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ɸʅʆʊɸʎɯʗ 

 

ʐʝʜʣʦʚʩʴʢʘ ʗ.ɯ. ɼʝʰʠʬʨʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. ï ʅʘ 

ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.01.01 çʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ, ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘè. ï

ʄʝʣʽʪʦʧʦʣʴʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ 

ʍʤʝʣʴʥʠʮʴʢʦʛʦ, ʄʝʣʽʪʦʧʦʣʴ, 2021. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʚôʷʟʘʥʘ ʚʘʞʣʠʚʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʘ ʟʘʜʘʯʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ 

ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʪʝʭʥʦʣʦʛʽʶ ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʘʥʘʣʽʟ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʦʢʨʝʤʠʭ ʦʙôʻʢʪʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʫ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʛʝʦʤʝʪʨʠʯʥʽ, ʧʨʦʩʪʦʨʦʚʽ, ʩʧʝʢʪʨʘʣʴʥʽ, ʪʝʢʩʪʫʨʥʽ ʪʘ ʩʪʘʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʙôʻʢʪʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʩʝʛʤʝʥʪʘʮʽʾ ʟôʷʩʦʚʘʥʦ, ʱʦ ʧʨʠ 

ʜʝʰʠʬʨʫʚʘʥʥʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʤʝʪʦʜ ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ. 

ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʥʘ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ. ʋ ʨʦʟʨʦʙʣʝʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʤʦʜʝʣʽ ʫʪʚʦʨʝʥʥʷ ʪʽʥʽ, ʱʦ ʚʨʘʭʦʚʫʻ ʬʽʟʠʯʥʽ ʧʨʠʥʮʠʧʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʄʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʧʦʢʨʘʱʝʥʦ ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʜʘʚʘʥʥʷ ʧʦʰʫʢʫ ʜʽʣʷʥʦʢ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ ʪʠʧʫ ʧʦʚʝʨʭʦʥʴ, ʪʘ 

ʦʙʨʦʙʢʠ ʛʨʘʥʠʮʴ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ.  
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ʏʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʩʢʘʥʝʨʥʠʭ ʩʠʩʪʝʤ 

ʛʝʦʤʝʪʨʽʷ ʟʡʦʤʢʠ ʪʘʢʠʭ ʟʦʙʨʘʞʝʥʴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʟʡʦʤʢʠ 

ʢʘʜʨʦʚʠʭ ʟʥʽʤʢʽʚ. ʋ ʨʦʙʦʪʽ ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ 

ʩʢʘʥʝʨʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. ɼʣʷ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʟʝʤʥʽ ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ ʪʘ ʣʽʥʽʡʥʽ 

ʦʙôʻʢʪʠ ʟʦʙʨʘʞʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʣʽʥʽʡʥʠʭ 

ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʝʰʠʬʨʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ, 

ʜʝʰʠʬʨʫʚʘʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʷ, ʢʦʤʧʝʥʩʘʮʽʷ ʪʽʥʽ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ, ʩʝʛʤʝʥʪʘʮʽʷ. 

 

 

ɸʅʅʆʊɸʎʀʗ 

 

ʐʝʜʣʦʚʩʢʘʷ ʗ.ʀ. ɼʝʰʠʬʨʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʤʥʦʛʦʤʝʨʥʳʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ. ï ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.01.01 çʇʨʠʢʣʘʜʥʘʷ ʛʝʦʤʝʪʨʠʷ, ʠʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè. ï 

ʄʝʣʠʪʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɹʦʛʜʘʥʘ 

ʍʤʝʣʴʥʠʮʢʦʛʦ, ʄʝʣʠʪʦʧʦʣʴ, 2021. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʝʰʝʥʘ ʚʘʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʘʷ ʟʘʜʘʯʘ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʘʥʘʣʠʟʘ ʠ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʘʥʘʣʠʟ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʯʝʪʘ ʠʭ ʩʚʦʡʩʪʚ. ɼʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʩʧʝʢʪʨʘʣʴʥʳʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʪʝʢʩʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʚʳʷʩʥʝʥʦ, 

ʯʪʦ ʧʨʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʤʝʪʦʜ 

ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ. 

ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʥʠ 

ʥʘ ʤʥʦʛʦʤʝʨʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʥʠ ʦʩʥʦʚʘʥ 

ʥʘ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʥʠ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ. ʄʝʪʦʜ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʥʠ ʙʳʣ ʫʣʫʯʰʝʥ ʟʘ ʩʯʝʪ 

ʧʦʠʩʢʘ ʧʘʨʥʳʭ ʫʯʘʩʪʢʦʚ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʪʠʧʫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʦʙʨʘʙʦʪʢʠ ʛʨʘʥʠʮ ʪʝʥʝʚʳʭ ʫʯʘʩʪʢʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʳ 

ʩʢʘʥʝʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʦʣʫʯʘʪʴ ʤʥʦʛʦʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʘʥʝʨʥʳʭ ʩʠʩʪʝʤ, ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʦʟʥʠʢʘʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ. ɺ ʨʘʙʦʪʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ 

ʩʢʘʥʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʘʟʝʤʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʠ ʣʠʥʠʠ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʣʠʥʠʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʢʦʤʧʝʥʩʘʮʠʷ ʪʝʥʠ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʩʝʛʤʝʥʪʘʮʠʷ. 
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ABSTRACT 

 

Shedlovska Y. I. High spatial resolution multidimensional 

photogrammetric imagery interpretation and analysis. ï Manuscript. 

Thesis for a Doctor of Philosophy degree in technical science in specialty 

05.01.01 çApplied geometry, engineering graphicsè. ï Bogdan Khmelnitsky 

Melitopol State Pedagogical University, Melitopol, Ukraine, 2021. 

This dissertation work is concerned with the important scientific and applied 

problem of increasing the efficiency of methods for the preprocessing, analysis, 

and interpretation of multidimensional photogrammetric high spatial resolution 

images, including Earth remote sensing data. A new object-oriented technology for 

multidimensional satellite imagery interpretation, which allows one to obtain 

classified images of the Earth surface, was developed. The developed algorithm 

allows one to analyze and identify individual objects of the Earth surface by 

calculating their features. To identify various types of objects, geometric, spatial, 

spectral, texture, and static features were proposed. 

The developed technology consists of the following stages: image 

preprocessing, image segmentation, segmentation enhancement, segment feature 

calculation, and image classification. At the preprocessing stage, radiometric 

correction and spatial resolution enhancement were performed. At the 

segmentation stage, various segmentation methods that are used in 

multidimensional image decoding and analysis were applied to the input data: 

mean-shift segmentation, multiresolution segmentation, and K-means based 

segmentation. The analysis results show that multiresolution segmentation is the 

most efficient segmentation method for high spatial resolution multidimensional 

satellite images. Segmentation enhancement was performed to make the 

segmentation result more convenient for further analysis. If after image 

segmentation segments of too small size remained, which impeded further 

analysis, segmentation enhancement merged those segments with their neighboring 

ones.  
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To make a decision on the segment class, a fuzzy logic model was built. In 

fuzzy logic systems, a decision on the segment class is made on the basis of a 

fuzzy rule set and fuzzy logic. The rules were built according to the physical 

features of each class. The set of the classes that were identified by the developed 

technology is as follows: buildings, roads, trees, grass, shadow, water, and ground. 

The vectors of segment features were used as the input data for the fuzzy logic 

system. The features were calculated for all image objects obtained at the 

segmentation stage.  

In the dissertation work, a shadow detection and removal technology for 

multidimensional high-resolution satellite imagery was developed. The problem of 

shadow removal consists in obtaining an image without shadows, i. e., the 

illuminance of the shadow regions must be the same as that of the rest of the 

image. For this purpose, the shadow regions must be processed. To implement 

shadow removal and to obtain a shadow-free image, the following problems were 

solved: shadow identification, shadow removal, and shadow segment border 

processing.  

Shadows were identified on the basis of the following shadow spectral 

indices and image components in invariant color spaces: I, NSVDI, SDI, SDI2, 

r(x), r(x)2, and V. The above indices and components were binarized by the 

threshold value. For the binarization threshold to be determined automatically, the 

Otsu method was used. To find out which of the shadow identification method was 

best suited to multidimensional photogrammetric images, accuracy estimates for 

shadow identification with the help of the indices and image components were 

calculated. As a result, it was found that the NSVDI shadow identification index 

was best suited to the problem under consideration. 

In the developed technology, the shadow removal method is based on a 

shadow formation model that takes into account the physical principles of light 

scattering and reflection. The developed realization of the shadow removal method 

was successfully applied to high-resolution multidimensional satellite imagery. 

The developed method of shadow removal was enhanced by adding a paired region 
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search procedure and a shadow region border processing procedure. A search for 

paired shadow and non-shadowed regions that belong to the same type of surfaces 

improves the quality of the shadow detection and removal. 

A method of geometric transformation of high spatial resolution aerospace 

imagery was refined. Todayôs Earth remote sensing systems are equipped with 

scanner systems that can capture multidimensional images of the Earth surface. 

Because of the design features of scanner systems, the geometry of this type of 

imaging differs from the geometry of conventional photography. To make a 

correction by geometric transformation, ground control points and linear image 

objects were used. An automatic identification of image linear objects based on the 

developed decoding algorithm was proposed. 

Keywords: geometric transformation, photogrammetric image, 

interpretation, classification, shadow removal, identification, segmentation. 
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1. Shedlovska Y.I., Hnatushenko V.V. Shadow Detection and Removal 

from Urban High Resolution Remote Sensing Images. ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 
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2. ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ., ʆʙʠʜʝʥʥʠʡ ɭ.ʆ., ʐʝʜʣʦʚʩʴʢʘ ʗ.ɯ. ɸʣʛʦʨʠʪʤ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʫʜʠʥʢʽʚ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. ʇʨʘʮʽ ʊʘʚʨʽʡʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 2016. ʊ. 2, ˉ 6. ʉ. 157ï162. 

(ʅʘʫʢʦʚʝ ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ ʋʢʨʘʾʥʠ. ɯʥʜʝʢʩʫʻʪʴʩʷ ʫ Google 

Scholar, National Library of Ukraine (Vernadsky)). ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ, ʟʘ ʷʢʠʤʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʙʫʜʠʥʢʠ. 

3. ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ., ʐʝʜʣʦʚʩʴʢʘ ʗ.ɯ. ʈʦʟʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ. 2017. ɺʠʧ. 10. ʉ. 51ï58. 

(ʅʘʫʢʦʚʝ ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ ʋʢʨʘʾʥʠ. ɯʥʜʝʢʩʫʻʪʴʩʷ ʫ Google 

Scholar, National Library of Ukraine (Vernadsky)). ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʘʥʘʣʽʟ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʩʫʪʥʽʭ ʥʘ ʥʠʭ ʦʙôʻʢʪʽʚ. 

4. ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ., ʐʝʜʣʦʚʩʴʢʘ ʗ.ɯ. ʊʝʤʘʪʠʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ɺʽʩʥʠʢ 

ʍʝʨʩʦʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 2018. ʊ. 2, ˉ3(66). ʉ. 

130ï136. 
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çʅʘʫʢʘ ʠ ʙʠʟʥʝʩè. 1 ʠʶʣʷ 2016, ɼʥʝʧʨ, ʋʢʨʘʠʥʘ. ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʬʦʨʫʤʘ. 

2016. ʉ. 102ï104. 

9. Shedlovska Y.I. , Hnatushenko V.V. Shadow Removal Algorithm With 

Shadow Area Border Processing. International Young Scientists Forum on Applied 

Physics. October, 10 ï 14, 2016. Kharkiv, Ukraine. Proceedings. 2016. P. 164ï

167. 
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(ɯʥʜʝʢʩʫʻʪʴʩʷ ʚ Scopus). ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʧʦʢʨʘʱʝʥʥʷ ʤʝʪʦʜʫ 

ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʧʨʦʮʝʜʫʨʠ 

ʦʙʨʦʙʢʠ ʛʨʘʥʠʮʽ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ. 

10. Shedlovska Y.I., Hnatushenko V.V. Shadow Detection and Removal 

Using a Shadow Formation method. IEEE First International Conference on Data 

Stream Mining & Processing. August, 23 ï 27, 2016. Lviv, Ukraine. Proceedings. 

2016. P. 187ï190. 

(ɯʥʜʝʢʩʫʻʪʴʩʷ ʚ Scopus). ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. 

11. ʐʝʜʣʦʚʩʢʘʷ ʗ.ʀ., ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ 

ʢʦʤʧʝʥʩʘʮʠʷ ʪʝʥʝʡ ʥʘ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʩʚʝʨʭʚʳʩʦʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʧʨʦʙʣʝʤʳ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè, 24ï28 ʤʘʷ 2016. ɾʝʣʝʟʥʳʡ ʇʦʨʪ, ʋʢʨʘʠʥʘ. 

ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ. 2016. C. 324ï326. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʫ ʙʽʥʘʨʠʟʘʮʽʾ. 

12. ʐʝʜʣʦʚʩʢʘʷ ʗ.ʀ., ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ. ʂʦʤʧʝʥʩʘʮʠʷ ʪʝʥʝʡ ʥʘ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]:  XVIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʏʝʣʦʚʝʢ ʠ ʢʦʩʤʦʩè, 6ï8 ʘʧʨʝʣʷ 2016. 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʋʢʨʘʠʥʘ. ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ. 2016. C. 363. 1 ʝʣʝʢʪʨʦʥ.ʦʧʪ. 

ʜʠʩʢ (CD-R). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ. 

13. ʐʝʜʣʦʚʩʴʢʘ ʗ.ɯ. ɸʣʛʦʨʠʪʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʥʽʤʢʫ. ʍ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʚ 
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ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʦʩʚʽʪʽè, 14ï15 ʛʨʫʜʥʷ 2016. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ. ʊʝʟʠ 

ʜʦʧʦʚʽʜʝʡ. 2016. C. 71. 

14. Shedlovska Y. I., Hnatushenko V. V., Kashtan V. J. Satellite Imagery 

Features for the Image Similarity Estimation. International Young Scientists 

Forum on Applied Physics. October, 16 ï 20, 2017. Lviv, Ukraine. Proceedings. 

2017. P. 359ï362. 

(ɯʥʜʝʢʩʫʻʪʴʩʷ ʚ Scopus). ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʩʫʪʥʽʭ ʥʘ ʥʠʭ ʦʙôʻʢʪʽʚ. 

15. Kashtan V.J., Hnatushenko V.V., Shedlovska Y.I. Processing 

Technology of Multispectral Remote Sensing Images. International Young 

Scientists Forum on Applied Physics. October, 16 ï 20, 2017. Lviv, Ukraine. 

Proceedings. 2017. P. 355ï358. 

(ɯʥʜʝʢʩʫʻʪʴʩʷ ʚ Scopus). ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

16. ʐʝʜʣʦʚʩʴʢʘ ʗ.ɯ., ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ. ʇʦʰʫʢ ʩʭʦʞʠʭ ʜʽʣʷʥʦʢ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ. ɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤè. 22ï24 ʣʠʩʪʦʧʘʜʘ 2017. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ. ʊʝʟʠ 

ʜʦʧʦʚʽʜʝʡ. 2017. C. 21ï22. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʤʝʪʦʜ ʧʦʰʫʢʫ ʩʭʦʞʠʭ ʜʽʣʷʥʦʢ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

17. ʐʝʜʣʦʚʩʴʢʘ ʗ.ɯ., ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ. ɸʣʛʦʨʠʪʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ 

ʥʘ ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʥʽʤʢʫ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: Xɯʍ ʄʽʞʥʘʨʦʜʥʘ ʤʦʣʦʜʽʞʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʃʶʜʠʥʘ ʽ ʢʦʩʤʦʩè, 12ï14 ʢʚʽʪʥʷ 2017. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ. ɿʙʽʨʥʠʢ 

ʪʝʟ. C. 332. 1 ʝʣʝʢʪʨʦʥ.ʦʧʪ. ʜʠʩʢ (CD-R). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʦʙôʻʢʪʽʚ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. 
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18. ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ., ʆʙʠʜʝʥʥʠʡ ɭ.ʆ., ʉʦʢʦʣʦʚʘ ʅ.ʆ., ʐʝʜʣʦʚʩʴʢʘ 

ʗ.ɯ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʥʘ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ. ɯɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤè. 

1ï3 ʣʠʩʪʦʧʘʜʘ 2017. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ. 2017. C. 185ï

187. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʥʘ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. 

19. ʐʝʜʣʦʚʩʴʢʘ ʗ.ɯ., ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʽʜʨʘʭʫʥʢʫ 

ʜʝʨʝʚ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ. ɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çɯʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʦʜʝʣʶʚʘʥʥʽè. 23ï24 ʙʝʨʝʟʥʷ 2017. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ. ɿʙʽʨʥʠʢ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ. 2017. C. 53ï54. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʘʚʪʦʤʘʪʠʯʥʠʡ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʧʽʜʨʘʭʫʥʢʫ 

ʜʝʨʝʚ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ. 

20. ɻʥʘʪʫʰʝʥʢʦ ɺ. ɺ., ʐʝʜʣʦʚʩʴʢʘ ʗ.ɯ. ɸʣʛʦʨʠʪʤ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʟʦʙʨʘʞʝʥʴ ʦʪʨʠʤʘʥʠʭ ʩʫʧʫʪʥʠʢʘʤʠ WorldView-2 ʪʘ WorldView-3. 

ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʄʂʄʄ-2018. 17ï

21 ʚʝʨʝʩʥʷ, 2018. ʃʘʟʫʨʥʝ, ʋʢʨʘʾʥʘ. ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ. 2018. 

C. 106. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʟʥʽʤʢʘ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ. 

21. Shedlovska Y.I., Hnatushenko V.V. A Very High Resolution Satellite 

Imagery Classification Algorithm. IEEE 38th International Scientific and 

Technical Conference ñElectronics and Nanotechnologyò ELNANO 2018. April 

24ï28, 2018. Kyiv,  Ukraine. Proceedings. 2018. P. 654ï657. 

(ɯʥʜʝʢʩʫʻʪʴʩʷ ʚ Scopus). ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ 

ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 
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22. Shedlovska Y.I., Hnatushenko V.V. A Shadow Removal Algorithm for 

Remote Sensing Imagery. IEEE 39th International Scientific and Technical 

Conference ñElectronics and Nanotechnologyò ELNANO 2019. April 16ï18, 

2019. Kyiv , Ukraine. Proceedings. 2019. P. 817ï821. 

(ɯʥʜʝʢʩʫʻʪʴʩʷ ʚ Scopus). ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ 

ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʟʘʚʜʷʢʠ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. 
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ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔ 

 

ɼɼɿ ï ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ; 

ɼɿɿ ï ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ;  

ʅʂʊ ï ʥʘʟʝʤʥʽ ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ; 

ʇɿɿ ï ʧʨʠʩʪʨʽʡ ʟ ʟʘʨʷʜʦʚʠʤ ʟʚôʷʟʢʦʤ; 

ʉʂɺ ï ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ; 

ʉʂʇ ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ; 

ʐʉɿ ï ʰʪʫʯʥʠʡ ʩʫʧʫʪʥʠʢ ɿʝʤʣʽ; 

ANN ï artificial neural network; 

DN ï digital number; 

ERGAS ï relative dimensionless global error in synthesis; 

FOV ï field of view; 

GFOV ï geometric field of view; 

GSI ï ground sample distance; 

HIS ï hue saturation intensity; 

HPF ï hight-pass filter; 

HSV ï hue saturation value; 

IFOV ï instantaneous ýeld of view; 

IOU ï intersection over union; 

LIDAR ï light detection and ranging active sensor; 

LPF ï low-pass filter; 

NDVI ï normalized difference vegetation index; 

NDWI ï normalized difference water index; 

NIR ï near infrared; 

NSVDI ï normalized saturation-intensity difference index; 

PCA ï principal component analysis; 

POS ï positioning and orientation system; 

PSNR ï peak signal to noise ratio;  

RASE ï relative average spectral error;  
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RGB ï red green blue; 

RMSE ï root mean square error; 

RPC ï rational function coefficients; 

YCbCr ï luma blue-difference component red-difference component; 

YIQ ï luma in-phase quadrature. 
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ɺʉʊʋʇ 

 

ɼʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (ɼɼɿ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ 

ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ: ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʦʞʘʶ, ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ, ʢʦʥʪʨʦʣʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʽ ʪʘ ʩʪʚʦʨʝʥʥʽ ʢʘʜʘʩʪʨʦʚʠʭ ʧʣʘʥʽʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʪʘ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ ʽ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ. ʇʦʷʚʘ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʱʦ 

ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʽ ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʫ, ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʫʣʦ ʟʘʧʫʱʝʥʦ ʩʫʯʘʩʥʽ 

ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʩʫʧʫʪʥʠʢʠ 

WorldView-2 ʪʘ WorldView-3 ʩʧʨʦʤʦʞʥʽ ʦʪʨʠʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʽʩʪʶ 0,46 ʤ ʪʘ 0,31 ʤ ʥʘ ʧʽʢʩʝʣʴ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ 

ʙʣʠʟʴʢʦ ʦʜʥʽʻʾ ʜʦʙʠ. ʑʦʜʥʷ ʩʫʧʫʪʥʠʢʠ ʧʝʨʝʜʘʶʪʴ ʥʘ ɿʝʤʣʶ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ 

ʜʘʥʠʭ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʟʘʩʦʙʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɼʘʥʽ ʟ ʩʫʧʫʪʥʠʢʽʚ ʥʘʜʭʦʜʷʪʴ ʫ ʥʝʦʙʨʦʙʣʝʥʦʤʫ ʘʧʘʨʘʪʥʦʤʫ ʚʠʛʣʷʜʽ, ʱʦ 

ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʤʝʪʦʜʽʚ ʾʭ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʅʘ 

ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʘʢʪʫʘʣʴʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʽʜʚʠʱʫʚʘʪʠ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ɼɼɿ, ʫʩʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʬʽʢʩʘʮʽʾ ʜʘʥʠʭ ʩʫʯʘʩʥʠʤʠ ʩʢʘʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʜʝʰʠʬʨʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. 

ɼʝʰʠʬʨʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʪʘʢʽ ʟʘʜʘʯʽ ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʙôʻʢʪʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʦʰʫʢ ʦʙôʻʢʪʽʚ 

ʧʝʚʥʦʛʦ ʪʠʧʫ.  

ʅʘʫʢʦʚʽ ʨʦʙʦʪʠ ʟʘʢʦʨʜʦʥʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʟʦʢʨʝʤʘ 

ʆ.ʉ.  ɹʫʪʝʥʢʦ, ʈ. ɺʫʜʩʘ, ɯ.ʄ.  ɻʘʨʢʫʰʽ, ɺ.ɺ.  ɻʥʘʪʫʰʝʥʢʘ, ʈ.  ɻʦʥʩʘʣʝʩʘ, 

ʆ.ʃ.  ɼʦʨʦʞʠʥʩʴʢʦʛʦ, ɭ.ɯ.  ʂʘʣʘʥʪʘʨʦʚʘ, ʖ.ʆ.  ʂʘʨʧʽʥʩʴʢʦʛʦ, ɼ.  ʂʦʤʘʥʠʯʠʫ, 
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ɺ.ʄ.  ʂʦʨʯʠʥʩʴʢʦʛʦ, ʅ.ʄ.  ʂʫʩʩʫʣʴ, ʉ.ɺ.  ʉʢʘʢʫʥʘ, ʉ.ɸ.  ʉʪʘʥʢʝʚʠʯʘ, 

ɸ.ʖ.  ʐʝʣʝʩʪʦʚʘ, ɺ.  ʎʘʷ ʪʘ ʾʭ ʫʯʥʽʚ ʧʨʠʩʚʷʯʝʥʽ ʚʠʨʽʰʝʥʥʶ ʩʫʯʘʩʥʠʭ 

ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʧʦ ʜʝʰʠʬʨʫʚʘʥʥʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʘʣʝ ʚ 

ʦʩʥʦʚʥʦʤʫ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʨʽʰʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʘʚʜʘʥʴ ʪʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʦʙôʻʢʪʽʚ ʧʝʚʥʦʛʦ ʪʠʧʫ. ʇʨʠ ʮʴʦʤʫ ʙʫʜʴ-ʷʢʽ ʘʧʨʽʦʨʥʽ ʚʽʜʦʤʦʩʪʽ 

ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ, ʘ ʪʘʢʦʞ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʥʘʚʯʘʣʴʥʽ ʚʠʙʽʨʢʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʽʜʩʫʪʥʽ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ ʚʥʫʪʨʽʰʥʴʦʢʣʘʩʦʚʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙ'ʻʢʪʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʚʠʢʦʥʫʚʘʪʠ ʚʝʩʴ ʮʠʢʣ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ: ʛʝʦʤʝʪʨʠʯʥʫ ʢʦʨʝʢʮʽʶ, ʘʥʘʣʽʟ, ʜʝʰʠʬʨʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʦʙôʻʢʪʽʚ ʽ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʊʦʤʫ ʦʩʦʙʣʠʚʦʾ ʟʥʘʯʫʱʦʩʪʽ ʥʘʙʫʚʘʻ 

ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʦʪʨʠʤʘʥʠʭ ʫ ʚʠʜʠʤʽʡ ʪʘ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʜʽʣʷʥʢʘʭ 

ʩʧʝʢʪʨʫ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʝʰʠʬʨʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʩʢʘʥʝʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ 

ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʥʘʫʢʦʚʠʤ ʥʘʧʨʷʤʘʤ, 

ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ɼʥʽʧʨʦʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ʆʣʝʩʷ 

ɻʦʥʯʘʨʘ ʟ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʴ ʧʨʦʻʢʮʽʡʥʦʾ ʧʨʠʨʦʜʠ. ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʥʘʫʢ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ ʚ ʤʝʞʘʭ ʅɼʈ 0116U001297 çʄʝʪʦʜʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʜʘʥʠʭè (2016ï

2018ʨ.) ʽ ʅɼʈ ˉ0119U101205 çɸʣʛʦʨʠʪʤʽʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (2019ï2021 ʨʨ.). 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʊʆɺ çɽʆʉ ɼɸʊɸ ɸʅɸʃɯʊɯʂʉ 

ʋʂʈɸɰʅɸè ʪʘ ʬʽʣʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ 

ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ çɼʥʽʧʨʦʢʦʩʤʦʩè ɼʝʨʞʘʚʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ 

ʋʢʨʘʾʥʠ (ʤ. ɼʥʽʧʨʦ). 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ 

ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʧʨʠʥʮʠʧʠ ʩʢʘʥʝʨʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʟʥʽʤʢʽʚ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʟʦʢʨʝʤʘ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʦʜʝʨʞʘʥʠʭ ʚ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʽ ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ 

ʢʦʨʝʢʮʽʡ, ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ: 

ï ʜʦʩʣʽʜʠʪʠ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ, ʤʝʪʦʜʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ; 

ï ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ; 

ï ʚʠʟʥʘʯʠʪʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʝʡ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʟ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʧʦʭʠʙʦʢ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ; 

ï ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ; 
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ï ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʚʠʙʦʨʫ ʤʝʪʦʜʫ ʩʝʛʤʝʥʪʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʥʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ; 

- ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʙôʻʢʪʽʚ, ʧʨʠʩʫʪʥʽʭ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ; 

ï ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʣʽʥʽʡʥʠʭ 

ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʩʢʘʥʝʨʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

ï ʚʠʢʦʥʘʪʠ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʽ ʘʧʨʦʙʘʮʽʶ ʨʦʟʨʦʙʣʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʩʦʙʠ 

ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʛʝʦʤʝʪʨʽʾ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʪʝʦʨʽʾ ʟʦʙʨʘʞʝʥʴ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʽ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʻ ʥʘʩʪʫʧʥʠʤʠ: 

ɺʧʝʨʰʝ: 

ï ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʪʝʭʥʦʣʦʛʽʶ ʜʝʰʠʬʨʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʜʽʣʠʪʠ ʥʘ ʥʽʡ ʨʽʟʥʽ ʪʠʧʠ ʦʙôʻʢʪʽʚ; 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʚʠʙʦʨʫ ʤʝʪʦʜʫ 

ʩʝʛʤʝʥʪʘʮʽʾ ʜʣʷ ʦʙʨʦʙʢʠ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʪʝʭʥʦʣʦʛʽʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ, 

ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʽʟʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʚʠʥʠʢʥʝʥʥʷ ʪʽʥʽ ʥʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʷʢʽʩʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʪʽʥʴʦʚʽ ʜʽʣʷʥʢʠ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɺʜʦʩʢʦʥʘʣʝʥʦ: 
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ï ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʝʡ ʰʣʷʭʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʫ ʙʽʥʘʨʠʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʦʯʘʩʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʟʡʦʤʢʠ (ʦʩʚʽʪʣʝʥʥʷ); 

ï ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʩʢʘʥʝʨʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʧʨʦʝʢʪʠʚʥʦʛʦ ʡ ʘʬʽʥʥʦʛʦ ʧʦʜʘʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʢʦʥʽʚ 

ʦʙʨʦʙʢʠ ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʚʠʜʽʣʝʥʥʷ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ; 

ï ʧʨʦʮʝʩ ʩʝʛʤʝʥʪʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʮʝʜʫʨʠ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʩʝʛʤʝʥʪʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ 

ʥʘʜʤʽʨʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʠʚʽʚ ʛʨʘʥʠʮʴ ʩʝʛʤʝʥʪʽʚ; 

ï ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ ʰʣʷʭʦʤ ʧʦʰʫʢʫ ʜʽʣʷʥʦʢ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʦ ʦʜʥʦʛʦ ʪʠʧʫ ʧʦʚʝʨʭʦʥʴ. 

ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ: 

ï ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ 

ʩʧʝʢʪʨʘʣʴʥʠʭ, ʧʨʦʩʪʦʨʦʚʠʭ, ʛʝʦʤʝʪʨʠʯʥʠʭ, ʪʝʢʩʪʫʨʥʠʭ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʽʚ; 

ï ʩʧʦʩʽʙ ʚʠʜʽʣʝʥʥʷ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʛʝʦʤʝʪʨʠʯʥʽʡ ʢʦʨʝʢʮʽʾ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʧʦʟʜʦʚʞʥʽʤʠ ʇɿɿ-ʩʢʘʥʝʨʘʤʠ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥ̫ ʤʠ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʫ ʧʨʘʢʪʠʢʫ ʨʦʙʽʪ ʊʆɺ çɽʆʉ ɼɸʊɸ ɸʅɸʃɯʊɯʂʉ 

ʋʂʈɯɰʅɸè (ʤ. ɼʥʽʧʨʦ) ʪʘ çɼʥʽʧʨʦʢʦʩʤʦʩè ʬʽʣʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ɼʂɸʋ ʧʨʠ ʦʙʨʦʙʮʽ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʦʜʝʨʞʘʥʠʭ ʟ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ çWorldviewè. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʪʪʻʚʠʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʰʚʠʜʢʦʜʽʾ ʪʘ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʮʠʬʨʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʪʝʦʨʝʪʠʯʥʦʶ ʙʘʟʦʶ ʷʢʦʛʦ ʻ ʤʝʪʦʜʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ, 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ, i ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

ï ʝʢʦʥʦʤʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ; 
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ï ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ 

iʜʝʥʪʠʬiʢʘʮiʶ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟ ʤʦʞʣʠʚʽʩʪʶ ʾʭ ʢʦʥʪʨʦʣʶ ʪʘ ʧʦʚôʷʟʘʥʦʶ ʟ 

ʮʠʤ ʦʧʪʠʤʽʟʘʮʽʻʶ ʦʙʩʷʛʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ; 

ï ʝʢʦʥʦʤʽʾ ʤʘʪʝʨʽʘʣʴʥʠʭ i ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʚʠʩʥʦʚʢʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʐʝʜʣʦʚʩʴʢʦʾ  ʗ. ɯ., ʚʩʝʙʽʯʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʪʘ ʜʦʩʪʘʪʥʴʦ ʦʙˇʨʫʥʪʦʚʘʥʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʥʷʭ ʫ ʛʘʣʫʟʽ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʛʝʦʤʝʪʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʬʽʟʠʯʥʽ ʤʝʭʘʥʽʟʤʠ ʬʦʨʤʫʚʘʥʥʷ ʩʢʘʥʝʨʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥ.̫ ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ 

ʜʠʩʝʨʪʘʮʽʾ ʦʜʝʨʞʘʥʦ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʙʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, 

ʤʝʪʦʜʽʚ ʜʝʰʠʬʨʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʪʘ ʢʦʨʝʢʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ; ʢʦʤʧ'ʶʪʝʨʥʦʶ 

ʨʝʘʣʽʟʘʮʽʻʶ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʫ ʚʠʛʣʷʜʽ ʧʨʠʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʜʝʰʠʬʨʫʚʘʥʥʷ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʮʠʬʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʫ ʩʫʢʫʧʥʦʩʪʽ ʫʪʚʦʨʶʶʪʴ ʮʽʣʽʩʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ; 

ʚʧʨʦʚʘʜʞʝʥʥʷʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. 

ʆʪʨʠʤʘʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʜʦʩʪʦʚʽʨʥʠʤʠ, ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ 

ʢʦʨʝʢʪʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʘ ʥʦʚʠʤʠ ʤʝʪʦʜʘʤʠ 

ʦʙʨʦʙʢʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʰʣʷʭʦʤ ʚʘʣʽʜʘʮʽʾ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʥʝʟʘʣʝʞʥʠʭ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ 

ʥʝʦʜʥʦʨʘʟʦʚʦ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʫ ʢʘʥʜʠʜʘʪʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ, 

ʚʧʨʦʚʘʜʞʝʥʦ: 
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ï ʫ ʊʆɺ çɽʆʉ ɼɸʊɸ ɸʅɸʃɯʊɯʂʉ ʋʂʈɯɰʅɸè (ʤ. ɼʥʽʧʨʦ) ʧʨʠ ʦʙʨʦʙʮʽ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʨʽʟʥʝʥʷ, ʟʦʢʨʝʤʘ ʦʜʝʨʞʘʥʠʭ ʟ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ çWorldviewè; 

ï ʫ çɼʥʽʧʨʦʢʦʩʤʦʩè ʬʽʣʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ɼʂɸʋ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ ʽ ʩʢʣʘʜʘʶʪʴ 

ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʪʨʠʤʘʥʽ ʦʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ. ʋ 

ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ, ʩʪʚʦʨʝʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʠʪʴ: 

ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʥʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʘʭ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ [1]; ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ, ʟʘ ʷʢʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʙʫʜʠʥʢʠ [2]; 

ʘʥʘʣʽʟ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʩʫʪʥʽʭ ʥʘ ʥʠʭ ʦʙôʻʢʪʽʚ [3]; ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ [4]; 

ʨʦʟʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ [5]; ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʙʫʜʠʥʢʽʚ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʘʭ ʥʘ ʦʩʥʦʚʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ [6]; ʧʦʢʨʘʱʝʥʥʷ ʤʝʪʦʜʫ 

ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʧʨʦʮʝʜʫʨʠ 

ʦʙʨʦʙʢʠ ʛʨʘʥʠʮʽ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ [7]; ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʪʘ 

ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ [8]; ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʫ ʙʽʥʘʨʠʟʘʮʽʾ [9]; ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ [10]; ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʩʫʪʥʽʭ ʥʘ ʥʠʭ ʦʙôʻʢʪʽʚ [11]; ʨʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ [12]; ʤʝʪʦʜ ʧʦʰʫʢʫ ʩʭʦʞʠʭ ʜʽʣʷʥʦʢ 
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ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʢʣʘʩʠʬʽʢʘʮʽʾ [13]; 

ʨʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʘʭ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ [14]; ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʤʝʪʦʜʫ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʥʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ 

[15]; ʘʚʪʦʤʘʪʠʯʥʠʡ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʧʽʜʨʘʭʫʥʢʫ ʜʝʨʝʚ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʘʭ [16]; ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʥʘ ʦʩʥʦʚʽ 

ʩʠʩʪʝʤ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ [17]; ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ 

ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ [18]; ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ 

ʟʘʚʜʷʢʠ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ [19]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ 

ʩʝʤʽʥʘʨʘʭ ʢʘʬʝʜʨʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ; ʥʘ 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦïʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʝʜʦʚʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ 

ʘʥʘʣʽʟʫ ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾè (03ï04.12.2015, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ); ʥʘ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʤʫ ʬʦʨʫʤʽ çʅʘʫʢʘ ʽ ʙʽʟʥʝʩè (1.07.2016, 

ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ); ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ 2016 International Young Scientists Forum on 

Applied Physics (10ï14.10. 2016. Kharkiv, Ukraine); ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ 2016 IEEE 

First International Conference on Data Stream Mining & Processing (23ï

27.08.2016, Lviv, Ukraine); ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʧʨʦʙʣʝʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫè (24ï28.05.2016, ɿʘʣʽʟʥʠʡ ʇʦʨʪ, ʋʢʨʘʾʥʘ); ʥʘ XVIII ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʃʶʜʠʥʘ ʽ ʢʦʩʤʦʩè (6ï8.04.2016, ɼʥʽʧʨʦ, 

ʋʢʨʘʾʥʘ); ʥʘ ʍ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʦʩʚʽʪʽè (14ï15.12.2016, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ); ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ 2017 International 

Young Scientists Forum on Applied Physics (16ï20.10. 2017, Lviv, Ukraine); ʥʘ 

ɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ 

ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤè (22ï
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24.11.2017, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ); ʥʘ Xɯʍ ʤʽʞʥʘʨʦʜʥʽʡ ʤʦʣʦʜʽʞʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʃʶʜʠʥʘ ʽ ʢʦʩʤʦʩè (12ï14.04.2017, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ); 

ʥʘ ɯɯɯ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʂʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤè (1ï3.11.2017, ɼʥʽʧʨʦ, 

ʋʢʨʘʾʥʘ); ʥʘ ɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʦʜʝʣʶʚʘʥʥʽè (23ï

24.03.2017, ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ); ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʄʂʄʄ-2018 (17ï21.09.2018, ʃʘʟʫʨʥʝ, ʋʢʨʘʾʥʘ); ʥʘ 

ʢʦʥʬʝʨʝʥʮʽʾ IEEE 38th International Scientific and Technical Conference 

ñElectronics and Nanotechnologyò ELNANO 2018 (24ï28.04.2018, 

Kyiv,  Ukraine); ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ IEEE 39th International Scientific and Technical 

Conference ñElectronics and Nanotechnologyò ELNANO 2019 (16ï18.04.2019. 

Kyiv , Ukraine). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 

22 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, 6 ʟ ʷʢʠʭ ʽʥʜʝʢʩʫʶʪʴʩʷ ʚ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʤʝʪʨʠʯʥʽʡ 

ʙʘʟʽ Scopus. ʇôʷʪʴ ʩʪʘʪʝʡ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ 

ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, 1 ʩʪʘʪʪʷ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʽʥʦʟʝʤʥʦʤʫ 

ʥʘʫʢʦʚʦʤʫ ʚʠʜʘʥʥʽ, 16 ï ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʪʘ ʤʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʡ, ʟ ʥʠʭ 8 ï 

ʚʢʣʶʯʝʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʥʦʪʘʮʽʾ, ʟʤʽʩʪʫ, ʧʝʨʝʣʽʢʫ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ, ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, 

ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʤ ʦʙʩʷʛʦʤ 

ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 184 ʩʪʦʨʽʥʦʢ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, ʱʦ ʚʢʣʶʯʘʻ 58 

ʨʠʩʫʥʢʽʚ, 11 ʪʘʙʣʠʮʴ, 3 ʜʦʜʘʪʢʠ ʥʘ 14 ʩʪʦʨʽʥʢʘʭ. ʆʙʩʷʛ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ 

ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 152. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʥʘʨʘʭʦʚʫʻ 120 

ʥʘʡʤʝʥʫʚʘʥʴ. 
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ʈʆɿɼɯʃ 1 ʆɻʃʗɼ ɯʉʅʋʖʏʀʍ ʄɽʊʆɼɯɺ ʌʆʈʄʋɺɸʅʅʗ, 

ɼɽʐʀʌʈʋɺɸʅʅʗ ʊɸ ɸʅɸʃɯɿʋ ɹɸɻɸʊʆɺʀʄɯʈʅʀʍ 

ɸɽʈʆʂʆʉʄɯʏʅʀʍ ɿʆɹʈɸɾɽʅʔ 

 

1.1 ʇʨʠʥʮʠʧ ʬʦʨʤʫʚʘʥʥʷ ʩʢʘʥʝʨʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ 

 

1.1.1 ʉʠʩʪʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

 

ɼʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʠʭ 

ʩʫʧʫʪʥʠʢʽʚ ɿʝʤʣʽ (ʐʉɿ), ʤʽʩʪʷʪʴ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙôʻʢʪʠ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

[20, 21]. ʂʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʽ ʫ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʽ [22], 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʢʦʥʪʨʦʣʽ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʽʡʩʴʢʦʚʽʡ ʨʦʟʚʽʜʮʽ ʪʘ 

ʽʥʰʠʭ ʛʘʣʫʟʷʭ [23, 24]. ʆʧʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʐʉɿ, 

ʦʭʦʧʣʶʶʪʴ ʚʝʣʠʯʝʟʥʽ ʧʣʦʱʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʽʦʜʠʯʥʫ ʪʘ 

ʨʝʛʫʣʷʨʥʫ ʟʡʦʤʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʤʽʥʦʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʧʣʠʚʦʤ ʥʘ ʥʴʦʛʦ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ [25, 26]. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʪʠʧʫ ʩʠʩʪʝʤ ɼɿɿ, 

ʛʝʦʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ ʤʘʶʪʴ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʘ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ 

ʜʘʥʠʭ ʩʠʩʪʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʽʣʷʪʴʩʷ ʥʘ ʧʘʩʠʚʥʽ ʽ ʘʢʪʠʚʥʽ [27].  

ɼʦ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʚʽʜʥʦʩʷʪʴʩʷ ʩʢʘʥʫʶʯʠ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ, ʱʦ 

ʨʝʻʩʪʨʫʶʪʴ ʧʨʠʨʦʜʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɸʢʪʠʚʥʽ ʩʠʩʪʝʤʠ (ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʪʘ 

ʣʘʟʝʨʥʽ) ʩʘʤʽ ʧʦʩʠʣʘʶʪʴ ʥʘ ɿʝʤʣʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʧʦʪʽʤ ʬʽʢʩʫʶʪʴ ʡʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ. ɼʦ ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʣʘʟʝʨʥʽ ʩʠʩʪʝʤʠ ʪʘ ʩʠʩʪʝʤʠ LIDAR 

(Light Detection And Ranging active sensor). ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ ʯʠ ʧʨʦ ʘʪʤʦʩʬʝʨʫ. ɿʦʢʨʝʤʘ, ʧʦ ʨʦʟʩʽʶʚʘʥʥʶ 

ʪʘ ʧʦʛʣʠʥʘʥʥʶ ʘʪʤʦʩʬʝʨʦʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʾʾ 

ʤʦʣʝʢʫʣʷʨʥʠʡ ʩʢʣʘʜ. ʉʠʩʪʝʤʘ LIDAR ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ 
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ʜʦ ʦʙôʻʢʪʫ, ʧʦʩʠʣʘʶʯʠ ʜʦ ʥʴʦʛʦ ʽʤʧʫʣʴʩʥʝ ʩʚʽʪʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʚʠʤ̔ʨʶʶʯʠ ʚʽʜʦʙʨʘʞʝʥʠʡ ʩʠʛʥʘʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʡʤʘʯʘ ʟ ʯʫʪʣʠʚʠʤʠ 

ʜʝʪʝʢʪʦʨʘʤʠ. ʌʽʢʩʫʻʪʴʩʷ ʯʘʩ ʤʽʞ ʧʝʨʝʜʘʥʠʤ ʪʘ ʚʽʜʦʙʨʘʞʝʥʠʤ ʩʠʛʥʘʣʘʤʠ, ʯʘʩ 

ʤʥʦʞʠʪʴʩʷ ʥʘ ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʜʦ 

ʦʙôʻʢʪʘ. 

ʈʘʜʽʦʣʦʢʘʮʽʡʥʘ ʟʡʦʤʢʘ ɿʝʤʣʽ ʚʝʜʝʪʴʩʷ ʚ ʜʝʢʽʣʴʢʦʭ ʜʽʣʷʥʢʘʭ ʜʽʘʧʘʟʦʥʫ 

ʜʦʚʞʠʥ ʭʚʠʣʴ (1 ʩʤ ï 1 ʤ) ʘʙʦ ʯʘʩʪʦʪ (40 ɻɻʮ ï 300 ʄɻʮ). ʍʘʨʘʢʪʝʨ 

ʟʦʙʨʘʞʝʥʥʷ ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʤʫ ʟʥʽʤʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʽ ʨʦʟʤʽʨʘʤʠ ʥʝʨʽʚʥʦʩʪʝʡ ʤʽʩʮʝʚʦʩʪʽ: 

ʧʦʚʝʨʭʥʷ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ, ʥʝʨʽʚʥʦʶ ʘʙʦ ʛʣʘʜʢʦʶ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʷʩʢʨʘʚʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʾ 

ʜʽʣʷʥʢʠ ʥʘ ʟʥʽʤʢʫ [28, 29]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʻ ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ ï ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʾ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʚʠʜʽʣʝʥʥʽ ʨʽʟʥʠʮʽ ʬʘʟ ʩʠʛʥʘʣʽʚ, ʚʽʜʙʠʪʠʭ ʨʽʟʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʤʽʩʮʝʚʦʩʪʽ. ɺʽʥ 

ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʠʪʠ ʰʣʷʭ, ʧʨʦʡʜʝʥʠʡ ʨʘʜʽʦʭʚʠʣʷʤʠ ʜʦ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʦʪʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʷʢ ʧʨʦ ʘʙʩʦʣʶʪʥʽ ʚʠʩʦʪʠ 

ʤʽʩʮʝʚʦʩʪʽ, ʪʘʢ ʽ ʧʨʦ ʟʩʫʚʠ ʧʦʚʝʨʭʥʽ, ʦʙʫʤʦʚʣʝʥʽ ʨʽʟʥʠʤʠ ʬʘʢʪʦʨʘʤʠ [30]. 

ʆʩʥʦʚʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʟʦʥʜʫʚʘʥʥʽ, ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1.1. ʎʽ ʜʽʘʧʘʟʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ ʥʠʭ ʧʨʠʭʦʜʷʪʴʩʷ ʚʽʢʥʘ ʧʨʦʟʦʨʦʩʪʽ ʘʪʤʦʩʬʝʨʠ, 

ʯʝʨʝʟ ʷʢʽ ʧʨʦʭʦʜʠʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʧʝʚʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʴ. ɿʘ ʤʝʞʘʤʠ 

ʮʠʭ ʜʽʘʧʘʟʦʥʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʛʣʠʥʘʻʪʴʩʷ ʨʽʟʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ 

ʘʪʤʦʩʬʝʨʠ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʽ ʦʧʪʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ ï ʩʢʘʥʝʨʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʘʥʝʨʽʚ ʬʦʨʤʫʶʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʢʨʝʤʠʭ, ʧʦʩʣʽʜʦʚʥʦ 

ʦʜʝʨʞʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʝʨʤʽʥ "ʩʢʘʥʫʚʘʥʥʷ" ʧʦʟʥʘʯʘʻ ʨʦʟʛʦʨʪʢʫ ʟʦʙʨʘʞʝʥʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʧʝʨʝʛʣʷʜʘʻ ʤʽʩʮʝʚʽʩʪʴ ʧʦʧʝʨʝʢ ʨʫʭʫ 

ʥʦʩʽʷ ʽ ʧʦʩʠʣʘʻ ʧʦʪʽʢ ʧʨʦʤʝʥʽʚ ʫ ʦʙ'ʻʢʪʠʚ, ʘ ʜʘʣʽ ʥʘ ʜʝʪʝʢʪʦʨʥʠʡ ʝʣʝʤʝʥʪ, ʱʦ 
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ʧʝʨʝʪʚʦʨʶʻ ʩʚʽʪʣʦʚʠʡ ʩʠʛʥʘʣ ʚ ʝʣʝʢʪʨʠʯʥʠʡ. ʉʢʘʥʝʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʚ ʫʩʽʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʘʣʝ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤʠ ʻ 

ʚʠʜʠʤʠʡ ʽ ɯʏ-ʜʽʘʧʘʟʦʥʠ. ʇʨʠ ʟʡʦʤʮʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʘʥʫʶʯʠʭ ʩʠʩʪʝʤ ʬʦʨʤʫʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ, ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʷʢʦʛʦ 

ʚʽʜʧʦʚʽʜʘʻ ʷʩʢʨʘʚʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʽʣʷʥʢʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

ʤʠʪʪʻʚʦʛʦ ʧʦʣʷ ʟʦʨʫ IFOV (instantaneous ýeld of view) [31]. 

