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ɺʉʇʆʄʆɻɸʊɽʃʔʅʓɽ ʋʂɸɿɸʊɽʃʀ 

ʇʝʨʝʯʝʥʴ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

ʛ. ï ʛʦʨʦʜ (ʛʦʜ) 

ʛ.ʦ. ï ʛʦʨʦʜʩʢʦʡ ʦʢʨʫʛ 

ɻɹʆʋ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ɻɹʆʋ ʉʆʐ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʩʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ 

ɻʀʉ ï ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ɻʋʇ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

ʜʝʨ. ï ʜʝʨʝʚʥʷ 

ɼɿɿ ï ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ 

ɿɸʆ ï ʟʘʢʨʳʪʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ 

ʀʇʇ ï ʠʥʜʝʢʩ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʀʈʇ ï ʠʥʜʝʢʩ ʨʝʘʢʮʠʠ ʧʦʯʚʳ 

ʀʈʈ ï ʠʥʜʝʢʩ ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʂʄ ï ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʸʤʢʠ 

ʂʄ1 ï ʤʝʪʦʜʠʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ 

ʂʄ2 ï ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ 

ʂʄ3 ï ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʥʘ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ 

ʂʉʗ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ 

ʄɻʉ ï ʤʫʥʠʮʠʧʘʣʴʥʘʷ ʛʦʨʦʜʩʢʘʷ ʩʚʘʣʢʘ 

ʄʀʇ ï ʤʘʪʨʠʮʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʤʢʨ. - ʤʠʢʨʦʨʘʡʦʥ 

ʄʋʇ ï ʤʫʥʠʮʠʧʘʣʴʥʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

ʅʀʈ ï ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ 

ʅʀʆʂʈ ï ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʨʘʙʦʪʘ 

ʆɸʆ ï ʦʪʢʨʳʪʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ 
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ʆɿʆ ï ʦʙʲʝʢʪ ʟʘʭʦʨʦʥʝʥʠʷ ʪʚʸʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ 

ʆʆʆ ï ʦʙʱʝʩʪʚʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ 

ʆʇʉ ï ʦʢʨʫʞʘʶʱʘʷ ʧʨʠʨʦʜʥʘʷ ʩʨʝʜʘ 

ʇɸʋ ï ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

ʇɼʂ ï ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʇʆ ï ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ 

ʧʦʩ. ï ʧʦʩʸʣʦʢ 

ʇʕʈ ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʷ 

ʊʂʆ ï ʪʚʝʨʜʳʝ ʢʦʤʤʫʥʘʣʴʥʳʝ ʦʪʭʦʜʳ (ʚ ʨʘʙʦʪʝ ʤʦʞʝʪ ʚʩʪʨʝʯʘʪʴʩʷ ʪʘʢʞʝ 

ʪʝʨʤʠʥ çʪʚʸʨʜʳʝ ʙʳʪʦʚʳʝ ʦʪʭʦʜʳè, ʩʦʢʨʘʱʸʥʥʦ ʊɹʆ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʬʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʆʙ ʦʪʭʦʜʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʦʪʨʝʙʣʝʥʠʷè ʦʪ 24.06.1998 N 89-ʌɿ (ʩ ʠʟʤ. ʥʘ 28.12.2016) (ʨʝʜ., ʜʝʡʩʪʚʫʶʱʘʷ ʩ 

01.01.2017) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʪʝʨʤʠʥ çʪʚʝʨʜʳʝ ʢʦʤʤʫʥʘʣʴʥʳʝ 

ʦʪʭʦʜʳè). 

ʕɿʉʗ ï ʵʪʘʣʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ 

ʉʧʠʩʦʢ ʪʝʨʤʠʥʦʚ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ: ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʧʦ ʜʘʥʥʳʤ 

ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʢʣʶʯʘʶʱʝʝ: ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢʪʘ 

(ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ), ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʝʜʩʚʘʣʢʠ (ʤʝʩʪʘ ʥʘʯʘʣʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʘʣʢʠ), ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʘ (ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ, ʟʘʥʷʪʦʡ ʦʙʲʝʢʪʦʤ), 

ʚʳʜʝʣʝʥʠʝ ʢʣʘʩʩʦʚ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʦʙʣʘʩʪʠ ʚ ʩʦʩʪʘʚʝ ʦʙʣʘʩʪʠ 

ʦʙʲʝʢʪʘ, ʟʘʥʷʪʦʡ ʪʝʤ ʠʣʠ ʠʥʳʤ ʢʣʘʩʩʦʤ ʧʦʚʝʨʭʥʦʩʪʠ), ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʚ ʩʦʩʪʘʚʝ ʦʙʣʘʩʪʠ ʦʙʲʝʢʪʘ ʠ 

ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʠ). 

ʠʥʜʝʢʩ ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ: ʀʥʜʝʢʩ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʠʢʩʝʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʥʦʨʤʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʬʘʢʪʦʨʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʠ 

ʨʝʘʢʮʠʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʜʘʥʥʳʡ ʬʘʢʪʦʨ. 
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ʤʘʪʨʠʮʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ: ʄʘʪʨʠʮʘ ʯʠʩʝʣ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ ʥʘ ʨʘʟʥʳʭ 

ʢʘʥʘʣʘʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʜʣʷ ʪʦʯʝʢ ʢʣʘʩʩʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʦʙʲʝʢʪ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ: ʉʚʘʣʢʠ ʦʪʭʦʜʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠ ʬʦʨʤ: ʧʦʣʠʛʦʥʳ ʪʚʸʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʛʦʨʦʜʩʢʠʝ ʩʚʘʣʢʠ, ʪʝʨʨʠʢʦʥʳ, 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʚʘʣʢʠ, ʟʘʭʣʘʤʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʚʘʣʢʠ 

ʠ ʜʨ. 

ʠʥʜʝʢʩ ʨʝʘʢʮʠʠ ʧʦʯʚʳ: ʀʥʜʝʢʩ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ 

ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ 

ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʦʚ ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʜʘʥʥʦʡ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ (ʆɿʆ), ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʫʜʥʦ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʂ ʜʝʡʩʪʚʫʶʱʠʤ ʩʧʦʩʦʙʘʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʤʘʨʰʨʫʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʧʦʣʝʚʳʝ, ʣʘʙʦʨʘʪʦʨʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʢʘʤʝʨʘʣʴʥʳʝ ʨʘʙʦʪʳ. ʀʭ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦʙʳ ʜʝʪʘʣʴʥʦ ʠ ʥʘ ʤʝʩʪʝ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ 

ʩʚʘʣʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʠ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-

ʪʝʨʨʠʪʦʨʠʘʣʴʥʫʶ ʠ ʤʫʥʠʮʠʧʘʣʴʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʙʲʝʢʪʘ ʠ ʪ.ʜ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʠ 

ʤʦʥʠʪʦʨʠʥʛʝ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɼʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʆɿʆ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʘʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ), ʠ ʦʥ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʢʦʥʪʘʢʪʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. ʇʦʤʠʤʦ ʪʦʛʦ ʯʪʦ ʦʥʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʷʤʦʡ ʢʦʥʪʘʢʪ ʩ ʦʙʲʝʢʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ (ʛʦʨʥʳʝ ʨʘʡʦʥʳ, ʩʝʚʝʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʜʨ.), ʜʣʷ ʢʦʪʦʨʳʭ 

ʥʘʟʝʤʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʝʥ ʠʣʠ ʥʝʚʦʟʤʦʞʝʥ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʠ ʘʣʛʦʨʠʪʤʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʦʡ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʠ ʠʭ 

ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂ ʘʚʪʦʨʘʤ, ʧʨʦʚʦʜʠʚʰʠʤ 

ʨʘʙʦʪʫ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʠʣʠ 

ʙʣʠʟʢʦ ʢ ʥʝʡ, ʦʪʥʦʩʷʪʩʷ: ʆʰʠ ʉ., ʗʮʫʦʢʘ ʗ., ʊʘʤʫʨʘ ʄ. (2000-2003 ʛʛ.); ɸʨʠʩʪʦʚ 

ʄ.ɺ., ɻʦʪʳʥʷʥ ɺ.ʉ., ʊʦʤʯʝʥʢʦ ʆ.ɺ., ʄʠʢʦʣʝʥʢʦ ʃ.ʀ. (2006-2010 ʛʛ.); ɹʨʦʚʢʠʥʘ 
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ʆ.ɺ., ɻʨʠʛʦʨʴʝʚʘ ʆ.ɺ., ʄʦʯʘʣʦʚ ɺ.ʌ., ʃʝʛʦʤʠʥʘ ɸ.ʀ. (2006-2012 ʛʛ.); ʃʠʧʠʣʠʥ 

ɼ.ɸ., ʇʦʛʦʨʝʣʦʚ ɸ.ɺ. (2011-2015 ʛʛ.); ʐʝʰʫʢʦʚʘ ʃ.ɺ., ɸʙʨʦʩʠʤʦʚ ɸ.ɺ., ʆʭʦʪʠʥ 

ɸ.ʃ., ʊʠʤʦʬʝʝʚʘ ʉ.ʉ., ʅʠʢʦʣʴʩʢʠʡ ɼ.ɹ. (2011-2015 ʛʛ.); ɹʘʡʜʫʣʦʚʘ ʄ.ʂ., 

ɻʘʨʠʬʟʷʥʦʚ ʈ.ɼ., ɺʦʣʢʦʚʘ ʀ.ɺ., ɹʦʨʦʥʠʥʘ ʃ.ɺ. (2012-2017 ʛʛ.); ɿʚʝʨʝʚ ɸ.ʊ., 

ʌʠʩʝʥʢʦ ɽ.ɺ. (2011-2014 ʛʛ.). 

ɺ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ ʫʩʠʣʠʷ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʥʪʘʢʪʥʳʤ ʤʦʥʠʪʦʨʠʥʛʦʤ, ʦʙʨʘʙʦʪʢʦʡ 

ʜʘʥʥʳʭ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ, ʚʠʟʫʘʣʴʥʳʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʠ 

ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ. ʆʙʨʘʙʦʪʢʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ (ENVI, ERDAS, ArcGis, Scanex Processor ʠ ʜʨ.). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʮʠʬʨʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʜʝʰʠʬʨʦʚʘʥʳ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ 

ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ, ʯʪʦ ʥʝ ʜʘʸʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʭ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʶ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʣʦʢ. ʀʤʝʝʪ ʤʝʩʪʦ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ (ʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ ʠ 

ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʦʙʣʸʪ ʤʝʩʪʥʦʩʪʠ ʠ ʘʵʨʦʬʦʪʦʩʲʸʤʢʘ ʫʯʘʩʪʢʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʩ ʚʦʟʜʫʰʥʳʭ ʩʨʝʜʩʪʚ ʠ ʜʨ.). 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ ʧʦ ʜʘʥʥʳʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʸʤʢʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʲʝʢʪʦʚ 

ʟʘʭʦʨʦʥʝʥʠʷ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʦʮʝʥʢʠ ʠʭ 

ʚʣʠʷʥʠʷ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʠ ʧʨʝʜʣʦʞʠʪʴ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʠʢʠ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ, 

ʫʩʪʨʘʥʷʶʱʠʝ ʚʳʷʚʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ; 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʤʝʪʦʜʠʢʫ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ 

ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʫʶ ʚ 
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ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʆɿʆ ʠ ʜʘʚʘʪʴ ʦʮʝʥʢʫ ʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʩʚʘʣʦʢ ʥʘ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; 

3. ʇʨʦʚʝʩʪʠ ʘʧʨʦʙʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʢʨʝʪʥʳʭ 

ʧʦʣʠʛʦʥʦʚ ʪʚʸʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʄʦʩʢʦʚʩʢʦʛʦ 

ʨʝʛʠʦʥʘ; 

4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʧʨʦʙʘʮʠʠ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ, 

ʢʦʪʦʨʘʷ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʪʘʜʠʠ: ʦʙʥʘʨʫʞʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʆɿʆ, ʚʳʜʝʣʝʥʠʝ ʆɿʆ ʠ ʚʳʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʆɿʆ; 

- ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠʥʜʝʢʩʳ ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚʳ ʥʘ ʫʩʣʦʚʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʠ ʥʘʟʝʤʥʳʭ 

ʦʙʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʤʝʥʸʥʥʳʭ ʚ ʟʘʜʘʯʝ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʆɿʆ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; 

- ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ ʠ ʦʮʝʥʢʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʙʲʝʢʪʳ ʟʘʭʦʨʦʥʝʥʠʷ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʚʣʠʷʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʦʜʭʦʜʝ ʢ ʜʝʰʠʬʨʠʨʦʚʘʥʠʶ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ 

ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʤʥʦʛʦʟʦʥʘʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʸʤʢʠ, ʚ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʚ  ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʠʟʥʘʢʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚʢʣʶʯʘʶʱʝʤ ʚ ʩʝʙʷ ʷʨʢʦʩʪʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʠʥʝʤ, ʟʝʣʸʥʦʤ, 

ʢʨʘʩʥʦʤ, ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʠ ʪʝʧʣʦʚʦʤ ʢʘʥʘʣʘʭ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʥʜʝʢʩʦʚ 

ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦ ʝʸ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʧʦ ʜʘʥʥʳʤ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʥʘʟʝʤʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ 

ʚʝʜʦʤʩʪʚʘʭ ʠ ʦʨʛʘʥʠʟʘʮʠʷʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ 

ʆɿʆ ʠ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʠʛʦʥʦʚ ʪʚʸʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ (ʇʆ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʯʝʨʝʜʥʦʩʪʠ ʣʠʢʚʠʜʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʣʠʛʦʥʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʠʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ ʚ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ ɻʀʉ-ʧʨʠʣʦʞʝʥʠʡ (MatLab, 

ArcGis, ENVI ʠ ʜʨ.). [81], [121], [122], [123], [18], [144], [37], [53], [156], [157], [146], 

[134]. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʝʪʦʜ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʄʝʪʝʦʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʩʘʡʪʘ [21]; 

2. ʂʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʥʠʟʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Landsat 4, 5 TM, 7 

+ETM, 8 OLI, TIR, ʚʢʣʶʯʘʷ ʤʝʪʘʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʩʘʡʪʘ ʘʨʭʠʚʦʚ ʛʝʦʜʘʥʥʳʭ 

National Aeronautics and Space Administration (NASA) ʟʘ ʧʝʨʠʦʜ ʩ 1980 ʧʦ 2017 

ʛʛ. [141], [143]; 
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3. ʀʟʦʙʨʘʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ WorldView2 ʠ GeoEye, 

ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʚ ʢʦʤʧʘʥʠʠ ʉʦʚʟʦʥʜ (ʦʪʜʝʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʦʙʣʘʩʪʠ 

ʧʦʢʨʳʪʠʷ ɹʘʣʘʰʠʭʠʥʩʢʦʛʦ ʠ ʃʶʙʝʨʝʮʢʦʛʦ ʨʘʡʦʥʦʚ ʟʘ 2012-2015 ʛʛ.) [103]; 

4. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʩʥʦʚʥʳʭ ʧʦʣʠʛʦʥʘʭ ʪʚʸʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ 

ʦʪʭʦʜʦʚ (ʊʂʆ) ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʚʟʷʪʳʝ ʩ ʠʥʪʝʨʥʝʪʘ; 

5. ʅʘʫʯʥʳʝ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʪʘʢʪʥʳʤ [83] ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʤ (ʩʤ. ʚʳʰʝ) [4], 

[13], [60] ʤʦʥʠʪʦʨʠʥʛʦʤ ʩʚʘʣʦʢ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʜʘʥʥʳʤʠ ʥʘʟʝʤʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʩʪ ʩʢʣʘʜʠʨʦʚʘʥʠʷ 

ʦʪʭʦʜʦʚ, ʤʘʪʝʨʠʘʣʘʤʠ ʈʦʩʨʝʝʩʪʨʘ [32] ʧʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʦʙʲʝʢʪʦʚ 

ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ, ʢʦʨʨʝʢʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠ 

ʮʠʬʨʦʚʦʡ ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ ʥʘʫʯʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ɹʨʦʚʢʠʥʦʡ ʆ.ɺ., ɸʨʠʩʪʦʚʳʤ ʄ.ɺ., ʃʠʧʠʣʠʥʳʤ 

ɼ.ɸ ʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʦʙʣʘʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ.  

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʠ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʦʪʨʘʞʝʥʳ ʚ 19 ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ 

(15 ʩʪʘʪʝʡ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ: 

ɺɸʂ ï 8 ʩʪʘʪʝʡ, SCOPUS ï 5 ʩʪʘʪʝʡ, WOS ï 2 ʩʪʘʪʴʠ) ʠ 10 ʜʦʢʣʘʜʘʭ ʥʘ 8 ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʆʩʥʦʚʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ: X-XII  (2012-2014 ʛʛ., ʛ. 

ʄʦʩʢʚʘ), XIV -XV (2016-2017 ʛʛ., ʛ. ʄʦʩʢʚʘ) ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʦʪʢʨʳʪʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘè; The 

11-th International Conference ñPattern recognition and image analysis: new information 

technologiesò (2013 ʛ., ʛ. ʉʘʤʘʨʘ).  

ʀʤʝʝʪʩʷ 6 ʩʚʠʜʝʪʝʣʴʩʪʚ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ 

[67], [90], [118], [119], [124], [125] ʠ 1 ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ [120]. 
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ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ çʄʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʚ ʠʥʪʝʨʝʩʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡè (2013 ʛ.) [121]. 

ɺ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ ʠʤʝʝʪʩʷ ʝʱʸ ʨʷʜ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, 

ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ï ʥʘ ʩʪʘʜʠʠ ʦʧʫʙʣʠʢʦʚʘʥʠʷ (ʚʩʝʛʦ 13 ʥʘʫʯʥʳʭ ʨʘʙʦʪ). ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥ ʤʘʪʝʨʠʘʣ 

(~700 ʩʪʨ.) ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʥʦʛʦ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ [121] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʢʘʬʝʜʨʝ ʛʝʦʣʦʛʠʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʠʡ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘè (ʌɻɹʆʋ ɺʆ çʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ 

ʀ.ʄ. ɻʫʙʢʠʥʘè) ʫʯʝʙʥʳʡ ʢʫʨʩ ʜʣʷ ʩʪʫʜʝʥʪʦʚ 3-4 ʢʫʨʩʘ çɻʝʦʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʤʦʥʠʪʦʨʠʥʛ ʧʦʣʠʛʦʥʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚè, ʚʳʧʦʣʥʝʥʘ ʫʯʝʙʥʘʷ 

ʧʨʘʢʪʠʢʘ ʩʪʫʜʝʥʪʦʚ (2014-2015 ʛʛ.). 

ʆʪʜʝʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʚ 5 ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ (ʅʀʈ) ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ 

(ʅʀʆʂʈ) ʨʘʙʦʪʘʭ [84], [85], [86], [87], [88]. 

ɿʘ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʟʳʩʢʘʥʠʡ ʨʘʙʦʪʘ ʙʳʣʘ 

ʧʨʝʟʝʥʪʦʚʘʥʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʛ. ʄʦʩʢʚʳ. ʇʨʦʚʝʜʝʥʳ ʦʙʟʦʨʥʳʝ 

ʫʨʦʢʠ ʠ ʤʘʩʪʝʨ-ʢʣʘʩʩʳ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʚ 

ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪʘʭ, ʢʦʪʦʨʳʝ 

ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚ ʰʢʦʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʦʣʠʤʧʠʘʜʘʭ ʠ ʢʦʥʢʫʨʩʘʭ, ʪʘʢʠʭ ʢʘʢ 

çʊʝʭʥʦʣʦʛʠʠ ʠ ʢʦʩʤʦʩè, çɻʘʛʘʨʠʥʩʢʠʝ ʯʪʝʥʠʷè ʠ ʜʨ. ʇʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʩʨʝʜʥʷʷ 

ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ (ɻɹʆʋ ʉʆʐ) ˉ 97 ʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 
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ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ (ɻɹʆʋ) ʛ. ʄʦʩʢʚʳ çʐʢʦʣʘ ˉ 439 çʀʥʪʝʣʣʝʢʪè ʚ 

ʨʘʤʢʘʭ ʩʦʟʜʘʥʥʦʛʦ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʣʫʙʘ çʂʦʩʤʠʯʝʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʜʦʟʦʨè. ɺ ɻɹʆʋ ʉʆʐ ˉ 97 ʧʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʘ ʘʢʪʦʤ ʚʥʝʜʨʝʥʠʷ, 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʦʜʦʣʞʘʝʪʩʷ. ʉʧʝʮʠʘʣʴʥʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʫʙʘ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ çʄʝʪʦʜʠʯʝʩʢʦʝ 

ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʚʳʷʚʣʝʥʠʶ ʠ ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʪʚʝʨʜʳʭ 

ʙʳʪʦʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ 

Google ʇʣʘʥʝʪʘ ɿʝʤʣʷè [81]. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ: ʄʠʥʠʩʪʝʨʩʪʚʦ ʵʢʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʄʠʥʵʢʦʣʦʛʠʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʤʘʨʪ 2016 ʛ.); ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʥʠʪʘʨʥʦʝ 

ʧʨʝʜʧʨʠʷʪʠʝ ʛ. ʄʦʩʢʚʳ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʡ ʮʝʥʪʨè 

ɼʝʧʘʨʪʘʤʝʥʪʘ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ɻʋʇ 

çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʡ ʮʝʥʪʨè, ʘʧʨʝʣʴ 2017 ʛ.). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʝʟʝʥʪʘʮʠʡ ʜʦʢʣʘʜʦʚ ʚ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʦʪʤʝʯʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʳ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʧʦʣʫʯʝʥʠʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠ ʠʭ ʦʙʨʘʙʦʪʢʝ, ʚ ʧʦʜʛʦʪʦʚʢʝ ʦʩʥʦʚʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʚʳʧʦʣʥʝʥʥʦʡ 

ʨʘʙʦʪʝ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʠ ʧʦʜʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʚ ʣʠʯʥʦʤ ʫʯʘʩʪʠʠ ʚ ʘʧʨʦʙʘʮʠʠ 

(ʫʯʘʩʪʠʝ ʚ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚʳʩʪʫʧʣʝʥʠʷ ʥʘ ʟʘʩʝʜʘʥʠʷʭ ʢʘʬʝʜʨʳ, 

ʨʘʟʨʘʙʦʪʢʘ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ), ʚʥʝʜʨʝʥʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʧʨʠʤʝʥʝʥʠʠ (ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ, ʧʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ 

ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʧʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪʘʭ) ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʠʥʜʝʢʩʦʚ 

ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚʳ ʧʦ ʜʘʥʥʳʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, 
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ʧʦʢʘʟʳʚʘʶʱʠʭ ʨʝʘʢʮʠʶ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʦʚ ʥʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ 

ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ (ʪʝʧʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʧʣʦʩʢʦʩʪʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʜʨ.) ʧʦ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ; ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ, ʚʳʜʝʣʝʥʠʷ ʆɿʆ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ 

ʢʦʩʤʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʥʠʟʢʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ; 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʆɿʆ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʤʫʣʴʪʠʤʝʜʠʘ; 

ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʆɿʆ, ʬʦʨʤʠʨʫʝʤʘʷ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʲʸʤʢʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘʟʝʤʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ; ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ 

3D-ʤʦʜʝʣʝʡ ʨʠʛʠʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʝʪʦʢ ʠʣʠ ʵʪʘʣʦʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ 

ʦʪʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʝʪʦʜʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʪʨʸʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ï ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢʪʦʚ, 

ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ, ʚʳʜʝʣʝʥʠʝ ʢʣʘʩʩʦʚ ʧʦʚʝʨʭʥʦʩʪʠ; 

2. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʣʦʱʘʜʴ, ʦʙʲʸʤ ʠ ʜʨ., ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʝʪʦʜʘʭ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ; 

3. ʄʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʚʘʣʦʢ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʥʘ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ. 
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ʈɸɿɼɽʃ 1. ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ 

ʆɹʒɽʂʊʆɺ ɿɸʍʆʈʆʅɽʅʀʗ ʊɺɽʈɼʓʍ ʂʆʄʄʋʅɸʃʔʅʓʍ ʀ 

ʇʈʆʄʓʐʃɽʅʅʓʍ ʆʊʍʆɼʆɺ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʜʘʥʳ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʆɿʆ ʠ ʤʝʪʦʜʘʭ ʠʭ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʚʳʷʚʣʝʥʠʷ, ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʆʇʉ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʥʘʫʯʥʘʷ ʟʘʜʘʯʘ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

1.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʲʝʢʪʘʭ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʠ ʤʝʪʦʜʘʭ ʠʭ 

ʤʦʥʠʪʦʨʠʥʛʘ 

ʊʝʨʤʠʥ çʦʙʲʝʢʪ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚè (ʆɿʆ) ʧʨʝʜʣʦʞʝʥ ʘʚʪʦʨʦʤ ʠ ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤ (ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪʝʥ, ʪ.ʢ. çʟʘʭʦʨʦʥʝʥʠʝè 

ï ʠʟʦʣʷʮʠʷ ʦʪʭʦʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; ʢʦʨʨʝʢʪʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ çʦʙʲʝʢʪ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚè). 

ʂ ʆɿʆ ʙʫʜʝʤ ʦʪʥʦʩʠʪʴ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʦʙʲʝʢʪʦʚ (ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʦʙʲʝʢʪʦʚ ʨʘʟʥʳʭ ʛʨʫʧʧ) [20], [33], [44]: 

1. ʇʦʣʠʛʦʥʳ ʊʂʆ (ʠ ʇʆ) ï ʪʝʨʨʠʪʦʨʠʠ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ 

ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ IV ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ ʠ 

ʥʝʪʦʢʩʠʯʥʳʭ ʦʪʭʦʜʦʚ (ʦʪʭʦʜʳ V ʢʣʘʩʩʘ) (ʨʠʩʫʥʦʢ 1ʘ, ʧʦʣʠʛʦʥ ʊʂʆ ʊʠʤʦʭʦʚʦ, ʜʝʨ. 

ʊʠʤʦʭʦʚʦ, ʅʦʛʠʥʩʢʠʡ ʨʘʡʦʥ); 

2. ʄʫʥʠʮʠʧʘʣʴʥʳʝ ʛʦʨʦʜʩʢʠʝ ʩʚʘʣʢʠ (ʄɻʉ) ï ʢʨʫʧʥʳʝ ʩʚʘʣʢʠ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʢʦʤʤʫʥʘʣʴʥʳʤʠ ʩʣʫʞʙʘʤʠ ʛʦʨʦʜʦʚ ʠ 

ʨʘʡʦʥʦʚ, ʥʦ ʙʝʟ ʣʠʮʝʥʟʠʠ ʥʘ ʧʨʘʚʦ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʣʠʙʦ ʩ ʥʘʨʫʰʝʥʠʷʤʠ 

ʫʩʣʦʚʠʡ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1ʙ, ʄɻʉ ɹʘʣʣʘʩʪʥʳʡ ʢʘʨʴʝʨ, ʧʦʩ. ɹʘʣʣʘʩʪʥʳʡ 

ʢʘʨʴʝʨ, ʃʶʙʝʨʝʮʢʠʡ ʨʘʡʦʥ); 

3. ʊʝʨʨʠʢʦʥʳ ï ʦʪʚʘʣʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʘʩʳʧʠ ʠʟ ʧʫʩʪʳʭ ʧʦʨʦʜ, ʠʟʚʣʝʯʸʥʥʳʭ 

ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʷ ʠ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

https://ru.wikipedia.org/wiki/%D0%9E%D1%82%D0%B2%D0%B0%D0%BB_(%D0%B3%D0%BE%D1%80%D0%BD%D0%BE-%D1%80%D1%83%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C)
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D1%8B%D0%BF%D1%8C
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BE%D0%BB%D1%8C


16 

 

ʥʘʩʳʧʠ ʠʟ ʦʪʭʦʜʦʚ ʠʣʠ ʰʣʘʢʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʩʞʠʛʘʥʠʷ ʪʚʸʨʜʦʛʦ 

ʪʦʧʣʠʚʘ (ʨʠʩʫʥʦʢ 1ʚ, ʪʝʨʨʠʢʦʥ ɹʝʣʘʷ ɻʦʨʘ, ʛ. ɺʦʩʢʨʝʩʝʥʩʢ, ɺʦʩʢʨʝʩʝʥʩʢʠʡ ʨʘʡʦʥ); 

4. ʅʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʚʘʣʢʠ ï ʩʢʦʧʣʝʥʠʷ ʦʪʭʦʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 0.2-0.5 

ʛʘ ʠ ʙʦʣʝʝ (ʨʠʩʫʥʦʢ 1ʛ, ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʩʚʘʣʢʘ, ʘʵʨʦʜʨʦʤ ɾʫʢʦʚʩʢʠʡ, 

ʈʘʤʝʥʩʢʠʡ ʨʘʡʦʥ); 

5. ʈʝʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʢʘʨʴʝʨʳ (ʢʘʢ ʆɿʆ) ï ʦʙʲʝʢʪʳ, ʚ ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥ ʟʘʢʨʳʪʳʡ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʨʴʝʨ ʧʨʠʨʦʜʥʳʭ ʧʦʨʦʜ (ʧʝʩʢʘ, 

ʛʣʠʥʳ, ʬʦʩʬʦʛʠʧʩʘ ʠ ʧʨ.) ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʧʦʣʥʝʥʠʷ ʧʫʩʪʦʪ ʦʪʭʦʜʘʤʠ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʨ ʧʦ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʦʙʲʝʢʪʘ (ʨʠʩʫʥʦʢ 1ʜ, 

   

(ʘ) (ʙ) (ʚ) 

  
 

(ʛ) (ʜ) (ʝ) 

   

(ʞ) (ʟ) (ʠ) 

ʈʠʩʫʥʦʢ 1 ï ʆɿʆ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ: ʘ) ʧʦʣʠʛʦʥ ʊʂʆ; ʙ) 

ʤʫʥʠʮʠʧʘʣʴʥʘʷ ʛʦʨʦʜʩʢʘʷ ʩʚʘʣʢʘ; ʚ) ʪʝʨʨʠʢʦʥ ɹʝʣʘʷ ɻʦʨʘ; ʛ) ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ 

ʩʚʘʣʢʘ; ʜ) ʨʝʢʫʣʴʪʠʚʠʨʫʝʤʳʡ ʢʘʨʴʝʨ; ʝ) ʨʝʢʫʣʴʪʠʚʠʨʫʝʤʳʡ ʧʦʣʠʛʦʥ; ʞ) ʟʘʭʣʘʤʣʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ; ʟ) ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʚʘʣʢʘ; ʠ) ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʚʘʣʢʘ [ʄʦʩʢʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google] 

https://ru.wikipedia.org/wiki/%D0%A8%D0%BB%D0%B0%D0%BA
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ʈʝʢʫʣʴʪʠʚʠʨʫʝʤʳʡ ʢʘʨʴʝʨ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʝʩʢʦʚ ɺʠʰʥʷʢʦʚʩʢʦʝ-3 ʫ ʧʣʘʪʬʦʨʤʳ ç33 

ʢʤè ʚ ʅʦʛʠʥʩʢʦʤ ʨʘʡʦʥʝ, ʜʝʨ. ɺʠʰʥʷʢʦʚʦ, ʅʦʛʠʥʩʢʠʡ ʨʘʡʦʥ); 

6. ʈʝʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʧʦʣʠʛʦʥʳ ï ʦʙʲʝʢʪʳ, ʚ ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʠʣʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥ ʟʘʢʨʳʪʳʡ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʠʛʦʥ ʊʂʆ ʠ ʇʆ ʩ ʮʝʣʴʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʮʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʨʠʩʫʥʦʢ 1ʝ, ʨʝʢʫʣʴʪʠʚʠʨʫʝʤʳʡ ʧʦʣʠʛʦʥ 

ʃʠʩʴʷ ɻʦʨʘ ʛ.ʦ. ɹʘʣʘʰʠʭʘ, ɹʘʣʘʰʠʭʠʥʩʢʠʡ ʨʘʡʦʥ); 

7. ɿʘʭʣʘʤʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ï ʘʤʦʨʬʥʳʝ, ʙʝʟ ʯʸʪʢʦ ʚʳʨʘʞʝʥʥʳʭ ʛʨʘʥʠʮ 

ʩʢʦʧʣʝʥʠʷ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ (ʨʠʩʫʥʦʢ 1ʞ, ʟʘʭʣʘʤʣʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʜʝʨ. ʊʝʤʥʠʢʦʚʦ, 

ɹʘʣʘʰʠʭʠʥʩʢʠʡ ʨʘʡʦʥ); 

8. ʊʠʧʦʚʳʝ ʩʚʘʣʢʠ ï ʩʚʘʣʢʠ, ʧʦ ʪʠʧʫ ʠ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʶ ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʚʠʜʫ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ (ʜʚʦʨʦʚʳʝ, 

ʦʙʱʝʧʠʪʦʚʳʝ, ʤʘʛʘʟʠʥʥʳʝ, ʨʳʥʦʯʥʳʝ ʠ ʜʨ.) (ʨʠʩʫʥʦʢ 1ʟ, ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʚʘʣʢʘ, ʤʢʨ. 

ʇʘʚʣʠʥʦ, ɹʘʣʘʰʠʭʠʥʩʢʠʡ ʨʘʡʦʥ); 

9. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʚʘʣʢʠ ï ʩʚʘʣʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʵʪʠʭ ʞʝ ʧʨʝʜʧʨʠʷʪʠʡ ʠʣʠ ʚ ʛʨʘʥʠʮʘʭ ʠʭ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ 

(ʨʠʩʫʥʦʢ 1ʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʚʘʣʢʘ, ɺʦʩʢʨʝʩʝʥʩʢʠʡ ʜʦʤʦʩʪʨʦʠʪʝʣʴʥʳʡ 

ʢʦʤʙʠʥʘʪ, ɺʦʩʢʨʝʩʝʥʩʢʠʡ ʨʘʡʦʥ). 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ [6] ʆɿʆ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.  

ʂ ʤʝʪʦʜʘʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʥʦʩʷʪʩʷ ʥʘʟʝʤʥʳʝ, ʚʦʟʜʫʰʥʳʝ 

(ʘʵʨʦʣʦʛʠʯʝʩʢʠʝ), ʢʦʩʤʠʯʝʩʢʠʝ ʠ ʩʤʝʰʘʥʥʳʝ (ʚʝʨʠʬʠʢʘʮʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ ʦʜʥʠʭ 

ʜʨʫʛʠʤʠ). ʅʘʟʝʤʥʳʝ ʤʝʪʦʜʳ ʜʝʣʷʪʩʷ ʥʘ ʧʦʣʝʚʳʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ (ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ, ʪʠʪʨʦʤʝʪʨʠʯʝʩʢʠʝ, ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʳ, 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ, ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʠ ʜʨ.) ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ (ʙʠʦʠʥʜʠʢʘʮʠʷ, 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʜʨ.). 
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ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʘʟʝʤʥʳʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʝʚʳʭ ʤʝʪʦʜʦʚ ʧʨʦʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: ʟʘʙʦʨ 

ʧʨʦʙ ʚʝʱʝʩʪʚʘ; ʧʨʦʚʝʜʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ; ʚʠʟʫʘʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ; ʠʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ, 

ʚʦʜʝ ʠ ʧʦʯʚʝ ʠ ʜʨ. [127] 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʘʥʘʣʠʟ ʚʟʷʪʳʭ ʧʨʦʙ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ). ʇʦ ʩʫʪʠ, ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʆɿʆ. 

ɺʦʟʜʫʰʥʳʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ï ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʆɿʆ ʧʦ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʤ, ʧʦʣʫʯʘʝʤʳʤ ʩ ʧʦʤʦʱʴʶ ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʨʘʜʠʦʤʝʪʨʳ, ʨʘʜʘʨʳ, ʘʥʘʣʠʟʘʪʦʨʳ, ʪʝʧʣʦʚʠʟʦʨʳ ʠ ʜʨ.), ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ 

ʚʦʟʜʫʰʥʦʤ ʩʨʝʜʩʪʚʝ (ʘʵʨʦʧʣʘʥʳ, ʚʝʨʪʦʣʝʪʳ, ʩʘʤʦʣʝʪʳ, ʚʦʟʜʫʰʥʳʝ ʟʦʥʜʳ ʠ ʜʨ.). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʆɿʆ ʥʝʦʙʭʦʜʠʤʦ 

ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʧʨʠʙʦʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ; ʧʝʨʝʥʦʩʥʦʝ 

ʠ ʧʦʨʪʘʪʠʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʙ ʧʦʯʚ, ʚʦʟʜʫʭʘ ʠ 

ʚʦʜʳ ʥʘ ʤʝʩʪʝ ʠʟʤʝʨʝʥʠʡ; ʧʝʨʝʜʚʠʞʥʳʝ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

 

ʈʠʩʫʥʦʢ 2 ï ʆʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ 



19 

 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʦʣʴʬʘʢʪʦʤʝʪʨʳ, ʭʨʦʤʘʪʦʛʨʘʬʳ, ʩʠʩʪʝʤʳ 

ʢʘʣʠʙʨʦʚʢʠ, ʩʧʝʢʪʨʦʤʝʪʨʳ, ʘʥʘʣʠʟʘʪʦʨʳ ʟʘʧʘʭʦʚ, ʛʘʟʘ ʠ ʜʨ.). 

ɺʦʟʜʫʰʥʳʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʦʭʚʘʪʫ ʪʝʨʨʠʪʦʨʠʡ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʚʦʜʠʤʳʭ ʨʘʙʦʪ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ɼɿɿ ʠʟ ʢʦʩʤʦʩʘ, ʪ.ʢ. ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘʠʤʝʥʝʝ 

ʟʘʪʨʘʪʥʳʝ. 

ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʢʦʩʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʥʦʩʷʪʩʷ: 

ʙʦʣʝʝ ʥʠʟʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʢʠ ʚ 

ʫʩʣʦʚʠʷʭ ʦʙʣʘʯʥʦʩʪʠ (ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ 

ʘʧʧʘʨʘʪʳ), ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʯʚʳ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʆɿʆ. 

1.2. ʄʝʪʦʜʳ ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ 

ɼʘʜʠʤ ʦʙʱʝʝ ʦʧʠʩʘʥʠʝ ʥʘʟʝʤʥʳʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʚʝʱʝʩʪʚ, ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1], 

[51], [58], [59], [160]. 

1. ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ï ʘʥʘʣʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʜʘ. ʆʥʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʨʷʤʫʶ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʶ (ʠʦʥʦʤʝʪʨʠʶ) ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ. ɺ ʠʦʥʦʤʝʪʨʠʠ 

ʚʥʘʯʘʣʝ ʧʦ ʩʝʨʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʪʨʦʷʪ ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʢʨʠʚʫʶ ʠʣʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʩʪʨʘʠʚʘʶʪ ʧʨʠʙʦʨ (ʥʘʧʨʠʤʝʨ, pH-ʤʝʪʦʜ), ʘ ʟʘʪʝʤ ʧʦ ʕɼʉ 

(ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ) ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʩ ʘʥʘʣʠʟʠʨʫʝʤʳʤ 

ʨʘʩʪʚʦʨʦʤ ʥʘʭʦʜʷʪ ʘʢʪʠʚʥʦʩʪʴ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ï ʣʶʙʳʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʢʨʘʪʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʢ 

ʘʥʘʣʠʟʠʨʫʝʤʦʤʫ ʨʘʩʪʚʦʨʫ ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʨʘʩʪʚʦʨʘ), ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʵʪʦʤ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʠʣʠ ʥʝʪ (ʤʝʪʦʜʳ ʜʦʙʘʚʦʢ). 
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ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʤʝʪʦʜ ʧʨʷʤʦʡ ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ pH-

ʨʘʩʪʚʦʨʘ. ɼʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ 

ʪʠʪʨʦʚʘʥʠʝ [65], [66]; 

2. ʊʠʪʨʠʤʝʪʨʠʯʝʩʢʠʝ ï ʦʮʝʥʢʘ ʦʙʲʝʤʘ ʚʝʱʝʩʪʚʘ ʠ ʨʝʘʛʝʥʪʘ ʚ ʠʩʧʳʪʫʝʤʦʡ 

ʧʨʦʙʝ. ʕʪʦ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʧʫʪʝʤ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʦʚ ʚʝʱʝʩʪʚ, ʚʩʪʫʧʘʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʨʝʘʢʮʠʶ. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʦʥʷʪʠʠ ʪʠʪʨʘ ï ʢʦʣʠʯʝʩʪʚʘ ʛʨʘʤʤ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ 1 ʤʣ. ʨʘʩʪʚʦʨʘ, ʠʣʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʚʝʱʝʩʪʚʫ. ʈʝʘʢʮʠʷ ʪʠʪʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ; ʨʝʘʢʮʠʷ ʜʦʣʞʥʘ ʧʨʦʪʝʢʘʪʴ ʜʦ 

ʢʦʥʮʘ; ʨʝʘʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʩʦʢʦ ʩʪʝʭʠʦʤʝʪʨʠʯʥʦʡ; ʠʤʝʪʴ ʫʜʦʙʥʳʡ ʤʝʪʦʜ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʢʦʥʮʘ ʨʝʘʢʮʠʠ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ï ʥʝ 

ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʪʚʦʨ ʪʦʯʥʦ ʠʟʚʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʬʠʢʩʘʥʘʣ), ʥʦ ʠ 

ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʢʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ [58]; 

3. ʕʢʩʧʨʝʩʩ-ʤʝʪʦʜʳ ï ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʶ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʙʳʩʪʨʦ ʫʩʪʘʥʦʚʠʪʴ 

ʵʢʩʧʨʝʩʩʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʠʥʜʠʢʘʪʦʨʥʳʭ ʪʨʫʙʦʢ. ʆʩʥʦʚʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ: ʙʳʩʪʨʦʪʘ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠ 

ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʦʪʙʦʨʘ ʧʨʦʙʳ ʚʦʟʜʫʭʘ; ʧʨʦʩʪʦʪʘ 

ʤʝʪʦʜʘ ʠ ʘʧʧʘʨʘʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʣʠʮʘʤ, ʥʝ ʠʤʝʶʱʠʤ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ; ʤʘʣʘʷ ʤʘʩʩʘ, ʢʦʤʧʣʝʢʪʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʘʧʧʘʨʘʪʫʨʳ; ʜʦʩʪʘʪʦʯʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ; ʥʝ ʪʨʝʙʫʶʪʩʷ 

ʨʝʛʫʣʠʨʦʚʢʘ ʠ ʥʘʩʪʨʦʡʢʘ ʘʧʧʘʨʘʪʫʨʳ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʘʥʘʣʠʟʦʚ; ʥʝ ʪʨʝʙʫʶʪʩʷ 

ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ [114]; 

4. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ï ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʠ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʠʩʧʳʪʫʝʤʦʡ ʧʨʦʙʝ. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʩʩʳ ʠ 

ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʵʣʝʤʝʥʪʘ, ʠʦʥʘ ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʠʩʧʳʪʫʝʤʦʡ ʧʨʦʙʝ. ɻʨʘʚʠʤʝʪʨʠʷ (ʚʝʩʦʚʦʡ ʘʥʘʣʠʟ) ï ʤʝʪʦʜ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʥʝʥʠʠ 
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ʤʘʩʩʳ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʚʳʜʝʣʝʥʥʦʡ ʚ ʚʠʜʝ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʪʠʧʘ: aX + bR = XaRb ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʩʘʜʢʘ XaRb. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʝʩʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ ʠʣʠ ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ (ʵʣʝʤʝʥʪ, ʠʦʥ) ʚʝʱʝʩʪʚʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʩʚʷʟʳʚʘʶʪ ʚ ʪʘʢʦʝ ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʚ ʚʠʜʝ ʢʦʪʦʨʦʛʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʜʝʣʝʥʘ ʠ ʚʟʚʝʰʝʥʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ, ʨʘʥʝʝ ʦʥʘ 

ʠʤʝʥʦʚʘʣʘʩʴ çʚʝʩʦʚʘʷ ʬʦʨʤʘè). ʉʦʩʪʘʚ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʸʥʥʳʤ, ʪʦ ʝʩʪʴ ʪʦʯʥʦ ʚʳʨʘʞʘʪʴʩʷ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ, ʠ ʦʥʦ ʥʝ ʜʦʣʞʥʦ 

ʩʦʜʝʨʞʘʪʴ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ [64]; 

5. ʂʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ï ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪ ʧʦ 

ʠʟʤʝʥʝʥʠʷʤ ʦʪʪʝʥʢʦʚ ʮʚʝʪʘ. ʄʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʨʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʘʭʘʨʦʚ ʩ ʭʠʤʠʯʝʩʢʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ. ʕʪʠ ʤʝʪʦʜʳ ʧʨʠʛʦʜʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʣʳʭ ʩʦʜʝʨʞʘʥʠʡ ʩʘʭʘʨʦʚ (ʚ 

ʙʨʘʞʢʝ, ʩʫʩʣʝ, ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʩʘʭʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ). ʂʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʪʨʦʥʦʚʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚ ʪʝʯʝʥʠʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʠʪʴ 

ʦʙʱʫʶ ʩʫʤʤʫ ʩʙʨʘʞʠʚʘʝʤʳʭ ʫʛʣʝʚʦʜʦʚ (ʛʝʢʩʦʟ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʩʙʨʘʞʠʚʘʝʤʳʭ 

(ʧʝʥʪʦʟ), ʥʝ ʪʨʝʙʫʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʫʛʣʝʚʦʜʦʚ [56]; 

6. ɹʠʦʠʥʜʠʢʘʮʠʷ ï ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʫʜʠʪʩʷ ʧʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʦʚ-ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ. ɹʠʦʠʥʜʠʢʘʪʦʨʳ ï ʦʨʛʘʥʠʟʤʳ, 

ʧʨʠʩʫʪʩʪʚʠʝ, ʢʦʣʠʯʝʩʪʚʦ ʠʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʳʭ ʩʣʫʞʘʪ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʩʣʦʚʠʡ ʠʣʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ. 

ʋʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ, ʥʘʟʳʚʘʶʪʩʷ ʦʙʲʝʢʪʘʤʠ 

ʙʠʦʠʥʜʠʢʘʮʠʠ. ʀʤʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʠʧʳ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʧʦʯʚʘ, ʚʦʜʘ, ʚʦʟʜʫʭ), ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʦʙʲʝʢʪʦʚ (ʤʝʭʘʥʠʯʝʩʢʠʡ, 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʜʨ.) ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ (ʵʨʦʟʠʷ, ʜʝʬʣʷʮʠʷ, ʟʘʙʦʣʘʯʠʚʘʥʠʝ ʠ ʪ.ʧ.), ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʯʝʣʦʚʝʢʘ. 

ʆʩʥʦʚʥʳʤ ʙʠʦʠʥʜʠʢʘʪʦʨʦʤ ʩʚʘʣʦʢ ʷʚʣʷʶʪʩʷ ʜʦʞʜʝʚʳʝ ʯʝʨʚʠ. ʀʭ ʧʘʨʘʤʝʪʨʳ 

ʧʦʧʫʣʷʮʠʠ (ʯʠʩʣʝʥʥʦʩʪʴ ʦʩʦʙʝʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʪʘʙʦʣʠʟʤʘ, ʩʪʝʧʝʥʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʚʥʝʰʥʠʭ ʧʦʢʨʦʚʦʚ, ʩʪʝʧʝʥʴ ʚʳʞʠʚʘʥʠʷ ʠ ʜʨ.) ʚ ʧʨʦʙʘʭ ʩʚʘʣʦʯʥʦʛʦ 
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ʛʨʫʥʪʘ (ʵʜʘʧʦʬʦʧʘ) ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʠʛʦʥʦʚ ʊʂʆ, 

ʥʘʧʨʠʤʝʨ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʥʘʩʳʧʥʳʭ ʩʤʝʩʝʡ, ʥʘʢʦʧʣʝʥʠʝ 

ʬʠʣʴʪʨʘʪʘ, ʭʘʦʪʠʯʝʩʢʦʝ ʦʪʚʝʜʝʥʠʝ ʠ ʜʨ. [80]; 

7. ɹʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ï ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ 

ʧʦʤʦʱʴʶ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ ʠʤʝʥʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʷʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʪʝʩʪ-ʦʙʲʝʢʪʦʚ) ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʦʢʩʠʯʝʩʢʠʭ) ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʦʨʛʘʥʠʟʤ, 

ʝʛʦ ʦʪʜʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʠʣʠ ʩʠʩʪʝʤʫ ʦʨʛʘʥʠʟʤʦʚ [47], [105]. 

ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ 

ʧʦʠʩʢʦʚʳʝ ʩʠʩʪʝʤʳ [68], [164] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ~50 ʪʳʩ. ʟʘʨʫʙʝʞʥʳʭ (ʚ ʦʩʥʦʚʥʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʇʦʣʴʰʝʡ, ʂʠʪʘʝʤ, ʗʧʦʥʠʝʡ, ʉʐɸ) ʠ ~20 ʪʳʩ. ʨʦʩʩʠʡʩʢʠʭ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʉʨʝʜʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ [7], [8], [52], [58], 

[73], [116], [130], [132], ʟʘʨʫʙʝʞʥʳʭ ï [135], [137], [138], [144], [153], [154], [155], 

[158], [161], [166]. 

ʈʘʙʦʪʳ ʟʘʪʨʘʛʠʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʤʳ: 

1. ʄʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʠ ʇʆ; 

2. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʜʠʥʘʤʠʢʘ ʚʝʱʝʩʪʚʘ ʥʘ ʩʚʘʣʢʘʭ ʠ ʧʦʣʠʛʦʥʘʭ; 

3. ɺʣʠʷʥʠʝ ʩʚʘʣʦʢ ʠ ʧʦʣʠʛʦʥʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʝʪʦʜʘʤʠ 

ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʧʦʣʠʛʦʥʦʚ ʠ ʤʫʩʦʨʥʳʭ ʩʚʘʣʦʢ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʢʘʯʝʩʪʚʦ ʚʦʜʳ, ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ ʇʫʪʠʣʠʥʦʡ ɺ.ʉ. [83] ʧʨʠʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʆɿʆ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʤʥʦʛʦʣʝʪʥʠʭ ʠ ʪʨʫʜʦʝʤʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʤʫʩʦʨʥʳʭ ʩʚʘʣʦʢ ʠ ʧʦʣʠʛʦʥʦʚ ʊʂʆ. ʅʘ ʙʘʟʝ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʦʙʦʙʱʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʠʧʦʚ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʦʙʱʠʝ ʟʘʢʦʥʳ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʘ ʩʚʘʣʢʘʭ ʠ ʤʠʛʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʪʝʣʝ ʩʚʘʣʦʢ ʠ ʟʘ ʝʛʦ ʧʨʝʜʝʣʘʤʠ. ɹʘʟʘ ʭʠʤʠʯʝʩʢʠʭ 
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ʜʘʥʥʳʭ, çʜʦʙʳʪʘʷè ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʙʝʩʮʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʚʳʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ [39], [133], ʚʳʷʚʣʷʪʴ 

ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʩʚʘʣʦʢ ʠ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʯʠʥʳ ʦʧʘʩʥʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʩʚʘʣʢʠ ʚ ʙʫʜʫʱʝʤ ʠ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʞʠʪʝʣʝʡ ʧʦʩʝʣʝʥʠʡ. ɺ ʨʘʙʦʪʝ 

ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʘʥʘʣʠʟ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʆɿʆ, ʦʙʱʘʷ ʩʭʝʤʘ ʜʝʛʨʘʜʘʮʠʠ ʦʪʭʦʜʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʬʠʣʴʪʨʘʪʘ ʠ ʤʠʛʨʘʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʘʣʦʯʥʦʛʦ ʛʘʟʘ ʠ ʝʛʦ 

ʠʥʬʠʣʴʪʨʘʮʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʫʤʫʩʘ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʤʠʢʨʦʙʠʘʣʴʥʘʷ ʬʝʨʤʝʥʪʘʮʠʷ ʠ ʪʨʦʬʠʯʝʩʢʠʝ ʛʨʫʧʧʳ. 

ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʙʟʦʨʝ [83] ʙʳʣʠ ʦʩʚʝʱʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

1. ʉʦʩʪʘʚ ʩʚʘʣʦʢ. ʇʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʚʘʣʦʢ ʠ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʙʳʣ ʧʦʣʫʯʝʥ ʦʙʱʠʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʬʨʘʢʮʠʡ ʦʪʭʦʜʦʚ (ʧʠʱʝʚʳʝ, ʙʫʤʘʛʘ, ʤʝʪʘʣʣ, ʜʨʝʚʝʩʠʥʘ ʠ ʪ.ʜ.) 

ʩʚʘʣʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʨʦʚʝʜʝʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʙ ʛʘʟʘ, ʞʠʜʢʦʩʪʠ ʠ ʧʦʯʚʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʚʘʣʢʠ 

ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʤʝʪʦʜʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʩʚʘʣʦʯʥʦʛʦ ʛʘʟʘ, ʩʪʦʢʦʚ ʠ ʛʨʫʥʪʘ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʘʷ ʬʨʘʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʙʝʣʢʦʚ, ʞʠʨʦʚ ʠ ʫʛʣʝʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚ ʞʠʜʢʦʤ, ʪʚʝʨʜʦʤ ʠ ʛʘʟʦʦʙʨʘʟʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ɺ ʩʦʩʪʘʚ ʙʳʪʦʚʳʭ ʩʪʦʢʦʚ ʚʭʦʜʠʪ ~6% ʛʝʤʠʮʝʣʣʶʣʦʟ, ~34% ʮʝʣʣʶʣʦʟʳ 

(ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʫʛʣʝʚʦʜʦʚ), ~14% ʣʠʧʠʜʦʚ ʠ ~19% ʧʨʦʪʝʠʥʦʚ. ɺ ʩʦʩʪʘʚʝ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ~59% ʮʝʣʣʶʣʦʟʳ, ʩʘʭʘʨʘ ʠ ʢʨʘʭʤʘʣʘ, ~6% ʣʠʧʠʜʦʚ ʠ ~3% 

ʧʨʦʪʝʠʥʦʚ. ɺ ʩʦʩʪʘʚʝ ʩʚʘʣʦʯʥʦʛʦ ʛʘʟʘ ~47% ʤʝʪʘʥʘ, ~47% ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ, ~4% 

ʘʟʦʪʘ ʠ ~1% ʢʠʩʣʦʨʦʜʘ.  

2. ʆʙʱʘʷ ʩʭʝʤʘ ʜʝʛʨʘʜʘʮʠʠ ʦʪʭʦʜʦʚ. ʅʘ ʙʘʟʝ ʤʥʦʛʦʣʝʪʥʠʭ ʧʦʣʝʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʥʦʞʝʩʪʚʘ ʩʚʘʣʦʢ ʠ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʚ ʵʚʦʣʶʮʠʠ ʩʚʘʣʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʘʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʜʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʚʝʱʝʩʪʚ ʢ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ. ʆʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʚʦʟʤʦʞʝʥ ʦʪʯʘʩʪʠ, ʧʨʦʪʝʢʘʷ ʧʦ ʥʦʚʳʤ ʠ 
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ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʨʝʘʢʮʠʷʤ ʠ ʧʦʨʦʞʜʘʷ ʙʦʣʝʝ ʦʧʘʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʯʝʤ ʙʦʣʝʝ 

ʨʘʥʥʠʝ ʚʝʱʝʩʪʚʘ ʥʘ ʦʩʠ ʵʚʦʣʶʮʠʠ. ʈʘʟʥʳʝ ʢʣʘʩʩʳ ʚʝʱʝʩʪʚ ʜʝʛʨʘʜʠʨʫʶʪ ʧʦ ʩʚʦʝʡ 

ʩʭʝʤʝ. ʅʘʧʨʠʤʝʨ, ʙʝʣʢʠ ï ʜʦ ʘʤʠʥʦʢʠʩʣʦʪ, ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʳʚʦʜʠʤʳʭ ʩ ʙʠʦʛʘʟʦʤ, ʠ ʞʠʜʢʦʩʪʠ, 

ʚʳʚʦʜʠʤʦʡ ʩ ʬʠʣʴʪʨʘʪʦʤ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʝʦʙʭʦʜʠʤʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʚʣʘʞʥʦʩʪʥʳʝ ʫʩʣʦʚʠʷ. ɺ ʮʝʣʦʤ, 

ʧʨʦʮʝʩʩ ʜʝʛʨʘʜʘʮʠʠ ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʬʘʟʳ: ʘʵʨʦʙʥʘʷ, ʘʥʘʵʨʦʙʥʘʷ (ʩʪʘʜʠʠ 

ʘʮʝʪʦʛʝʥʝʟʘ, ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʥʦʛʝʥʝʟʘ, ʩʪʘʙʠʣʴʥʦʛʦ ʤʝʪʘʥʦʛʝʥʝʟʘ), ʛʫʤʠʬʠʢʘʮʠʷ. 

ʂʘʞʜʘʷ ʩʪʘʜʠʷ, ʬʘʟʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʦʢ ʧʨʦʪʝʢʘʥʠʷ, ʥʘʠʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ï ʛʫʤʠʬʠʢʘʮʠʷ, ʥʘʠʤʝʥʝʝ ï ʘʵʨʦʙʥʘʷ ʬʘʟʘ. ʊ.ʦ. ʩʥʘʯʘʣʘ ʧʨʦʮʝʩʩʳ 

ʧʨʦʪʝʢʘʶʪ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ, ʘ ʧʦ ʤʝʨʝ ʝʛʦ ʨʘʩʭʦʜʦʚʘʥʠʷ ʥʘʯʠʥʘʶʪ 

ʧʨʝʦʙʣʘʜʘʪʴ ʩʫʣʴʬʘʪʳ, ʥʠʪʨʘʪʳ, ʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ. 

ɼʣʷ ʤʥʦʛʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, 

ʤʝʪʘʙʦʣʠʟʤ ʟʘʪʨʫʜʥʝʥ, ʜʣʷ ʦʪʭʦʜʦʚ ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʷʥʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ), ʧʝʩʪʠʮʠʜʳ, ʩʪʠʨʦʣʳ ʠ ʜʨʫʛʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʢʩʝʥʦʙʠʦʪʠʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʝʪʘʙʦʣʠʟʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʩʢʦʨʦʩʪʠ 

ʵʚʦʣʶʮʠʠ ʩʚʘʣʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʟʷʪʴ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʣʶʣʦʟʳ 

(ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʜʝʛʨʘʜʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ) ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʝʤʠʮʝʣʣʶʣʦʟ 

(ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʦ ʜʝʛʨʘʜʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ). ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ ʥʘʯʘʣʘ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʩʪʘʜʠʠ ʚʳʙʨʘʥʳ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʥʘʯʘʣʘ ʬʘʟʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʘ ʥʝʦʙʭʦʜʠʤʳ ʟʥʘʯʝʥʠʷ ʱʝʣʦʯʥʦʩʪʠ ï 2 ʛ/ʣ, ʦʪʥʦʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ CaCO3 <0.8. 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʘʪʘ ʠ ʤʠʛʨʘʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʬʠʣʴʪʨʘʪʘ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʦʪʭʦʜʦʚ, ʧʨʠʨʦʜʳ ʧʦʩʪʫʧʘʶʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʦʟʨʘʩʪʘ ʩʚʘʣʢʠ. ɺ ʩʚʘʣʦʯʥʳʭ ʩʪʦʢʘʭ ʩʦʜʝʨʞʠʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʦ, ʢʘʜʤʠʡ, ʤʝʜʴ, ʩʚʠʥʝʮ, 

ʨʪʫʪʴ ʠ ʜʨ., ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʪʝʥʜʝʥʮʠʦʟʥʦ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʈʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʥʦʩʘ ʜʣʷ 
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ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʫ N, ʤʠʥʠʤʘʣʴʥʳʡ ʫ Cd. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʥʝʤʝʪʘʣʣʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʆʜʠʥ ʠʟ ʥʠʭ 

ʩʦʩʪʦʷʣ ʚ ʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʜʚʫʭ ʬʠʣʴʪʨʘʪʦʚ ʧʨʠ ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʷʭ ʟʘʭʦʨʦʥʝʥʠʷ: 

1) ʚʦʟʨʘʩʪ 9 ʣʝʪ, ʦʪʭʦʜʳ ʝʞʝʜʥʝʚʥʦ ʫʪʨʘʤʙʦʚʳʚʘʣʠ ʠ ʟʘʩʳʧʘʣʠ ʧʝʩʢʦʤ; 2) ʚʦʟʨʘʩʪ 

2 ʛʦʜʘ, ʦʪʭʦʜʳ ʥʝ ʫʪʨʘʤʙʦʚʳʚʘʣʠ ʠ ʧʦʢʨʳʚʘʣʠ ʧʝʩʢʦʤ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʣʝʪʫʯʠʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʥʝʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʥʘʦʙʦʨʦʪ. ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʤʠʛʨʠʨʫʶʱʝʝ 

ʩ ʬʠʣʴʪʨʘʪʦʤ, ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʘʜʩʦʨʙʮʠʶ ʧʦʯʚʦʡ ʠ ʧʦʨʦʜʘʤʠ ʠ ʩʧʦʩʦʙʥʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʯʚʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʚʦʛʦ ʪʠʧʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʘʜʩʦʨʙʮʠʶ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [83].  

