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ʈɽʌɽʈɸʊ 

ʉװװʣʠʡʥ 20 ʛʘʨʫʡ ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʙʵʣʯʵʵʨ ʭʵʪ ʠʭ ʪʘʣʭʣʘʛʜʘʞ, ʭᴇʨʩʥʠʡ 
ʵʣʵʛʜʵʣ, ʵʚʜʨʵʣ װװʩʯ, ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ ʪᴇʨʭ ʙʘʡʜʘʣ ᴇᴇʨʯʣᴇʛʜʩᴇʥʠʡ ʫʣʤʘʘʩ ʛʘʟʨʳʥ 
ʜʦʨʦʡʪʦʣ ʫʣʘʤ ʵʨʯʠʤʞʞʵʵ. ʄʦʥʛʦʣ ʦʨʥʳ ʥʠʡʪ ʙʵʣʯʵʵʨʠʡʥ 70 ʛʘʨʫʡ ʭʫʚʴ ʥʴ ʷʤʘʨ 
ʥʵʛ ʭʵʤʞʵʵʛʵʵʨ ʜʦʨʦʡʪʩʦʥ ʥʴ ʮᴇʣʞʠʣʪʠʡʛ ʥʵʤʵʛʜװװʣʞ ʙʘʡʛʘʣʴ ʦʨʯʥʳ ʪʵʥʮʚʵʨʪ 
ʙʘʡʜʣʳʛ ʘʣʜʘʛʜʫʫʣʞ, ʫʣʩ ʦʨʥʳ ʥʠʡʛʵʤ ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʪʦʛʪʚʦʨʪʦʡ ʭᴇʛʞʠʣʜ ʩᴇʨᴇʛ 
ʥᴇʣᴇᴇ װʟװװʣʞ ʙʘʡʥʘ. 2016 ʦʥʜ ɹʫʣʛʘʥ ʘʡʤʘʛʪ ʭʠʡʩʵʥ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛʵʵʩ װʟʚʵʣ 
ʭʵʪ ʠʭ ʪʘʣʭʣʘʛʜʩʘʥ ʙʵʣʯʵʵʨʠʡʥ ʪʘʣʙʘʡ 38.9 ʤʷʥ.ʛʘ-ʘʘʨ ʥʵʤʵʛʜʵʞ, ʭᴇʨʩᴇʥʜ 
ʘʛʫʫʣʘʛʜʘʭ ʘʟʦʪʳʥ ʭʵʤʞʵʵ 1.62%, ʬʦʩʬʦʨ 0.97%, ʷʣʟʤʘʛʠʡʥ ʭʵʤʞʵʵ 2.37%-ʠʘʨ ʪʫʩ 
ʪʫʩ ʙʫʫʨʯ, 28 ʛʦʨʭʠ, ʙʫʣʘʛ ʰʠʨʛʵʞ, ʥʫʫʨʳʥ ʫʩʥʳ ʪװʚʰʠʥ 22.6 ʩʤ-ʵʵʨ ʙʘʛʘʩʯʵʵ. ʋʫʣ 
ʫʫʨʭʘʡ, ʭʵʵʨʠʡʥ ʟʘʤʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʵʚʜʵʨʩʵʥ ʛʘʟʨʳʥ ʪʘʣʙʘʡ 46.7 ʤʷʥ.ʛʘ-ʘʘʨ 
ʥʵʤʵʛʜʵʞ, ʩʫʣ ʵʣʩ ʩʘʣʭʠʘʨ ʟᴇᴇʛʜʩᴇʥᴇᴇʩ 16.7 ʤʷʥ.ʛʘ ʪʘʣʙʘʡʛ ʙװʨʭʩʵʥ ʙʘʡʥʘ. 
ᴆʥʛᴇʨʩᴇʥ ʞʠʣװװʜʵʜ ʜʘʚʪʘʛʜʩʘʥ ʭʫʫʨʘʡʰʠʣʪ, ʤʘʣʳʥ ʪʦʦ ʪʦʣʛʦʡʥ ᴇʩᴇʣʪ, ᴇʚᴇʣʞᴇᴇ, 
ʭʘʚʘʨʞʘʘ, ʟʫʩʣʘʥʛʠʡʥ ʙʘʡʨʰʣʳʥ ʟʘʡ ʦʡʨʪʦʭ, ʤʘʣʳʛ ʫʣʘʤʞʣʘʣʪ ʘʨʛʘʘʨ ʤʘʣʣʘʭ 
ʷʚʜʘʣ ʘʣʜʘʛʜʩʘʥ ʥʴ ʙʵʣʯʵʵʨʠʡʥ ʪʘʣʭʣʘʛʜʘʣ װװʩʛʵʭ, ʤᴇʥ װʣʠʡʥ ʮʘʛʘʘʥ ʦʛʦʪʦʥʳ ʪʦʦ 
ʪʦʣʛʦʡʛ ʥʵʤʵʛʜװװʣʵʭ, ʟʦʥʭʠʣʦʭ ʙʵʣʯʵʵʨʠʡʥ ʫʨʛʘʤʘʣʞʣʳʥ ʙװʪʵʮ ʙװʨʵʣʜʵʭװװʥ, 
ʫʣʠʨʣʳʥ ʭᴇʛʞʣʠʡʥ ʷʚʮʳʛ ᴇᴇʨʯʣᴇʭ ʥʵʛ ʯʫʭʘʣ ʭװʯʠʥ ʟװʡʣ ʙʦʣʞ ʙʘʡʥʘ.  

ɹʘʡʛʘʣʠʡʥ ʥᴇʭʮʣʠʡʥ ᴇᴇʨʯʣᴇʣʪ, ʥᴇᴇʮʠʡʥ ʜʦʨʦʡʪʦʣ ʵʨʛʵʵʜ ʦʣʦʥ ʩᴇʨᴇʛ װʨ 
ʜʘʛʘʚʘʨʳʛ ʙʠʡ ʙʦʣʛʦʞ ʙʘʡʛʘʘ ʥʴ ʟᴇʚʭᴇʥ ʄʦʥʛʦʣ ʫʣʩʳʥ ʭʫʚʴʜ ʪᴇʜʠʡʛװʡ ʭʠʣ ʟʘʣʛʘʘ 
ʫʣʩʫʫʜʘʜ ʷʣʘʥʛʫʷʘ ᴆʤʥᴇʜ ʭᴇʨʰʠʜ ʯ ʥʵʛʵʥ ʘʜʠʣ ʪʦʭʠʦʣʜʦʭ ʙʦʣʞʵʵ. ʊʦʚʯʭʦʥʜʦʦ 
ʭʠʣ ʜʘʤʥʘʩʘʥ ʰʠʥʞʪʵʡ ʙװʩ ʥʫʪʛʠʡʥ ʘʩʫʫʜʘʣ ʙʦʣʞʵʵ. ɹʅʍɸʋ-ʳʥ ʤʘʥʘʡ ʫʣʩʪʘʡ ʭʠʣ 
ʟʘʣʛʘʘ ʥʫʪʘʛ ʙʦʣʦʭ ᴆʚᴇʨʤʦʥʛʦʣʳʥ ᴆᴇʨʪᴇᴇ ʟʘʩʘʭ ʦʨʦʥ (ᴆʄᴆɿʆ)-ʜ ʙʘʡʛʘʣʠʡʥ 
ʥᴇʭʮᴇʣ, ʥᴇᴇʮʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʩʫʜʣʘʭ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ װʡʣ ʘʞʠʣʣʘʛʘʘʛ ʪᴇʣᴇʚʣᴇʭ, 
ʭʵʨʵʛʞװװʣʵʭ ʥʴ ʥʠʣʵʵʜ ʩʘʡʥ ʭʠʡʛʜʩʵʥ ʙʘʡʜʘʛ ʙʘʡʥʘ. ᴆʄᴆɿʆ-ʥʳ ʩʫʜʣʘʘʯʠʜʪʘʡ 
ʭʘʤʪʨʘʥ ʶʫʥʳ ʪװʨװװʥʜ ʤʘʥʘʡ ʫʣʩʘʜ ʵʨʯʠʤʪʵʡ ʷʚʘʛʜʘʞ ʙʫʡ ʮᴇʣʞʠʣʪʠʡʥ ʩʫʫʨʴ 
ʩʫʜʘʣʛʘʘʛ ʭʠʡʭ, ʪʵʛʵʭʜʵʵ ʪʫʩ ʫʣʩʳʥ ʵʨʜʵʤʪʜʠʡʥ ʙʘʨʠʤʪʘʣʜʘʛ ʘʨʛʘʯʣʘʣʘʘʨ ʵʥʵʭװװ 
ʪᴇʩʣʠʡʥ ʩʫʜʘʣʛʘʘʛ ʛװʡʮʵʪʛʵʭʠʡʛ ʟʦʨʴʩʦʥ ʶʤ. 

ᴆʨʛᴇʥ ʫʫʜʘʤ ʥʫʪʘʛ ʜʵʚʩʛʵʨʪʵʡ ʄʦʥʛʦʣ ʦʨʥʳ ʭʫʚʴʜ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣ 
/RS/ ʙʦʣʦʥ ʛʘʟʘʨʟװʡʥ ʤʵʜʵʵʣʣʠʡʥ ʩʠʩʪʝʤʠʡʥ /GIS/ ʪʝʭʥʦʣʦʛʠʡʛ ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʥ 
ʩʫʜʘʣʛʘʘʥʜ ᴇʨʛᴇʥᴇᴇʨ ʭʵʨʵʛʣʵʭ ʥʴ ʯʫʭʘʣ ʶʤ. ʆʨʯʠʥ װʝʠʡʥ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʭ 
(RS) ʪʝʭʥʦʣʦʛʠ ʥʴ ᴇʥʜᴇʨ װʨ ʘʰʠʛ, ʥʘʨʠʡʚʯʣʘʣ, ʪʘʩʨʘʣʪʛװʡ ʙʦʜʠʪ ʮʘʛ ʭʫʛʘʮʘʘ ʛʵʭ 
ʤʵʪ ʰʠʥʞ ʯʘʥʘʨʫʫʜʪʘʡ ʙᴇʛᴇᴇʜ ʪʦʤʦʦʭʦʥ ʭʵʤʞʵʵʥʠʡ ʛʘʟʘʨ ʥʫʪʘʛʪ ʩʫʜʘʣʛʘʘ ʭʠʡʭʵʜ 
ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʭʫʚʴʜ ʘʰʠʛʪʘʡ ʪᴇʜʠʡʛװʡ ʠʨʵʵʜװʡʥ ʯʠʛ ʭʘʥʜʣʘʛʳʛ ʫʨʴʜʯʠʣʘʥ 
ʪʘʘʤʘʛʣʘʭ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʶʤ.  

ɹʵʣʯʵʵʨʠʡʥ ʭʵʪ ʪʘʣʭʣʘʛʜʘʣ, ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʛ װʥʵʣʵʭʵʜ ʯʠʛʣʵʛʜʩʵʥ 
ʩʫʜʘʣʛʘʘ ᴇʥʛᴇʨʩᴇʥ ʭʫʛʘʮʘʘʥʜ ʭʠʡʛʜʵʞ ʙʘʡʩʘʥ ʙʦʣʦʚʯ ʦʨʯʠʥ װʝʠʡʥ ʦʣʦʥ ʞʠʣʠʡʥ 
ʜʘʚʪʘʤʞʪʘʡʛʘʘʨ ʟʘʡʥʘʘʩ ʪʘʥʜʘʭ ʘʨʛʘʘʨ ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʦʣʦʥ ʩʫʚʛʠʡʥ ʤʵʜʵʵʛ 
ʭʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘʪʘʡ ʭʦʩʣʫʫʣʘʥ ʭʵʨʵʛʣʵʞ ʙʵʣʯʵʵʨʠʡʥ ʭʵʪ ʪʘʣʭʣʘʛʜʘʣ, 
ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʥ ʟʵʨʵʛʣʵʣʠʡʛ ʪʦʛʪʦʦʞ װʥʵʣʵʭ, ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ ʘʨʛʫʫʜʳʛ ʮʦʛʮʦʦʨ ʥʴ 
ʭʠʡʩʵʥ ʩʫʜʘʣʛʘʘ ʮᴇᴇʥ ʙʘʡʛʘʘ ʥʴ ʵʥʵʭװװ ʩʵʜʵʚʪ ʘʞʣʳʛ ʛװʡʮʵʪʛʵʭ װʥʜʵʩʣʵʣ ʙʦʣʩʦʥ 
ʶʤ. ʀʡʤʵʵʩ ʙʠʜ ʄʦʥʛʦʣ ʦʨʥʳ ʵʨʩ ʪʵʩ ʫʫʨ ʘʤʴʩʛʘʣ ʙʦʣʦʥ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ 
ʣʘʥʜʰʘʬʪ-ʛʘʟʘʨʟװʡʥ ʥᴇʭʮᴇʣ ʜʵʭ ʪʘʣʭʣʘʛʜʩʘʥ ʙʵʣʯʵʵʨʠʡʛ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʭ, 
ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ ʪʝʭʥʦʣʦʛʠʡʛ ʥʫʪʘʛʰʫʫʣʘʭ ʟʦʨʠʣʛʦ ʪʘʚʠʞ, ʟʦʨʠʣʛʳʥ ʭװʨʵʵʥʜ ʜʘʨʘʘʭ 
ʟʦʨʠʣʪʫʫʜʳʛ ʜʵʚʰװװʣʵʚ. װתʥʜ: 

1. ɿʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ ʘʨʛʘ, ʪʝʭʥʠʢʠʡʛ ʘʰʠʛʣʘʥ ʄʦʥʛʦʣ ʦʨʥʳ ʙʦʣʦʥ 
ɹʫʣʛʘʥ (ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤ) ʘʡʤʛʠʡʥ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ, ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ 
ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʫʨʛʘʤʣʳʥ ʫʨʛʘʞ ʵʭʣʵʭ, ʫʩ ʥʘʤʛʘʨʭʘʛ ʛʘʟʨʳʥ ʮʘʛ 
ʭʫʛʘʮʘʘ ʙʦʣʦʥ ʦʨʦʥ ʟʘʡʥ ᴇᴇʨʯʣᴇʣʪᴇʜ, ʤᴇʥ ʛʘʟʘʨ ʘʰʠʛʣʘʣʪʳʥ ᴇᴇʨʯʣᴇʣʪ 
ʵʜʛʵʵʨʪ ʥᴇʣᴇᴇʣᴇʭ ʙʘʡʛʘʣʴ, ʥʠʡʛʤʠʡʥ ʭװʯʠʥ ʟװʡʣʠʡʛ ʪʦʦʮʦʭ, ʠʣʨװװʣʵʭ, 
ʟʫʨʘʛʣʘʭ. 
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2. ʊʘʣʭʣʘʛʜʘʣʜ ʦʨʩʦʥ ʙʵʣʯʵʵʨʠʡʛ ʭʘʰʠʞ ʤʘʣʳʥ ʭᴇʣᴇᴇʩ ʯᴇʣᴇᴇʣʞ, ʙʘʡʛʘʣʠʡʥ 
ʘʷʩʘʘʨ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ  

3. ʍʫʫʨʘʡ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʪʦʭʠʨʩʦʥ ʦʣʦʥ ʥʘʩʪ װʝʪʵʥ, ʙʫʫʨʮʘʛʪʘʥ ʦʚʛʠʡʥ ʪʘʨʠʤʘʣ 
ʩʦʨʪʫʫʜʳʛ ʪʘʨʴʞ ʪʫʨʰʠʭ 

4. ʄʵʜʵʵʣʣʠʡʥ ʩʘʥ ʙʘʡʛʫʫʣʘʭ 

ñʄʦʥʛʦʣ ʫʣʩʳʥ ʭʵʪ ʪʘʣʭʣʘʛʜʩʘʥ ʙʵʣʯʵʵʨʠʡʛ ʟʘʡʥʘʘʩ ʪʘʥʜʘʭ ʘʨʛʘʘʨ ʩʫʜʣʘʭ ʙʘ 
ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ ʪʫʨʰʠʣʪò ʛʘʜʘʘʜʪʘʡ ʭʘʤʪʘʨʩʘʥ ʪᴇʩʣʠʡʥ ʵʮʩʠʡʥ ʪʘʡʣʘʥ ʥʴ 4 ʙװʣʵʛ, 
18 ʜʵʜ ʙװʣʵʛ, 43 ʭװʩʥʵʛʪ, 146 ʟʫʨʘʛ, ʜʠʘʛʨʘʤʤ, 1 ʟᴇʚʣᴇʤʞ ʙʦʣʦʥ 4 ʭʘʚʩʨʘʣʪʘʘʩ 
ʙװʨʜʵʥʵ. 
ʊᴇʩʣʠʡʥ ʵʭʥʠʡ ʭʵʩʵʛʪ ʩʵʜʚʠʡʥ ʩʫʜʣʘʛʜʩʘʥ ʙʘʡʜʣʳʛ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣ 

ʙʦʣʦʥ ʥᴇʭᴇʥ ʩʵʨʛʵʵʣʪʠʡʥ ʘʨʛʘ ʪʫʨʰʣʘʛʳʥ ʪʘʣʘʘʨ ʙʠʯʠʞ, ʩʫʜʘʣʛʘʘʥʳ ʟʦʨʠʣʛʦ, 
ʟʦʨʠʣʪʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ.           
ʅɻ ʛʜװʛʵʵʨ ʙװʣʵʛʪ:  ʩʫʜʘʣʛʘʘʥʜ ʭʘʤʨʘʛʜʩʘʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʙʘʡʛʘʣʴ, ʥʠʡʛʵʤ, ʵʜʠʡʥ 

ʟʘʩʛʠʡʥ ᴇʥᴇᴇʛʠʡʥ ʥᴇʭʮᴇʣ  
ʍʦʸʨʜʫʛʘʘʨ ʙװʣʵʛʪ: ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʙʘʡʨʰʠʣ, ʤʵʜʵʵ ʤʘʪʝʨʠʘʣ, ʘʨʛʘʟװʡ 
ɻʫʨʘʚʜʫʛʘʘʨ ʙװʣʵʛʪ: ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵ ʘʰʠʛʣʘʥ ʪʦʦʮʦʦʣʩʦʥ ʩʫʜʘʣʛʘʘʥʳ 

ʘʞʣʳʥ װʨ ʜװʥ  
ɼᴇʨᴇʚʜװʛʵʵʨ ʙװʣʵʛʪ: ʙʵʣʯʵʵʨʠʡʥ ʤʦʥʠʪʦʨʠʥʛ ʙʦʣʦʥ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ ʪʫʨʰʠʣʪʳʥ װʨ 

ʜװʥ ʟʵʨʛʠʡʛ ʜʵʣʛʵʨʵʥʛװʡ ʜʫʨʜʩʘʥ ʙʦʣʥʦ.  
ʊᴇʩʣʠʡʥ ʭװʨʵʵʥʜ ʜʘʨʘʘʭ װʨ ʜװʥʛװװʜ ʛʘʨʩʘʥ. װתʥʜ: 

1. 1982-2015 ʦʥʳ ʭʦʦʨʦʥʜʦʭ ʜʘʭʴ ʩʫʜʘʣʛʘʘʥʳ ʙװʩ ʥʫʪʛʠʡʥ ʭʵʤʞʵʵʜ ʙʘʡʛʘʣʠʡʥ 
ʙװʩ ʙװʩʣװװʨ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʦʨʦʥ ʟʘʡʥ ʭʫʚʘʘʨʠʣʘʣʪʘʘʩ ʰʘʣʪʛʘʘʣʘʘʜ ʩװװʣʠʡʥ 
34 ʞʠʣʠʡʥ ʜʫʥʜʘʞ (4-10 ʩʘʨ) NPP ʭʦʡʥʦʦʩ ʫʨʘʛʰ ʙʫʫʨʯ ʙʘʡʥʘ. NPP-ʠʡʥ 
ʜʫʥʜʘʞ ʥʠʡʣʙʵʨ ʭʵʤʞʵʵ 599.6 ʛʨʂ/ʤ2 ʙʘʡʥʘ. ʍʫʨ ʪʫʥʘʜʘʩ, ʫʨʛʘʤʣʳʥ 
ʙװʪʵʵʛʜʵʭװװʥ ʭʦʦʨʦʥʜ ʪʦʦʮʩʦʥ ʢʦʨʨʝʣʷʮʠʡʥ ʰʠʥʞʠʣʛʵʵʛʵʵʨ ʩʫʜʘʣʛʘʘʥʳ ʙװʩ 
ʥʫʪʛʠʡʥ ʪʘʣʙʘʡʥ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʤʞʠʡʥ 60 ʦʨʯʠʤ ʭʫʚʴ ʥʴ ʭʫʨ ʪʫʥʘʜʘʩʥʘʘʩ 
ʭʘʤʘʘʨʘʣʪʘʡ ʙʦʣʦʭ ʜʝʪʝʨʤʠʥʘʮʠʡʥ ʠʪʛʵʣʮװװʨ R2=0.7894, װʥʵʤʰʠʣ 
(p=0.000), ʢʦʨʨʝʣʷʮʠʡʥ ʠʪʛʵʣʮװװʨ R=0.89 ʭװʯʪʵʡ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. ʍʘʨʠʥ 
ʠʭʵʥʭ ʥʫʪʛʘʘʨ ʪʝʤʧʝʨʘʪʫʨʪʘʡ ʩᴇʨᴇʛ ʭʘʤʘʘʨʘʣʪʘʡ (R=0.2-.04) (P<0.05) ʙʘʡʛʘʘ 
ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. 34 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ NPP-ʜ ʪʝʤʧʝʨʘʪʫʨʪ ʭװʯʪʵʡ ʭʘʨʠʫ 
ʫʨʚʘʣ ʙʘʡʛʘʘʛװʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ ʭʘʚʘʨ, ʥʘʤʨʳʥ ʫʣʠʨʘʣʜ 
ʪʝʤʧʝʨʘʪʫʨ ʥʴ NPP-ʜ ʵʝʨʵʛ ʥᴇʣᴇᴇ װʟװװʣʜʵʛ ʙʦʣ ʟʫʥʳ ʪʝʤʧʝʨʘʪʫʨ ʥʴ ʟʫʥʳ 
NPP-ʪ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ װʟװװʣʞ ʙʘʡʥʘ.  

2. ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʫʨʛʘʤʣʳʥ ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ SOS ʥʴ 4 ʜװʛʵʵʨ 
ʩʘʨʳʥ 20-ʥʦʦʩ 5 ʜʫʛʘʘʨ ʩʘʨʳʥ 20-ʥʳ ʭʦʦʨʦʥʜ ʙʘʡʥʘ. ʄʦʥʛʦʣ ʫʣʩ ʙʘ ᴆʚᴇʨ 
ʄʦʥʛʦʣʳʥ ʫʨʛʘʤʣʳʥ 30 ʞʠʣʠʡʥ ʜʫʥʜʘʞ SOS ʥʴ 125.5 ʙʘ 122.9 ʜװʛʵʵʨ 
ᴇʜʨװװʜʵʜ ʪʦʭʠʦʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ ʢʦʨʨʝʣʷʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ 0.92 ʙʘʡʛʘʘ ʥʴ 
SOS ʙʦʣʦʥ ᴇʥʜᴇʨʰʠʣʠʡʥ ʭʦʦʨʦʥʜ ʭװʯʪʵʡ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ 
ʙʘʡʥʘ. 30 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʪʘʣʙʘʡʥ 46%-ʜ 
ʫʨʛʘʤʣʳʥ SOS ʥʴ ʭʦʡʰʣʦʭ ʯʠʛ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ. ʄᴇʥ ʵʥʵ ʭʫʛʘʮʘʘʥʜ 
ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʪʘʣʙʘʡʥ 99.7%-ʜ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ 
ʥʵʤʵʛʜʵʭ, ʭʘʨʠʥ 70%-ʜ ʭʫʨ ʪʫʥʘʜʘʩ ʙʫʫʨʘʭ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ.  

3. 2000-2018 ʦʥʳ ʭʫʛʘʮʘʘʥʜ ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʭʵʤʞʵʵʥʜ ʥʠʡʪ ʧʠʢʩʝʣʠʡʥ 
ʜʫʥʜʞʘʘʨ ʫʨʛʘʤʘʣʞʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ ʥʴ ᴇʩʩᴇʥ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʩʘʥ 
ʙᴇʛᴇᴇʜ ʞʠʣʜ ʜʫʥʜʘʞʘʘʨ 0.0077 ʥʵʛʞʵʵʨ ᴇʩʩᴇʥ ʙʘʡʚ. ʋʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪ 
ʙʦʣʦʥ ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʟʦʭʠʩʛװʡ ʥᴇʣᴇᴇʣʣᴇᴇʩ ʙʦʣʞ ʩʫʤʳʥ ʜʘʚʩʘʨʭʘʛ 
ʛʘʟʨʳʥ ʭʵʤʞʵʵ 11.98ï40.02ʢʤ2 ʙʦʣʞ ᴇᴇʨʯʣᴇʛʜʩᴇʥ ʙᴇʛᴇᴇʜ ʩʫʜʘʣʛʘʘʥʳ 20 
ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʛʫʨʘʚ ʜʘʭʠʥ  ᴇʩʩᴇʥ װʟװװʣʵʣʪʪʵʡ ʙʘʡʥʘ. ʕʣʩ ʙװʭʠʡ ʛʘʟʘʨ 
69.26 ï 73.56 ʢʤ2 ʙʦʣʞ, ʥʠʡʪ 4.3 ʢʤ2 ʪʘʣʙʘʡ  ʥʵʤʵʛʜʩʵʥ ʙʦʣ, ʭʘʨʠʥ ʥʘʤʛʘʨʭʘʛ 
ʛʘʟʨʳʥ ʪʘʣʙʘʡ  156.01-103.64 ʢʤ2 ʙʦʣʦʥ ʙʫʫʨʯ , ʩʫʜʘʣʛʘʘʥʳ  ʥʠʡʪ ʭʫʛʘʮʘʘʥʜ 
52.37 ʢʤ2  -ʘʘʨ  ʙʘʛʘʩʩʘʥ ʙʘʡʥʘ. NDVI ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʫʪʛʘ ʥʴ 0.2-0.5 
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ʭʦʦʨʦʥʜ ʙʘʡʛʘʘ ʥʴ ʫʩ ʥʘʤʛʘʨʭʘʛ ʛʘʟʨʳʥ ʫʨʛʘʤʣʳʥ ʙװʨʭʵʚʯ 25.09%-ʜ ʥʵʤʵʛʜʵʭ 
ʯʠʛ ʭʘʥʜʣʘʛʘʪʘʡ ʙʦʣ ʫʨʛʘʤʣʳʥ ʙװʨʭʵʚʯ ʙʫʫʨʘʭ ʯʠʛ ʭʘʥʜʣʘʛʘ 74.91% -ʜ ʥʴ 
ʠʣʵʨʯ ʙʘʡʥʘ. 

4. ʍʵʚʪʵʵʛʠʡʥ ʘʨʳʥ ʭʘʰʩʘʥ ʪʘʣʙʘʡʜ 2020 ʦʥʜ ʫʨʛʘʤʘʣ ʥᴇʤʨᴇʛʠʡʥ ʝʨᴇʥʭʠʡ 
ʪʫʩʛʘʛʠʡʥ ʙװʨʭʵʮʵʜ ʥʦʛʦʦʥ ʫʨʛʘʤʣʳʥ ʵʟʣʵʭ ʭʫʚʴ 2019 ʦʥʳʭʦʦʩ 25 ʭʫʚʠʘʨ 
ʥʵʤʵʛʜʩʵʥ ʙʘʡʥʘ. ʍʵʚʪʵʵʛʠʡʥ ʘʨʳʥ ʭʘʰʩʘʥ ʪʘʣʙʘʡʥ ʥʠʡʪ ʙʠʦʤʘʩʩ 2020 ʦʥʜ 
2019 ʦʥʳʭʦʦʩ 22.4 ʛ/ʤ2-ʘʘʨ, ʭʘʰʘʘʛװʡ ʪʘʣʙʘʡʥʭ 2018 ʙʘ 2019 ʦʥʳʭʦʦʩ 32.1-
39.2 ʛ/ʤ2-ʘʘʨ ʥʵʤʵʛʜʩʵʥ ʙʘʡʥʘ. 2020 ʦʥʜ ʅʘʥʟʘʥʛʠʡʥ ʭʦʦʣʦʡʜ ʭʘʰʩʘʥ ʙʦʣʦʥ 
ʭʘʰʘʘʛװʡ ʪʘʣʙʘʡʥ ʥʦʛʦʦʥ ʫʨʛʘʤʣʳʥ ʪʫʩʛʘʛʠʡʥ ʙװʨʭʵʮ 2019 ʦʥʳʭʦʦʩ 
ʜʫʥʜʞʘʘʨ 5-15 ʭʫʚʠʘʨ ʥʵʤʵʛʜʩʵʥ ʙʘʡʥʘ. ʅʘʥʟʘʥʛʠʡʥ ʭʦʦʣʦʡʜ ʭʘʰʩʘʥ ʙʘ 
ʭʘʰʘʘʛװʡ ʪʘʣʙʘʡʥ 2020 ʦʥʳ ʥʠʡʪ ʙʠʦʤʘʩʩʳʥ ʭʵʤʞʵʵ 2019 ʦʥʳʭʦʦʩ 46.9-30.0 
ʛ/ʤ2-ʘʘʨ ʥʵʤʵʛʜʩʵʥ ʙʘʡʥʘ. ʊʘʣʭʣʘʛʜʩʘʥ ʙʵʣʯʵʵʨʠʡʛ 3 ʞʠʣ ʭʘʰʠʞ 
ʭʘʤʛʘʘʣʘʭʘʜ ʠʭʵʥʭ ʫʨʛʘʤʣʳʥ ᴇʥʜᴇʨ, ʪʫʩʛʘʛʠʡʥ ʙװʨʭʵʮ, ʙʠʦʤʘʩʩʳʥ ʭʵʤʞʵʵ 
ʥʵʤʵʛʜʵʞ, װʨʞʣʠʡʥ ʵʨʭʪʥʵʵʨ װʨʞʠʭ ʥᴇʭᴇʥ ʩʵʨʛʵʣʪ ʩʘʡʞʠʨʩʘʥ ʥʴ ʭʘʨʘʛʜʘʞ 
ʙʘʡʥʘ. ʊʘʣʭʣʘʛʜʩʘʥ ʙʵʣʯʵʵʨʠʡʛ 2 ʞʠʣ ʭʘʰʠʞ ʭʘʤʛʘʘʣʘʭʘʜ ʩᴇᴇʛ ʙʦʣʦʥ 
ʟʦʥʭʠʣʦʛʯ  ʫʨʛʘʤʣʳʥ ᴇʥʜᴇʨ, ʪʫʩʛʘʛʠʡʥ ʙװʨʭʵʮ, ʙʠʦʤʘʩʩʳʥ ʭʵʤʞʵʵ ʥʵʤʵʛʜʵʞ, 
  .ʨʞʠʭ ʥᴇʭᴇʥ ʩʵʨʛʵʣʪ ʩʘʡʞʠʨʯ ʙʘʡʥʘװ ʨʞʣʠʡʥ ʵʨʭʪʥʵʵʨװ

5. ɹʅʍɸʋ-ʳʥ ᴆʄᴆɿʆ-ʥʳ ʮʘʨʛʘʩʥʳ ʅʫʪʘʛ ʙʵʣʯʵʵʨ-1, 2 ʩʦʨʪʫʫʜʳʥ ʭʵʵʨʠʡʥ 
ʩʦʸʦʣʦʣʪ 83.0-90.5% ʙʫʶʫ ʄʦʥʛʦʣʳʥ ʮʘʨʛʘʩʥʳ ɹʫʨʛʘʣʪʘʡ ʩʦʨʪʦʦʩ /78.4 %/ 
ʭʵʵʨʠʡʥ ʩʦʸʦʣʦʣʪ ʥʴ 4.6-12.1%-ʠʘʨ ʠʣװװ ʙʘʡʛʘʘ ʥʴ ʩʦʨʪʫʫʜʳʥ װʨ  ʭʫʨʘʘʩʘʥ 
ʙʦʣʦʥ ʩʦʨʪʳʥ  ʛʘʨʛʘʩʘʥ ʭʫʛʘʮʘʘ, ʥʘʩʞʠʣʪ ʟʵʨʛʵʵʩ ʷʣʛʘʘ ʛʘʨʯ ʙʘʡʛʘʘʛ 
ʠʣʵʨʭʠʡʣʞ ʙʘʡʞ ʙʦʣʦʭ ʶʤ. ʊʫʨʰʠʣʪ ʷʚʫʫʣʩʘʥ 3 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ 
ʙʫʫʨʮʘʛʪʥʳ ʦʚʛʠʡʥ ʅʫʪʘʛ ʙʵʣʯʵʵʨ-2 ʩʦʨʪ ʥʴ ɹʫʨʛʘʣʪʘʡ ʩʦʨʪʦʦʩ ʠʣװװ ʩʘʡʥ 
ʫʨʛʘʞ ʙʘʡʥʘ. תʝʪʥʠʡ ʦʚʛʠʡʥ ʅʘʡʤʘʥ ʩʦʨʪ ʥʴ ᴇʥʜᴇʨ ʫʨʛʘʩʘʥ, ʙװʨʭʵʮʠʡʥ ʭʫʚʴʜ 
ʙʫʩʘʜ ʩʦʨʪʫʫʜʘʘʩ ʠʣװװ ʙʘʡʛʘʘ ʯ ᴇʚᴇʣʞʠʣʪʠʡʥ ʭʫʚʴʜ ʅʘʨʪ-1 ʩʦʨʪ ʥʴ ʙʫʩʘʜ 
ʩʦʨʪʫʫʜʘʘʩ ʠʣװװ ʙʘʡʛʘʘ ʥʴ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʥʫʪʘʛʰʠʭ ʙʦʣʦʤʞʪʦʡʛ ʭʘʨʫʫʣʞ 
ʙʘʡʥʘ.    

ʊᴇʩᴇʣ ʭʵʨʵʛʞʩʵʥ ʭʫʛʘʮʘʘʥʜ Impact factor-ʪʘʡ ʩʵʪʛװװʣʜ 7 ᴇʛװװʣʵʣ, Web of science-ʜ 
ʙװʨʪʛʵʣʪʵʡ ʙʫʶʫ ʤʵʨʛʵʞʣʠʡʥ ʩʵʪʛװװʣʜ 4 ᴇʛװװʣʵʣ, ʭʷʥʘʥ ʤʘʛʘʜʣʘʛʘʘ ʙװʭʠʡ Springer 
book 1 ᴇʛװװʣʵʣ, ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ᴇʛװװʣʵʣ /ʛʘʜʘʘʜ/ 6, ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ 
ᴇʛװװʣʵʣ /ʜʦʪʦʦʜ/ 10, ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʠʣʪʛʵʣ /ʛʘʜʘʘʜ/ 8, ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ 
ʠʣʪʛʵʣ /ʜʦʪʦʦʜ/ 13 ʪʫʩ ʪʫʩ ʭʵʚʣװװʣʞ, ʜʦʢʪʦʨʳʥ ʟʵʨʵʛ 2 ʭװʥ, ʤʘʛʠʩʪʨʳʥ ʟʵʨʵʛ 4 ʭװʥ 
ʭʘʤʛʘʘʣʩʘʥ ʙʘʡʥʘ.  
 
ʊװʣʭװװʨ װʛ: ɿʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣ, ʙʵʣʯʵʵʨʠʡʥ ʥᴇʭᴇʥ ʩʵʨʛʵʵʣʪ, NDVI, SOS, NPP 
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ʊᴇʩʣʠʡʥ ʛװʡʮʵʪʛʵʛʯʠʜ: 

 

ʊᴇʩʣʠʡʥ ʫʜʠʨʜʘʛʯ: 

 ʄʘʥʜʘʭ ʋʈʊʅɸʉɸʅ ɼʦʢʪʦʨ ʕʐɸ ʘʞʠʣʪʘʥ 

 :ʡʮʵʪʛʵʛʯʠʜװʥʜʩʵʥ ʛת

1 ɼʦʨʞʩװʨʵʥ ɸʃʊɸʅʊʋʗɸ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

2 ʉʘʥʞʞʘʚ ɸʄɸʈɾɸʈɻɸʃ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

3 ɺʘʥʜʘʥʛʦʤʙʦ ɹɸʗʈʄɸɸ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

4 ʅʘʮʘʛʜʦʨʞ ɹʆʃɼɹɸɸʊɸʈ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

5 ʈʵʥʮʵʥʜװʛʵʨ ɹʆʃɼɹɸʗʈ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

6 ɹʘʪʩʘʡʭʘʥ ɹɸʗʈʊʋʅɻɸʃɸɻ ɼʦʢʪʦʨ ʕʐɸ ʘʞʠʣʪʘʥ 

7 ɹʘʪʥʘʩʘʥ ɼɸɺɸɸɼɸʃɸʁ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

8 ɻʘʥʙʘʪ ɼɸʅɿɸʅʏɸɼɸɺ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

9 ɸʜʲʷʘ ɿʆʃɿɸʗɸ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

10 ɸʨʠʫʥʘʘ ʄᴆʅɻᴆʅʍʋʗɻ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

11 ɹʷʤʙʘʜʦʨʞ ʅɸʈɸʅɻʕʈʕʃ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

12 ʎʵʨʵʥ ʅɸʈɸʅʎɸʎʈɸʃ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

13 ɼʘʣʘʥʪʘʡ ʉɸʁʅɹɸʗʈ ʄʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

14 ɹʘʷʨʩʘʡʭʘʥ ʉɸʁʅɹʋʗʅ ɼʦʢʪʦʨ ʕʐɸ ʘʞʠʣʪʘʥ 

15 ɸʷʥʛʘ ʊתʈתתʊתɺʐʀʅ ʄʘʛʠʩʪʨ ʕʐɼɻ ʜ ʘʞʠʣʪʘʥ 

16 ɹʘʪʩʘʡʭʘʥ ʎʆɻʊɾɸʈɻɸʃ ʤʘʛʠʩʪʨ ʕʐɼʵʜ ʘʞʠʣʪʘʥ 

17 ʇװʨʵʚʩװʨʵʥ ʏʋʃʋʋʅʎʕʎʕɻ  ʕʐʊʫʩʣʘʭ ʘʞʠʣʪʘʥ 

ɻʵʨʵʵʪ ʘʞʠʣʯʠʜ: 

18 ʆʯʠʨʩװʨʵʥ ʄʕɼʕʍɻתʁ ʊᴇʨʠʡʥ 

ʩʦʸʨʭʦʣʪ 
ɻʵʨʵʵʪ ʘʞʠʣʪʘʥ 

19 ɹʘʷʨʪ ʄɸʅɼɸʍ ɼʦʢʪʦʨ, ʕʐʊɸ ɻʵʨʵʵʪ ʘʞʠʣʪʘʥ 

20 ɼʘʣʭʞʘʚ ɸʃʀʄɸɸ ɼʦʢʪʦʨ, ʕʐʊɸ ɻʵʨʵʵʪ ʘʞʠʣʪʘʥ 

21 ʅʘʤʞʠʣʜʦʨʞ ʅʗʄʉɸʄɹʋʋ ɼʦʢʪʦʨ, ʕʐɸɸ  

ʆʨʦʥ ʥʫʪʛʠʡʥ ʦʨʦʣʮʦʦ: 

22 ɼʵʤʯʠʛ ʊתɼʕɺɼʆʈɾ ɸʛʨʦʥʦʤʠʯ ɻʵʨʵʵʪ ʘʞʠʣʪʘʥ 

23 ʉʫʥʜʫʡ ʎʕʅɼ-ɸʖʋʐ ʄʘʣʯʠʥ ɻʵʨʵʵʪ ʘʞʠʣʪʘʥ 

24 ʎʵʥʜ-ɸʶʫʰ ɸʄɸʈʉɸʅɸɸ ʄʘʣʯʠʥ ɻʵʨʵʵʪ ʘʞʠʣʪʘʥ 

25 ʄᴇʥʭʞʘʨʛʘʣ ʉʋʅɼʋʁɾɸʄʎ  ɻʵʨʵʵʪ ʘʞʠʣʪʘʥ 
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ʊɸʅɼɸʍ ɸʈɻɸɸʈ ʉʋɼʃɸʍ ɹɸ ʅᴆʍᴆʅ ʉʕʈɻʕʕʍ ʊʋʈʐʀʃʊ 

 

 
 

ʊʦʚʯʠʣʩʦʥ ʥʵʨʠʡʥ ʞʘʛʩʘʘʣʪ 
 

ɸʅʋ ɸʤʝʨʠʢʠʡʥ ʅʵʛʜʩʵʥ ʫʣʩ 
ɹʅʍɸʋ ɹװʛʜ ʅʘʡʨʘʤʜʘʭ ʍʷʪʘʜ ɸʨʜ ʋʣʩ 
ɻɿʄʉ ɻʘʟʘʨʟװʡʥ ʄʵʜʵʵʣʣʠʡʥ ʉʠʩʪʝʤ 
ɿɼʊɻ ɿʘʩʘʛ ɼʘʨʛʳʥ ʊʘʤʛʳʥ ɻʘʟʘʨ 
ʄʋ ʄʦʥʛʦʣ ʋʣʩ  
ʅתɹ ʅʵʛʜʩʵʥ תʥʜʵʩʪʥʠʡ ɹʘʡʛʫʫʣʣʘʛʘ 
ʆʍʋ ʆʨʦʩʳʥ ʍʦʣʙʦʦʥʳ ʋʣʩ 
ᴆʄᴆɿʆ ᴆʚᴇʨ ʄʦʥʛʦʣʳʥ ᴆᴇʨʪᴇᴇ ɿʘʩʘʭ ʆʨʦʥ 
ʊɺ ʊʝʣʝʚʠʟ 
ʋʀʍ ʋʣʩʳʥ ʀʭ ʍʫʨʘʣ 
ʍɸɸ ʍᴇʜᴇᴇ ʘʞ ʘʭʫʡ 
AVHRR Advenced very High 

Resolution Radiometer 
ʀʣװװ ʷʣʛʘʭ ʯʘʜʚʘʨʪʘʡ ʨʘʜʠʦʤʝʪʨ 

APAR Absorbed Photosynthetically 
Active Radiation 

ʋʨʛʘʤʘʣʜ ʰʠʥʛʵʩʵʥ ʬʦʪʦʩʠʥʪʝʟʠʡʥ 
ʠʜʵʚʭʪʵʡ ʮʘʮʨʘʛʠʡʥ ʭʵʤʞʵ ɻ

AGB Above ground biomass ɻʘʟʨʳʥ ʜʵʵʨʭ ʙʠʦʤʘʩʩ 
ANPP aboveground net primary 

productivity) 
ɻʘʟʨʳʥ ʜʵʵʨʭ ʫʨʛʘʤʣʳʥ ʥʠʡʪ ʘʥʭʜʘʛʯ 
ʙװʪʵʵʛʜʵʭװװʥ 

BGB Below ground biomass ɻʘʟʨʳʥ ʜʦʦʨʭ ʙʠʦʤʘʩʩ 
BNPP (belowground net primary 

productivity) 
ɻʘʟʨʳʥ ʜʦʦʨʭ ʫʨʛʘʤʣʳʥ ʥʠʡʪ ʘʥʭʜʘʛʯ 
ʙװʪʵʵʛʜʵʭװװʥ 

CASA Carnegie-Ames-Stanford 
Approach 

ʕʢʦʩʠʩʪʝʤʠʡʥ ʛʵʨʵʣ ʘʰʠʛʣʘʣʪʳʥ 
ʂʘʨʥʝʛʠ-ɸʤʝʩ-ʉʪʵʥʬʦʨʜ ʘʨʛʘ 

EOS End of growing Season ʋʨʛʘʞ ʜʫʫʩʘʭ ʭʫʛʘʮʘʘ 
FPAR Fraction of 

Photosynthetically Active 
Radiation 

ʌʦʪʦʩʠʥʪʝʟʠʡʥ ʠʜʵʚʭʪʵʡ ʮʘʮʨʘʛʠʡʥ 
ʠhʥʛʵʵʭ ʭʵʤʞʵʵ 

FLAASH Fast Line-of-sight 
Atmospheric Analysis of 
Hypercubes 

ɸʛʘʘʨ ʤʘʥʜʣʳʛ ʟʘʩʘʭ ʭʫʨʜʘʥ ʰʫʛʘʤ 

GPP Gross Primary Productivity ʋʨʛʘʤʣʳʥ ʥʠʡʪ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ 
GMMIS Global Inventor Modeling 

Mapping Studies 
ɼʵʣʭʠʡʥ ʥᴇᴇʮʠʡʥ ʟʘʛʚʘʨʯʣʘʣ ʙʘ 
ʛʘʟʨʳʥ ʟʫʨʛʠʡʥ ʩʫʜʘʣʛʘʘ 

GIS Geographic information system ɻʘʟʘʨʟװʡʥ ʄʵʜʵʵʣʣʠʡʥ ʉʠʩʪʝʤ 
IPCC The Intergovernmental Panel 

on Climate Change 
ʋʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʟʘʩʛʠʡʥ 
ʛʘʟʘʨ ʭʦʦʨʦʥʜʳʥ ʭʦʨʦʦ 

LAI leaf area index ʅʘʚʯʥʳ ʪʘʣʙʘʡʥ ʠʥʜʝʢʩ 
LUE Light Use Efficiency ʋʨʛʘʤʣʳʥ ʬʦʪʦʩʠʥʪʝʟʠʡʥ ʘʰʠʛʪ 

 ʡʣʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪװ
MODIS Moderate Resolution Imaging 

Spectroradiometer 
ɼʫʥʜ ʟʵʨʛʠʡʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʜװʨʩʠʡʥ 
ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨ 

NASA National Aeronautics and 
Space Administration 

ɸʅʋ-ʳʥ תʥʜʵʩʥʠʡ ʩʘʥʩʘʨ ʩʫʜʣʘʣʳʥ 
ʘʣʙʘ 

NOAA National Oceanic and 
Atmospheric Administration 

ɸʅʋ-ʳʥ ɼʘʣʘʡ ʙʘ ɸʛʘʘʨ ʤʘʥʜʘʣ 
ʩʫʜʣʘʣʳʥ װʥʜʵʩʥʠʡ ʪᴇʚ 

NPP Net primary productivity ʋʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ 
NEP Net Ecosystem Productivity ʎʵʚʵʨ ʵʢʦʩʠʩʪʝʤʠʡʥ ʙװʪʵʵʛʜʵʭװװʥ 
NDVI Normalized Difference 

Vegetation Index 
ʋʨʛʘʤʣʳʥ ʅʦʨʤʯʠʣʩʦʥ ʗʣʛʘʚʨʳʥ 
ʀʥʜʝʢʩ 

http://en.wikipedia.org/wiki/Geographic_information_system
http://132.180.60.7/PLANTECOLOGY/ecosim/Hesse_NDVI_LAI_RSE94.pdf
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NDWI Normalized Difference Water 
Index 

ʋʩʥʳ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ  

PSRI Plant Senesence Reflectance ʋʨʛʘʤʣʳʥ ʭᴇʛʰʨᴇʣʠʡʥ ʠʥʜʝʢʩ 
RS Remote Sensing ɿʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣ 
SOL Solar Radiation ʅʘʨʥʳ ʮʘʮʨʘʛ 
SOS Start of growing Season ʋʨʛʘʤʘʣ ʫʨʛʘʞ ʵʭʣʵʭ ʭʫʛʘʮʘʘ 
SPOT Systeme Probatoire 

dôObservation de la Terre 
ɼʵʣʭʠʡ ʥʠʡʪʠʡʥ ʘʞʠʛʣʘʣʪʳʥ ʩʠʩʪʝʤ 

SR Simple Ratio ʕʥʛʠʡʥ ʭʘʨʴʮʘʘ 
TIMESAT Time-series of Satellite 

Sensor Data Tool 
ʍʫʛʘʮʘʘʥʳ ʮʫʚʘʘʪ ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ 
ʤʵʜʵʵ ʰʠʥʞʠʣʛʵʵʥʠʡ ʧʨʦʛʨʘʤʤ 
ʭʘʥʛʘʤʞʠʡʥ ʙʘʛʮ 

ʛʨʂ/ʤ2 Gramm carbon/ square 
metre 

ɻʨʘʤʤ ʥװװʨʩʪᴇʨᴇʛʯ / ʤʝʪʨ ʢʚʘʜʨʘʪ 

ʄɾ/ʤ2 MilliJoule/ square metre ʄʠʣʣʠʞʦʫʣʴ/ ʤʝʪʨ ʢʚʘʜʨʘʪ 



ɿʫʨʛʠʡʥ ʞʘʛʩʘʘʣʪ 
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1 
 

ʆʈʐʀʃ 

ʅתɹ-ʳʥ ʎᴇʣʞʠʣʪʪʵʡ ʪʵʤʮʵʭ ʢʦʥʚʝʥʮʦʜ "ʋʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪ, ʭװʥʠʡ װʡʣ 

ʘʞʠʣʣʘʛʘʘ ʟʵʨʵʛ ʦʣʦʥ ʷʥʟʳʥ ʭװʯʠʥ ʟװʡʣʠʡʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʭʫʫʨʘʡ, ʭʫʫʨʘʡʚʪʘʨ, ʯʠʡʛ 

ʜʫʪʤʘʛ ʥʫʪʘʛ ʦʨʦʥʜ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ ʙʦʣʦʭʳʛ ʮᴇʣʞʠʣʪ ʛʵʥʵò  ʭʵʤʵʵʥ ʪʦʜʦʨʭʦʡʣʩʦʥ 

ʙʘʡʜʘʛ [1]ï[3]. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ ʥʴ ʙʘʡʛʘʣʠʡʥ ʭװʯʠʥ ʟװʡʣʩ ʙʘ ʘʞ 

ʘʭʫʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʥᴇʣᴇᴇʛᴇᴇʨ ʛʘʥʜʫʫ ʭʫʫʨʘʡ ʥʫʪʛʠʡʥ ʵʢʦʩʠʩʪʝʤ ʘʣʜʨʘʣʜ ʦʨʞ 

ʙʠʦʣʦʛʠʡʥ ʙװʪʵʵʤʞ ʥʴ ʭʦʤʩʜʦʞ ʙʘʡʛʘʘ ʭʵʣʙʵʨ ʶʤ [4].  ʍʫʫʨʘʡ ʛʘʟʘʨ ʦʨʦʥʜ ʛʘʟʨʳʥ 

ʜʦʨʦʡʪʦʣ ʙʦʣʦʭʦʜ ʵʥʵ ʥʴ ʷʛ ʮᴇʣ ʰʠʛ ʥᴇʭʮᴇʣʠʡʛ ʙʠʡ ʙʦʣʛʦʜʦʛ [5]. ʐʘʣʪʛʘʘʥ ʥʴ 

ʭᴇʨʩʥʠʡ ʯʠʡʛ ʭʘʥʛʘʤʞ ʙʘʛʘ, ʭʫʨ ʪʫʥʘʜʘʩ ʭʷʟʛʘʘʨʣʘʛʜʤʘʣ, ʫʣʠʨʣʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ 

ʭʵʣʙʵʣʟʵʣ ʠʭ ʙʘʡʜʘʛʪʘʡ ʭʦʣʙʦʦʪʦʡ. ʕʥʵ ʥʴ ʫʨʛʘʤʘʣ ʫʨʛʘʭ ʪʘʘʪʘʡ ʥᴇʭʮᴇʣʠʡʛ 

ʭʷʟʛʘʘʨʣʘʭ ʭװʯʠʥ ʟװʡʣ ʙʦʣʜʦʛ ʙʘʡʥʘ. ʀʡʤʵʵʩ ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʛ ʠʣʨװװʣʵʭ 

ʮᴇʣʞʠʣʪʠʡʥ ʵʨʯʤʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʥʴ ʯʫʭʘʣ ʶʤ. 

ʄʦʥʛʦʣ ʦʨʥʳ ʭʫʚʴʜ ʛʘʥ ʮᴇʣʞʠʣʪʠʡʥ ʪʘʣʘʘʨ ʦʣʦʥ ʵʨʜʵʤʪʵʜ ʩʫʜʘʣʛʘʘ ʭʠʡʩʵʥ 

ʙʘʡʜʘʛ [6]. ʉʫʜʣʘʘʯʜʳʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʮᴇʣʞʠʣʪ ʭװʯʪʵʡ ʙʦʣʦʥ ʥʵʥ ʭװʯʪʵʡ ʠʣʵʨʩʵʥ 

ʪʫʭʘʡʥ ʛʘʟʘʨ ʥʫʪʘʛʪ ʙʘʡʛʘʣʠʡʥ ʭװʯʠʥ ʟװʡʣ 56 ʭʫʚʴ, ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʥᴇʣᴇᴇ 

44 ʭʫʚʠʡʛ ʵʟʵʣʞ ʙʘʡʥʘ [7]. ʎᴇʣʞʠʣʪʠʡʛ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʭװʯʠʥ ʟװʡʣʠʡʥ ʪʘʣʘʘʩ ʥʴ 

ʃ.ʅʘʮʘʛʜʦʨʞ, ɾ.ɼʫʣʘʤʩװʨʵʥ, ʎ.ʎʘʮʨʘʣ ʥʘʨ ʥʵʣʵʵʜ ʮʘʨ ʭװʨʵʵʪʵʡ ʩʫʜʘʣʛʘʘʛ ʭʠʡʩʵʥ 

ʙʘʡʥʘ [8]. ʄᴇʥ ɼ.ɼʘʰ ʫʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDVI)-ʠʡʥ ʩװװʣʠʡʥ 10 ʞʠʣʠʡʥ 

ᴇᴇʨʯʣᴇʣʪᴇᴇʨ ʮᴇʣʠʡʥ ʙװʩʠʡʥ ʵʟʣʵʭ ʪʘʣʙʘʡ 3. ʭʫʚʠʘʨ ʥʵʤʵʛʜʵʞ, ʜʫʥʜ ʟʵʨʛʵʵʩ ʤʘʰ 

ʭװʯʪʵʡ ʮᴇʣʞʠʣʪ ʠʣʵʨʩʵʥ ʛʵʞʵʵ.  

ɻʘʟʨʳʥ ʜʦʨʦʡʪʣʳʥ ʩʫʜʘʣʛʘʘʥʜ ᴇʛᴇʛʜʣʠʡʥ ʪʘʩʨʘʣʪʛװʡ ʙʘʡʜʘʣ, ʥʘʨʠʡʚʯʣʘʣ 

ʟʵʨʵʛ ʥʴ ʭʘʤʛʠʡʥ ʯʫʭʘʣ ʪᴇʜʠʡʛװʡ ʦʣʦʥ ʭװʯʠʥ ʟװʡʣʵʵʩ ʭʘʤʘʘʨʩʘʥ ʥʠʡʣʤʵʣ װʡʣ ʷʚʮ 

ʶʤ. װתʥʠʡʛ ʭʘʥʛʘʭ ᴇʛᴇʛʜᴇʣ ʙʦʣ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ ʪʝʭʥʦʣʦʛʠ ʜʵʵʨ 

ʩʫʫʨʠʣʩʘʥ ñEarth observationò ʙʫʶʫ ʜʵʣʭʠʡ ʘʞʠʛʣʘʣʪʳʥ ʤʦʥʠʪʦʨʠʥʛ ʩװʣʞʵʵʥʠʡ 

ʤʵʜʵʵʣʣʠʡʥ ᴇʛᴇʛʜᴇʣ ʶʤ. ʕʥʜ ʫʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDVI), ʫʨʛʘʤʣʳʥ 

ʮʵʚʵʨ ʙװʪʵʵʤʞ (NPP)-ʠʡʛ ʘʰʠʛʣʘʭʘʜ ʪʦʭʠʨʦʤʞʪʦʡ [9]. ʉʫʜʣʘʘʯʠʜ MODIS ʭʠʡʤʵʣ 

ʜʘʛʫʫʣʳʥ ʫʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDVI)-ʠʡʥ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ʤʵʜʵʵʛ ʘʰʠʛʣʘʥ 

ʪװװʥʠʡ ʰʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ ʪʨʝʥʜʠʡʥ ʥʘʣʘʣʪʳʥ ᴇʥʮʛᴇᴇʨ ʭʘʥʜʣʘʛʳʛ ʛʘʨʛʘʞ ʛʘʟʨʳʥ 

ʜʦʨʦʡʪʦʣ ʮᴇʣʞʠʣʪʠʡʥ ʩʫʜʘʣʛʘʘʛ ʭʠʡʩʵʥ ʙʘʡʜʘʛ [3], [9]ï[11]. ɻʘʟʨʳʥ ʜʦʨʦʡʪʦʣ, 

ʮᴇʣʞʠʣʪʠʡʛ ʠʣʨװװʣʵʭʵʵʩ ʛʘʜʥʘ ʪװװʥʠʡʛ װʥʵʣʞ ʯʘʜʘʤʞʠʡʛ ʥʴ ʪʦʜʦʨʭʦʡʣʦʭ ʭʘʤʛʠʡʥ 

ʯʫʭʘʣ. ʕʥʜ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ ʠʣʨʵʣ (ʮᴇʣʞʠʣʪʠʡʛ ʟʵʨʵʛʣʵʣʵʵʨ)-ʵʵʨ ʩʫʣ, ʜʫʥʜ ʟʵʨʵʛ, 

ʭװʯʪʵʡ, ʠʭ ʭװʯʪʵʡ ʛʵʩʵʥ 4 ʟʵʨʵʛʣʵʣʵʵʨ ʥʵʛʜʩʵʥ װʥʵʣʛʵʵʛ ʛʘʨʛʘʜʘʛ [4]. ɻʘʟʨʳʥ 

ʜʦʨʦʡʪʦʣʜ ʭװʥʠʡ ʭװʯʠʥ ʟװʡʣ ʙʦʣʦʥ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʭװʯʠʥ ʟװʡʣ ʩʘʣʘʥʛʠʜ ʦʡʣʛʦʣʪ 

ʭʵʚʵʵʨ ʙʘʡʛʘʘ ʥʴ ʛʦʣ ʙʵʨʭʰʵʵʣ ʙʦʣʩʦʦʨ ʙʘʡʥʘ [12].  

ɹʘʡʛʘʣʠʡʥ ʥᴇʭʮᴇʣʠʡʥ ᴇᴇʨʯʣᴇʣʪ, ʥᴇᴇʮʠʡʥ ʜʦʨʦʡʪʦʣ ʵʨʛʵʵʜ ʦʣʦʥ ʩᴇʨᴇʛ װʨ 

ʜʘʛʘʚʨʳʛ ʙʠʡ ʙʦʣʛʦʞ ʙʘʡʛʘʘ ʥʴ ʟᴇʚʭᴇʥ ʄʦʥʛʦʣ ʫʣʩʳʥ ʭʫʚʴʜ ʪᴇʜʠʡʛװʡ ʭʠʣ ʟʘʣʛʘʘ 

ʫʣʩʫʫʜʘʜ ʷʣʘʥʛʫʷʘ ᴆʤʥᴇʜ ʭᴇʨʰʠʜ ʯ ʥʵʛʵʥ ʘʜʠʣ ʪʦʭʠʦʣʜʦʭ ʙʦʣʞʵʵ. ʊʦʚʯʭʦʥʜʦʦ 

ʭʠʣ ʜʘʤʥʘʩʘʥ ʰʠʥʞʪʵʡ ʙװʩ ʥʫʪʛʠʡʥ ʘʩʫʫʜʘʣ ʙʦʣʞʵʵ. ɹʅʍɸʋ-ʳʥ ʤʘʥʘʡ ʫʣʩʪʘʡ ʭʠʣ 

ʟʘʣʛʘʘ ʥʫʪʘʛ ʙʦʣʦʭ ᴆʚᴇʨ ʄʦʥʛʦʣʳʥ ᴆᴇʨʪᴇᴇ ʟʘʩʘʭ ʦʨʦʥ (ᴆʄᴆɿʆ)-ʜ ʙʘʡʛʘʣʠʡʥ 

ʥᴇʭʮᴇʣ, ʥᴇᴇʮʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʩʫʜʣʘʭ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ װʡʣ ʘʞʠʣʣʘʛʘʘʛ ʪᴇʣᴇʚʣᴇʭ, 

ʭʵʨʵʛʞװװʣʵʭ ʥʴ ʥɻ ʣʵʵʜ ʩʘʡʥ ʭʠʡʛʜʩʵʥ ʙʘʡʜʘʛ ʙʘʡʥʘ. ʄᴇʥ ʵʥʵ ʘʩʫʫʜʣʳʛ ʭʘʨʠʫʮʜʘʛ 

ʙʘʡʛʫʫʣʣʘʛʘ ʤʘʰ ʪʦʜʦʨʭʦʡ, ʪװװʥʠʡ װװʨʵʛ ʵʨʭ ʥʴ ʩʘʡʪʘʨ ʭʫʫʣʴʯʣʘʛʜʩʘʥ ʘʞʵʵ. ʍʘʨʠʥ 

ʤʘʥʘʡ ʫʣʩʘʜ ʜʵʵʨʭ װʡʣ ʘʞʠʣʣʘʛʘʘʛ ʦʣʦʥ  ʙʘʡʛʫʫʣʣʘʛʘ ʪʫʩ ʪʫʩʜʘʘ ʭʵʨʵʛʞװװʣʜʵʛ 

ʙʘʡʥʘ. 
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ᴆʄᴆɿʆ-ʥʳ ʩʫʜʣʘʘʯʠʜʪʘʡ ʭʘʤʪʨʘʥ ʶʫʥʳ ʪװʨװװʥʜ ʤʘʥʘʡ ʫʣʩʘʜ ʵʨʯʠʤʪʵʡ 

ʷʚʘʛʜʘʞ ʙʫʡ ʮᴇʣʞʠʣʪʠʡʥ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʛ ʭʠʡʭ, ʪʵʛʵʭʜʵʵ ʪʫʩ ʫʣʩʳʥ ʵʨʜʵʤʪʜʠʡʥ 

ʙʘʨʠʤʪʘʣʜʘʛ ʘʨʛʘʯʣʘʣʘʘʨ ʵʥʵʭװװ ʪᴇʩʣʠʡʥ ʩʫʜʘʣʛʘʘʛ ʛװʡʮʵʪʛʵʭʠʡʛ ʟʦʨʴʩʦʥ ʶʤ. 

ʊʫʩ ʫʣʩʘʜ ʮᴇʣʞʠʣʪʠʡʥ ʩʫʜʘʣʛʘʘʛ ʭʠʡʭʜʵʵ ʶʫʥʳ ʪװʨװװʥʜ ʪʫʭʘʡʥ ʙװʩ ʥʫʪʘʛʪ  

ʭװʯʪʵʡ ʜʦʨʦʡʪʦʞ ʙʫʡ ʛʘʟʘʨ ʟװʡʥ ʵʣʝʤʝʥʪװװʜ ʪʫʭʘʡʣʙʘʣ ʭᴇʨʩ, ʫʨʛʘʤʘʣ, ʛʘʟʨʳʥ 

ʛʘʜʘʨʛʘ ʦʡʥ ʥᴇᴇʮʠʡʥ ʘʣʴ ʥʴ ʛʦʣʣʦʞ ʙʘʡʛʘʘʛ ʩʦʥʛʦʥ ʘʚʯ ʙʫʩʜʳʛ ʥʴ ʭʦʸʨʜʫʛʘʘʨ 

ʪʦʡʨʦʛʪ ʦʨʫʫʣʞ (ʛʵʭʜʵʵ ʦʛʪ ʦʨʭʠʜʦʛʛװʡ) ʩʫʜʣʘʥ ʪʦʜʦʨʭʦʡʣʞ, ʪװװʥʜʵʵ ʪʫʣʛʫʫʨʣʘʥ 

ʙʘʨʠʤʪʣʘʭ ʙʦʜʣʦʛʦ, ʘʚʘʭ ʘʨʛʘ ʭʵʤʞʵʵʛʵʵ ʪᴇʣᴇʚʣᴇʥ ʭʵʨʵʛʞװװʣʜʵʛ ʙʘʡʥʘ. 

ʄʦʥʛʦʣ ʫʣʩ 110.5 ʩʘʷ ʛʘ ʙʵʣʯʵʵʨ ʪʘʣʙʘʡʪʘʡ ʙʘ 4.5 ʭʫʚʴ ʥʴ ᴇʥʜᴇʨ ʫʫʣʳʥ 

ʙװʩʵʜ 23.0 ʭʫʚʴ ʥ ɹʦʡʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ, 28.0 ʭʫʚʴ ʥʴ ʭʵʵʨʠʡʥ ʙװʩʵʜ, 28.3 ʭʫʚʴ 

ʥ ɹʮᴇʣᴇʨʭᴇʛ ʭʵʵʨʠʡʥ ʙװʩʵʜ, 16.2 ʭʫʚʴ ʥʴ ʮᴇʣʠʡʥ ʙװʩʵʜ ʪʘʨʭʩʘʥ ʙʘʡʜʘʛ ʙʘʡʥʘ. 

ʅʠʡʛʵʤ ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʭᴇʛʞʣʠʡʥ װʥʜʩʵʥ ʪʫʣʛʫʫʨ ʙʵʣʯʵʵʨʠʡʥ ʛʘʟʘʨ ʥʴ ʤʘʣʳʥ ʥʠʡʪ 

ʪʵʞʵʵʣʠʡʥ ʭʵʨʵʛʮʵʵʥʠʡ 97-98 ʭʫʚʴ, ʤᴇʥʛᴇᴇʨ ʠʣʵʨʭʠʡʣʙʵʣ ¾-ᴇᴇʩ 4 ʦʨʯʠʤ ʠʭ ʥʘʷʜ 

ʪᴇʛʨᴇʛʠʡʥ װʥʵʛװʡ ʪʵʞʵʵʣʠʡʛ ʙʘʡʛʘʣʠʡʥ ʙʵʣʯʵʵʨʵʵʩ ʭʘʥʛʘʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ ʭװʥ ʘʤʳʥ 

3/1 ʭʫʚʠʡʛ ʘʞʣʳʥ ʙʘʡʨʘʘʨ ʭʘʥʛʘʞ ʭᴇʜᴇᴇʛʠʡʥ ʘʨʜ ʠʨʛʵʜʠʡʥ ʘʤʴʞʠʨʛʘʘʥʳ ʛʦʣ ʵʭ 

 ʣʞ ʙʘʡʥʘ. ʊᴇʚ ɸʟʠʡʥ ʵʨʩ ʪʵʩ ʙʘʡʛʘʣʴ ʮʘʛ ʫʫʨʳʥ ʠʣʵʨʭʠʡʣʵʣװװʨʜװʩʚʵʨʠʡʛ ʙװװ

ʙʦʣʩʦʥ ʙʵʣʯʵʵʨ ʥʴ  ʄʦʥʛʦʣʳʥ ʫʣʩʳʥ ʩʦʸʣ, ʟʘʥ ʟʘʥʰʠʣ, ʠʨʛʵʥʰʠʣ, װʥʵʪ ʟװʡʣʠʡʥ ʵʭ 

ʙʫʣʘʛ ʫʛ ʩʫʨʚʘʣʞ ʶʤ.  

ɹʵʣʯʵʵʨʠʡʥ ʜʦʨʦʡʪʦʣ ʛʵʜʵʛ ʥʴ ʪʫʭʘʡʥ ʥʫʪʘʛʪ ʫʨʛʘʞ ʤʘʣ ʩʘʡʥ ʠʜʜʵʛ, ʰʠʤʪ 

ʯʘʥʘʨ ʩʘʡʪʘʡ ʫʨʛʘʤʣʫʫʜ ʭʦʚʦʨʜʦʞ, ʫʩʪʘʞ װʛװʡ ʙʦʣʦʭ ʪװװʥʠʡ ʦʨʦʥʜ ʰʘʨʠʣʞ, ʣʫʫʣʴ, 

ʭʘʤʭʫʫʣ ʤʵʪʠʡʥ ʪʵʞʵʵʣʠʡʥ ʘʯ ʭʦʣʙʦʛʜʦʣ ʤʫʫʪʘʡ ʫʨʛʘʤʣʫʫʜ ʠʭʩʵʭ, ʫʨʛʘʤʘʣ ʥᴇʤʨᴇʛ 

ʙװʭʵʣʜʵʵ ʥʘʤʩʘʞ, ʩʠʡʨʵʛʞʠʭ, ʭᴇʨʩ ʭʘʣʮʛʘʡʨʘʥ ᴇʚʩ ʫʨʛʘʤʘʣʛװʡ ʙʦʣʦʭ, ʭʫʫʨʘʡʰʠʭ, 

ʛʘʟʨʳʥ ʛʘʜʘʨʛʫʫ ʵʚʜʨʵʥ ʵʣʵʛʜʵʭ ʟʵʨʵʛ ʵʢʦʣʦʛʠʡʥ ʦʣʦʥ ʪʘʘʛװʡ ʥᴇʭʮᴇʣװװʜ װװʩʵʭ װʡʣ 

ʷʚʮ ʶʤ. 

ɹʵʣʯʵʵʨʠʡʥ ʜʦʨʦʡʪʦʣ ʥʴ ʙʘʡʛʘʣʠʡʥ ʙװʩ, ʙװʩʣװװʨ, ʙʵʣʯʵʵʨʠʡʥ ʪᴇʨᴇʣ, 

ʵʢʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣ ʟʵʨʵʛ ʦʣʦʥ ʭװʯʠʥ ʟװʡʣʵʵʩ ʭʘʤʘʘʨʘʥ ʷʣʛʘʘʪʘʡ ʙʘʡʜʘʛ ʙʘʡʥʘ. 

ʉʫʜʣʘʘʯʠʜ ʙʵʣʯʵʵʨʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʛ ʩʦʨʛʦʛ, ʙʘʛʘ, ʜʫʥʜ, ʠʭ,  ʭװʯʪʵʡ ʜʦʨʦʡʪʩʦʥ 

ʛʵʞ ʪʦʛʪʦʦʩʦʥ ʙʘʡʥʘ. 2016 ʦʥʳ ʩʫʜʘʣʛʘʘʛʘʘʨ ʥʠʡʪ ʙʵʣʯʵʵʨʠʡʥ 42.4 ʭʫʚʴ ʭʵʚʠʡʥ 

ʙʫʶʫ ʩʦʨʛʦʛ, 13.5 ʭʫʚʴ ʥʴ ʙʘʛʘ ʟʵʨʵʛ ʜʦʨʦʡʪʩʦʥ, 21.2 ʭʫʚʴ ʜʫʥʜ ʟʵʨʵʛ ʜʦʨʦʡʪʩʦʥ, 

12.8 ʭʫʚʴ ʥʴ ʠʭ ʜʦʨʦʡʪʩʦʥ, ʭʘʨʠʥ 10.3 ʭʫʚʴ ʥʴ ʭװʯʪʵʡ ʜʦʨʦʡʪʩʦʥ ʛʵʞ ʪʦʛʪʦʦʞʵʵ. 

ʉʵʜʚʠʡʛ ʛװʡʮʵʪʛʵʭ װʥʜʵʩʣʵʣ, ʰʘʘʨʜʣʘʛʘ 

 ʉװװʣʠʡʥ 20 ʛʘʨʫʡ ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʙʵʣʯʵʵʨ ʭʵʪ ʠʭ ʪʘʣʭʣʘʛʜʘʞ, ʭᴇʨʩʥʠʡ 

ʵʣʵʛʜʵʣ, ʵʚʜʨʵʣ װװʩʵʞ, ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ ʪᴇʨʭ ʙʘʡʜʘʣ ᴇᴇʨʯʣᴇʛʜʩᴇʥʠʡ ʫʣʤʘʘʩ 

ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ ʫʣʘʤ ʵʨʯʠʤʞʞʵʵ. ʎᴇʣʞʠʣʪ ʫʣʘʤ ʥʵʤʵʛʜʩʵʵʨ 2016 ʦʥʜ ɹʫʣʛʘʥ 

ʘʡʤʘʛʪ ʭʠʡʩʵʥ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛʵʵʩ װʟʚʵʣ ʭʵʪ ʠʭ ʪʘʣʭʣʘʛʜʩʘʥ ʙʵʣʯʵʵʨʠʡʥ ʪʘʣʙʘʡ 

38.9 ʤʷʥ.ʛʘ-ʘʘʨ ʥʵʤʵʛʜʵʞ, ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʘʟʦʪʳʥ ʭʵʤʞʵʵ 1.62 ʭʫʚʴ, ʬʦʩʬʦʨ 

0.97 ʭʫʚʴ, ʷʣʟʤʘʛʠʡʥ ʭʵʤʞʵʵ 2.37 ʭʫʚʠʘʨ ʪʫʩ ʪʫʩ ʙʫʫʨʯ, 28 ʛʦʨʭʠ, ʙʫʣʘʛ ʰʠʨʛʵʞ, 

ʥʫʫʨʳʥ ʫʩʥʳ ʪװʚʰʠʥ 22.6 ʩʤ-ʵʵʨ ʙʘʛʘʩʞʵʵ. ʋʫʣ ʫʫʨʭʘʡ, ʭʵʵʨʠʡʥ ʟʘʤʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ 

ʵʚʜʵʨʩʵʥ ʛʘʟʨʳʥ ʪʘʣʙʘʡ 46.7 ʤʷʥ.ʛʘ-ʘʘʨ ʥʵʤʵʛʜʞʵʵ. ʄᴇʥ ʩʫʣ ʵʣʩ ʩʘʣʭʠʘʨ 

ʟᴇᴇʛʜʩᴇʥᴇᴇʩ 16.7 ʤʷʥ.ʛʘ ʪʘʣʙʘʡʛ ʙװʨʭʩʵʥ ʙʘʡʥʘ. ɹʵʣʯʵʵʨ, ʦʡʛ ʩװʡʪʛʵʛʯ  ʭʦʨʪʦʥ 

ʰʘʚʞ  (װʣʠʡʥ ʮʘʛʘʘʥ ʦʛʦʪʥʦ, ʮʘʨʮʘʘ, ʉʠʙʠʨʠʡʥ ʪᴇᴇʣװװʨ ʭװʨ ʭʦʨʭʦʡ)ïʥʳ ʪʘʨʭʘʣʪ 

ʠʭʩʵʞ,  ʠʭ ʭʵʤʞʵʵʥʠʡ ʪʘʣʙʘʡʛ ʭʘʤʨʘʭ ʙʦʣʦʚ. ʕʥʵ ʥʴ ʤʘʣ ʘʞ ʘʭʫʡʥ ʭᴇʛʞʠʣʜ ʤʫʫʛʘʘʨ 

ʥᴇʣᴇᴇʣᴇʭ ʙᴇʛᴇᴇʜ ʭװʥ ʘʤʳʛ ʭװʥʩʵʵʨ ʭʘʥʛʘʭ ʭᴇʥʛᴇʥ ʭװʥʩʥʠʡ װʡʣʜʚʵʨʠʡʛ ʪװװʭʠʡ ʵʜʵʵʨ 

ʭʘʥʛʘʭ ʮʘʘʰʣʘʘʜ ʵʢʩʧʦʨʪʳʥ ʦʨʣʦʛʳʥ ʭʵʤʞʵʵ ʙʫʫʨʘʭʘʜ ʥᴇʣᴇᴇʣʞ ʙʘʡʛʘʘ ʶʤ. 
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ɹʵʣʯʵʵʨʠʡʥ ʜʦʨʦʡʪʦʣʜ ʜʵʣʭʠʡʥ ʜʫʣʘʘʨʘʣ, ʙʘʡʛʘʣʴ ʮʘʛ ʫʫʨʳʥ ᴇᴇʨʯʣᴇʣʪ, ʤʘʣʳʥ ʪʦʦ 

ʪʦʣʛʦʡʥ ᴇʩᴇʣʪ, ʙʵʣʯʵʵʨʠʡʥ ʭʵʪ ʠʭ ʘʯʘʘʣʘʣ, ʙʵʣʯʵʵʨʠʡʥ ʟʦʭʠʩʛװʡ ʘʰʠʛʣʘʣʪ ʟʵʨʵʛ ʥʴ 

ʥᴇʣᴇᴇʣʞ ʙʘʡʥʘ. ʀʡʤʜ ʭʵʪ ʪʘʣʭʣʘʛʜʩʘʥ ʙʵʣʯʵʵʨʠʡʛ ʟʘʡʥʘʘʩ ʪʘʥʜʘʭ ʘʨʛʘʘʨ ʩʫʜʣʘʭ, 

ʦʣʞ ʠʣʨװװʣʵʭ ʤᴇʥ ʙʵʣʯʵʵʨʠʡʛ ʭʵʨʭʵʥ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ ʘʨʛʘ ʘʨʛʘʯʣʘʣʳʛ ʩʫʜʣʘʭ 

ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘ ʪʫʣʛʘʨʘʘʜ ʙʘʡʥʘ.  