 

ʊʘʙʣʠʮʷ 1.1 ï ʆʩʥʦʚʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʟʡʦʤʢʠ ʩʠʩʪʝʤ ɼɿɿ 

ʅʘʟʚʘ ɼʽʘʧʘʟʦʥ ʜʦʚʞʠʥ 

ʭʚʠʣʴ 

ɼʞʝʨʝʣʦ 

ʚʠʧʨʦʤʽʥʝʥʥʷ 

ʇʘʨʘʤʝʪʨ ʧʦʚʝʨʭʥʽ 

ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ 

ɺʠʜʠʤʠʡ (V) 0.4 ï 0.7 ʤʢʤ ʉʦʥʮʝ ɺʽʜʙʠʚʥʘ ʟʜʘʪʥʽʩʪʴ 

ɹʣʠʞʥʽʡ 

ʽʥʬʨʘʯʝʨʚʦʥʠʡ(NIR) 

0.7 ï 1.1 ʤʢʤ ʉʦʥʮʝ ɺʽʜʙʠʚʥʘ ʟʜʘʪʥʽʩʪʴ 

ʂʦʨʦʪʢʦʭʚʠʣʴʦʚʠʡ 

ʽʥʬʨʘʯʝʨʚʦʥʠʡ(SWIR) 

1.1 ï 1.35 ʤʢʤ 

1.4 ï 1.8 ʤʢʤ 

2.0 ï 2.5 ʤʢʤ 

ʉʦʥʮʝ ɺʽʜʙʠʚʥʘ ʟʜʘʪʥʽʩʪʴ 

ʉʝʨʝʜʥʴʦʭʚʠʣʴʦʚʠʡ 

ʽʥʬʨʘʯʝʨʚʦʥʠʡ(MWNIR) 

3 ï 4 ʤʢʤ 

4.5 ï 5 ʤʢʤ 

ʉʦʥʮʝ, ʜʞʝʨʝʣʘ 

ʪʝʧʣʘ 

ɺʽʜʙʠʚʥʘ ʟʜʘʪʥʽʩʪʴ, 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʊʝʧʣʦʚʠʡ 

(ʜʦʚʛʦʭʚʠʣʴʦʚʠʡ) 

ʽʥʬʨʘʯʝʨʚʦʥʠʡ(TIR ʘʙʦ 

LWIR) 

8 ï 9.5 ʤʢʤ 

10 ï 14 ʤʢʤ 

ɼʞʝʨʝʣʘ ʪʝʧʣʘ ʊʝʤʧʝʨʘʪʫʨʘ 

ʄʽʢʨʦʭʚʠʣʴʦʚʠʡ ʢʘʥʘʣ, 

ʨʘʜʘʨ 

ɺʽʜ 1 ʤʤ ʜʦ 1ʤ ʊʝʧʣʦʚʠʡ (ʧʘʩʠʚʥʘ 

ʩʠʩʪʝʤʘ) 

ʐʪʫʯʥʠʡ (ʘʢʪʠʚʥʘ 

ʩʠʩʪʝʤʘ) 

ʊʝʤʧʝʨʘʪʫʨʘ 

(ʧʘʩʠʚʥʘ ʩʠʩʪʝʤʘ) 

ʈʝʣʴʻʬ (ʘʢʪʠʚʥʘ 

ʩʠʩʪʝʤʘ) 

 

ɹʽʣʴʰʽʩʪʴ ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤ ɼɿɿ ʜʦʟʚʦʣʷʶʪʴ ʦʜʥʦʯʘʩʥʦ ʦʪʨʠʤʫʚʘʪʠ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʽ ʟʥʽʤʢʠ ʫ ʜʝʢʽʣʴʢʦʭ ʜʽʘʧʘʟʦʥʘʭ ʩʧʝʢʪʨʫ. ʊʘʢʽ ʟʥʽʤʢʠ 

ʤʽʩʪʷʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʽʞ ʚ ʦʜʥʦʟʦʥʘʣʴʥʠʭ ʟʥʽʤʢʘʭ, 

ʦʪʨʠʤʘʥʠʭ ʚ ʦʜʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ, ʪʘ ʧʘʥʭʨʦʤʘʪʠʯʥʠʭ 

ʟʥʽʤʢʘʭ, ʱʦ ʦʪʨʠʤʘʥʽ ʫ hʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ [32]. 
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ʉʢʘʥʝʨʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ. ʋ ʣʽʥʽʡʥʠʭ ʩʢʘʥʝʨʘʭ ʜʣʷ 

ʟʡʦʤʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʜʝʪʝʢʪʦʨʥʠʡ ʝʣʝʤʝʥʪ. ʋ ʧʦʟʜʦʚʞʥʽʭ ʇɿɿ-

ʩʢʘʥʝʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʽʥʽʡʢʘ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʤʘʨʰʨʫʪʫ ʟʡʦʤʢʠ (ʨʠʩ. 1.1, ʙ). ʇʦʧʝʨʝʯʥʽ ʇɿɿ-ʩʢʘʥʝʨʠ 

ʤʘʶʪʴ ʦʜʠʥ ʜʝʪʝʢʪʦʨʥʠʡ ʝʣʝʤʝʥʪ, ʯʠ ʣʽʥʽʡʢʫ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʨʫʭʘʻʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʤʘʨʰʨʫʪʫ ʟʡʦʤʢʠ, ʟʘʚʜʷʢʠ ʧʦʚʦʨʦʪʥʦʤʫ 

ʜʟʝʨʢʘʣʫ (ʨʠʩ. 1.1, ʘ). ɼʣʷ ʫʩʽʭ ʪʠʧʽʚ ʩʢʘʥʝʨʥʠʭ ʩʠʩʪʝʤ ʢʫʪʦʤ ʟʦʨʫ FOV (field 

of view) ʟʚʝʪʴʩʷ ʢʫʪ, ʱʦ ʦʭʦʧʣʶʻ ʧʨʦʩʪʽʨ ʧʦʧʝʨʝʢ ʤʘʨʰʨʫʪʫ ʟʡʦʤʢʠ, ʘ 

ʚʽʜʧʦʚʽʜʥʘ ʚʽʜʩʪʘʥʴ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ ï ʰʠʨʠʥʘ ʧʦʣʦʩʠ ʟʡʦʤʢʠ GFOV 

(geometric field of view) [33]. 

 

ʈʠʩʫʥʦʢ 1.1 (ʘ) ï ʧʦʧʝʨʝʯʥʠʡ ʇɿɿ-ʩʢʘʥʝʨ; (ʙ) ï ʧʦʟʜʦʚʞʥʽʡ ʇɿɿ-ʩʢʘʥʝʨ 

 

ɼɼɿ, ʦʪʨʠʤʘʥʽ ʦʧʪʠʯʥʠʤʠ ʩʢʘʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ɹʘʛʘʪʦʚʠʤʽʨʥʽ ʮʠʬʨʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʘʪʨʠʮʴ ʧʽʢʩʝʣʽʚ, ʨʦʟʤʽʨʦʤ I ʥʘ J, ʜʝ i=1,é,I ʪʘ 

j=1,é,J, ʚʽʜʧʦʚʽʜʥʦ ʨʷʜʢʠ ʪʘ ʩʪʦʚʙʮʽ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 1.2). ʂʦʞʥʘ ʟ ʪʘʢʠʭ 

ʤʘʪʨʠʮʴ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʦʢʨʝʤʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʫ. ʇʽʢʩʝʣʴ ʫ 

ʧʦʟʠʮʽʾ (i,j) ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʥʘʯʝʥʥʷʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʫʩʽʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʘʭ ʟʦʙʨʘʞʝʥʥʷ ʷʢ ʚʝʢʪʦʨ xij. ʂʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ 

ʚʽʜʦʙʨʘʞʫʶʪʴ ʟʥʘʯʝʥʥʷ ʩʽʨʦʛʦ ʫ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ ʟʦʙʨʘʞʝʥʥʷ (0,1,é,255 ʜʣʷ 

8-ʙʽʪʥʠʭ ʜʘʥʠʭ ʘʙʦ 0,1,é,2048 ʜʣʷ 11-ʙʽʪʥʠʭ ʜʘʥʠʭ). ɿʥʘʯʝʥʥʷ, ʱʦ 



33 

ʜʦʨʽʚʥʶʶʪʴ 0, ʟʘʟʚʠʯʘʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʽʤʫʤʫ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ, ʪʘ 

ʤʘʢʩʠʤʫʤʫ ʧʦʛʣʠʥʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʶ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ (255 ʯʠ 2048) ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʙʽʣʴʰʦʤʫ 

ʚʽʜʜʟʝʨʢʘʣʶʚʘʥʥʶ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿʥʘʯʝʥʥʷ 

ʧʽʢʩʝʣʽʚ ʟʥʽʤʢʘ ʬʽʢʩʫʶʪʴʩʷ ʧʽʜʯʘʩ ʨʫʭʫ ʧʣʘʪʬʦʨʤʠ ʩʢʘʥʫʶʯʦʾ ʩʠʩʪʝʤʠ 

ʚʟʜʦʚʞ ʤʘʨʰʨʫʪʫ ʟʡʦʤʢʠ. ʅʝʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʜʘʪʯʠʢʠ, 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʪʨʫʢʪʫʨʘ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

 

1.1.2 ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼɼɿ 

 

ʅʘʡʛʦʣʦʚʥʽʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʻ 

ʩʧʝʢʪʨʘʣʴʥʘ, ʧʨʦʩʪʦʨʦʚʘ ʪʘ ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʨʦʟʨʽʟʥʝʥʽʩʪ .ɹ ʉʫʧʫʪʥʠʢʦʚʽ 
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ʟʥʽʤʢʠ ʦʪʨʠʤʘʥʽ, ʨʽʟʥʠʤʠ ʩʢʘʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʾʭ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʽʩʪʶ. ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʠʪʪʻʚʠʤ ʧʦʣʝʤ ʟʦʨʫ IFOV (instantaneous ýeld of view). ʉʢʘʥʝʨ ʩʫʧʫʪʥʠʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʬʽʢʩʫʻ ʢʦʥʢʨʝʪʥʫ ʧʣʦʱʫ, 

ʢ̫ʘ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʦʜʥʠʤ ʧʽʢʩʝʣʝʤ ʟʦʙʨʘʞʝʥʥʷ. IFOV ï ʮʝ ʰʠʨʠʥʘ ʧʨʦʻʢʮʽʾ 

ʦʜʥʦʛʦ ʜʝʪʝʢʪʦʨʥʦʛʦ ʝʣʝʤʝʥʪʫ ʥʘ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ [34]. 

ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʷʢʫ 

ʧʣʦʱʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʦʭʦʧʣʶʻ ʦʢʨʝʤʠʡ ʧʽʢʩʝʣʴ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ 

ʩʫʩʽʜʥʽʭ ʧʽʢʩʝʣʽʚ ʟʚʝʪʴʩʷ ʥʘʟʝʤʥʠʤ ʽʥʪʝʨʚʘʣʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (GSI) [35]. 

m

d

f

H
d =Ö=GSI ,      (1.1) 

ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ, ʘ ʚʝʣʠʯʠʥʘ ʤʽʞʜʝʪʝʢʪʦʨʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ d ʟʘʟʚʠʯʘʡ ʜʦʨʽʚʥʶʻ ʰʠʨʠʥʽ ʜʝʪʝʢʪʦʨʥʦʛʦ ʝʣʝʤʝʥʪʘ w. 

GSI ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʩʦʪʦʶ ʧʣʘʪʬʦʨʤʠ H, ʬʦʢʫʩʥʦʶ ʚʽʜʩʪʘʥʥʶ f ʪʘ 

ʤʽʞʜʝʪʝʢʪʦʨʥʠʤ ʽʥʪʝʨʚʘʣʦʤ. 

ʅʘʟʝʤʥʠʡ ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽ ʤʠʪʪʻʚʝ ʧʦʣʝ ʦʛʣʷʜʫ ʟʥʘʭʦʜʷʪʴʩʷ 

ʜʽʣʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʝʪʝʢʪʦʨʘʤʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʰʠʨʠʥʠ ʜʝʪʝʢʪʦʨʘ ʥʘ 

ʚʝʣʠʯʠʥʫ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ m 
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IFOV
2GIFOV .   (1.2) 

ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ɼɿɿ ʥʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʛʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʠʪʪʻʚʦʛʦ 

ʧʦʣʷ ʦʛʣʷʜʫ GIFOV, ʘ ʥʝ ʤʠʪʪʻʚʦʛʦ ʢʫʪʘ ʦʛʣʷʜʫ IFOV. ɺ ʪʦʡ ʞʝ ʯʘʩ 

ʨʦʟʨʦʙʥʠʢʠ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʢʫʪʦʚʽ ʧʘʨʘʤʝʪʨʠ FOV ʪʘ IFOV ʪʦʤʫ, ʱʦ ʮʽ ʚʝʣʠʯʠʥʠ ʤʘʶʪʴ 

ʦʜʠʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʟʦʙʨʘʞʝʥʥʷ ʽ ʚ ʧʨʦʩʪʦʨʽ ʦʙôʻʢʪʽʚ (ʨʠʩ. 1.3). 
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2IFOV .    (1.3) 

ʉʧʝʢʪʨʘʣʴʥʦʶ ʨʦʟʨʽʟʥʝʥʽʩʪʶ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʻ 

ʜʽʘʧʘʟʦʥʠ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʷʢʽ ʟʜʘʪʝʥ ʟʘʬʽʢʩʫʚʘʪʠ ʩʝʥʩʦʨ ʥʘ ʩʫʧʫʪʥʠʢʫ. ʉʫʯʘʩʥʽ 

ʩʠʩʪʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʤʘʶʪʴ ʨʽʟʥʫ ʩʧʝʢʪʨʘʣʴʥʫ ʨʦʟʨʽʟʥʝʥʽʩʪʴ, 
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ʪʦʤʫ ʚʦʥʠ ʟʜʘʪʥʽ ʦʪʨʠʤʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʜʘʥʠʭ. ʋ ʪʘʙʣʠʮʽ 1.2 ʥʘʚʝʜʝʥʽ 

ʩʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʬʽʢʩʘʮʽʾ ʜʘʥʠʭ ʜʣʷ ʨʽʟʥʠʭ ʩʫʯʘʩʥʠʭ ʩʫʧʫʪʥʠʢʽʚ. 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ɻʝʦʤʝʪʨʠʯʥʘ ʽʣʶʩʪʨʘʮʽʷ ʧʨʦʩʪʦʨʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʢʘʥʫʚʘʥʥʷ 

 

ʋ ʪʘʙʣʠʮʽ 1.2 ʥʘʚʝʜʝʥʦ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʽʩʪʴ ʜʝʷʢʠʭ ʩʫʧʫʪʥʠʢʽʚ ʫ 

ʤʝʪʨʘʭ ʥʘ ʧʽʢʩʝʣʴ. ʏʠʤ ʚʠʱʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʽʩʪʴ, ʪʠʤ ʤʝʥʰʽ ʦʙôʻʢʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʥʘ ʟʥʽʤʢʘʭ. 

ʈʘʜʽʦʤʝʪʨʠʯʥʘ ʨʦʟʨʽʟʥʝʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʤʝʥʰʠʤ ʚʠʜʠʤʠʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. ɿʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ ʟʥʽʤʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʥʝʨʛʽʻʶ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʜʝʪʝʢʪʦʨʥʠʡ ʝʣʝʤʝʥʪ ʩʢʘʥʝʨʘ. 

ʆʪʨʠʤʘʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʘʧʘʨʘʪʫʨʦʶ ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʠʛʥʘʣ, ʘ ʧʦʪʽʤ ʫ ʜʠʩʢʨʝʪʥʝ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʷ. ɿʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ DN (digital 

number) ʟʙʝʨʽʛʘʶʪʴ ʫ ʜʚʽʡʢʦʚʦʤʫ ʢʦʜʽ, ʪʦʤʫ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʙʽʪ ʧʘʤôʷʪʽ Q, ʚʽʜʚʝʜʝʥʠʭ ʜʣʷ ʟʘʧʠʩʫ ʦʜʥʦʛʦ ʧʽʢʩʝʣʷ. 

Q

DNN 2= .      (1.4) 

ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʷ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ ʷʢʠʤ ʮʽʣʠʤ ʯʠʩʣʦʤ ʚ ʜʽʘʧʘʟʦʥʽ: 
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]120[ -= Q
ɼɯɸʇɸɿʆʅ;DN .    (1.5) 

ʏʠʤ ʙʽʣʴʰʘ ʚʝʣʠʯʠʥʘ Q, ʪʠʤ ʪʦʯʥʽʰʝ ʜʠʩʢʨʝʪʥʽ ʜʘʥʽ ʘʧʨʦʢʩʠʤʫʶʪʴ 

ʚʠʭʽʜʥʠʡ ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ ʽ ʪʠʤ ʚʠʱʘ ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʨʦʟʨʽʟʥʝʥʽʩʪʴ 

ʜʝʪʝʢʪʦʨʘ. 

 

ʊʘʙʣʠʮʷ 1.2 ï ʇʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ 

ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

 

 

1.1.3 ʆʨʙʽʪʠ ʨʫʭʫ ʰʪʫʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ɿʝʤʣʽ 

 

ʆʨʙʽʪʠ ʐʉɿ ʤʦʞʫʪʴ ʙʫʪʠ ʢʨʫʛʦʚʠʤʠ ʪʘ ʝʣʽʧʪʠʯʥʠʤʠ. ʂʨʫʛʦʚʽ ʦʨʙʽʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʝʩʪʠ ʟʡʦʤʢʫ ʟ ʧʦʩʪʽʡʥʦʾ ʚʠʩʦʪʠ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ 

ʛʝʦʤʝʪʨʠʯʥʫ ʢʦʨʝʢʮʽʶ ʟʥʽʤʢʽʚ. ɺʠʩʦʪʘ ʦʨʙʽʪʠ ʩʫʧʫʪʥʠʢʘ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ɼɿɿ. ɺʽʜ ʥʝʾ ʟʘʣʝʞʘʪʴ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʷʢ ʧʦʣʦʩʘ 

ʦʛʣʷʜʫ ʽ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ. ʏʠʤ ʚʠʱʝ ʩʫʧʫʪʥʠʢ ʥʘʜ ʧʦʚʝʨʭʥʝʶ 

ɿʝʤʣʽ, ʪʠʤ ʰʠʨʰʘ ʧʦʣʦʩʘ ʦʛʣʷʜʫ ʽ ʪʠʤ ʥʠʞʯʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ. 
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ʂʫʪ  ̔ʤʽʞ ʧʣʦʱʠʥʦʶ ʦʨʙʽʪʠ ʐʉɿ ʽ ʧʣʦʱʠʥʦʶ ʝʢʚʘʪʦʨʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʥʘʭʠʣʦʤ ʦʨʙʽʪʠ (0Ü Ò  ̔Ò 180Ü ) (ʨʠʩ. 1.4). ʅʘʭʠʣ ʦʨʙʽʪʠ ʚʠʟʥʘʯʘʻ ʛʨʘʥʠʯʥʽ 

ʰʠʨʦʪʠ, ʪʦʙʪʦ ʦʙʣʘʩʪʽ, ʱʦ ʜʦʩʪʫʧʥʽ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʩʫʧʫʪʥʠʢʘ. 

 

ʈʠʩʫʥʦʢ 1.4 ï ʆʨʙʽʪʘ ʨʫʭʫ ʩʫʧʫʪʥʠʢʘ ʚ ʘʙʩʦʣʶʪʥʽʡ ʛʝʦʮʝʥʪʨʠʯʥʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

 

ʏʠʤ ʙʣʠʞʯʝ ʢʫʪ  ̔ʜʦ 90Ü, ʪʠʤ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʟʝʤʥʦʾ ʢʫʣʽ ʜʦʩʪʫʧʥʘ ʜʣʷ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʦʛʣʷʜ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʘʢ ʟʚʘʥʽ ʧʨʠʧʦʣʷʨʥʽ 

ʦʨʙʽʪʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʧʦʣʶʩʠ ʘʙʦ ʙʣʠʟʴʢʦ ʜʦ ʥʠʭ. 

ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʧʦʢʨʠʪʪʷ ʩʫʧʫʪʥʠʢʦʤ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʝʨʽʦʜʫ ʦʙʝʨʪʘʥʥʷ ʊ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʥʘʚʢʦʣʦ ɿʝʤʣʽ ï ʪʝʨʤʽʥ ʯʘʩʫ, ʟʘ ʷʢʠʡ 

ʩʫʧʫʪʥʠʢ ʨʦʙʠʪʴ ʧʦʚʥʠʡ ʦʙʦʨʦʪ, ʘ ʪʘʢʦʞ ʟʤʽʱʝʥʥʷ ʪʨʘʩʠ ʧʦ ʜʦʚʛʦʪʽ ʟʘ ʧʝʨʽʦʜ 

ʦʙʝʨʪʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

ȹɚ = -ʊʩ,       (1.6) 

ʜʝ ʩ ïʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ɿʝʤʣʽ, ʜʦʨʽʚʥʶʻ 7,292 Ĭ 10
5
 ʩ

-1
. 

ɿʤʽʱʝʥʥʷ ʪʨʘʩʠ ʟʘ ʜʦʚʛʦʪʦʶ ï ʚʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʘ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʪʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʶʯʠ ʢʦʦʨʜʠʥʘʪʠ ʧʨʦʻʢʮʽʾ ʪʨʘʩʠ ʥʘ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ ʜʣʷ 

ʦʜʥʦʛʦ ʚʠʪʢʘ, ʤʦʞʥʘ ʜʦʩʠʪʴ ʧʨʦʩʪʦ ʧʨʦʜʦʚʞʠʪʠ ʾʾ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʚʠʪʢʽʚ 

ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʤʽʱʝʥʥʷ ʚʩʽʭ ʪʦʯʦʢ ʥʘ ʚʝʣʠʯʠʥʫ, ʢʨʘʪʥʫ ȹɚ. 
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ɼʣʷ ʩʫʧʫʪʥʠʢʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʢʨʫʛʦʚʽʡ ʦʨʙʽʪʽ ʥʘ ʚʠʩʦʪʽ 35800 ʢʤ, 

ʧʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 24 ʛʦʜʠʥʘʤ. ʗʢʱʦ ʧʨʠ ʮʴʦʤʫ =̔0Ü, ʪʦ 

ʩʫʧʫʪʥʠʢ, ʦʙʝʨʪʘʶʯʠʩʴ ʚ ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʙʫʜʝ ʚʝʩʴ ʯʘʩ ʟʥʘʭʦʜʠʪʠʩʷ ʥʘʜ 

ʦʜʥʽʻʶ ʪʦʯʢʦʶ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʥʘ ʝʢʚʘʪʦʨʽ. ʊʘʢʽ ʦʨʙʽʪʠ ʟʚʫʪʴʩʷ 

ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʤʠ, ʚʦʥʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʩʫʧʫʪʥʠʢʽʚ ʪʘ ʜʣʷ ʩʫʧʫʪʥʠʢʽʚ ʟʚôʷʟʢʫ [36]. 

ʏʘʩʪʦ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʧʦʪʨʽʙʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʜʘʥʽ, 

ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʙʘʛʘʪʦʨʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʦʜʥʠʭ ʽ ʪʠʭ ʩʘʤʠʭ ʨʘʡʦʥʽʚ. ɺ 

ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʽ ʦʨʙʽʪʠ. ɺʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ ʦʩʚʽʪʣʝʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʟʡʦʤʢʠ. 

ʈʫʭ ʩʫʧʫʪʥʠʢʘ ʧʦ ʪʘʢʽʡ ʦʨʙʽʪʽ ʩʠʥʭʨʦʥʽʟʫʻʪʴʩʷ ʟ ʦʙʝʨʪʘʥʥʷʤ ɿʝʤʣʽ ʥʘʚʢʦʣʦ 

ʩʚʦʻʾ ʦʩʽ, ʘ ʧʨʝʮʝʩʽʷ ï ʟ ʦʙʝʨʪʘʥʥʷʤ ɿʝʤʣʽ ʥʘʚʢʦʣʦ ʉʦʥʮʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʫʪ 

ʤ̔ ʞ ʧʣʦʱʠʥʦʶ ʦʨʙʽʪʠ ʽ ʥʘʧʨʷʤʦʤ ʥʘ ʉʦʥʮʝ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 

ʧʦʩʪʽʡʥʠʤ. ʉʫʧʫʪʥʠʢ ʧʝʨʝʪʠʥʘʻ ʧʣʦʱʠʥʫ ʝʢʚʘʪʦʨʘ ʫ ʩʭʽʜʥʦʤʫ ʚʫʟʣʽ ʟʘʚʞʜʠ ʚ 

ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʤʽʩʮʝʚʠʡ ʯʘʩ. 

 

1.2 ʄʝʪʦʜʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʜʘʥʠʭ ɼɿɿ 

 

1.2.1 ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ɼɼɿ 

 

ʆʙʨʦʙʢʘ ɼɼɿ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʮʠʬʨʦʚʦʤʫ ʬʦʨʤʘʪʽ, ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʮʠʬʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ. ʆʙʨʦʙʢʫ ɼɼɿ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʚʘʞʣʠʚʠʭ ʝʪʘʧʠ: ʧʦʧʝʨʝʜʥʷ 

ʦʙʨʦʙʢʘ ʪʘ ʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ. ʋ ʭʦʜʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟ ʜʘʥʠʭ 

ʫʩʫʚʘʶʪʴʩʷ ʨʘʜʽʦʤʝʪʨʠʯʥʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ. ʇʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʡʦʛʦ ʙʽʣʴʰ ʟʨʫʯʥʠʤ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʢʠ 

ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘ ʝʪʘʧʽ ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʣʫʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʟʘʪʨʝʙʫʚʘʥʘ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʚʠʜʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ: 
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ï ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ; 

ï ʨʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʥʽʤʢʽʚ; 

ï ʢʦʨʝʢʮʽʷ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ; 

ï ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʧʫʱʝʥʠʭ ʧʽʢʩʝʣʽʚ; 

ï ʫʩʫʥʝʥʥʷ ʰʫʤʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ; 

ï ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ɼʦ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʤʦʞʥʘ ʪʘʢʦʞ ʚʽʜʥʝʩʪʠ ʢʦʤʧʝʥʩʘʮʽʶ 

ʪʽʥʝʡ. ɼʣʷ ʜʝʷʢʠʭ ʟʘʜʘʯ ʧʨʠʩʫʪʥʽʩʪʴ ʪʽʥʝʡ ʥʘ ʟʥʽʤʢʫ ʥʝʙʘʞʘʥʘ. ʊʝʭʥʦʣʦʛʽʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ. ʆʜʠʥ ʟ ʝʪʘʧʽʚ ï 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʽʥʝʡ [37]. ʋ ʨʦʙʦʪʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʝʡ, ʱʦʙ ʟôʷʩʫʚʘʪʠ, ʷʢʠʡ ʟ ʤʝʪʦʜʽʚ ʜʘʻ ʥʘʡʢʨʘʱʽʡ ʨʝʟʫʣʴʪʘʪ 

ʜʣʷ ʦʙʨʦʙʣʶʚʘʥʠʭ ʟʥʽʤʢʽʚ. 

ʅʘ ʝʪʘʧʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢ 

ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ (PCA), ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ, ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ. ʎʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʽʣʠʪʠ ʪʘ ʧʽʜʢʨʝʩʣʠʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʥʘʜʘʣʽ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ 

ʜʝʰʠʬʨʫʚʘʥʥʷ. 

 

1.2.2 ʄʝʪʦʜʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʟʦʙʨʘʞʝʥʴ 

 

ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʘ ʟʥʽʤʢʘʭ, ʦʪʨʠʤʘʥʠʭ ʩʠʩʪʝʤʘʤʠ ɼɿɿ, ʧʨʠʩʫʪʥʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷ [38]. ʎʽ ʚʠʢʨʠʚʣʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʚʽʜʭʠʣʝʥʥʷ 

ʦʧʪʠʯʥʦʾ ʦʩʽ ʢʘʤʝʨʠ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʤʦʤʝʥʪ ʟʡʦʤʢʠ, 

ʢʨʠʚʠʟʥʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʝʨʽʚʥʦʩʪʽ ʨʝʣʴʻʬʫ, ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ, ʨʫʭ 

ʩʫʧʫʪʥʠʢʘ, ʥʘʭʠʣ ʦʨʙʽʪʠ, ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʘʥʝʨʥʦʾ ʩʠʩʪʝʤʠ, 

ʧʘʨʘʤʝʪʨʠ ʜʘʪʯʠʢʘ ʪʘ ʽʥ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʪʦʯʥʠʭ ʚʠʤʽʨʽʚ ʧʦ 

ʟʥʽʤʢʫ ʥʝʤʦʞʣʠʚʝ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʩʢʘʥʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʛʝʦʤʝʪʨʽʾ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʽ ʪʝʭʥʦʣʦʛʽʾ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʦʾ ʦʙʨʦʙʢʠ [39, 40, 41]. 

ʇʨʠ ʛʝʦʤʝʪʨʠʯʥʽʡ ʢʦʨʝʢʮʽʾ ʚʠʨʽʰʫʶʪʴʩʷ ʪʘʢʽ ʟʘʜʘʯʽ: 
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ʉʫʤʽʱʝʥʥʷ ʜʚʦʭ ʟʥʽʤʢʽʚ ʦʜʥʦʾ ʦʙʣʘʩʪʽ, ʪʘʢ ʱʦʙ ʚʽʜʧʦʚʽʜʥʽ ʧʽʢʩʝʣʽ 

ʟʥʽʤʢʽʚ ʚʽʜʥʦʩʠʣʠʩʷ ʜʦ ʦʜʥʦʾ ʪʦʯʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɻʝʦʤʝʪʨʠʯʥʝ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʢʘʨʪʠ, ʘ ʪʘʢʦʞ 

ʧʨʠʚôʷʟʢʘ ʜʘʥʠʭ ʜʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. 

ɻʝʦʢʦʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ ʛʝʦʤʝʪʨʠʯʥʝ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ, ʚ 

ʥʘʩʣʽʜʦʢ ʷʢʦʛʦ ʫʩʽ ʧʽʢʩʝʣʽ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʥʘʯʝʥʥʷ 

GSI. 

ʆʨʪʦʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ï ʧʦʧʽʢʩʝʣʴʥʘ ʢʦʨʝʢʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ʟ ʤʝʪʦʶ 

ʫʩʫʥʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʠʢʨʠʚʣʝʥʴ. 

ɼʣʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʟʥʽʤʢʘ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʤʦʜʝʣʴ, ʱʦ ʟʚôʷʟʫʻ ʛʣʦʙʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʟʥʽʤʢʘ (x, y) ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʝʪʘʣʦʥʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (xref, yref) 

ʯʠ ʢʘʨʪʠ. aij ʪʘ bij ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʽʚ. 
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j
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i

refij yxax
0 0

,        ää
=

-

=

=
N

i
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j

j

ref

i

refij yxby
0 0

.                        (1.7) 

ʋ (1.7) ʚʝʣʠʯʠʥʠ x ʪʘ y ʦʧʠʩʘʥʽ ʧʦʣʽʥʦʤʘʤʠ ʚʽʜ ʜʚʦʭ ʟʤʽʥʥʠʭ xref ʪʘ yref. 

ʈʽʚʝʥʴ ʜʝʪʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʥʘʙʣʠʞʝʥʦʛʦ ʤʝʪʦʜʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ 

ʧʦʣʽʥʦʤʫ N. 

ʗʢʱʦ ʟ ʜʘʥʠʭ ʫʩʫʥʝʥʦ ʟʥʘʯʥʫ ʯʘʩʪʢʫ ʩʠʩʪʝʤʥʠʭ ʘʧʘʨʘʪʥʠʭ ʚʠʢʨʠʚʣʝʥʴ, 

ʪʦ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʣʽʥʦʤʠ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ: 

refref

refref

ybxbby

yaxaax

011000

011000

++=

++=
.                                            (1.8) 

ʇʝʨʝʪʚʦʨʝʥʥʷ (1.8) ʟʚʝʪʴʩʷ ʘʬʽʥʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʽ ʚʨʘʭʦʚʫʻ ʪʘʢʽ 

ʜʝʬʦʨʤʘʮʽʾ, ʷʢ ʟʩʫʚ, ʨʦʟʪʷʛʥʝʥʥʷ, ʧʦʚʦʨʦʪ. ʌʦʨʤʫʣʫ (1.8) ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ 

ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ: 
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                                    (1.9) 

ʯʠ 
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0TTpp += ref .                                                (1.10) 

ʎʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʙʣʠʞʝʥʦʾ ʢʦʨʝʢʮʽʾ 

ʚʠʢʨʠʚʣʝʥʴ, ʩʧʨʠʯʠʥʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʢʘʥʝʨʥʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʪʦʛʦ ʱʦʙ 

ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʤʦʜʝʣʽ (1.8), ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʥʘʙʽʨ 

ʥʘʟʝʤʥʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ (ʅʂʊ), ʷʢʽ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʩʪʫʧʥʠʤ 

ʚʠʤʦʛʘʤ: 

ï ʚʠʩʦʢʠʡ ʢʦʥʪʨʘʩʪ ʥʘ ʫʩʽʭ ʨʦʙʦʯʠʭ ʟʥʽʤʢʘʭ; 

ï ʥʝʚʝʣʠʢʠʡ ʨʦʟʤʽʨ; 

ï ʧʦʩʪʽʡʥʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ; 

ï ʦʜʥʘʢʦʚʘ ʚʠʩʦʪʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʅʂʊ (M) ʪʘ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʢʦʨʝʢʮʽʾ. ʅʂʊ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʅʂʊ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʜʝʣʽ 

ʩʝʥʩʦʨʘ ʪʘ ʧʦʨʷʜʢʫ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʤʦʜʝʣʽ N: 

2

2)(1)( +Ö+
=

NN
Mmin .     (1.11) 

ʗʢʱʦ ʟʘʜʘʥʦ M ʧʘʨ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʫ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʪʘ ʝʪʘʣʦʥʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʫ ʛʣʦʙʘʣʴʥʽʡ ʧʦʣʽʥʦʤʽʘʣʴʥʽʡ 

ʤʦʜʝʣʽ ʚʠʢʨʠʚʣʝʥʴ ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ (ʂʊ) m ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʤʥʦʛʦʯʣʝʥ N ʩʪʫʧʝʥʷ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʠʭ x ʪʘ y. ʗʢʱʦ N=2: 
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,         (1.12) 

ʱʦ ʜʘʻ M ʧʘʨ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʎʶ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ 

ʤʦʞʣʠʚʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ: 
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ʘʙʦ  

WAX= ,                                                        (1.14) 

ʘʥʘʣʦʛʽʯʥʦ ʜʣʷ ʢʦʦʨʜʠʥʘʪ y: 

WBY = .                                                        (1.15) 

ʗʢʱʦ M ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ K, ʪʦ ʨʽʚʥʷʥʥʷ 

(1.14) ʪʘ (1.15) ʤʘʶʪʴ ʪʦʯʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʥʝʥʦʾ 

ʤʘʪʨʠʮʽ W
-1
 ʨʦʟʤʽʨʦʤ M ʥʘ M: 

YWB

XWA
1

1

-

-

=

=
= :KM ,                                                 (1.16) 

ʇʦʤʠʣʢʘ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʫ ʢʦʞʥʽʡ ʂʊ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʆʩʢʽʣʴʢʠ, ʧʦʟʠʮʽʷ ʂʊ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʥʝ ʪʦʯʥʦ, ʙʘʞʘʥʦ, ʱʦʙ ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʠʱʫʚʘʣʘ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʣʽʥʦʤʘ. 

y

x
:KM

e+=

e+=
²

WBY

WAʍ
,                                              (1.17) 

ʜʝ yx ,ee  ï ʚʝʢʪʦʨʠ ʧʦʭʠʙʦʢ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʅʂʊ. 

ʗʢʱʦ M ʙʽʣʴʰʝ K, ʜʣʷ ʤʘʪʨʠʮʽ W ʨʦʟʤʽʨʦʤ M ʥʘ K ʚʞʝ ʥʝ ʤʦʞʣʠʚʦ 

ʟʥʘʡʪʠ ʦʙʝʨʥʝʥʫ ʤʘʪʨʠʮʶ, ʘʣʝ ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʧʩʝʚʜʦ-ʟʚʦʨʦʪʥʝ ʨʽʰʝʥʥʷ: 

( )
( ) YWWWB

XWWWA
T

T

T1

T1

-

-

=

=
² %

%

:KM ,                                 (1.18) 

ʷʢʝ ʝʢʚʽʚʘʣʝʥʪʥʝ ʨʽʰʝʥʥʶ, ʦʪʨʠʤʘʥʦʤʫ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʟ 

ʤʽʥʽʤʽʟʘʮʽʻʶ ʟʘʛʘʣʴʥʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦ 

ʥʘʟʝʤʥʠʤ ʢʦʥʪʨʦʣʴʥʠʤ ʪʦʯʢʘʤ: 

[ ]( )( )
[ ]( )( )BWYBWY

AWXAWX
%%

%%

--=ee

--=ee
² T

y

T

T

x

T

min

min

y

x:KM .                           (1.19) 

ʆʨʪʦʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ɼɼɿ. ʅʘʡʙʽʣʴʰ ʪʦʯʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ï ʮʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʟʡʦʤʢʠ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʝ ʧʦʣʦʞʝʥʥʷ 

ʩʫʢʫʧʥʦʩʪʽ ʧʨʦʤʽʥʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʟʥʽʤʦʢ. ɼʣʷ ʮʴʦʛʦ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʚʽʜʦʤʠʤʠ: ʪʨʘʻʢʪʦʨʽʷ ʩʫʧʫʪʥʠʢʘ ʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ, 
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ʦʨʽʻʥʪʘʮʽʷ ʩʝʥʩʦʨʘ, ʝʣʝʤʝʥʪʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ (ʤʦʜʝʣʴ ʩʝʥʩʦʨʘ). ʋ 

ʢʦʤʧʣʝʢʪ ɼɼɿ, ʦʪʨʠʤʘʥʠʭ ʧʝʚʥʠʤʠ ʪʠʧʘʤʠ ʩʫʧʫʪʥʠʢʽʚ, ʚʭʦʜʷʪʴ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ RPC (rational function coefficients). ʎʽ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦ 

ʚʽʜʦʤʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʤʦʜʝʣʷʤ ʩʝʥʩʦʨʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤ ʙʦʨʪʦʚʠʭ 

ʪʨʘʻʢʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ.  

ʋ ʤʝʪʦʜʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʪʠʧʫ: 
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=
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3
,             (1.20) 

ʜʝ ʫ ʟʥʘʤʝʥʥʠʢʘʭ ʪʘ ʯʠʩʝʣʴʥʠʢʘʭ ʩʪʦʷʪʴ ʧʦʣʽʥʦʤʠ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ, ʱʦ 

ʟʚôʷʟʫʶʪʴ ʢʦʦʨʜʠʥʘʪʠ NNN h,,lj  ʪʦʯʢʠ ʤʽʩʮʝʚʦʩʪʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ NN y,x  ʾʾ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʟʥʽʤʢʫ. 
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i j k

ijkqNNNq hah,,P ÖlÖjÖ=lj äää
= = =

3
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3
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0
,                    (1.21) 

3¢++ kji                    
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ʂʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.21), ʦʟʥʘʯʘʶʪʴ ʷʢ RPC. 

ʄʝʪʦʜ ʨʘʮʽʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʻ ʘʧʨʦʢʩʠʤʫʶʯʠʤ ʤʝʪʦʜʦʤ, ʘʣʝ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʘʢʪʠʯʥʦ ʪʫ ʩʘʤʫ ʪʦʯʥʽʩʪʴ, ʷʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʦʯʥʦʾ ʤʦʜʝʣʽ. 

 

1.2.3 ʄʝʪʦʜʠ ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ ʪʘ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʝʢʮʽʾ ɼɼɿ 

 

ʇʝʨʝʜ ʪʠʤ ʷʢ ʧʦʪʨʘʧʠʪʠ ʥʘ ʜʝʪʝʢʪʦʨʥʽ ʝʣʝʤʝʥʪʠ ʩʢʘʥʫʶʯʦʾ ʩʠʩʪʝʤʠ, 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʘʟʥʘʻ ʟʥʘʯʥʦʛʦ 

ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʦʜʝʨʞʘʥʠʭ ʟʥʽʤʢʘʭ, ʦʢʨʽʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʦʙôʻʢʪʫ, ʧʨʠʩʫʪʥʽʡ ʚʧʣʠʚ ʘʪʤʦʩʬʝʨʠ. ɼʝʰʠʬʨʫʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʘʢʠʤʠ ʘʪʤʦʩʬʝʨʥʠʤʠ ʝʬʝʢʪʘʤʠ, ʷʢ 

ʟʛʘʩʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙʣʘʢʘʤʠ ʪʘ 

ʘʝʨʦʟʦʣʷʤʠ. ʄʝʪʦʜʠ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʝʢʮʽʾ ʧʦʜʽʣʷʶʪʴ ʥʘ ʚʽʜʥʦʩʥʽ ʪʘ 

ʘʙʩʦʣʶʪʥʽ. ɸʙʩʦʣʶʪʥʽ ʤʝʪʦʜʠ ʚʨʘʭʦʚʫʶʪʴ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʩʪʘʥ 

ʘʪʤʦʩʬʝʨʠ ʫ ʤʦʤʝʥʪ ʟʡʦʤʢʠ. ɺʽʜʥʦʩʥʽ ʤʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴ ʛʽʩʪʦʛʨʘʤʥʫ 
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ʦʙʨʦʙʢʫ ʟʥʽʤʢʽʚ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʦʪʨʠʤʘʥʠʭ ʨʘʥʽʰʝ ʟʥʽʤʢʘʭ ʪʽʻʾ ʞ ʩʘʤʦʾ 

ʤʽʩʮʝʚʦʩʪʽ. 

ʏʝʨʝʟ ʨʘʜʽʦʤʝʪʨʠʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ 

ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ ʫʤʦʚʘʭ ʦʩʚʽʪʣʝʥʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʘʪʯʠʢʘ, 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʬʽʢʩʫʻʪʴʩʷ ʩʢʘʥʝʨʥʦʶ ʩʠʩʪʝʤʦʶ, ʤʦʞʫʪʴ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ ʟ ʦʙ'ʻʢʪʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ. ʄʝʪʦʜʠ 

ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʫʩʫʚʘʶʪʴ ʰʫʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥ 

ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢʘ, ʯʝʨʝʟ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʚʠʢʣʠʢʘʥʽ ʨʦʙʦʪʦʶ ʥʘ ʦʨʙʽʪʽ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ. ɺʠʤʽʨʷʥʠʡ ʩʠʛʥʘʣ ʚʽʜ ʥʝʩʧʨʘʚʥʦʛʦ ʜʘʪʯʠʢʘ 

ʤʽʩʪʠʪʴ ʨʘʜʽʦʤʝʪʨʠʯʥʽ ʧʦʤʠʣʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʬʫʥʢʮʽʾ 

ʚʽʜʧʦʚʽʜʽ ʜʘʪʯʠʢʘ. ʑʦʙ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ 

ʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʘʣʽʙʨʦʚʘʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ 

ʜʘʪʯʠʢʘ. ʎʝʡ ʧʨʦʮʝʩ ʪʘʢʦʞ ʥʘʟʠʚʘʻʪʴʩʷ ʨʘʜʽʦʤʝʪʨʠʯʥʠʤ ʢʘʣʽʙʨʫʚʘʥʥʷʤ. 

ʊʘʢʦʞ ʤʝʪʦʜʠ ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʜʦʧʦʤʘʛʘʶʪʴ ʫʩʫʥʫʪʠ ʝʬʝʢʪʠ 

ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʩʧʨʠʯʠʥʝʥʽ ʢʫʪʦʤ ʩʦʥʮʷ ʽ ʨʝʣʴʻʬʦʤ. 

 

1.2.4 ʄʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ɼɼɿ 

 

ʗʢ ʧʨʘʚʠʣʦ, ʧʘʥʭʨʦʤʘʪʠʯʥʠʡ ʢʘʥʘʣ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʤʘʻ ʚʠʱʫ 

ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʽʩʪʴ ʥʽʞ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʽ ʢʘʥʘʣʠ. ʊʦʤʫ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʰʣʷʭʦʤ 

ʩʠʥʪʝʟʫ ʢʘʥʘʣʽʚ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʫ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ: 

ʄʦʜʫʣʷʮʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɻʦʣʦʚʥʘ ʽʜʝʷ ʤʝʪʦʜʫ ï ʮʝ ʧʦʤʥʦʞʝʥʥʷ 

ʧʘʥʭʨʦʤʘʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʟʥʘʭʦʜʞʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʧʽʜʙʽʨ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʤʘʰʪʘʙʫʶʯʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ aR, aG, aB ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʟʩʫʚʫ bR, bG, bB. ɼʣʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʥʘʯʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ (R, G, B) ʽ 

ʧʘʥʭʨʦʤʘʪʠʯʥʦʛʦ (P) ʢʘʥʘʣʽʚ: 
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ʄʝʪʦʜ ñBroveyò. ʆʩʥʦʚʥʘ ʽʜʝʷ ʤʝʪʦʜʫ ñBroveyò ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʩʧʦʯʘʪʢʫ ʢʦʞʝʥ ʜʽʘʧʘʟʦʥ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʤʥʦʞʘʪʴ ʥʘ ʜʽʘʧʘʟʦʥ ʧʘʥʭʨʦʤʘʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʠʩʦʢʦʶ 

ʨʦʟʨʽʟʥʝʥʽʩʪʶ, ʘ ʧʦʪʽʤ ʢʦʞʥʠʡ ʦʪʨʠʤʘʥʠʡ ʜʦʙʫʪʦʢ ʜʽʣʠʪʴʩʷ ʥʘ ʩʫʤʫ 

ʜʽʘʧʘʟʦʥʽʚ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʥʽʤʢʘ. ɼʣʷ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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ʄʝʪʦʜ ñBroveyò ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ 

ʢʦʥʪʨʘʩʪʫ ʚ ʥʠʞʥʽʭ ʽ ʚʝʨʭʥʽʭ ʯʘʩʪʠʥʘʭ ʛʽʩʪʦʛʨʘʤʠ (ʪʦʙʪʦ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʥʪʨʘʩʪ ʚ ʪʽʥʽ, ʚʦʜʥʠʭ ʧʦʚʝʨʭʥʷʭ ʽ ʚ ʦʙʣʘʩʪʷʭ ʟ ʚʠʩʦʢʦʶ 

ʚʽʜʙʠʚʥʦʶ ʟʜʘʪʥʽʩʪʶ). ʊʦʤʫ ʮʝʡ ʤʝʪʦʜ ʥʝ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʚʠʩʦʢʠʭ 

ʨʘʜʽʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ɿʣʠʪʪʷ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʬʽʣʴʪʨʘʮʽʾ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʥʝʩʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʘʥʭʨʦʤʘʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ: 

FT(P)HPFFT(B)LPFFTB

FT(P)HPFFT(G)LPFFTG

FT(P)HPFFT(R)LPFFTR

1

1

1
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-
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ʜʝ LPF (low-pass filter) ï ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʬʽʣʴʪʨʘʮʽʷ, HPF (hight-pass filter) ï 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʬʽʣʴʪʨʘʮʽʷ, FT ï ʧʨʷʤʝ ʜʚʦʚʠʤʽʨʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, FT
-1
 

ï ʟʚʦʨʦʪʥʻ ʜʚʦʚʠʤʽʨʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ɻʨʘʤʤʘïʐʤʠʜʪʘ. ʄʝʪʦʜ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʟ ʚʽʜʦʤʦʶ ʢʦʨʝʣʷʮʽʻʶ. ɼʣʷ ʪʨʴʦʭ ʢʘʥʘʣʽʚ R, G, B ʟ 

ʚʽʜʦʤʦʶ ʢʦʨʝʣʷʮʽʻʶ: 

[ ]GR,ERG=r ,         [ ]BG,EGB=r ,        [ ]BR,ERB=r .              (1.25) 

ʅʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʧʨʦʮʝʜʫʨʠ ʦʪʨʠʤʫʶʪʴ ʜʚʘ ʚʝʢʪʦʨʠ 
R

Bv , 
R

Gv  

ʦʨʪʦʛʦʥʘʣʴʥʽ R, ʪʘ ʢʦʨʝʣʴʦʚʘʥʽ ʤʽʞ ʩʦʙʦʶ: 
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʶʪʴ ʪʨʠ ʦʨʪʦʛʦʥʘʣʴʥʽ ʚʝʢʪʦʨʠ R, 
G

Bv  , 
R

Gv , ʦʜʠʥ ʟ 

ʷʢʠʭ ʟʘʤʽʱʫʻʪʴʩʷ ʜʘʥʠʤʠ ʢʘʥʘʣʫ ʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʽʩʪʶ P, ʪʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʦʙʝʨʥʝʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʧʽʜʚʠʱʝʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʽʩʪʶ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ ʪʘ ʜʝʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ 

[42]. ʆʜʥʘʢ, ʮʷ ʧʨʦʮʝʜʫʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʚʽʨʥʦʾ ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʫ. ɼʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʟʣʠʪʪʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʙʝʟʣʽʯ ʤʝʪʦʜʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʚʥʦʛʦ ʪʠʧʫ ʜʘʥʠʭ. ʇʨʦʙʣʝʤʘ ʧʦʷʚʠ ʚʠʢʨʠʚʣʝʥʴ ʪʘ 

ʥʝʚʽʨʥʦʾ ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʫ ʥʘʙʫʣʘ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʟ ʧʦʷʚʦʶ ɼɼɿ 

ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʩʫʧʫʪʥʠʢʘʤʠ 

WorldView-2 ʪʘ WorldView-3. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʜʽʘʧʘʟʦʥ ʜʦʚʞʠʥ ʭʚʠʣʴ 

ʧʘʥʭʨʦʤʘʪʠʯʥʦʛʦ ʢʘʥʘʣʫ ʟ ʦʟʥʘʯʝʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʙʫʣʦ ʨʦʟʰʠʨʝʥʦ ʜʦ 

ʙʣʠʞʥʴʦʾ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʫ. ʎʝ ʟʥʘʯʥʦ ʟʤʽʥʶʻ ʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ 
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ʩʽʨʦʛʦ ʪʘʢʠʭ ʧʘʥʭʨʦʤʘʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʮʴʦʛʦ, ʫ ʨʦʙʦʪʽ [12] 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʝʡʚʣʝʪ 

ʜʝʢʦʤʧʦʟʠʮʽʶ, HSV ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʛʽʧʝʨʩʬʝʨʠʯʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ. 