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʚʘʣʦʯʥʦʛʦ ʛʘʟʘ ʠ ʝʛʦ ʠʥʬʠʣʴʪʨʘʮʠʷ. ʉʚʘʣʦʯʥʳʡ ʛʘʟ ʠʤʝʝʪ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ ʩʪʘʜʠʠ 

ʩʪʘʙʠʣʴʥʦʛʦ ʤʝʪʘʥʦʛʝʥʝʟʘ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 70%. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʘ 

ʠ ʢʦʤʧʦʥʝʥʪ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʠ ʩ ʝʸ ʨʦʩʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʥʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʚʣʘʞʥʦʩʪʠ 25%, ʘ ʧʨʠ 60% ʚʦʟʨʘʩʪʘʝʪ ʚ 100 

ʨʘʟ. ʅʘ ʧʨʠʤʝʨʝ ʧʦʣʠʛʦʥʘ ʊʂʆ ʉʦʬʨʦʥʳ (ʇʝʨʤʴ) ʚ ʩʦʩʪʘʚʝ ʛʘʟʘ ʚ ʥʝʙʦʣʴʰʠʭ ʜʦʣʷʭ 

ʥʘʡʜʝʥʳ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʙʝʥʟʦʣ, ʛʝʧʪʘʥ, ʥʦʥʘʥ ʠ ʜʨ.), ʩʣʝʜʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 

(ʘʮʝʪʘʣʴʜʝʛʠʜʘ, ʘʮʝʪʦʥʘ, ʵʪʠʣʤʝʨʢʘʧʪʦʥʘ, ʘʨʛʦʥʘ ʠ ʜʨ.), ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ 

(ʪʦʣʫʦʣ, ʢʩʠʣʦʣʳ, ʧʨʦʧʠʣʙʝʥʟʦʣʳ, ʚʠʥʠʣʭʣʦʨʠʜ, ʪʝʪʨʘʭʣʦʨʵʪʠʣʝʥ, ʤʝʪʘʥʦʣ ʠ ʜʨ.). 

ɺ ʧʨʦʮʝʩʩʝ ʚʟʷʪʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʦʙ ʚʦʟʜʫʭʘ ʦʙʥʘʨʫʞʝʥʘ ʦʜʥʘ ʠʟ ʪʝʥʜʝʥʮʠʡ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ: ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʥʘ. ʇʦʩʪʫʧʘʶʱʠʡ ʠʟ ʘʥʘʵʨʦʙʥʦʡ ʟʦʥʳ 

ʙʠʦʛʘʟ ʩʧʦʩʦʙʝʥ ʦʢʠʩʣʷʪʴʩʷ ʛʘʟʦʦʢʠʩʣʷʶʱʝʡ ʤʠʨʦʬʣʦʨʦʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʷʭ ʩʚʘʣʢʠ, ʬʦʨʤʠʨʫʷ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʙʠʦʬʠʣʴʪʨ ʥʘ ʧʫʪʠ ʚʳʭʦʜʘ ʤʝʪʘʥʘ ʠ ʜʨʫʛʠʭ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʅʘ ʛʣʫʙʠʥʘʭ ʜʦ 1 ʤ ʬʦʨʤʠʨʫʶʪʩʷ 

ʤʝʪʘʥʦʚʳʝ ʠ ʫʛʣʝʢʠʩʣʦʪʥʳʝ ʙʠʦʛʘʟʦʚʳʝ ʘʥʦʤʘʣʠʠ, ʘ ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ 

ʢʦʥʮʝʥʪʨʘʮʠʠ CH4 ʠ CO2 ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ. ʀʟʫʯʝʥʠʝ ʤʝʪʘʥʦʦʢʠʩʣʷʶʱʝʡ 
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ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʣʦʯʥʦʛʦ ʛʨʫʥʪʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ 

ʥʘ ʛʣʫʙʠʥʝ 40-60 ʩʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 0.2-0.4 ʤʤʦʣʴ CH4/ʛ ʚ ʩʫʪʢʠ ʧʨʠ t=25
oC. 

5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʫʤʫʩʘ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʩʦʩʪʘʚʝ ʩʚʘʣʢʠ ʦʩʪʘʝʪʩʷ ʪʚʝʨʜʘʷ ʬʘʟʘ, 

ʫʩʪʦʡʯʠʚʘʷ ʢ ʤʠʢʨʦʙʠʘʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚʦʟʤʦʞʥʳ, ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ 

ʩʫʙʩʪʨʘʪʥʳʭ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʈʝʘʢʮʠʠ, ʚ ʦʩʥʦʚʥʦʤ ʩ ʫʯʘʩʪʠʝʤ 

ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʣʠʛʥʠʥʘ, ʚʝʜʫʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʫʤʫʩʦʚʳʭ 

ʚʝʱʝʩʪʚ (ʪʚʝʨʜʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ). ɻʫʤʫʩʦʚʳʝ ʚʝʱʝʩʪʚʘ ï ʩʣʦʞʥʘʷ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʤʝʩʴ ʛʫʤʠʥʦʚʳʭ ʠ ʬʫʣʴʚʦʢʠʩʣʦʪ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ 

ʤʘʩʩʫ. ʆʩʦʙʝʥʥʦʩʪʴ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʚ ʦʩʥʦʚʥʦʤ ʩʘʣʠʮʠʣʦʚʘʷ, ʢʦʨʠʯʥʘʷ ʠ 

ʦʢʩʠʢʫʤʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʳ) ï ʩʢʣʦʥʥʦʩʪʴ ʢ ʘʩʩʦʮʠʘʮʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʘʣʠʚʘʪʴʩʷ 

ʠʟ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 1-1.5 ʛ/ʣ. ʆʩʦʙʝʥʥʦʩʪʴ ʬʫʣʴʚʦʢʠʩʣʦʪ ï ʚʳʩʦʢʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʥʠʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ. ʈʘʩʪʚʦʨʝʥʥʳʝ ʛʫʤʫʩʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʤʦʛʫʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ, ʢʨʝʤʥʠʷ ʠ ʞʝʣʝʟʘ 

ʧʦ ʤʝʭʘʥʠʟʤʘʤ ʬʠʟʠʯʝʩʢʦʛʦ, ʠʦʥʥʦʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɻʫʤʫʩʦʚʦʝ ʚʝʱʝʩʪʚʦ ʠʤʝʝʪ ʩʠʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ (ʙʝʥʟʦʡʥʦʡ, ʧʨʦʧʠʦʥʦʚʦʡ, ʱʘʚʝʣʴʥʦʡ, ʤʘʣʦʥʦʚʦʡ, ʬʪʘʣʝʚʦʡ, 

ʩʘʣʠʮʠʣʦʚʦʡ).  

6. ʄʠʢʨʦʙʠʘʣʴʥʘʷ ʬʝʨʤʝʥʪʘʮʠʷ ʠ ʪʨʦʬʠʯʝʩʢʠʝ ʛʨʫʧʧʳ. ɹʠʦʜʝʛʨʘʜʘʮʠʷ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʞʠʟʥʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʣʷ ʢʘʞʜʦʡ ʪʨʦʬʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʠʥʪʝʨʚʘʣ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʢʠʩʣʦʪʥʦʩʪʠ. ʂʘʪʘʣʠʟʘʪʦʨʘʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʶʪʩʷ ʬʝʨʤʝʥʪʳ (ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ). ɺ ʩʦʩʪʘʚʝ ʩʚʘʣʦʢ ʦʙʥʘʨʫʞʝʥʳ ʪʘʢʠʝ ʛʨʫʧʧʳ ʤʠʢʨʦʙʦʚ, ʢʘʢ 

ʮʝʣʣʶʣʦʣʠʪʠʢʠ, ʤʝʪʘʥʦʛʝʥʳ, ʘʮʝʪʦʛʝʥʳ, ʩʫʣʴʬʘʪʦʨʝʜʫʢʪʦʨʳ, ʵʥʟʠʤʳ ʠ ʜʨ. ʂʘʞʜʦʡ 

ʛʨʫʧʧʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʚʦʠ ʛʨʘʥʠʮʳ ʫʩʣʦʚʠʡ ʞʠʟʥʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʘ ʨʘʟʥʳʭ 
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ʩʪʘʜʠʷʭ ʵʚʦʣʶʮʠʠ ʩʚʘʣʢʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʘʟʣʠʯʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʘ ʩʪʘʜʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʤʝʪʘʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠʜʝʪ ʨʦʩʪ ʧʦʧʫʣʷʮʠʡ ʘʮʝʪʦʛʝʥʦʚ ʠ 

ʤʝʪʘʥʦʛʝʥʦʚ. ʂʘʞʜʘʷ ʛʨʫʧʧʘ, ʧʦʜʛʨʫʧʧʘ ʠʣʠ ʚʠʜ ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʦʠ ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʵʥʟʠʤʳ ï ʟʘ ʜʝʛʨʘʜʘʮʠʶ ʢʩʝʥʦʙʠʦʪʠʢʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 1) ʪʝʭʥʦʣʦʛʠʷ ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ ʧʨʦʨʘʙʦʪʘʥʘ ʥʘ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʠ ʜʝʡʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʛʜʝ 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʟʘʤʫʩʦʨʠʚʘʥʠʷ; 2) ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʩʫʱʝʩʪʚʫʝʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʤʫʩʦʨʥʳʭ ʩʚʘʣʦʢ ʠ ʧʦʣʠʛʦʥʦʚ; 3) ʨʦʩʩʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ (ʩʤ. [83]) ʧʨʦʚʝʜʝʥ 

ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʝʣʝ ʩʚʘʣʢʠ ʠ ʟʘ 

ʝʝ ʧʨʝʜʝʣʘʤʠ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʜʘʥʥʳʡ ʦʙʲʝʢʪ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʜʦ ʢʦʥʮʘ 

ʠʟʫʯʝʥʥʳʤ. 

ʄʦʥʠʪʦʨʠʥʛ ʩʚʘʣʦʢ ʧʨʦʚʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘʟʝʤʥʳʤʠ ʠʣʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. ʂʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ ʜʘʶʪ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ çʥʘ ʤʝʩʪʝè, ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʆɿʆ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʪʦʯʥʫʶ 

ʦʮʝʥʢʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʣʦʢ (ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ), 

ʚʣʠʷʥʠʷ ʩʚʘʣʦʢ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʄʥʦʛʠʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆɿʆ ʤʝʪʦʜʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʤʠʛʨʘʮʠʷ ʪʷʞʸʣʳʭ 

ʤʝʪʘʣʣʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʘʢʪʝʨʠʡ, ʩʪʝʧʝʥʴ ʛʫʤʠʬʠʢʘʮʠʠ ʠ ʪ.ʜ.) ʦʮʝʥʠʪʴ ʚʦʦʙʱʝ 

ʥʝʚʦʟʤʦʞʥʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʪʨʫʜʥʦ ʠʣʠ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʝʪ ʥʘʩʪʦʣʴʢʦ 

ʥʠʟʢʫʶ ʪʦʯʥʦʩʪʴ, ʯʪʦ ʦʥʘ ʥʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. 

1.3. ʄʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ 

ɺ ʮʝʣʦʤ, ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ (ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ) ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʨʨʠʪʦʨʠʡ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ.  ʉʠʩʪʝʤʥʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʯʘʣʘʩʴ ʪʦʣʴʢʦ ʚ 2007 ʛʦʜʫ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʩʝʛʦ 

ʥʝʩʢʦʣʴʢʦ ʦʨʛʘʥʠʟʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʵʪʘ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʪʦʡ ʨʘʙʦʪʝ. ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʩʪʨʘʥ, ʚ 

ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ, ʦʪʥʦʩʷʪʩʷ: 

1) ʋʢʨʘʠʥʘ (ɺ.ʉ. ɻʦʪʳʥʷʥ, ʄ.ɺ. ɸʨʠʩʪʦʚ, ʆ.ɺ. ʊʦʤʯʝʥʢʦ, ʃ.ʀ. ʄʠʢʦʣʝʥʢʦ, ʅʎ 

çʇʨʠʨʦʜʘè, ʢʦʤʧʘʥʠʷ çʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʛʝʦʛʨʘʬʠʠè) [4], [104]; 2) ʈʦʩʩʠʷ 

(ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ, ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ ʠ ʜʨ.) [2], [3], [8], [22], [28], [50], [60]; 3) 

ʗʧʦʥʠʷ (ʉ. ʆʰʠ, ʗ. ʗʮʫʦʢʘ, ʄ. ʊʘʤʫʨʘ) [147], [148], [165]. 

ʇʝʨʚʳʝ ʦʧʳʪʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʧʦʣʥʝʥʳ 

ʚ 2007 ʛ. ɺ ɻʅʇʎ çʇʨʠʨʦʜʘè ɺ.ʉ. ɻʦʪʳʥʷʥʦʤ, ʄ.ɺ. ɸʨʠʩʪʦʚʳʤ, ʆ.ɺ. ʊʦʤʯʝʥʢʦ ʠ 

ʃ.ʀ. ʄʠʢʦʣʝʥʢʦ. ʈʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʩʲʝʤʦʢ 1986-

1989 ʛʛ., ʧʦʣʫʯʝʥʥʳʭ ʩ ʘʧʧʘʨʘʪʦʚ çʈʝʩʫʨʩè, ʢʘʤʝʨʘ ʂʌɸ-1000, ʠʟ ʘʨʭʠʚʦʚ ʮʝʥʪʨʘ 

çʇʨʠʨʦʜʘè, ʘ ʪʘʢʞʝ ʩʥʠʤʢʦʚ QuickBird ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʠʝʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʄ.ɺ. 

ɸʨʠʩʪʦʚ ʧʨʝʜʣʦʞʠʣ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ɼɿɿ. ʈʘʙʦʪʳ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʧʦ 6 ʦʙʣʘʩʪʷʤ ʋʢʨʘʠʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʂʠʝʚʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦʡ ʠ ʧʨʝʜʤʝʪʥʦʡ ʩʨʝʜʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʷʚʣʷʝʪʩʷ 

ʩʪʘʪʴʷ ʄ.ɺ. ɸʨʠʩʪʦʚʘ çʄʦʥʠʪʦʨʠʥʛ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʩʪʠʭʠʡʥʳʭ 

ʤʫʩʦʨʦʩʚʘʣʦʢ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠè [4]. ɸʚʪʦʨ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʪ 

ʩʣʝʜʫʶʱʝʝ: 

1. ʆʙʥʘʨʫʞʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʧʦ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʷʤ 

ʂʉʗ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʄ.ɺ. ɸʨʠʩʪʦʚ ʠʩʧʦʣʴʟʫʝʪ ʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʩʝʨʠʡ QuickBird 

(ʩ 2007 ʛ.), IKONOS ʠ IRS-1C/1D (ʩ 2008 ʛ.). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʷʧʦʥʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ 

ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ï ʣʠʰʴ ʩʥʠʤʢʠ 

ʩʝʨʠʡ ASTER ʠ Landsat-7. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʚʦʜʠʪʩʷ ʚʝʨʠʬʠʢʘʮʠʷ: ʧʦʣʝʚʳʤʠ [4] 

ʠʣʠ ʘʵʨʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʜʘʯʝʡ ʦʙʥʘʨʫʞʝʥʠʷ 

ʩʚʘʣʦʢ ʟʘʥʠʤʘʝʪʩʷ ʃʠʧʠʣʠʥ ɼ.ɸ. (ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʂʫʙʘʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2013 ʛ.). ɸʚʪʦʨ ʨʘʟʨʘʙʦʪʘʣ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʚʳʷʚʣʷʝʪ ʟʘʤʫʩʦʨʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʩʥʠʤʢʘʤ ʠʟ 
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ʢʦʩʤʦʩʘ [77], [78]. ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʘ ʟʘʪʝʤ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ.  

ʏʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʩʚʘʣʢʫ, ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ. ʂʨʫʧʥʳʝ, ʩʨʝʜʥʠʝ ʠ ʥʝʙʦʣʴʰʠʝ ʩʚʘʣʢʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʩʦʩʪʘʚʘ 

ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʧʦ ʜʝʰʝʚʳʤ, ʚ ʦʩʥʦʚʥʦʤ, ʙʝʩʧʣʘʪʥʳʤ ʩʥʠʤʢʘʤ ʩʨʝʜʥʝʛʦ 

ʨʘʟʨʝʰʝʥʠʷ (15-30 ʤ) ʠ ʚ ʧʨʦʛʨʘʤʤʝ Google ʇʣʘʥʝʪʘ ɿʝʤʣʷ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʆɿʆ 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ 

(ʢʨʘʩʥʦʛʦ, ʩʠʥʝʛʦ ʠ ʟʝʣʝʥʦʛʦ). ʊ.ʦ. ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʚʘʣʦʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ. ʊʘʢʞʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʨʠʬʠʢʘʮʠʶ ʜʘʥʥʳʭ, 

ʪ.ʢ. ʆɿʆ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʢʣʘʩʩʘ ʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠʤʝʶʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʪʝʢʩʪʫʨʫ, ʢʦʪʦʨʫʶ çʥʝ ʩʧʫʪʘʪʴè ʥʠ ʩ ʢʘʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʜʨʫʛʠʭ ʪʠʧʦʚ. ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʪʝʢʩʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʩʥʠʤʢʘʭ ʚʳʩʦʢʦʛʦ, ʥʦ ʠ ʥʘ ʩʥʠʤʢʘʭ ʩʨʝʜʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʉʚʘʣʢʠ ʤʦʞʥʦ ʦʪʣʠʯʠʪʴ ʥʝ ʩʪʦʣʴʢʦ ʧʦ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʷʤ ʂʉʗ ʥʘ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʢʘʥʘʣʘʭ (ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ), ʩʢʦʣʴʢʦ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʩʘʤʦʡ ʪʝʢʩʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʆɿʆ. ʇʦʵʪʦʤʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʩʚʘʣʦʢ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʢʘʢ ʚ ʨʘʙʦʪʝ [4], ʪʘʢ ʠ ʚ ʨʘʙʦʪʝ [77] ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʣʦʞʥʳʭ ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ [4] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʚ ʩʦʩʪʘʚʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʙʳʣʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ ʣʦʞʥʳʝ ʦʙʲʝʢʪʳ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʢʘʨʴʝʨʳ, ʚʳʝʤʢʠ, ʫʯʘʩʪʢʠ ʩ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʤ ʧʦʯʚʝʥʥʳʤ 

ʧʦʢʨʦʚʦʤ, ʩʢʣʘʜʳ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ.ʜ.  

2. ʄʝʪʦʜʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ISODATA) 

ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ çʩʪʨʦʠʪʝʣʴʥʳʝ ʦʪʭʦʜʳè, çʙʳʪʦʚʳʝ 

ʦʪʭʦʜʳè ʠ çʟʘʛʨʷʟʥʝʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷè. 

ʂʦʥʪʨʦʣʠʨʫʝʤʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʳʯʥʦ ʜʣʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʣʘʩʩʦʚ (ʦʪ 25) ʠ ʭʦʨʦʰʝʡ ʠʭ ʦʪʣʠʯʠʤʦʩʪʠ. ʇʨʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʢ ʆɿʆ [16], [32], ʪʘʢ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʣʠʯʝʩʪʚʦ 
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ʢʣʘʩʩʦʚ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚʝʣʠʢʦ, ʪ.ʢ. ʚ ʩʦʩʪʘʚʝ ʩʚʘʣʢʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (çʧʣʘʩʪʠʢè, çʞʝʣʝʟʦè, çʩʪʨʦʠʪʝʣʴʥʳʝ ʦʪʭʦʜʳè, çʛʨʫʥʪè ʠ 

ʜʨ.), ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ. ʂ ʪʦʤʫ ʞʝ, ʘʧʨʠʦʨʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʠ 

ʤʦʞʥʦ ʟʘʜʘʪʴ ʝʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ çʰʫʤʦʤè 

(ʣʦʞʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ). ʇʨʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʝʪ ʠ ʚʳʷʚʣʝʥʥʳʝ ʦʙʣʘʩʪʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʤʠʥʠʤʘʣʴʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʧʦ 

ʩʧʝʢʪʨʫ. ɺʦ-ʧʝʨʚʳʭ, ʢʘʢ ʆɿʆ, ʪʘʢ ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʦʙʷʟʘʥʳ 

ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʢʦʤʧʦʥʝʥʪʳ ʩʚʘʣʦʢ ʨʝʜʢʦ, 

ʢʦʛʜʘ ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ (ʦʙ ʵʪʦʤ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ). 

ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʢʘʢ ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ, ʪʘʢ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤʠ ʢʘʢ ʧʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʧʦ ʦʙʲʝʤʫ ʚʳʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ, ʦʪʤʝʯʝʥʥʳʭ 

ʚ ʨʘʙʦʪʝ [4], ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʢʘʢ ʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ 

ʠ ʥʝʦʙʥʘʨʫʞʝʥʥʳʭ ʠʩʪʠʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɹʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʣʦʞʥʳʭ ʠ 

ʥʝʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʚʘʣʦʢ. ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʆɿʆ ʦʪ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʪʜʝʣʝʥʠʷ ʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʘʣʦʢ ʦʪ ʜʨʫʛʠʭ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʵʪʘʣʦʥʦʚ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʟʘʜʘʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ. ɼʣʷ 

ʦʪʜʝʣʝʥʠʷ ʦʜʥʠʭ ʦʙʲʝʢʪʦʚ ʦʪ ʜʨʫʛʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʳʝ ʤʘʪʨʠʯʥʳʝ 

ʧʨʦʮʝʜʫʨʳ ʠ ʥʝ ʧʨʠʙʝʛʘʪʴ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɸ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʢʣʘʩʩʳ 

ʩʣʝʜʫʝʪ çʧʨʠʤʝʨʠʪʴè ʦʪʜʝʣʴʥʦ ʤʘʩʢʫ ʢʘʞʜʦʛʦ ʠʟ ʵʪʘʣʦʥʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ. 

3. ʄʝʪʦʜʳ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʚʘʣʦʢ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ (ʧʨʷʤʦʝ ʜʝʡʩʪʚʠʝ) ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʧʦ ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʯʚʳ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʢʘʯʝʩʪʚʫ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɸʚʪʦʨ ʨʘʙʦʪʳ [4] 

ʦʮʝʥʠʚʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ʧʦ 
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ʥʘʣʠʯʠʶ ʫʯʘʩʪʢʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʩʥʦʚʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʠʛʦʥʘ. 

ɺʳʜʝʣʷʶʪʩʷ ʘʚʪʦʨʦʤ ʪʘʢʠʝ ʫʯʘʩʪʢʠ, ʢʘʢ ʢʘʨʴʝʨʳ, ʚʳʝʤʢʠ, ʣʝʩʦʧʦʣʦʩʳ. ɼʣʷ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʘ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʩʚʘʣʢʠ ʚ ʩʠʩʪʝʤʝ çʚʦʜʦʨʘʟʜʝʣ-ʩʢʣʦʥ-ʦʚʨʘʛ (ʨʝʯʥʘʷ ʜʦʣʠʥʘ)è, ʘ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ï ʢʘʨʪʳ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɼʘʥʥʳʝ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ. ʉʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʆɿʆ ʦʮʝʥʠʚʘʝʪʩʷ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʦʩʪʦʷʥʠʷ ʧʨʠʫʨʦʯʝʥʥʳʭ 

ʢ ʥʠʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʆɿʆ, ʪ.ʝ. ʚ ʦʙʣʘʩʪʷʭ ʠʭ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʤʦʞʝʪ 

ʙʳʪʴ ʤʥʦʞʝʩʪʚʦ ʥʝʙʦʣʴʰʠʭ ʟʘʭʣʘʤʣʝʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʨʘʟʣʠʯʥʳʤ ʫʯʘʩʪʢʘʤ, ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʥʳʤ (ʥʘʧʨʠʤʝʨ, ʢʘʨʴʝʨʳ ʠʣʠ ʚʳʝʤʢʠ). ɽʩʣʠ ʦʪʭʦʜʳ 

çʩʧʨʷʪʘʥʳè ʚ ʣʝʩʫ, ʪʦ ʠʭ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʝʛʦ ʦʧʫʰʢʝ ʠʣʠ ʨʦʱʝ 

ʠ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ ï ʚ ʯʘʱʝ ʣʝʩʘ. ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʚʘʣʢʠ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʟʘʭʣʘʤʣʝʥʠʡ ʦʢʨʝʩʪʥʦʩʪʠ. ɿʘʤʫʩʦʨʠʚʘʥʠʷ 

ʤʦʞʝʪ ʥʝ ʙʳʪʴ, ʥʦ ʜʝʛʨʘʜʘʮʠʷ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʚʚʠʜʫ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʘʣʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɺ ʨʘʙʦʪʝ [4] ʥʝ ʦʪʤʝʯʘʝʪʩʷ ʘʥʘʣʠʟ 

ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ (ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ), ʝʝ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʩʦʩʪʘʚʘ ʩʚʘʣʢʠ. ɸʚʪʦʨ ʧʨʝʜʣʘʛʘʝʪ ʦʮʝʥʠʚʘʪʴ ʧʨʦʪʝʢʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʧʦ ʩʠʩʪʝʤʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʣʴʝʬʘ ʩʚʘʣʢʠ (ʚʦʜʦʨʘʟʜʝʣ, 

ʩʢʣʦʥ, ʦʚʨʘʛ, ʨʝʯʥʘʷ ʜʦʣʠʥʘ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦ 

ʩʦʦʙʨʘʞʝʥʠʷʤ ʵʢʦʥʦʤʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʝʣʴʝʬ ʩʚʘʣʢʠ ʠ, ʪʝʤ ʙʦʣʝʝ, ʨʝʣʴʝʬ 

ʤʝʩʪʥʦʩʪʠ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ (ʛʦʪʦʚʘʷ ʠʣʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʢʘʨʪʘ). 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʪʴ ʨʝʣʴʝʬ ʩʚʘʣʢʠ ʙʦʣʝʝ ʪʦʯʥʦ, ʠʩʧʦʣʴʟʫʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʣʴʝʬʘ. ʊ.ʦ. ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʦʮʝʥʢʠ ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʪ.ʢ. ʵʪʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝʥʢʝ ʪʝʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ɼʣʷ ʦʮʝʥʢʠ ʪʝʯʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʨʪʳ 

ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ, ʙʫʜʫʯʠ ʷʚʣʷʷʩʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʘʪʨʘʪʥʳʤʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪ.ʢ. 
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ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʦʢʘʟʳʚʘʶʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʯʝʨʝʟ ʚʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʘʨʪʘ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷʤʠ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʷʟʘʥʳ ʢ 

ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ (ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ, ʩʝʣʴʩʢʠʤ). ʅʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ ʨʷʜʦʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʟʥʘʯʠʪ, ʢʘʨʪʘ ʚʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʡ ʟʘʤʝʥʦʡ ʢʘʨʪʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʇʦ ʢʘʨʪʝ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʦʮʝʥʢʫ ʢʘʨʪʳ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʯʪʦ, 

ʦʜʥʘʢʦ, ʚ ʠʪʦʛʝ ʜʘʝʪ ʤʝʥʝʝ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʞʠʪʝʣʝʡ. ɺ ʨʘʙʦʪʝ 

[4] ʪʘʢʞʝ ʥʝ ʦʪʤʝʯʝʥʦ: 1) ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʫʨʦʞʘʡʥʦʩʪʴ ʧʦʯʚʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʆɿʆ; 2) ʚʣʠʷʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ; 3) ʦʮʝʥʢʘ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ; 4) ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʠ ʩʦʩʪʦʷʥʠʝʤ 

ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

4. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʩʚʘʣʢʠ (ʦʙʨʘʪʥʦʝ ʜʝʡʩʪʚʠʝ). ʉʚʘʣʢʠ 

ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɸʚʪʦʨ [4] ʜʝʣʘʝʪ 

ʘʢʮʝʥʪ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʳʭ (ʪʦʯʥʝʝ, ʪʝʭʥʦʛʝʥʥʳʭ) ʬʘʢʪʦʨʘʭ, ʘ ʠʤʝʥʥʦ ʥʘ ʬʘʢʪʦʨʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʠʛʦʥʦʚ: ʨʘʟʤʝʱʝʥʠʝ, ʠʥʞʝʥʝʨʥʘʷ ʧʦʜʛʦʪʦʚʢʘ, ʟʘʱʠʪʘ 

ʪʝʨʨʠʪʦʨʠʠ. 

ʉʦʩʪʦʷʥʠʝ ʩʚʘʣʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʮʝʣʦʩʪʥʦʩʪʴʶ, ʧʦʞʘʨʦʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʬʠʣʴʪʨʘʮʠʝʡ ʠ ʪ.ʜ. ʅʘʧʨʠʤʝʨ, 

ʧʨʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʘʣʢʠ ʥʝ ʨʘʩʧʦʣʟʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʪʘʣʳʭ ʠ ʜʦʞʜʝʚʳʭ ʚʦʜ. ʏʝʤ ʣʫʯʰʝ ʩʦʙʣʶʜʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʚʘʣʢʠ, 

ʪʝʤ ʧʨʦʯʥʝʝ ʝʝ ʩʦʩʪʦʷʥʠʝ. ʌʠʣʴʪʨʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʢʨʘʥʦʚ 

ʦʩʥʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʧʦʞʘʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʚʠʩʠʪ ʩʢʦʨʝʝ ʦʪ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʦ-ʧʝʨʚʳʭ, ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʣʠʛʦʥʘʤʠ ʪʚʝʨʜʳʭ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʧʦʣʠʛʦʥʦʚ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤʠ ʪʝʭʥʦʛʝʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʦʣʠʛʦʥʘ, ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 
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ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʩʪʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʩʚʘʣʢʠ ʟʘʚʠʩʷʪ ʝʱʝ 

ʦʪ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ-ʪʨʝʪʴʠʭ, ʘʚʪʦʨ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʣʠʷʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʚʘʣʢʠ, ʥʘʜ ʢʦʪʦʨʳʤʠ ʧʨʦʚʦʜʷʪʩʷ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʩʝ ʪʝ ʞʝ ʩʪʘʜʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʠ ʜʣʷ ʧʦʣʠʛʦʥʦʚ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʷ). ɺ-ʯʝʪʚʝʨʪʳʭ, ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʛʦʨʠʪʤʳ ʧʦ 

ʚʳʷʚʣʝʥʠʶ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʣʠʛʦʥʦʚ, ʪʨʝʙʦʚʘʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʩʚʘʣʢʘʤʠ ʠ ʟʘʭʣʘʤʣʝʥʠʷʤʠ. ɺ-ʧʷʪʳʭ, ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʚʘʣʢʠ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩ 

ʢʦʤʧʦʥʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʥʘ ʠʭ ʩʦʩʪʦʷʥʠʝ.  

5. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʣʦʱʘʜʠ ʩʚʘʣʢʠ ʧʦ ʧʘʨʝ ʠʟʦʙʨʘʞʝʥʠʡ ʦʜʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ɸʚʪʦʨ ʠʩʩʣʝʜʫʝʪ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʩʚʘʣʢʠ ʠ ʝʝ ʦʯʝʨʝʜʝʡ 

ʩʢʣʘʜʠʨʦʚʘʥʠʷ (ʦʪʨʘʙʦʪʘʥʥʳʝ, ʟʘʢʨʳʪʳʝ, ʜʝʡʩʪʚʫʶʱʠʝ) ʧʦ ʜʚʫʤ ʠʟʦʙʨʘʞʝʥʠʷʤ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ: ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʠ ʙʦʣʝʝ ʧʦʟʜʥʝʤʫ. ʇʦ ʠʟʤʝʥʝʥʠʶ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʠʤʝʝʪ ʩʚʘʣʢʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ɿʘʦʜʥʦ ʚʳʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʦ ʬʘʢʪʝ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ 

ʥʘ ʧʦʣʠʛʦʥʝ, ʪʦʛʜʘ ʢʘʢ ʧʦ ʟʘʢʦʥʫ ʵʪʦ ʥʝ ʧʦʣʦʞʝʥʦ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ ʥʝʫʧʦʤʷʥʫʪʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʧʦʤʠʤʦ ʧʣʦʱʘʜʠ, ʦʪʥʦʩʷʪʩʷ: ʧʝʨʠʤʝʪʨ, ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ, ʦʙʲʝʤ, ʨʝʣʴʝʬ ʩʚʘʣʢʠ ʠ ʜʨ. ʆʪʣʠʯʠʝ ʧʣʦʱʘʜʠ ʦʪ ʧʝʨʠʤʝʪʨʘ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʧʣʦʱʘʜʴ ï ʩʦʙʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʩʚʘʣʢʠ, ʘ ʧʝʨʠʤʝʪʨ ï ʧʘʨʘʤʝʪʨ, 

ʧʨʠʫʨʦʯʝʥʥʳʡ ʢ ʧʨʠʣʝʛʘʶʱʝʤʫ ʥʘʩʝʣʝʥʥʦʤʫ ʧʫʥʢʪʫ. ʏʝʤ ʙʦʣʴʰʝ ʧʝʨʠʤʝʪʨ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʧʣʦʱʘʜʠ, ʪʝʤ ʙʦʣʴʰʠʤʠ ʦʧʘʩʥʦʩʪʴʶ ʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʝ 

ʦʙʣʘʜʘʝʪ ʩʚʘʣʢʘ. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʩʚʘʣʢʠ ʠʤʝʝʪ ʮʝʣʴʶ ʥʝ ʪʦʣʴʢʦ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ 

ʦʧʘʩʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʷ ʩʘʤʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʜʘʣʴʥʝʡʰʝʡ ʜʠʥʘʤʠʢʠ ʪʝʣʘ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʘʣʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʘʣʢʠ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ ʜʠʥʘʤʠʢʘ, ʘʚʪʦʨ ʫʧʦʤʠʥʘʝʪ ʦʯʝʨʝʜʠ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʯʝʨʝʜʝʡ ʠ ʧʣʦʱʘʜʝʡ (ʦʙʱʝʡ ʠ ʩʘʤʠʭ ʦʯʝʨʝʜʝʡ) ʩʢʣʘʜʠʨʦʚʘʥʠʷ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʪ.ʢ. ʵʪʦ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ 
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ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦ ʩʥʠʤʢʘʤ ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʚʘʣʢʠ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʷʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦ ʚʨʝʤʝʥʠ. ɺ-ʪʨʝʪʴʠʭ, ʜʣʷ ʘʜʝʢʚʘʪʥʦʡ 

ʜʠʥʘʤʠʢʠ ʆɿʆ ʧʦʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʪ.ʝ. ʚʨʝʤʝʥʥʦʡ ʨʷʜ 

ʠʟʦʙʨʘʞʝʥʠʡ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʠʟʤʝʥʝʥʠʝ ʧʫʪʝʡ ʠ ʩʢʦʨʦʩʪʝʡ çʧʝʨʝʤʝʱʝʥʠʷè ʩʚʘʣʢʠ ʚ 

ʪʦʤ ʠʣʠ ʠʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʝʪ ʜʘʪʴ ʦʮʝʥʢʫ ʧʨʦʛʥʦʟʘ çʧʝʨʝʤʝʱʝʥʠʡè ʩʚʘʣʢʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

6. ʆʙʥʘʨʫʞʝʥʠʝ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʦʪʭʦʜʦʚ ʧʦ ʂʉʗ ʥʘ ʪʝʧʣʦʚʦʤ ʢʘʥʘʣʝ ʠ 

ʥʘʣʠʯʠʶ ʰʣʝʡʬʘ ʧʦʞʘʨʘ ʠʣʠ ʪʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʧʦʞʘʨʦʚ ʠ ʪʣʝʥʠʡ ʦʪʭʦʜʦʚ 

ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʝʨʝʤʝʱʝʥʠʷ ʰʣʝʡʬʘ. ɸʚʪʦʨ ʦʙʥʘʨʫʞʠʣ 

ʰʣʝʡʬ ʥʘ ʩʥʠʤʢʘʭ ʚʳʩʦʢʦʛʦ (QuickBird) ʠ ʩʨʝʜʥʝʛʦ (IRS) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʙʣʘʩʪʴ, ʘ ʟʥʘʯʠʪ, ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʘʤʦʛʦ 

ʧʦʞʘʨʘ ʦʮʝʥʝʥʳ ʪʦʣʴʢʦ ʧʦ ʩʥʠʤʢʘʤ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʅʘ ʩʥʠʤʢʘʭ ʥʠʟʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (TERRA) ʥʠ ʧʦʞʘʨʘ, ʥʠ ʰʣʝʡʬʘ ʥʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʦʯʝʚʠʜʥʦ, ʚʚʠʜʫ ʤʘʣʦʩʪʠ ʠʭ ʨʘʟʤʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʇʦʞʘʨ ʥʘ ʩʚʘʣʢʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʶʯʠʭ 

ʤʘʪʝʨʠʘʣʦʚ: ʙʫʤʘʛʘ, ʢʘʨʪʦʥ, ʧʝʥʦʧʣʘʩʪ, ʧʦʣʠʵʪʠʣʝʥ ʠ ʜʨ. ʊʣʝʥʠʝ ʥʘ ʩʚʘʣʢʝ 

ʚʦʟʥʠʢʘʝʪ ʥʘ ʛʣʫʙʠʥʝ, ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʤʝʪʘʥʘ ʠ ʪʝʧʣʘ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʦʟʥʠʢʘʝʪ ʜʳʤ, ʰʣʝʡʬ ʢʦʪʦʨʦʛʦ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʨʘ. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʰʣʝʡʬʘ ʦʧʨʝʜʝʣʷʶʪ 

ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʚ ʢʦʪʦʨʳʭ ʟʜʦʨʦʚʴʶ ʞʠʪʝʣʝʡ ʫʛʨʦʞʘʝʪ ʦʧʘʩʥʦʩʪʴ ʠʟ-ʟʘ 

ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. ɿʥʘʷ ʪʝʣʦ ʰʣʝʡʬʘ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʮʝʥʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʵʧʠʮʝʥʪʨʘ ʧʦʞʘʨʘ ʠ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʜʳʤʘ ʧʦ 

ʢʦʤʧʦʥʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʧʠʮʝʥʪʨʘ. ɸʚʪʦʨ ʥʝ ʫʧʦʤʷʥʫʣ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʞʘʨʦʚ ʠ ʪʣʝʥʠʡ ʧʦ ʨʘʟʥʠʮʝ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʜʚʫʭ ʩʥʠʤʢʘʭ ʩ ʙʣʠʟʢʠʤʠ ʤʦʤʝʥʪʘʤʠ ʩʲʝʤʢʠ. ʆʮʝʥʢʘ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩʚʘʣʢʠ ʧʦ ʢʦʤʧʦʥʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʜʳʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʘʷ 

ʟʘʜʘʯʘ. ʅʦ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʛʦ ʩʦʩʪʘʚʘ ʜʳʤʘ, ʠʩʭʦʜʷʱʝʛʦ ʠʟ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ 

ʩʚʘʣʢʠ, ʚʧʦʣʥʝ ʨʝʘʣʴʥʘʷ ʟʘʜʘʯʘ, ʝʩʣʠ ʠʟʚʝʩʪʝʥ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʗʧʦʥʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ (C. ʆʰʠ, ʗ. ʗʮʫʦʢʘ, ʄ. ʊʘʤʫʨʘ), ʨʘʙʦʪʘʶʱʠʝ ʥʘʜ 

ʚʳʷʚʣʝʥʠʝʤ ʥʝʣʝʛʘʣʴʥʳʭ ʩʚʘʣʦʢ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʪʭʦʜʦʚ ʧʦ ʷʨʢʦʩʪʥʳʤ ʧʨʠʟʥʘʢʘʤ ʠʩʧʦʣʴʟʫʶʪ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʠʥʜʝʢʩʳ ï NDVI ʠ VSW. ʇʨʠ ʵʪʦʤ ʦʥʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ï ʣʠʰʴ ʜʘʥʥʳʝ ʩ ASTER ʠ Landsat-7, ʦʙʩʣʝʜʫʷ 

ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩ ʩʘʤʦʣʝʪʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʚʝʨʠʬʠʮʠʨʦʚʘʣʠʩʴ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ, 

ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚʳʜʝʣʷʣʠʩʴ ʣʦʞʥʳʝ ʦʙʲʝʢʪʳ, 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʢʘʢ ʩʚʘʣʢʠ: ʦʯʝʥʴ ʯʘʩʪʦ ï ʢʘʨʴʝʨʳ, ʚʳʝʤʢʠ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʢʠ ʩ 

ʜʝʛʨʘʜʠʨʦʚʘʚʰʠʤ ʧʦʯʚʝʥʥʳʤ ʧʦʢʨʦʚʦʤ, ʩʢʣʘʜʳ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ. ʧ. ʆʜʥʘʢʦ 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʥʝʫʯʪʝʥʥʳʝ ʤʝʩʪʘ ʩʢʣʘʜʠʨʦʚʘʥʠʷ 

ʦʪʭʦʜʦʚ [76], [108]. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ɹʨʦʚʢʠʥʦʡ ʆ.ɺ. [13], 

ʈʷʙʦʚʘ ʖ.ɺ. [99] ʠ ʄʘʡʦʨʦʚʦʡ ʆ.ɺ. [64], ʧʦʩʚʷʱʝʥʥʳʝ ʢʦʥʪʘʢʪʥʦʤʫ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʆɿʆ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʈʷʙʦʚʘ ʖ.ɺ. ʧʦʩʪʨʦʝʥʘ ʤʝʪʦʜʠʢʘ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʟʝʤʝʣʴ, ʥʘʨʫʰʝʥʥʳʭ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ 

ʩʚʘʣʢʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʟʘ ʩʯʝʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʦʪʭʦʜʦʚ. ɺʳʷʚʣʝʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʝʨʨʠʪʦʨʠʶ, ʧʦʜʚʝʨʞʝʥʥʫʶ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ, ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ. 

ʆʧʠʩʘʥ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʝʩʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʚʘʣʦʢ ʧʦ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʜʘʥʥʳʤ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ) ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʟʘʤʫʩʦʨʝʥʥʳʭ ʟʝʤʝʣʴ, ʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ɹʨʦʚʢʠʥʦʡ ʆ.ɺ. ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʟʝʤʥʳʭ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʚʘʣʦʢ ʚ ʢʦʤʧʣʝʢʩʝ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʚʦʟʜʫʰʥʦʛʦ (ʘʚʠʘʮʠʦʥʥʦʛʦ) ʤʦʥʠʪʦʨʠʥʛʘ ʩʚʘʣʦʢ, ʠ ʧʨʦʚʝʜʝʥʘ 

ʚʘʣʠʜʘʮʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʚʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʝʚʳʤʠ ʠ 
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ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʨʘʙʦʪʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ, ʜʘʶʪʩʷ ʦʙʱʠʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʩʦʚʤʝʩʪʥʦ ʩ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʤʠ ʠ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʥʠʤʢʦʚ Landsat ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʨʫʧʥʳʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ. ʅʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ 

ʩʚʘʣʢʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ. 

ʇʨʦʚʝʜʝʥʘ ʪʝʢʩʪʫʨʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ 

Landsat ETM ʫʯʘʩʪʢʘ ʟʘʭʦʨʦʥʝʥʠʷ (ʧʦʣʠʛʦʥ ʊʂʆ ʅʦʚʦʩʝʣʢʠ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʧʦʩ. ʃʝʚʘʰʦʚʦ) ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʨʘʙʦʯʠʝ ʢʘʨʪʳ, ʦʪʭʦʜʳ, ʫʢʘʪʘʥʥʳʝ ʛʨʫʥʪʦʤ, 

ʨʝʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʫʯʘʩʪʢʠ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʢʘʟʘʥʳ ʠʟʦʙʨʘʞʝʥʠʷ 

ʚʳʜʝʣʝʥʠʷ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʥʘ ʙʘʟʝ ʬʦʪʦʛʨʘʬʠʡ, ʩʥʷʪʳʭ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʚʘʣʦʢ 

ʮʚʝʪʥʳʤʠ ʬʦʪʦʢʘʤʝʨʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʚʦʟʜʫʰʥʦʤ ʩʨʝʜʩʪʚʝ. ʇʨʠʤʝʯʘʪʝʣʴʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʭʦʜʦʚ, ʚʠʜʠʤʳʭ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʣʢʠ, ʧʨʠ ʝʝ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʥʝ ʩʚʝʨʭʫ, ʘ ʩʧʝʨʝʜʠ (ʧʦʣʝʚʳʤ 

ʦʙʩʣʝʜʦʚʘʥʠʝʤ ʪʝʨʨʠʪʦʨʠʠ). 

ʈʘʙʦʪʘ ɹʨʦʚʢʠʥʦʡ ʆ.ɺ. ʩʦʩʪʦʷʣʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʷʨʢʦʩʪʥʳʭ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʚʘʣʦʢ ʧʦ ʜʘʥʥʳʤ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [11], 

[12], [13], [14]. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: 

1. ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; 

2. ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; 

3. ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

4. ɺʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʚʘʣʦʢ. 

ɸʚʪʦʨʦʤ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʦʣʠʛʦʥʦʚ ʠ ʩʚʘʣʦʢ ʊʂʆ, ʩʚʘʣʦʢ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ, ʩʚʘʣʦʢ ʤʝʪʘʣʣʦʣʦʤʘ ʠ ʩʤʝʰʘʥʥʳʭ ʩʚʘʣʦʢ [12].  

ʅʘʟʝʤʥʳʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʧʦʣʠʛʦʥʘ ʊʂʆ ʅʦʚʦʩʝʣʢʠ ʚ ʨʘʟʥʳʝ 

ʤʝʩʷʮʳ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

ʧʦʣʝʚʦʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʬʦʪʦʤʝʪʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʠʥʪʝʨʚʘʣʴʥʦʡ ʷʨʢʦʩʪʠ, ʣʶʢʩʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ [5], 

ʨʘʜʠʦʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʠʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʤʝʥʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 
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ɸʚʠʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʟʘʢʣʶʯʘʣʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʩʲʝʤʢʠ 

ʚ ʜʠʘʧʘʟʦʥʝ 0.4-12.5 ʤʢʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʘʣʦʢ. ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʙʦʨʪʘ ʩʘʤʦʣʝʪʘ 

ɸʅ-30 ʚ ʨʘʟʥʳʝ ʤʝʩʷʮʳ ʙʝʩʩʥʝʞʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ (ʤʘʡ-ʦʢʪʷʙʨʴ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʧʧʘʨʘʪʫʨʳ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʪʝʧʣʦʚʦʛʦ) ʜʠʘʧʘʟʦʥʘ ʩʧʝʢʪʨʘ (ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʡ 

ʩʢʘʥʝʨ çɺʝʟʫʚʠʡ-ʕʂè), ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʚʠʜʝʦʩʧʝʢʪʨʦʤʝʪʨ 

çʌʨʝʛʘʪè), ʘʧʧʘʨʘʪʫʨʘ ʜʣʷ ʮʠʬʨʦʚʦʡ ʮʚʝʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ (ʮʠʬʨʦʚʘʷ ʮʚʝʪʥʘʷ 

ʬʦʪʦʢʘʤʝʨʘ çNIKON D2Xè). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘʟʝʤʥʳʭ ʠ ʘʚʠʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʚʘʣʢʠ ʩ ʟʘʪʨʘʛʠʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦ 

ʜʘʥʥʳʤ Landsat ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʘʣʴʥʦ-ʷʨʢʦʩʪʥʳʝ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʢʦʥʪʨʘʩʪʳ ʩʚʘʣʢʘ-ʬʦʥ. ɹʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʉʚʘʣʢʠ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ, ʤʝʪʘʣʣʘ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ ʦʙʣʘʜʘʶʪ 

ʨʘʟʣʠʯʥʳʤʠ ʦʪʨʘʞʘʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; 

2. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʘʣʦʢ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 550-780 ʥʤ; 

3. ʋʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʥʳʭ ʢʦʥʪʨʘʩʪʦʚ ʩʚʘʣʢʠ ʩ ʬʦʥʘʤʠ (ʣʝʩ, ʪʨʘʚʘ, 

ʙʦʣʦʪʦ, ʛʨʫʥʪ, ʘʩʬʘʣʴʪ, ʙʝʪʦʥ, ʧʝʩʦʢ) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ 600-

700 ʥʤ; 

4. ʅʘʠʤʝʥʴʰʠʡ ʷʨʢʦʩʪʥʦʡ ʢʦʥʪʨʘʩʪ ʠʤʝʶʪ ʩʚʘʣʢʠ ʩ ʧʝʩʯʘʥʳʤʠ ʠ ʛʨʫʥʪʦʚʳʤʠ 

ʦʙʲʝʢʪʘʤʠ; 

5. ʅʘʠʙʦʣʴʰʠʡ ʷʨʢʦʩʪʥʦʡ ʢʦʥʪʨʘʩʪ ʠʤʝʶʪ ʩʚʘʣʢʠ ʩ ʬʦʥʘʤʠ ʣʝʩ ʠ ʪʨʘʚʘ;  

6. ʏʝʤ ʙʦʣʴʰʝ ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʦʪʭʦʜʦʚ, ʪʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʥʪʝʨʚʘʣʴʥʦʡ ʷʨʢʦʩʪʠ; 

7. ʉ ʨʦʩʪʦʤ ʩʪʝʧʝʥʠ ʫʚʣʘʞʥʝʥʠʷ ʦʪʭʦʜʦʚ ʦʪʨʘʞʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʫʤʝʥʴʰʘʶʪʩʷ. 

ʏʠʩʣʦ ʨʘʙʦʪ ʧʦ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ ʩʦʩʪʘʚʣʷʝʪ: 

ʟʘʨʫʙʝʞʥʳʭ ï ~4000 [164], ʨʦʩʩʠʡʩʢʠʭ ï ~300, [68]. ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʦʙʥʘʨʫʞʝʥʦ 

ʧʦ ~50 ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʪʘʪʝʡ ʠ 1 ʨʦʩʩʠʡʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ [13] ʚ ʦʙʣʘʩʪʠ 
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ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ. ʇʨʠʤʝʯʘʪʝʣʴʥʳ ʨʦʩʩʠʡʩʢʠʝ ʨʘʙʦʪʳ: [2], [3], [8], 

[50], [58], [61], [73], [77], [109], [128]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʤʝʪʦʜʳ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʢʦʥʪʘʢʪʥʳʤʠ:  

- ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʆɿʆ ʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʘ ʙʦʣʴʰʠʭ 

ʪʝʨʨʠʪʦʨʠʷʭ; 

- ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʬʠʥʘʥʩʦʚʳʝ, ʨʝʩʫʨʩʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ 

ʟʘʪʨʘʪʳ ʧʨʠ ʤʘʩʰʪʘʙʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʩʚʘʣʦʢ; 

- ʦʙʥʘʨʫʞʠʪʴ ʆɿʆ ʠ ʦʮʝʥʠʪʴ ʠʭ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ; 

- ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʚʘʣʢʝ ʩ ʧʦʤʦʱʴʶ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʝ yʤʦʥʠʪʦʨʠʥʛ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ; 

- ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʤʝʩʪʘʭ ʜʣʷ ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʪʘʢʠʭ ʢʘʢ ʪʝʨʨʠʪʦʨʠʠ ʯʘʩʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ, ʨʝʣʴʝʬʥʘʷ ʠ ʛʦʨʥʘʷ ʤʝʩʪʥʦʩʪʴ; 

- ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ, ʧʦʣʫʯʘʝʤʳʝ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

ʤʝʪʦʜʘʤʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʜʝʪʘʣʴʥʦ (ʧʦʧʠʢʩʝʣʴʥʦ) ʚʳʜʝʣʠʪʴ 

ʨʘʟʣʠʯʥʳʝ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ ʙʝʟ ʫʯʘʩʪʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʨʨʫʧʮʠʦʥʥʳʭ ʩʭʝʤ, ʬʘʣʴʩʠʬʠʮʠʨʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

- ʤʥʦʛʠʝ ʘʣʛʦʨʠʪʤʳ, ʤʝʪʦʜʳ ʠ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʛʫʪ 

ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʥʝ ʪʦʣʴʢʦ ʵʢʩʧʝʨʪʘʤ, ʥʦ ʠ ʦʙʳʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ; 

- ʧʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʘʟʥʳʭ ʆɿʆ ʤʦʞʥʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʦʙʦʙʱʘʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʩʠʣʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ɺ 
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ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨʳ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ʧʦʨʦʛʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ çʚ ʣʦʙè, ʙʝʟ ʫʯʸʪʘ ʩʧʝʮʠʬʠʢʠ 

ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʨʘʙʦʪʘʭ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʦʩʦʙʣʝʥʥʦ ʠ ʥʝ ʩʚʝʜʝʥʳ ʢ ʝʜʠʥʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʧʦʟʚʦʣʷʶʱʝʤʫ 

ʨʝʰʘʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʩʚʘʣʦʢ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʘʚʷʪ ʚ 

ʦʩʥʦʚʥʦʤ ʟʘʜʘʯʫ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʠ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ. ʅʝ ʧʨʦʨʘʙʦʪʘʥʘ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʜʘʯʘ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ ʠ ʦʮʝʥʢʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʧʦ ʜʘʥʥʳʤ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʥʠʟʢʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

1.4. ʇʦʩʪʘʥʦʚʢʘ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʟʝʤʥʳʭ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ 

ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʤʦʞʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʘʫʯʥʫʶ 

ʧʨʦʙʣʝʤʫ, ʨʝʰʘʝʤʫʶ ʚ ʜʠʩʩʝʨʪʘʮʠʠ: 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʧʦ ʜʘʥʥʳʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʸʤʢʠ, ʥʘ ʙʘʟʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʮʠʬʨʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 
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ʈɸɿɼɽʃ 2. ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʃɽʂʉʅʆʁ ʄɽʊʆɼʀʂʀ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʆɹʅɸʈʋɾɽʅʀʗ ʀ ʆʎɽʅʂʀ ʇɸʈɸʄɽʊʈʆɺ 

ʆɹʒɽʂʊʆɺ ɿɸʍʆʈʆʅɽʅʀʗ ʆʊʍʆɼʆɺ ʇʆ ɼɸʅʅʓʄ ʂʆʉʄʀʏɽʉʂʆʁ 

ʉʒɪʄʂʀ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ ʧʦ ʜʘʥʥʳʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʸʤʢʠ (ʂʄ), ʚʢʣʶʯʘʶʱʘʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ (ʦʙʥʘʨʫʞʝʥʠʝ, ʚʳʜʝʣʝʥʠʝ 

ʠ ʚʳʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ) ʠ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʧʣʦʚʳʭ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ), ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʆɿʆ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʜʣʷ 

ʠʥʪʝʨʝʩʫʶʱʠʭ ʩʚʘʣʦʢ. 

2.1. ʆʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʧʦ ʜʘʥʥʳʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʸʤʢʠ 

ʆʙʱʘʷ ʩʭʝʤʘ ʂʄ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3 (ʥʘ ʨʠʩʫʥʢʘʭ 3-6 ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ 

ʚʳʜʝʣʝʥʳ ʙʣʦʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʦʤ).  

 

ʈʠʩʫʥʦʢ 3 ï ʆʙʱʘʷ ʩʭʝʤʘ ʂʄ 
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ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʭʦʜʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʮʝʣʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʠʣʠ 

ʠʭ ʬʨʘʛʤʝʥʪʳ [24], [138]. ʂʦʩʤʠʯʝʩʢʦʝ ʨʘʩʪʨʦʚʦʝ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʝ (ʩʦʩʪʦʠʪ ʠʟ 

ʦʜʥʦʛʦ ʢʘʥʘʣʘ) ʠʣʠ ʤʥʦʛʦʟʦʥʘʣʴʥʦʝ (ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʝʝ ʦʜʥʦʛʦ ʢʘʥʘʣʘ) ʠʟʦʙʨʘʞʝʥʠʝ. 

ʆʪʩʫʪʩʪʚʠʝ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ (ʦʙʣʘʯʥʦʩʪʴ, ʟʘʜʳʤʣʝʥʥʦʩʪʴ, 

ʟʘʧʫʨʛʦʚʘʥʥʦʩʪʴ, ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ʠ ʜʨ.). ʉʲʸʤʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʩʚʝʪʣʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ʆʪʩʫʪʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʙʨʘʢʘ ʥʘ ʩʥʠʤʢʝ (ʨʝʛʫʣʷʨʥʳʝ ʧʦʣʦʩʳ, 

ʫʯʘʩʪʢʠ ʠʩʢʘʞʝʥʠʡ ʠʟʦʙʨʘʞʝʥʠʡ, çʨʘʩʧʠʣʝʥʥʦʩʪʴè ʢʨʘʝʚ ʩʥʠʤʢʦʚ ʠ ʜʨ.). 

ʆʪʩʫʪʩʪʚʠʝ ʦʙʣʘʩʪʝʡ ʩ ʥʫʣʝʚʳʤ ʟʥʘʯʝʥʠʝʤ ʂʉʗ ʧʠʢʩʝʣʝʡ.  

ʀʟʦʙʨʘʞʝʥʠʷ ʧʨʦʰʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ 

ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʧʨʠʚʷʟʢʫ ʢ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʧʨʦʝʢʮʠʠ ʄʝʨʢʘʪʦʨ, 

ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʢʦʨʨʝʢʮʠʶ (ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ, ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʫʶ, 

ʘʪʤʦʩʬʝʨʥʫʶ ʠ ʜʨ.) [41]. ɺ ʦʩʥʦʚʥʦʤ, ʠʟʦʙʨʘʞʝʥʠʷ, ʭʨʘʥʷʱʠʝʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ 

[71], [141], [142], [143] ʣʠʙʦ ʧʨʠʦʙʨʝʪʘʝʤʳʝ ʧʦʜ ʟʘʢʘʟ [103], ʫʞʝ ʧʨʦʰʣʠ ʧʨʦʮʝʜʫʨʳ 

ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʢʦʨʨʝʢʮʠʠ, ʧʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʧʨʠʚʷʟʢʠ. ɼʘʥʥʳʝ ʧʨʦʮʝʜʫʨʳ ʦʙʱʝʠʟʚʝʩʪʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʆʛʨʘʥʠʯʝʥʠ ̫ʥʘ ʨʘʟʨʝʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ [23], [118]:  

1. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ï ʠʟʦʙʨʘʞʝʥʠʷ ʥʠʟʢʦʛʦ (h=10-30 ʤ), ʩʨʝʜʥʝʛʦ 

(h=2.5-10 ʤ), ʚʳʩʦʢʦʛʦ (h=1-2.5 ʤ) ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ (h<1 ʤ) ʨʘʟʨʝʰʝʥʠʷ (h ï 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ);  

2. ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ï ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʝ (k=1), ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ 

(k=2-10) ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ (k>10) ʠʟʦʙʨʘʞʝʥʠʷ (k ï ʯʠʩʣʦ ʢʘʥʘʣʦʚ);  

3. ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ï ʚʠʜʠʤʳʝ (ɚ=440-740 ʥʤ), ʠʥʬʨʘʢʨʘʩʥʳʝ (ɚ=740 

ʥʤ-2 ʤʤ) ʠ ʩʪʝʨʝʦʤʝʪʨʠʯʝʩʢʠʝ (ɚ=1-10 ʩʤ) ʠʟʦʙʨʘʞʝʥʠʷ (ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ); 

4. ʏʘʩʪʦʪʘ ʩʲʸʤʢʠ ï ʝʜʠʥʠʯʥʳʝ (n=1) ʠ ʚʨʝʤʝʥʥʳʝ ʩʝʨʠʠ (n>1) ʠʟʦʙʨʘʞʝʥʠʡ (n ï 

ʢʦʣʠʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ). 

