/978-981-16-4768-0_11
https://doi.org/10.1016/j.rsase.2021.100477
https://doi.org/10.36023/ujrs.2021.8.3.197
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Questions of Mathematical Modelling, 4(2.1), 9. https://doi.org/10.32782/KNTU2618-

0340/2021.4.2.1.22. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʙʨʦʙʢʘ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ, 

ʦʙʯʠʩʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ). 

6. Eddahby, L., Popov, M. A., Stankevich, S. A., Kozlova, A. A., Svideniuk, M. O., 

Mezzane, D., Lukyanchuk, I., Larabi, A., Ibouh, H. (2019). Assessing vegetation structural 

changes in oasis agro-ecosystems using Sentinel-2 image time series: case study for Dr©a-

Tafilalet region Morocco. Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci., XLII -

4/W12, 69-73. https://doi.org/10.5194/isprs-archives-XLII -4-W12-69-2019. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ: ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʦʙʯʠʩʣʝʥʥʷ LAI). 

7. Piestova, I.O.,  Lubskyi, M. S., Svideniuk, M. O., Golubov, S. I., Laptiev, O. A. 

(2019). Urban thermal micro-mapping using satellite imagery and ground-truth 

measurements: Kyiv city area case study. Ukrainskyi Zhurnal Dystantsiinoho Zonduvannia 

Zemli, 21, 40-48, https://doi.org/10.36023/ujrs.2019.21.149. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, 

ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ). 

8. Rebati, N., Bouchenafa, N., Oulbachir, K., Svideniuk, M. (2018). Remote sensing 

and ground based assessment of land cover parameters distribution in the catchment area of 

Wadi el Kôsob Môsila (Algeria). Journal of Geology, Geography and Geoecology, 27, 3. 

https://doi.org/10.15421/111872. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ:   ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ, ʦʙʯʠʩʣʝʥʥʷ ʪʘ 

ʢʘʨʪʫʚʘʥʥʷ ʚʦʜʦʟʙʽʨʥʠʭ ʦʙʣʘʩʪʝʡ ʨʽʯʦʢ). 

9. ɼʫʜʘʨ, ʊ. ɺ., ʉʚʽʜʝʥʶʢ, ʄ. ʆ., ʑʝʨʙʝʡ, ɺ. ʗ. (2017). ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʟʡʦʤʢʠ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ 

ʜʽʣʷʥʦʢ. ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, 23(1-

2), 28-35. https://doi.org/10.32347/2411-4049.2017.1. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʮʠʬʨʫʚʘʥʥʷ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ˇʨʫʥʪʽʚ ʪʘ ʛʦʨʠʟʦʥʪʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʜʝʰʠʬʨʫʚʘʥʥʷ ʪʘ 

ʢʘʨʪʫʚʘʥʥʷ ʜʽʣʷʥʦʢ ʟʩʫʚʽʚ ˇʨʫʥʪʦʚʠʭ ʪʦʚʱ). 

 

 

https://doi.org/10.32782/KNTU2618-0340/2021.4.2.1.22
https://doi.org/10.32782/KNTU2618-0340/2021.4.2.1.22
https://doi.org/10.5194/isprs-archives-XLII-4-W12-69-2019
https://doi.org/10.36023/ujrs.2019.21.149
https://doi.org/10.15421/111872
https://doi.org/10.32347/2411-4049.2017.1
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ʇʘʪʝʥʪ 

10. ʉʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʦʜʝʨʞʘʥʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦ. ʇʦʧʦʚ, ʄ.ʆ., ʉʪʘʥʢʝʚʠʯ, ʉ.ɸ., ʇʻʩʪʦʚʘ, 
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09483; ʟʘʷʚʣ. 20.09.2018; ʦʧʫʙʣ. 10.09.2020, ɹʶʣ. ˉ17. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ; 

ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ; ʦʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ) 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ 

11. Kozlova, A., Stankevich, S., Svideniuk, M., Andreiev, A. (2021, May 24ï28) 

Quantitative Assessment of Forest Disturbance with C-Band SAR Data for Decision Making 

Support in Forest Management [Paper presentation]. ISDMCI 2021, Kherson. 

https://doi.org/10.1007/978-3-030-82014-5_37. (in print) (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʜʘʥʠʤʠ AWD3D; ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ LAI; ʦʮʽʥʢʘ 

ʪʦʯʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ LAI).  

12. Piestova, I., Dugin, S., Orlenko, T. and Svideniuk, M. (2020, November 10-13) 

Assessing and forecasting landslide hazards of the Right Bank of the Kanev reservoir based 

on radar remote sensing data with corner reflectors using [Paper presentation]. Monitoring 

of Geological Processes and Ecological Condition of the Environment, Kyiv, 20, 1-5. 

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

ʢʫʪʦʚʠʭ ʚʽʜʙʠʚʘʯʽʚ ʚ ʤʦʤʝʥʪ ʧʨʦʣʴʦʪʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʩʫʧʫʪʥʠʢʘ 

Sentinel-1; ʦʙʨʦʙʢʘ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ Sentinel-1 GRDH). 

13. Kozlova, A., Piestova, I., Patrusheva, L., Lubsky, M., Nikulina, A., Svideniuk, M. 
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ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ; ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ LAI; 

ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ LAI).  
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʫʢʦʚʽ, ʩʦʮʽʦʝʢʦʥʦʤʽʯʥʽ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʟʘʜʘʯʽ 

ʩʴʦʛʦʜʝʥʥʷ, ʚʘʞʣʠʚʽ ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ, ʚʠʤʘʛʘʶʪʴ ʽʥʥʦʚʘʮʽʡʥʠʭ, ʝʬʝʢʪʠʚʥʠʭ ʪʘ 

ʦʧʝʨʘʪʠʚʥʠʭ ʨʽʰʝʥʴ. ʏʽʣʴʥʝ ʤʽʩʮʝ ʚ ʧʨʦʮʝʜʫʨʘʭ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ 

ʟʘʡʤʘʶʪʴ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ). ɸʣʝ, ʩʫʯʘʩʥʘ ʧʘʨʘʜʠʛʤʘ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʠʭ ʪʘ 

ʢʘʣʽʙʨʦʚʘʥʠʭ ʜʘʥʠʭ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʠʱʠʭ ʨʽʚʥʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʚ ʪʝʤʘʪʠʯʥʠʭ ʛʘʣʫʟʷʭ, ʘ ʥʝ ʟ ʛʽʝʦʽʥʬʦʨʤʘʪʠʢʠ 

ï analysis-ready data (ARD). ʇʨʠʢʣʘʜʘʤʠ ARD ʻ ʧʨʦʩʪʦʨʦʚʽ ʨʦʟʧʦʜʽʣʠ ʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʝʜʦʩʪʫʧʥʠʭ ʜʦ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ï ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ, ʚʦʣʦʛʦʚʤʽʩʪʫ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʙʽʦʤʘʩʠ ʨʦʩʣʠʥʥʦʩʪʽ, ʨʠʟʠʢʫ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʧʦʜʽʡ ʪʦʱʦ. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʪʦʯʥʦʤʫ ʪʘ 

ʜʦʩʪʦʚʽʨʥʦʤʫ ʚʠʟʥʘʯʝʥʥʶ ʦʙôʻʤʥʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ ˇʨʫʥʪʫ, ʷʢ ʦʜʥʽʻʾ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʣʘʥʜʰʘʬʪʥʽʡ ʝʢʦʣʦʛʽʾ ʪʘ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ. ʇʨʦʪʝ, ʟʘʜʣʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʮʽʻʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʘʤʠ 

ɼɿɿ, ʥʝʦʙʭʽʜʥʠʤ ʻ ʧʦʧʝʨʝʜʥʻ ʦʙʯʠʩʣʝʥʥʷ  ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʪʘʢʦʞ ʦʧʠʩʫʶʪʴ 

ʫʤʦʚʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʤʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʟʚôʷʟʦʢ ʟ ʚʦʣʦʛʽʩʪʶ. ɸ ʩʘʤʝ, ʚ ʜʘʥʽʡ 

ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʟʘʩʪʦʩʦʚʘʥʦ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʦʙʯʠʩʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ, ʰʦʨʩʪʢʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ, ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʣʦʢʘʣʴʥʠʭ ʜʝʚʽʘʮʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʚʽʜʙʠʪʪʷ ʪʘ ʚʽʜʥʦʩʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɺ ʩʢʣʘʜʥʠʭ ʩʠʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʬʝʥʦʤʝʥ 

(ʧʨʦʮʝʩ, ʦʙôʻʢʪ, ʧʦʜʽʶ, ʧʘʨʘʤʝʪʨ), ʟʘʟʚʠʯʘʡ, ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʢʘʥʘʣʽʚ ʧʦʪʦʢʽʚ 

ʜʘʥʠʭ. ɸ ʩʠʥʝʨʛʝʪʠʯʥʘ ʢʦʥʮʝʧʮʽʷ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ, ʟʘʟʚʠʯʘʡ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʽʚ ʪʘ ʧʨʦʮʝʩʽʚ ʟʘ ʥʘʷʚʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʮʠʭ ʜʘʥʠʭ. ʋ 

ʮʴʦʤʫ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʽ ʜʘʥʠʭ, ʥʝʚʽʜʦʤʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ, ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʷʢʦʾ ʻ ʦʧʪʠʯʥʠʡ ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʩʠʛʥʘʣʠ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʾ ʢʽʣʴʢʽʩʥʦʾ 
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ʦʮʽʥʢʠ ʚʩʽ ʥʘʷʚʥʽ ʜʘʥʽ ʚʠʚʯʘʶʪʴʩʷ ʚ ʩʫʢʫʧʥʦʩʪʽ ʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʷʢ ʚʭʽʜʥʽ ʩʪʘʪʠʩʪʠʯʥʽ 

ʟʤʽʥʥʽ. ʆʙʨʦʙʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʅʘ ʩʴʦʛʦʜʥʽ, ʚ ʋʢʨʘʾʥʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ, ʘʢʪʫʘʣʴʥʽ ʥʘʫʢʦʚ,̔ 

ʩʦʮʽʦʝʢʦʥʦʤʽʯʥ ̔ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʚʘʞʣʠʚ ̔ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʫʩʧʽʰʥʦ ʚʠʨʽʰʫʶʪʴʩʷ ʪʘʢʠʤʠ ʚʯʝʥʠʤʠ, ʷʢ ɺ.ʖ. ɹʝʣʝʥʦʢ, ʊ.ɺ. ɼʫʜʘʨ, 

ɸ.ɺ. ʍʠʞʥʷʢ, ɸ.ʆ. ʂʦʟʣʦʚʘ ʪʘ ɯ.ʆ. ʇʻʩʪʦʚʘ (Belenok et al., 2021; Khyzhniak, 

Fedorovskyi, 2020; Piestova et al., 2019; Kozlova et al, 2018; ɼʫʜʘʨ ʪʘ ʽʥ., 2017). 

ʄʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ 

ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʦʧʠʩʘʣʠ M. C. Dobson, F.T. Ulaby, Y. Oh  ʪʘ 

P.C. Dubois (Dobson, Ulaby, 1986; Oh et al., 1992; Dubois et al., 1995). ɺʜʦʩʢʦʥʘʣʝʥʥʷʤ 

ʪʘ ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʤʦʜʝʣʝʡ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ,  ʟʘʡʤʘʶʪʴʩʷ ʩʫʯʘʩʥʽ ʚʯʝʥʽ 

N. Baghdadi, M. Choker ʪʘ W. Wagner (Baghdadi et al., 2019; Choker et al., 2017; Wagner 

et al., 2007). ɺ ʋʢʨʘʾʥʽ, ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʘʭ ɺ.ɯ. ʃʷʣʴʢʦ, ʃ.ɼ. ɺʫʣʴʬʩʦʥʘ, ʪʘ ɯ.ʌ. 

ʈʦʤʘʥʯʫʢ (ʈʦʤʘʥʯʫʢ ʪʘ ʽʥ., 2018; ʉʘʭʘʮʴʢʠʡ, 2006; ʃʷʣʴʢʦ ʪʘ ʽʥ., 2003).  

ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʠʩʣʦʪʥʦʩʪʽ ʥʘ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 

ʦʧʠʩʘʥʦ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘʢʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʚʯʝʥʠʭ, ʷʢ ʆ.ɯ. ʉʘʭʘʮʴʢʠʡ, ɯ.ʌ., ɼ.ɸ. 

ɹʦʷʨʩʴʢʠʡ ʪʘ ʀ.ʉ. ʃʘʢʪʽʦʥʦʚ, (ʃʘʢʪʠʦʥʦʚ, ɺʦʚʥʘ, 2014ʘ; ɹʦʷʨʩʢʠʡ, ʊʠʭʦʥʦʚ, 2003). 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʝʣʴʻʬʫ ʟʘʡʤʘʶʪʴʩʷ ʪʘʢʽ ʚʯʝʥʽ, ʷʢ A. Palombo ʪʘ D. Robinson (Palombo et al., 2019; 

Robinson et al., 2008). ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʦʚʦʜʷʪʴʩʷ 

ʷʢ ʟʘʢʦʨʜʦʥʦʤ, ʪʘʢ ʽ ʫʢʨʘʾʥʩʴʢʠʤʠ ʚʯʝʥʠʤʠ, ʘ ʩʘʤʝ, ʉ.ɸ. ʉʪʘʥʢʝʚʠʯʝʤ, ʄ.ɺ. 

ɸʨʪʶʰʝʥʢʦʤ, ʃ.ʇ. ʃʽʱʝʥʢʦ, ɸ.ɺ. ʍʠʞʥʷʢ ʪʘ ʄ.ʉ. ʃʫʙʩʴʢʠʤ (Artiushenko et al., 2020, 

ʃʽʱʝʥʢʦ, 2020; ʉʪʘʥʢʝʚʠʯ ʪʘ ʽʥ., 2017; ʌʝʜʦʨʦʚʩʴʢʠʡ ʪʘ ʽʥ., 2017).  

ʈʦʟʨʦʙʢʦʶ ʤʝʪʦʜʽʚ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʋʢʨʘʾʥʽ ʟʘʡʤʘʶʪʴʩʷ 

ʪʘʢʽ ʚʯʝʥʽ, ʷʢ ɸ.ɸ.ʌʦʤʯ̔ɹ ʦʚ, ɯ.ʅ. ʇʨʫʜʠʫʩ, ʆ.ʄ. ʇʣʦʪʥʽʢʦʚ, ɸ.ʇ. ɻʨʠʚʘʯʝʚʩʴʢʠʡ 

(ɻʨʠʚʘʯʝʚʩʴʢʠʡ ʪʘ ʽʥ., 2020; ʇʣʦʪʥʽʢʦʚ ʪʘ ʽʥ., 2017; ʌʦʤʠʯʸʚ ʠ ʜʨ., 2005). 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʠʙʦʨʫ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʟʝʤʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʪʘ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʣʝʦʛʣʷʜʫ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ 

ʂɸ, ʜʦʩʣʽʜʞʝʥʦ ʉ.ʇ. ʌʨʠʟʦʤ (ʌʨʠʟ, 2013ʘ; ʌʨʠʟ 2013ʙ).  
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ɼʘʥʘ  ʨʦʙʦʪʘ,  ʱʦ  ʙʘʟʫʻʪʴʩʷ  ʥʘ  ʧʫʙʣʽʢʘʮʽʷʭ  (Popov et. al., Stankevich et al., 2021; 

2021; Piestova, 2019; Rebati et al., 2018; ʉʚʽʜʝʥʶʢ, 2021), ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ 

ʄʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʪʘ ʦʧʪʠʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʙʘʛʘʪʦʩʝʥʩʦʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ï 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ 

ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ɼʝʨʞʘʚʥʽʡ 

ʫʩʪʘʥʦʚʽ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠè ʟʘ 

ʪʘʢʠʤʠ ʪʝʤʘʤʠ: çʊʝʧʣʦʚʝ ʤʽʢʨʦʢʘʨʪʫʚʘʥʥʷ ʤʽʩʴʢʦʾ ʪʝʨʠʪʦʨʽʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʯʘʩʦʚʠʭ ʩʝʨʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴè (ʜʝʨʞʘʚʥʠʡ 

ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0117U001721); çʄʝʪʦʜʠ ʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʚ ʫʤʦʚʘʭ 

ʥʝʧʦʚʥʦʪʠ ʪʘ ʦʙʤʝʞʝʥʦʩʪʽ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾè (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0116U000144); çʊʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʠʯʥʽ ʦʩʥʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʜʣʷ ʧʦʰʫʢʫ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʚ ʨʽʟʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠè (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0115U002048); çʈʦʟʰʠʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʥʘʨʦʱʫʚʘʥʥʷ ʟʘʧʘʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘ 

ʦʩʥʦʚʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽè (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ 

ʥʦʤʝʨ 0117U004166); çʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʚʯʝʥʥʷ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʧʨʠʨʦʜʥʦʛʦ 

ʪʘ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷè (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0117U004264); çʈʦʟʨʦʙʢʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʦʩʣʽʜʞʝʥʥʷ ɿʝʤʣʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʽ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ, ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʰʫʢʽʚ, 

ʨʦʟʚʽʜʢʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷè (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0118U005384). 
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ʄʝʪʘ  ʽ  ʟʘʜʘʯʽ  ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʝʨʰ ʟʘ ʚʩʝ ï ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 

ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʙʘʛʘʪʦʩʝʥʩʦʨʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ, ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1) ʟʨʦʙʠʪʠ ʦʛʣʷʜ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʦʩʪʫʧʥʽ ʜʞʝʨʝʣʘ ʦʧʪʠʯʥʠʭ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʜʦʧʦʤʽʞʥʠʭ ʜʘʥʠʭ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʚʠʟʥʘʯʠʪʠ ʾʭ 

ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʦʙʤʝʞʝʥʥʷ, ʨʦʟʛʣʷʥʫʪʠ ʥʘʷʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʜʫʢʪʠ ʚʠʱʠʭ ʨʽʚʥʽʚ ʥʘ 

ʾʭ ʦʩʥʦʚʽ; 

2) ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʜʠʩʪʘʥʮʽʡʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ; 

3) ʦʙʨʘʪʠ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ ʪʘ ʦʧʪʠʯʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʠʤʠ 

ʜʘʥʠʤʠ; ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʠʪʠ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʥʦʾ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ; 

4) ʟʚʝʩʪʠ ʦʜʝʨʞʘʥʽ ʤʦʜʝʣʽ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ ʚ ʮʽʣʽʩʥʫ ʤʝʪʦʜʠʢʫ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

5) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʠʪʠ ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʥʘ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʘʚʽʨʢʦʚʠʭ ʜʘʥʠʭ, ʙʘʞʘʥʦ ʚ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ, ʦʜʝʨʞʘʪʠ 

ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʟʘ ʾʾ ʜʦʧʦʤʦʛʦʶ; 

6) ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʩʬʝʨ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʾʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ 

ʤʘʪʝʨʽʘʣʘʭ ɼɿɿ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʜʫʨʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʡʦʤʢʠ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʩʠʩʪʝʤ ɼɿɿ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ:  

Á ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʪʝʦʨʽʷ ï ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ; 
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Á ʪʝʦʨʽʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ ï ʜʣʷ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ɯʏ ʜʽʘʧʘʟʦʥʫ; 

Á ʪʝʦʨʽʷ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ɼɿɿ; 

Á ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ï ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʙʘʛʘʪʦʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚʽʜ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ; 

Á ʪʝʦʨʽʷ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ ï ʜʣʷ ʚʚʝʜʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʦʙʤʝʞʝʥʴ ʚ ʤʦʜʝʣʴ ʦʙʯʠʩʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʘ ʨʘʜʘʨʥʠʤʠ 

ʜʘʥʠʤʠ; 

Á ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ï ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʬʘʢʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʨʝʛʨʝʩʦʨʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ; 

Á ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ ï ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʤʝʪʦʜʠʢʫ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʦʧʪʠʯʥʠʭ ʪʘ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʝʨʰ ʟʘ ʚʩʝ ï ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ, ʥʘ ʦʩʥʦʚʽ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʘʙʩʦʣʶʪʥʠʭ 

ʚʽʜʭʠʣʝʥʴ. 

2. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʣʽʥʝʘʨʠʟʦʚʘʥʫ ʙʘʛʘʪʦʚʠʤʽʨʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ 

ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʭʠʣʝʥʴ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʻ ʥʠʟʢʫ 

ʜʦʜʘʪʢʦʚʠʭ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ï ʰʦʨʩʪʢʽʩʪʴ, ʛʝʦʤʝʪʨʠʯʥʽ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʣʦʢʘʣʴʥʽ ʜʝʚʽʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ. 

3. ɺʜʦʩʢʦʥʘʣʝʥʦ ʚʽʜʦʤʠʡ ʤʝʪʦʜ ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʟʥʽʤʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʘʣʽʙʨʫʚʘʥʥʷ ʤʦʜʝʣʽ IEM, ʚ ʷʢʦʤʫ ʚʚʝʜʝʥʦ ʦʢʨʝʤʠʡ ʘʣʛʦʨʠʪʤ 

ʚʠʟʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʨʝʛʫʚʘʣʴʥʦʛʦ ʯʣʝʥʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʘʜʽʫʩʽʚ ʢʦʨʝʣʷʮʽʾ ʚ ʨʽʟʥʠʭ ʧʦʣʷʨʠʟʘʮʽʷʭ. ʊʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʤʧʽʨʠʯʥʠʡ ʢʨʠʪʝʨʽʡ 

ʬʽʣʴʪʨʘʮʽʾ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 
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ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʚʠʧʘʜʢʠ ʟʨʠʚʫ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʱʝ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ. 

4. ʇʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʟʘʟʥʘʣʠ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʫ ʚʠʜʠʤʦʤʫ, 

ʙʣʠʞʥʴʦʤʫ ʪʘ ʪʝʧʣʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʟʦʢʨʝʤʘ, ʟʘʩʪʦʩʦʚʘʥʦ 

ʧʝʨʝʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʜʝʨʞʘʥʦʾ ʜʠʩʪʘʥʮʽʡʥʦ, ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʦʤʝʥʪ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ ʷʢʱʦ ʚʽʥ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ ʯʘʩʦʤ ʦʧʪʠʯʥʦʛʦ ʟʥʽʤʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ -ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ 

ʟʘʩʪʦʩʦʚʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ 0,87 ʧʨʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽʡ ʧʦʭʠʙʮʽ 3,6 %. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʩʢʣʘʜʦʚʘ 

ʜʝʨʞʘʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘ ʦʭʦʨʦʥʦʶ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ ʰʣʷʭʦʤ 

ʘʥʘʣʽʟʫ ʨʷʜʫ ʧʦʩʣʽʜʦʚʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʧʦʨʽʚʥʷʥʴ ʦʜʝʨʞʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʝʣʴ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨ ʟʘ ʫʯʘʩʪʶ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, ʄʽʥʽʩʪʝʨʩʪʚʘ ʘʛʨʘʨʥʦʾ 

ʧʦʣʽʪʠʢʠ ʪʘ ʧʨʦʜʦʚʦʣʴʩʪʚʘ ʋʢʨʘʾʥʠ, ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʘʛʨʘʨʥʠʭ ʥʘʫʢ ʪʘ 

ɼʝʨʞʘʚʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ. ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 

ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʜʽʣʷʥʦʢ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʭʠʣʴʥʽʩʪʴ ˇʨʫʥʪʫ ʜʦ ʜʝʛʨʘʜʘʮʽʾ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʩʪʠʪʫʪʘʤʠ ʟʝʤʣʝʫʩʪʨʦʶ ʟ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʪʘ 

ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ ʚ ʛʘʣʫʟʽ ʟʝʤʣʝʫʩʪʨʦʶ, ʦʭʦʨʦʥʠ, ʦʮʽʥʢʠ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʽ ʦʜʝʨʞʘʥʦ ʦʩʦʙʠʩʪʦ 

ʘʚʪʦʨʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʩʧʽʚʧʨʘʮʽ ʟ ʢʦʣʝʛʘʤʠ ʪʘ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʛʘʣʫʟʝʡ 

ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʩʫʤʽʩʥʠʭ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʚʪʦʨʦʤ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ, 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʦʙʯʠʩʣʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʘʭ 
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ɼʦʜʘʪʢʫ ʀ. ɿʦʢʨʝʤʘ, ʤʝʪʦʜʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʨʦʟʛʣʷʥʫʪʽ ʚ (ʀ.1, ʀ.3, 

ʀ.15). ʆʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ɼɿɿ ʟʜʽʡʩʥʝʥʦ ʚ (ʀ.2-8, ʀ.10, ʀ.11, ʀ.13, ʀ.16-21). ɸ ʩʘʤʝ, ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ʧʨʦʚʦʜʠʣʦʩʷ ʚ (4,8,21), ʪʝʤʧʝʨʘʪʫʨʠ ʚ (ʀ.4, ʀ.7, ʀ.8, ʀ.10, ʀ.18, ʀ.21), ʧʘʨʘʤʝʪʨʠ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚ (ʀ.1-4, ʀ.6, ʀ.9, ʀ.11, ʀ.13, ʀ.15, ʀ.19, ʀ.21), ʘ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚ (ʀ.1-4, ʀ.14, ʀ.15, ʀ.21). ʌʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʩʥʦʚʽ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʠʩʷ ʚ (4,5,16-18). ʄʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʪʘ ʨʘʜʘʨʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʧʦʙʫʜʦʚʘ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʪʘ ʦʮʽʥʢʘ ʾʾ ʪʦʯʥʦʩʪʽ, ʘ ʬʘʢʪʦʨʥʠʡ 

ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʘʥʘʣʽʚ ʟʜʽʡʩʥʝʥʦ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ ʡ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ (ʀ.4). 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʇʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʽ ʤʝʪʦʜʠʯʥʽ ʘʩʧʝʢʪʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘ 

ʦʙʛʦʚʦʨʝʥʽ ʥʘ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çIntellectual Systems of Decision-

making and Problems of Computational Intelligenceè (ʍʝʨʩʦʥ, 24ï28 ʪʨʘʚʥʷ 2021 ʨ.), 14-

ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çMonitoring of Geological Processes and 

Ecological Condition of the Environmentè (ʂʠʾʚ, 10ï13 ʣʠʩʪʦʧʘʜʘ 2020 ʨ.), ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɽʂʆɻɽʆʌʆʈʋʄ-2017è (ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 22-25 

ʢʚʽʪʥʷ 2017 ʨ.), XI-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʄʦʥʽʪʦʨʠʥʛ ʥʝʙʝʟʧʝʯʥʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷè (ʂʠʾʚ, 11-14 ʞʦʚʪʥʷ 2017 ʨ.), II-

ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çInnovative Technologies in Science and Education. 

European Experienceè (ɻʝʣʴʩʽʥʢʽ, ʌʽʥʣʷʥʜʽʷ, 12ï15 ʣʠʩʪʦʧʘʜʘ 2018 ʨ.), 6-ʡ 

ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çGEO-UAè (ʂʠʾʚ, 18-19 ʚʝʨʝʩʥʷ, 2018 ʨ.), V-ʡ 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʢʠ ʨʫʜʥʠʭ 

ʨʦʜʦʚʠʱ. ɽʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʽ ʥʘʩʣʽʜʢʠ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ɻʄʂè (ʂʨʠʚʠʡ ʈʽʛ, 

23ï24 ʣʠʩʪʦʧʘʜʘ 2018 ʨ.), 18-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɻʝʦʽʥʬʦʨʤʘʪʠʢʘ: 

ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠè (ʂʠʾʚ, 13-16 ʪʨʘʚʥʷ 2019 ʨ.), IV-ʡ ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʚ ʽʥʪʝʨʝʩʘʭ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʦʙʦʨʦʥʠè (ʂʠʾʚ, 10 ʢʚʽʪʥʷ 2019 ʨ.), XVIII-

ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʦʶ ʙʝʟʧʝʢʦʶ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷʤ, ʟʘʭʦʜʘʤʠ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ 
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ʩʠʪʫʘʮʽʷʭè (ʂʠʾʚ, 1-2 ʞʦʚʪʥʷ 2019 ʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çNatural 

Disasters in Georgia: Monitoring, Prevention, Mitigationè (ʊʙʽʣʽʩʽ, 12-14 ʛʨʫʜʥʷ 2019 ʨ.) 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (207 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 21 ʩʪʦʨʽʥʮ)̔ ʽ 

8 ʜʦʜʘʪʢʽʚ ʥʘ 39 ʩʪʦʨʽʥʢʘʭ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 188 ʩʪʦʨʽʥʢʘʭ, ʱʦ ʤʽʩʪʷʪʴ 127 

ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 31 ʨʠʩ. ʽ 5 ʪʘʙʣʠʮʴ. 

  



30 

 

ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʂʆʄʇʃɽʂʉʋɺɸʅʗ ʉʋʇʋʊʅʀʂʆɺʀʍ ɼɸʅʀʍ ɿ 

ʄɽʊʆʖ ɺʀɿʅɸʏɽʅʅʗ ʌɯɿʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɿɽʄʅʆɰ ʇʆɺɽʈʍʅɯ 

 

ʈʝʚʦʣʶʮʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʢʦʤʧôʶʪʝʨʥʠʭ, ʢʦʩʤʽʯʥʠʭ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʢʽʥʮʽ XX ï ʧʦʯʘʪʢʫ XXI ʩʪ. ʧʨʠʟʚʽʚ ʜʦ ʷʢʽʩʥʠʭ ʟʤʽʥ ʚ ʛʘʣʫʟʽ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ). ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʩʣʽʜ ʟʛʘʜʘʪʠ ʧʦʷʚʫ 

ʥʦʚʠʭ ʩʫʧʫʪʥʠʢʽʚ ʥʘʜʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(WorldView, Pleiades Neo), ʨʦʟʨʦʙʢʫ ʢʦʥʮʝʧʮʽʾ ʦʧʝʨʘʪʠʚʥʦʾ ʽ ʛʣʦʙʘʣʴʥʦʾ ʟʡʦʤʢʠ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟ ʚʠʩʦʢʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʛʨʫʧʦʚʘʥʴ ʤʘʣʠʭ ʩʫʧʫʪʥʠʢʽʚ 

(RapidEye, PlanetScope, SkySat), ʫ ʪʦʤʫ ʯʠʩʣʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ (NovaSAR, Capella) ʽ ʪ. 

ʜ. (Dubovik et al., 2021; ɼʚʦʨʢʠʥ, ɼʫʜʢʠʥ, 2013). ʄʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʰʠʨʦʢʦʛʦ ʦʭʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʧʨʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʟʝʤʝʣʴ, ʦʙʨʦʙʢʘ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ɼɼɿ, ʤʽʥʽʤʽʟʘʮʽʷ ʫʯʘʩʪʽ ʝʢʩʧʝʨʪʽʚ ʫ ʧʨʦʮʝʩʽ 

ʪʝʤʘʪʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟʫʤʦʚʠʣʠ ʧʦʷʚʫ ʜʦʩʣʽʜʞʝʥʴ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʦʟʨʦʙʢʫ ʤʘʢʩʠʤʘʣʴʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ɼɼɿ (ʄʘʣʴʯʠʢʦʚʘ, 2010). ʉʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʝʥʩʦʨʽʚ 

ʨʽʟʥʦʛʦ ʪʠʧʫ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʭʦʜʽʚ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʜʘʶʪʴ ʟʤʦʛʫ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʜʘʯʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʤʦʥʽʪʦʨʠʥʛʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʩʫʧʨʦʚʦʜʫ ʦʙôʻʢʪʽʚ (Kondratov et al., 

2016; Lyalko et al., 2000). ʂʨʽʤ ʪʦʛʦ, ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ɼɿɿ ʟʜʘʪʥʽ ʙʝʟʧʝʨʝʨʚʥʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʨʦʟʨʽʟʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʩʝʥʩʦʨʽʚ ʜʦ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʥʘʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ (Rees, 2013).  

 

1.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ʄʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ï ʥʦʩʽʾʚ ʟʥʽʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. ɺʦʥʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʠʭ ʪʠʧʠ: ʧʘʩʠʚʥʽ ʡ ʘʢʪʠʚʥʽ. ʇʘʩʠʚʥʽ ʤʝʪʦʜʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʚʠʤʽʨʶʚʘʥʥʽ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʘʙʦ ʚʽʜʙʠʪʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʚʫʟʴʢʠʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʫ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʩʧʝʢʪʨʘ. ʇʨʠ ʙʘʛʘʪʦʟʦʥʘʣʴʥʽʡ ʟʡʦʤʮʽ 

ʦʪʨʠʤʫʶʪʴ ʩʝʨʽʶ ʟʥʽʤʢʽʚ, ʥʝʽʜʝʥʪʠʯʥʠʭ ʟʘ ʨʦʟʧʦʜʽʣʦʤ ʦʧʪʠʯʥʦ ʾ ʱʽʣʴʥʦʩʪ,̔ ʱʦ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʨʦʟʭʦʜʞʝʥʥʷʤʠ ʚ ʚʽʜʙʠʚʥʽʡ ʩʧʨʦʤʦʞʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʟʡʦʤʢʠ ʚ ʨʽʟʥʠʭ ʟʦʥʘʭ 

ʩʧʝʢʪʨʘ. ɰʭ ʥʝʜʦʣʽʢʦʤ ʻ ʚʪʨʘʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ ʧʨʠ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚʘʭ, ʦʩʥʦʚʥʦʶ ʤʽʨʦʶ ï ʯʝʨʝʟ ʭʤʘʨʥʽʩʪʴ. ʅʘ ʧʨʦʪʠʚʘʛʫ ʾʤ, ʘʢʪʠʚʥʽ ʤʝʪʦʜʠ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ ʜʞʝʨʝʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʨʘʜʽʦʧʝʨʝʜʘʚʘʯʽʚ, 

ʣʘʟʝʨʽʚ) ʪʘ ʨʝʻʩʪʨʘʮʽʶ ʚʽʜʙʠʪʦʛʦ ʘʙʦ ʥʘʚʝʜʝʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʱʦ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʩʫʯʘʩʥʽ ʘʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ɼɿɿ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʠʨʦʢʽ ʢʫʪʠ 

ʟʘʭʦʧʣʝʥʥʷ ʤʽʩʮʝʚʦʩʪʽ. ɿʦʢʨʝʤʘ, ʉʫʯʘʩʥʽ ʨʘʜʽʦʣʦʢʘʪʦʨʠ ʙʽʯʥʦʛʦ ʦʛʣʷʜʫ ï ʮʝ 

ʨʘʜʽʦʤʝʪʨʠ ʘʢʪʠʚʥʦʛʦ ʪʠʧʫ, ʱʦ ʩʧʨʠʡʤʘʶʪʴ ʚʽʜʙʠʪʫ ʚʽʜ ʦʙôʻʢʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ 

ʝʥʝʨʛʽʶ ʧʨʠ ʡʦʛʦ ʦʧʨʦʤʽʥʝʥʥʽ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ. 

ʏʠʩʣʝʥʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ ʚʞʝ ʟʘʨʘʟ ʜʦʟʚʦʣʠʣʠ ʥʘʢʦʧʠʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ. ʊʠʤ ʥʝ ʤʝʥʰ, ʫ ʤʝʪʦʜʠʮʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʣʠʰʝ ʪʽ ʟ ʥʠʭ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʚʠʚʯʘʪʠ ʬʽʟʠʯʥʽ ʪʘ ʙʽʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʧʽʜʙʽʨ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʫʟʛʦʜʞʝʥʠʭ ʟʘ ʜʘʪʦʶ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ɼɿɿ. 

 

1.1.1. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʯʥʠʭ ʪʘ ʨʘʜʘʨʥʠʭ ʩʠʩʪʝʤ ɼɿɿ 

 

ʆʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ. ʉʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ Landsat-7 (L7), ʟʘʧʫʱʝʥʘ 

15 ʙʝʨʝʟʥʷ 1999 ʨʦʢʫ, ʦʩʥʘʱʝʥʘ ʘʧʘʨʘʪʫʨʦʶ ETM+ (Enhanced Thematic Mapper Plus), 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʡʦʤʢʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʯʦʪʠʨʴʦʭ ʜʽʘʧʘʟʦʥʘʭ: VNIR (Visible and Near 

Infrared ï ʚʠʜʠʤʠʡ ʽ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ), SWIR (Shortwave Infrared ï ʩʝʨʝʜʥʽʡ 

ʽʥʬʨʘʯʝʨʚʦʥʠʡ), PAN (panchromatic ï ʧʘʥʭʨʦʤʘʪʠʯʥʠʡ), TIR (thermal infrared ï 

ʪʝʧʣʦʚʦʾ ʽʥʬʨʘʯʝʨʚʦʥʠʡ). ɸʧʘʨʘʪ ʚʠʢʦʥʫʻ ʟʦʥʜʫʚʘʥʥʷ ʟ ʩʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʦʾ ʦʨʙʽʪʠ 

ʥʘ ʚʠʩʦʪʽ 705 ʢʤ. ʂʦʩʤʽʯʥʽ ʟʥʽʤʢʠ, ʦʜʝʨʞʫʚʘʥʽ L7 ETM+, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʰʠʨʦʢʦʶ 

ʩʤʫʛʦʶ ʟʘʭʦʧʣʝʥʥʷ (185 ʢʤ) ʪʘ ʥʘʷʚʥʽʩʪʶ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ (8 
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ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ) ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (15 ʤ) (ʪʘʙʣ. ɺ.1.1). 

ʏʘʩʪʦʪʘ ʧʦʚʪʦʨʥʦʛʦ ʟʥʽʤʘʥʥʷ ʩʢʣʘʜʘʻ 16 ʜʽʙ (Landsat-7, 2019). 

ʉʫʯʘʩʥʠʡ ʂɸ Landsat-8 (L8), ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʩʫʧʫʪʥʠʢʘ, 

ʦʙʣʘʜʥʘʥʠʡ ʪʨʴʦʤʘ ʚʠʩʦʢʦʪʦʯʥʠʤʠ ʘʩʪʨʦʜʘʪʯʠʢʘʤʠ, ʽʥʝʨʮʽʘʣʴʥʦʶ ʥʘʚʽʛʘʮʽʡʥʦʶ 

ʩʠʩʪʝʤʦʶ, ʧʨʠʡʤʘʯʘʤʠ ʩʠʩʪʝʤʠ GPS ʽ ʜʚʦʤʘ ʤʘʛʥʝʪʦʤʝʪʨʘʤʠ ʟ ʧʦʪʨʽʡʥʦʶ ʚʽʩʩʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʢʦʥʘʣʽʰʠʭ ʧʨʠʣʘʜʽʚ ʽʟ ʟʘʨʷʜʦʚʠʤ ʟʚôʷʟʢʦʤ (ʇɿɿ) ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʚʽʜʥʦʰʝʥʥʷ çʩʠʛʥʘʣ-ʰʫʤè ʽ ʷʢʽʩʪʴ ʟʡʦʤʢʠ. ʉʝʥʩʦʨʠ ʚʠʤʽʨʶʶʪʴ 4096 

ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʚʽʜʙʠʪʦʛʦ ʩʚʽʪʣʘ (ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 12 ʙʽʪ) (ʪʘʙʣ. ɺ.1.2), ʚ 

ʪʦʡ ʯʘʩ ʷʢ ʙʦʨʪʦʚʘ ʢʘʤʝʨʘ ETM+  ʤʦʛʣʘ ʚʠʤʽʨʷʪʠ 256 ʨʽʟʥʠʭ ʨʽʚʥʽʚ (8 ʙʽʪ). ʉʧʝʢʪʨʘʣʴʥʽ 

ʜʽʘʧʘʟʦʥʠ L8 ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. ɺ.1.1 (Landsat-8, 2019). ɺʽʜʥʦʩʥʘ ʩʧʝʢʪʨʘʣʴʥʘ 

ʯʫʪʣʠʚʽʩʪʴ ʢʘʥʘʣʽʚ L7 ETM+ ʪʘ L8 OLI ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. ɺ.2.1 (USGS Landsat, 2021). 

Sentinel-2 (S-2) ʻ ʩʫʧʫʪʥʠʢʦʚʦʶ ʩʠʩʪʝʤʦʶ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʂʦʩʤʽʯʥʦʛʦ ɸʛʝʥʪʩʪʚʘ 

(European Space Agency, ESA), ʨʦʟʨʦʙʣʝʥʫ ʚ ʨʘʤʢʘʭ ʽʥʽʮʽʘʪʠʚʠ Copernicus (Shurmer et 

al., 2018). ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʟʝʤʥʦʶ ʧʦʚʝʨʭʥʝʶ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʩʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʦʾ 

ʦʨʙʽʪʠ ʥʘ ʚʠʩʦʪʽ, ʚ ʩʝʨʝʜʥʴʦʤʫ, 785 ʢʤ (ʪʘʙʣ. ɺ.1.3). ʅʘʷʚʥʽʩʪʴ ʜʚʦʭ ʩʫʧʫʪʥʠʢʽʚ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʧʦʚʪʦʨʥʽ ʟʡʦʤʢʠ ʢʦʞʥʽ 5 ʜʥʽʚ ʥʘ ʝʢʚʘʪʦʨʽ ʽ ʢʦʞʥʽ 2-3 ʜʥʽ. ʂʦʩʤʽʯʥʽ 

ʘʧʘʨʘʪʠ (ʂɸ) S2A ʪʘ S2B ʦʩʥʘʱʝʥʽ ʽʜʝʥʪʠʯʥʠʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʦʧʪʠʢʦ-

ʝʣʝʢʪʨʦʥʥʠʤʠ ʩʝʥʩʦʨʘʤʠ MSI, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʣʽʥʽʡʢʦʚʠʤ ʧʨʠʥʮʠʧʦʤ. 

ʈʘʜʽʦʤʝʪʨʠʯʥʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʩʢʣʘʜʘʻ 12 ʙʽʪ. ʂɸ S2 ʧʦʩʪʘʯʘʶʪʴ ʜʘʥʽ ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 10, 20, ʽ 60 ʤ ʚ ʪʨʠʥʘʜʮʷʪʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʚʽʜ VNIR ʜʦ 

SWIR, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣ. ɺ.1.4. ʉʝʨʝʜ ʧʝʨʝʚʘʛ ʥʘʜ ʩʫʧʫʪʥʠʢʘʤʠ Landsat ï ʚʠʱʘ 

ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʤʝʥʰʠʡ ʧʝʨʽʦʜ ʧʦʚʪʦʨʥʦʛʦ ʟʥʽʤʘʥʥʷ ʪʘ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʢʘʥʘʣʽʚ VNIR, ʚʽʜʥʦʩʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʷʢʠʭ ʥʘʚʝʜʝʥʘ ʨʠʩ. ɺ.2.2 (S2RSR, 

2021). 

ʉʫʟʽʨôʷ ʩʫʧʫʪʥʠʢʽʚ PlanetScope (PS) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʠʙʣʠʟʥʦ 160 ʂɸ ʪʠʧʫ 

CubeSat 3U, ʨʦʟʤʽʨʦʤ 10Ĭ10Ĭ30 ʩʤ, ʚʠʚʝʜʝʥʠʭ ʥʘ ʩʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʫ ʦʨʙʽʪʫ ʚ 

ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ ʣʠʩʪʦʧʘʜʘ 2018 ʨʦʢʫ. ʉʫʟʽʨôʷ ʚʠʢʦʥʫʻ ʟʥʽʤʘʥʥʷ ʧʦʚʥʦʾ 

ʩʫʰʽ ɿʝʤʣʽ ʟʘ ʦʜʥʫ ʜʦʙʫ, ʬʦʨʤʫʶʯʠ ʢʦʣʝʢʮʽʶ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʯʦʪʠʨʴʦʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʧʣʦʱʝʶ 200 ʤʣʥ. ʢʤ2/ʜʦʙʫ. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʥʩʦʨʽʚ PS ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. ɺ.1.5. ʉʝʥʩʦʨʠ PS ʟʛʨʫʧʦʚʘʥʽ ʫ ʪʨʠ ʩʽʤʝʡʩʪʚʘ ʟ ʜʝʱʦ 
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ʨʽʟʥʦʶ ʚʽʜʥʦʩʥʦʶ ʩʧʝʢʪʨʘʣʴʥʦʶ ʯʫʪʣʠʚʽʩʪʶ: 0c, 0e ʪʘ 0f. ʅʘ ʨʠʩ. ɺ.2.3  ʥʘʚʝʜʝʥʦ 

ʚʽʜʥʦʩʥʫ ʩʧʝʢʪʨʘʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ ʢʘʥʘʣʽʚ ʢʦʞʥʦʛʦ ʟ ʩʽʤʝʡʩʪʚ PS. ɺ ʨʘʤʢʘʭ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ PS2.SD ʩʽʤʝʡʩʪʚʘ 0f. 

ʊʝʧʣʦʚʽ ʜʘʥʽ. ʄʘʪʝʨʽʘʣʠ ɼɿɿ ʚ ʪʝʧʣʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʧʦʩʪʘʯʘʶʪʴʩʷ ʧʦʯʠʥʘʶʯʠ ʟ 1970-ʭ ʨʦʢʽʚ, ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʩʫʧʫʪʥʠʢʽʚ ʩʝʨʽʾ NOAA 

(National Oceanic and Atmospheric Administration), ʦʙʣʘʜʥʘʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤ 

ʩʝʥʩʦʨʦʤ AVHRR (Advanced Very-High-Resolution Radiometer). ʅʘ ʩʴʦʛʦʜʥʽ 

ʬʫʥʢʮʽʦʥʫʻ ʧôʷʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʥʘʥʠʭ ʮʠʤ ʧʨʠʣʘʜʦʤ, ʱʦ ʧʦʩʪʘʯʘʶʪʴ 

ʪʝʧʣʦʚʽ ʜʘʥʽ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ~1,1 ʢʤ: NOAA-18/19 ʪʘ Metop-A/B/C. 

ɯʥʰʠʡ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʡ ʩʝʥʩʦʨ ASTER (Advanced Spaceborne Thermal Emission and 

Reflection Radiometer) ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ EOS ʚʠʢʦʥʫʻ ʟʥʽʤʘʥʥʷ ʫ 5-ʪʠ ʪʝʧʣʦʚʠʭ 

ʜʽʘʧʘʟʦʥʘʭ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 90 ʤ ʪʘ ʨʘʜʽʦʤʝʪʨʠʯʥʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 12 

ʙʽʪ (Abrams, Hook, 2004).  

 ʉʢʘʥʫʶʯʠʡ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʡ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨ MODIS (Moderate Resolution 

Imaging Spectroradiometer), ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʩʫʧʫʪʥʠʢʘʭ Terra ʽ Aqua ʩʠʩʪʝʤʠ ɼɿɿ 

EOS, ʚʝʜʝ ʟʡʦʤʢʫ ʚ 36 ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʟ ʨʘʜʽʦʤʝʪʨʠʯʥʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 12 

ʙʽʪ. ʉʝʨʝʜ ʥʠʭ, 29 ʢʘʥʘʣʽʚ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʩʽ ʪʝʧʣʦʚʽ ʽʥʬʨʘʯʝʨʚʦʥʽ) ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 1000 ʤ. ɿʘʚʜʷʢʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʽ ʰʠʨʦʢʽʡ ʩʤʫʟʽ ʟʡʦʤʢʠ 

(2330 ʢʤ) ʙʫʜʴ-ʷʢʘ ʪʝʨʠʪʦʨʽʷ ʚ ʤʝʞʘʭ ʟʦʥʠ ʚʠʜʠʤʦʩʪʽ ʩʪʘʥʮʽʾ ʱʦʜʥʷ ʟʥʽʤʘʻʪʴʩʷ, ʷʢ 

ʤʽʥʽʤʫʤ, ʦʜʠʥ ʨʘʟ. ʄʝʞʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ EOS MODIS ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. ɺ.1.6. 

ɼʣʷ ʢʘʨʪʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʨʽʚʥʽʚ ʦʙʨʦʙʢʠ 

1B ʪʘ 1GT ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ EOS MODIS ʪʘ Landsat-7, Landsat-8, ʱʦ ʦʜʝʨʞʘʥʽ ʫ 

ʜʘʣʴʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʉʫʧʫʪʥʠʢʦʚʽ ʧʨʦʜʫʢʪʠ MODIS Level 1B 1KM (MOD11_L2) ʤʽʩʪʷʪʴ ʢʘʣʽʙʨʦʚʘʥʽ ʜʘʥʽ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚ ʜʘʣʴʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ (MODIS, 2021). ɿʦʙʨʘʞʝʥʥʷ ʟʘʭʦʜʷʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʥʘ ʚʝʙ ʨʝʩʫʨʩʽ 

Level-1 and Atmosphere Archive and Distribution System Web Interface (LAADS) 

(MODIS Products, 2021), ʧʦʩʪʘʯʘʶʪʴʩʷ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 1 ʢʤ. 

ɯʥʬʨʘʯʝʨʚʦʥʽ ʟʦʙʨʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ Landsat-7 ETM+ ʪʘ Landsat-8 TIRS 

ʜʦʩʪʫʧʥʽ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʥʘ ʚʝʙ-ʨʝʩʫʨʩʽ United States Geological Survey (USGS) 
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(EarthExplorer, 2021). ɯʥʬʨʘʯʝʨʚʦʥʽ ʟʦʙʨʘʞʝʥʥʷ Level 1GT ʚʽʜ ʩʝʥʩʦʨʘ ETM+ ʤʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 60 ʤ, ʘ ʜʚʦʜʽʘʧʘʟʦʥʥʽ ʟʦʙʨʘʞʝʥʥʷ Level 1GT ʚʽʜ ʩʝʥʩʦʨʘ 

TIRS ï 100 ʤ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʧʣʦʚʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʚ ʜʝʥʴ 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʽʚ (ʪʘʙʣ. ɺ.1.7). ɺʽʜʥʦʩʥʫ 

ʩʧʝʢʪʨʘʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ ʪʝʧʣʦʚʠʭ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʢʘʥʘʣʽʚ ʩʝʥʩʦʨʽʚ L7 ETM+, L8 TIRS 

ʪʘ EOS MODIS ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. ɺ.2.4. 

ʈʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ. ʉʫʧʫʪʥʠʢ TerraSAR-X, ʨʦʟʨʦʙʣʝʥʠʡ 

ʅʽʤʝʮʴʢʠʤ ʘʝʨʦʢʦʩʤʽʯʥʠʤ ʮʝʥʪʨʦʤ (DLR) ʪʘ ʢʦʤʧʘʥʽʻʶ EADS Astrium GmbH, ʙʫʚ 

ʟʘʧʫʱʝʥʠʡ 15 ʯʝʨʚʥʷ 2007 ʨ. ʟ ʢʦʩʤʦʜʨʦʤʫ ɹʘʡʢʦʥʫʨ ʪʘ ʚʠʚʝʜʝʥʠʡ ʥʘ ʢʨʫʛʦʚʫ 

ʩʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʫ ʦʨʙʽʪʫ ʟʘʚʚʠʰʢʠ 514 ʢʤ ʽʟ ʥʘʭʠʣʦʤ 97,44Á (ʪʘʙʣ. ɺ.1.8). ʉʫʧʫʪʥʠʢ 

ʦʩʥʘʱʝʥʠʡ ʨʘʜʽʦʣʦʢʘʪʦʨʦʤ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ (ʈʉɸ), ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʫ ʟʡʦʤʢʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʜʦ 1 ʤ (Airbus Team, 2015). ɼʨʫʛʠʡ ʩʫʧʫʪʥʠʢ TanDEM-X, ʟʘʧʫʱʝʥʠʡ 

21 ʯʝʨʚʥʷ 2010, ʦʙʣʘʜʥʘʥʦ ʽʜʝʥʪʠʯʥʦʶ ʘʧʘʨʘʪʫʨʦʶ. ʉʧʽʣʴʥʘ ʨʦʙʦʪʘ ʜʚʦʭ ʩʫʧʫʪʥʠʢʽʚ 

ʜʦʟʚʦʣʷʻ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʢʘʨʪʫʚʘʪʠ 

ʚʝʨʪʠʢʘʣʴʥʽ ʟʤʽʱʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʩʘʥʪʠʤʝʪʨʦʚʦʶ ʪʦʯʥʽʩʪʶ (Riadi et al., 2018; 

Wessel, 2013). 

ɿʘʧʫʩʢ ʷʧʦʥʩʴʢʦʛʦ ʨʘʜʘʨʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ALOS-2 (Advanced Land Observing 

Satellite 2) ʟʜʽʡʩʥʝʥʦ 24 ʪʨʘʚʥʷ 2014 ʨ. ʟ ʢʦʩʤʦʜʨʦʤʫ ʊʘʥʝʛʘʰʠʤʘ. ʅʘ ʩʫʧʫʪʥʠʢʫ 

ʚʩʪʘʥʦʚʣʝʥʦ ʈʉɸ PALSAR-2 (Phased Array L-band Synthetic Aperture Radar), ʷʢʠʡ 

ʟʜʘʪʥʠʡ ʟʥʽʤʘʪʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʟʘ ʙʫʜʴ-ʷʢʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ ʚ L-

ʜʽʘʧʘʟʦʥʽ (ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ 1,27 ɻɻʮ, ɚ = 23,6 ʩʤ) (ALOS, 2020). ALOS-2 ʧʦʩʪʘʯʘʻ ʜʘʥʽ ʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 1-3 ʤ, 3-10 ʤ ʪʘ 100 ʤ, ʧʨʦʚʦʜʷʯʠ ʟʡʦʤʢʫ ʚ ʨʝʞʠʤʘʭ 

SpotLight, StripMap ʪʘ ScanSAR ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. ɺ.1.8). 

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʘʜʘʨʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʂɸ 

Sentinel-1 (S1), ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʫʟʽʨôʷ ʜʚʦʭ ʩʫʧʫʪʥʠʢʽʚ (S1A ʪʘ S1B) (Shurmer et 

al., 2018). ʂɸ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʩʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʽʡ ʦʨʙʽʪʽ ʥʘ ʚʠʩʦʪʽ 693 ʢʤ. ɺʦʥʠ 

ʧʨʦʚʦʜʷʪʴ ʟʡʦʤʢʫ ʚ ʦʜʠʥʘʨʥʽʡ (HH ʘʙʦ VV) ʘʙʦ ʚ ʧʦʜʚʽʡʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ (HH/HV ʘʙʦ 

VV/VH) ʧʨʦʪʠʣʝʞʥʦ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ. ʇʨʘʮʶʶʯʠ ʚ ʨʝʞʠʤʽ Interferometric Wide 

Swath (IW), ʚʦʥʠ ʧʦʩʪʘʯʘʶʪʴ ʜʘʥʽ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 10 ʤ (ʪʘʙʣ. ɺ.1.9). 
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1.1.2 ʊʝʭʥʽʯʥʠʡ ʦʧʠʩ ʩʫʧʫʪʥʠʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʜʣʷ ʚʠʚʯʝʥʥʷ ʬʽʟʠʯʥʠʭ 
ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ. ʇʨʦʜʫʢʪʠ, ʱʦ ʧʦʩʪʘʯʘʶʪʴʩʷ ʟʘ ʜʘʥʠʤʠ 

ʟʦʥʜʫʚʘʥʥʷ ʩʝʥʩʦʨʘ VIIRS (Visible Infrared Imaging Radiometer Suite) ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʛʣʦʙʘʣʴʥʫ ʢʘʨʪʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ VI (Vegetation Index) ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 4 ʢʤ. ɼʘʥʠʡ ʧʨʦʜʫʢʪ ʻ ʩʪʽʡʢʠʤ ʝʤʧʽʨʠʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʨʦʩʣʠʥʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʩʫʭʦʜʦʣʫ (Hanjun, Yufeng, 2019). ʇʨʦʜʫʢʪ ʟʜʦʨʦʚôʷ ʨʦʩʣʠʥʥʦʩʪʽ VIIRS 

Vegetation Health Product (VVHP) ʻ ʥʘʙʦʨʦʤ ʱʦʪʠʞʥʝʚʠʭ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʟʦʢʨʝʤʘ Vegetation Condition Index (VCI), Temperature Condition Index 

(TCI) ʪʘ Vegetation Health Index (VHI). ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 1 ʢʤ ʥʘ ʝʢʚʘʪʦʨʽ (VIIRS, 2016). ɹʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʡ ʩʝʥʩʦʨ ʥʠʟʴʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ Medium Resolution Imaging Spectrometer (MERIS) 

ʧʦʩʪʘʯʘʻ ʧʨʦʜʫʢʪʠ Global Vegetation Index (MGVI) ʪʘ Fraction of Absorbed 

Photosynthetically Active Radiation (FAPAR). ʌʦʨʤʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ ʣʽʩʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ (Gobron et al., 2006; Gobron 

et al., 2007). ɸʣʛʦʨʠʪʤ MERIS TOAVEG (Baret et al., 2006) ʧʨʦʚʦʜʠʪʴ ʦʮʽʥʢʠ FVC, 

LAI, FAPAR ʥʘ ʦʩʥʦʚʽ ʽʥʚʝʨʩʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʤʦʜʝʣʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ 

ʪʨʠʥʘʜʮʷʪʠ ʦʩʥʦʚʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ MERIS (Bacour et al., 2006). 

ʉʫʧʫʪʥʠʢʦʚʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ. 

ʉʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤb EOS MODIS ʱʦʜʦʙʠ ʦʧʝʨʘʪʠʚʥʦ ʧʦʩʪʘʯʘʻ ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʨʦʜʫʢʪ MODIS Near Real Time (NRT) ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʦʙʨʦʙʢʠ (Level 

2) ʚʢʣʶʯʘʻ ʨʦʟʧʦʜʽʣʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (Land Surface Temperature, LST) 

ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (Emissivity), ʱʦ ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 1 ʢʤ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ 

ʨʦʟʜʽʣʴʥʦʛʦ ʚʽʢʥʘ (generalized split-window algorithm) (MODIS Overview, 2021). 

ɸʣʛʦʨʠʪʤ VIIRS Land Surface Temperature and Emissivity (LST&E) ʪʘ ʧʨʦʜʫʢʪʠ 

VNP21 ʢʦʣʝʢʮʽʾ Collection 1 (C1) ʨʦʟʨʦʙʣʝʥʽ ʩʠʥʝʨʛʝʪʠʯʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ MODIS 

Collection 6 (C6) LST&E. ɼʣʷ ʩʪʚʦʨʝʥʥʷ VNP21 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʜʣʷ 

ʦʜʥʦʯʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ 
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ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ 14 (855 ʥʤ), 15 (1076 ʥʤ) ʪʘ 16 (1200 ʥʤ) ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 750 ʤ (VIIRS, 2016). 

 ʉʫʧʫʪʥʠʢʦʚʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ. ʉʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ 

SMOS (Soil Moisture and Ocean Salinity) ʙʫʣʘ ʟʘʧʫʱʝʥʘ ʚ ʣʠʩʪʦʧʘʜʽ 2009 ʨʦʢʫ ʽ 

ʦʙʣʘʜʥʘʥʘ ʤʽʢʨʦʭʚʠʣʴʦʚʠʤ ʨʘʜʽʦʤʝʪʨʦʤ MIRAS (Microwave Imaging Radiometer using 

Aperture Synthesis), ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʧʘʩʠʚʥʠʡ ʜʚʦʚʠʤʽʨʥʠʡ  ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʡ 

ʨʘʜʽʦʤʝʪʨ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ (L-ʜʽʘʧʘʟʦʥ, 1,4 GHz, ɚ å 21 ʩʤ). ɼʘʥʠʡ ʩʝʥʩʦʨ 

ʜʦʟʚʦʣʷʻ ʢʘʨʪʫʚʘʪʠ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʩʦʣʦʥʽʩʪʴ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʦʚʱʠʥʫ ʤʦʨʩʴʢʦʛʦ 

ʣʴʦʜʫ ʪʘ ʽʥʰʽ ʛʝʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘʜ ʦʢʝʘʥʘʤʠ ʪʘ 

ʟʘʤʝʨʟʣʽʩʪʴ/ʚʽʜʪʘʶʚʘʥʥʷ ˇʨʫʥʪʽʚ (Miernecki et al., 2014; Kerr, et al., 2010). 

ɿʘʧʫʱʝʥʘ ʚ ʣʠʩʪʦʧʘʜʽ 2014 ʨʦʢʫ ʩʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ SMAP (Soil Moisture Active 

Passive) ʚʢʣʶʯʘʻ ʨʘʜʽʦʣʦʢʘʪʦʨ ʪʘ ʨʘʜʽʦʤʝʪʨ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ L-ʜʽʘʧʘʟʦʥʽ ʪʘ ʧʨʦʚʦʜʷʪʴ 

ʟʦʥʜʫʚʘʥʥʷ ʧʽʜ ʢʫʪʦʤ ɗ=40Á. ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʘʢʪʠʚʥʦʛʦ ʽ ʧʘʩʠʚʥʦʛʦ 

ʩʝʥʩʦʨʽʚ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 1Ĭ1 ʢʤ ʪʘ 39Ĭ47 ʢʤ 

ʚʽʜʧʦʚʽʜʥʦ. SMAP ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ (ʚʠʩʦʢʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʘʣʝ ʥʠʟʴʢʘ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ) ʪʘ ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ (ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʥʠʟʴʢʘ 

ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ) ʩʧʦʩʪʝʨʝʞʝʥʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʚʦʣʦʛʽʩʪʴ 

ˇʨʫʥʪʫ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 9 ʢʤ, ʘ ʪʘʢʦʞ ʧʨʦ ʩʪʘʥ ʟʘʤʝʨʟʘʥʥʷ-ʪʘʥʝʥʥʷ ʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 3 ʢʤ. (Miernecki et al., 2014; O'Neill et al., 2012). 

ʉʫʧʫʪʥʠʢʦʚʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ. ʋ 2000 ʨ ʟ ʙʦʨʪʫ 

ʢʦʩʤʽʯʥʦʛʦ ʢʦʨʘʙʣʷ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ Space Shuttle ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʨʘʜʘʨʥʫ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʫ ʟʡʦʤʢʫ ʧʦʚʝʨʭʥʽ ʟʝʤʥʦʾ ʢʫʣʽ. ɿʡʦʤʢʘ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʈʉɸ 

SIR-C ʪʘ X-SAR ʽ ʦʭʦʧʣʶʚʘʣʘ ʤʘʡʞʝ ʚʩʶ ʪʝʨʠʪʦʨʽʾ ɿʝʤʣʽ ʤʽʞ 60Á ʧʥ. ʰ. ʽ 56Á ʧʜ. ʰ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ ʟʡʦʤʢʠ SIR-C (SRTM C-band) ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ 

ʤʘʡʞʝ 80% ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ɼʘʥʽ Shuttle Radar Topography Mission (SRTM) ʽʩʥʫʶʪʴ ʚ 

ʜʝʢʽʣʴʢʦʭ ʚʝʨʩʽʷʭ: ʧʦʧʝʨʝʜʥʽ (ʚʝʨʩʽʷ 1, 2003) ʽ ʦʩʪʘʪʦʯʥʘ (ʚʝʨʩʽʷ 2, ʣʶʪʠʡ 2005 ʨʦʢʫ). 