 

1.3 ʄʝʪʦʜʠ ʜʝʰʠʬʨʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ 

 

ɼʝʰʠʬʨʫʚʘʥʥʷ ɼɼɿ ï ʮʝ ʧʨʦʮʝʩ ʚʠʣʫʯʝʥʥʷ ʟ ʜʘʥʠʭ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʦʙôʻʢʪʠ ʥʘ ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʥʽʤʢʫ. ɼʝʰʠʬʨʫʚʘʥʥʷ ʦʭʦʧʣʶʻ ʥʠʟʢʫ ʟʘʜʘʯ 

ʦʙʨʦʙʢʠ ɼɼɿ: ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʦʙôʻʢʪʽʚ, ʧʦʰʫʢ ʽ ʧʽʜʨʘʭʫʥʦʢ ʦʙôʻʢʪʽʚ ʦʜʥʦʛʦ ʪʠʧʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʽʚ, ʧʨʠʩʫʪʥʽʭ ʥʘ ʟʥʽʤʢʫ. 

ɿʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʢʦʞʥʠʡ ʧʽʢʩʝʣʴ 

ʟʦʙʨʘʞʝʥʥʷ xij, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʝʢʪʦʨʦʤ ʟʥʘʯʝʥʴ ʫ N ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʘʭ, 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʽʚ. ʂʣʘʩʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, 

ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ɼɼɿ, ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʘʣʛʦʨʠʪʤʠ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʪʘ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʊʘʢʦʞ, ʘʣʛʦʨʠʪʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʯʥʽ ʪʘ ʥʝʧʘʨʘʤʝʪʨʠʯʥʽ. 

ʇʘʨʘʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʦʩʥʦʚʘʥʽ ʥʘ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʡʤʦʚʽʨʥʦʩʪʝʡ 

(ʥʘʡʯʘʩʪʽʰʝ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ) ʽ ʧʦʪʨʝʙʫʶʪʴ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʟʧʦʜʽʣʫ, ʪʘʢʠʭ ʷʢ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʯʠ ʢʦʚʘʨʽʘʮʽʡʥʘ ʤʘʪʨʠʮʷ. 

ʅʝʧʘʨʘʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʥʝ ʨʦʙʣʷʪʴ ʧʨʠʧʫʱʝʥʴ ʧʨʦ ʨʦʟʧʦʜʽʣ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʯʘʩʪʦ ʚʚʘʞʘʶʪʴʩʷ ʨʦʙʘʩʪʥʠʤʠ. ɼʦ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʘʣʛʦʨʠʪʤ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ, ʢʣʘʩʠʬʽʢʘʪʦʨ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, ʢʣʘʩʠʬʽʢʘʪʦʨ 

ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (ANN) ʪʘ ʽʥʰʽ. ɼʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ 

ʚʽʜʥʦʩʷʪʴ: ʢʣʘʩʠʬʽʢʘʪʦʨ ʥʘʡʙʣʠʞʯʦʛʦ ʩʝʨʝʜʥʴʦʛʦ, ʢʣʘʩʠʬʽʢʘʪʦʨ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ. 
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1.3.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʦʙʨʘʞʝʥʴ ʤʝʪʦʜʘʤʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ɼʣʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʪʘʣʦʥʥʽ ʦʙʣʘʩʪʽ, ʷʢʽ 

ʦʙʠʨʘʶʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʾʭ ʥʘʣʝʞʥʦʩʪʽ ʜʦ ʧʝʚʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʣʘʩʫ. ɼʣʷ ʢʦʞʥʦʾ ʝʪʘʣʦʥʥʦʾ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʧʝʢʪʨʘʣʴʥʽ ʦʟʥʘʢʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʦʜʠʥ ʢʣʘʩ ʧʽʢʩʝʣʽʚ ʥʘ ʟʥʽʤʢʫ. ʂʦʞʝʥ 

ʧʽʢʩʝʣʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʽʚ, ʧʦʩʣʽʜʦʚʥʦ ʧʦʨʽʚʥʶʶʯʠʩʴ ʟ ʫʩʽʤʘ 

ʝʪʘʣʦʥʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʇʨʠ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʧʦʯʘʪʢʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʽ ʢʣʘʩʠ ʪʘ ʾʭ ʯʠʩʣʦ, ʘ ʧʦʪʽʤ ʚʽʜʧʦʚʽʜʥʽ ʾʤ 

ʩʧʝʢʪʨʘʣʴʥʽ ʢʣʘʩʠ. 

ɸʣʛʦʨʠʪʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʤʝʥʰʦʾ ʚʽʜʩʪʘʥʽ. ʎʝʡ 

ʘʣʛʦʨʠʪʤ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʽ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʘʥʠʭ. ɺʭʽʜʥʽ ʜʘʥʽ 

ï ʩʝʨʝʜʥʽ ʚʝʢʪʦʨʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʽ ʢʦʞʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ɼʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʷ ijkBV , ʱʦ 

ʥʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʝʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ D ʜʦ 

ʩʝʨʝʜʥʴʦʛʦ ʚʝʢʪʦʨʘ ckm  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ: 

22 )BV()BV(D clijlckijk m-+m-= .                          (1.28) 

ʇʽʢʩʝʣʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ, ʚʽʜʩʪʘʥʴ ʜʦ ʷʢʦʛʦ ʥʘʡʤʝʥʰʘ. 

ɸʣʛʦʨʠʪʤ ʧʘʨʘʣʝʣʝʧʽʧʝʜʫ. ʎʝʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʟʚʠʯʘʡʥʽʡ ʙʫʣʝʚʽʡ ʣʦʛʽʮʽ ʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚ n 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. ʉʧʦʯʘʪʢʫ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ c ʽ ʜʽʘʧʘʟʦʥʫ k 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʚ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ckm ʽ cks . 

ʇʽʩʣʷ ʮʴʦʛʦ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʢʩʝʣʽʚ ʟʥʽʤʢʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʩʪʫʧʥʝ ʧʨʘʚʠʣʦ. 

ʇʽʢʩʝʣʴ ʥʘʣʝʞʠʪʴ ʢʣʘʩʫ ʪʦʜʽ, ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʡʦʛʦ ʷʩʢʨʘʚʽʩʪʴ ijkBV  

ʟʘʜʦʚʦʣʴʥʷʻ ʥʘʩʪʫʧʥʽʡ ʫʤʦʚʽ: 

ckckijkckck BV s-m¢¢s-m ,                                      (1.29) 

ʜʝ ʩ=1,2,3,ém ʦʟʥʘʯʘʻ ʢʣʘʩ, ʘ k=1,2,3,ém ï ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ. 
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ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʥʠʞʥʶ ʪʘ ʚʝʨʭʥʶ ʛʨʘʥʠʮʽ ʥʝʨʽʚʥʦʩʪʽ ʷʢ: 

ckckckL s-m= ,              ckckckH s+m= ,                  (1.30) 

ʪʦ ʥʝʨʽʚʥʽʩʪʴ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

ckijkck HBVL ¢¢ .                                              (1.31) 

ʄʥʦʞʠʥʘ ʪʦʯʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʝʨʽʚʥʦʩʪʽ (1.31), ʫʪʚʦʨʶʻ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜ ʫ n-ʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʟʥʘʢ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ 

ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ ʥʘʣʝʞʘʪʴ ʜʦ ʧʘʨʘʣʝʣʝʧʽʧʝʜʫ, ʧʽʢʩʝʣʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʮʴʦʛʦ 

ʢʣʘʩʫ. 

ʂʣʘʩʠʬʽʢʘʪʦʨʠ, ʦʩʥʦʚʘʥʽ ʥʘ ʪʝʦʨʝʤʽ ɹʘʡʻʩʘ ï ʰʠʨʦʢʠʡ ʢʣʘʩ 

ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʥʮʠʧʽ ʤʘʢʩʠʤʫʤʫ ʘʧʦʩʪʝʨʽʦʨʥʦʾ 

ʡʤʦʚʽʨʥʦʩʪʽ. ɼʣʷ ʧʽʢʩʝʣʷ ʦʙʯʠʩʣʶʶʪʴʩʷ ʬʫʥʢʮʽʾ ʚʽʨʦʛʽʜʥʦʩʪʽ ʢʦʞʥʦʛʦ ʟ 

ʢʣʘʩʽʚ, ʧʦ ʥʠʤ ʦʙʯʠʩʣʶʶʪʴʩʷ ʘʧʦʩʪʝʨʽʦʨʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʢʣʘʩʽʚ. ʅʝʦʙʭʽʜʥʦ 

ʤʘʪʠ ʥʘʩʪʫʧʥʽ ʚʽʨʦʛʽʜʥʦʩʪʽ: ʘʧʨʽʦʨʥʽ ʚʽʨʦʛʽʜʥʦʩʪʽ p(i), ʨʦʟʧʦʜʽʣ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ p(f|i), ʘʧʦʩʪʝʨʽʦʨʥʫ ʚʽʨʦʛʽʜʥʽʩʪʴ p(i|f), ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

ɹʘʡʻʩʘ: 

)(p

)i(p)i|(p
)|i(p

f

f
f = ,     (1.32) 

ʜʝ f ï ʚʝʢʪʦʨ ʦʟʥʘʢ ʧʽʢʩʝʣʷ, i ï ʯʠʩʣʦ ʢʣʘʩʽʚ, p (f) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ä=
i

)i(p)i|(p)(p ff .     (1.33) 

ʇʨʘʚʠʣʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʬʦʨʤʫʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʦʩʪʝʨʽʦʨʥʠʭ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʟ ʨʽʚʥʷʥʥʷ (1.32). ʇʽʢʩʝʣ ɹ ʥʘʣʝʞʠʪʴ ʜʦ ʪʦʛʦ ʢʣʘʩʫ, ʯʠʷ 

ʘʧʦʩʪʝʨʽʦʨʥʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʽʣʴʰʘ, ʥʽʞ ʜʣʷ ʽʥʰʠʭ ʢʣʘʩʽʚ. 

ɸʣʛʦʨʠʪʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ. ɼʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ 

ʤʦʞʣʠʚʽ ʚʘʨʽʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʟʥʘʢ ʽ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʯʝʨʝʟ ʧʝʨʝʪʠʥ ʢʣʘʩʽʚ. ʆʩʪʘʥʥʽ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʧʽʢʩʝʣʽ, ʙʣʠʟʴʢʽ ʟʘ ʩʚʦʾʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʋ ʤʝʪʦʜʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʽʢʩʝʣʴ ʧʨʠʧʠʩʫʻʪʴʩʷ ʜʦ ʪʦʛʦ 

ʢʣʘʩʫ, ʷʢʠʡ ʤʘʢʩʠʤʽʟʫʻ ʬʫʥʢʮʽʶ ʚʽʨʦʛʽʜʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɼʘʥʽ ʟ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙ̔ʨʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʝʢʪʦʨʘ ʚʠʤʽʨʶʚʘʥʴ 
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ʄʩ ʽ ʢʦʚʘʨʽʘʮʽʡʥʦʾ ʤʘʪʨʠʮʽ Vc ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʩ ʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

k. 

ʂʨʠʪʝʨʽʡ ʥʘʣʝʞʥʦʩʪʽ ʧʽʢʩʝʣʷ ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʫ ʬʦʨʤʫʣʶʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʽʢʩʝʣʴ ʭ ʥʘʣʝʞʠʪʴ ʢʣʘʩʫ c ʚ ʪʦʤʫ, ʽ ʪʽʣʴʢʠ ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ic pp > ,       m...,i 21= ,                                    (1.34) 

ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ, ʚʽʨʦʛʽʜʥʽʩʪʴ pc  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

{ }[ ] ( )[ ])MX()V(MX,)Vdet(log,p cc

T

ccc ----= -15050 ,            (1.35) 

a pi ʧʦʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʜʘʥʠʡ ʢʣʘʩ ʽʩʥʫʻ. ʗʢʱʦ ʥʝʤʘʻ ʘʧʨʽʦʨʥʠʭ 

ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʧʨʦʩʪʦʨʦʚʽ ʦʙ'ʻʢʪʠ, ʚʽʨʦʛʽʜʥʽʩʪʴ ʜʣʷ ʚʩʽʭ ʢʣʘʩʽʚ ʙʫʜʝ 

ʦʜʥʘʢʦʚʦʶ. ʗʢʱʦ ʞ ʚʽʜʦʤʦ, ʱʦ ʚʽʨʦʛʽʜʥʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʦʜʥʠʭ ʢʣʘʩʽʚ ʙʽʣʴʰʘ, 

ʥʽʞ ʽʥʰʠʭ, ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʟʘʜʘʪʠ ʥʘʙʽʨ ʘʧʨʽʦʨʥʠʭ ʟʥʘʯʝʥʴ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʟʥʘʢ. ʂʨʠʪʝʨʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʽʢʩʝʣʷ ʜʦ ʧʝʚʥʦʛʦ 

ʢʣʘʩʫ, ʧʨʠ ʮʴʦʤʫ, ʙʫʜʝ ʬʦʨʤʫʣʶʚʘʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. ʇʽʢʩʝʣʴ ʭ ʥʘʣʝʞʠʪʴ 

ʢʣʘʩʫ ʩ ʚ ʪʦʤʫ, ʽ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

)a(p)a(p cicc >              m...,i 21= ,                (1.36) 

{ }[ ] ( )[ ])MX()V(MX,)Vdet(log,)alog()a(p cc

T

ccccc -----= -15050 ,      (1.37) 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʧʨʽʦʨʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ ʪʘ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʠʪʦʨʽʾ. 

 

1.3.2 ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʦʙʨʘʞʝʥʴ ʤʝʪʦʜʘʤʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʇʨʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʧʦʯʘʪʢʫ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʘʥʠʭ, ʚʠʜʽʣʷʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʽ ʢʣʘʩʠ, ʘ ʣʠʰʝ ʧʦʪʽʤ ʚʦʥʠ 

ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʚʽʜʦʤʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʣʘʩʽʚ ʥʘ ʤʽʩʮʝʚʦʩʪʽ. ɻʨʫʧʫʚʘʥʥʷ ʜʘʥʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. ʋ ʷʢʦʩʪʽ 

ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʘʣʛʦʨʠʪʤʫ ʚʢʘʟʫʶʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ, ʢʨʠʪʝʨʽʾ 
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ʨʦʟʜʽʣʴʥʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʪʘ ʤʦʞʣʠʚʠʡ ʨʦʟʢʠʜ ʟʥʘʯʝʥʴ ʫ ʢʣʘʩʪʝʨʽ. ʇʨʦʮʝʩ 

ʨʦʟʙʠʪʪʷ ʥʘ ʢʣʘʩʪʝʨʠ ʻ ʽʪʝʨʘʮʽʡʥʠʤ. 

ɸʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʂ-ʩʝʨʝʜʥʽʭ ʚʽʜʥʦʩʠʪʴ ʢʦʞʥʠʡ ʧʽʢʩʝʣ ɹ

ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʦʜʥʦʛʦ ʟ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʭ ʢʣʘʩʪʝʨʽʚ. ʂ ʚʠʧʘʜʢʦʚʠʭ 

ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ ʦʙʠʨʘʶʪʴʩʷ ʷʢ ʧʦʯʘʪʢʦʚʽ ʮʝʥʪʨʠ ʢʣʘʩʪʝʨʽʚ. ʂʦʞʝʥ 

ʧʽʢʩʝʣ ɹʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʪʝʨʫ, ʚʽʜʩʪʘʥʴ ʜʦ ʷʢʦʛʦ ʥʘʡʤʝʥʰʘ. 

ɸʣʛʦʨʠʪʤ ʤʽʥʽʤʽʟʫʻ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʽʢʩʝʣʽʚ ʚʽʜ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ. ʅʘ 

ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʦʚʽ ʮʝʥʪʨʠ ʢʣʘʩʪʝʨʽʚ ʪʘ ʧʽʢʩʝʣʽ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʣʘʩʪʝʨʠ ʧʦ-ʥʦʚʦʤʫ. ʇʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʧʦʢʠ ʢʣʘʩʪʝʨʠ 

ʥʝ ʟʘʣʠʰʘʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. 

ɸʣʛʦʨʠʪʤ ISODATA (Iterative self Organizing Data Analysis Technique) 

ʮʝ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʂ-ʩʝʨʝʜʥʽʭ. ɺʽʥ ʧʦʣʷʛʘʻ ʫ ʟʣʠʪʪʽ ʢʣʘʩʪʝʨʽʚ ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʾʭ ʨʦʟʜʽʣʴʥʽʩʪʴ ʥʠʞʯʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʫ 

ʨʦʟʜʽʣʝʥʥʽ ʢʣʘʩʪʝʨʫ, ʷʢʱʦ ʚʽʥ ʩʪʘʻ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʤ. 

 

1.3.3 ɼʝʰʠʬʨʫʚʘʥʥʷ ɼɼɿ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʘʮʽʾ [43]. ʋ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʝʢʪʦʨʠ ʟʥʘʯʝʥʴ 

ʧʽʢʩʝʣʽʚ ʫ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʟʦʙʨʘʞʝʥʥʷ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ 

ʤʝʨʝʞʽ ʧʽʢʩʝʣʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʽʚ. ʅʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʧʨʦʭʦʜʠʪʴ 

ʥʘ ʙʘʟʽ ʧʽʢʩʝʣʽʚ ʝʪʘʣʦʥʥʠʭ ʚʠʙʽʨʦʢ [44]. 

ʂʣʘʩʠʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ï ʮʝ ʤʥʦʞʠʥʘ ʥʝʡʨʦʥʽʚ, ʟôʻʜʥʘʥʠʭ ʤʽʞ 

ʩʦʙʦʶ. ʇʝʨʝʜʘʪʦʯʥʽ ʬʫʥʢʮʽʾ ʥʝʡʨʦʥʽʚ ʟʘʟʚʠʯʘʡ ʬʽʢʩʦʚʘʥʽ, ʘ ʾʭ ʚʘʛʠ 

ʟʤʽʥʶʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ. ɼʝʷʢʽ ʚʭʦʜʠ ʥʝʡʨʦʥʽʚ ʚʽʜʤʽʯʝʥʽ ʷʢ ʟʦʚʥʽʰʥʽ 

ʚʭʦʜʠ, ʘ ʜʝʷʢʽ ʚʠʭʦʜʠ ï ʷʢ ʟʦʚʥʽʰʥʽ ʚʠʭʦʜʠ ʤʝʨʝʞʽ. ʈʦʙʦʪʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʭʽʜʥʦʛʦ ʚʝʢʪʦʨʘ X ʫ ʚʠʭʽʜʥʠʡ ʚʝʢʪʦʨ Y. ʎʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʜʘʻʪʴʩʷ ʚʘʛʘʤʠ ʤʝʨʝʞʽ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝʡʨʦʥʘ ʤʘʻ ʚʠʛʣʷʜ: 
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ä
=

+=
n

i

ii bxws
1

,                                                (1.38) 
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ʜʝ wi ï ʚʘʛʘ ʩʠʥʘʧʩʘ (i=1,é,n), b ï ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʥʷ, s ï ʨʝʟʫʣʴʪʘʪ 

ʩʫʤʫʚʘʥʥʷ, xi ï ʢʦʤʧʦʥʝʥʪʘ ʚʭʽʜʥʦʛʦ ʚʝʢʪʦʨʘ (i=1,é,n), y ï ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʥʝʡʨʦʥʘ, f(s) ï ʥʝʣʽʥʽʡʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ ʯʠ ʧʝʨʝʜʘʪʦʯʥʘ 

ʬʫʥʢʮʽʷ), n ï ʯʠʩʣʦ ʚʭʦʜʽʚ ʥʝʡʨʦʥʘ. ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʠʛʤʦʾʜʘʣʴʥʘ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ: 

ase
)s(f
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=
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1

.                                          (1.39) 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʾʾ ʥʝʦʙʭʽʜʥʦ ʦʙʫʯʠʪʠ. ʋ 

ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʢʪʫʶʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʫʪʴ 

ʜʦʩʷʛʥʝʥʽ ʙʘʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʭʽʜʥʠʭ ʦʙôʻʢʪʽʚ. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʘʨʭʽʪʝʢʪʫʨ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʽʣʴʢʽʩʪʶ 

ʰʘʨʽʚ, ʢʽʣʴʢʽʩʪʶ ʥʝʡʨʦʥʽʚ, ʢʽʣʴʢʽʩʪʶ ʟʚôʷʟʢʽʚ, ʪʠʧʦʤ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ. 

ɺʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʜʘʯ [45]. 

 

1.3.4 ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʝʥʴ ʟ ʜʝʰʠʬʨʫʚʘʥʥʷ ʘʝʨʦʢʦʩʤʽʯʥʠʭ 

ʩʢʘʥʝʨʥʠʭ ʟʦʙʨʘʞʝʥʴ 

 

ʅʘ ʩʴʦʛʦʜʥʽ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʯʠ ʦʢʨʝʤʠʭ 

ʪʠʧʽʚ ʦʙôʻʢʪʽʚ ï ʮʝ ʥʘʜʚʘʞʣʠʚʝ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. ʈʘʥʽʰʝ ʜʦʩʣʽʜʥʠʢʘʤʠ ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʜʣʷ ʜʝʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʩʫʧʫʪʥʠʢʘʤʠ 

Landsat, WorldView-1, GeoEye, ʪʘ Ikonos ʟʘʩʦʙʘʤʠ ʘʝʨʦʟʡʦʤʢʠ [46, 47]. ʎʽ 

ʩʠʩʪʝʤʠ ɼɿɿ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʤʝʪʦʜʘʤʠ ʬʽʢʩʘʮʽʾ ʜʘʥʠʭ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʪʘ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʩʫʯʘʩʥʠʤ ʤʝʪʦʜʘʤ [48]. ʅʘ ʩʴʦʛʦʜʥʽ, ʤʝʪʦʜʠ 
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ʢʦʪʥʪʨʦʣʴʦʚʘʥʦʾ ʪʘ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʢʦʤʙʽʥʘʮʽʾ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ [49, 50]. ʆʜʥʠʤ ʟ 

ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʤʝʪʦʜʽʚ ʻ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʪʦʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʪʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ. 

ʉʫʯʘʩʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ 

ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥ ɹ[43]. ʊʘʢʦʞ, ʨʦʟʨʦʙʣʝʥʽ ʟʛʦʨʪʦʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ʜʣʷ ʧʦʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʪʘʢʽ 

ʟʘʜʘʯʽ, ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʷ ʽ ʩʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʴ [51]. ʋ ʨʦʙʦʪʽ [52] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʩʦʢʦʪʦʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ 

ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʪʦʯʥʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ. ʋ ʨʦʙʦʪʽ [53] ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ɼɼɿ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʛʦʨʪʦʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʂʣʘʩʠʬʽʢʘʮʽ̫ ɼɼɿ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʥʝ ʟʘʚʞʜʠ ʟʨʫʯʥʘ ʯʝʨʝʟ ʧʦʪʨʝʙʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ, 

ʪʘ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ. 

ʑʝ ʦʜʠʥ ʝʬʝʢʪʠʚʥʠʡ ʟʘʩʽʙ ʢʣʘʩʠʬʽʢʘʮʽʾ ɼɼɿ ʮʝ ʦʙô̒ ʢʪʥʦïʦʨʽʻʥʪʦʚʘʥʠʡ 

ʧʽʜʭʽʜ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ, ʟʨʫʯʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ 

ʜʘʥʠʭ ʪʘ ʟʘʜʘʯ. ʎʝʡ ʧʽʜʭʽʜ ʨʘʥʽʰʝ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʥʘʫʢʦʚʮʷʤʠ ʜʦ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʜʘʥʠʭ, ʟʦʢʨʝʤʘ, ʫ [48] ʚʽʥ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʩʫʧʫʪʥʠʢʦʤ Landsat. ʋ ʨʦʙʦʪʽ [54] ʮʝʡ ʧʽʜʭʽʜ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʦʨʽʛ ʥʘ ʟʥʽʤʢʘʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʩʫʧʫʪʥʠʢʽʚ WorldView-2 ʪʘ 

Ikonos. ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩ ̫ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʫ ʢʦʤʙʽʥʘʮʽʾ ʟ ʩʠʩʪʝʤʦʶ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ 

ʫ [50]. 

 

1.4 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʩʫʧʫʪʥʠʢʘʤʠ 

WorldView -2 ʪʘ WorldViev-3 

 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ, ʦʪʨʠʤʘʥʽ 

ʩʫʧʫʪʥʠʢʘʤʠ WorldView-2 ʪʘ WorldView-3. WorldView-2 ï ʮʝ ʧʝʨʰʠʡ 

ʢʦʤʝʨʮʽʡʥʠʡ ʘʧʘʨʘʪ ʟ ʚʦʩʴʤʠʢʘʥʘʣʴʥʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʟ ʚʠʩʦʢʦʶ 
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ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʪʨʘʜʠʮʽʡʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʢʘʥʘʣʠ, ʘ ʪʘʢʦʞ 

ʯʦʪʠʨʠ ʜʦʜʘʪʢʦʚʠʭ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʨʠ 

ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʚʠʜʽʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ, ʘʥʘʣʽʟʽ ʙʝʨʝʛʦʚʦʾ 

ʣʽʥʽʾ ʽ ʧʨʠʙʝʨʝʞʥʦʾ ʘʢʚʘʪʦʨʽʾ. ɿʘ ʩʚʦʾʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ WorldView-2 

ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʚʠʱʠʤ ʚʠʤʦʛʘʤ. ɼʘʥʽ, ʦʜʝʨʞʘʥʽ ʟʘ ʮʴʦʛʦ ʩʫʧʫʪʥʠʢʘ, ʤʘʶʪʴ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ (ʉʂʇ) ʥʝ ʛʽʨʰʝ 4 ʤ ʙʝʟ ʥʘʟʝʤʥʠʭ ʪʦʯʦʢ 

ʧʨʠʚ'ʷʟʢʠ. 

ʉʫʧʫʪʥʠʢ WorldView-3 ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʡʦʤʢʠ ʚ ʧʘʥʭʨʦʤʘʪʠʯʥʦʤʫ ʽ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʝʞʠʤʘʭ. ɿʥʽʤʘʣʴʥʘ ʘʧʘʨʘʪʫʨʘ ʧʦʚʥʽʩʪʶ ʘʥʘʣʦʛʽʯʥʘ 

ʪʽʡ, ʷʢʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʩʫʧʫʪʥʠʢʫ WorldView-2. ʊʦʯʥʽʩʪʴ ʛʝʦʧʦʟʠʮʽʶʚʘʥʥʷ ʚ 

ʧʣʘʥʽ ʩʪʘʥʦʚʠʪʴ 6,5 ʤ ʘʙʦ 4 ʤ ʉʂʇ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʢʦʨʝʢʮʽʾ ʧʣʘʥʦʚʠʭ 

ʢʦʦʨʜʠʥʘʪ ʧʦ ʥʘʟʝʤʥʠʤ ʦʧʦʨʥʠʤ ʪʦʯʢʘʤ. WorldView-3 ʚʝʜʝ ʟʡʦʤʢʫ ʚ 

ʨʝʞʠʤʘʭ: VNIR (Visible and Near Infrared) ï ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʡ ʚʠʜʠʤʠʡ ʽ 

ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʜʽʘʧʘʟʦʥ, ʫʩʴʦʛʦ 8 ʢʘʥʘʣʽʚ; SWIR (Shortwave Infrared) 

ï ʩʝʨʝʜʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʜʽʘʧʘʟʦʥ, ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʟʡʦʤʢʫ ʢʨʽʟʴ ʩʝʨʧʘʥʦʢ, 

ʪʫʤʘʥ, ʩʤʦʛ, ʧʠʣ, ʜʠʤ ʽ ʭʤʘʨʠ, ʫʩʴʦʛʦ 8 ʢʘʥʘʣʽʚ; CAVIS (clouds, aerosols, 

vapors, ice, snow) ï ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʪʤʦʩʬʝʨʥʫ ʢʦʨʝʢʮʽʶ ʫʩʴʦʛʦ 12 

ʢʘʥʘʣʽʚ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʽʩʪʶ 30 ʤ ʚ ʥʘʜʠʨʽ ʽ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ʚʽʜ 0,4 

ʤʢʤ ʜʦ 2,2 ʤʢʤ. 

ɿʘʚʜʘʥʥʷ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʩʫʧʫʪʥʠʢʘʤʠ WorldView-3 ʪʘ WorldView-2: 

Å ʩʪʚʦʨʝʥʥʷ ʽ ʦʥʦʚʣʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʢʘʨʪ ʽ ʧʣʘʥʽʚ ʜʦ 

ʤʘʩʰʪʘʙʫ 1: 5000; 

Å ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʟ ʪʦʯʥʽʩʪʶ (1ï3) ʤ ʧʦ ʚʠʩʦʪʽ; 

Å ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ ʪʘ ʢʦʥʪʨʦʣʴ ʙʫʜʽʚʥʠʮʪʚʘ ʦʙ'ʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʚʠʜʦʙʫʪʢʫ ʥʘʬʪʠ ʽ ʛʘʟʫ; 

Å ʚʠʢʦʥʘʥʥʷ ʣʽʩʦʚʧʦʨʷʜʥʠʭ ʨʦʙʽʪ, ʪʦʯʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ 

ʽ ʦʮʽʥʢʘ ʩʪʘʥʫ ʣʽʩʽʚ; 

Å ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʩʪʚʦʨʝʥʥʷ ʧʣʘʥʽʚ 

ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʪʦʯʥʝ ʟʝʤʣʝʨʦʙʩʪʚʦ; 
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Å ʪʦʥʢʠʡ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʧʦʩʽʚʽʚ, ʦʮʽʥʢʘ ʟʘʩʤʽʯʝʥʦʩʪʽ, ʚʠʷʚʣʝʥʥʷ 

ʰʢʽʜʥʠʢʽʚ ʽ ʭʚʦʨʦʙ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʨʦʞʘʡʥʦʩʪʽ; 

Å ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʢʘʨʪ ʽ ʧʣʘʥʽʚ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʣʘʥʜʰʘʬʪʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ; 

Å ʦʥʦʚʣʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʧʽʜʦʩʥʦʚʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʻʢʪʽʚ 

ʛʝʥʝʨʘʣʴʥʠʭ ʧʣʘʥʽʚ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤʽʩʪ, ʩʭʝʤ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʨʘʡʦʥʽʚ; 

Å ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ ʽ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ, 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ; 

Å ʰʠʨʦʢʝ ʢʦʣʦ ʟʘʚʜʘʥʴ ʫ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

 

ʊʘʙʣʠʮʷ 1.3 ï ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʽʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ 

WorldView-2 

ʈʝʞʠʤ ʟʡʦʤʢʠ ʇʘʥʭʨʦʤʘʪʠʯʥʠʡ ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʡ 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ, 

ʤʢʤ 

0,50ï0,90 0,40ï0,45 (ʬʽʦʣʝʪʦʚʠʡ ʘʙʦ 

coastal)  

0,45ï0,51 (ʩʠʥʽʡ)  

0,51ï0,58 (ʟʝʣʝʥʠʡ)  

0,585ï0,625 (ʞʦʚʪʠʡ)  

0,63ï0,69 (ʯʝʨʚʦʥʠʡ)  

0,705ï0,745 (ʢʨʘʡʥʽʡ 

ʯʝʨʚʦʥʠʡ  ʘʙʦ red-edge)  

0,77ï0,895 (ʙʣʠʞʥʽʡ ɯʏ-1)  

0,86ï1,04 (ʙʣʠʞʥʽʡ ɯʏ-2) 

ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ (ʚ ʥʘʜʠʨʽ), ʤ 

0,46 1,84 

ʄʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʚʽʜ ʥʘʜʠʨʘ, ʛʨʘʜ 

40 
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ʈʝʞʠʤ ʟʡʦʤʢʠ ʇʘʥʭʨʦʤʘʪʠʯʥʠʡ ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʡ 

ʈʘʜʽʦʤʝʪʨʠʯʥʘ 

ʨʦʟʨʽʟʥʝʥʽʩʪʴ , ʙʽʪ/ʧʽʢʩʝʣʴ 

11 

ʊʦʯʥʽʩʪʴ ʛʝʦʧʦʟʠʮʽʶʚʘʥʠʷ, 

ʤ 

CE90 mono = 5 

ʐʠʨʠʥʘ ʧʦʣʦʩʠ ʟʡʦʤʢʠ, ʢʤ 16,4 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʡʦʤʢʠ, 

ʤʣʥ ʢʚ. ʢʤ/ʜʦʙʫ 

0,75 

ʇʝʨʽʦʜʠʯʥʽʩʪʴ  ʟʡʦʤʢʠ, ʜʽʙ 1,1ï3,7 (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʠʨʦʪʠ ʦʙʣʘʩʪʽ ʟʡʦʤʢʠ) 

ʄʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ 

ʩʪʝʨʝʦʧʘʨʠ 

ʊʘʢ 

ʌʦʨʤʘʪ ʬʘʡʣʽʚ GeoTIFF, NITF 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʥʘ ʥʘʟʝʤʥʠʡ ʩʝʛʤʝʥʪ, 

ʄʙʠʪ/ʩ 

800 

 

 

 

ʊʘʙʣʠʮʷ 1.4 ï ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʽʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ 

WorldView-3 

ʈʝʞʠʤ ʟʡʦʤʢʠ ʇʘʥʭʨʦʤʘʪʠʯʥʠʡ ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʡ 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ, 

ʤʢʤ 

0,50ï0,90 0,40ï0,45 (ʬʽʦʣʝʪʦʚʠʡ ʘʙʦ 

coastal)  

0,45ï0,51 (ʩʠʥʽʡ)  

0,51ï0,58 (ʟʝʣʝʥʠʡ)  

0,585ï0,625 (ʞʦʚʪʠʡ)  

0,63ï0,69 (ʯʝʨʚʦʥʠʡ)  



57 

ʈʝʞʠʤ ʟʡʦʤʢʠ ʇʘʥʭʨʦʤʘʪʠʯʥʠʡ ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʡ 

0,705ï0,745 (ʢʨʘʡʥʽʡ 

ʯʝʨʚʦʥʠʡ ʘʙʦ red-edge)  

0,77ï0,895 (ʙʣʠʞʥʽʡ ʀʂ-1)  

0,86ï1,04 (ʙʣʠʞʥʽʡ ʀʂ-2) 

ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʽʩʪʴ (ʚ 

ʥʘʜʠʨʽ), ʤ 

0,31 1,24 

ʄʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʚʽʜ ʥʘʜʠʨʘ, ʛʨʘʜ 

40 

ʈʘʜʽʦʤʝʪʨʠʯʥʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ  , ʙʽʪ/ʧʽʢʩʝʣʴ 

11 

ʊʦʯʥʽʩʪʴ ʛʝʦʧʦʟʠʮʽʶʚʘʥʥ,̫ 

ʤ 

CE90 mono = 3,5 

ʐʠʨʠʥʘ ʧʦʣʦʩʠ ʟʡʦʤʢʠ, ʢʤ 13,1 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʡʦʤʢʠ, 

ʤʣʥ ʢʚ. ʢʤ/ʜʦʙʫ 

0,68 

ʇʝʨʽʦʜʠʯʥʽʩʪʴ  ʟʡʦʤʢʠ, ʜʽʙ 1 

ʄʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ 

ʩʪʝʨʝʦʧʘʨʠ 

ʊʘʢ 

ʌʦʨʤʘʪ ʬʘʡʣʽʚ GeoTIFF, NITF 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʥʘ ʥʘʟʝʤʥʠʡ ʩʝʛʤʝʥʪ, 

ʄʙʠʪ/ʩ 

800 
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1.5 ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʱʦ 

ʦʪʨʠʤʫʶʪʴʩʷ ʩʫʧʫʪʥʠʢʘʤʠ, ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʽ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ [55, 56]. ʊʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ, 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʽʩʪʴ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ, ʫ ʷʢʦʤʫ 

ʦʪʨʠʤʫʶʪʴʩʷ ʜʘʥʽ. ɿ ʧʦʷʚʦʶ ʥʦʚʠʭ ʩʫʧʫʪʥʠʢʽʚ, ʦʙʣʘʜʥʘʥʠʭ ʇɿɿ-ʩʢʘʥʝʨʘʤʠ, 

ʱʦ ʩʧʨʦʤʦʞʥʽ ʦʪʨʠʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥ̔ ʩʪʶ 0,46 ʤ 

ʪʘ 0,31 ʤ ʥʘ ʧʽʢʩʝʣʴ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʠʩʪʝʤ, ʤʝʪʦʜʽʚ, 

ʪʝʭʥʦʣʦʛʽʡ, ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʜʝʰʠʬʨʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʪʚʦʨʝʥʦ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʩʢʘʥʝʨʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʦʩʥʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʧʽʜʭʦʜʘʭ. ʈʽʟʥʠʤʠ ʥʘʫʢʦʚʮʷʤʠ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʤʝʪʦʜʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ [57]. ʄʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʝʡ ʤʘʶʪʴ 

ʩʚʦʾ ʥʝʜʦʣʽʢʠ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʦ ʜʘʥʠʭ ɼɿɿ ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʪʘ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥ̔ ʩʪʶ [58]. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʟʥʽʤʢʽʚ ʟ ʚʠʩʦʢʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʽʩʪʶ, ʮʽ ʤʝʪʦʜʠ ʧʦʢʘʟʘʣʠ ʥʝʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ. ʇʨʦʮʝʩʠ 

ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʛʝʦʤʝʪʨʽʷ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʘ ʪʠʧʫ ʩʢʘʥʫʶʯʦʾ 

ʩʠʩʪʝʤʠ. ʎʝ ʜʘʻ ʧʽʜʩʪʘʚʠ ʜʣʷ ʦʟʥʘʯʝʥʥʷ ʩʫʪʥʦʩʪʽ ʥʘʫʢʦʚʦïʪʝʭʥʽʯʥʦʛʦ 

ʟʘʚʜʘʥʥʷ, ʱʦ ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ: ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʢʦʨʝʢʮʽʾ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʩʢʘʥʝʨʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʭ ʥʘʧʨʷʤʢʽʚ ʦʙʨʦʙʢʠ ɼɼɿ ʻ ʾʭ 

ʜʝʰʠʬʨʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʽʩʥʫʻ ʙʝʟʣʽʯ ʨʝʘʣʽʟʘʮʽʡ ʤʝʪʦʜʽʚ 

ʜʝʰʠʬʨʫʚʘʥʥʷ ɼɼɿ, ʦʩʥʦʚʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʪʘ ʧʽʜʭʦʜʘʭ [21]. 

ɼʝʰʠʬʨʫʚʘʥʥʷ ɼɼɿ ï ʮʝ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʪʘʢʽ ʟʘʜʘʯʽ, ʷʢ 

ʚʠʟʥʘʯʝʥʥʷ ʦʟʥʘʢ, ʟʘ ʷʢʠʤʠ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʘʥʘʣʽʟ, ʚʠʙʽʨ ʤʦʜʝʣʽ ʯʠ ʤʝʪʦʜʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. 
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ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʚʝʩʴ ʮʠʢʣ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ: ʘʥʘʣʽʟ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʦʢʨʝʤʠʭ 

ʦʙôʻʢʪʽʚ ʽ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʊʦʤʫ ʦʩʦʙʣʠʚʫ ʟʥʘʯʫʱʽʩʪʴ 

ʥʘʙʫʚʘʻ ʪʘʢʦʞ ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʦʪʨʠʤʘʥʠʭ ʫ ʚʠʜʠʤʽʡ ʪʘ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʜʽʣʷʥʢʘʭ 

ʩʧʝʢʪʨʫ. 

 

1.6 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

1. ʋ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ɼɿɿ, ʧʨʠʥʮʠʧʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʾʭ 

ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

2. ʈʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. ɸʥʘʣʽʟ 

ʥʘʚʝʜʝʥʠʭ ʫ ʨʦʟʜʽʣʽ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʥʝʜʦʣʽʢʠ ʮʠʭ ʤʝʪʦʜʽʚ 

ʚʽʜʥʦʩʥʦ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʩʫʯʘʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ɼɿɿ. 

3. ɼʦʩʣʽʜʞʝʥʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʜʝʰʠʬʨʫʚʘʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʥʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, ʦʪʨʠʤʘʥʠʭ 

ʩʫʯʘʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ɼɿɿ. 

4. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ɼɿɿ ʪʘ ʟʘʩʦʙʽʚ ʾʭ ʦʪʨʠʤʘʥʥʷ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʧʨʦʙʣʝʤʠ ʪʘ ʟʘʜʘʯʽ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ: [1, 4, 12]. 

 

  



60 

ʈʆɿɼɯʃ 2 ɼɽʐʀʌʈʋɺɸʅʅʗ ɼɼɿ ʅɸ ʆʉʅʆɺɯ ʆɹôɭʂʊʅʆ-

ʆʈɯɭʅʊʆɺɸʅʆɻʆ ʇɯɼʍʆɼʋ 

 

2.1 ʊʝʤʘʪʠʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʦʙôʻʢʪʽʚ ʥʘ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ 

 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʚʠʨʽʰʫʶʪʴʩʷ ʪʘʢʽ ʟʘʜʘʯʽ ʜʝʰʠʬʨʫʚʘʥʥʷ ɼɼɿ, ʷʢ 

ʪʝʤʘʪʠʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʦʙôʻʢʪʽʚ. 

ɿʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʥʘ ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʥʽʤʢʫ 

ʦʢʨʝʤʠʭ ʦʙôʻʢʪʽʚ ʘʙʦ ʛʨʫʧ ʦʙôʻʢʪʽʚ ʦʜʥʦʛʦ ʪʠʧʫ [6, 14]. 

ʄʝʪʦʶ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʻ ʦʪʨʠʤʘʥʥʷ ʪʝʤʘʪʠʯʥʦʾ ʢʘʨʪʠ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. ɿʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʢʦʞʥʠʡ ʟ 

ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʝʢʪʦʨʦʤ ʟʥʘʯʝʥʴ ï xij ʫ N ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʘʥʘʣʘʭ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʽʚ. ʗʢ ʧʨʘʚʠʣʦ, ʢʣʘʩʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʟʘʟʜʘʣʝʛʽʜʴ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʪʠʧʘʤ ʦʙôʻʢʪʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɿʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, 

ʦʩʢʽʣʴʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʤʘʪʠʯʥʦʾ ʢʘʨʪʠ ʤʽʩʮʝʚʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ 

ʪʦʯʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʚʩʽʭ ʪʠʧʽʚ ʦʙôʻʢʪʽʚ, ʧʨʠʩʫʪʥʽʭ ʥʘ ʟʥʽʤʢʫ. ʋ ʨʦʙʦʪʽ 

ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʜʝʰʠʬʨʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʪʘ 

ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʮʽʣʦʛʦ ʟʥʽʤʢʘ, ʘʙʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʝʚʥʽ ʢʣʘʩʠ ʦʙôʻʢʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʽ ʫ ʨʦʙʦʪʽ 

ʟʥʽʤʢʠ, ʦʪʨʠʤʘʥʽ ʩʫʧʫʪʥʠʢʘʤʠ WorldView-2 ʪʘ WorldView-3, ʤʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʽʩʪʴ 1,84 ʤ ʪʘ 1,24 ʤ ʫ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʘʭ ʪʘ 

46 ʩʤ ʪʘ 31 ʩʤ ʫ ʧʘʥʭʨʦʤʘʪʠʯʥʠʭ ʢʘʥʘʣʘʭ ʚʽʜʧʦʚʽʜʥʦ. ʅʘʜʚʠʩʦʢʘ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʛʨʘʥʠʮʽ ʦʙôʻʢʪʽʚ ʥʘ ʟʝʤʥʽʡ 

ʧʦʚʝʨʭʥʽ ʪʘ ʚʨʘʭʫʚʘʪʠ ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ [17]. 
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2.2 ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʪʘ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪ ̔

 

ʅʘ ʩʴʦʛʦʜʥʽ, ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʻ ʦʜʥʠʤ ʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ 

ʟʘʩʦʙʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ [25]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʽʢʩʝʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ [59], ʫ 

ʭʦʜʽ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʘʥʘʣʽʟʫʶʪʴʩʷ ʥʝ ʦʢʨʝʤʽ ʧʽʢʩʝʣʽ, ʘ ʦʢʨʝʤʽ ʛʨʫʧʠ 

ʧʽʢʩʝʣʽʚ, ʪ. ʟ. ʦʙôʻʢʪʠ ʯʠ ʩʝʛʤʝʥʪʠ, ʦʪʨʠʤʘʥʽ ʫ ʥʘʩʣʽʜʦʢ ʩʝʛʤʝʥʪʘʮʽʾ 

ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ, ʫ ʷʢʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʥʝ ʪʽʣʴʢʠ 

ʚʝʢʪʦʨʠ ʟʥʘʯʝʥʴ ʦʢʨʝʤʠʭ ʧʽʢʩʝʣʽʚ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ. ʄʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ, ʧʨʦʩʪʦʨʦʚʽ, ʛʝʦʤʝʪʨʠʯʥʽ, ʩʧʝʢʪʨʘʣʴʥʽ ʪʘ ʪʝʢʩʪʫʨʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ [14]. 

ʇʨʦʮʝʩ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʥʽʤʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ (ʨʠʩ. 2.1): 

ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʟʥʽʤʢʘ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʢʨʘʱʝʥʥʷ 

ʷʢʦʩʪʽ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʛʝʦʤʝʪʨʠʯʥʦʾ, 

ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ ʪʘ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʝʢʮʽʾ, ʫʩʫʥʝʥʥʷ ʰʫʤʽʚ, ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʉʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʦʪʨʠʤʫʶʪʴʩʷ ʦʙôʻʢʪʽ ʜʣʷ 

ʘʥʘʣʽʟʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʜʽʣʠʪʴʩʷ 

ʥʘ ʦʙʣʘʩʪʽ (ʩʝʛʤʝʥʪʠ), ʜʝ ʧʽʢʩʝʣʽ ʤʘʶʪʴ ʩʭʦʞʽ ʟʥʘʯʝʥʥʷ [3]. 

ʇʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʩʝʛʤʝʥʪʘʮʽʾ 

ʪʘ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ, ʧʽʩʣʷ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʩʝʛʤʝʥʪʠ, 

ʯʠʡ ʨʦʟʤʽʨ ʟʘʥʘʜʪʦ ʤʘʣʠʡ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʽ ʰʫʤʘʤʠ, ʚʠʙʦʨʦʤ 

ʥʝʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʛʤʝʥʪʘʮʽʾ ʯʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʙôʻʢʪʽʚ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʩʝʛʤʝʥʪʽʚ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ, 

ʪʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʫʩʫʥʝʥʥʷ ʩʝʛʤʝʥʪʽʚ, ʯʠʡ ʨʦʟʤʽʨ ʤʝʥʰʠʡ, ʥʽʞ 

ʟʘʜʘʥʝ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ [4]. 
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ʈʦʟʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʤʝʥʪʽʚ. ɼʣʷ ʫʩʽʭ ʦʪʨʠʤʘʥʠʭ ʩʝʛʤʝʥʪʽʚ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ, ʜʦ ʷʢʦʛʦ ʟ ʟʘʟʜʘʣʝʛʽʜʴ ʦʛʦʣʦʰʝʥʠʭ ʢʣʘʩʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʩʝʛʤʝʥʪ. ɼʣʷ 

ʮʴʦʛʦ ʤʦʞʫʪʴ ʙʫʜʠ ʦʙʨʘʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ɻʦʣʦʚʥʽ ʝʪʘʧʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

 

ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ 

ʉʝʛʤʝʥʪʘʮʽʷ 

ɺʭʽʜʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

ʉʝʛʤʝʥʪʠ 

ʂʣʘʩʠʬʽʢʦʚʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

ʇʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ 

ʈʦʟʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʂʣʘʩʠʬʽʢʘʮʽʷ 
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2.3 ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʝʰʠʬʨʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ 

ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ 

 

ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʪʝʭʥʦʣʦʛʽʶ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ.  

ɿʘʟʚʠʯʘʡ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ ʧʨʠʩʫʪʥʽ ʜʝʢʽʣʴʢʘ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ 

ʢʣʘʩʽʚ ʦʙôʻʢʪʽʚ ʪʘ ʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʪʘʢʠʭ ʷʢ ʨʦʩʣʠʥʥʽʩʪʴ, ʚʦʜʘ, ˇʨʫʥʪ, 

ʙʫʜʽʚʣʽ, ʪʽʥʽ ʪʘ ʜʦʨʦʛʠ. ʎʽ ʦʙôʻʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʝʤʘʥʪʠʯʥʦ ʦʧʠʩʘʥʽ, ʚʠʭʦʜʷʯʠ 

ʟ ʾʭ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʠʪʘʤʘʥʥʽ ʨʽʟʥʠʤ ʪʠʧʘʤ ʦʙôʻʢʪʽʚ ʪʘ ʧʦʚʝʨʭʦʥʴ. 

ʅʘʷʚʥʽʩʪʴ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʧʝʢʪʨʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙôʻʢʪʠ ʥʘ ʟʥʽʤʢʘʭ. 

ʉʪʨʫʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.2. ʅʘ ʝʪʘʧʽ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʚʠʢʦʥʘʥʦ ʨʘʜʽʦʤʝʪʨʠʯʥʫ ʢʦʨʝʢʮʽʶ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʚʠʢʦʥʘʥʦ ʟʣʠʪʪʷ 8 ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʟʥʽʤʢʽʚ ʟ 

ʧʘʥʭʨʦʤʘʪʠʯʥʠʤ ʢʘʥʘʣʦʤ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ, ʨʦʟʨʦʙʣʝʥʫ ʫ 

[12]. 

