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ɺʚʝʜʝʥʠʝ 

ʊʝʨʤʠʥ ʠʥʚʘʨʠʘʥʪ ʛʝʦʩʠʩʪʝʤʳ (ʣʘʥʜʰʘʬʪʘ) ʙʳʣ ʚʚʝʜʝʥ ɺ.ɹ. ʉʦʯʘʚʦʡ 

ʝʱʝ ʚ ʢʦʥʮʝ XX ʚʝʢʘ, ʦʜʥʘʢʦ ʚ ʜʘʣʴʥʝʡʰʠʝ ʛʦʜʳ ʜʘʥʥʦʝ ʧʦʥʷʪʠʝ 

ʚʦʩʧʨʠʥʠʤʘʣʦʩʴ ʘʙʩʪʨʘʢʪʥʦ, ʥʝ ʙʳʣʦ ʝʜʠʥʦʡ ʪʨʘʢʪʦʚʢʠ ʠ ʤʝʪʦʜʦʚ ʝʛʦ 

ʚʳʜʝʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʪʘʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ ʌ.ʅ. 

ʄʠʣʴʢʦʚʳʤ ʠ ʝʛʦ ʫʯʝʥʠʢʘʤʠ. ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʠʟʫʯʝʥʠʠ ʠʥʚʘʨʠʘʥʪʦʚ 

ʣʘʥʜʰʘʬʪʘ ʜʘʝʪ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ ʣʘʥʜʰʘʬʪʘ, 

ʪʘʢʠʭ ʢʘʢ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

(ʄɼɼɿ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʠʤʝʥʠʪʴ ʢ ʘʥʘʣʠʟʫ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʣʘʥʜʰʘʬʪʝ, 

ʢʘʢ ʦ ʩʣʦʞʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ï ʝʩʪʴ ʧʦʣʦʞʝʥʠʝ ʝʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ 

ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ ʩʦʙʩʪʚʝʥʥʦ çʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘè ï ʧʨʦʮʝʩʩ ʩʤʝʥʳ 

ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ. ʆʙʲʝʤ ʜʘʥʥʳʭ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʝʨʠʨʦʚʘʪʴ ʫʞʝ ʮʝʣʳʤʠ ʩʝʨʠʷʤʠ ʠʟʤʝʨʝʥʠʡ ʦʪʨʘʞʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʈʝʟʫʣʴʪʘʪ ʦʜʥʦʛʦ ʪʘʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ï 

ʥʘʙʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʦʪʨʘʞʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʢʨʦʚʦʤ. ʈʘʩʧʦʣʘʛʘʷ ʥʘʙʦʨʦʤ ʩʦʩʪʦʷʥʠʡ, 

ʤʳ ʧʦʣʫʯʘʝʤ ʚʦʟʤʦʞʥʦʩʪʴ çʦʪʩʣʝʜʠʪʴè ʪʨʘʝʢʪʦʨʠʶ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʊʨʘʝʢʪʦʨʠʠ ʚ ʩʦʩʝʜʥʠʭ ʪʦʯʢʘʭ ʤʦʛʫʪ 

ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʧʦʜʦʙʠʷ. ɻʨʫʧʧʳ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ ʩ ʧʦʜʦʙʥʳʤʠ 

ʪʨʘʝʢʪʦʨʠʷʤʠ ʦʙʨʘʟʫʶʪ ʘʪʪʨʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʝʜʠʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʬʣʶʢʪʫʘʮʠʡ ʩʨʝʜʳ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʮʝʣʦʩʪʥʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɻʨʫʧʧʳ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʨʘʝʢʪʦʨʠʷʤʠ ʦʙʨʘʟʫʶʪ ʢʦʥʪʠʥʫʫʤ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʪʨʘʞʘʶʱʠʡ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ/ʠʣʠ ʚʨʝʤʝʥʠ ʤʝʭʘʥʠʟʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʉʦʦʪʥʦʰʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʵʪʠʤʠ ʢʨʘʡʥʠʤ ʬʦʨʤʘʤʠ ʨʝʘʣʠʟʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʶʪ ʫʨʦʚʝʥʴ ʦʨʛʘʥʠʟʘʮʠʠ ʣʘʥʜʰʘʬʪʘ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʵʪʫ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ (ʩʫʪʢʠ, ʩʝʟʦʥʳ, ʤʥʦʛʦʣʝʪʥʠʝ ʮʠʢʣʳ). 
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ʅʘʢʦʧʣʝʥʠʝ ʄɼɼɿ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʪʝʦʨʝʪʠʢʦ-

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʳʭ ʨʷʜʦʚ ʠʟʤʝʨʝʥʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʨʘʙʦʪʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʕʪʦʪ 

ʧʦʜʭʦʜ ʜʦʣʞʝʥ ʩʦʟʜʘʪʴ ʦʩʥʦʚʫ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦ ʩʧʫʪʥʠʢʦʚ ʠ ɹʇʃɸ ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʛʝʦʩʠʩʪʝʤ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʩʠʥʝʨʛʝʪʠʢʘ. ɺʚʝʜʝʥʥʦʝ ʦʜʥʠʤ ʠʟ ʝʝ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ɻ. ʍʘʢʝʥʦʤ (1980) 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʦʨʷʜʢʘ ʩʠʩʪʝʤʳ ï ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʩʝ ʥʘʙʣʶʜʘʝʤʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʩʦʩʪʦʷʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʞʜʝʩʪʚʝʥʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦʙ ʠʥʚʘʨʠʘʥʪʝ ʛʝʦʩʠʩʪʝʤʳ ɺ.ɹ. ʉʦʯʘʚʳ (1978) ʢʘʢ ʥʝʢʦʪʦʨʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʠʟʤʝʥʥʦʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʠʥʚʘʨʠʘʥʪʦʚ ʶʞʥʦ-ʪʘʝʞʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ Landsat, ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʠ ʧʦʣʝʚʳʭ 

ʜʘʥʥʳʭ, ʥʘ ʧʨʠʤʝʨʝ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʠ ʧʨʠʣʝʛʘʶʱʝʡ 

ʪʝʨʨʠʪʦʨʠʠ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ɺʳʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʦʪʨʘʞʝʥʠʷ, 

ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ Landsat 4 ï 9 

ʧʦʢʦʣʝʥʠʡ ʩ 1987 ʧʦ 2022 ʛʦʜr ; 

2. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʨʝʣʴʝʬʘ ʥʘ ʦʩʥʦʚʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʨʘʟʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ;  
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3.  ʀʥʪʝʛʨʘʮʠʷ ʠʥʚʘʨʠʘʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʨʝʣʴʝʬʘ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʣʘʥʜʰʘʬʪʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ; 

3. ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʧʦ 

ʧʦʣʝʚʳʤ ʜʘʥʥʳʤ (ʧʦ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʤ ʠ ʧʦʯʚʝʥʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ 

ʦʧʠʩʘʥʠʷʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ 

ʟʘʧʦʚʝʜʥʠʢʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʝʡ); 

4. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʣʘʥʜʰʘʬʪʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʘʨʪʳ 

ʠʥʚʘʨʠʘʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʶʞʥʦ-ʪʘʝʞʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʶʛʘ-ʟʘʧʘʜʘ 

ɺʘʣʜʘʡʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʩ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʧʦʣʫʯʝʥʥʳʭ 

ʢʣʘʩʩʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʝʚʳʭ ʦʧʠʩʘʥʠʡ ʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʶʞʥʦ-ʪʘʝʞʥʳʡ ʣʘʥʜʰʘʬʪ ʶʛʦ-ʟʘʧʘʜʘ ɺʘʣʜʘʡʩʢʦʡ 

ʚʦʟʚʳʰʝʥʥʦʩʪʠ (ʪʝʨʨʠʪʦʨʠʷ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʝʡ) 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʠʥʚʘʨʠʘʥʪʳ ʩʦʩʪʦʷʥʠʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʣʘʥʜʰʘʬʪʥʦʡ ʩʠʩʪʝʤʳ 

 

ʆʩʥʦʚʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʳʭ 

ʢʘʥʘʣʦʚ Landsat ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ ʩʥʠʤʢʦʚ, 

ʦʪʨʘʞʘʶʱʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ: ʦʙʱʫʶ 

ʷʨʢʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʦʙʱʫʶ ʙʠʦʤʘʩʩʫ, ʷʨʢʦʩʪʴ ʚ ʙʣʠʞʥʝʤ ʀʂ 

ʢʘʥʘʣʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, ʷʨʢʦʩʪʴ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʀʂ ʢʘʥʘʣʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʩʦʜʝʨʞʘʥʠʝ 

ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ. 

2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʙʦʙʱʝʥʠʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ 

ʠʥʚʘʨʠʘʥʪʳ ʦʪʨʘʞʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʶʞʥʦ-ʪʘʝʞʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʶʛʘ-

ʟʘʧʘʜʘ ɺʘʣʜʘʡʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 35 ʣʝʪ. 

3. ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 12 ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʨʝʣʴʝʬʘ. 
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4. ʃʘʥʜʰʘʬʪʥʳʝ ʠʥʚʘʨʠʘʥʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʵʤʝʨʜʞʝʥʪʥʦ) ʦʧʠʩʳʚʘʶʪ 

ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ 

ʨʝʣʴʝʬʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʤʝʶʪ ʟʥʘʯʠʤʳʝ ʩʚʷʟʠ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʝʚʳʭ ʦʧʠʩʘʥʠʡ. 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʵʪʠʤ ʨʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʛʣʘʚʳ: 

ɻʣʘʚʘ 1. ʇʦʥʷʪʠʝ ʠʥʚʘʨʠʘʥʪʘ ʣʘʥʜʰʘʬʪʘ ʩ ʧʦʟʠʮʠʠ ʪʝʦʨʠʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ, ʤʝʪʦʜʳ 

ʚʳʜʝʣʝʥʠʷ. ɺ ʛʣʘʚʝ ʢʨʘʪʢʦ ʠʟʣʘʛʘʝʪʩʷ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʠʥʚʘʨʠʘʥʪʦʚ ʚ 

ʛʝʦʛʨʘʬʠʠ, ʜʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ. ʀʥʚʘʨʠʘʥʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ 

ʧʦʟʠʮʠʠ ʪʝʦʨʠʠ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʠ ʪʦʞʜʝʩʪʚʝʥʝʥ ʧʘʨʘʤʝʪʨʫ 

ʧʦʨʷʜʢʘ ʚ ʩʠʥʝʨʛʝʪʠʢʝ, ʨʘʩʢʨʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ: ʧʨʠʥʮʠʧ ʤʥʦʛʦʩʚʷʟʥʦʩʪʠ ʠ ʜʚʫʩʪʦʨʦʥʥʝʡ ʢʦʤʧʝʥʩʘʮʠʠ. 

ʇʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

ɻʣʘʚʘ 2 ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʛʣʘʚʝ ʢʨʘʪʢʦ 

ʜʘʥʘ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʛʣʦʚ: 32.607781 ʚ.ʜ., 56.682393 ʩ.ʰ., 

33.230169 ʚ.ʜ., 56.682798 ʩ.ʰ., 32.611149 ʚ.ʜ., 56.354927 ʩ.ʰ., 33.228192 ʚ.ʜ., 

56.355327 ʩ.ʰ. ʠ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 139 200 ʛʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʜʣʷ 

ʶʞʥʦ-ʪʘʝʞʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʶʛʦ-ʟʘʧʘʜʘ ɺʘʣʜʘʡʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʷʜʨʦ ʠ 

ʦʭʨʘʥʥʘ ̫ ʟʦʥʘ ʎʃɻʇɹɿ ʠ ʧʨʠʣʝʛʘʶʱʘʷ ʪʝʨʨʠʪʦʨʠʷ (ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ, 

ʈʦʩʩʠʷ). ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʝʣʴʥʠʢʠ, ʥʝ ʠʩʧʳʪʘʚʰʠʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ʜʠʥʘʤʠʢʠ: ʚʝʪʨʦʚʘʣʳ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʩʝʢʦʤʳʭ, 

ʩʫʢʮʝʩʩʠʦʥʥʳʝ ʩʤʝʥʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʟʘʧʦʚʝʜʥʠʢʫ 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʩʝʥʦʢʦʩʳ, ʩʝʣʠʪʝʙʥʳʝ ʟʝʤʣʠ, ʚʳʨʫʙʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʚʝʜʫʱʠʡ ʬʘʢʪʦʨ ʜʠʥʘʤʠʢʠ - ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢ. ɸ ʪʘʢʞʝ ʧʦʩʪʘʛʨʦʛʝʥʥʳʝ 

ʟʝʤʣʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʣʝʞʘʤʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʨʘʩʪʘʥʠʷ ʠ ʤʦʣʦʜʳʤʠ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʤʠ ʣʝʩʘʤʠ. 
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ɻʣʘʚʘ 3 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʚ ʨʘʙʦʪʝ, ʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʥʠʤʢʦʚ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʳ Landsat 4-9 

ʧʦʢʦʣʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ 1987 ʧʦ 2022 ʛʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ (ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʠ ʧʦʯʚʝʥʥʳʭ ʦʧʠʩʘʥʠʡ); ʨʝʣʴʝʬʘ 

(ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʨʘʩʯʝʪ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʣʴʝʬʘ). ʆʧʠʩʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʫʤʝʥʴʰʝʥʠʷ ʧʨʠʟʥʘʢʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚʳʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ/ʠʥʚʘʨʠʘʥʪʦʚ 

ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ.  

ɻʣʘʚʘ 4 ʈʝʟʫʣʴʪʘʪʳ. ʀʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʯʘʩʪʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʠʥʚʘʨʠʘʥʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʜʳ ʚ ʛʝʦʩʠʩʪʝʤʝ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʠʥʚʘʨʠʘʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ ʠʭ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʨʪʘ ʠʥʚʘʨʠʘʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʣʘʥʜʰʘʬʪʦʚ, 

ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʠʥʚʘʨʠʘʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʨʷʜʢʘ ʨʝʣʴʝʬʘ ʠ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ. 

ɺʳʚʦʜʳ.   

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

¶ ɺʧʝʨʚʳʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʘʷ ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʦʣʝʝ ʯʝʤ ʟʘ 35 

ʣʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʥʚʘʨʠʘʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʛʝʦʩʠʩʪʝʤ. 

ʊʦʣʴʢʦ ʢ 2022 ʛʦʜʫ ʥʘʢʦʧʠʣʦʩʴ ʤʠʥʠʤʘʣʴʥʦʝ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ 

ʙʝʟʦʙʣʘʯʥʳʭ ʩʥʠʤʢʦʚ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦ ʜʘʥʥʳʤ ʩʮʝʥ Landsat;   

¶ ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʙʦʙʱʝʥʠʝ ʦʩʥʦʚʥʳʭ ʢʘʥʘʣʦʚ ʩʮʝʥ Landsat;  

¶ ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʚʳʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʣʴʝʬʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʝʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ; 
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¶ ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʘ ʠʥʪʝʛʨʘʮʠʷ ʠʥʚʘʨʠʘʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʨʷʜʢʘ ʨʝʣʴʝʬʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʣʘʥʜʰʘʬʪʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ; 

¶ ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʦʙʱʠʭ ʠʥʚʘʨʠʘʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ 

ʨʝʣʴʝʬʘ ʨʘʩʩʯʠʪʘʥʘ ʢʘʨʪʘ ʠʥʚʘʨʠʘʥʪʥʳʭ ʙʠʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʩ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʢʣʘʩʩʦʚ ʩʦʩʪʦʷʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ. 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

ʃʘʥʜʰʘʬʪʥʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʠʣʦʩʴ ʟʘ ʧʦʩʣʝʜʥʠʝ 40-

50 ʣʝʪ, ʩʧʝʮʠʘʣʠʩʪʳ ʠʩʧʦʣʴʟʫʶʪ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ, 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʝʱʝ ʀʩʘʯʝʥʢʦ ɸ.ɻ., ʅʠʢʦʣʘʝʚʳʤ ɺ.ɸ., ʉʦʣʥʮʝʚʳʤ ʅ.ɸ., 

ɺʠʜʠʥʦʡ ɸ.ɸ. ʠ ʜʨ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʦ ʩʠʭ ʧʦʨ ʣʘʥʜʰʘʬʪʥʳʝ ʢʘʨʪʳ 

ʦʪʨʠʩʦʚʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʦʛʦ ʧʦʜʭʦʜʘ, ʪʦ ʝʩʪʴ ʢʘʯʝʩʪʚʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʵʢʩʧʝʨʪʘ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʥʝ ʚʩʝʛʜʘ ʩʦʧʦʩʪʘʚʠʤʳ. ʊʘʢ ʞʝ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʣʘʥʜʰʘʬʪʥʦʡ ʢʘʨʪʳ ʪʨʫʜʦ- ʠ ʚʨʝʤʷʟʘʪʨʘʪʥʳʡ, ʘ ʩʘʤʠ ʢʘʨʪʳ ʤʦʞʥʦ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʩʢʫʩʩʪʚʘ, çʢʘʨʪʠʥʫè. 

 ʋ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʝʩʪʴ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʤʠʥʫʩʦʚ, ʚʦ-ʧʝʨʚʳʭ, 

ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʦʙ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʣʘʥʜʰʘʬʪʥʳʭ ʛʨʘʥʠʮ ʧʦ 

ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ ʧʦ ʝʜʠʥʠʯʥʦʤʫ ʩʥʠʤʢʫ 

(ʏʝʨʥʳʭ, 2019). ɺʦ-ʚʪʦʨʳʭ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪ ʦʪ 

ʣʘʥʜʰʘʬʪʥʳʭ ʢʘʨʪʦʛʨʘʬʦʚ ʦʧʝʨʘʪʠʚʥʦʩʪʠ, ʙʳʩʪʨʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʣʘʥʜʰʘʬʪʥʦʡ ʢʘʨʪʳ ʠ ʩʝʨʠʠ ʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘ ʝʝ ʦʩʥʦʚʝ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ 

ʩʫʱʝʩʪʚʫʶʱʝʤ ʧʦʜʭʦʜʝ.  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʥʝ ʩʠʪʫʘʪʠʚʥʦʡ ʣʘʥʜʰʘʬʪʥʦʡ ʢʘʨʪʳ, ʘ 

ʦʭʚʘʪʳʚʘʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ɺʳʜʝʣʝʥʠʝ ʠʥʚʘʨʠʘʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡ ʄɼɼɿ ʠ ʎʄʈ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʭ ʩ ʧʦʣʝʚʳʤʠ 

ʜʘʥʥʳʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪʳ ʠʥʚʘʨʠʘʥʪʳʭ 

ʩʦʩʪʦʷʥʠʡ ʣʘʥʜʰʘʬʪʦʚ, ʧʦʣʫʯʝʥʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʝʝ ʩʦʟʜʘʥʠʠ. 
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ʊʘʢʞʝ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʝʨʠʠ ʘʢʪʫʘʣʴʥʳʭ ʢʘʨʪ ʩ ʦʭʚʘʪʦʤ 

ʤʝʥʴʰʝʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ 

ʢʘʢ ʚ ʩʝʣʴʩʢʦʤ, ʪʘʢ ʠ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʷ ʛʝʦʩʠʩʪʝʤʘ 

ʠʥʚʘʨʠʘʥʪʥʘ ʢʦ ʤʥʦʛʠʤ ʚʥʝʰʥʠʤ ʚʦʟʤʫʱʝʥʠʷʤ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʪʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʟʘʱʠʪʳ ʪʘʢʠʭ, ʢʘʢ ʧʦʩʘʜʢʘ ʣʝʩʦʧʦʣʦʩ, 

ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʢʘʥʘʣʦʚ ʠ ʪ.ʜ. ɸ ʚ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʨʳ, ʫʤʝʥʴʰʘʶʱʠʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʥʝʦʙʭʦʜʠʤʳ, ʠʭ ʚʳʙʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥ ʩ ʫʯʝʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʫʶ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ. 

ʀʥʚʘʨʠʘʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʚʦʧʨʦʩʘʭ, ʢʘʩʘʶʱʠʭʩʷ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʵʢʦʩʠʩʪʝʤʥʳʭ 

ʫʩʣʫʛ. ʊʘʢ, ʫʩʪʦʡʯʠʚʳʝ ʦʪʥʦʰʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʟʘ ʦʧʨʝʜʝʣʸʥʥʳʡ ʚʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ çʦʪʧʨʘʚʥʘʷ ʪʦʯʢʘè ʠʣʠ ʵʪʘʣʦʥ. ʅʘʧʨʠʤʝʨ, 

ʩʦ ʩʧʫʪʥʠʢʦʚ Landsat ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʜʝʨʞʘʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ, ʘ ʚʳʜʝʣʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʧʦʟʚʦʣʠʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ 

ʨʝʟʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚ ʝʞʝʛʦʜʥʦʤ ʩʙʦʨʝ ʧʦʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ 

ʟʘʧʦʚʝʜʥʠʢʘ ʩ 2015 ʧʦ 2023 ʛʦʜ, ʚ ʘʥʘʣʠʟʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʚ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ 

ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʘʷ ʟʘʩʣʫʛʘ ʘʚʪʦʨʘ ï ʵʪʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 

ʧʦʣʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʠ 

ʧʦʯʚʝʥʥʳʭ ʦʧʠʩʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʝʯʘʪʢʘʤʠ ʧʨʠ ʧʝʨʝʥʦʩʝ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ 

ʜʥʝʚʥʠʢʦʚ ʚ ʙʘʟʫ ʜʘʥʥʳʭ Access (ʚʳʷʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʝʩʢʨʠʧʪʠʚʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʠ ʧʦ ʧʦʣʝʚʳʤ ʜʥʝʚʥʠʢʘʤ), ʩ ʦʪʩʫʪʩʪʚʠʝʤ  ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ, 
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(ʚʳʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʠ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ). ʊʘʢʞʝ ʙʳʣʘ 

ʣʠʢʚʠʜʠʨʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʨʘʟʥʳʭ ʥʘʟʚʘʥʠʡ ʪʨʘʚʷʥʠʩʪʳʭ ʚʠʜʦʚ ʠ ʧʦʯʚʝʥʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ.   

ʄʘʪʝʨʠʘʣʳ ʥʘʫʯʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʥʘ ʨʷʜʝ 

ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ:   

¶ VIII  ʥʘʮʠʦʥʘʣʴʥʘ ̫ ʥʘʫʯʥʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʵʢʦʣʦʛʠʠè (ʕʢʦʄʘʪʄʦʜ-2023) (ʇʫʱʠʥʦ, 

ʈʦʩʩʠʷ, 2023) 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ ʥʘʫʯʥʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ çʂʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʙʠʦʪʳ: 

ʪʨʘʜʠʮʠʠ ʠ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷè, ʧʦʩʚʷʱʝʥʥʘʷ 85-ʣʝʪʠʶ ʩʦ ʜʥʷ 

ʨʦʞʜʝʥʠʷ ʜ.ʛ.ʥ. ɸ.ɺ. ɹʝʣʦʚʘ ʠ ʜ.ʙ.ʥ. ɺ.ʌ. ʃʷʤʢʠʥʘ (ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, 2023) 

¶ VI ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ çʄʦʥʠʪʦʨʠʥʛ ʠ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘè (ʄʠʥʩʢ-ʃʷʩʢʦʚʠʯʠ, ɹʝʣʘʨʫʩʴ, 2023) 

¶ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ IALE çTransboundary Resource Management, 

Climate Change and Environmental Resilienceè (ʅʘʡʨʦʙʠ, ʂʝʥʠʷ, 2023) 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʣʘʥʜʰʘʬʪʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʧʨʦʙʣʝʤʳ ʣʘʥʜʰʘʬʪʥʦʡ ʛʝʦʛʨʘʬʠʠè, VII ʄʠʣʴʢʦʚʩʢʠʝ ʯʪʝʥʠʷ, 

ʧʦʩʚʷʱʝʥʥʳʝ 105-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ɿʘʩʣʫʞʝʥʥʦʛʦ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʈʌ, 

ʜ.ʛ.ʥ., ʧʨʦʬ. ʌ.ʅ. ʄʠʣʴʢʦʚʘ (ɺʦʨʦʥʝʞ, 2023) 

¶ ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʢʦʥʬʝʨʝʥʮʠʠ ççʅʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ 

ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʪʨʘʥè (ʎʝʥʪʨʘʣʴʥʦ-

ʃʝʩʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ, ʧʨʠʨʦʜʥʳʡ ʙʠʦʩʬʝʨʥʳʡ ʟʘʧʦʚʝʜʥʠʢ, 2022),  

¶ ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʪʝʨʂʘʨʪʦ. ʀʥʪʝʨɻʀʉ 26. 

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡè 

(ʊʙʠʣʠʩʠ, ɻʨʫʟʠʷ, 2020),  

¶ ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫çLandscape Science and Landscape Ecology: 

Considering Responses to Global Challengesè (ʄʦʩʢʚʘ, 2020),  
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¶ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ IALE çNature and society facing the Anthropocene 

challenges and perspectives for landscape ecologyè (ʄʠʣʘʥ, ʀʪʘʣʠʷ, 2019),  

¶ ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ ʣʘʥʜʰʘʬʪʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʦʝ ʣʘʥʜʰʘʬʪʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ 

ʨʝʛʠʦʥʦʚè (ɺʦʨʦʥʝʞ, 2018),  

¶ ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʣʘʥʜʰʘʬʪʦʚʝʜʝʥʠʷ 

ʠ ʛʝʦʵʢʦʣʦʛʠʠè (ʄʠʥʩʢ, 2018),  

¶ ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʃʦʤʦʥʦʩʦʚ- 2018è (ʄʦʩʢʚʘ, 2018). 

ʈʘʙʦʪʘ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʦʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʭʦʜʝ 

ʚʳʧʦʣʥʝʥʠʷ ʛʨʘʥʪʦʚ ʈʅʌ ʠ ʈʌʌʀ:  

¶ 17-05-41069 çʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʠ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʩʚʦʡʩʪʚ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʛʝʦʩʠʩʪʝʤ ʠ ʠʭ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷè, 

(2017 ï 2019 ʛʛ.);  

¶ 19-05-00539 çʃʘʥʜʰʘʬʪʥʳʝ ʠʥʚʘʨʠʘʥʪʳ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳè (2019 ï 2021 ʛʛ.);  

¶ 18-17-00129 çʉʦʦʪʥʦʰʝʥʠʝ ʢʦʥʪʠʥʫʘʣʴʥʦʩʪʠ ʠ ʜʠʩʢʨʝʪʥʦʩʪʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʢʨʦʚʘè (2018 ï 2020 

ʛʛ.);  

¶ 22-27-00781 çʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ 

ʦʩʥʦʚʝ ʥʝʵʢʩʪʝʥʩʠʚʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʧʦ ʜʘʥʥʳʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷè 2022 - 2023 ʛʛ. 

ʊʘʢʞʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʛʨʘʥʪʘ 075-15-2024-554 ʚ ʚʠʜʝ ʩʫʙʩʠʜʠʠ 

ʢʨʫʧʥʦʛʦ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ. ʇʨʦʝʢʪ çɻʣʦʙʘʣʴʥʳʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʚʳʟʦʚʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ: ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ, 

ʧʨʦʛʥʦʟ ʠ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠè (2024 ï 2026 ʛʛ.) 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʘʞʜʳ ʜʦʣʦʞʝʥʳ ʥʘ 

ʩʝʤʠʥʘʨʘʭ ʦʪʜʝʣʘ ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʛʨʘʬʠʠ ʠ ʧʨʦʙʣʝʤ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʈɸʅ, ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʣʘʥʜʰʘʬʪʥʦʡ 
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ʵʢʦʣʦʛʠʠ ʅʀʋ ɺʐʕ, ʧʨʦʯʠʪʘʥʘ ʣʝʢʮʠʷ ʜʣʷ ʤʦʣʦʜʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʣʘʥʜʰʘʬʪʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʰʢʦʣʳ çɸʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, 

ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʠ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭè, ʧʨʦʰʝʜʰʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʩʦ 2 ʧʦ 7 ʩʝʥʪʷʙʨʷ 2024 ʛʦʜʘ. 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 16 ʩʪʘʪʴʷʭ, 

4 ʠʟ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʢ.ʛ.ʥ., 

ʩ.ʥ.ʩ. ʦʪʜʝʣʘ ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʛʨʘʬʠʠ ʠ ʧʨʦʙʣʝʤ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʀʥʩʪʠʪʫʪʘ 

ʛʝʦʛʨʘʬʠʠ ʈɸʅ ʄ.ʖ. ʇʫʟʘʯʝʥʢʦ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʖ.ɻ. ʇʫʟʘʯʝʥʢʦ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʣʘ 

ʫʯʘʩʪʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. 

ʀʤʝʥʥʦ ʝʤʫ ʫʜʘʣʦʩʪʴ ʧʨʦʙʫʜʠʪʴ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʵʢʦʣʦʛʠʠ ʠ ʣʘʥʜʰʘʬʪʦʚʝʜʝʥʠʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʫ ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʈɸʅ, ʢ.ʛ.ʥ. ɸ.ʅ. 

ʂʨʝʥʢʝ;  ʨʫʢʦʚʦʜʠʪʝʣʶ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʣʘʥʜʰʘʬʪʥʦʡ ʵʢʦʣʦʛʠʠ 

ʅʀʋ ɺʐʕ, ʢ.ʙ.ʥ. ʈ.ɹ. ʉʘʥʜʣʝʨʩʢʦʤʫ; ʩʦʪʨʫʜʥʠʢʫ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ 

ʵʢʦʣʦʛʠʠ ʠ ʵʚʦʣʶʮʠʠ ʠʤʝʥʠ ɸ.ʅ. ʉʝʚʝʨʮʦʚʘ ʀ.ʀ ʐʠʨʦʥʝ ï ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘ ʧʦʤʦʱʴ ʚ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ;   ʩʦʪʨʫʜʥʠʢʘʤ ʠ ʩʪʫʜʝʥʪʘʤ 

ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʛʨʘʬʠʠ ʠ ʣʘʥʜʰʘʬʪʦʚʝʜʝʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʩʦʪʨʫʜʥʠʢʘʤ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ 

ʵʢʦʣʦʛʠʠ ʠ ʵʚʦʣʶʮʠʠ ʠʤʝʥʠ ɸ.ʅ. ʉʝʚʝʨʮʦʚʘ,  ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʈɸʅ  ï  ʟʘ 

ʩʙʦʨ ʢʦʤʧʣʝʢʩʥʳʭ ʦʧʠʩʘʥʠʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ 

ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ ʨʫʢʦʚʦʜʩʪʚʫ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ, ʚ ʣʠʮʝ ʜʠʨʝʢʪʦʨʘ ɸ.ʅ. ʇʦʪʝʤʢʠʥʘ ʠ 

ʟʘʤʝʩʪʠʪʝʣʷ ʧʦ ʥʘʫʢʝ ɽ.ɸ. ʐʫʡʩʢʦʡ ʠ ʚʝʜʫʱʝʛʦ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ɸ.ʉ. 

ɾʝʣʪʫʭʠʥʘ ʠ ʟʘ ʧʦʤʦʱʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. 
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ɻʣʘʚʘ 1 ʀʥʚʘʨʠʘʥʪ ʣʘʥʜʰʘʬʪʘ1  

1.1 ʇʦʥʷʪʠʝ ʠʥʚʘʨʠʘʥʪʘ, ʠʥʚʘʨʠʘʥʪʘ ʣʘʥʜʰʘʬʪʘ 

ʊʝʨʤʠʥ ʠʥʚʘʨʠʘʥʪ (ʦʪ ʣʘʪʠʥʩʢʦʛʦ ñinvariantò ï ʥʝʠʟʤʝʥʷʶʱʠʡʩʷ) 

ʚʧʝʨʚʳʝ ʙʳʣ ʚʚʝʜʝʥ ʘʥʛʣʠʡʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ɼʞʝʡʤʩʦʤ ɼʞʦʟʝʬʦʤ 

ʉʠʣʴʚʝʩʪʨʦʤ ʚ 1851 ʛʦʜʫ. ʉʦʚʤʝʩʪʥʦ ʩ ɸ. ʂʵʣʠ ʠʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʠʥʚʘʨʠʘʥʪʦʚ, ʠʟʫʯʘʶʱʘʷ ʥʝʠʟʤʝʥʷʶʱʠʝʩʷ ʠʣʠ 

ʯʘʩʪʠʯʥʦ ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʨʠ ʟʘʤʝʥʝ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʥʦʛʦʯʣʝʥʳ ʠʣʠ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʬʫʥʢʮʠʠ (ɹʦʨʦʜʠʥ, 1979).  ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XIX  ʚʝʢʘ ʪʝʦʨʠʷ 

ʠʥʚʘʨʠʘʥʪʦʚ ʦʬʦʨʤʠʣʘʩʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʜʠʩʮʠʧʣʠʥʘ, 

ʢʦʪʦʨʫʶ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʨʘʟʚʠʚʘʣ ɼʘʚʠʜ ɻʠʣʴʙʝʨʪ.  

ʊʝʨʤʠʥ ʠʥʚʘʨʠʘʥʪ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ XX ʚʝʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʥʝʠʟʤʝʥʥʳʭ ʚʝʣʠʯʠʥ ʚ ʘʣʛʝʙʨʝ ʠ ʛʝʦʤʝʪʨʠʠ. ʅʦ ʚ ʧʦʩʣʝʜʫʶʱʠʝ 

ʛʦʜʳ ʚʚʠʜʫ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʦʥ ʙʳʣ ʧʦʩʪʝʧʝʥʥʦ ʚʥʝʜʨʝʥ ʚ ʨʘʟʣʠʯʥʳʝ 

ʥʘʫʢʠ: ʬʠʟʠʢʫ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʵʢʦʥʦʤʠʢʫ, ʣʠʥʛʚʠʩʪʠʢʫ, ʬʦʣʴʢʣʦʨʠʩʪʠʢʫ, 

ʬʠʣʦʩʦʬʠʶ, ʛʝʦʛʨʘʬʠʶ ʠ ʪ.ʜ. ʊʘʢ, ʚ ʬʠʟʠʢʝ ʧʦʥʷʪʠʝ ʠʥʚʘʨʠʘʥʪ ʦʙʦʟʥʘʯʘʝʪ 

ʬʠʟʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʚ ʥʝʢʦʪʦʨʦʤ ʬʠʟʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ n-ʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ (ɺʠʟʛʠʥ, 1972).  

ɺ ʛʝʦʛʨʘʬʠʶ ʪʝʨʤʠʥ ʠʥʚʘʨʠʘʥʪ ʙʳʣ ʚʚʝʜʝʥ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʟʞʝ, ʚ 

ʧʝʨʠʦʜ ʚʥʝʜʨʝʥʠʷ ʪʝʦʨʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʠʜʝʡ ʢʠʙʝʨʥʝʪʠʢʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ. ɺʧʝʨʚʳʝ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣ 

ɺ.ɹ. ʉʦʯʘʚʘ, ʧʦ ʤʥʝʥʠʶ ʢʦʪʦʨʦʛʦ ʠʥʚʘʨʠʘʥʪ ʣʘʥʜʰʘʬʪʘ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʩʚʦʡʩʪʚ ʛʝʦʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʧʨʠ ʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

(ʉʦʯʘʚʘ, 1978, ʩ. 293). ɺ ʧʦʩʣʝʜʫʶʱʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʪʝʨʤʠʥ ʧʦʣʫʯʠʣ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʣʘʥʜʰʘʬʪʦʚʝʜʝʥʠʠ, ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʪʨʘʢʪʦʚʢʠ 

ʠʥʚʘʨʠʘʥʪʘ, ʢʦʪʦʨʳʝ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʧʨʝʜʝʣʝʥʠʡ ʚ ʬʠʣʦʩʦʬʠʠ, ʬʠʟʠʢʝ ʠ 

ʜʨʫʛʠʭ ʥʘʫʢʘʭ (ʄʠʣʴʢʦʚ, 1986). ʅʘ ʦʪʩʫʪʩʪʚʠʝ ʷʩʥʦʩʪʠ ʚ ʩʦʜʝʨʞʘʥʠʠ ʧʦʥʷʪʠʷ 

çʠʥʚʘʨʠʘʥʪè ʫʢʘʟʳʚʘʣʠ ɺ. ʉ. ʇʨʝʦʙʨʘʞʝʥʩʢʠʡ ʠ ʊ. ɼ. ɸʣʝʢʩʘʥʜʨʦʚʘ. ʇʦ ʠʭ 

ʤʥʝʥʠʶ, ʪʝʨʤʠʥʳ çʠʥʚʘʨʠʘʥʪè ʠ çʠʥʚʘʨʠʘʥʪʥʦʩʪʴè, ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʠʟ 

                                                           
1 ʇʦʜʛʣʘʚʳ 1.1, 1.2, 1.5 ʯʘʩʪʠʯʥʦ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʝ ʃʘʥʜʰʘʬʪʥʳʝ ʠʥʚʘʨʠʘʥʪʳ ï ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ / ɸ.ʉ. ɹʘʡʙʘʨ, ʄ. ʖ. ʇʫʟʘʯʝʥʢʦ, ʈ. ɹ. ʉʘʥʜʣʝʨʩʢʠʡ, ɸ. ʅ. ʂʨʝʥʢʝ // ʀʟʚʝʩʪʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ. ð 2023. ð ʊ. 87, ˉ 3. ð ʉ. 370ï390 



14 

 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʚ ʫʯʝʥʠʷʭ 

ʜʠʥʘʤʠʢʠ ʠ ʵʚʦʣʶʮʠʠ ʣʘʥʜʰʘʬʪʘ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʦʪʩʫʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʠ 

ʚʳʜʝʣʝʥʠʷ ʠʥʚʘʨʠʘʥʪʥʦʡ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʝʝ ʛʨʘʥʠʮ ʠ ʤʝʪʦʜʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʝ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ (ʇʨʝʦʙʨʘʞʝʥʩʢʠʡ, 1975, ʩ. 400). ɺ 80-ʭ 

ʛʦʜʘʭ ʪʝʨʤʠʥ ʪʘʢʞʝ ʧʦʜʚʝʨʛʩʷ ʢʨʠʪʠʢʝ ʊ.ʇ. ʂʫʧʨʠʷʥʦʚʦʡ, ʢʦʪʦʨʘʷ 

ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʘʙʦʡ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʦʣʦʛʠʠ 

ʠʥʚʘʨʠʘʥʪʦʚ (ʂʫʧʨʠʷʥʦʚʘ, 1983, ʩ. 11).  

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʠʥʚʘʨʠʘʥʪʦʚ ʚ ʛʝʦʛʨʘʬʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʚ ʣʘʥʜʰʘʬʪʦʚʝʜʝʥʠʠ, ʩʚʷʟʘʥ ʩ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ɺ ʵʪʦ ʚʨʝʤʷ 

ʧʦʜʯʝʨʢʠʚʘʣʘʩʴ ʚʘʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʠʥʚʘʨʠʘʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʘʥʜʰʘʬʪʘ (ʇʨʝʦʙʨʘʞʝʥʩʢʠʡ, 

1982). ʀʥʚʘʨʠʘʥʪ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʦʪʧʨʘʚʥʘʷ ʪʦʯʢʘ ʚ ʚʦʧʨʦʩʘʭ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠʨʦʜʳ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ, ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʚ ʣʘʥʜʰʘʬʪʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʝʥʠʝ 

ʪʝʨʤʠʥʦʚ çʠʥʚʘʨʠʘʥʪè ʠ çʫʩʪʦʡʯʠʚʦʩʪʴè, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʧʳʪʢʘʤ ʠʭ 

ʨʘʟʛʨʘʥʠʯʠʪʴ ʨʷʜʦʤ ʫʯʝʥʳʭ. ʆʜʠʥ ʠʟ ʥʠʭ ʙʳʣ ʖ.ɻ. ʇʫʟʘʯʝʥʢʦ, ʢʦʪʦʨʳʡ ʚ 1983 

ʛʦʜʫ ʧʠʩʘʣ, ʯʪʦ ʠʥʚʘʨʠʘʥʪʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʟʤʫʱʝʥʠʷ ʥʝ 

ʠʟʤʝʥʷʝʪ ʩʚʦʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʫ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʷʪ 

ʧʝʨʝʩʪʨʦʡʢʘ, ʥʦ ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ ʚʩʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʩʦʩʪʦʷʥʠʶ ʙʣʠʟʢʦʤʫ ʢ 

ʠʩʭʦʜʥʦʤʫ (ʇʫʟʘʯʝʥʢʦ, 1983). ʕʪʠ ʫʪʚʝʨʞʜʝʥʠʷ ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ ʢʨʠʪʠʢʝ ʩʦ 

ʩʪʦʨʦʥʳ ʄʠʣʴʢʦʚʘ ʌ.ʅ., ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʪʝʨʤʠʥʦʚ ʥʘʜʫʤʘʥʥʦʝ, 

ʪʘʢ ʢʘʢ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʥʝ ʨʝʘʛʠʨʫʶʪ ʥʘ 

ʚʦʟʤʫʱʝʥʠʷ (ʄʠʣʴʢʦʚ, 1986). ʊʘʢʞʝ ʧʦʧʳʪʢʠ ʧʨʦʚʝʩʪʠ ʛʨʘʥʠʮʫ ʤʝʞʜʫ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʠʥʚʘʨʠʘʥʪʦʤ ʧʨʝʜʧʨʠʥʠʤʘʣʘ ʊ.ʇ. ʂʫʧʨʠʷʥʦʚʘ, ʥʦ ʝʡ ʫʜʘʣʦʩʴ 

ʪʦʣʴʢʦ ʫʩʫʛʫʙʠʪʴ ʩʠʪʫʘʮʠʶ, ʚʚʝʜʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʪʝʨʤʠʥ çʩʪʘʙʠʣʴʥʦʩʪʴè 

(ʄʠʣʴʢʦʚ, 1986). ʕʪʦʪ ʚʦʧʨʦʩ ʥʝ ʨʝʰʝʥ ʧʦ ʩʝʡ ʜʝʥʴ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ 

çʠʥʝʨʮʠʦʥʥʦʩʪʴè, çʠʥʝʨʪʥʦʩʪʴè, çʠʥʚʘʨʠʘʥʪʥʦʩʪʴè, çʩʪʘʙʠʣʴʥʦʩʪʴè 

ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʠʜʝʥʪʠʯʥʳʝ ʧʦʥʷʪʠʷ ʧʨʠ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʝʦʩʠʩʪʝʤ 

(ɼʤʠʪʨʠʝʚ, ʆʛʫʨʮʦʚ, 2012). 
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ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʚʠʪʦʢ ʚ ʧʦʥʠʤʘʥʠʠ ʪʝʨʤʠʥʘ çʠʥʚʘʨʠʘʥʪ 

ʣʘʥʜʰʘʬʪʘè ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʧʦʥʷʪʠʷ ʌ.ʅ. ʄʠʣʴʢʦʚʳʤ.  

ʇʦ ʝʛʦ ʤʥʝʥʠʶ, ʠʥʚʘʨʠʘʥʪ ï ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʯʝʨʪʳ ʩʪʨʫʢʪʫʨʳ 

ʪʠʧʘ ʣʘʥʜʰʘʬʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʫʨʦʚʥʝ ʩʝʤʝʡʩʪʚʘ (ɹʝʚʟ, 2002). ʀʥʚʘʨʠʘʥʪ 

ʣʘʥʜʰʘʬʪʘ ï ʵʪʦ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʝʛʦ ʪʠʧʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʨʘʟʥʳʭ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ (ʄʠʣʴʢʦʚ, 1986). ʄʠʣʴʢʦʚ ʩʯʠʪʘʣ, ʯʪʦ ʚʚʝʜʝʥʥʳʡ ʚ 

ʥʘʫʯʥʫʶ ʣʠʪʝʨʘʪʫʨʫ çʠʥʚʘʨʠʘʥʪè ʟʘʤʝʥʠʣ ʧʦʥʷʪʠʝ çʪʠʧè, ʘ ʚʤʝʩʪʝ ʩ ʪʝʤ ʠ 

çʪʠʧ ʣʘʥʜʰʘʬʪʘ, ʤʝʩʪʥʦʩʪʠ ʠ ʫʨʦʯʠʱʘè, ʧʨʠʥʷʪʳʝ ʨʘʥʝʝ ʚ ʩʦʚʝʪʩʢʦʡ 

ʛʝʦʛʨʘʬʠʠ.  