ʂʄ ʩʦʩʪʦʠʪ ʠʟ 3 ʙʣʦʢʦʚ (ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʝʪʦʜʠʢ): 1) ɹʣʦʢ ɸ ï ʄʝʪʦʜʠʢʘ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ, ʩʦʢʨʘʱʸʥʥʦ ï ʂʄ1 (ʨʠʩʫʥʦʢ 4); 2) ɹʣʦʢ ɹ ï ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 
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ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ, ʩʦʢʨʘʱʸʥʥʦ ï ʂʄ2 (ʨʠʩʫʥʦʢ 5); 3) ɹʣʦʢ ɺ ï ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʆɿʆ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʩʦʢʨʘʱʸʥʥʦ ï ʂʄ3 (ʨʠʩʫʥʦʢ 6). ɹʣʦʢʠ ɸ ʠ ɹ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ, ʙʣʦʢ ɺ ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ. 

ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʆɿʆ, ʣʝʞʘʱʠʭ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʧʦʢʨʳʪʠʷ ʚʭʦʜʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. ɿʘʪʝʤ ʧʦ ʪʝʤ ʞʝ ʠʣʠ ʜʨʫʛʠʤ ʩʥʠʤʢʘʤ ʜʣʷ 

ʢʘʞʜʦʛʦ ʆɿʆ ʦʮʝʥʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʲʝʢʪʘ ʠ ʚ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʠ (ʧʦ ʨʝʘʢʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ). ʄʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʠ ʠʩʧʦʣʴʟʫʝʪ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ.  

ɼʘʜʠʤ ʦʙʱʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʣʦʢʦʚ ɸ-ɺ. 

ɹʣʦʢ ɸ. ʅʘ ʨʠʩʫʥʢʝ 4 ï ʦʙʱʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʂʄ1.  

ʉʥʘʯʘʣʘ ʩʪʨʦʷʪʩʷ ʚʨʝʤʝʥʥʳʝ ʩʝʨʠʠ ï ʭʨʦʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʛʝʦʧʨʠʚʷʟʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ). ɺ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʩʥʠʤʢʦʚ Landsat, ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠ 

ʛʝʦʧʨʠʚʷʟʘʥʥʳʭ ʢ ʧʨʦʝʢʮʠʠ UTM, ʦʙʣʘʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʠ 

ʩʪʨʦʠʪʩʷ ʧʦ ʜʚʫʤ ʪʦʯʢʘʤ: (x1,y1) ï ʣʝʚʳʡ ʥʠʞʥʠʡ ʫʛʦʣ, (x2,y2) ï ʧʨʘʚʳʡ ʚʝʨʭʥʠʡ 

ʫʛʦʣ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʮʝʥʪʨʫ C=(xC,yC) ʠ ʦʪʢʣʦʥʝʥʠʷʤ ʦʪ 

ʮʝʥʪʨʘ (dx,dy), ʛʜʝ xC=0.5(x2+x1), yC=0.5(y2+y1), dx=0.5(x2-x1), dy=0.5(y2-y1). 

 

ʈʠʩʫʥʦʢ 4 ï ʆʙʱʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʂʄ1 
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ʇʨʦʮʝʜʫʨʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡ ʠʟʦʙʨʘʞʝʥʠʡ ʟʘʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ [91] ʠ [92]. 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʆɿʆ [29], [36], [40], [48], [57], [63], [113], [131], [149], [159] 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʩʪʘʜʠʠ: 

I. ʆʙʥʘʨʫʞʝʥʠʝ ʆɿʆ ʧʦ ʵʪʘʣʦʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ (ʕɿʉʗ); 

II. ɺʳʜʝʣʝʥʠʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʆɿʆ ʧʦ ʠʥʜʝʢʩʘʤ ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʀʈʈ); 

III.  ɺʳʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʆɿʆ ʧʦ ʤʘʪʨʠʮʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʄʀʇ). 

ʇʦ ʤʝʪʦʜʠʢʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʚʘʣʦʢ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʙʣʘʩʪʠ (ʬʦʨʤʳ) ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʙʦʪʢʦʡ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ: 1) ʩʣʝʜ ʆɿʆ ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ; 2) ʦʙʣʘʩʪʴ ʆɿʆ ï ʪʝʨʨʠʪʦʨʠʷ 

ʧʦʢʨʳʪʠʷ ʟʘʤʫʩʦʨʠʚʘʥʠʝʤ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ; 3) ʚʨʝʤʝʥʥʘʷ ʩʝʨʠʷ 

ʦʙʣʘʩʪʝʡ ʆɿʆ ï ʨʷʜ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ; 4) ʦʯʘʛ ʆɿʆ 

ï ʪʝʨʨʠʪʦʨʠʷ ʧʦʢʨʳʪʠʷ ʟʘʤʫʩʦʨʠʚʘʥʠʝʤ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʠʥʜʝʢʩ ʨʝʘʢʮʠʠ ʧʦʯʚʳ (ʩʤ. ʥʠʞʝ); 5) ʧʨʝʜʩʚʘʣʢʘ ï ʥʘʠʙʦʣʝʝ 

ʨʘʥʥʷʷ ʯʘʩʪʴ ʦʙʣʘʩʪʠ ʩʚʘʣʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʘ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ 

ʠʟʦʙʨʘʞʝʥʠʷʤ; 6) ʦʙʣʘʩʪʴ ʢʦʤʧʦʥʝʥʪʘ ʆɿʆ ï ʪʝʨʨʠʪʦʨʠʷ ʧʦʢʨʳʪʠʷ ʢʣʘʩʩʘ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʢʦʤʧʦʥʝʥʪʘ) ʆɿʆ; 7) ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʆɿʆ ï 

ʧʨʠʯʠʩʣʝʥʠʝ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʣʢʠ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʢʣʘʩʩʫ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʬʦʨʤʘ (1), ʚʪʦʨʦʡ ï ʬʦʨʤʳ (2)-(5), ʪʨʝʪʴʝʡ ï ʬʦʨʤʳ (6)-(7).  

ɺ ʦʙʱʝʤ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ, ʥʘ ʚʪʦʨʦʡ ï ʦʙʣʘʩʪʠ ʦʙʲʝʢʪʘ, ʥʘ ʪʨʝʪʴʝʡ ï ʢʦʤʧʦʥʝʥʪʦʚ 

ʦʙʲʝʢʪʘ. ʂʘʞʜʘʷ ʩʪʘʜʠʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʥʝʟʘʚʠʩʠʤʦ, ʜʘʚʘʷ 

ʩʚʦʠ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʦʙʨʘʙʦʪʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦ ʩʪʘʜʠʷʤ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʧʘʤʷʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʦʪʜʝʣʴʥʦ (ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʝʜʦʙʨʘʙʦʪʢʠ) ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʢʘʞʜʳʡ 

ʧʠʢʩʝʣʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɺʚʝʜʝʥʠʝ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʪʘʜʠʡ ʥʘ 

ʧʦʨʷʜʢʠ ʩʦʢʨʘʱʘʝʪ ʦʙʣʘʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʧʦ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ, ʫʤʝʥʴʰʘʷ 
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ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʙʦʪʢʫ ʠ ʦʙʲʝʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙʨʘʙʦʪʢʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʝ 

ʧʦʩʪʫʧʘʶʱʠʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʥʘ ʩʪʘʜʠʠ ʦʙʥʘʨʫʞʝʥʠʷ ï Landsat 8, ʥʘ 

ʩʪʘʜʠʠ ʚʳʜʝʣʝʥʠʷ ï RepidEye, ʥʘ ʩʪʘʜʠʠ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ï WorldView2). 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʷ ʆɿʆ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʦʜʥʦʤʫ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʚʭʦʜʥʳʤ 

ʠʟʦʙʨʘʞʝʥʠʷʤ ʠ çʦʙʥʦʚʣʷʶʪʩʷè ʜʣʷ ʥʦʚʳʭ ʧʦʩʪʫʧʘʶʱʠʭ ʚʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʆʙʣʘʩʪʠ ʆɿʆ ï ʧʦ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʟʘʪʝʤ çʦʙʥʦʚʣʷʶʪʩʷè ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʧʦʩʪʫʧʘʶʱʝʛʦ 

ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʂʦʤʧʦʥʝʥʪʳ ʆɿʆ ï ʧʦ ʢʘʞʜʦʤʫ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʶ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʩʘʤʦʤ ʫʯʘʩʪʢʝ ʟʘʭʦʨʦʥʝʥʠʷ ʧʦ ʪʦʡ ʦʙʣʘʩʪʠ ʩʚʘʣʢʠ ʚ ʩʦʩʪʘʚʝ 

ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʦʙʣʘʩʪʝʡ, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠʡ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʝʸ ʩʲʸʤʢʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ ʧʦ ʜʘʥʥʳʤ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ [118].  

ɹʣʦʢ ɹ. ʅʘ ʨʠʩʫʥʢʝ 5 ï ʦʙʱʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʂʄ2.  

 

ʈʠʩʫʥʦʢ 5 ï ʆʙʱʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʂʄ2 
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ʇʘʨʘʤʝʪʨ ʆɿʆ ï ʥʝʢʦʪʦʨʘʷ ʯʠʩʣʦʚʘʷ ʚʝʣʠʯʠʥʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʦʙʲʝʢʪ ʠ 

ʠʤʝʶʱʘʷ ʦʧʨʝʜʝʣʸʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ (ʚ ʚʠʜʝ ʨʠʩʫʥʢʦʚ, ʪʘʙʣʠʮ, ʛʨʘʬʠʢʦʚ, ʜʠʘʛʨʘʤʤ ʠ 

ʜʨ.). 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʩʚʦʡ ʚʥʫʪʨʝʥʥʠʡ 

ʘʣʛʦʨʠʪʤ (ʧʨʦʮʝʜʫʨʘ) ʦʙʨʘʙʦʪʢʠ, ʥʘ ʚʭʦʜʝ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʜʘʥʥʳʝ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʥʦ ʠ ʚʥʝʰʥʠʝ ʜʘʥʥʳʝ ʧʦʜʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʙʫʶʪʩʷ ʨʘʟʥʳʝ ʪʠʧʳ ʠʟʦʙʨʘʞʝʥʠʡ (ʥʘʧʨʠʤʝʨ, 

ʪʝʧʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʪʝʧʣʦʚʳʝ ʢʘʥʘʣʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ï ʠʟʦʙʨʘʞʝʥʠʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ï ʨʘʜʘʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ). ʅʘ 

ʙʘʟʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʤʘʩʩʠʚʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʨʤʠʨʫʝʪʩʷ ʜʝʪʘʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʚʘʣʢʠ (ʩʪʨʫʢʪʫʨʘ ʪʝʢʩʪʘ, ʨʠʩʫʥʢʦʚ, ʪʘʙʣʠʮ, ʛʨʘʬʠʢʦʚ, ʜʠʘʛʨʘʤʤ ʠ 

ʜʨ. ʬʦʨʤ ʠʥʬʦʨʤʘʮʠʠ).  

ʂ ʢʘʪʝʛʦʨʠʷʤ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʭʘʨʘʢʪʝʨʠʩʪʠʢ) ʆɿʆ, ʦʮʝʥʠʚʘʝʤʳʭ 

ʤʝʪʦʜʘʤʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʪʥʦʩʷʪʩʷ [92], [96], 

[121]: 1) ʪʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ï ʤʠʥʠʤʘʣʴʥʘʷ, ʩʨʝʜʥʷʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʣʢʠ ʠ ʜʨ.; 2) ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʧʣʦʩʢʦʩʪʠ ï ʧʝʨʠʤʝʪʨ, 

ʧʣʦʱʘʜʴ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʠ ʜʨ.; 3) ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ï ʦʙʲʝʤ, ʚʳʩʦʪʘ, ʫʛʦʣ ʦʪʢʦʩʘ ʠ ʜʨ. 

(ʚ ʤʝʪʦʜʠʢʫ ʥʝ ʚʭʦʜʷʪ ʪʘʢʠʝ ʢʘʪʝʛʦʨʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʳ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʤʧʦʥʝʥʪʥʳʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʜʨ.). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ ʧʦ ʜʘʥʥʳʤ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ [125]. 

ɹʣʦʢ ɺ. ʅʘ ʨʠʩʫʥʢʝ 6 ï ʦʙʱʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʂʄ3. 

ʅʘ ʚʭʦʜʝ ï ʚʨʝʤʝʥʥʘʷ ʩʝʨʠʷ ʛʝʦʧʨʠʚʷʟʘʥʥʳʭ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʩʨʝʜʥʝʛʦ ʠʣʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (Landsat 4-

8), ʩʥʷʪʳʭ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ. ʌʘʢʪʦʨ ʜʣʷ ʫʯʘʩʪʢʦʚ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʟʥʘʯʝʥʠʷʤ 
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ʂʉʗ, ʤʝʪʘʜʘʥʥʳʤ ʩʥʠʤʢʦʚ ʠ ʜʘʥʥʳʤ ʧʦʜʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʜʣʷ ʨʘʩʯʸʪʘ ʀʈʈ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʘ ʙʝʨʸʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʧʦ ʪʝʧʣʦʚʦʤʫ ʢʘʥʘʣʫ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʚʟʷʪʴ ʠʥʜʝʢʩ NDVI, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʦʚ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʢʨʘʩʥʦʤʫ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤʫ 

ʢʘʥʘʣʘʤ. ʀʥʜʝʢʩ ʀʈʈ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʥʦʨʤʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʬʘʢʪʦʨʘ ʠ 

ʨʝʘʢʮʠʠ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʤʦʞʥʦ ʚʟʷʪʴ ʢʚʘʜʨʘʪʥʫʶ ʠʣʠ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʦʢʨʝʩʪʥʦʩʪʴ ʆɿʆ ʣʠʙʦ, ʩ ʫʯʸʪʦʤ ʨʘʜʠʫʩʘ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ 

ʟʦʥʳ, ʢʨʫʛʦʚʫʶ ʠʣʠ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʦʙʲʝʢʪʘ. ɺ ʙʦʣʝʝ 

ʩʣʦʞʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʫʯʝʩʪʴ ʛʨʘʥʠʮʫ ʩʚʘʣʢʠ, ʧʦʣʫʯʝʥʥʫʶ ʢʘʢ ʢʦʥʪʫʨ ʦʙʣʘʩʪʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʤʝʪʦʜʠʢʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʢʘʞʜʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʛʨʘʥʠʮʳ ʨʘʟʥʳʝ, ʥʦ ʝʸ ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʥʝʠʟʤʝʥʥʦʡ. ʇʦ ʤʝʨʝ 

ʥʘʢʦʧʣʝʥʠʷ ʦʪʭʦʜʦʚ ʩʦ ʚʨʝʤʝʥʝʤ ʛʨʘʥʠʮʘ ʩʚʘʣʢʠ çʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷè, ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʠʟʤʝʥʥʦʡ ʛʨʘʥʠʮʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʛʨʘʥʠʮʘ ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʝʛʦ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ. ɻʨʘʥʠʮʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʚʘʣʢʠ ʙʫʜʝʪ çʧʘʨʘʣʣʝʣʴʥʘè ʛʨʘʥʠʮʝ ʩʚʘʣʢʠ 

ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠ ʨʘʟʥʝʩʝʥʘ ʦʪ ʥʝʸ ʥʘ ʧʦʩʪʦʷʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ (ʨʘʚʥʦʝ, ʥʘʧʨʠʤʝʨ, 

ʨʘʜʠʫʩʫ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ). ɼʣʷ ʵʪʦʛʦ ʢʦʥʪʫʨ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

 

ʈʠʩʫʥʦʢ 6 ï ʆʙʱʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʂʄ3 
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ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʸ ʮʝʥʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʮʠʬʨʦʚʦʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [28], [82]. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʩʦʛʣʘʩʥʦ ʌʝʜʝʨʘʣʴʥʦʤʫ ɿʘʢʦʥʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʆʙ 

ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè, ˉ 7-ʌɿ. ʉʪ. 1. (ʨʝʜ. ʦʪ 29.07.2017) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʠʤʝʥʷʶʪʩʷ 2 ʪʝʨʤʠʥʘ: ʘ) ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ; ʙ) ʧʨʠʨʦʜʥʘʷ ʩʨʝʜʘ (ʜʘʣʝʝ ʪʘʢʞʝ - ʧʨʠʨʦʜʘ) - 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʠʨʦʜʥʦ-

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɸʚʪʦʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʨʤʠʥ çʦʢʨʫʞʘʶʱʘʷ ʧʨʠʨʦʜʥʘʷ ʩʨʝʜʘè, ʩʦʢʨʘʱʸʥʥʦ 

ʆʇʉ ï ʥʝʢʦʪʦʨʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʢʨʝʩʪʥʦʩʪʴ ʦʙʲʝʢʪʘ (ʆɿʆ) ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ. ʉʯʠʪʘʝʤ ʜʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʯʸʪʦʚ, ʯʪʦ ʆʇʉ (ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ U) 

ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʡ ʨʘʟʤʝʨ ʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʨʨʠʪʦʨʠʶ, ʦʢʨʫʞʘʶʱʫʶ ʩʚʘʣʢʫ 

(ʦʙʣʘʩʪʴ u'), ʥʦ ʠ ʪʝʨʨʠʪʦʨʠʶ ʩʘʤʦʡ ʩʚʘʣʢʠ (ʦʙʣʘʩʪʴ u) ʪʦʞʝ: . 

ʄʘʪʨʠʮʳ ʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡ ʀʈʈ ʠ ʠʥʜʝʢʩʘ ʨʝʘʢʮʠʠ ʧʦʯʚʳ (ʀʈʇ) ʫʜʦʙʥʦ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ U. ʇʨʠ ʨʘʩʯʸʪʘʭ ʤʦʞʥʦ ʚʚʝʩʪʠ ʤʘʩʢʠ, ʜʘʶʱʠʝ 

ʚʳʜʝʣʝʥʠʝ ʪʠʧʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʪʨʘʚʘ, ʣʝʩ, ʚʦʜʘ, ʦʪʢʨʳʪʘʷ ʧʦʯʚʘ, ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ 

ʠ ʪ.ʜ.). ʄʘʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ ʠ ʧʦʣʫʯʘʪʴʩʷ ʥʘ ʙʘʟʝ ʨʘʟʣʠʯʥʳʭ ʜʘʥʥʳʭ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʠʣʠ ʧʦʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʇʨʦʱʝ ʨʘʩʩʯʠʪʘʪʴ ʀʈʈ ʠ ʀʈʇ ʧʦ ʚʩʝʤʫ ʠʟʦʙʨʘʞʝʥʠʶ, ʘ ʤʘʩʢʠ ʥʘʢʣʘʜʳʚʘʪʴ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʘ ʀʈʈ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʩ ʫʯʸʪʦʤ 

ʥʘʣʠʯʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʀʈʈ ʠ ʀʈʇ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʪʝʭ ʤʝʩʪʘʭ, 

ʛʜʝ NDVIҗ0 (ʤʘʩʢʘ NDVI). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʙʣʘʩʪʠ U ʩʚʦʡ ʨʷʜ 

ʀʈʈ ʠ ʦʪʯʝʪʦʚ ʚʨʝʤʝʥʠ, ʜʘʶʱʠʡ ʚ ʠʪʦʛʝ ʠʥʜʝʢʩ ʀʈʇ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ. ʅʦ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʵʪʦʡ ʤʘʩʢʠ ʠʥʜʝʢʩ ʀʈʈ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ p, 

ʪ.ʢ. ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t ʚ ʪʦʯʢʝ p NDVI ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʛʦ ʟʥʘʢʘ. ʕʪʦ 

ʚʦʟʤʦʞʥʳʡ ʧʨʠʟʥʘʢ ʢʘʢʠʭ-ʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʳʡ ʥʝ ʙʫʜʝʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʩʣʫʯʘʝ ʩ ʤʘʩʢʦʡ. 

'uuU Ç=
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʆɿʆ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʧʦ ʜʘʥʥʳʤ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ 

[124].  

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʣʦʞʝʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ, ʚ ʢʦʪʦʨʦʡ ʂʄ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʩʠʩʪʝʤʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʙʣʦʢʠ [118]: 

ɹʣʦʢ I  ï ʙʘʟʘ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʬʠʮʠʘʣʴʥʳʭ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ 

ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʯʠʩʣʷʪʩʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʨʝʝʩʪʨʝ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ 

ʦʪʭʦʜʦʚ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [32];  

ɹʣʦʢ II  ï ʧʦʜʩʠʩʪʝʤʘ ʚʳʷʚʣʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ʥʘ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 

ɹʣʦʢ III  ï ʧʦʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ (ʇʕʈ) [44] ʜʝʡʩʪʚʫʶʱʠʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ; 

ɹʣʦʢ IV  ï ʧʦʜʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʣʦʢ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; 

ɹʣʦʢ V ï ʧʦʜʩʠʩʪʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʝʩʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʚʘʣʦʢ, 

ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʣʦʢ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ.  

ɹʣʦʢ VI  ï ʧʦʜʩʠʩʪʝʤʘ ʧʦʜʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ [30], [68], [69], [70]. 

 

ʈʠʩʫʥʦʢ 7 ï ɹʣʦʢ-ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ ʠ ʚʢʣʶʯʝʥʠʝ ʂʄ 

ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ 
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ɹʣʦʢ VII  ï ʧʦʜʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. 

ʉʠʩʪʝʤʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ.  

ɺ ʙʣʦʢʝ II  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ 

ʩʚʘʣʦʢ (ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʙʣʦʢʘ ɸ) [46], [82]. ʉʨʘʚʥʠʚʘʷ ʦʙʣʘʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩ 

ʜʘʥʥʳʤʠ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʚ ʙʣʦʢʝ I, ʚʳʷʚʣʷʶʪʩʷ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʆɿʆ, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʙʣʦʢʝ II. ɺ ʙʣʦʢʝ IV 

ʚʳʧʦʣʥʷʝʪʩʷ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʣʦʢ (ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʙʣʦʢʘ ɹ) ʢʘʢ ʜʣʷ 

ʧʦʣʠʛʦʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʣʦʢʝ I, ʪʘʢ ʠ ʜʣʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʆɿʆ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʣʦʢʝ II.  ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʙʣʦʢʘ VI, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʧʦʜʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʜʘʥʥʳʝ ʙʣʦʢʘ I ʠ ʙʣʦʢʘ IV ʚ ʙʣʦʢʝ III  

ʧʨʦʚʦʜʠʪʩʷ ʩʙʦʨ, ʘʥʘʣʠʟ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʷʚʣʝʥʠʝ ʥʘʨʫʰʝʥʠʡ ʧʨʘʚʠʣ 

ʇʕʈ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʠ ʚʳʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨ (ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʙʣʦʢʘ ɺ). ɼʘʥʥʳʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ 

(ʙʣʦʢ IV) ʜʣʷ ʠʟʚʝʩʪʥʳʭ (ʙʣʦʢ I) ʠ ʥʝʠʟʚʝʩʪʥʳʭ (ʙʣʦʢ II) ʩʚʘʣʦʢ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ 

ʧʦʜʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʙʣʦʢ VI) ʧʦʩʪʫʧʘʶʪ ʚ ʙʣʦʢ V, ʛʜʝ ʧʨʦʚʦʜʠʪʩʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʉʦ ʚʩʝʭ ʙʣʦʢʦʚ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʙʣʦʢ VII  ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʤʝʪʦʜʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤʠ 

ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʘʣʦʢ ʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪ: 

1. ɸʥʘʣʠʟ ʩʚʘʣʦʢ ʧʦ ʜʘʥʥʳʤ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ; 

2. ɺʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʚʘʣʦʢ; 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʩʚʘʣʦʢ ʧʦ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʠ ʥʘʟʝʤʥʳʤ ʜʘʥʥʳʤ; 

4. ʆʙʥʘʨʫʞʝʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ; 

5. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʧʨʦʛʨʘʤʤʥʳʭ ʙʣʦʢʦʚ, ʩʨʝʜʩʪʚ 

ʠʥʪʝʨʬʝʡʩʘ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ); 

6. ʈʘʟʨʘʙʦʪʢʘ ʙʘʟ ʠ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʧʦ ʆɿʆ; 
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7. ʂʦʥʪʨʦʣʴ ʟʘ ʩʚʘʣʢʘʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ; 

8. ʈʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ; 

9. ʈʘʟʨʘʙʦʪʢʘ ʚ ʚʥʝʜʨʝʥʠʝ ʫʯʝʙʥʦ- ʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʦʙʲʝʢʪʦʚ 

ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʠ ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʚʘʣʦʢ; 

10. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʦʢʘʟʘʥʳ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʪʠʧʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʆɿʆ. 

ʏʝʤ ʣʫʯʰʝ ʨʘʟʨʝʰʝʥʠʷ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ, ʩʧʝʢʪʨʘʣʴʥʦʝ ʠ ʜʨ.) ʠʤʝʝʪ 

ʩʥʠʤʦʢ, ʙʦʣʴʰʝ ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʠ ʦʙʣʘʩʪʝʡ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʥʘ ʥʝʡ, ʪʝʤ ʰʠʨʝ 

ʢʨʫʛ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʆɿʆ. ʅʘʧʨʠʤʝʨ, 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʣʫʯʰʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ, ʚʚʠʜʫ ʥʘʣʠʯʠʷ 

ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʢʘʥʘʣʦʚ. ɽʩʣʠ ʧʦ ʤʫʣʴʪʠʩʧʝʢʪʨʫ ʦʮʝʥʠʚʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʧʦ ʛʠʧʝʨʩʧʝʢʪʨʫ ʤʦʞʝʪ ʙʳʪʴ ʜʘʥʘ ʦʮʝʥʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʩʚʘʣʦʢ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʨʫʛʘ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʬʠʥʘʥʩʦʚʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʠ ʟʘʪʨʘʪ 

ʧʘʤʷʪʠ ï Landsat 4, 5, 7, 8, GeoEye 1, WorldView 1-2, QuickBird 1-2, RapidEye [126].  

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʮʝʥʝʥʳ ʧʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ ʆɿʆ 

ʚʠʟʫʘʣʴʥʳʤʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ (ʜʘʶʱʠʝ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʝ ʠ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʩʥʠʤʢʠ) ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘ 

ʊʘʙʣʠʮʘ 1 ï ʊʠʧr ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ ʚ ʟʘʜʘʯʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʆɿʆ 

ʈʘʟʨʝʰʝʥʠʝ ʊʠʧ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ /ʨʘʟʨʝʰʝʥʠʝ, ʤ/ 

ʅʠʟʢʦʝ Landsat 4-5, 7, 8;  Envisat, EO-1  /15-30/ 

ʉʨʝʜʥʝʝ RapidEye /6.5/, Radarsat /3-8/, ʄʦʥʠʪʦʨ-ʕ /4-10/ 

ɺʳʩʦʢʦʝ ʂʘʥʦʧʫʩ-ɺ /2/, ALOS-2 /1-3/, Cartosat-1 /2-2.5/, EgyptSat-2 /1/ 

ʉʚʝʨʭʚʳʩʦʢʦʝ GeoEye-1 /0.4-0.5/, QuickBird /0.6/, TerraSAR-X, TanDEM-X, 

WorldView /0.5/, ʈʝʩʫʨʩ-ʇ /0.7/ 
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ʧʣʦʩʢʦʩʪʠ (ʧʝʨʠʤʝʪʨ, ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ ʠ ʪ.ʧ.). ʈʘʜʘʨʥʳʝ ʩʠʩʪʝʤʳ (ʜʘʶʱʠʝ 

ʩʪʝʨʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ) ʜʘʶʪ ʦʮʝʥʢʫ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʝʣʴʝʬ, ʦʙʲʝʤ ʠ ʪ.ʧ.).  

ʆʩʥʦʚʥʳʝ ʢʘʥʘʣʳ ʚ ʩʦʩʪʘʚʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʟʘʜʘʯ ï ʢʘʥʘʣʳ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ: ʩʠʥʝ-ʛʦʣʫʙʘʷ (B, ɚ=440-500 ʥʤ), 

ʟʝʣʝʥʘʷ (G, ɚ=500-565 ʥʤ) ʠ ʢʨʘʩʥʘʷ (R, ɚ=625-740 ʥʤ) ʧʦʣʦʩʳ. ʇʦ ʥʠʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʚʠʟʫʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ (ʠ ʜʝʜʫʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʢʘʢ ʝʛʦ 

ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ) ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ. ʆʮʝʥʢʫ ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʇʕʈ ʥʘ ʧʦʣʠʛʦʥʘʭ ʊʂʆ ʧʨʠʝʤʣʝʤʦ 

ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʚʳʩʦʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʟʨʝʰʝʥʠʠ. ʄʥʦʞʝʩʪʚʦ ʚʠʜʠʤʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ (ʠʩʪʦʨʠʯʝʩʢʠʭ ʠ ʪʝʢʫʱʠʭ) ʤʦʛʫʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʧʦʣʫʯʝʥʳ ʧʦ 

ʢʘʨʪʘʤ Google ʠʣʠ Yandex, ʘ ʪʘʢʞʝ ʚ ʧʨʦʛʨʘʤʤʝ Google Earth [146].  

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʢʦʩʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʆɿʆ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʸʥ ʠ ʧʦ 

ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʢʘʞʜʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʫ 

ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʢʘʥʘʣʘʤ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ ʢʘʥʘʣʦʚ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʢʨʫʛ ʟʘʜʘʯ ʨʘʩʰʠʨʷʝʪʩʷ. ʂʦʨʦʪʢʦʚʦʣʥʦʚʘʷ ʦʙʣʘʩʪʴ (ɚ=740-2500 ʥʤ), 

ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦ ʚʝʛʝʪʘʮʠʦʥʥʳʤ 

ʠʥʜʝʢʩʘʤ, ʘ ʩʨʝʜʥʝʚʦʣʥʦʚʘʷ ʦʙʣʘʩʪʴ (ɚ=2.5-50 ʤʢʤ) ï ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɼʘʣʴʥʷʷ ʠʥʬʨʘʢʨʘʩʥʘʷ ʦʙʣʘʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ 

ʩʫʪʦʢ ʠʣʠ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʩʲʝʤʢʠ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʣʦʢʠ ɸ, ɹ ʠ ɺ ʂʄ ʧʦʜʨʦʙʥʝʝ. 

2.2. ʄʝʪʦʜʠʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʧʦ ʜʘʥʥʳʤ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʙʣʦʢ ɸ (ʩʤ. ʨʠʩʫʥʢʠ 3 ʠ 4) [28], [126]. 

I. ʆʙʥʘʨʫʞʝʥʠʝ ʆɿʆ ʧʦ ʕɿʉʗ. 

ʉʣʝʜʳ ʟʘʤʫʩʦʨʠʚʘʥʠʷ (ʩʣʝʜʳ ʆɿʆ) ï ʧʨʠʟʥʘʢʠ ʥʘʣʠʯʠʷ ʩʚʘʣʦʢ, ʜʘʶʱʠʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ, ʚʳʜʝʣʷʝʤʳʝ ʧʦ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ 

ʠʟʦʙʨʘʞʝʥʠʷʤ ʧʫʪʸʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʠʢʩʝʣʝʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʩʦ 
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ʟʥʘʯʝʥʠʷʤʠ ʧʠʢʩʝʣʝʡ (ʕɿʉʗ) ʵʪʘʣʦʥʥʳʭ ʦʙʣʘʩʪʝʡ, ʟʘʥʷʪʳʭ ʪʝʩʪʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ 

ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ, ʥʘ ʢʘʞʜʦʤ ʢʘʥʘʣʝ [89]. 

ɸʣʛʦʨʠʪʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ [46], [126]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ P ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ I ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʤʘʪʨʠʮʫ P ʪʦʛʦ ʞʝ ʨʘʟʤʝʨʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʜʥʠ ʠ ʪʝ ʞʝ ʟʥʘʯʝʥʠʷ ʧʠʢʩʝʣʝʡ ʥʘ ʢʘʥʘʣʘʭ Ik ʠʟʦʙʨʘʞʝʥʠʷ I: 

, 

ʛʜʝ (x1, y1) ʠ (x2, y2) ï ʢʦʦʨʜʠʥʘʪʳ ʜʚʫʭ ʪʦʯʝʢ (ʧʠʢʩʝʣʝʡ), k ï ʥʦʤʝʨ ʢʘʥʘʣʘ, b ï ʯʠʩʣʦ 

ʢʘʥʘʣʦʚ ʠʟʦʙʨʘʞʝʥʠʷ I, Ik(x1, y1) ʠ Ik(x2, y2) ï ʂʉʗ ʧʠʢʩʝʣʝʡ ʥʘ k-ʤ ʢʘʥʘʣʝ, P(x1, y1) 

ʠ P(x2, y2) ï ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ P. 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʠ P=f(I1, I2, é, Ib) ï ʚ ʚʠʜʝ: 

, (1) 

ʛʜʝ n ï ʜʣʠʥʘ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʂʉʗ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʠʟʦʙʨʘʞʝʥʠʡ I (ʜʣʷ Landsat 

4, 5 TM n=256). 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ P ʩʦʩʪʘʚʣʷʶʪ ʤʥʦʞʝʩʪʚʦ p ʪʝʭ 

ʟʥʘʯʝʥʠʡ ʥʘ ʠʥʪʝʨʚʘʣʝ [0, nb-1], ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʵʪʘʣʦʥʥʳʝ ʦʙʣʘʩʪʠ S, 

ʧʦʢʨʳʚʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ P, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʩʭʦʜʥʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ I. 

ɽʩʣʠ n ʙʦʣʴʰʦʝ (ʥʘʧʨʠʤʝʨ, ʜʣʷ Landsat 8 n=216), ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʝʛʦ ʩʦʢʨʘʪʠʪʴ 

ʜʦ ʤʝʥʴʰʝʛʦ n'. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʣʠʥʝʘʨʠʟʘʮʠʷ ʠ ʫʢʦʨʦʯʝʥʠʝ ʛʠʩʪʦʛʨʘʤʤʳ 

ʠʟʦʙʨʘʞʝʥʠʡ I. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʤʝʩʪʦ (1) ʠʤʝʝʤ: 

. 

I'ï ʧʨʠʚʝʜʝʥʥʦʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 

ʕʪʘʣʦʥʥʳʝ ʦʙʣʘʩʪʠ ʩʪʨʦʷʪʩʷ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʆɿʆ ʥʘ ʜʘʥʥʦʤ ʩʥʠʤʢʝ ʠʣʠ 

ʩʥʠʤʢʘʭ, ʙʣʠʟʢʠʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʢ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ, ʩʝʟʦʥʥʦʤʫ ʠ ʩʫʪʦʯʥʦʤʫ 

ʚʨʝʤʝʥʠ. ʇʨʠ ʤʘʨʢʠʨʦʚʢʝ ʠʟʚʝʩʪʥʳʭ ʩʚʘʣʦʢ ʧʦ ʥʝʢʦʪʦʨʦʡ ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ 
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ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʵʪʘʣʦʥʥʳʭ ʦʙʣʘʩʪʝʡ ʩʯʠʪʘʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ. ʀ ʪʦʛʜʘ 

ʜʣʷ ʚʩʷʢʦʛʦ ʩʥʠʤʢʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʠʟʚʝʩʪʥʳ ʧʦʢʨʳʚʘʝʤʳʝ ʠʤ ʵʪʘʣʦʥʥʳʝ ʦʙʣʘʩʪʠ. 

ʅʘʡʜʝʤ ʩʣʝʜʳ ʩʚʘʣʦʢ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ Landsat 5 TM. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʩʥʠʤʢʦʚ {J}, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ p, ʚʟʷʪʳ 

ʛʝʦʧʨʠʚʷʟʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ {J} ï ʩʤ. ʪʘʙʣʠʮʫ 2. 

ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʚʟʷʪʳ 4 ʦʙʣʘʩʪʠ ï ʫʯʘʩʪʢʠ ʠʟʚʝʩʪʥʳʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʠ 

ʇʆ ɹʘʣʘʰʠʭʠʥʩʢʦʛʦ ʠ ʃʶʙʝʨʝʮʢʦʛʦ ʨʘʡʦʥʦʚ (ʄʦʩʢʦʚʩʢʠʡ ʨʝʛʠʦʥ) (ʨʠʩʫʥʦʢ 8): 1 

ï ʂʫʯʠʥʦ, 2 ï ʊʦʨʙʝʝʚʦ, 3 ï ʉʘʚʚʠʥʦ, 4 ï ɹʘʣʣʘʩʪʥʳʡ ʢʘʨʴʝʨ. ʆʙʣʘʩʪʴ ʧʦʢʨʳʪʠʷ ï 

ʪʝʨʨʠʪʦʨʠʷ ʙʣʠʞʥʝʚʦʩʪʦʯʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʩ 

ʚʝʨʰʠʥʘʤʠ x1=423965 ʤ, x2=443965 ʤ, y1=6166835 ʤ, y2=6186835 ʤ (ʚ ʧʨʦʝʢʮʠʠ 

UTM, WGS-84).

ʊʘʙʣʠʮʘ 2 ï ʀʩʭʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

Ji ID ʩʥʠʤʢʘ ɻʦʜ ʄʝʩʷʮ ʏʠʩʣʦ 

J1 LT51770212011153MOR00 2011 ʄʘʡ 3 

J2 LT51780212011224MOR00 2011 ʀʶʣʴ 3 

J3 LT51780212011240KIS01 2011 ʀʶʣʴ 29 

J4 LT51770212011281KIS00 2011 ʉʝʥʪʷʙʨʴ 8 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʘ ʦʙʣʘʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʣʝʜʦʚ ʥʘ ʙʘʟʝ 

ʜʘʥʥʦʛʦ ʵʪʘʣʦʥʘ. ʅʘ ʨʠʩʫʥʢʝ 8 ï ʥʘʣʦʞʝʥʠʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ NDVI ʜʣʷ I=J4 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ D (ʢʨʘʩʥʳʡ ʮʚʝʪ) ʧʦ ʵʪʘʣʦʥʫ (ʩʠʥʠʡ ʮʚʝʪ). 

 

ʈʠʩʫʥʦʢ 8 ï ʆʙʣʘʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʝʝ ʥʘʣʦʞʝʥʠʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʠʥʜʝʢʩʘ 

ɼʘʥʥʳʡ ʵʪʘʣʦʥ ʚʦʩʧʨʦʠʟʚʝʣ 160 ʪʦʯʝʢ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʝʨʠʦʜ ʩ ʤʘʷ ʧʦ ʘʚʛʫʩʪ 2011 ʛ. ʇʨʦʚʝʨʢʘ ʚʝʨʠʬʠʢʘʮʠʝʡ ʧʦʢʘʟʘʣʘ, 



54 

 

ʯʪʦ 90% ʠʟ ʥʠʭ ʟʘʜʘʶʪ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʩʚʘʣʦʢ, ʘ 10% ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʘʢ 

ʣʦʞʥʦ ʚʳʜʝʣʝʥʥʳʝ ʦʙʲʝʢʪʳ. ʀʟ ʨʠʩʫʥʢʘ 8 ʚʠʜʥʦ, ʯʪʦ ʩʣʝʜʳ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ, ʚʳʜʝʣʝʥʥʳʤ ʪʝʤʥʳʤ ʮʚʝʪʦʤ, ʤʥʦʛʠʝ 

ʠʟ ʢʦʪʦʨʳʭ ï ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʦʥʳ. ʕʪʘʣʦʥʥʳʝ ʆɿʆ çʜʦʨʠʩʦʚʳʚʘʶʪʩʷè, ʪ.ʢ. ʚ 

ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʚʟʷʪʳ ʥʝ ʚʩʝ ʦʙʣʘʩʪʠ, ʟʘʥʷʪʳʝ ʆɿʆ, ʘ ʪʦʣʴʢʦ çʜʦʩʪʦʚʝʨʥʘʷè ʠʭ 

ʯʘʩʪʴ. 

ʅʘ ʨʠʩʫʥʢʝ 9 ʜʘʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 3 ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʩʣʝʜʦʚ ʆɿʆ ɸ, ɹ, ɺ ʧʦʜʦʙʣʘʩʪʠ U ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ (16 

ʘʚʛʫʩʪʘ 2011 ʛ.) ʢʘʢ ʧʨʠʤʝʨʳ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʜʘʥʥʳʭ ʩʣʝʜʦʚ: ɸ ï 

55o43'41.41''ʉ, 38o00'11.06''ɺ, ɹ ï 55o43'40.71''ʉ, 37o59'57.94''ɺ, ɺ ï 55o43'36.58''ʉ, 

37o59'32.39''ɺ. ʆʙʣʘʩʪʠ 1-4 ʠ U ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 10. 

   

(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 9 ï ʇʨʠʤʝʨʳ ʩʣʝʜʦʚ ʆɿʆ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʦ ʘʣʛʦʨʠʪʤʫ: ʘ) ɸ; ʙ) ɹ; ʚ) ɺ 

(ʦʢʨʝʩʪʥʦʩʪʴ ʤʠʢʨʦʨʘʡʦʥʘ ʉʘʚʚʠʥʦ, ʛ. ʦ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ É Google) 

 

 

ʈʠʩʫʥʦʢ 10 ï ʕʪʘʣʦʥʥʳʝ ʦʙʣʘʩʪʠ 1-4 ʠ ʪʦʯʢʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ɸ-ɺ (ʧʨʠʤʝʨʳ) 

ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʝʜʦʚ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 11.  
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ʅʘ ʚʭʦʜʝ ï ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ I ʥʠʟʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ Landsat, ʩʥʷʪʦʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʣʝʜʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʝʩʧʣʘʪʥʳʝ ʨʝʩʫʨʩʳ: ʠʩʪʦʨʠʯʝʩʢʠʝ ï Landsat 4, 5, 7; ʪʝʢʫʱʠʝ ï 

Landsat 8 [152]. 

ʂʘʞʜʘʷ ʵʪʘʣʦʥʥʘʷ ʦʙʣʘʩʪʴ S ʧʦʢʨʳʚʘʝʪ ʪʫ ʯʘʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ J, ʢʦʪʦʨʘʷ 

ʟʘʥʷʪʘ ʦʙʲʝʢʪʘʤʠ-ʵʪʘʣʦʥʘʤʠ, ʪ.ʝ. ʪʝʤʠ ʦʙʲʝʢʪʘʤʠ, ʧʨʦ ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʦ, ʢ ʢʘʢʦʤʫ 

ʪʠʧʫ ʦʥʠ ʧʨʠʥʘʜʣʝʞʘʪ. ʉʣʝʜʳ ʵʪʦʛʦ ʠʩʢʦʤʦʛʦ ʪʠʧʘ ʦʙʲʝʢʪʦʚ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʷʤ p ʙʫʜʫʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ I ʥʘ ʚʭʦʜʝ (ʩʤ. ʧʨʘʚʫʶ ʯʘʩʪʴ ʙʣʦʢ-ʩʭʝʤʳ). ʇʨʦʮʝʜʫʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ (ʩʤ. ʣʝʚʫʶ ʯʘʩʪʴ ʙʣʦʢ-ʩʭʝʤʳ) ̫ ʚʣʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʦʡ. 

ʅʘ ʢʘʞʜʦʤ ʮʠʢʣʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʧʦʣʥʝʥʠʝ ʚʝʢʪʦʨʘ p ʥʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʩʭʦʜʥʳʭ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ J, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʵʪʦʤ 

ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʵʪʘʣʦʥʥʳʝ ʦʙʣʘʩʪʠ S ʧʦʢʨʳʚʘʣʠ ʦʯʠʱʝʥʥʫʶ ʦʪ ʦʙʣʘʯʥʦʩʪʠ ʠ 

ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʫʶ ʢ ʦʙʲʝʢʪʘʤ-

ʵʪʘʣʦʥʘʤ. ɽʩʣʠ ʠʩʭʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝ ʧʨʦʰʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

(ʛʝʦʧʨʠʚʷʟʢʘ, ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʢʦʨʨʝʢʮʠʠ, ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʯʥʦʩʪʠ ʠ ʜʨ. 

ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ), ʝʝ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʧʝʨʝʜ ʨʘʩʯʝʪʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʤʘʪʨʠʮ. ʊ.ʢ. ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʧʦ 

ʵʪʘʣʦʥʥʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ I ʢʘʢ ʦʜʥʦʤ ʠʟ {J} ʵʪʘʣʦʥʥʘʷ ʦʙʣʘʩʪʴ ʙʫʜʝʪ 

ʚʳʜʝʣʷʪʴʩʷ ʧʦʣʥʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʦʙʥʘʨʫʞʠʪʴ ʩʣʝʜʳ 

 

ʈʠʩʫʥʦʢ 11 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʝʜʦʚ ʆɿʆ 
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ʟʘʤʫʩʦʨʠʚʘʥʠʷ, ʵʪʘʣʦʥʥʘʷ ʦʙʣʘʩʪʴ ʚʳʯʠʪʘʝʪʩʷ ʠ ʥʝ ʚʳʚʦʜʠʪʩʷ ʥʘ ʦʙʣʘʩʪʠ ʩʣʝʜʦʚ 

ʟʘʤʫʩʦʨʠʚʘʥʠʷ D ʢʘʢ ʦʙʣʘʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. 

II. ɺʳʜʝʣʝʥʠʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʆɿʆ ʧʦ ʀʈʈ. 

ʄʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʫʝʪ ʚʨʝʤʝʥʥʳʝ ʩʝʨʠʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʦʜʥʦʛʦ ʪʠʧʘ ʩʨʝʜʥʝʛʦ ʠʣʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʪʨʝʙʫʶʪʩʷ RB ʠ ʙʣʠʞʥʠʡ-ʀʂ ʢʘʥʘʣʳ. ʆʙʣʘʩʪʠ 

ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʀʈʇ ʢʘʢ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʟʥʘʯʝʥʠʡ ʀʈʈ 

ʧʦ ʠʥʜʝʢʩʫ ʦʩʦʣʦʥʝʥʥʦʩʪʠ [89]. ʀʈʈ ʠ ʀʈʇ ï ʠʥʜʝʢʩʳ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʀʇʇ), ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ [91], [92], [95]. 

ɿʥʘʯʝʥʠʝ ʀʈʇ ʧʦ ʠʥʜʝʢʩʫ ʦʩʦʣʦʥʝʥʥʦʩʪʠ, ʙʣʠʟʢʦʝ ʢ 1, ʩʠʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʦʙʣʘʩʪʷʤʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ. ɺʳʜʝʣʠʚ ʵʪʠ ʟʥʘʯʝʥʠʷ ʧʨʦʚʝʜʝʥʠʝʤ ʧʦʨʦʛʦʚʦʡ 

ʬʠʣʴʪʨʘʮʠʠ, ʧʦʣʫʯʘʝʤ ʙʠʥʘʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪ ɹ

ʟʘʤʫʩʦʨʠʚʘʥʠʷ.  

ʉ ʥʝʢʦʪʦʨʦʡ ʦʰʠʙʢʦʡ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʠ ʚʳʜʝʣʠʪʴ ʆɿʆ, ʥʦ ʪʦʣʴʢʦ 

ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʟʘʨʦʩʰʠʝ, ʪ.ʝ. ʧʦʢʨʳʪʳʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʤʦʛʫʪ ʥʝ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴʩʷ. 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʪʦʜʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ [34] ʠ ʤʝʪʦʜʝ ʧʦʨʦʛʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ [46], [126].  

ɿʘʧʠʰʝʤ ʀʈʈ ʚ ʚʠʜʝ (ʩʤ. ʬʦʨʤʫʣʳ (11)-(12)): 
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1,1 maxmin =-= NDVINDVI ,   75,360,0 maxmin === mSISISI . 

SImin (NDVI min) ʠ SImax (NDVI max) ï ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ 

SI (NDVI) ʥʘ ʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ [121], SIm ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ SI, RED, 
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BLUE ʠ IR ï ʂʉʗ ʧʠʢʩʝʣʷ ʥʘ ʢʨʘʩʥʦʤ, ʩʠʥʝʤ ʠ ʙʣʠʞʥʝʤ-ʀʂ ʢʘʥʘʣʝ [42], [100], 

[115], [145]. 

ɿʘʧʠʰʝʤ ʀʈʇ ʚ ʚʠʜʝ: 

îí

î
ì

ë

>
-

-

¢

=
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0,0

minmax

min r
rr

rr

r

R .  (3) 

r ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ [34] ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ vn=[ʀʈʈ0 ʀʈʈ1 

é ʀʈʈn] ʟʥʘʯʝʥʠʡ ʀʈʈ ʧʠʢʩʝʣʷ ʪʝʨʨʠʪʦʨʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ [t0 

t1 é tn] ʩʲʸʤʢʠ, Tn=tn-t0. ʄʘʪʨʠʮʘ ʟʥʘʯʝʥʠʡ ʀʈʈi ʧʦʣʫʯʝʥʘ ʠʟ ʠʩʭʦʜʥʦʛʦ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ I i, [I0 é In] ï ʚʨʝʤʝʥʥʘʷ ʩʝʨʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʪʝʨʨʠʪʦʨʠʠ. ʉʘʤʘ ʪʝʨʨʠʪʦʨʠʷ ï ʦʢʨʝʩʪʥʦʩʪʴ U ʥʝʢʦʪʦʨʦʛʦ ʦʙʥʘʨʫʞʝʥʦʛʦ ʆɿʆ. rmin 

ʠ rmax ï ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ 

ʤʘʪʨʠʮʳ ʟʥʘʯʝʥʠʡ r ʧʦ ʦʙʣʘʩʪʠ U (ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ ti). ɿʥʘʯʝʥʠʷ R ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʤʝʥʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ [0, 1].  

ɼʘʣʝʝ ʚʳʜʝʣʷʶʪʩʷ ʧʠʢʩʝʣʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʀʈʇ, ʙʦʣʴʰʠʤ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʘ 

10 << ʧR . ʆʯʘʛ ʟʘʤʫʩʦʨʠʚʘʥʠʷ, ʪ.ʝ. ʯʘʩʪʴ ʦʙʣʘʩʪʠ ʆɿʆ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʀʈʇ, ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦʨʦʛʝ 8.001 =²RR , ʚʩʷ ʦʙʣʘʩʪʴ 

ʟʘʤʫʩʦʨʠʚʘʥʠʷ (ʦʙʣʘʩʪʴ ʆɿʆ) ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦʨʦʛʝ R2<R1. ʏʝʤ ʤʝʥʴʰʝ Rʧ, ʪʝʤ 

ʪʦʯʥʝʝ ʚʳʜʝʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʟʘʤʫʩʦʨʠʚʘʥʠʷ, ʥʦ ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʰʫʤʘ [83]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʙʣʘʩʪʴ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʚ 

ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ R2, ʚ ʢʦʪʦʨʦʡ ʨʦʩʪ ʧʣʦʱʘʜʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ S(Rʧ) (ʧʦʨʦʛʦʚʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ) ʩʚʷʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʧʦʢʨʳʚʘʶʱʝʡ ʦʯʘʛ, ʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʤ.  

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʚʘʣʢʠ (ʚʳʜʝʣʝʥʠʝ ʦʯʘʛʘ ʠʣʠ ʦʙʣʘʩʪʠ ʩʚʘʣʢʠ) ʚʦʟʤʦʞʥʦ ʧʨʠ 

n>m, ʛʜʝ [t0, tm] ï ʧʝʨʠʦʜ ʦʩʥʦʚʘʥʠʷ ʨʘʩʯʸʪʘ, ʪ.ʝ. ʤʠʥʠʤʘʣʴʥʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʥʦʛʦ 

ʨʷʜʘ vm ʟʥʘʯʝʥʠʡ ʀʈʈ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʠʯʝʥʠʷ ʆɿʆ ʦʪ ʬʦʥʘ 

ʧʨʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʥʘʯʝʥʠʷʭ Rʧ ʧʨʠ ʨʘʩʯʝʪʝ R ʧʦ ʬʦʨʤʫʣʝ (3). [tm+1, tn] ï ʧʝʨʠʦʜ 

ʨʘʩʯʸʪʘ, ʪ.ʝ. ʠʥʪʝʨʚʘʣ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʯʘʛ ʠ ʦʙʣʘʩʪʴ ʆɿʆ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʛʘʭ Rʧ. ʊ.ʝ. ʨʘʩʯʸʪ R ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ 

[ʀʈʈ0 é ʀʈʈm] ʜʘʸʪ çʨʘʟʤʳʪʦʝè ʚʳʜʝʣʝʥʠʝ ʩʚʘʣʢʠ ʠ ʦʯʘʛʘ, ʘ ʥʘʯʠʥʘʷ ʩ ʨʷʜʘ 
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[ʀʈʈ0 ... ʀʈʈm+1] ʠ ʟʘʢʘʥʯʠʚʘʷ [ʀʈʈ0 é ʀʈʈn] ï ʯʸʪʢʦʝ ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʘ ʠ ʦʯʘʛʘ, 

ʟʘ ʥʝʢʦʪʦʨʳʤʠ ʠʩʢʣʶʯʝʥʠʷʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʪʝʤ, ʯʪʦ ʩʨʝʜʠ ʠʟʦʙʨʘʞʝʥʠʡ Im+1, 

é In ʝʩʪʴ ʪʝ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʙʱʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʚʭʦʜʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ (ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʦʙʣʘʩʪʝʡ ʆɿʆ). ʆʪʯʸʪʫ m+1 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʨʘʥʝʝ ʯʸʪʢʦʝ ʚʳʜʝʣʝʥʠʝ ʩʚʘʣʢʠ (ʚʳʜʝʣʝʥʠʝ ʧʨʝʜʩʚʘʣʢʠ). 

ʏʝʤ ʙʦʣʴʰʝ m, ʪʝʤ ʪʦʯʥʝʝ ʚʳʜʝʣʷʝʪʩʷ ʪʝʢʫʱʘʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tm ʦʙʣʘʩʪʴ ʆɿʆ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʀʈʇ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʀʈʈ ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʚʘʣʦʢ, 

ʧʦʢʘʟʘʣ, ʯʪʦ Tm>6 ʣʝʪ.  

ɺʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʀʈʇ (3) ʠ ʦʙʣʘʩʪʷʤʠ 

ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʠʥʜʝʢʩ ʦʩʦʣʦʥʝʥʥʦʩʪʠ ʩʠʣʴʥʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ, ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʪʝʭʥʦʛʝʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ. ʊ.ʝ. ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʯʝʪʘʝʪʩʷ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʫʭʫʜʰʝʥʠʝʤ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʫʩʦʨʥʳʭ ʩʚʘʣʦʢ.  

ʅʘ ʨʠʩʫʥʢʝ 12 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ  

 

ʈʠʩʫʥʦʢ 12 ï ʆʙʣʘʩʪʠ ʚʳʜʝʣʝʥʠʷ ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

ʩʲʸʤʢʠ (ɹʘʣʘʰʠʭʠʥʩʢʠʡ ʨʘʡʦʥ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ) 

ʦʙʣʘʩʪʝʡ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʧʦʣʫʯʝʥʥʦʡ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʀʈʇ ʧʦ ʠʥʜʝʢʩʫ ʦʩʦʣʦʥʝʥʥʦʩʪʠ NSI. ʆʙʣʘʩʪʠ ï ʩʚʷʟʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʦʯʘʛ ʟʘʤʫʩʦʨʠʚʘʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 13), ʠ ʧʦʩʪʨʦʝʥʳ ʧʨʠ 

Rʧ=0.6. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʥʠʤʢʦʚ ʚʟʷʪʳ ʠʟʦʙʨʘʞʝʥʠʷ Landsat 4-5 TM ʟʘ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ 1983-2011 ʛʛ. ʀʤʝʥʘʤ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʘʪ çʅʦʤʝʨ 
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ʆɿʆ _ ɻʦʜ _ ʄʝʩʷʮ_ ɼʝʥʴ ʤʝʩʷʮʘè. ʈʦʩʪ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʝʥʠʝ ʦʙʣʘʩʪʠ ʧʦʢʨʳʪʠʷ 

ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥ ʟʘʨʘʩʪʘʥʠʝʤ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ ʩʪʘʙʠʣʴʥʳʭ ʪʝʤʧʘʭ ʧʦʩʪʫʧʣʝʥʠʷ ʦʪʭʦʜʦʚ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ 

ʧʦʣʠʛʦʥʘ. 
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ʈʠʩʫʥʦʢ 13 ï ʆʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʆɿʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ ʀʈʇ (ʧʦʣʠʛʦʥ ʊɹʆ ʂʫʯʠʥʦ, ɹʘʣʘʰʠʭʠʥʩʢʠʡ ʨʘʡʦʥ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ) 

ʅʘ ʨʠʩʫʥʢʝ 13 ʧʨʠʚʝʜʝʥʳ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʆɿʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ Rʧ, ʜʘʶʱʠʝ ʧʦʨʦʛʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ S(Rʧ). Rʧ 

ʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 1, ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ ï 8 ʘʚʛʫʩʪʘ 2011 ʛ. ɺʠʜʠʤ, ʯʪʦ ʩʘʤ ʦʯʘʛ 

ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ Rʧ=0.99. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ Rʧ ʦʪ 1 ʜʦ 0.5 ʧʣʦʱʘʜʴ S ʦʙʣʘʩʪʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦ. ɺ ʪʦʯʢʝ Rʧ=0.49 ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʘʯʢʦʤ, ʘ ʟʘʪʝʤ ʨʘʩʪʸʪ ʚʩʸ ʙʳʩʪʨʝʝ, ʯʪʦ ʜʘʸʪ ʚʩʸ ʙʦʣʴʰʝ ʰʫʤʘ ʠ 

ʤʝʥʴʰʝ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʚʳʜʝʣʝʥʠʷ ʦʯʘʛʦʚ ʠ ʦʙʣʘʩʪʝʡ ʟʘʤʫʩʦʨʠʚʘʥʠʷ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 14. 

