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ɸʅʆʊɸʎɯʗ 

ʈʦʤʘʥʯʫʢ ɯ. ʌ. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.07.12 ï ɼʠʩʪʘʥʮʽʡʥʽ ʘʝʨʦʢʦʩʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ï ɼʝʨʞʘʚʥʘ 

ʫʩʪʘʥʦʚʘ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯʥʩʪʠʪʫʪʫ 

ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠè, ʂʠʾʚ, 2020. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʅʝʦʙʭʽʜʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʨʦʩʪʘʻ ʫ ʟʚôʷʟʢʫ ʟ ʛʣʦʙʘʣʴʥʠʤʠ 

ʢʣʽʤʘʪʠʯʥʠʤʠ ʟʤʽʥʘʤʠ, ʱʦ ʧʨʦʷʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʫ ʧʦʨʫʰʝʥʥʽ ʚʦʜʥʦʛʦ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʻ ʚʘʞʣʠʚʤʠ 

ʧʘʨʘʤʝʪʨʦʤ ʫ ʧʠʪʘʥʥʷʭ ʙʝʟʧʝʢʠ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʩʪʚʘ. 

ʅʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ, ʘʢʪʠʚʽʟʫʶʯʠ ʧʨʦʮʝʩʠ ʾʭʥʴʦʾ ʜʝʛʨʘʜʘʮʽʾ, ʘ ʪʘʢʦʞ ʜʦ 

ʪʨʠʚʘʣʠʭ ʧʝʨʽʦʜʽʚ ʧʦʩʫʰʣʠʚʦʩʪʽ, ʚʪʨʘʪʠ ˇʨʫʥʪʘʤʠ ʨʦʜʶʯʦʩʪʽ ʪʘ ʫʨʦʞʘʡʥʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʜʦʟʚʦʣʠʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʪʨʘʪʠ ʚʽʜ ʥʝʩʪʘʯʽ ʚʦʣʦʛʠ ʪʘ 

ʧʦʤôʷʢʰʠʪʠ ʥʘʩʣʽʜʢʠ ʩʫʯʘʩʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. 

ʈʦʟʨʦʙʣʝʥʘ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʣʦʢʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʥʠʭ ʨʽʚʥʷʭ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʩʝʙʽʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ɼʘʥʘ 

ʤʝʪʦʜʠʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷʤ ʜʘʥʠʭ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʨʦʙʽʪ ʫ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʝ ʧʨʦʩʪʦʨʦʚʝ 

ʦʭʦʧʣʝʥʥʷ ʪʘ ʤʦʞʫʪʴ ʧʦʢʨʠʚʘʪʠ ʪʝʨʠʪʦʨʽʶ ʜʝʨʞʘʚʠ. ʅʘʨʘʟʽ ʪʘʢʠʭ ʚʠʤʦʛ 
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ʜʦʪʨʠʤʫʻʪʴʩʷ ʟʡʦʤʢʘ ʟ ʩʫʧʫʪʥʠʢʽʚ ʩʝʨʽʾ MODIS, ʷʢʫ ʟʘʩʪʦʩʦʚʘʥʦ ʫ ʧʨʦʚʝʜʝʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ. ʆʜʥʠʤ ʽʟ ʧʦʰʠʨʝʥʠʭ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʘ ʜʘʥʠʤʠ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʦʜʥʠʭ 

ʽʥʜʝʢʩʽʚ, ʩʧʝʢʪʨʘʣʴʥʽ ʢʘʥʘʣʠ ʷʢʠʭ ʻ ʯʫʪʣʠʚʠʤʠ ʜʦ ʚʦʣʦʛʦʩʪʽ ʚ ˇʨʫʥʪʦʚʦʤʫ ʪʘ 

ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ. ʋ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧôʷʪʴ ʨʽʟʥʠʭ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʟ 

ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʦʛʦ ʟʘ ʥʠʭ. ɼʣʷ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʚʦʜʥʽ ʽʥʜʝʢʩʠ NDII  ʪʘ RDI, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ 

ʜʘʥʠʤʠ ʧʨʦʜʫʢʪʫ MOD13C2 ʩʫʧʫʪʥʠʢʫ TERRA/MODIS. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʫʟʛʦʜʞʝʥʥʽ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ.  

ɿ ʧʦʟʠʮʽʾ ʣʘʥʜʰʘʬʪʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʥʫʪʦ ʨʽʚʥʠʥʥʫ 

ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ, ʚ ʷʢʽʡ ʚʠʜʽʣʷʻʪʴʩʷ ʟʦʥʘ ʤʽʰʘʥʠʭ ʣʽʩʽʚ, ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ, 

ʣʽʩʦʩʪʝʧʦʚʘ ʪʘ ʩʪʝʧʦʚʘ ʟʦʥʠ. ɼʠʬʝʨʝʥʮʽʘʮʽʷ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʧʣʘ, ʚʦʣʦʛʠ ʪʘ ʭʘʨʘʢʪʝʨʫ ʮʠʨʢʫʣʷʮʽʾ ʘʪʤʦʩʬʝʨʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʤʝʞʽ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ. ʊʦʤʫ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʠʨʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʥʘ 

ʢʣʽʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʘ ʡ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʤʝʞʽ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ, ʱʦ 

ʟʤʽɦʫʶʪʴʩʷ, ʷʢ ʟʘʟʥʘʯʘʶʪʴ ʚʯʝʥʽ ʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ. 

ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪ ʻ ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ, ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʦʨʥʦʛʦ ʰʘʨʫ 

ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ 5, 10, 15, 20 ʩʤ. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʋʢʨʘʾʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʦʩʣʘʙʣʝʥʥʷ ʦʧʘʜʦʫʪʚʦʨʶʶʯʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʾʭʥʽʡ ʟʥʘʯʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʫ ʯʘʩʽ. 

ɺʽʜʙʫʚʘʶʪʴʩʷ ʪʨʠʚʘʣʽ ʧʝʨʽʦʜʠ ʧʦʩʫʭʠ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʧʝʨʽʦʜʘʤʠ ʟʣʠʚʦʚʠʭ 

ʜʦʱʽʚ.  

ɿʘ ʧʨʦʚʝʜʝʥʦʶ ʜʽʘʛʥʦʩʪʠʯʥʦʶ ʦʮʽʥʢʦʶ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʩʫʯʘʩʥʦʾ ʢʣʽʤʘʪʠʯʥʦʾ ʩʠʪʫʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʦʙʨʘʥʦ 

ʪʨʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʤʦʜʝʣʴʥʠʭ ʨʦʢʠ: 2007 ï ʚ ʷʢʦʤʫ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʩʠʣʴʥʘ 

ʧʦʩʫʭʘ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʧʽʜ ʯʘʩ 



4 

 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ, 2015 ï ʷʢ ʥʘʡʙʽʣʴʰ ʘʥʦʤʘʣʴʥʠʡ ʨʽʢ ʫ ʛʣʦʙʘʣʴʥʦʤʫ ʪʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʘʭ ʽʟ ʧʽʜʚʠʱʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʪʘ 2016 ï ʷʢ 

ʪʠʧʦʚʠʡ ʨʽʢ ʍʍɯ ʩʪʦʣʽʪʪʷ.  

ɿʘ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʫʢʣʘʜʝʥʦ ʢʘʨʪʠ ʜʣʷ ʚʩʽʻʾ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ. ʅʘʥʝʩʝʥʽ ʥʘ ʢʘʨʪʠ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʟʦʥʠ ʻ ʨʝʧʝʨʥʠʤʠ ʣʽʥʽʷʤʠ 

ʪʠʧʦʚʠʭ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ. ɿʘ ʨʦʟʧʦʜʽʣʦʤ ʟʥʘʯʝʥʴ ʚʦʜʥʠʭ 

ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʥʝʩʪʘʯʘ ʚʦʣʦʛʠ ʫ ʩʪʝʧʦʚʽʡ ʟʦʥʽ 

ʧʨʦʪʷʛʦʤ ʚʩʽʭ ʪʨʴʦʭ ʦʙʨʘʥʠʭ ʨʦʢʽʚ: 2007, 2015 ʪʘ 2016. ʃʽʩʦʩʪʝʧʦʚʘ ʟʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʤʘʣʦ ʟʚʦʣʦʞʝʥʘ. ʋ 2007 ʨʦʮʽ ʦʟʥʘʢ ʧʦʩʫʰʣʠʚʦʩʪʽ ʥʘʙʫʚʘʻ 

ʣʽʩʦʩʪʝʧʦʚʘ ʟʦʥʘ ʪʘ ʟʦʥʘ ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ, ʘ ʩʪʝʧʦʚʘ ʟʦʥʘ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʴ 

ʢʘʪʘʩʪʨʦʬʽʯʥʦʾ ʧʦʩʫʭʠ, ʱʦ ʧʨʠ ʪʨʠʚʘʣʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʦʧʫʩʪʝʣʶʚʘʥʥʷ. ʇʨʠ ʟʙʝʨʝʞʝʥʥʽ ʪʝʥʜʝʥʮʽʾ ʜʦ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʫʤʦʚʠ 2007 ʨʦʢʫ ʤʦʞʫʪʴ ʩʪʘʪʠ ʪʠʧʦʚʠʤʠ ʜʣʷ 

ʋʢʨʘʾʥʠ.  

ʅʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʥʘ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʦʩʪʽ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʨʝʣʴʻʬ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. ʍʘʨʘʢʪʝʨʥʠʤʠ ʤʽʩʮʝʚʠʤʠ ʣʘʥʜʰʘʬʪʦʫʪʚʦʨʶʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʪʝʨʠʪʦʨʽʾ ʻ ʤʽʢʨʦʟʘʧʘʜʠʥʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬ ʫ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʧʨʦʩʪʦʨʦʚʫ 

ʤʽʥʣʠʚʽʩʪʴ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʪʘ ʾʭʥ  ʁʪʨʘʥʩʬʦʨʤʘʮʽʶ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʨʝʣʴʻʬʽ ʤʽʢʨʦʟʘʧʘʜʠʥʠ ʫʪʚʦʨʶʶʪʴ ʩʢʫʧʯʝʥʥʷ ʜʨʽʙʥʠʭ 

ʣʦʢʘʣʴʥʠʭ ʚʦʜʦʟʙʽʨʥʠʭ ʙʘʟʠʩʽʚ ʝʨʦʟʽʾ, ʤʽʩʮʴ ʧʽʜʚʠʱʝʥʦʛʦ ʚʦʣʦʛʦ- ʽ 

ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʩʢʣʘʜʫ ˇʨʫʥʪʽʚ ʪʘ ʾʭʥ ̒

ʟʘʙʦʣʦʯʫʚʘʥʥʷ, ʟʤʽʥʘ ʪʠʧʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʤʽʢʨʦʟʘʧʘʜʠʥʠ. ɿʘ 

ʜʘʥʠʤʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʽʢʨʦʟʘʧʘʜʠʥʘʤʠ ʧʦʚôʷʟʘʥʽ ʜʽʣʷʥʢʠ 

ʧʽʜʚʠʱʝʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʤʽʛʨʘʮʽʾ ʚʦʣʦʛʠ (ʛʝʦʜʠʥʘʤʽʯʥʦ ʘʢʪʠʚʥʽ ʟʦʥʠ), ʷʢʽ ʩʫʪʪʻʚʦ 

ʫʩʢʣʘʜʥʶʶʪʴ ʫʤʦʚʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʦʙʫʤʦʚʣʶʶʯʠ ʧʨʦʩʪʦʨʦʚʫ ʤʽʥʣʠʚʽʩʪʴ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ˇʨʫʥʪʽʚ. ɺ ʧʨʘʢʪʠʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ ʚʠʷʚʣʝʥʥʷ 

ʤʽʢʨʦʟʘʧʘʜʠʥ ʚʠʢʣʠʢʘʻ ʚʝʣʠʢʽ ʪʨʫʜʥʦʱʽ. 

ʆʩʥʦʚʦʶ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʣʦʢʘʣʴʥʦʤʫ 

ʨʽʚʥʽ ʻ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ NWI. ɼʘʥʽ 
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ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ ʧʨʦʩʪʦʨʦʚʫ ʪʘ ʯʘʩʦʚʫ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʚʦʣʦʛʽʩʪʴ ʻ ʜʫʞʝ ʤʽʥʣʠʚʦʶ ʚʝʣʠʯʠʥʦʶ.  

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʻ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʽ ʟʜʽʡʩʥʝʥʦ ʚ ʤʝʞʘʭ 

ɹʘʨʠʰʽʚʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ ʢʚʽʪʥʷ ʧʦ 

ʣʠʧʝʥʴ ʚʽʜʙʠʨʘʣʠʩʷ ʟʨʘʟʢʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʥʘ 10 ʩʤ ʚʽʜ ʧʦʚʝʨʭʥʽ. ʋ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚʠʟʥʘʯʘʣʘʩʷ ʪʝʨʤʦʩʪʘʪʥʦ-

ʚʘʛʦʚʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ɼʉʊʋ. ʇʦʨʽʚʥʶʶʯʠ ʬʘʢʪʠʯʥʠʡ ʚʤʽʩʪ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ NWI, 

ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʥʘ ʧʽʜʩʪʘʚʽ 

ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʢʦʨʝʣʶʶʪʴ ʽʟ 

ʟʥʘʯʝʥʥʷʤʠ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʷʢʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʜʘʥʠʭ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ R2=0,82. ʅʘʜʘʣʽ 

ʟʘʩʪʦʩʦʚʘʥʦ ʙʘʛʘʪʦʚʠʤʽʨʥʫ ʨʝʛʨʝʩʽʶ ʟʘʣʝʞʥʦʩʪʽ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

ʚʽʜ ʨʽʟʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʩʪʘʥʦʚʠʪʠ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʫ ʤʽʩʮʷʭ ʽʟ ʩʭʦʞʠʤʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ 

ʪʘ ʧʨʠʨʦʜʥʠʤʠ ʫʤʦʚʘʤʠ, ʜʝ ʥʝ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɿʘ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʨʝʛʨʝʩʽʡʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʫʢʣʘʜʝʥʦ ʢʘʨʪʫ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ ʦʢʨʝʤʠʭ ʧʦʣʽʚ ɹʘʨʠʰʽʚʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ. ʂʘʨʪʘ ʟʦʙʨʘʞʫʻ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʨʦʜʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ.  

ʋʪʚʦʨʝʥʽ ʥʘ ʣʝʩʦʚʠʜʥʠʭ ʩʫʛʣʠʥʢʘʭ ˇʨʫʥʪʠ, ʱʦ ʧʦʰʠʨʝʥʽ ʚ ʤʝʞʘʭ 

ɹʘʨʠʰʽʚʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ, ʧʨʠ ʟʤʦʯʫʚʘʥʥʽ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʨʦʩʽʜʘʥʥʷ. ʋ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʬʦʨʤʫʶʪʴʩʷ ʤʽʢʨʦʟʘʧʘʜʠʥʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ 

ʟʘ ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ʉʫʪʪʻʚʦʶ ʩʢʣʘʜʦʚʦʶ ʤʝʪʦʜʠʢʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ, 

ʜʦʧʦʚʥʝʥʦʛʦ ʤʦʨʬʦʜʠʥʘʤʽʯʥʠʤ ʘʥʘʣʽʟʦʤ ʥʘ ʙʘʟʽ ʨʘʜʘʨʥʦʾ ʟʡʦʤʢʠ. ʋʢʣʘʜʝʥʽ 

ʢʘʨʪʠ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ ʻ ʜʠʥʘʤʽʯʥʠʤʠ ʪʘ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʧʨʷʤʢʠ 

ʨʫʭʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʪʘ ˇʨʫʥʪʦʚʠʭ ʤʘʩ, ʤʽʩʮʷ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʪʘ 

ʧʝʨʝʩʫʰʝʥʥʷ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʦʯʥʦʛʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʟ 
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ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷʤ ʜʘʥʠʭ ʥʘʟʝʤʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʽʟ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʷʭ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟ ʤʝʪʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʽʰʝʥʴ ʫ 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʦʮʽʥʢʠ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʤʦʥʽʪʦʨʠʥʛʫ ʚʧʣʠʚʫ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚʩʽʻʾ ʋʢʨʘʾʥʠ ʘʙʦ ʾʾ 

ʚʝʣʠʢʠʭ ʨʝʛʽʦʥʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʫ ʟʘʣʝʞʥʽʩʪʴ ʬʘʢʪʠʯʥʦʛʦ ʚʤʽʩʪʫ ʚʦʣʦʛʦʩʪʽ ʚ 

ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ ʪʘ ʟʥʘʯʝʥʽ ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ NWI. ʎʝ ʜʦʟʚʦʣʠʣʦ ʫʢʣʘʩʪʠ ʢʘʨʪʫ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ ʦʢʨʝʤʠʭ ʧʦʣʽʚ ɹʘʨʠʰʽʚʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ, ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ 

ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ. ʋʢʣʘʜʝʥʘ ʢʘʨʪʘ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʣʦʢʘʣʽʟʘʮʽʶ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʦʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʜʽ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʮʽʣʴʥʦ ʚʢʣʶʯʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʷʢ ʩʢʣʘʜʦʚʘ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʘ ʪʘʢʦʞ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʜʘʯ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, 

ʨʝʛʽʦʥʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ, ʤʽʢʨʦʟʘʧʘʜʠʥʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ, 

ʽʥʜʝʢʩʠ ʚʦʣʦʛʦʩʪʽ, ʧʦʩʫʭʠ, ʥʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 
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ABSTRACT 

Romanciuc I. F. Method for Determining Land Cover Moisture Content Bsed on 

Remote Sensing Data. ï Qualifying scientific work as a manuscript. 

The thesis for the Candidate of Sciences degree on specialty ï 05.07.12 ï Remote 

Sensing. ï State Institution ñScientific Centre for Aerospace Research of the Earth of 

the Institute of Geological Science of the National Academy of Sciences of Ukraineò, 

Kyiv , 2020. 

A methodology for determining land cover moisture content based on remote 

sensing data is offered in the thesis. The need to study land cover moisture content is 

increasing due to the global climatic change expressed mainly in the disruption of water 

and temperature regimes. In addition, land cover moisture content is an important 

parameter on the environmental safety and human life issues.  

An insufficient amount of land cover moisture content results in a disturbance 

of soil characteristics, intensifying their degradation processes, a long period of 

drought, loss of soil fertility and crop productivity. 

Implementation of geoecological monitoring, which takes into account the land 

cover moisture content, enables to minimize the losses from the lack of moisture and 

mitigate the consequences of current climate change. 

The developed methodology for determining land cover moisture content could 

be applied at the regional and local scale levels. It allows to comprehensively 

characterize the current state of the land cover moisture content within the Ukraine. 

This technique is notable for the integrating field observations with remote sensing 

data. 

When conducting monitoring work at a regional level, the use of large spatial 

coverage satellite images available to cover the whole territory of the state was 

suggested. Currently, such requirements are adhered to by the MODIS series satellites 

imagery, considered in the study. According to multispectral satellite imagery data, the 

use of various water indices is one of the most widespread methods of moisture level 

determination. Spectral channels of these indices are sensitive to moisture in the soil 

and vegetation cover.  
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To identify the most appropriate water index, five different water indices were 

analyzed. For regional level, NDII and RDI water indices were selected, as recorded 

by the MOD13C2 product data from the TERRA/MODIS satellite. The methodology 

for regional studies of determining land cover moisture content was based on the 

correlation of the remote sensing data with the climatic and physiographic regions. 

From the standpoint of landscape analysis, the study examines the plain of 

Ukraine within mixed forests, deciduous forests, forest-steppe and steppe zones. 

Differentiation of physical and geographical conditions depends on the ratio of heat, 

moisture, atmospheric circulation pattern. This allows to identify the boundaries of 

physiographic regions. Therefore, while studying land cover moisture content at the 

regional level it is proposed to take into account both the climatic indicators and limits 

of physiographic regions that are shifting as noted by scientists from different fields.  

Temperature-dependent atmospheric precipitations are the main source of soil 

moisture. Precipitation, air temperature and temperature condition of the topsoil at the 

depth of 5, 10, 15, 20 cm were analyzed. A weakening of precipitation processes and 

their significant redistribution through time have been observed in recent years in 

Ukraine. As a result, the prolonged drought periods occur, followed by periods of 

heavy rains. 

According to the diagnostics of current climatic situation meteorological 

indicators, three representative model years were selected to determine land cover 

moisture content: 2007 was characterized by the severe drought provoked by the high 

temperatures and insufficient precipitation during the growing season, 2015 was the 

most anomalous year on a global and regional scale with the increased temperature 

regime, and 2016 was a typical year of the XXI century. 

The entire territory of Ukraine maps, reflecting the spatial distribution of the land 

cover moisture content, were calculated and compiled in accordance to water indices 

values. The physiographic regions shown on the maps represent the reference lines of 

typical natural and climatic conditions of Ukraine. According to the NDII and RDI 

water indices values distribution, significant lack of moisture in the steppe zone was 

observed during the selected years: 2007, 2015 and 2016. The forest-steppe zone was 
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characterized by the low-moisture level. In 2007, the forest-steppe zone and the zone 

of deciduous forests acquired the signs of aridity, and the steppe zone become 

catastrophic drought, as such conditions could lead to desertification over the long run. 

If the trend towards the temperature increase and continuous decrease in precipitation 

be kept, the conditions of 2007 may become typical for Ukraine. 

At the local level, the distribution of moisture is significantly influenced by the 

surface relief. The local landscape-forming elements of the territory are characterized 

by the micro-depression landforms, which determine the spatial variability of soil 

moisture and its transformation. 

In the modern relief the micro-depression landforms accumulate small local 

catchment bases of erosion and places of increased moisture and soil mass transfer. 

This provokes transformation of soilsô composition, their swamping and changes in 

vegetation type in the central part of a micro-depression. According to the 

hydrogeological studies, micro-depressions represent the associated areas with the 

increased filtration and moisture migration (geodynamically active zones), which 

significantly complicates the land use conditions, causing the spatial variability of 

water regime in soils. Appearance of the micro-depressions on the land cover provokes 

great difficulties in agriculture. 

At the local level the methodology for determining land cover moisture content 

was based on calculating of NWI water index using the remote sensing data with high 

spatial and temporal resolution, since the moisture value is very variable. 

Field observations, carried out within the Baryshiv landfill, held a valuable place 

in determining of the soil moisture at the local level. During April-July field 

observations period, the samples of the surface soil layer had been taken at the 10 cm 

depth. In laboratory conditions, soil moisture was determined by the thermostat-weight 

method that met the requirements of State Standards of Ukraine. While comparing the 

calculated water index NWI with actual soil moisture content, the linear regression 

equation was obtained.  

The soil moisture content values obtained during the field observations are 

relevant to the values of water indices having been obtained on the basis of 
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multispectral satellite imagery data calculations with correlation coefficient R2=0.82. 

Subsequently, the multivariate regression of the soil moisture content dependence on 

various meteorological and natural parameters was applied, which made it possible to 

establish the soil moisture content in the areas with similar meteorological and natural 

conditions, where the field observations were not performed. 

Based on the regression dependences calculation, the soil cover moisture map 

for the selected fields of the Baryshiv landfill was created. The map depicts the uneven 

distribution of soil moisture due to the earth's surface natural features. 

Baryshiv landfill soils, being formed on forest-wooded loams, are capable to 

subside while wetting. Thus, the micro-depression landforms appear, which can be 

identified by the increased soil moisture content. 

Another essential methodology component embraces the application of relief 

plasticity method, supplemented by the morphodynamic analysis based on the radar 

imaging. The developed maps of the plasticity of investigated relief are dynamic and 

reflect the direction of surface water and ground masses, areas of local over-wetting 

and over-drying. These maps could serve a basis for implementation of precise land 

use in order to improve its ecological component and rational resource usage. 

The developed methodology is distinguished by integration of the field 

observations data with the remote sensing data and makes it possible to determine the 

soil moisture contents at the regional and local levels of research with the aim of 

geoecological monitoring introducing. 

The study results and implementation of the proposed methodology for land 

cover moisture content determination based on remote sensing data at the regional level 

could be key to making the strategic decisions in agriculture, land resources assessing, 

monitoring of the climate change impact on the environment of Ukraine or its large 

regions. 

The proposed methodology for determining land cover moisture content at the 

local level has demonstrated a good dependence of NWI water index values on the 

actual moisture content in the soil cover. This made it possible to develop a soil 

moisture map for Baryshiv landfillôs selected fields, which reflects the uneven 
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distribution of moisture due to the presence of micro-depressions landforms. The 

developed map of the land cover moisture content allows to determine the localization 

of micro-depression landforms to be used in precision farming. 

Thus, the assessment of the land cover moisture content proposed in the thesis 

is of utmost importance while elaborating a national geoecological monitoring system. 

The devised method can be applied both as a component of geoecological monitoring, 

and be adapted for further research and solving various land use problems. 

Key words: remote sensing data, land cover moisture content, regional studies, 

climate change, micro-depression landforms, water indices, droughts, field 

observation. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ɼʦ 70% ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ ʟʘʡʤʘʶʪʴ ʟʝʤʣʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ ˇʨʫʥʪʘʭ ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʛʫʤʫʩʫ. ʇʨʠʙʣʠʟʥʦ 54% ʦʨʥʠʭ 

ʟʝʤʝʣʴ ʧʨʠʜʘʪʥʽ ʜʣʷ ʚʝʜʝʥʥʷ ʘʛʨʦʙʽʟʥʝʩʫ [1]. ˆʨʫʥʪʠ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ 

ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʢʣʽʤʘʪ, ʨʝʣʴʻʬ, 

ʤʘʪʝʨʠʥʩʴʢʘ ʛʽʨʩʴʢʘ ʧʦʨʦʜʘ, ʯʘʩ, ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ ʪʦʱʦ. ʉʫʯʘʩʥʽ ʢʣʽʤʘʪʠʯʥʽ 

ʪʝʥʜʝʥʮʽʾ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ 

ʚʦʜʥʠʤ ʪʘ ʪʝʧʣʦʚʠʤ ʨʝʞʠʤʘʤʠ. ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʚ ʥʘʰ ʯʘʩ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ˇʨʫʥʪʽʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʝ ʨʦʟʫʤʽʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʥʘʜʘʪʠ ʰʚʠʜʢʫ ʪʘ ʜʦʩʪʦʚʽʨʥʫ ʦʮʽʥʢʫ ʩʪʘʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʨʦʙʽʪ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥ ʧʨʠʟʝʤʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʽʥʰʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʦʙʦʪʘʭ ʢʣʽʤʘʪʦʣʦʛʽʚ [1-5], ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʪʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʠ ʻ ʦʜʥʠʤ ʟ ʥʘʡʫʨʘʟʣʠʚʽʰʠʭ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʨʝʛʽʦʥʽʚ 

ʧʣʘʥʝʪʠ [6-8]. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ ʟʤʽʥʘ ʤʽʩʮʝʚʠʭ ʢʣʽʤʘʪʦʫʪʚʦʨʶʶʯʠʭ ʬʘʢʪʦʨʽʚ ï 

ʨʦʩʣʠʥʥʽ ʫʛʨʫʧʫʚʘʥʥʷ, ʚʽʪʝʨ, ʧʝʨʝʨʦʟʧʦʜʽʣ ʪʝʧʣʘ ʪʘ ʚʦʣʦʛʠ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʧʨʦʮʝʩʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ˇʨʫʥʪʽʚ ʫ ʩʝʟʦʥʥʦʤʫ ʮʠʢʣʽ ʧʨʦʮʝʩʽʚ ʚʦʜʦʦʙʤʽʥʫ, ʨʽʟʢʫ 

ʘʢʪʠʚʘʮʽʶ ʩʫʯʘʩʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʚʦʜʥʘ ʝʨʦʟʽʷ, ʟʩʫʚʠ, ʧʣʦʱʠʥʥʘ 

ʜʝʥʫʜʘʮʽʷ, ʟʙʽʣʴʰʝʥʥʷ ʜʽʣʷʥʦʢ, ʩʭʠʣʴʥʠʭ ʜʦ ʦʧʫʩʪʝʣʶʚʘʥʥʷ). ɺʩʝ ʮʝ ʧʦʩʠʣʶʻ 

ʨʠʟʠʢʠ ʜʝʛʨʘʜʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʩʫʰʣʠʚʠʭ ʷʚʠʱ, ʱʦ ʦʧʠʩʘʥʦ ʚ 

ʨʦʙʦʪʘʭ ʆ. ɻ. ʊʘʨʘʨʽʢʦ ʪʘ ʽʥʰʠʭ [6-10]. ʇʨʠ ʮʴʦʤʫ ʚʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ 

ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʚʽʜʥʦʩʥʦ ʢʣʽʤʘʪʠʯʥʦʾ ʥʦʨʤʠ ʩʫʪʪʻʚʦ ʥʝ 

ʟʤʽʥʠʣʘʩʷ. ʇʨʦʪʝ ʟʤʽʥʠʚʩʷ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʦʧʘʜʽʚ ʪʘ ʨʝʞʠʤ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʽʚ, ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʘʜʽʚ, ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʘʥʦʤʘʣʴʥʠʭ ʟʣʠʚ ʟ 

ʧʝʨʽʦʜʘʤʠ ʪʨʠʚʘʣʠʭ ʧʦʩʫʭ. ʆʩʪʘʥʥʽ ʬʽʢʩʫʶʪʴʩʷ ʥʘʚʽʪʴ ʥʘ ʇʦʣʽʩʩʽ, ʷʢʝ ʜʦʥʝʜʘʚʥʘ 

ʚʽʜʨʽʟʥʷʣʦʩʷ ʥʘʜʤʽʨʥʦʶ ʟʚʦʣʦʞʝʥʽʩʪʶ. ɿʘ ʦʮʽʥʢʦʶ ʚʽʪʯʠʟʥʷʥʠʭ ʚʯʝʥʠʭ-

ʢʣʽʤʘʪʦʣʦʛʽʚ ʊ. ɯ. ɸʜʘʤʝʥʢʦ [11], ʉ. ɻ. ɹʦʡʯʝʥʢʦ [12], ɺ. ɯ. ʃʷʣʴʢʘ [13], 



21 

 

ʧʽʜʚʠʱʝʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʽʱʝʥʥʷ ʤʝʞ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ. 

ɺʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʚʟʘʻʤʦʦʙʤʽʥ 

ʝʥʝʨʛʽʾ ʪʘ ʨʝʯʦʚʠʥʠ ʤʽʞ ʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ.  

ɺʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ ʚʦʜʠ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʣʽʪʦʣʦʛʽʯʥʠʭ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʨʠʪʦʨʽʾ,  ̔ʚʧʣʠʚ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʾʭ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʣʷ 

ʮʴʦʛʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʷʢ 

ʫʥʽʢʘʣʴʥʦʛʦ ʟʘ ʦʧʝʨʘʪʠʚʥʽʩʪʶ, ʦʛʣʷʜʦʚʽʩʪʶ ʪʘ ʦʙôʻʢʪʠʚʥʽʩʪʶ ʟʘʩʦʙʫ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʚʩʽʭ ʤʘʩʰʪʘʙʥʠʭ ʨʽʚʥʷʭ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʻʜʥʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʽʟ ʥʘʟʝʤʥʠʤʠ ʟʘʚʽʨʢʦʚʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʙʫʣʠ ʨʦʟʚʠʥʫʪʽ ʚ ʨʦʟʨʦʙʢʘʭ 

ʥʘʫʢʦʚʮʽʚ ʎɸʂɼɿ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠ ï ɺ. ɯ. ʃʷʣʴʢʘ, ʄ. ʄ. ʄʠʪʥʠʢʘ, 

ʃ. ɼ. ɺʫʣʴʬʩʦʥʘ, ɿ. ʄ. ʐʧʦʨʪʶʢ, ʆ. ɯ. ʉʘʭʘʮʴʢʦʛʦ, ʆ. ʊ. ɸʟʽʤʦʚʘ, 

ʆ. ɸ. ɸʧʦʩʪʦʣʦʚʘ, ʃ. ʆ. ɭʣʽʩʪʨʘʪʦʚʦʾ, ʅɸɸʅ ʋʢʨʘʾʥʠ ï ʆ. ɻ. ʊʘʨʘʨʽʢʦ, 

ʊ. ʃ. ʂʫʯʤʠ, ʊ. ɺ. ɯʣʴʻʥʢʦ, ʆ. ɺ. ʉʠʨʦʪʝʥʢʦ, ʅʋɹʽʇ ʋʢʨʘʾʥʠ ï ʉ. ʉ. ʂʦʭʘʥ, 

ɺ. ʄ. ʉʪʘʨʦʜʫʙʮʝʚʘ ʪʘ ʽʥ., ʅʅʎ çɯɻɸ ʽʤʝʥʽ ʆ. ʅ. ʉʦʢʦʣʦʚʩʴʢʦʛʦè ï ʄ. ʄ. ɻʽʯʢʘ, 

ʉ. ʈ. ʊʨʫʩʢʘʚʝʮʴʢʦʛʦ, ʪʘ ʽʥ. 

ɸʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ  ̒ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʷʢ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʦʩʥʦʚʠ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ.  

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽ ̫

ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ɼʝʨʞʘʚʥʽʡ 

ʫʩʪʘʥʦʚʽ ñʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠò 

ʟʘ ʪʘʢʠʤʠ ʪʝʤʘʤʠ: ñʈʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʠʯʥʠʭ ʦʩʥʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʠʭ ʽ ʧʦʣʽʛʦʥʥʠʭ ʩʧʝʢʪʨʦ- ʪʘ ʛʘʟʦʤʝʪʨʠʯʥʠʭ ʟʡʦʤʦʢ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘñ (ˉ ɼʈ 0116U003032), ñʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʠʢ ʢʦʩʤʽʯʥʦʛʦ 



22 

 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ (ʨʦʩʣʠʥʥʽʩʪʴ, ˇʨʫʥʪʠ, ʚʦʜʥʽ ʨʝʩʫʨʩʠ), 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʚ ʫʤʦʚʘʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʟ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡò (ˉ ɼʈ 0112U000703), ñʄʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʙʽʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʽʩʦʚʠʭ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʪʘ 

ʘʛʨʦʬʽʪʦʮʝʥʦʟʽʚ ʚ ʤʝʞʘʭ ʨʽʟʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠò (ˉ ɼʈ 0114U001664), ñʆʮʽʥʢʘ ʚʧʣʠʚʫ ʨʝʛʽʦʥʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ ʥʘ 

ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʠʟʠʢʽʚ ʾʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʥʘʟʝʤʥʠʭ ʩʧʝʢʪʨʦ-, ʛʘʟʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʚʠʤʽʨʽʚò (ˉ ɼʈ 0116U002674), ñʈʦʟʨʦʙʢʘ 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 ʜʦʚʢʽʣʣʷò 

(ˉ ɼʈ 0118U005384).  

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʢʨʘʱʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ī ʘʥʘʣʽʟ ʜʦʩʚʽʜʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ 

ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ; 

ī ʫʢʣʘʜʘʥʥʷ ʦʛʣʷʜʦʚʠʭ ʢʘʨʪ ʋʢʨʘʾʥʠ ʜʣʷ ʨʦʢʽʚ ʟ ʨʽʟʥʠʤʠ ʧʦʛʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʟ ʤʝʪʦʶ ʢʘʨʪʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʪʘ ʯʘʩʦʚʠʭ ʟʤʽʥ 

ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʦʩʥʦʚʠ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʘʥʠʭ; 

ī ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ 

ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʨʝʣʴʻʬʫ ʥʘ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʦʩʪʽ; 

ïʨʦʟʨʘʭʫʥʦʢ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʜʠʩʪʘʥʮʽʡʥʦ ʦʪʨʠʤʘʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ ʥʘʟʝʤʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ; 
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ī ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʤʽʩʮʝʚʠʭ ʧʨʠʨʦʜʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ; 

ī ʫʢʣʘʜʘʥʥʷ ʜʝʪʘʣʴʥʠʭ ʢʘʨʪ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʝʜʝʥʥʷ 

ʪʦʯʥʦʛʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ.  

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ 

ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʦʙʨʦʙʢʠ 

ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʥʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ ʪʘ ʤʦʨʬʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʢʘʨʪʫʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ 

ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʤʧʣʝʢʩʫʚʘʥʥʽ 

ʣʘʥʜʰʘʬʪʥʠʭ, ʢʣʽʤʘʪʠʯʥʠʭ ʪʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

2. ɺʧʝʨʰʝ ʫʢʣʘʜʝʥʦ ʢʘʨʪʫ ʨʦʟʧʦʜʽʣʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, 

ʷʢʘ ʤʦʜʝʣʶʻ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʧʦʩʫʰʣʠʚʠʭ ʷʚʠʱ ʪʘ ʤʝʞ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʚ ʨʽʟʥʠʭ ʧʦʛʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʘʥʘʣʽʟ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ, ʜʦʧʦʚʥʝʥʦʛʦ 

ʤʦʨʬʦʜʠʥʘʤʽʯʥʠʤ ʘʥʘʣʽʟʦʤ. 

4. ɺʧʝʨʰʝ ʜʣʷ ɹʨʘʠʰʽʚʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ ʦʜʝʨʞʘʥʦ ʙʘʛʘʪʦʚʠʤʽʨʥʫ ʨʝʛʨʝʩʽʶ 

ʟʘʣʝʞʥʦʩʪʽ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚʽʜ ʨʽʟʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʪʘ 

ʧʨʠʨʦʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʫ ʤʽʩʮʷʭ ʽʟ ʩʭʦʞʠʤʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʪʘ ʧʨʠʨʦʜʥʠʤʠ ʫʤʦʚʘʤʠ, ʜʝ ʥʝ 

ʧʨʦʚʦʜʠʣʠʩʷ ʥʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʪʘ ʾ ʭʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥ ̫̔ ʢ ʩʢʣʘʜʦʚʘ 

ʫ ʨʦʟʨʦʙʮʽ ʙʘʟʠ ʜʘʥʠʭ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ  ̔ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭʥʴʦʾ ʩʭʠʣʴʥʦʩʪʽ ʜʦ 

ʜʝʛʨʘʜʘʮʽʾ, ʚʨʘʭʦʚʫʶʯʠ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʪʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʝʨʠʪʦʨʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʥʘ ʙʘʟʽ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟ̔ ʩʭʝʤʦʶ ʣʦʢʘʣʽʟʘʮʽʾ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ 

ʬʦʨʤ ʨʝʣʴʻʬʫ ʧʝʨʝʜʘʥʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʆɺ ñɹʘʨʠʰʽʚʩʴʢʘ ʟʝʨʥʦʚʘ ʢʦʤʧʘʥʽʷò, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʘʢʪʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ (ɼʦʜʘʪʦʢ ɸ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʽ ʟʜʦʙʫʚʘʯʝʤ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ 

ʢʝʨʽʚʥʠʢʦʤ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ. 

ɸʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʚʢʣʶʯʘʻ 

ʧʦʻʜʥʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʥʘʟʝʤʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. ʇʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ ʚʦʜʥʽ 

ʽʥʜʝʢʩʠ ʷʢ ʦʩʥʦʚʫ ʜʣʷ ʢʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʨʽʟʥʦʛʦ 

ʤʘʩʰʪʘʙʥʦʛʦ ʨʽʚʥʷ. ʇʨʦʚʝʜʝʥʦ ʥʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚʽʜʽʙʨʘʥʦ ʟʨʘʟʢʠ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʈʦʟʨʘʭʦʚʘʥʦ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʜʘʥʠʭ (ʥʘʟʝʤʥʠʤʠ ʟʘʚʽʨʢʦʚʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ, ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ, ʢʣʽʤʘʪʠʯʥʠʤʠ ʜʘʥʠʤʠ), ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. ʋʢʣʘʜʝʥʦ ʢʘʨʪʠ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʰʢʘʣʫ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, 

ʥʘʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʚʝʜʝʥʥʽ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʪʦʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. ɺʩʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʚ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ: 

¶ ʫ ʨʦʙʦʪʘʭ [2, 5, 9] ï ʚʠʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ 

ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ NWI ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ; 

¶ ʫ ʨʦʙʦʪʘʭ [2, 5] ī ʦʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʫʢʣʘʜʘʥʥʷ ʢʘʨʪ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʥʘ ʙʘʟʽ ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ NWI; 
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¶ ʫ ʨʦʙʦʪʘʭ [8-12, 14-17] ï ʚʠʷʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʙʣʝʤʘʤʠ ʨʠʟʠʢʽʚ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ 

ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ; 

¶ ʫ ʨʦʙʦʪʘʭ [1, 6, 7, 13] ī ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ; 

¶ ʫ ʨʦʙʦʪʘʭ [3, 4, 18] ī ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ ʩʫʯʘʩʥʽ 

ʫʤʦʚʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʋʢʨʘʾʥʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. 

ʇʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʽ 

ʤʝʪʦʜʠʯʥʽ ʘʩʧʝʢʪʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘ ʦʙʛʦʚʦʨʝʥʽ ʥʘ 15-ʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʆʜʝʩʘ, 24-28 ʩʝʨʧʥʷ 2015 ʨ.), 16-ʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʆʜʝʩʘ, 22-27 ʩʝʨʧʥʷ 2016 ʨ.), 6-

ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñInternational Conference Ecological & Environmental 

Chemistryò (ʂʠʰʠʥʽʚ, ʈʝʩʧʫʙʣʽʢʘ ʄʦʣʜʦʚʘ, 2-3 ʙʝʨʝʟʥʷ 2017 ʨ.), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ 

IV ʤʦʣʦʜʽʞʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñɯʜʝʾ ʪʘ ʥʦʚʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶò (ʂʠʾʚ, 25-

27 ʞʦʚʪʥʷ 2017 ʨ.), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ XII ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ 

ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ ñɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʜʝʨʞʘʚʠò (ʂʠʾʚ, 19 ʢʚʽʪʥʷ 2018 ʨ.), 7-ʡ 

ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ ñInformation technologies 

in solving modern problems of geology and geophysicsò (ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ, 15-18 

ʞʦʚʪʥʷ 2018 ʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ, ʧʨʠʩʚʷʯʝʥʽʡ 85-

ʨʽʯʯʶ ʢʘʬʝʜʨʠ ˇʨʫʥʪʦʟʥʘʚʩʪʚʘ ɹɻʋ ʪʘ 80-ʨʽʯʯʶ ʟ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʜ. ʛ. ʥ., 

ʧʨʦʬʝʩʦʨʘ ɺ. ʉ. ɸʥʦʰʢʦ ñʇʦʯʚ rʠ ʟʝʤʝʣʴʥʳʝ ʨʝʩʫʨʩʳ: ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʧʨʦʙʣʝʤʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝò (ʄʽʥʩʴʢ, ʈʝʩʧʫʙʣʽʢʘ ɹʽʣʦʨʫʩʴ, 20-23 ʚʝʨʝʩʥʷ, 2018 ʨ.), 5-ʡ 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʄʦʥʠʪʦʨʠʥʛ ʠ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʤʠʨʘò (ʄʽʥʩʴʢ, ʈʝʩʧʫʙʣʽʢʘ ɹʽʣʦʨʫʩʴ, 8-11 ʚʝʨʝʩʥʷ, 2018 

ʨ.), 6-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʣʘʥʜʰʘʬʪʦʚʝʜʝʥʠʷ ʠ ʛʝʦʵʢʦʣʦʛʠʠò (ʄʽʥʩʴʢ, ʈʝʩʧʫʙʣʽʢʘ ɹʽʣʦʨʫʩʴ, 13-16 

ʣʠʩʪʦʧʘʜʘ 2018 ʨ.), 18-ʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʢʦʩʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ GEOUA-2018 (ʂʠʾʚ, 24-28 ʩʝʨʧʥʷ 2018 ʨ.), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ VI 
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ʤʦʣʦʜʽʞʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʜʝʾ ʪʘ ʥʦʚʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶè. 

(ʂʠʾʚ, 10-12 ʢʚʽʪʥʷ 2019 ʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʟʙʘʣʘʥʩʦʚʘʥʝ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʚ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽè. (ʂʠʾʚ, 3-5 ʣʠʧʥʷ 2019 ʨ.).  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 18 ʨʦʙʽʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ: ʫ 

ʞʫʨʥʘʣʘʭ, ʱʦ ʚʥʝʩʝʥʽ ʜʦ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʟ 

ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ï 5 (ʟ ʷʢʠʭ: 1 ï ʚʠʢʦʥʘʥʦ ʦʜʥʦʦʩʽʙʥʦ, 2 ï ʚʢʣʶʯʝʥʦ ʫ 

ʥʘʫʢʦʤʝʪʨʠʯʥʽ ʙʘʟʠ Web of Science ʪʘ Scopus); 2 ï ʫ ʟʘʨʫʙʽʞʥʠʭ ʚʠʜʘʥʥʷʭ; 11 ï ʫ 

ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (247 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 28 

ʩʪʦʨʽʥʢʘʭ) ʽ 18 ʜʦʜʘʪʢʽʚ ʥʘ 30 ʩʪʦʨʽʥʢʘʭ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 227 ʩʪʦʨʽʥʢʘʭ, ʱʦ 

ʤʽʩʪʷʪʴ 160 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 54 ʨʠʩʫʥʢʽʚ ʽ 8 ʪʘʙʣʠʮʴ. 

ɸʚʪʦʨ ʚʠʩʣʦʚʣʶʻ ʱʠʨʫ ʧʦʜʷʢʫ ʘʢʘʜʝʤʽʢʫ ʅɸʅ ʋʢʨʘʾʥʠ ɺ. ɯ. ʃʷʣʴʢʫ ʪʘ 

ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʫ ʅɸʅ ʋʢʨʘʾʥʠ ʄ. ʆ. ʇʦʧʦʚʫ ʟʘ ʥʘʫʢʦʚʽ ʢʦʥʩʫʣʴʪʘʮʽʾ, 

ʧʦʩʪʽʡʥʫ ʫʚʘʛʫ  ̔ʜʦʧʦʤʦʛʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʦʪʠ. ɸʚʪʦʨ ʱʠʨʦ ʜʷʢʫʻ ʥʘʫʢʦʚʦʤʫ 

ʢʝʨʽʚʥʠʢʫ ʢ.ʛʝʦʛʨ.ʥ. ʅ. ɺ. ʇʘʟʠʥʠʯ ʪʘ ʢʦʣʝʛʘʤ ʎɸʂɼɿ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠ 

ʆ. ɸ. ɸʧʦʩʪʦʣʦʚʫ ʪʘ ʢ.ʛʝʦʛʨ.ʥ. ʃ. ʆ. ɭʣʽʩʪʨʘʪʦʚʽʡ. ʆʩʦʙʣʠʚʦ ʘʚʪʦʨ ʚʜʷʯʥʠʡ 

ʜ.ʛʝʦʣ.ʥ. ʆ. ɯ. ʉʘʭʘʮʴʢʦʤʫ ʟʘ ʨʦʟʚʠʪʦʢ ʽʜʝʾ ʪʘ ʧʝʨʰʽ ʢʨʦʢʠ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ. 
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ʈʆɿɼɯʃ 1 

ʉʋʏɸʉʅʀʁ ʉʊɸʅ ɿɸʉʊʆʉʋɺɸʅʅʗ ɼɸʅʀʍ ɼʀʉʊɸʅʎɯʁʅʆɻʆ 

ɿʆʅɼʋɺɸʅʅʗ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ ɺʆʃʆɻʆʉʊɯ ɿɽʄʅʆɻʆ 

ʇʆʂʈʀɺʋ 

ɺʦʜʥʽ ʨʝʩʫʨʩʠ ɿʝʤʣʽ ï ʘʪʤʦʩʬʝʨʥʘ ʚʦʣʦʛʘ, ʧʦʚʝʨʭʥʝʚʽ, ʧʽʜʟʝʤʥʽ ʪʘ ˇʨʫʥʪʦʚʽ 

ʚʦʜʠ ʪʽʩʥʦ ʚʟʘʻʤʦʟʚôʷʟʘʥʽ ʟ ʢʨʫʛʦʦʙʽʛʦʤ ʚʦʜʠ ʪʘ ʝʥʝʨʛʽʾ ʫ ʧʨʠʨʦʜʽ.  

ɺʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ̒  ʜʞʝʨʝʣʦʤ ʚʦʜʠ ʜʣʷ ʩʫʤʘʨʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ. ɺʩʝʩʚʽʪʥʴʦʶ ʄʝʪʝʦʨʦʣʦʛʽʯʥʦʶ ʆʨʛʘʥʽʟʘʮʽʻʶ (World 

Meteorological Organization (WMO)) ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʫ 2010 ʨʦʮʽ ʙʫʣʘ ʚʠʟʥʘʥʘ ʫ 

ʷʢʦʩʪʽ ʩʫʪʪʻʚʦʾ ʢʣʽʤʘʪʠʯʥʦʾ ʟʤʽʥʥʦʾ (Essential Climate Variable (ECV)), ʷʢʘ ʻ 

ʢʣʶʯʦʚʦʶ ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʽʤʘʪʫ ɿʝʤʣʽ [14] ʚ ʤʝʞʘʭ ɻʣʦʙʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʢʣʽʤʘʪʦʤ (Global Climate Observation System 

(GCOS))  [15].  

ɿʝʤʥʠʡ ʧʦʢʨʠʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ˇʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ, ʷʢ ʚʝʨʭʥʶ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʟʦʥʫ ʣʽʪʦʩʬʝʨʠ, ʪʘ ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ, ʷʢʠʡ ʩʢʣʘʜʘʻ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʨʦʩʣʠʥʥʠʭ ʚʠʜʽʚ ʪʘ ʫʛʨʫʧʫʚʘʥʴ. 

ɿʘ ʜʘʥʠʤʠ ʋʧʨʘʚʣʽʥʥʷ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ NASA, ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʫ ʨʽʟʥʠʭ ʜʠʩʮʠʧʣʽʥʘʭ ʚʠʟʥʘʯʘʻ ʨʽʟʥʽ ʧʨʦʮʝʩʠ ʪʘ ʷʚʠʱʘ. ʋʷʚʣʝʥʥʷ 

ʬʝʨʤʝʨʘ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʫʷʚʣʝʥʥʷ ʤʝʥʝʜʞʝʨʘ 

ʟ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʘʙʦ ʩʠʥʦʧʪʠʢʽʚ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʛʦʜʫ. ɺʦʣʦʛʽʩʪʴ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ï ʮʝ ʚʦʜʘ, ʷʢʘ ʫʪʨʠʤʫʻʪʴʩʷ ʫ ʧʨʦʤʽʞʢʘʭ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ 

ˇʨʫʥʪʫ. ʆʜʥʘʢ, ʧʦʚʝʨʭʥʝʚʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ï ʮʝ ʚʦʜʘ, ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʝʨʭʥʴʦʤʫ, 10 ʩʤ ʰʘʨʽ ˇʨʫʥʪʫ, ʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʢʦʨʝʥʝʚʦʾ ʟʦʥʠ ï 

ʮʝ ʚʦʜʘ, ʷʢʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʝʨʭʥʴʦʤʫ 200 

ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ [16]. 

ɺʽʜ ʚʦʣʦʛʦʩʪʽ ʟʘʣʝʞʠʪʴ ʪʨʘʥʩʧʽʨʘʮʽʷ ʪʘ ʬʦʪʦʩʠʥʪʝʟ ʨʦʩʣʠʥ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʚʦʜʥʠʡ, ʝʥʝʨʛʝʪʠʯʥʠʡ ʪʘ ʙʽʦʭʽʤʽʯʥʠʡ ʮʠʢʣʠ. ʌʘʢʪʠʯʥʦ, ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʻ ʷʜʨʦʤ ʩʠʩʪʝʤʠ, ʷʢʝ ʢʦʥʪʨʦʣʶʻ ʛʽʜʨʦʣʦʛʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ˇʨʫʥʪʦʤ, 
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ʨʦʩʣʠʥʥʽʩʪʶ ʪʘ ʢʣʽʤʘʪʠʯʥʠʤ ʚʧʣʠʚʦʤ, ʛʨʘʻ ʛʦʣʦʚʥʫ ʨʦʣʴ ʚ ʨʝʛʫʣʶʚʘʥʥʽ ʚʦʜʥʦʛʦ 

ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ ʪʘ ʘʪʤʦʩʬʝʨʦʶ [17, 18].  

ʅʘʙʦʨʠ ʜʘʥʠʭ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʛʽʜʨʦʣʦʛʽʾ [19], ʤʝʪʝʦʨʦʣʦʛʽʾ [20], ʢʣʽʤʘʪʦʣʦʛʽʾ [21], 

ʫʧʨʘʚʣʽʥʥʽ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ [22]. 

ʌʫʥʢʮʽʾ, ʷʢʽ ʚʠʢʦʥʫʻ ʚʦʜʘ ʫ ˇʨʫʥʪʽ: - ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʩʣʠʥ ʚʦʜʦʶ; - ʨʽʚʝʥʴ 

ʚʦʣʦʛʦʩʪʽ ʚʧʣʠʚʘʻ ʥʘ ʩʢʣʘʜ ˇʨʫʥʪʫ, ʡʦʛʦ ʟʘʩʦʣʝʥʽʩʪʴ ʪʘ ʚʤʽʩʪ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ 

ʫ ̌ʨʫʥʪʽ; - ʧʽʜʪʨʠʤʢʘ ˇʨʫʥʪʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʱʽʣʴʥʦʩʪʽ; - ʚʧʣʠʚ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʪʘ ʪʝʧʣʦʻʤʥʽʩʪʴ; - ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʚʽʪʨʶʚʘʥʥʶ ˇʨʫʥʪʫ; - 

ʚʠʟʥʘʯʘʻ ʧʨʠʜʘʪʥʽʩʪʴ ʟʝʤʣʽ ʜʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ. 

ɺʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʯʠʥʥʽʩʪʴ, ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʥʘ ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ˇʨʫʥʪʫ 

ʧʝʩʪʠʮʠʜʘʤʠ ʪʘ ʽʥʰʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʪʝ, ʥʘʩʢʽʣʴʢʠ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʨʦʩʣʠʥʠ ʟʘʩʚʦʶʶʪʴ ʰʢʽʜʣʠʚʽ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʭʽʤʽʢʘʪʠ. 

ɺʽʜ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟʘʣʝʞʠʪʴ ʧʨʦʷʚ ʚʩʽʭ ʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʉʢʣʘʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʮʝ ʥʝ ʻ ʩʪʽʡʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ˇʨʫʥʪʫ. ɺʦʥʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʫ, ʭʘʨʘʢʪʝʨʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʽʥʰʠʭ [23]. 

1.1 ʊʨʘʜʠʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʨʘʜʠʮʽʡʥʠʤʠ (ʥʘʟʝʤʥʠʤʠ 

ʤʝʪʦʜʘʤʠ) ʚʠʢʦʥʫʻʪʴʩʷ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. ɿʘ ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ 

ʚʽʜʙʠʨʘʻʪʴʩʷ ʟʨʘʟʦʢ ʯʘʩʪʠʥʠ ˇʨʫʥʪʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ. ɼʨʫʛʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʽ ʜʘʪʯʠʢʽʚ ʥʘ ʥʝʦʙʭʽʜʥʽʡ ʜʽʣʷʥʮʽ 

ˇʨʫʥʪʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʠʤʽʨʶʻʪʴʩʷ ʚʦʣʦʛʽʩʪʴ [24].  

ʂʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ˇʨʫʥʪʦʤ. ʇʨʠʢʣʘʜʠ 

ʢʦʥʪʘʢʪʥʠʭ ʤʝʪʦʜʽʚ ʚʢʣʶʯʘʶʪʴ ʻʤʥʽʩʥʽ ʜʘʪʯʠʢʠ [25, 26], ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʤʝʪʦʜʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʷʢ ʧʨʘʚʠʣʦ, ʨʝʬʣʝʢʪʦʤʝʪʨʽʷ ʫ 
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ʪʠʤʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ʣʦʢʘʣʴʥʠʭ ʦʮʽʥʦʢ, ʛʝʦʨʘʜʘʨ, ʻʤʥʽʩʥʽ ʟʦʥʜʠ ʪʘ 

ʨʝʬʣʝʢʪʦʤʝʪʨʽʷ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʚʠʤʽʨʶʶʪʴ ʰʣʷʭʦʤ ʦʮʽʥʢʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ [27]. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʽʥʰʽ ʧʨʠʣʘʜʠ, ʪʘʢʽ ʷʢ ʽʤʧʝʟʘʥʪʥʽ 

ʜʘʪʯʠʢʠ, ʪʝʥʟʽʦʤʝʪʨʠ [28], ʙʣʦʢʠ ʦʧʦʨʫ [29], ʜʘʪʯʠʢ ʨʦʟʩʽʶʚʘʥʥʷ ʪʝʧʣʘ [30] ʪʘ 

ʥʝʡʪʨʦʥʥʽ ʜʘʪʯʠʢʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʫ 

ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ [29], ʚʠʤʽʨʶʚʘʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ [31], 

ʜʘʪʯʠʢʠ ʪʝʧʣʦʚʦʛʦ ʽʤʧʫʣʴʩʫ [32], ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʜʘʪʯʠʢʠ [33]. ʊʘʢʽ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʚʠʩʦʢʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʟ ʚʝʣʠʢʠʤ ʦʭʦʧʣʝʥʥʷʤ ʪʦʯʦʢ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʜʠʥʘʤʽʢʠ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚ ʤʝʞʘʭ ʧʦʣʷ. ʊʘʢʦʞ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʽʜʨʦʛʝʦʬʽʟʠʯʥʽ ʪʘ 

ʛʨʘʚʽʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ, ʟ ʷʢʠʭ ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʨʘʜʽʦʣʦʢʘʪʦʨʠ [34] ʪʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ [35]. ʊʘʢʽ ʤʝʪʦʜʠ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʢʘʨʪʫʚʘʥʥʷ, ʘʣʝ ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʜʘʥʽ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʂʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʜʘʶʪʴ ʥʘʡʙʽʣʴʰ ʪʦʯʥʫ ʦʮʽʥʢʫ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʽʚ, ʧʨʦʪʝ ʚʦʥʠ ʦʙʤʝʞʝʥʽ ʟʘ ʯʘʩʦʤ ʪʘ ʧʨʦʩʪʦʨʦʤ [36], ʪʦʤʫ ʾʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʷʢʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʥʘʜʘʶʪʴ ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʨʦʬʽʣʽ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʪʘʢʦʞ ʧʦʜʽʣʷʶʪʴ ʥʘ ʧʨʷʤʽ ʪʘ ʥʝʧʨʷʤʽ. ʇʨʷʤʽ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʜʘʣʝʥʥʽ ʚʦʜʠ ʫ ʧʨʦʮʝʩʽ ʩʫʰʢʠ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʚʪʨʘʪʠ ʤʘʩʠ, ʷʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʚʦʣʦʟʽ ʱʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ. ʅʝ ʧʨʷʤʽ ï ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʟʘʣʝʞʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʚʽʜ ʚʤʽʩʪʫ ʚ ʥʴʦʤʫ 

ʚʦʣʦʛʠ  [23]. ʉʪʫʧʽʥʴ ʚʦʣʦʛʦʩʪʽ ʚʧʣʠʚʘʻ ʥʘ ʚʠʨʘʟʥʽʩʪʴ ʽʥʰʠʭ ʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʦʟʥʘʢ ˇʨʫʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʚʦʣʦʛʠʡ ˇʨʫʥʪ ʤʘʻ ʪʝʤʥʽʰʠʡ ʢʦʣʽʨ ʚʽʜʥʦʩʥʦ ʩʫʭʦʛʦ. 

ʂʨʽʤ ʪʦʛʦ, ʩʪʫʧʽʥʴ ʚʦʣʦʛʦʩʪʽ ʚʧʣʠʚʘʻ ʥʘ ʩʢʣʘʜ ˇʨʫʥʪʫ, ʩʪʨʫʢʪʫʨʫ ʪʘ ʽʥʰʝ [37]. 

ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʻ 

ʪʝʨʤʦʩʪʘʪʥʦ-ʚʘʛʦʚʠʡ ʤʝʪʦʜ. ɺʽʥ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʪʦʯʥʽ ʜʘʥʽ ʧʨʦ 

ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ ʚʩʽʻʾ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʢʦʨʝʥʽʚ ʨʦʩʣʠʥ. ɸʣʝ 

ʪʝʨʤʦʩʪʘʪʥʦ-ʚʘʛʦʚʠʡ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʪʨʘʪ ʪʘ ʚʝʣʠʢʦʾ ʨʫʯʥʦʾ 

ʧʨʘʮʽ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʪʘʢʫ ʽʥʬʦʨʤʘʮʽʶ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 
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ʚʦʣʦʛʦʩʪʽ ʮʠʤ ʤʝʪʦʜʦʤ ʩʣʽʜ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ɼʉʊʋ [38]. 

ʊʝʨʤʦʩʪʘʪʥʦ-ʚʘʛʦʚʠʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʪʨʘʪʠ ʚʦʣʦʛʠ ʧʨʠ 

ʚʠʩʫʰʫʚʘʥʥʽ ˇʨʫʥʪʫ. ɿʘʩʥʦʚʘʥʠʡ ʥʘ ʟʚʘʞʝʥʥʽ, ʚʠʩʫʰʫʚʘʥʥʽ ʪʘ ʚʠʟʥʘʯʝʥʥʽ 

ʢʽʣʴʢʦʩʪʽ ʚʠʧʘʨʽʚ ʚʦʜʠ. ʈʽʟʥʠʮʷ ʚʘʛʠ ʚʠʩʫʰʝʥʦʛʦ ʪʘ ʚʦʣʦʛʦʛʦ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʻ 

ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ ʫ ˇʨʫʥʪʽ.  

ɺʽʜʦʤʽ ʪʘʢʦʞ ʪʝʥʟʦʤʝʪʨʠʯʥʠʡ, ʨʘʜʽʦʘʢʪʠʚʥʠʡ, ʝʣʝʢʪʨʠʯʥʠʡ ʤʝʪʦʜʠ, 

ʤʝʪʦʜ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʟʦʥʜʽʚ NDX ʪʘ EDR,  ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʡ ʤʝʪʦʜ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɯʩʥʫʻ ʪʘʢʦʞ ʝʢʩʧʨʝʩ-

ʤʝʪʦʜ, ʧʨʠ ʷʢʦʤʫ ʩʣʽʜ ʚʟʷʪʠ ʚ ʨʫʢʫ ʞʤʝʥʶ ˇʨʫʥʪʫ ʪʘ ʦʮʽʥʠʪʠ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ 

ʜʦʪʠʢ, ʘʣʝ ʪʘʢʠʡ ʤʝʪʦʜ ʻ ʩʫʙôʻʢʪʠʚʥʠʤ ʪʘ ʥʝ ʥʘʜʘʻ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

1.2 ɼʠʩʪʘʥʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʽ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʧʨʦʚʦʜʷʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ, ʧʨʠʣʘʜʽʚ (ʚʦʣʦʛʦʤʽʨʽʚ). ʊʘʢʽ ʧʽʜʭʦʜʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, ʘʣʝ ʚʦʥʠ ʥʝ ʧʨʠʜʘʪʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʝʣʠʢʠʭ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʜʣʷ ʷʢʠʭ ʜʦʮʽʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʧʝʨʰ ʟʘ ʚʩʝ ï ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʟ ʢʦʩʤʦʩʫ. ɻʣʦʙʘʣʴʥʽ ʧʨʦʜʫʢʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʦʪʨʠʤʘʥʽ ʟ ʨʽʟʥʠʭ 

ʜʘʪʯʠʢʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʩʪʘʶʪʴ ʫ ʩʫʯʘʩʥʠʡ ʯʘʩ ʣʝʛʢʦ ʜʦʩʪʫʧʥʠʤʠ ʟ 

ʤʘʡʞʝ ʱʦʜʝʥʥʠʤ ʽʥʪʝʨʚʘʣʦʤ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʙʦʨʫ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʝʪʘʣʦʥʥʠʭ ʟʨʘʟʢʽʚ. ɿʙʽʨ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʠʤʘʛʘʻ ʫʯʘʩʪʽ 

ʣʶʜʠʥʠ ʽ ʟʘʟʚʠʯʘʡ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤ ʪʘ ʜʦʨʦʛʠʤ ʟʘʚʜʘʥʥʷʤ. ʎʝ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʨʽʟʥʽ ʦʙʣʘʩʪʽ ʽ ʨʽʟʥʽ ʩʠʩʪʝʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʜʽʡʩʥʠʤʠ ʪʽʣʴʢʠ ʚ 

ʫʤʦʚʘʭ, ʚ ʷʢʠʭ ʙʫʣʠ ʟʽʙʨʘʥʽ ʝʪʘʣʦʥʥʽ ʟʨʘʟʢʠ. ɺ ʦʩʥʦʚʽ ʽʩʥʫʶʯʠʭ ʜʠʩʪʘʥʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʣʝʞʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ˇʨʫʥʪʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʨʘʜʽʘʮʽʾ. 

ʄʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʾ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚʢʣʶʯʘʶʪʴ 

ʧʘʩʠʚʥʽ ʪʘ ʘʢʪʠʚʥʽ ʨʘʜʽʦʤʝʪʨʠ [39], ʨʘʜʘʨʠ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ [40], 
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ʩʢʘʪʪʝʨʦʤʝʪʨʠ [41], ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʩʝʥʩʦʨʠ [42] ʪʘ ʽʥʰʽ ʜʘʪʯʠʢʠ ʪʘ ʩʝʥʩʦʨʠ. 

ʎʽ ʜʘʪʯʠʢʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʙʦʨʪʦʚʠʭ ʪʘ ʢʦʩʤʽʯʥʠʭ ʧʣʘʪʬʦʨʤʘʭ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʥʘ ʦʨʙʽʪʽ ʧʨʘʮʶʻ ʜʝʢʽʣʴʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʫʧʫʪʥʠʢʽʚ, ʜʘʥʽ 

ʷʢʠʭ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ʉʝʨʝʜ ʥʠʭ ʥʘʡʧʦʧʫʣʷʨʥʽʰʽ ʥʘʩʪʫʧʥʽ: 

-ʉʫʧʫʪʥʠʢ SMOS (Soil Moisture and Ocean Salinity), ʷʢʠʡ ʦʩʥʘʱʝʥʠʡ 

ʨʘʜʽʦʤʝʪʨʦʤ MIRAS (Microwave Imaging Radiometer with Aperture Synthesis), ʙʫʚ 

ʟʘʧʫʱʝʥʠʡ ʚ ʣʠʩʪʦʧʘʜʽ 2009 ʨʦʢʫ ɭʚʨʦʧʝʡʩʴʢʠʤ ʢʦʩʤʽʯʥʠʤ ʘʛʝʥʪʩʪʚʦʤ (ESA). 

ʇʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʩʦʣʦʥʦʩʪʽ ʦʢʝʘʥʫ ʚ 

ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ, ʱʦ ʜʘʻ ʟʘʛʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʩʽʻʾ ʟʝʤʥʦʾ ʢʫʣʽ. 

ɿʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʙʽʣʷ 30-50 ʢʤ, ʥʘ 

ʯʘʩʪʦʪʽ  1,42  ɻɻʮ  [43]. 

-ʉʫʧʫʪʥʠʢ GCOM-W1 (Global Change Observation Mission 1st-Water), 

ʟʘʧʫʱʝʥʠʡ ʚ ʪʨʘʚʥʽ 2012 ʨʦʢʫ ʗʧʦʥʩʴʢʠʤ ʘʛʝʥʪʩʪʚʦʤ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʉʫʧʫʪʥʠʢ ʦʩʥʘʱʝʥʠʡ ʥʘʜʯʫʪʣʠʚʠʤ ʩʢʘʥʫʶʯʠʤ ʉɺʏ-ʨʘʜʽʦʤʝʪʨʦʤ AMSR-2 

(Advanced Microwave Scanning Radiometer ï ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʤʽʢʨʦʭʚʠʣʴʦʚʠʡ 

ʩʢʘʥʫʶʯʠʡ ʨʘʜʽʦʤʝʪʨ) ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 5-50 ʢʤ, ʷʢʠʡ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʠʤ ʚʘʨʽʘʥʪʦʤ ʨʘʜʽʦʤʝʪʨʽʚ AMSR-E ʪʘ AMSR, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʩʫʧʫʪʥʠʢʘʭ ADEOS-2 ʠ Aqua. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʤʝʪʨʘ AMSR-2 ʤʦʞʥʘ ʟʽʙʨʘʪʠ 

ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ 99% ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʚʩʴʦʛʦ ʟʘ 2 ʜʥʽ, ʪʘʢ ʷʢ ʡʦʛʦ ʘʥʪʝʥʘ, 

ʩʪʚʦʨʶʶʯʠ ʦʜʠʥ ʦʙʝʨʪ ʚ 1,5 ʩʝʢʫʥʜʠ, ʜʦʟʚʦʣʷʻ ʦʭʦʧʠʪʠ ʪʝʨʠʪʦʨʽʶ ʚ 1,450 ʢʤ. 

-ʉʫʧʫʪʥʠʢ SMAP (Soil Moisture Active Passive), ʷʢʠʡ ʟʘʧʫʱʝʥʠʡ NASA 

(ʅʘʮʽʦʥʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟ ʘʝʨʦʥʘʚʪʠʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʤ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʉʐɸ) ʫ ʩʽʯʥʽ 2015 ʨʦʢʫ. ʅʘ ʙʦʨʪʫ ʩʫʧʫʪʥʠʢʘ SMAP ʚʩʪʘʥʦʚʣʝʥʦ ʧʘʩʠʚʥʠʡ 

ʤʽʢʨʦʭʚʠʣʴʦʚʠʡ ʨʘʜʽʦʤʝʪʨ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ L-ʜʽʘʧʘʟʦʥʽ (1,400-1,427 ɻɻʮ) ʪʘ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʚʦʜʠ ʫ 

ʩʪʘʥʽ ʟʘʤʦʨʦʞʝʥʥʷ-ʪʘʥʝʥʥʷ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʙʽʣʷ 40 ʢʤ. ʅʘʞʘʣʴ, 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʩʫʧʫʪʥʠʢʫ ʘʢʪʠʚʥʠʡ ʨʘʜʘʨ ʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ 

(3 ʢʤ) ʚʪʨʘʪʠʚ ʩʚʦʶ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʫ ʚʝʨʝʩʥʽ 2015 ʨʦʢʫ. 
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1.2.1 ʉʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʽʚ 

ʅʘʡʙʽʣʴʰ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ˇʨʫʥʪʽʚ ʚ 

ʯʝʨʚʦʥʽʡ ʯʘʩʪʠʥʽ ʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ, ʚ ʙʣʠʞʥʴʦʤʫ, ʩʝʨʝʜʥʴʦʤʫ ʪʘ ʪʝʧʣʦʚʦʤʫ 

ʜʽʘʧʘʟʦʥʘʭ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ (ɯʏ) ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʅʘ ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ, 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ˇʨʫʥʪʽʚ ʚʧʣʠʚʘʻ: ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ, 

ʟʝʨʥʠʩʪʽʩʪʴ (ʨʦʟʤʽʨ ʯʘʩʪʦʢ), ʚʤʽʩʪ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ (ʛʫʤʫʩ), ʘ 

ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʘ ʪʘ ʨʽʚʥʠʥʥʽʩʪʴ ʧʦʚʝʨʭʥʽ.  

ʉʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ ʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ (ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, 

ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʧʫ ˇʨʫʥʪʫ, ʤʝʭʘʥʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʚʤʽʩʪʫ ʛʫʤʫʩʫ, ʨʦʩʣʠʥʥʦʩʪʽ 

ʪʘ  ʽʥ.)  [44-47]. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʦʣʦʛʦʩʪʽ ʻ ʜʦʚʞʠʥʠ 

ʭʚʠʣʴ ʧʨʠʙʣʠʟʥʦ 970, 1200, 1450 ʪʘ 1650 ʥʤ, ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚʦʜʦʶ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʥʬʨʘʯʝʨʚʦʥʽ ʜʽʘʧʘʟʦʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʩʧʝʢʪʨʫ. ʉʣʽʜ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʯʠʤ ʚʠʱʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʪʠʤ ʥʠʞʯʝ 

ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʫ ʚʩʽʭ ʜʘ̔ʧʘʟʦʥʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ [48].  

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ. ʆʢʠʩʠ ʪʘ ʛʽʜʨʦʦʢʠʩʠ ʟʘʣʽʟʘ ʫ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ ʯʘʩʪʠʥʽ 

ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʤʝʥʰʫʶʪʴ, ʘ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʪʘ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ 

ʧʽʜʚʠʱʫʶʪʴ ʚʽʜʙʠʚʥʫ ʟʜʘʪʥʽʩʪʴ ˇʨʫʥʪʽʚ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʦʢʠʩʽʚ ʟʘʣʽʟʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʙʠʚʘʥʥʷ.  

ɿʝʨʥʠʩʪʽʩʪʴ. ʊʦʥʢʦʟʝʨʥʠʩʪʽ ʤʽʥʝʨʘʣʠ ʚ ˇʨʫʥʪʽ ʩʪʚʦʨʶʶʪʴ ʚʽʜʥʦʩʥʦ ʨʽʚʥʫ 

ʧʦʚʝʨʭʥʶ, ʷʢʘ ʚʽʜʙʠʚʘʻ ʩʠʣʴʥʽʰʝ ʥʽʞ ʛʨʫʙʽ ʪʘ ʰʦʨʩʪʢʫʚʘʪʽ ʥʝʨʽʚʥʽ ʧʦʚʝʨʭʥʽ. 

ʆʨʛʘʥʽʯʥʘ ʨʝʯʦʚʠʥʘ. ɿʤʝʥʰʝʥʘ ʢʽʣʴʢʽʩʪʴ ʛʫʤʫʩʫ (ʦʩʦʙʣʠʚʦ ʧʨʠ 0-8%) 

ʟʥʠʞʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʚʘʥʥʷ ˇʨʫʥʪʽʚ ʚ ʟʦʥʽ ʙʽʣʴʰʝ 0,6 ʤʢʤ. 

ɻʽʨʩʴʢʽ ʧʦʨʦʜʠ ʪʘ ˇʨʫʥʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʷʩʢʨʘʚʦʩʪʝʡ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʯʝʨʚʦʥʦʾ ʟʦʥʠ ʩʧʝʢʪʨʫ, ʘ ʚʦʜʥʽ ʧʦʚʝʨʭʥʽ 

ʤʦʥʦʪʦʥʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʚʽʜʙʠʚʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʽʜ ʩʠʥʴʦ-ʬʽʦʣʝʪʦʚʦʾ ʜʦ ʯʝʨʚʦʥʦʾ 

ʟʦʥʠ ʩʧʝʢʪʨʫ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʚʦʜʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʙʽʣʴʰʝ. 

ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʫ ʚ ʚʠʜʠʤʽʡ ʪʘ ʙʣʠʞʥʽʡ 

ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʯʘʩʪʠʥʘʭ ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʘʜʘʻ ʚʦʣʦʛʽʩʪʴ (ʚʤʽʩʪ ʚʦʜʠ ʚ 
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ˇʨʫʥʪʽ). ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʚʦʣʦʛʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ ʚʩʽʭ 

ˇʨʫʥʪʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʦʣʦʛʽ ʪʘ ʤʦʢʨʽ ˇʨʫʥʪʠ ʥʘ 

ʙʘʛʘʪʦʟʦʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʟʘʚʞʜʠ ʤʘʶʪʴ ʙʽʣʴʰ ʪʝʤʥʠʡ ʪʦʥ, ʥʽʞ ʩʫʭʠʡ ˇʨʫʥʪ. 

ɼʽʣʷʥʢʠ ʩʫʭʠʭ ʪʘ ʚʦʣʦʛʠʭ ˇʨʫʥʪʽʚ ʨʦʟʧʽʟʥʘʶʪʴʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ [44-47].  

ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ˇʨʫʥʪʽʚ ʚʽʜ ʚʦʣʦʛʦʩʪʽ 

ʟʫʤʦʚʣʝʥʦ ʜʚʦʤʘ ʝʬʝʢʪʘʤʠ: 

1) ɿʤʝʥʰʝʥʥʷʤ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ (ʜʣʷ ˇʨʫʥʪʫ n = 1,5é1,7, ʘ ʜʣʷ 

ʚʦʜʠ n = 1,2é1,3); 

2) ɿʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʧʦʛʣʠʥʘʥʥʷ. 

ʆʙʠʜʚʘ ʝʬʝʢʪʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ [46, 49]. 

ɼʽʣʷʥʢʠ ʩʫʭʠʭ ʪʘ ʚʦʣʦʛʠʭ ˇʨʫʥʪʽʚ ʤʦʞʥʘ ʨʦʟʧʽʟʥʘʚʘʪʠ ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ, ʷʢ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.1 [49].  

  

ʘ ʙ 

ʈʠʩ. 1.1. ʉʧʝʢʪʨʘʣʴʥʘ ʚʽʜʙʠʚʥʘ ʟʜʘʪʥʽʩʪʴ ʘ) ʩʫʭʠʭ ʽ ʚʦʣʦʛʠʭ ʩʫʛʣʠʥʢʽʚ ʫ 

ʚʠʜʠʤʦʤʫ, ʙʣʠʞʥʴʦʤʫ ɯʏ ʪʘ ʩʝʨʝʜʥʴʦʤʫ ɯʏ-ʜʽʘʧʘʟʦʥʘʭ; ʙ) ʯʦʨʥʦʟʝʤʠ ʫ 

ʚʠʜʠʤʦʤʫ ʽ ʙʣʠʞʥʴʦʤʫ ɯʏ-ʜʽʘʧʘʟʦʥʘʭ [49] 

ʅʘ ʛʨʘʬʽʢʘʭ, ʚʽʜʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 1.1 ʘ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ ʜʣʷ ʚʦʣʦʛʠʭ ˇʨʫʥʪʽʚ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʚʦʣʦʛʠ ʚʽʜʦʙʨʘʞʝʥʽ ʟʥʘʯʥʠʤʠ 

ʤʽʥʽʤʫʤʘʤʠ, ʘ ʜʣʷ ʩʫʭʦʛʦ ˇʨʫʥʪʫ ʤʽʥʽʤʫʤʠ ʣʠʰʝ ʥʘʤʽʯʘʶʪʴʩʷ.  

ʅʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 1.1 ʙ, ʜʣʷ ʯʦʨʥʦʟʝʤʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʭʠʣ ʢʨʠʚʦʾ, ʷʢʠʡ 
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ʚʽʜ ʧʦʯʘʪʢʫ ʽ ʜʦ ʢʽʥʮʷ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʤ, ʭʦʯʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʟʨʦʩʪʘʻ ʽʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʉʫʛʣʠʥʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʰʚʠʜʢʠʤ ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ 

ʽʥʪʝʨʚʘʣʽ ʤʽʞ 0,32 ̔ 0,45 ʤʢʤ [49].  

1.2.2 ɹʘʛʘʪʦʩʧʝʪʨʘʣʴʥʘ ʢʦʩʤʽʯʥʘ ʟʡʦʤʢʘ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʦʣʦʛʦʩʪʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ɹʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʘ ʢʦʩʤʽʯʥʘ ʟʡʦʤʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, 

ʷʢʠʡ ʚʢʣʶʯʘʻ ʚʠʜʠʤʠʡ, ʙʣʠʞʥʽʡ, ʩʝʨʝʜʥʽʡ ʪʘ ʜʘʣʴʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽ ʜʽʘʧʘʟʦʥʠ, ʪʘ 

ʤʘʻ ʜʦʚʞʠʥʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ 400-2400 ʥʤ. ʇʨʷʤʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ ʫ ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ ʥʘ ʙʘʟʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʢʦʩʤʽʯʥʦʾ 

ʟʡʦʤʢʠ ʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʪʘ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʘʭ ʦʙʤʝʞʝʥʽ ʧʨʦʥʠʢʥʝʥʥʷʤ 

ʭʚʠʣʴ ʮʠʭ ʩʧʝʢʪʨʽʚ ʢʨʽʟʴ ʨʦʩʣʠʥʥʽʩʪʴ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʚʦʣʦʛʽʩʪʴ ʣʠʰʝ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ (ʜʦ 5 ʩʤ). 

ʆʜʥʠʤ ʟ ʜʽʻʚʠʭ ʤʝʪʦʜʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ. ʎʽ ʽʥʜʝʢʩʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʚʦʣʦʛʦʩʪʽ ʚ 

ʨʦʩʣʠʥʥʦʤʫ ʘʙʦ ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ. ʅʘʷʚʥʽʩʪʴ ʚʦʣʦʛʦʩʪʽ ʚ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ 

ʻ ʧʨʷʤʠʤ ʧʦʢʘʟʥʠʢʦʤ ʾʾ ʩʪʘʥʫ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʦʣʦʛʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʦʨʦʚʫ 

ʨʦʩʣʠʥʥʽʩʪʴ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʭʦʨʦʰʠʤ ʨʦʩʪʦʤ ʪʘ ʩʪʽʡʢʽʩʪʶ ʜʦ ʧʦʞʝʞ. ʎʽ 

ʽʥʜʝʢʩʠ ʪʘʢʦʞ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʧʦʩʫʭʠ, ʧʦʞʝʞʦʥʝʙʝʟʧʝʢʠ 

ʪʝʨʠʪʦʨʽʾ ʪʘ ʢʦʤʙʽʥʫʶʪʴ ʟ ʽʥʜʝʢʩʘʤʠ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ [50]. 

ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʽʥʜʝʢʩʠ: 

1. Water Band Index. WBI=ɟ970/ɟ900. ʎʝʡ ʽʥʜʝʢʩ ʻ ʯʫʪʣʠʚʠʤ ʜʦ ʟʤʽʥʠ 

ʚʦʣʦʛʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʫ 970 ʥʤ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʟʘ ʢʨʦʥʘʤʠ ʜʝʨʝʚ, ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʪʘ ʤʦʜʝʣʶʚʘʥʥʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʘʥʘʣʽʟʫ ʫʤʦʚ ʧʦʞʝʞʦʥʝʙʝʟʧʝʢʠ, ʚʝʜʝʥʥʽ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ, ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤʠ. ɼʽʘʧʘʟʦʥ ʜʣʷ ʟʝʣʝʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ 

ʩʢʣʘʜʘʻ ʚʽʜ 0,8 ʜʦ 1,2 [51]. 
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2. Normalized Difference Water Index. NDWI=(ɟ857-ɟ1241)/(ɟ857+ɟ1241). 

ɯʥʜʝʢʩ ʯʫʪʣʠʚʠʡ ʜʦ ʟʤʽʥʠ ʚʤʽʩʪʫ ʚʦʣʦʛʦʩʪʽ ʚ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ. ʈʦʟʩʽʶʚʘʥʥʷ 

ʩʚʽʪʣʘ ʢʨʦʥʘʤʠ ʜʝʨʝʚ ʧʽʜʚʠʱʫʻ ʧʦʛʣʠʥʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʨʠ 1241 ʥʤ. 

ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʚʦʣʦʛʦʩʪʽ ʚ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ, ʤʦʞʣʠʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʛʫʩʪʦ ʚʢʨʠʪʠʭ ʨʦʩʣʠʥʥʽʩʪʶ ʪʝʨʠʪʦʨʽʷʭ, ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʧʦʞʝʞʦʥʝʙʝʟʧʝʢʠ. ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʚ ʤʝʞʘʭ ʚʽʜ 

-1 ʜʦ 1, ʜʣʷ ʟʝʣʝʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʚʽʜ -0,1 ʜʦ 0,4 [52]. 

3. Moisture Stress Index. MSI=ɟ1599/ɟ819. ɯʥʜʝʢʩ ʻ ʯʫʪʣʠʚʠʤ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʚʦʣʦʛʦʩʪʽ ʫ ʣʠʩʪʘʭ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʦʣʦʛʦʩʪʽ ʚ ʣʠʩʪʘʭ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷ ʙʽʣʷ 1599 ʥʤ. ʇʦʛʣʠʥʘʥʥʷ ʧʨʠ 819 ʥʤ, ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʚʤʽʩʪʫ ʚʦʣʦʛʦʩʪʽ, ʪʦʤʫ ʚʦʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʝʪʘʣʦʥʫ. 

ɯʥʜʝʢʩ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʚʦʜʦʥʘʩʠʯʝʥʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ, ʧʨʦʛʥʦʟʫʚʘʥʥʽ 

ʪʘ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʜʦʩʣʽʜʞʝʥʥʷʭ ʬʽʟʽʦʣʦʛʽʾ ʝʢʦʩʠʩʪʝʤ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʞʝʞʦʥʝʙʝʟʧʝʢʠ. ʅʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʚʢʘʟʫʶʪʴ ʥʘ 

ʤʝʥʰʠʡ ʚʤʽʩʪ ʚʦʣʦʛʦʩʪʽ. ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0 ʜʦ 3 ʽ ʙʽʣʴʰʝ. 

ɿʘʛʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʜʣʷ ʟʝʣʝʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʩʢʣʘʜʘʻ ʚʽʜ 0,4 ʜʦ 2 [53]. 

4. Normalized Difference Infrared Index. NDII=(ɟ819-ɟ1649)/(ɟ819+ɟ1649). 

ʏʫʪʣʠʚʠʡ ʜʦ ʟʤʽʥʠ ʚʤʽʩʪʫ ʚʦʣʦʛʦʩʪʽ ʫ ʢʨʦʥʘʭ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ. ɯʥʜʝʢʩ 

ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʥʦʨʤʦʚʘʥʽʡ ʨʽʟʥʠʮʽ, ʟʘʤʽʩʪʴ ʧʨʦʩʪʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ɿʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʟ ʚʤʽʩʪʦʤ ʚʦʣʦʛʠ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʚʝʜʝʥʥʽ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ, ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʩʫ, ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʝʩʦʚʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ. 

ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ -1 ʜʦ 1. ɿʝʣʝʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ 

ʜʽʘʧʘʟʦʥʫ ʚʽʜ 0,02 ʜʦ 0,6 [54]. 

ʊʘʢʦʞ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʽ ʽʥʰʽ ʽʥʜʝʢʩʠ, ʷʢʠʭ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʞʝ 

ʚʠʟʥʘʯʝʥʦ ʧʦʥʘʜ 160 [55]. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ 

ʤʦʥʽʪʦʨʠʥʛ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʫ ʥʘʧʽʚʧʦʩʫʰʣʠʚʦʤʫ ʨʝʛʽʦʥʽ [56] ʪʘ ʫ ʧʦʩʫʰʣʠʚʠʭ 

ʨʝʛʽʦʥʘʭ ɹʣʠʟʴʢʦʛʦ ʉʭʦʜʫ ʪʘ ɸʬʨʠʢʠ [57, 58].  

Wang ʠ Qu ʨʦʟʨʦʙʠʣʠ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʙʘʛʘʪʦʟʦʥʘʣʴʥʠʡ ʽʥʜʝʢʩ ʧʦʩʫʭʠ 

Normalized Multi -band Drought Index. NMDI=(ɟ860-(ɟ1640-ɟ2130))/(ɟ860+(ɟ1640-

ɟ2130)). ɯʥʜʝʢʩ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʠ ʫ ˇʨʫʥʪʽ ʪʘ ʨʦʩʣʠʥʥʦʩʪʽ 
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ʤʝʪʦʜʦʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʠʛʥʘʪʫʨ ˇʨʫʥʪʫ ʪʘ 

ʨʦʩʣʠʥʥʦʩʪʽ [59]. ʇʦʜʽʙʥʦ ʜʦ ʪʨʘʜʠʮʽʡʥʦʛʦ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʨʽʟʥʠʮʝʚʦʛʦ ʚʦʜʥʦʛʦ 

ʽʥʜʝʢʩʫ NDWI, NMDI ʟʘʩʪʦʩʦʚʫʻ ʢʘʥʘʣ ʚ ʜʽʘʧʘʟʦʥʽ 0,86 ʤʢʤ, ʷʢʠʡ ʥʝ ʻ ʯʫʪʣʠʚʠʤ 

ʜʦ ʟʤʽʥ ʚʦʣʦʛʦʩʪʽ ʫ ʣʠʩʪʦʚʽʡ ʧʦʚʝʨʭʥʽ ʪʘ ʩʣʫʛʫʻ ʚ ʷʢʦʩʪʽ ʝʪʘʣʦʥʫ. ʆʜʥʘʢ, ʟʘʤʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʽʻʾ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʨʽʜʢʦʾ ʚʦʣʦʛʠ ʚʽʥ ʟʘʩʪʦʩʦʚʫʻ ʨʽʟʥʠʮʶ ʤʽʞ 

ʜʚʦʤʘ ʩʤʫʛʘʤʠ ʧʦʛʣʠʥʘʥʥʷ ʨʽʜʢʦʾ ʚʦʣʦʛʠ (1,64 ʪʘ 2,13 ʤʢʤ) ʚ ʷʢʦʩʪʽ ʩʤʫʛʠ, ʷʢʘ 

ʯʫʪʣʠʚʘ ʜʦ ˇʨʫʥʪʫ ʪʘ ʨʦʩʣʠʥʥʦʩʪʽ. ɼʘʥʠʡ ʽʥʜʝʢʩ ʙʫʚ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʠʡ ʧʨʠ 

ʚʠʷʚʣʝʥʥʷ ʣʽʩʦʚʠʭ ʧʦʞʝʞ.  

1.2.3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʟʡʦʤʢʠ ʧʨʠ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʇʨʠ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʟʦʥʜʫʚʘʥʥʽ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʟ ʜʦʚʞʠʥʦʶ ʚʽʜ 1 ʤ ʜʦ 1 ʩʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʯʘʩʪʦʪʘʤ ʚʽʜ 0,3 ʜʦ 300 ɻɻʮ. ɺʘʞʣʠʚʘ ʚʣʘʩʪʠʚʽʩʪʴ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʟʡʦʤʢʠ ʻ 

ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʘʪʤʦʩʬʝʨʥʠʭ ʧʝʨʝʰʢʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʭʤʘʨʥʦʩʪʽ. ʗʢ ʘʢʪʠʚʥʽ ʪʘʢ ʽ ʧʘʩʠʚʥʽ 

ʤʽʢʨʦʭʚʠʣʴʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʜʣʷ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʽʚ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʠʨʽʯ [57, 60]. ʆʜʥʘʢ ʧʨʦʙʣʝʤʥʠʤʠ ʜʦʩʽ 

ʟʘʣʠʰʘʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʚʨʘʭʫʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʨʦʩʣʠʥʥʦʩʪʽ, ʪʘ 

ʤʽʢʨʦʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ [61]. 

ʇʘʩʠʚʥʽ ʤʽʢʨʦʭʚʠʣʴʦʚʽ ʤʝʪʦʜʠ ʬʽʢʩʫʶʪʴ ʧʨʠʨʦʜʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʘʢʪʠʚʥʽ ʤʽʢʨʦʭʚʠʣʴʦʚʽ ʜʘʪʯʠʢʠ ʚʠʤʽʨʶʶʪʴ ʝʥʝʨʛʽʶ, ʷʢʘ ʨʦʟʩʽʶʻʪʴʩʷ 

ʟʚʦʨʦʪʥʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʧʽʩʣʷ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʽʤʧʫʣʴʩʫ [61, 62].  

ɼʦ ʦʩʥʦʚʥʠʭ ʩʠʩʪʝʤ ʨʘʜʽʦʤʝʪʨʽʾ (ʧʘʩʠʚʥʽ ʜʘʪʯʠʢʠ) ʚʢʣʶʯʘʶʪʴ ʩʢʘʥʫʶʯʠʡ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʡ ʤʽʢʨʦʭʚʠʣʴʦʚʠʡ ʨʘʜʽʦʤʝʪʨ Special Sensor Microwave Radiometer 

(SMMR) 1978-1987 ʨʨ., ʟ ʨʦʟʨʽʟʥʝʥʥʷʤ ʚʽʜ 27 ʢʤ ʜʦ 148 ʢʤ [63]; ʚʜʦʩʢʦʥʘʣʝʥʠʡ 

ʤʽʢʨʦʭʚʠʣʴʦʚʠʡ ʩʢʘʥʫʶʯʠʡ ʨʘʜʽʦʤʝʪʨ AMSR-E, ʟʘʧʫʱʝʥʠʡ ʫ 2002 ʨʦʮʽ ʟ 

ʨʦʟʨʽʟʥʝʥʥʷʤ 38-56 ʢʤ; ʥʦʚʘ ʤʽʩʽʷ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ 

(European Space Agency (ɽSɸ)) ʱʦ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ˇʨʫʥʪʦʚʦʾ 

ʚʦʣʦʛʠ ʪʘ ʩʦʣʦʥʦʩʪʽ ʦʢʝʘʥʫ (SMOS) [64,  65]. ʉʠʩʪʝʤʠ SMMR ʪʘ AMSR-E 
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ʥʘʜʘʶʪʴ ʜʘʥʽ ʟ C-ʜʽʘʧʘʟʦʥʫ, ʘ SMOS ʧʨʘʮʶʻ ʫ L-ʜʽʘʧʘʟʦʥʽ, ʱʦ ʚ ʜʝʷʢʠʭ ʨʦʙʦʪʘʭ 

ʚʚʘʞʘʻʪʴʩʷ ʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

[66]. ʇʘʩʠʚʥʽ ʤʽʢʨʦʭʚʠʣʴʦʚʽ ʨʘʜʽʦʤʝʪʨʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʩʪʽʡʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘʣʝ ʷʢ ʧʨʘʚʠʣʦ ʚʦʥʠ ʤʘʶʪʴ ʥʠʟʴʢʝ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʨʽʟʥʝʥʥʷ.  

ɸʢʪʠʚʥʽ ʤʽʢʨʦʭʚʠʣʴʦʚʽ ʜʘʪʯʠʢʠ ʪʘ ʨʘʜʘʨʠ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ 

(SAR) ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʘʥʽʞ ʧʘʩʠʚʥʽ 

ʨʘʜʽʦʤʝʪʨʠ [67]. ʉʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʚʝʣʠʢʽ ʩʤʫʛʠ ʟ ʱʦʜʝʥʥʠʤ 

ʯʘʩʦʚʠʤ ʜʽʘʧʘʟʦʥʦʤ ʟʡʦʤʢʠ, ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʨʠ ʢʘʣʽʙʨʦʚʮʽ, ʦʮʽʥʮʽ ʪʘ 

ʧʝʨʽʦʜʠʯʥʦʤʫ ʦʥʦʚʣʝʥʥʽ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʩʪʦʩʦʚʥʦ ʝʚʦʣʶʮʽʾ ʧʨʦʮʝʩʽʚ ʚ ʯʘʩʽ [68]. 

ʉʴʦʛʦʜʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʜʘʥʽ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ ʪʘ ʩʢʘʪʪʝʨʦʤʝʪʨʽʚ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ 

ʥʘ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʦʙôʻʤʥʦʛʦ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʫ 

ˇʨʫʥʪʽ ʫ ʚʠʛʣʷʜʽ ʧʦʟʠʪʠʚʥʦʾ ʣʽʥʽʡʥʦʾ ʢʦʨʝʣʷʮʽʾ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʶ ʟʡʦʤʢʦʶ, ʚʨʘʭʦʚʫʶʪʴ ʟʤʽʥʠ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ [69, 70].  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʨʘʜʘʨʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʙʫʣʦ ʟʘʧʦʯʘʪʢʦʚʘʥʦ ʱʝ ʫ 1960-ʪʽ ʨʦʢʠ, ʪʘ ʥʘʙʫʣʦ ʨʦʟʚʠʪʢʫ ʫ 1990-ʪʽ 

ʟʘʚʜʷʢʠ ʟʘʧʫʩʢʫ ʜʝʢʽʣʴʢʦʭ ʩʫʧʫʪʥʠʢʽʚ, ʥʘ ʙʦʨʪʫ ʷʢʠʭ ʙʫʚ ʨʘʜʘʨ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ SAR. SAR ī ʮʝ ʨʘʜʘʨ, ʱʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʢʨʠʪʪʷ ʚʝʣʠʢʠʭ 

ʪʝʨʠʪʦʨʽʡ 100ʭ100 ʢʤ. 

ʇʨʠ ʨʝʛʽʦʥʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ <30 ʤ. ʄʝʪʦʜ ScanSAR ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʰʠʨʠʥʦʶ 300-500 ʢʤ. ʆʜʥʘʢ, ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʛʽʨʰʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (>100 ʤ). ɹʽʣʴʰʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ SAR 

ʧʨʘʮʶʶʪʴ ʚ ʉ-ʜʽʘʧʘʟʦʥʽ. ɭʚʨʦʧʝʡʩʴʢʽ ʩʫʧʫʪʥʠʢʠ ERS-1/2 ʪʘ ENVISAT, ʘ ʪʘʢʦʞ 

SAR ʚ L-ʜʽʘʧʘʟʦʥʽ. 

ʇʘʩʠʚʥʝ ʤʽʢʨʦʭʚʠʣʴʦʚʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʘʥʥʽ ʩʢʘʪʪʝʨʦʤʝʪʨʫ 

ʩʪʚʦʨʶʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʛʣʦʙʘʣʴʥʦ ʜʦʩʪʫʧʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʧʨʦ ʚʦʣʦʛʽʩʪʴ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟʘʚʜʷʢʠ ʾʭ ʢʨʘʱʽʡ ʯʘʩʦʚʽʡ ʚʠʙʦʨʮʽ. ʊʦʤʫ ʧʨʦʜʫʢʪʠ, ʦʪʨʠʤʘʥʽ 
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ʽʟ ʩʫʧʫʪʥʠʢʽʚ AMSR-E, ASCAT, SMOS ʪʘ SMAP ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ. ɼʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʝʢʽʣʴʢʘ 

ʘʣʛʦʨʠʪʤʽʚ, ʪʘʢʠʭ ʷʢ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʜʘʥʠʭ (change detection), ʷʢʠʡ 

ʨʦʟʨʦʙʣʝʥʦ ʫ ɺʽʜʝʥʩʴʢʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ (TUWIEN) [71] ʪʘ ʤʝʪʦʜ 

ɹʘʡʻʩʦʚʦʛʦ ʟʣʠʪʪʷ (Bayesian merging method) [72]. 

ʅʘʙʦʨʠ ʜʘʥʠʭ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʘʢʦʞ ʥʘ ʙʦʨʪʫ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʫʧʫʪʥʠʢʽʚ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʘʜʫʚʘʥʥʷ ERS-1 (1991-2000 ʨʨ.) ʪʘ ERS-2 (ʟ 1995 ʨ.), ʘ ʪʘʢʦʞ ʚʽʜ 

ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ ʩʢʘʪʪʝʨʦʤʝʪʨʫ ASCAT (ʚʽʜ 2006 ʨ.) ʥʘ ʙʦʨʪʫ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʫʧʫʪʥʠʢʘ MetOp [73].  

ɹʘʛʘʪʦ ʧʝʨʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʢʘʪʪʝʨʦʤʝʪʨʽʚ ERS ʙʫʣʠ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʩʣʠʥʥʦʩʪʽ, ʪʘ ʚʦʣʦʛʦʩʪʽ ʚ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ. ʆʜʥʘʢ, ʧʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʯʫʪʣʠʚʽʩʪʴ ʩʢʘʪʪʝʨʦʤʝʪʨʫ ERS ʜʦ ̌ʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ 

ʚʠʱʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʥʘʧʽʚʝʤʧʽʨʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʩʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ɯʩʧʘʥʽʾ ʪʘ ɿʘʭʽʜʥʽʡ ɸʬʨʠʮʽ [74]. ɿʘʜʦʚʽʣʴʥʠʡ 

ʩʠʛʥʘʣ, ʷʢʠʡ ʙʠ ʚʽʜʦʙʨʘʞʘʚ ʩʝʟʦʥʥʫ ʨʦʩʣʠʥʥʽʩʪʴ ʥʝ ʙʫʣʦ ʦʪʨʠʤʘʥʦ, ʧʨʦʪʝ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ ʚʽʜʙʠʚʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʱʦʤʽʩʷʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ. ɺ ʽʥʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘ ʇʽʨʝʥʝʡʩʴʢʦʤʫ ʧʽʚʦʩʪʨʦʚʽ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʟʘ ʯʘʩʦʚʠʤ ʨʷʜʦʤ ʩʢʘʪʪʝʨʦʤʝʪʨ ERS ʻ ʙʽʣʴʰ ʯʫʪʣʠʚʠʤ ʜʦ ʟʤʽʥʠ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʘʥʽʞ ʜʠʥʘʤʽʢʠ ʨʦʩʣʠʥʥʦʩʪʽ [75]. ɹʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʰʠʡ 

ʙʘʛʘʪʦʨʽʯʥʠʡ ʛʣʦʙʘʣʴʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʟ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʦʪʨʠʤʘʥʠʡ 

ʥʘ ʙʘʟʽ ʜʘʥʠʭ ʩʢʘʪʪʝʨʦʤʝʪʨʘ ERS ʟʘ ʧʝʨʽʦʜ 1992-2000 [76]. ʎʝʡ ʥʘʙʽʨ ʜʘʥʠʭ ʻ ʫ 

ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ, ʪʘ ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʪʘ ʽʥʜʝʢʩ ʚʦʜʠ ʫ ˇʨʫʥʪʽ Soil Water Index (SWI), ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʤʽʨʫ ʚʤʽʩʪʫ 

ʚʦʣʦʛʠ ʫ ʧʨʦʬʽʣʽ ˇʨʫʥʪʫ, ʱʦ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʬʽʣʴʪʨʘʮʽʾ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦ ʝʢʩʧʦʥʝʥʪʽ [76]. 

ʆʜʥʠʤ ʟ ʥʦʚʽʪʥʽʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʚʠʩʦʪʦʤʽʨʽʚ. ɼʦʚʝʜʝʥʠʤ ʬʘʢʪʦʤ ʻ ʪʝ, ʱʦ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʚʠʩʦʪʦʤʽʨ ʚʠʷʚʠʚʩʷ ʯʫʪʣʠʚʠʤ ʜʦ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʩʝʟʦʥʥʠʭ 

ʟʤʽʥ ʩʪʘʥʫ ʧʦʚʝʨʭʦʥʴ.  
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ʋ ʩʚʦʾʭ ʨʦʙʦʪʘʭ ʄ. ɸ. ʄʘʤʘʻʚʘ ʜʦʩʣʽʜʞʫʚʘʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʜʨʽʙʥʦʤʘʩʰʪʘʙʥʠʭ ʚʘʨʽʘʮʽʡ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʚʠʢʣʠʢʘʥʫ ʦʧʘʜʘʤʠ, ʘ 

ʪʘʢʦʞ ʨʦʟʨʦʙʠʣʘ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʟʤʽʥʠ ʟʘʧʘʩʽʚ ʚʦʣʦʛʠ ʥʘ ʢʦʨʦʪʢʠʭ ʯʘʩʦʚʠʭ 

ʽʥʪʝʨʚʘʣʘʭ [77]. ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʣʛʦʨʠʪʤ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʘʩʽʚ ʚʦʣʦʛʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʜʝʩʷʪʠʤʝʪʨʦʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ ʚʠʩʦʪʦʤʽʨʘʤʠ, ʷʢʽ 

ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʙʦʨʪʫ ʘʧʘʨʘʪʽʚ ERS-1 ʪʘ ERS-2. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʅ. ɺ. 

ʈʦʜʽʦʥʦʚʘ ʟʘʧʨʦʧʦʥʫʚʘʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ 

ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ɸʣʝ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʫ ʨʦʩʣʠʥʥʽʩʪʶ ʪʘ ʧʘʨʘʤʝʪʨʘʤ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʟʡʦʤʢʠ ʘʣʛʦʨʠʪʤ ʥʝ 

ʚʨʘʭʦʚʫʻ ʪʦʧʦʛʨʘʬʽʶ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʘʮʶʻ ʚ ʧʝʚʥʠʭ ʤʝʞʘʭ ʛʨʫʜʢʫʚʘʪʦʩʪʽ 

ˇʨʫʥʪʫ  [69]. ɺ. ʅ. ʉʘʛʘʣʦʚʠʯ ʪʘ ʽʥʰʽ ʫ ʩʚʦʾʭ ʨʦʙʦʪʘʭ ʦʙˇʨʫʥʪʦʚʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʘ ʰʦʨʩʪʢʽʩʪʴ ˇʨʫʥʪʫ ʪʘ ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʛʥʘʣ [70].  

ʆ. ɯ. ʉʘʭʘʮʴʢʠʡ ʫ ʩʚʦʾʭ ʨʦʙʦʪʘʭ [48, 78] ʧʦʨʽʚʥʷʚ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ 

Terra/MODIS ʪʘ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ AMSR-E ʜʣʷ ʩʪʝʧʦʚʠʭ ʪʘ 

ʩʪʝʧʦʚʦ-ʯʘʛʘʨʥʠʢʦʚʠʭ ʣʘʥʜʰʘʬʪʽʚ. ɿʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʘ Terra/MODIS ʟʘ ʦʩʽʥʥʽʡ 

ʧʝʨʽʦʜ 2005 ʨʦʢʫ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʚʦʜʥʠʡ ʽʥʜʝʢʩ NWI, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ 

ʟʽʩʪʘʚʣʝʥʝ ʟ ʜʘʥʠʤʠ AMSR-E, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʢʦʨʝʣʷʮʽʡʥʽ 

ʟʘʣʝʞʥʦʩʪʽ  r2 =0,72.  

ʇʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 

ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʂ. ɺ. ʄʫʟʘʚʣʝʚʩʴʢʠʤ ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

0,780-0,897 ʤʽʞ ʬʘʢʪʠʯʥʦʶ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʫ, ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ʥʘ 

ʯʘʩʪʦʪʽ 5,4 ɻɻʮ (ʉ-ʜʽʘʧʘʟʦʥ) ʪʘ 0,63 ɻɻʮ (ʈ-ʜ̔ ʘʧʘʟʦʥ) [79]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʟʡʦʤʢʠ, ʷʢʘ ʤʘʻ ʚʠʩʦʢʝ ʯʘʩʦʚʝ ʨʦʟʨʽʟʥʝʥʥʷ, 

ʰʠʨʦʢʫ ʩʤʫʛʫ ʟʡʦʤʢʠ, ʟʨʫʯʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʯʘʩʦʚʫ ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʫ. 

ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʝʤʧʽʨʠʯʥʽ, ʧʦʣʫʝʤʧʽʨʠʯʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ 
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ʽʟ ʧʨʷʤʦʶ ʽʥʚʝʨʩʽʻʶ, ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʘʙʦ ʤʝʪʦʜʦʤ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ [80]. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʜʘʥʠʤʠ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʟʡʦʤʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʧʪʠʯʥʫ ʟʡʦʤʢʫ, ʥʘ ʙʘʟʽ ʷʢʦʾ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ ʪʘ ʽʥʜʝʢʩʠ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʅʘʡʯʘʩʪʽʰʝ ʧʨʠ ʢʦʤʧʣʝʢʩʫʚʘʥʥʽ ʽʟ ʨʘʜʘʨʥʦʶ ʟʡʦʤʢʦʶ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʥʜʝʢʩ 

ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ LAI  (Leaf Area Index) [81], ʩʝʨʝʜ ʚʝʛʝʪʘʮʽʡʥʠʭ ī 

ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ NDVI (Normalized Vegetation Index) [82]. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: 1) ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 2) ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ 

ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚʽʜ ʥʝʚʽʜʦʤʦʾ ʩʪʨʫʢʪʫʨʠ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚʠʢʦʥʘʪʠ 

ʥʝʤʦʞʣʠʚʦ; 3) ʚʘʞʢʦ ʢʘʨʪʦʛʨʘʬʫʚʘʪʠ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʦʾ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʦʩʢʽʣʴʢʠ ʷʢʽʩʪʴ ʩʠʛʥʘʣʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʱ̔ ʣʴʥʦʩʪʽ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ. 

1.2.4 ʊʝʧʣʦʚʝ ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʦʮʽʥʮʽ ʚʦʣʦʛʦʩʪʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʊʝʧʣʦʚʝ ʽʥʬʨʘʯʝʨʚʦʥʝ ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʚʠʤʽʨʶʻ ʪʝʧʣʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɿʝʤʣʽ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ 3,5 ʜʦ 14 ʤʢʤ. ʆʮʽʥʢʘ ʧʦʚʝʨʭʥʝʚʦʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʪʘʥʮʽʡʥʦ ʚʠʤʽʨʶʚʘʥʠʭ ʪʝʧʣʦʚʠʭ ʜʽʘʧʘʟʦʥʽʚ ʭʚʠʣʴ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʽʚ, ʘ 

ʪʘʢʦʞ, ʟʘ ʤʝʪʦʜʦʤ ʪʝʧʣʦʚʦʾ ʽʥʝʨʮʽʾ, ʘʙʦ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʇʨʠ ʧʦʻʜʥʘʥʥʽ ʚʨʘʭʫʚʘʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʪʘ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʩʣʠʥʥʦʩʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ Water Supply Vegetation Index WSVI= NDVI/Tϊ [55]. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʚʠʤʽʨʷʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʝʨʭʥʽ ʪʘ 

ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ ʚʝʛʝʪʘʮʽʡʥʠʤ ʽʥʜʝʢʩʦʤ NDVI ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʨʘʜʽʦʤʝʪʨʫ 

AVHRR, ʦʪʨʠʤʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʝʢʩʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 
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ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʷʢʘ ʚʠʤʽʨʶʚʘʣʘʩʷ ʧʽʜ ʯʘʩ ʥʘʟʝʤʥʠʭ ʨʦʙʽʪ, ʪʘ 

ʢʦʨʝʣʶʻ ʥʘ ʨʽʚʥʽ r2=0,77 [83]. ʄʽʞ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʫ, ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʠʚʦʤ ʪʘ 

ʨʘʜʽʘʮʽʡʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʝʨʭʥʽ ʧʨʦʩʪʝʞʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʙʘʛʘʪʦ 

ʜʦʩʣʽʜʥʠʢʽʚ  [84, 85]. 

ɯʩʥʫʻ ʪʘʢʦʞ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʜʣʷ ʥʝʧʨʷʤʦʛʦ ʚʠʷʚʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʪʝʧʣʦʚʝ ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʥʽʤʘʥʥʷ ʟ ʨʽʟʥʠʭ 

ʩʫʧʫʪʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʩʫʧʫʪʥʠʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʦʪʦʯʫʶʯʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ GOES (Geostationary Operational Environment Satellite), 

ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʨʘʜʽʦʤʝʪʨ ʜʫʞʝ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ AVHRR 

(Advanced Very High Resolution Radiometer), ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨ ʩʝʨʝʜʥʴʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ MODIS (Moderate Resolution Imaging Spectroradiometer), Landsat 

ʪʘ ʽʥʰʽ.  

ʆʜʠʥ ʟ ʧʽʜʭʦʜʽʚ ʻ ʤʝʪʦʜ ʪʨʠʢʫʪʥʠʢʘ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʝʤʧʽʨʠʯʥʦʤʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʫ ʪʘ ʬʨʘʛʤʝʥʪʘʨʥʠʤ ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʠʚʦʤ. 

ʎʝʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ J. C. Price [86], ʚʽʜʦʙʨʘʞʝʥʠʡ ʫ 

ʪʨʠʢʫʪʥʦʤʫ ʛʨʘʬʽʢʫ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠʟʝʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʥʘ ʙʘʟʽ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ. ʇʽʜʭʽʜ ʪʨʠʢʫʪʥʠʢʘ ʧʽʟʥʽʰʝ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʚ ʜʝʢʽʣʴʢʦʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ [87, 88]. 

ɯʥʰʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʫʻ ʨʽʟʥʠʮʶ ʪʝʧʣʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ ʪʘ ˇʨʫʥʪʫ. 

ɺʦʜʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʨʝʯʦʚʠʥ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʦʶ ʪʝʧʣʦʻʤʥʽʩʪʶ 

ʪʘ ʪʝʧʣʦʚʦʶ ʽʥʝʨʮʽʻʶ. ʊʝʧʣʦʚʘ ʽʥʝʨʮʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʦʧʽʨ ʥʘʛʨʽʚʫ ʦʙ'ʻʢʪʫ. 

ʊʝʧʣʦʚʘ ʽʥʝʨʮʽʷ ʚʦʜʠ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʠʩʦʢʠʡ ʦʧʽʨ ʟʤʽʥʘʤ 

ʪʝʤʧʝʨʘʪʫʨ. ɹʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ [89, 90], ʗʰʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʝʨʭʥʽ ʩʫʰʽ ʚʨʘʥʮʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʚ ˇʨʫʥʪʽ, ʦʩʢʽʣʴʢʠ 

ʚʦʜʘ ʥʘʛʨʽʚʘʻʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ. ʆʜʥʠʤ ʟ ʧʽʜʭʦʜʽʚ, ʜʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʻ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʬʦʨʤʫʣʦʶ 1.1 ʪʝʧʣʦʚʦʾ ʽʥʝʨʮʽʾ ATI (Apparent 

Thermal Inertia), ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʘ ʤʽʥʽʤʘʣʴʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʨʦʪʷʛʦʤ ʜʥʷ.  
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ʜʝ ɸ - ʘʣʴʙʝʜʦ ʧʽʢʩʝʣʘ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ, - ʨʽʟʥʠʮʷ ʤʽʞ ʤʽʥʽʤʘʣʴʥʦʶ 

ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʇʦʪʝʥʮʽʘʣ ʟʘʩʪʦʩʫʚʘʥʥʷ ATI ʜʣʷ ʦʧʠʩʫ 

ʧʨʦʩʪʦʨʦʚʦʾ ʪʘ ʯʘʩʦʚʦʾ ʤʽʥʣʠʚʦʩʪʽ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʙʫʚ ʦʮʽʥʝʥʠʡ ʚ ʨʦʙʦʪʘʭ W. 

W. Verstraeten, J. Van Doninck ʪʘ ʽʥʰʠʭ [89, 90]. 

ʑʝ ʦʜʠʥ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʫ ʪʝʧʣʦʚʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʩʤʫʟʽ, ʧʦʣʷʛʘʻ ʚ 

ʽʥʪʝʛʨʫʚʘʥʥʽ ʜʘʥʠʭ ʚ ʤʦʜʝʣʷʭ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɺʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

ʢʦʥʪʨʦʣʶʻ ʧʦʪʦʢʠ ʪʝʧʣʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʪʨʘʥʩʧʽʨʘʮʽʾ, ʜʝ ʫʤʦʚʠ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʽʨʘʮʽʾ. ɺ 

ʽʥʚʝʨʩʽʡʥʽʡ ʤʦʜʝʣʽ ʦʙʤʽʥʫ ʤʽʞ ʘʪʤʦʩʬʝʨʦʶ ʪʘ ʩʫʰʝʶ (Atmosphere-Land Exchange 

Inversion Model-ALEXI ) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ, 

ʪʨʘʥʩʧʽʨʘʮʽʻʶ ʪʘ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʚʦʣʦʛʽʩʪʴ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʦʪʨʠʤʘʥʠʭ ʥʘ 

ʙʘʟʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʪʘ ALEXI , 

ʧʦʢʘʟʘʣʦ, ʱʦ ʦʙʠʜʚʘ ʢʦʤʧʣʝʢʪʠ ʜʘʥʠʭ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʪʴʩʷ: ALEXI  ʧʨʠ ʦʮʽʥʮʽ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘʜ ʱʽʣʴʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, ʘ ʜʠʩʪʘʥʮʽʡʥʝ 

ʟʦʥʜʫʚʘʥʥʷ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜʦʙʨʘʞʘʻ ʙʽʣʴʰ ʥʘʜʽʡʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʣʷ ʥʠʟʴʢʽʡ ʪʘ ʧʦʤʽʨʥʽʡ ʨʦʩʣʠʥʥʦʩʪʽ [91]. 

1.2.5 ʂʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʂʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʧʨʦʚʦʜʷʪʴʩʷ ʚʯʝʥʠʤʠ ʧʦ ʚʩʴʦʤʫ 

ʩʚ̔ʪʫ  [92, 93]. ʆʩʢʽʣʴʢʠ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ 

ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ, NIDIS (National Integrated Drought Information System) ʽ USDA 

(United States Department of Agriculture) ʩʫʤʽʩʥʦ ʢʝʨʫʶʪʴ ʨʦʟʨʦʙʢʦʶ ʩʪʨʘʪʝʛʽʾ 

ʟʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʉʧʦʣʫʯʝʥʠʭ 

ʰʪʘʪʽʚ ɸʤʝʨʠʢʠ (ʉʐɸ). ʄʝʪʦʶ ʅʘʮʽʦʥʘʣʴʥʦʾ ʩʢʦʦʨʜʠʥʦʚʘʥʦʾ ʤʝʨʝʞʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ NCSMMN (National Coordinated Soil Moisture 

Monitoring Network) ʻ ʩʪʚʦʨʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʤʝʨʝʞʽ ʉʑɸ, ʷʢʘ ʦʙôʻʜʥʫʻ 



43 

 

ʜʝʢʽʣʴʢʘ ʜʞʝʨʝʣ ʜʘʥʠʭ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʯʝʨʝʟ ʬʝʜʝʨʘʣʴʥʽ ʽ ʜʝʨʞʘʚʥʽ ʤʝʨʝʞʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʤʽʩʮʽ, ʩʫʧʫʪʥʠʢʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘ ʦʬʽʮʽʡʥʦʤʫ 

ʩʘʡʪʽ NIDIS [94] ʜʦʩʪʫʧʥʽ ʧʦʥʦʚʣʶʚʘʣʴʥʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ʟ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ 

ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʉʐɸ ʟ 2008 ʨʦʢʫ, ʚʢʣʶʯʘʶʯʠ ʢʘʨʪʫ ʉʐɸ ʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʥʘ ʤʽʩʮʝʚʦʩʪʽ [95]. 

NASA ʨʦʟʨʦʙʣʝʥʦ ʚʽʟʫʘʣʽʟʘʪʦʨ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ [96]. ɺʽʟʫʘʣʽʟʘʪʦʨ 

ʩʪʚʦʨʝʥʦ ʫ 2011 ʨʦʮʽ NASA ʪʘ ɸʨʛʝʥʪʠʥʩʴʢʠʤ ʢʦʩʤʽʯʥʠʤ ʘʛʝʥʪʩʪʚʦʤ ʥʘ ʙʘʟʽ 

ʩʫʧʫʪʥʠʢʫ Aquarius/SAC-D ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʚʤʽʩʪʦʤ ʩʦʣʽ ʥʘ ʧʦʚʝʨʭʥʽ 

ʦʢʝʘʥʫ. ʅʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʘ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʩʪʚʦʨʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʢʘʨʪ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ. ʅʘ ʦʨʙʽʪʽ ɿʝʤʣʽ, ʥʘ ʚʠʩʦʪʽ 400 ʤʠʣʴ ʩʫʧʫʪʥʠʢ ʚʠʤʽʨʶʻ ʚʦʣʦʛʽʩʪʴ 

ˇʨʫʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʟʡʦʤʢʠ. ʂʘʨʪʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʷʢ ʧʦʛʦʜʥʽ ʫʤʦʚʠ 

ʪʘ ʩʝʟʦʥʥʽ ʮʠʢʣʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ˇʨʫʥʪʽʚ ʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʩʚʽʪʫ, ʪʘ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʧʝʨʝʜʙʘʯʝʥʥʷʭ ʧʦʚʝʥʝʡ ʪʘ ʧʦʩʫʭ.  

ʂʘʨʪʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʉʐɸ ʩʪʚʦʨʶʻ ʢʦʤʧʘʥʽʷ Green Cast 

(Syngenta), ̫ ʢʘ ʜʘʻ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʫ ʚʽʜʩʦʪʢʘʭ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 24 ʛʦʜʠʥʠ, ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ʥʘ 5 ʪʘ 10 ʨʦʢʽʚ [97]. 

ɼʣʷ ʪʝʨʠʪʦʨʽʾ ʉʐɸ ʥʘ ʨʠʩ 1.2. ʧʦʢʘʟʘʥʦ ʩʪʚʦʨʝʥʫ ʥʘʮʽʦʥʘʣʴʥʫ ʤʝʨʝʞʫ ʟ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ (National Soil Moisture Network) [98]. ɺ ʮʴʦʤʫ ʧʨʦʝʢʪʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʟʝʤʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʷʢʽ ʱʦʜʝʥʥʦ 

ʘʚʪʦʤʘʪʠʯʥʦ ʽʥʪʝʛʨʫʶʪʴʩʷ ʪʘ ʤʦʜʝʣʶʶʪʴ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʥʘ ʙʘʟʽ ʤʦʜʝʣʽ 

SMAP.  

ɹʘʥʢ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ ʫʨʷʜʫ ʉʐɸ U.S. Governmentôs Open Data 

(https://www.data.gov/) ʚʠʧʫʩʢʘʻ ʱʦʜʝʥʥʽ ʟʤʽʰʘʥʽ ʧʨʦʜʫʢʪʠ ʟ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ. 

ʇʨʠʢʣʘʜ ʧʦʜʘʥʥʷ ʜʘʥʠʭ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.3. ʉʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ SMOPS ʧʦʻʜʥʫʻ ʜʘʥʽ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʜʝʷʢʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʪʯʠʢʽʚ 

ʜʣʷ ʫʢʣʘʜʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʰʠʨʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʦʭʦʧʣʝʥʥʷ. SMOPS ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʰʦʚʥʫ ʢʘʨʪʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʟ ʯʦʪʠʨʴʦʭ 

ʩʫʧʫʪʥʠʢʽʚ GCOM-W1, SMOS, Metop-A, Metop-B. ʂʘʨʪʘ ʦʥʦʚʣʶʻʪʴʩʷ ʨʘʟ ʥʘ 24 

https://www.data.gov/
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ʛʦʜʠʥʠ, ʪʘ ʧʨʝʜʩʪʘʚʣʷʻ ʜʘʥʽ ʧʨʠʧʦʚʝʨʭʥʝʚʦʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ (1-5 ʩʤ) ʫ 

ʚʽʜʩʦʪʢʘʭ. [99]. 

 
ʈʠʩ. 1.2. ʅʘʮʽʦʥʘʣʴʥʘ ʤʝʨʝʞʘ ʟ ʚʦʣʦʛʦʩʪʽ ʨ̌ʫʥʪʽʚ ʜʣʷ ʉʐɸ 

 

 
ʈʠʩ. 1.3. ʑʦʜʝʥʥʘ ʉʚʽʪʦʚʘ ʢʘʨʪʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ. ʇʨʠʢʣʘʜ ʥʘ ʜʘʪʫ 05.03.2017 

ɸʤʝʨʠʢʘʥʩʴʢʠʤ ʂʦʩʤʽʯʥʠʤ ɸʛʝʥʪʩʪʚʦʤ (NASA) ʩʧʽʣʴʥʦ ʟ ɸʨʭʽʚʥʠʤ 

ʎʝʥʪʨʦʤ ɹʽʦʛʝʦʭʽʤʽʯʥʦʾ ɼʠʥʘʤʽʢʠ (ORNL DAAC) ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʢʘʨʪʫ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ Soil Moisture Visualizer (SMV) 

(https://daac.ornl.gov/soilmoisture/). ʄʝʪʦʶ ʚʽʟʫʘʣʽʟʘʪʦʨʘ ˇʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ ʥʘ ʨʠʩ 



45 

 

1.4 ʻ ʦʙô̒ ʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʜʣʷ ʇʽʚʥʽʯʥʦʾ 

ɸʤʝʨʠʢʠ ʚ ʻʜʠʥʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ. ɺʽʟʫʘʣʽʟʘʪʦʨ 

ʛʘʨʤʦʥʽʟʫʻ ʥʘʙʦʨʠ ʜʘʥʠʭ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʧʦʚʝʨʭʥʽ ʪʘ ʢʦʨʝʥʝʚʦʾ ʟʦʥʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤʘʭ ʪʘ ʬʦʨʤʘʪʘʭ ʜʘʥʠʭ ʪʘ ʦʭʦʧʣʶʻ ʨʽʟʥʽ ʯʘʩʦʚʽ 

ʪʘ ʧʨʦʩʪʦʨʦʚʽ ʜʽʘʧʘʟʦʥʠ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʨʽʟʥʝʥʽ ʜʘʥʽ ʙʫʣʠ 

ʧʦʻʜʥʘʥʽ ʫ ʻʜʠʥʫ ʩʠʩʪʝʤʫ. ʂʘʨʪʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʙ-ʜʦʜʘʪʢʫ ʜʣʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʽʜʤʥʦʞʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʪʘ 

ʩʫʧʨʦʚʽʜʥʽ ʩʣʫʞʙʠ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ. ɼʦʩʪʫʧ ʜʦ ʧʨʦʝʢʪʫ ʪʘ ʡʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʻ ʚʽʜʢʨʠʪʠʡ ʪʘ ʙʝʟʢʦʰʪʦʚʥʠʡ. ɺʽʟʫʘʣʽʟʘʪʦʨ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 

ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʶʚʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣ ʜʣʷ 

ʦʜʥʘʢʦʚʦʾ ʪʝʨʠʪʦʨʽʾ. ʋ ʧʨʦʛʨʘʤʫ ʚʢʣʶʯʝʥʽ ʥʘʟʝʤʥʽ ʜʘʥʽ ʪʘ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ SMAP, SMOS ʪʘ ʽʥʰʽ [100].  

 

ʈʠʩ. 1.4. ɺʽʟʫʘʣʽʟʘʪʦʨ ˇʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ ʉʐɸ 

ʅʘ ʦʬʽʮʽʡʥʦʤʫ ʩʘʡʪ ̔ʫʨʷʜʫ ʂʘʥʘʜʠ ʫ ʨʦʟʜʽʣʽ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʪʘ 

ʘʛʨʦʧʨʦʜʦʚʦʣʴʩʪʚʦ ʂʘʥʘʜʠ (Agriculture and Agri-Food) ʧʨʝʜʩʪʘʚʣʷʻ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʘʥʦʤʘʣʽʡ ʚʦʣʦʛʦʩʪʽ, ʪʦʱʦ [101]. ɼʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʚʽʜʩʦʪʢʘʭ ʜʣʷ ʚʩʽʻ ʪʝʨʠʪʦʨʽʾ ʇʽʚʥʽʯʥʦʾ ɸʤʝʨʠʢʠ ʪʘ ʚʽʜʦʙʨʘʞʘʶʪʴ ʱʦʪʠʞʥʝʚʠʡ, 

ʜʚʦʪʠʞʥʝʚʠʡ, ʱʦʤʽʩʷʯʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

(ʜʦ 5 ʩʤ). ʆʩʥʦʚʦʶ ʢʘʨʪ ʻ ʜʘʥʽ ʧʘʩʠʚʥʦʛʦ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʩʫʧʫʪʥʠʢʘ ʟ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ ʪʘ ʩʦʣʦʥʦʩʪʽ ʦʢʝʘʥʫ SMOS (Soil Moisture and Ocean Salinity).  
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ʂʘʥʘʜʩʴʢʘ ʧʨʦʚʽʥʮʽʷ ʄʘʥʽʪʦʙʘ ʪʘ ʘʛʝʥʪʩʪʚʦ ʉʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ 

ʨʝʩʫʨʩʽʚ Manitoba Agriculture and Resource Development ʟʙʠʨʘʻ ʜʘʥʽ ʟ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʘʭ: 1-15 ʩʤ, 15-30 ʩʤ, 30-60 ʩʤ, 60-90 ʩʤ, 90-120 ʩʤ. ʅʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʫʢʣʘʜʘʶʪʴʩʷ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʜʣʷ ʨʽʟʥʠʭ ʛʣʠʙʠʥ, ʷʢ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.5 [102]. 

 
ʈʠʩ. 1.5. ʂʘʨʪʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʂʘʥʘʜʩʴʢʦʾ ʧʨʦʚʽʥʮʽʾ ʄʘʥʽʪʦʙʘ ʥʘ ʛʣʠʙʠʥʽ 30 

ʩʤ ʜʣʷ 2018 ʨʦʢʫ 

ʋʨʷʜ ɸʚʩʪʨʘʣʽʾ ʥʘʜʘʻ ʥʘʮʽʦʥʘʣʴʥʫ ʢʘʨʪʫ ʧʦʩʫʭʠ, ʜʝ ʻ ʦʢʨʝʤʽ ʰʘʨʠ ʚʦʜʥʦʛʦ 

ʙʘʣʘʥʩʫ ʣʘʥʜh ʘʬʪʫ ɸʚʩʪʨʘʣʽʾ, ʜʝ ʚʽʜʦʙʨʘʞʝʥʦ ʦʧʘʜʠ ʪʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ 

ʢʦʨʝʥʝʚʦʾ ʟʦʥʠ (0 - 100 ʩʤ) [103]. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʎʝʥʪʨ ɽʢʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ NCEP (The National 

Centers for Environmental Prediction) (https://www.ncep.noaa.gov/). ɼʦʩʪʫʧʥʽ 

ʦʛʣʷʜʦʚʽ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʟ 14-ʜʝʥʥʠʤ ʦʥʦʚʣʝʥʥʷʤ ʜʣʷ ɭʚʨʦʧʠ [104], ʷʢʽ 

ʥʘʜʘʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ 2 ʤʝʪʨʽʚ ʚʽʜ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʘ 

ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʢʘʨʪʠ ʘʥʦʤʘʣʴʥʦʾ ʟʦʥʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʽʥʰʽ.  

ɿʘ ʧʽʜʪʨʠʤʢʦʶ ʪʘʢʠʭ ʢʦʤʧʘʥʽʡ, ʷʢ John Deere, Kondinin Group ʪʘ ʽʥʰʠʭ 

ʫʪʚʦʨʶʶʪʴʩʷ ʦɦʤʽʩʷʯʥʽ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ɸʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤ ʮʝʥʪʨʦʤ 

ɸʚʩʪʨʘʣʽʾ (Agrometeorology Australia) (ʨʠʩ. 1.6.) [105].  
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ʈʠʩ. 1.6. ʂʘʨʪʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ɸʚʩʪʨʘʣʽʾ ʥʘ 1 ʛʨʫʜʥʷ 2019 ʨʦʢʫ 

ʅʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʚ ʤʝʞʘʭ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʧʨʦʚʦʜʷʪʴ ʤʦʥʽʪʦʨʠʥʛ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʢʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʾʾ ʤʽʥʣʠʚʦʩʪʽ [106, 107]. 

1.2.6 ʄʦʜʝʣʶʚʘʥʥ ̫ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʨʫʭʫ ʚʦʜʠ  

ʄʦʜʝʣʶʚʘʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʚʦʜʦʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʛʽʜʨʦʣʦʛʽʯʥʽ ʪʘ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ. ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʏʘʩʪʦ ʚʨʘʭʦʚʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, 

ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʠ ʨʦʩʣʠʥʥʽʩʪʶ ʪʘ ˇʨʫʥʪʦʤ, 

ʰʦʨʩʪʢʫʚʘʪʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘ ʽʥʰʝ.  

ʋ ʩʚʦʾʡ ʨʦʙʦʪʽ ʆ. ɯ. ʉʘʭʘʮʴʢʠʡ ʨʦʟʛʣʷʥʫʚ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ 

ʩʢʣʘʜʦʚʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʚ ʟʦʥʽ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʽʥʫ ʚʝʨʭʥʴʦʾ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʟʦʥʠ ʛʝʦʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʬʽʣʴʪʨʘʮʽʾ [48]. 

ʋ ʨʦʙʦʪʽ Maria Helena Lopes ʦʧʠʩʘʥʦ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʽ 

ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʪʘ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʜʝ ʚ ʷʢʦʩʪʽ ʦʜʥʦʛʦ ʟ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʨʘʥʦ ʨʦʩʣʠʥʥʽʩʪʴ, ʷʢʘ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘ ʜʘʥʠʤʠ 

ʩʫʧʫʪʥʠʢʽʚ Landsat ʪʘ MODIS [108]. 

ɺʦʣʦʛʽʩʪʴ ˇʨʫʥʪʽʚ ʻ ʩʫʪʪʻʚʦʶ ʩʢʣʘʜʦʚʦʶ ʤʦʜʝʣʝʡ ʙʘʣʘʥʩʫ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʤʽʩʮʝʚʦʤʫ ʤʘʩʰʪʘʙʽ ʪʘ ʜʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽ ʧʨʦʛʥʦʟʠ ʬʘʢʪʠʯʥʦʛʦ ʩʫʤʘʨʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʷʢʝ ʤʦʞʝ 
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ʙʫʪʠ ʧʦʚô̫ ʟʘʥʝ ʟ ʚʦʣʦʛʽʩʪʶ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ. ʅʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʽ ʪʘ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʘʥʽ ʤʦʜʝʣʽ: 1) ʨ̂ʫʥʪʦʚʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ Surface Energy Balance 

Algorithm for Land (SEBAL), ʷʢʠʡ ʚʨʘʭʦʚʫʻ ˇʨʫʥʪ ʪʘ ʨʦʩʣʠʥʥʽʩʪʴ ʜʣʷ ʦʮʽʥʢʠ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʜʠʥʘʤʽʢʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ (evapotranspiration (EP)) [109]; 

2) ɼʞʝʨʝʣʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ï ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʣʘʥʩʫ ï Two-Source Energy Balance (TSEB), ʷʢʠʡ ʚʽʜʦʢʨʝʤʣʶʻ ˇʨʫʥʪ ʚʽʜ 

ʨʦʩʣʠʥʥʦʩʪʽ [110]; 3) ʉʠʩʪʝʤʘ ʙʘʣʘʥʩʫ ʝʥʝʨʛʽʾ ʧʦʚʝʨʭʥʽ. SEBS (Surface Energy 

Balance System) ʦʮʽʥʶʻ ʧʦʚʝʨʭʥʝʚʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʪʫʨʙʫʣʝʥʪʥʽ ʘʪʤʦʩʬʝʨʥʽ 

ʧʦʪʦʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʦʙʣʘʩʪʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʩʧʝʢʪʨʫ EMS [111]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʤʽʥʥʠʭ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʻ ʥʝʦʙʭʽʜʥʽ ʚ ʷʢʦʩʪʽ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʢʦʩʤ̔ ʯʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ASTER, MODIS, SMOS, AMSR-E [112]. ɿʘʛʘʣʴʥʠʤʠ ʩʢʣʘʜʥʦʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʙʘʣʘʥʩʫ ʝʥʝʨʛʽʾ ʻ ʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʜʘʥʠʭ ʜʦʩʪʘʪʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʤʦʜʝʣʝʡ [113].  

SWAT (Soil&Water Assessment Tool) ï ɯʥʩʪʨʫʤʝʥʪ ʦʮʽʥʢʠ ˇʨʫʥʪʽʚ ʽ ʚʦʜʠ - 

ʮʝ ʤʦʜʝʣʴ, ʤʘʩʰʪʘʙʥʦʛʦ ʨʽʯʢʦʚʦʛʦ ʙʘʩʝʡʥʫ, ʷʢʘ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʽʤʽʪʘʮʽʾ ʷʢʽʩʥʦʾ ʽ 

ʢʽʣʴʢʽʩʥʦʾ ʽʤʽʪʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʧʨʘʢʪʠʢʠ ʟʝʤʣʝʫʩʪʨʦʶ ʪʘ ʟʤʽʥ ʢʣʽʤʘʪʫ. ʄʦʜʝʣʴ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ, ʢʦʥʪʨʦʣʶ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʞʝʨʝʣ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʦʜʽʣʘʤʠ [114]. 

ʄʦʜʝʣʶʚʘʥʥʷ SWAT ʙʘʟʫʻʪʴʩʷ ʥʘ ʙʘʛʘʪʴʦʭ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, 

ʚʢʣʶʯʘʶʯʠ ʪʝʧʣʦʚʫ ʟʡʦʤʢʫ. 

SVAT (Soil Vegetation Atmosphere Transfer) ï ʄʦʜʝʣʴ ʧʦʚʝʨʭʥʝʚʦ-

ʚʝʛʝʪʘʮʽʡʥʦ-ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʫ ï ʮʝ ʤʘʪʝʤʘʪʠʯʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʩʫʰʽ ʪʘ ʘʪʤʦʩʬʝʨʦʶ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ 

ʤʘʩʦʧʝʨʝʥʦʩʥʽ ʤʽʛʨʘʮʽʾ ʚ ˇʨʫʥʪʽ, ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʘʪʤʦʩʬʝʨʽ. ʆʜʥʽʻʶ ʽʟ ʦʩʥʦʚʥʠʭ 

ʧʝʨʝʚʘʛ ʮʽʻʾ ʤʦʜʝʣʽ ʻ ʪʦʯʥʠʡ ʯʘʩʦʚʠʡ ʢʨʦʢ (ʷʢ ʧʨʘʚʠʣʦ, ʤʝʥʰʝ ʦʜʥʽʻʾ ʛʦʜʠʥʠ), ʱʦ 

ʟʘʜʦʚʽʣʴʥʦ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʦʚʽʡ ʰʢʘʣʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʤʦʜʝʣʶʶʪʴʩʷ. ʊʘʢʦʞ 

ʮʷ ʤʦʜʝʣʴ ʥʘʜʘʻ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʪʘ ʨʦʩʣʠʥʥʠʭ 

ʧʦʢʨʠʚʽʚ [115]. 
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SWAP (Soil, Water, Atmosphere and Plant) ï ʤʦʜʝʣʴ ˇʨʫʥʪ - ʚʦʜʘ - ʘʪʤʦʩʬʝʨʘ 

- ʨʦʩʣʠʥʘ ʽʤʽʪʫʻ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʠ, ʨʦʟʯʠʥʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʪʝʧʣʘ ʫ ˇʨʫʥʪʘʭ. 

ʄʦʜʝʣʴ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʽʤʽʪʘʮʽʾ ʧʦʪʦʢʦʚʠʭ ʪʘ ʪʨʘʥʩʧʦʨʪʫʶʯʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʨʽʚʥʽ 

ʦʢʨʝʤʠʭ ʧʦʣʽʚ, ʧʨʦʪʷʛʦʤ ʚʝʛʝʪʘʮʽʡʥʠʭ ʧʝʨʽʦʜʽʚ ʪʘ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʠʭ ʧʝʨʽʦʜʽʚ 

ʯʘʩʫ. ʄʦʜʝʣʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʷʢ ʥʘʫʢʦʚʠʭ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʠʭ 

ʧʠʪʘʥʴ ʫ ʛʘʣʫʟʷʭ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ 

ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [116]. 

SWIM (Soil Water Infiltration Movement) ï ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʫʭʫ ʚʦʜʠ ʪʘ ʨʦʟʯʠʥʥʠʭ ʨʝʯʦʚʠʥ ʚ ˇʨʫʥʪʘʭ. ʄʦʜʝʣʽ SWIM, ʪʘ ʧʦʭʽʜʥʽ ʚʽʜ ʥʝʾ 

SWIMv1, SWIMv2, SWIMv3, ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʚʠʚʯʝʥʥʷ ʚʘʨʽʘʥʪʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʦʶ ʪʘ ʨʦʟʯʠʥʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʝʨʝʞʘʭ, 

ʘʙʦ ʜʣʷ ʦʮʽʥʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʥʘ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʠ ʨʦʩʣʠʥʘʤʠ [117].  

GLEAMS (Groundwater Loading Effects of Agricultural Management Systems) 

ï ʤʦʜʝʣʴ ʚʧʣʠʚʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ˇʨʫʥʪʦʚʽ 

ʚʦʜʠ. ʎʝ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʜʽʣʷʥʦʢ ʨʦʟʤʽʨʦʤ ʦʢʨʝʤʦʛʦ 

ʧʦʣʷ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʽʣʴʩʴʢʠʤ ʛʦʩʧʦʜʘʨʩʪʚʦʤ ʥʘ 

ʧʝʨʝʤʽʱʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʭʽʤʽʢʘʪʽʚ ʥʘ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ ʜʝʨʝʚ. 

ʂʦʤʧʣʝʢʩ ʟʘʩʪʦʩʦʚʫʻ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ, ʝʨʦʟʽʡʥʽ ʪʘ ʧʝʩʪʠʮʠʜʥʽ ʢʦʤʧʦʥʝʥʪʠ [118].  

WAVE (Water and Agrochemicals in the soil, crop and Vadose Environment) ï 

ʤʦʜʝʣʴ ʚʦʜʠ ʪʘ ʘʛʨʦʭʽʤʽʢʘʪʽʚ ʚ ˇʨʫʥʪʽ. ʆʧʠʩʫʻ ʧʝʨʝʥʦʩ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ 

ʪʘ ʝʥʝʨʛʽʾ ʚ ˇʨʫʥʪʽ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨʘʭ ʪʘ ʚ ʟʦʥʽ ʘʝʨʘʮʽʾ. ʎʝ 

ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʯʠʩʝʣʴʥʘ ʪʘ ʽʥʪʝʛʨʦʚʘʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʽʤʽʪʫʻ ʧʦʚʝʜʽʥʢʫ ʚʦʜʠ, ʪʝʧʣʘ 

ʪʘ ʘʛʨʦʭʽʤʽʢʘʪʽʚ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ [119].  