ʍʘʤʘʨ ʭʘʪʛʘʚʘʣ ʠʜʵʞ, ʭʘʷʘ ʙʘʛʪʚʘʣ ʙʫʫʥʘ ʛʵʩʵʥ ʦʡʣʛʦʣʪ ʦʜʦʦʛʠʡʥ ʥᴇʭʮᴇʣʜ 

ʪʦʭʠʨʦʤʞʛװʡ ʙʦʣʦʦʜ ʙʘʡʥʘ. ʄʘʣʯʠʜ ʭʘʘʥʘ ʩʘʡʥ ʛʘʨʮʪʘʡ ʛʘʟʘʨ ʙʘʡʥʘ ʪʵʥʜ ʦʯʠʞ 

ʙʫʫʥ ʪʘʣʭʣʘʘʜ ʜʘʨʘʘʛʠʡʥ ʛʘʟʘʨ ʨʫʫ ʥװװʜʵʛ. װתʥʠʡʛ ʟʦʭʠʮʫʫʣʘʭ ʷʤʘʨ ʯ ʵʨʭʟװʡʥ 

ʦʨʯʠʥ ʙʘʡʭʛװʡ. ɹʵʣʯʵʵʨʵʵ ᴇᴇʨʠʡʥ ʛʵʭ ʭʫʫʣʴ ʵʨʭʟװʡʥ ʦʨʯʠʥ ʙʘʡʭʛװʡ ʫʯʨʘʘʩ ʤʘʣʯʠʜ 

ʛʘʟʘʨʪʘʘ ʭװʥʠʡʤʩʵʛ ʭʘʥʜʩʘʘʨ ʙʘʡʥʘ. ɹʵʣʯʵʵʨʵʵ ʭʘʤʛʘʘʣʘʭ, ʩʘʡʞʨʫʫʣʘʭ ʭᴇʨᴇʥʛᴇ 

ʦʨʫʫʣʘʣʪ ʭʠʡʭʛװʡ ʙʘʡʛʘʘ ʥʴ ʙʵʣʯʵʵʨ ʪʘʣʭʣʘʛʜʘʭ ʥʵʛ ʰʘʣʪʛʘʘʥ ʙʦʣʞ ʙʘʡʥʘ.  

ɹʵʣʯʵʵʨʠʡʥ ʭʵʪ ʪʘʣʭʣʘʛʜʘʣ, ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣʜ ʥᴇʣᴇᴇʣʞ ʙʫʡ ʭװʯʠʥ ʟװʡʣʩ: 

¶ ʋʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪ  (ʜʫʣʘʘʨʘʣ ʭʫʫʨʘʡʰʠʣ) 

¶ ʄʘʣʳʥ ʪʦʦʥʳ ʭʵʪ ʠʭ ᴇʩᴇʣʪ 

¶ ʍװʥ ʘʤʳʥ ʰʠʣʞʠʭ ʭᴇʜᴇʣʛᴇᴇʥ, ʪᴇʚʠʡʥ ʙװʩ ʜʵʭ ʭʵʪ ʪᴇʚʣᴇʨᴇʣ 

¶ ʕʜʠʡʥ ʟʘʩʛʠʡʥ ʪʦʛʪʚʦʨʛװʡ ʙʘʡʜʘʣ (ʘʞ װʡʣʜʚʵʨʠʡʥ ʩʘʣʙʘʨʳʥ ʫʥʘʣʪ)  

¶ ɹʵʣʯʵʵʨʠʡʥ ʛʘʟʨʳʛ ʩʵʣʛʵʵʛװʡ ʜʘʚʪʘʥ ʘʰʠʛʣʘʣʪ ʟʵʨʵʛ ʙʦʣʥʦ 

ʄʦʥʛʦʣ ʫʣʩʳʥ ʙʘʡʛʘʣʴ ʦʨʯʠʥ ʜʘʭʴ ʦʨʯʠʥ װʝʠʡʥ ʵʜʛʵʵʨ װʡʣ ʷʚʮ ʥʴ 

ʙʵʣʯʵʵʨʠʡʥ ʭʵʪ ʜʦʨʦʡʪʣʳʛ ʵʨʯʠʤʞװװʣʞ ʫʣʤʘʘʨ ʮᴇʣʞʠʣʪ ʙʠʡ ʙʦʣʛʦʞ ʙʘʡʥʘ. ʕʥʵ ʥʴ  

ʭᴇʨʰ ʟʵʨʛʵʣʜʵʵ ʦʨʥʫʫʜʳʥ ʟʘʨʠʤ ʪʦʤ ʭʦʪ, ʙװʩ ʥʫʪʛʠʡʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ ʯ ʩᴇʨᴇʛ 

ʥᴇʣᴇᴇ װʟװװʣʞ ʙʘʡʥʘ. ɹʵʣʯʵʵʨʠʡʥ ʭʵʪ ʪʘʣʭʣʘʛʜʘʣ, ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʛ װʥʵʣʵʭʵʜ 

ʯʠʛʣʵʛʜʩʵʥ ʩʫʜʘʣʛʘʘ ᴇʥʛᴇʨʩᴇʥ ʭʫʛʘʮʘʘʥʜ ʭʠʡʛʜʵʞ ʙʘʡʩʘʥ ʙʦʣʦʚʯ ʦʨʯʠʥ װʝʠʡʥ ʦʣʦʥ 

ʞʠʣʠʡʥ ʜʘʚʪʘʤʞʪʘʡʛʘʘʨ ʟʘʡʥʘʘʩ ʪʘʥʜʘʭ ʘʨʛʘʘʨ ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʦʣʦʥ ʩʫʚʛʠʡʥ 

ʤʵʜʵʵʛ ʭʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘʪʘʡ, ʭʦʩʣʫʫʣʘʥ ʭʵʨʵʛʣʵʞ ʙʵʣʯʵʵʨʠʡʥ ʭʵʪ 

ʪʘʣʭʣʘʛʜʘʣ, ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʥ ʟʵʨʵʛʣʵʣʠʡʛ ʪʦʛʪʦʦʞ ʪʘʨʭʘʣʪʳʛ ʥʴ ʛʘʨʛʘʩʘʥ 

ʜʦʨʚʠʪʦʡ ʩʫʜʘʣʛʘʘ װʛװʡʣʵʛʜʵʞ ʙʘʡʥʘ.  

ʄʦʥʛʦʣ ʦʨʥʳ ʥʠʡʪ ʙʵʣʯʵʵʨʠʡʥ 70 ʛʘʨʫʡ ʭʫʚʴ ʥʴ ʷʤʘʨ ʥʵʛ ʭʵʤʞʵʵʛʵʵʨ 

ʜʦʨʦʡʪʩʦʥ ʥʴ ʮᴇʣʞʠʣʪʠʡʛ ʥʵʤʵʛʜװװʣʞ ʙʘʡʛʘʣʴ ʦʨʯʥʳ ʪʵʥʮʚʵʨʪ ʙʘʡʜʣʳʛ 

ʘʣʜʘʛʜʫʫʣʞ, ʫʣʩ ʦʨʥʳ ʥʠʡʛʵʤ ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʪʦʛʪʚʦʨʪʦʡ ʭᴇʛʞʠʣʜ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ 

  .ʣʞ ʙʘʡʥʘװװʟװ

ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ ʜʘʚʪʘʛʜʩʘʥ ʭʫʫʨʘʡʰʠʣʪ, ʤʘʣʳʥ ʪʦʦ ʪʦʣʛʦʡʥ ᴇʩᴇʣʪ, 

ᴇʚᴇʣʞᴇᴇ, ʭʘʚʘʨʞʘʘ, ʟʫʩʣʘʥʛʠʡʥ ʙʘʡʨʰʣʳʥ ʟʘʡ ʦʡʨʪʦʭ, ʤʘʣʳʛ ʫʣʘʤʞʣʘʣʪ ʘʨʛʘʘʨ 

ʤʘʣʣʘʭ ʷʚʜʘʣ ʘʣʜʘʛʜʩʘʥ ʥʴ ʙʵʣʯʵʵʨʠʡʥ ʪʘʣʭʣʘʛʜʘʣ װװʩʛʵʭ, ʤᴇʥ װʣʠʡʥ ʮʘʛʘʘʥ 

ʦʛʦʪʥʳʥ ʪʦʦ ʪʦʣʛʦʡʛ ʥʵʤʵʛʜװװʣʵʭ, ʟʦʥʭʠʣʦʭ ʙʵʣʯʵʵʨʠʡʥ ʫʨʛʘʤʘʣʞʣʳʥ ʙװʪʵʮ 

ʙװʨʵʣʜʵʭװװʥ, ʫʣʠʨʣʳʥ ʭᴇʛʞʣʠʡʥ ʷʚʮʳʛ ᴇᴇʨʯʣᴇʭ ʥʵʛ ʯʫʭʘʣ ʭװʯʠʥ ʟװʡʣ ʙʦʣʞ ʙʘʡʥʘ. 

ɹʵʣʯʵʵʨʠʡʥ ʜʦʨʦʡʪʦʣ ʥʴ ʙʘʡʛʘʣʠʡʥ ʙװʩ, ʙװʩʣװװʨ, ʙʵʣʯʵʵʨʠʡʥ ʪᴇʨᴇʣ, 

ʵʢʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣ ʟʵʨʵʛ ʦʣʦʥ ʭװʯʠʥ ʟװʡʣʵʵʩ ʭʘʤʘʘʨʘʥ ʷʣʛʘʘʪʘʡ ʙʘʡʜʘʛ ʙʘʡʥʘ.  

ʄᴇʥ ʵʥʵ ʘʩʫʫʜʣʳʛ ʰʠʡʜʵʭʜʵʵ ʄʦʥʛʦʣ ʦʨʥʳ ʙʘʡʛʘʣʴ-ʛʘʟʘʨ ʟװʡʥ ʵʨʩ ʪʵʩ 

ʷʣʘʥʛʫʷʘ ʭʘʭʠʨ-ʭװʡʪʵʥ ᴇʚᴇʣ, ʭʫʫʨʘʡ-ʭʘʣʫʫʥ ʟʫʥʳ ʥᴇʭʮᴇʣʜ ʟʦʭʠʮʩʦʥ ʫʨʛʘʤʣʳʥ 

 ʥʛ ʤʘʣʯʜʳʥװʨ ʜװ ʨʵʵʨ ʙʵʣʯʵʵʨʠʡʛ ʪʘʨʠʤʘʣʞʫʫʣʞ ʩʵʨʛʵʵʭ, ʥʵʛʵʥʪ ʙʠʡ ʙʦʣʩʦʥװ

ʭʘʤʪʳʥ ʦʨʦʣʮʦʦʥʜ ʪʫʣʛʫʫʨʣʘʥ (Herderôs community based pasture management) 

ʮʘʘʰʠʜ ʥʠʡʪʠʡʥ ʭװʨʪʵʵʣ ʙʦʣʛʦʥ ʪװʛʵʵʥ ʜʵʣʛʵʨװװʣʵʭ, ʙʵʣʯʵʵʨʠʡʛ ʭʘʤʛʘʘʣʘʭ, 

ʟʦʭʠʩʪʦʡ ʘʰʠʛʣʘʭ ʫʣʘʤʞʣʘʣʳʛ ʤᴇʥ ʪʵʜʥʠʡ ʦʨʦʣʮʦʦʛʦʦʨ ʩʵʨʛʵʵʭ ʟʵʨʛʠʡʛ 

ʦʨʭʠʛʜʫʫʣʩʘʘʨ ʠʨʞʵʵ. ɹʵʣʯʵʵʨʠʡʥ ʭʵʪ ʪʘʣʭʣʘʛʜʩʘʥ ʪʘʣʙʘʡʛ ʦʣʞ ʠʣʨװװʣʵʭʠʡʥ ʪʫʣʜ 
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ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵʛ ʘʰʠʛʣʘʥ ʟʘʡʥʘʘʩ ʪʘʥʜʘʭ ʘʨʛʘʘʨ ʩʫʜʣʘʭ, ʦʣʦʥ ʥʘʩʪ 

ʫʨʛʘʤʣʳʛ ʪʘʨʠʘʣʘʭ ʟʵʨʵʛ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ ʦʣʦʥ ʘʨʛʫʫʜʳʛ ʟʘʡʣʰʛװʡ ʩʫʜʣʘʭ װʥʜʵʩʣʵʣ 

ʰʘʘʨʜʣʘʛʘʪʘʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. 

ʄᴇʥ ᴇᴇʨʯʣᴇʣʪᴇʜ ʦʨʩʦʥ ʙʵʣʯʵʵʨʠʡʛ ʘʰʠʛʣʘʭ, ʘʰʠʛʣʘʣʪʳʥ ʟʦʭʠʩʪʦʡ ʘʨʛʘ 

ʘʞʠʣʣʘʛʘʘʛ ʤᴇʨʜᴇʭ, ʩʘʡʞʨʫʫʣʘʣʪʳʥ ʪʦʭʠʨʩʦʥ ʘʨʛʘ ʭʵʤʞʵʵʛ ʭʵʨʵʛʞװװʣʵʭ ʟʘʤʘʘʨ 

ʵʢʦʣʦʛʠʡʥ ʪʵʥʮʚʵʨʠʡʛ ʭʘʜʛʘʣʘʥ, ʥᴇᴇʮʠʡʛ ʥʵʤʛɻʜװװʣʵʭ ʙʦʣʦʤʞʪʦʡ ʙʘ ʙʘʡʛʘʣʠʡʥ 

ʙʵʣʯʵʵʨʠʡʛ ᴇʥʛᴇʮ ʘʨʛʘʘʨ ʪʦʨʜʦʞ, ʵʩʚʵʣ װʥʜʩʵʥ ʘʨʛʘʘʨ ʩʘʡʞʨʫʫʣʜʘʛ ʙʘʡʥʘ. 

ʉװװʣʠʡʥ ʰʘʪʘʥʜ ʦʨʩʦʥ ʙʵʣʯʵʵʨʠʡʛ װʥʜʩʵʥ ʘʨʛʘʘʨ  ʩʘʡʞʨʫʫʣʘʣʪ ʭʠʡʭ ʙʫʶʫ 

ʦʣʦʥ ʥʘʩʪ ʫʨʛʘʤʘʣ ʪʘʨʠʭ ʪʦʭʠʨʦʤʞʪʦʡʛ ʩʫʜʘʣʛʘʘʛʘʘʨ ʪʦʛʪʦʦʞʵʵ. װתʥʜ: ʋʩʣʘʭ, 

ʫʩʘʣʛʘʘʥʳ ʛʦʨʠʤ ʪʦʛʪʦʦʭ, ʙʦʨʜʦʭ,  ʮʵʚʵʨʣʵʭ, ʦʣʦʥ ʥʘʩʪ ʫʨʛʘʤʣʳʥ װʨ ʭʘʯʠʨʣʘʥ 

ʪʘʨʠʘʣʘʭ, ʭʘʰʠʞ ʭʘʤʛʘʘʣʘʭ, ʙʵʣʯʵʵʨʠʡʛ ʵʟʵʤʰʣʵʵʩ ʭʘʜʣʘʥʜ ʰʠʣʞװװʣʵʭ ʛʵʭ ʤʵʪ 

ʪʦʨʜʦʞ ʩʘʡʞʨʫʫʣʘʭ ʵʜʛʵʵʨ ʘʨʛʘ  ʭʵʤʞʵʵ ʥʴ ʙʘʡʛʘʣʠʡʥ ʙװʩ, ʛʘʟʘʨ ʦʨʥʳ ʦʥʮʣʦʛ, 

ʙʵʣʯʵʵʨʠʡʥ ʪᴇʨᴇʣ, ʜʦʨʦʡʪʣʳʥ ʟʵʨʵʛ, ʭʵʨʵʛʞװװʣʩʵʥ ʭʫʛʘʮʘʘ, ʘʨʛʘ ʘʞʠʣʣʘʛʘʘ 

ʟʵʨʛʵʵʩ ʭʘʤʘʘʨʘʥ ᴇᴇʨ ᴇᴇʨ װʨ ʜװʥ װʟװװʣʜʵʛ ʙʠʣʵʵ.  

ɹʵʣʯʵʵʨʠʡʛ ʟᴇʚ ʟʦʭʠʩʪʦʡ ʘʰʠʛʣʘʭʳʥ ʩʘʮʫʫ ʤʘʥʘʡ ʦʨʥʳ ʭᴇʨʩ, ʮʘʛ ʫʫʨʳʥ 

ʥᴇʭʮᴇʣʜ ʪʦʭʠʨʩʦʥ ᴇʚᴇʣʞʠʭ ʯʘʜʚʘʨ ʩʘʡʪʘʡ, ʘʨʚʠʥ ʫʨʛʘʮʪʘʡ, ʫʫʨʛʠʡʥ ʘʛʫʫʣʘʤʞ 

ᴇʥʜᴇʨʪʵʡ, ʪʘʨʠʭ װʨʠʡʥ ʰʘʘʨʜʣʘʛʘ ʭʘʥʛʘʩʘʥ ʪʵʞʵʵʣʠʡʥ ʥʵʛ ʥʘʩʪ, ʦʣʦʥ ʥʘʩʪ װʝʪʵʥ, 

ʙʫʫʨʮʘʛʪʘʥ ʫʨʛʘʤʣʫʫʜʳʥ ʥʫʪʛʠʡʥ ʙʦʣʦʥ ʥʫʪʘʛʰʩʘʥ ʩʦʨʪʫʫʜʳʛ ʪʘʨʠʘʣʘʭ 

ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʥʘ.  

ʊᴇʩʣʠʡʥ װʨ ʜװʥʛʠʡʥ ʰʠʥʵʣʵʛ, ʜʵʚʰʠʣʪʪʵʡ ʪʘʣ  

¶ ʄʦʥʛʦʣ ʫʣʩʳʥ ʙʘʡʛʘʣʴ ï ʛʘʟʘʨ ʟװʡʥ ʥᴇʭʮᴇʣʜ ʪʦʭʠʨʩʦʥ ʭʫʨʜʘʥ ʙʦʣʮʪʦʡ, ʫʨʛʘʮ 

ʩʘʡʪʘʡ ʙʵʣʯʵʵʨʠʡʥ ʪʘʨʠʤʣʳʥ װʨʠʡʛ ʥʫʪʘʛʰʫʫʣʘʭ  

¶ ʄʘʣʯʜʘʜ ʛʘʥ ʟʫʜʘʘʩ ʩʵʨʛʠʡʣʵʭ ʙʦʣʦʤʞʠʡʛ ᴇᴇʨʩʜʠʡʥ ʭװʯ ʙʦʣʦʣʮʦʦʥʜ 

ʪʫʣʛʫʫʨʣʘʥ ʙʠʡ ʙʦʣʛʦʭ, ʘʤʴʞʠʨʛʘʘʥʳ ʵʭ װװʩʚʵʨʠʡʛ ʥʴ ʙʘʪʘʣʛʘʘʞʫʫʣʘʭ 

¶ ʀʨʛʵʜʠʡʥ ʦʨʦʣʮʦʦʥʜ ʪʫʣʛʫʫʨʣʘʥ ʙʘʡʛʘʣʠʡʥ ʥᴇᴇʮʠʡʛ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ, ʙʫʩʘʜ ʙװʩ 

ʥʫʪʘʛʪ ʪװʛʵʵʥ ʜʵʣʛʵʨװװʣʵʭ ʙʦʣʦʤʞ ʙװʨʜװװʣʵʭ 

¶ ʎᴇʣʞʠʣʪʠʡʛ ʩʘʘʨʫʫʣʞ ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʛ ʙʘʛʘʩʛʘʭ ʘʩʫʫʜʣʳʛ ʛʝʦʵʢʦʣʦʛʠʡʥ 

ʪװʚʰʠʥʜ ʰʠʡʜʚʵʨʣʵʭ ʟʵʨʵʛ ʙʦʣʥʦ. 

ʅʠʡʛʵʤ ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʙʦʣʦʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʘʯ ʭʦʣʙʦʛʜʦʣ 

ɸ. ʐʠʥʞʣʵʭ ʫʭʘʘʥʳ ʘʯ ʭʦʣʙʦʛʜʦʣ:  

¶ ɹʵʣʯʵʵʨʠʡʥ ʪʘʣʭʣʘʛʜʘʣ, ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʛ ʠʞ ʙװʨʵʥ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ ʟʘʛʚʘʨʳʛ 

ʪʫʨʰʠʣʪʘʘʨ ʙʠʡ ʙʦʣʛʦʥʦ.  

¶ ʊʫʨʰʠʣʪʳʥ װʨ ʜװʥʛ ʮʘʘʰʠʜ ʭʵʨʵʛʣʵʛʯʠʜ ʘʚʯ ʘʰʠʛʣʘʥ, ʭʵʨʵʛʣʵʵʥʜ 

ʥʵʚʪʨװװʣʥʵ.  

¶ ʄʦʥʛʦʣ ʦʨʥʳ ʛʘʟʘʨ ʟװʡ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʥʵʥ ʪʫʣʛʘʤʜʩʘʥ ʘʩʫʫʜʣʳʛ 

ʰʠʡʜʚʵʨʣʵʥʵ. 

ɹ. ʅʠʡʛʤʠʡʥ ʘʯ ʭʦʣʙʦʛʜʦʣ  

¶ ɹʘʡʛʘʣʠʡʥ ʥᴇᴇʮʠʡʥ ʤʝʥʝʞʤʝʥʪʵʜ ʠʨʛʵʜʠʡʥ ʦʨʦʣʮʦʦʛʦʦʨ ʭʘʥʜʘʭ ʭʘʥʜʣʘʛʳʛ 

ʙʠʡ ʙʦʣʛʦʥ, ʤʘʣʯʜʳʥ ʭᴇʜᴇʣʛᴇᴇʥ ᴇʨʥװװʣʥʵ.  

¶ ʄʘʣʯʜʳʥ ʛʘʥ ʟʫʜʳʥ ʵʨʩʜʵʣʵʵʩ ʭʘʤʛʘʘʣʘʭ (ʪʦʛʪʦʣʮʦʦʥʳ) ʯʘʜʘʚʭʳʛ 

ʩʘʡʞʨʫʫʣʘʥ ʘʤʴʞʠʨʛʘʘʥʳ ʵʭ ʩʫʨʚʘʣʞʠʡʛ ʪʦʛʪʚʦʨʪʦʡ ʙʦʣʛʦʥ, ʷʜʫʫʨʣʳʛ 

ʙʫʫʨʫʫʣʥʘ 
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¶ ʄʘʣʯʜʳʥ ʙװʣʵʛ (ʭʘʤʪʣʘʛ)-ʠʡʥ ʙʠʝ ʜʘʘʩʘʥ ʙʘʡʜʘʣ ʙʵʭʵʞʥʵ. 

ɺ. ʕʜʠʡʥ ʟʘʩʛʠʡʥ ʘʯ ʭʦʣʙʦʛʜʦʣ 

¶ ɹʵʣʯʵʵʨʠʡʥ ʪʘʣʭʣʘʛʜʘʣ, ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʦʦʩ ʭʘʤʛʘʘʣʘʭ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ 

ʪʝʭʥʦʣʦʛʠ, ʪʘʨʠʤʣʳʥ װʨʠʡʥ ʥᴇᴇʮʠʡʛ ʙʠʡ ʙʦʣʛʦʥ, ʤʘʣʯʜʳʥ ʙװʣʛװװʜ ʪװװʥʠʡʛ 

ʭʫʜʘʣʜʘʥ ʙʦʨʣʫʫʣʞ ʘʰʠʛ ʦʣʦʭ ʙʦʣʦʤʞ ʙװʨʜʵʥʵ. 

¶ ʄʘʣ ʘʞ ʘʭʫʡʥ ʦʨʣʦʛʦ ʥʵʤʵʛʜʵʞ, ʦʨʦʥ ʥʫʪʛʠʡʥ ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʙʠʝ ʜʘʘʩʘʥ 

ʙʘʡʜʘʣ ʜʵʵʰʠʣʥʵ. 

ʉʵʜʚʠʡʥ ʩʫʜʣʘʛʜʩʘʥ ʙʘʡʜʘʣ 

ɿʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣ 

ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ ʦʣʦʥ ʵʨʜʵʤʪʵʜ ʷʥʟ ʙװʨʠʡʥ ʙװʩ ʥʫʪʘʛ, ᴇᴇʨ ᴇᴇʨ ʮʘʛ 

ʭʫʛʘʮʘʘʥʳ ʮʫʚʨʘʣ, ᴇᴇʨ ᴇᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ NDVI ᴇʛᴇʛʜʣʠʡʛ ʭʵʨʵʛʣʵʥ, ʫʨʛʘʤʣʳʥ 

ʙװʨʭʵʚʯ ʙʘ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʭװʯʠʥ ʟװʡʣʩʠʡʥ ʪʘʣʘʘʨ ʦʣʦʥ ʪʦʦʥʳ ʢʦʨʨʝʣʷʮʠʡʥ 

ʩʫʜʘʣʛʘʘʛ ʭʠʡʞ, ʮʘʛ ʫʫʨʳʥ ʭװʯʠʥ ʟװʡʣ ʙʘ ʫʨʛʘʤʣʳʥ NDVI-ʠʡʥ ʫʪʛʳʥ ʭʦʦʨʦʥʜ 

ʭʘʤʘʘʨʘʣʪʘʡ ʛʵʩʵʥ ʪʦʛʪʚʦʨʪʦʡ ʜװʛʥʵʣʪʠʡʛ ʛʘʨʛʘʞʵʵ. ʍʷʥʘʣʪ ʪʘʚʠʭ ʪʝʭʥʦʣʦʛʠʡʥ 

ʩʠʩʪʝʤʠʡʥ ʪᴇʣᴇʚʰʠʣ, ʭᴇʛʞʣʠʡʛ ʜʘʛʘʘʜ ʫʨʛʘʤʘʣ ʙװʨʭʵʚʯ ᴇᴇʨʯʣᴇʛʜᴇʞ ʙʘʡʛʘʘʛ ʭʷʥʘʭ 

ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʭ ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʭ ʥʴ ʫʣʘʤ ʙװʨ ʥʵʤʵʛʜʵʞ ʙʘʡʥʘ. 

Tucker[13] ɸʬʨʠʢ ʪʠʚʠʡʥ ʫʨʛʘʤʘʣ ʙװʨʭʵʚʯʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʩʫʜʣʘʭʜʘʘ 

NOAA-AVHIR ᴇʛᴇʛʜʣʠʡʛ, Piao [14] 1982-2006 ʦʥʜ ɽʚʨʦʘʟʠʡʥ ʭװʡʪʵʥ ʩʵʨװװʥ ʙװʩʠʡʥ 

ʫʨʛʘʤʘʣ ʙװʨʭʵʚʯʠʡʛ ʩʫʜʣʘʭʜʘʘ NDVI ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʩʘʥ ʙᴇʛᴇᴇʜ 1997 ʦʥʦʦʩ ʭʦʡʰ 

ʵʥʵ ʙװʩ ʥʫʪʘʛʪ ʫʨʛʘʣʪʳʥ ʫʣʠʨʘʣʜ NDVI ʙʫʫʨʘʭ ʭʘʥʜʣʘʛʘ ʘʞʠʛʣʘʛʜʘʞ ʙʘʡʛʘʘʛ 

ʪʦʛʪʦʦʩʦʥ. ɺʘʥ ɿʦʥʛʤʠʥ [15] ʫʨʪ ʭʫʛʘʮʘʘʥʳ NOAA NDVI ʤʵʜʵʵʣʣʠʡʥ ʙʘʛʮʳʛ 

ʘʰʠʛʣʘʥ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʍʷʪʘʜʳʥ ʟװװʥ ʭʦʡʜ ʜʘʭʴ NDVI 

ʭʵʨʭʵʥ ᴇᴇʨʯʣᴇʛʜᴇʞ ʙʘʡʛʘʘʜ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʩʵʥ ʙʘʡʥʘ. תʨ ʜװʥʛʵʵʩ ʭʘʨʘʭʘʜ 

1982-2003 ʦʥʫʫʜʘʜ ɿװװʥ ʭʦʡʜ ʥʫʪʘʛʪ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ ᴇʩᴇʞ ʭʘʨʠʥ ʭʫʨ ʪʫʥʘʜʘʩ 

ʙʫʫʨʘʭ ʭʘʥʜʣʘʛʘ ʘʞʠʛʣʘʛʜʩʘʥ ʙʘʡʥʘ. ɹʘʦ ɻʘʥ [16] MODIS NDVI ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʥ 

2000-2010 ʦʥʳʛ ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʫʨʛʘʤʘʣ ʙװʨʭʵʚʯ ᴇᴇʨʯʣᴇʛʜᴇʞ ʙʫʡ 

ʭʘʥʜʣʘʛʘ, ʘʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʫʣʠʨʣʳʥ ʥᴇʣᴇᴇʣʣʠʡʛ ʩʫʜʣʘʚ. 

ʉװװʣʠʡʥ 10 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʫʨʛʘʤʘʣ ʙװʨʭʵʚʯ ʙʫʫʨʘʭ 

ʭʘʥʜʣʘʛʘ ʥʴ װʥʜʩʵʥʜʵʵ ʠʞʠʣ ʙʘʡʥʘ ʛʵʞ ʜװʛʥʵʞʵʵ. ɾʘʥ ʏʠʥʶ [17] 2000-2010 ʦʥʳ 

ʭʦʦʨʦʥʜ MODIS NDVI-ʠʡʥ ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʥ ᴆʚᴇʨ ʤʦʥʛʦʣʳʥ ᴇʚʩʣᴇʛ ʫʨʛʘʤʣʳʛ 

ʫʨʛʘʣʪʳʥ װʝʵʨ ʥʴ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʭװʯʠʥ ʟװʡʣʜ װʟװװʣʵʭ ʭʘʨʠʫ װʡʣʜʣʠʡʛ 

ʩʫʜʣʘʚ. ᴆʚᴇʨ ʤʦʥʛʦʣʳʥ ʙʵʣʯʵʵʨʠʡʥ ʫʨʛʘʤʣʳʥ ʫʨʛʘʣʪʳʥ װʝ ʜʵʭ NDVI ʥʴ 

ʝʨᴇʥʭʠʡʜᴇᴇ ʥʵʤʵʛʜʵʞ ʙʫʡ ʭʘʥʜʣʘʛʳʛ ʭʘʨʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ ʝʨʜʠʡʥ ʙʵʣʯʵʵʨʠʡʥ 

ʫʨʛʘʤʣʳʥ ʙװʨʭʵʚʯ ʠʣʪ ʥʵʤʵʛʜʩʵʥ ʥʴ ʪʦʛʪʦʦʛʜʞʵʵ.  

ɹʵʣʯʵʵʨʠʡʥ ʪʘʣʭʣʘʛʜʘʣ, ʥᴇʭᴇʥ ʩʵʨʛʵʵʣʪ 

ɿᴇʚʣᴇʣʪʠʡʥ ʵʨʜʵʤʪʵʥ ɸ.ɸ. ʖʥʘʪʦʚ 10 ʛʘʨʫʡ ʞʠʣʠʡʥʭʵʵ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛ 

ʵʤʭʵʪʛʵʥ ɹװʛʜ ʅʘʡʨʘʤʜʘʭ ʄʦʥʛʦʣ ɸʨʜ ʋʣʩʳʥ ʭʘʜʣʘʥ ʙʵʣʯʵʵʨ ʜʵʭ ʪʵʞʵʵʣʠʡʥ 

ʫʨʛʘʤʣʫʫʜ (1954) ʥʦʤ ʙʠʯʠʞ ʪװװʥʜ 550 ʛʘʨʫʡ ʟװʡʣ ʫʨʛʘʤʘʣ ʙʘʛʪʘʞ 135 ʟװʡʣ 

ʫʨʛʘʤʣʳʥ ʘʛʨʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛ ʦʨʫʫʣʩʘʥ ʙʠʣʵʵ [18]. ʀʥʛʵʩʥʵʵʨ 

ʙʵʣʯʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʮʘʘʰʜʳʥ ʘʞʠʣʜ װʥʜʵʩ ʩʫʫʨʴ ʥʴ ʙʦʣʞ ᴇʛʩᴇʥ ʶʤ. ʄᴇʥ 1954 

ʦʥʜ ʐʋɸ-ʠʡʥ ɹʦʪʘʥʠʢʠʡʥ ʭװʨʵʵʣʵʥʛʠʡʥ ʵʨʜʵʤʪʵʥ ɼʘʚʘʘʞʘʤʮ ʛʫʘʡ ʙʵʣʯʵʵʨʠʡʥ 
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ʪʘʣʭʣʘʛʜʣʳʛ ʩʫʜʘʣʩʘʥ ʙʘʡʜʘʛ. ʊʵʨ װʝʵʩ ʭʦʡʰ ʤʘʥʘʡ ʦʨʥʳ ʙʵʣʯʵʵʨ ʙʘʛʘ ʙʘʛʘʘʨ 

ʤʫʫʜʘʞ ʷʚʩʘʘʨ, 1990-ʵʵʜ ʦʥʦʦʩ ʭʦʡʰ ʄʦʥʛʦʣ ʦʨʥʳ ʙʵʣʯʵʵʨʠʡʥ ʪʘʣʭʣʘʛʜʣʳʥ ʟʵʨʵʛ 

ʵʨʩ ʵʨʯʠʤʞʠʞ, ʜʦʨʦʡʪʣʳʥ ʪװʚʰʠʥʜ ʭװʨʯ ʮᴇʣʞʠʣʪʪʵʡ ʪʘʣʙʘʡ ʥʵʤʵʛʜʩʵʵʨ ʙʘʡʥʘ. 

ʄʘʥʘʡ ʦʨʥʳ ʫʫʣʳʥ ʭʵʵʨ, ʭʵʵʨʠʡʥ ʙװʩʠʡʥ ʙʵʣʯʵʵʨʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʛ ɸ.ɸ. ʖʥʘʪʦʚ 

(1950), ʄ.ɸ.ʈʝʱʠʢʦʚ (1961), ʖ.ʄ.ʄʠʨʦʰʥʠʯʝʥʢʦ (1967), ɸ.ɸ.ɻʦʨʰʢʦʚʘ (1973) ʥʘʨ 

ʙʘʛʘ ʪʘʣʭʣʘʛʜʩʘʥ, ʜʫʥʜ ʪʘʣʭʣʘʛʜʩʘʥ, ʠʭ ʪʘʣʭʣʘʛʜʩʘʥ, ʥʵʥ ʠʭ ʪʘʣʭʣʘʛʜʩʘʥ ʙʵʣʯʵʵʨ 

ʛʵʞ 4 ʘʥʛʠʣʘʥ װʟʩʵʥ. ɸ.ɸ.ʖʥʘʪʦʚ (1950), ʄʦʥʛʦʣʳʥ ʭʵʵʨʠʡʛ ʷʘʭ ʘʨʛʘʛװʡ ʙʠʝ ʜʘʘʩʘʥ 

ʰʠʥʞʪʵʡ, ʟʘʨʠʤʜʘʛ ʮᴇʣᴇᴇʩ ʠʣ ʷʣʛʘʛʜʘʭ ʭʠʣ ʭʷʟʛʘʘʨʪʘʡ, ʛʦʚʠʡʥ ʥᴇʣᴇᴇ ʙʘʛʘʪʘʡ ʛʵʞ 

ʦʥʮʦʣʩʦʥ [18]. ɸʢʘʜʝʤʠʯ ʆ.ʐʘʛʜʘʨʩװʨʵʥ (1981,2006), ʜʦʢʪʦʨ ʊ.ʉʦʜʥʦʡ (1986) ʥʘʨ 

ʄʦʥʛʦʣ ʤʘʣʳʥ ʘʤʴʜʨʘʭ ʦʨʯʠʥ (ʥʫʪʘʛ) ʵʢʦʣʦʛʠʡʥ ʭʫʚʴʜ ʞʠʣʠʡʥ ʜᴇʨʚᴇʥ ʫʣʠʨʣʘʘʨ 

ᴇᴇʨ ᴇᴇʨ ʙʘʡʜʘʛ ʰʘʣʛʫʫʨ װʟװװʣʵʣʪʠʡʛ ʪʦʜʦʨʭʦʡʣʦʥ ʵʥʵ ʥʴ ʪʫʩ ʦʨʥʳ ʛʘʟʨʳʥ ʛʘʜʘʨʛʘ 

ʙʵʣʯʵʵʨ, ʫʨʛʘʤʘʣ, ʫʩ ʟװʡ, ʫʫʨ ʘʤʴʩʛʘʣʳʥ  ʦʥʮʣʦʛʪʦʡ ʰʫʫʜ ʭʦʣʙʦʦʪʦʡ ʛʵʞ װʟʞʵʵ. 

ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʥʫʪʘʛʪ ʪʫʭʘʡʣʩʘʥ ʩʫʜʘʣʛʘʘʛ ɼ.ɹʘʥʟʨʘʛʯ 1961-1965 ʦʥʜ ʩʫʫʨʠʥ 

ʘʨʛʘʘʨ ʫʫʣʳʥ ʭʵʵʨʠʡʥ ʙʵʣʯʵʵʨʠʡʥ װʥʜʩʵʥ ʭʵʚ ʰʠʥʞװװʜʠʡʥ ʙװʪʵʮ ʙװʨʵʣʜʵʭװװʥ, 

ʟʫʥʳ ʜʵʵʜ ʫʨʛʘʮʳʥ ᴇᴇʨʯʣᴇʛʜʣʠʡʥ װʥʜʩʵʥ ʟװʡ ʪʦʛʪʣʳʛ ʩʫʜʣʘʥ ʠʣʨװװʣʞʵʵ [19]. 

ʊװװʥʯʣʵʥ ᴇʥʜᴇʨ ʫʫʣʳʥ ʙʦʣʦʥ ʫʫʣʳʥ ʦʡʪ ʭʵʵʨʠʡʥ ʙװʩʣװװʨʠʡʥ ʙʵʣʯʵʵʨʠʡʥ 

ʪʵʞʵʵʣʠʡʥ ʥᴇᴇʮ, ʵʜʠʡʥ ʟʘʩʛʠʡʥ װʨ ʘʰʠʛ, ʙʵʣʯʵʵʨʠʡʥ ʛʘʟʨʳʛ ʫʣʠʨʘʣ, ʞʠʣʵʵʨ ʩʵʣʛʵʥ, 

ʟʫʥʳ ʫʣʠʨʘʣʜ ʭʵʥʟʣװװʣʞ ʘʰʠʛʣʘʭ ʪʘʣʘʘʨ ʅ.ʃʭʘʛʚʘʞʘʚ (2000), ɹ.ɹʘʟʘʨʛװʨ (2005), 

ʉ.ʎʵʨʵʥʜʘʰ, ʄ.ʊᴇʤᴇʨʞʘʚ, ʏ.ɻʦʤʙʦʩװʨʵʥ  (2003) ʥʘʨ ʙװʪʵʵʣʜʵʵ ʪʵʤʜʵʛʣʵʩʵʥ 

ʙʘʡʥʘ. ʆ.ʏʦʛʥʠʡ (2001) ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʦʥʛʦʮʥʳ ʙʫʫʜʘʣ ʦʨʯʤʳʥ ʘʣʘʛ ᴇʚʩ-ʫʣʘʣʞ-

ʘʛʴʪ ʙʵʣʯʵʵʨʠʡʛ ʭװʥ ʤʘʣʳʥ ʥᴇʣᴇᴇʥᴇᴇʩ ʭʘʤʛʘʘʣʞ 20 ʞʠʣ ʘʤʨʘʘʭʘʜ ʩʫʥʘʛʘʨ ʙʠʝʣʵʛ, 

ʥʘʥʛʠʘʜ ʪװʥʛʵ, ʩʘʤʘʥ ʝʨʭᴇʛ, ʣʝʥʠʡʥ ʙʦʪʫʫʣʴ, ʤʘʨʘʣ ʥʘʚʯʠʪ ʛʠʯʛʵʥʵ, ʪʦʨʛʦʥ ʛʠʯʛʵʥʵ, 

ʢʦʨʞʠʥʩʢʠʡʥ ʫʣʘʣʞ ʟʵʨʵʛ ʫʨʛʘʤʣʳʥ ʪʫʩʛʘʛʠʡʥ ʙװʨʭʵʮ ʥʵʤʵʛʜʵʞ, ʫʨʛʘʮ ʥʴ 2 ʜʘʭʠʥ 

ʠʭʵʩʩʵʥ ʛʵʞ ʪʵʤʜʵʛʣʵʞʵʵ. ʍʫʫʨʘʡ ʭʵʵʨʠʡʥ ʙװʩ ɼʦʨʥʦʜ ʄʦʥʛʦʣʜ ᴇʨʛᴇʥ ʟʫʨʚʘʩʘʘʨ 

ʪʘʨʭʘʞ, ɼʫʥʜʘʜ ʭʘʣʭʳʥ ʭʵʵʨʠʡʥ ʪʦʡʨʦʛʪ ʪʵʛʰ ʪʘʣ, ʮʘʚ ʪʦʣʛʦʜ ʙװʭʠʡ ʥʫʪʘʛʪ ᴇʨʛᴇʥ 

ʜʵʣʛʵʨ ʪʦʭʠʦʣʜʦʥʦ [20]. ʄʘʥʘʡ ʦʨʦʥʜ ʪʘʨʭʩʘʥ ʂʨʳʣʦʚʳʥ ʭʷʣʛʘʥʘ (Stipa krylovii), 

ɼʵʨʚʵʵʥ ʭʘʟʘʘʨ ᴇʚʩ (Cleistogenes squarrosa) ʟʦʥʭʠʣʩʦʥ ʭʵʵʨʠʡʛ ʭʫʫʨʘʡ ʭʵʵʨ ʛʵʞ 

ʥʵʨʣʵʩʵʥ ʙʠʣʵʵ [21].  ʐʠʥʞʣʵʭ ʋʭʘʘʥʳ ɸʢʘʜʝʤʠʡʥ ɻʘʟʘʨʟװʡʥ ʭװʨʵʵʣʵʥʛʵʵʩ 1963-

1964, 1982, 1984, 1988, 1992, 2006, 2009-2012, 2014-2015 ʦʥʫʫʜʘʜ ʟʘʨʠʤ 

ʘʡʤʛʫʫʜʘʜ ʷʚʫʫʣʩʘʥ ʙʵʣʯʵʵʨ ʘʰʠʛʣʘʣʪʳʥ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʜ ʙʵʣʯʵʵʨʠʡʛ 

ʫʣʠʨʣʘʘʨ ʩʵʣʛʵʞ ʘʰʠʛʣʘʭ ʥʴ ʙʵʣʯʵʵʨʠʡʥ ʪʘʣʭʣʘʛʜʘʣʘʘʩ ʩʵʨʛʠʡʣʵʭ ʛʦʣ ʘʨʛʘ 

ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʩʦʥ [6].  

ʄʦʥʛʦʣ ʦʨʦʥʜ ʪʘʨʠʘʣʞ ʙʫʡ ʪʘʨʠʤʣʳʥ ʩʦʨʪʫʫʜʳʥ ʫʨʛʘʣʪʳʥ װʡʣ ʷʚʮ ʙʦʣʦʥ 

ʩʦʨʪʫʫʜʳʛ ʜʘʥʛʘʘʨ, ʭʦʣʴʮʦʦʨ ʪʘʨʠʭ ʪʫʨʰʣʘʛʫʫʜʳʛ ɿʍʋ-ʜ ʀ.ɺ.ʃʘʨʠʥ, 

ʊ.ʈ.ɻʦʜʣʝʚʩʢʘʷ (1949), ʃ.ɸ.ʄʦʥʦʭʠʥʘ, ʕ.ʉ.ɸʢʠʤʮʝʚʘ (1965), ʊ.ɸ.ʈʘʙʦʪʥʦʚ (1951), 

ʃ.ʅ.ɸʣʝʢʩʝʝʥʢʦ (1960, 1967), ʀ.ʉ.ʐʘʪʳʣʦʚ, ɺ.ʀ.ʉʢʦʙʣʠʥ (1969), ʅ.ɻ.ɸʥʜʨʝʝʚ, 

ɺ.ɸ.ʊʶʣʴʜʶʢʦʚ (1972), ʈ.ɻ.ɻʘʙʜʫʣʠʥ (1974) ʥʘʨ ʩʫʜʘʣʩʘʥ ʙʘʡʥʘ. ʄʘʥʘʡ ʦʨʦʥʜ 

ʪʘʨʠʘʣʞ ʙʫʡ ʪʵʞʵʵʣʠʡʥ ʦʣʦʥ ʥʘʩʪ ʫʨʛʘʤʣʳʥ ʫʨʛʘʣʪʳʥ װʡʣ ʷʚʮʘʜ ɻ.ʕʨʜʵʥʵʞʘʚ 

(1968) ʭʠʡʩʵʥ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʜ ʪʘʨʠʤʘʣ ʩʦʨʪʫʫʜʘʘʩ ʥʘʚʯʥʳ ʵʟʣʵʭ ʭʵʤʞʵʵʛʵʵʨ 

ʩʦʛʦʦʚʦʨ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʙʫʶʫ ʮʵʮʵʛʣʵʣʪ, װʨ ʙʦʣʦʚʩʨʦʭ װʝʜʵʵ 46-60 ʭʫʚʴ, ʮʘʨʛʘʩ 

24-34 ʭʫʚʴ, ʩʠʙʠʨʠʡʥ ᴇʣᴇʥʛᴇ 27-34 ʭʫʚɹ, ʜʘʛʫʫʨ ᴇʣᴇʥʛᴇ 39 ʭʫʚʴ, ʝʨʭᴇʛ 13-68 ʭʫʚʴ 

ʥʘʚʯʣʘʣʪʪʘʡ ʙʘʡʥʘ ʭʵʤʵʵʥ ʛʘʨʯʵʵ. ɸʛʨʦʥʦʤʠʯ  ʉ.ɾʠʛʞʠʜʩװʨʵʥ ʵʨʯʠʤʞʩʵʥ ʤʘʣ ʘʞ 

ʘʭʫʡʜ ʙʵʣʯʵʵʨ ʘʰʠʛʣʘʭ ʦʥʦʚʯʪʦʡ ʘʨʛʘ ʩʫʜʘʣʛʘʘʛʘʘʨ 1980-1983 ʦʥʫʫʜʘʜ ʦʡʪ 

ʭʵʵʨʠʡʥ ʙװʩʠʡʥ ʭʵʪ ʘʯʘʘʣʣʳʥ ʫʣʤʘʘʩ ʪʘʣʭʣʘʛʜʩʘʥ 600ʛʘ ʙʵʣʯʵʵʨʠʡʛ 5 ʭʵʩʵʛʪ 
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ʭʫʚʘʘʥ 3 ʞʠʣ ʭʘʰʘʘʣʩʘʥ ʙᴇʛᴇᴇʜ ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʜ ʘʥʭʥʳ ʞʠʣ ʭʫʫʨʘʡʩʘʛ 

ʫʨʛʘʤʘʣ 52.5 ʭʫʚʴ, ʯʠʡʛʩʵʛ ʫʨʛʘʤʘʣ 2.5 ʭʫʚʴ, ʭʘʰʘʘʣʘʘʛװʡ ʪʘʣʙʘʡʜ ʭʫʫʨʘʡʩʘʛ 

ʫʨʛʘʤʘʣ 61.4 ʭʫʚʴ, ʯʠʡʛʩʵʛ ʫʨʛʘʤʘʣ 9.8 ʭʫʚʴ ʙʘʡʩʘʥ. ɹʵʣʯʵʵʨʠʡʛ ʭʘʰʘʘʣʩʥʳ ʜʘʨʘʘ 

3 ʞʠʣʠʡʥ ʜʫʥʜʘʞ װʟװװʣʵʣʪ ʭʫʫʨʘʡʩʘʛ ʫʨʛʘʤʘʣ 52 ʭʫʚʴ, ʯʠʡʛʩʵʛ ʫʨʛʘʤʘʣ 4.4 ʭʫʚʴ 

ʙʦʣʩʦʥ ʙʘʡʥʘ. ʍʘʰʘʘʣʘʘʛװʡ ʪʘʣʙʘʡʜ ʭʫʫʨʘʡʩʘʛ ʫʨʛʘʤʘʣ 60.0 ʭʫʚʴ, ʯʠʡʛʩʵʛ ʫʨʛʘʤʘʣ 

3.6 ʭʫʚʴ ʙʦʣʦʥ ʙʫʫʨʯʵʵ [22]. 2003-2005 ʦʥʜ ʘʛʨʦʥʦʤʠʯ ʉ.ɾʠʛʞʠʜʩװʨʵʥ ʰʘʚʴ ʥʘʨʳʥ 

ʭʘʤʪ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʊװʨʛʵʥʠʡ ʛʦʣ ʦʨʯʠʤʜ ʤʘʣʳʥ ʪʵʞʵʵʣʠʡʥ ʫʨʛʘʤʣʫʫʜʳʛ ʪʘʨʴʞ 

ʪʫʨʰʠʥ ᴇʚᴇʣʞʠʣʪʠʡʥ ʭʫʚʠʡʛ ʛʘʨʛʘʭʘʜ ɼʘʛʫʫʨ ᴇʣᴇʥʛʠʡʥ ʍᴇʜᴇᴇ ʘʨʘʣ ʩʦʨʪ ʥʴ 

ᴇʚᴇʣʞʠʭ ʯʘʜʚʘʨ 68 ʭʫʚʴ, ʅʘʡʤʘʥ ʩʦʨʪʳʥ ᴇʚᴇʣʞʠʭ ʯʘʜʚʘʨ 88 ʭʫʚʴ ʙʘʡʩʘʥ [22]. 1983 

ʦʥʳ 7-ʨ ʩʘʨʳʥ ʵʭʵʵʨ ʭʠʡʩʵʥ ʜʦʚ ʩʦʥʜʫʫʣʪʘʡ ʯʠʡʛʣʵʛ ʥʫʛʳʥ ʭᴇʨʩᴇʥʜ ʙʫʫʨʮʘʛʪʘʥ 

ʙʦʣʦʥ װʝʪ ʫʨʛʘʤʣʳʛ ʪʘʨʠʘʣʘʥ ʪʫʨʰʣʘʛʘ ʩʫʜʘʣʛʘʘ ʭʠʡʩʵʥ ʙʘʡʥʘ. ʕʥʵʭװװ 

ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʜ ʮʘʨʛʘʩʥʳ ʦʚʛʠʡʥ ʪʘʨʠʤʘʣ ʩʦʨʪʫʫʜʳʥ װʨʠʡʥ ʭᴇʨʩᴇʥʜ 

ʩʫʫʣʛʘʩʥʘʘʩ ʭʦʡʰ 15-17 ʭʦʥʦʛʠʡʥ ʜʘʨʘʘ װʨ ʭᴇʚʨᴇʣʠʡʥ ʥʘʚʯ ʭᴇʨʩʥʠʡ ʛʘʜʘʨʛʘ ʜʵʵʨ 

ʛʘʨʯ ʠʨʩʵʥ, װװʥʵʵʩ 4-6 ʭʦʥʦʛʠʡʥ ʜʘʨʘʘ ʞʠʥʭʵʥʵ ʥʘʚʯ װװʩʩʵʥ ʙʘʡʥʘ. ʍʵʵʨʠʡʥ ʭװʨʵʥ 

ʭᴇʨʩᴇʥʜ ʫʩʘʣʛʘʘʪʘʡ ʥᴇʭʮᴇʣʜ ʪʘʨʠʥ ʪʫʨʰʠʭʘʜ 20-24 ʭʦʥʦʛʠʡʥ ʜʘʨʘʘ װʨ ʭᴇʚʨᴇʣʠʡʥ 

ʥʘʚʯ ʭᴇʨʩʥʠʡ ʛʘʜʘʨʛʘ ʜʵʵʨ ʛʘʨʯ ʠʨʩʵʥ ʙʘʡʥʘ. תʨʠʡʛ ʪʘʨʴʩʥʘʘʩ ʭʦʡʰ 2 ʩʘʨʳʥ ʜʘʨʘʘ 

ʩʦʨʪʫʫʜʳʥ ʜʫʥʜʘʞ ᴇʥʜᴇʨ 2-8ʩʤ ʭװʨʩʵʥ ʙʘʡʥʘ. ɸʥʭʥʳ ʞʠʣ 15ʩʤ ʦʨʯʠʤ ᴇʥʜᴇʨʪʵʡ 

ᴇʚᴇʣʞʠʣʪᴇʜ ʰʠʣʞʩʵʥ ʙʘʡʥʘ  [23]. 

2005 ʦʥʜ ʦʣʦʥ ʫʣʩʳʥ ʍɸɸ-ʥ ʍᴇʛʞʣʠʡʥ ʉʘʥʛʘʘʩ ʭʵʨʵʛʞװװʣʩʵʥ ʍᴇʜᴇᴇʛʠʡʥ 

ʗʜʫʫʨʣʳʛ ɹʫʫʨʫʫʣʘʭ ʪᴇʩʣᴇᴇʩ ʩʘʥʘʘʯʣʘʥ ʐʋɸ-ʠʡʥ ɻʘʟʘʨʟװʡ, ɹʦʪʘʥʠʢʠʡʥ 

ʭװʨʵʵʣʵʥʛʠʡʥ ʩʫʜʣʘʘʯʠʜ ʭʘʤʪʨʘʥ ʙʵʣʯʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʛ ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ 14 ʩʫʤʳʥ 

70 ʛʘʨʫʡ ʙʘʛʠʡʥ ʥʫʪʘʛʪ ʷʚʫʫʣʩʥʘʘʨ ʩʫʤ ʙװʨʠʡʥ ʙʵʣʯʵʵʨ ʘʰʠʛʣʘʣʪʳʥ ʟʫʨʘʛ 

ʟʦʭʠʦʛʜʦʞ, ʙʵʣʯʵʵʨʠʡʥ ʤʵʨʛʵʞʠʣʪʵʥʜ ʩʫʨʛʘʣʪ ʟʦʭʠʦʩʥʳ ʟʵʨʵʛʮʵʵ, ʙʵʣʯʵʵʨ ʘʰʠʛʣʘʭ 

ʟᴇʚʣᴇʤʞ ʙʦʣʦʚʩʨʫʫʣʞ ʰʠʣʞװװʣʩʵʥ [6], [24] ʙʘʡʥʘ. ʉʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʪʵʡ 10ʭ10ʤ 

ʪʘʣʙʘʡʜ ʫʨʛʘʤʘʣ ʥᴇʤʨᴇʛʠʡʥ ʪʫʩʛʘʛʠʡʥ ʙװʨʭʵʮ (55-60), ʟװʡʣʠʡʥ ʪʦʦ (13-17), ʫʨʛʘʮʳʥ 

ʭʵʤʞʵʵ ʜʫʥʜʞʘʘʨ (2.8 ʮ/ʛʘ) ʦʡʨʦʣʮʦʦ ʙʘʡʛʘʘ ʭʵʜʠʡ ʯ ʟװʡʣʠʡʥ ʙװʨʜʵʣʜ ʦʨʦʣʮʦʭ 

ʮᴇᴇʥ ʥʘʩʪ ʫʨʛʘʤʘʣ ʤᴇʥ ʪʘʣʭʣʘʛʜʣʳʥ ʠʥʜʠʢʘʪʦʨ ʫʨʛʘʤʣʳʥ ʘʨʚʠ, ʪʦʭʠʦʣʜʦʮ 

ʥʵʤʵʛʜʩʵʥ ʙʘʡʛʘʘ ʥʴ ʙʵʣʯʵʵʨʠʡʥ ʜʦʨʦʡʪʦʣ ʞʠʣʵʵʩ ʞʠʣ ʠʭʵʩʩʵʥʠʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. 

2006 ʦʥʜ ʜʦʨʦʡʪʦʣʜ ᴇʨʪʩᴇʥ ʙʵʣʯʵʵʨʠʡʥ ʪʘʣʙʘʡ 16.2 ʭʫʚʴ ʙʘʡʩʘʥ ʙʦʣ 2014 ʦʥʜ 30.8 

ʭʫʚʴ ʙʦʣʦʥ ʠʭʵʩʩʵʥ ʙʘʡʥʘ. ʊʘʣʭʣʘʛʜʣʳʥ ʭʵʣʙʵʨ ʥʴ ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ᴇʤʥᴇʜ ʭʵʩʛʵʵʨ 

ʙʫʶʫ ɻʫʨʚʘʥʙʫʣʘʛ, ɼʘʰʠʥʯʠʣʵʥ, ʈʘʰʘʘʥʪ, ʍʠʰʠʛ-ᴇʥʜᴇʨ, ɹװʨʵʛʭʘʥʛʘʡ, ɹʘʷʥʥʫʫʨ 

ʩʫʤʜʳʥ ʥʫʪʛʘʘʨ ʠʣװװʪʵʡ ʥᴇʣᴇᴇʣʞ, ʙʵʣʯʵʵʨʠʡʥ ʪʘʣʭʘʛʜʘʣ ʵʨʯʠʤʪʵʡ ʷʚʘʛʜʘʞ  

ʙʘʡʛʘʘʛ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥʛʵʵʨ ʙʘʪʘʣʛʘʘʞʫʫʣʩʘʥ  ʙʘʡʥʘ. ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ 

ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʪʘʣʭʣʘʛʜʩʘʥ ʙʵʣʯʵʵʨʠʡʥ ʫʨʛʘʤʘʣ ʥᴇʤʨᴇʛʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ 1ʤ2 

ʪʘʣʙʘʡʜ ʜʫʥʜʞʘʘʨ 4 ʟװʡʣ ʫʨʛʘʤʘʣ ʙװʨʪʛʵʛʜʩʵʥ ʙᴇʛᴇᴇʜ ʪʫʩʛʘʛʠʡʥ ʙװʨʭʵʮ 10-15 ʭʫʚʴ, 

ʫʨʛʘʤʘʣʛװʡ ʠʣ ʪʘʣʙʘʡ 85-90 ʭʫʚʴ, ʮᴇᴇʥ ʥʘʩʪ ʫʨʛʘʤʣʳʥ ʵʟʣʵʭ ʭʫʚʴ 70 ʭʫʚʴ ʙʘʡʥʘ 

[24]. ɿʘʨʠʤ ʛʘʟʨʫʫʜʘʜ ʵʣʩʵʞʩʵʥ ʪʘʣʙʘʡʥ ʭʵʤʞʵʵ ʥʵʤʵʛʜʵʞ, ʭᴇʨʩ װʨʞʠʣ ʰʠʤʵʵʨ 

ʷʜʫʫʨʯ ʙʘʡʛʘʘ. ʉʫʫʨʠʥ ʛʘʟʨʳʥ ʦʨʯʠʤ ʵʣʩʵʥ ʭʫʨʠʤʪʣʘʣ װװʩʵʞ ʵʭʵʣʩʵʥ. ʆʨʭʠʛʜʩʦʥ 

ʪʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡʥʫʫʜʘʜ ʠʭʵʥʭʜʵʵ ʭᴇʣ ʛʘʟʨʳʥ ʫʨʛʘʤʘʣ ʫʨʛʘʞ, װʨ ʥʴ ʦʨʯʥʳ 

ʙʵʣʯʵʵʨʠʡʥ ʪʘʣʙʘʡʜ ʪʘʨʭʘʞ ʙʵʣʯʵʵʨʠʡʥ ʫʨʛʘʤʣʳʥ ʜʦʨʦʡʪʣʳʛ ʙʠʡ ʙʦʣʛʦʞ ʙʘʡʥʘ. 

ʉʫʤ, ʩʫʫʨʠʥ ʛʘʟʨʫʫʜ ʦʨʯʤʳʥ ʙʵʣʯʵʵʨʠʡʥ ʛʘʟʘʨ, ʤᴇʥ ʠʣ ʟʘʜʛʘʡ ʫʩʘʥ ʩʘʥ ʙװʭʠʡ 

ʛʘʟʨʫʫʜʳʥ 1-3 ʢʤ ʨʘʜʠʫʩʪ ʤʘʣ ʫʩʘʣʛʘʘʥʳ ʫʣʤʘʘʩ ʭᴇʨʩ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʛʵʵʨ 

ʵʚʜʨʵʣʜ ʦʨʩʦʥ ʙʘʡʥʘ [25]. 
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ʉʫʜʘʣʛʘʘʥʳ ʟʦʨʠʣʛʦ, ʟʦʨʠʣʪ 

ʄʦʥʛʦʣ ʦʨʥʳ ʵʨʩ ʪʵʩ ʫʫʨ ʘʤʴʩʛʘʣ ʙʦʣʦʥ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʣʘʥʜʰʘʬʪ-ʛʘʟʘʨ 

ʟװʡʥ ʥᴇʭʮᴇʣʜ ʜʵʭ ʪʘʣʭʣʘʛʜʩʘʥ ʙʵʣʯʵʵʨʠʡʛ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʭ, ʭʫʫʨʘʡ ʭʵʵʨʠʡʥ 

ʙװʩʵʜ ʦʨʰʠʭ ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ɸʚʟʘʛʘ ʙʘʛʠʡʥ ʥʫʪʘʛʪ ʪʘʣʭʣʘʛʜʩʘʥ 

ʙʵʣʯʵʵʨʠʡʛ ʭʘʰʠʞ ʭʘʤʛʘʘʣʘʭ, װʥʜʩʵʥ ʘʨʛʘʘʨ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ, ʪʵʞʵʵʣʠʡʥ ʦʣʦʥ ʥʘʩʪ 

 ʨʵʵʥʜװʝʪʵʥ, ʙʫʫʨʮʘʛʪʥʳ ʦʚʛʠʡʥ ʩʦʨʪʫʫʜʳʛ ʪʘʨʠʘʣʘʭ ʟʦʨʠʣʛʦ ʪʘʚʠʚ. ɿʦʨʠʣʛʳʥ ʭװ

ʜʘʨʘʘʭ ʟʦʨʠʣʪʫʫʜʳʛ ʜʵʚʰװװʣʵʚ. 

ɿʦʨʠʣʪʫʫʜ:  

1. ʊʘʣʭʣʘʛʜʘʣʜ ʦʨʩʦʥ ʙʵʣʯʵʵʨʠʡʛ ʭʘʰʠʞ ʤʘʣʳʥ ʭᴇʣᴇᴇʩ ʯᴇʣᴇᴇʣʞ, ʙʘʡʛʘʣʠʡʥ 

ʘʷʩʘʘʨ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ  

2. ʍʫʫʨʘʡ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʪʦʭʠʨʩʦʥ ʦʣʦʥ ʥʘʩʪ װʝʪʵʥ, ʙʫʫʨʮʘʛʪʘʥ ʦʚʛʠʡʥ ʪʘʨʠʤʘʣ 

ʩʦʨʪʫʫʜʳʛ ʪʘʨʴʞ ʪʫʨʰʠʭ 

3. ɿʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ ʘʨʛʘ, ʪʝʭʥʠʢʠʡʛ ʘʰʠʛʣʘʥ ʄʦʥʛʦʣ ʦʨʥʳ ʙʦʣʦʥ 

ɹʫʣʛʘʥ (ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤ) ʘʡʤʛʠʡʥ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ, ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ 

ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʫʨʛʘʤʣʳʥ ʫʨʛʘʞ ʵʭʣʵʭ, ʫʩ ʥʘʤʛʘʨʭʘʛ ʛʘʟʨʳʥ ʮʘʛ 

ʭʫʛʘʮʘʘ ʙʦʣʦʥ ʦʨʦʥ ʟʘʡʥ ᴇᴇʨʯʣᴇʣʪᴇʜ, ʤᴇʥ ʛʘʟʘʨ ʘʰʠʛʣʘʣʪʳʥ ᴇᴇʨʯʣᴇʣʪᴇʜ 

ʥᴇʣᴇᴇʣᴇʭ ʙʘʡʛʘʣʴ, ʥʠʡʛʤʠʡʥ ʭװʯʠʥ ʟװʡʣʠʡʛ ʪʦʦʮʦʭ, ʠʣʨװװʣʵʭ, ʟʫʨʘʛʣʘʭ. 

4. ʊʘʣʭʣʘʛʜʘʣʜ ʦʨʩʦʥ ʙʵʣʯʵʵʨʠʡʛ ʭʘʰʠʞ ʤʘʣʳʥ ʭᴇʣᴇᴇʩ ʯᴇʣᴇᴇʣʞ, ʙʘʡʛʘʣʠʡʥ 

ʘʷʩʘʘʨ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ  

5. ʍʫʫʨʘʡ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʪʦʭʠʨʩʦʥ ʦʣʦʥ ʥʘʩʪ װʝʪʵʥ, ʙʫʫʨʮʘʛʪʘʥ ʦʚʛʠʡʥ ʪʘʨʠʤʘʣ 

ʩʦʨʪʫʫʜʳʛ ʪʘʨʴʞ ʪʫʨʰʠʭ 

6. ʄʵʜʵʵʣʣʠʡʥ ʩʘʥ ʙʘʡʛʫʫʣʘʭ 
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ʅʕɻɼתɻʕʕʈ ɹתʃʕɻ. ʉʋɼɸʃɻɸɸʅɼ ʍɸʄʈɸɻɼʉɸʅ ɻɸɿɸʈ 

ʅʋʊɻʀʁʅ ɹɸʁɻɸʃʔ, ʅʀʁɻʕʄ, ʕɼʀʁʅ ɿɸʉɻʀʁʅ ᴆʅᴆᴆɻʀʁʅ 

ʅᴆʍʎᴆʃ 

1.1. ʌʠʟʠʢ ʛʘʟʘʨ ʟװʡ 

ʄʦʥʛʦʣ ʦʨʥʳ ʥʠʡʪ ʥʫʪʘʛʪ ʬʠʟʠʢ ʛʘʟʘʨ ʟװʡʥ 4 ʠʭ ʤʫʞ, 12 ʤʫʞ, 27 ʪʦʡʨʦʛ 

ʷʣʛʘʥ ʪʦʛʪʦʦʩʦʥ ʤʫʞʣʘʣʳʛ ʙʘʨʠʤʪʘʣʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ ɹʫʣʛʘʥ ʘʡʤʘʛ ʥʴ ʍʘʥʛʘʡ, 

ʍʵʥʪʠʡʥ ʫʫʣʘʨʭʘʛ ʠʭ ʤʫʞ, ʍʘʥʛʘʡʥ ʤʫʞ, ʉʵʣʵʥʛʵ, ʆʨʭʦʥʳ ʩʘʚ ʜʘʭʴ ʙʵʩʨʵʛ 

ʫʫʣʩʳʥ ʪʦʡʨʦʛʪ ʭʘʤʘʘʨʥʘ [26]. ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤ ʥʴ ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʙʘʨʫʫʥ ʫʨʜ 

ʟʘʭʘʜ 2686 ʢʤĮ ʛʘʟʘʨ ʥʫʪʘʛ ʭʘʨʴʷʘʣʘʥ ʦʨʰʜʦʛ. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʦʦʩ 306 ʢʤ, 

ʘʡʤʛʠʡʥ ʪᴇʚᴇᴇʩ 150 ʢʤ-ʠʡʥ ʟʘʡʜ ʙʘʡʨʣʘʥʘ [8]. ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʭʘʤʛʠʡʥ 

ᴇʥʜᴇʨ ʮʵʛ ʙʦʣʦʭ ɸʚʟʘʛʘ ʭʘʡʨʭʘʥ ʫʫʣ ʥʴ ʜ.ʪ.ʜ 2084 ʤʝʪʨ ᴇʥʜᴇʨʪ ᴇʨʛᴇʛʜʩᴇʥ, ʩʫʤʳʥ 

ʪᴇʚ ʥʴ ʜ.ʪ.ʜ 1096.9 ʤ ᴇʥʜᴇʨʪ ʦʨʰʜʦʛ. ʉʫʤʳʥ ʥʫʪʘʛ ʜʵʚʩʛʵʨ ʥʴ ʫʫʣ, ʛװʚʵʵ ʪʦʣʛʦʜ 

ʙװʭʠʡ ʪʘʣ ʭʵʵʨ ʙʫʶʫ ʤʘʣ ʘʞ ʘʭʫʡ ʙʦʣʦʥ ʛʘʟʘʨ ʪʘʨʠʘʣʘʥ ʵʨʭʣʵʭʵʜ ʪʦʭʠʨʦʤʞʪʦʡ 

ʥʫʪʘʛ ʶʤ [24]. 

1.2. ʉʫʜʘʣʛʘʘʥʳ ʭʫʛʘʮʘʘʥʳ ʮʘʛ ʫʫʨʳʥ ʙʘʡʜʘʣ 

ʄʦʥʛʦʣ ʦʨʥʳ ʙʘʡʛʘʣʴ ʦʨʯʥʳ ʪᴇʣᴇʚ ʙʘʡʜʣʳʥ 2017-2019 ʦʥʳ ʪʘʡʣʘʥʛʘʘʩ 

 ʣʠʡʥ 79 ʞʠʣʜ 2.250ʉ-ʘʘʨװװʟʵʭʵʜ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʘʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʩװ

ʜʫʣʘʘʨʩʘʥ ʙʘʡʥʘ. ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʥᴇʭʮᴇʣ ʥʴ ʭʫʫʨʘʡʜʫʫ ʩʵʨװװʥ 

ʟʫʥʪʘʡ, ʭʘʭʠʨ ʭװʡʪʵʥ ᴇʚᴇʣʪʵʡ. 1-ʨ ʩʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ -18Áʉ ʙʘʡʜʘʛ ʙʦʣ 7-

ʨ ʩʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ +20Áʉ,  ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʩʘʣʭʠʥʳ ʭʫʨʜ 4-5 ʤ/ʩ, 

ʞʠʣʠʡʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʥʠʡʣʙʵʨ 150-300 ʤʤ ʙʘʡʜʘʛ. ʎʘʛ ʘʛʘʘʨ ʪʦʛʪʚʦʨʛװʡ, 

ʘʛʘʘʨʳʥ ʭʵʤ ʪװʨʛʵʥ ᴇᴇʨʯʣᴇʛʜᴇʞ ʭʦʥʦʛʠʡʥ ʜʫʣʘʘʥʳ ʭʵʣʙʵʣʟʵʣ ʠʭʩʵʞ ᴇʜᴇʨʪᴇᴇ 

ʜʫʣʘʘʥ, ʰᴇʥᴇʜᴇᴇ ʭװʡʪʵʥ ʙʦʣʜʦʛ. ʐʦʨʦʦʥ ʰʫʫʨʛʘ ʦʣʦʥʪʦʡ ʙʦʣʜʦʛ. ɿʫʥʳ ʫʣʠʨʘʣ 

120 ʭʦʥʦʛ װʨʛʵʣʞʠʣʜʵʛ ʙᴇʛᴇᴇʜ ʞʠʣʠʡʥ ʥʠʡʪ ʭʫʨ ʪʫʥʘʜʘʩʥʳ 90-93 ʭʫʚʴ ʥʴ ʫʥʘʜʘʛ 

[27]. 

ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʍɸɸ-ʥ ʮʘʛ ʫʫʨʳʥ ʭʘʨʫʫʣʳʥ (1999-

2019) ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʤʵʜʵʵʛʵʵʨ 1-ʨ ʩʘʨʳʥʭ -19.5°C, 7-ʨ ʩʘʨʳʥʭ 20.6°C, 

ʞʠʣʠʡʥ ʫʥʘʭ ʪʫʥʘʜʘʩʥʳ ʥʠʡʣʙʵʨ ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʞʘʘʨ 207.5 ʤʤ, װװʥʠʡ 69.2-

84.6 ʭʫʚʴ 6-8-ʨ ʫʥʘʥʘ.  

2018-2020 ʦʥʫʫʜʳʥ ʚʝʛʝʪʘʮʠʡʥ ʭʫʛʘʮʘʘʥʳ (5-9-ʨ ʩʘʨ) ʘʛʘʘʨʳʥ 

ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʫʚʴʜ 2020 ʦʥʳʭ ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞʪʘʡ ʦʡʨʦʣʮʦʦ (13.1-20.5°C) 

ʭʵʤʞʵʵʥʜ ʙʘʡʚ. ʍʘʨʠʥ 2018 ʦʥʳʭ 5-ʨ ʩʘʨʜ ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʞʘʘʩ 2.8 ʭʵʤʵʵʨ ʠʭ 

ʙʫʶʫ ʜʫʣʘʘʥ, 7-ʨ ʩʘʨʜ ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʞʘʘʩ 1.8 ʭʵʤʵʵʨ ʙʘʛʘ ʙʘʡʚ. ʍʘʨʠʥ 2019 

ʦʥʳ 5-ʨ ʩʘʨʜ 2018 ʦʥʳʭʦʦʩ 4.4 ʭʵʤʵʵʨ ʙʘʛʘ ʙʫʶʫ ʩʵʨװװʥ, 7-ʨ ʩʘʨʜ 2018 ʦʥʳʭʦʦʩ 

2.2 ʭʵʤʵʵʨ ʠʣװװ ʙʘʡʚ.  

2018-2020 ʦʥʫʫʜʳʥ ʚʝʛʝʪʘʮʠʡʥ ʭʫʛʘʮʘʘʥʳ (5-9-ʨ ʩʘʨ) ʪʫʥʘʜʘʩʥʳ 

ʭʵʤʞʵʵʥʠʡ ʭʫʚʴʜ 2018 ʦʥʜ ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʞʘʘʩ 125.4 ʤʤ-ʵʵʨ ʠʣ2019 ,װװ ʦʥʜ 

16.6 ʤʤ-ʵʵʨ ʠʣװװ ʙʘʡʩʘʥ ʙʦʣ 2020 ʦʥʜ (6.5 ʤʤ-ʵʨɻ ʠʣװװ) ʙʘʨʘʛ ʘʜʠʣ ʭʵʤʞʵʵʥʜ 

ʙʘʡʚ. ʕʜʛʵʵʨ ʞʠʣװװʜʠʡʥ 7-ʨ ʩʘʨʜ ʚʝʛʝʪʘʮʠʡʥ ʭʫʛʘʮʘʘʥʜ ʫʥʘʩʘʥ ʪʫʥʘʜʘʩʥʳ  30.2-

41.0 ʭʫʚʴ ʥʴ ʫʥʘʩʘʥ ʙʘʡʥʘ. ɻʵʭʜʵʵ 2018 ʦʥʳ 7-ʨ ʩʘʨʜ ʫʥʘʩʘʥ ʪʫʥʘʜʘʩʥʳ ʭʵʤʞʵʵ 

(101.5 ʤʤ) 2019, 2020 ʦʥʳʭʦʦʩ 19.6-44.3 ʤʤ-ʵʵʨ ʠʣװװ ʙʘʡʚ. 2018, 2020 ʯʠʡʛʣʵʛ, 

ʭʘʨʠʥ 2019 ʛʘʥʜʫʫ ʞʠʣ ʙʘʡʩʥʳʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ɹʠʜ ɻ.ɺʘʣʴʪʝʨ (1968)-ʠʡʥ 
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ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʘʨʛʘʘʨ ʫʨʛʘʤʘʣ ʫʨʛʘʣʪʳʥ ʭʫʛʘʮʘʘʥʳ ʮʘʛ ʫʫʨʳʥ ʜʠʘʛʨʘʤʤʳʛ 

ʙʘʡʛʫʫʣʘʚ (ʭװʩʥʵʛʪ 1, ʟʫʨʘʛ 1) 

ʍװʩʥʵʛʪ 1. ʉʫʜʘʣʛʘʘ ʷʚʫʫʣʩʘʥ ʞʠʣװװʜʠʡʥ ʘʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ, ʪʫʥʘʜʘʩʥʳ 

ʭʵʤʞʵʵ 

ɸʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ (ÁC) 

ʆʥ/ʩʘʨ V VI VII VIII IX 

2018 15.4 19.8 18.8 17.9 9.9 

2019 11.0 19.6 21.0 18.2 15.2 

2020 13.1 18.9 20.5 18.0 12.4 

ʆʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ 
(1999-2019 ʦʥ) 

12.6 18.6 20.6 18.1 11.7 

ʊʫʥʘʜʘʩ (ʤʤ) 

ʆʥ/ʩʘʨ V VI VII VIII IX 

2018 0.6 35.2 101.5 116.7 54.5 

2019 19.5 45.3 81.9 41.3 11.7 

2020 17.1 50.9 57.2 52.3 12.1 

ʆʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ 
(1999-2019 ) 

17.7 36.8 57.0 50.0 21.7 

 

ɿʫʨʘʛ 1. ʉʫʜʘʣʛʘʘ ʷʚʫʫʣʩʘʥ ʞʠʣװװʜʠʡʥ ʫʨʛʘʤʘʣ ʫʨʛʘʣʪʳʥ ʭʫʛʘʮʘʘʥʳ ʮʘʛ ʫʫʨʳʥ ʙʘʡʜʘʣ  

(ʋʩ, ʮʘʛ ʫʫʨ, ʦʨʯʥʳ ʰʠʥʞʠʣʛʵʵʥʠʡ ʛʘʟʨʳʥ 2018-2020 ʦʥʳ ʤʵʜʵʵʛʵʵʨ). 