ɺ ʪʨʘʢʪʦʚʢʝ ʪʝʨʤʠʥʘ ʧʦ ʄʠʣʴʢʦʚʫ ʠʩʯʝʟʘʣʘ ʩʚʷʟʴ ʠʥʚʘʨʠʘʥʪʘ ʩ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʫʶ ʠʤʝʣ ʚ ʚʠʜʫ ɺ.ɹ. ʉʦʯʘʚʘ ʚ 1978 ʛʦʜʫ. ʇʦʩʣʝ 

ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʧʦʥʷʪʠʷ ʌʝʜʦʨʦʤ ʅʠʢʦʣʘʝʚʠʯʝʤ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʥʚʘʨʠʘʥʪʝ, ʥʘʧʨʠʤʝʨ, ʚ 

ʨʘʙʦʪʘʭ ɺ.ʅ. ɹʝʚʟʘ, ʌ.ʅ. ʄʠʣʴʢʦʚʘ, ɸ.ɻ. ɹʦʣʴʰʘʢʦʚʘ, ʀ. ʉ. ɺʘʩʠʣʴʝʚʘ, ɸ. ʅ. 

ʌʝʜʦʨʦʚʘ, ʉ. ʇ. ɺʘʨʣʘʤʦʚʘ, ʗ. ʀ. ʊʦʨʛʦʚʢʠʥʘ, ɸ. ɸ. ʐʝʩʪʘʢʦʚʦʡ ʠʥʚʘʨʠʘʥʪ 

ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʪʦʛʝʥʥʦʡ ʦʩʥʦʚʦʡ, (ʄʠʣʴʢʦʚ, 1986; ɹʝʚʟ, 2002; 

ɹʦʣʴʰʘʢʦʚ, 2004, ɺʘʩʠʣʴʝʚ, 2009), ɺ.ʇ. ʇʝʪʨʠʱʝʚʘ, ɸ.ɸ. ʏʠʙʠʣʝʚʘ, ʂ.ʄ. 

ɸʭʤʝʜʝʥʦʚʘ, ʉ.ʂ. ʈʘʤʘʟʦʥʦʚʘ ï ʧʦʯʚʦʡ (ʇʝʪʨʠʱʝʚ, 2011) ʠ ʪ.ʜ. ʊʘʢʞʝ 

ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʩ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ɸ.ʅ. 

ʃʘʩʪʦʯʢʠʥʘ (ʃʘʩʪʦʯʢʠʥ, 2016). ʉʪʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʥʚʘʨʠʘʥʪʝ 

ʜʘʣʝʢʦʝ ʦʪ ʠʜʝʡ ɺ.ɹ. ʉʦʯʘʚʳ, ʥʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʙʱʝʧʨʠʥʷʪʳʤ ʠ ʚ ʮʝʣʦʤ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʚʝʩʴʤʘ ʘʙʩʪʨʘʢʪʥʦʝ.  

ʀʩʭʦʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʥʚʘʨʠʘʥʪʝ, ʢʘʢ ʥʝʠʟʤʝʥʥʦʤ ʥʘ ʜʘʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʧʘʨʘʤʝʪʨʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʦʧʳʪʘʣʩʷ ʚʝʨʥʫʪʴ 

ʖ.ɻ. ʇʫʟʘʯʝʥʢʦ, ʢʦʪʦʨʳʡ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʥʘ 

ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ ʟʘ ʩʪʦ ʪʨʠʥʘʜʮʘʪʴ ʣʝʪ (ʇʫʟʘʯʝʥʢʦ, 2010). ʆʥ ʦʩʥʦʚʳʚʘʣʩʷ 

ʥʘ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɻʝʨʤʘʥʦʤ 

ʍʘʢʝʥʦʤ, ʢʦʪʦʨʳʡ ʚʚʝʣ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʦʨʷʜʢʘ, ʬʘʢʪʠʯʝʩʢʠ 

ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʠʥʚʘʨʠʘʥʪʘʤ ɺ.ɹ. ʉʦʯʘʚʳ, ʠ ʦʙ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ (ɻ. 

ʍʘʢʝʥ, 1980). ɺ ʨʘʙʦʪʝ ʦ ʧʨʠʥʮʠʧʘʭ ʨʘʙʦʪʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (ɻ. ʍʘʢʝʥ, 2001) 
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ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʵʥʮʝʬʘʣʦʛʨʘʤʤ ʧʨʠʚʝʜʝʥ 

ʧʨʠʤʝʨ ʚʳʜʝʣʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ 

ʝʛʦ ʘʥʘʣʦʛʦʚ. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʜʝʠ ɺ.ɹ. ʉʦʯʘʚʳ ʬʘʢʪʠʯʝʩʢʠ ʥʘʰʣʠ 

ʨʘʟʨʘʙʦʪʢʫ ʚ ʦʙʣʘʩʪʠ ʜʠʥʘʤʠʢʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ɸ ʩʠʥʝʨʛʝʪʠʢʘ, ʙʝʟʫʩʣʦʚʥʦ, 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʦʩʥʦʚʘʥʠʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʛʝʦʩʠʩʪʝʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʖ.ɻ. ʇʫʟʘʯʝʥʢʦ ʧʨʦʜʦʣʞʠʣʠ ʝʛʦ ʫʯʝʥʠʢʠ ʈ.ɹ. 

ʉʘʥʜʣʝʨʩʢʠʡ, ʄ.ʖ. ʇʫʟʘʯʝʥʢʦ, ɸ.ʅ. ʂʨʝʥʢʝ, ɸ.ʉ. ɹʘʡʙʘʨ. ʀʩʧʦʣʴʟʫʷ ʨʷʜʳ 

ʠʟʤʝʨʝʥʠʡ ʩʦ ʩʧʫʪʥʠʢʦʚ Landsat, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠʥʚʘʨʠʘʥʪʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ (ʉʘʥʜʣʝʨʩʢʠʡ, 2007, 

2008. 2012; ʇʫʟʘʯʝʥʢʦ, 2014, 2019; ɹʘʡʙʘʨ, 2018).  

ɸʥʘʣʠʟ ʠʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʘʥʛʣʦʷʟʳʯʥʳʭ ʩʪʨʘʥʘʭ 

ʜʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʨʤʠʥ çʠʥʚʘʨʠʘʥʪ ʣʘʥʜʰʘʬʪʘè, ʧʨʠʥʷʪʳʡ ʚ ʩʦʚʝʪʩʢʦʡ 

ʛʝʦʛʨʘʬʠʠ. ʆʜʥʘʢʦ, ʯʝʰʩʢʠʤʠ ʠʥʞʝʥʝʨʘʤʠ J. Bila, J.Jura ʠ I. Bukovsky, 

ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʤʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʣʘʥʜʰʘʬʪʘ, ʙʳʣ 

ʟʘʠʤʩʪʚʦʚʘʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʪʝʨʤʠʥ çʩʪʨʫʢʪʫʨʥʳʡ ʠʥʚʘʨʠʘʥʪè (structural 

invariant). ʇʦ ʠʭ ʤʥʝʥʠʶ, ʩʦʩʪʦʷʥʠʝ ʣʘʥʜʰʘʬʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʨʝʤʝʥʥʳʭ, ʥʦ ʪʘʢ, ʢʘʢ ʣʘʥʜʰʘʬʪʥʳʝ ʵʢʦʣʦʛʠ, ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʥʝ ʦʜʥʦ ʢʦʥʢʨʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʠʭ 

ʩʦʚʦʢʫʧʥʦʩʪʴ, ʜʣʷ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʙʦʪʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʜʝʣʠʪʴ 

ʠʥʚʘʨʠʘʥʪʳ (ʠʣʠ ʪʨʝʥʜʳ) ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʠʭ (Bila, 

2007, 2009, 2010). ʉʚʦʶ ʤʝʪʦʜʠʢʫ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʠʩʢʘ ʥʘʨʫʰʝʥʠʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʣʦʛʦ ʚʦʜʥʦʛʦ ʮʠʢʣʘ ʚ ʵʢʦʩʠʩʪʝʤʝ (Bila, 2010, 2011). 

 

1.2 ʀʥʚʘʨʠʘʥʪ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʋʩʣʦʚʠʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ 

ʀʥʚʘʨʠʘʥʪʥʦʩʪʴ ï ʭʘʨʘʢʪʝʨʥʘʷ ʯʝʨʪʘ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʥʝʪ ʩʠʩʪʝʤ, 

ʘʙʩʦʣʶʪʥʦ ʥʝ ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ, ʚ ʨʘʙʦʪʝ 
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ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ ÑŮ ʠ ʷʚʣʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ (ʇʫʟʘʯʝʥʢʦ, 1983). 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ (F) ʦʪ ʩʨʝʜʥʝʛʦ, ʟʘ ʧʨʝʜʝʣʳ 

ʠʥʪʝʨʚʘʣʘ [F-Ů; F+Ů], ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʯʝʨʝʟ ʜʠʩʧʝʨʩʠʶ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʚʠʡ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʚʷʟʥʦʩʪʴ. ʇʨʠ ʩʣʘʙʦ ʢʦʨʨʝʣʠʨʫʶʱʠʭ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʬʫʥʢʮʠʠ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʯʠʩʣʦ ʘʨʛʫʤʝʥʪʦʚ. 

F=a1X1 + a2X2 + a3X3 +é+ anXn,  

ʛʜʝ F- ʬʫʥʢʮʠʷ ʩʠʩʪʝʤʳ, ʍi ï ʚʭʦʜʥʳʝ ʘʨʛʫʤʝʥʪʳ (ʧʝʨʝʤʝʥʥʳʝ), ai ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʠʥʪʝʨʚʘʣʫ [0;1]. ʇʨʠ В ὥ ρ ʜʠʩʧʝʨʩʠʷ 

ʬʫʥʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

ὈὊ ὥὈὢ ὥὈὢ ὥὈὢ Ễ ὥὈὢ ,  

ɽʩʣʠ ʜʠʩʧʝʨʩʠʠ ʚʭʦʜʥʳʭ ʘʨʛʫʤʝʥʪʦʚ ʨʘʚʥʳ, ʪʦ ʤʠʥʠʤʫʤ ʜʠʩʧʝʨʩʠʠ ʬʫʥʢʮʠʠ 

ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ: 

ÍÉÎὈὊ ὈὢȾὲ,  

ʆʜʥʘʢʦ, ʝʩʣʠ ʦʥʠ ʥʝ ʨʘʚʥʳ, ʪʦ ʤʠʥʠʤʫʤ ʜʠʩʧʝʨʩʠʠ ʬʫʥʢʮʠʠ ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ὥ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ DX i. 

ɼʠʩʧʝʨʩʠʷ ʬʫʥʢʮʠʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʠ ʥʝʨʘʚʝʥʩʪʚʝ 

ʦʪʢʣʦʥʝʥʠʡ ʚʩʝʛʜʘ ʟʘʚʝʜʦʤʦ ʥʠʞʝ, ʯʝʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ ʧʝʨʝʤʝʥʥʳʭ 

(DF  max (Dὢ)). ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʧʨʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʘʨʛʫʤʝʥʪʘʭ ʍi. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʥʦʛʦʩʚʷʟʥʦʩʪʠ ʜʠʩʧʝʨʩʠʷ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʤʝʥʴʰʝ ʧʨʠ ʙʦʣʴʰʝʤ 

ʢʦʣʠʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ, ʪʦ ʝʩʪʴ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ 

ʧʨʠʥʘʜʣʝʞʘʪʴ ʠʥʪʝʨʚʘʣʫ ÑŮ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʩʠʩʪʝʤʳ ʤʦʞʝʪ 

ʙʳʪʴ ʦʮʝʥʝʥʘ ʯʝʨʝʟ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʠʩʪʝʤʫ, ʘ 

ʬʘʢʪʦʨʥʳʡ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʮʝʥʠʪʴ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʤʥʦʛʦʩʚʷʟʥʦʩʪʠ, ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʝʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴʶ, ʯʝʤ ʧʨʦʩʪʳʝ. ʅʘʧʨʠʤʝʨ, ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ 

ʞʠʚʦʪʥʳʭ ʚ ʪʫʥʜʨʝ ʠʣʠ ʧʫʩʪʳʥʝ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʣʦʞʥʳʭ ʛʝʦʩʠʩʪʝʤʘʭ 

ʪʘʢʠʭ, ʢʘʢ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʠʣʠ ʶʞʥʦ-ʪʘʝʞʥʳʝ ʣʝʩʘ. ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ 

ʨʘʙʦʪʘʝʪ ʠ ʚ ʛʠʜʨʦʣʦʛʠʠ, ʢʦʣʝʙʘʥʠʷ ʩʪʦʢʘ ʚ ʩʪʚʦʨʝ, ʟʘʤʳʢʘʶʱʝʤ ʨʝʯʥʦʡ 

ʙʘʩʩʝʡʥ, ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʱʝ ʫʩʪʨʦʝʥ ʙʘʩʩʝʡʥ, ʧʦʡʤʘ ʠ ʤʝʥʴʰʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʪʦʢʦʚ ʫ ʨʝʢʠ (ʇʫʟʘʯʝʥʢʦ, 1983). ʋʩʣʦʚʠʝ ʤʥʦʛʦʩʚʷʟʥʦʩʪʠ ʜʣʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʩʠʩʪʝʤʳ ʥʘʭʦʜʠʪ ʤʝʩʪʦ ʚ ʨʝʘʣʴʥʳʭ 

ʛʝʦʩʠʩʪʝʤʘʭ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʝ, ʧʨʠ ʯʨʝʟʤʝʨʥʦ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʝ ʩʣʫʯʘʡʥʦʝ ʧʦʚʝʜʝʥʠʝ. 

ɺʪʦʨʳʤ ʫʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʛʝʦʩʠʩʪʝʤʳ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʧʨʠʥʮʠʧʘ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʩʚʷʟʝʡ (ʧʨʠʥʮʠʧ 

ʜʚʫʢʦʥʘʣʴʥʦʩʪʠ), ʧʨʝʜʣʦʞʝʥʥʳʡ ɹ.ʅ. ʇʝʪʨʦʚʳʤ. ʅʝʦʙʭʦʜʠʤʦʝ ʠ ʜʦʩʪʘʪʦʯʥʦʝ 

ʫʩʣʦʚʠʝ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʘʨʠʘʥʪʥʦʡ ʩʠʩʪʝʤʳ ï ʧʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ ʠ ʙʦʣʝʝ 

ʢʘʥʘʣʦʚ, ʧʝʨʝʜʘʶʱʠʭ ʚʦʟʤʫʱʝʥʠʝ, ʘ ʠʭ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʢʦʤʧʝʥʩʠʨʫʶʱʘʷ 

ʬʫʥʢʮʠʷ ʨʘʚʥʘ ʥʫʣʶ (ʏʠʥʘʝʚ, 1969).  

ʌʫʥʢʮʠʷ ʩʠʩʪʝʤʳ F ʠʤʝʝʪ ʜʚʘ ʢʘʥʘʣʘ F1 ʠ F2, ʧʨʠʥʠʤʘʶʱʠʭ ʠʟ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʩʠʛʥʘʣʳ ʍ1, é, ʍn ʩ ʥʝʢʦʪʦʨʦʡ ʢʦʥʩʪʘʥʪʦʡ ʉ. 

Ὂ Ὂ Ὂ ὅ,  

Ὂ ὥὢ ὥὢ Ễ ὥὢ ,  

Ὂ ὦὢ ὦὢ Ễ ὦὢ ,  

ɿʥʘʯʝʥʠʷ F ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʘʨʛʫʤʝʥʪʦʚ, 

ʝʩʣʠ ὥ ὦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʚʘ ʢʘʥʘʣʘ ʢʦʤʧʝʥʩʠʨʫʶʪ ʣʶʙʳʝ ʚʦʟʤʫʱʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚ 

ʤʥʦʛʦʤʝʨʥʦʤ ʚʝʢʪʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʝʱʝ ʦʜʥʦ ʧʨʦʩʪʦʝ, ʥʦ 

ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʝ ʦʙʦʙʱʝʥʠʝ ʯʝʨʝʟ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʦʚ. 

ὥȟὦ ȿὥȿȿὦȿὧέί•,  

ὧέί•ȟ

ȿȿȿȿ
,  
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ʂʦʩʠʥʫʩ ʦʪʨʘʞʘʝʪ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʝʡ F1 ʠ F2 ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʊʘʙʣʠʮʘ 1.1). 

ʊʘʙʣʠʮʘ 1.1 ɺʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʝʡ F1 ʠ F2 ʚ ʚʝʢʪʦʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɿʥʘʯʝʥʠʝ cosű ɺʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʝʡ F1 ʠ F2 

cosű = 0 F1 ʠ F2 ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳ 

cosű < 0 ʆʙʣʘʩʪʠ F1 ʠ F2 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʧʦʣʦʚʠʥʘʭ 

ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

cosű = -1 ʆʙʣʘʩʪʠ F1 ʠ F2 ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ 

cosű > 0 ʆʙʣʘʩʪʠ F1 ʠ F2 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʦʡ ʧʦʣʦʚʠʥʝ 

ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

cosű = 1 ʆʙʣʘʩʪʠ F1 ʠ F2 ʩʦʚʧʘʜʘʶʪ  

 

ʇʨʠ cosű = 0 ʦʪʩʫʪʩʪʚʫʝʪ ʜʚʫʭʢʘʥʘʣʴʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ, ʧʨʠ cosű < 0 ï 

ʢʦʤʧʦʥʝʥʪʳ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʢʦʤʧʝʥʩʘʮʠʷ ʨʘʙʦʪʘʝʪ ʣʠʰʴ 

ʯʘʩʪʠʯʥʦ, ʧʨʠ  cosű > 0 ï ʥʝʧʦʣʥʘʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʟʘ ʩʯʝʪ ʤʥʦʛʦʩʚʷʟʥʦʩʪʠ, ʘ 

ʧʨʠ cosű = 1- ʩʠʩʪʝʤʘ ʧʦʣʥʦʩʪʴʶ ʥʝ ʠʥʚʘʨʠʘʥʪʥʘ. 

ʇʨʦʚʝʨʢʦʡ ʧʨʠʥʮʠʧʘ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʩʚʷʟʝʡ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ 80-ʭ 

ʛʦʜʘʭ ʟʘʥʠʤʘʣʠʩʴ ɺ.ʉ. ʉʢʫʣʢʠʥ, (1979) ʠ ʖ.ɻ. ʇʫʟʘʯʝʥʢʦ (1980). ʀʤʠ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʭʚʦʡʥʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʘ ʠʤʝʥʥʦ, 

ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʢʝʜʨʘ ʢʦʨʝʡʩʢʦʛʦ (F1), ʝʣʠ ʘʷʥʩʢʦʡ (F2) ʠ ʧʠʭʪʳ ʙʝʣʦʢʦʨʦʡ (F3). 

ʆʩʥʦʚʥʳʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʷʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪ (X1) ʠ ʩʦʤʢʥʫʪʦʩʪʴ (X2) ʜʨʝʚʦʩʪʦʷ, 

ʯʠʩʣʦ ʩʪʚʦʣʦʚ ʚ ʜʨʝʚʦʩʪʦʝ (X3), ʛʫʩʪʦʪʘ ʧʦʜʣʝʩʢʘ (X4), ʘʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ 

ʪʝʨʨʠʪʦʨʠʠ (X5), ʵʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʦʚ (X6), ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ (X7), 

ʢʘʤʝʥʠʩʪʦʩʪʴ ʩʢʣʦʥʘ (X8) (ʊʘʙʣʠʮʘ 1.2). 

ʊʘʙʣʠʮʘ 1.2 ɺʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʪʨʝʭ ʭʚʦʡʥʳʭ ʧʦʨʦʜ (ʧʦ ʇʫʟʘʯʝʥʢʦ, 1972) 

ʇʦʨʦʜʘ X1 X2 X3 X4 X5 X6 X7 X8 

F1 1,25 0,7 1,05 -0,7 1,4 1,2 0,95 -0,9 

F2 -0,5 -0,75 -0,8 1,2 -2,9 -0,8 0,8 0,6 
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F2 -0,9 -0,65 -1,25 0,6 1,7 0,9 -0,9 1,1 

 

ʊʘʙʣʠʮʘ 1.3 ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʧʘʨʥʳʝ ʩʢʘʣʷʨʥʳʝ ʚʝʢʪʦʨʥʳʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʘʨʛʫʤʝʥʪʘʭ (ʧʦ ʇʫʟʘʯʝʥʢʦ, 1972) 

ʇʦʨʦʜʘ F1 F2 F3 

F1 - -0,74 -0,38 

F2 - - -0,33 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʨʠ ʚʠʜʘ ʭʚʦʡʥʳʭ ʧʦʨʦʜ 

ʜʝʨʝʚʴʝʚ ʧʦʧʘʨʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʪʦ ʝʩʪʴ ʧʨʠ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʷʭ ʜʚʘ 

ʚʠʜʘ ʚʟʘʠʤʦʢʦʤʧʝʥʩʠʨʫʶʪʩʷ, ʘ ʪʨʝʪʠʡ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʧʦʜʨʦʩʪʘ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʠʣʠʷ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʝʣʴ 

ʘʷʥʩʢʘʷ ʠ ʢʝʜʨ ʢʦʨʝʡʩʢʠʡ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤʠ, ʘ ʠʤ 

ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʝʪʩʷ ʧʠʭʪʘ ʙʝʣʦʢʦʨʘʷ, ʧʦʵʪʦʤʫ ʚ ʨʝʘʣʴʥʳʭ ʙʠʦʮʝʥʦʟʘʭ ʙʫʜʫʪ 

ʚʩʪʨʝʯʘʪʴʩʷ ʩʦʯʝʪʘʥʠʷ ʧʠʭʪʳ ʩ ʝʣʴʶ ʠʣʠ ʧʠʭʪʳ ʩ ʢʝʜʨʦʤ (ʊʘʙʣʠʮʘ 1.3). ɺ 

ʮʝʣʦʤ, ʭʚʦʡʥʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʴʶ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʤʠ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʚʦʟʤʫʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʠʚʝʩʪʠ ʢ 

ʩʤʝʥʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. ɺ ʠʭ ʨʘʙʦʪʘʭ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʥʮʠʧ 

ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʚʦʟʤʫʱʝʥʠʷ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʩʧʦʩʦʙʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʬʫʥʢʮʠʡ ʙʠʦʮʝʥʦʟʦʚ ʠ ʬʠʪʦʮʝʥʦʟʦʚ.   

ʀʪʘʢ, ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʩʠʩʪʝʤ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʚʫʭ ʧʨʠʥʮʠʧʘʭ: 

ʤʥʦʛʦʩʚʷʟʥʦʩʪʠ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, 

ʥʝʩʦʙʣʶʜʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʩʠʩʪʝʤʳ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʦʡ ʠʥʚʘʨʠʘʥʪʥʦʡ ʩʠʩʪʝʤʳ. 
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1.3 ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ, ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ, ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʥʷʪʠʝ ʠʥʚʘʨʠʘʥʪ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, 

ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʙʳʣʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʠ ʝʛʦ ʨʘʩʯʝʪʘ. ʊʦʣʴʢʦ ʫ ʦʪʜʝʣʴʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʛʝʦʛʨʘʬʠʠ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʨʷʜʳ ʚʨʝʤʝʥʥʳʭ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʠ 

ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʠʭ ʚʳʜʝʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʛʠʜʨʦʣʦʛʠʠ ʪʝʨʤʠʥ 

ʠʥʚʘʨʠʘʥʪ ʙʣʠʟʦʢ ʢ ʧʦʥʷʪʠʶ ʥʦʨʤʘ - ʥʝʢʦʤʫ ʦʩʨʝʜʥʝʥʠʶ, ʢʦʪʦʨʦʝ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ (ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ) ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (Principal Component Analysis ï PCA), ʢʦʪʦʨʳʡ ʙʳʣ 

ʠʟʦʙʨʝʪʝʥ ʂʘʨʣʦʤ ʇʠʨʩʦʥʦʤ ʝʱʝ ʚ 1901 ʛʦʜʫ, ʥʦ ʥʝ ʧʦʪʝʨʷʣ ʩʚʦʝʡ 

ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʨʪʦʛʦʥʘʣʴʥʳʝ, ʚʟʘʠʤʦʥʝʟʘʚʠʩʠʤʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʚʠʨʪʫʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʠʣʠ ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (Pirson, 1901).  

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʚʦʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɻʝʨʤʘʥʦʤ ʍʘʢʢʝʥʦʤ (2003, 2005) ʚ ʩʠʥʝʨʛʝʪʠʢʝ. ʆʜʥʘʢʦ, PCA 

ʧʦʣʫʯʠʣ ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʜʨʫʛʠʭ ʥʘʫʢʘʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ. ʆʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (Labrin et al, 2020); 

ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʤʦʱʠ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʨʦʠʟʚʝʜʝʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʨʘʥ ʧʦ ʫʨʦʚʥʶ ʩʯʘʩʪʴʷ ʧʦʩʣʝ ʧʘʥʜʝʤʠʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʚʩʝʤʠʨʥʦʛʦ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʩʘ 2021 ʛʦʜʘ (Greenacre et al, 2022); 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ï ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚ ʛʝʥʝʪʠʢʝ 

(Abeywardena, 1972; Reich et al, 2008) ʠ ʪ.ʜ. PCA ʥʘʰʝʣ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʞʝ 

ʚ ʩʧʦʨʪʝ, ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʪʝʭʥʠʢʫ ʩʧʦʨʪʩʤʝʥʦʚ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʝ ʢʘʢ ʥʘʙʦʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, 

ʜʚʠʞʝʥʠʷ ʣʳʞʥʠʢʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚʦ 

ʚʨʝʤʝʥʠ (Federolf et al, 2014).  ɽʱʝ ʦʜʥʠʤ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʚʳʜʝʣʝʥʠʷ 

ʠʥʚʘʨʠʘʥʪʦʚ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ Face ID 

(ʨʘʩʧʦʟʥʘʥʠʝ ʣʠʮʘ ʯʝʣʦʚʝʢʘ) (Chan et al, 2010; Bahurupi et al, 2012; Javed, 2013). 



22 

 

ʊʘʢ ʢʘʢ ʚ ʨʘʟʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʫ ʥʘʩ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʤʠʤʠʢʘ, ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʛʦʣʦʚʳ, ʧʦʷʚʣʷʪʴʩʷ ʠʣʠ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʤʘʢʠʷʞ, ʩʲʸʤʦʯʥʦʡ ʩʠʩʪʝʤʦʡ 

ʜʝʣʘʝʪʩʷ ʨʷʜ ʩʥʠʤʢʦʚ ʠ ʚʳʜʝʣʷʝʪʩʷ ʠʥʚʘʨʠʘʥʪ ï ʥʘʙʦʨ ʫʩʪʦʡʯʠʚʳʭ ʯʝʨʪ ʣʠʮʘ, 

ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʯʝʣʦʚʝʢʘ. ʇʦ ʤʥʝʥʠʶ ʅ. ɹʘʢʰʠ ʠ ʝʛʦ 

ʢʦʣʣʝʛ PCA ï ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʦʜ ʜʣʷ ʨʘʩʧʦʟʥʘʥʠʷ ʣʠʮ ʚʚʠʜʫ ʝʛʦ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠ ʤʝʥʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʰʫʤʫ ʠ ʧʦʤʝʭʘʤ (Bakshi et al, 

2017).  ɺ ʄʘʣʘʡʟʠʠ ʢʘʢ ʚ ʩʪʨʘʥʝ ʩ ʧʨʦʮʚʝʪʘʶʱʝʡ ʧʨʝʩʪʫʧʥʦʩʪʴʶ ʥʘʨʫʰʠʪʝʣʠ 

ʟʘʢʦʥʘ ʜʘʚʥʦ ʥʘʫʯʠʣʠʩʴ ʠʟʙʝʛʘʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦ ʦʪʧʝʯʘʪʢʘʤ ʧʘʣʴʮʘ, ʚʩʝ 

ʙʦʣʴʰʝ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʩʧʦʟʥʘʥʠʝ ʧʨʝʩʪʫʧʥʠʢʦʚ ʧʦ ʠʥʚʘʨʠʘʥʪʘʤ ʣʠʮʘ, 

ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʩʥʠʤʢʘʤ ʠ ʚʠʜʝʦʟʘʧʠʩʷʤ ʩ ʦʙʱʝʩʪʚʝʥʥʳʭ ʢʘʤʝʨ. ɺ 80% 

ʩʣʫʯʘʝʚ ʥʘ ʛʦʨʦʜʩʢʠʭ ʚʠʜʝʦʟʘʧʠʩʷʭ ʤʦʞʥʦ ʨʘʩʧʦʟʥʘʪʴ ʠʥʚʘʨʠʘʥʪʳ ʣʠʮʘ 

ʧʨʝʩʪʫʧʥʠʢʦʚ (Abdullah et al, 2017). 

ʄʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ ʛʝʦʛʨʘʬʠʠ: 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ (Johnston, 1978; Griffith, Amrhein 1997; Cartone et al, 

2021; Lib·rio et al, 2022) ʠ ʬʠʟʠʯʝʩʢʦʡ (Mather, 1976; Legendre, Legendre, 1998; 

Davis, 2002). ʀʨʣʘʥʜʩʢʠʝ ʫʯʝʥʥʳʝ ʚʦ ʛʣʘʚʝ ʩ ɼʝʤʰʘʨ ʚʳʜʝʣʷʶʪ 4 ʛʨʫʧʧʳ 

ʧʨʠʤʝʥʝʥʠʷ PCA ʚ ʛʝʦʛʨʘʬʠʠ: 1. ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʷʚʣʝʥʠʡ ʠ 

ʦʙʲʝʢʪʦʚ ʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʛʝʦʛʨʘʬʠʠ, 2. ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʩʪʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, 3. ʜʣʷ ʘʪʤʦʩʬʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 4. ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʪʦʢʦʚ 

(ʛʠʜʨʦʣʦʛʠʷ) (Demġar et al, 2012). ʆʜʥʘʢʦ, ʤʦʞʥʦ ʝʱʝ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʫ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ PCA ʧʦʤʦʛʘʝʪ 

ʦʙʥʘʨʫʞʠʪʴ ʤʥʦʛʦʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʙʨʦʩʳ ʠ ʚʳʙʨʦʩʳ ʧʨʠ ʘʥʘʣʠʟʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʠ ʚʦʟʜʫʭʘ (Hubert et al, 2005; Filzmoser et al,  2008; 

Harris et al, 2015), ʧʦʯʚ (Kaspari et al, 2009); ʙʠʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ (ʘʥʘʣʠʟ 

ʯʠʩʣʝʥʥʦʩʪʠ ʚʠʜʦʚ) (Legendre, Gallagher, 2001); ʧʦʯʚʝʥʥʳʭ (ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ 

ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ) (Dragoviĺ  et al, 2006; Levi, 

Rasmussen, 2014; Maynard, Johnson, 2016); ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

(Sharma et al, 2009; Huang et al, 2020).  ʊʘʢʞʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʝ PCA ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʥʜʝʢʩʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠ-
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ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʷʟʚʠʤʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʶʞʥʦʡ ɸʬʨʠʢʠ (Abson et al, 2012), 

ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ɹʘʥʛʣʘʜʝʰ (Uddin et al, 2019) ʠ ʪ.ʜ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʨʝʣʴʝʬʘ ʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

 

1.4 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʨʝʣʴʝʬʘ 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʝʣʴʝʬʘ ʨʷʜ ʫʯʝʥʳʭ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʚʳʙʦʨʘ 

ʥʘʙʦʨʘ ʧʝʨʝʤʝʥʥʳʭ, ʪʘʢ ʢʘʢ ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʪ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʎʄʈ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʢʦʨʨʝʣʠʨʦʚʘʥʳ ʠ 

ʚʳʟʳʚʘʪʴ ʠʟʙʳʪʦʯʥʦʩʪʴ ʚ ʘʥʘʣʠʟʝ (Pittman et al, 2009). ʅʘʧʨʠʤʝʨ, ʢʦʨʨʝʣʷʮʠʷ 

ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʫʢʣʦʥʘ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʤʦʞʝʪ ʙʳʪʴ ʜʘʞʝ 

ʙʦʣʝʝ 0,9 (Rooper, Zimmermann, 2007). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʪ ʚʳʙʦʨʘ ʥʘʙʦʨʘ 

ʧʝʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (Hijmans, 2012, 

Dormann et al, 2013), ʦʮʝʥʢʘ ʢʦʚʘʨʠʘʮʠʠ ʤʝʞʜʫ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʣʴʝʬʘ ʧʨʦʚʦʜʠʪʩʷ ʨʝʜʢʦ (Graham, 2003). ʆʜʥʘʢʦ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʤʦʨʬʦʤʝʪʨʠʢʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʘʢʝʪʘʭ ʧʨʦʛʨʘʤʤ, ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʦʡ. ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʝʝ ʨʝʰʝʥʠʷ ï ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (Principal Component Analysis - PCA), ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʣʴʝʬʘ ʣʝʩʩʦʚʳʭ ʧʣʘʪʦ ʂʠʪʘʷ (Zhang et al, 2009; 

Tang et al, 2020; Huang et al, 2020; Liu et al, 2022), ʪʝʨʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ 

(Nguyen et al, 2020), ʉʐɸ (Officer et al, 2004), ʂʘʥʘʜʳ (Lecours et al, 2017), 

ʀʥʜʠʠ (Mishra, Satyanarayana, 1988; Sharma et al, 2009; Singh et al, 2009; 

Meshram, Sharma, 2018; Tiwari, Kushwaha, 2021) ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ PCA ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʙʦʙʱʝʥʠʷ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ (3 ï 4 ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). 

ʅʘʧʨʠʤʝʨ, ʘʤʝʨʠʢʘʥʩʢʠʝ ʢʦʣʣʝʛʠ ʚʳʜʝʣʠʣʠ ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ ʜʣʷ 4 ʫʯʘʩʪʢʦʚ 

ʚ ʰʪʘʪʝ ʀʣʣʠʥʦʡʩ ʠ ʄʠʩʩʫʨʠ ʥʘ ʦʩʥʦʚʝ 4 ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʨʝʣʴʝʬʘ (ʚʳʩʦʪʘ, ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ, ʢʨʠʚʠʟʥʘ ʠ ʧʦʢʘʟʘʪʝʣʴ ʢʦʥʚʝʨʛʝʥʮʠʠ). ɺ 

ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʠʤʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 2 ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʳʚʘʶʪ 72% 16 ʧʝʨʝʤʝʥʥʳʭ (4 ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 4 ʧʦʢʘʟʘʪʝʣʷ). 

ʇʝʨʚʳʡ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʢʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥ ʩ ʚʳʩʦʪʦʡ ʠ 

ʢʨʠʚʠʟʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʥʚʝʨʛʝʥʮʠʠ, ʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʨʫʪʠʟʥʫ ʩʢʣʦʥʦʚ (Officer et al, 2004). 

ɹʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʢʠʪʘʡʩʢʠʝ ʫʯʝʥʥʳʝ. ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʥʘ ʦʩʥʦʚʝ ʎʄʈ c 

ʨʘʟʨʝʰʝʥʠʝʤ 100 ʤ ʚ ArcGis 10.2 ʨʘʩʩʯʠʪʘʥʳ 10 ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʘʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ ʪʝʨʨʠʪʦʨʠʠ, ʧʣʘʥʦʚʘʷ ʠ ʧʨʦʬʠʣʴʥʘʷ ʢʨʠʚʠʟʥʘ, 

ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ, ʘʤʧʣʠʪʫʜʘ ʨʝʣʴʝʬʘ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʣʫʙʠʥʘ 

ʨʘʩʯʣʝʥʸʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʴ ʦʚʨʘʞʥʦ-ʙʘʣʦʯʥʦʡ ʩʝʪʠ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʚʳʩʦʪʳ, ʜʣʠʥʘ ʩʢʣʦʥʘ.  ʀʭ ʦʙʦʙʱʝʥʠʝ ʤʝʪʦʜʦʤ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʝʨʚʳʝ ʧʷʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʨʝʣʴʝʬʘ 

ʦʧʠʩʳʚʘʶʪ ʧʦʯʪʠ 92% ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ (1 ï 55%, 2 ï 12%, 3 ï 10%, 

4 ï 9%, 5 ï 6%). (Huang et al, 2020) (ʊʘʙʣʠʮʘ 1.4). 

ʊʘʙʣʠʮʘ 1.4 ɻʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 10 ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʣʴʝʬʘ ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ (Huang et al, 2020) 

 F1 F2 F3 F4 F5 

ɸʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ 0.780 -0.477 0.019 0.180 0.036 

ʂʨʫʪʠʟʥʘ 0.961 0.036 -0.085 0.066 -0.091 

ʇʣʘʥʦʚʘʷ ʢʨʠʚʠʟʥʘ 
-

0.238 
-0.107 0.927 0.198 -0.140 

ʇʨʦʬʠʣʴʥʘʷ ʢʨʠʚʠʟʥʘ 0.724 0.044 0.251 
-

0.019 
0.534 

ɸʤʧʣʠʪʫʜʘ ʨʝʣʴʝʬʘ 0.956 0.059 0.068 0.062 -0.130 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 0.944 0.021 0.063 0.090 -0.147 

ɻʣʫʙʠʥʘ ʨʘʩʯʣʝʥʸʥʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ 
0.859 0.014 -0.131 0.159 -0.317 

ʇʣʦʪʥʦʩʪʴ ʦʚʨʘʞʥʦ-ʙʘʣʦʯʥʦʡ ʩʝʪʠ 
-

0.272 
0.477 -0.127 0.812 0.134 

ʋʢʣʦʥʳ 0.316 0.840 0.187 
-

0.335 
-0.103 

ɼʣʠʥʘ ʩʢʣʦʥʦʚ 0.829 0.067 0.001 
-

0.118 
0.294 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʘ ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʨʫʪʠʟʥʳ 

ʩʢʣʦʥʦʚ, ʘʤʧʣʠʪʫʜʦʡ ʨʝʣʴʝʬʘ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʨʦʬʠʣʴʥʘʷ ʠ ʧʣʘʥʦʚʘʷ ʢʨʠʚʠʟʥʘ, ʫʢʣʦʥʳ ʠ ʧʣʦʪʥʦʩʪʴ ʦʚʨʘʞʥʦ-ʙʘʣʦʯʥʦʡ ʩʝʪʠ 

ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ - ʤʘʨʢʝʨʘʤʠ (Huang et al, 2020). 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʂʠʪʘʷ 

(Zhang et al, 2009; Tang et al, 2020; Liu et al, 2022). 

ʇʦʤʠʤʦ ʚʳʙʦʨʘ ʥʘʙʦʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʜʥʠ ʠ ʪʝ ʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʠʤʝʪʴ ʦʪʣʠʯʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ, 

ʥʘʧʨʠʤʝʨ ʚ SAGA GIS ʠ Arc GIS. ʂʘʥʘʜʩʢʠʝ ʫʯʝʥʳʝ ʃʝʢʫʨ ʠ ʢʦʣʣʝʛʠ 

ʚʳʧʦʣʥʠʣʠ ʠʥʪʝʛʨʘʮʠʶ ʛʨʫʧʧʳ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ 11 ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ (ʊʘʙʣʠʮʘ 1.5) (Lecours et al, 2017).  

ʊʘʢ ʞʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʣʦʞʥʦʩʪʠ ʨʝʣʴʝʬʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʜʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʝʬʘ ʩ ʨʘʟʣʠʯʥʦʡ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ. 

ʆʩʥʦʚʥʘʷ ʞʝ ʮʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʵʪʦ ʚʳʜʝʣʝʥʠʝ ʥʘʙʦʨʘ ʤʘʨʢʝʨʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʘʛʨʫʞʘʶʪ ʪʦʣʴʢʦ ʦʜʠʥ ʛʣʘʚʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʝʩʣʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʴʝʬʘ çʚʠʩʷʪè ʥʘ ʨʘʟʥʳʭ ʬʘʢʪʦʨʘʭ, ʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʠʟʙʳʪʦʯʥʳʤʠ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ (Tabachnick et al, 2014). 

ʊʘʙʣʠʮʘ 1.5 ʂʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʟʥʳʭ 

ʧʨʦʛʨʘʤʤʘʭ 

ʇʆ 

ʂʦʣʠʯʝʩʪʚʦ 

ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢ

ʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʇʆ 

ʂʦʣʠʯʝʩʪʚʦ 

ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢ

ʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ArcGIS 10.2.2 with 

Python 2.7.8 
22 

Quantum GIS 

2.4.0 Chugiak 
13 

ArcGIS 10.2.2 with 

DEM Surface Tools 

(v.2.1.399) 

17 
SAGA GIS 

2.0.8 
96 

ArcGIS 10.2.2 with 

Benthic Terrain 

Modeler 3.0 rc3 

12 

TNTmips Free 

2014 

(MicroImages) 
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Diva-GIS 7.5.0 7 uDig 1.4.0b 9 

Idrisi Selva 17.0 7 
Whitebox GAT 

3.2.1 Iguazu 
10 

LandSerf 2.3 12 ʀʪʦʛ 230 

 

ʀʟ 230 ʧʝʨʝʤʝʥʥʳʭ 48 ʦʢʘʟʘʣʠʩʴ ʦʜʠʥʘʢʦʚʳʤʠ ʠ ʩʨʘʟʫ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʠʟ 

ʘʥʘʣʠʟʘ. ʂ ʦʩʪʘʚʰʠʤʩʷ 182 ʧʝʨʝʤʝʥʥʳʤ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʠ ʚʳʜʝʣʝʥʳ 6 ʛʨʫʧʧ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʛʣʘʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: (1) 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚʳʩʦʪʳ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ (ʤʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ), (2) ʣʦʢʘʣʴʥʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʤʝʨʘ ʤʦʨʱʠʥʠʩʪʦʩʪʠ), (3) 

ʚʦʩʪʦʯʥʦʩʪʴ ʠ (4) ʩʝʚʝʨʥʦʩʪʴ (ʤʝʨʳ ʦʨʠʝʥʪʘʮʠʠ), (5) ʤʝʩʪʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

(ʧʦʢʘʟʘʪʝʣʴ ʩʨʝʜʥʝʛʦ ʫʢʣʦʥʘ) ʠ (6) ʫʢʣʦʥʳ (ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʍʦʨʥʘ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʬʠʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʩʘʤʘʷ 

ʥʝʩʢʦʨʨʝʣʠʨʦʚʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʠ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʝ ʬʘʢʪʦʨʥʳʝ ʥʘʛʨʫʟʢʠ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ ʬʘʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 2,4.  ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʚ ʨʘʟʥʳʭ ʧʘʢʝʪʘʭ ʧʨʦʛʨʘʤʤ 

ʦʜʥʠ ʠ ʪʝ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʥʘʟʳʚʘʪʴʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʘ ʦʜʥʦʠʤʝʥʥʳʝ 

ʨʘʟʣʠʯʘʪʴʩʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʛʜʘ ʯʠʪʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʧʨʘʚʢʫ ʦ 

ʘʣʛʦʨʠʪʤʝ ʨʘʩʯʝʪʘ. ɺʩʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ 

Quantum GIS, ʚʦʰʣʠ ʚ ʠʪʦʛʦʚʳʡ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʤʝʥʴʰʝ ʚʩʝʛʦ (50%) 

ʧʦʣʫʯʝʥʥʳʭ ʚ LandSerf. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʦʜʷʪʩʷ ʢ ʦʮʝʥʢʝ ʩʣʦʞʥʦʩʪʠ ʨʝʣʴʝʬʘ, ʘ ʚʳʜʝʣʝʥʠʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ï ʵʪʦ 

ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʥʘʢʦ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʨʘʙʦʪ ʢʦʣʣʝʛ ʠʟ ʀʥʜʠʠ, ʛʜʝ ʰʠʨʦʢʦ ʩʪʦʠʪ ʚʦʜʥʘʷ 

ʧʨʦʙʣʝʤʘ, ʧʦʯʪʠ ʢʘʞʜʦʝ ʣʝʪʦ ʪʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʩʫʭʘ ʠ ʥʘʩʝʣʝʥʠʝ ʛʠʙʥʝʪ ʦʪ 

ʥʝʭʚʘʪʢʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʨʘʙʦʪʳ ʥʘ ʩʪʳʢʝ 

ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʠ ʛʠʜʨʦʣʦʛʠʠ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  PCA ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʥʪʝʛʨʘʮʠʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʨʘʟʜʝʣʘ (ʫʢʣʦʥ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʣʴʝʬʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʨʝʣʴʝʬʘ, ʫʢʣʦʥ ʨʫʩʣʘ ʦʩʥʦʚʥʦʛʦ 

ʚʦʜʦʪʦʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ çʫʜʣʠʥʝʥʠʷè, ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʙʘʩʩʝʡʥʘ, 
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ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ ʚʦʜʦʨʘʟʜʝʣʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʠʥʳ ʧʦʪʦʢʘ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʬʫʨʢʘʮʠʠ, ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʦʢʨʫʞʥʦʩʪʠ ʪʦʡ ʞʝ ʧʣʦʱʘʜʠ ʯʪʦ 

ʠ ʚʦʜʦʨʘʟʜʝʣ ʢ ʧʝʨʠʤʝʪʨʫ ʚʦʜʦʨʘʟʜʝʣʘ ʠ ʪ.ʜ.), ʘ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʧʨʠʤʝʥʷʶʪʩʷ   ʜʣʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (Mishra, Satyanarayana, 

1988; Sharma et al, 2009; Singh et al, 2009; Meshram, Sharma, 2018; Tiwari, 

Kushwaha, 2021). 

ʇʨʠʤʝʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ PCA ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʣʴʝʬʘ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ 

ʦʮʝʥʢʠ ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʥʘʚʦʜʥʝʥʠʷʤ ʪʝʨʨʠʪʦʨʠʠ ʗʤʘʡʢʠ (Nandi et al, 2016), 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʫʥʘʤʠ ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʂʦʨʝʠ (Ha et al, 2014), 

ʦʮʝʥʢʘ ʦʧʦʣʟʥʝʚʦʡ ʦʧʘʩʥʦʩʪʠ ʥʘ ɺʦʩʪʦʯʥʳʭ ʩʢʣʦʥʘʭ ɻʠʤʘʣʘʝʚ (Rawat, Joshi, 

2012) ʠ ʪ.ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʷ ʘʥʘʣʠʟ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʣʴʝʬʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʫʯʝʥʳʝ 

ʙʝʟʜʫʤʥʦ ʧʨʠʤʝʥʷʶʪ PʉA, ʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʚʝʨʠʬʠʮʠʨʫʶʪ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʚʳʷʚʣʝʥʠʝ ʥʘʙʦʨʘ ʥʝʟʘʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʣʴʝʬʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʪʘʪʴʠ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ çʠʥʩʪʨʫʢʮʠʷ 

ʢ ʩʪʠʨʘʣʴʥʦʡ ʤʘʰʠʥʢʝè, ʦʧʠʩʳʚʘʝʪ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʀ ʪʦʣʴʢʦ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʪʘʪʝʡ ʧʨʦʧʠʩʘʥʳ ʨʝʘʣʴʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʮʝʣʠ 

ʧʨʠʤʝʥʝʥʠʷ PʉA. 

 

1.5 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʠʥʚʘʨʠʘʥʪʦʚ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʯʘʩʪʦ 

ʠʤʝʶʪ ʦʙʰʠʨʥʫʶ ʤʝʞʜʠʘʧʘʟʦʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʥʘʣʳ ʩʲʝʤʢʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʩʭʦʞʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʠʤʝʪʴ ʠʜʝʥʪʠʯʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ð ʵʪʦ ʤʝʪʦʜ 
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ʫʜʘʣʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʜʫʙʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʞʘʪʠʷ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʠʩʭʦʜʥʦʤ n-ʢʘʥʘʣʴʥʦʤ ʥʘʙʦʨʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʚ ʤʝʥʝʝ ʯʝʤ 

n ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ (Avena et al, 1999). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʝʝ ʚʦʟʤʦʞʥʦ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʦ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ.  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʶ ʠʩʪʦʨʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʵʪʘʧʘ.  

ʇʝʨʚʳʡ ʵʪʘʧ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʩ ʩʝʨʝʜʠʥʳ 70-ʭ ʛʦʜʦʚ ʠ ʩʚʷʟʘʥ ʩ 

ʦʙʦʙʱʝʥʠʝʤ ʢʘʥʘʣʦʚ ʦʜʥʦʛʦ ʩʥʠʤʢʘ. ɺ 1975, 1976 ʛʦʜʫ ʮʝʣʳʡ ʨʷʜ ʫʯʝʥʳʭ ʠʟ 

ʨʘʟʥʳʭ ʩʪʨʘʥ ʚʧʝʨʚʳʝ ʧʫʙʣʠʢʫʝʪ ʨʘʙʦʪʳ ʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʢʘʥʘʣʦʚ ʩʥʠʤʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʦʡ 

Landsat (Fontanel et al, 1975; Abotteen, 1976; Kauth, Thomas, 1976; Meijerink, 

1976; Rifman et al., 1976; Longshaw, 1976). ʀʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʚʩʝ ʢʘʥʘʣʳ, ʘ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʧʝʨʚʳʭ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 90%. ɼʘʥʥʳʝ ʨʘʙʦʪʳ ʩʪʘʣʠ 

ʩʧʫʩʢʦʚʳʤ ʢʨʶʯʢʦʤ ʠ ʧʦʩʣʝ ʥʠʭ ʧʦʷʚʠʣʩʷ ʮʝʣʳʡ ʨʷʜ ʦʜʥʦʪʠʧʥʳʭ ʨʘʙʦʪ ʜʣʷ 

ʨʘʟʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʪʠʧʦʚ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʯʘʩʪʠ ʦʢʨʫʛʘ 

ʇʨʠʥʩ-ɼʞʦʨʜʞ (ʰʪʘʪ ʄʵʨʠʣʝʥʜ, ʉʐɸ) ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʝʨʚʳʭ ʪʨʠ 

ʢʦʤʧʦʥʝʥʪʘ ʦʧʠʩʳʚʘʶʪ 94,2%. (Williams, Borden, 1977). ɼʣʷ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʦʚ ʂʠʪʯʝʥʝʨ, ɺʘʪʝʨʣʦʦ, ʂʝʤʙʨʠʜʞ ʠ 

ɻʚʝʣʬ ʯʝʪʳʨʝ ʢʦʤʧʦʥʝʥʪʘ ʦʧʠʩʳʚʘʶʪ 100% ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ 

ʧʝʨʚʳʭ 2 ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʭʦʜʠʪʩʷ 95%. ʇʝʨʚʳʡ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʚʷʟʴ 

ʩʦ ʚʩʝʤʠ ʢʘʥʘʣʘʤʠ, ʚʪʦʨʦʡ ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʚʠʜʠʤʳʤʠ ʢʘʥʘʣʘʤʠ 

ʩʧʝʢʪʨʘ ʠ ʠʥʬʨʘʢʨʘʩʥʳʤʠ, ʪʨʝʪʠʡ ʠ ʯʝʪʚʝʨʪʳʡ ʩʚʷʟʘʥʳ ʩ ʰʫʤʦʤ ʩʲʝʤʦʯʥʦʡ 

ʩʠʩʪʝʤʳ (Fung, LeDrew, 1987). ɼʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʣʝʡ ʪʘʢʞʝ ʚʘʞʥʳ 

ʧʝʨʚʳʝ 2 ʢʦʤʧʦʥʝʥʪʘ (ʦʙʱʘʷ ʷʨʢʦʩʪʴ ʠ ʟʝʣʝʥʦʩʪʴ) (Misra, Wheeler, 1978). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʭʘʨʘʢʪʝʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʝʜʠʥʠʯʥʳʭ ʩʥʠʤʢʦʚ, ʦʙʦʙʱʝʥʠʝ ʢʘʥʘʣʦʚ ʢʦʪʦʨʳʭ ʜʘʝʪ 2 ï 3 ʢʦʤʧʦʥʝʥʪʳ: 
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ʦʙʱʘʷ ʷʨʢʦʩʪʴ, ʟʝʣʝʥʦʩʪʴ (Ingebritsen, Lyon, 1985), ʚʣʘʞʥʦʩʪʴ (Campbell, 

Congalton, 2012). ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʝʥʥʳʝ ʧʝʨʚʳʝ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩʥʠʤʢʦʚ Landsat ʠ ʧʦʜʩʪʘʚʣʷʣʠʩʴ 

ʚʤʝʩʪʦ ʟʥʘʯʝʥʠʡ RGB, ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʜʝʣʘʣʘʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (Fontanel et al, 1975).  

ɺʪʦʨʦʡ ʵʪʘʧ ʙʳʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 80-ʭ ʛʛ. XX ʚʝʢʘ ï ʚ ʥʘʯʘʣʝ 00-ʭ 

ʛʦʜʦʚ XXI  ʚʝʢʘ, ʦʜʥʘʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʨʘʙʦʪʳ, ʥʘʧʨʠʤʝʨ 

(Estornell et al, 2013). ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʫʞʝ ʥʝʩʢʦʣʴʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʥʦ ʪʘʢ ʢʘʢ, 

ʫʯʝʥʳʝ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʝʱʝ ʥʝ ʩʫʤʝʣʠ ʥʘʢʦʧʠʪʴ ʚʨʝʤʝʥʥʫʶ ʩʝʨʠʶ 

ʙʝʟʦʙʣʘʯʥʳʭ ʩʥʠʤʢʦʚ, ʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʦʚʘʣʠ 2 (Byrne et al, 1980; 

Conese et al, 1988; Li, Yeh, 1998; Estornell et al, 2013), 3 (Fung, LeDrew, 1987; 

Jiaju, 1988), 4 ʩʮʝʥʳ (Munyati, 2004). ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʛʣʘʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʨʘʥʞʠʨʦʚʘʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʜʠʩʧʝʨʩʠʠ, ʢʦʪʦʨʫʶ ʦʥʠ ʦʙʲʷʩʥʷʶʪ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʤʝʪʥʦ 

ʦʪʣʠʯʘʶʱʫʶʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ (Avena et al, 1999) 

ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʢʨʦʚʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʵʪʦʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, PʉA ʧʨʠʤʝʥʷʣʩʷ ʢʦ ʚʩʝʤ ʢʘʥʘʣʘʤ 

ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʩʥʠʤʢʦʚ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʣʷʣʠʩʴ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʩʝʟʦʥʥʦʡ ʭʦʜʦʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (Byrne et al, 

1980; Fung, LeDrew, 1987), ʨʘʟʨʘʩʪʘʥʠʝʤ ʛʦʨʦʜʦʚ (Chang, Yoon, 2003), 

ʧʦʞʘʨʘʤʠ (Koutsias et al, 2009), ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʦʱʘʜʠ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʭ 

ʫʛʦʜʠʡ (Munyati., 2004) ʠ ʪ.ʜ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʦʡ ʵʪʘʧ ï ʵʪʦ ʚʨʝʤʷ ʧʦʧʳʪʦʢ ʚʳʡʪʠ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʦʮʝʥʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʥʦ ʦʩʣʦʞʥʝʥʥʦʝ ʦʪʩʫʪʩʪʚʠʝʤ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʙʝʟʦʙʣʘʯʥʳʭ ʩʥʠʤʢʦʚ ʜʣʷ ʘʥʘʣʠʟʘ. ɺʧʝʨʚʳʝ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ 

ʧʦʧʳʪʢʠ ʚʳʜʝʣʠʪʴ ʠʥʚʘʨʠʘʥʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʟʘ ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʚʘʨʠʘʥʪʦʚ ʟʘ 2 ʩʨʦʢʘ, ʯʪʦʙʳ 

ʩʜʝʣʘʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʣʝʩʦʚ ʀʪʘʣʠʠ (Conese et al, 1988). 
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ʇʦʩʣʝ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʝʨʠʦʜ ʧʨʦʩʪʦʷ, ʧʨʠʤʝʨʥʦ 10 ï 20 

ʣʝʪ ʥʝ ʚʳʭʦʜʠʣʦ ʥʦʚʳʭ ʨʘʙʦʪ, ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʥʠʤʢʦʚ ʫʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ, ʘ ʜʣʷ ʥʦʚʦʛʦ ʩʢʘʯʢʘ ʥʫʞʥʦ ʙʳʣʦ ʥʘʢʘʧʣʠʚʘʪʴ ʚʨʝʤʝʥʥʳʝ 

ʩʝʨʠʠ ʙʝʟʦʙʣʘʯʥʳʭ ʩʮʝʥ, ʯʪʦ ʫʜʘʣʦʩʴ ʩʜʝʣʘʪʴ ʧʨʠʤʝʨʥʦ ʢ 2015 ï 2017 ʛʦʜʫ. 

ʆʜʥʘʢʦ, ʵʪʦ ʚʨʝʤʷ ʩʦʚʧʘʣʦ ʩ çʤʦʜʦʡè ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ, ʢ ʵʪʦʤʫ 

ʚʨʝʤʝʥʠ ʦʜʥʠʭ ʪʦʣʴʢʦ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʥʘʩʯʠʪʳʚʘʣʦʩʴ ʙʦʣʝʝ 160. 

ʇʦʵʪʦʤʫ ʪʨʝʪʠʡ ʵʪʘʧ ï ʥʘʢʦʧʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʫʯʝʥʳʝ ʫʰʣʠ ʦʪ ʦʙʦʙʱʝʥʠʷ ʢʘʥʘʣʦʚ, ʧʝʨʝʰʣʠ ʩʨʘʟʫ ʢ 

ʧʨʠʤʝʥʝʥʠʶ PʉA ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ. ɺʩʝ ʨʘʙʦʪʳ ʵʪʦʛʦ ʧʝʨʠʦʜʘ 

ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʛʨʫʧʧʳ: ʦʙʦʙʱʝʥʠʝ ʚʦʜʥʳʭ ʠʥʜʝʢʩʦʚ ʠʣʠ 

ʚʝʛʝʪʘʮʠʦʥʥʳʭ. ʇʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ 

ʚʣʘʞʥʦʩʪʥʳʭ ʠʥʜʝʢʩʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʙʦʪʘ ʧʦ ʢʘʨʪʠʨʦʚʘʥʠʶ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ɺʝʥʛʨʠʠ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ (Random 

Forest). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʭʦʜʥʳʝ ʢʘʥʘʣʳ, ʪʦ ʪʦʯʥʦʩʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 93%, ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʦʜʥʳʭ ʠʥʜʝʢʩʦʚ ï 60 -70%, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʠʥʜʝʢʩ ʚʦʜʳ 

(MNDWI) ï 98%, ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʢʘʥʘʣʦʚ ʩʮʝʥ Landsat ï 99%. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ PʉA ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʥʘʣʦʚ 

ʩʥʠʤʢʦʚ ʜʘʝʪ ʥʘʠʣʫʯʰʝʝ ʨʘʩʧʦʟʥʘʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʠʭ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ (Bal§zs et al, 2018).  

ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʠ ʜʣʷ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ ʚ 

ɹʨʘʟʠʣʠʠ. ɹʳʣʠ ʦʙʦʙʱʝʥʳ ʚʣʘʞʥʦʩʪʥʳʝ ʠʥʜʝʢʩʳ ʚʩʝʭ ʙʝʟʦʙʣʘʯʥʳʭ ʩʥʠʤʢʦʚ 

ʩ 2001 ʧʦ 2012 ʛʦʜ ʠ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʝʨʚʳʭ 3 ʢʦʤʧʦʥʝʥʪ rʦʧʠʩʳʚʘʶʪ 99% ʚʩʝʭ 

ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʦʚ ʟʘ 11 ʣʝʪ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʪʝʨʨʠʪʦʨʠʠ (de Almeida et al, 2015). 

ʇʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ PʉA ʧʨʠʤʝʥʠʤʦ ʢ ʚʝʛʝʪʘʮʠʦʥʥʳʤ 

ʠʥʜʝʢʩʘʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ ʩʥʠʤʢʘʤ Landsat, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʩʥʠʤʢʘʤ AVHRR. ʊʘʢ, ʩ 1981 ʛʦʜʘ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʧʨʠʤʝʥʷʣʩʷ ʢ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʩʥʠʤʢʦʚ AVHRR ʩ 

ʮʝʣʴʶ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, 



31 

 

(Townshend et al, 1985; Eastman, Fulk, 1993; Hirosawa et al, 1996; Hall-Beyer, 

2003; Ferreira, Huete, 2004; Mberego et al, 2013). ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʧʝʨʚʳʡ 

ʢʦʤʧʦʥʝʥʪ ʥʘʛʨʫʟʢʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʢʦʤ, 

ʚʳʜʝʣʷʷ ʠʥʚʘʨʠʘʥʪʳ ʬʦʪʦʩʠʥʪʝʟʘ ʜʣʷ ʚʩʝʛʦ ʛʦʜʘ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʚʪʦʨʦʛʦ 

ʭʘʨʘʢʪʝʨʝʥ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʛʦʜʦʚʦʡ ʭʦʜ, ʩ ʨʘʟʥʳʤʠ ʟʥʘʢʘʤʠ ʚʳʜʝʣʷʶʪʩʷ 

ʩʝʟʦʥʳ ʛʦʜʘ. ʊʨʝʪʠʡ ʢʦʤʧʦʥʝʥʪ ʤʦʞʝʪ ʪʘʢ ʞʝ ʦʪʨʘʞʘʪʴ ʩʝʟʦʥʥʦʩʪʴ, ʥʦ ʦʙʳʯʥʦ 

ʩʚʷʟʘʥ ʩ ʙʦʣʝʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʬʝʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʪʪʝʨʥʘʤʠ (Eastman, Fulk, 

1993). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ɸʬʨʠʢʠ ʦʙʦʙʱʠʣʠ NDVI ʩʝʨʠʠ ʩʥʠʤʢʦʚ 

AVHRR ʟʘ 3 ʛʦʜʘ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʧʝʨʚʳʡ ʠʥʚʘʨʠʘʥʪ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʩʝʛʦ ʛʦʜʘ, 

2, 3, 4 ʠʥʚʘʨʠʘʥʪ - ʩ ʩʝʟʦʥʘʤʠ ʛʦʜʘ, 5 ʠ 6 - ʩ ʦʰʠʙʢʘʤʠ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʳ, 7 

ʠ 8 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʦʤʘʣʠʠ ʠʟ-ʟʘ ʕʣʴ-ʅʠʥʴʦ (Eastman, Fulk, 1993).  

ʊʘʢ ʞʝ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʲʝʤʦʯʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ: Spot (Fung, Siu, 2000; Lasaponara, 2006; Amri et al, 2011), MODIS 

(Hall-Beyer, 2003; Sun et al, 2010; Wang et al, 2010; Antico, 2012; Parmentier, 

2014; de Almeida et al, 2015; Bell·n et al, 2017; Indriasari et al, 2024) ʠ ʪ.ʜ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʦʩʥʦʚʥʘʷ ʮʝʣʴ ï ʵʪʦ ʚʳʜʝʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʢʘʢʠʝ ʧʨʦʠʟʦʰʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʘ ʚʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ. ʆʜʥʘʢʦ, ʇʘʨʤʘʥʪʴʝ ʠ ʢʦʣʣʝʛʠ ʠʟʫʯʘʣʠ ʪʝʨʨʠʪʦʨʠʶ ɸʣʷʩʢʠ, ʛʜʝ 

ʧʨʦʠʟʦʰʣʠ ʧʦʞʘʨʳ, ʥʦ ʦʥʠ ʩʪʘʚʠʣʠ ʧʝʨʝʜ ʩʦʙʦʡ ʦʩʥʦʚʥʫʶ ʟʘʜʘʯʫ, ʥʝ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʤʝʩʪʘ ʧʦʞʘʨʘ, ʘ ʚʳʜʝʣʠʪʴ ʠʥʚʘʨʠʘʥʪ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʢʦʪʦʨʦʤ, 

ʧʦ ʠʭ ʤʥʝʥʠʶ, ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʪʦʣʴʢʦ ʦ ʥʘʣʠʯʠʠ ʧʦʞʘʨʦʚ, ʥʦ ʠ ʦ 

ʧʨʝʜʧʦʩʳʣʢʘʭ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ.  ʊʘʢ, ʦʥʠ ʧʨʠʤʝʥʠʣʠ PʉA ʢ NDVI, 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʣʴʙʝʜʦ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʩʥʠʤʢʘʤ ʟʘ 

2001 ï 2009 ʛʦʜ MODIS. ʅʘ ʧʝʨʚʳʡ ʠʥʚʘʨʠʘʥʪ ʧʨʠʭʦʜʠʪʩʷ 35% ʠ ʜʣʷ ʥʝʛʦ 

ʭʘʨʘʢʪʝʨʥʦ ʫʤʝʥʴʰʝʥʠʝ ʘʣʴʙʝʜʦ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʠʥʜʝʢʩʘ, ʦʥ ʧʦʣʦʞʠʪʝʣʝʥ ʜʣʷ ʧʦʩʪʧʠʨʦʛʝʥʥʳʭ ʟʝʤʝʣʴ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʜʣʷ 

ʥʝʪʨʦʥʫʪʳʭ ʧʦʞʘʨʦʤ ʫʯʘʩʪʢʦʚ.  ɺʪʦʨʦʡ ʠʥʚʘʨʠʘʥʪ ʩʚʷʟʘʥ ʩ ʚʦʟʨʘʩʪʦʤ ʛʘʨʝʡ, 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʜʣʷ ʩʪʘʨʳʭ (ʫʚʝʣʠʯʝʥʠʝ NDVI, ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʘʣʴʙʝʜʦ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʜʣʷ ʩʚʝʞʠʭ (ʫʤʝʥʴʰʝʥʠʝ NDVI, ʫʚʝʣʠʯʝʥʠʝ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʘʣʴʙʝʜʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʡ ʠʥʚʘʨʠʘʥʪ 

ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʝʪ ʧʦʩʪʧʠʨʦʛʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʙʝʟ ʧʦʞʘʨʦʚ, ʘ ʚʪʦʨʦʡ ï 

ʩʪʘʨʳʝ ʠ ʩʚʝʞʠʝ ʛʘʨʠ (Parmentier, 2014).  

ɺʚʠʜʫ ʜʦʩʪʫʧʥʦʩʪʠ ʩʥʠʤʢʦʚ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ 30 

ʤʝʪʨʦʚ ʩʥʠʤʢʠ Landsat ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʚʝʛʝʪʘʮʠʦʥʥʳʤ ʠʥʜʝʢʩʘʤ (Lanorte et al, 2015; 

Abuelgasim, Ammad 2017; Bell·n et al, 2017; Dasu et al, 2019; Pesaresi et al, 2020; 

Dharani et al, 2021).  

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʩʚʷʟʘʥʦ ʩ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʠʥʚʘʨʠʘʥʪʦʚ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ, ʦʩʦʙʝʥʥʦ ʤʥʦʛʦ ʪʘʢʠʭ ʨʘʙʦʪ ʜʣʷ 

ʩʝʚʝʨʥʳʭ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʀʪʘʣʠʠ. ʇʝʩʘʨʝʩʠ ʩ ʢʦʣʣʝʛʘʤʠ ʚʳʜʝʣʠʣʠ 

ʠʥʚʘʨʠʘʥʪʳ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʧʦ ʩʥʠʤʢʘʤ Landsat 8 ʩ 2013 ʧʦ 2019 ʛʦʜ 

(9 ʠʟʦʙʨʘʞʝʥʠʡ ʚ 2013 ʛ., 14 ʠʟʦʙʨʘʞʝʥʠʡ ʚ 2014 ʛ., 15 ʠʟʦʙʨʘʞʝʥʠʡ ʚ 2015 ʛ., 

12 ʠʟʦʙʨʘʞʝʥʠʡ 2016 ʛ., 17 ʠʟʦʙʨʘʞʝʥʠʡ 2017 ʛ., 16 ʠʟʦʙʨʘʞʝʥʠʡ 2018 ʛ. ʠ 6 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ 2019 ʛ.). ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ, ʧʦ ʠʭ ʤʥʝʥʠʶ, 

ʩʦʜʝʨʞʘʪ ʧʦʣʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʘ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʥʠʤʢʘʤʠ ʦʪʨʘʞʘʝʪ ʩʦʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ. ʊʘʢ ʞʝ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʝʣʴʝʬʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ SAGA GIS ʥʘ ʦʩʥʦʚʝ ʎʄʈ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 30 ʤʝʪʨʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʠʥʚʘʨʠʘʥʪʳ NDVI ʠ ʤʦʨʬʦʤʝʪʨʠʢʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 

ʦʩʥʦʚʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ Random Forest. ʈʘʩʪʠʪʝʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʙʣʘʛʦʜʘʨʷ ʢʣʘʩʪʝʨʥʦʤʫ ʘʥʘʣʠʟʫ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ. ʀʪʦʛ ʨʘʙʦʪʳ ï 

ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 4 ʦʩʥʦʚʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ (ʈʠʩʫʥʦʢ 1.1) 

(Pesaresi et al, 2020). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʨʘʙʦʪʘ 

ʜʦʩʪʘʪʦʯʥʘ ʙʣʠʟʢʘ ʢ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʦʥʘ 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʠ ʥʝ ʫʯʪʝʥʘ ʨʦʣʴ ʠʝʨʘʨʭʠʠ 

ʨʝʣʴʝʬʘ.  

ʀʟʫʯʠʚ ʟʘʨʫʙʝʞʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠʤʝʥʝʥʠʝ PʉA ʜʣʷ ʦʙʨʘʙʦʪʢʠ 
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ʄɼɼɿ ʥʘʯʘʣʦ ʟʘʨʦʞʜʘʪʴʩʷ ʚ ʢʦʥʮʝ 80-ʭ - ʥʘʯʘʣʝ 90-ʭ ʛʛ., ʦʜʥʘʢʦ ʥʝ ʧʦʣʫʯʠʣʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʙʝʟʦʙʣʘʯʥʳʭ ʩʥʠʤʢʦʚ, ʚ 

ʩʘʤʳʭ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʙʦʙʱʘʣʠʩʴ ʢʘʥʘʣʳ 

ʦʜʥʦʛʦ ʩʥʠʤʢʘ, ʟʘʪʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ 2, ʤʘʢʩʠʤʫʤ 4 ʩʥʠʤʢʘ. 

 

ʈʠʩʫʥʦʢ 1.1 ʎʝʥʪʨʘʣʴʥʘʷ ʀʪʘʣʠʷ ʃʝʛʝʥʜʘ (ʈʘʩʪʠʪʝʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ): 

1- Cephalanthero longifoliae-Quercetum ilicis; 2- Cyclamino hederifolii-

Quercetum ilicis; 3- Asparago acutifolii-Ostryteum carpinifoliae; 4- ʇʣʘʥʪʘʮʠʠ 

Pinus halepensis ʠ P. pinea. (Pesaresi et al, 2020) 

 

ʆʜʥʘʢʦ, ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʩʥʠʤʢʘʤ ʥʝʣʴʟʷ ʩʜʝʣʘʪʴ ʚʳʚʦʜʦʚ, ʦʩʦʙʝʥʥʦ ʧʦ 

ʜʠʥʘʤʠʢʝ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʰʠʙʦʯʥʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ɹʫʨʥʝ ʩ ʢʦʣʣʝʛʘʤʠ 

ʧʨʠʤʝʥʠʣʠ PʉA ʢ 8 ʢʘʥʘʣʘʤ 2 ʩʮʝʥ, ʧʦʣʫʯʝʥʥʳʭ 6 ʘʧʨʝʣʷ 1972 ʠ 13 ʦʢʪʷʙʨʷ 

1975 ʛʦʜʘ, ʠ ʧʦʣʫʯʠʣʠ, ʯʪʦ ʩʝʟʦʥʥʳʝ ʨʘʟʣʠʯʠʷ ʛʦʨʘʟʜʦ ʷʨʯʝ ʧʨʦʷʚʣʷʶʪʩʷ, ʯʝʤ 

ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʝʨʚʳʝ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʚʩʝʤʠ ʩʨʦʢʘʤʠ ʩʲʝʤʢʠ, ʘ 3 ʠ 4 ʧʦʢʘʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ 
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ʤʝʞʜʫ ʩʨʦʢʘʤʠ (Byrne et al, 1980). ʌʫʥʛ ʠ ʃʝɼʨʶ ʦʙʦʙʱʠʣʠ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ 3 ʩʨʦʢʘ: 19 ʘʚʛʫʩʪʘ 1981, 10 ʘʧʨʝʣʷ 1984, 24 ʘʚʛʫʩʪʘ 1984 ʛʦʜʘ ʠ 

ʧʦʣʫʯʠʣʠ 4 ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ: 1 ï ʠʥʚʘʨʠʘʥʪ ʷʨʢʦʩʪʠ, 2 ï ʠʟʤʝʥʝʥʠʷ 

ʟʝʣʝʥʦʩʪʠ, 3 ï ʠʥʚʘʨʠʘʥʪ ʚʣʘʞʥʦʩʪʠ, 4 - ʠʟʤʝʥʝʥʠʷ ʷʨʢʦʩʪʠ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ 

ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ PCA ʧʦʤʦʛʘʝʪ ʚʳʜʝʣʠʪʴ ʩʝʟʦʥʥʫʶ ʜʠʥʘʤʠʢʫ, ʪʘʢ ʢʘʢ 

ʚ ʥʘʯʘʣʝ ʘʧʨʝʣʝ ʟʥʘʯʝʥʠʷ ʠʥʚʘʨʠʘʥʪʘ ʷʨʢʦʩʪʠ ʙʦʣʴʰʝ, ʟʝʣʝʥʦʩʪʠ ʤʝʥʴʰʝ, ʘ ʚ 

ʘʚʛʫʩʪʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ (Fung, LeDrew, 1987). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 

ʵʪʠʭ ʨʘʙʦʪʘʭ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ ʧʦ 2 - 3 ʩʥʠʤʢʘʤ, ʢ 

ʪʦʤʫ ʞʝ, ʩʨʘʚʥʠʚʘʷ ʘʧʨʝʣʴʩʢʠʝ, ʢʦʛʜʘ ʚʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʘ ʪʘʣʦʡ ʚʦʜʦʡ, ʠ 

ʘʚʛʫʩʪʦʚʩʢʠʝ ʩʨʦʢʠ ʥʘʙʣʶʜʝʥʠʷ. 

ʀ ʪʦʣʴʢʦ ʯʝʨʝʟ ʧʦʯʪʠ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠ ̫ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʧʦʧʳʪʢʠ 

ʚʝʨʥʫʪʴʩʷ ʢ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ, ʪʘʢ ʢʘʢ ʥʘʢʦʧʠʣʠʩʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʄɼɼɿ. 

ʂʦʥʝʮ 10-ʭ ʛʦʜʦʚ XXI  ʚʝʢʘ ï ʚʨʝʤʷ ʘʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʥʜʝʢʩʦʚ, ʧʦʵʪʦʤʫ ʚʳʜʝʣʣ̫ʠʩʴ ʠʣʠ ʠʥʚʘʨʠʘʥʪʳ ʬʦʪʦʩʠʥʪʝʟʘ (NDVI, VI , EVI), 

ʠʣʠ ʚʣʘʞʥʦʩʪʥʳʝ (NDWI, MDWI, WRI). ʋʯʝʥʳʝ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ ʦʪʦʰʣʠ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʘʥʘʣʦʚ, ʭʦʪʷ ʚ ʨʘʙʦʪʝ (Bal§zs et 

al, 2018) ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʥʠʷ ʚʦʜʥʦ-

ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ ɺʝʥʛʨʠʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʢʘʥʘʣʦʚ, ʘ ʥʝ ʚʦʜʥʳʭ ʠʥʜʝʢʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʨʘʩʯʝʪ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʙʝʩʩʤʳʩʣʝʥ, ʢʦʛʜʘ 

ʠʩʭʦʜʥʳʝ ʢʘʥʘʣʳ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʙʦʪʘʭ ʦʩʥʦʚʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʳʛʣʷʜʠʪ ʢʘʢ ʠʥʩʪʨʫʢʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, 

ʪʝʭʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʥʝʪ ʦʙʲʷʩʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʥʘ 

ʢʘʞʜʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʘ. ʇʦʪʝʨʷʥʘ ʩʚʷʟʴ ʩ ʨʝʘʣʴʥʦʡ ʧʨʠʨʦʜʦʡ.  

 

ʏʘʩʪʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʠʥʚʘʨʠʘʥʪʦʚ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʚʘʨʠʘʥʪʳ ʢʘʢ ʥʝʢʦʪʦʨʦʝ ʠʥʪʝʛʨʘʣʴʥʳʝ, 

ʵʪʘʣʦʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʦ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʩ 
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ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʥʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ.  

ɺʦ-ʧʝʨʚʳʭ, ñimage compositingò, ʯʪʦ ʜʦʩʣʦʚʥʦ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʢʘʢ 

ʢʦʤʧʦʥʦʚʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʩʪʨʦʝʥʠʝ ʩʦʩʪʘʚʥʦʛʦ ʙʝʟʦʙʣʘʯʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʣʠʷʥʠʷ. ɸʣʛʦʨʠʪʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʘʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʨʘʙʦʪʘʥʳ ʜʣʷ ʩʥʠʤʢʦʚ ʩ ʥʠʟʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʜʣʷ AVHRR (Holben, 1986) ʠ 

MODIS (Luo et al., 2008), ʦʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʲʝʤʢʠ Landsat (Griffiths et al., 2013; Potapov et al., 2011; 

Roy et al., 2010; White et al., 2014; Zhu et al., 2015b). ʇʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ 

Landsat ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʈʦʡʝʤ ʠ ʝʛʦ ʢʦʣʣʝʛʘʤʠ (Roy et al., 20102010 ʛʦʜ), ʦʥ 

ʧʨʠʤʝʥʷʣʩʷ ʢ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʦʡ ETM+ (Landsat 

7) ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʉʐɸ. ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʚʤʝʩʪʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʠʥʜʝʢʩʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (NDVI) ʠ ʷʨʢʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (Brightness 

temperature). ʆʜʥʘʢʦ, ʫʞʝ ʯʝʨʝʟ ʛʦʜ ʇʦʪʘʧʦʚ ʩ ʢʦʣʣʝʛʘʤʠ (Potapov et al., 2011) 

ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʢʘʥʘʣʘ (NIR) ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʜʣʷ ʦʪʙʦʨʘ çʠʜʝʘʣʴʥʳʭè ʥʘʙʣʶʜʝʥʠʡ ʚʤʝʩʪʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ NDVI. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʦʮʝʥʠʚʘʷ ʩʥʠʤʢʦʚ Landsat. ʅʘʧʨʠʤʝʨ, ɻʨʠʬʬʠʪʩ ʩ ʩʦʘʚʪʦʨʘʤʠ (Griffiths et al., 

2013) ʧʨʝʜʣʦʞʠʣʠ ʦʮʝʥʠʚʘʪʴ ʢʘʞʜʦʝ ʥʘʙʣʶʜʝʥʠʝ ʩʦ ʩʧʫʪʥʠʢʘ, ʘ ʢʦʤʧʦʥʦʚʢʫ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʚʟʚʝʰʝʥʥʳʭ ʙʘʣʣʦʚ. ɺ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ 

ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʘʪʫ (ʛʦʜ ʠ ʜʝʥʴ ʚ ʛʦʜʫ), ʨʘʩʩʪʦʷʥʠʝ 

ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʦʪ ʦʙʣʘʢʘ (ʠʟ Fmask) (Griffiths et al., 2013).  ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʢʨʠʪʝʨʠʠ ʧʨʝʜʣʦʞʠʣ ɺʘʡʪ ʠ ʜʨ. ʩʦʘʚʪʦʨʘʤʠ (White et al., 2014), ʧʦ ʝʛʦ ʤʥʝʥʠʶ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʠʧ ʜʘʪʯʠʢʘ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʠʢʩʝʣʷ ʜʦ ʪʝʥʠ 

ʦʙʣʘʢʘ ʠ ʥʝʧʨʦʟʨʘʯʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ (ʠʟ LEDAPS) (White et al., 2014). ʏʞʫ ʠ 

ʜʨ. ʧʨʝʜʣʦʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʙʝʟʦʙʣʘʯʥʳʝ ʩʥʠʤʢʠ Landsat ʜʣʷ ʦʮʝʥʢʠ 
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ʩʝʨʠʠ ʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠ ʢʘʥʘʣʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʧʨʦʛʥʦʟ ʝʞʝʜʥʝʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ Landsat ʧʨʠ 

ʫʩʣʦʚʠʠ ʯʠʩʪʦʛʦ ʥʝʙʘ (Zhu et al., 2015).  

ɺʦ-ʚʪʦʨʳʭ, ñimage fusionò ï ʩʣʠʷʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʂʦʙʝʨʥʠʯʝʥʢʦ, ʊʨʝʥʠʭʠʥ, 2007). ʄʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ: ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (Principle component analysis (PCA)) 

(Kwarteng, Chavez, 1989; Cao et al, 2003; Chang, Yoon, 2003; Riasati, Zhou, 2005;  

Naidu, Raol, 2008; Metwalli et al., 2010; Shahdoosti, Ghassemian,  2012; Campbell, 

Congalton, 2012; Yonghong, 2012), ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ - ʦʪʪʝʥʦʢ - 

ʥʘʩʳʱʝʥʥʦʩʪʴ (Intensity-hue-saturation (IHS)) (Tu et al, 2001ʘ, 2001ʙ; Choi, 

2006), ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɹʨʦʚʠ (Brovey transform),  ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

(Wavelet transform) (Nunez et al., 1999; Naidu Raol,, 2008; Nunez, 1999) ʠ ʪ.ʜ. 

ɼʘʥʥʳʝ ʤʝʪʦʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ 

ʠʥʪʝʛʨʠʨʫʶʱʝʛʦ ʢʦʤʧʦʟʠʪʘ ʩʥʠʤʢʦʚ, ʢʦʪʦʨʳʡ ʪʦʣʴʢʦ ʦʪ ʯʘʩʪʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʠʥʚʘʨʠʘʥʪʦʤ, ʧʦ ʙʦʣʴʰʝʡ ʤʝʨʝ, ʦʥʠ ʦʪʨʘʞʘʶʪ ʥʝʢʫʶ çʠʜʝʘʣʴʥʫʶ ʢʘʨʪʠʥʢʫè 

ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ.   
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ɻʣʘʚʘ 2 ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʨʨʠʪʦʨʠʠ 

ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʷʜʨʦ, ʦʭʨʘʥʥʘʷ ʟʦʥʘ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ (ʎʃɻɿ) ʠ 

ʧʨʠʣʝʞʘʱʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʩʦʧʦʩʪʘʚʠʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʦʨʝʥʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ 

ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʛʣʦʚ: 32.607781ʚ.ʜ., 56.682393 ʩ.ʰ., 33.230169 ʚ.ʜ., 56.682798 

ʩ.ʰ., 32.611149 ʚ.ʜ., 56.354927 ʩ.ʰ., 33.228192 ʚ.ʜ., 56.355327 ʩ.ʰ.. ʆʙʱʘʷ 

ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʪʘʚʠʣʘ 139 200 ʛʘ, ʧʣʦʱʘʜʴ ʷʜʨʘ - 24 320 ʛʘ, ʦʭʨʘʥʥʦʡ 

ʟʦʥʳ - 46 440 ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ - 68 440 ʛʘ (ʚ ʛʨʘʥʠʮʘʭ 2023 ʛʦʜʘ). 

ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʡ ʟʘʧʦʚʝʜʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ɺʘʣʜʘʡʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʥʘ ʂʘʩʧʠʡʩʢʦ-ɹʘʣʪʠʡʩʢʦ-ʏʝʨʥʦʤʦʨʩʢʦʤ 

ʚʦʜʦʨʘʟʜʝʣʝ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ. ɿʜʝʩʴ ʩʦʭʨʘʥʠʣʠʩʴ ʫʥʠʢʘʣʴʥʳʝ ʤʘʩʩʠʚʳ 

ʢʦʨʝʥʥʳʭ ʶʞʥʦ-ʪʘʝʞʥʳʭ ʝʣʴʥʠʢʦʚ, ʥʝʪʨʦʥʫʪʳʝ ʨʫʙʢʘʤʠ. ʊʝʨʨʠʪʦʨʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʪʨʝʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʘʭ ʊʚʝʨʩʢʦʡ 

ʦʙʣʘʩʪʠ: ʚ ʅʝʣʠʜʦʚʩʢʦʤ, ɸʥʜʨʝʘʧʦʣʴʩʢʦʤ ʠ ʉʝʣʠʞʘʨʦʚʩʢʦʤ ʨʘʡʦʥʘʭ (ʈʠʩʫʥʦʢ 

2.1) 

ʈʠʩʫʥʦʢ 2.1 ʈʘʩʧʦʣʦʞʝʥʠʝ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ 

(ʀʩʪʦʯʥʠʢ: https://clgz.ru) 

 

ʉʦʛʣʘʩʥʦ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʧʦ 

ʌ.ʅ. ʄʠʣʴʢʦʚʫ ʠ ʅ.ɸ. ɻʚʦʟʜʝʮʢʦʤʫ, ʪʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ɹʝʣʦʨʫʩʩʢʦ-

ɺʘʣʜʘʡʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʣʘʥʜʰʘʬʪʥʦʡ ʟʦʥʳ ʩʤʝʰʘʥʥʳʭ ʣʝʩʦʚ (ʄʠʣʴʢʦʚ, 

ɻʚʦʟʜʝʮʢʠʡ, 1976).  ʇʦ ɸ.ɸ. ʄʘʢʫʥʠʥʦʡ - ʚ ʣʝʩʥʦʤ ʪʠʧʝ ʣʘʥʜʰʘʬʪʘ 



38 

 

ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ, ʚ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʪʘʝʞʥʳʤ ʧʦʜʪʠʧʦʤ ʠ 

ʧʦʜʪʠʧʦʤ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ ʣʝʩʘʤʠ (ʄʘʢʫʥʠʥʘ, 1985). 

ʇʦ ɸ.ɻ. ʀʩʘʯʝʥʢʦ, ʣʘʥʜʰʘʬʪ ʟʘʧʦʚʝʜʥʠʢʘ ʦʪʥʦʩʠʪʩʷ ʢ çʫʤʝʨʝʥʥʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʧʝʨʝʭʦʜʥʳʤ ʢ ʩʫʙʙʦʨʝʘʣʴʥʳʤ ʣʘʥʜʰʘʬʪʘʤ ʥʘ 

ʭʦʣʤʠʩʪʦʤʦʨʝʥʥʳʭ ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ ʚ ʦʙʣʘʩʪʠ ʚʘʣʜʘʡʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷè 

(ʀʩʘʯʝʥʢʦ, 1985, ʩʪʨ. 168).  