ʆʩʪʘʪʦʯʥʘ ʚʝʨʩʽʷ ʧʨʦʡʰʣʘ ʜʦʜʘʪʢʦʚʫ ʦʙʨʦʙʢʫ, ʚʠʜʽʣʝʥʥʷ ʙʝʨʝʛʦʚʠʭ ʣʽʥʽʡ ʽ ʚʦʜʥʠʭ 

ʦʙ'ʻʢʪʽʚ, ʬʽʣʴʪʨʘʮʽʶ ʧʦʤʠʣʢʦʚʠʭ ʟʥʘʯʝʥʴ. ɿʘʨʘʟ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʜʘʥʽ SRTM ʚʝʨʩʽʾ 

4. ɼʘʥʽ SRTM ʻ ʚʽʜʢʨʠʪʠʤʠ. 
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ʇʨʦʜʫʢʪ ASTER Global Digital Elevation Model (GDEM) ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʽʣʴʥʦ 

ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʝʢʦʥʦʤʽʢʠ ʽ ʪʦʨʛʽʚʣʽ ʗʧʦʥʽʾ ʪʘ NASA ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʦʧʪʠʯʥʦʛʦ 

ʩʝʥʩʦʨʘ ASTER ʩʫʧʫʪʥʠʢʘ Terra. ʉʝʥʩʦʨ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʝʨʝʦʩʢʦʧʽʯʥʦʾ ʟʡʦʤʢʠ 

ʫʟʜʦʚʞ ʩʤʫʛʠ ʧʨʦʣʴʦʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʦʙôʻʢʪʠʚʽʚ, ʱʦ ʟʥʽʤʘʶʪʴ ʚ ʥʘʜʠʨ ʽ ʥʘʟʘʜ ʚ 

ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 15 ʤ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʎʄʈ 

ASTER GDEM ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʘʚʪʦʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʚʩʴʦʛʦ ʘʨʭʽʚʫ ʜʘʥʠʭ ASTER, 

ʱʦ ʥʘʨʘʭʦʚʫʻ 1,5 ʤʣʥ ʩʮʝʥ. ʋ 2011 ʨ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʧʦʣʽʧʰʝʥʘ ʚʝʨʩʽʷ ʎʄʈ ï ASTER 

GDEM Version 2: ʜʦʜʘʥʽ ʥʦʚʽ ʩʮʝʥʠ, ʚʠʧʨʘʚʣʝʥʽ ʧʦʤʠʣʢʠ (Abrams, Hook, 2004). 

ALOS Global Digital Surface Model (GDSM) ï ʮʝ ʛʣʦʙʘʣʴʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ, 

ʩʪʚʦʨʝʥʠʡ ʟ ʟʦʙʨʘʞʝʥʴ, ʟʽʙʨʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʥʭʨʦʤʘʪʠʯʥʦʛʦ ʩʝʥʩʦʨʘ ʜʣʷ 

ʩʪʝʨʝʦʟʡʦʤʢʠ PRISM (Panchromatic Remote-sensing Instrument for Stereo Mapping). 

ɸʛʝʥʪʩʪʚʦ Japan Aerospace Exploration Agency (JAXA) ʙʝʟʢʦʰʪʦʚʥʦ ʧʦʩʪʘʯʘʻ 

ʛʣʦʙʘʣʴʥʫ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʤʽʩʮʝʚʦʩʪʽ (ʎʄʄ) ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʙʣʠʟʴʢʦ 30 ʤ (1 ʩʝʢʫʥʜʘ ʜʫʛʠ) (ALOS, 2020). ʅʘʙʽʨ ʜʘʥʠʭ ʧʫʙʣʽʢʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʥʘʙʦʨʫ ʎʄʄ (5-ʤʝʪʨʦʚʦʾ ʩʽʪʯʘʩʪʦʾ ʚʝʨʩʽʾ) World3D Topographic Data, ʱʦ ʻ 

ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʤʠ ʜʘʥʠʤʠ ʟ ʚʠʩʦʪʠ ʨʝʣʴʻʬʫ ʥʘ ʮʝʡ ʯʘʩ.  

ʉʫʧʫʪʥʠʢʦʚʽ ʧʨʦʜʫʢʪʠ ʪʠʧʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ, ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʢʽʣʴʢʘ ʧʨʦʜʫʢʪʽʚ ʪʠʧʽʚ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ (Manakos et al., 2018). ʉʝʨʝʜ ʥʠʭ, 

Global Historical Land-Cover Change Land-Use Conversions (GLC), Globeland-30 

(GLOB), CORINE Land Cover (CLC) ʪʘ GMES/Copernicus Initial Operation High 

Resolution Layers (GIOS). ɺ ʩʝʨʝʜʥʴʦʤʫ, ʪʦʯʥʽʩʪʴ ʜʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʩʢʣʘʜʘʻ 80-89% ʧʨʠ 

ʧʨʦʩʪʦʨʦʚʽʡ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 10-30 ʤ, ʮʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʦʮʽʥʶʚʘʪʠ ʟʤʽʥʠ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ. ɸʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʨʷʜʦʤ 

ʦʙʤʝʞʝʥʴ. ɿʦʢʨʝʤʘ, ʜʘʥʽ GIOS ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 20 ʤ ʜʦʩʪʫʧʥʽ ʣʠʰʝ ʜʣʷ 

2012, 2015 ʪʘ 2018 ʨʦʢʽʚ (Congedo et al., 2016). ʂʨʽʤ ʪʦʛʦ, ʧʨʦʜʫʢʪʠ ʪʠʧʽʚ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ GLC ʪʘ GLOB, ʭʦʯʘ ʽ ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʦ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʘʣʝ ʪʘʢʦʞ 

ʩʪʚʦʨʝʥʽ ʣʠʰʝ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʦʧʦʨʥʠʭ ʜʘʪ: 2000 (ʦʙʠʜʚʘ), 2010 (GLOB) ʪʘ 2012 (GLC) 

(Chen et al., 2017). ʅʘ ʧʨʦʪʠʚʘʛʫ ʮʠʤ ʧʨʦʜʫʢʪʘʤ, ʧʨʦʜʫʢʪʠ CLC ʱʦʨʽʯʥʦ 

ʦʥʦʚʣʶʶʪʴʩʷ. ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʢʘʨʪ ʪʠʧʽʚ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʩʢʣʘʜʘʻ ʚʽʜ 50 

ʤ (ʟ 1990 ʨʦʢʫ), 25 ʤ (ʫ ʧʝʨʽʦʜ ʟ 2000 ʧʦ 2012 ʨʦʢʠ), ʽ ʜʦ 10 ʤ (ʟ 2018 ʨʦʢʫ) (B¿ttner et 
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al., 2017). ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʻ ʪʝ, ʱʦ ʪʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʠ ʥʝ ʧʦʪʨʘʧʣʷʻ ʚ 

ʪʝʨʠʪʦʨʽʶ ʽʥʪʝʨʝʩʫ ʜʘʥʦʛʦ ʧʨʦʝʢʪʫ.  

 

1.2. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ 

 

ʆʩʥʦʚʥʦʶ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ 

ʜʠʩʪʘʥʮʽʡʥʦ, ʻ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, Ů = Ůǋ + Ůǌ, ʷʢʘ ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʚʝʣʠʯʠʥʦʶ, 

ʜʝ ʫʷʚʥʘ ʯʘʩʪʠʥʘ ʧʦʢʘʟʫʻ ʥʘʷʚʥʽʩʪʴ ʜʠʩʠʧʘʪʠʚʥʠʭ ʚʪʨʘʪ ʚ ʩʝʨʝʜʦʚʠʱʽ. ʗʢʱʦ ʜʽʡʩʥʘ 

ʯʘʩʪʠʥʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ Ůǋ, ʧʦʚôʷʟʘʥʘ ʟ ʧʦʣʷʨʠʟʘʮʽʻʶ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʟʥʘʯʘʻ 

ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʢʨʽʟʴ ʤʘʪʝʨʽʘʣ, ʫʷʚʥʘ Ůǌ ʧʦʚôʷʟʘʥʘ ʟ ʧʨʦʚʽʜʥʽʩʪʶ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʦʩʣʘʙʣʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ (ʦʤʽʯʥʽ ʚʪʨʘʪʠ) (Lasne et 

al., 2007). ɼʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ˇʨʫʥʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʾʭ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ 

ʨʝʣʘʢʩʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʦ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ˇʨʫʥʪʽʚ ʚʽʜʥʦʩʷʪʴʩʷ 

ʧʦʚʽʪʨʷ, ʤʦʥʦʣʽʪ ˇʨʫʥʪʫ (ʢʚʘʨʮ, ʧʦʣʴʦʚʽ ʰʧʘʪʠ ʽ ʪ. ʜ.), ʚʦʜʘ ï ʟʚôʷʟʘʥʘ ʽ ʚʽʣʴʥʘ, ʽ ʣʽʜ ï 

ʚ ʨʘʟʽ ʤʝʨʟʣʠʭ ˇʨʫʥʪʽʚ (ɹʝʣʷʝʚʘ ʪʘ ʽʥ., 2006; ɹʦʷʨʩʢʠʡ, ʊʠʭʦʥʦʚ, 2003). 

ʏʫʪʣʠʚʽʩʪʴ ʩʠʛʥʘʣʽʚ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʨʘʜʽʦʣʦʢʘʪʦʨʘʭ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ (ʈʉɸ) ʚʽʜ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ 

ʧʘʜʽʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ɗ. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʤʝʥʰʠʭ ɗ (10Á ï 20Á), ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʻ 

ʙʽʣʴʰ ʪʦʯʥʠʤʠ (Dobson, Ulaby, 1986), ʧʨʦʪʝ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʈʉɸ, 

ʟʥʘʯʝʥʥʷ ɗ ʦʙʠʨʘʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ ï ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʱʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʪʘ ʯʘʩʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (Stephen et al., 2010). ʅʘʚʽʪʴ ʥʘ ʚʽʜʢʨʠʪʠʭ ˇʨʫʥʪʘʭ ʤʦʜʝʣʽ ů0 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʤʽʪʥʦ ʨʽʟʥʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ɗ ʯʝʨʝʟ ʟʙʫʨʝʥʥʷ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ 

ʰʦʨʩʪʢʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ (Verhoest et al., 2016). ʎʷ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʨʦʩʪʘʻ ʥʘ 

ˇʨʫʥʪʘʭ, ʧʦʢʨʠʪʠʭ ʨʦʩʣʠʥʥʽʩʪʶ, ʜʝ ʢʦʣʠʚʘʥʥʷ ʧʦʭʠʙʢʠ ʧʦʚʝʨʭʥʝʚʦʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, 

ʟʽ ʟʤʽʥʦʶ ɗ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʱʦ 

ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʧʝʨʝʰʢʦʜʞʘʥʥʽ ʧʨʦʭʦʜʞʝʥʥʶ ʩʠʛʥʘʣʫ ʈʉɸ ʘʙʦ ʡʦʛʦ ʧʦʜʚʽʡʥʦʛʦ 

ʚʽʜʙʠʪʪʷ (Crow et al., 2010; Wagner et al., 2007). 
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ʉʝʨʝʜ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ, ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʢʠʩʣʦʪʥʽʩʪʴ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʃʘʢʪʠʦʥʦʚ, ɺʦʚʥʘ, 2014ʘ). ɿ ʪʦʯʢʠ 

ʟʦʨʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ˇʨʫʥʪʽʚ ʧʝʨʝʥʦʩʥʠʢʘʤʠ ʟʘʨʷʜʫ ʚ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʻ 

ʚʽʣʴʥʽ ʽʦʥʠ (ʐʝʡʢʦ, ʄʽʭʻʻʚʘ, 2013). ˆʨʫʥʪʠ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʦʣʝʡ ʪʘ ʚʦʜʠ 

ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʪʦʤʫ ʫʷʚʥʘ ʯʘʩʪʠʥʘ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʙʫʣʘ ʙ ʚʠʱʦʶ, ʱʦ ʧʨʠʟʚʝʣʦ ʙ ʜʦ ʚʠʩʦʢʦʛʦ ʚʽʜʙʠʪʪʷ (Sreenivas et al., 1995). 

ʋʷʚʥʘ ʯʘʩʪʠʥʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʦʜʠ ʯʫʪʣʠʚʘ ʜʦ ʩʦʣʦʥʦʩʪʽ, ʢʦʣʠ ʯʘʩʪʦʪʠ 

ʤʽʢʨʦʭʚʠʣʴ ʥʠʞʯʝ 10 ɻɻʮ, ʪʦʜʽ ʷʢ ʨʝʘʣʴʥʘ ʯʘʩʪʠʥʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʦʜʠ 

ʯʫʪʣʠʚʘ ʜʦ ʩʦʣʦʥʦʩʪʽ ʥʘ ʯʘʩʪʦʪʘʭ ʯʘʩʪʦʪʘʤʠ ʙʽʣʴʰʝ 5 ɻɻʮ (Dobson et al., 1985). ʗʢ 

ʧʨʘʚʠʣʦ, ʧʽʜʚʠʱʝʥʥʷ ʩʦʣʦʥʦʩʪʽ ʟʙʽʣʴʰʫʻ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ 

ʩʦʣʦʥʽʩʪʴ ʧʽʜʚʠʱʫʻ ʧʨʦʚʽʜʥʽʩʪʴ (Lasne et al., 2007).  

ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʣʝʞʥʦʩʪʽ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʝʜʝ ʜʦ ʚʽʜʥʦʩʥʦʛʦ ʟʤʝʥʰʝʥʥʷ Ů. ʇʦʨʽʚʥʷʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʽʩʢʫ, ʣʴʦʜʫ ʽ ʛʣʠʥʠ ʧʦʢʘʟʘʣʦ 

ʩʭʦʞʽʩʪʴ ʧʝʨʰʠʭ ʜʚʦʭ ʟʘʣʝʞʥʦʩʪʝʡ: ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʧʽʩʢʫ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʙʣʠʟʴʢʽ ʜʦ ʟʥʘʯʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʣʴʦʜʫ; ʾʭ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʭʽʜ ʦʜʥʘʢʦʚʠʡ, ʽ ʥʘ ʟʘʣʝʞʥʦʩʪʷʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʦʙʣʘʩʪʽ 

ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʦʛʦ ʟʤʽʥʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʽʟ ʟʘʤʝʨʟʘʥʥʷʤ ʚʦʜʠ ʨʽʟʥʠʭ ʪʠʧʽʚ (ʂʦʩʦʣʘʧʦʚʘ, 2012). ɿʘʣʝʞʥʽʩʪʴ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʛʣʠʥʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʻ ʜʝʱʦ ʽʥʰʠʡ ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢ ʽ 

ʪʫʪ ʭʽʜ ʢʨʠʚʦʾ ʦʙʫʤʦʚʣʝʥʠʡ ʟʘʤʝʨʟʘʥʥʷʤ ʚʦʜʠ ʚ ʢʽʣʴʢʘ ʩʪʘʜʽʡ (ɹʦʷʨʩʴʢʠʡ, ʊʠʭʦʥʦʚ, 

2003).  

ɺ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʈʉɸ ʦʙʨʘʥʦ ʷʢ ʦʩʥʦʚʥʠʡ ʧʨʠʩʪʨʽʡ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʦʣʦʛʦʩʪʽ. ʋʩʽ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʡʥʷʪʦ ʷʢ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʜʝʧʦʣʷʨʠʟʘʮʽʶ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. 

 

1.2.1. ʄʦʜʝʣʽ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 

 

ɯʩʪʦʨʠʯʥʦ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʘ ʨʘʜʘʨʥʠʤʠ ʜʘʥʠʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʨʦʩʪʽʰʽ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʩʽ ʪʘʢʽ ʤʦʜʝʣʽ 
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ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʽʾ: ʝʤʧʽʨʠʯʥʽ, ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʪʘ ʬʽʟʠʢʦ-ʪʝʦʨʝʪʠʯʥʽ 

(Hajnsek et al., 2001; Loew et al., 2004). 

ɽʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʤʧʽʨʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʚôʷʟʢʘʭ ʤʽʞ ʩʠʛʥʘʪʫʨʦʶ 

ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ˇʨʫʥʪʫ (Baghdadi et al., 2016; Zribi et al., 2019; Verhoest 

et al., 2016). ʇʝʨʝʚʘʛʠ ʜʘʥʠʭ ʤʦʜʝʣʝʡ ʧʦʣʷʛʘʶʪʴ ʫ ʧʨʦʩʪʦʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟ ʨʦʟʨʦʙʢʠ 

ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʩʽʶʚʘʥʥʷ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʽʜʥʦʩʠʪʴʩʷ 

ʩʢʣʘʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʚʽʜʥʦʰʝʥʴ ʜʣʷ ʽʥʰʠʭ ʜʽʣʷʥʦʢ ʘʙʦ ʧʨʠ ʽʥʰʠʭ 

ʫʤʦʚʘʭ (Rosenqvist et al.,2007). ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʥʦʰʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ 

ʨʽʟʥʠʭ ˇʨʫʥʪʦʚʠʭ ʫʤʦʚ ʜʣʷ ʢʦʞʥʦʛʦ ʩʝʟʦʥʫ ʦʢʨʝʤʦ. ʆʪʞʝ, ʾʭ ʢʦʨʠʩʥʽʩʪʴ ʜʦʩʠʪʴ 

ʦʙʤʝʞʝʥʘ (Jagdhuber, 2012). 

ʅʘʧʽʚʝʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʧʨʦʱʝʥʠʭ ʽʥʚʝʨʩʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

(Babaeian et al., 2019; Baghdadi et al., 2015). ʄʦʜʝʣʽ ʮʴʦʛʦ ʪʠʧʫ, ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʟ 

ʷʢʠʭ ï ʤʦʜʝʣʽ Oh (Oh et al., 1992; Oh, 2004) ʪʘ Dubois (Dubois et al., 1995; Park and 

Moon, 2007), ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʢʘʣʽʙʨʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʢʚʘʟʽʩʠʥʭʨʦʥʥʠʭ ʥʘʟʝʤʥʠʭ ʪʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ (Choker et al., 2017). ʇʝʨʝʚʘʛʦʶ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʪʝ, ʱʦ ʮʽ ʤʦʜʝʣʽ 

ʻ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤʠ, ʘʜʞʝ ʧʽʜʢʦʨʷʶʪʴʩʷ ʢʨʠʪʝʨʽʶ ʜʽʡʩʥʦʩʪʽ, ʟʘ ʷʢʠʤʠ ʟʽ ʤʦʜʝʣʽ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʧʨʠ ʨʽʟʥʠʭ ˇʨʫʥʪʦʚʠʭ ʫʤʦʚʘʭ. ʅʘ ʞʘʣʴ, 

ʦʙʠʜʚʘ ʻ ʥʝʢʦʛʝʨʝʥʪʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʣʠʰʝ ʧʽʜʤʥʦʞʠʥʫ ʜʦʩʪʫʧʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ, ʞʦʜʥʘ ʟ ʜʚʦʭ ʤʦʜʝʣʝʡ ʥʝ ʤʦʞʝ ʧʦʷʩʥʠʪʠ ʝʬʝʢʪʠ 

ʜʝʧʦʣʷʨʠʟʘʮʽʾ ʰʦʨʩʪʢʦʩʪʽ (Jagdhuber, 2012). 

ʌʽʟʠʢʦ-ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ. ɺ ʮʠʭ ʤʦʜʝʣʷʭ ʛʝʦʤʝʪʨʽʷ, ʩʧʨʠʯʠʥʝʥʘ ʰʦʨʩʪʢʽʩʪʶ, 

ʧʘʨʘʤʝʪʨʠʟʫʻʪʴʩʷ, ʘ ʘʥʘʣʽʪʠʯʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʠʛʥʘʪʫʨʠ ʨʦʟʩʽʶʚʘʥʥʷ ʦʧʠʩʫʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʪʝʦʨʽʾ (Ulaby et al., 1982; Tsang et al., 2000). ɺʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʩʽʶʚʘʥʥʷ ʟʘʩʥʦʚʘʥʦ ʥʘ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʽ ʉʪʨʘʪʪʦʥʘ-

ʏʫ (Stratton-Chu Integral Equation) ʧʽʜ ʧʣʘʩʢʦʶ ʭʚʠʣʝʶ ʪʘ ʧʨʠʙʣʠʞʝʥʥʷʤ ʜʣʷ ʜʘʣʴʥʴʦʾ 

ʟʦʥʠ (Stratton, 1941; Ishimaru, 1997). ʆʩʢʽʣʴʢʠ ʥʝ ʽʩʥʫʻ ʧʨʷʤʠʭ ʨʽʰʝʥʴ ʜʣʷ ʚʠʧʘʜʢʦʚʦ 

ʰʦʨʩʪʢʠʭ ʧʦʚʝʨʭʦʥʴ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʦʙʤʝʞʝʥʴ ʜʽʘʧʘʟʦʥʽʚ 

ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʢʦʞʥʦʾ ʤʦʜʝʣʽ (ʪʘʙʣ. 1.1), ʱʦ ʚʠʟʥʘʯʝʥʽ ʷʢ ʛʦʨʠʟʦʥʪʘʣʴʥʘ (sH) ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʘ (sV) ʰʦʨʩʪʢʽʩʪʴ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ sH ʪʘ sV ʚʝʣʠʢʽ, ʰʦʨʩʪʢʽ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ 



41 

 

ʙʫʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʢʦʥʢʘʪʝʥʘʮʽʻʶ ʜʦʪʠʯʥʠʭ ʧʣʦʱʠʥ, ʪʘʢʦʞ ʚʽʜʦʤʦʾ ʷʢ ʘʧʨʦʢʩʠʤʘʮʽʷ 

ʂʽʨʭʛʦʬʘ (Beckmann, Spizzichino, 1963; Ulaby et al., 1982; Jagdhuber, 2012). 

 

ʊʘʙʣʠʮʷ 1.1. 

ɼʽʘʧʘʟʦʥʠ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʩʽʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʜʣʷ ʚʽʜʢʨʠʪʠʭ ˇʨʫʥʪʽʚ (Ulaby et al.,1982; Hajnsek and Cloude, 2003; Fung, 1994; 

Voronovich,1994) 

ʄʦʜʝʣʴ 

ʨʦʟʩʽʶʚʘʥʥʷ 

ɺʝʨʪʠʢʘʣʴʥʘ 

ʰʦʨʩʪʢʽʩʪʴ 

ɻʦʨʠʟʦʥʪʘʣʴʥʘ 

ʰʦʨʩʪʢʽʩʪʴ 

ɼʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ 

SPM sH < 0.3 sV > 2  /0.3 Ŀ sH ï 

PO sH < 1/(4 2 ) Ŀ sV sV = 4 2  Ŀ sH ï 

SSA sH = sin(J) Ŀ sV sV = sinī1(J) Ŀ sH ï 

GO 
sH > 10 /(2cos(J)) 

sV > 6* , 

l2=2.76sɚc
* ï 

IEM sH <1.2 ʛe¡ sV **  sV <1.2 ʛe¡ sH
 **  Ů = 2

H
s  Ŀ 2

V
s /1.44**  

ʢzʨʠʪʝʨʽʡ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʤʦʜʝʣʽ ʂʽʨʭʛʦʬʘ, ** ʜʣʷ ʬʫʥʢʮʽʾ ʢʦʨʝʣʷʮʽʾ ɻʘʫʩʘ 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʤʧʽʨʠʯʥʠʭ, ʬʽʟʠʢʦ-ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʥʝ ʚʠʤʘʛʘʶʪʴ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʜʣʷ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ (Kim, Mohanty, 2018). ɺ ʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʦʩʥʦʚʽ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʈʃʉ, ʢʫʪʘ ʚʽʟʫʚʘʥʥʷ, ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ (El Hajj et al., 2017). ʄʦʜʝʣʴ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ IEM (Integral 

Equation Model) (Fung, 1994) ̒  ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʶ ʬʽʟʠʯʥʦʶ ʤʦʜʝʣʣʶ 

ʜʣʷ ʽʥʚʝʨʪʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ʪʘ/ʘʙʦ ʰʦʨʩʪʢʦʩʪʽ 

ˇʨʫʥʪʫ (Bousbih et al., 2019; Zribi et al., 2019; Baghdadi et al., 2019; Baghdadi et al., 

2018). 

ʄʦʜʝʣʴ IEM ʥʝʦʜʥʦʨʘʟʦʚʦ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʦʜʥʦʨʽʜʥʠʭ ˇʨʫʥʪʦʚʠʭ ʟʨʘʟʢʘʭ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ (Hsieh et al., 1997; Macelloni et al., 2000), ʘʣʝ, ʧʨʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʻ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ 

(Gorrab et al., 2015; Panciera et al., 2014), ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʟʥʘʯʥʠʭ ʨʦʟʙʽʞʥʦʩʪʷʭ ʤʽʞ 

ʤʦʜʝʣʴʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ (El Hajj et al., 2017). ɼʘʥʽ ʨʦʟʙʽʞʥʦʩʪʽ 

ʧʦʚôʷʟʘʥʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʤ ʚʧʣʠʚʦʤ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʘ 

ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʫʥʝʥʽ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʥʘʧʽʚʝʤʧʽʨʠʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʾʾ ʧʘʨʘʤʝʪʨʽʚ 
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(Baghdadi et al., 2016). ʂʘʣʽʙʨʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʟʤʽʥʽ ʦʯʽʢʫʚʘʥʦʛʦ ʨʘʜʽʫʩʫ ʢʦʨʝʣʷʮʽʾ ï 

ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʘʙʦ ʤʦʜʝʣʶʚʘʥʥʷʤ, ʥʘ ʰʪʫʯʥʦ 

ʚʠʟʥʘʯʝʥʝ ʟʘ ʪʠʧʦʤ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʈʉɸ ʟʥʘʯʝʥʥʷ (Choker et al., 

2017). 

ɺ ʝʤʧʽʨʠʯʥʽʡ ʤʦʜʝʣʽ ʚʦʜʷʥʦʾ ʭʤʘʨʠ WCM (Water Cloud Model,) (Attema and 

Ulaby, 1978) ʨʦʩʣʠʥʥʘ ʩʢʣʘʜʦʚʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʚʧʣʠʚʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟʽ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʈʦʩʣʠʥʥʘ ʩʢʣʘʜʦʚʘ ʤʦʞʝ ʙʫʪʠ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ NDVI, ʽʥʜʝʢʩʽʚ ʜʣʷ ʦʮʽʥʢʠ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ʣʽʩʦʚʦʤʫ ʥʘʚʽʩʽ, LAI ʘʙʦ 

FAPAR (Baghdadi et al., 2017). ɿʘʛʘʣʴʥʠʡ ʟʚʦʨʦʪʥʠʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʩʠʛʥʘʣ 

ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʩʧʨʦʱʝʥʽʡ ʬʦʨʤʽ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʥʝʢʦʛʝʨʝʥʪʥʘ ʩʫʤʘ ʚʥʝʩʢʽʚ ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʰʘʨʫ ʣʽʩʦʚʦʛʦ ʥʘʚʽʩʫ ʪʘ ʰʦʨʩʪʢʦʾ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ. 

ʆʩʢʽʣʴʢʠ ʣʽʩʦʚʠʡ ʥʘʚʽʩ ʫ WCM ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʜʥʠʤ ʘʙʦ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ 

ʨʦʩʣʠʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʧʨʘʢʪʠʯʥʦ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (El Hajj et al., 2016; Park2019). 

ɺ ʤʦʜʝʣʽ TU-Wien ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʧʣʠʚ ʨʦʩʣʠʥʥʦʩʪʽ ʻ ʤʽʥʽʤʘʣʴʥʠʤ ʥʘ 

ʧʝʨʝʭʽʜʥʠʭ ʢʫʪʘʭ ʚʽʟʫʚʘʥʥʷ ʩʫʭʠʡJ  ʪʘ ʤʦʢʨʠʡJ , ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ ʩʫʭʠʭ ʽ ʤʦʢʨʠʭ 

ˇʨʫʥʪʘʭ. ʗʢʱʦ ʪʘʢʠʡ ʧʝʨʝʭʽʜʥʠʡ ʢʫʪ ʽʩʥʫʻ, ʪʦʜʽ ʜʣʷ ʩʫʭʠʭ ʫʤʦʚ ʚʽʥ ʤʘʻ ʙʫʪʠ 

ʟʥʘʡʜʝʥʠʡ ʥʘ ʤʝʥʰʠʭ ʢʫʪʘʭ ʚʽʟʫʚʘʥʥʷ ʥʽʞ ʜʣʷ ʚʦʣʦʛʠʭ ʫʤʦʚ (Naemi et al., 2009). 

 

1.2.2. ʄʝʪʦʜʠ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ʄʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʆʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (Tʦʙʯ) ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʥʘ ʦʩʥʦʚʽ Single-Channel Method (SCM) 

(Jim®nez-Mu¶oz et al., 2009), ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʷʤʠʡ ʧʝʨʝʨʘʭʫʥʦʢ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘ ʜʘʥʠʤʠ ʟʥʽʤʘʥʥʷ ʦʜʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʣʷʭʦʤ 

ʦʙʝʨʥʝʥʥʷ ʬʦʨʤʫʣʠ ʇʣʘʥʢʘ (Ch®din et al., 1985) ʫ ʚʠʛʣʷʜʽ (1.1): 
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ʜʝ sT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 1-B ï ʦʙʝʨʥʝʥʘ ʬʦʨʤʫʣʘ ʇʣʘʥʢʘ, )( ii TL ï 

ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚ -̔ʤʫ ʜʽʘʧʘʟʦʥʽ, ¬

iL ï ʩʧʝʢʪʨʘʣʴʥʘ 

ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚʠʩʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʚ 

ʥʘʧʨʷʤʢʫ ʩʝʥʩʦʨʘ ʚ ʽ-ʤʫ ʜʽʘʧʘʟʦʥʽ; ®

iL  ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ ʥʠʟʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʚ ʥʘʧʨʷʤʢʫ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʚ -̔ʤʫ 

ʜʽʘʧʘʟʦʥʽ; it ï ʟʦʥʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ; ie ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʽ-ʤʫ ʜʽʘʧʘʟʦʥʽ.  

ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ Full width at half maximum (FWHM) 

(1.2-1.4) ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʪʠʩʢʫ ʚʦʜʷʥʦʾ ʧʘʨʠ (Jim®nez-Mu¶oz et al., 2009): 
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ʜʝ l ï ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʭʚʠʣʽ -̔ʛʦ ʢʘʥʘʣʫ, 1ʩ= 1,19104Ŀ108 ɺʪĀ(ʤʢʤ)4/(ʩʨĀʤ2), 2ʩ

= 14387,7 ʤʢʤĀʂ, 
1
u, 

2
u, 

3
u ï ʘʪʤʦʩʬʝʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʤʧʽʨʠʯʥʦ ʷʢ 

ʢʚʘʜʨʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʚʦʜʷʥʦʾ ʧʘʨʠ. 

ʂʨʽʤ ʪʦʛʦ, ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʥʘ ʦʩʥʦʚʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʩʪʚʦʨʝʥʥʽ ʙʘʟʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 10,8-12,3 ʤʢʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʴʦʭ 

ʨʽʟʥʠʭ ʜʚʦʧʨʦʤʝʥʝʚʠʭ ʬʫʥʢʮʽʡ ʚʽʜʙʠʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ (ɼʌɺɿ) ʽʟ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʨʠ ʮʴʦʤʫ, ʩʧʝʢʪʨʘʣʴʥʝ 

ʚʽʜʙʠʪʪʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ,ᵻ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʘʜʘʧʪʘʮʽʾ ɼʌɺɿ ʜʦ ʜʽʘʧʘʟʦʥʫ  ᵻʟʥʽʤʘʣʴʥʦʶ ʘʧʘʨʘʪʫʨʦʶ (Li et al., 2001; Snyder 

et al., 1998).  
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ɺʽʜʦʤʦ ʧʽʜʭʽʜ ʜʦ ʦʙʯʠʩʣʝʥʥʷ Tʦʙʯ, ʧʨʠ ʷʢʦʤʫ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʥʘʷʚʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʣʘʥʜʰʘʬʪʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ (ʚʠʩʦʪʘ ʣʽʩʫ, ʛʫʩʪʠʥʘ ʨʦʩʣʠʥʥʦʩʪʽ ʽ 

ʪ. ʜ.) (Valor, Caselles, 1996). ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʷʜ ʧʨʠʧʫʱʝʥʴ: ʧʦʚʝʨʭʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʣʠʰʝ ʽʟ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ ʪʘ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ; ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʫ ʯʝʨʚʦʥʦʤʫ ʢʘʥʘʣʽ; ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʽʥʽʡʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʟ ʨʦʩʪʦʤ ʛʫʩʪʠʥʠ ʨʦʩʣʠʥʥʦʩʪʽ 

(Sobrino, Raissouni, 2000). ʆʪʞʝ, ʜʘʥʠʡ ʧʽʜʭʽʜ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ, ʪʝʨʠʪʦʨʽʾ ʧʦʚʥʽʩʪʶ ʚʢʨʠʪʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ ʽ ʟʤʽʰʘʥʦʾ ʪʘ ʤʘʻ ʚʠʨʘʟ (1.5): 
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ʜʝ a ʽ b ï ʢʦʥʩʪʘʥʪʠ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ɟred ï ʩʧʝʢʪʨʘʣʴʥʝ 

ʚʽʜʙʠʪʪʷ ʫ ʯʝʨʚʦʥʦʤʫ ʢʘʥʘʣʽ, Nv ï NDVI (1.6), 
0V

N  ï ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ NDVI ʜʣʷ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ, 
1V

N  ï ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ NDVI ʜʣʷ ʨʦʩʣʠʥʥʦʩʪʽ, 
0V
e  

1V
eï ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ ʪʘ ʧʦʚʝʨʭʥʽ, ʧʦʚʥʽʩʪʶ ʚʢʨʠʪʦʾ 

ʨʦʩʣʠʥʥʽʩʪʶ, 
V
eD ï ʜʦʜʘʪʢʦʚʘ ʧʦʧʨʘʚʢʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʦʨʩʪʢʽʩʪʶ ʧʦʚʝʨʭʥʽ, PV ï 

ʧʨʦʝʢʪʠʚʥʝ ʧʦʢʨʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ (1.7) 
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ʜʝ ɟ590ï670ʤʢʤ ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʚ ʯʝʨʚʦʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ɟ590ï670ʤʢʤ ï 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʚ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 
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ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʥʷ T, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʦʜʥʦʯʘʩʥʦ ʚʠʟʥʘʯʠʪʠ ʷʢ ʨʦʟʧʦʜʽʣ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʪʘʢ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʽʟ ʘʪʤʦʩʬʝʨʥʦ ʩʢʦʨʠʛʦʚʘʥʠʭ ʜʘʥʠʭ ʪʝʧʣʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʘʙʦ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʚʽʜʦʤʠʭ ʫ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʜʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ, ʘʙʦ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʟʘʣʝʞʥʠʭ ʨʽʚʥʷʥʴ. ʎʝ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʙʘʛʘʪʦʨʘʟʦʚʠʤ ʟʥʽʤʘʥʥʷʤ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞʝ ʜʽʣʷʥʢʠ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʘʙʦ ʟʘʣʫʯʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ ʟʦʚʥʽʰʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ (Stankevich et al., 2015). 

ʄʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ. ʆʮʽʥʢʘ ʦʙôʻʤʥʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ (W) 

ˇʨʫʥʪʽʚ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) 

(United Nations, 2006) ʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʶ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ ʪʘ 

ʦʧʫʩʪʝʣʶʚʘʥʥʶ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ ʪʘ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ (United 

Nations, 2017; Kostyuchenko et al., 2015). ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʨʽʰʝʥʥʷ 

ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʘʢʪʠʚʥʝ ʟʦʥʜʫʚʘʥʥʷ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʃʷʣʴʢʦ ʪʘ ʽʥ., 

2003). ɻʝʦʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʘʨʽʚ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ 

(ʈʉɸ) ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ʪʘ ʰʦʨʩʪʢʦʩʪʽ 

ʰʣʷʭʦʤ ʽʥʚʝʨʪʫʚʘʥʥʷ ʚʠʤʽʨʷʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʠʟʢʦʶ ʝʤʧʽʨʠʯʥʠʭ ʪʘ 

ʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ (Aubert et al., 2011; Choker et al., 2017). 

ʇʽʜʭʽʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʶʚʘʪʠ ʚʦʣʦʛʽʩʪʴ (
ʦʙʯ

W ) ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ů ʚʽʜ W0 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦʛʦ (mᵻin) ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʫʪʘ 

ʚʽʟʫʚʘʥʥʷ (mᵻax). ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʢʫʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʽʥʽʤʘʣʴʥʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ů. ɼʘʥʘ 

ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʽʟʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡ (Baghdadi et al., 2006), ʪʘ ʤʘʻ 

ʚʠʛʣʷʜ (1.8): 
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ʜʝ ůp ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʽʟʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ,  ᵻï ʢʫʪ ʚʽʟʫʚʘʥʥʷ, Ŭ ʪʘ 

ɓ ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ f(W0, ůp), ɔ ï 

ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ f(W0, ůp( )ᵻ) 
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ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ů. ɽʤʧʽʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʚʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ ʮʠʭ ʚʽʜʥʦʰʝʥʴ ʜʣʷ ʧʘʨʘʣʝʣʴʥʠʭ (1.9) ʪʘ ʧʝʨʝʭʨʝʩʥʠʭ (1.10) 

ʧʦʣʷʨʠʟʘʮʽʡ ů  (Oh et al., 2002: Oh., 1994): 
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( )es
VV

HV
cross ep

-
-G== 123,0 0

s

s
,    (1.10) 

ʜʝ pco ʪʘ pcross ï ʚʽʜʥʦʰʝʥʥʷ ů ʜʣʷ ʧʘʨʘʣʝʣʴʥʠʭ ʪʘ ʧʝʨʝʭʨʝʩʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡ, ůHH, ůHV 

ʪʘ ůVV ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ HH, HV ʪʘ VV ʧʦʣʷʨʠʟʘʮʽʡ ʚʽʜʧʦʚʽʜʥʦ, 

p

l2
=

e
s  ï ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʰʦʨʩʪʢʽʩʪʴ, 

2

0
1

1

e

e

¡+

¡-
=G ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʌʨʝʥʝʣʷ ʚ ʥʘʜʠʨʽ ( ᵻ = 0), e¡ï ʨʝʘʣʴʥʘ ʯʘʩʪʠʥʘ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ. 

 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʫ ʢʫʪʘ ʚʽʟʫʚʘʥʥʷ 10o <  ᵻ< 70o, pco ʜʦʜʘʪʢʦʚʦ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʘʞʝʥʝ ʯʝʨʝʟ W0 ʪʘ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ (1.11), ʘ pcross ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ (1.12), ʧʨʠ ʯʦʤʫ  

ůHV ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ (1.13): 
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( ) ( )( )escross ep 06,14,19,0

0 1sin1,025,0
G--

-+G= J ,   (1.12) 

( )8,1
32,02,27,0

0 1cos11,0 es

HV eW
-

-= Js ,   (1.13) 

ʜʝ ᵻ ï ʢʫʪ ʚʽʟʫʚʘʥʥʷ, W0 ï ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ. 

 

ʆʩʢʽʣʴʢʠ ʨʘʜʽʫʩ ʢʦʨʝʣʷʮʽʾ ʚʽʜʙʠʚʘʶʯʦʾ ʧʦʚʝʨʭʥʽ l ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʦ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʤʦʜʝʣʴ ʙʫʣʦ ʚʜʦʩʢʦʥʘʣʝʥʦ ʜʦ ʚʠʛʣʷʜʫ (1.14):  
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( ) 9,0)(3,14,1
15,1sin13,0095,0 es

cross
ep
-

-+= J ,   (1.14) 

 

ɺ ʤʦʜʝʣʽ Dubois, ůHH ʪʘ ůVV ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ ʬʫʥʢʮʽʶ ʨʘʜʘʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʷʢ 

ʯʘʩʪʦʪʘ, ʢʫʪ ʚʽʟʫʚʘʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ˇʨʫʥʪʦʚʦʾ ʧʦʚʝʨʭʥʽ), ʘ ʩʘʤʝ ï ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʪʘ ʰʦʨʩʪʢʽʩʪʴ ˇʨʫʥʪʫ. ʄʘʪʝʤʘʪʠʯʥʠʡ ʟʘʧʠʩ ʝʤʧʽʨʠʯʥʦ ʧʦʙʫʜʦʚʘʥʠʭ 

ʤʦʜʝʣʝʡ ʤʘʻ ʚʠʛʣʷʜ (1.15-1.16) (Dubois et al., 2005):  
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( ) 7,01,1046,0
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VV sr ,  (1.16) 

ʜʝ Ůr ï ʚʽʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ. 

 

ʊʘʢʦʞ ʚʽʜʦʤʦ ʚʜʦʩʢʦʥʘʣʝʥʫ ʤʦʜʝʣʴ Dubois ʤʦʜʝʣʴ (1.15-.1.16), ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʫʚʘʪʠ ʝʬʝʢʪʠ ʧʝʨʝʭʨʝʩʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ (Baghdadi et al., 2016) (1.17-1.18): 

 

JJJs
sin86,0009,0227,1287,1 010cos10 e

Wctg

HH s-= ,   (1.17) 

JJJs
sin44,0011,001,0235,2 010cos10 e

Wctg

HV s--= ,   (1.18) 

 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ, ʚʦʣʦʛʦʚʤʽʩʪ ˇʨʫʥʪʫ ʤʦʞʝ ʙʫʪʠ 

ʦʙʯʠʩʣʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ NDII  (Normalized 

Difference Infrared Index), SRWI (Simple Ratio Water Index), LWCI (Leaf Water Content 

Index) ʪʘ ʽʥʰʠʭ (Hardisky et al., 1983; Zarco-Tejada et al., 2003). ʊʠʤ ʥʝ ʤʝʥʰ, 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʘ ʢʦʨʝʣʷʮʽʷ ʽʟ 

ʚʦʣʦʛʦʚʤʽʩʪʦʤ ˇʨʫʥʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ NWI 

(Normalized Water Index) (1.19) (ʉʘʭʘʮʴʢʠʡ, 2006): 
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ɯʩʥʫʻ ʧʽʜʭʽʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʦʣʦʛʽʩʪʴ  ˇʨʫʥʪʫ Wʦʙʯ ʷʢ ʬʫʥʢʮʽʶ ʚʽʜ NWI, 

ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʷ ï ʣʽʥʽʡʥʫ. ɿʘʣʫʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʘʢʫ ʤʦʜʝʣʴ ʧʽʜʚʠʱʫʻ 

ʪʦʯʥʽʩʪʴ ʦʙʯʠʩʣʝʥʥʷ (ʈʦʤʘʥʯʫʢ ʪʘ ʽʥ., 2018), ʘ ʚʠʨʘʟ ʤʘʻ ʚʠʛʣʷʜ (1.20) (ʉʘʭʘʮʴʢʠʡ, 

ʉʪʘʥʢʝʚʠʯ, 2007): 

 

T

ʦʙʯ

Tʦʙʯʦʙʯ
B

T

NWI
ATNWIW +öö

÷

õ
ææ
ç

å
+

+
= 1

1
ln),( ,   (1.20) 

ʜʝ AT ʪʘ BT ð ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʟ ʬʽʟʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʦʙʤʝʞʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (1.21): 
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ʜʝ 
minʦʙʯ

T ï ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʨʘʜʽʘʮʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʽʣʷʥʢʠ ʪʝʨʠʪʦʨʽʾ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɺʦʣʦʛʦʚʤʽʩʪ ˇʨʫʥʪʫ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʟʦʙʨʘʞʝʥʴ S2 MSI. ɼʣʷ ʮʴʦʛʦ ʤʘʻ ʙʫʪʠ ʦʙʯʠʩʣʝʥʦ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ DI (Difference 

Index), NDI (Normalized Difference Index) ʪʘ RI (Ratio Index). ʅʘʡʩʠʣʴʥʽʰʠʡ ʟʚôʷʟʦʢ ʟ 

ʚʦʣʦʛʽʩʪʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʢʦʤʙʽʥʘʮʽʾ NDI ʪʘ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʧʦʭʽʜʥʠʭ ʦʙʝʨʥʝʥʠʭ 

ʣʦʛʘʨʠʬʤʽʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ (ln(1/ɟi))ǋ, (ln(1/ɟi))ǋǋ, ʜʝ ɟi ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʚ 

i-ʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (Ainiwaer et al., 2019). 

 

1.2.3. ʄʝʪʦʜʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ 

 

ʈʝʘʣʽʟʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʦʨʽʚʥʷʥʥʫ ʟ ʪʦʯʥʽʩʪʶ 

ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʷʢʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʤʦʞʣʠʚʦ ʣʠʰʝ ʰʣʷʭʦʤ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ, 

ʥʘʧʨʠʢʣʘʜ ï ʦʧʪʠʯʥʠʭ ʪʘ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ (Druce et al., 2021; ʌʦʤʠʯʸʚ ʠ ʜʨ., 2005). ʅʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʮʝ ʻ ʦʩʥʦʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʽ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʜʠʩʪʘʥʮʽʡʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʇʣʦʪʥʽʢʦʚ ʪʘ ʽʥ., 2017). ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 
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ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʶ ʽʥʬʦʨʤʘʮʽʾ, 

ʦʪʨʠʤʘʥʫ ʟ ʨʽʟʥʠʤʠ ʧʨʦʩʪʦʨʦʚʠʤʠ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘ ʽʥʬʦʨʤʘʮʽʡʥʠʤ 

ʨʽʚʥʝʤ, ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ  ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʽʚʥʽ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ (ʧʽʢʩʝʣʴʥʠʡ 

ʨʽʚʝʥʴ), ʨʽʚʥʽ ʦʙ'ʻʢʪʽʚ ʪʘ ʨʽʚʥʽ ʨʽʰʝʥʴ (Pohl, van Genderen, 1998). 

ʇʽʢʩʝʣʴʥʠʡ ʨʽʚʝʥʴ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʽʢʩʝʣʴʥʦʛʦ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ  (Hall, Llinas, 2001). ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʥʘ ʧʽʢʩʝʣʴʥʦʤʫ 

ʨʽʚʥʽ ʽʩʥʫʶʪʴ ʪʽ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʥʮʠʧʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ɻʨʘʤʘ-ʐʤʠʜʪʘ GST (Gram-

Schmidt transform), ʟʦʢʨʝʤʘ ʢʦʣʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ IHS (intensity-hue-saturation) ʪʘ 

ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ PCA (principal component analysis). ɼʦ ʤʝʪʦʜʽʚ ʧʽʢʩʝʣʴʥʦʛʦ ʨʽʚʥʷ 

ʥʘ ʦʩʥʦʚʽ ʤʦʜʫʣʷʮʽʾ (modulation-based techniques) ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʦʜʠ ʤʦʜʫʣʷʮʽʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʬʽʣʴʪʨʘʮʽʾ SFIM (Smoothing Filter-based Intensity Modulation) 

ʪʘ ʧʨʦʩʪʦʨʦʚʠʡ ʬʽʣʴʪʨ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ HPF (high-pass spatial filter)  (Zhang, 2010). 

ʅʘ ʨʽʚʥʽ ʦʙ'ʻʢʪʽʚ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʦʧʝʨʝʜʥʴʦʾ ʧʨʦʮʝʜʫʨʠ ʩʝʛʤʝʥʪʘʮʽʾ 

ï ʚʠʜʽʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ, ʷʢʽ ʧʦʪʽʤ ʧʽʜʜʘʶʪʴʩʷ ʦʙʨʦʙʮʽ: ʢʨʦʤʢʠ, ʢʫʪʠ, 

ʣʽʥʽʾ, ʪʝʢʩʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʽ ʦʙôʻʢʪʠ ʚʠʜʽʣʷʶʪʴʩʷ ʟ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ ʪʘ 

ʧʦʻʜʥʫʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʅʘʡʚʽʜʦʤʽʰʠʤʠ ʤʝʪʦʜʘʤʠ ʦʙôʻʢʪʦʚʦʛʦ ʨʽʚʥʷ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʻ ʧʽʨʘʤʽʜʘ ʃʘʧʣʘʩʘ, ʛʨʘʜʽʻʥʪʥʠʡ ʘʥʘʣʽʟ, ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʘ ʬʽʣʴʪʨʘʮʽʷ ʪʘ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʩʢʨʝʪʥʦʛʦ ʦʙʝʨʥʝʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʣʠʚʦ ʢʦʤʧʣʝʢʩʫʚʘʪʠ ʨʽʟʥʦʯʘʩʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʨʽʟʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ  (Albanwan, Qin, 2020).  

ʅʘ ʨʽʚʥʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʦʢʨʝʤʣʝʥʘ ʦʙʨʦʙʢʘ ʚʠʭʽʜʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʚʠʪʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʽʩʣʷ ʯʦʛʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ. ʊʘʢʝ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʻ ʘʜʘʧʪʠʚʥʠʤ 

ʜʦ ʢʦʤʙʽʥʫʚʘʥʥʷ ʟʦʚʩʽʤ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ. ɸʣʛʦʨʠʪʤʠ ʮʴʦʛʦ ʨʽʚʥʷ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʫʣʝʚʽ, ʘʣʛʝʙʨʘʾʯʥʽ ʘʙʦ ʩʪʘʪʠʩʪʠʯʥʽ ʦʧʝʨʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʮʽʥʦʢ 

ʚʽʨʦʛʽʜʥʦʩʪʽ, ʦʙʯʠʩʣʝʥʴ ʟʘ ʪʝʦʨʽʻʶ ɼʝʤʧʩʪʝʨʘ-ʐʝʬʝʨʘ, ʧʨʘʚʠʣʘʤʠ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ 

ʪʦʱʦ  (Heideklang, Shokouhi, 2016; Du et al., 2013). 

ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʦʨʽʻʥʪʦʚʘʥʦ ʥʘ 

ʧʽʢʩʝʣʴʥʠʡ ʨʽʚʝʥʴ  (Zhang, 2010), ʧʨʦʪʝ ʚ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ, ʷʢ ʚʠʟʥʘʯʝʥʥʷ 
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ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʤʝʪʦʜʠ, 

ʦʩʥʦʚʘʥʽ ʥʘ ʩʘʤʝ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʷʭ  (Albanwan, Qin, 2020). 

 

1.3. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʧʨʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʽ ʜʘʥʠʭ ɼɿɿ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝʚʽʜʦʤʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʬʽʟʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ï ʷʢ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ, 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʷʢʦʾ ʻ ʦʧʪʠʯʥʠʡ ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʩʠʛʥʘʣʠ. ɼʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʾ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʩʽ ʥʘʷʚʥʽ ʜʘʥʽ ʚʠʚʯʘʶʪʴʩʷ ʚ ʩʫʢʫʧʥʦʩʪʽ ʽ 

ʦʙʨʦʙʣʷʶʪʴʩʷ ʷʢ ʚʭʽʜʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʟʤʽʥʥʽ. ʆʙʨʦʙʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʘʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ (Liu et al., 2020; Peng et al.,2020; Zhang et al., 2010). ʊʦʤʫ 

ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʪʠʩʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʽ ʦʪʨʠʤʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʘʣʛʦʨʠʪʤʠ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʫʪʦʯʥʝʥʠʭ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʫ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʦʙʤʝʞʝʥʦʛʦ ʦʙʩʷʛʫ. ʊʘʢ ʷʢ ʨʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʘʥʘʣʽʚ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʚ 

ʩʢʣʘʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʘʣʝ ʽ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ, ʪʦ ʜʦʮʽʣʴʥʦ ʬʦʨʤʫʣʶʚʘʪʠ 

ʽ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʫ ʚ ʟʘʛʘʣʴʥʠʭ ʪʝʨʤʽʥʘʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ (Kedem et al., 

2017). 

ʇʦʩʪʘʚʣʝʥʘ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʤʘʛʘʻ ʚʨʘʭʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʬʽʟʠʯʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʪʘ ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣʠ, ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʦʾ 

ʤʝʪʦʜʠʢʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʮʽ ʯʠʥʥʠʢʠ ʩʪʘʥʝ ʤʦʞʣʠʚʠʤʠ ʢʦʨʝʢʪʥʦ ʚʠʜʽʣʠʪʠ, 

ʦʙʨʦʙʠʪʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʧʨʠʢʽʥʮʝʚʫ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʥʠʟʢʫ ʯʘʩʪʢʦʚʠʭ ʥʘʫʢʦʚʠʭ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 1.1): 

1) ʟʨʦʙʠʪʠ ʦʛʣʷʜ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʦʩʪʫʧʥʽ ʜʞʝʨʝʣʘ ʦʧʪʠʯʥʠʭ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʜʦʧʦʤʽʞʥʠʭ ʜʘʥʠʭ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʚʠʟʥʘʯʠʪʠ ʾʭ 

ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʦʙʤʝʞʝʥʥʷ, ʨʦʟʛʣʷʥʫʪʠ ʥʘʷʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʜʫʢʪʠ ʚʠʱʠʭ ʨʽʚʥʽʚ ʥʘ 

ʾʭ ʦʩʥʦʚʽ; 

2) ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʜʠʩʪʘʥʮʽʡʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ; 
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3) ʦʙʨʘʪʠ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʨʦʟʨʦʙʠʪʠ ʯʠ ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ ʘʙʦ ʤʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ ʪʘ ʦʧʪʠʯʥʠʤʠ 

ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ; ʦʩʦʙʫ ʫʚʘʛʫ ʧʨʠʜʽʣʠʪʠ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ; 

4) ʟʚʝʩʪʠ ʦʜʝʨʞʘʥʽ ʤʦʜʝʣʽ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ ʚ ʮʽʣʽʩʥʫ ʤʝʪʦʜʠʢʫ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

5) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʠʪʠ ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʥʘ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʘʚʽʨʢʦʚʠʭ ʜʘʥʠʭ, ʙʘʞʘʥʦ ʚ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ, ʦʜʝʨʞʘʪʠ 

ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʟʘ ʾʾ ʜʦʧʦʤʦʛʦʶ; 

6) ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʩʬʝʨ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. 

  



 

ʈʠʩ. 1.1. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥ ̫
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ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

1. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ, ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ. 

ʂʦʤʧʣʝʢʩʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ  

ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʪʘ ʜʦʩʪʦʚʽʨʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ. 

2. ʅʘʡʙʽʣʴʰ ˇʨʫʥʪʦʚʥʠʤʠ ʻ ʬʽʟʠʢʦ-ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʰʣʷʭʦʤ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʛʝʦʤʝʪʨʽʾ ʪʘ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʟʦʥʜʫʚʘʥʥʷ, ʘ ʘʥʘʣʽʪʠʯʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʠʛʥʘʪʫʨʠ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʦʧʠʩʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʪʝʦʨʽʾ ʟ 

ʝʤʧʽʨʠʯʥʠʤ ʧʦʧʨʘʚʢʘʤʠ. 

3. ʌʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ. ʇʨʠ ʪʘʢʽʡ ʧʨʦʩʪʦʨʦʚʽʡ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʦʟʘ ʦʛʣʷʜʦʤ ʪʝʧʣʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʆʪʞʝ, ʜʠʩʪʘʥʮʽʡʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʉʝʨʝʜ ʤʝʪʦʜʽʚ 

ʢʘʨʪʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʝʦʙʭʽʜʥʦ ʦʙʠʨʘʪʠ ʪʠ ʟ ʥʠʭ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʜʦʜʘʪʢʦʚʦ ʟʘʣʫʯʘʪʠ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʅʘʡʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʧʽʜʭʦʜʦʤ ʧʨʠ ʮʴʦʤʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʙʝʨʥʝʥʦʛʦ ʨʽʚʥʷʥʥʷ ʇʣʘʥʢʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ 

çʩʽʨʦʛʦè ʪʽʣʘ.  

4. ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʟ ʧʦʤʽʨʥʦʶ ʪʦʯʥʽʩʪʶ. ɸʣʝ ʙʽʣʴʰʽʩʪʴ ʤʦʜʝʣʝʡ ʟʘʩʥʦʚʘʥʦ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʜʘʥʠʭ ʘʙʦ ʥʘ ʤʘʣʽʡ ʚʠʙʽʨʮʽ. ɯʩʥʫʶʯʽ ʤʦʜʝʣʽ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ, ʘʙʦ ʟʘʥʘʜʪʦ ʩʧʨʦʱʫʶʪʴ ʥʠʟʢʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʟʚʦʨʦʪʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ï ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ, 

ʚʽʜʥʦʩʥʫ ʦʨʽʻʥʪʘʮʽʶ ʩʠʛʥʘʣʫ ʪʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ ʪʘ 

ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ, ʢʠʩʣʦʪʥʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ˇʨʫʥʪʫ. ɿʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ 

ʤʘʶʪʴ ʦʙʦʚôʷʟʢʦʚʦ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʚʦʾ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ 

ʜʘʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʪʘ ʦʧʪʠʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ.  
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ʇʆɺɽʈʍʅɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʉʋʇʋʊʅʀʂʆɺʀʍ ɼɸʅʀʍ 

 

ʂʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ï ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ, ʧʝʨʝʜʙʘʯʘʻ ʟʘʣʫʯʝʥʥʷ ʪʘ ʧʘʨʘʣʝʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʦʨʫ ʨʽʟʥʦʩʝʥʩʦʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ. ʈʽʚʝʥʴ, ʩʧʦʩʽʙ ʪʘ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ʾʭ ʦʙʨʦʙʢʠ ʚʠʟʥʘʯʘʻ ʪʦʯʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʫ ʦʙʯʠʩʣʝʥʴ. ʋ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʦʙʨʦʙʣʝʥʽ ʤʘʪʝʨʽʘʣʠ ɼɿɿ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɸʣʝ, ʚ 

ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʽʩʥʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʛʥʘʣ 

ʈʉɸ ʪʘ ʦʧʪʠʯʥʝ ʚʽʜʙʠʪʪʷ. ɿʦʢʨʝʤʘ, ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʣʦʛʽʩʪʴ 

ˇʨʫʥʪʫ ʻ ʬʫʥʢʮʽʻʶ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ (ʦʧʘʜʽʚ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʪʦʱʦ), ʪʦʧʦʛʨʘʬʽʾ ʤʽʩʮʝʚʦʩʪʽ, ʪʠʧʫ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ (Palombo 

et al., 2019). ʐʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʥʘʫʢʦʚʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚʠʩʪʫʧʘʻ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʧʦʚôʷʟʫʻ ʾʭ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʂʦʥʢʨʝʪʥʦ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ ʟʘ ʨʘʜʘʨʥʠʤʠ ʪʘ ʦʧʪʠʯʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʚʠʤʽʨʷʥʦʾ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ W 

ʚʽʜ ʥʠʭ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʚʠʢʦʥʫʻʪʴʩʷ ʢʘʨʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦ 

ʩʪʚʦʨʝʥʦʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. 

 

2.1. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʪʘ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʝʥʦʾ ʪʘ ʧʝʨʝʚʽʨʝʥʦʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʾ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʟʥʘʯʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʦʣʦʛʦʩʪʽ ï ʨʝʛʨʝʩʘʥʪʫ, ʪʘ ʙʘʛʘʪʴʤʘ ʥʝʟʘʣʝʞʥʠʤʠ ʟʤʽʥʥʠʤʠ, 
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ʱʦ ʚʠʩʪʫʧʘʶʪʴ ʫ ʨʦʣʽ ʨʝʛʨʝʩʦʨʽʚ. ɿʥʘʯʝʥʥʷ ʨʝʛʨʝʩʦʨʽʚ ʦʙʯʠʩʣʶʶʪʴʩʷ ʰʣʷʭʦʤ 

ʦʙʝʨʥʝʥʥʷ ʧʨʷʤʠʭ ʨʽʚʥʷʥʴ ʢʣʘʩʠʯʥʠʭ ʬʽʟʠʯʥʠʭ ʘʙʦ ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʟ ʢʦʨʝʢʮʽʶ, 

ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ɺ ʷʢʦʩʪʽ ʨʝʛʨʝʩʦʨʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʩʦʙʦʶ ʥʘʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ, ʦʙʨʘʥʦ ʥʠʟʢʫ ʷʢ ʧʨʷʤʠʭ ʬʽʟʠʯʥʠʭ, ʪʘʢ ʽ ʜʦʧʦʤʽʞʥʠʭ, 

ʥʘʧʨʠʢʣʘʜ ï ʛʝʦʤʝʪʨʠʯʥʠʭ, ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɼʦ ʧʨʷʤʠʭ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʥʝʩʝʥʦ ʚʦʣʦʛʽʩʪʴ, ʂɿʈ, ɼʇ, NDVI, ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʢʠʩʣʦʪʥʽʩʪʴ ˇʨʫʥʪʫ, 

ʷʢʽ ʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʦʧʦʤʽʞʥʽ ʧʘʨʘʤʝʪʨʠ ï ʮʝ ʛʝʦʤʝʪʨʠʯʥʘ ʚʠʩʦʪʘ ʨʝʣʴʻʬʫ, ʫʭʠʣ, ʝʢʩʧʦʟʠʮʽʷ, ʢʨʠʚʠʟʥʘ 

ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʘ ʫʚʽʛʥʫʪʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʣʴʻʬʫ, ʚʟʘʻʤʥʘ ʦʨʽʻʥʪʘʮʽʷ 

ʧʦʚʝʨʭʥʽ ʨʝʣʴʻʬʫ ʪʘ ʈʃʉ, ʢʫʪʠ ʚʽʟʫʚʘʥʥʷ ʽ ʣʦʢʘʣʴʥʽ ʜʝʚʽʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ. 