ʅʘ ʝʪʘʧʽ ʩʝʛʤʝʥʪʘʮʽʾ ʜʦ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʩʝʛʤʝʥʪʘʮʽʾ, ʱʦ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʟʨʫʯʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ. ʁʦʛʦ ʩʫʪʴ ʚ ʪʦʤʫ, ʱʦ 

ʢ̫ʱʦ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʟʘʣʠʰʘʣʠʩʷ ʩʝʛʤʝʥʪʠ ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ ((1ï15) ʧʽʢʩʝʣʽʚ), 

ʧʨʦʚʦʜʠʣʦʩʴ ʟʣʠʪʪʷ ʮʠʭ ʩʝʛʤʝʥʪʽʚ ʟ ʩʫʩʽʜʥʽʤʠ ʩʝʛʤʝʥʪʘʤʠ. 

ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʢʣʘʩʠ ʩʝʛʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʦʙʨʘʥʦ 

ʤʦʜʝʣʴ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʝʯʽʪʢʦʤʫ ʣʦʛʽʯʥʦʤʫ ʚʠʚʝʜʝʥʥʽ. ʋ ʩʠʩʪʝʤʘʭ 

ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʨʽʰʝʥʥʷ ʧʨʦ ʢʣʘʩ ʦʙôʻʢʪʘ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʤʥʦʞʠʥʠ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʪʘ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ [50, 54]. ʇʨʘʚʠʣʘ 

ʩʬʦʨʤʦʚʘʥʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʞʥʦʛʦ ʢʣʘʩʫ. ɺʝʢʪʦʨʠ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʤʝʥʪʽʚ ʫʟʷʪʦ ʟʘ ʚʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʩʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ 

ʚʠʚʝʜʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ, 

ʦʪʨʠʤʘʥʠʭ ʥʘ ʝʪʘʧʽ ʩʝʛʤʝʥʪʘʮʽʾ. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʝʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

 



65 

2.4 ʄʝʪʦʜʠ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ 

 

ʉʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ï ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʜʥʦʨʽʜʥʽ 

ʜʽʣʷʥʢʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʧʽʢʩʝʣʽ ʟʽ ʩʭʦʞʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʝʛʤʝʥʪʘʮʽʷ 

ʟʦʙʨʘʞʝʥʥʷ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʘʮʽʾ [60, 61]. ʑʦʙ ʦʪʨʠʤʘʪʠ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʥʝʦʙʭʽʜʥʦ 

ʦʙʨʘʪʠ ʥʘʡʢʨʘʱʽʡ ʜʣʷ ʚʠʨʽʰʫʚʘʥʦʾ ʟʘʜʘʯʽ ʤʝʪʦʜ ʩʝʛʤʝʥʪʘʮʽʾ ʪʘ ʡʦʛʦ 

ʧʘʨʘʤʝʪʨʠ. 

ʄʝʪʦʜʠ ʩʝʛʤʝʥʪʘʮʽʾ ʤʦʞʣʠʚʦ ʧʦʜʽʣʠʪʠ ʥʘ ʘʚʪʦʤʘʪʠʯʥʽ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʽ, 

ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʫʯʘʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ. ɸʚʪʦʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʪʘʢʦʞ ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ ʜʚʘ ʢʣʘʩʠ: 1) ʚʠʜʽʣʝʥʥʷ ʦʙʣʘʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʝʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ (ʤʘʨʢʝʨʥʽ ʤʝʪʦʜʠ, 

ʙʽʥʘʨʠʟʘʮʽʷ); 2) ʨʦʟʙʠʪʪʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʜʥʦʨʽʜʥʽ ʦʙʣʘʩʪʽ. ʄʝʪʦʜʠ, ʱʦ 

ʨʦʟʙʠʚʘʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʜʥʦʨʽʜʥʽ ʦʙʣʘʩʪʽ, ʻ ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʜʥʫ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ʪʘ ʩʧʝʮʠʬʽʯʥʽ ʟʘʜʘʯʽ 

ʘʥʘʣʽʟʫ. ʊʘʢʽ ʘʣʛʦʨʠʪʤʠ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʫ ʛʘʣʫʟʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʟʦʨʫ, ʜʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʦʜʠ ʚʦʜʦʨʦʟʜʽʣʫ [62], ʤʝʪʦʜ ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʠʮʴ 

[63], ʤʝʪʦʜʠ, ʦʩʥʦʚʘʥʽ ʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʛʽʩʪʦʛʨʘʤʠ.  

ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ, ʥʘ ʝʪʘʧʽ ʩʝʛʤʝʥʪʘʮʽʾ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ 

ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʩʝʛʤʝʥʪʘʮʽʾ: ʩʝʛʤʝʥʪʘʮʽʷ ʤʝʪʦʜʦʤ ʟʩʫʚʫ ʩʝʨʝʜʥʴʦʛʦ, 

ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʘ ʩʝʛʤʝʥʪʘʮʽʷ ʪʘ ʩʝʛʤʝʥʪʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʂ-ʩʝʨʝʜʥʽʭ. ʇʨʦ ʷʢʽʩʥʫ ʨʦʙʦʪʫ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʦʜʽʚ ʩʝʛʤʝʥʪʘʮʽʾ ʩʚʽʜʯʘʪʴ 

ʨʦʙʦʪʠ, ʫ ʷʢʠʭ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʪʘʢʦʞ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʜʘʥʠʭ ɼɿɿ. ɼʣʷ ʤʝʪʦʜʽʚ ʩʝʛʤʝʥʪʘʮʽʾ ʥʝʤʘʻ ʦʜʥʦʛʦ ʦʙôʻʢʪʠʚʥʦʛʦ 

ʢʨʠʪʝʨʽʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʩʝʛʤʝʥʪʘʮʽʾ. ɺʠʙʽʨ ʥʘʡʢʨʘʱʦʛʦ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ. ʊʘʢʦʞ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʤʝʪʦʜʽʚ ʩʝʛʤʝʥʪʘʮʽʾ 

ʽʩʥʫʶʪʴ ʙʘʟʠ ʟʦʙʨʘʞʝʥʴ, ʜʣʷ ʷʢʠʭ ʚʽʜʦʤʘ ñʝʪʘʣʦʥʥʘò ʩʝʛʤʝʥʪʘʮʽʷ [64]. 

ʆʜʥʽʻʶ ʟ ʟʘʜʘʯ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʫ ʨʦʟʜʽʣʽ, ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʷʢʽ ʤʝʪʦʜʠ 

ʩʝʛʤʝʥʪʘʮʽʾ, ʧʨʠ ʷʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ 
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ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. 

 

2.4.1 ʉʝʛʤʝʥʪʘʮʽʷ ʤʝʪʦʜʦʤ ʟʩʫʚʫ ʩʝʨʝʜʥʴʦʛʦ 

 

ɻʦʣʦʚʥʘ ʽʜʝʷ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ʟʩʫʚʫ ʩʝʨʝʜʥʴʦʛʦ (Mean-shift) ʧʦʣʷʛʘʻ 

ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʣʦʢʘʣʴʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʜʘʥʠʭ ʫ 

ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ RGBXY [65]. ʈʦʙʠʪʴʩʷ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʣʦʢʘʣʴʥʽ 

ʤʘʢʩʠʤʫʤʠ ʱʽʣʴʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʝʥʪʨʘʤ ʢʣʘʩʪʝʨʽʚ. ʑʽʣʴʥʽʩʪʴ ʦʮʽʥʶʻʪʴʩʷ 

ʷʢ ʩʫʤʘʨʥʠʡ ʚʧʣʠʚ ʝʣʝʤʝʥʪʽʚ, ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ 

(ʷʜʨʦʤ) K(x), ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʝʣʝʤʝʥʪʫ. ɼʣʷ ʝʣʝʤʝʥʪʫ 

ʟʦʙʨʘʞʝʥʥʷ x, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ d-ʚʠʤʽʨʥʠʤ ʚʝʢʪʦʨʦʤ ʦʟʥʘʢ, ʬʦʨʤʫʣʘ ʜʣʷ 

ʦʮʽʥʢʠ ʱʽʣʴʥʦʩʪʽ f(x) ʟ ʧʘʨʘʤʝʪʨʦʤ ʟʛʣʘʜʞʫʚʘʥʥʷ h, ʤʘʻ ʚʠʛʣʷʜ:  
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N ï ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ, ʫ ʷʢʦʩʪʽ ʷʜʨʘ K(x) ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʣʘʩʠʯʥʝ 

ʷʜʨʦ ɻʘʫʩʘ: 
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ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ, ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ, 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʙʤʝʞʝʥʽ ʷʜʨʘ, ʪʘʢʽ ʷʢ ʷʜʨʦ ɭʧʘʥʝʯʥʽʢʦʚʘ: 
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ʜʝ cd ï ʦʙôʻʤ ʦʜʠʥʠʯʥʦʾ d-ʚʠʤʽʨʥʦʾ ʩʬʝʨʠ. ɽʣʝʤʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʦ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʣʘʩʪʝʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʜʫʨʠ ʟʩʫʚʫ ʩʝʨʝʜʥʴʦʛʦ (Mean-

shift). ʑʦʙ ʚʠʟʥʘʯʠʪʠ, ʜʦ ʷʢʦʛʦ ʟ ʢʣʘʩʪʝʨʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʧʽʢʩʝʣʴ, ʪʨʝʙʘ 

ʨʫʭʘʪʠʩʷ ʟʘ ʛʨʘʜʽʻʥʪʦʤ ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ f(x). ɼʣʷ ʦʮʽʥʢʠ ʛʨʘʜʽʻʥʪʫ ʬʫʥʢʮʽʾ 

ʱʽʣʴʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʝʢʪʦʨ ʟʩʫʚʫ ʩʝʨʝʜʥʴʦʛʦ, ʱʦ ʩʭʦʜʠʪʴʩʷ ʜʦ 

ʚʜ̔ʧʦʚʽʜʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ: 
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( )m x  ï ʟʚʘʞʝʥʝ ʩʝʨʝʜʥʻ ʱʽʣʴʥʦʩʪʽ ʫ ʚʽʢʥʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʷʜʨʘ 

K(x). ɯʪʝʨʘʪʠʚʥʠʡ ʧʨʦʮʝʩ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʪʦʯʢʠ x0, ʧʦʩʣʽʜʦʚʥʦ ʧʝʨʝʤʽʱʫʶʯʠʩʴ 

ʫ ʪʦʯʢʫ ʟʩʫʚʫ 1 ( )i ix m x+= , ʜʦʢʠ ( )m x  ʥʝ ʩʭʦʜʠʪʴʩʷ. ʇʽʢʩʝʣʽ, ʱʦ ʧʨʠʡʰʣʠ ʜʦ 

ʦʜʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ, ʛʨʫʧʫʶʪʴʩʷ ʫ ʩʝʛʤʝʥʪ.  

ʋ ʚʠʢʦʨʠʩʪʘʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʩʝʛʤʝʥʪʘʮʽʾ ʧʽʢʩʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʦʟʥʘʢʘʤʠ ʢʦʣʴʦʨʫ ʪʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʦʟʥʘʢʘʤʠ. ʇʨʦʩʪʦʨʦʚʽ ʦʟʥʘʢʠ ʤʦʞʫʪʴ 

ʤʘʪʠ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ, ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ʦʟʥʘʢ ʢʦʣʴʦʨʫ, ʪʦʤʫ 

ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʛʤʝʥʪʘʮʽʾ ʻ ʧʨʦʩʪʦʨʦʚʠʡ ʨʘʜʽʫʩ r1 ʪʘ ʨʘʜʽʫʩ ʢʦʣʴʦʨʫ 

r2. ʇʦʨʽʛ ʩʭʦʜʠʤʦʩʪʽ t=0,25. 

ɼʦ ʦʙʨʦʙʣʶʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ˉ1, ˉ2 ʪʘ ˉ3 

(ʨʠʩ. 2.3) ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʩʝʛʤʝʥʪʘʮʽʾ ʟʩʫʚʫ ʩʝʨʝʜʥʴʦʛʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʦʜʘʣʴʰʝ ʧʦʢʨʘʱʝʥʥʷ 

ʩʝʛʤʝʥʪʘʮʽʾ. ʋ ʪʘʙʣʠʮʽ 2.1 ʥʘʚʝʜʝʥʦ ʧʘʨʘʤʝʪʨʠ, ʟʘ ʷʢʠʤʠ ʙʫʣʠ ʦʙʨʦʙʣʝʥʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʪʘ ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ (4 ʩʪʦʚʧʯʠʢ) ʪʘ 

ʧʽʩʣʷ ( 5 ʩʪʦʚʧʯʠʢ). 
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ʘ) ʬʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ1; ʙ) ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ ʟʥʽʤʢʘ ˉ1 

ʤʝʪʦʜʦʤ ñMean-Shiftò; ʚ) ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ; ʛ) 

ʬʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ2; ʜ) ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ ʟʥʽʤʢʘ ˉ2 

ʤʝʪʦʜʦʤ ñMean-Shiftò; ʝ) ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ; ʻ) 

ʬʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ3; ʞ) ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ ʟʥʽʤʢʘ ˉ3 

ʤʝʪʦʜʦʤ ñMean-Shiftò; ʟ) ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ 

ʈʠʩʫʥʦʢ 2.3 ï ʉʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ʤʝʪʦʜʦʤ ñMean-Shiftò 

   
ʘ) ʙ) ʚ) 

   

ʛ) ʜ) ʝ) 

   
ʻ) ʞ) ʟ) 
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ʊʘʙʣʠʮʷ 2.1 ï ʇʘʨʘʤʝʪʨʠ, ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʠ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʪʘ 

ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ 

 r1 r2 n ʩʝʛʤʝʥʪʽʚ n ʩʝʛʤʝʥʪʽʚ 

ɿʥʽʤʦʢ 1 10 40 2742 233 

ɿʥʽʤʦʢ 1 10 70 1711 170 

ɿʥʽʤʦʢ 1 20 40 4546 317 

ɿʥʽʤʦʢ 2 10 40 5108 583 

ɿʥʽʤʦʢ 2 10 70 3883 553 

ɿʥʽʤʦʢ 2 20 40 5041 534 

ɿʥʽʤʦʢ 3 2 40 2582 463 

ɿʥʽʤʦʢ 3 10 40 2673 233 

ɿʥʽʤʦʢ 3 20 40 2799 227 

 

2.4.2 ʄʝʪʦʜ ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ 

 

ʄʝʪʦʜ ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ (Multiresolution segmentation) 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʭʥʽʮʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʣʠʪʪʷ ʩʫʩʽʜʥʽʭ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ 

ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʧʨʦʮʝʜʫʨʘ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʩʝʨʝʜʥʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʦʙôʻʢʪʽʚ 

ʟʦʙʨʘʞʝʥʥʷ [66, 67]. 

ʉʝʛʤʝʥʪʘʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʦʙôʻʢʪʘ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʧʦʩʣʽʜʦʚʥʦ 

ʦʙôʻʜʥʫʻ ʡʦʛʦ ʟ ʩʫʩʽʜʥʽʤʠ ʦʙôʻʢʪʘʤʠ, ʧʦʢʠ ʚʝʨʭʥʽʡ ʧʦʨʽʛ ʦʜʥʦʨʽʜʥʦʩʪʽ ʥʝ ʙʫʜʝ 

ʜʦʩʷʛʥʫʪʠʡ. ʂʦʣʠ ʧʦʨʽʛ ʜʦʩʷʛʥʫʪʦ ʽ ʦʙôʻʢʪ ʙʽʣʴʰʝ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʙôʻʜʥʘʥʠʡ ʟ 

ʩʫʩʽʜʥʽʤʠ ʦʙôʻʢʪʘʤʠ, ʦʜʠʥ ʟ ʩʫʩʽʜʥʽʭ ʦʙôʻʢʪʽʚ ʩʪʘʻ ʥʘʯʘʣʴʥʠʤ ʽ ʧʨʦʮʝʜʫʨʘ 

ʟʥʦʚ ʧʦʚʪʦʨʶʻʪʴʩʷ. ʇʨʦʮʝʩ ʮʠʢʣʽʯʥʦ ʧʦʚʪʦʨʶʻʪʴʩʷ, ʜʦʢʠ ʦʙôʻʜʥʘʥʥʷ ʦʙôʻʢʪʽʚ 

ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʣʠʚʝ. ʂʨʠʪʝʨʽʡ ʦʜʥʦʨʽʜʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʢʦʤʙʽʥʘʮʽʷ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʦʜʥʦʨʽʜʥʦʩʪʽ ʬʦʨʤʠ. 

ʋ ʟʘʜʘʥʦʤʫ d-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ, ʜʚʘ ʦʙôʻʢʪʠ ʟʦʙʨʘʞʝʥʥʷ f1d ʪʘ 

f2d ʚʚʘʞʘʶʪʴʩʷ ʩʭʦʞʠʤʠ, ʷʢʱʦ ʾʭ ʦʟʥʘʢʠ ʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʙʣʠʟʴʢʽʡ ʚʽʜʩʪʘʥʽ. ʉʪʫʧʽʥʴ ʩʭʦʞʦʩʪʽ ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʷʢ: 
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2

1 2( )d d

d

h f f= -ä . (2.5) 

 

ʋ ʨʘʟʽ ʦʙôʻʜʥʘʥʥʷ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʚ ʦʜʠʥ ʙʽʣʴʰʠʡ ʦʙôʻʢʪ, ʩʝʨʝʜʥʷ 

ʩʧʝʢʪʨʘʣʴʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. ʄʝʪʘ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʧʨʦʮʝʜʫʨʠ ï ʤʽʥʽʤʽʟʘʮʽʷ ʟʤʝʥʰʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʦʚôʷʟʘʥʦʛʦ 

ʟ ʦʙʨʦʙʢʦʶ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʫ ʟʦʙʨʘʞʝʥʥʷ. ʆʙôʻʢʪ ʟʣʠʚʘʻʪʴʩʷ ʟ ʪʠʤ ʩʫʩʽʜʥʽʤ 

ʦʙôʻʢʪʦʤ, ʧʨʠ ʦʙôʻʜʥʘʥʥʽ ʟ ʷʢʠʤ ʟʤʝʥʰʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʤʽʥʽʤʘʣʴʥʝ. 

ʉʪʫʧʽʥʴ ʩʫʤʽʩʥʦʩʪʽ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʦʙôʻʢʪʽʚ ʟ ʦʜʥʦʨʽʜʥʽʩʪʶ h1 ʪʘ h2 

ʟʦʙʨʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʽʥʦʶ ʦʜʥʦʨʽʜʥʦʩʪʽ hdiff ʜʦ ʪʘ ʧʽʩʣʷ ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʦʙôʻʜʥʘʥʥʷ hm. ʇʽʩʣʷ ʟʣʠʪʪʷ hdiff  ʧʦʚʠʥʥʝ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ. 

 

1 2

2
diff m

h h
h h

+
= - . (2.6) 

 

ʂʦʣʠ ʟʥʘʯʝʥʥʷ hdiff  ʧʝʨʝʚʠʱʫʻ ʟʘʜʘʥʠʡ ʧʦʨʽʛ, ʟʣʠʪʪʷ ʦʙôʻʢʪʽʚ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ. ʇʦʨʽʛ ʟʣʠʪʪʷ ʻ ʛʦʣʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʩʝʛʤʝʥʪʘʮʽʾ, ʟʘʟʚʠʯʘʡ ʚʽʥ 

ʟʘʜʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʪʘʢʦʞ ʟʚʝʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ 

ʤʘʩʰʪʘʙʫ, ʪʦʤʫ ʱʦ ʚʽʥ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨ ʩʝʛʤʝʥʪʽʚ. ʏʠʤ ʚʠʱʠʡ ʧʘʨʘʤʝʪʨ 

ʤʘʩʰʪʘʙʫ, ʪʠʤ ʙʽʣʴʰʽ ʟʘ ʨʦʟʤʽʨʦʤ ʩʝʛʤʝʥʪʠ, ʯʠʤ ʥʠʞʯʠʡ ï ʪʠʤ ʤʝʥʰʽ 

ʩʝʛʤʝʥʪʠ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʦʟʠʮʽʶ ʦʜʥʦʨʽʜʥʽʩʪʽ ʬʦʨʤʠ hf ʪʘ 

ʦʜʥʦʨʽʜʥʽʩʪʽ hc ʢʦʣʴʦʨʫ. 

ʋ ʧʨʦʮʝʩʽ ʩʝʛʤʝʥʪʘʮʽʾ ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʦʜʥʦʨʽʜʥʦʩʪʽ: 

1) ʦʜʥʦʨʽʜʥʽʩʪʴ ʢʦʣʴʦʨʫ: ʩʫʤʘ ʩʝʨʝʜʥʽʭ ʚʽʜʭʠʣʝʥʴ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ ʦʙôʻʢʪʽʚ 

ʧʦ ʚʩʽʭ ʢʘʥʘʣʘʭ; 

2) ʦʜʥʦʨʽʜʥʽʩʪʴ ʬʦʨʤʠ: ʚʽʜʥʦʩʥʝ ʚʽʜʭʠʣʝʥʥʷ ʜʦʚʞʠʥʠ ʛʨʘʥʠʮʽ ʦʙôʻʢʪʫ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʦʚʞʠʥʠ ʥʘʡʢʦʤʧʘʢʪʥʽʰʦʾ ʬʽʛʫʨʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʠʭ ʢʨʠʪʝʨʽʾʚ: 

ʘ) ʢʨʠʪʝʨʽʡ ʛʣʘʜʢʦʩʪʽ: ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʦʚʞʠʥʦʶ ʛʨʘʥʠʮʽ ʦʙôʻʢʪʘ l ʪʘ 

ʜʦʚʞʠʥʦʶ ʛʨʘʥʠʮʽ ʦʙʤʝʞʫʶʯʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ b: 
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b

l
S= ; (2.7) 

 

ʙ) ʢʨʠʪʝʨʽʡ ʢʦʤʧʘʢʪʥʦʩʪʽ: ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʽʜʝʘʣʴʥʦʾ ʬʦʨʤʠ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʜʦʚʞʠʥʦʶ ʦʙôʻʢʪʘ l ʪʘ ʢʦʨʝʥʝʤ ʚʽʜ 

ʨʦʟʤʽʨʫ ʦʙôʻʢʪʘ n: 

 

n

l
C=

. (2.8) 

 

ʆʜʥʦʨʽʜʥʽʩʪʴ ʬʦʨʤʠ hf  ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʨʠʪʝʨʽʾʚ ʛʣʘʜʢʦʩʪʽ S (smoothness) 

ʪʘ ʢʦʤʧʘʢʪʥʦʩʪʽ C (compactness) ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

( )1f f fh w S w C= - + . (2.9) 

 

ʂʨʠʪʝʨʽʡ ʦʜʥʦʨʽʜʥʦʩʪʽ h ʜʣʷ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʫ ʟʦʙʨʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʦʜʥʦʨʽʜʥʽʩʪʶ ʬʦʨʤʠ hf  ʪʘ ʦʜʥʦʨʽʜʥʽʩʪʶ hc ʢʦʣʴʦʨʫ: 

 

( )1 c c c fh w h w h= - + , (2.10) 

 

ʜʝ wc, wf ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ɼʦ ʪʝʩʪʦʚʠʭ ʬʨʘʛʤʝʥʪʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ (ʨʠʩ. 2.4) ʟʥʽʤʢʽʚ ʙʫʣʦ 

ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ. ʉʝʛʤʝʥʪʘʮʽʶ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ ʤʘʩʰʪʘʙʫ h. ʋ ʪʘʙʣʠʮʽ 2.2 

ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ, ʟʘ ʷʢʠʤ ʙʫʣʦ ʦʙʨʦʙʣʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘ 

ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ (3 ʩʪʦʚʧʯʠʢ) ʪʘ ʧʽʩʣʷ (4 

ʩʪʦʚʧʯʠʢ). ʅʘ ʨʠʩʫʥʢʫ 2.4 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ 

ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʪʨʴʦʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʩʝʛʤʝʥʪʘʮʽʾ. 
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ʊʘʙʣʠʮʷ 2.2 ï ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ h ʧʨʠ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʩʝʛʤʝʥʪʽʚ 

 h n ʩʝʛʤʝʥʪʽʚ n ʩʝʛʤʝʥʪʽʚ 

ɿʥʽʤʦʢ 1 10 4847 3071 

ɿʥʽʤʦʢ 1 30 894 737 

ɿʥʽʤʦʢ 1 50 457 391 

ɿʥʽʤʦʢ 2 20 1304 941 

ɿʥʽʤʦʢ 2 40 1243 910 

ɿʥʽʤʦʢ 2 60 720 522 

ɿʥʽʤʦʢ 3 20 3742 2485 

ɿʥʽʤʦʢ 3 40 1200 966 

ɿʥʽʤʦʢ 3 60 698 534 

 

2.4.3 ʉʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʂ-

ʩʝʨʝʜʥʽʭ 

 

ʈʝʘʣʽʟʦʚʘʥʦ ʩʝʛʤʝʥʪʘʮʽʶ ʟʦʙʨʘʞʝʥʴ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʂ-

ʩʝʨʝʜʥʽʭ (K-means). ʋ ʤʝʪʦʜʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʂ-ʩʝʨʝʜʥʽʭ ʩʧʦʯʘʪʢʫ ʚʠʧʘʜʢʦʚʠʤ 

ʯʠʥʦʤ ʟʘʜʘʻʪʴʩʷ ʥʘʯʘʣʴʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʂ 

ʢʣʘʩʪʝʨʽʚ. ʂʦʞʝʥ ʧʽʢʩʝʣʴ ʟ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʥʘʟʥʘʯʘʻʪʴʩʷ ʢʣʘʩʫ, 

ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʷʢʦʛʦ ʥʘʡʙʣʠʞʯʝ ʜʦ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʝʨʰʽ ʢʣʘʩʪʝʨʠ. ʅʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʯʽʢʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ 

ʟʥʘʭʦʜʷʪʴʩʷ ʟ ʧʦʪʦʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘ ʧʽʢʩʝʣʽ ʧʝʨʝʧʨʠʟʥʘʯʫʶʪʴʩʷ. ʅʘ ʢʦʞʥʽʡ 

ʽʪʝʨʘʮʽʾ ʂ-ʩʝʨʝʜʥʽ ʙʫʜʫʪʴ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʩʢʫʧʯʝʥʥʷ ʜʘʥʠʭ ʚ ʩʝʨʝʜʠʥʽ 

ʧʨʠʟʥʘʯʝʥʦʾ ʾʤ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ. ɯʪʝʨʘʮʽʾ ʧʨʦʜʦʚʞʫʶʪʴʩʷ ʜʦʢʠ ʚ 

ʧʨʠʟʥʘʯʝʥʽ ʧʽʢʩʝʣʽʚ ʥʘ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʷʭ ʥʝ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ 

ʩʫʪʪʻʚʠʭ ʟʤʽʥ.  
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ʘ) ʬʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ1; ʙ) ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ ʟʥʽʤʢʘ ˉ1 

ʤʝʪʦʜʦʤ ñMultiresolutionò; ʚ) ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ;  

ʛ) ʬʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ2; ʜ) ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ ʟʥʽʤʢʘ ˉ2 

ʤʝʪʦʜʦʤ ñMultiresolutionò; ʝ) ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ;  

ʻ) ʬʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ3; ʞ) ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ ʟʥʽʤʢʘ ˉ3 

ʤʝʪʦʜʦʤ ñMultiresolutionò; ʟ) ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ 

ʈʠʩʫʥʦʢ 2.4 ï ʉʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ʤʝʪʦʜʦʤ ñMultiresolutionò 

   
ʘ) ʙ) ʚ) 

   

ʛ) ʜ) ʝ) 

   
ʻ) ʞ) ʟ) 
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ʂʨʠʪʝʨʽʡ ʟʘʢʽʥʯʝʥʥʷ ʽʪʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʫ ʪʝʨʤʽʥʘʭ 

ʯʠʩʪʦʾ ʩʝʨʝʜʥʴʦʾ ʤʽʛʨʘʮʽʾ ʚʽʜ ʦʜʥʦʾ ʽʪʝʨʘʮʽʾ ʜʦ ʥʘʩʪʫʧʥʦʾ. ɸ ʩʘʤʝ, ʮʝ ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʠ ʚʝʢʪʦʨʽʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʯʽʢʫʚʘʥʴ ʚʽʜ -̔1 ʽʪʝʨʘʮʽʾ ʜʦ -̔ʾ ʽʪʝʨʘʮʽʾ, 

ʧʨʦʩʫʤʦʚʘʥʠʭ ʧʦ ʫʩʽʤ ʂ-ʢʣʘʩʪʝʨʘʤ. 

 

1

1

( )
K

i i

k k

k

im m m-

=

D = -ä . (2.11) 

 

ʂʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʥʘʯʘʣʴʥʠʭ ʚʝʢʪʦʨʽʚ, ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʙʽʣʴʰʝ ʽʪʝʨʘʮʽʾ ʜʣʷ ʩʭʦʜʠʤʦʩʪʽ, ʷʢʱʦ ʢʽʥʮʝʚʽ 

ʚʝʢʪʦʨʠ ʥʝ ʙʣʠʟʴʢʽ ʜʦ ʧʦʯʘʪʢʦʚʠʭ. 

ʋ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʦ ʚʟʷʪʦ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʂ ʪʘ ʯʠʩʣʦ 

ʽʪʝʨʘʮʽʡ .̔ ʈʝʟʫʣʴʪʘʪʠ ʩʝʛʤʝʥʪʘʮʽʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.5. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʩʝʛʤʝʥʪʽʚ, ʜʦ ʨʝʟʫʣʴʪʘʪʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʽʩʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ 

ʧʦʰʫʢ ʟʚôʷʟʥʠʭ ʢʦʤʧʦʥʝʥʪ ʟʦʙʨʘʞʝʥʥʷ [31]. ʋ ʪʘʙʣʠʮʽ 2.3 ʧʦʢʘʟʘʥʦ ʢʽʣʴʢʽʩʪʴ 

ʩʝʛʤʝʥʪʽʚ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ, ʚʠʢʦʥʘʥʦʾ ʥʘ ʙʘʟʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʂ-

ʩʝʨʝʜʥʽʭ, ʜʦ ʪʨʴʦʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ (4 ʩʪʦʚʧʯʠʢ) ʪʘ ʧʽʩʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ ʩʝʛʤʝʥʪʘʮʽʾ (5 ʩʪʦʚʧʯʠʢ). ʈʝʟʫʣʴʪʘʪ ʦʙʨʦʙʢʠ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ ʧʦʯʘʪʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ 

ʪʘ ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ ʧʽʩʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ ʟʤʽʥʶʶʪʴʩʷ ʥʝ ʩʫʪʪʻʚʦ. 

 

ʊʘʙʣʠʮʷ 2.3 ï ʇʘʨʘʤʝʪʨʠ ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʠ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʪʘ 

ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ. 

 ʂ ɯ n ʩʝʛʤʝʥʪʽʚ n ʩʝʛʤʝʥʪʽʚ 

ɿʥʽʤʦʢ 1 7 1 17041 1143 

ɿʥʽʤʦʢ 1 7 10 13634 1070 

ɿʥʽʤʦʢ 2 7 1 20627 1209 

ɿʥʽʤʦʢ 2 7 10 17354 1126 

ɿʥʽʤʦʢ 3 7 1 14166 904 

ɿʥʽʤʦʢ 3 7 10 12135 970 
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ʘ) ʬʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ1; ʙ) ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ ʟʥʽʤʢʘ ˉ1 

ʤʝʪʦʜʦʤ K-ʩʝʨʝʜʥʽʭ; ʚ) ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ; ʛ) ʬʨʘʛʤʝʥʪ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ2; ʜ) ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ ʟʥʽʤʢʘ ˉ2 ʤʝʪʦʜʦʤ K-

ʩʝʨʝʜʥʽʭ; ʝ) ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ; ʻ) ʬʨʘʛʤʝʥʪ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ3; ʞ) ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ ʟʥʽʤʢʘ ˉ3 ʤʝʪʦʜʦʤ K-

ʩʝʨʝʜʥʽʭ; ʟ) ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ 

ʈʠʩʫʥʦʢ 2.5 ï ʉʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ʤʝʪʦʜʦʤ K-ʩʝʨʝʜʥʽʭ 

   
ʘ) ʙ) ʚ) 

   
ʛ) ʜ) ʝ) 

   
ʻ) ʞ) ʟ) 
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2.5 ʈʦʟʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʤʝʥʪʽʚ 

 

ʋ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯʘʭ, ʧʦʚôʷʟʘʥʠʭ ʟ ʦʙʨʦʙʢʦʶ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, 

ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʦʧʠʩʫ ʟʦʙʨʘʞʝʥʴ ʟʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʘ ï 

ʮʝ ʡʦʛʦ ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʋ ʨʽʟʥʠʭ ʟʘʜʘʯʘʭ ʦʜʠʥ ʡ ʪʦʡ ʩʘʤʠʡ 

ʦʙôʻʢʪ ʤʦʞʝ ʦʧʠʩʫʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʤʥʦʞʠʥʘʤʠ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʠʙʽʨ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʦʢʨʝʤʠʡ ʦʙôʻʢʪ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ʄʥʦʞʠʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ ʟʦʙʨʘʞʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ [4, 68]. 

ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʝʛʤʝʥʪʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʝʦʙʭʽʜʥʦ 

ʦʙʯʠʩʣʠʪʠ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ. ʋ ʨʦʟʨʦʙʣʝʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʝʪʘʧʽ ʨʦʟʨʘʭʫʥʢʫ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʤʝʥʪʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ [3]: 

- ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

- ʩʪʘʪʠʩʪʠʯʥʽ; 

- ʪʝʢʩʪʫʨʥʽ; 

- ʩʧʝʢʪʨʘʣʴʥʽ; 

- ʧʨʦʩʪʦʨʦʚʽ; 

 

2.5.1 ɻʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ 

 

ɻʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʠʩʫʶʪʴ ʬʦʨʤʫ ʦʙôʻʢʪʘ (ʩʝʛʤʝʥʪʘ), ʚʦʥʠ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʦ ʧʽʢʩʝʣʷʤ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʦʙôʻʢʪʘ.  

ʈʦʟʤʽʨ ʦʙôʻʢʪʘ ï ʮʝ ʯʠʩʣʦ ʧʽʢʩʝʣʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʦʙôʻʢʪ.  

ʇʣʦʱʘ ʦʙôʻʢʪʘ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ, ʷʢʱʦ ʚʽʜʦʤʘ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʟʥʽʤʢʘ ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʽʢʩʝʣʽʚ. ʗʢʱʦ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʥʽʤʦʢ 

ʚʽʜʩʫʪʥʷ, ʧʣʦʱʘ ʧʽʢʩʝʣʷ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ 1, ʧʣʦʱʘ ʦʙôʻʢʪʘ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ 

ʧʽʢʩʝʣʽʚ [4]. 
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2

k kA P u= Ö, (2.12) 

 

Ak ï ʧʣʦʱʘ ʦʙôʻʢʪʘ; Pk ï ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ; k ï ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ 

ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʬʦʨʤʫʶʪʴ ʦʙôʻʢʪ; u
2
 ï ʨʦʟʤʽʨ ʧʽʢʩʝʣʷ ʚ ʦʜʠʥʠʮʷʭ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʥʘ ʟʥʽʤʢʫ. 

ɼʦʚʞʠʥʘ ʛʨʘʥʠʮʽ ʦʙô̒ ʢʪʘ ï ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ, ʱʦ ʣʝʞʘʪʴ ʥʘ ʛʨʘʥʠʮʽ 

ʦʙôʻʢʪʘ. ɻʨʘʥʠʮʷ ʦʙôʻʢʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʡʦʛʦ ʬʦʨʤʫ [4]. 

ʂʦʤʧʘʢʪʥʽʩʪʴ ʦʙô̒ ʢʪʘ ï ʯʠʩʝʣʴʥʘ ʚʝʣʠʯʠʥʘ, ʷʢʘ ʚʽʜʦʙʨʘʞʫʻ ʩʪʫʧʽʥʴ 

ʢʦʤʧʘʢʪʥʦʩʪʽ ʬʽʛʫʨʠ. ʂʦʤʧʘʢʪʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ɼɼɿ [69, 70, 71]. ʋ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ 

ʟʘʛʘʣʴʥʦʚʽʜʦʤʫ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʘʢʪʥʦʩʪʽ: 

 

2

4

k

k
IPQ

ɺ

A
ʉ

p
=

, (2.13) 

 

ʜʝ Bk ï ʜʦʚʞʠʥʘ ʛʨʘʥʠʮʽ ʦʙôʻʢʪʘ ʚ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʥʘ ʟʥʽʤʢʫ. 

ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ: (0,1]IPQC Í . ʏʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ CIPQ, ʪʠʤ ʢʦʤʧʘʢʪʥʽʰʘ 

ʬʽʛʫʨʘ. 

ʇʨʷʤʦʢʫʪʥʽʩʪʴ ʦʙôʻʢʪʘ ï ʚʣʘʩʪʠʚʽʩʪʴ, ʷʢʘ ʧʦʢʘʟʫʻ ʥʘʩʢʽʣʴʢʠ ʬʦʨʤʘ 

ʦʙôʻʢʪʘ ʚʽʜʧʦʚʽʜʘʻ ʧʨʷʤʦʢʫʪʥʠʢʫ [4]. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʙʯʠʩʣʠʪʠ ʩʪʫʧʽʥʴ 

ʧʨʷʤʦʢʫʪʥʦʩʪʽ ʦʙôʻʢʪʘ, ʪʨʝʙʘ ʧʦʙʫʜʫʚʘʪʠ ʜʣʷ ʥʴʦʛʦ ʤʽʥʽʤʘʣʴʥʠʡ 

ʦʙʤʝʞʫʶʯʠʡ ʧʨʷʤʦʢʫʪʥʠʢ. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʦʙʫʜʦʚʠ ʦʙʤʝʞʫʶʯʦʛʦ 

ʧʨʷʤʦʢʫʪʥʠʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʽ, ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʫ [72], ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʬʦʨʤʠ ʦʙôʻʢʪʽʚ [73]. ʋ ʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʥʘʚʢʦʣʦ 

ʬʽʛʫʨʠ ʙʫʜʫʻʪʴʩʷ ʦʧʫʢʣʠʡ ʧʦʣʽʛʦʥ ʣʽʥʽʡ, ʦʜʥʘ ʟ ʩʪʦʨʽʥ ʷʢʦʛʦ ʙʫʜʝ ʢʦʣʽʥʝʘʨʥʘ 

ʜʦ ʩʪʦʨʦʥʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʦʙʤʝʞʫʶʯʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ. 

ʉʪʫʧʽʥʴ ʧʨʷʤʦʢʫʪʥʦʩʪʽ R ʦʙôʻʢʪʘ ʦʮʽʥʶʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ 

ʦʙôʻʢʪʘ Ak ʜʦ ʧʣʦʱʽ ʦʙʤʝʞʫʶʯʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ AR: 
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k

R

A
R

A
= ,         . ( ]0,1RÍ  (2.14) 

 

ɼʦʚʞʠʥʘ ʦʙôʻʢʪʘ. ɿʘ ʜʦʚʞʠʥʫ ʦʙôʻʢʪʘ ʚʟʷʪʦ ʜʦʚʞʠʥʫ ʙʽʣʴʰʦʾ ʩʪʦʨʦʥʠ 

ʦʙʤʝʞʫʶʯʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ. 

ʐʠʨʠʥʘ ʦʙôʻʢʪʘ. ɿʘ ʰʠʨʠʥʫ ʦʙôʻʢʪʘ ʚʟʷʪʦ ʜʦʚʞʠʥʫ ʤʝʥʰʦʾ ʩʪʦʨʦʥʠ 

ʦʙʤʝʞʫʶʯʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ. 

ɺʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʛʨʘʥʠʮʽ ʜʦ ʧʣʦʱʽ ʦʙôʻʢʪʘ ï ʜʦʚʞʠʥʘ ʛʨʘʥʠʮʽ 

ʦʙôʻʢʪʘ ʚ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʥʘ ʟʥʽʤʢʫ, ʧʦʜʽʣʝʥʘ ʥʘ Ak. 

 

2.5.2 ʇʨʦʩʪʦʨʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ 

 

ʇʨʦʩʪʦʨʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʠʩʫʶʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ, 

ʥʘʷʚʥʽʩʪʴ ʩʧʽʣʴʥʦʾ ʛʨʘʥʠʮʽ ʤʽʞ ʩʝʛʤʝʥʪʘʤʠ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ M ʩʝʛʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. 

ʈʦʟʤʽʨ ʤʘʪʨʠʮʽ k ʥʘ k, ʜʝ k ï ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. ɽʣʝʤʝʥʪ ʤʘʪʨʠʮʽ 

Mij ʤʽʩʪʠʪʴ ʜʦʚʞʠʥʫ ʩʧʽʣʴʥʦʾ ʛʨʘʥʠʮʽ ʤʽʞ i ʪʘ j ʦʙôʻʢʪʘʤʠ ʟʦʙʨʘʞʝʥʥʷ. 

ʅʘʷʚʥʽʩʪʴ ʩʧʽʣʴʥʦʾ ʛʨʘʥʠʮʽ ï ʚʣʘʩʪʠʚʽʩʪɹ , ʱʦ ʧʦʢʘʟʫʻ ʯʠ ʤʝʞʫʶʪʴ 

ʩʝʛʤʝʥʪʠ ʤʽʞ ʩʦʙʦʶ.  

ɼʦʚʞʠʥʘ ʩʧʽʣʴʥʦʾ ʛʨʘʥʠʮʽ ï ʚʣʘʩʪʠʚʽʩʪʴ, ʱʦ ʧʦʢʘʟʫʻ ʜʦʚʞʠʥʫ ʩʧʽʣʴʥʦʾ 

ʛʨʘʥʠʮʽ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʩʝʛʤʝʥʪʘʤʠ [4]. 

 

2.5.3 ʉʧʝʢʪʨʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ 

 

ʋ ʷʢʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʤʝʥʪʽʚ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʪʁʴ ʪʦʯʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʨʦʩʣʠʥʥʽʩʪʴ, ʪʽʥʽ ʪʘ ʚʦʜʫ [3, 74]. 

NDVI (Normalized Difference Vegetation Index) ï ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ 

ʚʽʜʥʦʩʥʠʡ ʽʥʜʝʢʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʚʽʜʦʙʨʘʞʫʻ ʢʽʣʴʢʽʩʪʴ ʨʦʩʣʠʥʥʦʾ 
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ʙʽʦʤʘʩʠ, ʟʜʘʪʥʦʾ ʜʦ ʬʦʪʦʩʠʥʪʝʟʫ [75]. ʆʜʠʥ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʘ ʪʦʯʥʠʭ 

ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ɼɼɿ [4]. 

 

NIR RED
NDVI

NIR RED

-
=

+
,   (2.15) 

 

ʜʝ NIR ï ʚʽʜʙʠʪʪʷ ʩʚʽʪʣʘ ʫ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʘ, ʘ RED ï 

ʚʽʜʙʠʪʪʷ ʫ ʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ʚʽʜʧʦʚʽʜʥʦ 8 ʪʘ 5 ʢʘʥʘʣʠ ʟʥʽʤʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʩʫʧʫʪʥʠʢʘʤʠ WorldView-2 ʪʘ WorldView-3. ʈʦʟʨʘʭʫʥʦʢ NDVI 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʚʦʭ ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʩʧʝʢʪʨʘʣʴʥʦʾ ʢʨʠʚʦʾ 

ʚʽʜʙʠʚʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʝʣʝʥʠʭ ʨʦʩʣʠʥ. ʋ ʯʝʨʚʦʥʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʘ ((0,6ï

0,7) ʤʢʤ) ʟʥʘʭʦʜʠʪʴʩʷ ʤʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʭʣʦʨʦʬʽʣʦʤ ʟʝʣʝʥʠʭ ʨʦʩʣʠʥ, ʘ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ((0,7ï1,0) ʤʢʤ) ʟʥʘʭʦʜʠʪʴʩʷ 

ʤʘʢʩʠʤʫʤ ʚʽʜʙʠʪʪʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɯʥʜʝʢʩ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚʽʜ -1 ʜʦ 1. ɼʣʷ ʨʦʩʣʠʥʥʦʩʪʽ NDVI ʧʨʠʡʤʘʻ 

ʧʦʟʠʪʠʚʥʽ ʟʥʘʯʝʥʥʷ: ʯʠʤ ʙʽʣʴʰʝ ʨʦʩʣʠʥʥʦʾ ʙʽʦʤʘʩʠ, ʪʠʤ ʚʽʥ ʚʠʱʠʡ. ʅʘ 

ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʚʠʜ ʨʦʩʣʠʥʥʦʩʪʽ, ʾʾ ʛʫʩʪʠʥʘ, ʝʢʩʧʦʟʠʮʽʷ, ʢʫʪ 

ʥʘʭʠʣʫ, ʪʠʧ ˇʨʫʥʪʫ ʧʽʜ ʨʦʟʨʽʜʞʝʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. ɻʫʩʪʽʡ ʨʦʩʣʠʥʥʦʩʪʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷ NDVI ʚʽʜ 0,7 ʜʦ 1, ʘ ʨʦʟʨʽʜʞʝʥʽʡ ʨʦʩʣʠʥʥʦʩʪʽ 

ʟʥʘʯʝʥʥʷ ʚʽʜ 0,5 ʜʦ 0,7. 

NDWI (Normalized Difference Water Index) ï ʩʧʝʢʪʨʘʣʴʥʠʡ ʽʥʜʝʢʩ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ [76, 77, 78]. 

 

GREEN NIR
NDWI

GREEN NIR

-
=

+
,  (2.16) 

 

ʜʝ NIR ï ʚʽʜʙʠʪʪʷ ʩʚʽʪʣʘ ʫ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʘ, ʘ GREEN 

ï ʚʽʜʙʠʪʪʷ ʫ ʟʝʣʝʥʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʘ, ʚʽʜʧʦʚʽʜʥʦ 8 ʪʘ 3 ʢʘʥʘʣʠ ʜʣʷ ʟʥʽʤʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʩʫʧʫʪʥʠʢʘʤʠ WorldView-2 ʪʘ WorldView-3. ɼʘʥʽ ʩʧʝʢʪʨʘʣʴʥʽ 

ʜʽʘʧʘʟʦʥʠ ʙʫʣʠ ʦʙʨʘʥʽ, ʱʦʙ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʚʽʜʙʠʪʪʷ ʚʦʜʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ 
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ʭʚʠʣʴ ʟʝʣʝʥʦʾ ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʘ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʠʟʴʢʝ ʚʽʜʙʠʪʪʷ ʭʚʠʣʴ ʫ 

ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʘ. ɯʥʜʝʢʩ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚʽʜ -1 ʜʦ 1, 

ʚʦʜʥʽ ʧʦʚʝʨʭʥʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ NDWI. 

NSVDI (normalized saturation-value difference index) ï ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ 

ʽʥʜʝʢʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ: 

 

S V
NSVDI

S V

-
=
+

,   (2.17) 

 

ʜʝ S ï ʥʘʩʠʯʝʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ, V ï ʷʩʢʨʘʚʽʩʪʴ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʢʦʤʧʦʥʝʥʪʠ 

ʟʦʙʨʘʞʝʥʥʷ S ʪʘ V, ʚʦʥʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʟ ʢʦʣʴʦʨʦʚʦʾ ʤʦʜʝʣʽ RGB ʫ 

ʢʦʣʴʦʨʦʚʫ ʤʦʜʝʣʴ HSV. NSVDI ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚʽʜ -1 ʜʦ 1, ʪʽʥʴʦʚʽ ʜʽʣʷʥʢʠ 

ʤʘʶʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʘ. 

ʗʩʢʨʘʚʽʩʪʴ ʦʙôʻʢʪʘ ï ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʩʝʛʤʝʥʪʘ ʫ ʢʦʣʴʦʨʦʚʽʡ 

ʤʦʜʝʣʽ HSV (ʢʦʤʧʦʥʝʥʪʘ V ). 

ʅʘʩʠʯʝʥʽʩʪʴ ʦʙôʻʢʪʘ ï ʟʥʘʯʝʥʥʷ ʥʘʩʠʯʝʥʦʩʪʽ ʩʝʛʤʝʥʪʘ ʫ ʢʦʣʴʦʨʦʚʽʡ 

ʤʦʜʝʣʽ HSV (ʢʦʤʧʦʥʝʥʪʘ S ). 

ʂʦʣʽʨ ʦʙôʻʢʪʘ ï ʟʥʘʯʝʥʥʷ ʢʦʣʴʦʨʫ ʩʝʛʤʝʥʪʘ ʫ ʢʦʣʴʦʨʦʚʽʡ ʤʦʜʝʣʽ HSV 

(ʢʦʤʧʦʥʝʥʪʘ H ). 

 

2.5.4 ʉʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ 

 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ ʦʙôʻʢʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ ʫʩʽʤ ʧʽʢʩʝʣʷʤ, ʱʦ 

ʥʘʣʝʞʘʪʴ k-ʤʫ ʩʝʛʤʝʥʪʫ ʟʦʙʨʘʞʝʥʥʷ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʘʥʘʣʫ ʟʦʙʨʘʞʝʥʥʷ. 