ɹʦʩʦʦ ʪʵʥʭʣʵʛʪ: ʘʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ (ÁC); ʪʫʥʘʜʘʩʥʳ ʭʵʤʞʵʵ (ʤʤ);10ÁC=20 ʤʤ. 

ʍʵʚʪʵʵ ʪʵʥʭʣʵʛʪ: ʦʥ, ʩʘʨ 

ʉʘʣʭʠʥʳ ʭʫʨʜ  

ʄʦʥʠʪʦʨʠʥʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʭʘʰʩʘʥ ʪʘʣʙʘʡʜ ʙʘʡʨʣʫʫʣʩʘʥ ʤʠʢʨʦ ʮʘʛ 

ʫʫʨʳʥ ʙʘʛʘʞʘʘʩ 2019, 2020 ʦʥʳ 6-8ʨ  ʩʘʨʜ ᴇʛʣᴇᴇʥʠʡ 8 ʮʘʛʘʘʩ ʦʨʦʡʥ 22 ʮʘʛ 

ʭװʨʪʵʣ 2-3 ʮʘʛ ʪʫʪʘʤ ʘʚʩʘʥ ʤʵʜʵʵʛ ʙʦʣʦʚʩʨʫʫʣʘʚ. ʉʫʜʘʣʛʘʘʥʳ ʭʫʛʘʮʘʘʥʜ ᴇʜᴇʨ 

ʙװʨ ʩʘʣʭʠʪʘʡ, ʟʘʨʠʤ ʦʨʦʡ ʩʘʣʭʠʛװʡ, ʪʦʛʪʫʫʥ ʙʘʡʜʘʛ.   
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ʉʘʣʭʠʥʳ ʭʘʤʛʠʡʥ ʙʘʛʘ ʭʫʨʜ ʜʫʥʜʞʘʘʨ 2.0-3.5 ʤ/ʩʝʢ ʙʫʶʫ ʜᴇʣʛᴇᴇʥ ʩʘʣʭʠʪʘʡ 

ʙʘʡʭʘʜ ʭװʯʪʵʡ ʩʘʣʭʠʥʳ ʭʫʨʜ ʜʫʥʜʞʘʘʨ 18.3-24.3 ʤ/ʩʝʢ-ʠʡʥ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ 

ʙʘʡʚ.  

ʍʘʨʠʥ 2020 ʦʥʜ 6 ʩʘʨʳʥ 19-ʥʜ װʜʵʵʩ ʭʦʡʰ ʤʘʰ ʭװʯʪʵʡ ʰʦʨʦʦʥ ʰʫʫʨʛʘ 

ñʫʛʘʣʟò ʙʦʣʞ ʭʵʩʵʛ ʭʫʛʘʮʘʘʥʜ ʪʵʥʛʵʨ ʭʘʨʘʥʭʫʡʣʞ װʟʵʛʜʵʭ ʦʨʯʠʥ ʭʷʟʛʘʘʨʣʘʛʜʘʞ, 

ʙʘʡʛʘʣʠʡʥ ʘʶʫʣʪʘʡ װʟʵʛʜʵʣ 1 ʮʘʛ ʦʨʯʠʤ ʭʫʛʘʮʘʘʥʜ װʨʛʵʣʞʣʵʚ (ʟʫʨʘʛ 2 ).  

ɿʫʨʘʛ 2. ʍװʯʪʵʡ ʰʦʨʦʦʥ ʰʫʫʨʛʘ ʰʫʫʨʯ ʙʘʡʛʘʘ ʥʴ 

ʕʥʵ ʙʘʡʛʘʣʠʡʥ װʟʵʛʜʣʵʵʩ ʭʦʡʰ 4 ʭʦʥʦʛʠʡʥ ʜʘʨʘʘ 2020 ʦʥʳ 6 ʩʘʨʳʥ 23-ʥʜ 

ʤʘʰ ʰʠʨװװʥ ʘʘʜʘʨ ʙʦʨʦʦ ʦʨʞ ʵʭʵʣʩʥʵʵ ʫʜʘʣʛװʡ ʤᴇʥʜᴇʨ ʦʨʩʥʦʦʨ ʍʵʚʪʵʵʛʠʡʥ 

ʘʨʳʥ ʭᴇʥʜʠʡ ʥʵʣʵʥʭʠʡʜʵʵ ʤᴇʥʜʨᴇᴇʨ ʭʫʯʠʛʜʩʘʥ ʪʘʣ, ʮʘʛʘʘʥ ᴇʥʛᴇʪʵʡ ʙʦʣʞ 

ʙʘʡʛʘʣʠʡʥ ʦʥʮʛʦʡ װʟʵʛʜʵʣ ʪʦʭʠʦʣʜʦʚ (ʟʫʨʘʛ 3). 

 

 
ɿʫʨʘʛ 3. ʐʠʨװװʥ ʘʘʜʘʨ ʙʦʨʦʦ ʙʦʣʦʥ ʤᴇʥʜᴇʨ ʦʨʩʥʳ ʜʘʨʘʘʭ ʙʘʡʜʘʣ 

ɹʠʜʥʠʡ ʪʫʨʰʠʣʪ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ ʙʦʣʦʭ ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʙʫʣʘʛ 

ʩʫʤʳʥ ɸʚʟʘʛʘ ʙʘʛʠʡʥ ʍʵʚʪʵʵʛʠʡʥ ʘʨʳʥ ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʭʘʰʩʘʥ 

ʪʘʣʙʘʡʜ ʙʘʡʨʣʫʫʣʩʘʥ ʤʠʢʨʦ ʮʘʛ ʫʫʨʳʥ ʙʘʛʘʞʘʘʨ ʩʫʜʘʣʛʘʘ ʷʚʫʫʣʩʘʥ 2019 ʦʥʳ 5 

ʩʘʨʳʥ ʩװװʣʯ 6,7,8-ʨ ʩʘʨʳʥ ʵʭʵʥʜ ᴇʛʣᴇᴇʥʠʡ 8 ʮʘʛʘʘʩ ʦʨʦʡʥ 22 ʮʘʛ ʭװʨʪʵʣ 2-3 ʮʘʛ 

ʪʫʪʘʤ ʘʚʩʘʥ ʤʵʜʵʵʛ ʙʦʣʦʚʩʨʫʫʣʘʚ. ʉʫʜʘʣʛʘʘʥʳ ʭʫʛʘʮʘʘʥʜ ᴇʜᴇʨ ʙװʨ ʩʘʣʭʠʪʘʡ, 

ʟʘʨʠʤ ʦʨʦʡʜʦʦ ʪʦʛʪʫʫʥ ʩʘʣʭʠʛװʡ ʙʘʡʚ.  

6-ʨ ʩʘʨʜ ʟᴇᴇʣᴇʥ ʩʘʣʭʠʪʘʡ, ʩʘʣʭʠʥʳ ʭװʯ ʜʫʥʜʞʘʘʨ 4.5 ʤ/ʩʝʢ, 7-ʨ ʩʘʨʜ 

ʫʨʴʭʘʥ ʩʘʣʭʠʪʘʡ, ʜʫʥʜʞʘʘʨ 3.2 ʤ/ʩʝʢ, 8-ʨ ʩʘʨʜ ʤᴇʥ ʫʨʴʭʘʥ ʩʘʣʭʠʪʘʡ ʜʫʥʜʞʘʘʨ 

3.3 ʤ/ʩʝʢ ʙʘʡʚ. ɸʞʠʛʣʘʣʪʳʛ ᴇʜʨʠʡʥ 12 ʮʘʛʘʘʩ ʦʨʦʡʥ 18 ʮʘʛʠʡʥ ʭʦʦʨʦʥʜ ʭʠʡʩʵʥ 
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ʙᴇʛᴇᴇʜ ʵʥʵ װʝʜ ʟᴇᴇʣᴇʥ ʩʘʣʭʠʪʘʡ, ʩʘʣʭʠʥʳ ʭװʯ ʥʴ 5.0-5.6 ʤ/ʩʝʢ ʙʘʡʚ. ʉʘʣʭʠʥʳ 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʭװʯ ʥʴ 1.0-2.0 ʤ/ʩʝʢ ʙʫʶʫ ʭʘʤʛʠʡʥ ʠʭ  ʥʴ 8.7-11.8 ʤ/ʩʝʢ ʭװʨʯ ʙʘʡʣʘʘ 

(ʟʫʨʘʛ 4). 
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ɿʫʨʘʛ 4. ʉʫʜʘʣʛʘʘ ʷʚʫʫʣʩʘʥ ʭʫʛʘʮʘʘʥʳ ʩʘʣʭʠʥʳ ʭʫʨʜ 

ɸʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʫʚʴʜ 5-ʨ ʩʘʨʳʥ ʩװװʣʯʵʵʨ 22.0 ʭʵʤ, 6-ʨ ʩʘʨʜ 

ʜʫʥʜʞʘʘʨ 20.4 ʭʵʤ, 7-ʨ ʩʘʨʜ ʜʫʥʜʞʘʘʨ 22.3 ʭʵʤ, 8-ʨ ʩʘʨʜ ʜʫʥʜʞʘʘʨ 23.5 ʭʵʤʠʡʥ 

ʜʫʣʘʘʥ ʙʘʡʚ. ɸʞʠʛʣʘʣʪ ʭʠʡʩʵʥ ʮʘʛʘʘʨ ʘʚʯ װʟʚʵʣ ᴇʜʨʠʡʥ 14 ʮʘʛʘʘʩ ʦʨʦʡʥ 18 

ʮʘʛʠʡʥ ʭʦʦʨʦʥʜ ʜʫʥʜʞʘʘʨ 24.9-26.1 ʭʵʤʠʡʥ ʜʫʣʘʘʥ ʙʘʡʚ. ɸʛʘʘʨʳʥ 

ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʘʤʛʠʡʥ ʙʘʛʘ ʥʴ 15.5-19.9 ʭʵʤ ʙʘʡʭʘʜ ʭʘʤʛʠʡʥ ʠʭ ʥʴ 30.5-31.4 

ʭʵʤʠʡʥ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʙʘʡʚ. 

1.3. ʍᴇʨʩ 

ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʭᴇʨʩʠʡʛ ʫʫʣʳʥ ʦʡʥ ʰʠʨʵʛʪ ʙʘʨʘʘʥ 

ʭᴇʨʩ, ʫʫʣʳʥ ʪʘʡʛʳʥ ʮʵʚʜʵʛʪ-ʫʭʘʘ ʰʦʨʦʦʥ ʭᴇʨʩ, ʫʫʣʳʥ ʭװʨʵʥ ʭᴇʨʩ, ʥʫʛʳʥ ʭװʨʵʥ 

ʭᴇʨʩ, ʞʠʥʭʵʥʵ ʭװʨʵʥ ʭᴇʨʩ, ʥʫʛʘʪ-ʥʘʤʛʠʡʥ ʰʠʨʵʛʪ ʛʣʝʡʪ ʭᴇʨʩ, ʘʣʣʶʚʠʡʥ ʥʫʛʘ-

ʥʘʤʛʠʡʥ ʭᴇʨʩ, ʵʦʣʦʚʠʡʥ ʵʣʩ, ʩʫʣʘʚʪʘʨ ʙʵʭʵʞʩʵʥ ʵʣʩʵʥ ʭᴇʨʩ ʛʵʞ ʘʥʛʠʣʞ ʙʘʡʥʘ. 

ʊʫʭʘʡʥ ʩʫʤʳʥ ʥʫʪʘʛ ʜʵʚʩʛʵʨʠʡʥ ʜʠʡʣʵʥʭ ʭʵʩʛʠʡʛ ʥʴ ʫʫʣʳʥ ʭװʨʵʥ ʭᴇʨʩ ʙʦʣʦʥ 

ʞʠʥʭʵʥʵ ʭװʨʵʥ ʭᴇʨʩ ʵʟʵʣʞ ʙʘʡʥʘ. ᴆʥʛᴇʥ ʭᴇʨʩʥʠʡ 0-30 ʩʤ ʛװʥʠʡ ʟװʩʵʣʪʵʵʨ ʭʫʫʨʘʡ, 

ʭʘʨ ʭװʨʵʥ ᴇʥʛᴇʪʵʡ, ʤʝʭʘʥʠʢ ʙװʨʵʣʜʵʭװװʥ ʥʴ ʵʣʩʵʥʮʵʨ ʙʦʣʦʥ ʞʠʞʠʛ ʯʫʣʫʫʪʘʡ 

ʭᴇʨʩ ʙʘʡʥʘ. 30-80ʩʤ ʛװʥʠʡ ʟװʩʵʣʪʵʵʨ ʭʫʫʨʘʡ ʯʠʡʛʰʠʣʪʵʡ, ʰʘʨ ʰʘʚʘʨʣʘʛ ᴇʥʛᴇʪʵʡ, 

ʤʝʭʘʥʠʢ ʙװʨʵʣʜʵʭװװʥ ʥʴ ʭʘʡʨʛʘ ʙʦʣʦʥ ʪʦʤ ʯʫʣʫʫ ʠʭʪʵʡ ʤʘʰ ʭʘʪʫʫ ʭᴇʨʩ ʙʘʡʥʘ 

[28].  

ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ɸʚʟʘʛʘ ʙʘʛʠʡʥ ʭᴇʨʩᴇʥ ʙװʨʭʵʚʯʠʡʥ ʦʥʮʣʦʛ: ʄʦʥʛʦʣ 

ʦʨʥʳ ʍᴇʨʩ-ʛʘʟʘʨ ʟװʡʥ ʤʫʞʣʘʣʘʘʨ ʍʘʥʛʘʡʥ ʠʭ ʤʫʞʠʡʥ ᴇʨʛᴇʨʛʠʡʥ ʙװʩʰʠʣʠʡʥ 

ʭʘʨʭװʨʵʥ, ʭװʨʵʥ ʭᴇʨʩʥʠʡ ʜʵʜ ʙװʩʠʡʥ ʆʨʭʦʥ-ʐʘʘʤʘʨʳʥ 1-ʨ ʪʦʡʨʦʛ ʙʦʣʦʥ ʊʫʫʣ-

ɼʘʰʠʥʯʠʣʵʥʛʠʡʥ 2-ʨ ʪʦʡʨʛʫʫʜʳʥ ʟʘʘʛ ʥʫʪʛʠʡʛ ʭʘʤʘʨʥʘ [8]. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ 

ʜʘʨʘʘʭ ʪᴇʨʣʠʡʥ ʭᴇʨʩװװʜ ʛʦʣʣʦʥ ʪʘʨʭʩʘʥ ʙʘʡʥʘ. װתʥʜ:  

¶ ʉʘʡʨʛʘʨʭʘʛ ʵʣʩʵʥʮʵʨ ʭװʨʵʥ ʭᴇʨʩ  

¶ ʕʣʩʵʨʭʵʛ ʭװʨʵʥ ʭᴇʨʩ  

¶ ʍʫʞʠʨʣʘʛ  ʭװʨʵʥ ʙʘ ʭʫʞʠʨ ʤʘʨʘʘʥʳ ʙװʨʜʵʣ  

ʍᴇʨʩᴇʥ ʙװʨʭʵʚʯʠʡʥ ʪᴇʨʭ ʙʘʡʜʘʣ, ʜʦʨʦʡʪʦʣ: ʊʫʭʘʡʥ ʪʘʣʙʘʡ ʠʣ ʟʘʜʛʘʡ ʫʩʘʥ 

ʩʘʥʛʠʡʥ ʦʡʨʦʣʮʦʦ ʙʘʡʨʣʘʭ ʙʘ ʪװװʥʠʡʛ ʜʘʛʘʘʜ ʤʘʣʳʥ ʭᴇʣʠʡʥ ʥᴇʣᴇᴇʛᴇᴇʨ 

ʪʘʣʭʣʘʛʜʘʣ ʙʠʡ ʙʦʣʞ ʭᴇʨʩ, ʫʨʛʘʤʘʣ ʥᴇʤʨᴇʛ ʪʘʣʭʣʘʛʜʘʞ ʙʘʡʛʘʘʛʠʡʥ ʟʵʨʵʛʮʵʵ 
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ʙʘʡʛʘʣʴ ʮʘʛ ʫʫʨʳʥ ʥᴇʣᴇᴇʣᴇʣ ʯ ʙʘʛʘʛװʡ ʭʵʤʞʵʵʛʵʵʨ ʥᴇʣᴇᴇʣʩᴇʥ ʪʘʣ ʙʠʡ.  ʋʯʠʨ ʥʴ 

ʭʫʨ ʪʫʥʘʜʘʩ ʙʘʛʘʪʘʡ, ʘʛʘʘʨʳʥ ʭʵʪ ʭʘʣʘʣʪʪʘʡ ʞʠʣ ʫʨʛʘʤʣʳʥ ʛʘʨʮ ʤʫʫ ʙʘʡʜʘʛ ʥʴ 

ʭᴇʨʩᴇʥʜ ʭʫʨʠʤʪʣʘʛʜʘʭ ʦʨʛʘʥʠʢ ʭʫʨʠʤʪʣʘʣʳʛ ʙʫʫʨʫʫʣʞ ʫʣʤʘʘʨ ʭᴇʨʩ װʨʞʠʣ 

ʰʠʤʵʵʨ ʷʜʫʫʨʯ ʜʦʨʦʡʪʦʭ ʥᴇʭʮᴇʣ ʙװʨʜװװʣʜʵʛ [29].  

ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤ ʥʴ ʛʘʟʘʨ ʟװʡʥ ʙװʩʵʵʨ ʫʫʣʘʨʭʘʛ ʭʵʵʨʠʡʥ, 

ʯʠʡʛ, ʜʫʣʘʘʥʳ ʭʘʥʛʘʤʞʘʘʨ  ʭʫʫʨʘʡ, ʩʵʨװװʚʪʵʨ ʙװʩʵʜ ʙʘʡʨʣʘʜʘʛ ʙʘ ʥʫʪʘʛ 

ʜʵʚʩʛʵʨʠʡʥ ʜʠʡʣʵʥʭ ʭʵʩʛʠʡʛ ʥʴ ʫʫʣʳʥ ʭװʨʵʥ ʭᴇʨʩ ʵʟʵʣʞ ʙʘʡʥʘ. ʊʫʭʘʡʥ 

ʩʫʤʳʥ  ʙʵʣʯʵʵʨ ʥʴ ʫʨʛʘʤʣʳʥ ʙװʨʭʵʮ ʙʘʛʘʪʘʡ, ʦʛʦʪʥʳʥ װʣʠʡ ʠʭʪʵʡ, ʭᴇʨʩ ʥʴ 

ʩʠʡʨʵʛʞʩʵʥ ʙʘ ʠʭʵʵʭʵʥ ʭʵʤʞʵʵʥʠʡ  ʯʫʣʫʫʥ ʜʵʚʩʛʵʨʪʵʡ. ᴆʥʛᴇʥ ʭᴇʨʩʥʠʡ 0-30 ʩʤ 

ʛװʥʠʡ ʟװʩʵʣʪʵʵʨ ʭʫʫʨʘʡ ʯʠʡʛʰʠʣʪʵʡ,  ʭװʨʵʥ  ʭᴇʨʩʪʵʡ, ʤʝʭʘʥʠʢ ʙװʨʵʣʜʵʭװװʥ ʥʴ 

ʵʣʩʵʥʮʵʨ ʙʦʣʦʥ ʞʠʞʠʛ ʯʫʣʫʫʪʘʡ ʙʘʡʥʘ.  

1.4. ʋʨʛʘʤʘʣʞʠʣ 

ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤ ʥʴ ʫʨʛʘʤʘʣ ʛʘʟʘʨ ʟװʡʥ ʤʫʞʣʘʣʘʘʨ 

ɽʚʨʦʘʟʠʡʥ ʭʵʵʨʠʡʥ ʤʫʞ, ɼʘʛʫʫʨ ʄʦʥʛʦʣʳʥ ʭʵʵʨʠʡʥ ʧʨʦʚʠʥʮʠ, ɼʫʥʜʘʜ ʍʘʣʭʳʥ 

ʭʵʵʨʠʡʥ ʪʦʡʨʦʛʪ ʙʘʛʪʘʥʘ [18]. ʅʫʪʘʛ ʜʵʚʩʛʵʨʠʡʥ ʠʭʵʥʭ ʭʵʩʛʠʡʛ ʪʦʣʛʦʜʦʨʭʦʛ ʪʘʣ 

ʭʵʵʨ ʟʦʥʭʠʣʦʥ ʙʘʛʘ ʭʵʩʛʠʡʛ ʥʴ ʯʫʣʫʫʨʭʘʛ ʥʘʤ ʙʘ  ʙʵʩʨʵʛ ʫʫʣʩ ʵʟʵʣʜʵʛ. ʅʘʤ 

ʫʫʣʩʳʥ ʜʫʥʜʘʞ ᴇʥʜᴇʨ ʥʴ ʜ.ʪ.ʜ 1274-1707 ʤ ᴇʨʛᴇʛʜʩᴇʥ ʙʘ ʫʫʣʳʥ ʦʨʦʡ, ʭʘʞʫʫʛʘʘʨ 

ʞʠʞʠʛ ʜʵʛʥװװʣʪ װʝʪʵʥ-ʘʣʘʛ ᴇʚʩʪ ʩʠʡʨʵʛ ʫʨʛʘʤʘʣʪʘʡ ʯʫʣʫʫʨʭʘʛ ʥʫʛʘʨʭʘʛ ʭʵʵʨ, 

ʙʦʪʫʫʣʴ-ʭʷʣʛʘʥʘʪ, ʭʷʣʛʘʥʘ װʝʪʵʥʪ, ʞʠʞʠʛ ʜʵʛʥװװʣʪ װʝʪʵʥ-ʘʣʘʛ ᴇʚʩʪ ʫʫʣʳʥ ʭʫʫʨʘʡ 

ʭʵʵʨ, ʘʣʘʛ ᴇʚʩ-ʘʛʴ-װʝʪʵʥʪ, ʞʠʞʠʛ ʜʵʛʥװװʣʪ װʝʪʵʥ-ʘʣʘʛ ᴇʚʩʪ ʩʠʡʨʵʛ ʫʨʛʘʤʘʣʪʘʡ 

ʯʫʣʫʫʨʭʘʛ ʭʵʵʨʠʡʥ ʭʵʚ ʰʠʥʞװװʜ ʪʘʨʭʘʥʘ.ʊʫʩ ʩʫʤʳʥ ʙʘʨʫʫʥ ʭװװ ʍᴇʛʥᴇ ʭʘʘʥ ʫʫʣ 

(1966 ʤ) ʥʵʣʵʵʜ ᴇʥʜᴇʨʣᴇʛʪʵʡ ʙʘʡʨʣʘʥʘ.  

ɼʦʣʛʠʦʨʭʦʛ, ʞʠʞʠʛ, ʙʵʩʨʵʛ ʫʫʣʩʪʘʡ ʭʵʵʨʪ ʫʨʛʘʤʘʣʞʠʣ ʥʴ ʞʠʥʭʵʥʵ ʪʵʛʰ ʪʘʣ 

ʭʵʵʨʠʡʥ ʪᴇʣᴇʚʪʵʡ ʙʘʡʥʘ. ɻװʚʵʵ, ʪʦʣʛʦʜ ʪʘʣ ʭᴇʥʜʠʡʥ ʰʘʚʨʘʥʮʘʨ ʭװʨʵʥ ʭᴇʨʩʪʵʡ 

ʭʵʵʨʪ ʭʷʣʛʘʥʘʪ-ʞʠʞʠʛ ʜʵʛʥװװʣʪ װʝʪʵʥʪ, ʭʷʣʛʘʥʘ-ʭʘʟʘʘʨ ᴇʚʩʪ, ʭʷʣʛʘʥʘ-ʘʣʘʛ ᴇʚʩʪ 

ʭʵʚ ʰʠʥʞ, ʵʣʩʵʥʮʵʨ ʭװʨʵʥ ʭᴇʨʩʪʵʡ ʭʵʵʨʪ ʭʷʣʛʘʥʘ-ʞʠʞʠʛ ʜʵʛʥװװʣʪ װʝʪʵʥʪ, װʝʪʵʥ-

ʘʣʘʛ ᴇʚʩʪ ʭʵʚ ʰʠʥʞ ʟʦʥʭʠʣʦʥ ʪʘʨʭʘʥʘ. ʄᴇʥ ʭʘʨʛʘʥʘ ʙװʭʠʡ ʵʣʩʵʥ ʜʦʚʮʦʛ 

ʪʦʣʛʦʜʳʥ ʭʵʵʨ ʪʘʘʨʘʣʜʘʥʘ. ʍʫʫʨʘʡ ʭʵʵʨʠʡʥ ʰʠʥʞ ʪʵʤʜʛʠʡʛ ʪʦʜʦʨʭʦʡʣʦʛʯ ʥʴ 

ʭʘʨʛʘʥʫʫʜ ʥʴ (ɹʷʮʭʘʥʥʘʚʯʠʪ װʭʵʨ ʭʘʨʛʘʥʘ) ʩʘʣʭʠʥʜ ʪʫʫʛʜʩʘʥ ʵʣʩ ʰʦʨʦʦʛ 

ʙᴇᴇʛʥᴇʨװװʣʞ ʙʷʮʭʘʥ ʜʦʚ װװʩʛʵʜʵʛ. ɻװʚʵʵʨʭʵʛ, ʪʦʣʛʦʜʦʨʭʦʛ ʪʵʛʰ ʪʘʣ ʭʵʵʨʪ 

ʜʵʛʥװװʣʪ װʝʪʵʥʪ ʙʘ ʘʣʘʛ ᴇʚʩ ʟʦʥʭʠʣʦʥ ʫʨʛʘʭʘʘʩ ʛʘʜʥʘ ʞʠʞʠʛ ʜʵʛʥװװʣʪ װʝʪʵʥ-ʘʣʘʛ 

ᴇʚʩ, ʭʷʣʛʘʥʘ-ʜʵʛʥװװʣʪ װʝʪʵʥʪ ʫʨʛʘʤʘʣ ʥᴇʤʨᴇʛ ʥʵʣʵʵʜ ʭʵʩʛʠʡʛ ʵʟʵʣʥʵ. ʕʜʛʵʵʨ ʥʴ 

ʘʣʘʛ ᴇʚʩʪʵʡ ʥʠʡʣʞ, ʞʠʥʭʵʥʵ ʪʘʣ ʭʵʵʨʠʡʥ ʫʨʛʘʤʘʣ ʙװʣʛʵʤʜʣʠʡʥ  ʰʠʥʞ  ʪᴇʨʭʠʡʛ 

ʠʣʵʨʭʠʡʣʥʵ.  

ʄᴇʥ ʜʵʵʨʭ ʟʦʥʭʠʣʦʭ ʫʨʛʘʤʣʫʫʜ ʥʴ ʭʘʨʛʘʥʘʪʘʡ ʥʠʡʣʞ ʢʦʤʧʣʝʢʩ װװʩʛʵʩʵʥ ʥʴ 

ʥʵʣʵʵʜ ʪʦʭʠʦʣʜʦʥʦ. ʅʫʛʘʯʘʘʪ ʪʘʣ ʭᴇʥʜʠʡ ʛװʚʵʵ, ʪʦʣʛʦʜʳʥ ʦʨʦʡ, ʙʵʣ ʵʥʛʵʨʵʵʨ 

ʫʨʛʘʤʘʣ ʥᴇʤʨᴇʛʠʡʥ ʝʨᴇʥʭʠʡ ʙװʨʭʵʮ ʥʴ ʰʠʥʛʵʨʵʭ ʙʦʣʦʚʯ ʟʦʥʭʠʣʦʭ ʵʜʠʬʠʢʘʪʦʨ 

ʥʴ ʭʵʚʵʵʨ ʭʘʜʛʘʣʘʛʜʘʥʘ. ʊʘʣ ʭᴇʥʜʠʡʛᴇᴇʨ ʫʨʛʘʤʣʳʥ ʟװʡʣʠʡʥ ʪʦʦ ʦʣʰʠʨʯ, ʙװʨʭʵʮ 

ʙʘ ʫʨʛʘʤʣʳʥ ᴇʥʜᴇʨʞʠʣʪ ʩʘʡʞʠʨʩʘʥ ʥʴ ʪʦʜ ʘʞʠʛʣʘʛʜʘʥʘ. ɽʨ ʥʴ ɼʫʥʜʘʜ ʭʘʣʭʳʥ 

ʭʵʵʨʠʡʥ ʪʦʡʨʦʛ, ʪװװʥʠʡ ʨʘʡʦʥʫʫʜ ʥʴ ɼʦʨʥʦʜ ʄʦʥʛʦʣʳʥ ʫʫʜʘʤ ʥʫʪʘʛʪʘʡ ʥʵʛʵʥ 

ʘʜʠʣ ʭʵʵʨʠʡʥ ʫʨʛʘʤʘʣ ʥᴇʤʨᴇʛʪʵʡ ʙʘʡʜʘʛ. ʅʘʣʫʫ ʪʵʛʰʠʚʪʵʨ ʵʥʛʵʨ ʪʘʣ ʛʘʟʨʘʘʨ 

ʪʘʨʭʩʘʥ ʵʣʩʵʥʮʵʨ ʭװʨʵʥ ʭᴇʨʩᴇʥʜ ʫʨʛʘʩʘʥ ᴇʚʩʣᴇʛ ʫʨʛʘʤʣʫʫʜ ʥʴ ʪʵʛʰ ʭᴇʥʜʠʡ 
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ʭʷʣʛʘʥʘ-ʞʠʞʠʛ ʜʵʛʥװװʣʪ װʝʪʵʥ, װʝʪʵʥ-ʘʣʘʛ ᴇʚʩ, ʭʘʟʘʘʨ ᴇʚʩ-ʭʷʣʛʘʥʘʪ ʭʵʵʨʪʵʡ 

ʵʵʣʞʣʵʥ ʪʦʭʠʦʣʜʦʥʦ. 

ʊʫʩ ʩʫʤʳʥ ʥʫʪʘʛ ʜʵʚʩʛʵʨʠʡʥ ʭʵʩʵʛ ʭʵʩʵʛ ʛʘʟʘʨʪ ʭʠʘʛ-ʘʣʘʛ ᴇʚʩʪ, ʜʵʨʩ-ʭʠʘʛʪ, 

ʜʵʨʩ-ᴇʣᴇʥʛᴇʪ ʙʦʣʦʥ ʜʦʚ ʩʦʥʜʫʫʣ ʙװʭʠʡ ʰʠʨʵʛ ʫʣʘʣʞ ʫʨʛʘʩʘʥ ʭʵʵʨʞʩʵʥ ʥʫʛʘ, ʥʘʤ 

ʭʦʪʦʩ ʪʦʭʠʦʣʜʦʥʦ. 

1.5. ʅʠʡʛʵʤ ʵʜʠʡʥ ʟʘʩʛʠʡʥ װʟװװʣʵʣʪ  

ɹʫʣʛʘʥ ʘʡʤʘʛ ʥʴ 16 ʩʫʤ, 75 ʙʘʛʘʘʩ ʙװʨʜʵʭ ʙᴇʛᴇᴇʜ 2020 ʦʥʳ ʵʮʩʵʵʨ 61516 

ʭװʥ ʘʤ ʪʦʦʣʦʛʜʩʦʥ ʙᴇʛᴇᴇʜ ʭװʥ ʘʤʳʥ ʪʦʦʛʦʦʨʦʦ ʄʦʥʛʦʣ ʫʣʩʳʥ ʭʵʤʞʵʵʥʜ 18-ʜ 

ʵʨʵʤʙʵʣʵʛʜʵʞ ʙʘʡʥʘ. ʅʠʡʪ ʭװʥ ʘʤʳʥ 50.8 ʭʫʚʴ ʥʴ ʵʨʵʛʪʵʡ, 49.2 ʭʫʚʴ ʥʴ 

ʵʤʵʛʪʵʡʯװװʜ, 18331 ʙʫʶʫ 29.8 ʭʫʚʴ ʥʴ 0-14 ʥʘʩʥʳ ʭװװʭʵʜ, 17441 ʙʫʶʫ 28.4 ʭʫʚʴ 

ʥʴ 15-34 ʥʘʩʥʳ ʟʘʣʫʫʯʫʫʜ, 23883 ʙʫʶʫ 38.8 ʭʫʚʴ ʥʴ 35-69 ʥʘʩʥʳʭʘʥ, 1861 ʙʫʶʫ 

3.0 ʭʫʚʴ ʥʴ 70-ʘʘʩ ʜʵʵʰ ʘʭʤʘʜʫʫʜ ʪʫʩ ʪʫʩ ʵʟʵʣʞ ʙʘʡʥʘ. 2000-2020 ʦʥʳ 21 

ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ʭװʥ ʘʤʳʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ᴇʩᴇʣʪʠʡʥ ʭʫʚʴ -0.02 ʭʫʚʴʪʘʡ 

ʙʘʡʥʘ. 2000 ʦʥʦʦʩ 2010 ʦʥʳʛ ʭװʨʪʵʣ ʭװʥ ʘʤʳʥ ʪʦʦ ʪʦʛʪʤʦʣ ʙʫʫʨʯ ʭװʥ ʘʤʳʥ 

ʞʠʣʠʡʥ ʜʫʥʜʘʞ ᴇʩᴇʣʪʠʡʥ ʭʫʚʴ -1.27 ʭʫʚʴʜ ʭװʨʯ ʙʘʡʩʘʥ ʙᴇʛᴇᴇʜ 2011 ʦʥʦʦʩ ʵʭʣʵʥ 

ʭװʥ ʘʤʳʥ ʪʦʦ ᴇʩᴇʞ 1.49 ʭʫʚʴʪʘʡ ʙʦʣʩʦʥ ʙʘʡʥʘ. ʍװʥ ʘʤʳʥ ʥʷʛʪʰʠʣ ʪʫʩ ʘʡʤʘʛʪ 1.3 

ʙʘʡʛʘʘ ʥʴ ʫʣʩʳʥ ʜʫʥʜʞʘʘʩ 0.6 ʜʘʭʠʥ ʙʘʛʘ ʙʘʡʥʘ (ʭװʩʥʵʛʪ 2, ʟʫʨʘʛ 5).  

ʍװʩʥʵʛʪ 2. ʍװʥ ʘʤʳʥ ʪʦʦ, 2018-2020 ʦʥ, ʘʡʤʛʘʘʨ 

ˉ  ɸʡʤʘʛ 2018  2019  2020  

1 ɸʨʭʘʥʛʘʡ 95994 94324 95067 

2 ɹʘʷʥ-ᴆʣʛʠʡ 103765 103908 105853 

3 ɹʘʷʥʭʦʥʛʦʨ 88359 88008 89329 
4 ɹʫʣʛʘʥ 61794 61344 61516 

5 ɻʦʚʴ-ɸʣʪʘʡ 58280 57479 58343 

6 ɻʦʚʴʩװʤʙʵʨ 17489 17445 18008 

7 ɼʘʨʭʘʥ-ʋʫʣ 104238 102171 103580 

8 ɼʦʨʥʦʛʦʚ ɹ 69560 69859 71233 

9 ɼʦʨʥʦʜ 82295 82020 83473 

10 ɼʫʥʜʛʦʚʴ 46820 46698 47274 

11 ɿʘʚʭʘʥ 73088 72307 73231 

12 ʆʨʭʦʥ 103217 104032 105361 

13 ᴆʚᴇʨʭʘʥʛʘʡ 116645 115737 116785 

14 ᴆʤʥᴇʛʦʚʴ 69124 69858 71248 

15 ʉװʭʙʘʘʪʘʨ 62611 62884 64307 

16 ʉʵʣʵʥʛʵ 109255 107755 108370 

17 ʊᴇʚ 95045 92409 93332 

18 ʋʚʩ 83617 82941 84294 

19 ʋʣʘʘʥʙʘʘʪʘʨ 1444669 1466125 1499140 

20 ʍʦʚʜ 88447 88078 88974 

21 ʍᴇʚʩʛᴇʣ 134371 134318 136058 

22 ʍʵʥʪʠʡ 77664 77320 78507 
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ɿʫʨʘʛ 5. ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʭװʥ ʘʤʳʥ ʪʦʦ (2000-2020 ʦʥ) 

ɸʡʤʛʠʡʥ ʭʵʤʞʵʵʥʜ 18698 ᴇʨʭ ʙʘʡʛʘʘ ʥʴ ᴇʤʥᴇʭ ʦʥʳ ʤᴇʥ װʝʠʡʥʭʵʵʩ 217 ᴇʨʭ 

ʙʫʶʫ 1.2 ʭʫʚʠʘʨ ᴇʩʞʵʵ. ɹʘʡʨʰʣʘʘʨ ʘʚʯ װʟʚʵʣ ʥʠʡʪ ᴇʨʭʠʡʥ 3668 ʙʫʶʫ 19.6 ʭʫʚʴ 

ʥʴ ʘʡʤʛʠʡʥ ʪᴇʚʜ, 911 ʙʫʶʫ 4.9 ʭʫʚʴ ʥʴ ʪʦʩʛʦʥʜ, 4557 ʙʫʶʫ 24.4 ʭʫʚʴ ʥʴ ʩʫʤʳʥ 

ʪᴇʚʜ, 9562 ʙʫʶʫ 51.1 ʭʫʚʴ ʥʴ ʭᴇʜᴇᴇʜ ʘʤʴʜʘʨʯ ʙʘʡʥʘ. ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʥʠʡʪ 

ᴇʨʭʠʡʥ 51.9 ʭʫʚʴ ʥʴ ʪᴇʚʣᴇʨʩᴇʥ ʩʠʩʪʝʤ, 39.7 ʭʫʚʴ ʥʴ ʩʵʨʛʵʵʛʜʵʭ ʵʨʯʠʤ ʭװʯʥʠʡ 

ʪᴇʭᴇᴇʨᴇʤʞ, 6.9 ʭʫʚʴ ʥʴ ʙʘʛʘ ʦʚʨʳʥ ʮʘʭʠʣʛʘʘʥ װװʩʛװװʨ, 0.3 ʥʴ ʜʠʟʝʣʴ ʩʪʘʥʮʘʘʨ 

ʮʘʭʠʣʛʘʘʥ ʵʨʯʠʤ ʭװʯʠʥʜ ʭʦʣʙʦʛʜʩʦʥ ʙʦʣ 1.2 ʭʫʚʴ ʥʴ ʮʘʭʠʣʛʘʘʥʳ ʵʭ װװʩʚʵʨʪ 

ʭʦʣʙʦʛʜʦʦʛװʡ ʙʘʡʥʘ.  

2020 ʦʥʜ 255.1 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʘʜʫʫ, 269.7 ʤʷʥʛʘʥ ʪʦʣʛʦʡ װʭʵʨ, 1.4 ʤʷʥʛʘʥ 

ʪʦʣʛʦʡ ʪʵʤʵʵ, 1765.7 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʭʦʥʴ, 1103.97 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʷʤʘʘ ʥʠʡʪ 

339.98 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʤʘʣ ʪʦʦʣʫʫʣʩʘʥ ʥʴ ʄʦʥʛʦʣ ʫʣʩʳʥ ʭʵʤʞʵʵʥʜ ʥʠʡʪ ʤʘʣʳʥ 

5.1 ʭʫʚʠʡʛ ʵʟʵʣʞ ʙʘʡʥʘ. 

1.5.1 ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʥʠʡʛʵʤ ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʝʨᴇʥʭʠʡ װʟװװʣʵʣʪ 

ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤ ʥʴ ʊʦʛʦʦ ʙʘʛ, ɸʚʟʘʛʘ ʙʘʛ, ɸʛʴʪ ʙʘʛ, ɹʵʨʭ 

ʙʘʛ, ʍᴇʛʥᴇ ʙʘʛ, ʍʫʣʩʪ ʙʘʛʘʘʩ ʙװʨʜʵʭ ʙᴇʛᴇᴇʜ 2020 ʦʥʳ ʪʦʦʣʣʦʛʦʦʨ ʥʠʡʪ 3278 ʭװʥ 

ʘʤ ʪʦʦʣʦʛʜʩʦʥ ʥʴ 2018 ʦʥʦʦʩ 0.3 ʭʫʚʠʘʨ ʙʫʫʨʯʵʵ. ʊʫʩ ʩʫʤʳʥ ʥʠʡʪ ʭװʥ ʘʤʳʥ 51.1 

ʭʫʚʴ ʥʴ ʵʨʵʛʪʵʡ, 48.9 ʭʫʚʴ ʥʴ ʵʤʵʛʪʵʡ, 31.4 ʭʫʚʠʡʛ 0-15 ʥʘʩʥʳ ʭװװʭʵʜ, 28.8 ʭʫʚʠʡʛ 

15-34 ʥʘʩ, 37 ʭʫʚʠʡʛ 35-69 ʥʘʩ, 2.7 ʭʫʚʠʡʛ 70-ʘʘʩ ʜʵʵʰ ʥʘʩʥʳʭʘʥ ʵʟʵʣʞ ʙʘʡʥʘ. 

ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʭװʥ ʘʤʳʥ ʥʷʛʪʰʠʣ 2020 ʦʥʜ 1.2 ʙʘʡʩʘʥ ʙᴇʛᴇᴇʜ ʩװװʣʠʡʥ 

ʞʠʣװװʜʵʜ ʪʦʛʪʤʦʣ ᴇʩᴇʞ 2010 ʦʥʪʦʡ ʭʘʨʴʮʫʫʣʘʭʘʜ 0.2-ʦʦʨ ʥʵʤʵʛʜʩʵʥ (ʭװʩʥʵʛʪ 3). 

ʍװʩʥʵʛʪ 3. ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʩʫʤʜr ʥ ʭװʥ ʘʤʳʥ ʪʦʦ (2018-2020 ʦʥ) 

ʉʫʤʜʳʥ ʥʵʨ 2018  ʦʥ 2019 ʦʥ 2020 ʦʥ  

ɹʫʣʛʘʥ ʩʫʤ 12582 12484 12581 
ʍʫʪʘʛ-ᴆʥʜᴇʨ 5050 5048 5044 
ʍʘʥʛʘʣ 4660 4509 4490 
ʊʵʰʠʛ 3560 3592 3627 
ʆʨʭʦʥ 3477 3587 3603 
ʉʘʡʭʘʥ 3561 3556 3590 
ɹʘʷʥ-ɸʛʪ 3251 3273 3304 
ɻʫʨʚʘʥʙʫʣʘʛ 3289 3289 3278 
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ʉʵʣʵʥʛʵ 3343 3244 3278 
ʈʘʰʘʘʥʪ 3253 3235 3222 
ɼʘʰʠʥʯʠʣʵʥ 3008 3084 3042 
ʍʠʰʠʛ-ᴆʥʜᴇʨ 3152 3031 3003 
ɹװʨʵʛʭʘʥʛʘʡ 2872 2822 2824 
ʄʦʛʦʜ 2711 2677 2660 
ɹʫʛʘʪ 2198 2149 2162 
ɹʘʷʥʥʫʫʨ 1827 1764 1808 

2020 ʦʥʳ ʤʘʣ ʪʦʦʣʣʦʛʦʦʨ ɹʫʣʛʘʥ ʘʡʤʘʛ ʥʠʡʪ 3395.9 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʤʘʣ 

ʪʦʦʣʫʫʣʩʘʥ ʥʴ ʄʦʥʛʦʣ ʫʣʩʳʥ ʥʠʡʪ ʤʘʣʳʥ 5.1 ʭʫʚʠʡʛ ʵʟʵʣʞ ʙʘʡʥʘ. ʉװʨʛʠʡʥ 

ʙװʪʮʵʵʨ ʘʚʯ װʟʚʵʣ ʘʜʫʫ 255.1 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʙʫʶʫ ʥʠʡʪ ʩװʨʛʠʡʥ 6.2 ʭʫʚʴ, װʭʵʨ 

269.7 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʙʫʶʫ 5.7 ʭʫʚʴ, ʪʵʤʵʵ 1.4 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʙʫʶʫ 0.3 ʭʫʚʴ, ʭʦʥʴ 

1765.7 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʙʫʶʫ 5.9 ʭʫʚʴ, ʷʤʘʘ 1103.9 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʙʫʶʫ 3.9 ʭʫʚʴ 

ʙʘʡʥʘ. ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʭʵʤʞʵʵʥʜ 11.03 ʤʷʥʛʘʥ ᴇʨʭ ʤʘʣʪʘʡ ʛʵʞ ʙװʨʪʛװװʣʩʥʵʵʩ 

ʤʘʣʯʠʥ ᴇʨʭʠʡʥ ʪʦʦ 8671. ʅʠʡʪ ʤʘʣʪʘʡ ᴇʨʭʠʡʥ 30.5 ʭʫʚʴ ʥʴ 100 ʭװʨʪʵʣ, 19.7 ʭʫʚʴ 

ʥʴ 100-200 ʭװʨʪʵʣ, 45.1 ʭʫʚʴ ʥʴ 200-1000 ʭװʨʪʵʣ, 4.6 ʭʫʚʴ ʥʴ 1000-2000 ʭװʨʪʵʣ, 

0.2 ʭʫʚʴ ʥʴ 2000-ʘʘʩ ʜʵʵʰ ʪʦʣʛʦʡ ʤʘʣ ʪʦʦʣʫʫʣʞʵʵ.  

ʍװʩʥʵʛʪ 4. ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʙʘʛʫʫʜʳʥ ʭװʥ ʘʤʳʥ ʪʦʦ (2018-2020 ʦʥ) 

 ɹʘʛʠʡʥ ʥʵʨ 2018 ʦʥ 2019 ʦʥ 2020 ʦʥ 

ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤ 3289 3289 3278 

1-ʨ ʙʘʛ, ʊʦʛʦʦ 498 499 503 

2-ʨ ʙʘʛ, ɸʚʟʘʛʘ 555 542 551 

3-ʨ ʙʘʛ, ɸʛʴʪ 534 533 524 

4-ʨ ʙʘʛ, ɹʵʨʭ 488 503 487 

5-ʨ ʙʘʛ, ʍᴇʛʥᴇ 624 635 655 

6-ʨ ʙʘʛ, ʍʫʣʩʪ 590 577 558 

ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤ ʥʴ 2018 ʦʥʜ ʥʠʡʪ 978 ᴇʨʭʪʵʡ ʙʘʡʩʘʥ ʙʦʣ 2020 ʦʥʜ 965 

ʙʦʣʞ 1.3 ʭʫʚʠʘʨ ʙʫʫʨʩʘʥ ʙʘʡʥʘ. ᴆʨʭʠʡʥ ʪʦʦʛ ʙʘʛʠʡʥ ʭʵʤʞʵʵʥʜ ʘʚʯ װʟʚʵʣ ʊʦʛʦʦ 

ʙʘʛ 139, ɸʚʟʘʛʘ ʙʘʛ 170, ɸʛʴʪ ʙʘʛ 147, ɹʵʨʭ ʙʘʛ 137, ʍᴇʛʥᴇ ʙʘʛ 175, ʍʫʣʩʪ ʙʘʛ 197 

ᴇʨʭʪʵʡ. ʊʫʩ ʩʫʤʳʥ ʥʠʡʪ ᴇʨʭʠʡʥ 67.2 ʭʫʚʴ ʥʴ ʩʵʨʛʵʵʛʜʵʭ ʵʨʯʠʤ ʭװʯʥʠʡ 

ʪᴇʭᴇᴇʨᴇʤʞ, 27 ʭʫʚʴ ʥʴ ʪᴇʚʣᴇʨʩᴇʥ ʩʠʩʪʝʤ, 3.2 ʭʫʚʴ ʥʴ ʜʠʟʝʣʴ ʩʪʘʥʮ, 2.4 ʭʫʚʴ ʙʘʛʘ 

ʦʚʨʳʥ ʮʘʭʠʣʛʘʘʥ װװʩʛװװʨʵʵʨ ʮʘʭʠʣʛʘʘʥ ʵʨʯʠʤ ʭװʯʠʥʜ ʭʦʣʙʦʛʜʩʦʥ ʙᴇʛᴇᴇʜ 0.2 

ʭʫʚʴ ʮʘʭʠʣʛʘʘʥʳ ʵʭ װװʩʚʵʨʪ ʭʦʣʙʦʛʜʦʦʛװʡ ʙʘʡʥʘ.  

ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʭʵʤʞʵʵʥʜ 2020 ʦʥʜ 965 ᴇʨʭ ʤʘʣʪʘʡ ʪʦʦʣʦʛʜʩʦʥ ʥʴ 

ʥʠʡʪ ᴇʨʭʠʡʥ 80.1 ʭʫʚʠʡʛ ʵʟʵʣʞ, 2018 ʦʥʦʦʩ 2.8 ʭʫʚʠʘʨ ᴇʩʞʵʵ. ʊʦʛʦʦ ʙʘʛʠʡʥ ʥʠʡʪ 

ᴇʨʭʠʡʥ 91.4 ʭʫʚʠʡʛ ʤʘʣʪʘʡ ᴇʨʭ ʵʟʵʣʞ ʙʘʡʛʘʘ ʥʴ ʙʫʩʘʜ ʙʘʛʫʫʜʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ 

ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ װʟװװʣʵʣʪ ʙʦʣʦʚʯ 2018 ʦʥʦʦʩ 0.5 ʭʫʚʠʘʨ ʙʫʫʨʩʘʥ ʙʘʡʥʘ.  

2020 ʦʥʜ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʥʠʡʪ ᴇʨʭʠʡʥ 56.4 ʭʫʚʴ ʙʫʶʫ 554 ᴇʨʭ ʤʘʣʯʠʥ 

ᴇʨʭᴇᴇʨ ʪʦʦʣʦʛʜʩʦʥ ʙᴇʛᴇᴇʜ 2018 ʦʥʦʦʩ 16 ᴇʨʭ ʙʫʶʫ 2.4 ʭʫʚʠʘʨ ʥʵʤʵʛʜʞʵʵ. ʊʦʛʦʦ 

ʙʘʛ, ɸʚʟʘʛʘ ʙʘʛ, ɸʛʴʪ ʙʘʛʠʡʥ ʤʘʣʯʠʥ ᴇʨʭ 1.7 ʭʫʚʴ, 1.2 ʭʫʚʴ, 7.7 ʭʫʚʠʘʨ ʪʫʩ ʪʫʩ 

ʙʫʫʨʩʘʥ ʙʦʣ ʍʫʣʩʪ ʙʘʛ, ɹʵʨʭ ʙʘʛʫʫʜʳʥ ʤʘʣʯʠʥ ᴇʨʭʠʡʥ ʪʦʦ 0.5 ʭʫʚʴ, 17.1 ʭʫʚʠʘʨ 

ʥʵʤʵʛʜʩʵʥ ʙʘʡʥʘ.  

ʄʘʣʪʘʡ ᴇʨʭʠʡʛ ʤʘʣʳʥ ʪʦʦʥʳ ʙװʣʵʛʣʵʣʵʵʨ ʘʚʯ װʟʚʵʣ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ 

ʥʠʡʪ ʤʘʣʪʘʡ ᴇʨʭʠʡʥ 6.5 ʭʫʚʴ ʥʴ 100-ʘʘʩ ʜʦʦʰ, 27.2 ʭʫʚʴ ʥʴ 100-200 ʭװʨʪʵʣ, 55.9 

ʙʫʶʫ ʜʠʡʣʵʥʭ ʭʫʚʠʡʛ 200-1000 ʭװʨʪʵʣ, 9.7 ʭʫʚʠʡʛ 1000-2000 ʭװʨʪʵʣ, 0.8 ʭʫʚʠʡʛ 
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2000-ʘʘʩ ʜʵʵʰ ʪʦʣʛʦʡ ʤʘʣʪʘʡ ᴇʨʭװװʜ ʵʟʵʣʞ ʙʘʡʥʘ. ʄʘʣʯʠʥ ᴇʨʭʠʡʥ ʭʫʚʴʜ 1.4 

ʭʫʚʴ ʥʴ 100-ʘʘʩ ʜʦʦʰ, 16.8 ʭʫʚʴ ʥʴ 100-200 ʭװʨʪʵʣ, 65.7 ʭʫʚʴ ʥʴ 500-1000 

ʭװʨʪʵʣ, 13.2 ʭʫʚʴ ʥʴ 1000-2000 ʭװʨʪʵʣ, 1.1 ʭʫʚʴ ʥʴ 2000 ʙʫʶʫ ʪװװʥʵʵʩ ʜʵʵʰ 

ʪʦʣʛʦʡ ʤʘʣʪʘʡ ᴇʨʭװװʜ ʙʘʡʥʘ.  

2020 ʦʥʳ ʞʠʣʠʡʥ ʵʮʩʠʡʥ ʤʘʣ ʪʦʦʣʣʦʛʦʦʨ ʪʫʩ ʩʫʤ ʥʠʡʪ 333.0 ʤʷʥʛʘʥ 

ʪʦʣʛʦʡ ʤʘʣ ʪʦʦʣʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ װװʥʵʵʩ ʘʜʫʫ 17.7 ʤʷʥʛʘʥ ʪʦʣʛʦʡ, 10.8 ʤʷʥʛʘʥ 

ʪʦʣʛʦʡ װʭʵʨ, 0.2 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʪʵʤʵʵ, 183.0 ʤʷʥʛʘʥ ʪʦʣʛʦʡ ʭʦʥʴ, 121.2 ʤʷʥʛʘʥ 

ʪʦʣʛʦʡ ʷʤʘʘ ʵʟʵʣʞ ʙʘʡʥʘ (ʭװʩʥʵʛʪ 5).  

ʍװʩʥʵʛʪ 5. ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʙʘʛʫʫʜʳʥ ʤʘʣʳʥ ʪʦʦ, ʪᴇʨʣᴇᴇʨ (2018-2020 ʦʥ)  

 

1-ʨ ʙʘʛ, 

ʊʦʛʦʦ 

2-ʨ ʙʘʛ, 

ɸʚʟʘʛʘ 

3-ʨ ʙʘʛ, 

ɸʛʴʪ 

4-ʨ ʙʘʛ, 

ɹʵʨʭ 

5-ʨ ʙʘʛ, 

ʍᴇʛʥᴇ 

6-ʨ ʙʘʛ, 

ʍʫʣʩʪ 

ɸʜʫʫ 

2018 3253 2759 3237 2425 3492 464 

2019 4001 3279 3743 3058 4240 588 

2020 4022 3540 3253 2906 3449 541 

 ʭʵʨת

2018 1288 1076 1588 1420 2863 803 

2019 1522 1269 1901 1776 3280 1025 

2020 1660 1516 1746 1803 3043 1078 

ʊʵʤʵʵ 

2018 100 9 0 11 50 0 

2019 110 9 0 18 47 0 

2020 121 25 0 13 53 0 

ʍʦʥʴ 

2018 39539 22472 30340 28592 30092 5942 

2019 44576 27050 34213 33395 34913 6727 

2020 43540 28424 34278 33653 35889 7240 

ʗʤʘʘ 

2018 18330 14244 20436 15868 21992 5245 

2019 22881 17952 24150 19654 25480 5781 

2020 22989 20019 22697 23439 25922 6167 

ɹʘʛʠʡʥ ʭʵʤʞʵʵʥʜ ʘʚʯ װʟʚʵʣ ʊʦʛʦʦ ʙʘʛʪ ʥʠʡʪ ʤʘʣʳʥ 21.7 ʭʫʚʴ, ɸʚʟʘʛʘ ʙʘʛʪ 16.1 

ʭʫʚʴ, ɸʛʴʪ ʙʘʛʪ 18.6 ʭʫʚʴ, ɹʵʨʭ ʙʘʛʪ 18.6 ʭʫʚʴ, ʍᴇʛʥᴇ ʙʘʛʪ 20.5 ʭʫʚʴ, ʩʫʤʳʥ 

ʪᴇʚʠʡʥ ʍʫʣʩʪ ʙʘʛʪ 4.5 ʭʫʚʴ ʙʵʣʯʠʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ ʙʵʣʯʵʵʨʠʡʥ ʪʘʣʙʘʡʜ ʥʦʦʛʜʦʭ 

ʤʘʣʳʥ ʪʦʦʛ ʭʦʥʠʥ ʪʦʣʛʦʡʜ ʘʚʯ װʟʚʵʣ ʩʫʤʳʥ ʜʫʥʜʞʘʘʨ 4.7 ʭʦʥʠʥ ʪʦʣʛʦʡ ʥʦʛʜʦʞ 

ʙʘʡʥʘ. ɻʫʨʚʘʥʙʫʣʘʛ ɻʘʟʨʳʥ ʥʵʛʜʤʵʣ ʩʘʥʛʠʡʥ 2020 ʦʥʳ ʤʵʜʵʵʣʣʵʵʨ ʭᴇʜᴇᴇ ʘʞ 

ʘʭʫʡʥ ʟʦʨʠʫʣʘʣʪ ʙװʭʠʡ ʙʵʣʯʵʵʨʠʡʥ ʛʘʟʨʳʥ ʪʘʣʙʘʡ 245382ʛʘ ʪʘʣʙʘʡʪʘʡ ʛʵʞ 

ʙװʨʪʛʵʛʜʩʵʥʵʵʩ ʥʵʛ ʛʘ ʙʵʣʯʵʵʨʪ ʙʵʣʯʠʞ ʙʫʡ ʤʘʣʳʥ ʪʦʦ ʍʫʣʩʪ ʙʘʛʪ ʭʘʤʛʠʡʥ ʠʭ 

ʥʷʛʪʰʠʣʪʘʡ ʙʘʡʥʘ (ʭװʩʥʵʛʪ 6).  

ʍװʩʥʵʛʪ 6. ɹʘʛʫʫʜʳʥ ʙʵʣʯʵʵʨʠʡʥ 1 ʛʘ ʪʘʣʙʘʡʜ ʥʦʛʜʦʭ ʭʦʥʠʥ ʪʦʣʛʦʡ (2018-

2020 ʦʥ) 

ɹʘʛʠʡʥ ʥʵʨ 2018 2019 2020 
2018-2020 ʦʥʳ 

ᴇᴇʨʯʣᴇʣʪ 

1-ʨ ʙʘʛ, ʊʦʛʦʦ 1.2 1.4 1.4 0.2 

2-ʨ ʙʘʛ, ɸʚʟʘʛʘ 1.3 1.5 1.7 0.4 

3-ʨ ʙʘʛ, ɸʛʴʪ 1.8 2.1 2.0 0.2 

4-ʨ ʙʘʛ, ɹʵʨʭ 1.5 1.8 1.8 0.4 

5-ʨ ʙʘʛ, ʍᴇʛʥᴇ 1.9 2.3 2.2 0.2 

6-ʨ ʙʘʛ, ʍʫʣʩʪ 15.6 18.5 19.2 3.6 
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ʍʆɪʈɼʋɻɸɸʈ ɹתʃʕɻ. ʉʋɼɸʃɻɸɸʅʓ ʊɸʃɹɸʁ, ʄʕɼʕʕ 

ʄɸʊɽʈʀɸʃ, ɸʈɻɸ ɿתʁ 

2.1. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʙʘʡʨʰʠʣ 

ʉʫʜʘʣʛʘʘ ʷʚʫʫʣʘʭ ʛʘʟʘʨ ʥʴ ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤ 

(N47Ü44'37.409" E103Ü29'7.568") ʶʤ. ʊʫʩ ʩʫʤʘʥʜ ʤʦʥʠʪʦʨʠʥʛʠʡʥ 2 ʮʵʛ ʩʦʥʛʦʥ 

ʘʚʩʘʥ. 

ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ 1: ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʥʫʪʘʛʪ ʦʨʰʠʭ 

ʍʵʚʪʵʵʛʠʡʥ ʘʨʳʛ ʩʦʥʛʦʥ ʘʚʯ ʭʘʰʩʘʥ ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ ʥʴ ʭʦʡʜ 

ʪʘʣʘʘʨʘʘ ɸʚʟʘʛʘ ʭʘʡʨʭʘʥ ʪװװʥʠʡ ʩʘʣʙʘʨ ʫʫʣʩʫʫʜ, ʙʘʨʫʫʥ ʫʨʜ ʪʘʣʘʘʨʘʘ ɹʵʨʭ 

ʫʫʣ, ᴇʤʥᴇ ʪʘʣʘʘʨ ʍᴇʛʥᴇʭʘʘʥ ʭʘʡʨʭʘʥ ʪװװʥʠʡ ʩʘʣʙʘʨ ʫʫʣʩʳʥ ʜʫʥʜʘʭ ʫʫʜʘʤ 

ʭᴇʥʜʠʡʜ ʙʘʡʨʣʘʜʘʛ. ʊʫʩ ʪʘʣʙʘʡ ʥʴ ɸʚʟʘʛʘ ʙʘʛʠʡʥ ʪᴇʚᴇᴇʩ ʫʨʘʛʰ 5 ʢʤ, 

ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʪᴇʚᴇᴇʩ ʭʦʡʜ ʟװʛʪ 18 ʢʤ-ʪ, ʜ.ʪ.ʜ. 1123-1136 ʤ-ʠʡʥ ᴇʥʜᴇʨʪ 

ʦʨʰʠʥʦ. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ 1-ʥ ʭʦʡʜ ʪʘʣʜ ʄʦʥʛʦʣ ʫʣʩʳʥ ʤʷʥʛʘʥʳ ʩʦʨʠʣʪʳʥ 

ʩʘʥʛʘʘʩ ʩʘʥʭװװʞʩʵʥ ʄʷʥʛʘʥʳ ʟʘʤ ʭʵʤʵʵʭ ʭʘʪʫʫ ʭʫʯʠʣʪʪʘʡ ʭʘʨ ʟʘʤ ʜʘʡʨʘʥ 

ᴇʥʛᴇʨʥᴇ. ɿʘʩʤʘʣʘʘʩ 2.27 ʢʤ ʟʘʡʪʘʡ. ᴆʥʜᴇʨ ʭװʯʜʵʣʠʡʥ ʮʘʭʠʣʛʘʘʥʳ ʰʫʛʘʤ ʪʫʩ 

ʪʘʣʙʘʡʥ ʙʘʨʫʫʥ ʪʘʣʜ 1.76 ʢʤ-ʥ ʟʘʡʜ ʦʨʰʠʥʦ (ʭװʩʥʵʛʪ 7, ʟʫʨʘʛ 6, 8). ʊʫʩ ʪʘʣʙʘʡʥ 

ʙʘʨʫʫʥ ʫʨʜ ʭʵʩʵʛʪ ʐʘʚʘʨʪʳʥ ʛʦʣ ʭʵʤʵʵʭ ʞʠʞʠʛ ʛʦʣ ʫʨʩʜʘʛ.  

ʍװʩʥʵʛʪ 7. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ 1- ʥr ʩʦʣʙʠʮʣrʥ ʮʵʛ 

ˉ E N 

1 1030 25ô 41.53ò 470 51ô 45.11ò 
2 1030 25ô 51.87ò 470 51ô 30.56ò 
3 1030 25ô 27.33ò 470 51ô 22.92ò 
4 1030 25ô 17.13ò 470 51ô 37.32ò 

27.7 ʛʘ 

 

 
ɿʫʨʘʛ 6. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ 1- ʥr ʙʘʡʨʰʣʳʥ ʟʫʨʘʛ 

ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ 2: ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ɸʚʟʘʛʘ 

ʙʘʛʠʡʥ ʥʫʪʘʛʪ ʦʨʰʠʭ ʅʘʥʟʘʥʛʠʡʥ ʭʦʦʣʦʡ ʭʵʤʵʵʭ ʛʘʟʘʨʪ ʦʨʰʠʥʦ. ʅʘʥʟʘʥʛʠʡʥ 
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ʭʦʦʣʦʡ ʥʴ ʜ.ʪ.ʜ. 1127 ʤ ᴇʥʜᴇʨʪ ʦʨʰʠʭ ʫʫʣʩ ʭʦʦʨʦʥʜʳʥ ʭᴇʥʜʠʡ ʙᴇʛᴇᴇʜ ɸʚʟʘʛʘ 

ʙʘʛʠʡʥ ʪᴇʚᴇᴇʩ ʟװװʥ ʭʦʡʰ 10 ʛʘʨʫʡ ʢʤ-ʪ ʙʘʡʨʣʘʥʘ. ʕʥʜ ʙʵʣʯʵʵʨʠʡʥ ʭʫʜʘʛʪʘʡ, ʟʫʥ, 

ʥʘʤʘʨʪʘʘ ʤʘʣʳʥ ʪᴇʚʣᴇʨᴇʣ ʠʭʪʵʡ ʫʯʠʨ ʙʵʣʯʵʵʨ ʥʴ ʭʵʪ ʠʭ ʪʘʣʭʣʘʛʜʩʘʥ ʙʘʡʥʘ. 

ʆʛʦʪʥʳʥ ʠʜʵʚʭʪʵʡ ʙʦʣʦʥ  ʠʜʵʚʭʛװʡ װʣʠʡ ʦʣʦʥʪʦʡ. ʎʘʘʰʠʜ ʩʫʜʘʣʛʘʘʥʳ 2 ʪʘʣʙʘʡ 

ʛʵʞ ʷʚʥʘ (ʭװʩʥʵʛʪ 8, ʟʫʨʘʛ 7, 9). 

ʍװʩʥʵʛʪ 8. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ 2- ʥr ʩʦʣʙʠʮʣʳʥ ʮʵʛ 

ˉ E N 

1 103° 29' 41.41" 47° 55' 35.29" 
2 103° 29' 51.07" 47° 55' 34.91" 
3 103° 29' 51.69" 47° 55' 40.26" 

4 103° 29' 42.16" 47° 55' 42.16" 

3.33 ʛʘ 

 

 
ɿʫʨʘʛ 7. ʉʫʜʘʣʛʘʘʥʳ  ʪʘʣʙʘʡ 2- ʥr ʙʘʡʨʰʠʣ 

  

ɿʫʨʘʛ 8. ʍʵʚʪʵʵʛʠʡʥ ʘʨʳʥ 

ʙʵʣʯʵʵʨʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣ 

ɿʫʨʘʛ 9. ʅʘʥʟʘʥʛʠʡʥ ʭʦʦʣʦʡʥ 

ʙʵʣʯʵʵʨʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣ 
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2.2. ʉʫʜʘʣʛʘʘʥʜ ʘʰʠʛʣʘʩʘʥ ʤʵʜʵʵ ʤʘʪʝʨʠʘʣ 

2.2.1 ʍʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ᴇʛᴇʛʜᴇʣ, ʤʵʜʵʵ ʤʘʪʝʨʠʘʣ 

ɹʠʜ ʩʫʜʘʣʛʘʘʥʜʘʘ ʦʨʦʥ ʟʘʡ, ʮʘʛ ʭʫʛʘʮʘʘʥʳ ʰʠʡʜʠʡʥ ʭʫʚʴʜ 2 ʪᴇʨʣʠʡʥ 

ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵʛ ʘʰʠʛʣʘʥʘ. װתʥʜ: 1) Landsat ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵ, 2) 

ᴆʥʜᴇʨ ʷʣʛʘʭ ʯʘʜʚʘʨʪʘʡ Sentinel 2 ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵ. 

ʃʘʥʜʩʘʪ ʭʠʡʤʵʣ ʜʘʛʫʫʣ: Landsat ʭʠʡʤʵʣ ʜʘʛʫʫʣ ʥʴ ʩʧʝʢʪʨʠʡʥ 7 ʩʫʚʘʛʪʘʡ 

ʙᴇʛᴇᴇʜ װʟʵʛʜʵʭ ʛʵʨʵʣ, ʦʡʨʳʥ ʙʦʣʦʥ ʜʫʥʜʳʥ ʥʠʣ ʫʣʘʘʥ ʪʫʷʘʥʳ ʤʫʞʪʘʡ, ʩʫʚʛʫʫʜʳʥ 

ʦʨʦʥ ʟʘʡʥ ʰʠʡʜ 30ʤ, ʜʫʣʘʘʥʳ ʩʫʚʛʠʡʥ ʦʨʦʥ ʟʘʡʥ ʰʠʡʜ 60-100ʤ. ɿʫʨʘʛʣʘʭ 

ʪʘʣʙʘʡʥ ᴇʨʛᴇʥ 185ʢʤ. 1972 ʦʥʜ ɸʅʋ ʜʵʣʭʠʡʛ ʩʘʥʩʨʳʥ ʫʫʜʤʘʘʩ ʪʘʥʜʘʭ ʟʦʨʠʣʛʦʦʨ 

ʦʣʦʥ ʩʫʚʛʠʡʥ MSS (Multispectral Scanner) ʩʢʘʥʝʨ ʙװʭʠʡ ʘʥʭʥʳ ʃʘʥʜʩʘʪ ʜʘʛʫʫʣʳʛ 

ʭᴇᴇʨʛᴇʩᴇʥ ʶʤ. ʕʥʵ ʥʴ ʜʵʣʭʠʡʥ ʛʘʜʘʨʛʘ ʙʦʣʦʥ ʙʘʡʛʘʣʠʡʥ ʥᴇᴇʮʠʡʛ ʩʫʜʣʘʭ 

ʟʦʨʠʣʛʦʪʦʡ, ʪʦʦʥ ʤʵʜʵʵʣʵʣ ʭװʣʵʵʥ ʘʚʘʭ ʪᴇʭᴇᴇʨᴇʤʞ ʙװʭʠʡ ʘʥʭʥʳ ʜʘʛʫʫʣ ʙʘʡʩʘʥ 

ʶʤ. ɼʘʛʫʫʣʳʥ ʪʦʡʨʦʛ ʟʘʤʳʛ ʪʫʡʣ ʦʨʯʠʤ, ʪʦʡʨʦʛ ʭʵʣʙʵʨʵʵʨ, ʦʣʦʥ ʜʘʚʪʘʤʞʪʘʡ, 

ʥʘʨʥʳ ʮʘʛʪʘʡ ʮʫʛ ʛʵʩʵʥ װʟװװʣʵʣʪʵʵʨ ʩʦʥʛʦʥ ʘʚʩʘʥ ʙᴇʛᴇᴇʜ ʪʫʡʣ ʦʨʯʤʳʥ ʪʦʡʨʦʛ 

ʟʘʤ ʥʴ ʭʫʫʨʘʡ ʛʘʟʘʨ, ʜʘʣʘʡ ʪʵʥʛʠʩʠʡʥ ʜʠʡʣʵʥʭ ʭʵʩʛʠʡʛ ʟʫʨʘʛʣʘʭʘʜ ʯʫʭʘʣ 

 ,ʨʵʛʪʵʡ ʙʘʡʩʘʥ ʙʘ 913 ʢʤ ᴇʥʜʨᴇᴇʩ ʜʵʣʭʠʡʥ ʙᴇʤʙᴇʨʮʛʠʡʛ ʭʦʡʜ ᴇʨʛᴇʨʛʠʡʥ 820Nװװ

ᴇʤʥᴇʜ ᴇʨʛᴇʨʛʠʡʥ 820S ʭʦʦʨʦʥʜ ʙװʨʵʥ ʟʫʨʘʛʣʘʞ ʯʘʜʩʘʥ ʶʤ. ʊʦʡʨʦʛ ʭʵʣʙʵʨʠʡʥ 

ʟʘʤʳʛ ʩʦʥʛʦʩʦʥ ʷʚʜʘʣ ʥʴ ʟʫʨʘʛʣʘʛʜʘʞ ʙʫʡ ʙװʭ ʥʫʪʛʠʡʥ ʤʘʩʰʪʘʙ (ʭʵʤʞʵʵ) ʠʞʠʣ 

ʙʘʡʭʘʜ ʦʨʰʠʞ ʙʘʡʩʘʥ ʙʘ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʪʫʭʘʡʥ ʮʵʛ ʜʵʵʛװװʨ 18 ʭʦʥʦʛʪ ʜʘʭʠʥ 

ᴇʥʛᴇʨʜᴇʛ ʙʘʡʩʘʥ ʙʘʡʥʘ. ʃʘʥʜʩʘʪ ʜʘʛʫʫʣʳʥ ʟʫʨʘʛʣʘʣʳʥ ʪʫʩʛʘʣʳʥ ʛʝʦʤʝʪʨʠʡʛ 

ʪʦʛʪʤʦʣ ʙʘʡʣʛʘʭ װװʜʥʵʵʩ ʜʘʛʫʫʣʳʛ ʜʵʣʭʠʡʥ ʙװʭ ʥʫʪʛʠʡʛ ʠʞʠʣ ʥʘʨʥʳ ʮʘʛʪ ʙʫʶʫ 

(ʦʨʦʥ ʥʫʪʛʠʡʥ) ʥʘʨ ʤʘʥʜʘʣʪʳʥ ʮʘʛʪʘʡ ʠʞʠʣ ʮʘʛʪ ʪʦʡʨʯ ʙʘʡʭʘʘʨ ʟʦʭʠʦʥ ʙװʪʵʵʩʵʥ 

ʙᴇʛᴇᴇʜ ʵʢʚʘʪʦʨ ʜʵʵʛװװʨ ᴇʥʛᴇʨᴇʭ ʮʘʛ ʥʴ 9ʮʘʛ 30ʤʠʥʫʪ ʙʘʡʜʘʛ.  

ʃʘʥʜʩʘʪ MSS: MSS ʩʢʘʥʝʨ ʥʴ ʪʦʦʥ ʤʵʜʵʵʣʣʠʡʛ ʭװʣʵʵʥ ʘʚʘʭʜʘʘ ʩʢʘʥʝʨrʥ ʪʦʣʴ 

ʙʫʶʫ ʪʦʣʠʥʳ ʪʫʩʛʘʣʳʛ ʘʰʠʛʣʘʜʘʛ ʙᴇʛᴇᴇʜ ʟʫʨʘʛʣʘʛʜʘʭ ʪʘʣʙʘʡʥ ᴇʨʛᴇʥ ʥʴ 185ʢʤ 

ʶʤ. ɻʘʜʘʨʛʘʘʩ ʦʡʩʦʥ ʜʦʣʛʠʦʥ ʪʦʣʠʥʜ ʪʫʩʯ ʫʣʤʘʘʨ ʪʦʣʠʥʳ ʵʨʛʵʣʜʵʭ 

ʭᴇʜᴇʣʛᴇᴇʥᴇᴇʨ ʩʝʥʩʦʨʪ ʙװʨʪʛʵʛʜʵʭ ʙᴇʛᴇᴇʜ ʥʵʛ ʫʜʘʘ 6 ʰʠʨʭʵʛ ʩʢʘʥʝʨrʥ ʰʫʛʘʤ 

ʙװʨʪʛʵʛʜʜʵʛ ʙʘʡʥʘ.  