 

2.1.1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

 

ɺʽʜʦʤʦ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʧʨʷʤʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ ï ʪʝʨʤʦʤʝʪʨʠʯʥʥʠʡ, ʪʝʥʟʽʦʤʝʪʨʠʯʥʠʡ, ʩʦʨʙʝʥʪʥʠʡ, ʝʣʝʢʪʨʦ-ʻʤʥʽʩʥʠʡ, 

ʝʣʝʢʪʨʦ-ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ, ʥʝʡʪʨʦʥʥʠʡ ʽ ʪ. ʧ. ɼʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ʟʨʽʟʢʽʚ ˇʨʫʥʪʫ ʦʙʨʘʥʦ ʪʝʨʤʦʩʪʘʪʥʦ-ʚʘʛʦʚʠʡ (ʊɺ) ʤʝʪʦʜ, ʷʢ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʡ, ʭʦʯ ʽ 

ʪʨʫʜʦʚʠʪʨʘʪʥʠʡ. ʧʦʣʷʛʘʻ  ʚ  ʪʦʤʫ,  ʱʦ  ʜʣʷ  ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʘʙʦ ʽʥʰʦʛʦ  

ʤʘʪʝʨʽʘʣʫ ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʙʠʨʘʶʪʴ ʥʝʚʝʣʠʢʠʡ ʟʨʘʟʦʢ  ʽ  ʟʚʘʞʫʶʪʴ  ʡʦʛʦ.  ʇʦʪʽʤ  ʟʘ  

ʜʦʧʦʤʦʛʦʶ  ʧʦʚʽʪʨʷʥʦʛʦ  ʯʠ  ʪʝʧʣʦʚʦʛʦ ʩʫʰʽʥʥʷ  ʚʠʜʘʣʷʶʪʴ  ʚʦʣʦʛʫ,  ʟʥʦʚʫ  ʟʚʘʞʫʶʪʴ  

ʟʨʘʟʦʢ  ʧʽʩʣʷ  ʩʫʰʽʥʥʷ  ʽ  ʟʘ ʨʽʟʥʠʮʝʶ ʤʘʩʠ ʚʦʣʦʛʦʛʦ ʽ ʩʫʭʦʛʦ ʟʨʘʟʢʘ ʚʠʟʥʘʯʘʶʪʴ 

ʚʦʣʦʛʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ɺʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.1), 

ʟʛʽʜʥʦ (ɼʉʊʋ, 2002):  
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ʜʝ W ï ʦʙʯʠʩʣʝʥʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, %; 1a  ï ʤʘʩʘ ʚʦʣʦʛʦʛʦ ˇʨʫʥʪʫ ʟ ʘʣʶʤʽʥʽʻʚʠʤ 

ʙʶʢʩʦʤ ʪʘ ʢʨʠʰʢʦʶ, ʛ; 2a  ï ʤʘʩʘ ʚʠʩʫʰʝʥʦʛʦ ˇʨʫʥʪʫ ʟ ʘʣʶʤʽʥʽʻʚʠʤ ʙʶʢʩʦʤ ʪʘ 

ʢʨʠʰʢʦʶ, ʛ; 3a  ï ʤʘʩʘ ʧʫʩʪʦʛʦ ʘʣʶʤʽʥʽʻʚʦʛʦ ʙʶʢʩʫ ʪʘ ʢʨʠʰʢʠ, ʛ. 

 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʊɺ-ʤʝʪʦʜʫ ʩʣʽʜ ʚʽʜʥʝʩʪʠ:  

1) ʟʥʘʯʥʫ  ʪʨʠʚʘʣʽʩʪʴ  ʧʨʦʮʝʩʽʚ  ʚʽʜʙʦʨʫ  ˇʨʫʥʪʦʚʠʭ  ʧʨʦʙ,  ʟʚʘʞʫʚʘʥʥʷ  ʾʭ, ʩʫʰʽʥʥʷ 

ʚ ʪʝʨʤʦʩʪʘʪʘʭ ʽ ʪ.ʜ., ʩʧʨʠʯʠʥʷʶʪʴ ʟʘʧʽʟʥʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʦʣʦʛʽʩʪʴ  ˇʨʫʥʪʫ; 

2) ʟʘʪʨʠʤʢʘ ʚ ʯʘʩʽ ʪʘ ʽʥʝʨʪʥʽʩʪʴ ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʷʢ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʧʦʷʚʠ ʧʦʭʠʙʦʢ, ʫ ʨʘʟʽ, ʷʢʱʦ ʧʨʦʙʠ ʚʽʜʽʙʨʘʥʽ ʚ ʧʝʨʽʦʜ ʨʷʩʥʠʭ ʦʧʘʜʽʚ;  

3) ʚʝʣʠʢʘ  ʪʨʫʜʦʻʤʥʽʩʪʴ  ʤʝʪʦʜʫ  (ʚʽʜʙʽʨ  ʧʨʦʙ,  ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ  ʾʭ  ʫ 

ʣʘʙʦʨʘʪʦʨʽʶ, ʟʚʘʞʫʚʘʥʥʷ ʽ ʛʨʦʤʽʟʜʢʽ ʦʙʯʠʩʣʝʥʥʷ). 

4) ̔ ʩʪʦʪʥʘ  ʚʘʨʪʽʩʪʴ  ʦʙʣʘʜʥʘʥʥʷ  ʦʙʫʤʦʚʣʶʻ  ʚʠʩʦʢʫ  ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʝʨʞʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ; 

5) ʤʘʣʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʧʨʦʙʠ (ʤʝʥʰ 0,01% ʚʽʜ ʤʘʩʠ ʟʝʨʥʘ ʽ ˇʨʫʥʪʫ) (ɻʨʫʰʢʘ, 

2005). 

 

2.1.2. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʦʙʯʠʩʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

 

ɼʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ  (ɼʇ) ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʷʢʽʡ ʦʙʦʚôʷʟʢʦʚʦ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʦʣʦʛʦʚʤʽʩʪʫ ˇʨʫʥʪʫ. ʅʘʞʘʣʴ, ɼʇ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʘ ʟʘ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ʥʘʧʨʷʤʫ, ʘʣʝ ʽʩʥʫʶʪʴ ʝʤʧʽʨʠʯʥʽ ʪʘ 

ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʟʚʦʨʦʪʥʝ ʨʦʟʩʽʷʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ɼʇ.  ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʫ ʤʘʣʠʭ ʟʙʫʨʝʥʴ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ 0s  ʜʣʷ ʭʚʠʣʽ ʟ ʭʚʠʣʴʦʚʠʤ ʯʠʩʣʦʤ k, ʧʘʜʘʶʯʽʡ ʧʽʜ ʢʫʪʦʤ — ʥʘ 

ʩʝʨʝʜʦʚʠʱʝ ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ‐, ʟ ʰʦʨʩʪʢʦʶ ʤʝʞʝʶ ʽʟ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʥʝʨʽʚʥʦʩʪʝʡ s ʪʘ ʨʘʜʽʫʩʦʤ ʢʦʨʝʣʷʮʽʾ l, ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ʚʠʛʣʷʜʫ (2.2) (ɼʘʛʫʨʦʚ ʪʘ ʽʥ., 2016): 

 

)0,sin2(cos8
2

424

0 qaqs kWsk p= ,     (2.2) 
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ʜʝ, 
2)sin(

2

1
)0,sin2( qq kllekW -º ï ʩʧʝʢʪʨ ʥʝʨʽʚʥʦʩʪʝʡ ʰʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥʽ, k = 

l

ˊ2
 ï 

ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ, ɚ ï ʨʦʙʦʯʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʜʣʷ C-SAR Sentinel-1A/B ɚ å 5,56 ʩʤ, p ï 

ʽʥʜʝʢʩ, ʱʦ ʦʧʠʩʫʻ ʧʦʣʷʨʠʟʘʮʽʶ ʭʚʠʣʽ: p = h ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ, p = v ʧʨʠ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ. ʅʘʡʙʽʣʴʰ ʬʽʟʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦʶ ʩʝʨʝʜ ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʚʚʘʞʘʻʪʴʩʷ Integral Equation Model (IEM) 

(Choker et al., 2017). ɿʛʽʜʥʦ ʥʝʾ, ʟʥʘʯʝʥʥʷ ‌h ʪʘ ‌v ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

(2.3) ʽ (2.4): 

 

( )22sincos

1

qeq

e
a

-+

-
=h ,    (2.3) 

( )22

2

sincos

sin)1(
)1(

qeqe

eqe
ea

-+

+-
-=v .                               (2.4) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (2.3) ʽ (2.4), ʨʽʚʥʽʩʪʴ (2.2) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ (2.5) ʽ (2.6) ʚʽʜʧʦʚʽʜʥʦ: 

 

2)sin(22 cos2 qq

s

lk

h

elsk -

 = 
( )22sincos

1

qeq

e

-+

-
,                   (2.5) 

2)sin(22 cos2 qq

s

lk

v

elsk -

 = (Ůï1)
( )22

2

sincos

sin)1(

qeqe

eqe

-+

+-
.              (2.6) 

 

ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ Ů ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʝʣʝʤʝʥʪʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʚʠʥʥʽ 

ʩʧʽʚʧʘʜʘʪʠ, ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʨʽʟʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ e ʤʘʶʪʴ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʨʽʚʥʦʩʪʽ vh ee º , ʘ ʟʘʛʘʣʴʥʘ ʤʦʜʝʣʴ (2.2) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ (2.7): 

 

( )eqe
qeqe

qeq

s

s
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ö
ö

÷
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v ,                             (2.7) 
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ʇʽʩʣʷ ʚʠʨʘʞʝʥʥʷ e ʟ ʨʽʚʥʷʥʥʷ (2.3), ʤʦʜʝʣʴ (2.2) ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ he  ʧʨʠʡʤʘʻ 

ʚʠʛʣʷʜ (2.8) (Stanckevich, 2021): 

 

2)1(

4
cos1

-
+=

h

h

h
a

a
qe .                                              (2.8) 

 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ve ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ (2.3), ʨʽʚʥʷʥʥʷ (2.5) ʤʘʻ ʪʨʠ ʢʦʨʝʥʽ: 1-=Va  

ʧʨʠ qe 2sin=V
, 0=Va  ʧʨʠ 0=Ve , 

q

q
a

2

2

cos

sin1+
­V  ʧʨʠ ¤­Ve , ʽ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ ʂʘʨʜʘʥʦ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, Ů  ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦʶ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.7). ɺ ʤʝʞʘʭ ʚʠʟʥʘʯʝʥʦʛʦ 

ʧʨʠʡʥʷʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ Ů = [1 .. 10] (ɹʦʷʨʩʢʠʡ, ʊʠʭʦʥʦʚ, 2003), ʚʝʣʠʯʠʥʘ 
H

V

s

s
, ʷʢ 

ʧʨʘʚʠʣʦ, ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ [1 .. 2,27]. 

 

2.1.2.1. ʆʙʯʠʩʣʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʰʦʨʩʪʢʽʩʪʴ 

ʚʽʜʙʠʚʘʶʯʦʛʦ ʧʦʢʨʠʪʪʷ (Zribi et al., 2014). ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʚʧʣʠʚʘʻ ʥʘ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ ʚʦʜʠ: ʟʤʝʥʰʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʰʦʨʩʪʢʽʩʪʴ, ʪʠʤ 

ʩʘʤʠʤ ʩʧʨʠʷʻ ʧʨʦʮʝʩʫ ʧʨʦʩʦʯʫʚʘʥʥʷ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʝʥʰʫʻ ʩʪʽʢ ʟʘ ʪʝʯʽʻʶ. ʆʧʠʩ 

ʰʦʨʩʪʢʦʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʘʨʽʘʮʽʡ ʚʠʩʦʪʠ 

ʧʦʚʝʨʭʥʽ, ʟ ʷʢʦʾ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʜʚʘ ʧʘʨʘʤʝʪʨʠ. ʇʝʨʰʠʡ ï ʮʝ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʩʦʪʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʝʨʪʠʢʘʣʴʥʫ ʰʢʘʣʫ 

ʰʦʨʩʪʢʦʩʪʽ. ɼʨʫʛʠʡ ʧʘʨʘʤʝʪʨ ï ʮʝ ʜʦʚʞʠʥʘ ʢʦʨʝʣʷʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʚʘʨʽʘʮʽʡ ʧʦʚʝʨʭʥʽ, ʚʠʟʥʘʯʝʥʘ ʷʢ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʟʩʫʚ, ʜʣʷ ʷʢʦʛʦ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ 

ʧʨʦʬʽʣʶ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 1/e (Baghdadi et al., 2018). 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.7), ʧʦʢʨʘʱʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʢʦʨʝʛʫʚʘʣʴʥʦʛʦ ʯʣʝʥʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʘʜʽʫʩʫ ʢʦʨʝʣʷʮʽʾ ʜʚʦʭ ʧʦʣʷʨʠʟʘʮʽʡ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.9) (Baghdadi et al., 2016):  
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ɿʘʟʚʠʯʘʡ ʨʘʜʽʫʩ ʢʦʨʝʣʷʮʽʾ (lVH, lVV)  ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʰʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

s. ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʮʝʡ ʟʚôʷʟʦʢ ʚʠʨʘʞʝʥʦ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʩʪʝʧʝʥʝʚʦʶ 

ʟʘʣʝʞʥʽʩʪʶ (2.10) ʪʘ (2.11) (Zhang et al., 2020):  

 

hh ssl
hhh

xhqgb qda +
== )(sin ,    (2.10) 

vv ssl
vvv

xhqgb qda +
== )(sin ,    (2.11) 

 

ʜʝ Ŭ, ɓ ï ʧʘʨʘʤʝʪʨʠ, ʟʘʣʝʞʥʽ ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʟʘʣʝʞʥʽ ŭ, 

ɝ  ʪʘ ʥʝʟʘʣʝʞʥʽ ɔ, ɖ ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ ʢʦʤʧʦʥʝʥʪʠ  (Ćlvarez-Mozos et al., 2008); s = [0,1 .. 

2,28], ʩʤ ï ʤʦʜʝʣʴʥʘ ʰʦʨʩʪʢʽʩʪʴ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʧʦʣʦʚʠʥʠ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. ɼʣʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʝʥʩʦʨʫ C-SAR S1 

A/B ‗ = 5,56 ʩʤ. 

 

2.1.2.2. ʂʦʨʝʢʮʽʷ ʚʠʤʽʨʶʚʘʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʇʦʭʠʙʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ, ʷʢʱʦ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʚʽʜʦʤʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ Ů ˇʨʫʥʪʫ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʦʣʦʛʦʩʪʽ ʚʽʜ ʩʦʣʝʚʤʽʩʪʫ (pH) ʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʊ). ʆʪʞʝ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʜʦʧʦʤʽʞʥʠʭ ʚʠʤʽʨʶʚʘʥʴ pH ʪʘ T ʩʪʘʻ 

ʤʦʞʣʠʚʦʶ ʩʢʦʨʝʢʪʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ɼʇ (ʃʘʢʪʠʦʥʦʚ, ɺʦʚʥʘ, 2014ʘ). 

ɼʝʩʪʘʙʽʣʽʟʫʶʯʠʡ ʚʧʣʠʚ pH ʚʨʘʭʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʧʠʪʦʤʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʦʨʦʤ (ʇɽʆ) ʪʘ ʩʦʣʝʚʤʽʩʪʦʤ ʜʣʷ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ˇʨʫʥʪʽʚ (ʇʦʟʜʥʷʢʦʚ ʪʘ ʽʥ., 2004). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʻ ʙʣʠʟʴʢʠʤʠ 

ʜʦ ʣʽʥʽʡʥʠʭ (ʃʘʢʪʠʦʥʦʚ, ɺʦʚʥʘ, 2014ʙ). ʆʩʢʽʣʴʢʠ Ů ʻ ʦʙʝʨʥʝʥʦ-ʟʘʣʝʞʥʦʶ ʜʦ ʇɽʆ, 

ʜʘʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʧʦʜʘʥʦ ʫ ʚʠʛʣʷʜʽ (2.12): 

 

)]20(1[)](1[
7

TpHpH
TpHʢ

-Ö+Ö-Ö-Ö= ddee ,   (2.12) 
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ʜʝ pH7 = 7 ï ʥʦʨʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʫ (ʥʝʡʪʨʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ);
pHd  ï 

ʢʦʝʬʽʮʽʻʥʪ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ Ů ʚʽʜ pH ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 0,2; 

Tdï ʢʦʝʬʽʮʽʻʥʪ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ Ů ʚʽʜ T ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 0,029; pH ï 

ʢʠʩʣʦʪʥʽʩʪʴ ˇʨʫʥʪʫ, T ï ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ, ÁC. 

 

2.1.3. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʦʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ (ʜʦʚʞʠʥʘ ʭʚʠʣʽ 8-14 ʤʢʤ) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʪʘ ʧʦʚʝʨʭʦʥʴ (ʉʪʘʥʢʝʚʠʯ ʪʘ ʽʥ., 

2017). ʆʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ  ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʻ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʦʜʥʽʻʾ 

ʟ ʤʦʜʝʣʝʡ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ (Weng, 2007). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʻ ʢʘʨʪʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʷʢʠʭ ʟʥʘʯʥʦ ʚʠʱʘ ʟʘ ʜʘʥʽ 

ʟʥʽʤʘʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ 8-14 ʤʢʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʬʽʥʘʣʴʥʫ ʧʨʦʩʪʦʨʦʚʫ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ.  

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʽʜʥʦʚʣʝʥʥʷ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ Landsat, MODIS ʪʘ 

PlanetScope ʪʘ ʙʽʙʣʽʦʪʝʯʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʩʪʘʥʜʘʨʪʥʠʭ ʪʠʧʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ. 

ʉʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʟʥʽʤʘʥʥʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʫʧʫʪʥʠʢʽʚ ʩʝʨʽʾ Landsat 

ʥʘʜʘʶʪʴʩʷ ʫ ʬʦʨʤʘʪʽ ʜʠʩʢʨʝʪʥʠʭ ʮʽʣʦʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ 
TIR

DN . ɰʭ ʧʝʨʝʨʘʭʫʥʦʢ ʥʘ 

ʬʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʘʧʝʨʪʫʨʽ 

ʩʝʥʩʦʨʘ L ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ (2.13): 

 

BDNAL
TIR
+Ö= ,     (2.13) 
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ʜʝ A ʽ B ï ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ (ʢʦʥʩʪʘʥʪʠ) ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʟʤʽʱʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ. 

ʂʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʥʩʪʘʥʪʠ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʩʝʥʩʦʨʽʚ ETM+ ʪʘ OLI ʚʽʜʦʤʽ ʟ ʤʝʪʘʜʘʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.1 (Landsat-7, 2019; Landsat-8, 2019). 

 

ʊʘʙʣʠʮʷ 2.1. 

ʈʦʙʦʯʽ ʩʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʪʘ ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʥʩʪʘʥʪʠ ʽʥʬʨʘʯʝʨʚʦʥʠʭ 

ʩʝʥʩʦʨʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʩʝʨʽʾ 

ɯʥʬʨʘʯʝʨʚʦʥʠʡ 

ʩʝʥʩʦʨ 

ʈʦʙʦʯʠʡ 

ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʜʽʘʧʘʟʦʥ, ʤʢʤ 

ʇʽʜʩʠʣʝʥʥʷ (A) 

ɺʪ/(ʤ2 ʤ̷ʢʤ̷ʩʨ)/DN 

ɿʘʤʽʱʝʥʥʷ (B) 

ɺʪ/(ʤ2 ʤ̷ʢʤ̷ʩʨ) 

ETM+ 10,4-12,5 0,067 ï0,06709 

TIRS (band 10) 10,6-11,19 0,0003342 0,1 

 

ʋʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ ʥʘ ʟʘʨʝʻʩʪʨʦʚʘʥʝ ʩʝʥʩʦʨʦʤ ʽʥʬʨʘʯʝʨʚʦʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ ʚ 

ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ (2.14) (Ibarra-

Castanedo et al., 2004): 
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ʜʝ  0L  ï  ʩʧʝʢʪʨʘʣʴʥʘ  ʱʽʣʴʥʽʩʪʴ  ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ  ʟʝʤʥʦʾ  ʧʦʚʝʨʭʥʽ,  ¬L  ï  

ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚʠʩʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  

ʘʪʤʦʩʬʝʨʠ ʚ ʥʘʧʨʷʤʢʫ ʩʝʥʩʦʨʘ, ®L  ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ 

ʥʠʟʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʚ ʥʘʧʨʷʤʢʫ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, Ű ï ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ, Ů ï ʩʧʝʢʪʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

 

ɼʘʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, 

ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ) ʚ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʥʷ ʟʥʽʤʘʥʥʷ ʪʘ ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ ʜʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ (ʰʠʨʦʪʘ, ʜʦʚʛʦʪʘ, ʚʠʩʦʪʘ). ʆʙʯʠʩʣʝʥʥʷ ¬L , ®L  ʪʘ Ű  ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʥʣʘʡʥ-ʢʘʣʴʢʫʣʷʪʦʨʘ ʧʘʨʘʤʝʪʨʽʚ ʘʪʤʦʩʬʝʨʠ NASA 
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Atmospheric Correction Parameter Calculator (AtmCorr) (Barsi et al., 2003). ʅʝʦʙʭʽʜʥʽ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʘʨʭʽʚʽʚ ʤʝʪʝʦʩʪʘʥʮʽʾ, ʥʘʡʙʣʠʞʯʦʾ ʟʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʜʦ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʟʥʽʤʘʥʥʷ 

ʟʘʩʥʦʚʘʥʦ ʥʘ ʟʘʢʦʥʽ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʇʣʘʥʢʘ (2.15) (Yang et al., 2011): 
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ʜʝ ),( TL l  ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, Ve  ï 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ),( TM l  ï ʩʧʝʢʪʨʘʣʴʥʘ 

ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ, 
16

21 1,191·102 -== hcc

ɺʪĿʤ2 ̔  
2

2 1,439·10-==
k

hc
c  ʤĿʂ ï ʧʝʨʰʘ ʪʘ ʜʨʫʛʘ ʨʘʜʽʘʮʽʡʥʽ ʢʦʥʩʪʘʥʪʠ, 34·10626,6 -=h  

ɼʞĿʩ ï ʩʪʘʣʘ ʇʣʘʥʢʘ, c = 2,998Ŀ108  ʤ/ʩ ï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ, k = 1,381Ŀ10ï23  

ɼʞ/ʂ ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ, ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ T ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʦʙʝʨʥʝʥʦʶ ʬʦʨʤʫʣʦʶ ʇʣʘʥʢʘ 

ʯʝʨʝʟ  ʩʧʝʢʪʨʘʣʴʥʫ  ʱʽʣʴʥʽʩʪʴ  ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ),( TL l (2.16) ( ɹʘʨʘʥʦʚ, 2006): 
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ʆʩʢʽʣʴʢʠ ʦʙʠʜʚʽ ʟʤʽʥʥʽ T ʪʘ Veʚ (2.16) ʻ ʥʝʚʽʜʦʤʠʤʠ, ʦʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʯʝʨʝʟ ʨʽʚʥʷʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʬʦʨʤʘʣʴʥʦ 

ʥʝʢʦʨʝʢʪʥʦʶ ʟʘʜʘʯʝʶ. ʊʦʤʫ Veʦʙʯʠʩʣʶʚʘʣʦʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʚ ʜʽʘʧʘʟʦʥʽ ] .. [
10

NN  ʜʣʷ ʤʽʩʮʝʚʦʩʪʽ, ʯʘʩʪʢʦʚʦ ʚʢʨʠʪʦʾ 

ʨʦʩʣʠʥʥʽʩʪʶ (Van de Griend et al., 1993): 
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ʜʝ 0Ve  ʽ 1Ve  ï ʩʧʝʢʪʨʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ 

ʚʽʜʢʨʠʪʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʧʦʚʽʜʥʦ, VeD  ï ʧʦʧʨʘʚʢʘ, ʦʙʫʤʦʚʣʝʥʘ ʥʝʨʽʚʥʦʩʪʷʤʠ 

ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ. 

 

ʈʝʰʪʘ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ NDVI ʟʘʤʽʱʫʻʪʴʩʷ ʙʽʙʣʽʦʪʝʯʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ  

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʦʜʝʨʞʫʚʘʥʠʭ ʟ ʦʜʥʽʻʾ ʽʟ 

ʜʦʩʪʫʧʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʙʽʙʣʽʦʪʝʢ (Zhang Y., 2017). ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʘʥʽ ʟ ʦʥʣʘʡʥ-ʩʧʝʢʪʨʘʣʴʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ECOSTRESS (ECOSTRESS, 

2021). ʆʙʯʠʩʣʝʥʥʷ  ʪʝʤʧʝʨʘʪʫʨʠ  ʟʝʤʥʦʾ  ʧʦʚʝʨʭʥʽ  ʯʝʨʝʟ  ʩʧʝʢʪʨʘʣʴʥʫ  ʱʽʣʴʥʽʩʪʴ  

ʝʥʝʨʛʝʪʠʯʥʦʾ  ʷʩʢʨʘʚʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.17), ʘʜʘʧʪʦʚʘʥʦʶ ʜʦ ʢʦʥʢʨʝʪʥʦʾ 

ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʟʥʽʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ (2.18) (Li et al., 2011): 
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ʜʝ ʂ1 , ʂ2 ï ʘʧʘʨʘʪʥʽ ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʥʩʪʘʥʪʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʝʥʩʦʨʘ (ʪʘʙʣ. 2.2). 

 

 

ʊʘʙʣʠʮʷ 2.2. 

ʂʘʣʽʙʨʫʚʘʣʴʥʽ ʘʧʘʨʘʪʥʽ ʢʦʥʩʪʘʥʪʠ ʩʝʥʩʦʨʽʚ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʂʦʥʩʪʘʥʪʠ 

ʩʝʥʩʦʨʘ 

Landsat 7 ETM+ 

Band 6 

Landsat 8 TIRS 

Band 10 

EOS MODIS 

Band 31* 

K1 666,09 774,89 733,38 

K2 1282,71 1321,08 1305,79 

*ʢʦʝʬʽʮʽʻʥʪʠ ʦʙʯʠʩʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ MODIS 

 

ʆʙʯʠʩʣʝʥʥʷ K1 ʪʘ K2 ʜʣʷ ʨʦʙʦʯʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 31 ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʩʠʩʪʝʤʠ EOS MODIS ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.19) ʪʘ (2.20) (Oguro et al., 2011): 

 



77 

65

1
1

10· -
=
l

c
K ,     (2.19) 

    
lk

hc
K =2

 ,       (2.20) 

ʜʝ ‗Ӷ = 11,018 ï ʮʝʥʪʨʘʣʴʥʘ ʝʬʝʢʪʠʚʥʘ ʜʦʚʞʠʥʘ  ʭʚʠʣʽ  ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ  

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʤʢʤ. 

ɿ ʤʝʪʦʶ ʦʙʯʠʩʣʝʥʥʷ ‗Ӷ ʜʣʷ ʢʘʥʘʣʫ 31 ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ EOS MODIS ʙʫʣʦ 

ʟʘʚʘʥʪʘʞʝʥʦ ʜʘʥʽ ʚʽʜʥʦʩʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ (relative spectral response, RSR). 

ʆʙʯʠʩʣʝʥʥʷ ‗Ӷ ʚʠʢʦʥʘʥʦ ʟʘ ʬʦʨʤʫʣʦʶ (2.21) (Barnes et al., 2016): 
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ʜʝ ɚi ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ i-ʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʣʠʢʫ, RSRi ï ʩʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʜʣʷ 

i-ʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʣʽʢʫ. 

 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʪʨʠʤʘʥʘ ʚʠʢʣʘʜʝʥʠʤ ʤʝʪʦʜʦʤ, 

ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʯʘʩ, ʱʦ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ ʯʘʩʦʤ ʚʽʜʙʦʨʫ ʧʨʦʙ ˇʨʫʥʪʽʚ ʪʘ 

ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʥʘʯʝʥʥʷ Tʜʠʩʪ ʧʨʠʚʝʜʝʥʽ ʜʦ ʟʥʘʯʝʥʴ Tʧ ʟʘ ʚʠʨʘʟʦʤ 

(2.22): 
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ʜʝ ʧT  ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʜʠʩʪT  ï 

ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʫ ʜʘʪʫ, ʚʽʜʧʦʚʽʜʥʫ ʜʦ ʜʘʪʠ ʚʽʜʙʦʨʫ ʧʨʦʙ ˇʨʫʥʪʽʚ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʻ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʚʘ ʪʠʧʠ ʜʘʥʠʭ ʧʨʦ 

ʪʝʤʧʝʨʘʪʫʨʫ: 1) ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʚ ʯʘʩ ʚʽʜʙʦʨʫ ˇʨʫʥʪʦʚʦʾ ʧʨʦʙʠ Tʧ, ʷʢʘ ʟʘʣʫʯʘʣʘʩʷ 

ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʪʘ 2) ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʦʪʨʠʤʘʥʘ 
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ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʢʠ ʪʝʧʣʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʽ ʧʝʨʝʨʘʭʦʚʘʥʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʯʘʩ ʚʽʜʙʦʨʫ ʧʨʦʙʠ. 

 

2.1.4. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢ ʽ ʚʟʘʻʤʥʘ ʦʨʽʻʥʪʘʮʽʷ ʥʘʧʨʷʤʢʫ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʚʽʜʙʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʥʘʯʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʽ ʪʦʤʫ ʾʭ ʤʘʻ ʙʫʪʠ 

ʚʨʘʭʦʚʘʥʦ ʚ ʦʩʥʦʚʥʽʡ ʨʝʛʨʝʩʽʡʥʽʡ ʤʦʜʝʣʽ ʪʘ ʧʨʦʤʽʞʥʠʭ ʬʽʟʠʯʥʠʭ ʽ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʦʜʝʣʷʭ. ɼʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʥʝʩʝʥʦ ʣʦʢʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʤʽʩʮʝʚʦʩʪʽ, ʚʠʩʦʪʘ ʨʝʣʴʻʬʫ ʪʘ ʪʦʧʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ. ɼʦʜʘʪʢʦʚʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʚʠʟʥʘʯʝʥʦ ʣʦʢʘʣʴʥʽ ʜʝʚʽʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ. 

 

2.1.4.1. ʃʦʢʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤʽʩʮʝʚʦʩʪʽ 

ʆʩʦʙʣʠʚʦʩʪʽ ʪʦʧʦʛʨʘʬʽʾ ʣʘʥʜʰʘʬʪʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ 

ʚʦʣʦʛʦʚʤʽʩʪʫ ʯʝʨʝʟ ʟʚôʷʟʦʢ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʜʦʟʙʦʨʫ (Robinson 

et al., 2008). ʃʦʢʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʟ 

ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʚʠʩʦʪ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʪʘ 

ʯʘʩʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚ ʤʝʞʘʭ ʚʦʜʦʟʙʦʨʫ. ɿ ʤʝʪʦʶ ʫʨʘʭʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʩʮʝʚʦʩʪʽ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʚʦʣʦʛʦʚʤʽʩʪʫ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʎʄʄ ALOS AW3D. ʋ ʷʢʦʩʪʽ ʣʦʢʘʣʴʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʙʨʘʥʦ ʫʭʠʣ ɣ, ʢʨʠʚʠʟʥʫ ɕ ʪʘ ʝʢʩʧʦʟʠʮʽʶ x ʢʦʞʥʦʛʦ 

ʦʢʨʝʤʦʛʦ ʝʣʝʤʝʥʪʫ ʨʝʣʴʻʬʫ (Palombo et al., 2019). 

ʋʭʠʣ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ɣ ʻ ʢʫʪʦʤ ʥʘʭʠʣʫ ʚ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʤʽʞ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ 

ʧʣʦʱʠʥʦʶ ʽ ʧʣʦʱʠʥʦʶ ʜʦʪʠʯʥʽʡ ʜʦ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɼʘʥʠʡ ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʧʘʜʫ ʚʠʩʦʪ (ʛʨʘʜʽʻʥʪ) ʤʽʞ ʜʚʦʤʘ ʟʘʜʘʥʠʤʠ ʪʦʯʢʘʤʠ. ʋʭʠʣ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʤʽʥʘ ʚʠʩʦʪʠ ʨʝʣʴʻʬʫ (dz) ʥʘ ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ (dx) 

ʘʙʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ (dy) ʥʘʧʨʷʤʢʫ ʎʄʄ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.23): 
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ɺ ʤʽʩʮʝʚʦʩʪʷʭ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʫʭʠʣʦʤ, ʧʨʦʩʪʦʨʦʚʘ ʤʽʥʣʠʚʽʩʪʴ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʚʘʨʽʘʮʽʾ ʚʦʣʦʛʦʚʤʽʩʪʫ ʚ ʣʘʥʜʰʘʬʪʘʭ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʚʦʜʥʠʭ ʧʦʪʦʢʽʚ (Robinson et al., 2008). 

ʂʨʠʚʠʟʥʘ ɕ ʻ ʧʝʨʰʦʶ ʧʦʭʽʜʥʦʶ ʚʽʜ ɣ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ɣ ʥʘ 

ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ (dx) ʘʙʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ (dy) ʥʘʧʨʷʤʢʫ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʎʄʄ. ʂʨʠʚʠʟʥʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.24): 
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ʅʝʛʘʪʠʚʥʘ ʢʨʠʚʠʟʥʘ ʤʽʩʮʝʚʦʩʪʽ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʫʪʚʦʨʝʥʥʷ ʧʘʩʪʦʢ ʜʣʷ ʚʦʜʠ ʽ ʪʠʤ 

ʩʘʤʠʤ ï ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ. 

ɽʢʩʧʦʟʠʮʽʷ ʧʦʚʝʨʭʥʽ x ʻ ʢʫʪʦʤ, ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ, ʤʽʞ ʥʘʧʨʘʚʣʝʥʥʷʤ ʫ 

ʧʽʚʥʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʪʘ ʧʨʦʝʢʮʽʻʶ ʫʭʠʣʫ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ. ʎʝʡ ʧʘʨʘʤʝʪʨ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ (ʘʟʠʤʫʪʫ) ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʭʠʣʫ (ʛʨʘʜʽʻʥʪʘ) 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.25): 
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ɽʢʩʧʦʟʠʮʽʷ ʤʽʩʮʝʚʦʩʪʽ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʫʨʘʭʫʚʘʥʥʷ ʚʟʘʻʤʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʦʨʽʻʥʪʘʮʽʾ ʥʘʧʨʷʤʫ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʣʦʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʨʝʣʴʻʬʫ. 

 

2.1.4.2. ɺʠʩʦʪʘ ʪʘ ʪʦʧʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ  
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ɿ ʛʽʜʨʦʣʦʛʽʾ ʜʦʙʨʝ ʚʽʜʦʤʦ ʚʧʣʠʚ ʣʦʢʘʣʴʥʠʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʣʴʻʬʫ 

ʥʘ ʧʦʚʝʨʭʥʝʚʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ (ʇʴʷʥʢʦʚ, ʐʠʭʦʚ, 2017), ʚ ʪʦʤʫ ʯʠʩʣʽ ï ʥʘ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʦʚʤʽʩʪʫ. 

ʆʩʢʽʣʴʢʠ ʚʧʣʠʚ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʣʴʻʬʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʙʩʦʣʶʪʥʦʾ 

ʚʠʩʦʪʠ, ʪʦ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʎʄʄ ʙʫʣʦ ʨʦʟʜʽʣʝʥʦ ʥʘ ʪʨʠ ʢʣʘʩʪʝʨʠ: h1 Ò 60 ʤ, 

60 < h2 Ò 120 ʤ, ʪʘ h3 > 120 ʤ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʮʽ ʢʣʘʩʪʝʨʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʥʦʨʤʫʚʘʥʥʷ 

ʘʙʩʦʣʶʪʥʠʭ ʚʠʩʦʪ ʎʄʄ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʣʴʻʬʫ. 

ʅʘ ʦʩʥʦʚʽ ʢʨʠʚʠʟʥʠ ɕ ʧʦʙʫʜʦʚʘʥʦ ʙʽʥʘʨʥʫ ʢʘʨʪʫ ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʫʚʽʛʥʫʪʦʩʪʽ 

ʨʝʣʴʻʬʫ Y, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʣʦʢʘʣʴʥʽ ʦʩʝʨʝʜʢʠ ʥʘʜʣʠʰʢʦʚʦʾ ʚʦʣʦʛʠ ʫ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ, ʧʨʠʪʘʤʘʥʥʽ ʪʦʧʦʛʨʘʬʽʯʥʠʤ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. ɺ ʢʦʞʥʦʤʫ ʢʣʘʩʪʝʨʽ ʘʙʩʦʣʶʪʥʽ ʚʠʩʦʪʠ ʎʄʄ ʥʦʨʤʫʚʘʣʠʩʷ ʟʘ ʚʣʘʩʥʠʤʠ 

ʥʦʨʤʫʚʘʣʴʥʠʤʠ ʤʥʦʞʥʠʢʘʤʠ ű, ʱʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.26): 
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ʜʝ 1j, 2j , 3j  ï ʥʦʨʤʫʚʘʣʴʥʽ ʤʥʦʞʥʠʢʠ ʜʣʷ ʢʣʘʩʪʝʨʽʚ ʚʠʩʦʪ h1, h2, h3 ʚʽʜʧʦʚʽʜʥʦ. 

 

2.1.4.3. ʃʦʢʘʣʴʥʽ ʜʝʚʽʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ 

ɺʧʣʠʚ ʣʦʢʘʣʴʥʠʭ ʜʝʚʽʘʮʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʨʘʭʦʚʫʚʘʪʠ 

ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: ʧʘʨʘʤʝʪʨʦʤ f ʚʟʘʻʤʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʥʘʧʨʷʤʢʫ ʥʘʜʭʦʜʞʝʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʣʦʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʩʮʝʚʦʩʪʽ ʪʘ  ʧʘʨʘʤʝʪʨʦʤ g, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʟʥʽʤʘʥʥʽ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʧʽʜ ʢʫʪʦʤ ʚʽʟʫʚʘʥʥʷ, ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʥʘ ʝʣʝʤʝʥʪ ʨʝʣʴʻʬʫ. 

ʇʘʨʘʤʝʪʨ f ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʙʦʨʫ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ ʧʨʦʤʝʥʶ ʨʘʜʘʨʥʦʛʦ ʩʝʥʩʦʨʘ ʪʘ 

ʣʦʢʘʣʴʥʦʾ ʥʦʨʤʘʣʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (2.27) (Stankevich et al, 2017): 

 

yqgxyqxyqg cossin)cos(sincos),,,( Ö+-ÖÖ=f  ,                           (2.27) 
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ʜʝ g ï ʢʫʨʩʦʚʠʡ ʢʫʪ ʚʽʟʫʚʘʥʥʷ ʨʘʜʘʨʥʦʛʦ ʩʝʥʩʦʨʘ, q ï ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʣʦʢʘʣʴʥʠʡ ʢʫʪ 

ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, y ï ʥʘʭʠʣ ʝʣʝʤʝʥʪʘ ʨʝʣʴʻʬʫ, x ï ʘʩʧʝʢʪ ʝʣʝʤʝʥʪʫ 

ʨʝʣʴʻʬʫ. 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ g ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʟʘ ʚʠʨʘʟʦʤ (2.28): 
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s
q-=tg  .      (2.28) 

 

ɺʨʘʭʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʜʝʚʽʘʮʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ f ʽ g ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʧʦʩʠʣʠʪʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʥʘʙʦʨʫ ʚʭʽʜʥʠʭ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ ʟ ʨʝʛʨʝʩʘʥʪʦʤ W. 

 

2.2. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

 

ʂʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʦʙʯʠʩʣʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ. ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦ ʧʦʙʫʜʦʚʫ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʟʚôʷʟʢʫ ʤʽʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʦʙʯʠʩʣʝʥʠʤ ʟʘ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ ʚʝʢʪʦʨʦʤ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ï ʨʝʛʨʝʩʦʨʽʚ. ʊʦʯʥʽʩʪʴ ʤʦʜʝʣʽ 

ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʨʠʢ. 

ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʘʞʣʠʚʦʩʪʽ ʦʢʨʝʤʠʭ ʨʝʛʨʝʩʦʨʽʚ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ˇʨʫʥʪʫ. ɿôʷʩʫʚʘʥʥʷ 

ʚʥʝʩʢʫ ʢʦʞʥʦʛʦ ʟ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʧʦʤʦʞʝ ʩʧʨʦʩʪʠʪʠ ʤʦʜʝʣʴ ʙʝʟ ʚʪʨʘʪʠ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ. ʈʝʘʥʘʣʽʟ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʪʴ ʦʙˇʨʫʥʪʫʚʘʪʠ, ʷʢʽ ʜʠʩʪʘʥʮʽʡʥʽ ʜʘʥʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʟʘʤʽʥʠʪʠ ʯʠ 

ʜʦʧʦʚʥʠʪʠ. 

 

2.2.1. ɹʘʛʘʪʦʚʠʤʽʨʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ 
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ɺ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʨʽʟʥʦʚʠʜ ʙʘʛʘʪʦʤʽʨʥʦʾ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʟ ʻʜʠʥʠʤ 

ʨʝʛʨʝʩʘʥʪʦʤ, ʟʘʛʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʚôʷʟʦʢ 

ʤʽʞ ʜʝʢʽʣʴʢʦʤʘ ʥʝʟʘʣʝʞʥʠʤʠ ʟʤʽʥʥʠʤʠ (ʨʝʛʨʝʩʦʨʘʤʠ/ʧʨʝʜʠʢʪʦʨʘʤʠ) ʪʘ ʟʘʣʝʞʥʦʶ 

ʟʤʽʥʥʦʶ ï ʨʝʛʨʝʩʘʥʪʦʤ ï ʮʽʣʴʦʚʠʤ ʥʝʚʽʜʦʤʠʤ ʬʽʟʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

(Holloway et al., 2018). ʆʩʢʽʣʴʢʠ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʝʡ ʨʝʛʨʝʩʘʥʪʘ ʚʽʜ ʚʠʟʥʘʯʘʣʴʥʠʭ 

ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʟʘʜʘʯʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʩʫʪʦ 

ʥʝʣʽʥʽʡʥʠʡ, ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʥʦʾ ʪʦʯʥʦʩʪʽ ʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʜʝʨʞʫʚʘʥʠʭ 

ʦʮʽʥʦʢ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʝʤʧʽʨʠʯʥʦ ʧʽʜʽʙʨʘʥʽ ʥʝʣʽʥʽʡʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʠʭ 

ʨʝʛʨʝʩʦʨʽʚ (Adsuara et al., 2019). 

ɺ ʟʚʠʯʘʡʥʽʡ ʙʘʛʘʪʦʤʽʨʥʽʡ ʣʽʥʽʡʥʽʡ ʨʝʛʨʝʩʽʾ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ y ʻ 

ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ xi, i = 1, é , n (2.30): 

 

nnn xbxbxbbxxxy ++++= ...),...,,( 2211021  .                           (2.30) 

 

ʋ ʚʠʧʘʜʢʫ ʣʽʥʝʘʨʠʟʘʮʽʾ ʚ ʙʘʛʘʪʦʤʽʨʥʽʡ ʣʽʥʽʡʥʽʡ ʨʝʛʨʝʩʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʦʧʝʨʝʜʥʽ ʥʝʣʽʥʽʡʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ fi(Ŀ), i = 1, é , n ʢʦʞʥʦʛʦ ʟ ʨʝʛʨʝʩʘʥʪʽʚ (2.31): 

 

)(...)()(),...,,( 222111021 nnnn xfbxfbxfbbxxxy ++++=  .              (2.31) 

 

ʈʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ï ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ ʨʝʛʨʝʩʽʾ R2 (Cheng et 

al., 2014). 

 

2.2.2. ʇʦʢʘʟʥʠʢʠ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ 

 

ʊʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʣʠʟʴʢʽʩʪʶ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʜʦ 

ʬʘʢʪʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʤʦʜʝʣʽ ʟ ʤʝʥʰʠʤ ʨʦʟʭʦʜʞʝʥʥʷʤ ʤʽʞ 

ʬʘʢʪʠʯʥʠʤʠ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʨʘʱʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʧʨʦʮʝʩ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʷ ʙʣʠʟʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʩʪʘʪʠʩʪʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ: ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ, ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ, ʩʝʨʝʜʥʷ 
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ʚʽʜʥʦʩʥʘ ʧʦʤʠʣʢʘ (ʯʠʤ ʙʣʠʞʯʝ ʜʦ 0, ʪʠʤ ʪʦʯʥʽʰʘ ʤʦʜʝʣʴ), ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʪʦʱʦ. 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ RMSE (root mean square error) ʻ ʤʽʨʦʶ ʚʽʜʭʠʣʝʥʥʷ 

ʤʽʞ ʤʦʜʝʣʴʥʠʤʠ ʪʘ ʽʩʪʠʥʥʠʤʠ ʚʠʤʽʨʷʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ W (2.32):  

 

( )ä
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n
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   .                                (2.32) 

 

ʉʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʤʠʣʢʘ MAE (mean absolute error) ʤʦʞʝ ʢʨʘʱʝ ʚʽʜʦʙʨʘʞʘʪʠ 

ʨʝʘʣʴʥʫ ʷʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʚ ʧʝʚʥʠʭ ʩʠʪʫʘʮʽʷʭ ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.33): 
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  .                                   (2.33) 

 

ʉʪʘʪʠʩʪʠʯʥʝ ʟʤʽʱʝʥʥʷ Bias ï ʮʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʯʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʢʫ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʽʩʪʠʥʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʢʽʣʴʢʽʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʷʢʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.34): 
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  .                                   (2.34) 

 

ʇʨʠ ʪʝʩʪʫʚʘʥʥʽ ʪʘ ʦʮʽʥʶʚʘʥʥʽ ʤʦʜʝʣʽ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ 

ʜʘʥʠʭ ʤʘʶʪʴ ʦʙʦʚôʷʟʢʦʚʦ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʪʘ RMSE, ʪʘʢʦʞ 

ʙʘʞʘʥʦ ʥʘʚʦʜʠʪʠ ʟʥʘʯʝʥʥʷ MAE (ʂʨʷʥʝʚ ʠ ʜʨ., 2012).  

 

2.2.3. ʆʮʽʥʢʘ ʬʘʢʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

 

ʉʫʯʘʩʥʘ ʤʝʨʝʞʘ ʰʪʫʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʟʝʤʣʽ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʩʠʥʝʨʛʝʪʠʯʥʫ 

ʩʠʩʪʝʤʫ, ʟʘʚʜʷʢʠ ʷʢʽʡ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʬʝʥʦʤʝʥ (ʧʨʦʮʝʩ, ʦʙôʻʢʪ, 

ʧʦʜʽʶ) ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʜʝʢʽʣʴʢʦʭ ʢʘʥʘʣʘʭ. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, 
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ʧʦ ʷʢʠʭ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʽ ʜʘʥʽ. ɺ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ, ʧʨʠ 

ʩʠʥʪʝʟʽ ʩʠʩʪʝʤʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ, ʜʦʮʽʣʴʥʠʤ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʩʧʠʨʘʥʥʷ ʥʘ 

ʩʪʫʧʽʥʴ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʘʥʘʣʽʚ ʫ ʢʦʥʢʨʝʪʥʽʡ ʩʠʪʫʘʮʽʾ (ʜʠʩʢʨʠʤʽʥʘʪʦʨʠ ʩʪʫʧʝʥʽʚ 

ʩʚʦʙʦʜʠ). ɺ ʨʝʟʫʣʴʪʘʪʽ, ʚʩʷ ʜʦʩʪʫʧʥʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ 

(Itti  et al., 1998; ʇʣʦʪʥʽʢʦʚ ʪʘ ʽʥ., 2017), ʥʘ ʧʨʦʪʠʚʘʛʫ ʪʨʘʜʠʮʽʡʥʦʤʫ ʰʣʷʭʫ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʩʽʢʘʥʥʷ ʤʝʥʰ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʢʘʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʫ 

çʨʝʜʫʢʪʦʨʽʚ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠè (ɻʨʠʚʘʯʝʚʩʴʢʠʡ ʪʘ ʽʥ., 2020). 

ʉʠʥʝʨʛʝʪʠʯʥʠʡ ʧʨʠʥʮʠʧ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ ʤʘʻ ʙʘʛʘʪʦ ʩʧʽʣʴʥʦʛʦ ʟ ʽʜʝʷʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. ʗʢʱʦ ʩʠʥʝʨʛʝʪʠʯʥʘ ʢʦʥʮʝʧʮʽʷ ʟʣʠʪʪʷ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʽʚ (ʦʙôʻʢʪʽʚ) ʟʘ ʥʘʷʚʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʜʘʥʠʭ, ʪʦ 

ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ ʚʠʚʯʘʻ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʤʦʤʝʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ ʟʘ ʥʘʷʚʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚʠʙʽʨʢʠ (ɺʦʨʦʥʠʥ, 2014). 

ʆʮʽʥʢʘ ʬʘʢʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʜʫʙʣʶʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʘʻʪʴʩʷ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʫʩʫʥʫʪʠ ʟʘʡʚʽ 

ʥʝʽʥʬʦʨʤʘʪʠʚʥʽ ʦʟʥʘʢʠ ʟ ʥʘʙʦʨʫ ʚʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʘʙʝʟʧʝʯʠʪʠ ʘʛʨʝʛʫʚʘʥʥʷ ʜʘʥʠʭ. 

ɼʦ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʬʘʢʪʦʨʥʠʡ ʘʥʘʣʽʟ, ʤʝʪʦʜ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʛʨʫʧʫʚʘʥʥʷ 

ʦʟʥʘʢ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʘʨʽʘʥʪʠ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʰʢʘʣʫʚʘʥʥʷ, ʝʢʩʧʝʨʪʥʝ ʨʘʥʞʫʚʘʥʥʷ 

ʪʦʱʦ (ɸʡʚʘʟʷʥ ʠ ʜʨ., 1989). ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʬʘʢʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʠʤ ʟʜʘʻʪʴʩʷ ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ 

(ʄʦʢʝʝʚ, 2011). 

ɸʥʘʣʽʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ PCA (principal component analysis) ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʦʨʪʦʛʦʥʘʣʴʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ ʥʘʙʦʨʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʘʜʣʠʰʢʦʚʠʤʠ i ʟʘʣʝʞʘʪʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʟʘʜʘʥʝ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʩʽ 

ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʽʜʩʦʨʪʦʚʘʥʽ ʟʘ ʩʧʘʜʘʥʥʷʤ ʜʠʩʧʝʨʩʽʾ, ʪʦʙʪʦ ʧʝʨʰʽ ʛʦʣʦʚʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʟʙʝʨʽʛʘʶʪʴ ʥʘʡʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʭʽʜʥʽ ʜʘʥʽ ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʽ ʤʽʞ 

ʩʦʙʦʶ. PCA ʤʘʻ ʧʝʨʝʚʘʛʫ ʧʝʨʝʜ ʧʨʦʩʪʠʤʠ ʤʝʪʦʜʘʤʠ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʝ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʟʜʘʪʥʠʡ ʚʠʷʚʠʪʠ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʭʘʨʘʢʪʝʨʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʘʥʘʣʽʟʽ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʾ. PCA ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʙʽʣʴʰ ʧʨʦʩʪʦʶ ʣʦʛʽʯʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ, ʥʘ ʡʦʛʦ ʧʨʠʢʣʘʜʽ, ʩʪʘʶʪʴ 
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ʟʨʦʟʫʤʽʣʠʤʠ ʟʘʛʘʣʴʥʘ ʽʜʝʷ ʽ ʮʽʣʴʦʚʽ ʫʩʪʘʥʦʚʢʠ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʬʘʢʪʦʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ (ʂʝʥʜʶʭʦʚ, ʊʦʣʢʘʯʸʚ, 2013). 

PCA ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʣʷʪʠ ʥʘʙʣʠʞʝʥʥʷ ʥʘʙʦʨʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʤʝʥʰ 

ʨʦʟʤʽʨʥʦʤʫ ʧʽʜʧʨʦʩʪʦʨʽ ʰʣʷʭʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʘʥʦʛʦ ʥʘʙʦʨʫ. ʆʮʽʥʢʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʧʽʜʧʨʦʩʪʦʨʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʚʣʘʩʥʠʭ ʯʠʩʝʣ ʤʘʪʨʠʮʽ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʟʘ ʫʙʫʚʘʥʥʷʤ. ʆʮʽʥʢʘ ʬʘʢʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʻ 

ʧʦʝʣʝʤʝʥʪʥʦʶ ʩʫʤʦʶ ʢʚʘʜʨʘʪʽʚ ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ ʤʘʪʨʠʮʽ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʽʙʨʘʥʠʤ ʚʣʘʩʥʠʤ ʯʠʩʣʘʤ (ɹʦʛʘʡʯʫʢ, ʇʨʦʛʦʥʦʚ, 2018). 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

1. ʆʙˇʨʫʥʪʦʚʘʥʦ ʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʜʦʧʦʤʽʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʜʘʨʥʠʤʠ ʪʘ ʦʧʪʠʯʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʤʠ 

ʜʘʥʠʤʠ ï ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʂɿʈ, ɼʇ, NDVI, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʠʩʣʦʪʥʦʩʪʽ, ʣʦʢʘʣʴʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʽʩʮʝʚʦʩʪʽ, ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʣʴʻʬʫ, 

ʣʦʢʘʣʴʥʠʭ ʜʝʚʽʘʮʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ ï ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʫ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. 

2. ʂʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʤʘʻ ʙʫʪʠ 

ʚʠʢʦʥʘʥʝ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. ʇʦʙʫʜʦʚʘ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʚʦʣʦʛʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʫ. 

3. ʊʦʯʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʦʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʙʫʜʝ ʦʮʽʥʶʚʘʪʠʩʷ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʪʝʨʤʽʥʘʮʽʾ, ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʶ ʪʘ ʩʝʨʝʜʥʴʦʶ ʘʙʩʦʣʶʪʥʦʶ 

ʧʦʭʠʙʢʘʤʠ. 

4. ʂʨʽʤ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʛʦʣʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʟ ʤʝʪʦʶ ʟôʷʩʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. ɸʥʘʣʽʟ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʠʪʠ ʥʘ ʦʩʥʦʚʽ ʥʘ 

ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʬʘʢʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ 

ʤʝʪʦʜʦʤ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʂʀ ʂʆʄʇʃɽʂʉʋɺɸʅʅʗ ʉʋʇʋʊʅʀʂʆɺʀʍ 

ɼɸʅʀʍ ɼʃʗ ʆɹʏʀʉʃɽʅʅʗ ʌɯɿʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɿɽʄʅʆɰ 

ʇʆɺʈʍʅɯ 

 

ʄʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ï W, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ ʦʧʠʩʘʥʠʭ ʫ ʜʘʥʦʤʫ 

ʨʦʟʜʽʣʽ ʘʣʛʦʨʠʪʤʽʚ. ɰʭ ʨʦʟʨʦʙʢʘ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʬʽʟʠʯʥʠʭ ï 

ʚʦʣʦʛʽʩʪʴ, ʂɿʈ, ɼʇ, NDVI, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʢʠʩʣʦʪʥʽʩʪʴ ï ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ï ʘʙʩʦʣʶʪʥʘ ʚʠʩʦʪʘ, ʫʭʠʣ, ʝʢʩʧʦʟʠʮʽʷ, ʢʨʠʚʠʟʥʘ ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʘ ʫʚʽʛʥʫʪʽʩʪʴ ʝʣʝʤʝʥʪʫ 

ʨʝʣʴʻʬʫ, ʚʟʘʻʤʥʘ ʦʨʽʻʥʪʘʮʽʷ ʧʦʚʝʨʭʥʽ ʨʝʣʴʻʬʫ ʪʘ ʈʃʉ, ʢʫʪʠ ʚʽʟʫʚʘʥʥʷ ʽ ʣʦʢʘʣʴʥʽ 

ʜʝʚʽʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʽ ʻ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ W ʟʘ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʨʘʩʪʨʽʚ ʨʦʟʧʦʜʽʣʽʚ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʅʘ ʜʨʫʛʦʤʫ ï ʚʠʢʦʥʫʻʪʴʩʷ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʟʘʣʝʞʥʦʩʪʽ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚʽʜ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʟʝʤʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ, ʢʠʩʣʦʪʥʦʩʪʽ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ. ʆʩʢʽʣʴʢʠ ʟʚôʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʥʝʣʽʥʽʡʥʠʤ, ʚʠʢʦʥʫʶʪʴʩʷ 

ʥʝʣʽʥʽʡʥʽ ʘʣʛʝʙʨʘʾʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʛʨʝʩʦʨʽʚ. ʎʽ ʘʣʛʝʙʨʘʾʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʨʘʟʦʤ ʟʘ 

ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʙʯʠʩʣʝʥʥʷ ʤ

ʦʙʯ

T
W . ɼʘʥʘ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʘʨʪʫʚʘʥʥʷ ʤ

ʦʙʯ

T
W  ʥʘ ʦʩʥʦʚʽ ʨʘʥʽʰʝ 

ʧʦʙʫʜʦʚʘʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɸʣʛʦʨʠʪʤʠ ʥʘʜʘʶʪʴ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʧʝʨʘʮʽʾ ʦʪʨʠʤʘʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ 

ʤʦʜʝʣʽ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʫʣʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʻ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʜʫʢʪ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʦʙʨʦʙʢʠ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʽ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʎʄʄ ʪʘ ʜʘʥʠʭ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ.  
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3.1. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ʇʝʨʰʠʡ ʝʪʘʧ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʧʦʣʷʛʘʻ ʫ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʦʙʯʠʩʣʝʥʥʽ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʘ ʧʦʙʫʜʦʚʽ ʨʘʩʪʨʽʚ ʾʭ ʨʦʟʧʦʜʽʣʽʚ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʧʦʜʘʣʴʰʦʤʫ, ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢ ʟʘʚʽʨʢʦʚʘ ʚʦʣʦʛʽʩʪʴ, 

ʂɿʈ, ɼʇ, NDVI, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʢʠʩʣʦʪʥʽʩʪʴ ˇʨʫʥʪʫ, ʚʠʩʦʪʘ, ʫʭʠʣ, ʝʢʩʧʦʟʠʮʽʷ, 

ʢʨʠʚʠʟʥʘ ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʘ ʫʚʽʛʥʫʪʽʩʪʴ ʝʣʝʤʝʥʪʫ ʨʝʣʴʻʬʫ, ʚʟʘʻʤʥʘ ʦʨʽʻʥʪʘʮʽʷ ʧʦʚʝʨʭʥʽ 

ʨʝʣʴʻʬʫ ʪʘ ʈʃʉ, ʢʫʪʠ ʚʽʟʫʚʘʥʥʷ ʽ ʣʦʢʘʣʴʥʽ ʜʝʚʽʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʷʤʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʤ

ʦʙʯ

T
W . ɸʣʛʦʨʠʪʤʠ, ʦʧʠʩʘʥʽ ʚ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ, 

ʧʦʷʩʥʶʶʪʴ ʧʦʨʷʜʦʢ ʜʽʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʣʽʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ L7 ETM+ , L8 OLI/TIRS, MODIS TIR, PS2.SD, 

ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʜʘʥʠʭ S1 GRDH ʪʘ ʎʄʄ AW3D30. 

 

3.1.1. ɸʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

 

ɿʛʽʜʥʦ ʟʘʛʘʣʴʥʦʾ ʩʭʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 1.1), ʦʜʥʽʻʶ ʟʽ 

ʩʢʣʘʜʦʚʠʭ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʚʝʜʝʥʥʷ ʢʚʘʟʽʩʠʥʭʨʦʥʥʠʭ 

ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, 

ʦʙʯʠʩʣʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ (Wʧ) ʥʘ ʦʩʥʦʚʽ ʧʨʦʙ ˇʨʫʥʪʫ, ʚʟʷʪʠʭ ʥʘ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʢʘʭ, ʚʚʘʞʘʻʪʴʩʷ ʝʪʘʣʦʥʥʦʶ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ 

ʦʙʯʠʩʣʝʥʥʷ ʤ

ʦʙʯ

T
W . ɺʽʜʙʽʨ ʧʨʦʙ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛ ɼʉʊʋ 4287:2004 

(ɼʉʊʋ, 2004) ʪʘ ʦʧʠʩʫʻʪʴʩʷ  ɸʣʛʦʨʠʪʤʦʤ 3.1.1. 

ɸʣʛʦʨʠʪʤ 3.1.1. ʆʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

ʂʨʦʢ 1. ɿʛʽʜʥʦ ʟ ʨʦʟʢʣʘʜʦʤ ʟʦʥʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ S1 A/B 

ʩʪʚʦʨʠʪʠ ʢʘʣʝʥʜʘʨ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɺʽʜʙʽʨ ʧʨʦʙ 

ˇʨʫʥʪʫ ʧʨʦʚʦʜʠʚʩʷ ʢʚʘʟʽʩʠʥʭʨʦʥʥʦ ʟ ʟʦʥʜʫʚʘʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ Sentinel-1. 

ɿʘʟʚʠʯʘʡ, ʚ ʩʝʨʝʜʥʴʦʤʫ, ʂɸ ʮʴʦʛʦ ʪʠʧʫ ʧʨʦʚʦʜʷʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʦ 4 ʨʘʥʢʫ 

(ʟʘ ɻʨʽʥʚʽʯʝʤ). ʆʩʢʽʣʴʢʠ ʥʝʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʚʽʜʙʽʨ ʧʨʦʙ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʠʙʽʨʢʠ, ʩʠʥʭʨʦʥʥʦ ʽʟ ʟʦʥʜʫʚʘʥʥʷʤ ʩʝʥʩʦʨʘ, ʧʦʣʴʦʚʽ ʨʦʙʦʪʠ 
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ʚʠʢʦʥʫʚʘʣʠʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʟʘ 30 ʭʚ. ʜʦ ʪʘ 30 ʭʚ. 

ʧʽʩʣʷ ʧʨʦʣʴʦʪʫ ʩʫʧʫʪʥʠʢʘ. 

ʂʨʦʢ 2. ʇʽʜʛʦʪʫʚʘʪʠ ʧʨʠʣʘʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʚʽʜʙʦʨʫ ʧʨʦʙ ˇʨʫʥʪʫ. 

ʂʨʦʢ 3. ʇʦʙʫʜʫʚʘʪʠ ʤʘʨʰʨʫʪ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʽʜʙʦʨʫ ʧʨʦʙ 

ˇʨʫʥʪʫ. ɺ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʽʜʙʽʨ ʧʨʦʙ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʦʩʥʦʚʽ 

ʜʚʦʭ ʧʽʜʭʦʜʽʚ ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʫ: ʧʨʦʬʽʣʴʥʠʡ ʪʘ ʢʦʥʚʝʨʪʦʤ (ʨʠʩ 3.1). 

 

 

ʈʠʩ. 3.1. ʉʭʝʤʘ ʚʽʜʙʦʨʫ ʧʨʦʙʠ ˇʨʫʥʪʫ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʢʚʘʜʨʘʪʫ: ʘ - çʢʦʥʚʝʨʪè ʚ 

ʪʦʯʮʽ ʚʽʜʙʦʨʫ ʧʨʦʙʠ ˇʨʫʥʪʫ: ʚʽʜʙʽʨ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʤôʷʪʠ ʪʦʯʢʘʭ ʥʘ ʚʽʜʩʪʘʥʽ A = [2 .. 

2,5], ʤ; ʙ - ɹʘʛʘʪʦʨʘʟʦʚʝ ʧʦʚʪʦʨʝʥʥʷ ʚʽʜʙʦʨʫ ʧʨʦʙʠ ʟʘ ʧʨʠʥʮʠʧʦʤ çʢʦʥʚʝʨʪʫè: 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ B = [10 .. 15] ʤ; ʚ ï ʧʦʙʫʜʦʚʘ ʤʘʨʰʨʫʪʫ ʚʽʜʙʦʨʫ ʧʨʦʙ ʟʘ 

ʧʨʠʥʮʠʧʦʤ çʧʨʦʬʽʣʶè; ʛ ï ʧʦʙʫʜʦʚʘ ʤʘʨʰʨʫʪʫ ʟʘ ʧʨʠʥʮʠʧʦʤ çʢʦʥʚʝʨʪʫè. 