 

ʈʠʩʫʥʦʢ 2.2 ɻʨʘʥʠʮʳ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʥʘ 2023 ʛʦʜ) 

 

2.1 ɻʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʨʨʠʪʦʨʠʠ 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʧʨʝʜʝʣʘʭ ʤʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ (ʇʦʯʚʝʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷé, 1984), ʥʘ 

ʜʨʝʚʥʝʤ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʪʦ ʤʝʞʜʫ ʉʝʣʠʞʘʨʦʚʩʢʦʡ ʠ ʅʝʣʠʜʦʚʩʢʦʡ 

ʜʝʧʨʝʩʩʠʷʤʠ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʥʘ ʅʝʣʠʜʦʚʦ-ʆʨʰʘʥʩʢʦʛʦ ʤʝʛʘʙʣʦʢʝ, 

ʤʝʜʣʝʥʥʦ ʧʦʜʥʠʤʘʶʱʝʤʩʷ ʩ ʧʦʟʜʥʝʛʦ ʧʘʣʝʦʛʝʥʘ (ɹʘʙʘʢ ʠ ʜʨ., 1984; 

ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʡ..., 2007). ʄʝʛʘʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʣʦʢʦʚ 
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ʤʝʥʴʰʝʛʦ ʧʦʨʷʜʢʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ ʨʘʟʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʧʦʜʥʷʪʠʷ, ʠ ʨʘʩʩʝʢʘʝʪʩʷ ʩʝʨʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥ 

ʨʘʟʣʦʤ ʥʘ ʟʘʧʘʜʝ ʦʭʨʘʥʥʦʡ ʟʦʥʳ, ʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʜʦʣʠʥʦʡ ʨʝʢʠ ɾʫʢʦʧʘ ʠ 

ʯʝʨʝʜʦʶ ʣʠʥʝʡʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪ (ɼʝʤʠʭʦʚʩʢʠʡ ʄʦʭ, 

ʉʪʫʣʦʚʩʢʠʡ ʄʦʭ, ʄʫʭʦʷʨʦʚʩʢʠʡ ʄʦʭ) (ʈʠʩʫʥʦʢ 2.5, 2.6). ɽʱʝ ʦʜʠʥ ʨʘʟʣʦʤ 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʦʩʪʦʢʝ, ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʠ ʜʝʰʠʬʨʠʨʫʝʪʩʷ ʜʦʣʠʥʦʡ ʨʝʢʠ 

ʊʫʜʦʚʢʘ (ʇʫʟʘʯʝʥʢʦ, ʂʦʟʣʦʚ, 2007) (ʈʠʩʫʥʦʢ 2.6). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʨʘʟʣʦʤʳ ʦʪʨʘʞʘʶʪʩʷ ʠ ʥʘ ʩʪʨʦʝʥʠʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʯʝʭʣʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʝʨʨʠʪʦʨʠʠ.  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʪʝʨʨʠʪʦʨʠʷ ʧʨʝʪʝʨʧʝʚʘʣʘ ʢʘʢ 

ʦʧʫʩʢʘʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʝʩʷ ʪʨʘʥʩʛʨʝʩʩʠʝʡ ʤʦʨʷ, ʪʘʢ ʠ ʧʦʜʥʷʪʠʷʤʠ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʳʭ ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʚʳʩʚʦʙʦʞʜʘʣʠʩʴ ʦʪ ʥʝʛʦ. ɺ ʤʦʨʩʢʠʝ ʵʪʘʧʳ 

ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ ʟʜʝʩʴ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʩʘʜʦʯʥʳʝ ʧʘʨʦʜʳ ʪʘʢʠʝ, ʢʘʢ 

ʜʦʣʦʤʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ, ʛʣʠʥʳ. ʇʦ ʤʥʝʥʠʶ ʃʝʭʪ ʠ ɻʫʜʢʦʚʦʡ, ʤʦʱʥʦʩʪʴ 

ʠʟʚʝʩʪʥʷʢʦʚ ʤʝʥʝʝ 80 ʤ (1986). ʅʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʘʪʣʘʩʘ ʂʘʣʠʥʠʥʩʢʦʡ 

ʦʙʣʘʩʪʠ 1964 ʛʦʜʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ 

ʉʝʨʧʫʭʦʚʩʢʦʡ ʩʚʠʪʝ (ʠʟʚʝʩʪʥʷʢʠ), ʦʙʨʘʤʣʝʥʥʘʷ ʆʢʩʢʦʡ ʩʚʠʪʦʡ (ʠʟʚʝʩʪʥʷʢʠ, 

ʧʝʩʢʠ, ʛʣʠʥʳ ʩ ʣʠʥʟʘʤʠ ʙʫʨʦʛʦ ʫʛʣʷ). ʇʨʘʚʦʙʝʨʝʞʴʝ ʨ. ʄʝʞʠ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʂʘʰʠʨʩʢʠʤ ʛʦʨʠʟʦʥʪʦʤ (ʜʦʣʦʤʠʪʦʚʘʷ ʪʦʣʱʘ) ʠ ʩʤʝʥʷʶʱʠʤ ʝʛʦ ʇʦʜʦʣʴʩʢʠʤ 

ʛʦʨʠʟʦʥʪʦʤ (ʠʟʚʝʩʪʥʷʢʠ ʠ ʤʝʨʛʝʣʠ) (ɸʪʣʘʩ ʂʘʣʠʥʠʥʩʢʦʡé, 1964). ʆʜʥʘʢʦ, ʚ 

ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʜʘʝʪʩʷ ʙʦʣʝʝ ʜʨʦʙʥʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʉʦʛʣʘʩʥʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ (1998) ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʦʙʣʘʜʘʶʪ ʦʪʣʦʞʝʥʠʷ ʂʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʥʠʞʥʝʛʦ 

ʦʪʜʝʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʜʦʣʦʤʠʪʘʤʠ, ʛʣʠʥʘʤʠ, ʧʝʩʢʘʤʠ ʠ 

ʘʣʝʚʨʠʪʘʤʠ ɺʝʥʝʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʤʦʱʥʦʩʪʴʶ 12 ï 18 ʤʝʪʨʦʚ. ʂ ʩʝʚʝʨʫ, ʶʛʫ 

ʠ ʟʘʧʘʜʫ ʦʥʠ ʩʤʝʥʷʶʪʩʷ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʄʠʭʘʡʣʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (20 

-24 ʤʝʪʨʘ) ʠ ɸʣʝʢʩʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (15 ï 25 ʤʝʪʨʦʚ). ʂ ʟʘʧʘʜʫ ʦʪ ʜʦʣʠʥʳ 

ʨʝʢʠ ʄʝʞʠ ʚʩʪʨʝʯʘʝʪʩʷ ʊʘʨʫʩʩʢʠʡ ʠ ʉʪʝʰʝʚʩʢʠʡ ʛʦʨʠʟʦʥʪ ʩ ʠʟʚʝʩʪʥʷʢʘʤʠ, 

ʤʝʨʛʝʣʷʤʠ, ʛʣʠʥʘʤʠ, ʜʦʣʦʤʠʪʘʤʠ ʜʦ 25 ʤʝʪʨʦʚ. ʂ ʟʘʧʘʜʫ ʦʪ ʨ. ʄʝʞʠ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʥʷʶʪʩʷ ʊʘʨʫʩʩʢʠʡ ʛʦʨʠʟʦʥʪ (ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ ʜʦ 20 

ʤʝʪʨʦʚ), ʉʪʝʰʝʚʩʢʠʡ ʛʦʨʠʟʦʥʪ (ʛʣʠʥʳ, ʤʝʨʛʝʣʠ, ʠʟʚʝʩʪʥʷʢʠ ʜʦ 25 ʤʝʪʨʦʚ), 

ʇʨʦʪʚʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ (ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ, ʤʝʨʛʝʣʠ ʛʣʠʥʳ ʩʦ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʴʶ 16 ï 35 ʤʝʪʨʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 64 ʤʝʪʨʘ). ʋ ʠʩʪʦʢʦʚ ʨʝʢʠ ʊʫʜʦʚʢʘ 

ʚʩʪʨʝʯʘʝʪʩʷ ɺʝʨʝʡʩʢʠʡ ʛʦʨʠʟʦʥʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʝʩʪʨʦʮʚʝʪʥʳʤʠ ʛʣʠʥʘʤʠ, 

ʧʝʩʢʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʜʦ 30 ʤʝʪʨʦʚ, ʠ ʂʘʰʠʨʩʢʠʡ ʛʦʨʠʟʦʥʪ ʩ 

ʜʦʣʦʤʠʪʘʤʠ, ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʤʝʨʛʝʣʝʡ, ʛʣʠʥ, ʢʨʝʤʥʝʡ (18-30 

ʤʝʪʨʦʚ) (ʈʠʩʫʥʦʢ 2.3). ʂ ʟʘʧʘʜʫ ʦʪ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʂʘʨʙʦʥʦʚʦʝ ʧʣʘʪʦ 

ʩʤʝʥʷʝʪʩʷ ɼʝʚʦʥʩʢʦʡ ʥʠʟʠʥʦʡ, ʫʩʪʫʧ ʤʝʞʜʫ ʥʠʤʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʂʘʨʙʦʥʦʚʳʡ ʫʩʪʫʧ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʩʠʣʴʥʦ ʚʳʧʦʣʦʞʝʥʥʳʤ ʩʪʫʧʝʥʯʘʪʳʤ 

ʩʢʣʦʥʦʤ ʩ ʚʳʩʦʪʦʡ 70 ï 80 ʤʝʪʨʦʚ (ʏʝʙʦʪʘʨʝʚʘ ʠ ʜʨ., 1961). ʂ ʚʦʩʪʦʢʫ 

ʂʘʨʙʦʥʦʚʦʝ ʧʣʘʪʦ ʛʨʘʥʠʯʠʪ ʩ ʇʝʨʤʩʢʦʡ ʥʠʟʠʥʦʡ.  

 

ʈʠʩʫʥʦʢ 2.3 ʌʨʘʛʤʝʥʪ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʉʦʩʪʘʚʠʪʝʣʠ ʀ.ʀ. ʄʝʱʝʨʷʢʦʚʘ, ɽ.ʉ. ɸʨʪʝʤʴʝʚʘ, ʃ.ʀ. 

ʌʘʜʝʝʚʘ) 

 

ɺ ʤʝʟʦʟʦʡʩʢʫʶ ʠ ʢʘʡʥʦʟʦʡʩʢʫʶ ʵʨʫ ʵʨʦʜʠʨʦʚʘʣʠʩʴ ʧʦʨʦʜʳ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ, ʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʪʝʨʨʠʛʝʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ.  

ʌʫʥʜʘʤʝʥʪ ʜʦʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʨʝʤʝʥʠ ʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʣʝʜʝʥʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʂʘʨʙʦʥʦʚʦʝ ʧʣʘʪʦ ʥʝ ʙʳʣʦ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʦʢʩʢʦʛʦ, ʜʥʝʧʨʦʚʩʢʦʛʦ ʠ ʤʦʩʢʦʚʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʡ, ʦʥʦ ʢʘʢ 
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ʚʳʧʫʢʣʘʷ ʬʦʨʤʘ ʧʨʝʪʝʨʧʝʚʘʣʦ ʚ ʦʩʥʦʚʥʦʤ ʵʢʟʘʨʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʚʦʟʚʳʰʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʣʘʪʦ ʠ ʝʛʦ ʢʨʘʝʚʳʝ ʯʘʩʪʠ ʠʤʝʶʪ 

ʤʦʱʥʦʩʪʴ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ ʠ ʥʘ ʥʠʭ 

ʧʨʦʪʝʢʘʶʪ ʢʘʨʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʥʘʧʨʠʤʝʨ, ʥʘ ʙʦʣʦʪʝ ʂʘʪʠʥ ʄʦʭ (ʈʠʩʫʥʦʢ 

2.6). ʊʘʢ ʞʝ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʚʩʢʨʳʚʘʶʪʩʷ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʅʦʯʥʳ, ɾʫʢʦʧʳ, 

ʊʫʜʦʚʢʠ (ʈʠʩʫʥʦʢ 2.3, 2.6). ɺ ʩʨʝʜʥʝʤ ʤʦʱʥʦʩʪʴ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʩʦʩʪʘʚʠʣʘ 15 ï 20 ʤʝʪʨʦʚ (ʉʦʢʦʣʦʚ, 1949).  

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʄʦʩʢʦʚʩʢʦʝ ʠ ɺʘʣʜʘʡʩʢʦʝ ʦʣʝʜʝʥʝʥʠʷ. 

ɼʘʪʠʨʦʚʢʠ ʨʦʟʥʷʪʩʷ, ʥʦ ʨʷʜ ʫʯʝʥʳʭ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʄʦʩʢʦʚʩʢʦʝ ʦʣʝʜʝʥʝʥʠʝ 

ʧʦʢʨʳʚʘʣʦ ɺʦʩʪʦʯʥʫʶ ɽʚʨʦʧʫ ʧʨʠʤʝʨʥʦ 220 ï 110 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ (ʈʝʣʴʝʬ ʠ 

ʩʪʨʘʪʠʛʨʘʬʠʷ é, 1961; ʄʘʨʢʦʚ ʠ ʜʨ., 1965; ʏʝʙʦʪʘʨʝʚʘ, ʌʘʫʩʪʦʚʘ, 1982; 

ɿʘʨʨʠʥʘ, ʂʨʘʩʥʦʚ, 1989; ɸʥʪʦʥʦʚ ʠ ʜʨ., 2004; ɺʝʣʠʯʢʦ ʠ ʜʨ., 2005). ɺ ʩʨʝʜʥʝʤ 

ʤʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʜʘʥʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 20 ï 40 ʤ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʬʦʨʤʠʨʦʚʘʣʠʩ ɹʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ ʢʦʥʝʯʥʳʝ ʤʦʨʝʥʳʝ ʛʨʷʜʳ 

(ʙʫʨʳʝ ʠ ʢʨʘʩʥʦ-ʙʫʨʳʝ ʩʫʛʣʠʥʢʠ), ʤʦʨʝʥʳʝ ʨʘʚʥʠʥʳ ʩ ʢʘʤʘʤʠ ʠ ʢʘʤʦʚʳʤʠ 

ʪʝʨʨʘʩʘʤʠ, ʩʦ ʩʣʝʜʘʤʠ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚʥʫʪʨʠ ʪʝʣʘ 

ʣʝʜʥʠʢʘ, ʘ ʪʘʢʞʝ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʠʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ ʠ 

ʧʦʪʦʢʦʚ ʪʘʣʳʭ ʣʝʜʥʠʢʦʚʳʭ ʚʦʜ (ʇʫʟʘʯʝʥʢʦ ʠ ʜʨ., 2016). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ 

ʤʦʩʢʦʚʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʦʩʪʘʣʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʭʦʣʤʠʩʪʳʡ ʨʝʣʴʝʬ, ʢʦʪʦʨʳʡ 

ʙʳʣ ʩʛʣʘʞʝʥ ʚ ʤʝʞʣʝʜʥʠʢʦʚʳʡ ʠ ʚ ɺʘʣʜʘʡʩʢʠʡ ʣʝʜʥʠʢʦʚʳʡ ʧʝʨʠʦʜ, ʢʦʪʦʨʳʡ 

ʜʝʣʠʣʩʷ ʥʘ 4 ʮʠʢʣʘ ʧʦʭʦʣʦʜʘʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʭʦʣʤʠʩʪʳʡ ʨʝʣʴʝʬ ʤʦʩʢʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ ʧʨʝʪʝʨʧʝʣ ʵʨʦʟʠʦʥʥʦʝ 

ʨʘʩʯʣʝʥʝʥʠʝ (ʈʝʣʴʝʬ ʠ ʩʪʨʘʪʠʛʨʘʬʠʷ é, 1961; ʇʦʩʣʝʜʥʠʡ ʝʚʨʦʧʝʡʩʢʠʡé, 

1965; ɿʘʨʨʠʥʘ., ʂʨʘʩʥʦʚ, 1989; ʄʦʩʢʚʠʪʠʥ, 1967, ʏʝʙʘʪʘʨʝʚʘ, 1961, 1973; 

ʏʝʙʦʪʘʨʝʚʘ, ʄʘʢʘʨʳʯʝʚʘ, 1974) ʠ ʩʪʘʣ ʫʚʘʣʠʩʪʳʤ.  ɺʚʠʜʫ ʩʣʦʞʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʛʨʘʥʠʮ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺʘʣʜʘʡʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʣʝʜʥʠʢ ʨʘʟʙʠʚʘʣʩʷ ʥʘ ʣʦʧʘʩʪʠ ʠ ʷʟʳʢʠ ʥʘ ʛʨʘʥʠʮʝ ʩʚʦʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʤʥʝʥʠʷ: ʧʝʨʚʦʝ ï ʦʪʣʦʞʝʥʠʷ ɺʘʣʜʘʡʩʢʦʛʦ 

ʦʣʝʜʝʥʝʥʠʷ ʥʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʪʦʨʦʝ ï ʧʦ ʥʠʟʤʝʥʥʦʩʪʷʤ ʠ 



42 

 

ʨʝʯʥʳʤ ʜʦʣʠʥʘʤ ʜʚʠʞʝʥʠʝʤ ʣʴʜʘ ʤʦʛʣʦ ʙʳʪʴ ʦʪʜʝʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ 

(ʇʫʟʘʯʝʥʢʦ, ʂʦʟʣʦʚ, 2007) (ʈʠʩʫʥʦʢ 2.5).  ʉʦʛʣʘʩʥʦ ʧʦʣʝʚʳʤ ʤʘʪʝʨʠʘʣʘʤ 

ʢʦʣʣʝʢʪʠʚʘ ʫʯʝʥʳʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʤ ʟʘʧʦʚʝʜʥʠʢʝ, ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʫʯʘʩʪʢʠ, ʛʜʝ ʤʦʩʢʦʚʩʢʘʷ ʤʦʨʝʥʘ 

ʧʝʨʝʢʨʳʪʘ ʤʘʣʦʤʦʱʥʳʤ ʚʘʣʜʘʡʩʢʠʤ ʤʦʨʝʥʥʳʤ ʩʫʛʣʠʥʢʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʪʚʝʨʪʠʯʥʳʝ ʯʝʭʦʣ ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ 

ʟʘʧʦʚʝʜʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʨʝʥʥʳʤʠ ʠ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

(ʈʠʩʫʥʦʢ 2.4). ɺʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʧʝʩʷʤʠ, ʧʝʩʢʘʤʠ 

ʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩ ʨʝʜʢʠʤ ʚʢʣʶʯʝʥʠʝʤ ʧʦʛʨʝʙʝʥʥʳʭ 

ʪʦʨʬʦʚ ʠ ʧʦʯʚ. ʄʦʨʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʦʥʠ ʩʦʜʝʨʞʘʪ 15 ï 30 % 

ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ, 30 ï 40 % ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʠ 40-70 % ʬʨʘʢʮʠʠ ʧʝʩʢʘ 

(ʉʦʨʦʯʝʥʢʦʚ, 1937), ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʚʘʣʫʥʳ, ʱʝʙʝʥʴ ʠ ʛʨʘʚʠʡ. 

ʄʦʨʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʢʨʳʪʘ ʧʦʢʨʦʚʥʳʤʠ ʣʝʛʢʠʤʠ ʠ ʩʨʝʜʥʠʤʠ 

ʧʳʣʝʚʘʪʳʤʠ ʩʫʛʣʠʥʢʘʤʠ (ʩʨ. ʤʦʱʥʦʩʪʴ 60-70 ʩʤ). 

 

ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʩʭʦʣʤʣʝʥʥʳʡ ʚʦʜʦʨʘʟʜʝʣ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʬʦʨʤ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʣʝʜʝʥʝʥʠʡ, 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʨʘʟʚʠʚʘʚʰʠʭʩʷ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ ʩ ʧʣʠʦʮʝʥʘ 

(ʈʠʩʫʥʦʢ 2.6). ʊʘʢ, ʪʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʵʪʦ ʩʦʯʝʪʘʥʠʝ ʛʨʷʜ ʠ 

ʤʝʞʛʨʷʜʦʚʳʭ ʧʦʥʠʞʝʥʠʡ.  ɼʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʥʦ ʩʣʘʙʦʝ 

ʨʘʩʯʣʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʪʝʧʝʥʴ ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʠ) ʠ 

ʥʝʙʦʣʴʰʦʡ ʫʢʣʦʥ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ, ʘʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ ʚʘʨʴʠʨʫʶʪ ʦʪ 200 ʜʦ 290 

ʤ. (ʈʠʩʫʥʦʢ 2.6). ʅʘʠʙʦʣʴʰʠʝ ʦʪʤʝʪʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʶʛʝ ʟʘʧʦʚʝʜʥʠʢʘ, ʥʘ 

ʛʨʷʜʝ ʤʦʨʝʥʥʳʭ ʭʦʣʤʦʚ, ʘ ʥʘʠʤʝʥʴʰʠʝ ʥʘ ʚʝʨʭʦʚʦʤ ʙʦʣʦʪʝ çʂʘʪʠʥ ʄʦʭè 

(ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʡé, 2007).  
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ʈʠʩʫʥʦʢ 2.4 ʌʨʘʛʤʝʥʪ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʉʦʩʪʘʚʠʪʝʣʠ: ʆ.ʅ. ʃʘʚʨʦʚʠʯ, ʀ.ʇ. ɹʠʨʶʢʦʚ, ɿ.ʂ. 

ɹʘʨʘʰʢʦʚʘ) 
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ʈʠʩʫʥʦʢ 2.5 ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʨʘʥʠʮʝ ɺʘʣʜʘʡʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ 

ʚ ʨʘʡʦʥʝ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ 

ʟʘʧʦʚʝʜʥʠʢʘ (ʇʫʟʘʯʝʥʢʦ ʠ ʜʨ., 2016) 

 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʣʴʝʬʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ (ʇʫʟʘʯʝʥʢʦ, ʂʦʟʣʦʚ, 2007). ʇʝʨʚʘʷ - 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʨʷʜ ʠ ʭʦʣʤʦʚ, ʚʳʪʷʥʫʪʳʭ ʤʝʨʠʜʠʘʥʘʣʴʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʝʚʳʰʝʥʠʝ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ - 290 ʤ, ʘ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ï 40 - 50 ʤ. ɺʦʩʪʦʯʥʝʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʰʠʨʦʢʘʷ (ʜʦ 15 ʢʤ 

ʚ ʰʠʨʠʥʫ) ʩʣʘʙʦʚʦʣʥʠʩʪʘʷ ʨʘʚʥʠʥʘ ʩ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʦʡ 240 ï 250 ʤ. ɺʪʦʨʘʷ 

ʦʙʣʘʩʪʴ - ʧʦʜʢʦʚʦʦʙʨʘʟʥʘʷ ʛʨʷʜʘ ʩ ʰʠʨʠʥʦʡ 5 ʢʤ ʚ ʫʟʢʦʡ ʯʘʩʪʠ ʠ 9 ʢʤ ʚ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʡ. ɸʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ ʥʝʦʜʥʦʨʦʜʥʘ, ʦʥʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 240 ʤ 
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ʥʘ ʟʘʧʘʜʝ ʠ ʜʦ 290 ʤ ʥʘ ʚʦʩʪʦʢʝ. ɻʨʷʜʘ ʨʘʟʙʠʪʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʝʢʪʦʨʘ, 

ʨʘʟʜʝʣʝʥʥʳʝ ʧʦʥʠʞʝʥʠʷʤʠ, ʜʨʝʥʠʨʦʚʘʥʥʳʝ ʨʝʢʘʤʠ, ʚʳʪʝʢʘʶʱʠʤʠ ʠʟ ʪʘʢʠʭ 

ʙʦʣʦʪ ʢʘʢ ʄʫʭʦʷʨʦʚʩʢʠʡ ʠ ɼʝʤʠʭʦʚʩʢʠʡ ʄʦʭ (ʈʠʩʫʥʦʢ 2.7). ʂ ʶʛʫ ʦʪ ʛʨʷʜʳ 

ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʥʠʞʝʥʥʘʷ ʭʦʨʦʰʦ ʜʨʝʥʠʨʦʚʘʥʥʘʷ ʨʘʚʥʠʥʘ ʩ ʘʙʩʦʣʶʪʥʳʤʠ 

ʚʳʩʦʪʘʤʠ 200 ï 240 ʤ. ɸ ʢ ʩʝʚʝʨʫ ï ʧʣʦʩʢʘʷ ʩʣʘʙʦʜʨʝʥʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩ ʚʳʩʦʪʦʡ ʦʪ 220 ʜʦ 240 ʤ. ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʭʦʨʦʰʦ ʨʘʟʚʠʪʦʡ ʜʨʝʥʠʨʫʶʱʝʡ 

ʩʝʪʠ, ʟʜʝʩʴ ʘʢʪʠʚʥʦ ʠʜʝʪ ʧʨʦʮʝʩʩ ʟʘʙʦʣʘʯʠʚʘʷ (ʈʠʩʫʥʦʢ 2.6). 

ʇʦ ʤʥʝʥʠʶ ʖ.ɻ. ʇʫʟʘʯʝʥʢʦ ʠ ɼ.ʅ. ʂʦʟʣʦʚʘ, ʧʦʜʢʦʚʦʦʙʨʘʟʥʘʷ ʛʨʷʜʘ, 

ʩʣʦʞʝʥʥʘʷ ʤʦʨʝʥʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʩ ʚʢʣʶʯʝʥʠʝʤ ʛʨʘʚʠʷ ʠ ʚʘʣʫʥʦʚ ʩ ʣʠʥʟʘʤʠ 

ʧʝʩʢʘ, ï ʢʦʥʝʯʥʘʷ ʤʦʨʝʥʘ ʤʦʩʢʦʚʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʦʥʘ ʤʘʨʢʠʨʫʝʪ ʢʨʘʡ ʣʝʜʥʠʢʘ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʨʘʚʥʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʪʝʣʘ ʣʝʜʥʠʢʘ (ʛʣʷʮʠʦʜʝʧʨʝʩʩʠʷ).  

 

 

ʈʠʩʫʥʦʢ 2.6 ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 30 ʤʝʪʨʦʚ 

 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʣʴʝʬʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʦʩʥʦʚʝ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʨʘʟʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, 

ʚʳʧʦʣʥʝʥʥʦʡ ʈ.ɹ. ʉʘʥʜʣʝʨʩʢʠʤ, ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʨʘʚʥʠʥʳ ʟʘʥʠʤʘʶʪ 33% 

ʪʝʨʨʠʪʦʨʠʠ, ʧʦʣʦʛʠʝ ʩʢʣʦʥʳ ʤʦʨʝʥʥʳʭ ʛʨʷʜ, ʦʟʦʚ, ʢʘʤʦʚ (4Ü - 8Ü) ï 22%, ʦʯʝʥʴ 

ʧʦʣʦʛʠʝ ʧʨʠʜʦʣʠʥʥʳʝ ʩʢʣʦʥʳ ï 17%, ʧʣʦʩʢʠʝ ʧʨʠʚʝʨʰʠʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʤʦʨʝʥʥʳʭ ʛʨʷʜ ï 12,5%, ʦʯʝʥʴ ʧʦʣʦʛʠʝ ʩʢʣʦʥʳ ʤʦʨʝʥʥʳʭ ʛʨʷʜ, ʦʟʦʚ ʠ ʢʘʤʦʚ 

(2Ü ï 4Ü) ï 7% ʠ ʤʝʥʴʰʝ ʚʩʝʛʦ ʟʘʥʠʤʘʶʪ ʚʨʝʟʘʥʥʳʝ ʨʝʯʥʳʝ ʜʦʣʠʥʳ ʠ ʚʳʧʫʢʣʳʝ 

ʚʝʨʰʠʥʳ ʤʦʨʝʥʥʳʭ ʛʨʷʜ (4,5%, 3,5% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʉʘʥʜʣʝʨʩʢʠʡ, 2013). 

 

2.2 ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ 

ʊʝʨʨʠʪʦʨʠʷ ʟʘʧʦʚʝʜʥʠʢʘ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʷʚʣʷʝʪʩʷ 

ʚʦʜʦʨʘʟʜʝʣʦʤ ʪʘʢʠʭ ʨʝʢ, ʢʘʢ ɺʦʣʛʘ ʠ ɿʘʧʘʜʥʘʷ ɼʚʠʥʘ. ʈʝʯʥʘʷ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ 

ʨʝʢ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʨ. ʄʝʞʘ (ʙʘʩʩʝʡʥ ɿʘʧʘʜʥʦʡ ɼʚʠʥʳ), 

ɾʫʢʦʧʘ, ʊʫʜʦʚʢʘ, ʊʶʟɹ ʤʘ (ʙʘʩʩʝʡʥ ɺʦʣʛʠ), ʘ ʪʘʢʞʝ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʝʯʝʢ 

ʠ ʨʫʯʝʡʢʦʚ. (ʈʠʩʫʥʦʢ 2.7). ʇʦ ʦʮʝʥʢʘʤ ʥʘ 1 ʢʤ2 ʧʨʠʭʦʜʠʪʩʷ 0.75 ʢʤ ʚʦʜʦʪʦʢʦʚ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʜʦʩʙʦʨʳ ʠ ʩʣʘʙʘʷ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴ 

ʈʠʩʫʥʦʢ 2.7 ɻʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʩʝʪʴ ʎʃɻʇɹɿ 

ʀʩʪʦʯʥʠʢ: http://www.clgz.ru  
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ʜʦʣʠʥ (ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʙʠʦʩʬʝʨʥʳʡ 

ʟʘʧʦʚʝʜʥʠʢ: [ʩʘʡʪ]. URL: http://www.clgz.ru).  

ɻʣʫʙʠʥʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʧʦʣʦʞʝʥʠʷ ʚ ʨʝʣʴʝʬʝ. ɺ ʩʫʭʫʶ ʠ ʞʘʨʢʫʶ ʧʦʛʦʜʫ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ (ʋɻɺ) 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 10 ʤʝʪʨʦʚ ʥʘ ʭʦʨʦʰʦ ʜʨʝʥʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ. ʆʜʥʘʢʦ, ʜʣʷ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ 

ʟʘʣʝʛʘʶʪ ʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ (ʚ ʩʨʝʜʥʝʤ 1,5 ï 2 ʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʛʣʫʙʠʥʝ 3-3,5 ʤʝʪʨʦʚ ʚ ʩʫʭʫʶ ʧʦʛʦʜʫ). ʀʟ-ʟʘ ʩʣʦʞʥʦʛʦ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʯʝʪʚʝʨʪʠʯʥʦʡ ʪʦʣʱʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʛʦʨʠʟʦʥʪʦʚ 

ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ.  ʇʨʠ ʦʙʠʣʴʥʦʤ ʚʳʧʘʜʝʥʠʠ ʦʩʘʜʢʦʚ ʥʝʨʝʜʢʦ 

ʦʙʨʘʟʫʝʪʩʷ ʚʝʨʭʦʚʦʜʢʘ, ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ ʧʦʢʨʦʚʥʳʤ ʩʫʛʣʠʥʢʘʤ ʠ 

ʪʦʨʬʷʥʠʩʪʦʤʫ ʛʦʨʠʟʦʥʪʫ. ɺʚʠʜʫ ʩʣʘʙʦʡ ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʘʢʪʠʚʥʦ ʧʨʦʭʦʜʠʪ ʧʨʦʮʝʩʩ ʟʘʙʦʣʘʯʠʚʘʥʠʷ, ʟʜʝʩʴ ʨʘʟʚʠʚʘʶʪʩʷ ʦʛʨʦʤʥʳʝ 

ʚʝʨʭʦʚʳʝ ʙʦʣʦʪʘ.  ʅʘʠʙʦʣʴʰʠʤʠ ʧʦ ʧʣʦʱʘʜʠ ʷʚʣʷʶʪʩʷ ʙʦʣʦʪʘ: ʂʘʪʠʥ ʄʦʭ 

(3970 ʛʘ), ɼʝʤʠʜʦʚʩʢʠʡ ʄʦʭ (936 ʛʘ) ʠ ɺʝʨʭʦʚʩʢʦʡ ʄʦʭ (800 ʛʘ), 

ʉʪʘʨʦʩʝʣʴʩʢʠʡ ʤʦʭ (617 ʛʘ) ʠ ʪ.ʜ. (ʈʠʩʫʥʦʢ 2.7). 

 

2.3 ʂʣʠʤʘʪ 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʘʤ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʪʝʨʨʠʪʦʨʠʷ 

ʟʘʧʦʚʝʜʥʠʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʩʪʳʢʝ ʚʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʦʛʦ ʠ 

ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʦʛʦ ʨʘʡʦʥʦʚ ʘʪʣʘʥʪʠʢʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ (ʈʠʩʫʥʦʢ 2.8) ʠ ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥʥʳʤ ʮʠʢʣʦʤ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ (ʄʷʯʢʦʚʘ, 1983; ʆʣʴʯʝʚ ʠ ʜʨ., 

2017).  

       ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʣʠʤʘʪʘ ʣʝʩʥʦʡ ʟʦʥʳ ʈʫʩʩʢʦʡ 

ʨʘʚʥʠʥʳ - ʩʠʣʴʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʷʚʣʷʶʱʘʷʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ (ʄʷʯʢʦʚʘ, 1983). ʆʩʦʙʦʝ 

ʚʣʠʷʥʠʝ ʠʤʝʶʪ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ ʩ ɸʪʣʘʥʪʠʢʠ (ʟʘʧʘʜʥʳʡ ʧʝʨʝʥʦʩ), 

ʦʢʘʟʳʚʘʶʱʠʝ ʦʪʝʧʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʠʤʦʡ ʠ ʦʭʣʘʞʜʘʶʱʝʝ ʚ ʣʝʪʥʠʝ 

ʤʝʩʷʮʳ (ʧʨʦʭʣʘʜʥʘʷ ʠ ʜʦʞʜʣʠʚʘʷ ʧʦʛʦʜʘ), ʥʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

http://www.clgz.ru/
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ʘʜʚʝʢʮʠʠ ʘʨʢʪʠʯʝʩʢʦʛʦ ʚʦʟʜʫʭʘ. ɺ ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʠʤʘʪʘ 

ʪʝʨʨʠʪʦʨʠʠ ʚʥʦʩʠʪ ʨʝʣʴʝʬ, 

ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ɺʘʣʜʘʡʩʢʘʷ 

ʚʦʟʚʳʰʝʥʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ. ɺ 

ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʟʘʧʘʜʘ ʠ ʶʛʦ-ʟʘʧʘʜʘ 

ʧʨʦʥʠʢʘʶʪ ʮʠʢʣʦʥʳ. 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʝ ʮʠʢʣʦʥʳ 

ʦʢʘʟʳʚʘʶʪ ʦʪʝʧʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʥʘʩʪʫʧʣʝʥʠʶ ʦʪʪʝʧʝʣʝʡ. ɺ ʫʩʣʦʚʠʷʭ ʘʥʪʠʮʠʢʣʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʭʦʣʦʜʥʳʝ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ ʶʛʦ-ʟʘʧʘʜ ʠ ʩ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. ɼʣʷ ʚʝʩʥʳ ʭʘʨʘʢʪʝʨʥʦ ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʩʥʝʛʦʪʘʷʥʠʶ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʩʪʦʢʫ 

ʪʘʣʳʭ ʚʦʜ. ʊʘʢʞʝ ʚ ʚʝʩʝʥʥʠʝ ʤʝʩʷʮʳ ʧʨʝʦʙʣʘʜʘʝʪ ʙʝʟʦʙʣʘʯʥʘʷ ʧʦʛʦʜʘ ʠ ʚʝʪʨʘ 

ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ 

ʤʝʥʴʰʝ ʮʠʢʣʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʝʤ ʟʠʤʦʡ, ʯʘʩʪʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʪʨʦʛ 

ɸʟʦʨʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʛʦʜʳ 

ʣʝʪʦʤ, ʚ ʢʦʥʮʝ ʤʘʷ ï ʥʘʯʘʣʝ ʠʶʥʷ ʠ ʚ ʢʦʥʮʝ ʘʚʛʫʩʪʘ ʤʦʛʫʪ ʙʳʪʴ ʥʦʯʥʳʝ 

ʟʘʤʦʨʦʟʢʠ.  

ɺ ʩʨʝʜʥʝʤ ʩ 1963 ʧʦ 2020 ʛʦʜ ʢʦʣʠʯʝʩʪʚʦ ʙʝʟʤʦʨʦʟʥʳʭ ʜʥʝʡ ʩʦʩʪʘʚʠʣʦ 

194 ʜʥʷ, ʭʦʪʷ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʠʟ ʛʦʜʘ ʚ ʛʦʜ (ʤʠʥʠʤʫʤ ï 

92 ʜʥʷ). ɼʥʝʡ ʙʝʟ ʦʪʪʝʧʝʣʠ ï 71, 123 ʜʥʷ ʩʦ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ (ʃʝʪʦʧʠʩʴ 

ʧʨʠʨʦʜʳé, 2022). ʋʩʪʦʡʯʠʚʳʡ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ʦʙʨʘʟʫʝʪʩʷ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʥʦʷʙʨʷ ʠ ʨʘʟʨʫʰʘʝʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʘʧʨʝʣʷ. ʆʜʥʘʢʦ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʙʦʣʝʝ ʨʘʥʥʝʝ ʩʥʝʛʦʪʘʷʥʠʝ. ʄʦʱʥʦʩʪʴ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ 

ʈʠʩʫʥʦʢ 2.8 ʂʣʠʤʘʪʦʛʨʘʤʤʘ 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʘʜʢʦʚ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʅʠʞʥʷʷ ʣʠʥʠʷ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ʚʝʨʭʥʷʷ- ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ) 

ʀʩʪʦʯʥʠʢ: http://www.clgz.ru 
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ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ 

ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʜʘ, ʤʘʢʩʠʤʫʤ ʩʦʩʪʘʚʣʷʝʪ 60 ʩʤ, ʘ, ʥʘʧʨʠʤʝʨ, ʬʝʥʦʣʦʛʠʯʝʩʢʦʡ 

ʟʠʤʦʡ 2020 ʛʦʜʘ ʫʩʪʦʡʯʠʚʳʡ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚʚʠʜʫ ʯʘʩʪʳʭ 

ʦʪʪʝʧʝʣʝʡ (ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 5 ʩʤ (ʃʝʪʦʧʠʩʴ ʧʨʠʨʦʜʳé, 

2020)).  

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʜʘʥʥʳʤʠ ʜʚʫʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ʇʝʨʚʘʷ ʨʘʩʧʦʣʦʞʝʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʭʨʘʥʷʝʤʦʡ ʟʦʥʝ ʟʘʧʦʚʝʜʥʠʢʘ (ʌʝʜʦʨʦʚʩʢʦʝ), ʘ ʚʪʦʨʘʷ ʩ 

ʙʦʣʝʝ ʜʣʠʥʥʳʤ ʨʷʜʦʤ ʜʘʥʥʳʭ (ɺʳʰʥʠʡ ɺʦʣʦʯʝʢ) ʫʜʘʣʝʥʘ ʥʘ 100-120 ʢʤ ʢ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 20-30 ʤʝʪʨʦʚ ʥʠʞʝ ʧʦ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʫʨʦʚʥʶ. ʊʘʢʞʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʥʘ ʤʝʪʝʦʧʦʩʪʝ çʃʝʩʥʦʡ ʟʘʧʦʚʝʜʥʠʢè, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 

ʝʣʴʥʠʢʝ-ʢʠʩʣʠʯʥʠʢʝ, ʚ 350 ʤʝʪʨʘʭ ʥʘ ʩʝʚʝʨ ʦʪ ʧʦʩʝʣʢʘ ɿʘʧʦʚʝʜʥʳʡ. 

ʆʩʘʜʢʠ. ɺ ʩʨʝʜʥʝʤ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 196 ʜʥʝʡ ʚ ʛʦʜʫ 

ʚʳʧʘʜʘʶʪ ʦʩʘʜʢʠ (135 ʜʥʝʡ ï ʩ ʜʦʞʜʝʤ, 97 ï ʩʦ ʩʥʝʛʦʤ).  ʆʙʦʙʱʠʚ ʜʘʥʥʳʝ ʩ 

1963 ʧʦ 2023 ʛʦʜ ʩ ʤʝʪʝʦʧʦʩʪʘ çʃʝʩʥʦʡ ʟʘʧʦʚʝʜʥʠʢè, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ 60 ʣʝʪ ʩʦʩʪʘʚʠʣʦ 764 ʤʤ, ʘ 

ʤʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ï 744 ʤʤ (ʈʠʩʫʥʦʢ 2.9ʙ).  ɸʥʦʤʘʣʴʥʦ ʩʫʭʠʤʠ ʙʳʣʠ 1963 ʛ 

(518,4 ʤʤ), 1964 ʛ (523,7 ʤʤ), 1972 (556,8 ʤʤ), 2002 (509,3 ʤʤ) ʘ ʥʘʠʙʦʣʝʝ 

ʚʣʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ 1990 (951,2 ʤʤ), 2012 (1050 ʤʤ), 2017 (954,6 ʤʤ), 2020 

(992,2 ʤʤ), 2023 (1006,3 ʤʤ).   

 

ʈʠʩʫʥʦʢ 2.9 ʘ) ʂʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩ 1963 ʧʦ 2023 ʛʦʜ (ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʧʦʩʪʘ 

çʃʝʩʥʦʡ ʟʘʧʦʚʝʜʥʠʢè ʙ) ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʢʦʚ.  
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ʇʨʠʤʝʯʘʥʠʝ: ʜʘʥʥʳʝ ʟʘ 1969 ʠ 1970 ʛʦʜ ʫʪʝʨʷʥʳ, ʥʦ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ 

ʚ ʊʦʨʦʧʮʝ ʵʪʠ ʛʦʜʳ ʙʳʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʱʠʝ (590 ʠ 656 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

 

 

ʈʠʩʫʥʦʢ 2.10 ʆʩʘʜʢʠ. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 60 ʣʝʪ 

 

ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 2.10, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 60 ʣʝʪ ʙʳʣʦ ʙʦʣʴʰʝ ʩʨʦʢʦʚ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ 

ʤʝʥɹh ʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ ʟʥʘʯʝʥʠʷ (ʚ 54 % ʩʣʫʯʘʝʚ). ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʦʜʨʷʜ ʙʳʣʠ ʘʥʦʤʘʣʴʥʦ ʩʫʭʠʤʠ: 1971 ï 1975 ʛʛ. 

(ʜʘʥʥʳʝ ʟʘ 1969 ʠ 1970 ʛʦʜ ʫʪʝʨʷʥʳ, ʦʜʥʘʢʦ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʠ ʚ ɺʳʰʥʝʤ 

ɺʦʣʦʯʢʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ ʛʦʜʳ ʙʳʣʠ ʩʫʭʠʤʠ), 1981-1985 ʛʛ., 2004 ï 2007 ʛʛ. 

ɺʣʘʞʥʳʝ ʧʝʨʠʦʜʳ: 1965 ï 1968 ʛʛ., 2008 ï 2010 ʛʛ., 2019 ï 2021 ʛʛ.  

ʅʘ ʨʠʩʫʥʢʝ 2.11 ʧʦʢʘʟʘʥʦ ʯʪʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʥʠʛʜʝ ʥʝ 

ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʟʘ 60 ʣʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʠʡ ʥʦʩʷʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʢʦʣʝʙʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʥʝ ʚʳʭʦʜʠʣʠ ʟʘ ʧʨʝʜʝʣʳ çʙʝʣʦʛʦ ʰʫʤʘè.  ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʪʨʝʥʜʘ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. 

ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ (ɿʦʨʠʥʘ, ʐʫʡʩʢʘʷ, 2020) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʪʴ ʪʨʝʥʜʳ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ ʦʪʜʝʣʴʥʳʭ ʤʝʩʷʮʝʚ: ʫʤʝʥʴʰʝʥʠʝ ʚ ʩʝʥʪʷʙʨʝ, ʫʚʝʣʠʯʝʥʠʝ ʚ 

ʥʦʷʙʨʝ, ʜʝʢʘʙʨʝ.  
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ʈʠʩʫʥʦʢ 2.11 ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʨʷʜʘ ʟʥʘʯʝʥʠʡ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ (ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʧʦʩʪʘ çʃʝʩʥʦʡ 

ʟʘʧʦʚʝʜʥʠʢè). ʂʨʘʩʥʳʝ ʣʠʥʠʠ ï ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 95%. ʉʜʚʠʛ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʨʷʜʘ  

ʊʝʤʧʝʨʘʪʫʨʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ çʃʝʩʥʦʡ ʟʘʧʦʚʝʜʥʠʢè ʩ 

1963 ʧʦ 2023 ʛʦʜ ʩʨʝʜʥʷʷ ʤʥʦʛʦʣʝʪʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 4,50C. ʉʘʤʳʤʠ ʪʝʧʣʳʤʠ ʛʦʜʘʤʠ ʙʳʣʠ 1989 

(6Üʉ), 2005 (5,8Üʉ), 2015 (5,9Üʉ), 2019 (6Üʉ), 2020 (6,7Üʉ), ʘ ʩʘʤʳʤʠ ʭʦʣʦʜʥʳʤʠ 

ï 1987 (1,90C), 1978 (2,40C), 1985, 1980 (2,60C) (ʈʠʩʫʥʦʢ 2.12).  

 

ʈʠʩʫʥʦʢ 2.12 ʘ) ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʙ) ɻʠʩʪʦʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 
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ʈʠʩʫʥʦʢ 2.13 ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʨʷʜʘ ʟʥʘʯʝʥʠʡ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʧʦʩʪʘ çʃʝʩʥʦʡ 

ʟʘʧʦʚʝʜʥʠʢè). ʂʨʘʩʥʳʝ ʣʠʥʠʠ ï ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 95%. ʉʜʚʠʛ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʨʷʜʘ  

 

ɸʚʪʦʢʦʨʨʝʣʷʮʠʷ ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʪʨʝʥʜʘ 

ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (ʈʠʩʫʥʦʢ 2.13). 

ʇʝʨʠʦʜʦʛʨʘʤʤʘ ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ ʚʳʜʝʣʷʝʪ ʧʝʨʠʦʜʳ ʦʢʦʣʦ 8 ʠ 5 ʣʝʪ, ʘ ʪʘʢʞʝ 

ʥʘ ʩʣʘʙʦʤ ʫʨʦʚʥʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 15-16 ʣʝʪ (ʈʠʩʫʥʦʢ 2.14) 

 
ʈʠʩʫʥʦʢ 2.14 ʇʝʨʠʦʜʦʛʨʘʤʤʘ ʜʣʷ ʨʷʜʘ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ 
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ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʛʦ ʪʝʧʣʦʛʦ ʤʝʩʷʮʘ ʩʦʩʪʘʚʠʣʘ 16,90ʉ. ʃʝʪʘ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʘ ʙʳʣʠ ʚ 2001 (tʠʶʣʷ=20,90C), 2010 

(tʠʶʣʷ=20,30C), 2011(tʠʶʣʷ=20,30C),  2005 (tʠʶʣʷ=19,70C), 1963, 1972, 2002 

(tʠʶʣʷ=19,50C) ʠ ʩ ʧʦʥʠʞʝʥʥʳʤ ʚ 1979 (tʠʶʣʷ=13,60C), 2019 (tʠʶʣʷ=14,10C),  

1978, 1990 (tʠʶʣʷ=14,40C), 1987 (tʠʶʣʷ=14,60C), 1984, 1985 (tʠʶʣʷ=14,80C), 

1976 (tʠʶʣʷ=14,90C) (ʈʠʩʫʥʦʢ 2.15ʘ,ʙ).  

 

ʈʠʩʫʥʦʢ 2.15 ʘ) ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʶʣʷ ʙ) ɻʠʩʪʦʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʶʣʷ 

 

 

ʈʠʩʫʥʦʢ 2.16 ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʨʷʜʘ ʟʥʘʯʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʠʶʣʝ ʤʝʩʷʮʝ (ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʧʦʩʪʘ çʃʝʩʥʦʡ 

ʟʘʧʦʚʝʜʥʠʢè). ʂʨʘʩʥʳʝ ʣʠʥʠʠ ï ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 95%. ʉʜʚʠʛ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʨʷʜʘ 
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ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 2.16 ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʦʩʪʦʚʝʨʝʥ ʥʘ 1, 21, 23, 

26 ʰʘʛʝ. ɺ ʮʝʣʦʤ, ʝʛʦ ʟʥʘʯʝʥʠʷ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʰʘʛʘ 

ʩʜʚʠʛʘ ʨʷʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʤʦʛʦ ʩʝʙʷ ʜʦ 26 ʣʝʪ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʤʠʯʠʝ 

ʪʨʝʥʜʘ. ɸʥʘʣʠʟ ʧʝʨʠʦʜʦʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʝʨʠʦʜʘ ʦʢʦʣʦ 3 ʠ 

10(11) ʣʝʪ (ʈʠʩʫʥʦʢ 2.17).  