ʃʘʥʜʩʘʪ TM: ʉʧʝʢʪʨʠʡʥ 7 ʩʫʚʘʛʪʘʡ ʙᴇʛᴇᴇʜ װʟʵʛʜʵʭ ʛʵʨʵʣ, ʦʡʨʳʥ ʙʦʣʦʥ ʜʫʥʜʳʥ 

ʥʠʣ ʫʣʘʘʥ ʪʫʷʘʥʳ ʩʫʚʛʫʫʜʳʥ ʕɿʍʎ-ʥʳ ʭʵʤʞʵʵ 30ʤ, ʜʫʣʘʘʥʳ ʩʫʚʛʠʡʥ ʕɿʍʎ-ʥʳ 

ʭʵʤʞʵʵ ʥʴ 120 ʤ ʶʤ. ɼװʨʩ ʤʵʜʵʵʣʣʠʡʛ ʭװʣʵʵʥ ʘʚʘʭʜʘʘ ʪʦʣʠʥ ʩʢʘʥʝʨʳʥ ʟʘʨʯʠʤ 

ʙװʭʠʡ 16 ʜʝʪʝʢʪʦʨʳʛ ʘʰʠʛʣʘʭ ʙᴇʛᴇᴇʜ ʟʫʨʘʛʣʘʛʜʘʭ ʪʘʣʙʘʡʥ ᴇʨʛᴇʥ ʥʴ 185ʢʤ, ʮʘʛ 

ʭʫʛʘʮʘʘʥʳ ʰʠʡʜ ʥʴ 16 ʭʦʥʦʛ, ʪʦʦʥ ʤʵʜʵʵʣʣʠʡʥ ʛʨʘʜʘʮʠ ʥʴ 0-255 ʙʫʶʫ 8 ʙʠʪ 

ʙʘʡʥʘ. ɻʘʟʨʳʥ ʭװʣʵʵʥ ʘʚʘʭ ʩʪʘʥʮ ʩʘʥʩʨʘʘʩ ʜʘʤʞʫʫʣʩʘʥ ʤʵʜʵʵʛ ʭװʣʵʵʥ ʘʚʯ ʩʮʝʥ 

ʙʦʣʛʦʥ ʭʫʚʘʘʩʥʳ ʜʘʨʘʘ ʷʥʟ ʙװʨʠʡʥ ʭʘʜʛʘʣʘʭ ʪᴇʭᴇᴇʨᴇʤʞװװʜ ʜʵʵʨ ʭʘʜʛʘʣʥʘ.  

ʃʘʥʜʩʘʪ ETM+:  ʉʢʘʥʝʨ ʥʴ TM ʩʢʘʥʝʨʳʥ ʩʘʡʞʨʫʫʣʩʘʥ ʭʵʣʙʵʨ ʙᴇʛᴇᴇʜ 16 

ʭʦʥʦʛʠʡʥ ʮʘʛ ʭʫʛʘʮʘʘʥʳ ʰʠʡʜʪʵʡ ʫʛ ʩʠʩʪʝʤ ʥʴ 5 ʞʠʣ ʘʰʠʛʣʘʛʜʘʭʘʘʨ 

ʪᴇʣᴇʚʣᴇʛʜᴇʞ ʙʘʡʥʘ. ʕʥʵʭװװ ʩʠʩʪʝʤ ʥʴ ʩʧʝʢʪʨʠʡʥ 8 ʩʫʚʛʠʡʥ ʤʵʜʵʵʛ ʭװʣʵʵʥ ʘʚʜʘʛ 

ʙᴇʛᴇᴇʜ ʜʫʣʘʘʥʳ ʩʫʚʛʠʡʥ ʕɿʍʎ-ʥʳ ʭʵʤʞʵʵ 60 ʤ ʶʤ. ʊʦʦʥ ʤʵʜʵʵʣʣʠʡʛ ʭװʣʵʵʥ 

ʘʚʘʭ, ʭʘʜʛʘʣʘʭ ʙʦʣʦʥ ʭʫʚʘʘʨʠʣʘʭ ʟʘʨʯʠʤ ʥʴ TM-ʠʡʥ ʘʜʠʣ ʙᴇʛᴇᴇʜ ʨʘʜʠʦʤʝʪʨʠʡʥ 

ʰʠʡʜ ʥʴ 8 ʙʠʪ ʙʘʡʥʘ.  
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ʉʫʜʘʣʛʘʘʥʳ ʘʞʠʣʜ ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵʛʵʵ https://eros.usgs.gov/ ʩʘʡʪʘʘʩ 

 ʨʪʵʣʭ ʥʠʡʪ 29 ʟʫʨʛʠʡʥװʣ ʙʘʛʘʪʘʡ ʟʫʨʘʛ ʩʦʥʛʦʞ 1990-2019 ʦʥ ʭװװʨʭװʣʵʥ ʙװװ

ᴇʛᴇʛʜʣʠʡʛ ʪʘʪʘʥ ʘʚʯ ʙʦʣʦʚʩʨʫʫʣʩʘʥ. ɿʫʨʘʛ ʙװʨʠʡʥ ʤʵʜʵʵʣʣʠʡʥ ʟʘʤʳʥ ʜʫʛʘʘʨ ʥʴ 

133.027 ʶʤ. 2012 ʦʥʳ ᴇʛᴇʛʜᴇʣ ʥʴ װװʣʪʵʡ ʙʫʶʫ ETM+ ʥʴ ʭʘʨ ʟʫʨʘʘʩʪʘʡʛʘʘʩ ʙʦʣʦʥ 

ʪʫʩ ʦʥʳ ʤʵʜʵʵʛ ʘʰʠʛʣʘʩʘʥʛװʡ. ʄʵʜʵʵʣʵʣʜ Landsat-5TM-ʠʡʥ 20, Landsat-7 ETM+-

ʠʡʥ 1, Landsat-8OLI-ʠʡʥ 7 ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ᴇʛᴇʛʜᴇʣ ʙʘʛʪʩʘʥ ʙʦʣʥʦ. ʉʦʥʛʦʩʦʥ 

ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʟʫʨʘʛ ʥʴ ʯʘʥʘʨ ʩʘʡʥ, װװʣʛװʡ ʵʩʚʵʣ װװʣʵʥ ʙװʨʭʵʚʯ 5 ʭʫʚʠʘʩ ʙʘʛʘ, 

ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵʣʵʣ ʥʴ ʛʘʜʘʨʛʳʥ ʫʩʳʛ ʪʘʥʜʘʥ ʩʫʜʣʘʭʘʜ ʤʘʰ ʠʭ ʥᴇʣᴇᴇ 

 ʣʜʵʛ ʙᴇʛᴇᴇʜ ʛʘʜʘʨʛʳʥ ʫʩʥʳ ʫʣʠʨʣʳʥ ᴇᴇʨʯʣᴇʣʪ ʥʴ ʪʦʜʦʨʭʦʡ ʭʘʨʘʛʜʘʞװװʟװ

ʙʘʡʜʘʛ. ɻʘʜʘʨʛʳʥ ʫʩʥʳ ʫʣʠʨʣʳʥ ᴇᴇʨʯʣᴇʣʪᴇᴇʩ װװʜʵʣʪʵʡ ʷʣʛʘʘʛ ʙʘʛʘʩʛʘʭʳʥ ʪʫʣʜ 

ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛʠʡʥ ʭʘʨʴʮʫʫʣʘʣʪʳʛ ʭʘʥʛʘʭʳʥ ʪʫʣʜ 6-ʨ ʩʘʨʳʥ 15-ʥʘʘʩ 9-ʨ 

ʩʘʨʳʥ 15 ʭʫʛʘʮʘʘʥʳ ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʟʫʨʛʠʡʛ ʘʰʠʛʣʘʩʘʥ. 

ʉʝʥʪʠʥʝʣ ʭʠʡʤʵʣ ʜʘʛʫʫʣ: ʉʝʥʪʠʥʝʣ 2 ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵ: ʊʫʩ ʭʠʡʤʵʣ 

ʜʘʛʫʫʣ ʥʴ װʟʵʛʜʵʭ ʛʵʨʵʣ, ʦʡʨʳʥ ʙʦʣʦʥ ʜʫʥʜʳʥ ʥʠʣ ʫʣʘʘʥ ʪʫʷʘʥʳ ʤʫʞʪʘʡ, ʩʫʚʛʫʫʜ 

ʥʴ 10, 20, 60ʤ ʦʨʦʥ ʟʘʡʥ ʰʠʡʜʪʵʡ. ʉʝʥʪʠʥʝʣ ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʪʦʦʥ ʵʭ ᴇʛᴇʛʜʣʠʡʥ 

ʪʫʭʘʡ: ɽʚʨʦʧʳʥ ʉʘʥʩʘʨ ʉʫʜʣʘʣʳʥ ɸʛʝʥʪʣʘʛ (ESA) -ʠʡʥ ʙʘʡʛʘʣʴ ʦʨʯʥʳ ʩʫʜʘʣʛʘʘ, 

ʭʵʨɻʛʣʵʵʥʜ ʟʦʨʠʫʣʩʘʥ ʉʝʥʪʠʥʝʣ (Sentinel) ʮʫʚʨʘʣʳʥ ʭʠʡʤʵʣ ʜʘʛʫʫʣʫʫʜʳʥ ʤʵʜʵʵ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʪʫʭʘʡ  ʶʤ. ʕʥʵʭװװ ʮʫʚʨʘʣʘʘʩ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣ ʙװʭʠʡ 

ʉʝʥʪʠʥʝʣ-1 (ʈʘʜʘʨ), ʉʝʥʪʠʥʝʣ-2 (ʆʧʪʠʢ) ʭʠʡʤʵʣ ʜʘʛʫʫʣʫʫʜʳʥ ʤʵʜʵʵʛ ESA ʥʴ 

ʥʵʵʣʪʪʵʡʛʵʵʨ ʜʵʣʭʠʡʥ ʜʘʷʘʨ ʪװʛʵʵʥ ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʞ ʙʘʡʥʘ.  

ʉʝʥʪʠʥʝʣ-2 (Sentinel-2 Multispectral Instrument (MSI)) ʥʴ ʦʨʦʥ ʟʘʡʥ ᴇʥʜᴇʨ 

ʥʘʨʠʡʚʯʣʘʣʪʘʡ, ʩʧʝʢʪʨʠʡʥ ʦʣʦʥ ʩʫʚʛʠʡʥ ᴇʛᴇʛʜᴇʣ ʮʫʛʣʫʫʣʜʘʛ 2A ʙʦʣʦʥ 2B ʛʵʩʵʥ 

ʠʭʵʨ ʜʘʛʫʫʣʫʫʜʘʘʩ ʤᴇʥ ʙװʨʜʵʭ ʙᴇʛᴇᴇʜ ʮʘʭʠʣʛʘʘʥ ʩʦʨʦʥʟʦʥ ʜʦʣʛʠʦʥʳ ʩʧʝʢʪʨʠʡʥ 

 ʟʵʛʜʵʭ ᴇʥʛᴇʥʠʡ, ʦʡʨʳʥ ʙʦʣʦʥ ʙʦʛʠʥʦ ʜʦʣʛʠʦʥʳ ʥʠʣ ʫʣʘʘʥ ʪʫʷʘʥʳ ʤʫʞʫʫʜʘʜװ

ʥʠʡʪ 13 ʩʫʚʘʛʪ ʭʫʚʘʘʥ 10, 20, 60 ʤʝʪʨʠʡʥ ʦʨʦʥ ʟʘʡʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡʛʘʘʨ ʮʘʛ 

ʭʫʛʘʮʘʘʥʳ ʭʫʚʴʜ 5 ᴇʜʨʠʡʥ ʜʘʚʪʘʤʞʪʘʡʛʘʘʨ ᴇʛᴇʛʜᴇʣ ʮʫʛʣʫʫʣʞ ʭʵʨʵʛʣʵʛʯʜʵʜ 

ʭװʨʛʵʞ ʙʘʡʥʘ. 

ʕʜʛʵʵʨ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʙװʪʵʵʛʜʵʭװװʥװװʜ ʥʴ ʦʨʦʥ 

ʟʘʡʥ ʪᴇʣᴇʚʣᴇʣʪ, ʛʘʟʘʨ ʪʘʨʠʘʣʘʥ, ʫʩ, ʦʡ, ʫʨʛʘʤʘʣ, ʙʘʡʛʘʣʠʡʥ ʥᴇᴇʮʠʡʥ 

ʤʦʥʠʪʦʨʠʥʛ ʩʫʜʘʣʛʘʘʥʜ ʘʰʠʛʣʘʭ ʟʦʨʠʫʣʘʣʪ ʙװʭʠʡ ᴇʛᴇʛʜᴇʣ ʶʤ. ʄʘʥʘʡ ʦʨʥʳ 

ʭʫʚʴʜ ʵʥʵʭװ װװʥʵ ʪᴇʣʙᴇʨʛװʡ ʮʘʛ ʭʫʛʘʮʘʘ, ʦʨʦʥ ʟʘʡ, ʩʧʝʢʪʨʠʡʥ ʦʣʦʥ ʩʫʚʛʠʡʥ 

ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣ ʙװʭʠʡ ᴇʛᴇʛʜʣʠʡʛ, ʪװװʥʠʡʛ ʙʦʣʦʚʩʨʫʫʣʘʭ ʘʨʛʘ ʟװʡʛ ʵʟʵʤʰʠʞ 

ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʠʡʛ ʭʵʥ ʙװʭʵʥʜ ʥʵʵʣʪʪʵʡ ʦʣʛʦʞ ʙʘʡʥʘ (ʭװʩʥʵʛʪ 9). 

ʍװʩʥʵʛʪ 9. ʉʝʥʪʠʥʝʣ-2 ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ᴇʛᴇʛʜʣʠʡʥ ʰʠʥʞ ʯʘʥʘʨ 

ʉʝʥʪʠʥʝʣ-2 ʩʧʝʢʪʨʠʡʥ 
ʩʫʚʛʫʫʜ 

ʎʘʭʠʣʛʘʘʥ ʩʦʨʦʥʟʦʥ 
ʜʦʣʛʠʦʥʳ ʩʧʝʢʪʨʠʡʥ ʤʫʞ (ʤ) 

ʆʨʦʥ ʟʘʡʥ 
ʥʘʨʠʡʚʯʣʘʣ (ʤ) 

ʉʫʚʘʛ 1 - ɸʝʨʝʟʦʣ 0.443 60 
ʉʫʚʘʛ 2 - ʍᴇʭ 0.490 10 
ʉʫʚʘʛ 3 - ʅʦʛʦʦʥ 0.560 10 
ʉʫʚʘʛ 4 - ʋʣʘʘʥ 0.665 10 
ʉʫʚʘʛ 5 ï ʋʨʛʘʤʣʳʥ ʫʣʘʘʥ 0.705 20 
ʉʫʚʘʛ 6 ï ʋʨʛʘʤʣʳʥ ʫʣʘʘʥ 0.740 20 
ʉʫʚʘʛ 7 ï ʋʨʛʘʤʣʳʥ ʫʣʘʘʥ 0.783 20 
ʉʫʚʘʛ8 ï ʆʡʨʳʥ ʥʠʣ ʫʣʘʘʥ 0.842 10 
ʉʫʚʘʛ 9 ï ʋʨʛʘʤʣʳʥ ʫʣʘʘʥ 0.865 20 

https://eros.usgs.gov/
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ʉʫʚʘʛ 10 ï ʋʩʥʳ ʫʫʨ 0.945 60 
ʉʫʚʘʛ 11 ï ɹʦʛʠʥʦ ʜʦʣʛʠʦʥʳ 
ʦʡʨʳʥ ʥʠʣ ʫʣʘʘʥ 

1.375 60 

ʉʫʚʘʛ 12 ï ɹʦʛʠʥʦ ʜʦʣʛʠʦʥʳ 
ʦʡʨʳʥ ʥʠʣ ʫʣʘʘʥ 

1.610 20 

ʉʫʚʘʛ 13 ï ɹʦʛʠʥʦ ʜʦʣʛʠʦʥʳ 
ʦʡʨʳʥ ʥʠʣ ʫʣʘʘʥ 

2.190 20 

ʉʫʜʘʣʛʘʘʥʳ ʘʞʠʣʜ ʘʰʠʛʣʘʩʘʥ ʙװʭ Sentinel 2 ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ᴇʛᴇʛʜʣʠʡʛ 

ɽʚʨʦʧʳʥ ʍʦʣʙʦʦʥʳ ʩʘʥʩʨʳʥ ʘʛʝʥʪʣʘʛʘʘʩ ʛʘʨʛʘʩʘʥ ʥʵʵʣʪʪʵʡ ʚʝʙ ʩʘʡʪʘʘʩ 

(https:\\scihub.copernicus.eu/dhus/) ʪʘʪʘʞ ʘʚʯ, װװʥʜ 2ɸ ʪװʚʰʥʠʡ ᴇʛᴇʛʜʣʠʡʛ ʘʛʘʘʨ 

ʤʘʥʜʣʳʥ ʟʘʩʘʣ ʭʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ ʭʠʡʞ ʛװʡʮʵʪʛʵʚ. 

ʋʫʨ ʘʤʴʩʛʘʣʳʥ ʤʵʜʵʵ: ʄʦʥʛʦʣ ʦʨʥʳ ʛʘʟʘʨ ʥʫʪʛʠʡʛ ʞʠʛʜ ʭʘʤʘʨʩʘʥ ʮʘʛ ʫʫʨʳʥ 60 

ʩʪʘʥʮʳʥ 6, 7, 8-ʨ ʩʘʨʳʥ ʘʛʘʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨʳʥ ʤʵʜʵʵ, ʥʠʡʣʙʵʨ ʭʫʨ 

ʪʫʥʘʜʘʩʥʳ ʤʵʜʵʵʛ ʭʫʫʨʘʡʰʣʳʥ ʠʥʜʝʢʩʠʡʛ ʪʦʦʮʦʦʣʦʭʦʜ ʘʰʠʛʣʘʩʘʥ. ʉʫʜʘʣʛʘʘʥʜ 

ʦʨʦʥ ʟʘʡʥ ʘʥʘʣʠʟ ʭʠʡʭʵʜ ʩʪʘʥʮʳʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʤʵʜʵʵ ʭʘʥʛʘʣʪʛװʡ. ʀʡʤʵʵʩ 

TRMM ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ 0.25ʦ ʛʨʠʜ  ʥʘʨʠʡʚʯʣʘʣʪʘʡ TRMM 3b43- ʛʘʜʘʨʛʳʥ ʭʫʨ 

ʪʫʥʘʜʘʩʥʳ ʤʵʜʵʵʛ ʘʰʠʛʣʘʩʘʥ.  

ʋʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDVI): MODIS ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ MOD13A3 

ʙװʪʵʵʛʜʵʭװװʥ ʙʦʣʦʭ 1 ʢʤ-ʠʡʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡ 2000-2014 ʦʥʳ 6, 7, 8-ʨ ʩʘʨʳʥ 

NDVI-ʠʡʥ ʤʵʜʵʵʛ ʘʰʠʛʣʘʩʘʥ. ʄᴇʥ ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʟʘʤ, ʭװʥ ʘʤ ʩʫʫʨʴʰʩʘʥ ʛʘʟʘʨ 

ʙʦʣʦʥ ʛʘʟʘʨ ʘʰʠʛʣʘʣʪʳʥ ʙʫʩʘʜ ʭʵʣʙʵʨ ʙʦʣʦʭ ʪʘʨʠʘʣʘʥʛʠʡʥ ʛʘʟʘʨ, ʘʪʘʨʰʩʘʥ 

ʛʘʟʨʳʥ ʚʝʢʪʦʨ ᴇʛᴇʛʜʣʠʡʛ Landsat ETM 2010 ʦʥʳ ʟʫʨʛʠʡʛ ʘʰʠʛʣʘʥ ʷʣʛʘʥ ʟʫʨʞ 

ʘʰʠʛʣʘʩʘʥ.  

ɺʝʢʪʦʨ ЊʛЊʛʜЊʣ: ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʟʘʤ, ʭװʥ ʘʤ ʩʫʫʨʴʰʩʘʥ ʛʘʟʘʨ ʙʦʣʦʥ ʛʘʟʘʨ 

ʘʰʠʛʣʘʣʪʳʥ ʙʫʩʘʜ ʭʵʣʙʵʨ ʙʦʣʦʭ ʭᴇʜᴇᴇ ʘʞ ʘʭʫʡʥ ʵʜʵʣʙʵʨ ʙʫʶʫ ʪʘʨʠʘʣʘʥʛʠʡʥ 

ʛʘʟʘʨ, ʘʪʘʨʰʩʘʥ ʛʘʟʨʳʥ ʚʝʢʪʦʨ ᴇʛᴇʛʜʣʠʡʛ Landsat ETM 2010 ʦʥʳ ʟʫʨʛʠʡʛ 

ʘʰʠʛʣʘʥ ʷʣʛʘʥ ʟʫʨʞ ʚʝʢʪʦʨ ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʩʘʥ. ʄᴇʥ 2014 ʦʥʳ ʭʵʵʨʠʡʥ 

ʩʫʜʘʣʛʘʘʥʘʘʩ ʤʘʣʯʠʥ ᴇʨʭʠʡʥ ᴇʚᴇʣʞᴇᴇ ʭʘʚʘʨʞʘʘʥʳ ʙʘʡʨʰʣʳʥ ʢʦʦʨʜʠʥʘʪʳʛ 

ʦʨʫʫʣʘʥ ʦʨʦʥ ʟʘʡʥ ʘʥʘʣʠʟ ʭʠʡʭʵʜ ʘʰʠʛʣʘʩʘʥ. 

2.2.2 ʍʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ᴇʛᴇʛʜᴇʣ, ʤʵʜʵʵ ʤʘʪʝʨʠʘʣ 

ɹʵʣʯʵʵʨʠʡʥ ʫʨʛʘʤʘʣʞʣʳʥ ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʩʫʜʘʣʛʘʘʥʜ ʛʝʦʙʦʪʘʥʠʢʠʡʥ 

ʙʠʯʠʛʣʵʣʠʡʥ ʜʘʨʘʘʭ ʙʣʘʥʢʠʡʛ ʘʰʠʛʣʘʞ ʙʠʯʠʛʣʵʣ װʡʣʜʵʚ.  ʕʥʵ ʙʣʘʥʢʘʥʜ ʜʘʨʘʘʭ 

ʤʵʜʵʵʣʣʠʡʛ ʘʛʫʫʣʥʘ. 

ɿʘʛʚʘʨ 1. ɹʠʯʠʛʣʵʣ ʭʠʡʩʵʥ ʙʣʘʥʢ 

ɻʝʦʙʦʪʘʥʠʢʠʡʥ ʙʠʯʠʛʣʵʣ 

......... ʦʥ ........ ʩʘʨ ........ ᴇʜᴇʨ                                                                                

ʉʦʨʴʮ ʪʘʣʙʘʡʥ ʭʵʤʞʵʵ....................... 

................................... ʘʡʤʘʛ ................................... ʩʫʤ ................................... ʙʘʛ 

ɻʘʟʘʨ ʟװʡʥ ʩʦʣʙʠʮʦʣ: ...................... ᴇʨʛᴇʨᴇʛ ..................... ʫʨʪʨʘʛ............... 

ᴇʥʜᴇʨ  

ɻʘʟʨʳʥ ʥʵʨ, ʛʘʜʘʨʛʘ, ʭװʨʵʵʣʵʣ............................................................................... 

ʋʨʛʘʤʘʣ ʙװʣʛʵʤʜʵʣ ................................................................................................. 
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ʋʨʛʘʤʣʳʥ ʥʵʨ 

 

ɸʨʚʠ 

 

ʊʫʩʛʘʛʠʡʥ 

ʙװʨʭʵʮ 

(ʭʫʚʴ) 

 

ʋʨʛʘʤʣʳʥ ᴇʥʜᴇʨ (ʩʤ) 
 ʡʥװʟʵʛʜʵʣ ʟת

 ʝ ʰʘʪ ʋʨʛʘʣװ

ʥʘʡʣʟʫʫʨ 

 ʨʞʣʠʡʥת

ʥʘʡʣʟʫʫʨ 

1       

2       

...       

ɻʝʦʙʦʪʘʥʠʢʠʡʥ ʜʵʣʛʵʨʵʥʛװʡ ʙʠʯʠʛʣʵʣ װʡʣʜʩʵʥ ʙװʣʛʵʤʜʵʣ ʙװʨʵʵʩ ʪʫʭʘʡʥ 

ʞʠʣʠʡʥ ʟʫʥʳ ʫʨʛʘʮʳʥ  ʭʵʤʞʵʵʛ ʪʦʛʪʦʦʭ ʜʵʵʞʠʡʛ ʘʞ ʘʭʫʡʥ ʙװʣʛʵʵʨ 5 ʷʣʛʘʥ 

ʭʘʡʯʣʘʥ ʘʚʘʚ. ʋʨʛʘʮʳʥ ʜʵʵʞʵʵ ʘʛʘʘʨʪ ʭʘʪʘʘʥ, ʣʘʙʦʨʘʪʦʨʠʜ 0.1 ʛʨʘʤʤʳʥ 

ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʵʣʝʢʪʨʦʥ ʞʠʥ ʜʵʵʨ ʭʵʤʞʠʞ, ʫʨʛʘʮʳʥ ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡʣʦʥ, Excel 

ʧʨʦʛʨʘʤʤʘʘʨ ʙʦʜʦʚ. ɻʝʦʙʦʪʘʥʠʢʠʡʥ ʙʠʯʠʛʣʵʣ װʡʣʜʵʭʵʜ 10ʤ ʭ 10ʤ ʪʘʣʙʘʡ 

ʩʦʥʛʦʞ,  ʫʨʛʘʤʣʳʥ ʙװʨʭʵʮ, ʘʨʚʠ, ᴇʥʜᴇʨ, װʟʵʛʜʵʣ ʟװʡʥ װʝ ʰʘʪʳʛ ʪʵʤʜʵʛʣʵʚ 

(ɻʝʦʙʦʪʘʥʠʢʠʡʥ ʙʠʯʠʛʣʵʣװװʜʠʡʛ ʭʘʚʩʘʨʛʘʚ). 

ʅʠʡʛʵʤ ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʤʵʜʵʵ, ʤʘʪʝʨʠʘʣ  

  ʆʣʦʥ ʥʠʡʪ ʟʦʨʠʣʪʦʪ ʙװʣʛʠʡʥ ʘʣʠʚʘʘʜ ʭʘʥʜʘʭ ʭʘʥʜʣʘʛʘ װʟʵʣ ʙʦʜʦʣ, ʭװʩʵʣ 

ʩʦʥʠʨʭʦʣ, װʥʵʣʵʤʞ ʪᴇʩᴇᴇʣʣʠʡʛ ʩʫʜʣʘʭ ʩʦʮʠʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʙʦʣ 

ʘʩʫʫʣʛʳʥ ʘʨʛʘ ʶʤ. ɸʩʫʫʣʛʘ ʩʫʜʘʣʛʘʘ ʥʴ ʥʠʡʪ 54 ʘʩʫʫʣʪʪʘʡ װװʥʵʵʩ 3 ʥʴ 

ʥʵʵʣʪʪʵʡ, 51 ʥʴ ʭʘʘʣʪʪʘʡ ʘʩʫʫʣʪ ʙʘʡʚ. ʅʵʵʣʪʪʵʡ ʘʩʫʫʣʪʘʜ ʭʘʨʠʫʣʘʭʜʘʘ 

ʦʨʦʣʮʦʛʯ ʫʛ ʘʩʫʫʣʪʘʘʨ ʭʷʟʛʘʘʨʣʘʭʛװʡ ʩʘʥʘʣ ʙʦʜʣʦʦ ʯᴇʣᴇᴇʪʵʡ ʠʣʵʨʭʠʡʣʵʭ 

ʙʦʣʦʤʞ ʦʣʛʦʭʦʦʨ ʠʡʤ ʘʩʫʫʣʪ ʦʨʫʫʣʩʘʥ ʶʤ. ɸʩʫʫʣʛʘ ʩʫʜʘʣʛʘʘʥʜ ʦʨʫʫʣʘʭ 

ʘʩʫʫʣʪʫʫʜ ʥʴ ʣʦʛʠʢ ʵʨʵʤʙʵ ʜʘʨʘʘʪʘʡ ʟᴇʚ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʣʪʪʘʡ ʭʠʡʛʜʩʵʥ 

ʙʘʡʚʘʣ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʜ ʵʝʨʵʛʵʵʨ ʥᴇʣᴇᴇʣʜᴇʛ ʛʵʞ װʟʜʵʛ. ʀʡʤʜ ʵʥʵ ʘʩʫʫʣʛʳʥ 

ʘʩʫʫʣʪʫʫʜʳʛ ʤʵʜʵʵʣʵʣ, ʛʦʣ ʘʩʫʫʣʪ, ʥʵʤʵʣʪ ʤʵʜʵʵʣʵʣ ʛʵʩʵʥ ʜʘʨʘʘʣʣʘʘʨ 

ʦʨʫʫʣʩʘʥ ʙʘ ʘʛʫʫʣʛʘ ʥʴ ʜʘʨʘʘʭ ʩʵʜʚװװʜʠʡʛ ʙʘʛʪʘʘʩʘʥ ʙʦʣʥʦ. 

¶ ɹʵʣʯʵʵʨ ʘʰʠʛʣʘʣʪʳʥ ʦʜʦʦʛʠʡʥ ʙʘʡʜʣʳʥ ʪʘʣʘʘʨ ʤʘʣʯʜʳʥ ʦʡʣʛʦʣʪ 

ʤʵʜʣʵʛʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ, װʥʵʣʵʭ 

¶ ʄʘʣʯʜʳʥ ʤʘʣʳʥ ʪʦʦʥʳ ʙʦʣʦʥ ʪᴇʨᴇʣ ʟװʡʣʠʡʥ  ᴇᴇʨʯʣᴇʣʪ ʭʵʨʭʵʥ ʭʫʚʴʩʘʞ 

ʙʘʡʛʘʘʛ ʪʦʜʨʫʫʣʘʭ 

¶ ʆʨʦʥ ʥʫʪʛʠʡʥ ʫʜʠʨʜʣʘʛʫʫʜ ʙʦʣʦʥ ʙʫʩʘʜ ʙʘʡʛʫʫʣʣʘʛʘʘʩ ʙʵʣʯʵʵʨ 

ʘʰʠʛʣʘʣʪʳʥ ʪʘʣʘʘʨʭ ʤʘʣʯʜʳʥ ʦʡʣʛʦʣʪ ʤʵʜʣʵʛʠʡʛ ʩʘʡʞʨʫʫʣʘʭ ʟʦʨʠʣʛʦʦʨ 

ʩʫʨʛʘʣʪ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʜʘʛ ʵʩʵʭʠʡʛ ʪʦʜʨʫʫʣʘʭ 

¶ ɹʵʣʯʵʵʨʠʡʛ ʩʘʡʞʨʫʫʣʘʭ, ʙʵʣʯʵʵʨʠʡʥ ʜʦʨʦʡʪʣʦʦʩ ʩʵʨʛʠʡʣʵʭ ʟʦʨʠʣʛʦʦʨ ʩʫʤ 

ʦʨʦʥ ʥʫʪʛʘʘʩ ʘʞʠʣ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʜʘʛ ʵʩʵʭ  
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¶ ɹʵʣʯʵʵʨʠʡʥ ʤʘʨʛʘʘʥ ʟᴇʨʯʠʣ ʭʵʨ ʛʘʨʜʘʛ, ʛʘʨʩʘʥ ʪʦʭʠʦʣʜʦʣʜ ʭʵʨʭʵʥ 

ʰʠʡʜʚʵʨʣʵʞ ʙʘʡʛʘʘʛ ʪʦʜʦʨʭʦʡʣʦʭ 

¶ ʄʘʣʯʜʳʥ ʙʵʣʯʵʵʨ ʩʘʡʞʨʫʫʣʘʭ ʯʠʛʣʵʣʠʡʥ ʩʫʨʛʘʣʪ ʤʵʜʵʵʣʣʠʡʥ ʭʵʨʵʛʮʵʵʪ 

ʙʘʡʜʘʣ, ʵʥʵ ʯʠʛʣʵʣʵʵʨ ʪʵʜʵʥʜ ʪʦʭʠʦʣʜʦʞ ʙʫʡ ʙʵʨʭʰʵʵʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ 

ʟʵʨʵʛ ʘʩʫʫʜʣʳʛ ʭʘʤʨʫʫʣʩʘʥ ʙʦʣʥʦ.
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2.3. ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡ 

ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʜʘʨʘʘʭ ʘʨʛʘ ʟװʡʥ ʜʘʛʫʫ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ. 

  

 
ʉʭʝʤ 1. ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʘʨʛʘ ʟװʡ 
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2.3.1 ʍʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʪʦʦʥ ᴇʛᴇʛʜᴇʣ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʩʵʥ ʘʨʛʘ ʟװʡ  

ʆʨʯʠʥ װʝʜ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣ ʙʫʶʫ ʘʛʘʘʨ, ʩʘʥʩʨʳʥ ʪװʚʰʥʵʵʩ ʘʚʩʘʥ 

ʦʨʦʥ ʟʘʡʥ ʙʦʣʦʥ ʩʧʝʢʪʨʠʡʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʤʵʜʵʵʛ ʘʰʠʛʣʘʥ 

ʜʵʣʭʠʡ ʜʵʵʨʭ ʙʘʡʛʘʣʠʡʥ ʙʦʣʦʥ ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʪʘʡ ʭʦʣʙʦʦʪʦʡ 

ᴇᴇʨʯʣᴇʣʪװװʜʠʡʛ ʩʫʜʣʘʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʜװʥ ʰʠʥʞʠʣʛʵʵʛ ʭʠʡʞ ʙʘʡʥʘ [30]. 

ɹʘʡʛʘʣʴ ʜʵʵʨʭ ʘʣʠʚʘʘ ʙʠʝʪװװʜ ʮʘʭʠʣʛʘʘʥ ʩʦʨʦʥʟʦʥ ʜʦʣʛʠʦʥʳ ʘʣʴ ʥʵʛ 

ʤʫʞʠʜ ᴇᴇʨʠʡʥ ʪʦʜʦʨʭʦʡ ʰʠʥʞ ʯʘʥʘʨʳʛ ʠʣʪʛʵʭ ʦʡʣʪʫʫʜʳʛ ᴇʛʯ ʙʘʡʜʘʛ ʙᴇʛᴇᴇʜ 

ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʘʣʙʘʨʪ ʫʨʛʘʤʣʳʥ ʰʠʥʞ ʯʘʥʘʨʳʥ ʦʡʣʪʳʛ 

ʭʘʤʛʠʡʥ ʠʭ ʭʵʤʞʠʥ ʪװװʥʠʡ ʦʡʣʪʦʦ ᴇʛʩᴇʥ ʩʧʝʢʪʨʠʡʥ ʤʫʞ ʙװʨ ʜʵʭ ʰʠʥʞ ʯʘʥʘʨʳʛ 

ʪʘʡʣʙʘʨʣʘʩʘʥ ʙʘʡʜʘʛ ʙᴇʛᴇᴇʜ װʟʵʛʜʵʭ ᴇʥʛᴇʥʠʡ ʤʫʞʠʜ ʫʨʛʘʤʣʳʥ ʭʣʦʨʦʬʠʣʣ 

ʰʠʥʛʵʵʣʪ, ʥʘʚʯʥʳ ʧʠʛʤʝʥʪ ʟʵʨʵʛ ʥʴ ʠʣװװ ʠʣʵʨʜʵʛ ʙʦʣ ʦʡʨʳʥ ʥʵʣ ʫʣʘʘʥ ʪʫʷʘʥʳ 

ʤʫʞʠʜ ʫʨʛʘʤʣʳʥ ʩʧʝʢʪʨʠʡʥ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʦʡʣʪʦʦ ᴇʛʯ ʵʩʠʡʥ ʙװʪʵʮ ʰʠʥʞ 

ʯʘʥʘʨʳʛ ʪʘʥʠʥ ʤʵʜʵʭ ʙʦʣʦʣʮʦʦʛ ʦʣʛʦʜʦʛ ʙʘʡʥʘ (ʟʫʨʘʛ 10). 

 
ɿʫʨʘʛ 10. ʎʘʭʠʣʛʘʘʥ ʩʦʨʦʥʟʦʥ ʜʦʣʛʠʦʥʳ ʤʫʞʫʫʜ ʜʘʭʴ ʫʨʛʘʤʣʳʥ ʩʧʝʢʪʨʠʡʥ 

ʤʫʨʫʡ 

ɿʘʡʥʘʘʩ ʪʘʥʜʩʘʥ ʘʥʭʜʘʛʯ ʪʦʦʥ ᴇʛᴇʛʜᴇʣʜ (ʘʛʘʘʨ ʩʘʥʩʨʳʥ ʷʥʟ ʙװʨʠʡʥ 

ᴇʥʜʨᴇᴇʩ ʩʧʝʢʪʨʠʡʥ ᴇᴇʨ, ᴇᴇʨ ʤʫʞʠʜ ʘʚʩʘʥ ʟʫʨʛʫʫʜ) ʭʵʜ ʭʵʜʵʥ ʰʘʪʥʳ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʩʥʠʡ ʜʘʨʘʘ ʛʘʨ ʪʘʡʣʘʣ, ʘʚʪʦʤʘʪ ʪʘʡʣʘʣ, ʤʵʜʣʵʛʪ 

ʪʫʣʛʫʫʨʣʘʩʘʥ ʪʘʡʣʘʣ ʭʠʡʞ ʩʵʜʵʚʯʠʣʩʵʥ ʤʵʜʵʵʛ ʛʘʨʛʘʥ ʘʚʘʭ ʙᴇʛᴇᴇʜ ʩʵʜʵʚʯʠʣʩʵʥ 

ʤʵʜʵʵʛ ʘʰʠʛʣʘʥ ʛʘʟʘʨ ʟװʡʥ ʤʵʜʵʵʣʣʠʡʥ ʩʠʩʪʝʤ (ɻʄʉ)-ʠʡʥ ʜʘʚʭʘʨʛʫʫʜʳʛ 

ʙʘʷʞʫʫʣʘʭ ʙʫʶʫ ʰʠʥʵʯʠʣʞ ʙʦʣʥʦ. ʊʫʭʘʡʥ ʰʘʘʨʜʣʘʛʘʘʩ ʭʘʤʘʘʨʘʥ, ʭʵʨʵʛʮʵʵʪ 

ʤʵʜɻɻ ʣʣʠʡʛ ʷʣʛʘʥ ʰװװʞ ʘʚʘʭʘʜ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ᴇᴇʨ, ᴇᴇʨ ʘʨʛʘ ʟװʡ ʘʰʠʛʣʘʛʜʘʭ 

ʙʘ ʪʫʭʘʡʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʦʥʮʣʦʛ, ʫʣʠʨʣʳʥ ʙʘʡʜʣʘʘʩ ʰʘʣʪʛʘʘʣʘʥ ʘʛʘʘʨ-ʩʘʥʩʨʳʥ 

ʘʥʭʜʘʛʯ ᴇʛᴇʛʜʣװװʜ ʥʴ ʦʣʦʥ ʷʥʟ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʙʦʣʦʚʩʨʫʫʣʘʣʪ, ʪʘʡʣʘʣ ʭʠʡʭ ʥʴ ʯ 

ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʙʘʡʜʘʛ [31].  

ʈʘʜʠʦʤʝʪʨʠʡʥ ʟʘʩʘʣ. ɸʛʘʘʨ ʤʘʥʜʣʳʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣ ʙʦʣʦʥ ʟʫʨʘʛ ʘʚʘʭ 

ʩʠʩʪʝʤʵʵʩ ʭʘʤʘʘʨʘʥ ʛʘʨʩʘʥ ʟʫʨʛʠʡʥ ʪʦʜʨʦʣʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʟʘʩʘʭ, ʤʵʜʵʵʣʣʠʡʛ 

ʜʘʤʞʫʫʣʘʭ ʙʦʣʦʥ ʭʘʜʛʘʣʘʭ װʝʜ ʘʣʜʘʛʜʩʘʥ ʤᴇʨ, ʮʵʛװװʜʠʡʛ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ, ʦʣʦʥ 
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ʙװʩʯʣʵʣʠʡʥ ʟʫʨʛʫʫʜʳʥ ʪʦʜʨʦʣʳʥ ʭʘʨʴʮʘʘʛ װʥʵʥ ʟᴇʚ ʙʘʡʣʛʘʭ ʟʦʨʠʣʛʦʦʨ 

ʨʘʜʠʦʤʝʪʨʠʡʥ ʟʘʩʘʣ ʭʠʡʜʵʛ. ɸʣʜʘʛʜʩʘʥ ʤᴇʨ, ʮʵʛװװʜʠʡʛ (ʧʠʢʩʝʣ) ʠʭʵʚʯʣʵʥ ʜʵʵʜ, 

ʜʦʦʜ ʤᴇʨʠʡʥ ʮʵʛװװʜʠʡʥ ʫʪʛʫʫʜʘʘʨ ʙʫʶʫ ʪʵʜʛʵʵʨʠʡʥ ʘʨʠʬʤʝʪʠʢ ʜʫʥʜʞʠʡʛ ʙʦʜʦʞ 

ʦʨʣʫʫʣʥʘ. 

ɸʛʘʘʨ ʤʘʥʜʣʳʥ ʟʘʩʘʣ. ʅʘʨʥʳ ʮʘʮʨʘʛʠʡʛ ʥʘʨ, ʜʵʣʭʠʡ ʜʵʵʨʭ ʦʙʲʝʢʪ, ʭʠʡʤʵʣ 

ʜʘʛʫʫʣʳʥ ʤʵʜʨʵʛʯʠʡʥ ʭʦʦʨʦʥʜ ʜʘʤʞʫʫʣʘʭʘʜ ʘʛʘʘʨ ʤʘʥʜʣʘʘʨ ʜʘʤʞʠʥ ᴇʥʛᴇʨᴇʭ 

ʥʘʨʥʳ ʮʘʮʨʘʛʠʡʥ ʟʘʤʳʥ ʫʨʪ ʥʴ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʟʫʨʛʠʡʥ ʷʥʟ 

ʙװʨʠʡʥ ʙװʩ ʥʫʪʘʛʪ ʙʘʡʨʣʘʭ ʛʘʟʨʳʥ ʦʙʲʝʢʪʳʥ ʧʠʢʩʝʣʠʡʥ ʩʘʘʨʘʣ ʫʪʛʳʛ (grayscale 

value) ʘʛʘʘʨ ʤʘʥʜʘʣʜ ʷʥʟ ʙװʨʠʡʥ ʪװʚʰʠʥʜ ʰʫʫʜ ʥᴇʣᴇᴇʣʜᴇʛ, ʘʜʠʣ ʥʵʛ ʦʙʲʝʢʪʦʜ, 

ʟʫʨʛʠʡʥ ʜװʨʩʣʵʭ ʭʫʛʘʮʘʘʥʳ ʷʣʛʘʘʪʘʡ ʙʘʡʭʘʘʩ ʙʦʣʦʦʜ ʭʘʨʛʘʣʟʘʭ ʦʙʲʝʢʪʳʥ 

ʧʠʢʩʝʣʠʡʥ ʩʘʘʨʘʣ ʫʪʛʘʜ ʘʛʘʘʨ ʤʘʥʜʣʳʥ ʥᴇʣᴇᴇʥᴇᴇʩ ʙʦʣʦʥ ʘʜʠʣʛװʡ ʙʘʡʜʘʛ. 

ʀʡʤʵʵʩ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ ᴇʛᴇʛʜʣʠʡʛ  ʘʰʠʛʣʘʭʘʘʩʘʘ ᴇʤʥᴇ ʟʘʘʚʘʣ ʘʛʘʘʨ 

ʤʘʥʜʣʳʥ ʥᴇʣᴇᴇʛ ʘʨʠʣʛʘʭ ʭʵʨʵʛʪʵʡ ʙᴇʛᴇᴇʜ ʠʥʛʵʩʥʵʵʨ ʦʣʞ ʘʚʩʘʥ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ 

ʩʫʜʣʘʭ ʟʫʨʛʠʡʛ ʙʦʜʠʪʦʦʨ ʜװʨʩʵʣʥʵ.  

ENVI ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞʠʡʛ ʘʛʘʘʨ ʤʘʥʜʣʳʛ ʭʫʨʜʘʥ ʟʘʩʘʭ ʰʫʛʘʤ (FLAASH ) 

ʙʦʣʦʥ ʘʛʘʘʨ ʤʘʥʜʣʳʛ ʭʫʨʜʘʥ ʭʫʛʘʮʘʘʥʜ ʟʘʩʘʭ (Quick Atmospheric Correction) 

ʭʵʨʵʛʩʵʣ ʘʰʠʛʣʘʥ ʘʛʘʘʨ ʤʘʥʜʘʣ ʙʦʣʦʥ ʨʘʜʠʦʤʝʪʨʠʡʥ ʟʘʩʘʣ ʭʠʡʞ ʙʦʣʜʦʛ. ʕʥʵ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ FLAASH ʤʦʜʫʣʠʡʛ ʩʦʥʛʦʞ, ENVI 5.3 ʧʨʦʛʨʘʤʤʳʥ Toolbox 

ʭʵʨʵʛʩʵʣʜ ʙʘʡʭ Radiometric Correction-Atmospheric Correction Module-FLAASH 

Atmospheric Correctionðʠʡʛ ʩʦʥʛʦʞ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʙʘʡʨʰʠʣ, ʛʘʟʘʨ ʟװʡʥ 

ᴇʥʜᴇʨʣᴇʛ, ʭʫʛʘʮʘʘ ʙʦʣʦʥ ʭʦʣʙʦʛʜʦʭ ʘʛʘʘʨ ʤʘʥʜʣʳʥ ʧʘʨʘʤʝʪʨװװʜʠʡʥ 

ʪʦʭʠʨʫʫʣʛʳʛ ʭʠʡʥ ᴇʛᴇʛʜʣʠʡʛ ʙʦʣʦʚʩʨʫʫʣʩʘʥ. 

2.3.1.1. ʋʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDVI) 

ʋʨʛʘʤʣʳʥ ʥʦʛʦʦʥ ʙװʨʭװװʣʠʡʥ ʙʫʶʫ ʭʣʦʨʦʬʠʣʣʳʥ ʦʧʪʠʢʠʡʥ ʩʧʝʢʪʨ ʰʠʥʞ 

ʯʘʥʘʨʳʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʛʵʨʣʠʡʥ ʜʦʣʛʠʦʥʳ װʟʵʛʜʵʭ ʫʣʘʘʥ ʛʵʨʣʠʡʥ ʤʫʞʠʜ (0.58-

0.68ɛm) ʭʣʦʨʦʬʠʣʣʳʥ ʰʠʥʛʵʵʣʪʠʡʥ ʤʫʞ ʜʘʭʴ ʛʵʨʣʠʡʥ ʦʡʣʪ ʥʴ ʥʘʚʯʥʳ 

ʭʣʦʨʦʬʠʣʣʳʥ ʢʦʥʮʝʥʪʨʘʮʠʪʘʡ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʭ ʙʘ ʭʘʨʠʥ ʦʡʨʳʥ ʥʵʣ 

ʫʣʘʘʥ ʪʫʷʘʥʳ ʤʫʞ ʜʘʭʴ (0.725-1.1ɛm) ʦʡʣʪ ʥʴ ʩʘʨʥʠʣʪʪʘʡ ʰʫʫʜ ʭʘʤʘʘʨʘʣʪʘʡ 

ʙʘʡʜʘʛ ʙʘʡʥʘ [32]. 

ʋʨʛʘʤʣʳʥ  ʥʦʨʤʯʠʣʩʦʥ ʷʣʛʘʚʨʳʥ ʠʥʜʝʢʩ ʙʫʶʫ Normalized  Difference  

Vegetation  Index (NDVI)-ʠʡʛ ɸʅʋ-ʳʥ  ʘʛʘʘʨ, ʩʘʥʩʨʳʥ ʫʫʜʤʳʛ ʩʫʜʣʘʭ ʛʘʟʨʳʥ 

ʩʫʜʣʘʘʯ Jim Tucker (1979, 1991) ʦʥʜ Jacson ʙʦʣʦʥ ʙʫʩʘʜ ʵʨʜʵʤʪʵʜ (1983) ʦʥʜ 

ʥʦʛʦʦʥ ʫʨʛʘʤʣʳʥ ʩʧʝʢʪʨ ʰʠʥʞ ʯʘʥʘʨʪ ʩʫʫʨʠʣʩʘʥ ʜʵʵʨʭ ʠʥʜʝʢʩʠʡʛ ʩʘʡʞʨʫʫʣʘʥ 

ʫʨʛʘʤʣʳʥ ʥʦʨʤʯʣʦʛʜʩʦʥ  ʠʥʜʝʢʩ (NDVI)-ʛ  ʪʦʜʦʨʭʦʡʣʞ  ʜʦʦʨʭ ʪʦʤʴʸʦʛ  ʛʘʨʛʘʥ  

ʠʨʩʵʥ ʥʴ  ᴇʥᴇᴇʛ  ʭװʨʪʵʣ ʫʨʛʘʤʣʳʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʠʣʵʨʭʠʡʣʵʭ ʠʥʜʝʢʩʠʡʥ ʩʫʫʨʴ 

ʠʣʵʨʭʠʡʣʵʣ ʙʦʣʩʦʦʨ ʙʘʡʥʘ. 

dNIR

dNIRNDVI
Re

Re

rr

rr

+

-
=                           (1) 

ʋʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ ʥʴ ʫʨʛʘʤʣʳʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʛ ʩʘʡʥ 

ʠʣʵʨʭʠʡʣʜʵʛ ʫʨʛʘʤʣʳʥ ʙʠʦʤʘʩʩ, ʙװʨʭʵʚʯ ʟʵʨʵʛ װʟװװʣʵʣʪװװʜʪʵʡ ʩʘʡʥ 

ʭʘʤʘʘʨʘʣʪʘʡ ʙʦʣʦʭʳʛ ʦʣʦʥ ʩʫʜʣʘʘʯʠʜ ʠʣʨװװʣʞ, ᴇʥᴇᴇʜᴇʨ ʜʵʣʭʠʡ ʥʠʡʪʵʵʨ ᴇʨʛᴇʥ 

ʭʵʨʵʛʣʵʛʜʵʭ ʙʦʣʞʵʵ [33]. 
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ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣʜ Landsat ʙʦʣʦʥ Sentinel-2 ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ 

ʤʵʜʵʵ ʘʰʠʛʣʘʥ ʫʨʛʘʤʣʳʥ ʠʥʜʝʢʩʠʡʛ ʙʦʣʦʚʩʨʫʫʣʩʘʥ. Landsat 5 (Thematic 

mapping instrument) 2, 3 ʙʘ 4 ʩʫʚʛʫʫʜ ʪʫʩ ʪʫʩʜʘʘ ʥʦʛʦʦʥ, ʫʣʘʘʥ ʙʘ ʦʡʨʳʥ ʥʠʣ 

ʫʣʘʘʥ ʪʫʷʘʛ ʪᴇʣᴇᴇʣʜᴇʛ ʙʦʣ Landsat 8 (Operable Land Imager-thermal infrared 

sensor)-ʠʡʥ ʭʫʚʴʜ 3, 4 ʙʘ 5 ʩʫʚʛʫʫʜ ʥʴ ʥʦʛʦʦʥ, ʫʣʘʘʥ ʙʘ ʦʡʨʳʥ ʥʠʣ ʫʣʘʘʥ ʪʫʷʘ 

ʙʘʡʨʣʘʜʘʛ. NDVI ʙʘ NDWI-ʠʡʥ ʫʪʛʘ ʥʴ -1-ʵʵʩ 1 ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʜʵʛ. NDVI-ʠʡʥ 

ʭʫʚʴʜ ʫʪʛʘ ʙʘʛʘ ʙʘʡʭ ʪʫʩʘʤ ʥʦʛʦʦʥ ʫʨʛʘʤʘʣ ʙʘʛʘ ʙʘʡʭ ʙʦʣʥʦ. NDVI-ʠʡʥ ʵʝʨʵʛ 

ʫʪʛʘ ʙʫʶʫ 1-ʪʵʡ ʦʡʨʦʣʮʦʦ ʫʪʛʘ ʥʴ ʫʨʛʘʤʣʳʥ ʥʷʛʪ ʙװʨʭʵʚʯʠʡʛ ʠʣʵʨʭʠʡʣʜʵʛ ʙʦʣ 

ʩᴇʨᴇʛ ʫʪʛʘ ʵʩʚʵʣ 0-ʜ ʦʡʨ ʙʘʡʚʘʣ ʫʨʛʘʤʘʣʛװʡ ʙʦʣʦʭʳʛ ʠʣʪʛʵʥʵ.  

2.3.1.2. ʋʩʥʳ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDWI) 

ʋʩʥʳ ʠʥʜʝʢʩʠʡʥ ʘʨʛʘ ʥʴ ʫʩʥʳ ᴇʛᴇʛʜᴇʣʜ ʪʫʣʛʫʫʨʣʘʥ ʤʵʜʵʵʣʣʠʡʛ ʘʚʘʭ 

ʟʦʨʠʣʛʦʜ ʭװʨʵʭʠʡʥ ʪʫʣʜ ʜʦʣʛʠʦʥʳ ʪʫʫʟ, ʫʩʥʳ ʭװʯʪʵʡ ʪʫʩʛʘʣ ʙװʭʠʡ ʜʦʣʛʠʦʥʳ 

ʪʫʫʟʳʛ ʪʦʦʥ װʟװװʣʵʣʪ, ʩʫʣ ʫʩʥʳ ʪʫʩʛʘʣ ʙװʭʠʡ ʜʦʣʛʠʦʥʳ ʪʫʫʟʳʛ ʭʘʨʴʮʘʘʛʘʘʨ 

ʪʦʦʮʦʭʳʛ ʭʵʣʥʵ. ʋʩʥʳ ʠʥʜʝʢʩʠʡʥ ʘʨʛʘ ʥʴ ʭʘʨʴʮʘʥʛʫʡ ʘʤʘʨʭʘʥ ʙᴇʛᴇᴇʜ ʪʦʜʦʨʭʦʡ 

ʭʵʤʞʵʵʛʵʵʨ ʫʩʥʳ ʙʫʩ ʤʵʜʵʵʣʣʠʡʛ ʩʫʣʨʫʫʣʞ, ʫʩʥʳ ʤʵʜʵʵʣʣʠʡʛ ʦʥʮʦʣʞ ᴇʛʜᴇʛ. 

ʍʘʨʴʮʘʘʛ ʪʦʦʮʦʦʣʦʭ װʥʜʩʵʥ ʟʘʨʯʠʤ ʙʦʣ ʛʘʟʨʳʥ ʦʙʲʝʢʪʳʥ ʭʘʤʛʠʡʥ ʭװʯʪʵʡ ʪʫʩʛʘʣ 

ʙʘ ʦʣʦʥ ʩʧʝʢʪʨʠʡʥ ʩʫʚʘʛ ʛʘʟʨʳʥ ʦʙʲʝʢʪʳʥ ʪʫʩʛʘʣʳʛ ʰʠʥʞʣʵʭ, ʜʘʨʘʘ ʥʴ ʭʘʤʛʠʡʥ 

ʭװʯʪʵʡ ʩʫʚʛʠʡʥ ʟʫʨʛʠʡʛ ʭʘʤʛʠʡʥ ʩʫʣ ʩʫʚʛʠʡʥ ʟʫʨʛʠʡʛ ʭʘʨʴʮʫʫʣʞ, ʪʦʜʦʨʭʦʡ 

ʭʘʨʴʮʘʘʥʳ ʪʦʦʮʦʦʛ ʭʠʡʩʥʠʡ ʜʘʨʘʘ ʠʡʥʭװװ  ʪʦʦʮʦʦʣʣʦʦʨ ʦʣʞ ʘʚʩʘʥ ʟʫʨʛʠʡʥ 

ʭʘʤʛʠʡʥ ʪʦʜ ᴇʥʛᴇʥʠʡ ʥʠʡʣʵʤʞʠʡʛ ʭʘʨʫʫʣʞ ʯʘʜʥʘ, ʪʠʡʤʵʵʩ ʭʘʨʴʮʘʘʥʳ ʘʨʛʳʛ ʦʣʦʥ 

ʪʘʣʪ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʭ ʟʫʨʛʘʘʩ ʫʩ ʛʘʨʛʘʞ ʘʚʘʭʘʜ ʠʭʵʚʯʣʵʥ ʘʰʠʛʣʘʜʘʛ. 

ɾʠʰʵʵʣʙʵʣ: ʭʵʪ ʫʣʘʘʥ ʪʫʷʘʥʳ ʙʦʣʦʥ ʜʫʥʜ ʭʵʪ ʫʣʘʘʥ ʪʫʷʘʥʳ ʩʫʚʘʛ ʜʘʭʴ ʫʩʥʳ 

ʰʠʥʛʵʵʣʪʠʡʥ ʯʘʜʚʘʨʳʛ ʘʰʠʛʣʘʥ ʥʦʛʦʦʥ ʵʩʚʵʣ ʫʣʘʘʥ ʛʵʨʣʠʡʥ ᴇʥʛʠʡʛ ʭʵʪ ʫʣʘʘʥ 

ʪʫʷʘʥʳ ʩʫʚʘʛʪʘʡ ʭʘʨʴʮʫʫʣʘʭ ʭʘʨʴʮʘʘʛ ʪʦʦʮʦʦʣʦʭʜʦʦ ʫʩʥʳ ʤʵʜʵʵʣʣʠʡʛ ʫʨʛʘʤʣʳʥ 

ᴇʛᴇʛʜʣʠʡʥ ʤʵʜʵʵʣʵʣʜ ʙʘʛʪʘʘʥ ʩʘʡʞʨʫʫʣʞ, ʫʩʘʥ ʙʘʡʛʫʫʣʘʤʞʠʡʛ ʫʨʛʘʤʣʘʘʩ ʷʣʛʘʭ 

ʙʦʣʦʤʞʪʦʡ ʙʦʣʥʦ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ ʟʘʨʠʤ װʥʜʩʵʥ ʰʠʥʞ ʯʘʥʘʨʫʫʜʪʘʡ ʭʦʣʙʦʦʪʦʡ 

ᴇʛᴇʛʜʣʠʡʛ ʭʦʣʴʞ, ʭʘʨʴʮʘʘʛ ʪʦʦʮʦʦʣʩʥʳ װʥʜʩʵʥ ʜʵʵʨ ʭʵʚʠʡʥ ʙʦʣʛʦʭ ʘʞʣʳʛ 

ʛװʡʮʵʪʛʵʜʵʛ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʥ ʭʘʤʛʠʡʥ ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʛʜʜʵʛ ʩʫʚʛʠʡʥ ʭʘʨʴʮʘʘʥʳ 

ʠʥʜʝʢʩʠʡʥ ʘʨʛʘ ʥʴ ʟᴇʨװװʥʠʡ ʫʩʥʳ ʠʥʜʝʢʩʠʡʛ ʭʵʚʠʡʥ ʙʦʣʛʦʩʦʥ ʙʘʡʭ ʙᴇʛᴇᴇʜ 

(NDWI) [34], ʜʘʨʘʘʭ ʪʦʤʴʸʦʛʦʦʨ ʪʦʦʮʥʦ. 

ʋʩʥʳ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDWI) = (GreenīNIR)/(Green+NIR)        (2) 

ʊʦʤʴʸʦʥʜ Green ʥʴ ʥʦʛʦʦʥ ʛʵʨʣʠʡʥ ʫʪʛʳʛ, NIR ʥʴ ʦʡʨʳʥ ʥʠʣ ʫʣʘʘʥ ʪʫʷʘʥʳ 

ᴇʥʛᴇʥʠʡ ʩʫʚʛʠʡʛ ʠʣʵʨʭʠʡʣʞ, Landsat TM ʟʫʨʛʫʫʜʘʜ ʭʘʨʫʫʣʙʘʣ, ʵʜʛʵʵʨ ʥʴ 2 ʩʫʚʘʛ, 

4 ʩʫʚʘʛ ʙᴇʛᴇᴇʜ sentinel-2 ʟʫʨʛʫʫʜʘʜ ʪʫʩ ʙװʨ 3 ʩʫʚʘʛ, 8 ʩʫʚʘʛ ʙʘʡʥʘ. תʟʵʛʜʵʭ 

ʛʵʨʣʠʡʥ ʟʫʨʚʘʩʘʘʩ ʭʵʪ ʫʣʘʘʥ ʪʫʷʘʥʳ ʟʫʨʚʘʩʪ ʭװʨʩʵʥʜ ʫʩʥʳ ʮʘʮʨʫʫʣʘʛʯ ʯʘʥʘʨ 

ʘʘʞʤʘʘʨ ʙʫʫʨʜʘʛ ʙʦʣ ʭʵʪ ʫʣʘʘʥ ʪʫʷʘʥʳ ʙʦʣʦʥ ʜʫʥʜ ʭʵʪ ʫʣʘʘʥ ʪʫʷʘʥʳ ʟʫʨʚʘʩ 

ʜʘʭʴ ʥʘʨʥʳ ʛʵʨʣʠʡʥ ʪʫʩʛʘʣ ʙʘʨʘʛ ʪʵʛ ʙʘʡʜʘʛ, ʦʡʨʳʥ ʭʵʪ ʫʣʘʘʥ ʪʫʷʘʥʳ ʟʫʨʚʘʩʪ 

ʫʨʛʘʤʘʣʞʠʣ ʥʴ ʮʘʮʨʘʛʠʡʥ ᴇʥʜᴇʨ ʯʘʥʘʨʳʛ ʭʘʨʫʫʣʜʘʛ.ʕʥʵ ʦʥʮʣʦʛʠʡʛ ʘʰʠʛʣʘʥ 

Mcfeeters ʫʩʘʥ ʙʘʡʛʫʫʣʘʤʞʠʡʛ ʪʦʜʨʫʫʣʞ, ʫʨʛʘʤʘʣ װʟʵʛʜʵʭʛװʡ ʟʦʨʠʣʛʦʜ ʭװʨʵʭʠʡʥ 

ʪʫʣʜ NDWI ʠʥʜʝʢʩʠʡʥ ʟʘʛʚʘʨʳʛ ʩʘʥʘʣ ʙʦʣʛʦʩʦʥ. NDWI-ʠʡʥ ʫʪʛʘ ʥʴ -1-ʵʵʩ 1 

ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʜʵʛ ʙᴇʛᴇᴇʜ Mcfeeters ʙʦʩʛʦ ʫʪʛʳʛ 0 ʛʵʞ ʪʦʛʪʦʦʜʦʛ. ʍʵʨʵʚ NDWI 

ʥʴ 0-ʵʵʩ ʠʭ ʙʦʣ ʪװװʥʠʡʛ ʫʩʘʥ ʩʘʥ, ʙʫʩʘʜ ʥʴ ʫʩʘʥ ʙʫʩ ʙʘʡʛʫʫʣʘʤʞ ʛʵʞ ʭװʣʵʵʥ 
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ʟᴇʚʰᴇᴇʨʜᴇʛ ʭʘʨʴʮʘʘʥʳ ʪʦʦʮʦʦʛ ʘʰʠʛʣʘʩʥʘʘʨ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʛʵʵʨ ʪʦʧʦʛʨʘʬʠʡʥ 

ʜװʨ ʪᴇʨʭʠʡʛ ʘʨʠʣʛʘʞ, ʫʩʘʥ ʙʘʡʛʫʫʣʘʤʞ, ʩװװʜʨʠʡʛ ʷʣʛʘʞ ʯʘʜʜʘʛ. 

2.3.1.3. ʐʠʡʜʚʵʨʠʡʥ ʤʦʜʳʥ ʘʥʛʠʣʣʳʥ ʟʘʛʚʘʨ (Decision Tree 
Classification Model)  

ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʙʫʣʘʛ ʩʫʤʳʥ ʫʩ ʥʘʤʛʘʨʭʘʛ ʛʘʟʨʳʛ ʟʫʨʘʛʣʘʭʜʘʘ 

ʰʠʡʜʚʵʨʠʡʥ ʤʦʜʳʛ ʘʰʠʛʣʘʥ ʙʦʣʦʚʩʨʫʫʣʩʘʥ. ʐʠʡʜʚʵʨʠʡʥ ʤʦʜ ʥʴ ʰʘʪʘʣʩʘʥ 

ᴇʛᴇʛʜʣʠʡʥ ʙװʪʵʮ, ʤʵʜʵʵʣʵʣ ʦʣʙʦʨʣʦʭ, ʘʥʛʠʣʘʭʘʜ ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʛʜʜʵʛ. ʐʠʡʜʚʵʨ 

ʛʘʨʛʘʭ ʤʦʜʥʳ ʘʥʛʠʣʘʣ ʥʴ ʪʦʜʦʨʭʦʡ ʰʘʪʘʣʩʘʥ ʙװʪʵʮ, ʪʦʦʮʦʦ ʥʴ ʘʤʘʨʭʘʥ ʙᴇʛᴇᴇʜ 

ʭʫʨʜʘʥ ʛʵʭ ʤʵʪ ʜʘʚʫʫ ʪʘʣʫʫʜʪʘʡ, ʘʜʠʣ ʙʫʩ ʪᴇʨʣʠʡʥ ʦʥʮʣʦʛʠʡʛ װʥʜʵʩʣʵʥ 

ʭʘʨʛʘʣʟʘʭ ʘʥʛʠʣʩʘʥ ʦʥʮʣʦʛ ʰʠʥʞ ʯʘʥʘʨʳʛ ʩʦʥʛʦʥ, ʠʥʛʵʩʥʵʵʨ ʫʣʘʤʞʣʘʣʪ 

ʘʥʛʠʣʣʳʥ ʘʨʛʫʫʜʳʥ ʘʥʛʠʣʣʳʥ ʘʣʜʘʘʛ װʨ ʜװʥʪʵʡʛʵʵʨ ʙʫʫʨʫʫʣʜʘʛ. ʉʫʜʘʣʛʘʘʥʳ 

ʪʘʣʙʘʡʥ ʛʘʟʨʳʥ ʩʧʝʢʪʨ ʦʥʮʣʦʛ ʰʠʥʞ ʯʘʥʘʨʫʫʜʳʥ, ʙװʪʮʠʡʥ ʦʥʮʣʦʛ, ʛʝʦʤʝʪʨʠʡʥ 

ʰʠʥʞ ʯʘʥʘʨʳʛ ʰʠʥʞʣʵʭ ʟʘʤʘʘʨ ʘʜʠʣ ʙʫʩʳʥ ʭʵʣʙʵʨʠʡʥ ʦʙʲʝʢʪ ʭʘʥʜʣʘʛʳʥ 

ʦʥʮʣʦʛʠʡʛ ʛʘʨʛʘʞ ʘʚʯ, װװʥʠʡ ʜʘʛʫʫ ʘʥʛʠʣʣʳʥ ʜװʨʤʠʡʛ ʙʠʡ ʙʦʣʛʦʭ, ʰʠʡʜʚʵʨʠʡʥ 

ʤʦʜʥʳ ʘʥʛʠʣʣʳʥ ʟʘʛʚʘʨʳʛ ʙʘʨʴʞ ʜʫʫʩʛʘʭ. ʅʵʛʜװʛʵʵʨʪ, ʩʫʜʘʣʞ ʙʫʡ ʛʘʟʨʳʥ 

Landsat ʟʫʨʛʫʫʜʘʘʩ NDVI ʙʘ NDWI-ʛ ʛʘʨʛʘʞ ʘʚʩʥʳ װʥʜʩʵʥ ʜʵʵʨ ʩʫʜʘʣʛʘʘʥʳ 

ʪʘʣʙʘʡʛ ʫʩ ʙʘ ʫʩʛװʡ ʛʘʟʘʨ ʛʵʞ ʭʫʚʘʘʞ, ʜʘʨʘʘ ʥʴ ʫʩʛװʡ ʛʘʟʨʳʛ ʫʨʛʘʤʘʣʞʩʘʥ ʙʦʣʦʥ 

ʫʨʛʘʤʣʳʥ ʙʫʩ ʭʵʩʵʛʪ ʭʫʚʘʘʞ, ʥʠʡʪ ʫʩ, ʫʨʛʘʤʘʣ, ʫʨʛʘʤʘʣʛװʡ ʛʘʟʘʨ ʛʵʞ 3 ʟװʡʣ 

ʘʥʛʠʣʘʚ. ʕʜʛʵʵʨ ʛʫʨʚʘʥ ʘʥʛʠʣʣʳʥ ʭʵʩʛʠʡʛ ʛʫʨʚʘʥ ʰʠʡʜʚʵʨʠʡʥ ʤʦʜʥʳ ʟʘʥʛʠʣʘʘ 

ʙʦʣʛʦʥ ʘʚʯ, ʵʥʵ ʛʫʨʚʘʥ ʘʥʛʠʣʣʳʛ ʙʫʨʫʫ ʛʘʨʘʭ ʘʩʫʫʜʣʳʛ ʙʫʫʨʫʫʣʩʘʥ. NDVI ʫʪʛʘ ʥʴ 

0-0.1 ʭʦʦʨʦʥʜ ʫʨʛʘʤʘʣ ʥʵʣʵʵʜ ʮᴇᴇʥ, ʠʡʤʵʵʩ װװʥʠʡʛ ʙʫʩʘʜ ʪᴇʨʣʠʡʥ ʛʘʟʘʨ ʛʵʞ 

ʘʥʛʠʣʩʘʥ. װתʥʠʡ ʜʘʛʫʫ ʥʘʤʛʘʨʭʘʛ ʛʘʟʨʳʥ ʰʠʡʜʚʵʨʠʡʥ ʤʦʜʥʳ ʘʥʛʠʣʣʳʥ ʟʘʛʚʘʨʳʛ 

ʙʘʡʛʫʫʣʘʭ (ʩʭʝʤ 2). 

Landsat

NDWI>- 0. 1

Water body
Non- water 

body

YES NO

NDVI>0

Non- water 
body

Water body

0. 1>NDVI>0

Other vegetation

YES NO

YES NO
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2.3.2. ʋʨʛʘʤʣʳʥ ʘʥʭʜʘʛʯ ʮʵʚʵʨ ʙװʪʵʵʤʞʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡ 

(CASA model, Carnegie -Ames -Standford A pproach) -ʠʡʛ ʪʦʦʮʦʦʣʦʭ ʘʨʛʘ ʟʘʤ  

ɻʵʨʣʠʡʥ ʵʥʝʨʛʠ ʙʦʣ ʘʤʴʜ ʙʦʜʠʩʳʥ ʛʦʣ ʵʥʝʨʛʠʡʥ ʵʨʛʵʣʪ ʤᴇʥ. ʋʨʛʘʤʘʣ 

ʛʵʨʣʠʡʥ ʥʠʡʣʛʵʵʨ ʜʘʤʞʠʥ ʥʘʨʥʳ ʵʥʝʨʛʠʡʛ ʭʠʤʠʡʥ ʵʥʝʨʛʠ ʙʦʣʛʦʥ ʭʫʚʠʨʛʘʥʘ. ʕʥʵ 

 ʟʣʵʛ. ʋʨʛʘʤʘʣ ʙʦʣװ ʡʣ ʷʚʮ ʙʦʣ ʜʵʣʭʠʡ ʜʵʵʨʭ ʭʘʤʛʠʡʥ ʯʫʭʘʣ ʭʠʤʠʡʥ ʫʨʚʘʣ ʛʵʞװ

ʥʘʨʥʳ ʵʥʝʨʛʠʡʛ ʭʫʚʠʨʛʘʞ ʦʨʛʘʥʠʢ ʙʦʜʠʩʳʥ ʭʵʤʞʵʵ װװʩʛʵʭ װʡʣ ʘʞʠʣʣʘʛʘʘ ʶʤ. 20-

ʨ ʟʫʫʥʳ 70-ʜ ʦʥʳ װʝʜ Montieth (1972) ʘʥʭ ʫʜʘʘ ʛʵʨʵʣ ʘʰʠʛʣʘʣʪʳʥ ʭʫʫʣʠʡʛ ʩʫʫʨʴ 

ʙʦʣʛʦʞ ʫʨʛʘʤʣʳʥ ʰʠʥʛʵʵʩʵʥ ʘʰʠʛʪʘʡ ʮʘʮʨʘʣʪ ʙʦʣʦʥ ʛʵʨʣʠʡʥ ʵʥʝʨʛʠʡʥ ʭʵʨʵʛʣʵʭ 

ʭʵʤʞʵʵʛ ʘʰʠʛʣʘʞ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʙװʪʵʵʤʞʠʡʛ ʪʦʜʦʨʭʦʡʣʩʦʥ. ʋʨʛʘʤʣʳʥ ʛʵʨʵʣ 

ʥʠʡʣʵʛʞʣʠʡʥ ʠʜʵʚʭʞʠʣʪʵʡ ʮʘʮʨʘʛʠʡʥ ʰʠʥʛʵʵʣʪ (Absorbed Photosynthetically 

Active Radiation), ʛʵʨʵʣ ʘʰʠʛʣʘʣʪʳʥ ʭʵʤʞʵʵ (Light-Use Efficiency, LUE)-ʘʘʨ 

ʪʦʦʮʦʦʣʩʦʥ.  

                                                                                      (3) 

 

ʉʭʝʤ 3. ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡ ʙʦʣʦʥ ʙʦʣʦʚʩʨʫʫʣʘʭ ʘʨʛʘ ʟʘʤʳʛ ʥʵʛʪʛʵʩʵʥ 

ʙװʜװװʚʯ 

ʋʨʛʘʤʣʳʥ ʘʥʭʜʘʛʯ ʮʵʚʵʨ ʙװʪʵʵʤʞ (ʋʎɹ), (ʥʵʛʞ: gCÅm-2Åtime-1), ʋʨʛʘʤʣʳʥ 

ʛʵʨʵʣ ʥʠʡʣʵʛʞʣʠʡʥ ʠʜʵʚʭʞʠʣʪʵʡ ʮʘʮʨʘʛʠʡʥ ʰʠʥʛʵʵʣʪ APAR, (ʥʵʛʞ: MJÅm-2Åtime-

1), ʛʵʨʵʣ ʘʰʠʛʣʘʣʪʳʥ ʭʵʤʞʵʵ (Light-Use Efficiency, LUE), (ʥʵʛʞ: gC/MJ -1). ʍʦʞʠʤ 

Potter (Potter,et  al., 1993), Filed (Filed, 1995) ʜʵʵʨʭ ʩʫʫʨʠʥ ʜʵʵʨ CASA ʟʘʛʚʘʨ 

ʙʘʡʛʫʫʣʞ (Carnegie-Ames-Standford Approach) ʟʘʛʚʘʨʪʘʘ NDVI ʟʵʨʵʛ ʟʘʡʥʘʘʩ 

ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ ʤʵʜʵʵ ʦʨʫʫʣʞ ʜʵʣʭʠʡʥ ʭʫʫʨʘʡ ʛʘʟʨʳʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ 

LUEAPARNPP ³=
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ʙװʪʵʵʤʞʠʡʛ ʙʦʜʩʦʥ. CASA ʟʘʛʚʘʨ ʙʦʣ ʫʨʛʘʤʣʳʥ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʘʣʛʘʘʥʳ 

ʟʘʨʯʤʳʛ ʘʰʠʛʣʘʥ NDVI, ʋʨʛʘʤʣʳʥ ʛʵʨʵʣ ʥʠʡʣʵʛʞʣʠʡʥ ʘʰʠʛʪʘʡ ʮʘʮʘʨʛʠʡʥ 

ʰʠʥʛʵʵʣʪʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ (FPAR), ʜʘʭʠʥ ʥʘʨʳʥ ʥʠʡʪ ʮʘʮʨʘʛ (PAR) ʙʘ  FPAR-

ʠʡʛ ʘʰʠʛʣʘʞ APAR-ʠʡʛ ʛʘʨʛʘʞ ʠʨʩʵʥ. ʕʜʛʵʵʨʠʡʥ ʩʫʫʨʠʥ ʜʵʵʨ ʫʨʛʘʤʣʳʥ ʘʥʭʜʘʛʯ 

ʮʵʚʵʨ ʙװʪʵʵʤʞ (ʋʎɹ)-ʠʡʛ ʙʦʜʩʦʥ. CASA ʟʘʛʚʘʨ ʜʦʪʦʨʭ ʛʵʨʵʣ ʘʰʠʛʣʘʣʪʳʥ 

ʭʵʤʞʵʵ ʥʴ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ. ʋʎɹ (CASA model, Carnegie-Ames-Standford 

Approach)-ʠʡʛ ʪʦʦʮʦʦʣʦʭʜʦʦ ʜʘʨʘʘʭ ʪʦʤʴʸʦʛʦʦʨ ʠʣʵʨʭʠʡʣʥʵ.  