BEACH (Bridging Event and Continuous Hydrological modeling) ï 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ, ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʨʦʟʽʾ ˇʨʫʥʪʫ ʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʥʘ ʦʩʥʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʷʜʫ 

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. ʄʦʜʝʣʴ ʚʢʣʶʯʘʻ ʱʦʜʝʥʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ, ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 
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ʢʫʣʴʪʫʨ ʪʘ ʪʦʧʦʛʨʘʬʽʯʥʽ ʜʘʥʽ. ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩʠ ʽʥʬʽʣʴʪʨʘʮʽʾ, 

ʪʨʘʥʩʧʽʨʘʮʽʾ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ, ʨʽʩʪ ʨʦʩʣʠʥ [120].  

ʆʩʥʦʚʥʽ ʚʠʜʠ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʤʝʪʦʜʽʚ, ʧʝʨʝʚʘʛ ʪʘ 

ʥʝʜʦʣʽʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 1.1. 

ʊʘʙʣʠʮʷ 1.1. 

ʄʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ 

ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʂʘʪʝʛʦʨʽʷ ʄʝʪʦʜ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ʦʧʪʠʯʥʠʡ ɺʽʟʫʘʣʴʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʉʝʨʝʜʥʷ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʥʘʜʽʡʥʠʡ ʤʝʪʦʜ, 

ʜʦʩʪʫʧʥʽʩʪʴ ʙʘʛʘʪʴʦʭ 

ʜʽʘʧʘʟʦʥʽʚ 

ɺʧʣʠʚ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʥʠʟʴʢʘ ʯʘʩʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʘʪʤʦʩʬʝʨʥʽ ʪʘ ʯʘʩʦʚʽ 

ʝʬʝʢʪʠ 

 ʊʝʧʣʦʚʠʡ 

ʽʥʬʨʘʯʝʨʚʦʥʠʡ 

ʉʝʨʝʜʥʷ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʥʠʭ 

ʩʫʧʫʪʥʠʢʽʚ 

ɺʧʣʠʚ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʭʤʘʨʥʦʩʪʽ, ʥʽʯʥʽ 

ʝʬʝʢʪʠ, ʥʠʟʴʢʘ 

ʯʘʩʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʘʪʤʦʩʬʝʨʥʽ ʝʬʝʢʪʠ 

ʇʘʩʠʚʥʝ 

ʤʽʢʨʦʭʚʠʣʴʦʚʝ 

(ʥʘʧʽʚ-) 

ʝʤʧʽʨʠʯʥʽ, 

ʬʽʟʠʯʥʽ ʤʝʪʦʜʠ 

ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʥʘ 

ʚʽʜʢʨʠʪʦʤʫ ˇʨʫʥʪʽ, 

ʟʦʙʨʘʞʝʥʥʷ ʥʝ 

ʦʙʤʝʞʝʥʽ ʭʤʘʨʥʽʩʪʶ, 

ʜʝʥʥʠʤ ʯʘʩʦʤ ʟʡʦʤʢʠ, 

ʚʠʩʦʢʘ ʯʘʩʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 

ʅʝʚʠʩʦʢʘ 

ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʚʧʣʠʚ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʰʦʨʩʪʢʫʚʘʪʽʩʪʴ 

ʧʦʚʝʨʭʥʽ 

ɸʢʪʠʚʥʝ 

ʤʽʢʨʦʭʚʠʣʴʦʚʝ 

(ʥʘʧʽʚ-) 

ʝʤʧʽʨʠʯʥʽ, 

ʬʽʟʠʯʥʽ ʤʝʪʦʜʠ 

ɺʠʩʦʢʘ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʟʦʙʨʘʞʝʥʥʷ ʥʝ 

ʦʙʤʝʞʝʥʽ ʭʤʘʨʥʽʩʪʶ 

ʘʙʦ ʜʝʥʥʠʤ ʯʘʩʦʤ 

ʟʡʦʤʢʠ 

ɺʧʣʠʚ 

ʰʦʨʩʪʢʫʚʘʪʦʩʪʽ 

ʧʦʚʝʨʭʥʽ ʪʘ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, 

ʥʠʟʴʢʘ ʯʘʩʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.1. 

ʇʦʻʜʥʘʥʥʷ 

ʤʝʪʦʜʽʚ 

ʆʧʪʠʯʥʠʡ ʽ 

ʪʝʧʣʦʚʠʡ 

ʽʥʬʨʘʯʝʨʚʦʥʠʡ 

ɺʠʩʦʢʘ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʧʨʦʩʪʘ ʪʘ ʟʨʦʟʫʤʽʣʘ 

ʨʝʘʣʽʟʘʮʽʷ 

ʆʙʤʝʞʝʥʦ 

ʙʝʟʭʤʘʨʥʠʤʠ 

ʜʝʥʥʠʤʠ ʫʤʦʚʘʤʠ, 

ʥʠʟʴʢʘ ʯʘʩʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʧʦʚʝʨʭʥʝʚʝ 

ʦʭʦʧʣʝʥʥʷ 

 ɸʢʪʠʚʥʘ ʪʘ 

ʧʘʩʠʚʥʘ 

ʤʽʢʨʦʭʚʠʣʴʦʚʘ 

ʟʡʦʤʢʘ 

ʇʦʢʨʘʱʝʥʝ ʯʘʩʦʚʘ ʪʘ 

ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 

ʚʘʣʽʜʘʮʽʷ 

ʧʦʪʨʝʙʫʶʪʴ 

ʥʘʚʠʯʦʢ ʪʘ ʜʦʩʚʽʜʫ, 

ʤʦʞʣʠʚʽʩʪʴ 

ʛʣʠʙʠʥʥʦʛʦ 

ʦʭʦʧʣʝʥʥʷ 

 ʄʽʢʨʦʭʚʠʣʴʦʚʠʡ 

ʪʘ ʦʧʪʠʯʥʠʡ 

ʄʽʥʽʤʽʟʘʮʽʷ ʚʧʣʠʚʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ 

ʰʦʨʩʪʢʫʚʘʪʦʩʪʽ 

ʧʦʚʝʨʭʥʽ 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 

ʚʘʣʽʜʘʮʽʷ 

ʧʦʪʨʝʙʫʶʪʴ 

ʥʘʚʠʯʦʢ ʪʘ ʜʦʩʚʽʜʫ, 

ʤʦʞʣʠʚʽʩʪʴ 

ʛʣʠʙʠʥʥʦʛʦ 

ʦʭʦʧʣʝʥʥʷ 

 

1.3 ɼʦʩʚʽʜ ʜʦʩʣʽʜʞʝʥʥʷ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ɺ ʋʢʨʘʾʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʨʦʟʚʠʪʢʫ ʟ ʢʽʥʮʷ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. 

ɿʥʘʯʥʠʤ ʧʦʰʪʦʚʭʦʤ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʫ 

1987 ʨ. ʅʘʫʢʦʚʦʾ ʈʘʜʠ ɺʽʜʜʽʣʝʥʥʷ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ ʅɸʅ ʋʢʨʘʾʥʠ çɺʠʚʯʝʥʥ ̫

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠè.  

ʅʘ ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʴ ʚ ʩʠʩʪʝʤʽ ʢʦʩʤʽʯʥʦʛʦ ʟʝʤʣʝʟʥʘʚʩʪʚʘ ʦʙʤʝʞʫʚʘʣʠʩʷ 

ʧʝʨʝʚʘʞʥʦ ʣʘʥʜʰʘʬʪʥʦ-ʽʥʜʠʢʘʮʽʡʥʠʤ ʜʝʰʠʬʨʫʚʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ʚʽʟʫʘʣʴʥʦʛʦ 

ʚʠʚʯʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʆʜʥʦʯʘʩʥʦ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʧʦʯʘʣʠ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʫʥʽʢʘʣʴʥʠʡ ʟʘʩʽʙ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʤʽʞʥʘʨʦʜʥʠʤʠ ʪʘ ʥʘʮʽʦʥʘʣʴʥʠʤʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ: 
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GMES (Global Monitoring for Environment and Security), GEOSS (Global Earth 

Observing System of Systems), GEO-UA, ʋʢʨɻʝʦ ʪʘ ʽʥʰʠʭ.  

ɿ 80-ʭ ʨʦʢʽʚ ʧʦʯʠʥʘʶʪʴ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʤʘʪʝʨʽʘʣʠ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ. ɿ ʰʚʠʜʢʠʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʨʦʟʚʠʪʢʦʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʟʡʦʤʢʠ, ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ, 

ʯʫʪʣʠʚʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ, ʧʨʦʩʪʦʨʦʚʦʛʦ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʘ ʯʘʩʦʚʦʛʦ 

ʨʦʟʨʽʟʥʝʥʥʷ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ 

ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ, ʧʘʨʘʤʝʪʨʽʚ ʨʝʣʴʻʬʫ, ʨʦʩʣʠʥʥʦʩʪʽ, ʪʘ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ.  

ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʥʘ ʩʴʦʛʦʜʥʽ ʜʦʩʣʽʜʞʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʋʢʨʘʾʥʠ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʦʜʥʠʭ ʪʘ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʦʙʤʝʞʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ 

ʥʝʚʝʣʠʢʠʤʠ ʟʘ ʧʣʦʱʝʶ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʫʛʽʜʜʷʤʠ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥʥʠʭ ʢʫʣʴʪʫʨ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʽʚʜʝʥʥʠʤ 

ʦʙʣʘʩʪʷʤ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʟʦʥʽ ʨʠʟʠʢʫ ʧʦʩʫʰʣʠʚʠʭ ʷʚʠʱ  [121-124]. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʩʠʣʝʥʥʷ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʚʝʣʠʢʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʜʦʩʣʽʜʞʝʥʴ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʥʘʧʨʷʤʢʫ  [125,  126]. 

ʉʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʧʦʜʘʣʴʰʽ ʢʦʩʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʤʘʣʦ ʩʪʚʦʨʝʥʥʷ ʫ 1992 ʨʦʮʽ ʧʨʠ ɯʥʩʪʠʪʫʪʽ ɻʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ʅɸʅ ʋʢʨʘʾʥʠ ʅʘʫʢʦʚʦʛʦ ʎʝʥʪʨʫ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ (ʎɸʂɼɿ) ʧʽʜ 

ʢʝʨʽʚʥʠʮʪʚʦʤ (ʥʘ ʪʦʡ ʯʘʩ) ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʘ ʅɸʅ ʋʢʨʘʾʥʠ ɺ.  ɯ.  ʃʷʣʴʢʘ. ɿʘ 

ʡʦʛʦ ʥʘʫʢʦʚʠʤʠ ʨʦʟʨʦʙʢʘʤʠ ʨʦʟʚʠʥʫʪʦ ʥʦʚʽ ʰʣʷʭʠ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʷʢ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʣʽʪʦʩʬʝʨʠ, ʱʦ 

ʷʚʣʷʻ ʩʦʙʦʶ ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʟʦʥʫ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʽʥʫ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚ ʛʝʦʩʠʩʪʝʤʘʭ. ʅʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʦʩʥʦʚʠ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ 

ʛʦʣʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʥʠʤ ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʚʠʢʣʘʜʝʥʦ ʫ 

ʡʦʛʦ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʢʘʭ, ʷʢ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʥʘʧʨʷʤʢʫ ʛʝʦʢʦʩʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ [127-129]. ɿʘ ʮʽʻʶ ʤʝʪʦʜʠʢʦʶ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʨʘʭʫʚʘʥʥʷ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʬʦʨʤʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ̫ ʢʽ ʬʽʢʩʫʶʪʴʩʷ 

ʥʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʦʪʠʧʦʚʠʭ ʘʥʦʤʘʣʽʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʚʠʨʽʰʝʥʥʽ ʨʽʟʥʠʭ 

ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʪʦʜʠʢʠ ʻ ʧʦʻʜʥʘʥʥʷ ʪʘ 

ʫʟʛʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʟ ʥʘʟʝʤʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ 

ʢʦʥʪʨʦʣʴʥʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʥʘ ʪʝʩʪʦʚʠʭ ʧʦʣʽʛʦʥʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʜʽʡʥʽʩʪʴ ʨʦʟʰʠʬʨʦʚʢʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʫʻ ʨʦʟʙʽʞʥʦʩʪʽ ʚ ʾʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ʎʽ ʧʦʣʦʞʝʥʥʷ ʙʫʣʠ ʨʦʟʚʠʥʫʪʽ ʚ ʨʦʟʨʦʙʢʘʭ ʥʘʫʢʦʚʮʽʚ ʎʝʥʪʨʫ 

ʄ. ʄ. ʄʠʪʥʠʢʘ, ʃ. ɼ. ɺʫʣʴʬʩʦʥʘ, ɿ. ʄ. ʐʧʦʨʪʶʢ, ʆ. ɯ. ʉʘʭʘʮʴʢʦʛʦ, 

ʄ. ʆ. ʇʦʧʦʚʘ, ʖ. ɺ. ʂʦʩʪʶʯʝʥʢʘ, ʆ. ʊ. ɸʟʽʤʦʚʘ, ɸ. ʗ. ʍʦʜʦʨʦʚʩʴʢʦʛʦ, 

ʆ. ɸ. ɸʧʦʩʪʦʣʦʚʘ, ʃ. ʆ. ɭʣʽʩʪʨʘʪʦʚʦʾ. 

ʆʙˇʨʫʥʪʫʚʘʥʥ ʁ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʩʠʛʥʘʣʽʚ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʷʭ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ɯʏ- ʪʘ ʅɺʏ-ʜʽʘʧʘʟʦʥʘʭ), ʽʥʬʦʨʤʘʪʠʚʥʠʭ 

ʱʦʜʦ ʚʦʣʦʛʦʚʤʽʩʪʫ ˇʨʫʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʨʦʟʨʦʙʢʠ 

ʃ.  ɼ.  ɺʫʣʴʬʩʦʥʘ. ɰʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʙʫʣʘ ʜʦʚʝʜʝʥʘ ʥʘ ʧʦʣʽʛʦʥʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʜʣʷ ʢʘʨʪʫʚʘʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʪʘ ʦʢʦʥʪʫʨʶʚʘʥʥʷ ʟʦʥʠ 

ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ ʧʨʦʩʽʜʘʥʥʷ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʂʠʾʚʩʴʢʦʾ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ 

ʦʙʣʘʩʪʝʡ ʪʘ ʂʨʠʤʫ [130, 131]. ɺʠʟʥʘʯʝʥʦ ʚʦʣʦʛʽʩʪʴ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ˇʨʫʥʪʫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʘʪʪʝʨʦʤʝʪʨʘ ʈ-ʜʽʘʧʘʟʦʥʫ. ʈʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ 

ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ ʟʦʥʜʫʚʘʥʥʷ ʷʢ ʜʣʷ ʜʦʚʽʣʴʥʠʭ ʩʪʘʣʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʨʦʟʧʦʜʽʣʽʚ ʚʦʣʦʛʦʩʪʽ, ʪʘʢ ʽ ʚ ʧʨʦʮʝʩʽ ʾʭ ʟʤʽʥʠ ʫ ʟʚôʷʟʢʫ ʟ ʧʦʣʠʚʘʤʠ ʘʙʦ 

ʦʧʘʜʘʤʠ  [132,  133]. 

ʈʦʟʨʦʙʮʽ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʚʧʣʠʚʫ 

ʥʘ ʾʭ ʩʪʘʥ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʙʫʣʠ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʆ.  ɯ.  ʉʘʭʘʮʴʢʦʛʦ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ  ʨʽʟʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʽ ʩʧʝʢʪʨʘʣʴʥʦ ʾʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (SPOT, Landsat, Terra/MODIS, Nʆɸɸ 

ʪʘ ʽʥ.) ʪʘ ʪʝʩʪʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʧʦʣʽʛʦʥʘʭ ʙʫʣʘ ʜʦʚʝʜʝʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʤʽʯʥʠʭ ʟʡʦʤʦʢ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʚʧʣʠʚʫ 

ʤʽʩʮʝʚʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʧʨʦʮʝʩʠ ʚʦʜʦʦʙʤʽʥʫ ʪʘ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ. ʅʠʤ ʙʫʚ 
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ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʦʚʠʡ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʚʦʜʥʠʡ ʽʥʜʝʢʩ NWI ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ʷʢ ʨʦʩʣʠʥʥʦʛʦ, ʪʘʢ ʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʽ ʜʦʚʝʜʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʨʽʰʝʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ [48, 124, 134]. 

ɺʝʣʠʢʠʡ ʦʙʩʷʛ ʨʦʙʽʪ ʚ ʎɸʂɼɿ ʚʠʢʦʥʘʥʠʡ ʟ ʚʠʟʥʘʯʝʥʥʷ ʟʘ ʥʦʚʽʪʥʽʤʠ 

ʢʦʩʤʽʯʥʠʤʠ ʜʘʥʠʤʠ ʨʽʟʥʠʭ ʩʢʣʘʜʦʚʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

ʋʢʨʘʾʥʠ. ʉʢʣʘʜʝʥʦ ʢʘʨʪʫ ʨʦʟʧʦʜʽʣʫ ʽʥʜʝʢʩʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʨʦʟʽʡʥʦʛʦ 

ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʨʝʣʴʻʬʫ (ɽR), ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ 

(DEM) ʟʘ ʜʘʥʠʤʠ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʟʡʦʤʢʠ ʟ ʩʫʧʫʪʥʠʢʘ Shuttle ʧʽʜ ʯʘʩ ʤʽʩʽʾ 

SRTM  [135, 136]. ɿʘ ʟʥʽʤʢʘʤʠ Landsat-5 TM ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʝʢʩʧʨʝʩ-

ʦʮʽʥʢʠ ʩʪʫʧʝʥ ̫ʥʝʙʝʟʧʝʢʠ ʨʦʟʚʠʪʢʫ ʚʦʜʥʠʭ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʷʢ ʽʥʜʠʢʘʪʦʨʘ 

ʨʠʟʠʢʫ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ ʟʘ ʨʦʟʧʦʜʽʣʦʤ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʽʥʜʝʢʩʫ ER ʥʘ ʦʩʥʦʚʽ 

DEM ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ (R) ʪʘ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʚʝʛʝʪʘʮʽʡʥʠʤ ʽʥʜʝʢʩʦʤ NDVI [136]. 

ɺ ʟʚôʷʟʢʫ ʟ ʟʘʛʨʦʟʦʶ ʧʦʰʠʨʝʥʥʷ ʟʦʥ ʨʠʟʠʢʫ ʧʦʩʫʭʠ ʪʘ ʥʝʙʝʟʧʝʢʠ 

ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ Landsat-4/MSS ʪʘ Landsat-

5/ʊʄ ʩʝʨʝʜʥʴʦ ʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ˇʨʫʥʪʦʚʦʩʢʦʨʝʛʦʚʘʥʠʤ ʽʥʜʝʢʩʦʤ MSAVI  ʥʘ 

ʧʨʠʢʣʘʜʽ ʟʝʤʝʣʴ ʍʝʨʩʦʥʩʴʢʦʾ ʦʙʣʘʩʪʽ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʜʝʛʨʘʜʘʮʽʾ 

ˇʨʫʥʪʽʚ ʟʘ ʧʝʨʽʦʜʠ 1983-1991 ʪʘ 1991-2010 ʨʨ. ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʦʩʥʦʚʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥʠ ʩʪʘʥʫ ˇʨʫʥʪʽʚ [123]. 

ʅʘ ʦʩʥʦʚʽ ʩʧʽʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ (ʛʽʜʨʦʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʉʝʣʷʥʠʥʦʚʘ ï ɻʊʂ) ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ (ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ ʧʦʩʫʭʠ ï ɯD) 

ʧʨʦʜʫʢʪʽʚ Terra/MODIS (MOD11C3, MOD13C2) ʚʠʟʥʘʯʝʥʽ ʤʝʞʽ ʧʦʰʠʨʝʥʥʷ 

ʧʦʩʫʭʠ 2007 ʨ. ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʦʾ ʟʦʥʘʣʴʥʦʩʪʽ. ɼʦʚʝʜʝʥʘ 

ʽʥʬʦʨʤʘʪʠʚʥʘ ʧʝʨʝʚʘʛʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʦʩʫʭʠ, ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ˇʨʫʥʪʽʚ ʽ 

ʘʛʨʦʬʽʪʦʮʝʥʦʟʽʚ ʫ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʥʫʚʘʪʠ ʧʦʝʪʘʧʥʠʡ ʘʥʘʣʽʟ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ 

ʧʝʨʽʦʜʫ, ʚʠʷʚʣʷʪʠ ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʽ ʜʣʷ ʨʦʩʣʠʥ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʪʘ ʦʙʠʨʘʪʠ 

ʟʘʧʦʙʽʞʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʢʦʨʠʛʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʝʤʣʝʨʦʙʩʪʚʘ [121, 137]. 
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ʆ. ɯ. ʉʘʭʘʮʴʢʠʤ ʪʘ C. A. ʉʪʘʥʢʝʚʠʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʪʘ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʚʨʘʭʦʚʫʚʘʪʠ ʨʘʜʽʘʮʽʡʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ʥʘ ʧʨʠʢʣʘʜʽ ʟʽʩʪʘʚʣʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ MODIS ʪʘ 

AMSR-E. ɿʘ ʢʦʩʤʽʯʥʠʤʠ ʜʘʥʠʤʠ ʨʦʟʨʘʭʦʚʘʥʦ ʚʦʜʥʠʡ ʽʥʜʝʢʩ NWI ʜʣʷ ʪʝʩʪʦʚʠʭ 

ʧʦʣʽʛʦʥʽʚ ʚ ʤʝʞʘʭ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʪʘ ʄʠʢʦʣʘʾʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ. ʆʜʝʨʞʘʥʘ 

ʢʦʨʝʣʷʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʦʣʦʛʦʩʪʽ ʩʢʣʘʣʘ r 2 =0,725 [48]. 

ʃ. ʇ. ʃʽʱʝʥʢʦ, ʅ. ɺ ʇʘʟʠʥʠʯ, ɺ. ɭ. ʌʽʣʽʧʦʚʠʯ ʪʘ ʽʥʰʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʘʥʽ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʨʦʟʚʠʪʢʫ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʷʨʽʚ ʪʘ ʧʨʦʛʥʦʟʫ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. ʅʘ ʦʩʥʦʚʽ  ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ ʟʘʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ ʤ. ʂʠʾʚ [138-140].  

ʅʘ ʙʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʨʦʟʨʦʙʣʝʥʠʡ 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʨʦʟʚʠʪʢʦʤ ʥʝʙʝʟʧʝʯʥʠʭ 

ʛʽʜʨʦʣʦʛʦ-ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʚʦʜʥʦʛʦ 

ʩʪʨʝʩʫ ʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʪʘ ʟʤʽʥʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ. ʈʦʟʛʣʷʥʫʪʦ ʟʚ'ʷʟʦʢ 

ʜʠʥʘʤʽʢʠ ʧʘʨʘʤʝʪʨʽʚ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʟ ʤʦʞʣʠʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʧʽʜʪʦʧʣʝʥʥʷ 

ʪʘ ʟʘʙʦʣʦʯʝʥʥʷ [141, 142]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʽʚ ʥʘʙʫʣʦ ʰʠʨʦʢʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʠʚʯʝʥʥʷʤ ʾʭ ʜʠʩʪʘʥʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʟʘʡʤʘʶʪʴʩʷ ʨʽʟʥʽ ʥʘʫʢʦʚʽ ʪʘ ʜʝʨʞʘʚʥʽ ʫʩʪʘʥʦʚʠ ʧʝʨʝʚʘʞʥʦ 

ʘʛʨʦʥʦʤʽʯʥʦʛʦ ʥʘʧʨʷʤʢʫ. ɻʦʣʦʚʥʘ ʫʚʘʛʘ ʧʨʠ ʮʴʦʤʫ ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʮʽʥʮʽ 

ʧʨʦʩʪʦʨʦʚʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ [89,143-145]. 

ɽʬʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʜʣʷ 

ʦʮʽʥʮʽ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʧʨʦʮʝʩʽʚ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ ʄ. ʄ. ɻʽʯʢʘ [146, 147], ʊ. ɺ. ɯʣʴʻʥʢʦ [148] ʪʘ ʽʥʰʠʭ 

ʚʯʝʥʠʭ. ʉʚʦʶ ʨʦʙʦʪʫ ʊ. ɺ. ɯʣʴʻʥʢʦ ʧʨʠʩʚʷʪʠʣʘ ʦʮʽʥʮʽ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʝʢʩʽʚ ʧʦʩʫʭʠ ʪʘ ʚʦʣʦʛʦʩʪʽ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʘʛʨʦʬʽʪʦʮʝʥʦʟʽʚ [148]. 

ɿʥʘʯʥʠʡ ʚʢʣʘʜ ʚʥʝʩʝʥʦ ʫ ʤʦʥʽʪʦʨʠʥʛ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʚʯʝʥʠʤʠ ʟ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, 

ʟʦʢʨʝʤʘ ʉ. ʉ. ʂʦʭʘʥ, ʪʘ ʽʥʰʽ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ 



56 

 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʪʘ ʣʽʩʽʚ 

ʋʢʨʘʾʥʠ [149, 150].  

ɻʨʫʧʘ ʚʯʝʥʠʭ ʍʘʨʢʽʚʩʴʢʦʛʦ ɯʥʩʪʠʪʫʪʫ ˇʨʫʥʪʦʟʥʘʚʩʪʚʘ ʪʘ ʘʛʨʦʭʽʤʽʾ 

ʽʤ. ʆ. ʅ. ʉʦʢʦʣʦʚʩʴʢʦʛʦ ʘʢʪʠʚʥʦ ʟʘʡʤʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷʤ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷʤ 

ˇʨʫʥʪʽʚ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʋ ʩʚʦʾʭ ʨʦʙʦʪʘʭ ʄ. ʄ. ɻʽʯʢʘ, ʉ. ʈ. ʊʨʫʩʢʘʚʝʮʴʢʠʡ, 

ʊ. ʖ. ɹʠʥʜʠʯ, ɸ. ɺ. ʐʘʪʠʭʽʥ ʪʘ ʽʥʰʽ ʚʠʟʥʘʯʘʣʠ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʽʚ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʟʚôʷʟʢʽʚ ʽʟ ʛʫʤʫʩʦʤ, ʜʝʛʨʘʜʘʮʽʻʶ ʪʘ ʤʦʞʣʠʚʽʩʪʶ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ. ʄ. ʄ. ɻʽʯʢʘ ʜʦʩʣʽʜʠʚ ʨʽʟʥʽ ʬʽʟʠʢʦ-ʭ̔ʤ̔ʯʥ̔ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ 

ʦʧʪʠʯʥʠʤʠ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ ʪʘ ʛʝʦʨʘʜʘʨʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʷʢʽ ʜʘʣʠ ʧʦʟʠʪʠʚʥʫ 

ʢʦʨʝʣʷʮʽʶ ʟ ʥʘʟʝʤʥʠʤʠ ʚʠʧʨʦʙʫʚʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ɼʦʩʣʽʜʞʝʥʦ ʩʝʟʦʥʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ˇʨʫʥʪʦʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʚʦʣʦʛʦʩʪʽ [106, 146, 147]. ʅʘ ʙʘʟʽ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ ʪʘ 

ʎʄʈ ʩʪʚʦʨʝʥʦ ʝʣʝʢʪʨʦʥʥʽ ʢʘʨʪʠ ˇʨʫʥʪʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʨʽʟʥʠʭ ʧʦʣʽʛʦʥʽʚ 

ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɺʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʶ ˇʨʫʥʪʽʚ ʟ 

ʤʝʪʦʶ ʾʭ ʤʦʥʽʪʦʨʠʥʛʫ, ʦʮʽʥʢʠ ʚʤʽʩʪʫ ʛʫʤʫʩʫ, ʚʨʘʭʫʚʘʥʥʷ ʨʝʣʴʻʬʫ [151-153]. 

ɺʯʝʥʽ ʟ ʍʘʨʢʦʚʘ ʚʠʚʯʘʣʠ ʚʧʣʠʚ ʨʝʣʴʻʬʫ ʥʘ ʛʽʜʨʦʪʝʨʤʽʯʥʠʡ ʨʝʞʠʤ ˇʨʫʥʪʽʚ. 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʩʝʨʦʤʦʨʬʥʦʩʪʽ, ʷʢʠʡ 

ʚʨʘʭʦʚʫʻ ʚʽʜʤʽʥʠ ʫ ʥʘʜʭʦʜʞʝʥʥʽ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʪʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʫʤʦʚ 

ʟʚʦʣʦʞʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʢʩʧʦʟʠʮʽʾ ʪʘ ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʨʽʚʥʽ ʤʝʟʦʨʝʣʴʻʬʫ [143, 154]. 

ʋʢʣʘʜʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ˇʨʫʥʪʦʚʠʭ ʢʘʨʪ ʟʦʥʠ ʇʦʣʽʩʩʷ ʜʣʷ ˇʨʫʥʪʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʦʮʽʥʢʠ ʚʤʽʩʪʫ ʛʫʤʫʩʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʟʝʤʣʽ ʷʢ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʢʘʨʪʦʛʨʘʬʽʾ 

ʟʘʡʤʘʶʪʴʩʷ ʉ. ʈ. ʊʨʫʩʢʘʚʝʮʴʢʠʡ, ɸ. ɺ. ʐʘʪʦʭʽʥ ʪʘ ʽʥʰʽ. ɺʦʣʦʛʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ɸ. 

ɹ. ɸʯʘʩʦʚ ʦʮʽʥʶʚʘʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʫʤʫʩʫ, ʨʝʣʴʻʬʫ ʪʘ ʽʥʩʦʣʷʮʽʾ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ  [155]. 

ʈʦʙʦʪʠ ɺ. ʄ. ʉʪʘʨʦʜʫʙʮʝʚʘ ʧʨʠʩʚʷʯʝʥʽ ʦʮʽʥʮʽ ʧʨʦʩʪʦʨʦʚʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʝʤʝʣʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʽʢʨʦʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ 

(ʤʽʢʨʦʟʘʧʘʜʠʥ). ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ Sentinel-2 ʽ ɹʃɸ (ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ)  [89, 145, 156]. 

ɼʦʩʣʽʜʞʝʥʥʷʤ ʟʩʫʚʽʚ, ʷʢ ʦʜʥʦʛʦ ʟ ʥʝʙʝʟʧʝʯʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʚʨʘʭʦʚʫʶʯʠ ʛʝʦʣʦʛʽʯʥʫ ʪʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʫ ʩʢʣʘʜʦʚʽ ʪʝʨʠʪʦʨʽʾ ʟʘʡʤʘʶʪʴʩʷ ʚʯʝʥʽ 

ʟ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ ʊ. ɺ. ʂʨʽʣʴ, ʉ. ɹ. ʐʝʭʫʥʦʚʘ 

ʪʘ ʽʥʰʽ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʝʙʝʟʧʝʯʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʘʜʘʨʥʘ ʟʡʦʤʢʘ ʪʘ ɹʃɸ [157, 158].  

ʉʚʽʪʣʠʯʥʠʡ ʆ. ʆ. ʚʠʚʯʘʻ ʧʨʦʩʪʦʨʦʚʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʠ ʨʝʣʴʻʬʫ, ʧʦʟʜʦʚʞʥʴʦʾ ʬʦʨʤʠ ʧʨʦʬʽʣʶ ʩʭʠʣʫ, ʘʩʧʝʢʪʫ ʽ 

ʛʨʘʜʽʻʥʪʘ ʥʘʭʠʣʫ. ɺʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʶ ʚʦʜʥʦʾ ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ 

ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ [159-161]. 

ɼ. ʄ. ɹʠʯʢʦʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʦʥ ʧʽʜʪʦʧʣʝʥʴ ʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʛʨʽʚʫ 

ˇʨʫʥʪʽʚ, ʚʢʨʠʪʠʭ ʨʦʩʣʠʥʥʽʩʪʶ, ʟʘʧʨʦʧʦʥʫʚʘʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʽʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ 

ʘʢʪʠʚʥʦ-ʧʘʩʠʚʥʦʛʦ ʨʘʜʽʦʬʽʟʠʯʥʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ [162]. 

ɼʦʩʣʽʜʞʝʥʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʫ ʜʝʥʥʠʡ ʪʘ ʥʽʯʥʠʡ ʯʘʩ ʚ ʨʝʞʠʤʽ 

ʤʦʥʽʪʦʨʠʥʛʫ [163]. ʇʨʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜʪʦʧʣʝʥʥʷ ʟʘʩʪʦʩʦʚʘʥʦ ʘʚʽʘʮʽʡʥʠʡ 

ʢʦʤʧʣʝʢʩ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɸʂɼɿ-30 ʚ ʤʝʞʘʭ ʪʝʩʪʦʚʦʛʦ ʧʦʣʽʛʦʥʫ 

ʥʽʞʠʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʇʨʠ ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ 

ʟʘʩʪʦʩʦʚʘʥʦ ʨʘʜʽʦʣʦʢʘʪʦʨ ʙʦʢʦʚʦʛʦ ʦʛʣʷʜʫ 8-ʤʤ ʜʽʘʧʘʟʦʥʫ (ʈɹʆ), ʩʢʘʥʝʨ 

ʪʝʧʣʦʚʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ ʪʘ ʜʘʥʽ ʘʝʨʦʬʦʪʦʘʧʘʨʘʪʫ ɸʌɸ-41/7,5. ʅʘ ʥʽʯʥʠʭ ʟʥʽʤʢʘʭ 

ʯʽʪʢʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʧʦʪʝʤʥʽʥʥʷ ʫ ʟʦʥʘʭ ʧʽʜʪʦʧʣʝʥʴ ʧʨʠ ʚʽʟʫʘʣʴʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ. ʇʨʦʚʦʜʷʯʠ ʥʘʪʫʨʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʨʘʭʦʚʫʚʘʣʠʩʷ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ, ʚʦʜʠ ʪʘ ʧʦʚʽʪʨʷ ʚ ʜʝʥʥʠʡ ʪʘ ʥʽʯʥʠʡ ʯʘʩ. 

ɺ ʫʤʦʚʘʭ ʩʫʭʦʾ ʦʩʝʥʽ ʩʫʤʽʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦʛʦ ʜʝʥʥʦʛʦ ʪʘ 

ʥʽʯʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚ ʢʦʤʙʽʥʫʚʘʥʥʽ ɯʏ ʜʝʥʥʠʭ, ɯʏ ʥʽʯʥʠʭ ʪʘ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʜʽʡʥʦ ʚʠʷʚʣʷʪʠ ʦʙʣʘʩʪʽ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ˇʨʫʥʪʫ (ʟ 

ʨʦʩʣʠʥʥʽʩʪʶ ʪʘ ʙʝʟ) ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʥʷʪʪʷ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʚʠʢʦʥʘʥʠʡ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʢʦʩʤʽʯʥʠʭ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʽʟʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʪʘ ʜʝʨʞʘʚʥʠʤʠ 

ʫʩʪʘʥʦʚʘʤʠ. ɺʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠ ʮʴʦʤʫ ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʮʽʥʮʽ ʧʨʦʩʪʦʨʦʚʦʾ 
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ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʟʘʜʘʯʘʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʪʦʜʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ [125, 164, 165]. ʇʨʦʪʝ, ʩʫʪʪʻʚʦʶ ʧʨʦʛʘʣʠʥʦʶ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʾ, ʟʘʪʚʝʨʜʞʝʥʦʾ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ, ʧʨʦʛʨʘʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʚʯʝʥʥʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

ʋʢʨʘʾʥʠ, ʷʢ ʚʘʞʣʠʚʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʘ, ʷʢʠʡ ʦʙʫʤʦʚʣʶʻ ʨʝʛʫʣʷʮʽʶ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʟʝʤʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʘ 

ʘʪʤʦʩʬʝʨʦʶ, ʢʦʥʪʨʦʣʶʶʯʠ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ˇʨʫʥʪʘʤʠ, ʨʦʩʣʠʥʥʽʩʪʶ, ʧʦʛʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʽ ʪʠʤ ʩʘʤʠʤ ʚʧʣʠʚʘʶʯʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ˇʨʫʥʪʫ, ʡʦʛʦ 

ʨʝʯʦʚʠʥʥʠʡ ʩʢʣʘʜ, ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʨʦʜʶʯʽʩʪʴ. ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʥʘʥʦ ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʟʘ ʧʣʦʱʝʶ ʜʽʣʷʥʢʘʭ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʧʝʨʽʦʜʽʚ 

ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʠʢ, ʘʧʘʨʘʪʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʻʜʠʥʽʡ ʩʠʩʪʝʤʽ ʟʘʛʘʣʴʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʋʢʨʘʾʥʠ ʪʘ ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʠʭ ʽ ʯʘʩʦʚʠʭ 

ʟʤʽʥ.  

ʅʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʮʽʥʮʽ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ 

ʥʘ ̌ʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʷʢʦʾ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʟʝʤʝʣʴʥʦʾ ʨʝʬʦʨʤʠ [166]. ʅʘʛʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʙʘʟʦʚʠʭ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʣʦʢʘʣʴʥʦʛʦ, ʪʘʢ ʽ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʥʠʭ ʨʽʚʥʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʘʟʠ ʘʨʭʽʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ɰʾ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʦʩʦʙʣʠʚʦ ʚʽʜʯʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʧʦʩʠʣʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʽ ʧʨʦʚʝʜʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʟʝʤʝʣʴʥʦʾ ʨʝʬʦʨʤʠ. 

ɺʘʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʦʙʫʤʦʚʠʣʦ ʚʠʙʽʨ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʾ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘʡʙʽʣʴʰ ʘʢʪʠʚʥʠʤʠ ʚʠʜʘʤʠ ʜʝʛʨʘʜʘʮʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʻ ʧʨʦʮʝʩʠ 

ʝʨʦʟʽʾ. ʈʦʙʦʪʠ ʆ. ɻ. ʊʘʨʘʨʽʢʦ [8], ʆ. ʆ. ʉʚʽʪʣʠʯʥʦʛʦ [167] ʪʘ ʽʥʰʠʭ ʚʯʝʥʠʭ 

ʛʦʚʦʨʷʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʧʨʦʮʝʩʠ ʝʨʦʟʽʾ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ. 

ɺ ʧʨʦʮʝʩʽ ʝʨʦʟʽʾ, ʚʥʘʩʣʽʜʦʢ ʧʣʦʱʠʥʥʦʛʦ ʪʘ ʣʽʥʽʡʥʦʛʦ ʟʤʠʚʫ ʟʤʝʥʰʫʻʪʴʩʷ ʰʘʨ 

ʛʫʤʫʩʫ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʧʨʦʚʘʜʞʫʚʘʣʠʩʷ 

ʛʝʦʝʢʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ, ʣʘʥʜʰʘʬʪʥʦ-ʝʢʦʣʦʛʽʯʥʽ, ʛʝʦʣʦʛʦ-ʛʝʦʜʠʥʘʤʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʢʘʨʪʠ ʧʦʰʠʨʝʥʥʷ, 
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ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʱʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʝʨʦʟʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʨʽʟʥʠʭ 

ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. ʆʮʽʥʝʥʦ ʪʘʢʦʞ ʛʝʦʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʧʨʦʷʚʫ ʝʨʦʟʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʉʪʘʮʽʦʥʘʨʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʘʧʦʯʘʪʢʦʚʘʥʽ ɯ. ʇ. ʂʦʚʘʣʴʯʫʢʦʤ [168]. ʋ ʡʦʛʦ ʨʦʙʦʪʘʭ ʧʨʦʚʦʜʠʣʘʩʷ ʦʮʽʥʢʘ 

ʤʘʩʰʪʘʙʽʚ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʦ-ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʠ 

ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤ, ʢʘʨʪʦʛʨʘʬʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʙʘʩʝʡʥʦʚʠʭ 

ʩʠʩʪʝʤ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʪʘ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʧʨʦʮʝʩʠ 

ʜʝʛʨʘʜʘʮʽʾ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜ ʚʧʣʠʚʦʤ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʯʠʥʥʠʢʽʚ.  

ɿʘʩʪʦʩʦʚʫʶʯʠ ʙʘʛʘʪʦʟʦʥʘʣʴʥʽ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ, ʇ. ɯ. ʊʨʦʬʽʤʝʥʢʦ, 

ɺ. ɯ. ɿʘʮʝʨʢʦʚʥʠʡ ʪʘ ʽʥʰʽ ʜʦʩʣʽʜʞʫʶʪʴ ʝʤʽʩʽʾ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʽʟ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ 

ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʪʘ ʨʦʩʣʠʥ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ, ʟʦʢʨʝʤʘ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʇʦʣʽʩʩʷ  [169,  170]. 

ʅʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦ ʧʨʠ ʦʮʽʥʮʽ ʝʨʦʟʽʾ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚʨʘʭʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʧʦʢʘʟʥʠʢʽʚ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ ʪʘ ʾʭ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ. ʄʦʜʝʣʶʚʘʥʥʷʤ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʟʘʡʤʘʣʠʩʷ ɻ. ɯ. ʐʚʝʙʩ [171], ʆ. ʆ. ʉʚʽʪʣʠʯʥʠʡ [157], ʆ. ʄ. ʊʨʦʬʽʤʯʫʢ [172] ʪʘ 

ʽʥʰʽ. ʋ ʨʦʙʦʪʘʭ ʉ. ɻ. ʏʦʨʥʦʛʦ ʥʘʜʘʥʦ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʚʪʨʘʪʠ ˇʨʫʥʪʫ ʚʽʜ 

ʜʝʛʨʘʜʘʮʽʾ [173]. ʈʦʟʨʦʙʢʘʤʠ ʢʦʥʮʝʧʮʽʡ ʱʦʜʦ ʦʭʦʨʦʥʠ ˇʨʫʥʪʽʚ, ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʛʨʘʜʘʮʽʾ ʟʘʡʤʘʣʠʩʷ 

ʪʘʢʽ ʚʯʝʥʽ, ʷʢ ɺ. ɺ. ʄʝʜʚʝʜʻʚ [174], ʆ. ɻ. ʊʘʨʘʨʽʢʦ [175], ʉ. ɸ. ɹʘʣʶʢ [176], 

ʄ.  ɺʦʣʦʱʫʢ  [177], ʂ. ʉʠʪʥʠʢ [178]. 

1.4 ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ 

ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ  

ʉʫʤʽʩʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ ʪʘ ʜʘʥʠʭ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʘʙʦ ʘʨʭʽʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʥʠʭ ʨʽʚʥʷʭ.  

ʆʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ 

ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʙʨʦʙʢʠ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 
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ʪʘ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʨʠ ʦʮʽʥʮʽ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.7 

ʚʢʣʶʯʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʥʠʭ ʨʽʚʥʷʭ ï ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʷʢʦʤʫ 

ʚʽʜʧʦʚʽʜʘʻ ʚʩʷ ʪʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʠ, ʪʘ ʣʦʢʘʣʴʥʦʤʫ ï ʥʝʚʝʣʠʢʽ ʜʽʣʷʥʢʠ ʚ ʤʝʞʘʭ 

ʦʢʨʝʤʠʭ ʧʦʣʽʚ. 

ʅʘ ʩʭʝʤʽ ʤʝʪʦʜʠʢʠ ʚʽʜʦʙʨʘʞʝʥʦ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʽ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ. ʄʝʪʦʜʠʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʢʨʦʢʽʚ: 

ï ʧʽʜʙʽʨ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟʛʽʜʥʦ ʤʘʩʰʪʘʙʥʦʛʦ ʨʷʜʫ ʜʦʩʣʽʜʞʝʥʥʷ; 

ï ʘʥʘʣʽʟ ʪʘ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙʨʘʥʥʷ 

ʦʩʥʦʚʥʠʭ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ; 

ï ʨʦʟʨʘʭʫʥʢʠ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟʝʤʣʽ 

ʪʘ ʫʪʦʯʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ; 

ï ʢʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʪʝʤʘʪʠʯʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ;  

ï ʪʝʤʘʪʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʩʫʰʣʠʚʦʩʪʽ, ʚʠʟʥʘʯʝʥʥʷ ʜʽʣʷʥʦʢ, ʩʭʠʣʴʥʠʭ ʜʦ ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ, ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʪʘ ˇʨʫʥʪʦʚʠʭ ʤʘʩ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʇʨʠ ʢʘʨʪʫʚʘʥʥʽ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʽʡ ʧʨʘʢʪʠʮʽ ʥʘʣʝʞʠʪʴ ʜʦ ʯʠʩʣʘ ʥʘʡʽʥʬʦʨʤʘʪʠʚʥʽʰʠʭ 

ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʣʦ ʢʦʣʦ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ 

ʽ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ. 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʨʠʜʽʣʝʥʦ ʦʮʽʥʮʽ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ï ʷʢ ʦʜʥʦʛʦ ʟ 

ʛʦʣʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʫ ʜʝʛʨʘʜʘʮʽʾ. ʇʦʻʜʥʘʥʥʷ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥ ɹ ʩʧʨʠʷʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʛʝʥʝʨʘʣʽʟʘʮʽʾ ʩʪʘʥʫ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʛʝʦʩʠʩʪʝʤ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʤʘʩʰʪʘʙʫ ʟʘʚʜʷʢʠ ʦʛʣʷʜʦʚʦʩʪʽ ʪʘ 

ʧʨʦʩʪʦʨʦʚʽʡ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʅʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ 
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ʽʥʰʽ ʘʨʭʽʚʥʽ ʜʘʥʽ ʻ ʜʦʜʘʪʢʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʥʠʢʽʚ ʪʘ 

ʽʥʜʝʢʩʽʚ, ʯʫʪʣʠʚʠʭ ʜʦ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ. 

 

ʈʠʩ. 1.7. ɻʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʦʮʽʥʢʠ ʧʨʦʮʝʩʽʚ 

ʧʦʩʫʰʣʠʚʦʩʪʽ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʦʧʫʩʪʝʣʶʚʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ, ʷʢʽ ʩʭʠʣʴʥ ̔ ʜʦ 

ʦʧʫʩʪʝʣʶʚʘʥʥʷ. ʌʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʟʦʥʠ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʧʨʦʪʝ ʤʘʶʪʴ ʙʣʠʟʴʢʽ ʫʤʦʚʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʟʚʦʣʦʞʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʠʧʠ ˇʨʫʥʪʽʚ, ʨʦʩʣʠʥʥʽʩʪʴ ʪʘ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ 

ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ. ʆʪʞʝ, 

ʣʘʥʜʰʘʬʪʥʠʡ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʤʽʥʥʽʩʪʴ ʪʘ ʩʭʦʞʽʩʪʴ ʫʤʦʚ ʜʣʷ ʨʽʟʥʠʭ 

ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ, ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʧʨʦʩʪʦʨʦʚʫ ʨʫʭʣʠʚʽʩʪʴ ʤʝʞ ʟʦʥʘʣʴʥʦʩʪʽ. 
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ɼʠʩʪʘʥʮʽʡʥʽ ʜʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʦʛʣʷʜʦʚʽʩʪʴ, ʰʠʨʦʢʫ ʩʤʫʛʫ ʟʡʦʤʢʠ, ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʛʝʥʝʨʘʣʽʟʘʮʽʾ ʦʙôʻʢʪʽʚ ʪʘ 

ʥʘʷʚʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦ ʾ ʜʣ ̫ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʢʽʣʴʢʦʩʪ̔ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʤʫʛ 

ʟʡʦʤʢʠ. ʇʨʠ ʨʝʛʽʦʥʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʟ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦ ʚʩʡ̔ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʧʦʻʜʥʫʶʪʴʩʷ 

ʟ ʧʨʠʨʦʜʥʦ-ʣʘʥʜʰʘʬʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʢʨʝʤʠʭ ʟʦʥ ʪʘ ʻ ʙʘʟʦʶ ʜʣʷ ʚʠʙʦʨʫ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ. ʂʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʙʘʟʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʢʣʽʤʘʪʫ ʪʘ ʧʨʠʨʦʜʥʘ ʟʦʥʘʣʴʥʽʩʪʴ, ʥʘ ʙʘʟʽ ʯʦʛʦ ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ 

ʧʦʩʫʭʠ ʪʘ ʦʩʝʨʝʜʢʠ ʦʧʫʩʪʝʣʶʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʱʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʟʦʥ. 

ɼʣʷ ʣʦʢʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʻ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʪʘ ʯʘʩʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚ ʫʟʛʦʜʞʝʥʥʽ ʟ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. ʇʨʠ ʧʦʻʜʥʘʥʥʽ ʬʘʢʪʠʯʥʦʛʦ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʽ ʪʘ ʚʦʜʥʦʛʦ 

ʽʥʜʝʢʩʫ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ, ʫʢʣʘʜʘʻʪʴʩʷ ʢʘʨʪʘ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʥʝʨʽʚʥʦʤʽʨʥʫ ʟʚʦʣʦʞʝʥʽʩʪʴ 

ʪʝʨʠʪʦʨʽʾ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ (ʤʽʢʨʦʟʘʧʘʜʠʥ).  

ʄʽʢʨʦʟʘʧʘʜʠʥʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʣʽʩʦʩʪʝʧʦʚʦʾ ʪʘ ʩʪʝʧʦʚʦʾ ʟʦʥ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤʠ ʨʝʣʴʻʬʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʥʝʚʝʣʠʢʠʭ ʟʘ ʧʣʦʱʝʶ ʜʽʣʷʥʢʘʭ, ʦʢʨʝʤʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʫʛʽʜʜʷʭ. ɺʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʪʝʩʪʦʚʠʭ ʧʦʣʽʛʦʥʘʭ 

ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʩʫʧʫʪʥʠʢʦʚʦʶ ʟʡʦʤʢʦʶ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ 

ʨʝʣʴʻʬʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠʨʦʜʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʠ. ʇʦʻʜʥʫʶʯʠ ʤʦʨʬʦʣʦʛʽʯʥʽ (ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʠ) 

ʪʘ ʧʨʠʨʦʜʥʽ (ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ) ʧʦʢʘʟʥʠʢʠ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʜʽʣʷʥʢʠ, 

ʷʢʽ ʻ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʱʦʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʭʽʤʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ˇʨʫʥʪʫ, ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʨʦʙʽʪ, ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ, ʪʘ ʽʥʰʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʘʭʦʜʽʚ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʧʨʠ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʪʦʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ.  
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ʈʘʜʘʨʥʘ ʟʡʦʤʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʨʝʣʴʻʬʫ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜʠʢʫ 

ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ, ʜʦʧʦʚʥʝʥʫ ʝʣʝʤʝʥʪʘʤʠ ʤʦʨʬʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʥʘʜʘʻ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʫʭ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʪʘ ˇʨʫʥʪʦʚʠʭ ʤʘʩ. ʊʝʤʘʪʠʯʥʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʣʦʢʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʽʛʨʘʮʽʶ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ˇʨʫʥʪʫ ʪʘ ʚʦʣʦʛʠ, ʣʦʢʘʣʽʟʘʮʽʶ ʤʽʩʮʴ ʞʠʚʣʝʥʥʷ ʪʘ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ʻ ʙʘʟʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʜʦʩʣʽʜʞʝʥʴ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

1. ʆʙˇʨʫʥʪʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʧʨʠ ʦʮʽʥʮʽ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ. 

2. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ, ʷʢʠʡ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʽ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦ ʦʧʝʨʘʪʠʚʥʽ, ʘ 

ʽʥʦʜʽ ʧʦʪʨʝʙʫʶʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʰʪʽʚ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

3. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʧʽʜʪʚʝʨʜʞʫʻ ʦʩʥʦʚʥʽ 

ʧʝʨʝʚʘʛʠ ʮʠʭ ʤʝʪʦʜʽʚ ï ʦʧʝʨʘʪʠʚʥʽʩʪʴ, ʦʛʣʷʜʦʚʽʩʪʴ, ʤʦʥʽʪʦʨʠʥʛʦʚʽʩʪʴ (ʩʧʨʠʷʥʥʷ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʶ ʨʦʟʚʠʪʢʫ ʩʪʘʥʫ ʚʦʣʦʛʦʩʪʽ ʫ ʯʘʩʽ). 

4. ɺʠʟʥʘʯʝʥʦ ʟʘʚʜʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ ʘʨʭʽʚʥʠʭ ʜʘʥʠʭ, ʥʘʟʝʤʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʷʢ 

ʦʩʥʦʚʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ 

ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʷʭ ʜʦʩʣʽʜʞʝʥʥʷ, ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʜʘʥʠʤʠ ʨʘʜʘʨʥʠʭ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ.  
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ʈʆɿɼɯʃ 2 

ɿɺ'ʗɿʆʂ ɺʆʃʆɻʆʉʊɯ ɿɽʄʅʆɻʆ ʇʆʂʈʀɺʋ ɿ ʇʈʀʈʆɼʅʀʄʀ 

ʆʉʆɹʃʀɺʆʉʊʗʄʀ ʅɸ ʈɯɿʅʀʍ ʄɸʉʐʊɸɹʅʀʍ ʈɯɺʅʗʍ 

ɼʆʉʃɯɼɾɽʅʅʗ  

ɺʽʜʙʠʚʥʘ ʪʘ ʧʦʛʣʠʥʘʶʯʘ ʟʜʘʪʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ʊʦʤʫ ʧʦʚʝʨʭʥʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ˇʨʫʥʪʽʚ ʘʙʦ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʤʘʶʪʴ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʘʙʦ ʽʤʧʫʣʴʩʫ, 

ʷʢʠʡ ʚʽʜ ʥʠʭ ʚʽʜʭʦʜʠʪʴ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʤʘʶʪʴ ʨʽʟʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʝʟʦʥʥʦʾ 

ʜʠʥʘʤʽʢʠ. ɺ ʧʝʨʽʦʜ ʨʦʢʫ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ, ʤʝʭʘʥʽʯʥʠʡ 

ʩʢʣʘʜ ˇʨʫʥʪʫ, ʾʭʥʷ ʩʪʨʫʢʪʫʨʘ. ɺʦʣʦʛʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʟôʻʜʥʘʥʴ ʚ ˇʨʫʥʪʦʚʦʤʫ ʧʦʛʣʠʥʘʶʯʦʤʫ ʢʦʤʧʣʝʢʩʽ, ʥʘʚʧʘʢʠ, ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʝʟʦʥʫ ʪʘ ʫʤʦʚ. ɼʠʥʘʤʽʢʘ ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʟʥʘʯʝʥʥʷʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

2.1 ɺʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ 

ʈʝʛʽʦʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʻ ʪʝʨʠʪʦʨʽʶ ʚʩʽʻʾ ʋʢʨʘʾʥʠ. ʇʨʠ 

ʥʘʟʝʤʥʠʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʣʽʜ ʩʧʠʨʘʪʠʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʥʘ 

ʣʘʥʜʰʘʬʪʥʠʡ ʘʥʘʣʽʟ. ʈʽʚʥʠʥʥʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʦʥʦʶ 

ʤʽʰʘʥʠʭ ʣʽʩʽʚ, ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ, ʣʽʩʦʩʪʝʧʦʚʦʶ ʪʘ ʩʪʝʧʦʚʦʶ ʟʦʥʘʤʠ. ʎʝ 

ʜʦʟʚʦʣʷ ̒ʦʪʨʠʤʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʛʦʣʦʚʥʽ ʧʨʠʨʦʜʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʚʦʣʦʛʽʩʪʴ 

ʨ̌ʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʋʢʨʘʾʥʠ: ʟʦʥʘʣʴʥʦ-ʢʣʽʤʘʪʠʯʥʠʡ, ʛʝʦʣʦʛʽʯʥʠʡ, 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʡ, ʨʦʩʣʠʥʥʠʡ, ʘ ʪʘʢʦʞ ʤʘʩʰʪʘʙ ʟʤʽʥ, ʦʙʫʤʦʚʣʝʥʠʭ 

ʛʦʩʧʦʜʘʨʩʴʢʦʶ ʜʽʷʣʴʥʽʩʪʶ ʣʶʜʠʥʠ. 
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2.1.1 ɺʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ 

ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʢʣʽʤʘʪʫ 

ɿʘ ʩʭʝʤʘʤʠ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ [179] ʨʽʚʥʠʥʥʘ ʪʝʨʠʪʦʨʽʷ 

ʋʢʨʘʾʥʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ 

ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ ʟʘʡʤʘʻ ʧʦʥʘʜ 93% ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, 

ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʪʘʢʽ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʟʦʥʠ: ʧʽʚʥʽʯʥʫ ï ʤʽʰʘʥʠʭ ʣʽʩʽʚ, ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʫ ï h ʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ, ʮʝʥʪʨʘʣʴʥʫ ï ʣʽʩʦʩʪʝʧʦʚʫ ʪʘ ʧʽʚʜʝʥʥʫ ï ʩʪʝʧʦʚʫ. 

ɿʦʥʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʬʽʟʠʯʥʦ-ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʣʘʥʜʰʘʬʪʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʩʪʫʧʝʥʝʤ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʦʩʚʦʻʥʥʷ, ʢʣʽʤʘʪʠʯʥʠʤ ʨʝʞʠʤʦʤ, 

ʚʦʣʦʛʽʩʪʶ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ - ʚʽʜ ʥʘʜʤʽʨʥʦ ʚʦʣʦʛʦʛʦ ʥʘ ʧʽʚʥʦʯʽ ʜʦ ʧʦʩʫʰʣʠʚʦʛʦ 

ʥʘ ʧʽʚʜʥʽ. ʌʦʨʤʫʚʘʥʥʷ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʟʫʤʦʚʣʝʥʦ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʙʘʣʘʥʩʦʤ ʪʝʧʣʘ ʽ ʚʦʣʦʛʠ ʪʘ ʣʽʪʦʛʝʥʥʦʶ ʦʩʥʦʚʦʶ [180].  

ˆʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ ʨʽʚʥʠʥʥʦʾ ʯʘʩʪʠʥʠ ʋʢʨʘʾʥʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ˇʨʫʥʪʘʤʠ, ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʷʢʠʭ ʤʘʻ ʟʘʢʦʥʦʤʽʨʥʠʡ 

ʟʦʥʘʣʴʥʦ-ʢʣʽʤʘʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. ɼʦʩʣʽʜʞʝʥʥʶ ʝʚʦʣʶʮʽʾ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

ʋʢʨʘʾʥʠ, ʡʦʛʦ ʟʤʽʥ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʶ ʚ ʧʨʦʮʝʩʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ 

ʧʨʠʩʚʷʯʝʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʘʮʽ ʛʝʦʣʦʛʽʯʥʦʛʦ, ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ˇʨʫʥʪʦʟʥʘʚʯʦʛʦ 

ʥʘʧʨʷʤʢʽʚ [125, 181-186]. ʅʘ ʧʽʚʥʦʯʽ ʋʢʨʘʾʥʠ ʚ ʤʝʞʘʭ ʟʦʥʠ ʤʽʰʘʥʠʭ ʣʽʩʽʚ ʟ 

ʚʠʩʦʢʦʶ ʽ ʥʘʜʤʽʨʥʦʶ ʚʦʣʦʛʽʩʪʶ ʨʦʟʚʠʥʫʪʽ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʽ ˇʨʫʥʪʠ, ʚ ʟʦʥʽ 

ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ ʧʝʨʝʚʘʞʘʶʪʴ ʩʽʨʽ ʣʽʩʦʚʽ ˇʨʫʥʪʠ, ʚ ʣʽʩʦʩʪʝʧʦʚʽʡ ï 

ʦʧʽʜʟʦʣʝʥʽ ʪʘ ʩʪʝʧʦʚʽ ʯʦʨʥʦʟʝʤʠ, ʚ ʩʪʝʧʦʚʽʡ, ʥʘʡʙʽʣʴʰ ʧʦʩʫʰʣʠʚʽʡ ʟʦʥʽ, ï 

ʧʽʚʜʝʥʥʽ ʯʦʨʥʦʟʝʤʠ ʪʘ ʫ ʧʨʠʯʦʨʥʦʤʦʨʩʴʢʦʾ ʩʤʫʟʽ ʩʪʝʧʫ ï ʢʘʰʪʘʥʦʚʽ.  

ɺʽʜʦʤʦ, ʱʦ ʚ ʛʝʦʣʦʛʽʯʥʽʡ ʽʩʪʦʨʽʾ ʢʣʽʤʘʪ ɿʝʤʣʽ ʟʘʟʥʘʚʘʚ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʟʤʽʥ. 

ʅʘ ʬʦʥʽ ʪʨʠʚʘʣʠʭ ʟʘ ʯʘʩʦʤ ʧʝʨʽʦʜʽʚ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚʽʜʙʫʚʘʣʠʩʷ ʽ ʚʽʜʥʦʩʥʦ 

ʢʦʨʦʪʢʦʯʘʩʥʽ ʡʦʛʦ ʢʦʣʠʚʘʥʥʷ. ʅʝʦʜʥʦʨʘʟʦʚʠʡ ʧʨʦʷʚ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ 

ʬʽʢʩʫʻʪʴʩʷ ʟʘ ʟʘʣʠʰʢʘʤʠ ʨʽʟʥʦʚʽʢʦʚʠʭ ʚʠʢʦʧʥʠʭ ˇʨʫʥʪʽʚ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʨʦʟʨʽʟʽ 

ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ. ʉʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ˇʨʫʥʪʽʚ ʤʘʶʪʴ ʥʘʷʚʥʽ 

ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ, ʷʢʽ ʧʦʚô̫ ʟʘʥʽ ʟ ʛʣʦʙʘʣʴʥʠʤ ʧʦʪʝʧʣʽʥʥʷʤ. ɰʭ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ 

ʚ ʥʘʡʙʽʣʴʰʽʡ ʤʽʨʽ ʧʦʟʥʘʯʠʣʠʩʷ ʚ ʧʦʨʫʰʝʥʥʽ ʪʝʧʣʦʚʦʛʦ ʪʘ ʚʦʜʥʦʛʦ ʨʝʞʠʤʽʚ, ʱʦ 

ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʽʥ ʤʝʞ ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ. ʆʟʥʘʢʠ ʧʦʩʫʰʣʠʚʦʩʪʽ ʚʞʝ 
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ʬʽʢʩʫʶʪʴʩʷ ʥʘ ʧʽʚʥʦʯʽ ʢʨʘʾʥʠ ʚ ʣʽʩʦʩʪʝʧʦʚʽʡ ʟʦʥʽ, ʱʦ ʜʦʥʝʜʘʚʥʘ ʚʽʜʨʽʟʥʷʣʘʩʷ 

ʜʦʩʪʘʪʥʴʦʶ ʚʦʣʦʛʽʩʪʶ.  

ʅʘ ʚʩʽʡ ʋʢʨʘʾʥʽ ʚʽʜʤʽʯʘʶʪʴʩʷ ʥʝʙʝʟʧʝʯʥʽ ʩʪʠʭʽʡʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʷʚʠʱʘ, 

ʷʢʽ ʧʦʚôʷʟʫʶʪʴʩʷ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʮʠʨʢʫʣʷʮʽʾ ʘʪʤʦʩʬʝʨʥʠʭ ʧʨʦʮʝʩʽʚ (ʟʣʠʚʦʚʽ 

ʦʧʘʜʠ, ʩʥʽʛʦʧʘʜʠ, ʰʪʦʨʤʦʚʽ ʚʽʪʨʠ, ʧʦʩʫʭʠ) [2-5, 187]. ʅʘʡʙʽʣʴʰʝ ʮʽ ʷʚʠʱʘ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʩʭʽʜʥʠʭ ʪʘ ʧʽʚʜʝʥʥʠʭ ʦʙʣʘʩʪʷʭ, ʜʝ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʥʦʶ 

ʯʘʩʦʚʦʶ ʪʘ ʧʨʦʩʪʦʨʦʚʦʶ ʤʽʥʣʠʚʽʩʪʶ. ɺ ʨʦʟʧʦʜʽʣʽ ʚʦʣʦʛʦʩʪʽ ʪʘ ʾʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʤʽʥʣʠʚʦʩʪʽ ʥʘʡʚʠʨʘʟʥʽʰʝ ʚʽʜʯʫʚʘʶʪʴʩʷ ʦʨʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʣʘʥʜʰʘʬʪʥʠʭ 

ʟʦʥ ʪʘ ʩʫʯʘʩʥʽ ʨʝʣʴʻʬʦʫʪʚʦʨʶʶʯʽ ʚʦʜʦʝʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ [135, 136]. ɸʢʪʠʚʥʽʩʪʴ 

ʦʩʪʘʥʥʽʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʪʘ ʯʘʩʪʦʪʠ ʯʝʨʛʫʚʘʥʥʷ 

ʧʦʩʫʰʣʠʚʠʭ ʪʘ ʟʣʠʚʦʚʠʭ ʨʝʞʠʤʽʚ [188].  

ɿʘ ʚʠʩʥʦʚʢʘʤʠ ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʧʨʦ ʣʘʥʜʰʘʬʪʠ [189], ʱʦ ʥʘʙʫʣʘ 

ʯʠʥʥʦʩʪʽ ʜʣʷ ʋʢʨʘʾʥʠ 1 ʣʠʧʥʷ 2006 ʨʦʢʫ, ʣʘʥʜʰʘʬʪʦʟʥʘʚʩʪʚʦ ʩʢʣʘʜʘʻ ʥʘʫʢʦʚʫ 

ʦʩʥʦʚʫ ʦʮʽʥʢʠ ʩʪʘʥʫ ˇʨʫʥʪʽʚ, ʧʨʦʛʥʦʟʫ ʾʭ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʨʠʟʠʢʫ ʜʝʛʨʘʜʘʮʽʾ, ʷʢʘ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʣʘʥʜʰʘʬʪʥʦʾ ʧʦʣʽʪʠʢʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʡʦʛʦ 

ʝʢʦʣʦʛʦʦʨʽʻʥʦʚʘʥʦʛʦ ʨʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʚʽʜʥʦʚʣʝʥʥʷ 

ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ.  

ʉʫʯʘʩʥʽ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʤʽʥʠ ʨʝʞʠʤʫ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʟʙʽʣʴʰʝʥʥʷʤ 

ʯʘʩʪʦʪʠ ʯʝʨʛʫʚʘʥʥʷ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʘʥʦʤʘʣʴʥʠʭ ʟʣʠʚ ʟ ʪʨʠʚʘʣʠʤʠ ʧʝʨʽʦʜʘʤʠ 

ʥʘʜʤʽʨʥʦʾ ʩʧʝʢʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʪʠʧʦʚʠʭ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ 

ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ˇʨʫʥʪʽʚ, ʾʭ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʧʦʨʫʰʝʥʥʷʤ ʭʦʜʫ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ ʽ ʟʥʠʞʝʥʥʽ ʡʦʛʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʏʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ ʧʦʩʫʰʣʠʚʦʩʪʽ ʢʣʽʤʘʪʫ ʚʽʜʙʫʣʦʩʷ ʨʽʟʢʝ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚ ʨʽʢʘʭ, ʦʟʝʨʘʭ, ʢʦʣʦʜʷʟʷʭ, ʱʦ 

ʚʠʢʣʠʢʘʣʦ ʧʨʦʙʣʝʤʠ ʚ ʛʽʜʨʦʝʥʝʨʛʝʪʠʮʽ.  

ɿ ʢʣʽʤʘʪʠʯʥʠʤʠ ʟʤʽʥʘʤʠ ʪʘ ʦʙʫʤʦʚʣʝʥʠʤʠ ʥʠʤʠ ʟʤʽʥʘʤʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ 

ʟʘʢʦʥʦʤʽʨʥʦ ʧʦʚôʷʟʘʥʘ ʘʢʪʠʚʽʟʘʮʽʷ ʩʫʯʘʩʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʘʶʪʴ 

ʧʣʦʱʠʥʥʘ ʪʘ ʣʽʥʽʡʥʘ ʚʦʜʥʘ ʝʨʦʟʽʷ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʠʚʫ ʚʝʨʭʥʴʦʛʦ ʥʘʡʙʽʣʴʰ 
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ʨʦʜʶʯʦʛʦ ʰʘʨʫ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʈʦʟʚʠʪʦʢ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʨʽʚʥʠʥʥʽʡ 

ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʪʘ ʫʨʘʞʝʥʥʷ ʥʠʤʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʩʫʪʪʻʚʦ ʨʽʟʥʠʡ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʦʾ ʟʦʥʘʣʴʥʦʩʪʽ, ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʽ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʉʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʨʦʟʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʨʝʞʠʤ ʥʝʦʪʝʢʪʦʥʽʯʥʠʭ ʽ ʩʫʯʘʩʥʠʭ ʨʫʭʽʚ ʟʝʤʥʦʾ ʢʦʨʠ. ʅʘ ʧʣʦʱʘʭ, ʜʝ 

ʧʝʨʝʚʘʞʘʶʪʴ ʚʠʩʭʽʜʥʽ ʨʫʭʠ, ʾʭ ʧʦʰʠʨʝʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦ ʟʨʦʩʪʘʻ ʨʘʟʦʤ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʚ ˇʨʫʥʪʘʭ ʧʨʦʤʦʾʥ ʪʘ ʷʨʽʚ. ɰʭ ʧʨʦʩʪʦʨʦʚʠʡ ʧʨʦʷʚ ʪʘ ʩʪʫʧʝʥʴ 

ʫʨʘʟʣʠʚʦʩʪʽ ˇʨʫʥʪʽʚ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʦʶ 

ʟʦʥʘʣʴʥʽʩʪʶ, ʱʦ ʩʢʣʘʣʘʩʷ ʚ ʧʨʦʮʝʩʽ ʪʨʠʚʘʣʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʽʩʪʦʨʽʾ ʨʦʟʚʠʪʢʫ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

2.1.2 ʉʪʨʦʢʘʪʽʩʪʴ ʣʘʥʜʰʘʬʪʽʚ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ ʥʘ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ 

ɺʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʨʝʛʫʣʷʨʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʤʽʥ ʚʦʣʦʛʦʩʪʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʱʦʜʦ ʟʙʝʨʝʞʝʥʥʷ ʨʦʩʣʠʥʥʦ-ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʯʘʩʦʚʠʤʠ ʪʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʟʤʽʥʘʤʠ 

ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ ʢʨʠʪʠʯʥʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ ʟ ʤʝʪʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʟʘʧʦʙʽʞʥʠʭ ʟʘʭʦʜʽʚ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʟʥʽʤʢʠ ʟ ʨʽʟʥʦʙʽʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʥʠʭ ʪʘ 

ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʦʮʽʥʢʠ ʨʽʚʥʷ 

ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʷʢ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʪʘʢ ʽ ʣʦʢʘʣʴʥʦʤʫ 

ʨʽʚʥʷʭ, ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ɭʚʨʘʟʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʧʨʠʨʦʜʥʠʭ ʟʦʥ ʟʘ 

ʪʠʧʘʤʠ ʨʦʩʣʠʥʥʦʩʪʽ (ʙʽʦʤʘʤʠ) ʧʨʦʚʝʜʝʥʦ ʟʘ ʘʥʘʣʽʟʦʤ ʙʘʛʘʪʦʨʽʯʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI, ʤʝʪʦʜʦʤ ʢʦʚʟʥʦʾ ʜʠʩʧʝʨʩʽʾ. ɿʘʩʪʦʩʦʚʘʥʽ ʜʘʥʽ 

AVHRR/NOAA GIMMS ʟ 1982 ʧʦ 2006 ʨʦʢʠ [190]. ɼʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 
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ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʣʘʥʜʰʘʬʪʽʚ, ʦʢʨʽʤ ʜʦʩʣʽʜʞʝʥʴ ʨʦʩʣʠʥʥʦʩʪʽ, ʚʯʝʥʽ ʧʨʦʧʦʥʫʶʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʨʘʜʽʘʮʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ [191].  

ɺʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʣʘʥʜʰʘʬʪʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʙʘʟʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ 

ʨʽʟʥʦʨʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʡʦʛʦ ʟʤʽʥʘʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ LAI  ʪʘ 

NDVI  [192, 193]. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.1 ʧʨʠʨʦʜʥʽ ʟʦʥʠ ʥʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʶ ʟʘ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʥʘʚʽʪʴ ʧʨʠ ʚʽʟʫʘʣʴʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ. ʄʽʞ ʩʦʙʦʶ ʧʨʠʨʦʜʥʽ ʟʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʪʨʦʢʘʪʽʩʪʶ ʩʪʨʫʢʪʫʨʠ 

ʣʘʥʜʰʘʬʪʽʚ. ʇʽʚʥʽʯʥʘ - ʟʦʥʘ ʧʦʣʽʩʩʷ (ʤʽʰʘʥʠʭ ʣʽʩʽʚ) ʪʘ ʟʦʥʘ ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ 

ʣʽʩʽʚ ʧʨʠ ʧʨʠʨʦʜʥʠʭ ʢʦʣʴʦʨʘʭ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʨʠʩ.  2.1  ʘ ʚʠʩʦʢʦʶ ʩʪʨʦʢʘʪʽʩʪʶ 

ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ, ʚʽʜ ʪʝʤʥʦ - ʜʦ ʩʚʽʪʣʦ-ʟʝʣʝʥʦʛʦ, ʽʥʦʜʽ ʽʟ ʩʽʨʫʚʘʪʦ-ʙʝʞʝʚʠʤʠ 

ʧʨʦʛʘʣʠʥʘʤʠ. ɼʣʷ ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ ʭʘʨʘʢʪʝʨʥʘ ʤʝʥʰʘ ʩʪʨʦʢʘʪʽʩʪʴ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʦʣʽʩʩʷ, ʥʘ ʨʠʩ. 2.1 ʙ ʟʘʛʘʣʴʥʠʤ ʬʦʥʦʤ ʻ ʧʨʠʨʦʜʥʠʡ ʟʝʣʝʥʠʡ ʢʦʣʽʨ ʟ ʧʨʠʩʫʪʥʽʤʠ 

ʪʝʤʥʦ-ʟʝʣʝʥʠʤʠ ʧʣʷʤʘʤʠ (ʣʽʩʠ). ɼʣʷ ʩʪʝʧʫ ʥʘ ʨʠʩ. 2.1 ʚ ʭʘʨʘʢʪʝʨʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʩʽʨʦ-ʙʝʞʝʚʠʡ ʪʦʥ, ʷʢʠʡ ʩʫʮʽʣʴʥʦ ʧʦʢʨʠʚʘʻ ʪʝʨʠʪʦʨʽʶ ʧʨʠʨʦʜʥʦʾ 

ʟʦʥʠ.  

 

ʈʠʩ. 2.1. ʌʽʟʠʢʦ ʛʝʦʛʨʘʬʽʯʥʽ ʟʦʥʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ 

Google Earth: ʘ) ʟʦʥʘ ʧʦʣʽʩʩʷ; ʙ) ʣʽʩʦʩʪʝʧʦʚʘ ʟʦʥʘ; ʚ) ʩʪʝʧʦʚʘ ʟʦʥʘ 
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ʈʠʩ. 2.2. ʌʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʟʦʥʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʩʤʽʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ Landsat-8, 

ʫ ʢʦʤʙʽʥʘʮʽʾ ʢʘʥʘʣʽʚ: ʘ) Red, Green, Blue; ʙ) SWIR-2, NIR, Red; ʚ) NIR, Red, 

Green 

ʅʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʨʽʟʥʠʮʷ ʫ ʩʪʨʦʢʘʪʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ. ʅʘ ʨʠʩ. 2.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʩʤʽʯʥʠʡ ʟʥʽʤʦʢ Landsat-8 ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ 

ʜʣʷ ʧʦʣʽʩʩʷ, ʣʽʩʦʩʪʝʧʫ ʪʘ ʩʪʝʧʫ ʫ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ ʢʘʥʘʣʽʚ. ʇʨʠʨʦʜʥʽ ʢʦʣʴʦʨʠ 

ʚʽʜʦʙʨʘʞʘʻ ʢʦʤʙʽʥʘʮʽʷ ʢʘʥʘʣʽʚ 4-ʯʝʨʚʦʥʠʡ (Red), 3-ʟʝʣʝʥʠʡ (Green), 2-ʩʠʥʽʡ 

(Blue). ʎʝ ʢʘʥʘʣʠ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʪʦʤʫ ʦʙôʻʢʪʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʨʠʩ. 2.2 

ʤʘʶʪʴ ʚʠʛʣʷʜ ʟʚʠʯʥʠʡ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʢʘ. ɿʜʦʨʦʚʘ ʨʦʩʣʠʥʥʽʩʪʴ ʤʘʻ ʟʝʣʝʥʠʡ 

ʢʦʣʽʨ, ʥʝʟʜʦʨʦʚʘ ʨʦʩʣʠʥʥʽʩʪʴ ʢʦʨʠʯʥʝʚʘ ʪʘ ʞʦʚʪʘ. ʉʚʽʪʣʠʤʠ ʻ ʦʙʨʦʙʣʝʥʽ ʧʦʣʷ, ʜʝ 

ʟʽʙʨʘʥʠʡ ʚʨʦʞʘʡ. ɼʦʨʦʛʠ ʤʘʶʪʴ ʩʽʨʠʡ ʢʦʣʽʨ. ʎʷ ʢʦʤʙʽʥʘʮʽʷ ʢʘʥʘʣʽʚ ʜʦʟʚʦʣʷʻ 

ʘʥʘʣʽʟʫʚʘʪʠ ʘʥʪʨʦʧʦʛʝʥʥʽ ʪʘ ʚʦʜʥʽ ʦʙôʻʢʪʠ, ʚʘʞʢʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʨʽʟʥʦʚʠʜʠ 

ʨʦʩʣʠʥʥʦʩʪʽ.  

ʂʦʤʙʽʥʘʮʽʷ çʰʪʫʯʥʽ ʢʦʣʴʦʨʠè ʥʘ ʨʠʩ. 2.2 ʙ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʧʦʻʜʥʘʥʥʽ 5-

ʙʣʠʞʥʴʦʛʦ ɯʏ (NIR), 4-ʯʝʨʚʦʥʦʛʦ (Red), 3-ʟʝʣʝʥʦʛʦ (Green) ʢʘʥʘʣʽʚ ʢʦʩʤʽʯʥʦʛʦ 

ʟʥʽʤʢʫ. ʈʦʩʣʠʥʥʽʩʪʴ ʥʘʙʫʚʘʻ ʚʽʜʪʽʥʢʽʚ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ, ʤʽʩʴʢʘ ʟʘʙʫʜʦʚʘ 

ʟʝʣʝʥʦ-ʛʦʣʫʙʦʛʦ, ˇʨʫʥʪʠ ʚʽʜ ʪʝʤʥʦ ʜʦ ʩʚʽʪʣʦ ʢʦʨʠʯʥʝʚʦʛʦ. ʍʚʦʡʥʽ ʣʽʩʠ 

ʚʽʜʦʙʨʘʞʝʥʦ ʪʝʤʥʦ-ʯʝʨʚʦʥʠʤʠ ʪʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʰʠʨʦʢʦʣʠʩʪʷʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, 
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ʷʢʘ ʤʘʻ ʷʩʢʨʘʚʦ-ʯʝʨʚʦʥʽ ʢʦʣʴʦʨʠ. ʂʦʤʙʽʥʘʮʽʷ ʢʘʥʘʣʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʣʽʩʽʚ, ʘʛʨʦʢʫʣʴʪʫʨ, ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ.  

ʂʦʤʙʽʥʘʮʽʷ ʢʘʥʘʣʽʚ ʥʘ ʨʠʩ. 2.2 ʚ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 6-ʙʣʠʞʥʴʦʛʦ ɯʏ (SWIR-

2), 5-ʙʣʠʞʥʴʦʛʦ ɯʏ (NIR) ʪʘ 4-ʯʝʨʚʦʥʦʛʦ (Red) ʥʘʜʘʻ ʜʫʞʝ ʙʘʛʘʪʦ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʢʦʥʪʨʘʩʪʽʚ ʢʦʣʴʦʨʽʚ. ʗʩʢʨʘʚʦ-ʟʝʣʝʥʦʶ ʻ ʟʜʦʨʦʚʘ ʨʦʩʣʠʥʥʽʩʪʴ. ˆʨʫʥʪʠ 

ʚʽʜʦʙʨʘʞʝʥʽ ʨʦʞʝʚʠʤʠ ʚʽʜʪʽʥʢʘʤʠ. ʊʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ʢʘʥʘʣʽʚ ʟʨʫʯʥʘ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʩʪʘʥʫ ʣʽʩʦʚʠʭ ʫʛʨʫʧʫʚʘʥʴ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥʥʦʩʪʽ, ʘʥʘʣʽʟʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ.  

ʗʢ ʚʠʜʥʦ ʥʘ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʟ ʨʠʩ. 2.2, ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʘ ʟʦʥʘ 

ʧʦʣʽʩʩʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʨʦʩʣʠʥʥʦʩʪʽ, ʚ ʦʩʥʦʚʥʦʤʫ ʭʚʦʡʥʠʭ 

ʪʠʧʽʚ. ʄʘʣʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʪʘ ʣʠʩʪʷʥʠʭ ʚʠʜʽʚ 

ʨʦʩʣʠʥʥʦʩʪʽ. ɿʦʥʘ ʣʽʩʦʩʪʝʧʫ ʚʢʣʶʯʘʻ ʦʩʝʨʝʜʢʠ ʣʽʩʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʙʽʣʴʰʽʡ 

ʤʽʨʽ ʣʠʩʪʷʥʠʤʠ ʚʠʜʘʤʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʨʽʯʢʦʚʠʭ ʤʝʨʝʞ. ʊʘʢʦʞ ʚ 

ʟʦʥʽ ʣʽʩʦʩʪʝʧʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʢʫʣʴʪʫʨ. ɿʦʥʘ ʩʪʝʧʫ ʧʨʘʢʪʠʯʥʦ ʚʩʷ ʟʘʡʥʷʪʘ ʩʽʣʴʩʴʢʠʤ 

ʛʦʩʧʦʜʘʨʩʪʚʦʤ, ʚ ʾʾ ʤʝʞʘʭ ʤʘʡʞʝ ʚʽʜʩʫʪʥʽ ʣʽʩʠ. ʆʪʞʝ, ʥʘʚʽʪʴ ʧʨʠ ʚʽʟʫʘʣʴʥʦʤʫ 

ʜʝʰʠʬʨʫʚʘʥʥʽ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʫ, ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʧʨʠʪʘʤʘʥʥʽ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʤ ʟʦʥʘʤ. 

2.1.3 ɺʦʜʥʠʡ ʨʝʞʠʤ ˇʨʫʥʪʽʚ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ  

ɺʦʜʥʠʡ ʨʝʞʠʤ ˇʨʫʥʪʽʚ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʘʜʭʦʜʞʝʥʥʷʤ ʚʦʣʦʛʠ ʫ ˇʨʫʥʪ, ʾʾ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʪʘ ʟʤʽʥʦʶ ʫ ˇʨʫʥʪʽ. ɺʦʜʥʠʡ ʨʝʞʠʤ ˇʨʫʥʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʥʠʭ 

ʫʤʦʚ, ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ˇʨʫʥʪʦʚʦʾ 

ʚʦʣʦʛʠ ʻ ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ, ʢʽʣʴʢʽʩʪʴ ʪʘ ʨʦʟʧʦʜʽʣ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʣʽʤʘʪʫ 

ʤʽʩʮʝʚʦʩʪʽ [194]. 

ɺʦʜʘ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʚʝʨʭʥʶ ˇʨʫʥʪʽʚ ʪʘ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʯʘʩʪʢʦʚʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʽʚ ʪʘ ʣʠʩʪʷʥʦʛʦ ʧʦʢʨʠʚʫ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʯʘʩʪʢʦʚʦ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʫ ʧʦʥʠʞʝʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ, ʧʦʪʨʘʧʣʷʻ ʚ 

ʨʽʯʢʠ ʪʘ ʤʦʨʷ, ʯʘʩʪʢʦʚʦ ʧʨʦʩʦʯʫʻʪʴʩʷ ʫ ˇʨʫʥʪ ʪʘ ʧʦʧʦʚʥʶʻ ʧʽʜʟʝʤʥʽ ʚʦʜʠ. ɺʦʜʘ 

ʪʘʢʦʞ ʻ ʯʠʥʥʠʢʦʤ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ, ʤʝʭʘʥʽʯʥʦ ʟʤʠʚʘʶʯʠ ʪʘ ʨʦʟʯʠʥʶʶʯʠ ʯʘʩʪʢʠ 
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ˇʨʫʥʪʫ ʪʘ ʬʦʨʤʫʶʯʠ ʧʨʦʬʽʣʴ ˇʨʫʥʪʫ. ʅʘʡʛʦʣʦʚʥʽʰʝ ʟʥʘʯʝʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ 

ʦʧʘʜʽʚ ʫ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʽ ʧʦʣʷʛʘʻ ʫ ʟʚʦʣʦʞʫʶʯʦʤʫ ʝʬʝʢʪʽ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ 

ʙʽʦʣʦʛʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ˇʨʫʥʪʫ. 

ɺʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʙʽʣʴʰ ʟʘ ʚʩʝ ʚʧʣʠʚʘʻ ʥʘ ʚʦʜʥʫ ʝʨʦʟʽʶ ʪʘ ʦʧʫʩʪʝʣʶʚʘʥʥʷ. 

ɽʨʦʟʽʷ ˇʨʫʥʪʽʚ ʧʽʜ ʯʘʩ ʦʧʘʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʩʫʤʽʩʥʽʡ ʜʽʾ ʧʦʪʦʢʽʚ ʚʦʜʠ ʪʘ 

ʧʘʜʘʶʯʠʭ ʢʨʘʧʝʣʴ. ʂʨʘʧʣʽ ʚʦʜʠ ʨʫʡʥʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ˇʨʫʥʪʫ, ʩʪʚʦʨʶʶʪʴ 

ʜʦʜʘʪʢʦʚʫ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ, ʧʽʜʚʠʱʫʶʪʴ ʡʦʛʦ ʨʦʟʤʠʚʘʶʯʫ ʪʘ ʪʨʘʥʩʧʦʨʪʫʶʯʫ 

ʟʜʘʪʥʽʩʪʴ ʥʘʚʘʥʪʘʞʫʶʯʠ ʧʦʪʽʢ ʯʘʩʪʢʘʤʠ ˇʨʫʥʪʽʚ.  

ʏʘʩʪʠʥʘ ʚʦʣʦʛʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʬʦʨʤʫʻ ʧʦʚʝʨʭʥʝʚʠʡ 

ʩʪʽʢ, ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʚʝʩʥʽ ʧʽʜ ʯʘʩ ʩʥʽʛʦʪʘʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ ʟʣʠʚʦʚʠʭ 

ʦʧʘʜʽʚ. ɺʝʣʠʯʠʥʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, ʢʫʪʫ ʥʘʭʠʣʫ 

ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʚʦʣʦʛʦʧʨʦʥʠʢʥʦʩʪʽ ˇʨʫʥʪʫ. ɺʦʣʦʛʘ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʫ ˇʨʫʥʪ 

ʬʽʣʴʪʨʫʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʝʚʽ ʛʦʨʠʟʦʥʪʠ, ʪʘ ʧʦʪʨʘʧʣʷʶʯʠ ʜʦ ʛʦʨʠʟʦʥʪʫ ʽʟ ʙʽʣʴʰ 

ʚʘʞʢʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ, ʬʦʨʤʫʻ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ (ʚʝʨʭʦʚʦʜʢʘ). 

ʏʘʩʪʠʥʘ ʚʦʣʦʛʠ ʟ ʚʝʨʭʦʚʦʜʢʠ ʥʘʜʭʦʜʠʪʴ ʫ ʙʽʣʴʰ ʛʣʠʙʦʢʽ ʰʘʨʠ, ʧʦʪʨʘʧʣʷʶʯʠ ʫ 

ˇʨʫʥʪʦʚʽ ʚʦʜʠ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʥʘʭʠʣʽʚ ʤʽʩʮʝʚʦʩʪʽ ʯʘʩʪʠʥʘ ʚʦʣʦʛʠ ʫ ʚʦʜʦʥʦʩʥʦʤʫ 

ʛʦʨʠʟʦʥʪʽ ʤʦʞʝ ʟʘʪʽʢʘʪʠ ʫ ʧʦʥʠʞʝʥʽ ʜʽʣʷʥʢʠ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ. ʇʦʚʝʨʭʥʝʚʽ 

ʚʦʜʠ ʪʘ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ ʬʦʨʤʫʻ ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ. ʈʦʟʤʠʚʘʶʯʠ ʚʽʜʢʣʘʜʠ, 

ʟʤʠʚʘʶʯʠ ʨʦʟʧʫʰʝʥʽ ʧʦʨʦʜʠ, ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʝʨʦʟʽʡʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ (ʷʨʠ, 

ʨʽʯʢʦʚʽ ʜʦʣʠʥʠ, ʙʘʣʢʠ ʪʘ ʽʥʰʝ). ɺ ʽʥʰʠʭ ʤʽʩʮʷʭ ʤʘʪʝʨʽʘʣ, ʱʦ ʚʠʥʦʩʠʪʴʩʷ 

ʚʽʜʢʣʘʜʘʻʪʴʩʷ, ʫʪʚʦʨʶʶʯʠ ʥʦʚʽ ʘʢʫʤʫʣʷʪʠʚʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ (ʢʦʥʫʩʠ ʚʠʥʦʩʫ ʪʘ 

ʪʝʨʘʩʠ ʨʽʯʦʢ ʽ ʩʪʨʫʤʢʽʚ). 

ʋ ʟʦʥʽ ʇʦʣʽʩʩʷ (ʤʽʰʘʥʠʭ ʣʽʩʽʚ) ʧʝʨʝʚʘʞʘʻ ʧʨʦʤʠʚʥʠʡ ʪʠʧ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ 

ˇʨʫʥʪʽʚ. ʉʝʨʝʜʥʴʦʨʽʯʥʘ ʩʫʤʘ ʦʧʘʜʽʚ ʮʽʻʾ ʟʦʥʠ ʧʝʨʝʚʠʱʫʻ ʨʽʯʥʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, 

ʩʪʚʦʨʶʶʯʠ ʫʤʦʚʠ ʜʣʷ ʱʦʨʽʯʥʦʛʦ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʤʦʯʫʚʘʥʥʷ 

ˇʨʫʥʪʦʚʦʛʦ ʰʘʨʫ. 

ɼʣʷ ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʝʨʽʦʜʠʯʥʦ ʧʨʦʤʠʚʥʠʡ ʪʠʧ ʚʦʜʥʦʛʦ 

ʨʝʞʠʤʫ ˇʨʫʥʪʽʚ, ʜʝ ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʩʫʤʘ ʦʧʘʜʽʚ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʴʦʤʫ 

ʚʠʧʘʨʦʚʫʚʘʥʥʶ. ɼʣʷ ʪʘʢʦʛʦ ʪʠʧʫ ʭʘʨʘʢʪʝʨʥʝ ʥʝ ʱʦʨʽʯʥʝ ʥʘʩʢʨʽʟʥʝ ʧʨʦʤʠʚʘʥʥʷ 

ˇʨʫʥʪʦʚʦʛʦ ʰʘʨʫ, ʘ ʦʜʥʦʨʘʟʦʚʝ. 
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ʅʝʧʨʦʤʠʚʥʠʡ ʪʠʧ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʪʘʤ, ʜʝ ʩʝʨʝʜʥʴʦʨʽʯʥʘ 

ʩʫʤʘ ʦʧʘʜʽʚ ʟʥʘʯʥʦ ʤʝʥʰʘ ʩʝʨʝʜʥʴʦʨʽʯʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ˆʨʫʥʪ ʨʽʜʢʦ 

ʧʨʦʤʦʯʫʻʪʴʩʷ ʜʦ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. ɺʦʣʦʛʽʩʪʴ ʛʣʠʙʰʠʭ ʰʘʨʽʚ ˇʨʫʥʪʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʦʶ ʟʚʦʣʦʞʝʥʽʩʪʶ. ʊʘʢʠʡ ʪʠʧ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʫ ʩʪʝʧʦʚʽʡ ʟʦʥʽ ʪʘ ʟʦʥʽ ʥʘʧʽʚʧʫʩʪʝʣʴ. ˆʨʫʥʪʦʚʽ ʚʦʜʠ ʧʨʠ ʜʘʥʠʭ 

ʫʤʦʚʘʭ ʧʽʜʽʡʤʘʶʪʴʩʷ ʚʠʱʝ ʜʦ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦ 

ʚʠʧʘʨʦʚʫʶʪʴʩʷ  [194]. 

2.2 ɺʠʙʽʨ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʦʢʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʩʮʝʚʠʭ ʧʨʠʨʦʜʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ (ʥʘ ʧʨʠʢʣʘʜʽ ɹʘʨʠʰʽʚʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ) 

ʈʝʣʴʻʬ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʧʨʠ ʚʝʜʝʥʥʽ ʪʘ ʧʣʘʥʫʚʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ. ɹʽʣʴʰʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʟʘ ʙʫʜʦʚʦʶ ʨʽʚʥʠʥʘʭ. ʈʽʚʥʠʥʥʘ ʯʘʩʪʠʥʘ ʋʢʨʘʾʥʠ ʩʬʦʨʤʦʚʘʥʘ ʥʘ 

ʬʫʥʜʘʤʝʥʪʽ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ. ʇʽʜ 

ʚʧʣʠʚʦʤ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʷʢʽ ʚʠʢʣʠʢʘʣʠ ʟʤʽʥʫ ʭʦʣʦʜʥʠʭ ʣʴʦʜʦʚʠʢʦʚʠʭ ʧʝʨʽʦʜʽʚ 

ʪʘ ʪʝʧʣʠʭ ʤʽʞʣʴʦʜʦʚʠʢʦʚʠʭ, ʧʦʩʪʫʧʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʤʝʞ ʣʘʥʜʰʘʬʪʽʚ ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ. ʎʝ ʦʙʫʤʦʚʠʣʦ ʨʦʟʚʠʪʦʢ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ: 

ʣʴʦʜʦʚʠʢʦʚʠʡ ʪʘ ʚʦʜʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʡ ʚ ʧʽʚʥʽʯʥʦʾ ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʠ ʪʘ ʝʨʦʟʽʡʥʦ-

ʘʢʫʤʫʣʷʪʠʚʥʠʡ ʚ ʩʝʨʝʜʥʽʡ ʪʘ ʧʽʚʜʝʥʥʽʡ ʾʾ ʯʘʩʪʠʥʘʭ. 

2.2.1 ɺʠʙʽʨ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʜʽʣʷʥʦʢ ʥʘʟʝʤʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʊʝʨʠʪʦʨʽʷ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʤʝʞʘʭ 

ɹʘʨʠʰʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ (ɹʘʨʠʰʽʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ) ʥʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʜʷʭ ɹʘʨʠʰʽʚʩʴʢʦʾ ʟʝʨʥʦʚʦʾ ʢʦʤʧʘʥʽʾ. ɼʽʣʷʥʢʘ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.3 ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʩʭʦʜʽ ʚʽʜ 

ʤʽʩʪʘ ɹʝʨʝʟʘʥʴ, ʦʙʤʝʞʝʥʘ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 50Á20'-50Á25' ʧʽʚʥʽʯʥʦʾ 

ʰʠʨʦʪʠ ʪʘ 31Á30'-31Á40' ʩʭʽʜʥʦʾ ʜʦʚʛʦʪʠ. ʆʨʦʛʨʘʬʽʯʥʦ ʪʝʨʠʪʦʨʽʷ ʥʘʣʝʞʠʪʴ ʜʦ 

ʃʽʚʦʙʝʨʝʞʥʦ-ɼʥʽʧʨʦʚʩʴʢʦʾ ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ ʥʘ ɼʥʽʧʨʦʚʩʴʢʽʡ ʥʠʟʦʚʠʥʥʽʡ 
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ʪʝʨʘʩʦʚʽʡ ʨʽʚʥʠʥʽ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʘʙʦʨʦʟʯʣʝʥʦʚʘʥʦʶ ʧʣʘʩʪʦʚʦ-

ʘʢʫʤʫʣʷʪʠʚʥʦʶ ʨʽʚʥʠʥʦʶ ʟ ʢʦʤʧʣʝʢʩʦʤ ʟʘʧʣʘʚʥʠʭ ʪʘ ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ, 

ʟʘʙʦʣʦʯʝʥʠʤʠ ʜʦʣʠʥʘʤʠ ʨʨ. ʊʨʫʙʽʞ ʪʘ ʉʫʧʽʡ. ɸʙʩʦʣʶʪʥʽ ʚʠʩʦʪʠ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ 

ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 82,0 ʤ ʚ ʟʘʧʣʘʚʽ ʨ. ʊʨʫʙʽʞ, ʜʦ 141,0 ʤ ʙʣʠʞʯʝ ʜʦ ʚʦʜʦʜʽʣʫ ʨʽʯʦʢ 

ʅʝʜʨʘ ʪʘ ʉʫʧʽʡ. ʊʝʨʠʪʦʨʽʶ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʚʘʞʥʦ ʟʘʡʤʘʶʪʴ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ  [195,  196].  

 

ʈʠʩ. 2.3. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ  

Google Earth 

ʂʣʽʤʘʪ ʨʘʡʦʥʫ ʧʦʤʽʨʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʡ. ʍʘʨʘʢʪʝʨʥʠʤʠ ʻ ʪʝʧʣʠʡ ʣʽʪʥʽʡ 

ʧʝʨʽʦʜ ʪʘ ʤôʷʢʘ ʟʠʤʘ. ʉʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʽʯʥʷ -6,4Á, ʣʠʧʥʷ +19,2Á, ʄʽʥʽʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʽʯʥʷ ʩʪʘʥʦʚʠʪʴ -33Á, ʤʘʢʩʠʤʘʣʴʥʘ ʫ ʣʠʧʥʽ +34Á. ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ 

ʦʧʘʜʽʚ ʜʣʷ ʨʝʛʽʦʥʫ 490 ʤʤ.  

ʆʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ ɼʥʽʧʨʦʚʩʴʢʦʾ ʥʠʟʦʚʠʥʥʦʾ ʨʽʚʥʠʥʠ ʧʦʚôʷʟʘʥʽ ʟ 

ʜʽʷʣʴʥʽʩʪʶ ʣʴʦʜʦʚʠʢʦʚʠʭ ʪʘʣʠʭ ʚʦʜ ʪʘ ʬʦʨʤʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ ʨʽʟʥʦʚʽʢʦʚʠʭ ʪʝʨʘʩ 

ɼʥʽʧʨʘ [197]. ɿʘ ʩʭʝʤʦʶ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʷ ʧʦʣʽʛʦʥʫ 

ʥʘʣʝʞʠʪʴ ʜʦ ʧʝʨʝʭʽʜʥʠʭ ʧʽʚʥʽʯʥʦ-ʣʽʩʦʩʪʝʧʦʚʠʭ ʨʘʡʦʥʽʚ ʟʽ ʟʥʘʯʥʠʤ 

ʧʨʦʥʠʢʥʝʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʧʦʣʽʩʴʢʠʭ ʣʘʥʜʰʘʬʪʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʷʢʠʭ ʧʦʚôʷʟʫʻʪʴʩʷ 

ʟ ʽʩʥʫʶʯʠʤʠ ʚ ʤʠʥʫʣʦʤʫ ʟʥʘʯʥʠʤʠ ʦʟʝʨʥʠʤʠ ʙʘʩʝʡʥʘʤʠ ʪʘ ʧʦʥʠʞʝʥʠʤʠ 

ʟʘʙʦʣʦʯʫʚʘʥʠʤʠ ʜʽʣʷʥʢʘʤʠ. ɺ ʥʠʭ ʩʬʦʨʤʫʚʘʣʠʩʷ ʟʘʙʦʣʦʯʝʥʽ ʧʦʥʠʞʝʥʥʷ 

ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʷʢʽ ʤʽʩʮʷʤʠ ʟʣʠʚʘʶʪʴʩʷ ʟ ʩʫʯʘʩʥʠʤʠ ʨʽʯʢʘʤʠ 

ʊʨʫʙʝʞʝʤ, ʉʫʧʦʻʤ, ɸʣʴʪʦʻʤ ʪʘ ʽʥ. 
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ɺʠʙʽʨ ʮʽʻʾ ʜʽʣʷʥʢʠ ʜʣʷ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʙʫʚ ʦʙʫʤʦʚʣʝʥʠʡ: 1) 

ʽʩʥʫʚʘʥʥʷʤ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʧʪʠʤʘʣʴʥʠʭ ʜʣʷ ʋʢʨʘʾʥʠ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ 

ʪʘ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ (ʂʠʾʚʩʴʢʘ ʦʙʣʘʩʪʴ ʥʘʣʝʞʠʪʴ ʜʦ ʪʝʨʠʪʦʨʽʾ ʟ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷʤ ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ)  [188]; 2) 

ʙʘʛʘʪʦʨʽʯʥʠʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ; 3)  ʧʨʦʚʝʜʝʥʥʷʤ ʥʘ ʥʽʡ 

ʨʽʟʥʦʙʽʯʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ: ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ  [198], ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ 

[199], ʢʦʤʧʣʝʢʩʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʽ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʦʮʽʥʢʠ ʥʝʙʝʟʧʝʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʟʚôʷʟʢʫ ʟ ʏʦʨʥʦʙʠʣʴʩʴʢʦʶ ʘʚʘʨʽʻʶ [200-

202].  

ɺ ɹʘʨʠʰʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʧʝʨʝʚʘʞʘʶʪʴ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʽ ˇʨʫʥʪʠ, ʫ 

ʜʦʣʠʥʘʭ ʨʽʯʦʢ ï ʜʝʨʥʦʚʦ-ʛʣʝʡʦʚʽ, ʣʫʯʥʽ ʪʘ ʙʦʣʦʪʥʽ, ʧʨʦʪʝ ʫ ʤʝʞʘʭ ʧʦʣʽʛʦʥʫ 

ʨʦʟʚʠʥʝʥʽ ʯʦʨʥʦʟʝʤʠ (ʥʝʛʣʠʙʦʢʽ, ʩʣʘʙʢʦʛʫʤʫʩʥʽ, ʚʠʣʫʛʫʚʘʥʽ) ʪʘ ʣʽʩʦʩʪʝʧʦʚʽ 

ʩʣʘʙʢʦʛʫʤʫʩʥʽ ʯʦʨʥʦʟʝʤʠ. ʍʘʨʘʢʪʝʨʥʠʤʠ ʝʢʟʦʛʝʥʥʠʤʠ ʬʦʨʤʘʤʠ ʪʝʨʠʪʦʨʽʾ ʻ 

ʣʝʩʦʚʽ ʦʩʪʨʦʚʠ ʟ ʨʦʟʚʠʥʝʥʠʤʠ ʥʘ ʥʠʭ ʧʨʦʮʝʩʘʤʠ ʝʨʦʟʽʾ, ʟʘʙʦʣʦʯʝʥʽ ʤʘʩʠʚʠ, 

ʤʦʨʝʥʥʽ ʛʦʨʙʠ, ʣʝʩʦʚʠʜʥʽ ʩʫʛʣʠʥʢʠ, ʚʦʜʥʦʣʦɹʜʦʚʠʢʦʚʽ ʜʦʣʠʥʠ. 

2.2.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʝʨʝʚʘʞʥʫ ʯʘʩʪʠʥʫ ʪʝʨʠʪʦʨʽʾ ʟʘʡʤʘʶʪʴ ʯʦʨʥʦʟʝʤʠ ï ʥʝʛʣʠʙʦʢʽ, 

ʩʣʘʙʢʦʛʫʤʫʩʥʽ, ʚʠʣʫʛʫʚʘʥʽ ʪʘ ʥʝʛʣʠʙʦʢʽ ʣʽʩʦʩʪʝʧʦʚʽ, ʧʝʨʝʚʘʞʥʦ ʥʘ ʣʝʩʦʚʠʜʥʠʭ 

ʩʫʛʣʠʥʢʘʭ [188, 197].  

ɼʣʷ ʣʝʩʽʚ ʪʘ ʣʝʩʦʚʠʜʥʠʭ ʩʫʛʣʠʥʢʽʚ, ʷʢʽ ʟʘʡʤʘʶʪʴ 80% ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʪʘ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʨʦʩʘʜʦʚʠʭ ʧʦʨʽʜ, ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʨʦʤʠʚʥʠʡ ʚʦʜʥʠʡ ʨʝʞʠʤ. ɿʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ ʪʘʢʽ ʧʦʨʦʜʠ ʩʢʣʘʜʝʥʽ 50% ʧʠʣʫʚʘʪʠʭ ʯʘʩʪʦʢ, ʣʝʛʢʦ - 

ʪʘ ʩʝʨʝʜʥʴʦ-ʨʦʟʯʠʥʥʠʤʠ ʩʦʣʷʤʠ ʪʘ ʢʘʨʙʦʥʘʪʘʤʠ ʢʘʣʴʮʽʶ, ʤʘʶʪʴ ʧʘʣʝʚʠʡ (ʩʚʽʪʣʦ-

ʞʦʚʪʠʡ) ʢʦʣʽʨ, ʚʝʣʠʢʫ ʧʦʨʠʩʪʽʩʪʴ. ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʭ ʧʦʨʽʜ 

ʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʨʦʩʽʜʘʥʥʷ ʧʨʠ ʟʤʦʯʫʚʘʥʥʽ. 

ɼʣʷ ʧʨʦʩʽʜʘʥʥʷ ʥʝʦʙʭʽʜʥʠʤʠ ʫʤʦʚʘʤʠ ʻ: 1) ʥʘʷʚʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ 

ʧʨʠ ʚʦʣʦʛʦʤʫ ʩʪʘʥʽ ʧʝʨʝʚʠʱʫʻ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ (ʧʨʦʩʽʜʘʥʥʷ ˇʨʫʥʪʫ ʧʽʜ ʚʣʘʩʥʦʶ 

ʚʘʛʦʶ); 2) ʜʦʩʪʘʪʥʷ ʟʚʦʣʦʞʝʥʽʩʪʴ, ʧʨʠ ʷʢʽʡ ʟʥʠʞʫʻʪʴʩʷ ʤʽʮʥʽʩʪʴ ˇʨʫʥʪʫ; 

3) ʨʦʟʯʠʥʝʥʥʷ ʚʦʜʦʶ ʢʘʨʙʦʥʘʪʽʚ ʪʘ ʽʥʰʠʭ ʩʦʣʝʡ. 
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ʈʠʩ. 2.4. ʂʘʨʪʘ ˇʨʫʥʪʽʚ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʄʽʥʽʩʪʝʨʩʪʚʦ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʋʈʉʈ (37+103L ï ʯʦʨʥʦʟʝʤʠ ʥʝʛʣʠʙʦʢʽ, ʩʣʘʙʢʦʛʫʤʫʩʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘ ʣʝʩʦʚʠʭ 

ʧʦʨʦʜʘʭ, 33+36+103L ï ʯʦʨʥʦʟʝʤʠ ʥʝʛʣʠʙʦʢʽ ʩʣʘʙʢʦʛʫʤʫʩʥʽ ʚʠʣʫʛʦʚʘʥʽ 

ʧʝʨʝʚʘʞʥʦ ʥʘ ʣʝʩʦʚʠʭ ʧʦʨʦʜʘʭ) 

ʅʘ ʨʠʩ 2.4 ʞʦʚʪʠʤ ʧʨʷʤʦʢʫʪʥʠʢʦʤ ʚʠʦʢʨʝʤʣʝʥʦ ʜʽʣʷʥʢʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʜ 

ʧʦʟʥʘʯʝʥʥʷʤʠ ʥʘ ʢʘʨʪʽ 37+103L ï ʯʦʨʥʦʟʝʤʠ ʥʝʛʣʠʙʦʢʽ, ʩʣʘʙʢʦʛʫʤʫʩʥʽ 

ʧʝʨʝʚʘʞʥʦ ʥʘ ʣʝʩʦʚʠʭ ʧʦʨʦʜʘʭ, 33+36+103L ï ʯʦʨʥʦʟʝʤʠ ʥʝʛʣʠʙʦʢʽ 

ʩʣʘʙʢʦʛʫʤʫʩʥʽ ʚʠʣʫʛʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘ ʣʝʩʦʚʠʭ ʧʦʨʦʜʘʭ. ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʣʝʩʦʚʠʭ ʪʘ ʣʝʩʦʚʠʜʥʠʭ ʧʦʨʽʜ, ʥʘ ʷʢʠʭ ʬʦʨʤʫʶʪʴʩʷ ˇʨʫʥʪʠ ʟʘʩʪʦʩʦʚʘʥʦ 

ʧʦʟʥʘʯʝʥʥʷ L ʪʘ 103L, ʷʢʽ ʨʦʟʚʠʥʝʥʽ ʤʘʡʞʝ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʨʠʩ. 2.4. 

ʅʘ ʦʬʽʮʽʡʥʦʤʫ ʩʘʡʪʽ ɼʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ 

(https://map.land.gov.ua/) ʪʘ ʥʘ ʨʠʩ. 2.5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʝʨʞʘʚʥʫ ʧʫʙʣʽʯʥʫ ʢʘʨʪʫ 

ʋʢʨʘʾʥʠ. ʋ ʰʘʨʽ ˇʨʫʥʪʽʚ ʜʣʷ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʽ ʪʠʧʠ: 33 ï 

ʏʦʨʥʦʟʝʤʠ ʥʝʛʣʠʙʦʢʽ ʩʣʘʙʦʛʫʤʫʩʥʽ ʚʠʣʫʛʦʚʘʥʽ / ʏʦʨʥʦʟʝʤʠ ʥʝʛʣʠʙʦʢʽ 

ʤʘʣʦʛʫʤʫʩʥʽ ʚʠʣʫʛʦʚʘʥʽ / ʃʫʯʥʦ-ʯʦʨʥʦʟʝʤʥʽ ʛʣʠʙʦʢʦʚʠʣʫʛʦʚʘʥʽ (ʦʩʦʣʦʜʽʣʽ) 

ˇʨʫʥʪʠ ʟʘʧʘʜʠʥ; 34 ï ʏʦʨʥʦʟʝʤʠ ʥʝʛʣʠʙʦʢʽ ʤʘʣʦʛʫʤʫʩʥʽ / ʃʫʯʥʦ-ʯʦʨʥʦʟʝʤʥʽ 

ʛʣʠʙʦʢʦʚʠʣʫʛʦʚʘʥʽ (ʦʩʦʣʦʜʽʣʽ) ˇʨʫʥʪʠ ʟʘʧʘʜʠʥ; 37 ï ʏʦʨʥʦʟʝʤʠ ʛʣʠʙʦʢʽ 

ʩʣʘʙʦʛʫʤʫʩʦʚʘʥʽ / ʃʫʯʥʦ-ʯʦʨʥʦʟʝʤʥʽ ʛʣʠʙʦʢʦʚʠʣʫʛʦʚʘʥʽ (ʦʩʦʣʦʜʽʣʽ) ˇʨʫʥʪʠ 

ʟʘʧʘʜʠʥ; 40 ï ʏʦʨʥʦʟʝʤʠ ʛʣʠʙʦʢʽ ʤʘʣʦʛʫʤʫʩʥʽ / ʃʫʯʥʦ-ʯʦʨʥʦʟʝʤʥʽ 

https://map.land.gov.ua/
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ʛʣʠʙʦʢʦʚʠʣʫʛʦʚʘʥʽ (ʦʩʦʣʦʜʽʣʽ) ˇʨʫʥʪʠ ʟʘʧʘʜʠʥ. ɹʣʠʞʯʝ ʜʦ ʨ. ʅʝʜʨʘ ʨʦʟʪʘʰʦʚʘʥʽ 

138 ï ʊʦʨʬʦʚʠʱʘ ʥʠʟʠʥʥʽ ʪʘ 21 ï ʗʩʥʦ-ʩʽʨʽ ʦʧʽʜʟʦʣʝʥʽ ʦʛʣʝʻʥʽ ˇʨʫʥʪʠ / ʉʽʨʽ 

ʦʧʽʜʟʦʣʝʥʽ ʦʛʣʝʻʥʽ ˇʨʫʥʪʠ / ʊʦʨʬʦʚʦ-ʙʦʣʦʪʥʽ ˇʨʫʥʪʠ.  

 

ʈʠʩ. 2.5. ʂʘʨʪʘ ˇʨʫʥʪʽʚ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʏʦʨʥʦʟʝʤʠ ʪʠʧʦʚʽ, ʩʣʘʙʦʛʫʤʫʩʥʽ ʟʘʡʤʘʶʪʴ 227,7 ʪʠʩ. ʛʘ ʟʦʥʠ ʣʽʩʦʩʪʝʧʫ ʪʘ 

ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ, ʱʦ ʩʢʣʘʜʘʻ 47,1 % ʪʝʨʠʪʦʨʽʾ ʮʠʭ ʜʚʦʭ ʧʨʠʨʦʜʥʠʭ ʟʦʥ. ɿ 

ʥʠʭ ʥʘ ʨʽʣʣʶ ʧʨʠʧʘʜʘʻ 192,8 ʪʠʩ. ʛʘ, ʱʦ ʩʪʘʥʦʚʠʪʴ 52,2 % ʪʝʨʠʪʦʨʽʾ [203]. ʅʘ 

ʪʝʨʠʪʦʨʽʾ ʣʽʩʦʩʪʝʧʦʚʦʾ ʪʘ ʩʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ ʧʝʨʝʚʘʞʘʶʪʴ ʯʦʨʥʦʟʝʤʠ, ʜʣʷ 

ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʦʶ ʻ ʟʝʨʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʢʨʫʧʥʦʧʠʣʫʚʘʪʘ ʬʨʘʢʮʽʷ. ʌʨʘʢʮʽʾ 

ʤʝʭʘʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʧʦʜʽʣʝʥʦ ʨʽʚʥʦʤʽʨʥʦ ʟʘ ʚʝʨʪʠʢʘʣʴʥʠʤ ʧʨʦʬʽʣʝʤ, ʩʝʨʝʜ 

ʷʢʠʭ 54-57 % ʢʨʫʧʥʦʛʦ ʧʠʣʫ ʪʘ 20-24 % ʤʫʣʫ. 

ɿʘ ʤʦʨʬʦʣʦʛʽʻʶ ʜʣʷ ʯʦʨʥʦʟʝʤʽʚ ʪʠʧʦʚʠʭ ʤʘʣʦʛʫʤʫʩʥʠʭ ʥʘ ʣʝʩʦʚʠʭ 

ʚʽʜʢʣʘʜʘʭ ʭʘʨʘʢʪʝʨʥʽ ʯʽʪʢʦ ʩʬʦʨʤʦʚʘʥʽ ʛʦʨʠʟʦʥʪʠ, ʪʘ ʤʘʡʞʝ ʚʝʩʴ ʧʨʦʬʽʣʴ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʝʨʝʨʠʪʠʡ ʟʝʤʣʝʨʠʷʤʠ, ʱʦ ʥʘʜʘʻ ʨʠʭʣʦʩʪʽ. ɼʣʷ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʯʦʨʥʦʟʝʤʠ ʤʘʣʦʛʫʤʫʩʥʽ (4-6 %) ʪʘ ʩʣʘʙʦʛʫʤʫʩʥʽ (<4 %). ɼʣʷ 

ʧʨʦʬʽʣʶ ʪʠʧʦʚʠʭ ʯʦʨʥʦʟʝʤʽʚ ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʟʤʝʥʰʝʥʥʷ ʟ ʛʣʠʙʠʥʦʶ 

ʛʫʤʫʩʦʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʽ ʢʘʨʙʦʥʘʪʽʚ, ʱʦ ʤʦʞʝ ʟʘʪʫʰʦʚʫʚʘʪʠ ʤʝʞʽ ʛʝʥʝʪʠʯʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ. ɿʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ ʧʝʨʝʚʘʞʘʶʪʴ ʤʘʣʦʛʫʤʫʩʥʽ ʯʦʨʥʦʟʝʤʠ, 

ʣʝʛʢʦʩʫʛʣʠʥʢʦʚʽ ʽ ʩʝʨʝʜʥʴʦʩʫʛʣʠʥʢʦʚʽ (ʨʦʟʤʽʨ ʯʘʩʪʦʢ 0,25-0,01 ʤʤ) [204]. 
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ʏʦʨʥʦʟʝʤʠ ʤʘʶʪʴ ʪʝʤʥʝ ʟʘʙʘʨʚʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʤʽʩʪʷʪʴ ʛʫʤʫʩ. ʇʦʪʫʞʥʠʡ 

ʛʫʤʫʩʦʚʠʡ ʛʦʨʠʟʦʥʪ, ʩʬʦʨʤʦʚʘʥʠʡ ʥʘ ʯʦʨʥʦʟʝʤʘʭ ʪʠʧʦʚʠʭ ʧʽʜ ʚʧʣʠʚʦʤ 

ʨʽʟʥʦʪʨʘʚʥʦ-ʢʦʚʠʣʦʚʠʭ ʙʽʦʮʝʥʦʟʽʚ ʽ ʦʨʛʘʥʽʯʥʠʤ ʪʘ ʝʦʣʦʚʠʤ ʧʦʩʪʫʧʣʝʥʥʷʤ 

ʣʝʩʦʚʠʭ ʚʽʜʢʣʘʜʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʨʽʩʪ ˇʨʫʥʪʫ ʚʚʝʨʭ [203]. ʅʘ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʯʦʨʥʦʟʝʤʠ ʚʠʣʫʛʦʚʘʥʽ. ɺʠʣʫʛʦʚʘʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʤʠʚʘʥʥʷʤ ʢʘʨʙʦʥʘʪʽʚ ʢʘʣʴʮʽʶ, ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʦʟʥʘʢ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʧʨʦʬʽʣʶ ʟʘ ʝʣʶʚʽʘʣʴʥʦ-

ʽʣʶʚʽʘʣʴʥʠʤ (E-I) ʪʠʧʦʤ. ɺʠʣʫʛʦʚʘʥʽ ʯʦʨʥʦʟʝʤʠ ʻ ʧʝʨʝʭʽʜʥʠʤʠ ʤʽʞ ʪʠʧʦʚʠʤʠ ʪʘ 

ʦʧʽʜʟʦʣʝʥʠʤʠ ʯʦʨʥʦʟʝʤʘʤʠ. ɺʽʜ ʪʠʧʦʚʠʭ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʤʠʪʠʤʠ ʫ ʥʠʞʥʽʡ 

(110-130 ʩʤ) ʧʝʨʝʭʽʜʥʠʡ ʛʦʨʠʟʦʥʪ (ʈʅʢ) ʢʘʨʙʦʥʘʪʘʤʠ. ʇʨʠʨʦʜʥʘ ʨʦʜʶʯʽʩʪʴ 

ʚʠʣʫʛʦʚʘʥʠʭ ʯʦʨʥʦʟʝʤʽʚ ʚʠʱʘ ʟʘ ʪʠʧʦʚʽ ʯʦʨʥʦʟʝʤʠ [203]. 

ˆʨʫʥʪʦʚʠʡ ʧʨʦʬʽʣʴ ʯʦʨʥʦʟʝʤʽʚ, ʨʦʟʚʠʥʝʥʠʭ ʥʘ ʣʝʩʦʚʠʭ ʧʦʨʦʜʘʭ, ʜʣʷ 

ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ, ̫ ʢ ʧʨʘʚʠʣʦ, ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ  ʨʠʩ.  2.6: 

 

ʈʠʩ. 2.6. ʇʨʠʢʣʘʜʠ ˇʨʫʥʪʦʚʠʭ ʧʨʦʬʽʣʽʚ: ʘ) ʯʦʨʥʦʟʝʤ ʪʠʧʦʚʠʡ [205]; ʙ) 

ʯʦʨʥʦʟʝʤʠ ʪʠʧʦʚʠʡ (ʬʦʪʦ) [206]; ʚ) ʯʦʨʥʦʟʝʤʠ ʚʠʣʫʛʦʚʘʥʽ [207] 

H ï ʛʫʤʫʩʦʚʠʡ ʛʦʨʠʟʦʥʪ ʪʝʤʥʦ-ʩʽʨʠʡ, ʫ ʚʦʣʦʛʦʤʫ ʩʪʘʥʽ ʤʘʡʞʝ ʯʦʨʥʠʡ ʤʘʻ 

ʛʨʫʜʢʫʚʘʪʦ-ʟʝʨʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʤʽʩʪʠʪʴ ʯʝʨʚʦʨʠʾʥʠ, ʭʦʜʠ ʟʝʤʣʝʨʦʾʚ, ʫ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ ʰʘʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʢʘʨʙʦʥʘʪʠ, ʧʝʨʝʭʽʜ ʻ ʧʦʩʪʫʧʦʚʠʤ, ʧʨʠʙʣʠʟʥʘ ʛʣʠʙʠʥʘ 



78 

 

ʩʢʣʘʜʘʻ 0-25 ʩʤ, ʥʘʡʙʽʣʴʰʝ ʧʨʠʩʫʪʥʽ ʯʘʩʪʢʠ ʨʦʟʤʽʨʦʤ 0,25-0,01 ʤʤ, ʙʽʣʴʰʘ 

ʯʘʩʪʠʥʘ ʩʢʣʘʜʘʻ ʬʽʟʠʯʥʠʡ ʧʽʩʦʢ (ʙʽʣʷ 77 %, >0,01), ʤʝʥʰʘ ʬʽʟʠʯʥʫ ʛʣʠʥʫ (ʙʽʣʷ 

23 %, <0,01), ʚʤʽʩʪ ʛʫʤʫʩʫ 2,69 % (88,09 ʪ/ʛʘ); 

ʅ-ʅʈʢ ï ɻʫʤʫʩʦʚʠʡ ʧʝʨʝʭʽʜʥʠʡ ʛʦʨʠʟʦʥʪ, ʪʝʤʥʦ-ʩʽʨʠʡ ʽʟ ʢʦʨʠʯʥʝʚʠʤ 

ʢʦʣʴʦʨʦʤ, ʤʘʻ ˇʨʫʜʢʫʚʘʪʦ-ʛʦʨ̔ʭʫʚʘʪʫ ʩʪʨʫʢʪʫʨʫ, ʛʣʠʙʠʥʘ ʛʦʨʠʟʦʥʪʫ 25-35 ʩʤ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ˇʨʫʜʦʢ ʨʦʟʤʽʨʦʤ 0,25-0,05 ʤʤ, ʚʤʽʩʪ ʛʫʤʫʩʫ 2,3 % 

(28,75  ʪ/ʛʘ); 

ʅʈʢ-ʈhʢ ï ɺʝʨʭʥʽʡ ʪʝʤʥʦ-ʩʽʨʠʡ, ʙʫʚʘʻ ʩʣʘʙʢʠʡ ʙʫʨʠʡ ʚʽʜʪʽʥʦʢ, ʛʦʨʽʭʫʚʘʪʘ 

ʩʪʨʫʢʪʫʨʘ, ʫʱʽʣʴʥʝʥʠʡ, ʛʣʠʙʠʥʘ ʛʦʨʠʟʦʥʪʫ ʩʢʣʘʜʘʻ 35-45 ʩʤ, ʨʦʟʤʽʨ 

ʛʨʫʜʢʫʚʘʪʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʬʽʟʠʯʥʠʡ ʧʽʩʦʢ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 75 % 

(>0,01), ʬʽʟʠʯʥʘ ʛʣʠʥʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 24-25 % (<0,01), ʚʤʽʩʪ ʛʫʤʫʩʫ 2,18 

(25,5  ʪ/ʛʘ); 

Phʢ-Pʢ ï ʇʝʨʝʭʽʜʥʠʡ ʥʠʞʥʽʡ, ʪʝʤʥʦ-ʙʫʨʦʛʦ ʢʦʣʴʦʨʫ ʰʘʨ, ʤʘʻ ʛʨʫʜʢʫʚʘʪʦ-

ʧʨʠʟʤʘʪʦʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʥʘ ʛʣʠʙʠʥʽ ʙʽʣʷ 50 ʩʤ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʤʽʪʥʽ ʢʘʨʙʦʥʘʪʠ, 

ʧʨʠ ʛʣʠʙʠʥʽ 70 ʩʤ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʩʽʨʫʚʘʪʦ-ʧʘʣʴʦʚʠʡ ʚʽʜʪʽʥʦʢ, ʷʢʠʡ ʻ ʧʝʨʝʭʽʜʥʠʤ 

ʜʦ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʨʦʜʠ, ʛʣʠʙʠʥʘ ʩʢʣʘʜʘʻ 45-120 ʩʤ, ʧʝʨʝʚʘʞʘʶʪʴ ʢʽʣʴʢʽʩʪʴ 

ʯʘʩʪʦʢ 0,25-0,05 ʤʤ ʚʤʽʩʪ ʛʫʤʫʩʫ 1,78 (161,04 ʪ/ʛʘ); 

Pʢ ï ʧʽʜʩʪʠʣʘʶʯʘ ʧʦʚʝʨʭʥʷ - ʣʝʩʦʚʠʜʥʠʡ ʩʫʛʣʠʥʦʢ, ʧʘʣʝʚʦ-ʙʫʨʠʡ ʘʙʦ 

ʧʘʣʝʚʦʛʦ ʢʦʣʴʦʨʫ, ʛʣʠʙʠʥʘ ʛʦʨʠʟʦʥʪʫ ʩʢʣʘʜʘʻ 120-135 ʩʤ, ʬʽʟʠʯʥʠʡ ʧʽʩʦʢ 

ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 73 % (>0,01), ʬʽʟʠʯʥʘ ʛʣʠʥʘ ʟʨʦʩʪʘʻ ʜʦ 26-27 % (<0,01). 

ɺ ʯʦʨʥʦʟʝʤʘʭ ʥʘʷʚʥʘ ʚʠʩʦʢʘ ʧʦʨʠʩʪʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʚ ʛʫʤʫʩʦʚʠʭ ʛʦʨʠʟʦʥʪʘʭ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʭʦʨʦʰʠʡ ʚʦʜʥʠʡ ʪʘ ʧʦʚʽʪʨʷʥʠʡ ʨʝʞʠʤ [208]. 

ʆʨʥʠʡ ʰʘʨ ʯʦʨʥʦʟʝʤʫ ʤʘʣʦʛʫʤʫʩʥʦʛʦ ʻ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ɿʘ ʧʨʦʬʽʣʝʤ ʢʽʣʴʢʽʩʪʴ ʧʽʩʢʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ 

ʢʽʣʴʢʽʩʪʴ ʤʫʣʫʚʘʪʠʭ ʯʘʩʪʦʢ ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ʉʝʨʝʜ ʫʩʽʭ ʪʠʧʽʚ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʝʨʝʚʘʞʘʶʪʴ 

ʚʦʜʥʘ ʧʣʦʱʠʥʥʘ ʝʨʦʟʽʷ, ʧʨʦʩʽʜʘʥʥʷ (ʩʫʬʦʟʽʷ), ʟʘʙʦʣʦʯʫʚʘʥʥʷ, ʚʠʣʫʛʦʚʫʚʘʥʥʷ,  

ɿʘ ʨʘʭʫʥʦʢ ʧʨʦʩʽʜʘʥʥʷ ˇʨʫʥʪʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟ'ʷʚʣʷʶʪʴʩʷ ʤʽʢʨʦʟʘʧʘʜʠʥʥʽ 

ʬʦʨʤʠ ʨʝʣʴʻʬʫ ï ʧʦʥʠʞʝʥʽ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʧʝʨʽʦʜʠʯʥʦ ʟʘʧʦʚʥʶʶʪʴʩʷ 

ʚʦʜʦʶ. 
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ʋ ʮʝʥʪʨʽ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ ʟʘ ʧʫʙʣʽʯʥʦʶ ʢʘʜʘʩʪʨʦʚʫ ʢʘʨʪʦʶ 

ˇʨʫʥʪ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʷʢ ʣʫʯʥʦ-ʯʦʨʥʦʟʝʤʥʠʡ ʛʣʠʙʦʢʦʚʠʣʫʛʦʚʘʥʠʡ (ʦʩʦʣʦʜʽʣʠʡ) 

ˇʨʫʥʪ ʟʘʧʘʜʠʥ. ʃʫʯʥʦ-ʯʦʨʥʦʟʝʤʥʠʡ ˇʨʫʥʪ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʧʦʥʠʟʟʷ, ʜʝ ˇʨʫʥʪʦʚʽ 

ʚʦʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʛʣʠʙʠʥʘʭ 2-4 ʤ. ɻʣʠʙʠʥʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, ʪʘ ʤʦʞʝ ʧʦʥʠʞʫʚʘʪʠʩʷ ʧʨʠ ʥʝʜʦʩʪʘʪʥʽʡ ʾ ʭ ʢʽʣʴʢʦʩʪʽ. ʗʢ ʧʨʘʚʠʣʦ 

ʫ ˇʨʫʥʪʦʪʚʦʨʥʽʡ ʧʦʨʦʜʽ ʪʘʢʦʛʦ ʪʠʧʫ ʚʠʨʘʞʝʥʠʡ ʧʨʦʮʝʩ ʦʛʣʝʻʥʥʷ. ʇʦʪʫʞʥʽʩʪʴ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʫ (ʅ+ʅʨ) ʧʨʠʙʣʠʟʥʦ 80-90 ʩʤ. ɿʘ ʤʝʭʘʥʽʯʥʠʤ ʩʢʣʘʜʦʤ ʮʝʡ 

ʨ̌ʫʥʪ ʧʠʣʫʚʘʪʦ-ʩʫʧʽʱʘʥʠʡ. [209]. 

2.2.3 ɻʝʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ  

ʊʝʨʠʪʦʨʽʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʛʝʦʣʦʛʽʯʥʦʶ ʙʫʜʦʚʦʶ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʟʘʢʨʠʪʠʭ ʨʘʡʦʥʽʚ ʟ ʙʫʜʦʚʦʶ ʩʝʨʝʜʥʴʦʾ ʩʢʣʘʜʥʦʩʪʽ ʯʝʪʚʝʨʪʠʥʥʦʛʦ 

ʽ ʜʦʯʝʪʚʝʨʪʠʥʥʦʛʦ ʜʚʦʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʷʨʫʩʽʚ. ɼʽʣʷʥʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʤʫ ʙʦʨʪʫ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ, ɯʥʛʫʣʝʮʴʢʦʛʦ 

ʤʝʛʘʙʣʦʢʘ ʋʢʨʘʾʥʩʴʢʦʛʦ ʑʠʪʘ. 

ʊʝʨʠʪʦʨʽʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʦʧʠʩʘʥʘ ʟʘ ɼʝʨʞʘʚʥʦʶ 

ʛʝʦʣʦʛʽʯʥʦʶ ʢʘʨʪʦʶ ʘʨʢʫʰʘ M-36-XIV  (ʇʝʨʝʷʩʣʘʚ-ʍʤʝʣʴʥʠʮʴʢʠʡ) 2009 ʨʦʢʫ ʥʘ, 

ʚʠʢʦʥʘʥʦʾ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʃʽʚʦʙʝʨʝʞʥʦʾ ɻɿʇ ʎʈɻɼ ʇɼʈɻʇ çʇʽʚʥʽʯʛʝʦʣʦʛʽʷè, 

ʎʝʥʪʨʫ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʛʝʦʣʦʛʦ-ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʇɼʈɻʇ 

çʇʽʚʥʽʯʛʝʦʣʦʛʽʷè, ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠ. ɻʝʦʣʦʛʦʟʥʽʤʘʣʴʥʽ ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʫ 

ʤʘʩʰʪʘʙʽ 1:200 000 [210]. 

ɻʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʘʶʪʴ ʜʦʢʝʤʙʨʽʡʩʴʢʽ 

ʢʨʠʩʪʘʣʽʯʥʽ ʫʪʚʦʨʝʥʥʷ ʽ ʧʦʪʫʞʥʘ ʪʦʚʱʘ ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ. ʋ ʩʢʣʘʜʽ ʧʨʠʩʫʪʥʽ 

ʩʠʩʪʝʤʠ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ, ʧʝʨʤʩʴʢʠʭ, ʪʨʽʘʩʦʚʠʭ, ʶʨʩʴʢʠʭ, ʢʨʝʡʜʦʚʠʭ, 

ʥʝʦʛʝʥʦʚʠʭ ʪʘ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ. ʅʘ ʨʠʩ. 2.7 ʚʽʜʦʙʨʘʞʝʥʦ ʩʪʨʘʪʠʛʨʘʬʽʯʥʫ 

ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʧʦʣʽʛʦʥʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ: ʌʘʥʝʨʦʟʦʡʩʴʢʫ ʝʦʥʦʪʝʤʫ, 

ʂʘʡʥʦʟʦʡʩʴʢʫ ʝʨʘʪʝʤʫ, ʯʝʪʚʝʨʪʠʥʥʫ ʩʠʩʪʝʤʫ, ʛʦʣʦʮʝʥʦʚʠʡ ʚʽʜʜʽʣ.  

ʏʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ ʪʝʨʠʪʦʨʽʾ ʤʘʶʪʴ ʨʽʟʥʽ ʣʽʪʦʣʦʛʦ-ʛʝʥʝʪʠʯʥʽ ʪʠʧʠ. 

ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.8 ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ 
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ʋʢʨʘʾʥʩʴʢʦʾ ʧʣʘʪʬʦʨʤʝʥʦʾ ʨʽʚʥʠʥʠ (ɺ) ï ʃʝʩʦʚʦʾ ʦʙʣʘʩʪʽ (ɺ-ɯɯ) ï ɼʥʽʧʨʦʚʩʴʢʦʾ 

ʣʝʩʦʚʦ-ʘʣʶʚʽʘʣʴʥʦʾ ʧʽʜʦʙʣʘʩʪʽ (ɺ-ɯɯ-7) ï ʪʘ ʈʘʡʦʥʫ ʤʦʨʝʥʥʠʭ ʪʝʨʘʩ (ɺ-ɯɯ-7-ʙ). 

ʋ ʨʘʡʦʥʽ ʤʦʨʝʥʥʠʭ ʪʝʨʘʩ ʧʦʰʠʨʝʥʽ ʩʫʙʘʢʚʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʥʠʞʥʴʦʛʦ ʪʘ 

ʩʝʨʝʜʥʴʦʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ, ʧʝʨʝʚʘʞʥʦ ʘʣʶʚʽʘʣʴʥʦ-ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʽ, 

ʘʣʶʚʽʘʣʴʥʽ, ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʽ, ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʦʨʝʥʥʽ ʫʪʚʦʨʝʥʥʷ 

ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʣʴʦʜʦʚʠʢʘ. ɺʩʝ ʮʝ ʩʢʣʘʜʘʻ ʧʦʪʫʞʥʫ ʪʦʚʱʫ ʜʦ 18 ʤ ʝʣʶʚʽʘʣʴʥʠʭ ʪʘ 

ʝʦʣʦʚʦ-ʜʝʣʶʚʽʘʣʴʥʠʭ ʩʝʨʝʜʥʴʦ-ʚʝʨʭʥʴʦʧʣʝʡʩʪʦʮʝʥʦʚʠʭ ʣʝʩʦʚʠʭ ʩʫʛʣʠʥʢʽʚ. 

ʇʦʪʫʞʥʽʩʪʴ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 40-60 ʤ, ʘʙʩʦʣʶʪʥʽ 

ʚʽʜʤʽʪʢʠ ʧʦʚʝʨʭʥʽ 120-138 ʤ. 

 

ʈʠʩ. 2.7. ʌʨʘʛʤʝʥʪ ʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʽ ʢʘʨʪʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʪʘ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʚʽʜʢʣʘʜʽʚ. ʄʘʩʰʪʘʙ 1:200 000. ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʘ ʩʝʨʽʷ. M-36-XIV  

(ʇʝʨʝʷʩʣʘʚ-ʍʤʝʣʴʥʠʮʴʢʠʡ) [210] 
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ʈʠʩ. 2.8. ʉʭʝʤʘ ʨʘʡʦʥʫʚʘʥʥʷ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ [210] 

ʅʠʞʥʶ ʣʘʥʢʫ ʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʩʢʣʘʜʘʶʪʴ ʘʣʶʚʽʘʣʴʥʽ ʪʘ 

ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʽ ʚʽʜʢʣʘʜʠ ʪʠʛʫʣʴʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ, ʷʢ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.9 

ʪʘ 2.10.  

ɸʣʶʚʽʘʣʴʥʽ ʪʘ ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʽ ʚʽʜʢʣʘʜʠ (a,fPItl) ʤʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ ʧʦʥʘʜ 

25 ʤ, ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʩʢʘʤʠ ʩʚʽʪʣʦ-ʩʽʨʠʤʠ, ʧʫʭʢʠʤʠ, ʩʠʧʫʯʠʤʠ, ʢʚʘʨʮʦʚʠʤʠ, 

ʧʨʦʰʘʨʢʘʤʠ ʧʦʣʴʦʚʦʰʧʘʪʦ-ʢʚʘʨʮʦʚʠʤʠ, ʚ ʧʽʜʦʰʚʽ ʟ ʜʦʤʽʰʢʘʤʠ ʛʣʘʫʢʦʥʽʪʫ. 

ʇʽʩʢʠ ʨʽʟʥʦʟʝʨʥʠʩʪʽ ʚʽʜ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʜʦ ʛʨʫʙʦ- ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʭ. ʋ ʧʽʜʦʰʚʽ 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʦʰʘʨʦʢ ʧʽʩʢʫ ʛʨʫʙʦʟʝʨʥʠʩʪʦʛʦ, ʧʦʛʘʥʦ ʩʦʨʪʦʚʘʥʦʛʦ, ʟ ʛʨʘʚʽʻʤ ʽ 

ʜʨʽʙʥʦʶ ʛʘʣʴʢʦʶ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ. ɺ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʚʢʣʶʯʝʥʥʷ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ï ʤʝʨʛʝʣʽʚ, ʘʣʝʚʨʠʪʽʚ, ʧʽʩʢʦʚʠʢʽʚ, ʽʥʦʜʽ ʧʽʱʘʥʠʭ 

ʬʦʩʬʦʨʠʪʽʚ. ɼʣʷ ʪʠʣʽʛʫʣʴʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ ʭʘʨʘʢʪʝʨʥʘ ʜʚʦʯʣʝʥʥʘ ʙʫʜʦʚʘ: 

ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʩʢʣʘʜʝʥʘ ʙʽʣʴʰ ʛʨʫʙʦʟʝʨʥʠʩʪʠʤʠ ʧʽʱʘʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʟ 

ʧʨʦʰʘʨʢʘʤʠ ʩʣʘʙʢʦ ʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ, ʚʝʨʭʥʷ ï ʜʨʽʙʥʦ-, ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʤʠ 

ʧʽʩʢʘʤʠ, ʯʘʩʪʦ ʛʣʠʥʠʩʪʠʤʠ. 



82 

 

 

ʈʠʩ. 2.9. ɻʦʨʠʟʦʥʪʘʣʴʥʠʡ ʨʦʟʨʽʟ ʧʦ ʣʽʥʽʾ ɸ2-ɸ3. ʌʨʘʛʤʝʥʪ ʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʽ 

ʢʘʨʪʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʪʘ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ. ʄʘʩʰʪʘʙ 1:200 000. 

ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʘ ʩʝʨʽʷ. M-36-XIV  (ʇʝʨʝʷʩʣʘʚ-ʍʤʝʣʴʥʠʮʴʢʠʡ) [210] 

ʉʝʨʝʜʥʷ ʣʘʥʢʘ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ ʩʢʣʘʜʝʥʘ: ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʠʤʠ ʪʘ ʦʟʝʨʥʦ-

ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʥʘʜʤʝʦʨʝʥʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ, ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʚʽʜʢʣʘʜʘʤʠ, ʘ ʪʘʢʦʞ 

ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʧʽʜʤʦʨʝʥʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ. 

ɿʘʚʘʜʽʚʩʴʢʠʡ ʢʣʽʤʘʪʦʣʽʪ ʩʝʨʝʜʥʴʦʾ ʣʘʥʢʠ ʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ 

ʩʢʣʘʜʝʥʠʡ ʘʣʶʚʽʘʣʴʥʠʤʠ, ʘʣʶʚʽʘʣʴʥʦ-ʦʟʝʨʥʠʤʠ ʪʘ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʠʤʠ 

ʚʽʜʢʣʘʜʘʤʠ. ʄʦʨʝʥʥʽ ʚʽʜʢʣʘʜʠ ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ ʚʠʭʦʜʷʪʴ ʥʘ ʜʝʥʥʫ 

ʧʦʚʝʨʭʥʶ ʥʘ ʢʨʫʪʠʭ ʩʭʠʣʘʭ ʙʘʣʦʢ ʪʘ ʚ ʜʦʣʠʥʽ ʨ. ʉʫʧʽʡ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ 

ʘʣʶʚʽʘʣʴʥʽ ʽ ʦʟʝʨʥʦ-ʘʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʟʘʚʘʜʽʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ ʪʘ ʣʴʦʜʦʚʠʢʦʚʽ, 

ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʽ ʽ ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʽ ʫʪʚʦʨʝʥʥʷ ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ 

(ʨʠʩ.  2.9, 2.10, 2.11).  
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ʈʠʩ. 2.10. ʉʭʝʤʘ ʙʫʜʦʚʠ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʜʽʣʷʥʢʠ ɺ-ɯɯ-7-ʙ [210] 

 

 

ʈʠʩ. 2.11. ʊʠʧʦʚʽ ʣʽʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʢʦʣʦʥʢʠ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ. 

ɺʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʨʽʟ. ʄʘʩʰʪʘʙ 1:2000 [210] 

ʌʨʘʛʤʝʥʪʘʨʥʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʤʘʶʪʴ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʽ ʚʽʜʢʣʘʜʠ (IbPIIzv), ʷʢʽ 

ʟʘʣʷʛʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʣʽʥʟ ʽ ʧʨʦʰʘʨʢʽʚ ʩʝʨʝʜ ʘʣʶʚʽʘʣʴʥʠʭ ʘʙʦ ʘʣʶʚʽʘʣʴʥʦ-ʦʟʝʨʥʠʭ 
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ʫʪʚʦʨʝʥʴ. ɺʦʥʠ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʧʦʥʠʞʝʥʠʭ ʜʽʣʷʥʦʢ ʪʝʨʘʩʠ ʽ ʛʝʥʝʪʠʯʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʦʟʝʨʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ, ʷʢʽ ʾʭ ʧʽʜʩʪʠʣʘʶʪʴ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʩʫʛʣʠʥʢʘʤʠ ʙʫʨʠʤʠ, 

ʩʽʨʫʚʘʪʦ-ʙʫʨʠʤʠ, ʩʽʨʠʤʠ, ʩʝʨʝʜʥʽʤʠ, ʟ ʧʨʦʰʘʨʢʘʤʠ ʪʦʨʬʫ. ɺʽʜʢʣʘʜʠ ʩʠʣʴʥʦ 

ʥʘʩʠʯʝʥʽ ʨʝʰʪʢʘʤʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʧʨʽʩʥʦʚʦʜʥʠʭ ʤʦʣʶʩʢʽʚ, ʜʝʱʦ ʤʝʥʰʝ ï ʫʣʘʤʢʘʤʠ 

ʚʫʛʣʝʬʽʢʦʚʘʥʦʾ ʜʝʨʝʚʠʥʠ. ʇʦʪʫʞʥʽʩʪʴ ʚʽʜʢʣʘʜʽʚ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 1,5-5 ʤ. 

ɸʣʶʚʽʘʣʴʥʦ-ʦʟʝʨʥʽ ʚʽʜʢʣʘʜʠ (alPIIzv) ʨʘʟʦʤ ʟ ʘʣʶʚʽʘʣʴʥʠʤʠ ʬʦʨʤʫʶʪʴ ʧôʷʪʫ 

(ʭʘʜʞʠʙʝʡʩʴʢʫ) ʥʘʜʟʘʧʣʘʚʥʫ ʪʝʨʘʩʫ ɼʥʽʧʨʘ. ʇʝʨʝʢʨʠʚʘʶʪʴʩʷ ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʠʤʠ 

ʘʙʦ ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ ʪʘ ʟʘʣʷʛʘʶʪʴ 

ʧʝʨʝʚʘʞʥʦ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ. ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ ʢʦʣʠʚʘʶʪʴʩʷ ʚ 

ʤʝʞʘʭ 84-90 ʤ. ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʢʣʘʜʘʻ 18 ʤ, ʪʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 

ʧʝʨʝʟʘʛʣʠʙʣʝʥʠʭ ʜʽʣʷʥʦʢ ʪʝʨʘʩʠ, ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦʪʫʞʥʽʩʪʴ 6-8 ʤ. ɺʽʜʢʣʘʜʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʫʛʣʠʥʢʘʤʠ ʩʽʨʠʤʠ, ʪʝʤʥʫʚʘʪʦ-ʩʽʨʠʤʠ, ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʠʤʠ, ʩʝʨʝʜʥʽʤʠ, 

ʱʽʣʴʥʠʤʠ, ʟ ʧʨʦʰʘʨʢʘʤʠ ʩʫʧʽʩʢʽʚ ʽ ʧʽʩʢʽʚ. ɺ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ ʚʠʜʽʣʷʶʪʴʩʷ 

ʧʽʩʢʠ ʧʦʣʴʦʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʽ, ʩʝʨʝʜʥʴʦ-ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ, ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ 

ʰʘʨʫʚʘʪʽʩʪʶ, ʛʣʠʥʠʩʪʽ, ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫʣʘʤʢʠ ʚʫʛʣʝʬʽʢʦʚʘʥʦʾ ʜʝʨʝʚʠʥʠ. 

ɸʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʟʘʚʜʽʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ, ʭʘʜʞʠʙʝʡʩʴʢʠʡ ʩʪʫʧʽʥʴ 

(a5PIIzv) ʚ ʤʝʞʘʭ ʨʘʡʦʥʫ çʄʦʨʝʥʥʠʭ ʪʝʨʘʩè ʟʘʣʷʛʘʶʪʴ ʧʣʘʱʝʧʦʜʽʙʥʦ ʪʘ ʩʢʣʘʜʘʶʪʴ 

ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʧôʷʪʦʾ (ʭʘʜʞʠʙʝʡʩʴʢʦʾ) ʥʘʜʟʘʧʣʘʚʥʦʾ ʪʝʨʘʩʠ ɼʥʽʧʨʘ. ɺʽʜʢʣʘʜʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʽʣʴʢʠ ʚ ʨʦʟʨʽʟʘʭ ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʥʝ ʤʘʶʪʴ ʚʠʭʦʜʫ ʥʘ ʧʦʚʝʨʭʥʶ. 

ɿʘʣʷʛʘʶʯʠ ʽʟ ʨʦʟʤʠʚʦʤ ʥʘ ʩʫʙʘʢʚʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʪʠʛʫʣʴʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ. 

ʄʘʶʪʴ ʧʝʨʝʢʨʠʪʪʷ ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʪʘ ʚʦʜʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʚʽʜʢʣʘʜʘʤʠ 

ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ, ʽʥʦʜʽ ʘʣʶʚʽʘʣʴʥʦ-ʦʟʝʨʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʟʘʚʘʜʽʚʩʴʢʦʛʦ 

ʢʣʽʤʘʪʦʣʽʪʫ. ʂʦʣʠʚʘʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʤʽʪʦʢ ʧʽʜʦʰʚʠ ʩʪʘʥʦʚʠʪʴ 76-84 ʤ. 

ʇʦʪʫʞʥʽʩʪʴ ʚʽʜʢʣʘʜʽʚ ʩʪʘʥʦʚʠʪʴ 2-4 ʤ. ɺ ʤʽʩʮʷʭ, ʜʝ ʚʧʣʠʚ ʣʴʦʜʦʚʠʢʘ ʙʫʚ ʥʝʟʥʘʯʥʠʡ 

ʪʘ ʚ ʤʽʩʮʷʭ ʝʨʦʜʦʚʘʥʠʭ ʜʥʽʧʨʦʚʩʴʢʠʤ ʣʴʦʜʦʚʠʢʦʤ ʜʽʣʷʥʢʘʭ ʪʝʨʘʩʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʦʪʫʞʥʽʩʪʴ ʜʦ 16 ʤ. ɺʽʜʢʣʘʜʠ ʫʪʚʦʨʝʥʽ ʧʽʩʢʘʤʠ ʢʚʘʨʮʦʚʠʤʠ ʟ ʜʦʤʽʰʢʘʤʠ ʧʦʣʴʦʚʦʛʦ 

ʰʧʘʪʫ, ʩʽʨʠʤʠ, ʩʚʽʪʣʦ-ʩʽʨʠʤʠ, ʧʫʭʢʠʤʠ, ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ. ɺ ʪʨʝʪʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ, 

ʚ ʧʽʜʦʰʚʽ ʰʘʨʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʩʢʠ ʙʽʣʴʰ ʢʨʫʧʥʦʟʝʨʥʠʩʪʽ ï ʚʽʜ ʩʝʨʝʜʥʴʦ- ʜʦ 

ʛʨʫʙʦʟʝʨʥʠʩʪʠʭ ʟ ʜʨʽʙʥʠʤ ʛʨʘʚʽʻʤ ʪʘ ʛʘʣʴʢʦʶ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ, ʚʘʧʥʷʢʽʚ ʪʘ 

ʧʽʩʢʦʚʠʢʽʚ. ɹʣʠʞʯʝ ʜʦ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ ʟʤʝʥʰʫʻʪʴʩʷ ʨʦʟʤʽʨ ʟʝʨʝʥ ʪʘ 
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ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʦʢ ʘʣʝʚʨʠʪʠʩʪʦʛʦ ʪʘ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʯʽʪʢʦ 

ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʪʘ ʢʦʩʘ ʰʘʨʫʚʘʪʽʩʪʴ.  

ʆʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʽ ʧʽʜʤʦʨʝʥʥʽ ʚʽʜʢʣʘʜʠ (lgPIIdni) ʧʣʘʱʦʧʦʜʽʙʥʦ ʟʘʣʷʛʘʶʪʴ 

ʥʘ ʘʣʶʚʽʘʣʴʥʠʭ ʪʘ ʘʣʶʚʽʘʣʴʥʦ-ʦʟʝʨʥʠʭ ʫʪʚʦʨʝʥʥʷʭ ʧ'ʷʪʦʾ ʥʘʜʟʘʧʣʘʚʥʦʾ ʪʝʨʘʩʠ 

ɼʥʽʧʨʘ ʽ ʧʝʨʝʢʨʠʪʽ ʤʦʨʝʥʥʠʤʠ ʪʘ ʚʦʜʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. ɸʙʩʦʣʶʪʥʽ 

ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʤʝʞʘʭ 96-111 ʤ. ʄʽʥʽʤʘʣʴʥʽ ʚʽʜʤʽʪʢʠ ʧʨʠʫʨʦʯʝʥʽ 

ʜʦ ʧʦʥʠʞʝʥʠʭ ʜʽʣʷʥʦʢ V ʪʝʨʘʩʠ ɼʥʽʧʨʘ. ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʢʣʘʜʽʚ ʜʦʩʷʛʘʻ 

8-12 ʤ. ʉʢʣʘʜʝʥʽ ʩʫʛʣʠʥʢʘʤʠ, ʨʽʜʰʝ ʩʫʧʽʩʢʘʤʠ, ʞʦʚʪʫʚʘʪʦ-ʩʽʨʠʤʠ, ʩʠʟʫʚʘʪʦ-ʩʽʨʠʤʠ, 

ʟʝʣʝʥʫʚʘʪʦ-ʩʚʽʪʣʦ-ʩʽʨʠʤʠ, ʩʝʨʝʜʥʽʤʠ, ʱʽʣʴʥʠʤʠ, ʽʥʦʜʽ ʣʝʩʦʧʦʜʽʙʥʠʤʠ, ʯʘʩʪʦ 

ʧʦʨʠʩʪʠʤʠ. ʍʘʨʘʢʪʝʨʥʘ ʪʦʥʢʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʰʘʨʫʚʘʪʽʩʪʴ, ʧʦʜʝʢʫʜʠ ʚʘʧʥʠʩʪʽʩʪʴ, 

ʥʘʷʚʥʽʩʪʴ ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ. 

ʃʴʦʜʦʚʠʢʦʚʽ ʚʽʜʢʣʘʜʠ (ʤʦʨʝʥʘ) (gPIIdn) ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʚ ʤʝʞʘʭ ʨʘʡʦʥʫ 

çʄʦʨʝʥʥʠʭ ʪʝʨʘʩè. ʅʘ ʣʽʚʦʤʫ ʩʭʠʣʽ ʨ. ʉʫʧʽʡ ʪʘ ʜʝʷʢʠʭ ʡʦʛʦ ʧʨʠʪʦʢ, ʚʽʜʢʣʘʜʠ 

ʚʠʭʦʜʷʪʴ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ. ʅʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʤʦʨʝʥʘ ʚ ʨʦʟʨʽʟʽ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʚʽʜʢʣʘʜʽʚ ʚʽʜʩʫʪʥʷ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʾʾ ʨʦʟʤʠʚʦʤ ʪʘʣʠʤʠ ʚʦʜʘʤʠ ʣʴʦʜʦʚʠʢʘ ʧʽʜ ʯʘʩ 

ʡʦʛʦ ʚʽʜʩʪʫʧʫ. ɿʘʣʷʛʘʶʪʴ ʚʽʜʢʣʘʜʠ ʥʘ ʧʽʜʤʦʨʝʥʥʠʭ ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʠʭ ʽ ʦʟʝʨʥʦ-

ʣʴʦʜʦʚʠʢʦʚʠʭ ʧʽʩʢʘʭ, ʩʫʧʽʩʢʘʭ ʽ ʩʫʛʣʠʥʢʘʭ ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ. ɸʙʩʦʣʶʪʥʽ 

ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʤʝʞʘʭ 95-122 ʤ, ʧʦʪʫʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 5-8 ʤ, 

ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʤʽʯʘʻʪʴʩʷ ʜʦ 16 ʤ. ɺʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʜʥʦʤʘʥʽʪʥʦʶ ʪʦʚʱʝʶ 

ʩʫʛʣʠʥʢʽʚ ʞʦʚʪʦ-ʙʫʨʦʛʦ, ʞʦʚʪʫʚʘʪʦ-ʩʽʨʦʛʦ ʽ ʩʽʨʫʚʘʪʦ-ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʽʚ, ʟ ʚʦʭʨʠʩʪʦ- 

ʞʦʚʪʠʤʠ ʧʣʷʤʘʤʠ, ʨʽʟʥʦʶ ʤʽʨʦʶ ʧʽʩʢʫʚʘʪʠʤʠ. ʉʫʛʣʠʥʢʠ ʱʽʣʴʥʽ, ʟ ʧʨʠʤʘʟʢʘʤʠ 

ʦʢʩʠʜʫ ʤʘʨʛʘʥʮʶ, ʢʘʨʙʦʥʘʪʥʠʤʠ ʩʪʷʛʥʝʥʥʷʤʠ, ʥʘʩʠʯʝʥʽ ʛʘʣʴʢʦʶ, ʛʨʘʚʽʻʤ ʽ 

ʚʘʣʫʥʘʤʠ ʦʩʘʜʦʚʠʭ ʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʨʦʟʤʽʨʦʤ ʚʽʜ 0,1 ʜʦ 5-6 ʩʤ, ʽʥʦʜʽ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʘʣʫʥʠ ʜʦ 1-2 ʤ ʚ ʜʽʘʤʝʪʨʽ. ɻʘʣʴʢʘ ʽ ʚʘʣʫʥʠ ʩʢʣʘʜʝʥʽ ʧʝʨʝʚʘʞʥʦ ʽʟ 

ʢʚʘʨʮʫ, ʛʨʘʥʽʪʫ, ʛʥʝʡʩʫ, ʧʽʩʢʦʚʠʢʫ, ʚʘʧʥʷʢʽʚ, ʢʨʝʤʝʥʽʚ. 

ɺʦʜʥʦʣʴʦʜʦʚʠʢʦʚʽ ʥʘʜʤʦʨʝʥʥʽ ʚʽʜʢʣʘʜʠ (fPIIdnS) ʧʦʰʠʨʝʥʽ ʦʙʤʝʞʝʥʦ, ʪʘ ʚ 

ʦʩʥʦʚʥʦʤʫ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʧʦʥʠʞʝʥʠʭ ʜʽʣʷʥʦʢ. ɿʘʣʷʛʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʨʝʥʠ, ʚ 

ʤʽʩʮʷʭ ʨʦʟʤʠʚʫ ʤʦʨʝʥʠ ï ʥʘ ʧʽʜʤʦʨʝʥʥʠʭ ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʭ ʩʫʛʣʠʥʢʘʭ. 

ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 2,3 ʤ, ʚ ʫʣʦʛʦʚʠʥʽ ʣʴʦʜʦʚʠʢʦʚʦʛʦ 

ʚʠʦʨʶʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦ 108-116 ʤ. ʇʦʪʫʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 4-6 ʤ, 
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ʤʘʢʩʠʤʘʣʴʥʘ 18,3 ʤ. ɺʽʜʢʣʘʜʠ ʩʢʣʘʜʝʥʽ ʧʽʩʢʘʤʠ ʩʽʨʠʤʠ, ʩʚʽʪʣʦ-ʩʽʨʠʤʠ, 

ʞʦʚʪʫʚʘʪʦ-ʩʽʨʠʤʠ, ʢʚʘʨʮʦʚʠʤʠ ʟ ʥʝʟʥʘʯʥʠʤʠ ʜʦʤʽʰʢʘʤʠ ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ ʽ 

ʤʽʥʝʨʘʣʽʚ ʪʝʤʥʦʛʦ ʢʦʣʴʦʨʫ, ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ, ʧʝʨʝʚʘʞʥʦ ʜʨʽʙʥʦ-

ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʤʠ. ɺ ʧʽʜʦʰʚʽ ʧʨʠʩʫʪʥʷ ʜʨʽʙʥʘ ʛʘʣʴʢʘ ʢʚʘʨʮʫ ʽ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʧʦʨʽʜ ʚʽʜ 0,2 ʜʦ 2 ʩʤ.  

ʆʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʽ ʥʘʜʤʦʨʝʥʥʽ ʚʽʜʢʣʘʜʠ (lgPIIdnS) ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚ ʦʢʨʝʤʠʭ ʧʦʥʠʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʩʪʣʴʦʜʦʚʠʢʦʚʦʛʦ ʨʝʣʴʻʬʫ 

çʄʦʨʝʥʥʠʭ ʪʝʨʘʩè. ɿʘʣʷʛʘʶʪʴ ʚ ʙʽʣʴʰʦʾ ʤʽʨʽ ʥʘ ʤʦʨʝʥʽ ʪʘ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

ʣʝʩʦʧʦʜʽʙʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ ʽ ʚʠʢʦʧʥʠʤʠ ˇʨʫʥʪʘʤʠ ʪʷʩʤʠʥʩʴʢʦʛʦ ʽ ʢʘʡʜʘʮʴʢʦʛʦ 

ʢʣʽʤʘʪʦʣʽʪʽʚ, ʤʝʥʰʦʶ ʤʽʨʦʶ ʥʘʜ ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʠʤʠ ʥʘʜʤʦʨʝʥʥʠʤʠ ʧʽʩʢʘʤʠ 

ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ. ɺʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ ʩʢʣʘʜʘʶʪʴ 108-116 ʤ. ʇʦʪʫʞʥʽʩʪʴ 

ʩʪʘʥʦʚʠʪʴ 0,3-12 ʤ. ɺʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʫʛʣʠʥʢʘʤʠ ʟʝʣʝʥʫʚʘʪʦ-ʩʚʽʪʣʦ-

ʩʽʨʠʤʠ, ʩʽʨʠʤʠ, ʛʦʣʫʙʦʚʘʪʦ-ʩʽʨʠʤʠ, ʟ ʚʦʭʨʠʩʪʠʤʠ ʧʣʷʤʘʤʠ. ʉʫʛʣʠʥʢʠ  

ʪʦʥʢʦʚʽʜʤʫʯʝʥʽ, ʱʽʣʴʥʽ, ʩʝʨʝʜʥʽ, ʩʣʘʙʦ ʩʣʶʜʠʩʪʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʫʣʘʤʢʠ 

ʧʨʽʩʥʦʚʦʜʥʠʭ ʯʝʨʝʧʘʰʦʢ ʤʦʣʶʩʢʽʚ.  

ʉʝʨʝʜʥʷ-ʚʝʨʭʥʷ ʣʘʥʢʘ ʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʠʭ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʣʶʚʽʘʣʴʥʠʤʠ ʪʘ ʝʦʣʦʚʦ-ʜʝʣʶʚʽʘʣʴʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ (e,vdPII -III). 

ɽʣʶʚʽʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʢʦʧʥʠʤʠ ˇʨʫʥʪʘʤʠ ʢʦʨʠʯʥʶʚʘʪʦ-ʩʽʨʠʤʠ, 

ʪʝʤʥʫʚʘʪʦ-ʙʫʨʠʤʠ, ʱʽʣʴʥʠʤʠ. ʏʘʩʪʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʦʟʥʘʢʠ ʽʣʶʚʽʘʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ʚʝʨʭʥʴʦʾ ʜʥʽʧʨʦʚʩʴʢʦʾ ʤʦʨʝʥʠ. ʇʦʪʫʞʥʽʩʪʴ ʰʘʨʫ ʜʦ 1,2-1,5 ʤ. 

ɺ ʤʝʞʘʭ ʨʘʡʦʥʫ ʤʦʨʝʥʥʠʭ ʪʝʨʘʩ ʥʘ ʨʠʩ. 2.9 ʧʦʰʠʨʝʥʽ ʝʣʶʚʽʘʣʴʥʽ ʪʘ ʝʦʣʦʚʦ-

ʜʝʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ (e,vdPII -III), ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʥʘ ʚʦʜʦʜʽʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʪʘ ʾʭ 

ʩʭʠʣʘʭ. ʊʦʚʱʘ ʣʝʩʦʧʦʜʽʙʥʠʭ ʧʦʨʽʜ ʫʩʢʣʘʜʥʝʥʘ ʧʦʰʠʨʝʥʥʷʤ ʚʠʢʦʧʥʠʭ ˇʨʫʥʪʽʚ. 

ʂʦʤʧʣʝʢʩ ʟʘʣʷʛʘʻ ʧʝʨʝʚʘʞʥʦ ʥʘ ʤʦʨʝʥʽ ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʣʴʦʜʦʚʠʢʘ. ɸʙʩʦʣʶʪʥʽ 

ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ 116-124 ʤ. ɽʦʣʦʚʦ-ʜʝʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʩʫʛʣʠʥʢʘʤʠ ʪʘ ʩʫʧʽʩʢʘʤʠ, ʣʝʩʦʧʦʜʽʙʥʠʤʠ, ʧʘʣʝʚʦ-ʞʦʚʪʠʤʠ, ʩʽʨʫʚʘʪʦ-ʞʦʚʪʠʤʠ, 

ʧʦʨʠʩʪʠʤʠ, ʩʣʘʙʦ ʚʘʧʥʠʩʪʠʤʠ ʣʽʥʟʘʤʠ ʪʘ ʪʦʥʢʠʤʠ ʧʨʦʰʘʨʢʘʤʠ ʪʦʥʢʦʛʦ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʧʽʩʢʫ. ɽʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʩʢʣʘʜʝʥʽ ʚʠʢʦʧʥʠʤʠ ˇʨʫʥʪʘʤʠ 

ʢʦʨʠʯʥʶʚʘʪʦ-ʩʽʨʠʤʠ, ʪʝʤʥʫʚʘʪʦ-ʙʫʨʠʤʠ, ʱʽʣʴʥʠʤʠ.  

ɽʦʣʦʚʦ-ʜʝʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʫʛʣʠʥʢʘʤʠ, ʤʝʥʰʦʶ ʤʽʨʦʶ ï 
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ʩʫʧʽʩʢʘʤʠ, ʣʝʩʦʧʦʜʽʙʥʠʤʠ, ʧʘʣʝʚʦ-ʞʦʚʪʠʤʠ, ʩʽʨʫʚʘʪʦ-ʞʦʚʪʠʤʠ, ʧʦʨʠʩʪʠʤʠ, ʩʣʘʙʦ 

ʚʘʧʥʠʩʪʠʤʠ, ʽʥʦʜʽ ʟ ʣʽʥʟʘʤʠ ʽ ʪʦʥʢʠʤʠ ʧʨʦʰʘʨʢʘʤʠ ʪʦʥʢʦ-ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʧʽʩʢʫ 

ʜʦ 1,8 ʤ. 

ɺʝʨʭʥʷ ʣʘʥʢʘ ʯʝʪʚʝʨʪʠʥʥʠʭ ʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʥʘ ʨʠʩ. 2.9, 2.10, 

2.11 ʤʘʻ ʚʢʣʶʯʝʥʥʷ ʝʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʧʨʠʣʫʮʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ, 

ʜʦʬʽʥʽʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ ʪʘ ʚʠʪʘʯʽʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ. ɽʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ 

ʟʘʣʷʛʘʶʪʴ ʚ ʤʝʞʘʭ ʦʩʥʦʚʥʦʛʦ ʰʘʨʫ ʝʣʶʚʽʘʣʴʥʠʭ ʪʘ ʝʦʣʦʚʦ-ʜʝʣʶʚʽʘʣʴʥʠʭ 

ʚʽʜʢʣʘʜʽʚ ʩʝʨʝʜʥʽʡ-ʚʝʨʭʥʽʡ ʣʘʥʢʠ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ. 

ɼʦʬʽʥʽʚʩʴʢʠʡ ʢʣʽʤʘʪʦʣʽʪ. ɽʣʶʚʽʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ (ePIIIdf). ɺʽʜʢʣʘʜʠ 

ʧʦʰʠʨʝʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘ ʚʦʜʦʜʽʣʴʥʠʭ ʜʽʣʷʥʢʘʭ. ɿʘʣʷʛʘʶʪʴ ʥʘ ʩʫʙʘʝʨʘʣʴʥʠʭ 

ʫʪʚʦʨʝʥʥʷʭ ʚʝʨʭʥʴʦʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ, ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʝʦʣʦʚʦ-ʜʝʣʶʚʽʘʣʴʥʠʤʠ 

ʩʫʛʣʠʥʢʘʤʠ ʽ ʩʫʧʽʩʢʘʤʠ ʧʨʠʯʦʨʥʦʤʦʨʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ ʪʘ ʩʫʯʘʩʥʠʤʠ ˇʨʫʥʪʘʤʠ, 

ʷʢ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.10 ʪʘ 2.11. ʇʦʪʫʞʥʽʩʪʴ ʚʠʢʦʧʥʠʭ ˇʨʫʥʪʽʚ ʩʪʘʥʦʚʠʪʴ 0,5-

1,2 ʤ. ˆʨʫʥʪʠ ʩʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʩʫʛʣʠʥʢʘʤʠ ʪʝʤʥʦ-ʩʽʨʠʤʠ, ʙʫʨʫʚʘʪʦ-ʩʽʨʠʤʠ, 

ʩʝʨʝʜʥʽʤʠ, ʽʥʦʜʽ ʩʫʧʽʩʢʘʤʠ ʛʫʤʫʩʦʚʠʜʥʠʤʠ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʣʽʩʦʩʪʝʧʦʚʠʭ 

ʣʘʥʜʰʘʬʪʘʭ.  

ɺʠʪʘʯʽʚʩʴʢʠʡ ʢʣʽʤʘʪʦʣʽʪ (ePIIIvt). ɺʠʢʦʧʥʽ ˇʨʫʥʪʠ ʚʠʪʘʯʽʚʩʴʢʦʛʦ 

ʢʣʽʤʘʪʦʣʽʪʫ ʯʘʩʪʢʦʚʦ ʧʦʰʠʨʝʥʽ ʚ ʤʝʞʘʭ ʨʘʡʦʥʫ ʤʦʨʝʥʥʠʭ ʪʝʨʘʩ (B-II -7-ʙ). ʏʘʩʪʦ 

ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʚʦʜʦʜʽʣʴʥʠʭ ʜʽʣʷʥʦʢ ʨʝʣʴʻʬʫ, ʜʝ ʘʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʢʦʣʠʚʘʶʪʴʩʷ 

ʚ ʤʝʞʘʭ 120-122 ʤ. ʇʦʪʫʞʥʽʩʪʴ ʫ ʩʝʨʝʜʥʴʦʤʫ 1,6 ʤ. ˆʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ ʩʢʣʘʜʝʥʦ 

ʩʣʘʙʦ ʨʦʟʚʠʥʫʪʠʤʠ ʙʫʨʠʤʠ ʩʫʛʣʠʥʠʩʪʠʤʠ ʣʝʩʦʚʠʤʠ ˇʨʫʥʪʘʤʠ, ʷʢʽʡ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʛʦʨʠʟʦʥʪʫ ʨʦʟʙʠʪʽʡ ʪʨʽʱʠʥʘʤʠ.  

ɽʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʧʨʠʣʫʮʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ (ePIIIpl), ʷʢʽ ʧʦʰʠʨʝʥʦ ʪʘ 

ʦʙʤʝʞʝʥʦ ʚʠʜʽʣʷʶʪʴʩʷ ʚ ʤʝʞʘʭ ʣʝʩʦʚʦʾ ʩʣʘʙʦʝʨʦʜʦʚʘʥʦʾ ʨʽʚʥʠʥʠ ʣʽʚʦʙʝʨʝʞʥʦʾ 

ʯʘʩʪʠʥʠ ʜʦʣʠʥʠ ɼʥʽʧʨʘ. ˆʨʫʥʪʠ ʚʢʣʶʯʝʥʽ ʜʦ ʢʦʤʧʣʝʢʩʫ ʝʣʶʚʽʘʣʴʥʠʭ ʪʘ ʝʦʣʦʚʦ-

ʜʝʣʶʚʽʘʣʴʥʠʭ ʩʝʨʝʜʥʴʦ- ʪʘ ʚʝʨʭʥʴʦʥʝʦʧʣʝʩʡʪʦʮʝʥʦʚʠʭ ʫʪʚʦʨʝʥʴ. ɺʦʥʠ 

ʟʘʣʷʛʘʶʪʴ ʥʘ ʩʫʙʘʝʨʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʩʝʨʝʜʥʴʦʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ. 

ʇʝʨʝʢʨʠʚʘʶʪʴʩʷ ʪʦʚʱʝʶ ʝʦʣʦʚʦ-ʜʝʣʶʚʽʘʣʴʥʠʭ ʩʫʛʣʠʥʢʽʚ ʪʘ ʩʫʧʽʩʢʽʚ ʚʝʨʭʥʴʦʛʦ 

ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ. ɺʠʜʽʣʝʥʽ ʫ ʨʦʟʨʽʟʽ ʩʚʨ. 4523 ʪʘ ʽʥ. ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ 

ˇʨʫʥʪʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ 94-111 ʤ, ʽʟ ʧʦʪʫʞʥʽʩʪʶ 0,8-1,8 ʤ. ɺʠʢʦʧʥʽ ˇʨʫʥʪʠ ʩʢʣʘʜʝʥʽ 
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ʯʦʨʥʦʟʝʤʦʚʠʤʠ ʩʫʛʣʠʥʢʘʤʠ, ʨʽʜʰʝ ʩʫʧʽʩʢʘʤʠ ʪʝʤʥʦ-ʩʽʨʠʤʠ, ʙʫʨʦʚʘʪʦ-ʩʽʨʠʤʠ, 

ʩʝʨʝʜʥʽʤʠ, ʨʽʜʰʝ ʦʧʽʜʟʦʣʝʥʠʤʠ. ˆʨʫʥʪʦʚʠʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.10 

ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʣʽʩʦʩʪʝʧʦʚʠʭ ʣʘʥʜʰʘʬʪʽʚ.  

ɻʦʣʦʮʝʥʦʚʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʟʝʨʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʩʫʙʘʨʝʘʣʴʥʠʭ 

ʟʘʧʘʜʠʥ (lH) ʪʘ ʘʣʶʚʽʘʣʴʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ (ʘʅ). 

ʆʟʝʨʥʽ ʚʽʜʢʣʘʜʠ (lʅ) ʧʦʰʠʨʝʥʽ ʪʘ ʚʠʜʽʣʝʥʽ ʥʘ ʣʽʚʦʙʝʨʝʞʞʽ ʨʨ. ʊʨʫʙʽʞ ʪʘ 

ʅʝʜʨʘ. ʇʨʠʫʨʦʯʝʥʽ ʜʦ ʟʘʤʢʥʫʪʠʭ ʟʘʧʘʜʠʥ, ʯʘʩʪʽʰʝ ʚ ʤʝʞʘʭ ʪʨʝʪʴʦʾ-ʜʨʫʛʦʾ 

ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ ɼʥʽʧʨʘ. ɺʽʜʢʣʘʜʠ ʩʢʣʘʜʝʥʽ ʩʫʛʣʠʥʢʘʤʠ, ʤʫʣʘʤʠ ʩʽʨʠʤʠ, 

ʙʣʘʢʠʪʥʫʚʘʪʦ-ʩʽʨʠʤʠ ʽ ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʠʤʠ, ʽʟ ʧʦʪʫʞʥʽʩʪʶ 1,2-2,5 ʤ. 

ɸʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ (ʘʅ) ʨʦʟʚʠʥʝʥʽ ʥʘ ʟʘʧʣʘʚʘʭ ʚʦʜʦʪʦʢʽʚ ʣʽʚʦʛʦ ʙʝʨʝʛʫ 

ɼʥʽʧʨʘ (ʊʨʫʙʽʞʘ, ʉʫʧʦʶ). ʊʫʪ ʧʦʰʠʨʝʥʽ ʧʽʩʢʠ ʨʽʟʥʦʟʝʨʥʠʩʪʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʧʦʣʴʦʚʦʰʧʘʪʦʚʦ-ʢʚʘʨʮʦʚʠʤ, ʩʫʧʽʩʢʘʤʠ ʪʘ ʩʫʛʣʠʥʢʘʤʠ ʨʫʩʣʦʚʠʭ, ʟʘʧʣʘʚʥʠʭ, 

ʩʪʘʨʠʯʥʠʭ ʬʘʮʽʡ. ʇʦʪʫʞʥʽʩʪʴ ʚ ʤʝʞʘʭ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ɼʥʽʧʨʘ, ʊʨʫʙʽʞʘ ʪʘ 

ʉʫʧʦʶ ʜʦʩʷʛʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 8-16 ʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘ, ʚ ʜʦʣʠʥʽ ʊʨʫʙʽʞʘ, ï 24 ʤ, ʫ 

ʟʘʧʣʘʚʘʭ ʽʥʰʠʭ ʨʽʯʦʢ ʪʘ ʚʦʜʦʪʦʢʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 1-10 ʤ. 

ʊʝʢʪʦʥʽʢʘ. ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ 

ʩʭʠʣʽ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ, ʥʘ ʩʪʠʢʫ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʛʦ ʙʦʨʪʫ ɼʥʽʧʨʦʚʩʴʢʦ-

ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ. ʅʠʞʥʽʤ ʩʪʨʫʢʪʫʨʥʠʤ ʧʦʚʝʨʭʦʤ ʻ ʢʨʠʩʪʘʣʽʯʥʠʡ ʬʫʥʜʘʤʝʥʪ, 

ʚʝʨʭʥʽʤ ï ʦʩʘʜʦʚʠʡ ʯʦʭʦʣ, ʷʢʠʡ ʟʘʣʷʛʘʻ ʥʘ ʜʝʥʫʜʦʚʘʥʽʡ ʪʘ ʝʨʦʜʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ 

ʬʫʥʜʘʤʝʥʪʫ, ʱʦ ʟʘʥʫʨʶʻʪʴʩʷ ʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

ɺ ʢʨʠʩʪʘʣʠʯʥʦʤʫ ʬʫʥʜʘʤʝʥʪʽ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʴʢʦʛʦ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ 

ʚʠʷʚʣʝʥʽ ʨʦʟʨʠʚʥʽ ʧʦʨʫʰʝʥʥʷ, ʟʘʢʣʘʜʝʥʽ ʧʽʟʥʽʤ ʘʨʭʝʻʤ-ʧʨʦʪʝʨʦʟʦʻʤ. ʎʝ 

ʚʧʣʠʥʫʣʦ ʥʘ ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʪʝʨʠʪʦʨʽʾ ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʙʣʦʢʠ ʥʠʞʯʠʭ ʧʦʨʷʜʢʽʚ.  

ɺ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʷʚʥʽ ʨʦʟʣʦʤʠ ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʪʘ 

ʜʽʘʛʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤ. ʉʠʩʪʝʤʘ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʩʢʠʜʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ ʚʧʣʠʥʫʣʘ ʥʘ ʟʘʥʫʨʝʥʥʷ ʧʦʚʝʨʭʥʽ ʬʫʥʜʘʤʝʥʪʫ ʚ 

ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

ʉʢʣʘʜʥʦʜʠʩʣʦʢʘʪʠʚʥʠʡ ʬʫʥʜʘʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʤʠ 

ʚʫʣʢʘʥʦʛʝʥʥʠʤʠ ʪʘ ʦʩʘʜʦʚʠʤʠ ʧʦʨʦʜʘʤʠ, ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʠʤʠ ʪʘ 

ʽʥʪʨʫʟʠʚʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʥʝʦʘʨʭʝʶ ï ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʶ. ʏʦʭʦʣ ʩʢʣʘʜʘʶʪʴ 
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ʩʣʘʙʦʜʠʩʣʦʢʦʚʘʥʽ ʫʪʚʦʨʝʥʥʷ ʧʘʣʝʦʟʦʶ ʪʘ ʤʘʡʞʝ ʥʝ ʜʠʩʣʦʢʦʚʘʥʽ ʧʦʨʦʜʠ ʤʝʟʦʟʦʶ 

ʪʘ ʢʘʡʥʦʟʦʶ.  

ʋ ʯʝʪʚʝʨʪʠʥʥʠʡ ʯʘʩ ʪʝʨʠʪʦʨʽʷ ʟʘʟʥʘʣʘ ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʠʭ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ 

ʚ ʧʨʦʩʪʦʨʽ ʧʽʜʥʷʪʴ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʠʭ ʩʪʘʚ ʧʦʚʥʠʡ ʨʦʟʤʠʚ ʥʝʦʛʝʥʦʚʠʭ ʪʘ ʯʘʩʪʢʦʚʦ 

ʧʘʣʝʦʛʝʥʦʚʠʭ ʫʪʚʦʨʝʥʴ ʣʽʚʦʙʝʨʝʞʞʷ ɼʥʽʧʨʘ. ʅʦʚʽʪʥʽʡ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʠʡ ʧʣʘʥ, 

ʷʢʠʡ ʩʬʦʨʤʫʚʘʚʩʷ ʧʨʦʪʷʛʦʤ ʥʝʦʪʝʢʪʦʥʽʯʥʦʛʦ ʝʪʘʧʫ ʨʦʟʚʠʪʢʫ ʪʘ ʧʨʦʷʚʣʝʥʠʡ ʽ 

ʩʫʯʘʩʥʦʤʫ ʨʝʣʴʻʬʽ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʦʩʣʘʙʣʝʥʠʤʠ ʟʦʥʘʤʠ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʽ 

ʧʝʨʝʚʘʞʥʦ ʫʩʧʘʜʢʦʚʫʻ ʙʽʣʴʰ ʜʘʚʥʽʡ [211]. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʜʘʥʽʡ 

ʪʝʨʠʪʦʨʽʾ ʧʦʰʠʨʝʥʽ ʣʽʥʽʡʥʽ (ʣʽʥʽʘʤʝʥʪʥʽ), ʣʽʥʽʡʥʦ-ʧʣʦʱʦʚʽ ʪʘ ʤʦʨʬʨʩʪʨʫʢʪʫʨʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʫ (ʄʎʊ). ʉʝʨʝʜ ʣʽʥʽʡʥʦ-ʧʣʦʱʦʚʠʭ ʤʦʨʬʨʩʪʨʫʢʪʫʨ ʦʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʤʦʨʬʨʩʪʨʫʢʪʫʨʠ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ. ʗʜʣʽʚʩʴʢʘ ʪʘ 

ʇʝʨʝʷʩʣʽʚʩʴʢʘ (ʨʠʩ. 2.12). ʂʦʞʥʘ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʷʚʫ. 

ʉʫʙʤʝʨʠʜʽʷʣʴʥʘ ʇʝʨʝʷʩʣʽʚʩʴʢʘ ʟʦʥʘ ʨʦʟʣʦʤʽʚ ʪʨʘʩʫʻʪʴʩʷ ʚ ʨʝʣʴʻʬʫ ʣʠʰʝ ʜʦ 

ʩʤʪ. ɹʝʨʝʟʘʥʴ, ʧʽʚʜʝʥʥʽʰʝ ʷʢʦʛʦ ʚʦʥʘ çʟʘʪʫʰʦʚʘʥʘè ʙʽʣʴʰ ʤʦʣʦʜʠʤʠ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʘʤʠ. ʇʝʨʝʷʩʣʽʚʩʴʢʘ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ ʨʘʟʦʤ ʟ ʗʜʣʽʚʩʴʢʦʶ ʪʘ 

ʅʝʜʨʽʚʩʴʢʦʶ ʄʎʊ ʬʦʨʤʫʶʪʴ ʧʦʪʫʞʥʠʡ ɹʝʨʝʟʘʥʩʴʢʠʡ ʤʦʨʬʨʩʪʨʢʫʪʫʨʥʠʡ ʚʫʟʦʣ, 

ʷʢʠʡ ʢʦʥʪʨʦʣʶʻ ʤʦʨʬʦʩʪʨʫʪʢʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʽʣʷʥʢʠ ʥʠʞʥʴʦʾ ʪʝʯʽʾ ʨ. ʅʘʜʨʘ ʪʘ 

ʤʽʩʮʷ ʚʧʘʜʽʥʥʷ ʾʾ ʫ ʨ. ʊʨʫʙʽʞ. ʇʦʣʦʞʝʥʥʷ ʜʘʥʦʛʦ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʥʦʛʦ ʚʫʟʣʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʧʽʚʜʥʷ ʜʦʩʠʪʴ ʘʢʪʠʚʥʦʶ ʨʝʛʽʦʥʘʣʴʥʦʶ ʂʘʥʽʚʩʴʢʦʶ ʄʎʊ ɯɯɯ 

ʧʦʨʷʜʢʫ. ɿʦʚʥʽʰʥʷ ʛʨʘʥʠʮʷ ʦʩʪʘʥʥʴʦʾ ʚʽʜʜʽʣʷʻ ɹʝʨʝʟʘʥʩʴʢʠʡ ʚʫʟʦʣ ʚʽʜ 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʧʽʚʜʝʥʥʽʰʝ ʇʝʨʝʷʩʣʘʚʩʴʢʦʛʦ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʛʦ ʚʫʟʣʘ, ʱʦ 

ʜʦʩʠʪʴ ʥʘʜʽʡʥʦ ʢʦʨʝʣʶʻʪʴʩʷ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʜʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. 

ʃʽʥʽʡʥʦ-ʧʣʦʱʦʚʽ ʤʦʨʬʦʩʪʨʫʢʪʫʨʠ ʥʠʞʥʴʦʛʦ ʨʘʥʛʫ ʜʽʘʛʦʥʘʣʴʥʦʛʦ 

(ʧʽʚʥʽʯʥʠʡ ʟʘʭʽʜ ï ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ) ʥʘʧʨʷʤʢʫ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʜʦʣʠʥʦʧʦʜʽʙʥʠʭ 

ʧʦʥʠʞʝʥʴ, ʧʝʨʝʚʘʞʥʦ ʜʦ ʨʽʯʢʦʚʠʭ ʜʦʣʠʥ.  

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʣʦʢʘʣʴʥʽ ʄʎʊ, ʷʢʽ ʫ ʨʝʣʴʻʬʽ ʬʽʢʩʫʶʪʴʩʷ ʟʘ 

ʜʫʛʦʧʦʜʽʙʥʠʤ, ʜʦʮʝʥʪʨʦʚʠʤ ʯʠ ʚʽʜʮʝʥʪʨʦʚʠʤ ʨʠʩʫʥʢʦʤ ʛʽʜʨʦʤʝʨʝʞʽ. ɹʽʣʴʰʽʩʪʴ ʟ 

ʥʠʭ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʧʘʣʝʦʨʝʣʴʻʬʽ. ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʄʎʊ ʥʝ ʤʘʶʪʴ ʩʫʮʽʣʴʥʦʛʦ 

ʧʨʦʷʚʣʝʥʦʛʦ ʢʦʥʪʫʨʫ. ʅʘʡʙʽʣʴʰʘ ʟ ʥʠʭ ï ʇʝʨʝʷʩʣʘʚʩʴʢʘ ʄʎʊ, ʷʢʽʡ ʫ 
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ʧʘʣʝʦʨʝʣʴʻʬʽ ʚʽʜʧʦʚʽʜʘʻ ʫʣʦʛʦʚʠʥʘ ʣʴʦʜʦʚʠʢʦʚʦʛʦ ʚʠʦʨʶʚʘʥʥʷ ʚ ʥʠʞʥʽʡ ʪʝʯʽʾ ʨ. 

ʊʨʫʙʽʞ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʦʜʥʽ ʚʽʩʴ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʥʘ ʷʢʫ 

ʥʘʥʠʟʘʥʽ ʯʦʪʠʨʠ ʄʎʊ: ʇʝʨʝʚʦʜʽʚʩʴʢʘ, ʅʦʚʦ-ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʘ, ʅʝʜʨʽʚʩʴʢʘ ʪʘ 

ɹʦʨʽʚʩʴʢʘ [211]. 

 

ʈʠʩ. 2.12. ʄʦʨʬʦʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʜʦ ʈʠʩ. 2.12. ʃʽʥʽʡʥʦ-ʧʣʦʱʠʥʥʽ ʤʦʨʬʦʩʪʨʫʢʪʫʨʠ: 1 - 

ʪʨʘʥʩʨʝʛʽʦʥʘʣʴʥʽ: ɯ - ʗʜʣʽʚʩʴʢʘ, ɯɯ - ʇʝʨʝʷʩʣʘʚʩʴʢʘ, ɯɯɯ - ʅʝʤʠʨʽʚʩʴʢʘ; 2 - 

ʨʝʛʽʦʥʘʣʴʥʽ: ɯV - ɺʘʩʠʣʴʢʽʚʩʴʢʦ-ɭʨʢʽʚʩʴʢʘ, V - ʄʦʯʘʣʠʱʝʥʩʴʢʘ, VI - 

ɺʝʨʭʥʴʦʩʫʧʽʡʩʴʢʘ, VII  - ʉʝʨʝʜʥʴʦʩʫʧʽʡʩʴʢʘ. ʄʦʨʬʦʩʪʨʫʢʪʫʨʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʪʠʧʫ: 3 - ʪʨʘʥʩʨʝʛʽʦʥʘʣʴʥʽ ʄʎʊ: 1 - ʇʨʘʚʦʙʝʨʝʞʥʘ; 4 - ʨʝʛʽʦʥʘʣʴʥʽ ʄʎʊ ɯɯɯ 

ʧʦʨʷʜʢʫ: 2 - ʂʘʥʽʚʩʴʢʘ; 5 - ʣʦʢʘʣʴʥʽ ʄʎʊ: 3 - ʂʨʘʩʠʣʽʚʩʴʢʘ, 4 - ɼʘʚʠʯʢʽʚʩʴʢʘ, 5 - 

ɹʦʨʱʽʚʩʴʢʘ, 6 - ʅʘʜʨʽʚʩʴʢʘ, 7 - ʇʝʨʝʷʩʣʽʚʩʴʢʘ, 8 - ʅʦʚʦ-ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʘ, 9 - 

ʇʝʨʝʚʦʜʽʚʩʴʢʘ, 10 - ʗʛʦʪʠʥʩʴʢʘ, ʊʠʧ ʄʎʊ: 6 - ʜʝʧʨʝʩʽʡʥʽ, 7 - ʢʫʧʦʣʴʥʦ-

ʜʝʧʨʝʩʽʡʥʽ, 8 - ʢʫʧʦʣʴʥʽ. ʄʦʨʬʦʩʪʨʫʢʪʫʨʥʽ ʚʫʟʣʠ: 9 - ɹʝʨʝʟʘʥʩʴʢʠʡ, 10 - 

ʇʝʨʝʷʩʣʘʚʩʴʢʠʡ. ʃʽʥʽʘʤʝʥʪʠ, ʚʠʜʽʣʝʥʽ ʟʘ: 11 - ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, 

12 - ʤʘʪʝʨʽʘʣʘʤʠ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ [211]  

ʊʝʨʠʪʦʨʽʷ ʥʘʣʝʞʠʪʴ ʜʦ ʧʽʜʟʦʥʠ ʩʣʘʙʢʠʭ ʫʩʧʘʜʢʦʚʘʥʠʭ ʧʽʜʥʷʪʪʽʚ ʟʘ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʦʷʚʫ ʥʝʦʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ ʟʝʤʥʦʾ ʢʦʨʠ. ʉʫʤʘʨʥʽ ʘʤʧʣʽʪʫʜʠ 
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ʥʝʦʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ ʩʪʘʥʦʚʣʷʪʴ +100-130 ʤ. ʉʫʯʘʩʥʽ ʢʦʣʠʚʘʥʥʷ ʨʫʭʽʚ ʟʝʤʥʦʾ 

ʢʦʨʠ ʟ ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʧʦʢʘʟʥʠʢʽʚ ʦʧʫʩʢʘʥʴ ʽ ʧʽʜʥʷʪʪʽʚ ʚʽʜ -2 ʜʦ +2 ʤʤ/ʨʽʢ. 

ɼʽʣʷʥʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʨʝʛʽʦʥʘʣʴʥʦʾ ʪʝʢʪʦʥʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ï ɯʥʛʫʣʴʩʴʢʠʡ ʤʝʛʘʙʣʦʢ, ʷʢʘ ʧʦʜʽʣʝʥʘ ʥʘ ʙʣʦʢʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʧʦʨʷʜʢʽʚ ʛʣʠʙʠʥʥʠʤʠ ʨʦʣʦʤʘʤʠ ʪʘ ʨʦʟʨʠʚʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ. ʇʦʚʝʨʭʥʷ 

ʬʫʥʜʘʤʝʥʪʫ ʧʦʩʪʫʧʦʚʦ ʟʘʥʫʨʶʻʪʴʩʷ ʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʫʩʢʣʘʜʥʶʶʯʠʩʴ ʩʠʩʪʝʤʦʶ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʩʢʠʜʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ. ʅʘ ʩʭʦʜʽ ʚʽʜ ʜʽʣʷʥʢʠ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʂʦʟʝʣʝʮʴʢʦ-ʗʛʦʪʠʥʩʴʢʠʡ ʨʦʟʣʦʤ, ʧʨʦʪʷʛʦʤ 70 ʢʤ ï ʚʽʜ ʩ. 

ʑʘʩʥʠʚʢʘ ʜʦ ʩ. ʅʦʚʦʤʠʢʦʣʘʾʚʢʘ. ɿ ʧʽʚʜʥʷ ʥʘ ʧʽʚʥʽʯ ʥʘ ʟʘʭʦʜʽ ʚʽʜ ʜʽʣʷʥʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʩʝʨʽʷ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ 

ʇʝʨʝʷʩʣʽʚʩʴʢʦʛʦ ʨʦʟʣʦʤʫ. ʉʫʧʨʘʢʨʫʩʪʘʣʴʥʘ ʦʩʥʦʚʘ ʩʢʣʘʜʝʥʘ ʢʘʤô̫ ʥʦ-

ʢʦʩʪʦʚʘʮʴʢʦʶ ʪʘ ʨʦʱʘʭʽʚʩʴʢʦʶ ʩʚʽʪʘʤʠ. ɺ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ, ʨʦʟʣʦʤ 

ʧʨʦʷʚʣʝʥʠʡ ʟʦʥʘʤʠ ʧʽʜʚʠʱʝʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʽ ʨʽʟʢʦʶ ʟʤʽʥʦʶ ʭʘʨʘʢʪʝʨʫ ʧʦʣʷ ʽ 

ʥʘʧʨʷʤʢʫ ʽʟʦʘʥʦʤʘʣ. 

ɺ ʛʽʜʨʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʪʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʠʩ. 2.13 ʪʘ 2.14 

ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʟʘʭʦʜʽ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʛʦ ʘʨʪʝʟʽʘʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ.  

ɿʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʶ ʢʘʨʪʦʶ ʦʩʥʦʚʥʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʪʘ 

ʢʦʤʧʣʝʢʩʽʚ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.13, 2.14, 2.15 ʪʘ 2.16 ʥʘ ʪʝʨʠʪʦʨʽʾ ʥʘʟʝʤʥʠʭ  

ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʜʽʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʪʘ ʢʦʤʧʣʝʢʩʠ: 

ʚʦʜʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ ʚ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ 4-5 ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ ʪʘ 

ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʠʭ, ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʭ ʪʘ ʣʴʦʜʦʚʠʢʦʚʠʭ ʚʽʜʢʣʘʜʘʭ ʥʠʞʥʴʦʛʦ-

ʩʝʨʝʜʥʴʦʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ (a4-5,f,lg,gPI-II+e,vdPI-II); ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ 

ʚʽʜʢʣʘʜʘʭ ʢʘʥʽʚʩʴʢʦʾ ʪʘ ʙʫʯʘʮʴʢʦʾ ʩʝʨʽʾ ʝʦʮʝʥʫ (P2kn+bļ); ʚʦʜʦʪʨʠʚʢʘ ʪʦʚʱʘ 

ʢʠʾʚʩʴʢʦʾ ʪʘ ʦʙʫʭʽʚʩʴʢʦʾ ʩʚʽʪ ʝʦʮʝʥʫ (P2kv-ob); ʩʣʘʙʦʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ 

ʚʽʜʢʣʘʜʘʭ ʩʫʤʩʴʢʦʾ ʩʝʨʽʾ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ (P1sm); ʚʦʜʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ ʫ 

ʚʽʜʢʣʘʜʘʭ ʟʘʛʦʨʽʚʩʴʢʦʾ, ʞʫʨʘʚʠʥʩʴʢʦʾ, ʢʝʛʠʯʽʚʩʴʢʦʾ ʩʚʽʪ ʥʠʞʥʴʦʾ ʢʨʝʡʜʠ ʪʘ 

ʙʫʨʽʤʩʴʢʦʾ ʩʚʽʪʠ ʥʠʞʥʴʦʾ ʪʘ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ (K1zg+kg+K1-2bz); 

ʩʣʘʙʦʚʦʜʥʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ ʫ ʚʽʜʢʣʘʜʘʭ ʽʚʘʥʠʮʴʢʦʾ ʩʚʽʪʠ ʩʝʨʝʜʥʴʦʾ ʪʘ ʚʝʨʭʥʴʦʾ 

ʶʨʠ (J2-3iv); ʚʦʜʦʪʨʠʚʢʘ ʪʦʚʱʘ ʧʽʜʣʫʞʥʦʾ, ʥʠʞʥʴʦʾ ʪʘ ʽʯʥʷʥʩʴʢʦʾ ʩʚʽʪ ʙʘʪʩʴʢʦʛʦ ʽ 
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ʥʠʞʥʴʦʢʣʷʚʝʡʩʴʢʦʛʦ ʷʨʫʩʽʚ ʩʝʨʝʜʥʴʦʾ ʶʨʠ (J2pd-iļ); ʚʦʜʥʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ 

ʚʽʜʢʣʘʜʘʭ ʦʨʝʘʣʴʩʴʢʦʾ ʩʚʽʪʠ ʩʝʨʝʜʥʴʦʾ ʶʨʠ (J2or); ʚʦʜʦʪʨʠʚʢʘ ʪʦʚʱʘ 

ʩʝʨʝʙʨʷʥʩʴʢʦʾ ʩʚʽʪʠ ʥʠʞʥʴʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʪʨʽʘʩʫ (T1-2sr); ʚʦʜʦʪʨʠʚʢʘ 

ʤʝʨʛʝʣʴʥʦ-ʢʨʝʡʜʷʥʘ ʪʦʚʱʘ ʦʩʥʦʚʘʤʥʩʴʢʦʛʦ-ʤʘʘʩʪʨʠʭʪʩʴʢʦʛʦ ʷʨʫʩʽʚ ʚʝʨʭʥʴʦʾ 

ʢʨʝʡʜʠ (K2km). 

 

ʈʠʩ. 2.13. ʉʭʝʤʘ ʧʨʠʨʦʜʥʦʾ ʟʘʭʠʱʝʥʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʌʨʘʛʤʝʥʪ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʦʩʥʦʚʥʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʪʘ ʢʦʤʧʣʝʢʩʽʚ. 

ʄʘʩʰʪʘʙ 1:200 000. ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʘ ʩʝʨʽʷ. M-36-XIV (ʇʝʨʝʷʩʣʘʚ-

ʍʤʝʣʴʥʠʮʴʢʠʡ) [212] 

ɺʦʜʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ ʚ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ 4-5 ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ ʪʘ 

ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʠʭ, ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʭ, ʣʴʦʜʦʚʠʢʦʚʠʭ ʚʽʜʢʣʘʜʘʭ ʥʠʞʥʴʦʛʦ-

ʩʝʨʝʜʥʴʦʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ ʪʘ ʝʣʶʚʽʘʣʴʥʠʭ, ʝʦʣʦʚʦ- ʜʝʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ 

ʩʝʨʝʜʥʴʦʛʦ-ʚʝʨʭʥʴʦʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ (a4-5,f,lg,gPI-II+e,vdPII-III) ʧʨʠʫʨʦʯʝʥʠʡ 

ʜʦ ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʠʭ, ʪʘ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʥʠʞʥʴʦʛʦ-ʩʝʨʝʜʥʴʦʛʦ 

ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʽʜʤʦʨʝʥʥʠʤʠ ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʽ ʥʘʜʤʦʨʝʥʥʠʤʠ 

ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ ʪʘ ʩʫʛʣʠʥʢʘʤʠ ʟ ʧʨʦʰʘʨʢʘʤʠ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʧʽʩʢʽʚ. 

ʋ ʧʦʢʨʽʚʣʽ ʥʘʜʤʦʨʝʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʟʘʣʷʛʘʶʪʴ ʣʝʩʦʧʦʜʽʙʥʽ ʩʫʛʣʠʥʢʠ ʪʘ ʣʝʩʠ, ʷʢʽ 

ʥʝʨʽʜʢʦ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʪʘʢʦʞ ʦʙʚʦʜʥʝʥʽ. ɿʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʦʜʦʚʤʽʩʥʠʭ 

ʧʦʨʽʜ ʧʦʥʘʜ 45-50 ʤ. 
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ʈʠʩ. 2.14. ʈʦʟʨʽʟ ʧʦ ʣʽʥʽʾ ɸ3-ɸ4. ʌʨʘʛʤʝʥʪ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʦʩʥʦʚʥʠʭ 

ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʪʘ ʢʦʤʧʣʝʢʩʽʚ. ʄʘʩʰʪʘʙ 1:200 000. ɼʥʽʧʨʦʚʩʴʢʦ-

ɼʦʥʝʮʴʢʘ ʩʝʨʽʷ. M-36-XIV (ʇʝʨʝʷʩʣʘʚ-ʍʤʝʣʴʥʠʮʴʢʠʡ) [212] 

ɿʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʦʜʠ ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʽ ʤʘʛʥʽʻʚʦ-

ʢʘʣʴʮʽʻʚʽ, ʥʘʪʨʽʻʚʽ, ʧʝʨʝʚʘʞʥʦ ʧʨʽʩʥʽ. ʄʽʥʝʨʘʣʽʟʘʮʽʷ ʚʦʜ ʥʠʞʥʴʦʾ, ʥʘʡʙʽʣʴʰ 

ʧʨʦʤʠʪʦʾ ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʧʽʩʢʘʤʠ, ʥʝ ʧʝʨʝʚʠʱʫʻ 0,7 ʛ/ʜʤ3, 

ʩʢʣʘʜʘʶʯʠ ʚ ʩʝʨʝʜʥʴʦʤʫ 0,4-0,6 ʛ/ʜʤ3. ɹʽʣʴʰʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ (0,7-0,9 ʛ/ʜʤ3) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʦʜʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʩʫʛʣʠʥʢʘʭ, ʛʣʠʥʠʩʪʠʭ ʧʽʩʢʘʭ ʪʘ ʣʝʩʘʭ. 

ʇʦʜʝʢʫʜʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʘ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ ʥʘ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʠʡ, ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʠʡ, ʭʣʦʨʠʜʥʦ-ʥʽʪʨʘʪʥʠʡ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʽʜ 0,9 ʜʦ 4,3 ʛ/ʜʤ3. ʈʽʟʢʘ ʟʤʽʥʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʧʦʚ'ʷʟʘʥʘ ʟ ʣʦʢʘʣʴʥʠʤ ʪʝʭʥʦʛʝʥʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʚʦʜ ʚʝʨʭʥʴʦʾ 

ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʫ. ʈʝʘʢʮʽʷ ʚʦʜʠ ʧʝʨʝʚʘʞʥʦ ʥʝʡʪʨʘʣʴʥʘ. 

ɺʦʜʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ ʤʘʻ ʚʝʣʠʢʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʽ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ 

ʜʞʝʨʝʣ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɿʘ ʨʘʭʫʥʦʢ ʚʦʜ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʟʘʚʦʜʽʚ, ʟʘʣʽʟʥʠʮʴ ʪʘ ʽʥ. ɺʦʜʠ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ 

ʢʦʤʧʣʝʢʩʫ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʩʮʝʚʠʤ ʥʘʩʝʣʝʥʥʷʤ ʜʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦ-

ʧʦʙʫʪʦʚʠʭ ʧʦʪʨʝʙ. ɼʘʥʠʡ ʚʦʜʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ ʻ ʧʝʨʰʠʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚ ʤʝʞʘʭ 

ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ɹʘʨʠʰʽʚʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ. 
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ʈʠʩ. 2.15. ʌʨʘʛʤʝʥʪ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ (ʟʚʝʜʝʥʦʾ). ʄʘʩʰʪʘʙ 1:200 000. 

ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʘ ʩʝʨʽʷ. M-36-XIV  (ʇʝʨʝʷʩʣʘʚ-ʍʤʝʣʴʥʠʮʴʢʠʡ) [213] 

 

ʈʠʩ. 2.16. ʈʦʟʨʽʟ ʧʦ ʣʽʥʽʾ ɸ4-ɸ5. ʌʨʘʛʤʝʥʪ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ (ʟʚʝʜʝʥʦʾ). 

ʄʘʩʰʪʘʙ 1:200 000. ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʘ ʩʝʨʽʷ. M-36-XIV  (ʇʝʨʝʷʩʣʘʚ-

ʍʤʝʣʴʥʠʮʴʢʠʡ) [213] 
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ɺʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʚʽʜʢʣʘʜʘʭ ʢʘʥʽʚʩʴʢʦʾ ʪʘ ʙʫʯʘʮʴʢʦʾ ʩʝʨʽʡ ʝʦʮʝʥʫ 

(P2kn+bļ) ʧʦʰʠʨʝʥʠʡ ʧʦʚʩʶʜʥʦ. ɺʦʜʦʚʤʽʩʥʠʤʠ ʧʦʨʦʜʘʤʠ ʻ ʜʨʽʙʥʦ-

ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʽ ʢʚʘʨʮʦʚʽ ʧʽʩʢʠ ʙʫʯʘʮʴʢʦʾ ʩʝʨʽʾ ʽ ʛʣʘʫʢʦʥʽʪ-ʢʚʘʨʮʦʚʽ ʜʨʽʙʥʦ-

ʪʦʥʢʦʟʝʨʥʠʩʪʽ ʧʽʩʢʠ ʢʘʥʽʚʩʴʢʦʾ ʩʝʨʽʾ, ʱʦ ʧʦʜʝʢʫʜʠ ʤʽʩʪʷʪʴ ʧʨʦʰʘʨʢʠ ʧʽʩʢʦʚʠʢʽʚ ʽ 

ʛʣʠʥ. ɺʦʜʦʥʦʩʥʘ ʪʦʚʱʘ ʟʘʣʷʛʘʻ ʥʘ ʪʦʥʢʦ-ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʛʣʠʥʠʩʪʠʭ ʧʽʩʢʘʭ, 

ʘʣʝʚʨʠʪʘʭ ʽ ʛʣʠʥʘʭ ʤʝʨʣʠʥʩʴʢʦʾ ʩʚʽʪʠ ʧʘʣʝʦʮʝʥʫ, ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʚʦʜʦʪʨʠʚʢʠʤʠ 

ʱʽʣʴʥʠʤʠ ʤʝʨʛʝʣʷʤʠ, ʨʽʜʰʝ ʛʣʠʥʘʤʠ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ ʝʦʮʝʥʫ. ɺ ʧʽʚʜʝʥʥʦ- ʟʘʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘ ʣʽʥʽʻʶ ʨʦʟʤʠʚʫ ʤʝʨʛʝʣʽʚ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ, 

ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʚ ʢʘʥʽʚʩʴʢʦ-ʙʫʯʘʮʴʢʠʭ ʚʽʜʢʣʘʜʘʭ ʟʘʣʷʛʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ 

ʦʙʚʦʜʥʝʥʠʤʠ ʧʽʩʢʘʤʠ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʚʽʢʫ, ʫʪʚʦʨʶʶʯʠ ʟ ʥʠʤʠ ʻʜʠʥʠʡ, ʛʽʜʨʘʚʣʽʯʥʦ 

ʧʦʚ'ʷʟʘʥʠʡ ʚʦʜʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ. 

ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʘ ʚʦʜʦʟʙʘʛʘʯʝʥʽʩʪʴ ʧʽʩʢʽʚ ʙʫʯʘʮʴʢʦʾ ʩʝʨʽʾ. ɺʽʜʢʣʘʜʠ ʢʘʥʽʚʩʴʢʦʾ 

ʩʝʨʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʣʘʙʢʠʤʠ ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʚ ʩʢʣʘʜʽ ʚʦʜʦʚʤʽʩʥʦʾ 

ʪʦʚʱʽ ʤʘʶʪʴ ʧʽʜʧʦʨʷʜʢʦʚʘʥʝ ʟʥʘʯʝʥʥʷ. 

ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʷʢ ʽ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. ɺʦʜʠ ʛʦʨʠʟʦʥʪʫ ʥʘʧʽʨʥʽ. ɺʝʣʠʯʠʥʘ 

ʥʘʧʦʨʫ ʥʘ ʣʽʚʦʙʝʨʝʞʞʽ ʨ. ɼʥʽʧʨʦ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 33,5 ʜʦ 89,0 ʤ. ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ 

ʧ'ʻʟʦʤʝʪʨʠʯʥʠʭ ʨʽʚʥʽʚ ʥʘ ʧʨʘʚʦ- ʪʘ ʣʽʚʦʙʝʨʝʞʞʽ ʟʥʠʞʫʶʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ɼʥʽʧʨʘ, ʱʦ 

ʻ ʜʣʷ ʥʘʧʽʨʥʠʭ ʚʦʜ ʢʘʥʽʚʩʴʢʦ-ʙʫʯʘʮʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʦʙʣʘʩʪʶ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. 

ɺʦʜʠ ʛʦʨʠʟʦʥʪʫ ʧʨʽʩʥʽ, ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʾʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,3 ʜʦ 0,9 ʛ/ʜʤ3. ɿʘ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʦʜʠ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʽʻʚʦ-ʥʘʪʨʽʻʚʽ ʪʘ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʥʘʪʨʽʻʚʽ. ʈʝʘʢʮʽʷ ʚʦʜʠ ʧʝʨʝʚʘʞʥʦ ʥʝʡʪʨʘʣʴʥʘ. ɿʘ ʩʪʫʧʝʥʝʤ ʞʦʨʩʪʢʦʩʪʽ ʚʦʜʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʦʤʽʨʥʦ-ʞʦʨʩʪʢʠʭ, ʨʽʜʰʝ ʜʦ ʞʦʨʩʪʢʠʭ. 

ɺʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʢʘʥʽʚʩʴʢʦ-ʙʫʯʘʮʴʢʠʭ ʚʽʜʢʣʘʜʘʭ ʤʘʻ ʚʠʩʦʢʫ 

ʚʦʜʦʟʙʘʛʘʯʝʥʽʩʪʴ, ʚʠʨʽʟʥʷʻʪʴʩʷ ʜʦʙʨʦʶ ʷʢʽʩʪʶ ʚʦʜʠ ʽ ʻ ʥʘʜʽʡʥʠʤ ʜʞʝʨʝʣʦʤ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ʉʣʘʙʦʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʚʽʜʢʣʘʜʘʭ ʩʫʤʩʴʢʦʾ ʩʝʨʽʾ ʧʘʣʝʦʮʝʥʫ (P1sm) 

ʟʘʣʷʛʘʻ ʥʘ ʢʨʝʡʜʦʚʠʭ ʚʽʜʢʣʘʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʝʨʝʚʘʞʥʦ ʚʦʜʦʪʨʠʚʢʠʤʠ 

ʤʝʨʛʝʣʴʥʦ-ʢʨʝʡʜʷʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ. ɺʽʜʢʣʘʜʠ ʩʫʤʩʴʢʦʾ ʩʝʨʽʾ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

ʚʦʜʦʥʦʩʥʠʤʠ ʧʦʨʦʜʘʤʠ ʢʘʥʽʚʩʴʢʦʾ ʩʚʽʪʠ. 
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ʇʦʪʫʞʥʽʩʪʴ ʚʽʜʢʣʘʜʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,5 ʜʦ 28 ʤ. ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʦʥʢʦ-

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ, ʩʠʣʴʥʦ ʛʣʠʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ, ʷʢʽ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʩʭʦʜʽ ʬʘʮʽʘʣʴʥʦ 

ʟʘʤʽʱʫʶʪʴʩʷ ʘʣʝʚʨʠʪʘʤʠ ʽ ʛʣʠʥʘʤʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ ʽ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʚʽʜʢʣʘʜʠ ʩʫʤʩʴʢʦʾ ʩʝʨʽʾ ʦʙʚʦʜʥʝʥʽ. ʇʦʨʦʜʠ ʩʫʤʩʴʢʦʾ ʩʝʨʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʢʨʘʡ 

ʥʠʟʴʢʦʶ ʚʦʜʦʚʽʜʜʘʯʝʶ ʯʝʨʝʟ ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ. ɼʣʷ ʮʽʣʝʡ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʦʜʠ ʚʽʜʢʣʘʜʽʚ ʩʫʤʩʴʢʦʾ ʩʝʨʽʾ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

ɺʦʜʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ ʫ ʚʽʜʢʣʘʜʘʭ ʟʘʛʦʨʽʚʩʴʢʦʾ, ʞʫʨʘʚʠʥʩʴʢʦʾ, ʢʝʛʠʯʽʚʩʴʢʦʾ 

ʩʚʽʪ ʥʠʞʥʴʦʾ ʢʨʝʡʜʠ ʪʘ ʙʫʨʽʤʩʴʢʦʾ ʩʚʽʪʠ ʥʠʞʥʴʦʾ ʪʘ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ (K1zg-kg+K1-

2br) ʧʦʰʠʨʝʥʠʡ ʥʘ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ. ɺʦʜʦʚʤʽʩʥʠʤʠ ʧʦʨʦʜʘʤʠ ʻ ʚʽʜʢʣʘʜʠ 

ʟʘʛʦʨʽʚʩʴʢʦʾ, ʞʫʨʘʚʠʥʩʴʢʦʾ, ʢʝʛʠʯʽʚʩʴʢʦʾ ʪʘ ʙʫʨʽʤʩʴʢʦʾ ʩʚʽʪ. ɺʽʜʢʣʘʜʠ ʙʫʨʽʤʩʴʢʦʾ 

ʩʚʽʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʨʽʙʥʦ- ʪʘ ʪʦʥʢʦʟʝʨʥʠʩʪʠʤʠ, ʨʽʜʰʝ ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ 

ʟ ʧʨʦʰʘʨʢʘʤʠ ʧʽʩʢʦʚʠʢʽʚ; ʪʦʚʱʘ ʧʦʨʽʜ ʟʘʛʦʨʽʚʩʴʢʦʾ, ʞʫʨʘʚʠʥʩʴʢʦʾ ʪʘ ʢʝʛʠʯʽʚʩʴʢʦʾ 

ʩʚʽʪ ʩʢʣʘʜʝʥʘ ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ, ʧʝʨʝʚʘʞʥʦ ʛʨʫʙʦ- ʪʘ ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʤʠ, ʨʽʜʰʝ 

ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ ʟ ʧʨʦʰʘʨʢʘʤʠ ʛʣʠʥ ʽ ʢʘʦʣʽʥʽʚ. ʋ ʪʦʚʱʽ ʚʦʜʦʚʤʽʩʥʠʭ 

ʧʽʩʢʽʚ ʟʘʛʦʨʽʚʩʴʢʦʾ ʪʘ ʞʫʨʘʚʠʥʩʴʢʦʾ ʩʚʽʪ ʽʥʦʜʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʨʦʰʘʨʢʠ ʢʘʦʣʽʥʽʚ ʽ 

ʛʣʠʥ, ʱʦ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʫʪʨʫʜʥʶʶʪʴ ʟʚ'ʷʟʦʢ ʚʦʜ ʫʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɺ ʨʘʡʦʥʽ, 

ʱʦ ʧʨʠʣʷʛʘʻ ʟʽ ʩʭʦʜʫ ʜʦ ʆʩʪʝʨʩʴʢʦ-ɿʦʣʦʪʦʥʽʩʴʢʦʛʦ ʧʽʜʥʷʪʪʷ, ʜʝ ʚʽʜʢʣʘʜʠ 

ʤʝʨʛʝʣʴʥʦ-ʢʨʝʡʜʷʥʦʾ ʪʦʚʱʽ ʚʽʜʩʫʪʥʽ, ʚ ʧʦʢʨʽʚʣʽ ʚʦʜʦʚʤʽʩʥʠʭ ʧʦʨʽʜ ʟʘʣʷʛʘʶʪʴ 

ʜʨʽʙʥʦ- ʪʘ ʪʦʥʢʦʟʝʨʥʠʩʪʽ, ʛʣʠʥʠʩʪʽ, ʘʣʝʚʨʠʪʠʩʪʽ ʧʘʣʝʦʮʝʥʦʚʽ ʧʽʩʢʠ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʛʽʜʨʘʚʣʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʚʦʜʘʤʠ ʢʘʥʽʚʩʴʢʦ-ʙʫʯʘʮʴʢʠʭ ʚʽʜʢʣʘʜʽʚ, ʱʦ 

ʟʘʣʷʛʘʶʪʴ ʚʠʱʝ. 