 

1

1
( )

kN

i

ik

k x
N

m
=

= ä ,   (2.18) 

 



81 

ʜʝ Nk ï ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ ʫ k-ʤʫ ʩʝʛʤʝʥʪʽ, xi ï ʟʥʘʯʝʥʥʷ -̔ʪʦʛʦ ʧʽʢʩʝʣʷ 

ʩʝʛʤʝʥʪʘ. 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʽʢʩʝʣʽʚ ʦʙôʻʢʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ 

ʫʩʽʤ ʧʽʢʩʝʣʷʤ, ʱʦ ʥʘʣʝʞʘʪʴ k-ʤʫ ʩʝʛʤʝʥʪʫ ʟʦʙʨʘʞʝʥʥʷ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ ʟʦʙʨʘʞʝʥʥʷ. 
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= -ä ,   (2.19) 

 

ʜʝ Nk ï ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ ʫ k-ʤʫ ʩʝʛʤʝʥʪʽ, xi ï ʟʥʘʯʝʥʥʷ -̔ʪʦʛʦ ʧʽʢʩʝʣʷ 

ʩʝʛʤʝʥʪʘ. 

 

2.5.5 ʊʝʢʩʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ 

 

ʂʦʥʪʫʨʠ ʟʦʙʨʘʞʝʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʪʝʢʩʪʫʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [79], ʱʦ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʫ ʩʢʣʘʜʽ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʂʦʥʪʫʨʠ ʚʽʜʦʙʨʘʞʫʶʪʴ ʨʽʟʢʽ ʧʨʦʩʪʦʨʦʚʽ ʟʤʽʥʠ ʫ 

ʟʥʘʯʝʥʥʷʭ ʧʽʢʩʝʣʽʚ, ʱʦ ʟʘʟʚʠʯʘʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʽʟʠʯʥʠʤ ʛʨʘʥʠʮʷʤ ʥʘ ʟʥʽʤʢʫ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʥʪʫʨʽʚ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʨʘʜʽʻʥʪʥʽ ʬʽʣʴʪʨʠ. 

ʗʩʢʨʘʚʽʩʪʴ ʢʦʥʪʫʨʽʚ ʥʘ ʛʨʘʥʠʮʽ ʩʝʛʤʝʥʪʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʷʢ 

ʪʝʢʩʪʫʨʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1) ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʜʽʻʥʪʥʦʛʦ ʬʽʣʴʪʨʫ ʈʦʙʝʨʪʩʘ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʢʦʥʪʫʨʽʚ ʦʙôʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ɼʣʷ ʬʽʣʴʪʨʘʮʽʾ ʙʫʣʦ ʦʙʨʘʥʦ ʯʝʨʚʦʥʠʡ ʢʘʥʘʣ 

ʟʦʙʨʘʞʝʥʥʷ ʪʦʤʫ, ʱʦ ʥʘ ʯʝʨʚʦʥʫ ʜʽʣʷʥʢʫ ʩʧʝʢʪʨʫ ʧʨʠʭʦʜʠʪʴʩʷ ʤʘʢʩʠʤʫʤ 

ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʭʣʦʨʦʬʽʣʦʤ ʟʝʣʝʥʠʭ ʨʦʩʣʠʥ [75]. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʝʥʰʦʛʦ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʚʠʧʨʦʤʽʥʝʥʥʷ, ʪʦʤʫ ʨʦʩʣʠʥʠ ʫ 

ʯʝʨʚʦʥʦʤʫ ʢʘʥʘʣʽ ʚʠʛʣʷʜʘʶʪʴ ʪʝʤʥʽʰʠʤʠ ʟʘ ʽʥʰʽ ʦʙôʻʢʪʠ ʽ ʥʝ ʙʫʜʫʪʴ 

ʟʘʚʘʞʘʪʠ ʫ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ. 
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2) ʆʪʨʠʤʘʥʝ ʥʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʟʦʙʨʘʞʝʥʥʷ ʦʙʨʦʙʣʶʻʤʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʽʣʴʪʨʫ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʱʦʙ ʧʦʟʙʫʪʠʩʷ ʰʫʤʽʚ ʪʘ ʜʨʽʙʥʠʭ 

ʜʝʪʘʣʝʡ. ʇʦʪʽʤ ʟʘʩʦʙʘʤʠ ʛʽʩʪʦʛʨʘʤʥʦʾ ʦʙʨʦʙʢʠ ʧʽʜʚʠʱʫʻʤʦ ʢʦʥʪʨʘʩʪʥʽʩʪʴ 

ʟʥʽʤʢʘ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʘʣʠʰʘʶʪʴʩʷ ʣʠʰʝ ʥʘʡʙʽʣʴʰ ʷʩʢʨʘʚʽ ʛʨʘʥʠʮʽ. 

3) ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʜʣʷ ʧʽʢʩʝʣʽʚ, ʱʦ 

ʥʘʣʝʞʘʪʴ ʜʦ ʛʨʘʥʠʮʽ ʩʝʛʤʝʥʪʘ. 

 

2.6 ʂʣʘʩʠʬʽʢʘʮʽʷ  

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʩʝʛʤʝʥʪʘʮʽʾ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʟ ʥʘʩʪʫʧʥʠʭ ʢʣʘʩʽʚ: ʙʫʜʽʚʣʽ, ʜʦʨʦʛʠ, 

ʜʝʨʝʚʘ, ʪʨʘʚʘ, ˇʨʫʥʪ, ʚʦʜʘ, ʪʽʥʽ. ʆʙôʻʢʪʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʽʚ ʨʦʩʣʠʥ ʪʘ 

ʚʦʜʠ, ʥʘʡʙʽʣʴʰ ʣʝʛʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɹʽʣʴʰ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʻ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʜʦʨʽʛ ʪʘ ʙʫʜʠʥʢʽʚ, 

ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʩʭʦʞʽ ʩʧʝʢʪʨʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ 

ʚʦʥʠ ʚʠʛʦʪʦʚʣʝʥʽ. ʆʩʦʙʣʠʚʦ ʮʷ ʧʨʦʙʣʝʤʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʛʫʩʪʦ ʟʘʙʫʜʦʚʘʥʠʭ 

ʤʽʩʮʝʚʦʩʪʝʡ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʫʜʠʥʢʽʚ ʪʘ ʜʦʨʽʛ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʢʦʥʪʝʢʩʪʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʙʣʠʟʫ ʦʙôʻʢʪʽʚ 

ʽʥʰʠʭ ʢʣʘʩʽʚ. ʂʣʘʩʠʬʽʢʘʮʽʶ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʫ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ, ʪʘʢʫ ʩʭʝʤʫ ʙʫʣʦ 

ʦʙʨʘʥʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʫʜʠʥʢʽʚ ʪʘ ʜʦʨʽʛ ʤʦʞʣʠʚʦ ʙʫʣʦ 

ʚʨʘʭʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʪʽʥʝʡ ʪʘ ʨʦʩʣʠʥʥʦʩʪʽ ʧʦ ʩʫʩʽʜʩʪʚʫ. 

ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʫ 

ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ. ʉʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʩʫʧʫʪʥʠʢʘʤʠ GeoEye-1, QuickBird [50], Landsat-8 [48], IKONOS [54]. 

ʅʘ ʧʨʘʢʪʠʮʽ, ʦʙôʻʢʪʠ ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʠʪʘʤʘʥʥʽ ʥʝ 

ʪʽʣʴʢʠ ʾʭʥʴʦʤʫ ʢʣʘʩʫ. ʉʠʩʪʝʤʘ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙô̒ ʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ, ʢʦʣʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʢʣʘʩʫ 

ʥʝʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʦʜʥʦʾ ʟ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʧʝʨʘʮʽʾ 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ, 
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ʜʦʟʚʦʣʷʶʪʴ ʟʘʤʽʥʠʪʠ ʯʽʪʢʽ ʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʣʽʥʛʚʽʩʪʠʯʥʽ ʟʤʽʥʥʽ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʥʝʯ̔ʪʢʠʤʠ ʬʫʥʢʮʽʷʤʠ ʥʘʣʝʞʥʦʩʪʽ. 

ʃʽʥʛʚʽʩʪʠʯʥʦʶ ʟʤʽʥʥʦʶ ʟʚʝʪʴʩʷ ʟʤʽʥʥʘ, ʱʦ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʟ ʤʥʦʞʠʥʠ ʩʣʽʚ 

ʯʠ ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ ʜʝʷʢʦʾ ʧʨʠʨʦʜʥʴʦʾ ʯʠ ʰʪʫʯʥʦʾ ʤʦʚʠ [80]. ʄʥʦʞʠʥʘ 

ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ ʟʚʝʪʴʩʷ ʪʝʨʤ-ʤʥʦʞʠʥʦʶ. 

ʋ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʦʞʝʥ ʧʽʢʩʝʣʴ ʯʠ ʩʝʛʤʝʥʪ 

ʧʨʠʩʚʦʶʻʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʽʚ, ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʢʣʘʩʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʘʪʨʠʙʫʪʦʤ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ 0 ʯʠ 1. ʋ ʩʠʩʪʝʤʘʭ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ 

ʚʠʚʝʜʝʥʥʷ ʥʘʣʝʞʥʽʩʪʴ ʩʝʛʤʝʥʪʘ ʜʦ ʢʣʘʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʥʘʣʝʞʥʦʩʪʽ. 

ʌʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʟ ʜʽʘʧʘʟʦʥʫ [0, 1]. ʗʢʱʦ ʬʫʥʢʮʽʷ 

ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ 1, ʩʝʛʤʝʥʪ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ 

ʽ ʥʘʚʧʘʢʠ, ʷʢʱʦ ʬʫʥʢʮʽʷ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ 0. 

ʅʝʯʽʪʢʠʡ ʣʦʛʽʯʥʠʡ ʚʠʚʽʜ ï ʮʝ ʘʧʨʦʢʩʠʤʘʮʽʷ ʟʘʣʝʞʥʦʩʪʽ çʚʭʽʜ-ʚʠʭʽʜè 

)x,...,x,x(fy n21=  ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʙʘʟʠ ʟʥʘʥʴ ʪʘ ʦʧʝʨʘʮʽʡ ʥʘʜ ʥʝʯʽʪʢʠʤʠ 

ʤʥʦʞʠʥʘʤʠ [80]. 

ɿʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʚʽʜʦʙʨʘʞʝʥʥʽ ʪʠʧʫ: 

 

1 2 1 2( , ,..., ) { , ,..., }n mX x x x y d d d= ­ Í ,   (2.20) 

 

ʜʝ 1 2( , ,..., )nX x x x=  ï ʚʝʢʪʦʨ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 1 2{ , ,..., }md d d ï 

ʥʘʧʝʨʝʜ ʟʘʜʘʥʽ ʢʣʘʩʠ. 

ʊʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 2.6. ɺʦʥʘ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʦʚʽ: 

- ʬʘʟʠʬʽʢʘʪʦʨ ï ʪʨʘʥʩʬʦʨʤʫʻ ʬʽʢʩʦʚʘʥʠʡ ʚʭʽʜʥʠʡ ʚʝʢʪʦʨ X ʫ ʚʝʢʪʦʨ 

ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ X, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ; 

- ʥʝʯʽʪʢʘ ʙʘʟʘ ʟʥʘʥʴ ï ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ 

)x,...,x,x(fy n21=  ʫ ʚʠʛʣʷʜʽ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʧʨʘʚʠʣ; 

- ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʪʝʨʤʽʚ ʫ ʚʠʛʣʷʜʽ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ; 
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- ʤʘʰʠʥʘ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ï ʥʘ ʦʩʥʦʚʽ ʧʨʘʚʠʣ ʙʘʟʠ ʟʥʘʥʴ 

ʚʠʟʥʘʯʘʻ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʚʠʭʦʜʫ ʫ ʚʠʛʣʷʜʽ ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ Y ; 

- ʜʝʬʘʟʠʬʽʢʘʪʦʨ ï ʧʝʨʝʪʚʦʨʶʻ ʚʠʭʽʜʥʫ ʥʝʯʽʪʢʫ ʤʥʦʞʠʥʫ Y  ʫ ʯʽʪʢʝ 

ʯʠʩʣʦ Y . 

ʈʠʩʫʥʦʢ 2.6 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ 

ʚʠʚʝʜʝʥʥʷ 

 

ʋ ʨʦʙʦʪʽ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʩʠʩʪʝʤʫ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʪʠʧʫ 

ʄʘʤʜʘʥʽ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʦ ʥʝʯʽʪʢʽʡ ʙʘʟʽ ʟʥʘʥʴ: 

 

( ),

1 1

j

j

k n

i i jp

p i

x a y d
= =

è ø
= ­ =é ù

ê ú
,  1,j m= ,   1,i n=    (2.21) 

ʜʝ jk  ï ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʢʦʥôʶʥʢʮʽʾ, ʫ ʷʢʠʭ ʚʠʭʽʜ ʦʮʽʥʶʻʪʴʩʷ ʥʝʯʽʪʢʠʤ ʪʝʨʤʦʤ

jd , 1,j m= ; ,i jpa  ï ʥʝʯʽʪʢʠʡ ʪʝʨʤ, ʷʢʠʤ ʦʮʽʥʶʻʪʴʩʷ ʟʤʽʥʥʘ ix  ʫ ʨʷʜʢʫ jp , 
 

1, jp k= ; m ï ʢʽʣʴʢʽʩʪʴ ʪʝʨʤʽʚ ʜʣʷ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʚʠʭʦʜʫ. 
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ʉʪʫʧʝʥʽ ʥʘʣʝʞʥʦʩʪʽ ʦʙôʻʢʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʯʠʾ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʜʘʥʽ 

ʚʝʢʪʦʨʦʤ 1 2( , ,..., )nX x x x= , ʢʣʘʩʘʤ jd , ʟʥʘʭʦʜʷʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

( ) ()
1, 1,

j

j

d jp i

p k i n

X xm m
= =

è ø= ê ú,   (2.22) 

 

ʜʝ ()

 

 ï ʦʧʝʨʘʮʽʷ ʟ s-ʥʦʨʤʠ (t-ʥʦʨʤʠ), ʪʦʙʪʦ ʟ ʤʥʦʞʠʥʠ ʨʝʘʣʽʟʘʮʽʡ 

ʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ɸɹʆ (ʊɸ). ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ ʨʝʘʣʽʟʘʮʽʾ: ʜʣʷ 

ʦʧʝʨʘʮʽʾ ɸɹʆ ï ʧʦʰʫʢ ʤʘʢʩʠʤʫʤʫ, ʜʣʷ ʦʧʝʨʘʮʽʾ ʊɸ ï ʧʦʰʫʢ ʤʽʥʽʤʫʤʫ. 

()jp ixm
 
ï ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ xi ʥʝʯʽʪʢʦʤʫ ʪʝʨʤʫ ,i jpa : 

i

x

x

ijpjp,i x/xɛa

i

i

ñ= )(
,          iii x,xx Í ,  (2.23) 

()
jd ym  ï ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʚʠʭʦʜʫ y ʥʝʯʽʪʢʦʤʫ ʪʝʨʤʫ jd : 

y/yɛd

y

y

dj jñ= )(
,           y,yyÍ .  (2.24) 

ʋ ʷʢʦʩʪʽ ʨʽʰʝʥʥʷ ʦʙʠʨʘʻʪʴʩʷ ʢʣʘʩ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʩʪʫʧʝʥʝʤ 

ʥʘʣʝʞʥʦʩʪʽ: 

 

( ) ( ) ( )( )
1 2

* * * *max , ,...,
md d dy X X Xm m m= .   (2.25) 

 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʢʣʘʩʠʬʽʢʘʮʽʾ  ʟʥʘʡʜʝʥʦ ʨʦʩʣʠʥʥʽʩʪʴ, ʚʦʜʦʡʤʠ ʪʘ ʪʽʥʽ. 

ʎʽ ʪʠʧʠ ʦʙôʻʢʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʟʘ 

ʩʧʝʢʪʨʘʣʴʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʦʙʫʜʦʚʘʥʦ ʩʠʩʪʝʤʫ ʥʝʯʽʪʢʦʛʦ 

ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʟ ʯʦʪʠʨʤʘ ʚʭʽʜʥʠʤʠ ʟʤʽʥʥʠʤʠ ʪʘ ʦʜʥʠʤ ʚʠʭʦʜʦʤ (ʨʠʩ. 

2.7). 
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ʈʠʩʫʥʦʢ 2.7 ï ʉʠʩʪʝʤʘ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʜʣʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ 

ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʅʘ ʢʦʞʥʦʤʫ ʟ ʪʨʴʦʭ ʝʪʘʧʽʚ ʥʘ ʚʭʽʜ ʩʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ 

ʚʠʚʝʜʝʥʥʷ ʧʦʯʝʨʛʦʚʦ ʧʦʜʘʶʪʴʩʷ ʚʝʢʪʦʨʠ ʦʟʥʘʢ ʢʦʞʥʦʛʦ ʩʝʛʤʝʥʪʽʚ. ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʢʣʘʩʠʬʽʢʘʮʽʡ ʚʭʽʜʥʠʡ ʚʝʢʪʦʨ X ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʥʘʩʪʫʧʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ 

ʩʝʛʤʝʪʥʪʽʚ: x1 ï NDVI , x2 ï NSVDI, x3 ï ʉʂɺ, x4 ï NDWI. ɿʘ ʟʥʘʯʝʥʥʷʤ 

ʚʠʭʽʜʥʦʾ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʟʤʽʥʥʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʜʦ ʷʢʦʛʦ ʟ ʢʣʘʩʽʚ ʥʘʣʝʞʠʪʴ 

ʩʝʛʤʝʥʪ. ɺʦʥʘ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʟ ʪʝʨʤ-ʤʥʦʞʠʥʠ: 

d={ʥʝʢʣʘʩʠʬʽʢʦʚʘʥʽ, ʪʽʥʴ, ʜʝʨʝʚʘ, ʪʨʘʚʘ, ʚʦʜʘ}. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʠʩʪʝʤ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠʢʫʪʥʽ ʪʘ ʪʨʘʧʝʮʽʻʚʠʜʥʽ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 2.8). ɺʠʙʽʨ 

ʬʫʥʢʮʽʾ ʪʘʢʦʛʦ ʪʠʧʫ ʦʙʫʤʦʚʣʝʥ ʣʝʛʢʽʩʪʶ ʨʦʟʨʘʭʫʥʢʫ ʾʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʽ 

ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʽʥʰʠʤʠ 

ʘʚʪʦʨʘʤʠ. 

ʈʠʩʫʥʦʢ 2.8 ï ɻʨʘʬʽʢʠ ʪʨʘʧʝʮʽʻʚʠʜʥʦʾ ʪʘ ʪʨʠʢʫʪʥʦʾ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ 
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ʎʽ ʬʫʥʢʮʽʾ ʦʧʠʩʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ, ʪʨʠʢʫʪʥʘ: 
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,   (2.26) 

ʪʨʘʧʝʮʽʻʚʠʜʥʘ: 
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.   (2.27) 

 

ɺʭʽʜʥʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʟʤʽʥʥʽ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʟ ʪʝʨʤ-ʤʥʦʞʠʥʠ: 

{ʥʠʟʴʢʝ, ʩʝʨʝʜʥʻ, ʚʠʩʦʢʝ}. ɺ ʩʠʩʪʝʤʘʭ ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ, ʣʽʥʛʚʽʩʪʠʯʥʽ 

ʟʤʽʥʥʽ ʟʘʤʽʥʶʶʪʴ ʯʽʪʢʽ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʤʽʥʥʦʾ x1 ʯʽʪʢʽ 

ʜʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʫ NDVI ʟʘʤʽʥʝʥʽ ʥʘ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʜʦ ʪʝʨʤʽʚ ʟ 

ʪʝʨʤ-ʤʥʦʞʠʥʠ. ʌʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʦ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʫ NDVI, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ -1 ʜʦ 1. ɻʫʩʪʽʡ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷ NDVI ʚʽʜ 0,7 ʜʦ 1 ʪʘ ʪʝʨʤ ñʚʠʩʦʢʝò , 

ʨʦʟʨʽʜʞʝʥʽʡ ʨʦʩʣʠʥʥʦʩʪʽ ï ʟʥʘʯʝʥʥʷ ʚʽʜ 0,5 ʜʦ 0,7 ʪʘ ʪʝʨʤ ñʩʝʨʝʜʥʻ ò, ʥʠʞʯʝ 

ʟʘ 0,5 ï ñʥʠʟʴʢʝò. 

ʅʘ ʨʠʩʫʥʢʫ 2.9 ʧʦʢʘʟʘʥʦ ʬʨʘʛʤʝʥʪ ʟʦʙʨʘʞʝʥʥʷ, ʩʝʛʤʝʥʪʦʚʘʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ, ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʰʦʛʦ 

ʝʪʘʧʫ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʇʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ 

ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʜʦ ʩʝʛʤʝʥʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ 2.9, a) ʟʥʘʡʜʝʥʦ 

ʩʝʛʤʝʥʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʩʪʫʧʥʠʤ ʢʣʘʩʘʤ: ʨʦʩʣʠʥʥʽʩʪʴ, ʚʦʜʦʡʤʠ, ʪʽʥʽ 

(ʨʠʩ 2.9, ʙ). 
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a)                                                                 ʙ) 

ʈʠʩʫʥʦʢ 2.9 ï ʉʝʛʤʝʥʪʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʨʘʛʤʝʥʪʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ (a); 

ʨʝʟʫʣʴʪʘʪ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʙ) 

 

ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʢʣʘʩʽʚ ʩʝʛʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʣʴʦʨʠ ʪʘ ʥʫʤʝʨʘʮʽʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.10. 

 

 

ʈʠʩʫʥʦʢ 2.10 ï ʂʦʣʴʦʨʠ ʜʣʷ ʧʦʟʥʘʯʝʥʥ ̫ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʢʣʘʩʠʬʽʢʘʮʽʡ ʚʭʽʜʥʠʡ ʚʝʢʪʦʨ X ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʦʩʴʤʠ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʥʘʩʪʫʧʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ 

ʩʝʛʤʝʥʪʽʚ: x1 ï ʩʧʽʣʴʥʘ ʛʨʘʥʠʮʷ ʟ ʢʣʘʩʦʤ 4, x2 ï ʩʧʽʣʴʥʘ ʛʨʘʥʠʮʷ ʟ ʢʣʘʩʦʤ 3, x3 

ï ʧʣʦʱʘ, x4 ï ʧʨʷʤʦʢʫʪʥʽʩʪʴ, x5 ï ʢʦʤʧʘʢʪʥʽʩʪʴ, x6 ïʚʽʜʥʦʰʝʥʥʷ ʰʠʨʠʥʠ ʜʦ 

ʜʦʚʞʠʥʠ, x7  ï ʢʦʥʪʨʘʩʪ, x8 ï ʩʧʽʣʴʥʘ ʛʨʘʥʠʮʷ ʟ ʢʣʘʩʦʤ 5.  

ɺʭʽʜʥʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʟʤʽʥʥʽ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʟ ʪʝʨʤ-ʤʥʦʞʠʥʠ: 

{ʥʠʟʴʢʝ, ʩʝʨʝʜʥʻ, ʚʠʩʦʢʝ}.ʅʝʯʽʪʢʘ ʪʝʨʤ-ʤʥʦʞʠʥʘ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʤʦʞʝ 

ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ d={ʥʝʢʣʘʩʠʬʽʢʦʚʘʥʽ, ʙʫʜʽʚʣʽ, ʜʦʨʦʛʠ, ˇʨʫʥʪ}. ʇʨʠ ʧʦʙʫʜʦʚʽ 
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ʥʝʯʽʪʢʠʭ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʽ ʪʨʘʧʝʮʽʻʚʠʜʥʽ ʪʘ ʪʨʠʢʫʪʥʽ 

ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 2.8). ʇʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʧʨʠʩʚʦʶʚʘʣʠʩʷ 

ʟʛʽʜʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʙʨʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʉʠʩʪʝʤʘ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ 

ʚʠʚʝʜʝʥʥʷ ʜʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.11. 

ʈʝʟʫʣʴʪʘʪ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.12, ʘ).  

 

ʈʠʩʫʥʦʢ 2.11 ï ʉʠʩʪʝʤʘ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʜʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ 

ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʝʛʤʝʥʪʽʚ, ʱʦ ʥʝ ʙʫʣʠ 

ʚʽʜʥʝʩʝʥʽ ʜʦ ʞʦʜʥʦʛʦ ʢʣʘʩʫ ʟʘ ʩʚʦʾʤʠ ʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɰʭ ʢʣʘʩ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʾʭ ʧʦʣʦʞʝʥʥʷ, ʚʽʜʥʦʩʥʦ ʩʝʛʤʝʥʪʽʚ ʟ ʚʞʝ ʚʠʟʥʘʯʝʥʠʤʠ 

ʢʣʘʩʘʤʠ. ɺʭʽʜʥʠʡ ʚʝʢʪʦʨ X ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ, 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʥʘʩʪʫʧʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʩʝʛʤʝʥʪʽʚ: x1 ï ʩʧʽʣʴʥʘ 
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ʛʨʘʥʠʮʷ ʟ ʢʣʘʩʦʤ 4, x2 ï ʩʧʽʣʴʥʘ ʛʨʘʥʠʮʷ ʟ ʢʣʘʩʦʤ 3, x3 ï ʩʧʽʣʴʥʘ ʛʨʘʥʠʮʷ ʟ 

ʢʣʘʩʦʤ 1, x4 ï ʩʧʽʣʴʥʘ ʛʨʘʥʠʮʷ ʟ ʢʣʘʩʦʤ 2. ɺʭʽʜʥʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʟʤʽʥʥʽ 

ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʟ ʪʝʨʤ-ʤʥʦʞʠʥʠ: {ʥʠʟʴʢʝ, ʩʝʨʝʜʥʻ, ʚʠʩʦʢʝ}. ʅʝʯʽʪʢʘ 

ʪʝʨʤ-ʤʥʦʞʠʥʘ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ d={ʙʫʜʽʚʣʽ, ʜʦʨʦʛʠ, 

ʪʽʥʽ, ʪʨʘʚʘ, ʜʝʨʝʚʘ ˇʨʫʥʪ, ʚʦʜʘ}. ʇʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ 

ʧʨʠʩʚʦʶʚʘʣʠʩʷ ʟʛʽʜʥʦ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʙʨʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʉʠʩʪʝʤʘ 

ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʜʣʷ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʫ 2.13. ʈʝʟʫʣʴʪʘʪ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 

2.12 ʙ). 

 

      

ʘ)                                                           ʙ) 

ʈʠʩʫʥʦʢ 2.12 ï ʈʝʟʫʣʴʪʘʪ ʜʨʫʛʦʛʦ (ʘ) ʪʘ ʪʨʝʪʴʦʛʦ (ʙ) ʝʪʘʧʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 



91 

 

ʈʠʩʫʥʦʢ 2.13 ï ʉʠʩʪʝʤʘ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʜʣʷ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ 

ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

2.7 ʆʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʅʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʚʠʟʥʘʯʠʪʠ ʥʘʩʢʽʣʴʢʠ ʪʦʯʥʦ 

ʢʣʘʩʠ ʦʙôʻʢʪʽʚ ʥʘ ʟʥʽʤʢʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʴʥʠʤ ʢʣʘʩʘʤ ʦʙôʻʢʪʽʚ ʥʘ ʟʝʤʥʽʡ 

ʧʦʚʝʨʭʥʽ. ɼʣʷ ʮʴʦʛʦ ʢʣʘʩʠʬʽʢʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʟʘʟʜʘʣʝʛʽʜʴ 

ʧʨʘʚʠʣʴʥʦʶ ʢʘʨʪʦʶ ʢʣʘʩʽʚ. ʂʘʨʪʘ ʢʣʘʩʽʚ ʟʚʝʪʴʩʷ ñʝʪʘʣʦʥʥʠʤò ʟʦʙʨʘʞʝʥʥʷʤ ʪʘ 

ʥʘʡʯʘʩʪʽʰʝ ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʨʫʯʥʦʾ ʨʦʟʤʽʪʢʠ. 

ɹʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʤʘʪʨʠʮʷ ʧʦʭʠʙʦʢ ï 

ʪʘʙʣʠʮʷ, ʷʢʘ ʧʦʢʘʟʫʻ ʧʦʭʠʙʢʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ [81, 82]. 

ʄʘʪʨʠʮʷ ʧʦʭʠʙʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ n ʩʪʨʦʢ ʪʘ n ʩʪʦʚʙʮʽʚ, ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ 

ʦʙôʻʢʪʽʚ ʥʘ ʝʪʘʣʦʥʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. ʉʪʨʦʢʠ ʤʘʪʨʠʮʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʣʘʩʘʤ ʥʘ 

ʝʪʘʣʦʥʥʽʡ ʢʘʨʪʽ, ʩʪʦʚʙʮʽ ï ʢʣʘʩʘʤ ʥʘ ʦʙʨʦʙʣʶʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. ʇʦʟʥʘʯʠʤʦ 

ʷʢ nij  ʧʽʢʩʝʣʽ, ʱʦ ʥʘʣʝʞʘʪʴ ʢʣʘʩʫ j, ʘʣʝ ʙʫʣʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʷʢ ʢʣʘʩ i,
 ( )i row ij

j

n n=ä  ï ʯʠʩʣʦ ʧʽʢʩʝʣʽʚ, ʱʦ ʙʫʣʠ 

ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʷʢ ʢʣʘʩ i ʨʦʟʨʦʙʣʝʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ( )j col ij

i

n n=ä  ï ʯʠʩʣʦ 
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ʧʽʢʩʝʣʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ j ʟʛʽʜʥʦ ʟ ʝʪʘʣʦʥʥʦʶ ʢʘʨʪʦʶ. ɼʽʘʛʦʥʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ï ʧʽʢʩʝʣʽ, ʱʦ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʚʽʨʥʦ. 

ɼʣʷ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʛʘʣʴʥʫ 

ʪʦʯʥʽʩʪʴ O
c
, ʷʢʘ ʧʦʢʘʟʫʻ ʚʽʜʩʦʪʦʢ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʧʽʢʩʝʣʽʚ, ʪʘ 

ʂʘʧʧʘ-ʽʥʜʝʢʩ ï K. ʂʘʧʧʘ-ʽʥʜʝʢʩ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ 

N ʧʽʢʩʝʣʽʚ ʜʦ k ʚʟʘʻʤʦʚʠʢʣʶʯʥʠʭ ʢʣʘʩʽʚ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʂʦʭʝʥʦʤ ʫ [83]. 

 

1

1 k
c

ii

i

O n
N =

= ä ,   (2.28) 

 

ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ, k ï ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ. 
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ʜʝ 

 

( ) ( )2

1
e i col i row

i

p n n
N
= ä . (2.30) 

 

ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ O
c
 ʪʘ ʂʘʧʧʘ-ʽʥʜʝʢʩ ʧʨʠʡʤʘʪʁʴ ʟʥʘʯʝʥʥʷ ʚʽʜ 1 ʜʦ 0. 

ʏʠʤ ʚʠʱʝ ʾʭ ʟʥʘʯʝʥʥʷ, ʪʠʤ ʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ, ʥʘ ʨʝʟʫʣʴʪʘʪ ʦʮʽʥʢʠ ʚʧʣʠʚʘʻ ʪʝ, ʥʘʩʢʽʣʴʢʠ ʯʘʩʪʦ ʧʝʚʥʠʡ 

ʢʣʘʩ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʘ ʪʝʩʪʦʚʦʤʫ ʟʨʘʟʢʫ ʟʥʽʤʢʘ. ʎʝ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʘʥʘʣʽʟʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʥʘ ʷʢʠʭ ʦʜʠʥ ʢʣʘʩ ʤʦʞʝ ʟʘʡʤʘʪʠ ʚʝʣʠʢʫ ʧʣʦʱʫ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʢʣʘʩ A ʟʘʡʤʘʻ 90 % ʧʣʦʱʽ ʟʥʽʤʢʘ, ʘ ʢʣʘʩ B ï 10 %, ʪʦ 

ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʘ ʤʥʦʞʠʥʘ ʧ̔ ʢʩʝʣʽʚ ʟ 90 % ʡʤʦʚʽʨʥʽʩʪʶ ʙʫʜʝ ʥʘʣʝʞʘʪʠ ʢʣʘʩʫ 

A. ʊʦʜʽ ʩʫʤʽʩʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʮʽ ʧʽʢʩʝʣʽ ʙʫʜʫʪʴ ʧʨʘʚʠʣʴʥʦ ʚʽʜʥʝʩʝʥʽ 

ʜʦ ʢʣʘʩʫ A ʚʠʧʘʜʢʦʚʦ ʜʦʨʽʚʥʶʻ 0,81. ʊʘʢ ʩʘʤʦ, ʩʫʤʽʩʥʘ ʡʤʦʚʽʨʥʽʩʪʴ 
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ʧʨʘʚʠʣʴʥʦʛʦ ʚʽʜʥʝʩʝʥʥʷ ʧʽʢʩʝʣʽʚ ʜʦ ʢʣʘʩʫ B ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʩʪʘʥʦʚʠʪʴ 

0,01. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʥʘʚʽʪʴ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʧʨʠʩʚʦʻʥʥʽ ʢʘʨʪʽ ʧʽʢʩʝʣʽʚ 

ʝʪʘʣʦʥʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʟʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʢʘʨʪʠ ʙʫʜʝ ʙʣʠʟʴʢʦ 82 %. ʊʦʙʪʦ, 

ʢʘʨʪʠ, ʥʘ ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʜʝʢʽʣʴʢʘ ʢʣʘʩʽʚ, ʱʦ ʟʘʡʤʘʶʪʴ ʚʝʣʠʢʽ ʧʣʦʱʽ, ʤʦʞʫʪʴ 

ʤʘʪʠ ʙʽʣʴʰʫ ʟʘʛʘʣʴʥʫ ʪʦʯʥʽʩʪʴ, ʥʽʞ ʢʘʨʪʠ ʟ ʙʘʛʘʪʴʤʘ ʢʣʘʩʘʤʠ ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʦʾ ʧʣʦʱʽ. ʂʘʧʧʘ-ʽʥʜʝʢʩ ʙʽʣʴʰ ʧʦʢʘʟʦʚʠʡ ʫ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ. 

ʅʘ ʨʠʩʫʥʢʘʭ 2.14, 2.15, 2.16 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʨʴʦʭ 

ʬʨʘʛʤʝʥʪʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʨʦʟʨʦʙʣʝʥʠʤ ʤʝʪʦʜʦʤ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘ 

ʝʪʘʧʽ ʩʝʛʤʝʥʪʘʮʽʾ ʪʨʴʦʭ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ. ʊʘʢʦʞ ʧʦʢʘʟʘʥʽ ʝʪʘʣʦʥʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʬʨʘʛʤʝʥʪʽʚ.  

ʋ ʪʘʙʣʠʮʽ 2.4 ʧʦʢʘʟʘʥʽ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ O
c 
ʪʘ K. ʅʘʡʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘ ʝʪʘʧʽ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʫ 

ñMultiresolutionò ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ h=[40..60]. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʝʪʦʜʫ ñMean-shiftò ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʛʽʨʰʽ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ñMean-shiftò ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ r1=[10..20] ʪʘ 

r2=[40..70] ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʣʠʪʪʷ ʚ ʦʜʠʥ ʩʝʛʤʝʥʪ ʧʽʢʩʝʣʽʚ, ʷʢʽ ʬʘʢʪʠʯʥʦ 

ʥʘʣʝʞʘʪʴ ʜʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. ɿʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʩʝʛʤʝʥʪʽʚ ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ, ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʧʦʜʘʣʴʰʠʡ ʧʨʦʮʝʩ 

ʦʙʨʦʙʢʠ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 2.3, ʧʨʠ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʤʝʪʦʜʦʤ ñK-

meansò ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʘʣʠʭ ʩʝʛʤʝʥʪʽʚ, ʯʠʷ ʢʽʣʴʢʽʩʪʴ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʜʫʨʠ ʫʩʫʥʝʥʥʷ ʤʘʣʠʭ ʩʝʛʤʝʥʪʽʚ, ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 15 

ʨʘʟ. ʈʝʟʫʣʴʪʘʪʠ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ñK-meansò ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ 

ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʾ, ʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʠʭ ʽʪʝʨʘʮʽʡ 

ʜʦʨʽʚʥʶʚʘʣʘ 10. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʩʝʛʤʝʥʪʽʚ, 

ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ñK-meansò ʙʫʣʠ ʜʦʙʨʽ, ʦʪʞʝ 

ʮʝʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʤʝʥʪʽʚ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ. 
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ʘ) ʙ) 

 

  
ʚ) ʛ) 

 

a) ʝʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʨʘʛʤʝʥʪʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ3; ʙ) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʧʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ñMean-shiftò; ʚ) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ñMultiresolutionò; ʛ) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ñK-meansò 

ʈʠʩʫʥʦʢ 2.14 ï ʈʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʘʮʽʾ  ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ 3 
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ʘ) ʝʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʨʘʛʤʝʥʪʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ2; ʙ) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ñMean-shiftò; ʚ) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ñMultiresolutionò; ʛ) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ñK-meansò 

ʈʠʩʫʥʦʢ 2.15 ï ʈʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ 2 

 

  

ʘ) ʙ) 

 

  
ʚ) ʛ) 
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a) ʝʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʨʘʛʤʝʥʪʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ1; ʙ) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ñMean-shiftò; ʚ) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ñMultiresolutionò; ʛ) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ñK-meansò 

ʈʠʩʫʥʦʢ 2.16 ï ʈʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ˉ 1 

 

 

 

 

 

 

  

ʘ) ʙ) 

 

  
ʚ) ʛ) 
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ʊʘʙʣʠʮʷ 2.4 ï ʆʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

 

2.8 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʋ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʽ, ʧʦʚôʷʟʘʥʽ ʟ ʜʝʰʠʬʨʫʚʘʥʥʷʤ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ 

ʜʝʰʠʬʨʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, 

ʦʩʥʦʚʘʥʫ ʥʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʢʣʘʩʠʬʽʢʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʙôʻʢʪʠ ʧʝʚʥʠʭ 

ʢʣʘʩʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʫ ʨʦʙʦʪʽ ʤʝʪʠ ʙʫʣʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1. ɼʦʩʣʽʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʽʚ ʩʝʛʤʝʥʪʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ñMean-shiftò, ñK-meansò ʪʘ ñMultiresolutionò. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʤʝʪʦʜʽʚ 

ʦʙʨʦʙʣʝʥʦ ʜʝʢʽʣʴʢʘ ʬʨʘʛʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʩʫʧʫʪʥʠʢʘʤʠ 

WorldView-2 ʪʘ WorldView-3.  

2. ʈʝʟʫʣʴʪʘʪʠ ʩʝʛʤʝʥʪʘʮʽʾ ʧʦʢʨʘʱʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʜʫʨʠ ʟʣʠʪʪʷ 

ʩʝʛʤʝʥʪʽʚ ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ ʟ ʩʫʩʽʜʥʽʤʠ ʩʝʛʤʝʥʪʘʤʠ. ʎʝ ʜʦʧʦʤʦʛʣʦ ʟʤʝʥʰʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʩʝʛʤʝʥʪʽʚ ʪʘ ʟʨʦʙʠʪʠ ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ ʙʽʣʴʰ 

 Multiresolution Mean-shift K-means 

ɿʥʽʤʦʢ 1    

K 0,83 0,7 0,85 

O
c 

0,87 0,8 0,96 

ɿʥʽʤʦʢ 2    

K
 

0,91 0,76 0,84 

O
c
 0,98 0,85 0,92 

ɿʥʽʤʦʢ 3    

K
 

0,9 0,76 0,85 

O
c
 0,94 0,69 0,8 
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ʟʨʫʯʥʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʋ ʪʘʙʣʠʮʷʭ 2.1, 2.2 ʪʘ 2.3 ʧʦʢʘʟʘʥʦ 

ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʮʝʜʫʨʠ ʟʣʠʪʪʷ ʩʝʛʤʝʥʪʽʚ 

ʪʘ ʧʽʩʣʷ. ɼʦʚʝʜʝʥʦ, ʱʦ ʤʝʪʦʜʠ ñMean-shiftò ʪʘ ñK-meansò ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʥʘʜʤʽʨʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ. ʂ̔ ʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ 

ñMultiresolutionò, ʟʤʝʥʰʠʣʘʩʴ ʥʝ ʩʫʪʪʻʚʦ (ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 20 % ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʽʣʴʢʽʩʪʶ ʩʝʛʤʝʥʪʽʚ ʜʦ ʧʨʦʮʝʜʫʨʠ 

ʟʣʠʪʪʷ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʨʦʟʤʽʨ ʩʝʛʤʝʥʪʽʚ ʫ ʤʝʪʦʜʽ ñMultiresolutionò 

ʨʝʛʫʣʶʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ ʤʘʩʰʪʘʙʫ h. 

3. ɼʣ ̫ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʨʦʟʨʘʭʦʚʘʥʦ ʛʝʦʤʝʪʨʠʯʥʽ, ʩʪʘʪʠʩʪʠʯʥʽ, 

ʪʝʢʩʪʫʨʥʽ, ʩʧʝʢʪʨʘʣʴʥʽ ʪʘ ʧʨʦʩʪʦʨʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʛʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʦʢʨʝʤʠʭ 

ʢʣʘʩʽʚ, ʪʘ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

4. ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ 

ʥʝʯ̔ʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ, ʷʢʘ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʝʛʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʠʣʘ ʾʭ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʽʚ. ʇʝʨʝʚʘʛʦʶ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʻ ʙʘʛʘʪʦʝʪʘʧʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʱʦʜʦ ʢʣʘʩʫ ʩʝʛʤʝʥʪʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʬʨʘʛʤʝʥʪʘʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʙʫʣʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʢʣʘʩʠ: 

ʙʫʜʽʚʣʽ, ʜʦʨʦʛʠ, ʜʝʨʝʚʘ, ʪʨʘʚʘ, ˇʨʫʥʪ, ʚʦʜʘ, ʪʽʥʽ.  

6. ɼʣʷ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ, ʜʣʷ 

ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʪʦʯʥʽʩʪʴ O
c
 ʪʘ ʂʘʧʧʘ-ʽʥʜʝʢʩ. 

ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘ ʝʪʘʧʽ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʫ 

ñMultiresolutionò ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ h=[40..60], ʪʦʤʫ ʮʝʡ ʤʝʪʦʜ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʜʝʰʠʬʨʫʚʘʥʥʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. ʄʝʪʦʜ ʧʦʢʘʟʘʚ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ: [2, 3, 4, 5]. 
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ʈʆɿɼɯʃ 3 ɯɼɽʅʊʀʌɯʂɸʎɯʗ ʊɸ ʂʆʄʇɽʅʉɸʎɯʗ ʊɯʅɽʁ ʅɸ 

ʉʋʇʋʊʅʀʂʆɺʀʍ ɿʅɯʄʂɸʍ 

 

3.1 ʊʝʭʥʦʣʦʛʽʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ 

 

ʊʽʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʜʝʰʠʬʨʫʚʘʣʴʥʦʶ ʦʟʥʘʢʦʶ ʧʨʠ ʘʥʘʣʽʟʽ ɼɼɿ, 

ʘʣʝ, ʪʘʢʦʞ, ʧʨʠʩʫʪʥʽʩʪʴ ʪʽʥʝʡ ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ ʪʨʫʜʥʦʱʽ ʧʨʠ ʦʙʨʦʙʮʽ ʜʘʥʠʭ 

[1]. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʽʥʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʬʦʨʤʫ, ʚʠʩʦʪʫ [84], ʣʦʢʘʮʽʶ ʦʙôʻʢʪʽʚ 

ʥʘ ʟʥʽʤʢʘʭ. ʊʽʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʘʥʘʣʽʟʽ ʟʤʽʥ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ 

ʟʥʽʤʢʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʫ ʨʽʟʥʠʡ ʯʘʩ [85]. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʨʠʩʫʪʥʽʩʪʴ 

ʪʽʥʝʡ ʫʩʢʣʘʜʥʶʻ ʜʝʰʠʬʨʫʚʘʥʥʷ ɼɼɿ [86, 87]. ʅʘʧʨʠʢʣʘʜ, ʪʽʥʽ ʤʦʞʫʪʴ 

ʩʧʨʠʯʠʥʷʪʠ ʥʝʚʽʨʥʫ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʚʠʢʨʠʚʣʝʥʥʷ ʢʦʣʴʦʨʫ ʪʘ 

ʪʝʢʩʪʫʨ. ʇʨʦʙʣʝʤʘ ʧʨʠʩʫʪʥʦʩʪʽ ʪʽʥʝʡ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ. ʇʨʠ ʘʝʨʦʟʡʦʤʮʽ ʧʨʠʩʫʪʥʽʩʪʴ ʪʽʥʽ ʤʦʞʝ ʙʫʪʠ ʩʢʦʨʦʯʝʥʘ ʟʘʚʜʷʢʠ 

ʚʠʙʦʨʫ ʯʘʩʫ ʟʥʽʤʘʥʥʷ. ɼʣʷ ʩʫʧʫʪʥʠʢʽʚ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʧʦ ʩʦʥʷʯʥʦ-

ʩʠʥʭʨʦʥʥʽʡ ʦʨʙʽʪʽ, ʟʡʦʤʢʫ ʧʝʚʥʦʾ ʤʽʩʮʝʚʦʩʪʽ ʤʦʞʣʠʚʦ ʚʝʩʪʠ ʪʽʣʴʢʠ ʚ 

ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ. ɿʘʟʚʠʯʘʡ ʟʥʽʤʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʨʘʥʢʦʚʽ ʯʘʩʠ, ʢʦʣʠ 

ʘʪʤʦʩʬʝʨʘ ʙʽʣʴʰ ʧʨʦʟʦʨʘ. ʋ ʮʝʡ ʯʘʩ ʚʠʩʦʪʘ ʉʦʥʮʷ ʥʘ ʥʝʙʽ ʜʫʞʝ ʥʠʟʴʢʘ, ʯʝʨʝʟ 

ʦɦ ʪʽʥʴʦʚʽ ʜʽʣʷʥʢʠ ʥʘ ʟʥʽʤʢʫ ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʽ. 

ɿʘʜʘʯʘ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ ʟʥʽʤʢʘ, ʥʘ ʷʢʦʤʫ ʪʽʥʽ 

ʚʽʜʩʫʪʥʽ, ʪʦʙʪʦ ʦʩʚʽʪʣʝʥʽʩʪʴ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʤʘʻ ʙʫʪʠ ʪʘʢʦʶ ʞ, ʷʢ 

ʦʩʚʽʪʣʝʥʽʩʪʴ ʨʝʰʪʠ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʦʙʨʦʙʢʫ 

ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʷʢʦʤʫ ʪʽʥʴʦʚʽ 

ʜʽʣʷʥʢʠ ʙʫʜʫʪʴ ʤʘʪʠ ʪʘʢʫ ʞ ʩʘʤʫ ʦʩʚʽʪʣʝʥʽʩʪʴ, ʷʢ ʨʝʰʪʘ ʟʦʙʨʘʞʝʥʥʷ, 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʨʠ ʧʽʜʟʘʜʘʯʽ: ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʽʥʽ, ʢʦʤʧʝʥʩʘʮʽʷ ʪʽʥʽ, 

ʦʙʨʦʙʢʘ ʛʨʘʥʠʮʴ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ [8]. ʉʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.1. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʨʦʛʦʚʘ 

ʙʽʥʘʨʠʟʘʮʽʷ ʽʥʜʝʢʩʫ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʧʦ ʚʭʽʜʥʦʤʫ ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʦʙʨʘʞʝʥʥʶ. 

ʋ ʨʦʙʦʪʘʭ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʝʢʩʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʦʙʨʘʞʝʥʴ [88]. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
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ʤʝʪʦʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʬʽʟʠʯʥʽ ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʪʽʥʽ. ʊʝʭʥʦʣʦʛʽʷ ʪʘʢʦʞ 

ʧʝʨʝʜʙʘʯʘʻ ʦʙʨʦʙʢʫ ʛʨʘʥʠʮʴ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ, ʜʦ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʤʝʪʦʜ 

ʢʦʤʧʝʥʩʘʮʽʾ.  

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ 

 

3.2 ɺʣʘʩʪʠʚʦʩʪʽ ʪʽʥʽ 

 

ʊʽʥʽ ʥʘ ʟʥʽʤʢʘʭ ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ ʜʽʣʷʥʢʘ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʥʽʩʪʶ ʘʙʦ 

ʯʘʩʪʢʦʚʦ ʟʘʛʦʨʦʜʞʝʥʘ ʚʽʜ ʜʞʝʨʝʣʘ ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [89]. ʊʽʥʴʦʚʽ 

ʜʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʦʙôʻʢʪʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʥʠʭ, ʦʩʚʽʪʣʝʥʽ ʨʦʟʩʽʶʚʘʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʱʦ ʚʽʜʙʠʣʦʩʷ ʚʽʜ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. 

ʅʘ ʟʥʽʤʢʘʭ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʜʚʘ ʪʠʧʠ ʪʽʥʝʡ (ʨʠʩ. 3.2): ʚʣʘʩʥʘ ʪʽʥʴ ʪʘ 

ʧʘʜʘʶʯʘ ʪʽʥʴ [89, 90, 91]. ɺʣʘʩʥʘ ʪʽʥʴ ʫʪʚʦʨʶʻʪʴʩʷ ʢʦʣʠ ʦʙôʻʢʪ, ʱʦ 
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ʧʝʨʝʛʦʨʦʜʞʫʻ ʩʚʽʪʣʦ, ʥʝ ʦʩʚʽʪʣʝʥʠʡ ʟ ʦʜʥʦʛʦ ʙʦʢʫ. ʇʘʜʘʶʯʘ ʪʽʥʴ ʫʪʚʦʨʶʻʪʴʩʷ 

ʥʘ ʧʦʚʝʨʭʥʽ ʯʠ ʦʙôʻʢʪʘʭ, ʢʦʣʠ ʚʦʥʠ ʟʘʢʨʠʪʽ ʚʽʜ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʥʰʠʤ 

ʦʙôʻʢʪʦʤ. ʎʽ ʪʠʧʠ ʪʽʥʝʡ ʤʘʶʪʴ ʨʽʟʥʫ ʷʩʢʨʘʚʽʩʪʴ, ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʽʜʜʟʝʨʢʘʣʶʶʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʦʥʴ ʪʘ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʨʦʟʩʽʶʚʘʥʦʛʦ 

ʩʚʽʪʣʘ, ʱʦ ʥʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʙôʻʢʪʠ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ. ɺʣʘʩʥʘ ʪʽʥʴ, 

ʟʘʟʚʠʯʘʡ, ʤʘʻ ʚʠʱʫ ʷʩʢʨʘʚʽʩʪʴ, ʥʽʞ ʧʘʜʘʶʯʘ ʪʽʥʴ.  