                        (4) 

APAR- ʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ 

APAR (Absorbed Photosynthetically Active Radiation) ʛʵʜʵʛ ʥʴ ʥʵʛʞ ʪʘʣʙʘʡʜ 

ʥʵʛʞ ʭʫʛʘʮʘʘʥʜ ʠʨʞ ʙʘʡʛʘʘ ʥʘʨʥʳ ʮʘʮʨʘʛʠʡʥ ʥʠʡʪ ʭʵʤʞʵʵʥʵʵʩ ʫʨʛʘʤʘʣ ʰʠʥʛʵʵʥ 

ʘʚʯ ʘʰʠʛʣʘʞ ʙʘʡʛʘʘ ʭʵʤʞʵʵ ʙʫʶʫ ʛʵʨʵʣ ʥʠʡʣʵʛʞʣʠʡʥ ʠʜʵʚʭʞʠʣʪʵʡ ʮʘʮʨʘʛʠʡʥ 

ʰʠʥʛʵʵʣʪʠʡʛ ʭʵʣʥʵ (ʭʵʤʞʠʭ ʥʵʛʞ: gC/MJ),  ʙʦʣ ʥʵʛʞ ʪʘʣʙʘʡʜ ʥʵʛʞ ʭʫʛʘʮʘʘʥ ʜʘʭʴ 

ʫʨʛʘʤʣʳʥ ʙʦʜʠʪ ʛʵʨʵʣ ʘʰʠʛʣʘʣʪ (gC/MJ) ʶʤ. ɼʘʨʘʘʭ ʪʦʤʴʸʦʛʦʦʨ 

ʠʣʵʨʭʠʡʣʵʛʜʵʥʵ. 

    (5) 

),( txSOL  ʙʦʣ ʮʘʛ ʫʫʨʳʥ ʩʪʘʥʮʳʥ ʥʘʨʥʘʘʩ ʭװʣʵʵʞ ʘʚʩʘʥ ʩʘʨʳʥ ʥʘʨʥʳ ʥʠʡʣʙʵʨ 

ʮʘʮʨʘʛʠʡʥ ʤʵʜʵʵ. ʭ ʙʦʣ ʦʨʦʥ ʟʘʡ (ʩʘʨ), t ʙʦʣ ʭʫʛʘʮʘʘ 

2.3.3. ʋʨʛʘʤʣʳʥ ʬʝʥʦʣʦʛʠʡʥ ʭʫʛʘʮʘʘʛ ʪʦʦʮʦʦʣʦʭ ʘʨʛʘ 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʭװʨʵʵʥʜ ʩʦʥʛʦʥ ʘʚʩʘʥ ʟʘʛʚʘʨ ʪʘʣʙʘʡʜ, ʬʝʥʦʣʦʛʠ 

ʪʦʦʮʦʦʣʦʭʦʜ ʘʰʠʛʣʘʜʘʛ ʭʘʤʛʠʡʥ ʪʦʭʠʨʦʤʞʪʦʡ ʙᴇʛᴇᴇʜ ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʛʜʜʵʛ NDVI-

ʠʡʥ ʭʫʨʠʤʪʣʘʣʳʥ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʥ ʭʘʟʘʡʣʪʳʥ ʘʨʛʘ ʙʦʣʦʥ NDVI-ʠʡʥ 

ᴇᴇʨʯʣᴇʣʪʠʡʥ ʭʫʨʜʥʳ ʘʨʛʘ ʛʵʩʵʥ 2 ʟʘʛʚʘʨʳʛ ʘʰʠʛʣʘʚ. ʕʥʵ 2 ʘʨʛʘʘʨ ʵʭʣʵʵʜ SOS-

ʠʡʥ ʜʫʥʜʘʞ ʫʪʛʳʛ ʪʦʜʦʨʭʦʡʣʩʥ  r ʜʘʨʘʘ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ SOS ʙʦʣʛʦʥ 

ʪʦʦʮʩʦʥ ʙʦʣʥʦ. 

ʆʣʦʥ ʫʣʩʳʥ ʪװʚʰʠʥʜ ʥʵʣʵʵʜ ʭʵʜʵʥ ʩʫʜʣʘʘʯʠʜ ʵʥʵʭװװ ʘʨʛʳʛ ʪʘʣʙʘʡʥ 

ʘʞʠʛʣʘʣʪʳʥ ʤʵʜʵʵʛ ʘʰʠʛʣʘʥ ʙʘʪʘʣʛʘʘʞʫʫʣʩʘʥ [35]ï[38] ʙʘʡʜʘʛ ʙᴇʛᴇᴇʜ ʫʛ ʘʨʛʳʛ 

ʤᴇʥ ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʬʝʥʦʣʦʛʠʡʥ ʧʘʨʘʤʝʪʨʠʡʛ ʛʘʨʛʘʞ ʘʚʘʭʘʜ [35] 

ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʪʦʡ ʛʵʞ ʜʫʨʴʜʩʘʥ ʙʘʡʜʘʛ (ʩʭʝʤ 4).  

),(),(),( txtxAPARtxNPP e³=

5.0),(),(),( ³³= txFPARtxSOLtxAPAR
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ʉʭʝʤ 4. ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡʥ ʩʭʝʤ. 

NDVI-ʠʡʥ ʭʫʨʠʤʪʣʘʣʳʥ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʥ ʭʘʟʘʡʣʪʳʥ ʘʨʛʘ 

NDVI-ʠʡʥ ʭʫʨʠʤʪʣʘʣʳʥ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʥ ʭʘʟʘʡʣʪʳʥ ʘʨʛʘ (Wu ʥʘʨ 

2016) ʥʴ Zhang ʥʘʨ (2003)-ʳʥ ʜʵʚʰװװʣʩʵʥ NDVI-ʠʡʥ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʥ 

ʭʘʟʘʡʣʪʳʥ ʘʨʛʳʛ ʩʘʡʞʨʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ ʫʛ ʘʨʛʘ ʥʴ ʍʷʪʘʜʳʥ ʩʵʨװװʥ ʙװʩʵʜ NDVI-ʠʡʥ 

ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʥ ʭʘʟʘʡʣʪʳʥ ʘʨʛʘʘʩ ʠʣװװ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʛʵʞ װʟʜʵʛ. 

ʊʦʦʮʦʦʣʣʳʥ ʘʨʛʘ ʥʴ NDVI-ʠʡʥ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʥ ʭʘʟʘʡʣʪʳʥ ʘʨʛʘ (ʪʦʤʴʸʦ 

6)-ʪʘʡ ʤʘʰ ʪᴇʩʪʵʡ ʙᴇʛᴇᴇʜ ʬʝʥʦʣʦʛʠʡʥ ʧʘʨʘʤʝʪʨʠʡʛ ʛʦʣʯʣʦʥ ʞʠʣʠʡʥ ʪʫʨʰ 

ʭʫʨʠʤʪʣʘʛʜʩʘʥ NDVI ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʥ ʪʦʦʮʦʦʣʥʦ. 

         (6) 

 :ʥʜװת
y(t)-t ʮʘʛ ʭʫʛʘʮʘʘʥʳ NDVI-ʠʡʥ ʭʫʨʠʤʪʣʘʣʳʥ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʪʘʡ 
ʭʘʨʛʘʣʟʩʘʥ NDVI ʫʪʛʘ, 
t-ʞʫʣʠʘʥ (julian) ᴇʜᴇʨ, 
d-1 ʞʠʣ ʜʵʭ 24 NDVI-ʠʡʥ ʮʫʚʘʘʥʳ ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ, 
c-NDVI-ʠʡʥ ʭʫʨʠʤʪʣʘʣʳʥ ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ, 
a, b- Levenberg Marquardt ʘʨʛʘʘʨ ʪʦʦʮʦʦʣʜʦʛ ʭʦʣʙʦʭ ʧʘʨʘʤʝʪʨװװʜ. 

Zhang ʥʘʨ (2003) ʙʘ Hou ʥʘʨ (2014)-ʳʥ ʘʨʛʘʜ ʩʫʫʨʠʣʘʥ, ʊʦʤʴʸʦ 7 ʙʘ 8- ʳʛ 

ʘʰʠʛʣʘʥ NDVI-ʠʡʥ ʭʫʨʠʤʪʣʘʣʳʥ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʥ ʭʘʟʘʡʣʪ (K)- ʳʛ 
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ʪʦʦʮʦʦʣʞ, ʜʘʨʘʘ ʥʴ ʭʘʟʘʡʣʪʳʥ ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʳʥ ʘʨʛʘʘʨ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ 

ʧʠʢʩʝʣ ʪʫʩ ʙװʨʠʡʥ SOS (SOS_CUM)-ʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʙᴇʛᴇᴇʜ SOS ʥʴ ʭʘʤʛʠʡʥ ʠʭ 

ʭʘʟʘʡʣʪʪʘʡ ʭʘʨʛʘʣʟʘʭ ʭʫʛʘʮʘʘ (ᴇʜᴇʨ) 

ʶʤ (ʟʫʨʘʛ 11). 

                                              

                                              (7)     

 

                                                           (8)   

 

 

ɿʫʨʘʛ 11. NDVI-ʠʡʥ ʭʫʨʠʤʪʣʘʣʳʥ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʥ ʭʘʟʘʡʣʪʳʥ ʘʨʛʘ. 

NDVI-ʠʡʥ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʥ ʭʘʟʘʡʣʪʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʭʫʨʜʥʳ ʘʨʛʘ 

Zhang ʥʘʨ (2003) ʵʥʵ ʘʨʛʳʛ ʘʥʭ ʜʵʚʰװװʣʩʵʥ ʙᴇʛᴇᴇʜ ʛʦʣ ʩʘʥʘʘ ʥʴ ʫʨʴʜ ʦʥʳ 

NDVI-ʠʡʥ ʮʫʚʘʘʥʳ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʛ ʪʦʦʮʦʦʣʞ (ʪʦʤʴʸʦ 1), ʜʘʨʘʘ ʥʴ 

ʪʦʤʴʸʦ (7) ʙʘ (8)-ʳʛ ʘʰʠʛʣʘʥ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʥ ʭʘʟʘʡʣʪ (K)-ʠʡʥ ʤʫʨʫʡ 

ʰʫʛʘʤʳʛ ʪʦʦʮʦʦʣʥʦ. ʋʣʤʘʘʨ, ʪʦʤʴʸʦ (9)-ʠʡʛ ʘʰʠʛʣʘʥ ʭʘʟʘʡʣʪʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ 

ʭʫʨʜʳʛ (Rate of Change of Curvature, RCC) ʪʦʦʮʦʦʣʞ, ʫʨʛʘʤʣʳʥ ᴇʩᴇʣʪʠʡʥ װʝʠʡʥ 

(1-8 ʩʘʨ) ʘʥʭʥʳ ʭʘʤʛʠʡʥ ʠʭ ʭʘʟʘʡʣʪʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʭʫʨʜʪʘʡ ʭʘʨʛʘʣʟʩʘʥ ʭʫʛʘʮʘʘʛ 

SOS (SOS_RCC) ʛʵʞ ʪʦʛʪʦʦʥʦ (ʟʫʨʘʛ 12). 

 

                                                                                                              (9)  
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ɿʫʨʘʛ 12. NDVI-ʠʡʥ ʣʦʞʠʩʪʠʢ ʤʫʨʫʡ ʰʫʛʘʤʳʥ ʭʘʟʘʡʣʪʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ 

ʭʫʨʜʥʳ ʘʨʛʘ. 

2.3.4. ʍװʥʠʡ ʥᴇʣᴇᴇʣᴇʣ ʙʦʣʦʥ ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵʛ ʛʘʟʨʳʥ 
ʜʦʨʦʡʪʣʳʥ װʥʵʣʛʵʵʥʜ ʘʰʠʛʣʘʭ ʥʴ 

ɻʘʟʨʳʥ ʜʦʨʦʡʪʣʳʥ ʩʫʜʘʣʛʘʘʥʜ ᴇʛᴇʛʜʣʠʡʥ ʪʘʩʨʘʣʪʛװʡ ʙʘʡʜʘʣ, ʥʘʨʠʡʚʯʣʘʣ 

ʟʵʨʵʛ ʥʴ ʭʘʤʛʠʡʥ ʯʫʭʘʣ ʪᴇʜʠʡʛװʡ ʦʣʦʥ ʭװʯʠʥ ʟװʡʣʵʵʩ ʭʘʤʘʘʨʩʘʥ ʥʠʡʣʤʵʣ װʡʣ 

ʷʚʮ ʶʤ. װתʥʠʡʛ ʭʘʥʛʘʭ ᴇʛᴇʛʜᴇʣ ʙʦʣ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ ʪʝʭʥʦʣʦʛʠ ʜʵʵʨ 

ʩʫʫʨʠʣʩʘʥ ñEarth observationò ʙʫʶʫ ʜʵʣʭʠʡ ʘʞʠʛʣʘʣʪʳʥ ʤʦʥʠʪʦʨʠʥʛ ʩװʣʞʵʵʥʠʡ 

ʤʵʜʵʵʣʣʠʡʥ ᴇʛᴇʛʜᴇʣ ʶʤ. ʕʥʜ ʫʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDVI), ʫʨʛʘʤʣʳʥ 

ʮʵʚʵʨ ʙװʪʵʵʤʞ (NPP)-ʠʡʛ ʘʰʠʛʣʘʭʘʜ ʪʦʭʠʨʦʤʞʪʦʡ. ʉʫʜʣʘʘʯʠʜ MODIS ʭʠʡʤʵʣ 

ʜʘʛʫʫʣʳʥ ʫʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDVI)-ʠʡʥ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ʤʵʜʵʵʛ 

ʘʰʠʛʣʘʥ ʪװװʥʠʡ ʰʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ ʪʨʝʥʜʠʡʥ ʥʘʣʘʣʪʳʥ ᴇʥʮʛᴇᴇʨ ʭʘʥʜʣʘʛʳʛ 

ʛʘʨʛʘʞ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ ʮᴇʣʞʠʣʪʠʡʥ ʩʫʜʘʣʛʘʘʛ ʭʠʡʩʵʥ ʙʘʡʜʘʛ. ɻʘʟʨʳʥ 

ʜʦʨʦʡʪʦʣ, ʮᴇʣʞʠʣʪʠʡʛ ʠʣʨװװʣʵʭʵʵʩ ʛʘʜʥʘ ʪװװʥʠʡʛ װʥʵʣʞ ʯʘʜʘʤʞʠʡʛ ʥʴ 

ʪʦʜʦʨʭʦʡʣʦʭ ʥʴ ʭʘʤʛʠʡʥ ʯʫʭʘʣ. ʕʥʜ ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʥ ʠʣʨʵʣ (ʮᴇʣʞʠʣʪʠʡʛ 

ʟʵʨʵʛʣʵʣʵʵʨ)-ʵʵʨ ʩʫʣ, ʜʫʥʜ ʟʵʨʵʛ, ʭװʯʪʵʡ ʛʵʩʵʥ 4 ʟʵʨʵʛʣʵʣʵʵʨ ʥʵʛʜʩʵʥ װʥʵʣʛʵʵʛ 

ʛʘʨʛʘʜʘʛ. ɻʘʟʨʳʥ ʜʦʨʦʡʪʦʣʜ ʭװʥʠʡ ʭװʯʠʥ ʟװʡʣ ʙʦʣʦʥ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʭװʯʠʥ ʟװʡʣ 

ʩʘʣʘʥʛʠʜ ʦʡʣʛʦʣʪ ʭʵʚʵʵʨ ʙʘʡʛʘʘ ʥʴ ʛʦʣ ʙʵʨʭʰʵʵʣ ʙʦʣʩʦʦʨ ʙʘʡʥʘ. ʀʡʤʵʵʩ 

ʩʫʜʘʣʛʘʘʥʜʘʘ ʙʘʡʛʘʣʠʡʥ ʙʦʣʦʥ ʭװʥʠʡ ʭװʯʠʥ ʟװʡʣʠʡʥ ʥᴇʣᴇᴇʛ ʪʦʦʮʦʥ ʵʜʛʵʵʨʠʡʛ 

ʜʘʚʭʮʫʫʣʘʥ ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʛ װʥʵʣʵʥ ʫʣʤʘʘʨ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ ʮᴇʣʞʠʣʪᴇʜ 

ᴇʨʪᴇʞ ʙʘʡʛʘʘ ʛʘʟʨʳʥ ʦʨʦʥ ʟʘʡʥ ʟʘʛʚʘʨʳʛ ʛʘʨʛʘʭʳʛ ʟʦʨʴʩʦʥ.   

ʎᴇʣʞʠʣʪʠʡʥ ʪʦʜʦʨʭʦʡʣʦʣʪʦʦʩ ʭʘʨʘʭʘʜ ʮᴇʣʞʠʣʪ ʥʴ ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘ 

ʙʦʣʦʥ ʫʫʨ ʘʤʴʩʛʘʣ ʟʵʨʵʛ ʦʣʦʥ ʭװʯʠʥ ʟװʡʣʵʵʩ ʭʘʤʘʘʨʘʭʘʘʩ ʛʘʜʥʘ ʭʘʤʛʠʡʥ ʛʦʣ ʥʴ 

ʫʨʪ ʭʫʛʘʮʘʘʥʳ װʡʣ ʷʚʮ ʶʤ. ʉʫʜʘʣʛʘʘʥʜʘʘ ʭʫʫʨʘʡʰʣʳʥ ʠʥʜʝʢʩ (AI), ʫʨʛʘʤʣʳʥ 

ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDVI), ʭʫʨ ʙʦʨʦʦʥʳ ʙװʪʵʵʤʞʠʪ (RUE) ʙʘʡʜʘʣ ʙʦʣʦʥ ʭװʥʠʡ 

ʥᴇʣᴇᴇʣʣʠʡʥ ʠʥʜʝʢʩʠʡʛ ʩʦʥʛʦʥ ʘʚʣʘʘ. ɻʘʟʨʳʥ ʜʦʨʦʡʪʣʳʛ ʛʘʨʛʘʭʜʘʘ ʭʫʫʨʘʡʰʣʳʥ 

ʠʥʜʝʢʩʠʡʥ ᴇʛᴇʛʜʩᴇʥ ʭʫʛʘʮʘʘʥʳ ʜʫʥʜʞʘʘʨ, NDVI, RUE ïʛ ʭʫʛʘʮʘʘʥʳ ᴇᴇʨʯʣᴇʣʪ 
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ʙʦʣʦʥ ʭʘʥʜʣʘʛʳʛ ʪʦʜʦʨʭʦʡʣʦʥ, ʭװʥʠʡ ʥᴇʣᴇᴇʣʣʠʡʛ ʦʨʦʥ ʟʘʡʛʘʘʨ ʪʦʦʮʦʞ, 

ʜʦʨʦʡʪʦʣʜ ʥᴇʣᴇᴇʣᴇʭ ʥᴇʣᴇᴇʣʣᴇᴇʨ װʥʵʣʵʥ ʜʦʨʦʡʪʦʣ, ʮᴇʣʞʠʣʪʠʡʥ ʥʵʛʜʩʵʥ ʟʫʨʘʛ 

ʛʘʨʛʘʣʘʘ. 

ɹʦʣʦʚʩʨʫʫʣʘʣʪ 

ʍʫʫʨʘʡʰʣʳʥ ʠʥʜʝʢʩ: ʍʫʫʨʘʡʰʣʳʥ ʠʥʜʝʢʩʠʡʛ  De Martonne ʪʦʜʦʨʭʦʡʣʩʥʦʦʨ 

ʭʫʫʨʘʡʰʣʳʥ ʠʥʜʝʢʩʠʡʛ ʪʦʦʮʦʦʣʞ ʞʠʣ ʙװʨʠʡʥ  ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪʳʥ ʟʫʨʛʠʡʛ 

ʛʘʨʛʘʥ ʦʨʦʥ ʟʘʡʥ ʘʥʘʣʠʟ ʭʠʡʭʵʜ ʘʰʠʛʣʘʩʘʥ. De Martonne ïʠʡʥ ʭʫʫʨʘʡʰʣʳʥ 

ʠʥʜʝʢʩʠʡʛ ʜʘʨʘʘʭ ʪʦʤʴʸʦ (9)-ʦʦʨ ʪʦʜʦʨʭʦʡʣʜʦʛ [6, 7]: 

           (10) 

ʕʥʜ P- ʥʴ ʩʘʨʳʥ ʥʠʡʣʙʵʨ ʭʫʨ ʪʫʥʘʜʘʩ, ʊʪ ïʥʴ ʩʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ. 

ʍʫʫʨʘʡʰʣʳʥ ʠʥʜʝʢʩ ʥʴ ʪʫʭʘʡʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʭʫʫʨʘʡʰʣʳʥ ʟʵʨʛʠʡʛ 

ʪʦʦʥ ʫʪʛʘʘʨ ʠʣʵʨʭʠʡʣʜʵʛ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʭʫʫʨʘʡ ʛʘʟʘʨ ʥʫʪʘʛʪ ʭᴇʨʩ ʯʠʡʛʵʵʨ 

ʜʫʪʤʘʛ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʫʨʛʘʤʘʣ ʫʨʛʘʭ ʥᴇʭʮᴇʣʠʡʥ ʭʷʟʛʘʘʨʣʘʭ ʭװʯʠʥ ʟװʡʣ 

ʙʦʣʥʦ.  

ʍʫʨ ʙʦʨʦʦʥʳ ʙϾʪʵʵʤʞʠʪ ʙʘʡʜʘʣ: ʍʫʨ ʙʦʨʦʦʥʳ ʙװʪʵʵʤʞʠʪ ʙʘʡʜʘʣ ʛʵʜʵʛ 

ʥʴ ʫʨʛʘʤʣʳʥ ʮʚɻʵʨ ʙװʪʵʵʤʞʠʡʛ ʭʫʨ ʪʫʥʘʜʘʩʪ ʭʘʨʴʮʫʫʣʩʘʥ ʭʘʨʴʮʘʘʛ ʭʵʣʥʵ. 

  :ʥʠʡʛ ʜʘʨʘʘʭ ʪʦʤʴʸʦʛʦʦʨ ʪʦʜʦʨʭʦʡʣʜʦʛ (11)װת

                     (11) 

- NPP-ʥ ʪʫʭʘʡʥ ʞʠʣʠʡʥ 6,7,8 -ʨ ʩʘʨʳʥ ʥʠʡʣʙʵʨ ʫʪʛʘ, - ʪʫʭʘʡʥ 

ʞʠʣʠʡʥ 6,7,8 ïʨ ʩʘʨʳʥ ʥʠʡʣʙʵʨ ʭʫʨ ʪʫʥʘʜʘʩ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʫʨʛʘʤʣʳʥ ʫʨʛʘʣʪʘʜ 

ʰʘʘʨʜʘʛʜʘʭ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʭʵʤʞʵʵ ʛʵʞ ʭʵʣʞ ʙʦʣʥʦ. ʊװװʥʯʣʵʥ ʭʫʨ ʙʦʨʦʦʥʳ 

ʙװʪʵʵʤʞʠʪ ʙʘʡʜʘʣ ʫʨʛʘʮ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʭʘʤʘʘʨʘʣ ʥʴ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣʜ װʟװװʣʵʭ 

ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʥᴇʣᴇᴇ, ʪװװʛʵʵʨ ʪʦʜʦʨʭʦʡʣʦʛʜʦʭ ʜʦʨʦʡʪʣʳʥ ʥʠʡʪʣʵʛ װʡʣ 

ʷʚʮʳʛ ʠʣʪʛʵʞ ʯʘʜʥʘ ʛʵʞ װʟʩʵʥ ʙʘʡʜʘʛ [2]. 
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ʉʭʝʤ 5. ɻʘʟʨʳʥ ʜʦʨʦʡʪʣʳʛ װʥʵʣʩʵʥ ʥʵʛʜʩʵʥ װʥʵʣʛʵʵʥʠʡ ʘʨʛʘ ʟװʡʥ ʩʭʝʤ 

2.4 ʍʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡ 

2.4.1. ʋʨʛʘʤʘʣʞʣʳʥ ʤʦʥʠʪʦʨʠʥʛ ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡ 

ɼʦʨʦʡʪʦʣʜ ʦʨʩʦʥ ʙװʣʛʵʤʜʣʵʵʩ װʥʜʩʵʥ ʵʭ ʙװʣʛʵʤʜʵʣ ʭװʨʪʵʣ ʫʨʛʘʤʘʣʞʣʳʥ 

ʭʵʚ ʰʠʥʞʠʡʥ ʜʘʛʫʫ 100-500 ʤ ʪʫʪʘʤʜ ʙʠʯʠʛʣʵʣ ʭʠʡʥʵ. ʊʘʣʙʘʡʥ ʭʵʤʞʵʵ 10ʭ10-

ʘʘʩ 100 ʭ 100 ʤ2 ʙʘʡʥʘ. 

ɻʝʦʙʦʪʘʥʠʢʠʡʥ ʜʵʣʛʵʨʵʥʛϾʡ ʙʠʯʠʛʣʵʣ ʭʠʡʭ: ɸʞʠʛʣʘʣʪʳʥ ʮʵʛװװʜʵʜ ʩʫʜʘʣʛʘʘ 

ʭʠʡʭʵʜ ʶʫʥʳ ᴇʤʥᴇ ʛʝʦʙʦʪʘʥʠʢʠʡʥ  ʜʵʣʛʵʨʵʥʛװʡ ʙʠʯʠʛʣʵʣ ʭʠʡʥʵ. װתʥʜ ʵʭʣʵʵʜ 

ʫʨʛʘʤʣʳʥ ʟװʡʣ ʪʫʩ ʙװʨʠʡʥ ʘʨʚʠ, ʙװʨʭʵʮ, ʥװʜʵʥ ʙʘʨʠʤʞʘʘʛʘʘʨ װʨʞʣʠʡʥ ʙʘ ʫʨʛʘʣ 

ʥʘʡʣʟʫʫʨʳʥ ᴇʥʜʨʠʡʛ ʪʵʤʜʵʛʣʵʭʵʵʩ ʛʘʜʥʘ װʟʵʛʜʵʣ ʟװʡʥ ʷʤʘʨ װʝ ʰʘʪʘʥʜ ʙʘʡʛʘʘʛ 

ʙʠʯʠʞ ʪʵʤʜʵʛʣʵʥʵ. ɹʠʯʠʛʣʵʣ ʭʠʡʭ ʷʚʮʜʘʘ ʪʫʭʘʡʥ ʘʞʠʛʣʘʣʪʳʥ ʮʵʛʪ 1 ʛʘ ʦʨʯʠʤ 

ʪʘʣʙʘʡʥ ʭʵʤʞʵʵʥʜ ʟװʡʣʠʡʥ ʙװʨʵʣʜʵʭװװʥʠʡʛ ʘʣʴ ʙʦʣʦʭʦʦʨ ʙװʨʵʥ ʠʣʨװװʣʵʭ 

ʰʘʘʨʜʣʘʛʘʪʘʡ. ʊװװʥʯʣʵʥ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʛʵʵʨ ʰʠʛʵʥʛʵ װװʩʛʵʞ ʙʘʡʛʘʘ 

ʫʨʛʘʤʣʫʫʜʳʛ ʪʵʤʜʵʛʣʵʞ, ʥʵʛ ʘʨ, 1 ʛʘ ʪʘʣʙʘʡʥ ʭʵʤʞʵʵʥʜ ʰʠʛʵʥʛʠʡʥ ʜʫʥʜʘʞ ʪʦʦ, 

ʙʦʣʦʥ ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡʣʥʦ. ʉᴇᴇʛ ʫʨʛʘʤʘʣʪʘʡ ʙװʣʛʵʤʜʵʣ ʙʘʡʚʘʣ 100 ʭ 100 ʤ2   

ʭʵʤʞʵʵʥʠʡ ʪʘʣʙʘʡʜ ʭʵʯʥʵʵʥ ʟװʡʣʠʡʥ ʭʵʜʵʥ ʩᴇᴇʛ ʙʫʪ ʙʘʡʛʘʘʛ ʪʦʜʦʨʭʦʡʣʞ ʙʠʯʠʞ 

ʪʵʤʜʵʛʣʵʥʵ.  

ɸʨʚʠ ï ʪʫʭʘʡʥ ʫʨʛʘʤʘʣ ʙװʣʛʵʤʜʵʣʜ ʟװʡʣ ʪʫʩ ʙװʨʠʡʥ ʥʵʛʞ ʪʘʣʙʘʡʜ ʥʦʦʛʜʦʭ 

ʙʦʜʛʘʣʠʡʥ ʥʷʛʪʰʠʣʳʛ ʥװʜʵʥ ʙʘʨʠʤʞʘʘʛʘʘʨ װʥʵʣʩʵʥ װʥʵʣʛʵʵ ʶʤ. ʆʨʯʠʥ װʝʜ 

ʭʵʨʵʛʣʵʛʜʵʞ ʙʘʡʛʘʘ ʘʨʛʫʫʜʳʛ ʜʫʨʜʚʘʣ: ɹʨʘʫʥ-ɹʣʘʥʢʝʛʠʡʥ װʥʵʣʛʵʵʛʵʵʨ ʫʨʛʘʤʣʳʥ 

ʘʨʚʠʡʛ 1-5 ʙʘʣʣʘʘʨ ʠʣʵʨʭʠʡʣʥʵ. 1 = 2 ʭʫʚʴ,  2 = 10 ʭʫʚʴ,  3 = 35 ʭʫʚʴ,  4 = 60 

ʭʫʚʴ,  5 = 85 ʭʫʚʴ 

ɼʨʫʜʝʛʠʡʥ װʥʵʣʛʵʵʛʵʵʨ: 

Cop = Cop 3 ï ʘʨʚʠʥ, Cop 2 = ʥʵʣʵʵʜ ʵʣʙʵʛ, Cop 1 = ʕʣʙʵʛʜװװ 
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Sp = ʪʘʘʨʫʫ Sol = ʭʦʚʦʨ, Un = ʙʠʯʠʛʣʵʣʠʡʛ ʪʘʣʙʘʡʜ ʥʵʛ ʰʠʨʭʵʛ 

ɹװʣʛʵʤʜʣʠʡʥ ʫʨʛʘʤʣʳʥ ʝʨᴇʥʭʠʡ ᴇʥʜʨʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ. ɽʨᴇʥʭʠʡ 

ᴇʥʜʨʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʜʦʦ ʫʨʛʘʤʘʣ ʙװʣʛʵʤʜʣʠʡʥ ʷʨʫʩʳʥ ʜʘʛʫʫ ʭʵʤʞʠʞ, 

ʪʵʜʛʵʵʨʠʡʥ ʪʫʩʛʘʛ ʙװʨʭʮʠʡʛ ʭʫʚʠʘʨ ᴇʛʥᴇ. ɾʠʰʵʵʣʙʵʣ. 1-ʨ ʷʨʫʩ: 0-5 ʩʤ ᴇʥʜᴇʨʪʵʡ 

ʫʨʛʘʤʣʫʫʜ ʥʠʡʪ ʪʫʩʛʘʛʠʡʥ ʙװʨʭʮʠʡʥ 20 ʭʫʚʴ, 2-ʨ ʷʨʫʩ. 0-20 ʩʤ, ᴇʥʜᴇʨʪʵʡ ʥʴ 50 

ʭʫʚʴ, 3-4ïʨ ʷʨʫʩʫʫʜʳʛ ʥװʜʵʥ ʙʘʨʠʤʞʘʘʛʘʘʨ װʥʵʣʵʭʵʵʩ ʛʘʜʥʘ ʷʤʘʨ ʟװʡʣװװʜ 

ʭʘʤʘʘʨʯ ʙʘʡʛʘʘʛ ʪʵʤʜʵʛʣʵʥʵ. ʊװװʥʯʣʵʥ װʨʞʣʠʡʥ ʙʘ ʫʨʛʘʣ ʥʘʡʣʟʫʫʨʳʥ ᴇʥʜʨʠʡʛ 

ʭʵʤʞʠʥʵ.ʅʠʡʪ ʙװʣʛʵʤʜʣʠʡʥ ʭʵʤʞʵʵʥʜ ʭʫʚʠʘʨ ᴇʛʥᴇ. 

ʋʨʛʘʮ ʪʦʜʦʨʭʦʡʣʦʭ. ʋʨʛʘʮ ʛʵʜʵʛ ʥʴ ʪʦʜʦʨʭʦʡ ʭʫʛʘʮʘʘʥʜ ʥʵʛʞ ʪʘʣʙʘʡʜ 

ʫʨʛʘʤʣʳʥ װʡʣʜʚʵʨʣʵʞ ʙʘʡʛʘʘ ʙʠʦ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʭʵʤʞʵʵʛ ʭʵʣʵʭ ʙᴇʛᴇᴇʜ 1 ʤ.ʢʚ. 

ʪʘʣʙʘʡʜ ʛʨʘʤʤʘʘʨ, 1 ʛʝʢʪʘʨ ʪʘʣʙʘʡʜ ʢʠʣʦʛʨʘʤʤʘʘʨ, ʮʝʥʪʥʝʨʵʵʨ, ʪʦʥʥʦʦʨ ʪʫʩ 

ʪʫʩ ʠʣʵʨʭʠʡʣʵʛʜʵʥʵ. ʋʨʛʘʮ ʜʦʪʨʦʦ ʥʦʛʦʦʥ ʤʘʩʩ, ʙʦʨʦʛ ʙʘ ʫʥʘʥʛʠ ʭʘʛʜ ʛʵʞ 

ʷʣʛʘʛʜʘʥʘ. ʋʥʘʥʛʠ ʭʘʛʜ ʥʴ ʭᴇʨʩʥʠʡ ʛʘʜʘʨʛʫʫʛ ʭʘʣʘʣʪʘʘʩ ʩʵʨʛʠʡʣʵʭʠʡʥ ʟʵʨʵʛʮʵʵ, 

ʭʫʨ ʙʦʨʦʦʥʳ ʫʩʘʘʨ ʟʘʜʣʘʛʜʘʞ ʭᴇʨʩʠʡʛ ʷʣʟʤʘʛʞʫʫʣʞ ʙʦʜʠʩʳʥ ʵʨʛʵʣʪʵʜ ʦʨʥʦ. 

ɽʨЊʥʭʠʡ ʫʨʛʘʮʳʛ ʪʦʜʦʨʭʦʡʣʦʭ.  

ᴆʚʩʣᴇʛ ʫʨʛʘʤʘʣ ʙװʣʛʵʤʜʣʠʡʥ ʫʨʛʘʮʳʛ ʪʦʜʦʨʭʦʡʣʦʭʜʦʦ ʭʵʵʨʪ 1ʭ1 ʤ 

ʪʘʣʙʘʡʛʘʘʩ 3-5 ʜʘʚʪʘʣʪʪʘʡ, ʫʨʛʘʮʳʥ ʜʵʵʞ ʘʚʥʘ. ʉʦʥʛʦʩʦʥ ʪʘʣʙʘʡ ʜʦʪʦʨʭ ᴇʚʩʠʡʛ 

ʭᴇʨʩʥʠʡ ʛʘʜʘʨʛʘʜ ʰװʨʛװװʣʵʥ ʭʘʡʯʠʣʞ ʟװʡʣװװʜʵʵʨ ʷʣʛʘʥ ʘʚʥʘ. ʍʘʷʛ ʙʠʯʠʥ ʘʛʘʘʨʪ 

ʭʘʪʘʘʩʥʳ ʜʘʨʘʘ ʭʫʫʨʘʡ ʞʠʥʛ ʪʦʜʦʨʭʦʡʣʞ ʜʘʚʪʘʣʪʫʫʜʳʥ ʜʫʥʜʘʞ ʞʠʥʛ ʙʦʜʦʞ 

ʛʘʨʛʘʥʘ. ɼʘʨʘʘ ʥʴ 1 ʢʚ.ʤ, ʮʘʘʰʣʘʘʜ, 1 ʛʝʢʪʘʨ ʪʘʣʙʘʡʜ ʰʠʣʞװװʣʵʥ ʫʨʛʘʮʳʥ 

ʭʵʤʞʵʵʛ ʛʘʨʛʘʥʘ. 

 

 

 

ʋʨʛʘʤʣʳʥ ʥʵʨ 

 

ɸʨʚʠ 

 

ʊʫʩʛʘʛʠʡʥ 

ʙװʨʭʵʮ 

(ʭʫʚʴ) 

 

ʋʨʛʘʤʣʳʥ ᴇʥʜᴇʨ (ʩʤ) תʟʵʛʜʵʣ 

ʟװʡʥ װʝ 

ʰʘʪ 
ʋʨʛʘʣ 

ʥʘʡʣʟʫʫʨ 

 ʨʞʣʠʡʥת

ʥʘʡʣʟʫʫʨ 

1 ʅʘʥʛʠʘʜ ʭʠʘʛ Sp 30 ʭʫʚʴ 12 45 
ʎʵʮʵʛʣʵʣʪ 

7 ʙʘʣʣ 

2       

..

. 
      

ɸʞʠʛʣʘʣʪʳʥ ʮʵʛװװʜʵʜ ʩʫʜʘʣʛʘʘ ʭʠʡʭʵʜ ʶʫʥʳ ᴇʤʥᴇ ʛʝʦʙʦʪʘʥʠʢʠʡʥ 

ʜʵʣʛʵʨʵʥʛװʡ ʙʠʯʠʛʣʵʣ ʭʠʡʥʵ. װתʥʜ ʵʭʣʵʵʜ ʫʨʛʘʤʣʳʥ ʟװʡʣ ʪʫʩ ʙװʨʠʡʥ ʘʨʚʠ, 

ʙװʨʭʵʮ, ʥװʜʵʥ ʙʘʨʠʤʞʘʘʛʘʘʨ װʨʞʣʠʡʥ ʙʘ ʫʨʛʘʣ ʥʘʡʣʟʫʫʨʳʥ ᴇʥʜʨʠʡʛ 

ʪʵʤʜʵʛʣʵʭʵʵʩ ʛʘʜʥʘ װʟʵʛʜʵʣ ʟװʡʥ ʷʤʘʨ װʝ ʰʘʪʘʥʜ ʙʘʡʛʘʘʛ ʙʠʯʠʞ ʪʵʤʜʵʛʣʵʥʵ. 

ɹʠʯʠʛʣʵʣ ʭʠʡʭ ʷʚʮʜʘʘ ʪʫʭʘʡʥ ʘʞʠʛʣʘʣʪʳʥ ʮʵʛʪ 1 ʛʘ ʦʨʯʠʤ ʪʘʣʙʘʡʥ ʭʵʤʞʵʵʥʜ 

ʟװʡʣʠʡʥ ʙװʨʵʣʜʵʭװװʥʠʡʛ ʘʣʴ ʙʦʣʦʭʦʦʨ ʙװʨʵʥ ʠʣʨװװʣʵʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. 

ɻʝʦʙʦʪʘʥʠʢʠʡʥ ʜʵʣʛʵʨʵʥʛװʡ ʙʠʯʠʛʣʵʣ װʡʣʜʩʵʥ ʙװʣʛʵʤʜʵʣ ʙװʨʵʵʩ ʪʫʭʘʡʥ ʞʠʣʠʡʥ 

ʟʫʥʳ ʫʨʛʘʮʳʥ  ʭʵʤʞʵʵʛ ʪʦʛʪʦʦʭ ʜʵʵʞʠʡʛ ʘʞ ʘʭʫʡʥ ʙװʣʛʵʵʨ 5 ʷʣʛʘʥ ʭʘʡʯʣʘʥ ʘʚʘʚ. 

ʋʨʛʘʮʳʥ ʜʵʵʞʵʵ ʘʛʘʘʨʪ ʭʘʪʘʘʥ, ʣʘʙʦʨʘʪʦʨʠʜ 0.1 ʛʨʘʤʤʳʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡ 

ʵʣʝʢʪʨʦʥ ʞʠʥ ʜʵʵʨ ʭʵʤʞʠʞ, ʫʨʛʘʮʳʥ ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡʣʦʥ, Excel ʧʨʦʛʨʘʤʤʘʘʨ 

ʙʦʜʦʚ.  
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ɼʦʨʦʡʪʦʣʜ ʦʨʩʦʥ ʙװʣʛʵʤʜʣʵʵʩ װʥʜʩʵʥ ʵʭ ʙװʣʛʵʤʜʵʣ ʭװʨʪʵʣ ʫʨʛʘʤʘʣʞʣʳʥ 

ʭʵʚ ʰʠʥʞʠʡʥ ʜʘʛʫʫ 100-500 ʤ ʪʫʪʘʤʜ ʙʠʯʠʛʣʵʣ ʭʠʡʥʵ. ʊʘʣʙʘʡʥ ʭʵʤʞʵʵ 10ʭ10-

ʘʘʩ 100 ʭ 100 ʤ2 ʙʘʡʥʘ. 

ɸʨʚʠ. ʊʫʭʘʡʥ ʫʨʛʘʤʘʣ ʙװʣʛʵʤʜʵʣʜ ʟװʡʣ ʪʫʩ ʙװʨʠʡʥ ʥʵʛʞ ʪʘʣʙʘʡʜ ʥʦʦʛʜʦʭ 

ʙʦʜʛʘʣʠʡʥ ʥʷʛʪʰʠʣʳʛ ʥװʜʵʥ ʙʘʨʠʤʞʘʘʛʘʘʨ װʥʵʣʩʵʥ װʥʵʣʛʵʵ ʶʤ. ʆʨʯʠʥ װʝʜ 

ʭʵʨʵʛʣʵʛʜʵʞ ʙʘʡʛʘʘ ʘʨʛʫʫʜʳʛ ʜʫʨʜʚʘʣ: ɹʨʘʫʥ-ɹʣʘʥʢʝʛʠʡʥ װʥʵʣʛʵʵʛʵʵʨ ʫʨʛʘʤʣʳʥ 

ʘʨʚʠʡʛ 1-5 ʙʘʣʣʘʘʨ ʠʣʵʨʭʠʡʣʥʵ. 1 = 2 ʭʫʚʴ,  2 = 10 ʭʫʚʴ,  3 = 35 ʭʫʚʴ,  4 = 60 

ʭʫʚʴ,  5 = 85 ʭʫʚʴ 

ɼʨʫʜʝʛʠʡʥ װʥʵʣʛʵʵʛʵʵʨ: 

Cop = Cop 3 ï ʘʨʚʠʥ, Cop 2 = ʥʵʣʵʵʜ ʵʣʙʵʛ, Cop 1 = ʕʣʙʵʛʜװװ 

Sp = ʪʘʘʨʫʫ Sol = ʭʦʚʦʨ, Un = ʙʠʯʠʛʣʵʣʠʡʛ ʪʘʣʙʘʡʜ ʥʵʛ ʰʠʨʭʵʛ 

ɹϾʣʛʵʤʜʣʠʡʥ ʫʨʛʘʤʣʳʥ ʝʨЊʥʭʠʡ Њʥʜʨʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ. ɽʨᴇʥʭʠʡ ᴇʥʜʨʠʡʛ 

ʪʦʜʦʨʭʦʡʣʦʭʜʦʦ ʫʨʛʘʤʘʣ ʙװʣʛʵʤʜʣʠʡʥ ʷʨʫʩʳʥ ʜʘʛʫʫ ʭʵʤʞʠʞ, ʪʵʜʛʵʵʨʠʡʥ ʪʫʩʛʘʛ 

ʙװʨʭʮʠʡʛ ʭʫʚʠʘʨ ᴇʛʥᴇ. ɾʠʰʵʵʣʙʵʣ. 1-ʨ ʷʨʫʩ: 0-5ʩʤ ᴇʥʜᴇʨʪʵʡ ʫʨʛʘʤʣʫʫʜ ʥʠʡʪ 

ʪʫʩʛʘʛʠʡʥ ʙװʨʭʮʠʡʥ 20 ʭʫʚʴ, 2-ʨ ʷʨʫʩ. 0-20 ʩʤ, ᴇʥʜᴇʨʪʵʡ ʥʴ 50 ʭʫʚʴ, 3-4ïʨ 

ʷʨʫʩʫʫʜʳʛ ʥװʜʵʥ ʙʘʨʠʤʞʘʘʛʘʘʨ װʥʵʣʵʭʵʵʩ ʛʘʜʥʘ ʷʤʘʨ ʟװʡʣװװʜ ʭʘʤʘʘʨʯ ʙʘʡʛʘʘʛ 

ʪʵʤʜʵʛʣʵʥʵ. ʊװװʥʯʣʵʥ װʨʞʣʠʡʥ ʙʘ ʫʨʛʘʣ ʥʘʡʣʟʫʫʨʳʥ ᴇʥʜʨʠʡʛ ʭʵʤʞʠʥʵ.ʅʠʡʪ 

ʙװʣʛʵʤʜʣʠʡʥ ʭʵʤʞʵʵʥʜ ʭʫʚʠʘʨ ᴇʛʥᴇ. 

ɽʨЊʥʭʠʡ ʫʨʛʘʮʳʛ ʪʦʜʦʨʭʦʡʣʦʭ:  

ᴆʚʩʣᴇʛ ʫʨʛʘʤʘʣ ʙװʣʛʵʤʜʣʠʡʥ ʫʨʛʘʮʳʛ ʪʦʜʦʨʭʦʡʣʦʭʜʦʦ ʭʵʵʨʪ 1ʭ1 ʤ 

ʪʘʣʙʘʡʛʘʘʩ 3-5 ʜʘʚʪʘʣʪʪʘʡʛʘʘʨ ʫʨʛʘʮʳʥ ʜʵʵʞ ʘʚʥʘ. ʉʦʥʛʦʩʦʥ ʪʘʣʙʘʡ ʜʦʪʦʨʭ 

ᴇʚʩʠʡʛ ʭᴇʨʩʥʠʡ ʛʘʜʘʨʛʘʜ ʰװʨʛװװʣʵʥ ʭʘʡʯʠʣʞ ʟװʡʣװװʜʵʵʨ ʷʣʛʘʥ ʘʚʥʘ. ʍʘʷʛ ʙʠʯʠʥ 

ʘʛʘʘʨʪ ʭʘʪʘʘʩʥʳ ʜʘʨʘʘ ʭʫʫʨʘʡ ʞʠʥʛ ʪʦʜʦʨʭʦʡʣʞ ʜʘʚʪʘʣʪʫʫʜʳʥ ʜʫʥʜʘʞ ʞʠʥʛ 

ʙʦʜʦʞ ʛʘʨʛʘʥʘ. ɼʘʨʘʘ ʥʴ 1 ʢʚ.ʤ, ʮʘʘʰʣʘʘʜ, 1 ʛʝʢʪʘʨ ʪʘʣʙʘʡʜ ʰʠʣʞװװʣʵʥ 

ʫʨʛʘʮʳʥ ʭʵʤʞʵʵʛ ʛʘʨʛʘʥʘ. ʍʵʨʚʵʵ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ ʥʵʛʵʥ ʭʵʚʠʡʥ ʞʠʛʜ 

ʪʘʨʭʘʣʪʪʘʡ ʫʨʛʘʤʣʘʘʩ ʙװʨʜʵʞ ʙʘʡʚʘʣ  ʪʫʭʘʡʣʙʘʣ: ʜʘʥ ʰʠʨʵʛ ʫʣʘʣʞ, ʵʩʚʵʣ ʜʘʥ 

ʭʠʘʛ, ʘʛʴ ʟʵʨʵʛ ʙʘʡʚʘʣ 0.25ʭ0.25 ʤ ʪʘʣʙʘʡʛ 5-10 ʜʘʚʪʘʣʪʪʘʡ ʘʚʯ ʫʨʛʘʮ 

ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʭʘʥʛʘʣʪʪʘʡ ʛʵʞ װʟʥʵ. 

 ʡװʥʜʩʵʥ ʘʨʛʘʘʨ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ ʪʫʨʰʠʣʪ ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟת .2.4.2

 ʥʜʩʵʥ ʘʨʛʘʘʨ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ ʪʫʨʰʠʣʪ ʩʫʜʘʣʛʘʘʛ ʭʠʡʭʜʵʵ ʐʋɸ-ʠʡʥ ʄʘʣ ʘʞת

ʘʭʫʡʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭװʨʵʵʣʵʥʛʠʡʥ ʪʵʞʵʵʣʠʡʥ ʫʨʛʘʤʣʳʥ ʛʝʥʦʬʦʥʜʳʥ 

  .ʡʛ ʘʰʠʛʣʘʩʘʥ ʙʦʣʥʦװʨʠʡʥ ʣʘʙʦʨʘʪʦʨʠʪ ʙʘʪʣʘʛʜʩʘʥ ʘʨʛʘ ʟװ

ʍЊʨʩ ʙʦʣʦʚʩʨʫʫʣʘʣʪ: ʊʘʨʠʭʳʥ ᴇʤʥᴇʭ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ ʭʠʡʩʵʥ ʙᴇʛᴇᴇʜ 

ʪʵʞʵʵʣʠʡʥ ʦʣʦʥ ʥʘʩʪ װʝʪʵʥ ʙʫʫʨʮʘʛʪʘʥ ʫʨʛʘʤʣʳʛ ʪʘʨʠʭʘʘʩ 5-7 ʭʦʥʦʛʠʡʥ ᴇʤʥᴇ 

ʪʘʣʙʘʡʛ ʙʦʨʥʦʡʜʦʥ ʩʠʡʨװװʣʵʣʪ ʭʠʡʞ ʪʘʣʙʘʡʜ ʙʘʡʛʘʘ ʫʨʛʘʤʣʳʥ װʥʜʵʩ, ʯʫʣʫʫ 

ʟʵʨʛʠʡʛ ʪװװʥ ʮʵʚʵʨʣʵʥʵ.  

ʋʩʘʣʛʘʘʥʳ ʛʦʨʠʤ: ʋʩʘʣʛʘʘʥʳ ʛʦʨʠʤ ʛʵʜʵʛ ʥʴ ʪʘʨʠʤʣʳʥ ʫʨʛʘʭ ʭʫʛʘʮʘʘ, 

ʫʩʘʣʛʘʘʥʳ ʥʦʨʤ, ʫʩʘʣʛʘʘʥʳ ʭʦʦʨʦʥʜʦʭ ʟʘʡ, ʥʵʛ ʫʜʘʘʛʠʡʥ ʫʩʘʣʛʘʘʥʳ ʭʫʛʘʮʘʘ, 

ʫʨʛʘʣʪʳʥ ʭʫʛʘʮʘʘʥʜ ʪʘʨʠʤʘʣʜ ᴇʛᴇʭ ʥʠʡʪ ʫʩʥʳ ʭʵʤʞʵʵ ʟʵʨʵʛ װʟװװʣʵʣʪװװʜʠʡʛ 

ʭʵʣʥʵ.  

ɹʠʜ ʪʫʨʰʠʣʪʜʘʘ ʪʘʨʠʣʪʳʥ ᴇʤʥᴇʭ ʫʩʘʣʛʘʘ, ʪʘʨʠʤʣʳʥ ʫʨʛʘʣʪʳʥ װʝʠʡʥ 

ʫʩʘʣʛʘʘ ʛʵʭ 2 ʪᴇʨʣʠʡʥ ʫʩʘʣʛʘʘʛ ʩʦʥʛʦʥ ʭʵʨʵʛʣʵʩʵʥ. ʊʘʨʠʣʪʳʥ ᴇʤʥᴇʭ ʫʩʘʣʛʘʘ ʥʴ 
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ʭᴇʨʩ ʙʦʣʦʚʩʨʫʫʣʩʥʳ ʜʘʨʘʘ װʨ ʩʫʫʣʛʘʭʘʘʩ 2-3 ʭʦʥʦʛʠʡʥ ᴇʤʥᴇʭ ʭᴇʨʩʠʡʛ ʭʘʥʘʪʘʣ 

(ʭᴇʨʩʥʠʡ ʯʠʡʛ 50 ʭʫʚʴ ʭװʨʪʵʣ) ʫʩʘʣʥʘ. ʕʥʵʭװװ ʫʩʘʣʛʘʘʥʳ ʘʯ ʭʦʣʙʦʛʜʦʣ ʥʴ 

ʪʘʨʠʤʣʳʥ װʨ ʙʦʛʠʥʦ ʭʫʛʘʮʘʘʥʜ ʩʦʸʦʣʦʥ ʛʘʨʯ ʠʨʵʭ, ʫʨʛʘʣʪʳʥ ʵʭʥʠʡ װʝ ʰʘʪ 

ʵʨʯʠʤʪʵʡ ʷʚʘʛʜʘʭ ʥᴇʭʮᴇʣʠʡʛ ʙװʨʜװװʣʜʵʛ. ʊʘʨʠʤʣʳʥ װʨʠʡʛ ʩʫʫʣʛʘʩʥʘʘʩ ʭʦʡʰ 

ʪʘʨʠʤʣʳʥ ʫʨʛʘʣʪʳʥ װʝʠʡʥ ʫʩʘʣʛʘʘʛ ʭʠʡʩʵʥ. ʍᴇʨʩʥʠʡ ʯʠʡʛʵʵʩ ʭʘʤʘʘʨʯ 3 ʭʦʥʦʛʪ 1 

ʫʜʘʘ (ʭʵʪ ʭʘʣʫʫʥ ʙʘʡʚʘʣ 2 ʭʦʥʦʛʪ 1 ʫʜʘʘ) ʭʘʥʘʪʘʣ (ʭᴇʨʩʥʠʡ ʯʠʡʛ 50 ʭʫʚʴ ʙʦʣʪʦʣ) 

ʫʩʘʣʥʘ.  

ʊʘʨʠʭ ʘʨʛʘ, Ͼʨ ʩʫʫʣʛʘʭ ʛϾʥ: ʊʘʨʠʤʣʳʥ װʨʠʡʛ ʪʘʣʙʘʡʜ ʥʘʨʠʡʥ ʤᴇʨᴇᴇʨ (15ʩʤ) 

ʪʘʨʠʘʣʥʘ. ɾʠʞʠʛ ʪʘʣʙʘʡ ʫʯʠʨ 15ʩʤ ʤᴇʨ ʪʘʪʘʥ ʙʫʫʨʮʘʛʪʥʳ ʦʚʛʠʡʥ ʫʨʛʘʤʣʳʛ 1.5-

3.0ʩʤ-ʠʡʥ ʛװʥʜ ʩʫʫʣʛʘʥʘ. תʝʪʥʠʡ ʦʚʛʠʡʥ ʫʨʛʘʤʣʳʛ 3-5ʩʤ-ʠʡʥ ʛװʥʜ װʨʠʡʛ ʛʘʨʘʘʨ 

ʩʫʫʣʛʘʥʘ.  

ʊʘʨʠʭ ʭʫʛʘʮʘʘ: ɹʵʣʯʵʵʨʠʡʛ ʭʘʰʠʞ ʭʘʤʛʘʘʣʩʥʳ ʜʘʨʘʘ 2018 ʦʥʳ 07 ʩʘʨʳʥ 20-

ʦʦʩ 23-ʥʳ ʭʦʦʨʦʥʜ ʪʘʨʠʘʣʩʘʥ.  

ʍʵʵʨʠʡʥ ʩʦʸʦʣʦʣʪʳʛ ʪʦʜʦʨʭʦʡʣʦʭ: ʊʘʨʠʘʣʩʘʥ ʪʘʣʙʘʡʛʘʘʩ 1ʤ2 ʪʘʣʙʘʡʜ 

ʪʘʨʴʩʘʥ װʨʠʡʥ ʪʦʦʛ ʩʦʸʦʣʩʦʥ ʫʨʛʘʤʣʳʥ ʪʦʦʪʦʡ ʭʘʨʴʮʫʫʣʘʥ ʭʫʚʠʘʨ ʠʣʵʨʭʠʡʣʥʵ.  

ЉʚЊʣʞʠʭ ʯʘʜʚʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭ: ʊʘʨʠʤʘʣ ʫʨʛʘʤʣʳʥ ʘʥʭʥʳ ʞʠʣʠʡʥ ʥʘʤʘʨ 

ᴇʚᴇʣʞʠʣʪᴇʜ ʦʨʩʦʥ ʫʨʛʘʤʣʳʥ ʪʦʦʛ ʜʘʨʘʘ ʞʠʣʠʡʥ ʫʨʛʘʣʪ ʵʭʣʵʭʵʜ ᴇʚᴇʣʞʩᴇʥ 

ʫʨʛʘʤʣʳʥ ʪʦʦʪʦʡ ʭʘʨʴʮʫʫʣʞ ʭʫʚʠʘʨ ʠʣʵʨʭʠʡʣʥʵ.  

ʋʨʛʘʤʣʳʥ ЊʥʜЊʨ: ɼʵʚʩʵʛ ʙװʨʵʵʩ 10 ʫʨʛʘʤʣʳʥ ᴇʥʜʨʠʡʛ ʛʘʟʨʳʥ ʛʘʜʘʨʛʫʫʛʘʘʩ 

ʥʘʡʣʟʫʫʨʳʥ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʮʵʛ ʭװʨʪʵʣ ʭʵʤʞʠʞ, ʜʫʥʜʞʠʡʛ ʛʘʨʛʘʥʘ.  

ʊʘʨʠʭ ʭʫʛʘʮʘʘ: ɹʵʣʯʵʵʨʠʡʛ ʭʘʰʠʞ ʭʘʤʛʘʘʣʩʥʳ ʜʘʨʘʘ 2018 ʦʥʳ 07 ʩʘʨʳʥ 20-ʦʦʩ 

25-ʥʳ ʭʦʦʨʦʥʜ ʪʘʨʠʘʣʥʘ.  

ʊʫʨʰʣʘʛʳʥ ʪʘʣʙʘʡʥ ʙװʜװװʚʯ 
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ʊʫʨʰʣʘʛʳʥ ʪʘʣʙʘʡʥ ʥʠʡʪ ʭʵʤʞʵʵ 19,5*16=312ʤ2 

ɼʵʚʩʛʠʡʥ ʭʵʤʞʵʵ 2*5=10ʤ2 
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ʍװʩʥʵʛʪ 10. ʍʵʵʨʠʡʥ ʪʫʨʰʣʘʛʘʜ ʪʘʨʠʘʣʘʭ ʦʣʦʥ ʥʘʩʪ ʫʨʛʘʤʣʳʥ ʩʦʨʪʫʫʜ, 

 ʨʠʡʥ ʪʦʦʮʦʦװ

ˉ 

ʅʵʨ תʨʠʡʥ ʥʦʨʤ 

ʊʘʨʠʤʣʳʥ ʥʵʨ 
(ʄʦʥʛʦʣ, ʣʘʪʠʥ) 

ʉʦʨʪʳʥ 
ɻʘʨʘʣ 
 ʩʵʣװװ

ʢʛ/ʛʘ 
10 ʤ2  

ʜʵʚʩʵʛ  
ʭʵʤʞʵʵ/ʛ 

30 ʤ2  

ʜʵʚʩʵʛ  
ʭʵʤʞʵʵ/ʛ 

1 
ʎʘʨʛʘʩ 
Medicago falcata 

ɹʫʨʛʘʣʪʘʡ ʄʦʥʛʦʣ 15 15 45 

2 
ʎʘʨʛʘʩ 
Medicago sativa  

ʅʫʪʘʛ 
ʙʵʣʯʵʵʨ-1 

ᴆʄᴆɿʆ 15 15 45 

3 
ʎʘʨʛʘʩ 
Medicago sativacv  

ʅʫʪʘʛ 
ʙʵʣʯʵʵʨ-2 

ᴆʄᴆɿʆ 15 15 45 

4 
ɼʘʛʫʫʨʳʥ ᴇʣᴇʥʛᴇ 
Elymus dahuricus  

ʅʫʪʘʛʰʩʘʥ  20 20 60 

5 
ʉʘʤʘʥ ʝʨʭᴇʛ 
Argopyron 
ʩristatum 

ʉװʤʙʵʨ-1 ʄʦʥʛʦʣ 15 15 45 

6 
ʉʘʤʘʥ ʝʨʭᴇʛ 
Agropyron 
cristatum 

 ᴆʄᴆɿʆ 15 15 45 

7 
ʄʦʥʛʦʣ ʝʨʭᴇʛ 
Agropyron 
mongolicum  

ʅʘʡʤʘʥ ᴆʄᴆɿʆ 15 15 45 

8 
ʉʠʙʠʨʴ ʭʷʣʛʘʥʘ 
Stipa Sibiricus ʅʘʨʪ-1 ʄʦʥʛʦʣ 15 15 45 

2.5 ʉʪʘʪʠʩʪʠʢ ʙʦʣʦʚʩʨʫʫʣʘʣʪ 

ʍʘʤʛʠʡʥ ʙʘʛʘ ʢʚʘʜʨʘʪʫʫʜ ʪʦʭʠʨʦʭ (Least squares fitting) NDVI-ʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪʳʛ ʘʰʠʛʣʘʥ ᴇʛᴇʛʜʣʠʡʥ ʮʘʛ ʭʫʛʘʮʘʘʥʳ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʭʫʚʴ ʭʵʤʞʵʵ, 

ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ NDVI-ʠʡʥ ʰʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜ n ʭʫʛʘʮʘʘʥʘʘʩ 

ʭʘʤʘʘʨʯ ᴇᴇʨʯʣᴇʛʜᴇʞ, Slope ʙʫʶʫ ʭʘʟʘʡʣʪʳʛ ʠʣʵʨʭʠʡʣʙʵʣ [39]: 

      (12) 

 ʊʦʤʴʸʦʥʜ: i ʭʫʚʴʩʘʛʯ ʥʴ ʞʠʣʠʡʥ ʜʫʛʘʘʨ, ʫʪʛʳʥ ʭʵʚʪʵʵ 1͘ 28, n ʥʴ 

ʩʫʜʘʣʛʘʘʥʳ ʭʫʛʘʮʘʘʥʳ 28 ʞʠʣ; NDVI i ʥʴ i ʞʠʣʠʡʥ NDVI ʶʤ. ʍʵʨʵʚ ʥʘʣʫʫ> 0 

ʙʘʡʚʘʣ NDVI ʯʠʛ ʭʘʥʜʣʘʛʘ ʥʵʤʵʛʜʵʞ ʙʘʡʥʘ ʛʵʩʵʥ װʛ, ʵʩ ʪʵʛʚʵʵʩ ʙʫʫʨʘʭ ʙʦʣʥʦ.  

ʂʦʨʨʝʣʷʮʠʡʥ ʰʠʥʞʠʣʛʵʵ (Correlation analysis) 

ʆʨʦʥ ʟʘʡʥ ʢʦʨʨʝʣʷʮʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʨʛʳʛ ʘʰʠʛʣʘʩʥʘʘʨ ʭʦʸʨ ʵʣʝʤʝʥʪʠʡʥ 

ʭʘʤʘʘʨʘʣʜ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʞ ʙʦʣʥʦ. ʊʦʦʮʦʦʣʣʳʥ ʪʦʤʴʸʦ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ 

(4) ʙʘʡʭ ʙʘ ʘʚʩʘʥ ʢʦʨʨʝʣʷʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʳʥ ʫʪʛʘ ʤʫʞ ʥʴ [-1,1] ʙʘʡʥʘ. 
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ʂʦʨʨʝʣʷʮʠʡʥ װʨ ʜװʥʛ ʘʯ ʭʦʣʙʦʛʜʣʦʦʨ ʥʴ ʰʘʣʛʘʭ ʭʵʨʵʛʪʵʡ (P <0.05), ʘʯ 

ʭʦʣʙʦʛʜʣʳʥ ʪװʚʰʠʥʛ ʪʘʡʣʙʘʨʣʘʞ ʙʦʣʥʦ. 

 

     (13) 

n- ʙʦʣ ʩʫʜʘʣʛʘʘʥʳ ʭʫʛʘʮʘʘʥʳ ʞʠʣʠʡʥ ʪʦʦ; x ʙʘ y ʥʴ ʢʦʨʨʝʣʷʮʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʭʦʸʨ ʭʫʚʴʩʘʛʯ ʙᴇʛᴇᴇʜ xi ʙʘ yi ʥʴ ʪʵʜʛʵʵʨʠʡʥ ʪװװʚʨʠʡʥ ʫʪʛʘ ʶʤ. 
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ɻʋʈɸɺɼʋɻɸɸʈ ɹתʃʕɻ. ʍʀʁʄʕʃ ɼɸɻʋʋʃʓʅ ʉʋɼɸʃɻɸɸʅʓ 

ɸɾʃʓʅ תʈ ɼתʅ 

3.1. ʄʦʥʛʦʣ ʦʨʥʳ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ 

ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ 1982-2015 ʦʥʳ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ 

ʙװʪʵʵʛʜʵʭװװʥʠʡʛ (NPP)-ʠʡʛ ʪʦʦʮʦʦʣʞ ʙʦʜʦʞ ʛʘʨʛʘʭʜʘʘ (SOL(x,t), FPAR(x,t), (‐) 

TŮ(x,t), WŮ(x,t)) ʙʦʣʦʥ ʭʘʤʛʠʡʥ ʠʭ ʛʵʨʵʣ ʘʰʠʛʣʘʣʪ Ůmax ïʠʡʛ װʥʜʵʩʣʵʥ ʙʦʜʦʞ 

ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ (NPP) (ʛʨʂ/ʤ2/ʩʘʨ)ïʠʡʛ ʪʦʦʮʦʦʣʦʥ 

ʛʘʨʛʘʣʘʘ (ʟʫʨʘʛ 13).  

ʄʦʥʛʦʣ ʦʨʥʳ ʫʫʨ ʘʤʴʩʛʘʣʜ ʛʘʟʘʨ ʟװʡʥ ʙʘʡʨʣʘʣ, ʥʘʨʥʘʘʩ ʠʨʞ ʙʘʡʛʘʘ 

ʵʥʝʨʛʠ, ʘʛʘʘʨʳʥ ʦʨʯʠʣ ʫʨʩʛʘʣ ʭᴇʜᴇʣʛᴇᴇʥ, ʛʘʟʨʳʥ ʛʘʜʘʨʛʘ, ʜʵʣʭʠʡʥ ʙᴇʤʙᴇʨʮʛʠʡʥ 

ʭʦʡʜ ʭʘʛʘʩʳʥ ʩʵʨװװʥ ʙװʩʵʜ ʦʨʰʜʦʛ, ʜʘʣʘʡ ʪʵʥʛʠʩʵʵʩ ʘʣʩʣʘʛʜʩʘʥ, ɸʟʠ ʪʠʚʠʡʥ 

ʜʫʥʜ ʭʵʩʵʛʪ ʜʘʣʘʡʥ ʪװʚʰʥʵʵʩ ʜʵʵʰ ʠʭ ᴇʨʛᴇʛʜʩᴇʥ ʟʵʨʵʛ ʥᴇʣᴇᴇʣᴇʭᴇᴇʩ ʛʘʜʥʘ ʪʘʣ 

ʙװʨʵʵʩʵʵ ᴇʥʜᴇʨ ʫʫʣʩʘʘʨ ʭװʨʵʵʣʵʛʜʩʵʥʵʵʨʵʵ ʪʵʥʛʠʩʠʡʥ ʯʠʡʛʣʵʛ ʘʛʘʘʨ ʟʘʭʳʥ 

ʫʫʣʩʘʜ ʯʠʡʛʵʵ ʘʣʜʘʘʜ ʜʦʪʦʛʰʦʦ ʪʵʨ ʙװʨ ʥʵʚʪʨʵʥ ʠʨʵʭʛװʡ ʙʫʶʫ ʠʨʵʭʜʵʵ ʥʵʣʵʵʥ 

ʭʫʫʨʘʡʰʜʘʛ. ʋʫʣʘʨʭʘʛ ʛʘʟʨʘʘʨ ʦʨʦʭ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʥᴇʣᴇᴇʛᴇᴇʨ ʫʨʛʘʤʘʣ ʥᴇʤʨᴇʛ 

ʰʠʛװװ ʙʘʡʥʘ. ɿװװʥ, ʟװװʥ ᴇʤʥᴇʜ, ᴇʤʥᴇ ʭʵʩʵʛ ʙʦʣʦʥ ʀʭ ʍʷʥʛʘʥʳ ʫʫʣʩʘʜ ʅʦʤʭʦʥ 

ʜʘʣʘʡʥ ʤʫʩʩʦʥʳ ʫʫʨ ʘʤʴʩʛʘʣ ʭװʯʪʵʡ ʠʣʵʨʜʵʛ ʫʯʨʘʘʩ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʭʵʤʞʵʵ (250-

300 ʤʤ) ʠʭʪʵʡ. ʄʦʥʛʦʣ ʦʨʥʳ ʭʫʨ ʪʫʥʘʜʘʩ ʠʭ ʫʥʘʜʘʛ ʄʦʥʛʦʣ ʦʨʥʳ ʦʡ, ʦʡʪ ʭʵʵʨʠʡʥ 

ʙװʩʠʡʥ (ʟʫʨʘʛ 13) ʍʘʥʛʘʡ, ʍʵʥʪʠʡʥ ʥʫʨʫʫ, ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʭʦʡʜ ʭʵʩʵʛ, ɹװʪʵʵʣʠʡʥ 

ʥʫʨʫʫ, ɹװʨʵʥʛʠʡʥ ʥʫʨʫʫʥʳ ʙʘʨʫʫʥ ʭʵʩʵʛ ʤᴇʥ ʅʦʤʭʦʥ ʜʘʣʘʡʥ ʤʫʩʩʦʥʳ ʥᴇʣᴇᴇʥ 

ʜʦʨ ʦʨʰʜʦʛ ʅᴇʤʨᴇʛ ʦʨʯʠʤʜ ʞʠʣʠʡʥ ʥʠʡʣʙʵʨ ʭʫʨ ʪʫʥʘʜʘʩ 300-400ʤʤ ʪװװʥʵʵʩ 

ʜʵʵʰ ʫʥʘʜʘʛ ʛʘʟʨʫʫʜʘʜ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ 400-500 

ʛʨʂ/ʤ2/ʞʠʣ, ʟʘʨʠʤ ʫʫʣʳʥ ʪʘʡʛʘʘʨ ʪװװʥʵʵʩ ʜʵʵʰ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʥʴ 604 ʛʨʂ/ʤ2/ʞʠʣ 

ʙʘʡʥʘ.  

ɹʘʡʛʘʣʴ ʛʘʟʘʨ ʟװʡʥ ʙװʩʵʵʩ ʰʘʣʪʛʘʘʣʘʥ ᴇʥʜᴇʨ ʫʫʣ, ʦʡʪ ʭʵʵʨʠʡʥ ʙװʩ ʙʫʶʫ 

ʄʦʥʛʦʣ ʦʨʥʳ ʭʦʡʥʦʦʩ ʫʨʘʛʰ, ʟװװʥ ʭʦʡʥʦʦʩ ʙʘʨʫʫʥ ʫʨʘʛʰʣʘʭ ʪʫʪʘʤ ʫʨʛʘʤʣʳʥ 

ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ ʙʘʛʘʩʘʞ ʙʘʡʛʘʘ ʟװʡ ʪʦʛʪʦʣ ʘʞʠʛʣʘʛʜʘʚ. ʕʥʵ ʟװʡ ʪʦʛʪʦʣ ʥʴ 

ʥʫʪʛʠʡʥ ᴇʤʥᴇʜ ʭʵʩʵʛ, ʙʘʨʫʫʥ ᴇʤʥᴇʜ ʭʵʩʛʵʵʨ ʛʦʚʠʡʥ ʙװʩ, ʮᴇʣ ʜʘʤʥʘʥ ʦʨʰʜʦʛ ʵʥʵ 

ʥʫʪʘʛʪ ʭʫʨ ʪʫʥʘʜʘʩ ʙʘʛʘ, ʫʨʛʘʤʣʳʥ ʙװʨʭʵʚʯ ʩʠʡʨʵʛ ʙʘʡʜʘʛʪʘʡ ʭʦʣʙʦʦʪʦʡ. ʄᴇʥ 

ʍʘʥʛʘʡʥ ʥʫʨʫʫʥʳ ᴇʤʥᴇʜ ʭʵʩʵʛ, ɹʘʛʘ ʍʵʥʪʠʡ ʥʫʨʫʫʛʘʘʨ ʞʠʣʜ 250-300ʤʤ ʭʫʨ 

ʪʫʥʘʜʘʩ ʫʥʘʜʘʛ ʯʠʡʛʣʵʛ. ʕʥʜ ʫʨʛʘʤʣʳʥ ʞʠʣʠʡʥ ʙװʪʵʵʛʜʵʭװװʥ 300-400 ʛʨʂ/ʤ2/ʞʠʣ, 

ɼʦʨʥʦʜ ʄʦʥʛʦʣʳʥ ʪʘʣ, ɼʘʨʴʛʘʥʛʳʥ ʪʵʛʰ ᴇʥʜᴇʨʣᴇʛ, ʛʘʟʘʨ ʪʘʨʠʘʣʘʥʛʠʡʥ ʙװʩ 

ʙʦʣʦʥ ʭʵʵʨʠʡʥ ʙװʩʵʵʨ 150-250ʤʤ ʭװʨʪʵʣ ʭʫʨ ʪʫʥʘʜʘʩ ʫʥʘʭ ʙʘ ʵʥʜ NPP ʜʫʥʜʞʘʘʨ 

200-300 ʛʨʂ/ʤ2/ʞʠʣ ʙʘʡʥʘ. NPP ʭʘʤʛʠʡʥ ʙʘʛʘ ʛʘʟʘʨ ᴆʚᴇʨʭʘʥʛʘʡ, ɼʫʥʜʛʦʚʴ 

ʘʡʤʛʫʫʜʳʥ ᴇʤʥᴇʜ ʭʵʩʵʛ, ɼʦʨʥʦʛʦʚʴ ʘʡʤʛʠʡʥ ʙʘʨʫʫʥ ʭʵʩʵʛ ʙʦʣʦʥ ʛʦʚʠʡʥ ʙװʩʵʜ 

ʛʦʣ ʪᴇʣᴇʚ NPP-ʠʡʥ ʜʫʥʜʘʞ ʫʪʛʘ 25-50 ʛʨʂ/ʤ2/ʞʠʣ, ʟʘʨʠʤ ʛʘʟʨʘʘʨ װװʥʵʵʩ ʙʘʛʘ 

ʙʘʡʥʘ. ʎᴇʣʠʡʥ ʙװʩʵʜ ʞʠʣʠʡʥ ʪʫʨʰ ʭʫʨ ʪʫʥʘʜʘʩ ʙʘʛʘ 50-100 ʤʤ, ʟʘʨʠʤ ʞʠʣ 

 .ʥʵʵʩ ʙʘʛʘ ʪʫʥʘʜʘʩ ʫʥʘʥʘװװ

 

 

 
 
 



ʄʆʅɻʆʃ ʋʃʉʓʅ ʍʕʊ ʊɸʃʍʃɸɻɼʉɸʅ ɹʕʃʏʕʕʈʀʁɻ ɿɸʁʅɸɸʉ  
ʊɸʅɼɸʍ ɸʈɻɸɸʈ ʉʋɼʃɸʍ ɹɸ ʅᴆʍᴆʅ ʉʕʈɻʕʕʍ ʊʋʈʐʀʃʊ 

 

43 
 

 

 
ɿʫʨʘʛ 13. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ 1982-2015 ʦʥʫʫʜʳʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ 

ʙװʪʵʵʛʜʵʭװװʥ 

3.1.1. ɿʘʛʚʘʨʳʛ ʛʘʟʨʳʥ ʙʦʜʠʪ ʤʵʜʵʵʪʵʡ ʭʘʨʴʮʫʫʣʩʘʥ װʨ ʜװʥ 

ɼʵʣʭʠʡʥ ʙʦʣʦʥ ʙװʩ ʥʫʪʛʠʡʥ ʭʵʤʞʵʵʥʜ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ 

ʙװʪʵʵʛʜʵʭװװʥ (NPP)-ʠʡʥ ʟʘʛʚʘʨʳʥ ʥʘʨʠʡʚʯʣʘʣʳʥ ʭʵʤʞʵʵʛ ʰʘʣʛʘʭ ʥʴ ʪʫʥ ʯʫʭʘʣ 

ʘʩʫʫʜʣʫʫʜʳʥ ʥʵʛ ʶʤ. ʋʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡʛ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ 

ʩʫʜʣʘʭ ʘʨʛʘʘʨ ʙʦʜʦʭ ʥʴ ʦʨʯʠʥ װʝʜ ʜʵʚʰʠʣʪʵʪ ʘʨʛʘ ʙʦʣʦʚʯ ʭʫʫʨʘʡ ʛʘʟʘʨ, ʜʘʣʘʡ 

ʪʵʥʛʠʩ, ʘʛʘʘʨ ʤʘʥʜʘʣ ʙʦʣʦʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʪʦʜʦʨʭʦʡʣʦʣʪʳʛ /ʧʘʨʘʤʝʪʨ/ 

ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ  ʩʫʜʣʘʣʳʥ ʘʨʛʘʘʨ ʙʦʜʦʞ ʙʦʣʦʚʩʨʫʫʣʘʭʘʜ ʙʵʨʭʰʵʵʣʪʵʡ. ʄᴇʥ 

ʦʣʦʥ ʙʵʨʭʰʵʵʣ ʪʫʣʛʘʨʜʘʛ. ʆʜʦʦʛʦʦʨ ʤʘʰ ʦʣʦʥ ʪᴇʨʣʠʡʥ ʘʨʛʘ ʙʘʡʛʘʘ ʙʦʣʦʚʯ 

ʵʜʛʵʵʨʠʡʥ װʥʵʤʰʣʠʡʛ ʙʘʪʘʣʞ װʥʵʣʵʭʵʜ ʜʘʨʘʘʭ 2 ʘʨʛʳʛ ʘʰʠʛʣʘʚ. 