ɺʦʜʠ ʢʦʤʧʣʝʢʩʫ ʥʘʧʽʨʥʽ. ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʨʽʚʥʽʚ ʚʽʜ 4 ʜʦ 32 ʤ. 

ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʨʽʚʥʽʚ ʟʥʠʞʫʶʪʴʩʷ ʚ ʧʽʚʜʝʥʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʜʦ ɼʥʽʧʨʘ, ʱʦ ʻ 

ʦʙʣʘʩʪʶ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʜʘʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ɺʦʜʠ ʢʨʝʡʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʧʨʽʩʥʽ, ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʾʭ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,33 ʜʦ 0,72 

ʛ/ʜʤ3, ʟʙʽʣʴʰʫʶʯʠʩʴ ʧʦ ʤʽʨʽ ʟʘʥʫʨʝʥʥʷ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɿʘ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʚʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ. ʅʘ ʜʽʣʷʥʮʽ, ʜʝ ʚʽʜʩʫʪʥʽ ʤʝʨʛʝʣʴʥʦ-

ʢʨʝʡʜʷʥʽ ʚʽʜʢʣʘʜʠ ʽ ʚʦʜʠ ʢʦʤʧʣʝʢʩʫ ʤʘʶʪʴ ʟʚ'ʷʟʦʢ ʟ ʚʦʜʘʤʠ ʧʘʣʝʦʛʝʥʦʚʠʭ ʪʘ 

ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʩʢʣʘʜ ʾʭ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʡ ʤʘʛʥʽʻʚʦ-ʢʘʣʴʮʽʻʚʠʡ. ʇʦ ʤʽʨʽ 
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ʟʘʛʣʠʙʣʝʥʥʷ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ ʧʽʚʥʽʯʥʦʤʫ ʪʘ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʘʭ 

ʩʢʣʘʜ ʚʦʜʠ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʡ ʢʘʣʴʮʽʻʚʦ-ʥʘʪʨʽʻʚʠʡ, ʧʦʪʽʤ ʥʘ 

ʭʣʦʨʠʜʥʦ-ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʡ ʥʘʪʨʽʻʚʠʡ. ʈʝʘʢʮʽʷ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʭ ʢʘʣʴʮʽʻʚʠʭ ʚʦʜ 

ʥʝʡʪʨʘʣʴʥʘ, ʜʣʷ ʚʦʜ ʽʥʰʠʭ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʪʠʧʽʚ ï ʩʣʘʙʦʣʫʞʥʘ. ɼʘʥʠʡ ʚʦʜʦʥʦʩʥʠʡ 

ʢʦʤʧʣʝʢʩ ʤʘʻ ʚʝʣʠʢʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʞʝʨʝʣʦʤ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ʉʣʘʙʦʚʦʜʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ ʫ ʚʽʜʢʣʘʜʘʭ ʽʚʘʥʠʮʴʢʦʾ ʩʚʽʪʠ ʩʝʨʝʜʥʴʦʾ ʪʘ 

ʚʝʨʭʥʴʦʾ ʶʨʠ (J2-3iv) ʧʦʰʠʨʝʥʠʡ ʧʦʚʩʶʜʥʦ. ʃʽʪʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʚʽʜʢʣʘʜʽʚ 

ʽʚʘʥʠʮʴʢʦʾ ʩʚʽʪʠ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʠʡ. ɺ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʚʘʧʥʷʢʘʤʠ, ʘʣʝʚʨʠʪʘʤʠ, ʤʝʨʛʝʣʷʤʠ ʟ ʧʨʦʰʘʨʢʘʤʠ ʛʣʠʥ. ʅʘ 

ʩʭʦʜʽ, ʜʝ ʢʦʤʧʣʝʢʩ ʟʘʥʫʨʶʻʪʴʩʷ ʚ ʙʽʢ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ ɿʘʧʘʜʠʥʠ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʘ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʜʦ ʱʽʣʴʥʠʭ ʛʣʠʥ, ʩʝʨʝʜ ʷʢʠʭ ʧʦʜʝʢʫʜʠ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʨʦʰʘʨʢʠ ʚʘʧʥʷʢʽʚ. 

ɿʘ ʩʚʦʾʤʠ ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʽʜʢʣʘʜʠ ʽʚʘʥʠʮʴʢʦʾ ʩʚʽʪʠ ʥʘ ʨʽʟʥʠʭ 

ʜʽʣʷʥʢʘʭ ʪʝʨʠʪʦʨʽʾ ʘʨʢʫʰʘ ʪʘʢʦʞ ʜʫʞʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʌʽʣʴʪʨʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʘʧʥʷʢʽʚ, ʘʣʝʚʨʦʣʽʪʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ. ɺʟʜʦʚʞ ʆʩʪʝʨʩʴʢʦ-

ɿʦʣʦʪʦʥʽʩʴʢʦʛʦ ʧʽʜʥʷʪʪʷ, ʚ ʨʦʟʨʽʟʽ ʧʝʨʝʚʘʞʘʶʪʴ ʚʘʧʥʷʢʠ ʪʘ ʤʝʨʛʝʣʽ ʽ ʚʦʜʦʥʦʩʥʽʩʪʴ 

ʤʘʻ ʪʨʽʱʠʥʥʠʡ ʭʘʨʘʢʪʝʨ. ʅʘ ʩʭʦʜʽ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʪʘ ʬʘʮʽʘʣʴʥʠʤ 

ʧʝʨʝʭʦʜʦʤ ʜʦ ʛʣʠʥ ʚʦʜʦʥʦʩʥʽʩʪʴ ʪʘ ʚʦʜʦʟʙʘʛʘʯʝʥʽʩʪʴ ʨʽʟʢʦ ʟʥʠʞʫʶʪʴʩʷ. 

ɺʠʭʦʜʷʯʠ ʟ ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ, ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʜʘʥʠʭ ʧʦ ʩʫʤʽʞʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʽʜʢʣʘʜʠ ʽʚʘʥʠʮʴʢʦʾ ʩʚʽʪʠ ʩʝʨʝʜʥʴʦʾ ʪʘ 

ʚʝʨʭʥʴʦʾ ʶʨʠ ʻ ʣʦʢʘʣʴʥʦ ʚʦʜʦʥʦʩʥʠʤʠ ʽ ʜʣʷ ʮʽʣʝʡ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽʥʪʝʨʝʩʫ ʥʝ 

ʩʪʘʥʦʚʣʷʪʴ. 

ɺʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʚʽʜʢʣʘʜʘʭ ʦʨʝʣʴʩʴʢʦʾ ʩʚʽʪʠ ʩʝʨʝʜʥʴʦʾ ʶʨʠ (J2or) 

ʟʘʣʷʛʘʻ ʥʘ ʛʣʠʥʘʭ ʩʝʨʝʙʨʷʥʩʴʢʦʾ ʩʚʽʪʠ ʩʝʨʝʜʥʴʦʛʦ ʪʨʽʘʩʫ, ʟʘʥʫʨʶʻʪʴʩʷ ʚ ʩʭʽʜʥʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʱʽʣʴʥʠʤʠ ʚʦʜʦʪʨʠʚʢʠʤʠ ʛʣʠʥʘʤʠ ʙʘʪʩʴʢʦʛʦ ʷʨʫʩʫ 

ʩʝʨʝʜʥʴʦʾ ʶʨʠ. ɺʦʜʦʚʤʽʩʥʠʤʠ ʧʦʨʦʜʘʤʠ ʻ ʧʽʩʢʠ, ʥʝʦʜʥʦʨʽʜʥʽ ʟʘ ʣʽʪʦʣʦʛʽʯʥʠʤ ʪʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ. ʋ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʯʘʩʪʠʥʘʭ ʧʝʨʝʚʘʞʘʶʪʴ 

ʨʽʟʥʦʟʝʨʥʠʩʪʽ (ʧʝʨʝʚʘʞʥʦ ʩʝʨʝʜʥʴʦ- ʪʘ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ) ʢʚʘʨʮʦʚʽ ʧʽʩʢʠ, ʱʦ ʤʘʡʞʝ ʥʝ 

ʤʽʩʪʷʪʴ ʛʣʠʥʠʩʪʠʭ ʯʘʩʪʦʢ. ʉʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ʪʦʚʱʽ ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʣʴʥʦ 
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ʛʣʠʥʠʩʪʠʤʠ, ʚʫʛʣʠʩʪʠʤʠ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ ʽ ʧʣʘʩʪʘʤʠ ʛʣʠʥ, ʨʽʜʰʝ 

ʘʣʝʚʨʠʪʽʚ, ʥʝʚʠʪʨʠʤʘʥʠʤʠ ʧʦ ʧʨʦʩʪʷʛʘʥʥʶ. 

ʅʘʡʙʽʣʴʰ ʚʦʜʦʟʙʘʛʘʯʝʥʠʤʠ ʚ ʩʢʣʘʜʽ ʧʦʨʽʜ ʦʨʝʣʴʩʴʢʦʾ ʩʚʽʪʠ ʻ ʧʽʩʢʠ, ʷʢʽ 

ʟʘʣʷʛʘʶʪʴ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ ʪʘ ʯʘʩʪʦ ʤʽʩʪʷʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʛʨʘʚʽʶ ʽ 

ʜʨʽʙʥʦʾ ʛʘʣʴʢʠ ʢʚʘʨʮʫ. 

ɺʦʜʠ ʦʨʝʣʴʩʴʢʦʾ ʩʚʽʪʠ ʥʘʧʽʨʥʽ. ʋ ʨʘʡʦʥʽ ʤ. ʇʝʨʝʷʩʣʘʚ-ʍʤʝʣʴʥʠʮʴʢʠʡ, 

ʚʥʘʩʣʽʜʦʢ ʽʥʪʝʥʩʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʦʜ ʛʦʨʠʟʦʥʪʫ, ʤʘʻ ʤʽʩʮʝ ʜʝʧʨʝʩʽʡʥʘ ʚʦʨʦʥʢʘ. 

ɿʥʠʞʝʥʥʷ ʧ'ʻʟʦʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷ ʚ ʮʝʥʪʨʽ ʚʦʨʦʥʢʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʨʦʜʥʠʤ, ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 20 ʤ. 

ɺʦʜʠ ʛʦʨʠʟʦʥʪʫ ʩʦʣʦʥʽ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʽ, ʟ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʜʦ 4,9 ʛ/ʜʤ3 (ʤ. 

ʗʛʦʪʠʥ). ʈʝʘʢʮʽʷ ʚʦʜ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʣʘʙʦʣʫʞʥʘ. ɿʘ ʚʝʣʠʯʠʥʦʶ ʞʦʨʩʪʢʦʩʪʽ 

ʚʦʜʠ ʤ'ʷʢʽ. 

ʄʽʥʝʨʘʣʽʟʦʚʘʥʽ ʚʦʜʠ ʤʽʩʪʷʪʴ ʪʘʢʽ ʬʽʟʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢ ʟʘʣʽʟʦ, 

ʤʘʨʛʘʥʝʮʴ, ʬʪʦʨ, ʙʨʦʤ, ʤʝʪʘʙʦʨʥʘ ʽ ʢʨʝʤʥʽʻʚʘ ʢʠʩʣʦʪʠ, ʘ ʪʦʤʫ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʟ ʤʝʪʦʶ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʣʽʢʫʚʘʣʴʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ 

ʚʦʜ. 

ɻʝʦʤʦʨʬʦʣʦʛʽʷ ʪʘ ʨʝʣʴʻʬʦʪʚʦʨʥʽ ʧʨʦʮʝʩʠ. ɿʛʽʜʥʦ ʽʟ ʩʭʝʤʦʶ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ. 2.17, ʪʝʨʠʪʦʨʽʷ 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ 

ʧʦʣʽʛʝʥʥʦʾ ʨʽʚʥʠʥʠ, ʚ ʦʙʣʘʩʪʽ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʧʣʘʩʪʦʚʦ-ʘʢʫʤʫʣʷʪʠʚʥʦʾ 

ʥʠʟʦʚʠʥʥʦʾ ʨʽʚʥʠʥʠ (ɯɯ), ʚ ʧʽʜʦʙʣʘʩʪʽ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʧʣʘʩʪʦʚʦ-ʘʢʫʤʫʣʷʪʠʚʥʦʾ 

ʥʠʟʦʚʠʥʥʦʾ ʨʽʚʥʠʥʠ ʥʘ ʧʘʣʝʦʛʝʥʦʚʠʭ ʪʘ ʥʝʦʛʝʥʦʚʠʭ ʚʽʜʢʣʘʜʘʭ (ɯɯ-2), ʫ ʨʘʡʦʥʽ 

ʗʛʦʪʠʥʩʴʢʦʾ ʘʣʶʚʽʘʣʴʥʦʾ (5-ʦʾ ʪʝʨʘʩʠ ɼʥʽʧʨʘ), ʧʣʦʩʢʦʾ, ʩʣʘʙʦʨʦʟʯʣʝʥʦʚʘʥʦʾ 

ʨʽʚʥʠʥʠ (ɯɯ-2-25). 

ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʧʣʘʩʪʦʚʦ-ʘʢʫʤʫʣʷʪʠʚʥʘ ʥʠʟʦʚʠʥʘ ʨʽʚʥʠʥʘ ɯɯ-2. ʉʫʯʘʩʥʠʡ 

ʨʝʣʴʻʬ ʪʝʨʠʪʦʨʽʾ ʩʬʦʨʤʦʚʘʥʠʡ ʥʘ ʧʦʨʦʜʘʭ ʧʘʣʝʦʛʝʥʫ. ʁʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʨʦʟʧʦʯʘʣʦʩʷ ʚ ʢʽʥʮʽ ʨʘʥʥʴʦʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ ʽ ʚʽʜʙʫʚʘʣʦʩʷ ʚ ʫʤʦʚʘʭ ʩʣʘʙʢʠʭ 

ʥʝʦʪʝʢʪʦʥʽʯʥʠʭ ʧʽʜʥʷʪʪʽʚ. ʄʦʨʬʦʩʢʫʣʴʧʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʫʤʦʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ 

ʘʣʶʚʽʘʣʴʥʠʤʠ ʪʘ ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʻʬʫ. ɺ ʮʽʣʦʤʫ ʨʝʣʴʻʬ ʪʝʨʠʪʦʨʽʾ 

ʧʣʦʩʢʠʡ, ʩʣʘʙʦʭʚʠʣʷʩʪʠʡ ʪʘ ʩʣʘʙʦʨʦʟʯʣʝʥʦʚʘʥʠʡ. ʆʩʥʦʚʥʠʤʠ ʡʦʛʦ ʝʣʝʤʝʥʪʘʤʠ ʻ 
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ʤʦʣʦʜʽ ʨʽʯʢʦʚʽ ʜʦʣʠʥʠ ʣʽʚʠʭ ʧʨʠʪʦʢ ɼʥʽʧʨʘ ï ʊʨʫʙʽʞʘ ʪʘ ʉʫʧʦʶ ʟʽ ʩʣʘʙʦ 

ʨʦʟʚʠʥʫʪʠʤʠ ʪʝʨʘʩʦʚʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʟʘʙʦʣʦʯʫʚʘʥʥʷ ʪʘ  ʩʫʬʦʟʽʡʥʦ-ʧʨʦʩʘʜʢʦʚʽ ʷʚʠʱʘ. 

 

ʈʠʩ. 2.17. ʉʭʝʤʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ [210] 

ʋ ʙʫʜʦʚʽ ʗʛʦʪʠʥʩʴʢʦʾ ʘʣʶʚʽʘʣʴʥʦʾ (ʪʝʨʘʩʥʦʾ), ʧʣʘʩʢʦʾ ʪʘ ʩʣʘʙʦʭʚʠʣʷʩʪʦʾ, 

ʩʣʘʙʦʨʦʟʯʣʝʥʦʚʘʥʦʾ ʨʽʚʥʠʥʠ ʙʝʨʝ ʫʯʘʩʪʴ ʢʦʤʧʣʝʢʩ ʥʠʞʥʴʦʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʠʭ 

ʘʣʶʚʽʘʣʴʥʦ-ʚʦʜʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʭ ʚʽʜʢʣʘʜʽʚ, ʩʫʙʘʢʚʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ V 

(ʭʘʜʞʠʙʝʡʩʴʢʦʾ) ʥʘʜʟʘʧʣʘʚʥʦʾ ʪʝʨʘʩʠ, ʢʦʤʧʣʝʢʩ ʣʴʦʜʦʚʠʢʦʚʠʭ, ʦʟʝʨʥʦ-

ʣʴʦʜʦʚʠʢʦʚʠʭ ʽ ʚʦʜʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ ʪʘ 

ʩʝʨʝʜʥʴʦ- ʚʝʨʭʥʴʦʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʽ ʣʝʩʦʚʠʜʥʽ ʩʫʛʣʠʥʢʠ ʪʘ ʩʫʧʽʩʢʠ ʟ ʧʨʦʰʘʨʢʘʤʠ 

ʚʠʢʦʧʥʠʭ ˇʨʫʥʪʽʚ. ʇʦʪʫʞʥʽʩʪʴ ʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʩʪʘʥʦʚʠʪʴ 50-60 ʤ, ʘ ʫ 

ʧʝʨʝʟʘʛʣʠʙʣʝʥʠʭ ʯʘʩʪʠʥʘʭ ï ʜʦ 80 ʤ. ʇʦʪʫʞʥʘ ʪʦʚʱʘ ʣʝʩʦʚʠʭ ʫʪʚʦʨʝʥʴ ʟʫʤʦʚʠʣʘ 

ʨʦʟʚʠʪʦʢ ʙʣʶʜʮʝʧʦʜʽʙʥʠʭ, ʽʥʦʜʽ ʟʘʙʦʣʦʯʝʥʠʭ, ʩʫʬʦʟʽʡʥʠʭ ʟʘʧʘʜʠʥ. 

ʇôʷʪʘ (ʭʘʜʞʠʙʝʡʩʴʢʘ) ʥʘʜʟʘʧʣʘʚʥʘ ʪʝʨʘʩʘ ɼʥʽʧʨʘ ʟʘʡʤʘʻ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ 

ʧʣʦʱʽ ʗʛʦʪʠʥʩʴʢʦʾ ʘʣʶʚʽʘʣʴʥʦʾ ʨʽʚʥʠʥʠ, ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʨʦʙʽʪ. ʅʘ ʧʽʚʜʝʥʥʦʤʫ 

ʟʘʭʦʜʽ ʚʦʥʘ ʤʝʞʫʻ ʟ IV (ʯʝʨʢʘʩʴʢʦʶ) ʥʘʜʟʘʧʣʘʚʥʦʶ ʪʝʨʘʩʦʶ, ʚʽʜ ʷʢʦʾ ʚʽʜʦʢʨʝʤʣʝʥʘ 

ʚʠʨʘʞʝʥʠʤ ʫ ʨʝʣʴʻʬʽ ʫʩʪʫʧʦʤ. ʋʩʪʫʧ ʪʝʨʘʩʠ ʧʦʣʦʛʠʡ (5-10Á), ʚʠʩʦʪʦʶ ʜʦ 10 ʤ. 

ʐʠʨʠʥʘ ʪʝʨʘʩʠ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 30 ʢʤ, ʚʠʩʦʪʘ ʥʘʜ ʫʨʽʟʦʤ ɼʥʽʧʨʘ ï 40-50 ʤ. 

ʇʦʚʝʨʭʥʷ ʪʝʨʘʩʠ ʧʣʦʩʢʘ, ʩʣʘʙʦʨʦʟʯʣʝʥʦʚʘʥʘ ʙʘʣʢʘʤʠ. ʈʽʚʥʠʥʥʽʩʪʴ ʧʦʚʝʨʭʥʽ 

ʤʽʩʮʷʤʠ ʧʦʨʫʰʫʻʪʴʩʷ ʝʦʣʦʚʠʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʻʬʫ, ʟʘʙʦʣʦʯʝʥʠʤʠ ʟʘʧʘʜʠʥʘʤʠ ʪʘ 
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ʙʣʶʜʮʝʧʦʜʽʙʥʠʤʠ ʩʫʬʦʟʽʡʥʠʤʠ ʟʘʧʘʜʠʥʘʤʠ. ɹʫʜʦʚʘ ʪʝʨʘʩʠ ʚʽʜʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ 

2.18. ʊʝʨʘʩʘ ʩʢʣʘʜʝʥʘ ʘʣʶʚʽʘʣʴʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ, - ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ, 

ʯʘʩʪʦ ʟ ʣʽʥʟʘʤʠ ʽ ʧʨʦʰʘʨʢʘʤʠ ʩʫʛʣʠʥʢʽʚ, ʪʦʨʬʫ, ʩʫʧʽʩʢʽʚ, ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʷʢʠʭ ʙʣʠʟʴʢʦ 40 ʤ. ɿʘʣʷʛʘʶʪʴ ʚʦʥʠ ʨʦʟʤʠʚʦʤ ʥʘ ʘʣʶʚʽʘʣʴʥʦ-ʚʦʜʥʦʣʴʦʜʦʚʠʢʦʚʠʭ 

ʧʽʩʢʘʭ ʪʠʛʫʣʴʩʴʢʦʛʦ ʯʘʩʫ. ʇʝʨʝʢʨʠʚʘʶʪʴʩʷ ʤʦʨʝʥʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ, ʧʽʩʢʘʤʠ ʽ 

ʩʫʧʽʩʢʘʤʠ ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ, ʥʘ ʷʢʠʭ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʬʦʨʤʫʚʘʣʘʩʷ 

ʩʫʙʘʝʨʘʣʴʥʘ ʪʦʚʱʘ ʣʝʩʦʧʦʜʽʙʥʠʭ ʩʫʛʣʠʥʢʽʚ ʟ ʧʨʦʰʘʨʢʘʤʠ ʚʠʢʦʧʥʠʭ ˇʨʫʥʪʽʚ, 

ʧʝʨʝʚʘʞʥʦ ʚʝʨʭʥʴʦʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ. 

 

ʈʠʩ. 2.18. ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʜʦ ʈʠʩ. 2.18. ɻʝʥʝʪʠʯʥʽ ʪʠʧʠ ʨʝʣʴʻʬʫ. ʌʣʶʚʽʘʣʴʥʠʡ ʨʝʣʴʻʬ. 

ʊʝʨʘʩʦʚʽ ʨʽʚʥʠʥʠ ʪʘ ʧʝʨʝʚʘʞʥʦ ʘʢʫʤʫʣʷʪʠʚʥʽ ʪʝʨʘʩʠ: 1 ï ʟʘʧʣʘʚʠ ʪʘ ʜʥʠʱʘ ʙʘʣʦʢ 

(ʘʅ), 2 ï ɯ (ʜʝʩʥʷʥʩʴʢʘ) ʥʘʜʟʘʧʣʘʚʥʘ ʪʝʨʘʩʘ (ʘ1ʈɯɯɯ), 3 ï ʥʝʨʦʟʯʣʝʥʦʚʘʥʘ ɯɯɯ-ɯɯ 

(ʪʨʫʙʽʟʴʢʦ-ʚʽʣʴʰʘʥʩʴʢʘ) ʥʘʜʟʘʧʣʘʚʥʘ ʪʝʨʘʩʘ (ʘ3-2ʈɯɯɯ), 4 ï IV (ʏʝʨʢʘʩʴʢʘ) 

ʥʘʜʟʘʧʣʘʚʥʘ ʪʝʨʘʩʘ (ʘ4ʈɯɯ), 5 ï V (ʭʘʜʞʠʙʝʡʩʴʢʘ) ʥʘʜʟʘʧʣʘʚʥʘ ʪʝʨʘʩʘ (ʘ5ʈɯɯ). 

ɽʦʣʦʚʠʡ ʨʝʣʴʻʬ: 6 ï ʧʦʚʝʨʭʥʽ ʝʦʣʦʚʦʾ ʘʢʫʤʫʣʷʮʽʾ (vH). ʆʟʝʨʥʦ-ʙʦʣʦʪʥʠʡ ʨʝʣʴʻʬ: 

7 ï ʟʘʙʦʣʦʯʝʥʽ ʟʥʠʞʝʥʥʷ (lbH). ɻʝʥʝʪʠʯʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ. ʌʣʶʚʽʘʣʴʥʽ: 8 ï ʨʫʩʣʘ 

ʨʽʯʦʢ, ʩʪʨʫʤʢʽʚ. ʆʟʝʨʥʽ: 9 ï ʦʟʝʨʥʽ ʟʘʧʘʜʠʥʠ. ʉʫʬʦʟʽʡʥʦ-ʧʨʦʩʘʜʦʯʥʽ: 10 ï ʘʨʝʘʣʠ 
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ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʫʬʦʟʽʡʥʦ-ʧʨʦʩʘʜʦʯʥʠʭ ʬʦʨʤ (çʩʪʝʧʦʚʠʭ ʙʣʶʜʝʮʴè). 

ʊʝʭʥʦʛʝʥʥʽ:11 ï ʤʝʣʽʦʨʘʪʠʚʥʽ ʢʘʥʘʣʠ; 12 ï ʟʘʣʽʟʥʠʯʥʽ ʥʘʩʠʧʠ; 13 ï ʘʚʪʦʤʦʙʽʣʴʥʽ 

ʤʘʛʽʩʪʨʘʣʽ ʟ ʪʚʝʨʜʠʤ ʧʦʢʨʠʪʪʷʤ: ʘ ï ʤʽʞʥʘʨʦʜʥʽ ʙ ï ʨʝʛʽʦʥʘʣʴʥʽ ʽ ʪʝʨʠʪʦʨʽʘʣʴʥʽ; 

14 ï ʛʨʝʙʣʽ; 15 ï ʚʘʣʠ, ʜʘʤʙʠ. ɯʥʰʽ ʧʦʟʥʘʯʝʥʥʷ: 16 ï ʦʩʴʦʚʽ ʣʽʥʽʾ ʚʦʜʦʜʽʣʽʚ; 17 ï 

ʤʝʞʘ ʤʽʞ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʨʘʡʦʥʘʤʠ. 

ʋʨʽʟʥʦʤʘʥʽʪʥʶʶʪʴ ʨʝʣʴʻʬ ʪʝʨʘʩʠ ʜʦʣʠʥʠ ʨʽʯʦʢ ʉʫʧʽʡ ʪʘ ʊʨʫʙʽʞ, ʱʦ ʾʾ 

ʧʨʦʨʽʟʘʶʪʴ. ʈʽʯʢʘ ʉʫʧʽʡ ʻ ʣʽʚʦʶ ʧʨʠʪʦʢʦʶ ɼʥʽʧʨʘ. ɿʘʛʘʣʴʥʠʡ ʥʘʧʨʷʤʦʢ ʪʝʯʽʾ 

ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʠʡ. ɼʦʣʠʥʘ ʨʽʯʢʠ ʩʣʘʙʦ ʟʚʠʚʠʩʪʘ, ʰʠʨʠʥʦʶ 1,5-3 ʢʤ, ʤʽʩʮʷʤʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 1 ʢʤ. ʉʭʠʣʠ ʜʦʣʠʥ ʩʣʘʙʢʦʨʦʟʯʣʝʥʦʚʘʥʽ, ʢʨʫʪʽ (20-25Á), ʤʽʩʮʷʤʠ 

ʦʙʨʠʚʠʩʪʽ (ʜʦ 30-35Á), ʧʨʘʚʠʡ ʩʭʠʣ ʟʘʟʚʠʯʘʡ ʚʠʱʠʡ ʽ ʙʽʣʴʰ ʢʨʫʪʽʰʠʡ, ʥʽʞ ʣʽʚʠʡ.  

ʄʦʨʬʦʩʢʫʣʴʧʪʫʨʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ. ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʨʘʡʦʥʫ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʩʫʬʦʟʽʡʥʦ-ʧʨʦʩʘʜʦʯʥʽ ʪʘ, ʟʥʘʯʥʦ 

ʤʝʥʰʦʶ ʤʽʨʦʶ, ʷʨʫʞʥʦ-ʙʘʣʢʦʚʽ. ʉʫʬʦʟʽʡʥʦ-ʧʨʦʩʘʜʦʯʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ ī 

çʩʪʝʧʦʚʽ ʙʣʶʜʮʷè ʧʦʰʠʨʝʥʽ ʥʘ ʚʩʽʡ ʧʣʦʱʽ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʥʷ. ɰʭ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚôʷʟʘʥʝ ʟ ʧʨʦʩʘʜʢʦʶ ʣʝʩʦʧʦʜʽʙʥʠʭ ʩʫʛʣʠʥʢʽʚ ʽ ʩʫʧʽʩʢʽʚ ʧʨʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʽ. 

ʄʽʢʨʦʟʘʧʘʜʠʥʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ ʪʘʢʦʞ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʷʢ ʟʘʧʘʜʠʥʥʽ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʠ, ʩʫʬʦʟʽʡʥʦ-ʧʨʦʩʘʜʦʯʥʽ ʟʘʧʘʜʠʥʠ, ʧʦʜʠ, çʩʪʝʧʦʚʽ ʙʣʶʜʮʷè, 

ʤʽʢʨʦʟʘʧʘʜʠʥʠ [48, 124, 195, 196, 200, 202, 214-222]. ɺʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʢʨʫʛʣʽ 

ʪʘ ʦʚʘʣʴʥʽ ʟʘʤʢʥʫʪʽ ʧʦʥʠʞʝʥʥʷ ʨʝʣʴʻʬʫ, ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʦʟʤʽʨʦʤ ʚʽʜ 10-20 ʜʦ 

150-300 ʤ ʫ ʜʽʘʤʝʪʨʽ. ʉʭʠʣʠ ʪʘʢʠʭ ʟʘʧʘʜʠʥ ʧʦʣʦʛʽ, ʛʣʠʙʠʥʘ ʚ ʩʝʨʝʜʥʴʦʤʫ 1-2 ʤ. 

ʗʨʫʞʥʦ-ʙʘʣʢʦʚʘ ʤʝʨʝʞʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʨʘʡʦʥʫ ʨʦʟʚʠʥʫʪʘ ʩʣʘʙʦ, ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ 

ʩʭʠʣʘʭ ʜʦʣʠʥ ʨ. ʉʫʧʽʡ, ʚ ʾʾ ʥʠʞʥʽʡ ʪʝʯʽʾ. ɹʘʣʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʜʥʦʪʠʧʥʦʶ 

ʙʫʜʦʚʦʶ ʽ ʥʝʟʥʘʯʥʦʶ ʛʣʠʙʠʥʦʶ ʚʨʽʟʫ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʨʠʪʦʨʽʷ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʣʽʩʦʩʪʝʧʦʚʽʡ ʟʦʥʽ ʟ ʧʦʤʽʨʥʦ 

ʚʦʣʦʛʠʤ ʢʣʽʤʘʪʦʤ (ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʣʦʞʝʥʥʷ 1,2-1,4). ʅʝʛʘʪʠʚʥʠʤ ʧʨʦʷʚʦʤ ʢʣʽʤʘʪʫ 

ʻ ʥʝʩʪʽʡʢʽʩʪʴ ʟʚʦʣʦʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʯʝʨʛʫʚʘʥʥʷ ʚʦʣʦʛʠʭ ʽ ʧʦʩʫʰʣʠʚʠʭ ʨʦʢʽʚ. 

ʈʽʯʢʦʚʽ ʩʠʩʪʝʤʠ (ʨʨ. ʊʨʫʙʽʞ, ʅʝʜʨʘ, ʉʫʧʽʡ) ʤʘʶʪʴ ʰʠʨʦʢʽ ʜʦʣʠʥʠ ï ʚʽʜ 1 ʜʦ 6 ʢʤ, 

ʧʦʚʽʣʴʥʫ ʪʝʯʽʶ ʚʦʜʠ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʟʘʙʦʣʦʯʫʚʘʥʥʷ. ʅʘ 

ʟʘʧʣʘʚʘʭ ʨʽʯʦʢ ʨʦʟʚʠʥʫʪʽ ʪʦʨʬô̫ ʥʽ ʙʦʣʦʪʘ [211]. 
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2.2.4 ɺʟʘʻʤʦʟʚôʷʟʦʢ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟ ʨʝʣʴʻʬʦʤ ʧʦʚʝʨʭʥʽ  

ʄʽʢʨʦʟʘʧʘʜʠʥʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ (ʤʽʢʨʦʟʘʧʘʜʠʥʠ), ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ 

ˇʨʫʥʪʘʭ, ʤʘʶʪʴ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʛʝʥʝʟʠʩ. ʋ ʣʽʩʦʩʪʝʧʦʚʽʡ ʟʦʥʽ ʪʘʢʽ ʧʨʦʮʝʩʠ 

ʤʘʶʪʴ ʥʘʟʚʫ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ [48, 188, 200, 211]. 

ʍʘʨʘʢʪʝʨʥʠʤʠ ʤʽʩʮʝʚʠʤʠ ʣʘʥʜʰʘʬʪʦʫʪʚʦʨʶʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʝʨʠʪʦʨʽʾ 

ɹʘʨʠʰʽʚʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʻ ʤʽʢʨʦʟʘʧʘʜʠʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.19, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ˇʨʫʥʪʽʚ 

ʪʘ ʨʠʟʠʢʠ ʾʭ ʜʝʛʨʘʜʘʮʽʾ [195, 196]. ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʮʠʭ ʬʦʨʤ ʚ ʣʽʩʦʩʪʝʧʦʚʽʡ ʟʦʥʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦʩʣʽʜʥʠʢʘʤʠ ʱʝ ʟ ʢʽʥʮʷ ʍɯʍ ʩʪʦʣʽʪʪʷ [214]. 

 

ʈʠʩ. 2.19. ʄʽʢʨʦʟʘʧʘʜʠʥʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ, ʟʘʧʦʚʥʝʥʽ ʚʦʜʦʶ. ɿʤʽʥʘ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ ʫ ʮʝʥʪʨʽ ʤʽʢʨʦʟʘʧʘʜʠʥʠ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ɯ. ɯ. ʄʦʣʦʜʠʭ (1993) [188] ʥʘ ʜʥʽʧʨʦʚʩʴʢʦʤʫ 

ʣʽʚʦʙʝʨʝʞʞʽ ʧʝʨʝʚʘʞʘʶʪʴ ʤʽʢʨʦʟʘʧʘʜʠʥʥʽ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʠ ʨʦʟʤʽʨʦʤ 

ʧʝʨʝʚʘʞʥʦ ʚʽʜ 20-40 ʜʦ 100-150 ʤ, ʛʣʠʙʠʥʦʶ 2-3 ʤʝʨʪʠ. ʇʦʚʝʨʭʥʷ ʨʽʚʥʠʥʠ ï 

ʧʦʣʦʛʦ-ʭʚʠʣʷʩʪʘ, ʤʘʢʩʠʤʘʣʴʥʽ ʚʽʜʥʦʩʥʽ ʧʝʨʝʚʠʱʝʥʥʷ ʩʢʣʘʜʘʶʪʴ 10-15 ʤ. 

ʑʽʣʴʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʩʢʣʘʜʘʻ 60-84 ʬʦʨʤ ʥʘ 1 ʢʤ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʢʨʝʤʠʤʠ 

ʬʦʨʤʘʤʠ ï 50-100 ʤ ʪʘ ʙʽʣʴʰʝ. ɿʘ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʤʽʢʨʦʟʘʧʘʜʠʥʥʽ 

ʩʪʨʫʢʪʫʨʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʨʽʚʥʠʥʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʟ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʣʝʩʦʚʠʭ 

ʚʽʜʢʣʘʜʽʚ. ʆʢʨʽʤ ʪʦʛʦ, ʧʦʰʠʨʝʥʽ ʟʥʘʯʥʽ ʚʽʜôʻʤʥʽ ʬʦʨʤʠ ï ʙʝʟʩʪʽʯʥʽ ʘʩʠʤʝʪʨʠʯʥʽ 
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ʫʣʦʛʦʚʠʥʠ, ʜʽʘʤʝʪʨ ʷʢʠʭ ʽʥʦʜʽ ʧʝʨʝʚʠʱʫʻ 1 ʢʤ, ʘ ʜʥʠʱʝ ʫʩʢʣʘʜʥʝʥʝ 

ʤʽʢʨʦʟʘʧʘʜʠʥʘʤʠ. 

ɿʘ ʜʘʥʠʤʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʽʢʨʦʟʘʧʘʜʠʥʘʤʠ ʧʦʚôʷʟʘʥʽ 

ʜʽʣʷʥʢʠ ʧʽʜʚʠʱʝʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʤʽʛʨʘʮʽʾ ʚʦʣʦʛʠ (ʛʝʦʜʠʥʘʤʽʯʥʦ ʘʢʪʠʚʥʽ ʟʦʥʠ), 

ʷʢʽ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʶʪʴ ʫʤʦʚʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʦʙʫʤʦʚʣʶʶʯʠ ʧʨʦʩʪʦʨʦʚʫ 

ʤʽʥʣʠʚʽʩʪʴ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ˇʨʫʥʪʽʚ [202, 215].  

ɺ ʧʨʘʢʪʠʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ ʚʠʷʚʣʝʥʥʷ ʤʽʢʨʦʟʘʧʘʜʠʥ ʚʠʢʣʠʢʘʻ 

ʚʝʣʠʢʽ ʪʨʫʜʥʦʱʽ. ʅʘʚʽʪʴ ʧʨʠ ʜʝʪʘʣʴʥʠʭ ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʟʘʭʦʜʘʭ ʪʘ ʟʡʦʤʢʘʭ ʚʦʥʠ 

ʥʝ ʚʠʜʽʣʷʶʪʴʩʷ. ʇʣʘʥʦʚʽ ʟʘʭʦʜʠ ʧʦ ʥʽʚʝʣʶʚʘʥʥʶ ʤʽʢʨʦʟʘʧʘʜʠʥ ʯʘʩʪʦ 

ʙʝʟʨʝʟʫʣʴʪʘʪʥʽ. ɺ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʚʦʥʠ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʱʝ ʚ ʙʽʣʴʰʠʭ ʨʦʟʤʽʨʘʭ. 

ʎʝʡ ʬʘʢʪ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʚôʷʟʢʫ ʟ ʚʫʟʣʘʤʠ ʧʝʨʝʪʠʥʫ 

ʣʽʥʝʘʤʝʥʪʽʚ, ʜʘʻ ʧʽʜʩʪʘʚʫ ʜʣʷ ʚʠʩʥʦʚʢʽʚ ʧʨʦ ʾʭ ʪʝʢʪʦʥʽʯʥʫ 

ʦʙʫʤʦʚʣʝʥʽʩʪʴ  [200,  215]. ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʦʚʝʜʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ. ʎʝ, ʟʦʢʨʝʤʘ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʆ. ɯ. ʉʘʭʘʮʴʢʦʛʦ 

(2007-2009) ʧʽʜ ʯʘʩ ʧʦʣʽʛʦʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʂʠʾʚʱʠʥʽ ʚ ʨʘʡʦʥʽ ʩʝʣʘ ɽʨʢʽʚʮʽ. 

ʅʠʤ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʱʦ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʟʡʦʤʢʠ ʩʫʧʫʪʥʠʢʘ SPOT, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʭʚʠʣʴ, 

ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʚʦʣʦʞʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ɹʫʣʘ ʜʦʚʝʜʝʥʘ ʪʘʢʦʞ ʚʘʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʤʽʢʨʦʟʘʧʘʜʠʥ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʅʠʤ ʙʫʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʦʚʠʡ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʚʦʜʥʠʡ ʽʥʜʝʢʩ NWI (Normalized Water 

Index), ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʣʠʚʦ ʦʮʽʥʶʚʘʪʠ ʚʤʽʩʪ ʚʦʣʦʛʠ, ʷʢ ʚ ʨʦʩʣʠʥʥʦʤʫ 

ʧʦʢʨʠʚʽ, ʪʘʢ ʽ ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʟʥʽʤʢʽʚ 10 ʤ ʻ ʢʨʠʪʠʯʥʦʶ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʽʢʨʦʟʘʧʘʜʠʥ 

ʂʠʾʚʱʠʥʠ  [216]. 

ɺʯʝʥʠʤʠ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʝʨʠʪʦʨʽʡ ʨʽʟʥʠʭ ʢʦʥʪʠʥʝʥʪʽʚ, 

ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʚʠʷʚʣʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʪʝʥʜʝʥʮʽʾ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ 

ʟʘʧʘʜʠʥ ʟ ʪʨʽʱʠʥʫʚʘʪʽʩʪʶ ʧʦʨʽʜ ʥʠʞʥʴʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʚʝʨʭʫ. ɿʘʧʘʜʠʥʠ, ʷʢ 



104 

 

ʧʨʘʚʠʣʦ, ʥʝ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʷʢʽ ʤʘʶʪʴ ʨʦʟʯʣʝʥʦʚʘʥʠʡ ʨʝʣʴʻʬ. 

ʊʘʢʦʞ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʧʨʠʫʨʦʯʝʥʽʩʪʴ ʪʘ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽʩʪʴ 

ʟʘʧʘʜʠʥ ʪʨʽʱʠʥʥʠʤ ʩʠʩʪʝʤʘʤ [217].  

ʆʩʦʙʣʠʚʦʩʪʽ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ ʚʠʩʚʽʪʣʝʥʽ ʚ ʧʨʘʮʷʭ 

ʧʝʨʝʚʘʞʥʦ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʟ ʜʝʪʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʾʭ 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʽ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ [188, 198]. ɿʘʤʢʥʝʥʽ ʚʽʜôʻʤʥʽ 

ʬʦʨʤʠ ʤʽʢʨʦʨʝʣʴʻʬʫ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʦ ʧʣʘʥʦʚʝ ʨʦʟʤʽʱʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʩʦʪʦʧʦʜʽʙʥʠʭ ʩʢʫʧʯʝʥʴ [188]. ɿʘʤʢʥʝʥʽ ʧʦʥʠʞʝʥʥʷ ʻ ʤʽʩʮʝʚʠʤʠ ʙʘʟʠʩʘʤʠ ʝʨʦʟʽʾ, 

ʚ ʷʢʠʭ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʧʘʚʦʜʢʦʚʽ ʪʘ ʜʦʱʦʚʽ ʚʦʜʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʫʤʦʚʠ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ. ʅʝʛʘʪʠʚʥʠʤ ʥʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ ʚʠʤʦʢʘʥʥʷ ʚ ʾʭ 

ʢʦʥʪʫʨʘʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʟ ʥʝʟʥʘʯʥʠʤʠ ʚʪʨʘʪʘʤʠ ʚʨʦʞʘʶ. ʇʽʜ 

ʜʽʻʶ ʧʝʨʝʪʦʢʫ ʚʦʣʦʛʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʠʚ ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʟʘʧʘʜʠʥʠ 

ʛʣʠʥʠʩʪʦʾ ʬʨʘʢʮʽʾ ˇʨʫʥʪʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʦʛʣʝʻʥʥʷ. ʊʘʢʦʞ ʜʦ 

ʮʝʥʪʨʫ ʤʽʢʨʦʟʘʧʘʜʠʥ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ ʪʘ ʦʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ ʟ 

ʧʨʠʣʝʛʣʠʭ ʤʽʞʟʘʧʘʜʠʥʥʠʭ ʧʣʦʱ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʽʩʮʝʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʚʪʨʘʪʠ ʡʦʛʦ ʨʦʜʶʯʦʩʪʽ.  

ʄʽʢʨʦʟʘʧʘʜʠʥʥʽ ʬʦʨʤʠ ʚʠʚʯʘʶʪʴʩʷ ʟ ʧʦʟʠʮʽʾ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʩʫʯʘʩʥʦʤʫ 

ʨʝʣʴʻʬʽ ʛʝʦʣʦʛʽʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʣʽʪʦʩʬʝʨʠ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴ ʜʽʣʷʥʢʠ 

ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʚʦʣʦʛʦʧʝʨʝʥʦʩʫ ʪʘ 

ʧʨʠʩʢʦʨʝʥʦʾ ʽʥʬʽʣʴʪʨʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʫ ʧʽʜʟʝʤʥʽ. ɺʠʷʚʣʝʥʥʷ ʧʣʦʱ ʨʦʟʚʠʪʢʫ 

ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʤʘʻ ʚʘʞʣʠʚʝ ʝʢʦʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʷʢ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ [218, 219]. ɸʢʪʠʚʥʘ ʾʭ ʨʦʣʴ ʫ ʧʝʨʝʥʦʩʽ ʟʘʙʨʫʜʥʝʥʥʷ 

ʜʦʚʝʜʝʥʘ ʥʘ ʂʠʾʚʱʠʥʽ ʚ ʤʝʞʘʭ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʟʦʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʢʦʥʪʫʨʘʭ 

ʤʽʢʨʦʟʘʧʘʜʠʥ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʘ ʧʦʨʷʜʦʢ 

ʚʠʱʝ ʬʦʥʦʚʦʛʦ [220, 221]. ɸʢʪʠʚʥʠʡ ʚʧʣʠʚ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʚ 

ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʤʫ ʞʠʚʣʝʥʥʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʦʚʝʜʝʥʦ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ɺ. ʄ. ʐʝʩʪʦʧʘʣʦʚʘ, ɺ. ʄ. ɹʫʙʣʷʩʘ, ʆ. ʊ. ɸʟʽʤʦʚʘ ʪʘ 

ʽʥʰʠʭ  [199 - 215]. ʂʦʥʮʝʧʪʫʘʣʴʥʫ ʩʭʝʤʫ ʞʠʚʣʝʥʥʷ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ ʯʝʨʝʟ ʤʽʢʨʦʟʘʧʘʜʠʥʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.20. 
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ʈʠʩ. 2.20. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʩʭʝʤʘ ʞʠʚʣʝʥʥʷ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʯʝʨʝʟ 

ʟʘʧʘʜʠʥʠ [200] 

ɿʘʧʘʜʠʥʠ ʩʝʨʝʜʥʽʭ ʨʦʟʤʽʨʽʚ 200-400 ʤ ʫ ʜʽʘʤʝʪʨʽ ̒  ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʨʽʚʥʠʥ 

ʪʘ ʧʣʘʪʦ ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʣʝʩʦʚʠʭ ʧʦʨʦʜʘʭ ʪʘ ʣʝʩʦʚʠʜʥʠʭ 

ʩʫʛʣʠʥʢʘʭ. ɺ ʧʦʨʦʜʘʭ, ʷʢʽ ʤʘʶʪʴ ʣʝʛʢʠʡ ʤʝʭʘʥʽʯʥʠʡ ʩʢʣʘʜ ʪʘ ʚʦʣʦʛʦʧʝʨʝʪʦʢ ʚʽʜ 

200 ʤʤ ʥʘ ʨʽʢ ʪʘ ʙʽʣʴʰʝ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʝʭʘʥʽʯʥʘ ʪʘ ʭʽʤʽʯʥʘ ʩʫʬʦʟʽʷ (ʣʝʩʠʚʘʞ), ʱʦ 

ʨʫʡʥʫʻ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʠʤʠʚʘʻ ʣʝʛʢʦʨʦʟʯʠʥʥʽ ʨʝʯʦʚʠʥʠ, ʯʘʩʪʢʠ ʤʫʣʫ, ʛʣʠʥʠ ʪʘ 

ʽʥʰʦʛʦ. ɼʣʷ ʩʪʝʧʦʚʦʾ ʟʦʥʠ ʭʘʨʘʢʪʝʨʥʽ ʚʝʣʠʢʽ ʟʘʧʘʜʠʥʠ ʚʽʜ 500 ʜʦ 2000 ʤ, ʷʢʽ 

ʤʘʶʪʴ ʥʘʟʚʫ ʧʦʜʠ. ʏʠʤ ʚʘʞʯʘ ʧʦʨʦʜʘ, ʪʠʤ ʚʘʞʯʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʬʽʣʴʪʨʘʮʽʷ, 

ʪʘʢʠʤ ʯʠʥʦʤ ʘʢʪʠʚʥʽʰʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʟʤʦʯʫʚʘʥʥʷ ʧʦʨʽʜ, ʾʭ 

ʜʝʛʨʘʜʘʮʽʷ ʪʘ ʧʨʦʩʽʜʘʥʥʷ [222]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʝʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʪʘ ʩʣʘʙʢʫ ʨʝʣʴʻʬʥʫ ʢʦʥʪʨʘʩʪʥʽʩʪʴ, 

ʤʽʢʨʦʟʘʧʘʜʠʥʥʽ ʬʦʨʤʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʞʠʤ ʚʦʜʦʦʙʤʽʥʫ, ʽ ʚʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ʥʘ ʧʨʦʩʪʦʨʦʚʫ ʤʽʥʣʠʚʽʩʪʴ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

1. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʟʦʥʠ ʋʢʨʘʾʥʠ ʪʘ ʚʦʜʥʠʡ ʨʝʞʠʤ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʢʦʞʥʦʾ ʟʦʥʠ. 

2. ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʩʪʨʦʢʘʪʦʩʪʽ ʣʘʥʜʰʘʬʪʽʚ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ. ʇʦʢʘʟʘʥʦ 

ʨʽʟʥʠʮʶ ʢʦʞʥʦʾ ʽʟ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ ʥʘ ʦʩʥʦʚʽ ʩʪʨʦʢʘʪʦʩʪʽ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. 
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3. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

4. ʅʘʚʝʜʝʥʦ ʚʩʝʙʽʯʥʫ ʛʝʦʣʦʛʽʯʥʫ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʫ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʙʨʘʥʦʾ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

5. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʫ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʦʣʦʛʦʩʪʽ ʨ̌ʫʥʪʽʚ 

ʪʘ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ.  
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ʈʆɿɼɯʃ 3 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʄɽʊʆɼʀʂʀ ɺʀɿʅɸʏɽʅʅʗ ɺʆʃʆɻʆʉʊɯ 

ɿɽʄʅʆɻʆ ʇʆʂʈʀɺʋ ʅɸ ʈɯɿʅʀʍ ʄɸʉʐʊɸɹʅʀʍ ʈɯɺʅʗʍ 

ɼʆʉʃɯɼɾɽʅʅʗ 

ʄʝʪʦʜʠʯʥʫ ʦʩʥʦʚʫ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʘʣʠ ʛʦʣʦʚʥʽ ʧʦʣʦʞʝʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʎɸʂɼɿ ʤʝʪʦʜʠʢʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʦʙôʻʜʥʘʥʥʷ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ.  

ʇʨʠ ʚʠʙʦʨʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʯʝʥʠʭ ʎɸʂɼɿ ʆ. ɯ. ʉʘʭʘʮʴʢʦʛʦ [48] (2009, 2010), 

ɸ. ʉ. ʉʪʘʥʢʝʚʠʯʘ  [78], ʆ. ʄ. ʇʦʧʦʚʘ [123], ɺ. ɯ. ʃʷʣʴʢʘ, ʆ. ɸ. ɸʧʦʩʪʦʣʦʚʘ, 

ʃ. ʆ. ɭʣʽʩʪʨʘʪʦʚʦʾ [135-137] ʪʘ ʽʥ. ʟ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʩʫʯʘʩʥʠʭ ʩʝʥʩʦʨʽʚ (NOAA/AVHRR, Terra/MODIS, Landsat TM, ETM+, OLI, SPOT 

-4, -5, Sentinel ʪʘ ʽʥʰʽ) ʜʣʷ ʦʮʽʥʢʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʦʢʨʝʤʠʭ ʨʘʡʦʥʽʚ ʪʘ ʚʩʽʻʾ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ.  

ʉʫʯʘʩʥʠʡ ʜʦʩʚʽʜ ʜʠʩʪʘʥʮʽʡʥʦʾ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʋʢʨʘʾʥʠ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʚʘʞʥʦ ʣʦʢʘʣʴʥʦʛʦ ʨʽʚʥʷ ʚ ʦʢʨʝʤʠʭ ʨʘʡʦʥʘʭ 

ʋʢʨʘʾʥʠ. ɺʝʣʠʢʠʡ ʦʙʩʷʛ ʪʘʢʠʭ ʨʦʙʽʪ ʚʠʢʦʥʘʥʦ ʟʦʢʨʝʤʘ ʚ ʎɸʂɼɿ ɯɻʅ ʅɸʅ 

ʋʢʨʘʾʥʠ ʚ ʨʽʟʥʠʭ ʣʘʥʜʰʘʬʪʘʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥʘʭ. ʇʽʜʚʠʱʝʥʘ ʫʚʘʛʘ ʜʦ 

ʧʨʦʙʣʝʤʠ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ʚʠʢʣʠʢʘʥʘ ʧʦʩʠʣʝʥʥʷʤ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʧʨʦʷʚʽʚ ʧʦʩʫʭʠ ʚ ʟʚôʷʟʢʫ ʟ ʢʣʽʤʘʪʠʯʥʠʤʠ ʟʤʽʥʘʤʠ, ʥʘʡʙʽʣʴʰ ʚʽʜʯʫʪʥʠʤʠ ʚ 

ʩʪʝʧʦʚʽʡ ʟʦʥʽ, ʦʩʦʙʣʠʚʦ ʧʽʩʣʷ ʞʦʨʩʪʢʦʾ ʧʦʩʫʭʠ 2007 ʨʦʢʫ.  

ɿʥʘʯʥʦ ʤʝʥʰʝ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʟ ʦʭʦʧʣʝʥʥʷʤ ʫʩʽʻʾ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʙʘʟʦʚʦʾ ʨʝʛʽʦʥʘʣʴʥʦʾ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ 

ʫʩʢʣʘʜʥʶʻ ʨʦʟʨʦʙʢʫ ʟʘʛʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʽʚ 

ʋʢʨʘʾʥʠ ʪʘ ʾʭ ʨʦʜʶʯʦʩʪʽ.  
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ʇʨʠ ʚʠʙʦʨʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʚʨʘʭʦʚʫʚʘʣʠʩʴ, ʧʝʨʰ ʟʘ ʚʩʝ, ʤʘʩʰʪʘʙʥʠʡ 

ʨʽʚʝʥʴ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʮʽʣʴʦʚʝ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ, ʜʦʩʚʽʜ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʋ ʪʘʙʣʠʮʽ 3.1 

ʥʘʚʝʜʝʥʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ. 

ʊʘʙʣʠʮʷ 3.1.  

ʇʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʟ 

ʤʘʩʰʪʘʙʦʤ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʜʦʧʦʚʥʝʥʥʷʤʠ 

ɻʦʣʦʚʥʽ ʩʢʣʘʜʥʦʩʪʽ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ ʾʾ ʚʠʩʦʢʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ ʪʘ ʯʘʩʦʚʦʶ ʤʽʥʣʠʚʽʩʪʶ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʨʫʭʣʠʚʽʩʪʶ ʚʦʜʠ ʧʽʜ 

ʚʧʣʠʚʦʤ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʧʦʛʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ, ʪʠʧʫ ʨʝʣʴʻʬʫ, ˇʨʫʥʪʽʚ, 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʩʪʫʧʝʥʷ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʘ ʽʥ. ɹʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʪʘ ʡʦʛʦ ʩʢʣʘʜʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʘʩʰʪʘʙʫ ʧʣʦʱ ʜʦʩʣʽʜʞʝʥʴ, ʯʘʩʦʚʦʾ ʧʝʨʝʦʜʽʟʘʮʽʾ ʟʡʦʤʦʢ ʪʘ ʾʭ ʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʦʙʫʤʦʚʣʶʻ ʨʽʟʥʠʡ ʟʤʽʩʪ ʟʘʜʘʯ ʟ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʉʫʧʫʪʥʠʢ ʈ̔ ʢ 

ʟʘʧʫʩ

ʢʫ 

ʂʽʣʴʢʽʩ

ʪʴ 

ʢʘʥʘʣʽʚ 

ʏʘʩʦʚʘ 

ʨʦʟʨʽʟʥʝʥ

ʥʽʩʪʴ 

ʜʦʙʘ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥ̔ ʩʪʴ, 

ʤ 

ʉʤʫʛʘ 

ʟʡʦʤʢʠ, 

ʢʤ 

ʄʘʩʰʪʘʙ 

Terra/ 

MODIS  

1999 36 1-2 250, 500, 1000, 

5600 

2330 1:350000-

1:1000000 

MODIS/ 

MOD13C2 

2000 6 ʱʦʤʽʩʷʮʷ 0,05Á (5600) 2330 1:350000-

1:1000000 

SPOT-5 2002-

2015 

5 2-3 2,5/5, 10, 20 60 1:25 000, 

1:10 000 

Sentinel-2 2015 13 3-5 10, 20,60 290 1:15000-

1:50000 

Landsat 7 

ETM+ 

1999 8 16 15, 30 185 1:25000-

1:80000 

Landsat 8 

OLI 

2013 11 16 15, 30 185 1:25000-

1:80000 
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ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʽ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʷʭ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʾʭ 

ʚʠʨʽʰʝʥʥʷ. 

3.1 ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʂʦʤʧʣʝʢʩʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʨʠʩ. 3.1 

ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʦʙôʻʜʥʘʥʥʷ ʪʘ ʫʟʛʦʜʞʝʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʇʨʠ ʚʠʙʦʨʽ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʦʩʣʽʜʞʝʥʴ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʟʥʽʤʢʘ ʪʘ ʩʪʫʧʽʥʴ ʛʝʥʝʨʘʣʽʟʘʮʽʾ ʚʽʜʦʙʨʘʞʝʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢ 

ʦʧʠʩʘʥʦ ʫ ʪʘʙʣʠʮʽ 3.1, ʨʦʟʜʽʣʽ 3. ɿʥʽʤʢʠ ʥʝʦʙʭʽʜʥʦ ʦʙʠʨʘʪʠ ʟ ʚʝʣʠʢʦʶ ʩʤʫʛʦʶ 

ʧʦʢʨʠʪʪʷ ʪʝʨʠʪʦʨʽʾ ʪʘ ʜʦʩʪʘʪʥʴʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. ɼʣʷ ʪʦʛʦ, ʱʦʙ 

ʚʢʨʠʪʠ ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ, ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʨʽʟʥʝʥʥʷ ʢʨʘʱʝ ʦʙʠʨʘʪʠ 1-5 ʢʤ. 

ʏʘʩʦʚʝ ʨʦʟʨʽʟʥʝʥʥʷ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʩʪʘʚʣʝʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʗʢʱʦ ʟʘʜʘʯʘ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʽʜʦʙʨʘʟʠʪʠ ʩʪʘʥ ʪʝʨʠʪʦʨʽʾ ʟʘ ʤʽʩʷʮʴ ʘʙʦ ʟʘ ʩʝʟʦʥ, ʢʨʘʱʝ 

ʦʙʨʘʪʠ ʪʠʞʥʝʚʽ ʜʘʥʽ. ʗʢʱʦ ʥʝʦʙʭʽʜʥʦ ʧʦʢʘʟʘʪʠ ʩʠʪʫʘʮʽʶ ʟʘ ʨʽʢ, ʢʨʘʱʝ ʦʙʠʨʘʪʠ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʜʘʥʽ. ɼʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʤʘʶʪʴ ʤʽʩʪʠʪʠ ʯʫʪʣʠʚʽ ʜʦ 

ʚʦʣʦʛʦʩʪʽ ʢʘʥʘʣʠ ʟʡʦʤʢʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ.  

2. ɸʥʘʣʽʟ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʧʦʛʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʗʢ ʜʞʝʨʝʣʦ ʚʠʭʽʜʥʦʾ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ 

ʚʦʣʦʛʽʩʪʴ, ʦʙʨʘʥʦ ʜʦʙʦʚʽ ʜʘʥʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʦʚʽʪʨʷ (ʊ, Áʉ), ʢʽʣʴʢʽʩʪʴ 

ʦʧʘʜʽʚ (R, ʤʤ), ʪʝʤʧʝʨʘʪʫʨʫ ̌ ʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʘʭ 5, 10, 15, 20 ʩʤ. ɿʘ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʜʘʥʠʤʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʧʦʢʘʟʥʠʢʠ. ɺʦʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʢʣʽʤʘʪʠʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʝʨʠʪʦʨʽʾ ʟʘ ʧʝʚʥʠʡ ʤʽʩʷʮʴ ʨʦʢʫ. ɿʘ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʨʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʠʪʫʘʮʽʶ, ʱʦ ʩʢʣʘʣʘʩʷ ʟʘ ʨʽʢ. ʈʦʟʨʘʭʦʚʘʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʧʦʨʽʚʥʶʶʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʙʨʘʪʠ 

ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʽ ʨʦʢʠ ʟʛʽʜʥʦ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ. ʋ ʷʢʦʩʪʽ ʥʘʟʝʤʥʠʭ 
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ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘʩʪʦʩʦʚʘʥʦ ʜʘʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʩʪʘʥʮʽʷʭ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʣʽʤʘʪʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʷʢʘ ʩʢʣʘʣʘʩʷ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʪʘ ʧʦʚôʷʟʘʥʦʛʦ ʟ ʥʝʶ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

3. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʽʥʜʝʢʩʽʚ. ʗʢʱʦ 

ʮʝ ʥʝʦʙʭʽʜʥʦ, ʧʨʦʚʦʜʷʪʴ ʛʝʦʛʨʘʬʽʯʥʫ ʧʨʠʚôʷʟʢʫ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʘʪʤʦʩʬʝʨʥʫ 

ʪʘ ʨʘʜʽʦʤʝʪʨʠʯʥʫ ʢʦʨʝʢʮʽʶ. ɸʥʘʣʽʟʫʶʯʠ ʚʽʜʦʤʽ ʽʥʜʝʢʩʠ, ʯʫʪʣʠʚʽ ʜʦ ʚʦʣʦʛʠ, 

ʦʙʠʨʘʻʪʴʩʷ ʥʘʡʢʨʘʱʠʡ, ʷʢʠʡ ʧʨʠʪʘʤʘʥʥʠʡ ʪʘ ʤʘʻ ʭʦʨʦʰʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

 

ʈʠʩ. 3.1. ɻʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ 

4. ʃʘʥʜʰʘʬʪʥʠʡ ʘʥʘʣʽʟ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘ ʦʪʨʠʤʘʥʫ ʢʘʨʪʫ 

ʨʦʟʧʦʜʽʣʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʥʘʥʦʩʷʪʴʩʷ ʢʦʨʜʦʥ ʢʨʘʾʥʠ ʪʘ ʤʝʞʽ ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ. ɹʘʟʫʶʯʠʩʴ ʥʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʨʦʛʥʦʟ ʟʤʽʥʠ ʤʝʞ ʟʦʥʘʣʴʥʦʩʪʽ ʋʢʨʘʾʥʠ. ɿʘ ʜʘʥʠʤʠ 
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ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʚ, ʝʢʦʣʦʛʽʚ ʪʘ ʙʦʪʘʥʽʢʽʚ ʟʤʽʥʘ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ +1Á C 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʱʝʥʥʷ ʟʦʥʠ ʩʪʝʧʫ ʥʘ ʧʽʚʥʽʯ ʧʨʠʙʣʠʟʥʦ ʥʘ 100 ʢʤ [6, 223].  

5. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʥʠʢʽʚ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʉʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʻʜʥʫʶʪʴʩʷ ʟ 

ʥʘʟʝʤʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʜʣʷ ʢʘʨʪʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʦʮʽʥʢʠ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʛʨʘʜʘʮʽʾ ʚ 

ʨʝʛʽʦʥʘʭ ʪʘ ʢʨʘʾʥʽ. 

6. ʋʢʣʘʜʘʥʥʷ ʢʘʨʪ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʚʦʜʥʠʤʠ ʽʥʜʝʢʩʘʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʘʥʠʭ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ 

ʜʘʪ ʟʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʫʢʣʘʜʘʻʪʴʩʷ ʢʘʨʪʘ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ. 

7. ʊʝʤʘʪʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʪʞʝ, ʟʘ ʫʢʣʘʜʝʥʠʤʠ 

ʢʘʨʪʘʤʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʧʨʦʮʝʩʠ ʧʦʩʫʰʣʠʚʦʩʪʽ ʫ 

ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ ʋʢʨʘʾʥʠ, ʤʦʞʣʠʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʞ 

ʧʨʠʨʦʜʥʠʭ ʟʦʥ ʪʘ ʚʠʟʥʘʯʠʪʠ ʜʽʣʷʥʢʠ ʟ ʥʘʡʤʝʥʰʠʤ ʚʦʣʦʛʦʚʤʽʩʪʦʤ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʭʠʣʴʥʽ ʜʦ ʦʧʫʩʪʝʣʶʚʘʥʥʷ. 

3.1.1 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ 

ɺʦʜʥʽ ʽʥʜʝʢʩʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʦʮʽʥʢʠ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ʨʦʩʣʠʥʥʦʤʫ ʪʘ 

ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʽʥʜʝʢʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʣʠʞʥʽʡ ʪʘ 

ʩʝʨʝʜʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽ ʜʽʘʧʘʟʦʥʠ. ʇʦʨʽʚʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʽʥʜʝʢʩʽʚ ʟ 

ʥʘʟʝʤʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ, ʤʦʞʥʘ ʦʙʨʘʪʠ ʽʥʜʝʢʩ, ʷʢʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ 

ʚʽʜʦʙʨʘʞʘʻ ʜʦʩʣʽʜʞʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʦʜʘ, ʟʘʟʚʠʯʘʡ, ʜʫʞʝ ʜʦʙʨʝ ʚʽʜʙʠʚʘʻʪʴʩʷ ʫ 

ʚʠʜʠʤʦʤʫ ʩʧʝʢʪʨʽ, ʦʩʦʙʣʠʚʦ ʫ ʟʝʣʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʝʥʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʦʜʦʡʤʘʭ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʟʩʫʚʘʪʠ ʧʽʢ ʚʠʜʠʤʦʾ 

ʚ̔ ʜʦʙʨʘʞʝʥʦʾ ʜʽʡʩʥʦʩʪʽ ʚʽʜ ʟʝʣʝʥʦʾ (ʙʽʣʴʰ ʯʠʩʪʘ ʚʦʜʘ) ʫ ʙʽʢ ʯʝʨʚʦʥʦʾ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʫ. ʋ ʙʣʠʞʥʴʦʤʫ ʪʘ ʩʝʨʝʜʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʚʦʜʘ ʚʩʝ ʙʽʣʴʰʝ 

ʧʦʛʣʠʥʘʻ ʩʚʽʪʣʦ, ʱʦ ʦʧʠʩʘʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 1.2.1. ʆʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʜʣʷ ʜʘʥʠʭ 
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ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʻ ʥʘʷʚʥʽʩʪʴ ʚʠʜʠʤʦʾ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʦʙʣʘʩʪʝʡ 

ʩʧʝʢʪʨʫ.  

ʏʘʩʪʦ ʚʦʜʥʽ ʽʥʜʝʢʩʠ ʤʦʞʫʪʴ ʧʦʢʘʟʘʪʠ ʩʪʨʝʩʦʚʠʡ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ ʱʝ ʜʦ 

ʪʦʛʦ, ʷʢ ʮʝ ʙʫʜʝ ʧʦʤʽʪʥʦ ʧʨʠ ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʪʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ, ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʧʽʜʙʽʨ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʥʘ ʙʘʟʽ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ Landsat ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 5 ʨʽʟʥʠʭ ʽʥʜʝʢʩʽʚ ʟ 

ʪʘʙʣʠʮʽ  3.2.  

ʊʘʙʣʠʮʷ 3.2. 