 

ʂʨʦʢ 4. ɿ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʟʜʽʡʩʥʠʪʠ ʣʦʧʘʪʦʶ ʚʽʜʙʽʨ ʧʨʦʙʠ ˇʨʫʥʪʫ ʟ 

ʛʣʠʙʠʥʠ 2-5 ʩʤ ʚ ʧôʷʪʠ ʤʽʩʮʷʭ ʟʛʽʜʥʦ ʩʭʝʤʠ ʥʘ ʨʠʩ. 3.1ʘ ʪʘ ʟʘʬʽʢʩʫʚʘʪʠ ʢʦʦʨʜʠʥʘʪʠ 

ʮʝʥʪʨʘʣʴʥʦʾ ʪʦʯʢʠ. ɺʽʜʽʙʨʘʥʠʡ ˇʨʫʥʪ ʧʦʤʽʩʪʠʪʠ ʥʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ. 

ʉʫʤʽʰ ʧʦʤʽʩʪʠʪʠ ʻʤʥʽʩʪʴ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʙʠ. ɹʽʣʴʰʽʩʪʴ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʧʦʢʨʠʪʽ 

ʨʦʩʣʠʥʥʽʩʪʶ. ʊʦʤʫ, ʚʘʞʣʠʚʠʤ ʻ ʦʪʨʠʤʘʥʥʷ ʧʨʦʙʠ ˇʨʫʥʪʫ ʟ ʰʘʨʫ, ʜʝ ʢʦʨʝʥʝʚʘ ʩʠʩʪʝʤʘ 

ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ, ʘ ʦʪʞʝ, ʽ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʩʽʷʥʦʛʦ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ (ʨʠʩ. 3.2). 
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ʈʠʩ. 3.2. ʉʭʝʤʘ ʰʘʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ 

 

ʂʨʦʢ 5. ʇʘʨʘʣʝʣʴʥʦ ʟ ʂʨʦʢʦʤ 4, ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʣʘʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚ ʮʝʥʪʨʘʣʴʥʫ ʪʦʯʢʫ, ʟʛʽʜʥʦ ʩʭʝʤʠ ʥʘ ʨʠʩ. 3.1ʘ, ʪʘ ʜʦʯʝʢʘʪʠʩʷ, ʧʦʢʠ ʧʨʠʣʘʜʠ 

ʚʽʜʢʘʣʽʙʨʫʶʪʴʩʷ. ʇʽʩʣʷ ʬʽʢʩʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʧʨʠʣʘʜʫ, ʟʘʥʝʩʪʠ ʧʦʢʘʟʘʥʥʷ ʜʦ 

ʧʦʣʴʦʚʦʛʦ ʞʫʨʥʘʣʫ.  

ʂʨʦʢ 6. ʇʦʚʪʦʨʠʪʠ ʂʨʦʢ 4 ʪʘ ʂʨʦʢ 5 ʚ ʢʦʞʥʽʡ ʪʝʩʪʦʚʽʡ ʪʦʯʮʽ ʟʛʽʜʥʦ ʤʘʨʰʨʫʪʫ, 

ʱʦ ʧʦʙʫʜʦʚʘʥʠʡ ʟʛʽʜʥʦ ʂʨʦʢʫ 3. 

ʂʨʦʢ 7. ɭʤʥʦʩʪʽ, ʚ ʷʢʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʦʙʘ ˇʨʫʥʪʫ, ʟʚʘʞʠʪʠ, ʢʦʞʥʫ ʦʢʨʝʤʦ, ʥʘ 

ʪʝʨʝʟʘʭ ʨʘʟʦʤ ʟ ʢʨʠʰʢʦʶ. ɿʘʥʝʩʪʠ ʧʦʢʘʟʥʠʢʠ ʥʘ ʪʝʨʝʟʘʭ ʚ ʧʦʣʴʦʚʠʡ ʞʫʨʥʘʣ. 

ʂʨʦʢ 8. ɿʘʚʘʥʪʘʞʝʥʥʷ ʻʤʥʦʩʪʽ ʟ ʧʨʦʙʘʤʠ ʚʦʣʦʛʦʛʦ ˇʨʫʥʪʫ ʚ ʩʫʰʠʣʴʥʫ ʰʘʬʫ ʜʣʷ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 300ÁC ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʛʦʜʠʥ. 

ʂʨʦʢ 9. ɿʚʘʞʠʪʠ ʻʤʥʦʩʪʽ ʟ ʚʠʩʫʰʝʥʠʤʠ ʧʨʦʙʘʤʠ ˇʨʫʥʪʫ ʪʘ ʟʘʥʝʩʪʠ ʚ ʧʦʣʴʦʚʠʡ 

ʞʫʨʥʘʣ ʧʦʢʘʟʥʠʢʠ. 

ʂʨʦʢ 10. ɿʜʽʡʩʥʠʪʠ ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʚ ʧʨʦʙʽ ˇʨʫʥʪʫ, ʚʠʨʘʞʝʥʫ ʫ 

ʚʽʜʩʦʪʢʘʭ ʜʦ ʤʘʩʠ ʘʙʩʦʣʶʪʥʦïʩʫʭʦʛʦ ˇʨʫʥʪʫ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʠ (2.1). 

ɿʘʛʘʣʴʥʫ ʩʭʝʤʫ ʧʨʦʚʝʜʝʥʥʷ ʢʚʘʟʽʩʠʥʭʨʦʥʥʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʥʘʟʝʤʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.3. ʈʦʙʦʪʠ ʧʦʣʷʛʘʣʠ ʫ 

ʚʽʜʙʦʨʽ ʧʨʦʙ ˇʨʫʥʪʫ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʪʘ ʩʠʥʭʨʦʥʥʦʤʫ 

ʚʠʤʽʨʶʚʘʥʥʽ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ (ʫ ʧʨʠʣʘʜʠ), ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ (2 ʧʨʠʣʘʜʠ) ʪʘ 

ʢʠʩʣʦʪʥʦʩʪʽ (1 ʧʨʠʣʘʜ). 

 



95 

 

ʈʠʩ. 3.3. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʢʚʘʟʽʩʠʥʭʨʦʥʥʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʥʘʟʝʤʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʫ 

 

ɺʽʜʙʽʨ ˇʨʫʥʪʫ ʙʫʚ ʟʜʽʡʩʥʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʧʘʪʠ ʟ ʛʣʠʙʠʥʠ ʚʽʜ 2 ʜʦ 5 ʩʤ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʩʫʤʽʰʽ ˇʨʫʥʪʫ ʪʘ ʩʫʙʩʪʨʘʪʫ, ʚʽʜʽʙʨʘʥʠʭ ʟ ʧôʷʪʠ ʪʦʯʦʢ ʦʧʠʨʘʶʯʠʩʴ ʥʘ 

ʧʨʠʥʮʠʧ çʢʦʥʚʝʨʪʫè. ʅʘʧʦʚʥʝʥʠʡ ʩʫʤʽʰʰʶ ʘʣʶʤʽʥʽʻʚʠʡ ʙʶʢʩ ʙʫʚ ʟʚʘʞʝʥʠʡ ʨʘʟʦʤ ʟ 

ʢʨʠʰʢʦʶ, ʘ ʧʦʢʘʟʥʠʢ ʟʘʥʝʩʝʥʠʡ ʚ ʪʘʙʣʠʮʶ. ʆʜʥʦʯʘʩʥʦ, ʚʠʢʦʥʫʚʘʣʦʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʱʫʧʽʚ ʪʘ ʜʘʪʯʠʢʽʚ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. ɸ ʩʘʤʝ, ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʙʫʣʘ 

ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʧʽʨʦʤʝʪʨʫ TROTEC TP-10 ʪʘ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ Benetech GM1312, ʢʠʩʣʦʪʥʽʩʪʴ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

WALCOM AMT-300, ʽ ʚʦʣʦʛʽʩʪʴ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʣʦʛʦʤʽʨʫ ˇʨʫʥʪʫ Rapitest 1825 

ʪʘ WALCOM AMT-300 (ʪʘʙʣ. ɻ.1-ɻ.4). ʇʦʢʘʟʥʠʢʠ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʠ 

ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʚ ʧʦʣʴʦʚʦʤʫ ʞʫʨʥʘʣʽ (ʪʘʙʣ. ɼ.2.3). ʇʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ ʧʨʦʙ ˇʨʫʥʪʫ ʚ 

ʣʘʙʦʨʘʪʦʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʰʠʣʴʥʦʾ ʰʘʬʠ, ʧʨʦʙʠ ˇʨʫʥʪʫ ʙʫʣʠ ʟʚʘʞʝʥʽ ʧʦʚʪʦʨʥʦ.  
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3.1.2. ɸʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ 

 

ɺ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʥʦʚʥʠʤ ʧʨʠʣʘʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʦʙʨʘʥʦ ʈʃʉ C-ʜʽʘʧʘʟʦʥʫ S1A/B. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʩʠʣʴʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʚʦʣʦʛʽʩʪʶ ʪʘ ɼʇ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʘʣʛʦʨʠʪʤʽ 3.1.2. ʧʦʢʨʦʢʦʚʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʥʷ ɼʇ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʫ ʜʝʧʦʣʷʨʠʟʘʮʽʾ, 

ʩʧʨʠʯʠʥʝʥʦʛʦ ʢʠʩʣʦʪʥʽʩʪʶ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɸʣʛʦʨʠʪʤ 3.1.2. ʆʙʯʠʩʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʂʨʦʢ 1. ɿʘʚʘʥʪʘʞʝʥʥʷ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ  ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʝʙ ʨʝʩʫʨʩʫ 

Copernicus Open Access Hub (Copernicus SciHub, 2021). 

ʂʨʦʢ 2. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Sentinel 

Application Platform (SNAP) ʟʜʽʡʩʥʠʪʠ ʦʥʦʚʣʝʥʥʷ ʤʝʪʘʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʾ 

Apply Orbit File. 

ʂʨʦʢ 3. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ Calibration ʚ SNAP ʚʠʢʦʥʘʪʠ ʢʦʥʚʝʨʪʘʮʽʶ ʚʝʣʠʯʠʥʠ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʬʦʨʤʘʪʫ ʜʠʩʢʨʝʪʥʠʭ ʯʠʩʝʣ (

SARDN ) ʚ ʨʘʜʽʦʤʝʪʨʠʯʥʦ ʢʘʣʽʙʨʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʂɿʈ (0s) ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʚʥʷʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ:  

 

)sin(
2

2

0
Js Ö=

SARDN

SAR

A

DN
,     (3.1) 

ʜʝ 
SARDNA  ï ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʨʦʟʩʽʶʚʘʥʥʷ, J ï ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʥʘ ʝʣʽʧʩʦʾʜ 

ʣʦʢʘʣʴʥʠʡ ʢʫʪ ʚʽʟʫʚʘʥʥʷ (ESA, 2015). 

 

ʂʨʦʢ 4. ʇʦʙʫʜʦʚʘ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ůVH, ůVH, ᵻ  ʽ ɗ. 

ʂʨʦʢ 4.1. ɿʜʽʡʩʥʠʪʠ ʛʝʦʤʝʪʨʠʯʥʫ ʢʦʨʝʢʮʽʶ ʤʝʪʦʜʦʤ ʜʘʣʝʢʦʤʽʨʥʦʾ 

ʦʨʪʦʢʦʨʝʢʮʽʾ ɼʦʧʧʣʝʨʘ (Small, Schubert, 2019) ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʧʦʧʝʨʝʯʥʦʾ ʧʨʦʝʢʮʽʾ ʄʝʨʢʘʪʦʨʘ (Universal Transverse Mercator, 

UTM), ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ Range Doppler Terrain Correction ʚ SNAP. 

ʂʨʦʢ 4.2. ʋ ʩʧʣʠʚʘʶʯʦʤʫ ʤʝʥʶ ʦʧʝʨʘʮʽʾ Range Doppler Terrain Correction, 

ʦʧʮʽʶ ʛʝʥʝʨʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʢʫʪʽʚ ʚʽʟʫʚʘʥʥʷ J ʪʘ q. 
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ʂʨʦʢ 5. ɼʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʚʽʜʙʦʨʫ ʧʨʦʙʠ ˇʨʫʥʪʫ, ʱʦ ʤʘʻ ʛʝʦʛʨʘʬʽʯʥʫ ʧʨʠʚôʷʟʢʫ ʟʛʽʜʥʦ 

ʂʨʦʢʫ 1 ɸʣʛʦʨʠʪʤʫ 3.3.1, ʧʨʠʩʚʦʾʪʠ ʢʦʞʥʽʡ ʪʦʯʮʽ ʚʽʜʙʦʨʫ ʧʨʦʙʠ ˇʨʫʥʪʫ ʟʥʘʯʝʥʥʷ ůVH, 

ůVV ʪʘ ɗ. 

ʂʨʦʢ 6. ʇʦʯʝʨʛʦʚʦ, ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʚʽʜʙʦʨʫ ʧʨʦʙʠ ˇʨʫʥʪʫ, ʦʙʯʠʩʣʠʪʠ ɼʇ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ (2.8) ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ŮVH, ʘ ʪʘʢʦʞ ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʦʙʯʠʩʣʝʥʥʷ 

ŮVV ʟ ʦʛʣʷʜʫ ʥʘ ʦʙʤʝʞʝʥʥʷ, ʦʧʠʩʘʥʽ ʚ 2.1.2. ɼʣʷ ʮʴʦʛʦ, ʚ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ (ɼʦʜʘʪʦʢ 

ɸ.1) ʥʝʦʙʭʽʜʥʦ ʧʦʯʝʨʛʦʚʦ ʚʩʪʘʚʠʪʠ ʟʥʘʯʝʥʥʷ ůVH, ůVV ʪʘ ɗ ʜʣʷ ʢʦʞʥʦʛʦ ʟʽ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ʂʨʦʢ 7. ɿʥʷʪʠ ʧʦʢʘʟʥʠʢ Ů ʪʘ s ʟ ʛʽʩʪʦʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ (ʨʠʩ. 

3.4). 

 

 

ʈʠʩ. 3.4. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʥʝʨʽʚʥʦʩʪʝʡ ʚʽʜʙʠʚʘʶʯʦʾ ʧʦʚʝʨʭʥʽ: ʘ ï ʢʨʠʚʽ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʚ ʪʦʯʮʽ s = 16 ʤʤ, Ů = 6.345; ʙ ï ʢʨʠʚʽ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. 

 

ʂʦʥʪʨʦʣʴ ʦʙʨʘʥʦʾ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ ɼʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ 

ʦʙʤʝʞʝʥʴ: 1) ʨʽʚʥʽʩʪʴ 
VVVH
eee º= ; 2) ʧʦʨʽʛ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾʾ 

452 ¢¢e ; 3) ʰʦʨʩʪʢʽʩʪʴ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʦʣʦʚʠʥʫ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 
SARC

s
-

¢¢ l
2

1
01,0  

(ʩʤ). ɼʦ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʠʙʽʨʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʦʣʦʛʦʩʪʽ ʪʘ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʭʦʜʷʪʴ ʣʠʰʝ ʪʽ ʟʥʘʯʝʥʥʷ Ů ʪʘ s, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʩʪʘʚʣʝʥʽ 

ʚʠʤʦʛʠ (ʨʠʩ. 3.4ʘ). 
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ʂʨʦʢ 8. ɿʜʽʡʩʥʠʪʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ɼʇ, ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʟʥʘʯʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʫ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ɼʣʷ ʮʴʦʛʦ, ʟʘʩʪʦʩʫʚʘʪʠ (2.12). 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʦʪʨʠʤʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʘ ʚʠʙʽʨʢʘ ʢʘʣʽʙʨʦʚʘʥʠʭ ʟʥʘʯʝʥʴ Ůʢ. 

ʉʪʘʪʠʩʪʠʯʥʘ ʚʠʙʽʨʢʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʚʦʣʦʛʽʩʪʶ ʪʘ ʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʦʙʯʠʩʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʚʝʜʝʥʘ ʥʘ (ʨʠʩ. 3.5). 

 

 

 

ʈʠʩ. 3.5. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʦʙʯʠʩʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

 

ʆʙʯʠʩʣʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʪʘ Ůʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ, ʦʙʨʦʙʣʝʥʠʭ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SNAP. ʆʙʯʠʩʣʝʥʥʷ Ů ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʦʙʝʨʥʝʥʦʾ ʤʦʜʝʣʽ IEM. ʂʦʨʝʢʮʽʷ Ů ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ 

ʢʠʩʣʦʪʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪ ʫ. 

 

3.1.3. ɸʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ, ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʦʶ ʣʠʰʝ ʟ ʤʝʪʦʶ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ W ʚʽʜ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚ ʤʝʞʘʭ ʦʜʝʨʞʘʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʠʙʽʨʢʠ. ɼʣʷ ʢʘʨʪʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʦʣʦʛʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʨʷʜ ʦʧʝʨʘʮʽʾ ʧʦ ʦʙʯʠʩʣʝʥʥʶ Tʦʙʯ. ʆʩʢʽʣʴʢʠ ʨʘʜʘʨʥʽ ʪʘ 

ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʧʨʦʚʦʜʷʪʴ ʟʦʥʜʫʚʘʥʥʷ ʥʝʩʠʥʭʨʦʥʥʦ, ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʠʢʠ 
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ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʥʘʯʝʥʴ Tʦʙʯ ʜʦ ʟʥʘʯʝʥʴ Tʧ, ʷʢ ʦʧʠʩʘʥʦ ʨʦʟʜʽʣʽ 2.1.4. ɿ 

ʤʝʪʦʶ ʦʙʯʠʩʣʝʥʥʷ Tʤ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ 3.1.3. 

ɸʣʛʦʨʠʪʤ 3.1.3.  ʈʦʟʨʘʭʫʥʦʢ  ʬʽʟʠʯʥʦʾ  ʪʝʤʧʝʨʘʪʫʨʠ  ʟʝʤʥʠʭ  ʧʦʢʨʠʚʽʚ  ʪʘ ʧʦʚʝʨʭʦʥʴ 

ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʂʨʦʢ 1. ɿʘʚʘʥʪʘʞʠʪʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʜʘʪʘ ʟʡʦʤʢʠ ʷʢʠʭ 

ʧʨʠʙʣʠʟʥʦ (ʜʣʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ ʚ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ) ʘʙʦ 

ʧʦʚʥʽʩʪʶ (ʜʣʷ ʪʝʧʣʦʚʠʭ ʜʘʥʠʭ) ʚʽʜʧʦʚʽʜʘʻ ʜʘʪʽ ʟʡʦʤʢʠ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ 

Sentinel-1: 

- ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʚ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ PS2.SD ʟ ʚʝʙ-

ʨʝʩʫʨʩʫ Planet Explorer (PlanetExplorer, 2021); 

- ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʦʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʚ ʪʝʧʣʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ Landsat-7 

ETM+ ʪʘ Landsat-8 TIRS ʟʘʚʘʥʪʘʞʠʪʠ ʟ ʚʝʙ-ʨʝʩʫʨʩʽʚ EarthExplorer 

(EarthExplorer, 2021) ʪʘ EOS MODIS (MODIS Products, 2021). 

ʂʨʦʢ 2. ʉʪʚʦʨʝʥʥʷ ʙʘʟʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʠʧʦʚʠʭ ʨʦʩʣʠʥʥʠʭ ʪʘ 

ʥʝʨʦʩʣʠʥʥʠʭ ʧʦʢʨʠʚʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ECOSTRES), ʰʣʷʭʦʤ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʝʙ-

ʨʝʩʫʨʩʫ ECOSTRESS Spectral Library (ECOSTRESS, 2021). 

ʂʨʦʢ 3. ʌʦʨʤʫʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʽʟ 

ʩʧʝʢʪʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʙʘʟʠ ECOSTRESS Spectral Library (ɼʦʜʘʪʦʢ ɸ.2). 

ʂʨʦʢ 4. ʆʙʯʠʩʣʝʥʥʷ NDVI ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ PS2.SD ʟʘ ʬʦʨʤʫʣʦʶ (1.6). 

ʂʨʦʢ 6. ɺʽʜʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʫʩʝʨʝʜʥʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ŮV ʪʠʧʦʚʠʭ ʧʦʢʨʠʚʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ NDVI ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʶ (ɼʦʜʘʪʦʢ A.2).  

ʂʨʦʢ 7. ɺʠʟʥʘʯʝʥʥʷ ʫʩʝʨʝʜʥʝʥʠʭ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ NDVI ʰʣʷʭʦʤ ʟʯʠʪʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟ ʛʽʩʪʦʛʨʘʤʠ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʶ, ʟʧʫʱʝʥʦʛʦ ʥʘ ʂʨʦʮʽ 7. ɺʠʟʥʘʯʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʨʷʜʢʘ 41 ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ (ɼʦʜʘʪʦʢ ɸ2) ʚ 

ʢʦʤʘʥʜʥʝ ʚʽʢʥʦ SciLab. 

ʂʨʦʢ 8. ɺʠʟʥʘʯʝʥʥʷ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ NDVI ʫ ʚʽʟʫʘʣʽʟʘʪʦʨʽ ʟʦʙʨʘʞʝʥʴ ENVI: 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʝʨʦʩʣʠʥʥʠʭ ʧʦʢʨʠʚʽʚ (N0) ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʨʦʩʣʠʥʥʠʭ ʧʦʢʨʠʚʽʚ (N1) ʚ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʚ ʨʷʜʦʢ. 
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ʂʨʦʢ 9. ɺʥʝʩʝʥʥʷ ʟʥʘʯʝʥʴ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ (ʂʨʦʢ 7) ʪʘ ʟʥʘʯʝʥʴ NDVI (ʂʨʦʢ 8) ʚ 10 

ʨʷʜʦʢ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʶ (ɸʣʛʦʨʠʪʤ ɸ.4) 

ʂʨʦʢ 10. ʇʦʧʽʢʩʝʣʴʥʝ ʦʙʯʠʩʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ŮV ʜʣʷ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ NDVI ʥʘ 

ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ, ʦʧʠʩʘʥʦʾ ʥʘ ʂʨʦʮʽ 8 (ɼʦʜʘʪʦʢ ɸ.4). 

ʂʨʦʢ 11. ʆʙʯʠʩʣʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚʝʨʭʥʴʦʛʦ 

ʰʘʨʫ ʘʪʤʦʩʬʝʨʠ (L) ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (2.13). 

ʂʨʦʢ 12. ʆʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ 

LŹ, Lŷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ Ű, ʥʘ ʦʩʥʦʚʽ ʯʘʩʫ ʪʘ ʜʘʪʠ ʟʦʥʜʫʚʘʥʥʷ, ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ 

ʜʽʣʷʥʢʠ, ʚʠʩʦʪʠ ʨʝʣʴʻʬʫ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ: ʪʝʤʧʝʨʘʪʫʨʘ (Ta), ʪʠʩʢ (Pʘ) ʪʘ 

ʚʦʣʦʛʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ (Uʘ) (ʈʦʟʢʣʘʜ ʧʦʛʦʜʠ, 2021) (ʪʘʙ. 3.2). 

 

ʊʘʙʣʠʮʷ 3.2. 

ʄʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ ʚ ʯʘʩ ʧʨʦʣʴʦʪʫ ʩʫʧʫʪʥʠʢʘ ʥʘʜ ʪʝʨʠʪʦʨʽʻʶ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʘʪʘ 
t (GMT 

+0) 

Tʘ, 
ʆʉ 

Pʘ, 

ʤʽʣʽʙʘʨ 
Uʘ, % 

LŹ, 

ɺʪ/ʤ2/ʩʨ/ʤʢʤ 

Lŷ, 

ɺʪ/ʤ2/ʩʨ/ʤʢʤ 
Ű 

04.04.2019 8:45 10,0 1000,0 27,0 0,16 0,28 0,97 

09.04.2019 9:05 15,0 989,3 59,0 1,31 2,17 0,8 

03.05.2019 8:48 17,8 990,5 53,0 1,14 1,91 0,84 

 21.06.2019 8:33 31,5 1008,0 25,0 2,05 3,35 0,74 

30.03.2021 7:58 10,0 1011,0 43,0 0,34 0,59 0,94 
 

ʂʦʝʬʽʮʽʻʥʪʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʣʴʢʫʣʷʪʦʨʫ ʘʪʤʦʩʬʝʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ AtmCorr (Atmospheric Correction, 2021) (ʨʠʩ. 3.6) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ MODTRAN (Berk et al., 2003).  ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙ. 3.1. 
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ʈʠʩ. 3.6. ɯʥʪʝʨʬʝʡʩ ʢʘʣʴʢʫʣʷʪʦʨʘ ʘʪʤʦʩʬʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ AtmCorr 

 

ʂʨʦʢ 11. ʆʙʯʠʩʣʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ L0 ʬʦʨʤʫʣʦʶ (2.14) ʥʘ ʦʩʥʦʚʽ ŮV  (2.17) ʪʘ ʢʦʨʝʢʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʂʨʦʢ 11), 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ. 

ʂʨʦʢ 12. ʆʙʯʠʩʣʝʥʥʷ  K1 ,K2 ʪʘ l ʜʣʷ ʢʘʥʘʣʫ 31 EOS MODIS ʦʙʯʠʩʣʶʶʪʴʩʷ ʦʢʨʝʤʦ, 

ʟʘ ʬʦʨʤʫʣʘʤʠ (2.19), (2.20) ʪʘ (2.21) ʚʽʜʧʦʚʽʜʥʦ. 

ʂʨʦʢ 13. ʆʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (Tʜʠʩ) ʟʘ ʦʙʝʨʥʝʥʦʶ ʬʦʨʤʫʣʦʶ 

ʇʣʘʥʢʘ (2.18), ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʦʥʩʪʘʥʪ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʝʥʩʦʨʘ (K1, 

K2).  

ʂʨʦʢ 14. ʄʘʩʰʪʘʙʫʚʘʥʥʷ Tʜʠʩ ʟʘ ʬʦʨʤʫʣʦʶ (2.22). 

 

ʈʦʟʨʦʙʣʝʥʠʡ ɸʣʛʦʨʠʪʤ 3.1.3 ʥʝʦʙʭʽʜʥʦ ʧʦʯʝʨʛʦʚʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʢʦʞʥʦʾ ʜʘʪʠ, 

ʚ ʷʢʫ ʦʪʨʠʤʘʥʦ ʪʝʧʣʦʚʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ. ɿʘʛʘʣʴʥʫ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

3.7. 
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ʈʠʩ. 3.7. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʦʙʯʠʩʣʝʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ 

ʚʠʜʠʤʦʤʫ ʪʘ ʜʘʣʴʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʘʭ. 

 

ɸʣʛʦʨʠʪʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʧʦʪʦʢʽʚ. ʇʝʨʰʠʡ ʧʦʪʽʢ ʧʦʣʷʛʘʻ ʚ 

ʦʙʯʠʩʣʝʥʥʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ VNIR. ɼʨʫʛʠʡ ʧʦʪʽʢ ʧʦʣʷʛʘʻ ʚ ʦʙʨʦʙʮʽ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʜʘʥʠʭ TIR. ʆʢʨʝʤʦ, 

ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ EOS MODIS (ʢʘʥʘʣ 31) ʙʫʣʠ ʦʙʯʠʩʣʝʥʽ ʥʝʦʙʭʽʜʥʽ K1, K2. 

ʆʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʯʠʩʣʝʥʴ Tʜʠʩ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʢʚʘʟʽʩʠʥʭʨʦʥʥʠʭ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʽʜ ʯʘʩ ʟʦʥʜʫʚʘʥʥʷ ʩʠʩʪʝʤʘʤʠ 

S1A/B. 

 

3.1.4. ɸʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʟʦʥʜʫʻʪʴʩʷ ʈʉɸ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ, 

ʧʦʨʽʚʥʷʚʰʠ ʨʘʩʪʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ  ᵻʪʘ ɗ. ʂʫʪ ɗ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʤʽʩʮʝʚʽʩʪʴ 

ʻ ʥʝʦʜʥʦʨʽʜʥʦʶ ʪʘ ʚʠʜʽʣʠʪʠ ʘʥʦʤʘʣʴʥʽ ʜʽʣʷʥʢʠ ʟ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʢʫʪʘ ʚʽʟʫʚʘʥʥʷ. 

ɺʠʩʦʢʽ ʢʫʪʠ ʩʧʨʠʷʶʪʴ ʧʦʛʽʨʰʝʥʥʶ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ. ʊʦʤʫ, ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ 
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ʻ ʥʽʚʝʣʶʚʘʥʥʷ ʜʝʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʝʬʝʢʪʫ ʨʝʣʴʻʬʫ ʥʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʩʠʛʥʘʣ, ʷʢ 

ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ɸʣʛʦʨʠʪʤ 3.1.4. 

ɸʣʛʦʨʠʪʤ 3.1.4. ʆʙʯʠʩʣʝʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʂʨʦʢ 1. ɿʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʎʄʄ ALOS AW3D ʥʘ ʪʝʨʠʪʦʨʽʶ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʟ ʚʝʙ-ʨʝʩʫʨʩʫ (ALOS web, 2021) 

ʂʨʦʢ 2. ɿʘʧʦʚʥʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʧʦʥʠʞʝʥʴ ʎʄʄ, ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʧʦʤʠʣʦʢ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʦʙʫʜʦʚʽ ʨʘʩʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʶ 

(ArcGis Fill , 2021). 

ʂʨʦʢ 3. ʂʦʥʚʝʨʪʘʮʽʷ ʛʝʦʛʨʘʬʽʯʥʦʾ ʧʨʠʚôʷʟʢʠ ʟ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʧʦʧʝʨʝʯʥʦʾ ʧʨʦʝʢʮʽʾ ʄʝʨʢʘʪʦʨʘ (Universal Transverse 

Mercator, UTM) ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʶ (Project Raster, 2021). ʇʦʙʫʜʦʚʘ 

ʨʘʩʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ h. 

ʂʨʦʢ 4. ʆʙʯʠʩʣʝʥʥʷ ɣ (2.23) ʪʘ ɝ (2.25) ʝʣʝʤʝʥʪʫ ʨʝʣʴʻʬʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʎʄʄ, 

ʦʪʨʠʤʘʥʦʾ ʥʘ ʂʨʦʮʽ 3. 

ʂʨʦʢ 5. ʆʙʯʠʩʣʝʥʥʷ Ɋ ʥʘ ʦʩʥʦʚʽ ʎʄʄ, ʦʪʨʠʤʘʥʦʾ ʥʘ ʂʨʦʮʽ 3, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʽʥʩʪʨʫʤʝʥʪ Topographic Feature ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ENVI. 

ʂʨʦʢ 5.1. ɿʘʚʘʥʪʘʞʠʪʠ ʎʄʄ AW3D30 ʚ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ENVI. 

ʂʨʦʢ 5.2. ʇʦʯʝʨʛʦʚʦ, ʥʘ ʧʨʦʛʨʘʤʥʽʡ ʧʘʥʝʣʽ ʦʙʨʘʪʠ Topographic ʪʘ 

Topographic Features. 

ʂʨʦʢ 5.3. ʆʙʨʘʪʠ ʎʄʄ, ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʂʨʦʮʽ 3, ʪʘ, ʟʽ ʩʧʣʠʚʘʶʯʦʛʦ ʚʽʢʥʘ, 

ʦʙʨʘʪʠ ʧʘʨʘʤʝʪʨ Channel. 

ʂʨʦʢ 6. ʆʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ű ʥʘ ʦʩʥʦʚʽ h ʪʘ Ɋ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʤʦʜʫʣʶ (ɼʦʜʘʪʦʢ ɸ.6). 

ʂʨʦʢ 7. ʆʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʦʨʽʻʥʪʘʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʥʦʩʥʦ ʈʉɸ Sentinel-1 ʥʘ 

ʦʩʥʦʚʽ ᶧ (f )ᵻ ʽ ɗ (fɗ). 

ʂʨʦʢ 7.1. ɿʘʚʘʥʪʘʞʠʪʠ ʚ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ENVI ʨʘʩʪʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ 

ůVH, ůVH, ᵻ , ɗ ʟʘ ʦʢʨʝʤʫ ʜʘʪʫ. 

ʂʨʦʢ 7.2. ʇʨʠʚʝʜʝʥʥʷ ʜʦ ʻʜʠʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʤʘʪʨʠʯʥʦʛʦ 

ʨʦʟʤʽʨʫ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ůVH, ůVH, ᵻ  ʽ ɗ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ S1 
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(ɸʣʛʦʨʠʪʤ 3.1.2, ʂʨʦʢ 4), ɣ ʪʘ ɝ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ AW3D30, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʾ Layer Stacking. ʆʧʦʨʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʨʘʪʠ ʜʘʥʽ S1A/B. 

ʂʨʦʢ 7.3. ʆʙʯʠʩʣʝʥʥʷ f  ᵻʪʘ fɗ, ʰʣʷʭʦʤ ʧʦʯʝʨʛʦʚʦʛʦ ʧʽʜʩʪʘʚʣʷʥʥʷ  ᵻʪʘ ɗ 

ʚʽʜʧʦʚʽʜʥʦ ʚ ʬʦʨʤʫʣʫ (2.27). 

ʂʨʦʢ 7. ʆʙʯʠʩʣʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʜʝʚʽʘʮʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ (g) ʥʘ ʦʩʥʦʚʽ 

ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ůVH, ůVH ʪʘ  ᵻʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (2.28). 

ʈʦʟʨʦʙʣʝʥʠʡ ɸʣʛʦʨʠʪʤ 3.1.4 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ f ,ᵻ fɗ, ʪʘ g ʜʣʷ 

ʢʦʞʥʦʾ ʜʘʪʠ, ʥʘ ʢʦʪʨʫ ʽʩʥʫʶʪʴ ʜʘʥʽ S1A/B. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʦʜʥʘ 

ʎʄʄ AW3D30. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.8.  

 

 

ʈʠʩ. 3.8. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʦʙʯʠʩʣʝʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ʆʙʯʠʩʣʝʥʥʷ f ,ᵻ fɗ, ʪʘ g ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. 

ʆʪʨʠʤʘʥʘ ʎʄʄ ʚʠʤʘʛʘʻ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʦʤʠʣʦʢ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ AW3D30 ʦʙʯʠʩʣʶʶʪʴʩʷ ʪʦʧʦʛʨʘʬʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ɣ, ɝ , ʱʦ ʻ 

ʩʢʣʘʜʦʚʠʤʠ f0. ʇʘʨʘʣʝʣʴʥʦ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʘʨʘʤʝʪʨ ű ï ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʨʝʣʴʻʬ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʣʦʢʘʣʴʥʠʭ ʧʦʥʠʞʝʥʴ. 
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3.2. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ɸʣʛʦʨʠʪʤʠ, ʦʧʠʩʘʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.1 ʧʦʷʩʥʶʶʪʴ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʊʠʤ ʥʝ ʤʝʥʰ, ʧʦʚʥʘ ʤʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʦʙʯʠʩʣʝʥʥʷ ʤ

ʦʙʯ

T
W  ʷʢ ʧʨʠʢʽʥʮʝʚʦʛʦ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʨʦʜʫʢʪʫ. ʆʪʨʠʤʘʥʥʷ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ ʤ

ʦʙʯ

T
W ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ. ʇʝʨʰʠʡ ʝʪʘʧ 

ʧʦʣʷʛʘʻ ʚ ʧʨʦʚʝʜʝʥʥʽ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ Wʧ ʪʘ Wʦʙʯ, ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʦʾ 

ʨʝʛʨʝʩʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʦʣʴʦʚʠʤʠ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʻ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʘʨʥʠʭ ʽ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʦʙʯʠʩʣʝʥʥʷ 

ʤ

ʦʙʯ

T
W  ʥʘʧʨʠʢʽʥʮʽ. ɼʘʥʝ ʦʙʯʠʩʣʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ ʨʝʛʨʝʩʦʨʽʚ ï ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʘʜ ʷʢʠʤʠ ʟʜʽʡʩʥʝʥʦ ʥʝʣʽʥʽʡʥʽ ʘʣʛʝʙʨʘʾʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ f(Wʧ,Wʦʙʯ), ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʛʨʝʩʦʨʘ ʦʢʨʝʤʦ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

 

3.2.1. ɸʣʛʦʨʠʪʤ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʪʘ 

ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

 

ʂʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʤʘʛʘʻ ʚʠʢʦʥʘʥʥʷ ʨʷʜʫ ʧʽʜʛʦʪʦʚʯʠʭ ʦʧʝʨʘʮʽʡ. ɼʘʥʽ ʦʧʝʨʘʮʽʾ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʯʠʩʣʝʥʠʭ ʦʧʠʩʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 3.1 ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʾʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ 

ʜʘʥʠʤʠ, ʘ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ï ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ. ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʝʥʦ ɸʣʛʦʨʠʪʤ 3.2.1, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʦʙʫʜʦʚʫ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. 
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ɸʣʛʦʨʠʪʤ 3.2.1. ɺ̔ ʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʪʘ 

ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʂʨʦʢ 1. ʅʘʜʘʪʠ ʢʦʞʥʽʡ ʪʝʩʪʦʚʽʡ ʪʦʯʮʽ ʚʽʜʙʦʨʫ ˇʨʫʥʪʫ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ 

ʬʽʟʠʯʥʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʦʢʨʝʤʘ ůVH, ůVV, ᶧ, ɗ, Ůʢ, s, NV, h, ɣ, Ɋ, ɝ, f ,ᵻ fɗ, g. 

ɼʣʷ ʫʩʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʢʨʽʤ Ɋ, ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʚʪʦʨʥʘ ʧʨʦʩʪʦʨʦʚʘ ʽʥʪʝʨʧʦʣʷʮʽʷ. ʈʘʩʪʨ Ɋ 

ʻ ʙʽʥʘʨʥʠʤ, ʪʦʤʫ ʽʥʪʝʨʧʦʣʷʮʽʷ ʥʝ ʚʠʤʘʛʘʻʪʴʩʷ. 

ʂʨʦʢ 2. ɺʢʣʶʯʝʥʥʷ ʜʦ ʨʦʙʦʯʦʾ ʪʘʙʣʠʮʽ ʧʘʨʘʤʝʪʨʽʚ pHʧ ʪʘ Tʧ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʥʘʟʝʤʥʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ (ʪʘʙʣ. ɹ.1). 

ʂʨʦʢ 3. ɿʜʽʡʩʥʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʶ 

ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ (ɼʦʜʘʪʦʢ ɸ.7) ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab. 

ʂʨʦʢ 3.1. ɺʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʤʘʪʨʠʮʽ: ʢʽʣʴʢʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ 

ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ. 

ʂʨʦʢ 3.2. ʇʨʠʚʣʘʩʥʝʥʥʷ ʟʤʽʥʥʠʭ ʢʦʞʥʦʤʫ ʧʘʨʘʤʝʪʨʫ 

ʂʨʦʢ 3.3. ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʨʷʜʢʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʾ. ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʠʢʠ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʤʦʜʫʣʽ 

(ɼʦʜʘʪʦʢ ɸ.7) ʥʝʣʽʥʽʡʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʂʨʦʢ 3.3.1. ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ůVH ʪʘ ůVV, ʘʥʘʣʦʛʽʯʥʦ ʜʦ 

ʢʘʣʽʙʨʫʚʘʥʥʷ Ůʢ ʥʘ ʂʨʦʮʽ 8 ɸʣʛʦʨʠʪʤʫ 3.1.2. 

ʂʨʦʢ 3.3.2. ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʥʦʨʤʘʣʽʟʘʮʽʾ ʎʄʄ AW3D30, ʰʣʷʭʦʤ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʨʘʩʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʎʄʄ ʥʘ ʪʨʠ ʢʣʘʩʪʝʨʠ, ʟʛʽʜʥʦ 

ʬʦʨʤʫʣʠ (2.26), ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ű. 

ʂʨʦʢ 3.4. ɿʘʧʫʩʢ ʦʙʯʠʩʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

ʂʨʦʢ 3.5. ʌʽʢʩʘʮʽʷ R2 ʦʜʥʦ- ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʾ ʟʽ ʩʧʣʠʚʘʶʯʦʛʦ ʚʽʢʥʘ. 

ʂʨʦʢ 3.6. ʇʦʚʪʦʨʝʥʥʷ ʦʧʝʨʘʮʽʡ ʂʨʦʢʽʚ 3.2-3.4 ʜʦ ʦʪʨʠʤʘʥʥʷ ʧʨʠʡʥʷʪʥʦʛʦ 

ʟʥʘʯʝʥʥʷ R2, ʟʘ ʫʤʦʚʠ, ʷʢʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʤʽʥʠ ʥʝʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʂʨʦʢ 3.7. ɸʥʘʣʽʟ ʨʦʙʘʩʪʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʚʠʜʘʣʝʥʥʷ ʜʦ 10% 

ʚʠʢʠʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. 

ʂʨʦʢ 4. ɺʠʚʝʜʝʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. 



107 

ʂʨʦʢ 5. ʃʽʥʝʘʨʠʟʘʮʽʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʰʣʷʭʦʤ ʧʦʯʝʨʛʦʚʦʾ 

ʧʽʜʩʪʘʥʦʚʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ.  

ʂʨʦʢ 6. ɺʠʚʝʜʝʥʥʷ ʟʥʘʯʝʥʴ Wʦʙʯ ʚ ʢʦʤʘʥʜʥʦʤʫ ʚʽʢʥʽ SciLab, ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʚôʷʟʢʫ ʤʽʞ Wʦʙʯ ʪʘ W ʪʘ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣ (2.32), (2.33) ʪʘ (2.34). 

ʂʨʦʢ 7. ɺʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ 

ʢʦʤʘʥʜʠ çfloadsè ʚ ʢʦʤʘʥʜʥʦʤʫ ʚʽʢʥʽ SciLab ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ (ɼʦʜʘʪʦʢ ɸ.7). 

ʉʭʝʤʘʪʠʯʥʦ, ɸʣʛʦʨʠʪʤ 3.2.1 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.9. 

 

 

ʈʠʩ. 3.9. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʪʘ 

ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

 

ɿʚôʷʟʦʢ ʤʽʞ ʚʩʽʤʘ ʚʠʱʝʥʘʚʝʜʝʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʘ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʫ 

ʚʽʜʥʦʚʣʶʚʘʚʩʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʶ ʨʝʛʨʝʩʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʘʙʩʦʣʶʪʥʠʭ 

ʚʽʜʭʠʣʝʥʴ (ʊʶʨʽʥ, 2010). ʉʫʪʪʻʚʫ ʥʝʣʽʥʽʡʥʽʩʪʴ ʤʦʜʝʣʽ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 
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ʝʤʧʽʨʠʯʥʦ ʚʠʟʥʘʯʝʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʙʽʣʴʰʦʩʪʽ ʨʝʛʨʝʩʦʨʽʚ. ɿʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʤʘʻ ʚʠʛʣʷʜ (3.2):  

 

,292,17298,959
1,992

13,6
54,637

||34,537
)(091,0

43,821

cos,49543
sin

1054,1)log(13,536
)log(24,045W

2
2

3.2

4

5,25

5

10

10

5

-Ö+
Ö

-

-+
+

++
+

+-

Ö-
Ö

++=
+

-

V

V

N

Vʢ

VʢN

N

VVʢ

ʤ

VHʢʤʦʙʯ

N
N

s
N

g
f

N
f

T
T

VV

Vʢ

j

e

e

J
Js

s

q

J

e

         (3.2) 

ʜʝ 
VHʢ
s  ï ʢʘʣʽʙʨʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʚʠʤʽʨʷʥʦʛʦ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ, 
VVʢ
s  ï ʢʘʣʽʙʨʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, 

ʚʠʤʽʨʷʥʦʛʦ ʚ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ, J ï ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʥʘ ʝʣʽʧʩʦʾʜ ʣʦʢʘʣʴʥʠʡ ʢʫʪ 

ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ  ʭʚʠʣʽ, ʨʘʜ, q ï ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʥʘ ʪʦʧʦʛʨʘʬʽʶ ʤʽʩʮʝʚʦʩʪʽ 

ʣʦʢʘʣʴʥʠʡ ʢʫʪ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ  ʭʚʠʣʽ, ʨʘʜ, 
J

f  ï ʧʘʨʘʤʝʪʨ ʚʨʘʭʫʚʘʥʥʷ 

ʥʘʧʨʷʤʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʘʜʘʨʫ ʪʘ ʣʽʥʽʾ ʥʦʨʤʘʣʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘ ʤʽʩʮʝʚʦʩʪʽ 

ʥʘ ʦʩʥʦʚʽ J, 
q

f  ï ʧʘʨʘʤʝʪʨ ʚʨʘʭʫʚʘʥʥʷ ʥʘʧʨʷʤʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʘʜʘʨʫ ʪʘ ʣʽʥʽʾ 

ʥʦʨʤʘʣʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘ ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʦʩʥʦʚʽ q, 
V

N  ï NDVI, g ï ʧʦʢʘʟʥʠʢ 

ʣʦʢʘʣʴʥʠʭ ʜʝʚʽʘʮʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ, ʢe ï ʚʽʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ, ʢʘʣʽʙʨʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʢʠʩʣʦʪʥʦʩʪʽ 

ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʽʚ, s ï ʰʦʨʩʪʢʽʩʪʴ, jï ʧʘʨʘʤʝʪʨ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 
ʤ

T  ï ʤʘʩʰʪʘʙʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, K. 

 

3.2.2. ɸʣʛʦʨʠʪʤ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ 

ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 

 

ɸʥʘʣʽʟ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ 

ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʧʦʧʝʨʝʜʥʴʦʾ ʨʘʩʪʝʨʠʟʘʮʽʾ ʚʩʽʭ  ʥʝʦʙʭʽʜʥʠʭ ʬʽʟʠʯʥʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʆʪʨʠʤʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʨʘʩʪʨʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʞʝ ʦʧʠʩʘʥʦ ʚ ʨʦʟʜʽʣʘʭ 3.2.2. ʊʠʤ ʥʝ ʤʝʰ, ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʦʪʨʠʤʘʥʦ 
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ʣʠʰʝ ʜʣʷ ʟʘʚʽʨʢʦʚʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʠʙʽʨʢʠ. ʊʦʤʫ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʝʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.2) ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʽʾ, ʦʧʠʩʘʥʽ ʚ 

ɸʣʛʦʨʠʪʤʽ 3.2.2. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ Tʜʠʩ, ʦʙʯʠʩʣʝʥʦʾ ʟʘ 

ɸʣʛʦʨʠʪʤʦʤ 3.1.3, ʟʘʤʽʩʪʴ Tʧ, ʚʠʢʦʨʠʩʪʘʥʦʾ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʟʘ 

ɸʣʛʦʨʠʪʤʦʤ 3.2.1. ʂʨʽʤ ʪʦʛʦ, ʘʣʛʦʨʠʪʤ ʧʦʢʨʦʢʦʚʦ ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ ʦʪʨʠʤʘʥʥʷ 

ʨʘʩʪʨʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʤʦʜʫʣʽ (ɼʦʜʘʪʦʢ ɸ). 

ɸʣʛʦʨʠʪʤ 3.2.2. ʂʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ 

ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ. 

ʂʨʦʢ 1. ʇʦʙʫʜʦʚʘ ʢʘʨʪʠ ʢʠʩʣʦʪʥʦʩʪʽ ʰʣʷʭʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ ʥʘʟʝʤʥʠʭ 

ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʂʨʦʢ 2. ʇʦʙʫʜʦʚʘ ʛʽʩʪʦʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ůVV ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʧʽʢʩʝʣʽʚ ʚ ʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʂʽʣʴʢʽʩʪʴ ʜʽʘʧʘʟʦʥʽʚ ʜʦʨʽʚʥʶʻ 256 ʚʽʜʣʽʢʽʚ. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʙʫʜʫʚʘʪʠ ʛʽʩʪʦʛʨʘʤʠ ʜʣʷ ʢʦʞʥʦʾ ʦʨʙʽʪʠ ʦʢʨʝʤʦ, ʦʩʢʽʣʴʢʠ ʪʝʨʠʪʦʨʽʷ 

ʟʦʥʜʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʈʉɸ S1 ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʽʜ ʨʽʟʥʠʤ  ᵻ(ʨʽʟʥʠʮʷ 

ʤʦʞʝ ʩʷʛʘʪʠ ʜʦ 15 ʛʨʘʜ.), ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜ ʨʽʟʥʠʤ ɗ. 

ʂʨʦʢ 3. ɺʽʜʙʠʨʘʥʥʷ ʦʧʦʨʥʠʭ ʟʥʘʯʝʥʴ ůVV, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʚʥʠʡ ʨʦʟʧʦʜʽʣ ʩʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥʴ ůVV ʧʦ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʫ. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʦʙʯʠʩʣʶʶʪʴʩʷ ʩʝʨʝʜ ʧʽʢʩʝʣʽʚ, ʱʦ 

ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʩʪʘʥʦʚʣʝʥʽ ʜʽʘʧʘʟʦʥʠ. 

ʂʨʦʢ 4. ʄʘʩʢʫʚʘʥʥʷ ʪʘ ʫʩʝʨʝʜʥʝʥʥʷ ʟʥʘʯʝʥʴ ůVH ʪʘ ɗ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʧʦʨʥʠʭ 

ʟʥʘʯʝʥʴ ůVV. 

ʂʨʦʢ 5. ʇʦʯʝʨʛʦʚʝ ʦʙʯʠʩʣʝʥʥʷ Ů, ʟʛʽʜʥʦ ʂʨʦʢʽʚ 6-7 ɸʣʛʦʨʠʪʤʫ 3.1.2. ɺ 

ʨʝʟʫʣʴʪʘʪʽ, ʦʪʨʠʤʫʻʪʴʩʷ ʯʦʪʠʨʠ ʤʘʪʨʠʮʽ ʥʘ ʢʦʞʥʫ ʟ ʦʨʙʽʪ: ʜʚʽ ʤʘʪʨʠʮʽ - ʜʣʷ Ů ʪʘ ʜʚʽ ï 

ʜʣʷ s, ʜʣʷ ʷʢʠʭ ʧʘʨʘʤʝʪʨʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʯʝʨʝʟ ʬʫʥʢʮʽʾ f(Ů, s, [ůVH1 .. ůVHn], ůVV, ɗ) ʪʘ  

f(Ů, s, ůVH, [ůVV1 .. ůVVn], ɗ). 

ʂʨʦʢ 6. ʇʦʙʫʜʦʚʘ ʟʚʝʜʝʥʦʾ ʤʘʪʨʠʮʽ p Ĭ q, ʜʝ p = 5 ï ʢʽʣʴʢʽʩʪʴ ʩʪʦʚʧʮʽʚ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ůVH, ůVV, ᶧ, ɗ, Ů, s, ʽ q - ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʂʨʦʢʽʚ 2.1-2.4). ɼʣʷ ʮʴʦʛʦ, ʚʠʢʦʥʫʻʪʴʩʷ ʟʚʝʜʝʥʥʷ ʜʚʦʭ ʤʘʪʨʠʮʴ, 

ʦʪʨʠʤʘʥʠʭ ʥʘ ʂʨʦʮʽ 2.4 ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʧʘʨʘʤʝʪʨʽʚ (ůVH, ůVV, ᶧ, ɗ, Ů, s) (ʪʘʙʣ. ɽ.1). 

ʂʨʦʢ 7. ʆʙʯʠʩʣʝʥʥʷ Ů ʪʘ s ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʶ (ɼʦʜʘʪʦʢ ɸ.5). 
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ʂʨʦʢ 8. ʂʘʣʽʙʨʫʚʘʥʥʷ ůVH, ůVV ʪʘ Ů, ʟʛʽʜʥʦ ʂʨʦʢʫ 8 ɸʣʛʦʨʠʪʤʫ 3.1.2. 

ʂʨʦʢ 9. ʇʨʠʚʝʜʝʥʥʷ ʜʦ ʻʜʠʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʤʽʨʫ 

ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ůVHʢ, ůVVʢ, ᶧ, ɗ, Ůʢ, s, NV, pHʧ, Tʜʠʩ, ɣ, ɝ, f ,ᵻ fɗ, g, ű, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʝʨʘʮʽʾ Layer Stacking ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ENVI. ʆʧʦʨʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʨʘʪʠ ʜʘʥʽ S1: ůVH, ůVV, ᶧ ʪʘ ɗ. 

ʂʨʦʢ 10. ʆʙʯʠʩʣʝʥʥʷ ʤ

ʦʙʯ

T
W  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ 

ʤʦʜʝʣʽ (3.2). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ɸʣʛʦʨʠʪʤʫ 3.2.1, ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʨʘʩʪʨʦʚʽ 

ʨʦʟʧʦʜʽʣʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ. ʉʭʝʤʫ ɸʣʛʦʨʠʪʤʫ 3.2.2 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.10. 

 

 

ʈʠʩ. 3.10. ʉʭʝʤʘ ʦʧʝʨʘʮʽʡ ʘʣʛʦʨʠʪʤʫ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 

 

ɸʣʛʦʨʠʪʤ 3.2.2 ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʧʝʨʝʜʥʽʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʦʧʠʩʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 3.1, ʪʘ ʘʣʛʦʨʠʪʤʫ 3.2.1. ʅʘ ʦʜʥʦʤʫ ʟ ʝʪʘʧʽʚ ʦʪʨʠʤʫʻʪʴʩʷ 

ʢʘʨʪʘ ʢʠʩʣʦʪʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʨʧʦʣʷʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʤʝʪʦʜʦʤ 

ʟʚʘʞʝʥʠʭ ʦʙʝʨʥʝʥʠʭ ʚʽʜʩʪʘʥʝʡ. ɸʣʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʝ ʜʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʽʩʥʫʶʪʴ 

ʜʘʥʽ ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʫ. ʊʦʤʫ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʢʘʨʪ ʢʠʩʣʦʪʥʦʩʪʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ pHʧ = 7. ʉʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʨʽʟʥʠʤʠ ʩʝʥʩʦʨʘʤʠ, 

ʤʘʶʪʴ ʨʽʟʥʫ ʛʝʦʤʝʪʨʽʶ ʟʦʙʨʘʞʝʥʴ ʽ ʪʦʤʫ ʚʠʤʘʛʘʶʪʴ ʾʭ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʩʧʽʣʴʥʦʾ 

ʛʝʦʤʝʪʨʽʾ. ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʚʠʩʪʫʧʘʶʪʴ 

ʨʘʜʘʨʥʽ ʜʘʥʽ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭʥʶ ʛʝʦʤʝʪʨʽʶ ʷʢ ʙʘʟʦʚʫ. ʆʪʞʝ ʧʝʨʝʜ 

ʦʙʨʦʙʢʦʶ ʛʝʦʤʝʪʨʽʷ ʽʥʰʠʭ ʟʦʙʨʘʞʝʥʴ ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʛʝʦʤʝʪʨʽʾ ʜʘʥʠʭ S1A/B. 

 

3.3. ʄʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ 

ʟ ʤʝʪʦʶ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ɸʣʛʦʨʠʪʤʠ, ʦʧʠʩʘʥʽ ʚ ʧʽʜʨʦʟʜʽʣʘʭ 3.1 ʪʘ 3.2 ʩʢʣʘʜʘʶʪʴ ʩʦʙʦʶ ʦʩʥʦʚʥʠʡ ʟʤʽʩʪ 

ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ 

ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʦʚʥʘ ʤʝʪʦʜʠʢʘ ʚʢʣʶʯʘʻ ʦʙʨʦʙʢʫ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʚʠʜʠʤʦʤʫ ʪʘ ʪʝʧʣʦʚʦʤʫ 

ʜʽʘʧʘʟʦʥʘʭ, ʢʘʣʽʙʨʦʚʘʥʽ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʽ ʨʘʜʘʨʥʽ ʜʘʥʽ ʽ ʧʨʦʜʫʢʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʪʘ 

ʎʄʄ, ʷʢʽ ʚʩʽ ʨʘʟʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 3.11).  

ɺʭʽʜʥʽ ʨʘʜʘʨʥʽ ʜʘʥʽ C-SAR Sentinel-1 ʟ ʨʦʟʨʷʜʥʽʩʪʶ 12 ʙʽʪ ʫ ʬʦʨʤʘʪʽ ʜʠʩʢʨʝʪʥʠʭ 

ʮʽʣʦʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ (DNSAR) ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ SNAP, ʜʝ 

ʥʘʜ ʥʠʤʠ ʚʠʢʦʥʫʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʧʨʦʜʫʢʪʫ GRDH. ɿʦʢʨʝʤʘ, 

ʧʨʦʚʦʜʠʪʴʩʷ ʦʥʦʚʣʝʥʥʷ ʤʝʪʘʜʘʥʠʭ ʜʣʷ ʘʢʪʫʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʣʦʞʝʥʥʷ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʩʫʧʫʪʥʠʢʘ, ʘ ʪʘʢʦʞ ʧʦʣʦʞʝʥʥʷ ʉʦʥʮʷ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ, ʟʥʘʯʝʥʥʷ DNSAR 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ (
VH
s ) ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʾ (
VV
s ) ʟʘ ʬʦʨʤʫʣʦʶ (3.1). ɺ ʨʝʟʫʣʴʪʘʪʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʤʝʪʦʜʦʤ 

ʜʘʣʝʢʦʤʽʨʥʦʾ ʦʨʪʦʢʦʨʝʢʮʽʾ ɼʦʧʧʣʝʨʘ ʜʦʜʘʪʢʦʚʦ ʛʝʥʝʨʫʶʪʴʩʷ ʨʘʩʪʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ 

ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʥʘ ʪʦʧʦʛʨʘʬʽʶ ʤʽʩʮʝʚʦʩʪʽ (q) ʪʘ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʥʘ ʝʣʽʧʩʦʾʜ (J) 

ʣʦʢʘʣʴʥʦʛʦ ʢʫʪʘ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ  ʭʚʠʣʽ. 
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ʈʠʩ. 3.11. ʉʭʝʤʘ ʦʧʝʨʘʮʽʡ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʪʘ 

ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 

ɺʽʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ e ʫ ʪʦʯʮʽ ʚʽʜʙʦʨʫ ˇʨʫʥʪʦʚʠʭ ʧʨʦʙ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʢʨʦʢʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ɸʣʛʦʨʠʪʤʽ 3.1.2. ʇʨʠ ʮʴʦʤʫ, ʦʙʠʨʘʶʪʴʩʷ ʪʘʢʽ 

ʟʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ (s) ʪʘ ʨʘʜʽʫʩʫ ʢʦʨʝʣʷʮʽʾ (l), ʧʨʠ ʷʢʠʭ ʟʥʘʯʝʥʥʷ Ů ʚʝʨʪʠʢʘʣʴʥʦʾ (

Ve) ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ (He) ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʽ VH ee º  (ʨʠʩ. 3.4).  ʇʦʙʫʜʦʚʫ ʢʘʨʪ e 

ʪʘ s ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ ʦʙʯʠʩʣʝʥʥʷ e ʥʘ ʤʘʪʨʠʮʽ [hs (q

), vs (q)] ʨʦʟʤʽʨʦʤ 12Ĭ12 ʚʽʜʣʽʢʽʚ (ɸʣʛʦʨʠʪʤ 3.2.3, ʢʨʦʢ 7). 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʚʝʣʠʯʠʥʘ e ʢʦʨʝʢʪʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʟʘ ʬʦʨʤʫʣʦʶ (2.12). ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʘʨʪʘ ʢʠʩʣʦʪʥʦʩʪʽ, ʦʪʨʠʤʘʥʫ ʰʣʷʭʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʘʥʠʭ pHʧ ʪʘ 

ʢʘʨʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ Tʜʠʩʪ, ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʦʧʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʚ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ PS2.SD ʪʘ ʪʝʧʣʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ L7 ETM+, L8 

TIRS ʪʘ MODɯ TIR ʂʠʩʣʦʪʥʽʩʪʴ ˇʨʫʥʪʫ ʥʘ ʜʽʣʷʥʢʘʭ, ʢʠʩʣʦʪʥʽʩʪʴ ʷʢʠʭ ʥʝʚʽʜʦʤʘ, 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ pH = 7. 
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ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 2 ʧʦʪʦʢʠ: ʛʨʫʧʘ ʦʧʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ 

VNIR ʤʽʩʪʠʪʴ ʟʦʥʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʪʪʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ci) ʚ ʢʦʞʥʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʽ PS2.SD. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ NV ʟʘ (1.6). 

ɼʣʷ  ʚʠʟʥʘʯʝʥʥʷ  ʢʦʝʬʽʮʽʻʥʪʽʚ  ʪʝʧʣʦʚʦʛʦ  ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  ŮV  ʟʘ ʬʦʨʤʫʣʦʶ (2.17), 

ʦʢʨʝʤʦ  ʜʣʷ ʨʦʩʣʠʥʥʠʭ ʪʘ ʥʝʨʦʩʣʠʥʥʠʭ ʧʦʢʨʠʚʽʚ, ʚʠʢʦʥʫʻʪʴʩʷ  ʧʦʧʝʨʝʜʥʷ  

ʢʣʘʩʠʬʽʢʘʮʽʷ  ʟʦʙʨʘʞʝʥʥʷ  ʟʘ  ʧʦʨʦʛʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 
0V

N  ʪʘ 
1V

N  ʟ ʬʦʨʤʫʣʠ (2.18). 

ʆʙʯʠʩʣʝʥʥʷ ŮV ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ 
0V

N >NDVI>
1V

N . ɿʥʘʯʝʥʥʷ ŮV  ʚ 

ʯʘʨʫʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ N ʚ ʜʽʘʧʘʟʦʥʘʭ NDVIÒ
0V

N  (ʥʝʨʦʩʣʠʥʥʽ ʧʦʚʝʨʭʥʽ) ʪʘ 
1V

N ÓNDVI 

(ʚʠʢʣʶʯʥʦ ʨʦʩʣʠʥʥʽ ʧʦʚʝʨʭʥʽ) ʦʙʠʨʘʶʪʴʩʷ ʟʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ECOSTRESS. 

ʋ ʜʨʫʛʦʤʫ ʧʦʪʦʮʽ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʥʷ TIR ʽʟ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʮʠʬʨʦʚʠʭ ʢʦʜʽʚ 
TIRDN  

ʟʘ ʢʘʣʽʙʨʫʚʘʣʴʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ A, B ʧʝʨʝʦʙʯʠʩʣʶʶʪʴʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʘʧʝʨʪʫʨʽ ʩʝʥʩʦʨʘ L (2.13),  ʘ ʧʦʪʽʤ ï ʚ ʩʧʝʢʪʨʘʣʴʥʫ 

ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ ʧʦ L0 (2.14). ʅʝʦʙʭʽʜʥʽ ʜʣʷ L0 

ʘʪʤʦʩʬʝʨʥʽ ʬʫʥʢʮʽʾ Lŷ, LŹ ̔ Ű ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ (Tʘʪʤ, Pʘʪʤ, Uʘʪʤ) ʪʘ 

ʪʦʧʦʛʨʘʬʽʯʥʠʤʠ (h) ʫʤʦʚʘʤʠ ʊɼ ʪʘ ʾʾ ʛʝʦʛʨʘʬʽʯʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʟʛʽʜʥʦ. ɿʦʢʨʝʤʘ, 

ʧʦʢʘʟʥʠʢʠ Tʘʪʤ, Pʘʪʤ ʪʘ Uʘʪʤ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʧʨʷʤʠʭ ʥʘʟʝʤʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʟ ʚʝʙ-ʨʝʩʫʨʩʫ rp5 (ʈʦʟʢʣʘʜ ʧʦʛʦʜʠ, 2021). ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʡ ʚ ʜʚʦʭ ʧʦʪʦʢʘʭ ʜʘʥʠʭ, ʟʥʘʯʝʥʥʷ ŮV ʪʘ L0 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʊʜʠʩʪ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ (2.18). ʂʘʣʽʙʨʫʚʘʣʴʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ K1 ʪʘ K2 ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟ ʤʝʪʘʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

(Landsat 7, Landsat 8) ʘʙʦ ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.19) ʪʘ (2.20) ʚʽʜʧʦʚʽʜʥʦ (ʜʣʷ 

ʩʝʥʩʦʨʫ MODIS). ʆʩʢʽʣʴʢʠ ʦʧʪʠʯʥʽ ʩʝʥʩʦʨʠ, ʱʦ ʧʦʩʪʘʯʘʶʪʴ ʪʝʧʣʦʚʽ ʜʘʥʽ, ʚʠʢʦʥʫʶʪʴ 

ʟʡʦʤʢʫ ʚ ʯʘʩ, ʱʦ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ ʯʘʩʦʤ ʨʦʙʦʪʠ C-SAR, ʟʥʘʯʝʥʥʷ ʊʜʠʩʪ ʤʘʻ ʙʫʪʠ 

ʧʝʨʝʤʘʩʰʪʘʙʦʚʘʥʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʫ ʯʘʩ ʢʚʘʟʽʩʠʥʭʨʦʥʥʠʭ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ (2.22). 

ɺʠʟʥʘʯʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ű ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʥʠʭ ʎʄʄ AWD3D30. ʅʘ ʦʩʥʦʚʽ ʢʘʨʪʠ ʚʠʩʦʪ ʨʝʣʴʻʬʫ ʦʙʯʠʩʣʶʶʪʴʩʷ ʫʭʠʣ y ʪʘ 

ʢʨʠʚʠʟʥʘ ɕ  ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʎʄʄ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.23) ʪʘ (2.24) ʚʽʜʧʦʚʽʜʥʦ, ʘ ʧʦʪʽʤ 

ï ʦʨʪʦʛʦʥʘʣʴʥʘ ʫʚʽʛʥʫʪʽʩʪʴ ʨʝʣʴʻʬʫ Y ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ENVI. ʅʦʨʤʫʚʘʣʴʥʽ 
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ʤʥʦʞʥʠʢʠ ű ʟʥʘʭʦʜʷʪʴʩʷ ʥʦʨʤʘʣʽʟʘʮʽʻʶ ʚʠʩʦʪʠ ʨʝʣʴʻʬʫ h ʚ ʢʦʞʥʦʤʫ ʟ ʪʨʴʦʭ ʢʣʘʩʪʝʨʽʚ 

ʚʠʩʦʪ ʟʘ ʬʦʨʤʫʣʦʶ (2.26). 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʜʝʚʽʘʮʽʡ ʣʦʢʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʨʘʜʘʨʥʦʛʦ ʩʠʛʥʘʣʫ C-SAR 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʜʚʘ ʧʘʨʘʤʝʪʨʠ. ʇʘʨʘʤʝʪʨʠ 
J

f  ʪʘ 
q

f  ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ (2.27), ʘ g ï ʟʘ 

ʬʦʨʤʫʣʦʶ (2.28) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʽʚ ʫʭʠʣʫ y ʪʘ ʝʢʩʧʦʟʠʮʽʾ x (2.24), 

ʨʦʟʧʦʜʽʣʽʚ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʢʫʪʘ ʚʽʟʫʚʘʥʥʷ ɗ Sentinel-1 C-SAR, ʘ ʪʘʢʦʞ 

ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʩʫʧʫʪʥʠʢʘ ɔ, ʦʪʨʠʤʘʥʠʭ ʟ ʤʝʪʘʜʘʥʠʭ ʧʨʦʜʫʢʪʫ GRDH. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ 

ʜʘʥʠʭ ʟʘ ʩʭʝʤʦʶ ʨʠʩ. 3.11 ʦʜʝʨʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʫʶʯʘ ʢʘʨʪʘ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ. 

ʂʘʨʪʘ ʤʦʞʝ ʙʫʪʠ ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʤʘʪʠʯʥʠʭ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ, ʫʧʨʘʚʣʽʥʩʴʢʠʭ, ʥʘʫʢʦʚʠʭ ʪʘ ʦʩʚʽʪʥʽʭ ʟʘʜʘʯ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

 

1. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʧʦʙʫʜʦʚʘʥʦʾ ʥʘ 

ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʤʝʪʦʜʠʢʠ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘʟʝʤʥʽ ʟʘʚʽʨʢʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɺʽʜʙʽʨ ˇʨʫʥʪʫ ʙʫʚ ʟʜʽʡʩʥʝʥʠʡ ʚ ʫ ʚʽʩʽʤ ʚʫʟʣʦʚʠʭ ʜʘʪ ʥʘ ʯʦʪʠʨʴʦʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ. 

ɹʘʟʘ ʜʘʥʠʭ ʩʪʘʥʦʚʠʪʴ 211 ʩʧʦʩʪʝʨʝʞʝʥʴ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ 

2. ɺʽʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ (ɼʇ) ʫ ʪʦʯʮʽ ʚʽʜʙʦʨʫ ˇʨʫʥʪʦʚʠʭ ʧʨʦʙ ʙʫʣʘ 

ʦʙʯʠʩʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʽʥʚʝʨʪʦʚʘʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (Integral Equation 

Model) ʟʽ ʩʪʘʣʠʤ ʨʘʜʽʫʩʦʤ ʢʦʨʝʣʷʮʽʾ. ʆʙʯʠʩʣʝʥʥʷ ɼʇ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟ ʚʠʢʦʥʘʥʥʷʤ 

ʦʙʤʝʞʝʥʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ɼʇ ʪʘ ʰʦʨʩʪʢʦʩʪʽ. ʂʘʣʽʙʨʫʚʘʥʥʷ ʇʦʙʫʜʦʚʫ ʢʘʨʪ ɼʇ ʪʘ 

ʰʦʨʩʪʢʦʩʪʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʚ ʧʦʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ ʂɿʈ VH- ʪʘ VV-ʧʦʣʷʨʠʟʘʮʽʡ. 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʜʽʡʩʥʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʝʨʥʝʥʦʛʦ ʨʽʚʥʷʥʥʷ ʇʣʘʥʢʘ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ çʩʽʨʦʛʦè ʪʽʣʘ. ʂʘʨʪʘ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ 

ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʝʢʩʪʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟ ʟʘʣʫʯʝʥʥʷʤ ʙʘʛʘʪʦʩʝʥʩʦʨʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ.  

3. ʊʦʧʦʛʨʘʬʽʯʥʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʎʄʄ ALOS 

AW3D ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʚʠʟʥʠ ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʫʚʽʛʥʫʪʦʩʪʽ ʝʣʝʤʝʥʪʫ ʨʝʣʴʻʬʫ 
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ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʥʦʨʤʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʚʠʩʦʪʠ, ʤʥʦʞʥʠʢʠ ʙʫʣʦ ʦʙʯʠʩʣʝʥʦ ʰʣʷʭʦʤ 

ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʨʝʣʴʻʬʫ ʚ ʢʦʞʥʦʤʫ ʟ ʢʣʘʩʪʝʨʽʚ 

ʢʣʘʩʠʬʽʢʦʚʘʥʦʾ ʎʄʄ. 

4. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ ʧʦʻʜʥʘʥʦ ʚ ʮʽʣʽʩʥʫ 

ʤʝʪʦʜʠʢʫ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʆʩʥʦʚʥʠʤ ʟʤʽʩʪʦʤ ʤʝʪʦʜʠʢʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʥʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʥʘ ʦʩʥʦʚʽ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ 

ʤʦʜʝʣʽ. ɼʦʜʘʪʢʦʚʦ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʠʢʠ ʟʘ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ 

ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʽ ʰʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ, ʛʝʦʤʝʪʨʠʯʥʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʣʦʢʘʣʴʥʽ ʜʝʚʽʘʮʽʾ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ. 
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ʈʆɿɼɯʃ 4 

ʇɽʈɽɺɯʈʂɸ ʊɸ ʈɽʂʆʄɽʅɼɸʎɯɰ ʑʆɼʆ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ʈʆɿʈʆɹʃɽʅʆɰ ʄɽʊʆɼʀʂʀ 

 

ɺ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ ʪʘ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜʠʢʫ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʎʶ ʤʝʪʦʜʠʢʫ ʙʫʣʦ ʚʠʧʨʦʙʫʚʘʥʦ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʝʥʦ ʪʘ ʦʮʽʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʟʝʤʥʦʾ ʧʽʜʩʫʧʫʪʥʠʢʦʚʦʾ 

ʟʘʚʽʨʢʠ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ: 

- ʦʙʨʦʙʢʫ ʚʦʩʴʤʠ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ S1A/B GRDH, ʧôʷʪʠ 

ʪʝʧʣʦʚʠʭ ʟʦʙʨʘʞʝʥʴ L7 ETM+, L8 TIRS ʪʘ EOS MODIS, ʘ ʪʘʢʦʞ ʎʄʄ AW3D30;  

- ʦʙʯʠʩʣʝʥʥʷ ʂɿʈ, ʢʫʪʽʚ ʚʽʟʫʚʘʥʥʷ, ɼʇ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʤʝʞʘʭ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʟʘ ʜʘʥʠʤʠ S1A/B GRDH; 

- ʢʘʣʽʙʨʫʚʘʥʥʷ ɼʇ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʠʩʣʦʪʥʦʩʪʽ; 

- ʦʙʯʠʩʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ: ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʚʠʩʦʪʠ, 

ʫʭʠʣʫ, ʝʢʩʧʦʟʠʮʽʾ ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʫʚʽʛʥʫʪʦʩʪʽ ʝʣʝʤʝʥʪʫ ʨʝʣʴʻʬʫ ʟʘ ʜʘʥʠʤʠ AW3D30; 

- ʧʨʷʤʽ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ï ʪʝʤʧʝʨʘʪʫʨʠ, 

ʢʠʩʣʦʪʥʦʩʪʽ ʪʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ; 

- ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ; 

- ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʝʥʦʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʦʣʦʛʦʩʪʽ ʚʽʜ ʚʠʟʥʘʯʝʥʠʭ 

ʧʨʝʜʠʢʪʦʨʽʚ; 

- ʧʦʙʫʜʦʚʘ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ʰʣʷʭʦʤ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ 

ʤʦʜʝʣʽ; 

- ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. 
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4.1. ɺʭʽʜʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʪʘ ʥʘʟʝʤʥʽ ʜʘʥʽ 

 

ʅʘʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʦʙʯʠʩʣʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʨʦʙʣʝʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʦʧʠʨʘʶʯʠʩʴ ʚʫʟʣʦʚʽ ʜʘʪʠ. ɺ ʮʽ ʜʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ 

ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʦ ʫʟʛʦʜʞʝʥʦ ʟ ʧʨʦʚʝʜʝʥʥʷʤ ʟʦʥʜʫʚʘʥʥʷ ʨʘʜʘʨʥʠʤʠ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ S1A/B. ɿʦʙʨʘʞʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʽ ʜʣʷ ʢʦʞʥʦʾ ʟ ʯʦʪʠʨʴʦʭ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʚ ʚʽʩʽʤ ʚʫʟʣʦʚʠʭ ʜʘʪ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ, ʚ ʜʘʥʠʡ 

ʧʝʨʽʦʜ, ʟʥʘʭʦʜʠʣʠʩʴ ʤʘʪʝʨʽʘʣʠ ʪʝʧʣʦʚʦʾ ʟʡʦʤʢʠ ʣʠʰʝ ʜʣʷ ʧôʷʪʠ ʚʫʟʣʦʚʠʭ ʜʘʪ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚ ʧʦʜʘʣʴʰʦʤʫ, ʮʝ ʚʧʣʠʥʫʣʦ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʠʙʽʨʢʠ. 

 

4.1.1. ʆʧʠʩ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ 

ʜʦʩʣʽʜʞʝʥʥʽ 

 

ɼʚʦʧʦʣʷʨʠʟʘʮʽʡʥʽ ʨʘʜʘʨʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʧʨʦʜʫʢʪʠ GRDH ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 10Ĭ10 ʤ ʙʫʣʦ ʟʘʚʘʥʪʘʞʝʥʦ ʟ ʚʝʙ-ʧʦʨʪʘʣʫ ESA Copernicus data hub (ESA 

Hub, 2021). ɼʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʪ, ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʥʘʷʚʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ (VH) ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʾ (VV) ʧʦʣʷʨʠʟʘʮʽʾ, ʧʦʙʫʜʦʚʘʥʽ ʚ ʨʝʞʠʤʽ 

Interferometric Wide Swath Mode (IW) ʧʽʜ ʯʘʩ ʟʥʽʤʘʥʥʷ ʚ ʉ-ʜʽʘʧʘʟʦʥʽ (ɚ = 5,56 ʩʤ) ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʩʫʧʫʪʥʠʢʦʤ ʧʦ ʥʠʟʭʽʜʥʠʤ ʦʨʙʽʪʘʤ. ɸ ʩʘʤʝ, ʚʠʢʦʨʠʩʪʘʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʜʘʥʠʤʠ SA/B ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦ ʚʽʜʥʦʩʥʠʤ 

ʦʨʙʽʪʘʤ 36 ʪʘ 138 (ʧʨʠʙʣʠʟʥʦ ʦ 4:11 ʪʘ 4:03 ʟʘ ɻʨʽʥʚʽʯʝʤ ʚʽʜʧʦʚʽʜʥʦ), ʜʣʷ ʜʽʣʷʥʢʠ ˉ 2 

ʪʘ 3 ï ʧʦ ʦʨʙʽʪʽ 36 (ʪʘʙʣ. ɾ.1). 

ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʤʽʩʮʝʚʦʩʪʽ. ɺ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ 

ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʽʚ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʚʧʣʠʚ ʪʦʧʦʛʨʘʬʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʩʮʝʚʦʩʪʽ. ɿ ʮʽʻʶ ʤʝʪʦʶ, ʙʫʣʦ ʟʘʚʘʥʪʘʞʝʥʦ ʎʄʄ AW3D3D ʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ~30 ʤ (ʢʦʤʽʨʢʘ ʨʦʟʤʽʨʦʤ 1 ʜʫʛʦʚʘ ʩʝʢʫʥʜʘ). 

ɹʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʦʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ. ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʬʨʘʢʮʽʡʥʦʛʦ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʚʠʢʦʨʠʩʪʘʥʦ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ 

ʦʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ PS2.SD ʚ ʯʦʪʠʨʴʦʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʟ ʧʨʦʩʪʦʨʦʚʦʶ 
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ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 3,7 ʤ, ʥʘʜʘʥʽ, ʜʣʷ ʥʘʚʯʘʣʴʥʠʭ ʮʽʣʝʡ, ʢʦʤʧʘʥʽʻʶ Planet. ɼʘʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʮʝʥ ï ʨʘʜʽʦʤʝʪʨʠʯʥʦ-, ʘʪʤʦʩʬʝʨʥʦ- ʪʘ ʛʝʦʤʝʪʨʠʯʥʦ 

ʩʢʦʨʠʛʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʩʧʨʦʝʢʪʦʚʘʥʠʭ ʥʘ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʧʨʦʝʢʮʽʶ. ʉʫʧʫʪʥʠʢʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʜʘʪ ʨʘʜʘʨʥʦʾ ʟʡʦʤʢʠ S1.  

ʊʝʧʣʦʚʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ. ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ EOS MODIS ʪʘ 

ʩʝʨʽʾ Landsat, ʱʦ ʦʜʝʨʞʘʥʽ ʫ ʜʘʣʴʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʉʫʧʫʪʥʠʢʦʚʽ ʧʨʦʜʫʢʪʠ MOD11_L2 ʤ̔ ʩʪʷʪʴ ʢʘʣʽʙʨʦʚʘʥʽ 

ʽʥʬʨʘʯʝʨʚʦʥʽ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʨʷʜʥʽʩʪʶ 16 ʙʽʪ, ʟʘʚʘʥʪʘʞʝʥʽ ʟ ʚʝʙ ʨʝʩʫʨʩʫ LAADS 

(MODIS Products, 2021). ʂʨʽʤ ʪʦʛʦ, ʟʘʚʘʥʪʘʞʝʥʦ ʽʥʬʨʘʯʝʨʚʦʥʽ  ʟʦʙʨʘʞʝʥʥʷ  L7 ETM+  

ʪʘ L8 TIRS ʟ ʨʦʟʨʷʜʥʽʩʪʶ 16 ʙʽʪ. ɼʘʥʽ  ETM+  ʤʘʶʪʴ  ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 60 ʤ, 

ʘ ʜʚʦʜʽʘʧʘʟʦʥʥʽ ʟʦʙʨʘʞʝʥʥʷ ʩʝʥʩʦʨʘ TIRS ï 100 ʤ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʧʣʦʚʽ 

ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʚ ʜʝʥʴ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʽʚ (ʪʘʙʣ. ɾ.2).  

ʊʝʧʣʦʚʽ ʜʘʥʽ L7 ETM+  ʤʘʶʪʴ ʧʨʦʧʫʩʢʠ ʜʘʥʠʭ, ʚʠʢʣʠʢʘʥʽ ʜʝʬʝʢʪʘʤʠ 

ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʟʦʙʨʘʞʝʥʥʷ ETM+ 

ʟʘ 21 ʯʝʨʚʥʷ 2019 (ʨʠʩ. 4.2) ʚ ʤʝʞʘʭ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ˉ 4. ʊʘʢʽ ʧʨʦʧʫʩʢʠ 

ʚʽʜʥʦʚʣʶʚʘʣʠʩʷ ʟ ʦʧʦʨʦʶ ʥʘ ʜʘʥʽ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ PS2.SD ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʝʥʦʾ 

ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ Tʜʠʩ ʚʽʜ NV (ʨʠʩ. 4.1): 

 

ʈʠʩ. 4.1. ɻʨʘʬʽʢ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʦʙʯʠʩʣʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (Tʜʠʩ) ʟʘ ʜʘʥʠʤʠ 

Landsat-7 ETM+  (21 ʯʝʨʚʥʷ 2019 ʨʦʢʫ) ʚʽʜ NDVI ʦʙʯʠʩʣʝʥʦʛʦ ʟʘ ʜʘʥʠʤʠ PlanetScope 

PS2.SD (18 ʯʝʨʚʥʷ 2019 ʨʦʢʫ) 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʦ ʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ (4.1): 

 

Vʜʠʩ N,, T 073638860 -= ,        (4.1) 

 

ʟʘ ʷʢʠʤ ʙʫʣʦ ʦʙʯʠʩʣʝʥʦ ʧʨʦʧʫʱʝʥʽ ʜʘʥʽ Tʜʠʩ ʥʘ ʪʝʧʣʦʚʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʟʘ 21 ʯʝʨʚʥʷ 

2019 ʨʦʢʫ. ʈʠʩ. 4.2 ʽʣʶʩʪʨʫʻ ʚʽʜʥʦʚʣʝʥʥʷ Tʜʠʩ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ VNIR ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ PS2.SD. 

 

  

ʈʠʩ. 4.2. ʉʭʝʤʘ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ: ʘ ï ʬʨʘʛʤʝʥʪ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ NDVI, ʦʙʯʠʩʣʝʥʦʛʦ ʟʘ ʜʘʥʠʤʠ PlanetScope PS.SD ʟʘ 21 

ʯʝʨʚʥʷ 2019; ʙ ï ʬʨʘʛʤʝʥʪ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

(Tʜʠʩ) ʦʙʯʠʩʣʝʥʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʜʘʥʠʭ L7 ETM+  ʟʘ 21 ʯʝʨʚʥʷ 2021 ʨʦʢʫ; 

ʚ ï ʚʽʜʥʦʚʣʝʥʠʡ ʬʨʘʛʤʝʥʪ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ Tʜʠʩ  

 

ʉʝʨʝʜ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ Wʦʙʯ, ʨʦʟʨʦʙʣʝʥʦʾ 

ʚ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʤʝʪʦʜʠʢʠ, ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʟʘʚʜʘʻ ʨʦʟʩʠʥʭʨʦʥʽʟʘʮʽʷ ʯʘʩʫ 

ʟʦʥʜʫʚʘʥʥʷ S1A/B ʪʘ ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʦʾ ʟʘʚʽʨʢʠ. ʏʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʚʽʜʙʦʨʫ 

ʧʨʦʙ ʩʢʣʘʜʘʚ ʚʽʜ 40 ʭʚ. ʜʦ 1,5 ʛʦʜ, ʪʦʤʫ ʧʦʯʘʪʦʢ (tʚ1) ʪʘ ʢʽʥʝʮʴ ʚʽʜʙʦʨʫ ʧʨʦʙ (tʚ2) 

ʢʦʣʠʚʘʚʩʷ ʚ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟ 5:00 ʜʦ 8:00 ʨʘʥʢʫ (ʪʘʙʣ. 4.3). ʇʨʦʪʷʛʦʤ ʮʴʦʛʦ ʯʘʩʫ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʟʘʟʥʘʚʘʣʘ ʟʥʘʯʥʠʭ ʟʤʽʥ. ʆʩʢʽʣʴʢʠ ʚʦʣʦʛʽʩʪʴ ʻ ʽʥʝʨʪʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʪʘʙʣ. ɼ.2.2 
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ʥʘʚʝʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ʷʢʘ ʧʨʷʤʦ ʚʧʣʠʚʘʻ ʥʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ Tʘ1 ʪʘ Tʘ2 ʚ ʯʘʩ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʚʠʤʽʨʶʚʘʥʴ (tʘ1) ʪʘ ʧʽʩʣʷ (tʘ2) 

 

4.1.2. ʇʽʜʩʫʧʫʪʥʠʢʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ 

 

ʇʽʜʩʫʧʫʪʥʠʢʦʚʽ ʟʘʚʽʨʢʦʽʚʽ ʜʘʥʽ ʟ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʠʩʣʦʪʥʦʩʪʽ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʰʘʨʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘ ʯʦʪʠʨʴʦʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ (ʊɼ) 

(ʨʠʩ. ɼ.1.1-ɼ.1.2):   

ɻʝʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ ʢʦʞʥʦʾ ʟ ʜʽʣʷʥʦʢ ʟʥʘʭʦʜʠʪʴʩ ̫ʥʘ ʟʥʘʯʥʽʡ ʚʽʜʩʪʘʥʽ ʦʜʥʘ 

ʚʽʜ ʦʜʥʦʾ, ʱʦ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʾ ʉɺ: 

-  çʇʦʣʝ ʘʚʽʘʤʦʜʝʣʽʩʪʽʚè (ʊɼ1, 50Á 21' 9,26" ʧʥ.ʰ., 30Á 30' 6,69" ʩʭ.ʜ.): ʤ. ʂʠʾʚ, 

ɻʦʣʦʩʽʾʚʩʴʢʠʡ ʨʘʡʦʥ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʤʠʢʘʻ ʜʦ ʅʇʇ  çɻʦʣʦʩʽʾʚʩʴʢʠʡè ʥʘ ʧʽʚʥʦʯʽ ʪʘ 

ʤʫʟʝʶ  çʇʠʨʦʛʦʚʦè ʥʘ ʟʘʭʦʜʽ; 

-  çʄʣʠʥʥʝè (ʊɼ2, 50Á 20' 57,6" ʧʥ.ʰ., 30Á 39' 48,34" ʩʭ. ʜ.): ʂʠʾʚʩʴʢʘ ʦʙʣ., 

ɿʦʣʦʯʽʚʩʴʢʘ ʩʽʣʴʩʴʢʘ ʪʝʨʠʪʦʨʽʘʣʴʥʘ ʦʙʱʠʥʘ, ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʦʟ. 

ʄʣʠʥʥʝ, ʟʘʣʠʚʥʽ ʣʫʛʠ ʨ. ɼʥʽʧʨʦ; 

-   çɺʠʰʝʥʴʢʠè (ʊɼ3, 50Á 16ǋ 7,78ǌ ʧʥ.ʰ., 30Á 44ǋ 16,11ǌ ʩʭ.ʜ.): ʂʠʾʚʩʴʢʘ ʦʙʣ., ʥʘ 

ʧʽʚʜʥʽ ʚʽʜ ʩ. ɺʠʰʝʥʴʢʠ ʪʘ ɿʦʣʦʯʽʚʩʴʢʦʾ ʩʽʣʴʩʴʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʦʙʱʠʥʠ, ʚ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʟ ʜʨʝʥʘʞʥʠʤ ʢʘʥʘʣʦʤ; 

-  çʊʝʨʥʽʚʢʘè (ʊɼ4, 47Á 2ǋ 57,47ǌ ʧʥ.ʰ.,  32Á 1ǋ 34,82ǌ ʩʭ. ʜ): ʤʝʞʫʻ ʟ ʧʽʚʥʽʯʥʦʶ 

ʯʘʩʪʠʥʦʶ ʤ. ʄʠʢʦʣʘʾʚ ï ʽʩʪʦʨʠʯʥʦʶ ʤʽʩʮʝʚʽʩʪʶ ʊʝʨʥʽʚʢʘ. 

ʆʩʥʦʚʥʦʶ ʊɼ ʦʙʨʘʥʦ  çʇʦʣʝ ʘʚʽʘʤʦʜʝʣʽʩʪʽʚè ʟ ʦʛʣʷʜʫ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. ɿʦʢʨʝʤʘ, ʪʝʨʠʪʦʨʽʷ ʊɼ1 ʨʽʚʥʦʤʽʨʥʘ ʧʦʢʨʠʪʘ ʪʨʘʚôʷʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʯʠʩʣʝʥʥʷ NDVI > 0,26 ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ 

ʜʦʩʣʽʜʞʝʥʥʷ.  

ʅʘ ʚʩʽʭ ʊɼ ʟʛʽʜʥʦ ɸʣʛʦʨʠʪʤʫ 3.1.1 ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʧʦ ʦʜʥʦʤʫ ʟʨʘʟʢʫ ˇʨʫʥʪʫ ʚ 

ʢʦʞʥʽʡ ʪʦʯʮʽ ʚʠʤʽʨʶʚʘʥʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ 10-20 ʤ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʽʚ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʦʣʦʛʦʤʽʨʫ Rapitest, 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ WALCOM ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʝʨʤʦʤʝʪʨʫ 

GM1312. ɺʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʢʚʘʟʽʩʠʥʭʨʦʥʥʦ ʟ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ 
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ʩʫʧʫʪʥʠʢʦʚʠʤ ʟʥʽʤʘʥʥʷʤ S1A/B ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʟʤʽʥʥʠʭ ʚ 

ʯʘʩʽ, ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʽʚ. ɿʘʛʘʣʦʤ ʚʽʜʽʙʨʘʥʦ 211 ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ: ʥʘ ʪʝʩʪʦʚʽʡ 

ʜʽʣʷʥʮʽ ˉ 1 ï 149 ʟʨʘʟʢʽʚ, ˉ 2 ï 20, ˉ 3 ï 12, ˉ 4 ï 30 (ʪʘʙʣ. ɼ.2.1). ʈʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʢʦʞʥʦʾ ʪʝʩʪʦʚʦʾ ʪʦʯʢʠ ʪʘ ʾʭ ʛʝʦʛʨʘʬʽʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʥʘʚʝʜʝʥʦ ʚ 

ʜʦʜʘʪʢʫ (ʪʘʙʣ. ɼ.2.3). 

ʌʦʨʤʫʚʘʥʥʷ ʪʨʴʦʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʙʽʨʦʢ (ʉɺ), ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ 

ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ  
ʦʙʯ

W  ʚʽʜ ʥʘʙʦʨʫ ʧʨʝʜʠʢʪʦʨʽʚ, ʚʽʜʙʫʚʘʣʦʩʷ ʚ ʜʝʢʽʣʴʢʘ 

ʝʪʘʧʽʚ. ʇʦ-ʧʝʨʰʝ, ʉɺ ʬʦʨʤʫʚʘʣʠʩʷ ʣʠʰʝ ʩʝʨʝʜ ʪʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʜʣʷ ʷʢʠʭ ʽʩʥʫʶʪʴ 

Tʧ ʘʙʦ Tʜʠʩʪ. ʅʘ ʦʩʥʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʜʣʷ ʷʢʠʭ ʥʘʷʚʥʽ ʣʠʰʝ Tʧ, ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ 

ʩʪʘʪʠʩʪʠʯʥʫ ʚʠʙʽʨʢʫ ʉɺ1. ɼʦ ʚʠʙʽʨʢʠ ʉɺ2 ʚʢʣʶʯʝʥʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʣʠʰʝ 

ʟʥʘʯʝʥʥʷ Tʜʠʩʪ. ɺʠʙʽʨʢʘ ʉɺ3 ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʜʣʷ ʷʢʠʭ ʜʦʩʪʫʧʥʽ ʦʙʠʜʚʘ 

ʟʥʘʯʝʥʥʷ ï Tʧ ʪʘ  Tʜʠʩʪ. ʇʦ-ʜʨʫʛʝ, ʜʦ ʦʙʦʭ ʚʠʙʽʨʦʢ ʫʚʽʡʰʣʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʜʣʷ ʷʢʠʭ 

ʦʪʨʠʤʘʥʦ Ů, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ, ʦʧʠʩʘʥʠʭ ʚ ʘʣʛʦʨʠʪʤʽ 3.1.2: 1) ʨʽʚʥʽʩʪʴ 

VVVH
eee º= ʪʘ 2) ʧʦʨʽʛ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ 452 ¢¢e . ʊʘʢʠʤ ʯʠʥʦʤ, ʢʽʣʴʢʽʩʪʴ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʣʷ ʉɺ1 ʩʪʘʥʦʚʠʪʴ N=116, ʜʣʷ ʉɺ2 N=106 ʪʘ ʜʣʷ ʉɺ3 N=69. 

 

4.2.  ʆʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ʋʩʽ ʦʪʨʠʤʘʥʽ ʨʘʩʪʨʦʚʽ ʨʦʟʧʦʜʽʣʠ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 

3. ɺ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʯʠʩʣʶʚʘʣʠʩʷ ʜʣʷ 

ʢʦʞʥʦʾ ʚʫʟʣʦʚʦʾ ʜʘʪʠ ʚʠʢʦʥʘʥʥʷ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʈʝʟʫʣʴʪʘʪʠ 

ʦʙʯʠʩʣʝʥʴ ʧʦʜʘʥʦ ʫ ʚʠʛʣʷʜʽ ʪʝʤʘʪʠʯʥʠʭ ʢʘʨʪ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʠʢʣʘʜʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʜʣʷ 4 ʢʚʽʪʥʷ 2019 ʨʦʢʫ (ʊɼ1), 3 ʪʨʘʚʥʷ 2019 ʨʦʢʫ (ʊɼ2 ʪʘ ʊɼ3) 

ʪʘ 21 ʯʝʨʚʥʷ 2019 ʨʦʢʫ (ʊɼ4). 

 

4.2.1. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ 

 

ʆʙʯʠʩʣʝʥʥʷ Ůʢ ʪʘ s ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ 

S1A/B, ʥʘʟʝʤʥʠʭ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʪʘ ʢʘʨʪʠ ʢʠʩʣʦʪʥʦʩʪʽ, ʟʛʽʜʥʦ 
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ʘʣʛʦʨʠʪʤʫ 3.1.2. ʅʘ ʨʠʩ. 4.3 ʟʥʘʯʝʥʥʷ 
hs  ʪʘ 

vs  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʙʠʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ʧʦʚʝʨʭʥʽ.  

 

 

ʈʠʩ. 4.3. ʂʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

Sentinel-1 GRDH: ʘ, ʜ ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ůVH ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ůVV ʧʦʣʷʨʠʟʘʮʽʷʭ ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ1  çʇʦʣʝ ʘʚʽʘʤʦʜʝʣʽʩʪʽʚè 4 

ʢʚʽʪʥʷ 2019 ʨʦʢʫ; ʙ, ʝ ï ůVH ʪʘ ůVV ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ2  çʄʣʠʥʥʝè 3 ʪʨʘʚʥʷ 2019 

ʨʦʢʫ; ʚ, ̒  ï ůVH ʪʘ ůVV ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ3  çɺʠʰʝʥʴʢʠè 3 ʪʨʘʚʥʷ 2019 ʨʦʢʫ; ʛ, ʞ 

ï ůVH ʪʘ ůVV ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ4  çʊʝʨʥʽʚʢʘè 21 ʯʝʨʚʥʷ 2019 ʨʦʢʫ 

 

ɺʽʜʥʦʩʥʦ ʛʣʘʜʢʽ ʧʦʚʝʨʭʥʽ, ʪʘʢʽ ʷʢ ʰʪʫʯʥʽ ʧʦʢʨʠʪʪʷ (ʘʩʬʘʣʴʪ, ʙʨʫʢʽʚʢʘ, ʙʝʪʦʥʥʽ 

ʧʣʠʪʠ ʪʘ ʽʥ.), ʚʽʜʢʨʠʪʠʡ ˇʨʫʥʪ (ʧʽʱʘʥʽ ʧʦʚʝʨʭʥʽ, ʨʽʣʣʷ ʘʙʦ ʥʝʧʘʭʘʥʝ ʧʦʣʝ ʪʘ ʽʥ.), ʘʙʦ 

ʧʦʚʝʨʭʥʽ ʟ ʥʝʟʥʘʯʥʦʶ ʪʨʘʚôʷʥʠʩʪʦʶ ʨʦʩʣʠʥʥʽʩʪʶ (ʛʘʟʦʥ, ʧʫʩʪʠʨʠʱʝ, ʢʣʫʤʙʠ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʂɿʈ. ʅʘ ʧʨʦʪʠʚʘʛʫ, ʦʙôʻʢʪʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ 

(ʙʫʜʽʚʣʽ, ʢʫʪʦʚʽ ʚʽʜʙʠʚʘʯʽ, ʤʦʩʪʠ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʂɿʈ. 

ɿ ʘʥʘʣʽʟʫ ʢʘʨʪ ʢʫʪʽʚ ʚʽʟʫʚʘʥʥʷ ᶧ ʪʘ ɗ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 4.4, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʟʜʽʡʩʥʶʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʚʦʣʦʛʦʩʪʽ. 

ɿʛʽʜʥʦ ʪʘʙʣ. 4.4, ʜʣʷ ʊɼ1 ʟʥʘʯʝʥʥʷ  ᵻʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 37,16 ʜʦ 45,33Á, ʧʨʠ ʪʦʤʫ ʱʦ ʚ 

ʤʝʞʘʭ ʢʦʞʥʦʾ ʟ ʊɼ ʚ ʢʦʞʥʫ ʚʫʟʣʦʚʫ ʜʘʪʫ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ  ᵻʻ ʥʝʟʥʘʯʥʠʤ (ʚʽʜ 0,3 ʜʦ 
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0,11Á), ʱʦ ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽ ʥʘ ʢʘʨʪʘʭ ɗ. ʃʦʢʘʣʴʥʽ ʤʽʥʽʤʫʤʠ ɗ ʥʘ ʨʠʩ. 

4.4ʜ,ʝ,ʻ,ʞ ʚʠʥʠʢʘʶʪʴ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʫʭʠʣʦʤ ʩʭʠʣʫ ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʦʨʽʻʥʪʘʮʽʻʶ ʚ ʙʽʢ ʩʝʥʩʦʨʘ. 

 

 

ʈʠʩ. 4.4. ʂʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʫʪʘ ʚʽʟʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ 

Sentinel-1 A/B: ʘ, ʜ ï ʢʫʪ ʚʽʟʫʚʘʥʥʷ, ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʚʽʜʥʦʩʥʦ ʤʦʜʝʣʽ ʝʣʽʧʩʦʾʜʘ  ᵻʪʘ 

ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ ɗ ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ1  çʇʦʣʝ ʘʚʽʘʤʦʜʝʣʽʩʪʽʚè 4 ʢʚʽʪʥʷ 2019 

ʨʦʢʫ; ʙ, ʝ ï ᶧ ʪʘ ɗ ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ2  çʄʣʠʥʥʝè 3 ʪʨʘʚʥʷ 2019 ʨʦʢʫ; ʚ, ̒  ï ᶧ ʪʘ ɗ 

ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ3  çɺʠʰʝʥʴʢʠè 3 ʪʨʘʚʥʷ 2019 ʨʦʢʫ; ʛ, ʞ ï ᶧ ʪʘ ɗ ʚʽʜʧʦʚʽʜʥʦ ʚ 

ʤʝʞʘʭ ʊɼ4  çʊʝʨʥʽʚʢʘè 21 ʯʝʨʚʥʷ 2019 ʨʦʢʫ 

 

ʆʪʨʠʤʘʥʽ ʧʨʦʩʪʦʨʦʚʽ ʨʦʟʧʦʜʽʣʠ ůVH, ůVV ʪʘ ɗ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ Ůʢ 

ʪʘ s ʪʘ ʦʪʨʠʤʘʥʥʷ ʢʘʨʪ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩ. 4.5). ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚ 3.1.1, 

ʜʣʷ ʜʚʦʭ ʧʦʣʷʨʠʟʘʮʽʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʻʜʠʥʝ ʟʥʘʯʝʥʥʷ Ů, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʩʧʽʣʴʥʫ ʬʽʟʠʯʥʫ 

ʧʨʠʨʦʜʫ ʪʘʢʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʊʦʤʫ, ʚ ɸʣʛʦʨʠʪʤʽ 3.1.2 ʦʧʠʩʘʥʦ ʧʦʢʨʦʢʦʚʫ ʧʨʦʮʝʜʫʨʫ 

ʦʙʯʠʩʣʝʥʥʷ Ůʢ, ʷʢ ʦʜʥʦʛʦ ʟ ʦʩʥʦʚʥʠʭ ʧʨʝʜʠʢʪʦʨʽʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, 

ʱʦ ʦʢʘʟʫʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʾʾ ʤʦʜʝʣʴ. ʅʘ ʧʨʠʢʣʘʜʽ ʊɼ1 ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ Ůʢ (ʈʠʩ. 4.5ʘ) ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʣʦʢʘʣʽʟʘʮʽʻʶ ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ůVV (ʈʠʩ. 4.53). 
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ʈʠʩ. 4.5. ʂʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʘʣʽʙʨʦʚʘʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ Ůʢ ʪʘ 

ʰʦʨʩʪʢʦʩʪʽ s ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʦʙʯʠʩʣʝʥʽ ʟʘ ʜʘʥʠʤʠ Sentinel-1 GRDH: ʘ, ʜ ï Ůʢ ʪʘ s 

ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ1  çʇʦʣʝ ʘʚʽʘʤʦʜʝʣʽʩʪʽʚè 4 ʢʚʽʪʥʷ 2019 ʨʦʢʫ; ʙ, ʝ ï Ůʢ ʪʘ s 

ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ2  çʄʣʠʥʥʝè 3 ʪʨʘʚʥʷ 2019 ʨʦʢʫ; ʚ, ̒  ï Ůʢ ʪʘ s ʚʽʜʧʦʚʽʜʥʦ ʚ 

ʤʝʞʘʭ ʊɼ3  çɺʠʰʝʥʴʢʠè 3 ʪʨʘʚʥʷ 2019 ʨʦʢʫ; ʛ, ʞ ï Ůʢ ʪʘ s ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ4  

çʊʝʨʥʽʚʢʘè 21 ʯʝʨʚʥʷ 2019 ʨʦʢʫ 

 

ʐʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʪʝʩʪʦʚʽʡ ʜʽʣʷʥʮʽ, ʨʦʟʧʦʜʽʣ ʷʢʦʾ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ.4.5ʜ,ʝ,ʻ,ʞ, ʦʧʠʩʫʻ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʬʽʢʩʦʚʘʥʘ 

ʨʘʜʘʨʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘ ʨʠʩ. 4.5ʘ,ʙ,ʚ,ʛ 

ʟʘʢʘʨʪʦʚʘʥʦ ʧʘʨʘʤʝʪʨʢe, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ɼʇ Ů ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ 

ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʩʘʤʝ ï ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʠʩʣʦʪʥʦʩʪʽ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʰʘʨʫ. 

ʂʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʠʭ 

ʜʘʥʠʭ ʨʽʟʥʠʭ ʩʝʥʩʦʨʽʚ, ʟʘʟʥʘʯʝʥʠʭ ʚ ʪʘʙʣ. 4.2. ʇʦʙʫʜʦʚʫ ʢʘʨʪ ʜʣʷ ʢʦʞʥʦʾ ʟ ʊɼ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʘ ɸʣʛʦʨʠʪʤʦʤ 3.13. ɿʦʢʨʝʤʘ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʘʨʪʠ NV, ʦʜʝʨʞʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ PS2.SD (ʨʠʩ. 4.6ʘ,ʙ,ʚ,ʛ). ɼʘʥʠʡ 

ʧʘʨʘʤʝʪʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʪʨʴʦʭ ʝʪʘʧʘʭ ʤʝʪʦʜʠʢʠ: 1) ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ Tʤ, ʟʘ 
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ɸʣʛʦʨʠʪʤʦʤ 3.1.3; 2) ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʙʘʛʘʪʦʚʠʤʽʨʥʽʡ ʨʝʛʨʝʩʽʡʥʽʡ ʤʦʜʝʣʽ ʟʛʽʜʥʦ 

ɸʣʛʦʨʠʪʤʫ 3.2.1, ʷʢ ʦʜʥʘ ʟ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ; ʪʘ 3) ʷʢ ʢʦʤʧʦʥʝʥʪ ʥʘʙʦʨʫ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʟʛʽʜʥʦ ɸʣʛʦʨʠʪʤʫ 3.2.2. 

 

 

ʈʠʩ. 4.6. ʂʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ NDVI NV ʪʘ ʦʙʯʠʩʣʝʥʦʾ ʧʝʨʝʤʘʩʰʪʘʙʦʚʘʥʦʾ ʚ 

ʯʘʩʽ ʪʝʤʧʝʨʘʪʫʨʠ Tʦʙʯ: ʘ, ʜ ï NV ʪʘ Tʦʙʯ ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ1  çʇʦʣʝ 

ʘʚʽʘʤʦʜʝʣʽʩʪʽʚè 4 ʢʚʽʪʥʷ 2019 ʨʦʢʫ; ʙ, ʝ ï Ůʢ ʪʘ s ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ2  çʄʣʠʥʥʝè 

3 ʪʨʘʚʥʷ 2019 ʨʦʢʫ; ʚ, ̒  ï Ůʢ ʪʘ s ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ3  çɺʠʰʝʥʴʢʠè 3 ʪʨʘʚʥʷ 2019 

ʨʦʢʫ; ʛ, ʞ ï Ůʢ ʪʘ s ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ4  çʊʝʨʥʽʚʢʘè 21 ʯʝʨʚʥʷ 2019 ʨʦʢʫ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʙʫʜʦʚʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʾ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʟʝʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ Tʧ. ʇʨʦʩʪʦʨʦʚʽ ʨʦʟʧʦʜʽʣʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ Tʤ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʉɺ2 ʪʘ ʧʦʙʫʜʦʚʠ 

ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ. ʂʘʨʪʫ ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʽʚ, ʦʜʝʨʞʘʥʫ ʰʣʷʭʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʘʥʠʭ 

ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʫ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ Ů, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.7. ɺ 

ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʢʠʩʣʦʪʥʦʩʪʽ ʪʽʣʴʢʠ ʜʣʷ ʊɼ1, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʽʥʰʠʭ 

ʜʽʣʷʥʦʢ ʙʫʣʦ ʟʘʜʘʥʦ pH=7. 
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ʈʠʩ. 4.7. ʂʘʨʪʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʠʩʣʦʪʥʦʩʪʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʟʝʤʥʠʭ 

ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚ ʤʝʞʘʭ ʊɼ1  çʇʦʣʝ ʘʚʽʘʤʦʜʝʣʽʩʪʽʚè 

 

4.2.2. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ʂʨʽʤ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ, ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʙʫʣʦ ʦʙʯʠʩʣʝʥʦ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʩʮʝʚʦʩʪʽ ʪʘ 

ʚʨʘʭʦʚʫʶʪʴ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʦʢʨʝʤʘ, ʥʘ ʨʠʩ. 4.8ʘ,ʙ,ʚ,ʛ 

ʥʘʚʝʜʝʥʦ ʢʘʨʪʠ ʣʦʢʘʣʴʥʠʭ ʜʝʚʽʘʮʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ (g). ʃʦʢʘʣʴʥʽ ʤʽʥʽʤʫʤʠ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʥʝʨʽʚʥʦʩʪʷʤʠ ʨʝʣʴʻʬʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʟʛʣʘʜʞʝʥʽʡ ʎʄʄ AW3D30. ʎʝʡ ʧʘʨʘʤʝʪʨ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚ ʤʦʜʝʣʽ 

ʣʦʢʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ůVH ʪʘ ůVV ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ. ʂʨʽʤ ʪʦʛʦ, ʧʘʨʘʤʝʪʨʠ ɔ, ɝ ʪʘ ɣ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʥʘʧʨʷʤʢʫ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʘʜʘʨʫ ʪʘ ʣʽʥʽʾ ʥʦʨʤʘʣʽ ʜʦ ʝʣʝʤʝʥʪʘ ʤʽʩʮʝʚʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʫʪʽʚ 

ᶧ (f )ᵻ ʪʘ ɗ (f )ᵻ (ʨʠʩ. 4.8). 
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ʈʠʩ. 4.8. ʂʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ: ʘ, ʜ, ʢ ï ʧʘʨʘʤʝʪʨ ʣʦʢʘʣʴʥʠʭ ʜʝʚʽʘʮʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ (g) 

ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʦʢʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʘʜʘʨʫ ʪʘ ʣʽʥʽʾ ʥʦʨʤʘʣʽ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘ ʤʽʩʮʝʚʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʫʪʽʚ ᶧ (f )ᵻ ʪʘ ɗ (f )ᵻ ʚʽʜʧʦʚʽʜʥʦ 

ʚ ʤʝʞʘʭ ʊɼ1 ʟʘ 4 ʢʚʽʪʥʷ 2019 ʨʦʢʫ; ʙ, ʝ, ʣ ï  g, fᵻ  ʪʘ f  ᵻʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ2 ʟʘ 3 

ʪʨʘʚʥʷ 2019 ʨʦʢʫ; ʚ, ʞ, ʤ ï g, fᵻ  ʪʘ f  ᵻʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ3 ʟʘ 3 ʪʨʘʚʥʷ 2019 ʨʦʢʫ; 

ʛ, ʠ, ʥ ï g, fᵻ  ʪʘ f  ᵻʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ ʊɼ4 ʟʘ 21 ʯʝʨʚʥʷ 2019 ʨʦʢʫ 

 

ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ AW3D ʦʪʨʠʤʘʥʦ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ 

ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ (j) (ʨʠʩ. 4.9). ʅʦʨʤʘʣʽʟʘʮʽʶ ʨʝʣʴʻʬʫ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʫʚʽʛʥʫʪʦʩʪʽ ʨʝʣʴʻʬʫ Ɋ ʟʘ ɸʣʛʦʨʠʪʤʦʤ 3.1.4. ʄʽʥʽʤʫʤʠ 

ʪʘ ʤʘʢʩʠʤʫʤʠ ʦʙʠʨʘʣʠʩʴ ʦʢʨʝʤʦ ʜʣʷ ʊɼ ʚ ʤʝʞʘʭ ʢʣʘʩʪʝʨʽʚ h1 Ò 60 ʤ, 60 < h2 Ò 120 ʤ, 

ʪʘ h3 > 120 ʤ 
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ʈʠʩ. 4.9. ʂʘʨʪʘ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ j ʚ ʤʝʞʘʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ: ʘ ï

ʊɼ1  çʇʦʣʝ ʘʚʽʘʤʦʜʝʣʽʩʪʽʚè, ʙ ïʊɼ2  çʄʣʠʥʥʝè, ʚ ï ʊɼ3  çɺʠʰʝʥʴʢʠè, ʛ ï ʊɼ4  

çʊʝʨʥʽʚʢʘè 

 

4.3. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 

 

ʋ ʟʚʠʯʘʡʥʽʡ ʧʨʘʢʪʠʮʽ ʢʽʣʴʢʽʩʪʴ ʟʘʚʽʨʢʦʚʠʭ ʜʘʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ, 

ʷʢ ʚ ʨʘʟʽ ʤʘʣʦʾ ʚʠʙʽʨʢʠ ʚ ʟʘʜʘʯʘʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ (ɺʦʨʦʥʠʥ, 2014). ʆʪʞʝ, 

ʚʠʢʦʨʠʩʪʘʥʘ ʙʘʛʘʪʦʚʠʤʽʨʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ ʦʮʽʥʢʘ ʧʘʨʘʤʝʪʨʘ 

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʥʘ 

ʦʩʥʦʚʽ ʚʠʙʽʨʢʠ ʦʙʤʝʞʝʥʦʛʦ ʦʙʩʷʛʫ. 

 

4.3.1. ɹʘʛʘʪʦʚʠʤʽʨʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ 

 

ʊʝʩʪʫʚʘʥʥʷ ʽ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʥʘ ʧʨʠʢʣʘʜʽ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ (ʉʚʽʜʝʥʶʢ, 2021). ʆʜʥʦʚʠʤʽʨʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ W 

ʚʽʜ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʦʢʨʝʤʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʝ ʻ ʜʦʮʽʣʴʥʠʤ, ʘ ʨʝʟʫʣʴʪʘʪ ʥʝ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ 

ʽʥʬʦʨʤʘʪʠʚʥʠʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ ʨʠʩ. 4.10. ɿʦʢʨʝʤʘ, ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʽʾ ʥʝʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʉɺ2 ʪʘ ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ: ůVH, ůVV, NV ʪʘ Tʤ. 
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ʈʠʩ. 4.10. ʈʝʟʫʣʴʪʘʪʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ Wʧ ʚʽʜ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʡ: ʘ ï ʂɿʈ VH, ʙ ï 

ʂɿʈ VV, ʚ ï ɼʇ, ʛ ï NDVI, ʜ ï ʚʽʜʥʦʰʝʥʥʷ ʂɿʈ VH ʪʘ VV, ʝ ï ʜʦʙʫʪʦʢ ʂɿʈ VH ʪʘ 

NDVI, ʻï ʜʦʙʫʪʦʢ ʂɿʈ VH ʪʘ Tʜʠʩ, ʞ ï ʜʦʙʫʪʦʢ ʂɿʈ VH, NDVI ʪʘ Tʜʠʩ 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʥʘ ʨʠʩ. 

4.10ʘ,ʙ,ʚ,ʛ,ʜ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʥʝʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʦʙʤʝʞʫʶʯʠʩʴ ʚʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 

ʇʝʚʥʝ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʪʝʨʤʽʥʘʮʽʾ R2 ʜʦʩʷʛʘʻʪʴʩʷ ʢʦʤʙʽʥʫʚʘʥʥʷʤ ʨʽʟʥʠʭ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 4.3-4.9). ɼʦʜʘʪʢʦʚʦ, ʾʭ ʥʝʣʽʥʽʡʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʨʘʟʦʤ ʟ ʢʦʤʙʽʥʫʚʘʥʥʷʤ, ʧʽʜʚʠʱʠʣʦ ʟʘʛʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʦʙʯʠʩʣʝʥʥʷ W ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʦʜʥʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʦ ʤʦʜʝʣʴ (4.2), ʱʦ ʟʘʙʝʟʧʝʯʫʻ R2 = 0,54: 
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ʜʝ Wʦʙʯ ï ʦʙʯʠʩʣʝʥʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, %; ůVH ï ʣʦʛʘʨʠʬʤʽʯʥʠʡ ʂɿʈ ʚ VH-ʧʦʣʷʨʠʟʘʮʽʾ; 

ůVV ï ʣʦʛʘʨʠʬʤʽʯʥʠʡ ʂɿʈ ʚ VV-ʧʦʣʷʨʠʟʘʮʽʾ; fɗ ï ʧʘʨʘʤʝʪʨ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʥʘ 



132 

ʦʩʥʦʚʽ ɗ; ‐ʢ ï ʢʘʣʽʙʨʦʚʘʥʘ ʚʽʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ˇʨʫʥʪʫ; PV ï ʧʨʦʝʢʪʠʚʥʝ 

ʧʦʢʨʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ; ű ï ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʨʝʣʴʻʬ. 

 

ʆʪʞʝ, ʦʜʥʦʚʠʤʽʨʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʦʙʯʠʩʣʝʥʥʷ Wʦʙʯ (ʨʠʩ. 4.11). 

 

 

ʈʠʩ. 4.11. ʈʝʟʫʣʴʪʘʪʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ Wʧ ʚʽʜ ʢʦʤʙʽʥʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ 

 

ɸʥʘʣʽʟ ʚʽʜʭʠʣʝʥʴ ʚʠʤʽʨʷʥʠʭ ʽ ʤʦʜʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ 

ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʤʦʜʝʣʽ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʻ ʩʪʘʪʠʩʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ 

ʝʪʘʣʦʥʥʠʤʠ ʪʘ ʦʙʯʠʩʣʝʥʠʤʠ ʜʘʥʠʤʠ. ɼʦʜʘʪʢʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʜʦʩʷʛʘʻʪʴʩʷ ʫʩʫʥʝʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʢʠʜʽʚ ï ʧʨʠʙʣʠʟʥʦ 5-10 % ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʟʘʩʪʦʩʦʚʘʥʦ ɸʣʛʦʨʠʪʤ 3.2.1. 

(ʨʠʩ. 4.12). 
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ʈʠʩ. 4.12. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʠʤʽʨʷʥʦʶ W ʪʘ ʦʙʯʠʩʣʝʥʦʶ 
ʦʙʯ

W   ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʫ 

 

ɹʘʛʘʪʦʚʠʤʽʨʥʫ ʨʦʙʘʩʪʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʚʽʜʪʚʦʨʝʥʦ ʧʦ 105 ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ, 

ʱʦ ʩʬʦʨʤʦʚʘʥʽ ʫ ʉɺ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ 11 ʩʧʦʩʪʝʨʝʞʝʥʴ-ʚʠʢʠʜʽʚ ʉɺ1. ɼʦ ʧʨʠʢʽʥʮʝʚʦʾ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚʭʦʜʷʪʴ ʬʽʟʠʯʥʽ ʪʘ 

ʙʽʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʦʧʪʠʯʥʦʾ ʪʘ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʨʘʜʘʨʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ, ʘ 

ʪʘʢʦʞ ʧʦʣʴʦʚʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ 

ʤʦʜʝʣʽ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʜʽʡʩʥʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʙʽʣʴʰʦʩʪʽ ʨʝʛʨʝʩʦʨʽʚ. 

ʇʦʚʥʠʡ ʚʠʨʘʟ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ 
Hʢ
s  ï ʢʘʣʽʙʨʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʚʠʤʽʨʷʥʦʛʦ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ, 
Vʢ
s  ï ʢʘʣʽʙʨʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, 

ʚʠʤʽʨʷʥʦʛʦ ʚ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ, J ï ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʥʘ ʝʣʽʧʩʦʾʜ ʣʦʢʘʣʴʥʠʡ ʢʫʪ 

ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, ʨʘʜ, q ï ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʥʘ ʝʣʝʤʝʥʪ ʤʽʩʮʝʚʦʩʪʽ 

ʣʦʢʘʣʴʥʠʡ ʢʫʪ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ  ʭʚʠʣʽ, ʨʘʜ, 
J

f  ï ʧʘʨʘʤʝʪʨ ʚʨʘʭʫʚʘʥʥʷ 

ʥʘʧʨʷʤʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʘʜʘʨʫ ʪʘ ʣʽʥʽʾ ʥʦʨʤʘʣʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘ ʤʽʩʮʝʚʦʩʪʽ 

ʥʘ ʦʩʥʦʚʽ J, 
q

f  ï ʧʘʨʘʤʝʪʨ ʚʨʘʭʫʚʘʥʥʷ ʥʘʧʨʷʤʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʘʜʘʨʫ ʪʘ ʣʽʥʽʾ 

ʥʦʨʤʘʣʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘ ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʦʩʥʦʚʽ q, 
V

N  ï NDVI, g ï ʧʦʢʘʟʥʠʢ 

ʣʦʢʘʣʴʥʠʭ ʜʝʚʽʘʮʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ, 
ʢ
e ï ʚʽʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ, ʢʘʣʽʙʨʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʠʩʣʦʪʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ, s ï 

ʰʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, j ï ʧʘʨʘʤʝʪʨ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ, 
ʤ

T  ï ʤʘʩʰʪʘʙʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, K. 

 

ʂʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. ʅʘʚʝʜʝʥʫ ʥʘ ʨʠʩ. 4.12 ʨʝʛʨʝʩʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ. ɸʣʝ ʤʝʪʦʜʠʢʦʶ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. ʊʦʤʫ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ Tʜʠʩ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʥʘʜ ʉɺ2, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ (4.3). ʈʝʟʫʣʴʪʘʪ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ʽʣʶʩʪʨʫʻʪʴʩʷ ʥʘ ʨʠʩ. 4.13. 
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ʈʠʩ. 4.13. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʠʤʽʨʷʥʦʶ W ʪʘ ʦʙʯʠʩʣʝʥʦʶ Wʦʙʯ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

 

4.3.2. ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʥʘʜ ʉɺ1 ʜʝʤʦʥʩʪʨʫʻ ʩʠʣʴʥʠʡ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʦʜʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʦʣʦʛʦʩʪʽ Wʦʙʯ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʟʝʤʥʠʭ 

ʟʘʚʽʨʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ W. ɿʦʢʨʝʤʘ, ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʜʘʻ R2 = 0,87, 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ RMSE ʩʪʘʥʦʚʠʪʴ 3,6 %, ʘ ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ 

MAE ï 2,9 %. ɼʣʷ ʚʦʣʦʛʦʩʪʽ, ʦʙʯʠʩʣʝʥʦʾ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʥʘʜ 

ʉɺ2, ʪʦʯʥʽʩʪʴ ʪʘʢʦʞ ʚʠʩʦʢʘ: R2 = 0,84, RMSE = 4,73 %, MAE = 3,5 %. 

ʆʩʢʽʣʴʢʠ ʦʙʩʷʛʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʙʽʨʦʢ ʉɺ1 ʽ ʉɺ2 ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

Wʦʙʯ ʪʘ ʤʦʙʯ
T

W  ʙʫʣʦ ʦʮʽʥʝʥʦ ʥʘ ʦʩʥʦʚʽ 69 ʩʧʦʩʪʝʨʝʞʝʥʴ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ (ʨʠʩ. 4.14). 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʦʚʠʪʴ R2 = 0,89. 
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ʈʠʩ. 4.14. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʫ 
ʦʙʯ

W , ʦʙʯʠʩʣʝʥʦʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʪʨʠʤʘʥʦʾ ʟʘ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ ʧ

ʦʙʯ

T
W  

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ Landsat-8 ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ ʟ ʜʦʩʪʦʚʽʨʥʽʩʪʶ R2 = 0,677 (Sadeghi et al., 2017), ʘ ʟʘ ʜʘʥʠʤʠ Sentinel-2 

ʚʦʣʦʛʽʩʪʴ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟ ʪʦʯʥʽʩʪʶ RMSE = 5,06 % ʧʨʠ R2 = 0,701 (Ainiwaer et al., 

2021). ʇʨʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʽ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ ʢʦʤʙʽʥʫʚʘʥʥʷ ʤʦʜʝʣʝʡ IEM 

ʪʘ WCM ʪʘ ʥʘʚʯʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (ʐʅʄ) ʜʦʟʚʦʣʠʣʦ 

ʦʙʯʠʩʣʠʪʠ ʚʦʣʦʛʽʩʪʴ ʟ ʪʦʯʥʽʩʪʶ RMSE = 5,13 %, ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ Sentinel-1 GRDH 

(VV+VH) ʪʘ Sentinel-2 MSI (El Hajj et al., 2017). ʅʘ ʽʥʰʽʡ ʚʠʙʽʨʮʽ ʜʘʥʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʠʚ ʚʽʜʥʦʚʠʪʠ ʚʦʣʦʛʽʩʪʴ ʟ ʪʦʯʥʽʩʪʶ RMSE = 5,8 % (Bousbih et al., 2018) ʪʘ RMSE 

= 6,0 % (Baghdadi et al., 2019). ɿʘʣʫʯʝʥʥʷ ʜʦ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʦʧʦʨʥʠʭ 

ʚʝʢʪʦʨʽʚ ʥʝ ʣʠʰʝ ʨʘʜʘʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ, ʘʣʝ ʱʝ ʡ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ 

ʷʢ ʥʘʭʠʣ ʪʘ ʝʢʩʧʦʟʠʮʽʷ ʨʝʣʴʻʬʫ, ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʦʙʯʠʩʣʠʪʠ ʚʦʣʦʛʽʩʪʴ ʟ R2 = 0,859 ʪʘ 

RMSE = 9,65 % (Holtgrave et al., 2018). ʆʪʞʝ, ʦʪʨʠʤʘʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 
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ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʪʦʯʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʽʜʦʤʠʤʠ. 

 

4.3.3. ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʟʫ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ (ʧ. 2.3.3) ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʠʪʠ ʬʘʢʪʦʨʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ (ʨʠʩ. 4.15). ɸʥʘʣʽʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʥʘʙʦʨʫ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʥʘʥʦ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab. 

 

 

ʈʠʩ. 4.15. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʬʘʢʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ: ʘ ï 

ʢʦʨʝʣʷʮʽʡʥʠʡ ʢʨʫʛ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ; ʙ ï ʛʽʩʪʦʛʨʘʤʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʛʦʣʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʚʠʷʚʣʝʥʦ, ʱʦ 90 % ʧʦʚʥʦʾ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʽʩʪʴʤʘ ʧʝʨʰʠʤʠ ʛʦʣʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʘʙʦʨʫ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ï ʨʝʛʨʝʩʦʨʽʚ ʤʦʜʝʣʽ. ʅʘʡʽʥʬʦʨʤʘʪʠʚʥʽʰʠʤ ʨʝʛʨʝʩʦʨʦʤ ʻ 

ʰʦʨʩʪʢʽʩʪʴ, ʩʢʦʤʙʽʥʦʚʘʥʘ ʟ ʚʝʛʝʪʘʮʽʡʥʠʤ ʽʥʜʝʢʩʦʤ ï ~16,5 %. ʅʘʡʤʝʥʰ 

ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʻ ʨʝʛʨʝʩʦʨ, ʱʦ ʧʦʻʜʥʫʻ Ůʢ, NV, ʪʘ q
f . ʆʮʽʥʢʠ ʬʘʢʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʚʩʽʭ ʨʝʛʨʝʩʦʨʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.1. 
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 ʊʘʙʣʠʮʷ 4.1. 