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʽʥʝʡ 

 

ʇʘʜʘʶʯʘ ʪʽʥʴ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʦʜʽʣʝʥʘ ʥʘ ʪʽʥʴ ʪʘ ʥʘʧʽʚʪʽʥʴ. ʏʘʩʪʠʥʘ 

ʧʘʜʘʶʯʦʾ ʪʽʥʽ, ʷʢʘ ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʪʘ ʚʽʜ ʧʨʷʤʠʭ ʧʨʦʤʝʥʽʚ ʩʚʽʪʣʘ, ʟʚʝʪʴʩʷ 

ʪʽʥʥʶ. ʅʘʧʽʚʪʽʥʴ ʟʘʢʨʠʪʘ ʚʽʜ ʧʨʷʤʠʭ ʧʨʦʤʝʥʽʚ ʯʘʩʪʢʦʚʦ ʪʘ, ʟʘʟʚʠʯʘʡ, 

ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʢʨʘʶ ʧʘʜʘʶʯʦʾ ʪʽʥʽ. 

ʊʽʥʴʦʚʽ ʜʽʣʷʥʢʠ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [91]: 

¶ ʧ̔ ʢʩʝʣʽ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ ʪʝʤʥʽʰʽ ʟʘ ʧʽʢʩʝʣʽ ʫ ʥʝʪʽʥʴʦʚʠʭ 

ʜʽʣʷʥʢʘʭ; 

¶ ʟʥʘʯʝʥʥʷ RGB ʪʽʥʴʦʚʠʭ ʧʽʢʩʝʣʽʚ ʥʠʞʯʝ, ʥʽʞ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʥʝʪʽʥʴʦʚʠʭ ʧʽʢʩʝʣʽʚ; 



102 

¶ ʪʝʢʩʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ ʧʦʜʽʙʥʽ ʜʦ 

ʪʝʢʩʪʫʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ, ʘʣʝ, ʷʢ 

ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʥʠʞʯʽ ʟʥʘʯʝʥʥʷ; 

¶ ʪ̔ ʥɹʦʚʽ ʜʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʥʷ ʦʩʚʽʪʣʝʥʽ ʨʦʟʩʽʷʥʠʤ ʚʠʧʨʦʤʽʥʝʥʥʷʤ, ʫ ʪʦʡ 

ʯʘʩ ʷʢ ʥʝʪʽʥʴʦʚʽ ʜʽʣʷʥʢʠ ʦʩʚʽʪʣʝʥʽ ʨʦʟʩʽʷʥʠʤ ʽ ʧʨʷʤʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ; 

¶ ʢʦʤʧʦʥʝʥʪʘ ʢʦʣʴʦʨʫ ʫ ʽʥʚʘʨʽʘʥʪʥʠʭ ʢʦʣʴʦʨʦʚʠʭ ʧʨʦʩʪʦʨʘʭ HSI ʪʘ HSV, 

ʷʢʘ ʚʽʜʦʙʨʘʞʫʻ ʢʦʣʽʨ ʧʦʚʝʨʭʥʽ, ʤʘʻ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʽ ʟʥʘʯʝʥʥʷ ʷʢ ʫ 

ʪʽʥʴʦʚʠʭ, ʪʘʢ ʽ ʫ ʦʩʚʽʪʣʝʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ; 

¶ ʢʦʤʧʦʥʝʥʪʘ ʷʩʢʨʘʚʦʩʪʽ ʫ ʽʥʚʘʨʽʘʥʪʥʠʭ ʢʦʣʴʦʨʦʚʠʭ ʧʨʦʩʪʦʨʘʭ HSI ʪʘ HSV 

ʟʥʘʯʥʦ ʤʝʥʰʘ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ. 

 

3.3 ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʪʽʥʽ 

 

3.3.1 ʄʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ 

 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʟʥʽʤʢʽʚ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʽʟʥʽ ʤʝʪʦʜʠ [57, 90]. ɿʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʥʽ ʜʽʣʷʥʦʢ 

ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʽʥʽ. ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʧʦʨʦʛʦʚʽ ʤʝʪʦʜʠ ʧʦʜʽʣʫ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʪʽʥʴʦʚʽ ʽ 

ʬʦʥʦʚʽ [92, 93]. ʋ ʷʢʦʩʪʽ ʦʟʥʘʢ, ʟʘ ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʦʛʦʚʝ ʨʦʟʙʠʪʪʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʩʢʨʘʚʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʫ ʨʽʟʥʠʭ ʢʘʥʘʣʘʭ ʪʘ ʢʦʤʧʦʥʝʥʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʫ ʽʥʚʘʨʽʘʥʪʥʠʭ ʢʦʣʴʦʨʦʚʠʭ ʧʨʦʩʪʦʨʘʭ. ʂʘʥʘʣʠ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʝʨʚʦʥʦʤʫ, ʟʝʣʝʥʦʤʫ ʪʘ ʩʠʥʴʦʤʫ (RGB) ʤʦʞʫʪʴ ʙʫʪʠ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʽ ʫ ʪʘʢʽ ʢʦʣʴʦʨʦʚʽ ʧʨʦʩʪʦʨʠ, ʷʢ HSV (Hue Saturation Value), 

HSI (Hue Saturation Intensity), YIQ (luma, inphase, quadrature) ʘʙʦ YCbCr [94, 

95, 96]. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʠ, ʟʘ ʷʢʠʤʠ ʤʦʞʣʠʚʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʽʥʴ. ʇʽʢʩʝʣʽ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʤʘʶʪʴ ʚʠʱʽ ʟʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʽʚ, ʥʽʞ ʫ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ. ʊʽʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʙʠʪʪʷ 
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ʟʥʘʯʝʥʴ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʽʥʜʝʢʩʫ ʟʘ ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʫ ʨʦʟʙʠʪʪʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʽ ʤʝʪʦʜʠ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ 

ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʦ ʨʽʟʥʽ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ [1]. 

ʇʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʮʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʟʥʽʤʢʘʭ, ʦʪʨʠʤʘʥʠʭ ʩʫʧʫʪʥʠʢʘʤʠ 

WorldView-2 ʪʘ WorldView-3, ʙʫʣʦ ʦʮʽʥʝʥʦ ʪʦʯʥʽʩʪʴ ʾʭ ʨʦʙʦʪʠ. ʌʨʘʛʤʝʥʪ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʟʥʽʤʢʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.3. 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʌʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ 

 

ʋ ʨʦʙʦʪʘʭ [92, 93, 97] ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʽʥʜʝʢʩ 

NSVDI (normalized saturation-intensity difference index). 

 

S V
NSVDI

S V

-
=
+

, (2.23)  

 

ʜʝ S ʪʘ V ï ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSV (ʨʠʩ. 3.4), 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧʦʥʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ: 
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a)                                                              ʙ) 

 

ʚ) 

a) ʢʦʣʽʨ (H); ʙ) ʥʘʩʠʯʝʥʽʩʪʴ (S); ʚ) ʷʩʢʨʘʚʽʩʪʴ (V) 

ʈʠʩʫʥʦʢ 3.4 ï ʂʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSV 

 

R
R

255
¡= , 

G
G

255
¡= , 

B
B

255
¡= , 

0,MAX 0

S MIN
1 ,MAX 0

MAX

=ë
î
=ì
- ¸îí

, V MAX= , 

 

 

 

(2.24) 
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0,MAX MIN
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, 

 

 

(3.3) 

)B,G,RMAX(MAX ¡¡¡= , )B,G,R( MINMIN ¡¡¡= .   

 

ʅʘ ʨʠʩʫʥʢʫ 3.5 ʧʦʢʘʟʘʥʦ ʥʘʧʽʚʪʦʥʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʽʥʜʝʢʩʫ NSVDI. ɼʣʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʽʥʜʝʢʩʫ ʜʽʘʧʘʟʦʥ ʡʦʛʦ ʟʥʘʯʝʥʴ ʧʨʠʚʝʜʝʥʦ ʟ [-1, 1] ʜʦ [0, 255]. 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ʉʧʝʢʪʨʘʣʴʥʠʡ ʽʥʜʝʢʩ NSVDI 

 

ʋ [95] ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ 

ʚʠʜʫ: 

 

()
H 1

I 1
r x

+
=
+

,  (2.25) 
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ʜʝ H ʪʘ I ï ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSI. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧʦʥʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ: 
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= æ ö

ç ÷
. (2.26) 

 

ʉʧʝʢʪʨʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ ( )r x  ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ 

ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʽʥʝʡ: 

1) ʪ̔ ʥʴ ʤʘʻ ʤʝʥʰʫ ʷʩʢʨʘʚʽʩʪʴ; 

2) ʯʝʨʝʟ ʈʝʣʝʻʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʫ ʪʽʥʽ ʧʨʠʩʫʪʥʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʩʠʥʽʭ ʪʘ ʬʽʦʣʝʪʦʚʠʭ ʭʚʠʣʴ [98]; 

3) ʟʙʽʣʴʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʠ ʢʦʣʴʦʨʫ ʫ ʪʽʥʽ ʯʝʨʝʟ ʟʤʽʥʫ ʜʦʚʞʠʥʠ ʭʚʠʣʴ, ʧʨʠ 

ʟʤʽʥʽ ʷʩʢʨʘʚʦʩʪʽ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʥʽʤʢʘ ʚʽʜʥʦʩʥʦ ʥʝʪʽʥʴʦʚʠʭ [99]. 

ʂʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSI ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʧʦ 

ʥʠʤ ʚʽʜʥʦʰʝʥʥʷ r(x) ʪʘ r2(x) ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 3.6 ï 3.8. 

ʋ ʨʦʙʦʪʽ [100] ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʚʽʜʥʦʰʝʥʥʷ 

ʚʠʜʫ: 

()
()

()2

H

I 0,01

x
r x

x
=

+
,  (2.27) 

ʜʝ ()H x  ʪʘ ()I x  ï ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSI, 

2( ) [0,255]r x Í . ʎʝ ʚʽʜʥʦʰʝʥʥʷ ʻ ʤʦʜʠʬʽʢʘʮʽʻʶ ʚʽʜʥʦʰʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʫ 

ʨʦʙʦʪʽ [95]. 

ʂʘʥʘʣʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ RGB ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.9. 
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a)                                                                       ʙ) 

 

ʚ) 

a) ʢʦʣʽʨ (H); ʙ) ʥʘʩʠʯʝʥʽʩʪʴ (S); ʚ) ʷʩʢʨʘʚʽʩʪʴ (I) 

ʈʠʩʫʥʦʢ 3.6 ï ʂʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSI 
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ʈʠʩʫʥʦʢ 3.7 ï ʉʧʝʢʪʨʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ r(x) 

 

 

ʈʠʩʫʥʦʢ 3.8 ï ʉʧʝʢʪʨʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ r2(x) 
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                           a)                                                           ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 3.9 ï ʂʘʥʘʣʠ ʟʦʙʨʘʞʝʥʥʷ 7 (a), 8(ʙ) ʪʘ 2(ʚ) 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʨʽʟʥʠʭ ʢʘʥʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʨʦʙʦʪʘʭ [101, 102]. ʋ [103] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʽʥʜʝʢʩ SDI (ʨʠʩ. 3.10), ʷʢʠʡ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʢʘʥʘʣʽʚ 

ʩʫʧʫʪʥʠʢʽʚ WordView-2 ʪʘ WordView-3. 

 

8 2
SDI 7

8 2

Band Band
Band

Band Band

-
= -

+
,  (2.28) 

ʜʝ 8Band , 2Band , ʪʘ 7Band  ï ʚʽʜʧʦʚʽʜʥʦ ʚʦʩʴʤʠʡ, ʜʨʫʛʠʡ, ʪʘ ʩʴʦʤʠʡ ʢʘʥʘʣʠ 

ʟʥʽʤʢʽʚ. 
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ʈʠʩʫʥʦʢ 3.10 ï ʉʧʝʢʪʨʘʣʴʥʠʡ ʽʥʜʝʢʩ SDI 

 

ʋ ʨʦʙʦʪʽ [104] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʽʜʥʦʰʝʥʥʷ SDI2 (ʨʠʩ. 3.11): 

( )
1

2

2 PC
SDI

G B R 1

-
=

- Ö +
,  (2.29) 

ʜʝ R, G ʪʘ B ï ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʫ ʯʝʨʚʦʥʦʤʫ, ʟʝʣʝʥʦʤʫ ʪʘ ʩʠʥʴʦʤʫ 

ʢʘʥʘʣʘʭ. PC1 ï ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʛʦʣʦʚʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ʉʧʝʢʪʨʘʣʴʥʠʡ ʽʥʜʝʢʩ SDI2 
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ʇʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ï ʮʝ ʣʽʥʽʡʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʝ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʾʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɹʽʣʴʰʘ ʯʘʩʪʢʘ ʽʥʬʦʨʤʘʮʽʾ ʤʽʩʪʠʪʴʩʷ ʫ ʧʝʨʰʽʡ ʛʦʣʦʚʥʽʡ 

ʢʦʤʧʦʥʝʥʪʽ, ʪʦʤʫ ʜʣʷ ʪʽʥʝʡ ʚʦʥʘ ʤʘʻ ʥʠʞʯʽ ʟʥʘʯʝʥʥʷ, ʥʽʞ ʜʣʷ ʨʝʰʪʠ 

ʟʦʙʨʘʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʯʠʩʝʣʴʥʠʢ ʚʽʜʥʦʰʝʥʥʷ ʤʘʻ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʽʥʽ. 

ɿʥʘʤʝʥʥʠʢ ʚʠʨʘʟʫ, ʥʘʚʧʘʢʠ, ʤʘʻ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʽʥʽ. ɯʥʜʝʢʩ ʤʘʻ ʚʠʱʽ 

ʟʥʘʯʝʥʥʷ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʥʽʤʢʘ.  

ʊʘʢʦʞ, ʫ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ 

ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʘʢʽ ʷʢ ʤʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ [105, 

106]. 

 

3.3.2 ɸʚʪʦʤʘʪʠʯʥʘ ʙʽʥʘʨʠʟʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʩʢʠ 

ʪʽʥʝʡ 

 

ɼʣ̫ ʦʪʨʠʤʘʥʥʷ ʙʽʥʘʨʥʦʾ ʤʘʩʢʠ ʪʽʥʽ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʽ ʫ ʚʽʜʪʽʥʢʘʭ ʩʽʨʦʛʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʙʠʪʽ ʟʘ ʷʩʢʨʘʚʽʩʪʶ 

ʥʘ ʜʚʽ ʛʨʫʧʠ ʟʘ ʧʝʚʥʠʤ ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ T [58]. ʇʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʤʦʞʝ 

ʧʽʜʙʠʨʘʪʠʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʘʣʝ 

ʝʬʝʢʪʠʚʥʽʰʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʦʨʦʛʫ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʜʫʨʠ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʆʮʫ [97, 100, 107, 108]. 

ʋ ʤʝʪʦʜʽ ʆʮʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʛʽʩʪʦʛʨʘʤʘ ʟʦʙʨʘʞʝʥʥʷ. ɻʽʩʪʦʛʨʘʤʘ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʚʘ ʢʣʘʩʠ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʾʭ ʛʽʩʪʦʛʨʘʤʠ ʙʫʣʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰ ʱʽʣʴʥʠʤʠ. ʄʘʪʝʤʘʪʠʯʥʦ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʤʽʥʽʤʽʟʘʮʽʶ ʜʠʩʧʝʨʩʽʡ ʜʚʦʭ ʢʣʘʩʽʚ: 

 

2 2 2

1 1 2 2w w ws s s= + ,  (2.30) 

 

ʜʝ w1 ʪʘ w2 ï ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʢʣʘʩʫ ʚʽʜʧʦʚʽʜʥʦ: 
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0
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T

i

N p i
=

=ä , (2.31) 

 

TN ï ʛʽʩʪʦʛʨʘʤʘ ʟʦʙʨʘʞʝʥʥʷ. 

ʋ ʩʚʦʾʡ ʨʦʙʦʪʽ ʆʮʫ ʧʦʢʘʟʘʚ, ʱʦ ʤʽʥʽʤʽʟʘʮʽʷ ʚʥʫʪʨʽʰʥʴʦʾ ʜʠʩʧʝʨʩʽʾ 

ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʘ ʤʽʥʽʤʽʟʘʮʽʾ ʜʠʩʧʝʨʩʽʾ ʤʽʞ ʢʣʘʩʘʤʠ, ʷʢʘ ʜʦʨʽʚʥʶʻ [108]: 

 

( )
22

1 2 1 2b w ws m m= - ,  (2.32) 

 

Õ1 ʪʘ Õ2 ï ʩʝʨʝʜʥʽ ʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʽʚ: 
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ɼʣʷ ʟʦʙʨʘʞʝʥʥʷ ( , )X i j , ʜʝ i  ʪʘ j ï ʨʦʟʤʽʨʠ ʟʦʙʨʘʞʝʥʥʷ, ʘʣʛʦʨʠʪʤ 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʛʽʩʪʦʛʨʘʤʘ ʟʦʙʨʘʞʝʥʥʷ ( )p l  ʪʘ ʯʘʩʪʦʪʘ ( )N l  ʜʣʷ 

ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ X ; 

2) ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 1(0)w , 2(0)w , 1(0)m , 2(0)m ; 

3) ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʛʽʩʪʦʛʨʘʤʠ 1,max( )t X= : 

1) ʦʥʦʚʣʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 1m, 2m , 1w , 2w ; 

2) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ [ ]
22

1 2 1 2( ) ( ) ( ) ( ) ( )b t w t w t t ts m m= - ; 

3) ʢ̫ʱʦ 
2( )b ts  ʙʽʣʴʰʝ, ʥʽʞ ʧʦʪʦʯʥʘ ʜʠʩʧʝʨʩʽʷ ʤʽʞ ʢʣʘʩʘʤʠ, ʪʦ ʾʾ 

ʟʥʘʯʝʥʥʷ ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ, T t= ; 

4) ʦʧʪʠʤʘʣʴʥʠʡ ʧʦʨʽʛ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʫʤʫ ʜʠʩʧʝʨʩʽʾ ʤʽʞ ʢʣʘʩʘʤʠ 
2( )b ts . 



113 

ʅʘ ʨʠʩ. 3.12 ʧʦʢʘʟʘʥʦ ʛʽʩʪʦʛʨʘʤʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʽʥʜʝʢʩʘ NSVDI. ɺʽʩʴ 

ʘʙʩʮʠʩ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʧʽʢʩʝʣʽʚ, ʘ ʚʽʩʴ ʦʨʜʠʥʘʪ ʯʘʩʪʦʪʽ, ʟ ʷʢʦʶ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʢʦʞʥʝ ʟʥʘʯʝʥʥʷ. 

ɿʥʘʡʜʝʥʠʡ ʟʘ ʤʝʪʦʜʦʤ ʆʮʫ ʦʧʪʠʤʘʣʴʥʠʡ ʧʦʨʽʛ ʚʽʜʤʽʯʝʥʦ ʯʝʨʚʦʥʦʶ 

ʣʽʥʽʻʶ. ɿʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ, ʦʪʨʠʤʘʥʠʭ ʽʥʜʝʢʩʽʚ, ʙʫʣʠ ʧʨʠʚʝʜʝʥʽ ʜʦ ʜʽʘʧʘʟʦʥʫ 

ʟʥʘʯʝʥʴ [0, 255]. ɼʣʷ ʫʩʽʭ ʽʥʜʝʢʩʽʚ, ʯʠʤ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʷ, ʪʠʤ ʙʽʣʴʰʘ 

ʩʪʫʧʽʥʴ ʡʦʛʦ ʥʘʣʝʞʥʦʩʪʽ ʜʦ ʪʽʥʽ, ʪʦʤʫ, ʯʘʩʪʠʥʘ ʛʽʩʪʦʛʨʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʱʽʤ ʟʥʘʯʝʥʥʷʤ ʧʽʢʩʝʣʽʚ, ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʪʽʥʴ. ʇʽʩʣʷ ʨʦʟʙʠʪʪʷ ʛʽʩʪʦʛʨʘʤʠ 

ʟʘ ʦʧʪʠʤʘʣʴʥʠʤ ʧʦʨʦʛʦʤ ʦʪʨʠʤʫʻʤʦ ʙʽʥʘʨʥʫ ʤʘʩʢʫ ʪʽʥʽ (ʨʠʩ. 3.13). 

ʆʧʪʠʤʘʣʴʥʠʡ ʧʦʨʽʛ ʨʦʟʙʠʪʪʷ ʛʽʩʪʦʛʨʘʤʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʣʷ ʫʩʽʭ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʽʥʜʝʢʩʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʾʭ ʙʽʥʘʨʠʟʘʮʽʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.13 ï 

3.19. ɿʥʘʡʜʝʥʽ ʪʽʥʴʦʚʽ ʜʽʣʷʥʢʠ ʥʘ ʨʠʩʫʥʢʘʭ ʚʽʜʤʽʯʝʥʽ ʯʦʨʥʠʤ ʢʦʣʴʦʨʦʤ. 

 

 

 

ʈʠʩʫʥʦʢ 3.12 ï ɻʽʩʪʦʛʨʘʤʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʽʥʜʝʢʩʘ NSVDI 

ʈʠʩʫʥʦʢ 3.13 ï ʈʝʟʫʣʴʪʘʪ 

ʙʽʥʘʨʠʟʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʽʥʜʝʢʩʘ 

NSVDI 
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ʈʠʩʫʥʦʢ 3.14 ï ʈʝʟʫʣʴʪʘʪ ʙʽʥʘʨʠʟʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ V ʫ 

ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSV 

ʈʠʩʫʥʦʢ 3.15 ï ʈʝʟʫʣʴʪʘʪ ʙʽʥʘʨʠʟʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ I ʫ 

ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSI 

  

ʈʠʩʫʥʦʢ 3.16 ï ʈʝʟʫʣʴʪʘʪ ʙʽʥʘʨʠʟʘʮʽʾ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ r(x) 

ʈʠʩʫʥʦʢ 3.17 ï ʈʝʟʫʣʴʪʘʪ ʙʽʥʘʨʠʟʘʮʽʾ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ r2(x) 
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ʈʠʩʫʥʦʢ 3.18 ï ʈʝʟʫʣʴʪʘʪ ʙʽʥʘʨʠʟʘʮʽʾ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʽʥʜʝʢʩʘ SDI 

ʈʠʩʫʥʦʢ 3.19 ï ʈʝʟʫʣʴʪʘʪ ʙʽʥʘʨʠʟʘʮʽʾ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʽʥʜʝʢʩʘ SDI2 

 

3.3.3 ʇʦʨʽʚʥʷʥʥʷ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ 

 

ɼʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʦʮʽʥʢʠ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʽʥʘʨʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ [81, 82]. ʑʦʙ 

ʦʮʽʥʠʪʠ ʪʦʯʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʪʽʥʴʦʚʠʭ ʧʽʢʩʝʣʽʚ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʝʪʘʣʦʥʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʩʢʠ ʪʽʥʽ. ʆʪʨʠʤʘʥʽ ʫ ʨʝʟʫʣʴʪʘʪʽ ʙʽʥʘʨʠʟʘʮʽʾ ʤʘʩʢʠ ʪʽʥʽ 

ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʝʪʘʣʦʥʥʦʶ ʤʘʩʢʦʶ ʪʽʥʽ, ʱʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.20. ɼʣʷ ʟʘʜʘʯʽ, 

ʱʦ ʚʠʨʽʰʫʻʪʴʩʷ, ʧʽʢʩʝʣʽ, ʱʦ ʥʘʣʝʞʘʪʴ ʪʽʥʽ, ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ ʧʦʟʠʪʠʚʥʽ 

(positive), ʘ ʨʝʰʪʘ ʧʽʢʩʝʣʽʚ ï ʷʢ ʥʝʛʘʪʠʚʥʽ (negative). ʆʪʨʠʤʘʥʽ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʽʢʩʝʣʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ ʤʥʦʞʠʥʠ: 

ï True Positives (TP): ʪʽʥʴʦʚʽ ʧʽʢʩʝʣʽ, ʷʢʽ ʙʫʣʠ ʚʽʨʥʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʷʢ 

ʪʽʥʴʦʚʽ; 

ï True Negatives (TN): ʥʝʪʽʥʴʦʚʽ ʧʽʢʩʝʣʽ, ʷʢʽ ʙʫʣʠ ʚʽʨʥʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʷʢ 

ʥʝʪʽʥʴʦʚʽ; 

ï False Positives (FP): ʥʝʪʽʥʴʦʚʽ ʧʽʢʩʝʣʽ, ʱʦ ʧʦʤʠʣʢʦʚʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʷʢ 

ʪʽʥʽ; 

ï False Negatives (FN): ʪʽʥʴʦʚʽ ʧʽʢʩʝʣʽ, ʷʢʽ ʙʫʣʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʷʢ 

ʥʝʪʽʥʴʦʚʽ; 
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ʄʥʦʞʠʥʠ ʧʽʢʩʝʣʽʚ TP, TN, FP, FN ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʨʠʮʽ ʧʦʭʠʙʦʢ [109, 110]. 

 

 

ʈʠʩʫʥʦʢ 3.20 ï ɽʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʽʥʘʨʥʦʾ ʤʘʩʢʠ ʪʽʥʽ 

 

ɿʘ ʮʠʤʠ ʜʘʥʠʤʠ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ precision 

(ʪʦʯʥʽʩʪʴ) recall (ʧʦʚʥʦʪʘ), specificity (ʩʧʝʮʠʬʽʯʥʽʩʪʴ) ʪʘ accuracy(ʪʦʯʥʽʩʪʴ ʧʦ 

ʚʩʽʤ ʧʽʢʩʝʣʷʤ) [111]: 

TP

TP FP
Precision=

+
, ʧʦʢʘʟʫʻ ʯʘʩʪʢʫ ʚʽʨʥʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʧʽʢʩʝʣʽʚ 

ʩʝʨʝʜ ʫʩʽʭ ʧʽʢʩʝʣʽʚ, ʱʦ ʙʫʣʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʷʢ ʪʽʥʴʦʚʽ; 

TP

TP FN
Recall=

+
, ʧʦʢʘʟʫʻ ʯʘʩʪʢʫ ʚʽʨʥʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʧʽʢʩʝʣʽʚ ʩʝʨʝʜ 

ʫʩʽʭ ʪʽʥʴʦʚʠʭ ʧʽʢʩʝʣʽʚ; 

TP TN

TP FP FN TN
Accuracy

+
=

+ + +
, ʧʦʢʘʟʫʻ ʯʘʩʪʢʫ ʚʽʨʥʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ 

ʧʽʢʩʝʣʽʚ ʩʝʨʝʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʢʩʝʣʽʚ; 

TN

TN FP
Specificity=

+
, ʧʦʢʘʟʫʻ ʯʘʩʪʢʫ ʚʽʨʥʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʥʝʪʽʥʴʦʚʠʭ 

ʧʽʢʩʝʣʽʚ ʩʝʨʝʜ ʧʽʢʩʝʣʽʚ, ʱʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʷʢ ʪʽʥʴʦʚʽ. 
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ʏʠʤ ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʧʦʚʥʦʪʠ ʽ ʪʦʯʥʦʩʪʽ, ʪʠʤ ʢʨʘʱʘ ʷʢʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʪʽʥʽ. ʄʘʢʩʠʤʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ ʪʘ ʧʦʚʥʦʪʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ 

ʦʜʥʦʯʘʩʥʦ, ʪʦʤʫ ʚʚʦʜʠʪʴʩʷ ʤʝʪʨʠʢʘ, ʷʢʘ ʧʦʻʜʥʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʦʯʥʽʩʪʴ ʽ 

ʧʦʚʥʦʪʫ. ʊʘʢʦʶ ʤʝʪʨʠʢʦʶ ʻ F-ʤʝʪʨʠʢʘ, ʷʢʘ ʷʚʣʷʻʪʴʩʷ ʛʘʨʤʦʥʽʡʥʠʤ ʩʝʨʝʜʥʽʤ 

ʤʽʞ ʪʦʯʥʽʩʪʶ ʪʘ ʧʦʚʥʦʪʦʶ. ʊʦʯʥʽʩʪʴ ʽ ʧʦʚʥʦʪʘ ʫ ʤʝʪʨʠʮʽ ʤʘʶʪʴ ʨʽʚʥʫ ʚʘʛʫ, 

ʪʦʤʫ ʟʥʘʯʝʥʥʷ F-ʤʝʪʨʠʢʠ ʙʫʜʫʪʴ ʟʤʝʥʰʫʚʘʪʠʩʴ ʦʜʥʘʢʦʚʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʦʙʦʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

1

2 Precision Recall
F

Precision+ Recall

Ö Ö
= , [ ]1 0,1FÍ . (2.34) 

 

Intersection Over Union (IOU) [112] ï ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʝʨʝʪʠʥʦʤ 

ʝʪʘʣʦʥʥʠʭ ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʷʢ ʪʽʥʽ ʧʽʢʩʝʣʽʚ ʪʘ ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʧʽʢʩʝʣʽʚ: 

TP

TP FP FN
IOU =

+ +
. (2.35) 

ʋʩʽ ʥʘʚʝʜʝʥʽ ʤʝʪʨʠʢʠ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ [0,1]. ʏʠʤ ʚʠʱʝ 

ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ, ʪʠʤ ʢʨʘʱʽʡ ʨʝʟʫʣʴʪʘʪ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ʋ ʪʘʙʣʠʮʽ 3.1 

ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʝʪʨʠʢ ʜʣʷ ʤʘʩʦʢ ʪʽʥʽ, ʦʪʨʠʤʘʥʠʭ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʙʽʥʘʨʠʟʘʮʽʾ. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ʤʝʪʨʠʢ ʷʢʦʩʪʽ ʙʽʥʘʨʠʟʘʮʽʾ 

 Precision Recall Specificity Accuracy 
1F  IOU  

I (intensity) 0,6841 0,9898 0,5927 0,7798 0,8091 0,6794 

NSVDI 0,9974 0,923 0,9978 0,9626 0,9587 0,9208 

SDI2 0,6452 0,9927 0,5135 0,7393 0,7821 0,6422 

r2(x) 0,5518 0,931 0,3257 0,6112 0,6931 0,5303 

V (value) 0,9794 0,6988 0,9835 0,833 0,8156 0,6887 

SDI 0,6462 0,981 0,5214 0,738 0,7792 0,6383 

r(x) 0,6858 0,8591 0,6492 0,7481 0,7627 0,6165 
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ʅʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢ ʙʫʣʠ ʜʦʩʷʛʥʫʪʽ ʜʣʷ ʤʘʩʢʠ, ʦʪʨʠʤʘʥʦʾ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʙʽʥʘʨʠʟʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ NSVDI. ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʮʝʡ ʽʥʜʝʢʩ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʦʟʨʦʙʣʝʥʽʡ 

ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ. 

 

3.4 ʄʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ 

 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʥʘʨʥʦʾ ʤʘʩʢʠ ʪʽʥʽ, ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʤʧʝʥʩʘʮʽʷ ʪʽʥʽ ʫ 

ʦʪʨʠʤʘʥʠʭ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʫ 

ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʦʜʝʣʴ ʫʪʚʦʨʝʥʥʷ ʪʽʥʽ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʬʽʟʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [113, 114]. 

ʄʦʜʝʣʴ ʦʧʠʩʫʻ, ʩʢʽʣʴʢʠ ʩʚʽʪʣʘ ʧʦʪʨʘʧʣʷʻ ʥʘ ʢʦʞʝʥ ʧʽʢʩʝʣʴ ʟʦʙʨʘʞʝʥʥʷ. 

ʄʦʜʝʣʴ ʚʢʣʶʯʘʻ ʜʚʘ ʪʠʧʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ʧʘʜʘʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ʢʦʣʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ ʧʦʪʨʘʧʣʷʻ ʧʨʷʤʦ ʥʘ ʦʙôʻʢʪ; ʚʽʜʙʠʪʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ʢʦʣʠ ʦʙôʻʢʪ ʦʩʚʽʪʣʝʥʠʡ ʧʨʦʤʝʥʷʤʠ, ʱʦ ʚʽʜʙʠʣʠʩʴ ʚʽʜ 

ʦʪʦʯʫʶʯʠʭ ʦʙôʻʢʪʽʚ. ʅʝʪʽʥʴʦʚʽ ʜʽʣʷʥʢʠ ʦʩʚʽʪʣʝʥʽ ʦʙʦʤʘ ʪʠʧʘʤʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʽʥʴʦʚʽ ï ʣʠʰʝ ʚʽʜʙʠʪʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. ʄʦʜʝʣʴ 

ʦʩʚʽʪʣʝʥʦʩʪʽ ʧʽʢʩʝʣʷ ʟʦʙʨʘʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

 

( ) ( ) ( )I x R x L x= Ö , (2.36) 

 

ʜʝ ( )I x  ï ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʷ x , ( )L x  ï ʦʩʚʽʪʣʝʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʽʢʩʝʣʷ ʪʘ 

( )R x  ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʙʠʪʦʛʦ ʧʽʢʩʝʣʝʤ ʩʚʽʪʣʘ. 

ʆʩʚʽʪʣʝʥʽʩʪʴ ʧʽʢʩʝʣʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʩʫʤʘ ʧʘʜʘʶʯʦʛʦ ʪʘ 

ʚʽʜʙʠʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: 

 

( ) ( ) ( )D RL x L x L x= + . (2.37) 
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ɿ (2.37) ʪʘ (2.36) ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟʠ ʦʩʚʽʪʣʝʥʦʩʪʽ ʜʣʷ ʪʽʥʴʦʚʠʭ ʪʘ 

ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ: 

 

( ) ( ) ( ) ( ) ( )lit D RI x R x L x R x L x= Ö + Ö,   

( ) ( ) ( ) ( )shd RI x x L x R xh= Ö Ö , 

(2.38) 

 

ʜʝ ( )xh   ï ʤʥʦʞʥʠʢ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʦʩʣʘʙʣʝʥʥʷ ʚʽʜʙʠʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ 

ʪʽʥʽ. 

ɿʘ ʬʦʨʤʫʣʘʤʠ (2.38), ʦʪʨʠʤʫʻʤʦ ʥʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʢʩʝʣʽʚ ʫ ʪʽʥʴʦʚʠʭ 

ʜʽʣʷʥʢʘʭ: 

 

1
( ) ( ) ( ) ( )

( )
ʉ D shdI x R x L x I x

xh
= Ö + Ö , 

( ) ( ) ( ) ( )C shdI x A x x I xg= + Ö , 

(2.39) 

 

ʜʝ ʧʘʨʘʤʝʪʨʠ A ʪʘ g ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

( ) ( ) ( )A x B Sm g m= - Ö ,           
1 ( )

( )
( ) ( )

B
x

x S

s
g

h s
= = , (2.40) 

ʜʝ ( )Bm  ʪʘ ( )Sm  ï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ ʫ ʥʝʪʽʥʴʦʚʠʭ ʪʘ ʪʽʥʴʦʚʠʭ 

ʜʽʣʷʥʢʘʭ ʚʽʜʧʦʚʽʜʥʦ, ( )Ss  ʪʘ ( )Bs  ï ʩʪʘʥʜʘʨʪʥʽ ʚʽʜʭʠʣʝʥʥʷ ʧʽʢʩʝʣʽʚ ʫ 

ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ, ( )ʉI x  ï ʥʦʚʽ ʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʧʽʢʩʝʣʽʚ ʫ 

ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ. ʑʦʙ ʟʥʘʡʪʠ ʥʦʚʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʘ ʩʪʘʥʜʘʨʪʥʽ 

ʚʽʜʭʠʣʝʥʥʷ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʘ 

ʩʪʘʥʜʘʨʪʥʽ ʚʽʜʭʠʣʝʥʥʷ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ: 
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1
( ) ( )shd

xS

S I x
N

m = ä ,   
1

( ) ( )lit

xB

B I x
N

m = ä , 

22 ( ) ( )

( )
lit lit

x x

B B

I x I x

B
N N

s

å õ
æ ö= -
æ ö
æ ö
ç ÷

ä ä
,  

22 ( ) ( )

( )
shd shd

x x

S S

I x I x

S
N N

s

å õ
æ ö= -
æ ö
æ ö
ç ÷

ä ä
. 

(2.41) 

 

ɼʦ ʫʩʽʭ ʪʽʥʴʦʚʠʭ ʧʽʢʩʝʣʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ (2.39), ʧʘʨʘʤʝʪʨʠ A 

ʪʘ gʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʧʽʢʩʝʣʽʚ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ. ʅʘ ʨʠʩ. 3.21 

ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʜʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. 

 

     

ʘ)                                                            ʙ) 

ʈʠʩʫʥʦʢ 3.21 ï ʉʫʧʫʪʥʠʢʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʜʦ (ʘ) ʪʘ ʧʽʩʣʷ (ʙ) ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦ ʥʴʦʛʦ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ 

 



121 

ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʧʽʢʩʝʣʽʚ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʤʦʞʣʠʚʦ ʧʦʙʘʯʠʪʠ, ʱʦ 

ʦʩʚʽʪʣʝʥʽʩʪʴ ʫ ʥʠʭ ʟʥʘʯʥʦ ʟʤʽʥʠʣʘʩʴ. ʅʘ ʨʠʩ. 3.22 ʧʦʢʘʟʘʥʽ ʛʽʩʪʦʛʨʘʤʠ 

ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ. ʅʘ ʨʠʩ. 

3.22, a) ʧʦʢʘʟʘʥʽ ʛʽʩʪʦʛʨʘʤʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ, ʘ ʥʘ ʨʠʩ. 

3.22, ʙ) ï ʧʽʩʣʷ. ʅʘ ʨʠʩ. 3.22 ʛʽʩʪʦʛʨʘʤʠ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʽ ʯʝʨʚʦʥʠʤ 

ʢʦʣʴʦʨʦʤ, ʘ ʥʝʪʽʥʴʦʚʠʭ ï ʩʠʥʽʤ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʨʦʟʧʦʜʽʣ ʧʽʢʩʝʣʽʚ ʪʽʥʴʦʚʠʭ 

ʜʽʣʷʥʦʢ  ʥʘʙʣʠʟʠʚʩʷ ʜʦ ʨʦʟʧʦʜʽʣʫ ʧʽʢʩʝʣʽʚ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʧʨʠʚʝʜʝʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʢʩʝʣʽʚ ʪʽʥʴʦʚʠʭ 

ʜʽʣʷʥʦʢ ʜʦ ʧʽʢʩʝʣʽʚ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ. 

ʅʘ ʨʠʩ. 3.23 ʧʦʢʘʟʘʥʽ ʛʽʩʪʦʛʨʘʤʠ ʧʽʢʩʝʣʽʚ ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʦ 

(ʨʠʩ. 3.23, ʘ) ʪʘ ʧʽʩʣʷ (ʨʠʩ. 3.23, ʙ) ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʥʠʭ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ 

ʪʽʥʽ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ ʩʪʘʻ 

ʙʽʣʴʰ ʥʘʙʣʠʞʝʥʠʤ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʧʦʢʨʘʱʝʥʥʷ 

ʦʩʚʽʪʣʝʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 3.22 ï ɻʽʩʪʦʛʨʘʤʠ ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ 

ʜʦ (ʘ) ʪʘ ʧʽʩʣʷ (ʙ) ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ 

 

3.5 ʆʙʨʦʙʢʘ ʛʨʘʥʠʮʴ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ 

 

ʇʽʩʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ ʥʘ ʛʨʘʥʠʮʷʭ ʦʙʨʦʙʣʶʚʘʥʠʭ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ 

ʚʠʥʠʢʘʶʪʴ ʩʧʦʪʚʦʨʝʥʥʷ ʢʦʣʴʦʨʫ ʪʘ ʪʝʢʩʪʫʨ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ 

ʦʩʚʽʪʣʝʥʥʷ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ, ʚʦʥʠ ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʤʽʩʪʠʪʠ 

ʧʘʜʘʶʯʫ ʪʽʥʴ, ʚʣʘʩʥʫ ʪʽʥʴ, ʪʽʥʴ ʪʘ ʥʘʧʽʚʪʽʥʴ. ɿʘʟʚʠʯʘʡ ʛʨʘʥʠʮʷ ʪʽʥʴʦʚʦʾ 

ʜʽʣʷʥʢʠ ʚʽʜʧʦʚʽʜʘʻ ʥʘʧʽʚʪʽʥʽ, ʪʦʙʪʦ ʥʘ ʥʝʾ ʧʦʪʨʘʧʣʷʻ ʙʽʣʴʰʝ ʨʦʟʩʽʶʚʘʥʦʛʦ 

ʩʚʽʪʣʘ ʥʽʞ ʥʘ ʨʝʰʪʫ ʜʽʣʷʥʢʠ. 

 

ʈʠʩʫʥʦʢ 3.23 ï ɻʽʩʪʦʛʨʘʤʠ ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ 

ʜʦ (ʘ) ʪʘ ʧʽʩʣʷ (ʙ) ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ 
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ʑʦʙ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʦʙʨʦʙʢʠ 

ʛʨʘʥʠʮʴ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ. ʇʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʛʨʘʥʠʮʽ 

ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʩʪʘʶʪʴ ʙʽʣʴʰ ʟʛʣʘʜʞʝʥʠʤʠ ʪʘ ʧʝʨʝʧʘʜʠ ʷʩʢʨʘʚʦʩʪʽ ʩʪʘʶʪʴ 

ʤʝʥʰʠʤʠ. 

ɹʫʣʦ ʟʥʘʡʜʝʥʦ ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ ʛʨʘʥʠʮʽ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ 

ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʨʠʩ. 3.24, ʘ) ʛʨʘʥʠʮʽ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʚʠʜʽʣʝʥʦ, ʚʽʜʧʦʚʽʜʥʦ, 

ʯʝʨʚʦʥʠʤ ʪʘ ʩʠʥʽʤ ʢʦʣʴʦʨʦʤ. ʐʠʨʠʥʘ ʛʨʘʥʠʮʴ ʩʢʣʘʜʘʻ ʦʜʠʥ ʧʽʢʩʝʣʴ, ʧʨʠ 

ʮʴʦʤʫ ʟʦʚʥʽʰʥʷ ʛʨʘʥʠʮʷ ʥʘʣʝʞʠʪʴ ʜʦ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ. ʏʝʨʝʟ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʽʥʽ ʧʽʢʩʝʣʽ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʢʨʘʶ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ, 

ʦʪʨʠʤʫʶʪʴ ʙʽʣʴʰʝ ʩʚʽʪʣʘ. ɯʜʝʷ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦʙ ʟʨʦʙʠʪʠ ʨʽʟʥʠʮʶ ʫ 

ʦʩʚʽʪʣʝʥʥʽ ʜʦ ʪʘ ʧʽʩʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʤʝʥʰ ʧʦʤʽʪʥʦʶ. ɯʥʜʝʢʩ NSVDI 

ʧʦʢʘʟʫʻ ʦʩʚʽʪʣʝʥʽʩʪʴ ʧʽʢʩʝʣʷ, ʪʦʤʫ ʚʽʥ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ 

ʚʥʫʪʨʽʰʥʴʦʾ ʛʨʘʥʠʮʽ ʪʽʥʽ. ʉʧʦʯʘʪʢʫ ʽʥʜʝʢʩ ʙʫʣʦ ʧʨʠʚʝʜʝʥʦ ʜʦ ʜʽʘʧʘʟʦʥʫ [0,1]. 

ɺʟʜʦʚʞ ʛʨʘʥʠʮʽ ʽʥʜʝʢʩ NSVDI ʤʘʻ ʥʠʞʯʽ ʟʥʘʯʝʥʥʷ, ʱʦʙ ʧʦʥʠʟʠʪʠ ʷʩʢʨʘʚʽʩʪʴ 

ʧʽʢʩʝʣʽʚ ʚʥʫʪʨʽʰʥʴʦʾ ʛʨʘʥʠʮʽ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʬʦʨʤʫʣʫ: 

 

( )( ) ( ) ( ) ( ) NSVDI( )B shd C shdI x I x I x I x x= + - Ö . (2.42) 

 

        

ʘ)                                                         ʙ) 
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ʈʠʩʫʥʦʢ 3.24 ï (ʘ) ʛʨʘʥʠʮʽ ʪʽʥʴʦʚʠʭ (ʯʝʨʚʦʥʠʡ) ʪʘ ʥʝʪʽʥʴʦʚʠʭ(ʙʣʘʢʠʪʥʠʡ) 

ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ; (ʙ) ʨʝʟʫʣʴʪʘʪ ʦʙʨʦʙʢʠ ʛʨʘʥʠʮʴ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ 

ɼʣʷ ʦʙʨʦʙʢʠ ʟʦʚʥʽʰʥʴʦʾ ʛʨʘʥʠʮʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʫʩʝʨʝʜʥʶʶʯʠʡ 

ʬʽʣʴʪʨ ʟ ʤʘʪʨʠʮʝʶ 3x3. ʈʝʟʫʣʴʪʘʪ ʦʙʨʦʙʢʠ ʛʨʘʥʠʮʴ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 3.24, ʙ). 

 

3.6 ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʥʝʡ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSV 

 

ɼʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʤʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ A ʪʘ ɔ ʜʣʷ ʢʦʞʥʦʾ ʪʽʥʴʦʚʦʾ ʜʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʥʷ 

ʦʢʨʝʤʦ. ʑʦʙ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʩʘʤʝ ʜʽʣʷʥʢʠ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʥʽ ʫ ʽʥʚʘʨʽʘʥʪʥʦʤʫ 

ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSV [19]. ɿʛʽʜʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥ̫ ʤʠ, ʪʽʥʽ 

ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʢʦʣʴʦʨʦʚʠʭ ʧʨʦʩʪʦʨʘʭ HSV ʪʘ RGB [115]: 

¶ ʫʩʽ ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ RGB ʤʘʶʪʴ ʤʝʥʰʽ 

ʟʥʘʯʝʥʥʷ ʫ ʪʽʥʽ; 

¶ ʢʦʤʧʦʥʝʥʪʘ ʢʦʣʴʦʨʫ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSV ʤʘʻ ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ ʫ ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ; 

¶ ʢʦʤʧʦʥʝʥʪʘ ʷʩʢʨʘʚʦʩʪʽ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSV ʤʘʻ ʤʝʥʰʽ 

ʟʥʘʯʝʥʥʷ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ; 

¶ ʢʦʤʧʦʥʝʥʪʘ ʥʘʩʠʯʝʥʦʩʪʽ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSV ʤʘʻ ʤʝʥʰʽ 

ʟʥʘʯʝʥʥʷ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ; 

ʑʦʙ ʜʦʩʣʽʜʠʪʠ, ʷʢ ʚʣʘʩʪʠʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʫ ʪʽʥʽ, ʙʫʣʦ 

ʚʟʷʪʦ ʟʨʘʟʢʠ ʪʠʧʦʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ. 

ʏʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ, ʥʘ ʢʦʞʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʪʽʥʽ (ʨʠʩ. 3.25). 

ɿʨʘʟʢʠ ʟʦʙʨʘʞʝʥʴ ʙʫʣʦ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦ ʟ ʢʦʣʴʦʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ RGB ʫ 

ʢʦʣʴʦʨʦʚʠʡ ʧʨʦʩʪʽʨ HSV, ʜʘʣʽ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʢʩʝʣʽʚ ʫ ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʯʘʩʪʠʥʘʭ ʟʦʙʨʘʞʝʥʥʷ. 

ʋ ʪʘʙʣʠʮʽ 3.2 ʧʦʢʘʟʘʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ ʯʝʨʚʦʥʦʛʦ, ʟʝʣʝʥʦʛʦ, 

ʩʠʥʴʦʛʦ ʢʘʥʘʣʽʚ, ʢʦʤʧʦʥʝʥʪʠ ʢʦʣʴʦʨʫ (H), ʥʘʩʠʯʝʥʦʩʪʽ (S) ʪʘ ʷʩʢʨʘʚʦʩʪʽ (V) ʫ 
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ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʜʝʷʢʠʭ ʟʦʙʨʘʞʝʥʴ ʟʨʘʟʢʽʚ ʧʦʚʝʨʭʦʥʴ. ʋ 

ʨʷʜʢʘʭ çʨʽʟʥʠʮʷè ʚʢʘʟʘʥʦ ï ʥʘʩʢʽʣʴʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʫ 

ʪʽʥʽ ʪʘ ʧʦʟʘ ʪʽʥʥʶ. ʇʽʩʣʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʫ ʽʥʚʘʨʽʘʥʪʥʠʡ ʢʦʣʴʦʨʦʚʠʡ ʧʨʦʩʪʽʨ 

HSV, ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʠ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ: [ ]H 0,360Í , 

[ ]S 0,1Í , [ ]V 0,1Í . ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚʦʥʠ ʙʫʣʠ ʧʨʠʚʝʜʝʥʽ ʜʦ ʜʽʘʧʘʟʦʥʽʚ: 

[ ]H 0,255Í , [ ]S 0,255Í , [ ]V 0,255Í . ʇʽʢʩʝʣʽ ʯʝʨʚʦʥʦʛʦ, ʩʠʥʴʦʛʦ ʪʘ ʟʝʣʝʥʦʛʦ 

ʢʘʥʘʣʽʚ ʪʘʢʦʞ ʤʘʶʪʴ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ [ ]0,255 . 