ʅʘ ʚʭʦʜʝ ï ʩʝʨʠʷ ʦʜʥʦʪʠʧʥʳʭ ʛʝʦʧʨʠʚʷʟʘʥʥʳʭ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ. ʈʘʟʨʝʰʝʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʝ ʠʣʠ ʩʨʝʜʥʝʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʯʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʆɿʆ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʢʘʥʘʣʳ ï ʢʨʘʩʥʳʡ Red, ʩʠʥʠʡ Blue-Green ʠ ʙʣʠʞʥʠʡ ʀʂ Near-IR. 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ I ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ t1, 

t2, é, tn ʧʦʧʠʢʩʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʀʈʈ, ʟʘʪʝʤ ʧʦ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ 

ʀʈʈ ʩ t1 ʜʦ ti, ʛʜʝ ti-t0җɲt (ȹt=6 ʣʝʪ ï ʨʘʩʩʯʠʪʘʥʦ ʧʨʦʚʝʜʝʥʠʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʤʘʪʨʠʮ ʀʈʈ ʠ ʀʈʇ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ) ʧʦʧʠʢʩʝʣʴʥʦ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʩʝʨʠʷ ʀʈʇ. ʈʘʩʯʸʪ ʀʇʇ ʫʜʦʙʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ [92]. ʇʦʨʦʛʦʚʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʀʈʇÓR0 ʚ tn ʚʳʜʝʣʷʶʪʩʷ 

ʦʯʘʛʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ. ʅʘ ʫʯʘʩʪʢʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʘʞʜʦʛʦ ʦʯʘʛʘ (ʩʚʷʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪ) ʥʘ ʢʘʞʜʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʀʈʇ ʩʪʨʦʠʪʩʷ ʧʦʨʦʛʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

S(Rʧ). ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʢʘʞʜʦʤ Rʧ ʥʘ ʠʥʪʝʨʚʘʣʝ [0, 1] ʩ ʥʝʢʦʪʦʨʳʤ ʰʘʛʦʤ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʣʦʱʘʜʴ S (ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ) ʩʚʷʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʧʦʢʨʳʚʘʶʱʝʡ 

ʦʯʘʛ (ʧʨʦʚʦʜʠʪʩʷ ʧʦʨʦʛʦʚʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʚʳʜʝʣʝʥʠʝ ʩʚʷʟʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ 

ʢʦʤʧʦʥʝʥʪʳ, ʩʦʜʝʨʞʘʱʝʡ ʦʯʘʛ). ɺ ʪʦʯʢʝ R2, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 

ʈʠʩʫʥʦʢ 14 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʚʳʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʆɿʆ 



62 

 

çʚʧʝʨʚʳʝè ʩʦʚʝʨʰʘʝʪ ʩʢʘʯʦʢ ʠ ʤʝʥʷʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦ, ʚʳʜʝʣʷʝʪʩʷ ʦʙʣʘʩʪʴ 

ʟʘʤʫʩʦʨʠʚʘʥʠʷ.  

III. ɺʳʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʆɿʆ ʧʦ ʄʀʇ. 

ʂʦʤʧʦʥʝʥʪ ʆɿʆ (ʢʦʤʧʦʥʝʥʪ ʟʘʤʫʩʦʨʠʚʘʥʠʷ, ʢʣʘʩʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʷʪʦʡ 

ʦʙʲʝʢʪʦʤ) ï ʢʣʘʩʩ ʧʦʚʝʨʭʥʦʩʪʠ ʫʯʘʩʪʢʘ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ, ʠʤʝʶʱʠʡ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʝʰʠʬʨʦʚʦʯʥʳʝ ʧʨʠʟʥʘʢʠ, ʚʠʜʠʤʳʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʝ ʝʛʦ ʦʪ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʥʘ 

ʵʪʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. ʉʯʠʪʘʝʤ, ʯʪʦ ʢʦʤʧʦʥʝʥʪ ʩʚʘʣʢʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷʤʠ f0ij 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʷʨʢʦʩʪʷʤʠ xi ʠ xj ʥʘ i-ʤ ʠ j-ʤ ʢʘʥʘʣʝ 

ʩʦʩʪʘʚʥʳʭ ʧʠʢʩʝʣʝʡ ʠ ȹf ij ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʵʪʠʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ʂʨʠʪʝʨʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʷʨʢʦʩʪʠ (x,y) ʢ ʢʦʤʧʦʥʝʥʪʫ 

ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ [94]: 

maxmin0 ,,...1,,,),()( xxxnjixyxxxfyxf jiijij ¢¢===D¢- . 

xi ï ̫ ʨʢʦʩʪʴ ʧʠʢʩʝʣʷ ʢʦʤʧʦʥʝʥʪʘ ʥʘ i-ʤ ʢʘʥʘʣʝ, n ï ʯʠʩʣʦ ʢʘʥʘʣʦʚ, F={ f0ij}, ȹF={ȹf ij} 

ï ʬʫʥʢʮʠʦʥʘʣʳ ʄʀʇ, [xmin, xmax] ï ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ 

ʢʦʤʧʦʥʝʥʪʘ ʥʘ i-ʤ ʢʘʥʘʣʝ (ʨʠʩʫʥʦʢ 15ʘ).  

ʂʨʠʪʝʨʠʡ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘ: 

njixyxxxfyxf ji ,...1,,,),()( 21 ===¢¢ .  (4) 

F1={ f1ij}, F2={ f2ij} ï ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʳ ʄʀʇ (ʩʤ. ʨʠʩʫʥʦʢ 15ʙ). 

ʉʯʠʪʘʝʤ, ʦʙʣʘʩʪʴ U ï ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʤʥʦʞʝʩʪʚʦ U ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ 

ʦʙʣʘʩʪʠ-ʵʪʘʣʦʥʫ: çʯʠʩʪʳʡè ʫʯʘʩʪʦʢ ʦʙʲʝʢʪʘ, ʚʳʜʝʣʝʥʥʳʡ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ, ʢʦʪʦʨʳʡ ʜʦʩʪʦʚʝʨʥʦ ʧʨʠʥʘʜʣʝʞʠʪ ʜʘʥʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ. ɺ 

ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʩʥʠʤʦʢ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʦʙʲʝʢʪ ʠ 

ʚʳʜʝʣʷʝʪʩʷ çʯʠʩʪʘʷè ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʥʘ ʥʝʤ (ʥʘʧʨʠʤʝʨ, ʚ ENVI). ʊʦʛʜʘ ʜʣʷ 

ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʙʣʘʩʪʠ ʠʟʚʝʩʪʥʳ ʂʉʗ ʥʘ ʚʩʝʭ ʢʘʥʘʣʘʭ ʠʟʦʙʨʘʞʝʥʠʷ. 
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(ʚ) (ʛ) 

ʈʠʩʫʥʦʢ 15 ï ʆʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʦʙʲʝʢʪʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ: ʘ) ȹf(x); ʙ) 

y(x) (ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟʘʤʫʩʦʨʠʚʘʥʠʷ, ʠʶʣʴ; x ï ʢʨʘʩʥʳʡ ʢʘʥʘʣ, y ï ʟʝʣʝʥʳʡ 

ʢʘʥʘʣ) 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʆɿʆ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ 

ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ [46], [126]. 

ʅʘ ʨʠʩʫʥʢʝ 16 ʧʨʠʚʝʜʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʤʥʦʞʝʩʪʚʘ U ʜʣʷ ʪʝʢʩʪʫʨʳ ʢʦʤʧʦʥʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʛʦʥʘ ʊʂʆ 

ʂʫʯʠʥʦ ʥʘ ʩʥʠʤʢʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ.  

 

 

(ʙ) 

 

(ʚ) 

 

(ʛ) 

(ʘ) 

ʈʠʩʫʥʦʢ 16 ï ʘ) ɺʳʜʝʣʝʥʠʝ ʵʪʘʣʦʥʘ (ENVI); ʙ-ʛ) ʤʥʦʞʝʩʪʚʦ U: ʙ) ʧʨʦʝʢʮʠʷ (x1, x2), 

ʚ) ʧʨʦʝʢʮʠʷ (x1, x3), ʛ) ʧʨʦʝʢʮʠʷ (x2, x3) (WorldView2) 

ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ï WorldView2 ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʛʠʩʪʦʛʨʘʤʤʳ ʢ 

ʜʠʘʧʘʟʦʥʫ 0-255 ʚ ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʝ. ʂʘʥʘʣ 1 ï ʢʨʘʩʥʳʡ, 2 ï ʟʝʣʝʥʳʡ, 3 ï ʩʠʥʠʡ. 

ɺʳʜʝʣʝʥʥʳʡ ʫʯʘʩʪʦʢ ʢʦʤʧʦʥʝʥʪʘ ʆɿʆ (ʪʠʧ ʛʨʫʥʪʘ) ʦʜʥʦʨʦʜʝʥ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 
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ʟʘʚʠʩʠʤʦʩʪʠ x2(x1), x3(x1), x3(x2) ʣʠʥʝʡʥʳ (n=3). ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʠ f1(xi) ʠ f2(xi) ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʳ. 

ʏʝʤ ʙʣʠʞʝ ʧʠʢʩʝʣʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʷʨʢʦʩʪʷʤʠ xj ʥʘ j-ʭ ʢʘʥʘʣʘʭ ʢ ʩʨʝʜʥʠʤ 

ʬʫʥʢʮʠʷʤ 
k

ij

k

j ff 0=  (ʦʪ ʧʝʨʚʦʛʦ ʢʘʥʘʣʘ x=x1, i=1), ʪʝʤ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʦʥ 

ʧʨʠʥʘʜʣʝʞʠʪ ʜʘʥʥʦʡ ʪʝʢʩʪʫʨʝ. ɼʣʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʩʣʝʜʫʝʪ ʧʨʠʯʠʩʣʷʪʴ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʠʟʦʙʨʘʞʝʥʠʷ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

k-ʤʫ ʢʦʤʧʦʥʝʥʪʫ. ɺʟʷʚ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʄʀʇ-ʳ N ʢʦʤʧʦʥʝʥʪ ʆɿʆ (ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʙʘʟʠʩʘ), ʧʦʣʫʯʝʥʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʩ ʷʨʢʦʩʪʴʶ [x1 x2 é xn] 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʧʨʠʯʠʩʣʷʝʪʩʷ ʢ ʪʦʤʫ ʢʦʤʧʦʥʝʥʪʫ, ʢ ʩʨʝʜʥʝʤʫ ʬʫʥʢʮʠʦʥʘʣʫ 
kf  

ʢʦʪʦʨʦʛʦ ʦʥ ʙʣʠʞʝ: 

( )kkk
n

j

j

k

jkk xxfxxf
n

maxmin1

1 2

1
,|)(|

1
min, +Ö=-=D­D ä

=

.  (5) 

ɺ ʢʘʯʝʩʪʚʝ ʥʦʨʤʳ, ʧʦʤʠʤʦ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ, ʢʘʢ ʚ (5), ʤʦʞʥʦ ʚʟʷʪʴ 

ʜʨʫʛʫʶ ʥʦʨʤʫ (ʥʘʧʨʠʤʝʨ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ). 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʣʢʠ ʠʣʠ ʝʛʦ ʫʯʘʩʪʢʘ ï ʧʨʠʯʠʩʣʝʥʠʝ ʢʘʞʜʦʛʦ 

ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʠʟ ʟʘʜʘʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʙʘʟʠʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʨʦʷʪʩʷ ʯʘʩʪʥʳʝ ʠ ʦʙʱʝʝ 

ʢʦʤʧʦʥʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʏʘʩʪʥʳʝ ʢʦʤʧʦʥʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ï ʙʠʥʘʨʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʪʦʛʦ ʞʝ ʨʘʟʤʝʨʘ, ʯʪʦ ʠ ʚʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʚ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʝʪʩʷ 

ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʆʙʱʝʝ ʢʦʤʧʦʥʝʥʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ï 

ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʛʦ ʞʝ ʨʘʟʤʝʨʘ, ʯʪʦ ʠ ʚʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʧʠʢʩʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʥʳʝ ʢʣʘʩʩʳ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʦʢʨʘʩʢʘ ʢʦʤʧʦʥʝʥʪʘ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʢʣʦʥʘ ʣʫʯʝʡ 

ʉʦʣʥʮʘ (ʩʝʟʦʥʥʦʝ ʠ ʩʫʪʦʯʥʦʝ ʚʨʝʤʷ ʩʲʝʤʢʠ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ). ʇʦʵʪʦʤʫ 

ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʄʀʇ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʥʦ ʠʥʪʝʨʘʢʪʠʚʥʦ 

ʧʦʣʫʯʠʪʴ ʠ ʟʘʪʝʤ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʦʙʲʝʢʪʘ ʧʨʠʤʝʨʥʦ ʜʣʷ ʦʜʥʦʛʦ ʥʘʢʣʦʥʘ 

ʣʫʯʝʡ (ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʚʨʝʤʷ ʩʲʝʤʢʠ ʟʘʚʠʩʠʪ ʦʪ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ ʤʝʩʪʥʦʩʪʠ). 
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ʂʦʤʧʦʥʝʥʪʳ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʫʶ ʦʢʨʘʩʢʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʜʦʩʪʘʪʦʯʥʦ ʚʟʷʪʴ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʠ ʥʘ ʨʘʟʥʳʭ 

ʢʘʥʘʣʘʭ: 

njibxax ijiijj ,...1,, =+Ö=  

ʠʣʠ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: 
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ʗʩʥʦ, ʯʪʦ aii=1, bii=0, aji=1/aij, bji=-bij/aij, A ʠ B ï ʄʀʇ ʢʦʤʧʦʥʝʥʪʘ, Ã ï ʦʧʝʨʘʮʠʷ 

ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ i=1 ʜʣʷ k-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

njxxbxax i
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ʠʣʠ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: 
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A' ʠ B' ï ʄʀʇ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʙʘʟʠʩʘ ʆɿʆ. ʊ.ʢ. ʧʨʠ j=1 constf k

j =  (ʩʤ. ʬʦʨʤʫʣʫ (5)), 

Nkxxba kkkk ,...1),(5.0,0 maxmin11 =+Ö== . 

ʅʘ ʨʠʩʫʥʢʝ 17 ʧʦʢʘʟʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʛʦʥʘ ʊʂʆ 

ʂʫʯʠʥʦ (ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ WorldView2, ʜʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 18, ʧʨʠʚʝʜʝʥʦ ʢ 

ʜʠʘʧʘʟʦʥʫ 0-255 ʧʨʝʧʘʨʠʨʦʚʘʥʠʝʤ ʛʠʩʪʦʛʨʘʤʤʳ ʂʉʗ). ʇʨʠʚʝʜʝʥʳ ʯʘʩʪʥʳʝ 

ʢʦʤʧʦʥʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʈʘʟʙʠʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 6 ʢʣʘʩʩʘʤʠ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ: ʢʣʘʩʩ 1 ï ʤʝʪʘʣʣ (ʞʝʣʝʟʦ); ʢʣʘʩʩ 2 ï ʟʘʛʨʷʟʥʸʥʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ; ʢʣʘʩʩ 3 ï ʥʝʟʘʛʨʷʟʥʸʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ; ʢʣʘʩʩ 4 ï ʦʪʢʨʳʪʳʡ ʛʨʫʥʪ 

(ʧʝʩʦʢ); ʢʣʘʩʩ 5 ï ʦʪʢʨʳʪʳʝ ʦʪʭʦʜʳ (ʧʣʘʩʪʤʘʩʩʘ); 6 ï ʫʧʣʦʪʥʸʥʥʘʷ ʟʝʤʣʷ (ʧʨʦʝʟʞʠʝ 

ʫʯʘʩʪʢʠ). 
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ʈʠʩʫʥʦʢ 18 ï ʋʯʘʩʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ 

(WorldView2, ʣʝʪʦ, 2013 ʛ., ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʟʘʤʫʩʦʨʠʚʘʥʠʷ (ʩʤ. ʨʠʩʫʥʢʠ 9 ʠ 18) ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʢʩʪʫʨʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ [74], [75]. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʠʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʪʝ ʠʣʠ 

ʠʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʄʀʇ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʝ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ, 

ʘ ʚ ʦʙʣʘʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʆɿʆ. 

ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 19. 

ʅʘ ʵʪʘʣʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʠʟʚʝʩʪʥʳ ʦʙʣʘʩʪʠ, ʟʘʥʷʪʳʝ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʟʘʤʫʩʦʨʠʚʘʥʠʷ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʵʤʧʠʨʠʯʝʩʢʠ ʥʘʭʦʜʷʪʩʷ ʄʀʇ. ɺʳʜʝʣʷʝʪʩʷ 

 

ʈʠʩʫʥʦʢ 17 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ (ʯʘʩʪʥʳʝ ʢʦʤʧʦʥʝʥʪʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ) 
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ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ (ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʧʨʠʟʥʘʢʦʤ ʥʘʣʠʯʠʷ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʤʝʩʪʝ ʆɿʆ. ʊ.ʦ. ʬʦʨʤʠʨʫʝʪʩʷ ʙʘʟʠʩ ʄʀʇ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʩʦʙʩʪʚʝʥʥʦ ʢʦʤʧʦʥʝʥʪ ʟʘʤʫʩʦʨʠʚʘʥʠʷ) ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ (ʜʦʨʦʛ, ʥʘʩʳʧʝʡ, ʣʝʩʦʤʘʩʩʠʚʦʚ ʠ ʪ.ʜ.). 

 

ʈʠʩʫʥʦʢ 19 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʆɿʆ 

ʅʘ ʚʭʦʜʝ ʘʣʛʦʨʠʪʤʘ ï ʠʟʦʙʨʘʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʪʦʛʦ ʞʝ ʪʠʧʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʳ ʄʀʇ. ʇʦ ʢʨʠʪʝʨʠʶ (4) ʥʘʭʦʜʠʪʩʷ ʦʙʣʘʩʪʴ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʟʘʪʝʤ ʚʳʜʝʣʷʶʪʩʷ ʩʚʷʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʦʪʩʝʠʚʘʶʪʩʷ ʪʝ, ʧʣʦʱʘʜʴ 

ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ Sʧ=10 ʧʢ (ʬʠʣʴʪʨʘʮʠʷ ʧʦ ʨʘʟʤʝʨʫ) ï ʥʘʭʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʟʘʤʫʩʦʨʠʚʘʥʠʷ. ɺ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʚʦʜʠʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʢʨʠʪʝʨʠʶ (5), ʧʦ ʢʦʪʦʨʦʤʫ ʦʙʣʘʩʪʴ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʪʦʯʥʷʝʪʩʷ ʜʣʷ 

ʦʩʥʦʚʥʳʭ. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʩʚʷʟʘʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʟʘʤʫʩʦʨʠʚʘʥʠʝʤ. ʂ ʥʠʤ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢʦʤʧʦʥʝʥʪʳ ʆʇʉ 

(ʜʣʷ ʪʝʢʩʪʫʨ ʚʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʨʳʰ ʟʜʘʥʠʡ, ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʩʦʤʘʩʩʠʚʦʚ ʠ 

ʧʦʣʝʡ ʠ ʪ.ʜ.), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʜʝʣʠʪʴ ʆɿʆ ʦʪ ʆʇʉ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʃʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ 

ɸʣʛʦʨʠʪʤ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʆɿʆ ʧʦ ʕɿʉʗ (ʩʤ. ʨʠʩʫʥʦʢ 11) ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ 

ʧʣʘʛʠʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Matlab, ʣʠʩʪʠʥʛ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʸʥ ʥʠʞʝ. 
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% ɺʓʏʀʉʃɽʅʀɽ ʉʃɽɼʆɺ ɿɸʄʋʉʆʈʀɺɸʅʀʗ ʇʆ ɼɸʅʅʓʄ 

ʀɿʆɹʈɸɾɽʅʀʁ LANDSAT 4-5 TM ʇʆ ʆɹʃɸʉʊʗʄ ʕʊɸʃʆʅʅʓʍ ʆɹʒɽʂʊʆɺ 

ɿɸʍʆʈʆʅɽʅʀʗ ʆʊʍʆɼʆɺ ʅɸ ʊʆʄ ɾɽ ʀɿʆɹʈɸɾɽʅʀʀ 

% ʆʪʢʨʳʪʠʝ ʢʘʥʘʣʦʚ Bi ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ B 

(ʯʠʩʣʦ ʝʜʠʥʠʮ ʷʨʢʦʩʪʠ ʩʥʠʤʢʦʚ Landsat 4-5 TM ï 256, ʩ 0 ʧʦ 255) 

    B1=double(imread('ʇʝʨʚʳʡ ʢʘʥʘʣ ʠʟʦʙʨʘʞʝʥʠʷ.tif ')); 

    B2=double(imread(ɺʪʦʨʦʡ ʢʘʥʘʣ ʠʟʦʙʨʘʞʝʥʠʷ.tif ')); 

    B3=double(imread(ʊʨʝʪʠʡ ʢʘʥʘʣ ʠʟʦʙʨʘʞʝʥʠʷ.tif ')); 

    B4=double(imread(ʏʝʪʚʝʨʪʳʡ ʢʘʥʘʣ ʠʟʦʙʨʘʞʝʥʠʷ.tif ')); 

    B5=double(imread(ʇʷʪʳʡ ʢʘʥʘʣ ʠʟʦʙʨʘʞʝʥʠʷ.tif ')); 

    B6=double(imread(ʐʝʩʪʦʡ ʢʘʥʘʣ ʠʟʦʙʨʘʞʝʥʠʷ.tif ')); 

    B7=double(imread(ʉʝʜʴʤʦʡ ʢʘʥʘʣ ʠʟʦʙʨʘʞʝʥʠʷ.tif ')); 

B=B1+B2*256+B3*256^2+B4*256^3+B5*256^4+B6*256^5+B7*256^6;     

clear B1 B2 B3 B4 B5 B6 B7 

% ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʤʝʨʥʦʡ ʤʘʪʨʠʮʳ B (ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ) ʚ ʦʜʥʦʤʝʨʥʫʶ 

(ʣʠʥʝʡʥʦʡ ʬʦʨʤʳ) 

s=size(B); ss=s(1)*s(2); B=reshape(B,1,ss); 

% ʇʦʣʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ x, y, f (x ï ʘʙʩʮʠʩʩʘ, y ï ʦʨʜʠʥʘʪʘ, f ï ʧʨʠʚʝʜʝʥʥʘʷ) ʦʙʣʘʩʪʠ 

ʵʪʘʣʦʥʥʳʭ ʆɿʆ (ʬʫʥʢʮʠʷ Pixels) ʠ ʚʳʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ B0 ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʳ B, ʧʦʢʨʳʚʘʶʱʠʭ ʜʘʥʥʫʶ ʦʙʣʘʩʪʴ 

X=Pixels('ʌʘʡʣ ROI ʢʦʦʨʜʠʥʘʪ ʦʙʣʘʩʪʠ ʵʪʘʣʦʥʥʳʭ ʆɿʆ.txt'); 

x=X(:,1); y=Y(:,2); 

f=(x-1)*s(1)+y; B0=B(f); 

clear x y X 

% ʇʦʣʫʯʝʥʠʝ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʛʦ ʚʝʢʪʦʨʘ B1 ʠ ʥʦʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ ii  ʚʝʢʪʦʨʘ B; 

ʚʝʢʪʦʨʘ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ B2 ʠ ʥʦʤʝʨʦʚ j2 ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʛʦ 

ʚʝʢʪʦʨʘ; ʚʝʢʪʦʨʘ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ B3 ʠʟ B2, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʚʝʢʪʦʨʫ ʵʪʘʣʦʥʥʳʭ 

ʷʨʢʦʩʪʝʡ B0, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʜʝʢʩʦʚ ff 

    [B1 ii]=sort(B); 
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    [B2 j2]=unique(B1); 

    [B3 ff]=intersect(B2,B0); 

    clear B B1 B2 B3 B0  

% ʇʦʣʫʯʝʥʠʝ ʚʝʢʪʦʨʘ dj ʯʠʩʣʘ ʧʠʢʩʝʣʝʡ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʷʨʢʦʩʪʝʡ B3 (j1 ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʚʳʭ ʵʣʝʤʝʥʪʦʚ, j2 ï ʧʦʩʣʝʜʥʠʭ 

ʵʣʝʤʝʥʪʦʚ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʛʦ ʚʝʢʪʦʨʘ B1) 

    j1=[1 j2(1:end-1)+1]; 

    j2=j2(ff);  

    j1=j1(ff);  

    dj=j2-j1; 

% ʇʦʣʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ k (ʧʨʠʚʝʜʝʥʥʳʭ) ʚʩʝʭ ʧʠʢʩʝʣʝʡ ʩ ʷʨʢʦʩʪʷʤʠ B0, ʢʦʪʦʨʳʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʤ ʚʝʢʪʦʨʝ B1 (ii  ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʚʝʜʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ B ʠ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ; jj  ï ʢʦʦʨʜʠʥʘʪʳ, ʥʝ ʚʢʣʶʯʝʥʥʳʝ 

ʚ ʵʪʘʣʦʥʥʫʶ ʦʙʣʘʩʪʴ) 

    m=max(dj) 

    v=(0:m)'; 

    k=round(ones(m+1,1)*j1+v*dj/m); 

    ii=unique(ii(k)); 

    jj=setdiff(ii,f);  

% ɺʳʚʝʜʝʥʠʝ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ C ʦʙʥʘʨʫʞʝʥʥʳʭ ʩʣʝʜʦʚ ʟʘʤʫʩʦʨʠʚʘʥʠʷ 

    C=zeros(s(1),s(2)); 

    C(jj)=1; 

    figure; imshow(C); 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ: 

1. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʘʚ ʆɿʆ 

ʧʫʪʸʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʥʠʟʢʦʛʦ ʠ ʚʳʩʦʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ; 
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2. ɺ ʤʝʪʦʜʠʢʝ ʧʨʦʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ: ʦʙʥʘʨʫʞʝʥʠʝ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʩʚʘʣʢʠ (ʩʪʘʜʠʷ 1), ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʩʚʘʣʢʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ (ʩʪʘʜʠʷ 2), ʚʳʜʝʣʝʥʠʝ ʢʣʘʩʩʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʣʢʠ ʚʥʫʪʨʠ 

ʦʙʣʘʩʪʠ (ʩʪʘʜʠʷ 3); 

4. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʚʘʣʦʢ ʚʢʣʶʯʘʝʪ: ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʦʙʲʝʢʪʘ, ʦʙʥʘʨʫʞʝʥʠʝ 

ʦʙʲʝʢʪʘ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ, ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʘ, ʚʨʝʤʝʥʥʳʝ ʩʝʨʠʠ ʦʙʣʘʩʪʝʡ ʧʦʢʨʳʪʠʷ 

ʦʙʲʝʢʪʘ ʚʳʜʝʣʝʥʠʝ ʢʣʘʩʩʦʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. 

2.3. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʧʦ ʜʘʥʥʳʤ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʙʣʦʢ ɹ (ʩʤ. ʨʠʩʫʥʢʠ 3 ʠ 5) [28], [126]. 

I. ʆʮʝʥʢʘ ʪʝʧʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʂ ʪʝʧʣʦʚʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʥʦʩʷʪʩʷ: 

1. ɺʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ (ʩʝʟʦʥʥʳʝ, ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʫʪʦʯʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʨʘʟʥʦʩʪʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ); 

2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ (ʪʝʧʣʦʚʳʝ ʠʟʦʣʠʥʠʠ, 

ʪʝʨʤʦʠʟʦʧʣʝʪʳ, ʪʝʧʣʦʚʳʝ ʵʧʠʮʝʥʪʨʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ);  

3. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʘʥʦʤʘʣʠʠ (ʨʠʩʢ ʚʦʟʛʦʨʘʥʠʡ, ʪʣʝʥʠʡ, ʨʘʟʙʨʦʩ ʪʝʤʧʝʨʘʪʫʨ, 

ʪʝʧʣʦʚʳʝ ʚʩʧʣʝʩʢʠ); 

4. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʪʝʥʜʝʥʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʪʝʧʣʦʚʦʡ ʪʨʝʥʜ, 

ʮʠʢʣ ʠ ʰʫʤ, ʢʦʨʨʝʣʷʮʠʷ ʪʝʧʣʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʛʦʜʳ, ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ). 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ï ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʝʛʦ ʪʝʧʣʦʚʦʤʫ ʢʘʥʘʣʫ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʦʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ Landsat 4-8 ʠʤʝʝʤ [152], [163]: 
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ʛʜʝ a, b, c, d ï ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʥʠʤʢʦʚ Landsat, T ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʠʢʩʝʣʷ (ʂ), Q ï ʝʛʦ ʂʉʗ ʥʘ ʪʝʧʣʦʚʦʤ ʢʘʥʘʣʝ. ʂʦʵʬʬʠʮʠʝʥʪʳ a-d ʠʟ (7) ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 3 [145]. ɿʘʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʤʥʦʛʦ ʠʟʤʝʥʷʶʪʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ, ʠ ʙʦʣʝʝ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʥʠʤʢʦʚ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʬʘʡʣʘʭ ʤʝʪʘʜʘʥʥʳʭ. 

ʊʘʙʣʠʮʘ 3 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʩʯʸʪʘ ʜʣʷ ʪʠʧʦʚ ʩʥʠʤʢʦʚ Landsat 

ʊʠʧ 

ʩʥʠʤʢʘ 

L4 L5 L7 L7 L8 L8 

ʂʘʥʘʣ 6 6 6_VCID_1 6_VCID_2 TIR1 TIR2 

a 1284.3 1260.56 1282.71 1282.71 1321.08 1201.14 

b 671.62 607.76 666.09 666.09 774.89 480.89 

c 0.0547655 0.0547655 0.0668235 0.0370588 0.0003342 0.0003342 

d 1.2378 1.2378 0 3.2 0.1 0.1 

ɼʣʷ ʆɿʆ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʞʥʦ ʜʘʪʴ ʦʮʝʥʢʫ: 

ʪʝʧʣʦʚʳʭ ʨʠʩʢʦʚ ʠ ʘʥʦʤʘʣʠʡ, ʪʝʧʣʦʚʳʭ ʵʧʠʮʝʥʪʨʦʚ ʠ ʠʟʦʣʠʥʠʡ, ʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʦʛʥʦʟʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʧʣʦʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ. 

ʂ ʬʦʨʤʘʤ ʪʝʧʣʦʚʳʭ ʘʥʦʤʘʣʠʡ ʥʘ ʆɿʆ ʦʪʥʦʩʷʪʩʷ ʚʦʟʛʦʨʘʥʠʝ ʠ ʪʣʝʥʠʝ 

ʦʪʭʦʜʦʚ. ɺʦʟʛʦʨʘʥʠʝ ʦʪʭʦʜʦʚ ï ʚʥʝʰʥʠʡ ʧʨʦʮʝʩʩ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʬʘʢʪʦʨʦʚ çʠʟʚʥʝè (ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʚʝʪʝʨ, ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ) ʠ çʠʟʥʫʪʨʠè 

(ʙʠʦʭʠʤʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʦʪʭʦʜʦʚ). ʊʣʝʥʠʝ ʦʪʭʦʜʦʚ ï ʚʥʫʪʨʝʥʥʠʡ ʧʨʦʮʝʩʩ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ ʚ ʩʚʘʣʦʯʥʦʤ ʛʨʫʥʪʝ, ʜʝʡʩʪʚʫʶʱʠʡ ʧʨʠ ʤʝʥʴʰʝʤ 

ʚʦʟʜʝʡʩʪʚʠʠ çʠʟʚʥʝè (ʜʦʞʜʴ, ʩʥʝʛ, ʭʦʣʦʜ), ʯʝʤ çʠʟʥʫʪʨʠè. ʊʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʪʝʣʝ ʆɿʆ ʧʨʦʪʝʢʘʶʪ ʥʝʧʨʝʨʳʚʥʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʩʝʟʦʥʘ, ʩʪʘʜʠʠ 

ʜʝʛʨʘʜʘʮʠʠ, ʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʚʨʝʤʝʥʘʤʠ ʦʥʠ ʤʦʛʫʪ 

ʧʨʦʷʚʣʷʪʴ ʩʝʙʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʪʝʤ 

ʚʳʰʝ ʠ ʰʠʨʝ ʵʧʶʨʘ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʪʦʣʱʠʥʝ ʩʚʘʣʢʠ (ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ 

çʧʝʨʝʤʝʱʘʶʪʩʷè ʚʚʝʨʭ). ʊʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʪʝʧʣʦʚʳʭ ʨʠʩʢʦʚ ʤʦʞʥʦ ʚʟʷʪʴ: 
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ʛʜʝ rb(Ű) ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʛʦʨʘʥʠʡ, rs(Ű) ï ʪʣʝʥʠʡ ʥʘ ʆɿʆ, Tm=max(T0(Ű)), 

ʇTTa -= )()( max tt , ))(max( taam = , )()( min tt TTb ʇ-= , ))(max( tbbm = , Tʇ ï ʥʝʢʦʪʦʨʘʷ 
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ʧʦʨʦʛʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʳʰʝ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʤʝʩʪʦ ʨʠʩʢ ʚʦʟʛʦʨʘʥʠʷ, ʥʠʞʝ ï ʪʣʝʥʠʷ, 

k ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʥʘʯʠʤʦʩʪʠ ʢʨʠʪʝʨʠʷ, T0(Ű), Tmin(Ű), Tmax(Ű) ï 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʘʷ, ʤʠʥʠʤʘʣʴʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʝʟʦʥʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Ű. ɼʣʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʯʠʪʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʪʝʧʣʦʚʳʭ 

ʢʘʥʘʣʦʚ ʥʝ ʦʜʥʦʡ, ʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʡʩʪʚʫʶʱʠʭ ʩʚʘʣʦʢ. 

ʊʝʧʣʦʚʳʝ ʠʟʦʣʠʥʠʠ ï ʟʘʤʢʥʫʪʳʝ ʣʠʥʠʠ ʨʘʚʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʭʦʜʷʱʠʝʩʷ ʚ ʪʝʧʣʦʚʦʤ ʵʧʠʮʝʥʪʨʝ (ʵʧʠʮʝʥʪʨʘʭ) ï ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʟʥʘʯʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʆɿʆ. ʊʝʧʣʦʚʳʝ ʢʦʣʴʮʘ 

(ʪʝʨʤʦʠʟʦʧʣʝʪʳ) ï ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʨʦʛʦʚʦʡ 

ʬʠʣʴʪʨʘʮʠʝʡ ʥʘ ʠʥʪʝʨʚʘʣʝ ʂʉʗ [q1, q2] (q1 ʠ q2 ï ʥʠʞʥʠʡ ʠ ʚʝʨʭʥʠʡ ʧʦʨʦʛʠ 

ʪʝʤʧʝʨʘʪʫʨ). ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ ʧʦʨʪʨʝʪ ʪʝʧʣʦʚʳʭ ʠʟʦʣʠʥʠʡ ʩʚʦʡ, 

ʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʧʠʮʝʥʪʨ ï ʥʝʫʩʪʦʡʯʠʚʳʡ ʵʣʝʤʝʥʪ ʪʝʧʣʦʚʦʛʦ 

ʧʦʨʪʨʝʪʘ. ʀʟʦʣʠʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ T ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʶʪʩʷ ʦʪ ʩʥʠʤʢʘ ʢ ʩʥʠʤʢʫ, ʠʭ 

ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʦʣʴʢʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʥʠʤʢʘ, ʘ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʧʦʚʝʜʝʥʠʷ 

ʠʟʦʣʠʥʠʡ ʥʝ ʚʳʚʝʩʪʠ (ʚʝʨʦʷʪʥʦ, ʚ ʩʚʷʟʠ ʩ ʜʠʥʘʤʠʢʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ). 

ʉʫʪʦʯʥʳʡ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ h. ʅʦ, 

ʚʦ-ʧʝʨʚʳʭ, ʦʜʥʫ ʦʙʣʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʤʦʛʫʪ ʧʦʢʨʳʚʘʪʴ ʩʥʠʤʢʠ, ʩʥʷʪʳʝ 

ʪʦʣʴʢʦ ʚ ʫʟʢʦʤ ʩʫʪʦʯʥʦʤ ʠʥʪʝʨʚʘʣʝ (ʥʘʧʨʠʤʝʨ, ʄʦʩʢʦʚʩʢʠʡ ʨʝʛʠʦʥ Landsat 

ʧʦʢʨʳʚʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʩ 7.30 ʜʦ 8.30 ʯʘʩʦʚ ʫʪʨʘ). ɺʦ-ʚʪʦʨʳʭ, ʩʫʪʦʯʥʳʡ ʨʝʞʠʤ T(Ű, 

h) ʩʚʘʣʦʢ ʤʝʥʷʝʪʩʷ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ Ű, ʥʦ ʬʫʥʢʮʠʷ ʫʩʣʦʚʥʘ, ʪ.ʢ. ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ T ʚ ʪʦʯʢʝ (Ű, h) ʪʨʝʙʫʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ ʪʦʯʢʠ, ʯʝʛʦ ʧʦʢʘ ʥʝʪ ʚ ʧʨʠʨʦʜʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʥʘʡʪʠ 

ʣʠʥʠʶ ʨʝʛʨʝʩʩʠʠ ʬʫʥʢʮʠʠ T(Ű, h) ʧʦ ʪʦʯʢʘʤ ʜʣʷ ʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ (ʥʘʡʪʠ ʩʝʟʦʥʥʦ-

ʩʫʪʦʯʥʳʡ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʜʣʷ ʜʘʥʥʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʤʝʩʪʥʦʩʪʠ), ʥʘ ʢʦʪʦʨʦʡ 

ʦʪʨʘʞʘʶʪʩʷ ʪʘʢʞʝ ʩʫʪʦʯʥʳʡ ʠ ʩʝʟʦʥʥʳʡ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ.  

ʉʝʟʦʥʥʳʡ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʆɿʆ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ T(Ű), ʛʜʝ Ű ï 

ʚʨʝʤʷ ʛʦʜʘ, ʠʣʠ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʝ Tmin(Ű), ʤʠʥʠʤʘʣʴʥʳʝ Tmax(Ű) ʠ 

ʩʨʝʜʥʠʝ Tm(Ű) ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʨʘʟʙʨʦʩ ʪʝʤʧʝʨʘʪʫʨ ȹT(Ű)=Tmax(Ű)-
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Tmin(Ű). ʍʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ï ʬʫʥʢʮʠʷ T(t), ʛʜʝ t ï ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʝ ʚʨʝʤʷ. 

T(t) ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʦʯʝʢ ʬʫʥʢʮʠʠ T(Ű) ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (Ű, T) ʚ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ (t(Ű), T). ʌʫʥʢʮʠʠ T(Ű) ʠ T(t) ʟʘʜʘʶʪ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ T'(Ű) ʠ T'(t), 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝʢʠʤʠ ʫʩʪʦʡʯʠʚʳʤʠ ʪʝʧʣʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʚʘʣʦʢ. ʂʘʞʜʘʷ ʪʦʯʢʘ ʬʫʥʢʮʠʡ T(Ű) ʠ T(t) 

ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʦʙʣʘʩʪʠ U(t), ʟʘʜʘʶʱʝʡ ʫʯʘʩʪʦʢ 

ʆɿʆ ʚ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʩʲʝʤʢʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʳ, ʩʧʦʥʪʘʥʥʦ ʚʦʟʥʠʢʘʶʱʠʝ ʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʥʘ ʫʯʘʩʪʢʝ ʟʘʭʦʨʦʥʝʥʠʷ, ʧʦ ʥʠʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʝʟʦʥʥʳʝ ʨʠʩʢʠ 

ʪʝʧʣʦʚʳʭ ʘʥʦʤʘʣʠʡ (ʚʦʟʛʦʨʘʥʠʡ, ʪʣʝʥʠʡ ï (8)) ʥʘ ʩʚʘʣʢʘʭ.  

ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʆɿʆ ʠʤʝʝʪ ʤʝʩʪʦ ʨʷʜ 

ʧʨʝʧʷʪʩʪʚʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ 

ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʥʳʭ ʤʘʪʨʠʮ ʠ ʛʫʩʝʥʠʮʳ-SSA [31], [43], [99], [100], [101] 

ʪʨʝʙʫʝʪʩʷ ʠʤʝʪʴ ʥʝʢʦʪʦʨʫʶ çʚʠʜʠʤʫʶè ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚʦ 

ʚʨʝʤʝʥʠ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʛʨʘʬʠʢʘʭ ʜʦʣʞʥʘ ʙʳʪʴ ʚʠʜʥʘ ʢʘʨʪʠʥʘ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, 

ʩʣʝʜʫʶʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʚ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ ʚ ʢʘʞʜʳʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʛʦʜ 

ʠʣʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʟʚʣʝʯʝʥʠʝ ʪʘʢʦʛʦ 

ʤʘʩʩʠʚʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʠ 

ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʘʟʣʦʞʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʪʝʤʧʝʨʘʪʫʨ ʩ ʦʜʥʦʛʦ 

ʪʠʧʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ. ɺʦ-

ʚʪʦʨʳʭ, ʩʣʦʞʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʘʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʟʣʦʞʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʪʝʤʧʝʨʘʪʫʨ. ʆʩʪʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʪʨʝʥʜ ʢʘʢ ʫʩʪʦʡʯʠʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʣʫʯʘʝʤʦʡ ʆɿʆ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʨʝʥʜʘ ï 

ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʣʦʥʘ k ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ T(t)=k*t+b (k ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʘʢʣʦʥʘ, b ï ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ) ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʪʝʤʧʝʨʘʪʫʨ 

v=[T1, T2, é, Tn] ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʨʝʤʝʥʥʳʭ ʦʪʯʝʪʦʚ [t1, t2, é, tn] ʧʠʢʩʝʣʷ 

ʦʙʣʘʩʪʠ ʩʚʘʣʢʠ ʦʪ ʩʘʤʦʛʦ ʨʘʥʥʝʛʦ t1 ʜʦ ʩʘʤʦʛʦ ʧʦʟʜʥʝʛʦ tn. ʈʘʩʯʝʪ ʪʘʢʠʭ k ʜʣʷ ʚʩʝʭ 
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ʧʠʢʩʝʣʝʡ ʦʙʣʘʩʪʠ ʜʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ K ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ (ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʢʣʦʥʘ). ʅʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʥʝ ʫʯʠʪʳʚʘʝʪ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʟʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ. 

ɹʦʣʝʝ çʛʣʫʙʦʢʠʡè ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʨʝʥʜʘ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʘʝʢʪʦʨʥʳʭ ʤʘʪʨʠʮ V={vi} ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ vi (ʜʣʠʥʘ çʧʦʣʫʚʦʣʥʳè ʛʫʩʝʥʠʮʳ ï 

m<n).  

ʈʘʩʯʝʪ ʣʠʥʝʡʥʳʭ ʪʨʝʥʜʦʚ Ti(t)=ki* t+bi ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ vi ʜʘʝʪ ki ʠ bi ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʣʦʥʘ ʠ ʩʚʦʙʦʜʥʳʝ ʯʣʝʥʳ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʪʨʝʥʜ ʚ ʪʦʯʢʝ: Ti=Ti(ti). 

ʄʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʨʷʜʦʚ vi ʜʘʝʪ n ʪʦʯʝʢ v'=[T1, T2, é, Tn] ʠ ʩʘʤ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʪʨʝʥʜ 

T'(t) ʠʟ ʥʠʭ. ʃʠʥʠʷ k(t), ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʪʦʯʢʘʤ (ti, ki), ʠʤʝʝʪ ʣʠʥʠʶ ʨʝʛʨʝʩʩʠʠ k'(t). 

ʊʦʛʜʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʩʪʦʨʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

K(t) ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ. ʕʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʫʩʣʦʚʥʳ, ʠ ʙʦʣʝʝ ʪʦʯʥʦʡ ʤʦʞʝʪ ʙʳʪʴ 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ k(t), ʥʘ ʙʘʟʝ ʪʝʤʧʝʨʘʪʫʨ Ti ʥʝ ʜʣʷ ʧʠʢʩʝʣʷ, ʘ ʢʘʢ ʩʨʝʜʥʷʷ ʧʦ 

ʦʙʣʘʩʪʠ ʆɿʆ.  

ɿʘʧʠʰʝʤ ʪʨʘʝʢʪʦʨʥʫʶ ʤʘʪʨʠʮʫ T, ʩʦʩʪʦʷʱʫʶ ʠʟ ʵʣʝʤʝʥʪʦʚ T0=T(x,y,tʥ,tʢ), 

ʛʜʝ: uyx Í),(  ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ (u ï ʦʙʣʘʩʪʴ ʧʦʢʨʳʪʠʷ 

ʟʘʤʫʩʦʨʠʚʘʥʠʝʤ); [tʥ, tʢ] ï ʜʠʘʧʘʟʦʥ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʦʯʢʝ 

(x,y), ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʪʯʝʪʦʚ ʪʝʤʧʝʨʘʪʫʨ vT=[T1 T2 é Tn], ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʯʝʪʘʤ 

ʚʨʝʤʝʥʠ vt=[t1 t2 é tn], t1=tʥ, t2=tʢ; T
0=ktʩʨ+b, tʩʨ ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ vt, k ʠ b ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʠ ʩʤʝʱʝʥʠʝ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ vT ʦʪ vt. ʊʦʛʜʘ ʦʪʯʝʪʳ 

ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ï T0(tʩʨ).  

ʊʝʤʧʝʨʘʪʫʨʘ ʙʦʣʴʰʠʥʩʪʚʘ ʩʚʘʣʦʢ, ʦʩʦʙʝʥʥʦ ʢʨʫʧʥʳʭ, ʨʘʩʪʝʪ ʩʦ ʚʨʝʤʝʥʝʤ, ʥʦ 

ʦʥʘ ʥʝ ʤʦʞʝʪ ʨʘʩʪʠ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Tʩʪ ʠ ʚʨʝʤʝʥʠ tʩʪ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʆɿʆ ʧʝʨʝʭʦʜʠʪ ʚ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʘ, ʢʦʛʜʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦʜʠʪʩʷ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʟʥʘʯʝʥʠʶ. 

ʆʮʝʥʢʫ ʧʦʩʪʦʷʥʥʳʭ Tʩʪ ʠ tʩʪ ʩʚʘʣʢʠ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʨʝʥʜʘ T(t), ʣʠʙʦ ʨʘʩʯʝʪʦʤ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ R(t) ʨʷʜʘ v' ʚ ʚʠʜʝ: 
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ʛʜʝ t0, tʩʪ, T0, Tʩʪ ï ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʠʩʪʝʤʳ çʆɿʆè: 

t0 ï ʥʘʯʘʣʦ, tʇʇ=tʩʪ-t0 ï ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, T0 ï ʥʦʨʤʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʩʠʩʪʝʤʳ, Tʩʪ ï ʚʦʟʙʫʞʜʝʥʥʦʝ, ʧʨʠʚʝʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ [106]. 

ʆʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ Tʩʪ ʠ ʚʨʝʤʝʥʠ tʩʪ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʦ ʚʚʝʜʝʥʠʷ ʆɿʆ ʚ ʦʙʣʘʩʪʴ (ʪ.ʝ. ʪʦʡ, ʢʘʢʦʡ ʦʥʘ ʤʦʛʣʘ ʙʳ ʙʳʪʴ ʙʝʟ 

ʩʚʘʣʢʠ ʠʣʠ ʢʘʢʦʡ ʦʥʘ ʙʳʣʘ ʜʦ ʝʸ ʧʦʷʚʣʝʥʠʷ). ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʥʘʡʪʠ ʣʠʥʠʶ 

ʨʝʛʨʝʩʩʠʠ (9), ʥʦ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʨʷʜʘ v''=[Tn é T2 T1]. ʇʘʨʘʤʝʪʨʳ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ ʦʪʣʠʯʘʶʪʩʷ ʠ ʜʘʶʪ ʪʦʣʴʢʦ ʦʮʝʥʢʫ ʚʨʝʤʝʥ ʠ 

ʪʝʤʧʝʨʘʪʫʨ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʯʝʪʦʚ, 

ʧʦʢʨʳʚʘʶʱʠʭ ʵʚʦʣʶʮʠʶ ʩʚʘʣʢʠ ʥʘ ʨʘʟʥʳʭ ʝʝ ʵʪʘʧʘʭ. 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ (ʩʤ. (9)) ï 

ʨʘʟʣʦʞʝʥʠʝ ʵʢʩʧʦʥʝʥʪʳ ʚ ʨʷʜ ʄʘʢʣʦʨʝʥʘ (ʣʠʥʝʘʨʠʟʘʮʠʷ) [34]. ʊʘʢʞʝ ʤʦʞʥʦ 

ʧʨʠʤʝʥʠʪʴ ʪʘʢʠʝ ʧʦʜʭʦʜʳ, ʢʘʢ: ʤʝʪʦʜ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦ 

ʨʘʟʥʦʩʪʠ ʩʫʤʤ ʦʪʜʝʣʴʥʦ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʝʡ ʧʨʠʚʝʜʝʥʥʳʭ ʬʦʨʤ ʫʨʘʚʥʝʥʠʷ; 

ʥʘʟʥʘʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ; 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʥʝʚʷʟʢʠ ʥʝ ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʝʡ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʝʡ, ʘ ʚ ʚʠʜʝ 

ʠʭ ʦʪʥʦʰʝʥʠʡ. 

ʂʘʢ ʧʦʢʘʟʘʣʘ ʦʮʝʥʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʛʦʥʦʚ ʊʂʆ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʠ ʩʢʦʨʦʩʪʴ ʝʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ ʛʣʫʙʠʥʫ ʥʘ ʫʯʘʩʪʢʘʭ ʟʘʭʦʨʦʥʝʥʠʷ (ʦʩʦʙʝʥʥʦ 

ʢʨʫʧʥʳʭ) ʚ ʩʨʝʜʥʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʩʢʦʨʦʩʪʠ ʝʝ ʠʟʤʝʥʝʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʫʯʘʩʪʢʦʚ (ʨʠʩʫʥʦʢ 20). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʦʩʪʘʚʝ ʦʪʭʦʜʦʚ ʚ ʧʦʯʚʝ (ʜʝʛʨʘʜʘʮʠʷ 

ʦʪʭʦʜʦʚ).  

ʅʘ ʨʠʩʫʥʢʝ 21 ʠʟʦʙʨʘʞʝʥʳ ʩʝʟʦʥʥʳʝ ʛʨʘʬʠʢʠ ʨʠʩʢʦʚ ʚʦʟʛʦʨʘʥʠʡ rb(Ű) ʠ 

ʪʣʝʥʠʡ rs(Ű) ʜʣʷ ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ ʧʦ ʩʝʟʦʥʥʦʤʫ ʚʨʝʤʝʥʥʦʤʫ ʨʷʜʫ ʪʝʤʧʝʨʘʪʫʨ 

ʦʙʣʘʩʪʠ ʫʯʘʩʪʢʘ ʟʘʭʦʨʦʥʝʥʠʷ (Tʇ=20oC, k=0.5). ɺʠʜʠʤ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʢʨʠʪʝʨʠʝʤ (8) ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʠʩʢ ʚʦʟʛʦʨʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʧʦʣʠʛʦʥʘ 



76 

 

ʚ ʩʝʨʝʜʠʥʝ ʠʶʣʷ ʠ ʥʝʩʢʦʣʴʢʦ ʧʦʟʞʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʠʩʢʘ ʪʣʝʥʠʷ (ʥʘʯʘʣʦ ʠʶʣʷ). 

ɽʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʛʦʨʘʥʠʷ ʚʳʩʦʢʘ ʪʦʣʴʢʦ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʪʦ ʪʣʝʥʠʷ ï ʪʘʢʞʝ 

ʚʝʩʥʦʡ (ʤʘʡ) ʠ ʦʩʝʥʴʶ (ʩʝʥʪʷʙʨʴ, ʧʝʨʚʘʷ ʧʦʣʦʚʠʥʘ ʦʢʪʷʙʨʷ). 

 
ʈʠʩʫʥʦʢ 20 ï ʀʟʦʙʨʘʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʛʦʥʘ ʊʂʆ ɿʘʚʦʣʝʥʴʝ, 

ʆʨʝʭʦʚʦ-ɿʫʝʚʩʢʠʡ ʨʘʡʦʥ (Landsat 8, 10 ʢʘʥʘʣ, ʠʶʣʴ 2016) 

 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 21 ï ʕʤʧʠʨʠʯʝʩʢʠʝ ʛʨʘʬʠʢʠ: ʘ) rb; ʙ) rs [ʧʦʣʠʛʦʥ ʊʂʆ ʂʫʯʠʥʦ] 

ʅʘ ʨʠʩʫʥʢʝ 22 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʣʘʩʪʝʡ 

ʜʣʷ ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ (ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʚʨʝʤʝʥʠ ʦʙʣʘʩʪʴ, ʟʘʥʷʪʘʷ 

ʧʦʣʠʛʦʥʦʤ, ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʘ). ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʯʘʩʪʢʘ 

ʟʘʭʦʨʦʥʝʥʠʷ ʦʢʘʟʘʣʘʩʴ ʚʝʩʴʤʘ ʜʠʥʘʤʠʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʭʘʨʘʢʪʝʨʫ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʦʪʭʦʜʦʚ ʠ ʚʳʜʝʣʝʥʠʶ ʤʝʪʘʥʘ ʚ 

ʩʦʩʪʘʚʝ ʙʠʦʛʘʟʘ. 

ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩʫʥʦʢ 23) ʦʪʯʝʪʣʠʚʦ 

ʚʠʜʥʘ ʥʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʥʥʦ ʥʘ ʙʘʟʦʚʦʤ ʫʯʘʩʪʢʝ 

ʟʘʭʦʨʦʥʝʥʠʷ (ʩʚʝʪʣʦʝ ʧʷʪʥʦ). ʏʝʨʥʳʤ ʧʷʪʥʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ 

ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ [34].  

ɻʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʠʛʦʥʘ ʚʳʰʝ, ʯʝʤ ʟʘ ʝʛʦ 

ʛʨʘʥʠʮʘʤʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥ ʧʦʣʦʞʠʪʝʣʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ï ʢʘʢ ʚ 
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ʘʥʪʨʦʧʦʛʝʥʥʦʡ (ʩʝʚʝʨʦ-ʚʦʩʪʦʢ), ʪʘʢ ʠ ʚ ʧʨʠʨʦʜʥʦʡ (ʶʛʦ-ʟʘʧʘʜ) ʟʦʥʝ. ʊ.ʢ. ʆɿʆ ï 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʙʣʠʞʘʡʰʠʡ ʦʙʲʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ʢ ʣʝʩʫ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ, ʪʦ ʩʣʝʜʫʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʪʝʧʣʦʚʳʤ ʛʨʘʜʠʝʥʪʦʤ ʩʚʘʣʢʠ ʠ ʪʝʧʣʦʚʳʤ 

ʛʨʘʜʠʝʥʪʦʤ ʣʝʩʦʤʘʩʩʠʚʘ. 

 

ʈʠʩʫʥʦʢ 22 ï ʌʨʘʛʤʝʥʪ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠʟʦʙʨʘʞʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 

ʦʙʣʘʩʪʠ (ʦʢʨʝʩʪʥʦʩʪʴ ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ) 

  

(a) (ʙ) 

ʈʠʩʫʥʦʢ 23 ï ɺʠʜʠʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (ʘ) (ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google); 

ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʨʝʥʜʘ (ʙ) (ʦʩʝʥʴ, 2015 ʛ., ʧʦʣʠʛʦʥ ʊʂʆ ʊʦʨʙʝʝʚʦ) 

ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 24. 

ʅʘ ʚʭʦʜʝ ï ʚʨʝʤʝʥʥʘʷ ʩʝʨʠʷ ʪʝʧʣʦʚʳʭ ʢʘʥʘʣʦʚ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ (ʪʘʢʠʭ, ʢʘʢ Landsat 4-8) ʚ ʦʢʨʝʩʪʥʦʩʪʠ U ʟʘʜʘʥʥʦʡ ʩʚʘʣʢʠ. ʊʘʢʞʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʟʚʝʩʪʥʘ ʦʙʣʘʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ UuË . 

ʃʠʥʠʷ ʨʝʛʨʝʩʩʠʠ (9) ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʦʪʯʝʪʘʤ 

[t0, T0]. ʇʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ, 
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ʩʚʷʟʳʚʘʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʣʠʥʝʡʥʦʡ ʠ ʧʨʠʚʝʜʝʥʥʦʡ (ʣʠʥʝʡʥʦʡ) ʬʦʨʤʳ 

ʫʨʘʚʥʝʥʠʷ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ. 

 

ʈʠʩʫʥʦʢ 24 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʪʝʧʣʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʚʨʝʤʷ ʩʪʘʙʠʣʠʟʘʮʠʠ) 

II. ʆʮʝʥʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ. 

ʂ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʪʥʦʩʷʪʩʷ 

[96]: 

1. ʆʙʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʧʣʦʱʘʜʴ, ʧʝʨʠʤʝʪʨ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ); 

2. ʇʘʨʘʤʝʪʨʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʮʝʥʪʨ ʤʘʩʩ, ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʤʫʩʦʨʠʚʘʥʠʷ); 

3. ɺʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʤʝʥʪ ʠʩʯʝʟʥʦʚʝʥʠʷ, ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ); 

4. ʇʘʨʘʤʝʪʨʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʚʳʪʷʥʫʪʦʩʪʴ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ, ʣʠʥʠʷ ʢʦʥʪʫʨʘ); 

5. ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʧʝʨʝʤʝʱʝʥʠʝ, ʩʢʦʨʦʩʪʴ, ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ); 

6. ʇʘʨʘʤʝʪʨʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʣʠʥʠʷ ʨʝʛʨʝʩʩʠʠ). 

ʇʣʦʱʘʜʴ ʠ ʧʝʨʠʤʝʪʨ ʆɿʆ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ:  

[ ] lkPlnkS ÖÖ=Ö-Ö= 2,5.02
, 

ʛʜʝ k ï ʨʘʟʨʝʰʝʥʠʝ ʩʥʠʤʢʦʚ, n ï ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʩʚʷʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʦʩʣʝ 

ʟʘʧʦʣʥʝʥʠʷ, l ï ʜʣʠʥʘ ʢʦʥʪʫʨʘ. 
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ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʧʦʚʝʜʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʣʦʱʘʜʠ 

ʧʦʢʨʳʪʠʷ ʆɿʆ ʚʦ ʚʨʝʤʝʥʠ: 1) ʩʪʫʧʝʥʯʘʪʳʡ ʨʦʩʪ (ʨʘʩʧʦʣʟʘʥʠʝ ʩʚʘʣʢʠ ʚʜʦʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʧʦ ʚʳʩʦʪʝ ʩʚʘʣʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʦʚʦʛʦ 

ʧʦʷʚʠʚʰʝʛʦʩʷ ʫʯʘʩʪʢʘ); 2) ʩʧʘʜ (ʟʘʨʘʩʪʘʥʠʝ ʩʚʘʣʢʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ); 3) 

ʬʣʫʢʪʫʘʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ (ʦʪʭʦʜʳ ʨʝʛʫʣʷʨʥʦ ʩʞʠʛʘʶʪʩʷ ʠ 

ʨʘʟʤʝʨ ʆɿʆ ʩʠʣʴʥʦ ʥʝ ʤʝʥʷʝʪʩʷ, ʣʠʙʦ ʩʢʦʨʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʩʚʘʣʢʠ ʦʪʭʦʜʘʤʠ ʙʣʠʟʢʘ 

ʢ ʩʢʦʨʦʩʪʠ ʝʸ ʟʘʨʘʩʪʘʥʠʷ); 4) ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ (ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʦʪʭʦʜʘʤʠ). 

ɺʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʆɿʆ: ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

(ʦʯʘʛ ʟʘʤʫʩʦʨʠʚʘʥʠʷ), ʬʦʨʤʠʨʦʚʘʥʠʝ (ʦʯʝʨʝʜʝʡ ʜʣʷ ʧʦʣʠʛʦʥʦʚ ʊʂʆ, ʦʩʥʦʚʥʦʛʦ 

ʪʝʣʘ ʠ ʟʘʭʣʘʤʣʝʥʥʦʩʪʠ ʦʢʨʝʩʪʥʦʩʪʠ), ʠʩʯʝʟʥʦʚʝʥʠʝ (ʟʘʨʘʩʪʘʥʠʝ, ʦʯʠʱʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ) [96]. 

ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʵʣʣʠʧʩʘ (ʮʝʥʪʨ ʤʘʩʩ, ʦʩʝʚʳʝ ʠ 

ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ, ʚʳʪʷʥʫʪʦʩʪʴ, ʦʨʠʝʥʪʘʮʠʷ ʠ ʜʨ.) ʧʦʣʝʟʥʘ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʆɿʆ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠ ʜʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

[49]. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʦʨʜʠʥʘʪʳ ʧʦʜʚʠʞʥʦʛʦ ʮʝʥʪʨʘ ʤʘʩʩ o ʜʣʷ ʆɿʆ ʚ ʤʦʤʝʥʪ ti, 

ʟʘʜʘʥʥʦʛʦ ʚʝʢʪʦʨʦʤ ʘʙʩʮʠʩʩ x ʠ ʦʨʜʠʥʘʪ y:  

ää
==

Ö=Ö=
n

j

jo

n

j

jo y
n

yx
n

x
11

1
,

1
. 

n ï ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ, ʟʘʥʷʪʳʭ ʦʙʲʝʢʪʦʤ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʚ ʤʦʤʝʥʪ ti. 