ɺʦʜʥʽ ʽʥʜʝʢʩʠ 

ʅʦʤʝʨ ɯʥʜʝʢʩ ʌʦʨʤʫʣʘ 

1 DSWI DSWI = (NIR+GREEN)/(SWIR+RED) 

2 NDII NDII = (NIR-SWIR)/(NIR+SWIR) 

3 SR-SWIR SR-SWIR=SWIR1/SWIR2 

4 RDI RDI = SWIR/NIR 

5 NWI NWI = (GREEN-SWIR)/(GREEN+SWIR) 

ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʽʚ ʟʜʽʡʩʥʝʥʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʜʘʥʠʤʠ ʢʘʥʘʣʽʚ 

ʩʫʧʫʪʥʠʢʘ Landsat ʪʘ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʜʣʷ 

ʧôʷʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʚʝʨʭʥʽ [224 - 226].  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʮʠʭ ʽʥʜʝʢʩʽʚ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʝʨʝʨʘʭʫʥʦʢ ʟʥʘʯʝʥʴ ʷʩʢʨʘʚʦʩʪʽ ʚ ʢʘʥʘʣʘʭ ʩʫʧʫʪʥʠʢʘ Landsat ʫ 

ʟʥʘʯʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʝʥʩʦʨ ʟʘ ʬʦʨʤʫʣʘʤʠ 3.1 ʪʘ 3.2. 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 2 ʝʪʘʧʽʚ: ʥʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʘʭʫʥʦʢ ʟʥʘʯʝʥʥʷ ʚ ʢʘʥʘʣʘʭ ʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʝʥʩʦʨ ʟʘ ʬʦʨʤʫʣʦʶ: 

l
ll

l minmin)

minmax

minmax ( LQQ
QQ

LL
L calcal

calcal

+-
-

-
= ,   (3.1) 

ʜʝ Lɚ ï ʢʽʣʴʢʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʝʥʩʦʨ, Lmin ɚ, Lmax ɚ ï 

ʤʽʥʽʤʘʣʴʥʘ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʣʷ 

ʪʝʧʣʦʚʦʛʦ ʢʘʥʘʣʫ (ʪʘʙʣʠʯʥʽ ʟʥʘʯʝʥʥʷ), Qcalminɚ, Qcalmaxɚ ï ʤʽʥʽʤʘʣʴʥʝ ʽ 

ʤʘʢʩʠʤʘʣʴʥʝ ʢʘʣʽʙʨʦʚʘʥʝ ʟʥʘʯʝʥʥʷ DN (ʪʘʙʣʠʯʥʽ ʟʥʘʯʝʥʥʷ), Qcal ï ʢʘʣʽʙʨʦʚʘʥʝ 

ʟʥʘʯʝʥʥʷ (DN), ʟʥʘʯʝʥʥʷ ʚ ʪʝʧʣʦʚʦʤʫ ʢʘʥʘʣʽ Landsat. 
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ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʩʘʤʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪ̫ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ:  

SCosESUN

dL

q

p
r

l

l
l

2

= ,     (3.2) 

ʜʝ lr  ï ʙʝʟʨʦʟʤʽʨʥʝ ʧʣʘʥʝʪʘʨʥʝ ʚʽʜʙʠʪʪ̫, Lɚ ï ʢʽʣʴʢʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʝʥʩʦʨ, d ï ʚʽʜʩʪʘʥʴ ʚʽʜ ɿʝʤʣʽ ʜʦ ʉʦʥʮʷ ʚ ʘʩʪʨʦʥʦʤʽʯʥʠʭ 

ʦʜʠʥʠʮʷʭ ʚ ʢʦʥʢʨʝʪʥʠʡ ʜʝʥʴ ʟʡʦʤʢʠ ʩʮʝʥʠ ʥʘ ʢʦʥʢʨʝʪʥʽʡ ʤʽʩʮʝʚʦʩʪʽ (ʪʘʙʣʠʯʥʽ 

ʟʥʘʯʝʥʥʷ), ESUNɚ ï ʩʝʨʝʜʥʷ ʩʦʥʷʯʥʘ ʧʦʟʘʘʪʤʦʩʬʝʨʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʪʘʙʣʠʯʥʽ ʟʥʘʯʝʥʥʷ), sq ï ʩʦʥʷʯʥʠʡ ʟʝʥʽʪʥʠʡ ʢʫʪ ʚ ʛʨʘʜʫʩʘʭ 

(ʪʘʙʣʠʯʥʽ ʟʥʘʯʝʥʥʷ). 

ʆʪʞʝ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 3.2, ʟʘʤʽʩʪʴ 

ʟʥʘʯʝʥʴ ʷʩʢʨʘʚʦʩʪʽ ʚ ʢʘʥʘʣʘʭ ʚʠʢʦʨʠʩʪʘʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪ̫ ʟʘ 

ʬʦʨʤʫʣʦʶ 3.2 ʪʘ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʽʚ: 

ɼʣʷ ʽʥʜʝʢʩʫ DSWI: 

)(
redswirswirred

greennirnirgreen

greennir

swirred

LESUNLESUN

LESUNLESUN

ESUNESUN

ESUNESUN

Ö+Ö

Ö-Ö
Ö
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Ö
,   (3.3) 

ɼʣʷ ʽʥʜʝʢʩʫ NDII: 

swirnirnirswir

swirnirnirswir

LESUNLESUN

LESUNLESUN

Ö+Ö

Ö-Ö
,    (3.4) 

ɼʣʷ ʽʥʜʝʢʩʫ SR-SWIR: 

21

12

swirswir

swirswir

LESUN

LESUN

Ö

Ö
,     (3.5) 

ɼʣʷ ʽʥʜʝʢʩʫ RDI: 

nirswir

swirnir

LESUN

LESUN

Ö

Ö
,      (3.6) 

ɼʣʷ ʽʥʜʝʢʩʫ NWI: 

swirgreengreenswir

swirgreengreenswir

LESUNLESUN

LESUNLESUN

Ö+Ö

Ö-Ö
,    (3.7) 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 3.2, ʷʢʽ 

ʦʮʽʥʶʚʘʣʠʩʷ ʟʘ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʽʩʪʶ ʜʣʷ 5-ʪʠ ʪʠʧʽʚ ʧʦʚʝʨʭʦʥʴ, ʧʦʢʘʟʘʥʠʭ ʥʘ 
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ʨʠʩ. 3.2: ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ, ʨʦʟʨʽʜʞʝʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʣʽʩʫ, ʟʨʦʰʫʚʘʣʴʥʠʭ ʧʦʣʽʚ 

ʪʘ ʚʽʜʢʨʠʪʠʭ ʚʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ [224 - 226].  

 

ʈʠʩ. 3.2. ʈʦʟʨʘʭʫʥʦʢ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʜʣʷ 5-ʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʚʝʨʭʥʽ. 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: 1 ï ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʜʘʥʠʤʠ ʢʘʥʘʣʽʚ ʩʫʧʫʪʥʠʢʘ Landsat,  

2 ï ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ. 

ɸʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʚʦʜʥʠʤʠ ʽʥʜʝʢʩʘʤʠ 1-5 ʟ ʪʘʙʣʠʮʽ 3.2 ʪʘ 

ʨʠʩ. 3.2 ʟʘʩʚʽʜʯʠʚ, ʱʦ ʽʥʜʝʢʩ SW-SWIR ʥʝʢʦʨʝʢʪʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʨʠʪʦʨʽʶ ʟʘ 

ʩʪʫʧʝʥʝʤ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʥʘʯʝʥʥʷ ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ ʜʣʷ çʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽè 

ʤʝʥʰʽ, ʥʽʞ ʟʘʟʥʘʯʝʥʥʷ ʜʣʷ ʢʣʘʩʽʚ çʣʽʩè ʪʘ çʟʨʦʰʫʚʘʣʴʥʽ ʧʦʣʷè, ʪʦʤʫ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʡʦʛʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ [224 - 226].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʥʠʭ 

ʽʥʜʝʢʩʽʚ ʟʘʙʝʟʧʝʯʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʠʪʠ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʽʚ: ʜʣʷ DSWI 

ï ʥʘ 33,69%, ʜʣʷ NDII  ï ʥʘ 23,85%, ʜʣʷ NWI ï ʥʘ 10,49% ʽ ʣʠʰʝ ʜʣʷ ʽʥʜʝʢʩʘ RDI 

ʚʽʜʙʫʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʥʘ 26,5%, ʷʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 3.3. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ 
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ʨʦʟʨʘʭʦʚʘʥʦ, ʥʘ ʩʢʽʣʴʢʠ ʚʽʜʩʦʪʢʽʚ ʟʙʽʣʴʰʠʚʩʷ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ ʤʽʞ ʢʣʘʩʘʤʠ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ.  

ʊʘʙʣʠʮʷ 3.3. 

ʈʽʟʥʠʮʷ ʜʽʘʧʘʟʦʥʽʚ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ɯʥʜʝʢʩ ʈʽʟʥʠʮʷ ʤʽʞ 

ʨʦʟʨʽʜʞʝʥʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ 

ʪʘ ʚʽʜʢʨʠʪʠʤ 

ˇʨʫʥʪʦʤ 

(%) 

ʈʽʟʥʠʮʷ ʤʽʞ 

ʣʽʩʦʤ ʪʘ 

ʨʦʟʨʽʜʞʝʥʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ 

(%) 

ʈʽʟʥʠʮʷ ʤʽʞ 

ʟʨʦʰʫʚʘʣʴʥʠʤ

ʠ ʧʦʣʷʤʠ ʪʘ 

ʣʽʩʦʤ (%) 

ʈʽʟʥʠʮʷ ʤʽʞ 

ʚʦʜʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʪʘ 

ʟʨʦʰʫʚʘʣʴʥʠ

ʤʠ ʧʦʣʷʤʠ 

(%) 

ʈʽʟʥʠʮʷ 

ʤʽʞ 

ʚʦʜʥʦʶ 

ʧʦʚʝʨʭʥʝʶ 

ʪʘ 

ʚʽʜʢʨʠʪʠʤ 

ˇʨʫʥʪʦʤ 

(%) 

DSWI 49,474 49,606 50,526 -43,62 33,69 

NDII  20,492 12,295 1,2422 93,846 23,85 

RDI -29,75 -32,24 -33,38 23,59 -26,5 

NWI 26,087 3,7037 18,803 9,1541 10,49 

ɸʥʘʣʽʟ ʪʘʙʣʠʮʽ 3.3 ʪʘʢʦʞ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʪʨʴʦʭ ʽʥʜʝʢʩʽʚ ʜʽʘʧʘʟʦʥ 

ʟʙʽʣʴʰʠʚʩʷ ʤʽʞ ʫʩʽʤʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʢʣʘʩʘʤʠ, ʽ ʣʠʰʝ ʦʜʠʥ ʽʥʜʝʢʩ RDI 

ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʫ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ 

ʟʤʝʥʰʫʻ ʷʢ ʟʘʛʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʫ, ʪʘʢ ʽ ʚʽʜʩʪʘʥʴ ʤʽʞ ʢʣʘʩʘʤʠ. ʎʝ 

ʜʦʚʦʜʠʪʴ, ʱʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʽʚ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʚʽʜʙʠʪʪʷ. ɿʘ ʜʦʧʦʤʦʛʫ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʜʷʢʫʶ ʆ. ɸ. ɸʧʦʩʪʦʣʦʚʫ, ʷʢʠʡ ʻ 

ʩʧʽʚʘʚʪʦʨʦʤ ʩʫʤʽʩʥʠʭ ʧʫʙʣʽʢʘʮʽʡ [224-226].  

3.1.2 ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

1. ɺʠʙʽʨ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ɼʣʷ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʋʢʨʘʾʥʠ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʙʫʣʠ ʦʙʨʘʥʽ ʤʘʪʝʨʽʘʣʠ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ 

Terra/MODIS. ʉʫʧʫʪʥʠʢ Terra/MODIS ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʚʝʣʠʢʽ 

ʪʝʨʠʪʦʨʽʾ (ʪʘʙʣʠʮʷ 3.1) ʪʘ ʦʮʽʥʠʪʠ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʩʠʩʪʝʤ ʽ ʘʛʨʦʮʝʥʦʟʽʚ ʫ 

ʤʝʞʘʭ ʟʥʘʯʥʠʭ ʨʝʛʽʦʥʽʚ. ɼʘʥʽ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʤʝʞʘʭ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʜʝʨʞʘʚ  [107,  121,  135-137].  
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ɼʣʷ ʨʝʛʽʦʥʘʣʴʥʦʾ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʙʫʣʠ 

ʦʙʨʘʥʽ ʟʥʽʤʢʠ ʩʫʧʫʪʥʠʢʘ Terra/MODIS, ʧʨʦʜʫʢʪ MOD13C2.  

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʱʦʤʽʩʷʯʥʦʛʦ ʧʨʦʜʫʢʪʫ MOD13C2 ʘʣʛʦʨʠʪʤ ʦʙʠʨʘʻ ʚʩʽ 

ʧʨʦʜʫʢʪʠ MOD13A2, ʷʢʽ ʧʝʨʝʢʨʠʚʘʶʪʴ ʤʽʩʷʮʴ ʟʡʦʤʢʠ, ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʩʝʨʝʜʥʴʦʚʘʛʦʚʝ ʯʘʩʦʚʝ ʟʥʘʯʝʥʥʷ. ɺʩʽ ʚʭʽʜʥʽ ʧʽʢʩʝʣʠ ʤʘʶʪʴ ʨʦʟʤʽʨ 1 ʢʤ 

(ʥʦʤʽʥʘʣʴʥʦ 6ʭ6). ʗʢ ʧʨʘʚʠʣʦ, ʚʭʽʜʥʽ ʜʘʥʽ ʙʫʚʘʶʪʴ ʘʙʦ ʧʨʦʟʦʨʽ, ʘʙʦ ʭʤʘʨʥʽ, ʘʙʦ 

ʟʤʽʰʘʥʽ. ʉʭʝʤʠ ʫʩʝʨʝʜʥʝʥʥʷ ʧʨʘʮʶʶʪʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʷʢʱʦ ʚʩʽ ʚʭʽʜʥʽ 

ʧʽʢʩʝʣʠ ʯʽʪʢ ̔(ʯʠʩʪʽ), ʚʦʥʠ ʚʩʽ ʙʫʜʫʪʴ ʫʩʝʨʝʜʥʝʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʛʦ ʚʠʭʽʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ; ʷʢʱʦ ʚʩʽ ʚʭʽʜʥʽ ʧʽʢʩʝʣʠ ʭʤʘʨʥʽ, ʧʽʢʩʝʣ ʙʫʜʝ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟ ʽʩʪʦʨʠʯʥʦʾ 

ʙʘʟʠ ʜʘʥʠʭ; ʪʘ, ʷʢʱʦ ʚʭʽʜʥʽ ʧʽʢʩʝʣʠ ʟʤʽʰʘʥʽ (ʯʘʩʪʠʥʘ ʯʠʩʪʘ, ʯʘʩʪʠʥʘ ʚʢʨʠʪʘ 

ʭʤʘʨʥʽʩʪʶ), ʫʩʝʨʝʜʥʷʪʴʩʷ ʪʽʣʴʢʠ ʯʠʩʪʽ ʧʽʢʩʝʣʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʛʦ ʚʠʭʽʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. ɼʘʥʽ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʥʘ ʦʬʽʮʽʡʥʦʤʫ ʩʘʡʪʽ ʅʘʮʽʦʥʘʣʴʥʦʾ ʛʝʦʣʦʛʽʯʥʦʾ 

ʩʣʫʞʙʠ ʉʐɸ ʘʙʦ ʎʝʥʪʨʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ɿʝʤʣʽ (EROS), 

ʘ ʪʘʢʦʞ ʎʝʥʪʨʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʘʢʪʠʚʥʦʛʦ ʘʨʭʽʚʫ Land Processes 

(https://lpdaac.usgs.gov/). 

ɿʛʽʜʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʧʽʜʨʦʟʜʽʣʽ 3.1, ʜʘʥʽ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʤʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 5600 ʤ ʪʘ ʩʤʫʛʫ ʟʡʦʤʢʠ 2330 ʢʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʦʭʦʧʣʝʥʥʷ ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ɺʦʥʠ ʥʘʜʘʶʪʴ ʫʩʝʨʝʜʥʝʥʽ ʜʘʥʽ ʱʦʤʽʩʷʮʷ, ʱʦ 

ʟʨʫʯʥʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʦʣʦʛʦʩʪʽ. ʇʨʦʜʫʢʪ 

MOD13C2 ï ʮʝ ʤʽʩʷʯʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʚ ʢʘʥʘʣʘʭ: blue, red, NIR ʪʘ MIR, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ. ʅʝʜʦʣʽʢʦʤ ʧʨʦʜʫʢʪʫ MOD13C2 ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʟʝʣʝʥʦʾ ʩʤʫʛʠ ʩʧʝʢʪʨʫ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʽʥʜʝʢʩʠ DSWI ʪʘ 

NWI. ʇʝʨʝʚʘʛʦʶ ʻ ʪʝ, ʱʦ ʮʝʡ ʧʨʦʜʫʢʪ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʨʘʯʝʨʚʦʥʽ 

ʢʘʥʘʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʜʚʦʭ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI. ʇʝʨʰʠʡ NDII  

(Normalized Difference Infrared Index) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʤʽʩʪʫ 

ʚʦʜʠ ʚ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ [227]. ɼʨʫʛʠʡ RDI (Ration Drought Index) 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʝʨʽʦʜ ʩʪʨʝʩʫ ʨʦʩʣʠʥ, ʚʠʢʣʠʢʘʥʠʭ ʧʦʩʫʭʦʶ [228]. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘ ʜʘʥʠʤʠ ʧʨʦʜʫʢʪʫ MOD13C2 ʦʙʨʘʥʦ ʪʨʠ ʤʦʜʝʣʴʥʽ ʨʦʢʠ ʟ 

ʨʽʟʥʠʤʠ ʧʦʛʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (2007, 2015, 2016). 

https://gcmd.gsfc.nasa.gov/search/RedirectAction.do?target=75X6lK6XeH-axJ0SZLo8ZGXhzt7RRs4id676ag88Y3Q&page=gwtDCenter
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ʇʝʨʝʚʘʛʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥ ̔ ʜʘʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ʩʝʥʩʦʨʘ 

MODIS ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʙʫʣʘ ʜʦʚʝʜʝʥʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʆ. ɯ. ʉʘʭʘʮʴʢʦʛʦ [48].  

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʧʨʦʜʫʢʪʫ MOD13C2: 1) ʮʝʡ ʧʨʦʜʫʢʪ 

ʥʘʜʘʻʪʴʩʷ ʨʘʟ ʥʘ ʤʽʩʷʮʴ, ʦʭʦʧʣʶʻ ʚʩʶ ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ, ʪʘ ʤʘʻ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʩʧʝʢʪʨʘʣʴʥʽ ʢʘʥʘʣʠ. 2) ʙʝʟʭʤʘʨʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʭʤʘʨ ʽʩʪʦʨʠʯʥʠʤ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʤ ʨʝʜʘʢʪʦʨʦʤ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

MODIS [224-226]. 

2. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ɺʩʷ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʟ ʧʨʦʜʫʢʪʫ 

MOD13C2 ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Erdas Imagine 

ʜʣʷ ʨʦʙʦʪʠ ʟ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ.  

ʈʦʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʝʪʘʧʘʤʠ: 

1. ʇʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʧʨʦʜʫʢʪʫ MOD13C2 ʟ ʬʦʨʤʘʪʫ .hdf ʚ 

ʬʦʨʤʘʪ img, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ Import/Export ʪʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ Type ï HDF Raster. ʆʩʢʽʣʴʢʠ ʜʘʥʽ MODIS ʥʘʜʘʶʪʴʩʷ ʫ ʬʦʨʤʘʪʽ 

hdf (Hierarchical Data Format) ï ʽʻʨʘʨʭʽʯʥʦʤʫ ʬʦʨʤʘʪʽ ʜʘʥʠʭ, ʷʢʠʡ ʨʦʟʨʦʙʣʝʥʠʡ 

ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʮʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ 

ʬʦʨʤʘʪ img ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʜʣʷ ʟʨʫʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʚ ʩʝʨʝʜʦʚʠʱʽ Erdas Imagine. 

2. ʌʦʨʤʫʚʘʥʥʷ ʤʽʩʷʯʥʠʭ ʢʘʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʢʘʥʘʣʽʚ NIR ʪʘ MIR ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ Interpreter ʪʘ ʬʫʥʢʮʽʾ Layer Stack (Interpreter/Utilities/Layer 

Stack) ʜʣʷ ʥʝʦʙʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ.  

3. ɺʠʦʢʨʝʤʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚ ʢʘʥʘʣʘʭ NIR ʪʘ MIR ʽʟ ʫʩʽʻʾ ʩʤʫʛʠ 

ʚʠʢʦʥʘʥʦʾ ʟʡʦʤʢʠ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ Subset ʧʨʦʛʨʘʤʠ Erdas 

Imagine ʪʘ ʢʦʥʪʫʨʫ ʋʢʨʘʾʥʠ ʚ ʬʦʨʤʘʪʽ aoi.  

4. ʇʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ NIR ʪʘ MIR ʥʘ ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ ʟ ʛʝʦʛʨʘʬʽʯʥʦ ʾ

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʷʤʦʢʫʪʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ UTM/WGS84 zone 36 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ Reproject ʧʨʦʛʨʘʤʠ Erdas Imagine, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ ʟʨʫʯʥʦ ʚʠʢʦʥʫʚʘʪʠ ʫ ʤʝʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

5. ʈʦʟʨʘʭʫʥʦʢ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII ʪʘ RDI.  
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʚ ʨʦʟʜʽʣʽ 3.1 ʙʫʣʦ ʦʙʨʘʥʦ ʜʚʘ ʽʥʜʝʢʩʠ 

ï NDII [227] ʪʘ RDɯ [228] ʷʢ ʪʘʢʽ, ʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʜʘʥʠʤʠ ʧʨʦʜʫʢʪʫ 

MOD13C2 ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʦʩʣʽʜʞʝʥʴ [224, 225]. 

ʌʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʽʚ: 

)1(

)1(

SWIRNIR

SWIRNIR
NDII

+

-
= ,     (3.8) 

NIRSWIRRDI /1= ,      (3.9) 

ɿʘ ʜʘʥʠʤʠ ʮʝʥʪʨʫ ʘʨʭʽʚʽʚ Land Processes Distributed Active Archive Center 

(LP DAAC) (https://lpdaac.usgs.gov/products/mod13c2v006/) ʢʘʥʘʣ MIR ʚ ʧʨʦʜʫʢʪʽ 

MOD13C2 ʤʘʻ ʜʽʘʧʘʟʦʥ 2105-2155 ʥʤ, ʪʦʙʪʦ, ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʧʘʟʦʥʫ SWIR2 ʜʣʷ 

ʩʫʧʫʪʥʠʢʽʚ Landsat ʪʘ Sentinel-2. ɼʽʘʧʘʟʦʥ SWIR2 ʪʘʢʦʞ, ʷʢ SWIR1, ʻ ʯʫʪʣʠʚʠʤ 

ʜʦ ʚʤʽʩʪʫ ʚʦʣʦʛʦʩʪʽ ʫ ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ. ʊʦʜʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʮʠʭ ʽʥʜʝʢʩʽʚ 

ʬʦʨʤʫʣʠ (3.8) ʪʘ (3.9) ʟʘ ʧʨʦʜʫʢʪʦʤ MOD13C2 ʧʨʠʡʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

)(

)(

MIRNIR

MIRNIR
NDII

+

-
= ,     (3.10) 

NIRMIRRDI /= ,      (3.11) 

ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʴ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII ʪʘ RDI ʟʘ ʮʠʤʠ ʬʦʨʤʫʣʘʤʠ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʱʦʤʽʩʷʯʥʽ ʜʘʥʽ ʪʘ ʫʩʝʨʝʜʥʝʥ ̔ʟʥʘʯʝʥʥ ̫ʽʥʜʝʢʩʽʚ ʟʘ ʨʽʢ, ʘʙʦ ʟʘ 

ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ Erdas Imagine, ʘ ʩʘʤʝ: ʤʦʜʫʣʷ Spatial 

Modeler / Model Maker. ʅʘ ʨʠʩ. 3.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʽ Erdas Imagine 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII ʪʘ RDI ʟʘ ʬʦʨʤʫʣʘʤʠ (3.10) ʪʘ 

(3.11) ʜʣʷ 2007 ʨʦʢʫ. 

ʇʘʨʘʣʝʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʽʥʜʝʢʩʽʚ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʾʭ 

ʟʥʘʯʝʥʴ ʟʘ ʛʨʘʜʘʮʽʻʶ ʢʦʣʴʦʨʫ ʫ Erdas Imagine ʜʘʻ ʙʽʣʴʰ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʭʘʨʘʢʪʝʨ ʟʤʽʥ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 
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ʈʠʩ. 3.3. ʄʦʜʝʣʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʽʚ ʚʦʣʦʛʦʩʪʽ NDII ʪʘ RDI ʟʘ 

ʬʦʨʤʫʣʘʤʠ (3.10), (3.11) ʜʣʷ 2007 ʨʦʢʫ 

3. ʃʘʥʜʰʘʬʪʥʠʡ ʘʥʘʣʽʟ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ 

ʨʽʚʥʠʥʥʫ ʯʘʩʪʠʥʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚ ʤʝʞʘʭ ʥʘʩʪʫʧʥʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ 

ʟʦʥ: ʧʽʚʥʽʯʥʦʾ ï ʤʽʰʘʥʠʭ ʣʽʩʽʚ; ʟʘʭʽʜʥʦʾ ï ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ; ʮʝʥʪʨʘʣʴʥʦʾ ï 

ʣʽʩʦʩʪʝʧʦʚʦʾ ʪʘ ʧʽʚʜʝʥʥʦʾ ï ʩʪʝʧʦʚʦʾ. ɺ ʤʝʞʘʭ ʮʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ 

ʨʦʟʚʠʥʫʪʽ ʘʛʨʦʣʘʥʜʱʘʬʪʠ. 

ʄʝʞʽ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʋʢʨʘʥʽʠ ʚʠʥʝʩʝʥʽ ʥʘ ʢʘʨʪʫ ʚʦʣʦʛʦʩʪʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʛʽʜʥʦ ʜʘʥʠʭ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ɸʪʣʘʩʫ ʋʢʨʘʾʠ [179]. ʃʘʥʜʰʘʬʪʥʠʡ ʘʥʘʣʽʟ ʚʨʘʭʦʚʫʻ ʧʦʜʽʣ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʘ 

ʬʽʟʠʢʦ-ʧʨʠʨʦʜʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʽ ʻ ʙʘʟʦʶ ʜʣʷ ʪʝʤʘʪʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʧʨʠʨʦʜʥʦʛʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʢʨʘʾʥʠ. 

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ ʩʫʪʪʻʚʽ ʢʦʨʝʢʪʠʚʠ ʚ ʬʽʟʠʢʦ-ʛʝʦʛʨʬʽʯʥʝ ʨʘʡʦʥʫʚʘʥʥʷ 

ʋʢʨʘʾʥʠ ʚʥʦʩʠʪʴ ʛʣʦʙʘʣʴʥʝ ʧʦʪʝʧʣʽʥʥʷ, ʚʧʣʠʚ ʷʢʦʛʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʥʘ ʚʩʽʡ ʾʾ 

ʪʝʨʠʪʦʨʽʾ. ʁʦʛʦ ʥʘʩʣʽʜʢʠ ʬʽʢʩʫʶʪʴʩʷ ʚ ʟʤʽʥʘʭ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ, ʧʦʨʫʰʝʥʥʽ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʘʜʽʚ, ʚʠʧʘʨʦʚʫʚʘʥʥʽ, ʪʘ 

ʽʥ., ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ˇʨʫʥʪʽʚ ʽ ʟʥʠʞʝʥʥʶ ʾʭ ʨʦʜʶʯʦʩʪʽ. 

ʈʝʛʽʦʥʘʣʴʥʠʡ ʤʘʩʰʪʘʙ ʮʠʭ ʟʤʽʥ ʜʦʚʝʜʝʥʦ ʉ. ɻ. ɹʦʡʯʝʥʢʦ [12], ʉ. ɺ. ʂʨʘʢʦʚʩʴʢʦʶ 

[69], ɯ.  ɹʫʢʰʘ  [9], ʊ. ɯ. ɸʜʘʤʝʥʢʦ [11],  ʪʘ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʜʦʚʠʭ ʟʤʽʥʘʭ ʽ 

ʤʽʛʨʘʮʽʾ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ. 
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4. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʇʦʻʜʥʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟ 

ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʘʨʭʽʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʧʨʠʷʻ ʫʜʦʩʢʦʥʘʣʝʥʥʶ 

ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʛʝʥʝʨʘʣʽʟʘʮʽʾ ʩʪʘʥʫ ʚʦʣʦʛʦʩʪʽ ʛʝʦʩʠʩʪʝʤ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʥʝʦʙʭʽʜʥʦʛʦ ʤʘʩʰʪʘʙʫ ʟʘʚʜʷʢʠ ʦʛʣʷʜʦʚʦʩʪʽ ʪʘ ʧʨʦʩʪʦʨʦʚʽʡ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʥʥʶ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ. 

5. ʋʢʣʘʜʘʥʥʷ ʦʛʣʷʜʦʚʠʭ ʢʘʨʪ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʪʝʤʘʪʠʯʥʘ 

ʽʥʪʝʧʨʝʪʘʮʽʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʣʷ ʫʢʣʘʜʘʥʥʷ ʦʛʣʷʜʦʚʦʾ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʘʥʠʤʠ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ Terra/MODIS ʚʦʜʥʽ ʽʥʜʝʢʩʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʢʘʥʘʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI.  

ʋʢʣʘʜʘʥʥʷ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʦʙʢʫ ʰʢʘʣʠ 

ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʡʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ. ɺ ʦʩʥʦʚʫ ʰʢʘʣʠ ʧʦʢʣʘʜʝʥʦ ʟʤʽʥʠ ʚʽʜ 

ʥʘʡʙʽʣʴʰʠʭ ʜʦ ʥʘʡʤʝʥʰʠʭ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI 

ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʪʘ ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʧʨʠʨʦʜʥʦʾ ʟʦʥʠ. ʐʢʘʣʫ 

ʨʦʟʨʦʙʣʝʥʦ ʚʽʜ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʷʢʽ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʦʾ ʧʦʩʫʭʠ, ʘ ʟʘ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ï ʜʦ ʥʘʜʤʽʨʥʦʾ ʟʚʦʣʦʞʝʥʦʩʪʽ. ʐʢʘʣʘ ʤʘʻ ʜʽʣʝʥʥ ̫ʜʽʘʧʘʟʦʥʦʤ ʫ 10 

ʦʜʠʥʠʮʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʝʚôʷʪʠ ʢʣʘʩʘʤ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ. ʊʘʢʫ ʰʢʘʣʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʦʮʽʥʮʽ ʧʝʨʝʟʚʦʣʦʞʝʥʠʭ ʜʽʣʷʥʦʢ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʩʫʰʣʠʚʠʭ ʷʚʠʱ ʪʘ ʜʽʣʷʥʦʢ, ʩʭʠʣʴʥʠʭ ʜʦ 

ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʛʦʩʪʽ  [224 - 226]. 

3.1.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʛʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ 

ʗʢ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʟʜʽʣʽ 2.1, ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʘ ʚʦʣʦʛʽʩʪʴ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʤʘʶʪʴ ʪʘʢʽ ʢʣʽʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢ ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, 

ʾʭ ʪʨʠʚʘʣʽʩʪʴ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʯʘʩ ʚʠʧʘʜʽʥʥʷ. ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ. ʇʨʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 
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ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʯʘʩʦʚʠʡ ʨʷʜ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʚʽʜʦʙʨʘʞʘʻ ʭʘʨʘʢʪʝʨʥʽ ʟʤʽʥʠ ʦʙʨʘʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʚʝʣʠʯʠʥ. ʉʫʪʥʽʩʪʴ 

ʢʣʽʤʘʪʦʣʦʛʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʯʘʩʦʚʦʛʦ ʨʷʜʫ 

ʦʪʨʠʤʘʪʠ ʦʩʥʦʚʥʽ ʚʽʨʦʛʽʜʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʮʴʦʛʦ ʚʩʴʦʛʦ 

ʧʨʦʮʝʩʫ [229]. ʇʨʠ ʘʥʘʣʽʟʽ ʥʘʟʝʤʥʠʭ ʜʘʥʠʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʘʢʦʞ ʤʝʪʝʦʜʘʥʽ ʪʘ ʛʨʘʬʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʦʮʽʥʢʠ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ.  

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʽʜʭʠʣʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚʽʜ ʢʣʽʤʘʪʠʯʥʦʾ ʥʦʨʤʠ 

(1961-1990) ʟʘ ʨʦʢʠ XXI  ʩʪʦʣʽʪʪʷ (2000-2017 ʨʨ.) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ ʚʦʥʘ ʧʽʜʚʠʱʠʣʘʩʷ ʚ ʮʽʣʦʤʫ ʥʘ 1,5 Áʉ [224-226]. ʗʢ ʧʦʢʘʟʘʥʦ ʫ ʪʘʙʣʠʮʽ 

3.4, ʦʩʦʙʣʠʚʦ ʘʥʦʤʘʣʴʥʦ ʪʝʧʣʠʤʠ ʙʫʣʠ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʧʦʯʠʥʘʶʯʠ ʟ 2015 ʨʦʢʫ. 

ʊʘʙʣʠʮʷ 3.4 

ɺʽʜʭʠʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ (ȹʊ, Üʉ) ʚʽʜ ʢʣʽʤʘʪʠʯʥʦʾ ʥʦʨʤʠ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʘ 2000 - 2017 ʨʨ. 

2000 2001 2002 2003 2004 2005 2006 2007 2008 

1,5 1,1 1,6 0,5 0,9 1,0 0,7 2,2 1,9 

2009 2010 2011 2012 2013 2014 2015 2016 2017 

1,7 1,7 1,4 1,3 1,7 1,7 2,8 1,8 2,0 

ɿʘ ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ ʥʘʜ ʪʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ ʦʯʽʢʫʻʪʴʩʷ ʧʨʦʜʦʚʞʝʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʜʦ ʢʽʥʮʷ XXI ʩʪʦʣʽʪʪʷ ʚʦʥʘ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠʩʷ 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʽʦʜʦʤ 2001-2010 ʨʨ. ʥʘ 0,7-3,0 Üʉ (çʤ'ʷʢʠʡè ʩʮʝʥʘʨʽʡ ɺ1), ʘʙʦ 

ʥʘ 2,6-4,6 Áʉ (çʞʦʨʩʪʢʠʡè ʩʮʝʥʘʨʽʡ ɸ2) [9]. 

ʅʘ ʨʠʩʫʥʢʫ 3.4 ʚʽʜʦʙʨʘʞʝʥʦ ʙʘʛʘʪʦʨʽʯʥʠʡ ʭʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ 

ʋʢʨʘʾʥʽ ʟʘ ʧʝʨʽʦʜ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ 1900-2018 ʨʨ. ɿʘ ʟʘʟʥʘʯʝʥʠʡ 

ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʨʝʥʜ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 0,8-1 Üʉ ʜʣʷ ʟʦʥʠ ʤʽʰʘʥʠʭ 

ʣʽʩʽʚ, ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ ʪʘ ʟʦʥʠ ʣʽʩʦʩʪʝʧʫ, ʪʘ 0,5 Üʉ ï ʜʣʷ ʩʪʝʧʦʚʦʾ ʟʦʥʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 0,1 Üʉ ʚ ʢʦʞʥʝ ʜʝʩʷʪʠʣʽʪʪʷ, ʘʣʝ ʥʘ ʙʽʣʴʰʦʩʪʽ 

ʩʪʘʥʮʽʡ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʨʽʯʯʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʚʠʱʠʣʘʩʷ ʥʘ 

0,3  . ɼʣʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʠʤʠ ʥʘ ʧʨʦʮʝʩʠ ʟʤʽʥ ʢʣʽʤʘʪʫ ʻ 
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ʟʤʽʥʘ ʣʘʥʜʰʘʬʪʽʚ ʚʥʘʩʣʽʜʦʢ ʙʘʛʘʪʦʚʽʢʦʚʦʾ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʩʫʯʘʩʥʦʾ 

ʟʤʽʥʠ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʤʝʣʽʦʨʘʮʽʻʶ, ʧʨʦʮʝʩʽʚ ʫʨʙʘʥʽʟʘʮʽʾ [230]. 

 

ʈʠʩ. 3.4. ɹʘʛʘʪʦʨʽʯʥʠʡ ʭʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ (T, Á ʉ) ʚ ʋʢʨʘʾʥʽ: 1 ï ʬʘʢʪʠʯʥʠʡ 

ʭʽʜ, 2 ï ʚʽʢʦʚʠʡ ʭʽʜ (ʪʨʝʥʜ), ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ [230]  

ɺ ʋʢʨʘʾʥʽ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʟʦʢʨʝʤʘ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʽ ʩʝʟʦʥʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ 

ʦʧʘʜʽʚ, ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʻ ʚʘʛʦʤʠʤ ʬʘʢʪʦʨʦʤ ʟʤʽʥ ʫ ʯʘʩʽ ʤʝʞ ʤʽʞ ʧʨʠʨʦʜʥʠʤʠ 

ʟʦʥʘʤʠ ʪʘ ʟʦʥʘʤʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ɿʘ ʫʤʦʚ ʛʣʠʙʦʢʦʛʦ ʨʽʚʥʷ ʟʘʣʷʛʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ (ʜʣʷ 

ʋʢʨʘʾʥʠ ï ʮʝ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʩʪʝʧʦʚʦʾ, ʣʽʩʦʩʪʝʧʦʚʦʾ, ʟʦʥʠ 

ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ ʪʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʟʦʥʠ ʭʚʦʡʥʦ-ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ), 

ʘʪʤʦʩʬʝʨʥʘ ʧʦʩʫʭʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ˇʨʫʥʪʦʚʦʾ ʧʦʩʫʭʠ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʜʝʬʽʮʠʪʽ 

ʚʦʣʦʛʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ. ʆʪʞʝ, ʦʩʥʦʚʥʦ  ʁ ʧʨʦʙʣʝʤʦ  ʁ ʻ 

ʧʦʩʠʣʝʥʥʷ ʧʦʩʫʰʣʠʚʦʩʪʽ, ʢʦʣʠ ʧʦʪʨʝʙʘ ʚ ʝʚʘʧʦʪʨʘʥʩʧʽʨʘʮʽʾ ʟʘ ʪʝʧʣʽʰʦʛʦ ʽ 

ʩʫʭʽʰʦʛʦ ʢʣʽʤʘʪʫ ʥʝ ʙʫʜʝ ʟʙʘʣʘʥʩʦʚʫʚʘʪʠʩʷ ʥʘʷʚʥʽʩʪʶ ʦʧʘʜʽʚ. ɺʝʩʴ ʮʝʡ ʧʨʦʮʝʩ 

ʪʨʝʥʜʦʚʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʽ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʚ ʤʝʞʘʭ ʩʫʯʘʩʥʠʭ ʽ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʤʽʥ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʯʘʩʪʦʪʦʶ ʽ ʩʫʚʦʨʽʩʪʶ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ (ʪʝʧʣʦʚʽ ʭʚʠʣʽ ʪʘ ʧʦʩʫʭʠ), ʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ï ʜʦ 

ʧʝʨʝʩʠʭʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ. 
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ʇʨʦ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥ ʩʚʽʜʯʘʪʴ ʽ ʜʘʥʽ ʧʨʦ ʩʫʪʪʻʚʽ 

ʢʦʣʠʚʘʥʥʷ ʦʧʘʜʽʚ. ʅʘ ʨʠʩʫʥʢʫ 3.5, ʜʝ ʥʘʚʝʜʝʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʧʘʜʽʚ ʧʦ ʋʢʨʘʾʥʽ ʟʘ ʨʦʢʠ XXI ʩʪʦʣʽʪʪʷ, ʚʠʜʥʦ, ʱʦ ʟʘ ʧʝʨʽʦʜ 2010-2016 ʨʨ. ʡʜʝ 

ʥʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʟʘ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʷʭ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʟʥʘʯʥʝ ʦʩʣʘʙʣʝʥʥʷ 

ʦʧʘʜʦʫʪʚʦʨʶʶʯʠʭ ʧʨʦʮʝʩʽʚ. ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʦʩʪʽ 

ˇʨʫʥʪʽʚ. 

 

ʈʠʩ. 3.5. ɺʽʜʭʠʣʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʧʦ ʋʢʨʘʾʥʽ ʩʫʤʠ ʦʧʘʜʽʚ ʚʽʜ ʥʦʨʤʠ ʧʦ 

ʜʝʩʷʪʠʣʽʪʪʷʭ (2000-2016 ʨʨ.) [231]  

ɹʫʣʦ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ˇʨʫʥʪʫ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ (5, 10, 15, 20 ʩʤ) [225]. ʎʽ 

ʛʣʠʙʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʨʥʠʡ ʰʘʨ ˇʨʫʥʪʫ. ʎʝʡ ʧʦʢʘʟʥʠʢ ʙʫʚ ʚʟʷʪʠʡ ʚ ʷʢʦʩʪʽ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ. ʉʘʤʝ ʮʷ ˇʨʫʥʪʦʚʘ ʪʦʚʱʘ ʯʫʪʣʠʚʘ ʜʦ 

ʟʤʽʥ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʥʘ ʜʝʥʥʡ̔ ʧʦʚʝʨʭʥʽ ʽ ʧʨʠʡʤʘʻ ʥʘʡʘʢʪʠʚʥʽʰʫ ʫʯʘʩʪʴ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʨʠʟʝʤʥʦʛʦ ʰʘʨʫ ʧʦʚʽʪʨʷ. 

ʅʘ ʨʠʩ. 3.6 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʽʜʭʠʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʚʽʜ ʢʣʽʤʘʪʠʯʥʦʾ 

ʥʦʨʤʠ (1961-1990 ʨʨ.) ʟʘ ʥʘʟʝʤʥʠʤʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ ʥʘ ʛʣʠʙʠʥʘʭ ʫ 

ʧʝʨʽʦʜ 2000-2016 ʨʨ. ʜʣʷ ʟʦʥ ʣʽʩʦʩʪʝʧʫ ʽ ʩʪʝʧʫ ʥʘ ʨʠʩ. 3.6. ɿʘ ʮʠʤʠ ʜʘʥʠʤʠ ʥʘ ʪʣʽ 

ʨʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʧʦʩʪʫʧʦʚʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʛʨʽʚʫ ˇʨʫʥʪʫ ʥʘ ʚʩʽʭ ʛʣʠʙʠʥʘʭ. 
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ʅʝʛʘʪʠʚʥʠʭ ʚʽʜʭʠʣʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʝ ʚʽʜʤʽʯʘʻʪʴʩʷ. ʊʝʤʧʝʨʘʪʫʨʥʽ ʧʽʢʠ, 

ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʛʨʘʬʽʢʘʭ, ʟʙʽʛʘʶʪʴʩʷ ʟ ʧʦʩʫʰʣʠʚʠʤʠ ʨʦʢʘʤʠ [229]. 

  

ʈʠʩ. 3.6. ɺʽʜʭʠʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʚʽʜ ʢʣʽʤʘʪʠʯʥʦʾ ʥʦʨʤʠ (1961-1990 ʨʨ.) 

ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ ʫ ʣʽʩʦʩʪʝʧʦʚʽʡ ʪʘ ʩʪʝʧʦʚʽʡ ʧʨʠʨʦʜʥʽʡ ʟʦʥʽ 

ʇʦʨʽʚʥʶʶʯʠ ʨʠʩ. 3.6, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʪʝʧʦʚʘ ʟʦʥʘ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʥʘʙʫʚʘʻ ʧʦʩʫʰʣʠʚʦʩʪʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʙʽʣʴʰ ʟʥʘʯʥʠʤ 

ʧʨʦʛʨʽʚʦʤ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʘʭ 5, 10, 15 ʪʘ 20 ʩʤ. ʊʘʢʽ ʚʽʜʭʠʣʝʥʥʷ ʩʧʨʠʯʠʥʝʥʽ 

ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʥʘʜʭʦʜʞʝʥʥʷʤ ʚʦʜʠ ʜʦ ˇʨʫʥʪʫ ʪʘ 

ʧʨʦʷʚʦʤ ʚʩʝ ʙʽʣʴʰʦʛʦ ʛʣʠʙʦʢʦʛʦ ʟʘʣʷʛʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʆʩʢʽʣʴʢʠ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʦʚʽʪʨʷ ʧʽʜʚʠʱʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʘʭ ʪʝʞ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʙʽʣʴʰʝ ʥʘʛʨʽʚʘʻʪʴʩʷ ʟʝʤʥʘ ʧʦʚʝʨʭʥʷ ʩʪʝʧʦʚʦʾ ʟʦʥʠ [225].  

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʟ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʦʧʦʤʘʛʘʻ ʚ 

ʫʪʦʯʥʝʥʥʽ ʤʽʨʠ ʚʧʣʠʚʫ ʧʦʛʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʦʢʨʝʤʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʥʘ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ.  

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʦʰʠʨʝʥʥʷ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʦʣʦʛʦʩʪʽ ʫ 2007, 2015, 2016 

ʨʦʢʘʭ ʧʽʜ ʯʘʩ ʘʢʪʠʚʥʦʛʦ ʧʝʨʽʦʜʫ ʚʝʛʝʪʘʮʽʾ ʨʦʩʣʠʥ.  

ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʘʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʥʘ ʤʝʨʝʞʽ 

ʥʘʟʝʤʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ ʋʢʨʘʾʥʠ. ɼʣʷ ʘʥʘʣʽʟʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʙʘʟʠ ʜʘʥʠʭ 56 ʩʪʘʥʮʽʡ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʘʜʽʚ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʘʥʽ ʟ 49 ʩʪʘʥʮʽʡ ʫ ʨʽʟʥʠʭ 

ʣʘʥʜʰʘʬʪʥʠʭ ʟʦʥʘʭ ʢʨʘʾʥʠ. ɸʥʘʣʽʟ ʜʘʥʠʭ ʧʨʦʚʝʜʝʥʦ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 
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ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʧʦ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʚʠʢʦʥʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ [232]. ɿʘ ʮʠʤʠ ʜʘʥʠʤʠ ʥʘ ʨʠʩ 3.8, 3.9, 3.10 ʙʫʣʠ 

ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʩʝʨʝʜʥʽʭ ʨʽʯʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʦʧʘʜʽʚ ʧʦ 

ʤʽʩʷʮʷʭ. 

2007 ʨʽʢ ʙʫʚ ʦʙʨʘʥʠʡ ʷʢ ʥʘʡʧʦʩʫʰʣʠʚʽhʠʡ ʫ XXI  ʩʪʦʣʽʪʪʽ, 2015 ï ʷʢ ʨʽʢ ʟ 

ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ, ʘ 2016 ï ʷʢ ʪʠʧʦʚʠʡ ʟʘ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʽʢ XXI  ʩʪʦʣʽʪʪʷ. 

ɺʝʩʥʘ 2007 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ ʪʘ ʧʨʘʢʪʠʯʥʦ 

ʧʦʚʥʦʶ ʚʽʜʩʫʪʥʽʩʪʶ ʦʧʘʜʽʚ ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ, ʮʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʨʠʩ. 3.7. ʎʝ 

ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ, ʱʦ ʟʘʧʘʩʠ ʚʦʣʦʛʠ ʚ ʦʨʥʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ ʙʫʣʠ ʥʝʜʦʩʪʘʪʥʽʤʠ. 

ʏʝʨʝʟ ʟʥʘʯʥʠʡ ʜʝʬʽʮʠʪ ʚʦʣʦʛʠ ʫ ʧʝʨʽʦʜ ʥʘʣʠʚʫ ʟʝʨʥʘ ʮʝ ʧʨʠʟʚʝʣʦ ʜʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʦʩʫʭʠ ʪʘ ʚʪʨʘʪʠ ʫʨʦʞʘʶ. ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʧʦʩʫʭʘ 

ʟʙʝʨʽʛʘʣʘʩʷ ʽ ʧʨʦʪʷʛʦʤ ʣʽʪʥʴʦʛʦ ʧʝʨʽʦʜʫ. ɺ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʤʝʪʝʦʨʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ 

ʧʦʢʨʘʱʠʣʘʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʚʝʩʥʦʶ.  

 

ʈʠʩ. 3.7. ʉʝʨʝʜʥʽʡ ʨʽʯʥʠʡ ʭʽʜ ʟʤʽʥ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʧʝʨʽʦʜʫ (1981-

2010 ʨʨ.) ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʧʦ ʤʽʩʷʮʷʭ ʟʘ 2007 ʨʽʢ 

ʂʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʙʫʣʘ ʙʣʠʞʯʘ ʜʦ ʥʦʨʤʠ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʤʘʣʘ 

ʥʝʟʥʘʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʠʱʝ ʥʦʨʤʠ. ʇʨʦʪʝ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʧʦʩʫʭʘ 

ʧʨʦʜʦʚʞʫʚʘʣʘʩʷ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʣʽʪʥʴʦʛʦ ʧʝʨʽʦʜʫ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʻ ʟʚʦʣʦʞʝʥʥʷ 

ʨʦʩʣʠʥ ʪʘ ˇʨʫʥʪʫ ʥʘʚʝʩʥʽ. ʉʘʤʝ ʮʶ ʧʦʛʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʫ ʦʩʦʙʣʠʚʽʩʪʴ 2007 ʨʦʢʫ, 
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ʦʙʫʤʦʚʣʝʥʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʶ ʧʦʩʫʭʦʶ, ʚʽʜʦʙʨʘʞʘʶʪʴ ʽʥʜʝʢʩʠ ʚʦʣʦʛʦʩʪʽ 

NDII  ʪʘ RDI. 

2015 ʨʽʢ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 2015 ʨʽʢ ʚʽʜʥʦʩʷʪʴ ʜʦ ʣʽʜʝʨʽʚ ʘʥʦʤʘʣʴʥʦ 

ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʮʝʡ ʨʽʢ ʙʫʚ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤ ʜʣʷ ʨʦʩʪʫ ʽ 

ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ. ɺ ʮʽʣʦʤʫ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʧʝʨʽʦʜʫ ʚʝʛʝʪʘʮʽʾ 2015 ʨʦʢʫ ʙʫʣʠ ʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 2007 ʨʦʢʦʤ. ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 3.8, ʧʦʩʫʭʘ, ʷʢʘ 

ʚʠʥʠʢʣʘ ʯʝʨʝʟ ʜʝʬʽʮʠʪ ʦʧʘʜʽʚ ʫ ʩʝʨʧʥʽ 2015 ʨʦʢʫ, ʚʞʝ ʥʝ ʤʘʣʘ ʚʠʟʥʘʯʘʣʴʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʚʨʦʞʘʡ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ.  

 

ʈʠʩ. 3.8. ʉʝʨʝʜʥʽʡ ʨʽʯʥʠʡ ʭʽʜ ʟʤʽʥ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʧʝʨʽʦʜʫ (1981-

2010 ʨʨ.) ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʧʦ ʤʽʩʷʮʷʭ ʟʘ 2015 ʨʽʢ 

2016 ʨʽʢ ʻ ʪʠʧʦʚʠʤ ʨʦʢʦʤ ʜʣʷ XXI  ʩʪʦʣʽʪʪʷ. ɹʝʨʝʟʝʥʴ ʪʘ ʢʚʽʪʝʥʴ ʙʫʣʠ ʜʫʞʝ 

ʪʝʧʣʠʤʠ. ʉʝʨʝʜʥʷ ʚʝʩʥʷʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʫ ʥʘ 1,5Á ʉ. ʗʢ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʨʠʩ. 3.9 ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʙʫʣʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ 

ʧʝʨʽʦʜʫ ʚʝʛʝʪʘʮʽʾ ʨʦʩʣʠʥʥʦʩʪʽ.  

ʇʨʦʪʷʛʦʤ ʚʩʽʭ ʪʨʴʦʭ ʣʽʪʥʽʭ ʤʽʩʷʮʽʚ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʥʦʨʤʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 0,9 Áʉ. ʃʽʪʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʦʧʘʜʽʚ ʚʽʜʥʦʩʥʦ ʥʦʨʤʠ.  
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ʈʠʩ. 3.9. ʉʝʨʝʜʥʽʡ ʨʽʯʥʠʡ ʭʽʜ ʟʤʽʥ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʧʝʨʽʦʜʫ (1981-

2010 ʨʨ.) ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʧʦ ʤʽʩʷʮʷʭ ʟʘ 2016 ʨʽʢ 

ʅʘ ʨʠʩ. 3.9 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʚʦʩʝʥʠ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʙʫʣʘ 

ʚʠʱʝ ʥʦʨʤʠ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʦʭʠ ʥʝ ʜʦʭʦʜʠʣʘ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʩʝʨʝʜʥʴʦʛʦ 

ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʧʝʨʽʦʜʫ 1981-2010 ʨʨ.  

3.2 ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʨʠ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʪʪʻʚʦʶ ʩʢʣʘʜʦʚʦʶ ʤʝʪʦʜʠʢʠ ʻ 

ʥʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʷʢʽ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. 

ʅʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟʘʣʝʞʠʪʴ 

ʥʘʡʙʽʣʴʰʝ ʚʽʜ ʤʽʩʮʝʚʠʭ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ ʤʽʢʨʦʨʝʣʴʻʬʫ. ʄʝʪʦʜʠʢʘ 

ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʩʭʝʤʽ 

ʨʠʩ. 3.10 ʪʘ ʻ ʧʦʜʽʙʥʦʶ ʜʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʇʨʠ ʧʽʜʙʦʨʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʩʣʽʜ ʩʧʠʨʘʪʠʩʷ ʥʘ ʧʨʦʩʪʦʨʦʚʫ ʪʘ ʯʘʩʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʷʢʽ 

ʤʘʶʪʴ ʙʫʪʠ ʚʠʩʦʢʠʤʠ. ʆʩʥʦʚʦʶ ʣʦʢʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʻ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ 

ʧʨʦʩʪʦʨʦʚʫ (ʥʝ ʤʝʥʰʝ 30-50 ʤ) ʪʘ ʯʘʩʦʚʫ (ʥʝ ʤʝʥʰʝ ʦʜʥʦʛʦ ʨʘʟʫ ʥʘ ʪʠʞʜʝʥʴ) 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ. ɼʘʪʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʙʘʞʘʥʦ ʫʟʛʦʜʞʫʚʘʪʠ ʟʽ ʟʡʦʤʢʦʶ 

ʩʫʧʫʪʥʠʢʘ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʠʥʭʨʦʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʦʜʥʘʢʦʚʠʭ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʇʨʠ ʚʠʙʦʨʽ ʩʫʧʫʪʥʠʢʘ ʚʘʞʣʠʚʠʤ ʻ ʥʘʷʚʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ 
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ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ (ʚʠʜʠʤʦʛʦ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ) ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʽʥʜʝʢʩʽʚ, ʯʫʪʣʠʚʠʭ ʜʦ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ.  

 

ʈʠʩ. 3.10. ɻʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ 

2. ʅʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʨʠ ʣʦʢʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʤʘʶʪʴ ʥʘʟʝʤʥʽ ʟʘʚʽʨʢʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʟʥʘʯʝʥʴ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʷʢ ʝʪʘʣʦʥʥʠʭ, ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʽʟ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʾʭ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ, ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʫ ʥʘ ʾʾ ʧʨʦʩʪʦʨʦʚʫ ʤʽʥʣʠʚʽʩʪʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʣʘʥʫʚʘʪʠ ʥʘ ʚʝʩʥʫ 

ʘʙʦ ʦʩʽʥʴ, ʢʦʣʠ ˇʨʫʥʪ ʥʝ ʚʢʨʠʪʠʡ ʨʦʩʣʠʥʥʽʩʪʶ (ʚʣʽʪʢʫ). ɺʽʜʙʽʨ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ 

ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʦʜʥʘʢʦʚʽʡ ʽʟ ʩʫʧʫʪʥʠʢʦʚʠʤ ʟʥʽʤʢʦʤ ʪʝʨʠʪʦʨʽʾ, 

ʩʠʥʭʨʦʥʥʦ ʽʟ ʩʫʧʫʪʥʠʢʦʚʦʶ ʟʡʦʤʢʦʶ. ɺʽʜʙʽʨ ʧʨʦʙ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʚ 

ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʴ. ʂʨʦʢ ʚʽʜʙʦʨʫ ʤʘʻ ʙʫʪʠ ʚʽʜ 15 ʜʦ 150 ʤ, ʧʨʦʙʠ 

ʚʽʜʙʠʨʘʶʪʴʩʷ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʷʢʦʤʦʛʘ ʙʽʣʴʰʠʤ ʢʦʥʪʨʘʩʪʦʤ ʫ ʟʥʘʯʝʥʥʷʭ ʚʦʣʦʛʦʩʪʽ. 

ʋ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʥʘ ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ ʚʦʣʦʛʠ ʫ 

ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 
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ʑʦʙ ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʠʡ ʢʽʣʴʢʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʚʦʜʥʦʛʦ 

ʽʥʜʝʢʩʫ ʪʘ ʧʨʦʮʝʥʪʥʠʤ ʚʤʽʩʪʦʤ ʚʦʣʦʛʠ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ (ʜʦ 10 ʩʤ), 

ʟʨʘʟʢʠ ʚʽʜʽʙʨʘʥʽ ʚʟʜʦʚʞ ʧʨʦʬʽʣʶ ʥʘ ʨʠʩ. 3.11, ʱʦ ʧʝʨʝʪʠʥʘʻ ʮʝʥʪʨ ʤʽʢʨʦʟʘʧʘʜʠʥ. 

ɺʦʣʦʛʽʩʪʴ ʚ ˇʨʫʥʪʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʨʤʦʩʪʘʪʥʦ-ʚʘʛʦʚʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ ɺ.2.1-17:2009 [38].  

 

ʈʠʩ. 3.11. ʉʭʝʤʘ ʚʽʜʙʦʨʫ ʧʨʦʙ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʥʘ ʟʘʚʽʨʢʦʚʠʭ ʜʽʣʷʥʢʘʭ ʧʦʣʽʛʦʥʫ 

ʅʘ ʦʩʥʦʚʽ ʚʟʷʪʠʭ ʧʨʦʙ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʪʝʨʤʦʩʪʘʪʥʦ-ʚʘʛʦʚʠʤ 

ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ ʚʦʣʦʛʠ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʟʝʤʥʠʭ ʪʘ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 3.12 ʽ ʬʽʢʩʫʶʪʴʩʷ ʫ 

ʪʘʙʣʠʮʷʭ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʜʦʜʘʪʢʘʭ ɺ-ɭ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ.  

ɺʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

,%100*
2

21

BB

BB
W

-

-
= ,    (3.12) 

ʜʝ, w ï ʚʦʣʦʛʽʩʪʴ ̌ ʨʫʥʪʫ ʚʽʜ ʤʘʩʠ ʩʫʭʦʛʦ ˇʨʫʥʪʫ, %; ɺ ï ʤʘʩʘ ʧʫʩʪʦʛʦ ʙʶʢʩʫ, 

ʛ; ɺ1 ï ʤʘʩʘ ʙʶʢʩʫ ʟ ʚʦʣʦʛʠʤ ˇʨʫʥʪʦʤ ʜʦ ʩʫʰʢʠ, ʛ; ɺ2 ï ʤʘʩʘ ʙʶʢʩʫ ʟ ʩʫʭʠʤ 

ˇʨʫʥʪʦʤ ʧʽʩʣʷ ʩʫʰʢʠ, ʛ. 

3. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʚʦʜʥʠʡ ʽʥʜʝʢʩ NWI (Normalized 

Water Index), ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʆ. ɯ. ʉʘʭʘʮʴʢʠʤ [48, 124], ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʚ 

ʟʝʣʝʥʽʡ ʪʘ ʩʝʨʝʜʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʩʤʫʛʘʭ ʩʧʝʢʪʨʘ ʩʫʧʫʪʥʠʢʘ Sentinal-2. ɯʥʜʝʢʩ 

ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʙʘʟʽ ʽʥʜʝʢʩʫ NDSI (Normalized Difference Snow Index), 
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ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʯʘʪʢʫ M. ʂ. Griffin  [233] ʜʣʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʩʥʽʛʦʚʦʛʦ 

ʧʦʢʨʠʚʫ. ʆ. ɯ. ʉʘʭʘʮʴʢʠʡ ʚʧʝʨʰʝ ʟʘʟʥʘʯʠʚ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʨʘʪʠ ʟʘ ʦʩʥʦʚʫ 

ʥʦʨʤʦʚʘʥʫ ʨʽʟʥʠʮʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ ʟʝʣʝʥʽʡ ʪʘ ʩʝʨʝʜʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ 

ʩʤʫʛʘʭ ʩʧʝʢʪʨʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

)(

)(

SWIRGR

SWIRGR
NWI

+

-
= ,    (3.13) 

ʜʝ GR ï ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʚ ʟʝʣʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʩʧʝʢʪʨʘ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʴ ʙʣʠʟʴʢʦ 500-590 ʥʤ; SWIR ï ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘ ʜʦʚʞʠʥʽ 

ʭʚʠʣʴ ʙʣʠʟʴʢʦ 1570-1750 ʥʤ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ ʧʨʠ ʣʦʢʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ ʫ ʨʦʙʦʪʘʭ ʆ. ɯ. ʉʘʭʘʮʴʢʦʛʦ ʚ ʤʝʞʘʭ 

ʪʝʩʪʦʚʦʛʦ ʧʦʣʽʛʦʥʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʇʝʨʝʷʩʣʘʚ-ʍʤʝʣʴʥʠʮʴʢʦʤʫ ʨʘʡʦʥʽ 

ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ.  

ɿʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ʟʥʘʯʝʥʥʷ 

NWI-ʟʦʙʨʘʞʝʥʥʷ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʚʽʜʽʙʨʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ w(%). ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

NWI ʪʘ w(%). 

4. ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ. ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ 

ʨʝʣʴʻʬʫ ʟʘ ʨʘʜʘʨʥʦʶ ʟʡʦʤʢʦʶ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘ ʤʝʪʦʜʦʤ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ 

ʪʘ ʤʦʨʬʦʜʠʥʘʤʽʯʥʠʤ ʘʥʘʣʽʟʦʤ ʫʢʣʘʩʪʠ ʢʘʨʪʫ, ʷʢʘ ʤʦʜʝʣʶʻ ʥʘʧʨʷʤʢʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʜʠ ʪʘ ʚʝʨʭʥʽʭ ʯʘʩʪʦʢ ˇʨʫʥʪʫ ʚ ʤʝʞʘʭ ʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ ʪʘ ʻ 

ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʜʦʧʦʚʥʝʥʥʷʤ ʜʦ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

5. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʅʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʞʣʠʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ. ɺʨʘʭʫʚʘʥʥʷ ʤʽʩʮʝʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʧʨʠ ʚʝʜʝʥʥʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

6. ʋʢʣʘʜʘʥʥʷ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʅʘ ʙʘʟʽ ʟʥʘʡʜʝʥʦʾ 

ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʥʘʟʝʤʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʪʘ 
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ʨʦʟʨʘʭʦʚʘʥʠʤ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʚʦʜʥʠʤ ʽʥʜʝʢʩʦʤ NWI 

ʫʢʣʘʜʘʻʪʴʩʷ ʢʘʨʪʘ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

7. ʊʝʤʘʪʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

3.2.1 ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

(ʥʘ ʧʨʠʢʣʘʜʽ ɹʘʨʠʰʽʚʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ) 

ʃʦʢʘʣʴʥʝ ʢʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʢʦʥʮʝʧʪʫʘʣʴʥʦ 

ʧʦʜʽʙʥʝ ʜʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ, ʧʨʦʪʝ ʪʦʯʥʽʩʪʴ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʦʙʫʜʦʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʘʩʰʪʘʙʫ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʴ, ʮʽʣʴʦʚʦʛʦ ʟʘʚʜʘʥʥʷ, ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʤʽʩʮʝʚʠʭ ʣʘʥʜʰʘʬʪʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ʅʝʦʙʭʽʜʥʠʤ ʜʦʜʘʪʢʦʤ ʜʦ ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʚʨʘʭʫʚʘʥʥʷ ʤʽʩʮʝʚʠʭ 

ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ, ʩʪʨʫʢʪʫʨʥʦʾ ʧʦʟʠʮʽʾ, ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦ ʧʝʚʥʠʭ 

ʣʘʥʜʰʘʬʪʥʠʭ ʟʦʥ, ʤʽʢʨʦʨʝʣʴʻʬʫ, ʱʦ ʜʝʪʘʣʴʥʽʰʝ ʦʧʠʩʘʥʦ ʫ ʨʦʟʜʽʣʽ 2.2.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1. ɺʠʙʽʨ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʝʨʠʪʦʨʽʾ ʥʘ ʣʦʢʘʣʴʥʦʤʫ (ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤʫ) ʨʽʚʥʽ ʙʫʣʦ 

ʥʘʢʦʧʠʯʝʥʦ ʜʘʥʽ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ Sentinel-2. ɺʠʙʽʨ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ 

ʟʡʦʤʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 1 ʨʘʟ ʥʘ ʪʨʠ-ʧô̫ ʪʴ ʜʥʽʚ. Sentinel-2 ï ʮʝ ʩʽʤʝʡʩʪʚʦ 

ʩʫʧʫʪʥʠʢʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʩʤʽʯʥʦʛʦ 

ʘʛʝʥʪʩʪʚʘ, ʷʢʽ ʩʪʚʦʨʝʥʽ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʙʝʟʧʝʢʠ ñʂʦʧʝʨʥʽʢʫʩò (Copernicus). ʉʫʧʫʪʥʠʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʟʝʤʝʣʴ, ʨʦʩʣʠʥʥʦʩʪʽ, ʣʽʩʦʚʠʭ, ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʠ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʩʪʠʭʽʡʥʠʭ ʷʚʠʱ. ʉʫʧʫʪʥʠʢ Sentinel-2 

ʟʘʧʫʱʝʥʠʡ 23 ʯʝʨʚʥʷ 2015 ʨʦʢʫ. 

ʉʝʥʩʦʨ MSI (Multi  Spectral Instrument), ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʩʫʧʫʪʥʠʢʫ, ʤʘʻ 13 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ (443-2190 ʥʤ), ʚʽʜ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 
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ʜʦ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ 

ʚʽʜ 10 ʜʦ 60 ʤ. 

ɼʘʥʽ ʩʫʧʫʪʥʠʢʘ ʻ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʥʘ ʦʬʽʮʽʡʥʦʤʫ ʩʘʡʪʽ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 

ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʜʣʷ Sentinel (https://sentinel.esa.int/web/sentinel/sentinel-

data-access), ʦʬʽʮʽʡʥʦʤʫ ʩʘʡʪʽ ʧʨʦʛʨʘʤʠ ñʂʦʧʝʨʥʽʢʫʩò 

(https://scihub.copernicus.eu/), ʪʘʢʦʞ ʜʘʥʽ ʻ ʥʘ ʩʘʡʪʽ ʛʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʉʐɸ 

(https://www.usgs.gov/). 

ʉʫʧʫʪʥʠʢ Sentinel-2 ʥʘ ʨʠʩ 3.12 ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ 

ʯʘʩʪʦʪʦʶ 1-2 ʨʘʟʠ ʥʘ ʪʠʞʜʝʥʴ ʪʘ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʚ 

ʤʘʩʰʪʘʙʥʦʤʫ ʨʷʜʽ 1:15000-1:50000. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʧʽʜʙʠʨʘʚʩʷ ʥʘ ʜʘʪʫ 

ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

 

ʈʠʩ. 3.12. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʟʥʽʤʢʘ Sentinel (08.04.2016) ʪʘ ʡʦʛʦ ʟʙʽʣʴʰʝʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʜʦʩʣʽʜʥʦʛʦ ʧʦʣʽʛʦʥʫ ɼɿɿ ʚ ɹʘʨʠʰʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʂʠʾʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ Sentinel-

2 ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʘʟʘʮʽʾ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ. ɼʣʷ ʮʴʦʛʦ 

ʟʨʦʙʣʝʥʦ ʢʝʨʦʚʘʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʦʙʨʘʞʝʥʥʷ ʘʣʛʦʨʠʪʤʘʤʠ ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ, 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʨʦʛʽʜʥʦʩʪʽ ʪʘ ʤʝʪʦʜʦʤ ʄʘʭʘʣʘʥʦʙʽʩʘ. ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ 
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ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʜʦʜʫʪʢʫ ɹ, ʜʝ ʟʦʙʨʘʞʝʥʥʷ ʘ) ʽʣʶʩʪʨʫʻ ʚʠʭʽʜʥʠʡ ʟʥʽʤʦʢ Sentinel-2 

ʫ ʢʦʤʙʽʥʘʮʽʾ ʢʘʥʘʣʽʚ SWIR, NIR, Green; ʙ) ʟʘ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʨʦʛʽʜʥʦʩʪʽ; 

ʚ) ʟʘ ʤʝʪʦʜʦʤ ʄʘʭʘʣʘʥʦʙʽʩʘ; ʛ) ʟʘ ʤʝʪʦʜʦʤ ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ. ʅʘʮʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ. ʅʘ 

ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʜʦʙʨʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʢʨʦʟʘʧʘʜʠʥʥʽ ʬʦʨʤʠ 

ʨʝʣʴʻʬʫ, ʷʢʠ ʫ ʜʦʜʘʪʢʫ ɹ ʚʽʜʦʙʨʘʞʝʥʦ ʙʣʘʢʠʪʠʥʠʤ ʢʦʣʴʦʨʦʤ, ʘ ʥʘ ʨʠʩ. 3.13 

ʯʦʨʥʠʤ ʢʦʣʴʦʨʦʤ. 

 

ʈʠʩ. 3.13. ʌʨʘʛʤʝʥʪ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʫ Sentinel-2 ʪʘ ʨʝʟʫʣʴʪʘʪʫ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʤʝʪʦʜʦʤ ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ 

ʂʣʘʩʠʬʽʢʦʚʘʥʽ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʪʦʯʦʢ ʚʽʜʙʦʨʫ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʠʨʘʶʯʠʩʴ 

ʦʪʨʠʤʘʥʽ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʙʫʣʦ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʦ ʧʨʠʙʣʠʟʥʽ ʢʦʦʨʜʠʥʘʪʠ 

ʚʽʜʙʦʨʫ ʧʨʦʙ ʜʣʷ ʾʭ ʢʨʘʱʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʟʥʘʯʝʥʥʷʭ ʥʘ 

ʚʦʜʦʜʽʣʘʭ ʪʘ ʫ ʮʝʥʪʨʽ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʢʣʴʻʬʫ. 

2. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʚʦʜʥʠʡ ʽʥʜʝʢʩ NWI. 
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ɹʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʽʜʦʤʠʤʠ ʚʦʜʥʠʤʠ ʽʥʜʝʢʩʘʤʠ, ʽʥʜʝʢʩ 

NWI ʜʦʙʨʝ ʨʦʟʧʽʟʥʘʻ ʚʦʣʦʛʫ ʩʘʤʝ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [48, 124, 134, 

195, 196, 224]. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʜʝʢʩʫ ʜʣʷ ʟʥʽʤʢʘ Sentinel-2 ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

)1650560(

)1650560(

SWIRGR

SWIRGR
NWI

+

-
= ,    (3.14) 

ʜʝ GR560 ï ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ 560 ʥʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʝʣʝʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʫ (ʢʘʥʘʣ 3) ʟʡʦʤʢʠ ʩʫʧʫʪʥʠʢʘ  Sentinel-

2; SWIR1650 ï ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ 1650 ʥʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʢʘʥʘʣʫ (ʢʘʥʘʣ 11) ʟʡʦʤʢʠ ʩʫʧʫʪʥʠʢʘ 

Sentinel-2. 

ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ NWI ʥʘ ʨʠʩ. 3.14 ʦʙʯʠʩʣʶʶʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʽ 

ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ Erdas Imagine.  