 

 

ʈʠʩʫʥʦʢ 3.25 ï ɿʨʘʟʢʠ ʟʦʙʨʘʞʝʥʴ ʪʠʧʦʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʟʤʽʥʶʶʪʴʩʷ ʫ ʪʽʥʽ. ʄʘʡʞʝ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʫ 

ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ RGB ʩʪʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ. 

ʂʦʤʧʦʥʝʥʪʘ ʷʩʢʨʘʚʦʩʪʽ V ʪʝʞ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʠʚʝʜʝʥʠʭ ʫ [115], ʥʘʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘʩʠʯʝʥʦʩʪʽ S ʥʝ ʟʘʚʞʜʠ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʪʽʥʽ, ʚʦʥʘ, 

ʪʘʢʦʞ, ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʴ. ɸʙʩʦʣʶʪʥʘ ʨʽʟʥʠʮʷ ʫ ʟʥʘʯʝʥʥʷʭ ʥʘʩʠʯʝʥʦʩʪʽ 

ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʘʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 40 ʨʽʚʥʽʚ 

ʷʩʢʨʘʚʦʩʪʽ. ʂʦʤʧʦʥʝʥʪʘ ʢʦʣʴʦʨʫ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʥʝʟʤʽʥʥʦʶ ʫ ʪʽʥʴʦʚʠʭ ʪʘ 

ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ. ʃʠʰʝ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʦʚʝʨʭʥʷ ʤʘʻ ʜʫʞʝ 

ʥʠʟʴʢʫ ʘʙʦ ʜʫʞʝ ʚʠʩʦʢʫ ʷʩʢʨʘʚʽʩʪʴ, ʨʽʟʥʠʮʷ ʥʘʩʠʯʝʥʦʩʪʽ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 

40, ʘ ʢʦʤʧʦʥʝʥʪʘ ʢʦʣʴʦʨʫ ʤʦʞʝ ʟʥʘʯʥʦ ʟʤʽʥʶʚʘʪʠʩʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, 
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ʱʦ ʢʦʤʧʦʥʝʥʪʠ ʢʦʣʴʦʨʫ ʪʘ ʥʘʩʠʯʝʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʰʫʢʫ 

ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ ʪʠʧʫ ʧʦʚʝʨʭʥʽ. 

ʊʘʙʣʠʮʷ 3.2 ï ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʘ ʘʙʩʦʣʶʪʥʘ ʨʽʟʥʠʮʷ ʢʦʤʧʦʥʝʥʪ ʟʦʙʨʘʞʝʥʥʷ 

ʫ ʪ̔ ʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ 

  

R G B H S V 

ˉ 1 ʅʝ ʪʽʥʴ 239 240 238 136 45 241 

 

ʊʽʥʴ 115 129 135 145 4 125 

 

ʈʽʟʥʠʮʷ 124 111 103 9 41 116 

ˉ 2 ʅʝ ʪʽʥʴ 22 20 33 176 108 34 

 

ʊʽʥʴ 9 6 13 188 137 13 

 

ʈʽʟʥʠʮʷ 13 14 20 12 29 21 

ˉ 3 ʅʝ ʪʽʥʴ 237 41 60 251 213 237 

 

ʊʽʥʴ 118 26 31 250 217 114 

 

ʈʽʟʥʠʮʷ 119 15 29 1 4 123 

ˉ 4 ʅʝ ʪʽʥʴ 85 117 60 70 118 121 

 

ʊʽʥʴ 9 18 8 73 150 17 

 

ʈʽʟʥʠʮʷ 76 99 52 3 32 104 

ˉ 5 ʅʝ ʪʽʥʴ 68 95 161 160 152 160 

 

ʊʽʥʴ 41 43 84 163 150 83 

 

ʈʽʟʥʠʮʷ 27 52 77 3 2 77 

ˉ 6 ʅʝ ʪʽʥʴ 135 48 64 247 164 132 

 

ʊʽʥʴ 76 36 45 245 134 76 

 

ʈʽʟʥʠʮʷ 59 12 19 2 30 56 

ˉ 7 ʅʝ ʪʽʥʴ 252 208 15 34 252 255 

 

ʊʽʥʴ 95 59 3 27 249 91 

 

ʈʽʟʥʠʮʷ 157 149 12 7 3 164 

ˉ 8 ʅʝ ʪʽʥʴ 218 221 225 161 25 226 

 

ʊʽʥʴ 117 138 161 159 66 159 

 

ʈʽʟʥʠʮʷ 101 83 64 2 41 67 

ˉ 9 ʅʝ ʪʽʥʴ 76 105 118 140 90 118 

 

ʊʽʥʴ 9 13 13 151 137 13 

 

ʈʽʟʥʠʮʷ 67 92 105 11 47 105 

ˉ10 ʅʝ ʪʽʥʴ 115 191 121 88 97 187 
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ʊʽʥʴ 47 72 52 100 125 72 

 

ʈʽʟʥʠʮʷ 68 119 69 12 28 115 

 

3.7 ʄʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʨʽʟʥʠʭ 

ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ 

 

ʅʦʚʽ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ ʫ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ A ʪʘ g. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʙʦʨʦʤ 

ʪʥ̔ʴʦʚʠʭ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦ ʥʠʭ ʥʝʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ. ʈʽʟʥʽ ʪʠʧʠ ʧʦʚʝʨʭʦʥʴ, ʱʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ, ʤʘʶʪʴ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʙʠʪʪʷ ʪʘ 

ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʤʫ, ʱʦʙ ʧʦʢʨʘʱʠʪʠ ʨʝʟʫʣʴʪʘʪ 

ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʰʫʢ ʜʽʣʷʥʦʢ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ 

ʪʠʧʫ ʧʦʚʝʨʭʦʥʴ.  

ʅʘ ʨʠʩ. 3.26 ʧʦʢʘʟʘʥʦ ʬʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘ 

ʨʝʟʫʣʴʪʘʪ ʡʦʛʦ ʩʝʛʤʝʥʪʘʮʽʾ. ɼʣʷ ʧʦʰʫʢʫ ʧʘʨʥʠʭ ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ 

ʜʽʣʷʥʦʢ ʥʝʦʙʭʽʜʥʦ ʧʦʜʽʣʠʪʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʩʝʛʤʝʥʪʠ. ɼʣʷ ʮʴʦʛʦ ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥ ʤʝʪʦʜ ʙʘʛʘʪʦʤʘʩʪʘʙʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ. ʊʽʥʴʦʚʽ ʩʝʛʤʝʥʪʠ ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʝʢʩʫ NSVDI, ʪʽʣʴʢʠ ʟʘʤʽʩʪʴ ʟʥʘʯʝʥʴ NSVDI 

ʦʢʨʝʤʠʭ ʧʽʢʩʝʣʽʚ ʙʫʣʦ ʚʟʷʪʦ ʟʥʘʯʝʥʥʷ NSVDI ʩʝʛʤʝʥʪʽʚ. 

 

    

  a)                                                            ʙ) 

ʈʠʩʫʥʦʢ 3.26 ï ʌʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ (a) ʪʘ ʨʝʟʫʣʴʪʘʪ ʡʦʛʦ 

ʩʝʛʤʝʥʪʘʮʽʾ (ʙ) 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʥʠʭ ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʩʝʛʤʝʥʪʽʚ, ʢʦʤʧʦʥʝʥʪʠ 

H, S ʪʘ V ʜʣʷ ʢʦʞʥʦʛʦ ʩʝʛʤʝʥʪʫ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ. ɼʣʷ ʢʦʞʥʦʛʦ ʪʽʥʴʦʚʦʛʦ 

ʩʝʛʤʝʥʪʘ ʧʘʨʥʠʡ ʥʝʪʽʥʴʦʚʠʡ ʩʝʛʤʝʥʪ ʟʥʘʭʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʨʠʢ distM , 

SM , VM , HM , ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʝʛʤʝʥʪʽʚ: 

 

2 2( ) ( )dist shd lit shd litM x x y y= - + - , Sat shd litM Sat Sat= - , 

Val shd litM Val Val= - , 

( ),255Hue shd lit shd litM MIN Hue Hue Hue Hue= - - - , 

(2.43) 

 

ʜʝ shdHue , litHue , shdSat , litSat , shdVal , litVal  ï ʢʦʤʧʦʥʝʥʪʠ H, S, V ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ ʩʝʛʤʝʥʪʘʭ. ʄʝʪʨʠʢʘ distM  ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʝʛʤʝʥʪʘʤʠ. ɼʣʷ ʢʦʞʥʦʛʦ ʪʽʥʴʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʚʽʜʧʦʚʽʜʥʠʡ 

ʥʝʪʽʥʴʦʚʠʡ ʩʝʛʤʝʥʪ ʰʫʢʘʚʩʷ ʥʘ ʚʽʜʩʪʘʥʽ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʡʦʛʦ ʜʦʚʞʠʥʫ. 

ɼʘʣʽ ʩʝʨʝʜ ʩʫʩʽʜʥʽʭ ʩʝʛʤʝʥʪʽʚ ʦʙʠʨʘʚʩʷ ʪʦʡ, ʱʦ ʤʘʻ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ 

ʤʝʪʨʠʢʠ HM , ʪʘ ʜʣʷ ʷʢʦʛʦ SM  ʪʘ VM  ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ. 

ʗʢʱʦ ʜʣʷ ʦʢʨʝʤʦʛʦ ʪʽʥʴʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʟʥʘʡʜʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʥʝʪʽʥʴʦʚʠʡ 

ʩʝʛʤʝʥʪ, ʪʦ ʧʘʨʘʤʝʪʨʠ A ʪʘ g ʨʦʟʨʘʭʦʚʫʶʪʴ ʧʦ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʪʘ 

ʩʪʘʥʜʘʨʪʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʮʽʻʾ ʧʘʨʠ. ʗʢʱʦ ʜʣʷ ʪʽʥʴʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʥʝ 

ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʥʝʪʽʥʴʦʚʠʡ, ʧʘʨʘʤʝʪʨʠ A ʪʘ g ʜʣʷ ʥʴʦʛʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʪʽʥʴʦʚʦʶ ʪʘ ʥʝʪʽʥʴʦʚʦʶ ʯʘʩʪʠʥʘʤʠ ʫʩʴʦʛʦ ʟʥʽʤʢʘ. ʅʘ ʨʠʩ. 3.27 

ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʙʝʟ ʧʦʰʫʢʫ ʧʘʨʥʠʭ ʩʝʛʤʝʥʪʽʚ ʪʘ ʟ 

ʧʦʰʫʢʦʤ ʧʘʨʥʠʭ ʩʝʛʤʝʥʪʽʚ. ʅʘ ʨʠʩ. 3.28 ï ʨʝʟʫʣʴʪʘʪ ʦʙʨʦʙʢʠ ʛʨʘʥʠʮʴ 

ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ ʧʽʩʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʟ ʧʦʰʫʢʦʤ ʧʘʨʥʠʭ ʩʝʛʤʝʥʪʽʚ. 

 

3.8 ʆʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʤʝʪʦʜʫ 
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ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʟ ʥʠʭ ʤʝʪʦʜʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʦʙʨʦʙʣʝʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʝʪʘʣʦʥʥʠʤ. ɽʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʽʜʝʘʣʴʥʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʷʢʠʡ ʙʘʞʘʥʦ ʦʪʨʠʤʘʪʠ ʨʦʟʨʦʙʣʝʥʠʤ ʤʝʪʦʜʦʤ. ɿʘʟʚʠʯʘʡ ʝʪʘʣʦʥʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʨʫʯʥʦʾ ʦʙʨʦʙʢʠ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ. 

 

   

a)                                                           ʙ) 

ʈʠʩʫʥʦʢ 3.27 ï ʈʝʟʫʣʴʪʘʪ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʙʝʟ ʧʦʰʫʢʫ ʧʘʨʥʠʭ ʩʝʛʤʝʥʪʽʚ (a), ʪʘ 

ʟ ʧʦʰʫʢʦʤ ʧʘʨʥʠʭ ʩʝʛʤʝʥʪʽʚ (ʙ) 

 

    

a)                                                           ʙ) 

ʈʠʩʫʥʦʢ 3.28 ï (ʘ) ʛʨʘʥʠʮʽ ʪʽʥʴʦʚʠʭ (ʯʝʨʚʦʥʠʡ) ʪʘ ʥʝʪʽʥʴʦʚʠʭ(ʙʣʘʢʠʪʥʠʡ) 

ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ; (ʙ) ʨʝʟʫʣʴʪʘʪ ʦʙʨʦʙʢʠ ʛʨʘʥʠʮʴ ʪʽʥʴʦʚʠʭ ʜʽʣʷʥʦʢ 

 

ʑʦʙ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʮʠʬʨʦʚʦʶ ʢʘʤʝʨʦʶ, ʫ ʨʦʙʦʪʽ [106] ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʟ 
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ʝʪʘʣʦʥʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʟʘ ʩʝʨʝʜʥʴʦʶ ʢʚʘʜʨʘʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ (root mean 

square error or RMSE). ʋ [116, 117] ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʘʢʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ, ʷʢ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ (CC), RMSE, ʚʽʜʥʦʩʥʘ ʩʝʨʝʜʥʷ ʩʧʝʢʪʨʘʣʴʥʘ ʧʦʭʠʙʢʘ 

(Relative average spectral error or RASE), ʛʣʦʙʘʣʴʥʘ ʧʦʭʠʙʢʘ ʩʠʥʪʝʟʫ 

ʟʦʙʨʘʞʝʥʥʷ (relative dimensionless global error in synthesis ERGAS) ʪʘ ʧʽʢʦʚʝ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦ ʰʫʤʫ (peak signal to noise ratio PSNR). ʇʝʨʝʨʘʭʦʚʘʥʽ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʪʨʝʙʫʶʪʴ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʆʪʨʠʤʘʥʥʷ 

ʝʪʘʣʦʥʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʻ ʥʝʤʦʞʣʠʚʠʤ ʯʝʨʝʟ ʩʧʝʮʠʬʽʢʫ ʨʫʭʫ 

ʩʫʧʫʪʥʠʢʘ ʪʘ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʟʡʦʤʢʠ. ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ 

ʪʽʥʽ ʪʘ ʡʦʛʦ ʧʦʢʨʘʱʝʥʠʡ ʚʘʨʽʘʥʪ ʟ ʧʦʰʫʢʦʤ ʧʘʨʥʠʭ ʪʽʥʴʦʚʠʭ ʪʘ ʥʝʪʽʥʴʦʚʠʭ 

ʩʝʛʤʝʥʪʽʚ ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʬʦʪʦʛʨʘʬʽʷʭ, ʦʪʨʠʤʘʥʠʭ ʮʠʬʨʦʚʦʶ ʢʘʤʝʨʦʶ. ɹʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʽ ʬʽʢʩʦʚʘʥʦʶ ʢʘʤʝʨʦʶ. ʅʘ ʟʦʙʨʘʞʝʥʥʷʭ 

ʧʨʠʩʫʪʥʽ ʨʽʟʥʠ ʪʠʧʠ ʧʦʚʝʨʭʦʥʴ, ʯʘʩʪʠʥʘ ʦʜʥʦʛʦ ʟ ʟʦʙʨʘʞʝʥʴ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʪʽʥʽ, ʜʨʫʛʝ ʟʦʙʨʘʞʝʥʥʷ ʦʭʦʧʣʶʻ ʪʫ ʩʘʤʫ ʧʦʚʝʨʭʥʶ, ʘʣʝ ʪʽʥʴ ʥʘ ʥʴʦʤʫ ʚʽʜʩʫʪʥʷ 

(ʨʠʩ. 3.29, ʘ), ʙ)). ɼʨʫʛʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʷʢ ʝʪʘʣʦʥʥʝ. 

ʅʘ ʨʠʩʫʥʢʫ 3.29 ʧʦʢʘʟʘʥʦ ʪʝʩʪʦʚʝ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʯʘʩʪʢʦʚʦ ʟʘʪʽʥʝʥʝ, 

ʝʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʪʝʩʪʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʟ ʧʦʰʫʢʦʤ ʧʘʨʥʠʭ (ʨʠʩ. 3.29, ʚ)) ʩʝʛʤʝʥʪʽʚ ʪʘ ʙʝʟ 

ʥʴʦʛʦ (ʨʠʩ. 3.29, ʛ)). 

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ: 

RMSE, RASE, PSNR. 

RMSE, ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʪʘʣʦʥʥʦʛʦ ʪʘ 

ʦʙʨʦʙʣʝʥʦʛʦ ʟʦʙʨʘʞʝʥʴ ʰʣʷʭʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʨʽʟʥʠʮʽ 

ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ. ʆʙʨʦʙʣʝʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʩʭʦʞʝ ʥʘ ʝʪʘʣʦʥʥʝ, ʢʦʣʠ 

ʟʥʘʯʝʥʥʷ RMSE ʜʦʨʽʚʥʶʻ ʥʫʣʶ [116]. 
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ʜʝ ( , )rI i j  ï ʧʽʢʩʝʣʴ ʝʪʘʣʦʥʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ( , )pI i j  ï ʧʽʢʩʝʣʴ ʦʙʨʦʙʣʝʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ, N ʪʘ M ï ʨʦʟʤʽʨʠ ʟʦʙʨʘʞʝʥʴ. RMSE ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʘʥʘʣʫ ʦʢʨʝʤʦ. 

 

ʈʠʩʫʥʦʢ 3.29 ï (a) ʪʝʩʪʦʚʝ ʟʦʙʨʘʞʝʥʥʷ; (ʙ) ʝʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ; (ʚ) 

ʨʝʟʫʣʴʪʘʪ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʟ ʧʦʰʫʢʦʤ ʧʘʨʥʠʭ ʩʝʛʤʝʥʪʽʚ; (ʛ) ʨʝʟʫʣʴʪʘʪ 

ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʙʝʟ ʧʦʰʫʢʫ ʧʘʨʥʠʭ ʩʝʛʤʝʥʪʽʚ 

 

RASE ï ʮʝ ʘʥʘʣʦʛ RMSE, ʷʢʠʡ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʧʨʦʮʝʥʪʘʭ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʝʜʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʚ ʫʩʽʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʘʭ 

[49]: 
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ʜʝ K ï ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ, ɛi ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ i-ʪʦʛʦ ʢʘʥʘʣʫ. RASE 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ ʚʩʽʤ ʩʧʝʢʪʨʘʣʴʥʠʤ ʢʘʥʘʣʘʤ ʽ ʻ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʫ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ [49]. 

PSNR ʮʝ ʟʘʛʘʣʴʥʦ ʚʽʜʦʤʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ, ʚʦʥʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʜʽʣʝʥʥʷ ʯʠʩʣʘ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʩʝʨʝʜʥʶ ʨʽʟʥʠʮʶ ʧʽʢʩʝʣʽʚ 

ʦʙʨʦʙʣʝʥʦʛʦ ʪʘ ʝʪʘʣʦʥʥʦʛʦ ʟʦʙʨʘʞʝʥʴ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ PSNR ʚʠʩʦʢʝ, ʪʦ 

ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʧʦʨʽʚʥʶʶʪʴʩʷ, ʩʭʦʞʽ ʤʽʞ ʩʦʙʦʶ [116]. 
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ʜʝ ( , )rI i j  ʪʘ ( , )pI i j , ʚʽʜʧʦʚʽʜʥʦ, ï ʧʽʢʩʝʣʽ ʦʙʨʦʙʣʝʥʦʛʦ ʪʘ ʝʪʘʣʦʥʥʦʛʦ 

ʟʦʙʨʘʞʝʥʴ, N ʪʘ M ï ʨʦʟʤʽʨʠ ʟʦʙʨʘʞʝʥʴ, L ï ʯʠʩʣʦ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ. 

ʋ ʪʘʙʣʠʮʽ 3.3 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʦʮʽʥʦʢ ʷʢʦʩʪʽ. 

 

ʊʘʙʣʠʮʷ 3.3 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʦʮʽʥʦʢ RMSE, RASE ʪʘ PSNR 

 

ʄʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʟ 

ʧʦʰʫʢʦʤ ʧʘʨʥʠʭ 

ʩʝʛʤʝʥʪʽʚ  

ʄʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʙʝʟ 

ʧʦʰʫʢʫ ʧʘʨʥʠʭ ʩʝʛʤʝʥʪʽʚ 

 

RMSE 

R G B R G B 

5.3 4.4 3.3 17.9 6.3 11.8 

PSNR 67.07 70.39 75.35 46.1 64.17 53.4 

RASE 1.02 2.95 

 

ɿ ʪʘʙʣʠʮʽ 3.3 ʚʠʜʥʦ, ʱʦ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʽʜ ʯʘʩ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ, 

ʧʦʰʫʢʫ ʧʘʨʥʠʭ ʜʽʣʷʥʦʢ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʧʦʢʨʘʱʠʣʘʩʴ. 
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3.9 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʣʝʥʫ ʪʝʭʥʦʣʦʛʽʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ ʥʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʦʪʨʠʤʘʥʠʭ ʩʫʧʫʪʥʠʢʘʤʠ WorldView-2 ʪʘ WorldView-3. 

1. ɼʦʩʣʽʜʞʝʥʦ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ. ɯʜʝʥʪʠʬʽʢʘʮʽʶ ʪʽʥʽ 

ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʥʘʩʪʫʧʥʠʭ ʽʥʜʝʢʩʽʚ ʪʘ ʢʦʤʧʦʥʝʥʪ ʟʦʙʨʘʞʝʥʥʷ ʫ 

ʽʥʚʘʨʽʘʥʪʥʠʭ ʢʦʣʴʦʨʦʚʠʭ ʧʨʦʩʪʦʨʘʭ: I, NSVDI, SDI, SDI2, r(x), r2(x), V. 

ʇʝʨʝʨʘʭʦʚʘʥʽ ʽʥʜʝʢʩʠ ʪʘ ʢʦʤʧʦʥʝʥʪʠ ʙʽʥʘʨʠʟʫʶʪʴʩʷ ʟʘ ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ. 

ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʮʽʥʦʢ ʪʦʯʥʦʩʪʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʠʪʴ ʽʥʜʝʢʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ NSVDI. 

2. ʈʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ, ʚ ʷʢʦʤʫ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʫ ʙʽʥʘʨʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʆʮʫ. 

3. ʈʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʤʦʜʝʣʽ ʫʪʚʦʨʝʥʥʷ 

ʪʽʥʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʽʟʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʘ ʜʦ 

ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʩʫʧʫʪʥʠʢʘʤʠ WorldView-2 ʪʘ WorldView-3. 

4. ɼʦʩʣʽʜʞʝʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʥʽ ʫ ʽʥʚʘʨʽʘʥʪʥʦʤʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

HSV. ʑʦʙ ʜʦʩʣʽʜʠʪʠ, ʷʢ ʚʣʘʩʪʠʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʫ ʪʽʥʽ, ʚʟʷʪʦ 

ʟʨʘʟʢʠ ʪʠʧʦʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ. ʅʘ 

ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʧʦʰʫʢʫ ʪʽʥʴʦʚʠʭ ʪʘ 

ʦʩʚʽʪʣʝʥʠʭ ʜʽʣʷʥʦʢ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʪʠʧʫ, 

ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ H ʪʘ S ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

HSV. 

6. ɺʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ. ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʥʝʡ ʫ ʤʝʪʦʜ ʚʧʨʦʚʘʜʞʝʥʦ ʧʦʰʫʢ ʜʽʣʷʥʦʢ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ 

ʦʜʥʦʛʦ ʪʠʧʫ ʧʦʚʝʨʭʦʥʴ. ʗʢʱʦ ʜʣʷ ʦʢʨʝʤʦʛʦ ʪʽʥʴʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʽʩʥʫʻ 

ʚʽʜʧʦʚʽʜʥʠʡ ʥʝʪʽʥʴʦʚʠʡ ʩʝʛʤʝʥʪ, ʪʦ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʦʙʨʦʙʢʠ ʪʥ̔ʦɹʚʦʛʦ 
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ʩʝʛʤʝʥʪʘ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʦ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʪʘ ʩʪʘʥʜʘʨʪʥʠʤ 

ʚʽʜʭʠʣʝʥʥʷʤ ʮʽʻʾ ʧʘʨʠ. 

7. ʅʘ ʙʘʟʽ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʝʡ ʩʪʚʦʨʝʥʦ ʪʝʭʥʦʣʦʛʽʶ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ. ʂʦʤʧôʶʪʝʨʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʝ 

ʙʫʪʠ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʟ ʦʙʨʦʙʢʠ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. 

8. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ 

ʪʽʥʽ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʦʟʨʘʭʫʥʢʦʤ ʦʮʽʥʦʢ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ RMSE, PSNR, RASE. 

ʈʦʟʨʘʭʦʚʘʥʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʧʽʩʣʷ ʡʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ: [1, 7, 8, 19]. 
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ʈʆɿɼɯʃ 4 ɻɽʆʄɽʊʈʀʏʅɸ ʂʆʈɽʂʎɯʗ ɿʆɹʈɸɾɽʅʔ, ʆʊʈʀʄɸʅʀʍ 

ʇʆɿɼʆɺɾʅɯʄʀ ʇɿɿ-ʉʂɸʅɽʈɸʄʀ 

 

4.1 ʌʦʨʤʫʚʘʥʥʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʧʦʟʜʦʚʞʥʽʤʠ ʇɿɿ-

ʩʢʘʥʝʨʘʤʠ 

 

ɻʝʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ ï ʮʝ ʚʘʞʣʠʚʠʡ ʢʨʦʢ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ [38, 41]. ɸʝʨʦʢʦʩʤʽʯʥʽ ʩʢʘʥʝʨʥʽ ʟʦʙʨʘʞʝʥʥʷ, 

ʟʘʟʚʠʯʘʡ, ʤʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷʤ, ʚʠʢʣʠʢʘʥʽ ʨʫʭʦʤ ʘʧʘʨʘʪʫ, 

ʫʤʦʚʘʤʠ ʟʡʦʤʢʠ, ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʢʘʥʝʨʥʦʾ ʩʠʩʪʝʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʥʘʣʦʛʦʚʦʾ 

ʬʦʪʦʟʡʦʤʢʠ, ʱʦ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʯʘʩʫ ʦʭʦʧʣʶʻ ʧʝʚʥʫ ʜʽʣʷʥʢʫ ʧʦʚʝʨʭʥʽ, 

ʧʦʟʜʦʚʞʥʽ ʇɿɿ-ʩʢʘʥʝʨʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʩʫʯʘʩʥʠʭ ʩʫʧʫʪʥʠʢʘʭ, ʦʪʨʠʤʫʶʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʣʽʥʽʡʢʦʶ 

ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʘʙʦ ʚʟʜʦʚʞ ʥʘʧʨʷʤʫ ʨʫʭʫ 

ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ.  

ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʟʦʢʨʝʤʘ ʩʫʧʫʪʥʠʢʠ 

WorldView-2 ʪʘ WorldView-3, ʦʙʣʘʜʥʘʥʦ ʧʦʟʜʦʚʞʥʽʤʠ ʇɿɿ-ʩʢʘʥʝʨʘʤʠ. ʊʘʢʽ 

ʩʢʘʥʝʨʠ ʤʘʶʪʴ ʦʜʥʫ ʘʙʦ ʜʝʢʽʣʴʢʘ ʣʽʥʽʡʦʢ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɿʦʙʨʘʞʝʥʥʷ 

ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʣʽʥʽʡʢʦʶ 

ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʫ ʨʫʭʫ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ. 

ɿʦʙʨʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʩʢʘʥʦʚʘʥʠʭ ʣʽʥʽʡ, ʷʢʽ ʧʦʩʣʽʜʦʚʥʦ 

ʩʫʤʽʱʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ɼʚʦʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ 

ʣʽʥʽʡ, ʱʦ ʤʘʶʪʴ ʰʠʨʠʥʫ ʫ ʦʜʠʥ ʧʽʢʩʝʣʴ ʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʣʘʪʬʦʨʤʠ. ʐʠʨʠʥʘ 

ʟʦʙʨʘʞʝʥʥʷ ʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʨʫʭʫ ʧʣʘʪʬʦʨʤʠ, ʫ ʧʽʢʩʝʣʷʭ 

ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʣʽʥʽʡʮʽ. ʅʘʟʝʤʥʘ ʚʽʜʩʪʘʥʴ, ʷʢʫ 

ʦʭʦʧʣʶʻ ʣʽʥʽʡʢʘ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʫʟʜʦʚʞ ʤʘʨʰʨʫʪʫ ʩʫʧʫʪʥʠʢʘ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʣʦʩʦʶ ʦʛʣʷʜʫ. ʂʦʞʥʘ ʦʢʨʝʤʘ ʣʽʥʽʷ ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ 

ʛʝʦʤʝʪʨʠʯʥʽʡ ʢʦʨʝʢʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʧʦʟʜʦʚʞʥʽʤʠ ʇʇɿ-ʩʢʘʥʝʨʘʤʠ. 
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ʅʘʟʝʤʥʘ ʚʽʜʩʪʘʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʧʽʢʩʝʣʶ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʢʘʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʣʘʪʬʦʨʤʠ. ʅʘʟʝʤʥʠʡ 

ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (Ground Sample Distance) ʫʟʜʦʚʞ ʪʘ ʧʦʧʝʨʝʢ ʨʫʭʫ 

ʩʢʘʥʫʶʯʦʾ ʩʠʩʪʝʤʠ, ʚʽʜʧʦʚʽʜʥʦ, ʦʪʨʠʤʫʻʪʴʩʷ ʪʘʢ: 

tvx D=GSD ,               
f

h
yym

g
by D=D=GSD ,    (4.1) 

ʜʝ ȹt ï ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, v ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʣʘʪʬʦʨʤʠ, hg ï ʚʠʩʦʪʘ, f ï 

ʬʦʢʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, mb ï ʤʘʩʰʪʘʙ ʟʦʙʨʘʞʝʥʥʷ , ȹy ï ʨʦʟʤʽʨ 

ʧʽʢʩʝʣʷ ʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʨʫʭʫ ʧʣʘʪʬʦʨʤʠ. 

ɿʘʟʚʠʯʘʡ, ʧʦʟʜʦʚʞʥʽ ʇɿɿ-ʩʢʘʥʝʨʠ, ʦʩʥʘʱʝʥʽ ʜʝʢʽʣʴʢʦʤʘ ʣʽʥʽʡʢʘʤʠ 

ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʫ ʦʜʥʽʡ ʬʦʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʩʪʝʨʝʦʟʥʽʤʢʠ ʪʘ ʚʝʩʪʠ ʟʡʦʤʢʫ ʫ ʜʝʢʽʣʴʢʦʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ.  

ʃʽʥʽʡʢʠ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʤ 

ʢʘʥʘʣʘʤ, ʪʘ ʦʜʥʘ ʧʘʥʭʨʦʤʘʪʠʯʥʘ ʣʽʥʽʡʢʘ ʨʦʟʪʘʰʦʚʘʥʽ ʪʘʢ, ʱʦ ʾʭ ʧʨʦʻʢʮʽʾ ʥʘ 

ʧʦʣʦʩʫ ʟʡʦʤʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʥʘʜʠʨʽ. ʇʨʦʻʢʮʽʾ ʜʦʜʘʪʢʦʚʠʭ ʧʘʥʭʨʦʤʘʪʠʯʥʠʭ 

ʣʽʥʽʡʦʢ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʝʨʝʦʟʡʦʤʢʫ, ʟʥʘʭʦʜʷʪʴʩʷ 

ʩʧʝʨʝʜʫ ʪʘ ʧʦʟʘʜʫ ʚʽʜ ʥʘʜʠʨʫ (ʨʠʩ. 4.1). 

ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʟʦʙʨʘʞʝʥʴ ʧʦʟʜʦʚʞʥʽʤ ʇɿɿ-ʩʢʘʥʝʨʘʤʠ, ʚʠʥʠʢʘʶʪʴ 

ʚʠʢʨʠʚʣʝʥʥʷ, ʷʢʽ ʚʠʢʣʠʢʘʥʽ ʪʠʤ, ʱʦ ʢʦʞʥʘ ʩʢʘʥʦʚʘʥʘ ʣʽʥʽʷ ʦʪʨʠʤʘʥʘ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ, ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʫ 

ʤʦʤʝʥʪ ʟʡʦʤʢʠ ʢʦʞʥʦʾ ʣʽʥʽʾ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ [40]. 

 

4.2 ɻʝʦʤʝʪʨʠʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʟʦʙʨʘʞʝʥʴ 

 

ɻʝʦʤʝʪʨʠʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ɼɼɿ, ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ ʩʠʩʪʝʤʘʪʠʯʥʽ ʪʘ ʥʝʩʠʩʪʝʤʘʪʠʯʥʽ. ʉʠʩʪʝʤʘʪʠʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷ 

ʦʙʫʤʦʚʣʝʥʽ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʢʘʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʧʝʨʽʦʜʠʯʥʠʤ ʨʫʭʦʤ ʧʽʜ ʯʘʩ 

ʦʪʨʠʤʘʥʥʷ ɼɼɿ. ʊʘʢʽ ʚʠʢʨʠʚʣʝʥʥʷ ʣʝʛʢʦ ʤʦʜʝʣʶʶʪʴʩʷ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ 
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ʧʦʚʥʽʩʪʶ ʫʩʫʥʝʥʽ ʥʘ ʝʪʘʧʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ñʩʠʨʠʭò ʜʘʥʠʭ. 

ʅʝʩʠʩʪʝʤʘʪʠʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʨʫʭ 

ʩʠʩʪʝʤʠ ɼɿɿ ʧʽʜ ʯʘʩ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ. ʊʘʢʽ ʚʠʢʨʠʚʣʝʥʥʷ ʤʘʶʪʴ ʚʠʧʘʜʢʦʚʠʡ 

ʭʘʨʘʢʪʝʨ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʜʣʷ ʾʭ ʫʩʫʥʝʥʥʷ. ʅʝʩʠʩʪʝʤʘʪʠʯʥʽ 

ʚʠʢʨʠʚʣʝʥʥʷ ʫʩʫʚʘʶʪʴʩʷ ʥʘ ʙʽʣʴʰ ʧʽʟʥʽʭ ʝʪʘʧʘʭ ʦʙʨʦʙʢʠ ɼɼɿ, ʧʽʩʣʷ 

ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ ʪʘ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʝʢʮʽʾ [40]. 

ɻʝʦʤʝʪʨʠʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷ, ʪʘʢʦʞ, ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʝʢʽʣʴʢʘ 

ʦʩʥʦʚʥʠʭ ʛʨʫʧ. 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʣʽʥʽʡʦʢ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʧʦʟʜʦʚʞʥʽʭ ʇɿɿ-ʩʢʘʥʝʨʘʭ 

 

4.2.1 ɺʠʢʨʠʚʣʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʢʘʥʫʶʯʦʾ ʩʠʩʪʝʤʠ 

 

ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʧʦʤʠʣʢʠ ʫ ʨʦʙʦʪʽ ʩʢʘʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʪʨʘʧʣʷʶʪʴʩʷ 

ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʾʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʘʢ ʫ ʧʦʧʝʨʝʯʥʠʭ ʇɿɿ-ʩʢʘʥʝʨʘʭ, ʦʩʥʘʱʝʥʠʭ 

ʨʫʭʦʤʠʤ ʜʟʝʨʢʘʣʦʤ ( ʥʘʧʨʠʢʣʘʜ, Landsat MSS, TM, ETM+), ʨʫʭ ʤʘʻ 

ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʯʝʨʝʟ ʮʝ ʚʠʥʠʢʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷ. ʊʘʢʦʞ 

ʧʦʭʠʙʢʠ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʜʠʩʪʦʨʩʽʶ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʯʝʨʝʟ ʥʝʧʦʩʪʽʡʥʠʡ 
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ʽʥʪʝʨʚʘʣ ʬʽʢʩʘʮʽʾ ɼɼɿ. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʧʦʤʠʣʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʠʩʪʝʤʘʪʠʯʥʠʤʠ ʪʘ ʥʝʩʠʩʪʝʤʘʪʠʯʥʠʤʠ. 

ʇʘʥʦʨʘʤʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʪʝ, ʱʦ ʛʦʣʦʚʥʘ ʚʽʩʴ ʦʧʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʥʝ ʟʘʚʞʜʠ ʥʘʧʨʘʚʣʝʥʘ ʥʝ ʚʝʨʪʠʢʘʣʴʥʦ. ʂʦʣʠ ʩʢʘʥʝʨ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ 

ʣʽʥʽʾ ʧʦʣʴʦʪʫ ʩʫʧʫʪʥʠʢʘ, ʦʙôʻʢʪʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫʟʜʦʚʞ ʧʦʣʦʩʠ ʦʛʣʷʜʫ, 

ʬʽʢʩʫʶʪʴʩʷ ʣʽʥʽʡʢʦʶ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ (ʨʠʩ. 4.2, ʘ)). 

ʏʝʨʝʟ ʮʝ ʨʦʟʤʽʨʠ ʦʙôʻʢʪʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʫʪʘ ʥʘʭʠʣʫ ʛʦʣʦʚʥʦʾ ʦʩʽ ʦʧʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ. ʆʙôʻʢʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʢʨʘʶ ʧʦʣʦʩʠ 

ʦʛʣʷʜʫ, ʟʘʟʥʘʶʪʴ ʧʘʥʦʨʘʤʥʠʭ ʚʠʢʨʠʚʣʝʥʴ (ʨʠʩ. 4.2, ʙ)). 

 

ʈʠʩʫʥʦʢ 4.2 ï (ʘ) ï ʤʦʞʣʠʚʽ ʢʫʪʠ ʥʘʭʠʣʫ ʛʦʣʦʚʥʦʾ ʦʩʽ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ; 

(ʙ) ï ʧʘʥʦʨʘʤʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ 

 

ʄʘʩʰʪʘʙʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ ʤʘʩʰʪʘʙ ʟʦʙʨʘʞʝʥʥʷ ʚʟʜʦʚʞ 

ʪʘ ʧʦʧʝʨʝʢ ʤʘʨʰʨʫʪʫ ʟʡʦʤʢʠ ʥʝ ʦʜʥʘʢʦʚʽ. ʃʽʥʽʡʥʠʡ ʩʢʘʥʝʨ ʬʽʢʩʫʻ ʽʜʝʘʣʴʥʦ 

ʧʨʘʚʠʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʪʘ ʚʠʩʦʪʘ ʩʫʧʫʪʥʠʢʘ 

ʫʟʛʦʜʞʝʥʽ ʟ IFOV ʪʘ ʯʘʩʪʦʪʦʶ ʩʢʘʥʫʚʘʥʥʷ ʫʟʜʦʚʞ ʪʘ ʧʦʧʝʨʝʢ ʤʘʨʰʨʫʪʫ 

ʟʡʦʤʢʠ. ɹʫʜʴ ʷʢʽ ʟʤʽʥʠ ʫ ʮʠʭ ʚʽʜʥʦʰʝʥʥʷʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʘʜʤʽʨʥʦʾ ʯʠ 

ʥʝʜʦʩʪʘʪʥʴʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʫʟʜʦʚʞ ʘʙʦ ʧʦʧʝʨʝʢ ʤʘʨʰʨʫʪʫ ʟʡʦʤʢʠ. ʅʘ 

ʨʠʩʫʥʢʫ 4.3 ʧʦʢʘʟʘʥʦ ʚʠʢʨʠʚʣʝʥʥʷ ʬʦʨʤʠ ʦʙôʻʢʪʘ ʫ ʨʝʟʫʣʴʪʘʪʽ ʥʘʜʤʽʨʥʦʾ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʄʘʩʰʪʘʙʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʠʩʪʝʤʘʪʠʯʥʠʤʠ, ʢʦʣʠ 

ʥʘʜʤʽʨʥʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʦʙʫʤʦʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʢʘʥʝʨʥʦʾ ʩʠʩʪʝʤʠ 
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(ʥʘʧʨʠʢʣʘʜ, Landsat MSS), ʯʠ ʥʝʩʠʩʪʝʤʘʪʠʯʥʠʤʠ, ʢʦʣʠ ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʶʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ. 

 

 

ʈʠʩʫʥʦʢ 4.3 ï ʄʘʩʰʪʘʙʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʥʘʜʤʽʨʥʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

 

ʋ ʩʢʘʥʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʦʙʣʘʜʥʘʥʠʭ ʨʫʭʦʤʠʤ ʜʟʝʨʢʘʣʦʤ, ʣʽʥʽʡʢʘ 

ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜ ʯʘʩ ʩʢʘʥʫʚʘʥʥʷ ʦʜʥʽʻʾ ʣʽʥʽʾ ʜʘʥʠʭ ʧʨʦʩʫʚʘʻʪʴʩʷ 

ʚʟʜʦʚʞ ʧʦʣʦʩʠ ʦʛʣʷʜʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʩʫʚʫ ʯʝʨʝʟ ʟʤʽʥʫ ʯʘʩʫ ʩʢʘʥʫʚʘʥʥʷ. 

ʊʘʢʽ ʚʠʢʨʠʚʣʝʥʥʷ ʤʘʶʪʴ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʪʘ ʣʝʛʢʦ ʢʦʨʝʢʪʫʶʪʴʩʷ. 

ʊʘʢʦʞ, ʚʠʢʨʠʚʣʝʥʥʷ ɼɼɿ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʫ ʮʠʬʨʦʚʠʡ. ɼʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ, ʧʨʠʩʚʦʶʶʪʴʩʷ ʢʦʞʥʽʡ ʜʠʩʢʨʝʪʥʽʡ ʦʜʠʥʠʮʽ 

ʟʦʙʨʘʞʝʥʥʷ. 

 

4.2.2 ɺʠʢʨʠʚʣʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʧʦʣʦʞʝʥʥʷ ʪʘ 

ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ ʧʣʘʪʬʦʨʤʠ ʩʢʘʥʫʶʯʦʾ ʩʠʩʪʝʤʠ 

 

ʆʜʠʥ ʟ ʛʦʣʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʛʝʦʤʝʪʨʠʯʥʫ ʷʢʽʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ, ʮʝ ʦʨʽʻʥʪʘʮʽʷ ʛʦʣʦʚʥʦʾ ʦʧʪʠʯʥʦʾ ʦʩʽ. ʂʦʣʠ ʦʧʪʠʯʥʘ ʚʽʩʴ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʥʘʜʠʨ, ʟʦʙʨʘʞʝʥʥʷ ʟʘʟʥʘʻ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʢʨʠʚʣʝʥʴ. ɹʽʣʴʰʽʩʪʴ 



140 

ʩʢʘʥʝʨʥʠʭ ʩʠʩʪʝʤ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʨʦʙʦʪʫ ʧʨʠ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʢʦʣʠ ʛʦʣʦʚʥʘ 

ʦʧʪʠʯʥʘ ʚʽʩʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʥʘʜʠʨ, ʘʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʧʣʘʪʬʦʨʤʘ ʩʠʩʪʝʤʠ ɼɿɿ 

ʟʤʽʥʶʻ ʩʚʦʶ ʦʨʽʻʥʪʘʮʽʶ ʧʽʜ ʯʘʩ ʨʫʭʫ. ʏʝʨʝʟ ʮʝ ʚʠʥʠʢʘʶʪʴ ʢʫʪʦʚʽ 

ʚʠʢʨʠʚʣʝʥʥʷ. ʆʨʽʻʥʪʘʮʽʷ ʧʣʘʪʬʦʨʤʠ ʦʧʠʩʫʻʪʴʩʷ ʪʨʴʦʤʘ ʢʫʪʘʤʠ: pitch, roll, 

yaw. Yaw ï ʮʝ ʦʙʝʨʪʘʥʥʷ ʩʠʩʪʝʤʠ ɼɿɿ ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ, ʪʘʢʝ 

ʦʙʝʨʪʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʦʙʣʘʩʪʽ, ʱʦ ʧʦʢʨʠʚʘʻʪʴʩʷ ʩʢʘʥʝʨʦʤ, ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʜʝʬʦʨʤʘʮʽʾ ʦʙʣʘʩʪʽ, ʱʦ ʟʦʙʨʘʞʫʻʪʴʩʷ, ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. Roll ï ʮʝ 

ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʦʩʽ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʦʤ ʨʫʭʫ ʩʠʩʪʝʤʠ ɼɿɿ, ʚʦʥʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʤʘʩʰʪʘʙʫ ʦʙʣʘʩʪʽ, ʱʦ ʟʦʙʨʘʞʫʻʪʴʩʷ. Pitch ï ʮʝ 

ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʦʩʽ, ʱʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘʧʨʷʤʫ ʨʫʭʫ ʩʠʩʪʝʤʠ ɼɿɿ, ʚʦʥʦ 

ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʤʘʩʰʪʘʙʫ ʦʙʣʘʩʪʽ, ʱʦ ʟʦʙʨʘʞʫʻʪʴʩʷ. ʊʘʢʽ 

ʚʠʢʨʠʚʣʝʥʥʷ ʻ ʥʝʩʠʩʪʝʤʘʪʠʯʥʠʤʠ. ʅʘ ʨʠʩʫʥʢʫ 4.3 ʧʦʢʘʟʘʥʽ ʚʠʢʨʠʚʣʝʥʥʷ, 

ʩʧʨʠʯʠʥʝʥʽ ʥʘʭʠʣʦʤ ʩʠʩʪʝʤʠ ɼɿɿ. 

 

ʈʠʩʫʥʦʢ 4.4 ï ʂʫʪʦʚʽ ʚʠʢʨʠʚʣʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ ʥʘʭʠʣʦʤ ʩʠʩʪʝʤʠ ɼɿɿ 

 

ʆʢʨʽʤ ʢʫʪʦʚʠʭ ʚʠʢʨʠʚʣʝʥʴ, ʚʠʥʠʢʘʶʪʴ ʚʠʢʨʠʚʣʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ ʟʤʽʥʦʶ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʚʠʩʦʪʠ ʩʠʩʪʝʤʠ ɼɿɿ. ɿʤʽʥʘ ʮʠʭ ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʥʝʩʠʩʪʝʤʘʪʠʯʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʠʢʨʠʚʣʝʥʴ: ʟʤʽʥʠ ʟʦʥʠ ʧʦʢʨʠʪʪʷ 

ʩʢʘʥʫʶʯʦʾ ʩʠʩʪʝʤʠ, ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʫ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ 

ʰʚʠʜʢʦʩʪʽ. ɼʣʷ ʩʢʘʥʝʨʽʚ ʟ ʨʫʭʦʤʠʤ ʜʟʝʨʢʘʣʦʤ ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʻ 

ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʦ ʚʠʩʦʪʠ (V/H). ɿʙʽʣʴʰʝʥʥʷ ʮʴʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʜʦʩʪʘʪʥʴʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (ʧʨʦʧʫʩʢ ʜʝʷʢʠʭ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ), 

ʘ ʟʤʝʥʰʝʥʥʷ, ʥʘʚʧʘʢʠ, ʜʦ ʥʘʜʤʽʨʥʦʾ (ʜʫʙʣʶʚʘʥʥʷ ʜʝʷʢʠʭ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ). 

ʋ ʇɿɿ-ʩʢʘʥʝʨʘʭ ʨʫʭ ʣʽʥʽʡʢʠ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʦʶ ʬʽʢʩʘʮʽʻʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʯʝʨʝʟ ʮʝ 

ʥʝ ʚʠʥʠʢʘʻ ʥʝʜʦʩʪʘʪʥʴʦʾ ʯʠ ʥʘʜʤʽʨʥʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʅʘʟʝʤʥʠʡ ʽʥʪʝʨʚʘʣ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʜʝʪʝʢʪʦʨʥʦʤʫ ʝʣʝʤʝʥʪʫ ʚʟʜʦʚʞ ʨʫʭʫ ʩʠʩʪʝʤʠ ɼɿɿ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʰʚʠʜʢʽʩʪʶ, ʚʠʩʦʪʦʶ ʪʘ ʯʘʩʪʦʪʦʶ ʬʽʢʩʘʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʅʘʟʝʤʥʠʡ 

ʽʥʪʝʨʚʘʣ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʝʪʝʢʪʦʨʥʦʤʫ ʝʣʝʤʝʥʪʫ ʧʦʧʝʨʝʢ ʨʫʭʫ ʩʠʩʪʝʤʠ ɼɿɿ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʩʦʪʦʶ ʪʘ IFOV. ɿʤʽʥʠ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʦ 

ʚʠʩʦʪʠ (V/H) ʧʽʜʯʘʩ ʬʽʢʩʘʮʽʾ ʜʘʥʠʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʘʩʰʪʘʙʥʠʭ ʚʠʢʨʠʚʣʝʥʴ. 

ɿʙʽʣʴʰʝʥʥʷ H ʚʽʜʥʦʩʥʦ V ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʽʢʩʝʣʷ ʫ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʨʫʭʫ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʽ ʥʘʚʧʘʢʠ. ɿʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʫ 

ʚʽʜʥʦʰʝʥʥʽ (V/H) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʨʦʟʤʽʨʫ ʧʽʢʩʝʣʷ ʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ, ʯʠʤ 

ʚʦʥʦ ʤʝʥʰʝ, ʪʠʤ ʤʝʥʰʠʡ ʨʦʟʤʽʨ ʧʽʢʩʝʣʷ ʽ ʥʘʚʧʘʢʠ. 