ʆʙʱʠʡ çʥʝʧʦʜʚʠʞʥʳʡè ʮʝʥʪʨ ʤʘʩʩ (xO, yO): 

ää
==

Ö=Ö=
m

i

oiO

m

i

oiO y
m

yx
m

x
11

1
,

1
. 

(xoi, yoi) ï ʢʦʦʨʜʠʥʘʪʳ ʧʦʜʚʠʞʥʦʛʦ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ti, i=1, é m. 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʩʚʘʣʦʢ ʥʘʭʦʜʷʪʩʷ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ 

ʤʘʪʨʠʯʥʳʭ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʤʘʩʩ ʆɿʆ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʚ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ ɻʀʉ (ENVI, IDL) [72]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʦʮʝʥʠʚʘʶʪʩʷ 

ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʥʘʧʨʠʤʝʨ, ʧʨʦʜʦʣʴʥʳʡ 

ʨʦʩʪ ʩʚʘʣʦʢ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. 



80 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʫʯʘʩʪʢʦʚ ʦʜʥʦʛʦ ʆɿʆ, ʪʘʢ ʠ 

ʜʣʷ ʠʭ ʤʥʦʞʝʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʪʝʨʨʠʪʦʨʠʠ. ʆʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

[96]:  

,
N

M
C=  

ʛʜʝ M ï ʦʙʱʝʝ ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ, ʟʘʥʷʪʳʭ ʆɿʆ, N ï ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʦʨʤʝ: ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ; ʠʟʦʙʨʘʞʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʪʦʯʢʝ; ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ű ʠ ʚʨʝʤʝʥʠ t. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ çʛʨʘʤʦʪʥʦʩʪʠè 

ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ (ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʩʪʴ ʦʪʭʦʜʦʚ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʩʪʠʭʠʡʥʦʩʪʴ 

ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ), ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ 

ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ.  

ʇʨʠʤʝʨ ʚʳʜʝʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʪʝʣʘ (ʙ), ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʦʢʨʝʩʪʥʦʩʪʠ (ʚ) ʠ ʦʯʘʛʘ 

ʆɿʆ (ʛ) ʜʘʥ ʥʘ ʨʠʩʫʥʢʝ 25, ʘ ʥʘ ʨʠʩʫʥʢʝ 26 ï ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ʢʦʥʪʫʨʘ 

ʩʚʘʣʢʠ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʆɿʆ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t, 

ʯʪʦ ʜʘʝʪ ʬʫʥʢʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʣʦʱʘʜʴ s(t) ʠʣʠ ʧʝʨʠʤʝʪʨ 

p(t) ʚʦ ʚʨʝʤʝʥʠ (ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ). ʇʦʩʪʨʦʝʥʠʝ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʜʘʝʪ ʬʫʥʢʮʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʪʘʢʠʭ ʢʘʢ ʧʣʦʱʘʜʴ s(ű) ʠʣʠ ʧʝʨʠʤʝʪʨ p(ű). 

    

(ʘ) (ʙ) (ʚ) (ʛ) 

ʈʠʩʫʥʦʢ 25 ï ɺʠʜʠʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (ʘ) (ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google); 

ʦʩʥʦʚʥʦʝ ʪʝʣʦ (ʙ), ʦʢʨʝʩʪʥʦʩʪʴ (ʚ), ʦʯʘʛ (ʛ) (ʧʦʣʠʛʦʥ ʊʂʆ ɾʠʨʦʰʢʠʥʦ, 17 ʘʚʛʫʩʪʘ 

2007 ʛ.) 
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(ʘ) (ʙ) (ʚ) (ʛ) 

ʈʠʩʫʥʦʢ 26 ï ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ: ʘ) ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ; ʙ) 

ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʘ; ʚ) ʟʘʧʦʣʥʝʥʠʝ ʦʙʲʝʢʪʘ; ʛ) ʚʳʜʝʣʝʥʠʝ ʢʦʥʪʫʨʘ (ʧʦʣʠʛʦʥ ʊʂʆ 

ɾʠʨʦʰʢʠʥʦ, ʩʝʥʪʷʙʨʴ 2007 ʛ.) 

ʅʘ ʨʠʩʫʥʢʝ 27 ʧʦʢʘʟʘʥʘ ʩʝʪʢʘ z, ʧʨʠʚʷʟʘʥʥʘʷ ʢ ʥʝʧʦʜʚʠʞʥʦʤʫ ʮʝʥʪʨʫ ʤʘʩʩ O 

ʩ ʫʛʣʦʚʳʤ ʰʘʛʦʤ h, ʠ ʦʙʣʘʩʪʠ u ʚʳʜʝʣʝʥʠʡ ʆɿʆ, ʦʪʩʝʢʘʝʤʳʝ ʩʝʪʢʦʡ. ɻʨʘʬʠʢ 

ʬʫʥʢʮʠʠ ʣʠʥʠʠ ʢʦʥʪʫʨʘ L ʧʦʩʪʨʦʝʥ ʧʨʦʮʝʜʫʨʦʡ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʢʦʥʪʫʨʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ ʢʦʥʪʫʨʘ c=[x y] ʜʣʠʥʳ n ʚ ʤʘʪʨʠʮʫ ʣʠʥʠʠ ʢʦʥʪʫʨʘ L=[X 

Y] (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʧʨʘʚʦʦʙʭʦʜʥʦʛʦ ʠʣʠ ʣʝʚʦʦʙʭʦʜʥʦʛʦ ʞʫʢʘ) [46].  

ʈʘʜʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʦʷʪʩʷ ʥʘʭʦʞʜʝʥʠʝʤ 

ʠʭ ʩʪʘʪʠʯʝʩʢʠʭ (ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ) ʟʥʘʯʝʥʠʡ ʚ ʢʘʞʜʦʡ  

ʦʙʣʘʩʪʠ u [49]. ʅʘʧʨʠʤʝʨ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʟʘʤʫʩʦʨʠʚʘʥʠʷ C ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ű 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ:  

)(

)(
)(

uN

uM
C =j , 

 

ʈʠʩʫʥʦʢ 27 ï ʇʨʠʚʷʟʢʘ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʢ ʦʙʣʘʩʪʠ 

ʆɿʆ (ʧʦʣʠʛʦʥ ʊʂʆ ʂʫʯʠʥʦ, ʘʚʛʫʩʪ, 2011 ʛ.) 
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ʛʜʝ M(u) ï ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʙʣʘʩʪʠ u, ʧʦʢʨʳʚʘʶʱʝʡ ʆɿʆ, N(u) ï 

ʦʙʱʝʝ ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʚ ʦʙʣʘʩʪʠ u. ʇʦʣʫʯʠʚ ʛʨʘʬʠʢʠ C(ű) ʜʣʷ ʨʘʟʥʳʭ  

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ t ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʝʪʢʝ z ʠ ʮʝʥʪʨʝ ʤʘʩʩ O, ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʦʙʲʝʢʪʘ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʬʫʥʢʮʠʶ C(ű, t), ʪ.ʝ. ʧʦʩʪʨʦʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʧʦ ʣʶʙʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ (ʨʘʜʠʘʣʴʥʦ-

ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ).  ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʦʩʪʘ ʆɿʆ ʠ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʦʣʟʘʥʠʷ ʦʙʲʝʢʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʚʳʨʘʞʘʝʤʦʤ ʚ ʛʨʘʜʫʩʥʦʡ ʤʝʨʝ (ʠʣʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʚʝʪʘ). ʈʘʜʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪ.ʦ. ʧʦʣʫʯʘʶʪʩʷ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘʧʨʠʤʝʨ, ʦʮʝʥʢʘ ʜʣʠʥʳ ʆɿʆ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ű ʜʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

h

n
kr

2
= , 

ʛʜʝ n ï ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʩʚʷʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ù
ú

ø
é
ê

è
+-

2
,

2

hh
jj .  

ʆʮʝʥʢʘ ʧʝʨʝʤʝʱʝʥʠʷ ʆɿʆ ʟʘ ʚʨʝʤʷ ʩ t1 ʜʦ t2:  

,12 rrr -=D  

ʛʜʝ r1 ʠ r2 ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʧʦʜʚʠʞʥʦʛʦ ʮʝʥʪʨʘ ʩʚʘʣʢʠ ʜʦ ʝ yʛʨʘʥʠʮʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ű ʚ ʤʦʤʝʥʪʳ t1 ʠ t2. 

ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ:  

.
12 tt

r
v

-

D
=D

 

ʂ ʧʘʨʘʤʝʪʨʘʤ ʣʠʥʠʠ ʢʦʥʪʫʨʘ ʦʪʥʦʩʷʪʩʷ: ʢʨʠʚʠʟʥʘ, ʣʠʥʝʡʥʦʩʪʴ, ʚʳʧʫʢʣʦʩʪʴ ʠ 

ʜʨ. ʆʥʠ ʥʝ ʧʨʠʚʷʟʳʚʘʶʪʩʷ ʢ ʮʝʥʪʨʫ ʤʘʩʩ ʠ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ L [46], [49]. ʇʦ 

ʧʘʨʘʤʝʪʨʘʤ ʣʠʥʠʠ ʢʦʥʪʫʨʘ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʧʦʣʥʷʝʤʦʩʪʴ ʆɿʆ 

ʦʪʭʦʜʘʤʠ ʠ ʠʟʤʝʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʛʨʘʥʠʮ ʩʚʘʣʦʢ, ʪʦʛʜʘ ʢʘʢ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʩʘʤʦʛʦ ʢʦʥʪʫʨʘ ï ʪʦʣʴʢʦ ʦʙʱʘʷ ʜʠʥʘʤʠʢʘ ʠʭ ʠʟʤʝʥʝʥʠʷ. ʊ.ʢ. ʆɿʆ ʟʘʧʦʣʥʷʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ, ʪʦ ʚʳʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʨʘʥʠʮʳ ʩʚʘʣʢʠ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 
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ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ, ʠ ʧʦ ʥʠʤ ʜʘʝʪʩʷ ʧʨʦʛʥʦʟ ʨʦʩʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. ɺ ʩʣʫʯʘʝ 

ʩʦʢʨʘʱʝʥʠʷ ʆɿʆ, ʢʘʢ ʦʙʨʘʪʥʦʡ ʦʧʝʨʘʮʠʠ, ʢʘʢʘʷ-ʣʠʙʦ ʦʮʝʥʢʘ ʧʨʦʛʥʦʟʘ (ʢʘʢ ʚ 

ʦʙʱʝʤ, ʪʘʢ ʠ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ ʥʘʧʨʘʚʣʝʥʠʶ) ʥʝ ʜʘʝʪʩʷ, ʪ.ʢ. ʨʦʩʪ ʨʘʟʤʝʨʘ ʩʚʘʣʢʠ 

ʩʯʠʪʘʝʪʩʷ çʩʪʠʭʠʡʥʳʤè ʧʨʦʮʝʩʩʦʤ (ʟʘʢʦʥʦʤʝʨʥʳʤ ʠ ʧʨʝʜʩʢʘʟʫʝʤʳʤ), ʘ 

ʩʦʢʨʘʱʝʥʠʝ ï ʨʝʜʢʠʤ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʧʣʦʱʘʜʝʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʚʝʪʘ 

ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʧʦ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ q ʤʝʞʜʫ ʧʨʦʛʥʦʟʦʤ s' 

(ʧʝʨʠʦʜ ʫʧʨʝʞʜʝʥʠʷ T') ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ s (ʧʝʨʠʦʜ ʦʩʥʦʚʘʥʠʷ T) ʠ ʝʛʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʠʩʪʦʨʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ s'' ʟʘ ʧʝʨʠʦʜ T'. ʊʦʛʜʘ q~1 ï ʢʨʠʪʝʨʠʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʚʝʣʠʯʠʥʳ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʧʣʦʩʢʦʩʪʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʧʣʦʱʘʜʠ ʆɿʆ s ʚ ʥʘʧʨʘʚʣʝʥʠʠ) ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ. 

ʂʘʞʜʳʡ ʦʙʲʝʢʪ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ, ʦʩʦʙʝʥʥʦ ʢʨʫʧʥʳʡ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʧʨʠʥʠʤʘʝʪ ʥʝʢʦʪʦʨʫʶ ʧʦʩʪʦʷʥʥʫʶ ʬʦʨʤʫ, ʪ.ʝ. ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʠʛʫʨʘ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ʇʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʬʠʛʫʨʳ ʆɿʆ ʤʦʞʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʉʥʘʯʘʣʘ ʪʦʯʢʠ ʫʨʘʚʥʝʥʠʷ Y(X) ʣʠʥʠʠ ʢʦʥʪʫʨʘ L ʧʝʨʝʚʦʜʷʪʩʷ ʠʟ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ Oxy ʚ ʧʦʣʷʨʥʫʶ Orű: 

( ) ( )
O

O

OO
xX

yY
arctgyYxXr

-

-
=-+-= j,

22
. 

ʌʫʥʢʮʠʷ r(ű) ʧʦʣʫʯʝʥʘ ʧʦ ʪʦʯʢʘʤ (r, ű), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʦʯʢʘʤ (X, Y) ʧʫʪʠ 

ʢʦʥʪʫʨʘ c. ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʟʘʜʘʥʘ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʠʜʝ: r=r(t), ű=ű(t), t=1,én ï 

ʥʦʤʝʨ ʦʪʯʝʪʘ. ʅʘʭʦʜʷʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ r=R(t) ʠ ű=ʌ(t) ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʣʠʥʠʡ ʨʝʛʨʝʩʩʠʠ, ʥʘʧʨʠʤʝʨ, ʚʠʜʘ (ʩʝʤʝʡʩʪʚʦ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʣʠʥʠʡ 

ʨʝʛʨʝʩʩʠʠ): 

ä
=

Ö=
p

j

j

j tatpR
0

),(

, 
ä
=

Ö=
p

j

j

j tbtpʌ
1

),(

. 

ʂʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ï ʤʠʥʠʤʫʤ ʩʫʤʤʳ ʦʪʢʣʦʥʝʥʠʡ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ʦʪ 

ʦʪʯʝʪʦʚ:  

ä
=

-=D
n

t

trtpRpR
1

)(),()(

, 
ä
=

-=D
n

t

ttpRpʌ
1

)(),()( j
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ʇʦʣʠʛʦʥʳ ʊʂʆ ʚ ʦʩʥʦʚʥʦʤ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʜʠʘʣʴʥʦ-ʨʘʚʥʦʤʝʨʥʳʤ ʦʙʲʝʢʪʘʤ: p=1 ʜʣʷ

ʌD  (ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ).  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ʬʠʛʫʨʳ (ʚ ʧʣʦʩʢʦʩʪʠ) ʧʦʣʠʛʦʥʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ:  

- ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

pj
j

j 20,
...

:)(
10

¢¢
í
ì
ë

Ö++Ö+=

Ö+=
p

p

ʨ tataar

ght
r ; 

- ʧʝʨʝʚʦʜ ʚ ʜʝʢʘʨʪʦʚʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ  

í
ì
ë

+Ö=

+Ö=

O

O

ʨ
yrY

xrX
XY

j

j

sin

cos
:)( . 

ɽʩʣʠ ʩʪʘʪʠʯʝʩʢʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʠʩʳʚʘʶʪ ʛʝʦʤʝʪʨʠʶ 

ʆɿʆ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ, ʪʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʧʠʩʳʚʘʶʪ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʛʝʦʤʝʪʨʠʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʨʘʜʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ r, ʩʢʦʨʦʩʪʠ v ʠ ʫʩʢʦʨʝʥʠʷ a ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʘʥʠʮʳ, ʬʘʟʦʚʳʝ 

ʪʨʘʝʢʪʦʨʠʠ ʠ ʜʨ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʨʘʜʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ C(ű, t), ʧʦʣʫʯʘʝʤʦʡ ʧʦ ʚʨʝʤʝʥʥʦʡ 

ʩʝʨʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 28 ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʚʝʪʘ (ʰʘʛ h=90o).  

 

ʈʠʩʫʥʦʢ 28 ï ʇʝʨʝʤʝʱʝʥʠʝ ʛʨʘʥʠʮ ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ ʟʘ ʧʝʨʠʦʜ 2001-2011 ʛʛ. ʚ 

ʩʝʚʝʨʦ- ʚʦʩʪʦʯʥʦʤ (1), ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ (2), ʶʛʦ-ʟʘʧʘʜʥʦʤ (3), ʁʛʦ-ʚʦʩʪʦʯʥʦʤ (4) 

ʥʘʧʨʘʚʣʝʥʠʷʭ 
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ɺʠʜʥʦ, ʯʪʦ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʫʧʝʥʯʘʪʳʡ ʨʦʩʪ ʆɿʆ, ʯʪʦ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʦʙʲʝʢʪ ï ʧʦʣʠʛʦʥ ʊʂʆ, ʥʘ 

ʢʦʪʦʨʦʤ ʦʪʭʦʜʳ ʩʢʣʘʜʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʯʝʨʝʜʷʤʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ. ʂʘʞʜʦʡ 

ʦʯʝʨʝʜʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ ʩʪʫʧʝʥʴ. ʅʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʧʦʣʠʛʦʥ ʨʘʩʧʦʣʟʘʝʪʩʷ 

ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠ ʨʘʩʪʝʪ ʧʦ ʚʳʩʦʪʝ. ʇʣʦʱʘʜʴ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʠʛʦʥʘ ʚʳʨʦʩʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ 2 ʨʘʟʘ ʟʘ 8 ʣʝʪ. ʂʘʢ ʚʠʜʥʦ, 

ʥʘʠʙʦʣʴʰʠʡ ʨʦʩʪ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʞʠʣʦʡ ʜʝʨ. ʌʝʥʠʥʦ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʩ 2011-2017 ʛʛ. ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʛʨʘʥʠʮ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʠ ʝʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 29.  

 

ʈʠʩʫʥʦʢ 29 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ 

ʧʣʦʩʢʦʩʪʠ (ʨʘʜʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ) 

ʅʘ ʚʭʦʜʝ ʘʣʛʦʨʠʪʤʘ ï ʚʨʝʤʝʥʥʘʷ ʩʝʨʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʜʝʣʝʥʠʷ 

ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʚʘʣʢʠ. 

ʅʝʧʦʜʚʠʞʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʆɿʆ ʧʨʦʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʚʩʝʡ 

ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ, ʘ ʥʝ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ɿʘʪʝʤ ʥʘʭʦʜʷʪʩʷ ʫʨʘʚʥʝʥʠʷ 

ʣʠʥʠʡ ʣʫʯʝʡ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʮʝʥʪʨʘ ʠ ʦʪʩʪʦʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʟʘʜʘʥʥʦʤ 

ʨʘʜʠʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ. ʎʝʥʪʨ ʠ ʧʫʯʦʢ ʣʫʯʝʡ ʩʦʩʪʘʚʣʷʶʪ ʨʘʜʠʘʣʴʥʫʶ ʩʝʪʢʫ. ɼʘʣʝʝ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ, ʣʝʞʘʱʠʭ 
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ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʩʝʢʪʦʨʘ (ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʣʫʯʘʤʠ) ʜʣʷ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ. ɼʣʷ ʧʝʨʝʚʦʜʘ  

ʚ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʚ ʩʝʢʪʦʨʝ ʜʦʤʥʦʞʘʝʪʩʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ k2. 

ʄʥʦʞʝʩʪʚʦ çʤʛʥʦʚʝʥʥʳʭè ʨʘʜʠʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʶʪ ʥʘ ʚʳʭʦʜʝ ʨʘʜʠʘʣʴʥʦ-

ʚʨʝʤʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʆɿʆ.  

III. ʆʮʝʥʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʂ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʥʦʩʷʪʩʷ: 

1. ʆʙʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ, ʚʳʩʦʪʘ, ʫʛʦʣ ʦʪʢʦʩʘ, 

ʦʙʲʝʤ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʧʝʨʠʤʝʪʨ); 

2. ʇʘʨʘʤʝʪʨʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʮʝʥʪʨ ʤʘʩʩ, 

ʦʩʝʚʳʝ ʠ ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ); 

3. ʇʘʨʘʤʝʪʨʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʚʳʪʷʥʫʪʦʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʬʠʛʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ); 

4. ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʧʝʨʝʤʝʱʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʪʝʣʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ); 

5. ʇʘʨʘʤʝʪʨʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʦʩʪʘ, ʧʦʚʝʨʭʥʦʩʪʴ 

ʨʝʛʨʝʩʩʠʠ). 

ʆʪʤʝʪʠʤ ʪʘʢʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʆɿʆ, ʢʘʢ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ s, ʚʤʝʩʪʠʤʦʩʪʴ v, ʦʙʲʝʤ V, ʫʛʦʣ ʦʪʢʦʩʘ f (ʤʘʢʩʠʤʘʣʴʥʳʡ fmax, 

ʤʠʥʠʤʘʣʴʥʳʡ fmin ʠ ʩʨʝʜʥʠʡ f0), ʧʝʨʠʤʝʪʨ p, ʚʳʩʦʪʘ H (ʤʘʢʩʠʤʘʣʴʥʘʷ Hmax, 

ʤʠʥʠʤʘʣʴʥʘʷ Hmin, ʩʨʝʜʥʷʷ H0), ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ r (ʨʠʩʫʥʦʢ 30), 

ʧʘʨʘʤʝʪʨʳ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ (ʚʳʪʷʥʫʪʦʩʪʴ, ʦʨʠʝʥʪʘʮʠʷ, ʦʩʝʚʳʝ ʠ 

ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʠ ʜʨ.) [49]. ʂ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ, ʦʪʥʦʩʷʪʩʷ: ʵʪʘʞʥʦʩʪʴ (ʷʨʫʩʥʦʩʪʴ), ʨʘʟʙʠʝʥʠʝ ʥʘ 

ʢʘʨʪʳ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, ʨʘʟʤʝʨ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ ʠ ʜʨ. [15], [17], [140], [150]. 

ʉʨʝʜʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʩʚʦʡʩʪʚʘ, ʚʳʜʝʣʠʤ: 3D-ʤʦʜʝʣʴ ʩʚʘʣʢʠ, ʪʠʧ, ʫʨʘʚʥʝʥʠʝ ʠ ʛʨʘʬʠʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʛʨʝʩʩʠʠ R, ʨʘʜʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʘʥʠʮ ʆɿʆ ʚ 
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ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʟʦʙʨʘʞʝʥʠʝ ʫʨʦʚʥʝʡ ʚʳʩʦʪ ʠ ʜʨ. ɺ ʮʝʣʦʤ, ʧʣʦʩʢʦʩʪʥʳʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʝʩʪʴ ʘʥʘʣʦʛ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʜʘʨʥʳʝ ʩʥʠʤʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʩʤʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʪʠʧʘ SIR-C ʠ X-SAR. ɼʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ ʩʢʘʯʘʪʴ, ʥʘʧʨʠʤʝʨ, 

ʩ ʩʘʡʪʘ ʛʝʦʜʘʥʥʳʭ [143]. ʀʩʭʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʫʞʜʘʶʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʝ, ʯʪʦʙʳ ʧʨʠʚʝʩʪʠ ʠʭ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ENVI) ʢ 

ʫʜʦʙʥʦʤʫ ʬʦʨʤʘʪʫ (.tif , .jpg ʠ ʜʨ.), ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ï ʚʳʩʦʪʘ ʪʦʯʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʞʝ ʦʙʨʘʙʦʪʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʧʨʦʝʢʪʫ SRTM ï ʨʘʜʘʨʥʘʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʸʤʢʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ 

ʟʝʤʥʦʛʦ ʰʘʨʘ, ʬʝʚʨʘʣʴ 2000 ʛ. [145]. 

ʅʘ ʨʠʩʫʥʢʝ 31 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʚʳʩʦʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʏʝʤ ʪʝʤʥʝʝ ʧʠʢʩʝʣʴ, 

ʪʝʤ ʥʠʞʝ ʫʨʦʚʝʥʴ ʚʳʩʦʪʳ, ʯʝʤ ʩʚʝʪʣʝʝ ï ʪʝʤ ʚʳʰʝ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʧʠʢʩʝʣʷ ʩʦʩʪʘʚʣʷʝʪ ~90 ʤ. ɺʳʩʦʪʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ï ~1 ʤ, ʪ.ʝ. ʨʘʟʥʠʮʝ ʷʨʢʦʩʪʝʡ ʚ 1 

ʝʜʠʥʠʮʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʤ. 

 

ʈʠʩʫʥʦʢ 30 ï ʈʝʣʴʝʬ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʆɿʆ 
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(ʘ) (ʙ) (ʚ) 

   

(ʛ) (ʜ) (ʝ) 

ʈʠʩʫʥʦʢ 31 ï ɺʳʩʦʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʆɿʆ ʠ ʧʨʠʤʝʨʳ ʦʧʝʨʘʮʠʡ ʝʛʦ ʦʙʨʘʙʦʪʢʠ: ʘ) 

ʠʩʭʦʜʥʦʝ; ʙ) ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝ; ʚ) ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ; ʛ) ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʘ; ʜ) 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ; ʝ) ʫʣʫʯʰʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ɼʣʷ ʚʳʩʦʪʥʳʭ ʩʚʘʣʦʢ ʭʘʨʘʢʪʝʨʥʳ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʠʟʦʣʠʥʠʠ ʚʳʩʦʪʳ, 

ʩʭʦʜʷʱʠʝʩʷ ʢ ʣʦʢʘʣʴʥʳʤ ʧʠʢʘʤ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ʚʳʩʦʪʳ hmaxi (i ï ʥʦʤʝʨ 

ʧʠʢʘ, n ï ʯʠʩʣʦ ʧʠʢʦʚ) ʩ ʫʨʦʚʥʷ ʚʳʩʦʪʳ ʫ ʦʩʥʦʚʘʥʠʷ ʩʚʘʣʢʠ hmin. ɺʳʩʦʪʘ ʆɿʆ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

),(),(,),(),( min yxIkyxhhyxhyxH Ö=-= . 

(x,y) ï ʢʦʦʨʜʠʥʘʪʳ ʧʠʢʩʝʣʷ ʥʘ ʚʳʩʦʪʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ I, I(x, y) ï ʂʉʗ ʚ ʪʦʯʢʝ (x,y), 

k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʩʯʝʪʘ ʠʟ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʚ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʩʚʘʣʢʠ: 

( )minmaxmax max hhH i
i

-= . 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ (ʥʝʨʦʚʥʦʩʪʴ) ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʣʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ: 

),(max),,(min)],,([ maxmin0 yxrryxrryxrEr === ;  ),(),(),( yxRyxhyxr h-= , 

ʛʜʝ E[] ï ʤʘʪʦʞʠʜʘʥʠʝ, h(x,y) ï ʫʨʘʚʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʣʢʠ, Rh(x,y) ï ʛʣʘʜʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʛʨʝʩʩʠʠ ʨʝʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ h(x,y), r(x,y) ï ʦʪʢʣʦʥʝʥʠʝ ʨʝʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʝʝ ʨʝʛʨʝʩʩʠʠ (ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʝ), rmin, rmax ʠ r0 ï 

ʤʠʥʠʤʘʣʴʥʦʝ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʇʨʠ ʥʠʟʢʦʤ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʠ ʚʳʩʦʪʥʦʤ ʨʘʟʨʝʰʝʥʠʠ (ʥʘ ʩʥʠʤʢʘʭ SIR-C) ʧʦʚʝʨʭʥʦʩʪʴ ʆɿʆ 

ʦʙʳʯʥʦ ʛʣʘʜʢʘʷ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘ. 

ʈʝʣʴʝʬ ʩʚʘʣʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʦʬʠʣʷ ʚʳʩʦʪʳ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʩʝʯʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʣʢʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ʍʘʨʘʢʪʝʨʥʳʝ 

ʪʦʯʢʠ (x,y,z) ʧʨʦʬʠʣʷ ʚ ʩʝʯʝʥʠʠ: A ï ʤʠʥʠʤʘʣʴʥʳʡ, {Ci} ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʫʨʦʚʥʠ 

ʚʳʩʦʪʳ, B ʠ E ï ʥʘʯʘʣʦ ʠ ʦʢʦʥʯʘʥʠʝ ʧʨʦʬʠʣʷ ʆɿʆ. BE ï ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʆɿʆ ʚ 

ʩʝʯʝʥʠʠ, {ACi} ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʨʝʚʳʰʝʥʠʷ, iACAC max=  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ.  

ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ ʆɿʆ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

)],([)],,([, 000 yxcEhyxhEhhhH cc ==-= , 

ʛʜʝ h(x, y) ï ʦʙʣʘʩʪʴ u ʦʙʲʝʢʪʘ, c(x, y) ï ʢʦʥʪʫʨ ʦʙʣʘʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ɺʦʦʙʱʝ ʜʣʷ ʩʚʘʣʦʢ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʣʫʯʰʝʤ ʚʳʩʦʪʥʦʤ ʨʘʟʨʝʰʝʥʠʠ (ʤʝʥʝʝ 1 ʤ). ɺʚʝʜʝʥʠʝʤ ʩʣʫʯʘʡʥʦʡ 

ʦʜʥʦʤʝʨʥʦʡ (ʜʚʫʭʤʝʨʥʦʡ) ʬʫʥʢʮʠʠ ʥʘ ʣʠʥʠʠ (ʧʦʚʝʨʭʥʦʩʪʠ) ʨʝʛʨʝʩʩʠʠ ʤʦʞʥʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘʜʘʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʆɿʆ: 

][:),(),(),,(),(),(
~

),()()(
~

aCyxwxwyxwyxRyxhxwxRxh hh +=+= , 

ʛʜʝ )(
~

xh  ( ),(
~

yxh ) ï ʰʝʨʦʭʦʚʘʪʳʡ ʧʨʦʬʠʣʴ (ʧʦʚʝʨʭʥʦʩʪʴ), w(x) (w(x,y)) ï 

ʦʜʥʦʤʝʨʥʘʷ (ʜʚʫʤʝʨʥʘʷ) ʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʨʘʚʥʦʤʝʨʥʦʤʫ, 

ʪʦʯʥʝʝ ʢʫʩʦʯʥʦ-ʨʘʚʥʦʤʝʨʥʦʤʫ ʟʘʢʦʥʫ C ʩ ʘʤʧʣʠʪʫʜʦʡ a. Rh(x) ï ʣʠʥʠʷ ʨʝʛʨʝʩʩʠʠ 

ʜʣʷ h(x), Rh(x,y) ï ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʛʨʝʩʩʠʠ ʜʣʷ h(x,y).  

ʃʠʥʠʷ ʨʝʛʨʝʩʩʠʠ Rh(x) ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʚʠʜʘ ä
¤

=0i

i

i xp . ʇʦʚʝʨʭʥʦʩʪʴ ʨʝʛʨʝʩʩʠʠ Rh(x,y) ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚʠʜʘ ä
¤

=0i

kj

ik yxp , { pi}  ʠ {pik} ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʣʠʥʦʤʦʚ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʚʳʩʦʪʥʦʛʦ ʢʦʥʪʫʨʘ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ ʧʨʦʬʠʣʷ ʧʨʝʚʳʰʝʥʠʝ 

ʚʳʩʦʪ ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʫʥʢʮʠʶ ʇ[] (ʨʘʟʥʦʩʪʴ ʝʜʠʥʠʯʥʳʭ 

ʩʪʫʧʝʥʯʘʪʳʭ ʬʫʥʢʮʠʡ):  
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][1][1)(),()()( minmax xxxʇxʇxhxf -=Ö= . 

f(x) ï ʚʳʜʝʣʝʥʠʝ ʫʯʘʩʪʢʘ ʬʫʥʢʮʠʠ ʥʘ ʦʪʨʝʟʢʝ [xB, xE], xB=xmin, xE=xmax. 

ʋʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʜʚʫʤʝʨʥʦʡ ʦʙʣʘʩʪʠ ʠ ʪʝʣʘ ʦʙʲʝʢʪʘ ʧʦ 

ʪʨʝʭʤʝʨʥʦʡ ʦʙʣʘʩʪʠ u ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩ ʫʯʝʪʦʤ ʂʉʗ ʧʠʢʩʝʣʝʡ ʜʨʫʛʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ J (ʟʥʘʯʝʥʠʷ ʂʉʗ ʠʣʠ ʀʇʇ), ʛʝʦʧʨʠʚʷʟʘʥʥʳʭ ʢ ʚʳʩʦʪʥʦʤʫ 

ʠʟʦʙʨʘʞʝʥʠʶ I ʠ çʧʦʜʩʪʠʣʘʝʤʳʭè ʥʘ ʪʨʝʭʤʝʨʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʆɿʆ ʚ ʚʠʜʝ 

çʮʚʝʪʥʳʭè ʪʦʯʝʢ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʩʪʘʭ ʪʝʢʩʪʫʨʳ ʠʟʦʙʨʘʞʝʥʠʡ J. ɺ 

ʜʚʫʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: ),(),(),(),( yxʇyxhyxJyxf ÖÖ= . 

ʇʨʠ ʜʦʤʥʦʞʝʥʠʠ ʧʦ ʥʝʢʦʪʦʨʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ [xmin,ymin, xmax,ymax]:  

( )( )][1][1][1][1),( minmaxminmax yyxxyxʇ -Ö-= . 

ʇʨʠ ʜʦʤʥʦʞʝʥʠʠ ʧʦ ʦʙʣʘʩʪʠ u ʦʙʱʝʛʦ ʚʠʜʘ: 

í
ì
ë

Î

Í
=

uyx

uyx
yxʇ
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),( . 

J(x,y) ï ʂʉʗ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ J. ʌʫʥʢʮʠʷ f(x,y) ʜʘʝʪ ʚʳʜʝʣʝʥʠʝ ʂʉʗ ʧʠʢʩʝʣʝʡ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʯʘʩʪʢʦʚ u ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ. ɿʥʘʯʝʥʠʷ ʂʉʗ, ʚ ʪʦʤ ʯʠʩʣʝ ʀʇʇ 

(ʥʘʧʨʠʤʝʨ, ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʠʥʜʝʢʩʳ) ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʮʚʝʪʦʚ ʠ ʧʦʣʫʯʠʪʴ ʪ.ʦ. ʧʦʣʫʪʦʥʦʚʳʝ, ʧʦʣʥʦʮʚʝʪʥʳʝ ʠʣʠ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʊʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ ʫʨʦʚʥʠ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ (x,y,z), ʥʘʧʨʠʤʝʨ, ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʠʥʜʝʢʩʳ ʚ 

ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ (x,y,z). 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʥʘ 

ʧʣʦʩʢʦʩʪʠ, ʟʘʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʜʠʘʣʴʥʳʝ ʠ ʨʘʜʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ: 

222 )()()(),,( OOO zzyyxxtr -+-+-=ba , 

),,(,, tyxhz
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(Ŭ, ɓ, r) ï ʢʦʦʨʜʠʥʘʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʯʝʢ ʆɿʆ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

(xO, yO, zO) ï ʥʝʧʦʜʚʠʞʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʩʚʘʣʢʠ ʠʣʠ ʤʝʩʪʦ ʝʛʦ ʟʘʨʦʞʜʝʥʠʷ, 
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t ï ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʜʠʘʣʴʥʦʡ ʩʝʪʢʠ ʩ 

ʟʘʜʘʥʥʳʤʠ ʫʛʣʦʚʳʤʠ ʰʘʛʘʤʠ hŬ ʠ hɓ ʧʦ Ŭ ʠ ɓ ʥʘʭʦʜʠʪʩʷ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

hŬ=hɓ= /́2 ʥʘʭʦʜʠʪʩʷ ʜʠʥʘʤʠʢʘ ʟʘʤʫʩʦʨʠʚʘʥʠʷ (ʧʝʨʝʤʝʱʝʥʠʝ, ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʜʨ.) ʚ ʦʩʥʦʚʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʩʝʚʝʨ, ʟʘʧʘʜ, ʶʛ, 

ʚʦʩʪʦʢ, ʚʝʨʭ ʠ ʥʠʟ). ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ 

ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʨʝʙʫʝʪʩʷ ʩʝʨʠʷ ʛʝʦʧʨʠʚʷʟʘʥʥʳʭ ʚʳʩʦʪʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʠ ʥʘʣʠʯʠʠ ʩʝʨʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʀʇʇ 

ʦʮʝʥʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʀʇʇ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʆɿʆ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ z=h(x,y), ʛʜʝ h(x,y) ï ʂʉʗ 

ʨʘʜʘʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʪʦʯʢʝ (x,y). 3D-ʤʦʜʝʣʴ ʩʚʘʣʢʠ ʧʦʣʫʯʘʝʪʩʷ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʨʘʚʥʦʡ ʨʘʟʨʝʰʝʥʠʶ ʧʦ ʜʣʠʥʝ, ʰʠʨʠʥʝ ʠ ʚʳʩʦʪʝ. 

ʇʨʦʠʟʚʝʜʝʥʠʝ H(x, y) ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʫʥʢʮʠʶ ʇ(x,y) ʧʦ ʦʙʣʘʩʪʠ ʧʦʢʨʳʪʠʷ U 

ʆɿʆ ʜʘʝʪ ʚʳʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʣʢʠ. 

ʇʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ S ʠ ʧʝʨʠʤʝʪʨ p, ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʘʢ ʧʣʦʩʢʦʩʪʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʣʦʱʘʜʠ ʦʩʥʦʚʘʥʠʷ ʠ ʧʝʨʠʤʝʪʨʘ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ çʥʝʚʷʟʢʘè ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʧʣʦʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ). 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʠʤʝʪʨ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ:  
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n
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ii AAp
1

1 , 

ʛʜʝ A1A2éAnA1 ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʪʦʯʢʠ ʣʠʥʠʠ l(x,y,z) ʢʦʥʪʫʨʘ c(x,y,z) ʦʩʥʦʚʘʥʠʷ 

ʆɿʆ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʭʦʜʦʤ ʢʦʥʪʫʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʥʘʣʦʛʦʤ ʤʝʪʦʜʘ 

ʧʨʘʚʦʦʙʭʦʜʥʦʛʦ (ʣʝʚʦʦʙʭʦʜʥʦʛʦ) ʞʫʢʘ ʥʘ ʧʣʦʩʢʦʩʪʠ. 

ʇʣʦʱʘʜʴ s ʧʦʚʝʨʭʥʦʩʪʠ ʆɿʆ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ʩʫʤʤʫ ʧʣʦʱʘʜʝʡ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ q ʧʦ ʦʙʣʘʩʪʠ u (ʨʠʩʫʥʦʢ 32) [20]: 
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ʈʠʩʫʥʦʢ 32 ï ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ 

ʧʦ ʚʳʩʦʪʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ 

2
,,,,,

2

ba
q

+
=====

+++
= DAdCDcBCbABa

dcba
p . 

ʀʟ ʦʩʥʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ, ʧʦ ʠʟʚʝʩʪʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ (x, y, z) ʪʦʯʝʢ 

A, B, C, D ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʭʦʜʷʪʩʷ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ ʠ ʫʛʣʳ. ʇʨʦʝʢʮʠʠ ʵʣʝʤʝʥʪʦʚ 

q ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ï ʧʠʢʩʝʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʙʣʘʩʪʠ u. (x, y) ï ʣʠʥʝʡʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʰʠʥ ʵʪʠʭ ʧʠʢʩʝʣʝʡ ʩ ʫʯʝʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ɺʤʝʩʪʠʤʦʩʪʴ v ʆɿʆ, ʪ.ʝ. ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ, ʢʦʪʦʨʳʡ ʦʥʘ ʤʦʞʝʪ ʧʨʠʥʷʪʴ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʱʘʜʠ ʦʩʥʦʚʘʥʠʷ S: 
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H ï ʟʘʜʘʚʘʝʤʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʆɿʆ, r ʠ r' ï ʨʘʜʠʫʩʳ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʦʢʨʫʞʥʦʩʪʝʡ ʥʠʞʥʝʛʦ S ʠ ʚʝʨʭʥʝʛʦ S' ʦʩʥʦʚʘʥʠʡ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ [49], Ŭ ï 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʦʪʢʦʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʭʦʜʳ ʚ ʩʦʩʪʘʚʝ ʩʚʘʣʢʠ ʥʝ ʨʘʩʩʳʧʘʶʪʩʷ 

ʧʦ ʩʢʣʦʥʫ.  

ʆʮʝʥʢʘ ʪʝʢʫʱʝʛʦ ʦʙʲʝʤʘ ʩʚʘʣʢʠ ʧʦ ʚʳʩʦʪʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ I, ʩʥʷʪʦʤʫ ʚ ʪʦʪ 

ʠʣʠ ʠʥʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [62]:  
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ʛʜʝ b1 ʠ b2 ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʧʦ ʜʣʠʥʝ ʠ ʰʠʨʠʥʝ), b3 ï ʧʦ ʚʳʩʦʪʝ. 

ʉʨʝʜʥʠʡ ʫʛʦʣ ʦʪʢʦʩʘ ʪʝʣʘ ʆɿʆ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ dI ï ʨʘʟʥʦʩʪʴ ʷʨʢʦʩʪʝʡ (ʚʳʩʦʪ) ʧʠʢʩʝʣʝʡ ʢʦʥʪʫʨʘ ʆɿʆ ʠ ʩʦʩʝʜʥʠʭ ʩ ʥʠʤʠ 

ʧʠʢʩʝʣʝʡ ʚ ʦʙʣʘʩʪʠ u ʧʦ ʦʩʷʤ x ʠʣʠ y, E[] ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʨʘʩʯʝʪʦʤ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʵʣʣʠʧʩʘ [49], ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʮʝʥʠʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʡ 

ʵʣʣʠʧʩʦʠʜ, ʜʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦ ʟʥʘʯʝʥʠʷʤ 

ʧʘʨʘʤʝʪʨʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ (ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ, ʧʦʣʫʦʩʠ, ʮʝʥʪʨ ʤʘʩʩ, 

ʦʨʠʝʥʪʘʮʠʷ, ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʠ ʜʨ.) ʤʦʞʥʦ ʜʘʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩʚʘʣʦʢ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʘʣʳʤ ʟʥʘʯʝʥʠʷʤ 

ʦʩʝʚʳʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʥʝʡʥʳʝ ʆɿʆ ʩ ʦʩʪʨʳʤʠ ʧʠʢʘʤʠ 

ʚʳʩʦʪʳ, ʪʘʢʠʤʠ ʢʘʢ ʥʘʩʳʧʠ ʠ ʟʘʭʣʘʤʣʝʥʠʷ ʚʜʦʣʴ ʜʦʨʦʛ ʠʣʠ ʙʝʨʝʛʦʚʳʭ ʣʠʥʠʡ. ʇʦ 

ʘʥʘʣʦʛʠʠ ʩ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʵʣʣʠʧʩʦʠʜʦʤ ʧʨʦʚʝʜʝʥʠʝʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʶʪʩʷ ʦʮʝʥʢʠ ʜʨʫʛʠʭ çʧʨʘʚʠʣʴʥʳʭè ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʪʝʣ, ʥʘʧʨʠʤʝʨ, 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʥʫʩ ʠ ʪ.ʜ., ʜʘʶʱʠʭ 

ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʠ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʵʪʦ ʧʦʟʚʦʣʠʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʙʦʟʥʘʯʘʪʴ ʦʙʲʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚ ʚʠʜʝ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʥʘ ʢʘʨʪʘʭ). 

ɼʣʷ ʦʮʝʥʢʠ ʩʨʝʜʥʝʡ ʠ ʛʨʘʥʠʯʥʳʭ ʚʳʩʦʪ ʆɿʆ ʩʣʝʜʫʝʪ ʟʥʘʪʴ ʚʳʩʦʪʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʘ. ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʷʪʩʷ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ 

ʩʚʘʣʢʠ ʧʦ ʦʙʣʘʩʪʠ u (ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʨʢʦʩʪʠ ʠ ʢʫʤʫʣʷʪʠʚʥʳʝ ʛʠʩʪʦʛʨʘʤʤʳ). ʇʦ 

ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʦʮʝʥʠʚʘʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ (ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ). ʇʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ 

ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʨʘʟʤʝʨʘ ʛʠʩʪʦʛʨʘʤʤʳ ʩʛʣʘʞʠʚʘʶʪʩʷ. 

ʅʘ ʨʠʩʫʥʢʝ 33 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʚʳʩʦʪʥʦʛʦ ʆɿʆ ʧʦʣʠʛʦʥ ʊʂʆ ʉʘʣʘʨʴʝʚʦ 

ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ ï ʢʨʫʧʥʝʡʰʝʡ ʩʚʘʣʢʠ ɽʚʨʦʧʳ, ʥʘʟʚʘʥʥʦʡ çɻʦʣʫʙʝʤ ʄʠʨʘè. 

ɺʳʩʦʪʘ ʩʚʘʣʢʠ ʥʘ 2007 ʛ. ʜʦʩʪʠʛʣʘ 70 ʤ. ɺ ʩʚʷʟʠ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʤʝʩʪʠʤʦʩʪʠ ʧʦʣʠʛʦʥ ʟʘʢʨʳʪ, ʠ ʥʘ ʥʝʤ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ 

ʨʝʢʫʣʴʪʠʚʘʮʠʷ. 

ɼʣʷ ʚʳʩʦʪʥʳʭ ʆɿʆ ʭʘʨʘʢʪʝʨʥʳ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʠʟʦʣʠʥʠʠ ʚʳʩʦʪʳ (ʨʠʩʫʥʦʢ 

34), ʩʭʦʜʷʱʠʝʩʷ ʢ ʣʦʢʘʣʴʥʳʤ ʧʠʢʘʤ, ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʨʦʚʥʷʤ ʚʳʩʦʪʳ.  
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ɼʘʥʥʳʡ ʆɿʆ ʠʤʝʝʪ 2 ʧʠʢʘ (ʚ 2000 ʛ.) ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʫʨʦʚʥʷ ʚʳʩʦʪʳ hmax1=221 

ʤ (ʣʝʚʳʡ ʢʣʘʩʪʝʨ) ʠ hmax2=212 ʤ (ʧʨʘʚʳʡ ʢʣʘʩʪʝʨ) ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚʳʩʦʪʳ 

hmin=179 ʤ ʠ ʫʨʦʚʥʝ ʚʳʩʦʪʳ ʫ ʦʩʥʦʚʘʥʠʷ hʩ=183 ʤ. ʊ.ʦ. ʧʨʝʚʳʰʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 

Hmax1=hmax1-hmin=42 ʤ ʠ Hmax2=hmax2-hmin=33 ʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʧʦʣʠʛʦʥʘ ï 

Hmax=42 ʤ. 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 33 ï ʇʨʠʤʝʨ ʚʳʩʦʪʥʦʛʦ ʆɿʆ: ʘ) ʚʠʜ ʩʧʝʨʝʜʠ (ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ, ʛʘʟʝʪʘ 

çɺʩʷ ʊʚʝʨʴè), ʙ) ʚʠʜ ʩʚʝʨʭʫ (ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google) [ʧʦʣʠʛʦʥ ʊʂʆ 

ʉʘʣʘʨʴʝʚʦ] 

ʅʘ ʨʠʩʫʥʢʝ 35 ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʧʦʣʠʛʦʥʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ  

ʪʦʯʥʦʩʪʴʶ 90 ʤ (ʜʣʠʥʘ, ʰʠʨʠʥʘ) ʠ 1 ʤ (ʚʳʩʦʪʘ). ʇʨʦʠʟʚʝʜʝʥʠʝ H(x, y) (ʘ) ʥʘ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʫʥʢʮʠʶ (ʙ) ʧʦ ʦʙʣʘʩʪʠ u ʆɿʆ ʜʘʝʪ ʚʳʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʆɿʆ 

(ʚ). ʅʘ ʨʠʩʫʥʢʝ 36 ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʛʨʝʩʩʠʠ Rh(x,y) ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ 3D-ʤʦʜʝʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʠʛʦʥʘ. 

   

(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 34 ï ʀʟʦʙʨʘʞʝʥʠʷ ʚʳʩʦʪʥʦʩʪʠ ʆɿʆ: ʘ) ʠʟʦʣʠʥʠʠ ʚʳʩʦʪʳ, ʙ) ʢʣʘʩʪʝʨʳ 

ʚʳʩʦʪʳ; ʚ) ʥʘʥʝʩʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʢʠ (ʧʦʣʠʛʦʥ ʊʂʆ ʉʘʣʘʨʴʝʚʦ, 2000 ʛ.) 
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(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 35 ï ʀʟʦʙʨʘʞʝʥʠʝ ʨʝʣʴʝʬʘ  ʆɿʆ: ʘ) ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʙ) ʧʨʷʤʦʫʛʦʣʴʥʘʷ 

ʬʫʥʢʮʠʷ ʧʦ ʦʙʣʘʩʪʠ ʆɿʆ, ʚ) ʩʚʝʨʪʢʘ ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʫʥʢʮʠʝʡ (ʧʦʣʠʛʦʥ ʊɹʆ 

ʉʘʣʘʨʴʝʚʦ, ʬʝʚʨʘʣʴ, 2000 ʛ.) 

 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 36 ï ʆʧʪʠʤʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʛʨʝʩʩʠʠ ʥʘ ʤʥʦʞʝʩʪʚʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ: ʘ) ʧʦʚʝʨʭʥʦʩʪʴ; ʙ) ʥʘʣʦʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʆɿʆ 

(ʧʦʣʠʛʦʥ ʊɹʆ ʉʘʣʘʨʴʝʚʦ) 

ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʆɿʆ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 37.  

ʅʘ ʚʭʦʜʝ ï ʨʘʜʘʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ U ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ 

ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ. ʊʘʢʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʟʚʝʩʪʥʘ ʦʙʣʘʩʪʴ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʚʘʣʢʠ UuË . 

ʋʨʦʚʥʠ ʚʳʩʦʪʳ ʥʘʭʦʜʷʪʩʷ ʧʨʠʚʝʜʝʥʠʝʤ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ ʧʦ ʦʙʣʘʩʪʠ u ʚ 

ʝʜʠʥʠʮʫ ʜʣʠʥʳ. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʛʨʝʩʩʠʠ Rh(x,y) ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʦ ʦʪʯʝʪʘʤ (x,y,z), ʛʜʝ uyx Í),(  ï ʢʦʦʨʜʠʥʘʪʳ ʧʠʢʩʝʣʷ, z 

ï ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʚ ʪʦʯʢʝ (ʢʦʦʨʜʠʥʘʪʳ ï ʚ ʝʜʠʥʠʮʘʭ ʜʣʠʥʳ). ʇʨʷʤʦʫʛʦʣʴʥʘʷ ʩʝʪʢʘ 

ʦʙʨʘʟʦʚʘʥʘ ʤʥʦʞʝʩʪʚʦʤ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ (X,Y,Z), ʛʜʝ uYX Í),(  ʣʝʞʘʪ ʚ ʫʟʣʘʭ 
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ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʷʯʝʝʢ ʠ ʦʪʩʪʦʷʪ ʥʘ ʟʘʜʘʥʥʳʭ ʨʘʚʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʧʦ ʘʙʩʮʠʩʩʝ ʠ 

ʦʨʜʠʥʘʪʝ, Z=Rh(X,Y). ʇʣʦʱʘʜʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ s(q) ʚ ʢʘʞʜʦʡ 

ʷʯʝʡʢʝ ʠ ʠʭ ʩʫʤʤʘ, ʜʘʶʱʘʷ ʦʮʝʥʢʫ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʆɿʆ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ (10). 

 

ʈʠʩʫʥʦʢ 37 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʆɿʆ) 

ʃʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ 

ɸʣʛʦʨʠʪʤ ʧʦ ʨʘʩʯʝʪʫ ʨʘʜʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆɿʆ (ʩʤ. 

ʨʠʩʫʥʦʢ 29) ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʧʣʘʛʠʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Matlab, ʣʠʩʪʠʥʛ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʸʥ ʥʠʞʝ. 

% ʇʆʉʊʈʆɽʅʀɽ ʈɸɼʀɸʃʔʅʆ-ɺʈɽʄɽʅʅʆʁ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʂʆʅʎɽʅʊʈɸʎʀʀ ɿɸʄʋʉʆʈʀɺɸʅʀʗ ʇʆ ɺʈɽʄɽʅʅʆʁ ʉɽʈʀʀ 

ʀɿʆɹʈɸɾɽʅʀʁ ɼɽʊɽʂʊʀʈʆɺɸʅʀʗ ʆɹʒɽʂʊɸ ɿɸʍʆʈʆʅɽʅʀʗ ʆʊʍʆɼʆɺ, 

ʇʆʃʋʏɽʅʅʓʍ ʇʆ ʉʅʀʄʂɸʄ LANDSAT 4-5 TM 

% ʇʦʣʫʯʝʥʠʝ ʬʘʡʣʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʦʪʜʝʣʴʥʦʡ ʧʘʧʢʝ 

(ʠʤʝʥʘ ʬʘʡʣʦʚ ʭʨʘʥʷʪʩʷ ʚ ʬʦʨʤʘʪʝ ɻʆɼ ʄɽʉʗʎ ʏʀʉʃʆ_ʄɽʉʗʎɸ_tif ). 

ʀʟʦʙʨʘʞʝʥʠʷ ʙʠʥʘʨʥʳʝ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʠʢʩʝʣʝʡ: 0 ï ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʥʝʪ, 1 ï 

ʟʘʤʫʩʦʨʠʚʘʥʠʝ ʝʩʪʴ 

str1=pwd; 

str2='ʇʘʧʢʘ ʩ ʬʘʡʣʘʤʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ'; 

cd str2 
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d=dir('*.tif');  

n=length(d); 

clear X Y T L 

% ʇʦʣʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ x, y, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʤʫʩʦʨʠʚʘʥʠʶ, ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ t=[t1 t2 t3] (t1 ï ʛʦʜ, t2 ï ʤʝʩʷʮ, t3 ï ʯʠʩʣʦ ʤʝʩʷʮʘ). ʉʦʭʨʘʥʝʥʠʝ x ʚ 

ʩʪʨʫʢʪʫʨʝ X, y ï ʚ ʩʪʨʫʢʪʫʨʝ Y, t ï ʚ ʤʘʪʨʠʮʝ T 

for i=1:n 

d0= d(i).name; 

t=str2num(d0(1:end-4))]; 

T(i, :)=t; 

I=imread(d0); 

[y x]=find(I==1); 

X{ i}=x; Y{ i}=y; 

end 

% ʇʦʣʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ (xm, ym) ʨʘʜʠʘʣʴʥʦʡ ʩʝʪʢʠ 

s=size(I); 

xm=(1+s(2))/2; ym=(1+s(1))/2; 

% ɿʘʜʘʥʠʝ ʨʘʜʠʘʣʴʥʦʡ ʩʝʪʢʠ (ʫʛʣʦʚʦʡ ʰʘʛ ï 45o) 

g=[0 45 90 135 180 225 270 315 360]*pi/180; 

% ʇʦʣʫʯʝʥʠʝ ʫʛʣʦʚʳʭ ʨʘʩʩʪʦʷʥʠʡ p ʦʪ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʨʘʜʠʘʣʴʥʦʡ ʩʝʪʢʠ ʥʘ ʧʣʦʩʢʦʩʪʠ (ʬʫʥʢʮʠʷ Angle2) ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʆɿʆ ʚ ʢʘʞʜʳʡ 

i-ʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ 

for i=1:n 

x=X{i}; y=Y{i};  

p=Angle2(x-xm, y-ym); 

% ʇʦʣʫʯʝʥʠʝ ʯʠʩʝʣ ʧʠʢʩʝʣʝʡ L(i, j) ʆɿʆ, ʣʝʞʘʱʠʭ ʤʝʞʜʫ ʣʫʯʘʤʠ ʧʦʜ ʫʛʣʘʤʠ g1 ʠ 

g2, ʚ i-ʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

for j=1:8 

g1=g(j); g2=g(j+1); 
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L(i, j)=length(find(p>=g1 & p<=g2)); 

end 

end 

% ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʠʩʝʣ ʧʠʢʩʝʣʝʡ L ʚ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ (ʨʘʟʨʝʰʝʥʠʝ ʩʥʠʤʢʦʚ 

Landsat 4-5 TM ï 30 ʤ) 

L=30^2*L; 

% ɺʳʚʝʜʝʥʠʝ ʨʘʜʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʚʠʜʝ ʠʟʤʝʥʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ L(:, j) ʚʦ ʚʨʝʤʝʥʠ t ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ j 

figure; plot(t, L); 

% ɺʳʚʝʜʝʥʠʝ ʨʘʜʠʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʚʠʜʝ ʠʟʤʝʥʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ L(i, :) ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ g ʚ ʢʘʞʜʳʡ i-ʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

figure; plot(g, L); 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ: 

1. ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʣʦʢ ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ; 

2. ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʣʦʢ ʨʝʘʣʠʟʫʝʪʩʷ ʩʚʦʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ; 

3. ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʂʉʗ, ʧʦʨʦʛʦʚʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʚʳʜʝʣʝʥʠʝ ʠ ʦʙʭʦʜ 

ʢʦʥʪʫʨʘ, ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʠ ʜʨ.); 

4. ʄʥʦʛʠʝ ʧʘʨʘʤʝʪʨʳ ʩʚʘʣʦʢ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʘʥʠʮ, ʠʟʤʝʥʝʥʠʝ 

ʧʣʦʱʘʜʠ, ʦʙʲʝʤ, ʚʳʩʦʪʘ ʠ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʤʫʩʦʨʠʚʘʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʚʘʣʢʠ, ʦʮʝʥʠʚʘʶʪʩʷ ʚʧʝʨʚʳʝ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

2.4. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʥʘ ʧʨʠʨʦʜʥʫʶ 

ʩʨʝʜʫ ʧʦ ʜʘʥʥʳʤ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʣʶʙʦʡ ʦʙʲʝʢʪ ʞʠʚʦʡ ʠʣʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʩʫʱʝʩʪʚʫʝʪ ʚ ʥʝʢʦʪʦʨʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ 
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ʫʩʣʦʚʠʡ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ) [47]. ʆʙʦʟʥʘʯʠʤ X ï ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʚʣʠʷʪʴ 

ʠ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʦʙʲʝʢʪ O, ʘ Y ï ʨʝʘʢʮʠʶ ʵʪʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʝʛʦ 

ʩʦʩʪʦʷʥʠʝ ʠ ʤʦʞʝʪ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʟʘʚʠʩʝʪʴ ʦʪ X. ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ X ʠ Y 

ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ ʚʠʜʝ ʢʘʢʠʭ-ʣʠʙʦ ʠʥʜʝʢʩʦʚ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʙʦʪʢʦʡ ʠʟʦʙʨʘʞʝʥʠʡ (ʥʝ ʪʦʣʴʢʦ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ). ɽʩʣʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʢʦʨʨʝʣʷʮʠʷ 

ʤʝʞʜʫ X ʠ Y, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʢʪʘ ʦʪ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ [100], 

[106].  

ʈʘʟʥʳʤ ʬʘʢʪʦʨʘʤ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʨʘʟʥʳʝ ʨʝʘʢʮʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʚ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʯʝʪʥʳʭ ʠʥʜʝʢʩʦʚ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʜʝʡʩʪʚʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʫʨʙʘʥʠʟʘʮʠʷ) ʥʘ ʧʨʠʨʦʜʥʳʝ 

ʦʙʲʝʢʪʳ (ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ). ʌʘʢʪʦʨʫ ʫʨʙʘʥʠʟʘʮʠʠ ʤʦʞʥʦ ʧʨʠʩʚʦʠʪʴ ʠʥʜʝʢʩ 

ʫʨʙʘʥʠʟʘʮʠʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʯʝʨʝʟ ʧʣʦʪʥʦʩʪʴ ʟʘʩʪʨʦʡʢʠ ʠʣʠ 

ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ (ʧʦ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ [5], [54], [55]), ʘ 

ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ NDVI [126].  