 

ʈʠʩʫʥʦʢ 2.17 ʇʝʨʠʦʜʦʛʨʘʤʤʘ ʜʣʷ ʨʷʜʘ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʠʶʣʝ 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʛʦ ʭʦʣʦʜʥʦʛʦ ʤʝʩʷʮʘ ʩʦʩʪʘʚʣʷʝʪ -8,10ʉ.ʉʘʤʳʝ 

ʤʦʨʦʟʥʳʝ ʟʠʤʳ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 1987 (tʷʥʚʘʨʷ=-18,90C), 1968 (tʷʥʚʘʨʷ=-

16,90C) 1972 (tʷʥʚʘʨʷ= -16,50C), 1963 (tʷʥʚʘʨʷ=-15,40C), 2010 (tʷʥʚʘʨʷ=-

15,30C), ʘ ʩʘʤʳʝ ʪʝʧʣʳʝ ʙʳʣʠ ʚ 2020 (tʷʥʚʘʨʷ=-0,20C), 1989 (tʷʥʚʘʨʷ=-2,10C), 

2007 (tʷʥʚʘʨʷ=-2,70C), 2005 (tʷʥʚʘʨʷ= -3,10C) (ʈʠʩʫʥʦʢ 2.18ʘ,ʙ).  

 

ʈʠʩʫʥʦʢ 2.18 ʘ) ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ ʙ) ɻʠʩʪʦʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʷʥʚʘʨʷ 
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ɸʥʘʣʠʟ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʨʷʜʘ ʜʘʥʥʳʭ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʷʥʚʘʨʴ 

ʤʝʩʷʮ ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʷ ʪʨʝʥʜʘ (ʈʠʩʫʥʦʢ 2.19).  

 

ʈʠʩʫʥʦʢ 2.19 ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʨʷʜʘ ʟʥʘʯʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʷʥʚʘʨʝ ʤʝʩʷʮʝ (ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʧʦʩʪʘ çʃʝʩʥʦʡ 

ʟʘʧʦʚʝʜʥʠʢè). ʂʨʘʩʥʳʝ ʣʠʥʠʠ ï ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 95%. ʉʜʚʠʛ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʨʷʜʘ 

 

ʆʜʥʘʢʦ, ʧʦ ʜʘʥʥʳʤ ɽ. ʐʫʡʩʢʦʡ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʠʤʳ 

ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ ʠ ʙʦʣʝʝ ʪʝʧʣʳʤʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʚ ʜʝʢʘʙʨʝ ʤʝʩʷʮʝ (ʐʫʡʩʢʘʷ, 2021). 

ɺ ʮʝʣʦʤ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ ʦʪʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʤʝʞʛʦʜʦʚʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʛʦʜʦʚʦʡ ʠ ʩʨʝʜʥʝʡ ʤʝʩʷʯʥʦʡ ʠʶʣʴʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ (Ñ3-50C), ʘ ʷʥʚʘʨʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʪ ʦʪ ʛʦʜʘ ʚ ʛʦʜ 

(Ñ10-150C) (ʈʠʩʫʥʦʢ 2.12ʘ, 2.15ʘ, 2.18ʘ) (ʃʝʪʦʧʠʩʴ ʧʨʠʨʦʜʳé, 2010).  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʦʡ ʞʘʨʢʦʡ ʠʣʠ ʭʦʣʦʜʥʦʡ ʧʦʛʦʜʳ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʧʦʩʣʝʜʥʠʝ 60 ʣʝʪ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʠʣʘ 

37,10ʉ ʚ 2010 ʛʦʜʫ, ʘ ʤʠʥʠʤʘʣʴʥʘʷ ï (-39,40ʉ) ʚ 1979 ʛʦʜʫ.  ʉʦʛʣʘʩʥʦ ʛʨʘʬʠʢʫ 
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2.20ʘ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʧʦʯʪʠ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʫʚʝʣʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʩ 1971 ʧʦ 2008 ʛʦʜ, ʜʘʣʝʝ 

ʨʦʩʪ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʜʚʫʭ ʘʥʦʤʘʣʴʥʳʭ ʛʦʜʦʚ (2010 ʠ 2013), ʩ 2014 ʧʦ 2022 

ʛʦʜ ʧʦʢʘʟʘʪʝʣʴ ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ. ʀʥʘʷ ʩʠʪʫʘʮʠʷ ʜʣʷ ʤʠʥʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ. 

ʉ 1963 ʧʦ 1978 ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʝʥʜ ʫʤʝʥʴʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʩ 1979 ʧʦ 2006 ï 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦ, ʩ 2007 ʧʦ 2023 ï ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʠʤʳ 

ʩʪʘʥʦʚʷʪʩʷ ʪʝʧʣʝʝ, ʙʝʟ ʨʝʟʢʠʭ ʟʘʤʦʨʦʟʢʦʚ.  

 

ʈʠʩʫʥʦʢ 2.20 ʘ) ʄʘʢʩʠʤʘʣʴʥʘʷ ʠ ʙ) ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

 

ʈʠʩʫʥʦʢ 2.21 ʄʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 
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ɽʩʣʠ ʩʦʚʤʝʩʪʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʨʘʬʠʢʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʪʦ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʟʘʢʦʥ ʢʦʤʧʝʥʩʘʮʠʠ, ʘʥʦʤʘʣʴʥʦ ʭʦʣʦʜʥʦʡ 

ʟʠʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʞʘʨʢʦʝ ʣʝʪʦ ʠ ʥʘʦʙʦʨʦʪ (ʈʠʩʫʥʦʢ 2.21).  

 

ʉʦʦʪʥʦʰʝʥʠʝ ʪʝʧʣʘ ʠ ʚʣʘʛʠ. 

ɺ ʮʝʣʦʤ, ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʧʨʝʚʳʰʘʝʪ 

ʩʫʤʤʘʨʥʦʝ ʠʩʧʘʨʝʥʠʝ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʉʝʣʷʥʠʥʦʚʘ ʩ 1963 ʧʦ 2023 ʛʦʜ ʩʦʩʪʘʚʠʣʦ 1,647, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ 

ʝʣʦʚʳʭ ʣʝʩʦʚ. ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 2.22 ʚ 1992 ʠ 2002 ʛʦʜʫ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʣʠ ʤʝʥʝʝ 0,8, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʩʪʝʧʠ, ʪʘʢ ʞʝ 

ʟʘʩʫʰʣʠʚʳʤʠ ʙʳʣʠ 1963, 1964, 1966, 2018 ʛʦʜʳ (ʟʥʘʯʝʥʠʷ ʦʪ 0,8 ʜʦ 1, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʣʝʩʦʩʪʝʧʠ). ʉʦʦʪʥʦʰʝʥʠʝ ʪʝʧʣʘ ʠ ʚʣʘʛʠ ʢʘʢ ʜʣʷ ʣʠʩʪʚʝʥʥʳʭ 

ʣʝʩʦʚ ʙʳʣʠ ʚ 1971, 1972, 1981, 2001, 2015, 2022 ʛʦʜʘʭ. ʇʦʢʘʟʘʪʝʣʠ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʧʪʠʤʫʤʘ ʝʣʦʚʳʭ ʣʝʩʦʚ ʙʳʣʠ ʚ 

1967, 1968, 1973 ï 1976, 1978, 1979, 1982, 1983, 1985, 1986, 1989, 1994 ï 1997, 

2004, 2005, 2007, 2010, 2011, 2013, 2014, 2016, 2021 ʛʦʜʘʭ.  ʐʝʩʪʴ ʩʨʦʢʦʚ 

ʥʘʙʣʶʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ ʩʝʚʝʨʥʦʡ ʪʘʡʛʠ 1965, 1988, 1993, 2009, 

2012, 2023. ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʉʝʣʷʥʠʥʦʚʘ ʙʦʣʴʰʝ 2 (ʫʩʣʦʚʠʷ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʙʳʣʠ ʚ 1977, 1980, 1984, 1990, 1991, 1998, 2000, 2003, 2006, 

2008, 2017, 2019, 2020 ʛʦʜʳ. ʆʩʦʙʝʥʥʦ ʤʦʢʨʳʤ ʙʳʣ 1987 ʛʦʜ, ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʦʩʪʠʛʣʠ ʦʪʤʝʪʢʠ ʚ 3,2. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʪʝʧʣʘ ʠ ʚʣʘʛʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 60 ʣʝʪ, ʪʦ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʝʣʦʚʳʭ ʣʝʩʦʚ ʙʳʣʠ 45% ʩʨʦʢʦʚ 

ʥʘʙʣʶʜʝʥʠʷ, ʥʘ ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ ʧʨʠʭʦʜʠʪʩʷ 21%, ʥʘ ʛʦʜʳ ʩ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʝʤ 34%. 

ʀʪʘʢ, ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 2.12, ʥʘʙʣʶʜʸʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʩ 1963 ʧʦ 2023 ʛʦʜ. ʈʦʩʪ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʫʩʣʦʚʣʝʥ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʠʶʣʷ, ʘʚʛʫʩʪʘ, 
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ʩʝʥʪʷʙʨʷ ʠ ʜʝʢʘʙʨʷ, ʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʩʘʜʢʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

 

ʈʠʩʫʥʦʢ 2.22 ʄʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʝʣʷʥʠʥʦʚʘ (ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʧʦʩʪʘ çʃʝʩʥʦʡ 

ʟʘʧʦʚʝʜʥʠʢè ʩ 1963 ʧʦ 2023 ʛʦʜ) 

 

ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʚ ʥʦʷʙʨʝ ʠ ʜʝʢʘʙʨʝ (ɿʦʨʠʥʘ ʠ ʜʨ., 2020). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʩʜʚʠʛʠ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʟ ʫ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ 

ʚʚʠʜʫ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʫʤʝʥʴʰʝʥʠʝ ʩʨʦʢʦʚ ʟʠʤʳ). 

ɿʦʨʠʥʘ ʩ ʢʦʣʣʝʛʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʘ ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʜʣʷ 11 

ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʠ 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʫ 10 ʠʟ 11 ʚʠʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʝʥʜ ʙʦʣʝʝ ʨʘʥʥʝʛʦ 

ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ, ʥʘʧʨʠʤʝʨ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʝʥ ʪʨʝʥʜ ʨʘʥʥʝʛʦ 

ʮʚʝʪʝʥʠʷ ʫ ʚʝʪʨʝʥʠʮʳ ʜʫʙʨʘʚʥʦʡ (Anemone nemorosa).  ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ, ʥʘʧʨʠʤʝʨ, ʙʦʣʝʝ ʨʘʥʥʝʝ ʧʦʷʚʣʝʥʠʝ 

ʷʱʝʨʠʮʳ ʞʠʚʦʨʦʜʷʱʝʡ, ʣʷʛʫʰʢʠ ʪʨʘʚʷʥʦʡ, ʧʝʨʚʘʷ ʚʩʪʨʝʯʘ ʙʘʙʦʯʢʠ-

ʢʨʘʧʠʚʥʠʮʳ ʠ ʪ.ʜ. (ɿʦʨʠʥʘ, ʐʫʡʩʢʘʷ, 2020). 
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ʇʦ ʤʥʝʥʠʶ ʖ.ɻ. ʇʫʟʘʯʝʥʢʦ, ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ 50-ʣʝʪʥʶʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʢʦʣʝʙʘʥʠʷ ʦʩʘʜʢʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʇʫʟʘʯʝʥʢʦ, 2012). ɹʦʣʝʝ 

ʪʝʧʣʘʷ ʠ ʚʣʘʞʥʘʷ ʧʦʛʦʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ 

ʪʘʢʠʭ, ʢʘʢ ʢʣʝʥ, ʚʷʟ, ʣʠʧʘ, ʣʝʱʠʥʘ ʥʘ ʤʦʨʝʥʥʳʭ ʛʨʷʜʘʭ ʠ ʰʠʨʦʢʦʤʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʬʘʛʥʫʤʘ ʥʘ ʧʣʦʩʢʠʭ ʠ ʚʦʛʥʫʪʳʭ ʬʦʨʤʘʭ ʨʝʣʴʝʬʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʣʠʤʘʪ ʜʚʠʞʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ (ʇʫʟʘʯʝʥʢʦ. 

2012). 

 

2.4 ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ 

ʉʦʛʣʘʩʥʦ ʙʦʪʘʥʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʪʝʨʨʠʪʦʨʠʷ 

ʧʨʠʥʘʜʣʝʞʠʪ ʟʦʥʝ ʭʚʦʡʥʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ 

(ʉʝʤʝʥʦʚʘ-ʊʷʥ-ʐʘʥʩʢʘʷ, ʉʦʯʘʚʘ, 1956; ʆʛʫʨʝʝʚʘ, 1999), ʧʦ ʐʝʥʥʠʢʦʚʫ ʠ 

ɺʘʩʠʣʴʝʚʫ ï ʢ ʧʦʣʦʩʝ ʜʫʙʨʘʚʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʳʭ ʣʝʩʦʚ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ 

ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ (1973). ʅʦ ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʣʴʝʬʘ, ʢʣʠʤʘʪʘ, 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ (ʦʢʦʣʦ 43-45% ʦʪ 

ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʷʜʨʘ ʟʘʧʦʚʝʜʥʠʢʘ) ʨʘʩʧʦʣʦʞʝʥʳ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʝ ʥʝʪʨʦʥʫʪʳʝ 

ʨʫʙʢʘʤʠ ʶʞʥʦ-ʪʘʝʞʥʳʝ ʝʣʦʚʳʝ ʣʝʩʘ (ʈʠʩʫʥʦʢ 2.23) (ʂʘʨʧʦʚ, 1973). ʊʦʣʴʢʦ ʚʦ 

ʚʨʝʤʝʥʘ ʟʘʢʨʳʪʠʷ ʟʘʧʦʚʝʜʥʠʢʘ (ʩ 1951 ʧʦ 1960 ʛ.) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʶʞʥʦʛʦ 

ʣʝʩʥʠʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʩʧʣʦʰʥʳʝ ʨʫʙʢʠ. ɺ ʦʭʨʘʥʥʦʡ ʞʝ ʟʦʥʝ 

ʎʃɻɿ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ ʙʳʣʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʚʳʨʫʙʢʠ, 

ʫʥʠʯʪʦʞʠʚʰʠʝ ʫʥʠʢʘʣʴʥʳʝ ʣʝʩʘ. ɽʣʴʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

Picea abies (L.) Karst ʠ ʛʠʙʨʠʜʥʦʡ ʬʦʨʤʦʡ Picea fennica. ʄʝʥʴʰʠʝ ʧʣʦʱʘʜʠ 

ʟʘʥʷʪʳ ʟʦʥʘʣʴʥʳʤʠ ʭʚʦʡʥʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ ʣʝʩʘʤʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʫʯʘʩʪʢʘʤʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʟʘʥʠʤʘʝʤʦʡ 

ʧʣʦʱʘʜʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚʪʦʨʠʯʥʳʝ ʙʝʨʝʟʥʷʢʠ ʠ ʦʩʠʥʥʠʢʠ, ʚʦʟʥʠʢʰʠʝ ʧʦʩʣʝ 

ʤʘʩʩʦʚʳʭ ʚʳʚʘʣʦʚ ʠ ʧʦʞʘʨʦʚ (ʦʢʦʣʦ 40% ʪʝʨʨʠʪʦʨʠʠ) (ʈʠʩʫʥʦʢ 2.23), 

ʦʩʪʘʣʴʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʟʘʥʠʤʘʶʪ ʟʘʙʦʣʦʯʝʥʥʳʝ ʩʦʩʥʷʢʠ (10% ʧʣʦʱʘʜʠ 

ʟʘʧʦʚʝʜʥʠʢʘ), ʦʢʦʣʦ 6% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʨʭʦʚʳʝ ʙʦʣʦʪʘ ʂʘʪʠʥ ʄʦʭ, 

ɼʝʤʠʜʦʚʩʢʠʡ ʄʦʭ, ʉʪʘʨʦʩʝʣʴʩʢʠʡ ʄʦʭ ʠ ɺʝʨʭʦʚʩʢʦʡ ʄʦʭ, ʘ ʥʘʠʤʝʥʴʰʫʶ 

ʧʣʦʱʘʜʴ ʟʘʥʠʤʘʶʪ ʯʝʨʥʦʦʣʴʭʦʚʳʝ ʣʝʩʘ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʜʦʣʠʥʝ ʨʝʢ (ʄʠʥʷʝʚ, 
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1976). ɺ ʪʘʙʣʠʮʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʣʝʩʘ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʦʮʝʥʢʘʤ ʥʘ 

ʦʩʥʦʚʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. 

ʈʠʩʫʥʦʢ 2.23 ʂʘʨʪʦʩʭʝʤʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʩʦʩʪʘʚʣʝʥʥʘʷ ʩ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʣʦʞʝʥʥʘʷ ʥʘ 

ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ, ʨʘʟʨʝʰʝʥʠʝ 30 ʭ 30 ʤ (ʧʦ ʉʘʥʜʣʝʨʩʢʦʤʫ, 2013) 
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ʊʘʙʣʠʮʘ 2.1 ʉʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʣʝʩʘ, ʛʘ (ʚ 

ʛʨʘʥʠʮʘʭ 2023 ʛʦʜʘ) 

 ʗʜʨʦ 
ʆʭʨʘʥʥʘʷ 

ʟʦʥʘ 

ɹʦʣʦʪʘ 1130,40 1954,26 

ʄʦʣʦʜʳʝ ʩʦʩʥʷʢʠ ʧʦ ʙʦʣʦʪʫ 970,92 1632,96 

ʉʦʩʥʷʢʠ ʠ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ 1172,70 1729,35 

ɽʣʴʥʠʢʠ ʥʝʤʦʨʘʣʴʥʳʝ 4702,77 7139,34 

ɽʣʴʥʠʢʠ ʙʦʨʝʘʣʴʥʳʝ 12959,46 16358,31 

 ʄʝʣʢʦʣʠʩʪʚʝʥʥʳʝ ʠ ʝʣʦʚʦ-ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ 2099,07 9485,91 

ɽʣʦʚʦ-ʤʝʣʢʦʣʠʩʪʚʝʥʥʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ 1360,8 7396,29 

ʃʫʛʘ 21,42 581,76 

ʉʝʣʠʪʴʙʘ 3,24 200,79 

 

ɼʠʥʘʤʠʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʩ 1987 ʧʦ 2022 ʛʦʜ. 

ʂ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʘʤ ʜʠʥʘʤʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 35 

ʣʝʪ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʩʝʣʴʩʢʦʝ ʠ ʣʝʩʥʦʝ 

ʭʦʟʷʡʩʪʚʦ), ʚʝʪʨʦʚʘʣʳ, ʧʦʞʘʨʳ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʦʙʨʦʚ, ʫʩʳʭʘʥʠʝ ʝʣʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ, ʥʘʩʪʫʧʣʝʥʠʝ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪ, 

ʟʘʨʘʩʪʘʥʠʝ ʚʳʨʫʙʦʢ ʠ ʟʘʙʨʦʰʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʪ.ʜ.  

ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʅʘ ʭʦʨʦʰʦ ʜʨʝʥʠʨʦʚʘʥʥʳʭ ʩʢʣʦʥʘʭ 

ʤʦʨʝʥʥʳʭ ʛʨʷʜ ʠ ʭʦʣʤʦʚ, ʛʜʝ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʚʝʜʝʪʩʷ ʩʝʣʴʩʢʦʝ ʠ ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ. ʇʦʣʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʥʦʢʦʩʘʤʠ ʠ ʧʘʩʪʙʠʱʘʤʠ, ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʟʘʙʨʦʰʝʥʳ ʠ ʟʘʨʘʩʪʘʶʪ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʤʠ ʣʝʩʘʤʠ. 

ʃʝʩʥʳʝ ʫʛʦʜʴʷ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, 

ʮʝʥʪʨʘʣʴʥʘʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦ ʚʳʪʷʥʫʪʘʷ ʤʦʨʝʥʥʘʷ ʛʨʷʜʘ ʧʦʯʪʠ ʚʩʷ ʚʳʨʫʙʣʝʥʘ 

ʠ ʥʘ ʤʝʩʪʝ ʚʳʩʦʢʦʙʦʥʠʪʝʪʥʳʭ ʝʣʴʥʠʢʦʚ ʩʝʡʯʘʩ ʧʨʦʠʟʨʘʩʪʘʶʪ ʚʪʦʨʠʯʥʳʝ 

ʝʣʦʚʦ-ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʝ ʠ ʤʝʣʢʦʣʠʩʪʚʝʥʥʦ-ʝʣʦʚʳʝ ʣʝʩʘ.   

ɺʝʪʨʦʚʘʣʳ. ɿʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʢʘʢ ʤʘʩʩʦʚʳʝ, ʪʘʢ ʠ ʛʨʫʧʧʦʚʳʝ ʚʝʪʨʦʚʘʣʳ. ʆʥʠ ʥʘʩʪʫʧʘʶʪ ʩ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʧʨʠʤʝʨʥʦ 10 ʣʝʪ. ʉʠʣʴʥʳʡ ʚʝʪʨʦʚʘʣ ʙʳʣ ʚ 1987 ʛʦʜʫ, 

ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʦʢʨʦʚ ʥʘ ʩʝʚʝʨʝ, ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ 
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ʷʜʨʘ ʟʘʧʦʚʝʜʥʠʢʘ (ʈʠʩʫʥʦʢ 2.24). ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ, ʤʝʞʜʫ ʧʦʩʝʣʢʦʤ 

ɿʘʧʦʚʝʜʥʳʡ ʠ ʚʝʨʭʦʚʳʤ ʙʦʣʦʪʦʤ ʉʪʘʨʦʩʝʣʴʩʢʠʡ ʄʦʭ, ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʘʣ ʚʝʪʨʦʚʘʣ 1996 ʛʦʜʘ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʩʘʤʳʤ ʩʠʣʴʥʳʤ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ (ʈʠʩʫʥʦʢ 2.24). ʇʦ ʜʘʥʥʳʤ Landsat ʝʛʦ ʧʣʦʱʘʜʴ 

ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 3 ʢʤ2. ʉʣʝʜʫʶʱʠʡ ʚʝʪʨʦʚʘʣ, ʥʦ ʫʞʝ ʤʝʥʴʰʝʡ ʩʠʣʳ, ʙʳʣ ʣʝʪʦʤ 

2017 ʛʦʜʘ. 

ʇʦʞʘʨʳ. ɺ 1998 ʛʦʜʫ ʢ ʚʦʩʪʦʢʫ ʦʪ ʙʦʣʦʪʘ ʂʘʪʠʥ ʄʦʭ ʩʛʦʨʝʣ ʫʯʘʩʪʦʢ 

ʣʝʩʘ ʧʣʦʱʘʜʴʶ 1,5 ʢʤ2. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʙʦʙʨʦʚ. ɹʦʙʨʳ ʦʙʝʟʣʝʩʠʣʠ ʧʦʡʤʳ ʨʫʯʴʝʚ ʠ ʨʝʢ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʅʘ ʨʠʩʫʥʢʝ 2.24 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʡʤʳ ʪʘʢʠʭ ʨʝʢ ʢʘʢ ʄʝʞʘ ʠ 

ʊʶʟʴʤʘ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʛʣʠʩʴ ʚʣʠʷʥʠʶ ʜʘʥʥʦʛʦ ʟʦʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. 

 

ʈʠʩʫʥʦʢ 2.24 ʂʘʨʪʦʩʭʝʤʘ ʠʟʤʝʥʝʥʠʡ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʢʨʦʚʘ ʟʘʧʦʚʝʜʥʠʢʘ ʩ 

1987 ʧʦ 2010 ʛʦʜ (ʇʫʟʘʯʝʥʢʦ ʠ ʜʨ., 2014). ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ: 1 ï ʛʘʨʴ 1998 
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ʛʦʜʘ, 2 ï ʚʳʚʘʣ 1987 ʛʦʜʘ, 3 ï ʚʳʚʘʣ 1996 ʛʦʜʘ, 4 ï ʚʳʨʫʙʢʘ 1999 ʛʦʜʘ, 5 ï 

ʚʝʨʭʦʚʦʝ ʙʦʣʦʪʦ ʉʪʘʨʦʩʝʣʴʩʢʠʡ ʄʦʭ, 6 ï ʚʝʨʭʦʚʦʝ ʙʦʣʦʪʦ ʂʘʪʠʥ ʄʦʭ, 7 ï 

ʚʳʨʫʙʢʠ 1980-ʭʭ ʛʦʜʦʚ, 8 ï ʚʳʨʫʙʢʠ 1970-ʭʭ ʛʦʜʦʚ, 9 ï ʚʳʚʘʣ 1970-ʭʭ ʛʦʜʦʚ 

 

ɼʠʥʘʤʠʢʘ ʜʨʝʚʦʩʪʦʷ. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʠʥʘʤʠʢʠ ʜʨʝʚʦʩʪʦʷ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦʚʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʪʨʘʥʩʝʢʪʘʭ: çʃʝʩʥʦʡè (ʜʣʠʥʘ 6 ʢʤ ʩ 

ʰʘʛʦʤ 20 ʤʝʪʨʦʚ), ʪʨʘʥʩʝʢʪ 1993/1994 ʛʦʜʘ (ʧʨʦʩʝʢʠ 96/97, 81/82 ʢʚʘʨʪʘʣʘ, 

ʜʣʠʥʘ 6600 ʤʝʪʨʦʚ, ʰʘʛ 20 ʤʝʪʨʦʚ), ʪʨʘʥʩʝʢʪ ʯʝʨʝʟ ʫʨʦʯʠʱʝ çʂʨʘʩʥʦʝè (2600 

ʤʝʪʨʦʚ ʩ ʰʘʛʦʤ 20 ʤʝʪʨʦʚ). ɺ 2019 ʛʦʜʫ ʙʳʣ ʟʘʣʦʞʝʥ ʠ ʦʧʠʩʘʥ ʪʨʘʥʩʝʢʪ 

çʄʝʞʘè, ʝʛʦ ʜʣʠʥʘ ʩʦʩʪʘʚʠʣʘ 1720 ʤʝʪʨʦʚ ʩ ʰʘʛʦʤ 20 ʤʝʪʨʦʚ (ʈʠʩʫʥʦʢ 2.25). 

ʇʦʚʪʦʨʥʳʝ ʦʧʠʩʘʥʠʷ ʪʨʘʥʩʝʢʪʘ çʃʝʩʥʦʡè ʧʣʘʥʠʨʫʶʪʩʷ ʚ 2025 ʛʦʜʫ.  

 

ʈʠʩʫʥʦʢ 2.25 ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʝʢʪʦʚ (ʧʦʜʧʠʩʘʥʳ ʪʨʘʥʩʝʢʪʳ ʩ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʦʚʪʦʨʥʳʤʠ ʠʟʤʝʨʝʥʠʷ) 



64 

 

ʊʨʘʥʩʝʢʪ çʃʝʩʥʦʡè. ʀʟʤʝʨʝʥʠʷ ʩʫʤʤʳ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʷ ʧʦʨʦʜ (ʉʇʉ) 

ʜʝʨʝʚʴʝʚ ʨʝʣʘʩʢʦʧʦʤ-ʧʦʣʥʦʪʦʤʝʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ 2015, 2018, 2021, 2023 ʛʛ. ɿʘ 

ʧʦʩʣʝʜʥʠʝ 8 ʣʝʪ ʦʩʥʦʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʨʝʚʦʩʪʦʷ ʥʘ ʜʘʥʥʦʤ ʪʨʘʥʩʝʢʪʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʛʨʫʧʧʦʚʳʤ ʚʝʪʨʦʚʘʣʦʤ 2017 ʛʦʜʘ. ʆʜʥʘʢʦ, ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʣʦʢʘʣʴʥʳʝ ʫʩʳʭʘʥʠʷ 

ʝʣʠ ʥʘ ʩʣʘʙʦʜʨʝʥʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ (10% ʪʦʯʝʢ ʪʨʘʥʩʝʢʪʘ, ʦʢʦʣʦ 600 

ʤʝʪʨʦʚ). ɺ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʚʳʚʘʣʘ ʦʢʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʳʡ ʧʨʠʨʦʩʪ 

ʝʣʦʚʦʛʦ ʧʦʜʣʝʩʢʘ. ʊʘʢʞʝ ʦʩʚʝʪʣʝʥʠʝ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʬʦʪʦʩʠʥʪʝʟ ʠ ʫ ʪʨʘʚʷʥʦ-

ʢʫʩʪʘʨʥʠʯʢʦʛʦ ʷʨʫʩʘ, ʥʘʧʨʠʤʝʨ, ʫ ʯʝʨʥʠʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʢʨʘʝʚʳʭ 

ʯʘʩʪʝʡ ʪʨʘʥʩʝʢʪʘ ʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʝʛʦ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʫʤʝʥʴʰʝʥʠʝ ʩʫʤʤʳ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʷ, ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʪʨʘʥʩʝʢʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʝʝ ʫʚʝʣʠʯʝʥʠʝ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ, ʟʘ 8 ʣʝʪ ʦʢʦʣʦ 30% ʪʨʘʥʩʝʢʪʘ 

ʧʨʝʪʝʨʧʝʣʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʜʨʝʚʦʩʪʦʷ.   

ʊʨʘʥʩʝʢʪ çʂʨʘʩʥʦʝè. ɼʘʥʥʳʡ ʪʨʘʥʩʝʢʪ ʧʨʦʭʦʜʠʪ ʧʦ ʤʘʨʰʨʫʪʫ çʨ. ʄʝʞʘ 

ï ʋʨʦʯʠʱʝ ʂʨʘʩʥʦʝ ï ʚʝʨʭʦʚʦʝ ʙʦʣʦʪʦ ʉʪʘʨʦʩʝʣʴʩʢʠʡ ʄʦʭè. ʆʥ ʙʳʣ ʟʘʣʦʞʝʥ 

ʠ ʦʧʠʩʘʥ ʚ 2006 ʛʦʜʫ. ʉ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʥʥʳʡ ʪʨʘʥʩʝʢʪ ʠʥʪʝʨʝʩʝʥ ʪʘʢ 

ʢʘʢ ʥʘ ʥʝʤ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʟʘʨʘʩʪʘʥʠʝʤ ʩʪʘʨʦʡ ʟʘʣʝʞʠ, ʫʯʘʩʪʢʦʚ ʧʦʩʣʝ 

ʚʝʪʨʦʚʘʣʦʚ 1996 ʠ 2017 ʛʦʜʦʚ, ʘ ʪʘʢʞʝ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʛʨʘʥʠʮʳ ʙʦʣʦʪʘ 

ʉʪʘʨʦʩʝʣʴʩʢʠʡ ʄʦʭ, ʧʦʢʘʟʘʥʥʳʤ ʚ ʩʪʘʪʴʝ (ʇʫʟʘʯʝʥʢʦ ʠ ʜʨ., 2014). ʇʦʚʪʦʨʥʳʝ 

ʦʧʠʩʘʥʠʷ ʜʨʝʚʦʩʪʦʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2020 ʛʦʜʫ.  ɿʘ 14 ʣʝʪ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʘʩʴ 

ʉʇʉ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʪʨʘʥʩʝʢʪʘ ʟʘ ʩʯʝʪ ʛʨʫʧʧʦʚʦʛʦ ʚʳʚʘʣʘ 2017 ʛʦʜʘ ʥʘ 

ʩʢʣʦʥʝ ʜʦʣʠʥʳ ʨʝʢʠ ʄʝʞʠ. ʋʨʦʯʠʱʝ ʂʨʘʩʥʦʝ, ʢʦʪʦʨʦʝ ʩ ʢʦʥʮʘ 1990-ʭ ʛʦʜʦʚ 

ʙʳʣʦ ʩʝʥʦʢʦʩʦʤ, ʟʘʨʦʩʣʦ ʙʝʨʝʟʦʡ, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʉʇʉ 2006 ʠ 2014 ʛʦʜʘ 

ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 20 ʤ2/ʛʘ. ʅʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʪʨʘʥʩʝʢʪʘ, ʢʦʪʦʨʘʷ ʩʠʣʴʥʦ 

ʧʦʩʪʨʘʜʘʣʘ ʚʦ ʚʨʝʤʷ ʚʝʪʨʦʚʘʣʘ 1996 ʛʦʜʘ, ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʉʇʉ ʜʨʝʚʦʩʪʦʷ ʥʘ ʙʦʣʝʝ ʯʝʤ 10 ʤ2/ʛʘ (ʈʠʩʫʥʦʢ 2.26).  
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ʈʠʩʫʥʦʢ 2.26 ɺʘʨʴʠʨʦʚʘʥʠʝ ʩʫʤʤ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʷ ʥʘ ʪʨʘʥʩʝʢʪʝ çʂʨʘʩʥʦʝè 

ʚ 2006 ʠ 2020 ʛʦʜʫ (ʆʪʯʝʪ ʧʦ ʛʨʘʥʪʫé, 2020 ʛ.) 

 

ʊʨʘʥʩʝʢʪ 93/94 ʛʦʜʦʚ. ʊʨʘʥʩʝʢʪ ʚʳʪʷʥʫʪ ʤʝʨʠʜʠʦʥʘʣʴʥʦ ʠ ʧʨʦʭʦʜʠʪ ʧʦ 

ʧʨʦʩʝʢʘʤ 96/97 ʠ 81/82 ʢʚʘʨʪʘʣʦʚ. ʆʥ ʧʝʨʝʩʝʢʘʝʪ ʚʝʨʰʠʥʳ ʠ ʚʝʨʭʥʠʝ ʯʘʩʪʠ 

ʩʢʣʦʥʘ ʤʦʨʝʥʥʦʡ ʛʨʷʜʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʝʤʦʨʘʣʴʥʳʝ ʚʠʜʳ ʜʨʝʚʦʩʪʦʷ, ʩʨʝʜʥʠʝ ʠ ʥʠʞʥʠʝ ʯʘʩʪʠ ʩʢʣʦʥʘ ʩ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʝʣʠ ʠ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʠʝ 

ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʝ ʣʦʞʙʠʥʳ (100 ï 200 ʤʝʪʨʦʚ), ʟʘʥʷʪʳʝ ʯʝʨʥʦʦʣʴʭʦʚʳʤ 

ʣʝʩʦʤ. ʊʘʢ ʢʘʢ ʧʝʨʚʳʝ ʦʧʠʩʘʥʠʷ ʩʜʝʣʘʥʳ ʜʦ ʚʝʪʨʦʚʘʣʘ 1996 ʛʦʜʘ, ʪʦ ʤʳ ʤʦʞʝʤ 

ʦʮʝʥʠʪʴ ʝʛʦ ʤʘʩʰʪʘʙʳ, ʘ ʩʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʜʘʶʪ ʥʘʤ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʝ. ʇʝʨʚʳʝ ʦʧʠʩʘʥʠʷ ʜʨʝʚʦʩʪʦʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ 

1993 ʠ 1994 ʛʦʜʘʭ, ʘ ʧʦʚʪʦʨʥʳʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚ ʭʦʜʝ ʧʦʣʝʚʦʛʦ ʩʝʟʦʥʘ 2023 

ʛʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʳʣʘ ʦʮʝʥʝʥʘ ʜʠʥʘʤʠʢʫ ʟʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ, ʯʪʦ ʧʦʯʪʠ 

ʩʦʚʧʘʜʘʝʪ ʩ ʜʣʠʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ Landsat.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʯʪʠ ʚʝʩʴ ʜʨʝʚʦʩʪʦʡ ʪʨʘʥʩʝʢʪʘ 

ʠʟʤʝʥʝʥ ʚʝʪʨʦʚʘʣʦʤ 1996 ʛʦʜʘ. ʇʦ ʦʮʝʥʢʘʤ ʄ.ʖ. ʇʫʟʘʯʝʥʢʦ, ʦʙʱʘʷ ʉʇʉ 

ʧʦʨʦʜ ʜʨʝʚʦʩʪʦʷ ʫʧʘʣʘ ʥʘ 17% ʟʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ (ʈʠʩʫʥʦʢ 2.27), ʚ ʧʝʨʚʫʶ 
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ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʉʇʉ ʙʝʨʝʟʳ, ʝʣʠ, ʦʣʴʭʠ ʩʝʨʦʡ, ʠʚʳ, ʨʷʙʠʥʳ, 

ʩʦʩʥʳ. ʆʜʥʘʢʦ, ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʨʠʨʦʩʪ ʉʇʉ ʢʣʝʥʘ, ʦʣʴʭʠ ʯʝʨʥʦʡ, ʷʩʝʥʷ, ʣʠʧʳ.  

ʈʝʟʫʣʴʪʘʪʳ ɻʘʤʤʘ-ʢʦʨʨʝʣʷʮʠʠ ʉʇʉ ʧʦʨʦʜ ʟʘ 2 ʩʨʦʢʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʷʩʝʥʷ, ʩʦʩʥʳ, ʚʷʟʘ, ʣʠʧʳ, 

ʦʣʴʭʠ ʯʝʨʥʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʉʇʉ ʝʣʠ, ʙʝʨʝʟʳ, ʨʷʙʠʥʳ, ʠʚʳ ʢʘʨʜʠʥʘʣʴʥʦ 

ʠʟʤʝʥʠʣʠʩʴ (ʢʦʨʨʝʣʷʮʠʷ ʥʝʜʦʩʪʦʚʝʨʥʘ ʠʣʠ ʧʨʠʥʠʤʘʝʪ ʤʘʣʝʥʴʢʠʝ ʟʥʘʯʝʥʠʷ).  

ʉʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 2.2, ʥʘ 40% ʪʦʯʝʢ ʪʨʘʥʩʝʢʪʘ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʠʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʦʙʱʝʛʦ ʉʇʉ ʜʨʝʚʦʩʪʦʷ. ʇʨʠ ʵʪʦʤ, ʥʘ ʨʠʩʫʥʢʝ 2.27 ʚʠʜʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʛʦ ʉʇʉ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ 40% ʪʦʯʝʢ ʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʟʘ ʩʯʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ (< 5 ʤ2/ʛʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʨʘʥʩʝʢʪʘ (60%). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʩʫʤʤ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʷ ʧʦʨʦʜ ʜʨʝʚʦʩʪʦʷ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫ 

ʙʦʨʝʘʣʴʥʳʭ ʧʦʨʦʜ. ɺʳʷʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʥʝʤʦʨʘʣʠʟʘʮʠʠ ʜʨʝʚʝʩʥʦʛʦ ʷʨʫʩʘ. 

 

ʈʠʩʫʥʦʢ 2.27 ʆʙʱʘʷ ʉʇʉ ʠ ʨʘʟʥʦʩʪʴ ʟʘ 1993/94 ʛʛ. ʠ 2023 ʛ. ʧʦ 

ʪʨʘʥʩʝʢʪʫ ʩʦ ʩʛʣʘʞʠʚʘʥʠʝʤ ʤʝʪʦʜʦʤ ʤʠʥʠʤʘʣʴʥʳʭ ʢʚʘʜʨʘʪʦʚ. (ʧʦ ʜʘʥʥʳʤ 

ʄ.ʖ. ʇʫʟʘʯʝʥʢʦ) 
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ʊʘʙʣʠʮʘ 2.2 ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʨʘʟʥʦʩʪʠ ʦʙʱʝʛʦ ʉʇʉ ʜʨʝʚʦʩʪʦʷ ʟʘ 1993/1994 

ï 2023 ʛ. 

ʈʘʟʥʦʩʪʴ ʦʙʱʝʛʦ ʉʇʉ ʜʨʝʚʦʩʪʦʷ %, ʟʘʥʠʤʘʝʤʳʡ ʥʘ ʪʨʘʥʩʝʢʪʝ 

< 5 ʤ2/ʛʘ 60% 

5 ï 10 ʤ2/ʛʘ 22% 

10 ï 15 ʤ2/ʛʘ 6% 

> 15 ʤ2/ʛʘ 12% 

 

2.5 ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ 

ʊʝʨʨʠʪʦʨʠʷ ʟʘʧʦʚʝʜʥʠʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʇʨʠʙʘʣʪʠʡʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʩʣʘʙʦ-ʛʫʤʫʩʠʨʦʚʘʥʥʳʭ ʠ ʙʦʣʦʪʥʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʠ ʢ 

ɺʘʣʜʘʡʩʢʦʤʫ ʦʢʨʫʛʫ ʩ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʤʠ, ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʤʠ 

ʦʩʪʘʪʦʯʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ, ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʤʠ-ʛʣʝʝʚʳʤʠ ʧʦʯʚʘʤʠ 

(ʇʦʯʚʝʥʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷé, 1984). ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʧʦʯʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.3 ʠ 2.4. 

ʊʘʙʣʠʮʘ 2.3 ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʧʦʯʚ ʎʃɻɿ (ʆʪʯʸʪ ʧʦʣʝʚʦʡ ʣʘʥʜʰʘʬʪʥʦʡ 

ʧʨʘʢʪʠʢʠ ʩʪʫʜʝʥʪʦʚ II ʢʫʨʩʘ, 2012). 