ʆʮʽʥʢʠ ʬʘʢʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

 ̄

ʧ/ʧ 
ʈʝʛʨʝʩʦʨ ʤʦʜʝʣʽ 

ʌʘʢʪʦʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, % 

N=116 N=105 

1 10)log(
VHʢʤ

T s
 

12,867 13,096 

2 10/)log(
VVʢʤ

T s
 

11,752 10,982 

3 5,25sin -J  5,482 6,167 

4 Vʢ N+e
qcos  7,578 6,392 

5 VN
f
J  5,516 7,147 

6 42
/)(
q

e fN
Vʢ

+  4,400 6,125 

7 3.2|| g
 

9,506 9,895 

8 ( )1-

+
Vʢ

Ne  7,535 7,800 

9 5
VN

s  15,707 16,466 

10 
V

N/2j  15,444 7,255 

11 2

V
N  4,213 8,675 

 

 

4.4. ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʦʚʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ 

 

ɹʘʛʘʪʦʚʠʤʽʨʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ (4.3) ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧ

ʦʙʯ

T
W  ʪʘ 

ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʥʘʙʽʨ ʥʝʦʙʭʽʜʥʠʭ ʚʭʽʜʥʠʭ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʬʦʨʤʘʪʽ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʛʝʦʛʨʘʬʽʯʥʦʶ 

ʧʨʠʚôʷʟʢʦʶ. ʆʩʢʽʣʴʢʠ ʾʭ ʙʫʣʦ ʦʙʯʠʩʣʝʥʦ ʟʘ ʨʽʟʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ 

ʜʘʥʠʭ, ʪʦʤʫ ʚʩʽ ʚʦʥʠ ʙʫʣʠ ʧʨʠʚʝʜʝʥʽ ʜʦ ʩʧʽʣʴʥʦʛʦ ʨʘʩʪʨʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ S1 GRDH ʰʣʷʭʦʤ ʧʦʧʘʨʥʦʾ ʢʦʨʝʻʩʪʨʘʮʽʾ ʪʘ ʧʦʚʪʦʨʥʦʛʦ ʽʥʪʝʨʧʦʣʶʚʘʥʥʷ.  

ɼʣʷ ʤʘʩʢʫʚʘʥʥʷ ʥʝʙʘʞʘʥʠʭ ʢʣʘʩʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ (ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ, ʜʝʨʝʚʥʘ 

ʨʦʩʣʠʥʥʽʩʪʴ, ʚʦʜʘ ʪʦʱʦ) ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʥʘʙʦʨʫ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ PS2.SD ʪʘ ʚʭʽʜʥʠʭ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ï NDVI, ůVH, ůVH, Tʦʙʯ, ɣ ï ʤʝʪʦʜʦʤ SVM (Support Vector Machine), 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.16ʚ-4.19ʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʢʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʪʘ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʊɼ1 ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.16. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚ ʤʝʞʘʭ ʊɼ1 çʇʦʣʝ ʘʚʽʘʤʦʜʝʣʽʩʪʽʚè (ʨʠʩ. 4.16ʘ.), 
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ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʦʯʘʩʦʚʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ. ɿʦʢʨʝʤʘ, NV ʙʫʚ 

ʦʙʯʠʩʣʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ PS2.SD ʟʘ 3 ʢʚʽʪʥʷ 2019 ʨʦʢʫ ʪʘ, Tʜʠʩ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

EOS MODIS ʟʘ 4 ʢʚʽʪʥʷ 2019 ʨʦʢʫ ʪʘ S1 GRDH ʟʘ 4 ʢʚʽʪʥʷ 2019 ʨʦʢʫ. ʇʨʦʩʪʦʨʦʚʠʡ 

ʨʦʟʧʦʜʽʣ ʧ

ʦʙʯ

T
W  ʨʠʩ. 4.16ʙ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʡʚʠʱʫ ʚʦʣʦʛʽʩʪʴ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʤʝʞʘʭ ʊɼ1. 

ʏʘʩʪʠʥʘ ʧʦʙʫʜʦʚʘʥʦʾ ʢʘʨʪʠ (ʨʠʩ. 4.16ʙ) ʟʘʤʘʩʢʦʚʘʥʘ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʟʘʡʤʘʻ 

ʜʝʨʝʚʥʘ ʨʦʩʣʠʥʥʽʩʪʴ (ʟʦʢʨʝʤʘ, ʯʘʩʪʠʥʘ ɻʦʣʦʩʽʾʚʩʴʢʦʛʦ ʣʽʩʫ) ʪʘ ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ 

(ʨʠʩ.4.16ʚ). 

 

 

ʈʠʩ. 4.16. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʚ ʤʝʞʘʭ ʊɼ1  çʇʦʣʝ 

ʘʚʽʘʤʦʜʝʣʽʩʪʽʚè: ʘ ï ʟʦʙʨʘʞʝʥʥʷ PS2.SD ʚ ʫʤʦʚʥʠʭ ʢʦʣʴʦʨʘʭ ʟʘ 3 ʢʚʽʪʥʷ 2019 ʨʦʢʫ 

(RGB: 820 ʥʤ, 630 ʥʤ, 545 ʥʤ), ʙ ï ʢʘʨʪʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʚ ï ʢʘʨʪʘ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ: 1 ï ʥʝʤʘʻ ʜʘʥʠʭ, 2 ï ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ, 3 ï ʚʽʜʢʨʠʪʽ 

ˇʨʫʥʪʠ, 4 ï ʪʨʘʚôʷʥʘ ʨʦʩʣʠʥʥʽʩʪʴ; 5 ï ʰʠʨʦʢʦʣʠʩʪʷʥʠʡ ʣʽʩ, 6 ï ʭʚʦʡʥʠʡ ʣʽʩ 

 

ʇʦʙʫʜʦʚʫ ʢʘʨʪ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚ ʤʝʞʘʭ ʊɼ2 (ʨʠʩ. 4.17ʙ) ʪʘ ʊɼ3 (ʨʠʩ. 4.18ʙ), 

ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʦʜʠʥ ʜʝʥʴ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɸ 

ʩʘʤʝ, ʟ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ PS2.SD, L8 TIRS ʪʘ S1 GRDH ʟʘ 3 

ʪʨʘʚʥʷ 2019 ʨʦʢʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ (ʨʠʩ. 4.17ʚ), 

ʚʠʷʚʣʝʥʦ, ʱʦ, ʚ ʤʝʞʘʭ ʧʦʙʫʜʦʚʘʥʦʾ ʢʘʨʪʠ (ʨʠʩ. 4.17ʙ), ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʊɼ2 

ʧʦʢʨʠʪʘ ʪʨʘʚôʷʥʠʩʪʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. ɼʽʣʷʥʢʠ, ʧʦʢʨʠʪʽ ʚʦʜʥʦ-ʧʨʠʙʝʨʝʞʥʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ ʙʫʣʠ ʟʘʤʘʩʢʦʚʘʥ,̔ ʦʩʢʽʣʴʢʠ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ NDVI  ʥʝ ʜʦʟʚʦʣʷʶʪʴʩʷ 

ʦʪʨʠʤʘʪʠ ʜʦʩʪʦʚʽʨʥʠʡ ʨʝʟʫʣʴʪʘʪ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʢʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧ

ʦʙʯ

T
W  
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ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʘʥʦʤʘʣʴʥʦʶ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʫ. ɹʽʣʴʰʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʜʽʣʷʥʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʦʣʦʛʽʩʪʶ ʜʦ 30%, ʱʦ ʢʦʨʝʣʶʻ ʟ Wʧ.  

 

 

ʈʠʩ. 4.17. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʚ ʤʝʞʘʭ ʊɼ2  çʄʣʠʥʥʝèç ʘ ï 

ʟʦʙʨʘʞʝʥʥʷ PS2.SD ʚ ʫʤʦʚʥʠʭ ʢʦʣʴʦʨʘʭ ʟʘ 3 ʪʨʘʚʥʷ 2019 ʨʦʢʫ (RGB:  820 ʥʤ, 630 

ʥʤ, 545 ʥʤ), ʙ ï ʢʘʨʪʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ,  ʚ ï ʢʘʨʪʘ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ: 1 ï ʥʝʤʘʻ ʜʘʥʠʭ, 2 ï ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ, 3 ï ʚʽʜʢʨʠʪʽ ˇʨʫʥʪʠ, 4 ï ʪʨʘʚôʷʥʘ 

ʨʦʩʣʠʥʥʽʩʪʴ; 5 ï ʰʠʨʦʢʦʣʠʩʪʷʥʠʡ ʣʽʩ, 6 ï ʭʚʦʡʥʠʡ ʣʽʩ, 7 ï ʯʘʛʘʨʥʠʢʠ, 8 ï ʚʦʜʥʦ-

ʧʨʠʙʝʨʝʞʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, 9 ï ʚʦʜʥʝ ʜʟʝʨʢʘʣʦ 

 

ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʊɼ3 ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʣʠʚʥʽ ʣʫʛʠ ʜʨʝʥʘʞʥʠʭ ʩʠʩʪʝʤ ʨ. ɼʥʽʧʨʦ. ɺ 

ʣʽʪʥʽʡ ʩʝʟʦʥ, ʪʝʨʠʪʦʨʽʷ ʱʽʣʴʥʦ ʧʦʢʨʠʚʘʻʪʴʩʷ ʣʫʛʦʚʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, ʱʦ ʥʝ ʜʘʣʦ ʙ 

ʟʤʦʛʫ ʟ ʚʠʩʦʢʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʟʜʽʡʩʥʠʪʠ ʦʙʯʠʩʣʝʥʥʷ ʧ

ʦʙʯ

T
W . ɿʘʛʘʣʦʤ, ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ, 

ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʢʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧ

ʦʙʯ

T
W . ɺʠʩʦʢʘ ʚʦʣʦʛʽʩʪʴ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʪʝʨʤʦʩʪʘʪʥʦ-ʚʘʛʦʚʠʤ ʤʝʪʦʜʦʤ (ʪʘʙʣ. 

ɼ.2.3). ʅʘ ʢʘʨʪʽ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʧʦʙʫʜʦʚʘʥʽʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ (ʨʠʩ. 4.18ʚ), ʪʘʢʦʞ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʚ ʤʝʞʘʭ ʢʘʨʪʠ 

(ʨʠʩ. 4.18ʙ) ʧʝʚʥʘ ʯʘʩʪʠʥʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʘ ʚʦʜʥʦ-ʧʨʠʙʝʨʝʞʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, 

ʱʦ, ʟʘʟʚʠʯʘʡ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ NDVI. ʊʦʤʫ, ʜʣʷ ʮʠʭ ʤʽʩʮʝʚʦʩʪʝʡ 

ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʥʝ ʙʫʣʘ ʚʢʣʶʯʝʥʘ ʜʦ ʢʘʨʪʠ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʜʘʥʽʡ ʜʽʣʷʥʮʽ ʧʨʠʩʫʪʥʽ 

ʚʦʜʦʡʤʠ, ʚʦʣʦʛʽʩʪʴ ʷʢʠʭ ʢʘʨʪʫʚʘʪʠ ʥʝʜʦʮʽʣʴʥʦ. 
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ʈʠʩ. 4.18. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʚ ʤʝʞʘʭ ʊɼ3  çɺʠʰʝʥʴʢʠè: ʘ ï 

ʟʦʙʨʘʞʝʥʥʷ PS2.SD ʚ ʫʤʦʚʥʠʭ ʢʦʣʴʦʨʘʭ ʟʘ 3 ʪʨʘʚʥʷ 2019 ʨʦʢʫ (RGB:  820 ʥʤ, 630 

ʥʤ, 545 ʥʤ), ʙ ï ʢʘʨʪʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ,  ʚ ï ʢʘʨʪʘ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ: 1 ï ʥʝʤʘʻ ʜʘʥʠʭ, 2 ï ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ, 3 ï ʚʽʜʢʨʠʪʽ ˇʨʫʥʪʠ, 4 ï ʪʨʘʚôʷʥʘ 

ʨʦʩʣʠʥʥʽʩʪʴ; 5 ï ʰʠʨʦʢʦʣʠʩʪʷʥʠʡ ʣʽʩ, 6 ï ʭʚʦʡʥʠʡ ʣʽʩ; 7 ï ʯʘʛʘʨʥʠʢʠ, 8 ï ʚʦʜʥʦ-

ʧʨʠʙʝʨʝʞʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, 9 ï ʚʦʜʥʝ ʜʟʝʨʢʘʣʦ 

 

ʊɼ4 ʚʽʜʨʽʟʥʷʻʪʴʩ ̫ʚʽʜ ʽʥʰʠʭ ʊɼ ʟʘ ʜʝʢʽʣʴʢʦʤʘ ʦʟʥʘʢʘʤʠ. ɿʦʢʨʝʤʘ, ʪʝʨʠʪʦʨʽʷ ʥʝ 

ʧʦʢʨʠʪʘ ʨʦʩʣʠʥʥʽʩʪʶ. ʊʘʢʦʞ, ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ Tʜʠʩ (ʪʘʙʣ. ɹ.1) ʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ 

ʜʘʥʽ (ʪʘʙʣ. 3.2, ɼ.2.2) ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʮʝʡ ʜʝʥʴ ʙʫʣʘ ʥʘʡʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ Wʧ  ʚ ʮʶ ʜʘʪʫ  ̒ʨʝʟʫʣʴʪʦʤ 

ʘʛʨʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʘ ʨʝʞʠʤʫ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʝʤʝʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʢʘʨʪʫʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʧ

ʦʙʯ

T
W  ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 15 % (ʨʠʩ. 4.19). 

ʊʠʤ ʥʝ ʤʝʥʰ, ʚ ʤʝʞʘʭ ʢʘʨʪʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʽʣʷʥʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʜʝ ʧ

ʦʙʯ

T
W  ʜʦʩʷʛʘʻ 

60 %. ɼʘʥʘ ʜʽʣʷʥʢʘ, ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʘʨʪʠ, ʧʦʢʨʠʪʘ ʪʨʘʚôʷʥʠʩʪʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, ʧʨʦ 

ʱʦ ʩʚʽʜʯʠʪʴ ʢʘʨʪʘ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ (ʨʠʩ. 4.19ʚ). ʊʘʢʠʡ ʚʠʧʘʜʦʢ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʤʦʜʝʣʴ ʩʧʦʪʚʦʨʻ ʨʝʟʫʣʴʪʘʪ, ʧʨʠʚʣʘʩʥʶʶʯʠ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʧ

ʦʙʯ

T
W  ʜʣʷ 

ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ NV. ʊʠʤ ʥʝ ʤʝʥʰ, ʟʛʽʜʥʦ ʨʠʩ. 4.19ʚ, ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ NV 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽ ʚ ʤʝʞʘʭ ʊʝʨʥʽʚʢʠ, ʘʣʝ ʧ

ʦʙʯ

T
W  ʥʝ ʧʝʨʝʚʠʱʫʻ 30%. 
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ʈʠʩ. 4.19. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʚ ʤʝʞʘʭ ʊɼ4  çʊʝʨʥʽʚʢʘè: ʘ ï 

ʟʦʙʨʘʞʝʥʥʷ PS2.SD ʚ ʫʤʦʚʥʠʭ ʢʦʣʴʦʨʘʭ ʟʘ 21 ʯʝʨʚʥʷ 2019 ʨʦʢʫ (RGB:  820 ʥʤ, 630 

ʥʤ, 545 ʥʤ), ʙ ï ʢʘʨʪʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ,  ʚ ï ʢʘʨʪʘ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ: 1 ï ʥʝʤʘʻ ʜʘʥʠʭ, 2 ï ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ, 3 ï ʚʽʜʢʨʠʪʽ ˇʨʫʥʪʠ, 4 ï ʪʨʘʚôʷʥʘ 

ʨʦʩʣʠʥʥʽʩʪʴ; 5 ï ʰʠʨʦʢʦʣʠʩʪʷʥʠʡ ʣʽʩ, 6 ï ʚʦʜʥʝ ʜʟʝʨʢʘʣʦ, 8 ï ʚʦʜʥʦ-ʧʨʠʙʝʨʝʞʥʘ 

ʨʦʩʣʠʥʥʽʩʪʴ 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ, ʥʘ ʧʨʠʢʣʘʜʽ ʢʘʨʪ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧ

ʦʙʯ

T
W  , ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ, ʚʠʤʽʨʷʥʠʭ ʧʨʷʤʠʤʠ ʤʝʪʦʜʦʤ ʪʘ ʦʙʯʠʩʣʝʥʠʭ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʧ

ʦʙʯ

T
W .  

 

4.5. ʈʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʚʧʨʦʚʘʜʞʝʥʥʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

 

ɺ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʠʱʠʭ ʨʽʚʥʽʚ, ʨʦʟʨʦʙʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʢʘʨʪʫʚʘʪʠ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʦʢʨʝʤʘ ï ʚʦʣʦʛʽʩʪʴ 

ˇʨʫʥʪʫ ʟ ʩʝʨʝʜʥʴʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ ʚ ʧʨʘʢʪʠʢʫ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʟʘʚʜʘʥʴ: 

1. ʈʦʟʨʦʙʢʘ ʭʤʘʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʝʙ-ʩʝʨʚʽʩʽʚ, ʧʨʠ ʷʢʦʤʫ ʧʦʩʪʘʯʘʣʴʥʠʢ ʨʦʟʨʦʙʣʷʻ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ 

(ʢʦʨʠʩʪʫʚʘʮʴʢʘ ʢʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʨʽʰʫʚʘʪʠ ʢʦʥʢʨʝʪʥʽ ʧʨʠʢʣʘʜʥʽ 

ʟʘʜʘʯʽ ʟ ʦʮʽʥʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʽʪ), 
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ʨʦʟʤʽʱʫʻ ʡʦʛʦ ʪʘ ʫʧʨʘʚʣʷʻ ʥʠʤ ʟ ʤʝʪʦʶ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʦʚʥʠʢʘʤʠ 

ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʦʙʤʽʥʫ TCP/IP. 

ɺʝʙ-ʟʘʩʪʦʩʫʥʦʢ ï ʨʦʟʧʦʜʽʣʝʥʠʡ ʟʘʩʪʦʩʫʥʦʢ, ʚ ʷʢʦʤʫ ʢʣʽʻʥʪʦʤ ʚʠʩʪʫʧʘʻ ʙʨʘʫʟʝʨ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʩʝʨʚʝʨʦʤ ï ʚʝʙ-ʩʝʨʚʝʨ. ʆʙʨʦʙʢʘ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ, ʘ ʬʫʥʢʮʽʷ 

ʙʨʘʫʟʝʨʘ ʧʦʣʷʛʘʻ ʧʝʨʝʚʘʞʥʦ ʫ ʦʬʦʨʤʣʝʥʥʽ ʪʘ ʧʝʨʝʜʘʯʽ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʽ 

ʚʽʜʦʙʨʘʞʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ, ʟʘʚʘʥʪʘʞʝʥʦʾ ʟ ʩʝʨʚʝʨʘ ʧʽʩʣʷ ʦʙʨʦʙʢʠ. ʆʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʢʣʽʻʥʪʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʢʦʨʠʩʪʫʚʘʯʘ, ʪʦʤʫ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʠ ʻ ʢʨʦʩ-ʧʣʘʪʬʦʨʤʥʠʤʠ ʩʝʨʚʽʩʘʤʠ. 

2. ʅʘʣʘʰʪʫʚʘʪʠ ʨʝʛʫʣʷʨʥʠʡ ʜʦʩʪʫʧ ʜʦ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʪʘ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. 

ʇʨʠ ʚʠʨʽʰʝʥʽ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ ʣʦʢʘʣʴʥʦʛʦ ʘʙʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ 

ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʥʘʜʚʠʩʦʢʦʾ, ʚʠʩʦʢʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. ɿʦʢʨʝʤʘ, ʟʘʨʘʟ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʟʥʘʭʦʜʷʪʴʩʷ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ PlanetScope PS2.SD, Sentinel-2 MSI ʪʘ Landsat 

TM/ETM+/OLI/TIRS. ɼʚʦʧʦʣʷʨʠʟʘʮʽʡʥʽ ʨʘʜʘʨʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ Sentinel-1 GRDH 

ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ ʩʝʨʝʜʥʴʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ SRTM, ASTER GDEM ʪʘ AW3D ʪʘʢʦʞ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ. 

ɿʦʙʨʘʞʝʥʥʷ ʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ PlanetScope ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʟʨʫʯʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʤʝʞʘʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ 

ʟʥʘʯʥʦʛʦ ʨʦʟʤʽʨʫ. ɼʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʤʽʥ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ 

ʤʦʞʣʠʚʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚ ʚʠʜʠʤʦʤʫ ʪʘ ʙʣʠʞʥʴʦʤʫ ɯʏ ʜʽʘʧʘʟʦʥʘʭ 

Sentinel-2 MSI. ʉʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ Landsat ʚ ʜʘʣʴʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʥʘʜʘʶʪʴ ʟʤʦʛʫ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʜʦʩʣʽʜʞʫʚʘʪʠ ʪʝʧʣʦʚʝ ʧʦʣʝ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʅʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʘʨʥʠʭ ʪʘ 

ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʦʮʽʣʴʥʦ ʩʪʚʦʨʠʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʢʘʨʪʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɰʾ ʧʽʜʩʠʩʪʝʤʘ ʦʮʽʥʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʤʘʻ ʙʫʪʠ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʶ ʟ ʽʩʥʫʶʯʠʤʠ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ɻɯʉ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʠʤʠ, ʘʛʨʘʨʥʠʤʠ ʪʘ ʫʨʙʘʥʽʟʦʚʘʥʠʤʠ 

ʪʝʨʠʪʦʨʽʷʤʠ ʪʘ ʩʫʤʽʩʥʦʶ ʟ ʥʠʤʠ ʧʦ ʬʦʨʤʘʪʘʭ ʜʘʥʠʭ ʽ ʧʨʦʪʦʢʦʣʘʭ ʦʙʤʽʥʫ. 
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3. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʧʨʠʡʥʷʪʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʦʮʽʥʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢʽ ʦʨʽʻʥʪʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ: 

ʉʝʨʚʝʨ:  

- ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʯʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʢʣʘʩʪʝʨ;  

- ʥʝ ʤʝʥʰʝ 2 ʊɹ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ;  

- ʚʽʣʴʥʠʡ ʦʙôʻʤ ʥʘ ʞʦʨʩʪʢʦʤʫ ʜʠʩʢʫ ʤʘʻ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʚʘʪʠ ʦʙôʻʤ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ;  

ʂʣʽʻʥʪ:  

- ʛʨʘʬʽʯʥʘ ʨʦʙʦʯʘ ʩʪʘʥʮʽʷ ʥʘ ʙʘʟʽ, ʱʦʥʘʡʤʝʥʰʝ, 4-ʷʜʝʨʥʦʛʦ ʧʨʦʮʝʩʦʨʫ;  

- ʥʝ ʤʝʥʰʝ 128 ɻɹ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ;  

- ʛʨʘʬʽʯʥʠʡ ʘʜʘʧʪʝʨ ʟ ʧʽʜʪʨʠʤʢʦʶ ʨʝʞʠʤʫ GPU; 

- ʦʧʪʦʚʦʣʦʢʦʥʥʝ ʯʠ ʧʨʦʚʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʝ ʤʝʥʰ 

10 ɻʙʽʪ/ʩ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʾʾ  ʜʣʷ  

ʟʘʩʪʦʩʫʚʘʥʥʷ  ʚ ʘʛʨʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʩʪʝʧʫ ʪʘ ʣʽʩʦʩʪʝʧʫ. ɿʦʢʨʝʤʘ, ʟʘʙʝʟʧʝʯʫʚʘʥʘ 

ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʶʚʘʪʠ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʫ ʪʝʨʠʪʦʨʽʡ 

ʟʘʧʦʚʽʜʥʠʢʽʚ, ʟʘʢʘʟʥʠʢʽʚ.  ʆʩʦʙʣʠʚʦ  ʝʬʝʢʪʠʚʥʦʶ  ʨʦʟʨʦʙʣʝʥʘ  ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ 

ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʪʝʨʠʪʦʨʽʡ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʽʚ, ʜʝ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʜʪʦʯʥʦʾ ʘʧʘʨʘʪʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʻ ʨʝʩʫʨʩʦʻʤʥʠʤ, ʘ ʜʦʩʪʫʧ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ ʻ ʦʙʤʝʞʝʥʠʤ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʯʠ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ. 

ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʜʣʷ 

ʩʝʨʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ʚ ʦʜʠʥ ʜʝʥʴ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʜʠʥʘʤʽʢʦʶ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʦʩʢʽʣʴʢʠ ʜʘʥʠʡ ʬʽʟʠʯʥʠʡ  ʧʘʨʘʤʝʪʨ ʻ ʽʥʝʨʪʥʠʤ ʪʘ 

ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʨʪʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʚʠʧʘʜʢʽʚ 

ʨʦʟʨʠʚʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʻ ʥʘʩʣʽʜʢʘʤʠ ʘʥʦʤʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʛʝʦʤʝʪʨʽʾ ʟʝʤʥʦʾ 
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ʧʦʚʝʨʭʥʽ ʥʝʚʽʜʦʤʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʂʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʴ ʚʠʤʘʛʘʻ ʟʘʣʫʯʝʥʥʷ ʪʝʧʣʦʚʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʩʠʥʭʨʦʥʥʦ ʟ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ ʟʦʥʜʫʚʘʥʥʷʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʦ ʟʘʣʫʯʘʪʠ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʢʦʤʝʨʮʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫ 

 

1. ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʨʝʘʣʴʥʠʭ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʪʘ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʆʜʝʨʞʘʥʦ ʢʘʨʪʠ ʧʨʦʩʪʦʨʦʚʠʭ 

ʨʦʟʧʦʜʽʣʽʚ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʩʪʚʦʨʝʥʦʶ ʤʝʪʦʜʠʢʦʶ. ʇʝʨʝʚʽʨʢʫ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚʠʢʦʥʘʥʦ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʦʙʯʠʩʣʝʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʟʥʘʯʝʥʴ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʥʘ ʯʦʪʠʨʴʦʭ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ. 

2. ʆʪʨʠʤʘʥʦ ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʟʝʤʥʠʭ 

ʟʘʚʽʨʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʟʘʩʪʦʩʦʚʘʥʦʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʩʢʣʘʜʘʻ 0,84, ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʜʦʨʽʚʥʶʻ 4,73 %, 

ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ï 3,5 %, ʱʦ ʧʦʢʨʘʱʫʻ ʚʽʜʦʤʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʦʛʽʯʥʠʭ 

ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 6,5 ï 18 %. 

3.  ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ 

ʜʣʷ ʥʘʙʦʨʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ, ʦʜʝʨʞʫʚʘʥʠʭ ʱʦʜʝʥʥʦ 

ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʦʩʢʽʣʴʢʠ ʜʘʥʠʡ ʬʽʟʠʯʥʠʡ 

ʧʘʨʘʤʝʪʨ ʻ ʤʽʥʣʠʚʠʤ ʪʘ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

4. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʨʪʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ 

ʚʠʧʘʜʢʽʚ ʬʽʟʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʬʫʥʢʮʽʾ, ʷʢʘ ʦʧʠʩʫʻ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʽ IEM, ʱʦ ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ ʻ ʥʘʩʣʽʜʢʘʤʠ ʘʥʦʤʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʛʝʦʤʝʪʨʽʾ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʂʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʴ ʚʠʤʘʛʘʻ ʟʘʣʫʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, 

ʦʪʨʠʤʘʥʠʭ ʩʠʥʭʨʦʥʥʦ ʟ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ ʟʦʥʜʫʚʘʥʥʷʤ. ʆʪʞʝ, ʜʣʷ ʮʴʦʛʦ ʤʦʞʣʠʚʦ 

ʟʘʣʫʯʘʪʠ ʢʦʤʝʨʮʽʡʥʽ ʜʠʩʪʘʥʮʽʡʥʽ ʜʘʥʽ, ʥʝ ʣʠʰʝ ʩʫʧʫʪʥʠʢʦʚʽ, ʘ ʽ ʘʚʽʘʮʽʡʥʽ. 
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ʈɽɿʋʃʔʊɸʊʀ ʊɸ ɺʀʉʅʆɺʂʀ 

 

1. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʨʠʩʪʘʥʦ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʽ ʨʘʜʘʨʥʽ 

ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ Sentinel-1 GRDH ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 10 ʤ. ʉʫʧʫʪʥʠʢʠ 

ʟʜʽʡʩʥʶʶʪʴ ʟʦʥʜʫʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ C-ʜʽʘʧʘʟʦʥʽ, ʦʪʨʠʤʫʶʯʠ ʚʝʨʪʠʢʘʣʴʥʦ ʘʙʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʩʠʛʥʘʣ, ʚʽʜʙʠʪʠʡ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɹʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʦʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ PlanetScope PS2.SD, ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 3,7 ʤ, ʩʣʫʛʫʶʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʪʝʧʣʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʥʠʟʴʢʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

MODIS Terra, Landsat-7 ETM+ ʪʘ Landsat-8 OLI. ɺ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚ 

ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʽʚ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ 

ʚʧʣʠʚ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʩʮʝʚʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʎʄʄ ALOS AW3D. 

ʈʘʜʘʨʥʽ ʪʘ ʦʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʙʫʣʠ ʦʙʨʘʥʽ ʚ ʟʛʽʜʥʦ ʜʘʪʠ ʧʨʦʚʝʜʝʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ Sentinel-1. 

2. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʜʠʩʪʘʥʮʽʡʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɯʩʥʫʶʯʽ ʝʤʧʽʨʠʯʥʽ ʪʘ ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ ʥʝ ʟʘʚʞʜʠ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʥʦʚʠʭ 

ʜʽʣʷʥʢʘ ʚ ʤʝʞʘʭ ʣʽʩʦ-ʩʪʝʧʦʚʦʾ ʟʦʥʠ. ɼʣʷ ʘʥʘʣʽʟʫ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʦʙʨʘʥʦ ʚʽʜʦʤʫ ʬʽʟʠʢʦ-ʪʝʦʨʝʪʠʯʥʫ ʤʦʜʝʣʴ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ (Integral Equation Model) ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʫ ʤʘʣʠʭ ʟʙʫʨʝʥʴ ʟ ʜʦʜʘʪʢʦʚʦʶ 

ʢʦʨʝʢʮʽʻʶ ʟʘ ʢʠʩʣʦʪʥʽʩʪʴ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ˇʨʫʥʪʫ. ʊʝʤʧʝʨʘʪʫʨʫ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʷ ʟʘ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʽʥʬʨʘʯʝʨʚʦʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʥʝʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʇʣʘʥʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʟʘʣʝʞʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʟʦʙʨʘʞʝʥʥʷʤʠ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

3. ɺ ʤʝʪʦʜʠʮʽ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʽ ʤʝʪʦʜʠ 

ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ. ɿʦʢʨʝʤʘ, ʦʙʯʠʩʣʝʥʥʷ ɼʇ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʽʥʚʝʨʪʦʚʘʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ IEM (Integral Equation 

Model) ʟʽ ʩʪʘʣʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʜʽʫʩʫ ʢʦʨʝʣʷʮʽʾ ʜʦ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʂʘʣʽʙʨʫʚʘʥʥʷ  
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4. ɺʩʽ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ ʧʦʻʜʥʘʥʦ ʚ ʮʽʣʽʩʥʫ ʤʝʪʦʜʠʢʫ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʆʩʥʦʚʥʠʤ ʟʤʽʩʪʦʤ ʤʝʪʦʜʠʢʠ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʦʙôʻʤʥʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʥʘ ʦʩʥʦʚʽ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. ɼʦʜʘʪʢʦʚʦ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʠʢʠ ʟʘ ʜʠʩʪʘʥʮʽʡʥʠʤʠ 

ʜʘʥʠʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʽ 

ʰʦʨʩʪʢʽʩʪʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ, ʛʝʦʤʝʪʨʠʯʥʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʽ ʣʦʢʘʣʴʥʽ ʜʝʚʽʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʽʜʙʠʪʪʷ. 

5. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʟʝʤʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʤʘʡʞʝ ʥʘ 28-38 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ ï 

ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ Landsat-8, Sentinel-1  ʪʘ Sentinel-2. ɺ ʨʦʟʨʦʙʣʝʥʽʡ 

ʤʝʪʦʜʠʮʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʟʘʩʪʦʩʦʚʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ 0,87 

ʧʨʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽʡ ʧʦʭʠʙʮʽ 3,6 %. 

6. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʻ ʘʜʘʧʪʦʚʘʥʦʶ ʜʣʷ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʛʨʦ-ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚʘʭ ʩʪʝʧʫ ʪʘ ʣʽʩʦʩʪʝʧʫ. ɿʘʙʝʟʧʝʯʫʚʘʥʘ ʤʝʪʦʜʠʢʦʶ ʪʦʯʥʽʩʪʴ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʶʚʘʪʠ 

ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʫ ʪʝʨʠʪʦʨʽʡ ʟʘʧʦʚʽʜʥʠʢʽʚ,  ʟʘʢʘʟʥʠʢʽʚ. ʆʩʦʙʣʠʚʦ 

ʝʬʝʢʪʠʚʥʦʶ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʙʫʜʝ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚʝʣʠʢʠʭ 

ʪʝʨʠʪʦʨʽʡ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʚʪʦʥʦʤʥʦʾ ʥʘʟʝʤʥʦʾ ʘʧʘʨʘʪʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʻ 

ʨʝʩʫʨʩʦʻʤʥʠʤ, ʘ ʜʦʩʪʫʧ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ ʻ ʦʙʤʝʞʝʥʠʤ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʯʠ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ. ɯʥʰʦʶ 

ʧʝʨʝʚʘʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʩʝʨʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʦʩʢʽʣʴʢʠ ʜʘʥʠʡ 

ʬʽʟʠʯʥʠʡ  ʧʘʨʘʤʝʪʨ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

7. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʨʪʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ 

ʚʠʧʘʜʢʽʚ ʬʽʟʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʬʫʥʢʮʽʾ, ʷʢʘ ʦʧʠʩʫʻ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʽ IEM, ʱʦ ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ ʻ ʥʘʩʣʽʜʢʘʤʠ ʘʥʦʤʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʛʝʦʤʝʪʨʽʾ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʂʨʽʤ ʪʦʛʦ, ʜʦʜʘʪʢʦʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʤʝʪʦʜʽʚ 

ʫʟʛʦʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ ʜʘʥʠʭ ʚ ʨʘʟʽ ʥʝʩʠʥʭʨʦʥʥʦʛʦ ʾʭ ʦʪʨʠʤʘʥʥʷ.  



 

 

 

 

 

 

 

 

 

 

 

ɼʆɼɸʊʂʀ 
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ɼʦʜʘʪʦʢ ɸ 

ʇʨʦʛʨʘʤʥʽ ʢʦʜʠ ʤʦʜʫʣʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab 6.1.1, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʪʘ ʦʧʪʠʯʥʦʛʦ 

ʟʥʽʤʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ɸ.1. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʶ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ 

ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

// Surface roughness permittivity estimation using linear regression with SAR backscattering 

// SciLab v6.1.1 Script É 2018-2021 

clear(); 

 

function x=CubicEqRoot(a, b, c, d) 

   Delta0=b.^2-3*a.*c; 

   Delta1=2*b.^3-9*a.*b.*c+27*(a.^2).*d; 

   underroot=Delta1.^2-4*Delta0.^3; 

   pm=sign(Delta1); 

   if (or(Delta1==0)) then pm(Delta1==0)=1; end; 

   underroot3=0.5*(Delta1+pm.*sqrt(underroot)); 

   bigC=sign(underroot3).*abs(underroot3).^(1/3); 

   bigCC=bigC; 

   if (or(bigC==0)) then bigCC(bigC==0)=1; 

   end 

   x=-(b+bigC+Delta0./bigCC)./(3*a); 

endfunction 

 

function e=E_of_Av_theta(A, theta) 

   c=cos(theta); 

   A1=A+1; 

   coefA=A1.*c.^2-2; 

   coefB=A1.*c.*(2-c.^2); 

   coefC=A1.*(1-c.^4)-2 .*(1-c.^2); 

   coefD=A1.*c.*(1-c.^2).^2; 

   x=CubicEqRoot(coefA,coefB,coefC,coefD); 

   e=x.^2+(sin(theta)).^2; 

   e(find(isnan(e)))=1; 

endfunction 

 

function e=E_of_Ah_theta(A, theta) 

   e=(4*A.*((cos(theta)).^2)./(1-A).^2)+1; 

endfunction 

 

function F=SplineOverLevel(X, Y, level) 

  F=Y;  // fixed init 

  K=find(Y>level); 

  D(1,1)=(Y(K(1,1)+1)-Y(K(1,1)-1))/(X(K(1,1)+1)-X(K(1,1)-1)); 

  D(1,2)=(Y(K(1,$)+1)-Y(K(1,$)-1))/(X(K(1,$)+1)-X(K(1,$)-1)); 

  F(K)=interp(X(K),[X(K(1,1)),X(K(1,$))],[Y(K(1,1)),Y(K(1,$))],D); 

endfunction 

 

theta=0.704552  ;  // projected local incidence angle (rad) 

level=10;  // spline over-interpolation 

s0VH=0.0098697; s0VV=0.0257253;  // sigma0 values 

lambda=5.5465763e-2;  // Sentinel-1 SAR SAR wavelength [m] 

k=2*%pi/lambda;  // Sentinel-1 SAR SAR wavenumber, [1/m] 

S=1e-3:1e-4:2e-2;  // granularity size [m]
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q=4;  // correlation radius factor 

Z=2*k^2*S.*(cos(theta))^2.*sqrt(q*S.*exp(-(k*q*S.*sin(theta)).^2));  // alpha denominator 

Ah=sqrt(s0h)./Z; Av=sqrt(s0v)./Z;  // alpha values 

Eh=E_of_Ah_theta(Ah,theta); Ei=SplineOverLevel(Ah,Eh,level); 

Ev=real(E_of_Av_theta(Av,theta)); Es=SplineOverLevel(Av,Ev,level); 

clf(); plot2d(S,[Ei',Es'],style=[14,28],rect=[0,0,0.02,30],nax=[1,11,4,9],axesflag=1); 

 

// exec('C:\MODULE\EGRAN.sci'); 

 

ɸ.2. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʽʟ ʩʧʝʢʪʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʙʘʟʠ ECOSTRESS Library 
// Spectrum sorting filtering 

// SciLab 6.1.1 Script É 2006-2021 

clear(); 

 

Y=read('C:\DATA\SPECTRA\water.tapwater.none.liquid.all.tapwater.jhu.becknic.spectrum.txt',-1,2);  // raw spectrum 

Z=gsort(Y,'lr','i');  // sorted spectrum 

[F,K]=unique(Z(:,1));  // unique wavelenghts 

M=diff (K)-1;  // non-unique samples number 

for i=1:size(M,1), 

   if (M(i)>0) then 

      U(i)=mean(Z(i:(i+M(i)),2));  // non-unique samples averaging 

   else 

      U(i)=Z(i,2);  // unique samples translation 

   end; 

end; 

U($+1)=Z(K($),2); 

 

dat=mopen('C:\DATA\SPECTRA\water.tapwater.none.liquid_rect.txt','wt'); 

for i=1:size(F,1), 

mfprintf(dat,'%.4f %.6f\n',F(i),U(i)); 

end; 

mclose(dat); 

 

clf(); plot(F,U,'-g'); 

 

// exec('C:\MODULES\SpectrumRectifier.sci'); 

  

ɸ.3. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʠʧʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʦʢʨʠʚʽʚ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI 
// NDVI => land surface emissivity (LSE) relationship estimation 

// SciLab 6.1.1 Script É 2006-2021 

clear(); 

 

function [ndvi, epsi1, epsi2]=NDVILSE(A, B, X, Y) 

   D=splin(Y(:,1),Y(:,2),"natural");  // interpolating cubic spline 

   R=interp(A(:,1),Y(:,1),Y(:,2),D,"linear");  // red band interpolated reflectance 

   N=interp(B(:,1),Y(:,1),Y(:,2),D,"linear");  // NIR band interpolated reflectance 

   T=interp(X(:,1),Y(:,1),Y(:,2),D,"linear");  // TIR band interpolated reflectance 

   E=1-T/100;  // TIR band interpolated emissivity 

// clf(); plot(X(:,1),E,'-g',X(:,1),X(:,2),'-r',X(:,1),X(:,3),'-m'); 

   red=sum(A(:,2)/sum(A(:,2)).*R);  // red band integral reflectance 

   nir=sum(B(:,2)/sum(B(:,2)).*N);  // NIR band integral reflectance 

   ndvi=(nir-red)/(nir+red);  // OLI bands NDVI 

   epsi1=sum(X(:,2)/sum(X(:,2)).*E);  // TIRS band 10 integral emissivity 

   epsi2=sum(X(:,3)/sum(X(:,3)).*E);  // TIRS band 11 integral emissivity 
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endfunction 

 

mprintf('\n   NDVI and land surface emissivity speclib estimation\n'); 

A=read('C:\DATA\Red-RSR.dat',-1,2);  // red band spectral response 

B=read('C:\DATA\NIR-RSR.dat',-1,2);  // NIR band spectral response 

X=read('C:\DATATIR.dat',-1,3);  // TIR bands spectral responses (Landsat-7 ETM+) 

S=mgetl('C:\DATA\SPECTRA\EMISSLIB.LST');  // emissivity spectra files list 

n=size(S,1);  // number of emissivity spectra 

mprintf('   %u land surface spectra used for estimation\n',n); 

 

progress=waitbar('spectra estimating : '+string(n)); 

lst=mopen('C:\RESULT\ LSE-Estimation.csv','wt'); 

for i=1:n, 

   Y=read(S(i),-1,2);  // current reflectance spectrum 

   [ndvi(i),epsi1(i),epsi2(i)]=NDVILSE(A,B,X,Y); 

   mfprintf(lst,'%.6f %.8f %.8f\n',ndvi(i),epsi1(i),epsi2(i)); 

   waitbar(i/n,'spectra estimating : '+string(n-i),progress); 

end; 

mclose(lst); close(progress); 

mprintf('   NDVI and land surface emissivity of %u spectra estimated\n',n); 

 

clf(); plot(ndvi,epsi1,'sg',ndvi,epsi2,'dc');  // NDVI-LSE relationship visualizing 

low=find(ndvi<0.25);  // low NDVI estimated emissivity, mean = 0.0091313, 0.8740463 

high=find(ndvi>0.90);  // high NDVI estimated emissivity, mean = 0.9817490, 0.9842091 

plot([mean(ndvi(low)),1],[mean(epsi1(low)),mean(epsi1(high))+0.005],'+r',[mean(ndvi(low)),1],[mean(epsi2(low)),mea

n(epsi2(high))+0.005],'xm'); 

 

// exec('C:\MODULE\ LSE-Estimation.sci'); 

  

ɸ.4. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ 

NDVI  
// PlanetScope NDVI to LSE recalculating by relationship approximation 

// SciLab 6.1.1 script É 2006-2021 

clear(); 

 

mprintf('\n   PlanetScope PS2.SD NDVI to land surface emissivity approximating\n'); 

l=500; n=500;  // image size, lines, samples l=1500; n=1800; 

ndvi=read('C:\DATA\NDVI.txt',l,n);  // PS2.SD bands 4, 5 NDVI transform 

mprintf('   2 bands of %u x %u size image was loaded\n',l,n); 

 

threshv=evstr(x_mdialog('NDVI and land surface emissivity threshold values',['non-vegetated area NDVI';'full-covered 

area NDVI';'non-vegetated area emissivity';'vegetation emissivity';'surface roughness emissivity']+' :',[' 0.11';' 0.46';' 

0.92';' 0.985';' 0.005']));  // soil high NDVI; vegetation low NDVI; coefficient band 10; coefficient band 11 

 

if isempty(threshv) then halt('   NDVI and LSE threshold values are not defined\n'); abort; end; 

K10=[-1,0.98;0.051334,0.9189035;threshv(1),threshv(3)+threshv(5)];  // L8 TIRS band 10 low NDVI approximating 

knots 

K11=[-1,0.98;0.051334,0.9189035;threshv(1),threshv(3)+threshv(5)];  // L8 TIRS band 11 low NDVI approximating 

knots 

C10=splin(K10(:,1),K10(:,2),"clamped",[0;0]);  // TIRS band 10 low NDVI interpolating clamped spline 

C11=splin(K11(:,1),K11(:,2),"clamped",[0;0]);  // TIRS band 11 low NDVI interpolating clamped spline 

D10=splin([threshv(2);1],[threshv(4);0.9189035]+threshv(5),"clamped",[2*(threshv(4)-threshv(3))/(threshv(2)-

threshv(1));0]);  // TIRS band 1 high NDVI interpolating clamped spline 

D11=splin([threshv(2);1],[threshv(4);0.9189035]+threshv(5),"clamped",[2*(threshv(4)-threshv(3))/(threshv(2)-

threshv(1));0]);  // TIRS band 2 high NDVI interpolating clamped spline 

mprintf('   approximating relationships parameters was defined\n'); 
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mprintf('   NDVI to LSE calculation ...'); 

progress=waitbar('NDVI lines processing : '+string(l)); 

for i=1:l, for j=1:n, 

   if ndvi(i,j)<threshv(1) then 

      epsi10(i,j)=interp(ndvi(i,j),K10(:,1),K10(:,2),C10);  // L8 TIRS band 10 low NDVI interpolated emissivity 

      epsi11(i,j)=interp(ndvi(i,j),K11(:,1),K11(:,2),C11);  // L8 TIRS band 11 low NDVI interpolated emissivity 

   elseif ndvi(i,j)<=threshv(2) then 

      epsilon=(threshv(4)-threshv(3))/(threshv(2)-threshv(1))^2*(ndvi(i,j))^2-2*(threshv(4)-

threshv(3))*threshv(1)/(threshv(2)-threshv(1))^2*ndvi(i,j)+(threshv(4)-threshv(3))*(threshv(1))^2/(threshv(2)-

threshv(1))^2+threshv(3)+threshv(5); 

      epsi10(i,j)=epsilon; epsi11(i,j)=epsilon; 

   else 

      epsi10(i,j)=interp(ndvi(i,j),[threshv(2);1],[threshv(4);0.9189035]+threshv(5),D10);  // TIRS band 1 high NDVI 

interpolated emissivity 

      epsi11(i,j)=interp(ndvi(i,j),[threshv(2);1],[threshv(4);0.9189035]+threshv(5),D11);  // TIRS band 2 high NDVI 

interpolated emissivity 

   end; 

end; waitbar(i/l,'NDVI lines processing : '+string(l-i),progress); end; 

close(progress); 

mprintf(' complete\n'); 

 

dat10=mopen('C:\RESULT\Emissivity_LSE10.dat','wt'); 

dat11=mopen('C:\RESULT\Emissivity_LSE11.dat','wt'); 

 

for i=1:l, for j=1:n, 

   mfprintf(dat10,'%7.4f',epsi10(i,j)); mfprintf(dat11,'%7.4f',epsi11(i,j)); 

end; mfprintf(dat10,'\n'); mfprintf(dat11,'\n'); end; 

mclose(dat10); mclose(dat11); 

mprintf('   ETM+ Band6 LSE output complete\n'); 

 

// exec('C:\MODULE\NDVI-PlanetScope-LSE-20190410_v2.sci'); 

 

ɸ.5. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʶ ʜʣʷ ʧʦʙʫʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ  
// Surface roughness permittivity estimation rasterization 

// SciLab v6.1.1 Script É 2021 

clear(); 

 

mprintf('\n   Surface roughness and permittivity regressional estimation\n'); 

m=125;  // number of regressant measurements 

X=read('C:\DATA\Permittivity_Roughness_Estimation_Data_Orbit138.dat',m,5); // Initial data for orbit 138 

// X=read('C:\DATA\Permittivity_Roughness_Estimation_Data_Orbit138.dat',m,5); // Initial data for orbit 36 

 

mprintf('   %u regressional measurements loaded\n',m); 

S=X(:,1:3)';  // sigma0_VH, sigma0_VV, PLIA 

R=X(:,4:5)';  // roughness, epsilon 

[A,B,Z]=reglin(S,R);  // multi-linear regression 

Q=1-(diag(Z)./stdev(R,'c')).^2;  // determination coefficient 

mprintf('   two-dimensional regression determination coefficients = %.9f %.9f\n',Q(1),Q(2)); 

 

l=400; n=400;  // alpha image size, lines x samples 

U=read('C:\DATA\SigmaVH_20190404.dat',l,n);  // sigma horizontal polarization image 

V=read('C:\DATA\SigmaVV_20190404.dat',l,n);  // sigma vertical polarization image 

T=read('C:\DATA\ThetaPLIA_20190404.dat',l,n);  // projected local incidence angle 

 

mprintf('   SAR image three-dimensional data %u lines x %u samples loaded\n',l,n); 

 

mprintf('   roughness and permittivity estimating ...'); 
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progress=waitbar('SAR image lines processing : '+string(l)); 

for i=1:l, 

   for j=1:n, Y=A*[U(i,j);V(i,j);T(i,j)]+B; E(i,j)=Y(1); H(i,j)=Y(2); end;  

   waitbar(i/l,'SAR image lines processing : '+string(l-i),progress); 

end; 

close(progress); 

E(find(E<1))=1; E(find(E>45))=45; H(find(H<1e-3))=1e-3;  // physical constraints 

mprintf(' complete\n'); 

 

//mprintf('   roughness and permittivity output ...'); 

 

dat=mopen('C:\RESULT\Permittivity_20190404.dat','wt');  // epsilon recast 

 

for i=1:l, for j=1:n, mfprintf(dat,' %.6f',E(i,j)); end; mfprintf(dat,'\n'); end; 

mclose(dat); 

/dat=mopen(' C:\RESULT\Roughness_20190404.dat','wt');  // granularity recast 

 

for i=1:l, for j=1:n, mfprintf(dat,' %.8f',H(i,j)); end; mfprintf(dat,'\n'); end; 

mclose(dat); mprintf(' complete\n'); 

mprintf('   surface permittivity value (min/mean/max) = %.3f / %.6f / %.3f\n',min(E),mean(E),max(E)); 

mprintf('   surface roughness value (min/mean/max) = %.3f / %.8f / %.8f\n',min(H),mean(H),max(H)); 

 

// exec('C:\MODULES\Permittivity_Roughness_20190404.sci'); 

 

ɸ.6. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʶ ʜʣʷ ʥʦʨʤʘʣʽʟʘʮʽʾ ʨʝʣʴʻʬʫ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʫʚʽʛʥʫʪʦʩʪʽ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 
// Digital surface model (DSM) feature normalizing 

// SciLab v6.1.1 Script É 2021 

clear(); 

 

mprintf('\n   DSM feature normalizig\n'); 

l=600; n=400;  // DSM size, lines x samples 

H=read('C:\DATA\DTEM.dat',l,n);  // Digital terrain elevation model 

C=read('C:\ DATA\Orthogonal_Concave.dat',l,n);  // orthogonal concave feature mask 

mprintf('   DSM feature mask %u lines x %u samples loaded\n',l,n); 

 

mprintf('   DSM feature normalizing ...'); 

progress=waitbar('DSM lines processing : '+string(l)); 

for i=1:l,  // line-wise feature normalizing 

   E=find(H(i,:)<=60); 

   if ~isempty(E) then 

      F=find((H(i,:)<=60)&(C(i,:)==1)); 

      if isempty(F) then b=min(H(i,E))-1; else b=max(H(i,F)); end; 

      G(i,E)=H(i,E)-b; 

      G(i,E)=G(i,E)-min(G(i,E))+1; 

      G(i,E)=G(i,E)/max(G(i,E)); 

      clear b F; 

   end; 

   clear E; 

   E=find((H(i,:)<=120)&(H(i,:)>60)); 

   if ~isempty(E) then 

      F=find((H(i,:)<=120)&(H(i,:)>60)&(C(i,:)==1)); 

      if isempty(F) then b=min(H(i,E))-1; else b=max(H(i,F)); end; 

      G(i,E)=H(i,E)-b; 

      G(i,E)=G(i,E)-min(G(i,E))+1; 

      G(i,E)=G(i,E)/max(G(i,E)); 

      clear b F; 

   end; 
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   clear E; 

   E=find(H(i,:)>120); 

   if ~isempty(E) then 

      F=find((H(i,:)>120)&(C(i,:)==1)); 

      if isempty(F) then b=min(H(i,E))-1; else b=max(H(i,F)); end; 

      G(i,E)=H(i,E)-b; 

      G(i,E)=G(i,E)-min(G(i,E))+1; 

      G(i,E)=G(i,E)/max(G(i,E)); 

   clear b F; 

   end; 

   clear E; 

   waitbar(i/l,'DSM lines processing : '+string(l-i),progress); 

end; 

close(progress); 

mprintf(' complete\n'); 

 

mprintf('   normalized feature output ...'); 

dat=mopen('C:\RESULT\DSMF.dat','wt');  // Normalized DTEM 

for i=1:l, for j=1:n, mfprintf(dat,' %.6f',G(i,j)); end; mfprintf(dat,'\n'); end; 

mclose(dat); mprintf(' complete\n'); 

mprintf('   DSM feature value (min/mean/max) = %.6f / %.6f / %.6f\n',min(G),mean(G),max(G)); 

 

// exec('C:\MODULES \DSMF.SCI'); 

  

ɸ.7. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚʽʜ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʽ ʘʥʘʣʽʟʫ ʛʦʣʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪ 
// EO-data based physical parameters fusion 

// SciLab v6.1.1 script (ʉ) 2018-2021 

clear(); 

 

n=116;  // number of measurements 

X=read('C:\DATA\Initial_Data_Fusion.dat',n,18); // initial data 

 

w=X(:,1);  // soil moisture relative 

 

s0h=X(:,2).*(1-0.029.*(20-X(:,16))).*(1+0.2.*(7-X(:,17))); // backscattering coefficient (VH) 

s0v=X(:,3).*(1-0.029.*(20-X(:,16))).*(1+0.2.*(7-X(:,17))); // backscattering coefficient (VV) 

IAFE=X(:,4); // incidence angle from elipsoid 

PLIA=X(:,5);  // projected local incidence angle 

s=X(:,6); // roughness 

epsilon=X(:,7).*(1-0.029.*(20-X(:,16))).*(1+0.2.*(7-X(:,17)));  // corrected dielectric permittivity 

 

g=abs(tan(IAFE)-s0h./s0v);  // radar signal fluctuation 

 

h=(X(:,8)-min(X(:,8)))./(max(X(:,8))-min(X(:,8)));  // normalized elevation 

hc1=find(X(:,8)<60);  // local topographic features clustering 

tf1=find((X(:,8)<60)&(X(:,9)==1)); 

hc2=find((X(:,8)<120)&(X(:,8)>60)); 

tf2=find((X(:,8)<120)&(X(:,8)>60)&(X(:,9)==1)); 

hc3=find(X(:,8)>120); 

tf3=find((X(:,8)>120)&(X(:,8)==1)); 

k1=max(X(tf1,8)); if isempty(k1), k1=min(X(hc1,8))-1; end; 

k2=max(X(tf2,8)); if isempty(k2), k2=min(X(hc2,8))-1; end; 

k3=max(X(tf3,8)); if isempty(k3), k3=min(X(hc3,8))-1; end; 

k(hc1)=X(hc1,8)-k1; 

k(hc2)=X(hc2,8)-k2; 

k(hc3)=X(hc3,8)-k3; 
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k(hc1)=k(hc1)-min(k(hc1))+1; 

k(hc2)=k(hc2)-min(k(hc2))+1; 

k(hc3)=k(hc3)-min(k(hc3))+1; 

k(hc1)=k(hc1)/max(k(hc1)); 

k(hc2)=k(hc2)/max(k(hc2)); 

k(hc3)=k(hc3)/max(k(hc3));  // local topographic features end 

 

slope=X(:,10);  // slope (radian) 

aspect=X(:,11); // aspect (radian) 

 

f_I=X(:,12); // mutual surface-sensor orientation based IAFE 

f_P=X(:,13); // mutual surface-sensor orientation based PLIA 

 

NDVI=X(:,14); // NDVI 

V=X(:,15);  // vegetation fraction 

 

T=log(X(:,16)+273.15);  // temperature logarithm 

 

U=X(:,1).*k.*sqrt(epsilon).^(V.^(1/2)).*f_I.^(V.^1/4)./(f_I.^4.*X(:,2).*s); // one-dimensional regressors combination 

 

Y=[T.*s0h.^0.1,T./s0v.^0.1,1./sin(IAFE).^25.5,cos(PLIA).^(sqrt(epsilon)+NDVI),f_I.^NDVI,(sqrt(epsilon)+NDVI.^2)./

f_P.^4,abs(g).^2.3,1./(sqrt(epsilon)+abs(NDVI).^0.5),s.^(abs(NDVI).^0.2),k.^2./NDVI,NDVI.^2]; // multi-dimensional 

regressors combination 

 

clf(); plot(U,w,'+b');  // one-dimensiobal data 

 

[A,B,z]=reglin(Y',w');  // multi-linear regression 

q=1-(z/stdev(w))^2;  // determination coefficient 

mprintf('   multi-dimensional regression determination coefficient = %.9f\n',q); 

S=(A*Y'+B)';  // multi-dimensional regressant moisture 

 

[c,d,e]=reglin(U',w');  // multi-linear regression 

r=1-(e/stdev(w))^2;  // determination coefficient 

mprintf('   one-dimensional regression determination coefficient = %.9f\n',r); 

O=c*U+d;  // one-dimensional regressant moisture 

plot(U,O,'-r');  // linear regression 

 

// Principal Components Analysis 

Ym=mean(Y,'r'); Ys=stdev(Y,'r');  // z-transform parameters 

for i=1:n, Yz(i,:)=(Y(i,:)-Ym)./Ys; end; 

[lambda,factors,principals]=pca(Yz); 

// clf(); show_pca(lambda,factors); 

// clf(); plot(cumsum(lamda(:,2)),'sr'); 

nf=6;  // number of principal factors for 0.9134 information fraction 

floads=sum(factors(:,1:nf).^2,'c')/nf;  // principal factor loads 

 

// exec('C:\RESULT\Module_Data_Fusion.sci'); 

  



156 

ɼʦʜʘʪʦʢ ɹ 

ɺʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʚ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʘʭ ʤʦʜʫʣʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʜʘʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʪʘ ʦʧʪʠʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ 

 

ʊʘʙʣʠʮʷ ɹ.1 

ʉʪʘʪʠʩʪʠʯʥʘ ʚʠʙʽʨʢʘ, ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab  

Wʧ, % ůVH ůVV ,ᵻ ʨʘʜ ɗ, ʨʘʜ s, m Ů h, ʤ Ɋ ɣ, ʨʘʜ ɝ, ʨʘʜ f ,ᵻ ʨʘʜ fɗ, ʨʘʜ NV PV Tʧ, ʦC pHʧ ʅʦʤʝʨ ɼʘʪʘ 

13.493064 0.004581 0.018809 0.791147 0.722471 0.012 21.714 177 0 0.060467 2.599999 0.739284 0.691428 0.333326 0.431480 8.1 7.0* 8 04.04.2019 

14.924039 0.003519 0.014412 0.791150 0.730226 0.011 18.927 177 0 0.048875 2.446411 0.730030 0.687136 0.358584 0.534591 7.6 7.0* 9 04.04.2019 

19.289340 0.003289 0.039936 0.791153 0.742910 0.012 26.755 176 0 0.058076 2.556279 0.736913 0.703524 0.358194 0.532915 7.5 7.0* 10 04.04.2019 

22.736733 0.006273 0.081770 0.791155 0.752376 0.012 21.564 176 0 0.065178 2.594449 0.741184 0.714666 0.352315 0.508189 7.6 7.0* 11 04.04.2019 

14.994934 0.007193 0.018786 0.791161 0.761366 0.010 4.025 174 0 0.074717 2.532438 0.742893 0.722694 0.302750 0.321413 6.6 7.0* 14 04.04.2019 

8.626466 0.004268 0.011735 0.791184 0.744059 0.011 4.884 176 0 0.071052 2.166757 0.725649 0.692585 0.308055 0.340494 6.0 7.0* 16**  04.04.2019 

8.096515 0.010967 0.037544 0.791169 0.768563 0.010 7.156 175 0 0.028964 2.549315 0.724215 0.708451 0.361247 0.546082 5.0 7.0* 18**  04.04.2019 

8.430647 0.006566 0.064155 0.791160 0.727339 0.012 42.192 175 0 0.037875 2.605410 0.729200 0.684106 0.358012 0.532390 4.9 7.0* 19 04.04.2019 

9.002849 0.007393 0.142766 0.791155 0.728813 0.012 7.463 176 0 0.048025 2.591971 0.733524 0.689811 0.345823 0.481097 5.3 7.0* 20 04.04.2019 

13.177983 0.008668 0.266826 0.791144 0.734776 0.012 4.529 176 0 0.056278 2.622427 0.738052 0.698932 0.339010 0.453682 5.7 7.0* 21 04.04.2019 

13.103448 0.008079 0.176769 0.791138 0.751508 0.012 8.309 175 0 0.063685 2.603700 0.740819 0.713686 0.355362 0.521010 6.2 7.0* 22 04.04.2019 

14.781022 0.007838 0.025438 0.791119 0.745687 0.011 7.299 174 0 0.078872 2.589807 0.746884 0.716026 0.339660 0.456678 5.0 7.0* 24 04.04.2019 

17.831541 0.007076 0.024535 0.791109 0.743666 0.011 9.038 174 0 0.080159 2.505455 0.743831 0.711437 0.327496 0.409407 5.6 7.0* 25 04.04.2019 

20.631210 0.004451 0.024990 0.791100 0.764920 0.011 43.893 173 0 0.085890 2.364624 0.738978 0.721196 0.335424 0.439654 5.6 7.0* 26 04.04.2019 

20.287081 0.004981 0.021666 0.791093 0.772802 0.011 13.658 173 0 0.085859 2.309699 0.736062 0.723637 0.322073 0.389126 5.3 7.0* 27 04.04.2019 

20.259179 0.007335 0.021999 0.791164 0.753221 0.010 5.680 174 0 0.084431 2.333278 0.736975 0.710959 0.321815 0.388313 4.5 7.0* 28 04.04.2019 

20.230326 0.008520 0.017753 0.791166 0.738824 0.010 2.835 174 0 0.083570 2.373665 0.738798 0.702727 0.297386 0.303808 4.9 7.0* 29 04.04.2019 

18.370370 0.006308 0.011614 0.791168 0.735244 0.010 2.302 174 0 0.077732 2.494861 0.742495 0.704050 0.291723 0.285715 5.2 7.0* 30 04.04.2019 

19.428571 0.004546 0.010652 0.791202 0.781896 0.010 3.046 176 0 0.040476 1.937577 0.713530 0.706990 0.339345 0.455280 4.5 7.0* 31 04.04.2019 

17.015397 0.004384 0.011106 0.791205 0.770357 0.010 3.654 175 0 0.044266 1.648963 0.704752 0.689837 0.307448 0.337281 5.9 7.0* 32 04.04.2019 

27.528938 0.004503 0.011292 0.791207 0.765531 0.010 3.648 176  0 0.040871 1.528135 0.701933 0.683444 0.289223 0.278645 7.0 7.0* 33 04.04.2019 

24.428073 0.003658 0.017001 0.791209 0.766772 0.011 18.716 176  0 0.035629 1.867153 0.711559 0.694200 0.283594 0.260852 7.0 7.0* 34 04.04.2019 

33.818694 0.005900 0.021621 0.791136 0.780230 0.010 7.746 177 0 0.029312 3.162816 0.730846 0.723360 0.333585 0.433903 6.1 7.0* 35**  04.04.2019 

24.798599 0.003764 0.019014 0.791068 0.800424 0.010 16.292 171 0 0.052025 3.619987 0.745868 0.752067 0.286914 0.270899 6.4 7.0* 36 04.04.2019 

16.263345 0.003809 0.017850 0.791213 0.818811 0.010 10.641 170 0 0.059285 3.985581 0.744801 0.762909 0.289175 0.277734 4.4 7.0* 37 04.04.2019 