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʬʘʢʪʦʨʦʤ ʠ ʨʝʘʢʮʠʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʤʝʪʦʜʠʢʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʠ (ʨʠʩʫʥʦʢ 38) [28], [33]: 

'' YXD -= ,  (11) 
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X ʠ Y ï ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ ʠ ʨʝʘʢʮʠʠ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, 

ʚʳʨʘʞʘʝʤʳʝ ʚ ʬʠʟʠʯʝʩʢʠʭ ʠʣʠ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ, X' ʠ Y' ï ʠʭ ʟʥʘʯʝʥʠʷ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʜʠʘʧʘʟʦʥʫ [0 1]. X1 ʠ X2 ï ʥʘʠʤʝʥʴʰʝʝ ʠ ʥʘʠʙʦʣʴʰʝʝ (ʥʘʠʭʫʜʰʠʝ, 

ʢʨʠʪʠʯʝʩʢʠʝ) ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʲʝʢʪ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ, Xm ï 

ʥʘʠʣʫʯʰʝʝ (ʦʧʪʠʤʘʣʴʥʦʝ) ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ ʜʣʷ ʦʙʲʝʢʪʘ, Y1 ʠ Y2 ï ʤʠʥʠʤʘʣʴʥʘʷ 

(ʥʘʠʭʫʜʰʘʷ) ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ (ʥʘʠʣʫʯʰʘʷ) ʨʝʘʢʮʠʠ ʦʙʲʝʢʪʘ ʥʘ ʬʘʢʪʦʨ. ɺʥʝ ʦʙʣʘʩʪʠ 

U, ʥʘʧʨʠʤʝʨ, ʪʦʯʢʠ q1 ʠ q2 ʥʝ ʤʦʛʫʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʦʙʲʝʢʪʫ O. ʊʦʯʢʠ A, B, C, G, H 
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ï ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ ʥʘ ʛʨʘʬʠʢʝ f(X), ʪʦʯʢʠ K, L, M ï ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ ʦʙʣʘʩʪʠ 

U, [X1,X2] ï ʛʨʘʥʠʮʳ ʚʳʞʠʚʘʝʤʦʩʪʠ ʦʙʲʝʢʪʘ ʧʦ ʜʘʥʥʦʤʫ ʬʘʢʪʦʨʫ. 

  

(a) (ʙ) 

ʈʠʩʫʥʦʢ 38 ï ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʠ a) Y=f(X) ʠ ʙ) Y'=X' 

ʌʫʥʢʮʠʷ f(X) ʚʦʟʨʘʩʪʘʝʪ ʦʪ A ʜʦ B, ʪ.ʝ. ʨʦʩʪ ʬʘʢʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʨʝʘʢʮʠʠ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ. ʆʪ B ʜʦ C ʬʫʥʢʮʠʷ ʫʙʳʚʘʝʪ, ʪ.ʝ. ʨʦʩʪ ʬʘʢʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʨʝʘʢʮʠʠ. ʆʙʣʘʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʪ A ʜʦ G ʠ ʩʥʠʞʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʪ H ʜʦ C ʧʨʠ ʨʦʩʪʝ ʬʘʢʪʦʨʘ ʧʦʣʘʛʘʝʤ ʦʙʣʘʩʪʷʤʠ ʥʝʛʘʪʠʚʥʳʭ 

ʚʣʠʷʥʠʡ ʬʘʢʪʦʨʘ. ʆʙʣʘʩʪʴ ʦʪ G ʜʦ H ï ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʣʠʷʥʠʡ ʬʘʢʪʦʨʘ. AC ï 

ʜʠʘʧʘʟʦʥ ʚʳʞʠʚʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 38a ʧʦʢʘʟʘʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ XY, ʥʘ ʢʦʪʦʨʦʡ ʦʪʤʝʯʘʶʪʩʷ 

ʪʦʯʢʠ p:(x,y)~(X,Y), ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʙʲʝʢʪʫ O ʥʝʢʦʪʦʨʦʛʦ ʢʣʘʩʩʘ K. ʉʯʠʪʘʝʤ, ʯʪʦ 

ʚ ʩʨʝʜʥʝʤ ʜʣʷ ʦʙʲʝʢʪʦʚ O: 

1. ʈʝʘʢʮʠʷ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʝ A ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚ ʪʦʯʢʝ B ʧʨʠ ʨʦʩʪʝ ʬʘʢʪʦʨʘ ʦʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ X1 ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ Xm; 

2. ʈʝʘʢʮʠʷ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʝ B ʜʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʚ ʪʦʯʢʝ C ʧʨʠ ʨʦʩʪʝ ʬʘʢʪʦʨʘ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Xm ʜʦ 

ʢʨʠʪʠʯʝʩʢʦʛʦ X2. 

ʃʶʙʦʡ ʦʙʲʝʢʪ ʞʠʚʦʡ ʠʣʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʥʝʢʦʪʦʨʦʤ 

ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʨʝʤʝʥʠ ʠ ʬʘʢʪʦʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʨʝʘʣ ï ʦʙʣʘʩʪʴ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʦʙʲʝʢʪʘ, ʦʙʥʘʨʫʞʠʚʘʝʤʘʷ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ: 

{ }maxminmaxmin ,);(: yyyxxxxyyU ¢¢¢¢= , 

ʛʜʝ U ï ʥʝʧʨʝʨʳʚʥʘʷ ʦʙʣʘʩʪʴ ʧʦʢʨʳʪʠʷ, xmin, xmax ï ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʘʙʩʮʠʩʩ, 

ymin, ymax ï ʦʨʜʠʥʘʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, y(x) ï ʫʨʘʚʥʝʥʠʝ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ U. 

ɾʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ï ʚʩʷ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʦʙʳʪʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʦʙʲʝʢʪʦʤ ʦʪ ʤʦʤʝʥʪʘ tʥ ʝʛʦ ʧʦʷʚʣʝʥʠʷ ʜʦ ʤʦʤʝʥʪʘ tʢ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ɽʩʣʠ ʩʯʠʪʘʪʴ ʥʘʩʪʫʧʣʝʥʠʝ ʜʘʥʥʳʭ ʩʦʙʳʪʠʡ 

ʥʝʟʘʚʠʩʷʱʠʤ ʦʪ ʚʨʝʤʝʥʠ ʠ ʩʚʦʝʛʦ ʨʦʜʘ çʥʝʠʟʙʝʞʥʦʩʪʴʶè, ʪʦ ʭʘʨʘʢʪʝʨʥʳʝ ʩʦʙʳʪʠʷ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʷʚʣʝʥʠʝ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ, ʦʧʠʩʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʢʦʥʢʨʝʪʥʳʡ ʦʙʲʝʢʪ, 

ʥʦ ʠ ʚʩʝ ʧʦʜʦʙʥʳʝ ʦʙʲʝʢʪʳ, çʞʠʚʫʱʠʝè ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʮʠʢʣʫ ʩʚʦʝʡ ʞʠʟʥʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʟʘʢʣʶʯʝʥʥʳʤ ʚ ʦʙʣʘʩʪʠ U, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

(ʤʦʜʝʣʴʥʳʡ) ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʦʛʦ (ʨʝʘʣʴʥʦʛʦ) ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ʅʘʧʨʠʤʝʨ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʜʦʤʘ 

ʚʢʣʶʯʘʝʪ ʨʷʜ ʭʘʨʘʢʪʝʨʥʳʭ ʩʦʙʳʪʠʡ: ʟʘʣʠʚ ʬʫʥʜʘʤʝʥʪʘ, ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʢʘʩʘ, 

ʥʘʧʦʣʥʝʥʠʝ ʥʝʩʫʱʠʭ ʩʪʝʥ, ʢʨʳʰʝʚʘʥʠʝ, ʥʘʧʦʣʥʝʥʠʝ ʚʥʫʪʨʝʥʥʦʩʪʝʡ, ʦʪʜʝʣʢʘ, 

ʨʝʤʦʥʪ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʨʘʟʨʫʰʝʥʠʝ, ʦʯʠʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ. ɺʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠ 

ʮʠʢʣʠʯʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʝʨʠʦʜʘ ʞʠʟʥʠ ʦʙʲʝʢʪʘ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʪʠʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ. 

ʅʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʫʰʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʦʙʣʘʩʪʠ ʨʘʟʣʠʯʥʦʛʦ 

ʧʦʢʨʳʪʠʷ (ʨʘʩʪʠʪʝʣʴʥʦʛʦ, ʚʦʜʥʦʛʦ, ʧʦʯʚʝʥʥʦʛʦ ʠ ʜʨ.). ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ 

(ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ) ʟʘʥʠʤʘʝʪ 90% ʧʣʦʱʘʜʠ ʈʦʩʩʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʘʜʘʩʪʨʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʟʝʤʣʷʤʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ (64.7%), ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ (23.5%), ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ (1%), ʟʘʧʘʩʘ (3%) [102].  

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʡ (ʣʝʩ, ʣʫʛ, ʙʦʣʦʪʦ, ʣʝʩʦʧʦʩʘʜʢʘ, ʧʦʣʝ ʠ ʪ.ʜ.), 

ʵʣʝʤʝʥʪʦʚ (ʜʝʨʝʚʦ, ʢʫʩʪʘʨʥʠʢ, ʪʨʘʚʘ, ʢʫʣʴʪʫʨʘ ʠ ʜʨ.), ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 
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(ʩʥʝʛ, ʧʦʯʚʘ, ʚʦʜʘ, ʙʝʪʦʥ ʠ ʜʨ.), ʷʨʫʩʥʦʩʪʠ (ʜʨʝʚʦʩʪʦʡ, ʧʦʜʣʝʩʦʢ, ʪʨʘʚʷʥʦʡ, ʤʦʭʦʚʦʡ 

ʠ ʜʨ. ʷʨʫʩʳ). 

ɹʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʘʢ ʨʝʘʢʮʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʚʠʟʫʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ [79]: ʧʣʦʪʥʦʩʪʠ ʠ ʛʫʩʪʦʪʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʨʘʩʪʠʪʝʣʴʥʦʤʫ ʩʧʝʢʪʨʫ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ, ʝʝ ʦʢʨʝʩʪʥʦʩʪʠ ʠ ʦʙʣʘʩʪʠ, ʦʪʢʣʦʥʝʥʠʶ 

ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʠ ʜʨ. ʀʟʤʝʥʝʥʠʝ ʝʝ ʟʥʘʯʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʘʭ, ʧʦʜʚʝʜʝʥʥʳʭ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʩʦ ʩʪʦʨʦʥʳ ʧʨʠʨʦʜʳ ʠ ʯʝʣʦʚʝʢʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʢʘʢ ʩʚʝʨʭʫ (ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʝ, ʥʘʜʧʦʯʚʝʥʥʳʝ ʬʘʢʪʦʨʳ), ʪʘʢ ʠ ʩʥʠʟʫ 

(ʛʝʦʣʦʛʠʯʝʩʢʦʝ, ʧʦʜʧʦʯʚʝʥʥʳʝ ʬʘʢʪʦʨʳ). ʂ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ 

ʦʪʥʦʩʷʪʩʷ: ʚʣʘʞʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʦʩʚʝʱʝʥʥʦʩʪʴ [5], [35], [129], 

ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʪʦʣʱʠʥʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ 

ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʝʪʨʘ ʠ ʜʨ. ʂ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ: 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʯʚʳ, ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦʨʠʩʪʦʩʪʴ, 

ʢʠʩʣʦʪʥʦʩʪʴ ʠ ʱʝʣʦʯʥʦʩʪʴ ʠ ʜʨ. 

ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ï ʛʠʛʘʥʪʩʢʠʡ çʦʛʦʨʦʜè, ʢʦʪʦʨʳʡ ʚʦʟʜʝʣʳʚʘʝʪ ʧʨʠʨʦʜʘ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʥʝʤ ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʦʝ, ʯʪʦ ʜʠʘʧʘʟʦʥʳ 

ʚʳʞʠʚʘʥʠʷ ʚʩʝʛʦ çʦʛʦʨʦʜʘè ʚʧʝʯʘʪʣʷʪʁ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʠʘʧʘʟʦʥʳ ʚʳʞʠʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʞʝ ʠ ʚʢʣʶʯʘʶʪʩʷ ʚ ʧʦʣʥʳʡ ʜʠʘʧʘʟʦʥ. ʅʦ ʥʝʩʤʦʪʨʷ 

ʥʘ ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚ ʮʝʣʦʤ ʠʤʝʝʪ ʧʨʝʜʝʣ ʚʳʞʠʚʘʥʠʷ ʧʦ ʣʶʙʦʤʫ 

ʠʟ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ. ʊ.ʝ. ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ, ʤʝʩʪʘ ʠ ʚʨʝʤʝʥʠ) ʧʦ ʢʘʞʜʦʤʫ ʬʘʢʪʦʨʫ 

ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʜʠʘʧʘʟʦʥʳ ʚʳʞʠʚʘʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʦʚ ʠ ʨʝʘʢʮʠʡ ʤʦʞʥʦ ʚʟʷʪʴ ʥʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʦʧʘʩʥʳʭ 

ʦʙʲʝʢʪʦʚ-ʠʩʪʦʯʥʠʢʦʚ (ʚʳʭʣʦʧʥʳʝ ʪʨʫʙʳ, ʘʚʪʦʜʦʨʦʛʘ ʠ ʪ.ʜ.) ʚʙʣʠʟʠ ʦʙʲʝʢʪʦʚ 

ʧʦʨʘʞʝʥʠʷ [117] ʣʠʙʦ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʯʠʩʣʷʝʤʳʝ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ 

ʠʟʦʙʨʘʞʝʥʠʷʤ. ʇʨʠʤʝʨʳ ʬʘʢʪʦʨʦʚ ï ʟʘʜʳʤʣʝʥʥʦʩʪʴ, ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʩʪʴ, 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʠ ʪ.ʜ., ʧʨʠʤʝʨʳ ʨʝʘʢʮʠʡ ï ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʜʝʛʨʘʜʘʮʠʷ ʧʦʯʚʳ, 
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ʫʚʷʜʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʜʨ. ɼʣʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʬʘʢʪʦʨʥʳʤ ʙʘʟʠʩʦʤ {Fi} 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʪʦʚʦʝ ʠ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʷ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ (ʨʠʩʫʥʦʢ 39). 

ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʭ ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʩʚʝʱʝʥʥʦʩʪʴʶ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ [5], [35]. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʮʝʥʠʚʘʶʪʩʷ ʢʘʢ ʩʨʝʜʥʠʝ ʜʣʷ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʩʚʦʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʘʨʝʘʣʦʚ (ʥʘʧʨʠʤʝʨ, 

ʩʝʚʝʨʥʘʷ, ʩʨʝʜʥʷʷ ʠ ʶʞʥʘʷ ʟʦʥʘ ʈʦʩʩʠʠ) ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʧʦ 

ʷʨʫʩʘʤ (ʣʝʩ, ʢʫʩʪʘʨʥʠʢ, ʪʨʘʚʘ, ʧʦʯʚʘ), ʧʦ ʚʠʜʘʤ (ʣʠʩʪʚʝʥʥʳʝ ʠ ʭʚʦʡʥʳʝ ʜʝʨʝʚʴʷ). 

 

ʈʠʩʫʥʦʢ 39 ï ɿʘʜʘʥʠʝ ʙʘʟʠʩʥʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʅʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠʥʜʝʢʩ, ʜʘʶʱʠʡ ʨʝʘʢʮʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝ ʠʣʠ 

ʠʥʳʝ ʬʘʢʪʦʨʳ ʩʨʝʜʳ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚ 

ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ [9], [10]: 

'' YX-=À . (12) 

Àï ʠʥʜʝʢʩ ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʀʈʈ), X' ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ 

X, Y' ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʝʘʢʮʠʠ Y ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʦʙʲʝʢʪʘ ʧʦʨʘʞʝʥʠʷ) 

[42], [45].  

ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ: ʧʨʠ e¢À||  (e ʙʣʠʟʢʦ ʢ ʥʫʣʶ) ï 

ʥʦʨʤʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʨʠ 1¢À<e  ï ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ 

ʥʠʟʢʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ ʢ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʬʘʢʪʦʨʘ, ʧʨʠ e<À¢-1  ï 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʬʘʢʪʦʨʘ. 
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ɺ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʧʨʠʨʦʜʥʳʡ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʡ. 

X1 ʠ X2 (ʩʤ. (11)) ï ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ F 

ʚʳʞʠʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʜʠʘʧʘʟʦʥ ʚʳʞʠʚʘʥʠʷ), Xm ï ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʬʘʢʪʦʨʘ, X ï ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ ʚ ʪʦʯʢʝ p(x,y) ʠʟʦʙʨʘʞʝʥʠʷ I, ʩʥʷʪʦʛʦ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t. X1, X2 ʠ Xm ʦʪʣʠʯʘʶʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʥʦ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ ʚ ʮʝʣʦʤ ʠʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʳʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʬʘʢʪʦʨʘ 

ʠʤʝʝʤ ʀʈʈ ʧʦ ʵʪʦʤʫ ʬʘʢʪʦʨʫ (ʥʘ ʵʪʦʪ ʬʘʢʪʦʨ), ʥʘʧʨʠʤʝʨ, ʀʈʈ ʧʦ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʀʈʈ ʧʦ ʠʥʜʝʢʩʫ ʦʩʦʣʦʥʝʥʥʦʩʪʠ SI (ʩʤ. (2)) ʠ ʪ.ʜ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ. ʉʨʝʜʠ ʥʠʭ: 

1) ʦʙʳʯʥʳʝ ï RVI, NDVI , IPVI, WDVI; 2) ʧʦʯʚʝʥʥʳʝ ï SAVI, TSAVI, MSAVI, 

MSAVI2; 3) ʘʪʤʦʩʬʝʨʥʳʝ ï GIMI, ARVI, SARVI, GVI [114], [115], [136]. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ 

ʪʦʯʥʳʤ ʬʦʨʤʫʣʘʤ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ p. ʇʨʠʤʝʤ: 

í
ì
ë

<

²
=

0,0

0,
'

NDVI

NDVINDVI
Y . (13) 

ʊ.ʢ. ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʪʦ ʀʈʈ ʠʤʝʝʪ ʩʤʳʩʣ ʚʳʯʠʩʣʷʪʴ 

ʪʦʣʴʢʦ ʥʘ ʫʯʘʩʪʢʘʭ, ʛʜʝ NDVIҗ0, ʦʪʜʝʣʷʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʪ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚ ʨʘʟʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʢʘʢ ʙʳʪʴ, ʪʘʢ ʠ ʥʝ ʙʳʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ (ʥʘʧʨʠʤʝʨ, ʚʦʜʦʸʤ 

ʤʦʞʝʪ ʟʘʨʘʩʪʠ, ʪ.ʝ. ʧʦʢʨʳʪʴʩʷ ʩʣʦʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ). ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ 

ʨʘʩʯʸʪʝ ʀʈʈ ʥʝ ʧʨʦʚʦʜʠʪʴ ʧʦʨʦʛʦʚʫʶ ʬʠʣʴʪʨʘʮʠʶ ʧʦ ʦʙʲʝʢʪʘʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 

ʟʥʘʯʝʥʠʶ NDVI ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʩʪʨʦʠʪʴ ʪʦʣʴʢʦ ʤʘʩʢʫ ʦʙʣʘʯʥʦʩʪʠ ʠ 

ʥʝʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʠʢʩʝʣʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʪʨʠʮ rʀʈʈ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʚʠʜʠʤʳʭ ʦʙʣʘʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʘ ʤʘʪʨʠʮʳ 

ʀʈʇ (ʩʤ. ʥʠʞʝ) ï ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ. 

ɺ ʧʝʨʝʚʦʜʝ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ NDVI ʜʘʝʪ ʦʮʝʥʢʫ 

ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ B, ʦʮʝʥʠʚʘʝʤʦʡ ʧʦ ʬʦʨʤʫʣʝ: NDVIB Ö=1400  (ʠʟʤʝʨʷʝʪʩʷ ʚ 

ʛʦʜʤ

ʛʨ

Ö2
) [38]. ʊʦʛʜʘ ʀʈʈ ʚ ʧʝʨʝʚʦʜʝ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ï ʵʪʦ 
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ʦʪʢʣʦʥʝʥʠʝ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʦʪ ʩʚʦʝʡ ʥʦʨʤʳ, 

ʪ.ʝ.: YXfY -=D )(  (ʩʤ. (12)). ʇʨʠ 0>DY  ʚ ʪʦʯʢʝ (x,y) ʧʨʠ ʟʥʘʯʝʥʠʠ ʬʘʢʪʦʨʘ X ʚ ʥʝʡ 

ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʭʫʞʝ, ʧʨʠ 0<DY  ï ʣʫʯʰʝ ʥʦʨʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ 0ºDY  ï 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʝ. ʈʘʟʥʳʝ ʚʠʜʳ ʦʙʲʝʢʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʥʳʝ ʚʠʜʳ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ (ʜʝʨʝʚʴʷ ʠ ʪʨʘʚʳ) ʠʤʝʶʪ ʚ ʦʙʱʝʤ ʩʚʦʠ ʥʦʨʤʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ 

f(X) (ʩʤ. ʨʠʩʫʥʦʢ 38). ʅʦ ʜʣʷ ʧʨʦʩʪʦʪʳ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ ʦʙʱʝʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

f(X) ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʨʘʟʥʳʭ ʚʠʜʦʚ, ʪʦʛʜʘ ȹY ʙʫʜʝʪ ʧʦʢʘʟʳʚʘʪʴ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʡ ʧʦʯʚʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʝʟʦʥʥʦʝ ʚʨʝʤʷ ʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʠʥʜʝʢʩʳ 

NDVI ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʧʨʠʯʝʤ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʊ.ʝ. ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 

[107], ʪʘʢʠʭ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʚʣʘʞʥʦʩʪʴ ʠ ʧʨ., 

ʨʘʩʪʝʥʠʷ ʨʘʩʪʫʪ ʥʝʦʜʠʥʘʢʦʚʦ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʦʣʠʛʦʥʳ ʊʂʆ ʄʦʩʢʦʚʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ. ɺʙʣʠʟʠ 

ʧʦʣʠʛʦʥʦʚ, ʘ ʪʝʤ ʙʦʣʝʝ ʥʘ ʩʘʤʠʭ ʧʦʣʠʛʦʥʘʭ, ʢʦʨʦʯʝ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʥʠʞʝ 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʩ ʙʦʣʴʰʠʤ ʪʨʫʜʦʤ ʨʘʩʪʫʪ ʜʨʝʚʦʩʪʦʡ ʠ ʧʦʜʣʝʩʦʢ, ʯʝʤ 

ʨʘʩʪʝʥʠʷ ʪʨʘʚʷʥʦʛʦ ʠ ʤʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʦʛʦ ʷʨʫʩʘ. ɼʘʞʝ ʧʨʠ ʥʘʟʝʤʥʳʭ 

ʥʘʙʣʶʜʝʥʠʷʭ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʛʦʜʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʜʝʨʝʚʴʷ ʠ ʢʫʩʪʘʨʥʠʢʠ ʨʘʩʪʫʪ 

ʩ ʪʨʫʜʦʤ ʢʘʢ ʥʘ ʩʢʣʦʥʝ, ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʛʦʥʦʚ. ɸʩʧʝʢʪ ʠ ʦʙʠʣʠʝ ʪʨʘʚ ʥʘ 

ʧʦʣʠʛʦʥʘʭ ʠ ʚ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʷʭ ʥʠʞʝ, ʯʝʤ ʧʦʦʜʘʣʴ ʦʪ ʥʠʭ. ʇʦʥʘʯʘʣʫ ʚʳʞʠʚʘʶʪ 

ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʞʠʟʥʝʩʪʦʡʢʠʝ ʪʨʘʚʳ, ʧʦʢʘ ʥʝ ʩʬʦʨʤʠʨʫʝʪʩʷ ʛʫʤʫʩʥʳʡ ʩʣʦʡ ʧʦʯʚʳ. 

ʊʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʝʥʷʝʪʩʷ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʧʦʣʠʛʦʥʦʚ ʊʂʆ, 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʩʪʝʥʠʷ ʧʦ-ʨʘʟʥʦʤʫ ʨʝʘʛʠʨʫʶʪ ʥʘ ʦʜʥʠ ʠ ʪʝ ʞʝ 

ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ. ʀ ʧʦ ʵʪʦʡ ʨʝʘʢʮʠʠ ʚʦʟʤʦʞʥʘ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ 

ʧʦʯʚʳ. 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʩʫʱʝʩʪʚʫʝʪ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʝʛʦ 

ʧʣʦʪʥʦʩʪʴʶ (ʛʫʩʪʦʪʦʡ) ʠ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʝʛʦ ʧʠʪʘʥʠʷ: ʪʝʧʣʦʚʳʤ ʠ 

ʩʚʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ʊ.ʦ. ʪʝʧʣʦ T, ʩʚʝʪ L ʠ ʚʣʘʛʘ W 



106 

 

ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʧʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʤʝʨʘ ʢʦʪʦʨʳʭ ʟʘʜʘʝʪ ʩʢʦʨʦʩʪʴ 

ʨʦʩʪʘ ʠ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʸ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʘ ʚʤʝʩʪʝ ʦʥʠ ʦʢʘʟʳʚʘʶʪ 

ʩʫʤʤʘʨʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʥʝʛʦ. ɺʦ-ʧʝʨʚʳʭ, ʯʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ, ʧʣʦʪʥʦʩʪʴ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʯʝʤ ʤʝʥʴʰʝ ʧʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʘʢʪʦʨʘ, ʪʝʤ ʙʦʣʴʰʝ 

ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ. ɺʦ-ʚʪʦʨʳʭ, ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʨʘʟʥʳʭ 

ʬʘʢʪʦʨʘʭ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʘ, ʪ.ʝ. ʢʘʞʜʳʡ ʬʘʢʪʦʨ ʠʤʝʝʪ ʩʚʦʡ ʚʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʨʘʟʥʳʭ ʨʘʩʪʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʝʩʝʥʥʠʭ ʮʚʝʪʦʚ ʚʣʘʞʥʦʩʪʴ ʠ 

ʩʚʝʪ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʯʝʤ ʪʝʧʣʦ, ʘ ʜʣʷ ʣʝʪʥʠʭ ï ʧʦʪʨʝʙʥʦʩʪʴ 

ʚʦ ʚʣʘʛʝ, ʪʝʧʣʝ ʠ ʩʚʝʪʝ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ. ɺ-ʪʨʝʪʴʠʭ, ʧʦ ʟʘʢʦʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ [33], ʯʝʤ ʙʣʠʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʘʢʪʦʨʘ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ 

ʟʥʘʯʝʥʠʶ, ʪʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʝʝ ʩʫʤʤʘʨʥʦʝ ʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ ʟʘʚʠʩʠʪ ʝʱʸ ʦʪ ʪ.ʥ. ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʬʘʢʪʦʨʘ. ʏʝʤ 

ʙʣʠʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʘʢʪʦʨʘ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ, ʪʝʤ ʙʦʣʴʰʝ ʝʛʦ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʜʣʷ ʣʝʪʥʠʭ ʮʚʝʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʠ 

ʫʩʣʦʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳ, ʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʠʪʝʣʴʥʘʷ ʟʘʩʫʭʘ, 

ʨʘʩʪʝʥʠʷ ʤʦʛʫʪ ʧʦʛʠʙʥʫʪʴ. ʅʘʧʨʷʞʸʥʥʦʩʪʴ ʬʘʢʪʦʨʘ ʚʣʘʞʥʦʩʪʠ ʚʳʩʦʢʘʷ, ʘ ʜʚʫʭ 

ʜʨʫʛʠʭ ï ʥʠʟʢʘʷ. 

ʏʝʤ ʙʦʣʴʰʝ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʬʘʢʪʦʨʘ, ʪʝʤ ʤʝʥʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʣʶʙʦʛʦ ʚʠʜʘ, ʥʦ ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʪʝʨʨʠʪʦʨʠʷ ʩ 

ʥʘʧʨʷʞʸʥʥʳʤ ʬʘʢʪʦʨʦʤ ʙʫʜʝʪ ʟʘʥʷʪʘ ʦʜʥʠʤ ʚʠʜʦʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʏʝʤ ʤʝʥʴʰʝ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʬʘʢʪʦʨʘ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʘ 

ʨʘʟʥʦʪʨʘʚʴʝʤ ʠ ʨʘʟʥʦʣʝʩʴʝʤ ʠ ʯʪʦ ʟʜʝʩʴ ʧʨʦʠʟʨʘʩʪʘʶʪ ʚʩʝ ʚʠʜʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʩʚʦʡʩʪʚʝʥʥʳʝ ʤʝʩʪʥʦʩʪʠ ʩ ʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʬʘʢʪʦʨʘ. 

ʂʘʞʜʦʤʫ ʚʠʜʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʚʦʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, 

ʪ.ʝ. ʩʚʦʡ ʚʝʢʪʦʨ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʙʘʟʠʩʥʳʭ ʬʘʢʪʦʨʦʚ 

[ ]maxminmaxminmaxmin WWWLLLTTT mmm . ʅʦ ʦʙʨʘʪʥʦʝ ʚ ʦʙʱʝʤ ʥʝʚʝʨʥʦ. ɿʥʘʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʥʳʭ ʚʠʜʦʚ (ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ), ʤʦʞʥʦ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 
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ʟʥʘʯʝʥʠʶ NDVI ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʚʠʜʘ ʧʨʝʜʧʦʣʦʞʠʪʴ ʘʨʝʘʣ ʠ ʤʝʩʪʦ ʝʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʏʝʤ ʥʠʞʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʪʝʤ ʭʫʞʝ ʨʘʟʣʠʯʠʤʦʩʪʴ ʚʠʜʦʚ (ʥʘʧʨʠʤʝʨ, ʜʣʷ 

Landsat 4-5 TM ï ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʷʨʫʩʥʦʩʪʴ: ʜʨʝʚʦʩʪʦʡ, ʧʦʜʣʝʩʦʢ, ʪʨʘʚʷʥʦʡ ʠ 

ʧʦʯʚʝʥʥʳʡ ʷʨʫʩʳ).  

ʊ.ʦ. ʧʨʦʚʝʜʝʥʠʝʤ ʘʥʘʣʠʟʘ ʀʈʈ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʳʝ ʢʘʨʪʳ: ʠʥʜʝʢʩʦʚ 

ʨʝʘʢʮʠʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʪʝʨʨʠʪʦʨʠʡ ʩ ʙʣʠʟʢʠʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ; 

ʥʘʠʙʦʣʝʝ ʠ ʥʘʠʤʝʥʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʤʝʩʪʥʦʩʪʠ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʬʘʢʪʦʨʦʚ; ʚʳʥʦʩʣʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ, ʛʨʘʥʠʮ ʞʠʟʥʠ ʨʘʩʪʝʥʠʡ 

ʨʘʟʥʳʭ ʚʠʜʦʚ; ʘʨʝʘʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʨʘʟʥʳʭ ʚʠʜʦʚ (ʧʦʨʷʜʦʢ ʠʭ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʨʠʤʝʨʳ ʢʘʨʪ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʨʘʙʦʪʳ). 

ʌʘʢʪʦʨʳ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʢ ʥʘʜ ʧʦʯʚʦʡ (ʧʦʙʝʛʠ ʪʨʘʚ ʠ 

ʩʪʚʦʣʳ ʜʝʨʝʚʴʝʚ), ʪʘʢ ʠ ʧʦʜ ʧʦʯʚʦʡ (ʢʦʨʥʝʚʠʱʘ ʨʘʩʪʝʥʠʡ ʠ ʢʦʨʥʠ ʜʝʨʝʚʴʝʚ). 

ʈʘʩʪʝʥʠʷ ʤʦʛʫʪ ʛʠʙʥʫʪʴ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʥʘʧʨʠʤʝʨ, ʦʪ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ 

ʚʜʦʣʴ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ. ʅʦ ʝʩʣʠ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʇɼʂ [25], [26], 

[27], ʪʦ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʙʫʜʝʪ 

ʢʦʨʦʪʢʠʡ. ɺ ʩʣʫʯʘʝ ʢʦʛʜʘ ʇɼʂ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʧʨʝʚʳʰʘʝʪ ʨʝʛʠʦʥʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʩ ʛʦʜʘʤʠ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʛʫʩʪʦʪʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ. ʉʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʨʘʟʥʳʭ ʷʨʫʩʦʚ ʙʫʜʝʪ ʫʭʫʜʰʘʪʴʩʷ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʘʢʪʦʨʘ ʧʨʝʚʳʩʠʣʘ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʝʩʪʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘʭʦʜʠʣʘʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʩʣʝʜʩʪʚʠʷ ʚʳʭʦʜʘ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʦʙʨʘʪʠʤʳʤʠ ʢʘʢ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ 

ʜʣʷ ʧʦʯʚʳ. 

ɼʣʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦʪʝʨʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʥʦ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʩ 

ʜʝʛʨʘʜʘʮʠʝʡ ʧʦʯʚʳ (ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʳ ʧʦ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ ï ʦʧʨʝʜʝʣʠʪʝʣʴ 

ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ). ʊ.ʦ. ʯʝʤ ʜʦʣʴʰʝ ʀʈʈ ʦʩʪʘʸʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ (ʙʦʣʴʰʠʤ Ů), ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʫʭʫʜʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ 

[52]. ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʤʝʨʳ ʠʟʤʝʥʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚ 

ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʩ ʫʯʸʪʦʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʨʘ 
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ʠʟʤʝʥʝʥʠʷ ʀʈʈ, ʢʦʪʦʨʫʶ ʤʳ ʥʘʟʦʚʸʤ ʠʥʜʝʢʩʦʤ ʨʝʘʢʮʠʠ ʧʦʯʚʳ (ʀʈʇ). ɼʣʷ ʵʪʦʛʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʪʝʤʧʦʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʥʘʯʝʥʠʡ ʀʈʈ ʢʘʢ ʧʦ ʦʜʥʦʤʫ ʧʠʢʩʝʣʶ 

(ʝʜʠʥʠʯʥʘʷ ʨʝʛʨʝʩʩʠʷ), ʪʘʢ ʠ ʧʦ ʤʘʩʩʠʚʫ ʧʠʢʩʝʣʝʡ (ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʨʝʛʨʝʩʩʠʷ). 

ɺ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʵʪʦ ʯʠʩʣʦ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʢʦʵʬʬʠʮʠʝʥʪʫ ʥʘʢʣʦʥʘ 

ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʀʈʈ. ʇʦ-ʜʨʫʛʦʤʫ, ʵʪʦ ʩʢʦʨʦʩʪʴ ʀʈʈ ʚʦ ʚʨʝʤʝʥʠ, 

ʠʣʠ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʀʈʈ ʧʦ ʚʨʝʤʝʥʠ. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʀʈʇ ʪʘʢ. ʉʧʝʨʚʘ 

ʩʪʨʦʠʪʩʷ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʟʥʘʯʝʥʠʡ ʀʈʈ. ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʣʠʥʠʷ ʨʝʛʨʝʩʩʠʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ). ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ k ʚ 

ʪʦʯʢʝ (ʦʙʣʘʩʪʠ) ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʀʈʇ ¿ ʚ ʥʝʡ ʧʦ ʜʘʥʥʦʤʫ ʀʈʈ À [9], [10], [95], 

[151], [162]: 
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k1, k2 ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ: ʧʨʠ h¢¿||  (h ʙʣʠʟʢʦ ʢ ʥʫʣʶ) ï ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʝʥʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ, ʧʨʠ 1¢¿<h  ï ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʫʭʫʜʰʘʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʧʨʠ h<¿¢-1  ï ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʫʣʫʯʰʘʝʪʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ. 

ʅʘʢʣʦʥ k ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʚʩʝʤʫ ʧʝʨʠʦʜʫ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ: 
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ʛʜʝ [ ] [ ]mmt vttv ÀÀ== À ...,... 11  ï ʦʪʯʝʪʳ ʚʨʝʤʝʥʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ 

ʀʈʈ (ʚʨʝʤʝʥʥʦʡ ʨʷʜ v(t)), [t1, tm] ï ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ, m ï ʯʠʩʣʦ ʦʪʯʝʪʦʚ (ʟʥʘʯʝʥʠʡ 

ʀʈʈ ʥʘ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ). 

ɹʦʣʝʝ ʪʦʯʥʦ ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʪ.ʝ. ʜʣʷ ʢʘʞʜʦʡ ʩʪʨʦʢʠ ʪʨʘʝʢʪʦʨʥʳʭ ʤʘʪʨʠʮ ʚʨʝʤʝʥʠ ʠ ʀʈʈ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʰʘʛʦʤ h<m: 
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ʇʦʣʫʯʘʶʪʩʷ ʨʷʜʳ ʟʥʘʯʝʥʠʡ ʥʘʢʣʦʥʘ [k1 k2 é km-h+1] ʠ ʧʦʣʦʞʝʥʠʷ [b1 b2 é bm-

h+1], ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜʥʠʤ ʤʦʤʝʥʪʘʤ ʚʨʝʤʝʥʠ ʢʘʞʜʦʡ ʩʪʨʦʢʠ Tt=[t'1 t'2 é t'm-

h+1], ʛʜʝ() öö
÷

õ
ææ
ç

å
ù
ú

ø
é
ê

è+
=

2
'

jh
tjt . ʇʦʣʫʯʘʝʤ ʬʫʥʢʮʠʠ k(t) ʠ b(t) ʧʦ ʪʦʯʢʘʤ, ʘ ʦʪʩʶʜʘ ï ʦʙʱʫʶ 

ʣʠʥʠʶ ʨʝʛʨʝʩʩʠʠ r'(t) ʧʦ ʪʦʯʢʘʤ r'1, r'2, é, r'm-h+1, ʛʜʝ jjjj tkbr '' += . ʏʝʤ ʙʦʣʴʰʝ ʰʘʛ 

h, ʪʝʤ ʫʞʝ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ r'(t). ʏʝʤ ʙʦʣʴʰʝ ʦʪʯʝʪʦʚ m, ʪʝʤ 

ʣʫʯʰʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʀʈʈ. ʅʦ ʧʨʠ ʩʣʠʰʢʦʤ ʤʘʣʳʭ h ʣʠʥʠʷ 

ʨʝʛʨʝʩʩʠʠ r'(t) ʙʫʜʝʪ ʩʣʠʰʢʦʤ ʛʨʫʙʦʡ ʠ ʥʝʧʨʘʚʜʦʧʦʜʦʙʥʦʡ, ʘ ʧʨʠ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʭ 

h ï ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʤʫ ʪʨʝʥʜʫ r(t), ʪ.ʝ. ʥʝ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ). 

ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ h ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ m ʠ ʚʟʷʪʴ ʧʦʩʪʦʷʥʥʦʝ d=h/m 

ʧʦ ʦʙʣʘʩʪʠ (ʪ.ʢ. ʜʣʷ ʨʘʟʥʳʭ ʧʠʢʩʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ m 

ʠʩʭʦʜʥʳʭ ʦʪʯʝʪʦʚ ʀʈʈ). 

ʃʠʥʝʡʥʳʡ ʪʨʝʥʜ r(t)=b+kt ʚ ʪʦʯʢʝ (x,y) ʠʣʠ ʧʦ ʦʙʣʘʩʪʠ ʜʘʝʪ ʚ ʥʝʡ 2 ʧʘʨʘʤʝʪʨʘ: 

ʥʘʢʣʦʥ k(x,y) ʠ ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ b(x,y). ʇʝʨʚʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʀʈʈ, ʚʪʦʨʦʡ ï ʟʘ ʚʨʝʤʷ ʥʘʯʘʣʘ ʵʪʦʛʦ ʠʟʤʝʥʝʥʠʷ. ʇʨʠ k<0 ʠʤʝʝʪ ʤʝʩʪʦ ʫʣʫʯʰʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʝʝ ʨʝʘʢʮʠʷ ʥʘ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

çʘʜʝʢʚʘʪʥʦʡè), ʧʨʠ k>0 ï ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ (ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ 

ʩʨʝʜʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ çʦʪʨʘʙʘʪʳʚʘʝʪè ʩʦ ʚʨʝʤʝʥʝʤ ʚʩʝ ʭʫʞʝ). 

ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʦʜʠʥ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʆʇʉ) ï ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʠʟʤʝʨʷʝʤʘʷ ʚ ʧʨʦʮʝʥʪʘʭ %. 

ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʢʘʢ ʩʨʝʜʥʝʝ (ʠ ʢʨʠʪʠʯʝʩʢʠʝ: ʤʠʥʠʤʘʣʴʥʦʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ) ʟʥʘʯʝʥʠʝ )1(50 À-=e  (%) ʧʦ ʦʙʣʘʩʪʠ ʧʦʢʨʳʪʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʚ 

ʟʦʥʝ ʆɿʆ (iu ) ʠ ʆʇʉ ('iu ) ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ti ʩʲʝʤʢʠ (iu  ʠ 'iu  ï ʦʙʣʘʩʪʠ 

ʚʳʜʝʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠ NDVIҗ0 ʥʘ i-ʤ ʠʟʦʙʨʘʞʝʥʠʠ). ʏʝʤ ʙʦʣʴʰʝ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ, ʪʝʤ ʣʫʯʰʝ ʢʘʯʝʩʪʚʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ (ʠ ʚʦʟʤʦʞʥʦ 
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ʧʦʯʚʳ), ʯʝʤ ʤʝʥʴʰʝ ï ʪʝʤ ʭʫʞʝ. ʇʨʠ 100% ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ, ʧʨʠ 

50% ï ʩʨʝʜʥʷʷ, ʧʨʠ 0% ï ʤʠʥʠʤʘʣʴʥʘʷ (ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʝ ʩʧʦʩʦʙʥʘ ʧʨʦʪʠʚʦʩʪʦʷʪʴ 

ʜʘʥʥʦʤʫ ʬʘʢʪʦʨʫ). ʏʝʤ ʙʳʩʪʨʝʝ ʫʤʝʥʴʰʘʝʪʩʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ, ʪʝʤ ʙʳʩʪʨʝʝ 

ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ (ʠ ʚʦʟʤʦʞʥʦ ʫʭʫʜʰʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ). ɿʘ ʚʨʝʤʷ ʩ t1 ʧʦ t2 ( ʇtt Ì],[ 21
, ʛʜʝ ʇ ï ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ) 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʪʦʯʢʝ p ʠʣʠ ʧʦ ʦʙʣʘʩʪʠ UuË  ʤʦʞʝʪ 

ʧʦʤʝʥʷʪʴʩʷ ʥʘ %100
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)()(
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1 1
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trtr
eee
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ʨʝʛʨʝʩʩʠʠ ʚ ʪʦʯʢʝ ʠʣʠ ʦʙʣʘʩʪʠ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, NDVI ʤʦʞʝʪ ʙʳʪʴ ʙʣʠʟʦʢ ʢ ʝʜʠʥʠʮʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʬʘʢʪʦʨʦʚ, ʦʪ X1 ʜʦ X2 (ʥʦ ʩ ʨʘʟʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʦ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ). ʅʘ ʨʠʩʫʥʢʝ 40 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ 

ʤʠʥʠʤʘʣʴʥʦʡ Nmin(T) ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ Nmax(T) ʟʘʚʠʩʠʤʦʩʪʝʡ NDVI ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʟʷʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ), ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʘʣʛʦʨʠʪʤʫ [97]. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʠ ʚʟʷʪʳ 1033 ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʥʠʤʢʘ ʩʝʨʠʡ LandSat 4-5 TM ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʇ=1983-2011 ʛʦʜʳ, 

ʧʦʢʨʳʚʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʪʝʨʨʠʪʦʨʠʶ U, ʦʭʚʘʪʳʚʘʶʱʫʶ ʄʦʩʢʦʚʩʢʠʡ ʠ ʚʩʝ 

ʦʢʨʫʞʘʶʱʠʝ ʝʛʦ ʨʝʛʠʦʥʳ. ʇʦʣʫʯʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ: 

T1=-70oC, T2=66oC (ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ T1=-70oC, T2=70oC). ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘ 

ʛʨʘʬʠʢʘʭ Nmin(T) ʠ Nmax(T) ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ Tm ʥʝ ʚʳʨʘʞʝʥʘ ʷʚʥʦ, ʝʩʣʠ 

ʪʝʨʨʠʪʦʨʠʷ ʙʦʣʴʰʘʷ.  

ʆʧʪʠʤʘʣʴʥʦʝ (Tm) ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦ ʥʝʙʦʣʴʰʦʡ 

ʦʙʣʘʩʪʠ U0 (ʪʝʨʨʠʪʦʨʠʷ ʙʣʠʞʥʝʚʦʩʪʦʯʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ) ʅʘ ʨʠʩʫʥʢʝ 41 ï 

ʵʤʧʠʨʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ T1, T2, Tm ʜʣʷ ʬʘʢʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ. n 

ï ʦʮʝʥʢʘ ʤʘʪʦʞʠʜʘʥʠʷ NDVI ʧʦ ʧʦʜʦʙʣʘʩʪʠ U0, ʚ ʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʢʨʫʛʣʸʥʥʘʷ ʜʦ ʮʝʣʦʛʦ, ʨʘʚʥʘ T.  

ɹʦʣʝʝ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʘ ʠ ʠʭ ʚʨʝʤʝʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʦ ʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ U. ʅʘ ʨʠʩʫʥʢʝ 42 ʧʦʢʘʟʘʥʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ P ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʠʢʩʝʣʝʡ ʧʦ ʪʝʤ ʞʝ 1033 
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ʚʭʦʜʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʜʣʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʘʨ ʟʥʘʯʝʥʠʡ (NDVI, T) ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʝʟʦʥʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʜʘʥ ʥʘ ʨʠʩʫʥʢʝ 43, ʛʜʝ u1, 

u2, u3 ï ʦʙʣʘʩʪʠ çʥʫʣʝʚʳʭè ʧʠʢʩʝʣʝʡ ʥʘ ʪʝʧʣʦʚʦʤ (6), ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ (4) 

ʠ ʢʨʘʩʥʦʤ (3) ʢʘʥʘʣʘʭ ʩʥʠʤʢʦʚ Landsat 4-5 TM, Tm ï ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦ ʩʥʠʤʢʫ (ʪ.ʝ. ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʛʦʜʘ 

Ű), Nm ï ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʝʟʦʥʘ Ű, (T',N') ï ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ T' ʜʣʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ NDVI N'. 

 

 

ʈʠʩʫʥʦʢ 41 ï ʌʨʘʛʤʝʥʪ ʤʘʩʩʠʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʝʡ ʜʣʷ ʦʪʯʝʪʥʳʭ ʩʥʠʤʢʦʚ ʧʦ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ 

U0 ʠ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʇ 

 

ʈʠʩʫʥʦʢ 40 ï ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ (ʬʫʥʢʮʠʷ Nmax(T)) ʠ ʤʠʥʠʤʘʣʴʥʳʭ 

(ʬʫʥʢʮʠʷ Nmin(T)) ʟʥʘʯʝʥʠʡ NDVI ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ T, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʄʦʩʢʦʚʩʢʦʛʦ ʠ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ ʨʝʛʠʦʥʦʚ 
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ʈʠʩʫʥʦʢ 42 ï ʌʨʘʛʤʝʥʪ ʤʘʩʩʠʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʝʡ ʜʣʷ ʦʪʯʝʪʥʳʭ ʩʥʠʤʢʦʚ ʧʦ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ U ʠ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʷ ʇ (ʥʘʟʚʘʥʠʷ ʬʘʡʣʦʚ ï ʚʨʝʤʷ ʛʦʜʘ) 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ Tm 

ʮʠʢʣʠʯʝʩʢʠ ʤʝʥʷʶʪʩʷ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ (ʨʠʩʫʥʦʢ 44), ʪʘʢʞʝ ʢʘʢ ʠ ʟʥʘʯʝʥʠʷ T'.  

ʄʘʢʩʠʤʫʤ Tmmax~26oC ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʢʦʥʮʝ ʠʶʥʷ ï ʥʘʯʘʣʝ ʠʶʣʷ (tmmax), ʤʠʥʠʤʫʤ Tmmin~ï11oC ʚ ʢʦʥʮʝ 

ʜʝʢʘʙʨʷ ï ʥʘʯʘʣʝ ʷʥʚʘʨʷ (tmmin). ʅʘ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥ ʵʤʧʠʨʠʯʝʩʢʠʡ ʠ ʤʦʜʝʣʴʥʳʡ 

 

ʈʠʩʫʥʦʢ 43 ï ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ (ʬʫʥʢʮʠʷ Nmax(T)) ʠ ʤʠʥʠʤʘʣʴʥʳʭ (ʬʫʥʢʮʠʷ 

Nmin(T)) ʟʥʘʯʝʥʠʡ NDVI ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ T, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʄʦʩʢʦʚʩʢʦʛʦ 

ʠ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ ʨʝʛʠʦʥʦʚ 
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(ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʣʠʥʠʷ ʨʝʛʨʝʩʩʠʠ) ʛʨʘʬʠʢʠ: A ʠ B ï ʤʦʜʝʣʴʥʳʝ, C ʠ D ï 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʘʢʩʠʤʫʤʳ ʠ ʤʠʥʠʤʫʤʳ. ʊ.ʦ. ʬʫʥʢʮʠʶ f(X) ʥʦʨʤʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʴ ʚʚʝʜʝʥʠʝʤ ʚ ʬʦʨʤʫʣʫ (11) ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʘ 

ʦʪ ʚʨʝʤʝʥʠ (ʤʘʪʦʞʠʜʘʥʠʷ Tm ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ )(tmm TT = , ʘ ʪʘʢʞʝ 

ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ: )(11 tTT = , )(22 tTT = ). ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ çʣʝʚʳʝè ʠ 

çʧʨʘʚʳʝè ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ s1 ʠ s2 (ʩʤ. ʨʠʩʫʥʦʢ 42 ʠ (11)) ʪʘʢʞʝ 

ʠʤʝʶʪ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 42 ʧʦ ʨʷʜʫ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʙʦʣʝʝ ʫʟʢʠʝ çʥʦʞʠè ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ, ʯʝʤ ʚ ʪʝʧʣʦʝ, ʧʨʠʯʝʤ çʣʝʚʳʝè ʩʪʦʨʦʥʳ 

ʙʦʣʝʝ ʧʦʣʦʛʠʝ, ʯʝʤ çʧʨʘʚʳʝè, ʪ.ʝ. s1 ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʦʣʴʰʝ, ʯʝʤ s2. 

 

ʈʠʩʫʥʦʢ 44 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʛʝʪʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ 

(ʩʣʫʯʘʡʥʘʷ ʚʳʙʦʨʢʘ ʩʥʠʤʢʦʚ ʠʟ ʚʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʩʥʠʤʢʦʚ, ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ï 

ʄʦʩʢʦʚʩʢʠʡ ʠ ʦʢʨʫʞʘʶʱʠʝ ʨʝʛʠʦʥʳ) 

ʅʘ ʨʠʩʫʥʢʝ 45 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʣʠʥʠʡ ʨʝʛʨʝʩʩʠʠ r(t) ʠ r'(t) (ʘ), ʧʦʣʫʯʝʥʥʳʭ 

ʜʣʷ ʧʦʣʠʛʦʥʘ ʊʂʆ ʊʦʨʙʝʝʚʦ (ʚʟʷʪ ʀʈʈ ʧʨʠ X=SI ï ʠʥʜʝʢʩ ʦʩʦʣʦʥʝʥʥʦʩʪʠ) ʧʦ 

ʦʙʣʘʩʪʠ U ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ c t1 ï 1984 ʛ. ʧʦ tm ï 2012 ʛ. ɺʠʜʥʦ, ʯʪʦ ʚʩʝ ʀʈʈ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚʳʰʝ ʦʪʤʝʪʢʠ 0.5 (ʧʨʠ 10 ¢À<  ʧʦʢʨʳʚʘʶʱʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʨʝʩʩʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʧʨʠ 01 <À¢-  ï ʚ ʫʩʪʦʡʯʠʚʦʤ), ʧʨʠʯʝʤ 

ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʀʈʇ (ʙ) ʧʨʠʫʨʦʯʝʥʳ ʢ ʫʯʘʩʪʢʫ ʟʘʭʦʨʦʥʝʥʠʷ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʟʥʘʯʝʥʠʷ ʀʈʈ ʠ ʀʈʇ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʜʦ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʝʛʘʪʠʚʥʦ 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʩʚʘʣʦʢ, ʢʘʨʴʝʨʦʚ, ʧʨʦʤʟʦʥ, ʦʙʲʝʢʪʦʚ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʨ.). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ. ʊ.ʦ. 
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ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʀʈʈ (12) ʠ ʀʈʇ (14) ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʢʘʟʳʚʘʶʪ ʫʩʣʦʚʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʘ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ï 

ʧʨʠʣʝʛʘʶʱʠʝ ʦʙʲʝʢʪʳ. 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 45 ï ʘ) ɺʨʝʤʝʥʥʦʡ ʨʷʜ ʀʈʈ ʠ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ʚ ʪʦʯʢʝ; ʙ) ʦʙʱʝʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʀʈʇ. ʇʦʣʠʛʦʥ ʊʂʆ ʊʦʨʙʝʝʚʦ 

ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʨʘʩʯʝʪʘ ʀʈʈ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 46. 

 

ʈʠʩʫʥʦʢ 46 ï ʆʙʱʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʀʈʈ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʅʘ ʚʭʦʜʝ ï ʢʨʘʩʥʳʡ (R), ʙʣʠʞʥʠʡ ʠʥʬʨʘʢʨʘʩʥʳʡ (IR) ʠ ʪʝʧʣʦʚʦʡ (Q) ʢʘʥʘʣʳ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ I (Landsat 4-8) ʥʠʟʢʦʛʦ ʠʣʠ 

ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ.  
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ʉʥʘʯʘʣʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ NDVI ʧʦ ʬʦʨʤʫʣʝ NDVI=(IR-R)/(IR+R) ʚ ʢʘʞʜʦʤ 

ʧʠʢʩʝʣʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʊʘʢʞʝ ʚ ʢʘʞʜʦʤ ʧʠʢʩʝʣʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʧʦ ʬʦʨʤʫʣʝ (7). ɿʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʝʘʢʮʠʠ r ʧʦ ʬʦʨʤʫʣʝ (13) ʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ T'=(T-T1)/(T2-

T1). ɼʘʣʝʝ ʥʘʭʦʜʠʪʩʷ ʀʈʈ ʧʦ ʬʦʨʤʫʣʝ (12). ɺʠʟʫʘʣʠʟʘʮʠʷ ʀʈʈ ï ʚ ʚʠʜʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʟʥʘʯʝʥʠʡ ʀʈʈ>0 (ʯʝʤ ʙʦʣʴʰʝ ʀʈʈ, ʪʝʤ ʩʚʝʪʣʝʝ ʧʠʢʩʝʣʴ) ʠ ʀʈʈ<0 

(ʯʝʤ ʤʝʥʴʰʝ ʀʈʈ, ʪʝʤ ʩʚʝʪʣʝʝ ʧʠʢʩʝʣʴ) ʪʦʛʦ ʞʝ ʨʘʟʤʝʨʘ, ʯʪʦ ʠ ʠʩʭʦʜʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ I, ʧʨʠʚʝʜʝʥʥʳʭ ʢ ʜʠʘʧʘʟʦʥʫ [0, 1]. 

ʃʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ 

ɸʣʛʦʨʠʪʤ ʧʦ ʨʘʩʯʝʪʫ ʀʈʈ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʤ. ʨʠʩʫʥʦʢ 46) 

ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʧʣʘʛʠʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Matlab, ʣʠʩʪʠʥʛ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʸʥ 

ʥʠʞʝ. 

% ʈɸʉʏɽʊ ʀʅɼɽʂʉɸ ʈɽɸʂʎʀʀ ʈɸʉʊʀʊɽʃʔʅʆʉʊʀ ʅɸ 

ʊɽʄʇɽʈɸʊʋʈʋ ʇʆɺɽʈʍʅʆʉʊʀ ɺ ʆʂʈɽʉʊʅʆʉʊʀ ʆɹʒɽʂʊɸ 

ɿɸʍʆʈʆʅɽʅʀʗ ʆʊʍʆɼʆɺ ʇʆ ʉʅʀʄʂɸʄ LANDSAT 4-5 TM 

% ʆʪʢʨʳʪʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʥʘʣʦʚ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (I1 ï ʢʨʘʩʥʳʡ ʢʘʥʘʣ, I2 

ï ʙʣʠʞʥʠʡ ʠʥʬʨʘʢʨʘʩʥʳʡ ʢʘʥʘʣ, I3 ï ʪʝʧʣʦʚʦʡ ʢʘʥʘʣ) 

I1=double(imread('ʊʨʝʪʠʡ ʢʘʥʘʣ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ.tif ')); 

I2=double(imread('ʏʝʪʚʝʨʪʳʡ ʢʘʥʘʣ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ.tif ')); 

I3=double(imread('ʐʝʩʪʦʡ ʢʘʥʘʣ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ.tif ')); 

% ʈʘʩʯʝʪ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʠʥʜʝʢʩʘ NDVI 

NDVI=(I2-I1)./(I2+I1); 

% ʈʘʩʯʝʪ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʨʝʘʢʮʠʠ R (VCI ï ʠʥʜʝʢʩ ʨʦʩʪʘ) 

NDVImin=-1; NDVImax=1; 

R=(NDVI-NDVImin)/(NDVImax-NDVImin); 

% ʂʦʥʚʝʨʪʘʮʠʷ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ 

ʪʝʧʣʦʚʦʛʦ ʢʘʥʘʣʘ I3 ʚ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʠʷ ʜʣʷ ʩʥʠʤʢʦʚ 

Landsat 4-5 TM T 

k1=[671.62 607.76]; 
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k2=[1284.3 1260.56]; 

w=5; 

k1=k1(w); 

k2=k2(w); 

l1=1.2378; 

l2=15.203; 

dl=(l2-l1)/255; 

Q=dl*I3+l1; 

T=k2./log(k1./Q+1)-273; 

% ʈʘʩʯʝʪ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʬʘʢʪʦʨʘ F 

Tmin=min(min(T)); 

Tmax=max(max(T)); 

F=(T-Tmin)/(Tmax-Tmin); 

% ʈʘʩʯʝʪ ʀʈʈ (Vegetation Reaction Index) ʠ ʚʳʚʦʜ ʠʟʦʙʨʘʞʝʥʠʷ ʀʈʈ 

VRI=F-VCI; 

figure; imshow(VRI); 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʆɿʆ ʥʘ ʧʨʠʨʦʜʥʫʶ 

ʩʨʝʜʫ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʠʥʜʝʢʩʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʀʈʈ), ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʨʝʘʢʮʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝ ʠʣʠ ʠʥʳʝ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʨʘʩʩʯʠʪʳʚʘʝʤʦʛʦ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; 

2. ʈʘʟʨʘʙʦʪʢʘ ʠʥʜʝʢʩʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʀʈʇ), ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʪʝʥʜʝʥʮʠʶ ʠʟʤʝʥʝʥʠʷ ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ; 

3. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʀʈʈ ʠ ʀʈʇ ʚ ʟʘʜʘʯʝ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʚʘʣʦʢ (ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʆɿʆ ʧʦ ʜʘʥʥʳʤ 

ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ);  
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4. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ 

ʦʪʭʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʜʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ (ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ 

ʠʥʜʝʢʩʦʚ). 

2.5. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʠʢʠ 

ʆʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: 

1. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ; 

2. ʇʣʦʱʘʜʴ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ; 

3. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

4. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ; 

5. ɺʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ; 

6. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ. 

ʇʨʦʚʝʨʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʂʄ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ 

ʢʨʠʪʝʨʠʷʤʠ. 