1977 2004 

ɹʦʣʦʪʥʦ-ʧʦʜʟʦʣʠʩʪʳʝ 
ʇʦʜʟʦʣʠʩʪʦ-ʛʣʝʝʚʳʝ, ʪʦʨʬʷʥʦ-ʧʦʜʟʦʣʠʩʪʦ-

ʛʣʝʝʚʳʝ 

ʇʦʜʟʦʣʠʩʪʳʝ ʇʦʜʟʦʣʠʩʪʳʝ 

ɹʫʨʦʟʸʤʳ ɹʫʨʦʟʸʤʳ 

ɼʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ ʊʸʤʥʦʛʫʤʫʩʦʚʦ-ʛʣʝʝʚʳʝ 

ɸʣʣʶʚʠʘʣʴʥʳʝ 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʛʫʤʫʩʦʚʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʪʸʤʥʦʛʫʤʫʩʦʚʳʝ ʛʣʝʝʚʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʛʫʤʫʩʦʚʳʝ ʛʣʝʝʚʳʝ 

ɹʦʣʦʪʥʳʝ 

ʊʦʨʬʷʥʳʝ ʦʣʠʛʦʪʨʦʬʥʳʝ, ʪʦʨʬʷʥʳʝ 

ʦʣʠʛʦʪʨʦʬʥʳʝ ʛʣʝʝʚʳʝ, ʪʦʨʬʷʥʳʝ ʵʫʪʨʦʬʥʳʝ, 

ʪʦʨʬʷʥʳʝ ʵʫʪʨʦʬʥʳʝ ʛʣʝʝʚʳʝ 
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ʊʘʙʣʠʮʘ 2.4 ʊʠʧʳ ʧʦʯʚ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ (ʎʝʥʪʨʘʣʴʥʦ-

ʃʝʩʥʦʡé, 2007) 

ʈʝʣʴʝʬ ʈʘʩʪʠʪʝʣʴʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ 

ʊʠʧ ʧʦʯʚʳ 

ɺʳʧʫʢʣʳʝ  

ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ  

ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʢʣʦʥʳ 

ʅʝʤʦʨʘʣʴʥʳʝ (ʩ ʣʠʧʦʡ, ʢʣʝʥʦʤ 

ʠ ʚʷʟʦʤ) ʠ ʰʠʨʦʢʦʪʨʘʚʥʳʝ (ʩ 

ʜʫʙʨʘʚʥʳʤʠ ʚʠʜʘʤʠ) ʝʣʴʥʠʢʠ 

ɼʝʨʥʦʚʦ-ʧʘʣʝʚʦ- 

ʩʨʝʜʥʝ-ʩʣʘʙʦ  

ʧʦʜʟʦʣʠʩʪʘʷ 

ɺʦʛʥʫʪʳʝ ʩʢʣʦʥʳ ʇʘʧʦʨʦʪʥʠʢʦʚʳʝ ʝʣʴʥʠʢʠ ɼʝʨʥʦʚʦ-ʩʣʘʙʦ-  

ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʘʷ  

ʛʣʝʝʚʘʪʘʷ 

ɺʳʧʫʢʣʳʝ  

ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ  

ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʢʣʦʥʳ 

ʃʫʛʘ, ʧʦʩʪʝʧʝʥʥʦ  

ʟʘʨʘʩʪʘʶʱʠʝ ʙʝʨʝʟʥʷʢʘʤʠ 

(ʙʳʚʰʠʝ ʩ/ʭ ʫʛʦʜʴʷ) 

ɸʛʨʦʜʝʨʥʦʚʘʷ 

ʧʦʜʟʦʣʠʩʪʘʷ 

ʇʣʦʩʢʠʝ ʠ  

ʩʣʘʙʦʥʘʢʣʦʥʥʳʝ  

ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʣʝʥʦʤʦʰʥʳʝ, ʢʠʩʣʠʯʥʳʝ 

(ʨʝʜʢʦ), ʯʝʨʥʠʯʥʦ-ʢʠʩʣʠʯʥʳʝ  

ʠ ʯʝʨʥʠʯʥʳʝ ʝʣʴʥʠʢʠ 

ʇʦʜʟʦʣʠʩʪʘʷ 

(ʛʣʝʝʚʘʪʘʷ) 

ɺʦʛʥʫʪʳʝ ʧʣʦʩʢʠʝ  

ʧʦʚʝʨʭʥʦʩʪʠ 

ʆʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ, ʭʚʦʱʦʚʦ-

ʩʬʘʛʥʦʚʳʝ ʝʣʴʥʠʢʠ 

ʊʦʨʬʷʥʦ-

ʧʦʜʟʦʣʠʩʪʘʷ  

ʛʣʝʝʚʘʪʘʷ 

ɼʦʣʠʥʳ ʚʨʝʤʝʥʥʳʭ ʠ 

ʧʦʩʪʦʷʥʥʳʭ 

ʚʦʜʦʪʦʢʦʚ 

ʏʝʨʥʦʦʣʴʭʦʚʳʝ ʩ ʧʨʠʤʝʩʴʶ ʝʣʠ 

ʠ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

ʚʣʘʞʥʦʪʨʘʚʥʳʝ ʣʝʩʘ 

ʇʝʨʝʛʥʦʡʥʦ-

ʛʣʝʝʚʘʷ 

ʌʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʝ  

ʦʟʝʨʥʳʝ ʢʦʪʣʦʚʠʥʳ 

ʏʝʨʥʠʯʥʳʝ ʠ ʩʬʘʛʥʦʚʦ-

ʯʝʨʥʠʯʥʳʝ ʝʣʴʥʠʢʠ 

ʊʦʨʬʷʥʦʩʪʦ-

ʧʦʜʟʦʣʠʩʪʘʷ  

ʛʣʝʝʚʘʪʘʷ (ʛʣʝʝʚʘʷ) 

ʄʝʞʛʨʷʜʦʚʳʝ 

ʢʦʪʣʦʚʠʥʳ 

ʉʬʘʛʥʦʚʳʝ ʦʩʦʢʦʚʦ-

ʙʨʫʩʥʠʯʥʳʝ ʩ ʙʦʣʦʪʥʳʤʠ 

ʢʫʩʪʘʨʥʠʯʢʘʤʠ ʩʦʩʥʷʢʠ 

ʊʦʨʬʷʥʦ-ʛʣʝʝʚʘʷ 

ɻʨʷʜʦʚʦ-ʤʦʯʘʞʠʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ 

ʮʝʥʪʨʘʣʴʥʳʭ  

ʯʘʩʪʝʡ ʚʝʨʭʦʚʳʭ 

ʙʦʣʦʪ 

ʉʦʩʥʷʢʠ ʨʘʟʨʝʞʝʥʥʳʝ (ʛʨʷʜʳ) 

ʰʝʡʭʮʝʨʠʝʚʦ-ʦʯʝʨʝʪʥʠʢʦʚʦ-

ʧʫʰʠʮʝʚʳʝ ʩʦʦʙʱʝʩʪʚʘ 

(ʤʦʯʘʞʠʥʳ) 

ʊʦʨʬʷʥʘʷ 

ɼʦʣʠʥʳ ʨʝʢ ɺʣʘʞʥʳʝ ʧʦʡʤʝʥʥʳʝ ʣʫʛʘ ʇʝʨʝʛʥʦʡʥʦ-

ʛʫʤʫʩʦʚʘʷ  

ʛʣʝʝʚʘʪʘʷ 

 

ɻʝʦʪʝʨʤʠʯʝʩʢʠʝ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʣʘʛʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 
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ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʯʚ 

ʚ ʎʃɻɿ (ɺʘʩʝʥʝʚ, ʊʘʨʛʫʣʴʷʥ, 1995, ʂʘʨʧʘʯʝʚʩʢʠʡ, ʉʪʨʦʛʘʥʦʚʘ, 1987, ɻʦʥʯʘʨʫʢ, 

2007). ʅʘʠʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʟʘʧʦʚʝʜʥʠʢʘ ʟʘʥʠʤʘʶʪ ʧʦʜʟʦʣʠʩʪʳʝ, ʧʦʜʟʦʣʠʩʪʦ-

ʙʦʣʦʪʥʳʝ ʠ ʙʦʣʦʪʥʳʝ ʪʠʧʳ ʧʦʯʚ. ʅʘ ʙʦʣʝʝ ʜʨʝʥʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʤʠ ʝʣʴʥʠʢʘʤʠ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʜʝʨʥʦʚʦ-ʧʘʣʝʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ ʠ ʜʝʨʥʦʚʦ-ʩʣʘʙʦ-ʩʨʝʜʥʠʝ ʠ ʩʠʣʴʥʦʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʝʥ ʨʘʟʚʠʪʳʡ ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ, ʩʤʝʥʷʶʱʠʡʩʷ 

ʧʦʜʟʦʣʠʩʪʳʤ. ʊʘʢʞʝ ʫ ʵʪʠʭ ʧʦʯʚ ʥʘʙʣʶʜʘʝʪʩʷ ʢʠʩʣʘʷ ʨʝʘʢʮʠʷ ʠ 

ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ ʦʩʥʦʚʘʥʠʷʤʠ (ʉʪʨʦʛʦʥʦʚʘ ʠ ʜʨ., 1979).  

ɼʣʷ ʧʦʣʦʛʠʭ ʩʣʘʙʦʜʨʝʥʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʦʚʳʰʝʥʠʡ 

ʭʘʨʘʢʪʝʨʥʳ ʪʦʨʬʷʥʠʩʪʳʝ ʠ ʪʦʨʬʷʥʦ-ʛʣʝʝʚʳʝ ʧʦʜʟʦʣʠʩʪʳʝ ʩ ʤʦʱʥʦʡ 

ʪʦʨʬʷʥʠʩʪʦʡ ʧʦʜʩʪʠʣʢʦʡ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʧʦʜʟʦʣʠʩʪʦʤ ʛʦʨʠʟʦʥʪʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʟʥʘʢʠ ʦʛʣʝʝʥʠʷ.  ɺ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʬʦʨʤʘʭ ʨʝʣʴʝʬʘ ʪʘʢʠʭ, ʢʘʢ ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ ʧʦʥʠʞʝʥʠʷ ʠ ʜʝʧʨʝʩʩʠʠ ʤʝʞʜʫ 

ʤʦʨʝʥʥʳʤʠ ʭʦʣʤʘʤʠ, ʬʦʨʤʠʨʫʶʪʩʷ ʪʦʨʬʷʥʠʢʠ ʠ ʪʦʨʬʷʥʦ-ʛʣʝʝʚʳʝ ʧʦʯʚʳ 

(ʉʪʨʫʢʪʫʨʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʝʣʦʚʳʭ ʣʝʩʦʚ ʶʞʥʦʡ ʪʘʡʛʠ, 1973). 

 

2.6 ʃʘʥʜʰʘʬʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ 

ʨʘʙʦʪʘʶʪ ʢʦʣʣʝʢʪʠʚʳ ʬʠʟʛʝʦʛʨʘʬʦʚ, ʣʘʥʜʰʘʬʪʦʚʝʜʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʷʪʩʷ 

ʫʯʝʙʥʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʘʢʪʠʢʠ ʩʪʫʜʝʥʪʦʚ, ʣʘʥʜʰʘʬʪʥʳʝ ʢʘʨʪʳ ʥʝ 

ʩʦʩʪʘʚʣʷʶʪʩʷ. ɽʜʠʥʩʪʚʝʥʥʘʷ ʣʘʥʜʰʘʬʪʥʘʷ ʢʘʨʪʘ ʩʨʝʜʥʝʛʦ ʤʘʩʰʪʘʙʘ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʄ.ʖ. ʇʫʟʘʯʝʥʢʦ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʣʴʝʬʘ ʠ 

ʝʜʠʥʠʯʥʦʛʦ ʩʥʠʤʢʘ Landsat 7 ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʣʴʝʬʘ (ʈʠʩʫʥʦʢ 2.28). ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ, ʚʳʜʝʣʝʥʦ 55 ʫʨʦʯʠʱ, 

ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʚ ʤʝʩʪʥʦʩʪʠ ʠ ʣʘʥʜʰʘʬʪʳ, ʠʩʭʦʜʷ ʠʟ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʨʨʠʪʦʨʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʟʘʠʢʠ (ʤʦʨʬʦʣʦʛʠʠ 

ʣʘʥʜʰʘʬʪʘ) ʧʦʣʫʯʝʥʥʳʭ ʪʠʧʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ.  
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ʈʠʩʫʥʦʢ 2.28 ʃʘʥʜʰʘʬʪʥʘʷ ʢʘʨʪʘ ʩʨʝʜʥʝʛʦ ʤʘʩʰʪʘʙʘ (ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʡ 

ʟʘʧʦʚʝʜʥʠʢ ʠ ʧʨʠʣʝʛʘʶʱʘʷ ʪʝʨʨʠʪʦʨʠʷ) (ʇʫʟʘʯʝʥʢʦ ʄ.ʖ., 2002) 

 

ʉʦʛʣʘʩʥʦ ʣʘʥʜʰʘʬʪʥʦʡ ʢʘʨʪʝ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʃɻɿ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʨʘʟʥʳʝ ʪʠʧʳ ʫʨʦʯʠʱ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʘʟʣʠʯʥʳʤʠ ʝʣʦʚʳʤʠ ʣʝʩʘʤʠ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʪʝʧʝʥʴʶ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ 

(ʈʠʩʫʥʦʢ 2.29): 

1. ɽʣʴʥʠʢʠ ʥʝʤʦʨʘʣʴʥʳʝ ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ ʥʘ 

ʚʝʨʰʠʥʘʭ ʠ ʚʳʧʫʢʣʳʭ ʯʘʩʪʷʭ ʩʢʣʦʥʦʚ ʤʦʨʝʥʥʳʭ ʛʨʷʜ ʠ ʭʦʣʤʦʚ. ʇʦʤʠʤʦ ʝʣʠ 

ʟʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʩʠʥʘ, ʙʝʨʝʟʘ, ʣʠʧʘ, ʚʷʟ ʠ ʢʣʝʥ. ɺ ʧʦʜʣʝʩʢʝ ʨʷʙʠʥʘ, ʣʠʧʘ 

ʤʝʣʢʦʣʠʩʪʥʘʷ, ʣʝʱʠʥʘ, ʞʠʤʦʣʦʩʪʴ, ʢʘʣʠʥʘ, ʢʨʫʰʠʥʘ. ɺ ʪʨʘʚʷʥʠʩʪʦ- 

ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʢʘʢ ʙʦʨʝʘʣʴʥʳʭ, ʪʘʢ ʠ ʥʝʤʦʨʘʣʴʥʳʭ 

ʚʠʜʦʚ ʪʨʘʚ. ʅʘʧʨʠʤʝʨ, ʥʝʨʝʜʢʦ ʚʤʝʩʪʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʪʘʢʠʝ ʙʦʨʝʘʣʴʥʳʝ ʚʠʜʳ ʢʘʢ 

ʢʠʩʣʠʮʘ, ʣʠʥʥʝʷ ʩʝʚʝʨʥʘʷ, ʤʘʡʥʠʢ ʩ ʥʝʤʦʨʘʣʴʥʳʤʠ ʚʠʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 

ʟʝʣʝʥʯʫʢʦʤ, ʷʩʤʝʥʥʠʢʦʤ, ʟʚʝʟʜʯʘʪʢʦʡ ʠ ʪ.ʜ. ɼʘʥʥʳʝ ʝʣʴʥʠʢʠ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ 

çʩʫʭʠʤʠè, ʭʦʨʦʰʦ ʜʨʝʥʠʨʦʚʘʥʥʳʤʠ, ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʦʪʤʝʯʘʝʪʩʷ ʩʘʤʘʷ ʙʦʣʴʰʘʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʵʢʦʩʠʩʪʝʤ ʠ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 

2. ʂʣʝʥʦ-ʝʣʴʥʠʢʠ ʠ ʢʠʩʣʠʯʥʦ-ʱʠʪʦʚʥʠʢʦʚʳʝ, ʩʥʳʪʴʝʚʳʝ, 

ʟʝʣʝʥʯʫʢʦʚʳʝ ʣʠʧʦ-ʝʣʴʥʠʢʠ ʥʘ ʜʝʨʥʦʚʦ-ʩʣʘʙʦ -, ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ ʚ 

ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʩʢʣʦʥʦʚ ʤʦʨʝʥʥʳʭ ʛʨʷʜ ʠ ʭʦʣʤʦʚ, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ 

ʪʨʘʥʟʠʪ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʚʣʘʛʠ (ʉʪʨʫʢʪʫʨʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʝʣʦʚʳʭ 

ʣʝʩʦʚ ʶʞʥʦʡ ʪʘʡʛʠ, 1973). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʝʣʴʥʠʢʦʚ 
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ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʷʨʫʩʦʚ ʪʨʘʚʷʥʠʩʪʦʛʦ ʷʨʫʩʘ, ʪʘʢ ʧʝʨʚʳʡ 

ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʝʥ ʛʫʩʪʳʤʠ ʟʘʨʦʩʣʷʤʠ ʧʘʧʦʨʦʪʥʠʢʘ, ʧʦʜ ʢʦʪʦʨʳʤ, ʚʦ ʚʪʦʨʦʤ 

ʷʨʫʩʝ, ʧʨʦʠʟʨʘʩʪʘʝʪ ʧʝʯʝʥʦʯʥʠʮʘ ʙʣʘʛʦʨʦʜʥʘʷ, ʤʝʜʫʥʠʮʘ ʥʝʷʩʥʘʷ ʠ ʪ.ʜ. 

ʈʠʩʫʥʦʢ 2.29 ʉʭʝʤʘ ʪʠʧʦʚ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʢʨʦʚʘ ʎʃɻɿ 

ʀʩʪʦʯʥʠʢ: http://www.clgz.ru/page.php?al=relief 

 

3. ɽʣʴʥʠʢʠ ʯʝʨʥʠʯʥʦ-ʢʠʩʣʠʯʥʳʝ ʠ ʢʠʩʣʠʯʥʳʝ ʥʘ ʧʦʜʟʦʣʘʭ ʠ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ ʥʘ ʤʦʨʝʥʥʳʭ ʧʣʘʢʦʨʘʭ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʝʣʠ ʚ ʧʝʨʚʦʤ ʷʨʫʩʝ, ʦʩʠʥʳ ʠ ʙʝʨʝʟʳ ï ʚʦ ʚʪʦʨʦʤ, ʚ ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ 

ʷʨʫʩʝ ʚʩʪʨʝʯʘʝʪʩʷ ʞʠʤʦʣʦʩʪʴ, ʚʦʣʯʴʝ ʣʳʢʦ, ʤʘʣʠʥʘ, ʚ ʪʨʘʚʷʥʠʩʪʦ-

ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʜʦʤʠʥʠʨʫʝʪ ʢʠʩʣʠʮʘ, ʤʘʡʥʠʢ, ʯʝʨʥʠʢʘ ʠ ʪ.ʜ. ʉʬʘʛʥʫʤ 

ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʤʠʢʨʦʧʦʥʠʞʝʥʠʷʭ. 

4. ɽʣʴʥʠʢʠ ʯʝʨʥʠʯʥʠʢʠ ʠ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʳʝ ʥʘ ʧʦʜʟʦʣʠʩʪʦʡ 

ʛʣʝʝʚʘʪʦʡ ʧʦʯʚʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʣʦʛʠʭ ʩʢʣʦʥʦʚ ʤʦʨʝʥʥʳʭ ʛʨʷʜ ʠ ʭʦʣʤʦʚ.  

5. ɽʣʴʥʠʢʠ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʠ ʭʚʦʱʝʚʦ-ʩʬʘʛʥʦʚʳʝ ʥʘ ʪʦʨʬʷʥʠʩʪʦ-

ʧʦʜʟʦʣʠʩʪʦʡ ʛʣʝʝʚʘʪʦʡ ʧʦʯʚʝ ʚ ʩʣʘʙʦʧʨʦʪʦʯʥʳʭ ʜʝʧʨʝʩʩʠʷʭ. 

6. ɽʣʴʥʠʢʠ ʩʬʘʛʥʦʚʦ-ʯʝʨʥʠʯʥʳʝ ʥʘ ʪʦʨʬʷʥʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʛʣʝʝʚʘʪʳʭ 

ʧʦʯʚʘʭ ʚ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ ʦʟʝʨʥʳʭ ʢʦʪʣʦʚʠʥʘʭ. ʆʥʠ ʟʘʥʠʤʘʝʪ 

http://www.clgz.ru/page.php?al=relief
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ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʠ ʥʝ ʩʯʠʪʘʝʪʩʷ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʊʘʢʦʝ ʤʝʩʪʦʧʨʦʠʟʨʘʩʪʘʥʠʷ ʣʝʩʘ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʤ, ʠʟ-ʟʘ 

ʵʪʦʛʦ ʫ ʜʝʨʝʚʴʝʚ ʧʨʝʦʙʣʘʜʘʝʪ IV ʙʦʥʠʪʝʪ.  ɼʘʥʥʳʝ ʝʣʴʥʠʢʠ ʦʪʤʝʯʘʶʪʩʷ 

ʧʨʦʩʪʦʪʦʡ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʝʣʴʶ, ʩʬʘʛʥʫʤʦʤ ʠ ʯʝʨʥʠʢʦʡ. 

7. ɽʣʴʥʠʢʠ ʯʝʨʥʠʯʥʦ-ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʠ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʥʘ 

ʙʦʣʦʪʥʳʭ ʪʦʨʬʷʥʦ-ʛʣʝʝʚʳʭ ʧʦʯʚʘʭ ʚ ʧʦʥʠʞʝʥʠʷʭ ʨʝʣʴʝʬʘ. ɺʚʠʜʫ ʩʠʣʴʥʦʛʦ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʚ ʝʣʴʥʠʢʘʭ ʜʘʥʥʦʛʦ ʪʠʧʘ ʘʢʪʠʚʥʦ ʧʨʦʭʦʜʠʪ ʧʨʦʮʝʩʩ 

ʟʘʙʦʣʘʯʠʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʦʪʤʝʯʘʝʪʩʷ ʤʘʣʝʥʴʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʵʢʦʩʠʩʪʝʤ. 

ʉʦʩʥʦʚʳʝ ʣʝʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʬʘʛʥʦʚʳʤʠ ʦʩʦʢʦʚʦ-ʙʨʫʩʥʠʯʥʳʤʠ 

ʩʦʩʥʷʢʘʤʠ ʥʘ ʪʦʨʬʷʥʦ-ʛʣʝʝʚʦʡ ʧʦʯʚʝ ʚ ʤʝʞʛʨʷʜʦʚʳʭ ʢʦʪʣʦʚʠʥʘʭ ʠ ʤʝʣʢʠʤʠ 

ʨʷʤʘʤʠ ʥʘ ʪʦʨʬʷʥʦʡ ʧʦʯʚʝ, ʧʨʠʫʨʦʯʝʥʥʳʤʠ ʢ ʦʢʨʘʠʥʥʳʤ ʯʘʩʪʷʤ ʙʦʣʦʪ. 

ɼʝʥʜʨʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʜʝʨʝʚʴʝʚ 

ʤʦʣʦʜʦʛʦ ʩʦʩʥʷʢʘ ʥʘ ʧʨʝʚʳʰʘʝʪ 35 ʣʝʪ. ʇʦʤʠʤʦ ʜʝʨʝʚʴʝʚ, ʨʘʩʪʠʪʝʣʴʥʳʡ 

ʧʦʢʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʢʫʩʪʘʨʥʠʯʢʦʚʳʤ (ʯʝʨʥʠʢʘ, ʢʣʶʢʚʘ, ʝʜʠʥʠʯʥʳʝ ʢʫʩʪʳ 

ʙʨʫʩʥʠʢʠ, ʤʦʨʦʰʢʠ, ʛʦʣʫʙʠʢʠ) ʪʨʘʚʷʥʠʩʪʳʤ (ʦʩʦʢʠ (Carex), ʧʫʰʠʮʘ 

ʚʣʘʛʘʣʠʱʥʘʷ (Eriophorum vaginatum) ʨʦʩʷʥʢʘ ʢʨʫʛʣʦʣʠʩʪʘʷ (Aldrovanda 

vericulosa)), ʤʦʭʦʚʳʤ (ʩʬʘʛʥʫʤ) ʷʨʫʩʘʤʠ. 

ɺʝʨʭʦʚʳʝ ʙʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʙʘʛʫʣʴʥʠʢʦʚʦ-

ʩʬʘʛʥʦʚʳʭ ʛʨʷʜ ʠ ʦʩʦʢʦʚʦ-ʰʝʡʭʮʝʨʠʝʚʳʭ ʠʣʠ ʰʝʡʭʮʝʨʠʝʚʦ-ʦʯʝʨʝʪʥʠʢʦʚʦ-

ʧʫʰʠʮʝʚʳʭ ʤʦʯʘʞʠʥ ʥʘ ʪʦʨʬʷʥʦʡ ʧʦʯʚʝ. 

ʅʘʠʤʝʥʴʰʠʝ ʧʣʦʱʘʜʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ ʟʘʥʠʤʘʶʪ ʧʦʡʤʝʥʥʳʝ 

ʫʨʦʯʠʱʘ. ɼʦʣʠʥʳ ʨʝʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʥʦʦʣʴʭʦʚʳʤʠ ʩ ʧʨʠʤʝʩʴʶ ʝʣʠ ʠ 

ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʚʣʘʞʥʦʪʨʘʚʥʳʤʠ ʣʝʩʘʤʠ ʥʘ ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʦʡ ʧʦʯʚʝ ʠ 

ʧʦʡʤʝʥʥʳʤʠ ʣʫʛʘʤʠ ʥʘ ʧʝʨʝʛʥʦʡʥʦ-ʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʘʪʦʡ ʧʦʯʚʝ. 
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ɻʣʘʚʘ 3 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

3.1 ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʳ Landsat TM , 

ETM+, OLI , OLI 2 

ʀʩʪʦʨʠʠ ʧʨʦʛʨʘʤʤʳ Landsat ʥʘʩʯʠʪʳʚʘʝʪ ʫʞʝ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʚʝʢʘ, ʵʪʦ 

ʩʘʤʳʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʨʦʝʢʪ ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʩʢʘʥʠʨʦʚʘʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ. ɺ 1967 ʛʦʜʫ ʙʳʣʘ ʦʬʠʮʠʘʣʴʥʦ ʥʘʯʘʪʘ 

ʨʘʟʨʘʙʦʪʢʘ ʧʝʨʚʦʛʦ ʩʧʫʪʥʠʢʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʚʝʜʝʥ ʥʘ ʦʨʙʠʪʫ ʚ 1972 ʛʦʜʫ. 

ʉʣʝʜʫʶʱʠʝ ʟʘʧʫʩʢʠ ʙʳʣʠ ʚ 1975 ʛ. (Landsat 2), 1978 ʛ. (Landsat 3), 1982 ʛ. 

(Landsat 4), 1984 ʛ. (Landsat 5), 1993 ʛ. (Landsat 6 ʠʟ-ʟʘ ʘʚʘʨʠʠ ʥʝ ʚʳʚʝʜʝʥ ʥʘ 

ʮʝʣʝʚʫʶ ʦʨʙʠʪʫ), 1999 ʛ. (Landsat 7), 2013 ʛ. (Landsat 8), 2021 ʛ. (Landsat 9).   

ʇʦʩʣʝʜʫʶʱʠʝ ʧʦʢʦʣʝʥʠʷ ʩʧʫʪʥʠʢʦʚ ʩʦʭʨʘʥʠʣʠ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ, ʦʜʥʘʢʦ 

ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʰʠʨʦʢʦʤʫ ʦʧʝʨʘʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ Landsat (Wulder et al, 

2019) (ʊʘʙʣʠʮʘ 3.1). ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʲʝʤʦʯʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ Landsat 1 ï 9 ʧʦʢʦʣʝʥʠʷ ʩʜʝʣʘʥʳ ʤʠʣʣʠʘʨʜʳ ʩʥʠʤʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʘʟʝʤʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʩʮʝʥʳ Landsat ï ʦʩʥʦʚʘ ʜʣʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʪʘʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʢʘʢ ʦʙʝʟʣʝʩʝʥʠʝ, ʦʧʫʩʪʳʥʠʚʘʥʠʝ, ʚʣʠʷʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʪ.ʜ. ʇʨʦʛʨʘʤʤʘ Landsat ʩʳʛʨʘʣʘ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚʦ 

ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʷʭ  (Wulder et al, 2022), ʘ ʪʘʢ ʞʝ 

ʧʦʨʦʜʠʣʘ ʨʝʚʦʣʶʮʠʦʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʧʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʯʘʩʪʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʩ 

ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ (Williams et al, 2006). ʉʧʨʦʩ ʥʘ ʧʨʦʜʫʢʪʳ Landsat 

ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʦʮʝʥʢʘʤ, ʝʞʝʤʝʩʷʯʥʦ ʩ ʩʘʡʪʘ 

ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʉʐɸ (USGS) ʩʢʘʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʤʠʣʣʠʦʥʘ ʩʥʠʤʢʦʚ 

Landsat (Wulder et al, 2019). ʂʦʣʠʯʝʩʪʚʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʥʠʤʢʦʚ ʠʩʯʠʩʣʷʝʪʩʷ ʪʳʩʷʯʘʤʠ (Lulla et al, 2021). 
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ʊʘʙʣʠʮʘ 3.1 ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʫʪʥʠʢʦʚ Landsat 

ʉʧʫʪʥʠʢ 

ʇʘʨʘʤʝʪʨʳ ʦʨʙʠʪʳ 
ʉʲʝʤʦʯʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʆʨʙʠʪʘ 
ɺʳʩʦʪʘ 

ʦʨʙʠʪʳ 

ʇʝʨʠʦʜ 

ʦʙʨʘʱʝʥʠʷ 

ʇʦʚʪʦʨʷʝʤʦʩʪʴ 

ʩʲʝʤʢʠ 
ʂʘʤʝʨʳ 

ʈʘʟʨʝʰ-

ʝʥʠʝ 

Landsat 1 

ʉ
ʦ
ʣ
ʥ
ʝ
ʯ
ʥ
ʦ

-ʩ
ʠ
ʥ
ʭ
ʨ
ʦ
ʥ
ʥ
ʘ
ʷ
.
 
ʩ
ʫ
ʙ
ʧ
ʦ
ʣ
ʷ
ʨ
ʥ
ʘ
ʷ

 

917 ʢʤ 103 ʤʠʥ. 1 ʨʘʟ ʚ 18 ʜʥʝʡ 

RVB 

MSS 

80 

80 

Landsat 2 
RVB 

MSS 

80 

80 

Landsat 3 
RVB 

MSS 

80 

80 

Landsat 4 

705 ʢʤ 98,9 ʤʠʥ. 1 ʨʘʟ ʚ 16 ʜʥʝʡ 

MSS 

TM 

80 

30 

120 (TIR) 

Landsat 5 
MSS 

TM 

80 

30 

120 (TIR) 

Landsat 7 ETM+ 

15 (pan) 

30 (ms) 

60 (TIR) 

Landsat 8 
OLI 

TIRS 

15 (pan) 

30(ms) 

100 (TIR) 

Landsat 9 
OLI-2 

TIRS-2 

15 (pan) 

30(ms) 

100 (TIR) 

 

ʈʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʧʫʪʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 5 ʣʝʪ (ʟʘʧʘʩʳ ʨʘʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 ʣʝʪ), ʦʜʥʘʢʦ ʩʧʫʪʥʠʢʠ Landsat, ʢʘʢ ʠ ʣʶʙʘʷ 

ʪʝʭʥʠʢʘ ʥʝ ʟʘʩʪʨʘʭʦʚʘʥʳ ʦʪ ʥʝʧʦʣʘʜʦʢ. ʅʘʧʨʠʤʝʨ, ʧʝʨʚʘʷ ʩʝʨʴʝʟʥʘʷ 

ʥʝʠʩʧʨʘʚʥʦʩʪʴ Landsat 4 ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʯʝʨʝʟ 11 ʜʥʝʡ ʧʦʩʣʝ ʟʘʧʫʩʢʘ. ʂ 
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ʬʝʚʨʘʣʶ 1983 ʛʦʜʘ ʦʥ ʧʦʪʝʨʷʣ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʩʚʦʝʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ 

ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʧʨʘʚʣʷʪʴ ʩʚʦʠ ʜʘʥʥʳʝ ʥʘ ɿʝʤʣʶ, ʧʦʵʪʦʤʫ ʙʳʣ 

ʟʘʧʫʱʝʥ Landsat 5, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʣ ʟʘʤʝʥʠʪʴ ʩʚʦʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʨʘʥʴʰʝ ʨʘʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ. ʉʫʱʝʩʪʚʝʥʥʘʷ ʥʝʧʦʣʘʜʢʘ ʜʣʷ Landsat 7 

ʧʨʦʠʟʦʰʣʘ ʚ ʤʘʝ 2003 ʛʦʜʘ ʠ ʩʚʷʟʘʥʘ ʩ ʦʪʢʘʟʦʤ ʨʘʙʦʪʳ ʂʦʨʨʝʢʪʦʨʘ ʃʠʥʠʠ 

ʉʢʘʥʠʨʦʚʘʥʠʷ (SLC). ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʙʳʣʘ ʥʝʦʙʨʘʪʠʤʦʡ, ʥʦ, ʪʝʤ 

ʥʝ ʤʝʥʝʝ, Landsat 7 ETM + ʧʨʦʜʦʣʞʘʣ ʧʨʦʠʟʚʦʜʠʪʴ ʩʲʝʤʢʫ ʚ ʨʝʞʠʤʝ 

ʚʳʢʣʶʯʝʥʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʘʪʝʨʠʘʣʘʤʠ ʥʦʚʦʡ ʩʲʝʤʢʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʧʨʦʜʫʢʪ 

"SLC-off" , ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʧʠʢʩʝʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʨʘʥʥʠʤʠ, 

ʜʦ ʧʦʣʦʤʢʠ ʢʦʨʨʝʢʪʦʨʘ. 

ɹʦʣʝʝ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʫ ʪʝʧʣʦʚʳʭ ʜʘʪʯʠʢʦʚ, ʨʘʩʯʝʪʥʦʝ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 3 ʛʦʜʘ. ʊʘʢ, ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʜʘʥʥʳʝ Landsat 8 TIRS 

ʩ 2019 ʛʦʜʘ ʩʪʘʥʦʚʷʪʩʷ ʧʦʣʥʦʩʪʴʶ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʚʚʠʜʫ ʦʰʠʙʦʢ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʚ 2021 ʛʦʜʫ ʟʘʧʫʩʪʠʣʠ 

Landsat 9, ʢʦʪʦʨʳʡ ʩʭʦʞ ʩʦ ʩʚʦʠʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ. ʅʘ ʥʝʛʦ ʫʩʪʘʥʦʚʠʣʠ 

TIRS-2, ʢʦʪʦʨʳʡ ʥʘ ʢʣʘʩʩ ʚʳʰʝ TIRS ʫ Landsat 8 ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʥʦʡ 

ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʝʢʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ. 

ʈʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ TIRS-2 ʫʚʝʣʠʯʝʥʦ ʜʦ 5 ʣʝʪ (Markham et al, 2016).  ɽʱʝ 

ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ Landsat 9 ʤʦʞʥʦ ʩʯʠʪʘʪʴ 14-ʙʠʪʥʦʝ ʢʚʘʥʪʦʚʘʥʠʝ, ʩ ʝʛʦ 

ʧʦʤʦʱʴʶ ʣʫʯʰʝ ʨʘʩʧʦʟʥʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʪʪʝʥʢʠ, ʦʩʦʙʝʥʥʦ ʫ ʪʝʤʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠʣʠ ʛʫʩʪʳʭ ʣʝʩʦʚ. ɺ ʪʘʙʣʠʮʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʝʭ 

ʧʦʩʣʝʜʥʠʭ ʩʧʫʪʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

 

ʊʘʙʣʠʮʘ 3.2 ʉʨʘʚʥʝʥʠʝ ʪʨʝʭ ʧʦʩʣʝʜʥʠʭ ʩʧʫʪʥʠʢʦʚ Landsat 

Landsat 7 Landsat 8 Landsat 9 

8-ʙʠʪʥʳʝ ʜʘʥʥʳʝ 12-ʙʠʪʥʳʝ ʜʘʥʥʳʝ 14-ʙʠʪʥʳʝ ʜʘʥʥʳʝ 

256 ʦʪʪʝʥʢʦʚ 4 096 ʦʪʪʝʥʢʦʚ 16 384 ʦʪʪʝʥʢʘ 
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ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʦʭʚʘʪʘ ʥʘʙʣʶʜʝʥʠʡ ʦʨʙʠʪʘ Landsat 9 

ʩʜʚʠʥʫʪʘ ʧʦ ʬʘʟʝ ʩ Landsat 8 ʥʘ ʚʦʩʝʤʴ ʜʥʝʡ. ɽʞʝʜʥʝʚʥʦ ʩ Landsat 9 ʧʦʣʫʯʘʝʪ 

750 ʩʮʝʥ, ʘ ʩʦʚʤʝʩʪʥʦ ʩ Landsat 8 - 1500 (Masek et al, 2020). 

ʉʥʠʤʢʠ Landsat ï ʥʝ ʧʨʦʩʪʦ ʠʟʦʙʨʘʞʝʥʠʝ çʢʘʨʪʠʥʢʘ, ʬʦʪʦè 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʘʭ, 

ʦʪʨʘʞʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʘʥʜʰʘʬʪʦʚ (ʇʝʪʨʫʰʠʥʘ, 2018; 

ʍʦʨʦʰʝʚ, 2021, 2023). ʉʢʘʥʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʩʧʫʪʥʠʢʦʚ Landsat ʘʜʘʧʪʠʨʦʚʘʥʘ 

ʢ ʪʦʤʫ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʜʣʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʚʦʡʩʪʚʘʭ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ (ʊʘʙʣʠʮʘ 3.3) (ʃʠʪʠʥʩʢʠʡ, 2007; 

ʉʘʥʜʣʝʨʩʢʠʡ, ʇʫʟʘʯʝʥʢʦ, 2009; ʏʘʙʘʥ, 2016). ʊʘʢ, ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʢʨʘʩʥʳʡ ʠ ʙʣʠʞʥʠʡ ʠʥʬʨʘʢʨʘʩʥʳʡ, ʢʦʪʦʨʳʝ ʚʠʟʫʘʣʠʟʠʨʫʶʪ ʚʝʛʝʪʘʪʠʚʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʟʘ ʩʝʟʦʥʥʳʤʠ, 

ʛʦʜʦʚʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʦʪʝʢʘʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ (ɻʦʨʙʫʥʦʚ, 2023).     

ʊʘʢ ʞʝ ʠʥʬʦʨʤʘʪʠʚʝʥ ʩʨʝʜʥʠʡ ʠʥʬʨʘʢʨʘʩʥʳʡ ʢʘʥʘʣ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ 

ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ, 

ʦʥ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʘʨʴʠʨʦʚʘʥʠʶ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʠ ʨʘʩʪʝʥʠʷʭ, ʦʪʨʘʞʘʝʪ 

ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʣʠʩʪʴʷʭ (ɻʦʨʰʢʦʚ, 2010). ʇʦʵʪʦʤʫ ʧʦʣʫʯʠʣ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʨʢʠʨʦʚʘʥʠʠ ʩʚʝʞʠʭ ʛʘʨʝʡ, ʚʳʨʫʙʦʢ (ʂʫʫʣʘʨ, 2013; 

ʊʝʨʝʭʠʥ, 2013; ʂʫʨʙʘʥʦʚ, 2014) 

 

ʊʘʙʣʠʮʘ 3.3 ʉʧʝʢʪʨʘʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ ʢʘʥʘʣʦʚ Landsat ʊʄ, ɽʊʄ+, OLI, OLI2 

ʠ ʠʭ ʨʦʣʴ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʂʨʦʥʙʝʨʛ, 1987, ʄʝʨʟʣʷʢ ʠ ʜʨ., 1997, ʊʠʭʦʤʠʨʦʚ 

ʠ ʜʨ., 2000, ʉʘʥʜʣʝʨʩʢʠʡ, 2013, ʀʩʪʦʯʥʠʢ: https://www.usgs.gov/landsat-

missions, ʦʙʨʘʱʝʥʠʝ 10.08.2022) 
ɼʠʘʧʘʟʦʥ 

ʜʣʠʥ ʚʦʣʥ  

(ʤʢʤ) 
ʅʘʟʚʘʥʠʝ 

ʂʘʥʘʣ 

Landsat  

ʊʄ, 

ɽʊʄ+ 

ʂʘʥʘʣ 

Landsat  

OLI, 

OLI2 

ʈʦʣʴ ʜʣʷ ʨʘʩʪʝʥʠʷ 
ʆʙʱʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ  

ʥʘʟʥʘʯʝʥʠʷ ʢʘʥʘʣʘ 

0.28 ï 0.32 
ʋʣʴʪʨʘ- 

ʬʠʦʣʝʪʦʚʳʡ 

- - 

ʦʢʘʟʳʚʘʝʪ ʚʨʝʜʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ 

 
0.32 ï 0.40 ʌʠʦʣʝʪʦʚʳʡ 

ʨʝʛʫʣʷʪʦʨʥʘʷ ʨʦʣʴ, 

ʥʝʦʙʭʦʜʠʤʦ 

ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʮʝʥʪʦʚ 

0.40 ï 0.45 
ʉʠʥʠʡ 

ʧʦʛʣʦʱʝʥʠʝ 

ʭʣʦʨʦʬʠʣʣʦʤ a 0.45 ï 0.50 ʂʘʥʘʣ 1 ʂʘʥʘʣ 1 
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0.50 ï 

0.515 

ɿʝʣʝʥʳʡ 

ʦʪʨʘʞʘʝʪʩʷ ʠʣʠ 

ʧʨʦʧʫʩʢʘʝʪʩʷ 

ʤʝʟʦʬʠʣʣʦʤ, ʚʘʞʝʥ 

ʜʣʷ ʟʘʪʝʥʝʥʥʳʭ 

ʣʠʩʪʴʝʚ 

ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ 

ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʛʘʟʘʤ 

- 
0.515 ï 

0.52 
-  

0.52 ï 0.60 ʂʘʥʘʣ 2 

ʧʠʢ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʩʪʴʝʚ, 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ 

ʜʣʷ ʨʘʟʣʠʯʝʥʠʷ ʢʣʘʩʩʦʚ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʂʘʥʘʣ 2 

- 0.60 ï 0.63 

ʂʨʘʩʥʳʡ 

- ʘʢʪʠʚʥʦ 

ʧʦʛʣʦʱʘʝʪʩʷ 

ʭʣʦʨʦʬʠʣʣʦʤ b, ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʦʝ 

ʜʝʡʩʪʚʠʝ 

ʥʘ ʬʦʪʦʩʠʥʪʝʟ, 

ʨʘʟʚʠʪʠʝ 

ʠ ʨʝʛʫʣʷʮʠʶ 

ʧʨʦʮʝʩʩʦʚ,  

 

0.63 ï 0.69 ʂʘʥʘʣ 3 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʚ ʟʦʥʝ 

ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʭʣʦʨʦʬʠʣʣʘ ʠ ʚ ʟʦʥʝ 

ʚʳʩʦʢʦʡ 

ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ ʧʦʯʚ 

ʂʘʥʘʣ 3 

- 

0.69 ï 0.70 

-  
0.70 ï 0.75 

ɼʘʣʴʥʠʡ 

ʢʨʘʩʥʳʡ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ 

ʨʝʛʫʣʷʪʦʨʥʦʝ 

ʜʝʡʩʪʚʠʝ, 

ʜʦʩʪʘʪʦʯʥʦ 

ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʮʝʥʪʦʚ ʚ ʦʙʱʝʤ 

ʩʧʝʢʪʨʝ 

0.75 ï 0.77 
ɹʣʠʞʥʠʡ 

ʠʥʬʨʘ- 

ʢʨʘʩʥʳʡ 

ʚ ʦʩʥʦʚʥʦʤ 

ʦʪʨʘʞʘʝʪʩʷ ʩʪʝʥʢʘʤʠ 

ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ 

ʣʠʩʪʴʝʚ 

0.77 ï 0.90 ʂʘʥʘʣ 4 

ʨʘʟʣʠʯʘʝʪ ʨʘʩʪʠʪʝʣʴʥʦʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʠ ʤʘʩʩʫ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʂʘʥʘʣ 4 

- 
090 ï 1.20 

ʀʥʬʨʘ- 

ʢʨʘʩʥʳʡ 

-  
1.20 ï 1.55 

ʧʦʛʣʦʱʘʝʪʩʷ ʚʥʫʪʨʠ- 

ʠ ʤʝʞʢʣʝʪʦʯʥʦʡ 

ʚʦʜʦʡ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʚʳʭ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ 

1.55 ï 1.60 

ʂʘʥʘʣ 5 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʠʟʤʝʥʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʳ ʚ ʪʢʘʥʷʭ ʣʠʩʪʴʝʚ 

ʠ ʚʘʨʴʠʨʦʚʘʥʠʶ ʚʣʘʛʠ 

ʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ 

ʧʦʯʚʘʭ (ʦʪʨʘʞʘʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʚʦʟʨʘʩʪʘʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ) 

ʂʘʥʘʣ 5 

1.60 ï 1.75  

1.75 ï 2.09 - 
- 

  

2.09 ï 2.35 ʂʘʥʘʣ 7 

ʅʝʩʝʣʝʢʪʠʚʥʦʝ 

ʪʝʧʣʦʚʦʝ 

ʧʦʛʣʦʱʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʚʘʨʴʠʨʦʚʘʥʠʶ ʚʣʘʛʠ ʚ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ 

ʧʦʯʚʘʭ 

ʂʘʥʘʣ 7 

- 
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ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʩʝ ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ 

ʙʝʟʦʙʣʘʯʥʳʝ ʩʥʠʤʢʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʠ 

ʦʢʨʝʩʪʥʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʝ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʦʡ Thematic Mapper (ʊʄ), 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʩʧʫʪʥʠʢʝ Landsat 5, Enhanced Thematic Mapper Plus (ETM+) 

(Landsat 7), Operational Land Imager (Landsat 8) ʠ Operational Land Imager 2 

(Landsat 9) (ʊʘʙʣʠʮʘ 3.4). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʢʘʥʘʣʳ 

(ʩʠʥʠʡ, ʟʝʣʸʥʳʡ, ʢʨʘʩʥʳʡ, ʙʣʠʞʥʠʡ ʠʥʬʨʘʢʨʘʩʥʳʡ (ʀʂ) ʠ ʜʚʘ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʀʂ (ʊʘʙʣʠʮʘ 3.5) ʜʣʷ 19 ʩʮʝʥ (ʊʘʙʣʠʮʘ 3.4), ʚʳʧʦʣʥʝʥʥʳʭ ʩ 

1987 ʧʦ 2022 ʛʦʜʳ (5 ʟʘ ʬʝʚʨʘʣʴ, 3 ʟʘ ʤʘʨʪ, 4 ʟʘ ʘʧʨʝʣʴ, 1 ʟʘ ʤʘʡ, 4 ʟʘ ʠʶʥʴ ʠ 2 

ʟʘ ʩʝʥʪʷʙʨʴ) (ʈʠʩʫʥʦʢ 3.1ʘ, 3.1ʙ).  