 

ʈʠʩ. 3.14. ʄʦʜʝʣʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ 

NWI 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ NWI-ʟʦʙʨʘʞʝʥʥʷ ʯʦʨʥʦ-ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ 

ʽʟ ʟʥʘʯʝʥʥʷʤʠ ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ ʫ ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʽ. ɿʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʥʝ ʤʦʞʫʪʴ 

ʙʫʪʠ ʤʝʥʰʠʤʠ ʟʘ ʥʫʣʴ. 
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ʈʠʩ. 3.15. ʇʨʠʢʣʘʜ ʜʽʣʷʥʢʠ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤ ʚʦʜʥʠʤ ʽʥʜʝʢʩʦʤ NWI 

ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʦʙʨʘʭʦʚʫʶʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ -1 ʜʦ 1. ɿʘ ʨʦʟʧʦʜʽʣʦʤ 

ʽʥʜʝʢʩʫ NWI ʥʘ ʨʠʩ. 3.15 ʙʽʣʴʰ ʟʚʦʣʦʞʝʥʽ ʤʽʩʮʷ (ʙʣʠʞʯʝ ʜʦ ʦʜʠʥʠʮʽ) ʤʘʶʪʴ 

ʩʚʽʪʣʠʡ ʢʦʣʽʨ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʦʣʦʛʦʩʪʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʟʨʦʩʪʘʻ [48, 195, 196]. 

ɺʽʜʢʨʠʪʽ ʚʦʜʥʽ ʧʦʚʝʨʭʥʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʽʣʦʤʫ ʢʦʣʴʦʨʫ ʥʘ ʨʠʩ. 3.15, ʪʘ ʤʘʶʪʴ 

ʟʥʘʯʝʥʥʷ ʚʠʱʝ ʟʘ ʥʫʣʴ.  

3. ʅʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɺʽʜʙʽʨ ʧʨʦʙ ʦʧʠʩʘʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 3.2 ʪʘ 

ʟʜʽʡʩʥʝʥʦ ʩʠʥʭʨʦʥʥʦ ʟ ʩʫʧʫʪʥʠʢʦʚʦʶ ʟʡʦʤʢʦʶ ʥʘ ʦʜʥʘʢʦʚʽʡ ʪʝʨʠʪʦʨʽʾ. ʇʨʦʙʠ 

ʚʽʜʙʠʨʘʣʠʩʷ ʨʽʚʥʦʤʽʨʥʦ ʟ ʢʨʦʢʦʤ ʚʽʜ 50 ʜʦ 100 ʤʝʪʨʽʚ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ 

ʟʚʦʣʦʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʦʾ ʜʽʣʷʥʢʠ. ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʙʽʪ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ 

ʚʽʜʙʦʨʫ ʬʽʢʩʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ GPS-ʧʨʠʡʤʘʯʘ.  

1. ɺʽʜʙʽʨ ʧʨʦʙ ʟʘ ʧʨʦʬʽʣʝʤ ʨʽʟʥʦʾ ʚʦʣʦʛʦʩʪʽ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ, ʟʨʘʟʢʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚʽʜʙʠʨʘʣʠʩʷ ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ 10-ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ʥʘ ʚʦʜʦʜʽʣʘʭ, ʩʭʠʣʘʭ ʪʘ ʫ ʮʝʥʪʨʽ 

ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ, ʷʢ ʦʧʠʩʘʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 3.2 ʪʘ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ.  3.11. 

2. ʅʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʚʦʜʥʦʛʦ 

ʽʥʜʝʢʩʫ NWI ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʯʘʩ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ ī ʥʘʚʝʩʥʽ, ʢʦʣʠ ʥʝʤʘʻ 

ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʪʘ ˇʨʫʥʪ ʥʝ ʚʢʨʠʪʠʡ ʨʦʩʣʠʥʥʽʩʪʶ. ɼʣʷ ʮʴʦʛʦ ʦʙʨʘʥʦ ʢʚʽʪʝʥʴ 

ʪʘ ʪʨʘʚʝʥʴ ʤʽʩʷʮʴ.  
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3. ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚʠʟʥʘʯʘʚʩʷ 

ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʽ ʟʘ ʪʝʨʤʦʩʪʘʪʥʦ-ʚʘʛʦʚʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ 

ʦʧʠʩʘʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 3.2.  

4. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʟʝʤʥʠʭ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. 

1. ʂʘʣʽʙʨʫʚʘʥʥʷ ʥʘʟʝʤʥʠʭ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟʘ ʨʝʛʨʝʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʫ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ Grapher 9, 

ʨʦʟʨʘʭʦʚʘʥʦ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʽʜʽʙʨʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ 

w(%) ʪʘ ʟʥʘʯʝʥʥʷʤʠ NWI-ʟʦʙʨʘʞʝʥʥʷ.  

ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ï ʮʝ ʥʘʙʽʨ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʮʝʜʫʨ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʚʠʧʘʜʢʦʚʠʤʠ ʟʤʽʥʥʠʤʠ [234].  

ʈʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʬʦʨʤʫʣʘ: 

e+= ),( bxfy ,     (3.15) 

ʜʝ x,ï ʟʤʽʥʥʘ, b ï ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ, Ů ï ʚʠʧʘʜʢʦʚʘ ʧʦʭʠʙʢʘ ʤʦʜʝʣʽ. 

2. ʆʮʽʥʢʘ ʚʦʣʦʛʦʩʪʽ ʚ ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʽ. ʆʮʽʥʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʽʜʩʦʪʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟʘ ʥʘʟʝʤʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ, ʪʘ ʟʥʘʯʝʥʥʷʤʠ 

ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʘ ʬʦʨʤʫʣʦʶ 3.14 ʽʥʜʝʢʩʫ ʚʦʣʦʛʦʩʪʽ NWI. ʆʮʽʥʢʘ ʚʦʣʦʛʦʩʪʽ 

ʜʦʟʚʦʣʷʻ ʫʢʣʘʩʪʠ ʢʘʨʪʫ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ [195, 

196].  

3. ʈʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ɼʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʫ ʤʽʩʮʷʭ ʽʟ ʩʭʦʞʠʤʠ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʪʘ ʧʨʠʨʦʜʥʠʤʠ ʫʤʦʚʘʤʠ, ʜʝ ʥʝ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘʟʝʤʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʻ ʜʦʮʽʣʴʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʨʝʛʨʝʩʽʾ.  

ɹʘʛʘʪʦʚʠʤʽʨʥʦʶ ʻ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ, ʚ ʤʦʜʝʣʽ ʷʢʦʾ ʯʠʩʣʦ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ 

ʜʚʘ ʪʘ ʙʽʣʴʰʝ [234]. ʌʫʥʢʮʽʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʤʘʻ ʚʠʛʣʷʜ: 

e+++++= nnxbxbxbbbxf ...),( 22110 ,    (3.16) 

ʜʝ bi ï ʢʦʝʬʽʮʽʻʥʪʠ (ʧʘʨʘʤʝʪʨʠ) ʨʝʛʨʝʩʽʾ, xi ï ʨʝʛʨʝʩʦʨʠ, n ï ʢʽʣʴʢʽʩʪʴ 

ʨʝʛʨʝʩʦʨʽʚ. 

5. ʋʢʣʘʜʘʥʥʷ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʪʝʤʘʪʠʯʥʘ 

ʽʥʪʝʨʧʝʪʘʮʽʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋʢʣʘʜʘʥʥʷ ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 
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ʧʦʢʨʠʚʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʨʽʚʥʷʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʥʘʟʝʤʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟʝʤʣʽ. ʋʢʣʘʜʘʥʥʷ ʢʘʨʪʠ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʦʙʢʫ ʰʢʘʣʠ ʛʨʘʜʘʮʽʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʦʪʨʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʟʥʘʯʝʥʥʷ ʚʦʜʥʦʛʦ ʽʥʜʝʢʩʫ NWI ʧʝʨʝʨʘʭʦʚʘʥʦ ʫ 

ʚʽʜʦʪʢʦʚʽ ʟʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʷʢʽ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʰʢʘʣʠ 

ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ. ʋʢʣʘʜʝʥʘ ʢʘʨʪʘ ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚʽʜʦʙʨʘʞʘʻ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʦʩʪʽ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʘ ʜʦʟʚʦʣʷʻ 

ʣʦʢʘʣʽʟʫʚʘʪʠ ʤʽʢʨʦʟʘʧʘʜʠʥʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ. 

3.2.3 ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ʈʝʣʴʻʬ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʻ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʣʘʥʜʰʘʬʪʦʫʪʚʦʨʶʶʯʠʭ 

ʬʘʢʪʦʨʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʣʘʥʜʰʘʬʪʫ. ɺʽʜ ʥʴʦʛʦ ʟʘʣʝʞʘʪʴ ʨʦʟʧʦʜʽʣ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʷ 

ʛʽʜʨʦʛʨʘʬʽʯʥʦʾ ʤʝʨʝʞʽ, ʭʘʨʘʢʪʝʨ ˇʨʫʥʪʦʚʦʛʦ ʪʘ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʽʥʰʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʩʮʝʚʦʩʪʽ. ʈʝʣʴʻʬ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʦʙʨʘʞʘʻ ʛʝʦʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 

ʪʝʨʠʪʦʨʽʾ ʪʘ ʾʾ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʫ ʽʩʪʦʨʽʶ. 

ʈʝʣʴʻʬ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʬʦʨʤʫʚʘʥʥʷ ˇʨʫʥʪʦʚʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʨʦʟʚʠʪʢʫ. ɼʦ ʪʦʛʦ ʞ ʷʢ ʦʧʠʩʘʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 2.2, 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʘ ʚʠʚʯʝʥʽʩʪʴ ˇʨʫʥʪʽʚ ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʬʦʨʤʘʤʠ 

ʨʝʣʴʻʬʫ, ˇʨʫʥʪʦʚʠʤ ʧʦʢʨʠʚʦʤ ʪʦ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ. 

ɼʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʣʴʻʬʫ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ ʪʘ ʤʦʨʬʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ Shuttle Radar Topography Mission 

(SRTM) [235]. ɺʠʢʦʥʘʥʽ ʟʘ ʮʽʻʶ ʤʝʪʦʜʠʢʦʶ ʧʦʙʫʜʦʚʠ ʢʘʨʢʘʩʥʦʾ ʤʝʨʝʞʽ ʨʝʣʴʻʬʫ 

ʟ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʜʽʣʷʥʦʢ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʪʘ 

ʧʦʥʠʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦʟʚʦʣʷʶʪʴ ʫʪʦʯʥʠʪʠ ʚʧʣʠʚ ʨʝʣʴʻʬʫ ʥʘ ʜʠʥʘʤʽʢʫ 

ʩʪʦʢʫ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʜʦʱʦʚʠʭ ʚʦʜ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʽʩʮʷ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ. 

ʋ ʨʦʙʦʪʽ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʨʝʣʴʻʬʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʟʘʩʪʦʩʦʚʘʥʦ 

ʤʝʪʦʜ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ [235] ʪʘ ʤʝʪʦʜ ʤʦʨʬʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ [236, 237]. ɺ 
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ʦʩʥʦʚʫ ʤʝʪʦʜʽʚ ʧʦʢʣʘʜʝʥʦ ʘʥʘʣʽʟ ʤʦʨʬʦʣʦʛʽʾ ʨʝʣʴʻʬʫ ʪʘ ʧʝʚʥʽ ʧʦʙʫʜʦʚʠ, ʱʦ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʛʽʧʩʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɿʛʽʜʥʦ ʤʝʪʦʜʠʢʠ, ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʢʘʨʪʫʚʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʙʫʣʘ ʚʚʝʜʝʥʘ ʥʦʚʘ ʫʤʦʚʥʘ ʣʽʥʽʷ ï 

ʤʦʨʬʦʽʟʦʛʨʘʬʘ, ʱʦ ʻ ʧʦʭʽʜʥʦʶ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʝʡ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ ʪʘ ʨʦʟʜʽʣʷʻ 

ʜʽʣʷʥʢʠ ʜʝʥʫʜʘʮʽʾ ʪʘ ʘʢʫʤʫʣʷʮʽʾ [238]. ʄʦʨʬʦʽʟʦʛʨʘʬʘ ʟʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʇ. 

ʐʘʨʦʛʦ ʽ ɺ. ɺʦʣʦʰʠʥʘ [239, 240] ʻ ʣʽʥʽʻʶ, ʱʦ ʟôʻʜʥʫʻ ʧʝʚʥʽ ʪʦʯʢʠ ʛʦʨʠʟʦʥʪʘʣʝʡ, 

ʪʘ ʧʦʜʽʣʷʻ ʾʭ ʥʘ ʜʦʜʘʪʥʽ, ʚʽʜôʻʤʥʽ ʽ ʥʫʣʴʦʚʽ. ʈʝʣʴʻʬ ʤʘʻ ʟʥʘʯʥʫ ʨʦʣʴ, ʧʨʠ 

ʧʨʦʩʪʦʨʦʚʦʤʫ ʨʦʟʧʦʜʽʣʽ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʱʦ ʜʦʚʝʜʝʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 

2.2. ɼʣʷ ʧʦʙʫʜʦʚʠ ʙʘʟʦʚʦʾ ʢʘʨʪʠ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʮʠʬʨʦʚʘ 

ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ (ʎʄʈ) ʟ ʥʘʩʪʫʧʥʦʶ ʦʙʨʦʙʢʦʶ ʚ ʧʨʦʛʨʘʤʽ Global Mapper. 

ɽʪʘʧʠ ʫʢʣʘʜʘʥʥʷ ʢʘʨʪʠ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ: 

1. ɼʣʷ ʧʦʙʫʜʦʚʠ ʙʘʟʦʚʦʾ ʢʘʨʪʠ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʨʘʜʘʨʥʫ 

ʟʡʦʤʢʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ SRTM, ʥʘ ʙʘʟʽ ʷʢʦʾ ʦʪʨʠʤʘʥʦ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʟ 

ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ 90 ʤ (3 arc-second). ʏʝʨʝʟ ʤʝʥʶ ʧʨʦʛʨʘʤʠ Global 

Mapper (ʘʥʘʣʽʟ ʪʦʧʦʛʨʘʬʽʾ) ʩʪʚʦʨʝʥʦ ʢʦʥʪʫʨʠ (generated contours) ï ʛʦʨʠʟʦʥʪʘʣʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʨʽʚʥʠʥʥʫ ʤʽʩʮʝʚʽʩʪʴ, ʪʨʘʩʫʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʝʡ ʙʫʣʦ ʟʘʜʘʥʦ ʟ ʢʨʦʢʦʤ 

1 ʤ. ʇʽʜʛʦʪʦʚʣʝʥʽ ʤʘʪʝʨʽʘʣʠ ï ʎʄʈ ʪʘ ʛʦʨʠʟʦʥʪʘʣʽ ʙʫʣʠ ʪʨʘʥʩʬʦʨʤʦʚʘʥʽ ʚ 

ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʧʨʦʛʨʘʤʫ MapInfo, ʚ ʷʢʽʡ ʧʨʦʚʝʜʝʥʽ ʤʦʨʬʦʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ ʟ 

ʫʢʣʘʜʘʥʥʷ ʢʘʨʪʠ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ ʟ ʝʣʝʤʝʥʪʘʤʠ ʤʦʨʬʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

2. ɿʝʤʥʘ ʧʦʚʝʨʭʥʷ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʤʦʨʬʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʨʦʟʯʣʝʥʦʚʫʻʪʴʩʷ ʫʤʦʚʥʠʤʠ ʣʽʥʽʷʤʠ ʥʘ ʛʨʘʥʽ, ʱʦ ʻ ʢʘʨʢʘʩʦʤ ʨʝʣʴʻʬʫ. ʇʦ ʪʦʯʢʘʭ 

ʧʝʨʝʛʠʥʽʚ ʚʠʜʽʣʷʶʪʴ ʤʦʨʬʦʽʟʦʛʨʘʬʠ ï ʛʨʘʥʠʮʽ ʤʽʞ ʧʦʥʠʞʝʥʥʷʤʠ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷʤʠ. ʉʫʢʫʧʥʽʩʪʴ ʧʦʥʠʞʝʥʴ ʪʘ ʧʽʜʚʠʱʝʥʴ ʬʦʨʤʫʶʪʴ ʛʝʦʩʠʩʪʝʤʫ. ɹʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʎʄʈ ʟ ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ ʢʘʨʢʘʩʥʦʾ ʤʝʨʝʞʽ 

ʨʝʣʴʻʬʫ ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʜʨʝʥʘʞʥʽ (drainage line) ʣʽʥʽʾ, ʷʢʽ ʟôʻʜʥʫʶʪʴ 

ʪʦʯʢʠ ʘʙʩʦʣʶʪʥʠʭ ʤʽʥʽʤʫʤʽʚ ʪʘ ʚʽʜʙʠʚʘʶʪʴ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʛʨʘʥʽ, ʘʙʦ ʜʨʝʥʘʞʥʽ 

ʪʘ ʛʨʝʙʝʥʝʚʽ ʣʽʥʽʾ (ridge line) ï ʣʽʥʽʾ, ʱʦ ʟôʻʜʥʫʶʪʴ ʪʦʯʢʠ ʘʙʩʦʣʶʪʥʠʭ ʤʘʢʩʠʤʫʤʽʚ 

ʪʘ ʚʽʜʙʠʚʘʶʪʴ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʛʨʘʥʽ. ʅʘ ʨʠʩ. 3.16 ʚʽʜʦʙʨʘʞʝʥʦ ʙʘʟʦʚʫ ʢʘʨʢʘʩʥʫ 

ʩʪʨʫʢʪʫʨʫ ʧʽʩʣʷ ʨʝʜʘʛʫʚʘʥʥʷ, ʷʢʝ ʧʦʣʷʛʘʣʦ ʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʟʛʦʜʞʝʥʥʽ ʟ 

ʨʝʣʴʻʬʦʤ, ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʤʦʨʬʦʜʠʥʘʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ. 
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ʈʠʩ. 3.16. ɹʘʟʦʚʘ ʢʘʨʢʘʩʥʘ ʩʪʨʫʢʪʫʨʘ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ 

3. ʂʘʨʪʘ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ ʫʢʣʘʜʘʣʘʩʴ ʰʣʷʭʦʤ ʪʨʘʩʫʚʘʥʥʷ ʥʫʣʴʦʚʦʾ 

ʤʦʨʬʦʽʟʦʛʨʘʬʠ, ʱʦ ʦʙôʻʜʥʫʻ ʚʽʟʫʘʣʴʥʦ ʚʠʟʥʘʯʝʥʽ ʪʦʯʢʠ ʥʫʣʴʦʚʦʾ ʢʨʠʚʠʟʥʠ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʤʝʞʽ ʫʚʽʛʥʫʪʠʭ ʪʘ ʦʧʫʢʣʠʭ ʯʘʩʪʠʥ ʛʦʨʠʟʦʥʪʘʣʝʡ, ʦʪʨʠʤʘʥʠʭ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʎʄʈ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʨʘʩʫʚʘʥʥʷ ʤʦʨʬʦʽʟʦʛʨʘʬ ʻ ʩʪʚʦʨʝʥʥʷ 

ʪʝʤʘʪʠʯʥʦʾ ʜʚʦʧʣʘʥʦʚʦʾ ʢʘʨʪʠ, ʥʘ ʷʢʽʡ ʚʠʜʽʣʷʶʪʴʩʷ ʜʚʽ ʝʣʝʤʝʥʪʘʨʥʽ ʬʦʨʤʠ ï 

ʦʧʫʢʣʽ ʽ ʫʚʽʛʥʫʪʽ ʜʽʣʷʥʢʠ, ʪʦʙʪʦ ʚʠʜʽʣʷʶʪʴʩʷ ʥʝ ʘʙʩʦʣʶʪʥʽ, ʘ ʚʽʜʥʦʩʥʽ 

ʧʝʨʝʚʠʱʝʥʥʷ ʽ ʧʦʥʠʞʝʥʥʷ ɿʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʂʦʤʧʣʝʢʩʫʚʘʥʥʷ ʢʘʨʪʠ ʧʣʘʩʪʠʢʠ 

ʨʝʣʴʻʬʫ ʪʘ ʢʘʨʪʠ ʤʦʨʬʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʦʙʫʜʦʚʘʥʠʭ ʫ ʧʨʦʛʨʘʤʽ MapInfo, 

ʬʦʨʤʫʻ ɻɯʉ, ʷʢʘ ʻ ʙʘʟʦʚʦʶ ʽ ʤʦʞʝ ʜʦʧʦʚʥʶʚʘʪʠʩʴ ʽʥʰʠʤʠ ʜʘʥʠʤʠ [219, 241-

243]. 

ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

1. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI ʜʣʷ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʣʷ ʮʴʦʛʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ 5-ʪʠ ʽʥʜʝʢʩʽʚ ʚʦʣʦʛʦʩʪʽ ʥʘ ʧôʷʪʠ ʨʽʟʥʠʭ ʧʦʚʝʨʭʥʷʭ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ. 

2. ɼʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ Terra/MODIS ʜʣʷ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ 

ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 
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3. ʇʨʦʚʝʜʝʥʘ ʜʽʘʛʥʦʩʪʠʯʥʘ ʦʮʽʥʢʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʪʘ 

ʦʢʨʝʤʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʧʝʨʽʦʜʽʚ. 

4. ɼʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ Sentinel-2 ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʟʫ ʧʣʘʩʪʠʢʠ ʨʝʣʴʻʬʫ, ʜʦʧʦʚʥʝʥʦʛʦ 

ʤʦʨʬʦʜʠʥʘʤʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʣʷ ʦʮʽʥʢʠ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ 

ʚʠʷʚʣʝʥʥʷ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ. 

5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʣʴʻʬʫ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʬʦʨʤ 

ʨʝʣʴʻʬʫ ʥʘ ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʥʘ ʥʝʚʝʣʠʢʠʭ ʟʘ ʧʣʦʱʝʶ ʜʽʣʷʥʢʘʭ. 

6. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʟ ʧʦʜʽʙʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ ʪʘ ʧʨʠʨʦʜʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ 

ʫʤʦʚʘʤʠ, ʘ ʪʘʢʦʞ ʧʨʠ ʘʥʘʣʦʛʽʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʘʭ ʪʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʷʭ. 

7. ɿʘʩʪʦʩʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ ʫ ʚʠʢʦʥʘʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʩʧʨʠʷʻ ʨʦʟʰʠʨʝʥʥʶ ʜʦʢʘʟʦʚʦʾ ʙʘʟʠ 

ʧʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʦʙʤʝʞʫʻ ʢʽʣʴʢʽʩʪʴ ʥʝʜʦʩʪʘʪʥʴʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʧʨʠʧʫʱʝʥʴ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʦʞʝ ʩʣʫʞʠʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ ʧʦʰʫʢʘʭ. 
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ʈʆɿɼɯʃ 4 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ ʊɸ ʈɽʂʆʄɽʅɼɸʎɯɰ ʑʆɼʆ 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼʀʂʀ ɼʃʗ ɻɽʆɽʂʆʃʆɻɯʏʅʆɻʆ 

ʄʆʅɯʊʆʈʀʅɻʋ ɿɽʄʅʆɻʆ ʇʆʂʈʀɺʋ  

4.1 ʈʝʟʫʣʴʪʘʪʠ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

(ʥʘ ʧʨʠʢʣʘʜʽ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ) 

ɼʣʷ ʦʮʽʥʢʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʚʘ ʽʥʜʝʢʩʠ: NDII  (Normalized Difference Infrared Index) 

ʪʘ RDI (Ratio Drought Index). ʅʘ ʙʘʟʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI 

ʟʘ ʾʭ ʨʦʟʧʦʜʽʣʦʤ ʫʢʣʘʜʝʥʦ ʦʛʣʷʜʦʚʫ ʢʘʨʪʫ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʙʘʟʽ 

ʽʥʜʝʢʩʽʚ, ʜʣʷ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ (ʢʚʽʪʝʥʴ-ʞʦʚʪʝʥʴ) ʥʘ ʧʨʠʢʣʘʜʽ ʪʨʴʦʭ ʨʽʟʥʠʭ 

ʟʘ ʧʦʛʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʨʦʢʽʚ ï 2007, 2015, 2016. 

4.1.1 ʂʘʨʪʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ ʋʢʨʘʾʥʠ 

ɺʨʘʭʦʚʫʶʯʠ ʧʦʰʠʨʝʥʥʷ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ ʚ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ 

ʟʦʥʘʭ ʨʽʚʥʠʥʥʦʾ ʯʘʩʪʠʥʠ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʧʨʠ ʦʮʽʥʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨ ʩʧʠʨʘʚʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʥʘ ʦʧʠʩʘʥʠʡ ʫ ʧʽʜʨʦʟʜʽʣʽ  2.1 

ʣʘʥʜʰʘʬʪʥʠʡ ʘʥʘʣʽʟ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʨʦʣʴ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ 

ʥʘ ʚʦʣʦʛʽʩʪʴ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʋʢʨʘʾʥʠ: ʟʦʥʘʣʴʥʦ-ʢʣʽʤʘʪʠʯʥʦʛʦ, ʛʝʦʣʦʛʽʯʥʦʛʦ, 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ, ʨʦʩʣʠʥʥʦʛʦ ʘ ʪʘʢʦʞ ʦʙʫʤʦʚʣʝʥʦʛʦ ʛʦʩʧʦʜʘʨʩʴʢʦʶ 

ʜʽʷʣʴʥʽʩʪʶ ʣʶʜʠʥʠ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʦʧʠʩʘʥʘ ʫ 

ʧʽʜʨʦʟʜʽʣʽ 3.1. ʎʝ ʜʦʟʚʦʣʷʻ ʫ ʨʝʞʠʤʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʤʽʥʠ ʚʤʽʩʪʫ 

ʚʦʣʦʛʠ ʚ ʨʦʩʣʠʥʥʦʤʫ ʽ ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ ʪʘ ʚʠʷʚʣʷʪʠ ʧʝʨʽʦʜʠ ʩʪʨʝʩʫ ʨʦʩʣʠʥ, 

ʚʠʢʣʠʢʘʥʦʛʦ ʧʦʩʫʭʦʶ. 

ɿʘ ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʝʢʩʫ ʙʫʣʦ ʫʢʣʘʜʝʥʦ ʦʛʣʷʜʦʚʫ ʢʘʨʪʫ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʋʢʨʘʾʥʠ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.1. 
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ɿʥʘʯʝʥʥʷ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʽʩʪʴ 

ʪʝʨʠʪʦʨʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.1. 

  

NDII  2007 RDI  2007 

  

NDII  2015 RDI  2015 

  

NDII  2016 RDI  2016 

ʄʘʩʰʪʘʙ 1:3 700 000 

ʈʠʩ. 4.1. ʈʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ: ɯ 

ï ʟʦʥʘ ʤʽʰʘʥʠʭ (ʭʚʦʡʥʦ-ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ) ʣʽʩʽʚ, ɯɯ ï ʟʦʥʘ ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ, 

ɯɯɯ ï ʣʽʩʦʩʪʝʧʦʚʘ ʟʦʥʘ, ɯV ï ʩʪʝʧʦʚʘ ʟʦʥʘ, V ï ʋʢʨʘʾʥʩʴʢʽ ʂʘʨʧʘʪʠ, Vɯ ï ɻʽʨʩʴʢʠʡ 

ʂʨʠʤ 
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ʊʘʙʣʠʮʷ 4.1 

ʐʢʘʣʘ ʚʦʣʦʛʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʥʷ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI 

ˉ 
ɺʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʽʩʪʴ 

ʪʝʨʠʪʦʨʽʾ 

NDII  RDI  

ʢʦʣʽʨ 
ʟʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʫ 
ʢʦʣʽʨ 

ʟʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʫ 

1 ʅʘʜʤʽʨʥʦ ʟʚʦʣʦʞʝʥʘ  >160  <126 

2 ʉʠʣʴʥʦ ʟʚʦʣʦʞʝʥʘ  150é160  126...136 

3 ɼʦʩʪʘʪʥʴʦ ʟʚʦʣʦʞʝʥʘ  140é150  137...147 

4 ɿʚʦʣʦʞʝʥʘ  130é140  148...158 

5 ʄʘʣʦ ʟʚʦʣʦʞʝʥʘ   120é130  159é169 

6 ʇʦʩʫʰʣʠʚʘ  110é120  170é180 

7 ʉʠʣʴʥʦ ʧʦʩʫʰʣʠʚʘ   100...110  181é191 

8 ʅʘʜʤʽʨʥʦ ʧʦʩʫʰʣʠʚʘ  90é100  192é205 

9 ʂʘʪʘʩʪʨʦʬʽʯʥʦ 

ʧʦʩʫʰʣʠʚʘ 
 <90  >205 

ɻʨʘʜʘʮʽʷʤʠ ʢʦʣʴʦʨʫ ʧʦʢʘʟʘʥʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʦʩʪʽ ʟʘ 

ʫʩʝʨʝʜʥʝʥʠʤʠ ʟ ʢʚʽʪʥʷ ʧʦ ʞʦʚʪʝʥʴ ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI. ʆʙʠʜʚʘ 

ʨʦʟʧʦʜʽʣʠ ʽʥʜʝʢʩʽʚ ʤʘʶʪʴ ʩʭʦʞʽ ʨʠʩʠ, ʚʦʥʠ ʚʨʘʭʦʚʫʶʪʴ ʧʽʜʩʪʠʣʴʥʫ ʧʦʚʝʨʭʥʶ 

(ʣʽʩ, ʚʦʜʥʫ ʧʦʚʝʨʭʥʶ ʪʘ ʽʥ.). ɼʣʷ ʦʮʽʥʢʠ ʤʘʩʰʪʘʙʫ ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥ ʚʦʣʦʛʦʩʪʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʢʘʨʪʠ ʙʫʣʠ ʚʠʥʝʩʝʥʽ ʤʝʞʽ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʥʠʭ ʟʦʥ 

ʋʢʨʘʾʥʠ: ʧʽʚʥʽʯʥʦʾ ï ʟʦʥʘ ʤʽʰʘʥʠʭ ʣʽʩʽʚ (ɯ), ʟʘʭʽʜʥʦʾ ï ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ (ɯɯ), 

ʮʝʥʪʨʘʣʴʥʦʾ ï ʣʽʩʦʩʪʝʧʦʚʦʾ (ɯɯɯ), ʪʘ ʧʽʚʜʝʥʥʦʾ ʩʪʝʧʦʚʦʾ (IV) [179]. ʎʽ ʤʝʞʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʨʝʧʝʨʥʽ ʣʽʥʽʾ ʪʠʧʦʚʠʭ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. 

ɿʘ ʨʦʟʧʦʜʽʣʦʤ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʽʚ ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʟʘ 

ʢʦʣʴʦʨʦʚʦʶ ʛʨʘʜʘʮʽʻʶ ʚʽʜ ʥʘʡʧʦʩʫʰʣʠʚʠʭ ʜʦ ʥʘʡʚʦʣʦʛʽʰʠʭ ʫʤʦʚ: ʜʣʷ ʽʥʜʝʢʩʫ 

NDII  ï ʚʽʜ ʤʝʥʰʠʭ 90 (ʪʝʨʘʢʦʪʦʚʠʡ ʢʦʣʽʨ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʽʡ 

ʧʦʩʫʰʣʠʚʦʩʪʽ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʦʣʦʛʦʚʤʽʩʪʦʤ ʘʙʦ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʶ, ʜʦ 160 ʽ ʙʽʣʴʰʝ 

(ʪʝʤʥʦ-ʩʠʥʽʡ) ï ʧʨʠ ʥʘʜʤʽʨʥʦʤʫ ʟʚʦʣʦʞʝʥʥʽ; ʜʣʷ ʽʥʜʝʢʩʫ RDI ï ʚʽʜ 205 ʽ ʙʽʣʴʰʝ 

(ʪʝʨʘʢʦʪʦʚʠʡ ʢʦʣʽʨ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʽʡ ʧʦʩʫʰʣʠʚʦʩʪʽ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʚʦʣʦʛʦʚʤʽʩʪʦʤ ʘʙʦ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʶ, ʜʦ ʤʝʥʰʠʭ 126 ʜʣʷ ʥʘʜʤʽʨʥʦʛʦ 

ʟʚʦʣʦʞʝʥʥʷ (ʪʝʤʥʦ-ʩʠʥʽʡ ʢʦʣʽʨ) [225]. 
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ʂʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʽʥʜʝʢʩʽʚ 

NDII  ʪʘ RDI ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʽʟʥʦʙʽʯʥʫ ʪʘ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʫ ʽʥʬʦʨʤʘʮʽʶ 

ʱʦʜʦ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʷʢ ʟʘ ʩʪʫʧʝʥʝʤ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ, ʪʘʢ ʽ ʦʟʥʘʢʘʤʠ ʚʦʜʥʦʛʦ ʩʪʨʝʩʫ ʨʦʩʣʠʥ ʚʥʘʩʣʽʜʦʢ ʢʘʪʘʩʪʨʦʬʽʯʥʦʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʦʩʫʭʠ ʪʘ ʧʦʞʝʞʥʦʾ ʥʝʙʝʟʧʝʢʠ [225]. 

4.1.2 ʈʦʟʚʠʪʦʢ ʧʦʩʫʭʠ ʪʘ ʜʽʣʷʥʢʠ, ʩʭʠʣʴʥʽ ʜʦ ʦʧʫʩʪʝʣʶʚʘʥʥʷ 

ʈʦʟʨʘʭʫʥʢʠ ʽʥʜʝʢʩʫ RDI ʧʦʢʘʟʘʣʠ ʩʠʣʴʥʫ ʧʦʩʫʭʫ ʥʘ ʧʽʚʜʥʽ, ʧʽʚʜʝʥʥʦʤʫ 

ʩʭʦʜʽ, ʮʝʥʪʨʘʣʴʥʦʤʫ ʪʘ ʩʭʽʜʥʦʤʫ ʣʽʩʦʩʪʝʧʫ. ʇʽʜ ʯʘʩ ʧʦʩʫʭʠ 2007 ʨ., ʷʢʘ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʘ ʫ ʧʽʜʨʦʟʜʽʣʽ 3.1, ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʽʥʜʝʢʩʫ RDI ʙʫʣʠ ʜʦʩʠʪʴ ʟʥʘʯʥʽ 

ʚ ʣʠʧʥʽ ʪʘ ʩʝʨʧʥʽ. ʈʦʟʨʘʭʫʥʢʠ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI ʧʽʜʪʚʝʨʜʠʣʦ ʩʧʘʣʘʭʠ 

ʧʦʩʫʭʠ ʫ ʮʽ ʤʽʩʷʮʽ.  

ɿʘ ʘʥʘʣʽʟʦʤ ʨʦʟʧʦʜʽʣʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʥʘʡʙʽʣʴʰʠʤ ʜʝʬʽʮʠʪʦʤ ʚʦʣʦʛʦʩʪʽ 

ʚʠʜʽʣʷʻʪʴʩʷ ʩʪʝʧʦʚʘ ʟʦʥʘ, ʚ ʤʝʞʘʭ ʷʢʦʾ ʟʥʘʯʝʥʥʷ NDII  ʪʘ RDI ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʦʩʫʰʣʠʚʦʤʫ, ʩʠʣʴʥʦ-ʧʦʩʫʰʣʠʚʦʤʫ ʪʘ ʥʘʜʤʽʨʥʦ ʧʦʩʫʰʣʠʚʦʤʫ ʨʝʞʠʤʘʤ, ʘ ʫ 

2007 ʨ. ï ʢʘʪʘʩʪʨʦʬʽʯʥʽʡ ʧʦʩʫʰʣʠʚʦʩʪʽ. ɺ ʮʴʦʤʫ ʞ ʨʦʮʽ ʦʟʥʘʢʠ ʧʦʩʫʰʣʠʚʦʛʦ ʪʘ 

ʩʠʣʴʥʦ-ʧʦʩʫʰʣʠʚʦʛʦ ʨʝʞʠʤʫ ʧʦʰʠʨʠʣʠʩʷ ʧʽʚʥʽʯʥʽʰʝ ʥʘ ʪʝʨʠʪʦʨʽʶ ʣʽʩʦʩʪʝʧʦʚʦʾ 

ʟʦʥʠ, ʷʢʽ ʫ ʽʥʰʽ ʨʦʢʠ ʙʫʣʠ ʭʘʨʘʢʪʝʨʥʽ ʣʠʰʝ ʜʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʩʪʝʧʦʚʦʾ ʟʦʥʠ. 

ɭ ʟʘʛʨʦʟʘ, ʱʦ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʛʥʦʟʦʚʘʥʦʤʫ ʧʦʪʝʧʣʽʥʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ 2007 ʨʦʢʫ ʤʦʞʫʪʴ ʥʘʙʫʪʠ ʩʠʩʪʝʤʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʊʦʙʪʦ, ʙʫʜʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʽʩʪʦʪʥʽ ʟʤʽʥʠ ʷʢ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʪʘʢ ʽ 

ʟʚʦʣʦʞʝʥʦʩʪʽ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ (III), ʪʦ ʚ ʧʝʨʽʦʜ ʟ ʥʘʡʙʽʣʴʰʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ (2007 ʨʽʢ), ʚʦʜʥʽ ʽʥʜʝʢʩʠ ʥʘʙʫʚʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʟʥʘʯʝʥʥʷ 

ʩʪʝʧʦʚʦʾ ʟʦʥʠ (ʧʦʩʫʰʣʠʚʠʡ, ʩʠʣʴʥʦ ʧʦʩʫʰʣʠʚʠʡ). ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ 

ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʷʢʽ ʨʘʥʽʰʝ ʙʫʣʠ ʧʨʠʪʘʤʘʥʥʽ ʩʪʝʧʦʚʽʡ ʟʦʥʽ, ʪʝʨʠʪʦʨʽʘʣʴʥʦ 

ʟʤʽʱʫʶʪʴʩʷ ʚ ʣʽʩʦʩʪʝʧʦʚʫ ʟʦʥʫ. ʈʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʚʢʘʟʫʻ ʥʘ 

ʧʦʰʠʨʝʥʥʷ ʧʣʦʱʽ ʜʝʬʽʮʠʪʫ ʚʦʣʦʛʦʩʪʽ ʫ ʧʦʩʫʰʣʠʚʽ ʨʦʢʠ ʧʨʦʪʷʛʦʤ ʚʝʛʝʪʘʮʽʡʥʦʛʦ 

ʧʝʨʽʦʜʫ ʡ ʥʘ ʪʝʨʠʪʦʨʽʶ ʟʦʥʠ ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ (II). 
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ɿʦʥʫ ʤʽʰʘʥʠʭ ʣʽʩʽʚ (ʭʚʦʡʥʦ-ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ) ʣʽʩʽʚ (I) ʪʘʢʦʞ ʥʝ ʤʦʞʥʘ 

ʦʜʥʦʟʥʘʯʥʦ ʚʽʜʥʦʩʠʪʠ ʜʦ ʨʝʛʽʦʥʽʚ ʜʦʩʪʘʪʥʴʦʛʦ ʘʙʦ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ. 

ɼʣʷ ʟʦʥʠ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʩʪʨʦʢʘʪʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʥʠʭ ʫʤʦʚ, ʱʦ ʦʧʠʩʘʥʦ 

ʫ ʧʽʜʨʦʟʜʽʣʽ 2.1 ʪʘ ʥʘʩʣʽʜʢʠ ʟʘʭʦʜʽʚ ʚʦʜʥʦʾ ʤʝʣʽʦʨʘʮʽʾ. ɼʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʚ ʮʽʡ ʟʦʥʽ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʧʦʢʘʟʫʶʪʴ ʥʘʩʪʫʧʥʽ ʢʘʪʝʛʦʨʽʾ ï 

ʜʦʩʪʘʪʥʴʦʾ ʪʘ ʩʠʣʴʥʦʾ ʟʚʦʣʦʞʝʥʦʩʪʽ. 

ʆʜʥʽʻ ʁʟ ʧʨʠʯʠʥ ʟʤʝʥʰʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘʚʽʪʴ ʥʘ ʧʽʚʥʦʯʽ 

ʋʢʨʘʾʥʠ ʻ ʟʤʽʥʠ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚʠʢʣʠʢʘʥʽ ʚʦʜʥʦʶ ʝʨʦʟʽʻʶ. 

ʅʘ ɺʦʣʠʥʩʴʢʽʡ ʚʠʩʦʯʠʥʽ, ʜʝ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ (ʜʦ 500 ʤʤ) 

ʩʢʣʘʜʘʶʪʴ ʟʣʠʚʦʚʽ ʜʦʱʽ, ʬʽʢʩʫʻʪʴʩʷ ʜʝʬʽʮʠʪ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʘʭ ʯʝʨʝʟ ʨʫʡʥʫʚʘʥʥʷ 

ʾʭ ʧʦʚʝʨʭʥʽ ʚʦʜʥʦʶ ʝʨʦʟʽʻʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʠʣʝʥʥʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ 

(ʜʦ 400-420 ʤʤ) ʪʘ ʧʨʦʮʝʩʽʚ ʚʠʜʫʚʘʥʥʷ [188]. ʎʽ ʜʽʣʷʥʢʠ ʬʽʢʩʫʶʪʴʩʷ ʚ ʨʦʟʧʦʜʽʣʽ 

ʟʥʘʯʝʥʴ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʟʤʽʥʦʶ ʾʭ ʜʽʘʧʘʟʦʥʫ ʥʘ ʩʭʝʤʘʭ.  

ɺʨʘʭʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʟʨʦʩʪʘʥʥʷ ʧʦʩʫʰʣʠʚʦʩʪʽ ʢʣʽʤʘʪʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʫ ʢʦʥʪʝʢʩʪʽ ʩʫʯʘʩʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʽ ʟʤʽʱʝʥʥʷ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʤʘʻ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ 

ʣʘʥʜʰʘʬʪʠ, ʧʝʨʰ ʟʘ ʚʩʝ, ʥʘ ʾʭ ʙʽʦʪʫ [6]. ʊʘʢʽ ʟʤʽʥʠ ʧʨʦʷʚʣʷʶʪʴʩʷ, ʥʘʩʘʤʧʝʨʝʜ, ʫ 

ʟʘʤʽʥʽ ʟʦʥʘʣʴʥʠʭ ʪʠʧʽʚ ʨʦʩʣʠʥʥʦʩʪʽ, ʟʩʫʚʽ ʤʝʞ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʣʽʩʽʚ, ʟʤʽʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʣʽʩʦʚʠʭ ʬʦʨʤʘʮʽʡ ʪʘ ʪʠʧʽʚ ʣʽʩʫ, ʟʥʠʞʝʥʥʽ ʩʪʽʡʢʦʩʪʽ ʣʽʩʽʚ ʜʦ 

ʰʢʽʜʥʠʢʽʚ ʪʘ ʭʚʦʨʦʙ, ʾʭ ʚʩʠʭʘʥʥʽ [9, 223]. ʊʘʢ, ʟʦʢʨʝʤʘ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ 

ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʠʡ ʮʝʡ ʧʨʦʮʝʩ ʫ ʧʽʚʜʝʥʥʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ, ʜʝ ʟʛʽʜʥʦ ʦʩʪʘʥʥʽʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʪʨʘʯʝʥʦ 20-30% ʚʢʨʠʪʠʭ ʣʽʩʦʤ ʟʝʤʝʣʴ ʧʨʘʢʪʠʯʥʦ ʚ 

ʫʩʽʭ ʩʪʝʧʦʚʠʭ ʦʙʣʘʩʪʷʭ [223, 244]. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII ʪʘ RDI, ʟʘ ʜʘʥʠʤʠ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʟ ʩʫʧʫʪʥʠʢʘ MODIS, ʜʘʶʪʴ ʟʤʦʛʫ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʤʦʞʣʠʚʝ ʧʦʩʪʫʧʦʚʝ ʟʤʽʱʝʥʥʷ ʟʦʥʠ ʥʘʧʽʚʧʫʩʪʝʣʴ ʥʘ ʪʝʨʠʪʦʨʽʶ 

ʩʫʯʘʩʥʦʾ ʩʪʝʧʦʚʦʾ ʟʦʥʠ, ʩʪʝʧʦʚʦʾ ʟʦʥʠ ï ʜʦ ʣʽʩʦʩʪʝʧʫ, ʘ ʪʘʢʦʞ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʥʠ 

ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ ʫ ʣʽʩʦʩʪʝʧʦʚʫ ʟʦʥʫ, ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʝʥʥʷ ʪʝʨʠʪʦʨʽʾ 

ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ, ʪʘ ʟʦʥʠ ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʣʽʩʽʚ. ɼʠʩʢʫʩʽʡʥʠʤ ʧʠʪʘʥʥʷʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʣʠʰʝ ʰʚʠʜʢʽʩʪʴ ʧʨʦʷʚʫ ʪʘʢʠʭ ʟʤʽʥ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥ ̔ʢʘʨʪʠ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʚʦʜʥʠʤʠ 

ʽʥʜʝʢʩʘʤʠ NDII ʪʘ RDI ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ 

ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ [225]. 

4.1.3 ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ  

ɺʦʜʥʽ ʽʥʜʝʢʩʠ NDII  ʪʘ RDI, ʨʦʟʨʘʭʫʥʦʢ ʷʢʠʭ ʦʧʠʩʘʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 3.1, 

ʚʣʦʚʣʶʶʪʴ ʚʦʜʥʠʡ ʩʪʨʝʩ ʨʦʩʣʠʥ, ʱʦ ʻ ʦʜʥʠʤ ʟ ʥʘʩʣʽʜʢʽʚ ʧʦʩʫʭʠ. ʇʝʨʝʚʘʛʘ 

ʦʙʨʘʥʠʭ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʚ ʪʦʤʫ, ʱʦ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʤʽʩʪ ʚʦʣʦʛʠ ʧʨʠ ʦʙʤʝʞʝʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ, ʪʦʙʪʦ, ʦʙʯʠʩʣʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ.  

ɯʥʜʝʢʩ NDII : ʥʘʜʘʻ ʟʘʛʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʦʩʪʽ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʪʘ ʚ ʤʝʞʘʭ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ. ɯʥʜʝʢʩ NDII  ï 

ʧʨʦʩʪʠʡ ʚ ʦʙʯʠʩʣʝʥʥʽ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʩʪʘʥʜʘʨʪʥʠʡ ʧʨʦʜʫʢʪ ï 

ʧʦʢʘʟʥʠʢ ʚʦʣʦʛʦʩʪʽ.  

ɯʥʜʝʢʩ RDI ʙʽʣʴʰ ʯʫʪʣʠʚʠʡ ʜʦ ʩʪʨʝʩʫ ʨʦʩʣʠʥ ʧʨʠ ʥʝʩʪʘʯʽ ʚʦʣʦʛʦʩʪʽ, ʥʽʞ 

NDII. ɯʥʜʝʢʩ RDI ʤʦʞʝ ʧʦʢʘʟʫʚʘʪʠ ʚʧʣʠʚ ʧʦʩʫʭʠ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʢʫʣʴʪʫʨʠ, ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʧʦʩʫʭʫ ʥʘ ʚʝʣʠʢʠʭ ʜʽʣʷʥʢʘʭ, ʦʮʽʥʶʚʘʪʠ 

ʤʘʩʰʪʘʙʠ ʦʧʫʩʪʝʣʶʚʘʥʥʷ. 

ɿʘ ʨʦʟʧʦʜʽʣʦʤ ʟʥʘʯʝʥʴ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI ʨʦʟʨʦʙʣʝʥʘ ʰʢʘʣʘ 

ʩʪʘʥʫ ʚʦʣʦʛʦʟʚʙʝʟʧʝʯʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ (ʪʘʙʣʠʮʷ 4.2). 

ʂʦʣʠ ʨʦʩʣʠʥʥʽʩʪʴ ʩʪʨʘʞʜʘʻ ʚʽʜ ʧʦʩʫʭʠ, ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ NDII  ʫ 

ʪʘʙʣʠʮʽ  4.2 ʟʤʝʥʰʫʶʪʴʩʷ ʚʽʜ 100 ʪʘ ʤʝʥʰʝ, ʘ ʟʥʘʯʝʥʥʷ RDI ʥʘʚʧʘʢʠ ʟʨʦʩʪʘʶʪʴ 

ʚʽʜ 190 ʪʘ ʚʠʱʝ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʫ ʨʦʩʣʠʥ, ʟʥʘʯʝʥʥʷ NDII  ʫ ʪʘʙʣʠʮʽ 4.2 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʽʘʧʘʟʦʥʫ ʚʽʜ 150 ʜʦ 110, ʟʥʘʯʝʥʥʷ RDI ʜʣʷ ʛʘʨʥʦʛʦ ʨʦʩʪʫ ʨʦʩʣʠʥ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʚʽʜ 147 ʜʦ 170.  

ɺʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʤʝʞʘʭ, ʟʘʟʥʘʯʝʥʠʭ 

ʫ ʪʘʙʣʠʮʽ 4.2. ʇʨʦʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʽʥʜʝʢʩʽʚ ʜʦʟʚʦʣʷʻ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʧʦʩʽʙ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʚʠʷʚʠʪʠ ʜʝʬʽʮʠʪ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʽ 

ʪʘ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ. ɼʦʚʝʜʝʥʦ ʧʨʠʜʘʪʥʽʩʪʴ ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ NDII  ʪʘ RDI ʜʣʷ 



147 

 

ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟ ʚʠʜʽʣʝʥʥʷʤ 

ʧʦʩʫʰʣʠʚʠʭ ʜʽʣʷʥʦʢ, ʩʭʠʣʴʥʠʭ ʜʦ ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʯʠ ʩʠʣʴʥʦʾ ʧʦʩʫʭʠ. ʎʝ ʥʘʜʘʻ 

ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʦʣʦʛʦʩʪʽ, 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʦʾ ʟʦʥʠ ʚ ʫʤʦʚʘʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. 

ʊʘʙʣʠʮʷ 4.2 

ʐʢʘʣʘ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ 

 ̄
ʋʤʦʚʠ ʧʝʨʝʙʫʚʘʥʥʷ 

ʨʦʩʣʠʥ 

ʂʦʣʽʨ 

ʚʽʜʦʙʨʘʞʝʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʫ NDII  

ɿʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʫ RDI 

1 
ʉʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ 

ʨʦʩʪʫ ʚʦʣʦʛʦʣʶʙʥʠʭ 

ʨʦʩʣʠʥ 

 

 

150é160 

140é150 

126...136 

137...147 

2 
ʆʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ 

ʜʣʷ ʨʦʩʪʫ ʨʦʩʣʠʥ 
 

 

130é140 

120é130 

148...158 

159é169 

3 
ʉʣʘʙʢʘ ʧʦʩʫʭʘ, 

ʟʘʛʠʙʝʣʴ ʨʦʩʣʠʥʥʦʩʪʽ 
 

 

110é120 

100...110 

170é180 

181é191 

4 
ʉʠʣʴʥʘ ʧʦʩʫʭʘ, ʷʢʘ 

ʚʝʜʝ ʜʦ 

ʦʧʫʩʪʝʣʶʚʘʥʥʷ 

 

 

90é100 

<90 

192é205 

>205 

ʆʪʞʝ, ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʪʝʥʜʝʥʮʽʾ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʜʦ ʧʦʩʫʰʣʠʚʦʩʪʽ ʪʘ 

ʟʨʦʩʪʘʥʥʷ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʯʽʢʫʻʪʴʩʷ ʟʥʘʯʥʘ ʥʝʩʪʘʯʘ ʚʦʜʠ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥʠ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ. ʅʘʨʘʟʽ, ʽʩʥʫʻ ʙʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢʽ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʝʥʜʝʥʮʽʾ ʜʦ ʟʤʽʱʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʟʦʥ ʯʝʨʝʟ ʚʠʚʯʝʥʥʷ ʨʽʟʥʠʭ 

ʩʢʣʘʜʦʚʠʭ (ʙʽʦʪʘ, ʨʦʩʣʠʥʥʽʩʪʴ, ʢʣʽʤʘʪ ʪʘ ʽʥ.).  

ʂʣʽʤʘʪʠʯʥʽ ʬʘʢʪʦʨʠ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʨʦʞʘʶ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ɺʘʛʦʤʠʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʚ 

ʙʫʜɹ-ʷʢʽʡ ʢʣʽʤʘʪʠʯʥʽʡ ʟʦʥʽ ʻ ʚʦʣʦʛʽʩʪʴ. ʅʘ ʨʠʩ. 4.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʽʜʧʦʚʽʜʥʘ 

ʢʽʣʴʢʽʩʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʷʢʘ ʟʨʦʙʣʝʥʘ 

ʧʦ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʷʭ ʟʘ ʚʦʜʥʠʤ ʽʥʜʝʢʩʦʤ NDII ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʜʫʢʪʫ MOD13C2 [224]. 
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ʘ ʙ 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

 ʥʘʜʤʽʨʥʘ ʟʚʦʣʦʞʝʥʽʩʪʴ 

(>150) 
 ʩʣʘʙʢʘ ʧʦʩʫʰʣʠʚʽʩʪʴ  

(120-125) 

 ʜʫʞʝ ʩʠʣʴʥʘ ʟʚʦʣʦʞʝʥʽʩʪʴ  

(140-150) 

 ʩʠʣʴʥʘ ʧʦʩʫʰʣʠʚʽʩʪʴ  

(110-120) 

 ʩʠʣʴʥʘ ʟʚʦʣʦʞʝʥʽʩʪʴ  

(130-140) 
 ʢʘʪʘʩʪʨʦʬʽʯʥʘ ʧʦʩʫʰʣʠʚʽʩʪʴ 

(<110) 

 ʧʦʤʽʨʥʘ ʟʚʦʣʦʞʝʥʽʩʪʴ  

(125-130) 
  

ʈʠʩ. 4.2. ʈʘʥʞʫʚʘʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʟʘ 

ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʽʩʪʶ ʟʘ ʽʥʜʝʢʩʦʤ NDII: ʘ) 2007 ʨ., ʙ) 2015 ʨ. 

ʅʘ ʨʠʩ. 4.2 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʘʥʞʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ 

ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʝʢʩʫ NDII  ʟʘ 2007 ʪʘ 2015 ʨʨ. ʚʽʜ ʥʘʜʤʽʨʥʦ 

ʟʚʦʣʦʞʝʥʠʭ(>150) ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʦ ʧʦʩʫʰʣʠʚʠʭ (<110). ʋ 2007 ʨʦʮʽ, ʚ ̫ʢʦʤʫ 

ʢʨʘʾʥʫ ʦʭʦʧʠʣʘ ʪʨʠʚʘʣʘ ʧʦʩʫʭʘ, ʟʦʢʨʝʤʘ, ʚ ʧʝʨʽʦʜ ʘʢʪʠʚʥʦʾ ʚʝʛʝʪʘʮʽʾ, ʜʚʘʥʘʜʮʷʪʴ 

ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʪʝʨʠʪʦʨʽʾ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʥʝʩʪʘʯʽ ʚʦʣʦʛʠ, 

ʟ ʷʢʠʭ ʯʦʪʠʨʠ ʦʙʣʘʩʪʽ ï ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʦ ʧʦʩʫʰʣʠʚʠʭ (<110) (ʆʜʝʩʴʢʘ, 

ʄʠʢʦʣʘʾʚʩʴʢʘ, ʍʝʨʩʦʥʩʴʢʘ, ɿʘʧʦʨʽʟʴʢʘ) ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʝʢʩʫ NDII . ʋ 2015 ʨʦʮʽ 

ʜʝʩʷʪʴ ʦʙʣʘʩʪʝʡ ʤʘʣʠ ʧʨʦʙʣʝʤʠ ʟ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʽʩʪʶ, ʘʣʝ ʚ ʮʽʣʦʤʫ ʧʦ ʦʙʣʘʩʪʷʭ 

ʥʝ ʚʠʷʚʣʝʥʘ ʢʘʪʘʩʪʨʦʬʽʯʥʘ ʧʦʩʫʰʣʠʚʽʩʪʴ. ʅʘʪʦʤʽʩʪʴ, ʦʙʣʘʩʪʽ (ɺʦʣʠʥʩʴʢʘ, 

ʈʽʚʥʝʥʩʴʢʘ, ɾʠʪʦʤʠʨʩʴʢʘ ʽ ʏʝʨʥʽʚʝʮʴʢʘ), ʷʢʽ ʟʘ ʽʥʜʝʢʩʦʤ NDII  ʥʘʣʝʞʘʣʠ ʜʦ ʜʫʞʝ 

ʩʠʣʴʥʦ ʟʚʦʣʦʞʝʥʠʭ (140-150), ʧʝʨʝʡʰʣʠ ʚ ʢʘʪʝʛʦʨʽʶ ʩʠʣʴʥʦ ʟʚʦʣʦʞʝʥʠʭ (130-

140), ʘ ʦʙʣʘʩʪʽ ʟ ʢʘʪʝʛʦʨʽʾ ʩʠʣʴʥʦ ʟʚʦʣʦʞʝʥʠʭ (ʊʝʨʥʦʧʽʣʴʩʴʢʘ, ʍʤʝʣʴʥʠʮʴʢʘ ʽ 

ʂʠʾʚʩʴʢʘ) ʧʝʨʝʡʰʣʠ ʜʦ ʢʘʪʝʛʦʨʽʾ ʧʦʤʽʨʥʦ ʟʚʦʣʦʞʝʥʠʭ (125-130).  
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ɹʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʧʣʦʱʫ ʟʝʤʝʣʴ, ʷʢʽ ʧʦʪʝʨʧʘʶʪʴ ʚʽʜ ʥʝʩʪʘʯʽ ʚʦʣʦʛʠ ʟʘ 

ʢʘʪʝʛʦʨʽʷʤʠ ʚʽʜ ʧʦʩʫʰʣʠʚʠʭ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʦ ʧʦʩʫʰʣʠʚʠʭ. ʈʦʟʨʘʭʫʥʦʢ 

ʧʨʦʚʦʜʠʚʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 1) ʜʣʷ ʢʦʞʥʦʾ ʦʙʣʘʩʪʽ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʢʽʣʴʢʽʩʪʴ 

ʧʽʢʩʝʣʽʚ, ʟʘ ʜʘʥʠʤʠ ʧʨʦʜʫʢʪʫ MOD13C2, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʤʝʥʰʝ 120, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʪʝʨʠʪʦʨʽʾ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʧʦʩʫʰʣʠʚʦʩʪʽ, 2) ʚʠʨʘʭʦʚʫʚʘʚʩʷ ʚʽʜʩʦʪʦʢ 

çʧʦʩʫʰʣʠʚʠʭè ʧʽʢʩʝʣʽʚ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʢʩʝʣʽʚ ʪʝʨʠʪʦʨʽʾ ʦʙʣʘʩʪʽ, 3) 

ʚʠʨʘʭʦʚʫʚʘʣʘʩʴ ʧʣʦʱʘ ʦʙʣʘʩʪʽ ʚ ʢʤ2, ʱʦ ʚʽʜʧʦʚʽʜʘʻ çʧʦʩʫʰʣʠʚʠʤè ʧʽʢʩʝʣʘʤ. ʊʘʢʽ 

ʨʦʟʨʘʭʫʥʢʠ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʜʣʷ 2007, 2015 ʪʘ 2016 ʨʦʢʽʚ, ʫʤʦʚʠ ʷʢʠʭ ʜʝʪʘʣʴʥʽʰʝ 

ʦʧʠʩʘʥʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.1.3, ʪʘ ʧʨʦʚʝʜʝʥʦ ʨʘʥʞʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʟʘ ʟʥʘʯʝʥʥʷʤ 

ʚʽʜʩʦʪʢʘ ʧʦʩʫʰʣʠʚʠʭ ʧʽʢʩʝʣʽʚ, ʷʢʽ ʧʦʜʘʥʽ ʫ ʪʘʙʣʠʮʷʭ ʚ ʜʦʜʘʪʢʘʭ ɺ - ɼ. 

ʈʦʟʨʘʭʫʥʢʠ, ʚʽʜʦʙʨʘʞʝʥʽ ʫ ʜʦʜʘʪʢʫ ɺ, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝ, 

ʱʦ ʚ 2007 ʨʦʮʽ ʥʘʡʙʽʣʴʰ ʧʦʪʝʨʧʘʣʠ ʚʽʜ ʥʝʩʪʘʯʽ ʚʦʣʦʛʠ ʪʝʨʠʪʦʨʽʾ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ: 

ɼʦʥʝʮʴʢʘ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ, ʆʜʝʩʴʢʘ, ʍʝʨʩʦʥʩʴʢʘ, ɿʘʧʦʨʽʟʴʢʘ, 

ʄʠʢʦʣʘʾʚʩʴʢʘ, ʜʝ ʚʽʜʩʦʪʦʢ ʧʦʩʫʰʣʠʚʦʾ ʪʝʨʠʪʦʨʽʾ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 80.80 ʜʦ 98.88%, 

ʟʘ ʧʣʦʱʝʶ ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜ 20688 ʢʤ2 ʜʦ 28412 ʢʤ2. ʇʦʩʫʰʣʠʚʠʤʠ ʙʫʣʠ 

ʪʝʨʠʪʦʨʽʾ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ: ʍʘʨʢʽʚʩʴʢʘ, ʏʝʨʢʘʩʴʢʘ, ʇʦʣʪʘʚʩʴʢʘ, ʃʫʛʘʥʩʴʢʘ, 

ɸʚʪʦʥʦʤʥʘ ʨʝʩʧʫʙʣʽʢʘ ʂʨʠʤ (ʚʽʜ 46.35 ʜʦ 73.32%, ʟʘ ʧʣʦʱʝʶ ï ʚʽʜ 10801 ʢʤ2 ʜʦ 

19122 ʢʤ2). ʈʝʰʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ ʚʽʜʥʦʩʷʪʴʩʷ ʚʽʜ ʧʦʤʽʨʥʦ 

ʟʚʦʣʦʞʝʥʠʭ ʜʦ ʥʘʜʤʽʨʥʦ ʟʚʦʣʦʞʝʥʠʭ. ʉʝʨʝʜ ʮʠʭ ʦʙʣʘʩʪʝʡ ʚʠʜʽʣʷʶʪʴʩʷ 

ɺʦʣʠʥʩʴʢʘ, ɿʘʢʘʨʧʘʪʩʴʢʘ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, ʃʴʚʽʚʩʴʢʘ ʽ ʏʝʨʥʽʚʝʮʴʢʘ, ʜʝ ʽʥʜʝʢʩ 

NDII  ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʙʪʦ, ʚ ʮʠʭ ʦʙʣʘʩʪʷʭ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ 

ʚʦʣʦʛʠ. ɼʣʷ 2015 ʪʘ 2016 ʨʨ. (ʜʦʜʘʪʦʢ ɻ, ɼ) ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʝʢʩʫ NDII  

ʧʦʩʫʰʣʠʚʽ ʦʙʣʘʩʪʽ ʟʘʣʠʰʘʶʪʴʩʷ ʪʽ ʞ, ʪʽʣʴʢʠ ʟʥʠʞʫʻʪʴʩʷ ʚʽʜʩʦʪʦʢ ʧʦʩʫʰʣʠʚʦʩʪʽ 

ʚʽʜʥʦʩʥʦ ʧʣʦʱʽ ʦʭʦʧʣʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ï ʧʣʦʱʘ ʦʭʦʧʣʝʥʥʷ [224]. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʢʘʪʘʩʪʨʦʬʽʯʥʦʾ ʧʦʩʫʭʠ 2007 ʨʦʢʫ (ʜʦʜʘʪʦʢ ɺ) ʟ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʛʨʦʰʦʚʦʤʫ ʝʢʚʽʚʘʣʝʥʪʽ ʪʘ 

ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʝʢʩʫ NDII. ɿʘ ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʝʢʩʫ NDII ʙʫʣʠ ʚʟʷʪʽ ʜʚʽ ʢʘʪʝʛʦʨʽʾ 

ʦʙʣʘʩʪʝʡ: ʢʘʪʘʩʪʨʦʬʽʯʥʦ ʧʦʩʫʰʣʠʚʽ ʪʘ ʥʘʜʤʽʨʥʦ ʚʦʣʦʛʽ. ɼʣʷ ʮʠʭ ʦʙʣʘʩʪʝʡ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʘʥʽ ʜʝʨʞʘʚʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʥʘ ʨʠʩ. 4.3 ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ 

ʨʦʟʧʦʜʽʣʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʛʨʠʚʥʝʚʦʤʫ ʝʢʚʽʚʘʣʝʥʪʽ.  
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ʈʠʩ. 4.3. ʇʨʦʜʫʢʮʽʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚ ʛʨʦʰʦʚʦʤʫ ʝʢʚʽʚʘʣʝʥʪʽ ʟʘ 2005 ï 

2009 ʨʨ.: ʘ) ï ʨʦʟʧʦʜʽʣ ʩ/ʛ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʢʘʪʘʩʪʨʦʬʽʯʥʦ ʧʦʩʫʰʣʠʚʠʭ ʦʙʣʘʩʪʝʡ: 1 

ï ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ, 2 ï ʆʜʝʩʴʢʘ, 3 ï ɿʘʧʦʨʽʟʴʢʘ, 4 ï ʍʝʨʩʦʥʩʴʢʘ, 5 ï 

ʄʠʢʦʣʘʾʚʩʴʢʘ; ʙ) ï ʨʦʟʧʦʜʽʣ ʩ/ʛ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʥʘʜʤʽʨʥʦ ʟʚʦʣʦʞʝʥʠʭ ʦʙʣʘʩʪʝʡ: 6 

ï ʃʴʚʽʚʩʴʢʘ, 7 ï ɺʦʣʠʥʩʴʢʘ, 8 ï ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, 9 ï ɿʘʢʘʨʧʘʪʩʴʢʘ, 10 ï 

ʏʝʨʥʽʚʝʮʴʢʘ; ʚ) ï ʨʦʟʧʦʜʽʣ ʩ/ʛ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʦʙʣʘʩʪʝʡ, ʚʠʜʽʣʝʥʠʭ ʟʘ ʽʥʜʝʢʩʦʤ NDII , ʫ 2007 ʨʦʮʽ 

ʚ ʧʝʨʽʦʜ ʧʦʩʫʭʠ ʚʽʜʙʫʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ (13 - 38%), ʘ ʚ 2008 ʨ. ʚʽʜʙʫʚʘʣʦʩʷ ʡʦʛʦ ʟʨʦʩʪʘʥʥʷ (23 - 44%). ʈʘʟʦʤ ʟ 

ʪʠʤ ʜʣʷ ʦʙʣʘʩʪʝʡ, ʨʘʥʞʦʚʘʥʠʭ ʟʘ ʽʥʜʝʢʩʦʤ NDII , ʷʢ ʥʘʜʤʽʨʥʦ ʟʚʦʣʦʞʝʥʽ, ʧʦʩʫʭʘ 

2007 ʨʦʢʫ ʥʝ ʤʘʣʘ ʚʧʣʠʚʫ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʦʩʢʽʣʴʢʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ʗʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 4.3, ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚ 2007 ʨʦʮʽ ʧʨʦʜʫʢʮʽʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʟʤʝʥʰʠʣʘʩʴ ʥʘ 12 ʤʣʨʜ. ʛʨʥ. ʧʦʨʽʚʥʷʥʦ ʟ 2006 ʨʦʢʦʤ, ʘ ʚ 2008 ʨʦʮʽ ʧʨʦʜʫʢʮʽʷ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟʨʦʩʣʘ ʥʘ 29.43 ʤʣʨʜ. ʛʨʥ. [224]. 
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4.2 ʈʝʟʫʣʴʪʘʪʠ ʣʦʢʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

(ʥʘ ʧʨʠʢʣʘʜʽ ɹʘʨʠʰʽʚʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ) 

4.2.1 ɺʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ 

ʜʦʩʣʽʜʞʝʥʴ 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʰʠʨʝʥʥʷ ʤʽʢʨʦʟʘʧʘʜʠʥʥʠʭ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʟʚʦʣʦʞʝʥʽʩʪʶ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʽ ʯʘʩʪʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʽʣʷʥʢʘʤ ʞʠʚʣʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʝʬʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʷʢʽ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʪʘ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʚ ʢʘʥʘʣʘʭ ʪʘ ʜʽʘʧʘʟʦʥʘʭ ʟʡʦʤʢʠ, ʯʫʪʣʠʚʠʭ 

ʜʦ ʚʦʣʦʛʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ. 

ʅʘʟʝʤʥʽ ʟʘʚʽʨʢʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʢʣʶʯʘʣʠ ʚʠʾʟʜʠ ʥʘ ʜʦʩʣʽʜʥʠʡ ʧʦʣʽʛʦʥ 

ɼɿɿ ʚ ɹʘʨʠʰʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟ ʧʨʦʚʝʜʝʥʥʷʤ ʚʽʜʙʦʨʫ ʧʨʦʙ ʥʘ 

ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʚʽʜʙʫʣʠʩʷ 08.04.2016, 28.04.2016, 10.05.2016 17.06.2016 ʪʘ 11.07.2016, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʚʠʢʦʥʘʪʠ ʟʽʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʽʥʜʝʢʩʫ NWI ʟʘ ʜʘʥʠʤʠ Sentinel-

2 ʟ ʥʘʟʝʤʥʠʤʠ ʚʠʤʽʨʘʤʠ. ɼʘʥʽ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ Sentinel-2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 4.3 ʧʽʜʙʠʨʘʣʠʩʷ ʩʠʥʭʨʦʥʥʦ, ʘʙʦ ʙʣʠʟʴʢʦ ʜʦ ʜʘʪʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ɿʘʛʘʣʴʥʫ ʩʭʝʤʫ ʪʦʯʦʢ ʚʽʜʙʦʨʫ ˇʨʫʥʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʦ ʫ 

ʜʦʜʘʪʢʫ ɽ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʛʽʛʨʦʩʢʦʧʽʯʥʦʾ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʚʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʣʷ ʢʦʞʥʦʾ ʜʘʪʠ ʧʦʣʴʦʚʦʛʦ 

ʚʠʾʟʜʫ: 08.04.2016, 28.04.2016, 10.05.2016, 17.06.2016, 11.07.2016 ʟʥʘʯʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʢʦʞʥʦʾ ʜʘʪʠ ʧʨʠʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʘʭ ɾ-ʄ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʫ 

ʚʽʜʩʦʪʢʘʭ, ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʨʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʥʘ ʚʦʜʦʜʽʣʽ, ʩʭʠʣʽ ʤʽʢʨʦʟʘʧʘʜʠʥʠ 

ʪʘ ʫ ʾʾ ʮʝʥʪʨʽ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʨʠʩ. 4.4, ʜʝ ʥʘ ʚʩʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʤʘʣʶʥʢʫ 

ʜʘʪʠ ʚʠʜʥʦ, ʱʦ ʫ ʮʝʥʪʨʽ ʤʽʢʨʦʟʘʧʘʜʠʥʠ ˇʨʫʥʪ ʤʘʻ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ. 




























































