ʇʨʦʚʝʨʢʫ ʤʝʪʦʜʠʢʠ (ʧʦ ʧʝʨʚʳʤ ʯʝʪʳʨʸʤ ʢʨʠʪʝʨʠʷʤ) ʦʮʝʥʠʤ ʜʣʷ 

ʧʨʠʣʝʛʘʶʱʝʡ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʠʛʦʥʘ ʊʂʆ ʊʦʨʙʝʝʚʦ, ʃʶʙʝʨʝʮʢʠʡ ʨʘʡʦʥ 

ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ (ʨʘʙʦʯʘʷ ʦʙʣʘʩʪʴ). ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ï ʠʟʦʙʨʘʞʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Landsat 4-5 TM ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ 1983-2011 

ʛʛ., ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ WorldView2 ʟʘ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ 2011 ʛ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʣʘ ʥʘʥʷʪʘ ʛʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ. ɽʝ 

ʨʘʙʦʪʘ ʩʦʩʪʦʷʣʘ ʚ ʧʨʦʚʝʜʝʥʠʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʚʘʣʦʢ, ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ ʠ 

ʆʇʉ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ çʨʫʯʥʳʤè ʩʧʦʩʦʙʦʤ 

(ʚʠʟʫʘʣʴʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ ʪʝʨʨʠʪʦʨʠʠ) [93], [95]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʢʩʧʝʨʪ ʚ 

ʧʨʦʮʝʩʩʝ ʚʠʟʫʘʣʴʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʚʘʣʦʢ [111], [112] ʟʥʘʝʪ ʪʦʯʥʦ, ʢʘʢʦʡ ʦʙʲʝʢʪ 

ʷʚʣʷʝʪʩʷ ʆɿʆ, ʘ ʢʘʢʦʡ ʥʝ ʷʚʣʷʝʪʩʷ, ʪ.ʝ. ʤʦʞʝʪ ʜʦʩʪʦʚʝʨʥʦ ʦʙʥʘʨʫʞʠʪʴ ʩʚʘʣʢʫ ʥʘ 

ʢʦʩʤʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 
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ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʝʪ ʦʙʱʫʶ ʦʮʝʥʢʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʂʄ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʠ ʜʣʷ ʙʦʣʴʰʝʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʨ.) ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʦʣʴʰʫʶ ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ, 

ʠʩʩʣʝʜʦʚʘʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʂʄ ʤʝʪʦʜʘʤʠ 

ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʞʝ ʧʦʜʪʚʝʨʞʜʸʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʂʄ, ʦʜʥʘʢʦ ʵʪʦ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ɺʳʙʦʨ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʝʸ ʦʧʪʠʤʘʣʴʥʦʩʪʴʶ ʧʦ ʨʘʟʤʝʨʫ, 

ʨʘʩʩʪʦʷʥʠʶ ʜʦ ʤʝʩʪʘ ʞʠʪʝʣʴʩʪʚʘ ʠ ʤʝʩʪʘ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʫʜʦʙʩʪʚʘ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ (ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʜʘʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩ ʜʘʥʥʳʤʠ çʨʫʯʥʦʡè 

ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ ʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʤʝʩʪʥʦʩʪʠ).  

ɺʦʟʤʦʞʥʦʩʪʴ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʆɿʆ ʧʦ ʚʠʟʫʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʚ ʧʨʝʜʳʜʫʱʠʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [4], [13], [61]. 

1. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ. 

ʉʦʧʦʩʪʘʚʠʤ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʆɿʆ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ (ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ) ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʧʨʦʩʤʦʪʨʦʤ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ) 

ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʦ ʧʣʦʱʘʜʠ, ʟʘʥʠʤʘʝʤʦʡ ʵʪʠʤʠ 

ʦʙʲʝʢʪʘʤʠ. 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʦʙʲʝʢʪʦʚ ʦʮʝʥʠʤ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʚʠʜʝ: 

N

N
N

1=e , 

ʛʜʝ Nʁ ï ʦʰʠʙʢʘ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ, ʠʣʠ ʦʰʠʙʢʘ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʜʦʣʷ ʜʝʪʝʢʪʠʨʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʝʪʩʷ ʩʚʘʣʢʘʤʠ), N1 ï ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ ʠʟ ʜʝʪʝʢʪʠʨʫʝʤʳʭ, 
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ʢʦʪʦʨʳʝ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʷʚʣʷʶʪʩʷ ʩʚʘʣʢʘʤʠ, N ï ʧʦʣʥʦʝ ʯʠʩʣʦ ʜʝʪʝʢʪʠʨʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ.  

ʉʦʧʦʩʪʘʚʠʤ ʨʘʙʦʪʫ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ ʧʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʜʣʷ 

ʜʘʥʥʦʡ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ.  

 

ʈʠʩʫʥʦʢ 47 ï ʅʘʣʦʞʝʥʠʝ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ ʢʘʨʪʫ É 

Google) 

ʅʘʣʦʞʝʥʠʝ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 47. ʅʘ ʨʠʩʫʥʢʝ ʢʨʘʩʥʘʷ ʦʙʣʘʩʪʴ ï ʨʝʟʫʣʴʪʘʪ  

ʨʘʩʯʝʪʘ (ʦʙʣʘʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ), ɸ-ɺ ï ʣʦʞʥʳʝ ʦʙʲʝʢʪʳ, ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʝ ʧʦ 

ʤʝʪʦʜʠʢʝ (ʨʠʩʫʥʦʢ 48), ɺ-K ï ʩʚʘʣʢʠ, ʥʝ ʜʝʪʝʢʪʠʨʫʝʤʳʝ ʧʦ ʤʝʪʦʜʠʢʝ (ʥʘ ʨʠʩʫʥʢʝ 

49 ʧʦʢʘʟʘʥʳ ʆɿʆ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚ: ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ, ʙʝʟ ʯʸʪʢʦ ʚʳʨʘʞʝʥʥʳʭ 

ʛʨʘʥʠʮ, ʩʣʠʚʘʶʱʠʭʩʷ ʩ ʤʝʩʪʥʦʩʪʴʶ, ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ), 1-6 ï 

ʧʨʠʤʝʨʳ ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ  

50. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ: N=38 ï ʯʠʩʣʦ ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

çʨʫʯʥʦʡè ʦʙʨʘʙʦʪʢʠ: N1=3 ï ʯʠʩʣʦ ʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ. ʊ.ʝ. ʦʰʠʙʢʘ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ 

ï ʁ N=3/38å8%. ʆʪʩʶʜʘ ʜʦʣʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʩʚʘʣʦʢ p=1- Nʁ=92%. 
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A B C 

ʈʠʩʫʥʦʢ 48 ï ʀʟʦʙʨʘʞʝʥʠʷ ʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʆɿʆ 

(ʧʦʣʠʛʦʥ ʊʂʆ ʊʦʨʙʝʝʚʦ) ʥʘ ʩʥʠʤʢʘʭ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʭ ʧʦ 

ʤʝʪʦʜʠʢʝ (ʘʚʛʫʩʪ, 2011 ʛ. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google) 

 

    

D E F G 

    

H I J K 

ʈʠʩʫʥʦʢ 49 ï ʀʟʦʙʨʘʞʝʥʠʷ ʆɿʆ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʆɿʆ (ʧʦʣʠʛʦʥ ʊʂʆ 

ʊʦʨʙʝʝʚʦ) ʥʘ ʩʥʠʤʢʘʭ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʥʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʝ (ʘʚʛʫʩʪ, 

2011 ʛ. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google) 

ʆʮʝʥʠʤ ʦʰʠʙʢʫ ʧʨʦʧʫʩʢʘ ʮʝʣʠ, ʠʣʠ ʦʰʠʙʢʫ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʜʦʣʷ ʆɿʆ ʠʟ ʚʩʝʭ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʢʦʪʦʨʳʝ ʧʦ ʤʝʪʦʜʠʢʝ ʥʝ ʦʙʥʘʨʫʞʠʣʠʩʴ) ʚ ʚʠʜʝ: 

32

2'
NN

N
N

+
=e , 
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 ʛʜʝ N2 ï ʯʠʩʣʦ ʆɿʆ, ʢʦʪʦʨʳʝ ʧʦ ʤʝʪʦʜʠʢʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, N3=N-N1 ï ʯʠʩʣʦ 

ʩʚʣʦʢ, ʢʦʪʦʨʳʝ ʧʦ ʤʝʪʦʜʠʢʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, N4=N2+N3 ï ʧʦʣʥʦʝ ʯʠʩʣʦ ʩʚʘʣʦʢ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

   

1 2 3 

   

4 5 6 

ʈʠʩʫʥʦʢ 50 ï ʀʟʦʙʨʘʞʝʥʠʷ ʆɿʆ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʆɿʆ (ʧʦʣʠʛʦʥ ʊʂʆ 

ʊʦʨʙʝʝʚʦ) ʥʘ ʩʥʠʤʢʘʭ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ: N3=38-3=35 ï ʯʠʩʣʦ ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʭ ʆɿʆ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ çʨʫʯʥʦʡè ʦʙʨʘʙʦʪʢʠ: N2=8 ï ʯʠʩʣʦ ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ, 

N4=8+35=43 ï ʧʦʣʥʦʝ ʯʠʩʣʦ ʆɿʆ ʊ.ʝ. ʦʰʠʙʢʘ ʧʨʦʧʫʩʢʘ ʮʝʣʠ ï ʁ 'N=8/43å19%. 

ʂ ʣʦʞʥʳʤ ʦʙʲʝʢʪʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴʩʷ ʧʦ ʤʝʪʦʜʠʢʝ (ʦʙʲʝʢʪʳ 

A-C), ʦʪʥʦʩʷʪʩʷ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ 

ʧʦʯʚʫ, ʠ ʧʦʤʠʤʦ ʆɿʆ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʢʪʳ ʥʝʟʘʚʝʨʰʸʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʢʘʨʴʝʨʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʝ ʢʦʤʙʠʥʘʪʳ. ʂ ʆɿʆ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʪʴʩʷ ʧʦ ʤʝʪʦʜʠʢʝ (ʦʙʲʝʢʪʳ D-K), ʦʪʥʦʩʷʪʩʷ: ʟʘʨʘʩʪʘʶʱʠʝ ʠʣʠ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ (ʢʨʳʰʝʡ, ʢʨʦʥʘʤʠ ʜʝʨʝʚʴʝʚ ʠ ʜʨ.) ʦʙʲʝʢʪʳ, ʩʣʠʰʢʦʤ ʤʘʣʳʝ ʠʣʠ 

ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʳ, ʦʙʲʝʢʪʳ, ʩʣʠʚʘʶʱʠʝʩʷ ʩ ʤʝʩʪʥʦʩʪʴʶ 



122 

 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʧʦ ʦʢʨʘʩʢʝ ʠʣʠ ʩ ʪʝʨʨʠʪʦʨʠʷʤʠ, ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʜʨʫʛʠʤ 

ʬʦʨʤʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʊ.ʦ. ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʜʘʪʴ ʚʳʩʦʢʫʶ ʜʦʣʶ ʦʙʥʘʨʫʞʝʥʥʳʭ ʆɿʆ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʤʥʦʛʦ ʆɿʆ ʤʦʞʝʪ ʙʳʪʴ ʚʦʦʙʱʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

2. ʇʦ ʧʣʦʱʘʜʠ ʦʙʲʝʢʪʦʚ ʦʮʝʥʠʤ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʚʠʜʝ: 

S

S
S

1=e , 

ʛʜʝ Sʁ ï ʦʰʠʙʢʘ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʜʦʣʷ ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʧʠʢʩʝʣʝʡ ʠʟ ʦʙʱʝʛʦ ʯʠʩʣʘ, 

ʢʦʪʦʨʳʝ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʚʘʣʢʘʤ), S1 ï ʧʣʦʱʘʜʴ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʘʷ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʆɿʆ (ʦʙʣʘʩʪʴ U1), S ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ (ʦʙʣʘʩʪʴ U). ʗʩʥʦ, ʯʪʦ UU Ë1 . 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ U1, ʟʘʥʷʪʦʡ ʦʙʲʝʢʪʘʤʠ A-C ï S1å3.7 ʛʘ. 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ U (ʚʳʜʝʣʝʥʘ ʢʨʘʩʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 47) ï 

Så58 ʛʘ. ʊʦʛʜʘ ʦʮʝʥʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʚʘʣʦʢ ʧʦ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʠʪ 

Sʁå6.5%. 

ʅʘ ʨʠʩʫʥʢʝ 51 ï ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʩʚʘʣʦʢ ʠ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʧʦ 

ʜʘʥʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʝʩʪʨʘ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ [32], [64] 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʘ-ʙ) ʠ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ (ʚ) (ʚʟʷʪ ʫʯʘʩʪʦʢ 

ʙʣʠʞʥʝʚʦʩʪʦʯʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ: ʪʝʨʨʠʪʦʨʠʷ ʛ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ). ʆʙʣʘʩʪʴ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʘ ʧʦ ʜʘʥʥʳʤ ʩʥʠʤʢʦʚ Landsat 4-5 TM ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 30 ʤ ʧʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ (ʚʳʜʝʣʝʥʠʝ ʧʦ ʧʦʨʦʛʦʚʦʤʫ 

ʟʥʘʯʝʥʠʶ ʀʈʇ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ). ɺʠʜʠʤ, ʯʪʦ ʧʦ ʤʝʪʦʜʠʢʝ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʦʬʠʮʠʘʣʴʥʳʝ ʆɿʆ (ʧʦʣʠʛʦʥʳ ʊʂʆ): 1 ï ʂʫʯʠʥʦ, 2 ï ʊʦʨʙʝʝʚʦ, 3 

ï ʉʘʚʚʠʥʦ, 4 ï ʅʝʢʨʘʩʦʚʢʘ, 5 ï  

ʄʘʰʢʦʚʦ. ʊʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʯʸʪʢʦ ʚʳʜʝʣʷʝʪʩʷ ʢʘʞʜʳʡ ʆɿʆ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʧʨʠ 

ʢʦʨʨʝʢʮʠʠ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʀʈʇ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʲʝʢʪʘ (ʛ-ʜ). ɿʘʤʝʪʠʤ, ʯʪʦ 

ʟʘʢʨʳʪʳʡ ʧʦʣʠʛʦʥ ʃʠʩʴʠ ɻʦʨʳ 6 (ʨʝʢʫʣʴʪʠʚʠʨʫʝʤʳʡ ʚ ʛʦʨʥʦʣʳʞʥʳʡ ʩʧʫʩʢ) ʧʦʯʪʠ 
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ʥʝ ʜʝʪʝʢʪʠʨʫʝʪʩʷ, ʥʦ ʟʘʪʦ ʦʪʯʸʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʃʶʙʝʨʝʮʢʠʝ ʩʪʘʥʮʠʠ ʘʵʨʘʮʠʠ 

(ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ) 7. 

 
(ʘ) 

  
(ʙ) (ʚ) 

 
 

(ʛ) (ʜ) 

ʈʠʩʫʥʦʢ 51 ï ʘ) ʦʙʦʟʥʘʯʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʆɿʆ ʠ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google); ʙ) ʨʘʟʤʝʪʢʘ ʠʟʚʝʩʪʥʳʭ ʆɿʆ ʥʘ ʫʯʘʩʪʢʝ 

ʙʣʠʞʥʝʚʦʩʪʦʯʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ; ʚ) ʦʙʣʘʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ; ʛ) ʚʠʜʠʤʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʆɿʆ, ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google, ʜ) ʦʙʣʘʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʆɿʆ ʧʦ ʤʝʪʦʜʠʢʝ (ʧʦʣʠʛʦʥ ʊʂʆ ʂʫʯʠʥʦ, 2011 ʛ.) 

3. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 
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ʉʦʧʦʩʪʘʚʠʤ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ (ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ) ʠ ʨʫʯʥʦʡ (ʧʨʦʩʤʦʪʨʦʤ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ ʠ ʆʇʉ) ʦʙʨʘʙʦʪʢʝ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʆʮʝʥʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʚ ʚʠʜʝ: 

%100Ö
-

=
ʨ

ʘʨ

T
T

TT
e . 

Tʨ ï ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʨʫʯʥʫʶ ʦʙʨʘʙʦʪʢʫ, Tʘ ï ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʦʙʨʘʙʦʪʢʫ. 

ɿʘʪʨʘʪʳ ʦʮʝʥʠʤ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʪʝʨʨʠʪʦʨʠʠ (ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʩʥʷʪʦʛʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ). 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ: 

ä
=

Ö=++=
n

i

iiaʘ tmTTTTT
1

321 , . 

T1, T2, T3 ï ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʣʷ 1, 2, 3-ʛʦ ʙʣʦʢʦʚ ʂʄ, ti ï ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʧʦ i-ʤʫ 

ʘʣʛʦʨʠʪʤʫ, mi ï ʢʨʘʪʥʦʩʪʴ ʨʘʙʦʪʳ i-ʛʦ ʘʣʛʦʨʠʪʤʘ, n ï ʯʠʩʣʦ ʘʣʛʦʨʠʪʤʦʚ. ɺ ʪʘʙʣʠʮʝ 

4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʧʦ ʢʘʞʜʦʤʫ ʙʣʦʢʫ, 

ʨʘʩʧʠʩʘʥʥʦʝ ʧʦ ʰʘʛʘʤ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʜʣʷ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ. 

ʆʮʝʥʢʘ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʜʘʝʪ: 

ʤʠʥTʤʠʥTʤʠʥTʤʠʥTʘ 5.8,5.9,6,24 321 ==== . 

ʉʦʧʦʩʪʘʚʠʤ ʜʘʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʩ ʜʘʥʥʳʤʠ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʈʫʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʦʩʪʦʠʪ: ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʩʚʘʣʢʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʥʘʚʠʛʘʮʠʠ 

ʠ ʧʨʦʩʣʝʞʠʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʧʦʢʨʳʚʘʝʤʦʡ ʚʠʜʠʤʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ 

(ʙʣʦʢ ɸ); ʚ ʦʮʝʥʢʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʦʩʥʦʚʥʦʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʙʣʦʢ ɹ); ʚ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʚʘʣʢʠ ʧʦ ʚʠʟʫʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ (ʙʣʦʢ ɺ).  

ʈʫʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʵʢʩʧʝʨʪʦʤ, 

ʠʤʝʶʱʠʤ ʙʦʣʴʰʦʡ ʦʧʳʪ ʚʠʟʫʘʣʴʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ. ʆʙʱʘʷ ʦʮʝʥʢʘ ʟʘʪʨʘʪ 

ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʙʦʪʢʫ ʪʝʨʨʠʪʦʨʠʠ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ S ʩʦʩʪʘʚʠʣʘ Tʨ=120 ʤʠʥ: ʥʘ 

ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʨʘʟʤʝʪʢʫ ʦʙʲʝʢʪʦʚ ï T1=30 ʤʠʥ., ʥʘ ʦʮʝʥʢʫ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ï T2=50 

ʤʠʥ., ʥʘ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ ʆʇʉ ï T3=40 ʤʠʥ. 
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ʊʘʙʣʠʮʘ 4 ï ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ ʘʣʛʦʨʠʪʤʦʚ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʂʄ 

i ʐʘʛ T i, ʤʠʥ mi 

ɹʣʦʢ ɸ (ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʆɿʆ) 

1 ʇʨʝʜʦʙʨʘʙʦʪʢʘ 1.5 1 

2 ʆʙʥʘʨʫʞʝʥʠʝ ʆɿʆ ʧʦ ʕɿʉʗ 1 1 

3 ɺʳʜʝʣʝʥʠʝ ʆɿʆ ʧʦ ʀʈʈ 1.5 1 

4 ɺʳʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʆɿʆ ʧʦ ʄʀʇ 2 1 

ɹʣʦʢ ɹ (ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ) 

5 ʇʦʣʫʯʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʦʢʨʝʩʪʥʦʩʪʠ ʆɿʆ 2 1 

6 ʈʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ 0.1 20 

7 ʈʘʩʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʧʣʦʩʢʦʩʪʠ 0.1 20 

8 ʈʘʩʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 0.1 20 

9 ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ 1.5 1 

ɹʣʦʢ ɺ (ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʆʇʉ) 

10 ʇʦʣʫʯʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʦʢʨʝʩʪʥʦʩʪʠ ʆɿʆ 1 1 

11 ʇʦʣʫʯʝʥʠʝ ʦʙʣʘʩʪʠ ʆʇʉ 2 1 

12 ʈʘʩʯʝʪ ʀʈʈ 1 1 

13 ʈʘʩʯʝʪ ʀʈʇ 1 1 

14 ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʆʇʉ 0.1 20 

15 ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ 1.5 1 

ʊ.ʦ. ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʣʘ%80=Te . 

4. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʉʦʧʦʩʪʘʚʠʤ ʟʘʪʨʘʪʳ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠ ʨʫʯʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʆʮʝʥʠʤ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʚʠʜʝ: 
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e . 

Mʨ ï ʟʘʪʨʘʪʳ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʨʫʯʥʫʶ ʦʙʨʘʙʦʪʢʫ, Mʘ ï ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ 

ʦʙʨʘʙʦʪʢʫ. ɿʘʪʨʘʪʳ ʦʮʝʥʠʤ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʪʝʨʨʠʪʦʨʠʠ (ʨʝʛʫʣʷʨʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʥʷʪʳʭ ʩ ʥʝʢʦʪʦʨʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ). 

ʆʪʣʠʯʠʝ ʨʫʯʥʦʛʦ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʣʦʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʩʦʩʪʦʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʪʦʤ, 

ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʨʫʯʥʦʡ ʪʨʫʜ, ʪ.ʝ. ʥʝʧʨʝʨʳʚʥʘʷ ʨʘʙʦʪʘ ʵʢʩʧʝʨʪʦʚ ʧʦ 
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ʧʦʠʩʢʫ ʩʚʘʣʦʢ ʠ ʦʮʝʥʢʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʆʇʉ, ʪʦʛʜʘ ʢʘʢ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʨʝʜʩʪʚʘ 

ʟʘʪʨʘʯʠʚʘʶʪʩʷ ʦʜʠʥ ʨʘʟ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʆʮʝʥʢʫ ʟʘʪʨʘʪ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʨʫʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ: 

nk
T

T
mpM

p

ʨ ÖÖÖ=
0

. 

p=2 ï ʯʠʩʣʦ ʨʘʙʦʪʥʠʢʦʚ (ʵʢʩʧʝʨʪʦʚ), m=50000 ʨ. ï ʝʞʝʤʝʩʷʯʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ 

ʵʢʩʧʝʨʪʘ, Tʨ=2 ʯ. ï ʚʨʝʤʷ ʨʫʯʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ (8 ʯ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʨʘʙʦʯʝʤʫ 

ʜʥʶ), T0=20 ʜʥ. ï ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʤʝʩʷʮʘ, n ï ʯʘʩʪʦʪʘ 

(ʨʝʛʫʣʷʨʥʦʩʪʴ) ʩʲʝʤʢʠ, k=s/S ï ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʧʣʦʱʘʜʴ ʦʙʩʣʝʜʦʚʘʥʠʷ s ʧʨʝʚʳʰʘʝʪ 

ʧʣʦʱʘʜʴ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ S=3.24 ʢʤ2 (n ʠ s ï ʧʝʨʝʤʝʥʥʳʝ). ʊ.ʦ. Mʨ=1250nk. 

ʆʮʝʥʢʫ ʟʘʪʨʘʪ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

222111 tmptmpMʘ ÖÖ+ÖÖ= . 

p1=2 ï ʯʠʩʣʦ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʥʘ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʆɿʆ, m1=50000 ʨ. ï ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ 

ʧʨʦʛʨʘʤʤʠʩʪʦʚ, t1=6 ʤʝʩ. ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʤʝʩʷʮʘʭ, p2=4 ï ʯʠʩʣʦ 

ʧʣʘʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ (ʨʘʩʯʝʪ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʨʦʝʢʮʠʠ UTM ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ; ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʠʚʷʟʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʠʭ ʫʯʘʩʪʢʦʚ 

ʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ, ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ, ʘʪʤʦʩʬʝʨʥʘʷ ʠ 

ʜʨʫʛʠʝ ʬʦʨʤʳ ʢʦʨʨʝʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ; ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʯʥʦʩʪʠ, ʟʘʜʳʤʣʝʥʥʦʩʪʠ, 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʙʨʘʢʦʚ ʠ ʰʫʤʦʚ ʠʟʦʙʨʘʞʝʥʠʡ), m2=20000 ʨ. ï ʩʨʝʜʥʷʷ ʫʜʝʣʴʥʘʷ 

ʩʪʦʠʤʦʩʪʴ ʣʠʮʝʥʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, t2=6 ʤʝʩ. ï ʩʨʦʢ, ʥʘ ʢʦʪʦʨʳʡ 

ʧʨʠʦʙʨʝʪʘʝʪʩʷ ʣʠʮʝʥʟʠʷ. ʊ.ʦ. Mʘ=1.1 ʤʣʥ. ʨ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
Te>0 ʧʨʠ nk>880. ɽʩʣʠ ʦʙʣʘʩʪʴ ʧʦʢʨʳʚʘʝʪʩʷ 

ʦʜʥʦʢʨʘʪʥʦ (n=1), ʪʦ k>880, ʪ.ʝ. ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʂʄ ʜʣʷ 

ʦʙʣʘʩʪʠ ʧʣʦʱʘʜʴʶ s>kS~2850 ʢʤ2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʐʘʪʫʨʩʢʦʤʫ ʨʘʡʦʥʫ. ɽʩʣʠ 

ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʠ ʧʦʢʨʳʚʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ʩ ʨʝʛʫʣʷʨʥʦʩʪʴʶ 1 

ʨʘʟ/ʥʝʜ. (n=52), ʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʜʣʷ ʦʙʣʘʩʪʠ 
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ʧʣʦʱʘʜʴʶ s>55 ʢʤ2, ʧʨʝʚʳʰʘʶʱʝʡ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ ʚ k>17, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛ. 

ʂʦʨʦʣʝʚ. 

ʆʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʄʦʩʢʦʚʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʧʣʦʱʘʜʴʶ s=44379 ʢʤ2 ʩʦʩʪʘʚʣʷʝʪ: ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʧʦʢʨʳʪʠʠ ï 
Me =94 %, 

ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʦʢʨʳʪʠʠ ï 
Me =99 %. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʨʫʯʥʦʛʦ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ 

ʪʨʝʙʫʝʪʩʷ ʟʘʢʫʧʢʘ ʧʣʘʪʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʆɿʆ.  

ʆʙʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʟʘʢʫʧʢʫ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ: 

nN
b

slm
M =0

, 

ʛʜʝ n ï ʢʨʘʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ, N ï ʯʠʩʣʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʩʚʘʣʦʢ (n ʠ N ï ʧʝʨʝʤʝʥʥʳʝ), 

s ï ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʆɿʆ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʆʇʉ (ʧʨʠʤʝʤ s=2 ʛʘ), l ï ʯʠʩʣʦ ʢʘʥʘʣʦʚ 

ʩʥʠʤʢʘ, b ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, m ï ʩʪʦʠʤʦʩʪʴ 1 ʧʠʢʩʝʣʷ ʠʥʬʦʨʤʘʮʠʠ 

(ʧʨʠʤʝʤ m=0.001 ʨ.). 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʦʙʲʝʜʠʥʷʶʱʝʡ ʚ ʩʝʙʝ 

ʦʧʪʠʯʝʩʢʫʶ (ʚ ʚʠʜʠʤʦʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ) ʠ ʨʘʜʘʨʥʫʶ ʩʲʝʤʢʫ ʚ ʚʳʩʦʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʠ ʚʳʩʦʪʥʦʤ ʨʘʟʨʝʰʝʥʠʠ, ʧʨʠʤʝʥʠʤʫʶ ʚ ʟʘʜʘʯʝ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʧʦ ʂʄ, ʷʚʣʷʝʪʩʷ QuickBird ï l=4, b=0.5 

ʤ. ʊʦʛʜʘ M0=160nN ʨ. 

ɼʣʷ ʦʜʥʦʢʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 1 ʆɿʆ ʪʨʝʙʫʝʪʩʷ 160 ʨ., ʜʣʷ ʝʛʦ ʤʥʦʛʦʢʨʘʪʥʦʡ ʩ 

ʨʝʛʫʣʷʨʥʦʩʪʴʶ 1 ʨʘʟ/ʥʝʜ. ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ (n=52) ʪʨʝʙʫʝʪʩʷ 8320 ʨ. ɼʣʷ ʨʝʛʫʣʷʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ (N~20 ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʆɿʆ) ʧʦʪʨʝʙʫʝʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʩʫʤʤʫ 170000 ʨ. ʝʞʝʛʦʜʥʦ. ɼʣʷ ʦʜʥʦʢʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʩʪʠ 

ʧʣʦʱʘʜʴʶ ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ (N~5000) ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʨʥʦ 800000 ʨ. 

5. ɺʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ. 

ʇʦʤʠʤʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʜʣʷ ʦʢʨʝʩʪʥʦʩʪʠ ʜʨʫʛʦʛʦ ʆɿʆ ï ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ 
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ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ), ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʝ ʧʦ ʬʦʪʦʛʨʘʬʠʷʤ 

ʤʝʩʪʥʦʩʪʠ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ (ʘ) ʧʦ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ (ʙ) ʩ ʜʘʥʥʳʤʠ ʥʘʟʝʤʥʳʭ (ʚ) ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ (ʛ) ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 52: (ʘ) ï ʠʟʦʙʨʘʞʝʥʠʝ ʀʈʇ, 

(ʙ) ï ʚʠʜʠʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ Google; (ʙ) ï ʬʦʪʦʛʨʘʬʠʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ, 

(ʚ) ï ʚʠʜʠʤʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʊʦʯʢʠ ʩʲʸʤʢʠ: (1) ï ʧʦʣʝ, (2) ï ʥʘʨʘʱʠʚʘʥʠʝ ʫʯʘʩʪʢʘ ʟʘʭʦʨʦʥʝʥʠʷ, (3) ï ʚʳʙʨʦʩ 

ʬʠʣʴʪʨʘʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʬʦʪʦʛʨʘʬʠʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʀʈʇ (ʯʝʤ 

ʩʚʝʪʣʝʝ ʧʠʢʩʝʣʴ, ʪʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʀʈʇ) ʧʦʢʘʟʳʚʘʝʪ ʢʦʨʨʝʣʷʮʠʶ ʟʥʘʯʝʥʠʡ ʀʈʇ 

ʩ ʨʝʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʳʤ ʚʠʟʫʘʣʴʥʦ. ɿʥʘʯʝʥʠʷ ʀʈʇ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʩʦʩʪʦʷʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ (ʨʠʩʫʥʦʢ 53, 

ʬʦʪʦʛʨʘʬʠʠ ʩʥʷʪʳ ʚʝʩʥʦʡ ʜʦ ʮʚʝʪʝʥʠʷ). ɺʠʜʥʦ, ʯʪʦ ʤʝʩʪʥʦʩʪʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʀʈʇ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʛʫʩʪʦʡ ʪʨʘʚʷʥʦʡ ʧʦʜʩʪʠʣ ((ʘ-ʙ), ʪʦʯʢʘ A, 

ʫʜʘʣʸʥʥʘʷ ʦʪ ʧʦʣʠʛʦʥʘ), ʯʝʤ ʤʝʩʪʥʦʩʪʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʀʈʇ ((ʚ-ʛ), 

ʪʦʯʢʘ B ʫ ʧʦʜʥʦʞʴʷ ʧʦʣʠʛʦʥʘ), ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ (ʘ, ʚ), 

ʥʦ ʠ ʥʘ ʚʠʜʠʤʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ (ʙ, ʛ) ʧʦ ʭʘʨʘʢʪʝʨʥʦʡ ʦʢʨʘʩʢʝ 

ʪʨʘʚʷʥʦʛʦ ʧʦʢʨʦʚʘ. 

 

 

(ʘ) (ʙ) 



129 

 

   

(ʚ) 

   

(ʛ) 

ʊʦʯʢʘ 1 ʊʦʯʢʘ 2 ʊʦʯʢʘ 3 

ʈʠʩʫʥʦʢ 52 ï ʘ) ʀʟʦʙʨʘʞʝʥʠʝ ʀʈʇ ʧʦ ʪʝʧʣʦʚʦʤʫ ʀʈʈ (31 ʠʶʣʷ 2007 ʛ.); ,) ʚʠʜʠʤʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ (16 ʘʚʛʫʩʪʘ 2011 ʛ., ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google) ʙ) 

ʬʦʪʦʛʨʘʬʠʠ, ʩʥʷʪʳʝ ʚ ʪʦʯʢʘʭ 1-3 (2 ʘʧʨʝʣʷ 2007 ʛ., ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʠʛʦʥʘ ʊʂʆ 

ʂʫʯʠʥʦ); ʚ) ʢʦʩʤʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʥʷʪʳʝ ʚ ʪʦʯʢʘʭ 1-3 (6 ʤʘʷ 2007 ʛ.,  

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google) 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦ ʀʈʈ ʠ ʀʈʇ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʤʦʞʥʦ ʜʘʪʴ ʚ ʚʠʜʝ ʢʨʠʪʝʨʠʷ, ʧʦ ʢʦʪʦʨʦʤʫ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

(ʧʦ ʀʈʈ) ʠ ʧʦʯʚʝʥʥʦʛʦ (ʧʦ ʀʈʇ) ʧʦʢʨʦʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʀʈʈ 

ʠ ʀʈʇ ʨʘʟʜʝʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʥʘ 5 ʢʣʘʩʩʦʚ: ʦʪʣʠʯʥʦʝ, ʭʦʨʦʰʝʝ, ʩʨʝʜʥʝʝ, ʧʣʦʭʦʝ, 

ʫʛʥʝʪʸʥʥʦʝ. 

  

(ʘ) (ʚ) 
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(ʙ) (ʛ) 

ʈʠʩʫʥʦʢ 53 ï ɺʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʪʨʘʚʦʩʪʦʷ: (ʘ-ʙ) ʚ ʦʪʜʘʣʝʥʠʠ ʦʪ ʆɿʆ, (ʚ-

ʛ) ʚ ʙʣʠʟʠ ʢ ʆɿʆ; (ʘ, ʚ) ï ʬʦʪʦʛʨʘʬʠʠ (ʚʝʩʥʘ, ʘʧʨʝʣʴ), (ʙ, ʛ) ï ʩʥʠʤʢʠ ʠʟ ʢʦʩʤʦʩʘ 

(ʣʝʪʦ, ʘʚʛʫʩʪ) (ʧʦʣʠʛʦʥ ʊʂʆ ʂʫʯʠʥʦ. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google) 

6. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʂʄ ʧʦ ʢʨʠʪʝʨʠʶ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʚʝʜʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ [98], [110]: 

- ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʜʨʫʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʠʛʦʥʘ ʊʂʆ; 

- ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʸʪʦʚ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʀʇʇ ʦʙʨʘʙʦʪʢʦʡ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʦʮʝʥʢʘ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʬʠʪʦʤʘʩʩʳ, 

ʛʫʤʫʩʥʦʩʪʠ ʧʦʯʚʳ, ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚʳ, ʦʮʝʥʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʩʦʪʳ 

ʤʝʩʪʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ, ʧʝʨʠʤʝʪʨʘ ʦʙʲʝʢʪʘ ʠ ʪ.ʜ.); 

- ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʆɿʆ ʥʘ ʆʇʉ ʩ ʜʘʥʥʳʤʠ 

ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʙʦʨʘ ʧʨʦʙ ʛʨʫʥʪʘ, ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ (ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʠʛʦʥʦʚ ʚ ʦʜʥʦ ʠʣʠ ʨʘʟʥʦʝ ʚʨʝʤʷ) ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʯʠʩʣʦʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʤʝʩʪʥʳʝ ʠʣʠ ʦʙʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʠ ʜʨ.). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʝʨʠʬʠʢʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʬʠʥʘʥʩʦʚʳʤʠ ʠ ʨʝʩʫʨʩʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʣʝʛʘʣʴʥʳʤ ʜʦʩʪʫʧʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʧʦʣʠʛʦʥʦʚ ʊʂʆ, 

ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ, 
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ʟʘʢʨʳʪʦʩʪʴʶ ʠʣʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴ  ʁ ʪʝʢʫʱʠʭ ʠʣʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ 

ʦʙʲʝʢʪʘʭ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʜʝʣʴʥʳʤʠ ʠ 

ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʙʦʣʴʰʠʥʩʪʚʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʣʝʜʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʘʢ, ʧʨʠ ʦʮʝʥʢʝ ʧʣʦʱʘʜʠ ʠ ʚʳʩʦʪʳ ʆɿʆ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʤʝʞʝʚʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʜʣʷ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʨʛʘʥʦʚ ʚʝʜʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʣʦʱʘʜʴ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʘ ʚʳʩʦʪʘ 

ï ʧʦ ʨʘʜʘʨʥʳʤ. 

ʆʮʝʥʠʤ ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ ʧʣʦʱʘʜʴ ʢʨʫʧʥʝʡʰʠʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ 

ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ: 1) ʂʫʯʠʥʦ (ɹʘʣʘʰʠʭʠʥʩʢʠʡ ʨʘʡʦʥ, 55o44'05.44''ʉ, 

37o56'48.56''ɺ); 2) ʉʘʣʘʨʴʝʚʦ (ʃʝʥʠʥʩʢʠʡ ʨʘʡʦʥ, 55o36'43.44''ʉ, 37o25'48.14''ɺ); 3) 

ɼʤʠʪʨʦʚʩʢʠʡ (ɼʤʠʪʨʦʚʩʢʠʡ ʨʘʡʦʥ, 56o12'25''ʉ, 37o24'56.39''ɺ); 4) ʊʦʨʙʝʝʚʦ 

(ʃʶʙʝʨʝʮʢʠʡ ʨʘʡʦʥ, 55o41'46.56''ʉ, 38o02'44.98''ɺ). ʅʘ ʨʠʩʫʥʢʝ 54 ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ  

    

(ʘ) 

    

(ʙ) 

ʆʙʲʝʢʪ 1 ʆʙʲʝʢʪ 2 ʆʙʲʝʢʪ 3 ʆʙʲʝʢʪ 4 

ʈʠʩʫʥʦʢ 54 ï ʘ) ʆʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ, ʙ) ʥʘʣʦʞʝʥʠʝ ʦʙʣʘʩʪʝʡ ʥʘ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google, 2010 ʛ. ʇʦʣʠʛʦʥʳ ʊʂʆ: ʂʫʯʠʥʦ (ʦʙʲʝʢʪ 1), 

ʉʘʣʘʨʴʝʚʦ (ʦʙʲʝʢʪ 2), ɼʤʠʪʨʦʚʩʢʠʡ, (ʦʙʲʝʢʪ 3), ʊʦʨʙʝʝʚʦ (ʦʙʲʝʢʪ 4) 
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ʆɿʆ (ʘ), ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʤʝʪʦʜʠʢʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʠ ʥʘʣʦʞʝʥʠʝ 

ʜʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ ʚʠʜʠʤʳʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʙ) (ʢʨʘʩʥʳʤ ʦʙʦʟʥʘʯʝʥʳ ʦʙʣʘʩʪʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʞʸʣʪʳʤ ï ʢʦʥʪʫʨʳ ʦʙʣʘʩʪʝʡ ʫʯʘʩʪʢʦʚ ʟʘʭʦʨʦʥʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʧʦ ʚʠʜʠʤʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ).  

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ï ʩʥʠʤʢʠ Landsat 4-5 TM ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

k=30 ʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʧʣʦʩʢʦʩʪʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʆʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʥʘ ʦʙʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʲʸʤʢʠ 

24 ʠʶʣʷ 2010 ʛ., ʧʨʠ ʵʪʦʤ ʧʨʦʚʝʜʝʥʳ ʧʨʦʮʝʜʫʨʳ ʚʳʜʝʣʝʥʠʷ ʩʚʷʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠ 

ʟʘʧʦʣʥʝʥʠʷ ʦʙʣʘʩʪʝʡ (ʩʤ. ʨʠʩʫʥʦʢ 55 ʥʘ ʧʨʠʤʝʨʝ ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ). 

   

(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 55 ï ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ: ʘ) ʠʩʭʦʜʥʘʷ ʦʙʣʘʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ (ʩʤ. 

ʨʠʩʫʥʦʢ 58ʘ, ʬʘʡʣ ç1 2010 7 24è); ʙ) ʚʳʜʝʣʝʥʠʝ ʩʚʷʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ; ʚ) ʟʘʧʦʣʥʝʥʠʝ 

ʦʙʣʘʩʪʠ [ʦʙʲʝʢʪ 1] 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʩʯʸʪʘ ʯʠʩʣʘ ʧʠʢʩʝʣʝʡ L ʧʦʣʫʯʠʤ ʦʮʝʥʢʫ ʧʣʦʱʘʜʠ S=L*k2 

(ʪʘʙʣʠʮʘ 5). ʉʨʘʚʥʠʤ ʦʮʝʥʢʫ ʧʣʦʱʘʜʝʡ ʜʘʥʥʳʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤʠ ʈʦʩʨʝʝʩʪʨʘ Sʈ ʥʘ 2009-2010 ʛʛ. [32]. ɺ ʪʘʙʣʠʮʝ 

ʧʨʠʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʘ S, ʦʬʠʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘʟʝʤʥʳʭ 

ʠʟʤʝʨʝʥʠʡ Sʈ ʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʤʝʪʦʜʦʤ 

ʚʠʟʫʘʣʴʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ Sɺ (ʚʨʝʤʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ, ʠʟʤʝʨʝʥʠʡ ʠ ʩʲʸʤʢʠ 

ʚʠʜʠʤʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʜʣʷ ʨʘʟʥʳʭ ʧʦʣʠʛʦʥʦʚ). ɺʠʜʠʤ, ʯʪʦ 

ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʧʣʦʱʘʜʠ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʧʦ ʂʄ, ʧʨʠ ʵʪʦʤ 

ʢʦʨʨʝʢʮʠʷ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʀʈʇ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʠʛʦʥʘ, ʫʣʫʯʰʘʶʱʘʷ ʪʦʯʥʦʩʪʴ 

ʦʮʝʥʢʠ ʧʣʦʱʘʜʠ, ʥʝ ʧʨʦʚʝʜʝʥʘ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʣʦʱʘʜʠ 

ʧʦ ʚʠʜʠʤʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ Sɺ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʬʠʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ Sʈ (ʚ ʦʩʥʦʚʥʦʤ 

ʙʦʣʴʰʝ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʥʠʞʝʥʠʠ ʧʨʦʝʢʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʱʘʜʠ ʥʘ 



133 

 

ʥʝʢʦʪʦʨʳʭ ʧʦʣʠʛʦʥʘʭ ʊʂʆ. ʊʘʢ, ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʘ ʟʘʭʦʨʦʥʝʥʠʷ ʧʦʣʠʛʦʥʘ ʊʂʆ 

ʊʦʨʙʝʝʚʦ ʜʠʥʘʤʠʯʥʘ ʠ ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩ ʧʦ ʤʥʦʛʠʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʧʦ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʣʠʛʦʥʘ ʠ ʫʯʘʩʪʢʘ ʟʘʭʦʨʦʥʝʥʠʷ, 

ʧʦ ʚʳʩʦʪʝ ʠ ʜʨ.). 

ʊʘʙʣʠʮʘ 5 ï ʈʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʂʄ ʥʘ 

ʧʨʠʤʝʨʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʘ (ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʘ ʟʘʭʦʨʦʥʝʥʠʷ) ʜʣʷ 

ʢʨʫʧʥʝʡʰʠʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʅʦʤʝʨ ʦʙʲʝʢʪʘ ʇʦʣʠʛʦʥ ʊʂʆ L, ʧʢ S, ʛʘ Sʈ, ʛʘ Sɺ, ʛʘ 

1 ʂʫʯʠʥʦ 686 61.74 59.0 59.5 

2 ʉʘʣʘʨʴʝʚʦ 624 56.16 59.0 63.7 

3 ɼʤʠʪʨʦʚʩʢʠʡ 689 62.01 63.5 71.2 

4 ʊʦʨʙʝʝʚʦ 184 16.56 12.8 15.6 

 

ʆʮʝʥʠʤ ʧʦ ʨʘʜʘʨʥʳʤ ʩʥʠʤʢʘʤ ʦʩʥʦʚʥʳʝ ʦʙʲʸʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʨʨʠʢʦʥʦʚ 

ʬʦʩʬʦʛʠʧʩʘ (ʦʪʚʘʣʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ) ʚ ɺʦʩʢʨʝʩʝʥʩʢʦʤ ʨʘʡʦʥʝ 

ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ: ɹʝʣʘʷ ɻʦʨʘ (ʰʠʨʦʪʘ ï 55o19'26.54''ʉ, ʜʦʣʛʦʪʘ ï 38o45'09.69''ɺ) 

ʠ ɿʝʣʸʥʘʷ ɻʦʨʘ (ʰʠʨʦʪʘ ï 55o17'31.36''ʉ, ʜʦʣʛʦʪʘ ï 38o42'59.00''ɺ) ï ʨʠʩʫʥʦʢ 56, ʘ-ʙ. 

ʂʨʫʧʥʳʝ ʆɿʆ çʩʚʝʪʷʪʩʷè ʢʘʢ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʢʘʥʘʣʘʭ ʦʧʪʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, 

ʪʘʢ ʠ ʥʘ ʨʘʜʘʨʥʳʭ ʩʥʠʤʢʘʭ. ʅʘ ʨʠʩʫʥʢʘʭ (ʚ-ʛ) ʧʦʢʘʟʘʥʳ çʩʚʝʯʝʥʠʷè ʜʘʥʥʳʭ 

ʪʝʨʨʠʢʦʥʦʚ ʥʘ ʨʘʜʘʨʥʳʭ ʩʥʠʤʢʘʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ 

ʧʦʨʦʛʦʚʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ SIR-C, ʧʨʦʝʢʪ SRTM, 2000 ʛ. ʧʦʣʫʯʝʥʘ 

ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ï ʪʘʙʣʠʮʘ 6. ʆʪʚʘʣ ɿʝʣʸʥʘʷ ɻʦʨʘ ʙʳʣ ʟʘʢʨʳʪ ʢ 2000 ʛ., ʘ ʦʪʚʘʣ 

ɹʝʣʘʷ ɻʦʨʘ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʫʶʱʠʤ ʠ ʧʦ ʩʝʡ ʜʝʥʴ. ʂ 2000 ʛ. ɹʝʣʘʷ ɻʦʨʘ ʩʨʘʚʥʷʣʘʩʴ 

ʧʦ ʚʳʩʦʪʝ ʩ ɿʝʣʸʥʦʡ ɻʦʨʦʡ ʠ ʟʘ 17 ʣʝʪ ʚʳʨʦʩʣʘ ʧʦʯʪʠ ʚʜʚʦʝ (ʜʦ 80 ʤ., ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʠʟ ʀʥʪʝʨʥʝʪʘ). ʕʪʦ ʦʪʯʸʪʣʠʚʦ ʚʠʜʥʦ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ Google 

(1) ï ʙʦʣʝʝ ʨʘʥʥʠʝ, (2) ï ʙʦʣʝʝ ʧʦʟʜʥʠʝ: ʥʘ ɹʝʣʦʡ ɻʦʨʝ ʧʦʷʚʠʣʘʩɹ  ʜʫʛʘ ʩʝʨʧʘʥʪʠʥʘ, 

ʘ ɿʝʣʸʥʘʷ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ, ʦʩʦʙʝʥʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʪʝʤ ʙʦʣʝʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦ 

ʪʝʨʨʠʢʦʥʘʭ, ʨʘʚʥʦ ʢʘʢ ʠ ʦ ʜʨʫʛʠʭ ʦʬʠʮʠʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ, 
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ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʧʦʣʥʦʮʝʥʥʫʶ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʧʦ ʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʅʦ ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʪ.ʢ. ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦ 

ʠʟʦʙʨʘʞʝʥʠʷʤ, ʛʝʦʧʨʠʚʷʟʘʥʥʳʤ ʢ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʨʦʝʢʮʠʠ, 

ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ ʚʳʩʦʪʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. 

   

2002 ʛ. 2002 ʛ. (ʚ) 

(ʘ) 

   

2013 ʛ. 2016 ʛ. (ʛ) 

(ʙ) 

ʈʠʩʫʥʦʢ 56 ï ʀʩʪʦʨʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʨʨʠʢʦʥʦʚ: ʘ) ɹʝʣʘʷ ɻʦʨʘ, ʙ) ɿʝʣʸʥʘʷ ɻʦʨʘ 

(ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google); ʨʘʜʘʨʥʳʝ ʩʥʠʤʢʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʝʨʨʠʢʦʥʦʚ: 

ʚ) ɹʝʣʘʷ ɻʦʨʘ, ʛ) ɿʝʣʸʥʘʷ ɻʦʨʘ (ʧʨʦʝʢʪ SRTM) 

ʊʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʣʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʰʠʙʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʠ ʚʳʩʦʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴʶ ʦʮʝʥʢʠ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʊʘʢ, ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʤ. ʨʠʩʫʥʢʠ 35-36, 

56, ʪʘʙʣʠʮʫ 6) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʦʝʢʪʘ SRTM. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ï b1=b2=90 ʤ, ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʚʳʩʦʪʝ ï b3=1 ʤ. ɼʣʷ 

ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʘʟʠʠ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ʚ ʧʣʘʥʝ ï ȹʇ=8.8 ʤ, ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ 

ʧʦ ʚʳʩʦʪʝ ï ȹɺ=6.2 ʤ ʥʘ ʜʦʚʝʨʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ 90% [145]. ʊʦʯʥʦʩʪʴ ʦʮʝʥʢʠ 
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ʦʙʲʸʤʘ, ʫʛʣʘ ʦʪʢʦʩʘ, ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʠʤʝʪʨʘ ʠ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʊʘʙʣʠʮʘ 6 ï ʆʮʝʥʢʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʨʨʠʢʦʥʦʚ ʬʦʩʬʦʛʠʧʩʘ, ɺʦʩʢʨʝʩʝʥʩʢʠʡ ʨʘʡʦʥ, ʄʦʩʢʦʚʩʢʠʡ 

ʨʝʛʠʦʥ (ʬʝʚʨʘʣʴ, 2000 ʛ.) 

ʇʘʨʘʤʝʪʨ ɹʝʣʘʷ ɻʦʨʘ ɿʝʣʸʥʘʷ ɻʦʨʘ 

ʇʣʦʱʘʜʴ, ʛʘ 64 61 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ, ʤ 43 45 

ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ, ʤ 35 31 

ʆʙʲʸʤ, 107 ʤ3 1.4 1.67 

ʈʘʩʩʯʠʪʘʝʤ, ʥʘʧʨʠʤʝʨ, ʘʙʩʦʣʶʪʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ 

ʦʙʲʸʤʘ. ʇʦ ʂʄ ʦʙʲʸʤ ʆɿʆ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

min3

),(

21 ),(),(),,(, hyxIbyxHyxHQQbbV
Uyx

-=== ä
Í

, 

b1, b2, b3 ï ʨʘʟʨʝʰʝʥʠʝ ʨʘʜʘʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ I ʧʦ ʜʣʠʥʝ, ʰʠʨʠʥʝ, ʚʳʩʦʪʝ, U ï 

ʦʙʣʘʩʪʴ ʧʦʢʨʳʪʠʷ ʆɿʆ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, (x,y) ï ʢʦʦʨʜʠʥʘʪʳ ʧʠʢʩʝʣʝʡ, hmin ï 

ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʳʩʦʪʳ ʧʦ ʦʙʣʘʩʪʠ U, H(x,y) ï ʚʳʩʦʪʘ ʪʦʯʢʠ ʦʙʲʝʢʪʘ. 

ʆʮʝʥʢʘ ʠʟʤʝʨʝʥʠʷ ʦʙʲʸʤʘ: 

ä
Í

=D°D°D°=
Uyx

ɺʇʇʀ yxHHqHbbV
),(

21 ),(),)()(( . (15) 

q ï ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʧʦ ʦʙʣʘʩʪʠ U. 

ɼʣʷ ʩʥʠʤʢʦʚ SRTM: b1=b2=90 ʤ, b3=1 ʤ; ȹʇ=8.8 ʤ, ȹɺ=6.2 ʤ (ʜʣʷ ɽʚʨʘʟʠʠ). 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, ʠʟ (15) ʧʦʣʫʯʠʤ 

ʦʮʝʥʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ ʦʙʲʸʤʘ: 

H

S

bbV

V ɺʇ

V =º+º
D
+

D
=

D
= hhhe %,200008.05.19

2
2

11

. 

S ï ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, H ï ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ ʚʳʩʦʪ (ʚ ʦʜʥʠʭ ʝʜʠʥʠʮʘʭ 

ʠʟʤʝʨʝʥʠʷ). ʉʯʠʪʘʝʤ ʜʣʷ ʢʨʫʧʥʳʭ ʩʚʘʣʦʢ <́1.  

ʊ.ʦ. ʦʮʝʥʢʘ ʠʟʤʝʨʝʥʠʷ ʦʙʲʸʤʘ: 

)2.01()( °ºD°= VVVVʀ , 
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ʛʜʝ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ VV 2.0ºD . 

ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʤʫ ʨʘʟʜʝʣʫ 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʣʦʢ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʸʤʢʠ, ʚʢʣʶʯʘʶʱʘʷ: ʤʝʪʦʜʠʢʫ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʚʘʣʦʢ, ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʝʪʦʜʠʢʫ 

ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʩʚʘʣʢʠ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʦʙʣʘʩʪʠ ʩʚʘʣʢʠ ʠ ʧʦʜʦʙʣʘʩʪʝʡ, ʟʘʥʷʪʳʭ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʫʩʦʨʥʦʛʦ ʧʦʢʨʦʚʘ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʆɿʆ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʦʮʝʥʠʚʘʪʴ ʨʷʜ 

ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʣʦʢ, ʚ ʯʘʩʪʥʦʩʪʠ: ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʘʥʠʮ ʩʚʘʣʦʢ, ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ 

ʩʚʘʣʦʢ, ʦʙʲʝʤ, ʚʳʩʦʪʘ ʠ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʤʫʩʦʨʠʚʘʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʚʘʣʢʠ.  

4.  ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʚʘʣʦʢ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʧʦ ʜʘʥʥʳʤ ʠʥʜʝʢʩʦʚ ʨʝʘʢʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚʳ ʜʘʚʘʪʴ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʆɿʆ.  

5. ɼʘʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʳʷʚʣʝʥʠʷ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ, ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʠ ʇʆ ʠ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʟʘʤʫʩʦʨʠʚʘʥʠʷ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ.  
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ʈɸɿɼɽʃ 3. ɼɽʊɽʂʊʀʈʆɺɸʅʀɽ ʆɹʒɽʂʊʆɺ ɿɸʍʆʈʆʅɽʅʀʗ ʆʊʍʆɼʆɺ ʅɸ 

ʇʈʀʄɽʈɽ ʊɽʈʈʀʊʆʈʀʀ ʄʆʉʂʆɺʉʂʆɻʆ ʈɽɻʀʆʅɸ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʠʢʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ (ʂʄ1) ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ. 

3.1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʳʭ ʆɿʆ ʨʘʩʩʤʦʪʨʠʤ ʨʷʜ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 57): 1) ʂʫʯʠʥʦ (ʘ); 2) ɼʫʙʥʘ ʇʨʘʚʦʙʝʨʝʞʥʘʷ (ʙ); 3) 

ɸʰʠʪʢʦʚʦ (ʚ); 4) ʃʝʚʦʙʝʨʝʞʥʳʡ (ʛ); 5) ʅʝʧʝʡʥʦ (ʜ); 6) ɾʠʨʦʰʢʠʥʦ (ʝ). ʊʘʢʞʝ ï 

ʧʦʣʠʛʦʥ ʊʂʆ ʊʦʨʙʝʝʚʦ (ʨʠʩʫʥʦʢ 58).  

ɼʘʜʠʤ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʘʥʥʳʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʭ ʩʘʡʪʦʚ) [19], [139]. 

1. ʇʦʣʠʛʦʥ ʊʂʆ ʂʫʯʠʥʦ, ʥʘʟʚʘʥʥʳʡ ʚ ʧʨʦʩʪʦʥʘʨʦʜʴʝ çʬʝʥʠʥʩʢʘʷè ʩʚʘʣʢʘ ʚ 

ʯʝʩʪʴ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʩʚʘʣʢʝ ʜʝʨ. ʌʝʥʠʥʦ, ʩʦʟʜʘʥ ʚ 1964 ʛ. ʚ ʦʪʨʘʙʦʪʘʥʥʦʤ 

ʛʣʠʥʷʥʦʤ ʢʘʨʴʝʨʝ (143900, ɹʘʣʘʰʠʭʠʥʩʢʠʡ ʨʘʡʦʥ, ʧʦʩ. ʉʘʣʪʳʢʦʚʢʘ, ʧʦʣʠʛʦʥ 

ʂʫʯʠʥʦ, ʩʪʨ. 2). ʆʪʭʦʜʳ ʥʘ ʧʦʣʠʛʦʥ ʧʦʩʪʫʧʘʶʪ ʩ ʪʝʨʨʠʪʦʨʠʠ ʇʦʜʤʦʩʢʦʚʴʷ ʠ 

ʯʘʩʪʠʯʥʦ ʠʟ ʛ. ʄʦʩʢʚʳ. ʆʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʪʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ 

ʩʧʨʝʩʩʦʚʘʥʥʦʛʦ ʤʫʩʦʨʘ. ʅʘ 2017 ʛ. ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʧʦʣʠʛʦʥʘ ʩʦʩʪʘʚʠʣʘ 60 ʤ., 

ʧʣʦʱʘʜʴ ï 60 ʛʘ. ʇʦʣʠʛʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʆɿʆ ʚ ʄʦʩʢʦʚʩʢʦʤ 

ʨʝʛʠʦʥʝ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ. ɼʦʩʪʫʧ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʧʦʣʠʛʦʥʘ 

ʧʦʩʪʦʨʦʥʥʠʤ ʚʦʩʧʨʝʱʸʥ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʩʦʙʩʪʚʝʥʥʘʷ ʩʣʫʞʙʘ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʘ ʥʘ 2015 ʛ., 

ʧʦʣʠʛʦʥ ʩʧʦʩʦʙʝʥ ʚʤʝʩʪʠʪʴ ʝʱʝ 1.7 ʤʣʥ. ʪ. ʦʪʭʦʜʦʚ, ʧʨʠ ʪʦʤ ʯʪʦ ʢʘʞʜʳʡ ʞʠʪʝʣʴ 

ʧʨʦʠʟʚʦʜʠʪ ʚ ʩʨʝʜʥʝʤ 0.5 ʪ. ʦʪʭʦʜʦʚ ʚ ʛʦʜ. ʋʧʨʘʚʣʷʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ï ʟʘʢʨʳʪʦʝ 

ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ (ɿɸʆ) çɿʘʛʦʪʦʚʠʪʝʣʴè, ʘʨʝʥʜʫʶʱʘʷ ʟʝʤʣʶ ʧʦʜ 

ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʪʚʸʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʫ 

ʙʘʣʘʰʠʭʠʥʩʢʦʡ ʘʜʤʠʥʠʩʪʨʘʮʠʠ. ʆʬʠʮʠʘʣʴʥʳʝ ʨʦʩʩʠʡʩʢʠʝ ʩʦʚʣʘʜʝʣʴʮʳ ï ʃʝʚʘʰʦʚ 

ʉʝʨʛʝʡ ʠ ɼʤʠʪʨʠʡ ʂʫʟʦʚʢʠʥ (ʙʠʟʥʝʩʤʝʥʳ). ʆʬʠʮʠʘʣʴʥʳʝ ʜʦʭʦʜʳ ʧʨʝʜʧʨʠʷʪʠʷ 

ʩʦʢʨʘʱʘʶʪʩʷ: 2009 ʛ. ï 390 ʤʣʥ. ʨ., 2010 ʛ. ï 333 ʤʣʥ. ʨ., 2015 ʛ. ï 19 ʤʣʥ. ʨ. ʇʨʠ 
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ʵʪʦʤ ʩʨʝʜʥʠʝ ʦʙʲʸʤʳ ʚʳʚʦʟʘ ʦʪʭʦʜʦʚ ʩʣʘʙʦ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʩʦʩʪʘʚʣʷʶʪ 600 

ʪʳʩ. ʪ./ʛʦʜ. 