ʊʘʙʣʠʮʘ 3.4 ʉʮʝʥʳ Landsat, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʘʥʘʣʠʟʝ 

ɼʘʪʘ  ʉʲʝʤʦʯʥʘʷ ʩʠʩʪʝʤʘ ɼʘʪʘ  ʉʲʝʤʦʯʥʘʷ ʩʠʩʪʝʤʘ 

04.02.1987 Landsat 5 TM 17.02.2015 Landsat 8 OLI_TIRS 

06.06.1988 Landsat 4 TM 23.03.2016 Landsat 8 OLI TIRS 

03.05.1990 Landsat 5 TM 06.02.2017 Landsat 8 OLI_TIRS 

27.04.2000 Landsat 7 ɽʊʄ + 14.04.2018 Landsat 8 OLI_TIRS 

27.09.2000 Landsat 5 TM 17.04.2019 Landsat 8 OLI_TIRS 

22.03.2001 Landsat 7 ɽʊʄ + 04.06.2019 Landsat 8 OLI_TIRS 

10.04.2002 Landsat 7 ɽʊʄ + 26.09.2020 Landsat 8 OLI_TIRS 

20.06.2002 Landsat 7 ɽʊʄ + 17.02.2021 Landsat 8 OLI_TIRS 

11.02.2007 Landsat 5 TM 24.03.2022 Landsat 9 OLI-2_TIRS-2 

03.06.2007 Landsat 5 TM   

 

 

ʈʠʩʫʥʦʢ 3.1 ʂʦʣʠʯʝʩʪʚʦ ʩʥʠʤʢʦʚ Landsat, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʦ ʛʦʜʘʤ (ʩʣʝʚʘ) ʠ ʧʦ ʤʝʩʷʮʘʤ (ʩʧʨʘʚʘ) 
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ʊʘʙʣʠʮʘ 3.5 ʉʧʝʢʪʨʘʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ ʢʘʥʘʣʦʚ TM, ETM+, OLI, OLI2, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ (ʀʩʪʦʯʥʠʢ: https://www.usgs.gov/landsat-missions, 

ʦʙʨʘʱʝʥʠʝ 10.08.2022) 

ʂʘʥʘʣʳ 
ɼʣʠʥʘ ʚʦʣʥʳ (ʤʢʤ) 

Landsat 4, 5, 7 

ɼʣʠʥʘ ʚʦʣʥʳ (ʤʢʤ) 

Landsat 8, 9 

ʉʠʥʠʡ 0.45 ï 0.515 0.45 - 0.51 

ɿʝʣʝʥʳʡ 0.525 ï 0.605 0.53 - 0.59 

ʂʨʘʩʥʳʡ 0.63 ï 0.69 0.64 - 0.67 

ɹʣʠʞʥʠʡ ʠʥʬʨʘʢʨʘʩʥʳʡ 0.77 ï 0.90 0.85 - 0.88 

ʂʦʨʦʪʢʦʚʦʣʥʦʚʳʡ 

ʠʥʬʨʘʢʨʘʩʥʳʡ 1 
1.55 ï 1.75 1.57 - 1.65 

ʂʦʨʦʪʢʦʚʦʣʥʦʚʳʡ 

ʠʥʬʨʘʢʨʘʩʥʳʡ 2 
2.09 ï 2.33 2.11 - 2.29 

ɼʣʠʥʥʦʚʦʣʥʦʚʳʡ ʪʝʧʣʦʚʦʡ 1 
10.12 ï 14.5 

10.60 - 11.19 

ɼʣʠʥʥʦʚʦʣʥʦʚʳʡ ʪʝʧʣʦʚʦʡ 2 11.50 - 12.51 

 

ɺʚʠʜʫ ʧʨʠʯʠʥ, ʫʢʘʟʘʥʥʳʭ ʨʘʥʝʝ, ʜʘʥʥʳʝ ʪʝʧʣʦʚʦʛʦ ʢʘʥʘʣʘ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʦʪʜʝʣʴʥʦ (ʜʦ 2019 ʛʦʜʘ) ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʩʝʤʘʥʪʠʢʠ ʢʣʘʩʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʨʝʣʴʝʬʘ. 

ɺʩʝ ʩʥʠʤʢʠ ʚʳʧʦʣʥʝʥʳ ʚ ʫʪʨʝʥʥʠʝ ʯʘʩʳ (ʊʘʙʣʠʮʘ 3.6), ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʨʘʟʥʠʮʘ ʩʮʝʥ ʧʦ ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ ʩʦʩʪʘʚʣʷʝʪ 1 ʯʘʩ 19 ʤʠʥʫʪ (10:28 ï 3 ʤʘʷ 1990 

ʛ., 11:47 ï 24 ʤʘʨʪʘ 2022 ʛ.). ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ 80-90 ʛʛ. ʩʲʝʤʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʨʘʥʴʰʝ ʧʦʯʪʠ ʥʘ ʯʘʩ. ʅʘʠʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʷʚʣʷʶʪʩʷ ʩʮʝʥʳ Landsat 8 ʠ 9. 

 

ʊʘʙʣʠʮʘ 3.6 ɺʨʝʤʷ ʩʲʝʤʢʠ ʧʦ ʤʝʩʪʥʦʤʫ ʚʨʝʤʝʥʠ 

ʉʲʝʤʦʯʥʘʷ ʩʠʩʪʝʤʘ ɺʨʝʤʷ ʧʨʦʣʝʪʘ ʥʘʜ ʟʘʧʦʚʝʜʥʠʢʦʤ 

Landsat 4 TM 10:54 ï 11:15 

Landsat 5 TM 10:28 ï 11:42 

Landsat 7 ɽʊʄ + 11:36 ï 11:45 

Landsat 8 OLI_TIRS 11:41 ï 11:45 

Landsat 9 OLI-2_TIRS-2 11:47 

 

 

 

https://www.usgs.gov/landsat-missions
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3.2 ʇʦʣʝʚʳʝ ʤʘʪʝʨʠʘʣʳ (ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʠ ʧʦʯʚʝʥʥʳʝ ʦʧʠʩʘʥʠʷ) 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʧʨʘʢʪʠʢ ʩʪʫʜʝʥʪʦʚ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 

ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ ʠ ʵʚʦʣʶʮʠʠ ʠʤʝʥʠ ɸ.ʅ. ʉʝʚʝʨʮʦʚʘ 

ʈɸʅ, ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʈɸʅ ʟʘ 30 ʣʝʪ. ɻʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʠ ʧʦʯʚʝʥʥʳʝ 

ʦʧʠʩʘʥʠʷ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʙʘʟʫ ʜʘʥʥʳʭ MicrosoftAcess ʩ ʩʠʩʪʝʤʦʡ ʟʘʧʨʦʩʦʚ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ, ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʙʦʣʝʝ 3 ʪʳʩʷʯ ʦʧʠʩʘʥʠʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʦʢʦʣʦ 2 ʪʳʩʷʯ ʧʦʯʚʝʥʥʳʭ (ʈʠʩʫʥʦʢ 3.2). 

 
ʈʠʩʫʥʦʢ 3.2 ʂʘʨʪʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʛʨʘʥʠʮʳ 2023 ʛʦʜʘ) 
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ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 3.1, ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʠʩʘʥʠʡ ʩʜʝʣʘʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʶʞʥʦʛʦ ʣʝʩʥʠʯʝʩʪʚʘ. ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ 

ʧʦʯʚ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʚʝʣʘʩʴ ʥʘ ʪʨʘʥʩʝʢʪʘʭ ʩ ʰʘʛʦʤ 

20 ʤʝʪʨʦʚ, ʢʦʪʦʨʳʡ ʩʦʠʟʤʝʨʠʤ ʩ ʨʘʟʤʝʨʦʤ ʬʘʮʠʠ ʠʣʠ ʧʠʢʩʝʣʷ (30 ʤʝʪʨʦʚ).  

 

ʆʧʠʩʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ɻʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʨʝʚʝʩʥʦʤ, 

ʪʨʘʚʷʥʠʩʪʦʤ ʠ ʤʦʭʦʚʦʤ ʷʨʫʩʘʭ. ʇʘʨʘʤʝʪʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʷʨʫʩʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.7. 

 

3.7 ʇʘʨʘʤʝʪʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ɼ
ʨ
ʝ
ʚ
ʦ
ʩ
ʪ
ʦ
ʡ

 

ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ 

ʜʨʝʚʦʩʪʦʷ ʧʦ ʷʨʫʩʘʤ 

ʌʦʨʤʫʣʘ ʜʨʝʚʦʩʪʦʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʷʨʫʩʘ (10-ʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ) 

ʉʦʤʢʥʫʪʦʩʪʴ ʢʨʦʥ 
ʆʧʨʝʜʝʣʷʝʪʩʷ ʚ ʜʦʣʷʭ ʦʪ 

ʝʜʠʥʠʮʳ 

ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ 

ʜʨʝʚʦʩʪʦʷ ʠ ʩʨʝʜʥʷʷ 

ʚʳʩʦʪʘ ʧʦ ʷʨʫʩʘʤ 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʦ ʠʣʠ 

ʵʢʣʠʤʝʪʨʦʤ, [ʤ] 

ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʀʟʤʝʨʷʝʪʩʷ ʥʘ ʚʳʩʦʪʝ 1,3 ʤ, [ʩʤ] 

ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 

ʜʨʝʚʦʩʪʦʷ 

ɺʳʷʚʣʷʝʪʩʷ ʙʫʨʝʥʠʝʤ ʙʫʨʦʤ 

ʇʨʝʩʩʣʝʨʘ, [ʣʝʪ] 

ʇʦʣʥʦʪʘ ʜʨʝʚʦʩʪʦʷ 

(ʩʫʤʤʘ ʧʣʦʱʘʜʝʡ 

ʩʝʯʝʥʠʷ ʜʨʝʚʦʩʪʦʷ ʥʘ 

ʛʝʢʪʘʨ ʠ ʯʘʩʪʥʳʝ 

ʩʫʤʤʳ ʧʣʦʱʘʜʝʡ 

ʩʝʯʝʥʠʷ ʧʦ ʧʦʨʦʜʘʤ) 

ʀʟʤʝʨʷʝʪʩʷ ʨʝʣʘʢʩʦʤʝʪʨʦʤ-

ʧʦʣʥʦʪʨʦʤʝʪʨʦʤ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʞʠʚʳʭ ʠ ʤʝʨʪʚʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʘʞʜʦʛʦ ʚʠʜʘ, 

[ʤ2/ʛʘ] 

ʇ
ʦ
ʜ
ʨ
ʦ
ʩ
ʪ
 
ʠ
 

ʇ
ʦ
ʜ
ʣ
ʝ
ʩ
ʦ
ʢ

 ʆʙʱʝʝ ʧʨʦʝʢʪʠʚʥʦʝ 

ʧʦʢʨʳʪʠʝ ʠ 

ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ 

ʧʦ ʧʦʨʦʜʘʤ 

ʀʟʤʝʨʷʝʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ, [%] 

 



85 

 

ʊ
ʨ
ʘ
ʚ
ʷ
ʥ
ʦ

-

ʢ
ʫ
ʩ
ʪ
ʘ
ʨ
ʥ
ʠ
ʯ
ʢ

ʦ
ʚ
ʳ
ʡ
 
ʷ
ʨ
ʫ
ʩ

 ʆʙʱʝʝ ʧʨʦʝʢʪʠʚʥʦʝ 

ʧʦʢʨʳʪʠʝ ʪʨʘʚ  
ʀʟʤʝʨʷʝʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ, [%] 

ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ 

ʪʨʘʚ ʧʦ ʚʠʜʘʤ 

ʀʟʤʝʨʷʝʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ ʧʦ 

ʰʢʘʣʝ ʆ. ɼʨʫʜʝ, [%] 
ʄ
ʦ
ʭ
ʦ
ʚ
ʦ
ʡ
 
ʷ
ʨ
ʫ
ʩ

 
ʆʙʱʝʝ ʧʨʦʝʢʪʠʚʥʦʝ 

ʧʦʢʨʳʪʠʝ ʤʭʦʚ 
ʀʟʤʝʨʷʝʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ, [%] 

ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ 

ʤʭʦʚ ʧʦ ʛʨʫʧʧʘʤ: 

ʣʠʩʪʦʩʪʝʙʝʣʴʥʳʝ 

(ʟʝʣʝʥʳʝ ʤʭʠ), 

ʧʦʣʠʪʨʠʭʦʚʳʝ 

(ʜʦʣʛʦʤʦʰʥʳʝ), 

ʩʬʘʛʥʦʚʳʝ 

ʀʟʤʝʨʷʝʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ, [%] 

 

ɼʣʷ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʛʦ ʷʨʫʩʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʚʠʜʳ, ʚʳʷʚʣʝʥʥʳʝ ʧʦ ʯʘʩʪʦʪʝ ʠʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʦʙʠʣʠʶ (ʧʨʦʝʢʪʠʚʥʦʤʫ 

ʧʦʢʨʳʪʠʶ) ʧʦ ʤʝʪʦʜʫ (Dufr°ne, Legendre, 1997). ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʚʠʜʦʚ 

ʚʳʧʦʣʥʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩ ʫʯʝʪʦʤ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʵʢʦʣʦʛʦ-ʮʝʥʦʪʠʯʝʩʢʠʭ 

ʛʨʫʧʧ (ʏʝʨʥʝʥʴʢʦʚʘ, ʄʦʨʦʟʦʚʘ, 2017; ɹʘʡʙʘʨ ʠ ʜʨ., 2019). ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʤʝʪʦʜʦʤ Varda (Wardôs optimal agglomeration method). ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʚʟʷʪʘ ʢʦʨʨʝʣʷʮʠʷ ʇʠʨʩʝʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧ:r  

 

ʊʘʙʣʠʮʘ 3.8 ɻʨʫʧʧʳ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʛʦ ʷʨʫʩʘ 

ɻʨʫʧʧʘ ɼʦʤʠʥʘʥʪʳ 

ʅʝʤʦʨʘʣʴʥʦ-ʙʦʨʝʘʣʴʥʘʷ Oxalis acetosella, Galeobdolon luteum, 

Pulmonaria obscura, Stellaria nemorum, 

Dryopteris dilatata, Equisetum sylvaticum 

ʅʝʤʦʨʘʣʴʥʦ-

ʙʦʛʘʪʦʚʣʘʞʥʦʪʨʘʚʥʘʷ 

Urtica dioica, Oxalis acetosella, Pulmonaria 

obscura, Aegopodium podagraria, Athyrium filix-

femina, Dryopteris dilatata, Equisetum 
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sylvaticum, Galeobdolon luteum, Geum rivale, 

Gymnocarpium dryopteris, Maianthemum 

bifolium, Phegopteris connectilis 

(ʅʝʤʦʨʘʣʴʥʦ)-ʙʦʨʝʘʣʴʥʘ ̫ Oxalis acetosella, Dryopteris dilatata, Equisetum 

sylvaticum, Maianthemum bifolium, Stellaria 

holostea  

ɹʦʨʝʘʣʴʥʘʷ Vaccinium myrtillus, Oxalis acetosella, 

Maianthemum bifolium, Trientalis europaea, 

Eriophorum vaginatum. Vaccinium vitis-idaea 

ɺʣʘʞʥʦʪʨʘʚʥʦ-ʙʦʨʝʘʣʴʥʘʷ Carex vesicaria, Dryopteris dilatata, Oxalis 

acetosella, Vaccinium myrtillus 

ɺʣʘʞʥʦʪʨʘʚʥʦ-

ʥʝʤʦʨʘʣʴʥʘʷ 

Filipendula ulmaria, Hypericum perforatum, 

Geum rivale, Veronica chamaedrys 

ɹʦʛʘʪʦʚʣʘʞʥʦʪʨʘʚʥʘʷ Geum rivale, Urtica dioica, Angelica sylvestris, 

Galeobdolon luteum  

ɺʣʘʞʥʦʪʨʘʚʥʦ-

(ʥʝʤʦʨʘʣʴʥʦ)-ʙʦʨʝʘʣʴʥʘʷ 

Galeobdolon luteum, Oxalis acetosella, Athyrium 

filix -femina, Solidago virgaurea, Equisetum 

sylvaticum, Stellaria holostea, Angelica sylvestris 

ɺʣʘʞʥʦʪʨʘʚʥʘ ̫ʠ ʙʦʣʦʪʥʘ ̫

(ʦʣʠʛʦʪʨʦʬʥʳʡ) 

Vaccinium vitis-idaea, Eriophorum vaginatum, 

Scheuchzeria palustris, Andromeda polifolia, 

Drosera rotundifolia, Chamaedaphne calyculata 

ɺʣʘʞʥʦʪʨʘʚʥʘ ̫ʠ ʙʦʣʦʪʥʘ ̫

(ʤʝʟʦʪʨʦʬʥʳʡ) 

Eriophorum vaginatum, Andromeda polifolia, 

Melampyrum pratense, Oxycoccus palustris, 

Chamaedaphne calyculata 

ɹʦʨʝʘʣʴʥʦ-ʚʣʘʞʥʦʪʨʘʚʥʘʷ Mercurialis perennis, Oxalis acetosella, 

Filipendula ulmaria, Maianthemum bifolium, 

Solidago virgaurea, Aegopodium podagraria 

ɹʦʛʘʪʦʚʣʘʞʥʦʪʨʘʚʥʦ-

ʥʝʤʦʨʘʣʴʥʘ ̫

Mercurialis perennis, Galium odoratum, Urtica 

dioica, Asarum europaeum 
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ʅʝʤʦʨʘʣʴʥʘʷ Stellaria holostea, Aegopodium podagraria, 

Hepatica nobilis, Pulmonaria obscura, 

Galeobdolon luteum 

ʃʫʛʦʚʘʷ Hypericum perforatum, Rumex acetosella, 

Trifolium pratense, Veronica chamaedrys, 

Anthoxanthum odoratum 

ʃʫʛʦʚʘʷ 

(ʙʦʛʘʪʦʚʣʘʞʥʦʪʨʘʚʥʘʷ) 

Geum rivale, Anthriscus sylvestris, Dactylis 

glomerata, Ranunculus acris, Luzula multiflora, 

Potentilla erecta, Urtica dioica, Ranunculus acris, 

Alchemilla vulgaris, Festuca pratensis 

 

ʆʧʠʩʘʥʠʝ ʧʦʯʚʳ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʯʚ ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʚʳʢʘʧʳʚʘʣʘʩʴ ʧʨʠʢʦʧʢʘ 

ʛʣʫʙʠʥʦʡ 30-60 ʩʤ, ʜʘʣʝʝ ʚʳʧʦʣʥʷʣʦʩʴ ʙʫʨʝʥʠʝ ʙʫʨʦʤ Ejkelkamp ʜʦ ʛʣʫʙʠʥʳ 

135 ʩʤ, ʜʣʷ ʙʦʣʦʪ ʠ ʦʧʦʨʥʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʦʯʝʢ ʙʫʨʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ 

ʜʦ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ. ɼʣʷ ʢʘʞʜʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠʟʤʝʨʷʣʘʩʴ ʝʛʦ 

ʤʦʱʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʣʩʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʮʚʝʪ ʧʦ ʰʢʘʣʝ ʄʘʥʩʝʣʣʘ, 

ʦʪʤʝʯʘʣʦʩʴ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʦʛʣʝʝʥʠʷ, Fe-Mn ʢʦʥʢʨʝʮʠʡ, ʧʨʦʚʝʨʷʣʘʩʴ 

ʨʝʘʢʮʠʷ ʩ HCl ʠ ʪ.ʜ. ɺ ʪʘʙʣʠʮʝ 3.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ. 

 

ʊʘʙʣʠʮʘ 3.9 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

1. ʄʦʱʥʦʩʪʴ 

ʧʦʯʚʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʧʦʯʚʳ ʚ ʮʝʣʦʤ 

ʇʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʉʫʤʤʘʨʥʘʷ ʦʨʛʘʥʠʢʠ 

2. ʎʝʣʦʝ ʯʠʩʣʦ ʧʦʯʚʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ 

3. ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʦʨʠʟʦʥʪʦʚ 

4. ʛʣʫʙʠʥʘ ʦʛʣʝʝʥʠʷ 



88 

 

5. ʥʘʣʠʯʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 

6. ʮʚʝʪ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚʳ ʧʦ ʄʘʥʩʝʣʣʫ 

7. ʛʣʫʙʠʥʘ ʚʩʢʠʧʘʝʤʦʩʪʠ (ʨʝʘʢʮʠʠ ʩ HCl) 

8. ʛʣʫʙʠʥʘ Fe, Mn ʢʦʥʢʨʝʮʠʡ 

 

ʀʪʘʢ, ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ 3186 ʦʧʠʩʘʥʠʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ 2358 ʧʦʯʚʝʥʥʳʭ. 

 

3.3 ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʣʴʝʬʘ ʥʘ ʨʘʟʥʳʭ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ 

ʈʝʣʴʝʬ ʢʘʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʪʝʧʣʘ ʠ ʚʣʘʛʠ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʬʘʢʪʦʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʣʘʥʜʰʘʬʪʘ. ʆʥ ʧʨʷʤʦ ʠʣʠ 

ʦʧʦʩʨʝʜʦʚʘʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʢʘʢ ʧʨʠʨʦʜʥʳʭ, ʪʘʢ ʠ ʩʦʮʠʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (ʈʘʡʩ, 1980, ʉʠʤʦʥʦʚ, 1998, ʉʳʩʫʝʚ, 2003, 2004, ʉʳʩʫʝʚ, ʐʘʨʳʡ, 

2000). ʆʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ 

ʚʣʠʷʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʙʠʦʮʝʥʦʟʦʚ. ɺ ʫʩʣʦʚʠʷʭ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʶʞʥʦ-ʪʘʝʞʥʦʛʦ ʣʘʥʜʰʘʬʪʘ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʣʘʛʠ ʠʛʨʘʝʪ 

ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʟʘʢʦʥʦʤʝʨʥʦʡ ʩʤʝʥʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʝʣʴʥʠʢʦʚ (ɹʘʡʙʘʨ ʠ 

ʜʨ., 2019).  ɸ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʭʦʜʷʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚʣʠʷʝʪ ʥʘ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʨʘʟʫʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʛʨʘʜʠʝʥʪʳ ʤʝʞʜʫ ʥʠʤʠ (ʇʫʟʘʯʝʥʢʦ ʠ ʜʨ., 2019).   

ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ 

ʨʝʣʴʝʬʘ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 1:10 000 

(ʩʝʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʝʡ 2,5 ʤʝʪʨʘ). ʆʮʠʬʨʦʚʢʘ ʛʦʨʠʟʦʥʪʘʣʝʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʢʦʣʣʝʢʪʠʚʦʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʖ.ɻ. ʇʫʟʘʯʝʥʢʦ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʩʪʨʦʝʥʠʝ 

ʎʄʈ ʧʨʦʭʦʜʠʣʦ ʚ ʧʨʦʛʨʘʤʤʝ Erdas Imagine, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʥʝʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʎʄʈ ʠ ʩʮʝʥ 

Landsat ʚʩʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʢ ʝʜʠʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ 

(ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʪʘʚʣʷʝʪ 30 ʭ 30 ʤʝʪʨʦʚ). 
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ʀʝʨʘʨʭʠʷ ʨʝʣʴʝʬʘ.  

ʉʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʤʝʥʫ ʨʘʟʣʠʯʥʳʭ 

ʬʦʨʤ ʨʝʣʴʝʬʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʘʩʰʪʘʙʘʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʥʘʥʦ-, ʤʠʢʨʦ-, ʤʝʟʦ-, ʤʘʢʨʦ- ʠ 

ʤʝʛʘʨʝʣʴʝʬ. ʆʜʥʘʢʦ, ʪʘʢʦʝ ʜʝʣʝʥʠʝ ʚʝʩʴʤʘ ʫʩʣʦʚʥʦ ʠ ʜʘʥʥʘʷ ʛʨʘʜʘʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʙʦʣʝʝ ʜʨʦʙʥʦʡ. ʅʘʧʨʠʤʝʨ, ɺ. ɹʝʡʢʝʨ ʚʳʜʝʣʷʣ 10 ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ 

ʨʝʣʴʝʬʘ, ʩʚʷʟʳʚʘʷ ʠʭ ʩ ʛʝʥʝʟʠʩʦʤ (Baker, 1986). ɹʦʯʘ, ʂʨʘʩʥʦʚ (1958), ʈʶʤʠʥ 

(1958) ʚʳʜʝʣʷʣʠ ʙʦʣʝʝ 10 ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʨʘʥʛʦʚ ʨʝʣʴʝʬʘ, ʦʜʥʘʢʦ ʥʝ ʙʳʣʦ 

ʯʝʪʢʠʭ ʢʨʠʪʝʨʠʝʚ ʠʭ ʚʳʜʝʣʝʥʠʷ (ʅʝʚʩʢʠʡ, 2009). ɺʦʧʨʦʩʘʤʠ ʠʝʨʘʨʭʠʠ ʚ 

ʧʨʠʨʦʜʝ ʠ ʚ ʨʝʣʴʝʬʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʥʠʤʘʣʩʷ ʖ.ɻ. ʇʫʟʘʯʝʥʢʦ, ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ 

ʦʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʝʨʘʨʭʠʶ ʨʝʣʴʝʬʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ (ʇʫʟʘʯʝʥʢʦ, 

1986, ʇʫʟʘʯʝʥʢʦ ʠ ʜʨ., 2002). 

ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʤʘʩʰʪʘʙʘ: ʦʪ ʛʣʦʙʘʣʴʥʳʭ ʵʥʜʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ) ʜʦ 

ʣʦʢʘʣʴʥʳʭ ʵʢʟʦʛʝʥʥʳʭ (Wu, Qi, 2000).  ʇʨʠ ʵʪʦʤ, ʜʝʡʩʪʚʫʝʪ ʧʨʘʚʠʣʦ, ʯʝʤ 

ʙʦʣʴʰʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʡ, ʪʝʤ ʙʦʣʴʰʝ ʘʤʧʣʠʪʫʜʘ 

ʚʳʩʦʪ (ɺʘʩʠʣʴʝʚ, 1992; Turcotte, 1997; ʇʫʟʘʯʝʥʢʦ, 1997ʙ, 1999, 2004; 

ʇʫʟʘʯʝʥʢʦ ʠ ʜʨ., 2002, 2004ʙ; ʂʦʪʣʦʚ, ʇʫʟʘʯʝʥʢʦ, 2006; ʐʨʝʜʝʨ, 2001; 

ɹʫʜʘʥʦʚ, 1999). ɼʣʷ ʚʩʝʭ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʭʘʨʘʢʪʝʨʥʦ ʩʚʦʡʩʪʚʦ 

ʩʘʤʦʧʦʜʦʙʠʷ. ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ çʤʘʪʨʝʰʢʫè, ʛʜʝ 

ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʤʝʥʴʰʝʛʦ ʧʦʨʷʜʢʘ ʧʦʜʦʙʥʳ ʬʦʨʤʘʤ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʘʥʛʘ. 

ʇʨʠ ʵʪʦʤ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʜʠʩʢʨʝʪʥʳ, ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʥʠʤʠ 

ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʧʝʨʝʭʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʣʴʝʬ ʦʙʣʘʜʘʝʪ ʪʘʢʠʤ ʩʚʦʡʩʪʚʦʤ 

ʢʘʢ ʬʨʘʢʪʘʣʴʥʦʩʪʴ (Mandelbort, 1975, 1977, 1982, ʄʘʥʜʝʣʴʙʨʦʪ, 2002). 

ʇʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʪʨʠ ʪʠʧʘ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ: ʙʫʨʳʡ ʰʫʤ (n-0.5, ʛʜʝ 

n ï ʮʝʣʦʯʠʩʣʝʥʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ), ʨʦʟʦʚʳʡ ʰʫʤ (> n-0.5, ʥʦ <n), ʯʝʨʥʳʡ ʰʫʤ (> 

n-1, ʥʦ <n-0.5). ʇʨʠʤʝʨʦʤ ʙʫʨʦʛʦ ʰʫʤʘ ʤʦʛʫʪ ʙʳʪʴ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʯʥʦʡ ʩʝʪʠ, ʯʝʨʥʦʛʦ ʰʫʤʘ ï ʙʣʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʠʩʪʝʤʘ 

ʧʦʣʦʛʠʭ ʭʦʣʤʦʚ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ; ʨʦʟʦʚʦʛʦ ʰʫʤʘ ï ʩʪʨʫʢʪʫʨʳ ʩ ʙʦʣʴʰʦʡ 

ʣʦʢʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʯʘʩʪʘʷ ʩʤʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʦʨʤ 



90 

 

ʨʝʣʴʝʬʘ (ʇʫʟʘʯʝʥʢʦ, 1997). ʇʨʠ ʵʪʦʤ, ʨʝʣʴʝʬ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ 

ʥʘʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ.   

ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ï ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʥʘʣʦʞʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʚʦʟʙʫʞʜʝʥʠʷ (ʇʫʟʘʯʝʥʢʦ, 1986). ʆʪ ʭʘʨʘʢʪʝʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ, ʚʩʪʫʧʘʶʪ ʦʥʠ ʚ ʨʝʟʦʥʘʥʩ ʠʣʠ ʜʠʩʩʦʥʘʥʩ, ʟʘʚʠʩʠʪ 

ʚʳʨʘʞʝʥʥʦʩʪʴ ʠʝʨʘʨʭʠʠ.  ɽʩʣʠ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʳʨʘʞʝʥʘ ʩʣʘʙʦ, ʪʦ 

ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ ʙʣʠʟʢʘ ʢ ʯʠʩʪʦ ʬʨʘʢʪʘʣʴʥʦʡ ʠ ʥʘʦʙʦʨʦʪ. 

ʈʷʜʦʤ ʫʯʝʥʳʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʨʝʣʴʝʬʘ, 

ʢʦʣʠʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ, ʝʝ ʬʦʨʤʠʨʫʶʱʠʭ, ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʳʜʝʣʝʥʠʝ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʨʝʣʴʝʬʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ (Turcotte, 

1997; ʄʘʨʧʣ-ʤʣ, 1990; ʇʫʟʘʯʝʥʢʦ, 1997ʙ, 1999, 2004; ʇʫʟʘʯʝʥʢʦ ʠ ʜʨ., 2002, 

2004ʙ; ʂʦʪʣʦʚ, ʇʫʟʘʯʝʥʢʦ, 2006). ʊʘʢ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠʣʠ ʚʨʝʤʝʥʥʳʝ 

ʩʚʷʟʠ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʤʦʞʥʦ ʚʳʷʚʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʚʝʡʚʣʝʪ ʘʥʘʣʠʟʘ ʠ 

ʘʥʘʣʠʟʘ ʚʘʨʠʘʛʨʘʤʤ (ɼʦʙʝʰʠ, 2001). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠʤʝʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʜʦʧʫʱʝʥʠʷ, ʩ ʝʛʦ 

ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʪʨʘʟʠʪʴ ʩʪʨʦʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɽʩʣʠ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʟʢʠʝ 

ʧʝʨʝʛʠʙʳ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʬʫʥʢʮʠʠ ʠ ʪʘʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ ʚʦʣʥʘʤʠ ʙʦʣʴʰʝʡ ʘʤʧʣʠʪʫʜʳ. 

ʀʩʢʣʶʯʝʥʠʝ ʚʦʣʥ ʩ ʯʘʩʪʦʪʦʡ 0,5 ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʩʝʟʦʥʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʩʧʝʢʪʨʘ (ʂʝʥʜʘʣʣ, ʉʪʴʶʘʨʪ, 1976). 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʣʴʝʬʘ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ 

ʦʙʦʙʱʝʥʥʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʩʧʝʢʪʨʘ (Turcotte, 1997; ʇʫʟʘʯʝʥʢʦ, 1997ʙ, 1999, 

2004; ʇʫʟʘʯʝʥʢʦ ʠ ʜʨ., 2002, 2004ʙ; ʂʦʪʣʦʚ, ʇʫʟʘʯʝʥʢʦ, 2006), ʢʦʪʦʨʳʡ 

ʦʪʨʘʞʘʝʪ ʟʥʘʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʯʘʩʪʦʪ ʧʦ ʦʩʠ 

ʘʙʩʮʠʩʩ ʠ ʦʨʜʠʥʘʪ ʧʨʠ ʠʭ ʩʫʤʤʠʨʦʚʘʥʠʠ ʧʦ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʜʠʘʛʦʥʘʣʠ ʩʧʝʢʪʨʘ 

(ʘʚʪʦʨʩʢʘʷ ʧʨʦʛʨʘʤʤʘ Fracdim ʇʫʟʘʯʝʥʢʦ, ɸʣʝʱʝʥʢʦ).  ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʨʝʩʩʠʠ çʣʦʛʘʨʠʬʤ ʧʣʦʪʥʦʩʪʠ ʩʧʝʢʪʨʘ (SP) ï ʣʦʛʘʨʠʬʤ 

ʯʘʩʪʦʪʳ ʩʧʝʢʪʨʘ (w)è): 
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Log (ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ) = Ŭ ï ɓ*log(w) 

ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (D): 

D=(7-ɓ)/2. 

ɼʘʣʝʝ ʚ ʧʨʦʛʨʘʤʤʝ STATISTICA ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʪʘʪʢʠ ʦʪ ʨʝʛʨʝʩʩʠʠ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʤ, ʯʪʦ ʚʳʩʦʪʳ ʨʝʣʴʝʬʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʩʢʨʝʪʥʦ. ʇʨʠ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʘ ʦʩʪʘʪʢʦʚ ʦʪ ʨʝʛʨʝʩʩʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʫʶ ʩʤʝʥʫ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɽʩʣʠ 

ʦʩʪʘʪʢʠ ʦʧʠʩʳʚʘʶʪʩʷ ʧʦʣʠʥʦʤʦʤ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʧʝʨʝʛʠʙʘʤʠ, ʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʠʥʦʤʘ ʦʪʨʘʞʘʶʪ ʧʝʨʠʦʜʳ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʘ 

ʩʤʝʥʘ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʦ, ʝʩʣʠ ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʬʨʘʢʪʘʣʴʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʥʘ 

ʫʯʘʩʪʢʝ, ʙʫʜʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʝʥ ʠ ʦʪʣʠʯʘʪʴʩʷ ʜʣʷ ʚʩʝʛʦ ʩʧʝʢʪʨʘ.  

ʇʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʛʦ ʪʨʝʥʜʘ ʫ ʦʩʪʘʪʢʦʚ ʨʝʛʨʝʩʩʠʠ 

ʧʨʦʚʝʨʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɽʩʣʠ ʦʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʪʦ 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʨʝʣʴʝʬʝ ʩʫʱʝʩʪʚʫʶʪ ʚʦʣʥʳ, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ 

ʩʚʷʟʘʥʳ ʢʘʢ: 

wn=won, 

ʛʜʝ n ï ʮʝʣʦʝ ʯʠʩʣʦ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʝʨʘʨʭʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ ʠʣʠ 

ʥʦʤʝʨʫ ʚʦʣʥʳ.  ʊʘʢ, ʩʫʱʝʩʪʚʫʶʪ ʫʨʦʚʥʠ ʩ ʧʝʨʠʦʜʘʤʠ 1/wo, 1/2wo, 1/3wo ʠ ʪ.ʜ. 

ʊʘʢ, ʚʦʣʥʳ ʚ ʨʝʣʴʝʬʝ ï ɻ ʪʦ ʨʝʟʫʣʴʪʘʪ ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʘ, ʧʦʨʦʞʜʘʶʱʝʛʦ ʢʘʩʢʘʜ 

ʩʘʤʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʨʠ ʵʪʦʤ, ʯʝʤ ʚʳʰʝ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, ʪʝʤ 

ʙʦʣʴʰʝ ʠʭ ʧʝʨʠʦʜ ʠ ʤʝʥʴʰʝ ʥʦʤʝʨ ʚʦʣʥʳ.  ɼʘʥʥʳʡ ʚʠʜ ʩʧʝʢʪʨʘ ʪʠʧʠʯʝʥ ʜʣʷ 

ʤʥʦʛʠʭ ʥʝʣʠʥʝʡʥʳʭ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ (ɹʫʜʘʥʦʚ, 1999, ɺʘʩʠʣʴʝʚ, 

1992). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʚʘʜʨʘʪʘ ʩʦ ʩʪʦʨʦʥʘʤʠ 15 ʢʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʚ ʧʨʦʛʨʘʤʤʝ Fracdim. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʩʧʝʢʪʨʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʧʨʦʛʨʘʤʤʝ 

STATISTICA, ʘ ʠʤʝʥʥʦ, ʠʩʢʣʶʯʝʥʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʠ 
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ʧʦʤʦʱʠ ʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʚʳʧʦʣʥʝʥʘ ʘʚʪʦʨʝʛʨʝʩʩʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʧʝʢʪʨ ʦʩʪʘʪʢʦʚ ʨʝʛʨʝʩʩʠʠ. 

ʉʦʛʣʘʩʥʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 9 ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ (ʊʘʙʣʠʮʘ 3.10), ʜʚʘ 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʢʨʦʨʝʣʴʝʬʫ ʠ ʩʝʤʴ ï ʤʝʟʦʨʝʣʴʝʬʫ (ʈʳʯʘʛʦʚ, 

2006). ʅʘ ʫʨʦʚʥʝ ʤʝʟʦʨʝʣʴʝʬʘ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʦʪʯʝʪʣʠʚʦ 

ʚʳʜʝʣʷʶʪʩʷ ʢʨʫʧʥʳʝ ʙʣʦʢʠ - ʤʦʨʝʥʥʳʝ ʛʨʷʜʳ ʠ ʦʟʝʨʥʳʝ ʢʦʪʣʦʚʠʥʳ, ʥʘ ʫʨʦʚʥʝ 

ʤʝʟʦʨʝʣʴʝʬʘ ʯʝʪʚʝʨʪʦʛʦ ʠ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ ï ʜʦʣʠʥʳ ʢʨʫʧʥʳʭ ʨʝʢ (ʨ. ʄʝʞʘ, ʨ. 

ʊʦʪʴʤʘ, ʨ. ʅʦʯʥʘʷ), ʥʘ ʰʝʩʪʦʤ ʠ ʩʝʜʴʤʦʤ ʧʦʨʷʜʢʝ ʤʝʟʦʨʝʣʴʝʬʘ ʧʦʷʚʣʷʶʪʩʷ 

ʪʘʢʠʝ ʨʝʢʠ ʢʘʢ ʊʫʜʦʚʢʘ ʠ ʅʦʯʥʘ. ʅʘ ʫʨʦʚʥʝ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʩʣʦʞʥʘʷ ʩʝʪʴ ʨʝʯʝʢ ʠ ʨʫʯʝʡʢʦʚ (ʈʠʩʫʥʦʢ 3.3). 

 

ʊʘʙʣʠʮʘ 3.10 ʀʝʨʘʨʭʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʨʝʣʴʝʬʘ 

ʋʨʦʚʝʥʴ ʅʘʟʚʘʥʠʝ 
ʍʘʨʘʢʪʝʨʥʳʝ ʣʠʥʝʡʥʳʝ 

ʨʘʟʤʝʨʳ, ʤ 

ʄʝʟʦʨʝʣʴʝʬ 

ʄʝʟʦʨʝʣʴʝʬ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

(R127) 
3810 

ʄʝʟʦʨʝʣʴʝʬ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (R81) 2430 

ʄʝʟʦʨʝʣʴʝʬ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ 

(R55) 
1650 

ʄʝʟʦʨʝʣʴʝʬ ʯʝʪʚʸʨʪʦʛʦ ʧʦʨʷʜʢʘ 

(R43) 
1290 

ʄʝʟʦʨʝʣʴʝʬ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ (R35) 1050 

ʄʝʟʦʨʝʣʴʝʬ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ 

(R15) 
450 

ʄʝʟʦʨʝʣʴʝʬ ʩʝʜʴʤʦʛʦ ʧʦʨʷʜʢʘ (R9) 270 

ʄʠʢʨʦʨʝʣʴʝʬ 
ʄʠʢʨʦʨʝʣʴʝʬ (R5) 150 

ʄʠʢʨʦʨʝʣʴʝʬ (R) 30 
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ʈʠʩʫʥʦʢ 3.3 ʀʝʨʘʨʭʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʣʴʝʬʘ ʠ ʠʩʭʦʜʥʘʷ 

ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ 

 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʣʴʝʬʘ. ʀʪʘʢ, ʥʘ ʦʩʥʦʚʝ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʝʣʴʝʬʘ 

ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʚ ʧʨʦʛʨʘʤʤʝ ImageJ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʧʨʦʧʫʩʢʥʦʡ ʬʠʣʴʪʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʳʩʦʪʳ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ.  ʂʘʢ ʙʳʣʦ 

ʩʢʘʟʘʥʦ ʚ ɻʣʘʚʝ 1, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʨʬʦʤʝʪʨʠʢʠ ʨʝʣʴʝʬʘ 

(ʉʳʩʫʝʚ, 1986; ʉʳʩʫʝʚ, ʐʘʨʳʡ, 2000; ʐʘʨʘʷ, ʐʘʨʳʡ, 2003; Lecours et al, 

2017), ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʙʦʨ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣ 

ʨʘʩʩʯʠʪʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ ENVI 4.5.  ɺ ʪʘʙʣʠʮʝ 3.11 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʠʩʦʢ 
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ʦʩʥʦʚʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ (Joseph, 

1996).  

ʊʘʙʣʠʮʘ 3.11 ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ 

1. ʂʨʫʪʠʟʥʘ 

2. ʃʘʧʣʘʩʠʘʥ (ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ) 

3. ʆʩʚʝʱʝʥʥʦʩʪʴ ʩ ʚʦʩʪʦʢʘ 

4. ʆʩʚʝʱʝʥʥʦʩʪʴ ʩ ʶʛʘ 

5. ʇʣʘʥʦʚʘʷ ʚʳʧʫʢʣʦʩʪʴ 

6. ʇʨʦʬʠʣʴʥʘʷ ʚʳʧʫʢʣʦʩʪʴ 

7. ʇʦʧʝʨʝʯʥʘʷ (ʢʨʦʩʩ-ʩʝʢʮʠʦʥʘʣʴʥʘʷ) ʢʨʠʚʠʟʥʘ 

8. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʨʝʣʴʝʬʘ 

9. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʨʝʣʴʝʬʘ 

10. ʇʨʦʜʦʣʴʥʘʷ ʢʨʠʚʠʟʥʘ 

 

 

ʈʠʩʫʥʦʢ 3.4 ʆʩʥʦʚʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʠʢʨʦʨʝʣʴʝʬʘ (ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 150 ʤʝʪʨʦʚ): ʘ ï ʧʨʦʬʠʣʴʥʘʷ 

ʢʨʠʚʠʟʥʘ, ʙ ï ʦʩʚʝʱʝʥʥʦʩʪʴ ʩ ʚʦʩʪʦʢʘ, ʚ ï ʦʩʚʝʱʝʥʥʦʩʪʴ ʩ ʶʛʘ, ʛ ï 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ, ʜ ï ʧʣʘʥʦʚʘʷ ʢʨʠʚʠʟʥʘ, ʝ - ʚʳʧʫʢʣʦʩʪʴ 
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ʅʘ ʨʠʩʫʥʢʝ 3.4 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘ ʫʨʦʚʥʝ ʤʠʢʨʦʨʝʣʴʝʬʘ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ, ʤʳ ʧʦʣʫʯʠʣʠ 90 ʧʝʨʝʤʝʥʥʳʭ (9 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʧʦ 10 ʧʘʨʘʤʝʪʨʦʚ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʝʣʴʝʬ 

ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

3.4 ʆʙʱʘʷ ʩʭʝʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ, - ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

(ʍʘʢʝʥ, 2001), ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʨʪʦʛʦʥʘʣʴʥʳʝ, 

ʚʟʘʠʤʦʥʝʟʘʚʠʩʠʤʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʯʝʨʝʟ ʚʠʨʪʫʘʣʴʥʳʝ 

ʬʘʢʪʦʨʳ ʠʣʠ ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʦʜʭʦʜʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦʨʷʜʢʘ ʦʪʨʘʞʘʶʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʥʝʠʟʤʝʥʥʦʝ ʚʦ ʚʨʝʤʝʥʠ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʞʜʝʩʪʚʝʥʥʳ ʠʥʚʘʨʠʘʥʪʘʤ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ.  

ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 3.5 ʠ 3.6 ʨʘʩʯʝʪ ʠʥʚʘʨʠʘʥʪʦʚ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʧʦʩʪʝʧʝʥʥʦʝ ʦʙʦʙʱʝʥʠʝ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ.  

ʇʝʨʚʳʡ ʪɻʘʧ ï ʨʘʩʯʝʪ ʠʥʚʘʨʠʘʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʦʪʦʙʨʘʞʝʥʠʷ 

(ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ Landsat). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʦʙʦʙʱʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʢʘʥʘʣʳ ʩʮʝʥ Landsat (ʩʠʥʠʡ, ʟʝʣʝʥʳʡ, 

ʢʨʘʩʥʳʡ, ʙʣʠʞʥʠʡ ʠʥʬʨʘʢʨʘʩʥʳʡ ʠ 2 ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʠʥʬʨʘʢʨʘʩʥʳʭ 

ʢʘʥʘʣʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʣʷ ʢʘʞʜʦʛʦ ʙʝʩʩʥʝʞʥʦʛʦ ʩʨʦʢʘ ʥʘʙʣʶʜʝʥʠʷ 

ʚʳʜʝʣʷʶʪʩʷ 3 ʢʦʤʧʦʥʝʥʪ,r ʜʣʷ ʟʠʤʳ ï 2 ʢʦʤʧʦʥʝʥʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʷʨʢʦʩʪʴ 

ʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ, ʬʦʪʦʩʠʥʪʝʟ (ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ) ʠ 

ʚʣʘʞʥʦʩʪʴ. ɸʥʘʣʠʟ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ 3 ʢʦʤʧʦʥʝʥʪʳ ʪʘʢʞʝ 

ʚʳʜʝʣʷʶʪʩʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ (Ingebritsen, Lyon, 1985; 

Patterson, Yool, 1998; Campbell, Congalton, 2012; Baig et al, 2014). ɼʘʣʝʝ 

ʨʘʟʜʝʣʴʥʦ ʦʙʦʙʱʘʶʪʩʷ ʷʨʢʦʩʪʥʳʝ ʠʥʚʘʨʠʘʥʪʳ ʚʩʝʭ ʩʨʦʢʦʚ, ʚʩʝ ʠʥʚʘʨʠʘʥʪʳ 

ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʚʩʝ ʠʥʚʘʨʠʘʥʪʳ ʚʣʘʞʥʦʩʪʠ, ʨʝʟʫʣʴʪʘʪ ï ʯʘʩʪʥʳʝ ʠʥʚʘʨʠʘʥʪʳ. 