1.ɹʦʜʠʪ ʭʵʤʞʩʵʥ ʪʦʦʥ ʤʵʜʵʵʪʵʡ ʭʘʨʴʮʫʫʣʘʥ ʪʦʜʦʨʭʦʡʣʦʭ 

2.ᴆᴇʨ ᴇᴇʨ ʟʘʛʚʘʨʳʥ װʨ ʜװʥʛװװʜʠʡʛ ʭʦʦʨʦʥʜ ʥʴ ʭʘʨʴʮʫʫʣʘʭ 

ʍʘʤʛʠʡʥ ʦʥʦʚʯʪʦʡ ʙʘʪʘʣʛʘʘʞʫʫʣʘʣʪ ʙʦʣ ʙʦʜʠʪ ʤʵʜʵʵʪʵʡ ʭʘʨʴʮʫʫʣʘʭ 

ʷʚʜʘʣ ʶʤ. ʉʘʥʩʨʳʥ ʟʫʨʘʛ ʥʴ ʦʨʦʥ ʟʘʡʥ ʭʫʚʴʜ ʪʦʤ ʪʘʣʙʘʡʛ ʭʘʤʘʨʜʘʛ (ʦʨʦʥ ʟʘʡʥ 

ʰʠʡʜ) ʫʯʨʘʘʩ ʙʦʜʠʪ ʛʘʟʘʨ ʜʵʵʨ ʮʫʛʣʫʫʣʩʘʥ ʤʵʜʵʵ ʤʘʪʝʨʠʘʣʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ 

ʭװʥʜʨʵʣʪʵʡ ʙʘʡʜʘʛ. ʋʯʠʨ ʥʴ ʛʘʟʘʨ ʜʵʵʨ ʭʵʤʞʩʵʥ ʙʦʜʠʪ ʪʦʦʥ ʤʵʜʵʵ, ʩʘʥʩʨʘʘʩ 

ʘʚʩʘʥ ʤʵʜʵʵʪʵʡ ʮʘʛ ʭʫʛʘʮʘʘʥʳ ʭʫʚʴʜ ʪʵʨ ʙʦʣʛʦʥ ʜʘʚʭʮʘʭʛװʡ. GIMMS NDVI 

ʘʰʠʛʣʘʩʘʥ CASA ʟʘʛʚʘʨʯʣʘʣʳʥ װʨ ʜװʥ ʪʘʣʙʘʡʥ ʭʵʤʞʠʣʪʠʡʥ ʤʵʜʵʵ ʭʦʦʨʦʥʜ ʛʘʨʯ 

ʙʦʣʟʦʰʛװʡ ʘʣʜʘʘʥʫʫʜʳʛ ʭʘʨʛʘʣʟʘʥ װʟʩʵʥ (Mu et al, 2013a, Pei ʥʘʨ, 2013, Wang 

ʥʘʨ, 2017), CASA ʟʘʛʚʘʨʯʣʘʣ ʥʘʨʠʡʚʯʣʘʣʳʥ װʥʵʣʵʣʪ (R2=0.62) ʙʘ ʫʨʛʘʤʣʳʥ 

ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʞʠʣ ʭʦʦʨʦʥʜʳʥ ʭʵʣʙʵʣʟʣʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ ʭװʣʵʵʥ 

ʟᴇʚʰᴇᴇʨᴇʭ ʙʦʣʦʤʞʪʦʡ ʛʵʞ װʟʜʵʛ ʤᴇʥ ʪʦʤʦʦʭʦʥ ʙװʩ ʥʫʪʛʠʡʥ ʫʨʛʘʤʣʳʥ 

ʙװʪʵʵʛʜʵʭװװʥ, ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʩʘʘʜ ʙʵʨʭʰʵʵʣʠʡʛ ʩʫʜʣʘʭʘʜ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ 

ʩʫʜʣʘʣʳʥ ʘʨʛʘʛװʡʛʵʵʨ ʰʫʫʜ ʭʵʤʞʠʭ ʙʦʣʦʤʞʛװʡ. 

ɿʘʛʚʘʨʘʘʨ ʛʘʨʛʘʩʘʥ װʨ ʜװʥ ʙʦʣʦʥ ʭʵʵʨʠʡʥ ʭʵʤʞʠʣʪʠʡʥ ʤʵʜʵʵʛ ʭᴇʨʚװװʣʩʵʥ 

 ʥ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ ʪʦʦʮʩʦʥ. ʍʘʨʴʮʫʫʣʘʭʜʘʘ ʜʘʨʘʘʭ ʢʦʨʨʝʣʷʮʠʡʥװʨ ʜװ

ʢʦʵʬʬʠʮʠʝʥʪʳʛ (ʪʦʤʴʸʦ 13) ʘʰʠʛʣʘʚ.  

 ʍʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʛ 2007, 2009, 2013, 2014, 2015 ʦʥʫʫʜʘʜ ʩʫʜʘʣʛʘʘʥʳ 

ʪʘʣʙʘʡʜ ʪʫʩ ʪʫʩ ʷʚʫʫʣʩʘʥ. ʉʫʜʘʣʛʘʘʛʘʘʨ ʫʨʛʘʤʣʳʥ ʭʫʫʨʘʡ ʙʠʦʤʘʩʩʳʥ ʥʠʡʪ 695 
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ʮʵʛʪ ʜʵʵʞ ʘʚʩʥʘʘʩ 41 ʜʵʵʞ ʷʤʘʨ ʥʵʛʵʥ ʙʘʡʜʣʘʘʨ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʛװʡ ʙʦʣʞ 654 

ʮʵʛʵʵʩ ʘʚʩʘʥ ʜʵʵʞʠʡʛ ʦʥ ʪʫʩ ʙװʨʵʵʨ ʩʫʜʘʣʛʘʘʥʜ ʘʰʠʛʣʘʩʘʥ. ɼʵʵʨʭ 

ʭʵʤʞʠʣʪװװʜʠʡʛ ʘʰʠʛʣʘʥ ʟʘʛʚʘʨʳʥ װʨ ʜװʥ, ʙʦʜʠʪ ʭʵʤʞʠʣʪʠʡʛ ʭʫʚʠʨʛʘʩʘʥ װʨ ʜװʥ 

ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ ʪʦʦʮʦʞ ʙʘʪʘʣʛʘʘʞʫʫʣʩʘʥ (ʭװʩʥʵʛʪ 11) ʙʘ 95-99 ʭʫʚʠʡʥ 

ʠʪʛʵʤʞʠʡʥ ʪװʚʰʠʥʪʵʡ ʩʪʘʪʠʩʪʠʢ װʥʵʤʰʠʣʪʵʡʛʵʵʨ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜʳʛ 

ʪʦʜʦʨʭʦʡʣʩʦʥ. ʇʨʘʢʪʠʢ ʘʯ ʭʦʣʙʦʛʜʣʳʥ ʪװʚʰʠʥʛ P- ʰʘʣʛʫʫʨ ʫʪʛʳʥ ʭʫʚʴʜ ʜװʛʥʵʣʪ 

ʭʠʡʭʵʜ ʘʰʠʛʣʘʥʘ. ʍʵʨʚʵʵ P ʫʪʛʘ ʩʦʥʛʦʩʦʥ ʘʯ ʭʦʣʙʦʛʜʣʳʥ ʪװʚʰʠʥʛʵʵʩ ʙʘʛʘ ʵʩʚʵʣ 

ʪʵʥʮװװ ʙʘʡʚʘʣ ʪʵʛ ʪʘʘʤʘʛʣʘʣ װʛװʡʩʛʵʛʜʵʭ ʙʘ װʨ ʜװʥʛ ʥʴ ʩʪʘʪʠʩʪʠʢ ʘʯ 

ʭʦʣʙʦʛʜʦʣʪʦʡ ʛʵʥʵ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʪʵʛ ʪʘʘʤʘʛʣʘʣ װʥʵʥ ʙʘʡʭ ʵʨʩʜʵʣ 0.01-ʵʵʩ ʙʘʛʘ 

ʙʘʡʥʘ. 

ʍװʩʥʵʛʪ 11. ɿʘʛʚʘʨʳʥ װʨ ʜװʥ, ʙʦʜʠʪ ʭʵʤʞʠʣʪʠʡʛ ʭʫʚʠʨʛʘʩʘʥ װʨ ʜװʥ 

ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʘʣ 

ʆʥ R R2 ɼʂɸ ʇʠʨʩʦʥʳ 
ʢʦʨʨʝʣʷʮʠʡʥ 

P ɼʵʵʞʥʠʡ ʪʦʦ 

2015 .855 .732 17.4 .855 .000 142 

2014 .854 .730 15.0 .854 .000 58 

2013 .916 .840 15.47 .916 .000 83 

2009 .843 .78 15.96 .883 .000 357 

2007 .861 .742 14.90 .861 .000 14 

ɹʘʪʘʣʛʘʘʞʫʫʣʘʣʪ 1. ʉʫʜʘʣʛʘʘʥʳ ʙװʩ ʥʫʪʛʠʡʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ 

ʙװʪʵʵʛʜʵʭװװʥ ʙʦʣʦʥ ʭʵʵʨʠʡʥ ʭʵʤʞʠʣʪʠʡʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ 

ʙװʪʵʵʛʜʵʭװװʥʠʡʛ ʦʥ ʪʫʩ ʙװʨʵʵʨ ʞʘʛʩʘʘʥ, ʭʘʤʘʘʨʣʳʛ ʪʦʦʮʦʚ. װתʥʜ: 2007 ʦʥʳ 9 

ʜװʛʵʵʨ ʩʘʨʜ ʉʵʣʵʥʛʵ, ɼʘʨʭʘʥ-ʋʫʣ, ʊᴇʚ, ɹʫʣʛʘʥ ʘʡʤʘʛʪ ʷʚʫʫʣʩʘʥ ʭʵʵʨʠʡʥ 

ʩʫʜʘʣʛʘʘʛʘʘʨ ʮʫʛʣʫʫʣʩʘʥ ʜʵʵʞʠʡʛ (n=14,) ʮʫʛʣʫʫʣʩʘʥ ʙʘ װװʥʵʵʩ ʦʡʪ ʭʵʵʨʠʡʥ 

ʙװʩʵʜ 8 ʜʵʵʞ, ʭʵʵʨʠʡʥ ʙװʩʵʜ 7 ʜʵʵʞ ʘʚʩʘʥ ʙʘʡʥʘ. ʊʫʩ ʜʵʵʞװװʜʠʡʛ ʙʦʣʦʚʩʨʫʫʣʞ 

ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ʨװװ ʭᴇʨʚװװʣʩʵʥ ʙʘ װʨ ʜװʥʜ ʫʨʛʘʤʣʳʥ 

ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ʦʡʪ ʭʵʵʨʪ ʜʫʥʜʞʘʘʨ 100.82 ʛʨC/ʤ2 , ʭʵʵʨ 82.5 ʛʨC/ʤ2 

ʙʘʡʥʘ. ʍʘʨʠʥ ʦʡʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ 73.21-159.27 ʛʨC/ʤ2, ʭʵʵʨʠʡʥ ʙװʩʵʜ 58.13-127.7 

ʛʨC/ʤ2-ʠʡʥ ʭʦʦʨʦʥʜ ʪʫʩ ʪʫʩ ʙʘʡʥʘ. ʍʘʨʴʮʫʫʣʘʥ ʙʘʪʘʣʛʘʘʞʫʫʣʘʭ װʨ ʜװʥʛ ʤᴇʥ ʪʫʩ 

ʭʫʛʘʮʘʘʥʳ ʙʫʶʫ 2007 ʦʥʳ 8-ʨ ʩʘʨʳʥ ʟʘʛʚʘʨʳʥ װʨ ʜװʥʪʵʡ ʭʘʤʘʘʨʣʳʛ ʪʦʦʮʩʦʥ.  

CASA ʟʘʛʚʘʨʘʘʨ ʪʦʦʮʩʦʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʭʵʤʞʩʵʥ 

ʙװʪʵʵʛʜʵʭװװʥ ʭʦʸʨʳʛ ʙʘʪʘʣʛʘʘʞʫʫʣʘʥ ʭʘʨʴʮʫʫʣʘʭʘʜ ʭʘʤʘʘʨʣʳʥ ʢʦʵʬʬʠʮʠʝʥʪ 

R=0.86 (R2=0.742, p<0.001) ʙʫʶʫ ᴇʥʜᴇʨ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. ʆʡʪ ʭʵʵʨ ʙʦʣʦʥ 

ʭʵʵʨʠʡʥ ʙװʩʵʜ ʜʫʥʜʘʞ ʢʚʘʜʨʘʪ ʘʣʜʘʘ 14.9 ʛʨʂ/ʤ2 ʙʘʡʥʘ, ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʭʠʡʤʵʣ 

ʜʘʛʫʫʣʳʥ ʤʵʜʵʵ, ʟʘʛʚʘʨʳʥ ʙʫʩʘʜ װʟװװʣʵʣʪװװʜʠʡʥ ʤʵʜʵʵʛʵʵʨ ʦʡʪ ʭʵʵʨ, ʭʵʵʨʠʡʥ 

ʙװʩʠʡʥ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥʠʡʛ װʥʵʣʵʭ ʘʨʛʘ ʥʴ ʙʦʜʠʪ ʙʘʡʜʘʣʜ ʠʣװװ ʦʡʨʪʩʦʥ 

 .ʛʥʵʣʪ ʭʠʡʞ ʙʦʣʦʭ ʶʤװʥ ᴇʛʣᴇᴇ ʛʵʩʵʥ ʜװʨ ʜװ

ɹʘʪʘʣʛʘʘʞʫʫʣʘʣʪ 2. 2009 ʦʥʳ 7-ʨ ʩʘʨʜ ʆʨʭʦʥ, ɹʫʣʛʘʥ, ʉʵʣʵʥʛʵ, ʊᴇʚ, 

ʋʣʘʘʥʙʘʘʪʘʨ ʦʨʯʠʤ, ᴆʚᴇʨʭʘʥʛʘʡ, ɼʘʨʭʘʥ-ʋʫʣ, ɼʫʥʜʛʦʚʴ ʘʡʤʛʫʫʜʳʥ ʥʫʪʘʛʪ 

ʷʚʫʫʣʩʘʥ ʩʫʜʘʣʛʘʘʛʘʘʨ (n=357) ʮʫʛʣʫʫʣʩʘʥ ʙʘ װװʥʵʵʩ ʦʡʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ 84 ʜʵʵʞ, 

ʭʵʵʨʠʡʥ ʙװʩʵʜ 225, ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨʪ 87 ʜʵʵʞ ʘʚʩʘʥ. ʊʫʩ ʜʵʵʞװװʜʠʡʛ ʙʦʣʦʚʩʨʫʫʣʞ 

ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ʨװװ ʭᴇʨʚװװʣʩʵʥ ʙʘ װʨ ʜװʥʜ ʫʨʛʘʤʣʳʥ 

ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ʦʡʪ ʭʵʵʨʪ ʜʫʥʜʞʘʘʨ ʜʫʥʜʞʘʘʨ 80.68 ʛʨC/ʤ2 , ʭʵʵʨʪ 

42.26 ʛʨC/ʤ2, ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨʪ 17.47 ʛʨC/ʤ2 ʙʘʡʥʘ. ʍʘʨʠʥ ʦʡʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ 14.34-
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198.95 ʛʨʂ/ʤ2, ʭʵʵʨʠʡʥ ʙװʩʵʜ 5.62-127.64 ʛʨʂ/ʤ2, ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨʠʡʥ ʙװʩʵʜ 6.8-

51.84 ʛʨʂ/m2 -ʠʡʥ ʭʦʦʨʦʥʜ ʙʘʡʥʘ. 

ɿʘʛʚʘʨʘʘʨ ʪʦʦʮʩʦʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʭʵʤʞʩʵʥ 

ʙװʪʵʵʛʜʵʭװװʥ ʭʦʸʨʳʛ ʙʘʪʘʣʛʘʘʞʫʫʣʘʥ ʭʘʨʴʮʫʫʣʘʭʘʜ ʭʘʤʘʘʨʣʳʥ ʢʦʵʬʬʠʮʠʝʥʪ 

R=0.9 (R2=0.74, p<0.001) ᴇʥʜᴇʨ ʭʘʤʘʘʨʘʣʪʘʡ ʛʘʨʩʘʥ ʥʴ ʩʘʡʞʨʫʫʣʩʘʥ ʟʘʛʚʘʨʳʥ װʨ 

ʜװʥ ʙʦʜʠʪ ʫʪʛʘʪʘʡ ʠʣװװ ʦʡʨʪʩʦʥ ʜװʥ ʛʘʨʩʘʥ (ʟʫʨʘʛ 14). ʕʥʜʵʵʩ װʟʵʭʵʜ ʦʡʪ ʭʵʵʨ, 

ʭʵʵʨʠʡʥ ʙװʩʵʜ ʤʘʰ ʩʘʡʥ ʭʘʤʘʘʨʘʣʪʘʡ, ʜʫʥʜʘʞ ʢʚʘʜʨʘʪ ʘʣʜʘʘ 15.17 ʛʨC/ʤ2 

ʙʘʡʥʘ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵ, ʟʘʛʚʘʨʳʥ ʙʫʩʘʜ װʟװװʣʵʣʪװװʜʠʡʥ 

ʤʵʜʵʵʛʵʵʨ ʦʡʪ ʭʵʵʨ, ʭʵʵʨʠʡʥ ʙװʩʠʡʥ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥʠʡʛ װʥʵʣʵʭ ʘʨʛʘ ʥʴ 

ʙʦʜʠʪ ʙʘʡʜʘʣʜ ʠʣװװ ʦʡʨʪʩʦʥ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. 

 
ɿʫʨʘʛ 14. ɿʘʛʚʘʨʳʥ ʙʦʣʦʥ ʪʘʣʙʘʡʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ʭʦʦʨʦʥʜʳʥ 

ʭʘʨʴʮʫʫʣʘʣʪ (2009.07 ʩʘʨ). 

ɹʘʪʘʣʛʘʘʞʫʫʣʘʣʪ 3. 2013 ʦʥʳ 7 ʩʘʨʜ ɹʫʣʛʘʥ, ɼʦʨʥʦʛʦʚʴ, ᴆʚᴇʨʭʘʥʛʘʡ, ʍʵʥʪʠʡ 

ʘʡʤʛʫʫʜʳʥ ʥʫʪʘʛʪ ʷʚʫʫʣʩʘʥ ʩʫʜʘʣʛʘʘʛʘʘʨ (n=83) ʮʫʛʣʫʫʣʩʘʥ ʙʘ װװʥʵʵʩ ʦʡʪ 

ʭʵʵʨʠʡʥ ʙװʩʵʜ 4 ʜʵʵʞ, ʭʵʵʨʠʡʥ ʙװʩʵʜ 36, ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨʠʡʥ ʙװʩʵʜ 33, ʮᴇʣʠʡʥ 

ʙװʩʵʜ 6 ʜʵʵʞ ʘʚʩʘʥ. ʊʫʩ ʜʵʵʞװװʜʠʡʛ ʙʦʣʦʚʩʨʫʫʣʞ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ 

ʙװʪʵʵʛʜʵʭװװʥ ʨװװ ʭᴇʨʚװװʣʩʵʥ ʙʘ װʨ ʜװʥʜ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ 

ʦʡʪ ʭʵʵʨʪ ʜʫʥʜʞʘʘʨ 86.85 ʛʨC/ʤ2, ʭʵʵʨʪ 91.6 ʛʨC/ʤ2, ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨʪ 34.1, ʮᴇʣʠʡʥ 

ʙװʩʜ 28.84 ʛʨC/ʤ2 ʪʫʩ ʪʫʩ ʙʘʡʥʘ. ʍʘʨʠʥ ʦʡʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ 30.81-173.04 ʛʨʂ/ʤ2, 

ʭʵʵʨʪ 34.32-178.64 ʛʨʂ/ʤ2, ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨʪ 12.12-60.53 ʛʨʂ/ʤ2, ʮᴇʣʠʡʥ ʙװʩʵʜ 19.7-

38.11 ʛʨʂ/ʤ2ïʠʡʥ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʙʘʡʥʘ ʙʘʡʥʘ.  

ɿʘʛʚʘʨʘʘʨ ʪʦʦʮʩʦʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʭʵʤʞʩʵʥ 

ʙװʪʵʵʛʜʵʭװװʥ ʭʦʸʨʳʛ ʙʘʪʘʣʛʘʘʞʫʫʣʘʥ ʭʘʨʴʮʫʫʣʘʭʘʜ ʭʘʤʘʘʨʣʳʥ ʢʦʵʬʬʠʮʠʝʥʪ 

R=0.91 (R2=0.84, p<0.001) ᴇʥʜᴇʨ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ (ʟʫʨʘʛ 15). ʕʥʜʵʵʩ װʟʵʭʵʜ 

ʦʡʪ ʭʵʵʨ, ʥʫʛʘʞʫʫ ʭʵʵʨ ʙʦʣʦʥ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʤʘʰ ʩʘʡʥ ʭʘʤʘʘʨʘʣʪʘʡ, ʜʫʥʜʘʞ 

ʢʚʘʜʨʘʪ ʘʣʜʘʘ 15.47 ʛʨC/ʤ2 ʙʘʡʥʘ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵ, 

ʟʘʛʚʘʨʳʥ ʙʫʩʘʜ װʟװװʣʵʣʪװװʜʠʡʥ ʤʵʜʵʵʛʵʵʨ ʦʡʪ ʭʵʵʨ, ʭʵʵʨʠʡʥ ʙװʩʠʡʥ ʫʨʛʘʤʣʳʥ 

ʙװʪʵʵʛʜʵʭװװʥʠʡʛ װʥʵʣʵʭ ʘʨʛʘ ʥʴ ʙʦʜʠʪ ʙʘʡʜʘʣʜ ʠʣװװ ʦʡʨʪʩʦʥ װʨ ʜװʥ ᴇʛʩᴇʥ ʙʘʡʥʘ. 

ɹʘʪʘʣʛʘʘʞʫʫʣʘʣʪ 4. 2014 ʦʥʳ 8 ʩʘʨʜ ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʙװʭ ʩʫʤʘʥʜ ʩʫʜʘʣʛʘʘ 

ʭʠʡʞ ʥʠʡʪ 58 ʜʵʵʞ ʭʵʤʞʩʵʥ. װתʥʠʡ 42 ʮʵʛʠʡʛ ʦʡʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ, 16 ʮʵʛʠʡʛ 
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ʭʵʵʨʠʡʥ ʙװʩʵʜ ʭʵʤʞʩʵʥ. ʉʫʜʘʣʛʘʘʥʳ ʭʵʤʞʩʵʥ ʙʠʦʤʘʩʩʘʜ ʩʫʫʨʴ ʙʦʣʛʦʥ ʪʦʦʮʩʦʥ 

ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʜʫʥʜʘʞ ʦʡʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʜʫʥʜʞʘʘʨ 

101.9 ʛʨC/ʤ2, ʭʵʵʨʠʡʥ ʙװʩʵʜ 53.8 ʛʨC/ʤ2 ʙʘʡʥʘ. ʍʘʨʠʥ ʦʡʪ ʭʵʵʨʠʡʥ 25.54-176.27 

ʛʨC/ʤ2, ʭʵʵʨʠʡʥ ʙװʩʵʜ 28.5-92.7 ʛʨC/ʤ2ïʠʡʥ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʙʘʡʥʘ. 

 

ɿʫʨʘʛ 15. ɿʘʛʚʘʨʳʥ ʙʦʣʦʥ ʪʘʣʙʘʡʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ʭʦʦʨʦʥʜʳʥ 

ʭʘʨʴʮʫʫʣʘʣʪ, (2013.07 ʩʘʨ) 

 

ɿʫʨʘʛ 16. ɿʘʛʚʘʨʯʠʣʩʘʥ ʙʦʣʦʥ ʭʵʤʞʩʵʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ 

ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʘʣ, (2014.08 ʩʘʨ) 

CASA ʟʘʛʚʘʨʘʘʨ ʪʦʦʮʩʦʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʭʵʤʞʩʵʥ 

ʙװʪʵʵʛʜʵʭװװʥ ʭʦʸʨʳʛ ʙʘʪʘʣʛʘʘʞʫʫʣʘʥ ʭʘʨʴʮʫʫʣʘʭʘʜ ʭʘʤʘʘʨʣʳʥ ʢʦʵʬʬʠʮʠʝʥʪ 

R=0.85 (R2=0.73, p<0.001) ᴇʥʜᴇʨ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. ɿʘʛʚʘʨʳʥ װʨ ʜװʥ ʭʵʵʨʠʡʥ 

ʭʵʤʞʠʣʪʠʡʥ ʪʦʦʮʦʦʣʩʦʥ װʨ ʜװʥ ʭʦʸʨ ʭʦʦʨʦʥʜʦʦ ᴇʥʜᴇʨ ʭʘʤʘʘʨʣʳʛ ʮʵʛʵʥ 

ʜʠʘʛʨʘʤʤ ʙʘʡʛʫʫʣʞ (ʟʫʨʘʛ 16) װʟװװʣʵʚ. ʕʥʜʵʵʩ װʟʵʭʵʜ ʦʡʪ ʭʵʵʨ, ʭʵʵʨʠʡʥ ʙװʩʵʜ 

ʤʘʰ ʩʘʡʥ ʭʘʤʘʘʨʘʣʪʘʡ, ʜʫʥʜʘʞ ʢʚʘʜʨʘʪ ʘʣʜʘʘ 19.34 ʛʨC/ʤ2 ʙʘʡʥʘ. ʉʘʥʩʨʳʥ 

ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵ, ʟʘʛʚʘʨʳʥ ʙʫʩʘʜ װʟװװʣʵʣʪװװʜʠʡʥ ʤʵʜʵʵʛʵʵʨ ʦʡʪ ʭʵʵʨ, 

ʭʵʵʨʠʡʥ ʙװʩʠʡʥ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥʠʡʛ װʥʵʣʵʭ ʘʨʛʘ ʥʴ ʙʦʜʠʪ ʙʘʡʜʘʣʜ ʠʣװװ 

ʦʡʨʪʩʦʥ ʙʘʡʥʘ. 



ʄʆʅɻʆʃ ʋʃʉʓʅ ʍʕʊ ʊɸʃʍʃɸɻɼʉɸʅ ɹʕʃʏʕʕʈʀʁɻ ɿɸʁʅɸɸʉ  
ʊɸʅɼɸʍ ɸʈɻɸɸʈ ʉʋɼʃɸʍ ɹɸ ʅᴆʍᴆʅ ʉʕʈɻʕʕʍ ʊʋʈʐʀʃʊ 

 

47 
 

3.1.2. ʋʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʦʨʦʥ ʟʘʡ ʮʘʛ 
ʭʫʛʘʮʘʘʥʳ ᴇᴇʨʯʣᴇʣʪ 

ɸʛʘʘʨʳʥ ʦʨʯʠʣ ʫʨʩʛʘʣ ʭᴇʜᴇʣʛᴇᴇʥ, ʛʘʟʨʳʥ ʛʘʜʘʨʛʘ, ʜʵʣʭʠʡʥ ʙᴇʤʙᴇʨʮʛʠʡʥ 

ʭʦʡʜ ʭʘʛʘʩʳʥ ʩʵʨװװʥ ʙװʩʵʜ ʦʨʰʜʦʛ, ʜʘʣʘʡ ʪʵʥʛʠʩʵʵʩ ʘʣʩʣʘʛʜʩʘʥ, ɸʟʠ ʪʠʚʠʡʥ 

ʜʫʥʜ ʭʵʩʵʛʪ ʜʘʣʘʡʥ ʪװʚʰʥʵʵʩ ʜʵʵʰ ʠʭ ᴇʨʛᴇʛʜʩᴇʥ ʟʵʨʵʛ ʥʴ ʥᴇʣᴇᴇʣᴇʭᴇᴇʩ ʛʘʜʥʘ ʭʠʣ 

ʙװʨʵʵʩʵʵ ᴇʥʜᴇʨ ʫʫʣʩʘʘʨ ʭװʨʵʵʣʵʛʜʩʵʥʵʵʨʵʵ ʪʵʥʛʠʩʠʡʥ ʯʠʡʛʣʵʛ ʘʛʘʘʨ ʟʘʭʳʥ ʫʫʣʩʪ 

ʯʠʡʛʵʵ ʘʣʜʘʘʜ ʜʦʪʦʛʰʦʦ ʪʵʨ ʙװʨ ʥʵʚʪʨʵʥ ʠʨʵʭʛװʡ ʙʫʶʫ ʠʨʵʭʜʵʵ ʥʵʣʵʵʥ 

ʭʫʫʨʘʡʰʜʘʛ.  

1982-2015 ʦʥʫʫʜʳʥ ʞʠʣ ʪʫʩ ʙװʨʠʡʥ ʫʨʛʘʤʘʣ ʫʨʛʘʞ ʭᴇʛʞʣᴇᴇ ʠʜ ʷʚʫʫʣʜʘʛ 4 

ʩʘʨʳʥ 1-10-ʨ ʩʘʨ ʭװʨʪʵʣʭ ʭʫʛʘʮʘʘʥ ʜʘʭʴ 34 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʄʦʥʛʦʣ ʦʨʥʳ 

ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡʛ (NPP) ʪʦʦʮʦʞ ʛʘʨʛʘʚ (ʟʫʨʘʛ 17). 

ʊʫʭʘʡʥ ʞʠʣʠʡʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʤʞʠʡʥ ʥʠʡʪ ʭʵʤʞʵʵʛ 

ʪʦʦʮʦʭʜʦʦ ʧʠʢʩʝʣ ʪʫʩ ʙװʨ ʜʵʵʨ ʫʪʛʫʫʜʳʥ ʥʠʡʣʙʵʨʠʡʛ ʪʫʭʘʡʥ ʧʠʢʩʝʣʠʡʥ ʪʘʣʙʘʡ 

ʙʦʣʦʥ ʥʠʡʪ ʧʠʢʩʝʣʠʡʥ ʪʦʦʛʦʦʨ װʨʞװװʣʞ ʪʦʦʮʥʦ. 1982-2015 ʦʥʫʫʜʳʥ ʫʨʛʘʤʘʣ 

ʫʨʛʘʞ ʭᴇʛʞʣᴇᴇ ʠʜ ʷʚʫʫʣʜʘʛ ʭʫʛʘʮʘʘʥ ʜʘʭʴ NPP-ʠʡʥ ʥʠʡʪ ʭʵʤʞʵʵ ʥʴ 1982 ʦʥʜ 0.19 

P ʛʨʂ/ʞʠʣ, 2015 ʦʥʜ 0.17 P ʛʨʂ/ʞʠʣ (1Pg=1015g) ʙʦʣʞ 0.02 P ʛʨʂ/ʞʠʣ-ʵʵʨ ʙʫʫʨʩʘʥ 

ʙʘʡʥʘ (ʟʫʨʘʛ 17). ɻʵʭʜʵʵ ʭʫʛʘʮʘʘʥʳ ʭʫʚʴ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ. ʍʫʛʘʮʘʘʥʳ ʭʫʚʴʜ 

ʫʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʙʘʡʩʘʥ 1990, 1994, 2012, 2013, 2014 

ʦʥʫʫʜʘʜ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʥʠʡʪ ʭʵʤʞʵʵ 0.22, 0.21, 0.25, 

0.24, 0.22 P ʛʨʂ/ʞʠʣ ʭʵʤʞʵʵʪʵʡ ʙʘʡʥʘ, ʕʥʵ ʥʴ ʪʫʭʘʡʥ ʞʠʣװװʜʵʜ ʭʫʨ ʪʫʥʘʜʘʩ, ʯʠʡʛ 

ʭʘʨʴʮʘʥʛʫʡ ʠʭ 453.6-500.3ʤʤ ʪʫʥʘʜʘʩ ʫʥʘʩʘʥʪʘʡ ʭʦʣʙʦʦʪʦʡ ʶʤ. ʍʘʤʛʠʡʥ ʙʘʛʘ ʥʴ 

1983, 2004, 2005, 2007 ʦʥʫʫʜʘʜ 0.16, 0.16, 0.16, 0.15 P ʛʨʂ/ʞʠʣ, ʙʫʩʘʜ ʦʥʫʫʜʘʜ 

0.17-0.21 P ʛʨʂ/ʞʠʣ ʭʦʦʨʦʥʜ ʙʘʡʥʘ. ɾʠʣ ʙװʨʠʡʥ 4-10 ʩʘʨʳʥ ʭʫʛʘʮʘʘʥʜ NPP-ʠʡʥ 

ʥʠʡʣʙʵʨ ʭʵʤʞʵʵ ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʞʘʘʨ 642.32 ʛʨʂ/ʤ2/ʞʠʣ ʙʘ ʙװʭ ʥʫʪʛʠʡʥ 

ʭʵʤʞʵʵʥʜ ʜʫʥʜʘʞ ʭʵʤʞʵʵ 30.84-41.34 ʛʨʂ/ʤ2/ʞʠʣ ʙʘʡʥʘ (ʭװʩʥʵʛʪ 12). 

 
ɿʫʨʘʛ 17. 1982-2015 ʦʥʳ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʤʞʠʡʥ 

ʥʠʡʪ ʭʵʤʞʵʵ ʞʠʣʠʡʥ ʥʠʡʣʙʵʨ ʙʦʣʦʥ ʥʠʡʪ ʭʵʤʞʵʵ 

ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʫʨʛʘʤʣʳʥ ʘʥʭʜʘʛʯ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ 1982-2015 

ʦʥʳ ʭʫʛʘʮʘʘʥʜ ʰʫʛʘʤʘʥ ʪʨʝʥʜ ʭʘʥʜʣʘʛʘ ʘʞʠʛʣʘʛʜʘʭװʡ (R2=0.11) ñᴇʩᴇʭ-ʙʫʫʨʘʭ-

ᴇʩᴇʭ-ʙʫʫʨʘʭò ʛʵʩʵʥ ʭʵʣʙʵʣʟʵʣʪʵʡ ʷʚʞ ʠʨʩʵʥ ʙʘʡʥʘ.   
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ʍװʩʥʵʛʪ 12. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ 1982-2015 ʦʥʫʫʜʳʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ 

ʘʥʭʜʘʛʯ ʙװʪʵʵʤʞʠʡʥ ʥʠʡʪ ʭʵʤʞʵʵ, ʜʫʥʜʘʞ ʙʦʣʦʥ ʭʘʤʛʠʡʥ ʠʭ, ʞʠʣʠʡʥ 

ʥʠʡʣʙʵʨ 

ˉ ʆʥ 
ʅʠʡʪ ʭʵʤʞʵʵ 
(1Pʛʨ=1015ʛʨ) 

ɼʫʥʜʘʞ 
(ʛʨʂ/ʤ2/ʞʠʣ) 

ʍʘʤʛʠʡʥ ʠʭ 
ʭʵʤʞʵʵ 
(ʛʨʂ/ʤ2/ʞʠʣ) 

ɾʠʣʠʡʥ 
ʥʠʡʣʙʵʨ 
(ʛʨʂ/ʤ2/ʞʠʣ) 

SD 

1 1982 0.19 97.73 191.67 684.08 35.40 

2 1983 0.16 83.37 194.65 582.49 26.45 

3 1984 0.20 94.74 193.47 663.19 36.86 

4 1985 0.21 87.88 194.92 696.73 39.50 

5 1986 0.21 104.27 190.27 724.85 38.99 

6 1987 0.19 95.04 194.66 665.30 35.23 

7 1988 0.18 84.66 192.17 592.62 36.38 

8 1989 0.19 96.46 191.45 675.22 36.91 

9 1990 0.22 99.01 194.93 693.08 39.86 

10 1991 0.21 97.34 194.46 681.35 39.86 

11 1992 0.19 97.46 191.37 682.22 34.34 

12 1993 0.22 96.54 194.87 675.80 38.77 

13 1994 0.21 91.11 179.50 616.61 35.94 

14 1995 0.19 91.93 191.80 643.50 36.35 

15 1996 0.20 97.28 194.99 680.98 36.28 

16 1997 0.19 91.58 192.15 641.06 35.47 

17 1998 0.21 102.43 194.61 716.99 38.47 

18 1999 0.19 91.94 190.75 643.61 34.84 

19 2000 0.18 95.56 192.47 668.94 35.09 

20 2001 0.17 84.21 165.30 589.45 30.75 

21 2002 0.18 78.27 154.48 547.91 29.42 

22 2003 0.19 87.78 166.57 614.44 29.94 

23 2004 0.16 79.45 158.93 556.13 29.18 

24 2005 0.16 79.52 165.38 556.65 30.48 

25 2006 0.17 84.45 177.34 591.16 31.05 

26 2007 0.15 86.46 192.33 605.25 27.36 

27 2008 0.18 88.72 180.28 621.01 33.73 

28 2009 0.19 98.24 191.95 687.70 33.79 

29 2010 0.19 88.11 191.27 616.76 32.96 

30 2011 0.20 88.16 194.96 617.12 35.92 

31 2012 0.25 97.12 195.56 679.82 41.68 

32 2013 0.24 100.46 191.97 703.20 41.61 

33 2014 0.22 88.88 175.31 622.14 36.52 

34 2015 0.17 85.95 227.75 601.63 28.24 

ʜʫʥʜʘʞ 0.19 91.53 187.78 642.32 
 

ʄʦʥʛʦʣ ʦʨʥʳ ʭʫʚʴʜ ʜʫʣʘʘʥʳ ʫʣʠʨʘʣʜ ʙʫʶʫ 4 ʜװʛʵʵʨ ʩʘʨʳʥ ʩװװʣʵʵʨ 

ʫʨʛʘʤʘʣ ʫʨʛʘʞ 9-ʨ ʩʘʨʳʥ ʩװװʣ 10-ʨ ʩʘʨʳʥ ʵʭʵʵʨ ʫʨʛʘʤʘʣ ʛʘʥʜʘʥʘ. ʋʨʛʘʤʣʳʥ 

ʫʨʛʘʭ ʭʫʛʘʮʘʘ 4-ʨ ʩʘʨʘʘʩ 7-ʨ ʩʘʨ ʭװʨʪʵʣ ʤʘʰ ʵʨʯʠʤʪʵʡ ʫʨʛʘʭ ʙʘ 7-ʨ ʩʘʨʜ ʙװʭ 

ʥʫʪʘʛʪ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʫʨʛʘʥʘ. 8-ʨ ʩʘʨʘʘʩ ʵʭʣʵʥ ʫʨʛʘʤʣʳʥ ʛʘʨʮʳʥ ʭʵʤʞʵʵ 

ʘʘʞʤʘʘʨ ʙʫʫʨʥʘ. ʋʨʛʘʤʘʣ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʫʨʛʘʭ ʭʫʛʘʮʘʘʥʳ 6,7,8 ʩʘʨʫʫʜ ʞʠʣʠʡʥ 

ʥʠʡʪ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʭʵʤʞʵʵʥʠʡ 62.2 ʭʫʚʠʡʛ ʵʟʵʣʞ 

ʙʘʡʥʘ. 
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34 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʄʦʥʛʦʣ ʦʨʥʳ ʪᴇʚ ʭʵʩʵʛ ɹʫʣʛʘʥ, ʉʵʣʵʥʛʵ, ʊᴇʚ, ʍʵʥʪʠʡ 

ʘʡʤʛʠʡʥ ʭʦʡʜ ʭʵʩʵʛʪ ʫʨʛʘʤʣʳʥ ʘʥʭʜʘʛʯ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ 1-2 ʛʨʂ/ʤ2/ʞʠʣ-ʵʵʨ 

ʙʫʫʨʯ, ʟʘʨʠʤ ʛʘʟʨʘʘ 3 ʛʨʂ/ʤ2/ʞʠʣ-ʵʵʨ ʜʵʵʰ ʙʫʫʨʘʭ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ.  

ʄᴇʥ ɼʦʨʥʦʛʦʚʴ ʘʡʤʛʠʡʥ ʥʫʪʘʛ ʙʘʨʘʛ ʙװʭʵʣʜʵʵ, ʍʘʥʛʘʡ ʥʫʨʫʫʥʳ ᴇʚᴇʨ 

ᴆʚᴇʨʭʘʥʛʘʡ ʘʡʤʛʠʡʥ ʥʫʪʛʘʘʨ 1 ʛʨʂ/ʤ2/ʞʠʣ-ʵʵʨ ʙʫʫʨʘʭ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʛʘʘ. 

ʄʦʥʛʦʣ ʦʨʥʳ ᴇʤʥᴇʜ ʭʵʩʵʛ ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨ, ʛʦʚʠʡʥ ʥʫʪʛʘʘʨ 1 ʛʨʂ/ʤ2/ʞʠʣ ïɻ ʵʨ ᴇʩʩᴇʥ 

ʜװʥ ʛʘʨʩʘʥ ʙʘʡʥʘ. ʍʘʨʠʥ ʟװװʥ ʭʵʩʵʛ ʭʷʣʛʘʥʘʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʦʨʰʠʭ ɼʦʨʥʦʜ, 

ʉװʭʙʘʘʪʘʨ, ʍʵʥʪʠʡ ʘʡʤʛʠʡʥ ʟװװʥ ᴇʤʥᴇʜ ʭʵʩʛʵʵʨ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ 

ʙװʪʵʵʛʜʵʭװװʥ 2 ʛʨʂ/ʤ2/ʞʠʣ-ʨ ᴇʩʩᴇʥ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ (ʟʫʨʘʛ 18). 

ɿʫʨʘʛ 18. ᴆʥʛᴇʨʩᴇʥ 34 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ 

ʙװʪʵʵʛʜʵʭװװʥʠʡ ʭʘʥʜʣʘʛʘ (ʛʨʂ/ʤ2/ʞʠʣ) 

ᴆʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʘʘʩ ʭʘʨʘʭʘʜ ʃ.ʅʘʮʘʛʜʦʨʞ (2008) ʩʫʜʘʣʛʘʘʥʜʘʘ ʫʫʨ 

ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʫʣʤʘʘʩ ʄʦʥʛʦʣ ʦʨʥʳ ʠʭʵʥʭ ʥʫʪʘʛʪ ʫʨʛʘʤʘʣʞʣʳʥ ʞʠʣʠʡʥ 

ʙװʪʵʵʤʞ ʜʦʨʦʡʪʦʞ ʙʘʡʛʘʘʛʠʡʥ ʜʦʪʦʨ ʥʫʪʛʠʡʥ ʪᴇʚ ʭʵʩʵʛ, ʟװװʥ ʙװʩʠʡʥ ʙʘʨʫʫʥ 

ʭʵʩʛʵʵʨ 1961- 1990 ʦʥʳ ʜʫʥʜʞʘʘʩʘʘ 5-13 ʭʫʚʠʘʨ ʙʫʫʨʩʘʥ ʙʘʡʥʘ. ʕʥʵ ʥʴ 1961-

2007 ʦʥʳ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʛʘʟʘʨ ʟװʡʥ ʪʘʨʭʘʣʪʪʘʡ ʪᴇʩᴇᴇʪʵʡ ʙʘʡʛʘʘ 

ʶʤ. ʄʦʥʛʦʣ ʦʨʥʳ ʠʭʵʥʭ ʥʫʪʘʛʪ ʫʨʛʘʤʘʣʞʣʳʥ ʞʠʣʠʡʥ ʙװʪʵʵʤʞ ʩװװʣʠʡʥ ʭʦʨʠʥ 

ʞʠʣʜ ʜʦʨʦʡʪʦʞ ʙʘʡʛʘʘʛʠʡʥ ʜʦʪʦʨ ʥʫʪʛʠʡʥ ʪᴇʚ ʭʵʩʵʛ, ʟװװʥ ʙװʩʠʡʥ ʙʘʨʫʫʥ ʭʵʩʛʵʵʨ 

1961-1990 ʦʥʳ ʜʫʥʜʞʘʘʩʘʘ 5-13 ʭʫʚʠʘʨ ʙʫʫʨʩʘʥ ʜװʛʥʵʣʪʠʡʛ ʛʘʨʛʘʞʵʵ.  

3.1.3. ɹʘʡʛʘʣʠʡʥ ʙװʩ, ʙװʩʣװװʨ ʜʵʭ ᴇᴇʨʯʣᴇʣʪ 

ɼ.ɼʘʰ ʙʘ ɼ.ɼʦʨʞʛʦʪʦʚ (2009) ʥʘʨʳʥ ʙʘʡʛʘʣʠʡʥ ʙװʩ ʙװʩʣװװʨʠʡʥ ʟʫʨʘʛ 

ʘʰʠʛʣʘʩʘʥ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʙʘʡʛʘʣʠʡʥ ʙװʩ, ʙװʩʣװװʨ ʜʵʭ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ 

ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʛʘʨʛʘʣʘʘ. ʋʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ 

ʙװʪʵʵʛʜʵʭװװʥ ʦʨʦʥ ʟʘʡ, ʮʘʛ ʭʫʛʘʮʘʘʥʳ ʭʫʚʴʜ ᴇᴇʨʯʣᴇʣʪʪʵʡ ʙʘʡʛʘʘ ʥʴ ʭʘʨʘʛʜʘʞ 

ʙʘʡʛʘʘ ʙʦʣʦʚʯ ʙʘʡʛʘʣʠʡʥ ʙװʩ ʙװʩʣװװʨ ʜʵʵʨ ʭʵʨʭʵʥ ᴇᴇʨʯʣᴇʛʜᴇʞ ʙʘʡʛʘʘʛ ʭʘʨʘʭ ʥʴ 

ʯʫʭʘʣ ʶʤ.  

ʄʘʥʘʡ ʦʨʥʳ ʫʫʣʳʥ ʪʘʡʛʳʥ ʙװʩ ʥʫʪʛʠʡʥ ʭʦʡʜ ʭʵʩʵʛ ʍʵʥʪʠʡ ʛʦʣ ʥʫʨʫʫ, ʉʵʣʵʥʛʵ 

ʤᴇʨʥʠʡ ʩʘʚ ʛʘʟʨʳʥ ʜʫʥʜʘʞ ᴇʥʜᴇʨ ʫʫʣʳʥ ʭʦʡʜ ʭʵʩʛʠʡʛ ʭʘʤʘʨʥʘ. ʊʘʡʛʳʥ ʙװʩ 

ʤʘʥʘʡ ʦʨʥʳ ʥʫʪʛʠʡʥ 4.1 ʭʫʚʴ, ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ 4.33 ʭʫʚʠʡʛ ʵʟʵʣʥʵ. ʕʥʵ 
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ʙװʩʣװװʨʪ ᴇʚʩʣᴇʛ ʫʨʛʘʤʘʣ ʙװʭʠʡ ʙʵʣʯʵʵʨ ʪʦʭʠʦʣʜʦʭ ʙʦʣʦʚʯ ʰʠʥʵʩ ʙװʭʠʡ ʦʡ ʭᴇʚʯ 

ʟʦʥʭʠʣʥʦ. ʕʥʵ ʙװʩ ʥʫʪʘʛʪ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ 

ʭʵʤʞɻɻ ʪʵʡ ʙʫʶʫ  595.21 ʛʨʂ/ʤ2, ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜ 84.93 ʛʨʂ/ʤ2 ʙʘʡʥʘ. ʕʟʣʵʭ 

ʪʘʣʙʘʡʥ ʭʵʤʞʵʵ ʙʘʛʘ ʯ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʥʠʡʪ ʭʵʤʞʵʵ 

ʥʵʣʵʵʜ ᴇʥʜᴇʨ ʜʫʥʜʞʘʘʨ 0.019x1015 ʛʨʂ/ʞʠʣ ʭʵʤʞʵʵʪʵʡ ʙʘʡʥʘ. 336.6-521.5 ʛʨʂ/ʤ2 -

ʠʡʥ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʙʘʡʥʘ.ʋʯʠʨ ʥʴ ʪʫʩ ʙװʩ ʥʫʪʘʛʪ ʠʭʵʵʭʵʥ ʭʵʤʞʵʵʥʠʡ ʦʡ ʙʘʡʭ 

ʙʦʣʦʚʯ ʪʵʨ ʛʦʣ ʪᴇʣᴇʚ ʫʫʣ ʥʫʨʫʫʜʳʥ ʘʨ ʭʘʞʫʫʜ ʫʨʛʘʭ ʙʘ ʪᴇʛᴇʣ ʘʘʞʤʘʘʨ ᴇʚʩʣᴇʛ 

ʫʨʛʘʤʣʘʘʨ ʩʦʣʠʛʜʦʥʦ. ʅʠʡʪ ʥʫʪʛʠʡʥ 25.1 ʭʫʚʴ, ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ 16.5 ʭʫʚʠʡʛ 

ʫʫʣʳʥ ʪʘʡʛʳʥ ʙװʩ ʵʟʵʣʞ ʙʘʡʥʘ.  

ʆʡʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʫʨʛʘʤʣʳʥ ʙʠʦʤʘʩʩ ᴇʥʜᴇʨʪʵʡ ᴇʚʩ ʘʨʚʠʥ ʫʯʠʨ ʫʨʛʘʤʣʳʥ 

ʘʥʭʜʘʛʯ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ ʤᴇʥ ʠʞʠʣ ᴇʥʜᴇʨ ʙʘʡʥʘ. ʆʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ 

ʭʵʤʞʵʵ 85.26 ʛʨʂ/ʤ2, ʞʠʣʠʡʥ ʥʠʡʣʙʵʨ ʭʵʤʞʵʵ 604.02 ʛʨʂ/ʞʠʣ, ʞʠʣʠʡʥ ʥʠʡʪ 

ʭʵʤʞʵʵ ʥʴ 0.0622 x1015 ʛʨʂ/ʞʠʣ ʙʫʶʫ ʤʘʥʘʡ ʦʨʥʳ ʭʫʨʠʤʪʣʫʫʣʞ ʙʘʡʛʘʘ ʥʠʡʪ 

ʙװʪʵʵʛʜʵʭװװʥʠʡ 33.8 ʭʫʚʴ ʵʥʵ ʙװʩ ʥʫʪʘʛʪ ʭʫʨʠʤʪʣʘʛʜʘʞ ʙʘʡʥʘ.  

ɼʦʨʥʦʜ ʄʦʥʛʦʣʳʥ ʜʵʣʛʵʨ ʫʫʜʘʤ ʪʘʣ ʪװװʥʵʵʩ ʙʘʨʫʫʥ ʪʠʡʰ ʥʫʪʘʛ, ʍʘʥʛʘʡʥ 

ʥʫʨʫʫʥʳ ᴇʚᴇʨ ʙʵʣʠʡʛ ʦʨʦʦʩʦʥ ʥʘʨʠʡʥ ʟʫʨʚʘʩ ʛʘʟʘʨ ʵʥʵ ʙװʩʵʜ ʙʘʛʪʘʭ ʙᴇʛᴇᴇʜ ʙװʭ 

ʥʫʪʛʠʡʥ 26.1 ʭʫʚʴ, ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ 51.9 ʭʫʚʴʪʘʡ ʪʵʥʮʵʥʵ. ʍʵʵʨʠʡʥ ʙװʩʠʡʥ 

 ʨʜʵʭ ʙᴇʛᴇᴇʜ ʫʨʛʘʮʳʥװʥʜʩʵʥ ʙʵʣʯʵʵʨ ʦʣʦʥ ʥʘʩʪ ᴇʚʩʣᴇʛ ʫʨʛʘʤʣʘʘʩ ʛʦʣʣʦʞ ʙװ

ʭʵʤʞʵʵ ʜʫʥʜʞʘʘʨ 2-4 ʮ/ʛʘ ʛʵʞ װʟʜʵʛ. ɼʵʣʭʠʡ ʜʘʭʠʥʜ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ 

ʙʠʦʣʦʛʠʡʥ ʦʣʦʥ ʷʥʟ ʙʘʡʜʘʣ ɹʣʝʥʯ ʙʘ ʉʦʤʤʝʨ (1999) ʙʵʣʯʵʵʨʠʡʛ ʙʘʛʪʘʘʩʘʥ ʛʘʟʘʨ 

ʥʫʪʛʫʫʜ ʥʴ ʜʵʣʭʠʡʥ ʭᴇʨʩʥʠʡ ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ 30 ʭʫʚʠʡʛ ʭʫʨʠʤʪʣʫʫʣʞ ʙʘʡʥʘ. 

ʕʜʛʵʵʨʵʵʩ ʛʘʜʥʘ ʙʵʣʯʵʵʨ ʥʴ ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʵʭ װװʩʚʵʨ, ʥװװʨʩʪᴇʨᴇʛʯ ʰʠʥʛʵʵʣʪʵʵʨ 

ʫʫʨ ʘʤʴʩʛʘʣʳʛ ʟʦʭʠʮʫʫʣʘʭ, ʰʦʨʦʦʥ ʰʫʫʨʛʘ, ʭᴇʨʩʥʠʡ ʵʚʜʨʵʣʠʡʛ ʟʦʭʠʮʫʫʣʘʭ, 

ʙʵʣʯʵʵʨʠʡʥ ʥʫʪʘʛ ʜʘʭʴ ʙʠʦʣʦʛʠʡʥ ʦʣʦʥ ʷʥʟ ʙʘʡʜʣʳʛ ʭʘʤʛʘʘʣʘʭ ʟʵʨʵʛ 

ʵʢʦʩʠʩʪʝʤʠʡʥ ʟʦʭʠʮʫʫʣʘʣʪʳʥ װʡʣʯʠʣʛʵʵʥװװʜʠʡʛ װʟװװʣʜʵʛ ʙʦʣʦʭʳʛ ʍʘʚʩʪʘʜ [40] 

ʥʘʨ ʪʵʤʜʵʛʣʵʩʵʥ ʙʘʡʜʘʛ.  

ɹʠʜʥʠʡ ʩʫʜʘʣʛʘʘʛʘʘʨ ʩʫʜʘʣʛʘʘʥʳ ʙװʩ ʥʫʪʛʠʡʥ ʭʵʵʨʠʡʥ ʙװʩʠʡʥ ʫʨʛʘʤʣʳʥ 

ʘʥʭʜʘʛʯ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʞʠʣʠʡʥ ʥʠʡʣʙʵʨ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʭʵʤʞʵʵ 503.5 

ʛʨʂ/ʤ2/ʞʠʣ, ʥʠʡʪ ʭʵʤʞʵʵ ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʞʘʘʨ 0.0986x1015 ʛʨʂ/ʞʠʣ ʙʦʣʦʥ ʥʠʡʪ 

ʫʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥʠʡ 43.6 ʭʫʚʴ ʥʴ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʭʫʨʠʤʪʣʘʛʜʘʞ ʙʘʡʥʘ. ʅʠʡʪ 

ʥʫʪʛʠʡʥ ʜʫʥʜʞʘʘʨ 71.1 ʛʨʂ/ʤ2/ʞʠʣ ʭʵʤʞʵʵʪʵʡ. ʄʘʥʘʡ ʦʨʥʳ ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨʠʡʥ ʙװʩ 

ʥʴ ʭʵʵʨʠʡʥ ʙװʩʠʡʥ ᴇʤʥᴇʜ ʭʵʩʛʵʵʨ ʟʘʘʛʣʘʛʜʘʞ ɼʦʨʥʦʛʦʚʴ ʘʡʤʛʠʡʥ ʭʦʡʜ ʙʦʣʦʥ 

ʟװװʥ ʭʵʩʵʛ, ɼʫʥʜʛʦʚʴ ʙʘʨʘʛ ʙװʭʵʣʜʵʵ, ʉװʭʙʘʘʪʘʨ, ᴆʚᴇʨʭʘʥʛʘʡ ʘʡʤʛʠʡʥ ᴇʤʥᴇʜ 

ʭʵʩʛʠʡʛ ʭʘʤʘʨʥʘ. ʅʠʡʪ ʥʫʪʛʠʡʥ 27.5 ʭʫʚʠʡʛ, ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ 21.7 ʭʫʚʠʡʛ 

ʵʟʣʵʭ ʙᴇʛᴇᴇʜ ʄʦʥʛʦʣ ʦʨʥʳ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʜᴇʥʛᴇʞ 5.3 ʭʫʚʠʡʛ ʵʟʵʣʞ 

ʙʘʡʥʘ. ʄᴇʥ ʵʥʜ ʫʨʛʘʤʘʣ ʪʘʯʠʨ ʩʠʡʨʵʛ, ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʥʠʡʪ 

ʭʵʤʞʵʵ ʙʘʛʘ (0.0126x1015 ʛʨʂ/ʞʠʣ) ʙʘʡʥʘ. ɾʠʣʠʡʥ ʥʠʡʣʙʵʨ ʭʵʤʞʵʵ ʜʫʥʜʞʘʘʨ 

172.6 ʛʨʂ/ʤ2/ʞʠʣ, ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʭʵʤʞʵʵ 24.58 ʛʨʂ/ʤ2/ʞʠʣ 

(ʭװʩʥʵʛʪ 13).   
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ʍװʩʥʵʛʪ 13. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ 1982-2015 ʦʥʫʫʜʳʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ 

ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʥʠʡʪ ʙʦʣʦʥ ʩʘʨʳʥ ʥʠʡʣʙʵʨ ʭʵʤʞʵʵ ʙʘʡʛʘʣʠʡʥ 

ʙװʩװװʜʵʵʨ 

ɹʘʡʛʘʣʠʡʥ ʙװʩ 
ʅʠʡʪ ʭʵʤʞʵʵ 

(1P g=1015g) 

ʉʦʥʛʦʩʦʥ ʩʘʨʫʫʜʳʥ ʥʠʡʣʙʵʨ 

ʊʘʣʙʘʡ 

/ʤʷʥ.ʢʤ2/ 

ʅʠʡʣʙʵʨ 

ʭʵʤʞʵʵ 

/ʛʨʂ/ʤ2/ 

ʍʘʤʛʠʡʥ ʠʭ 

/ʛʨʂ/ʤ2/ 

ɼʫʥʜʘʞ 

/ʛʨʂ/ʤ2/ 

ʊʘʡʛʘ 0.019 595.21 169.87 84.93 30.99 

ʆʡʪ ʭʵʵʨ 0.062 604.02 172.21 85.26 118.09 

ʍʵʵʨ 0.097 503.5 156.61 71.1 371.31 

ʎᴇʣᴇʨʭᴇʛ ʭʵʵʨ 0.013 172.6 50.1 24.58 155.11 

ʎᴇʣʠʡʥ ʙװʩ 0.002 79.7  18.8 11.37 38.8 

 

ʎᴇʣʠʡʥ ʙװʩ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ 5.4 ʭʫʚ-ʠʡʛ ʵʟʣʵʭ ʙʘ ᴆʚᴇʨʭʘʥʛʘʡ, 

ɼʫʥʜʛʦʚʴ ʘʡʤʛʫʫʜʳʥ ʫʨʜ ʟʘʭ, ɼʦʨʥʦʛʦʚʴ ʘʡʤʛʠʡʥ ʟװװʥ ʭʵʩʵʛ ʵʥʵ ʙװʩʵʜ ʦʨʥʦ. ʕʥʜ 

ʙʫʪʣʘʛ ʫʨʛʘʤʘʣ, ʟʘʛ, ʭʘʡʣʘʘʩ, ʙʵʣʯʵʵʨʠʡʥ ʫʨʛʘʤʘʣ ʩʠʡʨʵʛ, ʪʘʨʯʠʛ, ʘʨʫʫ ʪʘʨʫʫ 

ʪʘʨʭʘʥʘ. ʋʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡ 1.9 ʭʫʚʠʡʛ ʵʟʣʵʭ ʙʘ ʜʫʥʜʘʞ 

ʭʵʤʞʵʵ ʥʴ 11.37 ʛʨʂ/ʤ2/ʞʠʣ, ʭʘʤʛʠʡʥ ʠʭ ʥʠʡʣʙʵʨ ʭʵʤʞʵʵ 79.7 ʛʨʂ/ʤ2/ʞʠʣ ʙʘʡʥʘ. 

ʆʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʞʘʘʨ 0.0021x1015 ʛʨʂ/ʞʠʣ ʭʵʤʞʵʵʥʠʡ ʥʠʡʪ ʫʨʛʘʤʣʳʥ 

ʙװʪʵʵʛʜʵʭװװʥʠʡ ʭʫʨʠʤʪʣʘʛʜʘʞ ʙʘʡʥʘ. 

ʄʘʥʘʡ ʦʨʥʳ ʙʘʡʛʘʣʠʡʥ ʙװʩ ʙװʩʣװװʨ ʜʵʭ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ 

ʙװʪʵʵʛʜʵʭװװʥʠʡ ʪʝʤʧʝʨʘʪʫʨʘʘʩ ʠʣװװ ʭʫʨ ʪʫʥʘʜʘʩ ʠʭʵʵʭʵʥ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. 

ɿʫʨʘʛ 22, 23, 24, 25-ʘʘʩ ʭʘʨʘʭʘʜ ʪʘʡʛʳʥ ʙװʩʣװװʨ, ʦʡʪ ʭʵʵʨ, ʭʵʵʨ, ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨ, 

ʮᴇʣʠʡʥ ʙװʩʵʜ ʭʫʨ ʪʫʥʘʜʘʩ ʠʣװװ ʭʘʤʘʘʨʘʣʪʘʡ ʙʫʶʫ ʭʫʨ ʙʦʨʦʦ ʵʣʙʵʛʪʵʡ ʙʦʣ 

ʫʨʛʘʤʣʳʥ ʙװʪʵʵʤʞ ʜʵʵʰʠʣʞ ʙʘʡʥʘ. ʍʘʨʠʥ ʵʩʨʵʛʵʵʨʵʵ ʪʝʤʧʝʨʘʪʫʨʘʘʩ ʫʨʚʫʫ ʩʫʣ 

ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. ᴆʥʜᴇʨ ʫʫʣʳʥ ʙװʩʣװװʨʪ ʭʫʨ ʪʫʥʘʜʘʩ, ʪʝʤʧʝʨʘʪʫʨ ʦʡʨʦʣʮʦʦ 

ʭʘʤʘʘʨʘʣʪʘʡ ʙʫʶʫ ʘʣʴ ʘʣʴ ʥʴ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʤʞʠʜ ʯʫʭʘʣ ʥᴇʣᴇᴇʪʵʡ ʙʘʡʥʘ. ʊʫʩ 

ʥʫʪʛʫʫʜʘʜ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥ ʭʫʨ ʪʫʥʘʜʘʩʥʘʘʩ ʭʘʤʘʘʨʘʣʪʘʡ ʥʴ ʭʘʨʘʛʜʘʞ 

ʙʘʡʛʘʘʯ ʦʨʦʥ ʟʘʡʥ ʭʫʚʴ, ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʭʫʚʴʜ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʙʘʡʥʘ.  

1982-2015 ʦʥʫʫʜʳʥ ʭʦʦʨʦʥʜ ʪʘʡʛʳʥ ʙװʩ, ʦʡʪ ʭʵʵʨ, ʭʵʵʨ, ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨ, 

ʮᴇʣʠʡʥ ʙװʩװװʜ ʜʵʭ ʫʣʠʨʣʳʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʪʝʤʧʝʨʘʪʫʨ, 

ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʦʣʦʥ ʞʠʣʠʡʥ ʯʠʛ ʭʘʥʜʣʘʛʳʛ ʪʦʦʮʦʦʣʩʦʥ. ʋʫʣʳʥ ʪʘʡʛʳʥ ʙװʩʣװװʨʪ 

ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ 1982-1988 ʦʥ ʭװʨʪʵʣ ᴇʩᴇʣʪ-ʙʫʫʨʘʣʪʪʘʡ ʙʘʡʩʘʥ ʙʦʣ 

1989 ʦʥʦʦʩ 2002 ʦʥ ʭװʨʪʵʣ (R=-0698, P<0.01) ʞʠʛʜ ʙʫʫʨʩʘʥ ʙʘʡʥʘ. װתʥʠʡ ʜʘʨʘʘ 

2002-2013 ʦʥ ʭװʨʪʵʣʭ ʭʫʛʘʮʘʘʥʜ ʤʵʜʵʛʜʵʭװʡʮ ᴇʩʩᴇʥ (R=0.55, p<0.05) ᴇʩʩᴇʥ 

ʙʘʡʥʘ. ʕʥʵʭװװ ᴇᴇʨʯʣᴇʣʪ ʥ ɹ ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ ʥʷʛʪ ʫʷʣʜʘʘʪʘʡ ʙʘʡʩʘʥ (R=0.625, 

p<0.01) ʙᴇʛᴇᴇʜ ʵʥʵ ʥ ɹ 1989 ʦʥʦʦʩ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʙʫʫʨʯ, 2002 ʦʥʦʦʩ ʭʫʨ 

ʪʫʥʘʜʘʩ ʥʵʤʵʛʜʩʵʥ (R=0.8, p<0.05) ʙʘʡʥʘ (ʟʫʨʘʛ 19). װתʥʪʵʡ ʘʜʠʣ ʪʫʩ ʙװʩʵʜ 

ʘʛʘʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ ʪʘʩʨʘʣʪʛװʡ 0.041ʦʉ-ʘʘʨ (1982 ʦʥʳʛ ʩʫʫʨʴ ʙʦʣʛʦʩʦʥ) 

ʥʵʤʵʛʜʵʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʪʵʡ ʭʘʤʘʘʨʘʣ 

ʤʘ hʩʫʣ (R=0.3, P<0.05) ʙʘʡʥʘ. 
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ɿʫʨʘʛ 19. 1982-2015 ʦʥʫʫʜʳʥ ʭʦʦʨʦʥʜ ʪʘʡʛʳʥ ʙװʩ ʜʵʭ ʫʣʠʨʣʳʥ ʫʨʛʘʤʣʳʥ 

ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʦʣʦʥ ʞʠʣʠʡʥ ʯʠʛ 

ʭʘʥʜʣʘʛʘ 

ʆʡʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʫʨʛʘʤʣʳʥ ʘʥʭʜʘʛʯ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ 1982-1988 ʦʥ 

ʭװʨʪʵʣ ʪʘʡʛʳʥ ʙװʩʣװװʨʪʵʡ ʘʜʠʣ ᴇʩᴇʣʪ-ʙʫʫʨʘʣʪʪʘʡ ʙʘʡʩʘʥ ʙʦʣ 1989 ʦʥʦʦʩ 2003 

ʦʥ ʭװʨʪʵʣ (R=-0.75, P<0.05) ʵʨʯʠʤʪʵʡ ʙʫʫʨʯ ʙʦʣ װװʥʠʡ ʜʘʨʘʘ 2002-2013 ʦʥ 

ʭװʨʪʵʣʭ ʭʫʛʘʮʘʘʥʜ ʵʨʯʠʤʪʵʡ ᴇʩʩᴇʥ (R=0.83, p<0.05) ʙʘʡʥʘ. ʕʥʵʭװװ ᴇᴇʨʯʣᴇʣʪ ʥ ɹ

ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ ʤᴇʥ ʘʜʠʣ ʥʷʛʪ ʫʷʣʜʘʘʪʘʡ ʙʘʡʩʘʥ (R=-0.658, p=0.00) ʙᴇʛᴇᴇʜ ʵʥʵ 

ʥʴ 1982 ʦʥʦʦʩ ʙʫʫʨʯ, 2003 ʦʥʦʦʩ ʭʫʨ ʪʫʥʘʜʘʩ ʥʵʤʵʛʜʩʵʥ (R=0.8, p<0.05)-ʪʵʡ 

ʭʦʣʙʦʦʪʦʡ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. ʆʡʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʘʛʘʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ 

1982-2007 ʦʥ ʭװʨʪʵʣ ʪʘʩʨʘʣʪʛװʡ 0.043ʦʉ-ʘʘʨ ʥʵʤʵʛʜʵʞ 2007 ʦʥʦʦʩ ʙʫʫʨʩʘʥ 

(r=0.775, p<0.05) ʙʘʡʥʘ (ʟʫʨʘʛ 20). ɸʛʘʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ ᴇʩᴇʭᴇʜ (R=0.742, 

P=0.00) ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʪʵʡ ʙʫʫʨʯ, ʪʝʤʧʝʨʘʪʫʨ ʙʫʫʨʘʭʘʜ 

(R=0.6, p=0.05) ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ ᴇʩʩᴇʥ ʙʘ ʦʨʦʥ ʟʘʡʥ ʭʘʤʘʘʨʘʣ (R=-0.3, P<0.05) 

ʙʘʡʥʘ. 

 

 

 

 

  

 

  

 

 

 
ɿʫʨʘʛ 20. 1982-2015 ʦʥʫʫʜʳʥ ʭʦʦʨʦʥʜ ʦʡʪ ʭʵʵʨ ʙװʩ ʜʵʭ ʫʣʠʨʣʳʥ ʫʨʛʘʤʣʳʥ 

ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʦʣʦʥ ʞʠʣʠʡʥ ʯʠʛ 

ʭʘʥʜʣʘʛʘ 
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ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʠʭʵʥʭ ʥʫʪʛʠʡʛ ʵʟʣʵʭ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʫʨʛʘʤʣʳʥ ʘʥʭʜʘʛʯ 

ʮɻ ʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ 1982-2007 ʦʥ ʭװʨʪʵʣ (R=-0.55, P<0.05) ʵʨʯʠʤʪʵʡ ʙʫʫʨʯ ʙʦʣ 

 ʨʪʵʣʭ ʭʫʛʘʮʘʘʥʜ ʵʨʯʠʤʪʵʡ ᴇʩʩᴇʥ (R=0.85, p<0.05)װʥʠʡ ʜʘʨʘʘ 2007-2013 ʦʥ ʭװװ

ʙʘʡʥʘ. ʕʥʵʭװװ ᴇᴇʨʯʣᴇʣʪ ʥ ɹʘʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʪʘʡ ʩᴇʨᴇʛ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʩʘʥ 

1982-2000 ʦʥ ʭװʨʪʵʣ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʙװʪʵʵʤʞ ʙʫʫʨʘʭʘʜ, ʭʫʨ ʪʫʥʘʜʘʩ ʙʫʫʨʩʘʥ 

(R=-0.621, p<0.01) ʙʦʣ ʵʩʨʵʛʵʵʨʵʵ ʘʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ᴇʩʩᴇʥ (R=-0.552, P<0.01) 

ʙʘʡʥʘ. ʍʘʨʠʥ 2003 ʦʥʦʦʩ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ ʥʵʤʵʛʜʵʞ ʤᴇʥ ʘʛʘʘʨʳʥ 

ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩ ʥʵʤʵʛʜʩʵʥ ʙʘʡʥʘ. ʕʥɻ ʭװװ ʭʘʥʜʣʘʛʘ ʥ ɹʦʨʦʡʥ ʟʘʡʥ ʭʫʚʴʜ 

ʛʘʟʘʨ ʙװʨ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʙʘʡʥʘ (ʟʫʨʘʛ 21). 

 

  

 

 

 

 

 

   

 
ɿʫʨʘʛ 21. 1982-2015 ʦʥʫʫʜʳʥ ʭʦʦʨʦʥʜ ʭʵʵʨʠʡʥ ʙװʩ ʜʵʭ ʫʣʠʨʣʳʥ ʫʨʛʘʤʣʳʥ 

ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʦʣʦʥ ʞʠʣʠʡʥ ʯʠʛ 

ʭʘʥʜʣʘʛʘ 

ʎᴇʣᴇʨʭᴇʛ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʫʨʛʘʤʣʳʥ ʘʥʭʜʘʛʯ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ 1982-2015 

ʦʥ ʭװʨʪʵʣ ʭʫʛʘʮʘʘʥʜ ñᴇʩᴇʭ-ʙʫʫʨʘʭ-ᴇʩᴇʭ-ʙʫʫʨʘʭò ʛʵʩʵʥ ʭʵʣʙʵʣʟʵʣʪʵʡ ʟʦʛʩʦʥʛʠ 

ʙʘʡʜʘʣʪʘʡ (R=0.026, P=0.88) ʷʚʞ ʠʨʩʵʥ ʙᴇʛᴇᴇʜ ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ (R=-0.003, p=0.09) 

ʙʘʡʥʘ. ʍʘʨʠʥ ʪʫʩ ʙװʩʵʜ ʘʛʘʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ ʪʘʩʨʘʣʪʛװʡ 0.055ʦʉ-ʘʘʨ 

ʥʵʤʵʛʜʵʞ (R=0.7, p=0.000) ʙʘʡʥʘ (ʟʫʨʘʛ 22).  

   

 

 

 

 

 

 

 

 

 
ɿʫʨʘʛ 22. 1982-2015 ʦʥʫʫʜʳʥ ʭʦʦʨʦʥʜ ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨ ʙװʩ ʜʵʭ ʫʣʠʨʣʳʥ 

ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʦʣʦʥ 

ʞʠʣʠʡʥ ʯʠʛ ʭʘʥʜʣʘʛʘ 
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ʎᴇʣʠʡʥ ʙװʩʵʜ ʤᴇʥ ʠʞʠʣ ʫʨʛʘʤʣʳʥ ʘʥʭʜʘʛʯ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ 1982-2015 

ʦʥ ʭװʨʪʵʣ ʭʫʛʘʮʘʘʥʜ ñᴇʩᴇʭ-ʙʫʫʨʘʭ-ᴇʩᴇʭ-ʙʫʫʨʘʭò ʛʵʩʵʥ ʭʵʣʙʵʣʟʵʣʪʵʡ (R=0.18, 

P=0.30) ʷʚʞ ʠʨʩʵʥ ʙᴇʛᴇᴇʜ ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ (R=0.218, p=0.21) ʩʫʣ ʭʘʤʘʘʨʘʣʪʘʡ 

ʙʘʡʥʘ. ʍʘʨʠʥ ʪʫʩ ʙװʩʵʜ ʘʛʘʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ ʪʘʩʨʘʣʪʛװʡ 0.039ʦʉ-ʘʘʨ 

ʥʵʤʵʛʜʵʞ (r=0.49, p<0.01) ʙʘʡʥʘ (ʟʫʨʘʛ 23). 