17.964575 0.003942 0.021635 0.791130 0.819758 0.010 16.701 168 0 0.069570 4.305378 0.739821 0.758713 0.337415 0.447443 4.6 7.0* 38 04.04.2019 

24.940456 0.006342 0.042985 0.791220 0.817686 0.010 37.695 175 0 0.077821 4.491535 0.734538 0.752145 0.260750 0.197438 4.5 7.0* 39 04.04.2019 

14.350703 0.003922 0.022211 0.791113 0.776904 0.011 35.984 168  0 0.072321 2.202745 0.727543 0.717769 0.324798 0.399596 2.9 7.0* 40 04.04.2019 

14.875685 0.005596 0.027200 0.791227 0.735226 0.011 39.407 175 0 0.100023 2.098706 0.725962 0.686711 0.372754 0.597246 5.3 7.0* 44 04.04.2019 
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15.681919 0.005664 0.020613 0.791092 0.736689 0.011 11.257 171 0 0.069741 2.489468 0.739219 0.701628 0.361434 0.546899 5.9 7.0* 46 04.04.2019 

19.816874 0.006417 0.018174 0.791236 0.733229 0.011 5.589 168 0 0.042789 2.599389 0.731384 0.690658 0.363583 0.556346 6.3 7.0* 47**  04.04.2019 

8.013937 0.006128 0.015457 0.791077 0.735580 0.011 4.210 165 0 0.052379 2.382793 0.729308 0.690316 0.324344 0.398011 4.9 7.0* 48 04.04.2019 

19.212411 0.005411 0.016591 0.791246 0.704951 0.011 8.649 165 0 0.093505 2.514740 0.749383 0.689870 0.330957 0.422564 5.5 7.0* 49**  04.04.2019 

10.674492 0.008215 0.040609 0.648690 0.577165 0.015 16.856 177 0 0.057879 2.688854 0.638000 0.581281 0.387911 0.399353 13.2 6.0 51 09.04.2019 

8.979021 0.015186 0.078753 0.648694 0.587862 0.014 17.904 177 0 0.047513 2.542945 0.628189 0.579659 0.399148 0.432043 10.7 7.0 52 09.04.2019 

4.716520 0.003785 0.029897 0.648702 0.614369 0.015 7.398 175 0 0.070830 2.556698 0.640063 0.613205 0.347714 0.291966 12.2 7.0 53 09.04.2019 

9.158489 0.007341 0.037748 0.648706 0.608690 0.014 34.710 174  0 0.073803 2.362722 0.632300 0.600701 0.359265 0.321492 10.2 7.0 54 09.04.2019 

11.040054 0.007146 0.037612 0.648709 0.597219 0.015 21.311 174  0 0.071666 1.773778 0.599342 0.557282 0.364058 0.333443 11.4 7.0 55 09.04.2019 

11.808742 0.012216 0.063303 0.648711 0.594492 0.014 20.346 173 0 0.079238 1.622119 0.589182 0.544479 0.328932 0.247849 13.6 7.0 56 09.04.2019 

14.105263 0.012299 0.041653 0.648713 0.598691 0.014 21.796 177 0 0.084635 1.807009 0.600380 0.559593 0.370326 0.350163 11.5 7.0 57 09.04.2019 

14.000000 0.008760 0.045178 0.648714 0.607314 0.014 33.027 177 0 0.079985 1.888795 0.605906 0.572371 0.416874 0.486553 12.9 7.0 58 09.04.2019 

7.002122 0.009050 0.064324 0.648816 0.662446 0.130 30.147 176 0 0.052663 3.915978 0.639926 0.650413 0.373879 0.359781 10.2 7.0 59 09.04.2019 

7.260240 0.010807 0.022494 0.648908 0.624634 0.012 4.736 170 0 0.085559 4.208565 0.649212 0.630816 0.442001 0.569977 11.1 7.0 61**  09.04.2019 

10.486995 0.011826 0.061595 0.648646 0.594542 0.014 21.100 170  0 0.111673 1.874519 0.604205 0.560292 0.378124 0.371886 14.6 7.0 63 09.04.2019 

9.617954 0.007554 0.052554 0.648624 0.586551 0.015 6.319 165  0 0.075450 2.165831 0.622109 0.572313 0.404255 0.447247 11.8 7.0 64 09.04.2019 

9.007912 0.005901 0.057901 0.648596 0.580065 0.016 2.971 164 0 0.037443 2.476954 0.621602 0.566443 0.424900 0.512225 11.2 7.0 65 09.04.2019 

6.649007 0.012224 0.028798 0.648571 0.602062 0.013 9.169 163 0 0.049966 2.303957 0.621424 0.584242 0.409624 0.463813 12.9 7.0 66 09.04.2019 

9.123783 0.005359 0.026948 0.648500 0.581850 0.015 17.628 159 0 0.044246 1.743177 0.600307 0.545646 0.386443 0.394946 12.5 7.0 68 09.04.2019 

6.450822 0.008411 0.020712 0.648446 0.586269 0.014 14.280 156  0 0.047700 2.748667 0.633442 0.584077 0.284384 0.157281 12.7 9.0 69 09.04.2019 

8.120981 0.006707 0.033064 0.648468 0.604441 0.014 40.228 158 0 0.065373 2.391555 0.630355 0.595486 0.357730 0.317203 11.7 8.5 70 09.04.2019 

8.460532 0.005027 0.033272 0.648529 0.615610 0.015 12.817 163 0 0.068978 2.395325 0.631956 0.605991 0.406367 0.453938 9.3 6.5 71 09.04.2019 

8.195834 0.006431 0.037076 0.648610 0.553515 0.016 5.780 169  0 0.090428 2.585740 0.650912 0.575941 0.404824 0.449029 10.7 6.5 73 09.04.2019 

7.564297 0.004909 0.037184 0.648643 0.588865 0.016 5.340 171 0 0.077433 2.330329 0.631811 0.584332 0.371141 0.352313 11.0 7.0 74 09.04.2019 

8.230357 0.004269 0.037171 0.648648 0.628545 0.014 7.420 176  0 0.081326 2.319560 0.632495 0.616637 0.350074 0.297819 12.3 6.0 75 09.04.2019 

13.523350 0.003738 0.028902 0.648625 0.615651 0.015 7.982 174 1 0.069611 1.977999 0.584208 0.584187 0.473270 0.681708 8.4 7.0 77 21.04.2019 

13.363857 0.002684 0.031849 0.648627 0.594359 0.016 2.731 174  0 0.071248 1.650832 0.548389 0.547759 0.485055 0.727068 9.0 6.0 78 21.04.2019 

26.957188 0.002668 0.033906 0.648626 0.599847 0.016 2.674 173  0 0.077845 1.690795 0.554143 0.553585 0.469523 0.667854 8.9 6.5 79**  21.04.2019 

20.662739 0.002811 0.041258 0.648640 0.599608 0.016 2.276 177  0 0.083758 1.861568 0.564375 0.564179 0.511072 0.830889 9.0 6.5 80 21.04.2019 

13.642687 0.003632 0.041793 0.648610 0.607625 0.015 3.344 172 1 0.095038 1.857484 0.570342 0.570098 0.456179 0.619041 9.4 5.5 81 21.04.2019 

16.576380 0.004384 0.038308 0.648593 0.609254 0.015 5.422 170  0 0.107744 1.948224 0.578957 0.578905 0.488822 0.741356 9.4 6.5 82 21.04.2019 

16.279515 0.004729 0.028398 0.648588 0.624225 0.014 23.729 170  0 0.081910 1.888359 0.586244 0.586053 0.482548 0.716914 8.7 6.8 83 21.04.2019 

10.642202 0.004255 0.030718 0.648580 0.610423 0.015 8.716 169 1 0.066516 2.210948 0.591590 0.591945 0.474245 0.685441 8.9 7.0 84 21.04.2019 

12.377315 0.003492 0.029710 0.648557 0.586340 0.016 4.073 170  0 0.098401 2.504181 0.599452 0.601407 0.468091 0.662925 8.9 7.0 85 21.04.2019 

12.998882 0.003158 0.030107 0.648529 0.559435 0.017 2.390 169  0 0.086126 2.580958 0.575466 0.578223 0.502711 0.796606 9.0 6.5 86 21.04.2019 

8.450704 0.003390 0.031441 0.648535 0.575275 0.017 3.032 168  0 0.064332 2.235959 0.563124 0.563995 0.458876 0.628783 9.4 7.0 87 21.04.2019 

10.249997 0.005172 0.025471 0.648545 0.572487 0.016 15.400 167  0 0.065269 2.309978 0.564525 0.565645 0.467531 0.660312 9.9 7.0 88 21.04.2019 

9.124767 0.005313 0.028195 0.648550 0.582032 0.015 13.806 167  0 0.080091 2.481369 0.586564 0.588215 0.498596 0.780288 9.2 7.0 89 21.04.2019 

17.508463 0.005692 0.037998 0.648558 0.592816 0.015 7.891 168  0 0.089713 2.133351 0.577710 0.578297 0.501090 0.790681 10.1 7.5 90 21.04.2019 

13.319696 0.004690 0.030089 0.648532 0.587703 0.015 7.987 165  0 0.043759 2.367679 0.571744 0.572410 0.517833 0.859459 9.5 6.5 91 21.04.2019 

10.496183 0.004098 0.022637 0.648532 0.594407 0.015 15.889 165  0 0.058107 2.582826 0.590682 0.591794 0.511838 0.834090 9.0 6.5 92 21.04.2019 

15.050167 0.003801 0.025749 0.648529 0.618022 0.015 12.421 167  0 0.056929 2.260446 0.597365 0.597627 0.467797 0.661496 9.1 6.5 93 21.04.2019 

10.735147 0.003660 0.030585 0.648524 0.574390 0.016 3.559 168  0 0.063379 2.234021 0.562027 0.562893 0.439241 0.560013 10.0 7.0 94 21.04.2019 

12.653209 0.004270 0.032746 0.648494 0.625499 0.014 9.747 165  0 0.077316 1.964333 0.591934 0.591831 0.430518 0.530749 10.7 7.0 95 21.04.2019 

4.521907 0.004281 0.027414 0.648503 0.597297 0.015 9.681 166  0 0.066138 2.074847 0.573895 0.574164 0.399745 0.434165 11.7 7.0 96 21.04.2019 

5.697082 0.004025 0.024860 0.648515 0.598417 0.015 11.242 166  0 0.055211 2.313661 0.582888 0.583479 0.369210 0.347232 13.1 7.0 97 21.04.2019 

8.986476 0.003474 0.021591 0.648522 0.593803 0.015 9.941 165  0 0.045197 2.590645 0.583742 0.584627 0.509175 0.823255 10.2 7.0 98 21.04.2019 

1.922904 0.004906 0.024800 0.648531 0.593204 0.015 23.502 165  0 0.044986 2.498195 0.580631 0.581412 0.517668 0.858494 10.2 7.0 99**  21.04.2019 

7.793414 0.003915 0.023286 0.648504 0.561906 0.016 6.174 163  0 0.043499 2.441698 0.552169 0.553279 0.498911 0.781368 10.1 7.0 100 21.04.2019 

11.525833 0.002884 0.027448 0.648485 0.650038 0.014 8.682 164  0 0.070709 1.925971 0.609042 0.608816 0.510909 0.830432 10.0 7.0 101 21.04.2019 
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8.552518 0.003189 0.030803 0.648472 0.668640 0.014 11.552 163  0 0.083524 1.817167 0.616836 0.616594 0.449228 0.594633 9.9 7.0 102 21.04.2019 

10.569149 0.004803 0.033319 0.648463 0.623344 0.014 12.735 163  0 0.077467 2.036974 0.594615 0.594611 0.451353 0.601979 9.9 6.5 103 21.04.2019 

34.820799 0.010767 0.030352 0.628509 0.717807 0.011 6.144 94 0 0.152382 2.429586 0.649763 0.714166 0.594753 0.836555 11.3 7.0 132**  03.05.2019 

31.435080 0.008931 0.027045 0.628526 0.649199 0.012 15.998 94 0 0.150631 5.319816 0.540609 0.557471 0.588059 0.813621 11.3 7.0 133**  03.05.2019 

34.114583 0.008985 0.047518 0.628543 0.616265 0.014 37.893 95 0 0.113637 4.867933 0.594251 0.584294 0.582542 0.795054 10.6 7.0 134 03.05.2019 

29.266749 0.004350 0.076373 0.628562 0.611164 0.016 2.159 94 0 0.097640 4.590757 0.614960 0.601130 0.561209 0.724860 11.5 7.0 135 03.05.2019 

48.314351 0.019801 0.044722 0.628590 0.595112 0.013 8.258 92 0 0.065041 5.275711 0.571341 0.543554 0.579782 0.785848 11.6 7.0 136 03.05.2019 

36.280719 0.013576 0.047640 0.628542 0.698102 0.011 15.637 89 0 0.063488 0.364730 0.535713 0.593112 0.550520 0.690961 12.2 7.0 139 03.05.2019 

43.922175 0.005816 0.041012 0.628566 0.664147 0.013 33.005 90 0 0.037728 0.736946 0.560384 0.589506 0.542623 0.666310 12.2 7.0 140 03.05.2019 

41.078513 0.009418 0.023438 0.628633 0.553442 0.015 30.678 90 0 0.085406 5.324511 0.562465 0.498958 0.589607 0.819267 13.8 7.0 144 03.05.2019 

44.903581 0.010356 0.029267 0.628623 0.596045 0.014 29.201 90 0 0.069669 4.327387 0.620708 0.594837 0.597233 0.845135 14.4 7.0 145 03.05.2019 

42.511184 0.008779 0.028255 0.628612 0.623713 0.013 38.829 90 0 0.039973 2.455312 0.606305 0.602444 0.554876 0.704648 21.5 7.0 146 03.05.2019 

44.517223 0.006006 0.014538 0.628611 0.629465 0.013 7.719 90  0 0.027880 1.734779 0.585506 0.586230 0.551871 0.695173 21.1 7.0 148 03.05.2019 

23.190610 0.004435 0.035005 0.636117 0.633652 0.014 10.601 87 0 0.134747 0.704982 0.490891 0.488814 0.435976 0.378390 15.6 7.0 156 03.05.2019 

26.539278 0.009901 0.025851 0.636090 0.609016 0.013 13.704 87  0 0.109841 0.924007 0.520725 0.497575 0.455156 0.424161 15.6 7.0 157 03.05.2019 

37.846669 0.015007 0.029407 0.636037 0.653916 0.011 3.427 85  0 0.061827 3.324172 0.642411 0.656015 0.470381 0.462439 15.2 7.0 159 03.05.2019 

26.518941 0.003871 0.033348 0.636138 0.662567 0.014 14.255 89 0 0.098276 0.422200 0.513267 0.535781 0.454802 0.423314 16.4 7.0 163 03.05.2019 

33.453398 0.018769 0.038004 0.636062 0.655450 0.011 3.690 89 0 0.050487 1.259712 0.571139 0.586974 0.443746 0.396613 17.6 7.0 167 03.05.2019 

19.442313 0.012910 0.077085 0.648614 0.596757 0.014 12.184 170 1 0.116790 1.870469 0.603627 0.561557 0.621710 0.752257 17.4 7.0* 169 15.05.2019 

15.979381 0.015622 0.086820 0.648611 0.593987 0.014 15.198 170  0 0.107453 1.983357 0.613564 0.569583 0.641522 0.811612 16.9 7.0* 170 15.05.2019 

12.318983 0.008032 0.084221 0.648606 0.590046 0.016 3.058 168  0 0.092747 2.069402 0.618906 0.571885 0.623490 0.757636 17.5 7.0* 171 15.05.2019 

10.985460 0.015470 0.067052 0.648575 0.565178 0.015 25.086 169 1 0.074309 2.344972 0.631470 0.564696 0.599775 0.689125 17.5 7.0* 174 15.05.2019 

8.838449 0.015480 0.035174 0.648586 0.576161 0.014 10.601 167  0 0.076534 2.358132 0.632943 0.575249 0.595582 0.677383 18.6 7.0* 176 15.05.2019 

11.548150 0.007369 0.051555 0.648556 0.592242 0.015 6.854 167  0 0.050320 2.560241 0.629980 0.585199 0.571031 0.610785 19.7 7.0* 180 15.05.2019 

8.570554 0.013078 0.040748 0.648535 0.617843 0.013 36.375 166  0 0.066157 2.070728 0.615206 0.590599 0.438320 0.309788 18.3 7.0* 181 15.05.2019 

12.786260 0.015753 0.039227 0.648535 0.631235 0.012 8.420 165  0 0.077082 2.056574 0.615950 0.602055 0.587929 0.656296 17.9 7.0* 183 15.05.2019 

8.557845 0.007953 0.023859 0.791186 0.725896 0.011 6.867 169 0 0.073916 2.307203 0.732889 0.687118 0.381458 0.766863 7.9 7.0 1 30.03.2021 

9.302326 0.004730 0.048453 0.791170 0.713611 0.012 24.539 168  0 0.069353 2.291390 0.730965 0.676085 0.348865 0.593738 8.0 7.0 2 30.03.2021 

8.763522 0.013312 0.013656 0.791118 0.764998 0.011 16.383 163 0 0.080109 2.066330 0.721793 0.703553 0.373537 0.72274 8.0 7.0 5**  30.03.2021 

9.967250 0.018403 0.036230 0.791101 0.74995 0.009 2.487 162 0 0.075913 2.170614 0.726673 0.697919 0.330095 0.504128 7.0 7.0 6 30.03.2021 

8.320638 0.006636 0.031033 0.791068 0.738848 0.011 30.107 160 0 0.068441 2.274513 0.729927 0.693373 0.414765 0.535841 8.8 7.0 8 30.03.2021 

11.825726 0.005135 0.075995 0.791093 0.751559 0.013 8.056 160 0 0.068030 2.015244 0.718076 0.690105 0.345761 0.579313 8.0 7.0 10 30.03.2021 

13.384052 0.013500 0.030109 0.791164 0.752202 0.010 3.079 167 0 0.061693 2.190667 0.724938 0.697627 0.371026 0.709187 8.1 7.0 14 30.03.2021 

13.921569 0.007172 0.023770 0.791174 0.720789 0.011 9.610 166 0 0.069138 2.274810 0.730186 0.680501 0.391216 0.822929 8.3 7.0 17 30.03.2021 

15.719276 0.006285 0.015898 0.791158 0.74794 0.010 3.996 166 0 0.058451 2.416705 0.732541 0.702501 0.357136 0.635725 9.0 7.0 18 30.03.2021 

5.227867 0.008052 0.021166 0.791140 0.738808 0.010 4.557 165 0 0.056571 2.298319 0.727806 0.691013 0.308925 0.41273 8.9 7.0 19 30.03.2021 

8.132249 0.007264 0.034081 0.791123 0.786411 0.010 15.027 164 0 0.071931 1.932045 0.714233 0.710914 0.336862 0.535816 8.4 7.0 20 30.03.2021 
*ʧʦʣʴʦʚʽ ʜʘʥʽ ʚʽʜʩʫʪʥʽ (ʧʨʠʡʥʷʪʦ pH=7); **ʜʘʥʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʭʠʣʝʥʴ 
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ʊʘʙʣʠʮʷ ɹ.2 

ʉʪʘʪʠʩʪʠʯʥʘ ʚʠʙʽʨʢʘ, ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ SciLab  

Wʧ, % ůVH ůVV ,ᵻ ʨʘʜ ɗ, ʨʘʜ s, m Ů h, ʤ Ɋ ɣ, ʨʘʜ ɝ, ʨʘʜ f ,ᵻ ʨʘʜ fɗ, ʨʘʜ NV PV Tʧ, ʦC pHʧ ʅʦʤʝʨ ɼʘʪʘ 

13.493064 0.004581 0.018809 0.791147 0.722471 0.012 21.714 177 0 0.060467 2.599999 0.739284 0.691428 0.333326 0.431480 5.693457 7.0* 8 04.04.2019 

14.924039 0.003519 0.014412 0.791150 0.730226 0.011 18.927 177 0 0.048875 2.446411 0.730030 0.687136 0.358584 0.534591 5.559845 7.0* 9 04.04.2019 

19.289340 0.003289 0.039936 0.791153 0.742910 0.012 26.755 176 0 0.058076 2.556279 0.736913 0.703524 0.358194 0.532915 5.565539 7.0* 10 04.04.2019 

22.736733 0.006273 0.081770 0.791155 0.752376 0.012 21.564 176 0 0.065178 2.594449 0.741184 0.714666 0.352315 0.508189 5.599736 7.0* 11 04.04.2019 

14.994934 0.007193 0.018786 0.791161 0.761366 0.010 4.025 174 0 0.074717 2.532438 0.742893 0.722694 0.302750 0.321413 5.855101 7.0* 14 04.04.2019 

8.626466 0.004268 0.011735 0.791184 0.744059 0.011 4.884 176 0 0.071052 2.166757 0.725649 0.692585 0.308055 0.340494 5.835564 7.0* 16 04.04.2019 

8.096515 0.010967 0.037544 0.791169 0.768563 0.010 7.156 175 0 0.028964 2.549315 0.724215 0.708451 0.361247 0.546082 5.549211 7.0* 18 04.04.2019 

8.430647 0.006566 0.064155 0.791160 0.727339 0.012 42.192 175 0 0.037875 2.605410 0.729200 0.684106 0.358012 0.532390 5.567647 7.0* 19 04.04.2019 

9.002849 0.007393 0.142766 0.791155 0.728813 0.012 7.463 176 0 0.048025 2.591971 0.733524 0.689811 0.345823 0.481097 5.635570 7.0* 20 04.04.2019 

13.177983 0.008668 0.266826 0.791144 0.734776 0.012 4.529 176 0 0.056278 2.622427 0.738052 0.698932 0.339010 0.453682 5.672221 7.0* 21 04.04.2019 

13.103448 0.008079 0.176769 0.791138 0.751508 0.012 8.309 175 0 0.063685 2.603700 0.740819 0.713686 0.355362 0.521010 5.582968 7.0* 22 04.04.2019 

14.781022 0.007838 0.025438 0.791119 0.745687 0.011 7.299 174 0 0.078872 2.589807 0.746884 0.716026 0.339660 0.456678 5.670114 7.0* 24 04.04.2019 

17.831541 0.007076 0.024535 0.791109 0.743666 0.011 9.038 174 0 0.080159 2.505455 0.743831 0.711437 0.327496 0.409407 5.731336 7.0* 25 04.04.2019 

20.631210 0.004451 0.024990 0.791100 0.764920 0.011 43.893 173 0 0.085890 2.364624 0.738978 0.721196 0.335424 0.439654 5.691696 7.0* 26 04.04.2019 

20.287081 0.004981 0.021666 0.791093 0.772802 0.011 13.658 173 0 0.085859 2.309699 0.736062 0.723637 0.322073 0.389126 5.758989 7.0* 27 04.04.2019 

20.259179 0.007335 0.021999 0.791164 0.753221 0.010 5.680 174 0 0.084431 2.333278 0.736975 0.710959 0.321815 0.388313 5.760720 7.0* 28 04.04.2019 

20.230326 0.008520 0.017753 0.791166 0.738824 0.010 2.835 174 0 0.083570 2.373665 0.738798 0.702727 0.297386 0.303808 5.874670 7.0* 29 04.04.2019 

18.370370 0.006308 0.011614 0.791168 0.735244 0.010 2.302 174 0 0.077732 2.494861 0.742495 0.704050 0.291723 0.285715 5.900341 7.0* 30 04.04.2019 

19.428571 0.004546 0.010652 0.791202 0.781896 0.010 3.046 176 0 0.040476 1.937577 0.713530 0.706990 0.339345 0.455280 5.676374 7.0* 31 04.04.2019 

17.015397 0.004384 0.011106 0.791205 0.770357 0.010 3.654 175 0 0.044266 1.648963 0.704752 0.689837 0.307448 0.337281 5.836728 7.0* 32 04.04.2019 

27.528938 0.004503 0.011292 0.791207 0.765531 0.010 3.648 176 1 0.040871 1.528135 0.701933 0.683444 0.289223 0.278645 5.918840 7.0* 33**  04.04.2019 

24.428073 0.003658 0.017001 0.791209 0.766772 0.011 18.716 176 1 0.035629 1.867153 0.711559 0.694200 0.283594 0.260852 5.945455 7.0* 34 04.04.2019 

33.818694 0.005900 0.021621 0.791136 0.780230 0.010 7.746 177 0 0.029312 3.162816 0.730846 0.723360 0.333585 0.433903 5.717871 7.0* 35 04.04.2019 

24.798599 0.003764 0.019014 0.791068 0.800424 0.010 16.292 171 0 0.052025 3.619987 0.745868 0.752067 0.286914 0.270899 5.941019 7.0* 36**  04.04.2019 

16.263345 0.003809 0.017850 0.791213 0.818811 0.010 10.641 170 0 0.059285 3.985581 0.744801 0.762909 0.289175 0.277734 5.936804 7.0* 37 04.04.2019 

17.964575 0.003942 0.021635 0.791130 0.819758 0.010 16.701 168 0 0.069570 4.305378 0.739821 0.758713 0.337415 0.447443 5.710823 7.0* 38 04.04.2019 

24.940456 0.006342 0.042985 0.791220 0.817686 0.010 37.695 175 0 0.077821 4.491535 0.734538 0.752145 0.260750 0.197438 6.051162 7.0* 39**  04.04.2019 

14.350703 0.003922 0.022211 0.791113 0.776904 0.011 35.984 168 1 0.072321 2.202745 0.727543 0.717769 0.324798 0.399596 5.757354 7.0* 40 04.04.2019 

14.875685 0.005596 0.027200 0.791227 0.735226 0.011 39.407 175 0 0.100023 2.098706 0.725962 0.686711 0.372754 0.597246 5.511018 7.0* 44 04.04.2019 

15.681919 0.005664 0.020613 0.791092 0.736689 0.011 11.257 171 0 0.069741 2.489468 0.739219 0.701628 0.361434 0.546899 5.580766 7.0* 46 04.04.2019 

19.816874 0.006417 0.018174 0.791236 0.733229 0.011 5.589 168 0 0.042789 2.599389 0.731384 0.690658 0.363583 0.556346 5.571045 7.0* 47 04.04.2019 

8.013937 0.006128 0.015457 0.791077 0.735580 0.011 4.210 165 0 0.052379 2.382793 0.729308 0.690316 0.324344 0.398011 5.772643 7.0* 48 04.04.2019 

19.212411 0.005411 0.016591 0.791246 0.704951 0.011 8.649 165 0 0.093505 2.514740 0.749383 0.689870 0.330957 0.422564 5.723565 7.0* 49 04.04.2019 

10.674492 0.008215 0.040609 0.648690 0.577165 0.015 16.856 177 0 0.057879 2.688854 0.638000 0.581281 0.387911 0.399353 11.594825 6.0 51 09.04.2019 

8.979021 0.015186 0.078753 0.648694 0.587862 0.014 17.904 177 0 0.047513 2.542945 0.628189 0.579659 0.399148 0.432043 11.514326 7.0 52 09.04.2019 

4.716520 0.003785 0.029897 0.648702 0.614369 0.015 7.398 175 0 0.070830 2.556698 0.640063 0.613205 0.347714 0.291966 11.230740 7.0 53 09.04.2019 

9.158489 0.007341 0.037748 0.648706 0.608690 0.014 34.710 174 1 0.073803 2.362722 0.632300 0.600701 0.359265 0.321492 11.157514 7.0 54 09.04.2019 

11.040054 0.007146 0.037612 0.648709 0.597219 0.015 21.311 174 1 0.071666 1.773778 0.599342 0.557282 0.364058 0.333443 11.129237 7.0 55 09.04.2019 

11.808742 0.012216 0.063303 0.648711 0.594492 0.014 20.346 173 0 0.079238 1.622119 0.589182 0.544479 0.328932 0.247849 11.339434 7.0 56 09.04.2019 

14.105263 0.012299 0.041653 0.648713 0.598691 0.014 21.796 177 0 0.084635 1.807009 0.600380 0.559593 0.370326 0.350163 11.089764 7.0 57 09.04.2019 

14.000000 0.008760 0.045178 0.648714 0.607314 0.014 33.027 177 0 0.079985 1.888795 0.605906 0.572371 0.416874 0.486553 10.134317 7.0 58 09.04.2019 

7.002122 0.009050 0.064324 0.648816 0.662446 0.130 30.147 176 0 0.052663 3.915978 0.639926 0.650413 0.373879 0.359781 10.722818 7.0 59 09.04.2019 
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7.260240 0.010807 0.022494 0.648908 0.624634 0.012 4.736 170 0 0.085559 4.208565 0.649212 0.630816 0.442001 0.569977 12.407907 7.0 61**  09.04.2019 

10.486995 0.011826 0.061595 0.648646 0.594542 0.014 21.100 170 1 0.111673 1.874519 0.604205 0.560292 0.378124 0.371886 11.036888 7.0 63 09.04.2019 

9.617954 0.007554 0.052554 0.648624 0.586551 0.015 6.319 165 1 0.075450 2.165831 0.622109 0.572313 0.404255 0.447247 10.854069 7.0 64 09.04.2019 

9.007912 0.005901 0.057901 0.648596 0.580065 0.016 2.971 164 0 0.037443 2.476954 0.621602 0.566443 0.424900 0.512225 11.320228 7.0 65 09.04.2019 

6.649007 0.012224 0.028798 0.648571 0.602062 0.013 9.169 163 0 0.049966 2.303957 0.621424 0.584242 0.409624 0.463813 12.055917 7.0 66 09.04.2019 

9.123783 0.005359 0.026948 0.648500 0.581850 0.015 17.628 159 0 0.044246 1.743177 0.600307 0.545646 0.386443 0.394946 13.452763 7.0 68 09.04.2019 

6.450822 0.008411 0.020712 0.648446 0.586269 0.014 14.280 156 1 0.047700 2.748667 0.633442 0.584077 0.284384 0.157281 14.060306 9.0 69 09.04.2019 

8.120981 0.006707 0.033064 0.648468 0.604441 0.014 40.228 158 0 0.065373 2.391555 0.630355 0.595486 0.357730 0.317203 13.650292 8.5 70 09.04.2019 

8.460532 0.005027 0.033272 0.648529 0.615610 0.015 12.817 163 0 0.068978 2.395325 0.631956 0.605991 0.406367 0.453938 13.304841 6.5 71 09.04.2019 

8.195834 0.006431 0.037076 0.648610 0.553515 0.016 5.780 169 1 0.090428 2.585740 0.650912 0.575941 0.404824 0.449029 12.092203 6.5 73 09.04.2019 

7.564297 0.004909 0.037184 0.648643 0.588865 0.016 5.340 171 0 0.077433 2.330329 0.631811 0.584332 0.371141 0.352313 11.708749 7.0 74 09.04.2019 

8.230357 0.004269 0.037171 0.648648 0.628545 0.014 7.420 176 1 0.081326 2.319560 0.632495 0.616637 0.350074 0.297819 11.842861 6.0 75 09.04.2019 

34.820799 0.010767 0.030352 0.628509 0.717807 0.011 6.144 94 0 0.152382 2.429586 0.649763 0.714166 0.594753 0.836555 13.660140 7.0* 132 03.05.2019 

31.435080 0.008931 0.027045 0.628526 0.649199 0.012 15.998 94 0 0.150631 5.319816 0.540609 0.557471 0.588059 0.813621 13.917459 7.0* 133**  03.05.2019 

34.114583 0.008985 0.047518 0.628543 0.616265 0.014 37.893 95 0 0.113637 4.867933 0.594251 0.584294 0.582542 0.795054 14.031818 7.0* 134 03.05.2019 

29.266749 0.004350 0.076373 0.628562 0.611164 0.016 2.159 94 0 0.097640 4.590757 0.614960 0.601130 0.561209 0.724860 14.191479 7.0* 135 03.05.2019 

48.314351 0.019801 0.044722 0.628590 0.595112 0.013 8.258 92 0 0.065041 5.275711 0.571341 0.543554 0.579782 0.785848 14.078475 7.0* 136 03.05.2019 

36.280719 0.013576 0.047640 0.628542 0.698102 0.011 15.637 89 0 0.063488 0.364730 0.535713 0.593112 0.550520 0.690961 13.988884 7.0* 139 03.05.2019 

43.922175 0.005816 0.041012 0.628566 0.664147 0.013 33.005 90 0 0.037728 0.736946 0.560384 0.589506 0.542623 0.666310 13.995767 7.0* 140 03.05.2019 

41.078513 0.009418 0.023438 0.628633 0.553442 0.015 30.678 90 0 0.085406 5.324511 0.562465 0.498958 0.589607 0.819267 14.002198 7.0* 144 03.05.2019 

44.903581 0.010356 0.029267 0.628623 0.596045 0.014 29.201 90 0 0.069669 4.327387 0.620708 0.594837 0.597233 0.845135 13.841126 7.0* 145 03.05.2019 

42.511184 0.008779 0.028255 0.628612 0.623713 0.013 38.829 90 0 0.039973 2.455312 0.606305 0.602444 0.554876 0.704648 14.119547 7.0* 146 03.05.2019 

44.517223 0.006006 0.014538 0.628611 0.629465 0.013 7.719 90 1 0.027880 1.734779 0.585506 0.586230 0.551871 0.695173 13.681690 7.0* 148 03.05.2019 

23.190610 0.004435 0.035005 0.636117 0.633652 0.014 10.601 87 0 0.134747 0.704982 0.490891 0.488814 0.435976 0.378390 15.676613 7.0* 156 03.05.2019 

26.539278 0.009901 0.025851 0.636090 0.609016 0.013 13.704 87 1 0.109841 0.924007 0.520725 0.497575 0.455156 0.424161 15.675542 7.0* 157 03.05.2019 

37.846669 0.015007 0.029407 0.636037 0.653916 0.011 3.427 85 1 0.061827 3.324172 0.642411 0.656015 0.470381 0.462439 15.658503 7.0* 159**  03.05.2019 

26.518941 0.003871 0.033348 0.636138 0.662567 0.014 14.255 89 0 0.098276 0.422200 0.513267 0.535781 0.454802 0.423314 15.586909 7.0* 163 03.05.2019 

33.453398 0.018769 0.038004 0.636062 0.655450 0.011 3.690 89 0 0.050487 1.259712 0.571139 0.586974 0.443746 0.396613 15.793849 7.0* 167 03.05.2019 

3.476634 0.005617 0.075639 0.619101 0.593086 0.016 2.322 36 1 0.051388 1.047571 0.550284 0.528007 0.270538 0.088393 21.392345 7.0* 1 21.06.2019 

2.741479 0.003596 0.096518 0.619110 0.551257 0.015 15.207 38 0 0.074126 1.338746 0.550693 0.492285 0.253489 0.070679 21.133634 7.0* 2**  21.06.2019 

3.310368 0.007159 0.080451 0.619135 0.578247 0.016 2.417 40 0 0.051060 1.582171 0.569702 0.535155 0.268033 0.085700 20.517439 7.0* 5 21.06.2019 

2.869534 0.005163 0.045732 0.619142 0.584934 0.016 3.716 41 0 0.046867 1.676665 0.574174 0.545381 0.258808 0.076019 20.983913 7.0* 6 21.06.2019 

3.884241 0.005665 0.049105 0.619151 0.588785 0.016 4.075 42 0 0.046907 1.752956 0.577072 0.551546 0.268117 0.086021 21.104660 7.0* 7 21.06.2019 

3.888447 0.004902 0.056533 0.619159 0.575206 0.017 2.264 41 0 0.037520 1.792209 0.579032 0.542280 0.261541 0.078805 20.892699 7.0* 8 21.06.2019 

10.316067 0.006753 0.063502 0.619169 0.551222 0.017 2.201 41 0 0.015072 1.114251 0.572314 0.515197 0.258816 0.076005 21.705924 7.0* 9 21.06.2019 

5.608871 0.007888 0.043443 0.619175 0.529895 0.017 4.300 41 0 0.018409 2.376109 0.588153 0.513539 0.265739 0.083223 21.691880 7.0* 10 21.06.2019 

5.203561 0.005658 0.041067 0.619081 0.580857 0.016 5.174 35 1 0.037338 1.051482 0.558708 0.526334 0.277560 0.096351 21.450246 7.0* 11 21.06.2019 

4.830771 0.003828 0.036166 0.619091 0.582159 0.016 3.229 38 0 0.049746 1.393757 0.562761 0.531412 0.274644 0.092983 22.537997 7.0* 12 21.06.2019 

4.019817 0.005018 0.106845 0.619100 0.549687 0.015 18.717 38 0 0.072824 1.808126 0.577943 0.519372 0.276513 0.095134 22.533706 7.0* 13 21.06.2019 

3.904369 0.004523 0.148261 0.619107 0.539406 0.015 12.339 40 0 0.085603 1.752119 0.573322 0.505676 0.262186 0.079501 21.409374 7.0* 14**  21.06.2019 

5.771974 0.009481 0.049679 0.619123 0.574671 0.015 12.227 39 0 0.066200 1.734908 0.574365 0.536822 0.272175 0.090197 21.968460 7.0* 16 21.06.2019 

5.354046 0.007746 0.059309 0.619131 0.588995 0.015 5.246 41 0 0.064546 1.710889 0.573295 0.547732 0.267706 0.085337 21.107040 7.0* 17 21.06.2019 

7.247858 0.005552 0.059246 0.619140 0.592342 0.016 3.066 40 0 0.057975 1.691716 0.573230 0.550506 0.266281 0.083796 22.269255 7.0* 18 21.06.2019 

6.448436 0.007339 0.039020 0.619148 0.575119 0.015 11.754 41 0 0.045435 1.462806 0.566741 0.529515 0.257922 0.075081 21.968834 7.0* 19 21.06.2019 

11.462264 0.008890 0.055329 0.619156 0.554381 0.016 4.814 41 0 0.029538 2.549734 0.596093 0.542646 0.244792 0.062348 21.988755 7.0* 20**  21.06.2019 

3.798077 0.004756 0.026186 0.619070 0.569197 0.016 9.037 36 0 0.038822 1.689823 0.575675 0.533822 0.271423 0.089464 23.399046 7.0* 21 21.06.2019 

5.108370 0.008232 0.021379 0.619078 0.565929 0.015 31.530 36 0 0.051387 2.206515 0.595211 0.551234 0.279711 0.098912 22.526614 7.0* 22 21.06.2019 

5.606838 0.007301 0.064004 0.619087 0.544698 0.017 2.235 38 0 0.062318 1.963461 0.586317 0.523980 0.268204 0.085848 23.122793 7.0* 23 21.06.2019 

3.654164 0.007458 0.045897 0.619102 0.557263 0.016 5.180 39 0 0.082377 1.658244 0.567412 0.514796 0.254797 0.072004 22.001773 7.0* 25 21.06.2019 

8.298442 0.008204 0.074538 0.619110 0.570997 0.016 2.963 39 0 0.074459 1.624285 0.566803 0.525886 0.261671 0.078972 21.989877 7.0* 26 21.06.2019 
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3.012615 0.008070 0.098564 0.619118 0.573559 0.016 2.084 39 0 0.071637 1.612346 0.566698 0.527960 0.246580 0.063995 22.842852 7.0* 27 21.06.2019 

7.967058 0.006011 0.049642 0.619126 0.573534 0.016 3.584 41 0 0.064813 1.558523 0.565369 0.526617 0.251175 0.068610 22.296317 7.0* 28 21.06.2019 

3.723883 0.010798 0.068138 0.619135 0.566738 0.016 5.749 41 0 0.060092 1.449096 0.561466 0.516845 0.267028 0.084595 23.123631 7.0* 29 21.06.2019 

8.557845 0.0079532 0.0238592 0.791186 0.725896 0.011 6.867 169 0 0.073916 2.307203 0.732889 0.687118 0.381458 0.766863 7.981895 7.0 1 30.03.2021 

9.302326 0.0047301 0.0484532 0.791170 0.713611 0.012 24.539 168 1 0.069353 2.291390 0.730965 0.676085 0.348865 0.593738 8.379065 7.0 2 30.03.2021 

8.763522 0.0133123 0.0136556 0.791118 0.764998 0.011 16.383 163 0 0.080109 2.066330 0.721793 0.703553 0.373537 0.722740 8.088442 7.0 5 30.03.2021 

9.967250 0.0184025 0.0362303 0.791101 0.74995 0.009 2.487 162 0 0.075913 2.170614 0.726673 0.697919 0.330095 0.504128 8.571602 7.0 6 30.03.2021 

8.320638 0.0066357 0.0310332 0.791068 0.738848 0.011 30.107 160 0 0.068441 2.274513 0.729927 0.693373 0.414765 0.535841 7.331228 7.0 8**  30.03.2021 

11.825726 0.0051351 0.0759953 0.791093 0.751559 0.013 8.056 160 0 0.068030 2.015244 0.718076 0.690105 0.345761 0.579313 8.443840 7.0 10 30.03.2021 

13.384052 0.0135002 0.0301093 0.791164 0.752202 0.010 3.079 167 0 0.061693 2.190667 0.724938 0.697627 0.371026 0.709187 8.091303 7.0 14 30.03.2021 

13.921569 0.0071715 0.0237696 0.791174 0.720789 0.011 9.610 166 0 0.069138 2.274810 0.730186 0.680501 0.391216 0.822929 7.875824 7.0 17 30.03.2021 

15.719276 0.0062845 0.0158976 0.791158 0.74794 0.010 3.996 166 0 0.058451 2.416705 0.732541 0.702501 0.357136 0.635725 8.275556 7.0 18 30.03.2021 

5.227867 0.0080523 0.0211655 0.791140 0.738808 0.010 4.557 165 0 0.056571 2.298319 0.727806 0.691013 0.308925 0.412730 8.794470 7.0 19 30.03.2021 

8.132249 0.0072635 0.0340812 0.791123 0.786411 0.010 15.027 164 0 0.071931 1.932045 0.714233 0.710914 0.336862 0.535816 8.566775 7.0 20 30.03.2021 
*ʧʦʣʴʦʚʽ ʜʘʥʽ ʚʽʜʩʫʪʥʽ (ʧʨʠʡʥʷʪʦ pH=7); **ʜʘʥʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʭʠʣʝʥʴ 

 



162 

ɼʦʜʘʪʦʢ ɺ 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ 

 

ɺ.1. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ɼɿɿ 

  

ʊʘʙʣʠʮʷ ɺ.1.1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʽʚ ʩʫʧʫʪʥʠʢʽʚ L7 ETM+ ʪʘ L8 OLI  

ʂʘʥʘʣʠ L7 ETM+ L8 OLI 
ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 

ʇʨʠʙʝʨʝʞʞʷ ʪʘ 

ʘʝʨʦʟʦʣʽ 
 0,43-0,45 

30 

ʉʠʥʽʡ 0,45-0,52 0,45-0,51 

ɿʝʣʝʥʠʡ 0,52-0,60 0,53-0,59 

ʏʝʨʚʦʥʠʡ 0,63-0,69 0,64-0,67 

ɹʣʠʞʥʽʡ ɯʏ 0,77-0,90 0,85-0,88 

SWIR I 1,55-1,75 1,57-1,65 

SWIR II 2,09-2,35 2,11-2,29 

ʇʘʥʭʨʦʤʘʪʠʯʥʠʡ 0,52-0,90 0,50-0,68 15 

ʇʝʨʠʩʪʽ ʭʤʘʨʠ  1,36-1,38 30 
 

 

ʊʘʙʣʠʮʷ ɺ.1.2 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ L8 OLI /TIRS 

ɼʘʪʘ ʟʘʧʫʩʢʫ  11 ʣʶʪʦʛʦ 2013 ʨʦʢʫ 

ʈʦʟʨʦʙʥʠʢ 

Orbital Sciences Corporation (OSC) (ʉʐɸ; ʙʳʚ. 

General DynamicsAdvanced Information Systems); 

Ball Aerospace (ʉʐɸ) 

ʆʧʝʨʘʪʦʨ NASA, USGS (ʉʐɸ) 

ʄʘʩʘ, ʢʛ 2623 

ʆʨʙʽʪʘ: 

ʚʠʩʦʪʘ, ʢʤ 

ʥʘʭʠʣ, ʛʨʘʜ 

ʉʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʘ 

705 ʢʤ 

98,2 

ʈʘʜʽʦʤʝʪʨʠʯʥʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʙʽʪ/ʧʽʢʩʝʣʴ 

12 

ʐʠʨʠʥʘ ʩʤʫʛʠ ʟʡʦʤʢʠ, 

ʢʤ 
185 
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ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʟʡʦʤʢʠ, 

ʜʽʙ 
16 

ɿʥʽʤʘʣʴʥʘ ʘʧʘʨʘʪʫʨʘ OLI ʪʘ TIRS 

ʏʠʩʣʦ ʝʣʝʤʝʥʪʽʚ 

ʣʽʥʽʡʢʠ 
6000 (OLI; 18000 PAN), 1500 (TIRS) 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ, ʄʙʽʪ/ʩʝʢ 
265(OLI), 26,2(TIRS) 

 

 

ʊʘʙʣʠʮʷ ɺ.1.3 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʫʪʥʠʢʽʚ Sentinel-2 MSI 

ɼʘʪʘ ʟʘʧʫʩʢʫ  
23 ʯʝʨʚʥʷ 2015 ʨʦʢʫ (Sentinel-2A) 

7 ʙʝʨʝʟʥʷ 2017 ʨʦʢʫ (Sentinel-2B) 

ʈʦʟʨʦʙʥʠʢ 
EADS Astrium Satellites (ʌʨʘʥʮʽʷ) (ʥʠʥʽ - 

Airbus Defence and Space) 

ʆʧʝʨʘʪʦʨ ESA 

ʄʘʩʘ 1200 ʢʛ 

ʆʨʙʽʪʘ: 

ʚʠʩʦʪʘ, ʢʤ 

ʥʘʭʠʣ, ʛʨʘʜ 

ʉʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʘ 

786 ʢʤ 

98,5 

ʈʘʜʽʦʤʝʪʨʠʯʥʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʙʽʪ/ʧʽʢʩʝʣʴ 

12 

ʐʠʨʠʥʘ ʩʤʫʛʠ ʟʡʦʤʢʠ, 

ʢʤ 
290 

ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʟʡʦʤʢʠ, ʜʽʙ 10 
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ʊʘʙʣʠʮʷ ɺ.1.4 

ʉʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʩʝʥʩʦʨʽʚ S2A ʽ S2B 

ʅʦʤʝʨ 

ʢʘʥʘʣʫ 

S2A S2B 
ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʤ 

ʎʝʥʪʨʘʣʴʥʘ 

ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ, ʥʤ 

ʐʠʨʠʥʘ 

ʜʽʘʧʘʟʦʥʫ, 

ʥʤ 

ʎʝʥʪʨʘʣʴʥʘ 

ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ, ʥʤ 

ʐʠʨʠʥʘ 

ʜʽʘʧʘʟʦʥʫ, ʥʤ 

1 

2 

3 

4 

5 

6 

7 

8 

8a 

9 

10 

11 

12 

442,7 

492,4 

559,8 

664,6 

704,1 

740,5 

782,8 

832,8 

864,7 

945,1 

1373,5 

1613,7 

2202,4 

21 

66 

36 

31 

15 

15 

20 

106 

21 

20 

31 

91 

175 

442,3 

492,1 

559,0 

665,0 

703,8 

739,1 

779,7 

833,0 

864,0 

943,2 

1376,9 

1610,4 

2185,7 

21 

66 

36 

31 

16 

15 

20 

106 

22 

21 

30 

94 

185 

60 

10 

10 

10 

20 

20 

20 

10 

20 

60 

60 

20 

20 

 

 

ʊʘʙʣʠʮʷ ɺ.1.5 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ PlanetScope 

 PS2 PS2.SD PSB.SD 

ʆʨʙʽʪʘ: 

ʚʠʩʦʪʘ, ʢʤ 

ʥʘʭʠʣ, ʛʨʘʜ 

ʉʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʘ 

450-580 

~98 

ʄʘʩʘ ʂɸ, ʢʛ 4,7 

ʊʠʧ ʩʝʥʩʦʨʫ ʏʦʪʠʨʴʦʭ-

ʢʘʥʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ 

ʬʦʨʤʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʢʦʤʙʽʥʦʚʘʥʠʤ 

ʬʽʣʴʪʨʦʤ 

ʏʦʪʠʨʴʦʭ-

ʢʘʥʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ 

ʬʦʨʤʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʨʦʟʜʽʣʴʥʠʤ 

ʬʽʣʴʪʨʦʤ 

ɺʦʩʴʤʠ-ʢʘʥʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ 

ʬʦʨʤʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʨʦʟʜʽʣʴʥʠʤ 

ʬʽʣʴʪʨʦʤ 

ʉʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ, ʥʤ 

- ʇʨʠʙʝʨʝʞʞʷ ʪʘ 
ʘʝʨʦʟʦʣʽ 

- ʉʠʥʽʡ 

- ɿʝʣʝʥʠʡ 

- ɿʝʣʝʥʠʡ I 

- ɿʝʣʝʥʠʡ II 

- ɾʦʚʪʠʡ 

- ʏʝʨʚʦʥʠʡ 

- ʏʝʨʚʦʥʠʡ ʢʨʘʡ 

- ɹʣʠʞʥʽʡ ɯʏ 

 

 

455 - 515 

500 - 590 

 

 

 

590 - 670 

 

780 - 860 

 

 

464 - 517 

547 - 585 

 

 

 

650 - 682 

 

846 - 888 

 

431-452 

465-515 

 

513 - 549 

547 - 583 

600 - 620 

650 - 680 

697 - 713 

845 - 885 
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ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ (ʚ 

ʥʘʜʠʨʽ), ʤ 

~3,7 ʤ 

ʈʦʟʤʽʨʠ ʩʮʝʥʠ, ʢʤ 24 x 8 24 x 16 32,5 x 19,6 

ʇʝʨʽʦʜʠʯʥʽʩʪʴ 

ʟʡʦʤʢʠ, ʜʽʙ 
1 

ʈʘʜʽʦʤʝʪʨʠʯʥʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʙʽʪ/ʧʽʢʩʝʣʴ 

12 ʙʽʪ 

 

 

ʊʘʙʣʠʮʷ ɺ.1.6 

ʉʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʚʠʭ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʩʝʥʩʦʨʽʚ EOS 

MODIS 

 

 

 
  

ʇʨʠʟʥʘʯʝʥʥʷ 
ʅʦʤʝʨ 

ʢʘʥʘʣʫ 

ʉʧʝʢʪʨʘʣʴʥʠʡ 

ʜʽʘʧʘʟʦʥ, ʤʢʤ 

ʎʝʥʪʨʘʣʴʥʘ 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ, 

ʤʢʤ 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ/ʭʤʘʨ 

20 3,660ï3,840 3,750 

21 3,929ï3,989 3,959 

22 3,929ï3,989 3,959 

23 4,020ï4,080 4,05 

ʊʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʠ 
24 4,433ï4,498 4,4655 

25 4,482ï4,549 4,5155 

ɺʦʜʷʥʘ ʧʘʨʘ ʧʝʨʠʩʪʠʭ ʭʤʘʨ 
27 6,535ï6,895 6,715 

28 7,175ï7,475 7,325 

ɺʣʘʩʪʠʚʦʩʪʽ ʭʤʘʨ 29 8,400ï8,700 8,55 

ʆʟʦʥ 30 9,580ï9,880 9,73 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ/ʭʤʘʨ 

31 10,780ï11,280 11,03 

32 11,770ï12,270 12,02 

ɺʠʩʦʪʘ ʭʤʘʨ 

33 13,185ï13,485 13,335 

34 13,485ï13,785 13,635 

35 13,785ï14,085 13,935 

36 14,085ï14,385 14,235 



166 

ʊʘʙʣʠʮʷ ɺ.1.7 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʚʠʭ ʩʝʥʩʦʨʽʚ EOS MODIS, L7 ETM+ ʪʘ L8 TIRS 

ʇʘʨʘʤʝʪʨ EOS MODIS 
Landsat-7 

ETM+ 
Landsat-8 TIRS 

ɺʠʩʦʪʘ ʦʨʙʽʪʠ, ʢʤ 705 

ʅʦʤʝʨ ʢʘʥʘʣʫ 31 32 6 10 11 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ, 

ʤʢʤ 
10.78ï11.28 11,77ï12,27 10.40ï12.50 10.6ï11.19 11.50-12.51 

ʐʠʨʠʥʘ ʩʤʫʛʠ, ʢʤ 2330 185 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʤ 
1000 60 100 

ʏʘʩʪʦʪʘ 

ʧʦʚʪʦʨʥʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʜʽʙ 

1-2 16 16 

ʂʚʘʥʪʫʚʘʥʥʷ 

ʜʘʥʠʭ, ʙʽʪ 
12 8 12 

 

 

ʊʘʙʣʠʮʷ ɺ.1.8 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ TerraSAR-X. 

TanDEM-X ʪʘ ALOS-2 

ʅʘʟʚʘ ʂɸ TerraSAR-X TanDEM-X ALOS-2 

ʈʦʟʨʦʙʥʠʢ DLR, ADS Astrium GmbH Mitsubishi Electric Corporation 

ʆʧʝʨʘʪʦʨ Astrium GEO-Information 

Services 
JAXA 

ɼʘʪʘ ʟʘʧʫʩʢʫ 15.06.2007 21.06.2010 24.05.2014 

ʆʨʙʽʪʘ: 

ʚʠʩʦʪʘ, ʢʤ 

ʥʘʭʠʣ, ʛʨʘʜ 

ʉʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʘ 

514,8 

97.44 

ʉʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʘ 

628 

97,9 

ʇʣʘʪʬʦʨʤʘ: 

ʘʧʧʘʨʘʪʫʨʘ 

ʢʫʪʠ 

ʚʽʜʭʠʣʝʥʥʷ, 

ʛʨʘʜ 

AstroBus 

SAR (X-ʜʽʘʧʘʟʦʥ) 

Ñ20-55 

 

PALSAR-2 (L-ʜʽʘʧʘʟʦʥ) 

 

 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ, 

ʩʤ 
3,1 ~23,6 

ʈʝʞʠʤ ʟʡʦʤʢʠ HS SL StripMap SpotLight StripMap ScanSAR 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʤ 

1 2 
3; 

16 
1ï3 3ï10 100 

ʐʠʨʠʥʘ ʩʤʫʛʠ, 

ʢʤ 

10Ĭ5 10Ĭ10 30Ĭ50, 

15Ĭ50; 

100Ĭ150 

25 50ï70 350 
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ʇʦʣʷʨʠʟʘʮʽʷ 

ʆʜʠʥʘʨʥʘ 

VV/VH; 

ʇʦʜʚʽʡʥʘ 

HH+VV 

ʆʜʠʥʘʨʥʘ 

VV/HH; 

ʇʦʜʚʽʡʥʘ 

HH+VV, 

HH+HV, 

VV+VH  

ʆʜʠʥʘʨʥʘ 

HH/VV;  

 

ʆʜʠʥʘʨʥʘ 

HH/VV;  

ʇʦʜʚʽʡʥʘ 

HH+HV, 

VV+VH  

ʆʜʠʥʘʨʥʘ 

HH/VV;  

 

ʇʝʨʽʦʜʠʯʥʽʩʪʴ 

ʟʡʦʤʢʠ, ʜʽʙ 

2,5-4,5 14 

ʇʦʪʫʞʥʽʩʪʴ, ɺʪ 800 5200 

ʈʦʟʤʽʨ ʂɸ, ʤ 4,9Ĭ2,4 9,9Ĭ6,5Ĭ3,7 

ʄʘʩʘ ʂɸ, ʢʛ 1230 1340 2120 

 

ʊʘʙʣʠʮʷ ɺ.1.9 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Sentinel-1 
ʅʘʟʚʘ ʂɸ Sentinel-1A, Sentinel-1B 

ʈʦʟʨʦʙʥʠʢ Thales Alenia Space Italy, Airbus Defence and Space 

ʆʧʝʨʘʪʦʨ ESA 

ɼʘʪʘ ʟʘʧʫʩʢʫ 03.04.2014 (Sentinel-1A), 26.04.2016 (Sentinel-1B) 

ʆʨʙʽʪʘ: 

ʚʠʩʦʪʘ, ʢʤ 

ʥʘʭʠʣ, ʛʨʘʜ 

ʉʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʘ 

693 

98,1 

ʇʦʪʫʞʥʽʩʪʴ, ɺʪ 5300 

ʈʦʟʤʽʨ ʂɸ, ʤ 3,9Ĭ2,6Ĭ2,5 

ʄʘʩʘ ʂɸ, ʢʛ 2280 

ʇʦʣʷʨʠʟʘʮʽʷ ʆʜʠʥʘʨʥʘ (HH ʘʙʦ VV) 

ʘʙʦ ʧʦʜʚʽʡʥʘ (HH/HV ʘʙʦ VV/VH) 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ, ʄʙʠʪ/ʩʝʢ 520 

ʈʝʞʠʤ ʟʡʦʤʢʠ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 

(range Ĭ azimuth), ʤ 

ʐʠʨʠʥʘ ʩʤʫʛʠ 

ʟʡʦʤʢʠ, ʢʤ 

Strip Map Mode (SM) 5 Ĭ 5 80 

Interferometric Wide Swath (IW)  5 Ĭ 20 250 

Extra-Wide Swath Mode (EW) 25 Ĭ 100 400 

Wave-Mode (OCN) 5 Ĭ 20 20 Ĭ 20 
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ɺ.2. ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʢʘʥʘʣʽʚ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʝʥʩʦʨʽʚ 

 
ʈʠʩ. ɺ.2.1. ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʢʘʥʘʣʽʚ L7 ETM+ ʪʘ L8 OLI 

 

 
ʈʠʩ. ɺ.2.2. ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʢʘʥʘʣʽʚ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ S2A/B MSI. 

 

 
ʈʠʩ. ɺ.2.3. ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʢʘʥʘʣʽʚ VNIR PS. 
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ɼʦʚʞʠʥʘ ʭʚʠʣʽ, ʥʤ

ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʢʘʥʘʣʽʚ L7 ETM+ ʪʘ L8 OLI
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ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʢʘʥʘʣʽʚ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʝʥʩʦʨʽʚ S-2A ʪʘS-2B MSI 
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ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʢʘʥʘʣʽʚ PlanetScope
PS0c
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ɹʣʠʞʥʽʡ ɯʏ
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ʈʠʩ. ɺ.2.4. ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʢʘʥʘʣʽʚ ʪʝʧʣʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʝʥʩʦʨʽʚ L7 

ETM+, L8 TIRS ʪʘ EOS MODIS. 
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ɼʦʚʞʠʥʘ ʭʚʠʣʽ, ʤʢʤ

ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʢʘʥʘʣʽʚ ʪʝʧʣʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʝʥʩʦʨʽʚ L7 ETM+, L8 

TIRS ʪʘ EOS MODIS

L7 TIR (ʂʘʥʘʣ 6)

L8 TIRS (ʢʘʥʘʣ 10)

L8 TIRS (ʢʘʥʘʣ 11)

MODIS TIR (ʢʘʥʘʣ 31)

MODIS TIR (ʢʘʥʘʣ 32)



170 

ɼʦʜʘʪʦʢ ɻ 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ ʪʘ ˇʨʫʥʪʫ 

 

ʊʘʙʣʠʮʷ ɻ.1 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʛʦʤʽʨʫ ˇʨʫʥʪʫ Rapitest 1825 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 

ʰʢʘʣʘ ʚʽʜ 0,0 ʜʦ 9,9 (ʚʽʜ 0 ʜʦ 99% RH) 

ʂʨʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ 0,1 (1%) 

ʈʦʟʤʽʨʠ ʚʦʣʦʛʦʤʽʨʫ 265x50x20 ʤʤ 

ɺʘʛʘ ʧʨʠʣʘʜʫ 60 ʛ 

ɼʦʚʞʠʥʘ ʝʣʝʢʪʨʦʜʫ 150 ʤʤ 

ɼʽʘʤʝʪʨ ʝʣʝʢʪʨʦʜʫ 6 ʤʤ 

ɼʠʩʧʣʝʡ LCD ʜʠʩʧʣʝʡ 

ɾʠʚʣʝʥʥʷ ʙʘʪʘʨʝʡʢʠ 3 ʭ 1,5V (LR44 / AG13) 

ʊʝʨʤʽʥ ʩʣʫʞʙʠ ʙʘʪʘʨʝʡʦʢ 1000-1200 ʚʠʤʽʨʶʚʘʥʴ 

ɺʠʨʦʙʥʠʢ Luster Leaf (ʉʐɸ) 

 

ʊʘʙʣʠʮʷ ɻ.2 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʜʣʷ ˇʨʫʥʪʫ 

WALCOM  AMT -300 

ʇʘʨʘʤʝʪʨʠ ʚʠʤʽʨʶʚʘʥʥʷ 
ʆʩʚʽʪʣʝʥʽʩʪʴ, ʚʦʣʦʛʽʩʪʴ, ʢʠʩʣʦʪʥʽʩʪʴ (ʨʅ), 

ʪʝʤʧʝʨʘʪʫʨʘ 

  

  

ɼʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ʆʩʚʽʪʣʝʥʽʩʪʴ  

(9 ʟʥʘʯʝʥʴ) 

LOW-, LOW, LOW+, NOR-, NOR, NOR+, 

HGH-, HGH, HGH+ 

ɺʦʣʦʛʽʩʪʴ (5 ʟʥʘʯʝʥʴ) DRY+, DRY, NOR, WET, WET+ 

ʂʠʩʣʦʪʥʽʩʪʴ (pH) 3.4~9.0 (ʨʘʟʨʝʰʝʥʠʝ 0,5) 

ʊʝʤʧʝʨʘʪʫʨʘ -9~50 ÁC (16~122 ÁF) (ʨʘʟʨʝʰʝʥʠʝ 1ÁC / 

1ÁF) 

ɾʠʚʣʝʥʥʷ ɹʘʪʘʨʝʷ 9ɺ (ʪʠʧ 6F22 çʂʨʦʥʘè) 
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ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 5 ~ 40 Á ʉ 

ɻʘʙʘʨʠʪʠ ʇʨʠʣʘʜ 122x63x36 ʩʤ 

ʑʫʧ ɼʠʘʤʝʪʨ 5 ʤʤ, ʜʣʠʥʘ 200 ʤʤ 

ɺʘʛʘ 70,5 ʛ 

ɺʠʨʦʙʥʠʢ Walker 

 

ʊʘʙʣʠʮʷ ɻ.3 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʤʝʪʨʫ Benetech GM1312 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ -50 ÜC ʜʦ 300 ÜC 

1. ʈʦʟʨʽʟʥʝʥʥʽʩʪʴ 0,1 ÜC  (ʜʦ 1000ÜC) / 1 ÜC (ʙʽʣʴʰʝ 1000 ÜC) 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ Ñ 0,1% 

ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ 1. ÜC/ÜF 

ɼʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 1. ʦʪ 0 ʜʦ 40ÜC 

ɻʘʙʘʨʠʪʠ 1. 72 ʤʤ x 29 ʤʤ x 145,5 ʤʤ 

ɺʘʛʘ 1. 160 ʛ 

 

ʊʘʙʣʠʮʷ ɻ.4 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜ ʜʣʷ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʙ'ʻʢʪʽʚ TemPro-1200 

ʂʘʪʝʛʦʨʽʷ ʉʧʝʮʠʬʽʢʘʮʽʷ 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ, Áʉ -50 ... +1200 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʽʜ 0.1 ʜʦ 1.0 ʟ ʢʨʦʢʦʤ 0.01 

ʆʧʪʠʯʥʠʡ ʜʦʟʚʽʣ D:S, 50: 1 

ʈʦʙʦʯʘ ʚʦʣʦʛʽʩʪʴ, % 10 - 95 

ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ 0 ... 40 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ, 

ʤʢʤ 

8 - 14 

ʊʝʤʧʝʨʘʪʫʨʥʝ ʜʦʟʚʽʣ ʉ 0.1 ʧʨʠ <1000 Á ʉ; 1 ʧʨʠ> 1000 Á 

ʉ 

ʊʦʯʥʽʩʪʴ, dB Ñ 1 

ʏʘʩ ʚʽʜʛʫʢʫ, ʩ 0.15 
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ɼʦʜʘʪʦʢ ɼ 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʟʝʤʥʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ 

 

ɼ.1. ʂʘʨʪʦʩʭʝʤʠ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ  

  

ʈʠʩ. ɼ.1.1. ʊʝʩʪʦʚʽ ʜʽʣʷʥʢʠ ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ 

ʦʧʪʠʯʥʠʭ ʪʘ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ: ʘ ï ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʥʘ ʢʘʨʪʽ ʂʠʻʚʘ; ʙ ï ʨʦʟʤʽʱʝʥʥʷ 

ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʴ ʚ ʤʝʞʘʭ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ˉ 1 ï  çʇʦʣʝ ʘʚʽʘʤʦʜʝʣʽʩʪʽʚè; ʚ ï 

ʨʦʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʴ ʚ ʤʝʞʘʭ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ˉ 2 ï  çʄʣʠʥʥʝè; ʛ ï 

ʨʦʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʴ ʚ ʤʝʞʘʭ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ˉ 3 ï  çɺʠʰʝʥʴʢʠè 

 

 

 

 

 

 



173 

 

 

ʈʠʩ. ɼ.1.2. ʊʝʩʪʦʚʘ ʜʽʣʷʥʢʘ ˉ 4 ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ 

ʦʧʪʠʯʥʠʭ ʪʘ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʪʘ ʙʽʦʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ: ʘ ï ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ʥʘ ʢʘʨʪʽ 

ʄʠʢʦʣʘʻʚʘ; ʙ ï ʨʦʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʴ ʚ ʤʝʞʘʭ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ˉ 4 ï 

çʊʝʨʥʽʚʢʘè 
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ɼ.2. ɿʚʝʜʝʥʽ ʪʘʙʣʠʮʽ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ 

 

ʊʘʙʣʠʮʷ ɼ.2.1. 

ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʟʝʤʥʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ɼʘʪʘ ˉ ʊɼ 
ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʂïʪ ɹ

ʟʨʘʟʢʽʚ W, % pHʧ Tʧ, 
ʦʉ Tʜʠʩʪ, ʦʉ NDVI ,ᵻ ʛʨʘʜ 

03.04.2019 1 17,68 ï 5,86 18,21 0,33 45,33 40 

09.04.2019 1 9,0 7,05 11,83 17,46 0,38 37,17 26 

21.04.2019 1 12,0 6,77 9,7 ï 0,48 37,16 27 

03.05.2019 2 31,55 ï 15,67 27,7 0,46 36,45 12 

03.05.2019 3 40,52 ï 14,14 24,6 0,57 36,01 20 

15.05.2019 1 12,28 7,0 17,91 ï 0,6 37,16 15 

22.05.2019 1 14,2 ï ï ï 0,6 45,33 21 

21.06.2019 4 5,08 ï ï 46,98 0,27 35,47 30 

30.03.2021 1 10,7 7,0 8,12 14,0 0,36 45,33 20 

ɺʩʴʦʛʦ: 211 

 

ʊʘʙʣʠʮʷ ɼ.2.2 

ɼʘʪʠ ʪʘ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ 

ˉ ʊɼ 
ɼʘʪʘ ʧʦʣʴʦʚʠʭ 

ʚʠʤʽʨʶʚʘʥʴ 

ʏʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʴ 

ʊʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ, ʦʉ 

tʚ1 tʚ2 Tʘ1 tʘ1 Tʘ2 tʘ2 

1 

04/04/2019 

09/04/2019 

21/04/2019 

15/05/2019 

22/05/2019 

6:06 

6:35 

6:47 

7:20 

6:40 

7:34 

8:16 

7:59 

8:02 

7:58 

1.6 

11.1 

5.5 

14.4 

12.2 

5:00 

5.4 

12.5 

11.4 

19.2 

17.9 

8:00 

2 

3 
03/05/2019 

8:02 

12:09 

9:01 

12:47 

12.7 

17.2 

8:00 

11:00 

17.2 

17.5 

11:00 

14:00 

4 22/06/2019 6:40* 8:20* 20.5 5:00 27.5 8:00 

*ʪʦʯʥʠʡ ʯʘʩ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ 
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ʊʘʙʣʠʮʷ ɼ.2.3. 

ɿʚʝʜʝʥʠʡ ʧʦʣʴʦʚʠʡ ʞʫʨʥʘʣ ʥʘʟʝʤʥʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɼʘʪʘ 

ʂʦʦʨʜʠʥʘʪʠ 

ʮʝʥʪʨʘʣʴʥʦʾ ʪʦʯʢʠ ʅʦʤʝʨ 

ʧʨʦʙʠ 

ɺʘʛʘ ʚʦʣʦʛʦʾ 

ʧʨʦʙʠ ˇʨʫʥʪʫ, ʛ 

ɺʘʛʘ ʩʫʭʦʾ 

ʧʨʦʙʠ ˇʨʫʥʪʫ, 

ʛ 

ɺʘʛʘ 

ʙʶʢʩʫ, ʛ 

ɺʦʣʦʛʽʩʪʴ 

ʦʙʯʠʩʣʝʥʘ, 

% 

ɺʦʣʦʛʽʩʪʴ 

ʚʠʤʽʨʷʥʘ 

(Rapitest), %  

ɺʦʣʦʛʽʩʪʴ 

ʚʠʤʽʨʷʥʘ 

(ɸʄʊ 300), % 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʠʤʽʨʷʥʘ 

(Benetech), ʦʉ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʠʤʽʨʷʥʘ 

(TemPro-

1200), ʦʉ 

ʂʠʩʣʦʪʥʽʩʪʴ 

ʇʥ.ʰ ʉʭ.ʰ 

04.04.2019 50.3535 30.5014 8 63.99589 59.00375 22.00588 13.49306 0 - 8.1 - - 

04.04.2019 50.3534 30.5013 9 61.89639 56.70207 21.89702 14.92404 0 - 7.6 - - 

04.04.2019 50.3533 30.5012 10 61.89639 55.39572 21.69484 19.28934 0 - 7.5 - - 

04.04.2019 50.3532 30.5012 11 58.69271 51.89655 22.00588 22.73673 0 - 7.6 - - 

04.04.2019 50.3532 30.5012 12 60.20124 54.69588 22.09919 16.88931 0 - 7.4 - - 

04.04.2019 50.353 30.5011 14 58.10174 53.49839 22.79902 14.99493 0 - 6.6 - - 

04.04.2019 50.3529 30.501 15 48.39738 45.00708 21.8037 14.61126 0 - 7.2 - - 

04.04.2019 50.3528 30.501 16 82.70478 77.89926 22.1925 8.626466 0 - 6 - - 

04.04.2019 50.3527 30.5009 17 65.7066 59.00375 21.69484 17.96582 0 - 6.6 - - 

04.04.2019 50.3532 30.5005 18 85.30194 80.60528 22.59685 8.096515 0 - 5 - - 

04.04.2019 50.3532 30.5007 19 81.10294 76.49959 21.89702 8.430647 0 - 4.9 - - 

04.04.2019 50.3532 30.5008 20 80.80745 75.89307 21.30605 9.002849 0 - 5.3 - - 

04.04.2019 50.3532 30.501 21 66.00208 60.90107 22.1925 13.17798 0 - 5.7 - - 

04.04.2019 50.3532 30.5011 22 73.20259 67.29289 22.1925 13.10345 0 - 6.2 - - 

04.04.2019 50.3532 30.5012 23 54.69588 48.89504 22.1925 21.72394 0 - 5.4 - - 

04.04.2019 50.3532 30.5014 24 71.10309 64.80459 22.1925 14.78102 0 - 5 - - 

04.04.2019 50.3532 30.5015 25 62.39405 56.20441 21.49267 17.83154 0 - 5.6 - - 

04.04.2019 50.3532 30.5016 26 48.89504 43.40523 16.79601 20.63121 0 - 5.6 - - 

04.04.2019 50.3532 30.5018 27 60.6989 54.10491 21.60153 20.28708 0 - 5.3 - - 

04.04.2019 50.3532 30.5019 28 64.69573 57.40191 21.39936 20.25918 1.8 - 4.5 - - 

04.04.2019 50.3531 30.5021 29 70.20109 62.00526 21.49267 20.23033 0 - 4.9 - - 

04.04.2019 50.3531 30.5022 30 71.50744 63.79372 21.8037 18.37037 0 - 5.2 - - 

04.04.2019 50.3529 30.5004 31 67.19958 59.79689 21.69484 19.42857 0 - 4.5 - - 

04.04.2019 50.3527 30.5003 32 67.89941 61.19656 21.8037 17.0154 0 - 5.9 - - 

04.04.2019 50.3526 30.5002 33 60.20124 51.69437 20.79283 27.52894 2.1 - 7 - - 

04.04.2019 50.3526 30.5002 34 72.09841 62.30074 22.1925 24.42807 1.8 - 7 - - 

04.04.2019 50.3524 30.5001 35 66.49974 55.30241 22.1925 33.81869 0 - 6.1 - - 

04.04.2019 50.3522 30.5 36 77.10611 66.0954 21.69484 24.7986 7.7 - 6.4 - - 

04.04.2019 50.3521 30.4998 37 73.00042 65.89322 22.1925 16.26335 1.5 - 4.4 - - 

04.04.2019 50.3519 30.4997 38 73.00042 65.00677 20.51 17.96458 4.5 - 4.6 - - 

04.04.2019 50.3518 30.4995 39 79.29892 67.89941 22.1925 24.94046 4.6 - 4.5 - - 

04.04.2019 50.3528 30.5014 40 64.40024 59.00375 21.39936 14.3507 0 - 2.9 - - 

04.04.2019 50.3525 30.5015 42 64.30693 58.10174 21.39936 16.90678 0 - 6.2 - - 

04.04.2019 50.3524 30.5018 43 66.29757 59.4081 21.30605 18.08163 0 - 6.9 - - 

04.04.2019 50.3523 30.5017 44 64.49355 59.00375 22.09919 14.87568 0 - 5.3 - - 

04.04.2019 50.3521 30.5018 45 64.49355 56.09555 22.09919 24.70265 1.5 - 6.8 - - 

04.04.2019 50.3521 30.5021 46 63.29606 57.80625 22.79902 15.68192 0 - 5.9 - - 

04.04.2019 50.3521 30.5023 47 46.40674 41.69453 17.91574 19.81687 0 - 6.3 - - 

04.04.2019 50.3524 30.5025 48 89.50094 84.49324 22.00588 8.013937 0 - 4.9 - - 

04.04.2019 50.3529 30.5026 49 68.70811 61.19656 22.09919 19.21241 0 - 5.5 - - 
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09.04.2021 50.35351 30.50129 20 67.89941 63.40492 21.3 10.67449 1.8 - 13.2 11 6 

09.04.2021 50.35337 30.50123 400 82.59592 77.60377 22.00588 8.979021 1.8 Dry+ 10.7 10 7 

09.04.2021 50.35307 30.50107 365 80.10762 77.49491 22.1 4.71652 0 Dry 12.2 12 7 

09.04.2021 50.35289 30.50101 374 78.89457 74.1046 21.8037 9.158489 0 Dry+ 10.2 10 7 

09.04.2021 50.35263 30.50092 383 72.90711 67.8061 21.60153 11.04005 0 Dry+ 11.4 10 7 

09.04.2021 50.35237 30.50084 367 94.10429 86.49943 22.09919 11.80874 2.5 Dry+ 13.6 10 7 

09.04.2021 50.3522 30.50076 376 81.19625 73.90243 22.1925 14.10526 38 Wet+ 11.5 11 7 

09.04.2021 50.35199 30.50068 363 73.60694 67.29289 22.1925 14 4.5 Wet+ 12.9 11 7 

09.04.2021 50.3525 30.49946 377 76.5929 73.00042 21.69484 7.002122 1.9 Wet+ 10.2 9 7 

09.04.2021 50.35256 30.49862 377\008 82.70478 77.4016 21.69484 9.519821 0 Dry+ 12.1 10 7 

09.04.2021 50.35261 30.49832 375 90.10746 85.50411 22.09919 7.26024 0 Dry+ 11.1 11 7 

09.04.2021 50.35208 30.50119 9 81.89608 75.09992 20.79283 12.51432 2.6 Dry+ 14.3 10 7 

09.04.2021 50.352 30.50164 389 83.99558 78.10143 21.89702 10.487 3 Wet+ 14.6 10 7 

09.04.2021 50.352 30.50196 379 85.30194 79.70327 21.49267 9.617954 2 Wet+ 11.8 10 7 

09.04.2021 50.35194 30.50236 378 77.89926 73.29591 22.1925 9.007912 1.5 Dry 11.2 10 7 

09.04.2021 50.35193 30.50271 373 84.80428 80.90076 22.1925 6.649007 0 Dry 12.9 10 7 

09.04.2021 50.35186 30.50314 233 88.89442 84.89759 22.1925 6.374008 0 Dry+ 10.6 11 7 

09.04.2021 50.35176 30.50365 235 83.20244 78.10143 22.1925 9.123783 0 Dry+ 12.5 10 7 

09.04.2021 50.3522 30.50448 255 90.29409 86.20395 22.79902 6.450822 0 Dry+ 12.7 11 9 

09.04.2021 50.35239 30.50421 368 92.79793 87.49475 22.1925 8.120981 1 Dry+ 11.7 12 8.5 

09.04.2021 50.35269 30.50342 319 86.29726 81.30511 22.3 8.460532 1.5 Dry+ 9.3 10 6.5 

09.04.2021 50.35286 30.50276 393 88.89442 82.59592 21.69484 10.34219 1.5 Wet+ 10.1 10 7.8 

09.04.2021 50.35293 30.50233 4 83.60679 78.89457 21.39936 8.195834 0 Dry 10.7 10 6.5 

09.04.2021 50.35281 30.50184 6 76.5929 72.70493 21.30605 7.564297 0 Dry+ 11 10 7 

09.04.2021 50.35339 30.50186 395 94.1976 88.7078 22.00588 8.230357 2.3 - 12.3 12 6 

09.04.2021 50.35354 30.50056 384 97.4946 94.30646 21.8037 4.397254 0 Nor 12.7 12 7 

21.04.2019 50.3527 30.5011 77 72 65.9 20.79283 13.52335 7 Dry+ 8.4 7 0 

21.04.2019 50.3525 30.501 78 70.6 64.8 21.39936 13.36386 6 Dry+ 9 8 3.5 

21.04.2019 50.3523 30.501 79 88.1 74 21.69484 26.95719 6.5 Dry+ 8.9 7 3 

21.04.2019 50.3521 30.5007 80 80.2 70.2 21.8037 20.66274 6.5 Dry+ 9 7 6 

21.04.2019 50.352 30.5011 81 85.5 77.9 22.1925 13.64269 5.5 Nor 9.4 7 4.5 

21.04.2019 50.3522 30.5014 82 85.3 76.3 22.00588 16.57638 6.5 Nor 9.4 7 2.3 

21.04.2019 50.3524 30.5015 83 86.6 77.5 21.60153 16.27952 6,8 Dry+ 8.7 7 0 

21.04.2019 50.3527 30.5017 84 81.6 75.8 21.3 10.6422 7 Dry+ 8.9 8 0 

21.04.2019 50.3529 30.502 85 80.3 73.9 22.1925 12.37731 7 Dry+ 8.9 8 1.5 

21.04.2019 50.3529 30.5024 86 89.5 81.7 21.69484 12.99888 6.5 Dry+ 9 8 0 

21.04.2019 50.3526 30.5023 87 83.2 78.4 21.6 8.450704 7 Dry+ 9.4 8 0 

21.04.2019 50.3524 30.5021 88 78.5 73.2 21.49267 10.25 7 Dry+ 9.9 8 0 

21.04.2019 50.3523 30.502 89 80.9 76 22.3 9.124767 7 Dry+ 9.2 8 0 

21.04.2019 50.3521 30.5019 90 71 63.7 22.00588 17.50846 7.5 Dry+ 10.1 7 1.6 

21.04.2019 50.352 30.5022 91 80.6 73.7 21.89702 13.3197 6.5 Dry 9.5 7 0 

21.04.2019 50.3522 30.5023 92 80.1 74.6 22.2 10.49618 6.5 Dry+ 9 7 0 

21.04.2019 50.3525 30.5024 93 66.4 61.9 32 15.05017 6.5 Dry+ 9.1 8 0 

21.04.2019 50.3526 30.5025 94 74.8 69.7 22.1925 10.73515 7 Dry+ 10 8 0 

21.04.2019 50.3525 30.5029 95 68.1 62.9 21.8037 12.65321 7 Dry+ 10.7 8 0 

21.04.2019 50.3524 30.5027 96 103.7 100.2 22.79902 4.521907 7 Dry+ 11.7 8 0 

21.04.2019 50.3524 30.5025 97 92.6 88.8 22.09919 5.697082 7 Dry+ 13.1 7 0 

21.04.2019 50.3522 30.5024 98 79.1 74.4 22.09919 8.986476 7 Dry+ 10.2 8 0 

21.04.2019 50.352 30.5022 99 80 78.9 21.69484 1.922904 7 Dry+ 10.2 8 0 
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21.04.2019 50.3519 30.5026 100 86.5 81.8 21.49267 7.793414 7 Dry+ 10.1 8 0 

21.04.2019 50.3521 30.5029 101 63.8 59.5 22.1925 11.52583 7 Dry+ 10 9 0 

21.04.2019 50.3522 30.5031 102 88.1 82.9 22.09919 8.552518 7 Dry+ 9.9 8 0 

21.04.2019 50.3524 30.5033 103 74.5 69.5 22.1925 10.56915 6.5 Dry+ 9.9 9 0 

03.05.2019 50.2684 30.7394 130 86.15729 67.33954 22.1925 41.68102 7.3 Dry+ 10.5 - - 

03.05.2019 50.2683 30.7392 131 105.9082 82.8914 22.1925 47.57695 6.3 - 11.3 - - 

03.05.2019 50.2683 30.739 132 128.3028 104.0419 22.09919 34.8208 6 - 11.3 - - 

03.05.2019 50.2683 30.7388 133 123.3262 101.8647 21.6 31.43508 6.8 - 11.3 - - 

03.05.2019 50.2682 30.7385 134 113.2175 92.84459 21.3 34.11458 6.3 - 10.6 - - 

03.05.2019 50.2682 30.7383 135 120.3714 100.6205 21.30605 29.26675 2.5 - 11.5 - - 

03.05.2019 50.2684 30.738 136 114.9282 88.02351 20.79283 48.31435 5.8 - 11.6 - - 

03.05.2019 50.2685 30.7382 137 131.4132 106.3747 22.2 34.84848 7.3 - 12.4 - - 

03.05.2019 50.2686 30.7384 138 135.4567 108.7075 21.69484 35.68083 7.9 - 12.6 - - 

03.05.2019 50.2687 30.7387 139 109.9516 89.5787 21.49267 36.28072 9.7 - 12.2 - - 

03.05.2019 50.2688 30.7384 140 118.8162 93.00011 22.00588 43.92217 8.4 - 12.2 - - 

03.05.2019 50.2688 30.7381 141 120.3714 95.17737 21.39936 40.70286 5.6 - 13.4 - - 

03.05.2019 50.2687 30.7379 142 126.7476 100.776 21.69484 38.74246 6.5 - 13.9 - - 

03.05.2019 50.2687 30.7377 143 118.5052 91.91148 22.09919 46.2152 6.3 - 13.7 - - 

03.05.2019 50.2688 30.7375 144 106.0637 84.91314 21.49267 41.07851 7.7 - 13.8 - - 

03.05.2019 50.2689 30.7377 145 116.4834 91.13389 22.3 44.90358 6.8 - 14.4 - - 

03.05.2019 50.269 30.7379 146 133.2794 103.7309 22.00588 42.51118 7.4 - 21.5 - - 

03.05.2019 50.2691 30.7381 147 113.8396 86.93488 22.1925 51.32389 7.8 - 21.9 - - 

03.05.2019 50.2691 30.7379 148 107.6189 84.91314 21.8037 44.51722 6.6 - 21.1 - - 

03.05.2019 50.269 30.7382 149 130.0135 101.3981 21.8037 42.39993 7.4 - 21.6 - - 

03.05.2019 50.3499 30.6635 155 146.0319 122.5486 22.79902 26.96382 3.6 - 16.2 - - 

03.05.2019 50.3498 30.664 156 135.3012 116.3279 22.1925 23.19061 4.6 - 15.6 - - 

03.05.2019 50.3498 30.6643 157 127.3697 107.9299 22.3 26.53928 4.5 - 15.6 - - 

03.05.2019 50.3497 30.6648 158 133.9015 113.5286 22.1925 25.7836 4.1 - 14.4 - - 

03.05.2019 50.3495 30.665 159 117.572 94.55529 21.69484 37.84667 6.5 - 15.2 - - 

03.05.2019 50.3496 30.6646 160 116.7945 94.86633 21.60153 35.78819 6.1 - 15.4 - - 

03.05.2019 50.3497 30.6642 162 110.5737 92.22252 22.1925 31.7995 5.6 - 15.1 - - 

03.05.2019 50.3497 30.6637 163 141.2109 118.8162 22.09919 26.51894 3.8 - 16.4 - - 

03.05.2019 50.3496 30.6635 164 133.5905 106.5302 21.89702 37.33666 6.6 - 15.8 - - 

03.05.2019 50.3496 30.6639 165 151.1641 124.2593 32 36.11691 6.3 - 14.9 - - 

03.05.2019 50.3495 30.6643 166 124.4615 99.99844 22.1 37.27488 6 - 15.8 - - 

03.05.2019 50.3495 30.6646 167 149.1423 120.3714 22.09919 33.4534 7.3 - 17.6 - - 

15.05.2019 50.352 30.5015 233 103.9 90.6 14.27 19.44231 5.8 - 17.4 16  

15.05.2019 50.3521 30.5016 7 111.6 99.2 21.6 15.97938 2.5 - 16.9 16  

15.05.2019 50.3523 30.5017 377 91.9 84.2 13.95 12.31898 1.6 - 17.5 16  

15.05.2019 50.3526 30.5018 379 96.1 87.9 13.82 12.34803 1.8 - 17.6 16  

15.05.2019 50.3528 30.502 367 95.5 88.5 14.21 10.54204 1.5 - 17.6 16  

15.05.2019 50.3528 30.5022 20 90 83.2 21.3 10.98546 1.5 - 17.5 16  

15.05.2019 50.3526 30.5021 255 82.5 74.6 14.66 15.25068 0 - 17.8 16  

15.05.2019 50.3523 30.502 393 104.2 97.5 13.95 8.838449 1.4 - 18.6 17  

15.05.2019 50.3521 30.5019 400 90.6 81.7 14.15 14.90934 1.5 - 17 15  

15.05.2019 50.352 30.5023 365 87.4 80.8 14.21 11.24346 1.8 - 17.6 16  

15.05.2019 50.3522 30.5024 376 79.8 74.7 14.27 9.712898 0 - 18.4 17  

15.05.2019 50.3523 30.5024 6 117.9 107.9 13.7 11.54815 0 - 19.7 17  

15.05.2019 50.3524 30.5027 363 102 95.7 14.27 8.570554 0 - 18.3 17  
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15.05.2019 50.3524 30.5026 383 96.9 90.2 13.89 9.766982 0 - 18.8 18  

15.05.2019 50.3526 30.5028 319 81.4 74.7 22.3 12.78626 0 - 17.9 16  

22.05.2019 50.352 30.5016 200 72.7 64.9 13.7 15.23438 2.4 - - - 7 

22.05.2019 50.352 30.5016 205 83.9 75.7 22.3 15.35581 4.3 - - - 7 

22.05.2019 50.3521 30.5015 206 90.4 80.8 13.82 14.33264 4 - - - 7 

22.05.2019 50.3521 30.5016 207 98.9 84.7 21.3 22.39748 33 - - - 7 

22.05.2019 50.352 30.5017 208 107.9 97.1 14.02 12.99952 2.8 - - - 7 

22.05.2019 50.3522 30.5018 209 98.7 89.6 22.3 13.52155 1.8 - - - 7 

22.05.2019 50.3522 30.5017 210 79.5 72.4 14.27 12.214 2.1 - - - 7 

22.05.2019 50.3522 30.5017 211 84.7 72.5 14.21 20.92983 2 - - - 7 

22.05.2019 50.3523 30.5018 212 92.1 81.7 14.21 15.40969 0 - - - 7 

22.05.2019 50.3524 30.5019 213 90.8 83.3 14.15 10.84599 0 - - - 7 

22.05.2019 50.3524 30.5019 214 100.9 91 21.6 14.26513 0 - - - 7 

22.05.2019 50.3524 30.5019 215 94.6 87.3 13.95 9.952284 0 - - - 7 

22.05.2019 50.3525 30.502 216 93.4 86.4 14.15 9.688581 0 - - - 7 

22.05.2019 50.3523 30.502 226 84.7 77 13.89 12.20092 0 - - - 7 

22.05.2019 50.3522 30.502 217 83.8 77.4 14.21 10.12818 0 - - - - 

22.05.2019 50.3523 30.502 218 70.5 64.1 13.95 12.76171 0 - - - - 

22.05.2019 50.3523 30.5021 219 81 72.9 22.1 15.94488 0 - - - - 

22.05.2019 50.3523 30.5021 220 75.4 69.6 14.27 10.48256 0 - - - - 

22.05.2019 50.3523 30.5027 223 79.6 74.3 14.27 8.828919 0 - - - - 

22.05.2019 50.3524 30.5026 224 94.5 89.5 13.76 6.601532 0 - - - - 

22.05.2019 50.3524 30.502 225 103.5 97.4 14.02 7.315903 0 - - - - 

21.06.2019 47.05054 32.02722 1 26.549 25.657 - 3.476634 - - - - - 

21.06.2019 47.05041 32.02706 2 15.253 14.846 - 2.741479 - - - - - 

21.06.2019 47.0503 32.02691 3 37.468 36.175 - 3.574292 - - - - - 

21.06.2019 47.05018 32.02676 4 37.315 35.859 - 4.060347 - - - - - 

21.06.2019 47.05007 32.02662 5 18.444 17.853 - 3.310368 - - - - - 

21.06.2019 47.04995 32.02649 6 17.315 16.832 - 2.869534 - - - - - 

21.06.2019 47.04983 32.02635 7 36.507 35.142 - 3.884241 - - - - - 

21.06.2019 47.04969 32.02622 8 35.24 33.921 - 3.888447 - - - - - 

21.06.2019 47.04957 32.02606 9 25.13 22.78 - 10.31607 - - - - - 

21.06.2019 47.04945 32.02594 10 42.478 40.222 - 5.608871 - - - - - 

21.06.2019 47.05049 32.02745 11 60.39 57.403 - 5.203561 - - - - - 

21.06.2019 47.05039 32.0273 12 41.318 39.414 - 4.830771 - - - - - 

21.06.2019 47.05027 32.02715 13 49.761 47.838 - 4.019817 - - - - - 

21.06.2019 47.05015 32.027 14 37.55 36.139 - 3.904369 - - - - - 

21.06.2019 47.05003 32.02685 15 44.075 41.76 - 5.543582 - - - - - 

21.06.2019 47.04991 32.02672 16 43.742 41.355 - 5.771974 - - - - - 

21.06.2019 47.04979 32.02659 17 42.523 40.362 - 5.354046 - - - - - 

21.06.2019 47.04967 32.02645 18 46.182 43.061 - 7.247858 - - - - - 

21.06.2019 47.04954 32.02631 19 41.071 38.583 - 6.448436 - - - - - 

21.06.2019 47.04942 32.02618 20 47.26 42.4 - 11.46226 - - - - - 

21.06.2019 47.05036 32.02756 21 19.431 18.72 - 3.798077 - - - - - 

21.06.2019 47.05024 32.02742 22 45.246 43.047 - 5.10837 - - - - - 

21.06.2019 47.05013 32.02727 23 33.979 32.175 - 5.606838 - - - - - 

21.06.2019 47.05001 32.02713 24 30.206 29.046 - 3.993665 - - - - - 

21.06.2019 47.04989 32.02698 25 33.245 32.073 - 3.654164 - - - - - 

21.06.2019 47.04977 32.02684 26 54.577 50.395 - 8.298442 - - - - - 
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21.06.2019 47.04964 32.02671 27 26.295 25.526 - 3.012615 - - - - - 

21.06.2019 47.04952 32.02658 28 47.458 43.956 - 7.967058 - - - - - 

21.06.2019 47.0494 32.02644 29 20.751 20.006 - 3.723883 - - - - - 

21.06.2019 47.04927 32.0263 30 26.869 25.94 - 3.581342 - - - - - 

30.03.2021 50.35278 30.50191 1 83 77.6 14.5 8.557845 - - 7.9 7 7 

30.03.2021 50.35274 30.50217 2 86.8 80.6 13.95 9.302326 - - 8 6.8 7 

30.03.2021 50.35268 30.50246 3 85.2 78.2 13.95 10.89494 - - 7.3 5 7 

30.03.2021 50.35264 30.50274 4 69.9 64.4 14.08 10.93005 - - 7.6 6 7 

30.03.2021 50.35259 30.503 5 93.7 87.3 14.27 8.763522 - - 8 6 7 

30.03.2021 50.35254 30.50327 6 91.5 84.5 14.27 9.96725 - - 7 6 7 

30.03.2021 50.35249 30.50354 7 116.7 109.2 32 9.715026 - - 7.8 6 7 

30.03.2021 50.35244 30.50381 8 106.7 99.6 14.27 8.320638 - - 8.8 7 7 

30.03.2021 50.35229 30.50364 9 90.8 85.7 14.27 7.139857 - - 8.6 6 7 

30.03.2021 50.35234 30.50336 10 76.2 70.5 22.3 11.82573 - - 8 6 7 

30.03.2021 50.35239 30.50309 11 99.8 88.8 13.37 14.58306 - - 7.8 6 7 

30.03.2021 50.35245 30.50281 12 76.4 70.5 14.21 10.48144 - - 7.9 6 7 

30.03.2021 50.3525 30.50254 13 80.8 73.9 13.95 11.50959 - - 8.3 7 7 

30.03.2021 50.35257 30.50225 14 94.5 85 14.02 13.38405 - - 8.1 6 7 

30.03.2021 50.35262 30.50199 15 87.8 80.1 13.76 11.60687 - - 8.3 6 7 

30.03.2021 50.35246 30.50181 16 78.7 70.8 14.27 13.97488 - - 8.1 6 7 

30.03.2021 50.35242 30.50206 17 79.4 72.3 21.3 13.92157 - - 8.3 7 7 

30.03.2021 50.35237 30.50232 18 86.9 77 14.02 15.71928 - - 9 7 7 

30.03.2021 50.35232 30.5026 19 106.8 102.2 14.21 5.227867 - - 8.9 7 7 

30.03.2021 50.35227 30.50288 20 95 88.9 13.89 8.132249 - - 8.4 6 7 
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ɼʦʜʘʪʦʢ ɽ 

ɼʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ 

ʊʘʙʣʠʮʷ ɽ.1. 

ɿʚʝʜʝʥʘ ʪʘʙʣʠʮʷ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪʠ ʧʨʦʩʪʦʨʦʚʛʦ ʨʦʟʧʦʜʽʣʫ 

ɼʇ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ S1A/B, 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʦ ʚʽʜʥʦʩʥʽʡ ʦʨʙʽʪʽ ˉ36 ʪʘ ˉ138 

Sentinl-1 GRDH (4 ʢʚʽʪʥʷ 2019 ʨʦʢʫ) ʆʨʙʽʪʘ 138 Sentinl-1 GRDH (9 ʢʚʽʪʥʷ 2019 ʨʦʢʫ) ʆʨʙʽʪʘ 36 

ůVH ůVV ɗ, ʛʨʘʜ Ů s, ʤ ůVH ůVV ɗ, ʛʨʘʜ Ů s, ʤ 

0.107271 0.005996 0.794611 3.073 0.01 0.050446 0.059999 0.652925 36.563 0.012 

0.005003 0.005996 0.794611 17.675 0.011 0.00504 0.00608 0.656181 37.322 0.01 

0.107271 0.005996 0.72885 3.438 0.011 0.050446 0.00608 0.656181 5.406 0.013 

0.034381 0.005996 0.794611 4.716 0.01 0.049895 0.00608 0.656181 5.431 0.013 

0.030446 0.005996 0.794611 4.985 0.01 0.045955 0.00608 0.656181 5.659 0.013 

0.030433 0.005996 0.794611 4.986 0.01 0.050446 0.00608 0.633352 5.693 0.013 

0.034381 0.005996 0.763844 5.069 0.011 0.049895 0.00608 0.629714 5.769 0.013 

0.030433 0.005996 0.774733 5.24 0.011 0.045955 0.00608 0.626678 6.058 0.013 

0.030446 0.005996 0.763258 5.369 0.011 0.030412 0.00608 0.656181 7.104 0.013 

0.025025 0.005996 0.794611 5.486 0.011 0.030412 0.00608 0.649905 7.191 0.013 

0.025025 0.005996 0.785476 5.619 0.011 0.026241 0.00608 0.656181 7.712 0.013 

0.015329 0.005996 0.794611 7.126 0.011 0.026241 0.00608 0.652925 7.819 0.013 

0.015329 0.005996 0.795696 7.137 0.011 0.012735 0.00608 0.656181 13.141 0.013 

0.007875 0.005996 0.794611 11.17 0.011 0.012735 0.00608 0.629945 14.289 0.014 

0.007875 0.005996 0.770534 12.521 0.011 0.008185 0.00608 0.656181 19.539 0.013 

0.005988 0.005996 0.794611 14.087 0.011 0.008006 0.00608 0.656181 20.16 0.013 

0.005988 0.005996 0.781297 15.109 0.011 0.008185 0.00608 0.630271 22.719 0.014 

0.007875 0.012998 0.781297 26.025 0.011 0.008006 0.00608 0.619718 23.864 0.014 

0.007875 0.012998 0.770534 26.553 0.011 0.008185 0.013013 0.630271 2.284 0.012 

0.005988 0.012998 0.781297 2.687 0.011 0.008185 0.013013 0.619718 2.356 0.012 

0.005003 0.012998 0.794611 3.484 0.011 0.008006 0.013013 0.619718 2.48 0.012 

0.005003 0.012998 0.781297 3.663 0.01 0.00504 0.013013 0.656181 7.555 0.012 

0.107271 0.012998 0.781297 4.154 0.01 0.050446 0.013013 0.633352 8.857 0.013 

0.107271 0.012998 0.72885 4.646 0.011 0.049895 0.013013 0.629714 9.019 0.013 

0.034381 0.012998 0.781297 7.32 0.01 0.050446 0.013013 0.619718 9.21 0.013 

0.034381 0.012998 0.763844 7.65 0.011 0.049895 0.013013 0.619718 9.277 0.013 

0.030446 0.012998 0.781297 7.812 0.01 0.045955 0.013013 0.626678 9.63 0.013 

0.030433 0.012998 0.781297 7.813 0.01 0.045955 0.013013 0.619718 9.763 0.013 

0.030433 0.012998 0.774733 8.003 0.011 0.00504 0.013013 0.619718 11.182 0.013 

0.030446 0.012998 0.763258 8.361 0.011 0.030412 0.013013 0.649905 12.076 0.013 

0.025025 0.012998 0.781297 8.979 0.011 0.026241 0.013013 0.652925 13.577 0.013 

0.025025 0.012998 0.785476 9.765 0.011 0.030412 0.013013 0.619718 13.619 0.013 

0.015329 0.012998 0.795696 12.287 0.011 0.026241 0.013013 0.619718 15.349 0.014 

0.015329 0.012998 0.781297 13.035 0.011 0.012735 0.013013 0.629945 33.937 0.013 

0.015329 0.019999 0.795696 18.338 0.01 0.012735 0.013013 0.619718 36.498 0.014 

0.015329 0.019999 0.770534 20.377 0.011 0.012735 0.020013 0.630271 2.226 0.011 

0.007875 0.019999 0.770534 3.663 0.01 0.012735 0.020013 0.629945 2.228 0.011 

0.107271 0.019999 0.770534 5.139 0.01 0.008185 0.020013 0.630271 7.957 0.013 

0.107271 0.019999 0.72885 5.695 0.011 0.008006 0.020013 0.630271 8.613 0.013 

0.005988 0.019999 0.781297 6.157 0.01 0.008006 0.020013 0.619718 9.707 0.013 

0.005988 0.019999 0.770534 6.643 0.01 0.050446 0.020013 0.633352 12.181 0.013 

0.005003 0.019999 0.794611 8.646 0.01 0.050446 0.020013 0.630271 12.231 0.013 

0.034381 0.019999 0.770534 10.052 0.011 0.049895 0.020013 0.630271 12.359 0.013 

0.034381 0.019999 0.763844 10.279 0.011 0.049895 0.020013 0.629714 12.422 0.013 

0.005003 0.019999 0.770534 10.633 0.011 0.045955 0.020013 0.630271 13.312 0.013 

0.030433 0.019999 0.774733 10.747 0.011 0.045955 0.020013 0.626678 13.442 0.013 

0.030446 0.019999 0.770534 11.077 0.011 0.030412 0.020013 0.649905 17.837 0.013 
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0.030433 0.019999 0.770534 11.081 0.011 0.030412 0.020013 0.630271 19.333 0.013 

0.030446 0.019999 0.763258 11.381 0.011 0.026241 0.020013 0.652925 19.968 0.013 

0.025025 0.019999 0.785476 12.146 0.01 0.026241 0.020013 0.630271 23.334 0.013 

0.025025 0.019999 0.770534 12.956 0.011 0.030412 0.037 0.649905 39.083 0.012 

0.030446 0.036999 0.795696 16.696 0.01 0.026241 0.037 0.652925 1.711 0.01 

0.030433 0.036999 0.795696 16.701 0.01 0.026241 0.037 0.629945 1.781 0.01 

0.030433 0.036999 0.774733 20.061 0.01 0.00504 0.037 0.629945 11.182 0.013 

0.030446 0.036999 0.763258 20.051 0.011 0.012735 0.037 0.629945 17.605 0.013 

0.025025 0.036999 0.795696 20.865 0.01 0.050446 0.037 0.633352 21.577 0.013 

0.025025 0.036999 0.785476 21.446 0.01 0.00504 0.037 0.656181 21.887 0.013 

0.015329 0.036999 0.795696 3.064 0.01 0.050446 0.037 0.629945 22.258 0.013 

0.107271 0.036999 0.795696 6.636 0.01 0.049895 0.037 0.629714 22.495 0.013 

0.107271 0.036999 0.72885 8.032 0.011 0.049895 0.037 0.629945 22.513 0.013 

0.007875 0.036999 0.795696 13.541 0.01 0.045955 0.037 0.629945 24.272 0.013 

0.034381 0.036999 0.795696 15.15 0.01 0.045955 0.037 0.626678 25.219 0.013 

0.034381 0.036999 0.763844 17.36 0.01 0.030412 0.037 0.629945 44.752 0.013 

0.007875 0.036999 0.770534 18.195 0.01 0.050446 0.059999 0.633352 41.805 0.012 

0.005003 0.036999 0.794611 30.801 0.01 0.049895 0.059999 0.652925 37.029 0.012 

0.005988 0.036999 0.795696 37.209 0.01 0.049895 0.059999 0.629714 43.821 0.013 

0.034381 0.060001 0.785476 26.324 0.01 0.045955 0.059999 0.652925 41.439 0.012 

0.034381 0.060001 0.763844 30.32 0.01 0.045955 0.059999 0.626678 1.548 0.009 

0.030446 0.060001 0.785476 2.29 0.01 0.030412 0.059999 0.652925 3.298 0.011 

0.030433 0.060001 0.785476 2.292 0.01 0.030412 0.059999 0.649905 3.551 0.011 

0.030433 0.060001 0.774733 2.345 0.01 0.026241 0.059999 0.652925 5.238 0.011 

0.030446 0.060001 0.763258 2.408 0.01 0.00504 0.059999 0.652925 5.77 0.014 

0.025025 0.060001 0.785476 3.135 0.01 0.00504 0.059999 0.656181 6.034 0.014 

0.015329 0.060001 0.795696 8.206 0.009 0.008006 0.059999 0.619718 9.334 0.014 

0.015329 0.060001 0.785476 8.817 0.01 0.008185 0.059999 0.630271 12.393 0.014 

0.107271 0.060001 0.785476 9.284 0.01 0.008006 0.059999 0.652925 18.908 0.013 

0.107271 0.060001 0.72885 11.347 0.01 0.008185 0.059999 0.652925 20.345 0.013 

0.034381 0.099998 0.774733 4.737 0.009 0.00504 0.099996 0.656181 3.059 0.014 

0.034381 0.099998 0.763844 4.997 0.009 0.008006 0.099996 0.619718 3.46 0.015 

0.030446 0.099998 0.774733 6.18 0.009 0.050446 0.099996 0.649905 3.588 0.01 

0.030433 0.099998 0.774733 6.185 0.009 0.049895 0.099996 0.649905 3.69 0.01 

0.030446 0.099998 0.763258 6.676 0.009 0.050446 0.099996 0.633352 3.904 0.011 

0.025025 0.099998 0.785476 9.347 0.009 0.008185 0.099996 0.630271 4.071 0.014 

0.025025 0.099998 0.774733 10.253 0.01 0.049895 0.099996 0.629714 4.104 0.011 

0.005003 0.099998 0.774733 13.658 0.011 0.045955 0.099996 0.649905 4.629 0.011 

0.107271 0.099998 0.774733 14.307 0.01 0.008006 0.099996 0.649905 5.102 0.014 

0.107271 0.099998 0.72885 17.97 0.01 0.008185 0.099996 0.649905 5.275 0.014 

0.005003 0.099998 0.794611 19.131 0.011 0.045955 0.099996 0.626678 5.392 0.011 

0.005988 0.099998 0.774733 20.501 0.011 0.012735 0.099996 0.629945 9.979 0.014 

0.005988 0.099998 0.781297 23.539 0.011 0.012735 0.099996 0.649905 14.778 0.013 

0.007875 0.099998 0.770534 44.795 0.011 0.030412 0.099996 0.649905 24.987 0.012 

0.107271 0.150002 0.763258 23.327 0.01 0.00504 0.099996 0.649905 34.707 0.013 

0.107271 0.150002 0.72885 28.603 0.01 0.00504 0.149999 0.633352 19.473 0.013 

0.005003 0.150002 0.763258 6.358 0.012 0.00504 0.149999 0.656181 2.178 0.014 

0.005988 0.150002 0.763258 8.027 0.012 0.008006 0.149999 0.619718 2.218 0.015 

0.005003 0.150002 0.794611 9.321 0.011 0.008185 0.149999 0.630271 2.521 0.015 

0.005988 0.150002 0.781297 10.12 0.011 0.008006 0.149999 0.633352 2.546 0.015 

0.007875 0.150002 0.763258 12.43 0.011 0.008185 0.149999 0.633352 2.604 0.015 

0.007875 0.150002 0.770534 14.115 0.011 0.012735 0.149999 0.629945 4.294 0.014 

0.034381 0.150002 0.763844 15.401 0.01 0.012735 0.149999 0.633352 4.487 0.014 

0.034381 0.150002 0.763258 15.43 0.01 0.050446 0.149999 0.633352 18.93 0.012 

0.030446 0.150002 0.763258 25.282 0.01 0.049895 0.149999 0.633352 19.943 0.012 

0.030433 0.150002 0.763258 25.311 0.01 0.049895 0.149999 0.629714 21.386 0.012 

0.030433 0.150002 0.774733 25.311 0.01 0.045955 0.149999 0.633352 34.244 0.012 

0.025025 0.150002 0.785476 41.622 0.01 0.026241 0.149999 0.633352 41.153 0.013 

0.107271 0.20004 0.763844 2.205 0.01 0.045955 0.149999 0.626678 41.157 0.012 

0.107271 0.20004 0.72885 2.393 0.01 0.00504 0.200001 0.629714 14.77 0.013 

0.005003 0.20004 0.763844 4.781 0.011 0.008006 0.200001 0.619718 22.052 0.013 
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0.005988 0.20004 0.763844 5.703 0.011 0.00504 0.200001 0.656181 16.435 0.013 

0.005003 0.20004 0.794611 6.615 0.01 0.008006 0.200001 0.629714 23.241 0.013 

0.005988 0.20004 0.781297 6.92 0.011 0.008185 0.200001 0.629714 23.789 0.013 

0.007875 0.20004 0.763844 7.882 0.011 0.008185 0.200001 0.630271 23.761 0.013 

0.007875 0.20004 0.770534 8.593 0.011 0.012735 0.200001 0.629714 2.935 0.014 

0.030433 0.20004 0.774733 29.014 0.01 0.012735 0.200001 0.629945 2.942 0.014 

0.015329 0.20004 0.763844 34.735 0.011 0.026241 0.200001 0.629714 10.784 0.013 

0.005003 0.250112 0.72885 2.913 0.011 0.026241 0.200001 0.652925 17.716 0.013 

0.005988 0.250112 0.72885 3.298 0.011 0.030412 0.200001 0.629714 18.087 0.013 

0.107271 0.250112 0.72885 3.674 0.01 0.050446 0.200001 0.633352 29.471 0.012 

0.007875 0.250112 0.72885 4.135 0.011 0.030412 0.200001 0.649905 30.06 0.012 

0.005003 0.250112 0.794611 5.358 0.01 0.008006 0.249998 0.619718 17.323 0.013 

0.005988 0.250112 0.781297 5.491 0.011 0.00504 0.249998 0.656181 13.802 0.013 

0.007875 0.250112 0.770534 6.484 0.011 0.008006 0.249998 0.626678 18.176 0.013 

0.015329 0.250112 0.72885 9.846 0.012 0.008185 0.249998 0.626678 18.573 0.013 

0.015329 0.250112 0.795696 33.44 0.01 0.008185 0.249998 0.630271 18.813 0.013 

0.025025 0.250112 0.72885 40.016 0.011 0.012735 0.249998 0.626678 2.282 0.015 

     0.012735 0.249998 0.629945 2.357 0.015 

     0.026241 0.249998 0.626678 5.946 0.014 

     0.030412 0.249998 0.626678 8.279 0.013 

     0.026241 0.249998 0.652925 9.112 0.013 

     0.00504 0.249998 0.626678 12.235 0.013 

     0.030412 0.249998 0.649905 12.839 0.013 
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ɼʆɼɸʊʆʂ ɾ 

ɺʠʢʦʨʠʩʪʘʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʦʧʪʠʯʥʽ ʪʘ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʽ 

ʨʘʜʘʨʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ 

 

ʊʘʙʣʠʮʷ ɾ.1.  

ʉʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ S1 GRDH, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 

ɯʤôʷ ʬʘʡʣʫ ʆʨʙʽʪʘ ɼʘʪʘ ʟʡʦʤʢʠ 

S1A_IW_GRDH_1SDV_20190404T040326_20190404T040351_026635_02FCF9_2C1F 138 04/04/2019 

S1A_IW_GRDH_1SDV_20190409T041158_20190409T041223_026708_02FF97_5EAA 36 09/04/2019 

S1A_IW_GRDH_1SDV_20190421T041159_20190421T041224_026883_0305E3_D7B8 36 21/04/2019 

S1A_IW_GRDH_1SDV_20190503T041135_20190503T041200_027058_030C49_695F 

S1A_IW_GRDH_1SDV_20190503T041200_20190503T041225_027058_030C49_5900 
36 03/05/2019 

S1A_IW_GRDH_1SDV_20190515T041200_20190515T041225_027233_031207_5164 36 15/05/2019 

S1A_IW_GRDH_1SDV_20190522T040328_20190522T040353_027335_031544_4038 138 22/05/2019 

S1B_IW_GRDH_1SDV_20190621T040350_20190621T040419_016789_01F98D_424E 65 21/06/2019 

 

ʊʘʙʣʠʮʷ ɾ.2.  

ɹʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʦʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 

ɯʤôʷ ʬʘʡʣʫ 
ɼʘʪʘ 

ʟʡʦʤʢʠ 
ʂʘʥʘʣ 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ 

ɚ, ʤʢʤ 

20190403_083238_0f12 03/04/2019 

VNIR 

0,464-0,517 

0,547-0,585 

0,65-0,682 

0,846-0,888 

20190410_084518_26_1066 10/04/2019 

20190422_071850_0f4d 22/04/2019 

20190503_071702_0f4a 03/05/2019 

20190503_071704_0f4a 03/05/2019 

20190512_071516_0f49 12/05/2019 

20190522_071238_0f2a 22/05/2019 

20190618_082400_1005 18/06/2019 

20210330_085855_17_227c 30/03/2021 

MOD021KM.A2019094.0845.061.2019094191733 04/04/2019 
31 10,78-11,28 

MOD021KM.A2021089.0805.061.2021089200025 30/30/2021 

LE07_L1TP_181025_20190409_20190505_01_T1 09/04/2019 
6 10,4-12,5 

LE07_L1TP_180027_20190621_20190717_01_T1 21/06/2019 

LC08_L1TP_181025_20190503_20190508_01_T1 03/05/2019 10 10,6-11,19 
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ɼʆɼɸʊʆʂ ʀ 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʇʫʙʣʽʢʘʮʽʾ ʫ ʤʦʥʦʛʨʘʬʽʷʭ 

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

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

Time Series Analysis for Land Degradation Mapping to Support Sustainable Land 

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

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

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʢʦʥʪʝʢʩʪʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ; ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ). 

ʀ.2. ʉʪʘʥʢʝʚʠʯ ʉ.ɸ., ɼʫʜʘʨ ʊ.ɺ., ʉʚʽʜʝʥʶʢ ʄ.ʆ. (2017) ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ 

ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ ʫ ʟʦʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʇʋɽʂ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ // 

ʂʦʤʧʣʝʢʩʥʠʡ ʛʝʦʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʦʥʠ ʚʧʣʠʚʫ ʊʘʰʣʠʮʴʢʦʾ 

ʛʽʜʨʦʘʢʫʤʫʣʶʶʯʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ: 1998-

2016 ʨʦʢʠ. ɿʘ ʨʝʜ. ɻ.ɺ. ʃʠʩʠʯʝʥʢʘ. ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 360 ʩ. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ,  ʦʙʯʠʩʣʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ̔ ʥʜʝʢʩʽʚ, 

ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ, ʜʝʛʨʘʜʘʮʽʾ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ). 

ʄʘʪʝʨʽʘʣʠ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ: 

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

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

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

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

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

ʚʥʝʩʦʢ: ʦʙʨʦʙʢʘ ʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʢʦʥʪʝʢʩʪʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ). 

ʀ.4. ʉʚʽʜʝʥʶʢ, ʄ.ʆ. (2021) ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʦʧʪʠʯʥʦʛʦ ʪʘ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ. ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, 

8(3), 4-24. https://doi.org/10.36023/ujrs.2021.8.3.197 

ʀ.5. Stankevich, S., Svideniuk, M., Lysenko, A. (2021). Land surface roughness 

parameter retrieval by inverse simulation of dual-polarization radar backscattering. Applied 

https://doi.org/10.1007/978-981-16-4768-0_11
https://doi.org/10.1016/j.rsase.2021.100477
https://doi.org/10.36023/ujrs.2021.8.3.197


185 

Questions of Mathematical Modelling, 4(2.1), 9. https://doi.org/10.32782/KNTU2618-

0340/2021.4.2.1.22. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʙʨʦʙʢʘ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ, 

ʦʙʯʠʩʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ). 

ʀ.6. Eddahby, L., Popov, M. A., Stankevich, S. A., Kozlova, A. A., Svideniuk, M. O., 

Mezzane, D., Lukyanchuk, I., Larabi, A., and Ibouh, H. (2019). Assessing vegetation 

structural changes in oasis agro-ecosystems using Sentinel-2 image time series: case study 

for Dr©a-Tafilalet region Morocco. Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci., 

XLII -4/W12, 69-73. https://doi.org/10.5194/isprs-archives-XLII -4-W12-69-2019. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, 

ʦʙʯʠʩʣʝʥʥʷ LAI ). 

ʀ.7. Piestova, I.O.,  Lubskyi, M. S., Svideniuk, M. O., Golubov, S. I., Laptiev, O. A. 

(2019). Urban thermal micro-mapping using satellite imagery and ground-truth 

measurements: Kyiv city area case study. Ukrainskyi Zhurnal Dystantsiinoho Zonduvannia 

Zemli, 21, 40-48, https://doi.org/10.36023/ujrs.2019.21.149. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, 

ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ). 

ʀ.8. Rebati, N., Bouchenafa, N., Oulbachir, K., Svideniuk, M. (2018). Remote sensing 

and ground based assessment of land cover parameters distribution in the catchment area of 

Wadi el Kôsob Môsila (Algeria). Journal of Geology, Geography and Geoecology, 27, 3. 

https://doi.org/10.15421/111872. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ:   ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʦʙʯʠʩʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ, ʦʙʯʠʩʣʝʥʥʷ ʪʘ 

ʢʘʨʪʫʚʘʥʥʷ ʚʦʜʦʟʙʽʨʥʠʭ ʦʙʣʘʩʪʝʡ ʨʽʯʦʢ). 

ʀ.9. ɼʫʜʘʨ, ʊ. ɺ., ʉʚʽʜʝʥʶʢ, ʄ. ʆ., ʑʝʨʙʝʡ, ɺ. ʗ. (2017). ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʟʡʦʤʢʠ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ 

ʜʽʣʷʥʦʢ. ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, 23(1-

2), 28-35. https://doi.org/10.32347/2411-4049.2017.1. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʮʠʬʨʫʚʘʥʥʷ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ˇʨʫʥʪʽʚ ʪʘ ʛʦʨʠʟʦʥʪʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʜʝʰʠʬʨʫʚʘʥʥʷ ʪʘ 

ʢʘʨʪʫʚʘʥʥʷ ʜʽʣʷʥʦʢ ʟʩʫʚʽʚ ˇʨʫʥʪʦʚʠʭ ʪʦʚʱ). 

 

 

 

https://doi.org/10.32782/KNTU2618-0340/2021.4.2.1.22
https://doi.org/10.32782/KNTU2618-0340/2021.4.2.1.22
https://doi.org/10.5194/isprs-archives-XLII-4-W12-69-2019
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ʇʘʪʝʥʪ 

ʀ.10. ʉʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʦʜʝʨʞʘʥʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦ. ʇʦʧʦʚ, ʄ.ʆ., ʉʪʘʥʢʝʚʠʯ, ʉ.ɸ., ʇʻʩʪʦʚʘ, 

ɯ.ʆ., ʃʫʙʩʴʢʠʡ, ʄ.ʉ., ʉʚʽʜʝʥʶʢ, ʄ.ʆ., ɿʘʢʫʩʠʣʦ, ʆ.ʇ. : ʧʘʪ. 122086 ʋʢʨʘʾʥʘ : ʄʇʂ 

G06K9/36, G06K9/40, G06K9/00, H04N5/33, G01J5/00, G06T5/50, G06T5/00. ˉ ʘ 2018 

09483; ʟʘʷʚʣ. 20.09.2018; ʦʧʫʙʣ. 10.09.2020, ɹʶʣ. ˉ17. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ; 

ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ; ʦʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ) 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. 

ʀ.11. Kozlova, A., Stankevich, S., Svideniuk, M., Andreiev, A. (2021, May 24ï28) 

Quantitative Assessment of Forest Disturbance with C-Band SAR Data for Decision Making 

Support in Forest Management [Paper presentation]. ISDMCI 2021, Kherson. 

https://doi.org/10.1007/978-3-030-82014-5_37. (in print) (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʜʘʥʠʤʠ AWD3D; ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ LAI; ʦʮʽʥʢʘ 

ʪʦʯʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ LAI).  

ʀ.12. Piestova, I., Dugin, S., Orlenko, T. and Svideniuk, M. (2020, November 10-13) 

Assessing and forecasting landslide hazards of the Right Bank of the Kanev reservoir based 

on radar remote sensing data with corner reflectors using [Paper presentation]. Monitoring 

of Geological Processes and Ecological Condition of the Environment, Kyiv, 20, 1-5. 

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

ʢʫʪʦʚʠʭ ʚʽʜʙʠʚʘʯʽʚ ʚ ʤʦʤʝʥʪ ʧʨʦʣʴʦʪʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʩʫʧʫʪʥʠʢʘ 

Sentinel-1; ʦʙʨʦʙʢʘ ʨʘʜʘʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ Sentinel-1 GRDH). 

ʀ.13. Kozlova, A., Piestova, I., Patrusheva, L., Lubsky, M., Nikulina, A., Svideniuk, 

M. (2019, May 13-16). Estimation of the seasonal leaf area index in urban oak forests using 

Sentinel-2 time series data [Paper presentation]. Geoinformatics 2019: Theoretical and 

Applied Aspects, Kyiv, 5. doi:10.3997/2214-4609.201902134 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ; ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ LAI; 

ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ LAI).  

ʀ.14. ɸʥʜʨʝʝʚ, ɸ. ɸ., ʇʝʩʪʦʚʘ, ʀ. ɸ., ʉʚʠʜʝʥʶʢ, ʄ. ʆ., ʉʫʭʘʥʦʚ, ʂ. ʖ., 

ʊʠʪʘʨʝʥʢʦ, ʆ. ɺ. (2019, 10 ʢʚʽʪʥʷ). ʄʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʘʨʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ [ʄʘʪʝʨʽʘʣʠ ʜʦʧʦʚʽʜʽ]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʪʘ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʽʥʪʝʨʝʩʘʭ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʦʙʦʨʦʥʠ, ʂʠʾʚ, 14-18. 

URL: http://esri.ua/docs/nw45.pdf (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ 

ɺɺ ʧʦʣʷʨʠʟʘʮʽʾ; ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ). 

ʀ.15. Popov, M., Stankevich, S., Kozlova, A., Piestova, I., Lubskiy, M., Svideniuk, 

M., Titarenko, O., Andreiev, A., Hermaniuk, V. (2019, October 1-2). Land Cover 

Classification Using Spatio-Temporal Decision-Level Fusion Based on Probability 

Propagation [Paper presentation]. Suchasni informatsiini tekhnolohii upravlinnia 

ekolohichnoiu bezpekoiu pryrodokorystuvanniam, zakhodamy v nadzvychainykh 

sytuatsiiakh, ʂʠʾʚ, 66-68. https://itgip.org/wp-content/uploads/2019/10/1_ʂʥʠʛʘ_ʩʘʡʪ.pdf. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʢʦʥʪʝʢʩʪʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ). 

ʀ.16. Pigulevskiy, P.I., Stankevich, S.A., Svideniuk, M.O. (2018, November 12-15). 

Geo-environmental condition assessment of Kryvbas industrial area using satellite radar 

interferometry [Paper presentation]. Innovative Technologies in Science and Education. 

European Experience, Helsinki, Finland, 381-385. CD-ROM (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ ʙʘʛʘʪʦʯʘʩʦʚʦʾ ʩʝʨʽʾ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ; ʦʙʯʠʩʣʝʥʥʷ ʬʫʥʢʮʽʾ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ; ʧʦʙʫʜʦʚʘ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ). 

ʀ.17. ʇʠʛʫʣʝʚʩʢʠʡ ʇ.ʀ., ʉʪʘʥʢʝʚʠʯ ʉ.ɸ., ʉʚʠʜʝʥʶʢ ʄ.ʆ., ʉʚʠʩʪʫʥ ɺ.ʂ. (2018, 

23-24 ʣʠʩʪʦʧʘʜʘ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʘʨʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʜʣʷ ʦʮʝʥʢʠ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʂʨʠʚʙʘʩʘ [ʄʘʪʝʨʽʘʣʠ ʜʦʧʦʚʽʜʽ]. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʨʦʟʨʦʙʢʠ ʨʫʜʥʠʭ ʨʦʜʦʚʠʱ. ɽʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʽ ʥʘʩʣʽʜʢʠ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ɻʄʂ, 

ʂʨʠʚʠʡ ʈʽʛ, 138-139. CD-ROM (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ 

ɺɺ ʧʦʣʷʨʠʟʘʮʽʾ, ʦʙʯʠʩʣʝʥʥʷ ʬʫʥʢʮʽʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ). 

ʀ.18. ʇʻʩʪʦʚʘ ɯ.ʆ., ʃʫʙʩʴʢʠʡ ʄ.ʉ., ʉʚʽʜʝʥʶʢ ʄ.ʆ., ɻʦʣʫʙʦʚ ʉ.ɯ. (2018, 18-19 

ʚʝʨʝʩʥʷ). ʊʝʧʣʦʚʝ ʤʽʢʨʦʢʘʨʪʫʚʘʥʥʷ ʤʽʩʴʢʦʾ ʪʝʨʠʪʦʨʽʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʯʘʩʦʚʠʭ ʩʝʨʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ [ʄʘʪʝʨʽʘʣʠ 

ʜʦʧʦʚʽʜʽ]. GEO-UA 2018: ɸʝʨʦʢʦʩʤʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʽʥʪʝʨʝʩʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʘ ʙʝʟʧʝʢʠ, ʂʠʾʚ, 70-72. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚ ʚʠʜʠʤʦʤʫ ʪʘ ʪʝʧʣʦʚʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ). 
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ʀ.19. ɼʫʜʘʨ, ʊ.ɺ., ʉʪʘʥʢʝʚʠʯ, ʉ.ɸ., ʉʚʽʜʝʥʶʢ, ʄ.ʆ., ʑʝʨʙʘʯʝʥʢʦ, ɺ.ɸ. (2017, 

22-25 ʛʨʫʜʥʷ) ʆʮʽʥʢʘ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʟʦʥʽ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ 

ʚʧʣʠʚʫ ʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʦʾ ɸɽʉ [ʄʘʪʝʨʽʘʣʠ ʜʦʧʦʚʽʜʽ]. ɽʂʆɻɽʆʌʆʈʋʄ 2017: 

ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʽʥʥʦʚʘʮʽʾ,  ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 276-278. URL: 

https://sci.ldubgd.edu.ua/bitstream/123456789/3886/1/materialy_ekogeoforum2017_0.pdf 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʮʠʬʨʦʚʦʾ 

ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ; ʦʙʯʠʩʣʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ; ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʧʦʙʫʜʦʚʘ ʢʘʨʪ 

ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ, ʜʝʛʨʘʜʘʮʽʾ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ). 

ʀ.20. ʇʠʛʫʣʝʚcʢʠʡ, ʇ.ʀ., ʉʚʠʩʪʫʥ, ɺ.ʂ., ʉʪʘʥʢʝʚʠʯ, ʉ.ɸ., ʉʚʠʜʝʥʶʢ, ʄ.ʆ., 

ʂʠʨʠʣʶʢ, ʆ.ʉ. (2017, 11-14 ʞʦʚʪʥʷ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʂʨʠʚʙʘʩʩʘ. ʄʦʥʽʪʦʨʠʥʛ ʥʝʙʝʟʧʝʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, ʂʠʾʚ, CD-ROM. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʙʯʠʩʣʝʥʥʷ ʬʫʥʢʮʽʾ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ). 

ʀ.21. Stankevich, S.A., Titarenko, O.V, Svideniuk, M.O. (2019, December 12-14 ). 

Landslide susceptibility mapping using GIS-based weight-of-evidence modelling in Central 

Georgian regions [Paper presentation]. Natural Disasters in Georgia: Monitoring, 

Prevention, Mitigation, Tbilisi, 187-190. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʦʙʨʦʙʢʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ, ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ). 
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