ʆʙʦʙʱʝʥʠʝ ʯʘʩʪʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʠʥʚʘʨʠʘʥʪʳ (ʠʥʚʘʨʠʘʥʪʳ ʦʪʨʘʞʝʥʠʷ), ʦʪʨʘʞʘʶʱʠʝ ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ 

ʫʩʪʦʡʯʠʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʦʩʠʩʪʝʤ, ʩʚʷʟʘʥʥʳʝ, ʚ ʧʝʨʚʫʶ 
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ʦʯʝʨʝʜʴ, ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʪʝʧʣʘ ʠ ʚʣʘʛʠ (ʈʠʩʫʥʦʢ 3.5). ʊʘʢ ʢʘʢ ʚʨʝʤʝʥʥʦʡ ʨʷʜ 

ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʜʘʥʥʳʭ Landsat ʢʦʨʦʯʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ, ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʰʫʤ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʰʠʙʢʘʤʠ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʳ ʫ ʩʮʝʥ 

Landsat 4-5 ʠ Landsat 8 ʧʦʩʣʝ 2019 ʛʦʜʘ, ʪʝʧʣʦʚʳʝ ʢʘʥʘʣʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ 

ʦʪʜʝʣʴʥʦ ʧʦ ʪʦʡ ʞʝ ʤʝʪʦʜʠʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʫʛʫʙʦ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ 

ʠʥʚʘʨʠʘʥʪʦʚ ʧʦ ʄɼɼɿ. 

 

ʈʠʩʫʥʦʢ 3.5 ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

 

ɺʪʦʨʦʡ ʵʪʘʧ ï ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʨʝʣʴʝʬʘ. ɺʩʝ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʣʴʝʬʘ ʥʘ ʨʘʟʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ 

ʦʙʦʙʱʘʶʪʩʷ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʧʨʦʛʨʘʤʤʝ STATISTICA 12. 

ʄʝʪʦʜʦʤ ʢʘʤʝʥʥʦʡ ʦʩʳʧʠ ʚʳʷʚʣʷʝʪʩʷ ʨʘʟʤʝʨʥʦʩʪʴ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʣʴʝʬʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʠʟʙʳʪʦʯʥʦʩʪʠ, ʩʞʘʪʴ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʦ ʨʝʣʴʝʬʝ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ 

ʠʥʬʦʨʤʘʮʠʠ.  

ʊʨʝʪʠʡ ʵʪʘʧ - ʠʥʪʝʛʨʘʮʠʷ ʠʥʚʘʨʠʘʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦʨʷʜʢʘ ʨʝʣʴʝʬʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʘʥʜʰʘʬʪʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʄɼɼɿ ʠ 

ʎʄʈ (ʈʠʩʫʥʦʢ 8.4). ɺʳʧʦʣʥʷʝʪʩʷ ʚʝʨʠʬʠʢʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ 
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ʠʥʚʘʨʠʘʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ: 

ʤʫʣʴʪʠʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʠ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʡ ʘʥʘʣʠʟ.  

 

 

ʈʠʩʫʥʦʢ 3.6 ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʘʨʪʳ ʫʩʪʦʡʯʠʚʳʭ ʙʠʦʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ, ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ 

ʨʝʣʴʝʬʘ ʠ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ 

 

ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ ï ʧʦʣʫʯʝʥʠʝ ʢʘʨʪʳ ʠʥʚʘʨʠʘʥʪʘʭ ʫʩʪʦʡʯʠʚʳʭ 

ʙʠʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʣʘʥʜʰʘʬʪʦʚ ʜʣʷ ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ 

ʟʘʧʦʚʝʜʥʠʢʘ ʠ ʧʨʠʣʝʞʘʱʝʡ ʪʝʨʨʠʪʦʨʠʠ. ɺʳʧʦʣʥʷʝʪʩʷ ʜʠʭʦʪʦʤʠʯʝʩʢʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʣʘʥʜʰʘʬʪʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʧʦ ʤʝʪʨʠʢʝ ɽʚʢʣʠʜʘ ʚ ʧʨʦʛʨʘʤʤʝ 

Fracdim. ʊʘʢ ʢʘʢ ʧʨʠ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʜʝʣʝʥʠʝ 

ʥʘ 2, ʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʩʝʤʘʥʪʠʢʫ ʧʦʣʫʯʘʝʤʳʭ ʢʣʘʩʩʦʚ. ʄʘʣʳʝ ʢʣʘʩʩʳ, 

ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʟʘʨʘʩʪʘʶʱʠʤ ʩ/ʭ ʟʝʤʣʷʤ, ʟʘʣʝʞʘʤ ʠ ʣʫʛʘʤ ʠ ʠʤʝʶʱʠʝ 

ʧʣʦʱʘʜʴ ʤʝʥʝʝ 0,1% ʦʪ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ 

ʙʣʠʞʘʡʰʠʤʠ. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʰʘʛʦʚʦʛʦ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ (3186) ʠ 

ʧʦʯʚʝʥʥʳʭ (2358) ʦʧʠʩʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʪ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʩʝʭ ʢʘʥʘʣʘʭ 

ʩʲʝʤʢʠ, ʚʢʣʶʯʘʷ ʪʝʧʣʦʚʳʝ.  
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ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʣʝʛʝʥʜʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʝʣʴʝʬʘ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʦʯʚʳ, ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ 

ʘʪʤʦʩʬʝʨʳ ʧʦ ʜʣʠʥʥʦʚʦʣʥʦʚʳʤ ʜʘʥʥʳʤ ʩʥʠʤʢʦʚ Landsat.  ʇʨʠ ʧʦʤʦʱʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʥʘ ʢʣʘʩʩ. 

ɼʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʣʴʝʬʘ ʩʦʩʪʘʚʣʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʣʝʛʝʥʜʘ ʩʦ 

ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʥʚʘʨʠʘʥʪʦʚ (ɹʘʡʙʘʨ ʠ ʜʨ., 2019). 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʛʠʩʪʦʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʛʨʘʜʘʮʠʠ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʊʘʙʣʠʮʘ 3.12). 

 

ʊʘʙʣʠʮʘ 3.12 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʴʝʬʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʣʝʛʝʥʜʳ. 

ʇʨʠʤʝʯʘʥʠʝ ï ʧʦʢʘʟʘʪʝʣʠ ʚ ʛʨʘʜʘʮʠʠ ʜʘʥʳ ʩʨʝʜʥʠʝ ʥʘ ʢʣʘʩʩ 

ʇʦʢʘʟʘʪʝʣʴ ɻʨʘʜʘʮʠʠ 

ɸʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ, ʤ ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦ (<255) 

ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ (255 ï 270) 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦ (>270) 

ʂʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ, ʛʨ. ʆʯʝʥʴ ʧʣʦʩʢʦ (<0.5) 

ʇʣʦʩʢʦ (0,5 ï 1,5) 

ʉʨʝʜʥʝʧʣʦʩʢʦ (1,5 ï 2,5) 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʪʦ (>2.5) 

ʆʩʚʝʱʝʥʥʦʩʪʴ ʩ ʖ ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʖ ʵʢʩʧʦʟʠʮʠʷ (>0.71) 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʉ ʵʢʩʧʦʟʠʮʠʷ (<0.71) 

ʄʠʥʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʇʣʦʩʢʦ (>-0.01) 

ʉʣʘʙʦʚʦʛʥʫʪʳʡ (-0.02 ï (-0.01)) 

ɺʦʛʥʫʪʳʡ (<-0.02) 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʇʣʦʩʢʦ (<0.01) 

ʉʣʘʙʦʚʳʧʫʢʣʳʡ (0,01 ï 0,03) 

ɺr ʧʫʢʣʳʡ (>0.03)  

ʆʩʚʝʱʝʥʥʦʩʪʴ ʩ ɺ ʜʣʷ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩ 

ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 1050 

ʤʝʪʨʦʚ 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ɿ ʵʢʩʧʦʟʠʮʠʷ (<0.707) 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ɺ ʵʢʩʧʦʟʠʮʠʷ (>0.707) 

ʄʠʥʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʜʣʷ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩ 

ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 1290 

ʤʝʪʨʦʚ 

ʇʣʦʩʢʦ (<-0.25) 

ʉʣʘʙʦʚʦʛʥʫʪʳʡ (-0.25 ï (-0.15)) 

ɺʦʛʥʫʪʳʡ (>-0.15) 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʜʣʷ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩ 

ʇʣʦʩʢʦ (<0.01) 

ʉʣʘʙʦʚʳʧʫʢʣʳʡ (0,01 ï 0,018) 
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ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 1290 

ʤʝʪʨʦʚ 

ɺʳʧʫʢʣʳʡ (>0.018) 

ʂʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ ʜʣʷ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩ 

ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 1650 

ʤʝʪʨʦʚ 

ʆʯʝʥʴ ʧʣʦʩʢʦ (<0.2) 

ʇʣʦʩʢʦ (0.2-0.5) 

ʉ ʥʝʙʦʣʴʰʠʤ ʫʢʣʦʥʦʤ (>0.5) 

ʂʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ ʜʣʷ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩ 

ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 2430 

ʤʝʪʨʦʚ 

ʆʯʝʥʴ ʧʣʦʩʢʦ (<0.3) 

ʇʣʦʩʢʦ (0.3 ï 0.6) 

ʉ ʥʝʙʦʣʴʰʠʤ ʫʢʣʦʥʦʤ (>0.6) 

ʆʩʚʝʱʝʥʥʦʩʪʴ ʩ ʖ ʜʣʷ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩ 

ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 2430 

ʤʝʪʨʦʚ 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʖ ʵʢʩʧʦʟʠʮʠʷ (<0.707) 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʉ ʵʢʩʧʦʟʠʮʠʷ (>0.707) 

ʆʩʚʝʱʝʥʥʦʩʪʴ ʩ ɺ ʜʣʷ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩ 

ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 2430 

ʤʝʪʨʦʚ 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ɿ ʵʢʩʧʦʟʠʮʠʷ (<0.7065) 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ɺ ɻ ʢʩʧʦʟʠʮʠʷ (>0.7065) 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʜʣʷ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩ 

ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 2430 

ʤʝʪʨʦʚ 

ʇʣʦʩʢʦ (<0.01) 

ʉʣʘʙʦʚʳʧʫʢʣʳʡ (0.01 ï 0.02) 

ɺʳʧʫʢʣʳʡ (>0.02) 

ʄʠʥʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʜʣʷ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩ 

ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 2430 

ʤʝʪʨʦʚ 

ʇʣʦʩʢʦ (<-0.02) 

ʉʣʘʙʦʚʦʛʥʫʪʳʡ (-0.02 ï (-0.01)) 

ɺʦʛʥʫʪʳʡ (>-0.01) 

 

ɸʥʘʣʦʛʠʯʥʘʷ ʣʝʛʝʥʜʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ʠʥʚʘʨʠʘʥʪʦʚ ʪʝʧʣʦʚʳʭ 

ʧʦʣʝʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʢ ʪʝʤʧʝʨʘʪʫʨʘʤ ʩʘʤʦʛʦ ʪʝʧʣʦʛʦ (14.08.2010) ʠ ʭʦʣʦʜʥʦʛʦ 

ʩʨʦʢʘ ʥʘʙʣʶʜʝʥʠʷ (06.02.2017). ɼʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʠʤʥʝʝ ʠ ʣʝʪʥʝʝ ʚʨʝʤʷ (ʊʘʙʣʠʮʘ 3.13).  

 

ʊʘʙʣʠʮʘ 3.13 ɻʨʘʜʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʘʪʤʦʩʬʝʨʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʜʣʷ ʣʝʛʝʥʜʳ 

ʇʨʠʤʝʯʘʥʠʝ ï ʧʦʢʘʟʘʪʝʣʠ ʚ ʛʨʘʜʘʮʠʠ ʜʘʥʳ ʩʨʝʜʥʠʝ ʥʘ ʢʣʘʩʩ 

ʇʦʢʘʟʘʪʝʣʴ ɻʨʘʜʘʮʠʠ 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʠʤʦʡ, ʛʨʘʜ. ʉ ʆʯʝʥʴ ʭʦʣʦʜʥʦ (<-16.5) 

ʍʦʣʦʜʥʦ ( -16.5 ï (-15.5) 

ʊʝʧʣʦ (>-15.5) 

ʊʝʤʧʝʨʘʪʫʨʘ ʣʝʪʦʤ, ʛʨʘʜ. ʉ ʇʨʦʭʣʘʜʥʦ (<21.5) 

ʊʝʧʣʦ (21.5 ï 23.5) 

ʆʯʝʥʴ ʪʝʧʣʦ (>23.5) 
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ɺ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʝʥʠʷ ʣʝʛʝʥʜʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚʳ ʣʝʛʣʠ ʢʘʢ 

ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʢʣʘʩʩ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ 

ʘʥʘʣʠʟʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʊʘʙʣʠʮʘ 3.14, 

3.15).  

 

ʊʘʙʣʠʮʘ 3.14 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʣʝʛʝʥʜʳ 

ʇʨʠʤʝʯʘʥʠʝ ï ʧʦʢʘʟʘʪʝʣʠ ʚ ʛʨʘʜʘʮʠʠ ʜʘʥʳ ʩʨʝʜʥʠʝ ʥʘ ʢʣʘʩʩ 

ʇʦʢʘʟʘʪʝʣʴ ɻʨʘʜʘʮʠʠ ʇʦʢʘʟʘʪʝʣʴ ɻʨʘʜʘʮʠʠ 

ɼʨʝʚʝʩʥʳʡ ʷʨʫʩ  

ɺʳʩʦʪʘ 

ʜʨʝʚʦʩʪʦʷ 

ʅʝʚʳʩʦʢʠʝ (0 - 15 ʤ) 

ʉʨʝʜʥʝʚʳʩʦʢʠʝ (15 ï 

25) 

ɺʳʩʦʢʠʝ (>25 ʤ) 

ʉʦʤʢʥʫʪʦʩʪʴ 

ʜʨʝʚʦʩʪʦʷ 

ʉʣʘʙʦʩʦʤʢʥʫʪʳʝ (0 ï 

0,3) 

ʉʨʝʜʥʝʩʦʤʢʥʫʪʳʝ 

(0,3 ï 0,5) 

ʉʠʣʴʥʦʩʦʤʢʥʫʪʳʝ 

(>0.5) 

ʉʇʉ ʉʣʘʙʦʧʦʣʥʦʪʥʳʝ (0 ï 

10) 

ʉʨʝʜʥʝʧʦʣʥʦʪʥʳʝ (10 

ï 20) 

ɺʳʩʦʢʦʧʦʣʥʦʪʥʳʝ 

(>20) 

ʉʇʉ ʉʦʩʥʘ ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 3) 

ʉʨʝʜʥʝ (3 -6) 

ʄʥʦʛʦ (>6) 

ʉʇʉ ɽʣʴ ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 6) 

ʉʨʝʜʥʝ (6 - 12) 

ʄʥʦʛʦ (>12) 

ʉʇʉ ɹʝʨʝʟʘ ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 3) 

ʉʨʝʜʥʝ (3 -7) 

ʄʥʦʛʦ (>7) 

ʉʇʉ ʆʩʠʥʘ ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 2) 

ʉʨʝʜʥʝ (2 -4) 

ʄʥʦʛʦ (>4) 

ʉʇʉ ʆʣʴʭʘ 

ʩʝʨʘʷ 

ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 2) 

ʉʨʝʜʥʝ (2 -4) 

ʄʥʦʛʦ (>4) 

ʉʇʉ ʆʣʴʭʘ 

ʯʝʨʥʘʷ 

ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 0.5) 

ʉʨʝʜʥʝ (0.5 ï 1.5) 

ʄʥʦʛʦ (> 1.5) 

ʉʇʉ ʈʷʙʠʥʘ ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 0.6) 

ʉʨʝʜʥʝ (0.6 ï 1.2) 

ʄʥʦʛʦ (> 1.2) 

ʉʇʉ ʀʚʘ ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 0.3) 

ʉʨʝʜʥʝ (0.3 ï 0.7) 

ʄʥʦʛʦ (> 0.7) 

ʉʇʉ ʂʣʝʥ ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 0.6) 

ʉʨʝʜʥʝ (0.6 ï 1.2) 

ʄʥʦʛʦ (> 1.2) 

ʉʇʉ ʃʠʧʘ ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 0.4) 

ʉʇʉ ɺʷʟ ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 0.5) 



101 

 

ʉʨʝʜʥʝ (0.4 ï 1.2) 

ʄʥʦʛʦ (> 1.2) 

ʉʨʝʜʥʝ (0.5 ï 2) 

ʄʥʦʛʦ (> 2) 

ʇʇ 

ʧʦʜʨʦʩʪʘ ʠ 

ʧʦʜʣʝʩʢʘ 

ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 10%) 

ʉʨʝʜʥʝ (10% - 20%) 

ʄʥʦʛʦ (>20%) 

  

ʊʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʳʡ ʷʨʫʩ 

ʇʇ 

ʪʨʘʚʷʥʠʩʪʦʛ

ʦ ʷʨʫʩʘ 

ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (30% - 50%) 

ʉʨʝʜʥʝ (50% - 80%) 

ʄʥʦʛʦ (>80%) 

  

ʄʦʭʦʚʦʡ ʷʨʫʩ 

ʇʇ 

ʤʦʭʦʚʦʛʦ 

ʷʨʫʩʘ 

ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʆʯʝʥʴ ʤʘʣʦ (0 ï 20%) 

ʄʘʣʦ (20% - 50%) 

ʉʨʝʜʥʝ (50% - 80%) 

ʄʥʦʛʦ (>80%) 

ʇʇ ʩʬʘʛʥʫʤʘ ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʆʯʝʥʴ ʤʘʣʦ (0 ï 20%) 

ʄʘʣʦ (20% - 50%) 

ʉʨʝʜʥʝ (50% - 80%) 

ʄʥʦʛʦ (>80%) 

ʇʇ 

ʜʦʣʛʦʤʦʰ-

ʥʠʢʦʚ 

ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 5%) 

ʉʨʝʜʥʝ (>5%) 

ʇʇ 

ʟʝʣʝʥʦʤʦʰ-

ʥʠʢʦʚ 

ʆʪʩʫʪʩʪʚʫʝʪ (0) 

ʄʘʣʦ (0 ï 4%) 

ʉʨʝʜʥʝ (4% -10%) 

ʄʥʦʛʦ (>10%) 

 

ʊʘʙʣʠʮʘ 3.15 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʣʝʛʝʥʜʳ 

ʇʨʠʤʝʯʘʥʠʝ ï ʧʦʢʘʟʘʪʝʣʠ ʚ ʛʨʘʜʘʮʠʠ ʜʘʥʳ ʩʨʝʜʥʠʝ ʥʘ ʢʣʘʩʩ 

ʄʦʱʥʦʩʪʴ ʧʦʯʚʳ ʄʘʣʦʤʦʱʥʘʷ (0-60 ʩʤ) 

ʉʨʝʜʥʝʤʦʱʥʘʷ (60-80 ʩʤ) 

ʄʦʱʥʘʷ (>80 ʩʤ)  

ʂʦʣʠʯʝʩʪʚʦ ʧʦʯʚʝʥʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ 

ʇʨʦʩʪʦ ʫʩʪʨʦʝʥʥʘʷ ʧʦʯʚʘ (1-4 ʛʦʨʠʟʦʥʪʦʚ) 

ʇʦʯʚʘ ʩʨʝʜʥʝʡ ʩʣʦʞʥʦʩʪʠ (5-8 ʛʦʨʠʟʦʥʪʦʚ) 

ʉʣʦʞʥʦʫʩʪʨʦʝʥʥʘʷ ʧʦʯʚʘ (>8 ʛʦʨʠʟʦʥʪʦʚ) 

ɻʣʫʙʠʥʘ ʚʩʢʠʧʘʝʤʦʩʪʠ ɺʩʢʠʧʘʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ  

ɺʩʢʠʧʘʝʪ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ (0-100 

ʩʤ) 

ɺʩʢʠʧʘʝʪ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ 

(>100 ʩʤ) 

ɻʣʫʙʠʥʘ Fe, Mn 

ʢʦʥʢʨʝʮʠʡ 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (0-20) 

ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (20-40) 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (>40) 

ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʦʛʣʝʝʥʠʷ ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (0-50) 

ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (50-100) 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (>100) 
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ʄʆʑʅʆʉʊʔ ʇʆʏɺɽʅʅʓʍ ɻɽʅɽʊʀʏɽʉʂʀʍ ɻʆʈʀɿʆʅʊʆɺ 

A1 ʉʣʘʙʦʜʝʨʥʦʚʳʡ (0-10 ʩʤ) 

ʉʨʝʜʥʝʜʝʨʥʦʚʳʡ (10-20 ʩʤ) 

ɻʨʫʙʦʜʝʨʥʦʚʳʡ (>20 ʩʤ) 

A1A2 ʄʘʣʦʤʦʱʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʛʦʨʠʟʦʥʪ (0-3 ʩʤ) 

ʉʨʝʜʥʝʤʦʱʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʛʦʨʠʟʦʥʪ (3-6 ʩʤ) 

ʄʦʱʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʛʦʨʠʟʦʥʪ (>6 ʩʤ) 

A2 ʉʣʘʙʦʧʦʜʟʦʣʠʩʪʳʡ (0-10 cʤ) 

ʉʨʝʜʥʝʧʦʜʟʦʣʠʩʪʳʡ (10-20 ʩʤ) 

ʉʠʣʴʥʦʧʦʜʟʦʣʠʩʪʳʡ (>20 ʩʤ) 

A2B ʄʘʣʦʤʦʱʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʛʦʨʠʟʦʥʪ (0-5 ʩʤ) 

ʉʨʝʜʥʝʤʦʱʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʛʦʨʠʟʦʥʪ (5-15 ʩʤ) 

ʄʦʱʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʛʦʨʠʟʦʥʪ (>15 ʩʤ) 

B ʄʘʣʦʤʦʱʥʳʡ (0-20 ʩʤ) 

ʉʨʝʜʥʝʤʦʱʥʳʡ (20-40 ʩʤ) 

ʄʦʱʥʳʡ (>40 ʩʤ) 

ʎɺɽʊ ʇʆ ʐʂɸʃɽ ʄɸʅʉɽʃʃɸ 

Hue (ʎʚʝʪʦʚʦʡ ʪʦʥ) YR ʞʝʣʪʦ-ʢʨʘʩʥʳʡ (2.5 YR - 5 YR - 7.5 YR - 10 

YR), ʯʝʤ ʤʝʥʴʰʝ ʮʠʬʨʘ, ʪʝʤ ʙʦʣʴʰʝ 

ʧʨʝʦʙʣʘʜʘʝʪ ʢʨʘʩʥʳʡ ʦʪʪʝʥʦʢ) 

 Y ʞʝʣʪʳʡ (2.5Y, 5Y), ʯʝʤ ʤʝʥʴʰʝ ʮʠʬʨʘ, ʪʝʤ 

ʙʦʣʴʰʝ ʧʨʝʦʙʣʘʜʘʝʪ ʞʝʣʪʳʡ ʦʪʪʝʥʦʢ) 

 GY ʟʝʣʝʥʦ-ʞʝʣʪʳʡ (5GY, 10GY), ʯʝʤ ʤʝʥʴʰʝ 

ʮʠʬʨʘ, ʪʝʤ ʙʦʣʴʰʝ ʧʨʝʦʙʣʘʜʘʝʪ ʟʝʣʝʥʳʡ 

ʦʪʪʝʥʦʢ)  

 B ʛʦʣʫʙʦʡ (5B, 10B) ʯʝʤ ʤʝʥʴʰʝ ʮʠʬʨʘ, ʪʝʤ 

ʙʦʣʴʰʝ ʧʨʝʦʙʣʘʜʘʝʪ ʛʦʣʫʙʦʡ ʦʪʪʝʥʦʢ) 

 BG ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʝʥʳʡ (5BG, 10BG) ʯʝʤ 

ʤʝʥʴʰʝ ʮʠʬʨʘ, ʪʝʤ ʙʦʣʴʰʝ ʧʨʝʦʙʣʘʜʘʝʪ 

ʛʦʣʫʙʦʡ ʦʪʪʝʥʦʢ) 

 G ʟʝʣʝʥʳʡ (5G, 10G) ʯʝʤ ʤʝʥʴʰʝ ʮʠʬʨʘ, ʪʝʤ 

ʙʦʣʴʰʝ ʧʨʝʦʙʣʘʜʘʝʪ ʛʦʣʫʙʦʡ ʦʪʪʝʥʦʢ) 

Value (Cʚʝʪʣʦʪʘ) ʉʚʝʪʣʳʝ ï ʪʝʤʥʳʝ (1 - ʯʝʨʥʳʡ, 8 ï ʩʚʝʪʣʳʡ, 

ʙʣʠʟʢʠʡ ʢ ʙʝʣʦʤʫ) 

Chroma (ʅʘʩʳʱʝʥʥʦʩʪʴ) ʉʣʘʙʦʥʘʩʳʱʝʥʥʳʝ (ʧʘʩʪʝʣʴʥʳʝ ʪʦʥʘ) ï ʩʠʣʴʥʦ 

ʥʘʩʳʱʝʥʥʳʝ (ʷʨʢʠʝ ʪʦʥʘ) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

  

ʈʠʩʫʥʦʢ 3.7 ʉʭʝʤʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ɻʣʘʚʘ 4. ʈʝʟʫʣʴʪʘʪʳ 

4.1 ʀʥʚʘʨʠʘʥʪʳ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ2 

ʀʥʚʘʨʠʘʥʪʳ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʣʘʛʦʜʘʨʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʦʙʦʙʱʝʥʠʶ 

ʜʘʥʥʳʭ ʦʩʥʦʚʥʳʭ ʢʘʥʘʣʦʚ ʩʮʝʥ Landsat. ʊʘʢ, ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʚʳʧʦʣʥʝʥʦ ʦʙʦʙʱʝʥʠʝ 6 ʢʘʥʘʣʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʩʨʦʢʘ ʩʲʝʤʢʠ (ʊʘʙʣʠʮʘ 4.1). ɼʣʷ 

ʩʥʝʞʥʦʛʦ ʧʝʨʠʦʜʘ (ʬʝʚʨʘʣʴ-ʤʘʨʪ) ʚʳʜʝʣʷʝʪʩʷ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʚʩʝʭ 

ʢʘʥʘʣʦʚ: ʧʝʨʚʘʷ ï ʦʙʱʘʷ ʷʨʢʦʩʪʴ ʚʩʝʭ ʢʘʥʘʣʦʚ, ʚʪʦʨʘʷ - ʷʨʢʦʩʪʴ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʀʂ ʢʘʥʘʣʘʭ. ɼʣʷ ʙʝʩʩʥʝʞʥʦʛʦ ʧʝʨʠʦʜʘ ʚʳʜʝʣʷʝʪʩʷ 3 

ʢʦʤʧʦʥʝʥʪʳ ʩʥʠʤʢʘ: ʧʝʨʚʘʷ - ʦʙʱʘʷ ʷʨʢʦʩʪʴ ʚʩʝʭ ʢʘʥʘʣʦʚ, ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ - 

ʷʨʢʦʩʪʴ ʚ ʙʣʠʞʥʝʤ ʀʂ ʠ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʀʂ ʢʘʥʘʣʘʭ, ʦʜʥʘʢʦ ʠʭ ʚʢʣʘʜ ʚ 

ʦʧʠʩʘʥʠʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ ʛʦʜʘ. ɼʣʷ ʧʝʨʚʦʡ-

ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʘʧʨʝʣʷ ʭʘʨʘʢʪʝʨʝʥ ʚʳʩʦʢʠʡ ʚʢʣʘʜ ʚ ʦʧʠʩʘʥʠʝ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʢʘʥʘʣʦʚ ʩʲʝʤʢʠ ʷʨʢʦʩʪʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʀʂ ʢʘʥʘʣʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʣʠʞʥʝʛʦ ʀʂ ʢʘʥʘʣʘ. ɺ ʢʦʥʮʝ ʘʧʨʝʣʷ-ʤʘʝ, ʥʘʯʠʥʘʝʪ ʧʨʝʦʙʣʘʜʘʪʴ ʚ ʦʧʠʩʘʥʠʠ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʪʨʘʞʝʥʠʝ ʚ ʙʣʠʞʥʝʤ ʀʂ ʢʘʥʘʣʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʀʂ ʢʘʥʘʣʦʚ, ʘ ʚ ʠʶʥʝ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʫʩʠʣʠʚʘʝʪʩʷ. ɺ ʢʦʥʮʝ 

ʩʝʥʪʷʙʨʷ ʚʢʣʘʜ ʚ ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʢʘʥʘʣʦʚ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʤ ʜʣʷ 

ʩʨʝʜʥʠʭ ʀʂ ʠ ʙʣʠʞʥʝʛʦ ʀʂ ʢʘʥʘʣʘ.  

 

ʊʘʙʣʠʮʘ 4.1 ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʢʘʥʘʣʦʚ ʩʮʝʥʳ 

ɼʘʪʘ 

ʩʲʝʤʢʠ 

(ʜʜ/ʤʤ/ʛʛ) 

ʂʦʤʧʦʥʝʥʪʳ ʩʥʠʤʢʦʚ (ʜʦʣʷ ʦʧʠʩʘʥʠʷ ʦʙʱʝʛʦ 

ʚʘʨʴʠʨʦʚʘʥʠʷ) 
ʆʙʱʘʷ 

ʜʦʣʷ 

ʦʧʠʩʘʥʠʷ 

ʆʙʱʘʷ 

ʷʨʢʦʩʪʴ 

ʚʩʝʭ 

ʢʘʥʘʣʦʚ 

ʗʨʢʦʩʪʴ 

ʙʣʠʞʥʝʛʦ 

ʀʂ ʢʘʥʘʣʘ 

ʗʨʢʦʩʪʴ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ 

ʀʂ ʢʘʥʘʣʦʚ 

04/02/87 0.74 0 0.20 0.94 

06/06/88 0.76 0.19 0.03 0.98 

03/05/90 0.89 0.08 0.02 0.99 
                                                           
2 ʇʦʜʛʣʘʚʘ 4.1 ʯʘʩʪʠʯʥʦ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʩʪʘʪʴʝ ʃʘʥʜʰʘʬʪʥʳʝ ʠʥʚʘʨʠʘʥʪʳ ï ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ / ɸ.ʉ. ɹʘʡʙʘʨ, ʄ. ʖ. ʇʫʟʘʯʝʥʢʦ, ʈ. ɹ. ʉʘʥʜʣʝʨʩʢʠʡ, ɸ. ʅ. ʂʨʝʥʢʝ // ʀʟʚʝʩʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ. ʉʝʨʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ. ð 2023. ð ʊ. 87, ˉ 3. ð ʉ. 370ï390 
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27/04/00 0.88 0.08 0.03 0.99 

27/09/00 0.80 0.08 0.07 0.95 

22/03/01 0.96 0 0.03 0.99 

10/04/02 0.63 0.03 0.32 0.98 

20/06/02 0.80 0.16 0.02 0.98 

11/02/07 0.96 0 0.03 0.99 

03/06/07 0.75 0.17 0.04 0.96 

17/02/15 0.68 0 0.31 0.99 

23/03/16 0.93 0 0.06 0.99 

06/02/17 0.85 0 0.13 0.98 

14/04/18 0.67 0.07 0.26 1 

17/04/19 0.79 0.08 0.12 0.99 

04/06/19 0.79 0.17 0.03 0.99 

26/09/20 0.83 0.08 0.06 0.97 

17/02/21 0.95 0 0.05 1 

24/03/22 0.86 0 0.14 1 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʦʙʱʝʡ ʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʘʥʘʣʦʚ 

ʩʲʝʤʢʠ, ʛʜʝ ʦʙʱʘʷ ʷʨʢʦʩʪʴ ʚʩʝʭ ʢʘʥʘʣʦʚ ʦʪʨʘʞʘʝʪ ʙʠʦʤʘʩʩʫ, ʙʣʠʞʥʠʡ ʀʂ 

ʢʘʥʘʣ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʩʦʜʝʨʞʘʥʠʶ ʭʣʦʨʦʬʠʣʣʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʢʪʠʚʥʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʟʘ, ʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʝ ʀʂ ʢʘʥʘʣʳ ʩʣʘʙʝʝ ʦʪʨʘʞʘʶʪʩʷ ʚʦʜʦʡ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʪʘʣʴʥʳʭ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʝʟʦʥʥʘʷ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʡ 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʢʨʦʚʘ, ʦʪ ʧʦʢʨʳʪʦʛʦ ʩʥʝʛʦʤ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚʝʛʝʪʘʮʠʠ ʠ 

ʨʘʟʣʠʯʥʳʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʜʘ, ʯʝʨʝʟ ʥʘʯʘʣʦ ʚʝʛʝʪʘʮʠʠ ʧʨʠ ʘʢʪʠʚʥʦʤ ʪʘʷʥʠʠ ʩʥʝʛʘ ʠ 

ʚʳʩʦʢʦʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʠ ʪʝʨʨʠʪʦʨʠʠ ʜʦ ʣʝʪʥʝʛʦ - ʩ ʚʳʩʦʢʦʡ ʚʝʛʝʪʘʪʠʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʢ ʧʘʨʠʪʝʪʫ ʢ ʢʦʥʮʫ ʩʝʥʪʷʙʨʷ ʤʝʞʜʫ ʚʝʛʝʪʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝʤ, ʧʨʠ ʠʭ ʦʙʱʝʤ ʥʝʙʦʣʴʰʦʤ ʚʢʣʘʜʝ ʚ ʦʧʠʩʘʥʠʝ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʚʩʝʭ ʢʘʥʘʣʦʚ. ɺ ʦʙʱʝʤ, 2-3 ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʰʝʩʪʠ ʢʘʥʘʣʦʚ 

ʩʲʝʤʢʠ Landsat, ʦʧʠʩʳʚʘʶʪ ʦʪ 94% ʜʦ 100% ʚʘʨʴʠʨʦʚʘʥʠʷ ʚʩʝʭ ʢʘʥʘʣʦʚ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦʙ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʩʫʪʩʪʚʠʠ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʨʘʟʤʝʨʥʦʩʪʠ ʩʥʠʤʢʘ (ɹʘʡʙʘʨ ʠ ʜʨ., 2023). 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʢʦʤʧʦʥʝʥʪʳ ʩʥʠʤʢʦʚ ʦʙʦʙʱʘʶʪʩʷ ʤʝʪʦʜʦʤ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦ ʚʩʝʤ ʩʨʦʢʘʤ ʩʦʛʣʘʩʥʦ ʠʭ ʩʚʷʟʠ ʩ ʠʩʭʦʜʥʳʤʠ ʢʘʥʘʣʘʤʠ. 
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ɺ ʘʥʘʣʠʟʝ ʦʩʪʘʶʪʩʷ ʪʝ ʦʙʦʙʱʸʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʩʨʦʢʦʚ ʩʲʝʤʢʠ, ʣʠʙʦ ʠʤʝʶʪ 

ʩʝʟʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ ʜʦʣʶ ʦʧʠʩʘʥʠʷ ʚʘʨʴʠʨʦʚʘʥʠʷ ʙʦʣʴʰʝ 1.  

ʇʨʠ ʠʥʪʝʛʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʱʝʡ ʷʨʢʦʩʪʠ ʚʩʝʭ ʢʘʥʘʣʦʚ (ʊʘʙʣʠʮʘ 4.2) 

ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʝʨʚʳʡ ʯʘʩʪʥʳʡ ʠʥʚʘʨʠʘʥʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦ ʚʩʝʤʠ ʩʨʦʢʘʤʠ ʩʲʝʤʢʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʝʪʝʨʤʠʥʘʮʠʠ 

(ʂɼ) ʠ ʦʧʠʩʳʚʘʝʪ 67% ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʝʨʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʩʝʭ ʩʨʦʢʦʚ ʩʲʝʤʢʠ 

(ʈʠʩʫʥʦʢ 4.1).  

 

ʊʘʙʣʠʮʘ 4.2 ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʳ ʦʙʱʝʡ ʷʨʢʦʩʪʠ 

 

ɼʘʪʘ (ʜʜ/ʤʤ/ʛʛ) 

ʀʥʪʝʛʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʳ ʦʙʱʝʡ ʷʨʢʦʩʪʠ ʢʘʥʘʣʦʚ 

ʏʘʩʪʥʳʡ ʠʥʚʘʨʠʘʥʪ (ʂɼ) 
 

ɺʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ (ʂɼ) 
 

04/02/87 0.83338 -0.225769 

06/06/88 0.76779 -0.351274 

03/05/90 0.75210 -0.435782 

27/04/00 0.80826 -0.425372 

27/09/00 0.86436 -0.246900 

22/03/01 0.89288 -0.147820 

10/04/02 0.38077 -0.691145 

20/06/02 0.82572 0.027413 

11/02/07 0.92588 0.076060 

03/06/07 0.84626 -0.040981 

17/02/15 0.91723 0.267296 

23/03/16 0.92830 0.215044 

06/02/17 0.90709 0.296813 

14/04/18 0.68339 -0.261085 

17/04/19 0.84035 -0.033219 

04/06/19 0.80442 0.352591 

26/09/20 0.80018 0.225330 

17/02/21 0.84226 0.429078 

24/03/22 0.81234 0.426646 

ʆʧʠʩʘʥʥʦʝ 

ʚʘʨʴʠʨʦʚʘʥʠʝ 
 

12.80322 1.930207 

ɼʦʣʷ ʦʧʠʩʘʥʠʷ 
 

0.67385 0.101590 
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ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʩʲʝʤʢʘ 10 ʘʧʨʝʣʷ 2002 ʛʦʜʘ, ʢʦʪʦʨʘʷ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʘ ʩʦ ʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪʦʡ, ʦʧʠʩʳʚʘʶʱʝʡ 10% ʦʙʱʝʛʦ 

ʚʘʨʴʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʦʙʱʝʡ ʷʨʢʦʩʪʠ ʚʳʜʝʣʷʝʪʩʷ ʦʜʠʥ 

ʯʘʩʪʥʳʡ ʠʥʚʘʨʠʘʥʪ, ʦʧʠʩʳʚʘʶʱʠʡ ʠʥʪʝʛʨʘʣʴʥʫʶ ʷʨʢʦʩʪʴ ʚʩʝʭ ʢʘʥʘʣʦʚ ʩʲʝʤʢʠ 

ʬʘʢʪʠʯʝʩʢʠ ʟʘ ʚʩʝ ʩʨʦʢʠ ʩʲʝʤʢʠ, ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʳʜʝʣʷʶʱʠʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩ ʥʠʟʢʦʡ ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʦʡ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʟʢʠʤʠ ï ʩ 

ʚʳʩʦʢʦʡ.    

 

ʈʠʩʫʥʦʢ 4.1 ʀʥʚʘʨʠʘʥʪ ʷʨʢʦʩʪʠ ʚʩʝʭ ʢʘʥʘʣʦʚ 

 

ʀʥʪʝʛʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪ ʙʣʠʞʥʝʛʦ ʀʂ ʢʘʥʘʣʘ ʜʣʷ ʚʩʝʭ ʩʨʦʢʦʚ ʩʲʝʤʢʠ 

ʧʦʢʘʟʘʣʘ (ʊʘʙʣʠʮʘ 4.3), ʯʪʦ ʧʝʨʚʳʡ ʯʘʩʪʥʳʡ ʠʥʚʘʨʠʘʥʪ ʧʦʣʦʞʠʪʝʣʴʥʦ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʂɼ ʜʣʷ ʩʥʠʤʢʦʚ ʧʝʨʚʦʡ-ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʘʧʨʝʣʷ 

ʠ 27 ʩʝʥʪʷʙʨʷ 2000 ʛʦʜʘ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ï ʜʣʷ ʩʥʠʤʢʦʚ ʠʶʥʷ, ʢʨʦʤʝ 6 ʠʶʥʷ 

1988 ʛʦʜʘ, ʧʨʠ ʦʧʠʩʘʥʠʠ 41% ʦʪ ʦʙʱʝʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪ ʙʣʠʞʥʝʛʦ 

ʀʂ ʢʘʥʘʣʘ (ʈʠʩʫʥʦʢ 4.2). ɺʪʦʨʦʡ ʯʘʩʪʥʳʡ ʠʥʚʘʨʠʘʥʪ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʂɼ 

ʩʦ ʚʩʝʤʠ ʩʨʦʢʘʤʠ ʩʲʝʤʢʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʂɼ ʜʣʷ ʩʥʠʤʢʦʚ ʦʪ 26 ʩʝʥʪʷʙʨʷ 

2020 ʛʦʜʘ, 3 ʤʘʷ 1990 ʛʦʜʘ, 27 ʘʧʨʝʣʷ 2000 ʛʦʜʘ ʠ 6 ʠʶʥʷ 1988 ʛʦʜʘ, ʧʨʠ 

ʦʧʠʩʘʥʠʠ 23% ʦʙʱʝʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ. ʊʨʝʪʴʷ ʢʦʤʧʦʥʝʥʪʘ ʦʧʠʩʳʚʘʝʪ 11% 

ʦʙʱʝʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ ʟʥʘʯʠʤʳʭ ʂɼ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʀʂ ʢʘʥʘʣʘ, ʜʦʦʧʠʩʳʚʘʷ ʩ ʨʘʟʥʳʤʠ ʟʥʘʢʘʤʠ ʚʘʨʴʠʨʦʚʘʥʠʝ ʀʂ ʢʘʥʘʣʘ 26 

ʩʝʥʪʷʙʨʷ 2020 ʛʦʜʘ ʠ 3 ʤʘʷ 1990 ʛʦʜʘ.  

 

ʊʘʙʣʠʮʘ 4.3 ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʳ ʙʣʠʞʥʝʛʦ ʀʂ ʢʘʥʘʣʘ 

 

ɼʘʪʘ 

(ʜʜ/ʤʤ/ʛʛ) 

ʀʥʪʝʛʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʳ ʙʣʠʞʥʝʛʦ ʀʂ ʢʘʥʘʣʘ 

ʏʘʩʪʥʳʡ 

ʩʝʟʦʥʥʳʡ 

ʠʥʚʘʨʠʘʥʪ (ʂɼ) 
 

ʏʘʩʪʥʳʡ ʠʥʚʘʨʠʘʥʪ 

(ʂɼ) 
 

ʊʨʝʪʴʷ ʢʦʤʧʦʥʝʥʪʘ 

(ʂɼ) 
 

06/06/88 
 

-0.535859 0.558682 -0.341954 

03/05/90 
 

0.282146 0.586703 -0.546913 

27/04/00 
 

0.409405 0.579390 -0.409305 

27/09/00 
 

0.711403 0.390996 -0.096023 

10/04/02 
 

0.811353 0.304654 0.099092 

20/06/02 
 

-0.669391 0.577144 0.102948 

03/06/07 
 

-0.753309 0.457787 0.191870 

14/04/18 
 

0.797207 0.238260 0.299145 

17/04/19 
 

0.845519 0.225776 0.277709 

04/06/19 
 

-0.669977 0.513461 0.290207 

26/09/20 
 

0.110937 0.591795 0.551182 

ʆʧʠʩʘʥʥʦʝ 

ʚʘʨʴʠʨʦʚʘʥ

ʠʝ 
 

4.525929 2.502002 1.204661 

ɼʦʣʷ 

ʦʧʠʩʘʥʠʷ 
 

0.411448 0.227455 0.109515 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʙʣʠʞʥʝʛʦ ʀʂ ʢʘʥʘʣʘ ʚʳʜʝʣʷʝʪʩʷ ʯʘʩʪʥʳʡ 

ʩʝʟʦʥʥʳʡ ʠʥʚʘʨʠʘʥʪ (ʈʠʩʫʥʦʢ 4.2), ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʝʛʝʪʘʮʠʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚ ʥʘʯʘʣʝ 

ʘʧʨʝʣʷ ʠ ʥʠʟʢʫʶ ʣʝʪʦʤ ʠ ʥʘʦʙʦʨʦʪ, ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ï ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ  

ʈʠʩʫʥʦʢ 4.2 ʉʝʟʦʥʥʳʡ ʠʥʚʘʨʠʘʥʪ ʙʣʠʞʥʝʛʦ ʀʂ ʢʘʥʘʣʘ 

 

ʚʝʛʝʪʘʮʠʠ ʣʝʪʦʤ ʠ ʥʠʟʢʫʶ ʚ ʥʘʯʘʣʝ ʘʧʨʝʣʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʥʳʡ ʠʥʚʘʨʠʘʥʪ, 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʣʠʞʥʝʛʦ ʀʂ ʢʘʥʘʣʘ ʟʘ ʚʩʝ ʩʨʦʢʠ 

ʩʲʝʤʢʠ, ʥʘ ʥʝʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʜʝʣʷʶʪʩʷ ʤʦʣʦʜʥʳʝ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʝ 

ʣʝʩʘ ʥʘ ʤʦʨʝʥʥʳʭ ʛʨʷʜʘʭ (ʈʠʩʫʥʦʢ 4.3). ʉʦʚʤʝʩʪʥʦ ʦʥʠ ʦʧʠʩʳʚʘʶʪ 64% 

ʦʙʱʝʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʙʣʠʞʥʝʛʦ ʀʂ ʢʘʥʘʣʘ ʟʘ ʚʩʝ ʩʨʦʢʠ ʩʲʝʤʢʠ.    