 
ɿʫʨʘʛ 23. 1982-2015 ʦʥʫʫʜʳʥ ʭʦʦʨʦʥʜ ʮᴇʣʠʡʥ ʙװʩ ʜʵʭ ʫʣʠʨʣʳʥ ʫʨʛʘʤʣʳʥ 

ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ, ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʦʣʦʥ ʞʠʣʠʡʥ ʯʠʛ 

ʭʘʥʜʣʘʛʘ 

ʋʫʨ ʘʤʴʩʛʘʣʜ װʟװװʣʵʭ ʥᴇʣᴇᴇʣʣʠʡʥ װʥʵʣʛʵʵʥʠʡ ʍᴇʪᴇʣʙᴇʨ (CIAP)-ʠʡʥ 

ʛװʡʮʵʪʛʵʛʯʠʜ ʙʘʡʛʘʣʠʡʥ ʟʘʨʠʤ ʙװʣʛʵʤʜʣʠʡʥ (ʙʠʦʛʝʦʮʝʥʦʟ) װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ 

(ʬʫʥʢʮʠʡʥ) ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨ ʘʰʠʛʣʘʘʜ ʜʵʣʭʠʡʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ 1.00 ʉ-ʘʘʨ 

ʜʫʣʘʘʨʘʭʘʜ ʵʢʦʩʠʩʪʝʤʠʡʥ ʞʠʣʠʡʥ ʙװʪʵʵʤʞ ʭʵʵʨ ʪʘʣ, ʥʘʚʯʠʪ ʙʦʣʦʥ ʰʠʣʤװװʩʪ ʦʡ, 

ʪʫʥʜʨʠʡʥ ʙװʩʪ 5-18 ʭʫʚʠʘʨ ᴇʩʯ, ʭʘʨʠʥ ʮᴇʣʠʡʥ ʙװʩʵʥʜ 5 ʭʫʚʠʘʨ ʙʫʫʨʥʘ ʛʵʞʵʵ. 

ʄᴇʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʜ װʟװװʣʵʭ ʭʫʚʴʩʘʛʯʫʫʜʳʥ 

ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ ʇʠʨʩʦʥʳ ʢʦʨʨʝʣʷʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʦʦʨ ʪʦʦʮʦʞ 

ʙʘʡʛʘʣʠʡʥ ʙװʩװװʜʵʵʨ ʛʘʨʛʘʣʘʘ. ɼʠʘʛʨʘʤʤ 28-ʘʘʩ ʭʘʨʘʭʘʜ ʙʘʡʛʘʣʠʡʥ ʙװʩ, 

ʙװʩʣװװʨ ʜʵʭ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ʙʠʡ ʙʦʣʦʭʦʜ ʭʘʤʛʠʡʥ ʛʦʣ 

ʥᴇʣᴇᴇ װʟװװʣʞ ʙʘʡʛʘʘ ʭװʯʠʥ ʟװʡʣ ʫʨʛʘʤʣʳʥ ʬʦʪʦʩʠʥʪʝʟʠʡʥ ʠʜʵʚʭʪʵʡ ʮʘʮʨʘʛʠʡʥ 

ʰʠʥʛʵʵʭ ʭʵʤʞʵʵ ʙʫʩʜʘʘʩ ᴇʥʜᴇʨ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. ʋʨʛʘʤʣʳʥ ʫʨʛʘʮʳʥ 90-95 

ʭʫʚʠʡʛ ʙװʪʵʵʜʵʛ ʬʦʪʦʩʠʥʪʝʟʠʡʥ ʧʨʦʮʝʩʩʳʥ ʜװʥʜ ʫʨʛʘʤʘʣʜ ʫʫʨʘʛ, ʥװװʨʩ ʫʩ ʟʵʨʵʛ 

ʙװʭʠʡ ʣ ʰʠʤ ʙʦʜʠʩ װװʩʜʵʛ ʛʵʞ װʟʜʵʛ ʙʘ ʩʫʜʘʣʛʘʘʛʘʘʨ ʫʨʛʘʤʘʣʜ ʰʠʥʛʵʩʵʥ 

ʬʦʪʦʩʠʥʪʝʟʠʡʥ ʠʜʵʚʭʪʵʡ ʮʘʮʨʘʛʠʡʥ ʭʵʤʞʵʵʥʠʡ ʬʫʥʢʮ ʬʦʪʦʩʠʥʪʝʟʠʡʥ ʠʜʵʚʭʪʵʡ 

ʮʘʮʨʘʛʠʡʥ ʰʠʥʛʵʵʭ ʭʵʤʞʵʵʪʵʡ ʪʦʭʠʨʯ ʙʘʡʥʘ.  

ʕʥʵ װʨ ʜװʥ ʥ ɹ FPAR ʙʦʣ ʫʨʛʘʤʣʳʥ ʫʨʛʘʣʪʳʥ ʛʦʣ װʟװװʣʵʣʪ ʙᴇʛᴇᴇʜ CASA 

ʟʘʛʚʘʨʪ FPAR-ʠʡʛ NDVI-ʠʡʥ ʭʘʨʴʮʘʘʛʘʘʨ ʪʦʦʮʦʦʣʩʦʥ ʙʘʡʜʘʛ. ʍʘʨʠʥ NDVI ʥ ɹ

ʫʨʛʘʤʣʳʥ ʙװʨʭʮʠʡʛ ʭʘʤʛʠʡʥ ʩʘʡʥ ʠʣʵʨʭʠʡʣʜʵʛ װʟװװʣʵʣʪ [41]. ʅʘʨʥʳ ʮʘʮʨʘʛʠʡʥ 

ʥᴇʣᴇᴇʣᴇʣ ʥ ɹFPAR-ʘʘʩ ʷʣʛʘʘʪʘʡ ʥ ɹʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʜ ʙװʩ 

ʥʫʪʛʠʡʥ ʙʦʣʦʥ ʫʣʠʨʣʳʥ ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʙʘʡʜʘʛ. ʋʨʛʘʤʘʣ ʫʨʛʘʭ ʭʫʛʘʮʘʘʥʜ 

ʙʘʡʛʘʣʠʡʥ ʙװʩװװʜʵʜ ʥʘʨʥʳ ʮʘʮʨʘʛ ʙʦʣʦʥ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥʠʡ 

ʭʦʦʨʦʥʜ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣ ʙʘʡʩʘʥ ʙʦʣʦʚʯ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʥʵʣʵʵʥ ʩʫʣ ʙʘʡʥʘ. ɿʫʥʳ 

ʫʣʠʨʘʣʜ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ᴇʥʜᴇʨʪʵʡ, ʫʨʛʘʤʘʣ ʫʨʛʘʭ ʫʣʠʨʣʳʥ ʪʫʨʰʠʜ 
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ʮʘʛ ʫʫʨʳʥ ʪʘʘʣʘʤʞʪʘʡ ʭʦʣʙʦʦʪʦʡʛʦʦʨ ʟʫʥʳ ʫʣʠʨʘʣʜ ʮʘʮʨʘʛʠʡʥ ʥᴇʣᴇᴇʛ װʨ 

ʙװʪʵʵʛʜʵʭװװʥʪʵʡ ʙʘʡʣʛʘʭ ʥʴ ʫʨʛʘʤʣʳʥ ʫʨʛʘʭ ʥᴇʭʮᴇʣʪʵʡ ʝʨᴇʥʭʠʡʜᴇᴇ ʥʠʡʮʵʞ 

ʙʘʡʥʘ. ʊʝʤʧʝʨʘʪʫʨ ʙʘ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʩʪʨʝʩʩʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʳʛ ʠʭʵʚʯʣʵʥ 

ʪʦʜʦʨʭʦʡ ʘʤʴʜʨʘʭ ʦʨʯʥʳ ʬʦʪʦʩʠʥʪʝʟʠʡʥ ʘʰʠʛʪ װʡʣʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʳʥ ʭʘʤʛʠʡʥ 

ʠʭ ʭʵʤʞʵʵʛ ʙʘʛʘʩʛʘʭʘʜ ʭʵʨʵʛʣʵʜʵʛ ʙʦʣʦʚʯ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʜ 

 ʣʵʭ ʥᴇʣᴇᴇʛ ʪʦʛʪʦʦʭʦʜ ʭʘʨʴʮʘʥʛʫʡ ʪᴇʚᴇʛʪʵʡ ʶʤ [42], [43]. ʋʩʥʳ ʥᴇʣᴇᴇʣʣʠʡʥװװʟװ

ʠʥʜʝʢʩ ʥʴ ᴇʥʜᴇʨ ʫʫʣʳʥ ʙװʩʣװװʨʪ ʩʫʣ ʩᴇʨᴇʛ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʛʘʘ ʥ ɹ ʭװʡʪʵʥ 

ʪʵʩʚʵʨʪʵʡ ʪʘʯʠʨ ʫʨʛʘʤʘʣʪʘʡ ʭʦʣʙʦʦʪʦʡʛʦʦʨ ʙװʪʵʵʛʜʵʭװװʥ ʭʫʨʠʤʪʣʘʛʜʘʭʘʜ 

ʥᴇʣᴇᴇʣʞ ʙʘʡʞ ʙʦʣʦʭ ʶʤ. ʍʘʨʠʥ ʦʡʪ ʭʵʵʨ, ʭʵʵʨʠʡʥ ʙװʩʵʜ ʪʝʤʧʝʨʘʪʫʨ ʩᴇʨᴇʛ 

ʭʘʤʘʘʨʘʣʪʘʡ (R2=-0.1, R2=-0.16) ʛʘʨʩʘʥ ʥʴ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥʠʡ 

ʬʦʪʦʩʠʥʪʝʟʠʡʥ ʘʰʠʛʪ װʡʣʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʦʜ װʟװװʣʵʭ ʪʝʤʧʝʨʘʪʫʨʳʥ ʥᴇʣᴇᴇʣᴇʣ 

ʥ ɹʵʥʵ ʙװʩװװʜʵʜ ʫʨʛʘʤʘʣʞʠʣʳʥ ʛʦʣ ʭʷʟʛʘʘʨʣʘʭ ʭװʯʠʥ ʟװʡʣ ʙʦʣʜʦʛʪʦʡ ʭʦʣʙʦʦʪʦʡ 

ʙʘʡʞ ʙʦʣʦʭ ʶʤ. ʊʘʡʛʳʥ ʙװʩʵʜ ʫʩʥʳ ʥᴇʣᴇᴇʣʣʠʡʥ ʠʥʜʝʢʩ ʩᴇʨᴇʛ ʭʘʤʘʘʨʘʣʪʘʡ 

ʛʘʨʩʘʥ (R2=-0.561, p<0.01) ʥ ɹ ʪʘʡʛʘ ʥ ɹ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʭʫʚʴʜ ʯʠʡʛʣʵʛ, ʭװʡʪʵʥ, 

ʞʠʣʜ ʫʥʘʭ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʭʵʤʞʵʵ ʘʭʫʡ ʙʦʣʦʚʯ ʜʫʣʘʘʥ ʭʘʥʛʘʤʞʠʡʥ ʭʵʤʞʵʵ 

ʜʫʪʤʘʛ, ʫʨʛʘʤʘʣ ʫʨʛʘʭ ʭʫʛʘʮʘʘ ʙʦʛʠʥʦ ʙʘʡʜʘʛʪʘʡ ʭʦʣʙʦʦʪʦʡ ʙʘʡʞ ʙʦʣʥʦ.  

3.1.4 ʋʣʠʨʣʳʥ ᴇᴇʨʯʣᴇʣʪ 

ɹʘʡʛʘʣʠʡʥ ʙװʩʣװװʨʵʩɻ ʛʘʜʥʘ ʤʘʥʘʡ ʦʨʦʥ ʞʠʣʠʡʥ ʜᴇʨʚᴇʥ ʫʣʠʨʘʣ ʵʵʣʞʣʵʭ 

ʙʦʣʦʚʯ ʙʦʛʠʥʦ ʭʫʛʘʮʘʘʥʜ װʨʛʵʣʞʣʵʭ ʭʫʫʨʘʡ ʟʫʥ, ʠʭʵʵʭʵʥ ʭװʡʪʵʥ, ʫʨʪ ᴇʚᴇʣʪʵʡ 

ʙᴇʛᴇᴇʜ ʭʘʚʘʨ ʥʘʤʨʳʥ ʫʣʠʨʣʳʥ װʨʛʵʣʞʣʵʭ ʭʫʛʘʮʘʘ ʞʠʣʵʵʩ ʞʠʣʜ ᴇʨʛᴇʥ ʭװʨʵʵʥʜ 

ʭʵʣʙʵʣʟʜʵʛ ʦʥʮʣʦʛʪʦʡ. ʋʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʭʘʚʘʨ ʥʘʤʘʨ 

ʥʵʣʵʵʥ ʫʨʪʩʘʭ ʭʘʥʜʣʘʛʘʪʘʡ ʙʦʣʞ ʙʘʡʥʘ.  

ʋʨʛʘʤʘʣ ʫʨʛʘʭ ʭʫʛʘʮʘʘ ʟʫʥʳ ʫʣʠʨʘʣʜ ʙʫʶʫ 5-9 ʩʘʨʳʥ ʭʦʦʨʦʥʜ ʥʵʥ 

ʪʦʭʠʨʦʤʞʪʦʡ ʭʫʛʘʮʘʘ ʙʦʣʦʚʯ, ʥʫʪʛʠʡʥ ᴇʤʥᴇʜ ʭʵʩʛʠʡʥ ʘʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʛ 

ʥʫʪʛʠʡʥ ʭʦʡʜ ʭʵʩʛʠʡʥ ʥʫʪʘʛʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʭʘʨʴʮʘʥʛʫʡ ᴇʥʜᴇʨ, ʭʘʨʠʥ ʥʫʪʛʠʡʥ 

ʭʦʡʜ ʭʵʩʵʛ ʥʴ ᴇʤʥᴇʜ ʭʵʩʛʵʵʩ ʯʠʡʛʠʡʥ ʭʫʚʴʜ ʠʣװװ ʙʘʡʜʘʛ ʫʯʨʘʘʩ 4 ʜװʛʵʵʨ ʩʘʨʘʘʩ 

ʫʨʛʘʤʘʣ ʫʨʛʘʞ ʵʭʵʣʜʵʛ.  

1982-2015 ʦʥʳ ʫʨʛʘʤʘʣ ʫʨʛʘʭ, ʵʨʯʠʤʪʵʡ ʭᴇʛʞʣᴇᴇ ʷʚʫʫʣʘʭ ʭʫʛʘʮʘʘʥʳ 

ʭʦʦʨʦʥʜʦʭ ʩʘʨʫʫʜʳʥ ʜʫʥʜʘʞ NPP-ʠʡʛ ʙʦʜʩʦʥʦʦʩ װʟʵʭʵʜ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ 

ʙװʪʵʵʛʜʵʭװװʥʠʡ ʜʫʥʜʘʞ ʙʦʣʦʥ ʥʠʡʪ ʭʵʤʞʵʵ 5-ʨ ʩʘʨʘʘʩ 8-ʨ ʩʘʨ ʭװʨʪʵʣ ʤʘʰ 

ʵʨʯʠʤʪʵʡ ᴇʩᴇᴇʜ, 8 ʩʘʨʜ ʭʘʤʛʠʡʥ ʠʭ ʭʵʤʞʵʵʥʜʵʵ ʭװʨʯ ʙʘʡʥʘ. ʕʥʜʵʵʩ װʟʵʭʵʜ 

ʫʨʛʘʤʘʣ ʫʨʛʘʭ ʭʫʛʘʮʘʘʥʳ NPP-ʠʡʥ ᴇʩᴇʣʪʠʡʥ ʭʵʤʞʵʵʛ ʩʘʨ ʪʫʩ ʙװʨʵɻʨ ʥ ɹʭʫʚʠʘʨ 

ʠʣʵʨʭʠʡʣʙʵʣ: 4-ʨ ʩʘʨʜ 5.3 ʭʫʚʴ, 5-ʨ ʩʘʨʜ 11.4 ʭʫʚʴ, 6-ʨ ʩʘʨʜ 20.8 ʭʫʚʴ, 7 ʙʘ 8-ʨ 

ʩʘʨʫʫʜʘʜ 23.37-23.95 ʭʫʚʴ ʙʦʣʞ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʙʘʡʥʘ. ʍʘʨʠʥ 9-ʨ ʩʘʨ ʙʦʣʦʥ 10-ʨ 

ʩʘʨʜ 10.2-4.8 ʭʫʚʴ ʙʦʣʞ ʙʫʫʨʩʘʥ װʟװװʣʵʣʪ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ.  

ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʭʵʤʞʵʵʥʜ ʫʨʛʘʤʘʣ ʫʨʛʘʭ ʭʫʛʘʮʘʘʥʜ ʭʫʨ ʪʫʥʘʜʘʩ, 

ʘʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʤʫʨʫʡ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʤʞʪʵʡ ʠʞʠʣ 

ʜʠʥʘʤʠʢʪʘʡ ʙʘʡʥʘ. ʍʘʨʠʥ ʥʘʨʥʳ ʮʘʮʨʘʛ (ʫʨʛʘʤʣʳʥ ʌʦʪʦʩʠʥʪʝʟʠʡʥ ʘʰʠʛʪ װʡʣʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪ)-ʠʡʥ ʭʵʤʞʵʵ ʭʘʚʨʳʥ ʫʣʠʨʘʣʜ 4, 5-ʨ ʩʘʨ, ʥʘʤʨʳʥ ʫʣʠʨʘʣʜ 9, 10-ʨ 

ʩʘʨʫʫʜʘʜ ʥʵʣʵʵʥ ᴇʥʜᴇʨ ʙʘʡʜʘʛ ʙʘʡʥʘ. 

ʋʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʦʣʦʥ ʞʠʣʠʡʥ ʭʘʥʜʣʘʛʳʛ ʩʘʨ ʪʫʩ ʙװʨʵʵʩ ʛʘʜʥʘ  

ʭʘʚʘʨ, ʟʫʥ, ʥʘʤʘʨ 3 ʫʣʠʨʣʘʘʨ ʪʦʦʮʣʦʦ.  

ʍʘʚʨʳʥ ʫʣʠʨʘʣʜ ʄʦʥʛʦʣ ʦʨʥʳ ʪᴇʚʠʡʥ ʙװʩʠʡʥ ʙʘʨʫʫʥ ʭʘʛʘʩ ʙʫʶʫ 
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ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʙʘʨʫʫʥ ʭʵʩʵʛ ʙʫʶʫ ʍʘʥʛʘʡʥ ʥʫʨʫʫʥʳ ʟװװʥ ᴇʤʥᴇʜ ʥʫʪʛʘʘʨ, 

ᴆʚᴇʨʭʘʥʛʘʡ ʘʡʤʛʠʡʥ ʥʫʪʛʠʡʥ ʠʭʵʥʭ ʭʵʩʵʛ, ɼʫʥʜʛʦʚʴ ʘʡʤʛʠʡʥ ʟװװʥ ʭʵʩʛʵʵʨ, 

ʉʵʣʵʥʛʵ ʤᴇʨʥʠʡ ʩʘʚ ʛʘʟʘʨ ɿʵʜ-ʍʘʥʪʘʡ, ɹװʪʵʵʣʠʡʥ ʥʫʨʫʫ ʦʨʯʠʤʜ 1982-2015 ʦʥʳ 

ʭʫʛʘʮʘʘʥʜ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ 0-0.13 ʛʨʂ/ʤ2-ʵʵʨ ʵʨʯʠʤʪʵʡ 

ʙʫʫʨʩʘʥ ʙʘʡʥʘ. ʍʘʚʨʳʥ ʫʣʠʨʘʣʜ ʠʭʵʥʭ ʥʫʪʛʘʘʨ ᴇʩʩᴇʥ ʭʘʥʜʣʘʛʘ ʛʘʨʩʘʥ ʙᴇʛᴇᴇʜ 

ʥʫʪʛʠʡʥ ʙʘʨʫʫʥ ʭʵʩʵʛ ɹʫʣʛʘʥ, ʊᴇʚ, ɼʦʨʥʦʛʦʚʴ, ɼʫʥʜʛʦʚʴ ʘʡʤʛʠʡʥ ʟʘʨʠʤ ʭʵʩʵʛ, 

ʉʵʣʵʥʛʵ ʘʡʤʛʠʡʥ ʙʘʨʫʫʥ, ʭʦʡʜ, ʟװװʥ ʟʘʭʳʥ ʥʫʪʛʘʘʨ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʙʫʶʫ 0.1 

ʛʨʂ/ʤ2 ʭװʨʪʵʣ, ʉʵʣʵʥʛʵ ʘʡʤʛʠʡʥ ʪᴇʚ ʭʵʩʵʛ ʍʘʨʘʘ ʛʦʣʳʥ ʩʘʚ, ʍʵʥʪʠʡ ʘʡʤʛʠʡʥ 

ʠʭʵʥʭ ʥʫʪʘʛ, ʉװʭʙʘʘʪʘʨ, ɼʦʨʥʦʜ ʘʡʤʘʛ ʙװʭʵʣʜʵʵ 0.1-.03 ʛʨʂ/ʤ2-ʵʵʨ ᴇʩʩᴇʥ װʨ ʜװʥ 

ʛʘʨʩʘʥ ʙʘʡʥʘ.  

ʍʘʤʛʠʡʥ ᴇʥʜᴇʨ ᴇʩʩᴇʥ ʛʘʟʘʨ ʍʵʥʪʠʡ, ɼʦʨʥʦʜ ʘʡʤʛʠʡʥ ʥʫʪʛʠʡʥ ʟʘʘʛ, 

ʉװʭʙʘʘʪʘʨ ʘʡʤʛʠʡʥ ʟװװʥ ʭʦʡʜ ʙʘʛʘʭʘʥ ʛʘʟʘʨ ɹʘʷʥʮʘʛʘʘʥʳ ʪʘʣʳʥ ᴇʤʥᴇʭ ʥʫʪʛʘʘʨ, 

ʅᴇʤʨᴇʛʠʡʥ ʙʘʨʫʫʥ ʭʘʛʘʩʪ ʦʣʦʥ ʞʠʣʠʡʥ ᴇʩᴇʣʪ 0.3-0.43 ʛʨʂ/ʤ2-ʵʵʨ ʵʨʯʠʤʪʵʡ ᴇʩʩᴇʥ 

ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ (ʟʫʨʘʛ 24ʘ). ʍʘʚʨʳʥ ʫʣʠʨʘʣʜ ʪʫʩ ʙװʩ ʥʫʪʛʫʫʜʘʜ ʫʨʛʘʤʣʳʥ 

ʙװʪʵʵʛʜʵʭװװʥ ʭʫʨ ʪʫʥʘʜʘʩʥʘʘʩ (p<0.05) ʰʫʫʜ ʭʘʤʘʘʨʘʣʪʘʡ ʥʴ 34 ʞʠʣʠʡʥ װʨ ʜװʥʜ 

ʛʘʨʩʘʥ (ʟʫʨʘʛ 24ʙ). ɿʫʥʳ 6-7 ʩʘʨʳʥ ʭʫʛʘʮʘʘʥʜ ʄʦʥʛʦʣ ʦʨʦʥʜ ʫʨʛʘʤʣʳʥ 

ʙװʪʵʵʛʜʵʭװװʥ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʙʘʡʜʘʛ װʝ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ 34 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʟʫʥʳ 

ʫʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥʠʡ ᴇᴇʨʯʣᴇʣʪ ʍʘʥʛʘʡʥ ʛʦʣ ʥʫʨʫʫʥʳ ᴇʤʥᴇʜ ʭʵʩʵʛ, ɹʫʣʛʘʥ 

ʘʡʤʛʠʡʥ ʥʫʪʘʛ ʙװʭʵʣʜʵʵ, ʉʵʣʵʥʛʵ ʘʡʤʛʠʡʥ ʙʘʨʫʫʥ ʙʦʣʦʥ ʪᴇʚ ʭʵʩʵʛ, ʊᴇʚ ʘʡʤʛʠʡʥ 

ʪᴇʚ ʭʵʩʵʛ, ʋʣʘʘʥʙʘʘʪʘʨ ʦʨʯʠʤ, ʍʵʥʪʠʡ ʘʡʤʛʠʡʥ ʭʦʡʜ ʭʘʛʘʩ ʍʵʥʪʵʡʥ ʥʫʨʫʫ, 

ʕʨʵʵʥʠʡ ʥʫʨʫʫ, ʆʥʦʥ ʛʦʣʳʥ ʩʘʚ ʛʘʟʘʨ, ʅᴇʤʨᴇʛʠʡʥ ʟװװʥ ʭʘʛʘʩʪ 0.1-2.4 ʛʨʂ/ʤ2-ʘʘʨ 

ʙʫʫʨʩʘʥ ʙʦʣ ᴆʚᴇʨʭʘʥʛʘʡ ʘʡʤʛʠʡʥ ʭʦʡʜ ʭʘʛʘʩ ʍʘʥʛʘʡ ʥʫʨʫʫʥʳ ʟװװʥ ᴇʤʥᴇʜ 

ʙʵʛʵʣʮʵʛ ʫʫʣʩʘʘʨ, ʉʵʣʵʥʛʵ, ɼʘʨʭʘʥ-ʫʫʣ ʘʡʤʛʠʡʥ ʭʦʡʜ ʭʵʩʵʛ ʆʨʭʦʥ, ʉʵʣʵʥʛʵ 

ʤᴇʨʥʠʡ ʭᴇʥʜʠʡʛᴇᴇʨ, ʊᴇʚ ʘʡʤʛʠʡʥ ᴇʤʥᴇ ʭʵʩʵʛ, ʍʵʥʪʠʡ ʘʡʤʛʠʡʥ ʪᴇʚ ʭʘʛʘʩʪ, 

ɼʫʥʜʛʦʚʴ ʘʡʤʛʠʡʥ ʥʫʪʛʠʡʥ ʭʦʡʜ ʠʭʵʥʭ ʥʫʪʘʛ, ɼʦʨʥʦʛʦʚʴ ʘʡʤʛʠʡʥ ʙʘʨʫʫʥ ʭʦʡʪ 

ʥʫʪʛʘʘʨ 0-0.5 ʛʨʂ/ʤ2-ʘʘʨ ʙʘʛʘ ʟʵʨʵʛ ʙʫʫʨʩʘʥ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ.  

ʍʘʨʠʥ ʄʦʥʛʦʣ ʦʨʥʳ ʞʠʥʭʵʥʵ ʭʵʵʨʠʡʥ ʙװʩ ʟװװʥ ʙװʩʠʡʥ ᴇʤʥᴇʜ ʭʘʛʘʩ 

ʄʵʥʵʥʛʠʡʥ ʪʘʣ, ɼʦʨʥʦʜ ʄʦʥʛʦʣʳʥ ʪʘʣʳʥ ᴇʤʥᴇʜ ʭʘʛʘʩ, ʉװʭʙʘʘʪʘʨ ʘʡʤʛʠʡʥ ʠʭʵʥʭ 

ʥʫʪʘʛʪ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥ 0.5-2 ʛʨʂ/ʤ2-ʘʘʨ ᴇʩʩᴇʥ ʙʘʡʥʘ. ʕʥʵ ʙװʩ ʥʫʪʘʛ ʭʘʚʘʨ, 

ʟʫʥʳ ʭʫʛʘʮʘʘʥ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʞ ʥʵʤʵʛʜʵʞ ʙʘʡʛʘʘ ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. ɿʫʥʳ 

ʭʫʛʘʮʘʘʥʜ ʄʦʥʛʦʣ ʦʨʥʳ ʠʭʵʥʭ ʥʫʪʘʛ ʭʫʨ ʙʦʨʦʦʥʦʦʩ ʭʘʤʘʘʨʘʣʪʘʡ (p<0.01) 

ʪװʚʰʥʵʵʨ ʠʣʵʨʭʠʡʣʵʛʜʵʞ ʙʘʡʥʘ (ʟʫʨʘʛ 24).  

ʅʘʤʨʳʥ ʫʣʠʨʘʣʜ ʄʦʥʛʦʣ ʦʨʥʳ ʪᴇʚʠʡʥ ʙװʩʠʡʥ ʟװװʥ ʭʵʩʵʛ ᴆʚᴇʨʭʘʥʛʘʡ 

ʘʡʤʛʠʡʥ ʭʦʡʜ ʭʘʛʘʩ ʍʘʥʛʘʡ ʥʫʨʫʫʥʳ ʟװװʥ ᴇʤʥᴇʜ ʙʵʛʵʣʮʵʛ ʫʫʣʩʘʘʨ, ʊᴇʚ ʘʡʤʛʠʡʥ 

ʪᴇʚ ʭʵʩʵʛ, ʦʡʪ ʭʵʵʨʠʡʥ ʙװʩ ʉʵʣʵʥʛʵ ʤᴇʨʥʠʡ ʩʘʚ ʛʘʟʘʨ ɿʵʜ-ʍʘʥʪʘʡ, ɹװʪʵʵʣʠʡʥ 

ʥʫʨʫʫ, ʟװװʥ ʙװʩʠʡʥ ʟװװʥ ᴇʤʥᴇ ʭʵʩʛʵʵʨ ʩװװʣʠʡʥ 34 ʞʠʣʜ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ 

ʙװʪʵʵʛʜʵʭװװʥ 0.2-0.4 ʛʨʂ/ʤ2 ʭʵʤʞʵʵʛʵʵʨ ʙʫʫʨʯ ʙʘʡʛʘʘ ʙʘ ʵʜʛʵʵʨ ʙװʩʠʡʛ ʟʘʭʘʣʩʘʥ 

ʥʫʪʛʫʫʜʘʘʨ 0.1-02 ʛʨʂ/ʤ2 ïʘʘʨ ʙʫʫʨʯ ʙʘʡʥʘ. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ᴇʤʥᴇʜ ʙװʩʠʡʥ 

ʪᴇʚ, ʟװװʥ, ʟװװʥ ʭʦʡʜ, ʟװװʥ ʙװʩʠʡʥ ʠʭʵʥʭ ʥʫʪʛʘʘʨ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥ ʙʫʩʘʜ 

ʛʘʟʨʘʘʩ ʙʘʛʘ ʟʵʨʵʛ ʙʫʫʨʘʣʪʪʘʡ 0-1 ʛʨʂ/ʤ2-ʵʵʨ ʙʫʫʨʯ ʙʘʡʥʘ. ʍʘʨʠʥ ʭʘʤʛʠʡʥ 

ʵʨʯʠʤʪʵʡ ᴇʩʩᴇʥ ʛʘʟʘʨ ʙʦʣ ʟװװʥ ʙװʩʠʡʥ ʭʦʡʜ ʭʵʩʵʛ ʄʦʥʛʦʣ ʜʘʛʫʫʨʳʥ ʍᴇʭ ʥʫʫʨʳʥ 

ʦʨʯʠʤʜ ʦʣʦʥ ʞʠʣʠʡʥ ᴇʩᴇʣʪ 0.1-0.15 ʛʨʂ/ʤ2-ʘʘʨ ʵʨʯʠʤʪʵʡ ᴇʩʩᴇʥ ʙʘʡʥʘ (ʟʫʨʘʛ 24). 
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ɿʫʨʘʛ 24. ʉװװʣʠʡʥ 34 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ʫʣʠʨʘʣ (ʘ) ʭʘʚʘʨ, ʙ) ʟʫʥ, ʚ) 

ʥʘʤʘʨ)-ʳʥ ᴇᴇʨʯʣᴇʣʪ (ʛʨʂ/ʤ2) 

ɼʵʵʨʭ ʫʨʛʘʤʘʣ ʫʨʛʘʭ ʛʫʨʚʘʥ ʫʣʠʨʣʘʘʨ ʦʣʦʥ ʞʠʣʠʡʥ ʭʘʥʜʣʘʛʳʛ ʘʚʯ װʟʵʭʵʜ 

ᴆʚᴇʨʭʘʥʛʘʡ ʘʡʤʛʠʡʥ ʭʦʡʜ ʭʘʛʘʩ ʍʘʥʛʘʡ ʥʫʨʫʫʥʳ ʟװװʥ ᴇʤʥᴇʜ ʙʵʛʵʣʮʵʛ ʫʫʣʩʘʘʨ 3 

ʭʘʚʘʨ, ʟʫʥ, ʥʘʤʨʳʥ ʘʣʴ ʯ ʫʣʠʨʘʣʜ ʙʘʡʥʛʳʥ ʙʫʫʨʘʣʪʪʘʡ, ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʠʭʵʥʭ 

ʥʫʪʘʛ, ʊᴇʚ ʘʡʤʛʠʡʥ ʪᴇʚ ʭʵʩʛʵʵʨ ʟʫʥ, ʥʘʤʨʳʥ ʫʣʠʨʘʣʜ ʙʫʫʨʘʣʪʪʘʡ, ʍʵʥʪʠʡ 

ʘʡʤʛʠʡʥ ʭʦʡʜ ʭʘʛʘʩ ʍʵʥʪʵʡʥ ʥʫʨʫʫ, ʕʨʵʵʥʠʡ ʥʫʨʫʫ, ʆʥʦʥ ʛʦʣʳʥ ʩʘʚ ʛʘʟʨʘʘʨ 

ʭʘʚʨʳʥ ʫʣʠʨʘʣʜ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʤʞ ʙʫʫʨʘʣʪʪʘʡ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. 

3.1.5 ʋʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥʜ ʮʘʛ ʫʫʨʳʥ ʙʦʣʦʥ ʤʘʣ ʘʞ ʘʭʫʡʥ װʟװװʣʵʭ 
ʥᴇʣᴇᴇ 

ʋʫʣʘʨʭʘʛ ʛʘʟʨʘʘʨ ʦʨʦʭ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʥᴇʣᴇᴇʛᴇᴇʨ ʫʨʛʘʤʘʣ ʥᴇʤʨᴇʛ ʰʠʛװװ 

ʙʘʡʥʘ. ɿװװʥ, ʟװװʥ ᴇʤʥᴇʜ, ᴇʤʥᴇ ʭʵʩʵʛ ʙʦʣʦʥ ʀʭ ʍʷʥʛʘʥʳ ʫʫʣʩʳʥ ʅʦʤʭʦʥ ʜʘʣʘʡʥ 

ʤʫʩʩʦʥʳ ʫʫʨ ʘʤʴʩʛʘʣ ʭװʯʪʵʡ ʠʣʵʨʜʵʛ ʫʯʨʘʘʩ ʭʫʨ ʪʫʥʘʜʘʩ (250-300ʤʤ) ʵʣʙʵʛʪʵʡ. 

ʄʦʥʛʦʣ ʦʨʥʳ ʭʫʨ ʪʫʥʘʜʘʩ ʠʭ ʫʥʘʜʘʛ ʍʘʥʛʘʡ, ʍʵʥʪʠʡ ʥʫʨʫʫ, ɹʫʣʛʘʥ ʘʡʤʛʠʡʥ ʭʦʡʜ 

ʭʵʩʵʛ ʍʘʥʪʘʡ ʥʫʨʫʫ, ɹװʪʵʵʣʠʡʥ ʥʫʨʫʫ, ɹװʨʵʥʛʠʡʥ ʥʫʨʫʫʥʳ ʙʘʨʫʫʥ ʭʵʩʵʛ, ʅʦʤʭʦʥ 

ʜʘʣʘʡʥ ʤʫʩʩʦʥʳ ʥᴇʣᴇᴇʥ ʜʦʨ ʦʨʰʜʦʛ ʅᴇʤʨᴇʛ ʥʴ ʄʦʥʛʦʣ ʦʨʥʳ ʦʡ, ʦʡʪ ʭʵʵʨʠʡʥ 

ʙװʩ, ʞʠʣʠʡʥ ʥʠʡʣʙʵʨ ʭʫʨ ʪʫʥʘʜʘʩ 300-400ʤʤ ʪװװʥʵʵʩ ʜʵʵʰ ʫʥʘʜʘʛ ʛʘʟʨʫʫʜʘʜ 

ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ 400-500 ʛʨʂ/ʤ2/ʞʠʣ, ʟʘʨʠʤ ʫʫʣʳʥ ʪʘʡʛʘʘʨ 
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ʪװװʥʵʵʩ ʜʵʵʰ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʥʴ 716.9 ʛʨʂ/ʤ2/ʞʠʣ ʙʘʡʥʘ.  

ɹʘʡʛʘʣʴ ʛʘʟʘʨ ʟװʡʥ ʙװʩʵʵʩ ʰʘʣʪʛʘʘʣʘʥ ᴇʥʜᴇʨ ʫʫʣ, ʦʡʪ ʭʵʵʨʠʡʥ ʙװʩ ʙʫʶʫ 

ʄʦʥʛʦʣ ʦʨʥʳ ʭʦʡʥʦʦʩ ʫʨʘʛʰ, ʟװװʥ ʭʦʡʥʦʦʩ ʙʘʨʫʫʥ ʪʠʡʰ ʫʨʘʛʰʣʘʭ ʪʫʪʘʤ 

ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʙװʪʵʵʛʜʵʭװװʥ ʙʘʛʘʩʘʞ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʕʥʵ ʟװʡ ʪʦʛʪʦʣ ʥʴ 

ʭʫʨ ʪʫʥʘʜʘʩ ʭʦʡʥʦʦʩ ʫʨʘʛʰ, ʟװװʥʵʵʩ ʙʘʨʫʫʥ ʪʠʡʰʣʵʭ ʪʫʪʘʤ ʙʫʫʨʘʭ ʘʚʯ ʪװװʥʠʡ 

ʭʫʚʘʘʨʠʣʘʣʪʘʜ ʛʘʟʨʳʥ ʭʦʪʛʦʨ ʛװʜʛʵʨʠʡʥ ʥᴇʣᴇᴇ ʠʭ ʫʯʨʘʘʩ ʯʠʡʛ ʜʫʪʤʘʛ, ʥᴇʛᴇᴇ 

ʪʘʣʘʘʨ ʥʫʪʛʠʡʥ ᴇʤʥᴇʜ ʭʵʩʵʛ, ʙʘʨʫʫʥ ᴇʤʥᴇ ʭʵʩʛʵʵʨ ʮᴇʣᴇʨʭᴇʛ ʭʵʵʨ, ʛʦʚʴ ʮᴇʣ 

ʜʘʤʥʘʥ ʦʨʰʜʦʛ, ʫʯʠʨ ʵʥʵ ʥʫʪʘʛʪ ʭʫʨ ʪʫʥʘʜʘʩ ʙʘʛʘ, ʫʨʛʘʤʣʳʥ ʙװʨʭʵʚʯ ʩʠʡʨʵʛ 

ʙʘʡʜʘʛʪʘʡ ʭʦʣʙʦʦʪʦʡ. ʄᴇʥ ʍʘʥʛʘʡʥ ʥʫʨʫʫʥʳ ᴇʚᴇʨ, ʙʘʨʫʫʥ ʭʵʩʵʛ, ɹʘʛʘ ʍʵʥʪʠʡ, 

ʍᴇʚʩʛᴇʣʠʡʥ ʫʫʣʩʳʥ ʙʘʨʫʫʥ ʭʵʩʵʛ, ɹʫʣʥʘʡ, ʍʘʥ-ʍᴇʭʠʡ ʥʫʨʫʫʥʳ ʦʡʪ ʭʵʩʛʵʵʨ ʞʠʣʜ 

250-300ʤʤ ʭʫʨ ʪʫʥʘʜʘʩ ʙʫʫʜʘʛ ʯʠʡʛʣʵʛ ʵʥʜ ʫʨʛʘʤʣʳʥ ʞʠʣʠʡʥ ʙװʪʵʵʛʜʵʭװװʥ 300-

400 ʛʨʂ/ʤ2/ʞʠʣ, ɼʦʨʥʦʜ ʄʦʥʛʦʣʳʥ ʪʘʣ, ɼʘʨʴʛʘʥʛʳʥ ʪʵʛʰ ᴇʥʜᴇʨʣᴇʛ, ʛʘʟʘʨ 

ʪʘʨʠʘʣʘʥʛʠʡʥ ʙװʩ ʙʦʣʦʥ ʭʵʵʨʠʡʥ ʙװʩʵʵʨ 150-250ʤʤ ʭװʨʪʵʣ ʭʫʨ ʪʫʥʘʜʘʩ ʫʥʘʭ ʙʘ 

ʵʥʜ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ʜʫʥʜʞʘʘʨ 200-300 ʛʨʂ/ʤ2/ʞʠʣ ʙʘʡʥʘ. 

ɹװʪʵʵʛʜʵʭװװʥ ʭʘʤʛʠʡʥ ʙʘʛʘ ʛʘʟʘʨ ᴆʚᴇʨʭʘʥʛʘʡ, ɼʫʥʜʛʦʚʴ ʘʡʤʛʫʫʜʳʥ ᴇʤʥᴇʜ ʭʵʩʵʛ, 

ɼʦʨʥʦʛʦʚʴ ʘʡʤʛʠʡʥ ʙʘʨʫʫʥ ʭʵʩʵʛ ʘʡʤʛʫʫʜʳʥ ʥʫʪʘʛʪ ʙʦʣʦʥ ʛʦʚʠʡʥ ʙװʩʵʜ ʦʣʦʥ 

ʞʠʣʠʡʥ ʥʠʡʣʙʵʨ /ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ/ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʠʡ 

ʜʫʥʜʘʞ ʫʪʛʘ 50 ʛʨʂ/ʤ2/ʞʠʣ ʭװʨʪʵʣ, ʟʘʨʠʤ ʛʘʟʨʘʘʨ װװʥʵʵʩ ʙʘʛʘ ʙʘʡʥʘ. ɻʦʚʴ ʮᴇʣʠʡʥ 

ʙװʩʵʜ ʵʥʵ ʙװʩ ʥʫʪʘʛʪ ʞʠʣʠʡʥ ʪʫʨʰ ʭʫʨ ʪʫʥʘʜʘʩ ʙʘʛʘ 50-100 ʤʤ, ʟʘʨʠʤ ʞʠʣ 

 ʥʵʵʩ ʙʘʛʘ ʫʥʘʥʘ. ʕʥʜʵʵʩ ʭʘʨʘʭʘʜ ʄʦʥʛʦʣ ʦʨʥʳ ʭʵʤʞʵʵʥʜ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨװװ

ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ʭʫʨ ʪʫʥʘʜʘʩʥʘʘʩ ʭʘʤʘʘʨʘʣʪʘʡ ʭʘʨʜʘʛʜʘʞ ʙʘʡʥʘ. ʍʫʨ 

ʪʫʥʘʜʘʩ, ʫʨʛʘʤʣʳʥ ʙװʪʵʵʛʜʵʭװװʥ ʭʦʦʨʦʥʜ ʪʦʦʮʩʦʥ ʢʦʨʨʝʣʷʮʠʡʥ ʰʠʥʞʠʣʛʵʵʛʵʵʨ 

ʩʫʜʘʣʛʘʘʥʳ ʙװʩ ʥʫʪʛʠʡʥ ʫʨʛʘʤʣʳʥ ʙװʪʵʵʤʞʠʡʥ 60 ʦʨʯʠʤ ʭʫʚʴ ʥʴ ʭʫʨ 

ʪʫʥʘʜʘʩʥʘʘʩ ʭʘʤʘʘʨʘʣʪʘʡ ʙʦʣʦʭ ʜʝʪʝʨʤʠʥʘʮʠʡʥ ʠʪʛʵʣʮװװʨ R2=0.7894, װʥʵʤʰʠʣ 

(p=0.000), ʢʦʨʨʝʣʷʮʠʡʥ ʠʪʛʵʣʮװװʨ R=0.89 ʭװʯʪʵʡ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ ʟʫʨʘʛ 25ʚ-ʜ 

 .ʣʵʚװװʟװ

ɿʫʨʘʛ 25. ʋʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ʙʦʣʦʥ ʭʫʨ ʪʫʥʘʜʘʩ 

ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʘʣ ʘ) ʦʨʦʥ ʟʘʡʥ ʭʘʤʘʘʨʘʣ ʙ) װʥʵʤʰʠʣ, ʚ) ʨʝʛʨʝʩʩʠʡʥ 

ʪʵʛʰʠʪʛʵʣʠʡʛ ʪʦʦʮʦʦʣʩʦʥ ʮʵʛʵʥ ʜʠʘʛʨʘʤʤ 
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ɿʫʨʘʛ 26. ɾʠʣʠʡʥ ʜʫʥʜʘʞ ʘʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ 

(1982-2015 ʦʥʳ ʜʫʥʜʞʠʡʛ ʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʛʵʞ ʘʚʘʚ)-ʘʘʩ ʭʘʟʘʡʭ 

ʭʘʟʘʡʣʪʳʥ ʷʚʮ 

 
ɿʫʨʘʛ 27. ʋʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥ ʙʦʣʦʥ ʪʝʤʧʝʨʘʪʫʨʳʥ 

ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʘʣ ʘ) ʦʨʦʥ ʟʘʡʥ ʭʘʤʘʘʨʘʣ, ʙ) װʥʵʤʰʠʣ, ʚ) ) ʨʝʛʨʝʩʩʠʡʥ 

ʪʵʛʰʠʪʛʵʣʠʡʛ ʪʦʦʮʦʦʣʩʦʥ ʮʵʛʵʥ ʜʠʘʛʨʘʤʤ 

ʉװװʣʠʡʥ 34 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʩʫʜʘʣʛʘʘʥʳ ʙװʩ ʥʫʪʘʛ ʘʛʘʘʨʳʥ ʜʫʥʜʘʞ ʭʵʤ 

1.5ʦʉ-ʘʘʨ ʥʵʤʵʛʜʵʞ ʭʫʨ ʪʫʥʘʜʘʩ 7.3 ʭʫʚʠʘʨ ʙʫʫʨʩʘʥ ʙʘʡʥʘ (ʟʫʨʘʛ 28). 

ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʭʦʡʜ ʭʵʩʵʛ ʍᴇʚʩʛᴇʣʠʡʥ ʫʫʣʳʥ ʟװװʥ ʭʘʛʘʩ, ʍʵʥʪʠʡ ʥʫʨʫʫʥʳ 

ʟװװʥ ʭʦʡʜ ʭʵʩʵʛ, ɼʦʨʥʦʜ ʄʦʥʛʦʣʳʥ ʪʘʣ, ɼʦʨʥʦʜ ʛʦʚʠʡʥ ᴇʤʥᴇʜ ʭʘʛʘʩ, ʮᴇʣʠʡʥ 

ʙװʩʠʡʥ ᴇʤʥᴇʜ ʭʵʩʛʵʵʨ ʫʨʛʘʤʣʳʥ ʮʵʚʵʨ ʘʥʭʜʘʛʯ ʙװʪʵʵʛʜʵʭװװʥʜ ʭʫʨ ʪʫʥʘʜʘʩʥʳ 

 ʣʵʭ ʥᴇʣᴇᴇ ʙʫʩʘʜ ʛʘʟʨʘʘʩ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ (R=0.2-.04), ʟʘʨʠʤ ʛʘʟʨʘʘʨװװʟװ

ʢʦʨʨʝʣʷʮʠʡʥ ʠʪʛʵʣʮװװʨ 0.4-ʩ ʜʵʵʰ ʙʘʡʥʘ. ʍʘʨʠʥ ʠʭʵʥʭ ʥʫʪʛʘʘʨ ʪʝʤʧʝʨʘʪʫʨʪʘʡ 

ʩᴇʨᴇʛ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘ ʥʫʪʛʠʡʥ ʪᴇʚʠʡʥ ʙװʩʵʜ ʠʭʵʵʭʵʥ ʩᴇʨᴇʛ ʭʘʤʘʘʨʘʣʪʘʡ, ʵʜʛʵʵʨ 

ʥʫʪʛʫʫʜʘʜ ʭʫʨ ʪʫʥʘʜʘʩʥʘʘʩ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʛʘʘ ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ (ʟʫʨʘʛ 27).  
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3.2. ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʫʨʛʘʤʣʳʥ ʫʨʛʘʞ ʵʭʣʵʭ ʭʫʛʘʮʘʘʥʜ 
ʫʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ װʟװװʣʵʭ ʥᴇʣᴇᴇʣʣʠʡʥ ʩʫʜʘʣʛʘʘ 

3.2.1. ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʯʠʛ 
ʭʘʥʜʣʘʛʘ 

ɸʣʠʚʘʘ ʫʨʛʘʤʣʳʥ ʭᴇʛʞʠʣʜ ʫʩ, ʯʠʡʛʠʡʥ ʭʘʥʛʘʤʞ ʭʘʤʛʠʡʥ ʯʫʭʘʣ ʥᴇʣᴇᴇʪʵʡ 

ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʷʣʘʥʛʫʷʘ, ʭʘʛʘʩ ʭʫʫʨʘʡ ʙװʩʵʜ ʠʭʵʵʭʵʥ ʭʘʤʘʘʪʘʡ ʟװʡʣ ʶʤ. ʕʥʵʭװװ 

ʧʘʨʘʤʝʪʨ ʥʴ ʙʘʛʘ ʭʵʤʞʵʵʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ ʠʭʵʚʯʣʵʥ ʭᴇʨʩʥʠʡ ʯʠʡʛʠʡʥ 

ʭʵʣʙʵʨʵʵʨ ʠʣʵʨʭʠʡʣʵʛʜʜʵʛ ʙʦʣ ʪʦʤʦʦʭʦʥ ʭʵʤʞʵʵʥʠʡ (ɾʠʰʵʵ ʥʴ, ʙװʩ ʥʫʪʛʠʡʥ 

ʩʫʜʘʣʛʘʘ) ʥʫʪʘʛʪ ʛʦʣʜʫʫ ʭʫʨ ʪʫʥʘʜʩʘʘʨ ʠʣʵʨʭʠʡʣʵʛʜʜʵʛ. ʕʥʵ ʩʫʜʘʣʛʘʘʛʘʘʨ 

ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʪ ʙʘʡʨʣʘʭ 105 ʮʘʛ ʫʫʨʳʥ ʩʪʘʥʮʳʥ 1984- 2013 ʦʥʳ ʭʦʦʨʦʥʜʳʥ 

ʩʘʨ ʙװʨʠʡʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ ʙʘ ʩʘʨ ʙװʨʠʡʥ ʥʠʡʪ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʤʵʜʵʵʛ 

ʘʰʠʛʣʘʚ. ʋʛ ʤʵʜʵʵʥװװʜʠʡʛ ɹʘʡʝʩʳʥ ʵʤʧʠʨʠʢ ʢʨʠʛʠʥʛ [44] ʘʨʛʳʛ ʘʰʠʛʣʘʥ 

ʙʦʣʦʚʩʨʫʫʣʞ ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ 30 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ʞʠʣ ʙװʨʠʡʥ 

ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ ʙʦʣʦʥ ʥʠʡʪ ʭʫʨ ʪʫʥʘʜʩʳʛ װʥʵʣʞ, ʪʵʜʛʵʵʨʠʡʥ ʨʘʩʪʝʨ 

ʟʫʨʛʫʫʜʳʛ ʛʘʨʛʘʥ ʘʚʩʘʥ ʙʦʣʥʦ. 

ɼʘʨʘʘ ʥʴ ʰʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ ʟʘʛʚʘʨʳʛ ʘʰʠʛʣʘʥ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ 

ʪʫʥʘʜʘʩʥʳ 30 ʞʠʣʠʡʥ ʮʫʚʘʘʥʳ ᴇʛᴇʛʜʣװװʜʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʯʠʛ ʭʘʥʜʣʘʛʳʛ 0.01, 

0.05 ʙʘ 0.1 ʠʪʛʵʣʮʣʠʡʥ ʪװʚʰʠʥʛװװʜʵʜ ʪʦʦʮʦʦʣʦʚ. 

ʉʫʜʘʣʛʘʘʥʜ ʘʰʠʛʣʘʩʘʥ ʘʨʛʘ ʥʴ ʢʨʠʛʠʥʛʠʡʥ ʠʥʪʝʨʧʦʣʷʮʠʡʥ ʘʨʛʘ ʜʵʵʨ 

ʩʫʫʨʠʣʩʘʥ ʙᴇʛᴇᴇʜ ʫʛ ʘʨʛʘ ʥʴ ʤʵʜʵʛʜʵʞ ʙʫʡ ʪʦʦʥ ʫʪʛʫʫʜʳʥ װʥʜʩʵʥ ʜʵʵʨ ʙʫʩʘʜ 

ʪʦʦʮʦʦʣʩʦʥ ʫʪʛʫʫʜ ʥʴ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡʛʘʘʨ ʜʘʚʭʮʘʭ ʬʫʥʢʮʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ 

ʟʘʨʯʠʤ ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʜʘʛ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʢʨʠʛʠʥʛʠʡʥ ʘʨʛʳʥ ʤᴇʥ ʯʘʥʘʨ ʥʴ 

ʤʵʜʵʛʜʵʞ ʙʘʡʛʘʘ ʘʥʭʜʘʛʯ ʫʪʛʫʫʜʳʛ ʘʰʠʛʣʘʥ װʣ ʤʵʜʵʛʜʵʭ ʫʪʛʫʫʜʳʛ װʥʵʣʵʥ ʰʠʥʵ 

ʫʪʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭ [31] ʷʚʜʘʣ ʶʤ. 

 ʀʥʪʝʨʧʦʣʷʮʠʡʥ ʦʣʦʥ ʘʨʛʫʫʜʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʫʛ ʘʨʛʘ ʥʴ ʘʥʭʜʘʛʯ 

ᴇʛᴇʛʜʣʠʡʥ ʦʨʦʥ ʟʘʡʥ ʙװʪʮʵʪ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʞ, ʫʣʤʘʘʨ ʯʠʛʣʵʣʠʡʥ ʥᴇʣᴇᴇʛ 

ʭʘʨʛʘʣʟʘʥ װʟʜʵʛ. ʂʨʠʛʠʥʛʠʡʥ ʘʨʛʘʘʨ ʠʥʪʝʨʧʦʣʷʮ ʭʠʡʭʵʜ ʤʵʜʵʛʜʵʞ ʙʫʡ ʵʨʛʵʥ 

ʪʦʡʨʦʥ ʜʵʭ ʭʵʤʞʠʣʪʠʡʥ ʫʪʛʫʫʜʳʛ ʞʠʥʣʵʥ ʤʵʜʵʛʜʵʭʛװʡ ʙʘʡʛʘʘ ʙʘʡʨʰʠʣ ʜʵʵʨʭ 

ʫʪʛʳʛ ʜʦʦʨʭ ʪʦʤʴʸʦʛʦʦʨ (ʪʦʤʴʸʦ 14) ʪʦʦʮʦʥ ʛʘʨʛʘʜʘʛ. 

                                (14) 

 :ʥʜװת

ὤ(ὛὭ)- ʥʴ i-ʙʘʡʨʰʠʣ ʜʵʵʨʭ ʤʵʜʵʛʜʵʞ ʙʫʡ ʫʪʛʘ 

 i ï ʥʴ ʪʫʭʘʡʥ ʙʘʡʨʰʠʣ ʜʘʭʴ ʫʪʛʳʥ װʣ ʤʵʜʵʛʜʵʭ ʞʠʥ () 

Ὓo ï ʥʴ ʪʘʘʤʘʛʣʘʩʘʥ ʙʘʡʨʰʠʣ ʜʵʵʨʭ ʫʪʛʘ 

N ï ᴇʛᴇʛʜʣʠʡʥ ʪʦʦ. 

ʂʨʠʛʠʥʛʠʡʥ ʠʥʪʝʨʧʦʣʷʮʠʡʥ ʘʨʛʘ ʥʴ ᴇʛᴇʛʜᴇʣ ʥʦʨʤʘʣʴ ʪʘʨʭʘʣʪʪʘʡ װʝʜ 

ʘʰʠʛʣʘʭʘʜ ʠʣװװ ʪʦʭʠʨʦʤʞʪʦʡ ʙʘʡʜʘʛ. 

ɹʘʡʝʩʳʥ ʵʤʧʠʨʠʢ ʢʨʠʛʠʥʛ - (Empirical Bayesian kriging: EBK): ɸʛʘʘʨʳʥ 

ʪʝʤʧʝʨʘʪʫʨ ʙʦʣʦʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ 105 ʮʘʛ ʫʫʨʳʥ ʩʪʘʥʮ ʜʵʵʨʭ ʤʵʜʵʵʛ ʘʰʠʛʣʘʥ 

ʩʫʜʘʣʛʘʘʥʳ ʭʫʛʘʮʘʘʥʳ ʩʘʨ ʙװʨ ʜʵʵʨʭ ʘʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʦʨʦʥ 

ʟʘʡʥ ʟʫʨʛʠʡʛ ʛʘʨʛʘʩʘʥ ʙᴇʛᴇᴇʜ ʦʨʦʥ ʟʘʡʥ ʟʫʨʛʠʡʛ ʪʦʦʮʦʦʣʦʥ ʛʘʨʛʘʭʘʜ 

Geostatistical Wizardïʠʡʥ ʠʥʪʝʨʧʦʣʷʮʠʡʥ ʘʨʛʫʫʜʳʛ ᴇʨʛᴇʥ ʘʰʠʛʣʘʜʘʛ. 
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ʕʥʵ ʥʴ 2 ʭʵʤʞʵʵʩʪ ʦʨʦʥ ʟʘʡʜ ʪʘʨʭʩʘʥ ʤʵʜʵʛʜʵʞ ʙʫʡ ʮʵʛװװʜʠʡʥ ʫʪʛʫʫʜʳʥ 

ʙʘʡʨʰʠʣ ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʥ ʤʵʜʵʛʜʵʭʛװʡ ʙʘʡʛʘʘ ʫʪʛʳʥ ʭʘʤʛʠʡʥ ʩʘʡʥ ʪʦʭʠʨʦʭ 

ʙʘʡʨʰʣʳʥ ʫʪʛʳʛ ʠʥʪʝʨʧʦʣʷʮʠʡʥ ʘʨʛʘʘʨ ʦʣʞ, ʪʦʭʠʨʦʭ ʤʘʛʘʜʣʘʣ ʙװʭʠʡ ʛʘʜʘʨʛʫʫʛ 

 ʩʛʵʭ ʛʝʦʩʪʘʪʠʩʪʠʢ ʘʨʛʘ ʶʤ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʫʛ ʘʨʛʳʥ ʙʫʩʘʜ ʘʨʛʫʫʜʘʘʩ ʷʣʛʘʘʪʘʡװװ

ʛʦʣ ʪʘʣ ʥʴ ᴇʛᴇʛʜʩᴇʥ ʮʵʛװװʜʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʛ ʠʥʪʝʨʘʢʪʠʚ ʙʘʡʜʣʘʘʨ 

ʩʫʜʣʘʥ, ʛʘʨʘʣʪʳʥ ʦʨʦʥ ʟʘʡʥ ʟʫʨʛʠʡʛ ʭʘʤʛʠʡʥ ʦʥʦʚʯʪʦʡ ʟʘʛʚʘʨʘʘʨ ʛʘʨʛʘʭʘʜ 

ʦʨʰʠʥʦ. 

ʉʫʜʘʣʛʘʘʥʳ ʭװʨʵʵʥʜ. ArcGIS 10.2 ʧʨʦʛʨʘʤʤʳʥ Geostatical Analyst Wizard 

ïʠʡʥ EBKïʠʡʥ ʠʥʪʝʨʧʦʣʷʮʠʡʥ ʟʘʛʚʘʨʳʛ ʘʰʠʛʣʘʩʘʥ. Geostatical Analyst ʜʘʭʴ 

ʙʫʩʘʜ ʢʨʠʛʠʥʛʠʡʥ ʘʨʛʫʫʜ ʥʴ װʥʵʥ ʟᴇʚ װʨ ʜװʥʛ ʛʘʨʛʘʭʳʥ ʪʫʣʜ, ʧʘʨʘʤʝʪʨװװʜʠʡʛ 

ʛʘʨʘʘʨ ʪʦʭʠʨʫʫʣʘʭʳʛ ʰʘʘʨʜʜʘʛ ʙʦʣ EBK ʥʴ ʫʛ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʘʚʪʦʤʘʪʘʘʨ 

ʪʦʦʮʦʦʣʦʥ ʪʦʭʠʨʦʤʞʪʦʡ ʟʘʛʚʘʨʳʛ ʛʘʨʛʘʜʘʛ ʙᴇʛᴇᴇʜ ʪʦʦʮʦʦʥʜ ʘʰʠʛʣʘʛʜʘʭ 

ᴇʛᴇʛʜʣʠʡʥ ʪʦʦ ʙʘʛʘ ʙʘʡʭʘʜ ʯ, ᴇʥʜᴇʨ ʯʘʥʘʨʳʥ װʟװװʣʵʣʪ ʙװʭʠʡ װʨ ʜװʥʛ װʟװװʣʩʵʥ 

ʙʘʡʜʘʛ. 

ɻʝʦʩʪʘʪʠʩʪʠʢ ʘʨʛʫʫʜ ʥʴ ʩʝʤʠʚʘʨʠʦʛʨʘʤ/ʢʦʚʘʨʠʘʮʳʥ ʟʘʛʚʘʨʳʥ 

ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʦʮʦʦʣʦʥ ᴇʛᴇʛʜʣʠʡʥ ʦʨʦʥ ʟʘʡʥ ʙװʪʮʠʡʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʪʦʦʥ 

ʫʪʛʘʘʨ ʠʣʵʨʭʠʡʣʵʥ ʭʘʨʫʫʣʜʘʛ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʩʝʤʠʚʘʨʠʦʛʨʘʤ ʜʵʵʨʭ ʙװʭ 

ʮʵʛװװʜʠʡʛ ʘʣʴ ʙʦʣʦʭ ʜʘʡʨʯ ʛʘʨʘʭ ʯʘʜʚʘʨ ʙװʭʠʡ ʟʘʛʚʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʯʘʜʚʘʨʪʘʡ 

ʶʤ [31]. ɹʠʜʥʠʡ ʩʦʥʛʦʥ ʘʚʩʘʥ EBK ïʠʡʥ ʩʝʤʠʚʘʨʠʦʛʨʘʤ ʟʘʛʚʘʨʪ range (ʵʩʚʵʣ sill) 

ï ʧʘʨʘʤʝʪʨ ʙʘʡʜʘʛʛװʡ ʙᴇʛᴇᴇʜ ʟʘʛʚʘʨ ʥʴ ʜʦʦʨʭ ʪʦʤʴʸʦʛʦʦʨ ʠʣʵʨʭʠʡʣʵʛʜʵʥʵ. 

Ⱬ (Ὤ) = Nugget + ὦ|Ὤ|‌ (15) 

ʕʥʜ Nugget ʙʦʣʦʥ b (slope) ʥʴ ʵʝʨʵʛ, -ʥʴ 0.25 ï 1.75 ʭʦʦʨʦʥʜ ʙʘʡʭʳʛ 

ʰʘʘʨʜʜʘʛ. 2001 ʦʥʳ 4-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʤʵʜʵʵʛ ʜʵʵʨʭ ʘʨʛʘʘʨ ʙʦʣʦʚʩʨʫʫʣʞ 

ʛʘʨʩʘʥ װʨ ʜװʥʛ ʟʫʨʘʛ 31, 32-ʜ ʪʫʩ ʪʫʩ ʭʘʨʫʫʣʣʘʘ. 

 
ɿʫʨʘʛ 28. ʊʦʦʮʦʦʣʩʦʥ ʩʵʤʠʚʘʨʠʦʛʨʘʤʳʥ ʟʘʛʚʘʨ 
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ɿʫʨʘʛ 29. ʊʦʦʮʦʦʣʩʦʥ ʩʵʤʠʚʘʨʠʦʛʨʘʤ ʟʘʛʚʘʨʳʥ ʧʘʨʘʤʝʪʨװװʜ 

ʉʦʥʛʦʥ ʘʚʩʘʥ ʟʘʛʚʘʨ ʭʠʨ ʟʵʨʵʛ װʥʵʤʰʠʣʪʵʡ ʙʘʡʛʘʘʛ ʟʘʛʚʘʨʳʥ װʨ ʜװʥʛʵʵʩ 

ʭʘʨʞ ʙʦʣʥʦ. ɿʘʛʚʘʨʳʥ װʥʵʣʛʵʵ ʩʘʡʥ ʙʦʣ ʪʦʦʮʦʦʣʩʦʥ ʫʪʛʫʫʜʳʥ mean error ʥʴ 0-

ʨװװ, Root-Mean-Square-Standardized ʥʴ 1-ʨװװ ʪʫʩ, ʪʫʩ ʪʵʤװװʣʵʭ ʙʘ Mean 

Standardized ï ʫʪʛʘ ʥʴ mean -ʵʵʩ ʙʘʛʘ, Average Standard Error -ʥʴ Root- Mean-

Square-ʪʵʡ ʦʡʨʦʣʮʦʦ ʫʪʛʘʪʘʡ ʙʘʡʜʘʛ (ʭװʩʥʵʛʪ 14).  

ʍװʩʥʵʛʪ 14. CASA ɿʘʛʚʘʨʳʥ װʥʵʣʛʵʵ. 

Mean 0.014047 

Root-Mean-Square 1.93742 

Mean Standardized 0.004545 

Root-Mean-Square-Standardized 1.061367 

Average Standard Error 1.716677 

ɼʵʵʨʭ ʟʘʛʚʘʨʘʘʨ ʪʦʦʮʦʦʣʩʦʥ 2001 ʦʥʳ 4-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʟʫʨʛʠʡʛ 

ʘʥʭʜʘʛʯ ᴇʛᴇʛʜᴇʣʪʵʡ ʥʴ ʭʘʨʴʮʫʫʣʩʘʥ (ʟʫʨʘʛ 30).  

 
ɿʫʨʘʛ 30. 2001 ʦʥʳ 4-ʨ ʩʘʨʳʥ ʘʛʘʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨʳʥ ʟʘʛʚʘʨʘʘʨ 

ʪʦʦʮʦʦʣʩʦʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪʳʥ ʟʫʨʘʛ 



ʄʆʅɻʆʃ ʋʃʉʓʅ ʍʕʊ ʊɸʃʍʃɸɻɼʉɸʅ ɹʕʃʏʕʕʈʀʁɻ ɿɸʁʅɸɸʉ  
ʊɸʅɼɸʍ ɸʈɻɸɸʈ ʉʋɼʃɸʍ ɹɸ ʅᴆʍᴆʅ ʉʕʈɻʕʕʍ ʊʋʈʐʀʃʊ 

 

63 
 

ɾʠʣʠʡʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʜװʥʛʵʵʩ ʭʘʨʘʭʘʜ, ʄʦʥʛʦʣʳʥ 

ᴇʥʜᴇʨʣᴇʛʠʡʥ 99.7 ʭʫʚʴʜ ʭʘʤʘʘʨʘʭ ʧʠʢʩʝʣ ʥʴ ʪʝʤʧʝʨʘʪʫʨ ʜʵʵʰʣʵʭ ʯʠʛ 

ʭʘʥʜʣʘʛʘʪʘʡʛ ʠʣʵʨʭʠʡʣʞ ʙʘʡʥʘ (ʟʫʨʘʛ 33, 35). װתʥʠʡ 33 ʭʫʚʴ ʥʴ ʤʘʰ ʪʦʜʦʨʭʦʡ 

ʜʵʵʰʣʵʭ ʯʠʛ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʭ ʙʘ ʵʥʵ ʥʴ ʛʦʣʜʫʫ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʜʫʥʜ-ᴇʤʥᴇʜ 

ʭʵʩʛʠʡʥ ɻʦʚʴ ʮᴇʣ, ʮᴇʣʠʡʥ ʭʵʵʨ ʙʘ ʄʦʥʛʦʣʳʥ ʙʘʨʫʫʥ ʭʵʩʵʛ ʜʵʭ ʍʘʥʛʘʡʥ ʥʫʨʫʫ ʙʘ 

ʍᴇʚʩʛᴇʣ ʘʡʤʘʛ ʟʵʨʵʛ ʙװʩʵʵʨ ʪʘʨʭʞʵʵ. ʄᴇʥ ʟʫʨʛʘʘʩ ʭʘʨʘʭʘʜ 34 ʭʫʚʴ ʥʴ ʪʦʜʦʨʭʦʡ 

ʜʵʵʰʣʵʭ ʯʠʛ ʭʘʥʜʣʘʛʘʪʘʡ, 33 ʭʫʚʴ ʪʦʜʦʨʭʦʡ ʙʠʰ ʜʵʵʰʣʵʭ ʯʠʛ ʭʘʥʜʣʘʛʘʪʘʡʛ ʭʘʨʞ 

ʙʦʣʦʭ ʙʘʡʥʘ. ʍʫʨ ʪʫʥʘʜʘʩʥʳ ʭʫʚʴʜ ʠʭʵʚʯʣʵʥ ʙʫʫʨʘʭ ʯʠʛ ʭʘʥʜʣʘʛʘʪʘʡ (ʟʫʨʘʛ 31) 

ʙʘʡʭ ʙʘ װװʥʠʡ ʠʣʵʨʭʠʡʣʵʣ ʥʴ 70 ʭʫʚʠʡʥ ʧʠʢʩʝʣ ʥʴ ʙʫʫʨʘʭ ʭʘʥʜʣʘʛʳʛ ʭʘʨʫʫʣʞ 

ʙʘʡʛʘʘ ʷʚʜʘʣ ʶʤ. װתʥʵʵʩ ʤʘʰ ʮᴇᴇʥ ʪʦʦʥʳ ʧʠʢʩʝʣ ʥʴ ʤʘʰ ʪʦʜʦʨʭʦʡ ʙʫʫʨʘʭ 

ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʭ ʙʫʶʫ ʥʠʡʪ ʪʘʣʙʘʡʥ ʟᴇʚʭᴇʥ 1 ʭʫʚʠʡʛ ʵʟʵʣʞ ʙʘʡʛʘʘ ʙʦʣ 3 ʭʫʚʠʡʥ 

ʧʠʢʩʝʣ ʥʴ ʪʦʜʦʨʭʦʡ ʙʫʫʨʘʭ ʭʘʥʜʣʘʛʘʪʘʡ, 65 ʭʫʚʠʡʥ ʧʠʢʩʝʣ ʥʴ ʪʦʜʦʨʭʦʡ ʙʠʰ 

ʙʫʫʨʘʭ ʯʠʛ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ (ʟʫʨʘʛ 32). 

 

34% 

33% 33% 

0% 0% 0% 

ʄʘh  ʊʦʜʦʨʭʦʡ ʙʫʩ ʙʫʫʨʩʘʥ p<0.01 ʊʦʜʦʨʭʦʡ ʙʫʩ ʜʵʵʰʠʣʩʵʥ p>0.05 

ʊʦʜʦʨʭʦʡ ʜʵʵʰʠʣʩʵʥ 0.01<p<0.05 

ʊʦʜʦʨʭʦʡ ʙʫʫʨʩʘʥ 0.01<p<0.05 ʊʦʜʦʨʭʦʡ ʙʫʩ ʙʫʫʨʩʘʥ p>0.05 

 
ɿʫʨʘʛ 31. ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʧʠʢʩʝʣ ʙװʨʠʡʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ 

ʪʝʤʧʝʨʘʪʫʨʳʥ 30 ʞʠʣʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʯʠʛ ʭʘʥʜʣʘʛʘ ʙʘ ʪʦʜʦʨʭʦʡ ʪװʚʰʥʠʡ 

ʵʟʣʵʭ ʭʫʚʴ 

 
ɿʫʨʘʛ 32. ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʧʠʢʩʝʣ ʙװʨʠʡʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʭʫʨ 

ʪʫʥʘʜʘʩʥʳ 30 ʞʠʣʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʯʠʛ ʭʘʥʜʣʘʛʘ ʙʘ ʪʦʜʦʨʭʦʡ ʪװʚʰʥʠʡ ʵʟʣʵʭ 

ʭʫʚʴ 
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ʍʘʨʠʥ ʤʘʰ ʪʦʜʦʨʭʦʡ ʜʵʵʰʣʵʭ ʭʘʥʜʣʘʛʘʪʘʡ ʛʵʩʵʥ ʪᴇʨᴇʣʜ ʭʘʤʘʘʨʘʭ ʧʠʢʩʝʣ 

ʙʘʡʭʛװʡ ʙʘʡʭ ʙʘ ʤʘʰ ʮᴇᴇʥ ʪʦʦʥʳ ʙʫʶʫ 0.1 ʭʫʚʠʡʥ ʧʠʢʩʝʣ ʥʴ ʪʦʜʦʨʭʦʡ ʜʵʵʰʣʵʭ 

ʭʘʥʜʣʘʛʘʪʘʡ ʙʦʣ װʣʜʩʵʥ 30 ʭʫʚʠʡʥ ʧʠʢʩʝʣ ʥʴ ʪʦʜʦʨʭʦʡ ʙʠʰ ʜʵʵʰʣʵʭ 

ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ. ɼʵʵʰʣʵʭ ʭʘʥʜʣʘʛʘʪʘʡ ʧʠʢʩʝʣװװʜ ʥʴ ʛʦʣʯʣʦʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ 

ʙʘʨʫʫʥ ᴇʤʥᴇʜ ʭʵʩʛʠʡʥ ɻʦʚʴ ʮᴇʣ ʙʘ ʮᴇʣʠʡʥ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʪʘʨʭʘʞ ʙʘʡʥʘ (ʟʫʨʘʛ 

33). 

 
ɿʫʨʘʛ 33. ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʧʠʢʩʝʣ ʙװʨʠʡʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ 

ʪʝʤʧʝʨʘʪʫʨʳʥ 30 ʞʠʣʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʯʠʛ ʭʘʥʜʣʘʛʘ ʙʘ ʪʦʜʦʨʭʦʡ ʪװʚʰʠʥ 

 
ɿʫʨʘʛ 34. ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʧʠʢʩʝʣ ʙװʨʠʡʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʭʫʨ 

ʪʫʥʘʜʘʩʥʳ 30 ʞʠʣʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʯʠʛ ʭʘʥʜʣʘʛʘ ʙʘ ʪʦʜʦʨʭʦʡ ʪװʚʰʠʥ 
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3.2.2. ʋʨʛʘʤʣʳʥ SOS-ʜ ʥᴇʣᴇᴇʣᴇʭ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʦʥʮʣʦʛ 

ʋʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪ ʙʘ SOS-ʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ 

ʰʠʥʞʣʵʭʠʡʥ ʪʫʣʜ ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ 1984-2013 ʦʥʳ ʭʦʦʨʦʥʜʳʥ ʞʠʣʠʡʥ 

ʜʫʥʜʘʞ SOS-ʠʡʥ ᴇᴇʨʯʣᴇʣʪ ʙʦʣʦʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ ʙʘ ʭʫʨʠʤʪʣʘʛʜʩʘʥ 

ʭʫʨ ʪʫʥʘʜʘʩʥʳ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʭʘʨʠʣʮʘʥ ʭʘʤʘʘʨʘʭ ʭʘʤʘʘʨʣʳʛ ʩʫʜʣʘʚ. ʉʫʜʘʣʛʘʘʥʳ 

 ʟʵʭʵʜ, ʞʠʣʠʡʥ ʜʫʥʜʘʞ SOS ʥʴ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨʪʘʡ ʩᴇʨᴇʛװ ʥʛʵʵʩװʨ ʜװ

ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨʳʥ ᴇʩᴇʣʪ ʥʴ 

SOS-ʠʡʛ ʵʨʪ ʵʭʣװװʣʜʵʛ ʛʵʩʵʥ ʭʵʨʵʛ ʙᴇʛᴇᴇʜ ʢʦʨʨʝʣʷʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ ʥʴ -0.33 

ʙʘʡʥʘ (ɿʫʨʘʛ 35). 