 

4.2.3 ɺʠʢʨʠʚʣʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʬʦʨʤʦʶ ʪʘ ʦʙʝʨʪʘʥʥʷʤ ɿʝʤʣʽ 

 

ɼʣʷ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʚʝʣʠʢʫ ʧʣʦʱʫ ɿʝʤʣʽ, ʢʨʠʚʠʟʥʘ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚʧʣʠʚʘʻ ʥʘ ʤʘʩʰʪʘʙ ʪʘ ʩʧʨʠʯʠʥʷʻ ʧʘʥʦʨʘʤʥʽ ʚʠʢʨʠʚʣʝʥʥʷ. ʎʝ ʷʚʠʱʝ 

ʟʘʟʚʠʯʘʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʟʥʽʤʢʘʭ, ʟʨʦʙʣʝʥʠʭ ʟ ʚʝʣʠʢʦʾ ʚʠʩʦʪʠ. ʂʨʠʚʠʟʥʘ 

ɿʝʤʣʽ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʰʠʨʦʪʠ, ʘ ʦʪʞʝ, ʽ ʝʬʝʢʪʠ ʢʨʠʚʠʟʥʠ ɿʝʤʣʽ ʙʽʣʴʰ 

ʚʠʨʘʞʝʥʽ ʥʘ ʚʠʱʠʭ ʰʠʨʦʪʘʭ. ʍʦʯʘ ʬʦʨʤʘ ɿʝʤʣʽ ʜʦʙʨʝ ʚʽʜʦʤʘ, ʧʨʠ ʢʦʨʝʢʮʽʾ 

ʟʦʙʨʘʞʝʥʥʷ ʮʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʝʩʠʩʪʝʤʘʪʠʯʥʠʡ ʪʠʧ ʩʧʦʪʚʦʨʝʥʴ. ʏʝʨʝʟ 

ʚʘʨʽʘʮʽʶ ʚʠʩʦʪʠ ʦʙôʻʢʪʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʘʢʽ ʚʠʢʨʠʚʣʝʥʥʷ, 

ʷʢ ʟʩʫʚ ʨʝʣʴʻʬʫ. 

ɿʩʫʚ ʚʥʘʩʣʽʜʦʢ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʟʘʟʚʠʯʘʡ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʟʦʙʨʘʞʝʥʥʷʭ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʚʝʣʠʢʦʾ ʚʠʩʦʪʠ ʣʽʥʽʡʥʠʤʠ ʇɿɿ-ʩʢʘʥʝʨʘʤʠ ʪʘ ʩʢʘʥʝʨʘʤʠ ʟ 

ʨʫʭʦʤʠʤ ʜʟʝʨʢʘʣʦʤ. ɽʬʝʢʪ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʥʝʟʥʘʯʥʠʡ ʧʨʠ ʟʡʦʤʮʽ ʟ 

ʥʝʚʝʣʠʢʠʭ ʚʠʩʦʪ. ʉʫʧʫʪʥʠʢ ʧʨʦʭʦʜʠʪʴ ʦʨʙʽʪʘʣʴʥʠʡ ʰʣʷʭ ʥʘʚʢʦʣʦ ɿʝʤʣʽ, ʢʦʣʠ 

ʚʦʥʘ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ ʽʟ ʟʘʭʦʜʫ ʥʘ ʩʭʽʜ. ʆʩʢʽʣʴʢʠ ʩʢʘʥʫʚʘʥʥʷ 
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ʣʽʥʽʡ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʟʦʙʨʘʞʝʥʥʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʝʚʥʦʶ ʯʘʩʪʦʪʦʶ, ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʩʫʚʫ ʣʽʥʽʡ ʟʦʙʨʘʞʝʥʥʷ. 

 

4.3 ʄʝʪʦʜʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʚʠʢʨʠʚʣʝʥʴ, ʩʧʨʠʯʠʥʝʥʠʭ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʧʦʣʦʞʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʫ 

ʧʨʦʩʪʦʨʽ 

 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʚʠʢʨʠʚʣʝʥʴ, ʱʦ ʧʨʠʩʫʪʥʽ ʥʘ ɼɼɿ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʦʜʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ. ɼʚʦʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʢʦʤʙʽʥʘʮʽʡ ʦʢʨʝʤʠʭ ʩʢʘʥʦʚʘʥʠʭ ʣʽʥʽʡ. 

ʂʦʞʥʘ ʣʽʥʽʷ ʬʽʢʩʫʻʪʴʩʷ ʧʨʠ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʟʦʚʥʽʰʥʴʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʣʦʞʝʥʥʷ ʩʠʩʪʝʤʠ ɼɿɿ ʫ ʛʣʦʙʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ 

ʇɿɿ-ʩʢʘʥʝʨʽʚ ʯʘʩʪʦʪʘ ʬʽʢʩʘʮʽʾ ʣʽʥʽʡ ʩʪʘʥʦʚʠʪʴ ʜʝʢʽʣʴʢʘ ʩʦʪʝʥʴ ʛʝʨʮ (ʥʘ 

ʩʝʢʫʥʜʫ), ʨʘʟʦʤ ʟʽ ʩʢʘʥʝʨʘʤʠ ʥʘ ʩʠʩʪʝʤʘʭ ɼɿɿ ʻ ʩʠʩʪʝʤʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʟʠʮʽʶʚʘʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʾ (positioning and orientation system POS), ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘʧʠʩʫʚʘʪʠ ʜʘʥʥʽ ʧʨʦ ʧʦʣʦʞʝʥʥʷ ʩʠʩʪʝʤʠ ɼɿɿ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ. ʇʽʜ ʯʘʩ ʨʫʭʫ ʩʠʩʪʝʤʠ ɼɿɿ ʚʠʥʠʢʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ 

ʚʠʢʨʠʚʣʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʧʦʣʦʞʝʥʥʷ ʧʣʘʪʬʦʨʤʠ 

ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʫ ʧʨʦʩʪʦʨʽ, ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ ʪʘ ʚʠʩʦʪʠ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʧʦʤʽʪʥʦ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ, ʥʘ ʷʢʠʭ ʻ ʣʽʥʽʡʥʽ ʦʙôʻʢʪʠ. ʅʘ ʨʠʩʫʥʢʫ 4.5 ʧʦʢʘʟʘʥʦ 

ʬʨʘʛʤʝʥʪ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʘ, ʦʪʨʠʤʘʥʦʛʦ ʧʦʟʜʦʚʞʥʽʤ ʇʇɿ-ʩʢʘʥʝʨʦʤ. 

ʇʦʢʘʟʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʧʨʦʡʰʣʦ ʞʦʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ, ʥʘ ʥʴʦʤʫ 

ʧʨʠʩʫʪʥʽ ʢʫʪʦʚʽ, ʤʘʩʰʪʘʙʥʽ ʪʘ ʧʘʥʦʨʘʤʥʽ ʚʠʢʨʠʚʣʝʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 4.6 

ʧʦʢʘʟʘʥʦ ʟʦʙʨʘʞʝʥʥʷ ʪʽʻʾ ʞ ʩʘʤʦʾ ʤʽʩʮʝʚʦʩʪʽ, ʚʦʥʦ ʦʪʨʠʤʘʥʝ ʫ ʽʥʰʠʡ ʯʘʩ ʽ 

ʧʨʦʡʰʣʦ ʛʝʦʤʝʪʨʠʯʥʝ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ. 

ɿʦʙʨʘʞʝʥʥʷ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʦʪʨʠʤʘʥʦ ʟ ʘʧʘʨʘʪʫ, ʱʦ 

ʧʨʦʚʦʜʠʪʴ ʘʝʨʦʟʡʦʤʢʫ, ʦʙʣʘʜʥʘʥʦʛʦ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʤ ʇɿɿ-ʩʢʘʥʝʨʦʤ. 

ɺʠʩʦʪʘ ʧʦʣʴʦʪʫ ʟʥʽʤʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ 800 ʤʝʪʨʽʚ, ʪʘ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʨʽʟʥʝʥʷ 

ʧʨʠʙʣʠʟʥʦ 0,6 ʤ. 
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ʈʠʩʫʥʦʢ 4.5 ï ʌʨʘʛʤʝʥʪ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʘ 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ɸʝʨʦʢʦʩʤʽʯʥʠʡ ʟʥʽʤʦʢ, ʥʘ ʷʢʦʤʫ ʫʩʫʥʝʥʦ ʛʝʦʤʝʪʨʠʯʥʽ 

ʚʠʢʨʠʚʣʝʥʥʷ 

 

ɻʝʦʤʝʪʨʠʯʥʝ ʧʦʣʦʞʝʥʥʷ ʧʽʢʩʝʣʽʚ ʫ ʧʣʦʱʠʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ 

ʧʣʦʱʠʥʠ ʦʙôʻʢʪʽʚ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʢʦʣʽʥʝʘʨʥʦʩʪʽ: 
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,     (4.2) 

ʜʝ xs ʪʘ ys ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʚ ʢʦʦʨʜʠʥʘʪʥʽʡ ʩʠʩʪʝʤʽ ʟʦʙʨʘʞʝʥʥʷ, f ï 

ʢʘʣʽʙʨʦʚʘʥʘ ʬʦʢʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ɚ ï ʤʘʩʰʪʘʙʫʶʯʠʡ 
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ʤʥʦʞʥʠʢ. ɼʣʷ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʧʦʟʜʦʚʞʥʽʤʠ ʇɿɿ-ʩʢʘʥʝʨʘʤʠ, ys=0. Xs , 

Ys , ʪʘ Zs ï ʥʘʟʝʤʥʽ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʧʨʦʻʢʮʽʾ, Xi , Yi , Zi ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ 

ʫ ʟʝʤʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, R ï ʤʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʱʦ 

ʦʧʠʩʫʻ ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʩʢʘʥʝʨʥʦʾ ʩʠʩʪʝʤʠ ʫ ʧʨʦʩʪʦʨʽ. ʗʢʱʦ ʚʽʜʦʤʽ 6 

ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ Xs , Ys , Zs, ʪʘ 3 ʢʫʪʠ ʤʘʪʨʠʮʽ ʧʦʚʦʨʦʪʫ 

ʜʣʷ ʢʦʞʥʦʾ ʩʢʘʥʦʚʘʥʦʾ ʣʽʥʽʾ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ, ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʡʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʫ ʢʦʨʝʢʮʽʶ. 

ʅʘ ʧʨʘʢʪʠʮʽ, ʝʣʝʤʝʥʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ ʥʝ ʟʘʚʞʜʠ ʻ 

ʜʦʩʢʦʥʘʣʠʤʠ. ɼʣʷ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʧʦʟʜʦʚʞʥʽʤʠ ʇɿɿ-ʩʢʘʥʝʨʘʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ ʧʦ ʩʠʩʪʝʤʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʟʠʮʽʾ ʪʘ ʦʨʽʻʥʪʘʮʽʾ 

ʟʥʽʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. ʉʠʩʪʝʤʠ POS ʥʘʜʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʟʡʦʤʢʠ ʢʦʞʥʦʾ ʣʽʥʽʾ, 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ, ʪʘ ʧʨʠʚôʷʟʢʠ ʜʦ 

ʥʘʟʝʤʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʎʝʡ ʤʝʪʦʜ ʧʨʘʢʪʠʯʥʠʡ ʽ ʜʦʩʠʪʴ ʣʝʛʢʦ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʟʘʩʦʙʘʤʠ. ʆʜʥʘʢ ʥʘ ʦʩʪʘʪʦʯʥʫ ʪʦʯʥʽʩʪʴ ʢʦʨʝʢʮʽʾ ʤʦʞʫʪʴ 

ʚʧʣʠʚʘʪʠ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʥʠʟʴʢʘ ʪʦʯʥʽʩʪʴ ʩʠʩʪʝʤʠ POS, ʧʦʛʘʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ 

ʤʽʞ ʦʪʨʠʤʘʥʥʷʤ ʟʦʙʨʘʞʝʥʥʷ ʽ ʜʘʥʠʤʠ ʪʝʣʝʤʝʪʨʽʾ, ʥʝʟʙʽʛʦʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʮʝʥʪʨʫ ʽʥʝʨʮʽʡʥʦ ʾʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʮʝʥʪʨʦʤ ʣʽʥʟ ʜʘʪʯʠʢʘ 

ʽ ʬʘʟʦʚʠʤ ʮʝʥʪʨʦʤ ʘʥʪʝʥʠ ʛʣʦʙʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 

ɼʣʷ ʢʦʨʝʢʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʧʦʟʜʦʚʞʥʽʤʠ ʇɿɿ-ʩʢʘʥʝʨʘʤʠ 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʟʝʤʥʽ ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ ʪʘ ʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ 

ʟʦʙʨʘʞʝʥ ɹ[39, 118, 119]. ʋ ʨʦʙʦʪʽ [120] ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʢʦʨʝʢʮʽʾ 

ʚʠʢʨʠʚʣʝʥʴ, ʚʠʢʣʠʢʘʥʠʭ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʧʦʣʦʞʝʥʥʷ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʽʢʩʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʧʦʟʜʦʚʞʥʽʤʠ ʇɿɿ-

ʩʢʘʥʝʨʘʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʴ ʨʘʟʦʤ ʟ ʅʂʊ ʟʥʘʯʥʦ 

ʧʦʣʝʛʰʫʻ ʧʨʦʮʝʩ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʽ ʜʦʟʚʦʣʷʻ ʧʦʚʠʩʠʪʠ ʷʢʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʫ. ɺ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʛʝʦʤʝʪʨʠʯʥʝ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ 

ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʅʂʊ. 
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4.4 ɻʝʦʤʝʪʨʠʯʥʠʭ ʢʦʨʝʢʮʽʷ ʩʢʘʥʝʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ 

 

4.4.1 ɺʭʽʜʥʽ ʜʘʥʥʽ ʪʘ ʚʠʙʽʨ ʥʘʟʝʤʥʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ 

 

ʋ ʨʦʟʨʦʙʣʝʥʦʤʫ ʤʝʪʦʜʽ ʜʣʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʟʝʤʥʽ ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ (ʅʂʊ) ʪʘ ʣʽʥʽʡʥʽ ʦʙôʻʢʪʠ. ʋ 

ʷʢʦʩʪʽ ʝʪʘʣʦʥʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʝʨʝʪʴʩʷ ʟʥʽʤʦʢ, ʥʘ ʷʢʦʤʫ ʙʽʣʴʰʽʩʪʴ 

ʚʠʢʨʠʚʣʝʥʴ ʚʞʝ ʫʩʫʥʝʥʘ, ʮʝ ʤʦʞʝ ʙʫʪʠ ʧʘʥʭʨʦʤʘʪʠʯʥʝ ʘʙʦ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʽʻʾ ʞ ʤʽʩʮʝʚʦʩʪʽ, ʦʪʨʠʤʘʥʝ ʦʜʥʦʯʘʩʥʦ ʘʙʦ ʫ 

ʽʥʰʠʡ ʯʘʩ. ɹʘʞʘʥʦ, ʱʦʙ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʝʪʘʣʦʥʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʘ ʚʠʱʘ ʘʙʦ ʪʘʢʘ ʩʘʤʘ, ʷʢ ʥʘ ʦʙʨʦʙʣʶʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. ɼʣʷ 

ʢʦʨʝʢʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʝʪʘʣʦʥʥʦʤʫ ʪʘ ʦʙʨʦʙʣʶʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ 

ʦʙʠʨʘʶʪʴʩʷ ʅʂʊ. ɼʣʷ ʢʦʨʝʢʮʽʾ ʟʥʽʤʢʘ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʅʂʊ ʦʙʠʨʘʣʠʩʷ ʚʨʫʯʥʫ. 

ɿʛʜ̔ʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʧʨʦʚʝʜʝʥʠʤ ʫ [120], ʅʂʊ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʪʘ ʧʦʢʨʠʚʘʪʠ ʤʘʡʞʝ ʚʩʶ ʾʭʥʶ ʧʣʦʱʫ. 

ʂʽʣʴʢʽʩʪʴ ʅʂʊ ʙʫʣʘ ʦʙʨʘʥʘ ʟʛʽʜʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʫ [120] ʜʣʷ 

ʦʙʨʦʙʢʠ ɼɼɿ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʭʦʞʠʤʠ ʤʝʪʦʜʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʚʽʜ 4 ʜʦ 11 ʅʂʊ. 

ɼʣʷ ʢʦʨʝʢʮʽʾ ʝʬʝʢʪʫ ʟʤʽʱʝʥʥʷ ʩʢʘʥʦʚʘʥʠʭ ʣʽʥʽʡ, ʚʠʢʣʠʢʘʥʦʛʦ ʥʘʭʠʣʦʤ 

ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʽʥʽʡʥʽ ʦʙôʻʢʪʠ, ʷʢʽ ʧʨʦʩʪʷʛʘʶʪʴʩʷ 

ʚʟʜʦʚʞ ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʦʙʨʦʙʣʶʻʪʴʩʷ. ʎʽ ʦʙôʻʢʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʨʦʩʪʷʛʥʫʪʦʾ ʬʦʨʤʠ ʪʘ ʥʝʚʝʣʠʢʦʾ ʰʠʨʠʥʠ, ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʨʧʨʝʪʦʚʘʥʽ ʷʢ 

ʣʽʥʽʾ. ɺʦʥʠ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʷʤʠʤʠ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙʨʘʥʽ ʪʘʢʽ ʦʙôʻʢʪʠ ʤʽʩʮʝʚʦʩʪʽ, ʷʢ ʜʦʨʦʛʠ, ʨʽʯʢʠ, ʛʨʘʥʠʮʽ ʜʚʦʭ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʧʦʚʝʨʭʦʥʴ. ʅʘ ʧʦʯʘʪʢʫ ʪʘ ʢʽʥʮʽ ʣʽʥʽʾ, ʥʘ ʝʪʘʣʦʥʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʪʘ 

ʥʝʢʦʨʝʢʪʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʧʦʩʪʘʚʣʝʥʽ ʅʂʊ. 

ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʫ ʨʝʘʣʽʟʦʚʘʥʦʤʫ ʤʝʪʦʜʽ ʻ ʥʘʙʽʨ ʢʦʦʨʜʠʥʘʪ ʅʂʊ ʪʘ 

ʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ, ʚʠʜʽʣʝʥʽ ʥʘ ʥʝʢʦʨʝʢʪʦʚʘʥʦʤʫ ʪʘ ʝʪʘʣʦʥʥʦʤʫ ʟʦʙʨʘʞʝʥʥʷʭ 

(ʨʠʩ. 4.7, 4.8). 
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4.4.2 ɸʚʪʦʤʘʪʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʜʽʣʝʥʥʷ ʅʂʊ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʘʥʽ ʚʨʫʯʥʫ, ʪʦʯʥʝ 

ʚʠʜʽʣʝʥʥʷ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʠʡ ʧʨʦʮʝʩ. ʊʦʤʫ, 

ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ 

ʟʦʙʨʘʞʝʥʥʷ. 

 

ʈʠʩʫʥʦʢ 4.7 ï ʈʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʚʠʜʽʣʝʥʥʷ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ ʅʂʊ ʪʘ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ 

 

 

ʈʠʩʫʥʦʢ 4.8 ï ʈʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʚʠʜʽʣʝʥʥʷ ʥʘ ʥʝʢʦʨʝʢʪʦʚʘʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ ʅʂʊ ʪʘ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ 
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ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʜʦ ʝʪʘʣʦʥʥʦʛʦ ʪʘ ʥʝʢʦʨʝʢʪʦʚʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʴ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʜʝʰʠʬʨʫʚʘʥʥʷ ʘʝʨʦʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʨʦʟʨʦʙʣʝʥʫ ʚ [5, 18]. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʜʝʰʠʬʨʫʚʘʥʥʷ, ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʠ 

ʩʝʛʤʝʥʪʦʚʘʥʽ ʪʘ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʨʽʟʥʽ ʢʣʘʩʠ. ɼʣʷ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʢʦʨʝʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʣʽʥʽʡʥʠʡ ʝʣʝʤʝʥʪ ʰʠʨʠʥʦʶ ʚ ʦʜʠʥ ʧʽʢʩʝʣʴ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʝʩʴ ʦʙʨʦʙʣʶʚʘʥʠʡ ʬʨʘʛʤʝʥʪ ʫ ʥʘʧʨʷʤʢʫ ʧʦʣʴʦʪʫ 

ʟʥʽʤʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ. ʅʘ ʟʦʙʨʘʞʝʥʥʷʭ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩʫʥʢʘʭ 4.7, 4.8, ʙʫʣʦ 

ʚʟʷʪʦ ʩʝʛʤʝʥʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʙôʻʢʪʫ ʢʣʘʩʫ ñʜʦʨʦʛʘò, ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʛʨʘʥʠʮʽ 

ʩʝʛʤʝʥʪʘ. ɼʣʷ ʢʦʨʝʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʛʨʘʥʠʮʷ ʩʝʛʤʝʥʪʘ, ʱʦ ʧʦʟʥʘʯʝʥʘ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.7, 4.8 ʯʝʨʚʦʥʠʤ. 

 

4.4.3 ʊʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

 

ʉʧʦʯʘʪʢʫ ʟʦʙʨʘʞʝʥʥʷ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʚʟʜʦʚʞ ʦʩʝʡ y ʪʘ x. ʅʘ ʨʠʩʫʥʢʘʭ 

4.7, 4.8 ʚʽʩɹ x ʚʽʜʧʦʚʽʜʘʻ ʥʘʧʨʷʤʫ ʨʫʭʫ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʘ ʚʽʩ ɹy ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʧʨʷʤʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʨʫʭʫ. ʈʦʟʨʘʭʦʚʫʶʪʴʩʷ ʤʘʩʰʪʘʙʫʶʯʽ ʧʘʨʘʤʝʪʨʠ 

Xʄ ʪʘ Yʄ. ʏʝʨʝʟ ʪʝ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʥʝʧʦʩʪʽʡʥʘ, 

ʤʘʩʰʪʘʙʫʶʯʠʡ ʧʘʨʘʤʝʪʨ ʧʦ ʦʩʽ x ï Xʄ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚʟʜʦʚʞ ʚʩʴʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. ʇʘʨʘʤʝʪʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʥʝ 

ʟʤʽʥʶʶʪʴʩʷ ʤʠʪʪʻʚʦ, ʪʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʾʭ ʥʝʟʤʽʥʥʠʤʠ ʫ ʧʝʚʥʦʤʫ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ɺʽʟʴʤʝʤʦ ʣʽʥʽʾ ʟʦʙʨʘʞʝʥʥʷ ʫ ʥʘʧʨʷʤʢʫ ʟʡʦʤʢʠ, ʤʽʞ i ʪʘ i+1  

ʢʦʥʪʨʦʣʴʥʠʤʠ ʪʦʯʢʘʤʠ. ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʧʘʨʘʤʝʪʨ Xʄ (i) ʫ ʤʝʞʘʭ ʪʦʯʦʢ i 

ʪʘ i+1 ʥʝʟʤʽʥʥʠʡ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
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,     (4.3) 

 

ʜʝ Xɽ (i) ʪʘ Xʊ (i) ï ʢʦʦʨʜʠʥʘʪʘ i-ʾ ʢʦʥʪʨʦʣʴʥʦʾ ʪʦʯʢʠ ʟʘ ʚʽʩʩʶ y, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ 

ʝʪʘʣʦʥʥʦʤʫ ʪʘ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʷʭ. 
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ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʚʟʜʦʚʞ ʦʩʽ x ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʚʠʢʨʠʚʣʝʥʥʷ, 

ʩʧʨʠʯʠʥʝʥʽ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ. ɺʟʜʦʚʞ ʦʩʽ y ʟʦʙʨʘʞʝʥʥʷ 

ʤʦʞʝ ʤʘʪʠ ʧʘʥʦʨʘʤʥʽ ʘʙʦ ʤʘʩʰʪʘʙʥʽ ʚʠʢʨʠʚʣʝʥʥʷ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʾʭ ʫʥʠʢʥʫʪʠ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʦ ʦʩʽ y, ʘʥʘʣʦʛʽʯʥʦ ʤʘʩʰʪʘʙʫʚʘʥʥʶ ʧʦ ʦʩʽ x: 
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,     (4.4) 

 

ʜʝ Yɽ (i) ʪʘ Yʊ (i) ï ʢʦʦʨʜʠʥʘʪʘ i-ʾ ʢʦʥʪʨʦʣʴʥʦʾ ʪʦʯʢʠ ʟʘ ʚʽʩʩʶ y, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ 

ʝʪʘʣʦʥʥʦʤʫ ʪʘ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʷʭ. 

ʂʦʣʠ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʚʝʜʝʥʽ ʜʦ ʦʜʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʝʬʝʢʪ, 

ʚʠʢʣʠʢʘʥʠʡ ʢʫʪʦʚʠʤʠ ʚʠʢʨʠʚʣʝʥʥʷʤʠ. 

ʇʽʩʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʦ ʦʩʷʤ x ʪʘ y ʚʠʜʽʣʝʥʠʡ ʣʽʥʽʡʥʠʡ ʝʣʝʤʝʥʪ ʥʘ 

ʝʪʘʣʦʥʥʦʤʫ ʪʘ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʷʭ ʤʘʻ ʦʜʥʘʢʦʚʫ ʜʦʚʞʠʥʫ ʤʽʞ 

ʅʂʊ. ʂʦʞʥʽʡ ʩʢʘʥʦʚʘʥʽʡ ʣʽʥʽʾ ʟʦʙʨʘʞʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʘ ʢʦʦʨʜʠʥʘʪʘ 

ʣʽʥʽʡʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʪʦʜʽ ʤʦʞʣʠʚʦ ʨʦʟʨʘʭʫʚʘʪʠ ʟʩʫʚ ʣʽʥʽʡ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʝʪʘʣʦʥʥʦʛʦ: 

ʫʫʫ ʊɽʊ -=new
,      (4.5) 

ʜʝ ʊʫ ʪʘ ɽʫ ï ʢʦʦʨʜʠʥʘʪʠ ʣʽʥʽʡʥʦʛʦ ʦʙôʻʢʪʘ ʧʦ ʦʩʽ ʫ ʥʘ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʤʫ ʪʘ 

ʝʪʘʣʦʥʥʦʤʫ ʟʦʙʨʘʞʝʥʥʷʭ, ʚʽʜʧʦʚʽʜʥʦ. 

ɺ ʥʘʩʣʽʜʦʢ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʛʨʘʥʠʮʽ ʟʦʙʨʘʞʝʥʥʷ 

ʩʪʘʶʪʴ ʥʝʨʽʚʥʠʤʠ, ʱʦ ʩʧʨʠʯʠʥʝʥʦ ʟʩʫʚʦʤ ʣʽʥʽʡ ʚ ʧʨʦʮʝʩʽ ʢʦʨʝʢʮʽʾ. ʈʝʟʫʣʴʪʘʪ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 4.9. 
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ʈʠʩʫʥʦʢ 4.9 ï ʈʝʟʫʣʴʪʘʪ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ 

ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʩʢʘʥʝʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

 

4.5. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

1. ʋ ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʦʪʨʠʤʘʥʠʭ 

ʧʦʟʜʦʚʞʥʽʤ ʇɿɿ-ʩʢʘʥʝʨʦʤ. ɺʠʟʥʘʯʝʥʦ, ʷʢ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʦʙʨʘʞʝʥʴ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʠʧ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʠʢʨʠʚʣʝʥʴ. 

2. ʈʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʘ ʥʘ 

ʦʩʥʦʚʽ ʅʂʊ ʪʘ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʚʠʜʽʣʝʥʥʷ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʨʦʟʨʦʙʣʝʥʫ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʪʝʭʥʦʣʦʛʽʶ ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʷʢʦʤʫ ʧʨʠʩʫʪʥʽ ʢʫʪʦʚʽ ʚʠʢʨʠʚʣʝʥʥʷ, ʪʘ ʝʪʘʣʦʥʥʦʛʦ 

ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʩʝʛʤʝʥʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʣʽʥʽʡʥʠʤ 

ʝʣʝʤʝʥʪʘʤ. ʆʜʥʘʢ ʷʢʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ 

ʥʝʢʦʨʝʢʪʦʚʘʥʦʤʫ ʪʘ ʝʪʘʣʦʥʥʦʤʫ ʟʦʙʨʘʞʝʥʥʷʭ ʤʦʞʝ ʙʫʪʠ ʥʝʟʘʜʦʚʽʣʴʥʦʶ, 
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ʷʢʱʦ ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʯʝʨʝʟ ʜʦʚʛʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʘʙʦ ʢʦʣʠ ʩʧʝʢʪʨʘʣʴʥʽ 

ʜʽʘʧʘʟʦʥʠ ʟʦʙʨʘʞʝʥʴ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. 

3. ʇʽʩʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ 

ʥʝʢʦʨʝʢʪʦʚʘʥʦʤʫ ʪʘ ʝʪʘʣʦʥʥʦʤʫ ʟʦʙʨʘʞʝʥʥʷʭ ʙʫʣʦ ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʦʚʘʥʦ ʪʘ 

ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʪʘ 

ʟʩʫʚʽ ʩʢʘʥʦʚʘʥʠʭ ʣʽʥʽʡ. ʈʝʘʣʽʟʦʚʘʥʠʡ ʤʝʪʦʜ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʜʣʷ ʢʦʨʝʢʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ: [3, 5, 38].  
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ɺʀʉʅʆɺʂʀ 

 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʚôʷʟʘʥʦ ʚʘʞʣʠʚʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ 

ʟʘʜʘʯʫ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. ʇʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ. 

ʆʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʘʶʪʴ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ 

ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʪʝʭʥʦʣʦʛʽʶ ʜʝʰʠʬʨʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ 

ʚʠʜʽʣʠʪʠ ʥʘ ʥʽʡ ʨʽʟʥʽ ʪʠʧʠ ʦʙôʻʢʪʽʚ. ʈʝʘʣʽʟʦʚʘʥʦ ʩʠʩʪʝʤʫ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ 

ʚʠʚʝʜʝʥʥʷ, ʷʢʘ, ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ, 

ʚʽʜʥʦʩʠʪʴ ʾʭ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʽʚ. 

2. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʜʝʰʠʬʨʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʠ ʩʝʛʤʝʥʪʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ñMean-shiftò, ñK-meansò ʪʘ ñMultiresolutionò. ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ 

ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘ ʝʪʘʧʽ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʫ ñMultiresolutionò ʧʨʠ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ h=[40..60], ʪʦʤʫ ʮʝʡ ʤʝʪʦʜ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ 

ʜʝʰʠʬʨʫʚʘʥʥʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ. 

3. ɼʦʩʣʽʜʞʝʥʦ ʥʘʩʪʫʧʥʽ ʪʠʧʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʦʙʨʘʞʝʥʴ: ʛʝʦʤʝʪʨʠʯʥʽ, 

ʩʪʘʪʠʩʪʠʯʥʽ, ʪʝʢʩʪʫʨʥʽ, ʩʧʝʢʪʨʘʣʴʥʽ ʪʘ ʧʨʦʩʪʦʨʦʚʽ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʮʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʮʽʣʴʥʦ ʢʦʤʧʣʝʢʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ, ʱʦ 

ʥʘʣʝʞʘʪʴ ʜʦ ʦʢʨʝʤʠʭ ʢʣʘʩʽʚ, ʪʘ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʪʝʭʥʦʣʦʛʽʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʝʡ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʽʟʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʚʠʥʠʢʥʝʥʥʷ ʪʽʥʽ ʥʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ. ʄʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʪʽʥʽ ʚʜʦʩʢʦʥʘʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʥʝʡ ʫ ʽʥʚʘʨʽʘʥʪʥʦʤʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSV. ʆʧʠʨʘʶʯʠʩʴ 

ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʫ ʤʝʪʦʜ ʚʧʨʦʚʘʜʞʝʥʦ ʧʦʰʫʢ ʜʽʣʷʥʦʢ, ʱʦ 

ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ ʪʠʧʫ ʧʦʚʝʨʭʦʥʴ.  

5. ɼʦʩʣʽʜʞʝʥʦ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ. ʊʽʥʽ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʥʘ 

ʦʩʥʦʚʽ ʥʘʩʪʫʧʥʠʭ ʽʥʜʝʢʩʽʚ ʪʘ ʢʦʤʧʦʥʝʥʪ ʟʦʙʨʘʞʝʥʥʷ ʫ ʽʥʚʘʨʽʘʥʪʥʠʭ 

ʢʦʣʴʦʨʦʚʠʭ ʧʨʦʩʪʦʨʘʭ: I, NSVDI, SDI, SDI2, r(x), r(x)2, V. ʇʝʨʝʨʘʭʦʚʘʥʽ 

ʽʥʜʝʢʩʠ ʪʘ ʢʦʤʧʦʥʝʥʪʠ ʙʫʣʦ ʙʽʥʘʨʠʟʦʚʘʥʦ ʟʘ ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ. ɿʘ 

ʨʦʟʨʘʭʫʥʢʦʤ ʦʮʽʥʦʢ ʪʦʯʥʦʩʪʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʜʝʢʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ 

NSVDI. ʈʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʽʥʽ, ʚ ʷʢʦʤʫ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʫ ʙʽʥʘʨʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʆʮʫ. 

6. ɺʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʦʛʦ 

ʩʢʘʥʝʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʜʽʣʝʥʥʷ ʣʽʥʽʡʥʠʭ 

ʦʙôʻʢʪʽʚ. ʈʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʚʠʢʨʠʚʣʝʥʴ ʘʝʨʦʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʧʦʟʜʦʚʞʥʽʤʠ ʇɿɿ-ʩʢʘʥʝʨʘʤʠ. 

7. ʈʦʟʨʦʙʣʝʥʝ ʥʘ ʙʘʟʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʪʘ 

ʜʝʰʠʬʨʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ 

ʦʙʯʠʩʣʶʚʘʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʯʘʩʫ, ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʊʆɺ çɽʆʉ ɼɸʊɸ 

ɸʅɸʃɯʊɯʂʉ ʋʂʈɸɰʅɸè ʪʘ çɼʥʽʧʨʦʢʦʩʤʦʩè ʬʽʣʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ɼʝʨʞʘʚʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ 

ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ. 
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ɼʆʂʋʄɽʅʊʀ ʑʆɼʆ ɺʇʈʆɺɸɼɾɽʅʅʗ ʈɽɿʋʃʔʊɸʊɯɺ 

ɼʆʉʃɯɼɾɽʅʔ 
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ɼʆɼɸʊʆʂ ɺ  

ʌʈɸɻʄɽʅʊʀ ʇʈʆɻʈɸʄʅʆɰ ʈɽɸʃɯɿɸʎɯɰ ʈʆɿʈʆɹʃɽʅʀʍ 

ɸʃɻʆʈʀʊʄɯɺ 

 

ʇʦʰʫʢ ʟʚôʷʟʥʠʭ ʢʦʤʧʦʥʝʥʪ ʥʘ ʩʝʛʤʝʥʪʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 

ʩʝʛʤʝʥʪʘʮʽʾ: 

x ς ͫ ͔͎͔͍͔ͣͤͭͦ͊ͤ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ,  iz2 ς ͦ ͙͎ͪͤ͊͜͡Έ͔ͤ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ 

sz=size(x);      xs=zeros(sz(1),sz(2));      xm=zeros(sz(1),sz(2));       k=0;       %%%   

iz2(:,:,1)=iz22(:,:,5);         iz2(:,:,2)=iz22(:,:,3);        iz2(:,:,3)=iz22(:,:,2); 

for i=2:1:sz(1)-1 

for j=2:1:sz(2)-1 

    if xs(i,j)==0 

    k=k+1;        xs(i,j)=k;         xm(i,j)=k;         kk=k; 

        while kk(1)~=0; 

        [f1,f2]=find(xm~=0);         kk=size(f1); 

        xm=zeros(sz(1),sz(2)); 

            for ii=1:size(f1) 

            if (x(f1(ii),f2(ii),1)==x(f1(ii)-1,f2(ii),1))&(x(f1(ii),f2(ii),2)==x(f1(ii)-

1,f2(ii),2))&(x(f1(ii),f2(ii),3)==x(f1(ii)-1,f2(ii),3))&(xs(f1(ii)-1,f2(ii))==0)       

            xs(f1(ii)-1,f2(ii))=k;            xm(f1(ii)-1,f2(ii))=k;         

           if ((f1(ii)-1)==1)|((f1(ii)-1)==sz(1))|(f2(ii)==1)|(f2(ii)==sz(2)) 

            xm(f1(ii)-1,f2(ii))=0;        end;     end; 

            if 

(x(f1(ii),f2(ii),1)==x(f1(ii),f2(ii)+1,1))&(x(f1(ii),f2(ii),2)==x(f1(ii),f2(ii)+1,2))&(x(f1(ii),f2(ii),3)==x(f1(i

i),f2(ii)+1,3))&(xs(f1(ii),f2(ii)+1)==0)       

            xs(f1(ii),f2(ii)+1)=k;            xm(f1(ii),f2(ii)+1)=k; 

            if ((f2(ii)+1)==1)|((f2(ii)+1)==sz(2))|(f1(ii)==1)|(f1(ii)==sz(1)) 

            xm(f1(ii),f2(ii)+1)=0;        end;     end; 

            if (x(f1(ii),f2(ii),1)==x(f1(ii)+1,f2(ii),1))& 

(x(f1(ii),f2(ii),2)==x(f1(ii)+1,f2(ii),2))&(x(f1(ii),f2(ii),3)==x(f1(ii)+1,f2(ii),3))&(xs(f1(ii)+1,f2(ii))==0)       

            xs(f1(ii)+1,f2(ii))=k;            xm(f1(ii)+1,f2(ii))=k; 

            if ((f1(ii)+1)==1)|((f1(ii)+1)==sz(1))|(f2(ii)==1)|(f2(ii)==sz(2)) 
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            xm(f1(ii)+1,f2(ii))=0;        end;     end; 

            if (x(f1(ii),f2(ii),1)==x(f1(ii),f2(ii)-1,1))&(x(f1(ii),f2(ii),2)==x(f1(ii),f2(ii)-

1,2))&(x(f1(ii),f2(ii),3)==x(f1(ii),f2(ii)-1,3))& (xs(f1(ii),f2(ii)-1)==0)       

            xs(f1(ii),f2(ii)-1)=k;             xm(f1(ii),f2(ii)-1)=k; 

            if ((f2(ii)-1)==1)|((f2(ii)-1)==sz(2))|(f1(ii)==1)|(f1(ii)==sz(1)) 

            xm(f1(ii),f2(ii)-1)=0;        end;     end; 

end; end; end; end; end; 

%  xs ς ͘ ͍ΩΎͤ͘͜ ͔͙ͦͣͨͦͤͤͭ͟ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ, k ς ͟ ͜͡Έͫͭ͟͜Έ ͍͘ΩΎ͙ͤ͘ͻ ͔͚ͦ͋͊ͫͭ͡; 

k2=k;         

 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʦʣʴʦʨʦʚʦʾ ʤʦʜʝʣʽ RGB ʚ ʢʦʣʴʦʨʦʚʫ ʤʦʜʝʣʴ 

HSV: 

x=double(iz2);                 sz=size(x); 

RGB(:,:,1)=x(:,:,1);  RGB(:,:,2)=x(:,:,2);              RGB(:,:,3)=x(:,:,3); 

R=x(:,:,1);       G=x(:,:,2);      B=x(:,:,3);     

R=double(R);     G=double(G);      B=double(B); 

H=zeros(sz(1),sz(2));     S=zeros(sz(1),sz(2));      V=zeros(sz(1),sz(2)); 

Cmin=zeros(sz(1),sz(2));             Cmax=zeros(sz(1),sz(2));         de=zeros(sz(1),sz(2)); 

Rn=zeros(sz(1),sz(2));           Gn=zeros(sz(1),sz(2));             Bn=zeros(sz(1),sz(2));     

Rn=R./255; Gn=G./255; Bn=B./255; 

for i=1:1:sz(1) 

for j=1:1:sz(2)  

ar=[Rn(i,j),Gn(i,j),Bn(i,j)];  

Cmax(i,j)=max(ar);     Cmin(i,j)=min(ar);   de(i,j)=Cmax(i,j)-Cmin(i,j); 

if Cmax(i,j)==ar(1)            H(i,j)=60*mod(((Gn(i,j)-Bn(i,j))/de(i,j)),6); end; 

if Cmax(i,j)==ar(2)            H(i,j)=60*((Bn(i,j)-Rn(i,j))/de(i,j)+2); end; 

if Cmax(i,j)==ar(3)            H(i,j)=60*((Rn(i,j)-Gn(i,j))/de(i,j)+4); end; 

if de(i,j)==0                        H(i,j)=0; end; 

V(i,j)=Cmax(i,j); 

if Cmax(i,j)==0                   S(i,j)=0; end; 

if Cmax(i,j)~=0                   S(i,j)=de(i,j)/Cmax(i,j); end; 

end; end; 
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ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʪʘ ʩʢʚ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʣʴʦʨʦʚʠʭ ʤʦʜʝʣʷʭ 

RGB, HSV, ʽʥʜʝʢʩʫ NDVI, ʽʥʜʝʢʩʫ NDWI: 

ndwi ς ͜ ͔ͤ͒ͫ͟ NDWI,         ndvi ς ͜ ͔ͤ͒ͫ͟ NDVI 

x=double(iz2); 

M=zeros(k,8);      SKV= zeros(k,3);      i=0;  j=0;  u1=0;  u2=0;  szu=0;  M1=0; M2=0; M3=0; MH=0; 

MS=0; 

MV=0; Mn=0; MM1=0; MM2=0; MM3=0; Mnw=0;  

for i=1:1:k 

[u1,u2]=find(xs==i);     szu=size(u1);       M1=0; M2=0; M3=0; MM1=0; MM2=0; MM3=0; MH=0; 

MS=0; 

MV=0; Mn=0; Mnw=0; 

          for j=1:1:szu(1) 

          M1=M1+x(u1(j),u2(j),1);     M2=M2+x(u1(j),u2(j),2);    M3=M3+x(u1(j),u2(j),3); 

          MH=MH+H(u1(j),u2(j)); MS=MS+S(u1(j),u2(j)); MV=MV+V(u1(j),u2(j));  

          Mn=Mn+ndvi(u1(j),u2(j));     Mnw=Mnw+ndwi(u1(j),u2(j)); 

          MM1=MM1+x(u1(j),u2(j),1)^2;     MM2=MM2+x(u1(j),u2(j),2)^2;     

MM3=MM3+x(u1(j),u2(j),3)^2; 

          end; 

M(i,1)=M1/szu(1); M(i,2)=M2/szu(1); M(i,3)=M3/szu(1); M(i,4)=MH/szu(1); M(i,5)=MS/szu(1); 

M(i,6)=MV/szu(1); M(i,7)=Mn/szu(1); M(i,8)=(M(i,5)-M(i,6))/(M(i,5)+M(i,6)); 

M(i,9)=Mnw/szu(1); 

SKV(i,1)=sqrt((MM1/szu(1))-(M1/szu(1))^2);  SKV(i,2)=sqrt((MM2/szu(1))-(M2/szu(1))^2);  

SKV(i,3)=sqrt((MM3/szu(1))-(M3/szu(1))^2);  

end; 

 

ʈʦʟʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʤʝʥʪʚ̔ ʟʦʙʨʘʞʝʥʥʷ: 

featuresar={'1size','2borderlen','3rectfit','4Cmp','5objarea/minboundarea','6length','7width','8

wdth/length', '9bordergrad', '10bord/area'}; 

neighborhood=zeros(k,k);          xsbord=zeros(sz(1),sz(2));            features=zeros(k,9); 

u1=0; u2=0; 

xs1=zeros(sz(1)+2,sz(2)+2);       xs1(2:sz(1)+1,2:sz(2)+1)=xs;   %%% ͍͙͒ͦ͋͊ͣ ͤ ͙ͯ͡ 

xsbord1=zeros(sz(1)+2,sz(2)+2); 

for i=1:1:k 
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[u1,u2]=find(xs1==i);        szu=size(u1);             features(i,1)=szu(1); 

           for j=1:1:szu(1) 

           for ii=(u1(j)-1):1:(u1(j)+1) 

           for mm=(u2(j)-1):1:(u2(j)+1) 

          if (xs1(u1(j),u2(j))~=xs1(ii,mm))&(xs1(ii,mm)~=0) 

             neighborhood(xs1(u1(j),u2(j)), xs1(ii,mm))=neighborhood(xs1(u1(j),u2(j)), xs1(ii,mm))+1;  

             xsbord1(u1(j),u2(j))=1;           end; 

          end; end; end; 

end; 

xsbord=xsbord1(2:(sz(1)+1),2:(sz(2)+1)); 

 

for i=1:1:k 

[u1, u2]=find(xs==i);      szu=size(u1);       num1=0;        num2=0; 

for j=1:1:szu 

if xsbord(u1(j),u2(j))==1,      num1=num1+xgr(u1(j),u2(j));      num2=num2+1; 

end;                end; 

          features(i,2)=num2; 

features(i,9)=num1/num2;         features(i,10)=features(i,2)/features(i,1); 

end; 

 

coordr=zeros(5,2,k); 

for i=1:1:k 

[u1,u2]=find(xs==i);        szu=size(u1); 

if szu(1)>5          

DT = delaunayTriangulation(u1,u2); 

[C,v] = convexHull(DT); 

[rectx,recty,areaaa,perimetr] = minboundrect(u1,u2); 

coordr(1:5,1,i)=rectx;          coordr(1:5,2,i)=recty; 

%rectxf=floor(rectx);                   rectyf=floor(recty); 

features(i,4)=(4*pi*features(i,1))/(features(i,2)^2); 

features(i,5)=features(i,1)/v; 

d=zeros(2,1);          d(1,1)=sqrt((rectx(1)-rectx(2))^2+(recty(1)-recty(2))^2); 

d(2,1)=sqrt((rectx(2)-rectx(3))^2+(recty(2)-recty(3))^2); 



182 

features(i,6)=max(d);      features(i,7)=min(d);      features(i,8)=features(i,7)/features(i,6);  

features(i,3)=features(i,1)/(features(i,6)*features(i,7)); 

          end; 

end; 

 

ʂʦʤʧʝʥʩʘʮʽʷ ʪʽʥʽ: 

x ς  ͘ ͔ͦ͋ͪ͊͗ͤͤΎΣ  mask ς ͋ ͤ͊ͪͤ͊͜ ͣ͊ͫ͊͟ ͭͤ͜͜ 

sz=size(x1);        x=zeros(sz(1),sz(2),3);        xx=x; 

x=double(x); 

ks1=0; kl1=0; shadms1=0; lighms1=0; ks2=0; kl2=0; shadms2=0; lighms2=0;  

ks3=0; kl3=0; shadms3=0; lighms3=0; 

for i=1:1:sz(1) 

for j=1:1:sz(2) 

if mask(i,j)==255 

shadms1=shadms1+x(i,j,1); ks1=ks1+1; end; 

if mask(i,j)==0 

lighms1=lighms1+x(i,j,1); kl1=kl1+1; end; 

end; end;   

 

for i=1:1:sz(1) 

for j=1:1:sz(2) 

if mask(i,j)==255 

shadms2=shadms2+x(i,j,2); ks2=ks2+1; end; 

if mask(i,j)==0 

lighms2=lighms2+x(i,j,2); kl2=kl2+1; end; 

end; end; 

 

for i=1:1:sz(1) 

for j=1:1:sz(2) 

if mask(i,j)==255 

shadms3=shadms3+x(i,j,3); ks3=ks3+1; end; 

if mask(i,j)==0 

lighms3=lighms3+x(i,j,3); kl3=kl3+1; end; 

end; end;   
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Ml1=lighms1/kl1; Ml2=lighms2/kl2; Ml3=lighms3/kl3; 

Ms1=shadms1/ks1; Ms2=shadms2/ks2; Ms3=shadms3/ks3; 

 

ks1=0; kl1=0; shadms1=0; lighms1=0; ks2=0; kl2=0; shadms2=0; lighms2=0;  

ks3=0; kl3=0; shadms3=0; lighms3=0; 

for i=1:1:sz(1) 

for j=1:1:sz(2) 

if mask(i,j)==255 

shadms1=shadms1+(x(i,j,1)-Ms1)^2; ks1=ks1+1; end; 

if mask(i,j)==0 

lighms1=lighms1+(x(i,j,1)-Ml1)^2; kl1=kl1+1; end; 

end; end;   

 

for i=1:1:sz(1) 

for j=1:1:sz(2) 

if mask(i,j)==255 

shadms2=shadms2+(x(i,j,2)-Ms2)^2; ks2=ks2+1; end; 

if mask(i,j)==0 

lighms2=lighms2+(x(i,j,2)-Ml2)^2; kl2=kl2+1; end; 

end; end;   

 

for i=1:1:sz(1) 

for j=1:1:sz(2) 

if mask(i,j)==255 

shadms3=shadms3+(x(i,j,3)-Ms3)^2; ks3=ks3+1; end; 

if mask(i,j)==0 

lighms3=lighms3+(x(i,j,3)-Ml3)^2; kl3=kl3+1; end; 

end; end;   

Sl1=sqrt(lighms1/kl1); Sl2=sqrt(lighms2/kl2); Sl3=sqrt(lighms3/kl3); 

Ss1=sqrt(shadms1/ks1); Ss2=sqrt(shadms2/ks2); Ss3=sqrt(shadms3/ks3); 

matr=zeros(sz(1),sz(2),3);  

for i=1:1:sz(1) 

for j=1:1:sz(2) 

if mask(i,j)==255 

matr(i,j,1)=Ml1-Ms1*( Sl1/Ss1)+(Sl1/Ss1)*x(i,j,1); 

else matr(i,j,1)=x(i,j,1); 
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end; end; end; 

 

for i=1:1:sz(1) 

for j=1:1:sz(2) 

if mask(i,j)==255 

matr(i,j,2)=Ml2-Ms2*( Sl2/Ss2)+(Sl2/Ss2)*x(i,j,2); 

else matr(i,j,2)=x(i,j,2); 

end; end; end; 

 

for i=1:1:sz(1) 

for j=1:1:sz(2) 

if mask(i,j)==255 

matr(i,j,3)=Ml3-Ms3*( Sl3/Ss3)+(Sl3/Ss3)*x(i,j,3); 

else matr(i,j,3)=x(i,j,3); 

end; end; end; 

matr=uint8(matr);            ҈ ͔ͪͯ͘͡Έͭ͊ͭ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