   

(ʘ) (ʙ) (ʚ) 

 
  

(ʛ) (ʜ) (ʝ) 

ʈʠʩʫʥʦʢ 57 ï ɺʠʜʠʤʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ (ʧʨʦʛʨʘʤʤʘ Google Earth): ʘ) 

ʧʦʣʠʛʦʥ ʊʂʆ ʂʫʯʠʥʦ, ɹʘʣʘʰʠʭʠʥʩʢʠʡ ʨʘʡʦʥ (3 ʤʘʷ 2017 ʛ.); ʙ) ʧʦʣʠʛʦʥ ʊʂʆ ɼʫʙʥʘ 

ʇʨʘʚʦʙʝʨʝʞʥʘʷ, ʛ. ʦ. ɼʫʙʥʘ (25 ʦʢʪʷʙʨʷ 2016 ʛ.); ʚ) ʧʦʣʠʛʦʥ ʊʂʆ ɸʰʠʪʢʦʚʦ, 

ɺʦʩʢʨʝʩʝʥʩʢʠʡ ʨʘʡʦʥ (28 ʘʚʛʫʩʪʘ 2016 ʛ.); ʛ) ʧʦʣʠʛʦʥ ʊʂʆ ʃʝʚʦʙʝʨʝʞʥʳʡ (21 ʠʶʥʷ 

2016 ʛ.); ʜ) ʧʦʣʠʛʦʥ ʊʂʆ ʅʝʧʝʡʥʦ, ɼʤʠʪʨʦʚʩʢʠʡ ʨʘʡʦʥ (23 ʩʝʥʪʷʙʨʷ 2015 ʛ.); ʝ) 

ʧʦʣʠʛʦʥ ʊʂʆ ɾʠʨʦʰʢʠʥʦ, ɼʦʤʦʜʝʜʦʚʩʢʠʡ ʨʘʡʦʥ (26 ʘʚʛʫʩʪʘ 2016 ʛ.) 

[ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google] 

ʇʨʠʣʝʛʘʶʱʠʝ ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ ï ʤʠʢʨʦʨʘʡʦʥʳ ʖʞʥʦʝ ʂʫʯʠʥʦ, ʇʘʚʣʠʥʦ, 

ʂʝʨʘʤʠʢ (ʚ ʩʦʩʪʘʚʝ ʛ.ʦ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ), ʧʦʩ. ʉʘʣʪʳʢʦʚʢʘ (ʚ ʩʦʩʪʘʚʝ 

ɹʘʣʘʰʠʭʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʠ ʜʨ. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ ʜʦʤʘ 

ï 1 ʢʤ; ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʞʠʣʦʛʦ ʦʙʲʝʢʪʘ (ʚ ʜʝʨ. ʌʝʥʠʥʦ) ï 20 ʤ, ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ 

ʜʦ ʜʝʨʝʚʥʠ ï 200 ʤ. ɺ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʦʣʠʛʦʥʘ ʚ ʦʙʱʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ 



139 

 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʦʪʢʨʳʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ ʶʛʘ ʦʪ ʧʦʣʠʛʦʥʘ 

ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʫʩʪʦʡʯʠʚʦʝ ʟʘʙʦʣʘʯʠʚʘʥʠʝ ʟʝʤʣʠ (ʬʦʨʤʘ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚʳ), 

ʧʨʠʯʸʤ ʚ ʜʘʣʸʢʦʤ ʧʨʦʰʣʦʤ ʟʝʤʣʷ ʙʳʣʘ ʧʣʦʜʦʨʦʜʥʦʡ. ɿʘʙʦʣʘʯʠʚʘʥʠʝ ʚʦʟʥʠʢʣʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʧʦʯʚʫ ʬʠʣʴʪʨʘʪʘ ʩʚʘʣʢʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʝʛʦ ʧʦ 

ʦʢʨʝʩʪʥʦʩʪʠ. ɾʘʣʦʙʳ ʦʪ ʥʘʩʝʣʝʥʠʷ ʧʦʩʪʫʧʘʣʠ ʨʝʛʫʣʷʨʥʦ ʚ ʙʘʣʘʰʠʭʠʥʩʢʫʶ 

ʧʨʦʢʫʨʘʪʫʨʫ, ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨ ʠ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ. ʆʪʧʠʩʢʠ 

ʯʠʥʦʚʥʠʢʦʚ ʧʨʠʭʦʜʠʣʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ ʧʨʷʤʦʤ ʵʬʠʨʝ ʚ ʤʘʝ 2017 ʛ. ʥʝ ʧʨʦʟʚʫʯʘʣʠ 

ʞʘʣʦʙʳ ʧʨʝʟʠʜʝʥʪʫ. ʇʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʯʘʣʠʩʴ 

ʨʘʙʦʪʳ ʧʦ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ.  

 

ʈʠʩʫʥʦʢ 58 ï ɺr ʜʝʣʝʥʠʝ ʧʦʣʠʛʦʥʘ ʊʂʆ ʊʦʨʙʝʝʚʦ ʠ ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʆɿʆ (ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ É Google) 

2. ʇʦʣʠʛʦʥ ʊʂʆ ɼʫʙʥʘ ʇʨʘʚʦʙʝʨʝʞʥʘʷ ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʚ ʨʘʡʦʥʝ ʅʦʚʦʛʦ 

ʰʦʩʩʝ ʚ ʛ.ʦ. ɼʫʙʥʘ ʚ 50-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʇʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 4.2 ʛʘ. ʆʙʲʝʢʪ 

ʨʘʩʧʦʣʦʞʝʥ ʚ 0.9 ʢʤ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ʛ. ɼʫʙʥʘ. 

ʋʧʨʘʚʣʷʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ 2009 ʛ. ï ʦʙʱʝʩʪʚʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ 

(ʆʆʆ) çʈʦʩʩʠʡʩʢʦ-ʬʠʥʩʢʘʷ ʢʦʤʧʘʥʠʷ çʕʂʆʉʀʉʊɽʄɸè (141980, ʄʦʩʢʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ, ʛ. ɼʫʙʥʘ, ʫʣ. ʄʘʢʘʨʝʥʢʦ, 10ʘ), ʜʠʨʝʢʪʦʨ ï ɼʟʶʙʘ ʂʠʨʠʣʣ ʉʝʨʛʝʝʚʠʯ. ʈʘʥʝʝ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʘʩʴ ʦʨʛʘʥʠʟʘʮʠʝʡ ï (ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

(ʄʋʇ) çɻʦʨʦʜʩʢʦʝ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦè (141980, ʛ. ɼʫʙʥʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʫʣ. 

ʄʘʢʘʨʝʥʢʦ, 10ʘ), ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ï ʅʝʛʝʡ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ. ʇʦ ʜʘʥʥʳʤ 
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ʈʀɸʄʆ ʦʪ 12 ʷʥʚʘʨʷ 2016 ʛ., ʦʙʲʝʤ ʥʘʢʦʧʣʝʥʥʳʭ ʥʘ ʧʦʣʠʛʦʥʝ ʦʪʭʦʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 368 ʪʳʩ. ʪ. ʇʦ ʩʣʦʚʘʤ ʤʠʥʠʩʪʨʘ ʵʢʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ɸʣʝʢʩʘʥʜʨʘ ʂʦʛʘʥʘ, ʩ 1 ʷʥʚʘʨʷ 2016 ʛʦʜʘ ʧʨʝʢʨʘʱʝʥ ʧʨʠʝʤ 

ʦʪʭʦʜʦʚ ʥʘ ʧʦʣʠʛʦʥ ʊʂʆ ɼʫʙʥʘ ʇʨʘʚʦʙʝʨʝʞʥʘʷ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ ʯʪʦ ʦʥ ʠʩʯʝʨʧʘʣ ʩʚʦʶ 

ʧʨʦʝʢʪʥʫʶ ʤʦʱʥʦʩʪʴ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʝʩʩ-ʩʣʫʞʙʳ ʤʠʥʠʩʪʝʨʩʪʚʘ, 

ʝʱʝ ʜʦ ʟʘʢʨʳʪʠʷ ʧʦʣʠʛʦʥʘ ʚ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʛ. ɼʫʙʥʘ ʩʦʩʪʦʷʣʦʩʴ ʩʦʚʝʱʘʥʠʝ ʧʦ 

ʚʦʧʨʦʩʫ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ. ʇʦʪʦʢʠ ʪʚʸʨʜʳʭ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʙʫʜʫʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʪʘʚʰʠʝʩʷ ʜʝʡʩʪʚʫʶʱʠʝ 

ʧʦʣʠʛʦʥʳ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʣʠʛʦʥ ʩʯʠʪʘʝʪʩʷ ʟʘʢʨʳʪʳʤ, 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʝʢʪ ʧʦ ʝʛʦ ʨʝʢʫʣʴʪʠʚʘʮʠʠ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʨʦʡʪʠ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʵʢʩʧʝʨʪʠʟʫ. ɺ ʭʦʜʝ ʥʘʜʟʦʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʫʙʥʝʥʩʢʠʝ 

ʠʥʩʧʝʢʪʦʨʳ ɻʦʩʘʜʤʪʝʭʥʘʜʟʦʨʘ ʧʨʦʚʝʨʠʣʠ ʩʦʩʪʦʷʥʠʝ ʠ ʩʦʜʝʨʞʘʥʠʝ ʙʳʚʰʠʭ 

ʧʦʣʠʛʦʥʦʚ ɼʫʙʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʧʨʦʚʝʨʢʝ ʧʨʘʚʦʙʝʨʝʞʥʦʛʦ ʧʦʣʠʛʦʥʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʣʝʛʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʯʠʩʪʦʪʦʡ ʠ 

ʧʦʨʷʜʢʦʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʚʳʷʚʣʝʥʳ ʥʘʚʘʣʳ ʤʝʣʢʦʛʦ ʙʳʪʦʚʦʛʦ ʤʫʩʦʨʘ, 

ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʦʪʭʦʜʦʚ. ʇʦ ʜʘʥʥʳʤ ʬʘʢʪʘʤ ʚ ʦʪʥʦʰʝʥʠʠ 

ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʛ. ɼʫʙʥʳ ʚʦʟʙʫʞʜʝʥʳ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʜʝʣʘ, ʩ ʥʘʟʥʘʯʝʥʠʝʤ 

ʥʘʢʘʟʘʥʠʡ ʚ ʚʠʜʝ ʰʪʨʘʬʦʚ ʥʘ ʦʙʱʫʶ ʩʫʤʤʫ 100 000 ʨ. ɺʳʜʘʥʳ ʧʨʝʜʧʠʩʘʥʠʷ ʦʙ 

ʫʩʪʨʘʥʝʥʠʠ ʥʘʨʫʰʝʥʠʡ ʠ ʧʨʠʚʝʜʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʚ ʥʘʜʣʝʞʘʱʝʝ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʣʠʯʥʦʤ ʢʦʥʪʨʦʣʝ ʠʥʩʧʝʢʪʦʨʦʚ. 

3. ʇʦʣʠʛʦʥ ʊʂʆ ɸʰʠʪʢʦʚʦ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʜʝʨʝʚʥʷʤʠ ɸʰʠʪʢʦʚʦ ʠ 

ʈʘʩʣʦʚʣʝʚʦ ɺʦʩʢʨʝʩʝʥʩʢʦʛʦ ʨʘʡʦʥʘ (ʶʞʥʝʝ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 600 ʤ ï ʜʝʨ. 

ʈʦʩʣʘʚʣʝʚʦ; ʟʘʧʘʜʥʝʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 300 ʤ ï ʩʘʜʦʚʳʝ ʫʯʘʩʪʢʠ). ʆʬʠʮʠʘʣʴʥʦ ʟʝʤʣʷ 

ʧʨʠʥʘʜʣʝʞʘʣʘ ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʠ ʠʤ. ʉʢʨʷʙʠʥʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘ ʧʨʘʚʝ ʘʨʝʥʜʳ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

çʋʯʝʙʥʦ-ʦʧʳʪʥʦʝ ʭʦʟʷʡʩʪʚʦ çʃʝʦʥʦʚʩʢʦʝè (ɻʋʇ ʋʆʍ çʃʝʦʥʦʚʩʢʦʝè). 

ʕʢʩʧʣʫʘʪʘʮʠʶ ʧʦʣʠʛʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʄʋʇ çʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʢʦʤʤʫʥʘʣʴʥʦʝ 

ʭʦʟʷʡʩʪʚʦè (140200, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ɺʦʩʢʨʝʩʝʥʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 13), 

ʜʠʨʝʢʪʦʨ ï ɿʣʦʙʠʥ ɸʥʜʨʝʡ ʀʚʘʥʦʚʠʯ. ɺ ʩʚʷʟʠ ʩ ʥʘʨʫʰʝʥʠʝʤ ʥʦʨʤ ʟʘʭʦʨʦʥʝʥʠʷ 
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ʦʪʭʦʜʦʚ ʚ ʧʦʯʚʝ ʠ ʚʦʜʝ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʦʤ ʚʳʷʚʣʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʥʦʨʤ 

ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʩʚʠʥʝʮ, ʤʝʜʴ, ʮʠʥʢ), ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ (ʩʫʣʴʬʘʪʳ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ). ɺ 2009 ʛ. ʧʨʦʚʝʨʢʘ ʦʙʲʝʢʪʘ ʩʦʪʨʫʜʥʠʢʘʤʠ ʛʣʘʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ (ɻʋɺɼ) ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʟʘʷʚʣʝʥʠʶ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʘ ʧʦ 

ʎʝʥʪʨʘʣʴʥʦʤʫ ʬʝʜʝʨʘʣʴʥʦʤʫ ʦʢʨʫʛʫ ʚʳʷʚʠʣʘ, ʯʪʦ ʟʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʠʛʦʥʘ 

ʙʝʟ ʣʠʮʝʥʟʠʠ ʜʦʭʦʜ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 173 ʤʣʥ. ʨ. ʇʦ ʩʣʦʚʘʤ 

ʨʫʢʦʚʦʜʠʪʝʣʷ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʘ ʧʦ ʎʝʥʪʨʘʣʴʥʦʤʫ ʬʝʜʝʨʘʣʴʥʦʤʫ ʦʢʨʫʛʫ ɸʥʪʦʥʘ 

ʂʫʣʴʙʘʯʝʚʩʢʦʛʦ (2010 ʛ.), ʫ ʜʘʥʥʦʡ ʩʚʘʣʢʠ ʥʝʪ ʣʠʮʝʥʟʠʠ ʥʘ ʧʨʠʝʤ ʊʂʆ. ʇʦʣʠʛʦʥ 

ɸʰʠʪʢʦʚʦ ʙʳʣ ʟʘʢʨʳʪ ʚ 2010 ʛʦʜʫ, ʥʦ ʧʨʦʙʣʝʤʫ ʚʳʚʦʟʘ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʵʪʘ 

ʤʝʨʘ ʥʝ ʨʝʰʠʣʘ. ɺʤʝʩʪʦ ʦʜʥʦʡ ʙʦʣʴʰʦʡ ʥʝʣʝʛʘʣʴʥʦʡ ʩʚʘʣʢʠ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ 

ʤʘʣʝʥʴʢʠʭ: ʥʘ 2016 ʛʦʜ, ʧʦ ʜʘʥʥʳʤ ɸʜʤʪʝʭʥʘʜʟʦʨʘ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʚʳʷʚʣʝʥʦ 

42 ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʢʠ. 

4. ʇʦʣʠʛʦʥ ʊʂʆ ʃʝʚʦʙʝʨʝʞʥʳʡ (çʭʠʤʢʠʥʩʢʠʡè ʧʦʣʠʛʦʥ ʊʂʆ) ï ʦʜʠʥ ʠʟ 

ʢʨʫʧʥʝʡʰʠʭ ʧʦʣʠʛʦʥʦʚ ʊʂʆ ʇʦʜʤʦʩʢʦʚʴʷ. ʈʘʩʧʦʣʦʞʝʥ ʚ 750 ʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ 

ʞʠʣʦʛʦ ʤʢʨ. ʃʝʚʦʙʝʨʝʞʥʳʡ, ʍʠʤʢʠʥʩʢʠʡ ʨʘʡʦʥ, ʦʪʢʨʳʪʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ 

(ʆɸʆ) çʇʦʣʠʛʦʥ ʊɹʆè, 141400, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʍʠʤʢʠ, ʫʣ. ʄʦʩʢʦʚʩʢʘʷ, 

12). ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ï ʉʫʰʝʥʮʦʚ ʇʘʚʝʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʟʘʤ. ʛʝʥʝʨʘʣʴʥʦʛʦ 

ʜʠʨʝʢʪʦʨʘ ʧʦ ʚʦʧʨʦʩʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʠʛʦʥʘ ï ʇʘʥʢʨʘʪʦʚ ɸʥʜʨʝʡ 

ɸʣʝʢʩʘʥʜʨʦʚʠʯ (2009 ʛ.). ʇʦ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʝʯʝʥʥʫʶ ʧʠʨʘʤʠʜʫ 

ʚʳʩʦʪʦʡ 70 ʤ, ʧʣʦʱʘʜʴ ï 30 ʛʘ. ʇʦʣʠʛʦʥ ʚʦʟʥʠʢ ʥʘ ʤʝʩʪʝ ʢʘʨʴʝʨʘ ʚ 1982 ʛʦʜʫ. 30 

ʣʝʪ ʚ ʥʝʛʦ ʩʚʦʟʠʣʠ ʦʪʭʦʜʳ ʠʟ ʄʦʩʢʚʳ ʠ ʟʘʢʨʳʣʠ ʚ 2012 ʛʦʜʫ. ʅʘ ʩʚʘʣʢʝ ʟʘʭʦʨʦʥʝʥʦ 

ʙʦʣʝʝ 40 ʤʣʥ. ʪ. ʦʪʭʦʜʦʚ. ʇʦʣʠʛʦʥ ʦʪʣʠʯʘʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʢʨʠʤʠʥʘʣʴʥʳʤʠ 

ʠʩʪʦʨʠʷʤʠ. ʇʦ ʜʘʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʦʤʧʘʥʠʠ çʕʢʦè ʪʝʣʦ 

ʧʦʣʠʛʦʥʘ ʥʝʩʪʘʙʠʣʴʥʦ, ʧʦʣʠʛʦʥ ʛʦʨʠʪ, ʠ ʦʯʘʛʠ ʚʦʟʛʦʨʘʥʠʷ ʚʳʭʦʜʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ; 

ʨʘʩʧʦʣʟʘʝʪʩʷ ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʬʠʥʘʣʴʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ, ʩʠʩʪʝʤʳ ʦʪʚʦʜʘ 

ʦʩʘʜʢʦʚ ʠ ʩʙʦʨʘ ʬʠʣʴʪʨʘʪʘ. ʉ 2008 ʧʦ 2012 ʛʦʜ ʦʪʭʦʜʳ ʨʘʟʤʝʱʘʣʠʩʴ ʚ ʪʝʣʦ 

ʧʦʣʠʛʦʥʘ ʚ ʥʘʨʫʰʝʥʠʝ ʚʩʝʭ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʥʦʨʤ ʠ ʧʨʘʚʠʣ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʷʜ ʧʨʦʝʢʪʦʚ ʧʦ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʣʠʛʦʥʘ ʚ ʮʝʣʷʭ ʚʦʟʚʨʘʪʘ 

ʨʝʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʮʝʤʝʥʪʥʦʛʦ 
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ʠʣʠ ʤʫʩʦʨʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ, ʨʘʟʙʠʪʠʝ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʘ, ʚʦʟʚʝʜʝʥʠʝ 

ʛʦʨʥʦʣʳʞʥʦʛʦ ʩʧʫʩʢʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʝʤʦʨʠʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʩʥʦʚʥʳʤ 

ʧʨʦʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʢʣʘʜʙʠʱʝ ʠ ʤʝʤʦʨʠʘʣʴʥʳʡ ʧʘʨʢ. ʇʦ ʜʘʥʥʳʤ ʛʘʟʝʪʳ ʀʟʚʝʩʪʠʷ, 

ʧʨʦʝʢʪ ʩʪʦʠʤʦʩʪʴʶ 5 ʤʣʨʜ. ʨ. ʧʦʩʪʫʧʠʣ ʚ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʈʷʜʦʤ ʫʞʝ ʨʘʩʧʦʣʦʞʝʥʦ ʢʣʘʜʙʠʱʝ ʠ, ʧʦ ʩʣʦʚʘʤ ʘʚʪʦʨʦʚ ʧʨʦʝʢʪʘ, ʤʝʤʦʨʠʘʣ 

ʩʤʦʪʨʝʣʩʷ ʙʳ ʪʘʤ ʫʤʝʩʪʥʦ. ɻʝʥʜʠʨʝʢʪʦʨ çʕʢʦè ʄʘʢʩʠʤ ɹʠʨʶʢʦʚ ʟʘʷʚʠʣ, ʯʪʦ, 

ʢʦʥʮʝʧʮʠʷ ʤʝʤʦʨʠʘʣʴʥʦʛʦ ʧʘʨʢʘ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʧʘʨʢʦʚʫʶ ʟʦʥʫ, 

ʤʝʤʦʨʠʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʣʘʜʙʠʱʝ, ʢʨʝʤʘʪʦʨʠʡ, ʯʘʩʦʚʥʶ ʠ ʨʷʜ ʵʣʝʤʝʥʪʦʚ ʝʜʠʥʦʛʦ 

ʘʥʩʘʤʙʣʷ ʧʘʨʢʦʚʦ-ʤʝʤʦʨʠʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʦʝʢʪ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥ ʚ 

ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʨʝʢʫʣʴʪʠʚʘʮʠʠ, ʢʘʢ ʝʛʦ ʣʦʛʠʯʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ. ɾʠʪʝʣʠ 

ʃʝʚʦʛʦ ʙʝʨʝʛʘ ʥʝ ʩʦʛʣʘʩʥʳ ʩ ʪʘʢʦʡ ʧʝʨʩʧʝʢʪʠʚʦʡ ʠ ʩʦʙʠʨʘʶʪ ʧʦʜʧʠʩʠ ʧʨʦʪʠʚ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ. ʈʘʟʫʤʥʝʝ ʙʳʣʦ ʙʳ ʨʘʟʤʝʩʪʠʪʴ ʚʙʣʠʟʠ ʦʪ ʞʠʣʳʭ ʜʦʤʦʚ ʥʝ ʩʪʦʣʴ 

ʤʨʘʯʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ.  

5. ʇʦʣʠʛʦʥ ʊʂʆ ʅʝʧʝʡʥʦ ï ʨʘʩʧʦʣʦʞʝʥ ʚ 1.3 ʢʤ ʶʞʥʝʝ ʜʝʨ. ʅʝʧʝʡʥʦ, ʚ 2.5 

ʢʤ ʚʦʩʪʦʯʥʝʝ ʧʦʩ. ʆʨʫʜʴʝʚʦ, ɼʤʠʪʨʦʚʩʢʠʡ ʨʘʡʦʥ (ʆʆʆ çʕʂʆ-ɾʀʃʂʆʄè, 

ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ɼʤʠʪʨʦʚ, ʫʣ. ʅʦʚʦ-ʈʦʛʘʯʝʚʩʢʘʷ, 11ʘ). ɻʝʥʝʨʘʣʴʥʳʡ 

ʜʠʨʝʢʪʦʨ ï ʖʜʠʥ ɺʣʘʜʠʩʣʘʚ ʖʨʴʝʚʠʯ (2009 ʛ.). ʇʣʦʱʘʜʴ ʧʦʣʠʛʦʥʘ ï 10 ʛʘ, ʩʚʘʣʢʘ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʙʦʣʝʝ 40 ʣʝʪ. ʇʦʩʣʝ ʟʘʢʨʳʪʠʷ ʚ 2015 ʛʦʜʫ ʧʦʣʠʛʦʥʘ ʊʂʆ ʚ ʀʢʰʝ 

(ʨʝʘʣʴʥʦ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʩʚʘʣʢʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʚ ʦʪʨʘʙʦʪʘʥʥʦʤ ʢʘʨʴʝʨʝ 

ʈʪʠʱʝʚʦ ʚ 2015 ʛ.) ʯʘʩʪʴ ʤʫʩʦʨʥʦʛʦ ʧʦʪʦʢʘ ʥʘʧʨʘʚʠʣʠ ʚ ʅʝʧʝʡʥʦ. ʊʝʧʝʨʴ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʥʘ ʩʚʘʣʢʝ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʦʨʪʠʨʦʚʢʘ ʦʪʭʦʜʦʚ, ʦʥʘ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ 

ʦʛʨʦʤʥʳʡ ʤʫʩʦʨʥʳʡ ʢʦʥʪʝʡʥʝʨ. ʉʶʜʘ ʩʢʣʘʜʠʨʫʶʪʩʷ ʦʪʭʦʜʳ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ 

ʦʧʘʩʥʦʩʪʠ ʙʝʟ ʩʦʙʣʶʜʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ɺʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʥʘ ʩʚʘʣʢʝ ʚʦʟʥʠʢʘʶʪ ʧʦʞʘʨʳ, ʠ ʪʦʛʜʘ ʷʜʦʚʠʪʳʡ ʚʦʟʜʫʭ ʟʘʩʪʠʣʘʝʪ 

ʚʩʶ ʦʢʨʫʛʫ. ʉʧʝʮʠʘʣʠʩʪʘʤʠ ɼʤʠʪʨʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʘʟʸʥʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ çʄʦʩʦʙʣʣʝʩè (ɻʂʋ ʄʆ çʄʦʩʦʙʣʣʝʩè) ʧʨʦʚʝʜʝʥʘ 

ʧʨʦʚʝʨʢʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʨʫʰʝʥʠʝ ʛʨʘʥʠʮ ʧʦʣʠʛʦʥʘ, ʘ ʪʘʢʞʝ 

ʟʘʩʦʨʝʥʠʝ ʚ ʣʝʩʥʦʤ ʫʯʘʩʪʢʝ. ʊʘʢʞʝ ʩʦʩʪʘʚʣʝʥ ʧʨʦʪʦʢʦʣ ʥʘ ʥʘʨʫʰʝʥʠʝ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʣʝʩʘʭ. ɾʠʪʝʣʠ ɼʤʠʪʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʥʘʧʨʘʚʣʷʶʪ ʩʚʦʠ ʦʙʨʘʱʝʥʠʷ 
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ʥʘ ʟʘʢʨʳʪʠʝ ʧʦʣʠʛʦʥʘ ʠ ʧʨʦʪʠʚ ʨʘʩʰʠʨʝʥʠʷ ʧʦʣʠʛʦʥʘ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʤʫʩʦʨʥʦʛʦ ʟʘʚʦʜʘ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʤʧʘʥʠʠ çʕʢʦʞʠʣʢʦʤè ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʩʝʨʴʸʟʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʳ ʧʦʣʠʛʦʥ ʥʝ ʥʘʨʫʰʘʝʪ ʠ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ 

ʝʱʝ ʤʠʥʠʤʫʤ 4 ʛʦʜʘ (ɼʤʠʪʨʦʚʩʢʦʝ ʪʝʣʝʚʠʜʝʥʠʝ çɺʝʯʝʨʥʠʡ ɼʤʠʪʨʦʚè).  

6. ʇʦʣʠʛʦʥ ʊʂʆ ɾʠʨʦʰʢʠʥʦ ï ʨʘʩʧʦʣʦʞʝʥ ʚ 1.6 ʢʤ ʢ ʟʘʧʘʜʫ ʦʪ ʜʝʨ. 

ɾʠʨʦʰʢʠʥʦ ɼʦʤʦʜʝʜʦʚʩʢʦʛʦ ʨʘʡʦʥʘ. ɹʫʜʫʯʠ ʧʨʠʣʝʛʘʶʱʠʡ ʢ ʘʵʨʦʧʦʨʪʫ, ʧʦʣʠʛʦʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʨʦʣʝʪʘʶʱʠʭ ʩʘʤʦʣʸʪʦʚ ʠʟ-ʟʘ 

ʟʘʜʳʤʣʝʥʠʷ (ʦʪ ʚʝʯʥʦʛʦ ʧʦʞʘʨʘ ʥʘ ʩʚʘʣʢʝ) ʠ ʚ ʩʠʣʫ ʩʢʦʧʣʝʥʠʷ ʧʪʠʮ. ʋʧʨʘʚʣʷʶʱʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ï ʆʆʆ çʕʂʆ ʉʝʨʚʠʩè, 142015, ɼʦʤʦʜʝʜʦʚʩʢʠʡ ʨʘʡʦʥ, ɿɸʆ çʄɸɼè 

(ʄʦʩʢʦʚʩʢʠʡ ʘʵʨʦʧʦʨʪ çɼʦʤʦʜʝʜʦʚʦè); ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ï ɾʜʘʥʦʚ ɺʠʢʪʦʨ 

ɸʥʘʪʦʣʴʝʚʠʯ, ʵʢʦʣʦʛ ï ʌʝʜʷʥʠʥʘ ʃʶʜʤʠʣʘ ɺʷʯʝʩʣʘʚʦʚʥʘ. ʇʦ ʜʘʥʥʦʤʫ ʦʙʲʝʢʪʫ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʤʠ 

ʙʠʬʝʥʠʣʘʤʠ (ʖʣʠʷ ɹʘʝʚʘ). ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʚ ʧʦʯʚʘʭ ʥʘ ʨʘʟʣʠʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʦʣʠʛʦʥʘ 

ʊʂʆ ɾʠʨʦʰʢʠʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʠʛʦʥ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ 

ʜʘʥʥʳʭ ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʘʥʳ ʢʦʥʢʨʝʪʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʨʝʘʙʠʣʠʪʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ. ɺ ʪʝʯʝʥʠʝ 2004-2010 ʛʛ. ʚ ʧʦʣʠʛʦʥ ʚʢʣʘʜʳʚʘʣʠʩʴ 

ʠʥʚʝʩʪʠʮʠʠ. ʇʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʥʦʚʝʡʰʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʧʦʣʠʛʦʥʝ ʊʂʆ 

ɾʠʨʦʰʢʠʥʦ ʧʦʟʚʦʣʷʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʙʲʝʢʪʘ ʥʘ ʧʦʜʟʝʤʥʳʝ 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʠʛʦʥ ʩʯʠʪʘʝʪʩʷ ʟʘʢʨʳʪʳʤ, ʚ ʩʚʷʟʠ ʩ 

ʠʩʯʝʨʧʘʥʠʝʤ ʣʠʤʠʪʘ ʧʦʩʪʫʧʣʝʥʠʷ ʦʪʭʦʜʦʚ. 

7. ʇʦʣʠʛʦʥ ʊʂʆ ʊʦʨʙʝʝʚʦ (ʩʤ. ʨʠʩʫʥʦʢ 58) ï ʨʘʩʧʦʣʦʞʝʥ ʚ 1 ʢʤ ʦʪ ʜʝʨ. 

ʊʦʨʙʝʝʚʦ, ʃʶʙʝʨʝʮʢʠʡ ʨʘʡʦʥ (ʆʆʆ çʕʅʀʊè; 140052, ʃʶʙʝʨʝʮʢʠʡ ʨʘʡʦʥ, ʧʦʩ. 

ʂʦʨʝʥʝʚʦ, ʫʣ. ʅʝʢʨʘʩʦʚʘ, 1). ɿʘʤʝʩʪʠʪʝʣʴ ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ï ʌʝʜʷʰʠʥ 

ʄʠʭʘʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ. ʇʣʦʱʘʜʴ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʨʘʩʰʠʨʝʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 80 ʛʘ. ʇʣʦʱʘʜʴ ʫʯʘʩʪʢʘ ʟʘʭʦʨʦʥʝʥʠʷ ï 12.8 

ʛʘ (ʧʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʥʘ 2009 ʛ.). ʅʘ 2017 ʛ. ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʘ ʨʘʩʰʠʨʝʥʘ ʜʦ 

30 ʛʘ (ʦʮʝʥʢʘ ʚ ʧʨʦʛʨʘʤʤʝ Google Earth). ʂ ʧʦʣʠʛʦʥʫ ʧʨʠʣʝʛʘʶʪ çʠʩʪʦʨʠʯʝʩʢʠʝè 
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ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ ï ʜʝʨ. ʊʦʨʙʝʝʚʦ (ʦʢʦʣʦ 100 ʣʝʪ), ʜʝʨ. ʈʫʩʘʚʢʠʥʦ-ʈʦʤʘʥʦʚʦ (ʩ 17 

ʚʝʢʘ). ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʙʣʠʞʘʡʰʠʭ ʜʦʤʦʚ ï 40 ʤ. ʇʦʣʠʛʦʥ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ 90-ʭ 

ʛʛ. 20 ʚʝʢʘ ʢʘʢ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʩʚʘʣʢʘ ʥʘ ʤʝʩʪʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʘ ʫʟʘʢʦʥʝʥʘ ʢʘʢ ʧʦʣʠʛʦʥ ʊʂʆ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʤʝʩʪʥʳʝ ʯʠʥʦʚʥʠʢʠ ʨʘʟʜʘʚʘʣʠ ʟʝʤʣʶ ʧʦʜ ʩʘʜʦʚʦ-ʜʘʯʥʳʝ ʫʯʘʩʪʢʠ. ʇʦ 

ʩʣʦʚʘʤ ʞʠʪʝʣʝʡ, ʜʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʥʝ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʜʣʷ ʧʦʣʠʛʦʥʘ, ʪ.ʢ. ʩʚʘʣʢʘ ʥʝ 

ʠʟʦʣʠʨʦʚʘʥʘ ʦʪ ʛʨʫʥʪʘ, ʞʠʜʢʠʝ ʦʪʭʦʜʳ ʠ ʩʣʠʚʳ ʩ ʧʦʣʠʛʦʥʘ ʧʨʦʥʠʢʘʶʪ ʚ ʛʨʫʥʪʦʚʳʝ 

ʚʦʜʳ; ʚʦʜʘ ʦʪʨʘʚʣʝʥʘ ʠ ʩʦʜʝʨʞʠʪ ʤʝʪʘʥ, ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ ʚʳʙʨʦʩʦʚ 

ʧʨʝʚʳʰʝʥʳ ʚ ʨʘʟʳ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ ʧʦʜʪʚʝʨʜʠʣʘ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦ 

ʘʮʝʪʦʥʫ ʠ ʪʦʣʫʦʣʫ ʚ 6.5 ʨʘʟ. ʄʝʩʪʥʳʝ ʞʠʪʝʣʠ ʩʪʨʘʜʘʶʪ ʦʪ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʘʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ. ɺʦ ʚʨʝʤʷ ʚʩʪʨʝʯʠ ʩ 

ʞʠʪʝʣʷʤʠ ʛʣʘʚʘ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʃʶʙʝʨʮʳ ɺʣʘʜʠʤʠʨ ʈʫʞʠʮʢʠʡ ʨʘʩʩʢʘʟʘʣ ʦ ʪʦʤ, 

ʯʪʦ ʚ 2020 ʛ. ʧʦʣʠʛʦʥ ʙʫʜʝʪ ʟʘʢʨʳʪ, ʘ ʜʨʫʛʠʭ ʧʦʣʠʛʦʥʦʚ ʚ ʦʢʨʫʛʝ ʥʝ ʧʦʷʚʠʪʩʷ. ʆʙ 

ʵʪʦʤ ʩʦʦʙʱʘʝʪ ʧʨʝʩʩ-ʩʣʫʞʙʘ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʃʶʙʝʨʮʳ. ʇʦ 

ʩʣʦʚʘʤ ʈʫʞʠʮʢʦʛʦ, ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʧʨʦʝʢʪʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦʣʠʛʦʥʘ ʟʘʢʦʥʯʠʪʩʷ. 

ɻʣʘʚʘ ʃʶʙʝʨʝʮ ʪʘʢʞʝ ʥʘʧʦʤʥʠʣ, ʯʪʦ ʥʘ ʜʥʷʭ ʚ ʧʨʘʚʠʪʝʣʴʩʪʚʝ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʰʣʦ ʩʦʚʝʱʘʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʦʧʨʦʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʤʫʩʦʨʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ. çɺʩʝʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʛʠʦʥʘ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʦ 

4 ʤʫʩʦʨʦʩʞʠʛʘʶʱʠʭ ʟʘʚʦʜʘ ʚ 2018-2019 ʛʦʜʳ, ʚʩʝ ʦʥʠ ʨʘʩʧʦʣʦʞʘʪʩʷ ʚ ʨʘʡʦʥʝ 

ʙʝʪʦʥʥʦʛʦ ʢʦʣʴʮʘ. ʊʫʜʘ ʙʫʜʫʪ ʚʦʟʠʪʴ ʠ ʦʪʭʦʜʳ ʠʟ ʃʶʙʝʨʝʮè. ʈʫʞʠʮʢʠʡ ʜʦʙʘʚʠʣ, 

ʯʪʦ ʥʠ ʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩ ʨʝʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʧʦʣʠʛʦʥʘ ʊʂʆ ʂʫʯʠʥʦ 

ʥʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʦ ʚ ʃʶʙʝʨʮʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʧʦʣʠʛʦʥ ʊʂʆ ʊʦʨʙʝʝʚʦ 

ʧʨʠʚʦʟʠʪʩʷ ʙʳʪʦʚʦʡ ʤʫʩʦʨ ʪʨʝʪʴʝʛʦ, ʯʝʪʚʝʨʪʦʛʦ, ʧʷʪʦʛʦ ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ. 

3.2. ɺʳʜʝʣʝʥʠʝ ʧʦʣʠʛʦʥʦʚ ʪʚʸʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʄʦʩʢʦʚʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ Landsat 

ɺ ʪʘʙʣʠʮʝ 7 ʧʨʠʚʝʜʝʥʳ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ (xC,yC) ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ C ʪʝʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʧʨʦʝʢʮʠʠ ʄʝʨʢʘʪʦʨʘ. 

ʆʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ U ʪʝʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ ʧʨʷʤʦʫʛʦʣʴʥʳʝ, ʟʘʜʘʶʪʩʷ 
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ʢʦʦʨʜʠʥʘʪʘʤʠ ʮʝʥʪʨʘ C ʠ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʮʝʥʪʨʘ (dx,dy). ʈʘʟʤʝʨ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ: 

a=2dx+1, b=2dy+1 (ʨʠʩʫʥʦʢ 59). ʈʘʟʨʝʰʝʥʠʷ ʩʥʠʤʢʦʚ Landsat 4-5 TM k=30 ʤ, ʪ.ʝ. 

ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ka x kb ʤ. ɿʥʘʯʝʥʠʷ dx ʠ dy ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 7 (N ï ʥʦʤʝʨ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ). 

ʊʘʙʣʠʮʘ 7 ï ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʝʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ 

N ʅʘʟʚʘʥʠʝ ʦʙʲʝʢʪʘ (xC, yC) ʤ (dx, dy), ʧʢ 

1 ʇʦʣʠʛʦʥ ʊʂʆ ʂʫʯʠʥʦ 433892, 6177045 (30, 30) 

2 ʇʦʣʠʛʦʥ ʊʂʆ ɼʫʙʥʘ ʇʨʘʚʦʙʝʨʝʞʥʘʷ 390242, 6289031 (10, 10) 

3 ʇʦʣʠʛʦʥ ʊʂʆ ɸʰʠʪʢʦʚʦ 477044, 6142818 (15, 15) 

4 ʇʦʣʠʛʦʥ ʊʂʆ ʃʝʚʦʙʝʨʝʞʥʳʡ 405913, 6196270 (20, 20) 

5 ʇʦʣʠʛʦʥ ʊʂʆ ʅʝʧʝʡʥʦ 411879, 6254466 (15, 15) 

6 ʇʦʣʠʛʦʥ ʊʂʆ ɾʠʨʦʰʢʠʥʦ 437760, 6136161 (15, 15) 

7 ʇʦʣʠʛʦʥ ʊʂʆ ʊʦʨʙʝʝʚʦ 440102, 6172575 (30, 30) 

 

 

ʈʠʩʫʥʦʢ 59 ï ʋʯʘʩʪʦʢ ʦʢʨʝʩʪʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʚʳʨʝʟʘʝʤʳʡ ʠʟ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʟʷʪʳ ʩʥʠʤʢʠ Landsat 4-5 TM ʟʘ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ ʷʥʚʘʨʴ 1982 - ʘʚʛʫʩʪ 2011 ʛʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʦʙʨʘʙʦʪʢʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʩʝʨʠʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʢʨʝʩʪʥʦʩʪʝʡ 

ʪʝʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ (ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ). ɼʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ 

ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʩʝʨʠʷ ʩʥʠʤʢʦʚ, ʧʦʢʨʳʚʘʶʱʘʷ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʦʙʣʘʩʪʴ (ʩʤ. ʨʠʩʫʥʦʢ 4).  
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ʅʘ ʨʠʩʫʥʢʝ 60 ʧʦʩʪʨʦʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʙʣʘʩʪʝʡ ʪʝʩʪʦʚʳʭ 

ʦʙʲʝʢʪʦʚ. ʀʤʝʥʘʤ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʘʪ çʅʦʤʝʨ ʆɿʆ _ ɻʦʜ _ ʄʝʩʷʮ_ 

ɼʝʥʴ ʤʝʩʷʮʘè. 

ʇʦʢʘʞʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʜʫʨ ʧʦʣʫʯʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡ 

ʦʙʣʘʩʪʝʡ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʦʙʲʝʢʪʘ N=7 (ʧʦʣʠʛʦʥ 

ʊʂʆ ʊʦʨʙʝʝʚʦ). 

I. ɼʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ ï ʦʪʙʦʨ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ (ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʦʢʨʝʩʪʥʦʩʪʴ ʦʙʲʝʢʪʘ).  

ɺ ʪʘʙʣʠʮʝ 8 ʧʝʨʝʯʠʩʣʝʥʳ ʠʤʝʥʘ (ID) ʦʪʦʙʨʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʜʣʷ 

ʦʙʲʝʢʪʘ N=7. ʀʟ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ ʚʳʨʝʟʘʶʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʫʯʘʩʪʢʠ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ (dx,dy) ʪʦʯʢʠ (xC,yC) ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ. ɺ ID ʩʥʠʤʢʘ ʩʦʜʝʨʞʘʪʩʷ 

ʜʘʥʥʳʝ ʦ ʜʘʪʝ ʩʲʸʤʢʠ tn, ʛʜʝ n ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ, ʩʥʷʪʦʛʦ 

ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tn, tn<tn+1. ʅʘʧʨʠʤʝʨ, ʩʥʠʤʦʢ ʩ ID LT51780212011240MOR00 ï 

ʧʦʩʣʝʜʥʠʡ ʩʥʠʤʦʢ (n=51) ʚ ʩʦʩʪʘʚʝ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʢʨʳʚʘʶʱʠʭ 

ʪʝʩʪʦʚʳʡ ʦʙʲʝʢʪ ʧʦʣʠʛʦʥ ʊʂʆ ʊʦʨʙʝʝʚʦ (N=7) ʟʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʠ 

ʦʪʚʝʯʘʶʱʠʭ ʦʙʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɼʣʷ ʥʝʛʦ ʜʘʪʘ ʩʲʸʤʢʠ: ʜʝʥʴ ʛʦʜʘ ï D=240, ʛʦʜ ï 

Y=2011 (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 14-16 ʠ 10-13 ʩʠʤʚʦʣʳ ID ʩʥʠʤʢʦʚ Landsat 4-5 TM). ɺ 

ʧʝʨʝʩʯʸʪʝ ʠʟ ʬʦʨʤʘʪʘ ʜʘʪʳ ʩʲʸʤʢʠ [D Y] ʚ ʬʦʨʤʘʪ [d M Y]: ʜʝʥʴ ʤʝʩʷʮʘ d=28, ʤʝʩʷʮ 

ï M=8. 

 

(ʘ) 
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(ʙ) 

 

(ʚ) 

 

(ʛ) 
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(ʜ) 

 

(ʝ) 

 

(ʞ) 

ʈʠʩʫʥʦʢ 60 ï ʌʨʘʛʤʝʥʪʳ ʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡ ʦʙʣʘʩʪʝʡ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʠʛʦʥʦʚ 

ʊʂʆ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ: ʘ) ʂʫʯʠʥʦ (N=1); ʙ) ɼʫʙʥʘ ʇʨʘʚʦʙʝʨʝʞʥʘʷ (N=2); ʚ) 

ɸʰʠʪʢʦʚʦ (N=3); ʛ) ʃʝʚʦʙʝʨʝʞʥʳʡ (N=4); ʜ) ʅʝʧʝʡʥʦ (N=5); ʝ) ɾʠʨʦʰʢʠʥʦ (N=6); 

ʝ) ʊʦʨʙʝʝʚʦ (N=7) 

II. ɼʣʷ ʦʪʦʙʨʘʥʥʳʭ ʩʥʠʤʢʦʚ ï ʚʳʨʝʟʘʥʠʝ ʫʯʘʩʪʢʦʚ ʧʦ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʧʦʣʫʯʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʛʝʦʧʨʠʚʷʟʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʩʥʠʤʢʦʚ (ʪʘʙʣʠʮʫ 8)  
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ʊʘʙʣʠʮʘ 8 ï ɺʨʝʤʝʥʥʘʷ ʩʝʨʠʷ ʩʥʠʤʢʦʚ ʩ ʚʳʜʝʣʝʥʠʷʤʠ ʫʯʘʩʪʢʦʚ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʢʨʳʚʘʶʱʠʭ ʦʢʨʝʩʪʥʦʩʪʴ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ N=7 

n ID D Y d M 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

LT51770211984255XXX08 

LT51780211985152AAA11 

LT51770211986116XXX09 

LT51770211986132XXX03 

LT51770211986148XXX04 

LT51780211986219XXX08 

LT51770211986292XXX12 

LT51780211986347XXX14 

LT51780211986363XXX04 

LT51780211987094XXX02 

LT51770211987103XXX02 

LT51780211987126XXX02 

LT51770211987135XXX02 

LT51780211987238XXX10 

LT41780211987358XXX03 

LT41780211988153XXX08 

LT41780211988249XXX09 

LT51780211988273KIS00 

LT41780211988329XXX03 

LT41780211989155XXX02 

LT51780211990134KIS01 

LT51780211991041XXX03 

LT51780211991137XXX03 

LT51780211991217XXX03 

LT51770211991274XXX02 

LT51780211991281AAA02 

LT41770211992157XXX02 

LT41780211992196XXX02 

LT41770211992205XXX02 

LT51770211994218XXX02 

LT51770211994282XXX02 

LT51770211995157XXX01 

LT51770211995237XXX01 

LT51780212001212MTI00 

LT51780212003266MTI01 

LT51780212003282MTI01 

LT51770212006267MOR00 

LT51780212006290MOR00 

LT51780212007149MOR00 

LT51780212007165MOR00 

LT51780212007213MOR00 

LT51780212007277MOR00 

LT51770212009195KIS01 

LT51770212009259MOR00 

LT51770212010198KIS01 

LT51780212010205KIS01 

LT51780212010205MOR00 

LT51770212010214KIS01 

LT51770212010230KIS01 

LT51780212010269KIS01 

LT51780212011224MOR00 

LT51780212011240MOR00 

   255 

   152 

   116 

   132 

   148 

   219 

   292 

   347 

   363 

    94 

   103 

   126 

   135 

   238 

   358 

   153 

   249 

   273 

   329 

   155 

   134 

    41 

   137 

   217 

   274 

   281 

   157 

   196 

   205 

   218 

   282 

   157 

   237 

   212 

   266 

   282 

   267 

   290 

   149 

   165 

   213 

   277 

   195 

   259 

   198 

   205 

   205 

   214 

   230 

   269 

   224 

   240 

1984        

1985        

1986        

1986        

1986        

1986        

1986        

1986        

1986        

1987        

1987        

1987        

1987        

1987        

1987        

1988        

1988        

1988        

1988        

1989        

1990        

1991        

1991        

1991        

1991        

1991        

1992        

1992        

1992        

1994        

1994        

1995        

1995        

2001       

2003        

2003        

2006        

2006        

2007        

2007        

2007    

2007        

2009        

2009        

2010        

2010        

2010        

2010        

2010        

2010        

2011        

2011 

    11 

     1 

    26 

    12 

    28 

     7 

    19 

    13 

    29 

     4 

    13 

     6 

    15 

    26 

    24 

     1 

     5 

    29 

    24 

     4 

    14 

    10 

    17 

     5 

     1 

     8 

     5 

    14 

    23 

     6 

     9 

     6 

    25 

    31 

    23 

     9 

    24 

    17 

    29 

    14 

     1 

     4 

    14 

    16 

    17 

    24 

    24 

     2 

    18 

    26 

    12 

    28 

     9 

     6 

     4 

     5 

     5 

     8 

    10 

    12 

    12 

     4 

     4 

     5 

     5 

     8 

    12 

     6 

     9 

     9 

    11 

     6 

     5 

     2 

     5 

     8 

    10 

    10 

     6 

     7 

     7 

     8 

    10 

     6 

     8 

     7 

     9 

    10 

     9 

    10 

     5 

     6 

     8 

    10 

     7 

     9 

     7 

     7 

     7 

     8 

     8 

     9 

     8 

     8 
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ʦʢʨʝʩʪʥʦʩʪʠ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ. ʅʘ ʨʠʩʫʥʢʝ 61 ʧʨʦʮʝʜʫʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʠʚʝʜʸʥʥʦʛʦ ʚʳʰʝ ʩʥʠʤʢʘ (n=51) ʠ ʦʙʲʝʢʪʘ (N=7). ʌʦʨʤʘʪ ʠʤʸʥ ʬʘʡʣʦʚ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡ ï [N n b], ʛʜʝ b ï ʥʦʤʝʨ ʢʘʥʘʣʦʚ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɿʥʘʯʝʥʠʝ n ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʜʘʪʫ 

ʩʲʸʤʢʠ, ʪ.ʝ. ʯʠʩʣʘ D, d, M, Y. 

  

(ʘ) (ʙ) 

 

(ʚ) 

ʈʠʩʫʥʦʢ 61 ï ɺʳʨʝʟʘʥʠʝ ʫʯʘʩʪʢʦʚ ʧʦ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ: ʘ) ʠʩʭʦʜʥʳʡ 

ʩʥʠʤʦʢ (ID ʩʥʠʤʢʘ ï LT51780212011240MOR00, n=51; ID ʢʘʥʘʣʘ ï 

L5178021_02120110828_B10, ʧʝʨʚʳʡ ʢʘʥʘʣ, b=1); ʙ) ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʫʚʝʣʠʯʝʥʠʠ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ N=7; ʚ) ʬʨʘʛʤʝʥʪ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʫʯʘʩʪʢʦʚ (ʢʘʥʘʣʳ 

b=1,é7) 

III. ʈʘʩʯʸʪ ʤʘʪʨʠʮ ʀʈʈn, n=0,é51 ʟʥʘʯʝʥʠʡ ʀʈʈ ʧʦ ʩʠʥʝʤʫ (b=1), ʢʨʘʩʥʦʤʫ 

(b=3) ʠ ʙʣʠʞʥʝʤʫ ʠʥʬʨʘʢʨʘʩʥʦʤʫ (b=4) ʢʘʥʘʣʘʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ ʬʦʨʤʫʣʝ (2). ʅʘ ʨʠʩʫʥʢʝ 62 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ 

ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʤʘʪʨʠʮ ʀʈʈi ʜʣʷ ʦʙʲʝʢʪʘ N=7. ʌʦʨʤʘʪ ʬʘʡʣʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ï [N 

n]. ʏʸʨʥʳʤ ʧʠʢʩʝʣʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ ʀʈʈ=-1, ʙʝʣʳʤ ʧʠʢʩʝʣʷʤ ï ʀʈʈ=1. 
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IV. ʈʘʩʯʸʪ ʤʘʪʨʠʮ ʀʈʇn, n=1,é51 ʟʥʘʯʝʥʠʡ ʀʈʇ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʚʨʝʤʝʥʥʳʤ 

ʨʷʜʘʤ [ʀʈʈ0 é ʀʈʈn] ʧʦ ʬʦʨʤʫʣʝ (3). ʅʘ ʨʠʩʫʥʢʝ 63 ʧʦʢʘʟʘʥʳ ʤʘʪʨʠʮʳ ʀʈʇi ʜʣʷ 

ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ N=7. ɺʠʜʠʤ, ʯʪʦ ʆɿʆ (ʧʦʣʠʛʦʥ ʊʂʆ ʊʦʨʙʝʝʚʦ) ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʷʨʢʦʩʪʴ, ʯʝʤ ʬʦʥ, ʦʩʦʙʝʥʥʦ ʥʘ ʧʦʟʜʥʠʭ ʩʥʠʤʢʘʭ.  

 

 

ʈʠʩʫʥʦʢ 62 ï ʄʘʪʨʠʮʳ ʟʥʘʯʝʥʠʡ ʀʈʈ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ N=7 

 

 

ʈʠʩʫʥʦʢ 63 ï ʄʘʪʨʠʮʳ ʟʥʘʯʝʥʠʡ ʀʈʇ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ N=7 

V. ɺʳʜʝʣʝʥʠʝ ʧʠʢʩʝʣʝʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧRʀʈʇ²  ʧʨʠ ʧʦʨʦʛʝ Rʧ=0.6 (ʧʦʨʦʛ 

ʟʘʜʘʸʤ ʧʦʩʪʦʷʥʥʳʤ ʜʣʷ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ N=1,..7). ʅʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʤ 

ʙʠʥʘʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ (ʨʠʩʫʥʦʢ 64). ʏʸʨʥʳʤ 

ʧʠʢʩʝʣʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ, ʙʝʣʳʤ ï ʬʦʥ. ʀʟ ʨʠʩʫʥʢʦʚ 63-64 
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ʚʠʜʥʦ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩ n=34, ʩʦʩʝʜʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʢʦʨʨʝʣʷʮʠʶ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʯʝʤ ʜʦ ʥʝʛʦ. ʆʙʣʘʩʪʴ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʚʩʸ ʙʦʣʝʝ ʯʝʪʢʦ, ʘ 

ʬʦʥ ʧʦʩʪʝʧʝʥʥʦ ʩʪʠʨʘʝʪʩʷ. ʊ.ʦ. ʠʟʦʙʨʘʞʝʥʠʷʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

34²n  (ʩʤ. ʨʠʩʫʥʦʢ 60ʞ).  

 

ʈʠʩʫʥʦʢ 64 ï ʄʘʪʨʠʮʳ ʟʥʘʯʝʥʠʡ ʀʈʇ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ N=7 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ɺʨʝʤʝʥʥʘʷ ʩʝʨʠʷ ʦʙʣʘʩʪʝʡ ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʙʝʩʧʣʘʪʥʳʭ ʩʥʠʤʢʦʚ Landsat; 

2. ɺʳʜʝʣʝʥʠʝ ʆɿʆ ʚʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ ʥʠʞʥʝʛʦ ʧʦʨʦʛʘ ʀʈʇ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʦʙʣʘʩʪʝʡ ʆɿʆ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢʦ ʚʩʝʤʫ ʧʝʨʠʦʜʫ ʥʘʙʣʶʜʝʥʠʷ; 

3. ɺʨʝʤʝʥʥʫʶ ʩʝʨʠʶ ʦʙʣʘʩʪʝʡ ʆɿʆ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʩʚʘʣʦʢ ʨʘʟʣʠʯʥʳʭ 

ʨʘʟʤʝʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʥʠʤʢʦʚ ʧʨʠ 

ʥʘʣʠʯʠʠ ʩʠʥʝʛʦ, ʢʨʘʩʥʦʛʦ ʠ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʢʘʥʘʣʦʚ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʘ ʟʘ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ. 
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3.3. ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ ʦʙʲʝʢʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʪʝʨʨʠʪʦʨʠʠ 

ʙʣʠʞʥʝʚʦʩʪʦʯʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʥʠʤʢʦʚ Landsat 

ʅʘ ʨʠʩʫʥʢʝ 65 ʧʨʠʚʝʜʝʥʘ ʢʘʨʪʘ ʪʝʢʫʱʠʭ ʩʚʘʣʦʢ ʪʝʨʨʠʪʦʨʠʠ 

ʙʣʠʞʥʝʚʦʩʪʦʯʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʙʘʟʝ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ 

(ʨʠʩʫʥʦʢ 66), ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʂʄ1 (ʩʪʘʜʠʷ 2).  

ʅʘ ʢʘʨʪʝ ʨʘʟʤʝʯʝʥʳ ʠʟʚʝʩʪʥʳʝ (ʯʝʨʥʳʝ ʤʝʪʢʠ, 11 ʦʙʲʝʢʪʦʚ) ʠ ʥʝʠʟʚʝʩʪʥʳʝ 

(ʢʨʘʩʥʳʝ ʤʝʪʢʠ, 668 ʦʙʲʝʢʪʦʚ) ʆɿʆ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠʚʝʜʝʥʳ: ʥʘʟʚʘʥʠʝ 

(ʫʩʣʦʚʥʦʝ ʠʣʠ ʦʬʠʮʠʘʣʴʥʦʝ), ʦʧʠʩʘʥʠʝ (ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ), ʪʠʧ 

ʦʙʲʝʢʪʘ (ʧʦʣʠʛʦʥ ʊʂʆ, ʟʘʭʣʘʤʣʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʚʘʣʢʘ ʠ ʜʨ.), 

ʧʣʦʱʘʜʴ (ʚ ʛʘ), ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥ̫ʘʪʳ (ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ), ʢʦʩʤʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ (ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʯʘʩʪʝʡ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ), ï ʩʤ. ʨʠʩʫʥʦʢ 67.  

ʆʧʠʰʝʤ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ (ʨʠʩʫʥʦʢ 66). 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ: 

- ʪʠʧ ʧʨʦʜʫʢʪʘ: ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʩʥʠʤʢʠ Landsat 4 TM, Landsat 5 TM, 

Landsat 8 OLI; 

- ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ: T1=1 ʷʥʚʘʨʷ 1980 ʛ., T2=1 ʤʘʷ 2017 ʛ.; 

- ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ï ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʦʙʣʘʩʪʴ ABCD; ʛʨʘʥʠʯʥʳʝ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ A, B, C, D ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ 9, ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ 

ʧʨ̫ʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ï ʨʠʩʫʥʦʢ 68ʘ. ɼʘʥʥʘʷ ʦʙʣʘʩʪʴ ʧʦʢʨʳʚʘʝʪ: ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ 

ʛ. ʄʦʩʢʚʳ; ʧʦʣʥʦʩʪʴʶ ï ʛ.ʦ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ (ʚ ʩʦʩʪʘʚʝ ɹʘʣʘʰʠʭʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ), ʛ. ʃʳʪʢʘʨʠʥʦ, ʛ. ɼʟʝʨʞʠʥʩʢʠʡ, ʛ. ʂʦʪʝʣʴʥʠʢʠ, ɹʘʣʘʰʠʭʠʥʩʢʠʡ ʠ 

ʃʶʙʝʨʝʮʢʠʡ ʨʘʡʦʥʳ; ʯʘʩʪʠʯʥʦ ï ʅʦʛʠʥʩʢʠʡ, ʈʘʤʝʥʩʢʠʡ ʠ ʑʝʣʢʦʚʩʢʠʡ ʨʘʡʦʥʳ. 

ʀʟʚʝʩʪʥʳʝ ʆɿʆ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 10. ɺ ʪʘʙʣʠʮʝ ʦʙʦʟʥʘʯʝʥʦ: X ï ʰʠʨʦʪʘ (ʉ), Y ï ʜʦʣʛʦʪʘ (ɺ); ʇʊ ï ʧʦʣʠʛʦʥ 

ʊʂʆ, ʈʇ ï ʨʝʢʫʣʴʪʠʚʠʨʫʝʤʳʡ ʧʦʣʠʛʦʥ, ʈʂ ï ʨʝʢʫʣʴʪʠʚʠʨʫʝʤʳʡ ʢʘʨʴʝʨ, ɿʇ ï 

ʟʘʢʨʳʪʳʡ ʧʦʣʠʛʦʥ, ʉɸ ï ʩʪʘʥʮʠʠ ʘʵʨʘʮʠʠ, ʉʉ ï ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʩʚʘʣʢʘ. 

ʉʥʠʤʢʠ ʩʢʘʯʠʚʘʶʪʩʷ ʩ ʩʘʡʪʘ [143] ï ʙʘʟʳ ʜʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʜʣʷ 

ʩʚʦʙʦʜʥʦʛʦ ʩʢʘʯʠʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 65 ï ʂʘʨʪʘ ʆɿʆ ʙʣʠʞʥʝʚʦʩʪʦʯʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ, 2017 ʛ. 
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 66 ï ʆʙʣʘʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɿʆ ʪʝʨʨʠʪʦʨʠʠ ʙʣʠʞʥʝʚʦʩʪʦʯʥʦʛʦ 

ʇʦʜʤʦʩʢʦʚʴʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʂʄ1, 2017 ʛ.: ʘ) ʙʠʥʘʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; ʙ) 

ʥʘʣʦʞʝʥʠʝ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʜʝʣʝʥʠʝ ʢʣʘʩʩʦʚ 

ʆɿʆ (ʟʝʣʸʥʳʝ ʦʙʣʘʩʪʠ ï ʠʟʚʝʩʪʥʳʝ ʆɿʆ, ʢʨʘʩʥʳʝ ʦʙʣʘʩʪʠ ï ʥʝʠʟʚʝʩʪʥʳʝ ʆɿʆ) 

 

 

(ʘ) 




















































