 
ɿʫʨʘʛ 35. ɾʠʣʠʡʥ ʜʫʥʜʘʞ SOS ʙʘ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨʳʥ ʦʣʦʥ 

ʞʠʣʠʡʥ ᴇᴇʨʯʣᴇʣʪ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʘʣ 

ʍʘʨʠʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ SOS ʙʦʣʦʥ ʞʠʣʠʡʥ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ 

ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. װתʥʠʡʛ ʞʠʣʠʡʥ ʭʫʨʠʤʪʣʘʛʜʘʭ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ᴇʩᴇʣʪ 

SOS-ʠʡʛ ʭʦʡʰʣʫʫʣʥʘ ʛʵʞ ʪʘʡʣʙʘʨʣʘʞ ʙʦʣʦʭ ʙᴇʛᴇᴇʜ ʢʦʨʨʝʣʷʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʴ 0.41 ʙʘʡʥʘ (ʟʫʨʘʛ 36). ʂʦʨʨʝʣʷʮʠʡʥ ʰʠʥʞʠʣʛʵʵʥʵʵʩ ʭʘʨʘʭʘʜ SOS ʥʴ ʜʫʥʜʘʞ 

ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ ʩᴇʨᴇʛ ʭʘʤʘʘʨʘʣʪʘʡ ʙʫʶʫ 3, 4, 5-ʨ 

ʩʘʨʫʫʜʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ᴇʩᴇʣʪ ʥʴ SOS-ʠʡʥ 

ᴇʩᴇʣʪʠʡʛ ʜʵʤʞʠʞ ʙʘʡʥʘ ʛʵʩʵʥ ʜװʛʥʵʣʪʠʡʛ ʭʠʡʞ ʙʦʣʦʭ ʙʘʡʥʘ.  

1984-2013 ʦʥʫʫʜʳʥ ʭʦʦʨʦʥʜ ʞʠʣʠʡʥ ʜʫʥʜʘʞ SOS ʥʴ ʛʦʣʯʣʦʥ 110-140 

ʜװʛʵʵʨ ᴇʜʨװװʜʵʜ ʭʵʣʙʵʣʟʵʞ ʙʘʡʩʘʥ ʙʫʶʫ 4-ʨ ʩʘʨʳʥ 20-ʥʦʦʩ 5-ʨ ʩʘʨʳʥ 20-ʥʳ 

ʭʦʦʨʦʥʜ ʙʘʡʩʘʥ, ʤᴇʥ SOS ʥʴ ʮʘʛ ʫʫʨʳʥ ʥᴇʭʮᴇʣʪʵʡ ʭʦʣʙʦʦʪʦʡ ʫʯʨʘʘʩ ʄʦʥʛʦʣʳʥ 

ᴇʥʜᴇʨʣᴇʛʠʡʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ SOS ʙʦʣʦʥ ʞʠʣʠʡʥ 3, 4, 5-ʨ ʩʘʨʳʥ ʜʫʥʜʘʞ 

ʪʝʤʧʝʨʘʪʫʨ ʙʘ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʭʘʤʘʘʨʣʳʛ ʩʫʜʣʘʚ. 
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ɿʫʨʘʛ 36. ɾʠʣʠʡʥ ʜʫʥʜʘʞ SOS ʙʘ ʞʠʣʠʡʥ ʥʠʡʪ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʦʣʦʥ ʞʠʣʠʡʥ 

ᴇᴇʨʯʣᴇʣʪ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʘʣ 

ʉʫʜʘʣʛʘʘʥʳ ʜװʥʜ ʛʘʨʩʘʥ ʢʦʨʨʝʣʷʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʳʥ ʫʪʛʫʫʜʳʛ 

ʭʘʨʴʮʫʫʣʞ װʟʵʭʵʜ, 4-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ᴇʩᴇʣʪ ʙʘ 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ 

ʥʵʤʵʛʜʵʭ ʙʘʡʜʘʣ ʥʴ SOS-ʠʡʛ ʵʨʪ ʵʭʣװװʣʵʭ ʛʦʣ ʭװʯʠʥ ʟװʡʣ ʙʦʣʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ 

ʭʘʤʘʘʨʣʳʥ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜ ʥʴ -0.25 (P = 0.08) ʙʘ -0.39 (P = 0.02) ʙʘʡʛʘʘ ʥʴ 3-ʨ 

ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩ ʙʦʣʦʥ 5-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ SOS-ʜ ʙʘʨʘʛ 

ʥᴇʣᴇᴇ װʟװװʣʵʭʛװʡ ʙʘʡʛʘʘʛ ʠʣʪʛʵʥʵ (ʟʫʨʘʛ 37). 

 
ɿʫʨʘʛ 37. ɾʠʣʠʡʥ ʜʫʥʜʘʞ SOS ʙʘ 3, 4, 5-ʨ ʩʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ, ʥʠʡʪ 

ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʦʣʦʥ ʞʠʣʠʡʥ ᴇᴇʨʯʣᴇʣʪ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʘʣ 

3.2.3. ʋʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪ ʥʴ ʫʨʛʘʤʣʳʥ SOS-ʜ ʥᴇʣᴇᴇʣᴇʭ ʦʨʦʥ 
ʟʘʡʥ ʟʘʛʚʘʨʯʣʘʣ 

ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ 1984-2013 ʦʥʳ ʭʦʦʨʦʥʜʳʥ ʫʫʨ ʘʤʴʩʛʘʣʳʥ 

ᴇᴇʨʯʣᴇʣʪʠʡʥ SOS-ʜ ʥᴇʣᴇᴇʣᴇʭ ʦʨʦʥ ʟʘʡʥ ʟʘʛʚʘʨʯʣʘʣʳʛ ʩʫʜʣʘʭʳʥ ʪʫʣʜ ʧʠʢʩʝʣ 

ʙװʨʜ ʭʘʤʘʘʨʘʭ SOS ʙʘ 3, 4, 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʢʦʨʨʝʣʷʮʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ. װתʥʜ, ñpò ʫʪʛʳʛ װʥʜʵʩʣʵʥ 99 ʭʫʚʠʘʩ ʜʵʵʰ 

ʠʪʛʵʣʮʣʠʡʥ ʪװʚʰʠʥ ʙװʭʠʡ ʩʪʘʪʠʩʪʠʢ װʥʵʤʰʠʣʪʵʡ (ʤʘʰ ʪʦʜʦʨʭʦʡ: p<0.01), 95 
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ʭʫʚʠʘʩ ʜʵʵʰ ʠʪʛʵʣʮʣʠʡʥ ʪװʚʰʠʥ ʙװʭʠʡ ʩʪʘʪʠʩʪʠʢ װʥʵʤʰʠʣʪʵʡ (ʪʦʜʦʨʭʦʡ: 

0.01<p<0.05) ʙʘ 90 ʭʫʚʠʘʩ ʜʵʵʰ ʠʪʛʵʣʮʣʠʡʥ ʪװʚʰʠʥ ʙװʭʠʡ ʩʪʘʪʠʩʪʠʢ 

 .ʚʰʠʥʛʵʵʨ ʪʦʦʮʦʦʣʦʚװʥʵʤʰʠʣʪʵʡ (ʪʦʜʦʨʭʦʡ ʙʫʩ: 0.05<p) ʛʵʩʵʥ 3 ʪװ

ᴆʥʜᴇʨʣᴇʛʠʡʥ ʠʭʵʥʭ ʭʵʩʛʠʡʥ ʭʫʚʴʜ SOS ʥʴ ʪʝʤʧʝʨʘʪʫʨʪʘʡ ʫʨʚʫʫ 

ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʭ ʙʘ ʷʣʘʥʛʫʷʘ, ʄʦʥʛʦʣ ʫʣʩʳʥ ʙʘʨʫʫʥ ʭʦʡʜ ʭʵʩʵʛ ʙʦʣʦʥ ᴆʚᴇʨ 

ʄʦʥʛʦʣʳʥ ʟװװʥ ʭʦʡʜ ʭʵʩʛʠʡʥ ʭװʡʪʵʥ ʙװʩ ʥʫʪʘʛʪ, ʵʥʵ ʥʴ ʵʜʛʵʵʨ ʙװʩ ʥʫʪʘʛʪ 

ʪʝʤʧʝʨʘʪʫʨʳʥ ᴇʩᴇʣʪ SOS-ʠʡʛ ʵʨʪ ʵʭʣװװʣʞ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʄᴇʥ 

ʭʘʨʴʮʫʫʣʩʘʥ ʜװʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʷʚʮʘʘʩ ʭʘʨʘʭʘʜ, ʮʘʛ ʭʫʛʘʮʘʘʥʳ ʷʚʮʘʜ (ᴇᴇʨᴇᴇʨ 

ʭʵʣʙʵʣ 3-5-ʨ ʩʘʨ) ʪʝʤʧʝʨʘʪʫʨʪʘʡ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣ ʙװʭʠʡ ʪʘʣʙʘʡ ʥʴ ʜʦʦʜ 

ᴇʨʛᴇʨʛʠʡʥ ʭʫʫʨʘʡ ʙʦʣʦʥ ʭʘʛʘʩ ʭʫʫʨʘʡ ʙװʩ ʨʫʫ ʘʘʞʤʘʘʨ ᴇʨʛᴇʞʠʥ ʪʵʣʞ ʙʘʡʛʘʘ ʥʴ 

ʘʞʠʛʣʘʛʜʘʞ ʙʘʡʥʘ (ʟʫʨʘʛ 38 a,b,c). 

ʕʥʵ ʥʴ ʵʜʛʵʵʨ ʙװʩװװʜʠʡʥ SOS-ʜ, 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʥʴ 3, 4-ʨ ʩʘʨʫʫʜʳʥ 

ʪʝʤʧʝʨʘʪʫʨʘʘʩ ʠʣװװ ʯʫʭʘʣ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʞ ʙʘʡʛʘʘ ʶʤ. 3, 4-ʨ ʩʘʨʫʫʜʳʥ 

ʪʝʤʧʝʨʘʪʫʨ ʥʴ SOS-ʪʘʡ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ ʙװʩ ʥʫʪʛʫʫʜ ʥʴ ʛʦʣʯʣʦʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ 

ʪᴇʚ ʙʘ ʙʘʨʫʫʥ ᴇʤʥᴇʜ ʭʵʩʛʠʡʥ ʭʫʫʨʘʡ ʙװʩ ʥʫʪʘʛʪ ʪʘʨʭʩʘʥ ʙʘʡʭ ʙʘ ʵʥʵ ʥʴ ʵʜʛʵʵʨ 

ʙװʩʵʜ 3, 4-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʥʴ ʫʨʛʘʤʣʳʥ ʫʨʛʘʞ ʵʭʣʵʭ ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʷʟʛʘʘʨʪ 

ʭװʨʵʵʛװʡʛ ʠʣʪʛʵʞ ʙʘʡʥʘ. 

3, 4, 5-ʨ ʩʘʨʫʫʜʳʥ ʪʝʤʧʝʨʘʪʫʨ ʥʴ SOS-ʪʘʡ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ ʭʵʩʛװװʜ ʥʴ 

ʛʦʣʯʣʦʥ ᴆʚᴇʨ ʄʦʥʛʦʣʳʥ ʋʣʘʘʥʭʘʜ, ɾʠʨʵʤ, ʆʨʜʦʩ ʟʵʨʵʛ ʛʘʟʨʫʫʜʘʜ ʪʘʨʭʩʘʥ 

ʙʘʡʥʘ. ʕʜʛʵʵʨ ʛʘʟʨʫʫʜ ʥʴ ʪʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡʪʘʡ (ʪʘʨʠʤʘʣ ʦʡ ʯ ʙʘʛʪʘʥʘ) 

ʙᴇʛᴇᴇʜ ʟʘʨʠʤ ʪʘʣʘʘʨʘʘ ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘ SOS- ʜ ʥᴇʣᴇᴇʣʞ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ 

ʙʘʡʛʘʘ ʶʤ. 

ʍʫʨ ʪʫʥʘʜʘʩ ʙʘ SOS-ʠʡʥ ʭʦʦʨʦʥʜʳʥ ʭʘʨʴʮʘʘʥʘʘʩ (ɿʫʨʘʛ 38b, 38d, 38f) 

ʭʘʨʘʭʘʜ, ʠʭʵʥʭ ʙװʩ ʥʫʪʘʛʪ 3-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ SOS-ʪʘʡ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ 

ʙʘʡʥʘ, ʕʥʵ ʥʴ 3-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ SOS-ʠʡʛ ʵʭʣʵʭ װʝʠʡʛ ʭʦʡʰʣʫʫʣʞ ʙʘʡʛʘʘʛ 

ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʍʫʨ ʪʫʥʘʜʘʩ ʥʴ SOS-ʪʘʡ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣʪʘʡ ʙװʩ ʥʫʪʘʛ ʥʴ 

ʛʦʣʯʣʦʥ ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʪᴇʚ ʜʵʭ ʭʫʫʨʘʡ ʙʘ ʭʘʛʘʩ ʭʫʫʨʘʡ ʫʫʨ ʘʤʴʩʛʘʣʪʘʡ 

ʙװʩʵʜ ʪᴇʚʣᴇʨʯ ʙʘʡʥʘ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ 3-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʥʵʤʵʛʜʵʭ ʙʘʡʜʘʣ 

ʥʴ SOS-ʠʡʛ ʵʨʪʜװװʣʞ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʥʴ ʪʝʤʧʝʨʘʪʫʨʪʘʡ ʙʘʨʘʛ 

ʵʩʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. 

3 ʙʘ 5-ʨ ʩʘʨʥr ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ 4-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ 

SOS-ʪʘʡ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣʪʘʡ ʪʘʣʙʘʡ ʥʴ ʠʣװװ ʠʭ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʄʦʥʛʦʣ ʫʣʩʳʥ ʪᴇʚ 

ʙʘ ʙʘʨʫʫʥ ʭʵʩʵʛ ʨװװ ʪʵʣʩʵʥ ʜװʨʪʵʡ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʠʭʵʥʭ ʥʫʪʘʛʪ 4-ʨ ʩʘʨʳʥ ʭʫʨ 

ʪʫʥʘʜʘʩ ʥʴ ʫʨʛʘʤʣʳʥ ʫʨʛʘʞ ʵʭʣʵʭʵʜ 3 ʙʘ 5-ʨ ʩʘʨʘʘʩ ʠʣװװ ʯʫʭʘʣ ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʞ 

ʙʘʡʛʘʘ ʶʤ. SOS ʥʴ 3, 4, 5-ʨ ʩʘʨʫʫʜʳʥ ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ ʛʘʟʘʨ 

ʥʫʪʘʛ ʥʴ ʛʦʣʯʣʦʥ ʄʦʥʛʦʣ ʫʣʩʳʥ ʭʦʡʜ ʭʵʩʵʛ, ʙʘʨʫʫʥ ʭʦʡʜ ʭʵʩʵʛ ʙʘ ᴆʚᴇʨ 

ʄʦʥʛʦʣʳʥ ʟװװʥ ʭʦʡʜ ʭʵʩʛʠʡʥ ʭװʡʪʵʥ ʫʫʨ ʘʤʴʩʛʘʣʪʘʡ ʙװʩ ʥʫʪʘʛʪ ʙʘʡʥʘ. 

ʕʜʛʵʵʨ ʙװʩ ʥʫʪʘʛʪ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ SOS-ʠʡʥ ʵʭʣʵʭ װʝʠʡʛ ʭʦʡʰʣʫʫʣʞ ʙʘʡʛʘʘ 

ʥʴ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʥʵʤʵʛʜʵʭ ʭʵʤʞʵʵʛʵʵʨ ʥʘʨʥʳ ʮʘʮʨʘʛ ʙʘʛʘʩʘʞ, ʪʝʤʧʝʨʘʪʫʨ 

ʙʫʫʨʜʘʛʪʘʡ ʭʦʣʙʦʦʪʦʡ ʛʵʞ װʟʵʞ ʙʦʣʦʭʦʦʨ ʙʘʡʥʘ. 

ʊʝʤʧʝʨʘʪʫʨ ʙʘ ʭʫʨ ʪʫʥʘʜʘʩʥʳ SOS-ʠʡʥ ʭʘʤʘʘʨʣʳʥ ʦʨʦʥ ʟʘʡʥ ʟʘʛʚʘʨʯʣʘʣ 

ʙʘ ʮʘʛ ʭʫʛʘʮʘʘʥʳ ʭʘʥʜʣʘʛʳʛ (3-5-ʨ ʩʘʨ) ʩʫʜʘʣʩʘʥ ʜװʥʛʵʵʩ ʭʘʨʘʭʘʜ, 4-ʨ ʩʘʨʳʥ ʭʫʨ 

ʪʫʥʘʜʘʩʥʳ ʥʵʤʵʛʜʵʭ ʙʘʡʜʘʣ ʙʘ 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ᴇʩᴇʣʪ ʥʴ ʩʫʜʘʣʛʘʘʥʳ 
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ʠʭʵʥʭ ʭʵʩʵʛʪ SOS-ʠʡʥ ʵʨʪ ʵʭʣʵʭʵʜ ʥᴇʣᴇᴇʣᴇʭ ʯʫʭʘʣ ʭװʯʠʥ ʟװʡʣ ʙʦʣʞ ʙʘʡʛʘʘʛ 

ʭʘʨʫʫʣʞ ʙʘʡʛʘʘ ʶʤ. 
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1  

 
ɿʫʨʘʛ 38. ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ SOS ʙʘ 3, 4, 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ 

ʪʫʥʘʜʘʩʥʳ ʦʨʦʥ ʟʘʡʥ ʭʘʤʘʘʨʣʫʫʜ. (a: 3-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʙʘ SOS; b: 4-ʨ 

ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʙʘ SOS; c: 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʙʘ SOS; d: 3-ʨ ʩʘʨʳʥ 

ʭʫʨ ʪʫʥʘʜʘʩ ʙʘ SOS; e: 4-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩ ʙʘ SOS; f: 5-ʨ ʩʘʨʳʥ ʭʫʨ 

ʪʫʥʘʜʘʩ ʙʘ SOS) 
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3, 4, 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʙʘ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ᴇᴇʨʯʣᴇʣʪ ʥʴ SOS-ʠʡʛ 

ʭʦʡʰʣʫʫʣʩʘʥ ʙʘ ʵʨʪ ʵʭʣװװʣʩʵʥ ʪʘʣʙʘʡʥ ʮʘʛ ʭʫʛʘʮʘʘʥʳ ᴇᴇʨʯʣᴇʣʪᴇᴇʩ (ʟʫʨʘʛ 39) 

ʭʘʨʘʭʘʜ, ʪʝʤʧʝʨʘʪʫʨʳʥ SOS-ʠʡʛ ʵʨʪ ʵʭʣװװʣʩʵʥ ʪʘʣʙʘʡ ʥʴ 3-5 ʩʘʨʳʥ ʮʘʛ 

ʭʫʛʘʮʘʘʥʳ ʷʚʮʘʜ ʠʭʩʵʞ, ʭʦʡʰʣʫʫʣʩʘʥ ʪʘʣʙʘʡ ʥʴ ʙʘʛʘʩʘʞ ʙʘʡʛʘʘ ʥʴ ʪʦʜʦʨʭʦʡ 

ʙʘʡʥʘ. װתʥʜ, 3 ʙʘ 4-ʨ ʩʘʨʳʥ ʪʘʣʙʘʡʥ ᴇᴇʨʯʣᴇʣʪ ʤʘʰ ʙʘʛʘ, ʭʘʨʠʥ ʙʘʡʨʰʣʳʥ 

ᴇᴇʨʯʣᴇʣʪ ʙʘʡʥʘ. 

 

 
ɿʫʨʘʛ 39. 3, 4, 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʙʘ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ᴇᴇʨʯʣᴇʣʪ ʥʴ, SOS-

ʠʡʛ ʭʦʡʰʣʫʫʣʩʘʥ ʙʘ ʵʨʪ ʵʭʣװװʣʩʵʥ ʪʘʣʙʘʡʥ ʮʘʛ ʭʫʛʘʮʘʘʥʳ ᴇᴇʨʯʣᴇʣʪ 

ʍʫʨ ʪʫʥʘʜʘʩʥʳ ᴇᴇʨʯʣᴇʣʪ ʥʴ SOS-ʠʡʛ ʵʨʪ ʵʭʣװװʣʩʵʥ ʪʘʣʙʘʡ ʥʴ 3-5 ʩʘʨʳʥ 

ʮʘʛ ʭʫʛʘʮʘʘʥʳ ʷʚʮʘʜ ʫʨʴʜʘʘʨ ʠʭʩʵʞ, ʜʘʨʘʘ ʥʴ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʙʘʛʘʩʩʘʥ ʙʘʡʥʘ 

(ʟʫʨʘʛ 39). ʕʥʵ ʥʴ 4-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ 3 ʙʘ 5-ʨ ʩʘʨʘʘʩ ʯʫʭʘʣ ʛʵʜʛʠʡʛ 

ʭʘʨʫʫʣʞ ʙʘʡʛʘʘ ʶʤ. ʍʘʨʠʥ 5-ʨ ʩʘʨʳʥ ʥᴇʣᴇᴇ ʥʴ 4-ʨ ʩʘʨʘʘʩ ʙʘʛʘ ʙʘʡʜʘʛ ʥʴ 

ᴇʥʜᴇʨʣᴇʛʠʡʥ ʫʨʛʘʤʣʳʥ ʜʫʥʜʘʞ SOS ʥʴ ʠʭʵʚʯʣʵʥ 110-140 ʜʵʭ ᴇʜᴇʨ ʙʫʶʫ 4-ʨ 

ʩʘʨʳʥ 20-ʥʦʦʩ 5-ʨ ʩʘʨʳʥ 20 ʭװʨʪʵʣ ʪᴇʚʣᴇʨʯ ʙʘʡʜʘʛʪʘʡ ʭʦʣʙʦʦʪʦʡ. 
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3.2.4. ʋʫʨ ʘʤʴʩʛʘʣʳʥ ᴇᴇʨʯʣᴇʣʪ ʥʴ ᴇᴇʨ, ᴇᴇʨ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ 
ʰʠʥʞʠʡʥ ʙװʩʠʡʥ SOS-ʜ ʥᴇʣᴇᴇʣᴇʭ ʦʥʮʣʦʛʫʫʜ 

ʕʥʵ ʙװʣʵʛʪ 2 ᴇᴇʨ ʪᴇʨʣʠʡʥ ʘʨʛʳʛ ʘʰʠʛʣʘʥ 3, 4, 5-ʨ ʩʘʨʫʫʜʘʜ ʜʫʥʜʘʞ 

ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ᴇᴇʨ, ᴇᴇʨ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞʠʡʥ 

ʙװʩʵʜ װʟװװʣʵʭ ᴇᴇʨ, ᴇᴇʨ ʥᴇʣᴇᴇʣʣʠʡʛ ʩʫʜʣʘʚ. 

ʅʵʛʜװʛʵʵʨ ʘʨʛʘ: ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞʠʡʥ 

ʙװʩʠʡʥ ʤʵʜʵʵʛ ʘʰʠʛʣʘʥ ᴇᴇʨ, ᴇᴇʨ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞʠʡʥ ʙװʩʠʡʥ ʞʠʣʠʡʥ 

ʜʫʥʜʘʞ SOS ʙʘ 3, 4, 5-ʨ ʩʘʨʳʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʭʫʨ 

ʪʫʥʘʜʘʩʥʳ ʤʵʜʵʵʣʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʥ, ʫʣʤʘʘʨ ʵʜʛʵʵʨʪ ʢʦʨʨʝʣʷʮʠʡʥ ʰʠʥʞʠʣʛʵʵ 

ʭʠʡʥʵ. ʀʥʛʵʩʥʵʵʨ, ᴇᴇʨ, ᴇᴇʨ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞʠʡʥ ʙװʩʠʡʥ SOS ʙʘ 3, 4, 5-ʨ 

ʩʘʨʳʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʭʘʤʘʘʨʣʫʫʜʳʛ 

ʪʦʜʦʨʭʦʡʣʥʦ (ʭװʩʥʵʛʪ 15, ʟʫʨʘʛ 40). 

ʍװʩʥʵʛʪ 15. ᴆᴇʨ, ᴇᴇʨ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʠhʥʞʠʡʥ ʙװʩʠʡʥ SOS ʙʦʣʦʥ 3, 4, 5-ʨ 

ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʭʘʤʘʘʨʘʣ 

ʋʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞ 
ʍʫʨ ʪʫʥʘʜʘʩ ʊʝʤʧʝʨʘʪʫʨ 

3 ʉʘʨ 4 ʉʘʨ 5 ʉʘʨ 3 ʉʘʨ 4 ʉʘʨ 5 ʉʘʨ 

ʐʠʣʤװװʩʪ ʦʡ 0.10 0.05 0.28 -0.38 -0.55 -0.49 

ʅʘʚʯʠʪ ʦʡ 0.15 -0.09 0.18 -0.47 -0.52 -0.11 

ʅʫʛʘʪ ʭʵʵʨ 0.03 -0.22 0.05 -0.33 -0.39 -0.44 

ʍʵʵʨ -0.09 -0.38 -0.06 -0.12 -0.26 -0.40 

ʎᴇʣʠʡʥ ʭʵʵʨ 0.18 -0.13 0.08 0.05 -0.13 -0.16 

ʉᴇᴇʛʪ ʭʵʵʨ 0.07 -0.32 -0.05 -0.03 -0.19 0.08 

ɻʦʚʴ ʮᴇʣ 0.28 0.10 0.22 0.06 0.02 -0.16 

ʕʣʩ 0.03 -0.28 -0.24 0.12 -0.01 0.15 

ʊʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡ 0.13 -0.20 0.02 0.04 -0.15 0.17 

ᴆʥʜᴇʨ ʫʫʣʳʥ ʭʵʵʨ 0.44 -0.19 0.12 -0.21 -0.45 -0.61 

(ɹʦʨ ʰʘʨ ᴇʥʛᴇʪʵʡ ʥʴ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣ, ʮʵʥʭʵʨ ᴇʥʛᴇʪʵʡ ʥʴ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣ, ᴇʥʛʠʡʥ ʛװʥ ʭʵʤʞʵʵ 

ʥʴ ʭʘʤʘʘʨʣʳʥ ʯʘʥʛʘ ʩʫʣʳʛ ʠʣʪʛʵʥʵ) 

 
ɿʫʨʘʛ 40. ᴆᴇʨ, ᴇᴇʨ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʠhʥʞʠʡʥ ʙװʩʠʡʥ SOS ʙʦʣʦʥ 3, 4, 5-ʨ 

ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʭʘʤʘʘʨʘʣ 
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ʊʝʤʧʝʨʘʪʫʨʪʘʡ ʭʘʨʴʮʫʫʣʩʘʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛʵʵʩ ʭʘʨʘʭʘʜ, ʭʫʫʨʘʡ 

ʙװʩ ʥʫʪʘʛ (ɻʦʚʴ ʮᴇʣ, ʮᴇʣʠʡʥ ʭʵʵʨ, ʵʣʩ), ʩᴇᴇʛʪ ʭʵʵʨ ʙʘ ʪʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡʛʘʘʩ 

ʙʫʩʘʜ ʦʣʦʥʭ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞʠʡʥ ʙװʩʠʡʥ SOS ʥʴ 3, 4, 5-ʨ ʩʘʨʫʫʜʳʥ 

ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨʪʘʡ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʜʵʵʨʭ ʩʘʨʫʫʜʳʥ 

ʪʝʤʧʝʨʘʪʫʨʳʥ ᴇʩᴇʣʪ ʥʴ ʦʣʦʥʭ ʭʵʚ ʰʠʥʞʠʡʥ ʫʨʛʘʤʣʳʥ ʵʭʵʣʞ ʫʨʛʘʭʘʜ ʘʰʠʛʪʘʡ 

ʙʘʡʩʘʥ ʙʫʶʫ SOS-ʠʡʛ ʵʨʪ ʵʭʣװװʣʥʵ ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. 

ʎʘʛ ʭʫʛʘʮʘʘ ʭʦʡʰʣʦʭʪʦʡ (3-4 ʩʘʨ) ʫʷʣʜʘʥ ʭʘʤʘʘʨʘʣ ʥʵʤʵʛʜʵʞ ʙʘʡʛʘʘ 

ʙᴇʛᴇᴇʜ 4-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ᴇʩᴇʣʪ ʥʴ 3-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ᴇʩᴇʣʪᴇᴇʩ 

ʠʣװװ ʯʫʭʘʣ ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʥʘ. ʐʠʣʤװװʩʪ ʦʡ, ʥʘʚʯʠʪ ʦʡ, ʥʫʛʳʥ ʭʵʵʨ, ʭʵʵʨ ʙʘ ᴇʥʜᴇʨ 

ʫʫʣrʥ ʭʵʵʨʠʡʥ SOS ʙʘ 3, 4, 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʭʦʦʨʦʥʜʳʥ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣ 

ʥʴ ʭʘʤʛʠʡʥ ʠʭ ʭװʯʪʵʡ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʤʘʰ ᴇʥʜᴇʨ ʭʵʤʞʵʵʥʜ ʭװʨʩʵʥ ʥʴ 3, 4, 5-ʨ ʩʘʨʳʥ 

ʪʝʤʧʝʨʘʪʫʨʳʥ ᴇʩᴇʣʪ ʵʜʛʵʵʨ ʭʵʚ ʰʠʥʞʠʡʥ ʫʨʛʘʤʣʳʥ ʵʭʵʣʞ ʫʨʛʘʭʘʜ ʤʘʰ ʯʫʭʘʣ 

ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʞ ʙʘʡʛʘʘ ʶʤ. 

ʍʘʨʠʥ ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ ʭʘʨʴʮʫʫʣʩʘʥ ʰʠʥʞʠʣʛʵʵʥʠʡ 2 ʷʥʟʳʥ װʨ ʜװʥʛʵʵʩ 

ʭʘʨʘʭʘʜ, ʙʘʨʘʛ ʙװʭ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞʠʡʥ ʙװʩʠʡʥ SOS ʥʴ 3-ʨ ʩʘʨʳʥ ʭʫʨ 

ʪʫʥʘʜʘʩʪʘʡ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. ʊʝʤʧʝʨʘʪʫʨʳʥ ᴇʩᴇʣʪ ʥʴ ʫʨʛʘʤʣʳʥ ʫʨʛʘʞ 

ʵʭʣʵʭ ʥᴇʭʮᴇʣʜ ʭװʨʵʵʛװʡ ʙʘʡʭʘʜ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ᴇʩᴇʣʪ ʥʴ SOS-ʜ ʥᴇʣᴇᴇʣᴇʭʛװʡ 

ʙʘʡʭ ʙᴇʛᴇᴇʜ ʭʘʨʠʥ ʪʝʤʧʝʨʘʪʫʨ ʙʫʫʨʘʭ ʥʴ SOS-ʠʡʛ ʭʦʡʰʣʫʫʣʞ ʤʘʛʘʜ ʛʵʜʛʠʡʛ 

ʦʥʮʛʦʡʣʦʥ ᴇʥʜᴇʨ ʫʫʣʳʥ ʭʵʵʨʠʡʥ ʫʨʛʘʤʘʣ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ɻʦʚʴ ʮᴇʣ ʙʘ ʰʠʣʤװװʩʪ 

ʦʡʥ ʙװʩʵʵʩ ʙʫʩʘʜ ʙװʭ ʙװʩװװʜʠʡʥ SOS ʥʴ 4-ʨ ʩʘʨʳʥ ʪʫʥʘʜʘʩʪʘʡ ʫʨʚʫʫ 

ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʛʘʘ ʥʴ ʵʜʛʵʵʨ ʙװʩװװʜʵʜ 4-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ᴇʩᴇʣʪ ʥʴ SOS-

ʠʡʥ ʵʨʪ ʵʭʣʵʭʵʜ ʪʫʩʪʘʡ ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʕʜʛʵʵʨʵʵʩ ʭʘʤʛʠʡʥ ʪʦʜʦʨʭʦʡ 

ʙʘʡʛʘʘ ʥʴ ʭʵʵʨ ʙʘ ʩᴇᴇʛʪ ʭʵʵʨʠʡʥ ʙװʩ ʶʤ. 

ʍʵʵʨ, ʩᴇᴇʛʪ ʭʵʵʨ ʙʘ ʵʣʩʥʵʵʩ ʙʫʩʘʜ ʙװʩװװʜʠʡʥ SOS ʥʴ 5-ʨ ʩʘʨʳʥ ʭʫʨ 

ʪʫʥʘʜʘʩʪʘʡ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ, ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ 5-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ 

ʥʵʤʵʛʜʵʭ ʙʘʡʜʘʣ SOS-ʠʡʛ ʭʦʡʰʣʫʫʣʞ ʙʘʡʛʘʘ ʥʴ, ʵʜʛʵʵʨ ʙװʩװװʜʠʡʥ ʫʨʛʘʤʣʫʫʜ ʥʴ 

5-ʨ ʩʘʨʘʘʩ ᴇʤʥᴇ ʙʫʶʫ 5-ʨ ʩʘʨʳʥ ʵʭʵʵʨ ʫʨʛʘʞ ʵʭʵʣʩʵʥ ʙʘʡʥʘ ʛʵʩʵʥ ʜװʛʥʵʣʪʠʡʛ 

ʭʠʡʭʵʜ ʭװʨʛʵʞ ʙʘʡʛʘʘ ʶʤ. 

ʍʦʸʨʜʫʛʘʘʨ ʘʨʛʘ: ʄʦʥʛʦʣʳʥ ᴇʥʜᴇʨʣᴇʛʠʡʥ ʧʠʢʩʝʣ ʙװʨʠʡʥ 30 ʞʠʣʠʡʥ SOS 

ʙʘ 3, 4, 5-ʨ ʩʘʨʫʫʜʳʥ 30 ʞʠʣʠʡʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ, ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʭʫʨ 

ʪʫʥʘʜʘʩʥʳ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ ʩʫʫʨʠʥ ʜʵʵʨ ʄʦʥʛʦʣʳʥ 

ᴇʥʜᴇʨʣᴇʛʠʡʥ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞʠʡʥ ʙװʩʠʡʥ ʟʫʨʛʠʡʛ ʘʰʠʛʣʘʥ, ʫʨʛʘʤʘʣʞʣʳʥ 

ʭʵʚ ʰʠʥʞʠʡʥ ʙװʩ ʙװʨʠʡʥ ʙװʭ ʧʠʢʩʝʣ ʜʵʵʨʭ ʢʦʨʨʝʣʷʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʳʛ ʦʣʥʦ. 

ɼʘʨʘʘ ʥʴ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞʠʡʥ ʙװʩ ʙװʨ ʜʵʭ ʭʘʤʘʘʨʣʳʥ ʪᴇʨʣװװʜ (ʵʝʨʵʛ 

ʭʘʤʘʘʨʘʣ, ʫʨʚʫʫ ʭʘʤʘʘʨʘʣ)-ʠʡʥ ʟʫʫʥʳ ʥʵʛʞʠʜ ʭʫʚʘʘʩʘʥ ʭʫʚʴʜ ʩʫʫʨʠʣʘʥ ᴇᴇʨ, ᴇᴇʨ 

ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞʠʡʥ ʙװʩʠʡʥ SOS ʙʘ 3, 4, 5-ʨ ʩʘʨʫʫʜʳʥ ʫʫʨ ʘʤʴʩʛʘʣʳʥ 

ᴇᴇʨʯʣᴇʣʪʠʡʥ ᴇᴇʨ, ᴇᴇʨ ʭʘʤʘʘʨʣʫʫʜʳʛ ʪʦʜʦʨʭʦʡʣʥʦ (ʭװʩʥʵʛʪ 16, ʟʫʨʘʛ 41). 

ʍװʩʥʵʛʪ 16. ᴆᴇʨ, ᴇᴇʨ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʠhʥʞʠʡʥ ʙװʩʠʡʥ SOS ʙʦʣʦʥ 3, 4, 5-ʨ 

ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʘʤʘʘʨʣʳʥ (ʵʝʨʵʛ ʭʘʤʘʘʨʘʣ, ʫʨʚʫʫ ʭʘʤʘʘʨʘʣ) ʵʟʣʵʭ 

ʭʫʚʴ 

ʋʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞ 

ʊʝʤʧʝʨʘʪʫʨ (ʭʫʚʴ) 

3-ʨ ʩʘʨ 4-ʨ ʩʘʨ 5-ʨ ʩʘʨ 

ʋʨʚʫʫ ʕʝʨʵʛ ʋʨʚʫʫ ʕʝʨʵʛ ʋʨʚʫʫ ʕʝʨʵʛ 
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ɿʫʨʘʛ 41. ᴆᴇʨ, ᴇᴇʨ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʠhʥʞʠʡʥ ʙװʩʠʡʥ SOS ʙʦʣʦʥ 3, 4, 5-ʨ 

ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʘʤʘʘʨʣʳʥ (ʵʝʨʵʛ ʭʘʤʘʘʨʘʣ, ʫʨʚʫʫ ʭʘʤʘʘʨʘʣ) ʵʟʣʵʭ 

ʭʫʚʴ 

ʎᴇʣʠʡʥ  ʭʵʵʨ, ʩᴇᴇʛʪ ʭʵʵʨ, ʛʦʚʴ ʮᴇʣ, ʵʣʩ ʙʘ ʪʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡ ʟʵʨʵʛ 

ʙװʩװװʜʠʡʥ SOS ʥʴ 3,4,5-ʨ ʩʘʨʫʫʜʳʥ ʪʝʤʧʝʨʘʪʫʨʪʘʡ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘ ʵʝʨʵʛ 

ʭʘʤʘʘʨʘʣʪʘʡ ʪʘʣʙʘʡʥ ʭʵʤʞʵʵ ʠʭ ʙʠʰ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʵʜʛʵʵʨ ʙװʩװװʜʵʜ 3,4,5-ʨ 

ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ SOS-ʜ װʟװװʣʵʭ ʥᴇʣᴇᴇ ʤʘʰ ʙʘʛʘ ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʞ ʙʘʡʛʘʘ ʶʤ 

(ʭװʩʥʵʛʪ 17, ʟʫʨʘʛ 42). 

ʐʠʣʤװװʩʪ ʦʡ, ʥʘʚʯʠʪ ʦʡ, ʥʫʛʘʪ ʭʵʵʨ, ʭʵʵʨ ʙʘ ᴇʥʜᴇʨ ʫʫʣʳʥ ʭʵʵʨ ʟʵʨʵʛ ʙװʩװװʜʵʜ 

3,4,5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʪʘʡ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣʪʘʡ ʪʘʣʙʘʡ ʥʴ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ 

ʪʘʣʙʘʡʛʘʘʩ ʠʭ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʵʜʛʵʵʨ ʙװʩװװʜʵʜ 3, 4, 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ 

ᴇʩᴇʣʪ ʥʴ SOS-ʠʡʛ ʵʨʪ ʵʭʣװװʣʞ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. 

 

 

ʐʠʣʤװװʩʪ ʦʡ 95.2 2.9 94.9 3.2 85.9 12.2 

ʅʘʚʯʠʪ ʦʡ 89.8 7.8 91.8 5.9 68.8 28.9 

ʅʫʛʘʪ ʭʵʵʨ 84.1 14.8 78.7 20.2 85.3 13.5 

ʍʵʵʨ 74.9 24.6 67.0 32.5 88.1 11.3 

ʎᴇʣʠʡʥ ʭʵʵʨ 46.2 49.3 54.2 41.3 66.9 28.6 

ʉᴇᴇʛʪ ʭʵʵʨ 54.7 39.9 68.8 25.9 51.7 42.9 

ɻʦʚʴ ʮᴇʣ 36.5 47.1 37.4 46.2 60.7 23.0 

ʕʣʩ 56.9 38.8 52.2 43.5 42.2 53.5 

ʊʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡ 47.7 42.4 61.8 28.2 40.2 49.8 

ᴆʥʜᴇʨ ʫʫʣʳʥ ʭʵʵʨ 79.9 18.2 89.7 8.4 92.3 5.7 
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ʍװʩʥʵʛʪ 17. ᴆᴇʨ, ᴇᴇʨ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʠhʥʞʠʡʥ ʙװʩʠʡʥ SOS ʙʦʣʦʥ 3, 4, 5-ʨ 

ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʭʘʤʘʘʨʣʳʥ (ʵʝʨʵʛ ʭʘʤʘʘʨʘʣ, ʫʨʚʫʫ ʭʘʤʘʘʨʘʣ) ʵʟʣʵʭ 

ʭʫʚʴ 

ʋʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʰʠʥʞ 

ʍʫʨ ʪʫʥʘʜʘʩ (ʭʫʚʴ) 

3-ʨ ʩʘʨ 4-ʨ ʩʘʨ 5-ʨ ʩʘʨ 

ʋʨʚʫʫ  ʕʝʨʵʛ  ʋʨʚʫʫ  ʕʝʨʵʛ  ʋʨʚʫʫ ʕʝʨʵʛ  

ʐʠʣʤװװʩʪ ʦʡ 11.7 86.4 29.5 68.6 18.9 79.2 

ʅʘʚʯʠʪ ʦʡ 19.4 78.3 58.5 39.1 26.8 70.9 

ʅʫʛʘʪ ʭʵʵʨ 32.3 66.6 65.7 33.2 59.4 39.4 

ʍʵʵʨ 42.6 56.8 77.0 22.5 70.5 29.0 

ʎᴇʣʠʡʥ ʭʵʵʨ 39.1 56.3 62.4 33.1 49.6 45.9 

ʉᴇᴇʛʪ ʭʵʵʨ 21.5 73.2 64.3 30.3 56.5 38.1 

ɻʦʚʴ ʮᴇʣ 21.1 62.6 34.3 49.4 24.8 58.9 

ʕʣʩ 38.9 56.8 67.9 27.8 62.9 32.8 

ʊʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡ 27.9 62.1 62.3 27.7 46.2 43.8 

ᴆʥʜᴇʨ ʫʫʣʳʥ ʭʵʵʨ 7.8 90.3 51.3 46.7 27.5 70.6 

 

 

ɿʫʨʘʛ 42. ᴆᴇʨ, ᴇᴇʨ ʫʨʛʘʤʘʣʞʣʳʥ ʭʵʚ ʠhʥʞʠʡʥ ʙװʩʠʡʥ SOS ʙʦʣʦʥ 3, 4, 5-ʨ 

ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʭʘʤʘʘʨʣʳʥ (ʵʝʨʵʛ ʭʘʤʘʘʨʘʣ, ʫʨʚʫʫ ʭʘʤʘʘʨʘʣ) ʵʟʣʵʭ 

ʭʫʚʴ 

ɹװʭ ʪᴇʨʣʠʡʥ ʙװʩװװʜʠʡʥ SOS ʥʴ 3-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ ʵʝʨʵʛ 

ʭʘʤʘʘʨʘʣʪʘʡ ʪʘʣʙʘʡ ʥʴ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣʪʘʡ ʪʘʣʙʘʡʛʘʘʩ ʠʭ ʙʘʡʥʘ (ʭװʩʥʵʛʪ 17, 

ʟʫʨʘʛ 42). ʕʥʵ ʥʴ 3-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ ʙװʭ ʪᴇʨʣʠʡʥ ʙװʩװװʜʠʡʥ ʠʭʵʥʭ 

ʫʨʛʘʤʣʳʥ SOS-ʠʡʛ ʭʦʡʰʣʫʫʣʘʭʘʜ ʥᴇʣᴇᴇʣʞ ʙʘʡʥʘ ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ 

(ʗʣʘʥʛʫʷʘ, ʦʡʥ ʙʦʣʦʥ ᴇʥʜᴇʨ ʫʫʣʳʥ ʭʵʵʨʠʡʥ ʙװʩʵʜ). ʐʠʣʤװװʩʪ ʦʡ ʙʘ ʛʦʚʴ ʮᴇʣʠʡʥ 

ʙװʩʵʜ SOS ʥʴ 3,4,5-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ ʪʘʣʙʘʡ ʥʴ ʫʨʚʫʫ 

ʭʘʤʘʘʨʘʣʪʘʡ ʪʘʣʙʘʡʛʘʘʩ ʠʭ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʫʛ 2 ʙװʩʵʜ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ SOS-ʠʡʛ 
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ʭʦʡʰʣʫʫʣʘʭʘʜ ʥᴇʣᴇᴇʣʞ ʙʘʡʥʘ ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʞ ʙʘʡʛʘʘ ʶʤ. װתʥʵʵʩ ʛʘʜʥʘ, ʥʘʚʯʠʪ 

ʦʡ ʙʘ ᴇʥʜᴇʨ ʫʫʣʳʥ ʙװʩʵʜ 5-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ SOS-ʠʡʛ ʠʣװװ ʭʦʡʰʣʫʫʣʞ 

ʙʘʡʛʘʘʛ ʜװʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʷʚʮʘʜ ʪʦʛʪʦʦʣʦʦ. ʐʠʣʤװװʩʪ ʦʡ ʙʘ ʛʦʚʴ ʮᴇʣʠʡʥ 

ʙװʩʵʵʩ ʙʫʩʘʜ ʙװʩװװʜʵʜ SOS ʥʴ 4-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣʪʘʡ 

ʪʘʣʙʘʡ ʥʴ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ ʪʘʣʙʘʡʛʘʘʩ ʠʭ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʵʜʛʵʵʨ ʙװʩװװʜʵʜ 4-ʨ 

ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ SOS-ʠʡʛ ʵʨʪ ʵʭʣʵʭʵʜ ʥᴇʣᴇᴇʣʞ ʙʘʡʥʘ ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʞ 

ʙʘʡʥʘ. ʍʘʨʠʥ 5-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ ʥʫʛʘʪ ʭʵʵʨ, ʭʵʵʨ, ʩᴇᴇʛʪ ʭʵʵʨ ʙʘ 

ʪʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡ ʟʵʨʵʛ ʙװʩװװʜʠʡʥ SOS-ʠʡʛ ʵʨʪ ʵʭʣװװʣʞ ʙʘʡʥʘ. 

ɼʵʵʨ ʜʫʨʜʩʘʥ 2 ʘʨʛʳʥ SOS ʙʘ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʥ 

ʪʘʣʘʘʨ ʭʠʡʩʵʥ ʜװʥ ʰʠʥʞʠʣʛʵʵʥʵʵʩ װʟʵʭʵʜ, ʦʡʥ ʙװʩ ʙʘ ᴇʥʜᴇʨ ʫʫʣʳʥ ʭʵʵʨʠʡʥ 

ʭʫʚʴʜ 4 ʙʘ 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʥʴ SOS-ʠʡʥ ʵʨʪ ʵʭʣʵʭ ʙʘ ʭʦʡʥʦ ʵʭʣʵʭʵʜ 

ʰʠʡʜʚʵʨʣʵʭ װװʨʵʛ ʛװʡʮʵʪʛʵʞ, ʭʫʨ ʪʫʥʘʜʘʩ ʥʴ SOS-ʠʡʛ ʭʦʡʰʣʫʫʣʘʭʘʜ ʥᴇʣᴇᴇ 

 ʣʞ ʙʘʡʥʘ. ʍʘʨʠʥ ʥʘʚʯʠʪ ʦʡ, ʥʫʛʳʥ ʭʵʵʨ ʙʘ ʭʵʵʨʠʡʥ ʭʫʚʴʜ 4-ʨ ʩʘʨʳʥ ʭʫʨװװʟװ

ʪʫʥʘʜʘʩ ʙʘ 4, 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʟʵʨʵʛ ʥʴ ʥʠʡʪʜʵʵ SOS-ʠʡʥ ʭᴇʛʞʠʣʜ ʯʫʭʘʣ 

 ʣʵʭװװʨɻʛʪʵʡ. ʉᴇᴇʛʪ ʭʵʵʨ, ʵʣʩ ʙʘ ʪʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡʥ ʭʫʚʴʜ SOS-ʠʡʛ ʵʨʪʜװװ

ʭʘʤʛʠʡʥ ʛʦʣ ʰʘʣʪʛʘʘʥ ʥʴ 4-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʙʘ 4-ʨ ʩʘʨʳʥ ʭʫʨ ʪʫʥʘʜʘʩʥʳ 

ᴇʩᴇʣʪ ʙʦʣʥʦ. ɻʦʚʴ ʮᴇʣʠʡʥ ʭʫʚʴʜ, ʟᴇʚʭᴇʥ 5-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʥʴ SOS-ʪʘʡ 

ʫʨʚʫʫ ʭʘʤʘʘʨʘʣʪʘʡʛʘʘʩ ʙʫʩʘʜ 3, 4-ʨ ʩʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʙʘ 3, 4, 5-ʨ ʩʘʨʳʥ ʭʫʨ 

ʪʫʥʘʜʘʩʪʘʡ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʛʘʘ ʥʴ ʵʥʵ ʙװʩʠʡʥ SOS-ʠʡʥ ʵʨʪ ʵʭʣʵʭ, 

ʦʨʦʡʪʦʭ ʥʴ ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ ʭʦʣʙʦʦʛװʡ ʙᴇʛᴇᴇʜ ʵʭʵʣʞ ʫʨʛʘʭʘʜ ʰʘʘʨʜʘʛʜʘʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʴ ᴇʥʜᴇʨ ʙʘʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʎᴇʣʠʡʥ ʭʵʵʨ, ʩᴇᴇʛʪ 

ʭʵʵʨ, ʛʦʚʴ ʮᴇʣ, ʵʣʩ ʙʘ ʪʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡʥ SOS ʙʘ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʤʵʜʵʵ 

ʭʦʦʨʦʥʜ ʭʘʨʴʮʘʥʛʫʡ ʪʦʜʦʨʭʦʡ ʙʫʩ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʛʘʘ ʥʴ ʫʨʛʘʤʣʳʥ ʙװʨʭʵʚʯ ʥʴ 

ʩʠʡʨʛʵʵʩ ʛʘʜʥʘ, ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʥᴇʣᴇᴇ ʠʭʪʵʡʛʵʵʩ ʙʦʣʞ ʙʘʡʥʘ ʛʵʞ װʟʵʭʵʜ 

ʭװʨʛʵʞ ʙʘʡʥʘ. 

3.3. ɻʘʟʨʳʥ ʜʦʨʦʡʪʦʣ, ʮᴇʣʞʠʣʪʠʡʥ ʥʵʛʜʩʵʥ װʥʵʣʛʵʵ 

ɻʘʟʨʳʥ ʜʦʨʦʡʪʣʳʥ ʩʫʜʘʣʛʘʘʥʜ ᴇʛᴇʛʜʣʠʡʥ ʪʘʩʨʘʣʪʛװʡ ʙʘʡʜʘʣ, ʥʘʨʠʡʚʯʣʘʣ 

ʟʵʨʵʛ ʥʴ ʭʘʤʛʠʡʥ ʯʫʭʘʣ ʪᴇʜʠʡʛװʡ ʦʣʦʥ ʭװʯʠʥ ʟװʡʣʵʵʩ ʭʘʤʘʘʨʩʘʥ ʥʠʡʣʤʵʣ װʡʣ 

ʷʚʮ ʶʤ. װתʥʠʡʛ ʭʘʥʛʘʭ ᴇʛᴇʛʜᴇʣ ʙʦʣ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ ʪʝʭʥʦʣʦʛʠ ʜʵʵʨ 

ʩʫʫʨʠʣʩʘʥ ñEarth observationò ʙʫʶʫ ʜʵʣʭʠʡ ʘʞʠʛʣʘʣʪʳʥ ʤʦʥʠʪʦʨʠʥʛ ʩװʣʞʵʵʥʠʡ 

ʤʵʜʵʵʣʣʠʡʥ ᴇʛᴇʛʜᴇʣ ʶʤ. ʕʥʜ ʫʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDVI), ʫʨʛʘʤʣʳʥ 

ʮʵʚʵʨ ʙװʪʵʵʤʞ (NPP)-ʠʡʛ ʘʰʠʛʣʘʭʘʜ ʪʦʭʠʨʦʤʞʪʦʡ. ɻʘʟʨʳʥ ʜʦʨʦʡʪʦʣ, 

ʮᴇʣʞʠʣʪʠʡʛ ʠʣʨװװʣʵʭʵʵʩ ʛʘʜʥʘ ʪװװʥʠʡʛ װʥʵʣʞ ʯʘʜʘʤʞʠʡʛ ʥʴ ʪʦʜʦʨʭʦʡʣʦʭ ʥʴ 

ʭʘʤʛʠʡʥ ʯʫʭʘʣ. ʕʥʜ ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʥ ʠʣʨʵʣ (ʮᴇʣʞʠʣʪʠʡʛ ʟʵʨʵʛʣʵʣʵʵʨ)-ʵʵʨ ʩʫʣ, 

ʜʫʥʜ ʟʵʨʵʛ, ʭװʯʪʵʡ ʛʵʩʵʥ 4 ʟʵʨʵʛʣʵʣʵʵʨ ʥʵʛʜʩʵʥ װʥʵʣʛʵʵʛ ʛʘʨʛʘʜʘʛ. ɻʘʟʨʳʥ 

ʜʦʨʦʡʪʦʣʜ ʭװʥʠʡ ʭװʯʠʥ ʟװʡʣ ʙʦʣʦʥ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʭװʯʠʥ ʟװʡʣ ʩʘʣʘʥʛʠʜ ʦʡʣʛʦʣʪ 

ʭʵʚʵʵʨ ʙʘʡʛʘʘ ʥʴ ʛʦʣ ʙʵʨʭʰʵʵʣ ʙʦʣʩʦʦʨ ʙʘʡʥʘ. ʀʡʤʵʵʩ ʩʫʜʘʣʛʘʘʥʜʘʘ ɹʫʣʛʘʥ 

ʘʡʤʛʠʡʥ ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʛ ʙʘʡʛʘʣʠʡʥ ʙʦʣʦʥ ʭװʥʠʡ ʭװʯʠʥ ʟװʡʣʠʡʥ ʥᴇʣᴇᴇʛ ʪʦʦʮʦʥ 

ʵʜʛʵʵʨʠʡʛ ʜʘʚʭʮʫʫʣʘʥ ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʛ װʥʵʣʵʥ ʫʣʤʘʘʨ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ 

ʮᴇʣʞʠʣʪᴇʜ ᴇʨʪᴇʞ ʙʘʡʛʘʘ ʛʘʟʨʳʥ ʦʨʦʥ ʟʘʡʥ ʟʘʛʚʘʨʳʛ ʛʘʨʛʘʭʳʛ ʟʦʨʴʩʦʥ. 

ɹʠʜʥʠʡ ʩʦʥʛʦʥ ʘʚʩʘʥ ʠʥʜʠʢʘʪʦʨʫʫʜʳʛ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ, ʮᴇʣʞʠʣʪʠʡʥ 

ʟʵʨʵʛʣʵʣʜ ʟᴇʚ ʘʥʛʠʣʘʭ ʥʴ ʭʘʤʛʠʡʥ ʯʫʭʘʣ. ʅɻ ʛʜʩʵʥ װʥʵʣʛʵʵʥʠʡ ʟʫʨʛʠʡʛ ʙʫʩʘʜ 

ʠʥʜʠʢʘʪʦʨʫʫʜʪʘʡ ʷʤʘʨ ʭʘʤʘʘʨʘʣʪʘʡʛʘʘʨ ʛʘʨʛʘʩʥʳʛ  ʢʦʨʨʝʣʷʮʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪʦʦʨ ʪʦʦʮʦʞ ʛʘʨʛʘʣʘʘ (ʭװʩʥʵʛʪ 18).  
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ʍװʩʥʵʛʪ 18. ʅʵʛʜʩʵʥ װʥʵʣʛʵʵ ʙʘ װʥʵʣʵʛʜʩʵʥ ʠʥʜʠʢʘʪʦʨʫʫʜʳʥ ʭʦʦʨʦʥʜʦʭ 

ʭʘʤʘʘʨʘʣ 

  

A

AI 

AND

VI 

ARU

E 

A

HII 

ʅʵʛʜʩʵʥ 

 ʥʵʣʛʵʵ 0.3 0.6 0.7 0.7װ

ɹװʭ ʠʥʜʠʢʘʪʦʨʫʫʜʳʛ װʥʵʣʵʥ ʥʵʛʪʛʵʞ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ, ʮᴇʣʞʠʣʪʠʡʥ ʥʵʛʜʩʵʥ ʟʫʨʘʛ 

ʛʘʨʣʘʘ (ʟʫʨʘʛ 43).  

 
ɿʫʨʘʛ 43. תʥʵʣʵʛʜʩʵʥ ʠʥʜʠʢʘʪʦʨʫʫʜ ʙʘ ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ-ʮᴇʣʞʠʣʪʠʡʥ ʥʵʛʜʩʵʥ 

ʟʫʨʘʛ 

ʅʵʛʜʩʵʥ ʟʫʨʛʘʘʩ ʭʘʨʘʭʘʜ ʧʠʢʩʝʣ ʭʘʤʛʠʡʥ ʠʭʜʵʵ 10 ʛʘʨʩʘʥ ʥʴ ʛʘʟʘʨ 

ʜʦʨʦʡʪʩʦʥ ʛʵʞ װʥʵʣʵʛʜʩʵʥ 3 ʠʥʜʠʢʘʪʦʨʳʥ ʜʘʚʭʮʘʣ ʙʘʡʥʘ. ɻʘʟʨʳʥ ʜʦʨʦʡʪʦʣ, 

ʮᴇʣʞʠʣʪʠʡʥ ʥʵʛʜʩʵʥ ʟʫʨʛʠʡʛ 0-3 ʦʥʦʦʛʦʦʨ װʥʵʣʞ ʟʵʨʵʛʣʵʣʜ ʭʫʚʘʘʚʘʣ ʜʘʨʘʘʭ 

ʟʫʨʘʛ ʛʘʨʩʘʥ (ʟʫʨʘʛ 44). 
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ɿʫʨʘʛ 44. ʅʵʛʜʩʵʥ װʥʵʣʛʵʵ, ʭʵʵʨʠʡʥ ʭʵʤʞʠʣʪʠʡʥ ʮʵʛʠʡʥ ʙʘʡʨʰʠʣ 

ɼʵʵʨʭ ʟʫʨʛʘʘʩ ʭʘʨʚʘʣ ʥʫʪʛʠʡʥ ᴇʤʥᴇʜ ʭʵʩʛʵʵʨ ʭʘʤʛʠʡʥ ʠʭ ʜʦʨʦʡʪʩʦʥ ʙʫʶʫ 

ʮᴇʣʞʠʣʪᴇʜ ʭʘʤʛʠʡʥ ʠʭʵʵʨ ᴇʨʪᴇʞ ʙʘʡʛʘʘ ʛʘʟʘʨ ʥʫʪʘʛ, ʭʘʨʠʥ ʜʦʨʦʡʪʦʣʜ ᴇʨʪᴇᴇʛװʡ 

ʛʘʟʨʳʥ ʠʭʵʥʭ ʭʵʩʵʛ ʥʴ ʦʡʥ ʩʘʥ ʙװʭʠʡ ʛʘʟʘʨ ʙʘʡʥʘ. ʅʵʛʜʩʵʥ ʟʫʨʘʛʣʘʣʳʥ ʜʦʨʦʡʪʦʣ, 

ʮᴇʣʞʠʣʪʠʡʥ ʟʵʨʵʛʣʵʣʜ ʭʘʨʛʘʣʟʘʭ ʧʠʢʩʝʣʠʡʥ ʵʟʣʵʭ ʭʫʚʠʘʨ ʥʴ ʘʚʯ װʟʚʵʣ 

ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʥʠʡʪ ʧʠʢʩʝʣʠʡʥ 30.07 ʭʫʚʴʜ ʥʴ ʜʦʨʦʡʪʦʣ ʠʣʨʵʵʛװʡ, 28.55 

ʭʫʚʴʜ ʥɹ ʩʫʣ, 31.61 ʭʫʚʴʜ ʜʫʥʜ ʟʵʨʵʛ ʜʦʨʦʡʪʦʣ ʠʣʵʨʩʵʥ, ʭʘʨʠʥ 9.77 ʭʫʚʴʜ ʥʴ 

ʜʦʨʦʡʪʦʣ ʭװʯʪʵʡ ʠʣʵʨʩʵʥ ʙʘʡʥʘ (ʟʫʨʘʛ 45).  

 
ɿʫʨʘʛ 45. ɼʦʨʦʡʪʣʳʥ ʟʵʨʵʛʣʵʣʜ pixel-ʥ ʫʪʛʳʥ ʵʟʣʵʭ ʭʫʚʴ 
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ʅʵʛʜʩʵʥ װʥʵʣʛʵʵʥʵʵʩ ʥʠʡʪ ʛʘʟʘʨ ʥʫʪʛʠʡʥ 69.93 ʭʫʚʴ ʥʴ ʠʭ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ 

ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣʜ ʦʨʞ ʮᴇʣʞʠʣʪᴇʜ  ᴇʨʪᴇʞ ʙʘʡʥʘ. 

3.3.1. ɻʘʟʨʳʥ ʜʦʨʦʡʪʦʣʜ ʥᴇʣᴇᴇʣᴇʭ ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʥᴇʣᴇᴇʣᴇʣ 

ɻʘʟʨʳʥ ʜʦʨʦʡʪʦʣʜ ʙʘʡʛʘʣʠʡʥ ʭװʯʠʥ ʟװʡʣʵʵʩ ʛʘʜʥʘ ʭװʥʠʡ װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʳ ʥᴇʣᴇᴇʣᴇʣ ʠʭ ʙʘʡʜʘʛ. װתʥʠʡʛ ʛʘʟʘʨ ʘʰʠʛʣʘʣʪʳʥ ᴇᴇʨʯʣᴇʣʪᴇᴇʨ 

 ʥʵʣʜʵʛ. ɻʵʭʜʵʵ ʤʘʥʘʡ ʦʨʥʳ ʭʫʚʴʜ ʞʠʞʠʛ ʤʘʩʰʪʘʙʳʥ ʟʫʨʛʠʡʛ ʛʘʨʛʘʭʘʜ ʛʘʟʘʨװ

ʘʰʠʛʣʘʣʪʳʥ ʭʵʣʙʵʨװװʜ ʠʭʵʵʭʵʥ ʪʦʡʤ ʵʟʣʵʭ ʪʘʣʙʘʡ ʪʫʥ ʙʘʛʘ ʛʘʨʥʘ. ʍʘʨʠʥ ʛʘʟʨʳʥ 

ʜʦʨʦʡʪʦʣ, ʮᴇʣʞʠʣʪᴇʜ ʭʘʤʛʠʡʥ ʠʭ ʪʘʣʙʘʡʛ ʭʘʤʨʘʥ ʥᴇʣᴇᴇʣʞ ʙʘʡʛʘʘ ʛʦʣ ʭװʯʠʥ 

ʟװʡʣ ʙʦʣ ʙʵʣʯʵʵʨʠʡʥ ʤʘʣ ʘʞ ʘʭʫʡ ʶʤ. ɹʵʣʯʵʵʨʠʡʥ ʤʘʣ ʘʞ ʘʭʫʡ ʥʴ ʛʘʟʘʨ 

ʘʰʠʛʣʘʣʪʳʥ ʭʫʚʴʜ ʤʘʣ ʙʵʣʯʵʵʨʣʵʭ ᴇʨʛᴇʥ ʪʘʣʙʘʡʛ ʭʘʤʘʨʜʘʛ ʙᴇʛᴇᴇʜ װװʥʠʡʛ 

ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ ʤʵʜʵʵ ʘʰʠʛʣʘʥ ʘʥʛʠʣʘʣ ʭʠʡʭ ʥʴ ʪᴇʚᴇʛʪʵʡ ʘʩʫʫʜʘʣ ʶʤ. ʄʘʣ ʭʵʪ 

ʠʭ ʙʵʣʯʵʵʨʣʵʩʥʵʵʨ ʫʨʛʘʤʣʳʥ ʪᴇʨᴇʣ ʟװʡʣ ʙʫʫʨʘʭ, ʭᴇʨʩʥʠʡ ʤʝʭʘʥʠʢ ʙװʪʮʵʜ 

ᴇᴇʨʯʣᴇʣʪ ʦʨʞ ʫʣʤʘʘʨ ʛʘʟʘʨ ʜʦʨʦʡʪʦʞ, ʮᴇʣʞʠʣʪ ʙʦʣʦʭ ʠʭ װʥʜʵʩ ʙʦʣʜʦʛ. ʀʡʤʵʵʩ 

ʤʘʣ ʙʵʣʯʠʭ ʪʘʣʙʘʡʛʘʘʨ ʥʴ ʘʚʣʘʘ. ʍװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʥᴇʣᴇᴇʣʣʠʡʛ 

ʉʘʥʜʝʨʩʦʥʳ 2002 ʦʥʜ ʛʘʨʛʘʩʘʥ ʪʦʜʦʨʭʦʡ ʦʨʦʥ ʟʘʡ ʛʘʨʛʘʥ װʥʵʣʞ ʵʢʦʩʠʩʪʝʤʜ 

 ʥʜʵʩʣʵʥ ʪʦʦʮʦʦʛ ʭʠʡʣʵʵ. ʄʦʥʛʦʣװ ʡ [5] ʜʵʵʨװʣʵʭ ʥᴇʣᴇᴇʣʣʠʡʛ ʪʦʦʮʦʭ ʘʨʛʘ ʟװװʟװ

ʦʨʦʥʜ ʪʦʭʠʨʫʫʣʘʥ ʭװʥʠʡ ʥᴇʣᴇᴇʣʣʠʡʥ ʠʥʜʝʢʩʠʡʛ ʪʦʦʮʦʦʣʦʭʜʦʦ ʤʘʣʯʠʥ ᴇʨʭʠʡʥ 

ᴇʚᴇʣʞᴇᴇ, ʭʘʚʘʨʞʘʘʥʳ ʙʘʡʨʰʣʳʥ ʥʷʛʪʰʠʣ, ʪʘʨʠʘʣʘʥ, ʘʪʘʨʰʩʘʥ ʛʘʟʘʨ, ʫʣʩʳʥ 

ʙʦʣʦʥ ʦʨʦʥ ʥʫʪʛʠʡʥ ʯʘʥʘʨʪʘʡ ʟʘʤ, ʭװʥ ʘʤ ʪᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʘʨ ʛʵʩʵʥ ʚʝʢʪʦʨ 

ᴇʛᴇʛʜʣʠʡʛ ʩʦʥʛʦʥ ʘʚʩʘʥ. ɼʦʨʦʡʪʦʣʜ װʟװװʣʵʭ ʥᴇʣᴇᴇʣʣᴇᴇʨ ʥʴ 0-3 ʦʥʦʦʛʦʦʨ 

 :ʥʜװת .ʥʵʣʩʵʥװ

0 ï ʥᴇʣᴇᴇʣᴇʣʛװʡ 

1 ï ʙʘʛʘ ʟʵʨʵʛ ʥᴇʣᴇᴇʣᴇʣʪʵʡ 

2 ï ʜʫʥʜ ʟʵʨʵʛ ʥᴇʣᴇᴇʣᴇʣʪʵʡ 

3 ï ʠʭ ʥᴇʣᴇᴇʣᴇʣʪʵʡ 

3.3.2.  ɼʦʨʦʡʪʣʳʥ ʥʵʛʜʩʵʥ װʥʵʣʛʵʵ 

ʉʦʥʛʦʥ ʘʚʩʘʥ ʠʥʜʠʢʘʪʦʨʫʫʜʳʥ ʦʨʦʥ ʟʘʡʥ ʭʫʚʘʘʨʠʣʘʣʪʳʥ ʫʪʛʳʛ ʛʘʟʨʳʥ 

ʜʦʨʦʡʪʦʣ, ʮᴇʣʞʠʣʪᴇʜ װʟװװʣʵʭ ʥᴇʣᴇᴇʣʣᴇᴇʨ ʘʥʛʠʣʘʥ 0-3 ʦʥʦʦʛʦʦʨ װʥʵʣʵʥ ʥʵʤʞ 

ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ, ʮᴇʣʞʠʣʪʠʡʥ ʥʵʛʜʩʵʥ ʟʫʨʛʠʡʛ ʛʘʨʛʘʣʘʘ. װתʥʠʡʛ ʪʦʤʴʸʦʣʙʦʣ 

(16): 

 (16) 

ʕʥʜ IA ï ʥʵʛʜʩʵʥ װʥʵʣʛʵʵ, AAI ïװʥʵʣʵʛʜʩʵʥ ʭʫʫʨʘʡʰʣʳʥ ʠʥʜʝʢʩ, ANDVI- 

 ʥʵʣʵʛʜʩʵʥ ʭʫʨ ʙʦʨʦʦʥʳװʥʵʣʵʛʜʩʵʥ ʫʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ, ARUE ïװ

ʙװʪʵʵʤʞʠʪ ʙʘʡʜʘʣ, AHII ïװʥʵʣʵʛʜʩʵʥ ʭװʥʠʡ ʥᴇʣᴇᴇʣʣʠʡʥ ʠʥʜʝʢʩ. ʋʨʛʘʤʣʳʥ 

ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ ʙʦʣʦʥ ʭʫʨ ʙʦʨʦʦʥʳ ʙװʪʵʵʤʞʠʪ ʙʘʡʜʣʳʛ ʘʥʛʠʣʘʭʜʘʘ 

ʩʫʜʘʣʛʘʘʥʳ ʭʫʛʘʮʘʘʥʜ ᴇʩʩᴇʥ ʙʫʶʫ ʵʝʨʵʛ ʫʪʛʘʘʩ ʙʫʫʨʩʘʥ ʙʫʶʫ ʩᴇʨᴇʛ ʫʪʛʘ ʨʫʫ ʥʴ 

ʭʘʨʛʘʣʟʘʥ 0-3 ʦʥʦʦʛʦʦʨ װʥʵʣʞ ʘʥʛʠʣʩʘʥ. ʍʘʨʠʥ ʭװʥʠʡ ʥᴇʣᴇᴇʣʣʠʡʥ ʠʥʜʝʢʩ ʙʦʣʦʥ 

ʭʫʫʨʘʡʰʣʳʥ ʠʥʜʝʢʩʠʡʛ ʫʪʛʳʥ ᴇʩᴇʭ ʜʘʨʘʘʣʣʘʘʨ ʭʘʨʛʘʣʟʘʥ װʥʵʣʩʵʥ. תʥʵʣʵʭʜʵʵ 

ʜʦʨʦʡʪʣʳʥ ʠʣʨʵʣ ʥʴ ʮᴇʣʞʠʣʪʠʡʥ ʵʨʯʤʠʡʛ ʠʣʪʛʵʥʵ ʛʵʞ װʟʵʵʜ ʜʘʨʘʘʭ ʰʘʣʛʫʫʨʳʛ 

ʙʘʨʠʤʪʣʘʥ װʥʵʣʛʵʵ ᴇʛʣᴇᴇ. װתʥʜ:  

0 - ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ ʠʣʨʵʵʛװʡ (ʮᴇʣʞʠʣʪ ʷʚʘʛʜʘʘʛװʡ) 
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1 - ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ ʤʘʰ ʙʘʛʘ ʠʣʵʨʩʵʥ (ʮᴇʣʞʠʣʪᴇʜ ᴇʨʪᴇʭ ʙʦʣʦʤʞʪʦʡ) 

2 - ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ ʠʣʵʨʩʵʥ (ʙʘʛʘ ʟʵʨʵʛ ʮᴇʣʞʠʣʪᴇʜ ᴇʨʪᴇʞ ʙʘʡʛʘʘ) 

3 - ʛʘʟʨʳʥ ʜʦʨʦʡʪʦʣ ʭװʯʪʵʡ ʠʣʵʨʩʵʥ (ʮᴇʣʞʠʣʪᴇʜ ᴇʨʪᴇʞ ʙʘʡʛʘʘ) 

3.3.3. ʍʫʨ ʙʦʨʦʦʥʳ ʙװʪʵʵʤʞʠʪ ʙʘʡʜʣʳʥ ᴇᴇʨʯʣᴇʣʪ 

ʍʫʨ ʙʦʨʦʦʥʳ ʙװʪʵʵʤʞʠʪ ʙʘʡʜʘʣ ʥʴ ʙʠʦʤʘʩʩʳʥ ʙװʪʵʵʛʜʵʭװװʥʜ ʭʫʨ 

ʪʫʥʘʜʘʩʥʳ ʭʵʣʙʵʣʟʵʣ ʭʵʨʭʵʥ ʥᴇʣᴇᴇʣʞ ʙʘʡʛʘʘʛ ʠʣʵʨʭʠʡʣʩʵʥ װʟװװʣʵʣʪ ʶʤ. ʕʥʵ 

ʭʵʤʞʠʛʜʵʭװװʥʠʡ ʵʝʨʵʛ ʭʘʥʜʣʘʛʘ ʥʴ ʛʘʟʨʳʥ ʩʵʨʛʵʣʪʠʡʛ ʩᴇʨᴇʛ ʭʘʥʜʣʘʛʘ ʥʴ ʛʘʟʨʳʥ 

ʜʦʨʦʡʪʣʳʛ ʠʣʵʨʭʠʡʣʜʵʛ.  

ɿʫʨʛʘʘʩ ʭʘʨʘʭʘʜ ʥʫʪʛʠʡʥ ʭʦʡʜ ʭʵʩʵʛ ʙʫʶʫ ʪʘʡʛʘ, ʦʡʪ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʵʝʨʵʛ 

ᴇᴇʨʯʣᴇʣʪʪʵʡ, ʭʘʨʠʥ ʭʫʫʨʘʡ ʭʵʵʨʠʡʥ ʙװʩʵʜ ʩᴇʨᴇʛ ᴇᴇʨʯʣᴇʣʪʪʵʡ ʛʘʨʩʘʥ ʙʘʡʥʘ. 

ʅʠʡʪ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ (x;y) ʧʠʢʩʝʣ ʙװʨ ʜʵʵʨʭ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʘʚʯ װʟʚʵʣ ʥʠʡʪ 

ʧʠʢʩʝʣʠʡʥ 54.5 ʭʫʚʴ ʜʵʵʨ ʥʴ  ʵʝʨʵʛ  ʙʫʶʫ ᴇʩᴇʞ ʭʘʤʛʠʡʥ ʠʭʜʵʵ 138.85 ʭʫʚʴ ᴇʩʩᴇʥ, 

ʥʠʡʪ ʧʠʢʩʝʣʠʡʥ 45.5 ʭʫʚʴ ʜʵʵʨ ʩᴇʨᴇʛ ʙʫʶʫ ʙʫʫʨʯ ʭʘʤʛʠʡʥ ʙʘʛʘʜʘʘ 64.68 ʭʫʚʴʜ 

ʭװʨʯʵʵ (ʟʫʨʘʛ 46).  

 

ɿʫʨʘʛ 46. ʍʫʨ ʙʦʨʦʦʥʳ ʙװʪʵʵʤʞʠʪ ʙʘʡʜʣʳʥ ʞʠʣʠʡʥ ʜʫʥʜʘʞ ᴇᴇʨʯʣᴇʣʪʠʡʥ 

ʭʫʚʠʡʥ ʦʨʦʥ ʟʘʡʥ ʭʫʚʘʘʨʠʣʘʣʪ 

3.3.4. ʍװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʥᴇʣᴇᴇʣᴇʣ 

ʍװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʥᴇʣᴇᴇʣʣʠʡʥ ʠʥʜʝʢʩʠʡʥ ʜʘʨʘʘʭ ʦʨʦʥ ʟʘʡʥ 

ʭʫʚʘʘʨʠʣʘʣʪʳʥ ʟʫʨʘʛ ʛʘʨʣʘʘ (ʟʫʨʘʛ 47) 

 




























































































































































































































